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Preface

In recent years, use of quantitative methods in asset-liability management
(ALM) has increased significantly, particularly among medium- to

large-size banks and insurance companies. This partly reflects the impor-
tance of effective balance sheet planning and managing related risks in
achieving earnings and equity valuation targets. Traditionally and in the
past, balance sheet management efforts were mainly focused on funding
activities to ensure that the bank’s assets are properly funded at the lowest
cost possible. Lack of risk awareness, however, was always a major weakness
in this approach and recent history has shown that poorly managed balance
sheets can lead to catastrophic events for banks. In one view, the failures of
several banks and investment banks during the financial crisis of 2007–2009
were partially due to ineffective balance sheet management practices. Newer
banking strategies rely on ALM techniques that are based on accurate and
precise calculations to evaluate the impact of various risk factors on earnings
and value of the firm. These metrics are designed to assess the efficiency of
the balance sheet management efforts while taking various risks, such as
interest rate risk, into consideration.

This book presents the fundamentals of asset-liability management in
banking. During my years of practice as an ALM analyst in various banks,
I generally felt that there was a need for a book that provides a comprehensive
view of ALM as it is exercised in practice. The goal of this book is to present
the fundamentals and methodologies that are commonly used by banks in
their ALM analysis. The book is written for professionals who are active
in asset-liability management, financial risk management, and treasury
analytics. This book can also be used as the main textbook for a graduate-level
course in the aforementioned areas.

The main materials in the book are organized in three parts. The first
part, consisting of Chapters 1 through 7, is focused on the interest rate concept
and related topics, interest rate modeling methods, and valuation of financial
instruments. Many ALM analyses require valuation of positions on the
balance sheet of a bank, as well as valuation of off-balance-sheet exposures,
such as derivative contracts. Materials in this part provide the fundamen-
tals for valuation of common financial instruments, including fixed- and

xix
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floating-rate loans, fixed-income securities such as bonds, equity securities,
mortgage-backed and asset-backed securities, and callable or putable bonds.
Valuations of common derivative products such as stock options, future
options, interest rate swaps, interest rate forwards, interest rate caps and
floors, and swaptions are also discussed. Since some topics reviewed in the
interest rate models chapter require knowledge of valuation methods, that
chapter is placed after the fundamentals of valuation are explained.

The second part of the book, consisting of Chapters 8, 9, and 10, is focused
on two fundamental ALM metrics: economic value of equity and net interest
income, and their related scenario analysis. The topics discussed in this part
rely on the materials explained in Part One.

The third part of the book, consisting of Chapters 11 and 12, covers two
topics that are closely related to ALM: liquidity risk and funds transfer pricing.
Liquidity risk is the risk factor behind one of the gap measurements that the
ALM process aims to optimize and funds transfer pricing is an internal allo-
cation method of the net interest income. There are some practitioners who
view liquidity risk management and funds transfer pricing as separate and
independent topics from ALM. Recent trends, however, indicate that banks
are moving toward a holistic view in managing the interest rate risk and the
liquidity risk by combining the resources and required analysis of the two risk
types. Particularly, there are many commonalities between data required for
ALM and liquidity risk management. Funds transfer pricing, if done properly,
internalizes the interest rate risk and liquidity risk among business units of a
bank, and hence plays an important role in balance sheet management.

Asset-liability management studies are part of quantitative finance.
In ALM, mathematical modeling and statistical concepts are mixed with
high-level business decision making on how to run a bank. For the quanti-
tative techniques discussed and used in this text, the general approach is to
focus on applications and outcomes rather than providing deep discussions
on supporting theories and proof of equations. For readers who are interested
in theoretical background, each chapter provides a list of references for the
origins of methods and further discussions. Since several subjects introduced
in this book rely on statistical concepts, an appendix is added to cover
the basic elements of probability and statistics in a concise form. These
materials should help a reader who is not proficient in statistics to gain an
understanding of the subjects that are needed in other parts of the book.

Methods discussed in this text when applied to the entire balance sheet
of a bank require extensive computations. For the most part, examples
provided are simple enough so the reader can follow and understand the
topics. In practice, software packages are available that can perform the
analysis explained here for balance sheets with a large number of positions.
The book is not written with any particular software in mind, however, as the
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concepts discussed here are applicable to any ALM analysis, regardless of the
software used.

In some of the examples and illustrations throughout the book I occasion-
ally use a LIBOR–swap curve for coupon calculation of floating-rate instru-
ments or for discounting. The principles discussed, however, are applicable
if any other interest rate, such as SOFR or OIS, was used instead. In some of
the examples presented in the book, the reader may notice some minor differ-
ences between the results shown here and results if calculations are performed
using a spreadsheet software. This is due to rounding errors that may occur at
a calculation step and those errors generally make no difference in the final
outcomes.

I would like to thank those individuals who commented on the
manuscript, and those who were involved in the production process of
the book.

Pooya Farahvash
New York

February 2020
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Introduction

Abank at its core is a financial intermediary institution that collects funds
from those individuals or entities who do not have immediate use for

them and lends to those who can use the capital to generate economic
benefits. Depositors with excess cash can benefit from the interest earned
on their deposits while borrowers can benefit from the borrowed funds for
their personal needs, such as purchasing real properties, or business needs,
such as investing in their small business ventures. As the facilitators of
such fund transfers, banks earn the difference between the interest paid
to the depositors and the interest earned from the borrowers. A bank with
an asset-driven business model seeks to originate assets through lending
activities and simultaneously pursue funding methods to fund those assets,
whereas a bank with a liability-driven business model primarily focuses on
collecting deposits and then attempts to lend or invest the proceeds from
the deposits. While traditionally deposits are the main source of funds in the
banking industry, nowadays banks use a variety of methods to raise funds,
including the issuance of short-term and long-term notes, securitization,
and collateralized borrowings. Use of funds is also evolved from traditional
lending in the form of loans to individuals and businesses, in investment
in securities, and even in speculation using derivatives. The net revenue a
bank makes is the difference between the costs associated with its sources of
funds and earnings from the instruments where available funds are invested
and used.

A bank manages its sources and uses of funds by trying to match them
based on different criteria. One such criterion is based on the principal cash
flows. The status of a bank as a financial intermediary, which is often sup-
ported by the central bank of the country, allows it to have a lower cost of
funds compared to other entities. In particular, the bank’s short-term borrow-
ings are usually significantly cheaper compared to long-term alternatives. This
allows the bank to fund long-term assets that are more profitable by cheaper
short-term liabilities. While economically this seems like a sound business
model, it potentially increases the risk for banks of not being able to fulfill
their obligations when they are due. When the return of the principal amount
borrowed by the bank is due before the principal lent is returned, this may
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lead to the bank’s failure, should it not have any alternative source to replace
the needed funds. A prudent banking practice is to align or overlap the terms
of asset and liability positions such that there are always available funds to
cover short- to medium-term liability maturities. However, in practice this is
hard to achieve for individual asset or liability positions. Except in rare cases
in which a particular debt position is raised to fund a large asset portfolio or
a particular investment project, individual asset positions, such as loans and
investment in securities, are not funded by distinct liability positions. Banks
raise funds in micro form through deposits or in bulk form by issuing bonds.
This makes the principal matching between assets and liability difficult, if
not impossible. Due to this, banks may attempt to match the principal cash
flows on a portfolio level. But even this approach has its limitations, since
non-maturing products such as credit card accounts or savings accounts do
not have contractual maturity dates. To overcome this, existing balances of
non-maturing products are assumed to follow some modeled runoff profiles
that act as amortization schedules for them. This allows the bank to estimate
principal cash flows related to these products and to create principal cash flow
schedules at an aggregated level, for example, for the bank as a whole or at a
subsidiary level. Such schedules provide an overview of amounts and timings
of expected principal cash flows and help in the planning and coordination of
asset originations and debt issuances. This approach, however, does not incor-
porate planned changes in the assets and the liabilities. For example, if the
bank is planning to grow a certain asset portfolio or to issue new debt secu-
rities in the near future, they are not reflected in a static cash flow schedule.
Particularly, expected changes in balances of non-maturing products due to
macroeconomic factors are not included. A dynamic cash flow schedule incor-
porates planned and expected changes in the asset and liability portfolios.
A more sophisticated version of such a schedule considers all principal and
interest payments to create a comprehensive view of cash flows a bank can
experience in a short- to medium-term time horizon in the future. Cash flow
gap, sometimes referred to as maturity gap, is the net value of cash flows gener-
ated by assets and liabilities in a specific time period. Minimizing cash flow gap
is one way to reduce the risk of adverse events due to the mismatch between
asset and liability cash flows, particularly their principal flows.

A bank may manage its uses of funds based on the reliability and persis-
tency of the sources of funds. Funding sources being unavailable when they
are needed may lead to the bank’s failure. To assess their readiness, banks often
perform scenario analysis to evaluate the impact of unavailability of one or
more funding sources on their cash flow schedules and ultimately on their
balance sheets. This enables them to obtain a view of the potential liquidity
gap they may face in the future.


