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Preface

here are so many well-written books and articles focused specifically on Inter-

est Rate Risk in the Banking Book (IRRBB) and, more broadly, on Asset Liabil-
ity Management (ALM). Therefore, the concepts related to IRRBB are already well
understood by market practitioners. Recently I have found Paul Newson’s (2017)
book, which is fully dedicated to the topic of IRRBB, very useful and well written.
I have read many books on ALM that I have found extremely useful in my career as
a treasurer in a small bank.

In general, I love reading all books on ALM and treasury as I truly believe there
is always something new to learn, and I am interested in seeing how the same concept
is approached by other market practitioners. As an author I appreciate the amount of
time and effort spent on preparing any book and I am grateful that some authors have
shared their knowledge and experience. Every book reflects years and years of hard
work and learning, and usually the objective of any book is to share the best of the
author’s knowledge and experience. This is exactly the case for this book.

Having said that, my intention here is to complement existing writing on IRRBB
and ALM over the past years. My main objective is to share my experience and knowl-
edge gathered over years of working in the banking industry with the focus on the
importance of this risk category. It is based almost exclusively on practical case studies
and examples which I have examined in my work as a treasurer, head of IRRBB and
other positions. The theory lying behind the IRRBB concept is deliberately reduced to
the minimum required so that the main attention is dedicated to various case studies
such as identification of IRRBB sources in a number of banks, enhancement of IRRBB
framework, IRRBB stress testing and even an example of an ALM report with the
focus on IRRBB, which I hope will be of value to the reader.

The second objective of the book is to share with the reader practical examples
of an integrated approach to the management of ALM risks in the treasury, i.e. the
integrated approach for building the hedging and funding strategy in one holistic
exercise. This is an increasingly important task for treasurers in financial institutions,
and brings quantifiable benefit in terms of reduction of the funding costs of these
institutions.

As already mentioned, the theoretical part of the book is reduced to a mini-
mum based on the rationale that there are many great books already available which
explore the IRRBB metrics and other concepts in details. This book mainly consists of
walk-through practical case studies presented for hypothetical banks and challenges
in daily management of IRRBB — for example, how to fund and hedge the Banking
Group’s subsidiary and integrated approach for set up of the funding plan. However,
the book also contains a brief summary of main concepts related to IRRBB.

vii



viii ABOUT THE WEBSITE

Another important point which needs to be highlighted, in order to be crystal
clear about the approach undertaken in articulating the book structure, is that case
studies and examples are mainly based on the standardised approach proposed by
the Basel Committee on Banking Supervision (BCBS) in 2016, which is already incor-
porated widely by national legislations across the globe. This book already envisages
the compliance with the Basel approach. Therefore, the case studies and examples
are built on that basis. Consequently, if the reader is looking to enhance the IRRBB
framework outside the Basel recommendations this book won’t provide the solution.

The audience for the book is envisaged as treasury professionals, i.e., treasurers of
medium and small sized banks who have adopted the BCBS standardised approach as
an IRRBB framework. In addition, this is a perfect guide for challenger banks which
are growing fast, are capital constrained and need to optimise their funding and hedg-
ing strategy. I truly believe this book will help treasury professionals in building the
overall enhanced IRRBB framework based on the Basel Standards; meanwhile Risk
and Audit professionals will gain the knowledge necessary to challenge the strategies
undertaken by a treasurer.

Driven by the simplicity and elegance of the Basel approach this book is also well
suited to practitioners who are just starting the IRRBB journey and want to equip
themselves with practical tools to manage this risk.

Ahout the Wehsite

Thank you for purchasing this book.

You may access the following additional complementary resources provided
for your use by visiting: www.wiley.com\go\lubinska\interestraterisk.

(Password: Lubinska123)

IRRBB Model


http://www.wiley.com/go/lubinska/interestraterisk

Introduction

Interest Rate Risk in the Banking Book (IRRBB) has become a hot topic over recent
years and there is a clear trend towards standardisation of the IRRBB approaches for
measurement, modelling and monitoring in the banking industry. From a regulatory
perspective, the journey started in April 2016 when the Basel Committee on Banking
Supervision (BCBS) published the final Standards (BCBS Standards) on IRRBB that
replaced the 2004 Principles. The new standards set out the Committee’s expecta-
tions on the management of IRRBB in terms of identification, measurement, monitor-
ing, control and supervision, and reflect changes in supervisory practices due to the
exceptionally low interest rates, whilst providing methods and models to be used by
banks in a wider and enhanced risk management framework. BCBS Standards had
an important impact on the global adoption of standardised metrics and emphasised
a clear difference between market risk (inherent in the trading book) and IRRBB
(inherent in the banking book). However, IRRBB is not only a regulatory term. It has
an impact on the profitability of financial institutions and its mismanagement leads
to losses. There are many cases where banks have suffered from margin compression
in the aftermath of the financial crisis when interest rates started going down. These
banks failed to hedge the banking book against rates going down and, consequently,
Current Accounts and Saving Accounts (CASA) and equity liabilities were reinvested
at lower rates. Additionally, a non-transparent and deficient internal transfer pricing
framework from business to the central unit caused open positions and margin at risk.
The robust balance sheet management presupposes that customer business and finan-
cial risks are clearly separated with sound methodology. Therefore, the understanding
of the interrelation between IRRBB and Funds Transfer Pricing (FTP) is an imperative
in order to ensure effectiveness in the risk management process and allocation of clear
responsibilities between stakeholders within the financial institution.

Without any doubt, the main driver for IRRBB evolution is a persistent low-rate
environment. In some locations rates even moved into negative territory. The concept
of negative rates is against a fundamental paradigm in finance that money has a time
value that results from different investment opportunities. A fixed income security
bought today for a specified term will return the payoff or future value that is depend-
ent on both the compounding method and interest rate employed. Interest rates paid
or charged for money depend, to a great extent, on the length of the term of invest-
ments. Therefore, the interest rate represents the price paid to use money for a period
of time, which is commonly referred to as the time value of money.

In recent years, central banks in Europe have employed negative rates as an
unprecedented measure to combat recession and foster recovery. The idea of being
charged for lending is counter-intuitive and puts into question the concept of time
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value of money described above. Such a move is viewed as controversial by econo-
mists as there is a clear impact on the banking system. One of the primary concerns
over negative rates is fuelling of cash hoarding behaviours as depositors are penalised
instead of being compensated. Consequently, they are incentivised to hold cash. There
is also a clear impact on the banks’ profitability. Negative rates increase costs for
banks with excess liquidity, resulting in a search for ways to offset these costs through
raising account fees and charges and, in extreme cases, cutting back lending to the real
economy. Indeed, the interest rates concept is extremely important because changes in
interest rates affect a bank’s earnings and its risk situation in different ways. This is
exactly the reason why the regulator advocates the need for appropriate and precise
methods for the measurement of the interest rate risk which enable the revelation
of all its significant sources and the evaluation of its impact on the operative profile
of the bank.

The regulatory aspect which reflects the changes in the market landscape is an
important driver for IRRBB evolution and enhanced framework. However, the author
believes there is another reason for the change in approach for the management of
financial risks, in particular IRRBB and liquidity risk. It is beneficial for banks to
adopt holistic and proactive management of financial risks. In her book Asset Liabil-
ity Management Optimisation (Lubinska, 2020), the author examined the interrela-
tion between interest rate risk and liquidity risk and quantified the benefits in terms
of the reduced cost of funding achieved by the optimisation exercise and the holistic
management of both risk categories.

The first attempts to integrate the interest rate risk and another type of risk (credit
risk) has been proposed by Drehmann et al. (2010), and Alessandri and Drehmann
(2010). The work performed by Drehmann et al. constructs the general framework
for measuring the riskiness of banks, which are subject to correlated interest rate and
credit shocks. The results show a strong interaction between credit risk and interest
rate risk, sufficient to influence net profitability and capital adequacy: in particular,
the magnitude of each risk component and the speed with which profits return back
to equilibrium after the hypothesised shocks depend, among other things, on the re-
pricing characteristics of the positions in the banking book and the cost of funding
(Baldan et al., 2012).

The literature has thoroughly debated both the liquidity risk and interest rate risk
and, until the regulatory updates on stress testing, IRRBB and liquidity, there seems
to be little contribution from scholars on the integrated management of these types of
risk. The link between financial risks can be seen in one of the main functions of credit
institution, i.e., maturity transformation. Banks finance their investments by issuing
liabilities with a shorter maturity than that of their investments; the resulting imbal-
ance between the terms for the assets and liabilities means that they take on the inter-
est rate risk and liquidity risk (Resti and Sironi, 2007). Baldan et al. (2012) launched
the hypothesis that there is a direct relationship so that reducing the exposure to the
liquidity risk induces a reduction in the interest rate risk as well. Their study analysed
a small Italian bank during the years 2009 and 2010 which had to modify its liquidity
profile in order to comply with the Basel III requirements. As a result, it generated the
simultaneous reduction in its exposure to the interest rate risk. The authors conclude
that there is a need to arrive at integrated risk management in which the control of
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each of these risks is placed in relation to the bank’s different functions and influences
its strategic decisions (Baldan et al., 2012).

After the regulatory updates, the silo basis approach is being slowly replaced by
more integrated management of ALM risks. This is because profitability remains a key
concern for the banking sector. The low profitability and widespread dispersion for
some countries, along with high operating costs, continues to dampen the profitability
prospects, especially for the European banking sector. Thus, there is a need to come
up with new approaches which could address shrinking profitability, a heavily regu-
lated landscape and exposure to financial risks. This necessity has been highlighted
by Choudhry (2017) in “Strategic ALM and Integrated Balance Sheet Management:
The Future of Bank Risk Management”. In this article Choudhry suggests that the
discipline of ALM, as practised by banks worldwide for over 40 years, needs to be
updated to meet the challenges presented by globalisation and Basel III regulatory
requirements. In order to maintain viability and a sustainable balance sheet, banks
need to move from the traditional “reactive” ALM approach to a more proactive,
integrated balance sheet management framework. This will enable them to solve the
multi-dimensional optimisation problem they are faced with at present. In his book
The Moorad Choudbry Anthology: Past, Present and Future Principles of Banking
and Finance (2018), Choudhry describes a “vision of the future” with respect to a
sustainable bank business model. This vision of the future contains the concepts of
strategic, integrated and optimised ALM. The need for integration is now getting rec-
ognition from treasurers, risk managers and regulators. It is also starting to be consid-
ered among the ALM systems providers. They are attempting to build ALM solutions
which focus on the integration between IRRBB, liquidity and FTP, supporting the
view that, today, more holistic balance sheet risk management is required. Interest
rate risk in banking cannot be viewed in isolation from liquidity risk, funds transfer
pricing or capital management. Balance sheets have become more volatile — a result
of changing term structures, optionality, better informed customers and the use of
derivatives.

The objective of this book is to serve as a practical support in the daily manage-
ment of IRRBB through the examples, case studies and solutions which have been
developed during the author’s career. It is a summary of many practical ideas related
to hedging of the exposure to IRRBB subcategories, i.e., yield risk, option risk, gap
risk and basis risk. The book represents the author’s attempt to provide an insight
into the practical aspects of IRRBB management along with the description of the
main metrics and their calculation methods. It presents the concept of immunisation
and natural hedging strategy showing the benefits from the optimisation exercise and
a holistic view for funding and hedging strategy adopted by the treasury. The book
contains case studies which walk the reader through different aspects of building the
hedging and funding strategy through the holistic and integrated approach as opposed
to the silo basis approach, which is still so often adopted in this process. Therefore,
one of the objectives of this book is to focus on the optimisation of hedging strate-
gies and proactive management of IRRBB both on the short part of the interest rate
curve (directional gap strategy) and on the medium-to-long part of the curve (riding
the yield curve strategy). Additionally, the author walks the reader through the IRRBB
stress testing, policy and instruments used in the daily management of the treasury.
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Chapter 1 of this book introduces the subcategories of IRRBB and provides the
practical examples of identification of the risk sources in the banking book. This part
highlights the main regulatory developments, sheds light on the results of the IRRBB
stress test performed by the European Central Bank (ECB) in 2017 and provides
examples of historical interest rate shocks which could be applied for the measure-
ment of changes in Economic Value of Equity (EVE) or in the IRRBB stress testing
framework. In this section the author answers the question why it is so important to
adopt the enhanced IRRBB framework and examines the concept of margin compres-
sion faced by banks worldwide.

Chapter 2 contains a number of practical case studies for identification of the
IRRBB sources, practical approaches for hedging some products with behavioural
nature such as reversions or lifetime mortgages and how to enhance the IRRBB frame-
work in a bank. This chapter walks the reader through the dual nature of IRRBB,
the #rade off between Net Interest Income (NII) volatility and change in EVE and the
calculations methods for the main metrics. Additionally, it extends the concept of rate
transformation and riding the yield curve strategy. There are case studies related to the
calculation of NII sensitivity through flows and stock approach and analysis of the
impact driven by the existence of automatic options in the banking book. Chapter 2
summarises the main IRRBB metrics such as Earnings at Risk (EaR), Value at Risk
(VaR) and static IRRBB methods.

Hedging instruments and hedging strategies are the main subject of Chapter 3
which, additionally, provides the reader with the practical example of the Asset Liabil-
ity Management (ALM) report with key information to be communicated to the Asset
Liability Management Committee (ALCO) members. It contains an extensive analysis
of the IRRBB position of an illustrative bank. In this section the natural hedging and
synthetic hedging strategy are analysed in detail supported by practical examples.

The concept of behaviouralisation is covered in Chapter 4 with the main focus
on modelling of Non-Maturing Deposits (NMDs). This chapter emphasises the rea-
son for modelling items without deterministic maturity and the impact on an IRRBB
position driven by bebaviouralisation both on the asset and liability side. It walks the
reader through a simple approach for modelling of balances volatility, rate sensitivity
and average life of the product. The chapter introduces also the term of structural and
financial prepayments.

The concept of the application of optimisation methods in ALM, interrelation
between liquidity risk and IRRBB is the crucial point of Chapter 5. It shows how to
set up an integrated approach between funding and hedging strategy as the holistic
view for the balance sheet. There is a case study related to the optimisation of hedging
strategy and, in the same exercise, reduction of cost of funds.

The second part of Chapter 5 is fully dedicated to the strategic tool which the
treasury has at its disposal to support the optimisation exercise, i.e. the Funds Transfer
Pricing (FTP) process. It shows several examples of a methodological approach to the
correct transfer of both types of risks, i.e., liquidity and IRRBB from business to the
central unit.

Chapter 6 is divided into two parts. The first part walks the reader through
the proposal of methodological approach for IRRBB stress testing and ICAAP.
It shows practical examples of the implementation of the stress test and ICAAP with
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illustrative numbers. The second part of this chapter addresses IRRBB governance and
the Risk Appetite Statement (RAS).

Appendix 1 illustrates the practical example of the IRRBB policy compli-
ant with BCBS Standards, walks the reader through the main section of the policy
with the emphasis on the calculation of the value of the automatic option in a nega-
tive rates environment and an illustrative example of the treatment of NMDs for
IRRBB purposes.

Appendix 2 illustrates a practical example of the IRRBB model manual compliant
with BCBS Standards. This section has been included to support the reader with the
implementation of methodological changes required by the Standards. Appendix 2 is
meant to support smaller banks where they intend to apply the standardised approach
as the IRRBB measurement framework.



1

What is IRRBB and
why is it important?

he common definition of Interest Rate Risk in the Banking Book (IRRBB)

describes the threat to the capital position and earnings of a bank driven by
changes in the interest rates in the market. Though the definition is simple, the
underlying threat to the bank’s resilience is potentially serious if IRRBB is misman-
aged. There are multiple ways that the interest rate curve can change its shape, i.e.,
it could take the form of a steepener, a flattener, a humped or an inverted curve.
Changes to interest rates threaten a bank’s earnings by impacting its Net Interest
Income (NII) which is the main source of earnings for a bank. It is estimated that, in
the composition of the total income of a bank, NII contributes, on average, about
60% (Figure 1.1).

Changes to interest rates also threaten the underlying value of bank’s assets, lia-
bilities and off-balance sheet instruments, given the adverse impact which may arise
on the present value of items, in particular their future cash flows. This is known as
the impact on economic value of the banking book, which is understood as the sum
of the net present value of assets, the net present value of liabilities and the net present
value of off-balance sheet items.

We can already see that there is a dual view under which interest rate risk in the
banking book should be analysed and these two views are complementary. The short-
term view relates to the impact on earnings of a bank and this is known, in the IRRBB
parlance, as the short end curve impact. The time horizon for this kind of analysis
is short, spanning from 12 months to a maximum of 36 months. Under short-term
analysis we are looking at the negative impact on a bank’s earnings (NII) driven by
the fluctuation in the interest rate curve. One can argue that not only negative impact
should be considered but the earnings variability as well. Excessive earnings sensitiv-
ity is considered bad practice in IRRBB management. We will tackle this point at a
later stage.
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Composition of total income

Interest income
= Commission income

Other income

FAGURE 1.1 Composition of the total income in a bank.
Source: own elaboration

The medium-to-long-term view relates to the impact on economic value of a bank
and looks at a much longer horizon, i.e., it includes all risk sensitive positions in the
banking book. The outcome of the economic value analysis provides the fundamen-
tal number both for the financial institution and for the regulator as it describes the
extent of structural mismatching between assets and liabilities. It indicates embedded,
although not crystallised, losses or gains in the economic value of a bank.

Managing IRRBB properly is vital due to it being a major source of income.
IRRBB has an impact on a bank’s capital base as it is a potential threat to capital,
and interest movements create sensitivity to the NII. Therefore, a proper framework
creates an opportunity for income generation both under near-term and longer-term
horizons. This is what is meant by a steering approach or trade-off between the NII
and EVE metrics. This point is analysed in detail in Chapter 6.

As already shown in Figure 1.1, in the composition of the total income of a bank
NII contributes on average about 60%, 85% of which is considered to be gained
through margin differential and the remaining 15% resulting from maturity transfor-
mation. Additionally, IRRBB creates a capital demand under Pillar 2. Mismanagement
can be very expensive and can have implications across different areas of a bank. In
the first place, both incorrect assumptions and risk underestimation can affect the
P&L of the treasury, which is responsible for ALM profitability. Secondly, it affects
P&L results of the business units through FTP rates and FTP margins and the correct
IRRBB assumptions impact the product profitability assessment through the interest
income split. Figure 1.2 shows an example of NII compression in a banking group.
This group lost billions because it failed to hedge itself against rates going down and,
consequently, reinvested CASA and equity liabilities at lower rates. Interest rate risk
was not fully transferred from the businesses to ALM, causing open positions and
margin at risk.
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FIGURE 1.2 Example of margin compression caused by lowering interest rates and an inef-
ficient FTP process.
Source: own elaboration

SUBCATEGORIES OF INTEREST RATE RISK

There are four main subcategories (subtypes) of IRRBB to be identified, managed and
reported by a financial institution. The bank’s banking book usually is exposed to
all subtypes to a lesser or greater degree dependent on its business model. For exam-
ple, banks with a conventional business model, i.e., where the medium-to-long-term
assets are funded by short-term repricing liabilities, mainly run the risk of exposure to
repricing and yield risk. This is known as riding the yield curve strategy or rate trans-
formation. This is because, in the case where rates go up, the bank incurs embedded
losses in terms of EVE and negative P&L impact on NII (this case is described in detail
in the following section).

Commercial banks with vast depositors’ base are exposed to behavioural risk
given that deposits without deterministic maturity need to be modelled for the pur-
pose of Asset Liability Management (ALM). This behavioural option both on the cus-
tomer side (a depositor can withdraw money at any time) and on the bank’s side (the
bank can change the interest rate on the product at any time) is known as optionality
risk and represents an important risk category to be managed. Hedging of IRRBB is
based on the behavioural basis, which means that getting the behavioural assumptions
wrong may easily lead to the over- or under-hedging of an interest rate risk position.

In some countries, for example the UK or the Middle East, assets at the floating
rate are strongly correlated to the base rate. However, these banks finance their assets
through the interbank market and/or behavioural liabilities (deposits). Given that
there is no perfect correlation between market rates and the administered rate (where
the interest rate of behavioural liabilities and assets can be changed by banks at will),
and there is always a time lag between administered rate adjustment resulting from
market rate changes, banks are vulnerable to exposure from basis risk. As described
later, basis risk itself has a number of subcategories.
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Repricing risk (gap risk)

Repricing risk, known also as gap risk, represents an important category of IRRBB. It
arises because assets have a different repricing frequency to liabilities. For example, if
assets reprice before liabilities, we say that a bank runs repricing mismatching, and it
is asset sensitive. On the other hand, if liabilities reprice before assets a bank is liability
sensitive and it is exposed to the increase in the interest rates level. However, before
going into detail we need to introduce the concept of gap.

Gap represents the difference between the outstanding amount of Risk Sensitive
Assets (RSA) and Risk Sensitive Liabilities (RSL). The residual gap is negative when
there is more RSL than RSA in a certain time bucket. For example, let’s imagine this
in simple terms: we have 100 GBP of floating rate asset repricing within the next
1 month funded by 100 GBP of fixed rate time deposits which matures and therefore
resets its rate in the next 6 months (see Figure 1.3).

The gaps in Figure 1.3 show the short-term repricing asset funded by longer term
repricing liability. As already mentioned, these gaps are called gaps in repricing and
drive the bank’s exposure to the repricing risk.

This exposure needs to be quantified (Chapter 2) and drives the impact on
a bank’s NII where rates move up or down during the period of analysis. If the
rates go up the exposure shown in Figure 1.3 has a positive NII impact because
assets are earning more in terms of interest. On the other hand, if rates go down
there will be a negative NII impact for the same reason (assets earn less in terms
of interest).

It is important to highlight, at this point, that repricing and yield risk are meas-
ured through gap analysis, i.e., the tool which shows the residual gaps allocated to

Cut off 31/08/2020  30/09/2020  31/12/2020

A Asset in repricing

On the short part of the
curve the bank is asset
sensitive and exposed to
the downward movement
of the curve

Liability in repricing
Liability in repayment

FIGURE 1.3 Tllustrative example of repricing risk.
Source: own elaboration
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the corresponding time bucket (time slot). BCBS Standards has introduced 19 time
buckets. The banking book items are allocated according to their first repricing date
or maturity date (this is analysed in detail in Chapter 2).

Yield risk

This kind of IRRBB subcategory refers to the potential adverse change in the Eco-
nomic Value of Equity (EVE) of a bank and, therefore, it refers to the medium-to-
long part of the curve. It forms the structural risk exposure of a financial institution
and is driven by non-parallel shifts in the yield curve. This exposure is driven by
IRRBB strategy and the steering approach (discussed in Chapter 6). For example, let
us imagine that a bank runs a riding the yield curve strategy, i.e., it extends fixed rate
mortgages to retail clients which are funded by retail current and saving accounts
(CASA) with a shorter repricing period. There is a positive NIM impact related to
this particular strategy because under the upward sloping shape of the curve the rates
associated with longer tenors are higher than the rates on the short part of the curve.
The rate transformation ensures earnings but, at the same time, it exposes the risk of
rates moving up (see Figure 1.4).

The yield risk relates to the changing relationship between interest rates of vari-
ous maturities (tenors) of the same curve. In the example shown in Figure 1.4, the risk
arises between two tenors, i.e., the 2Y and the 10Y tenor. As we will see in Chapter 2,
the yield curve risk is captured through the application of a number of interest rate
risk shocks and under different scenarios (for example, a contractual versus behav-
ioural scenario, or a balance sheet growth assumption).

The potential increase at the 2Y interest rates will affect the economic value of the
banking book as the present value of the asset side will become lower after an increase
in interest rates and there is no offsetting reduction in the present value of liabilities
(there is an open risk position).

Asset: fixed rate loan 10Y | 10Y@5% |
Liability: fixed rate bond 2Y | 2Y@2% | _
Fixed (5%—2%) Uncertain (5%—x)
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IF interest rates I the future liability would cost more.
IF interest rates @ the future liability would cost less.

FIGURE 1.4 Riding the yield curve strategy and yield risk.
Source: own elaboration
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Optionality risk

As underlined in the BCBS Standards there are two types of optionality risk in the
banking book, i.e., behavioural optionality and automatic options. The behavioural
option is the most common phenomenon in the banking book. It arises when a
customer of a financial institution has the right but not obligation to influence the
timing and/or the magnitude of the cash flows of an asset, liability or off-balance
sheet instrument. Sight and savings deposits (CASA) whose maturities are uncer-
tain for the institution entail a risk for the banking book in the form of a right of
withdrawal at any time (current accounts) in relation to the assumed (by the bank)
maturity. This is the behavioural optionality on the client (depositor side). From the
other side, a bank has the optionality to change the price (or customer rate) for these
products, giving the client only short notice, or no notice at all. This is the option
on a bank’s side.

Behavioural risk arises also from the assets side and is driven by the early redemp-
tion option (full prepayment or partial prepayment) of mortgages or some customer
loans. The client has the right to repay the loan whenever he/she decides, without any
penalty (or with a penalty in some cases).

Another important source of the interest rate risk which is driven by the behav-
ioural assumptions is pipeline risk. It is driven by the time difference between
agreement of the mortgage product rate and draw down of balance and the con-
sequent risk that repricing in an interest rate move will compress the margin of
the product.

Early redemption of assets, if not accounted for in the hedging strategies of
a bank, may cause over-hedging because the amount of the payer swap is higher
than the actual amount of fixed rate assets (which has been repaid). Consequently,
the bank has to adjust hedging positions and, in the meantime, is left with the time
bucket sensitivity and negative impact in terms of the PV0O1 metric. The prepay-
ment pattern will change as a function of the interest rates movements. In the case
of a low interest rate environment, i.e., higher differential between the committed
interest rate paid by the client and external market rates, the prepayment events
tend to increase as clients want to refinance their loans in order to pay lower
rates. The early redemption of mortgages (prepayments) and behaviouralisation
of deposits have an important impact on both the gap risk and yield risk dis-
cussed earlier.

The automatic options, as opposed to the behavioural optionality, always fol-
lows a rational pattern, i.e., if the agreed event happens the option is executed. Oth-
erwise, it is not. This is the case with floors, caps or collars embedded in the banking
book. Quite often, especially in European banks, the embedded floors are an impor-
tant part of the asset base (either floors at 0% or at 1%) as they protect the Net
Interest Income from losses in a negative rates environment. In a negative interest
rate environment, the implicit floor at 0% on a bank’s liabilities (current accounts)
cannot be ignored, even though no institution has the intention of selling interest rate
options outright.



12

INTEREST RATE RISK IN THE BANKING BOOK

EXAMPLE 1

Impact of automatic options embedded in the banking book of Bank X.
Bank X has the banking book composed as follows:

ASSET SIDE

EUR 1.2bn of corporate loans with the contractual floor at 0%. These assets are
repricing over a period of 1 month.

LIABILITY SIDE

EUR 900m of client deposits with the implicit zero floor at 0% slotted on the
uniform basis between 1 month and 12 months.

Bank X has a material amount of automatic interest rate options (IROs)
which are implicitly embedded in the corporate loans on the asset side. There-
fore, Bank X is a holder of those options (a long option position on the asset
side). In addition, Bank X has the short option position at 0% strike on the lia-
bilities side (deposits) as there is no willingness to cut depositors’ rates below
0% in the case of rates entering negative territory. Bank X’s senior management
does not want to lose depositors who could potentially leave for another bank
due to unfavourable repricing.

In a negative interest rates environment, the floor on the asset side is exe-
cuted (the option is in the money) limiting the potential squeeze of the NIM.

Bank X measures the impact of interest rate movements on EVE under
seven interest rate shocks, in particular:

— Short up

— Short down

— Parallel up

— Parallel down
— Steepener

— Flattener

— 94 crisis scenario

In the example, the interest rate curve is assumed as of 30 April 2019 and
floor values have been calculated using the Bachelier model (see Chapter 3).

The illustrative values of floors embedded in the corporate loans, under dif-
ferent interest rate shocks are shown in Table 1.1.
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TBLE1.1  The cconomic value of floors embedded in Bank X corporate loans under seven interest rate shocks.
Base 94 crash  Parallel up  Parallel down Short up Short down Flattener Steepener
29.465.95 - - 204,102.78 - 170,503.41 - 92,643.43
1,327.13 - - 8,634.67 - 8,728.39 - 5,471.54
341468 - - 23.652.56 - 19,758.88 - 10,736.03
2,123.47 - - 14,708.72 - 12,287.38 - 6,676.37
735.25 - - 5,092.87 - 4,254.48 - 2,311.68
9.929.38 - - 68,778.19 - 57,455.94 - 31,218.82
4,653.29 - - 32,232.13 - 26,926.08 - 14,630.35
178,998.07 14,226.24 - 468,567.96 16,544.04 389,659.37 63,796.69 260,860.87
83,221.10 - - §77.544.01 - 485,780.27 - 265,529.53
4,807.03 31902 - 12,.261.89 - 11,362.15 #43.93 8,034.37
13,817.34 1,874.26 - 35,149.48 - 33,374.66 1,680.23 23,866.38
19,902.79 1,343.78 - 50,766.39 - 47,060.44 2,654.99 33,283.46
91,403.48 6,067.98 - 233,154.02 - 216,046.00 12,243.94 152,769.75
27,319.31 - - 213,810.92 - 155,520.23 - 72,694.01
14,519.18 - - 116,984.86 - §2,359.69 43.43 37,124.68
3945299 - - 323,984.43 - 216,059.97 128.72 90,379.30
78,548.47 - - 680,733.96 - 425,893.91 16,592.81 180,359.90
92,036.66 - - 797,604.54 - 500,302.61 20,076.86 213,313.20
118,003.16 - - 1,000,935.39 - 649,344.84 13,595.19 278,132.76
242,388.78 - - 2,290,385.64 - 1,305,475.61 124,425.35 559,780.06
29,846.13 = = 281,980.25 = 156,593.76 14,900.41 63,816.46
27.721.68 - - 257,023.45 - 145,511.26 12,363.16 59,302.11
105,546.81 - - 1,062,119.56 - 553,832.10 69,783.21 225.717.39
38,252.60 - - 283,500.18 - 217,401.13 - 108,298.98
59,567.98 - - 571,668.01 - 312,873.64 32,057.23 127,573.97
130,237.61 - - 1,312,945.25 - 692,785.96 87,445.45 290,419.43
137,516.21 - - 1,427,951.59 - 728,909.59 101,774.68 302,803.92
1,132,201.09 23,549.88 - 3,240,632.64 423,803.70  2,010,941.31 87344413 1,111,980.69

Sowrce: own elaboration

(Continued)
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(Continued)

In order to understand the impact on the economic value of the bank, result-
ing from interest rate changes, Bank X calculates the change in the value of the
optionality component as a difference between the option value under a shock

scenario (KAO,, ,) and base scenario (KAO, ). This is shown in equation 1.

Change in the value of the automatic option = KAO,, , — KAO,,, (1)

The positive economic value of floors, which are contractually embedded in
corporate loans, offset the embedded loss on the liability side where rates move
downwards. This offset depends on the maturity of the floor and its strike. Usu-
ally, assets have longer behavioural maturity than deposits, i.e., there is positive
maturity transformation in the banking book. Also, the floor for assets is usually
set up above 0%. Therefore, the potential positive value of the floor on the asset
side fully offsets the loss on the liability side, resulting from the short option
position on deposits when the rates go down.

The numbers in Table 1.2 are illustrative and invented by the author to rep-
resent the concept.

In Example 1, Bank X is exposed to the downward movement of the interest
rate curve (see negative values in terms of AEVE under all downward scenarios).
In fact, it can be clearly seen because there is an embedded loss under parallel
down (EUR 31m), short down (EUR 25m) and steepener (EUR 11m) scenario
(the detailed definition of the scenario is provided in BCBS Standards). This
is because the floating rate assets are funded by behavioural liabilities (see
Figure 1.5).

TABLE 1.2 The impact of automatic options on AEVE of Bank X.

Economic value analysis — behavioural

AEVE AEVE + Options
94 crash 30.456 24.028
Parallel up 30.513 24.085
Parallel down (31.424) 107.429
Short up 24.756 24.535
Short down (25.466) (6.491)
Flattener 16.686 45.221
Steepener (11.453) (11.204)
Worse (31.424) (11.204)

Source: own elaboration
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FIGURE 1.5 Repricing Gap of Bank X.
Source: own elaboration

However, the economic value of automatic options (floors on the asset side)
which are in the money, under the assumption that interest rates are in negative
territory, fully offset EVE loss under downward scenarios. As a result, the total
change in EVE is as follows:

— Parallel down: +107m
— Short down: —-6m

— Steepener: —11m

As already mentioned, Bank X is funded by CASA. Consequently, given the
negative interest rates territory, it holds a short option position with strike at 0%
on the liability side. This short option position, from an economic perspective,
decreases the economic value of the bank’s equity under downward scenarios.

The 0% floor on deposits (especially retail deposits) should not be under-
estimated in the negative rate environment. This is because, from the theoretical
standpoint, the potential loss is a function of interest rates going down. From the
practical standpoint banks often charge negative rates on deposit holders through
commissions applied and charges on transactions.

Basis risk

Basis risk forms an important category of IRRBB. It is defined as the risk arising from
imperfect correlation between risk factors of products with similar characteristics. By
the risk factor we intend the underlying term structure of interest rates, for example
the government bond curve versus money market curve. A good example of basis risk
exposure is funding the 1Y government bond with 1Y deposit repricing on a quarterly
basis and indexed to LIBOR 3M. Even though both products have the same maturity
of 1Y, their underlying market factors are different, i.e., they are priced off on different
curves, which are not perfectly correlated. This example represents a typical under-
standing of basis risk but there are also additional subcategories of this risk.
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Assets base Risk factor Liabilities base Risk factor
| Base rate 1 | 3M LIBOR |
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FIGURE 1.6 Example of basis risk exposure arising from different risk factors.
Source: own elaboration

The floating rate assets indexed to LIBOR 3M and funded by liabilities linked to
LIBOR 6M cause basis risk exposure. This is because the movement of LIBOR 3M
and LIBOR 6M are not perfectly correlated, i.e., the increase in LIBOR 3M is not fol-
lowed by the same magnitude of increase in LIBOR 6M.

Another example consists of funding floating rate assets indexed to LIBOR with
administered rate liabilities (a common case in Europe). Although it is true that a
bank can reprice the behavioural liabilities when it wants, even if it does so there
is always a time lag between the movement in market rates and the adjustment in
the administered rate. Another example of basis risk is the loan priced on the prime
rate but funded by liability indexed to LIBOR. The prime rate would be adjusted
only by discrete amounts and its differential with money market rates could drift
substantially.

Figure 1.6 shows the exposure to the movement of spread Base rate — LIBOR 3M
and Administered rate — LIBOR 3M.

Frequently, the exposure to basis risk in the banking book is driven by interest
rate swaps which are taken on to hedge the structural exposure of a bank.

EXAMPLE 2

Example of basis risk exposure of Bank Y.

Bank Y has £100m of fixed rate deposits which fund the portfolio of
commercial mortgages indexed to the Bank of England (BoE) rate, i.e., tracker
loans. These are called trackers because they follow the movement of the Bank
of England base rate.

The bank enters into receiver swaps (it receives fixed rate and pays SONIA
rate). The bank is exposed to the movement of the spread between a SONIA rate
and a BoE rate it receives on the asset side (see Figure 1.7).




