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Executive Summary
This 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.
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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

I

n 2004 the Interest Rate Risk of the Banking Book (IRRBB) came for the first time under the
scrutiny of Basel Committee, which issued the guidance document [3]. In this document, the
IRRBB is defined as part of the Basel capital frameworks Pillar 2 (Supervisory Review Process)
and its identification, measurement, 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 necessary
by banks and by the Supervisors, so in the 2015 the Basel Committee submitted the consultative
document [2], where two options for the regulatory treatments of IRRBB were presented: a standardised Pillar 1 (Minimum Capital Requirements) approach and an enhanced Pillar 2 approach.
The banking industry expressed, in the feedback to the consultation, strong concern about the the
feasibility of a Pillar 1 approach to IRRBB, based on a standardised measure of IRRBB designed to
be enough accurate and risk-sensitive to set regulatory capital requirements. The Committee took
into account the feedback and decided that, given the the variegated nature of the IRRBB, a Pillar
2 approach would be more appropriate.
The final document issued by Basel Committee [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) disclosure requirements aim at a
greater consistency and comparability of the metrics related to the IRRBB; iii) more detailed factors
Supervisors should consider when assessing the banks’ level and management of the IRRBB; iv)
introduction of the concept of “outlier bank”, identified by means of materiality tests applied by
Supervisors.
The banks are expected to implement the standards by 2018.

1. 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 interest rate, fixed
or indexed to some market parameter, (e.g.: floating rate bonds or mortgages, but also structured
notes), with a contractual 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).
www.iasonltd.com
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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 intangible 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 instruments, 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 different 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 repricing can cause changes in the EV and in the NII, depending on the
distribution of the re-fixing or the maturity of the instruments, and on the type of movements
of the term structure of interest rates. The main types of movements of the interest 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 example 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 Euribor rate.
• The option risk: it refers typically to option derivative positions, but it can extended also to
bank’s assets, liabilities and/or off-balance sheet items whose embedded 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 withdraw money from their sight deposit accounts 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 asset/liability spread risk of credit-risky instruments 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 another couple
of times, but in any case without 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 confusion than clarification.
The Annex 1 of the document [1] has a paragraph devoted to the decomposition of the interest
rate earned on an asset, or paid on a liability, by the bank. The identified components are:
1. The risk-free rate: representing the theoretical rate of interest an investor requires from a riskfree investment for a given maturity.
2. A market duration spread: a premium, or spread over the risk-free rate, to remunerate the
duration risk.
3. A market liquidity spread: a premium for the market appetite for investments on a given duration or a given issuer, determined by the presence of sellers and buyers eager to trade. 4.
A general market credit spread: a premium required by a given credit quality, identified by the
rating of the issuers (e.g.: the additional premium requited for AA-rated issuers).
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4. An idiosyncratic credit spread: the premium required by investors for the specific credit risk
associated with the specific issuer/borrower, also reflecting the assessment of risks related
to the economic sector and/or geographical/currency location of the borrower, and to the
features of the issued instrument (e.g.: a bond or a derivative contract).
Although all these components are theoretically correct, it is also quite evident that the classification is rather academic and without 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 structures are extracted from market prices, they embed both components and
the risk sensitivity should be measured with respect to their aggregated changes, which are the
only observable in the market.
Additionally, the distinction between general market and idiosyncratic credit spread is also
rather far-fetched, even if it is possible to design a framework within which the Bank separately
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 components that it deems more appropriate:
1. The funding rate, which is the sum of the reference rate plus the funding spread: it represents
the weighted average of the funding 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 components 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 impossible, so
some of the components can be aggregated for interest rate risk management purposes. Unfortunately the suggested aggregation is in our opinion not sound for a correct measuring of the risks
related to interest rates’ and other factors’ movements. In more detail, 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. Besides, 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 cannot 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 quality 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 reference rate and the market rate should be defined 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.: Eonia swap rates for the Euro), also the reference rates should be
considered the same market traded rates. If the funding spread is expressed as an add-on over
another index, say the 3M Euribor, the Bank should either recalculate the funding spread with
respect to the Eonia rates, or alternatively consider the spread between the 3M Euribor and the
3M Eonia as another risk factor (basis risk), separately measured and added to the funding spread.
The basis risk can be part of the CSRBB framework.
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
www.iasonltd.com
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the expected 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 measured.
We offer a different classification of the components 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.1
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 following components:
A1
i∗ A = !"#$
rL + !"#$
sL + LBC
+ LO + (π + εr ) E
!"#$ + s! "#A$1 + FO
! "# $ ! "# f $
ir

fu

cl

cs

op

(1)

cc

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 investment in A, which is used for the fraction ε to fund the
purchase (together with external funding 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 liquidity, 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 liquidity/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 decomposition. All components may typically apply 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 includes the risk-free rate ir and the credit spread cs; the market
price usually embeds the assumption that the bond is fully financed by equity (i.e.: ε = 100%), so
that one can either 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 equilibrium 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 (General
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.
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
1 The 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.

8

www.iasonltd.com

Research Paper Series

FIGURE 1: The components of the rates of assets and liabilities, and their inclusion within the IRRBB or CSRBB framework.

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 1).
We propose to include in the IRRBB framework:
• ir: the risk-free rate;
• op: the cost for the financial and liquidity/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 (basis) 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 relevant. In Figure 1 we show the components for assets
and liabilities, and their inclusion in the IRRBB or CSRBB.
The relevant components that we highlighted 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 instrument or contract, when the metric includes 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 interest 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);
www.iasonltd.com
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2. the (implied) volatility of the interest 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 whose premium
was included in the op component;
3. the behavioural options depend on the level of the rates and other factors, and they
affect the amount of the future expected cash-flows: also in this case, the value of the
bahvioural optionality, whose starting premium in included in the op component, is
re-evaluated.
• They can alter the future interest rate set for the replacement of the expiring contracts 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 repricing (not just the floating
rates as in the case above for the NPV); the credit spread must be redefined, along with the
funding 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 proposed 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 implies a
greater efforts from the Bank to set up the risk measurement and monitoring framework. 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, representing 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 countries, economic sectors and type of obligors, of for single names. Moreover,
they can be further separated in two sets of terms structures, one for the general market credit
spread and another for the idiosyncratic credit spread.
• A number of funding spread curves, representing 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 entire 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 general rules or indication are provided in the BIS document
[1]; we like to stress here just a couple 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 definitely be designed relying on a robust basis model
linking together the spreads on the different indices: one of such frameworks is in Castagna
et al. [7].
• The resulting curves can be used to build up the new interest rate i∗ for the contracts rolling
over the expired potions, as for NII purposes. Additionally, PDs have to be extracted from
the curve, to calculate 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).

10
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FIGURE 2: The IRRBB framework.

2.

The IRRBB Framework

The general IRRBB framework is outlined in the Principles’ section of the Basel document:
Figure 2 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 Management and Measurement, checking also the compliance with
the Risk Appetite Framework of the Bank. There are two areas that are included within the IRRBB
framework: the management 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
management 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 definition
of specific procedures and approvals necessary for exceptions; to the monitoring and the compliance with those limits; the set-up of adequate systems and standards for measuring the risks, valuing positions and assessing performance; the design of procedures to update interest rate shocks
and stress scenarios; the production of a comprehensive IRRBB reporting; the creation of a review
process and effective internal controls and management information systems (MIS).
The activities run by the ALCO, within the IRRBB management scope, should be compliant with
the policies and procedures for limiting and controlling the IRRBB, and in any case not exceeding
the powers delegated by the Government Body. The risk is managed by means of authorised instruments, hedging strategies and risk-taking opportunities. All IRRBB policies 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 results of both
economic value (EV) and earnings-based (NII) measures. These are produced by means of a wide
and appropriate range of interest 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 discussion); the accuracy of data, the documentation and the testing and the validation of models (Principle 6); the internal reporting and the external disclosure on
the IRRBB levels and the internal procedures implemented to manage 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 capital that is considered adequate to cope with the residual risks.
The Principle 9 of the Basel document indicates that the Bank should embed the assessment of the
capital adequacy for the IRRBB within the ICAAP, considering also the risk appetite set in the
www.iasonltd.com
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RAF. There are no specific 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 capital
buffer referring to the NII, should be simply disregarded, in our opinion, since in any case the Bank
should provide for enough capital 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 underlying 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 appetite. 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 connected
with the principles guiding the Supervisors, 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, assess the
soundness of banks’ IRRBB management 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 complexity of the task (Principle 11). Finally,
Supervisors must publish their criteria for identifying outlier banks, which should be considered
as potentially having problems with IRRBB exposures. When a review of a bank’s IRRBB exposure reveals inadequate management or excessive risks relative to capital, earnings or general risk
profile, Supervisors must require mitigation actions and/or additional capital (Principle 12).
The criteria to identify outlier banks can be freely chosen by Competent Supervisory Authorities,
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 scenarios,2 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 parameters, and
improvement of the risk management framework.
Additional outlier/materiality tests can be prescribed 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.

2.1

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 scenarios. The BIS document [1] cites:
• internally selected interest rate shock scenarios 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 scenarios detailed in Annex 2 of BIS [1];
• any additional interest rate shock scenarios required by supervisors.
2 The

six mandatory scenarios are outlined in the Annex 2 of the Basel document [1].
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The selection of relevant shock and stress scenarios will likely require the involvement of several
experts from different departments within the Bank, such as traders, the treasury department, the
finance department, the ALCO, the risk management and risk control 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 option 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 difficult liquidation a stressed market conditions;
• 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 assets/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 addressed with scenarios including the exercise 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 structure of interest rates used in the scenarios (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 administered 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(t N )}, each of them associated 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 approximation to a risk-free rate, since it embeds the credit risk for a ond-day loan in the interbank market.
Swaps whose underlying floating rate is the EONIA, if fully collateralised (as it is the case when
traded in the interbank market), allow to derive EONIA rate for longer maturities, 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 expiry 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:

TJRR = {[ 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 additional
curves, to take into account the basis and the credit factors embedded in the rates paid and earned
www.iasonltd.com
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by the Bank. For these curves, a similar formal definition can be set up. For example, a basis curve, e.g.: 3M Eurbor - 3M Eonia spread, is formally built as a collection of basis spreads
{ B(t1 ), B(t2 ), ..., B(t N )}, 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 J B is:

TJBB = {[ 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 TJCC .
2.2

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 behavioural 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 conceptually sound and reasonable modelling assumptions, which
agree with with historical experience. 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 under 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 geographical 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 modelling below, and we will flesh out the subtleties
implied in the standardised approach.

3.

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. Before analysing the new standards, we define in formal
terms the two metrics and establish the relationship existing between them.
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3.1

Formal Definitions of the Economic Value and the Net Interest Income

Let {d1 , d2 , ..., d N } be the set of contracts that fall within the definition of interest-rate sensitive
assets, existing within the Bank’s balance sheet at the reference date t0 ; let TE be the terminal
date considered in the calculation of the Economic Value. Each contract can be defined as a set of
possibly stochastic cash-flows, occurring at predefined dates indicated as ti , with i = 1, 2, ..., IE and
t IE = TE .
The Economic Value (of the Equity) is defined 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

IE

∑ ∑ D(t0 , ti )cf(t0 , ti ; dn )

n =1 i =0

&

(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

∑ D(t0 , ti )cf(t0 , ti )

i =0

&

(9)

The Economic Value can be seen as the expected present value of the Bank’s assets, net of the
Bank’s liabilities. The metric is the algebraic 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 shareholders): this type
of evaluation is not the liquidation value of the contract, but it considers the Bank as bundle of
contracts that imply subjective3 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 contracts existing at
the reference date t0 , let Vn (t0 , Td ) = E[∑i D(t0 , ti )cf(t0 , ti ; dn )] be the expected present value of the
cash-flows of contract n expiring in Td . Then:
N

EV =

∑ Vn (t0 , Td )

(10)

n =1

For risk management purposes, what is important 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 D s (t0 , ti ) and cfs (t0 , ti ) indicate, respectively, the discount factors and the cashflows 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 discount factors and all the cash-flows that depend on the market rates, e.g.: the coupons
of floating rate assets. The EV corresponding to the scenario s is:
EVs = E

%

IE

∑ D s (t0 , ti )cfs (t0 , ti )

i =0

&

So we define the variation of the EV in scenario s as: ∆s EV = EVs − EV.
The Net Interest Income is defined a the sum of cash-flows occurring from up to a given shortterm horizon TN I I , so that typically TN I I < TE . This definition is found in most standard text book
3 “Subjective”

should be meant as “specifically referring to the Bank”.
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dealing with ALM, although it is in many cases it is not explicitly stated if the cash-flows should
be discounted or not.4
The definition of the NII without discounting 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 expiring contracts are replaced by a new one exactly similar
to old one. For this reason, let us define the extended set of contracts {d1 , d2 , ..., d N , d N +1 , ..., d M },
where the contracts d N +1 , ..., d M replace the expiring ones in {d1 , d2 , ..., d N } within the horizon TN I I .
Assume now that the last date included in the calculation is t I = TN I I .5 We define in formal terms
the NII as:
% M IN I I
&
NII = E ∑ ∑ cf(t0 , ti ; dm )
(11)
m =1 i =0

where t IN I I = TN I I . Once again, setting cf(t0 , ti ; dn ) = ∑m cf(t0 , ti ; dm ), equation (11) becomes:
NII = E

% IN I I

∑ cf(t0 , ti )

i =0

&

(12)

Also for the NII, for risk-management purposes, we define the variation of the NII, which
similarly to the EV is ∆s NII = NIIs − NII, where the notation referring to the scenario is the same
as in the EV case. So ∆s NII = NIIs − NII is given by the differences in projected future cash-flows
due to the a scenario s in which a different interest rate term structure than the market one at the
reference date is used:
% M IN I I
&
s
s
NII = E ∑ ∑ cf (t0 , ti ; dm )
m =1 i =0

It is worth stressing that the cash-flows included in the NII, up to horizon TN I I , do not clash
with the cash-flows included in the calculation of EV,6 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 assumption and up to the final date of the longest maturity contract, it will coincides with the EV.

3.1.1

Similarities and Differences between the EV and the NII

We would like to understand which is the information 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 extent 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 TN I I = 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 1. To get at
the heart of the matter, without complicating too much the analysis, we assume that no basis
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
4 The

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.
5 The constant balance sheet assumption is typically not considered in text books on ALM.
6 We clearly refer to the cash-flows in the calculation of EV for the sub-period [ t , T
0 N I I ], which is included in the whole
period [t0 , TE ].
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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 1 we show the Eonia discount factors 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.
Expiry
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

DF
1.000000
0.993550
0.980348
0.961979
0.939812
0.914974
0.888370
0.860706
0.832525
0.804232
0.776128
0.748429
0.721289
0.694814
0.669074
0.644112
0.619950
0.596599
0.574055
0.552310
0.531350

Base Scenario
Zero Rates 1Y Rates
0.65%
0.65%
1.35%
0.99%
1.91%
1.29%
2.36%
1.55%
2.71%
1.78%
2.99%
1.97%
3.21%
2.14%
3.39%
2.29%
3.52%
2.42%
3.62%
2.53%
3.70%
2.63%
3.76%
2.72%
3.81%
2.80%
3.85%
2.87%
3.88%
2.93%
3.90%
2.99%
3.91%
3.04%
3.93%
3.08%
3.94%
3.12%
3.94%
3.16%
3.95%

DF
1.000000
0.973877
0.941908
0.905958
0.867556
0.827902
0.787913
0.748262
0.709431
0.671751
0.635440
0.600628
0.567386
0.535738
0.505675
0.477170
0.450176
0.424641
0.400505
0.377704
0.356174

+200bps Scenario
Zero Rates
1Y Rates
0.65%
2.65%
3.39%
2.99%
3.97%
3.29%
4.43%
3.55%
4.79%
3.78%
5.08%
3.97%
5.30%
4.14%
5.47%
4.29%
5.61%
4.42%
5.71%
4.53%
5.80%
4.63%
5.86%
4.72%
5.91%
4.80%
5.94%
4.87%
5.97%
4.93%
6.00%
4.99%
6.01%
5.04%
6.03%
5.08%
6.04%
5.12%
6.04%
5.16%
6.04%

TABLE 1: 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.

Assume now that the Bank has a very simplified balance sheet made of one asset, starting 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 unrealistically, 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;
additionally, 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 market, at t0 reads as:
Assets
A1 = 1, 000, 000.00

Liabilities
L1 = 1, 000, 000.00
——————–
E = 0.00

The EV is the sum of the cash-flows of two contracts, as shown below:
Interest
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
www.iasonltd.com

Asset
Capital

Liability
Interest
Capital
17,748.37
17,748.37
17,748.37
17,748.37
17,748.37 1,000,000.00

1,000,000.00
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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” scenario, which we define s = PU: the new discount factors,
zero and forward 1-year rates are shown in Table 1, 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 ∆ PU EV = −70, 834.59. What can be inferred from the negative sensitivity to a parallel
upward shift of the interest rate curve is that contracts that are affected negatively by interest rates’
raise, typically assets, have longer maturity 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 maturing 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 consider are:
Asset
Interest
Capital
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31 1,000,000.00

Liability
Interest
Capital
17,748.37
17,748.37
17,748.37
17,748.37
17,748.37 ± 1,000,000.00
33,360.62
33,360.62
33,360.62
33,360.62
33,360.62
1,000,000.00

The ± sign in the “Capital” cash-flows of the liability side means that 1 million is reimbursed 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 forward
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:
Interest
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31
25,006.31

Asset
Capital

1,000,000.00

Liability
Interest
Capital
17,748.37
17,748.37
17,748.37
17,748.37
17,748.37 ±1,000,000.00
54,172.10
54,172.10
54,172.10
54,172.10
54,172.10
1,000,000.00

so that NIIPU = −109, 539.25. The variation of the NII, ∆ PU NII = −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,
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which is missing the NII metric. Actually, if we consider a discounted NII, where all the cashflows are discounted at the reference date, we have that NII = 0.00 and, in the scenario PU,
NIIPU = −70, 834.59, so that ∆ PU NII = −70, 834.59, which is exactly the sensitivity of the EVPU to
the same scenario.
The negative sensitivity of the NII, either discounted or un-discounted, is subtler to interpret.
Actually, since the metric is computed under the constant balance sheet assumption, the assets’
maturity will be matched by the liabilities’ maturity, even though the negative sensitivity signals
a roll-over, or repricing, of contracts 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 scenario, 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 funding 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 variations have to consider the entire life of all the instruments included in
the balance-sheet at time t0 .
It is worthwhile to investigate what happens if the bank tries to immunise the sensitivity of the
two metrics against a given scenario. 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 totally 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
provide the liquidity needed to pay the liability.
Since this transaction is quite sure to happen,7 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 Euribor, on an yearly basis.8 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 payment 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, because the swap contract has zero value at inception.
When computing the EV in the scenario PU, we have that EVPU = 3, 104.37, as shown below:
Asset
Liability
Swap
Net

837,240.66
908,075.24
73,938.96
3,104.37

so that ∆ PU EV = 3, 104.37. The hedge worked out quite fine, since in the un-hedged case the
was −70, 834.59: the residual variation 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.
∆ PU

7 At

least on a going-concern basis, the renewal of the liability is certain.
payment schedule is not exactly the market standard in the Euro, but such a swap is definitely tradeable in the
interbank market.
8 The
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FIGURE 3: 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.

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 comply with the requirement that the replacing contracts must have the
same features as the expiring 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
identical 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 3 shows the diagram of all the in and out cash-flows, with the
net total resulting cash-flow, referring to the interest rate payments.
It is easy to check that one again, the total 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 discounting 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 assumption;
• 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 metrics cannot be
hedged simultaneously and the Bank should focus on one of them.
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3.1.2

Cash-flow Profiles, Dividends and Risk-Measurement

There is also another possibly risky practical occurrence 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, basically 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 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 reinvested 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 cah-flows are omitted since the net out to zero any time they occur):
Interest
Asset
Liability
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
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 33,360.62

Year NII
7,257.94
7,257.94
7,257.94
7,257.94
7,257.94
- 8,354.31
- 8,354.31
- 8,354.31
- 8,354.31
- 8,354.31

Cumul. Cash-Flows
7,355.68
14,892.65
22,673.07
30,743.52
39,139.49
31,774.61
24,213.08
16,416.68
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 calculation 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 liability 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 dividends 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 accumulating 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 principles
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 default, 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 profile 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 before 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 becomes fixed. If the Bank
prefers not to hedge the repricing in 5 years, then it may expose itself 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 effects due to the new production, the positive NII
generated by the banks are generally produced by the maturity transformation activity, similar to
the stylised balance-sheet we are working in. By maturity transformation we mean the un-hedged
funding of longer maturity assets with shorter maturity liabilities.
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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 immediately
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 table
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 interest rate risk, so the future losses are arising only from the accounting
standard that allow to distribute 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 yearly9 , 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 distributing 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 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 liability will be zeroing out each other. Moreover, after 5 years,
the roll over of the maturing liability 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 4 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 liabilities
are indexed to short term (1 year) floating 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 ability of the Bank to
charge a margin over the market interest rates, in addition to all the margins that are covering expected losses (i.e.: the credit spread), the funding costs (i.e.: the cost of funding spread), embedded
or financial optionalities, and infrastructure costs. In conclusion, 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 dividends,
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.
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.

9 According 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 4: 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.

3.2

The Economic Value and the Net Interest Income 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 profitability 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, liabilities 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 computed over an identical
horizon. In reality, we saw that the two metrics could identify 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 balance sheet perspective) and/or future business (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.
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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 computation of the exposure level.
Some banks model also the equity for IRRBB purposes, but we think that, in the end, the
EV is just the value of the equity, or the difference between the (expected) present value of
the assets, liabilities and off-balance sheet items.10 Alternatively, the stream of net interest
income that flows to the equity is just the result of the algebraic sum of the interests received
and paid. So, in either cases, it 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 reduce the risk exposures, by considering modellable a liability whose maturity
is undefined and whose intermediate payments 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 tautologically they are hedged out by the assets 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 generate.
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 liability 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, paying a fixed rate too. In Figure 5 we show the cash-flows
up to 10 years.
If we compute the EV including the equity, we have trivially that it is zero; moreover, if
we recompute it in a given scenario, 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 sensitivity of the sum of the market values of the assets and the liabilities, when
including the equity the metric will provide a completely misleading value. In our simple
example, ∆EV = 0, when in reality the shareholders bear the market risk of a 10-year fixedrate investment, which is obviously substantial. So, when modelling the equity, the Bank is
dangerously reducing the exposure to interest rate movements 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 scenario. Therefore, in this case too, the metric 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 example
the ∆NII would be zero even without 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 before): in this case, the
inclusion of the equity would again produce a zero NII sensitivity, whereas in reality the
shareholders 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 allocate them should
be based on the risk appetite 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)
equity modelling.
10 We

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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FIGURE 5: Interest rate payments paid and received, and their total, when the equity is modelled as a 10-year maturing
fixed-rate liability.

• 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 included 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 implicitly 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 affected. We cannot see why these components should be excluded
from the calculation of the EV. On the other hand, it is true that the expected NPV of any
contract should recognise all the risks that it bears.
For example, in a corporate loan, the 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 consequently the possibility that the cash-flow does not occur, should be take
into account 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 constant 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:
IE

A1 = ∑ D(t0 , ti )cf(t0 , ti ; A1 ) =
i =0

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 default risk, given the parameters of PD and
Lgd provided before, we derive the fair coupon by recursively solving equation (14), setting
A1 = 1, 000, 000.00 (the cash paid to the debtor in t0 ): the result is c = 3.1052%.
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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
Interest
Capital
34,741.74
34,394.32
34,050.38
33,709.87
33,372.77
33,039.04
32,708.65
32,381.57
32,057.75
31,737.17 904,382.08

Liability
Interest
Capital
17,748.37
17,748.37
17,748.37
17,748.37
17,748.37 1,000,000.00

Each cash-flow referring to the asset has been weighted for the probability of its occurrence,
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
A1 = 1, 000, 000.00

Liabilities
L1 = 1, 000, 000.00
——————–
E = 0.00

Let us check what happens to the sensitivity to a given scenario of the EV. Consider 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 ∆ PU EV = −64, 260.72. This is a quite different figure than
∆ PU EV = −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 considering also the additional
adjustments that are due to the risks they are meant to remunerate. In the example we presented, the cash-flows are adjusted by weighting them with the probability of their occurrence
implicit in the default probability of the asset. So the first part of the provision we are discussing should be considered 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 attitude.
It is worth stressing that, while the credit spread is set at the origination of the contract,
based on the conditions deemed fair by the market (or by the Bank) at that time, during the
life of the contract the PD and Lgd may change so that the weighting of the cash-flows may be
different 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 additional 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 considered, both for prudential reasons in calculating the risk metrics,
and to comply with a going concern principle, according 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, instead, 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 believe that the metric calculated in such a way is more representative of the value to
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the shareholders (which is what ultimately matters), and besides it provides a more accurate
sensitivity to a given scenario.11
We extend the example shown above, by assuming the Bank can default and therefore it pays
a credit spreads on its liabilities: 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
Interest
Capital
34,741.74
34,394.32
34,050.38
33,709.87
33,372.77
33,039.04
32,708.65
32,381.57
32,057.75
31,737.17 904,382.08

Liability
Interest
Capital
22,748.37
22,748.37
22,748.37
22,748.37
22,748.37 1,000,000.00

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 resulting NPV of the asset and liability, using the risk-free discount factors in Table 1, is:
Assets
A1 = 1, 000, 000.00

Liabilities
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 defaulted 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 ∆ PU EV = −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 commercial margins and other spread
components (only if the bank has included commercial margins 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 commercial margins and other spread components.
In our opinion, there is only one admissible curve to discount future cash-flows, and it is the
risk-free curve.12 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 smallest (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 shortcut to account for the credit risk and possibly additional costs
11 The 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.
12 See Castagna [5] for a discussion on this point.
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(e.g.: funding spreads). Anyway, we think that this approach 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 following:
IE

A1 = ∑ D e (t0 , ti )cf(t0 , ti ; A1 ) =
i =0

IE

∑ D e ( t0 , t i ) × c × N + D e ( t0 , t i ) × N

(14)

i =0

where D e is an effective discount factor that includes the credit spread. For example, assume
as before that PD = 1% and Lgd = 60%: the annual expected loss is EL = 1% × 60% = 0.60%.
To adjust the discount factor so that it considers the credit spread, one should multiply 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, D e (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 factors 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 appropriate. When using this approach for the liabilities, one cannot exclude the default
probability of the Bank in evaluating the NPV of the liabilities. We mentioned before 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.13
• ∆EV should be computed with the assumption 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 aiming at determining the current net (liquidation) value
of the Bank’s balance-sheet,14 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 disregarded.
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 maturity of the liabilities.
When computing the EV as the sum of the NPVs of both assets and liabilities, one does not
consider the fact that liabilities have to be necessarily rolled over to preserve the financial
balance constraint, at least until the expiry 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 liabilities 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 difference 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 liabilities,
provided no credit risk, and consequently 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
13 For

a more in depth discussion of these aspects, we refer once again to Castagna [5].
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].
14 It
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thus will overestimate the EV, and will in the end provide 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 balance sheet, this making it indistinguishable from a discounted NII. The
(expected) cash-flows are:
Asset
Interest
Capital
34,741.74
34,394.32
34,050.38
33,709.87
33,372.77
33,039.04
32,708.65
32,381.57
32,057.75
31,737.17 904,382.08

Liability
Interest
Capital
22,748.37
22,748.37
22,748.37
22,748.37
22,748.37 ± 1,000,000.00
38,360.62
38,360.62
38,360.62
38,360.62
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
A1 = 1, 000, 000.00

Liabilities
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
A1 = 843, 814.52

Liabilities
L1 = 948, 425.23
——————–
E = −104, 610.71

so that ∆ PU EV = −59, 847.59, compared to ∆ PU EV = −62, 893.41 when roll-over was considered.
It could be argued that the difference between the two figures of ∆ PU EV is not really material: this can be partially accepted as an argument, but the real point missing in the ∆ PU EV
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] refer to a change in the funding spreads, so apparently the Bank would
be fully compliant with the Regulator’s requirements. Nonetheless, since the same document
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, together with the changes caused by credit
spreads on the assets.15
When monitoring and assessing the CSRBB, we believe that disregarding the roll-over would
strongly underestimate the risk borne by the Bank.
15 For 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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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 this way, if a funding spread is projected for the future renewal of the
maturing liabilities, 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 interest
rate shock scenarios, complying with the following rules:
• Banks should include expected cash flows (including 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 components 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
wording, 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 market 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 prepayment of a mortgage will alter the payment schedule).
• ∆NII should be computed assuming a constant balance sheet, where maturing or repricing cash flows
are replaced by new cash flows with identical features with regard to the amount, repricing period and
spread components.
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 replacing the maturing
contract with a new one with the same features, may cause some problems. For example, it
is sensible to assume that the risk-free component of the contract should be determined 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.16 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 apply the spreads implied within it to determine
the new margin to apply.
In the end, if the Bank adopts the approach to compute the expected future values of the cashflows based on the interest 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 identical as far as the expiry, the amortisation mechanism and the type of interest
rate (fixed/floating and frequency) are concerned; at the same time, they can be renewed
considering also the expected values of the relevant quantities to determine the cash-flows.
• ∆NII should be disclosed as the difference in future interest income over a rolling 12-month period. We
have investigated the relationships between the EV and the NII above: we know that basically,
when accounting for discounting, the two metrics provide the same information. In practice,
the calculation of the NII may be operated until the expiry of the longest contract 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 assets’ and
liabilities’ configurations: we have already discussed the possible misleading indication provided by the NII when the bank operates in a regime of maturity transformation, and the
16 The 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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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 troublesome situations due to
the shorter duration of the liabilities. For example, a positive NII for the next year, with a
slightly (or even nil) negative sensitivity to an upward shift of the interest rate term structure, 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 transformation, funding
short-term assets with longer maturity. The low earning volatility is counterbalanced by a the
higher economic value uncertainty.

4.

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 interest rate shock scenarios. Such model is intended
for banks which (according to the relative Supervisors) do not meet the necessary requirements 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 standardised approach, dwells on the contracts subject 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.
4.1

Standardised Interest Rate Shock Scenarios

The key components of the standardized model for IRRBB are the six scenarios prescribed 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:17
• Parallel shocks (down and up):
∆R parallel,c (tk ) = J parallel,c (tk ) = ± R parallel,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):

where

∆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)

∆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 table in Figure 2, which is taken from the BIS document [1]. We
tried also to keep as much as possible the original notation of the BIS document [1] and reconcile
it with the one we introduced above.
The shocks are recalibrated every five years by the Basel Commitee to align them to the local
market conditions. The calibration procedure is explained in the Annex 2 of the BIS document [1]
and can be easily replicated by the Bank.
17 We 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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ARS
AUD
BRL
CAD
CHF
CNY
EUR
GBP
HKD
IDR
INR
JPY
KRW
MXN
RUB
SAR
SEK
SGD
TRY
USD
ZAR

Parallel
400
300
400
200
100
250
200
250
200
400
400
100
300
400
400
200
200
150
400
200
400

Short
500
450
500
300
150
300
250
300
250
500
500
100
400
500
500
300
300
200
500
300
500

Long
300
200
300
150
100
150
100
150
100
350
300
100
200
300
300
150
150
100
300
150
300

TABLE 2: Standard shocks (in bps) to apply to the reference risk interest rate curve, per currency.

4.2

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: liabilities included in CET1 capital computation as per the
Basel III framework, assets which are deducted from CET1 capital, fixed assets, intangible 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 exposure 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 maturity;
• 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 reference index;
• Notional tranche payments and interest payments that have yet to be repaid or repriced.
The bank has also to declare in a transparent way whether it decides to include, or exclude, the
fractions of notional repricing cash flows linked to spreads: these include any commercial, credit
and funding margins added to the contractual indexations. The general considerations 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 determine the timing of contractual rate shocks and their impact on the
banks balance sheet:
• Positions amenable to standardization: include fixed and floating rate items with no embedded
behavioral optionalities. If an automatic optionality (such as a cap/floor or callability) is
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Time bucket intervals (M: months; Y: Years)
Overnight O/N <
(0.0028Y) tCF
!
1M
(0.0417Y)
2Y
< 3Y
<
Medium- tCF ! 3Y tCF ! 4Y
term
(2.5Y)
(3.5Y)

1M
<
tCF
!
3M
(0.1667Y)
4Y
<
tCF ! 5Y
(4.5Y)

3M
<
tCF
!
6M
(0.375Y)
5Y
<
tCF ! 6Y
(5.5Y)

6M
<
tCF
!
9M
(0.625Y)
6Y
<
tCF ! 7Y
(6.5Y)

9M
<
tCF ! 1Y
(0.875Y)

7Y
<
tCF ! 8Y
(7.5Y)

9Y
<
tCF
!
10Y
(9.5Y)

10Y
<
tCF
!
15Y
(12.5Y)

15
<
tCF
!
20Y
(17.5Y)

tCF
>
20Y
(25Y)

Shortterm
rates

rates

Longterm
rates

8Y
<
tCF ! 9Y
(8.5Y)

1Y
<
tCF
!
1.5Y
(1.25Y)

1.5Y <
tCF ! 2Y
(1.75Y)

TABLE 3: Time bucket grid for cash flow slotting.

included, this is stripped out of the contract: the “simple” cash flows are slotted in this
category, while the optional components are allocated to the next category.
• Positions less amenable to standardization: include all the explicit or embedded automatic interest rate optionalities which have been separated from the original contracts.
• Positions not amenable to standardization: include all deals with embedded behavioral optionalities, namely: Non-Maturing Deposits (NMDs), fixed rate loans with prepayment risk and
deposits with early redemption 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 3, 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 instruments are slotted in the first bucket within which the next repricing date occurs, without any
further slotting except for the possible spread components that do not reprice on that date. We
understand that within a standardised 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 discounting 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 discounting curves are dependent on the reference index used
to build them, so that the curve based on Eonia swap prices, which we argued is the correct discounting curve, is quite different from the discounting curve bootsrapped from fixed-to-6m-floating
swap curves. Thus the simplifying assumption may produce relevant distortions in the calculation
of the ∆EV, without making life so much easier to the people 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 redemption 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
www.iasonltd.com
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business toward which the bank has less than 1 million in total notional exposure); they are
further divided between a) transactional and b) non-transactional deposits, depending on the
frequency of transactions being carried on and from the deposit account.18 This categorisation
will affect the slotting, as we will explain in a moment.
2. Separation in two parts: i) stable and the ii) non-stable, of each NMD category identified 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 compute
the distribution of the variations of the deposits volumes over the previous 10 years and then
choose a predefined percentile (say the 99th of the negative variations) and deduct it from
the volumes in the balance sheet at the reference time. The stable part is further split in i)
core deposits, 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 regulatory
buckets. The quantity of deposit to assign to each bucket is left to the Bank, provided 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.

Retail/transactional
Retail/non-transactional
Wholesale

Cap on proportion of core deposits
90
70
50

Cap on average maturity of core
deposits (years)
5
4.5
4

It is worth noting that the final BIS document [1] outline the treatment of NMD in very general
terms, in any case in much less detail than the consultative document [2], thus leaving 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 consultative document [2], explicitly asserted the equivalence between the noncore proportion of stable deposits and the fraction of the (variations of) market interest rate passed
through to deposits. This equivalence is based on the very common approach adopted in the
banking industry to deal with NMD, which unfortunately in the current financial environment
show some deficiencies.
In more details, the common banking industry approach relies on two assumptions:
1. NMDs bears an interest rate which is always a fraction of the market interest rate (say: the
1M Euribor), or, alternatively said, NMDs are a liability yielding a positive carry;19
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 ordinary 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.
18 Deposits

bearing no interest are assumed to be transactional.
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.
19 It

34

www.iasonltd.com

Research Paper Series

To see this, let us see formally where the equivalence comes from: very generally, the total
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 total 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 regression on the past data of the kind:
∆i (t) = β∆r (t) + ε(t)
By the properties of the OLS, the expected 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’ movements, as it can be easily shown by rewriting the equation above
so that we have a direct dependence on the market rate’s change, although on a fraction β of the
entire deposit volume 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 recursion, 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 reflect 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 noncore deposits is that when there is a floor at zero on the rates paid on deposits, this pricing policy
cannot be captured at all.20 Actually, the relationship cannot be linear, when a floor options 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 basis, 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 standardised 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 standardised approach, the
slotting of the initial deposits’ volume is unaffected by any of the predefined six scenarios, hence
confirming the substantial 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 document [1] as an acceptable alternative to proprietary models, it
20 Floors 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)
1
2
3
4
5
6

Interest rate shock scenarios
Parallel up
Parallel down
Steepener
Flattener
Short rate up
Short rate down

yi (scenario multiplier)
0.8
1.2
0.8
1.2
0.8
1.2

TABLE 4: Parameters γ for the standardised scenarios to calculate the conditional constant prepayment rate.

should be replaced by a more advanced framework if the Bank wishes to better measure and manage its risks. In Castagna e Fede [8], ch. 9, we present one of such advanced approaches, which
we name stochastic risk factor; for a further development of this approach 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 computed in practice, even if beyond the mere
interest rate risk monitoring.
Other instruments with embedded behavioral options that do not classify as NMDs are treated
separately. They range on all deals for which the customer’s choice (based on the observed movements of market interest rates) is able to modify the magnitude and the timing of the cash flows
expected by the bank. Options owned by wholesale customers, which are treated as automatic
options in the “less amenable to standardization” category, are excluded from the following procedures.
ii) Fixed-Rate Loans Subject to Prepayment Risk
Banks bear a major behavioural risk, affecting 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.
The standard IRRBB procedure for these products starts with the assessment of the baseline
p
conditional constant prepayment rate for each portfolio of homogeneous loans, denoted as CPR0,c .
It is possible to have also a non-constant prepayment rate, associated to each time tk , and that can be
p
denoted as CPR0,c (tk ). The calculation approach for this initial parameter is decided autonomously
by the bank, and subject to the approval of the national supervisor.
Once the baseline rate has been computed, the prepayment rate for each standardised scenario
i is obtained as
p
p
CPRi,c = min [1, γi CPR0,c ].
(19)
The γ multiplier is determined for each scenario in the table shown in Figure 4: as intuitively
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 Figure 3. Given the scenario i on portfolio p denominated in currency
c, the cash-flow series on subsequent time buckets is given by:
p

p,s

p

p

cf0,c (t0 , tk ) = cf0,c (t0 , tk ) + CPR0,c × N0,c (tk−1 )

(20)

p,s

where cf0,c (tk ) is the contractually scheduled (i.e.: fixed in time tk ) interest and principal payments,
p
p
and N0,c (tk−1 ) represents the outstanding notional at the time bucket tk−1 . Finally, cf0,c (k) is the
expected total cash-flow, considering 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,
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Scenario number (i)
1
2
3
4
5
6

Interest rate shock scenarios
Parallel up
Parallel down
Steepener
Flattener
Short rate up
Short rate down

yi (scenario multiplier)
1.2
0.8
0.8
1.2
1.2
0.8

TABLE 5: Parameters u for the standardised scenarios to calculate the term deposit early redemption rate.

without a proper quantification 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 dependent on
the level of market rates, so that the amortisation schedule depends on each of the predefined interest rates scenarios. Nonetheless, since the dependence is only deterministic and the scenarios are
not defined in terms of a probability distribution, not even a rough evaluation of the prepayment
option is possible, withut mentioning the fact the no Greeks can be computed for dynamic hedging
purposes. 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 market interest
rates, which should be modelled as stochastic processes too.
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 possibility for the
customer to withdraw the deposited funds earlier than contractually agreed. In this general case,
expected cash flow can be considered fixed and slotted into the time bucket closest 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 earlier than the contract schedule, the bank firstly organises the whole
product group subdividing it into homogeneous portfolios for each currency. Then, a baseline term
p
deposit early redemption rate TDRR0,c for each currency c is computed, and used to obtain the
rate for each scenario i by means of the formula:
p

p

TDRRi,c = min [1, ui × TDRR0,c ]

(21)

where the u multiplier is given by the table in Figure 5.
Unlike the loan case, all cash flows deriving 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 determined by:
p

p

p

p

cf0,c (t0 , t1 ) = TD0,c × TDRRi,c

(22)

where TD0,c is the outstanding amount of deposits of type p, at the reference date. The remaining
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 floating rate contracts are treated separately from
the other categories. All interest rate options which are sold to customers have to be included 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 angle, since disregarding bought options does not make the risk measurement
less prudential.21 Under a managerial point of view, missing the sensitivity due to the long options
in the banking book portfolio is not reasonable.
21 This

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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nao
The risk measure for this category comes in the form of an add-on which is added to the ECi,c
,
o
which is defined below. For each sold option o, the value of the change ∆FVOi,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 implied volatility of 25% (we assume this increase 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 .
q

Similarly, for each bought option q, the bank will calculate the change ∆FVOi,c as the difference
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

Q

o =1

q =1

q

o
− ∑ ∆FVOi,c
∑ ∆FVOi,c

(23)

where O and Q is the total number of options sold, respectively bought, by the bank.
4.3

Calculation of Standardised EVE Risk Measure

Up to now, we have only described the preliminary 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 calculation 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 aggregated 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 simply 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:
nao
EVi,c
=

K

∑ cfi,c (t0 , tk )Di,c (t0 , tk )

(24)

k =1

After calculating the interest rate sensitivities for all categories of the banking book products,
the final standardised risk measure is obtained by all the different EVs.
Firstly, a ∆EV measure is obtained for all scenario-currency pairs as follows:
nao
nao
∆EVi,c = EV0,c
− EVi,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.
T
The standardized EV risk measure for IRRBB, which we denote as ∆STD
EV, is given by the
maximum, over the six scenarios, of sum of all positive ∆EV in each currency c:
'
%
&(
T
∆STD EV = max
max 0;
(26)
∑ ∆EVi,c
i ∈{1,2,...,6}

c:∆EVi,c >0
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FIGURE 6: A visual summary of the Standardised Framework proposed by BIS.

Formula (26) is the one given in the BIS document: 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 6.
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5.

Conclusion

The analysis that we have presented aims at fleshing out possible problems arising from a strict,
or simplified, application of the framework 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], 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 investigate how to
soundly measure and monitor the basis and credit risk, both in our opinion 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 encompassing framework.
Even if it seems that the CSRBB is not essential 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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