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“For bank managers, risk managers, and students of financial risk management in banking,
this indispensable guide provides a comprehensive coverage of all related topics, from balance
sheet management to market and credit models. The text groups all that they need to know to
understand the techniques, the practices and the main models, to navigate by themselves in the
ever-evolving and highly technical literature on risks, and towards further specialisations as
needed. There is so much one can talk about, that many authors have a narrow and specialized
approach, which does not help readers to appreciate the full scope of the field. On the other
hand, this book stays focused on risk management while addressing all angles of the field. The
book is an extremely valuable contribution to the knowledge of risk management.”
Christian Jimenez, Regional Director, PRMIA Paris

“This comprehensive volume is ideal for finance professionals who aspire to deepen their
knowledge of risk management in the banking sector. In an ever ever-changing environment of
financial services, this entirely revised edition provides the keys to the sophistication and the
technicalities of risk management techniques and models. With a combination of intellectual
rigor and pragmatic application, the text integrates concisely a wide body of work, avoiding
the narrower approaches of specialists. Overall, Jo¢l Bessis offers a balanced, extensive
vet relevant coverage of the far-reaching expertise needed to control and supervise risks in
financial institutions.”

Elie Heriard-Dubreuil, Senior Director, Global Supranationals,

Sovereign Ratings, Standard & Poor’s Rating Services

“Understanding how banking firms operate and how risk models are designed and
implemented has now become central in modern finance. This book provides a concise
overview of these topics and combines analytical rigor with relevance and practices inspired
by the academic and professional experiences of the author. A must-read for all students and
practitioners who need to have a practical knowledge of how risk management is conducted
and will evolve in banking.”

Christophe Perignon, Associate Professor of Finance, HEC Paris

“The author’s balanced profile, combining academic background with the experience of
professional life, shows up in the ‘how to’ approach for implementing models, techniques and
processes, accessible to non-specialists, in the real world. A truly fantastic book and an
enduring and worthy part of the financial markets literature.”
Professor Moorad Choudhry, Department of Mathematical Sciences,
Brunel University, and former Treasurer,
Corporate Banking Division, Royal Bank of Scotland

“In a context where banking firms face new challenges of risk management and risk regulations,
which have a direct influence of how banks develop, it is more important than ever that all
professionals, bank managers and risk managers alike, have a comprehensive view of the
diversity of risk management contributions, from asset-liability management to banks systems
and risk models. This concise and applied coverage of risk management in banks will enable
professionals to effectively to master the technicalities of the field and form educated judgments
on what risk managers and risk engineers do, which impacts their own roles.”
Patrick Legland, Global Head of Research and Member of
Global Capital Markets Executive Committee, Société Générale
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Foreword

It is a truism that while every financial crisis is different, errors made in risk management in
banking are timeless. I remember well reading an article from 1994, published by the Federal
Reserve Bank of Minneapolis, that highlighted mistakes made by both large and small banks in
the US banking crisis of 1980-81. Every single one of the recommendations made by the
authors of that paper would have been relevant and applicable to banks that crashed in
2008-09. An ineffective risk management framework, coupled with an aggressive asset
origination policy, will always combine to bring badly-run banks down the next time there
is an economic downturn. Sound principles of risk management are vital at all times,
throughout the cycle. In essence, they are timeless.

This book is timeless. I have been familiar with it since it was first published, and have been
its biggest fan ever since. It is great to see it being issued now in its 4th edition. It is one of those
rare books that combines the rigor of a sound, balanced academic approach, essential if one is to
operate in finance without emotion and with logic, with the accessibility and real-world
relevance that is an imperative for the practitioner. It is a genuine “handbook”, one can read it
and apply its principles right away in just about every type of banking institution in the world,
and that bank would be better off as a result.

Every single chapter in the book is worthy of study. I am very enthusiastic about the chapters
on ALM gap and hedging. The author places everything in context, and ties in market risk and
banking book risk, together with credit risk — a rare, combined approach that plays to my own
strong belief about how risk management in banks should be governed by the Asset-Liability
Committee (ALCO). Balance sheet risk needs one oversight body that operates with board
authority, and as the balance sheet is impacted by ALM, market and credit risk together, it
makes sense to view these from the ALCO table.

As ayoung man [ used to play the bass guitar. Being asked to write this Foreword is a bit like
being asked by Paul McCartney to play bass on his next album, it is that much of a privilege!
Professor Bessis has made a fantastic and most worthwhile contribution to the financial
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economics literature with this book, right from its first edition, and I am lucky to have had a
copy on the desk with me ever since it was first published. I do hope that this exciting and
interesting new edition makes balance sheet risk in banking something that is more mainstream
at the board level, and furthermore spurs readers on to their own research and investigation — if
they follow the application and dedication evident in this work, they will not be going far
wrong.

Professor Moorad Choudhry

Department of Mathematical Sciences

Brunel University

Former Treasurer, Corporate Banking Division,
Royal Bank of Scotland

November 2014



Preface

Risk management in banks became, and remained, a hot topic after the financial crisis.
Addressing risk management in this context is challenging given that the magnitude of the
crisis suggests that risk management was inefficient, that risk models were inadequate and that
regulations failed to meet their goal of avoiding a major crisis. Indeed, it is ironic that the crisis
started when the new Basel 2 regulations were enforced.

Risk management has made considerable progress, however, as the practices became more
sophisticated and as the regulations put pressure on enhancing the resilience of banking firms. It
has become a core management field in banking with a large concentration of resources
dedicated to better identify, assess and control risks.

The book addresses risk management in three main core sections dedicated, respectively, to
asset-liability management, market risk and credit risk. It has been largely inspired from the
observation of gaps in the knowledge of the field of risk management in banks.

In business schools and other graduate programs, students are comfortable with corporate
finance and capital markets, but much less so with the finance of financial firms. The financial
management of banks has not much to do with the corporate finance of commercial and
industrial firms. Still many would like to better understand the inside mechanisms of banks and
many aim at developing themselves in banking careers. These students of finance do not need
standard finance, but rather be acquainted with the specifics of the financial management of
banks and the technicalities of risk management. This book is designed to address these needs.

Many professionals in banks perceive themselves as specialists of their own fields and feel
that they need more background, conceptual and practical, on the expanding core area of risks.
Furthermore, the usage of risk models remained in the hands of a relatively small group of
“quants”. Experts are embedded in banks, but being embedded does not imply that expertise is
shared. The financial literature is broad, specialized and often highly technical in the field of
risks. For those professionals of finance who are not model specialists, navigating through the
variety of contributions is a challenge. This text is designed to provide a balanced background
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in risk techniques. The main risk models are introduced through a number of examples that
should shed some light where more theoretical texts cannot help.

The volume of literature on market risk and credit risk has grown considerably, but less so in
the field of asset-liability management, of which coverage is relatively limited, notably for non-
specialists of banks. However, asset-liability management is a core function in banking. It
concentrates the financial issues of banks and the attention of regulators who impose new rules
on the balance sheet structure of banks. The text provides the minimum background on the area
that all students or managers interested in banking should be acquainted with.

In short, this text is designed to address all that is needed to know for students and
practitioners to be comfortable with the field and able to navigate further in related areas by
themselves, but not more.

This edition has been streamlined compared to previous editions, with a focus entirely on
financial issues, and technical developments have been reduced to the minimum for making the
text self-contained. Many of my former colleagues and professionals with whom I have had the
chance of working in the risk departments of banks have contributed to this text as they shared
their experience. All participants in risk management seminars have also helped by raising
many excellent and challenging questions, which allowed to refine the approach of the book.
They all deserve many thanks for the enrichments that they inspired to this text.

Joél Bessis
Professor of Finance at HEC Paris
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Risks and Risk Management

For risk managers and regulators of banks, risk refers to the uncertainty of outcomes and to the
negative consequences that it may have on a firm, and both aim at enhancing the resiliency of
firms to adverse situations. As a result of their efforts, risks became better identified, assessed
and monitored, risk practices improved and risk models became more widespread. Today, risk
management has become a core central function for financial firms, banks, funds and insurance
companies.

This introductory chapter presents the definitions of financial risks in banking and introduces
typical organizations of the risk management function in banks, defining who should be
accountable for risk controlling and processes.

Contents

1.1 Uncertainty, Risk and Exposure to Risk

1.2 Broad Classes of Financial Risk

1.3 Business Lines in Banking

1.4 Banking Regulations and Accounting Standards
1.5 Risk Management
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1. UNCERTAINTY, RISK AND EXPOSURE TO RISK

Risk has been defined in various ways across time. Some definitions focus on the probability of
an event, others refer to the uncertainty of outcomes, positive or negative, and others to risks as
the subset of uncertainty that can be quantified.’

1 Knight, F. H. (1921), Risk, Uncertainty and Profit, New York.
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Risk in finance is defined as the randomness of the return of investments, including both
positive and negative outcomes. Under this view, a greater expected return is associated with a
greater variability of outcomes.

In the financial industry, the view of risk is different. Risk is defined by the uncertainty
that has adverse consequences on earnings or wealth, or the uncertainty associated
with negative outcomes only. This view is that of regulators and risk managers. Regula-
tions aim at enhancing the resiliency of financial firms and of the financial system in
stressed conditions. Risk managers see their role as being accountable for identifying,
assessing and controlling the likelihood and the consequences of adverse events for
the firm.

Under this view, risk is seen as the potential of loss resulting from the interaction with
uncertainty. The interaction arises from the exposure of financial firms to such randomness.
Exposure is the extent to which a business could be affected by certain factors that may have a
negative impact on earnings. For example, exposure to foreign exchange rate is the size of
revenues in foreign currency; exposure to interest rates can be measured by the size of debt
indexed on market rates.

The uncertainty cannot be eliminated but the exposure to uncertainty can be changed.
Examples are numerous. A firm having revenues in foreign currency can borrow in the same
foreign currency to minimize the earning impact of foreign exchange rate fluctuations. A firm
lending floating rate can reduce the fluctuations of net interest income, the interest revenue
minus interest cost, etc., by borrowing floating rate.

Exposures can be long or short. Being long is the conventional practice for investing in
assets or portfolios. The holder of an asset is long and the risk is that the asset value declines.
A short position can be seen as the mirror image of long positions and gains when asset values
move down. In investing, a short position is the sale of a borrowed asset, such as a stock, which
is later bought back for returning the assets to the lender of the security. In the event of a
downside movement, the borrower of the stock buys back the stock at a lower price, hence
makes a gain.

Hedging risks can be achieved by taking inverse exposures to long positions. Holding a
stock is a long position, which takes a loss if the equities decline. A short position is
symmetrical. When a party has both a long and a short position in the same stock, the gains
and losses exactly offset. Hence, a perfectly hedged position is subject to uncertainty, but is not
exposed to risk.

Hedging can be achieved with cash instruments, but is commonly done with derivatives.
Derivatives are instruments, the value of which derives from other underlying assets. For
example, the above firm willing to hedge its long exposure in foreign currency could enter
into a contract, setting today the future exchange rate for converting foreign revenues in the
home currency. This is easier than trying to borrow in the foreign currency. Because of their
flexibility, derivatives are extensively used.

1.2 BROAD CLASSES OF FINANCIAL RISK

Financial risks are defined according to the sources of uncertainty. The broad classes of
financial risks are credit risk, market risk, liquidity risk and interest rate risk, divided into
subclasses relative to the specific events that trigger losses.
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1.2.1 Credit Risk

Credit risk is the risk of losses due to borrowers’ default or deterioration of credit standing.
Default risk is the risk that borrowers fail to comply with their debt obligations. Default triggers
a total or partial loss of the amount lent to the counterparty.

Credit risk also refers to the deterioration of the credit standing of a borrower, which does
not imply default, but involves a higher likelihood of default. The book value of a loan does not
change when the credit quality of the borrower declines, but its economic value is lower
because the likelihood of default increases. For a traded debt, an adverse migration triggers a
decline of its quoted price.

Recovery risk refers to the uncertain value of recoveries under default. Recoveries depend
on the seniority of debt, on any guarantee attached to the transaction and on the workout efforts
of the lender. The loss after workout efforts is the loss given default.

Counterparty credit risk exists when both parties of a transaction are potentially exposed to a
loss when the other party defaults. A swap contract exchanging fixed for floating interest flows
between two parties is a typical example. The party who receives more than it pays is at risk
with the other party. The exposure might shift from one party to the other, and its size varies, as
a result of the movements of interest rates. Counterparty credit risk exists when exposures are
market driven.

1.2.2 Market Risk

Market risk is the risk of losses due to adverse market movements depressing the values of the
positions held by market players. The market parameters fluctuating randomly are called “risk
factors”: they include all interest rates, equity indexes or foreign exchange rates.

Market risk depends on the period required to sell the assets as the magnitude of market
movements tends to be wider over longer periods. The liquidation period is lower for
instruments easily traded in active markets, and longer for exotic instruments that are traded
on a bilateral basis (over the counter). Market risk is a price risk for traded instruments.
Instruments that are not traded on organized markets are marked-to-market because their gains
or losses are accounted for as variations of value whether or not materialized by a sale.

1.2.3 Liquidity Risk

Liquidity risk is broadly defined as the risk of not being able to raise cash when needed.
Banking firms raise cash by borrowing or by selling financial assets in the market.

Funding liquidity refers to borrowing for raising cash. Funding liquidity risk materializes
when borrowers are unable to borrow, or to do so at normal conditions. Asset liquidity refers to
cash raised from the sale of assets in the market as an alternate source of funds, for example in
market disruptions. Asset liquidity also refers to the risk that prices move against the buyer or
seller as a result of its own trades when the market cannot absorb the transactions at the current
price. Asset liquidity risk also arises when too many players do similar trades. For example,
banks raising cash from liquidation of assets in the adverse conditions of the 2008 crisis faced
substantial losses from the deep discounts in their trades.
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Extreme lack of liquidity results in failure. Such extreme conditions are often the outcome of
other risks, such as major markets or credit losses. These unexpected losses raise doubts with
respect to the credit standing of the organization, making lenders refrain from further lending to
the troubled institution. Massive withdrawals of funds by the public, or the closing of credit
lines by other institutions, are potential outcomes of such situations. To that extent, liquidity
risk is often a consequence of other risks.

1.2.4 Interest Rate Risk

The interest rate risk is the risk of declines of net interest income, or interest revenues minus
interest cost, due to the movements of interest rates. Most of the loans and receivables of the
balance sheet of banks, and term or saving deposits, generate revenues and costs that are
interest rate driven.

Any party who lends or borrows is subject to interest rate risk. Borrowers and lenders at
floating rates have interest costs or revenues indexed to short-term market rates. Fixed-rate
loans and debts are also subject to interest rate risk. Fixed-rate lenders could lend at higher than
their fixed rate if rates increase and fixed-rate borrowers could benefit from lower interest rates
when rates decline. Both are exposed to interest rate fluctuations because of their opportunity
costs arising from market movements.

1.2.5 Foreign Exchange Risk

Foreign exchange risk is the risk of incurring losses due to fluctuations of exchange rates. The
variations of earnings result from the indexation of revenues and charges to exchange rates, or
from the changes of the values of assets and liabilities denominated in foreign currencies
(translation risk).

1.2.6 Solvency Risk

Solvency risk is the risk of being unable to absorb losses with the available capital. According
to the principle of “capital adequacy” promoted by regulators, a minimum capital base is
required to absorb unexpected losses potentially arising from the current risks of the firm.
Solvency issues arise when the unexpected losses exceed the capital level, as it did during the
2008 financial crisis for several firms. This capital buffer sets the default probability of the
bank, the probability that potential losses exceed the capital base.

1.2.7 Operational Risk

Operational risks are those of malfunctions of the information system, of reporting systems, of
internal risk monitoring rules and of procedures designed to take corrective actions on a timely
basis. The regulators define operational risk as “the risk of direct or indirect loss resulting
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from inadequate or failed internal processes, people and systems or from external events”.”

The focus on operational risk developed when regulators imposed that the operational risks
should be assigned a capital charge.

1.3 BUSINESS LINES IN BANKING

There is a wide variety of business lines in the banking industry, with different management
practices and different sources of risks. This section provides a brief overview of the diversity
of activities conducted in banking.

Retail banking tends to be mass oriented and “industrial” because of the large number of
transactions. Retail Financial Services (RFS) covers all lending activities to individuals, from
credit card and consumer loans, to mortgages. RFS also extends to very small enterprises, such
as those of physicians or home services. Lending decisions are based on a combination of
automated systems and management monitoring. Statistical techniques are relevant for
assessing credit risk.

Standard corporate lending transactions include overnight loans, short-term loans (less than
one year), revolving facilities, term loans, committed lines of credit or large commercial and
industrial loans. Such transactions are under the responsibility of credit officers and their
reporting lines. For the large corporate businesses, relationship banking prevails when the
relationship is stable, based on mutual knowledge. Credit analysts are industry specialists who
monitor the credit standing of clients. They provide the individual credit assessments of
obligors, based on expert judgment, for making lending decisions.

Investment banking is the domain of large transactions customized to the needs of large
corporate and financial institutions. It also includes trading activities, under the generic name of
“Corporate and Investment Banking” (CIB).

Large corporations demand a variety of services and products, for example from lending
facilities and hedging instruments or issuance of securities. A number of very different activities
are under the umbrella of the CIB pole. The financing of financial institutions, banks, insurance
companies and brokers is organized as separate groups, distinct from those dedicated to
commercial and industrial firms. Mergers and acquisitions form another business line.

All activities of specialized, or “structured”, finance are also conducted by dedicated units
within CIB. The scope of specialized finance includes such activities as project finance, asset
financing (ships or aircrafts), commodities finance, commercial real estate and exports. The risk
analysis differs radically from the assessment of a corporate borrower. In general, the primary
source of repayment is the cash flows generated by the asset(s), from its operations or from the
sale of the asset(s). Structuring refers to the assembling of financial products and derivatives,
plus contractual clauses (“covenants”) in order to make the risk manageable. Securitization is
one of the fields of specialized finance: it consists of selling pools of loans, which are normally
held in the balance sheet of banks, into the capital markets.

Trading involves traditional proprietary trading and trading for third parties. In proprietary
trading, the bank is trading for itself, taking and unfolding positions to make gains. Trading is
also client oriented. “Sales” designate trades conducted when the bank acts on behalf of their
clients. The “sell side” is the bank, selling products to end-users. The “buy side” designates the
clients, corporations and asset managers who buy the products, for example for hedging

2 The definition is from the Basel 2 document (2006), [21].
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Tradi I&, Traded instruments,
rading . . cash and derivatives
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FIGURE I.1 Business lines in banking

purposes. Traders and lending officers are not allowed to share information, as inside
information on a corporate client could inspire trades based on undisclosed information.
Banks are also exposed to market risk from their investment portfolio, which is not held for
trading but with an objective of long-term performance.

Other activities do not generate directly traditional financial risks. For example, private
banking, or asset management, is the activity of wealth management for third parties. Advisory
services refer to consulting services offered by banks to corporations considering potential
acquisitions, for example, which do not necessarily imply cash outlays. Risks are primarily
legal and operational.

Figure 1.1 maps the banking activities grouped into main poles.

1.4 BANKING REGULATIONS AND ACCOUNTING
STANDARDS

Banking activities are subject to a wide body of rules. Risks are subject to the regulations rules.
Valuation of assets and liabilities and profit and loss are subject to accounting standards.

Risk regulations differ for the banking book and the trading book. The banking book refers
to the transactions belonging to the core business of commercial banks, lending and deposit
collection. It includes all assets and liabilities that are not actively traded by the institution, and
generally held until they mature. The trading book groups capital market transactions, and is
exposed to market risk. Positions held for trading are held over a short-term horizon, with the
intention of benefiting from expected price movements. The trading book includes proprietary
positions, and positions arising from client servicing and market making.
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Risk regulations relate directly to the management of the balance sheet, to market risk and
credit risk and are detailed in the corresponding sections of this text.

The accounting standards segregate instruments into four classes differing by valuation and
treatment of profits and losses:

e Financial assets at fair value through profit and loss;

e Loans and receivables;

e Held-to-maturity investments;

e Available-for-sale financial assets.

The financial assets at fair value include all instruments acquired to take advantage of price
fluctuations and are managed with the intention of making short-term profits, the performance
of which is evaluated on a fair value basis. Derivatives are held for trading unless they are
considered as hedges. The assets and liabilities of the trading book are under this category.

Fair value focuses on the price at which an asset can be sold: it is the amount at which an
asset could be exchanged between parties, knowledgeable and willing to exchange. Valuation
depends on whether markets are active or not. Active markets are those where the volume of
transactions provide clear prices. For other instruments, prices can be derived from other traded
instruments in active markets, or valuation is model based.

Accordingly, market instruments fall in either one of three categories: level 1 when quoted
prices are available; level 2 when there are market prices for similar instruments; and level 3 for
model valuation for instruments that are not extensively traded but have a value derived from
models, or mark-to-model, such as options traded over the counter. Model valuation is
recognized as fair value in the absence of an active market.

Loans and receivables are instruments with contractual payments and are not quoted in
active markets. These assets are held in the banking book. In the banking book, income is
determined according to accrual accounting rules of revenues and costs.

Held-to-maturity instruments are financial assets with contractual payments for which the
management intention is not trading. Investment portfolios of banks’ group financial assets,
such as bonds, in which banks invest for the long term with no trading intent, are in this
category. All other assets are available for sale.

Liabilities are either at fair value through profit and loss or other liabilities. The liabilities at
fair value are held for trading, or designated as such, and the performance is based on fair value.
The other liabilities include the normal financing of the bank, debt issued in markets or
wholesale debt, which arises from lending and borrowing from other banks or financial
institutions.

For the trading book, valuation is based on mark-to-market, or mark-to-model for illiquid
instruments. The performance is evaluated on the basis of fair value: profit and loss (P&L) is
measured as the variations of value between two dates.

1.5 RISK MANAGEMENT

Risk management requires that the risks of a financial institution be identified, assessed and
controlled. Enterprise risk management addresses a combination of credit risk, market risk,
interest rate risk, liquidity risk and operational risk. Sound risk practices define who should be
accountable for these risks and how the risk processes should be implemented.
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1.5.1 Motivations

There are strong reasons motivating the sound assessment and management of risks in
decision-making processes, other than compliance with risk regulations.

Risk and return are two sides of the same coin. It is always easy to lend, and to obtain
attractive revenues from risky borrowers. The price to pay is a higher risk than the prudent bank
and higher potential losses. The prudent bank limits risks by restricting business volume and
screening out risky borrowers. It saves potential losses but might suffer from lower market
shares and lower revenues. However, after a while, careless risk takers find out that higher
losses materialize, and could end up with a lower performance than the prudent lender.

Banks that do not differentiate risks of their customers would suffer from adverse
economics. Overpricing good risks would discourage good customers. Underpricing bad
risks would attract bad customers. Discouraging the relatively good clients and attracting the
relatively bad ones would result in adverse selection.

1.5.2 The Risk Processes

Risk processes include the identification, monitoring and control of risks. Risk models serve for
measuring and quantifying risk, and provide the inputs for the management processes and
decisions. To be effective, they should be implemented within a dedicated organizational
framework that should be enterprise-wide.

All risk processes imply that risk policies be properly defined and that the risk appetite of the
firm be well defined. Within this framework, the common process for controlling risks is based
on risk limits and risk delegations. Limits impose upper bounds to the potential loss of
transactions, or of portfolios of transactions. Delegations serve for decentralizing the risk
decisions, within limits.

Limits aim at avoiding that adverse events, affecting a transaction or a portfolio of transactions,
impair the credit standing of the firm. Banks need to segment their activities into meaningful
portfolios, for example by business unit, product or type of clients. Limits of exposure are set
for each segment and down to transactions, forming a hierarchy of limits and sublimits. For
credit risk, limits are set by segment, then by counterparty and then by individual transaction.
For market risk, limits can be set for specific books of trades, then desks and then trades.

Delegations are authorizations to act and take risks on behalf of the organization. Delegations
decentralize and simplify the risk process by allowing local managers to make decisions without
referring to the upper levels of the organization, within the scope of their delegations. For
example, they simplify the risk process for transactions that are small enough to be dealt with by
local procedures.

1.5.2.1 Credit Risk Limits and Delegations

Any limit system requires one or several measures of risk used for determining whether or not a
transaction, or a portfolio of transactions, complies with limits. Various risk metrics are used
for setting limits for credit risk. The amount at risk, or exposure, is a simple measure of the
amount that could be lost in the event of a default of the borrower. Other metrics capture other
dimensions of credit risk. For example, trades might be allowed only for eligible borrowers
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based on their credit quality. Or limits can apply to regulatory capital for credit risk, which
combines various components of credit risk, exposure, loss after recoveries and credit quality.
Credit limit systems are based on common criteria, for example:

e Diversify the commitments across various dimensions such as customers, industries and
regions.

e Avoid lending to any borrower an amount that would increase its debt beyond its borrowing
capacity. The equity of the borrower sets up some reasonable limit to its debt given
acceptable levels of debt/equity ratios and repayment ability.

e Setup a maximum risk level, for example defined by the credit standing of borrowers, above
which lending is prohibited.

e Ensure a minimum diversification across counterparties and avoid concentrations of risk on
a single borrower, an industry or a region.

For being comprehensive and consistent, the limit system has to be bank-wide. Global limit
systems aggregate all risks on any single counterparty, no matter which business unit initiates
the risk, across all transactions with the bank. Global limits are broken down into sublimits.
Sublimits might exist even at the level of a single client. The total usage of sublimits should not
exceed the global limit assigned to each counterparty or portfolio of transactions. Limit systems
allow sublimits to sum up to more than the global limit because not all sublimits are fully used
simultaneously, but the aggregated risk should comply with the global limit. For example,
multiple currency facilities are convenient for clients because they allow raising funds in
several currencies and as needed, but a client should not use more than its global limit.
Utilizations are bounded by either sublimits or global limits, whichever is hit first.

Any excess limit has to be corrected by not entering into a new transaction or mitigating the
risk with guarantees. Some limits might be hit while others are not. Banks’ systems address the
issue with excess limit reports showing which transaction hits which limit.

Credit approval processes vary across banks and across types of transaction. In retail
banking, the process relies on procedures that need to accommodate a large volume of
transactions. Time-consuming processes are not applicable for the retail portfolio because of
the high number of transactions. Instead credit scoring mechanisms and delegations are used,
within the guidelines of the credit policy. In normal circumstances, the credit officer in charge
of the clients of a branch is authorized to make decisions as long as they comply with the
guidelines.

For large transactions, the process involves credit committees. Credit committees bring
together the business line, the risk managers and the general management. The business line
proposes new transactions, together with a risk analysis, and the committee reviews the deal.
Committees need to reach a minimal agreement between members before authorizing a credit
decision by examining in detail significant credit applications. The committee makes a yes/no
decision, or might issue recommendations for altering the proposed transaction until it
complies with risk standards. Collateral, third-party guarantees or contractual clauses, mitigate
the risk. The alternate process is through “signatures” whereby the transaction proposal is
circulated and approval requires agreement between all credit officers. Whether signatures or
committees are used for approval, risk officers remain accountable for the risk decisions and
decisions are recorded, eventually with comments and recommendations of participating
executives.
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1.5.2.2 Market Risk and Trading Activities

For market risk, a common risk metric is the sensitivity of a position or of a portfolio of
positions. Sensitivities measure the variations of values due to standard shocks on market
parameters such as interest rates, foreign exchange rates or equity indexes. There is a variety of
sensitivities depending on the type of products and on the risk factors that influence their
values. Other risk metrics involve the capital charge for market risk, which embeds other
elements of market risk, such as the market volatility and an assessment of the likelihood of
losses of various magnitudes.

As the gains and losses in trading are market driven, a risk tolerance has to be defined for the
business lines, the desks and the traders. A risk tolerance is an assessment of the maximum loss,
for the business line or for desks, considered as acceptable, but which should not be exceeded.

The policies for trading should be comprehensively documented. Limits depend on
expectations about market conditions, as formulated in market committees. Market instability
might require tighter limits because the chances of large fluctuations are higher. A daily market
committee formalizes the current market conditions. Trading desks operate within their limits.
Limits are set for the various desks consistently with aggregate market risk. Traders comply
with limits by hedging their risks, or unwinding their positions, eventually at a loss.

1.5.3 Risk Management Organization and Roles

As risk regulations developed and standard practices for risk management spread across the
industry, some common views on the organization of the risk management process emerged.

1.5.3.1 The Risk Department and the “Three Lines of Defense’ Model

The three lines of defense model is a convenient scheme used for structuring the roles,
responsibilities and accountabilities with respect to decision making, risk controlling and for
achieving an effective risk governance bank-wide. It illustrates how controls, processes and
methods are aligned throughout large organizations. The three lines of defense are:

e The lines of business.
e The central risk function.
e The corporate audit and compliance functions.

The business lines, or front office, make up the first line of defense and are responsible for
identifying, measuring and managing all risks within their scope of business. Business lines
have the primary responsibility for day-to-day risk management. As the management of the
business line is close to the changing nature of risks, it is best able to take actions to manage and
mitigate those risks. Lines of business prepare periodic self-assessment reports to identify the
status of risk issues, including mitigation plans, if appropriate.

These reports roll up to the executive management and to a central risk department, which
enforces the risk discipline. Standard practices impose that the risk management should be
centralized and that a “clean break” exists between risk-taking business lines and risk
supervising units. The risk department ensures an assessment and a control of risks independent
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of the business lines. The department is responsible for the guidance and implementation of risk
policies, for monitoring their proper execution complying with documented risk processes. It
defines, with the top management, the risk policy of the bank. The chief risk officer reports to
the senior executive committee, who ultimately provides the risk department with the power of
enforcing risk policies.

Given their roles, the perceptions of the same risk reality by the business lines and the risk
department might differ. This difference in perspectives is what adds value to the enterprise as a
whole and to the risk management process. However, the effectiveness of the risk process can
be questioned when there are compelling business reasons to proceed with a transaction.
Enforcing the power of a credit committee requires some arbitration process when conflicts
arise. The arbitrage between conflicting parties is handled by more senior levels when the
process is not conclusive. Moving up in the hierarchy of the bank guarantees that a conclusion
will be reached and that the credit proposal is thoroughly examined at each stage.

The existence of a risk department does not suffice to enforce sound risk practices. Both the
first line and the second line are accountable for risk assessment and control. Making the risk
department the unique function accountable for risks would relieve the business lines from their
risk responsibilities. A centralized risk control unit would be overloaded by the number of risk
issues raised by the front offices. In large banks, risk managers are “embedded” within the
business lines, but report both to the business lines and to the central risk department. They
provide the local risk control within the “first line of defense”.

The third line of defense is that of internal and external auditors who report independently to
the senior committee representing the enterprise’s stakeholders. The internal auditors’ role is to
provide an independent review of the effectiveness and compliance to risk policies of the
risk processes. Corporate audit activities are designed to provide reasonable assurance that
significant financial, managerial and operating information is materially complete, accurate and
reliable; and that employees’ actions comply with corporate policies, standards, procedures
and applicable laws and regulations. The auditors have the capacity to make recommendations
and to supervise their execution.

1.5.3.2 The Asset and Liability Management Department

The ALM - asset-liability management — department is in charge of managing the funding and
the balance sheet of the bank, and of controlling liquidity and interest rate risks. The function of
ALM is the finance function of banks and is often located within the finance department. The
scope of ALM extends mainly to the banking portfolio, and less so to trading activities because
they rely primarily on short-term financing. For controlling the liquidity risk and the interest
rate risk, the ALM sets up limits to future funding requirements and manages the debt of the
bank. The interest rate risk is measured by the volatility of target variables such as the net
interest income of the bank, using interest rate derivatives.

The ALM committee meets at least monthly, or when needed in adverse conditions. It
groups the senior management, the chief finance officer, the head of the ALM team and the
executives in charge of business development and commercial policies. The senior manage-
ment is involved because ALM policies have a strategic influence on the bank’s financing
profitability. ALM policies also have strong and direct interactions with the commercial policy.
The bank exposure to interest rate risk and liquidity risk depends on the product mix in the
banking book. ALM policies have also a direct effect on the pricing to clients, as it should
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absorb the cost of financing the banking book. Furthermore, the ALM unit is in charge of
internal prices of funds, the cost of funds charged to lending units and the financial
compensation of deposit collection by branches.

1.5.3.3 Enterprise-wide Risk Management (ERM)

Bank-wide management implies that metrics of income and risk at the global bank level be
related to similar metrics at the business unit, book and transaction levels.

Policies set global limits and profit objectives at the enterprise level, which are allocated to
business units. This top-down process requires that aggregate profit and limits be allocated at
lower levels of the hierarchy in a consistent manner. The monitoring and the reporting of risks
and performance is bottom-up oriented, starting from transactions, and ending up with
aggregated risks and income. Both processes require a sound bank-wide allocation of earnings
and of risks.

As funds are transferred to lending activities and from deposits collected, the earnings of
business lines depend on internal, or transfer, prices. The transfer pricing system serves to
allocate earnings across business lines and transactions and is required for reconciling
aggregated earnings with the earnings of business lines, and down to the transaction level.

A similar system should be implemented for allocating a share of the bank’s risk to business
units. Global limit systems define the hierarchy of limits and sublimits within the organization.
But limit systems are distinct from measures of risk.

A key factor for risk aggregation is risk diversification. Because of diversification, risks do
not add up arithmetically. Loosely speaking, the sum of individual risks is less than the
arithmetic summation of risks. This well-known property of risks being subadditive is the
source of the challenging problem of risk allocation. For risks to be aggregated bottom-up, and
allocated top-down, arisk allocation mechanism is required. In general, the risk allocation issue
is addressed by allocating the capital of the bank to portfolios and transactions and it involves
an assessment of diversification effects.

Finally, earnings across transactions or portfolios are not comparable because they are in
general exposed to different levels of risk. Performances need to be risk adjusted for being
comparable across activities and comparable with the risk-adjusted profitability of the bank.
The issue is resolved once earnings and risks are properly allocated, by adjusting earnings with
the cost of risk based on the cost of capital backing the transactions.

This shows that three building blocks should be designed and assembled for addressing
bank-wide risk management:

o Fund transfer pricing systems;
e Risk and capital allocation systems;
e Risk-adjusted performance measures.

These are the necessary components of risk systems for aligning the measures of earnings and
risks,? and the related management incentives, across all business lines of large organizations.

3 The fund transfer pricing system is addressed in Chapter 10, the risk allocation issue is discussed in
Chapter 27 and risk-adjusted performance is discussed in Chapters 10 and 28.



Banking Regulations Overview

The capital adequacy principle is the foundation of regulations aimed at making banks more
resilient. Capital adequacy refers to the minimum level of capital for absorbing the potential
losses from the current banks’ books. Ensuring a proper level of capital fostered the emergence
of sound risk management practices and imposed risk models designed for quantifying the
potential losses of a bank arising from its current risks.

This chapter is a brief history and overview of the successive risk regulations introduced
since 1988, up to the 2008 crisis and to the new regulations introduced as a response to the
current crisis. The detailed regulations are presented in subsequent chapters (3, 17 and 26),
within the sections dedicated to asset-liability management (ALM), market risk and credit risk.
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2.1 REGULATION PRINCIPLES

The primary purpose of risk regulations is to prevent systemic risk, or the risk of collapse of the
entire system due to interconnections between financial firms. However, regulators face
dilemmas when attempting to control risks.

Providing more freedom to financial firms has been a long-standing argument for avoiding
too many regulations. But relying on codes of conduct, rather than rules, would imply relying
on self-discipline, or “self-regulation”, which would not inspire trust in the system.
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The financial system is subject to moral hazard. Moral hazard is a situation in which a party
is more likely to take risks because the costs that could result will not be borne by the party
taking the risk. It results in a tendency to be more willing to take a risk, knowing that the
potential costs or burdens of taking such risk will be borne, in whole or in part, by others.

Any insurance mechanism potentially generates moral hazard. One the oldest regulations is
deposit insurance. Under deposit insurance, depositors are guaranteed the value of their
holdings in banks, subject to a cap, that varies across jurisdictions. The regulation provides
some safety to depositors, but it does not have much effect on the risk-taking behavior of
banks, as depositors are not able to impose a discipline on banks. The protection of bank
depositors is an insurance potentially generating moral hazard in the absence of prior penalty
for taking risks.

The limited liability of shareholders is another source of the lack of self-discipline. A signi-
ficant increase of risk can potentially lead to a risk-maximizing behavior. When risks are
already high, shareholders have not much to lose and they might prefer to make riskier bets that
increase the chances of failing. When banks face serious difficulties, the barriers that limit risks
disappear.

The “too big to fail” issue is a potential source of moral hazard. It refers to a situation where
no large institution can be allowed to fail for fear of contagion to many others. Many big firms
are lending to large financial firms, and would incur large losses if these fail. The domino effect
refers to the cascading effect of the failure of large institutions, triggering the failure of others,
which, in turn, triggers another wave of failures. Because of fear of such domino effect, the
regulators might not allow large institutions to fail, generating moral hazard for the major
financial firms. The issue arises from the “interconnectedness” of large financial institutions.

The financial crisis demonstrated that such issues were not hypothetical. In the United
States, after assisting in the bail-out of some large financial firms, the financial authorities let
Lehman Brothers down in 2008, which is considered as the critical event in the development of
the financial crisis. Perhaps the authorities wished to demonstrate that no one single firm was
too big to fail. But it ended up in a situation where systemic risk materialized.

Regulations aiming at resolving issues occurring in the event of failure, such as deposit
insurance, help to ensure some trust in the system. The resolution plans for an orderly
dismantling of large firms, promoted by regulators following the crisis, are another example.
But they are after-the-fact rules that do not prevent banks from taking too much risk.

The core concept of risk regulations is the “capital adequacy” principle, which imposes a
capital base commensurate with risks to which each bank is exposed. Instead of “dos and
don’ts”, banks need to have enough capital to make their risks sustainable.

If capital is high enough to absorb large losses, the banks would be safe. The size of the
capital base depends on how much risk banks are taking. Capital-based rules raise implemen-
tation issues, as the capital charges of banks turn out to be a quantified assessment of their risks.
Guidelines for regulations are defined by a group of regulators meeting in Basel at the Bank of
International Settlement (BIS), hence the name of “Basel” Accords for the successive rounds of
regulations since the initial Basel 1 Accord.

2.2 CAPITAL ADEQUACY

Under the capital adequacy principle, capital is the last “line of defense” for avoiding failure
in stressed conditions. The solvency of banks cannot be impaired unless the firm incurs losses
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in excess of capital. The higher is the capital buffer against losses, the higher is the protection.
The capital adequacy principle is a preemptive protection against failure. Capital-based
regulations impose that the losses from risks be quantified. The quantification of risk evolved
from the simple rules of the 1988 Accord for credit risk, up to more elaborated and complex
rules of the current Accords.

The first implementation of capital-based regulations was enforced in 1988 for credit risk
with the well-known Cooke ratio, initiated with the Basel 1 Accord.' The first Accord focused
on credit risk. The Cooke ratio sets the minimum required capital as a fixed percentage of assets
weighted according to their credit quality. The capital base included any debt subordinated to
other commitments by the bank. Equity represented at least 50% of the total capital base for
credit risk, also called the “tier 1” of capital or “core capital”. The available capital puts a limit
to risk taking, which, in turn, limits the ability to develop business. Under a deficiency of
capital, the constraint requires raising new equity, or liquidation of assets, or taking risk-
mitigating actions.

The original Cooke ratio of the 1988 Accord stipulates that the capital base should be at least
8% of weighted assets. Risk-weighted assets (RWA) are calculated as the product of the size of
loans with risk weights. The risk weights serve for differentiating the capital load according
to the credit quality of borrowers. The calculation of the capital, which is still implemented
today, is:

Capital = 8% X Risk weight X Asset size

The 8% is the capital adequacy ratio, which is evolving with regulations and getting closer
to around 10% as new regulations are gradually enforced. The regulators’ 8% capital adequacy
ratio can be interpreted as a view that banks could not lose more than 8% of their total risk-
weighted portfolio of loans for credit risk, thanks to risk diversification. With this value of the
ratio, the debt-equity ratio is: 92/8 = 11.5.

The original Basel 1 Accord was designed for keeping calculations simple and allowing an
easy implementation. For example, a loan of value 1000 with a risk weight of 100% has a
capital charge of 80; if the loan is a mortgage, backed by property, it would have a capital
charge of: 50% x 8% x 1000 = 40.

The weight scale started from zero, for commitments with sovereign counterparties within
the OECD, at the time when Basel 1 was implemented, and up to 100% for non-public
businesses. Other weights were: 20% for banks and municipalities within OECD countries, and
50% for residential mortgage-backed loans. Some off-balance sheet commitments, the
commitments without any outlay of cash, were weighted 50%, in conjunction with these
risk weights.

Today, the same general concepts prevail, using a capital ratio that is a percentage of risk-
weighted assets and risk weights being far more risk sensitive.

Regulations do not imply that the true risk of a portfolio is exactly measured by the capital
charges. They determine capital charges for portfolios representative of the industry as a whole,
not of the specifics of the portfolios of individual banks. Regulators recommended that banks
develop their own estimates of credit risk through models. Economic capital refers to better
measures of the specific risk of the banks’ portfolios.

1 Basel Committee on Banking Supervision (1988), International convergence of capital measurement
and capital standards, [17].
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The 1988 Accord was followed by capital regulations on market risk in 1996, amended in
1997. The extension to market risk was a major step in 1996/97 as it allowed banks to use
models for assessing capital charge for market risk. Since traded assets can be liquidated over
short periods, the relevant losses are due to market movements over the same horizon. Capital
for market risk should provide a protection against the loss of value that could occur over the
liquidation horizon. The regulation promoted the value-at-risk concept. The value-at-risk, or
VaR, is the potential future loss for a given portfolio and a given horizon, which is not exceeded
in more than a small fraction of outcomes, which is the confidence level. The basic idea is the
same, defining the minimum amount of the capital charge, as a function of risks. The risks are
assessed either through rules defining capital charge by transaction or VaR-based risk models
for market risk. Once VaR-based capital charges were authorized, they became widespread in
the financial industry.

The Basel 2 Accord of January 2007 considerably enhanced the credit risk regulations. The
schedule of successive Accords, from Basel 1 to Basel 2, is summarized as follows:

1988 Basel 1

1996-1997 Market Risk Amendment allowing usage of internal models for market risk*
1999-2007 Consultative packages on the Basel 2 Accord

2007 Basel 2: Qualification of banks for Basel 2 (Europe)

Dec. 2007 Implementation of Basel 2 capital calculations

The approaches of Basel 2 for credit and the update for market risk were published in
June 2006 in “International Convergence of Capital Measurement and Capital Standards — A
Revised Framework, Comprehensive Version” [21].

The goals of the new Accord were:

e To promote stronger management practices;

e To promote more risk-sensitive capital requirements through a greater use of banks’ own
assessment of the credit standing of the borrowers;

e To provide a range of approaches for determining the capital charges for credit risk by allowing
banks and supervisors to select the options that were most appropriate for their operations.

The Accord also introduced new capital requirements for operational risks.

For making the capital charge risk sensitive, the Accord provides incentives to use the
“internal ratings-based” (IRB) approach, using as inputs for the risk weights the internal
ratings, or credit risk assessments, of banks. When not applicable, the banks can rely instead on
a “standardized approach” where the risk weights are regulatorily defined.

2.3 SOME LESSONS OF THE FINANCIAL CRISIS

The new waves of regulations, known under Basel 2.5 and Basel 3, are inspired by the lessons
of the crisis, which are briefly summarized hereafter. The crisis raised a number of issues, with
respect to liquidity, fair value accounting or solvency, as they interact and result in contagion

2 Basel Committee on Banking Supervision (1996, updated 2005), Amendment to the capital accord to
incorporate market risk, [19].
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and pro-cyclicality. Contagion refers to the waves of failures triggered from individual failures
to the system as a whole. Pro-cyclicality refers to the mechanisms that amplify the cycles of the
financial system.

2.3.1 Liquidity

The crisis was characterized by the liquidity crunch that plagued the financial system in 2008.*
A lack of liquidity can emerge from the risk aversion of lenders in stressed times. Players
refrain from providing liquidity in a context of failures as no one knows who is next to fail. The
“who is going to be next to lose” issue makes potential lenders reduce their exposures to others,
for fear that they would suffer unexpected losses of undetermined magnitudes.

Other mechanisms contributed to the liquidity squeeze. The overreliance on short-term
funds, a characteristic of the system at the time of the crisis, exacerbates the effect of a liquidity
crunch. Once liquidity dried up, all liquidity commitments of banks, whereby banks commit to
lend within limits to borrowers, were triggered and translated in a great deal of “involuntary
lending”. Financial players had to comply with their commitments precisely when they had
insufficient liquidity for themselves. Involuntary lending was a source of liquidity for some, but
it made liquidity even scarcer as financial firms started to hoard liquidity.

The liquidity crunch lasted even after massive injections of liquidity by central banks
through various programs of purchases of financial assets from banks. Presumably, banks and
financial firms were “hoarding liquidity” as a protection against a lack of liquidity instead of
using it for extending credit. Monetary authorities could not prevent the credit crunch that
followed.

2.3.2 Fair Value

Fair value is pro-cyclical as it extends the markdowns to all assets accounted for at fair value,
traded or not.* Many assets lost value in inactive and illiquid markets. As a consequence of the
magnitude of the downturn, fair values appeared disconnected from the fundamental values of
assets. The category of assets subject to model valuation extended to assets that, in normal
circumstances, would have been fairly valued from prices. Model prices were subject to a
negative perception, since many assets lost perceived value as the confidence in models
evaporated.

2.3.3 Solvency

When markets move down, fair value rules trigger markdowns of portfolios, even if there is no
intention to sell them, which translates into losses and erodes the capital base of banks. Fair

3 There are numerous papers on the liquidity crunch of 2008. See, for example, Brunnermeier, M. K.
(2009), Deciphering the liquidity and credit crunch 2007-2008, [39], and Brunnermeier, M. K., Pedersen,
L. H. (2009), Market liquidity and funding liquidity, [40].

4 See, for example, Laux, C., Leuz, C. (2010), Did fair-value accounting contribute to the financial
crisis?, [89].
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value rules in severe conditions made losses unavoidable. Moreover, leveraged banking firms
tend to reduce their debt through fire sales of assets. When liquidity relies on fire sales of assets
under adverse conditions, markdowns bite the capital base. Under stressed conditions,
solvency and liquidity become intertwined. Whether illiquidity or solvency is the initial cause
does not matter. Once the mechanism triggered, it operates both ways.

2.3.4 Pro-cyclicality

For borrowing, financial firms pledge their portfolios of securities to lenders. Such collateral-
based financing is subject to loan-to-value ratios, whereby the value of pledged assets should be
higher than the debt obligation. In a market downturn, complying with ratios imposes that
additional collateral be posted for protecting lenders, or, alternatively, that debt be reduced. In a
liquidity and credit crunch, cash is raised from the sales of assets for paying back the debt. Fire
sales of assets for reducing debt and bringing back asset value in line with loan-to-value ratios
add to the market turmoil.’

The mechanism is pro-cyclical. Fire sales of assets create a downward pressure on prices,
which triggers a new round of collateral calls. This new round results in additional sales of
assets and starts another cycle of market decline, and so on. An adverse feedback loop
between asset prices and system liquidity develops as a result of such interactions. The
mechanism is strongly pro-cyclical: if asset values move down, sales of assets amplify the
downturn. In a highly leveraged system, the adverse dynamics develop until the system
deleverages itself.

Unregulated funds tend to highly leverage their portfolios for enhancing the return to
investors. In a favorable environment, asset values are up and extending collaterized credit to
funds is easy. In a stressed environment, the deleveraging of funds puts pressure on the entire
system.

Regulations are also pro-cyclical because they impose capital buffers that tend to increase in
adverse conditions, while simultaneously the losses shrink the capital base. The process results
in credit contraction precisely when credit is needed most by firms chasing funds in illiquid
markets, and contributes to the contraction of the whole system.

2.3.5 Securitizations and Contagion of Credit Risk

Securitizations refer to the sales of pools of banking book assets to investors in the capital
markets by issuing bonds backed by these assets. Securitizations were a key technique in the
“originate and distribute” business model of banks, whereby the banks finance their loans
in the markets and, simultaneously, free their capital from backing the risk of sold loans. Prior
to the crisis, banks off-loaded and distributed massive amounts of their credit risk into the
capital markets.® The so-called “toxic assets”, such as subprime loans, were believed to have
found their way into the pools sold in the markets and the risk was perceived as disseminated
throughout the whole system.

5 On so-called “liquidity spirals”, see Brunnermeier, M. K. (2009), Deciphering the liquidity and credit
crunch 2007-2008, [39].

6 See Longstaff, F. A. (2010), The subprime credit crisis and contagion in financial markets, [94].
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Rating agencies recognized that they underestimated the risk of asset-backed bonds, many
with the highest quality grade, and a wave of downgrades followed. Downgrades command a
higher cost of funds, and a higher required return, which translate in a loss of value of the
downgraded assets. Investors in asset-backed bonds of securitizations, originally of a high
quality, incurred massive losses. The trust in the securitization mechanism disappeared, and
with it a major source of funds for the banking system.

2.3.6 Rating Agencies and Credit Enhancers

The frequency of downgrades by rating agencies increased abruptly by the end of 2007, as
rating agencies seemed not to have anticipated the effect of the crisis and tried to catch up with
bad news. Lagged downgrades were concentrated in time, instead of gradually measuring the
actual credit standing of issues.

All entities were hit by rating downgrades. Among those are insurance companies, or
monolines, acting as “credit enhancers”. These firms enhance the credit quality of assets by
providing insurance against credit loss. But the “wrapped” instrument quality is as good as the
quality of the insurer. Downgrades of credit enhancers have a leverage effect as any instrument
“wrapped” in a guarantee by credit enhancers is also downgraded.

Because monolines extended so many guarantees to assets, they were highly exposed to the
risk that erupted in a short period of time. It was not long before credit enhancers were
downgraded. AIG, the biggest insurance company in the world, extended credit insurance by
trading credit derivatives, and collapsed when lenders required the firm to post collateral
against its numerous commitments.

2.4 THE RESPONSES OF REGULATORS
TO THE FINANCIAL CRISIS

Following the 2008 financial crisis, the Basel regulators introduced a number of measures to
make banks more resilient. A number of significant updates to the regulatory framework have
been introduced, reshaping the regulations, after the Basel 2 Accord, into new Basel (2.5 or 3)
rules. The main publications include: the global review of the regulatory framework was
first published in December 2010, revised in June 2011, “Basel III: A Global Regulatory
Framework for More Resilient Banks and Banking Systems” [24], a “Revision to the Basel 2
Market Risk Framework” is dated February 2011 [25]; the Consultative Document “Funda-
mental Review of the Trading Book: A Revised Market Risk Framework” [27] was submitted
to the industry in October 2013 and covers the regulations for both credit risk and market risk,
as of this date.

Figure 2.1 maps the approaches under Basel 2 and the sequential sets of new regulations.
The shaded boxes refer to the Basel extensions beyond Basel 2.

The Basel 2 blocks refer to the credit risk treatment for credit capital charges, with the risk-
weighted assets according to banks’ internal ratings. The current wave of regulations aims at
reinforcing both the quality and the quantity of capital. The fraction of equity capital in total
capital is reinforced and the capital ratio increases. The subsequent publications imposed new
capital requirements, with a series of additions to the Basel 2 capital. The Basel 2 rules are
expanded in Chapter 26 dedicated to credit regulations.
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FIGURE 2.1 Overview of Basel regulations

The market risk approaches include the VaR-based capital plus the standardized approach of
market risk for firms who do not comply with requirements of internal models. A stressed VaR
was introduced as an additional capital charge in 2011. An alternate VaR measure is currently
proposed for market risk. All market risk approaches are presented in Chapter 17 in the market
risk section.

The treatment of counterparty credit risk has been enhanced with the credit-value adjust-
ment (CVA) that measures the impact of deteriorating credit standing on the value of derivative
instruments. The CVA adjustment is introduced in Chapter 22 on counterparty credit risk.

The blocks referring to liquidity and funding ratios cover three ratios gradually introduced
by Basel 3. The Liquidity Coverage Ratio (LCR) imposes a minimum level of liquid assets for
facing market disruptions to banks’ funding. The Net Stable Funding Ratio imposes a
minimum level of long-term funding, depending on banks’ assets. The leverage ratio caps
the size of the balance sheet and of certain off-balance sheet commitments as a function of the
capital base. The three ratios are presented in Chapter 3 on balance sheet compliance, where the
calculations and the consequences for the balance sheet of banks are detailed through a
simplified example.



Balance Sheet Management
and Regulations

The purpose of asset-liability management (ALM) is to manage assets and liabilities in
conjunction with, rather than independently of, the bank so as to finance the bank and control
the liquidity risk and the interest rate risk. In the aftermath of the 2008 crisis, regulators
recognized that banks were not resilient enough to sustain periods of liquidity and funding
stress, and imposed new rules. Under the new Basel regulations, new ratios constrain the
balance sheet structure. Conventional ALM techniques apply once the bank complies with
the rules. Many current issues relate to the implications of the new Basel 3 on the structure of
the balance sheet and on profitability.

This chapter introduces the new regulatory ratios. It shows how compliance with the set of
the new regulatory ratios has a direct effect on how banks manage their balance sheet. These
impacts are detailed using an example of a typical banking book.

Contents
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3.3 Creation of Value 27

3.1 THE NEW REGULATORY RATIOS

The 2011 document “A global regulatory framework for more resilient banks and banking
systems”, dated December 2010, revised June 2011 [24], requires that the capital adequacy
ratio be enhanced and introduced two new ratios: the Liquidity Coverage Ratio (LCR) and the
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Net Stable Funding Ratio (NSFR). The reform is gradual, with full changes being enforced by
2018. A new leverage ratio is also introduced, aimed at preventing an excess buildup of credit
in expansion phases.

3.1.1 Capital Adequacy

Regulatory capital is divided into Tier 1 and Tier 2. Tier 1 capital includes equity and retained
earnings. Tier 2 capital is made of subordinated debts. Tier 1 capital is available when the bank
is solvent and operates as a going concern. If a bank’s losses exceed its equity base, it should
pay back all creditors. Tier 2 capital is relevant when the bank is no longer a going concern,
under the “gone-concern” view.

Under the new regulation mentioned above, Common Equity Tier 1 must be at least 4.5% of
risk-weighted assets at all times. Tier 1 capital must be at least 6.0% of risk-weighted assets.
Total capital (Tier 1 plus Tier 2) must be at least 8.0% of risk-weighted assets at all times.
An additional equity capital conservation buffer is required to ensure that banks build up capital
buffers outside periods of stress, which can be drawn down when losses are incurred. A
countercyclical buffer can be required for protecting the banking sector from excess aggregate
credit growth by raising the cost of credit.

The cumulative effect of these requirements is that the ratio of core capital to risk-weighted
assets would reach 10%, or more, by the time the new regulations would be fully enforced.

The Basel 3 document also addresses the systemic risk implications of large banks, with
additional capital buffers, and a greater supervisory discipline over banks designated as
“systemic” because of their interconnectedness with the rest of the financial system.'

3.1.2 The Liquidity Coverage Ratio (LCR)

The goal of the LCR is to improve the short-term resilience of a bank’s liquidity risk profile by
ensuring that it has sufficient high-quality liquid assets to survive an acute stress scenario
lasting for one month.

The LCR imposes that the liquidation value of eligible short-term assets be higher or equal
to the “net stressed outflows” measured over a period of 30 days. The stress scenario might
include: a significant downgrade of the institution’s public credit rating; a partial loss of
deposits; a loss of unsecured wholesale funding; a significant increase in secured funding
haircuts; and increases in collateral calls on contractual and non-contractual off-balance sheet
exposures, including committed credit and liquidity facilities.

The net cash flows result from the runoffs of assets and liabilities under adverse conditions.
They are measured from factors, or percentage runoffs, applied to assets and liabilities. On the
asset side, the factors are fractions of assets expected as cash inflows. Term loans have low
factors, while traded assets of good quality, which can be sold easily, have higher factors.

1 See “Addressing systemic risk and interconnectedness”, paragraph 32 of the 2010 Basel 3 docu-
ment [24]. Systemic risk is addressed in the literature: see Arnold, B., Borio, C., Ellis, L., Moshirian, F.
(2012), Systemic risk, macroprudential policy frameworks, monitoring financial systems and the
evolution of capital adequacy [14]; or Nijskens, R., Wagner, W. (2011), Credit risk transfer activities
and systemic risk: How banks became less risky individually but posed greater risks to the financial
system at the same time [111].
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The stressed outflows are calculated from runoff factors applied to liabilities, which measure
the expected outlays of cash for various resources. Short-term wholesale debt has a runoff rate
of 100%. Other resources, such as deposits, are more stable but they are nevertheless expected
to face withdrawals under stressed conditions. Long-term resources, such as capital and issued
bonds, have no runoff over the short term.

3.1.3 The Net Stable Funding Ratio (NSFR)

The objective of the NSFR is to promote the resilience over a longer time horizon than the LCR
by creating additional incentives for a bank to fund its activities with stable sources of
financing. The NSFR aims to limit overreliance on short-term wholesale funding during times
of buoyant market liquidity and encourages better assessment of liquidity risk across all on- and
off-balance sheet items. The NSFR has a time horizon of one year and imposes that the
resources that regulators see as non-volatile over one year be at least equal to the amount of
assets that are seen to stay in place under the same horizon.

The ratio is implemented by comparing the available stable funds (ASF) to the required
stable funds (RSF). The stable funds are the financing that is expected to stay in place for an
extended period of at least one year, excluding any volatile debt. The required stable funds
represent the amount of assets that supervisors believe should be supported with stable funding.

According to the NSFR, the ratio of ASF to RSF should be above one. For measuring
required and available stable funds, percentages called factors, are used for weighting assets
and liabilities. The RSF are derived from assets, by applying RSF factors to existing assets.

The RSF factors measure how easy it is to turn assets into cash. They range from 0%, for
those assets that do not require stable funding, to 100% for those assets that should be
supported entirely by long-term funds. Good quality market instruments, such as investment
grade bonds, do not require 100% of stable funds because they can be sold or financed by
pledging them for borrowing. On the other hand, some loans with maturity longer than one year
would require close to 100% stable funding.

The ASF factors measure how stable the resources are and are in the range of 0 to 100%.
Factors in the upper range are applied to stable resources, such as equity and bonds issued by
the bank. Factors in the lower range are used for resources that are considered as less stable, or
volatile, such as the fluctuating fraction of deposits and short-term interbank debt.

3.1.4 The Leverage Ratio

The leverage ratio is intended to prevent the excessive buildup of exposures during expansion
period. Banks can build up leverage in expansion, even when they maintain a strong capital
base. The purpose of the ratio is to limit the expansion of the balance sheet in growth periods,
and, consequently, limit the deleveraging of the balance sheet under recession periods.”

The leverage ratio imposes that core capital be at least 3% of the balance sheet size, plus
some off-balance sheet commitments such as uncancellable banking commitments. The ratio is
implemented over a test period extending until 2017.

2 Sources on leverage and liquidity include Acharya, V. V., Viswanathan, S. (2011), Leverage, moral
hazard, and liquidity, [2], and Adrian, T., Shin, H-S. (2010), Liquidity and leverage, [4].



24 RISK MANAGEMENT IN BANKING

3.2 COMPLIANCE OF A COMMERCIAL BALANCE SHEET:
EXAMPLE

The combination of the capital adequacy ratio, the LCR, the NSFR and the leverage ratio
results in four constraints on the balance sheet of a bank. An example of a typical balance sheet
is used below to show how compliance can potentially reshape a typical balance sheet and
impact the profitability of a bank.

The combination of four ratios makes the management of the balance sheet a constrained
exercise. The mix of assets and liabilities of the banking book is business driven. In a typical
commercial bank, the bank holds corporate loans and loans to individuals arising from
consumer lending and mortgage loans, plus an investment portfolio made of financial assets
managed under a buy and hold policy. On the liabilities side, commercial resources are the
deposits.

Assuming that the mix of commercial loans and deposits is given, the bank should manage
its portfolio of liquid assets and its financing in order to comply with regulatory constraints.

The following example relies on a simplified balance sheet of a hypothetical commercial
bank (Table 3.1). The commercial activities include mortgages plus corporate and retail loans.
The bank also has an investment portfolio, which is assumed to be made of investment-grade

TABLE 3.1 A sample balance sheet

€ billion Natexia
ASSETS

Mortgage loans 20.04

General lending 30.07

Investment portfolio 16.79

Money market assets 1.20

Balancing treasury securities 0.00

Earning assets 68.10
Other assets 8.00

TOTAL ASSETS 76.10
LIABILITIES AND EQUITY

Deposits 37.10

Wholesale debt 19.30

Issued bonds 5.00

Balancing interbank debt 0.00

Other liabilities 8.00

Total liabilities 69.40

Subordinated debt 3.35

Equity 3.35

Total equity and liabilities 76.10
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bonds. On the resource side, the bank has long-term resources combining capital and subordi-
nated debt, plus bonds issued in the capital markets. The bank’s main resources are retail deposits
and wholesale debt. The purpose of the example is to determine whether the initial balance sheet is
Basel 3 compliant and what are the required changes to make it compliant.

3.2.1 Capital Base

The starting point of calculations should be the capital base since it sets a cap on the maximum
size of risk-weighted assets and of the (unweighted) balance sheet size.” The capital ratio sets
the maximum size of risk-weighted assets. Using a capital ratio of 10%, in line with Basel 3
expected requirements, the maximum value of risk-weighted assets is 3.35/10% = 33.5.

The leverage ratio sets the maximum size of the balance sheet. Given core capital, this size
cannot exceed 3.35/3% = 111.7.

3.2.2 Risk Weights, Asset Mix and Capital

The next step addresses asset size and asset mix between mortgages and lending activities,
which requires the risk weights. It is assumed that risk weights for those commercial assets are
as in Table 3.2.

The acceptable size of assets and the acceptable size of risk-weighted assets depend on the
asset mix. Investments should also be included, but, if the core business is in commercial
activities, they need not be considered in a first step.

The regulatory ratios do not allow any commercial asset mix. For example, if the bank were
lending only through mortgages, with a low risk weight, the maximum size of the mortgage
portfolio is reached when they have arisk-weighted value of 33.5. This size would be 33.5/20% =
167.5. Lending through mortgages only would result in a size exceeding the maximum value
from the leverage ratio, given existing core capital of 3.35. On the other hand, if the bank activities
were concentrated on general lending, given a risk weight of 100%, the size of the loan portfolio
would be capped at 33.5.

If the asset mix is kept as it is currently, 40% mortgages and 60% lending, the average risk
weight is 68%.* The maximum size of the balance sheet, given the maximum risk-weighted
assets of 33.5 is: 33.5/68% = 49.3. This size is within the limit set by the leverage ratio. Note,

TABLE 3.2 Natexia risk weights for
mortgages and general lending

Natexia Risk weights
Mortgages 20%
General lending 100%
Investment portfolio 20%
Balancing treasuries 0%

3 In this simplified example, off-balance sheet commitments are ignored.
4 The average risk weight is 20% X% 40% + 100% x 60% = 68%.
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however, that the new total size of assets is now lower than the current size of the loan portfolio,
50.1. The reason is the higher capital ratio of 10%.” This illustrates the simple fact that a higher
capital requirement implies a cap on the volume of credit.

3.2.3 Compliance with NSFR

For checking compliance with the NSFR, ASF and RSF factors are required. If loans are
entirely long term, a sensible RSF factor is 100%. In this example, it is assumed that
investments do not require any stable funding. For ASF factors, capital and issued debt are
factored 100% stable resources. A fraction of the deposit base can be short term, due to seasonal
and short-term volatility, for example 10%. Finally, wholesale debt is volatile and is assigned
an ASF factor of 0%. The calculation of the NSFR is detailed in Table 3.3.

The NSFR is lower than one, which means that there is a deficit of available stable funds.
The reason is the large reliance on wholesale debt. For compliance, some long-term debt should
replace some of the wholesale debt. Adding the investment portfolio to the calculation would
increase the required stable funds, which would further constrain the size of the loan portfolio
given the existing financing.

Assuming that the current financing mix is maintained, in a first step, the size of assets has to
be downsized again with the 0.92 scaling factor, in order to align RSF with ASF. Given that
mortgages and loans have an ASF factor of 100%, their new size becomes 92% of the original
size, or 45.09.

The unweighted existing resources are 68.1. As they exceed the new size of assets, the
volume of debt financing needs to be adjusted. In Table 3.4, the wholesale debt is the balancing

TABLE 3.3 The new commercial balance sheet: compliant with NSFR

RSF factor Assets RSF

Mortgages 100% 19.71 19.71
General lending 100% 29.56 29.56
Investments 20% 0.00 0.00
Required stable funding 49.26 49.26

ASF factor Liabilities ASF
Capital 100% 3.35 3.35
Subordinated debt 100% 3.35 3.35
Issued debt 100% 5.00 5.00
Deposits 90% 37.10 33.39
Wholesale debt 0% 19.30 0.00
Available stable funding 68.1 45.09
NSFR 0.92

5 It can easily be checked that the initial balance sheet is compliant with core capital and subordinated
debt, and a capital ratio of 8%.
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TABLE 3.4 The new compliant balance sheet

ASSETS

Mortgages 18.04
General lending 27.05
Total assets 45.09

LIABILITIES AND EQUITY

Deposits 37.10
Wholesale debt — balancing -3.71
Issued debt 5.00
Subordinated debt 3.35
Capital 3.35
Total equity and liabilities 45.09

item, adjusted for matching the volume of assets and of liabilities. The resources should be
reduced by 68.1 —45.09, or 23.01. This is more than the initial wholesale debt. In other words,
the bank now has excess resources from its stable financing that would show up as liquid assets
for an amount of 23.01 — 19.30 = 3.71.

The new commercial balance sheet is now compliant with the stable funding ratio. But the
adjustment process is not completed since a final step is needed to check compliance with
the LCR.

3.2.4 LCR Compliance

The calculation of LCR requires the runoff rates of resources and the liquid factors for assets. If
excess resources are invested in liquid assets, the liquid asset cushion is 3.71. The unique
runoff factor needed is that of deposits, the current balance of which is 37.10. With a runoff factor
of 10%, the corresponding outflow would be 3.71, which matches the excess of resources. The
liquid portfolio is high enough. The current balance sheet is now compliant with the LCR.

The rebalancing illustrates the effect of the new constraints. The mechanism was illustrated
by assuming existing resources as given. It is obvious that using more long-term debt, or
increasing the capital base, would allow the banking book to keep its current size and even to
expand it. Similarly, the investment portfolio, which was ignored in this simulation, consider-
ing that the core business was commercial banking, could be accommodated by adjusting the
capital base and the issued debt. The purpose was only to illustrate that compliance with the
new constraints would reshape a balance sheet.

3.3 CREATION OF VALUE

The simulation does not take into account the profitability of the bank and ignores, notably, the
higher cost of stable debt versus wholesale debt. The higher cost of stable resources potentially
implies that the profitability of existing activities be adversely affected.
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A primary criterion for economic performance is the bank’s return on capital, the ratio of net
income to regulatory capital. There are strong interdependencies between the structure and size
of a banking portfolio, its financing, its risk and the final return on capital.

On the asset side, a change of asset volume and of asset mix has an impact on both profit and
risk. The size of the banking portfolio has an impact on the volume of revenues and the capital
charge. The structure of assets has an impact on margins and on capital, as these depend on
margins and risk weights differentiated by asset segment. On the liability side, the structure of
debt determines the financing cost of the bank. The final impact on the return on capital
combines all elements of revenues and financing costs, and capital charge.

A simulation of return of capital derives from the simulation of the balance sheet. The return
on capital is risk adjusted as the capital is a metric of risk. Its determination depends on both
risk weights and income. Figure 3.1 shows how the various elements of profitability and risk
combine into the return of capital. Some critical parameters are in shaded boxes.

On the risk side, the capital depends on the volume of assets and asset mix. In the example,
the new asset volume is 45.09 and the asset mix corresponds to an average risk weight of
68%. The risk-weighted assets are 30.66, and, with a capital ratio of 10%, the capital charge
is 3.07.

On the profitability side, the net interest income depends on the margins of the asset
segments and on the cost of financing. Presumably, reliance on additional long-term
financing, plus the low return of liquid assets, has an adverse effect on the bank’s return.
It is assumed here that the net interest income margin is 2.5% of the balance of earnings
assets, once the financing mix is adjusted for compliance, resulting in a net interest income of
1.13 (45.09 X 2.5%).

Asset volume Financing
and mix structure

| Loans |—>| NII | Average
margin

Risk weights Operating
costs
4 ¢
Risk-weighted o Cost of risk Statistical
assets l loss

Capital ratio ncome

A 4 A 4

| Capital | | Net income |

Return on
capital

FIGURE 3.1 Return on capital
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For determining the profit after tax, operating costs, the provision from loan loss and the tax
should be deducted. The loan loss provision depends on the risk of loans. The operating cost
depends on the management ratios of the bank.

For example, sensible parameters could be as follows: a cost to income ratio of 50%, a
provision for loan losses of 0.5% and a tax rate of 34%. With these values, operating cost is
0.56, loan loss provision is 0.23, taxable income is 0.34 and net income is 0.22. Using these
figures, the return on capital is 7.28%. Other scenarios could easily be simulated.






Liquidity Management
and Liquidity Gaps

The balance sheet ratios of Basel 3 take care of minimum liquidity requirements. For managing
liquidity in a non-stressed environment, banks need to make financing and investing decisions
depending on their cash positions, current and expected. For financing decisions, they need to
assess how much they need, in the case of projected deficits, from which date and until when.
Managing the funding requires projecting the existing assets and liabilities for determining any
future imbalance. These mismatches are called liquidity gaps.

This chapter presents the conventional gaps for managing liquidity and addresses some of
their limitations.
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4.1 LIQUIDITY AND LIQUIDITY RISK

Before the financial crisis, a shortage of liquidity referred to a situation when a bank raises cash
at a higher cost than usual conditions, with an extreme shortage leading to failure. The financial



32 RISK MANAGEMENT IN BANKING

crisis of 2008 demonstrated that liquidity disruption could be system-wide, that liquidity could
evaporate in a matter of days and that liquidity is highly scenario dependent: “One moment it is
there in abundance, the next it is gone.”' Accordingly, the cost of liquidity cannot be ignored
anymore and has to be fully recognized in the bank’s cost of funds: the cost of funding liquidity
is addressed in Chapter 10 dedicated to internal pricing of funds.

4.1.1 Liquidity and Financing

Liquidity is often impaired by adverse events, which are not directly related to liquidity issues.
Bank-specific events include adverse earnings or loss announcements, or a downgrade of the
firm. System-wide events are market disruptions, as the last financial crisis demonstrated.
However, the chances that events materialize in a liquidity crisis depend on how vulnerable the
sources of liquidity are at the firm level.

Banks raise cash by borrowing short-term or stable resources, secured or not, or alterna-
tively raise cash from the sale of assets. Borrowing uses a variety of instruments such as inter-
bank debt, wholesale debt or customers’ deposits. Banks also rely on committed lines of credit
from other banks, on which they can draw if need be. Funding risk has to do with the
availability or unavailability of sources of funds at a reasonable cost of funds. The trust of the
providers of liquidity is critical. Wholesale lenders can stop lending almost whenever they
decide. Banks can refrain from letting borrowers draw on a credit line when they think that the
risk of a legal procedure is lower than the risk of losing the money lent. The reliance on stable
sources of funds mitigates funding risk. Stable funds include bond issues, secured borrowings
over a horizon beyond one year and the stable fraction of deposits.

An alternate source of cash is the sale of market assets. Most financial firms hold financial
assets. All assets are liquid if we extend the time frame. Even loans can be traded or securitized
if time permits. High-quality and short-term assets are valuable because they can be easily sold,
and without significant discount since they are not sensitive to interest rate variations. Many
other assets are tradable but they are less liquid, which implies a longer time frame and higher
potential discounts from variations of interest rate or because the volume of sales depresses
their prices.

Banks might refrain from holding large balances of high-quality and short-term assets
because of their lower earnings. Because such assets are the unique alternate source of funds in
the presence of funding disruptions, regulators introduced the liquidity cover ratio for imposing
a minimum liquidity buffer to banks.

Cash can also be obtained without selling assets, by pledging them for raising secured debt.
The amount of secured borrowing that can be potentially raised is the asset current value minus
haircuts” required by lenders. Good quality assets, those assets with a good credit standing of
issuer and that can be traded, can always be “turned into cash”, either through sales or secured
borrowing.

Banks tend to finance long-term assets with short-term resources. The resulting mismatch is
a major source of liquidity risk. Mismatches of maturities generate liquidity risk because the

1 “When the river runs dry”, The Economist, February 11th, 2010.

2 The haircut is the gap between the asset value and the smaller volume of borrowings obtained from
pledging the asset.
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short-term debts need to be rolled over for financing the long-term assets. They also have
interest rate risk because the spread between long-term and short-term interest rates fluctuates
with market movements.

4.1.2 Liquidity Risk in the Banking Book

All stochastic factors affecting cash flows contribute to the level of liquidity risk of banks.
Stochastic cash flows occur because clients hold options to increase or decrease their loans or
deposits at the bank.

A significant portion of assets and liabilities within a bank’s balance sheets typically
consists of so-called “non-maturing accounts”, or accounts with an indeterminate maturity. The
cash flows to and from these accounts are not deterministic but stochastic, and contribute to
liquidity risk.

Such accounts include demand deposits on the liability side and consumer loans or
overdrafts on the asset side. On the liability side, banks’ clients may freely increase or
withdraw their deposits. On the asset side, consumer loans and credit card accounts are rolled
over within the bank’s authorization limits, at customers’ initiative. Clients can increase or
repay their drawn amounts on consumer loans, such as credit cards and overdrafts, at any
point in time and without penalty. Those loans are the equivalent of deposits on the asset side.
Fixed-rate mortgage loans can be prepaid by borrowers who would like to take advantage of
declining rates. Stochastic cash flows arise from such rights embedded in banking products.

4.2 LIQUIDITY GAP TIME PROFILES

Liquidity gaps refer to the projected imbalances of sources and uses of funds. Gap reports
provide the necessary information for taking funding or investing decisions. Gap management
consists of managing the projected mismatches between assets and liabilities.

The liquidity gaps are the differences, at future dates, between the projected balances of
assets and liabilities of the banking portfolio. The existing assets and liabilities amortize (run
off) gradually over time, and the time profiles of their balances are declining. Projections are
“static” when they ignore new loans, new deposits or debts at future dates.

Static liquidity gaps have a time profile depending on how assets and liabilities run off. Ata
future date, ¢, the liquidity gap is the algebraic difference between the projected balances of
existing assets and liabilities. There are as many gaps as there are time points over the planning
horizon. At each future date #:

Liquidity gap (f) = Assets () — Liabilities (¢)

Figure 4.1 shows typical situations for the time profiles of assets, liabilities and gaps. The
current gap, as of today, is zero as the sizes of assets and liabilities match. Any excess of funds,
or any deficit of funds, at this starting date is supposedly fully funded or invested.

As time passes, the existing assets and liabilities amortize. For static gaps, new loans and
new debts are ignored, and the outstanding balances of existing assets and liabilities decline.
Once all debts are fully repaid, the time profile of liabilities hits the floor of capital. The interest
rate flows generated by existing assets and liabilities are not shown in these charts. With the
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algebraic definition of liquidity gaps, a positive gap between assets and liabilities is equivalent
to a deficit, and vice versa.

The time profiles of liquidity gaps can have three basic shapes: assets and liabilities are
matched; there are deficits of funds; or there are excesses of funds. Positive gaps mean that the
balance sheet generates projected deficits of resources relative to assets. This is the gap profile
of asset-driven banks. These banks have to raise funds periodically to match the development
of their assets. The opposite case is that of liability-driven banks. As time passes, these firms
have excess resources and need to expand new lending or investing activities.

Cash matching implies that the time profiles of amortization of assets and liabilities are —
approximately — identical. In this case, there is no significant maturity mismatch and all
liquidity gaps are near zero. The amortization of the balance sheet does not generate any deficit
or excess of funds, and the repayment schedule of debt replicates the repayment schedule of
loans. The balance sheet remains balanced, as time passes, without generating any need or
investment of funds. Full matching eliminates liquidity risk.
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Matching the runoff profiles of assets and liabilities is the reference case, with liquidity gaps
closed. Furthermore, if interest rates have the same nature — fixed or floating — on both sides of
the balance sheet, there is no uncertainty on net interest income since all interest revenues and
costs are deterministic.

Consider the case of a single loan, for example a bullet loan. If the loan is financed with a
debt replicating the time profile of the loan, the liquidity gaps until maturity of the loan are zero.
Assume further that both loan and debt are fixed rate. The loan rate will usually be higher than
the one of debt, the difference being the spread between the client’s rate and the cost of debt.
The net interest income (NII), the interest revenue minus interest cost, of the portfolio
combining the loan plus the mirroring debt is locked for the duration of the loan.

Under cash matching, a similar conclusion applies to a floating-rate loan backed with a
floating-rate debt. Assume that the loan is indexed to the Libor 3 month. Over a year, there are
four reset dates, including the date at which the loan is granted. At each reset date, both the loan
rate and the debt rate are reset with the same Libor reference, and the NII remains locked from
origination.

Alternatively, any mismatch between maturities and interest rate generates both liquidity
risk and interest rate risk. A standard position of banks consists of lending for longer maturities
than those of liabilities, or being asset driven. Some banks have this position because they
prefer to rely on short-term debt for capturing a positive spread between long-term and short-
term rates. In such instances, the bank has recurring deficits of funds and needs to roll over the
debt, the interest rate of which fluctuates as time passes. In the opposite case of positive gaps,
there is a recurring excess funding. There is no liquidity risk, but there is interest rate risk,
because the interest rates of future loans or investments from excess funds are unknown viewed
from today.

When mismatches result from a deliberate financing policy of the bank, they should be
consistent with expectations on interest rates. For instance, in a fixed-rate universe, keeping a
balance sheet underfunded (positive liquidity gaps) makes sense if short-term rates are lower
than long-term rates, or when betting on declining interest rates so that any delayed financing
will be at lower rates. Conversely, being overfunded (negative liquidity gaps) means that funds
are raised in advance, which could make sense if higher interest rates are expected.

4.3 TYPES OF LIQUIDITY GAPS

Several liquidity gaps could be considered: marginal gaps, static and dynamic gaps. The usual
liquidity gaps are static, derived with a scenario of the runoff of existing assets and liabilities
only. When gaps include the new loans or debts, they are called dynamic. Under a dynamic
view, the outstanding balances of assets and liabilities often increase with time rather than
amortize, as with static gaps, because new loans and new debts pile up over the amortizing
loans and debts.

Incremental or marginal gaps are the differential variations between two adjacent time
points of assets and liabilities. The cumulated marginal gaps, from today up to a date ¢z, match
the gap between the outstanding balances of assets and liabilities as of the same date. Table 4.1
is an example of the time profile of both cumulative gaps and incremental gaps.

In the example in the table, assets amortize slower than liabilities. The inflows from
repayments of loans are smaller than the outflows from the amortization of debts. Deficits
cumulate from one period to the other, except in period 5.
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TABLE 4.1 Time profiles of outstanding assets and liabilities and of liquidity gaps

Dates I 2 3 4 5 6

Assets 1,000 900 700 650 500 300
Liabilities 1,000 800 500 400 350 100
Gap' 0 100 200 250 150 200
Assets amortization —100 —200 =50 —150 —200
Liabilities amortization —200 —300 —100 -50 -250
Marginal gap® 100 100 50 -100 50
Cumulative gap® 100 200 250 150 200

() Calculated as the difference between assets and liabilities. A positive gap is a deficit that requires
funding. A negative gap is an excess of resources to be invested.

@ Calculated as the algebraic variation of assets minus the algebraic variation of liabilities between tand t— .
® The cumulative gaps are identical to the gaps calculated with the outstanding balances of assets and
liabilities.

A positive marginal gap means that the algebraic variation of assets exceeds the algebraic
variation of liabilities: it is an inflow. A negative marginal gap means that assets amortize at a
slower pace than liabilities at that period: it is an outflow.?

The marginal gaps represent the new funds to be raised over the period, or the new excess
funds of the period available for investing (Figure 4.2). For example, the marginal gap for the
period between date 2 and date 3 is +100. It is the additional deficit of the period. It is also the
amount of funding required if previous deficits up to date 2 have been closed.* Marginal gaps
represent the new amounts raised, or invested, over a given horizon, if, and only if, the
incremental financing or investments between initial date and current date are still in place
today. On the other hand, cumulative gaps are cumulated deficits or excesses of funds,
assuming no intermediate fundraising or investing took place between the initial date and the
date at which the gap is projected.

Table 4.2 shows a typical liquidity gap report. The time buckets are quite large in this sample
table. Most gap reports provide gaps over frequent time points, for example monthly for up to
one to three years.

The calculation of gaps is simple, but it is conducted over a very large number of lines in the
balance sheet. Standard asset-liability management (ALM) information systems provide gap
reports, given the details of the amortization of each item of the balance sheet. A sample output
of such software, used in a retail bank, is shown in Figure 4.3. The top part of the picture shows
how assets amortize through time by monthly steps. The grayed area is the outstanding monthly
balance, measured along the Y-axis. The liabilities are shown as another grayed area in the
down section of the same graph. The time profile of liquidity gaps is the difference between
assets and liabilities. The gaps are the differences between those two areas. The isolated lines
show the average interest rates of assets and of liabilities, respectively.

3 For instance, if the amortization of assets is 3, and that of liabilities is 5, the algebraic marginal gap, as
defined above, is =3 — (=5) = +2, and it is an outflow. It is important to keep a clear convention, so that
the figures can be easily interpreted.

4 In other words, 100 raised at date 2 is not amortized until a date posterior to date 3.
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Figure 4.4 shows the time profile of liquidity gaps, magnified from Figure 4.3. The gaps are
cumulative up to each future date. They decline to zero in the long term as the balances of assets
and liabilities amortize completely. In general, the gaps are subject to limits, which cap the
amount of financing required. The limit is a horizontal line in the figure that caps the financing
needs of the bank. If the limit is breached at some future point, a new financing has to be raised
in order to keep the projected deficits below the limit.

Information systems dedicated to ALM embed a number of useful functionalities.
For example, outstanding projected balances can be end-of-month or monthly averages.
It is possible to drill down in the gap for any date to find out which transactions, or
products, contribute to the gap. Similarly, the variations in the gap profile can be traced
back to the corresponding transactions.

TABLE 4.2 Sample liquidity gap time profile

In million <! -3 3-12 1-5 5-10 >10 Not

31/12/2010 month months months years years years defined  Total
Assets 98,044 25,163 32,168 53,836 29,167 29938 36,271 304,587
Liabilities 133,253 40,492 37,355 39,252 11,487 8,736 34,012 304,587

Liquidity gap ~ —35,209 —15,329 5,187 14,584 17,680 21,202 2,259 —
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FIGURE 4.4 Time profile of liquidity gap and limits

4.4 MANAGING INCREMENTAL GAPS

As in all projections, gaps have limitations. Notably, they are based on assumptions and rules
for projecting the runoffs of accounts with indeterminate maturities. Gap reports are not
intended to model the behavior of these accounts, but they need to be based on sensible
assumptions.

In gap reports, projections are based on discrete scenarios, where runoffs are seen as
deterministic. But a significant fraction of assets and liabilities generate stochastic cash flows.
Deposits have no maturity, but are sticky; mortgages can be pre-paid or their customer’s rate
be renegotiated; credit lines of off-balance sheet commitments can be drawn at the client’s
initiative within limits; consumer and credit card loans tend to roll over. With indeterminate
maturities, the runoffs are stochastic rather than deterministic. A general rule is that the liquidity
scenarios should be constructed from effective, rather than contractual, runoff schedules.

Frequent updates of reports take care of short-term uncertainty. Between two consecutive
gap reports, the effective balance of all accounts, including those with random cash flows, is
observed. In Figure 4.5, the gaps shown are seen from date ¢. At this date, the liquidity gap is
closed but the gap at ¢ + 1, viewed from ¢, is open. The picture changes as time passes. If
projections are exact and if there are no new debts or loans, the gap at ¢ + 1 is identical to the
projected gap viewed from the initial date . Once this next date, ¢ + 1, is reached, the positive
gap is closed with new funding.

However, in general, the new gap at 7 + 1 differs from its projected value because of random
cash flows from assets and liabilities existing at ¢, and because of new loans and debts. The
actual runoff of resources, deterministic or not, is now recorded at ¢ + 1. The entire time profiles
of assets and liabilities are also updated. Frequent updates allow gap management to be
incremental, with periodic adjustments, which allows adjusting to expected and unexpected
changes as they occur.
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Incremental gap management takes care of the short-term uncertainty. But, in general, gap
reports extend over long horizons, eventually up to the longest maturity of accounts in the
balance sheet. Gaps over the next two or three years are actively managed.

Non-maturing accounts and mortgage runoffs have generated a considerable debate in the
industry on how to manage risks. Discrete scenarios use projections relying on conventions and
measures of effective runoffs. For loans, statistics of amortization are available. Effective
runoffs are derived from historical data, as the average amortization for pools of loans.
Statistics allow more elaborated modeling of the behavior of the accounts, for example for
prepayments of mortgages.

On the liability side, demand deposits have a legal zero maturity because they can be
instantly withdrawn from the bank. However, a substantial fraction of current deposits is stable
over time, or “sticky”. The remaining fraction is volatile, and is considered as short-term debt.
The core deposits represent a stable resource, for which an amortization schedule is required for
projecting liquidity gaps.

In many instances, rules rely on conservative conventions. For example, an annual
constant amortization rate of 5%, or 10%, can be chosen for gap reports. These rates correspond
to durations of, respectively, 20 or 10 years. Such conventions generate an additional liquidity
gap equal to annual amortization, which, in general, is not in line with reality. However,
conventional amortization is a common practice because it is conservative.

The alternate solution is to define an effective runoff for the stable fraction of deposits.
Effective runoffs can be inferred from time series of the number of accounts and of deposit
balances. Only those accounts that existed at some historical point in time, used as origin,
should be monitored, which implies that existing accounts at origin be isolated from new
accounts opened later.

The number of existing accounts decreases as time passes, as some accounts are closed, but
the behavior of their aggregated balance also depends on the balance of each individual
account. If the average unit balance, the amount held per account, were constant, the
outstanding balance of deposits would amortize at the same rate as the number of accounts.
But if the unit balance increases with the age of account, the aggregated balance of accounts
decreases at a slower pace than the number of accounts, and can eventually increase over time.

Such analyses are used to support the projections of deposits. They have implications other
than obtaining sensible liquidity gaps. For example, the sensitivity of the economic value of the
balance sheet is a target variable for ALM (Chapter 7). It depends, among other factors, on the
duration assigned to deposits.
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An extended framework is required for a more advanced modeling of non-maturing
accounts. Details are provided in Chapter 8, and the modeling of mortgages with the embedded
repayment option is detailed in Chapter 9.

4.5 DYNAMIC LIQUIDITY GAPS

For liquidity management purposes, it is a common practice to focus primarily on the existing
assets and liabilities and static gaps. The rationale of the usage of static gaps is that there is no
need to obtain funds in advance for new transactions, or to manage today resources that are not
yet collected. Funding the deficits or investing excesses of funds from new business occurs
when they appear in the balance sheet, not earlier. Moreover, the liquidity gaps are continu-
ously updated, and the new loans or debts will appear gradually in the updated static liquidity
gap profile.

Dynamic liquidity gaps add to the amortization profiles of existing assets and liabilities the
projected balances of new loans and new deposits, at the time of the gap report. Such balance
sheet projections are used for budgeting purposes, and also serve to make sure that limits on
financing raised at any future periods will not be exceeded.

Total assets and liabilities, existing plus new ones, tend to increase in general, rather than
amortize. Gaps for both existing and new assets and liabilities are required to project the total
excesses or deficits of funds between today and the future dates. Figure 4.6 shows new
transactions combined with the existing assets and liabilities. Note that volumes of new assets
and liabilities should be net from the amortization of the new loans and of the new deposits,
since the amortization starts from the origination date of these transactions.

4.6 FUNDING LIQUIDITY MANAGEMENT

Controlling liquidity risk implies spreading over time the required amounts of funding, and
avoiding unexpected gaps or gaps in excess of what the firm usually raises in the market. Limits
serve for making sure that funds raised in future periods will remain within acceptable
boundaries. The process requires spreading the debts raised in a sensible way across periods.

Tlustrated below are two examples of profiles of existing assets and liabilities with initial
deficits. In both cases, the resources amortize quicker than assets and the deficits extend, with
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4 New assets
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FIGURE 4.6 Gap profiles with existing and new transactions
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FIGURE 4.7 Closing liquidity gaps

varying amplitude, up to the horizon. The purpose of the examples is to show how gaps can be
managed. It is assumed, for example, that the ALM committee wishes to close all gaps. This
means that new resources should be contracted in order to raise the time profile of resources up
to the one of assets. The issue is to define which new debts are consistent with the new goal.

For defining how much cash should be raised, when and until which date, defining a
planning horizon is a prerequisite. New debts are defined by their size and by the initial date
when they are contracted and by the final dates when they are repaid. “Layers” of debts starting
from the final horizon are combined in order to raise the time profile of liabilities until it reaches
the time profile of assets.

Figure 4.7 illustrates a first case. In the left-hand side, the gaps continuously decline until the
horizon. Because the sizes of gaps vary with dates, several layers of debt are required to close
them. More funds are needed today than at the management horizon, and cash has to be raised
today. Layers of debts of varying maturities ensure that the resources profile replicates the asset
profile. A first debt serves for closing the final gap, which is smaller than the current gap. Other
debts close the intermediate gaps.

A second case is illustrated in Figure 4.8. In this second case, it is not feasible to close all
gaps with debts contracted today. The same process does not apply because the gap starts
increasing before declining again until the horizon. Closing the final gap with debt raised today
would result in excess cash today because the final gap is larger than the initial gap. The
maximum amount of debt contracted today, without having excess funds, is the initial gap.

Amount Horizon

FIGURE 4.8 Closing liquidity gaps
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Since this initial gap is open until horizon, the debt contracted should be in place until the final
horizon. The final gap is not closed with this financing because the gap increases with time,
peaks and then narrows down. It is easy to observe that intermediate liquidity gaps remain
open. From a liquidity standpoint, this not an issue as long the required debts for closing those
intermediate gaps do not exceed limits.

However, in a fixed-rate universe, such mismatches would generate interest rate risk since
cash needs to be raised later at unknown rates. Hedging the interest rate risk would require the
usage of derivatives, such as swaps, which allow setting today an interest rate for debts raised
later, if needed.

4.7 LIQUIDITY CRISES AND STRESS SCENARIOS

Gaps do not address the situations of liquidity crises. Stress tests and contingency plans are
better suited to such extreme situations. The framework for addressing liquidity management,
notably under stressed conditions, has been now expanded with new regulations and new
principles.

Liquidity crises can be triggered by many adverse events, which can be specific to a firm or
system-wide. At the level of the firm, an unexpected release of information might cause usual
lenders to cut down their credit lines. Unexpected and sudden losses threaten solvency and
disrupt the willingness to lend by other financial players. A downgrade of the bank’s rating can
also have major effects on both the asset and the liability side. The cost of funding will increase
and the bank might become ineligible for further lending by other institutions. The same cause
can trigger margin calls, through which the bank is supposed to post more collateral in its debt,
or, alternatively, reduce its debt.

Global events include: a system-wide “run on deposits”; a liquidity crunch caused by
failures; and the fear of contagion of adverse events across financial institutions causing an
increase of risk aversion and reluctance to lend. There are several examples of such crises: the
Russian debt crisis, the “Y2K” fear of information systems failure; the 9/11 crisis; and the
subprime crisis of 2007 and 2008, which showed that a freeze of the most liquid markets could
effectively happen.

Stress tests consist of simulating what could happen in a worst-case event. The possible
origins of a crisis and the historical events provide examples of such situations and can serve as
a reference for designing the stress scenarios.

Contingent plans serve for assessing the ability to generate cash flows to meet debt
commitments and deposit withdrawals, or margin calls on collaterals, under extreme circum-
stances. In order to provide some practical inputs to such plans, banks have to consider the size
of the liquid asset portfolio, balance sheet and funding limits, maximum repos’ that can be
contracted, the diversification of sources of funding and the levels of unsecured funding. Once
these are identified, a bank can further diversify sources of funding, increase the base for repo
financing, etc. The report on sound liquidity management practices® provides a number of
criteria for addressing such contingency plans.

5 Arepo, or repurchase agreement, consists of lending a security in exchange for cash with agreement to
buy it back. It is equivalent to a debt secured by the assets.

6 Basel Committee on Bank Supervision (2008), Principles for sound liquidity risk management and
supervision [22].



Interest Rate Gaps

Interest rate risk refers to the sensitivity of earnings to shock on interest rates. Interest rate risk
arises from the mismatches of maturities or of interest rate sensitivities of assets and liabilities.
Interest rate gaps are differences of projected assets and liabilities calculated over subsets of
balance sheet items that share the same interest rate reference. By contrast, the liquidity gaps
are differences between the projected balances of all assets and liabilities of a financial firm.

The “gap model” relates the net interest income of a bank to the variations of interest rates.
Interest rate gaps are appealing because they are extremely simple and easy to use for managing
the interest rate exposure.

This chapter addresses interest rate risk and explains how interest rate gaps are used to
control the effect of interest rate risk on the net interest income of banks. The limitations of
conventional gaps are also discussed.
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5.1 INTEREST RATE RISK

Interest rate risk exists when earnings are sensitive to the movements of interest rates. Loans or
investments, term or saving deposits and financial debt generate revenues or costs that are
driven by interest rates. Since interest rates are unstable, so are earnings.

All lenders and borrowers are subject to interest rate risk. Variable-rate borrowers and
lenders have interest revenues or costs indexed to short-term market rates. Loans and debts that
are fixed rate are also subject to interest rate risk. Fixed-rate lenders could lend at higher than
their fixed rate if rates increase and face the risk of not lending at such higher rate. Fixed-rate
borrowers would be better off by borrowing at lower rates when rates decline. Fixed-rate
transactions are exposed to interest rate risk because lenders and borrowers might face a
random opportunity cost arising from market movements.

There is no neutral position for interest rate risk, since there are always direct, or
opportunity, gains and losses due to interest rate movements. Lenders and borrowers can
only choose which type of exposure, variable rate or fixed rate, they want to have. They do so
for new loans or debts. For existing loans and debts, they can still change their exposure,
according to their perception of interest rates, by using interest rate derivatives.' Derivatives do
not modify the original contract (debt or loan), but are new contracts.

Banks have exposure to interest rates both as lenders and borrowers. They also have an
interest exposure on the future contractual cash flows already embedded in their existing assets
and liabilities because these future flows will be financed or lent at interest rates that are
unknown as of today. Liquidity risk therefore generates interest rate risk. Both projected and
unexpected excesses and deficits of funds will be financed at interest rates unknown today.
Implicit or explicit options embedded in banking products are another source of both liquidity
and interest rate risk.

5.1.1 Interest Rate Risk, the Term Structure and Mismatch Risk

Mismatch risk refers to the risk of maintaining a gap between maturities and/or interest rate
reset dates of assets and liabilities.

Such mismatches have an economic rationale when long-term rates are higher than short-
term rates. By lending long while borrowing short, the bank captures the positive spread
between long- and short-term rates. The same outcome occurs when lending at long-term rates
while borrowing floating rates and matching maturities. The second position eliminates
liquidity risk. Since floating rates are indexed to short-term rates, banks can still capture
the spread between the loan and short-term rates. However, both situations are exposed to the
fluctuations of the spread between long and short rates.

Mismatch risk is not specific to banks. Many financial entities tap liquidity in the short-term
market while asset maturity is much longer. The liquidity risk is sustainable as long as there is
no market disruption and the interest rate risk is significant. The savings and loans debacle in
the US is an example of adverse effects of mismatch risk. The firms were lending at fixed rates
and borrowing at floating (short) rates. When interest rates suddenly spiked because of anti-
inflationary policies by the Federal Reserve in the early 1980s, they cumulated interest losses.

1 Interest rate derivatives are discussed in Chapter 6.
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A mismatched position is a position on the slope of the yield curve. The yield curve, or the
term structure of interest rates, plots the market rates against maturities. It is generally, but not
always, upward sloping, meaning that long rates are higher than short rates.

There are many such curves as there are many interest rates. The yield to maturity is the
return of a bond held until maturity. It is defined as the discount rate that makes the discounted
value of all future flows, interest and principal, equal to the current price of the bond. When
there is no intermediate coupon, the yield to maturity becomes the zero-coupon rate applying to
the unique final flow. Zero-coupon rates apply to a unique flow to be received at maturity of a
zero bond. Such zero rates are usually derived from non-zero rates by replication of zero-
coupon bonds from other bonds that are liquid. Floating rates are indexed on short-term rates
from overnight to one year. The reference for short-term rates is the Libor (London Interbank
Offering Rate) interest rate. The Libor is an average of the rates at which main banks lend and
borrow from each other, and is fixed daily.

Interest rates also vary with the credit standing of the borrowers, and there are as many
curves for risky rates as there are credit standings, measured by credit ratings. The rates for
sovereign borrowers with the best credit standing are considered as risk-free rates. The rates
paid by a risky borrower include a spread above risk-free rate. The spread compensates lenders
for the default risk of the risky debt, and is, accordingly, called a credit spread. It is related to
credit rating, among other factors, which measures the credit standing of a particular debt issue.

The shapes of term structures of interest rates are usually upward sloping, downward
sloping, with a bump or are simply approximately flat (Figure 5.1).

With upward sloping curves, the mismatched position of banks earns the positive spread
between the interest rate of assets and the interest rate of liabilities. The spread is market driven
and does not depend on the commercial margins of the bank, which are the spread between the
clients’ rates and the market rates. Earning such market spread is attractive for financial firms
but not without risks. The risk is that short-term rates rise, or that the term structure becomes
flat, erasing any spread, or even becoming inverted with short-term rates higher than long-term
rates. Figure 5.2 shows the changes of shares of the US term structure at the inception of the
financial crisis. Shortly after, both short-term rates and long-term rates declined to historical
lows.

The interest rates along the curve tend to be correlated, but they have no reason to be
perfectly correlated. The curves evolve though time and their shapes can change. The figure
shows that the US government curve moved from upward sloping to a near flat curve between
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2006 and 2008. Shocks on interest rates can result in alterations of the shape of the curve. A
parallel shock, often used as a first approximation, is a unique shock applied to all interest rates
simultaneously.

Interest rates can be fixed or variable. Floating rates are periodically reset based on a market
index, usually a Libor. Libor rates apply to various maturities up to one year. For example, the
Libor 1 month or the Libor 1 year are reset, respectively, each month or each year from initial date.

Between two consecutive reset dates, a floating rate is “fixed” until the next reset date. In
Figure 5.3, straight lines stand for fixed rates and curved lines represent variable, unknown,
interest rates. Reset dates can occur anywhere within a period according to the reset period. The
1-month Libor changes only at reset dates. Over the period elapsing from the beginning of
month and up to the next reset date, the rate is fixed.

Some rates, used as references by banks, do not refer to Libor rates, but are variable. The
prime rate, or a rate based on the average of daily rates over a month, is an example. The prime
rate is the interest rate used by banks for their best customers, and changes by steps rather than
continuously.

5.2 INTEREST RATE GAPS

Interest rate gaps are algebraic differences between assets and liabilities of which interest rate
shares a common reference. Static interest rate gaps are calculated from the current and
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projected balances of existing assets and liabilities, and form a time profile over the horizon of
projections. Interest rate gaps are calculated for fixed-rate or for variable-rate assets and
liabilities.

The fixed interest rate gap at a given date is the difference between fixed-rate assets and
fixed-rate liabilities. The variable interest rate gap at a given date is the difference between
variable-rate, or interest rate sensitive, assets and liabilities. Since there are many floating-rate
references, there are potentially as many floating-rate gaps.

Like liquidity gaps, static gaps are derived from the projected runoffs of existing assets and
liabilities. Static gaps are used for interest rate risk management because there is usually no
need to hedge today transactions not yet in the balance sheet.

Floating-rate interest gaps can be defined for all floating-rate references (1-month Libor,
1-year Libor, etc.). These floating-rate gaps are not fungible: they cannot be aggregated
unless assuming a parallel shift of all rates. The calculation of variable-rate gaps requires a
proper mapping of the interest rates of the items in the balance sheet to selected reference
rates. On the other hand, there is only one fixed-rate gap for a given horizon.

Gaps are calculated at various time points until some long-term horizon. The time bands
between these points in time should not be long because the calculation of gaps does not show
at which exact date, within each time band, a variable rate is reset. For example, periodical
gaps can be calculated on a monthly basis. The gap profile can extend up to the longest
maturity of the portfolio, but gaps are more useful up to shorter horizons, such as one, two or
three years. By convention, gaps are calculated as differences between assets and liabilities,
either fixed-rate or interest-rate sensitive (IRS) over a future period defined by its begin and
end dates (fand ¢ + 1).

Fixed interest rate gap (¢,¢ + 1) = Fixed rate assets (f) — Fixed rate liabilities (7)

Variable interest rate gap (,¢ + 1) = Interest rate sensitive assets (#) — Interest rate sensitive
liabilities (7)

5.3 CALCULATIONS OF INTEREST RATE GAP

The calculation of interest rate gap is straightforward once proper interest rate references have
been defined and assigned to all items in the balance sheet. Fixed-rate gaps are simpler to report
because there is no need to define all interest rate references. Non-interest bearing assets and
liabilities should be excluded from the calculation of interest rate gaps, but they influence these
gaps through their liquidity gap, as the calculation in paragraph 3.1 illustrates.

5.3.1 Calculation of Interest Rate Gaps

Figure 5.4 shows a point in time balance sheet, as of ¢, at a future date. All rates that are known
as of this date are “fixed” and all other items are considered as interest rate sensitive and
aggregated. The interest rate gaps (fixed or variable) depend on the gap between fixed assets
and equity.
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FIGURE 5.4 Interest rate gaps

If there was no liquidity gap, the fixed-rate gap and the floating-rate gap” would be identical
in absolute values. But, in general, there is a liquidity gap for future dates. A projected liquidity
gap generates an interest rate gap because excess funds will be invested, or deficits will be
funded, at future dates at unknown interest rates. A projected deficit of funds is equivalent to an
interest-sensitive liability. A projected excess of funds is equivalent to an interest-sensitive asset.

In the example of Figure 5.4, the floating-rate gaps differ, before and after the deficit, by the
liquidity gap, equivalent here to a variable-rate liability:

Floating-rate gap before liquidity gap =40 — 35 =45

Floating-rate gap after liquidity gap = +5 — 40 = —35
The variable-rate gap can be calculated without considering the liquidity gaps or inclusive of
the liquidity gap. Since the liquidity gap is a floating-rate item, it makes sense to include it in the

calculation. In this case, the floating-rate gap is the floating-rate gap before the liquidity gap
minus the liquidity gap:

Floating-rate gap post funding = Floating-rate gap before funding — Liquidity gap
=-35=+45-40

The calculation makes sense when all interest rate-sensitive items are aggregated. However,
if interest rate gaps should be broken down by type of floating rates (Libor 1 month, Libor 1
quarter, etc.), the calculation cannot be done unless the interest rate references of the open
liquidity gap are known.

5.3.2 Mapping Interest Rates to Selected Risk Factors

There are many floating-rate references. In addition, any future funding can be indexed to
floating interest rates or to interest rates for longer maturities. The interest rates of the balance

2 This is the gap combining all interest rate-sensitive assets and liabilities at a point in time.
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sheet items, and those of projected financing or investments, have to be mapped to selected
market rates.

The mapping exercise is simple with existing assets and liabilities when the contractual rates
are market rates, such as Libor. If only a subset of market rates is selected, some interest rates
will not coincide with the market rates used as reference. The process creates basis risk, the
residual risk due to differences between selected and actual rates.

The same happens with customers’ rates, as these might not fluctuate mechanically with
market rates. One solution is to relate actual rates, by product segment, to the selected reference
rates and to use sensitivities for calculating “standardized gaps”. Statistical techniques provide
the sensitivities. The average rate of return of a subportfolio, for a product family for instance,
is the ratio of interest revenues (or costs) to the total outstanding balance. It is feasible to
construct times series of such average rates over many periods. A statistical fit to observed
data provides the relationship between the average rate of the portfolio and the selected rates.
A linear relation is such as:

Rate = 8, + f; Index; + ¢

The coefficient f, is the sensitivity of the loan portfolio rate with respect to the interest rate
index,. The standardized gap weights the assets and liabilities by their sensitivities to the
selected reference rates. For example, if the return of a segment of loans has a sensitivity of 0.8
with respect to the short-term market rate, it will be weighted with 0.8 in the gap calculation.

5.3.3 Sample Gap Reports

The simplified report (Table 5.1) is representative of what banks disclose in their annual
reports.

Internal information systems provide far more details as illustrated by Figure 5.5. The graph
uses the average balances of existing assets and liabilities over each time band. The horizontal
axis shows dates, and the calculation is done on a monthly basis. The assets and liabilities
shown are fixed rate. The top section shows assets and the bottom section shows the liabilities,
the difference being the fixed-rate gap. The graph also shows the projected average rates of
fixed-rate assets and liabilities.

TABLE 5.1 Sample interest rate gap report

In millions
31/12/2010 <=l 1-3 3-12 1-5 5-10 >10 Not

month months  months years years years defined  Total
Assets 110,942 55,572 120,418 117,677 48,374 16,969 26,557 496,509
Liabilities 120,989 63,858 117,070 110,542 41,619 13,495 28936 496,509
Interest- —10,047 8286 3,348 7,135 6,755 3,474 -2,379 -

sensitive gap
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FIGURE 5.5 Assets, liabilities and interest rate gap time profiles

Internal models provide capabilities for drilling down into the gaps and finding out which
subsets of transactions contribute to gaps. Subsets of transactions can be defined by product
type, such as consumer loans, mortgage loans, or based on any other dimension.

5.4 THE GAP MODEL

Interest rate gaps measure the sensitivity of the net interest income (NII) to a shift of interest
rates. When the variable-rate gap is positive, the volume of assets that are interest rate sensitive
is larger than the volume of interest rate-sensitive liabilities. With a positive and parallel shock
of interest rates, the interest revenue increases more than the interest costs and the NII increases.
If IRSA and IRSL represent the interest rate-sensitive assets and liabilities and Ai is the
variation of the floating rates, the change of NII due to the change in interest rate Ai is:

ANII = (IRSA — IRSL) Ai

If, for example, the gap is 4200, the variation of the NII is 2 when the rate changes by 1%.
The basic formula relating the variable-rate gap to NII is:

ANII = (IRSA — IRSL) Ai = (Interest rate gap) Ai

When the interest rate-sensitive gap is positive, the NII increases with interest rates, and
conversely when the variable-rate gap is negative. When the variable-rate gap is zero, the NIl is
insensitive to changes of interest rates. It is said to be “immune” to variations of rates. The
sensitivity of NII to a given parallel shock on interest rates is its variation, and is identical to
the variable-rate gap.

Using a single variable-rate gap assumes parallel shifts of all interest rates. Regulations
impose testing the effect of parallel shifts on NII, using shocks of 1% or 2%. When referring to
other than parallel shocks on rates, such as shocks on the slope of the curve, several variable-
rate gaps should be used. The variable-rate gaps by interest rate reference provide the
sensitivities of the NII to each selected reference.



INTEREST RATE GAPS 51

A gap nets the sizes of assets and liabilities. A gap derived from sizes as of the beginning of
the month would assume that the sizes of assets and liabilities do not change within a month.
An alternate common practice uses the average of daily sizes of assets and liabilities over a
month for smoothing out the variations of sizes occurring within periods. The practice makes
sense since interest revenues and costs are based on daily sizes.

A gap does not measure accurately the sensitivity of earnings because reset dates can be
anywhere within the period over which the gap is calculated. If a change of interest rates occurs
at the beginning of a period, the interest accrued over the entire period changes. If the change
occurs at the end of a period, there is almost no effect on net interest revenue. If the reset dates
are close to the end of the month, the change of interest income is overestimated, and it
is underestimated if the reset dates are closer to the beginning of the month. The Appendix in
section 5.8 shows an exact calculation of the NII when the gap is zero but reset dates differ. The
example shows how the NII remains sensitive to a variation of interest rates even though the
gap is zero.

The gap model is popular because it is a very simple way to measure approximately the
sensitivity of the NII to interest rate movements. Implementing gap management for control-
ling the sensitivity of the NII is simply achieved by controlling the size of gaps using
derivatives such as interest rate swaps.’

5.5 NET INTEREST INCOME AND INTEREST RATE GAPS

Additional assumptions on commercial margins are required for modeling the behavior of net
interest income using gaps. Table 5.2 provides a simplified balance sheet, projected at a future
date 1, one year from now, with balances being averages over a future period starting in one
year. The purpose of the example is to calculate the NII and to measure directly how sensitive it
is to a parallel shock on rates.

TABLE 5.2 Balance sheet projections
and gap calculations

Dates I

Banking portfolio

Fixed-rate assets 19
Interest-sensitive assets 17
Total assets 36
Fixed-rate resources 15
Interest-sensitive resources 9
Total liabilities 24
Liquidity gap +12
Variable interest rate gap +8
Variable-rate gap after funding -4

3 Interest rate swaps are introduced in Chapter 6.
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The liquidity gap shows a deficit of 12 (Table 5.2). The variable-rate gap before closing the
financing gap is +8. But the deficit of 12 is similar to a variable-rate debt if its rate is not locked
in advance. Therefore, the post-funding variable interest rate gap is —4.

In this example, the NII, when the liquidity gap is ignored, increases with a positive shock
on interest rates because the gap calculated for loans and deposits is positive (+8). However,
after including the liquidity gap, the gap becomes negative (—4) and the reverse occurs if
liquidity is raised at the future date. Let us assume that all variable-rate items, including the
financing gap, are dependent on the same market rate. There is a shock on this single interest
rate, and it is assumed that this reference rate moves from 8% to 11%. Gaps are used to model
the behavior of the NII in the event of such a shock.

This is feasible only if the behavior of customers’ rates as a function of the selected reference
rate is modeled. The customers’ rates depend on the bank’s commercial margins. The
commercial margins are the spreads between customers’ rates and some internal references
indexed to market rates.* The margins are defined here as differences between the customers’
rates and market rates expressed in percentages of the balances of assets and liabilities. For
lending, the margins are positive because the bank lends above market rates. Margins are
negative for deposits because banks collect money at a cost below market rates.

For example, if commercial margins are 3% for assets and —3% for liabilities, the average
customer rate for loans is 3% above the market rate, and the customer rate for deposits is, on
average, 3% lower than the market rate. If the current market rate is 8%, those rates are 11% and
5%. Using customers’ rates, the initial NII from commercial activities only is:

36 x 11% — 24 x 5% =3.96—1.20 =2.76

The bank’s earnings differ from this commercial margin because of the cost of funding. For
financing the liquidity gap, the same interest rate is used. The NII is the commercial earnings
minus the cost of funding a deficit of 12, which is, initially: 8% x 12 = 0.96. The bank’s NII is
therefore: 2.76 — 0.96 = 1.80.

The gap models correctly the sensitivity of the NII only if commercial margins are constant.
For fixed-rate items, the customers’ rates remain unchanged when the market rate moves. The
direct calculations of the NII, when the interest rate shifts from 8% to 11%, are shown in
Table 5.3.

The NII, after financing the deficit of 12, decreases by 1.80 — 1.68 = —0.12. This is because
the funding cost is indexed to the market rate and increases by 12 x 3% = 0.36. The negative
variation, —0.12, results from the variations of the commercial earnings minus the additional
cost of funds when rates are up. The calculation is consistent with the negative interest rate gap
after financing, which is —4. This gap, multiplied by 3%, results in the —0.12 change in NIL

The commercial earnings are calculated on the commercial portfolio only, loans and
deposits, ignoring the financing. The commercial earrings increase from 2.76 to 3, a variation
of +0.24. This is consistent with the interest rate gap of the commercial portfolio, which is +8,
and a variation of interest rate of +3%, since: 8 X 3% = 0.24.

4 Commercial margins are calculated relative to internal references indexed on market rates, as detailed in
Chapter 10. Margins are differences between customers’ rates and the internal rates used for charging
loans or for compensating deposit collections. It is shown in this chapter that these internal rates are
indexed to market rates.
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TABLE 5.3 Net interest income and interest rates

Volume Initial rate Revenues/costs Final rate Revenues/costs

Fixed-rate assets 19 1% 2.09 1% 2.09
Interest-sensitive assets 17 1% 1.87 14% 2.38
Revenues 3.96 4.47
Fixed-rate resources I5 5% 0.75 5% 0.75
Interest-sensitive resources 9 5% 0.45 8% 0.72
Costs 1.20 1.47
Commercial NIl 2.76 3.00
Liquidity gap 12 8% 0.96 1% 1.32
NIl 1.80 1.68

5.6 GAP MANAGEMENT AND HEDGING

When the gaps are open, the bank is sensitive to variations of interest rates. Depending on the
interest rate policy, gaps can be kept open or closed. Keeping gaps open means that the bank is
betting on expected variations of interest rates. When the variable-rate gap is positive, an
increase of interest rates is favorable. If the gap is negative, a decline of interest rates has a
positive impact on earnings.

Gap management consists of controlling the size and the sign of interest rate gaps. Adjusting
the gaps can be done on balance sheet, at least for future loans and debts. It is more convenient
to use interest rate derivatives, as discussed in Chapter 6. Static gaps are relevant for risk
management purposes if there is no need to hedge in advance future gaps. If so, managing the
risk of new transactions can be differed until they enter the balance sheet. When new
transactions enter the balance sheet, the static gaps are updated and hedges are adjusted. In
other cases, it might be desirable to control interest rate risk for existing and new transactions, if
the projections for the new portfolio are reliable. In this case, dynamic gaps should be used.

Often, balance sheet projections are used for budgeting purposes primarily because the
budget depends on the new business that accrues over the next years. Dynamic gaps factor in
the new transactions and model the behavior of the balance sheet according to commercial
projections. Note, however, that future transactions have an unknown rate as of today, whether
they have a fixed or a variable rate. Future fixed-rate loans will earn an interest that depends on
future market rates, and should be considered as variable-rate assets as of today. New liabilities
also carry an unknown rate as of today. Therefore, new transactions affect the magnitude of the
variable-rate gaps, not that of the fixed-rate gap.

5.7 LIMITATIONS OF INTEREST RATE GAPS

Gap reports are appealing since they provide a measure of bank exposure, on how it behaves
through time, and have an immediate application for hedging, or managing the gap with
derivatives. But they embed a number of assumptions and conventions.
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5.7.1 Customers’ Rates

The gap model is linear, meaning that the sensitivity to a shock on interest rates is constant. One
underlying assumption is that the spread between customers’ rates and market rates is constant.
To some extent, using standardized gaps based on sensitivities of customers’ rates to market
rates takes care of the issue.

But banks have the option to adjust customers’ rates for smoothing out the variations of
market rates. For example, lending rates smooth out upwards movements and deposit rates tend
to lag when market rates decline. In addition, the sensitivity of clients’ rates to market rates can
be asymmetric for ups and downs (downside movements are slower than upside movements).”
This implies that the spreads between customers’ rates and market are not constant. The
customers’ rates become a function of current and lagged market rates, with different
sensitivities for up and down movements. The relationship between earnings and market
rates is not symmetric as basic gaps suggest, and it involves lagged market rates.

5.7.2 Regulated Rates

The gap methodology can be adapted to rates that differ from market rates. An example is the
rate of regulated saving deposits in European countries. This rate is a function of the inflation
rate and a short-term rate. This means that the sensitivity to each item is less than one. For
example, assume that an amount of 100 is indexed to the average of the short-term rate and
the inflation rate. This implies that each component is weighted 50% in the calculation of
accrued interest. The variation of interest becomes: A interest accrued = 100 X (*2A Short-
term rate + ¥2A Inflation). This is the same as having 50 fully indexed to the short-term rate
and 50 fully indexed to inflation and is equivalent to using weighted gaps with respect to
each index.

Note that regulations might create exposure to inflation rate. Inflation indexed hedges (such
as inflation swaps) might be used, which are usually derived from those government bonds
which rate is indexed to inflation. But the technique does not fully resolve the issue, because
regulated rates might also move by steps, for example, only when the composite index moves
by at least 0.5%. Stepwise functions are not consistent with the gap model.

5.7.3 Embedded Options

Banking products have embedded options. Fixed-rate mortgages can be renegotiated when
interest rates decline. Variable-rate mortgages have caps on the interest rate paid by the
borrower. Deposits can be withdrawn at any time, and be transferred into interest earning
accounts when interest rates rise.

Embedded options are a challenge for liquidity gaps because they result in stochastic cash
flows, eventually dependent on interest rates. For interest rate risk, they are a major issue as
well. Embedded options are always adverse to the bank: fixed-rate loans are renegotiated when
rates are down, resulting in lower revenues for the bank; deposits contract when interest rates
are up, which is also when the bank will have to face higher interest costs. Embedded options

5 The models of customers’ rates are briefly discussed in Chapter 8.
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therefore create dependencies between the balances of mortgages or of deposits and the level of
interest rates.

The effect of embedded options, whether explicit or implicit, is that the nature of interest rate
assigned to a loan — fixed or variable — can change with the level of market rates. For a variable-
rate loan with a cap, the rate becomes fixed when hitting the cap. When renegotiating the rate of
a fixed-rate loan, the interest rate is initially fixed, but it becomes variable at the time of the
renegotiation.

Such dependencies make volumes dependent on the level of interest rates and gaps cannot
be considered constant anymore when rates vary: the basic gap model collapses. This does not
mean that gaps cannot be used. It implies that gaps be adjusted as options are being exercised,
using some models of how balances shift with interest rates. It also implies that the adverse
effect of options should be modeled separately since it is ignored in the standard gap models.
Extensions on modeling the prepayment risk of mortgages, on modeling volumes and on the
optional interest rate risk of banks are provided in Chapters 8 and 9.

5.8 APPENDIX: GAPS AND INTEREST RATE SENSITIVITY

The example of Figure 5.6 considers the negative gap generated by a positive and a negative
flow occurring at different dates, within a same period. The negative gap suggests that the NII
should increase when the interest rate decreases, for example from 10% to 8%. However, this
ignores the reinvestment of the positive intermediate flow of date 90, at the lower rate and for
270 days. On the other hand, the negative flow is similar to a debt that costs less over the
remaining 180 days. The NII is interest rate sensitive if interest revenues and costs are
calculated using the accurate dates of flows.
The interest revenues and costs are:

Inflow at day 90: 1,000 x (1.10%79/360 _ 1 08%70/360) = _14.70

Outflow at day 180: —1, 536 x (1.10'8%/360 _ 1 0g8!80/360) = 114 70

They match exactly because interest revenues and costs are proportional to the size of flows
and to the residual period of reinvestment or funding. The first flow is smaller than the second

1,000
270 days

180 days

1 year
90 days Y

180 days

v

-1,536

FIGURE 5.6 Negative gap and fixed NIl
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flow but generates interest revenues over a longer period. The values are such that the maturity
differential compensates exactly the size differential.

The example shows how gaps can lead to errors. In the example, the gap model suggests
plugging another flow of 536 to hedge the NII. Actually, doing so would put the margin at risk.
The exact condition under which the margin is insensitive to interest rates is relatively easy to
derive for any set of flows.



Hedging and Gap Management

Under conventional gap management, interest rate gaps measure the sensitivity of the net
interest income (NII). Gap management consists of controlling the size and the sign of interest
rate gaps over the management horizon, depending on the views of interest rates of the asset-
liability management (ALM). Banks can decide to keep open positions depending on their
views on interest rates. For managing gaps, banks rely on standard interest rate derivatives,
such as interest rate swaps.

This chapter introduces the standard interest rate derivatives, explains how they are used for
managing gaps and discusses the hedging policies of banks.
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6.1 THE TRADE-OFFS OF GAP MANAGEMENT

There are various ways to finance a loan depending on which trade-offs between risk and return
the bank is willing to achieve. Suppose that a client from a bank borrows for 10 years at a fixed
rate of 5%. The bank has to raise the funds for the amount of the loan. The Treasury can operate
in various ways, which differ in terms of the spread between the customer’s rate and the cost of
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financing, and in terms of liquidity and interest rate risk. In general, maximizing the expected
profit implies higher risk.

For maximizing the spread between the loan rate and the cost of debt, a short-term financing
can be contracted at a floating rate, for example the Euribor 3 month, assumed to be 1%. The
spread is 5% — 1% = 4%. The Treasury is now facing liquidity risk, because the financing has
to be rolled over the duration of the loan, and interest rate risk, because the short-term rate can
fluctuate. Presumably such financing would not be allowed by the guidelines of the finance
department due to the high liquidity risk.

The Treasury can eliminate the liquidity risk by borrowing for 10 years at a floating rate.
With this financing, there is no liquidity risk, but there is a mismatch between the fixed interest
rate of the loan and the floating rate of the debt. The cost of the debt will be higher than for a
short-term debt by the amount of a liquidity premium, for example 40 basis points, and the
spread would narrow to 3.6%. Many financial firms can do so within their guidelines and limits.
The NII remains fully exposed to the variations of the short-term rate but the Treasury still
benefits from a large spread between the long-term rate of the loan and the floating rate.

However, the Treasury has now an additional risk due to the fluctuation of the liquidity
premium. The liquidity premium is not correlated with the level of interest rates, and rather
depends on the preferences for short-term commitments of financial players. Liquidity
premiums are higher in period of stress, when they can become substantial.

For eliminating liquidity risk and interest rate risk, the Treasury could fund the loan with a
debt fixed rate with same maturity. The spread would be much lower when long-term rates are
above short-term rates. If the fixed-rate debt costs 4%, the spread drops down to 1%. This
situation is the reference because it eliminates both liquidity and interest rate risk from the
transaction. On the other hand, the Treasury sacrifices a major fraction of the spread.

Similar options exist at the level of the balance sheet, except that the mismatches of
maturities and interest rates are managed at an aggregated level. This example shows that banks
can decide to keep open positions to maximize their returns, within the limits imposed on
liquidity and interest rate risks set by the ALM committee. The gaps are managed on-balance
sheet when raising funds (in the case of deficits) and off-balance sheet using interest rate
derivatives.

6.2 MANAGING INTEREST RATE GAPS WITH INTEREST
RATE DERIVATIVES

The generic instruments for interest rate risk management include:

e Interest rate swaps (IRS), contracted immediately or effective later (forward swap);

e Caps or floors, which provide the buyer with a guaranteed maximum interest rate, or a
guaranteed minimum interest rate;

e Option on interest rate swaps (known as a swap option or swaption), which is a right to enter
into a swap at a later date, but not an obligation;

e Or do nothing.

A short presentation of these standard instruments follows.
IRS exchange a floating rate against a fixed rate, and vice versa, or a specific floating rate
(1-month Libor, for example) against another one (Libor 1 year, for example). A swap has a
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FIGURE 6.1 Interest rate swaps

“receiving” leg and a “paying” leg (Figure 6.1). Receiver swaps designate swaps that receive
the fixed rate and pay floating. The “notional” of the swap is the reference amount serving for
calculating the amount of interest payments received and paid. The swap fixed rate is set such
that the value at inception is zero. The swap fixed rates for various maturities form the “swap
curve”.

Interest rate swaps are extremely convenient for all financial players: borrowers, lenders and
banks. Corporations use IRSs for managing the interest rate risk of their debts. For example, a
fixed-rate borrower expecting that short-term rates will decline would prefer to pay a floating
rate rather than the fixed rate. By entering into a swap, the borrower receives the fixed swap rate
and pays the floating rate. The fixed-rate payments from the loan are partially offset by the fixed
rate received from the swap. The offset is not complete because the original fixed rate of the
loan is generally different from the fixed swap rate at the time when the swap contract is
effective. The borrower using a swap pays the algebraic difference between the fixed rate of the
loan and the fixed rate received from the swap plus the floating rate. Similarly, a swap paying
the fixed rate and receiving the floating would be appealing for a floating-rate borrower who
fears that its interest cost rises.

The cost of entering into a swap is minimal. Instead of receiving the fixed rate, a receiver
swap would receive a rate slightly lower than the swap rate. The difference depends on who
contracts the swaps and compensates the seller. Interest rate swaps are extremely convenient
because of their low cost and because they can be reversed. Suppose that the borrower made a
mistake when entering into a receiver swap, if the floating rate goes up instead of down as
expected. It is always possible to reverse the swap and end up paying a fixed rate with an
acceptable cost.

Caps are optional instruments, setting an upper bound on the interest rate of a floating-rate
borrower. The guaranteed rate of the cap is the strike. The cost of purchasing the option is the
premium. When the interest rate is below the guaranteed rate, the borrower pays the floating
rate and benefits from any decline. If the floating rate exceeds the guaranteed rate, the seller of
the cap compensates the difference. The cap provides the best of all worlds, low rates and high
rates. Because of this benefit, the cap is usually expensive. Before entering into a cap, the
borrower should check that the expected payoff of the cap will exceed its price, the premium
paid. A floor guarantees a minimum rate, and is adapted to lenders fearing lower rates, rather
than borrowers.

Such options are expensive. Because of their high premium, players can rely on collars,
which combine a purchased cap and a sold floor at a guaranteed rate lower than the maximum
rate of the cap (Figures 6.2 and 6.3). The buyer of the collar pays no less than the minimum
guaranteed rate and no more than the maximum guaranteed rate, and pays the prevailing rate
when it is within the guaranteed range. The benefit of the collar is that it has a lower premium
than a straight cap because the premium received from selling the floor offsets the premium
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FIGURE 6.3 Payoff of a purchased cap and a sold floor

paid for the purchased cap. Banks quote zero-premium collars, obtained by adjusting the upper
and lower rates so that both premiums offset exactly.

6.3 MANAGING INTEREST RATE GAPS

The usage of swap for gap management is straightforward. In the example of the balance sheet
in Chapter 5 (Table 6.1), the liquidity gap is +12 and the variable-rate gap of the commercial
balance sheet is +8. It is assumed that the gaps are calculated for a future date and a future
period, for example in one year from now and the gap is an average over the year following this
date. The financing of the liquidity gap is a variable-rate item, as it will be contracted in the
future. If the liquidity gap is indexed on the same market rates as other variable-rate items, the
floating-rate gap, including the liquidity gap, is —4.

If the bank keeps the gap open, it would benefit from a decline of interest rates. Suppose the
bank does not wish to bet on such a decline and that it decides to close the gap, making its NII
immune to interest rate changes.

The liquidity gap will be closed when the funds are raised in one year, but no cash is needed
today. For managing the interest rate gap, the appropriate instrument is a swap. The bank has
too many variable-rate liabilities relative to variable-rate assets, as it pays more variable-rate
interest flows than it receives from its assets. For reducing the outflows from variable-
rate interest payments, it should contract a swap receiving the floating rate and paying the
fixed. The notional of the swap should be equal to the size of the variable-rate gap, or 4.
Combined with the swaps, the balance sheet has now a zero interest rate gap, the desired result.



HEDGING AND GAP MANAGEMENT 61

TABLE 6.1 Liquidity and interest rate
gaps

Banking portfolio

Fixed-rate assets 19
Interest-sensitive assets 17
Total assets 36
Fixed-rate resources 15
Interest-sensitive resources 9
Total liabilities 24
Gaps

Liquidity gap +12
Variable interest rate gap +8
Variable interest rate gap after funding —4

In this particular example, the open liquidity gap is +12. A zero interest rate gap occurs when a
fraction, of size 4, of this future funding is fixed rate, with a rate set today. The rest of the
funding can remain variable. The appropriate swap is a forward swap starting at the date of
the projected balance sheet and with duration equal to the period over which the projected gaps
are constant.

6.4 SETTING LIMITS TO GAPS

Limits on gaps can be defined in order to cap the variations of the NII. Under the gap model, the
variations of earnings are proportional to the size of gaps and to the variations of interest rate.
For setting a limit on adverse deviations, it is sufficient to set a limit on the size of the gap. The
variation of NII is a linear function of the interest rate variation, the coefficient being the gap:

ANII = Variable-rate gap X Alnterest rate

With a given shock of 100 bps on interest rates, the variation of NII is 1% times the gap.
Limits cap such variation to some maximum percentage of the earnings of the current and next
years, for example. This result can be achieved by capping the size of the open interest rate gap
with derivatives.

An alternate way of setting limits is to set a value of earnings-at-risk for the period. Standard
shocks do not capture the volatility of interest rates. Earnings-at-risk is a measure of the
potential adverse deviations of earnings that can be exceeded only in a small fraction of
possible outcome, the small fraction being the confidence level.' The variation of NII due to an
interest rate shock Ai is proportional to the gap: ANII = Gap Ai.

With a fixed gap, the distribution of the variations of the NII results from the distribution of
the interest rate shocks. The maximum deviation of the earnings at a preset confidence level

1 Earnings-at-risk are also discussed in Chapter 16 on interest rate simulations.
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FIGURE 6.4 Time profile of variable rate gaps

results directly from the maximum deviation of the interest rate at the same confidence level. If
the gap is positive, adverse deviations occur when interest rates are down, and the opposite
occurs with negative gaps.

The exact derivation should use a sensible distribution of interest rate shocks.” Suppose that
the maximum downside variation of interest rates at the confidence level « is Ai(a). This lower
bound corresponds to an adverse variation of the NII equal to Gap x Ai(«) if the gap is positive.
A limit to this deviation implies a maximum size for the gap.

The usage of limits implies that hedging programs be defined. A hedging program caps the
sizes of gaps over several periods. The size of gaps varies from one period to the next, and the
hedges have varying amounts over the management horizon. Figure 6.4 provides an example of
a series of interest rate-sensitive (IRS) gaps over several periods. There is a limit on interest rate
gaps applying across all periods up to horizon, assumed constant and equal to 1,000. Figure 6.4
shows the time profiles of assets and liabilities and Figure 6.5 shows the limit and the series of
periodical variable-rate gaps. Any floating-rate gap above the upper limit is an excess gap. A
lower negative limit is ignored here since all negative floating-rate gaps are lower, in absolute
value, than 1000.
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FIGURE 6.5 Hedging program complying with limits

2 With a normal distribution, used as a proxy when interest rates are not close to zero, the one-sided
deviation not exceeded in more than 1% of all outcomes is 2.33 times volatility.
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The excess gaps are the differences between floating-rate assets and floating-rate liabilities.
Each excess gap is hedged with a swap receiving the fixed rate and paying the variable. The
hedges are defined starting from the end of a planning horizon and moving backward for
defining the size and the dates of the hedging swaps. These hedges offset all excess gaps over
the horizon.

There are three excess gaps over the first periods, 500, 250 and 700. A first swap hedges
the excess gap of 250, which lasts over all three first periods. A second swap offsets the
remaining excess gap of 250 (or 500 — 250) for the first period only. A third one offsets the gap
of period 3 in excess of 250, the notional of the first swap, or 700 — 250 = 450. Other swaps are
required for hedging the excess gaps of later periods. The five swaps are represented by
horizontal lines on top of the graph.

Limits are often tighter for the near future, and wider as the horizon extends. As views on
interest rates are less reliable for longer horizons, tight limits over longer horizons might result
in overhedging.

6.5 HEDGING THE VARIATIONS OF THE TERM STRUCTURE
OF INTEREST RATES (CASE STUDY)

In some particular instances it might be desirable to rely on forward contracts on interest rates.
This would be relevant for an institution having recurring excesses of funds while the interest
rates are declining. The issue for such a net lender is to decide what should be done for the
projected excesses of funds. Doing nothing would imply that the investment of future excesses
of funds will provide lower and lower returns.

This example is inspired by the behavior of the European term structures of interest rates in
the years preceding the euro event. The national yield curves were upward sloping a few years
before the euro. The slope of the yield curve was steep, and declined when approaching the
euro, moving down until it became almost flat when reaching the date of the creation of the
euro. Such movement was interpreted as a convergence of rates of various European countries
towards the lowest rates prevailing, which were the German rates.

In this case, forward contracts on interest rates were the appropriate instrument. A forward
contract sets the rate today for a future period. A forward rate is an interest rate viewed from
today (#) applicable between two future dates #; and #,. There are as many forward rates as
there are couples of futures dates, seen from the current date (#) and forward rates are indexed
by the three dates, as F(t, t1, t). Forward rates are used to lock in future lending rates for any
future period, for lenders who fear that future rates fall below the forward rates.

All forward rates can be derived from the current term structure of interest rates. This can
be shown by finding the today transactions that can replicate such contracts. Assume that a
lender expects a future inflow X = 100 one year from now and that the spot rates for one and
two years are, respectively, 4% and 5%. The lender wants to lock in a rate today for a forward
loan starting at date 1 and for one year until date 2. A forward loan can be replicated by
borrowing today for one year and lending two years the same amount, as shown in
Figure 6.6.

Given the expected inflow of 100, the exact amount that can be borrowed today at 4% with a
repayment of 100 in one year is: 100/(1 + 5%) = 95.2381. Lending this amount for two years
at 5% yields: 96.2381 x (1 4+ 6%)* = 107.0095. These are the proceeds after lending 100 in
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FIGURE 6.6 Calculation of the (12 x 24) forward rate

one year and for one year, and the corresponding rate is the forward rate, 7.0095%, for one year
and starting in one year.

The figure shows the exact calculation of this forward rate. The two subscripts of interest
rates are the initial (0) and the final dates (1 or 2) to which spot interest rates apply. The one-
year forward rate applying one year from now is the 12 x 24 forward, 12 and 24 designating the
number of months for start and end dates.

The forward contract does not imply any cash flow today, but allows lending the expected
inflow of date 1 until date 2. Also, the forward rate is higher than the two spot rates. This is a
general rule: forward rates are above spot rates when the term structure of rates is upward
sloping and below if it is downward sloping.

In the context of the pre-euro event, all yield curves were upward sloping, and forward rates
were above the spot rates, which kept declining as time passed. When the slopes were steep,
there was an opportunity to benefit from forward rates way above the spot rates.” Since rates
were declining, the chances of reversal of the trend seemed remote.

One option was to wait and do nothing. A possible rationale for waiting was that rates were
close to low historical rates and that they should start rising again. Another option was to hedge
gradually, progressively entering into swaps receiving the fixed rate, as the decline of interest
rates continued. Early swaps would have captured the higher rates of the beginning of the
period. But later swaps would have captured very low fixed rates, making them useless if rates
were expected to move up again. In such a case, the value of waiting is negative and late hedges
are generally useless. The forward rates provided an opportunity to earn higher returns than
current and future rates, if contracted early enough.

When interest rates reached the bottom line, in late 1999 and early 2000, the yield curve
became lower and flatter. The spread between forward and spot rates narrowed. The “window
of opportunity” for investing in forward rates higher than subsequent rates closed. Taking such
“directional” positions was possible because the trend of interest rates persisted for several
years in a row.

3 In the above example, one could lend forward at a rate of 7%, well above the two spot rates for one and
two years.
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6.6 HEDGING BUSINESS RISK AND INTEREST RATE RISK

Controlling interest rate risk with the gap model is simple for deterministic scenarios. But
projected gaps are not deterministic and there is more than a single scenario for which hedging
solutions should be defined. Furthermore, the projected volumes might be partially dependent
on interest rates because of embedded options in the balance sheet, or, for example, due to
uncertainty in the future business volumes.

Several scenarios imply several gap profiles. With multiple scenarios, volume and interest
rate uncertainties can be addressed using combinations of interest rates and volume scenarios.
One technique for handling the uncertainty of volumes and rates is to cross-tabulate these
scenarios and form a matrix. In Figure 6.7, the lines represent interest rate scenarios and the
columns represent volume scenarios, assuming a finite number of such scenarios. For each
combination of volumes and interest rates, the earnings can be calculated. There is one value of
earnings for each cell of the matrix. The matrix can be summarized by the average earnings and
the dispersion of earnings across cells. This is a convenient way to summarize the current
position of the bank in terms of expected earnings and the potential volatility of earnings across
scenarios.

Since the interest income depends upon the financing and hedging solutions, there are as
many matrixes as there are hedging solutions, as illustrated in Figure 6.8. Since the gaps vary
across scenarios, there is no hedging solution that closes the gaps across scenarios. Instead,
various hedging solutions can be tested, by recalculating all earnings for all cells of the matrix,
once hedges are in place. If various hedges are tested, there are as many matrices as hedging

[ Hedge 1 ] | A ” B |
1 Earnings:
average and
2 volatility
[ Hedge 2 ] | A " B |
1 Earnings:
average and

2 volatility

FIGURE 6.8 Cross-tabulation for various hedging scenarios
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FIGURE 6.9 Risk-return combinations

solutions. For handling these tables, each matrix is summarized by the average earnings and
their standard deviations across the cells of each matrix. By changing hedges, a series of
expected earnings and earnings volatility is generated.

Expected earnings and earnings volatility can be plotted, with each dot summarizing the
entire matrix of earnings for a given hedge (Figure 6.9).

The Sharpe ratio, the ratio of the expected earnings to the earnings volatility, can be used as a
risk-adjusted measure of profitability.* The best hedges are those that maximize average
earnings given the volatility, or those that minimize volatility given the level of earnings, and
are “efficient”. There is no hedge that makes earnings immune to interest rate changes, due to
the uncertainty on the sizes of gaps. But there can be inefficient solutions. Efficient solutions for
various levels of risk can then be isolated.

4 The Sharpe ratio is a measure of the risk-adjusted performance of a portfolio. It also serves when
modeling the credit risk of the portfolio.



Economic Value of the
Banking Book

Standard gap management has many drawbacks. Gaps are not adapted to long horizons and
measure the risk over a limited period, whether or not banks have very long commitments.
They are unable to account for the optional risk embedded in banking products. Also they are
only approximations of the actual sensitivity of the net interest income (NII) to shocks on
interest rates over a period.

An alternate approach is to assess the sensitivity of the value of the balance sheet of a bank to
shocks of interest rates. If a bank lends above market rates and collects resources below market
rates, its banking book has a positive value. Its risk can be measured by the sensitivity of this
value to shocks on interest rates. One benefit of the approach is that it measures the risk of the
banking book over the entire horizon of existing facilities.

This chapter explains how economic value (EV) relates to the net interest incomes of the
bank and how its sensitivity can be addressed.
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7.1 ECONOMIC VALUE AND ITS SENSITIVITY

The banking portfolio is long on loans and short on financing, and its value is the net value of
assets and liabilities. The valuation of a banking portfolio faces many conceptual and practical
challenges. Loans and deposits are not traded, there is no price for these assets, and valuation
collapses to a mark-to-market exercise. Both banking loans and deposits embed options, which
are given away to the customers, and valuation should be net of the value of these options. Loans
are also exposed to the credit risk of borrowers, which has an impact on their values. Given the
stochastic cash flows of banking assets and liabilities, the valuation exercise is not simple. An
extended framework is proposed in Chapter 8, which can, conceptually, address these difficulties.

The focus of this chapter is not value but is rather the sensitivity of this value to shocks on
interest rates. The credit risk adjustment for loans is of lesser interest in this context. The mark-
to-market value of a credit risky loan can be obtained by discounting its contractual cash flows
at a risky rate, adding to the risk-free rate the credit spread matching its credit quality.

In practice, for the sole purpose of risk measurement, the sensitivity of the value is of
interest, more than the value itself. Under this view, there is no need to adjust the value of loans
for credit risk, since credit risk is kept constant when assessing the effect of shocks on interest
rates. Ignoring credit risk means that discounting is conducted with risk-free rates.

The underlying assumption is that the sensitivity of the value non-adjusted for credit risk is
an acceptable proxy of the sensitivity of the fair values of credit risky assets. The assumption
makes sense if the credit spreads are small and independent of shocks on interest rates. Using a
risk-free curve also means that the entire spread between customers’ rates and risk-free rate,
inclusive of credit spreads, is earned by the bank, which is true for non-defaulted loans.

The approximation has huge benefits since a single curve of interest rates can be used for all
assets and debts instead of differentiating the rates with the risk of individual items. In what
follows, the EV designates the value of the balance sheet using a reference curve that is relevant
for banks.

The reference interest rate curve for a bank combines the Libor rates, under one year, and the
swap curve for longer maturities. The Libor rates are interest rates that apply to well-known
banks. Beyond one year, the reference rates are those of swaps exchanging the Libor against a
fixed rate. The swap curve is made of the fixed rates of swap for various maturities. An interestrate
swap is a contract for exchanging interest payments at a fixed rate, the swap rate, with floating rate
payments, at an interbank rate, the Libor. Swap fixed rates are used as reference rates, and
considered as near risk-free because they do not include the credit spread of market debts, such as
bonds, which compensate investors for the credit risk of debts. Instead, swap rates are unfunded to
the extent that they do not require any exchange of principal between parties. However, they
embed the small spread above Treasury rates of participating banks. In order to earn the swap rate,
a bank would need to lend at the interbank Libor rate and enter into a swap. Such interbank
lending and borrowing transactions carry the credit spreads of highly rated banks.

The present value (PV) of all cash flows discounts all cash flows from existing assets and
liabilities of the banking book. They include capital flows, such as principal reimbursements
from loans, and interest flows. All amortization cash flows are summarized in liquidity gaps.
Therefore the PV of all flows is the PV for all liquidity gaps plus all interest flows. The PV of
the stream of future flows F, from is:

Zth

T +n)
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In the formula, the discount rate is the risk-free rate or the Libor and swap rates, following
the rationale of the above conventions. The EV is the net value of a portfolio long in assets and
short in liabilities. It can be positive or negative. The change in EV depends entirely upon the
sensitivities of these two portfolios.

This approach ignores the optionality of banking products. Optionality reduces the value of
the banking book as it is always adverse to the bank since mortgages are renegotiated when
interest rates are down and deposits are withdrawn when interest rates are up, requiring costlier
financing for lost deposits. The adjustment for optionality is addressed in dedicated chapters
(Chapters 8 and 9). At this stage, the purpose is only to make explicit the interpretation of the
sensitivity of EV.

7.2 ECONOMIC VALUE AND NET INTEREST INCOME

Intuitively, the EV should be a measure of long-term performance. If the value of assets is
above face value, it means that their return is above the market rates, a normal situation if loans
generate a spread above market rates. If the deposits pay lower than market rates, their value is
below their face value. EV is positive since assets are valued above par and liabilities are below
par. The value should increase with the magnitude of the spreads of loans and deposits relative
to market rates. It can be seen in an example that the EV, calculated with above conventions, is
directly related to the stream of periodic NIIs.

7.2.1 Sample Bank Balance Sheet

A sample balance sheet is described in Table 7.1. The current market rate is 4%. For simplicity,
a flat interest rate curve is used, which is not restrictive. The bank has a one-year debt with a
spread of 1% above the market rate, or 6%. The debt rate is fixed for one period and is reset
after, when it is rolled over for matching the longer maturity of assets. The loans have a
maturity of three years and a contractual fixed rate of 7%, or 3% above the market rate. The NII
is immune to interest rate changes for the first year only, and it is reset at a new rate for the
second and third years.

If there is a shock on interest rates after the first period, the interest cost of the debt is reset,
but the fixed rate of loans does not change. The EV discounts all cash flows until the final
horizon. At the end of the third period, both loans and debt are repaid. Table 7.2 shows the
balances of assets and liabilities at end of period, and the corresponding cash flows.

TABLE 7.1 Example of a simplified
balance sheet

Assets Liabilities
Amount 1,000 900
Fixed rate 7% 5%

Maturity 3 years | year




70 RISK MANAGEMENT IN BANKING

TABLE 7.2 Stream of principal flows generated by assets and liabilities

Outstanding balances 0 ) 2 3
Assets 1,000 1,000 1,000

Liabilities 900 900 900 0
Cash flows

Asset flows 0 0 1,000
Liability flows 0 0 —900
Net capital flows 0 0 100

TABLE 7.3 The interest flows

Interest revenues and costs at t (using balances as of t — [)

Revenues 70.0 70.0 70.0
Costs 45.0 45.0 45.0
NIl 25.0 25.0 25.0

Table 7.3 shows the calculation of the net interest flows. If there is no change of interest
rates, both interest income and interest costs are constant from one period to the next. They are
calculated from the balances at the beginning of each period.

The calculation of EV adds up the present values of the principal flows and of the interest
flows. The discount factors are calculated with the market rate, 4%. The present values of all-in
flows, flows combining interest and capital flows, is the EV, 158.3 (Table 7.4). It sums up the
present values of interest flows and of principal flows.

The value of net interest flows is calculated separately (Table 7.5).

It can be seen that the difference with the EV is the PV of the final equity flow positioned at
the last date (Table 7.6).

These calculations show that the EV sums up the present values of interest flows and of the
final capital flow:

EV = Present value of NII + Present value (equity as of date 3) = 69.4 + 88.9 = 158.3

TABLE 7.4 Calculation of EV

Discount factors — final rate 0.952 0.907 0.864
All-in flows 25.0 25.0 125.0
PV (all-in flows) 24.0 23.1 111

EV: ZPV (all-in flows) 158.28
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TABLE 7.5 Value of interest flows

Interest revenues and costs at t (using balances of assets and liabilities as of t— [)

Revenues - 70.0 70.0 70.0
Costs - 45.0 45.0 45.0
NIl - 25.0 25.0 25.0
PV(NII) 24.0 23.1 222
SPV(NII) 69.38

TABLE 7.6 Value of capital flows

Dates ) 2 3
Discount factors — final rate 0.952 0.907 0.864
PV (capital flow) 0.0 0.0 88.9
2PV (capital flow) 88.90

The implication is that controlling the sensitivity of the EV is equivalent to controlling the
sensitivity of the entire stream of earnings up to the final horizon, plus the value of equity
positioned at the last date.

When there is a positive shock on interest rates, the EV declines because the NIIs are lower
after the first period. This can be checked by applying a shock on interest rates that makes the
NII negative. For example, when the market rate moves up from 4% to 8%, the net incomes of
periods 2 and 3 are negative. The principal flows are unchanged, and the interest cost of the debt
is updated when the debt is rolled over after the first period. The new net interest flows are
shown in Table 7.7.

The EV is lower because it sums up the PV of lower NII up to horizon, plus the PV of a
constant term (Table 7.8). The discount factors use the new rate, 8%.

The example shows how EV relates to the stream of NIIs in a simple situation. In a more
general case, assets and liabilities amortize and the final horizon can be the longest maturity or
shorter.

TABLE 7.7 Interest flows after a shock on interest rates

Interest revenues and costs at t (using balances of assets and liabilities as of t — 1)

I 2 3
Revenues - 70.0 70.0 70.0
Costs - 45.0 90.0 90.0

NII - 25.0 -20.0 -20.0
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TABLE 7.8 The new EV after a shock on interest ratest"

I 2 3
Discount factors — final rate 0.926 0.857 0.794
All-in flows 25.0 -20.0 80.0
PV (all-in flows) 23.1 —17.1 63.5

EV = ZPV (all-in flows) 69.51

() The last flow is 80, the sum of equity and of the negative income, —20.

In the general case, when assets and liabilities runoff, the EV includes the value of the stream
of NII up to the horizon, plus the PV of the liquidity gaps up to the selected horizon. If liquidity
gaps are not affected by shocks on interest rates, the sensitivity of EV relates directly to that of
the stream of NIIs.

By definition, the EV discounts the “all-in” cash flows, capital plus interest. We can split the
two types of cash flows by subperiod, ¢ to ¢ + 1:

“All-in” flows (¢, + 1) = Capital flows (¢, ¢ + 1) + Interest flows (¢,7 + 1)

The net capital flows over the periods are the amortizations of assets and liabilities, which
are identical to the variations of the liquidity gaps, and equal to the marginal liquidity gaps
of each period. The net interest flows are identical to the NIIs. The EV is the PV of all NIIs and
of the marginal liquidity gaps:

EV = PV (Future interest margins) + PV(ALiquidity gaps)

Using the same balance sheet as before, assets and liabilities are now allowed to amortize
progressively. The initial amounts of debts and loans are the same, but the outstanding
balances now decline from the initial date (Table 7.9). Liquidity gaps are positive until end
of horizon, at date 3. The loans are fixed rate (7%) until the horizon. The debt has a fixed rate
for the first period (5%), but is rolled over the next periods at a new interest rate if there is an
interest rate shock.

TABLE 7.9 Balance sheet amortization up to a fixed horizon

Dates ) 2 3

Assets 1,000 900 800 600
Liabilities 900 800 600 500
Liquidity gaps 100 200 100
Asset flows 100 100 200
Liability flows —100 —-200 —100

Net capital flows 0 —100 100
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TABLE 7.10 Interest revenues and costs

Dates | 2 3

Interest revenues and costs at t (using balances as of t— 1)

Revenues 70.0 63.0 56.0
Costs 45.0 40.0 30.0
NIl 25.0 25.0 26.0

The interest revenues and costs of period ¢ are calculated from the outstanding balances of
assets and liabilities as of 7 — 1 using the rates applicable to loans and debts (Table 7.10). The
NII changes as time passes because both balances of assets and liabilities decline over time.

The PV of all cash flows sums up the PV of all NIIs and of the net capital flows up to the
horizon (Table 7.11). The EV is 64.9, the sum of the PV of net capital flows (—3.6) and of the
PV of the interest incomes over all periods (68.4) up to the horizon. Conversely, the PV of NIIs
is the EV minus the PV of capital flows over any horizon:

PV (NIIs) = EV — PV (Capital flows) = PV (NIIs) = 68.4 — (=3.6) = 64.9

These identities hold for any horizon and any amortization profile for assets and liabilities.
When extending the horizon to the longest maturity date of all assets and debts, the present
value of the entire stream of NIIs is the economic value minus the discounted value of equity.

EV is a target variable of asset-liability management (ALM) because it summarizes in a
single value the PV of the entire stream of NIIs up to any cut-off horizon, given the time profile
of liquidity gaps.

TABLE 7.11 Present values of all-in flows, capital and interest flows

Discount factors — initial rate 0.962 0.925 0.889
PV (capital flows) 0.0 -92.5 88.9
2PV (capital flows) -3.56

Discount factors — initial rate 0.962 0.925 0.889
PV (NII) 24.0 21.3 23.1
PV (NII) 68.42

Discount factors — initial rate 0.962 0.925 0.889
All-in flows 25.0 -77.0 126.0
PV (all-In flows) 24.0 -71.2 112.0

2PV (all-In flows) 64.86
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For managing interest rate risk, gaps serve for controlling the sensitivity of the NII over the
near term. But closing the interest rate gaps does not imply that EV is immune to interest rate
shocks. For controlling the sensitivity of the entire stream of NII of all existing assets and
liabilities, it is necessary to control the sensitivity of EV. The conclusion is that it makes sense
to use both periodical NIl and EV as target variables for ALM. Gap management is dedicated to
the near term while controlling the behavior of EV takes care of the long term.

7.3 THE SENSITIVITY OF ECONOMIC VALUE
TO INTEREST RATES

The sensitivity of the value of a bank’s balance sheet to shocks on interest rates is a long-term
target variable for interest rate risk management. This interest rate sensitivity depends on the
relative sensitivities of assets and of liabilities.

7.3.1 Sensitivity of Fixed Income Assets or Debts

The value of fixed-rate assets is the PV of all contractual cash flows at the market rates. There is
an inverse relationship between value and interest rates (Figure 7.1). The relation means that a
fixed-rate loan has more value for the lender when it pays more than the market. The value of a
fixed-rate debt also goes up if interest rates decline, which means that the debt value is higher
for the borrower if it costs more than the market. The value of a deposit paying a zero rate
behaves as a zero-coupon bond. If the market rates go up, it has less value for the depositor
because of the larger opportunity cost of not investing the money in markets. Simultaneously,
the bank benefits from a debt cheaper than market debt and more so when market rates are up.

For floating-rate assets, the value of cash flows is constant. For a single period, the final
cash flow is the sum of principal (N) and interest (i), usually a Libor-based rate. The today
value discounts a final flow using the same rate, resulting in a constant value equal to face value
N:N(+i)/(1+i)=N. A floating-rate note with maturity of several periods can be

Value of cash flows
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Interest rate

FIGURE 7.1 Market value
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replicated by a series of single-period notes, with constant value, and is also constant. Floating-
rate assets are therefore insensitive to shocks on the floating rate.'

The inverse relation between value and rates for a fixed-rate asset is non-linear. The effect of
a decrease of rates, from 9% to 8%, for example, is larger than the change generated by a
decline of lower rates, such as from 4% to 3%. These changes measure the sensitivity to shocks
on rates, which is represented graphically by the slope of the line tangent to the curve at the
initial rate (Figure 7.2).

The sensitivity changes along the curve because of its convexity. For small changes of
interest rates, the sensitivity is approximately constant. But its variations are not negligible with
significant shocks on interest rates. The sensitivity is a local measure, meaning that it depends
on current conditions. The convexity is a measure of the curvature in the relationship between
debt values and rates that measures how the duration changes with the interest rate. It results
from the non-linear functions that represent discount factors.

The formula for the asset value with contractual fixed cash flows is:

F

v=y —_
z=1,T(l +r,)

The F, are the contractual cash flows and r, is the discount rate applicable at date ¢. A similar
formula applies with a constant discount rate when this rate is the yield to maturity r. The
sensitivity of a bond value with respect to this discount rate relates the change of value to a
shock on rates:

AV =—[D/(1 +r)]V Ar

The sensitivity is D/(1 + r), Vis the initial value and Ar represents the shock on the yield.
The coefficient D/(1 + r) is the modified duration. The duration is the first derivative of value
with respect to a shock applied to all rates used in discount factors. The calculation shows that
the duration is the weighted average of the dates of cash flows, with weights equal to the ratio of

1 Ignoring a constant spread over the discount rate that may apply.
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discounted cash flows to the value.? For floating-rate assets, the value is constant and the
duration is zero.

The duration has a number of important properties.® The duration of a portfolio is the
average of the durations of assets weighted by their market values. This property allows
deriving the duration of the balance sheet as a weighted average of the durations of the bank’s
accounts. The duration is a “local” measure because it changes if the interest rate changes. The
duration drifts when time passes: it increases with maturity, but less than proportionately. If the
duration is two years today, it will be longer than one year after one year, because it declines at a
slower pace than residual maturity. The implication is that any condition applying to durations
at a point in time does not hold permanently, when interest rates change and time drifts.

7.3.2 Sensitivity of Economic Value and Duration Gaps

The EV is the difference of values of assets and liabilities. Its sensitivity depends on their
sensitivities and on how convex the relations are between value and rates.

For neutralizing the sensitivity of the EV, the variations of the values of assets and of
liabilities should be identical. This condition implies a relationship between the values and the
durations of assets and liabilities. With a parallel shift of the yield curve equal to Ar, the
sensitivity of EV is:

AEV/A}’ = A(VA - VL)/AF

V4 and V, are the market values of assets and liabilities. The changes in these values result
from their durations, D and D;. The sensitivity of EV is the sensitivity of a portfolio long with
assets and short with liabilities. Its duration is a linear function of these, using market value
weights:

[=DaVa +D V]

a+n 2

AEV =

The duration gap is the difference of durations of assets and liabilities weighted by the
market values of assets and liabilities.

Duration gap = —DsV4 + DV,

The duration gap is the equivalent of the interest rate gap, used for controlling the variations
of the NII, for controlling the sensitivity of the EV.

The immunization condition, stating that value is insensitive to variations of rates, because
the assets and liabilities vary by the same amount, is:

VaDsy =V.Dy,
2 Consider a common shock Ar applying to all rates r,, which become r, + Ar. The derivative with

respect to Ar is the duration: Duration = Y,_; vt F/(L+r) />,y Fi/ (1 +12)'.
3 The book by Bierwag (1987, [30]) is entirely dedicated to duration definitions and properties.
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The duration gap is in value, not in years. For durations in years, the same immunization
condition implies that the ratio of the durations of assets and liabilities should be equal to the
ratio of the market values of liabilities and assets:

Dy Vi
Dy V4
The percentage sensitivity of EV to a shock on interest rates is the ratio of the duration gap,

in value, to EV, and is the also the duration of EV. The duration of EV is expressed in years
rather than in value:

AEV _ [=DaV4s+DLV,] Ar
EV (1+7) EV

Sometimes, this duration of EV is called “duration of equity”. For instance, using book
values of assets (A) and liabilities (L) as a proxy for their values, V; = 92% x V4 when equity
is 8% of assets (weighted according to regulatory ratios). EV represents 8% of the balance
sheet. If D; = 1 and D4 = 2, the weighted duration gap, in percentage of assets, is around:

—2x 100% + 1 x 92% = —108%

The duration in years is obtained by dividing by the value, and is: —1.08/8% = —13.5.
This duration means that the percentage change of the EV for an interest rate shock of 1%
is 13.5%.

The duration gap is weighted by market values. The unweighted duration gap has a different
meaning. It is zero when durations of assets and liabilities are equal (D4 = D). When durations
match, any change of rates generates the same percentage change for assets and for debts. Since
the change in the debt to asset ratio is the difference of those two percentage changes, it
becomes zero.* If the debt to asset ratio is constant, the debt to equity ratio of a bank is also
constant. Hence, matching durations means that the market value leverage is immune to
changes of interest rates.’

The sensitivity of EV should be compared to capital. It should be managed in such a way
that a shock on interest rates does not impair the capital base excessively. This is a possible
rationale for setting limits on the sensitivity of EV.

Managing the duration gap implies adjusting the values of assets and liabilities and their
duration. To a certain extent, this can be done on-balance sheet. But the characteristics of the
banking book are driven by the commercial policy and by the demand of the bank’s customers.
For managing the duration gap, more flexibility is required.

4 The change in the asset to debt ratio is: A(Va/Vy)/Ai= (—1/Vi)(VLAV4 — VAAV.)/Ai =
(-1/ V%)[_V’I—K;‘DA +%¥l’)’} This can be simplified by factoring out common terms and becomes a
function of: (D4 — Dy). The sensitivity of the ratio is zero when D4 = D;. This condition implies that the
ratio of assets to liability is constant, or, equivalently, that the leverage ratio of debt to equity is also
constant.

5 Such a condition would apply, for example, to a fund that uses a constant leverage in terms of market
values. Typically, a fund has assets and debt complying with the constraint that asset value remains above

that of debt, the asset to value ratio. Maintaining such ratio would imply equal duration of assets and of
debt.
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The alternate method is to use derivatives, or off-balance sheet management. Derivatives
modify duration to the extent that they modify the interest flows. A fixed-rate asset combined
with a swap paying fixed and receiving floating behaves like a floating-rate asset.® Future
contracts’ have durations identical to the underlying asset because they track its value. Forward
contracts are similar contracts, which are traded over the counter, unlike futures traded in
organized exchanges. Both have a similar behavior when there are interest rate shocks. For
example, a forward loan would lock in an interest rate for a future period. It is interest sensitive
since it gains value if interest rates decline and loses value if they move up.

7.3.3 Behavior of Value with Shocks on Interest Rates

EV is, in general, sensitive to interest rate variations. The shape of the relation depends upon
the relative durations of the assets and the liabilities. When the duration gap is equal to zero, the
EV is immune to variations of interest rates as long as they are not too important. A duration
mismatch (weighted by asset and liability values) between assets and liabilities makes the EV
sensitive to rates. The standard mismatch position of banks, a mismatch between maturities of
assets and liabilities, also implies an open duration gap.

Figure 7.3 shows the sensitivity of the EV with a mismatch of durations. In this example,
there is a value of interest rates such that EV is zero. If interest rates deviate from this position,
the EV can be positive or negative.
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A

\ Assets
\
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Liabilities

-

»

Interest rates

EV
EV

»

/ Interest rates

FIGURE 7.3 EV and duration mismatch

6 There would remain, in general, a fixed-rate interest flow, equal to the difference between the fixed rate
received by the asset minus the fixed rate paid by the swap, and they are not equal in general.

7 A futures is a contract setting today the price of an asset for a future date. These contracts are traded on
organized markets. The value of a future contract tracks the price of the underlying asset from which it
differs by the net carry, the net cost of holding the underlying until delivery of the asset.
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Figure 7.4 illustrates a situation when the weighted durations of assets and liabilities match.
The convexities® of assets and liabilities are not too important, so that small variations of
interest rates only slightly affect the EV, and the EV is immune to small variations of interest
rates, in the neighborhood of current interest rates. In the example, the profiles of assets and
liabilities have their usual shape, with an upward-looking convexity. The EV is positive
because the value of assets exceeds that of liabilities, and the slopes of the curves are identical at
the initial interest rate because their durations match.

In general, the convexities of assets and liabilities differ and they generate a sensitivity of
EV for significant variations of rates. Convexity can theoretically be beneficial for the bank.
For example, Figure 7.5 shows that EV increases with up and down variations of interest rates.
This happens when the curvature of assets is more important than the convexity of liabilities.

Value

FIGURE 7.5 Convexities and EV sensitivity to interest rate

8 Convexities are the curvatures of the shapes representing the relation between values and interest rates.
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The difference of the convexities of assets and liabilities is the “convexity gap”. The convexity
can be shown to increase with the time dispersion of the cash flows. This effect can be
illustrated by comparing two assets, a zero-coupon bond and a portfolio of two zero-coupon
bonds with the same duration (see Appendix below).

Unfortunately, unlike the favorable situation when the convexity has a positive impact on
value, it is shown in Chapter 8 that convexity is always adverse to the bank due to the
embedded optionality in banking products.

7.4 APPENDIX: CONVEXITY

Convexity, given duration, increases with the dispersion of cash flows through time. This can
be seen by comparing a single bond with a portfolio of bonds with same duration as the single
bond. The zero-coupon bond has duration equal to maturity. The portfolio of two zero-coupon
bonds is constructed such that its duration matches that of the single zero-coupon bond. By
changing both the nominal and the maturity of each zero-coupon bond of the portfolio of two
bonds, the portfolio duration and the portfolio value can be made equal to those of the single
bond.” Figure 7.6 shows the portfolio (continuous line) and the single bond (dashed line).

When the interest rate is 6%, they have exactly the same duration. But the portfolio line, of
which cash flows have different maturities, is more convex.

Same duration

Value

T T 1
0% 5% 10% 15%
Interest rate

FIGURE 7.6 Convexity and dispersion of cash flows across time

9 We have a system of two equations: one for equating the value-weighted duration, and one for equating
the sum of value of the portfolio to that of the single bond. The portfolio used in the example is made of
two zero-coupon bonds with, respectively, values 35.71 and 8.10, rates 1% and 4% and the same maturity,
30 years. The same duration zero-coupon bond has a maturity of 15 years, a 5% rate and a value 43.81,
equal to the value of the portfolio of the two zero bonds.



Convexity Risk in Banking

The optionality of banking products is always adverse to the bank. Fixed-rate loans are
renegotiated when interest rates are down with an adverse effect on revenues. Deposits are
withdrawn when interest rates are up making the cost of financing higher. Furthermore, such
events are dependent on interest rates.

The consequences are numerous. Cash flows are stochastic, which triggers liquidity risk.
Standard gaps or duration gaps underestimate the interest rate sensitivity of net income and
economic value. The valuation of the balance sheet is adversely affected by the value of the
options given away to clients. Finally, the embedded options in banking products make the
assessment of risk and of value far more complex than with the basic tools.

This chapter has two main purposes. The first is to explain the nature and consequences of
optionality in banking. The second is to explain how an extended framework can address the
conceptual and practical issues raised by optionality. The next chapter shows an example of
how the principles outlined here can be implemented in the case of the prepayment option of
mortgages.
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8.1 CONVEXITY RISK AND ECONOMIC VALUE

Borrowers can renegotiate the rates of their loans and depositors can withdraw or add freely
their funds to their accounts. These rights are the embedded options in banking products. Such
optionality is adverse to the bank.

Fixed-rate mortgages are renegotiated when interest rates move down, while the fixed-
rate debt backing the mortgages stays in place in the balance sheet. Variable-rate mortgages
often embed a cap that is triggered in rising market rates, while the variable-rate debt backing
the mortgages is not capped. In the absence of any hedge, the net interest income is down in
both cases. On the liability side, deposits are withdrawn and funds transferred to interest
earning accounts when interest rates rise. If the resources remain with the bank, they cost
more. If they are withdrawn, new and costlier financing has to be substituted to the
withdrawn deposits.

The options embedded in loans and deposits benefit the client and entail a loss for the bank.
These options are held by the clients and given away by the bank. Their value should be
deducted from the value of the balance sheet. The value of options depends on interest rates.
It materializes when interest rates vary significantly on either side, up or down. When they
move up, the incentive to withdraw funds from deposits gains value. When they move down,
the benefit from renegotiation of fixed-rate loans gains value. The bank loses the value of these
options when interest rates have significant swings and the value of its balance sheet behaves as
an inverted U curve, declining when rates move on either side.

This impact of options on value has a graphical representation. In the absence of optionality,
both assets and liabilities are inverse and monotonous functions of interest rates. The effect of
optionality is to inverse the convexity of these curves.

Fixed-rate loans behave as if they were variable rate when interest rates are moving down
and a renegotiation or a prepayment occurs. Their duration moves down instead of up. The
upward section of the curve, showing how their value behaves when rates are up, flattens out
when rates have gone up and the value becomes insensitive to the rise of rates (Figure 8.1).
Prepaying the loans has the same effect since the funds made available by the client can only be
reinvested at the new rates.

Variable-rate mortgages behave as if they were fixed rate when rising market rates hit the
caps embedded in the contracts, and their values start declining instead of staying flat. In both
cases, the convexity of loans is inverted.

Deposits would behave as a zero-coupon bond if they were not subject to free withdrawal
or additions. In a low interest rate environment, there is little incentive to withdraw or add
funds. In a high interest rate environment, there is an incentive to move the funds away from
deposit accounts into interest earning assets. The funds moved to floating-rate assets become
insensitive to variations of rates, the curve becomes horizontal instead of declining and the
value of the liability becomes higher than the value of non-callable funds.

Figure 8.1 shows the effect of optionality on value. Non-callable loans and deposits follow
the usual monotonous inverse relationship with market rates. When rates are down, the value of
callable loans flattens out on the left-hand side. When rates are up, the value of deposits flattens
out on the right-hand side. The gaps with the profiles of non-callable loans or deposits represent
the value of the options, which increases as the deviations of market rates extend to the left or to
the right. The net effect is an inverted U curve for economic value.

Duration gaps capture the first-order effect of a small change of interest rates on value. In the
mid-range of the graph, the value is positive and durations of assets and liabilities have the
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same signs. When moving away on the left-hand side, the duration of assets starts decreasing
with rates. On the right-hand side, the duration of deposits rises to zero instead of declining
(Figure 8.2). Convexity measures how the duration changes when rates vary. When the curves
of assets and liabilities cross, the economic value is zero, and it becomes negative beyond, on
either side. This is the general case for commercial banks.

The effect of optionality on economic value has a direct translation in terms of net interest
income. Adverse deviations of economic values imply adverse deviations of net interest
incomes.

The convexity is due to options, of which payoff has a kink." When options are out-of-the-
money, their payoff is zero, when they are in-the-money, their payoff and their value start

1 The payoff of an option is near-zero if out-of-the-money and becomes a function of the underlying asset
value if in-the-money. Accordingly, the payoff from immediate exercise has a kink, as the sensitivity
changes from zero to a positive number. The relationship between the option value and the underlying is
convex.
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FIGURE 8.3 The value of a call option as a function of the underlying

moving like the underlying asset (Figure 8.3). Their convexity is positive, which means that the
payoff and the value increase more proportionally than the underlying asset. The figure shows
the profile of a call option on an underlying asset.

The call option is the right, but not the obligation, to buy the asset at a preset price, the
exercise price. This right has little or no value when the value of the asset is lower than the
exercise price, and starts gaining value as the price of the asset moves above the exercise price,
hence the kink of the curve. The sensitivity of the option, its delta, is its rate of change for a unit
change of the underlying. The delta of the call option is positive and moves from zero to a value
of 1 when the option is deep in-the-money.

Options embedded in banking products are held by clients, and hence “sold” by the bank.
Their profiles are inverted and downside, relative to a purchased option, hence the negative
convexity of callable loans.

A positive convexity has value in volatile environments, as it is shown in the Appendix in
section 8.3. Sold options have a negative convexity, the value of which is negative. A bank is
short on convexity, meaning that the value declines when volatility is up. The drift of
sensitivities, the deltas, shows up in the change of the slopes of the curves representing assets
and liabilities. The changes of deltas are measured by “gamma”, the second derivative of the
curves. A bank is “short gamma”: this is the opposite of the favorable situation, being long in
volatility, when value increases with volatility, as it does for a purchased call option.

The options embedded in callable loans have a value that can, theoretically, be priced to the
client, if competition allows such mark-up. Hedging the optional risk can be achieved by
purchasing options, of which cost can be offset by pricing the options. For example, the risk for
callable loans is that the interest revenues decline with rates. The appropriate hedging option is
a floor, an option that guarantees a minimum return for a lender. The pricing of the call option
and its hedging are detailed in Chapter 9.

8.2 AN EXTENDED FRAMEWORK FOR STOCHASTIC
CASH FLOWS: VALUATION

The optionality of accounts with an indeterminate maturity makes the volumes and the cash flows
of these accounts stochastic. A fraction of the variance is independent of rates, but another
fraction depends on interest rates. With stochastic cash flows, standard gaps underestimate the
sensitivity of earnings and valuation should include the adverse convexity effects of embedded
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options. The standard gaps or the duration gaps make sense when the volume of fixed or variable-
rate accounts is independent of interest rates, but these simple models fail to properly address the
sensitivities to interest rates if gaps vary with interest rates.

The sensitivity and valuation of the balance sheet have to be adjusted for optionality.
Such issues require a significant extension of the modeling and conceptual framework. An
appropriate extended framework requires several building blocks for addressing the variety and
complexity of issues raised by stochastic cash flows and dependency on interest rates.

The purpose of this section is to detail these issues, which have generated much debate in the
industry. The implementation varies across banks, which rely on a variety of tools to reach
satisfactory conclusions on how to deal with this complexity. Examples of how the principles
enunciated hereafter can be turned into practical applications follow in Chapter 9, which
addresses the optionality of callable loans, a major issue in interest rate risk management of the
banking portfolio.

Valuation cannot follow the basic processes previously addressed. Deriving a value of the
balance sheet with deterministic scenarios is misleading because it ignores the value of options
given away. The discounting of stochastic cash flows requires reverting to the principles of
valuation when both interest rates and cash flows are random. The so-called risk-neutral valuation
is required. Risk-neutral valuation requires discounting at risk-free rates across all interest rate
scenarios and deriving value as the average of the present values generated for each scenario. An
interest rate model is required to generate a comprehensive set of interest rate scenarios covering
the variety of outcomes. Such extended framework should allow addressing convexity risk,
valuing the options given away to clients, and obtaining an option-adjusted sensitivity of value.

The behavior of accounts depends on time, on portfolio characteristics and on the clients’
behavior with respect to the movements of customers’ rates and market rates. Customers’ rates
depend on market rates, and the volume of accounts depends on both market interest rates and
on customers’ interest rates. Interest rate scenarios are inputs. A comprehensive framework for
modeling the stochastic behavior of accounts should therefore include three building blocks:

® An interest rate model;
® A customers’ rate model,;
e A volume model.

Interest rate scenarios are inputs to the customers’ rate model and the volume model. Such
interest rate scenarios have to defined, or they have to be modeled when the purpose is to
describe a wide spectrum of outcomes, or for valuing the options in embedded banking
products. By adjusting customers’ rates, the bank makes its loans or deposits more or less
attractive for clients, and can smooth out the variations of market rates. The purpose of the
customers’ rate function is to define how clients’ rates behave as a function of market rates. The
volume of accounts, and how they run off; is a function of time and depends on how customers
behave given market rates and customers’ rates. Both are inputs for explaining the variations of
runoffs as time passes.

8.2.1 Customers’ Rate Models

Customers’ rates depend on interest rates, but banks have the option to adjust clients’ rates for
smoothing the reactions of customers and the resulting variations of volumes.
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The differential between customers’ rates and benchmark market rates has a potential influence
on the volumes of mortgage prepayments, or of deposits inflows and outflows. Customers’ rates
do not adjust mechanically to market rates, unless they are floating rates. They do adjust for new
transactions, fixed or floating rate, as banks attempt to stabilize volumes or adjust to competition.
The speed of adjustment is usually not instantaneous and reduces the variations of market rates.
Consequently, customers’ rates become a function of both current and lagged market rates.

It has also been observed that the speed of adjustment also depends on whether rates are
rising or falling or whether they are above or below benchmark rates, those rates that match
some long-term margin.” When market rates increase, the customers’ rates tend to be stickier
than when interest rates decline.

A customers’ rate function would use as inputs the current and past market rates. For
capturing the asymmetry of variations, coefficients can be differentiated for up movements and
down movements.

8.2.2 Volume Models

In general, the volume of accounts depends on some trend, a random noise, plus a function of
the customers’ and the market rates. For example, the runoffs of existing fixed-rate mortgages
depend on contractual amortization, on factors independent of interest rates accounting for
geographical mobility or other random elements, plus the differential between the customers’
fixed rates and market rates.

Deposit volumes follow some trend and have seasonality and random fluctuations, which
can be, or not, explained by market and customers’ rates. Various functional forms have been
proposed in the literature. The form of the trend can be derived from time series models.
Seasonal fluctuations are easily captured with dummy variables. The dummy variables for
months are indicator functions, a dummy variable taking the value 1 or 0 depending on the
month. The variation of a short-term market index might have an impact on volumes, or not,
depending on the context.

For example, the overall balance of existing accounts often increases. But the same growth
can be obtained from various combinations of the variations of the number of accounts and of
the average balance of each individual account. The unit balance — by account — can depend on
the age of deposits. The implication is that the aggregated volume of deposits, and how they run
off with time, requires isolating various effects. Deposits are also sensitive to many factors
other than interest rates, such as the bank’s commercial policy or regulations. Some banks
propose a teaser rate for attracting new customers. Regulations include tax benefits of some
saving accounts, plus a cap on the balance of eligible accounts. Regulated saving accounts also
earn a regulated rate, such as a combination of the short-term rate and the inflation, which
changes by steps rather than smoothly.

Such effects should be controlled for determining whether the volume of existing deposits is
sensitive to interest rates. For testing a dependency of deposits on interest rates, the function
should include market rates and allow lags for capturing the stickiness of customers’ rates.’

2 Jarrow, R. A., Van Deventer, D. R. (1998), The arbitrage-free valuation and hedging of demand
deposits and credit card loans, [82].

3 See the chapter “Modeling Non-maturing Products”, in Matz, L., Neu, P. (2006) Liquidity Risk
Measurement and Management: A Practitioner’s Guide to Global Best Practices, [97].
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8.2.3 Interest Rate Models

A small number of discrete scenarios can be used for interest rates. But, for generating a wide
spectrum of interest rate scenarios, interest rates need to be modeled.*

The interest rates are modeled as a stochastic process. A process defines the interest rate
variation over an infinitesimally small period with two basic components: the drift, which is the
deterministic trend factor; and a random noise, which is the diffusion process, of which
volatility matches that of the modeled interest rate.”

The choice of the model depends on the purpose. For example, interest rates can be used as
inputs in volume models and are then used for generating cash flows. A simple technique
consists of using principal component analysis, presented in Chapter 16 on market risk.

For the purpose of valuation, a calibration to market rates has to be performed. The
calibration ensures that actual market prices of Treasury bills and bonds appear to the model
neither too high nor too low. All rates have to be adjusted in order to achieve the fit between
interest rates and market prices.

Valuation requires discounting of cash flows using risk-free rates as if in a risk-neutral
world. In a risk-neutral world, investors behave as if there was no aversion to risk. Valuation is
conducted by discounting cash flows at risk-free rates and averaging the values across all
interest rate scenarios.

Several functional forms for interest rate processes have been used. In the example of
prepayment option used in Chapter 9, a binomial model for the short-term rate is used.® Interest
rate scenarios are time paths of interest rates, up to a horizon divided in short time periods. The
calculation of the interest rate at each interval depends on the previous rate. Each sequence of
short-term rates is an interest rate scenario. The scenario is used to make the cash flows from
prepayments dependent on how the interest rates evolve across successive time periods.

8.2.4 A Comprehensive Framework

The three above modules are interacting. The interest rate scenarios are inputs to the customers’
rate model and to volume models. Volume models use market rates and customers’ rates.
Models are behavioral in that volumes depend on customers’ initiative. The interaction can be
summarized in Figure 8.4.

This framework can be used for modeling cash flows that are contingent on interest rates. In
the case of mortgages discussed in Chapter 9, a short-term rate model provides multiple time
paths for the short rate until the date of each cash flow. Cash flows are contingent on interest
rate scenarios: they occur at random times and have random values depending on interest rate.
They are known only for a given interest rate scenario. The interest rate model is then used for
generating contingent (i.e. optional) cash flows.

Once cash flows are modeled as a function of interest rates, the valuation mechanism
follows. Discounting uses each interest rate scenario for calculating the present value of future

4 A short review of interest rest rates is in Hull [78]. Models of interest rates are reviewed in Brigo, D.,
Mercurio, F. (2007), Interest Rate Models — Theory and Practice: With Smile, Inflation and Credit, [36].
5 Some common processes are presented in Chapter 11.

6 The model is derived from Black, F., Derman, E., Toy, W. (1990), A one-factor model of interest rates
and its application to Treasury bond options, [31].
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FIGURE 8.4 A comprehensive framework for valuation (Source: Adapted from L. Matz and
P. Neu, [97].)

cash flows. A cash flow dependent on interest rates is defined for each scenario. Its present
value is known for this interest rate scenario. With many interest rate scenarios, there are also
several present values of this single future cash flow. The today value of the random cash flow
is the expectation of all such values. The valuation process averages the present values of all
random cash flows across all possible outcomes.

In general valuation uses either risk-free rates or risky rates for discounting. For traded
assets, the contractual cash flows can be discounted with risky rates, which add an additional
spread to the risk-free rate. The spread is observable as the difference between risky yields and
risk-free rates. The alternate approach averages the present values of random cash flows, across
all possible outcomes, after discounting with risk-free rates. In the first case, the risk is
accounted for in the discount rate. In the second approach, the risk is embedded in the
probability distribution of cash flows.

The valuation of the banking book follows this second approach by averaging the value of
assets and liabilities across all outcomes. The probabilities of the outcomes are called risk
neutral. They differ from real-world probabilities because they embed the risk aversion of
market players. These risk-neutral probabilities are those that, if applied to the cash flows of a
credit risky asset discounted at risk-free rates, would provide the exact price of the asset in
markets. As the risk is now embedded in the various outcomes for the cash flows, the relevant
discount rate should be risk-free.’

Hence, for valuation purpose, discounting is conducted with scenarios of risk-free rates and
the uncertainty is taken care of by the multiple scenarios from which interest rate-dependent
cash flows derive.

The valuation mechanism, in the presence of options, is illustrated in the case of prepayment
of mortgages in Chapter 9. It addresses many issues raised by convexity risk:

e Adjusting the economic value of the balance sheet for embedded options;

e Adjusting the sensitivity of the economic value to shock on interest rates in the presence of
options;

e Pricing the embedded options to clients, once they are valued.

7 Risk-neutral valuation is a standard topic in finance texts addressing the valuation of market assets. See,
for example, Hull, J. (2014), Options, Futures and Other Derivatives, [78].
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Discounting deterministic earnings and cash flows provides the economic value of the
balance sheet in the absence of optionality. The omission ignores convexity risk and the short
“gamma” position of banks. The economic value netted from the value of options given away
to clients is closer to the true value. The sensitivity, like value, should be option adjusted. When
optionality is accounted for, the sensitivity of value to shocks on interest rates, adjusted for
convexity, can be derived from two valuation simulations, with and without a shock on rates.
The sensitivity is the variation of value and is now adjusted for convexity effects. Finally,
assigning a value to embedded options allows pricing them to clients.

8.3 APPENDIX: THE VALUE OF CONVEXITY

Convexity is relevant because it provides an additional return when the volatility of interest
rates becomes significant. This notion is illustrated in Figure 8.5.

Itis assumed that the interest rate can have two values with equal probability, at equal distance
from the current value. Without convexity, the expected value of an asset would be on the straight
line tangent to the curve at the initial point matching the average value of interest rate.

A convex asset has higher values when the interest rate shifts up or down from its initial
value. Its average value is also on the straight line joining the two points representing the values
for these two interest rates. But the line is above the tangent and the expected value of the asset
is higher than the asset value at the initial interest rate. The higher the volatility of interest rates,
the higher the value of convexity.

A higher convexity of assets increases the value of the balance sheet and, conversely, a
lower convexity of liabilities makes their value lower.
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Convexity Risk:
The Case of Mortgages

The renegotiation of fixed-rate mortgages is a well-known case of convexity risk. Callable
loans raise many issues: How should the risk be managed? How can the risk be measured? How
can the risk be valued and priced to customers?

The first section of this chapter addresses the management issue for the mortgage portfolio.
From a management standpoint, the runoff rate of mortgages is a function of the differential
between the customers’ and market rates for new mortgages. The management of liquidity and
interest rate risk depends on the views, or scenarios, for interest rates. Gap management needs
to be adapted accordingly, with frequent rebalancing of financing and hedging as a function of
current and future conditions on interest rates.

The second part of this chapter addresses the valuation issue. It relies on the simple binomial
model of short-term interest rates. Using a simplified example, it is shown how contingent cash
flows are modeled from interest rate scenarios, how the value of the prepayment option is
derived, and how it can be priced to clients.
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9.1 THE CONVEXITY RISK OF MORTGAGES

Once mortgages are originated, they have a lifecycle with several phases. The exposure to
interest rate risk starts from the initiation phase, when the client signs the contract. Over the
initial delay between signature and lending, the agreement on the contractual rate is binding for
the bank, thereby generating interest rate risk. The regular amortization period starts once the
loan is extended and funded by the bank.

Convexity risk might emerge at this stage. For fixed-rate mortgages, a fraction of prepay-
ments is due to unexpected events and another fraction is triggered by declining interest rates.
The bank might be forced to accept a decline in the client’s rate, while the loan is already
financed with fixed-rate debt contracted at the time of the cash outlay, the effect of which is a
decline of bank’s earnings.

Floating-rate mortgages might include a cap on the floating rate paid by the borrower. As
long as the cap is not in-the-money, the bank’s margin is not at risk if the loan is financed with a
floating-rate debt. But the loan interest revenue is often capped while the bank’s floating-rate
debt is not, resulting in a potential loss of margin in periods of rising rates.

The gain from prepayments for the client increases with the positive differential between the
contractual rate of the customers’ and the current market rate, and with the residual maturity of
the loan. The magnitude of the risk can be monitored, at a point in time, by breaking down the
mortgage portfolio according to clients’ rate and to residual maturity. For clients’ rates above
market rates, the risk is material, and more so when the gap with market rate and the residual
maturity are larger. The size of subportfolios for which renegotiation is profitable for the clients
measures the potential exposure to prepayment risk.

The area in white of Table 9.1 shows which pools of loans have rates close to current rates."
The grayed area shows pools for which the prepayment option is in-the-money. Such breakdown
provides, at best, a view of potential exposure, not an estimate of the balance of the mortgage
portfolio that could be prepaid. First, prepayments also depend on other random events, such as
geographical mobility, unemployment or changes of civil status, for example, which are unrelated
to interest rates. Second, exercising the right to renegotiate or prepay the loan depends on the
payoff for the client, and on clients’ behavior, with some lags in adapting to the interest rate
environment. The expected payoff of the prepayment option depends on which interest rate
scenarios are anticipated and on any penalty from renegotiation. The valuation of the option, in
the subsequent section 2, shows how such payoffs can be modeled.

9.1.1 Mortgages: Runoff Function

A runoff function models the behavior of prepayment rates” and how they react to interest rates.
Several runoff functions have been considered, differing on how simple they are. The simplest
runoff function could be estimated as a stable prepayment rate for accounts beyond some
threshold age. Prepayments do not occur too early when a loan is contracted, or too late when
principal is low, since the customers’ gains drop when getting closer to maturity. The seasoning
of a portfolio refers to the age required for a newly issued mortgage to attain a stabilized

1 Table 9.1 uses a common rate, 4.5%, for breaking down the portfolio around current rates, but such a
cutoff rate depends on maturity.

2 The prepayment rate is expressed as a percentage of the portfolio.
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TABLE 9.1 Sample breakdown of a fixed-rate mortgage portfolio

Duration (years)

Client rate (%) 0-5 6-10 I-15 16-20 Total
2.00 | 0 0 I 3
2.50 93 0 I 3 98
3.00 253 12 5 6 276
3.50 126 44 37 33 24|
4.00 154 92 63 136 444
4.50 102 167 149 194 612
5.00 99 106 208 129 542
5.50 87 67 79 263 496
5.75 66 29 39 55 189
6.00 53 19 24 46 143
6.50 63 18 28 47 156
7.00 42 I 9 15 77
7.50 Il | 2 4 18
8.00 4 0 0 | 7
8.50 | 0 0 0 2
9.00 | I 0 | 3
Total 1,157 568 646 936 3,307

benchmark rate. But constant prepayment rates, beyond some value of the age of accounts, are
a crude approximation. Some clients always prepay their loans regardless of the level of interest
rates. Others will prepay when the payoff is significant. Finally, some never prepay. In the
European case, prepayment rates are in the range of 10% to 30% or more. Because prepayment
rates are significant, the impact on earnings cannot be ignored.

A runoff function can be modeled as an ““S curve”. There is a minimum prepayment rate for a
period and a maximum prepayment rate. In between, the runoff rate is an increasing function of
the algebraic differential between customers’ rate and market rate. The shape of the curve is
illustrated in Figure 9.1. At the initial interest rate, the differential is zero, and the average runoff
rate is, for example, 20%. Such effective amortization of mortgages is inferred from historical
statistics for projecting the future balances. The S function shows how the prepayment rate
deviates as a function of the differential of initial and current rates. In the figure, the lowest
prepayment rate on the curve is 10%, the median value is 20% and the maximum value is 30%.

If the S curve is determined, it becomes a volume model that can be implemented for
managing the risk. The curve is used to assess the departures from the average prepayment rate
dependent on interest rates. The issue for the bank is to address the deviations from the current
runoff rate dependent on market rates. Such deviations generate both liquidity and interest rate
risk. Liquidity risk arises because the amortization will move away from the initial effective
amortization schedule. The interest rate risk results from the volume of the mortgage portfolio,
the rate of which is renegotiated or prepaid.
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FIGURE 9.1 Simplified runoff function for fixed-rate mortgages

At this point, an incremental risk management can be initiated. The initial hedges in place
are adjusted as time passes. If interest rates move down, the amortization accelerates, and the
new funding of the bank might be reduced. Any hedge in place for interest rate risk should be
adjusted. If the S curve is relatively stable, it can be used for anticipating the next adjustments
with forward-looking interest rate scenarios.

This continuous adjustment is similar to a delta hedge.? In delta hedging, hedges are used,
given a point in time exposure to interest rates, and adjusted with the movements of market
rates. For example, closing a gap with a swap is such that the notional of the swap matches the
size of the gap. When interest rates move, a new mismatch appears because the gap is sensitive
to interest rates due to the shift in amortization. As the exposure changes, following the S curve,
the hedge is adjusted so as to close the new incremental gap. When using incremental hedges
for mortgages, the rebalancing of the hedge mimics the behavior of embedded options.

9.1.2 Optional Hedges

Optional hedges can be used to offset convexity risk of both fixed-rate mortgages and floating-
rate mortgages. Floors hedge the risk of fixed-rate loans and caps hedge the risk of floating-rate
loans when they embed a contractual cap. The standard options on interest rates are “caps” and
“floors”. A cap guarantees a maximum rate to the buyer. A floor guarantees a minimum rate to
the buyer. Lenders are interested by floors because they are willing to be protected against
declining interest revenues.

Banks borrow fixed rate for financing fixed-rate loans. They would consider floors if they
fear substantial prepayments. Borrowers paying a floating rate are interested in caps because
they guarantee a maximum rate. For floating-rate loans embedding a cap, banks borrow floating
rate if they wish to lock in the spread between the lending and borrowing rates. They would

3 Delta hedging occurs when a position is hedged by another instrument that has the same sensitivity as
the hedged instrument. Well-known examples involve options on stocks and shares. For example, the
value of a call option varies as delta times the value of the underlying stock. Such sensitivity can be offset
by holding an opposite position in stock, with value being delta times the stock value. As the underlying
asset price changes, the delta changes and the proportion of stock held against the option has to be
continually adjusted.
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FIGURE 9.2 Sample optional gap report

consider caps if they fear that the caps of loans will become in-the-money because of higher
short-term rates.

Because the cost of such options is high, banks would enter into such contracts when they
are out-of-the-money, when their cost is still low. They would thus gain protection against wide
fluctuations of volatile market rates. The policy is a protection against the downside risk of
economic value. Banks are short volatility and the hedge from purchased caps and floors is a
long position on volatility.

It is not simple to determine how effective such hedges are. Consider the case of hedging
capped variable-rate loans. The effectiveness depends on interest rate scenarios and on the levels
of caps embedded on loans. Suppose that optional hedges against the rise of the debt cost are in
place. An “optional gap” shows the size of capped loans relative to the notional of hedging caps
acquired by the bank. In this case, the gap profile shown in Figure 9.2 is a “gap of caps”.

Such optional gap is not sufficient to assess the sensitivity of the bank’s earnings to a change
of interest rates, because a change of interest rates has an effect on interest revenues and costs
only when the options are in-the-money. The sensitivity of the portfolio to variations of interest
rates depends on which options, those in the loan portfolio and those purchased by the bank, are
in-the-money or not, and by how much.

An “optional gap report” shows the net effect, given an interest rate scenario, over the
management horizon. The net payoff equals the gain from hedging caps minus the losses from
caps held by clients. Figure 9.3 illustrates the effect of options for a given interest rate scenario. The
bars show the interest revenue given up on the top section of the graph and the interest payoff from
bank’s caps on the bottom section. Positive numbers are losses and negative numbers are gains in
this figure. The effect on net interest income is the difference, shown as the intermediate time profile.
In the example, the savings from purchased caps less than offset the revenue lost from loans.

An optional gap report is not an optimization tool. It provides information for contracting
optional hedges. For example, in the interest rate scenario considered, the figure shows how
much can be lost, and when, from capped loans. But the figure shows only a differential payoff,
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FIGURE 9.3 Interest revenue from loans given up and interest income from hedging caps

not the initial cost of purchasing the caps. The cost of purchased options should not exceed this
net payoff.* The report is an aid for deciding how much hedge, and over which horizons, should
be purchased by the bank in a given interest rate scenario.

The valuation of options sold and options purchased serves for showing the impact on the
economic value of the balance sheet. The next section addresses the valuation of embedded
prepayment options in fixed-rate loans.

9.2 THE VALUATION OF THE PREPAYMENT
OPTION AND ITS PRICING

The valuation of options is important for measuring the value given away to customers, or for
determining how much should be charged to them for the benefits of holding their rights.
Valuation requires an interest rate model and modeling the cash flows from prepayments of
fixed-rate mortgages. The interest rate model used to illustrate the process is a binomial model
of the short-term rates. Given the volatility of the market rates, the model allows generating a
large number of interest rate time paths. Each time path of interest rates is an interest rate
scenario. For each interest rate path, the benefits from exercising the prepayment option or not
are valued for all time points.

The model is first used as a cash flow generator, the cash flows from prepayments being
contingent on interest rates. For each of the possible scenarios, the valuation process then
discounts these contingent cash flows using the simulated values of the short-term rates along
each time path. Valuation is the average of all discounted values for all time paths of rates. The
value of the callable loan is that of the non-callable loan minus the value of the option.

9.2.1 Payoff of Prepayment

For a fixed-rate loan, the option payoff is the present value of the differential cash savings
before and after exercising the renegotiation option. The payoff increases with the differential

4 This is meant for a given interest rate scenario and if ignoring the time value of money.
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between the initial and the new interest rates and the residual maturity of the loan. The payoff at
a point in time is lower than the value of the prepayment option because renegotiating
the interest rate at a later date might be more beneficial than today. This is the time value of
the option.

The renegotiation usually generates a cost to the borrower. For instance, a prepayment
penalty of 3% of the outstanding balance might be imposed on the borrower. But this cost can
be lower than the expected gain from exercise.

The expected value of payoffs, at all points in time until maturity, is the value of the option.
Calculating the immediate payoff is a necessary step for valuing the option. Because the option
is held by the clients and given away by the bank, the value of the loan is equal to the value of a
standard loan (non-callable), minus the value of the option.

The time path of interest rates is relevant for options. If the rates decline substantially at the
early stage of a loan, they trigger an early prepayment. If the decline occurs latter, the
prepayment will also occur later. The implication is that prepayments do not relate only to
the current interest level.

9.2.2 Payoff of Prepayment with Immediate Exercise

Consider a fixed-rate amortizing loan, repaid with constant annuities including interest and
capital (Table 9.2). The customer renews the loan at a new fixed rate when exercising the
renegotiation option. Table 9.3 shows the amortizing schedule of a loan used as an example
throughout the rest of the chapter.

The present value of all annuities at the loan rate, 10%, is equal to the amount borrowed,
or 1,000.

Some conventions are used for dating the cash flows and discounting. The date O is the date
of origination of the loan. Subsequent dates refer to end of period: date 1 is the end of first year,
and so on. The borrower pays the annuity immediately after each date. Hence, the outstanding
debt at a date ¢ includes the forthcoming undiscounted annuity due for the elapsed period. The
value at the terminal date, 5, is equal to the last annuity due, 263.80. Table 9.4 shows the

TABLE 9.2 Characteristics of original loan

Orriginal loan 1,000
Original maturity (years) 5
Orriginal fixed rate 10.00%
Original annuity 263.80

TABLE 9.3 Repayment schedule of the original loan

Dates | 2 3 4 5
Original annuity —263.80 —-263.80 —263.80 —263.80 —263.80
Principal repayment 163.80 180.18 198.19 218.01 239.82

Outstanding amount (end of period) 836.20 656.03 457.83 239.82 0.00
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TABLE 9.4 Repayment schedule of loan

Dates 0 ) 2 3 4 5

Loan 1,000

Annuities 263.80 263.80 263.80 263.80 263.80
Principal repayment 163.80 180.18 198.19 218.01 239.82
Balance after payment 836.20 656.03 457.83 239.82 0.00

TABLE 9.5 Calculation of payoff of renegotiation

New loan 675.71

New loan dates 3 4 5
Annuity new loan —257.48 —257.48 —257.48
Principal repayment 210.18 224.89 240.63
Outstanding principal 465.53 240.63 0.00
Cash savings: new annuity — old annuity 6.32 6.32 6.32
V(New debt) — V(Old debt) 16.58

original repayment schedule of the loan. The constant annuity is 263.80 with an original rate of
10%. The present value of all annuities at a discount rate of 10% is exactly 1,000.

The borrower gains from a prepayment if the value of the cash savings, at the new rate,
relative to the original loan exceeds the penalty paid. For example, if the interest rate declines to
7% in date 2, the borrower will assess the gain from prepayment. If the borrower prepays, the
principal of the new loan should include the penalty for prepayment. With a 3% penalty,
the principal of the new loan is 656.03 x (1 + 3%) = 675.71. If its maturity is three years, the
residual maturity of the original loan, the new annuity is 257.48.

The cash savings for the borrower are the differences between the old and new annuities, or
263.80 — 257.48 = 6.32. The present value of this differential gain for the borrower, at the new
rate, is 16.58, the value gained by the borrower who prepays (Table 9.5).

This value, as of the date of renegotiation, 7, is the difference between the values of the old
and the new debts, calculated at the new loan rate:

Value (T, New rate) Original loan — Value (7, New rate) New loan
= Value (T, New rate) Original loan — Outstanding balance (1 + penalty)

The right-hand term states that the gain from the renegotiation is equal to the value of the
original loan calculated at the new fixed rate minus the outstanding principal plus penalty. This
is the payoff of a call option on the original loan with strike equal to the outstanding balance as
of the prepayment date plus the penalty.

5 The value 1,000 discounts all annuities of 263.8, starting at end of period 1, so that: 1000 =
2,21_5 263.8/(1 +i)
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But the value of the original loan at all intermediate dates between origination and maturity
is random because the interest rate is. The gain from immediate exercise is lower than the value
of the option to prepay because the option allows waiting in the hope of further declines of
interest rates. The difference is the time value of the option.

9.2.3 Modeling Prepayments

The value of an option combines its liquidation value, from the payoff under immediate
exercise, plus the value of waiting further for larger payoffs. The valuation process should
consider all future outcomes of interest rates for finding out whether the option should be
exercised and when.

The interest rate scenarios are generated for risk-free rates, since valuation is conducted in a
risk-neutral world. For each scenario, the option value is obtained by discounting cash flows
using the interest rates of the particular scenario. The interest rate scenarios serve for generating
the payoffs of immediate exercise at each time up to the loan maturity. Prepayment might occur
at any intermediate time, somewhere after origination and before maturity. With intermediate
exercise allowed, the prepayment option is American.® At a given point in time, exercise can be
optimal or not for the borrower depending on whether the immediate gain is higher or lower
than expected future gains. The first step in the valuation process is to generate interest rate
scenarios. The simple binomial model” of interest rates is used for generating scenarios of the
time path of short-term rates.

9.2.4 The “Binomial”’ Model of Short-term Interest Rates

The horizon is broken down into small and equal intervals. Each “step” is a small interval
of time between two consecutive dates, f and ¢ + 1.% Given a value of the short-term rate at
date ¢, there are only two possible values at t + 1. The rate can only move up or down by a
fixed amount. The magnitudes of these movements are assigned the percentage changes, u
and d, for up and down movements over each interval. If i, is the interest rate at date ¢, the
up and down movements are i,y; = ui, and di,. It is convenient to choose d = 1/u because,
with this choice, an up movement from an initial value followed by a down movement
ends up with the initial value.” This minimizes the number of the possible values of the
interest rate.

The sequence of consecutive values of the interest rate makes up a binomial tree, which
looks like Figure 9.4.

6 American options can be exercised before maturity. European options can be exercised only at maturity
of the contract.

7 The binomial model of short-term rates is presented in numerous texts. See, for example, Black, F.,
Derman, E., Toy, W. (1990), A one-factor model of interest rates and its application to Treasury bond
options, [31]. A technical presentation is in: Hull, J., White, A. (1993), One-factor interest-rate models and
the valuation of interest-rate derivative securities, [79].

8 The literature uses a small interval Az, which tends towards zero.

9 The tree of possible values is said to be “recombining”.
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FIGURE 9.4 The binomial tree of rates

Probabilities for the up and down movements have to be defined, for example 50% for
each.'® Under this choice, the volatility of the short-term rate has to match the market volatility
per unit of time, or ¢. The values of u# and d matching the volatility of short-term rates are
derived from the formulas: u = exp(a\/ At) and d = exp(—a\/ Ar).M!

In the example used in this section, the annual volatility is 20%, and the steps correspond to
a one-year period.'? The numerical values selected for u and d are:

u=exp(20%)=1.2214 and d=1/u=exp(-20%) = 0.8187

The interest rate is known at the initial step, since it is the current rate. Uncertainty appears only
from the second step and further. The binomial tree of rates is shown in Table 9.6.

Once all interest rate values are found, the value of an asset depending on the 