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Foreword

Risk is the fundamental element that influences financial behavior. In its absence, the financial
system necessary for efficient allocations of resources would be vastly simplified. In that world, only
afew institutions and financial instruments would be needed, and the practice of finance would
requirerelatively elementary analytical tools. But, of course, in the real world, risk is ubiquitous.
Much of the structure of the financial system we see serves the function of the efficient distribution
of risk. Much of the financial decision making by households, business firms, governments, and
especially financial institutionsis focused on the management of risk. Measuring the influence of
risk, and analyzing ways of controlling and allocating it, require awide range of sophisticated
mathematical and computational tools. Indeed, mathematical models of modern finance practice
contain some of the most complex applications of probability, optimization, and estimation theories.
Those applications challenge the most powerful of computational technologies.

Risk Management provides a comprehensive introduction to the subject. Presented within the
framework of afinancial institution, it covers the design and operation of a risk-management system,
the technical modeling within that system, and the interplay between the internal oversight and the
external regulatory components of the system. That its authors, Michel Crouhy, Dan Galai, and
Robert Mark, are significant contributors to the science of finance, active practitioners of finance, and
experienced teachers of finance is apparent from both its substance and form. The range of topicsis
broad but evidently carefully chosen for its applicability to practice. The mathematical models and
methodology of risk management are presented rigorously, and they are seamlessly integrated with
the empirical and clinical evidence on their applications. The book also patiently provides readers
without an advanced mathematical background the essential analytical foundations of risk
management.

The opening four chapters provide afine introduction to the function of the risk management system
within the institution and
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on the management of the system itself. Recent regulatory trends are presented to illustrate the
expanded role that the internal system plays in informing and meeting the requirements of the
external overseers of the institution.

With this as background, the book turns to the core substance of arisk management system with the
analysis and modeling of risk measurement and control. Market risk is the first topic explored,
including the ubiquitous VaR models and stress testing for identifying and measuring risk exposures
to stock market, interest rate, currency, and commaodity prices. The analysis shows how to
incorporate option, derivative and other "nonlinear” security exposures into those models.

Nearly athird of the book is devoted to the management of credit risk, and for good reason. Banks
arein the business of making loans and they also issue guarantees of financial performancefor their
customers. They enter into bilateral contractual agreements such as swaps, forward contracts, and
options on enormous scales that expose them to the risk that their counterparts to those contracts will
not fulfill their obligations. Similarly, insurance companies hold corporate bonds that may default and
some guarantee the performance of bonds issued by municipal governments. The credit derivatives
businessis one of the fastest growing areas for financial products. However, credit risk analysis has
even greater importance to risk management in its application to the soundness of the institution
itself. Indeed, for financial institutions with principal businesses, which involve issuing contingent-
payment contracts such as deposits, annuities, and insurance to their customers, creditworthinessis
the central financial issue. The mere prospect of afuture default by an institution on its customer
obligations can effectively destroy those businesses. Unlike investors in an institution, its customers
do not want to bear its credit risk, even for a price. The book presents the major competing models
for measuring and valuing credit risk and evaluates them, both theoretically and empirically.

In addition to market and credit risk exposures, a comprehensive approach to risk measurement and
risk management must also include operational risks, which is the subject of Chapter 13.
Furthermore, no risk management system can be effective without well-designed performance
measurement and testing. Thisis
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needed both to estimate the risk exposures ex ante and to provide an ex post assessment of those
estimates relative to predictions, as a feedback on the performance of the system. Aslaid outin
Chapter 14, the system'srisk estimates provide the basis for capital attribution among the activities
and the accuracy of those estimates determine the amount of equity capital "cushion" needed asa
whole.

Mathematical models of valuation and risk assessment are at the core of modern risk management
systems. Every major financia institution in the world, including sovereign central banks, depends on
these models and none could function without them. Although mainstream and indispensable, these
models are by necessity abstractions of the complex real world. Although there is continuing
improvement in those models, their accuracy as useful approximations to that world varies
significantly across time and situation. Thus, adimension of risk management that by definitionis
outside the formal risk management model is model risk. Chapter 15 explores that issue. It drives
home the point that there is no "safe harbor" in model error, whether complex mathematical models
or traditional measures with rules of thumb. For example, in the case of financial institutions, the
traditional accounting leverage ratio measured by total assets/equity can be cut in half by using a
"borrow-versus-pledge’ method to finance security inventory versus using a "repo-reverse repo’
method even though the economic risk of the two methods is identical. Furthermore, the institution
can use derivative securities to greatly ater its measured leverage ratio without changing its economic
risk. The risk-measurement approaches emphasized in the book are ones that give consistent readings
among these different institutional ways of taking on the same risk exposure.

The pace of financial innovation has been extraordinary over the past quarter century and thereis no
sign of abatement in either product and service innovation or changesin the institutional structures of
the providers. As discussed in Chapter 16, amajor growth areawill be in providing integrated risk
management to nonfinancial firms. More generally, from individual households to government users,
the trend in financial serviceslieswithintegrated products that are smarter, more comprehensive,
simpler to understand, and more reliable for those users. The future of risk management, as
articulated in Chapter 17, restsin helping the pro-
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ducer handle the greater complexity of creating and maintaining those products. The prescriptions
contained herein will age well.

To the reader: Learn and enjoy.

ROBERT C. MERTON
HARVARD BUSINESS SCHOOL
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I ntroduction

The traditional role of the risk manager as corporate steward is evolving as organizations face an
increasingly complex and uncertain future. The mandate to clearly identify, measure, manage, and
control risk has been expanded and integrated into best practice management of abank. Today's risk
manager is akey member of the senior executive team who hel ps define business opportunities from
arisk-return perspective, presents unique ways of looking at them, has direct input into the
configuration of products and services, and ensures the transparency of all the risks. Innovation
necessitates new yardsticks for measuring and monitoring the resulting activities. The savvy
corporate leader uses risk management as both a sword and a shield.

At the end of the last millennium, financial institutions and investors experienced increased volatility
in the mgjor financial and commodity markets, with many financia crises. At the start of the new
millennium, we arein the midst of atechnological revolution resulting in changes in the operation of
markets, increased access to information, changes in the types of services available to investors, as
well as mgjor changes in the production and distribution of financial services.

If there is concern about an institution's ability to manage risk, then its share price will be penalized.
Risk is acost of doing businessfor afinancial institution and consequently best practice risk
management is a benefit to our shareholders. To manage the risks facing an institution we must have
aclearly defined set of risk policies and the ability to measure risk. But what do we measure? And
how do we measure such risks? We must also have a best practice infrastructure. The starting point is
that we need a framework.

Thisbook provides such aframework. The content of the book is consistent with our own risk
management strategy and experience. Our risk management strategy is designed to ensure that our
senior management operates together in partnership to control risk while ensuring the independence
of the risk management function. Improvements in analytic models and systems technology have
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greatly facilitated our ability to measure and manage risk. However, the new millennium brings new
challenges. There are risks that we can identify and measure and there is the uncertainty of the

unknown. The challenge facing risk managers is to minimize the consequences of the unknown. This
book should help all risk and business managers address the issues arising from risk and uncertainty.

JOHN HUNKIN
CHAIRMAN & CHIEF EXECUTIVE OFFICER
CANADIAN IMPERIAL BANK OF COMMERCE
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Preface

Risk Management introduces, illustrates, and analyzes the many aspects of modern risk management
in both financial institutions and nonbank corporations. It consolidates the entire field of risk
management from policies to methodol ogies as well as data and technological infrastructure. It aso
covers investment, hedging, and management strategies.

The shift to flexible exchange rates in the late 1960s has led to more volatility in exchange rates. As
volatility increased, financial markets began to offer anew breed of securities, that is, derivatives
such as futures and options, to alow institutions to hedge their exposures to currency fluctuations.
Theincreaseininflation in the early 1970s and the advent of floating exchange rates soon began to
generate interest rate instability. Again, the market responded by offering new derivative products to
hedge and manage these new risks. Banks found themselves increasingly engaged in risk
intermediation and less in traditional maturity intermediation. Banks also started to innovate and offer
new customized derivative instruments, known as over-the-counter (OTC) products, that both
compete with and complement traded derivatives.

In 1988 the Bank for Internationa Settlements (BIS) set the capital adequacy requirements for
banking worldwide to account for credit risk. Thiswas the first international effort to deal with the
growing exposure of financia institutionsto risk and volatilities, and especialy to risk of off-balance
sheet claims such as derivative instruments. The 1988 BIS Accord was followed by the 1998 BIS
Accord, accounting for market risksin the trading book, aswell as by many documents of the BIS
discussing the many facets of risk management. The SEC implemented its risk exposure disclosure
requirementsin 1998 for all exchange traded companiesin the United States.

Risk management is not an American phenomenon. Today it covers al continents and all countries.
What we observe today is a convergence of regulation and disclosure requirements across the
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globe. More than in any other field, the tools and reporting requirements of risk management are
universal.

Thisbook is based on our academic aswell as practical work in the field of risk management. Wetry
to cover both institutional aspects and organizational issues, while not forgetting that risk
management is based on statistical and financial models.

The book is a comprehensive treatment of all aspects of risk management. It starts by discussing the
new regulatory framework that is shaping best practice risk management in the banking industry
worldwide. The risk management techniques that have been developed by and for banks are now
migrating to the corporate sector. There is mounting pressure from regulators, such asthe SEC in the
United States, financial analysts, and investors for more and better disclosures of financial risks and
the techniques and instruments being adopted to control these risks.

The book provides a consistent and comprehensive coverage of all aspects of risk management—
organizational structure, methodologies, policies, and infrastructure—for both financial and
nonfinancia institutions. It offers an up-to-date exposition of risk measurement techniques for
market, credit risk, and operational risk. The risk measurement techniques discussed in the book are
based on the latest research. They are presented, however, with considerations based on practical
experience with the daily application of these new risk measurement tools. The book also elaborates
on the issues that the next generation of risk measurement modelswill have to address, such asthe
full integration in a consistent multiperiod framework of liquidity, market, and credit risk; the
measurement of risk for illiquid positions, asfor example the merchant banking book; the risk
assessment over along-term horizon of structural positions, such asthe "gap" of the corporate
treasury in afinancial institution; and stress testing to assess risk in periods of financial crises.

The book relies heavily on the experience of the authors in developing the risk management function
in abank from the ground up. It goes beyond the technical aspects of risk measurement. It proposes
an integrated framework for managing risks and an organizational structure that has proven
successful in practice.

We have incorporated the latest evolution of the regulatory framework and the current BIS proposal
to reform the capital
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Accord. The book offers a unique presentation of the latest credit risk management techniques. It
provides clear guidance to implement arisk management group in afinancia institution. It also
discusses how to adapt to a nonfinancial corporation the risk management techniques that have been
originaly developed and implemented in banks. The book provides one-stop shopping for knowledge
in risk management ranging from current regulatory issues, data, technological infrastructure, hedging
techniques, and organizational structure.

Structure of the Book

The book is arranged according to the major subjects of modern risk management. Chapter 1
discusses the need for risk management systems. Chapter 2 presents the new regulatory framework
that is shaping modern risk management in financia institutions and nonbank corporations. Chapter 3
provides an integrated framework for best-practice risk management. We explain how financial
institutions should establish appropriate firm-wide policies, methodologies, and infrastructure in
order to measure, price, and control risksin a comprehensive manner. Chapter 4 reviews the new BIS
capital requirements for market risks and compares the " standardized approach” and the "internal
models approach” that banks can use to report regulatory capital.

The topic of Chapters 5 and 6 is market risk measurement. We present the standard val ue-at-risk
(VaR) approach. We also discuss some extensions of the VaR method: "incremental-VaR" and
"deltaVaR" to isolate the component risks that contribute most to the total risk, "dynamic-VaR" to
assess market and liquidity risks over along time horizon, say a quarter, and "E-VaR," the expected
lossinthetail, as an alternative risk measure to VaR. We aso |00k at stress testing and scenario
analysis to analyze extreme events that lie outside normal market conditions assumed by the standard
VaR model. Finally, we discuss measurement errors and backtesting issues.

Chapters 7 to 12 cover credit risk. These six chapters constitute a unique and comprehensive
coverage of topical credit risk-related issues. credit risk rating, credit risk measurement with a detailed
presentation of the four industry-sponsored approaches
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(credit migration, contingent claim, actuarial, and reduced form approaches), and credit mitigation
techniques. Credit risk is currently the major risk to which banks are exposed, and yet techniques to
model and mitigate credit risk are still in their infancy. Regulators with the new BIS Capital
Adequacy Framework currently under discussion are setting new standardsthat will give a definitive
competitive advantage to the banks that can achieve sophistication in credit risk assessment and credit
risk management.

Chapter 13 proposes a framework for operational risk control. We describe four key stepsin
implementing bank operational risk, and highlight some means of risk reduction. Finally, we look at
how abank can extract value from enhanced operational risk management by improving its capital
attribution methodol ogies.

Chapter 14 is devoted to capital alocation and performance measurement. This chapter presents the
Risk Adjusted Return on Capital (RAROC) analysis to measure performance and allocate economic
capital. It provides managers with the information they need to make the trade-off between risk and
reward more efficient.

Chapter 15 elaborates on "model risk," that is, the special risk that arises when an institution uses
mathematical models to value and hedge securities. We discuss some classic examples of what can go
wrong when trading strategies are built on theoretical valuation models.

Chapter 16 is on risk management for nonfinancial corporations. In this chapter we discussin detail
the pros and cons of modern risk management techniques as applied to nonbank corporations. The
relevant question is not whether corporations should engage in risk management but, rather, how they
can managerisk in arational way. We also discuss some new accounting standards that have been
introduced to deal with the derivative and hedging activities of corporations.

Chapter 17 presents our views on risk management in the future. In this chapter we look at how risk
management will be induced—and facilitated—Dby advancesin technology, the introduction of more
sophisticated regulatory measures, rapidly accelerating market forces, and an increasingly complex
legal environment.
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Chapter 1—
The Need for Risk Management Systems

1_
I ntroduction

Theinternationa banking system has experienced many sgnificant Structural changes over thelast 25
years. Mgjor banks have merged, 1 meany inditutions have become global 2 and banks seem
increesngly likely to pursue mergers and other dliances with insurance companies§ Although
inditutions have grown in Sze, competition has subgtantialy increased. Thisisbecause, over the same
period, regulators have relaxed thar rules and have allowed banks to offer new products and to enter
new markets and new business activities.

TheFinancid Services Act of 1999 will lead to further far-reaching changesinthe U.S. financid
system. It will repeal key provisons of the Glass-Steagall Act, passed during the Great Depression,
which prohibits commercid banks from underwriting insurance and most kinds of securities. Most
sgnificantly, brokerage firms banks, and insurers will be able to merge with each other; thissort of
dliance was prohibited by the Bank Holdings Act of 1956. The proposed reform isintended to alow
bank holding companies to expand ther range of financid services and to take advantage of new
financid technologies such as web-based e-commerce.

Thenew legidation will also put brokerage firms and insurers on a par with banks by dlowing them to
enter into the full range of financid activities and compete globdly.
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The expansion of the activities of bank holding companieswill incur new market, credit and
operational risks. The consolidations will also precipitate a thorough revision of capital adequacy
requirements, which are currently tailored to the needs of traditional bank holding companies.

Thistrend toward consolidation complements longer-term changesin industry structure. Over the
past 20 years, many corporations have found it less costly to raise money from the public (by issuing
bonds) than to borrow directly from banks. Banks have found themselves competing more and more
fiercely, reducing their profit margins, and lending in larger sizes, longer maturities, and to customers
of lower credit quality.

Customers, on their part, are demanding more sophisticated and complicated ways to finance their
activities, to hedge their financial risks, and to invest their liquid assets. In some cases, they are
simply looking for ways to reduce their risk exposure. In other instances, they are willing to assume
additional risk, if they are properly compensated for it, in order to enhance the yield of their portfolio.

Banks are, therefore, increasingly engaged in what might be called "risk shifting” activities. These
activities demand better and better expertise and know-how in controlling and pricing the risks that
banks manage in the market.

As the banking industry has evolved, the managerial emphasis has shifted away from considerations
of profit and maturity intermediation (usually measured in terms of the spread between the interest
paid on loans and the cost of funding) toward risk intermediation. Risk intermediation impliesa
consideration of both the profits and the risks associated with banking activities. It is no longer
sufficient to charge a high interest rate on aloan; the relevant question is whether the interest charged
compensates the bank appropriately for the risk that it has assumed.

The change in emphasis from simplistic " profit-oriented’ management to risk/return management can
also be seen in non-bank corporations. Many major corporations are now engaged in active risk
management. Of course, "risk" was alwaysamajor consideration in deciding whether to take
advantage of investment opportunities. However, rejecting projects because they seem to be risky can
lead companiesto reject investment opportunitiesthat in



Page 3
fact offer an excellent return. The real problem is how to quantify risk and thus price it appropriately.

In the banking industry, the classic risk is credit risk. Through history, banks have sought to manage
thisrisk asakey part of their business. However, it was not until 1988 that aformalized universal
approach to credit risk in banks was first set out. Based on the 1988 Bank for International
Settlements (BIS) Accord (Chapter 2), banks were required by their regulators to set aside aflat fixed
percentage of their risk-weighted assets (e.g., 8 percent for corporate |oans, 4 percent for uninsured
residential mortgages) as regulatory capital against default. Since 1998, banks have also been required

to hold additional regulatory capital against market risk in their trading books. 4

At some point in the future, banks may incur regulatory capital chargesfor funding liquidity risk,

regulatory risk, human factor risk, legal risk, and many other sources of risk.2 These diverserisks,
often grouped together under the term " operational risk," are monitored increasingly closealy by
banks. They were the cause of various well-publicized financial disasters during the 1990s, such as
the collapse of Barings Bank in 1995 (the bank lacked adequate operationa controls). They have also
provoked many expensive court cases, such asthe dispute in 1994 between investment bank Bankers
Trust and corporate giant Procter & Gamble—a case that came to typify the risk that derivatives

contracts might not be legally enforceable or might lead to reputational damage.®

Many risks arise from the fact that today's banks are engaged in arange of activities. They trade all
types of cash instruments, aswell as derivatives such as swaps, forward contracts, and options—
either for their own account or to facilitate customer transactions. The Federal Reserve Bank
estimates that in 1996, U.S. banks possessed over $37 trillion of off-balance-sheet assets and
liabilities, compared to approximately $1 trillion dollars only 10 years earlier. The multitude and
magnitude of the instruments, and their complexities, make it essential to measure, manage, and
control the risk of banks.

In this chapter, the process leading to the introduction of risk management systemsis described. A
major impetus behind the implementation of risk management systems has been the Basle Committee

on Banking Supervisi onZ which is an international extension of the regulatory bodies of the maor
developed countries.
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Banks are aso beginning to redize that sophisticated risk control tools make for sounder economic
management. This chapter therefore also explores the trend to make risk management an integrd part
of the management and control process of financid inditutions, rather than Smply atool to satisfy
regulators. We conclude with a discussion of the recent adoption of formd risk management systems
by nonfinancid corporations.

2_
Historical Evolution

Regulation strongly affects the attitude of financid inditutionsto risk taking, and often dictates how
they accommodate risk. Around the world, the banking industry isregulated in a variety of ways, and
through a multitude of governing bodies, laws, and bylaws. Two related observations can be made:
nowadays there isa world-wide recognition of the need to measure and control risksin globa and
loca banking activities, and regulation is converging and becoming more consistent across countries.
But before we look at how thisis happening, we need to understand some of the historica foundations
of the banking industry.

Thecrash of 1929 and the economic crissthat followed led to mgjor changesin bank regulation inthe
United States. The regulators focused on what istermed today "sysemicrisk,” i.e., therisk of a
collapse of the banking industry at aregiond, nationd, or internationa leve. In particular, regulators
were concerned to prevent the " domino effect” : the chance that a falure by one bank might lead to
falurein another, and then another. In a series of acts and laws, the government tried to increase the
gability of the banking system in order to avoid thisand other types of economic criss At the same
time, the safety of bank deposits was enhanced by the establishment in 1933 of the Federal Deposit
Insurance Corporation (FDIC). A third set of legidation defined the playing fidd for commercia
banks: crucidly, they were barred from dedling in equity and from underwriting securities. The famous
Glass-Steagall Act of 1933 effectivey separated commercid banking and investment banking
activities

Theregulaion of the banking indugtry in the United States in the early 1930s reduced therisk in
banking operations but also acted to reduce competition. For example, in 1933 Regulaion Q
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put aceiling on the interest rate that could be paid on savings accounts. Reserve requirements
encouraged banksto offer current (checking) accounts that did not pay interest.

Furthermore, a combination of the McFadden Act (1927), which prohibited banks from establishing
branches in multiple states ("interstate branching"), and state regulations led to the establishment of

many small banksthat specialized in a particular local market. In effect, the regulations helped to
8

support "natural” regional monopolies in the supply of banking services. =
The 1956 Bank Holding Company Act, and the amendments to this act from 1970, limited the
nonbanking activities of commercial banks. Again, the motivation was to reduce the risks to which
banks might be exposed. It was felt that if banks expanded their activities into new and risky areas,
they might introduce idiosyncratic risk, or specific risk, that would affect the soundness of the whole
banking system.

Meanwhile, the environment in which banks operated had begun to change. During the period from
World War 1l to 1951, interest rates had been pegged and were not used as atool in the monetary
policy of the Federal Reserve. As aresult, bank interest rates were stable over an extended period of
time, with only small changes occurring from time to time. From 1951, however, interest rates
became more volatile. The volatility intensified in the 1970s and 1980s as shown in Figure 1.1.

In effect, the governments of developed economies had begun their slow but consistent withdrawal
from their role asinsurers, or managers, of certain risks. The prime example of this changeis the
foreign currency market. From 1944, with the signing of the Bretton Woods Agreement, international
foreign exchange rates were artificially fixed. Central banks intervened in their foreign currency
markets whenever necessary to maintain stability. Exchange rates were changed only infrequently,
with the permission of the World Bank and the International Monetary Fund (IMF). These bodies
usually required a country that devalued its currency to adopt tough economic measuresin order to
ensure the stability of the currency in the future.

The regime of fixed exchange rates broke down from the late 1960s due to global economic forces.
Theseincluded a vast expansion of international trading and inflationary pressurein the
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major economies. The shift to flexible foreign exchange rates introduced daily (and intraday)
volatility to exchange rates. As the hitherto obscured volatility surfaced in traded foreign
currencies, the financial market began to offer currency traders special tools for insuring
against these "new" risks.

Figure 1.2 depicts the percentage change in the value of the German deutsche mark with regard
to the U.S. dollar. The shift in the levels of volatility isvery noticeable in the early 1970s, as
the currency market moved to floating exchange rates. Asindicated in the figure, the shift
precipitated a string of novel financial contracts based on the exchange rates of leading
currencies.

Thefirst contracts tended to be various kinds of futures and forwards, though these were soon
followed by foreign currency options. In 1972 the Mercantile Exchange in Chicago (CME)
created the International Monetary Market (IMM), which specialized in
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foreign currency futures and options on futures on the major currencies. In 1982 the Chicago Board Options Exchange
(CBOE) and the Philadel phia Stock Exchange introduced options on spot exchange rates. Banks joined the trend by
offering over-the-counter (OTC) forward contracts and options on exchange rates to their customers.

Theincrease in inflation and the advent of floating exchange rates soon began to affect interest rates. From the early
1970s, interest rates and bond prices became increasingly volatile. This volatility grew substantially from the early 1980s
onwards, after the Federal Reserve Bank under chairman Paul Volcker decided to use money supply (rather than interest
rates) as amajor policy tool. From that point on, interest rates were able to react to changes in the money supply without
prompting interference from the Federal Reserve.

Figure 1.3 charts the volatility of interest rates as measured by percentage changesin the yield of U.S. Treasury bonds
with five
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years to maturity. The figure notes the various financial contracts on interest rates or bond prices that have been

introduced since 1975.

Asthe figure suggests, the market response to the increased interest rate volatility was to create a wide range of new
instruments to trade these risks. New options on Treasury bills, Treasury notes, and long-term government bonds, as well
as futures on synthetic government bonds, were offered by the exchanges; a multitude of over-the-counter (OTC) interest-
sensitive instruments were marketed by banks and other financial intermediaries.

Futures were the first type of instrument to be introduced. The first traded futures on the long-term bonds issued by the
U.S. Government National Mortgage Association (GNMA)—the bonds are backed by mortgage portfolios—appeared in
October 1975 on the Chicago Board of Trade (CBOT). The CME added futures on Treasury hillsin early 1976, and on

Eurodollarsin 1981. The CBOT
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introduced futures on Treasury bondsin August 1977, and on Treasury notesin May 1982.

In the second wave of instruments, options on fixed-income securities were introduced. In October
1982, the CBOT started trading options on Treasury bond futures. The Chicago Board Options
Exchange (CBOE) introduced options on Treasury bondsin the same month. The CME introduced
options on Eurodollar futuresin March 1985, and on Treasury bill futuresin April 1986.

Banks came up with their own form of OTC interest rate derivative—the interest rate swap—in 1982.
In early 1983 they added to their arsenal forward rate agreements (FRAS). Since then commercial
banks and investment banks have introduced a huge number of different types of derivative; the OTC
instruments both compete with exchange-traded derivatives and, in a sense, complement them.

Figure 1.4 depicts the evolution of risk management instruments over a period of 20 years, starting in
1972. Some of the products are exchange-traded, but most are OTC or interbank products.

The huge expansion in derivative product trading around the world spurred the creation of new
specialized exchangesin many countries. In turn, the existence of publicly traded and liquid
derivative contracts helped banks to promote new, more complex, OTC products—and encouraged
additional financial institutions to participate in the new markets.

In April 1995 the Bank for International Settlements, based in Basle, Switzerland, coordinated the
first mgjor survey of derivative markets among 26 central banks of the most developed countries.
The survey, which came to be repeated every quarter, gathered data on the notional amounts of
derivative contracts that were outstanding in each of the participating countries, turnover data, and
market values. Table 1.1 shows the notional amounts and market values of outstanding OTC
derivative contracts, globally and for the United States, at the end of December 1998, compared to
the values at the end of March 1995.

The global market for OTC derivatives amounted in 1995 to over $47 trillion, of which $12 trillion

was booked in the United States. 2 The globa market had increased by almost 80 percent and had
reached over $80 trillion by the end of 1998. Interest rate derivatives reached $26 trillion in March
1995, and almost 70 percent
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of this sum took the form of swaps. Volumes ailmost doubled to $50 trillion by the end of 1998.
Foreign exchange derivatives reached over $13 trillion in 1995, and $18 trillion in 1998, mainly in
forward contracts. (Note that the OTC market for equity derivatives remained relatively small,

especially inthe United States))



TABLE 1.1
The Global Over-the-Counter (OTC) Derivative Marketst
Positions at End-December 1998 in Billions of U.S. Dollars

A. Foreign exchange contracts
Outright forwards and forex swaps
Currency swaps

Options

B. Interest rate contracts*
FRAs
Swaps

Options

C. Equity-linked contracts
Forwards and swaps

Options

D. Commodity contracts®
Gold
Other
Forwards and swaps

Options

E. Estimated gapsin reporting

Grand total
Gross credit exposureb

Memorandum items:
Exchange-traded contracts’

End-December 1998

National
Amounts
18,011
12,063
2,253
3,695
50,015
5,756
36,262
7,997
1,488
146
1,342
415
182
233
137
97
10,371
80,300
13,549

Gross Market
Values
786
491
200
96
1,675
15
1,509
152
236
a4
192
43
13
30
490
3,230
1,329
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Memorandum |tems: Positions at End-March

19952

National Amounts3
13,095

8,699

1,957

2,379

26,645
4,597
18,283

3,548

579
52

527

318
147
171
120

51

6,893

47,530

10,310

Gross Market
Values3
1,048
622
346
71
647
18
562
60
50
7
43
28
10
18
13
5
432
2,205

1 All figures are adjusted for double-counting. Notional amounts outstanding have been adjusted by halving positions vis-aVvis other reporting dealers.
Gross market values have been calculated as the sum of the total gross positive market value of contracts and the absolute value of the gross negative

market value of contracts with nonreporting counterparties.

2 |n addition to changes in reporting months, differencesin the reporting basis (locational reporting in 1995; worldwide consolidated reporting in 1998)

and in the number of participating countries (26 in 1995; Group of Ten countries in 1998) mean that the two surveys are not really comparable.

3 Datafor outright forwards and forex swaps are incompl ete because they do not include outstanding positions of reporting dealersin the United

Kingdom. Datafor total foreign exchange and interest rate contracts include "other" products that are not shown separately.

4 Single-currency contracts only.

5 Adjustments for double-counting at end-June 1998 have been estimated using the results of the 1995 Triennial Central Bank Survey of Foreign

Exchange and Derivatives Market Activity.

6 Gross market values after taking into account legally enforceable bilateral netting agreements.

7 Sources: Futures Industry Association and various futures and options exchanges.

Source: BIS
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Here we should introduce a note of caution. The "notional value" of aderivative contract is aterm
that is used to describe the amount of the underlying price reference (e.g., foreign currency) stipulated
in the derivative contract. This means that the notional value is not always related very strongly to the
economic value of the derivative contract. For example, a deep-out-of-the-money option might have a
high notional value, but avery small or negligible market price (or economic value). Thus,
aggregating derivative notiona values—e.g., those for options that are deep out and deep in the
money—can generate some very misleading statistics.

The second and fourth columns of Table 1.1 attempt to get around this problem by offering estimates
of the market value of OTC derivatives. The total global market value of OTC products was, for
March 1995, $2.2 trillion, and $3.23 trillion at the end of 1998. Exchange-traded contracts possessed
agross market value of $1.33 trillion on December 1998.

In Table 1.2, Part A and Part B show, respectively, the breakdown of the global OTC foreign
exchange and interest rate derivatives market. The survey results for the end of December 1998 are
compared to the survey results six months earlier, but the main point of interest for our purposesis
the different kinds of products that can be seen in each market. In the foreign currency OTC market,
more than 80 percent of the contracts arefor terms of shorter than one year. The dominant currency
isthe U.S. dallar.

For interest rate products, the majority of the contracts are for terms of between one and five years,
and approximately 20 percent are for terms longer than five years. The dollar is the most prominent
currency, but it accounts for only about one-quarter of the interest rate contracts.

The outstanding notional amount of derivativesis not necessarily correlated with the intensity of
trading. Table 1.3 provides data on the average daily turnover in notional amounts for foreign
currency and interest rate derivatives, comparing the positions on April 1995 to the positions
recorded for April 1998.

Of the $961 billion of daily OTC turnover in foreign currency derivativesin April 1998, $699 billion
was in the form of foreign currency swaps and $106 billion was in the form of forward contracts.
Almost 90 percent of the foreign currency contracts arein U.S. dollars (i.e., U.S. dollars versus other
currencies).
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TABLE 1.2: Part A

The Globa OTC Foreign Exchange Derivatives Marketst
Amounts Outstanding in Billions of U.S. Dallars

End-June 1998 End-December 1998

Gross Gross

Notional Market Notional Market

Amounts Values Amounts Values
Total contracts 18,719 799 18,011 786
with other reporting dealers 7,406 314 7,284 336
with other financial institutions 7,048 299 7,440 297
with nonfinancial customers 4,264 186 3,288 153
up to one year? 16,292 — 15,795 —
between one and five years? 1,832 — 1,624 —
over five years? 595 — 592 —
U.S. dollar 16,167 747 15,810 698
Deutsche mark 4,685 109 4,505 115
Japanese yen 5,579 351 5,319 370
Pound sterling 2,391 55 2,612 62
French franc 1,418 36 1,241 40
Swiss franc 1,104 35 937 30
Italian lira 1,051 24 822 35
Other 5,043 241 4777 222

Memorandum item:

Exchange-traded contracts 103 — 57 —

1 Seefootnote 1 to Table 1.1. Counting both currency sides of every foreign exchange transaction means that the currency

breakdown sums to 200 percent of the aggregate.
2 See footnote 6 to Table 1.1.

The breakdown of daily turnover of interest rate derivatives between exchange-traded and OT C-traded

shows that $1361 billion were traded on exchanges in April 1998 and only $275 billion in the OTC

markets. The situation is completely different in the case of foreign currency contracts: here most of the

daily trading isin OTC instruments.

It isinteresting to note that in this period nonfinancia firms engaged in adaily volume of $168 billionin
foreign currency products, but traded only a volume of $27 billion in interest rate
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TABLE 1.2: Part B
The Global OTC Interest Rate Derivatives Marketst
Amounts Outstanding in Billions of U.S. Dallars

End-June 1998 End-December 1998

Gross Gross

Notional Market Notional Market

Amounts Values Amounts Values
Total contracts 42,368 1,160 50,015 1,675
with other reporting dealers 18,244 4,63 24,442 748
with other financial institutions 18,694 515 19,790 683
with nonfinancial customers 5,430 182 5,783 244
up to one year? 17,423 — 18,185 —
between one and five years? 16,805 — 21,410 —
over five years? 8,141 — 10,420 —
U.S. dollar 13,214 311 13,762 370
Deutsche mark 6,483 191 9,222 362
Japanese yen 7,164 194 9,763 212
Pound sterling 3,288 58 3,911 130
French franc 3,196 106 3,576 177
Swiss franc 1,055 19 1,320 31
Italian lira 2,082 116 2,130 169
Other 5,887 164 6,331 224

Memorandum item:

Exchange-traded contracts3 13,107 — 12,305 —

1 Seefootnote 1 to Table 1.1.

2 Residual maturity.

3 Seefootnote 6 to Table 1.1.

Source: BIS"Central Bank Survey of Foreign Exchange and Derivatives Market Activity, 1998". Basle, May 1999.

products. Undoubtedly, the exposure to foreign currency risk is the key risk factor for many nonbank
corporations.

The various needs of the multinationals explain some of the changesin the banking industry in the 1970s
and 1980s. The rapid changes in global markets and the creation of large multinational corporations, on
the one hand, and technological change in the form of computerized information systems on the other,
offered incentives to merge banks. It was argued that merged banks would



TABLE 1.3
Global Turnover in OTC Derivatives Markets
Daily Averagesin Billions of U.S. Dollars

Total reported gross turnover

Adjusting for local double-counting3

Total reported turnover net of local double-counting
("net-gross")

Adjustment for cross-border double-counting3
Total reported "net-net" turnover
with reporting dealers
local
cross-border
with other financial institutions
local
cross-border
with nonfinancia customers
local
cross-boarder
Estimated gaps in reporting4
Estimated global turnover

Memorandum item:
Exchange-traded products®

Total
April 1995
1,368
—206

1,162

-323
839
529
207
322
181

90
91
129
88
41
41

889

1,222

1 Including outright forwards and foreign exchange swaps.

2 Single-currency contracts only.

April 1998

1,990
-306
1,684

457
1,226
764
306
457
267
125
142
195
127
68
39

1,265

1,373

Foreign Exchangel

April 1995
1,114
-161

953

—265
688
427
162
265
149

74
75
111
76
35
32

720

17

April 1998

1,576
-235

1,341

-380
961
615
235
380
178

80
99
168
110
58
29

990

12

3 Made by halving positions vis-&-vis other local reporting dealers and other reporting dealers abroad respectively.

4 Estimates have been prepared for less than full coverage of derivatives market activity in the reporting countries.

5 Sources: Futures Industry Association and various futures and options exchanges.

Source: BIS, "Central Bank Survey of Foreign Exchange and Derivatives Market Activity — 1998," Basle, May 1999.

I nterest Rates?

April 1995

254
—45

209

151
102
45
57
32
16
16
17

12

160

1,205
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April 1998

415

265
150
71
78
89

46

27
16
10
10

275

1,361
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be able to exploit economies of scale, and be better placed to serve the changing needs of their global
clients.

Regulatory bodies also became more willing to allow competition on aglobal scale: foreign banks
were allowed to operate in local markets, both directly and by acquiring local banks. 9

The trend of mergers and globalization continued through the 1990s among nonbank corporations.
The August 1998 merger of Chrysler of the United States with Daimler-Benz of Germany, and Ford's
expansion into Europe and Japan through the purchase of local manufacturers, illustratesthis
continuing trend. Mg or technological |eaders such as Microsoft and IBM are naturally becoming
global giants, but smaller technological companies are also becoming international. This quickening
process of globalization exposes banks and other corporations to ever-greater foreign currency and
interest rate risks.

Currently, banks remain the major players in derivatives trading. Table 1.4 shows the revenues
generated by the top eight commercial banksin the United States, and totals for the other 496
commercial banks dealing in derivatives for the first quarter of 1997. The first column of the table
shows the notional value of derivatives activity, which amounted to over $20 trillion.

Itisinteresting to note that Chase Manhattan Bank, for example, had income from derivatives of
$121 million in 1992 and $201 million in 1993, compared to $375 million for the first quarter of
1997. For JP Morgan, the numbers for 1992 and 1993 were, respectively, $333 and $797 million,
compared to $590 million for the first quarter of 1997. In notional amounts, JP Morgan expanded its
activity from $1654 billion on December 31, 1993, to $5217 billion on March 31, 1997.

Table 1.5 provides information about the annual growth of derivative products, in terms of notional
and gross replacement value (GRV), for four leading U.S. banks from 1992 to 1996. (Gross
replacement value is ssimply the sum of the positive replacement values of the instruments that a
bank holds: in other words, the gross market value.)

The numbers emphasize the growing importance of derivatives in banking activities, aswell asinthe
financial markets. It is interesting to note that the notional amount of derivatives hasincreased
steadily, while the GRYV is not fully correlated to the growth
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Trading Revenues from Cash Instruments and Off-Balance-Sheet Derivatives, March 31, 1997

Chase Manhattan

JP Morgan

Citibank

Bankers Trust

Bank of America

NationsBank

First National Bank of Chicago

Republic Nat. Bank of New Y ork

Top eight commercial banks with derivatives

Other 496 commercial banks with derivatives

Total amounts for all 584 banks with derivatives

Data are preliminary; revenue figures are for first quarter (not year-to-date).

Notional Value of
Derivatives Activity

6,357,063
5,216,959
2,540,614
1,951,705
1,672,667
1,370,518
1,091,173
331,346
20,532,045
1,335,619

21,867,664

Interest Rate
Positions

168
552
219
149
100
37

-9

15

1,231

118

1,350

Trading Revenues ($ million)

Foreign Exchange

Positions
155
-33
224
43
48
18
14
27
495
195

690

Equity Positions
12
67
114

36

13

239

246

Commodities and
Other Positions

41

3

25

13

10
88

97
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Total Cash and Off-
Balance-
Sheet Revenue

375
590
557
253
143
21

2

43

2,054

329

2,383

Currently the report does not include trading revenues from credit derivatives. Credit derivatives have been excluded from the sum of total derivatives here. Trading revenue is defined here as "trading revenue

from cash instruments and off-balance-sheet derivative instruments.”

Before first-quarter 1995, total derivatives included spot foreign exchange. Beginning in first-quarter 1995, spot foreign exchange was reported separately.

Numbers may not add up due to rounding. Source: Office of the Comptroller of the Currency.

Source: Risk, August 1997.
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-I\rlﬁtlisozgl k?nounts of Derivatives of Leading Banks and Their Gross Replacement Vaue (GRV), 1992-1996, in Billions of U.S. Dollars
19921 19931 19942 19953 19963
Banks Notional GRV4 Notional GRV Notional GRV Notional GRV Notional GRV
Chase Manhattan 841 18.0 925 14.5 1293 145 4834 ng® 5712 ng
Chemical 1621 23.0 2479 24.2 3182 18.0
CitiCorp 1539 295 1975 235 2665 275 2376 16.1 2522 17.5
JP Morgan 1278 22.0 1654 30.7 2972 311 3447 16.1 4716 62.4

1Risk 7 (9) Sept. 94, p.93.
2 Risk 8 (10) Oct. 95, p.26.
3 Risk 10 (9) Sept. 97, p.39.

4 GRV = Gross replacement value is the sum of positive replacement value or gross market value.

5 ng = not given.
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of the notiond amount, due manly to the hedging strategy used by each bank. For example, the
notional amount and the GRV of the JP M organ derivative book increased by aratio of 3.69 and
2.82, respectively, over the five-year period.

3—
The Regulatory Environment

So far in this chapter, we have explained how the globd environment became riskier as the financid
markets were liberdized, and we have charted the consequent growth in risk management productsin
terms of the types of indrument and the volumes traded. Now itistimeto turn our attention back to the
regulatory environment.

In 1980 the Depository Inditutions Deregulation and Monetary Control Act (DIDMCA) marked a
major change in regulatory philosophy in the United States. Thisact was an important step inthe
deregulation of the banking system, and the liberdization of the economic environment in which banks
operate. The act initiated a 9x-year phase-out period for Regulation Q, which had placed a cdling on
theinterest rates that banks could offer deposit accounts with check fadilities and savings deposits. The
act dlowed commercid banksto pay interest on accounts with withdrawd rights (the so-called
"NOW" accounts).

Thistrend continued with the 1982 Garn—St. Germain Depository Ingtitution Act (DIA), which
alowed banks to offer money market deposit accounts, and the so-caled " super-NOW" accounts
(i.e., accounts that paid interest but offered limited check-writing privileges).

These regulatory moves opened up the banking industry to further competition from federdly
chartered thrift indtitutions, but they also dlowed commercia banks to expand by buying faled savings
banks. By the late 1970s and early 1980s, the numbers of such falled inditutions had increased
ubgtantialy. The man reason was an economic squeeze on banks that hed szable fixed-rate loan
portfolios and which had financed these portfolios by means of short-term insruments. The inflationary
environment of the 1970s left such inditutions exposed to rigng interest rates.

Regulation Q, before it was changed, aso helped to drive smdl depositors away from such banks.
They turned instead to
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market-traded instruments that offered a better return, such as Treasury hills certificates of deposit
(CDs are short-term debt indruments issued by banks), and, later, to money market deposit accounts
and NOW accounts.

Many of the banks exposed to the mismatch between short-and long-term funds failed to hedge this
exposure. In part, they were smply not familiar with the risk-shifting mechanism provided by
derivatives, though often thar charter acted to prevent them from usng such insruments.

Interegtingly, the push to implement risk management systems in banks came, primarily, from the
regulators (rather than from indde banking inditutions). In the mid-1980s, the Bank of England and the
Federal Reserve Board became concerned about the growing exposure of banks to off-bal ance-sheet
dams, coupled with problem loansto third-world countries. At the same time, regulators in the United
Kingdom and the United States came under pressure from internationd banks with headquarters in the
two countries. The banks complained of unfair competition from foreign banks, especialy from Japan
and the Far Eadt, that were subject to much more lenient regulaions and, especidly, that were not
subject to formad capita requirements.

The response of the Bank of England and the Federal Reserve Bank was, firg of dl, to strengthen the
equity base of commercia banks by requiring that they set aside more capital againg risky assets. As
far as capitd requirements were concerned, the approach was to demand more capital than before: at
least 8 percent againg risk-weighted assets. In addition, the regulators proposed trandating each off-
bal ance-sheet daim into an equivaent on-balance-sheet item, so that capital could be assessed againgt
derivative postions.

Secondly, the regulators attempted to create a"levd playing fidd." They proposed that dl
internationa banks should adopt the same capital standard and the same procedures. The Federa
Reserve Board and the Bank of England assigned to the BIS the job of studying the positions of banks
worldwide, planning out the details of the proposition, and proposing a set of common procedures to
the regulaing bodies.

The BIS continued the process initiated by the Federal Reserve Bank and the Bank of England by
sending drafts of the proposals to the banks and asking for their comments and suggestions. It was
clear at the outset that the task was very complicated and would
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require a high level of both investment and commitment from dl the banks.

It was the explidt intention of the BIS that thar interim proposa s should be adopted, tested, and later
amended according to any accumulated experience. Thus, the story of bank regulation since the 1980s
has been one of an ongoing didogue between the BIS and commercia banks dl over the world, with
the active involvement of local central banks and local controllers of banks.

Thefird results of thisprocess, the 1988 BIS Accord and its subsequent amendments, are introduced
in Chapter 2 and described in detall in Chapter 4. As Chapter 2 recounts, while the regulatory bodies
initiated the process and drew up thefirg set of rules, they have accepted that sophisticated banks
should have a growing role in the setting up of ther own interna risk management modds. With the
principles set and the course defined, the role of the regulators has begun to shift to that of monitoring
sophisticated banks' internd risk management sysems.

Few professondsin the banking industry believe that the systems proposed (or imposed) by the BIS
are, inany sense, perfect. Nevertheless, therole of the BIS in forcing the banks to quantify risks,
evauate risks, price risks, and monitor risks has proved invaugble. Further, regulators seem
increasingly open to theidea of a two-tier approach. Thisdlows the more sophisticated financid
inditutions to make use of thar own interna models, while goplying a Smpler standardized approach
to the mgority of inditutions.

There have d so been important industry initiatives over thelast 10 years. The Group of Thirty (G-30)
study published in July 1993 was the fird industry-led and comprehensive effort to broaden awareness
of advanced approaches to risk management. The G-30 study provides practical guidanceintheform
of 20 recommendations, addressed to dedlers and end-users dike, in terms of managing derivatives
activities. We discuss these recommendations in more detail in Chapter 2.

4—
The Academic Background and Technological Changes

Risk management cannot be understood independently of the body of academic research published
on risk management techniques
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and derivative valuation that has evolved since the early 1950s. A common deficiency in risk
management systems and policy proposalsis the lack of afirm theoretical foundation (and therefore
consistency).

In this section we review some of the key theories and models, and show how they relate to the
development of approaches to risk management in banking. However, it is worth making clear at the
outset that the theoretical work on risk management is based on many simplifying assumptions, and
that the implementation of theoretical work is not aways straightforward. Real life is complicated and
is composed of many details that models cannot, and maybe should not, accommodate. Instead, the
role of modelsis often to simplify complicated structures and to highlight the most important factors.
A "good" financial model is one that helps the analyst separate out the major explanatory variables
from anoisy background.

Milton Friedman, in his seminal article " The Methodology of Positive Economics® (1953),
emphasizes that amodel can be only evaluated in terms of its predictive power. It cannot be evaluated
in terms of the assumptions employed, or in terms of whether the model seemsto be sufficiently
complicated to capture al the relevant details from "real life." In other words, amodel can be ssimple,
and yet be judged successful if it helpsin predicting the future and in improving the efficiency of the
decision-making process.

The word "risk" has many meanings and connotations. It is widely used by professional traders, risk
managers, and the public. Many articles in newspapers and magazines talk about risky and choppy
markets. They warn their readers from investing "too much" in "risky assets," and they wonder
whether financial markets have become "too risky" and volatile. A proliferation of names has
emerged to describe the various risks: businessrisk, financial risk, market risk, liquidity risk, default
risk, systematic risk, specific risk, residual risk, credit risk, counterparty risk, operations risk,
settlement risk, country risk, portfolio risk, systemic risk, legal risk, reputational risk, and more.

The foundations of modern risk analysis are contained in Markowitz's (1952) paper concerning the
principles of portfolio selection. Markowitz showed that arational investor, i.e., an investor who
behavesin away that is consistent with VVon Neuman—Morgenstern's expected utility maximization,
should analyze
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aternative portfolios based on their mean and on the variance of their rates of return.
Markowitz makes two additional assumptions: first, that capital markets are perfect, 11 and
second that the rates of return are normally distributed.

Since the utility choices of a consumer can be expressed in terms of two parameters
only—mean and variance—portfolios of investments can also be presented for selection
according to these two parameters.

Note that the two-parameter presentation, while valid for well-diversified portfolios, does not
apply to individual securities. A security should be evaluated only in the context of the
portfolio of investments to which it belongs, through its contribution to the mean and variance
of the portfolio. More specifically, the risk of a single investment should be measured in terms

of the covariability12 of its rate of return with the rate of return of the portfolio.13

Markowitz's portfolio analysis suggests that the specific or idiosyncratic risk of asingle
security (i.e., the elements of itsrisk profile that it does not share with other investments)
should not be measured in terms of its volatility as measured by the variance of the rates of
return. The variance measures the potential dispersion of future rates of return, but thisisnot a
relevant risk measure for a single security. Thisis because most of the specific risk due to
volatile returns can easily be diversified away and eliminated at virtually no cost. It follows
that the specific risk, or idiosyncratic risk, of a security, should not be priced in the
marketplace if it can easily be offset against the returns of other securities.

Sharpe (1964) and Lintner (1965) take the portfolio approach one step further by adding the
assumption that a risk-free asset exists. They show that financial markets are in equilibrium
when all investors hold a combination of ariskless asset and the market portfolio of al risky
assets in the economy. Therefore, prices of risky assets are determined in such away that they
areincluded in the market portfolio. They show that in order to be "in" the market portfolio, a
risky asset must be priced according to its relative contribution to the total risk of the market

2
portfolio, as measured by the variance of its rate of return distribution, “™ :

RJ'IR. ]
Lo it [ (1)

LY Tag
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where R and R, are the rates of return on asset i and the market portfolio, respectively, o; and
o, are the standard deviations of the rates of return on asset i and the market portfolio,
respectively, and p; , is the correlation coefficient between i and M.

Thisratio is called the "beta" of asset i ([3;). It measures the systematic risk of the asset, i.e., the
risk that cannot be diversified away. 14

The relative contribution is measured by the ratio between the covariance of the rate of return
of the asset, and the rate of return of the market portfolio, and the variance of the market

2
portfolio. It should be noted that the weighted sum of all the covariancesis equal to M | the
total risk of the market portfolio:

)
N x; cov (R, Ry) = oy

=1

Here, x, denotes the relative weight of security i in the market portfolio, N is the number of

o [y .
d E'r'='l o

assetsin the market portfolio, an =1 The previous expression can be rewritten as:

N
l xi i = 1
=1

The beta risk measures the relative comovements of security i for which investors should be
compensated.

Sharpe (1964) and Lintner (1965) proved that the expected rate of return on security i under the
above assumptions, is given by the following equation:

E(R) = R + B; [E(Rn) — R] (2)

where E(+) is the expected value operator, and R denotes the rate of return on the riskless bond
over the same holding period as the asset. The term in brackets measures the risk premium in
the market for aunit of betarisk. The product of 3, and (E(R,) — R] is the expected
compensation that holders of asset i require above the risk-free rate R in order to hold the asset.

If we rewrite the equation above in terms of g;, oy, and p, , then E(R) = R+ g, p;y [E(Ry) —
R]/o,,. Accordingly, the excess expected return above the risk-free rate is a function of the
systematic component of risk g; p; , times the unit price of risk [E(R,) — R]/o,.
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Concurrently, most investment banks and brokerage firms cal cul ate the beta of individual
securities as well astheir volatility, or total risk as measured by o,. The betais estimated from
the regression equation,

Rip = a; + by (Rpye — R) + ¢ (3)

where R, and R, are the rates of return measured between time t and t-1 for security i and an
index representing the "market portfolio of risky assets," respectively. Ris the short-term
riskless interest rate, €, isthe residual value, and a, and b; are the two regression parameters,
with b, being the statistical estimate of 3.

The original model, known as the " Capital Asset Pricing Model" (CAPM), was proved and
tested in discrete time, for example, over a one-year or one-month horizon. Merton (1972) has
shown that the CAPM can also be derived in a continuous time framework, under the
assumptions that trades can be executed at any time and that the return-generating process for
stock pricesis smooth, with no jumpsin prices (i.e., it behaves like a diffusion process).

The next important development in the analysis of risk occurred in 1973, with the publication
of two seminal papers by Fischer Black and Myron Scholes, and Robert Merton, on the pricing
of options. The papers make use of aframework similar to that used by Markowitz, Sharpe,
and Lintner; namely, they assume the existence of perfect capital markets and assume that
security prices are lognormally distributed or equivalently, that log-returns are normally
distributed. To these, they add the new assumptions that trading in all securities is continuous
and that the distribution of the rates of return is stationary. The Black—Scholes (BS) option
pricing model (OPM) for European call options on stocks (without dividends) is given by:

C=5N(d)~ K" N (dy) (4)

where C is the premium of a European call option, Sis the price of the underlying security, K
isthe exercise or strike price, r isthe riskless instantaneous interest rate, 15 1 is the time period
to the maturity of the option, N(+) is the cumulative standard normal distribution, and where

_ In(5/K) + (r + Lo T
aV'T

dy =dy = oV (5)

d



javascript:doPopup('EndNote','Page_25_Popup_1.html','width=480,height=384,resizable=yes,scrollbars=yes')

Page 26

Here, s isthe standard deviation of the rate of return distribution of the underlying security, Inisthe
natural logarithm operator, and e is the exponent operation (e = 2.714 . . .).

For example, aone-year (t = 1) at-the-money (K = S) call on astock with current price of $100 (S=
$100) and standard deviation of 20 percent (s = 0.20), when the annual interest rate is 10 percent, is
valued at $13 according to the Black—Scholes model.

The pricing model for a European put option can easily be derived from the call value by using what

has become known asthe "put-call parity relationship™: 16

C-P=S—Ke "
where P is the premium on a European put. The BS model for a European put is therefore:
P=—=5N(=d)) + Ke ™ N(—dy) ()

Continuing our numerical example, the price of an at-the-money put should be $3.90.

Therisk of the underlying security, which determines the premium on the option and itsrisk, is
measured by itsvolatility s. An increasein the volatility of the underlying stock, with all other
parameters unchanged, causes an increase in the option's premium. It can be shown that the
instantaneous volatility of the option is given by:

T = Mes (T

a, = I | o

where s and h, _ are, respectively, the instantaneous standard deviation of derivative i and the
elasticity of the derivative i with respect to the underlying asset, S, and subscript ¢ stands for acall
and p for aput. For acall option, the elasticity is

-

ac S

q
Nes® o5t =N@) =1 (7)
and for a put
) - R
Th.l_.'.' = E : F = PN [ ‘il} p =0 {E}
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Continuing with our example, since N (d;) = 0.72 and -N (—d,) = —0.28, thereforen ., = 5.53
and n,s=—7.23. Accordingly, T, = 5.53 - 0.20 = 1.11 (or 110 percent) and ¢, = 7.23 - 0.20 =
1.45 (or 145 percent).

Inasimilar way the systematic risk of acall (3;) and aput (3,) is given by:

Be =E'T|.:',.~:
By =B, (%)

where [ is the systematic risk of the underlying asset.

If we assume that the underlying asset has a beta of 1, then the instantaneous beta of the call is
5.53, and —7.23 for the put. By adding the put to the portfolio of securities with positive beta
risk, the systematic risk of the portfolio is reduced; conversely, adding calls increases the beta
of the portfalio.

Note that N(d,) and —N (—d,) are the hedge ratios, known also as the "delta” of the option, of a
call and of aput, respectively. The hedge ratio measures the change in the value of an option
resulting from a small change, say adollar, in the price of the underlying security. The hedge
ratio shows how the risk of the underlying security over avery short time interval can be
hedged dynamically with derivatives assets. A fully hedged position over an arbitrarily small
interval of timeis often called a"delta-neutral” position.

In order to complete this brief introduction to the theoretical basis of modern risk management,
we must turn to the work Franco Modigliani and Merton Miller published in 1958. 17 These
academics showed that in a perfect capital market, with no corporate and income taxes, the
capital structure of afirm has no effect on the value of the firm. A corporation cannot increase
its value by issuing more debt, despite the fact that the expected cost of debt islower than the
expected cost of equity. Instead, the greater leverage in the capital structure in the firm,
brought about by the increased level of indebtedness, means that the equity holders
immediately face a greater level of financial risk. Naturally, they will demand compensation
for thisin the form of higher rates of return.

Thisimplies that management should concentrate on identifying and implementing
Investments that will increase the economic value of the firm, rather than reengineering the

capita
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structure of the firm. The cost of capital of the firm, which is equal to the weighted cost of equity and
debts, is important mainly in the sense that it offersamarginal "hurdle rate" for management in their
evaluation of new investments.

Many of the contributorsto the intellectual framework that we have just sketched out were eventually
awarded the Nobel Prize. Their fundamental results will accompany us throughout this book,
providing an essential framework for risk analysis and evaluation. In Chapter 9 we present an
integrated approach that combines the Black—Scholes option pricing model with the CAPM in the
Modigliani—Miller framework, in order to evaluate credit risk and default risk.

Furthermore, in order to understand the BIS recommendations concerning capital adequacy in the
banking industry, one has to understand Markowitz's approach to risk and reward; the importance of
measuring the correlation coefficientsamong different bank assets and liabilitiesis directly linked to
the portfolio diversification effects of the fundamental model.

Readers unfamiliar with the work of Markowitz, Sharpe, Lintner, Modigliani and Miller, or indeed
Black and Scholes, may wish to study one of the standard text books devoted to these theoretical

advances as they read further into this present book. 18

Of course, developing fundamental theories on risk management and implementing those theories
within abusiness are two very different challenges. There are two prerequisites for any risk
management system: first, reliable, broad, and up-to-date databases concerning both the bank's
transactional positions and the financial rates available in the wider marketplace; and second,
statistical tools and procedures that allow the bank to analyze the data.

Global banks and corporations are engaged in many transactions each day, and may carry millions of
open positions in their books. All these positions have to be evaluated periodically, usualy on adaily
basis for international banks, to assess the net risk exposure of the bank. This often means a bank
must bring together data from amultiplicity of legacy systemswith different data structures, from all
of its branches and businesses worldwide—as we discuss in later chapters. The data collected must be
as accurate as possible, while minimizing omissions. In addition, market
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data higtory for interest rates, foreign exchange rates, commodities, equities, and other associated
derivatives must be collected and andyzed in order to estimate voldtilities and correlations of major
risk factors. The results of these analyses form key inputs into the pricing models used to assess the
risks inherent in the various financid dams Measuring risk isthus based on Statistical procedures.

Themgor tools used by finandd andystsin thisregard are often based on research by academics
seeking to improve atistical estimation procedures. For example, inthe last decade, in reaction to
evidence that voldility infinanda markets may be nongtationary, researchers have begun to make use

of increasingly sophigticated procedures such as ARCH, GARCH, and other extendgons. 19

5
Accounting Systems versus Risk M anagement Systems

So far inthis chapter we have looked at risk as it has devel oped inthe financid markets, and at how
banks have sought to andlyze thisrisk. In this section, we take alook at how risk affects financd

reporting.

Thetraditiona accounting approach is in essence, backward looking. Past profits (or losses) are
caculated and andyzed, but future uncertainties are not measured at dl. Thiswas not entirely
satisfactory even when banks derived their profits primarily from two major sources: providing loans
and providing intermediation services.

Aswe recounted above, however, since the 1980s the growing importance of OTC products has
added athird source of profitability. As the Generdly Accepted Accounting Principles (GAAP) could
not easly accommodate derivatives, the insruments have largely appeared in the footnotes to the bank
balance sheet; i.e., they have largdly remained an off-ba ance-sheet activity.

In the mgjor banks, however, this has meant that the Sze of off-balance-sheet daims as measured in
notional amounts, have grown to be larger than those that are recorded on-the-baance sheet. The
same sort of accounting problems affect nonbank corporations that engage in derivatives trading.
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The end result is that amajor component of bank profitability over the last decade does not appear in
any consistent way in the financial reports of banks. Shareholders and financial analystsfind it
difficult to assess bank performance, while regulators and rating agencies face problems when they
try to determine the riskiness of bank activities. Likewise, the true risk profile of some nonbank

corporations may aso be unclear from their financial reports. 20

A thought-provoking illustration of this problem in bank accounting is provided in Table 1.6, which
appeared in The Wall Street Journal (19-20 June 1998). The table shows the problem loans of
Japanese banks as of March 31, 1998, under conventional accounting practices in Japan, as compared
to the new proposed measurement standard. For the largest nine banksin Japan, the average
difference between the reported figures and the figures that would be produced by the proposed
standard is 42 percent (ranging between 29 and 62 percent).

Ideally, the financial world would create a new reporting system based on what might be called
"Generally Accepted Risk Principles’ (GARP). The system would be forward looking, and

TABLE 1.6
Measuring Problem Loans for Japanese Banks Under The Old and New System of Reporting, March 31, 1998, in Billions
of Yen

Bank Old New % Change
Dai-Ichi Kangyo Bank 1,185~ 1,471- 24
Sumitomo Bank 1,005 1,469- 46
Fuji Bank 1,218 1,629- 39
Sakura Bank 1,140- 1,475~ 29
SanwaBank 873- 1,288- 47
Bank of Tokyo Mitsubishi 1,389- 2,250- 62
Daiwa Bank 673- 958- 42
Tokai Bank 866~ 1,222- 41
Asahi Bank 704~ 995- 41
Total 9,053~ 12,757- 41

Source: Goldman Sachs
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designed to hdp managers and regulators andyze and understand the operations of financid inditutions.
The system would &l so be two-dimensiond: the added dimension would be risk, or uncertainty,
concerning future profitability (i.e., potential 1osses) from different banking activities.

Any such risk-sengtive accounting system would have to compromise between accuracy and
sophistication, on the one hand, and gpplicability and aggregation on the other. Mgjor problems arise
in any aggregating system when it isapplied to factors that are nonlinear, and therefore " nonedditive.”

For example, sysematic risk (or beta risk) isadditive over securities for any given portfolio, but
spedific risk, measured by the standard derivation of theresdua return, isnonadditive. In other
words, the standard deviation of a portfolio isnot the sum of the standard deviations of the securitiesin
the portfalio. Thisiswhy a careful aggregation of risk demands the estimation of many parameters, and
especidly the degree of correlation between dl the possible pairs of securitiesin a portfalio.

Thishas not proved an easy lesson to learn in the banking industry. 1n 1986, when the Federd
Reserve in the United States and the Bank of England started to create a new system for banks in
Western economies in order to assess capital required to cover the banks risks, the starting point for
the study was the existing accounting system. The idea was Smply to trand ate off-balance-sheet daims
into their on-balance-sheet equivaents. After the investment of congderable effort, this smpligtic
approach was abandoned in favor of the much more comprehensive solution that we outlined above.
It was redlized that Imply trandating each off-bal ance-sheet daim to its on-balance-sheet equivaent,
and then adding up these individud daims, would hugdy overstate the real position and impose a
ggnificant cost on banks. (Chapter 2 introduces the initid minimum required regulatory capita
procedures suggested by the BIS, and Chapter 4 provides details of the procedures of BIS 1998.)

6—
L essons from Recent Financial Disasters

Since modern banks began to evolve in the seventeenth century, most bank falures have been dueto
exposure to bad debts.
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However, some spectacular bank failures over the last 25 years have been due in part to market
exposures generated by derivative positions—and politicians and the media have suggested
that thisis because the banking system as awhole is failing to control these new forms of risk.

It istrue that for many years, banks concentrated their efforts on assessing credit risk. Rating
agencies, such as Moody's and Standard and Poor's, were employed to evaluate (or confirm)
the credit quality of large firms that applied for aloan (see Chapter 7). Internal procedures
were also developed in major banks, though they were often lacking, or inadequate, in smaller
institutions. The key weakness in this traditional risk analysis, however, was that credit risk
was evaluated on a case-by-case basis. Correlation risk, i.e., the risk associated with cross-
dependencies among loans, such as the concentration of loans in a certain geographical
location or in agiven industry, was often ignored. As aresult, American commercial banks
suffered large losses to Latin American counterpartiesin the 1980s as aresult of the economic
crisisin that continent—Ilosses that eventually led to the collapse of Continental Bank in
Chicago. Concentration by business sector can also be catastrophic: Crédit Lyonnais suffered
huge losses from clients engaged in the real estate business in France when this sector entered
into aslowdown in 1992.

Credit correlations are one source of risk, but it has become increasingly clear that
concentrations among different kinds of risks are also crucial. Perhaps the most striking case of
correlation risk across market risk and credit risk isthe crisis of the savings and loan industry
in the United States in the 1980s. We have already mentioned in this chapter how these
institutions, locked into long-term fixed-interest loans, were surprised by rising interest rates
on short-term deposits; a crucia additional factor was that many of the loans they had extended
were used to purchase real estate. Unfortunately, but predictably, the value of thisreal estate
was negatively correlated to the level of interest rates.

It isonly in the late 1990s that the banking industry has begun to appreciate the risks of
correlations between credit and market risk, on the one hand, and liquidity risk on the other.
The near-collapse of Long-Term Capital Management (LTCM) in 1998 highlighted the risks of
high leverage to an individual
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inditution. But it also showed how problems in one indtitution might Soill over into the entire finencd
system when, Smultaneoudy, market prices fal and market liquidity dries up—meaking it dmost

impossible for wounded inditutions to unwind thelr positionsin order to satisfy margin cals 2l

LTCM discovered too late how negatively correlated its returns were with liquidity risk (see Chapter
15 for amore detailed discussion of liquidity risk and the LTCM case). Theindustry as awholeis
now looking at how the rdaionship between liquidity risk, leverage risk, and market and credit risk
can be incorporated in risk measurement and stress testing modedls.

It remains uncertain as to whether risk management can prevent dl kinds of mgor crises. Will the risk
management system redlly send advance warning Sgnas? Will capital requirements redlly reduce the

risk of bankruptcy? If not, will they at least diminish the spillover risk or the "domino effect” risk 22
As Chapters 5 and 8 describe, innovations by the banking industry, such as the development and
publication by JP Morgan of its RiskMetrics and CreditMetrics systems to address market risk and
credit risk, are dgnificant advances in risk management methodology. Y et they do not offer a panacea
to the problem of substantia changesin defaullt rates, interest rates, exchange rates, and other key
indexes over a short time period, say, a day, aweek or a month. Increesingly, banks recognize they
must subject ther positionsto " stress andyss' to measure their vulnerability to unlikdy (but possible)
market scenarios (see Chapters 6 and 11).

If "correlation risk" can be identified as one principa source of hidden bank risk, then operational
risks are surely the second mgjor source. The downfal of Baringsin February 1995 is often depicted
asthereault of the actions of a angletrader, Nicholas Leeson, who exposed the bank to huge futures
positions (betting mainly on an increase in the vaue of the Nikkel 225 index). As the investigation into
the disaster reveded, the bank's collgpse a so bore witness to the failings of senior managers. Put
amply, they lacked the ahility to monitor effectively Leeson's trading activities.

Thiswas partly dueto alack of proper risk management systems, but it was also dueto a disregard for
risk management procedures. In particular, Leeson had been placed in charge of trading at the
Singapore branch of Barings Bank while at the sametime
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taking charge of the back-office operation. Y et itisafirg principle of risk control that the assessment
of risk, and control over tracking transactions, must be independent of the trading function.

One additiond lesson of the Barings debacle isthat bank management must scrutinize success storiesin
order to evauate the risksincurred. Thisisaso thelesson from the crisisin Orange County, Cdifornia,
in1994. Thetreasurer of the County borrowed heavily and invested in mortgage-backed securities,
only to incur losses of over $1.6 hillion when the cost of borrowing rose. In both the Orange County
and Barings Bank cases, the man in charge showed excdlent results at first, and was therefore dlowed
to continue to transact without proper surveillance or controls. Managers must remember the cardinal
rule of dl investments: reward does not come without risk. (The management of operationd risk is
discussed inmore detail in Chapter 13.)

7—
Typology of Risk Exposures

In Section 4 we summarized the theoretical framework of risk under the assumption that dl assets are
traded in perfect capital markets. In this section, we present a typology of risk exposures from the
point of view of the bank’'s management, taking into consideration practical issues induding the
limitations of modes and theories, human factors, existence of "frictions' such as taxes and transaction
cost, and limitations on the qudity and quantity of information, as well as the cost of acquiring this
information, and more.

Financid risks can be divided into market risk, credit risk, liquidity risk, operationa risk, legd and
regulatory risk, and human factor risk (Figure 1.5).

Market risk istherisk that changes in financid market prices and rates will reduce the value of the
bank's pogitions. Market risk for a fund is often measured rdative to a benchmark index or portfalio,
and isreferred to asthe"risk of tracking error." Market risk dso includes "bassrisk," aterm used in
the risk management industry to describe the chance of a breakdown in the relationship between the
price of a product, on the one hand, and the price of the insrument used to hedge that price exposure
on the other. The
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Typology of Risks Faced by a Financial Institution

market-VaR methodol ogy, discussed in Chapter 5, attempts to capture multiple components of market
risk such asdirectional risk, convexity risk, volatility risk, basis risk, etc.

Credit riskis the risk that a change in the credit quality of a counterparty will affect the value of a
bank's position. Default, whereby a counterparty is unwilling or unable to fulfill its contractual
obligations, is the extreme case; however, banks are al so exposed to the risk that the counterparty
might be downgraded by arating agency.

Credit risk is only an issue when the position is an asset, i.e., when it exhibits a positive replacement
value. In that instance, if the counterparty defaults, the bank either loses all of the market value of the
position or, more commonly, the part of the value that it cannot recover following the credit event.
(Thevalueit islikely to recover is called the "recovery value"; the amount it is expected to loseis
called the "loss given default.")

Unlike coupon bonds or loans, the potential loss given default on derivative positionsis usually much
lower than the nominal amount of the deal, and in many cases is only afraction of thisamount. This
is because the economic value of a derivative instrument is related to its replacement or market value
rather than its
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nominal or face value. However, the credit exposures induced by the replacement values of derivative
instruments are dynamic: they can be negative at one point in time, and yet become positive at alater
point in time after market conditions have changed. Therefore, banks must examine not only the
current exposure, measured by the current replacement value, but also the profile of future exposures
up to the termination of the deal.

Chapter 7 discusses the traditional external and internal systems that banks adopt to measure and
manage credit ratings. Chapters 8, 9, 10, and 11 review the new models that have recently become
available to measure credit risk. Chapter 12 reviews the different approaches that banks can employ
to mitigate credit risk.

Liquidity risk comprises both "funding liquidity risk" and "trading-related liquidity risk," though
these two dimensions of liquidity risk are closely related. Funding liquidity risk relates to a financial
institution's ability to raise the necessary cash to roll over its debt, to meet the cash, margin, and
collateral requirements of counterparties, and (in the case of funds) to satisfy capital withdrawals.
Trading-related liquidity risk, often simply called liquidity risk, is the risk that an institution will not
be able to execute atransaction at the prevailing market price because there is, temporarily, no
appetite for the deal on the "other side" of the market. If the transaction cannot be postponed, its
execution may lead to substantial l0ss on the position. Thisrisk is generally very hard to quantify. (In
current implementations of the market-VaR approach, liquidity risk isincluded only in the sense that
one of the parameters of aVVaR model is the period of time, or "holding period," thought necessary to
liquidate the relevant positions.) Trading-related liquidity risk may reduce an institution's ability to
manage and hedge market risk as well asits capacity to satisfy any shortfall on the funding side
through asset liquidation.

Funding liquidity risk is affected by various factors such as the maturity of liabilities, the extent of
reliance on secured sources of funding, the terms of financing, and the breadth of funding sources,
including the ability to access public markets such as the commercial paper market. Itisaso
influenced by counterparty arrangements, including collateral trigger clauses, the existence of capital
withdrawal rights, and the existence of lines of credit that the bank cannot cancel.
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Funding can be achieved through cash and cash equivalents, "buying power," and available credit
lines. (Buying power refersto the amount atrading counterparty can borrow against assets under
stressed market conditions.) In Chapter 15 we discussin detail the liquidity aspects of the LTCM
crisis mentioned above; in Chapter 6 we present a multiperiod model to incorporate liquidity risk in
scenario analysis and in the VaR framework.

Operational risk refers to potential 1osses resulting from inadequate systems, management failure,
faulty controls, fraud, and human errors. As we discussed above, many of the recent large losses
related to derivatives are the direct consequence of operational failures. Derivatives trading is more
proneto operational risk than cash transactions because derivatives are, by their nature, leveraged
transactions. This means that atrader can make very large commitments on behalf of the bank, and
generate huge exposures into the future (even up to 30 years ahead), using only a small amount of
cash (at the time that the transaction is executed). Very tight controls are an absolute necessity if a
bank isto avoid large losses.

Operational risk includes "fraud," for example when atrader or other employee intentionally falsifies
and misrepresents the risksincurred in atransaction. Technology risk, and principally computer
systemsrisk, also falls into the operational risk category. In Chapter 13, we explore some new
approaches to the management of operational risk.

The valuation of complex derivatives also creates considerable operational risk. Thisrisk, generally
referred to as "model risk," is discussed in detail in Chapter 15.

Legal risk arisesfor awhole variety of reasons. For example, a counterparty might lack the legal or
regulatory authority to engage in atransaction. Legal risks usually only become apparent when a
counterparty, or an investor, loses money on a transaction and decides to sue the bank to avoid

meeting its obligations. 23 Another aspect of regulatory risk is the potential impact of a change in tax
law on the market value of a position. For example, when the British Government changed the tax
code to remove a particular tax benefit during the summer of 1997, one major investment bank
suffered huge losses.

Human factor risk is really a special form of operational risk. It relates to the losses that may result
from human errors such as
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pushing the wrong button on a computer, inadvertently destroying afile, or entering the wrong value
for the parameter input of a model.

These financial risks can be further decomposed into more specific categories. For example, market
risk could be subdivided into equity risk, interest rate risk, currency risk, and commodity risk (Figure
1.6). Interest rate risk might be further divided into trading risk and gap risk: the latter relates to the
different risk characteristics of bonds based on their maturities. As we discussed earlier, liquidity risk
can be decomposed into two interrelated dimensions: funding liquidity risk and trading-related
liquidity risk (Figure 1.7).

We can dlice and dice each risk type down to the most detailed level (Figure 1.8). The more detailed
the decomposition, the more

v
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Figure 1.7
The Dimensionsof Liquidity Risk
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closely the bank's risk will be captured. In practice, this processis limited by the level of model
complexity that can be handled by the available technology and by the cost and availability of
internal and market data.

8—
Extending Risk Management Systemsto Nonfinancial Corporations

Risk management techniquesfirst developed by, and for, banks are now being adopted by firms such
asinsurance companies, hedge funds, and industrial corporations. Indeed, there is mounting pressure
from regulators such as the SEC (Securities and Exchange Commission) in the United States, and
from shareholders, for more and better disclosure of financial risk exposures.

The main purpose of risk management systems for nonfinancial institutionsis to identify the market
risk factorsthat affect the volatility of their earnings, and to measure the combined effect of these
factors. The risk issuesfaced by corporations are different from those faced by financia institutions.
They generally need to look at risk over alonger time, and they must look at how to combine the
effects of their underlying business exposures with
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those of any financid hedges that they have put in place. The effects of risk on planning and budgeting
must be considered, as opposed to the trader's need to consider profit and loss.

Of course, ina sense nonfinancid corporations have dways engaged in activities intended to reduce or
control their risks. For example, they Sgn long-term contracts with suppliers or dientsto reduce
demand and supply uncertainty; they hold inventories and purchase insurance. However, whilefirms
are aready engaged in such risk management activities, they often do not possess aforma system to
monitor genera corporate risks and to evauate theimpact of thar various attempts to reduce risks.
Meanwhile, academic research has tended to treat each of these areas separately. There are theories
and modelsto optimize the level of inventories, and there are modds to optimize financid hedging
activities (e.g., againg exposure to foregn currency risks). Thereislittleintheway of a unified

approach to corporate risk managemen.

Corporations are often exposed to interest rate risk. For example, they might borrow money from
their bank or provide credit to their customers. They may aso be exposed to foreign currency risk if
they export ther products or services, or if they depend on supplies from abroad. Most firms have to
account for potentia losses that might arise from any default by ther dients on receivables, and they
may aso incur credit risk if they purchase corporate bonds, or if they engage in OTC derivative
trading. Nevertheless, the risk exposures of nonbank corporations are generaly not regulated with the
intengty seen inthe risk-related regulation of banks and other financid inditutions.

Essntidly, thisis because the main risk of nonfinancid inditutions is business risk, while market risks
and credit risks are secondary inimportance. The " domino effect” that isthe mgor worry of bank
regulatorsisnot a mgor concern in the nonfinancia sector. Nonfinancia corporations are aso not as
heavily leveraged as financid corporations. Theratio of debt to tota assets in the United States for
nonfinancid corporationsisaround 30 percent, and in Japan it is gpproximately 50 percent. For banks,
theratio is82 to 92 percent. Fndly, the leverage of nonfinancid inditutionsis primarily of concern to
the firm's creditors, which are usudly banks and financid indtitutions, and not to the genera public and
gndler savers.
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There isone reason, however, why it isnow important for nonfinancid corporations to reexamine ther
attitudes to risk management. Ironicdly, thisisthe huge expansion in derivatives trading itsdf. In Table
1.3, we can see that nonfinandd firms have increased their daily average turnover in OTC derivatives
(foreign currency and interest rate contracts) from $129 billion in April 1995 to $195 hillion in April
1999. While nonfinancid corporations have increased their use of derivatives manly with the am of
reducing thar finandd risk, thar involvement in the market means that they mugt adopt some of the risk
control measures devised by the banking community.

Since current accounting procedures are inadequate for controlling and managing risks, new
procedures must be devised. SEC requirements in effect snce 1998 have set new rulesfor the
disclosure of the market risk exposures of traded companies. In addition, a quantifiable measure of
the exposure to market risk and how it may affect the firm's value or profitability must be supplied.

Thetrend in many countries isto demand greater transparency with regard to risk management policies
and strategies. Boards of directors will be required to take a more active role in managing risks, and
they will be expected to evauate returns within the context of therisk. We discuss many of these
themesin more detail in Chapter 16, which isdevoted to risk management by nonbank corporations.
Nevertheless, the reader should keep in mind that many of the concepts introduced in other chapters
of thisbook are aso gpplicable to the risk management efforts of nonfinancid corporations.

Notes

1. For example, in 1993 the old Chase Manhattan Bank and Chemical Bank merged into the new
Chase Manhattan Bank.

2. For example, HongK ong and Shangha Banking Corporation (HSBC).

3. For example, Citicorp, correctly anticipating the new law (Financid Services Act of 1999), has
already merged with insurer Travelers to form the giant one-stop financid conglomerate Citigroup. This
built on an earlier merger (1997), when Travelers, a mgor insurance and consumer finance concern,
and the U.S. brokerage firm Smith-Barney, merged with the U.S. invesment bank Salomon Brothers.
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4. Chapters 2 and 4 discussin great detail regulatory capital under both the 1988 and 1998 Accords,
aswell asthe new BIS proposal for reform of the 1988 Accord.

5. Chapter 13 deals with the management of operational risk, and Chapter 15 discusses different
facets of moded risk.

6. Procter & Gamble lost $157 million on two interest swaps that it had entered into with Bankers
Trust, and then sued Bankers Trust for misrepresentation of the risksinvolved in the transactions. For
details of these financial disasters, see, e.g., Steinherr (1998). Over anine-day period in April 1994,
Procter & Gamble, Gibson Greetings, and Mead Corporation announced hefty |osses from leveraged
swap agreements with Bankers Trust. All three companies filed suits against Bankers Trust.

7. The Basle Committee meets at the Bank for International Settlements (BIS), located in Basle,
Switzerland.

8. In the mid-1980s, there were over 14,000 commercial banksin the United States and 5000 savings
and loan and mutual savings banks.

9. For comparison, the outstanding worldwide securities market debt was $24.4 trillion at the end of
1994 (BIS, 65th Annual Report, 1995) and the outstanding U.S. credit market debt was $17.3 trillion
at the end of March 1995 (Federal Reserve Bulletin, Oct. 1995).

10. HongKong and Shanghai Bank, for example, was allowed to purchase Marine Midland Bank in
the United States and Midland Bank in the United Kingdom.

11. By perfect capital markets, we mean markets with no transaction costs or taxes, where al traders
have free and costless access to all available information and are perfect competitors.

12. The weighted sum of all the covariancesis equal to the variance of the portfolio, where the
weights are the same as those used in constructing the portfolio.

13. Toillustrate, let us assume that the firm expects to receive an income stream of $15, -$15, and
$15 at the end of years 1, 2, and 3 respectively. The average net income over the three yearsis $5.
Assume that, as managers of the firm, we have the chance to invest in a project with zero average
value, with net income of —$5 at the end of the year and $5 the year after. If we add this project to the
firm, the expected average profit will remain unchanged at $5. However, the income stream will be
$10, —$10, $15, which is less risky compared to the initial stream $15, —$15, $15.

14. Technically, the total risk of asset ot , can be decomposed into the systematic risk component
a?pim and the specific risk o7 (1 = pian).
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— Observethat asr ,, approaches 1, total risk becomes composed of pure systemic risk.

15. r denotes the continuously compounded rate of interest. It can be derived from the annualized
discrete interest rate R by the relationr =In (I + R).

16. See Stoll (1969). See also Galai (1977) for a characterization of options.

17. Their major paper was published in 1958 and an important correction appeared in 1963. The best
presentation and explanation of their model is found in Fama and Miller (1974). See also Miller
(2977).

18. See, e.g., Brealey and Myers (2000).

19. ARCH stands for Auto Regressive Conditional Heteroskedasticity. The G in GARCH stands for
General. See asummary of these procedures in Engle (1982) and Bollerslev (1986).

20. From 1998, the SEC required listed companiesto report their exposures to market risk factors
related to their derivative positions, and to positions in other financial instruments. (See Chapter 16
for abrief description of the SEC requirements.)

21. In Chapter 15 we discussthe issue of liquidity risk and how it interplays with market and credit
risk.

22. See Chapter 2. The G-12 recommendations are intended to reduce the likelihood of another crisis
similar to that of LTCM and, perhaps more important, to reduce the impact of such an event on
market stability.

23. See, e.g., Procter & Gamble example (footnote 6).
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Chapter 2—
The New Regulatory and Cor porate Environment

1_
I ntroduction

In Chapter 1 we discussed the importance of the regulatory environment to the development of risk
management in finandd inditutions. In this chapter, we take the story one step further by explaining
how sophisticated methodologies in risk management are starting to become part of the new
regulatory and corporate risk environment.

Firgt, though, we need to ask a fundamental question. Regulators impose a unique set of minimum
required regulatory capita rules on commercid banks. Why do they do so?

Banks collect deposits and play a key role in the payment system. While the deposits are often insured

by specidized inditutions (such as the Federal Deposit Insurance Corporation or FDIC L in the United
States, the Canadian Deposit Insurance Corporation or CDIC in Canada, etc.), in effect nationa
governments act as a guarantor for commercia banks; some aso act as alender of last resort.
Nationa governments therefore have a very direct interest in ensuring that banks remain capable of
mesting ther obligations: they wish to limit the cost of the "safety net” in the case of a bank failure
Thisisone reason why the amount of capital retained by a bank isregulated. By acting as a buffer
againg unanticipated losses, regulatory capita helpsto privatize a burden that would otherwise be
borne by nationd governments.
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Moreover, in banking it ssemsthat capital structure matters more than in other indudtries because of
the importance of confidence to banks, and to the financid servicesindustry in general. Regulatorstry
to make sure that banks are wel enough capitaized to avoid any " systemic effect,” whereby an
individua bank failure would propagate to the rest of thefinancia system. Such a " domino effect”
would disrupt world economies and incur heavy socia costs. The problem here isthat banks often act
as the tranamission bdt on which setbacks inthe financid sector are transmitted to the wider economy.

However, fixed-rate deposit insurance itsdf creates the need for capita regulaion because of the
mora hazard and adverse selection problems that it generates. Under current regulations, insured
banks have an incentive to assume rdaively more risk than if they were uninsured. Thisisbecause
fixed-rate (non-risk-based) deposit insurance isakin to a put option sold by the government to banks
at afixed premium, independent of the riskiness of thair assets. As therate isfixed, thisoption

increasss in vaue as the bank's assets become riskier. 2 Moreover, as deposits are insured, thereisno
incentive for depositors to select thar bank cautioudy. Instead, depositors may be tempted to look for
the highest deposit rates, without paying enough attention to a bank's creditworthiness.

Prior to the implementation in 1992 of the 1988 Bade Accord, bank capital was regulated by
imposing uniform minimum capital standards. These were applied to banks regardless of thar
individud risk profiles, and the off-balance-sheet positions and commitments of each bank were smply
ignored. Theincreased international competition among banks during the 1980s emphasized how
incondstently banks were regulated with regard to capita. Japanese bank regulations contained no
formd capita adequacy requirements, whilein the United States and the United Kingdom banks were
required to finance more than 5 percent of their risky assets by means of equity.

Themgor increase in off-balance-sheet activity by banks that took place inthe 1980s atered the risk
profile of banks, while the regulatory requirements concerning equity ratios remained the same. The
1988 Bade Accord (known aso as the 1988 BIS Accord, or the" Accord") established internationa
minmum capital guiddinesthat linked banks capital requirementsto ther credit
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exposures. The Accord was intended to raise capital ratios, which were generdly perceived as too
low. It was aso intended to harmonize minimum capital ratios. However, the regulators focused
primarily on credit risk, and ignored market risk and other risks.

More recently, the " 1996 Amendment” extended the initid Accord to indude risk-based capital
requirements for the market risks that banks incur in ther trading accounts. 4

Under the Accord and its Amendment, banks are currently required to satisfy three capita adequacy
standards: firg, a maximum assets to capital multiple of 20; second, an 8 percent minmum ratio of
digble capital to risk-weighted assets:2 and third, a minimum capita charge to compensate for market
risk of traded indruments on and off the balance sheet.

In addition to these capital adequacy requirements, the Bank for Internationd Settlements (BIS) has
set limits on concentration risks. Risks that exceed 10 percent of the bank's capita must be reported,
and banks are forbidden to take postionsthat are greater than 25 percent of the bank's capita without

expliat approval by ther locd regul ator.8 In addition to incorporaing market risk, the 1996
Amendment offiddly consecrates the use of internd models based on the vdue-at-risk (VaR)
methodol ogy to assess market risk exposure. (VaR moddling isdiscussed in detail in Chapter 5.)

Theinternationd regulators dearly intend to encourage banks to develop their own proprietary risk
measurement models to assess regulatory, as wel as economic, capitd. The advantage for the banks
should be a substantia reduction in regulatory capital, and a more accurate alocation of capital that
reflects the actual risk embedded inther positions, compared to the capital charge arisng from the
standardized approach proposed by BIS. However, to bendfit from this capita relief, the 1996
Amendment made it clear that banks must implement a risk management infrastructure that isfully
integrated with their daily risk management—in particular, with their setting of trading limitsand their
risk monitoring of operations. It isnot enough for banks to develop sophisticated andytical
approaches to measure and report regulatory capital. The bank's risk managers and traders should
themsdlves use these andytical approaches to monitor their postions and thar risk limits

Thismore quditative concern with the infrastructure and gpplication of risk measurement and
management techniques can be
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traced back to recommendations of a semind report published by the Group of Thirty (G-30) in
1993. Section 2 of this chapter discusses these Group of Thirty recommendations, and prepares the
ground for the more detailed discussion of how to structure the price risk management functions of a
bank provided in Chapter 3.

Section 3 of this present chapter discusses the origing 1988 BIS Accord. Section 4 introduces the
1996 Amendment which became mandatory in January 1998 and which istherefore now known as
"BIS 98"; again, this section prepares the reader for the more detailed comparison of the BIS 98
standardized approach versus the internal models approach provided in Chapter 4. Asthat chapter
demongtrates, the difference in capital charges between the two approaches isso considerable that
banks subject to the standardized approach may face a severe competitive disadvantage.

Hndly, in Section 5 we discuss a consultative paper, released in June 1999 by the Bade Committee
on Banking Supervison. Thispaper proposes a New Capital Adequacy Framework to replace the
1988 Accord. This conaultative paper will probably go through many amendments before it becomes
the new BIS 2000+ Accord. We aso review the Group of 12 recommendations for the improvement
of counterparty risk management practices inthe light of the severe market disruptions of August 1998
—and the near-collapse of the hedge fund Long-Term Capitd Management (LTCM).

2
Group of Thirty (G-30) Policy Recommendations

In 1993 the Group of Thirty (G-30) published a report that described 20 best-practice price risk
management recommendations for dealers and end-users of derivatives, and four recommendations for
legidators, regulators, and supervisors. The report was put together by a G-30 working group
composed of a diverse cross-section of end-users, dealers, academics, accountants, and lavyers
involved in derivatives. Their work was based in part on a detailed survey of industry practice anong
80 dedlers and 72 end-users worldwide, invalving both questionnaires and in-depth interviews.

The policy recommendations in the G-30 report were the first comprehensive industry-led effort to
take stock of what the industry had learned, and to broaden awareness of the more suc-
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cessful approaches to price risk management. The G-30 focussed on providing practical guidance in
terms of managing derivatives business. The recommendations also offered a benchmark against which
participants could measure their own price risk management practices.

21—
Recommendations

The G-30 recommendations for dealers and end-users can be categorized into generd policies, market
risk policies, credit risk policies, enforceability policies, infrastructure policies, and accounting and
disclosure policies (Table 2.1). Note that the terms " dedler” and " end-user” inthe report do not refer
to particular types of inditutions, but rather to the nature of ther derivatives activity. A bank, for
ingance, may participate both as a dedler and as an end-user. Likewise, some corporate end-users of
derivatives may also be involved as dedlers.

22—
General Policies

Thefirg G-30 recommendation relates to the role of senior management. Senior management playsa
key rolein ensuring thet risk iscontrolled in a manner consistent with the overal risk management and
capital policies approved by ther Board of Directors. Clearly, these policies should be reviewed as
business and market circumstances change.

Soecificdly, the G-30 recommended that " policies governing derivatives use should be clearly defined,
incdluding the purposes for which these transactions are to be undertaken. Senior management should
approve procedures and controls to implement these policies, and management at al levels should
enforce them."

2.3—
Market Risk Policies

The G-30 fdt strongly that entities should have an independent market risk management function
(Recommendetion 8). Specificaly, the G-30 stated, that " dealers should have a market risk
management function with clear independence from the position management function.” Further, they
stated that " deglers should have
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TABLE 2.1
Taxonomy of G-30 Recommendations

General policies

1. Therole of senior management

Market risk (valuation, measurement, and
management)

. Marking-to-market

. Market valuation methods

. Identifying revenue sources

. Measuring market risk

. Stress simulations

. Investing and funding forecasts

. Independent market risk management
. Practices by end-users

10. Measuring credit exposure

O©CoOoO~NOUWN

Credit risk (measurement and management)

11. Aggregating credit exposures

12. Independent credit risk management
13. Master agreements

14. Credit enhancement

Enforceability

15. Promoting enforceability

Infrastructure (systems, operations, and controls)

16. Professional expertise
17. Systems
18. Authority

Accounting and disclosure

19. Accounting practices
20. Disclosures

Recommendations for legislators, regulators, and
supervisors

21. Recognizing netting

22. Legal and regulatory uncertainties
23. Tax treatment

24. Accounting standards

amarket risk management function with clear independence and authority."

The G-30 also stressed the importance of measuring market risk in terms of aVVaR measure

(Recommendation 5), aswell asthe importance of stress testing (Recommendation 6). Specifically, the G-
30 pointed out that " dealers should use a consistent measure to calculate daily the market risk." The G-30

also stressed that the VaR should be compared to market risk limits. The G-30 encouraged
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stress testing by pointing out that " dealers should regularly perform smulaions to determine how thar
portfolios would perform under stress conditions.”

The G-30 further recommended that inditutions should ensure that the mark-to-market process
(Recommendation 2), isrigoroudy conducted. Specificaly, the G-30 pointed out that dealers " should
mark their derivatives postionsto market at least on a daily basis for risk management purposes.” The
G-30 did not provide specific guidance on how to mark a portfolio to market, but they did provide
broad market vauation guiddines (Recommendation 3). For example, they pointed out that
"derivatives portfolios should be vaued at mid-market levelsless speaific adjusment. Mid-market
vauation adjustment should alow for expected future costs such as unearned credit spread, close-out
costs, investing and funding costs, and adminidrative costs.”

The G-30 stressed the importance of identifying revenue sources (Recommendation 4) in terms of
managing market risk. For example, the G-30 stated that " dedlers should measure the components of
revenue regularly and in sufficient detail to understand the sources of risk.”

The G-30 aso emphasized that " deal ers should periodicaly forecast the cash investing and funding
requirements arisng from ther derivatives portfolios' (Recommendation 7).

24—
Credit Risk Policies

The G-30 stated that dealers and end-users " should have a credit risk management function with clear
independence and authority, and with andyticd cgpabilities in derivatives' (Recommendation 12).

The G-30 also stated credit exposure should be measured for each derivative transaction, based on
both current and potentid credit exposure (Recommendation 10). The G-30 did not provide any
specific guidance about how this calculation should be performed. Nevertheless, the G-30 pointed out
the importance of aggregating credit exposures (Recommendation 11). For example, the G-30 pointed
out that " credit exposures on derivatives, and dl other credit exposures to a counterparty, should be
aggregated, taking into consideration enforceable netting arrangements. Credit
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exposures should be calculated regularly and compared to credit limits."”

The G-30 also provided recommendations on credit enhancement (Recommendation 14). They
recommended that dealers and end-users "should assess both the benefits and the costs of credit

enhancement and related risk-reduction arrangements.” 7 The G-30 al'so pointed out that if credit
downgrades trigger early termination or collateral requirements, then participants should carefully
consider their own capacities, and those of their counterparties, to meet the potentially substantial
funding needs that might result.

Trigger provisions based on downgrade or other adverse changes have the potential to create sudden
and sizeable liquidity requirements. An alternative procedure that limits this risk of unexpected
liquidity crisesis the periodic cash settlement of the underlying exposure (see Chapter 12).

25—
Operational Risk Policies

The G-30 emphasized the control of operational risk. For example, the G-30 emphasized the
importance of hiring skilled professionals. Specifically, the G-30 pointed out (Recommendation 16)
that one should "ensure that derivatives activities are undertaken by professionalsin sufficient
number and with the appropriate experience, skill levels, and degrees of specialization.”

The G-30 stressed the importance of building best-practice systems (Recommendation 17). They
pointed out that one should " ensure that adequate systems for data capture, processing, settlement,
and management reporting are in place so that derivatives transactions are conducted in an orderly
and efficient manner in compliance with management policies." For example, the G-30 pointed out
that dealers and end-users "should have risk management systems that measure the risksincurred in
their derivatives activities based upon their nature, size, and complexity."

The G-30 (Recommendation 19) emphasized that accounting practices should highlight the risks
being taken. For example, the G-30 pointed out that dealers and end-users " should account for
derivatives transactions used to manage risks so as to achieve a consistency of income recognition
treatment between those instruments and the risks being managed.”
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These 20 recommendations congtitute the backbone of the quditative requirements of the 1996 BIS
Amendment, as we discuss in Chapter 4.

3
The 1988 BI S Accord:
The" Accord"

Internationd risk-based capital adequacy standards rely on principles that are laid out in the
"International Convergence of Capital Measurement and Capital Standards’ document, published in
July 1988 (cf. Bade 1988), or the" Accord.” ThisAccord was initidly developed by the Bade
Committee on Banking Supervision, and later endorsed by the centra bank governors of the Group of

Ten (G-10) countries. 8 The approach isquite Smple and somewhat arbitrary, and it has been the
subject of much criticiam. In fact, itisredly only afirg step in establishing alevel playing fidd across
member countries for internationdly active banks.

It defined two minimum standards for meeting acceptable capital adequacy requirements. an assets-to-
capita multiple and a risk-based capitd ratio. Thefirg standard isan overadl measure of the bank's
capital adequacy. The second measure focuses on the credit risk associated with specific on- and off-
bal ance-sheet asset categories. It takes theform of a solvency ratio, known as the Cooke ratio, and is
defined as theratio of capita to risk-weighted on-balance-sheet assets plus off-balance-sheet
exposures, where the weights are assigned on the bass of counterparty credit risk.

The scope of the Accord islimited since it does not address various complex issues related to capita
adequacy, such as portfalio effects and netting. " Portfolio effects’ isthe term used to describe various
benfits that arise when a portfolio iswell diversfied across issuers, indudtries, and geographical
locations; naturdly, a wel-diversfied portfolio ismuch less likdly to suffer from massive credit losses

than isa portfolio of dedls concentrated with one party, one industry, and/or one geographical area?

Netting isa legdly enforcesble agreement by means of which counterparties can offset their dams

againg each other on a replacement cost bas's, recognizing only the net amourt.12 When there are
netting agreements in place, the net exposure of the portfolio to a particular counterparty may be quite
amdl.
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The Accord also completely ignored the problem of setting aside capital adequacy for the tradable
securitiesin the trading book. For example, government holdings were excluded from the capital
calculations. In recognition of these drawbacks, the Basle Committee amended the Accord in 1996,
aswe discussin Section 4. Interest risk in the banking book and other risks, such asliquidity and

operational risks, were also disregarded. il

Below, we review the main features of the Accord on credit risk, asit stands today after several
modifications.

31—
The Assets-to-Capital Multiple

A simple test for determining the overall adequacy of afinancial institution's capital is the assets-to-
capital multiple. Thisis calculated by dividing the bank's total assets, including specified off-balance-
sheet items, by itstotal capital. The off-balance-sheet items included in thistest are direct credit
substitutes (including letters of credit and guarantees), transaction-related contingencies, trade-related
contingencies, and sale and repurchase agreements. All of these items areincluded at their notional
principal amount.

At present, the maximum multiple allowed is 20. It is conceivable that a bank with large off-balance-
sheet activities might trigger this multiple as the minimum capital requirement, but in general the
assets-to-capital multiple is not the binding constraint on a bank's activities.

3.2—
The Risk-Weighted Amount Used to Compute the Cooke Ratio

In determining the Cooke ratio, it is necessary to consider both the on-balance-sheet aswell as
specific off-balance-sheet items. On-balance-sheet items have risk weightings from zero percent for
cash and OECD government securities to 100 percent for corporate bonds and others. Off-balance-
sheet items are first expressed as a credit equivalent (see Section 3.3), and then are appropriately risk-
weighted by counterparty. The risk-weighted amount is then the sum of the two components: the
risk-weighted assets for on-balance-sheet instruments and the risk-weighted credit equivalent for off-
balance-sheet items. Table 2.2 gives the risk capital weights
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TABLE 2.2
Risk Capital Weights by Broad On-Balance-Sheet Asset Category (WA)
Risk Weights (%) Asset Category
0 Cash and gold bullion, claims on OECD governments such as Treasury bonds or insured
residential mortgages.
20 Claims on OECD banks and OECD public sector entities such as securitiesissued by U.S.
government agencies or claims on municipalities.
50 Uninsured residential mortgages.
100 All other claims such as corporate bonds and |ess-devel oped country debt, claims on non-OECD

banks, equity, real estate, premises, plant and equipment.

(WA) by asset categories, and Table 2.3 shows the weights that apply to credit equivalents by type of
counterparty (WCE).

Risk-weighted amount
= Z Assets * WA + Z Credit equivalent * WCE

There is an apparent inconsistency between Table 2.2 and Table 2.3, since the risk weight for corporate assets
asthey relate to off-balance instruments is half that required for on-balance-sheet assets. BIS'srationale for
this asymmetry is the better quality of the corporations that participate in the market for off-balance-sheet
products. It istrue that there was atime when only the most

-I;::I?Iégplztj Weights for Off-Balance-Sheet Credit Equivalents by Type of Counterparty (WCE)
Risk Weights (%) Type of Counterparty
0 OECD governments
20 OECD banks and public sector entities

50 Corporations and other counterparties
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financially sophisticated corporations entered the world of derivatives, but thisis no longer the case.

3.3—
Calculation of the Credit Equivalent for Off-Balance-Sheet Exposures

3.3.1—
The Case of Nonderivative Exposures

A conversion factor applies, asthe notional amount of these instruments is not always representative
of the true credit risk that is being assumed; the value of the conversion factor is set by the regulators
at somewhere between zero and 1, depending on the nature of the instrument (Table 2.4). The
resulting credit equivalents are then treated exactly asif they were on-balance-sheet instruments.

3.3.2—
The Case of Derivative Positions Such as Forwards, Swaps, and Options

The Accord recognizes that the credit risk exposure of long-dated financial derivatives fluctuatesin
value. The Accord methodology estimates this exposure by supplementing the current marked-to-
market value with a simple measure of the projected future risk exposure.

TABLE 24
Credit Conversion Factorsfor Nonderivative Off-Balance-Sheet Exposures
Conversion Factor (%) Off-Balance-Sheet Exposur e Factor

100~ Direct credit substitutes, bankers acceptances, standby letters of credit, sale and
repurchase agreements, forward purchase of assets.

50~ Transaction-related contingencies such as performance bonds, revolving underwriting
facilities (RUFs), and note issuance facilities (NIFs).

20~ Short-term self-liquidating trade-related contingencies such as letters of credit.

0- Commitmentswith an original maturity of one year or less.
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) ) Counterpartly Risk Risk-Weighted
Credit Equivalent Weighting Amount
Figure 2.1

Calculation of the BIS Risk-Weighted Amount for Derivatives

Calculation of the BIS risk-weighted amount for derivatives proceeds in two steps, as shown in
Figure2.1. The first step involves computing a credit equivalent amount, which is the sum of the
current replacement cost when it is positive (and zero otherwise), and an add-on amount that
approximates future replacement costs.

The current replacement value of aderivative is its marked-to-market or liquidation value, when that
value is positive. (When the value is negative, the institution is not exposed to default risk asthe
replacement cost of the contract is zero.)

The add-on amount is computed by multiplying the notional amount of the transaction by the BIS
required add-on factor, as shown in Figure 2.1. In Table 2.5, five categories of underlying are
considered, i.e., interest rate, exchange rate and gold, equity, precious metals except gold, and other
commodities. The add-on factor differs quite substantially from one category to another, although the
rationale for such differences is not aways clear.

Interest rate contracts include single-currency interest rate swaps, basis swaps, forward rate
agreements and products with similar characteristics, interest rate futures, and purchased interest rate
options. Exchange rate contracts include gold contracts (which
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TABLE 25
Add-on Factors by Type of Underlying and Maturity

Exchange Rate Precious Metals
Interest Rate and Gold Equity Except Gold Other Commodities
Residual Maturity (%) (%) (%) (%) (%)
Oneyear or less 0.0 1.0 6.0 7.0 10.0
Over one year to five years 0.5 5.0 8.0 7.0 120
Over five years 15 75 10.0 8.0 15.0
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are treated in the same way as exchange rate contracts), cross-currency swaps, Cross-currency
Interest rate swaps, outright forward foreign exchange contracts, and purchased currency
options.

Equity contracts include those based on individual stocks as well as those based on equity
indices. Table 2.5 also lists the add-on factors for precious metals contracts (except for gold),
and contracts on other commodities, such as energy products, agricultural commodities, and
base metals (aluminum, copper, and zinc). For equities and commaodities the add-ons apply to
forwards, swaps, and purchased options.

For example, a $100 million five-year interest rate swap would have an add-on amount of $0.5
million, i.e., 0.5 percent x $100 million, where 0.5 percent is the add-on factor given in Table
2.5 for thisinstrument.

The credit equivalent amount can be interpreted as an on-balance-sheet amount for regulatory
purposes. Unfortunately, the BIS approach fails to distinguish between the credit risk of plain
vanilla swaps and that of more volatile structures, such as highly leveraged swaps. The
difficulties that can arise with respect to the latter have led to some highly public disputes, e.g.,
the $200 million five-year leveraged interest rate swap that Bankers Trust entered into with

Procter & Gamble, 12

The second step in the BIS calculation consists of calculating the amount of regulatory capital
that isrelated to credit risk exposure. It is derived by simply multiplying the credit equivalent
amount by the counterparty risk-weighting factor given in Table 2.3. The result of this
calculation isthe final risk-weighted amount.

34—
Netting of Derivatives Positions

In 1995 theinitial BIS agreement was modified to allow banks to reduce their "credit
equivalent” totals provided that bilateral netting agreements are in place. According to some
surveys, netting reduces the gross replacement value of abank's credit exposure by, on
average, half.

The BIS formulafor add-on amounts became:
Add-on amount = notional * add-on factor * (40% + 60% * NFR)

The add-on factors are the same asin Table 2.5. NPR denotes the net replacement ratio, which
Is the net replacement cost when
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positive, or zero otherwise, divided by the gross replacement cost calculated as before, without
taking into account netting, i.e., the sum of the positive replacement cost for the transactions covered
by the netting agreement.

Note that the new BIS formula does not allow for complete off-setting even if netting agreements are
in place. It istempting to believe that the rationale favoring a minimum add-on amount stemsfrom
the legal risk that courts might find netting agreements unenforceable in certain jurisdictions or, if the
netting agreements are upheld, that delays in reaching a settlement might negate the benefits of
netting. However, thisreasoning is not valid. Leading global financial institutions negotiated with the
BIS, arguing that mature portfolios exhibit stable ratios of net to gross mark-to-market values. It was
argued that 100 percent of thisratio should be allowed. The BIS did not agree that the ratio is stable
in the long run and therefore imposed the 40 percent minimum add-on. In effect, the formula
discounts the probable benefits of netting.

These calculations are performed by the counterparty, and then the counterparty risk weight is used to
derive the risk-weighted amount. Table 2.6 illustrates the cal culations using a simple example.

35—
Capital and the Cooke Ratio

Banks are required to maintain a capital amount equal to at least 8 percent of their total risk-weighted
assets (as calculated in the previous section). Capital, as defined by the Cooke ratio, is broader than
equity capital. It has three components:

1. Tier 1, or core capital, which includes common stockholder's equity, noncumulative perpetua
preferred stock, and minority equity interests in consolidated subsidiaries, less goodwill and other
deductions.

2. Tier 2, or supplementary capital, which includes hybrid capital instruments, such as cumulative
perpetual preferred shares and qualifying 99-year debentures. These instruments are essentially
permanent in nature and have some of the characteristics of both equity and debt. Tier 2 capital also
includes instruments with more limited lives, such as subordinated debt with an original average
maturity of at least five years.
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TABLE 2.6
Ilustration of the Calculation of the Add-on and Risk-Weighted Amounts Including Netting
Risk Capital Weight Counterparty A 20% Counterparty B 50%
Notional Add-on Notional Add-on

Add-on Factor Amount Marked-to-Market Value Amount 1988 Amount Marked-to-Market Value Amount 1988
Transaction 1 0.5% 1,000 400 5 700 -100 35
Transaction 2 1.5% 500 —200 75 1,000 200 15
Transaction 3 5% 1,000 -100 50 500 -200 25
Add-on amount 1988 (A1988) 62.5 435
Gross replacement cost (GR) 400 200
Net replacement cost (NR) 100 o*
NPR (=NR/GR) 0.25 0
Add-on amount 1995 (A1995) 34.375 17.4
Credit equivalent 134.375 17.4
Risk-weighted amount with netting 26.875 8.7
Risk-weighted amount without netting (400+62.5)x.2=92.5 (200+43.5)x.5=121.75
A1995 = A1988 (0.4+0.6 NPR).
Credit equivalent=NR+A 1995,
* Note that "negative" replacement cost for counterparty B cannot be used to offset positive replacement costs of counterparty A. Thisiswhy it is set to zero.
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3. Following the 1996 Amendment to the original BIS Accord, banks can use athird tier of capital to
cover market risk in the trading book (but not credit risk in the banking book). Tier 3, or sub-
supplementary capital, consists of short-term subordinated debt with an original maturity of at least
two years. It must be unsecured and fully paid up. It is also subject to lock-in clauses that prevent the
issuer from repaying the debt before maturity, or even at maturity should the issuer's capital ratio
become less than 8 percent after repayment. In Chapter 4 we review in some depth how tier 3 capital

can be allocated against market risk for the trading book. 13

According to the original Accord, tier 1 and tier 2 capital should represent at least 8 percent of the
risk-weighted assets, to protect the bank against credit risk. At least 50 percent of this amount must
take the form of tier 1 capital.

In practice, capital levels of regulated banks tend to exceed these minimum requirements. In 1997 the
risk-based capital ratios for six large banks all exceeded the minimum 8 percent total requirement, as
shown in Table2.7. In addition, at all of these banksthe ratios for tier 1 capital exceeded the 4
percent minimum requirement. According to regulatory officials, the risk-based capital ratios of
amost all U.S. banks exceed the minimum required level. Interestingly, on average the top 50 insured
commercia banksin the United States already finance in excess of 2 percent their risk-weighted

assets by means of subordinated debt. 14

4—
The" 1996 Amendment" or " BIS 98"

In April 1995 the Basle Committee issued a consultative proposal to amend the Accord which
became known asthe "1996 Amendment” or, after it was implemented, "BIS 98." This proposal was
adopted by the U.S. regulatory agenciesin July 1995, and became mandatory for al U.S. financial

institutions with significant trading activities as of January 1, 199843 It requiresfinancia institutions
to measure and hold capital to cover their exposure to the "market risk” associated with debt and
equity positions in their trading books, and foreign exchange and commaodity positions in both the

trading and banking books.28 These positionsinclude all financial instruments that are marked-to-
market, whether they are
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TABLE 2.7
Risk-Based Capital Ratios for Six Large Holding Companies, as of December 31, 1997
Dollarsin Billions
Total Risk-Based Capital Tier 1 Risk-Based Capital
Per centage Per centage
of Total of Total
Risk-Weighted Risk-Weighted
Bank Holding Company Dollar Amount Assets Dollar Amount Assets
BankAmerica Corporation $26.6 11.6% $17.3 7.5%
Bankers Trust New Y ork Corp. 11.0 14.1 6.4 8.3
Canadian Imperial Bank of Commerce* 145 9.8 10.2 7.0
The Chase Manhattan Corp. 333 11.6 22.6 79
Citicorp 311 12.3 211 8.3
First Chicago NBD Corp. 12.7 11.7 8.5 79

Note: All figures rounded.

* Thefiscal year for the Canadian Imperial Bank of Commerce ended on October 31, 1997. The capital ratios in the table above for the Canadian Imperial

Bank of Commerce were calculated using regulatory guidelines for Canadian banks. Under U.S. rules, its ratios would have been 8.8 percent for total capital
and 6.4 percent for tier 1 capital.

Source: GAO (1998) and 1997 Annual Reports.

plain vanilla products such as bonds or stocks, or complex derivative instruments such as options, swaps, or credit derivatives. Marking
financia instruments to market must be performed for both accounting and management purposes.

The most significant risk arising from the nontrading activities of financial institutions is the credit risk associated with default. The
Accord treated all instruments equivalently, whether they reside in the trading or banking book. The 1996 Amendment introduced the
requirement of measuring market risk, in addition to credit risk, in the trading book. Theinitial Accord continues to apply to the
nontraded items both on-balance-sheet and off-balance-sheet, as well as to off-balance-sheet over-the-counter (OTC) derivatives. Market
risk must be measured for both on- and off-balance-sheet traded instruments. However, on-balance-sheet
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assets are subject to the market risk capital charge only, while off-balance-sheet derivatives, such as
swaps and options, are subject to both the market risk charge, and to the credit risk capital charges
stipulated in the original 1988 Accord.

To summarize, abank's overall capital requirement is now the sum of the following:

* Credit risk capital charge, as proposed in the initial 1988 Accord, which appliesto al positionsin
the trading and banking books, aswell as OTC derivatives and off-balance-sheet commitments, but
which excludes debt and equity traded securitiesin the trading book, and all positions in commodities
and foreign exchange.

» Market risk capital charge for the instruments of the trading book, on aswell as off the balance
sheet. 1/

In BIS 98 the authorities recognized the complexity of correctly assessing market risk exposure,
especially for derivative products. Flexibility in the modeling of the many components of market risk
is thus allowed. The most sophisticated institutions—i.e., those that already have an independent risk
management function in place, with sound risk management practices—are permitted to choose
between their own "internal VaR model," referred to asthe "internal models approach,” and the
"standard model" proposed by BIS, referred to asthe " standardized approach,” to determine the
regulatory capital that they need to set aside to cover market risk.

The new capital requirement related to market risk is largely offset by the fact that the capital charge
calculated under the 1988 Accord to cover credit risk no longer needsto be held for on-balance-sheet
securitiesin the trading portfolio. The capital charge for general market risk and specific risk should,
on aggregate, be much smaller than the credit risk capital charge for large trading books. Also, banks
adopting the internal models approach should realize substantial capital savings, inthe order of 20 to
50 percent, depending on the size of their trading operations and the type of instruments they trade.
Thisis because internal models can be designed to capture diversification effects by realistically
modeling the correlations between positions. The standardized model designated in BIS 98 does not

attempt to model correlations accurately in this way 8
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The internal models approach provides for greater disclosure of trading market risks than the BIS 98
standardized model. For example, internal models make use of the fact that market risk is made up of
both " systematic risk" and " specific risk," and distinguish between these risk components. Systematic
risk, which is sometimes called "general market risk," refersto changesin market value resulting
from broad market movements. Specific risk, on the other hand, refers mainly to idiosyncratic or
credit risk. Itisthe risk of an adverse price movement due to idiosyncratic factorsrelated to the
individual issuer of the security.

Highly concentrated portfolios, which have a great deal of specific risk, as shown on the left-hand
side of Figure 2.2, contain products that are highly correlated with one another. The more diversified
aportfolio, the greater the ratio of systematic to specific risk and vice versa.

The regulatory capital charge for banks using internal models for both general market risk and
specific (credit) risk is set according to the following:

[3 * (10 day Market Risk VaR)
+ 4 % (10 day Specific Risk VaR)]* .{fl’fégﬁ’?'

S| Specific

] systematic

T

Diversification

Figure 2.2
Systemic Risk, Specific Risk, and the Level of Diversification
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A two-tier multiplier system applies.

» The multipliersof 3 and 4, which apply to market risk and credit risk, respectively, reward the
quality of the models. In fact these values of 3 and 4 are the minimum values that banks can currently
expect. The regulators may decide to set the multipliers anywhere between 3 and 4, and 4 and 5,
depending on how well the models capture the various aspects of market and credit risk, respectively.

» The trigger is related to the quality of the control process in the bank. Thistrigger is set to 8 for all
banksin North America, while it currently varies between 8 and in the neighborhood of 25 in the

United Kingdom. 12

41—
BI1S 98 Qualitative Requirements

Before an institution can become eligible to useits own internal VaR model to assess the regulatory
capital related to market risk, it must put sound risk management practices in place. This"best
practice" risk management satisfies the standards set out in the G-30 recommendations discussed in
Section 2. The institution should have a strong risk management group which is independent from the
business units that it monitors, and which reports directly to the senior executive management of the
institution. The main features of a prototype risk management organization are discussed in Section
4.2.

The internal model should not be used only for calculating regulatory capital, but should be fully
integrated into the daily risk management of the institution. Models should also be used to set limits,
allocate economic capital to business units, and measure performance via risk-adjusted return on
capital (RAROC) calculations (as explained in Chapter 14). In addition the regulators require that
systematic backtesting and stress testing be conducted on aregular basis, in order to test the
robustness of the internal model to various extreme market conditions and crises. Improvements
should be implemented if the model fails to pass the tests, e.g., when backtesting reveal s that trading
losses are happening more frequently than the VaR cal culation would suggest.

Implementing aVaR model is asignificant endeavor. The aim, ultimately, isto build atruly
integrated, global, real-time system
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that records all positions centrally in a data warehouse, and which maps these positions in terms of
their "risk factors," aswe explain in more detail in Chapter 5, risk factors are avital component of the
VaR calculation. Part of the challenge of implementing such a system is ensuring that the model
inputs, and therefore the risk measures, are reliable and accurate:

» A formal vetting system is needed to approve the models and their modifications, assumptions, and
calibration.

» Model parameters should be estimated independently of the trading desks to avoid the temptation
by the tradersto "fudge" volatility numbers and other key parameters to make their positions smaller.

* The financial rates and prices which feed the risk management system should come from sources
independent of the front office, and be located in afinancial database independently controlled by
risk management.

4.2—
Best-Practice Risk Management

The Board and the bank's senior management have the primary responsibility to ensure that the bank
implements a best-practice risk management system. "Best practice’ can be usefully discussed in
relation to the G-30 recommendations listed earlier in this chapter.

Senior managers play acritical role in establishing a corporate culture in which best-practice risk
management can flourish. They need to encourage the implementation of best-practice risk
management in order to control risk and provide the appropriate risk oversight for their dealing
rooms. Dealers and risk management personnel will ultimately behave in away that is related to the
rewards offered to them by senior management. A challenge for senior management is to harmonize
the behavior patterns of dealers and risk managers, and to create an environment in which both sides
cooperate.

The trade-off between maximizing short-term revenue and the incremental expense required to
control risk requires delicate balancing. To achieve best-practice risk management bankswill often
have to invest in longer-term risk management projects whose
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benefits will not accrue for several years. Significant pressure to build revenue in lean years often
serves to discourage this kind of long-term investment. Instead, the risk manager in low-corporate
governance banksis typically asked to install necessary risk controls for the "least possible" cost.
Unfortunately, short-term revenue maximization is often diametrically opposite to the behavior
required to encourage first-class risk management.

Senior management in banks must make sure that risk managers are skilled so that compensation
systems between dealers and risk managers can be harmonized. Risk managers themselves need to be
adequately rewarded if the bank is to attract the best talents to its risk management function.
Otherwise, talent will simply flow from the risk management function to the business functions.

Many organizations dealing in financial instruments have not invested in establishing appropriate
policies or in developing appropriate risk methodologies. Chapter 3 offers an overview of the kind of
organizational environment that facilitates best-practice risk management. Specifically, Chapter 3
presents the framework for risk management in terms of "three pillars': best-practice policies, best-
practice methodologies, and best-practice infrastructure.

Senior managers need to encourage the development of integrated systems that aggregate the various
risks (market risk, credit risk, liquidity risk, operational risk, etc.) generated by their businessesin a
consistent framework across the institution. Thismay be a necessary condition to obtain regulatory
approval of internal models. An environment where each business unit calculates their risk separately
with different ruleswill not provide a meaningful oversight of firm-wide risk. The increasing
complexity of products, the linkages between markets, and the potential benefits offered by portfolio
effects are pushing risk-literate organizations toward standardizing and integrating their risk
management. Dealers and risk managers need an integrated price risk management capability to
ensure that their returns (net profits) outweigh the risks that they take.

5
The BIS 2000" Accord

The BIS 1988 rules are generally acknowledged to be flawed. First, as we noted earlier, the Accord
does not address complex issues
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such as portfolio effects, even though credit risk in any large portfolio is bound to be partially offset
by diversification across issuers, industries, and geographical locations. For example, abank is
required to set aside the same amount of regulatory capital for asingle $100 million corporate loan as
for aportfolio of 100 different and unrelated $1 million corporate loans.

Second, the current rules assume that aloan to a corporate counterparty generates five times the
amount of risk as does aloan to an OECD bank, regardless of their respective creditworthiness. For
example, aloan to General Electric Corporation, an AAA-rated entity, hasto be supported by five
times as much regulatory capital asa similar loan to aMexican (BB) or Turkish bank (B). General
Electric is aso considered to be infinitely more risky than the sovereign debt of Turkey or Mexico.
Clearly, thisis the opposite of what one might think appropriate.

Third, regulatory rules assume that all corporate borrowers pose an equal credit risk. For example, a
loan to an AA-rated corporation requires the same amount of capital asaloan to a B-rated credit. This
is also clearly inappropriate.

Fourth, revolving credit agreements@ with aterm of less than one year do not require any regulatory
capital, while a short-term facility with 366 daysto maturity bears the same capital charge as any
long-term facility. The bank is clearly at risk from offering short-term facilities, yet so long asthe
term is less than one year no regulatory capital is required. Thishasled to the creation of the "364-day
facility," by means of which some banks commit to lend for 364 days only, athough the facility is
then continuously rolled over. Such afacility attracts no capital charge, even if the terms of the
facility are such that if the commitment is cancelled, the obligor has the right to pay back the drawn
amount over a number of years.

Finally, aswe previously discussed, the Accord does not allow sufficiently for netting and does not
provide any incentive for credit risk mitigation techniques such as the use of credit derivatives.

These shortcomings have produced a distorted assessment of actual risks and haveled to a
misallocation of capital. In some instances, they have even led financia institutions to take on too
much risk. The problem is that as the definition of regulatory capital drifts further away from the
bank's understanding of the economic capital needed to support a position, the bank faces a
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strong incentive to play the game of "regulatory arbitrage." Banks are tempted to incur lower capital
chargeswhile still incurring the same amount of risk by using financial engineering tricks such as
securitization (through various types of collateralized debt obligations, or CDOs, and the use of credit
derivatives). In the process, bankstransfer high-grade exposures from their banking book to their
trading book, or place them outside the banking system. This means that the quality of the assets
remaining on the books of a bank deteriorates, defeating the purpose of the Accord.

These problems have led the banking industry to suggest that banks should be alowed to develop
their own internal credit VaR models, in lieu of the 1988 BIS Accord. They would use these

regul ator-approved models to cal cul ate the minimum required regulatory credit risk capital associated
with traditional loan products located in the banking book. Thiswould be the credit risk equivalent of
the BIS 98 Accord we discussed earlier, which allowed banks to use approved internal models for
determining the minimum required regulatory capital for market risk.

Over the last five years, a series of industry-sponsored credit VaR methodol ogies have been devised,
including CreditMetrics (developed by investment bank JP Morgan) and CreditRisk + (developed by
Credit Suisse Financia Products, now Credit Suisse First Boston or CSFB). Credit VaR models have
also been developed by various software and consultancy firms: The KMV approach to model
expected default frequenciesis now in use at many U.S. financial institutions, and has added much
value in terms of advancing the practical utility of using a model-based approach to credit risk. All
these models are reviewed in much more detail in Chapters 8, 9, and 10. Here, it is worth noting that
amajor challenge facing every model developer isto ensure that proprietary credit VaR formulas are
comprehensible and practical enough to be accepted by the regulatory community.

With the advent of products such as credit derivatives, the financial community is moving towards
valuing loans and |oan-type products on a mark-to-model basis. Moreover, there is atrend toward
applying quantification techniques similar to those used to measure market risk to the measurement of
credit VaR—especially in the case of products whose value is mostly driven by changesin credit
quality.

A related but separate challenge is to develop an integrated approach to calculating market VaR and
credit VaR. For example,
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typically most financial institutions use one set of rules to value trading products and another set of
rules to value loan products. The integration of market VaR and credit VaR is at the leading edge of a
new wave of risk management. One model for an integrated risk measurement approach builds on the
Black—Scholes theoretical framework and related work by Robert Merton. (Merton and Scholes won

the Nobel Prizein Economicsin 1997 for their work on the "valuation of contingent claims."” 2—1)
Merton's model (1974) is becoming the industry-standard approach for the estimation of credit VaR,;
in fact, the CreditMetrics and KMV models we mentioned above both use Merton's model asthe
theoretical foundation for their credit VaR models.

Developing an integrated model will have important implications from both arisk transparency and a
regulatory capital perspective asthe banking industry moves into the twenty-first century. Thisis
because simply adding market VaR to credit VaR to obtain total VaR, rather than developing an
integrated model, greatly overstates the amount of risk. Summing the values ignores the interaction
or correlation between market VaR and credit VaR. We expect that, over time, regulators will move
to allow banksto use their own internal credit VaR model, in lieu of the standardized BIS 1988 rules.
Eventually, they will also move toward an integrated risk model that encompasses both market VaR
and credit VaR. From this point, it will be possible to envisage atruly integrated price risk
framework that risk managers will be able to use to generate both regulatory capital and economic
capital (Figure2.3).

51—
A New Capital Adequacy and Credit Risk Modeling Framework:
The 1999 Consultative Papers

Global competitionis now affecting banks in emerging market countries. Regulators need to make
sure that the regulatory framework does not inadvertently drive a competitive wedge between G-10
and non-G-10 competing banks. Over, the last 10 yearsthe risk profile of banks has changed
dramatically. Its composition and complexity, and the methodol ogies used to describe risks, now
make strong supervision and enhanced market discipline important complementsto capital

regulation.22 Finally, the banks regulators realize that there is an urgent need to revise the 1988
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Integrated Risk Models

Accord to eliminate the kind of regulatory arbitrage we mentioned earlier. This can only be achieved
by a better alignment of regulatory and economic capital.

Banks' regulators also recognize that the biggest risk facing commercial banksis the oldest risk of all,
i.e., credit risk, rather than the risk of rogue traderslosing fortunesin the capital markets. Recent
high-profile trading losses, even including the significant losses to Barings Bank at the hands of Nick
Leeson, amount to afew billion dollars. The damage caused by recklesslending at Credit Lyonnaisin
the 1980s amounted to more than $20 billion. The credit losses incurred by banksin Japan and East
Asiawill reach hundreds of billions of dollars.

In June 1999 the Basle Committee on Banking Supervision (BIS) issued a proposal for a new capital
adequacy framework to replace the 1988 Accord. The consultation process with banks and various
industry groups will continue until March 2000.

The objectives of the New Accord areto:

» Promote safety and soundness in the financial system by maintaining at |least the same level of
capital as banks maintain in today's system. 22

* Enhance competitive equality. The new rules should not offer incentives for regulators in some
countries to make
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their rules more attractive to banks to attract investment in the industry in their country. Two banks
with the same portfolios should hold the same capital wherever they are located.

* Constitute a more comprehensive approach to risks, to eliminate the criticisms of the 1988 Accord,
and to cover more risk types such asinterest rate risk in the banking book and operational risk.

* Focus on internationally active banks. However, the principles governing the approach should be
suitable for application to banks of varying levels of complexity and sophistication. 24

To achieve these objectives, the Basle Committee proposes aframework that rests on three pillars
(Figure 2.4):

* Minimum capital requirements. The objective is to propose a new standardized approach: the
default approach basing risk weights on available external credit ratings. The most sophisticated
bankswill be allowed to use alternative

Three Basic Pillars
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Figure2.4
The Three Pillars of the New Approach
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models based on the use of their own internal credit ratings. Critical issues, however, include how to
validate abank'sinternal risk ratings and how to link risk weights to these internal ratings so asto
ensure economically meaningful and reasonably consistent capital treatment of similar risks across
banks. The most sophisticated banks may also be allowed to use portfolio credit models when data
limitation and validation issues have been satisfactorily addressed.

* Supervisory review process to ensure that banks follow rigorous processes, measure their risk
exposures correctly, and have enough capital to cover their risks. Regulatory arbitrage will be
scrutinized.

» Market discipline as alever to strengthen the safety and soundness of the banking system through
better disclosure of capital levels and risk exposures, to help market participants to better assess the
bank's ability to remain solvent.

511—
TheFirst Pillar:
Minimum Capital Requirements

The new approach to minimum capital requirements can be thought of as aladder with three rungs
(Figure 2.5):

* An improved standardized approach.
* A kind of simplified modeling approach, based on the bank's internal ratings.

» A more sophisticated full modeling approach. In effect, thiswill extend to the banking book the
more sophisticated approaches that banks are already allowed to usefor their trading accounts. 2

A—
Standardized (or Default) Approach

The Basle Committee proposes to improve the 1988 BIS standardized approach by:

* Better differentiating among various credits through the use of external credit assessments,
particularly for loans in the banking book; there will still be no provision to allow banks to capture
portfolio effects.
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Minimum Capital Requirements
* Incorporating new risk categories, such asinterest risk in the banking book and operational risk.
» Adding a capital charge for other risks such asliquidity, legal, and reputational risks.
* Better recognizing and factoring in credit mitigation techniques.

For credit risk, the new weighting scheme proposed for claims on sovereigns, banks, and
corporations is summarized in Table 2.8, where the Standard & Poor's methodology has been chosen
for the sake of illustration.

Claimson Sovereigns

Claims on sovereign credits and central banks determined to be of the highest credit quality might be
eligible for azero-risk weight (AAA to AA, according to Standard & Poor's rating system). There are,
however, some reservations about the performance of rating agencies in assessing the rating of
borrowers that are less than ultra-prime credits. Export insurance agencies in the G-10 countries may
be used as a dual source of credit assessment for sovereigns. Note that sovereigns, banks, and

corporations rated below B+ receive arisk weight of 150 percent. 29
Claims on Banks

Two options are proposed for claims on banks. The first option attributes to claims on banks arisk
weight that is based on the
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-Fl;gl?\bviiéﬁsfor Claims on Sovereigns, Banks, and Corporations, Based on Standard & Poor's Rating M ethodol ogy
Assessment
Claim AAA to AA— A+to A— BBB+ to BBB— BB+ to B— Below B- Unrated
Sovereigns 0% 20% 50% 100% 150% 100%
Banks Option 11 20% 50% 100% 100% 150% 100%
Option 22 20% 50%3 50%3 100%3 150% 50%3
Corporations 20% 100% 100% 100% 150% 100%

1 Risk weighting based on risk weighting of sovereign in which the bank isincorporated.

2 Risk weighting based on the assessment of the individual bank.

3 Claims on banks of a short origina maturity, for example less than six months, would receive aweighting that is one category more favorable than the usual risk weight on the bank's claims.
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weighting of the sovereign country in which the bank is incorporated. The weight is one notch less
favorable than that applied to the sovereign, with acap at 100 percent, except for claims on the
lowest-rated banks (below B—in Standard & Poor's methodol ogy), where the risk weight is set at 150
percent. For example, aclaim on an AA bank would receive arisk weight of 20 percent, which
corresponds to the risk weight of a sovereign of the credit category just below (i.e., A+ to A-).

The second option would be to use arating assigned directly to the bank by an external rating agency.
In this case, a maturity element is added to the framework. Claims on banks of a short origina
maturity, e.g., less than six months, would receive arisk weight that is one category more favorable
than the usual risk weight on the bank's claim. For example, if aclaim on abank is normally
weighted at 50 percent, a short-term claim on that bank would receive arisk weight of 20 percent.
The floor on al banks claimsis 20 percent, and no claim on abank could receive arisk weight less
than that applied to its sovereign.

Claims on non-central-government public sector entities and securities firms would be weighted in
the same way as claims on banks.

Claims on Corporations

For claims on corporations, the new Accord proposes to retain arisk weight of 100 percent except for
highly rated companies, i.e., those rated AAA to AA—. Highly rated companies would benefit from a
lower risk weight of 20 percent. Short-term revolvers with aterm of less than a year would be subject
to a capital charge of 20 percent, instead of zero percent under the 1988 Accord. The new proposal
would put highly rated corporate claims on the same footing as the obligations of bank- and
government-sponsored enterprises.

What is not clear at this stage is whether the risk weights apply to the issuer rating or the facility
rating. Naturally, the banking industry was hoping that there would be more granularity in the
differentiation between corporate credits. In the proposed framework, an investment-grade firm rated
A+ and a speculative firm rated BB+ would receive the same risk weight of 100 percent.
Unfortunately, this proposal will not eliminate the current incentives for regulatory arbitrage. Figure
2.6 compares capital weights
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Capital Weights According to the New Proposed Capital Accord Versus CIBC's
Internal CreditVaR Model

according to the new proposal to those generated by CIBC'sinternal credit value-at-risk model, 2l for
awell-diversified portfolio of corporate loans. There is a huge discrepancy between the figures for
economic capital produced by CIBC'sinternal model and the capital charges arising from the new
BIS proposal.

Companies rated below B—would receive arisk weight of 150 percent, according to the proposals,
while unrated companies would receive a 100 percent risk weight. This does not make much sense
since there is no incentive for companies rated B— and below to obtain arating. Clearly, the highest
risk weight should apply to any firms that elect to remain unrated.

Loans Secured by Property

For loans secured by property the new Accord proposes a different treatment for residential
mortgages, which would continue to be weighted at 50 percent, while mortgages on commercial real
estate would, in principle, be attributed a 100 percent weighting of the loans secured.
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Asset Securitization

The new Accord addresses the issue of the credit quality of obligations secured on a pool of assets,
and issued through the medium of special purpose vehicles (SPV's), provided these obligations have a
credit rating. The Basle Committee proposes to use an external ratings-based approach to measure the
relative exposure to credit risk and determine the associated risk weights. Those rated B+ or below,
and the first loss positions, would be deducted from capital, or equivalently would be applied arisk
weight of 1250 percent so that the capital chargeis 100 percent, i.e., 12.5 *8 percent (Figure 2.7).

The tranches of the obligations that are rated below investment grade (BB+ and BB-) would recelve a
higher risk weight (i.e., 150 percent) than regular bond holdings with the same rating. This does not
address the issue of regulatory arbitrage. The elimination of regulatory arbitrage will follow naturally
from the convergence of economic and regulatory capital. Taxing the CLO tranches below investment
grade may eliminate the use of securitization for regulatory arbitrage purposes, but will also
discourage banks from using asset securitization to manage and mitigate credit risk.

Off-Balance-Sheet Items

No changes are contemplated to the current treatment of off-balance-sheet items, except in the case of
the credit conversion factorsthat apply to loan commitments (Table 2.9). Under the current

Tramche
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Asset Securitization
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Table2.9
Credit Conversion Factorsfor Loan Commitments
Current Treatment Proposal
0% for original maturity of up to one year 20% for business commitments
0% for commitments that are unconditionally cancellable 0% for unconditionally cancellable commitments

50% for original maturity one year and over

Accord banks can avoid any capital charge on loan commitments by structuring these commitments so that
they run for aterm of less than 365 days. The new proposals remove thisloophole.

The Basle Committee is proposing to increase the short-term commitment risk weight to 20 percent unless
the instrument is unconditionally cancellable or can be cancelled automatically by the bank without prior
notice due to deterioration in the borrower's creditworthiness.

High-Risk Categories and Other Claims

Thereis a 150 percent risk weight for instruments rated below B—, whether these are issued by sovereigns,
banks, or corporations, and securitization tranches that are rated BB+ and BB—.

For all other assetsthe 100 percent risk weighting would continue to apply.
Issues with External Credit Ratings

Moody's, Standard & Poor's, and most of the other rating agencies in the United States have along and
good track record for accurately rating investment-grade obligors. The industry track record is much
shorter, and not as convincing, for the rating of sovereigns and corporations with sub-prime ratings. The
Basle Committee has set out alist of criteriafor eligible credit assessment institutions such as: objectivity,
independence, transparency, credibility, resources, and recognition by the national supervisor.

The question aso arises as to whether credit assessments might be produced using market data, such as
credit spreads. Such an ap-
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proach might rely on option pricing methodol ogies such as Merton (1974), Duffie and Singleton
(1994), or Jarrow and Turnbull (1995).

B—
I nternal Ratings-Based Approach

As of late 1999, the proposals for an internal ratings-based approach are still very sketchy. Before the
proposals are refined, banks internal rating systemswill need to be examined more thoroughly, and
the industry will need to evaluate various methodol ogies for linking capital requirementsto internal
ratings. For example, banks could map their internal rating categoriesto Moody's and Standard &
Poor's rating systems and then to the standardized risk weights givenin Table 2.8. Thisis not
satisfactory asit would dilute all the proprietary information on individual obligors accumulated by
banks. The Basle Committee could also design a capital charge that explicitly reflects banks
estimates of possible credit losses. A better approach would combine a bank's internal rating system
and credit portfolio modelsto attribute capital to each facility on the basis of itsrisk contribution to
the overall risk of the portfolio. The capital weights could be based on the average of the risk
contributions for several well-diversified representative portfolios and the use of various well-
established credit models. Thiswould present the advantage of setting "standard” capital weights that

capture some portfolio effects. 28

Whileit makes alot of sense to factor in the internal information that banks have on their
counterparties, especially for small- to medium-sized companies, away would have to be found of
ensuring consistency ininternal credit rating across different banks.

For example, the following issues would have to be addressed:
» What is the meaning of placing an entity in category xyz?

* Does it mean that the obligorsin this category exhibit an expected default probability (EDF) within
a prespecified range?

* Or, isthe rating associated with an expected |oss given default?

» What is the horizon over which these estimations are derived? For example, for the rating system to
be consistent with the credit migration approach to modeling credit risk (as described in Chapter 8),
each rating class
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should correspond to arange of default probabilities over a one-year period.

The internal risk ratings-based approach has many practical implications for supervisors. Some key
considerations will have to be addressed when assessing a bank's rating system:

* Are the number of gradations appropriate to the range of risksincurred by the bank?

» What is the role of the internal rating system in the management process? Credit ratings are abasis
for regular risk reports to senior management and boards of directors. They are also the basis for
continuous loan review processes, under which large credits are reviewed and regraded at |east
annually in order to focus attention on deteriorating credits well before they become problems.

* Isthe rating process independent of credit approva and pricing functions? How often should the
ratings be updated?

» How can regulators provide alinkage to the concept of "measurable loss," and how can they
trandlate arating into a capital charge? Should internal ratings be mapped into the regulatory
bucketing scale (0 percent, 20 percent, 50 percent, 100 percent, 150 percent) or into an expanded
version of it?

* Are all appropriate risk factorsincorporated?

» How can regulators compare different internal rating systems? For the new proposal to be
applicable, and to maintain alevel playing field, it will be necessary to ensure that internal rating
systems across banks and countries are consistent with one another.

» How can regulators backtest an internal rating system? Do the losses behave as expected?

Notwithstanding these issues, the use of the internal ratings-based approach would pave the way to
the adoption of full credit risk modeling for the banking book. Itis apromising signal of the
regulators' willingness to bring regulatory capital closer to economic capital.

C—
Credit Risk Modeling

The Basle Committee issued a companion paper on April 21, 1999, analyzing current practicesin
credit risk modeling. Thisreport as-
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sesses the potential uses of credit risk models for supervisory and regulatory capital purposes.

Before any model can be approved to report regulatory capital for any asset class, the Committee
would have to be confident that the model is being used to actively manage the risks, set limits, and
allocate economic capital to the various business units. Unlike market risk, for which the
measurement models are all essentially very similar, the underlying conceptual frameworks for
models that measure credit risk are quite different. This raises some challenging issues:

* Are these models conceptually sound and do they capture accurately all the dimensions of credit
risk?

« Do these models produce similar results for the same portfolios? 22

* Are the data available to run these models, e.g., spread curves for different rating categories,
recovery rates, usage given default, default probabilities and migration frequencies, and asset return
correlations? In addition, credit data such as default probabilities are not stationary and vary with the
credit cycle. The scarcity of data and their lack of accuracy in some instances underscores the need to
better understand the models sensitivity to structural assumptions and key parameters.

» How can credit VaR models be validated when the horizon is one year, and default data are so

relatively scarce®? Asa practical matter, empirically validating models might not be feasible.
Instead, it might be more realistic and meaningful to validate input parameters and assumptions such

asloss given default and default rates3L

» Can we feel comfortable with capital charges calculated by amodel even when they differ
substantially from those generated by the standardized approach?

While these issues constitute significant hurdles, regulators are strongly encouraging banks to start
working on credit risk modeling for the banking book. Regulators recognize that only the credit risk
modeling approach will alow banksto manage concentration risk in a portfolio context. Models offer
the natural
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framework to assess the hedging efficiency of various credit risk mitigation techniques, such asthe
use of credit risk derivatives, in a portfolio context. 32

Furthermore, only credit risk modeling can bring regulatory capital into closer alignment with the true
riskiness of the underlying portfolio, and therefore with economic capital. Some regulators, such as
the FSA (Financia Services Authority) in the United Kingdom, are committed to rewarding banks
that use credit risk models for allocating economic capital to their loan book by reducing the trigger
ratio which currently applies to the banking aswell asthe trading books.

D—
Credit Risk Mitigation Techniques

State-of-the-art credit risk management relies on credit mitigation techniques such as the use of
collateral, guarantees, credit derivatives, and on-balance-sheet netting (Figure 2.8). The current
Accord only partially recognizes collateral, guarantees, credit derivatives, and on-balance-sheet
netting agreements (when they are legally enforceable).

The new proposal acknowledges the benefits that can be derived from the use of credit mitigation
techniques and the key role they can play in active credit risk management. Just as foreign exchange
derivatives allow corporations to transfer part of their foreign exchange risk exposure to third parties
in the global markets, credit derivatives allow banksto achieve the same objective with regard to
credit risk exposures. The end result should

Examples of
Teehniques

\ Colluteral ‘ Guarantees ‘ Credit ‘ On-Balanee-

Derivatives Sheet Netting

Figure 2.8
Credit Mitigation Techniques
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be areduction in the concentrations of credit risk in the banking industry.

The issue of how to treat imperfect hedges needs to be addressed. Residual risks deriving from
imperfect hedges take different forms, such as.

» Maturity mismatch when the hedging instrument expires before the underlying asset. Should
regulators allow for recognition if there is a mismatch in maturities? In the case of credit derivatives,
how should regulators account for the forward risk beyond the maturity of the derivative? Should
regulators charge capital to cover thisrisk, or ignore it?

* Basisrisk, e.g., when the exposure and the hedging instrument are subject to market risks that have
different sensitivities, which could create a shortfall in the value of the hedge. For example, if the
bank is using collateral, how should regulators account for liquidity risk? What level of "hair cut,” or
adjustment, should regulators apply?

» Asset mismatches can occur when an asset is hedged by means of a credit derivative that is
referenced to an asset with different risk characteristics. How should regulators factor in correlation
risk?

E—
Treatment of Other Risks in the Banking Book:
I nterest Rate Risk and Operational Risk

The current BIS 88 Accord only explicitly recognizes credit risk in the banking book. The new
Accord intends to expand risk coverage to incorporate other major sources of risks, namely interest
risk in the banking book and operational risk. Other risks may be considered such as settlement risk,
legal risk, reputational risk, and macroeconomic risks.

Simply adding together any capital charges related to these individual risks leads to an overestimation
of the capital that is needed. The key question hereis how banks can validate the level and nature of
the portfolio effectsthat occur between risk classes.

Interest risk capital charges would only apply to banks where interest rate risksin the banking book
are significantly above average ("outliers"). Thisraises the question of quantifying the



Page 86

duration of core deposits. The problem of how to define what we mean by outliers also needsto be
worked out.

F—
Consistency between the Methodol ogies Developed for the Banking and Trading Books

The regulators will review the treatment of the trading account to ensure consistency with the
methodol ogies developed for the banking book (in order to reduce the incentive for regul atory
arbitrage). One interesting issue is how to incorporate liquidity risk into the risk measurement
frameworks, so asto allow for adiffering treatment of the various instruments in both the trading
account and the banking book.

512—
The Second Pillar:
The Supervisory Review Process

The supervisory review process of capital adequacy should ensure that a bank's capital position and
strategy are consistent with its overall risk profile. Early supervisory intervention will be encouraged

if the capital is thought not to provide a sufficient buffer against risk. 22 The following principles are
relevant to the supervisory review of abank’s capital adequacy.

Capital above Regulatory Minimum

Supervisors should have the ability to require banks to hold capital in excess of minimum regulatory
ratios depending on avariety of factors such as the experience and quality of its management and
control process, its track record in managing risks, the nature of markets in which the bank operates,
and the volatility of its earnings. In assessing capital adequacy the regulators will have to consider the
effects of business cycles and the overall macroeconomic environment, as well asthe systemic impact

on the banking system should the bank fail 24

One could envisage a system similar to that which the FSA has put in place, which makes use of an
additional multiplier, the "trigger,” which applies on the top of the minimum regulatory capital.

Before such a process could be implemented, regulators need to define a sound conceptual
framework for the determination of banks capital adequacy. The key questions here are: How can
"soundness" be defined and quantified? What is the minimum
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acceptable soundness level, and how can regulators be sure that a bank operates above this minimum
soundness level ?

To be consistent with the RAROC methodology (as described in Chapter 14), soundness should be
defined as the probability of insolvency over aone-year horizon. Minimum soundness then becomes
the insolvency probability consistent with an investment-grade rating for the bank, i.e., BBB or better.
Most banks currently target an insolvency probability of four to five basis points, which is consistent
with an AA rating.

The danger of the proposed approach is that determinations of capital adequacy on a bank-by-bank
basiswill proveto be arbitrary and inconsistent.

Banks' Internal Assessment of Capital Adequacy

Under the new Accord, al internationally active banks will be expected to develop internal processes
and techniquesto carry out a self-assessment of their capital adequacy in relation to objective and
guantifiable measures of risks. Banks should perform comprehensive and rigorous stress teststo
identify possible events or changesin market conditions that could have an adverse effect on the
bank.

The Supervisory Process

The new Accord will impose a close partnership between banks and their supervisors. Supervisors
are expected to become familiar with the increasingly sophisticated techniques developed by the
banks to assess and control their risks. They also should be involved in the development of those
techniques.

Itis clear that the position of banks supervisor will become more challenging under the new
proposal. Regulatory agencies should therefore engage in an active program of recruiting and
educating their new generation of supervisors.

The Supervisory | ntervention

The need for early intervention reflects the relatively illiquid nature of most bank assets and the
limited options that banks have when they try to raise capital quickly.

51.3—
The Third Pillar:
Market Discipline

The Basle Committee intends to foster market transparency so that market participants can better
assess bank capital adequacy. New
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requirements will be set regarding disclosures of capital levels, including details of capital structure
and reservesfor credit and other potential losses, risk exposures, and capital adequacy (Figure 2.9).

These recommendations are likely to follow the guidelines published in September 1998 by the Basle
Committee on "Enhancing Bank Transparency." The Committee recommended that banks provide
timely information across six broad areas: financial performance; financial position (including
capital, solvency, and liquidity); risk management strategies and practices; risk exposures (including
credit risk, market risk, liquidity risk, operational risk, legal risk, and other risks); accounting
policies; and basic business, management, and corporate governance information. These disclosures
should be made at least annually, and more frequently if necessary. These recommendations have
also been adopted by the G-12.

Certain issues rel ated to disclosure need to be addressed:

» Should the banks report risks using market-value accounting or risk-value accounting? These two
methods may produce divergent figures. For example, awritten option or a swap may have azero
marked-to-market value, while the potential future exposure of these instruments may be substantial.

» Effective disclosure cannot be achieved unless banks document internally their risk measurement
and management procedures, such asinternal credit rating process, measurement of loss distributions,
and internal economic capital attribution. Itis

Trsclosure

Capltal Levels Risk Capital
Exposures Adequacy
Figure 2.9

Market Discipline



Page 89

expected that these requirements will be enforced in the new regulatory review process.

» Shareholders and debt holders have divergent objectives, the interests of the debt holders being
more aligned with the goals of the regulators. In this context, the Federal Reserve is contemplating
obliging large banks to issue subordinated debt, aform of debt that is particularly effective in
increasing market discipline. First of all, subordinated debt is the most junior of all bank liabilities.
Therefore, these bondholders are the least likely to be bailed out in the event of bank failure, and the
most likely to demand disclosures of a bank's condition. Second, subordinated debt holders do not
participate in the upside gains associated with risk taking. Hence, the primary and secondary market
spreads on subordinated debt should directly reflect the bank's expected default probability. The
issues of who will buy these subordinated bonds and whether the market for these bonds be liquid
enough for the spreads to be informative about the bank's actual probability of default still need to be
addressed.

52—
G-12 Recommendations for the I mprovement of Counterparty Risk Management Practices

In January 1999 agroup of 12 internationally active financial institutions, together with a number of
other market participants including insurance companies, hedge funds, investment management
companies, industry associations, and law firms, formed the " Counterparty Risk Management Policy
Group" or what is now known asthe "G-12."

The formation of the group was inspired by the near-collapse of the hedge fund Long-Term Capital
Management (LTCM) during August 1998. In August 1998, after the Russian government had
defaulted on its debt, liquidity suddenly evaporated from many financial markets, causing asset
pricesto plunge and producing large losses for many financia institutions. By September 1998
LTCM, which had built up huge market exposure by borrowing from major financia institutions, was
on the brink of collapse. It was rescued only by means of a $3.6 billion cash injection. The cash came
from 14 financial institutions coordinated by the Federal Reserve
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Bank of New Y ork. 22 The rescue was motivated by the fear that the collapse of LTCM would not
only leave these institutions with heavy losses but would also threaten financial stability (Chapter 15
offersamore detailed discussion of the collapse of LTCM).

The objective of the G-12 was to make a comprehensive set of recommendations to reduce the
likelihood of such eventsin the future and, perhaps more importantly, to reduce the impact of such
events by improving the management of such failures. Some of the recommendations were intended
to make it easier to liquidate afailed institution; this sent the message to the world that no financial
institution is "too big to fail" anymore.

The recommendations published by the G-12 comprise a framework of six major building blocks:2

» Enhanced information sharing between counterparties, both prior to engaging in dealings likely to
generate significant credit exposure, and on an ongoing basis. If banks are to improve information
sharing they must address the issue of confidentiality, e.g., the net asset value of afund, itsliquidity

position, detailed portfolio composition, and collateral margin cal 1537

* Integrated analytical framework for evaluating the effects of leverage on market risk, funding
arrangements and collateral requirements, asset liquidity risk, and credit risk. Thisframework should
consider the interplay between these factors not only under normal market conditions but also under
stressful conditions when the impact of leverage is magnified.

* Liquidation-based measures of potential counterparty credit exposures that integrate market,
liquidity, and credit risk factors. The framework for stress testing should encompass liquidity,
market, and credit risksin an integrated model. Mark-to-market replacement values should be
supplemented by different measures of liquidation-based replacement values, which incorporate the
potential for adverse price movements during the liquidation period. Limits should be set against
these various exposure measures.

Stress testing should assess concentration risk to both a single counterparty and to groups of
counterparties,
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correlation risk among both market risk factors and credit risk factors, and the risk that by liquidating
its positions the bank might move the market.

* Strengthen internal credit practices by factoring potential liquidation costs into limit-setting and
collateral standards.

» Enhancements in the quality of information provided to senior management and Board of Directors.
Senior management should convey clearly information on its overall tolerance for risks, including
loss potential in adverse markets. Thisinformation should be approved by the Board of Directors.

* Voluntary disclosure of statistical information to the regulatory authorities aswell as the market
participants. 3

* Improvements to, and harmonization of, standard industry documents, aswell as better internal
controls around documentation.

Thisreport constitutes atacit recognition that, in the past, standards have been inadequate. The
LTCM crisis would have been unlikely to have reached such extreme proportions had all these
safeguards and recommendations been in place at the time.

Notes

1. The creation of the Federal Deposit Insurance Corporation (FDIC) in 1933 provided unconditional
government guarantees for most bank creditors. The fixed-rate (non-risk-based) deposit insurance
lowered market capital requirements by guaranteeing depositors repayment even if their bank failed.
The original explicit deposit-insurance premium was fixed by law at one-twelfth of 1 percent of
domestic deposits. Among other regulatory changes of the time, restrictions were placed on the
interest rates that banks could pay on deposits. This provided an additional subsidy to banks that also
made uninsured bank deposits safer, reducing further market capital requirements (see Berger et al.
1995).

2. The "safety net" refersto al government actions designed to enhance the safety and soundness of
the banking system other than regulatory and enforcement of capital regulation, such as deposit
insurance.

3. See Merton (1977) and Crouhy and Galai (1986, 1991).
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4. It should be noted that both the Bank of England and SFA (now, the FSA) in the United Kingdom
have had model-based market risk capital chargesfor many years under the Amsterdam Accord.

5. The precise definition of these capital ratios under the 1988 Accord and the new 1996 Amendment
is discussed in Sections 3.1-3.5.

6. Ironically, had these rules been effective in 1994, Barings could not have built these huge futures
positions on the SIMEX and OSE, and its failure could have been avoided. Indeed, when Barings
collapsed in February 1995, Barings exposures on the SIMEX and OSE were 40 percent and 73
percent of its capital, respectively (cf. Rawnsley 1995).

7. Chapter 12 offers adetailed presentation of credit risk enhancement techniques and the credit
derivativesthat are available to mitigate credit risk.

8. The G-10 is composed of Belgium, Canada, France, Germany, Italy, Japan, the Netherlands,
Sweden, the United Kingdom, and the United States. On the Basle Committee sit senior officials of
the central banks and supervisory authorities from the G-10 aswell as officials from Switzerland and
Luxembourg. The Accord was fully implemented in 1993 in the 12 ratifying countries. This Accord
is also known as "the BIS requirements' since the Basle Committee meets four times ayear, usually
in Basle, Switzerland, under the patronage of the Bank for International Settlements (BIS). BISis
used in the text as a generic term to represent indifferently the Basle Committee and the regulatory
authorities that supervise the banks in the member countries.

9. Default correlation increases with concentration. To make a simple analogy, when one houseis
burning, the house next door is more likely to be set on fire than a house situated further away.

10. Netting is, defacto, in effect in many derivatives transactions, such asinterest rate swaps where
only interest payments are exchanged and not the principal amounts.

11. According to the banks regulators, however, the Accord takes account of these risks by setting a
minimum capital ratio that acts as a buffer to cover not only credit risk but also all other risks. This
argument is far from convincing.

12. See, e.g., Chew (1996).
13. Tier 3 capital, however, cannot support capital requirementsfor the banking book.
14. See also Section 5.1.3.

15. Cf. Badle (1996). In 1993, the European Commission adopted the Capital Adequacy Directive
(CAD), imposing uniform capital
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requirements for securities trading books of banks and securities houses chartered within
the European Community. In many ways, the CAD follows the new BIS guidelines (cf.
Elderfield 1995). It has been effective since January 1996, two years before the BIS
market risk proposal was applied, giving banksin the rest of the G-10 countries a
comparative advantage over their European counterparts. It should be noted that in North
America, large securities houses such as Goldman Sachs, Salomon Brothers, and Merrill
Lynch, which are not regulated by the Office of the Controller of the Currency (OCC), the
Federal Reserve System, or the Federal Deposit Insurance Company (FDIC), in the United
States, or the Office of the Superintendent of the Financial Institutions (OSFI) in Canada,
will not have to satisfy any such minimum capital adequacy requirements. Instead, they
are subject to the rules imposed by the Securities and Exchange Commission (SEC) in the
United States, which are less stringent. However, trading opportunities and the profitability
of those securities houses depend heavily on their credit ratings. It is probable that rating
agencies such as Moody's and Standard and Poor's will play an active role in promoting
similar standards among securities houses, and will condition their attribution of top
ratings to the implementation of best-practice risk management.

16. Cf. Basle (1995).

17. By "trading book" we mean the bank's proprietary positionsin financial instruments,
whether on or off the balance sheet, which are intentionally held for short-term trading, and/or
which are taken on by the bank with the intention of making profit from short-term changesin
prices, rates, and volatilities. All trading book positions must be marked-to-market or marked-
to-model every day. For market risk capital purposes, an institution may include in its measure
of general market risk certain non-trading-book instruments that it deliberately uses to hedge
trading positions.

18. In fact, the real issue at stake here is not whether to lower the amount of capital that is
required, but how to allocate the right amount of capital. The current regime charges too much
capital to investment-grade facilities and not enough to the most risky facilities. It has
encouraged massive regulatory arbitrage (see Section 5 of this chapter).

19. The new BIS proposal contemplates generalizing the system adopted by the FSA in the
United Kingdom to all the G-10 countries. See Section 5.1.2 on the supervisory review
process.

20. A revolver isafacility that allows a bank customer to borrow and repay aloan at will
within a certain period of time.



Page 94

21. Robert Merton and Myron Scholes received the award. Fischer Black died in 1996; the Nobel
Prizeis not awarded posthumously.

22. See McDonough (1998).

23. Thereis an obvious contradiction between maintaining the current level of capital and reducing
the divergence between regulatory and economic capital. The objective should be rather to make sure
that banks carry the right amount of capital for the risksthey incur. If banks reduce the amount of risk
they undertake, we would expect alower regulatory capital to apply to them. If banksincrease their
overall risk level, regulatory capital should also be set at a higher level.

24. According to the Basle Committee the proposal only appliesto internationally active bankson a
fully consolidated basis, including holding companiesthat are parents of banking groups. This
proposal could be costly to Japanese banks which, unlike U.S. banks, are not accustomed to having
capital rulesthat apply at the holding company aswell as at the bank level. However, in some
instances some banking groups are registered not as banks but as entities such as insurance companies
or investment houses. Firms such as Merrill Lynch, Morgan Stanley, AlG, or Prudential might decide,
for example, to engage more fully in banking activities.

Smaller banks that do not fall under the "internationally active" designation to which Basle rules
~ apply may seek an exemption from the new framework. There is obviously the risk that atwo-tier
system will develop over time.

25. See Chapters 8, 9, and 10.

26. In order to be eligible for lower than 100 percent weighting, a sovereign would have to subscribe
to the IMF's Special Data Dissemination Standard (SDDS).

27. Chapter 8 describes the methodology of CreditVaR, the internal credit value-at-risk model
implemented at CIBC.

28. See, e.g., ISDA (2000, p. 26)'s"Index Approach.” ISDA, 2000, "A New Capital Adequacy
Framework: Comments on a Consultative Paper Issued by the Basle Committee on Banking
Supervisionin June 1999," February.

29. ISDA (the International Swaps and Derivatives Association) and I1F (the Institute of International
Finance) formed a joint working group in 1998 to explore how the various industry-sponsored credit
VaR models (CreditMetrics, KMV, CreditRisk+, and various proprietary models) perform for
different portfolios: corporate bonds and loans,
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—middle markets, emerging market bonds, mortgages, and retail credits. Results from this study are
reported in Chapter 11.

30. Market VaR models are backtested by comparing the daily profit and loss (P&L) of the trading
account to the daily VaR (see Chapter 5). Each year 250 observations are produced to assess the
validity of the model. Since most credit risk statistics are produced on an annual basis and credit risk
models typically employ a one-year horizon, credit VaR produced on one day needs to be compared
with the P&L over the next 365 days.

31. The analogy with fixed-income derivative modelsfor OTC products is especialy relevant here.
No secondary market for exotic customized structures exists. While the positions are marked-to-
model every day using complex analytic algorithms, there is no easy way to backtest these models.
Thefirst step inthe model approval process consists of making sure that the model is theoretically
sound and consistent with finance theory. For example, a simple Black—Schol es type of model to
value atwo-year option on athree-year bond would immediately be rejected. Deciding between, say,
aone-factor or amultifactor interest rate model is an act of faith since both models may be perfectly
sound. The final choice should be based on the judgement and experience of the trader and the
financial engineer. However, once the model has been chosen, it is essential to validate its calibration
and the key input parameters.

32. See the next subsection on credit risk mitigation techniques, aswell as Chapter 11.

33. The proposed framework is similar to the " prompt corrective action” in the Federal Deposit
Insurance Corporation Improvement Act of 1991 under which supervisors would intervene asa
bank's capital position slipped. See Jones and King (1995).

34. As we noted earlier, most banks already hold capital beyond the minimum risk-based capital
ratios (see Table 2.7). However, regulators may impose more regulatory capital than the minimum
requirement for large banks given the large systemic effect that may result from their failure.

35. Most of these institutions participated in the G-12 recommendations.

36. The G-12 recommendations elaborate greatly on the guidelines released by BISin January 1999
to enhance banks risk management practices in respect of highly leveraged institutions. See the two
documents: "Banks' Interactions with Highly leveraged Institutions” and " Sound Practices for Banks
Interactions with
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—Highly leveraged Institutions." See also the "Report of The President's Working Group on
Financial Markets: Hedge Funds, Leverage, and the Lessons of Long Term Capital Management.”

37. Itisinteresting to note that the general theme of enhanced transparency and better disclosureis
common to the proposalsissued by BIS and industry-sponsored groups.

38. See a'so Gibson (1999) who proposes a comprehensive framework for the disclosure of market
and credit risksto all market participants (rather than just to supervisory authorities). Such a policy
should benefit firms by reducing their cost of capital, since it reduces moral hazard and adverse
selection problems.
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Chapter 3—
Structuring and M anaging the Risk Management Function in a Bank

1_
| ntroduction

If they areto measure, price, and control risk in a comprehensive manner, financial institutions must
establish appropriate firm-wide policies, and develop relevant firm-wide risk methodol ogies that are
coupled to afirm-wide risk management infrastructure. This chapter provides an integrated
framework for just such an approach to risk management, in the context of best-practice risk
management.

An important component of integrated risk management is the measurement and management of all
the firm'srisk in terms of a common measurement unit and strategy. The risks that need to be covered
include trading market risk, corporate treasury gap market risk, liquidity risk, credit risk in the trading
book, credit risk in the banking book, and operational risk. (Section 5 of this chapter offersa
treatment of gap market risk and liquidity risk; other chapters of this book offer in-depth discussions
of credit, market, and operational risk.)

Risk integration offers all sorts of benefits. For example, financial institutions can combine the
measurement of trading market risk and gap market risk to ensure that market risk is covered
completely and consistently. It also allows institutions to rationalize their approach to market and
credit risk measurement. For example, trading market risk and credit risk can be assessed from the
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Steps Toward Integrated Risk Management

same market value distribution, taken at selected pointsin time over the life of atransaction.

What do we mean by best-practice risk management? Best-practice risk management philosophy can
be envisioned along the arrow of Figure 3.1. The ultimate objective is to managerisks actively ina
portfolio context. First, alimit management process is needed to help identify and select those risks
that the firm iswilling to take. A process to monitor closely the risksthat are retained in the booksis
also required.

Financial institutions need to implement best-practice risk analysis and risk measurement to capture
accurately their risk exposures. Thisis the purpose of the market and credit value-at-risk (VaR)
modelswe discussin later chapters, which should be implemented for all trading businesses. Risk
analysis should be complemented by stress testing and scenario analysis to assess the extent of
potential losses during exceptional market crises.
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Best practiceis aso about the management of day-to-day risk communication. For example, risk
managers should discuss their risk analysis with senior trading management in adaily trading-room
risk conference; the discussion should be prior to the opening of trading and might take around 30
minutes. Automated daily exception reports should be distributed at the meeting. Risk management
should also conduct aweekly (say, two-hour) risk meeting with their internal business partnersin
order to review major risk-related business issues.

The measurement of risk-adjusted return on capital (RAROC) is a particularly important part of an
integrated risk management framework, and is the foundation of performance measurement. This
measurement allows a bank to manage all its businesses in terms of their risk-adjusted return through
the assignment of reserves and economic capital, aswe discussin more detail in Chapter 14. Each
time a new transaction is considered, the bank can assess its marginal impact on economic capital,
and make sure that the pricing is consistent with its target adjusted return on capital, also known as
the hurdle rate.

Then, all the pieces arein place to ensure optimal risk pricing and active portfolio management.

2—
Organizing the Risk Management Function:
Three-Pillar Framework

Today, it isrelatively unusual to find sophisticated risk literate organizations with a decentralized risk
management structure, where risk is managed to a minimum standard and risk assessment remains
under the direct control of risk takers.

Firms understand that they need to establish arisk management function that is independent of direct
risk takers. But at many firms senior managers need to encourage risk takers and risk managers to
accelerate their efforts toward establishing a more uniform and sophisticated risk management
framework.

Such aframework can be benchmarked in terms of policies, methodologies, and infrastructure
(Figure 3.2). The bank needsto develop best-practice policies (e.g., price risk authorities for the
trading book, credit risk authorities for the loan book), best-practice methodologies (e.g., market and
credit value-at-risk, stress
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Risk Management Framework

testing) that protect against losses while supporting a profitable business, and also a best-practice
infrastructure.

The independent first-class active management of risk, as shown in the center of Figure 3.2, includes
the capability to attribute capital, to appropriately price risk, and to actively manage the portfolio of
residual risks.

21—
Best-Practice Policies

Risk tolerance must be expressed in terms that are consistent with the bank's business strategy (Figure
3.3). The business strategy should express the objectives of the financial institution in terms of risk/
return targets. Thisshould lead to setting risk limits, or tolerances, for the organization as awhole,
and for its major activities.

21.1—
Market Risk Palicy

Business and risk managers should establish a policy that explicitly states their risk policy in terms of
astatistically defined potential or "worst case” loss: dealers and loan officers require a
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policy that states how much money can be put at risk. To this end, most major financial institutions
are moving toward avalue-at-risk (VaR) framework, which calculates risk in terms of aprobabilistic
worst-case loss.

A best-practice market risk policy should state the statistically defined worst-case lossin away that
considersthe probability of both parallel and nonparallel shiftsinthe yield curve (see Chapter 5). The
policy should aso define the worst-case loss in terms of a sufficiently low level of probability, say, 1
percent.

Management should decide how to allocate capital and risk units across activities and divisions in the
institution in order to achieve their goals, while controlling exposure to market risk. The greater the
market risk, the higher the expected rate of return that the bank can expect. The question is, how
much risk exposure can the bank afford? Management should also set the authorities for assuming
market risks, and specify the nature of the market risksto which the institution should be exposed.
For example, alocal or regional bank might decide to limit its exposure mainly to interest



Page 102

rate and local credit risks, while minimizing its exposure to currency risks.

21.2—
Credit Risk Policy

Every bank must determine a credit risk policy: how much credit to supply, for what duration, for
which type of clients, and so on. Apparent profitability is only one consideration, the second being
the risk of the loan. Therefore, bank policy should specify the extent of diversification, limits on size,
and more. Banks need to tie their tolerance for risk and associated economic capital into their desired
credit rating. For example, adesired AAA rating would require that more economic capital be
charged to business units than for a AA rating.

Some of the credit risks can be diversified away, and others should be priced. Management should
specify its tolerance to credit risk, and limit the loan losses (in probability terms). Authorities for
approving credit by size and by risk exposure should be set. A reporting system to track exposures to
credit risk is required, coupled with aroutine for updating information about creditors.

2.1.3—
Operational Risk Policy

Operational risks areinherent in al banking and business activities (see a'so Chapter 13). These are
the risks stemming from human errors, computer failures, employing large amounts of data for
estimation purposes, and implementing pricing and valuation models. Management should decide
which operational risksit should insure, and which it should manage. Assigning responsibilitiesis of
utmost importance, but it cannot be effective without first-class control procedures.

All trading authorities should include afull review of operational risks. It is particularly important to
set policies that establish how to

* Review the introduction of al new products.

* Evaluate (or "vet") all the pricing models that are used to value positions—a duty that must be
undertaken by an independent risk management function.

Operational risk management is not only about "model risk," but also about the administrative
management of the trading process (Chapters 13 and 15). It was the ability of atrader at Baringsto act
without authority and detection that resulted in such large
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losses. The Bank of England report on Barings revealed some general operational risk lessons.

First, management teams have the duty to understand fully the businesses they manage. Second,
responsibility for each business activity hasto be clearly established and communicated. Third,
relevant internal controls, including independent risk management, must be established for all
business activities. Fourth, top management and the audit committee must ensure that significant
weaknesses are resolved quickly.

2.2—
Best-Practice Methodologies

Going forward, banks with sophisticated risk measurement systemswill be able to use their own
internal risk methodology to calculate the required amount of market risk regulatory capital in lieu of
the more onerous standardized regulatory approach.

For example, as we mentioned above, a bank might develop a policy that conservatively definesa
statistically "worst case" lossin "normal markets" as an amount such that thereislessthan, say, al
percent probability of losing more than the worst case amount in one day. In other words, the bank
might expect to exceed the statistically defined worst case loss in one out of every 100 business days.

The best-practice methodologiesillustrated in Figure 3.4 refer to the application of "appropriate”
analytic models to measure market risk, credit risk, operational risk, and so on. The objective is not
solely to measure risk, but also to ensure that the pricing and valuation methodologies are

appropriate.

As pointed out in Chapter 2, the Group of Thirty (G-30) recommends that dealers should value
derivatives at market prices. Further, it recommends that risk managers should quantify market and
credit risk using aVaR framework. Specifically, the G-30 recommends that credit risk exposure
should take account of both current and potential exposure.

Finally, measurement tools should be developed to ensure that the bank's positions are on the
efficient frontier of the trade-off between risk and reward. To this end, implementing aRAROC
approach is particularly important. Simply put, what you can't measure well, you can't manage or
price well (see also Chapter 14).
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221—
Risk Measurement M ethodology

A simple examplewill serve toillustrate what we mean by a statistically defined worst case market
risk policy for abond, e.g., ashort position in afive-year Treasury note. Typica old-style risk
methodologies (i.e., duration calculations) posit asimple paralel shiftin the yield curve. One might
calculate the amount at risk by assuming that every point along the yield curve shifts downwardsina

paralel fashion by some arbitrary amount (say, one basis point, two basis points, or 25 bp l).

For example, assume the five-year yield to maturity is 6.75 percent. One might arbitrarily assume that
the five-year yield to maturity declines overnight by 25 bp from 6.75 percent to 6.50 percent, and also
that every point on the yield curve declinesin parallel by the same amount, i.e., 25 bp. Thisis clearly
asimplistic approach since the yield curve rarely shiftsin aparallel fashion.
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A more redlistic approachis to calculate a statistically defined worst case risk by taking into account
the more complicated non-parallel shiftsinthe yield curve, i.e, the yield curve might flatten, steepen,
or invert.

If interest rates were to rise, then the portfolio would gainin value. The value of the portfolio at the
current yield of 6.75 percent is $43.764 million. Assume further that if interest rates fall by one basis
point from 6.75 percent to 6.74 percent, then the value of the short position falls to $43.744 million.
Accordingly, the sensitivity of the portfolio is the difference between the value at 6.75 percent and
6.74 percent, which represents aloss of $20,000 for the short position.

However, more sophisticated systemswould capture the effects of level and shape changesin the
curve. A full VaR measurement methodology encompasses more intricate types of risk, e.g., credit
spreads or vega-related option risk. This approach permits a consistent measurement of market risk

across all business units. 2

Senior management should adopt a credit risk measurement policy which callsfor measuring credit
risk for the loan book and off-balance-sheet derivative products according to an analytic approach
that is consistent with the approach implemented for market risk.

2.2.2—
Pricing and Valuation M ethodologies

Itis particularly vital that banks develop appropriate techniques to differentiate between transactions
where prices are transparent, and those where price discovery is more limited. For example, price
discovery can be limited in the case of long tenor or highly structured derivative transactions (e.g., a
10-year option on a 20-year swap). These instruments can only be valued using assumption-driven
methodologies, and thus require the use of mark-to-model risk control techniques.

The G-30 recommends that one should take the mid-market price of the trade, less the sum of the
expected credit loss and the future administrative costs, when valuing a perfectly matched derivative
transaction. Banks need to ask themselves whether their approach to estimating the expected credit
lossis "reasonable.” The G-30 also suggests additional adjustmentsfor close-out costs—i.e., the cost
of eliminating market risk at any given point—aswell asfor investing and funding costs.
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2.2.3—
Accounting for Portfolio Effects

Pricing risk at the transaction level, without considering portfolio effects across an entire
organization, tends to "price in" too much risk because it does not take into account portfolio effects.
On the other hand, pricing inrisk at the portfolio level is complicated.

If portfolio effects are taken into account, then one can cal culate the required economic capital for the
entire organization. Economic capital is attributed as afunction of risk, and is sometimesreferred to
asrisk capital. The economic capital required at higher organization levelsis less than the sum of the
economic capital across organizational unitsrequired at lower levels. Economic capital should be
compared across organizational levels and within each level (e.g., across products). A portfolio-based
risk measurement system that incorporates correlations between positions can assist an organization
in understanding itsrisk profile not only by counterparty, but for the organization as awhole.

A well-designed portfolio risk measurement approach enables one "to slice and dice” risk vertically
and horizontally across an organization to facilitate the pricing of risk.

23—
Best-Practice | nfrastructure

How important is risk infrastructure? Well, imagine a situation in which policies and methodol ogy
have been developed but where there is no infrastructure to make them work.

The first and most important component of infrastructure in afinancial services company is people
(Figure 3.5). Given the right environment and support, it is people who make everything else happen.
Best-practice risk measurement cannot be derived solely from complex analytical approaches:
judgment will always be a significant inpuit.

Likewise, ensuring the integrity of data provides an important competitive advantage, as data are
trandated into risk management information for both transaction makers and policy makers. Finally,
akey goal, critical to the successful management of risk, is to integrate risk management operations
and technology.

Increasingly, financial institutions are using sophisticated computer technology to accelerate their
efforts to establish best-practice risk management. The most important effects of this ac-
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celeration areincreasing competition, shortened time horizons for the development and distribution
of financial products, and the need to maintain arational and consistent risk management approach.

Typically, firms are faced with the problem of fragmentation in their existing systems. The systems
cannot easily communicate with each other—the "islands of automation” problem.

Many risk management systems are developed to perform unique functions, but in some cases the
functions overlap. This causes redundancy, expensive processing, and increased costs, as each system
must be supported separately. However, new technologies facilitate the development of firm-wide
risk management support applications. The implementation of an integrated risk management system
should enable a firm to maintain a competitive advantage by alowing the firm to monitor and
manage al of itsrisk on aglobal basis.
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24—
I ntegrated Goal-Congruent Risk Management Process

An integrated goal-congruent risk management process that puts all the elements together, as
illustrated in Figure 3.2, is the key that opens the door to an optimal firm-wide management of risk.
"Integrated” refersto the need to avoid a fragmented approach to risk management. Risk management
isonly asstrong as the weakest link. " Goal -congruent” refers to the need to ensure that policies and
methodol ogies are consistent with each other. One goal is to have an apple-to-apple risk measurement
scheme so that the bank can compare risk across all products and aggregate risk at any level.
Advanced analytical techniques combined with sophisticated computer technology open up new
value-added possibilities, asillustrated in Figure 3.6, for financial risk management.

The end product is a best-practice management of risk with actions that are consistent with business

strategy. Thisisa"onefirm, one view" approach, which also recognizes the specific risk dynamics of
each business.
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The key features of an effective risk management system are shown in Figure 3.7. An effective risk
management system needs to be able to generate the necessary risk management information on al
risks, perform specific analytical functions, and permit multi-tasking. Clearly, the bank also needs

well-designed back-up / retrieval capabilities. The system should allow for easy integration of new
applications and platforms, but balance this flexibility with the need for management control.

The panelsin Figure 3.8, which build on the featuresintroduced in Figure 3.7, imply that having a
first-class risk management system is a necessary condition for an optimal return-versus-risk profile.
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32—
I nformation Technology Architecture

The risk management system needs to be supported by an information technology (IT) architecture
that is employed in al of the company's information processing. The IT architectureis essentialy a
set of standards and guidelines (input from business principles) that should be adhered to by staff
when they make technological decisions.

The logic behind developing an IT architecture in terms of standards and guidelinesis ssimple. If
business principles drive the organizational requirementsfor technology (and if standardsand
guidelines are developed in support of the business principles), then it follows that technological
investments that adhere to these standards and guidelines will automatically support the business
principles. The IT architecture can be thought of as a collection of sub-architectures that support each
entity within the firm.

Banks have many business units, which are engaged in different activities and support different
products. The design of the IT infrastructure should optimize the exchange of information between
each entity within the firm. All should be operating within aunified IT framework.
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An "application architecture" establishes the technical, functional, and operational characteristics of
application systems (their construction and use). A "data architecture” (e.g., object-oriented) deals
with the establishment of an environment in which all information can be accessed and understood by
any associate of the firm. The "organization architecture" deals with the responsibilities and

interrel ationships necessary to ensure the comprehensive information interchange between parties.

A complete risk management system approach is not simply an aggregate of applications, data, and
organization; instead, it is born out of an IT vision. The IT design (Figure 3.9) clearly needs to take
into account the means by which key risk management information is gathered from the various
internal and external systemsinto arisk data warehouse. A key task is to organize the nec-
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essary risk management data (transmitted to the risk management system from multiple legacy
systems) into acommon format (data dictionary).

Furthermore, IT planning needs to take account of how key risk management information might
change over time. The information might be static (e.g., contractual details of atransaction such as
the coupon of a corporate bond) or dynamic (e.g., market information such as daily closing prices).
The IT platform and operating system should be designed such that they do not place constraints on
managers trying to obtain risk management data.

Attempting to calculate and manage risk on aglobal basis requires the centralized control of
algorithms and immediate access to large amounts of data. Risk management data include both
historical statistics and current risk characteristics, for each transaction in every portfolio.

Bank trading units are typically dispersed anong markets in multiple time zones. To centralize the
risk calculation, and provide immediate access to data, an organization must develop its1T
architecture from best-in-class database and communication technologies.

A distributed database approach is often used to distribute risk management data. Distributed
databases promote the distribution of data and decision making to regiona sites(e.g., New Y ork,
Toronto, London, Singapore, Hong Kong, and Tokyo). A distributed database enables an
organization to store data on the network wherever it is most economical, rather than on each remote
database server. An overseas office can request information on any financial instrument from other
sites. Distributed data technologies offer alow-cost solution to the problem of providing risk
management data for global risk-related decision making. Figure 3.10 illustrates a distributed
database technology with interconnected servers.

3.3—
Tiered Risk Management Systems

Trading institutions should select a suitable three-tiered risk management system to integrate their
front office, middle office, and back office. The middle office handles functions such as risk
management, monitoring key trades, pricing deals, etc. The back office
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Distributed Database Technology with Interconnected
Servers

performs routine functions such as recording the amount of interest paid, maintaining tax accounting
information, performing regulatory reporting, etc. New trading platform technologies are being
engineered and constructed to integrate the front and back offices with the middle office.

Managers in major institutions need to ensure that their enterprise-wide risk management computing
is capable of running on centrally located hardware (Figure 3.11a). The risk management database
(e.g., aUNIX-based database) must be able to store extracted data and to allow for interactive
unscheduled access or "interrupt functionality” (Figure 3.11b).

Also, the institution needs to establish an effective and integrated workgroup computing environment
(Figure 3.11c). The workgroup computing environment supports risk management end-users, policy
makers, and application developers.

Finally, the bank needs to ensure that the corporate networks connect all three risk management tiers
(Figure 3.12), so that risk management data can be exchanged. The corporate network connects all the
tiers by allowing software and data to be easily transferred through the network. Multiple users at
different organizational levels should have easy access to risk software applications,
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data, and reports. Advanced risk management software—e.g., object-oriented programming
languages (such as C++)—facilitates ambitious integration projects.

The risk management system should be designed to support the transport and integration of risk
information from avariety of technology platforms, aswell asfrom multiple internal and external
legacy systems around the world. The risk management infrastructure is similar to a highway system
in that it enables these legacy systemsto transport information without the bank having to
continuously build new roads for its data.

The bank'srisk data warehouse should be populated daily with transaction and market information.
The transaction information should also be reconciled daily to ensure that market risk is reported
accurately. The risk data warehouse should also store atime series of market datain itsfinancia
database.

Risk reports should be generated daily by an analytic engine that has been designed by the bank's risk
management function. The analytic engine should be built with aflexible architecture to
accommodate advanced risk measures. As awhole the system should be able to: (1) develop and
distribute financial instruments
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quickly; (2) aggregate risks across the institution; and (3) supply transaction personnel with
information on limits, aswell as RAROC expectations.

A major challenge is to integrate existing risk management systems with new platform technologies.
Financia institutionswill likely have to make substantial and significant investmentsin their
computer technology in order to provide their clients, risk takers, and risk managers with the speed
and analytics necessary to monitor and perform risk management.

4—
Risk Authoritiesand Risk Control

We begin this section with the issue of risk management roles and responsibilities. Second, we
describe standards for risk authorities and how these risk authorities should be monitored. Third, we
provide standards for limit design. Fourth, we provide standards for risk monitoring. Finally, we
briefly discussthe role of abank's audit function.

41—
Roles and Responsibilities

Market risk roles and responsibilities should be understood at all levels of the bank. An independent
market risk management function should develop risk policy, and monitor adherence to such policy.
A knowledgeable internal audit function should provide an in-depth assessment of internal risk
management controls, including controls over the risk management function.

Best-practice corporate governance demands that a subcommittee of the board of directors (say, arisk
management and conduct review committee) reviews and approves risk management policies at least
once ayear. A senior operating policy committee (say, an asset/liability management committee)
should be responsible for determining the extent of financial risk to be accepted by the bank asa
whole.

The asset/liability management committee (ALCO) is typically responsible for establishing,
documenting, and enforcing all policesthat involve market risk, such asliquidity, interest rate, and
foreign exchange risk. ALCO is also responsible for the delegation of market risk limits to the
president and chief risk officer (CRO)
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of the bank. ALCO should also ensure that the bank's infrastructure can support the bank's market
risk management objectives.

The chief risk officer is responsible for risk management strategy, policies, methodologies, and
overall governance. ALCO delegates to the chief risk officer the authority to make day-to-day
decisions on its behalf, including the authority to extend business unit mandates beyond their annual
renewa date until it is convenient for ALCO to review them, and to approve excesses of limits
provided that these do not breach overall risk limits approved by the board (i.e., the risk management
and conduct review committee of the board).

A business-level risk committee should be responsible for ensuring that the desired risk/reward trade-
offs are successfully managed. The committee should manage design issues that set out how risk will
be managed, reflecting the agreed relationship between the business and the bank's risk management
function. The committee should also approve policies applicable to the appropriate measurement and
management of risk, and provide adetailed review of risk limits for trading and credit authorities.

Managers are necessarily dependent upon each other when they try to manage risk in abank (Figure
3.13). Senior management approves business plans and targets, sets risk tolerances, establishes
policy, and ensures that performance targets are met. Trading-room managers establish and manage
risk exposures. Trading-room managers also ensure timely, accurate, and complete deal capture and
sign off on the official profit and loss (P&L) statement.

The bank's operations function independently books trades, settles trades, and reconciles front- and
back-office positions. Operations staff also prepare the daily P&L report. Operations staff are also
responsible for providing an independent mark-to-market of the bank's positions, and support the
operational needs of the various businesses.

The finance function devel ops valuation and finance policy, and ensures the integrity of P&L—
including reviews of any independent valuation processes. Finance also manages the business
planning process, and supports the financial needs of the various businesses.

Meanwhile, the risk management function develops risk policies, monitors compliance to limits,
manages the AL CO process, vets models and spreadsheets, and provides an independent view



on risk. The function also supports the risk management needs of the various businesses.
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It is best practice for institutions to write down the policies and procedures that govern their trading
activities. These policies
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include how abank approves new products aswell as how it establishes market risk limits. The
standards should cover the nature of any formal reviews of market risk exposures, aswell asthe
analytic methodology used to calculate the bank's market risk exposures. The standards should also
establish procedures for approving limit exceptions.

421—
Business Unit Mandate

The process for developing and renewing authorities should be explicit. For example, business unit
mandates should expire one year after they are approved by ALCO. The senior risk officer may
approve an extension of an authority beyond one year, to accommodate ALCO's schedule.

A balance must be struck between ensuring that a business has the limits set high enough to allow it
to meet its business goal's, and the maintenance of overall risk standards (including ensuring that
limits can be properly monitored). Key infrastructure and corporate governance groups must be
consulted when preparing a business unit's mandate.

The format for obtaining approval of abusiness unit mandate should be standardized. First, the
manager seeking approval should provide an overview and restate the key decisions that need to be
taken (asrequested by the senior policy committee).

Second, the manager should bring everyone up to date about the business, e.g., key achievements,
risk profile, and a description of any new products (or activities) that may affect the risk profile.

Third, the manager should outline future initiatives.

Fourth, proposed risk limits should be put forward. The report should note the historical degree of
use of any current limits, aswell as current and proposed limits. It should analyze the impact of any
full use of limits on liquidity and capital.

Fifth, the report should describe the operational risks that the business unit is exposed to. Thiswould
include the impact of any finance, legal, compliance, and tax issues.

4.2.2—
Delegation Processfor Risk Authorities

The risk management and conduct review committee of the board should approve the bank's risk
appetite each year and delegate authority to the chief executive officer of the bank as chair of ALCO.
AL CO should approve each business unit mandate (say, annually).
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ALCO also approves the impact of each mandate in terms of the market risk appetite of the bank and, in
turn, delegates market risk authority to a business-driven risk committee.

The risk committee provides a detailed review and approval (say, annually) of each business unit mandate.
The committee a so approves the impact of each mandate in terms of the respective risk limits, and
delegates these limits to a chief risk officer. The chief risk officer is responsible for independently
monitoring the limits—and may well order that positions be reduced, or closed out because of concerns
about market, credit, or operational risks. The chief risk officer aso delegates some responsibilities to the
head of global trading.

The head of global trading is responsible for risk and performance of al trading activities, and in turn
delegates the management of limits to the business manager. The business manager is responsible for the
risk management and performance of the business and, in turn, delegates limits to the bank's traders. This
delegation process is summarized in Figure 3.14.
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Figure3.14
Delegation Process for Market Risk Authorities
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43—
Standards for Limit Design

What is the best way of designing the various risk limits? Market risk should be measured using a
VaR-style risk measure that is based on a common confidence interval and on an appropriate time
horizon. Market risk limits should control the risk that arises from changesin the absolute price (or
rate), aswell as changesin delta, gamma, volatility (vega), time decay (theta), basis, correlation,
discount rate (rho), and so on. Policies should aso be set out regarding exposure to liquidity risk,
especialy in the case of illiquid products. Banks should aso include limits related to stress events
and scenario analyses, to make sure the bank can survive extreme volatility in the markets.

Institutions should employ bothtier | and tier Il limits. Tier I limits should include asingle overall
VaR limit for each asset class (e.g., asingle limit for foreign exchange products), aswell asasingle
overall stress test limit and a cumulative loss from peak limits.

Tier 11 limits should include authorized markets/currencies/instruments, and concentration limits
(e.g., by maturity, region, etc.). All risk limits should be consistent with the standardsfor risk limits
proposed by the risk management function, and approved by the risk committee. Limits should

bal ance the needs of the business to meet its financial targets with arealistic assessment of the use of
past limits. Thetier | limits should generally be set at alevel such that the business, in the normal
course of its activities, has exposures of about 40 percent to 60 percent of itslimit (in normal
markets). Peak usage of limits, in normal markets, should generate exposures of perhaps 85 percent
of the limit.

The actual and proposed limits should be based on an evaluation of the bank's tolerancefor risk, as
well asthe risk management function's ability to provide timely and accurate reporting on relevant
risks, and the historical usage of risk limits.

A consistent limit structure helps a bank to consolidate risk across its various trading floors. With a
common language of risk, tier Il limits become fungible across business lines. Nevertheless, such
transfers would require the joint approval of the head of trading and the chief risk officer.
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4.4—
Standards for Monitoring Risk

How should a bank monitor its market risk limits? Firstly, al positions should be marked-to-market
daily. All the assumptions used in models to price transactions and to value positions should be
independently verified. Daily profit and loss statements should be prepared by unitsthat are
independent of traders, and provided to (nontrading) senior management.

There should be timely and meaningful reports to measure compliance to policy and to trading limits.
There should be atimely escalation procedure for any limit exceptions or transgressions, i.e., it
should be clear what a manager must do if his or her subordinates breach limits.

The variance between the actual volatility of the value of a portfolio, and that predicted by means of
the bank's market risk methodology, should be evaluated. Stress simulations should be executed to
determine the impact of market changes on P&L.

Dataused in limit monitoring must conform to a set of standards. First, the source of data must be
independent of the front office. Second, the data need to be reconciled to the official books of the
bank in order to ensure itsintegrity. Third, data feeds must be consolidated. Fourth, the data format
must allow risk to be properly measured; e.g., it might employ the VaR methodol ogy.

The bank must distinguish between data used for monitoring tier | limits—where data must be
independent of traders—and data used to supply other kinds of management information. For other
types of analysis, where timeliness is the key requirement, risk managers may be forced to use front-
office systems as the most appropriate sources. Real-time risk measurement, such asthat used to
monitor intraday exposures, may simply have to be derived from front-office systems.

Business units should advise the risk management function before an excess occurs. For example,
there might be an alert when an exposure is at, say, 85 percent of the tier | or tier Il limit. The chief
risk officer, jointly with the head of business, might petition ALCO for atier | excess, in which case
the business risk committee should be notified. If risk management is advised of a planned excess,
then it should be more likely that an excess will be approved.
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Figure 3.15
Limited Excess Escalation Procedure

What happensif the limit is breached? Risk management, asillustrated in Figure 3.15, should
immediately put any excess on adaily tier | or tier 11 exception report, with an appropriate
explanation and a plan of action to cope with the tier | excess. The chief risk officer may authorize
the use of areserve.

Tier | excesses must be cleared or corrected immediately. Tier 11 excesses should be cleared or
approved within arelatively short time frame of, say, aweek.

Risk management should report all limit excesses on an exception report, which might be tabled at a
daily trading-room meeting and which should distinguish between tier | and tier 1l limits. No
manager should have the power to exclude excesses from the daily excess report.
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45—
Role of Audit

A key role of audit is to provide an independent assessment of the design and implementation of the
risk management process. Thisincludes examining the process surrounding the building of risk
models, the adequacy and reliability of the risk management systems, and, especialy, compliance
with regulatory guidelines.

45.1—
Scope of Work

Audit should provide overall assurance on the adequacy of the risk management processes. A key
audit objective should be to evaluate the design and conceptual soundness of both the VaR measures
(including the methodol ogies associated with stress testing) and the back-testing of these VaR
measures.

Audit should also evaluate the soundness of elements of the risk management information system—
the risk MIS—such as the processes used for coding and implementation of internal models. This
should include examining controls over market position data capture, aswell as controls over the
parameter estimation processes.

For example, audit responsibilities often include providing assurance on the design and conceptual
soundness of the financial rates database that is used to generate parameters entered into the VaR
analytic engine. Audit also reviews the adequacy and effectiveness of the processes for monitoring
risk, the progress in plans to upgrade risk management systems, the adequacy and effectiveness of
application controls within the risk MIS, and the reliability of the vetting processes.

Audit should a so examine the documentation relating to compliance with the qualitative/quantitative
criteriaoutlined in regulatory guidelines. Audit should comment on the reliability of the value-at-risk
reporting framework.

452—
Regulatory Expectations

Regulatory guidelines typically call for internal audit groups to review the overall risk management
process. This means addressing the adequacy of documentation, the effectiveness of the process, the
integrity of the risk management system, the integration of risk measuresinto daily risk management,
and so on.

Regulatory guidelines typically also call for auditors to address the approval process for vetting risk
pricing models and val-
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uation systems used by front- and back-office personnel, the validation of any significant changein
the risk measurement process, and the scope of risks captured by the risk measurement models.
Regulators also require that internal auditors examine the integrity of the management information
system and the accuracy and completeness of position data.

Audit should verify the consistency, timeliness, and reliability of data sources used to run internal
models, including the independence of such data sources. One important duty is to examine the
accuracy and appropriateness of volatility and correlation assumptions, aswell as the accuracy of the
valuation and risk transformation calculations. Internal auditors should verify the accuracy of models
through an examination of the back-testing process. Finally, audit should avoid providing measures
of risk (e.g., operational risk), astheir role of auditing the key precesses would be compromised.

453—
Statement of Audit Findings

If all iswell from arisk management perspective, then audit should state that adequate processes
exist for providing reliable risk control and to ensure compliance with local regulatory criteria (e.g.,
the 1998 BIS Capital Accord).

For example, the audit group's conclusion might be that (1) the risk control unit is independent of the
business units; (2) the internal risk models are utilized by business management; and (3) the bank's
risk measurement model captures all material risks.

Further, if al iswell then the audit group should state that adequate and effective processes exist (4)
for risk pricing models and valuation systems used by front- and back-office personnel; (5) for
documenting the risk management systems and processes; (6) for validation of any significant change
in the risk measurement process; (7) for ensuring the integrity of the risk management information
system; (8) for the position data capture (and that any positions that are not captured do not materially
affect risk reporting); (9) for the verification of the consistency, timeliness, and reliability of data
sources used to run internal models, and that the data sources are independent; (10) for ensuring the
accuracy and appropriateness of volatility and correlation assumptions; (11) for ensuring the accuracy
of the valuation and risk transformation
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calculations,; and (12) for the verification of the model's accuracy through frequent back-testing.

5
Establishing Risk Limitsfor Gap and Liquidity M anagement

Asset/liability management (ALM) can be defined as a structured decision-making process for
matching and mismatching the mix of assets and liabilities in a bank. The aim of the processisto
maximize the net worth of the bank's portfolio while assuming reasonable amounts of gap and
liquidity risk.

Simply stated, the key objectives are:

* To stabilize net interest income (accounting earnings)
» To maximize shareholder wealth (economic earnings)
» To manage liquidity

Gap market risk arises from directional risk (mismatch risk of the interest rate sensitivity of abank's
assets and liabilities), spread risk, and any options risk embedded in the gap.

The amount of gap market risk relates to the extent to which net interest income and price changes are
afunction of achange in rates. Liquidity risk refersto the risk that the bank might not be able to
generate sufficient cash flow to meet its financial obligations.

Asset/liability management involves the deliberate mismatching of abank's assets and liabilitiesin
terms of their maturity and repricing characteristics. For example, instead of waiting for new
deposits, it is standard practice for banks to make long-term corporate loans by borrowing short-term
wholesale money. Theidea is to add to the bank's profits while assuming a reasonable amount of
risk.

A principal source of gap market risk arises from "riding the yield curve." For example, gap "carry
profits" can be created by carrying a bank asset "further out" on a positively sloped yield curve than
the associated bank liability. Positive gaps are created when a bank possesses more assetsin a
specific maturity bucket than it possesses liabilities. A negative gap in a short-maturity bucket will
benefit from afall in rates, while a positive gap in a short-maturity bucket will benefit from rising
rates. Gap carry profits arelocked in until the first liability repricing date.
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51—
Gap Market Risk

Gap market risk can be viewed from two distinct perspectives: accounting and economic. The former
focuses on the impact of changing interest rates on reported net interest income. Specifically, earnings
risk in the near term can be observed through the income statement and through the quality of the
balance sheet.

The economic perspective |ooks at the impact of changing interest rates on the market value of a
portfolio. In other words, the focus is on the risk to the net worth of the bank that arisesfrom all the
bank's interest-sensitive positions. Generally, the economic risk cannot be observed by monitoring
accounting flows.

In a stableinterest rate environment, the accounting (or book value) perspective of abank's position
is similar to the economic (or market value) perspective. Thisis because there is little movement in
the market value of the bank's positions, or its net interest income. The situation is quite differentina
volatile interest rate environment. Net interest incomeis at risk due to the interest rate mismatch
embedded in any gap in the bank's portfolio of positions. From an economic perspective, the capital
(i.e., market value) of the bank changes substantially asinterest ratesfall or rise, reflecting the present
value of expected future cashflows.

52—
Measuring Gap Market Risk

The techniques used to measure gap market risk range from relatively simple and static gap analysis,
through duration analysis, to sophisticated VaR-type approaches.

A static gap analysis examinesthe nominal amount of the tactical and strategic gaps in the bank's
overall position, and determines if these are appropriate in terms of perceived reward/risk. The
"tactical gap" typically represents the combined gap position within one year. The "strategic gap"”
represents the combined gap position beyond one year. The " contractual gap” refersto the net gap
position for assets and liabilities that have defined maturity dates. It is often difficult to determine
maturity for noncontractual balances. For example, "core balances" typically refer to the stable
portion of nonmaturity balances that are projected to remain on the balance sheet of the bank for an
extended period of time.
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One can calculate gap risk management units (RMUSs) in asimilar way to the RMU calculation for a
trading book. For example, assume that the bank's balance-sheet position consists of athree-month
eurodollar-based liability and a six-month eurodollar-based asset (a liability-sensitive balance sheet).

Here, the risk manager can think of the gap market risk as having the equivalent market risk to that of
any hedging portfolio that might be used to hedge away the gap. For example, one might hedge the
unmatched portion of a three-month asset starting three months from the present, by buying a3 [ 6
forward rate agreement. Accordingly, the gap RMU of this position can be viewed as the worst case
change in value for thisforward rate agreement.

53—
Transfer Pricing Rulesfor Match-Funding a Unit

Banks need to develop a best-practice transfer pricing system (TPS) in order to properly characterize
the gap market risk. A TPS alows the risk to be managed by, say, the corporate treasury function.
There is no singleright answer for building a best-practice TPS. Nevertheless, certain properties of a
TPS are more optimal than others.

Specifically, the bank will need to establish transfer pricing rates (TPRs) for avariety of complex
products: indeterminate maturities (e.g., demand deposits), options features (e.g., consumer loans
with caps), basisrisk (e.g., prime-based |oans), etc.

A TPS should have a clear statement of purpose, e.g., "to decentralize decision making." Business
units should not, on the whole, concern themselves with funding issues. The TPS can be used to
measure the net interest contribution of a business, based on factorsthat are within its control and
against a single standard.

The TPS should be consistent with afinancial institution's business objectives and risk management
practices. It must be credible, comprehensible, practical—and fully embraced by senior management.

Neither regulators nor practitioner working groups have provided any position papers that serve to
define a best-practice TPS. Figure 3.16 attemptsto fill this gap: It is a schematic representation of the
ten commandments of transfer pricing. The commandments are also tabulated in Box 3.1.
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Schematic Representation of the Ten Commandments

Starting with the upper right-hand corner of the figure, observe that a best-practice TPS provides business

units with automatic protection from both directional risk (commandment 1) and major options risk

(commandment I1), but does not provide protection against credit risk or volume risk. The TPS does not
automatically provide protection against spread risk (commandment I11), unless that risk is hedgeable. TPS
best practiceis based on marginal pricing (commandment V) as opposed to average pricing.

Further, a TPS should not confuse liquidity pricing issues with transfer pricing issues. In other words,
liquidity credit/charges are kept outside of the TPS (commandment V). A best-practice TPS is designed to
reflect the profitability that can be achieved by the institution (commandment V1) and is impervious to
arbitrage (commandment VI1I). A well-designed TPS is global in scope (commandment VI11), and is based
on the ingtitution's specific—i.e., inclusive of country-specific dynamics—yield curve (commandment 1X).
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BOX 3.1
THE TEN COMMANDMENTS OF TRANSFER PRICING

I. Units shall be protected from directional risk.
I1. Units shall be protected from significant options risk.

[11. Units shall not be protected from basis (spread) risk, unless the risk is hedgeable and the units pay for the hedge based on current
market rates and for an agreed volume.

V. The transfer pricing rate (TPR) will be based on minimizing spread volatility, while striving to price at the margin.
V. The transfer pricing (TP) rules for match-funding a unit shall be determined by interest rate sensitivity.

V1. Thetransfer pricing system (TPS) shall reflect the profitability that can be achieved by the institution.

VII. The TPS shall be imperviousto arbitrage.

VIII. The TPS shall be global in scope.

I X. The TPS shall be institution and country specific.

X. The TPR shall be determined solely by the true economics of the transaction and the TPS shall be explicit, consistent, and goal-
congruent.

Most importantly, awell-designed TPS reflects true economic values (commandment X).

The TPS should be reviewed periodically, and be consistent with other measurement systems (e.g., liquidity pricing system). Finally, a best-
practice TPSisinternally consistent and should not be used to send directional signals; neither should the rules be changed in an attempt to
mitigate the sins of the past.

54—
Liquidity Risk Measurement

One should not confuse interest rate sensitivity with liquidity risk. Interest rate sensitivity is determined by the frequency of the repricing of
an instrument. In contrast, it is the contractual maturity of an item that determines whether it contributesto aliquidity gap.

For example, athree-year fixed-rate loan has an interest rate sensitivity of three years, and aliquidity maturity of three years.
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A variable-rate, three-year loan priced off six-month Libor has an interest rate sensitivity of six
months, and a liquidity maturity of three years.

A business unit'simpact on institutional liquidity can be characterized by means of aliquidity
measurement system. Thismust be "directionally correct”; aliability-gathering unit should be
credited for supplying liquidity, and an asset-generating unit should be charged for using liquidity.

For example, Table 3.1 illustrates a spectrum of funding sources and indicates that a bank might
assign a higher liquidity credit for "stable funds” than for "hot funds." "Hot funds" are funds that are
supplied by depositors (e.g., dealers) and could be quickly removed from the bank in the event of a
crisis. Table 3.1 ranks the sources of funds in terms of their liquidity.

One can illustrate the key features of a best-practice liquidity quantification scheme through a
simplified version of aliquidity ranking process. The liquidity ranking process should enable the
bank to quantify credits and charges, depending on the degree to which abusiness unit is a net
supplier or net user of liquidity.

Liquidity can be quantified using a symmetrical scale. Such scales help managers to compute a
business unit's liquidity score more objectively, through aranking and weighting process.

Table3.1
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A guantification scheme such as this also helps the bank to determine the amount of liquidity in the system, and to
set targets in terms of a desirable and quantifiable level of liquidity.

The liquidity rank (LR) attributed to a product is determined by multiplying the dollar amount of the product by its
rank. For example, if business unit XY Z is both a supplier and auser of liquidity, then anet liquidity calculation
needs to be made. Looking at Table 3.2, if we assume that business unit XY Z supplied $10 million of the most
stable liquidity, $3 million of the next most stable, and so on, then atotal credit of 94 (10x 5+4x 3+3x6+2x 5
+ 1 x 4 =94) would be assigned.

Similarly, if we assume in our example that business unit XY Z used $10 million of the most expensive liquidity, $3
million of the next most expensive, and so on, then atotal chargeof -100 (4% 1+8x 2+6%x 3+3x 4+ 10x 5=
100) would be assigned. The net result of the two calculationsis aliquidity rank of minus $6 million.

The LR approach is simply a heuristic tool that helps managers to control the liquidity profile of their financial
institution.

TABLE 3.2
Liquidity Rank Measurement Units
BusinessUnit XYZ's
Net Liquidity Rank Measurement Units
Liquidity Suppliers Liquidity Users
Rank Score Amount (SMM) Rank Score Amount (M M)
+5 $10 -1 $4
+4 $3 —2 £
+3 $6 -3 $6
+2 $5 —4 $3
+1 $4 -5 $10
Tota 94 Total -100

Net —6 (= 94 —100)
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The next step is to charge each business unit for the liquidity risk that it generates.

6—
Conclusion:
Stepsto Success

In the past, financia institutions have treated each type of risk separately. This approach has been
undermined by the increasing complexity of products, linkages between markets, and the growing
importance of portfolio effects. Today, the profitability of afinancial institution depends on its ability
to price risk and to hedge its global exposure.

How can the ideas that we have introduced in this chapter be turned into reality? One of the first
stepsistotailor the vision by identifying user and business needs, and by defining objectives,
deliverables, and benefits. One must aso obtain the commitment of top management, and gain
sponsorship at the board level.

Second, the bank needs to agree on its risk management policy. For example, senior management
must approve a clear notion of how the institution defines a"worst case risk."

Third, the bank needs to agree on the risk measurement methodol ogies, for example, how to define
risk interms of VaR. A best-practice VaR system can be applied to gain both a defensive advantage
and an offensive advantage. Defensive advantages include providing risk control for shareholders and
senior management. Offensive advantages include utilizing VaR asabasis for capital attribution as
well asimproving the bank's return-to-risk ratio. The bank can useits VaR methodology to mine the
risk management database for trade opportunities.

Next, the managers of the bank need to agree on their organizational infrastructure. How should the
risk management function be organized to best manage the bank's risks?

A key to designing an efficient organization is to ensure that the roles and responsibilities of each risk
unit are carefully spelled out and remain complementary to one another. A detailed breakout of
typical responsibilities within trading market risk, trading credit risk, and risk analyticsis shown in
Figure 3.17.

Trading-Room market risk (TRMR) management and trading-room credit risk (TRCR) units have a
responsibility to work with risk analytics and risk MISinrolling out price risk reporting systems. The
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Figure 3.17
MRM Organization

TRMR and TRCR units approve deals and monitor risks. The risk analytics unit typically develops
the mathematics required in the implementation of market VaR and credit VaR methodologies. The
anayticsfunction also vets all the modelsthat are developed by dealers; develops robust, accurate,

and computationally efficient models to price and hedge complex securities, and conducts research.

Each of the units gearsitsinfrastructure to satisfy specific objectives. For example, each morning the
head of TRMR might chair a meeting of senior managers and global dealersin order to review and
debate (in light of, say, current market conditions) the previous end-of-day market risk exposures.

For the rest of the trading day, the head of TRMR would keep abreast of ongoing developments and
changes in market risk exposures—following markets and talking to traders. The head of TRMR is
likely to sit on the trading floor alongside the chief dealers.

The TRMR unit itself might well be divided into distinct, but related, groups, for example, apolicy
group responsible for devel-
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oping risk management methods and standards, an operating group charged with continuously
monitoring the firm's market risk exposures, and athird group of market risk managers who cover
specific regions (e.g., Asia, Europe, North America, South America) or products (e.g., commodity
derivatives, high-yield securities). Product specialists within TRMR might provide direct risk
management support to each product manager.

Similarly, the TRCR unit infrastructure must be geared to its aims. One of these might be to shrink to
aminimum the time between an idea occurring in atrader's head to the credit approval of the trade.

Fifth, as discussed earlier in this chapter, banks need to build afirst classrisk MIS system.

Sixth, the bank should encourage businesses to use the risk infrastructure as both a tactical
management and strategic planning tool. Risk information is acritical component of a globally
integrated bank.

Seventh, set clear short-term and regular deliverables. For example, every three months the risk
management function might aim to roll out upgradesto the risk management system—to include
another product or another location or to encompass another legacy system. One should build one
small subset of the risk management system at a time, and enhan