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Editorial

Dear Readers,

This Argo Issue celebrates 5 years of the magazine, firstly published in
October 2013. It is a great goal achieved thanks to the precious work of all the
people that have contributed to the magazine realization during these years.
Thanks to All!

This issue is mainly focused on two important events that will affect banks’ ac-
tivities during the next year: the transition to new Risk-Free Rates benchmarks
and the Brexit. To this purpose, we have created a dedicated section called “New
Market Standards".

We open this section with a qualitative contribute about the oncoming reform-
ing process of Interest Rate Benchmarks: “Interest Rate Benchmarks Reform:
Time to Transition is Now”. The authors, Raphael Cavallari and Luca Olivo,
provide a general overview on the reform, pointing out its potential implications
on both business and technical aspects of the banking processes, with focus on
the Risk Management fields.

Following in the section, you will read a brief article on the effects of BREXIT; in
“An overview of BREXIT effects on the Banking System" Elia Stucchi presents
a review of the systemic effects for the banks active in the Community market
and in the UK, focusing also on the possible developments that banks will face to
mitigate the risks inherent to this event.

Finally, within the Banking Book section we propose Antonio Castagna’s con-
tribution “Analysis of the New Standards to Measure and Manage the Interest
Rate Risk of the Banking Book Issued By BIS Committee”; the article, already
published in March 2018, presents an analysis of the new standards issued in
April 2016 by Basel Committee, on the measurement and the managements of
the IRRBB.

We conclude, as usual by encouraging the submission of contributions for the
next issue of Argo to help improve and innovate this newsletter every time. De-
tailed information on how to contribute is on the front pages.

Enjoy your reading!

Antonio Castagna
Luca Olivo

Giulia Perfetti
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New Market Standards

Interest Rate Benchmarks Reform:
Time to Transition is Now

aaaa

Raphael Cavallari Luca Olivo

T he paper provides a general overview on the ongoing process of reforming Interest Rate Benchmarks,
with particular attention to the Euro Area. The authors highlight the potential implications that this
reform would have on both business and technical aspects of banks’ processes, with focus on the Risk

Management fields. Due to the magnitudo of the change and the challenges posed by its implications, the
authors believe banks should start transition processes now in order to minimize disruption when current IR
benchmarks will cease to be contributed (for some of them as early as 2020). In addition, they suggest banks
could take this transition also as a chance to optimize current processes within their risk frameworks in order
to reduce complexity and increase efficiency.

The need of reforming Interest Rates (IR)
benchmarks mainly derives from the
problem emerged during the last global

financial crisis, when the first allegations of ma-
nipulations and general misconduct in the de-
termination of various Inter-Bank Offer Rates
(IBORs) came to light. After findings against
various financial institutions became official,
the first aim of the regulatory and supervisory
bodies was to restore the confidence in IBORs
worldwide. An extensive preliminary work
done by regulatory agents resulted in the publi-
cation of the “Principles for Financial Benchmarks:
Final Report” by the International Organization
of Securities Commissions (IOSCO)[1]. This re-
port focuses on four main aspects of a bench-
mark determination:

1. Governance

2. Quality of Benchmark

3. Quality of the Methodology

4. Accountability

However, in our view, the core of IOSCO
principles can be summarised in the prescrip-
tion that a risk-free rate benchmark has to be
determined from or be anchored to - wherever
feasible - real and sound transactions1 being

performed at arm’s length in a well behaved
market (in terms of size, liquidity, concentra-
tion). Moreover, the determination should also
be supported by a flexible and transparent
methodology. This solution is fundamental in
order for a benchmark:

• to be free of conflicts of interest;

• to be an accurate and reliable representa-
tion of the economic realities of the inter-
est it seeks to measure.

Here comes the main sticking point: in
the last decades the money market has expe-
rienced substantial changes. As described in
the “Pre-Live Verification Program, Outcome and
Way Forward” by the European Money Markets
Institutes (EMMI)[8]:

[. . . ] The current regulatory environment and
monetary policy, including negative interest rates,
and other sources of liquidity available to market
participants (which has reduced the need for finan-
cial institutions to obtain market-based funding),
are factors that have led to such changes in the ac-
tivity in the unsecured money market. [. . . ]

The most visible change from the various
statistical analyses performed by several mon-
etary institutions (ECB, EMMI, FCA and IBA)

1via competitive forces of supply and demand.
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is that the money market moved from being
principally interbank-based to a broader whole-
sale market, where transactions with other fi-
nancial corporations represent a sizable por-
tion of the unsecured borrowing. Other mar-
ket changes are a predominance of data avail-
ability for unsecured borrowing transactions
(instead of lending) and the concentration of
unsecured transactions in the very-short term
maturities. All these market changes made all
the reforms aimed to restore the confidence in
the relevant benchmark rates (e.g. EONIA and
IBORs) not sufficient to keeping them alive in
the long term.

Indeed, although the governance and pro-
cess improvements were actually successful,
the conditions of relevant markets changed in
such a manner that the representativeness of
the indexes could not be restored.

This situation has also been exacerbated by
the new European Benchmark Regulation[10]
(EU BMR), which translates in a European reg-
ulation the Principles stated in the IOSCO re-
port. In particular, Article 11(1.a) of the EU
BRM states that “the input data shall be sufficient
to represent accurately and reliably the market or
economic reality that the benchmark is intended to
measure”. Moreover, under Article 51 of the
same regulation, “an index provider providing a
benchmark on 30 June 2016 shall apply for authori-
sation or registration and may continue to provide it
until 1 January 2020 or unless such authorisation is
refused”. In particular, even if the relevant com-
petent authority could permit the use of the
benchmark in order not to frustrate or breach
the terms of financial contracts or instruments,
no financial instruments shall add a reference
to such an existing benchmark after 1 January
2020. The deadline of 2020 for the continuation
of a benchmark is going to have far reaching
consequences among financial institutions and
beyond.

Given this background, with this article we
would like to provide a qualitative analysis on
the implications and challenges that the finan-
cial institutions could face in benchmarks tran-
sition, with a particular focus on the Euro Area.
In the next section we outline the most relevant
steps in the reform, while the second section
is dedicated to general implications in banks’
business activities. The third section is focused
on technical implications by a risk management
point of view. The last section is left with con-
clusions as usual.

Main Steps of the Reform

The regulatory agents have taken a very promi-
nent role in structuring a phased transition
to new IR benchmaks. Indeed, in its 2014
report[11] the Financial Stability Board (FSB)
issued general recommendations on reforming
the major interest rate benchmarks. In that
document and in the following related updates
[12], the outlined main steps in the reform can
be summarized as follows:

• Actions to strengthen the current IBORs

• Actions to develop the alternative risk-
free benchmark rates

• Actions to ensure contractual robustness

Reforming the IBORs

In order to allow for compliance to the EU
BMR, extensive reform processes have been car-
ried out by the relevant authorities to the main
overnight and IBOR rates both at international
and EEA levels.

Whilst a reform of the SONIA has proven
to be successful, the corresponding reform of
EONIA has been abandoned by EMMI after
its Data Analysis Exercise (and the first ECB
public consultation on developing a euro unse-
cured overnight interest rate[3]) on the basis of
liquidity, size and concentration of the market
on which it relies.

Concerning EURIBOR and LIBOR rates in-
stead, the effort of both the EMMI and the
Financial Conduct Authority (FCA) of trans-
forming them in transaction-based benchmarks
have proven to be unsuccessful (see [8] and
[12]) because the market for unsecured whole-
sale term lending to banks is no longer suffi-
ciently active. The FCA has therefore decided
that, after a 2021 deadline agreed with the LI-
BOR panel banks, it will no longer try to per-
suade or compel them to contributing to the
benchmark determination. EMMI, instead, re-
cently developed a hybrid three-level waterfall
methodology for EURIBOR determination in
order to underpin to the greatest extent possi-
ble its determination by transaction data, as re-
quired by the regulation (see [6] and [7]). A real
data testing phase is expected to have ended
in August 2018 and a second consultation pa-
per will be probably published in the coming
weeks. In any case, the implementation of the
new methodology will be concluded by Q4 of
2019, in time for application to authorisation
under the EU BMR.

Issue n. 14 / 2018
9



New Market Standards

Financial Area RFRs Typology Available Administrator
USA Secured Overnight Financing Rate (SOFR) Secured Y Fed NY
UK Reformed SONIA Unsecured Y BoE
EU European Short-Term Interest Rates (ESTER) Unsecured N(*) ECB
JAPAN Uncollateralized Overnight Call Rate Unsecured Y BoJ
SWITZERLAND Swiss Average Rate Overnight (SARON) Secured Y SIX Swiss Exchange

TABLE 1: New Risk Free Rates chosen in the main financial areas. (*)Regarding the Euro Area, although Pre-ESTER is
already available with data going back to March 2017, the official publication of the ESTER will not take place before
October 2019.

Alternative IR Benchmarks: Risk Free Rates
(RFRs)

The EONIA dismissal, the uncertainty over the
EURIBOR compliance with the EU BMR and
the FCA decision over the LIBOR supervision
discontinuation have created a significant pres-
sure to both the financial market and the super-
visory agents, which are responsible to watch
over the systemic financial stability, to develop
a new range of interest rate benchmarks that
are compliant with both the IOSCO Principles
and their local regulatory implementations (EU
BMR for Europe). As requested by the IOSCO
Principles and under the coordination of the
FSB, Risk Free Rate Working Groups (WGs) have
been established around the world to select
new (fallback) interest rate benchmarks: they
are composed of market participants and sup-
ported by supervision agents as advisors.

Due to the current state of the unsecured
money market and for the ease of interpreta-
tion, the new benchmarks have been chosen to
be as close as possible to risk-free rates. Table 1
summarises the RFRs chosen in the main finan-
cial areas.

Time to Transition is Now

Given the 2021 deadline agreed by FCA with
the LIBOR panel banks, and the importance of
the topic in terms of scope and challenges, we
think that the right time to transition is now.

One of the main recommendations of the
FSB to WGs is to develop effective transition
plans and strategies in order to:

• minimize market disruptions;

• create and sustain demand and liquidity
sources in hedging markets for the new
RFRs.

Beyond recommendation, it is up to the in-
dustry to ensure a clear and smooth transition.
To this purpose a recent survey published by
the International Swaps and Derivatives Associa-
tion (ISDA)[14] is interesting since it involves

150 market participants among banks and other
users and reveals that there is a significant gap
between the general awareness of benchmarks
reform and the actual steps being taken to its
implementation. Although more than 50% of
survey participants declares having initiated in-
ternal discussions on the topic, just 11% has al-
located real budget and resources for the tran-
sition programme.

The awareness of the implications such a
reform may have within the frameworks of the
banks is a crucial point in order to develop ef-
fective transition projects. The magnitude of
the change is high since it involves around $
370 trillion across derivatives and other cash
products (like bonds, loans and securities) re-
lated to IBORs, and can affect different aspects
of daily business operations. On the other
hand, time is running out because banks have
just 3 years to be fully compliant with the new
IR benchmarks: they should start allocating
budget and resources in order to handle with
the transition.

In what follows we briefly discuss two main
kinds of implications related to the transition:

1. Business Implications: potential effects of
the transition on the way in which exist-
ing contracts will be handled and new
contracts will be stipulated by banks.

2. Technical Implications: potential effects of
the transition on the technical aspects of
daily operations, with focus on the typi-
cal Front-to-Risk chain of a bank frame-
work.

Business Implications

Contractual Robustness

A key role in the transition will be played by
the ability of WGs (administrators and market
participants together) to guarantee the contrac-
tual robustness in:

• handling the new contracts;
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• handling the legacy contracts.

Regarding the new contracts, in order to be
able to use the new benchmark rates for valu-
ation purposes, a liquid market on new refer-
enced OIS (and relative basis swaps, for transi-
tion purposes) should be first established. In
this context the Alternative Reference Rates Com-
mittee in the US (ARRC) and the Working Group
on Sterling Risk-Free Reference Rates in UK en-
visaged an effective transition strategy focusing
on the new transaction in order to create liquid-
ity and minimize disruptions: derivatives refer-
enced to SOFR and SONIA have been already
cleared by some CCPs, in addition the World’s
Bank has recently been able to issue and hedge
a SOFR-referenced Floating Rate Note.

For the Euro Area instead, an official RFRs
has only recently been chosen by the WG [4].
Although historical data of the preliminary ver-
sion of the ESTER (i.e the pre-ESTER) are avail-
able since August 2016, an official version of
the rate will probably be published by the ECB
only starting from October 2019. This means
that the Euro Area will only have three months
to create a sufficient liquidity for instruments
referencing the new RFRs to allow a transition
as frictionless as possible. This has to be com-
pared with the 3.5 years’ time that other RFRs,
such as SOFR and reformed SONIA, are hav-
ing to accomplish the same goal. Uncertainty
regarding the possibility of creating and sus-
taining demand and liquidity for the new EUR
RFRs will rise the costs of the transition itself
and generate issues in the handling of new con-
tracts.

Regarding the handling of the legacy con-
tracts, the FSB Official Sector Steering Group
(OSSG) is pushing market participants to in-
crease contract robustness of various financial
products against the risk that a widely-used in-
terest rate benchmark could be discontinued
permanently. In the October 2017 report[12]
OSSG has recommended the following high-
level principles in reviewing possible fallback
provisions:

• to the extent possible, the contractual pro-
vision should seek to avoid any disconti-
nuity in valuations in the event that the
fall-back is triggered, minimizing the im-
pact on valuations and then avoiding any
potential disruption to financial stability;

• the contractual provisions must be ro-
bust, sensibly safeguarding against either

any potential for manipulation or poten-
tial for noisy data or the methodological
construction of the spread itself to allow
the fall-back to clearly deviate from what
most market participants would construe
as a reasonable or fundamental value for
an IBOR swap;

• any method should not impede, to the ex-
tent possible, any efforts towards volun-
tary transition.

In that context ISDA is taking initiatives at
international level to implement robust con-
tractual fallbacks for derivative instruments
that will account for permanent discontinua-
tion of current benchmarks, together with a
protocol to amend legacy contracts. The con-
tractual fallbacks will rely on the use of the
new relevant RFRs subject to term and spread
adjustments. ISDA launched a market-wide
consultation on that in July, proposing four op-
tions to adjust the RFRs (moving from a term
rate to an overnight rate) and three potential
approaches to add a spread (in order to reflect
differences in the bank credit risk premium and
other factors).

This sort of fallbacks implementation, be-
ing done to align with the Article 28(2) of
the Benchmark regulation[10], should however
also apply for EONIA and EURIBOR, for which
a RFRs is not currently live. Therefore, an in-
terim 2018 Benchmark Supplement is currently
being prepared, also with the support of a three
months consultation.

ISDA efforts on developing robust contrac-
tual fallbacks are absolutely comprehensible.
Despite the awareness of the fact that IBORs
contribution can be interrupted after 2021, ex-
isting deals on IBORs still continue to be traded
and new ones will be created until 2021: with-
out a safety net the potential sudden discon-
tinuation of IBORs would generate disruption
in market valuations. Moreover, effectiveness
of contractual fallbacks will depend also on
the industry consensus on appropriate spread
and term adjustments: consultation launched
by ISDA is pushing in that direction with the
purpose of reaching a firm-wide consensus on
fallback methodologies.

Governance

Another important point banks and market
practitioners should consider carefully is the
Governance.

Issue n. 14 / 2018
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The most complex part in defining a robust
transition strategy is not to find the right fall-
back itself, but rather to implement a smooth
transition process able to provide clear condi-
tions in order to:

• identify proper fallback rates;

• identify the proper methodologies to be
followed to switch to fallbacks;

• identify the triggers for fallback applica-
tions.

Clear and well-defined Governance pro-
cesses within financial institutions will support
a smooth transition minimizing the probability
of market disruption due to the lack of contrac-
tual robustness.

We have already explained that the scope
of the transition is extremely large, due to the
fact that several asset classes are now relying
on IBORs. In addition to strengthening, Gov-
ernance processes should have a key role also
in harmonizing fallback arrangements among
different financial instruments. The current
framework of fallback provisions is not appro-
priate to face a sudden cessation of IBORs,
moreover it suffers a lack of consistency be-
tween arrangements for cash products and
their derivatives hedges: a robust process of
Governance should prevent weaknesses by im-
plementing a better and more consistent safety
net.

FSB[12] is clearly concerned about this topic
and stressed the need of sound Governance
processes among market participants to pre-
vent disruption. While ISDA is taking care of
the topic for derivatives contracts internation-
ally, the enhancement of fallback arrangements
for non-derivative instruments is left to each
market participant: the need of clear, robust
and shared Governance processes is essential
more than ever.

Technical Implications

Based on the several articles published on the
topic in the last months, this transition may
generate challenges in the valuation and risk
management fields including potential issues
related to the fact that existing transactions will
be affected. However, from these articles it is
difficult to find a clear explanation on how and
where this transition can hit a bank within its
framework.

From a pure Risk Management perspective,
the transition from IBOR-based to new refer-
ence RFRs poses several challenges to be evalu-
ated carefully by financial institutions.

Considering the traditional Front-to-Risk
chain, we try to identify the most relevant im-
plications of the transition by phase:

1. Market Data and Valuation.

2. Risk Scenarios Calculation.

3. Impacts on Risk Metrics.

We will focus more on the Euro area, with
some examples on the EONIA-ESTER transi-
tion, even if most of the challenges can be con-
sidered in common with the reforms in other
financial areas.

Market Data and Valuation

In this phase there are two main implications a
bank should take into account:

• the dismissal of current IBOR rates contri-
bution;

• the contribution of new RFRs and related
new curves construction.

Regarding the first point, starting from 2020
EONIA publication won’t be guaranteed any-
more, as well as LIBORs in 2021. It implies that
data source systems could stop maintaining the
contribution and the configuration of related in-
terest rates curves to the downstream systems.
This could be a problem for legacy contracts
that expire after 2020-2021 and won’t be con-
verted to the new RFRs. Banks should prepare
their IT and Risk Management infrastructures
in order to analyse the best solution to this po-
tential case, in line with Front Office desks, in
order to minimize pricing misalignment and re-
lated market disruption.

The second point is surely the most chal-
lenging, since it requires the management of
new market data and new curves construction.
The main implications here could be summa-
rized as follows:

1. Prepare the Risk framework to receive
new input data from Source Systems.
Collect, check, maintain and storage the
data in the IT infrastructure following
the proper Governance processes; in our
opinion this implication won’t represent a
real challenge, especially for medium and
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big banks, since nowadays financial in-
stitutions are already prepared to receive
and manage significant amount of market
data.

2. Construct the new interest rate curves.
This is the real challenge of this transition
for two main reasons:

• Data availability: lack of data in a
proper granularity;

• Liquidity: uncertainty about the liq-
uidity of the market for the new
RFRs.

Both these two elements can undermine a
proper curve construction, which is the basic
condition for a proper pricing valuation.

In our opinion data availability is the most
relevant challenge that banks have to face given
the need to build the term structure of the new
rates.

Some market participants stressed the atten-
tion to another potential issue: the absence of a
well-established industry consensus may gen-
erate multiple competing definitions of term
rates and, as a consequence, multiple alterna-
tive competing approaches for forward-looking
term structures modelling. We think this is not
a real issue at least for the following reasons:

• regulators and international supervisors
are stressing the need of a Governance for
a wide-spread market consensus on the
new RFRs benchmarks construction, issu-
ing principles and recommendations that
go in that direction;

• ISDA is seeking to obtain the most
widespread consensus among market
participants as possible in order to select
the most appropriate manner to add term
and spread adjustments, if a term rate is
to be determined from a reference RFRs;

• disclosed methodologies for SOFR, SO-
NIA and ESTER calculations (just as ex-
amples) are similar each other and based
on actual transactions data.

The recent selection by the Euro RFRs WG
of the ESTER rate as a substitute for EONIA as
RFRs was mainly driven by the fact that:

• it will be managed directly by ECB (ex-
cluding any potential conflict of interest
related to private company administra-
tion), with data coming from the MMSR

Regulation [2] [9], the regulation concern-
ing statistics on the money markets;

• it captures banks overnight borrowing
costs on the basis of transactions with
both banks and non-banks financial coun-
terparties (while EONIA currently is ex-
cluding all transactions with non-banks);

• it is computed as a volume-weighted av-
erage of real transactions conducted at
arm’s length, consisting of overnight un-
secured fixed rate deposits with volumes
beyond EUR 1ml (becoming de-facto more
representative of money market transac-
tion than current EONIA).

ECB is expected to officially publish the first
fixing by October 2019. In the meantime, it has
started to publish a pre-ESTER for research pur-
poses and, in a sample of daily observations
between March 2017 and May 2018, the spread
between pre-ESTER and EONIA proved to be
quite stable around 8/9 bps. If this spread will
actually remain constant, also the technical im-
plications of building the new curve could be
easy to face, since it would be possible to fig-
ure out some linear relationships between the
two benchmarks.

However, many external factors could gen-
erate shifts in EONIA, and consequently in
the ESTER-EONIA spread. Examples could
be the change in ECB monetary policy (with
subsequent impact on excess liquidity) and the
change in banks credit spread levels, interre-
lated if we consider Systemically Important Fi-
nancial Institutions. As also reported by Gold-
man Sachs in a recent research published in Au-
gust 2018[13], statistical relationships between
these variables can be identified, but they are
not completely reliable at this stage due to the
lack of a more representative data sample: this
poses a real challenge in finding a stable solu-
tion for new curves construction starting from
current EONIA values.

Risk Scenarios and Calculations

In addition to the challenges posed by the new
curves construction and the liquidity of the
new RFRs markets, banks should consider the
fact that these new benchmarks won’t have
enough history in the first years of the transi-
tion to build reliable historical scenarios, with
potential impact in terms of valuation of:

• the Risk Metrics that rely on historical
simulation (e.g. VaR metrics for both

Issue n. 14 / 2018
13



New Market Standards

managerial and regulatory Market Risk
purposes);

• the dynamics and historical modelling of
the volatility (e.g. Swaptions pricing).

In such a case Risk Management depart-
ments should minimize disruption events by
finding acceptable proxies or introducing new
valuation techniques. Most of the solution will
depend on how the risk managers will decide
to manage new curves construction, if relying
on statistical relationships with current IBOR
values or working on completely new data (see
the EONIA-ESTER spread example discussed
in the previous paragraph).

It is crucial also in this case to find out so-
lutions that are commonly spread and shared
among market participants in the financial in-
dustry.

Another challenge could be faced during
the transition period when the IBORs will be
neither dead nor alive. Banks will be probably
forced to model and maintain three kinds of
curves in their risk management systems:

1. the current IBOR-based ones,

2. the current OIS-based ones,

3. the new RFRs ones,

and the respective basis between each pair.
This could be an issue indeed, especially

when financial institutions have to perform
daily calculations for risk management pur-
poses and there will be both IBOR and RFRs-
linked products in the books to be re-valuated.

It will surely be the case in the euro area
where at the moment the transition will see
EONIA replaced by ESTER by 2020 and the re-
formed EURIBOR kept alive. In our opinion
this situation can get worse in case of illiquid-
ity in the new RFRs: it can generate a basis be-
tween the actual bank funding rate and the the-
oretical funding rate given by the new bench-
mark. Also this potential funding basis should
be taken into account by the Risk management
of the bank during daily calculations.

Impacts on Risk Metrics

The transition will obviously generate an im-
pact on the currently calculated risk metrics:

• for Trading Book products both VaR and
Sensitivities (like DV01 and Vega Risk)

will be affected by market risk perspec-
tive, and for Risk Managers it will be fun-
damental to understand the materiality of
these impacts in the control of manage-
rial limits to daily trading activities. Also
CCR and CVA risks could be affected,
directly inheriting the impacts from base
pricing valuations;

• for Banking Book the transition will af-
fect a huge amount of cash products like
Bonds, Loans and other securitization in-
struments; impacts must be evaluated
carefully in terms of both liquidity and
interest rate risks.

It will be crucial for banks to understand
the overall impact of this transition on their
books in terms of RWAs and current regula-
tory capital charges. For example the lack of
historical data on the new rates may have an
impact in the light of new market risk regula-
tion for trading book (FRTB), where a crucial
point for metrics calculation is the distinction
between “modellable” and “non-modellable” risk
factors. For cases like ESTER-EONIA, banks in
the euro zone can start performing some im-
pact tests by assuming a relationship between
the current and the new benchmark on the ba-
sis of the quantitative data provided by the
ECB. Due to the concerns we have highlighted
in the previous paragraph, impact tests should
be based on some methodological and tech-
nical assumptions, but it is fundamental for
banks to start working on it before EONIA con-
tributions cease in order to prevent potential
non-desirable impacts on risk metrics. Indeed,
banks could activate working groups and dis-
cussions directly with ECB and national regu-
lators in order to set up first impact tests (with
related assumptions) and then understand how
this transition can affect current risk capital
charges.

Another important point to take into ac-
count is the basis risk deriving by this transi-
tion. It can arise at two different levels:

1. The adoption of new RFRs occurs signifi-
cantly more quickly for derivative instru-
ments than cash instruments, generating
a situation in which different asset classes
are exposed to different rates and a basis
risk needs to be considered in hedging
strategies.

2. The fact that different RFRs can be
adopted by different currency areas at dif-
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ferent points in time can generate cross-
currency basis risks for global players;
also in this case, a robust Governance pro-
cess agreed worldwide could really sim-
plify the management of this basis risk by
arranging the different transition strate-
gies in a shared timeline.

Conclusions

The termination of IBORs contribution in the fi-
nancial market is no more a remote possibility
but it is becoming a real scenario. That is why
we think time to transition for banks is now: be-
yond the awareness of the importance of such a
reform, banks should start now allocating bud-
get and resources to implement robust transi-
tion strategies within their frameworks.

At general business level, a lack of contrac-
tual fallback robustness in the transition can
generate widespread market disruption, that

is something strongly non-desirable. A world-
wide coordinated action of Governance (like
the one ISDA is doing for derivative contracts)
is really beneficial in order to set up a better
safety net and guarantee a smooth transition.

Focusing more on technical details within
the Risk Management fields, the transition to
new RFRs implies the need for the banks to
update their frameworks in order to collect
new data properly and manage the multi-curve
modelling. Also in this case a coordinated ac-
tion among all market participants can be re-
ally useful in identifying the best methodolo-
gies and techniques to minimize impacts on
risk metric calculations and capital charges.

Finally, in addition to the implications we
have tried to outline in the possible clearest
way, we suggest banks to take this transition as
an opportunity to optimize their current risk
framework processes in order to reduce com-
plexity and increase efficiency.

Issue n. 14 / 2018
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T he decision by Great Britain to leave Europe is certainly an extraordinary event. Following what has
been proposed by some Regulatory Opinions and some already developed works, this article presents
a brief overview of the systemic effects for the Banks active in the Community market and in the UK.

The effects of the so-called BREXIT can be observed in all the operating levels of the Banks and will determine
the need, by the Institutes, to develop a series of procedures to mitigate the risks inherent in this event.2

The banking system, after the economic
and financial crises, is under stress for
a further important reason: BREXIT.

British citizens, during the referendum held
on 23 June 2016, expressed their willingness
to leave the European Union; this decision has
had, and in large part will have, political, eco-
nomic and social effects. One of the main sec-
tors affected by the exit of UK is the banking
world, an important segment for the British
economy and more generally for the world one.
As reported in documents published by the Eu-
ropean Banking Authority "EBA" [3] [2] and by
the European Central Bank ECB[4] , it is clear
that BREXIT will have important effects on the
daily banking activity of the Institutes. If as
assumed by the Authority a so-called "Hard
Brexit" occurs, i.e. an exit without agreements
between the parties, the induced risks will re-
quire changes and internal control structures
(no empty shells) advanced and able to mini-
mize risks and negative effects on the banking
system, and therefore on the economic and in-
dustrial one. The objective of this brief paper
is to propose an overview of the effects that
BREXIT, whether with or without agreements,
will have on banking activities, on their balance
sheets and therefore on the possible effects that
consumers will be able to directly observe.

Who? Actors Involved

To the effects of BREXIT, it is necessary to ob-
serve which actors will be more affected be-
cause of their presence on the European mar-
ket. The Figure 1 shows how different subjects,
strictly interconnected and integrated, operate
within the European Union and the United
Kingdom.

Due to the British exit from the EU, this in-
terconnection will be severely tested and a se-
ries of agreements will be needed in order to
define a new operational framework. These
agreements will be important for the continu-
ation of the relationship between Counterparts
and necessary for economic growth and stabil-
ity. The financial institutions that will be im-
pacted by BREXIT can be divided into three
distinct categories:

1. European banks and their respective sub-
sidiaries in the UK;

2. UK based banks and their respective sub-
sidiaries in the EU;

3. Non-EU banks and their respective sub-
sidiaries in the EU and UK markets.

∗At the time of the writing of this article, the author was working for Iason Consulting.
2The following article includes ideas and opinions that cannot be proved by any real data or fact-checking yet, since

based on hypothesis and discussions currently ongoing in the financial industry. The main purpose of this article is to focus
on potential outcomes of Brexit on the banks activities but is not aimed at evaluating or criticizing in any way the political
decisions in relation to those event.
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FIGURE 1:Actors Involved

In the absence of agreements among Coun-
terparts, Governments and Regulators the cur-
rent relationships will possibly deteriorate with
severe consequences. The European Regulators
have already pointed out that opinion warning
all the involved Subjects.

From the EBA guidelines of June 2018:

"The EBA is issuing this opinion in response to
this unprecedented situation, considering the poten-
tial for disruption to financial institutions and their
customers if the financial institutions are not ade-
quately prepared poses serious risks to the objectives
given to the EBA

It is important to underline two words that
remark the importance of this paper: unprece-
dented and potentially disruptive. Then, ac-
cording to those statements, all of the previ-
ously defined actors will be potentially affected
by this event. The EBA, through its guidelines,
highlights how institutions must be well pre-
pared and need different guidelines to mitigate
the risks.

The EBA opinions have two fundamental
objectives:

1. To prepare all the EU27 and UK financial
institutions for BREXIT (with or without
agreement) and then to equip them with
guidelines to structure all the instruments
aimed at mitigating risks and negative ef-
fects; they will strongly influence not only

the activity of financial institutions but
also that of Corporations, Governments
and Consumers;

2. To protect bank customers exposed to
this particular financial event. Customers
will suffer the effects of an extraordinary
event that could change the actual (and
relatively well known) situation. Banks
could implement robust and sound de-
cisions to influence directly Customers
views and activities.

Regarding the first purpose, banks will have
to carry out a series of assessments and activ-
ities as a result of the possible increase in risk
on the financial and economic markets. First
of all it is important to have full knowledge
of the contracts in place for the whole of the
Group’s subsidiaries and with external parties,
or those within the EU and the UK market.
All existing contracts (mortgages, credit cards,
investments, etc.) must be protected and conti-
nuity in the activity must be facilitated, in the
path knew as"business-as-usual". The general
assessment must also concern solvency and liq-
uidity aspects of the Institutes’ positions, inter-
group relations, market position and business
model. Moreover, in order to respond to the
riskiness situation it will be necessary to check
the Capital level and requirements held by the
Bank. Ensuring full coverage of the risks sub-
scribed by the Banks, increasing (for example)
the levels of capital to guarantee particular in-
struments that are supposed to be effectively
stressed (see the following part concerning the
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role of the clearing houses and derivative prod-
ucts). Two other important aspects highlighted
by the EBA are: the governance structure and
the funding capacity. Banks must have a struc-
tured organization and control activities can
not be outsourced creating, by quoting the note,
subjects similar to "empty shells". This organi-
zational structure will be able to analyze all the
effects on the Institute’s booking model. The
Bank must also be able to maintain the ability
to find resources and funds even in the event
of a BREXIT without agreement between the
parties, evaluating its rolling activities, other
possible sources of financing and any effects
on its business activity.

The second objective of the guidelines re-
gards the protection of consumers, sharehold-
ers in financial institutions. All the information
concerning the effects of Brexit on consumers
interests and their activities must be provided
to them. In addition, banks must clearly in-
dicate which strategies and behaviors will be
implemented to minimize impacts; moreover
the EBA emphasizes the importance of clarify-
ing, analyzing and explaining all the possible
contractual changes that would affect the con-
sumers, so as to make them participate in the
general situation.

What? The BREXIT Effects

It is clear that there could be different effects
the Bank may be prepared to face. We try to un-
derline the most important by different blocks,
in order to well illustrate the possible conse-
quences on the various operational aspects:

• Credit Area: the impact will concern the
riskiness of the credit portfolio and in
general the credit process of the Insti-
tutes;

• Internal Model;

• Capital Markets: impacts on trading activ-
ity and hedging transactions may occur;

• Funding Cost: effects on funding activities
of the Banks and related costs;

• IT infrastructures and governance.

The consequences might be greater for
those Subjects and Counterparts that operate
in countries more exposed to British economy;

moreover the effects related to the portfolio ex-
posure of the Banks would depend on countrys
concentration and diversification. As reported
in different studies, among which it is possi-
ble to cite the work of Luigi Federico Signorini
for Bank of Italy[8] , there will be different
impact for European and World Countries af-
ter BREXIT. In addition, Standard & Poors has
defined the Brexit Sensitivity Index (BSI)[9]
: an indicator that clearly provides which
countries are most sensitive to a British exit
from the Union. This indicator uses informa-
tion regarding, for example, the import/export
and investments level of the various countries
within the UK, migration information and fi-
nancial shared interests ; it can be a good
proxy-indicator of general synthesis and can
be a point of reference for the different subjects
into the market. From the S&Ps analysis, the
countries most affected from British leave will
be those who closest from a geographical point
of view and those historically connected to the
British economy; so it is easy to cite as example
like Ireland, Malta, Cyprus and the countries
of Northern Europe.

Effects on Credit Risk Area

Following the previously depicted point, the oc-
currence of the BREXIT may have an important
impact on the credit area of the Institutions,
thus impacting directly on the indications in
the financial statements, on the current activ-
ity and therefore on the implemented business
model. It is clear that the economic and finan-
cial effects caused by the exit from the Union
will be very important for the credit portfo-
lio held by banks. In particular if the exit
occurred without an agreement between the
parties, there could be a downgrade of the sub-
jects operating in these markets more exposed
to the British economy and those operating in
the UK; the downgrade will occur following
the general increase in credit risk due to more
difficult economic conditions in which some
parties will find themselves more easy not to
fulfill their obligations towards the Institutes.
This phenomenon will have two important im-
pacts: the loan portfolio credit quality and
the provisioning activities implemented by the
Bank. Within this riskier environment, any
downgrade of some Counterparties might cor-
responds to a greater Probability of Default
associated with them. This will supposedly
lead to a less stable and riskier Credit Portfolio
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(with a deep focus on those subjects who have
ties and dependence on the British economic
market). A deterioration in credit quality will
clearly influence the definition of assets in ac-
cordance with IFRS9, according to which the
portfolio is divided into "Held to collect" and
"Held to collect and sale" assets; as depicted
from the directives and from the regulation, in
order to correctly evaluate the quality of a spe-
cific loans, it is necessary to incorporate into
the calculation the future loss evaluated for
the loans (overcome the past idea of incurred
loss). So an increase in the overall riskiness,
for example shown by a worsening in credit in-
dicators associated to some Counterparts, will
determine a variation within the staging of the
credit activities and therefore in the subsequent
provisioning activity that the bank will have to
implement. The Capital requirements neces-
sary for adequate credit risk coverage, have
been modified and more own funds will be
needed with an immediate effect on the activ-
ity of the Institute. In the matter of loans, by
debtors operating with the UK market, it will
be more difficult to repay them and therefore
the banks will be considered unable to meet
the obligations undersigned by the Subjects.
Besides the banks should be able to implement
not only the aforementioned provisioning op-
erations but also different business and com-
mercial policies due to the changes into credit
Portfolio; they should facilitate loans diversi-
fication and thus minimizing the associated
concentration risks linked to the overall expo-
sures.

Effects on Internal Models

The topic related to the analysis of the Credit
and the riskiness ensured to it, introduces a
very important theme: the one related to the
use of Internal Models. All of the institutions
involved will need to have specific approvals
for the use of internal models for the evaluation
of the different processes. In fact, there may be
differences between UK-based and European
assessments; from this point of view, collabo-
ration between the UK and EU27 is necessary
in order to share all the information and pro-
cesses necessary to maintain consistency in the
evaluations carried out by the internal models.

Effects on Funding & Liquidity

Another aspect closely linked to Brexit con-
cerns Capital and Liquidity requirements and
the internal control implemented by banking
institutions. It is clear that in the absence of
agreements between the parties there will be
probably financial tensions on the markets that
will directly influence the operations of the
banks. An important aspect is strictly con-
nected to the interbank market; it is not so
difficult to think that an increase in economic
tensions and general risk can have a strong
impact on the rates with which banks lend
money to the market. As happened in 2011,
it is possible to have situations of difficulty in
obtaining the liquidity necessary to support
the daily banking activities; the Central Banks
can then carry out policies aimed to maintain-
ing liquidity within the system and improving
the financing conditions of the Subjects. With
this in mind, the so-called Contingency Fund-
ing Plans are inserted, aimed at mitigating the
liquidity risk associated with any stressful situ-
ations, such as BREXIT. Banks, especially those
operating in the British market, will have a se-
ries of buffers to deal with high stresses at least
in the short term; then having a strong "Liq-
uidity Risk Management" structure is also very
important and must be more structured and
integrated over the Groups branches . Banks
may face a stress regarding the levels of capital
held; the financial tensions and the greater risk-
iness of the system can lead to demand greater
levels of capital held. In fact it will be presum-
ably more onerous, to hedge the transactions
on financial markets and to finance subjects
operating in markets whose the intrinsic risk is
greater.

Effects on Capital Markets

The effects of BREXIT can also be observed into
the Financial Activities of the Banks. One as-
pect that needs to be analyzed, as highlighted
also by the ECB[4] , is connected to the Book-
ing Model of the Institutes; that regards the
correct internal control of associated risks of
the activities of the Institutes and shared by all
the Group Branches. Indeed all the Subjects
involved in back-to-back operations must have
a structure capable of correctly considering
all the implemented activities: differentiating
between the so-called onshore and remote bank-
ing operations. The onshore concern all those
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EU activities and products exchanged between
EU customers; while the latter concern opera-
tions with third countries. This correct assess-
ment of the activities affects the risk profiling
and adequate hedging procedures, necessary
for compliance with the European Directives.
A further aspect to analyze is related to the
derivatives market and the role played by the
Clearing Houses in the market stability. As
proposed into a Paper made from the Interna-
tional Swaps and Derivatives Association ISDA[7] ,
with BREXIT there may be problems that have
not been observed until now due to the fact
that actually Banks are using Clearing House
operating in UK for numerous (almost all) oper-
ations on derivative products (IRS, CDS, Swap
etc). The key points are basically two: legal
framework and operative aspects. It will be
important to analyze the agreements that will
regulate the existing and future contractual
obligations; it is difficult to imagine that the
contracts with an extra-EU counterpart will be
declare not compliant but it will be necessary
to know in depth the new regulatory frame-
work. Moreover it will be necessary for the
Banks to decide whether to keep in the UK
as a clearing house or to move their activities
on the derivative markets with other players.
This choice will depend on various factors re-
lated to possible EU-UK agreements and the
analysis of costs and benefits profile of this op-
eration. There may be competition phenomena
between the Clearing House of European coun-
tries and non-EU subjects, each of which will
try to get the largest number of customers who
will decide to move operations from London.
The actual central role of LCH (based in Lon-
don) could be undermined by different players
from different countries like U.S, France and
Germany; examples could be that Banks will
move their operation to Eurex Exchange, a clear-
ing house located in Frankfurt or to CME that
operates from the United States.

Furthermore, one important aspect con-
cerns the FX market. There may be a strong
pound devaluation and this would lead to dif-
ferent effects on the financial statements of
banks and their operations. First of all, this
devaluation will lead to a revaluation of assets
denominated in pounds with clear effects on
the balance sheet, and there will also be im-
portant effects on the operations of the client
companies of banking institutions. Infact, de-
pending on the business and the import/export

levels, there will be immediate and clear effects
following a possible devaluation. The export-
ing companies to the English market will be
strongly affected by the loss of English purchas-
ing power. On the other hand, the companies
importing from the British market will be able
to benefit from a more favorable exchange rate
(all this while keeping clear the fact that there
will no longer be a single market, free and ac-
cessible as before the English choice).

Banks and all branches, will have to closely
analyze the portfolio held and observe which
companies will be most affected by this choice
of monetary policy; therefore trying to min-
imize the portfolio impact and consequently
any negative effects on the business. This will
have effects on equity investments on particular
securities affected by BREXIT which will have
to be controlled through a careful asset alloca-
tion. A further aspect linked to the financial
framework is related to all those companies,
operating in the UK, that today benefit from
possible European Community Funding; those
funds, in the absence of bilateral agreements,
wont be secure and companies could face in
with a decrease (or an annulment) of these.
Thus creating important effects on financing
policies and planned investments. Banks will
therefore have to carry out an increasingly deep
and continuous view on portfolio investments
and Counterparties structure.

Another important aspect will concern, fol-
lowing the definition proposed by the Regu-
lator, to avoid "Empty Shells" phenomena;
strictly related to the correct evaluation of
back-to-back operations as previously depicted.
That is a situation in which some branches of a
banking group do not have an effective opera-
tional structure in order to work with the Bank.
As proposed from the Regulator, all the struc-
tures of Internal Governance and Management
must be carefully developed for each branch.
Branchs structure will be developed and able
to analyze and control risks, allowing a capil-
lary control of all the Group’s activities. More-
over the Regulator outlines the impossibility
of outsourcing all the management activities
of the Banks; the Institutes must have an im-
portant management body capable of correctly
managing all the Group’s problems, in partic-
ular with a focus on managing the banking
activities associated risks. This internal control
must allow all the units of the Group to be
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able to overcome any stress and crisis events in
compliance with all the regulations currently
in force. The development of control and gov-
ernance systems must be accompanied by an
increasingly integrated and developed Manage-
ment Information System; the internal structures
must define a set of reports and in-depth doc-
uments that will allow to define and clarify all
the activities implemented by the Group, such
as the control and management of Risks faced
by the Bank, the operating strategies and the
hedging activities.

Effects on Governance & IT Structure

Related to the governance structure is the fol-
lowing topic, faced by the Regulator. As pro-
posed in a paper called SNRA[5] ("Suprana-
tional Risk Assessment") it has highlighted the
risk of money laundering and financing to terror-
ist organizations. In the event that some Banks
decide to move from the UK to a State belong-
ing to the Union, they will have to comply
with EU Directive 2015/849 (so called "IV Di-
rective") which provides for a careful control on
banking activities in order to avoid the afore-
mentioned phenomena and to limit the risk
associated with them. Another issue is related
to the storage of Data and the IT-infrastructure of
the Banks; in case that the Institutes transfer
some activities, the proprietary databases must
be protected, avoiding loss of data and informa-
tion that could damage the operational activity
and the customers. The banks must therefore
have very advanced data management infras-

tructures integrated into all the branches of
the group. Due to BREXIT event, it is easy to
understand how Banks, and Industries in gen-
eral, could possibly decide to move their UK
branches into Unions countries; this in order to
overcome difficulties bringing to the separation
from the single market of the recent years. This
will affect in particular UK market and those
banks who are UK based or who have different
branches in Great Britain.

Conclusions

This brief analysis has underlined how the de-
cision to leave the European Union by the UK
could bring systemic effects on the banking
system. The effects will affect the various ar-
eas of competence of the Banks and will oblige
them to make operational and business model
changes; certainly the agreements that will be
carried out at the political level will be im-
portant and will not only concern purely eco-
nomic and financial aspects. The controls im-
plemented will therefore be quantitative and
qualitative and must cover all the business
units of the Group and the Branches thereof.
It will also be extremely important to define a
framework of clear and shared rules between
all the involved Actors; in order to minimize
the negative effects of this unprecedented and
potentially disruptive choice, keeping the overall
operations unchanged and guaranteeing the in-
terests of all of the Banks stakeholders.
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Analysis of the New Standards
to Measure and Manage the

Interest Rate Risk of the
Banking Book Issued By BIS

Committee
aaaa

Antonio Castagna

T his paper presents an analysis of the new standards issued in April 2016 by the Basel Committee,
on the measurement and the management of the IRRBB. We will investigate how the new rules will
affect the processes currently run by banks and if they are consistent with sound financial principles.

In 2004 the Interest Rate Risk of the Banking
Book (IRRBB) came for the first time under
the scrutiny of Basel Committee, which is-

sued the guidance document [3]. In this doc-
ument, the IRRBB is defined as part of the
Basel capital frameworks Pillar 2 (Supervisory
Review Process) and its identification, measure-
ment, monitoring control by banks, as well as
its supervision, should adhere to the Principles
therein set out.

An update of the (very high level) Principles
contained in the document [3] was felt neces-
sary by banks and by the Supervisors, so in the
2015 the Basel Committee submitted the consul-
tative document [2], where two options for the
regulatory treatments of IRRBB were presented:
a standardised Pillar 1 (Minimum Capital Re-
quirements) approach and an enhanced Pillar
2 approach. The banking industry expressed,
in the feedback to the consultation, strong con-
cern about the the feasibility of a Pillar 1 ap-
proach to IRRBB, based on a standardised mea-
sure of IRRBB designed to be enough accurate
and risk-sensitive to set regulatory capital re-
quirements. The Committee took into account
the feedback and decided that, given the the
variegated nature of the IRRBB, a Pillar 2 ap-
proach would be more appropriate.

The final document issued by Basel Com-

mittee [1] updates the guidelines of the 2005,
along the following points: i) more specific
principles and rules are provided for shocks
and stress scenarios, behavioural assumptions
and the internal validation process; ii) disclo-
sure requirements aim at a greater consistency
and comparability of the metrics related to
the IRRBB; iii) more detailed factors Supervi-
sors should consider when assessing the banks’
level and management of the IRRBB; iv) intro-
duction of the concept of “outlier bank”, iden-
tified by means of materiality tests applied by
Supervisors.

The banks are expected to implement the
standards by 2018.

Definition of the Interest Rate
Risk of the Banking Book

The Basel Committee document [1] sets the
perimeter of IRRBB risk, confining it to the
bank’s banking book positions that are affected
by the movements in interest rates. We surely
include in these positions all the contracts in
the Bank’s assets or liabilities yielding an inter-
est rate, fixed or indexed to some market pa-
rameter, (e.g.: floating rate bonds or mortgages,
but also structured notes), with a contractual
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provision on the reimbursement of the notional
capital (possibly at a discount, if it is indexed
to some market variable and the capital is not
protected).

A short definition for interest-rate sensitive
assets is provided by the document: they are all
“assets which are not deducted from Common
Equity Tier 1 (CET1) capital and which exclude
(i) fixed assets such as real estate or intangi-
ble assets as well as (ii) equity exposures in the
banking book.” (see [1], pag. 15, footnote 11).
On the liability side, some banks include also
the equity in the interest-rate sensitive instru-
ments, even if this is not a commonly accepted
practice.

The interest rates’ movements cause two
types of effects that can both entail a threat on
the Bank’s current and/or future capital:

• the movements change the present value
of a Bank’s assets, liabilities and off-
balance sheet items, and ultimately its
economic value (EV);

• they can also change the interest rate-
sensitive income and expenses, and hence
the Bank’s current and future net interest
income (NII).

The Basel document [1] identifies three type
of risk related to the IRRBB, deemed relevant
for the new proposed standards:

• The gap risk: it is produced by the differ-
ent timing of the fixing of the new interest
rates (i.e.: the repricing) of the instruments
in the banking book. A mismatch (or
gap) between assets and liabilities repric-
ing can cause changes in the EV and in
the NII, depending on the distribution of
the re-fixing or the maturity of the instru-
ments, and on the type of movements of
the term structure of interest rates. The
main types of movements of the inter-
est rate curve can be limited to three: i)
parallel shift, ii) steepening/flattening, iii)
change in the curvature.

• The basis risk: it is caused by the impact
on assets and liabilities that are matched
as far as the repricing is concerned, but
whose (floating) interest rates are linked
to different interest rate indices. For ex-
ample a bond on the liability side and a
mortgage on the asset side have both the
same schedule for the repricing dates, but
the former is linked to the 3M Eonia rate,

whereas the latter is linked to the 3M Eu-
ribor rate.

• The option risk: it refers typically to op-
tion derivative positions, but it can ex-
tended also to bank’s assets, liabilities
and/or off-balance sheet items whose em-
bedded optional features can modify the
level and timing of the related cash flows.
For this reason, the option risk is further
disentangled into an automatic option risk,
when linked to financial parameters, and
behavioural option risk, when it is produced
by the behaviour of the counterparty (e.g.:
depositors have the optionality to with-
draw money from their sight deposit ac-
counts as they like).

It is likely worthwhile to note that the Basel
document [1] also mention a fourth type of risk,
or the Credit Spread Risk in the Banking Book
(CSRBB). As it is easy to guess, this risk refers,
in the document’s words, to “any kind of as-
set/liability spread risk of credit-risky instru-
ments that is not explained by IRRBB and by
the expected credit/jump to default risk”.

If it is quite clear the type of risk it refers to,
it is much more difficult to sketch a framework
to manage and measure the CSRBB, because
the Basel Committee seems to forget about it
after it is introduced in the very first pages of
the document. It is true it is mentioned an-
other couple of times, but in any case with-
out specific principles, indications or simple
suggestions about the methodology the Bank
should design and implement. Some hints can
be found in the Annex 1 of the document [1],
but in our opinion they produce more confu-
sion than clarification.

The Annex 1 of the document [1] has a para-
graph devoted to the decomposition of the in-
terest rate earned on an asset, or paid on a lia-
bility, by the bank. The identified components
are:

1. The risk-free rate: representing the theoret-
ical rate of interest an investor requires
from a risk-free investment for a given
maturity.

2. A market duration spread: a premium, or
spread over the risk-free rate, to remuner-
ate the duration risk.

3. A market liquidity spread: a premium for
the market appetite for investments on
a given duration or a given issuer, de-
termined by the presence of sellers and
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buyers eager to trade. 4. A general mar-
ket credit spread: a premium required by a
given credit quality, identified by the rat-
ing of the issuers (e.g.: the additional pre-
mium requited for AA-rated issuers).

4. An idiosyncratic credit spread: the premium
required by investors for the specific
credit risk associated with the specific is-
suer/borrower, also reflecting the assess-
ment of risks related to the economic sec-
tor and/or geographical/currency loca-
tion of the borrower, and to the features
of the issued instrument (e.g.: a bond or a
derivative contract).

Although all these components are theo-
retically correct, it is also quite evident that
the classification is rather academic and with-
out great practical use. For example, the risk-
free rate and the duration premium cannot be
disentangled in any meaningful way, and in
the end when risk-free interest rate term struc-
tures are extracted from market prices, they em-
bed both components and the risk sensitivity
should be measured with respect to their aggre-
gated changes, which are the only observable
in the market.

Additionally, the distinction between gen-
eral market and idiosyncratic credit spread is
also rather far-fetched, even if it is possible to
design a framework within which the Bank sep-
arately calculates the sensitivity with respect
to the general level and idiosyncratic levels of
credit risk.

The Basel document also suggests that the
aforementioned rate components apply across
all types of exposures, but in practice they
can be more easily disentangled in instruments
traded in the market, such as bonds, than in
pure loans. For these instruments not traded in
the market, the document identifies two com-
ponents that it deems more appropriate:

1. The funding rate, which is the sum of the
reference rate plus the funding spread: it rep-
resents the weighted average of the fund-
ing rates of all the sources of the Bank to
fund the loan, according to the internal
fund transfer pricing methodology. The
reference rate could be a market index
such as the Libor or the Euribor rate that
may include also a liquidity and general
market credit spread. These two compo-
nents can be different for each index rate
(e.g.: 3M Euribor and 6M Euribor) and

also volatile. As such they generate a so
called basis risk.

2. The credit spread: the add-on for the credit
risk related to the Bank’s counterparty,
and the remuneration for other costs paid
by the Bank.

The Basel document [1] acknowledges that
the decomposition is difficult or even impossi-
ble, so some of the components can be aggre-
gated for interest rate risk management pur-
poses. Unfortunately the suggested aggrega-
tion is in our opinion not sound for a correct
measuring of the risks related to interest rates’
and other factors’ movements. In more de-
tail, the Basel document proposes to consider
changes to the risk-free rate, market duration
spread, reference rate and funding spread all
relevant for the definition of IRRBB; changes to
the market liquidity spreads and market credit
spreads are relevant to definition of CSRBB.

From the indications above, it is not clear
whether the Bank should calculate the impact
on the metrics used to measure the IRRBB
jointly for all components or separately. Be-
sides, while it is very reasonable considering
the risk-free rate and market duration spread
as a single factor (as we have discussed before),
it is misleading including the funding margin
within the calculation, since this quantity can-
not be directly and effectively managed and
hedged in reality. Actually, there is no market
instrument that can offset the movements of the
funding spread (the Bank cannot trade a CDS
on itself), and only the effect due to the qual-
ity of the assets can be exploited for an indirect
management of this type of risk. We would
rather suggest to include the monitoring of the
funding spread in the CSRBB.

We would also stress the fact that the ref-
erence rate and the market rate should be de-
fined in a consistent fashion. For example, if
the Bank decides that the risk-free market rates
are represented by the OIS swap rates (e.g.: Eo-
nia swap rates for the Euro), also the refer-
ence rates should be considered the same mar-
ket traded rates. If the funding spread is ex-
pressed as an add-on over another index, say
the 3M Euribor, the Bank should either recalcu-
late the funding spread with respect to the Eo-
nia rates, or alternatively consider the spread
between the 3M Euribor and the 3M Eonia as
another risk factor (basis risk), separately mea-
sured and added to the funding spread. The
basis risk can be part of the CSRBB framework.
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Finally, from the indications related to the
CSRBB, it seems that the idiosyncratic credit
spread is not included in the measurement of
risks. This choice is not understandable, since
changes in this component can have material
impact on the expected cash-flows and their
present value, as we will see below. This is
the first clue that leads us to think that the
Basel document [1] does not consider the ex-
pected impact on the cash-flows produced by
the default probabilities, and their effects on
the credit spreads. In our opinion, also the
idiosyncratic credit spread should be relevant
for CSRBB purposes, because the total credit
spread (i.e.: the sum of the general market and
idiosyncratic credit spreads) is the risk factor
that should monitored and whose effects mea-
sured.

We offer a different classification of the com-
ponents of the interest rate paid on liabilities, or
received on assets by the bank: based on this
classification, we will identify the risk factors
included in the IRRBB and those included in
the CSRBB.3

Let us start with the interest rate i∗ earned
on asset an asset with notional amount A:
when the asset is bought from a client (debtor)
of the bank or in the market, if it is a traded
security, the pricing (or, equivalently said, the
setting of the fair rate), based on the conditions
occurring at the inception of the contract or the
purchase of the security, should include the fol-
lowing components:

i∗A = rL!"#$
ir

+ sL!"#$
fu

+LBC!"#$
cl

+ sA1 A1! "# $
cs

+ FO + LO! "# $
op

+

+ (π + εr f )E
! "# $

cc
(1)

where s is the average funding spread paid on
all liabilities with notional amount equal to L,
π = (e − r) the risk premium over the risk-free
rate demanded by the equity holders for the
economic capital E “absorbed” by the invest-
ment in A, which is used for the fraction ε to
fund the purchase (together with external fund-
ing sources) and kept for the remaining 1− ε in
a risk-free investment (the shareholder require
a return e on the equity). The components are:

• ir: the risk-free rate, entering in the the
total funding cost to pay on liabilities;

• fu: the funding costs due to the spreads
paid over the risk-free rate on liabilities;

• cl: the costs related to contingent liquid-
ity, or the liquidity buffer that has to be
kept to cope with the funding gap risk;

• cs: the credit spread, or the remuneration
for the expected losses for the default of
the obligor of the asset A;

• op: the cost for the financial and liquid-
ity/behavioural options;

• cc: the cost for the economic capital that
is required to cover unexpected credit
and market risks.

The considerations we have made before about
the risk-free rate are valid also for this decom-
position. All components may typically ap-
ply to contracts with retail or corporate clients,
such as mortgages or loans. Some of them do
not apply to instruments traded in the market.
For example, a corporate bond rate certainly in-
cludes the risk-free rate ir and the credit spread
cs; the market price usually embeds the as-
sumption that the bond is fully financed by
equity (i.e.: ε = 100%), so that one can ei-
ther see the credit spread cs including the risk-
premium above its historical level, or he/she
can consider the margin over the risk-free rate
as made of the two components: cs and cc. The
values of these two components are the equilib-
rium levels set by the activity of all the market
participants. Funding spreads can be seen as
included in the fu, in the form of the GC (Gen-
eral Collateral) spread over the risk-free rate ir.

For the Bank’s liabilities, the decomposition
is quite simpler, since it may be reduced to the
following components:

• ir: the risk-free rate, entering in the the
total funding cost to pay on liabilities;

• fu: the funding costs due to the spreads
paid over the risk-free rate on liabilities;

Actually, all that matters to the bank is the
spread fu paid over the risk-free rate ir: even
if this margin can be further disentangled in
credit and liquidity components, it is always
seen as an aggregated cost by the Bank, which
can be only indirectly managed as we have
mentioned above.

3The classification is based on Castagna and Fede [8], Chapter 11. We refer to them for the details on the derivation of
the decomposition of the interest rate we present here.
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FIGURE 2: The components of the rates of assets and liabilities, and their inclusion within the IRRBB or CSRBB frame-
work.

After having identified the components of
the interest rate paid or earned by the Bank,
we can assign each of them to either the IRRBB
or the CSRBB, with the provision that some
components are not included in either one, or:
they are not subject to the measurement and
the monitoring of the interest rate or the credit
spread risk of the banking book, but they can
be part of other risk frameworks, such as the
liquidity risk (see Figure 2). We propose to in-
clude in the IRRBB framework:

• ir: the risk-free rate;

• op: the cost for the financial and liquid-
ity/behavioural options;

We will see that the risk-free rate should be
void of any margin due to credit or liquidity
factors, so in theory it should not be a Libor
or a Euribor index. Nonetheless, if the bank
chooses to use an index such as the 3M Euribor
as a proxy for the risk-free rate, then all (ba-
sis) spreads with respect to it should be seen as
credit related factors, and as such they are part
of the CSRBB framework, which includes:

• ir: the risk-free rate;

• fu: the funding costs;

• cs: the credit spread;

for assets, whereas for liabilities cs is not rele-
vant. In Figure 2 we show the components for

assets and liabilities, and their inclusion in the
IRRBB or CSRBB.

The relevant components that we high-
lighted for IRBBB and CRSBB purposes enter
the measurement and the monitoring of the
risk in two ways, which are strictly related to
the metrics the Bank has to compute:

• They can alter the NPV of the financial in-
strument or contract, when the metric in-
cludes them (e.g.: the EV, see below): this
means that the interest rate i∗ is part of
the contract cash-flows, whose expected
present value depends on:

1. the current term structure of the in-
terest rates, which determines the
discount factor applied to each cash-
flow, and the ir component, if the
coupon is linked to a market index
and periodically repriced, such as
the case of a floating rate bond or
mortgage (usually a spread is added
to the floating component, to be
treated in the CSRBB in case);

2. the (implied) volatility of the inter-
est rates, which affect (together with
the level of the term structure of
the interest rates) the value of the
financial options embedded in the
contract or the security: hence the
Bank re-evaluates the options’ value
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whose premium was included in the
op component;

3. the behavioural options depend on
the level of the rates and other fac-
tors, and they affect the amount
of the future expected cash-flows:
also in this case, the value of the
bahvioural optionality, whose start-
ing premium in included in the op
component, is re-evaluated.

• They can alter the future interest rate set
for the replacement of the expiring con-
tracts or securities, when this is required
by the metric (e.g.: the NII, see below): in
this case, all the components included in
the interest rate i∗ are subject to a repric-
ing (not just the floating rates as in the
case above for the NPV); the credit spread
must be redefined, along with the fund-
ing spread, behavioural options’ value
and the other margins, all contributing to
the setting of the interest rate i∗ on the
new contract or instrument replacing the
expired one.

Our classification differs from the one pro-
posed by the BIS document in the Annex 1, but
is not totally inconsistent with it: we dare say
that it is only more precise, even though it im-
plies a greater efforts from the Bank to set up
the risk measurement and monitoring frame-
work. If one wants to adhere to an approach
that is based on our considerations and that is
similar in spirit to that outlined by BIS, then
the following term structures, with the related
shock scenarios, are needed for each currency:

• A risk-free rate curve, which is exactly the
same as that prescribed by the document
[1];

• A number of basis curves, representing
the spread of the indices to be monitored
(e.g.: 1M Euribor, 3M Euribor, etc.) over
the risk free curve.

• A number of credit spread curves, repre-
senting the spread over the risk-free curve
or over the reference index curve (e.g.:
6M Euribor) remunerating the credit risk:
these curves can be designed for coun-
tries, economic sectors and type of oblig-
ors, of for single names. Moreover, they
can be further separated in two sets of
terms structures, one for the general mar-
ket credit spread and another for the id-
iosyncratic credit spread.

• A number of funding spread curves, rep-
resenting the spread over the risk-free
curve or over the reference index curve
(e.g.: 3M Euribor), paid by the bank on
the different funding sources included in
the liabilities: these curves embed the en-
tire spread, and not just the component
due to the credit risk as in the case of the
credit spread curves.

For each of these curve shock scenarios
must be designed in order to assess the impact
on the risk metrics. As discussed above, no gen-
eral rules or indication are provided in the BIS
document [1]; we like to stress here just a cou-
ple of points, referring to a separate research a
detailed analysis:

• The number of scenarios for each of the
additional curves should be in line with
the number of scenarios set for the risk-
free curves: this allows for joint scenarios
that include the correlation between the
single basis, credit, funding components
and the risk-free rates.

• For the basis curves, scenarios should def-
initely be designed relying on a robust ba-
sis model linking together the spreads on
the different indices: one of such frame-
works is in Castagna et al. [7].

• The resulting curves can be used to build
up the new interest rate i∗ for the con-
tracts rolling over the expired potions, as
for NII purposes. Additionally, PDs have
to be extracted from the curve, to cal-
culate the expected present value of the
future cash-flows, both for NII and EV
values purposes (we will have a more in
depth discussion on this point below).
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FIGURE 3:The IRRBB framework.

The IRRBB Framework

The general IRRBB framework is outlined in
the Principles’ section of the Basel document:
Figure 3 shows a schematic overview of the
framework.

The ultimate responsibility is attributed to
the Government Body of the Bank, that must
have the global oversight on the IRRBB Man-
agement and Measurement, checking also the
compliance with the Risk Appetite Framework
of the Bank. There are two areas that are in-
cluded within the IRRBB framework: the man-
agement and the measurement of the relevant
risks. These tasks are typically delegated to
more technical functions of the Bank, where
skills and in depth knowledge reside. The man-
agement of the IRRBB is generally assigned to
an Asset Liability Committee (ALCO), whereas
the measurement of the IRRBB is operated
within the Risk Department.

The organisation of the activities from the
setting of appropriate limits, including the defi-
nition of specific procedures and approvals nec-
essary for exceptions; to the monitoring and
the compliance with those limits; the set-up
of adequate systems and standards for measur-
ing the risks, valuing positions and assessing
performance; the design of procedures to up-
date interest rate shocks and stress scenarios;
the production of a comprehensive IRRBB re-
porting; the creation of a review process and
effective internal controls and management in-
formation systems (MIS).

The activities run by the ALCO, within the

IRRBB management scope, should be compli-
ant with the policies and procedures for limit-
ing and controlling the IRRBB, and in any case
not exceeding the powers delegated by the Gov-
ernment Body. The risk is managed by means
of authorised instruments, hedging strategies
and risk-taking opportunities. All IRRBB poli-
cies should be reviewed periodically (at least
annually) and revised as needed, according to
the Basel document.

The measurement of the IRRBB, operated
by the Risk Department, is based on the re-
sults of both economic value (EV) and earnings-
based (NII) measures. These are produced by
means of a wide and appropriate range of in-
terest rate shock and stress scenarios, with a
minimum compulsory set of them defined by
the Basel document.

Other guidelines are provided regarding
the behavioural and modelling assumptions
(Principle 5, see below for a more in depth dis-
cussion); the accuracy of data, the documenta-
tion and the testing and the validation of mod-
els (Principle 6); the internal reporting and the
external disclosure on the IRRBB levels and
the internal procedures implemented to man-
age the relevant risks (Principle 7 and 8).

The IRRBB framework, once the risks have
been duly managed and/or measured, leads
to the Bank’s internal assessment of the capi-
tal that is considered adequate to cope with the
residual risks. The Principle 9 of the Basel doc-
ument indicates that the Bank should embed
the assessment of the capital adequacy for the
IRRBB within the ICAAP, considering also the
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risk appetite set in the RAF. There are no spe-
cific minimum requirements, but the generic
provision that the overall level of capital should
be commensurate with both the Bank’s actual
measured level of risk (including for IRRBB)
and its risk appetite, and be duly documented
in its ICAAP report. The document “clarifies”
the following:

• the capital will cover the risks measured
by the EV metric;

• for the NII metric, the Bank will consider
only a capital buffer.

The difference between the capital adequacy to
cope with risks related to the EV, and the cap-
ital buffer referring to the NII, should be sim-
ply disregarded, in our opinion, since in any
case the Bank should provide for enough cap-
ital to both cover the economic value and the
earnings’ volatility.

Additionally, Principle 9 lists a set of factors
contributing to the capital assessment for the
IRRBB, running from the size of the exposure
of the internal limits; to the sensitivity of the
measures to key assumptions; to the impact of
embedded losses; to the drivers of the underly-
ing risks.

The most important indication of Principle
9 is perhaps that Banks should not only rely on
supervisory assessments of capital adequacy
for IRRBB, likely by means of the standardised
approach outlined in the document, but they
should also develop their own methodologies
for capital allocation, based on their risk ap-
petite. So, there is a strong incentive to work
on proprietary methodologies to measure the
IRBBB.

Anyhow, the lack of any specific minimum
requirement for the IRRBB risk has to be con-
nected with the principles guiding the Supervi-
sors, which we quickly analyse right below.

Actually, the last three Principles are meant
to steer the Supervisors: they have to collect,
on a regular basis, all needed information to
monitor trends in banks’ IRRBB exposures, as-
sess the soundness of banks’ IRRBB manage-
ment and identify outlier banks that should be
subject to review and/or should be expected
to hold additional regulatory capital (Principle
10). Additionally, Supervisors should regularly
assess banks’ IRRBB frameworks and evaluate
the effectiveness of the approaches that banks
use to identify, measure, monitor the relevant
risks; to this end Supervisors should employ

specialist resources, considering the complex-
ity of the task (Principle 11). Finally, Supervi-
sors must publish their criteria for identifying
outlier banks, which should be considered as
potentially having problems with IRRBB expo-
sures. When a review of a bank’s IRRBB ex-
posure reveals inadequate management or ex-
cessive risks relative to capital, earnings or gen-
eral risk profile, Supervisors must require mit-
igation actions and/or additional capital (Prin-
ciple 12).

The criteria to identify outlier banks can be
freely chosen by Competent Supervisory Au-
thorities, but the Basel document (see par. 88,
[1]) prescribes at least one materiality test:

• the ratio of the maximum variation of the
EV, calculated in the six mandatory sce-
narios,4 to the Tier 1 Capital. When the
ratio is above 15%, and in any case when
the Supervisors deem that the IRRBB is
undue, a set of actions can be requested
to the Bank, including the reduction of
its IRRBB exposures, additional capital,
constraints on the internal risk parame-
ters, and improvement of the risk man-
agement framework.

Additional outlier/materiality tests can be pre-
scribed by the Supervisors, but in any case the
threshold for defining an outlier bank should
be at least as stringent as 15% of Tier 1 capital.

Interest Rate Shocks and Stress Scenarios

Banks need internal systems flexible enough to
calculate the risk metrics (economic value and
net interest income) in a wide range of scenar-
ios. The BIS document [1] cites:

• internally selected interest rate shock sce-
narios addressing the bank’s risk profile,
according to its ICAAP;

• historical and hypothetical interest rate
stress scenarios, more severe than shock
scenarios;

• the six prescribed interest rate shock sce-
narios detailed in Annex 2 of BIS [1];

• any additional interest rate shock scenar-
ios required by supervisors.

The selection of relevant shock and stress
scenarios will likely require the involvement
of several experts from different departments

4The six mandatory scenarios are outlined in the Annex 2 of the Basel document [1].
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within the Bank, such as traders, the trea-
sury department, the finance department, the
ALCO, the risk management and risk con-
trol departments and/or the Bank’s economists.
The opinion of all these experts should be taken
into account when designing a stress-testing
programme for IRRBB.

Additionally, the BIS document provides
the following guidelines:

• the scenarios should identify parallel and
non-parallel gap risk, basis risk and op-
tion risk. The scenarios are both severe
and plausible, in light of the existing level
of interest rates and the interest rate cycle;

• special consideration should be given to
contracts or markets where the Bank has
a concentration risk, due to a more diffi-
cult liquidation a stressed market condi-
tions;

• interaction of IRRBB with its related
risks (e.g.: credit risk, liquidity risk, etc.)
should be accounted for;

• adverse changes in the spreads of new
assets/liabilities replacing maturing as-
sets/liabilities over the horizon of the
forecast of NII: this means that scenarios
are needed also for credit and funding
spreads;

• significant option risk should be ad-
dressed with scenarios including the ex-
ercise of such options (e.g.: sold caps and
floors) affect the risk positions when they
become in-the-money. The Bank should
also make assumptions to measure their
IRRBB exposures to changes in interest
rate volatilities;

• the Bank has to specify the term struc-
ture of interest rates used in the scenar-
ios (e.g.: the EONIA swap curve) and the
basis relationship between yield curves,
rate indices etc. (e.g.: the basis between
the 3M Euribor curve and the EONIA
swap curve). When interest rates are ad-
ministered or managed by management
(e.g.: prime rates or retail deposit rates),
assumptions on their setting have to be
clearly documented.

Formally, we define a term structure of
interest rates as a collection of interest rates
{R(t1), R(t2), ..., R(tN)}, each of them associ-
ated with a maturity belonging to the set

chosen by the Bank (or indicated by the BIS
document [1] for the standardised approach)
{t1, t2, ..., tK}:

T R = {[R(t1), t1], [R(t2), t2], ..., [R(tK), tK]}
(2)

Firstly, we need to precisely define which
kind of rate R(tk) represents. According to the
BIS document [1], it has to be a risk-free rate,
so we think that the best choice is to derive the
rates implied in the EONIA swap curve traded
in the market. The EONIA rate are the best ap-
proximation to a risk-free rate, since it embeds
the credit risk for a ond-day loan in the inter-
bank market. Swaps whose underlying float-
ing rate is the EONIA, if fully collateralised (as
it is the case when traded in the interbank mar-
ket), allow to derive EONIA rate for longer ma-
turities, still preserving the minimum one-day
credit risk spread. Secondly, at the reference
date t0, we extract from EONIA swaps’ market
quotes the zero-interest rates R(tk) for any ex-
piry date tk.

The scenario should be applied to these
zero rates. Each scenario can defined as a set of
shocks referring to each expiry tk, or formally:

J R = {[JR(t1), t1], [JR(t2), t2], ..., [JR(tK), tK]}
(3)

So, the resulting curve for a given scenario J R

is:

T R
J R ={[R(t1) + JR(t1), t1], [R(t2) + JR(t2), t2],

, ..., [R(tK) + JR(tK), tK]}
(4)

where each element of the set can be denoted
as RJ R(tk) = R(tk) + JR(tk).

For CSRBB purposes, we have sketched in
Section 1 an extended framework with addi-
tional curves, to take into account the basis and
the credit factors embedded in the rates paid
and earned by the Bank. For these curves, a
similar formal definition can be set up. For ex-
ample, a basis curve, e.g.: 3M Eurbor - 3M Eo-
nia spread, is formally built as a collection of
basis spreads {B(t1), B(t2), ..., B(tN)}, each of
them associated with a maturities {t1, t2, ..., tK}:

T B = {[B(t1), t1], [B(t2), t2], ..., [B(tK), tK]} (5)

Each scenario for the basis is defined as a set of
shocks referring to each expiry tk, as above:

J B = {[JB(t1), t1], [JB(t2), t2], ..., [JB(tK), tK]}
(6)

and the resulting basis curve for the scenario
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J B is:

T B
J B ={[B(t1) + JB(t1), t1], [B(t2) + JB(t2), t2],

, ..., [B(tK) + JB(tK), tK]}
(7)

and each element of the set can be denoted as
BJ B(tk) = B(tk) + JB(tk).

Similarly, we can formally define starting
and shocked credit curves, T C and T C

J C .

Behavioural and Modelling Assumptions

Behavioural and modelling assumptions are
crucial to determine the sensitivity of both the
EV and the NII, since many contracts in the
balance sheet have these type of optionalities
embedded. We have already mentioned that
Principle 5 provides some guidance for the be-
havioural modelling, specifically referring to
the following type of contracts’ features:

• the volume and the interest of the non-
maturing deposits (NMD);

• the amount of withdrawals of credit lines
and the value of the credit spread option
sold to the debtor by the bank;

• prepayment of fixed (or floating) rate
loans;

• fixed rate commitment, whereby the Bank
offers its customers to draw a loan at a
predetermined rate for a period of time;

• expectations for the exercise of interest
rate options (either explicit or embedded)
by both the Bank and the customers, e.g.:
options embedded in callable or puttable
bonds issued by the Bank;

The Bank can design its own frameworks to
deal with behavioural features of the contracts.
In this case, the Bank should make conceptu-
ally sound and reasonable modelling assump-
tions, which agree with with historical experi-
ence. Moreover, the behaviour should not only
be dependent on the interest rates, but also
on other factors that reasonably may affect the
counterparty.

The BIS document [1] prescribes that banks
must carefully consider how the exercise of the
behavioural optionality will vary not only un-
der the interest rate shock and stress scenario
but also across other dimensions. Principle 5
lists possible additional factors, distinctly for
each type of contract: they include geograph-
ical location, remaining maturity, loan-to value

(for prepayment of mortgages and fixed rate
loan commitments); depositors characteristics,
competitive environment, GDP, unemployment
and other macroeconomic variables (for non-
maturing and term deposits).

We will dwell more on the behavioral mod-
elling below, and we will flesh out the sub-
tleties implied in the standardised approach.

Measuring the IRRBB Risk

As mentioned above, the Principle 4 establishes
the two pillars of the IRRBB measurement, viz.
the outcomes of both EV and NII metrics. Be-
fore analysing the new standards, we define in
formal terms the two metrics and establish the
relationship existing between them.

Formal Definitions of the Economic Value and
the Net Interest Income

Let {d1, d2, ..., dN} be the set of contracts that
fall within the definition of interest-rate sensi-
tive assets, existing within the Bank’s balance
sheet at the reference date t0; let TE be the ter-
minal date considered in the calculation of the
Economic Value. Each contract can be defined
as a set of possibly stochastic cash-flows, occur-
ring at predefined dates indicated as ti, with
i = 1, 2, ..., IE and tIE = TE.

The Economic Value (of the Equity) is de-
fined as the net expected discounted cash-flows
of all the contracts up to the terminal date
TE, corresponding to the last payment of the
longest contract in the Bank’s balance sheet. As
per the definition, the contracts are those in the
assets and in the liabilities of the balance sheet.
In formula, we have:

EV = E
% N

∑
n=1

IE

∑
i=0

D(t0, ti)cf(t0, ti; dn)

&
(8)

where D(t0, ti) is discount factor for time ti,
cf(t0, ti; dn) is the cash-flow occurring in ti for
the contract dn calculated at the reference time
t0. If we indicate cf(t0, ti; dn) = ∑n cf(t0, ti; dn),
then we can rewrite (8) in a more compact form
as:

EV = E
% IE

∑
i=0

D(t0, ti)cf(t0, ti)

&
(9)

The Economic Value can be seen as the ex-
pected present value of the Bank’s assets, net of
the Bank’s liabilities. The metric is the algebraic
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sum of the NPVs of the assets and the liabilities
at the assumed liquidation (or closing) price on
the market. As such, the Economic Value of the
Equity cannot be considered as the net value of
the Bank, seen as a firm. In Castagna [6] we
discussed how each contract should be valued
when entering in the Bank’s balance sheet, if
the Bank wishes to assess its own value (which
is the same as saying: the value to the share-
holders): this type of evaluation is not the liqui-
dation value of the contract, but it considers the
Bank as bundle of contracts that imply subjec-
tive5 credit and funding adjustments, including
the overall adjustment (referring generically to
all contracts) due to the limited liability that the
shareholders are granted with, which we name
Limited Liability Value Adjustment (LLVA).

To stress the view of the Economic
Value as the sum of the NPVs of all con-
tracts existing at the reference date t0, let
Vn(t0, Td) = E[∑i D(t0, ti)cf(t0, ti; dn)] be the ex-
pected present value of the cash-flows of con-
tract n expiring in Td. Then:

EV =
N

∑
n=1

Vn(t0, Td) (10)

For risk management purposes, what is im-
portant is the variability of the EV. There are
many ways to measure the variability: the one
the Basel document [1] chooses is the variation
of the Economic Value due to a change of the
term structure of the interest rates according to
a predefined set of scenarios. Let Ds(t0, ti) and
cfs(t0, ti) indicate, respectively, the discount fac-
tors and the cash-flows associated to a given
scenario s: a scenario is a modifier of the term
structure of the (risk-free) interest rates at the
reference date t0. A modification of the term
structure of interest rates affects both the dis-
count factors and all the cash-flows that de-
pend on the market rates, e.g.: the coupons of
floating rate assets. The EV corresponding to
the scenario s is:

EVs = E
% IE

∑
i=0

Ds(t0, ti)cfs(t0, ti)

&

So we define the variation of the EV in scenario
s as: ∆sEV = EVs − EV.

The Net Interest Income is defined a the

sum of cash-flows occurring from up to a
given short-term horizon TNII , so that typi-
cally TNII < TE. This definition is found in
most standard text book dealing with ALM, al-
though it is in many cases it is not explicitly
stated if the cash-flows should be discounted
or not.6

The definition of the NII without discount-
ing seems to be more in line with the definition
in the Basel document [1], but in the previous
BIS consultative paper [2], the definition of the
NII, and the formula to compute its sensitivity,
explicitly included the discounting, so it is not
clear whether to discount or not the cash-flows.

Additionally, the document [1] states that
the NII is computed under the assumption
of a constant balance sheet, i.e.: all the ex-
piring contracts are replaced by a new one
exactly similar to old one. For this rea-
son, let us define the extended set of con-
tracts {d1, d2, ..., dN , dN+1, ..., dM}, where the
contracts dN+1, ..., dM replace the expiring ones
in {d1, d2, ..., dN} within the horizon TNII . As-
sume now that the last date included in the
calculation is tI = TNII .7 We define in formal
terms the NII as:

NII = E
% M

∑
m=1

INII

∑
i=0

cf(t0, ti; dm)

&
(11)

where tINII = TNII . Once again, setting
cf(t0, ti; dn) = ∑m cf(t0, ti; dm), equation (11) be-
comes:

NII = E
% INII

∑
i=0

cf(t0, ti)

&
(12)

Also for the NII, for risk-management pur-
poses, we define the variation of the NII, which
similarly to the EV is ∆sNII = NIIs − NII,
where the notation referring to the scenario
is the same as in the EV case. So ∆sNII =
NIIs − NII is given by the differences in pro-
jected future cash-flows due to the a scenario
s in which a different interest rate term struc-
ture than the market one at the reference date
is used:

NIIs = E
% M

∑
m=1

INII

∑
i=0

cfs(t0, ti; dm)

&

It is worth stressing that the cash-flows in-
5“Subjective” should be meant as “specifically referring to the Bank”.
6The reader may refer to Bessis [4], and Choudry [10] and [11], to mention only a couple of examples of relatively recent

books on ALM. In both these books, the authors focus more on the ∆NII, which we defined just below, so that they deal
with the gap of sensitive contracts on different maturities, rather than sum of cash-flows. This is simply another way to see
the NII.

7The constant balance sheet assumption is typically not considered in text books on ALM.
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Base Scenario +200bps Scenario
Expiry DF Zero Rates 1Y Rates DF Zero Rates 1Y Rates

0 1.000000 0.65% 1.000000 0.65%
1 0.993550 0.65% 1.35% 0.973877 2.65% 3.39%
2 0.980348 0.99% 1.91% 0.941908 2.99% 3.97%
3 0.961979 1.29% 2.36% 0.905958 3.29% 4.43%
4 0.939812 1.55% 2.71% 0.867556 3.55% 4.79%
5 0.914974 1.78% 2.99% 0.827902 3.78% 5.08%
6 0.888370 1.97% 3.21% 0.787913 3.97% 5.30%
7 0.860706 2.14% 3.39% 0.748262 4.14% 5.47%
8 0.832525 2.29% 3.52% 0.709431 4.29% 5.61%
9 0.804232 2.42% 3.62% 0.671751 4.42% 5.71%

10 0.776128 2.53% 3.70% 0.635440 4.53% 5.80%
11 0.748429 2.63% 3.76% 0.600628 4.63% 5.86%
12 0.721289 2.72% 3.81% 0.567386 4.72% 5.91%
13 0.694814 2.80% 3.85% 0.535738 4.80% 5.94%
14 0.669074 2.87% 3.88% 0.505675 4.87% 5.97%
15 0.644112 2.93% 3.90% 0.477170 4.93% 6.00%
16 0.619950 2.99% 3.91% 0.450176 4.99% 6.01%
17 0.596599 3.04% 3.93% 0.424641 5.04% 6.03%
18 0.574055 3.08% 3.94% 0.400505 5.08% 6.04%
19 0.552310 3.12% 3.94% 0.377704 5.12% 6.04%
20 0.531350 3.16% 3.95% 0.356174 5.16% 6.04%

TABLE 2: Eonia discount factors and curves for zero rates and forward 1Y rate indices, for maturities 1 year to 20 years.
Base scenario (market at reference date) and “200bps Up” Scenario.

cluded in the NII, up to horizon TNII , do not
clash with the cash-flows included in the cal-
culation of EV,8 since new contracts may be
added due to the possible expiry of some of
the n contracts existing at t0.

Fact 1 In case the NII is computed with discounted
cash-flows, without the constant balance sheet as-
sumption and up to the final date of the longest ma-
turity contract, it will coincides with the EV.

Similarities and Differences between the EV
and the NII

We would like to understand which is the in-
formation content conveyed by the EV and the
NII, and their sensitivity to distinct scenarios.
More specifically, we would like to understand
if they actually provide different indications
about the risk the Bank bears, and to which ex-
tent they do so. On the other hand, we would
to identify if the two metrics qualitatively agree
in identifying a given risk profile the Bank has
at a certain point.

For comparison purposes, we will compute
both the EV and the NII until the expiry of the
longest maturity contract, so that TNII = TE =
10 years after the reference date t0.

In our opinion, the best way to investigate
the similarities and the differences between the
EV and NII is through a practical, if stylised,
example. To this end, let us consider a set of
OIS curves at time t0 for a given currency, say
Euro, which are shown in Table 2. To get at
the heart of the matter, without complicating
too much the analysis, we assume that no ba-
sis exits between Eonia and Euribor rates, so
that the term structure of Eonia fixings, e.g.: 1Y,
do not differ from the corresponding curve of
Euribor fixing. Basically, we are neglecting the
basis risk that in reality exists. In terms of the
notation introduced in Section 2, we have the
J R = {[+2%, 1Y], [+2%, 2Y], ..., [+2%, 20Y]}.

In Table 2 we show the Eonia discount fac-
tors and zero rates, and the forward 1Y rate, for
the base scenario at the reference date t0, and
for a scenario where the Eonia zero rate curve
is bumped +200 bps up at each tenor.

8We clearly refer to the cash-flows in the calculation of EV for the sub-period [t0, TNII ], which is included in the whole
period [t0, TE].
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Assume now that the Bank has a very sim-
plified balance sheet made of one asset, start-
ing at time t0, paying an annual coupon and
expiring in 10 years, which is funded by one
liability expiring in 5 years, paying an annual
coupon too. Assume also, rather unrealisti-
cally, that the equity is nil. The bank does not
pay any funding spread over the Eonia curve,
and the asset has no credit risk, so that it can
be priced without any adjustment for credit
losses. Both the asset and the liability are fairly
priced given the Eonia curve, so that they are
both worth 1,000,000.00 at inception; addition-
ally, the market fair coupon for the asset is
2.5006%, whereas it is 1.7748% for the liability.
The Bank’s balance sheet, marked to the mar-
ket, at t0 reads as:

Assets Liabilities
A1 = 1, 000, 000.00 L1 = 1, 000, 000.00

——————–
E = 0.00

The EV is the sum of the cash-flows of two
contracts, as shown below:

Asset Liability
Interest Capital Interest Capital

25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37 1,000,000.00
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31 1,000,000.00

The NPV of both the asset and the liability
is 1,000,000.00, with opposite signs, so EV = 0.
Assume now we apply the “+200bps Up” sce-
nario, which we define s = PU: the new dis-
count factors, zero and forward 1-year rates
are shown in Table 2, and we have the new
EVPU = −70, 834.59. This is the result of a
change of the NPV of both the asset and the
liability:

NPV
Asset 837,240.66
Liability 908,075.24
Net - 70,834.59

So ∆PUEV = −70, 834.59. What can be in-
ferred from the negative sensitivity to a paral-
lel upward shift of the interest rate curve is that
contracts that are affected negatively by interest
rates’ raise, typically assets, have longer matu-
rity than contracts that are positively affected
by the same raise, typically liabilities.

Let us now examine the NII: we have to
include also the cash-flows originated by the

static balance-sheet assumption. In this case,
we have to replace, after 5 years, the matur-
ing liability with one of similar features, which
means that the bank will issue a 5-year fixed
rate bond, whose coupon can be deduced from
the interest rate curve at the reference date. The
implied coupon for a 5-year bond in 5 years is
3.3361%, so that the cash-flows we have to con-
sider are:

Asset Liability
Interest Capital Interest Capital

25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37 ± 1,000,000.00
25,006.31 33,360.62
25,006.31 33,360.62
25,006.31 33,360.62
25,006.31 33,360.62
25,006.31 1,000,000.00 33,360.62 1,000,000.00

The ± sign in the “Capital” cash-flows of
the liability side means that 1 million is reim-
bursed on the expiring debt and then received
back by the bank on the issuance of the new
debt. At the reference date NII = −5, 481.87.

In the scenario UP, the shift upwards of the
interest rate term structure implies a higher for-
ward 5-year rate in five years, which will be
equal to 5.3298%. The new implied forward
rate will alter the future cash-flows as follows:

Asset Liability
Interest Capital Interest Capital

25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37
25,006.31 17,748.37 ±1,000,000.00
25,006.31 54,172.10
25,006.31 54,172.10
25,006.31 54,172.10
25,006.31 54,172.10
25,006.31 1,000,000.00 54,172.10 1,000,000.00

so that NIIPU = −109, 539.25. The variation
of the NII, ∆PUNII = −104, 057.38.

Comparing the two metrics, it seems that
the Bank has a higher sensitivity for the NII
than the EV, in the scenario PU. In reality,
this difference is due to the discounting of cash-
flows, which is missing the NII metric. Actu-
ally, if we consider a discounted NII, where
all the cash-flows are discounted at the refer-
ence date, we have that NII = 0.00 and, in
the scenario PU, NIIPU = −70, 834.59, so that
∆PUNII = −70, 834.59, which is exactly the sen-
sitivity of the EVPU to the same scenario.

The negative sensitivity of the NII, either
discounted or un-discounted, is subtler to in-
terpret. Actually, since the metric is computed
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under the constant balance sheet assumption,
the assets’ maturity will be matched by the lia-
bilities’ maturity, even though the negative sen-
sitivity signals a roll-over, or repricing, of con-
tracts whose NPV is positively affected by a
general increase of the interest rates, typically
liabilities.

From the analysis above, we can draw the
following conclusion:

Fact 2 When accounting for the discounting, and
setting an identical time horizon for both, the NII
and the EV show an equal sensitivity to a given sce-
nario, so that they are not only qualitatively, but
also quantitatively equivalent. This is true even if
the NII is computed under a constant balance sheet
assumption, provided we are in an economy where
credit risk does not exist, so that no credit or fund-
ing spreads are included in the interest rate of assets
or liabilities.

The fact that the Basel document refers to
an un-discounted NII is likely due to the fact
that its variations have to be monitored, and
reported, in relation to a projected period of
only one year, whereas the EV and its varia-
tions have to consider the entire life of all the in-
struments included in the balance-sheet at time
t0.

It is worthwhile to investigate what hap-
pens if the bank tries to immunise the sensi-
tivity of the two metrics against a given sce-
nario. Let us assume again that the scenario
is the PU considered above, and that the Bank
wants to hedge the EV. To this end, the Bank
may recognise that in the EV calculation the
renewal of expiring liability in five years is to-
tally neglected. Nonetheless, in five years the
current balance sheet shows there will not be
enough liquidity to pay back the bond, so the
bond must be rolled over for another period of
five years, when the maturing asset will pro-
vide the liquidity needed to pay the liability.

Since this transaction is quite sure to hap-
pen,9 the Bank decides to lock in the cost at
the current market conditions, by entering in a
5Y5Y payer swap. That means that the Bank
enters in a swap staring forward in five years,
maturing in five years after the start, in which
it will pay a fix rate against receiving a 1Y Euri-
bor, on an yearly basis.10 The notional amount
is the same as the liability, i.e.: 1, 000, 000.00.

From the interest rate term structure at the
reference date t0, the fair 5Y5Y swap rate is
3.3361%, which is naturally the same as the

implied forward par rate on a fixed rate bond
starting in five years and maturing after five
more years (we have calculated it to determine
the cash-flows in the NII). In five years the
Bank can issue a new bond maturing in five
years, with a floating 1-year coupon, which will
be netted out by the floating rate received on
the swap, and it will be left only with a net pay-
ment equal to fixed rate of the swap of 3.3361%,
on 1, 000, 000.00. The total cash flows will be
the same as in the base scenario case for the
NII shown above.

We have also in this case that EV = 0, be-
cause the swap contract has zero value at incep-
tion. When computing the EV in the scenario
PU, we have that EVPU = 3, 104.37, as shown
below:

Asset 837,240.66
Liability 908,075.24
Swap 73,938.96
Net 3,104.37

so that ∆PUEV = 3, 104.37. The hedge
worked out quite fine, since in the un-hedged
case the ∆PU was −70, 834.59: the residual vari-
ation of 3, 104.37 is due to the convexity of the
asset and liability, which was not hedged.

In conclusion, when considering a constant
balance sheet also for the EV calculations, and
hedging the sources of volatility with market
instruments (a swap in our case), right from
the reference date, the variations of the EV are
dramatically reduced.

Let us see what happens if we consider the
same hedge for the NII: we need to include
in the cash-flows those originated by a bond
that rolls over the maturing liability in five
years. This will be a fixed rate bond, to com-
ply with the requirement that the replacing con-
tracts must have the same features as the expir-
ing ones. When issuing this new bond in five
years, the Bank will trade a swap in which it
will pay the floating rate and receive the fixed
rate. The floating rate payment will be netted
out by the floating rate received on the 5Y5Y
swap traded in t0; the fixed rate received on the
new swap will net out the fixed rate paid on the
new issued bond (the two rates will be identi-
cal by definition), so that the total net payment
will be the fixed rate paid in the 5Y5Y swap, of
3.3361%, on 1, 000, 000.00. Figure 4 shows the
diagram of all the in and out cash-flows, with
the net total resulting cash-flow, referring to the
interest rate payments.

9At least on a going-concern basis, the renewal of the liability is certain.
10The payment schedule is not exactly the market standard in the Euro, but such a swap is definitely tradeable in the

interbank market.
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FIGURE 4: Interest rate payments on the new bond issued by the bank and on the 5-year swap traded in the fifth year,
along with the payments on the 5Y5Y swap traded on the reference date, and the final total net cash-flow.

It is easy to check that one again, the to-
tal cash-flows will be the same as in the base
scenario for the NII shown above, both in the
base and in the PU scenarios. When discount-
ing the NII, to compare its to the ∆EV, we
have that NII = 0.00 NIIPU = 3, 104.37, so
that ∆NIIPU = 3, 104.37, which is the same as
∆EVPU for the hedged case.

Fact 3 If we hedge against a given scenario either
the EV or the NII, we are hedging also the other;
the hedged sensitivity to the shocked scenario is the
same for both metrics.

It should be stressed that all that we have
shown is valid only

• for the discounted cash-flow NII;

• under a constant balance sheet assump-
tion;

• if the calculation is operated for the same
time horizon as for the EV.

Banks do not compute the two metrics in this
way though, and also the Basel document [1]
prescribes a different rule for them, since the
NII is calculated only for a one-year horizon
and with un-discounted cash-flows. It is then

most likely that the variability of the two met-
rics cannot be hedged simultaneously and the
Bank should focus on one of them.

Cash-flow Profiles, Dividends and Risk-
Measurement

There is also another possibly risky practical oc-
currence to analyse, which can, or cannot, be
detected by the EV and the NII: the cash-flow
profile. We saw that in the base scenario, at the
reference date, both the EV and the discounted,
constant balance sheet NII have zero value, ba-
sically providing an indication of the fairness of
the values of the asset and the liability. What
was not taken into account is that the Bank will
assess its profits and losses (P&L) at the end of
every year, and it will be mostly done (at least
for the part concerning the interests) on a cash-
flow basis by measuring the net income as the
difference between interests received and paid
during the past year.

It is when yearly P&L is assessed, and
based on it dividend are paid, that the cash-
flow schedule can play a role: at the reference
date, the income is fairly balanced by the cost,
as shown by the zero value of the two metrics.
That means that positive cash-flows will be, on
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an present value basis, exactly compensated
by negative ones. The same balance is also
achieved if one does not consider the present
value, but looks at the cash-flows that are rein-
vested until the terminal date of the calculation,
10 years in our example. To see this, we show
the cumulative cash-flows, reinvested at the
forward rates each year (capital cash-flows are
omitted since the net out to zero any time they
occur):

Interest
Asset Liability Year NII Cumul. Cash-Flows

25,006.31 17,748.37 7,257.94 7,355.68
25,006.31 17,748.37 7,257.94 14,892.65
25,006.31 17,748.37 7,257.94 22,673.07
25,006.31 17,748.37 7,257.94 30,743.52
25,006.31 17,748.37 7,257.94 39,139.49
25,006.31 33,360.62 - 8,354.31 31,774.61
25,006.31 33,360.62 - 8,354.31 24,213.08
25,006.31 33,360.62 - 8,354.31 16,416.68
25,006.31 33,360.62 - 8,354.31 8,354.31
25,006.31 33,360.62 - 8,354.31 - 0.00000

In the last column, we see that if the Bank
reinvests on a yearly basis the yearly NII, it will
achieve a nil balance at the end of the calcula-
tion period, exactly as the nil present value. We
have considered all the cash-flows implied by
the constant balance sheet assumption, so that
also those originated by the roll-over of the lia-
bility are included.

The problem is that the Bank will mark a
profit, and likely distribute a dividend, every
year producing a positive partial NII. So, for
the first five years, it will distribute yearly div-
idends equal to circa 7, 258, while it will mark
a yearly loss of circa 8, 354.31 for the next five
years. In practice, the Bank will not be accu-
mulating sufficient funds to cover the negative
cash-flows of the years six to 10.

This behaviour is perfectly legitimate under
a civil law point of view, since accounting prin-
ciples allow to determine the P&L exactly how
we described. Nonetheless, the Bank knows
from the start that, under a financial point of
view, this policy will eventually bring to the de-
fault, or at least to a call for an equity increase
from shareholders, which means in practice to
take back the distributed dividends.

It is worth stressing that the cash-flow pro-
file is deterministically given by the contracts
existing at the reference date, whereas they
are projected according to the implied forward
rates for the rolled over liability. We saw be-
fore that this forward rates can be locked in at
the reference date by entering in payer 5Y5Y

swap, so that the entire cash-flow schedule be-
comes fixed. If the Bank prefers not to hedge
the repricing in 5 years, then it may expose it-
self to a risk that may lead to a greater loss, in
case of shift upward of the interest rate term
structure above the implied forward rates, or a
lower loss or even a profit of the interest rates
move downward.

We may also add that, disregarding the ef-
fects due to the new production, the positive
NII generated by the banks are generally pro-
duced by the maturity transformation activ-
ity, similar to the stylised balance-sheet we are
working in. By maturity transformation we
mean the un-hedged funding of longer matu-
rity assets with shorter maturity liabilities.

Assuming that the bank has hedged its
repricing exposure in 5 years, to eliminate one
source of uncertainty from the analysis, we saw
above that both the EV and the discounted NII
have the same negligible sensitivity to interest
rate movements. So, both metric would not im-
mediately signal a potential harmful situation
to the Bank.

To identify the possible risks related to the
maturity transformation, one possible solution
is monitoring the partial yearly (discounted or
un-discounted) NII: the third column of the ta-
ble above is the tool to detect the evolution of
the cash-flow schedule. It is not clear, though,
what that Bank should do once a dangerous
condition has been identified. Actually, the
Bank has already hedged its exposure to inter-
est rate risk, so the future losses are arising only
from the accounting standard that allow to dis-
tribute dividends by measuring the P&L of the
interest rate income on a cash-flow basis.

Additionally, technically speaking, since the
5Y5Y swap is not hedging an existing contract,
it has to be marked to the market yearly11,
and the variation of the NPV contributes to the
yearly P&L of the Bank. So, when interest rates
raise, and subsequently also the NPV of the
5Y5Y swap increases, the Bank would be dis-
tributing even more dividends, thus worsening
the effectiveness of the hedge.

The only solution that seems to be sound
from a financial point of view, and that allows
the Bank to follow the accounting principles to
assess the yearly P&L, is a different hedging
policy that relies on transforming all the assets
and the liabilities from fixed to floating rate,
if necessary, right from the reference date. In

11According to accounting principles, it cannot be treated on a hedge-account basis, so that it has to be marked to the
market.
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FIGURE 5:Interest rate payments on the bonds issued at the reference date and after 5 years, along with the payments on
the asset and of the two swaps from fix to floating rate for both of them, and the final total net cash-flow.

more details, the Bank should swap its assets
from fix rate to floating rate (in our stylised
balance sheet, a 1Y floating rate); at the same
time, it should swap all the liabilities from fix
to floating rate (again, 1Y floating rate in our
example).

By swapping both assets and liabilities, the
interest rate net income is nil, since the two
floating rate interests on the asset and the lia-
bility will be zeroing out each other. Moreover,
after 5 years, the roll over of the maturing lia-
bility can be operated by issuing a new floating
rate 5 year bond, still preserving the netting to
zero of the received and paid interests. There
is no need to hedge the repricing with a 5Y5Y
swap, since any market level of interest rates
will be matched by the floating rate received
on the asset. Figure 5 shows all the cash-flows
involved in the hedging we have just outlined.

Moreover, the EV and the NII sensitivities
will be almost zero, since all the assets and lia-
bilities are indexed to short term (1 year) float-
ing rates.

The policy to swap every fixed rate contract
to a floating rate contract will eliminate any

false profit due to the maturity transformation
activity, and the Bank will not distribute any
dividend for mis-accounted profits. The only
net interest income will derive from the abil-
ity of the Bank to charge a margin over the
market interest rates, in addition to all the mar-
gins that are covering expected losses (i.e.: the
credit spread), the funding costs (i.e.: the cost
of funding spread), embedded or financial op-
tionalities, and infrastructure costs. In conclu-
sion, from all the analysis we presented, we can
derive the following general rule:

Fact 4 Due to the different assessment of the yearly
profits made by financial and accounting principles,
the only sound policy that allows:

• to reduce to zero the sensitivity to interest
rates’ movements of both the EV and the NII;

• to avoid distributing wrongly computed divi-
dends,

is dealing only in short term floating rate contracts
both for assets and liabilities. In case this is not
possible, whenever a fixed rate contract is closed, it
should be immediatley swapped to floating rate.
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FIGURE 6: Interest rate payments paid and received, and their total, when the equity is modelled as a 10-year maturing
fixed-rate liability.

We have outlined the basic principles of the
IRBBB. We can now move on and analyse in
more detail the new standards: in doing that,
we will have the opportunity to extend the
analysis so as to include credit and funding
spreads.

The Economic Value and the Net Interest In-
come in the New Standards

In the Basel Committee’s view, the EV and the
NII metrics are complementary (see par. 34,
[1]), in terms of:

• Outcomes: EV measures compute the
change in the net present value of the
bank’s assets, liabilities and off-balance
sheet items subject to specific interest
rate shock and stress scenarios, while NII
measures focus on changes to future prof-
itability within a given time horizon. This
is true since the NII is calculated on an
un-discounted basis and the yearly P&L
of the Bank attributable to the net interest
income is calculated on a yearly cash-flow
basis, as we have seen above;

• Assessment horizons: EV measures reflect
changes in value over the remaining life
of all the contract in the bank’s assets, lia-
bilities and off-balance sheet items, while
NII measures cover only the short to
medium term horizon, and therefore do
not identify the risks the may appear
until the expiry of all the (interest rate-
sensitive) contracts in the Bank’s balance
sheet. Also in this case, the statement is
true since the two metrics are not com-
puted over an identical horizon. In reality,

we saw that the two metrics could iden-
tify the same risks if they are computed
so that comparability is possible;

• Future business/production: EV measures
consider the net present value of cash
flows only of instruments on the bank’s
balance sheet or accounted for as an off-
balance sheet item at the reference date
(run-off perspective); NII measures may,
in addition to a run-off view, assume
rollover of maturing items (constant bal-
ance sheet perspective) and/or future busi-
ness (dynamic perspective).

The consideration above is somehow limited by
Principle 8, where for comparability purposes
it is mandated that the EV and NII metrics be
computed following a specific set of rules. We
list (in italic) the rules and comment on each of
them in some detail.

Banks should compute the variations of the
EV, i.e.: ∆EV, under the prescribed interest rate
shock scenarios, complying with the following
rules:

• Equity should be excluded from the computa-
tion of the exposure level.

Some banks model also the equity for IR-
RBB purposes, but we think that, in the
end, the EV is just the value of the eq-
uity, or the difference between the (ex-
pected) present value of the assets, liabil-
ities and off-balance sheet items.12 Alter-
natively, the stream of net interest income
that flows to the equity is just the result
of the algebraic sum of the interests re-
ceived and paid. So, in either cases, it

12We already mentioned above that considering the equity as a simple difference of the present value of the assets and
liabilities is not correct, since we are missing the interdependency between all of them, which makes the balance sheet an
indivisible bundle of contracts whose value is the true value of the equity.
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would be rather meaningless including in
the computation of the EV, or of the NII,
also the cash-flows related to the equity.
Moreover, including the equity would re-
duce the risk exposures, by considering
modellable a liability whose maturity is
undefined and whose intermediate pay-
ments depend on the P&L of the assets
and other liabilities.
Hence, the modelling would be basically
arbitrary and concealing risks that would
not be recognised, since trivially and tau-
tologically they are hedged out by the as-
sets that theoretically replicate the cash
flows or the risk profiles related to the
equity. The hedge would perfectly work
by definition, but the equity would rarely
produce the same economic results as the
replicating portfolio of assets, if only for
that its variations on a given time horizon
(say, one year) contribute to the variation
of the equity itself via the P&L they gen-
erate.
A very simple example will illustrate
why the modelling of the equity is rather
suspicious. Assume that the Bank just
started at the reference time t0 and that
in its balance-sheet there are only cash on
the asset side, and the equity on the lia-
bility side. The equity is modelled as 10
year maturity liability paying a fixed rate;
to match this exposure, the Bank invests
the cash in a 10 year maturing bond, pay-
ing a fixed rate too. In Figure 6 we show
the cash-flows up to 10 years.
If we compute the EV including the eq-
uity, we have trivially that it is zero; more-
over, if we recompute it in a given sce-
nario, say the interest rate term structure
up 200 bps, it is manifest that the ∆EV is
similarly nil. Nonetheless, it is quite clear
that, if the EV has to show the net sensi-
tivity of the sum of the market values of
the assets and the liabilities, when includ-
ing the equity the metric will provide a
completely misleading value. In our sim-
ple example, ∆EV = 0, when in reality
the shareholders bear the market risk of a
10-year fixed-rate investment, which is ob-
viously substantial. So, when modelling
the equity, the Bank is dangerously re-
ducing the exposure to interest rate move-
ments for an amount equal to the equity
itself.
Considering now the NII, it is also quite

manifest that it is trivially zero, and so
is its sensitivity to any interest rate sce-
nario. Therefore, in this case too, the met-
ric would show no risk at all borne by the
shareholders. Admittedly, if the NII is
just the net income due to interest rates,
since the investment matures in 10 years
and there is no repricing risk, in our ex-
ample the ∆NII would be zero even with-
out the inclusion of the equity.

For the NII, a misleading indication
would arise should the Bank model the
equity as a 10-year floating-rate liability
(contrarily to the a fixed rate asset as be-
fore): in this case, the inclusion of the
equity would again produce a zero NII
sensitivity, whereas in reality the share-
holders are fully exposed to interest rates
movements for the payments related to
the coupons.

In conclusion, we believe that the equity
should not be included in the calculation
of both NII and EV. In case the Bank has
free funds to invest, the decision to allo-
cate them should be based on the risk ap-
petite set for the sensitivity of the NII and
EV, and on the profitability targets. As
such, this is just an investment decision
that does not require any (suspicious) eq-
uity modelling.

• All cash flows from all interest rate-sensitive
assets, liabilities and off-balance sheet items
in the banking book should be included in the
computation of the exposure. Banks should
disclose whether they have excluded or in-
cluded commercial margins and other spread
components in their cash flows.

This rule is quite puzzling: if all cash-
flows should be included, why should
the Bank disclose if commercial margins
or other spreads are excluded? The first
part of the prescription seems to forbid
the exclusion, but the second part im-
plicitly allows that. In any case, if the
margin and/or other spread components
are excluded, the present value of all the
balance sheet’s items will be strongly af-
fected. We cannot see why these compo-
nents should be excluded from the calcu-
lation of the EV. On the other hand, it
is true that the expected NPV of any con-
tract should recognise all the risks that it
bears.

For example, in a corporate loan, the
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credit spread over a reference risk-free
rate (say, the Eonia) has to be included
in the cash-flows, but also the probability
of the counterparty’s default, and conse-
quently the possibility that the cash-flow
does not occur, should be take into ac-
count as well. On an expectation basis,
the total default risky cash-flow would
equal the risk-free cash-flow, if the credit
spread is fair.

To make things concrete, let us go back
to our stylised balance sheet in section
3.1.1, and let us assume that the asset is
now subject to default risk: there is a con-
stant yearly probability of default of 1%.
In case of default, the Bank receives 40%
of the notional of 1,000,000.00, so that the
loss given default is Lgd = 60%. The
NPV of the asset should be computed by
the following formula:

A1 =
IE

∑
i=0

D(t0, ti)cf(t0, ti; A1) =

=
IE

∑
i=0

%
D(t0, ti)× c × N × [1 − PD(t0, ti)]+

+D(t0, ti)× N × [1 − Lgd]×

× [PD(t0, ti)− PD(t0, ti−1)]

&

(13)

where PD(t0, ti) is the probability that
the asset defaults between t0 and ti, N
is the notional of the asset and c is the
coupon. In the default-free risk case, the
asset had a coupon c = 2.50%, which was
fair given the interest rate curve at time
t0, so that the NPV was just the notional
1,000,000.00. When accounting for the de-
fault risk, given the parameters of PD
and Lgd provided before, we derive the
fair coupon by recursively solving equa-
tion (14), setting A1 = 1, 000, 000.00 (the
cash paid to the debtor in t0): the result is
c = 3.1052%.

The credit spread is s = 3.1052% −
2.50% = 0.6052%. The new cash-flow
schedule, considering also the possibility
of a default occurrence, is

Asset Liability
Interest Capital Interest Capital

34,741.74 17,748.37
34,394.32 17,748.37
34,050.38 17,748.37
33,709.87 17,748.37
33,372.77 17,748.37 1,000,000.00
33,039.04
32,708.65
32,381.57
32,057.75
31,737.17 904,382.08

Each cash-flow referring to the asset has
been weighted for the probability of its oc-
currence, has indicated in equation (14).

The EV is the sum of the discounted cash-
flows of two contracts, so that we have
again that:

Assets Liabilities
A1 = 1, 000, 000.00 L1 = 1, 000, 000.00

——————–
E = 0.00

Let us check what happens to the sensi-
tivity to a given scenario of the EV. Con-
sider the “200bps UP” scenario we have
defined in section 3.1.1, and calculate the
EVPU , which now equals to 843, 814.52,
so that ∆PUEV = −64, 260.72. This is
a quite different figure than ∆PUEV =
−70, 834.59 obtained without considering
the credit spread and the probability of
default.

In conclusion, we believe that the credit
spreads and all other margins, including
the funding spreads, should be included
in the calculation of the EV, by consider-
ing also the additional adjustments that
are due to the risks they are meant to re-
munerate. In the example we presented,
the cash-flows are adjusted by weighting
them with the probability of their occur-
rence implicit in the default probability
of the asset. So the first part of the pro-
vision we are discussing should be con-
sidered as sensible and correct under a
theoretical point of view. We suggest to
just disregard the second part of the rule,
if only to avoid considering the Regulator
subject to some form of self-denying atti-
tude.

It is worth stressing that, while the credit
spread is set at the origination of the con-
tract, based on the conditions deemed
fair by the market (or by the Bank) at
that time, during the life of the contract
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the PD and Lgd may change so that the
weighting of the cash-flows may be dif-
ferent from those used at the inception
(the current levels of the two variables are
extracted from the starting credit spread
curve T C applied to the obligor or issuer
of the security). This may cause addi-
tional effects on the sensitivity of the EV
that should not be excluded.

One last remark is about the default risk
of the Bank itself in computing the EV:
in our opinion it should not be consid-
ered, both for prudential reasons in cal-
culating the risk metrics, and to comply
with a going concern principle, accord-
ing to which the Bank is assumed to run
its activities without a specific terminal
date. The variations of the Bank’s PD
and Lgd should be taken into account, in-
stead, since they can affect the funding
spread paid on rolled over liabilities.

This rule seems to be against the implicit
assumption the that EV is the sum of the
liquidation values of the contracts in the
balance sheet. Actually, by disregarding
the possibility of its own default, the Bank
is not computing the EV according to the
implicit assumption; nonetheless, we be-
lieve that the metric calculated in such a
way is more representative of the value
to the shareholders (which is what ulti-
mately matters), and besides it provides
a more accurate sensitivity to a given sce-
nario.13

We extend the example shown above, by
assuming the Bank can default and there-
fore it pays a credit spreads on its liabil-
ities: the credit spread is considered a
funding spread from the Bank’s point of
view. Let the spread paid over the risk-
free coupon 1.77% be equal to 0.5%. The
cash-flows modify as follows:

Asset Liability
Interest Capital Interest Capital

34,741.74 22,748.37
34,394.32 22,748.37
34,050.38 22,748.37
33,709.87 22,748.37
33,372.77 22,748.37 1,000,000.00
33,039.04
32,708.65
32,381.57
32,057.75
31,737.17 904,382.08

The cash-flows on the liability side
are simply given by (1.77% + 0.5%) ×
1, 000, 000.00, without any weighting for
the occurrence probability, contrarily to
what we did for the asset side. The result-
ing NPV of the asset and liability, using
the risk-free discount factors in Table 2, is:

Assets Liabilities
A1 = 1, 000, 000.00 L1 = 1, 023, 953.31

——————–
E = −23, 953.31

and the EV = −23, 953.31. Had we used
the weighting of the cash-flows by the
Bank’s PD, and the recovery rates on de-
faulted cash-flows, we would have got
an NPV of 1,000,000.00 of the liability
as well. Disregarding the Bank’s default
(but not the funding spread) leads to a
higher NPV and hence a lower EV, which
is now negative. In any case, since we
are actually interested in the risk related
to the change of the EV, we recompute it
in the “200bps UP” scenario, and we get
EVPU = −86, 846.72, so that ∆PUEV =
−62, 893.41, which is not very far from
the case above when only the asset was
subject to default risk.

• Cash flows should be discounted using either
a risk-free rate (an example of an acceptable
yield curve is a secured interest rate swap
curve) or a risk-free rate including commer-
cial margins and other spread components
(only if the bank has included commercial mar-
gins and other spread components in its cash
flows). Banks should disclose whether they
have discounted their cash flows using a risk-
free rate or a risk-free rate including commer-
cial margins and other spread components.

In our opinion, there is only one admis-
sible curve to discount future cash-flows,

13The correct way to compute the value to the shareholders is outlined in Castagna [6]: based on the results therein, the
exclusion of the Bank’s default does not guarantee a correct computation, but the results are nearer to the theoretically exact
value to the shareholder.

14See Castagna [5] for a discussion on this point.
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and it is the risk-free curve.14 The risk-
free curve should be based on the Eonia
swap rates quoted in the market: these
rates refer to the Eonia rate, i.e.: an
overnight interbank loan rate, which for
its very short duration embeds the small-
est (negligible) amount of credit spread
component. So, even if we consider a 10
year expiring Eonia swap, as far as the
contract is continuously collateralised (as
it is the case for contracts in the interbank
market), the credit spread is in any case
the tiny one related to a 1 day expiry loan.

Discounting cash-flows by an effective
rate, i.e.: a rate that includes a risk-free
and a credit spread component, is a short-
cut to account for the credit risk and
possibly additional costs (e.g.: funding
spreads). Anyway, we think that this ap-
proach is not clear under a theoretical
point of view and it takes a greater effort
to be dealt with under a practical point of
view. The best way to properly evaluate
the NPV of a contract is to consider all the
expected cash-flows (including shortfalls
due to credit risk and other behavioural
options, and other costs).

To make things concrete, working with an
effective rate that includes a credit spread
(and/or other margins), means that the
NPV of a contract is not compute by
means of equation (14), but with the fol-
lowing:

A1 =
IE

∑
i=0

De(t0, ti)cf(t0, ti; A1) =

=
IE

∑
i=0

De(t0, ti)× c × N+

+De(t0, ti)× N

(14)

where De is an effective discount factor
that includes the credit spread. For ex-
ample, assume as before that PD = 1%
and Lgd = 60%: the annual expected
loss is EL = 1% × 60% = 0.60%. To ad-
just the discount factor so that it consid-
ers the credit spread, one should multi-
ply the original, risk-free discount factor

D(t0, ti) by the amount

exp[− ln(1 + EL)× (ti − t0)] =

exp[− ln(1 + 0.6%)× (ti − t0)]

So, De(t0, ti) = D(t0, ti) × exp[− ln(1 +
EL) × (ti − t0)]. This is the most sound
way to include into the discount factor the
credit spread, under the assumption that
the Lgd is the a percentage of the market
value of the asset, rather than the notional
amount, at the default event.

If the Bank uses the effective discount fac-
tors in computing the EV and ∆EV, the
result does not significantly differ from
the case that we have analysed before,
and that we consider the most appropri-
ate. When using this approach for the li-
abilities, one cannot exclude the default
probability of the Bank in evaluating the
NPV of the liabilities. We mentioned be-
fore that we would prefer not to include
the default in the calculation of this case,
even though the funding spread should
definitely enter in the cash-flows paid.15

• ∆EV should be computed with the assump-
tion of a run-off balance sheet, where existing
banking book positions amortise and are not
replaced by any new business.

The rule is sensible if the measure is aim-
ing at determining the current net (liq-
uidation) value of the Bank’s balance-
sheet,16 but it poses some concerns when
considering all the funding costs that are
going to be missed, since the roll-over of
the existing liabilities is not considered.
In reality, if a funding spread over the
risk-free rate is paid by the bank, the
(if only expected) future cost related to
the funding of assets should not be dis-
regarded.

More specifically, the Bank will typically
operate a maturity transformation to buy
its assets, so that the average maturity of
these will be longer than the average ma-
turity of the liabilities. When computing
the EV as the sum of the NPVs of both as-
sets and liabilities, one does not consider
the fact that liabilities have to be neces-
sarily rolled over to preserve the financial
balance constraint, at least until the ex-

15For a more in depth discussion of these aspects, we refer once again to Castagna [5].
16It should be noted that the liquidation at market values is performed on a single contract basis, or at least on the basis

of groups of contracts referring to the Bank’s counterparties. The value of the Bank, seen as a bundle of contracts, has a
different value from the algebraic sum of the NPVs of the single assets and liabilities. See Castagna [6].
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piry of the longest maturing asset. Now,
if the Bank is able to raise funds at the
risk-free rate, i.e.: at the same rate used to
discount cash-flows, the NPV of the liabil-
ities would be the same in any case, either
considering or disregarding the roll-over.
This result has been shown in the stylised
balance sheet of section 3.1.1: the EV has
the same sensitivity of the discounted NII
up the maturity of the longest contact (10
years in the example), and the only differ-
ence between the two metrics is the roll-
over in the latter, which is missing in the
former. As per Fact 2, as far as the risk
sensitivity is concerned, the EV can be
seen equivalent to a discounted NII up to
the maturity of the longest contract, and,
conversely, the NII equivalent to an EV
without a roll-over of the expiring liabil-
ities, provided no credit risk, and conse-
quently spreads, exist.

When the Bank must pay a funding
spread to remunerate the credit risk born
by its creditors, then disregarding the roll-
over of the liability will underestimate
their (negative) NPV, and thus will over-
estimate the EV, and will in the end pro-
vide an inaccurate sensitivity to a given
scenario. To see this effect in practice,
we take back the example in the point
above with credit risk on the asset and
funding spread, and we calculate the EV
under the assumption of a constant bal-
ance sheet, this making it indistinguish-
able from a discounted NII. The (ex-
pected) cash-flows are:

Asset Liability
Interest Capital Interest Capital

34,741.74 22,748.37
34,394.32 22,748.37
34,050.38 22,748.37
33,709.87 22,748.37
33,372.77 22,748.37 ± 1,000,000.00
33,039.04 38,360.62
32,708.65 38,360.62
32,381.57 38,360.62
32,057.75 38,360.62
31,737.17 904,382.08 38,360.62 1,000,000.00

After 5 years, the expiring debt is rolled
over, and the new coupon is given by
the forward 5-year coupon implied in the
curve, which we know to be 3.3361%,
plus a constant funding spread of 0.5%, as

before. The EV = −44, 763.12, as shown
below:

Assets Liabilities
A1 = 1, 000, 000.00 L1 = 1, 044, 763.12

——————–
E = −44, 763.12

When computing the sensitivity to the
usual “200bps UP” scenario, we get an
EVUP = −104, 610.71:

Assets Liabilities
A1 = 843, 814.52 L1 = 948, 425.23

——————–
E = −104, 610.71

so that ∆PUEV = −59, 847.59, compared
to ∆PUEV = −62, 893.41 when roll-over
was considered.

It could be argued that the difference be-
tween the two figures of ∆PUEV is not
really material: this can be partially ac-
cepted as an argument, but the real point
missing in the ∆PUEV considering the
roll-over is the possible change in the
funding spread paid by the bank when
reissuing the new bond to replace the
expiring one. None of the scenarios
provided by the Basel document [1] re-
fer to a change in the funding spreads,
so apparently the Bank would be fully
compliant with the Regulator’s require-
ments. Nonetheless, since the same doc-
ument mentions (without elaborating too
much, admittedly) the Credit Spread Risk
of the Banking Book (CSRBB) as a risk
to be monitored and assessed, we think
that the impact on the EV of funding
spread changes should be included, to-
gether with the changes caused by credit
spreads on the assets.17

When monitoring and assessing the
CSRBB, we believe that disregarding the
roll-over would strongly underestimate
the risk borne by the Bank.

In any case, to conclude this comment, a
better rule would have prescribed a roll-
over of the liabilities for the necessary
quantity and duration to allow for the
funding of the longest maturing asset: in

17For EV calculation purposes, the change in the PD’s and Lgd’s of the issuers of the assets held by the Bank does not
any material impact on the spread paid over the market rate (e.g.: the 6M Euribor) but in the rare cases these assets bear a
coupon paying an adjusting floating spread over the risk free rate. The change has a material effect in calculating the NPV
of the assets (or in the evaluation of the NPV of derivatives hedging the credit risk) as in can be easily seen, for example,
from equation (14), when considering the coupon c contractually fixed.
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this way, if a funding spread is projected
for the future renewal of the maturing li-
abilities, a more correct and prudent EV
would have been calculated.

Banks should also compute the variations
of the NII, i.e.: ∆NII, under the prescribed in-
terest rate shock scenarios, complying with the
following rules:

• Banks should include expected cash flows (in-
cluding commercial margins and other spread
components) arising from all interest rate-
sensitive assets, liabilities and off-balance
sheet items in the banking book.

The rule is clearer and more definitive
than the equivalent rule set for the EV
measure: all the margins and spread com-
ponents do belong to the set of cash-
flows received on assets and as such they
should be included the in NII calculation:
no doubt arises from a self-denying word-
ing, as in the ev case.

At the same time, it is also reasonable to
include only the expected values of the
cash-flows, as we have discussed before.
The expected value is a function of mar-
ket variables, as for example in the case
when an interest payment is linked to an
index (e.g.: a floating interest rate linked
to the 3M Euribor); the expected value is
also dependent on credit events (e.g.: it
should consider the total or partial loss
occurring when the debtor defaults), or
on behavioural optionalities (e.g.: the pre-
payment of a mortgage will alter the pay-
ment schedule).

• ∆NII should be computed assuming a con-
stant balance sheet, where maturing or repric-
ing cash flows are replaced by new cash flows
with identical features with regard to the
amount, repricing period and spread compo-
nents.

The rule is the opposite of the rule set for
the EV, since it basically provides for the
roll-over of the maturing positions. The
fact that the roll-over is operated by re-
placing the maturing contract with a new
one with the same features, may cause
some problems. For example, it is sen-
sible to assume that the risk-free com-
ponent of the contract should be deter-
mined on the base of the forward rates

implied in the curves at the reference (i.e.:
calculation) time; the same rule can be
applied for the funding spread paid by
the Bank on the new liabilities replacing
the maturing ones: these spreads could
be computed out of the funding spread
curve prevailing at the reference time.
But this means also that the commercial
margin for the rolled-over assets should
consider the new funding spread paid by
the Bank.18 The same considerations can
be made for the credit spread margin on
the rolled assets: if a credit spread term
structure is available, the Bank could ap-
ply the spreads implied within it to deter-
mine the new margin to apply.
In the end, if the Bank adopts the ap-
proach to compute the expected future
values of the cash-flows based on the in-
terest rate curves and funding and credit
spread curves prevailing at the reference
date, it will not strictly comply with the
rule provision to roll-over the contracts
with the same identical features. But
we think that the rule can be interpreted
so that the contracts should be identi-
cal as far as the expiry, the amortisation
mechanism and the type of interest rate
(fixed/floating and frequency) are con-
cerned; at the same time, they can be re-
newed considering also the expected val-
ues of the relevant quantities to deter-
mine the cash-flows.

• ∆NII should be disclosed as the difference
in future interest income over a rolling 12-
month period. We have investigated the re-
lationships between the EV and the NII
above: we know that basically, when ac-
counting for discounting, the two metrics
provide the same information. In prac-
tice, the calculation of the NII may be op-
erated until the expiry of the longest con-
tract in the balance sheet, or even further,
but for regulatory purposes the ∆NII has
to be reported only for a period of one
year from the reference (calculation) date,
and without any discounting.
This could be deemed too short a period
that does not allow to identify risky as-
sets’ and liabilities’ configurations: we
have already discussed the possible mis-
leading indication provided by the NII
when the bank operates in a regime of

18The commercial margin refers to assets where the Bank has some, or full, pricing power, such as loans and mortgages.
Obviously, it does not apply to traded securities for which the Bank can only accept the yield set by the market.
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maturity transformation, and the capital
depletion due to the annual distribution
of dividends when the cash-flow pattern
is not evenly split until the expiry of the
assets and the liabilities.

Anyway, when the ∆NII is observed
jointly with the results of the ∆EV, some
of these deficiencies are overcome, since
this joint monitoring will reveal trouble-
some situations due to the shorter dura-
tion of the liabilities. For example, a pos-
itive NII for the next year, with a slightly
(or even nil) negative sensitivity to an up-
ward shift of the interest rate term struc-
ture, could be observed jointly to a high
negative sensitivity to the same upward
shift, of the EV, indicating that the bank is
aggressively relying on maturity transfor-
mation, funding short-term assets with
longer maturity. The low earning volatil-
ity is counterbalanced by a the higher eco-
nomic value uncertainty.

The Standardised Framework

In addition to the twelve principles to be used
as guidelines for the setup of an internal model,
the BIS has set out a standardized model which
allows for the assessment of IRRBB based solely
on a ∆EV calculation on six predetermined in-
terest rate shock scenarios. Such model is in-
tended for banks which (according to the rela-
tive Supervisors) do not meet the necessary re-
quirements to rely on an internal risk structure;
however, on a broader basis, it can be adopted
by any bank that wishes to comply to the new
regulation without following an internal model
approach.

Since the BIS document [1], for standard-
ised approach, dwells on the contracts sub-
ject to behaviuoral optionalities (positions not
amenable to standardisation), in commenting the
guidelines we have the chance to hint at some
more advanced modelling approaches to take
account more satisfactorily the risks embedded
in those balance sheet items.

Standardised Interest Rate Shock Scenarios

The key components of the standardized
model for IRRBB are the six scenarios pre-

scribed by the BIS, under which the sensitivity
of Economic Value of Equity to interest rates is
calculated. The six scenarios are composed, for
the interest rates term structures each currency
c, as follows:19

• Parallel shocks (down and up):

∆Rparallel,c(tk) =Jparallel,c(tk) =

=± Rparallel,c(tk)
(15)

• Short rate shocks (down and up):

∆Rshort,c(tk) =Jshort,c(tk) =

=± Rshort,c(tk)e(−tk/4) (16)

where the exponential scalar is expressly
set up to have a greater impact on the
shorter tenors tk of the term structure,
while fading to 0 on the longer tenors.

• Rotation shocks (steepener and flattener):

∆Rsteepener,c(tk) =Jsteepener,c(tk) =

=− 0.65|∆Rshort,c(tk)|+
+0.9|∆Rlong,c(tk)|

(17)

∆R f lattener,c(tk) =J f lattener,c(tk) =

=0.8|∆Rshort,c(tk)|+
−0.6|∆Rlong,c(tk)|

(18)

where

∆Rshort,c(tk) =Jshort,c(tk) =

=± Rlong,c(tk)[1 − e(−tk/4)]

The currency specific shocks Rshocktype,c needed
to compute the scenario bumps described
above are contained (in basis points) in the ta-
ble in Figure 3, which is taken from the BIS
document [1]. We tried also to keep as much
as possible the original notation of the BIS doc-
ument [1] and reconcile it with the one we in-
troduced above.

The shocks are recalibrated every five years
by the Basel Commitee to align them to the lo-
cal market conditions. The calibration proce-
dure is explained in the Annex 2 of the BIS
document [1] and can be easily replicated by
the Bank.

19We try to use the same notation as in the BIS document [1] for the definition of the scenarios, connecting it with the one
introduced above in this work.
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Parallel Short Long
ARS 400 500 300
AUD 300 450 200
BRL 400 500 300
CAD 200 300 150
CHF 100 150 100
CNY 250 300 150
EUR 200 250 100
GBP 250 300 150
HKD 200 250 100
IDR 400 500 350
INR 400 500 300
JPY 100 100 100

KRW 300 400 200
MXN 400 500 300
RUB 400 500 300
SAR 200 300 150
SEK 200 300 150
SGD 150 200 100
TRY 400 500 300
USD 200 300 150
ZAR 400 500 300

TABLE 3:Standard shocks (in bps) to apply to the reference risk interest rate curve, per currency.

Perimeter and Categorisation

All items (including off-balance sheet ones) in
the banking book are subject to the process of
IRRBB exposure calculation except for: liabil-
ities included in CET1 capital computation as
per the Basel III framework, assets which are
deducted from CET1 capital, fixed assets, intan-
gible assets and equity exposures. The second
restriction on the application perimeter of this
model, is that only products denominated in
currencies on which the bank has material ex-
posure are considered for the calculations. The
term “material exposure” refers to currencies
that make up for at least 5% of total asset or
liabilities in the banking book.

From each of the included items, the bank
strips out a series of notional repricing cash
flows which can be considered the building
blocks of the calculation process. Notional
repricing cash flows include the following
types:

• Notional repayments at contractual matu-
rity;

• Notional repricings, which occur on the
earliest date at which the bank or the
counterparty can autonomously modify
the underlying rate, or when a floating
rate changes following a change in the ref-
erence index;

• Notional tranche payments and interest
payments that have yet to be repaid or
repriced.

The bank has also to declare in a transpar-
ent way whether it decides to include, or ex-
clude, the fractions of notional repricing cash
flows linked to spreads: these include any com-
mercial, credit and funding margins added to
the contractual indexations. The general con-
siderations we have presented above about the
exclusion of margin components from cash-
flows apply also to in this case.

Once the perimeter of the banking book
items has been clearly identified, the notional
repricing cash flows are subdivided into three
main categories. Each of these includes deals
for which it is increasingly difficult to deter-
mine the timing of contractual rate shocks and
their impact on the banks balance sheet:

• Positions amenable to standardization: in-
clude fixed and floating rate items with
no embedded behavioral optionalities.
If an automatic optionality (such as a
cap/floor or callability) is included, this
is stripped out of the contract: the “sim-
ple” cash flows are slotted in this cate-
gory, while the optional components are
allocated to the next category.
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Time bucket intervals (M: months; Y: Years)

Short-
term
rates

Overnight
(0.0028Y)

O/N <
tCF1M
(0.0417Y)

1M <
tCF3M
(0.1667Y)

3M <
tCF6M
(0.375Y)

6M <
tCF9M
(0.625Y)

9M <
tCF1Y
(0.875Y)

1Y <
tCF1.5Y
(1.25Y)

1.5Y <
tCF2Y
(1.75Y)

Medium-
term
rates

2Y <
tCF3Y
(2.5Y)

3Y <
tCF4Y
(3.5Y)

4Y <
tCF5Y
(4.5Y)

5Y <
tCF6Y
(5.5Y)

6Y <
tCF7Y
(6.5Y)

Long-
term
rates

7Y <
tCF8Y
(7.5Y)

8Y <
tCF9Y
(8.5Y)

9Y <
tCF10Y
(9.5Y)

10Y <
tCF15Y
(12.5Y)

15 <
tCF20Y
(17.5Y)

tCF >
20Y
(25Y)

TABLE 4:Time bucket grid for cash flow slotting.

• Positions less amenable to standardization:
include all the explicit or embedded au-
tomatic interest rate optionalities which
have been separated from the original
contracts.

• Positions not amenable to standardization: in-
clude all deals with embedded behavioral
optionalities, namely: Non-Maturing De-
posits (NMDs), fixed rate loans with pre-
payment risk and deposits with early re-
demption risk.

Positions amenable to standardization

Each notional repricing cash flow extracted
from deals allocated to this category is firstly
associated to one of the time buckets contained
in Figure 4, taken from the BIS document [1].
The terms in brackets are the midpoints of each
time bucket, which are indicated with tk, with
k ∈ {1, ..., 19}.

The proviso in point 104 (pg. 24) of the BIS
document [1] assumes that all floating rate in-
struments are slotted in the first bucket within
which the next repricing date occurs, with-
out any further slotting except for the possi-
ble spread components that do not reprice on
that date. We understand that within a stan-
dardised approach aiming at simplifying the
calculations, such a rule may be accepted, even
though we cannot help but feel disconcerted
by the approximations it produces, which can
be also substantial in some financial conditions.
The main simplifying assumption here is that
the interest rate index, to which the instrument
is linked, is the same used to build the dis-
counting curve, so that the NPV is just equal to
last fixed coupon plus the notional, discounted

from the next payment (equal to the repricing)
date.

It is quite manifest that currently discount-
ing curves are dependent on the reference in-
dex used to build them, so that the curve based
on Eonia swap prices, which we argued is
the correct discounting curve, is quite differ-
ent from the discounting curve bootsrapped
from fixed-to-6m-floating swap curves. Thus
the simplifying assumption may produce rele-
vant distortions in the calculation of the ∆EV,
without making life so much easier to the peo-
ple involved in the process, we believe. If the
Bank can override the rule and correctly price
the floating rate instrument, we would suggest
to do so.

Positions not amenable to standardisation

i) Non Maturing Deposits
Non maturing deposits (NMDs) are deposits
which do not have a specified maturity: this
type of contract will therefore be subject to re-
demption risk. There are two steps to follow:

1. Segmentation of non maturing deposits
in i) retail and ii) wholesale deposits. The
retail deposits include those owned by
individuals and small businesses (which
are identified as business toward which
the bank has less than 1 million in to-
tal notional exposure); they are further
divided between a) transactional and b)
non-transactional deposits, depending on
the frequency of transactions being car-
ried on and from the deposit account.20

This categorisation will affect the slotting,
as we will explain in a moment.

20Deposits bearing no interest are assumed to be transactional.
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Cap on proportion of core deposits Cap on average maturity of core deposits
(years)

Retail/transactional 90 5
Retail/non-transactional 70 4.5

Wholesale 50 4

2. Separation in two parts: i) stable and the
ii) non-stable, of each NMD category iden-
tified in step 1, using observed volume
changes over a the past 10 years. The
stable part is defined as the portion of
NMDs that is not withdrawn with a high
degree of likelihood. The BIS document
[1] does not specify how to determine
this likelihood. One possibility is com-
pute the distribution of the variations of
the deposits volumes over the previous 10
years and then choose a predefined per-
centile (say the 99th of the negative vari-
ations) and deduct it from the volumes
in the balance sheet at the reference time.
The stable part is further split in i) core de-
posits, i.e.: the proportion of stable NMDs
which are not likely to reprice to changes
in the market interest rates; and ii) non-
core deposits, which conversely are most
likely repriced when market interest rate
changes.

The proportion of core deposits, inside each
category, is subject to slotting within the reg-
ulatory buckets. The quantity of deposit to
assign to each bucket is left to the Bank, pro-
vided it complies with the regulatory caps for
the core proportion and the average maturity,
as described in the table below (taken from the
BIS document [1]. Non-core deposits are to be
slotted into the overnight bucket by default.

It is worth noting that the final BIS docu-
ment [1] outline the treatment of NMD in very
general terms, in any case in much less detail
than the consultative document [2], thus leav-
ing the Bank with some degree of freedom in
adopting specific modelling choices that can be
quite crucial, especially in the current low, or
even negative, interest rate environment. For
example, the footnote 32, at page 20, of the con-
sultative document [2], explicitly asserted the
equivalence between the non-core proportion of
stable deposits and the fraction of the (varia-
tions of) market interest rate passed through
to deposits. This equivalence is based on the
very common approach adopted in the bank-

ing industry to deal with NMD, which unfor-
tunately in the current financial environment
show some deficiencies.

In more details, the common banking indus-
try approach relies on two assumptions:

1. NMDs bears an interest rate which is al-
ways a fraction of the market interest rate
(say: the 1M Euribor), or, alternatively
said, NMDs are a liability yielding a pos-
itive carry;21

2. market interest rate cannot be negative.

Now, the first assumption can be true most of
times, but surely it showed to be false in some
periods, for reasons related to general market
risk (including country risk) and idiosyncratic,
bank specific risk. We observed, in the recent
past, that deposits’ rates were well above short
term interest rates to avoid bank runs or to use
deposits as a source of funding for the ordi-
nary bank activity, hence competing with other
longer term sources. The second assumption
is false since the ECB started setting the rates
at negative levels, pushing in negative territory
also short term market rates. When one or both
assumptions do not hold, the equivalence of
the non-core proportion of stable deposits and
the fraction of the market rate passed through
fails.

To see this, let us see formally where the
equivalence comes from: very generally, the to-
tal variation of the interest paid by the Bank on
the deposits at a given time t is:

∆I(t) = ∆i(t)× D(t)

where i(t) is the deposit rate and I(t) is the to-
tal interest paid on the amount of deposits D(t).
Assume that the Bank makes an estimation of
the pass-though fraction of market rate r(t) to
the deposits, by means of a statistical linear re-
gression on the past data of the kind:

∆i(t) = β∆r(t) + ε(t)

By the properties of the OLS, the expected
21It is implicitly assumed that the carry is positive since deposits are reinvested at the prevailing short term (e.g.: 1M

Euribor) without considering the cost of the buffer held to hedge the liquidity risk, or: the possible zero yield on the volatile
part of the deposit, which should be in theory held in cash.
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value of ∆i(t) is:

E[∆i(t)] = β∆r(t)

The coefficient β represents the pass-though
rate, and also the fraction of deposits that
reprice accordingly to market rates’ move-
ments, as it can be easily shown by rewriting
the equation above so that we have a direct
dependence on the market rate’s change, al-
though on a fraction β of the entire deposit vol-
ume D(t).

∆I(t) = β∆r(t)× D(t) = ∆r(t)× βD(t)

As such, β must be a value between 0 and 1 (i.e.:
0 ≤ β ≤ 1): this is a constraint that must be
set when estimating the linear regression above,
even though the coefficient can well be greater
than 1 in reality.

Moreover, by simple manipulations and re-
cursion, we have:

E[i(t)] = α + βr(t)

where α = i(0) − βr(0). The last equation
shows that the first assumption is a result of
the constraint on β, if α is enough small or zero.
Nevertheless, when the short term market rate
is negative, the deposit rate has to be always
greater and negative as well, or r(t) ≤ i(t) ≤ 0.
This means that the Bank is paying more than
the market rate on the deposits, and the carry
switches from positive to negative. This can re-
flect the actual pricing behaviour of the Bank,
but it cannot capture a pricing policy which
preserves the smaller deposit rate with respect
to short term market rate (or: a positive carry
from the deposits’ liability).

Another drawback due to the equivalence
of the pass-through rate and the proportion of
non-core deposits is that when there is a floor at
zero on the rates paid on deposits, this pricing
policy cannot be captured at all.22 Actually, the
relationship cannot be linear, when a floor op-
tions is (even implicitly) granted to depositors.

As far as the cash-flow slotting is concerned,
we find rather surprising the allocation of the
entire non-core partition of deposits in the O/N
bucket: this choice implies that the bank is
actually repricing the NMDs on a daily ba-
sis, which is quite unusual in our experience.
To cope with the assumption implied in the
BIS prescription, the Bank should estimate the
pass-through linear relationship above between
the deposit rate and the O/N market rate, so

that the pass-through rate/non-core proportion
equivalence provides a meaningful slotting on
the first bucket. Anyway, it should be stressed
that the final BIS document [1] leaves the Bank
free to estimate in the way it deems the most
appropriate.

Finally, it should be stressed that the stan-
dardised approach does not link the evolution
of the deposits’ volume to the market interest
rates’ changes: it is documented that a negative
relationship exists between the two quantities,
which cannot obviously be considered within
the BIS framework. It is easy to check that in
the calculation of the EV according to the stan-
dardised approach, the slotting of the initial de-
posits’ volume is unaffected by any of the pre-
defined six scenarios, hence confirming the sub-
stantial dichotomy between the evolution of the
market interest rates and the deposits’ amount.

We have presented the main flaws of the
standardised approach to highlight the fact
that, even if it is supported by the BIS docu-
ment [1] as an acceptable alternative to propri-
etary models, it should be replaced by a more
advanced framework if the Bank wishes to bet-
ter measure and manage its risks. In Castagna
e Fede [8], ch. 9, we present one of such ad-
vanced approaches, which we name stochastic
risk factor; for a further development of this ap-
proach and an application to real market and
balance sheet data, we refer to Castagna and
Scaravaggi [9], where a wide range of metrics
and risk measures are introduced and com-
puted in practice, even if beyond the mere in-
terest rate risk monitoring.

Other instruments with embedded behav-
ioral options that do not classify as NMDs are
treated separately. They range on all deals for
which the customer’s choice (based on the ob-
served movements of market interest rates) is
able to modify the magnitude and the timing
of the cash flows expected by the bank. Op-
tions owned by wholesale customers, which
are treated as automatic options in the “less
amenable to standardization” category, are ex-
cluded from the following procedures.

ii) Fixed-Rate Loans Subject to Prepayment Risk
Banks bear a major behavioural risk, affect-
ing both liquidity and financial risks too, on
loan products. Sometimes, due to existing laws
or marketing choices, a prepayment fee is not
even explicitly defined in the contract.

22Floors at zero are usually set for retail deposits. In some countries, they are prescribed by the law for non corporate
deposits.
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Scenario number (i) Interest rate shock scenarios yi (scenario multiplier)
1 Parallel up 0.8
2 Parallel down 1.2
3 Steepener 0.8
4 Flattener 1.2
5 Short rate up 0.8
6 Short rate down 1.2

TABLE 5:Parameters γ for the standardised scenarios to calculate the conditional constant prepayment rate.

Scenario number (i) Interest rate shock scenarios yi (scenario multiplier)
1 Parallel up 1.2
2 Parallel down 0.8
3 Steepener 0.8
4 Flattener 1.2
5 Short rate up 1.2
6 Short rate down 0.8

TABLE 6:Parameters u for the standardised scenarios to calculate the term deposit early redemption rate.

The standard IRRBB procedure for these
products starts with the assessment of the base-
line conditional constant prepayment rate for
each portfolio of homogeneous loans, denoted
as CPRp

0,c. It is possible to have also a non-
constant prepayment rate, associated to each
time tk, and that can be denoted as CPRp

0,c(tk).
The calculation approach for this initial param-
eter is decided autonomously by the bank, and
subject to the approval of the national supervi-
sor.

Once the baseline rate has been computed,
the prepayment rate for each standardised sce-
nario i is obtained as

CPRp
i,c = min [1, γiCPRp

0,c]. (19)

The γ multiplier is determined for each sce-
nario in the table shown in Figure 5: as intu-
itively expected, scenarios that shift downward
interest rates will imply a higher prepayment
risk, and therefore a higher multiplier for the
CPR.

From the value of the prepayment rate
on all portfolio-scenario-currency triplets, the
bank will then compute the expected cash-flow
structure, slotting each flow on the appropriate
time bucket (or time bucket midpoint) in Fig-
ure 4. Given the scenario i on portfolio p de-
nominated in currency c, the cash-flow series
on subsequent time buckets is given by:

cfp
0,c(t0, tk) = cfp,s

0,c(t0, tk) + CPRp
0,c × Np

0,c(tk−1)
(20)

where cfp,s
0,c(tk) is the contractually scheduled

(i.e.: fixed in time tk) interest and principal pay-

ments, and Np
0,c(tk−1) represents the outstand-

ing notional at the time bucket tk−1. Finally,
cfp

0,c(k) is the expected total cash-flow, consid-
ering the prepayment, at time tk.

For an analysis of the problems related to
the constant (or deterministic) prepayment rate
approach to deal with this type of behavioural
risk, on which the framework above is based,
see Castagna and Fede [8], ch. 9. We briefly
recall here that this approach does not allow to
exactly price the embedded optionality and to
effectively manage it, since both interest rates
and the prepayment rate are not modelled as
stochastic variables; it simply allows to modify
the amortisation schedule to take into account
the acceleration due to the prepayment choices
by the Bank’s clients, without a proper quantifi-
cation of the behavioural option and its link to
the future evolution of the market rates.

Differently from the NMD’s approach
above, the conditional prepayment rate is de-
pendent on the level of market rates, so that the
amortisation schedule depends on each of the
predefined interest rates scenarios. Nonethe-
less, since the dependence is only determinis-
tic and the scenarios are not defined in terms
of a probability distribution, not even a rough
evaluation of the prepayment option is possi-
ble, withut mentioning the fact the no Greeks
can be computed for dynamic hedging pur-
poses. A more advanced approach, such as
the one sketched in Castagna and Fede [8], ch.
9, would consider a stochastic prepayment rate
correlated at least with the level of the mar-
ket interest rates, which should be modelled as
stochastic processes too.
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FIGURE 7:A visual summary of the Standardised Framework proposed by BIS.

iii) Fixed-Term Deposits with Early Redemption
Risk
This product category should generally fall in
the “amenable to standardization” group, as
usually restrictions (through penalties or even
legal impediment) are applied on the possibil-
ity for the customer to withdraw the deposited
funds earlier than contractually agreed. In this
general case, expected cash flow can be consid-
ered fixed and slotted into the time bucket clos-
est to each payment date.

Whenever the above restrictions are not
specified in the deposit contract, an option
arises to the customer to substantially alter the
cash-flow structure of the contract. As in the
earlier case of loans that can be paid back ear-
lier than the contract schedule, the bank firstly
organises the whole product group subdivid-
ing it into homogeneous portfolios for each cur-
rency. Then, a baseline term deposit early re-
demption rate TDRRp

0,c for each currency c is
computed, and used to obtain the rate for each
scenario i by means of the formula:

TDRRp
i,c = min [1, ui × TDRRp

0,c] (21)

where the u multiplier is given by the table in
Figure 6.

Unlike the loan case, all cash flows deriv-
ing from deposit contracts that are exposed to
early redemption risk, have to be slotted in the

overnight time bucket. Therefore, the relevant
cash flow structure for this procedure is deter-
mined by:

cfp
0,c(t0, t1) = TDp

0,c × TDRRp
i,c (22)

where TDp
0,c is the outstanding amount of de-

posits of type p, at the reference date. The re-
maining fraction of the deposit is slotted in the
time bucket corresponding to the expiry of the
deposit.

Positions less amenable to standardisation:
automatic interest rate options

Automatic options embedded in fixed and float-
ing rate contracts are treated separately from
the other categories. All interest rate options
which are sold to customers have to be in-
cluded in the calculations, and the bank can
choose to either include all bought options or
only the ones bought to hedge pre-existing
short positions. The choice offered to banks
can be sensible under a risk management an-
gle, since disregarding bought options does not
make the risk measurement less prudential.23

Under a managerial point of view, missing the
sensitivity due to the long options in the bank-
ing book portfolio is not reasonable.

The risk measure for this category comes in
the form of an add-on which is added to the

23This statement is true when one looks at the terminal pay-off of the bought options, that can be either positive or nil, but
never negative. If the mark-to-market of the options is considered, clearly also long options can suffer negative variations,
so that perhaps the choice to exclude bought options should always be foregone.
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ECnao
i,c , which is defined below. For each sold

option o, the value of the change ∆FVOo
i,c is

computed as the difference between:

• an estimate of the value of the sold option,
given the interest rate curve in scenario i
and currency c and an increase of the im-
plied volatility of 25% (we assume this in-
crease is in percentage with respect to the
initial implied volatility, not absolute),

and

• an estimate of the value of the sold option,
given the interest rate curve in scenario i
at the reference date t0.

Similarly, for each bought option q, the bank
will calculate the change ∆FVOq

i,c as the differ-
ence in value between the option reevaluated
in scenario i for currency c, and its value at the
reference date.

The total risk measure for automatic option
is given by:

KAOi,c =
O

∑
o=1

∆FVOo
i,c −

Q

∑
q=1

∆FVOq
i,c (23)

where O and Q is the total number of options
sold, respectively bought, by the bank.

Calculation of Standardised EVE Risk Mea-
sure

Up to now, we have only described the prelim-
inary procedures up to cash flow slotting, for
positions that are amenable and not amenable
to standardization. This because for the third
category, consisting of positions less amenable
to standardization, there is a separated process
that does not prescribe any slotting, and that
does not result in a direct calculation of ∆EV.
Therefore we will now show the sensitivity cal-
culation for these two first product categories,
and then conclude on the remaining one.

For each currency c (which, we recall, must
have a material exposure in the banking book)
and scenario i, all notional repricing cash flows
slotted in the same bucket or bucket midpoint
tk are netted together, thus forming a single ag-
gregated cash-flow on each node of the term
structure. To each cash-flow, a discount factor
is then assigned based on the shocked interest
rate curve.

Since in each scenario i the term structure of
interest rates is given, we can assume that the

discount factor for a time bucket k, for currency
c, is given by:

Di,c(t0, tk) = e−Ri,c(tk)(tk−t0).

As we have discussed above, the rate curve
used to discount must be representative of a
risk-free zero coupon rate, such as the Eonia
swap rate curves.

The Economic Value of Equity under each
scenario i and currency c is then obtained sim-
ply as the sum of the discounted expected cash
flows. In the standardised framework, firstly
the EV is computed without considering the
automatic interest rate options:

EVnao
i,c =

K

∑
k=1

cfi,c(t0, tk)Di,c(t0, tk) (24)

After calculating the interest rate sensitivi-
ties for all categories of the banking book prod-
ucts, the final standardised risk measure is ob-
tained by all the different EVs.

Firstly, a ∆EV measure is obtained for all
scenario-currency pairs as follows:

∆EVi,c = EVnao
0,c − EVnao

i,c + KAOi,c (25)

It is worth noting that the ∆EV is computed
with the reverse sign, so a positive value means
a loss in the scenario.

The standardized EV risk measure for IR-
RBB, which we denote as ∆T

STDEV, is given by
the maximum, over the six scenarios, of sum of
all positive ∆EV in each currency c:

∆T
STDEV = max

i∈{1,2,...,6}

'
max

%
0; ∑

c:∆EVi,c>0
∆EVi,c

&(

(26)
Formula (26) is the one given in the BIS doc-
ument: the max operator within the brackets
seems to be redundant, but it does not cause
any problem.

A visual summary of the standardised
framework is in Figure 7.

Conclusion

The analysis that we have presented aims at
fleshing out possible problems arising from a
strict, or simplified, application of the frame-
work outlined by the Basel Committee in the
document [1].

We have also touched the CSRBB, which is
mentioned a few times in the document [1],
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without providing though an explicit guidance
about its implementation by banks. It is beyond
the scope of this work designing a full-fledged
IRRBB-CSRBB framework, so we did not in-
vestigate how to soundly measure and moni-
tor the basis and credit risk, both in our opin-
ion included under the same umbrella of the
CSRBB. Notwithstanding this lack of analysis,
we gave some indications on how to properly
calculate the expected future cash-flows, and
implicitly indicating how the basis and credit

spread factors may enter into a more encom-
passing framework.

Even if it seems that the CSRBB is not es-
sential for regulatory compliance, given the
prescriptions in the BIS document [1], a more
sound and general IRRBB-CSRBB framework
is still worth being designed and implemented
for Bank’s internal managerial purposes. But
this is the subject of separate research.
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