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Editorial

Dear Readers,

In December 2017, European Banking Authority issued a discussion paper on
the implementation of the revised market risk and counterparty risk frameworks
in the European Union.

Iason was glad to have the opportunity to comment on this discussion paper
and took advantage of this to examine in depth the Basel IV regulations on market
risk and counterparty risk frameworks, contributing to Committee work.

The Trading Book section in Argo’s summer issue was inspired by this work,
indeed the authors analyse the Basel IV regulations and the related committee’s
proposals, following the path drawn by Gianbattista Aresi and Luca Olivo in
previous issues (“The Fundamental Review of the Trading Book Standardised
Approach for Market Risk: Revision and Challenges” and “The Effects of FRTB
in the CVA Risk Framework” issued in Argo n.11 and Argo n.12, respectively).

In particular, within the first article “Synergies and challenges in the imple-
mentation of Basel IV regulations” the authors propose a comparison between
the revised FRTB-SBA, CVA and SIMM highlighting the potential challenges
that a bank can face in implementing the new regulation. Moreover they identify
possible synergies between the regulations which permit interested parties to
benefit in their implementation, with potential economic savings.

In the second paper “SA-CCR: Implications and Challenges of the New Reg-
ulation” the author discloses a general overview of SA-CCR framework focusing
the attention on European Banking Authority’s proposal on the corrections to
supervisory delta and the mapping of derivative transactions to risk categories,
looking into future possibilities.

Finally, in the Stress Test section we propose you a relevant contribution on
bank balance sheet by Antonio Castagna and Federico Mondonico: the study
focuses on modelling banking commissions in the econometric field, introducing
an innovative procedure based on a Bayesian approach to overcome it.

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

Enjoy your reading!

Antonio Castagna
Luca Olivo

Giulia Perfetti
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Editorial

Synergies and Challenges
in the Implementation of

Basel IV Regulations
aaaa

Bianco Beatrice * Romanini Michele *

D ue to the need for all European banks to comply with the upcoming regulatory frameworks issued by
BCBS and ISDA authorities, the authors decided to analyze three of the most impacting regulations
for the bank Risk IT function. The recent regulatory need to have a more risk-sensitive framework

translated into the design of quite refined methodologies also for standardized approaches: considering the
sensitivity-based common approach, the authors chose to focus on the FRTB-SBM, SIMM and SA-CVA
regulations and to give a representation of the workflow needed for the metric calculation. The article has
the intention to find all relevant similarities and synergies, both on a methodological and technical point of
view, that can be exploited by banks, as well as to warn against some challenges that can arise from their
implementation.

IN this article we want to give a better un-
derstanding of the latest regulations, pub-
lished by the Basel Committee and ISDA,

that will impact the Capital Requirement cal-
culation for all banks. We decided to focus
on FRTB–SBM, SIMM and SA–CVA regulations
because they have to be implemented in the
forthcoming years, their implementation will
require a relevant computational effort, espe-
cially small and medium-sized banks will face
the most significant challenges, and finally but
not for importance, because they share some
important common features.
In the first chapter we give a brief overview
of the regulatory framework of the above cap-
ital requirements, with the specific rules and
definition of the product perimeter affected by
the new rules. The second chapter is dedicated
to the comparison of the three workflows, that
have been split in three main phases, following
the general wisdom: risk factor identification,
net sensitivities calculation and metrics calcula-
tion.
Our aim is to highlight possible challenges that
banks will have to cope with in the compliance

with the new regulations and also to find some
synergies across the three frameworks that can
be exploited during the implementation phase.

Description of the Regulations

In this chapter we outline, for each regula-
tion, the framework proposed by the regula-
tors. More specifically we focus on workflows,
perimeters, inputs and results that distinguish
the different prudential rules.

Overview of FRTB-SBM Capital Charge

The Sensitivity Based Method (SBM) is one
of the three new market risk frameworks in-
troduced by the Basel Committee on Banking
Supervision (BCBS) in January 2016 [3]. This
framework focuses on the market risk (Trading
Book PL due to the change in market prices)
and it is based on the aggregation of net sensi-
tivities of the risk factors the bank is exposed
to.
The other two charges that complete the FRTB

*At the time of the writing of this article, the authors were working for Iason Consulting.
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Standardised Approach framework are the De-
fault Risk Charge (introduced to capture pure
default risk and Jump–to–Default exposure)
and the Residual Risk Add–On (additional
risk charge for exotic underlying risk and other
residual risks not included in SBM and DRC).
Banks can also create their own internal model
for capital requirement calculation by following
the FRTB-Internal Model Approach framework.

With respect to Basel II.5 rules, the revised
SBM aims to be a more risk–sensitive approach
in order to give a credible fallback for trading
desks not eligible for IMA and an appropriate
standard for banks that don’t implement an
internal model.

In the SBM framework there are three Risk
Charges that need to be computed and summed
up in order to calculate the final Capital Re-
quirement:

1. Delta: risk measure calculated for all in-
struments in the Trading Book based on
the price sensitivity to a change in the
derivative underlying;

2. Vega: risk measure calculated for all in-
struments with optionality based on the
price sensitivity to a change in the deriva-
tive implied volatility;

3. Curvature: risk measure calculated for all
instruments with optionality that takes
into consideration the incremental risk not
captured by Delta Risk Charge based on
two stressed scenarios.

More specifically, all the instruments whose
payoff cannot be written as a linear function
of the underlying or instruments with option-
ality are subject to Vega and Curvature Risk
Charge (e.g. call, put, cap, floor, swaption,
barrier/convertibility/prepayment option . . . ).
The optionality might impact also RRAO frame-
work.

Net sensitivities for each Risk Charge are
divided into 7 Risk Classes and grouped into
buckets by common features. Risk Classes are
the usual asset classes and, according to FRTB
naming convention, they are: General Interest
Rate Risk (GIRR), Credit Spread Risk for non
securitization (CSR non-sec), Credit Spread Risk
for securitization (CSR sec), Credit Spread Risk
for securitization and correlation trading portfo-
lio (CSR sec CTP), Equity Risk, Commodity Risk

and FX Risk. A synthetic picture is reported in
Figure 4.

After the risk factor identification and asso-
ciation, the calculated metrics have to be aggre-
gated and an hedging benefit is recognized in
this process: sensitivities are multiplied with a
Risk Weight and aggregated with two correla-
tion matrices given by the regulator. The first
aggregation involves the sensitivities within
the same bucket and the second aggregation
takes in to account different buckets of a single
Risk Charge. Figure 1 represents all the steps
of the workflow with a specific focus on the
first bucket of IR Delta; other buckets and risk
charges follow a similar workflow.

Furthermore, with the calculation of three
Capital Requirements, the risk that correlation
between assets may change during a financial
crisis must be taken into consideration. For this
reason Delta, Vega and Curvature are based
on different correlation scenarios: the first sce-
nario is defined as the regulatory prescribed
correlation matrices, in the second scenario
the prescribed correlations are multiplied by a
factor of 0.75 and in the third scenario the pre-
scribed correlations are multiplied by a factor
of 1.25 capped at 100%.

The Basel Committee issued on March 2018
[5] a draft revision of the Standardised Ap-
proach for FRTB-SBM, in this paper the Commit-
tee wants to share the revisions that will impact
FRTB-SBM regulation version of 2017. Enhance-
ments involve FX liquid pairs, methodology for
calculating low correlation scenario matrix and
Curvature Risk Charge calculation.
Concerning FX liquid pairs, triangulation of liq-
uid pairs can be considered itself a liquid pair
in the FX Risk Class; for example USD/EUR
and USD/BRL are in the list of liquid pairs so
also the triangulation EUR/BRL is considered a
liquid pair too.
The Basel Committee proposed a new methodol-
ogy for calculating the low correlation scenario
because it observed that, for risk factors that
have high correlations with no regard to market
conditions, the low correlation scenario tends to
underestimate the empirical correlation.
Curvature Risk Charge calculation has been
changed in order to improve the following two
aspects: the cliff effect (an abrupt increase in
the capital charge that happens if both up and

8
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FIGURE 1: We here provide a graphic description of the workflow representing the various steps needed to calculate the
final capital requirement according to the FRTB-SBM regulation. The focus has been put on the IR Delta, but the process
is analogous for the other Risk Types.
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down stress scenarios are negative, due to the
alternative specifications that banks must apply)
and the approach to apply stressed scenarios
(the capital requirement will not be calculated
on the worst stressed scenario because it can
lead to two financial instruments very closely
related having the capital requirement calcu-
lated on opposite stressed scenarios).
The last changes prescribed by the regulation
are different risk weight that have to be applied
to GIRR sensitivities. In this draft there are also
two open points for the Curvature Risk Charge
concerning how to avoid the double counting
for FX Curvature Risk and the possibility not to
apply stressed scenarios at bucket level but at
’sector’ level, where sectors are specific subsets
of buckets.

Overview of SIMM

The Standard Initial Margin Model (SIMM)
is the new model for calculating the initial mar-
gin for non–cleared OTC derivatives, published
by ISDA in December 2017 [6]. This new model
is aimed to update the previous recommenda-
tions issued on March 2015 by the Working
Group on Margin Requirements composed by
BCBS and IOSCO [2], where they proposed two
alternative methods for the calculation of the
Initial Margin: the Standard Approach Schedule
or an approved Initial Margin Internal Model.
As well as FRTB–SBM, also SIMM uses sensitiv-
ities as inputs for the aggregation formulae and
it recognizes some hedging and diversification
benefits.

The purpose of these models is to set
common and minimum standards for Margin
Requirements for non-centrally cleared OTC
derivatives that are supposed to be subject to
higher capital requirements after 2007 financial
crisis. Margin requirements are divided in two
types: Variation and Initial Margins.
Variation Margin is a variable margin payment
made by the Out-of-The-Money counterparty to
the In-The-Money counterparty in order to pro-
tect the ITM counterparty from an unexpected
loss due to a default of the OTM counterparty.
With this protection against the default of the
OTM counterparty, the ITM counterparty will
be able to replace his positions without any
loss. Collateral has to be posted on a daily
frequency and it is the difference between the
Mark-to-Market of the netting set adjusted by
the haircut and the Variation Margin already
posted. Mark-to-Market of the netting set is
the sum of the Mark-to-Market of the trades

(the cost of replacing the trade at current mar-
ket prices) with a single counterparty that are
subject to a legally enforceable bilateral netting
agreement. Eligible collateral can be cash or
non-cash assets (gold, government/corporate
bond or equity) according to regulation. Posted
collateral can be reused, re-hypothecated and it
doesn’t need to be segregated.
Initial Margin protects the non-defaulting
counterparty against losses that may occur
if replacement costs of the instruments are
higher than the Variation Margin posted. This
losses will happen if the Mark-to-Market of the
netting set of the non-defaulting counterparty
has increased since the last posting of Variation
Margin and if there is a timing delay between
the default and the actual closing out of the
netting set. The closing out of the netting set
is the claim of the non-defaulted counterparty
based on the net value of all the trades. A
sound model for Initial Margin must be able to
estimate a distribution of losses due to future
changes in the value of the Mark-to-Market of
the netting set and the collateral during the
Margin Period of Risk (the time between the
last Variation Margin collateral posting and the
closing out of the position). This model should
also take into consideration the volatility of the
Mark-to-Market and the possible impacts that
the default may have on liquidity and other
market risk factors. Initial Margin posting is
a two-way collateral and follows a ’defaulter
pays’ principle: each counterparty post to the
other a given collateral; in case of default of
one institution, the other counterparty will re-
ceive back the collateral posted. The collateral
received plus the collateral already held will be
used in order to cover the losses that may occur.
Collateral posted can be cash or non-cash assets
but it must guarantee an immediate access to
the non-defaulting counterparty, so it can’t be
reused or re-hypothecated.

The workflow of the SIMM metric is similar
to SBM’s one and can be divided into the same
logical steps: risk factor identification, metric
calculation and metric aggregation.

In the case of SIMM, 6 Risk Classes are iden-
tified: Interest Rate, Credit Qualifying, Credit
non Qualifying, Equity, Commodity, FX. As
for FRTB-SBM, these Risk Classes have the
purpose of identifying and classifying relevant
risk factors. In addition, a further level of clas-
sification is introduced with the purpose of

10
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assigning each trade to a single asset class. To
this end, four Product Classes are identified:
RatesFX, Credit, Equity or Commodity. Within
each product class, the six risk classes take
their component risks only from trades of that
product class, e.g. Interest Rate risks for eq-
uity derivatives (associated to Equity product
class) will be kept separated from Interest Rate
risks for IRS derivatives (associated to RatesFX
product class). Inside each risk class, trades
are classified into buckets following common
features. In Figure 4 there is a recap of Risk
Classes with associated metadata, risk weights
and correlations, while the aggregation work-
flow is summarized in Figure 2.

After the association of metadata to risk
factors, net sensitivities for each trade are cal-
culated for Delta, Vega, Curvature and Base
Correlation Margin:

• All trades are subject to Delta Margin in
order to capture the linear sensitivity to a
change in the derivative underlying;

• Option–based derivatives or instruments
subject to optionality are subject to addi-
tional Vega Margin and Curvature Margin,
those requirements take in consideration
the linear and non-linear sensitivity to a
change in the implied volatility of the op-
tion;

• Instruments that are influenced by correla-
tion between defaults of different credits
within an index (e.g CDO tranches) are
also subject to Base Correlation Margin
(in the SIMM framework, the Base Corre-
lation Margin is applicable only to Credit
Qualifying risk class).

Net sensitivities are scaled with a risk weight
and a concentration factor before starting the
double aggregation: the first aggregation in-
volves sensitivities for the same bucket and
the second aggregation involves buckets for the
same Delta/Vega/Curv/BaseCorr Margin for
one risk class; both aggregations use correlation
matrices prescribed by the regulator.
The Initial Margin for a single risk class is the
simple summation of the specific Delta/ Vega/

Curv/ BaseCorr Margins. The six Initial Mar-
gins (one for every risk class) must be aggre-
gated by using a third correlation matrix in or-
der to calculate SIMM for each single product
class.
The simple summation of the four product class
SIMMs gives the final SIMM. An additional
margin can be incorporated for notional–based
add–ons for specified products and/or multipli-
ers to the individual product class SIMM Mar-
gins.

Overview of SA-CVA Capital Charge

The Credit Value Adjustment (CVA) is the
adjustment of the fair value of derivativesb and
securities financing transactions (STFs) in or-
der to take into account the downgrade of the
counterparty quality and the shifts in relevant
market risk factorsc. Since the introduction of
Basel III a bank is in fact obliged to set apart
capital for the risk of market-to-market losses
in the expected counterparty risk of the OTC
derivatives which, together with the SFTs, are
the target of the regulatory framework of the
CVA.
The Basel Committee in 2015 [4] started an
important review of the CVA risk framework
which has been finalized in December 2017
[1] with the publication of the new Basel III
standards. This updated version suggests a
new approach for CVA capital charge that is
more consistent with the revised framework
for market risk (FRTB), whose application will
be enforced starting from January 1st, 2022 for
both of the aforementioned regulationsd.

In order to be authorized to apply the SA
method, banks need to meet some eligibility
criteria: the ability to model exposure and to
calculate CVA and CVA-sensitivities to the rele-
vant market risk factors, the presence of a robust
methodology to approximate the credit spreads
for illiquid counterparties, and the existence of
a dedicated CVA desk responsible of CVA risk
management and hedging.

The frequency of the capital charge cal-
culation is at least monthly and on demand.
The framework of the final revision could be
summed up in three main directions:

bExcept the derivatives transacted directly with a qualified central counterparty.
cThe market risk factors sensitivity has been introduced by the Basel Committee in the paper ”Basel III: Finalizing

post-crisis reforms”, Dec, 2017.
dIn the first consultative paper, the BCBS suggests three different frameworks: the internal model approach (IMA-CVA),

the standardized approach (SA-CVA) and the basic approach (BA-CVA) for all those banks who don’t match the eligibility
conditions for the first methods. Since the IMA-CVA has been removed by the BCBS in a consultative paper published in
2016, the SA-CVA is the most refined method a bank can adopt.

Issue n. 13 / 2018
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FIGURE 2: In this Figure we provide a graphic description of the workflow of the SIMM aggregation. The focus is on the
Bucket 1 of the IR Delta, but the process is analogous for other buckets and risk charges.

12
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1. Enhance risk sensitivities taking into ac-
count also the underlying market risk fac-
tors in the exposure component and its
associated hedges;

2. Strengthen robustness removing the pos-
sibility of using an internal model and
leaving space to only three alternatives in
the CVA capital charge computation: SA-
CVA, BA-CVA and a less computational
intensive method for all the banks which
have an aggregated notional amount of
non-centrally cleared derivatives less than
or equal to 100 billion which consists in
setting the CVA bank capital equal to 100%
of the bank’s capital requirement for CCR.

3. Improve consistency with the revised
FRTB framework.

In order to have the supervisor approval to
use the SA-CVA for the capital charge, the CVA
must be calculated at a counterparty level as
the expectation of the future loss resulting from
the default of the counterparty assuming that
the bank itself is default-free (therefore, only
unilateral CVA is considered in contrast to Ac-
counting CVA) and, furthermore, it must be
calculated making use of the following inputs:

• The term structure of market-implied PD;

• The market-consensus ELGDe;

• The path of discounted future exposuresf.

Regarding the calculation of the capital
charge, the main principles that banks strictly
have to follow are:

• The use of six asset classes (Interest rate,
Foreign Exchange, Counterparty Credit
Spreads, Reference Credit Spread, Equity,
Commodities);

• To perform the sum of the delta and vega
(for which the Counterparty Credit Spread
is not taken into account) risk calculated
for the entire CVA book in order to have
the overall CVA capital requirement;

• In case of index hedging instruments, the
calculation of the sensitivities to all risk
factors upon which the index depends, is
mandatory

The SA-CVA uses as input the sensitivity
of regulatory CVA to both counterparty credit
spreads and market risk factors.

Six risk asset classes are defined as rele-
vant: Interest Rate (IR), Foreign Exchange (FX),
Counterparty Credit Spreads, Reference Credit
Spread, Equity and Commodity. Details for the
risk factor mapping and associated metadata for
each asset class are defined in Figure 4. Delta
and Vega sensitivities have to be calculated
for these risk classe. The capital requirement
for delta risk is given by the sum of the delta
capital requirements for all the six asset classes.
The capital requirement for vega risk is given
by the sum of the vega requirements for only
five asset classes (Counterparty credit spread is
excluded).

The workflow can be summed up in the fol-
lowing steps. Net sensitivities for each Risk
Charge are divided into 6 Risk Classes and
grouped into buckets according to the features
of the risk taken into account. After risk fac-
tors identification and association, the calcu-
lated metrics have to be aggregated as explained
in Figure 3 and an hedging benefit is recog-
nized to the CVA portfolio only for those prod-
ucts who respect the eligibility criteria. The
Delta and Vega sensitivities are multiplied for a
Risk Weight, which is usually different for each
bucket; after that, they are aggregated taking
into account, first, intra-bucket correlation pa-
rameters and, then, across-bucket correlations
set by the regulators.

eThe same used for credit spreads risk-neutral default probabilities
fComputed as the pricing of the derivatives transactions related to that counterparty based on simulated paths for their

relevant market risk factors

Issue n. 13 / 2018
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FIGURE 3: In this Figure we provide a graphic description of the workflow of the CVA aggregation. The focus is on the
Bucket 1 of the IR Delta, but the process is analogous for other buckets and risk charges.
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Comparison between FRTB –
SBM, SA – CVA and SIMM

Capital Charges

The aim of the second chapter is to compare
the three regulations described above, in order
to identify the synergies and the challenges that
a bank has to cope with during the implementa-
tion phase. The first common feature among all
the regulations is that the workflow can be split
into three steps which share the same logic: risk
factors identification, net sensitivities calcula-
tion and metrics aggregation. The first phase
has the highest level of synergies, while the sec-
ond one presents the most important challenges
for the implementation of the regulations. It
has to be highlighted that in FRTB–SBM and
SA–CVA schemes there is the possibility for
small banks or banks with a smaller trading
activity, to opt for a reduced regulation.
In the following paragraphs, we will highlight
synergies and challenges among FRTB–SBM,
SA–CVA and SIMM regulations, for each one
of the above mentioned phases.

Risk Factor Identification

We identify the two following relevant syn-
ergies:

1. Regulatory workflow is common as the
banks must always identify the Risk Fac-
tors and associate metadata to them in
order to implement the bucket classifica-
tion;

2. The hierarchy used for the risk factor clas-
sification has a common structure among
regulations.

The first synergy concerns the common work-
flow, for which the bank must be able to:

• Identify the set of Risk Factors to which
it’s exposed;

• Isolate the specific perimeter involved for
each regulation:

– The entire Trading Book and the
Commodity/FX positions of the
Banking Book for FRTB–SBM;

– All the non–centrally cleared deriva-
tives, SFTs and CVA eligible hedges
for SA–CVA;

– All the non–cleared OTC derivatives
for SIMM;

• Associate metadata in order to classify the
Risk Factors into individual buckets.

Some peculiarities are:

• In the SA–CVA framework, the bank must
estimate the credit spreads for illiquid
counterparties from quoted spreads;

• In the SIMM framework the bank has also
to associate single trades of each Product
Class to the Risk Classes that affect the
trade.

The second synergy involves the hierarchy of
the classification, which, generally speaking, is
structured in the classical five risk macro–areas:
Interest rate risk, Credit risk, Equity risk, Com-
modity risk and FX risk. However, some dif-
ferences are present at the detail level. The
most relevant difference regards the Credit
macro–area:

• In the FRTB–SBM, Credit risk is divided
in three areas, namely CSR non securiti-
sation, CSR securitisasion non correlated
portfolio and CSR securitisation correlated
trading portfolio;

• In the case of CVA, the sub-areas of Credit
risk are counterparty credit spread (the
credit spread for the derivative’s coun-
terparty) and reference credit spread (the
credit spread that drives the market value
of the derivative);

• In the SIMM case, the division is simi-
lar to the FRTB–SBM one and the areas
are Credit Qualifying (approximately CSR
non securitization + securitization corre-
lation portfolio) and Credit Non Qualify-
ing (approximately CSR securitization non
correlation trading portfolio).

FRTB-SBM framework prescribes the highest
level of granularity because the perimeter im-
pacted is the widest of the three regulations.
Furthermore, Supervisors usually force banks
to provide a deeper disclosure on market risk
exposure and trading activities as it is one of
the most common and relevant financial risks
that might deteriorate solvency of the institu-
tion. On the contrary, SA-CVA has the lowest
level of granularity because it implies the high-
est computational effort.
Let’s now investigate, for each Risk Class, which
are the similarities concerning the association
of metadata to Delta risk factors among all the
regulations.

Issue n. 13 / 2018
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Interest Rate

Risk factors for Interest Rate risk are defined as
some specific pillars (called vertices) of the risk-
free yield curves and have to be associated with
two metadata: the type of the curve (inflation,
Cross–Currency Basis or zero curve) and the
currency of the curve. However, the required
granularity of risk factors is different for the
three regulations. In the FRTB–SBM framework,
inflation and CCB curves are considered flat,
while the zero curves must have ten vertices:
0.25y, 0.5y, 1y, 2y, 3y, 5y, 10y, 15y, 20y and 30y.
In the CVA framework, flat inflation curves and
the five vertices 1y, 2y, 5y, 10y, 30y for the zero
curves are considered (Cross Currency Basis
curves are not relevant in this framework). For
the SIMM regulation, as in the FRTB-SBM, there
are flat inflation and CCB curves, but in addi-
tion there are twelve vertices for the zero curves:
2w, 1m, 3m, 6m, 1y, 2y, 3y, 5y, 10y, 15y, 20y and
30y.

Credit

Credit macro–area is the one that shows the
highest level of differences, especially in the
perimeter of the regulations: FRTB–SBM and
SIMM prescribe a specific Risk Class for com-
plex credit derivatives (e.g. resecuritizations,
nth–to–default, ABS, . . . ) while SA-CVA has
one single framework for all credit derivatives.
Nevertheless, CVA framework takes into consid-
eration both the credit spreads of the counter-
party and of the underlying of the credit deriva-
tive. For all of the three regulations, risk factors
are represented by the credit spreads of the un-
derlying curves (in case of credit plain deriva-
tives and securitisations) or of the tranches (in
the case of complex derivatives). The metadata
that have to be associated to those risk factors
are credit quality (Investment Grade or High
Yield/Non Rated), industry sector of the issuer
and five vertices of the credit curve (0.5y, 1y, 3y,
5y, 10y for FRTB–SBM and SA-CVA for counter-
party credit spreads and 1y, 2y, 3y, 5y, 10y for
SIMM.). There are also different rules for the
risk factor identification in case the credit deriva-
tive is a securitisation or a plain one. Credit
quality is not a relevant metadata for counter-
party credit spread in the SA-CVA framework.

Equity

For the Equity macro – area, risk factors are
represented by equity prices and – in the
FRTB–SBM framework – also by repo rates. The

metadata used for Equity products are the size
(large or small, accordingly to the market capi-
talization threshold of USD 2 billion), the region
(emerging market or advanced economies) and
four sectors (this differentiation holds only for
those equity Risk Factors classified in the ‘large’
size). FRTB–SBM and CVA frameworks have
also a residual bucket for non classifiable risk
factors, while SIMM framework has no residual
bucket but two other buckets named ‘Indexes,
Funds, ETFs’ and ‘Volatility Indexes’.

Commodity

Commodity Risk Factors are represented by
commodity spot prices for all the regulations.
The metadata associated to the prices used
in FRTB–SBM framework are commodity con-
tract grade (the minimum accepted standard for
the deliverable commodity), delivery location,
time to maturity of the instrument (considered
vertices are 0y, 0.25y, 0.5y, 1y, 2y, 3y, 5y, 10y, 15y,
20y and 30y) and commodity typology used for
bucketization. This last metadata is common
for all the regulations, but there are some dif-
ferences in its granularity: CVA and FRTB–SBM
have 10 different buckets plus a residual bucket,
while SIMM prescribes an higher degree of gran-
ularity with 15 different buckets plus ‘Indexes’
and a residual bucket.

Forex

FX Risk Factors are all the ccy pairs between
the domestic currency of the bank and the cur-
rency of the derivative. The pairs need to be
associated to the list of liquid currencies (for
FRTB–SBM) or to the high/medium/low volatil-
ity currencies (for SIMM). Currencies within
this lists are allowed to compute a lower sensi-
tivity in order to take into account for the lower
liquidity risk. In addition to pairs cointained
within the list, also triangulations of those pairs
are allowed to the reduced capital requirement.
For example, if USD/EUR and USD/BRL are in
the list of liquid pairs so also the triangulation
EUR/BRL is considered a liquid pair too.

Vega Risk Factors

Vega risk factors are the implied volatilities that
enter in the pricing models of the instruments,
SA-CVA also takes into account volatilities used
for the risk factor path generation. Bucket clas-
sification is similar to Delta risk factor’s one, so
also the metadata that have to be associated to
Vega risk factors is similar.
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Net Sensitivities Calculation

For a bank, this phase is the most challeng-
ing one; the calculation of the metrics must
be compliant to prescribed bumps and formu-
las, furthermore the risk IT engine should be
upgraded in order to handle properly higher
computational burden and increased number of
data with respect to past regulations.
The most relevant issues come from the imple-
mentation of all the different metrics calcula-
tions, and from the enhancement of the method-
ologies and Risk IT technologies used in this
part of the regulatory process. Challenges may
come from the following aspects:

• A full sensitivity calculation workflow
must be in place; in case banks don’t have
it already they have to build a new one or,
in case it’s already present, an upgrade of
the risk engine may become necessary.

• Sensitivities coming from different Legal
Entities or Front Offices need to be col-
lected in a single repository.

• Data management has to be improved in
order to handle data flows containing sen-
sitivities and metadata with an high de-
gree of granularity.

• According to the SIMM regulation, since
banks have multiple choices regarding the
shift that has to be applied to risk factors,
they should opt for the methodology that
allows them to have the most appropriate
representation of the risks they are subject
to;

• CVA Vega is always material so it has to
be calculated in all cases and it takes into
account a wider range of volatilities used
in the models, including the ones used for
the generation of simulated risk factors
paths.

All of these issues will bring a relevant effort if
a dedicated Risk engine is still not present in
the bank’s skeleton, but also banks with an up-
graded Risk IT area may have to enhance their
methodologies in order to be fully compliant
with different regulations.

Concerning the calculation of the metrics
there are substantial differences in the type and
the formulae of the sensitivities that have to be
calculated, the principal differences are summa-
rized in Figure 5. Let’s now examine separately
the three frameworks.

FRTB-SBM

For FRTB–SBM the metrics that have to be cal-
culated are Delta, Vega and Curvature.
Delta risk is the difference between the shocked
market value of the derivative and the current
market value. Prescribed shocks are always
upward bumps of 1bp (for interest rate curves,
credit spreads and equity repo rates) or of 100bp
(for equity spot prices, commodity prices and
FX pairs), the difference then has to be rescaled
for the applied bumps.
Vega risk is computed as the implied volatility
multiplied for the first order sensitivity of the
option/derivative to the implied volatility itself.
Those measures are calculated by the bank’s in-
dependent Risk Management internal function.
Curvature risk is based on a stressed upward
and downward scenario of the risk factors.
Delta effect has to be removed from these
stressed difference in order to consider only
the higher level of price sensitivity to the un-
derlying. This metric is peculiar of FRTB-SBM
and has no analogue in the other regulations.
Moreover, it has been noted that it is more simi-
lar to a stress measure than to a true sensitivity
(indeed it has a meaning close to the gamma
but it is defined in a different way).

SA-CVA

In the SA-CVA framework, shifts are not ap-
plied to the market value of the singular deriva-
tives (as it is for FRTB–SBM and SIMM), but
they are applied to the CVA exposure to each
counterparty. This characteristic makes heav-
ier/tougher the computation of the CVA net
sensitivities because it implies a re-simulation
of the exposures; only for CVA hedges market
value sensitivities have to be calculated.
SA-CVA framework requires only Delta and
Vega sensitivities for aggregate CVA and for the
eligible hedging instruments for a given risk
factor. If an eligible hedging instrument is an
index, banks have to calculate sensitivities for
all the underlying risk factors of the index.
Delta sensitivity has to be calculated for Interest
Rate, Counterparty Credit Spread, Reference
Credit Spread, Equity, Commodity and FX risk
factors. Metrics are calculated via the appli-
cation of a shift of 1bp (for Interest rate and
Credit Delta risk factors) or of 100bp (for Equity,
Commodity and FX Delta risk factors). The
difference between the CVA computed with the
shifted risk factor with respect to the current
CVA has then to be scaled for the bump applied.
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Banks can apply smaller shifts to risk factors if
doing so they are more consistent with internal
risk management calculations.
Vega sensitivity has to be calculated for all
the volatilities used in the exposure calculation
model, both for volatilities used in the gener-
ation of risk factor paths and the ones used
in the pricing models. Vega sensitivities have
always to be calculated, regardless of whether
or not the portfolio includes some options. The
formula is similar to Delta’s one: a shift of
100bp has to be applied simultaneously to all
the volatilities and also here the difference in
the CVA has to be rescaled for the shift applied.

The smaller number of sensitivities required
and the reduced granularity of risk factors (both
in terms of buckets and vertices) is therefore bal-
anced with a higher computational burden. In
particular, standard bump and run techniques
may reveal extremely expensive in the CVA con-
text. Even though precise bumps are prescribed
in the sensitivity definition, BCBS states that
a bank may use smaller values of risk factors
shifts if doing so is consistent with internal risk
management calculations: this opens the possi-
bility to use alternative methodologies aimed at
avoiding the iteration of multiple MC simula-
tions of EPE computations. The most popular
method at this regard is AAD (Adjoint Algo-
rithmic Differentiation) which can lead to im-
pressive gains in terms of computational time.
The drawback is that the risk architecture would
typically need strong enhancements in order to
handle these kinds of techniques.

SIMM

SIMM regulation requires the calculation of
Delta, Vega, Curvature and Base Correlation
sensitivities.

Delta risk is the difference of the shocked
market value and the current one (as in
FRTB–SBM framework): but shocks can be
upward, downward or central of 1bp (for In-
terest Rate and Credit product asset classes)
or of 100bp (for Equity, Commodity and FX
product classes); if banks use one of those three
shocks, the resulting difference is not scaled for
the applied bump. Financial institutions can
also go for an alternative option, that consist in
using a reduced bump with a rescaling of the
resulting difference.

Vega risk factor calculation is similar to
Delta one, with the only difference that the
bump will be applied to the implied volatil-
ity of the instrument. Upward, downward,
central or reduced shocks are allowed here
too. Curvature risk charge takes into consid-
eration the non–linear exposure to implied
volatility changes (therefore it has a different
meaning with respect to the Curvature defined
in FRTB–SBM framework, which is focused on
non–linear exposure to underlying changes as
a stress scenario). As a consequence, sensitiv-
ities calculation is based on the Vega risk factors.

Base Correlation is the difference between
the market value of the instrument and the
market value of the instrument where the Base
Correlation curve/surface of the risk factor –
a given credit index family – is bumped of an
upward factor of 100bp. This metric has to be
calculated only for Credit Qualifying Risk Class.

Banks, in case of the calculation of Interest
Rate Delta sensitivities, can choose between the
following options:

• Upward:

sx = V(x + 1bp)� V(x)

• Downward

sx = V(x)� V(x � 1bp)

• Central

sx = V(x + 0.5bp)� V(x � 0.5bp)

• Reduced scaled

sx =
V(x + #1bp)� V(x)

#

where:

• sx is the sensitivity to the risk factor x;

• V(x) is the market value of the instrument,
given the value of the risk factor x;

• # is a scaling factor, 0 < |#| < 1.

This choice is not present in the two other frame-
works, where only upward shifts are allowedg.
Banks should make a deep study of the impact
on the final capital requirement given by the

gIn the case of SA-CVA, however, banks have the possibility to calculate smaller risk factor bumps than the prescribed
amounts, as discussed above
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FIGURE 4: In this figure we compare the mapping of the risk factors for the three frameworks.
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FIGURE 5: In this figure we compare the most important differences in the methods for calculating net sensitivities for the
three frameworks.
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FRTB-SBM CVA SIMM

Number of
aggregations

• Risk factors within the
same bucket;

• Buckets within the same
risk class

• Risk factors within the
same bucket;

• Buckets within the same
risk class.

• Risk factors within the
same bucket;

• Buckets within the same
risk class;

• Risk Classes within the
same Product Class.

Other risks
considered

Risk in a change of the correlation
between instruments ! 3 different
sets of correlation matrices are pre-
scribed: High/Medium/Low Cor-
relation Scenario.

Model risk (losses due to a model
that lacks of accuracy) ! a multi-
plier is applied to the aggregated
risk charge of each Risk Class.

Concentration risk in the Trading
Book ! a concentration risk factor
is applied to weighted sensitivities
before the start of the aggregation.

TABLE 1: In this table we highlight the major differences in the aggregation workflow across the three regulations.

use of different sensitivity formulae. In fact, op-
tion–based derivatives may have different sen-
sitivities if an upward or downward shift is
applied, due to the non linearity of their pay-
offs and the moneyness of the instrument will
play a crucial impact on the choice of the most
convenient formula to be used.

Metrics Aggregation

For all the three regulations, the third phase
is based on the aggregation of the sensitivities
according to predefined rules. The three frame-
works share the same procedure, the only differ-
ence arise in the prescribed values of correlation
matrices, in the risk weights and in other pa-
rameters (i.e. concentration factors, historical

volatility ratios, . . . ) used in the aggregation
of the exposures. As a common feature, by
using correlation matrices for the aggregation
of sensitivities, some hedging benefits are rec-
ognized in the calculation of the final Capital
Requirement. An important peculiarity that
characterizes SA-CVA is that, at the end of the
metrics aggregations, the capital calculated has
to be multiplied by a factor of 1.25 in order to
compensate for the lower degree of granularity
in the risk factor identification and the fact that
only first order derivatives are taken into con-
sideration. Table 1 recaps the differences among
the three workflows with respect to the num-
ber of aggregations prescribed by the regulator
and the other risks that have to be taken into
consideration.

Conclusion

In conclusion, the implementation of these
regulations will force banks which still don’t
have in place a structured Risk workflow to
handle some difficulties.
In our opinion the most important challenges
will come from the sensitivities calculation, es-
pecially for SA–CVA because the CCR chain
is usually less developed with respect to the
market risk one due to the recent major focus
on this topic by supervisory autorithies.
Taking into account all the synergies that arise

from the implementation of the regulations (i.e.
common workflow, risk factors and metadata)
a bank should be able to enhance the actual
Risk engine with a leaner process or to create a
new one exploiting all the common features in
the regulations and to avoid any duplication of
procedures.
In 2019 banks will have to be compliant to SIMM
framework; once the banks create a workflow
for Risk Factor Identification, they should be
able to adapt the same logic for the other two
regulations in order to meet the deadline of
2022.
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SA-CCR: Implications and
Challenges of the New

Regulation
aaaa

Lorena Corna

I n light of the revised regulatory frameworks for market and counterparty risks, the author gives an
overview on the Standardised Approach for Counterparty Credit Risk (SA-CCR) and its implementation
issues in a bank Risk framework. The approach presented by the Basel Committee on Banking Supervision

on March 2014 required a study performed by the European Banking Authority concerning the mapping
of derivative transactions to risk categories and the correction of regulatory formulas in the current context
of negative interest rates. Although the new regulation solves some shortcomings of the current standard
approach to CCR, e.g. partially recognizing netting benefits coming from margining and hedging, a few
features still need particular attention in order to properly measure the risks associated to the instruments in
scope of the regulation. In particular, as also pointed out by EBA, a significant impact on the final capital
requirement (the EAD) can derive from the methodology employed to identifiy the primary risk driver of each
transaction. After revising the methodologies proposed by EBA, a case study is presented, based on a portfolio
including cross currency swaps, and an alternative methodology, aimed at assessing the materiality of each
risk driver of the transaction, is proposed. The details on the latter are left to a future publication.

In March 2014, in order to substitute the
Current Exposure Method and the Stan-
dardised Method, the Basel Committee pre-

sented a new approach for measuring the expo-
sure at default (EAD) named Standardised Ap-
proach for Counterparty Credit Risk (SA-CCR, [2]).
In scope of the proposed regulation, there are
OTC derivatives, exchange-traded derivatives
and long settlement transactions.
The SA-CCR comes from the need to overtake
the lacks of non-internal methods: it distin-
guishes margined and unmargined derivative
transactions, it recognizes some netting bene-
fits, it can be easily and simply implemented
and, moreover, it would reduce the discretion
of banks and national authorities.
The EAD, under SA-CCR, is calculated at net-
ting set level and it is given by a multiple of
the effective expected positive exposure. The
latter is the sum of replacement cost (RC) and
potential future exposure (PFE), in formula:

EAD = a · (RC + PFE) , (1)

where a = 1.4 (as in internal model method).
In order to properly consider the netting bene-
fits, the Basel Committee defines the concept of
hedging set as following: A “hedging set” under
the SA-CCR is a set of transactions within a single
netting set within which partial or full offsetting is
recognised for the purpose of calculating the PFE
add-on [2].
Moreover, the Basel Committee established that,
for the same netting set, the EAD for a margined
netting set cannot be higher than the EAD for
unmargined netting set (paragraph 129, [2]).
With SA-CCR, for each derivative transaction
within a netting set, the bank has to determine
the primary risk factor (or factors) and assign
it to one (or more) of the following five asset
classes:

• Interest Rate

• Foreign Exchange

• Credit

• Equity
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Add#on& Calculation

Trade&level
1. Adjusted*Notional*

(for$IR$and$CR$
transactions,$the$AdjNot
incorporates$the$
supervisory$duration)

2. Maturity*Factor*
(for$margined$and$
unmargined$ $
transaction)

3. Supervisory*delta*
adjustment

Effective*
Notional

Supervisory$
factor Add?on

Aggregated&level2
1. Hedging*set*
2. Asset*class*
3. Netting*set*

2 For$credit,$equity$and$
commodity$ derivatives,$this$
involves$the$application$of$a$
supervisory$correlation$
parameter$to$capture$
important$basis$risks$and$
diversification

FIGURE 6: General addon calculation

• Commodity

Furthermore, the European Commission pro-
posed to introduce a new risk category
named “other risk” (article 277, [4]).

Among these risk categories, the basis transac-
tions and volatility transactions represent dis-
tinct hedging sets in their corresponding asset
classes with modified supervisory factors.
As stated before, one advantage of SACCR is
the distinction of margined and unmargined
transaction. This characteristic is reflected in
the calculation of replacement cost (RC).
For netting sets not subject to a margin agree-
ment, the replacement cost represents the loss
that would occur if counterparty default and
close-out happened immediately.
If there is a collateral other than variation mar-
gin, the former represents an indipendent collat-
eral amount (ICA) that can be posted or received
by the bank. Therefore, the net indipendent
collateral amount (NICA) is defined as “any col-
lateral (segregated or unsegregated) posted by the
counterparty less the unsegregated collateral posted
by the bank" [2]. Accordingly, for unmargined
trades the replacement cost is given by:

RC = max{V � C; 0}, (2)

where V is current mark to market value of
transactions and C represents the net haircut col-
lateral held by the bank calculated with NICA
metodology.
For margined trades, the replacement cost corre-
sponds to the loss when a counterparty defaults
at present or at a future time, supposing that the

close-out and replacement of transactions occur
instantaneously. As a consequence, the replace-
ment cost for a netting set subject to margin
agreement is calculated as following:

RC = max{V � C; TH + MTA � NICA; 0},
(3)

where V and C are the same as in the un-
margined case, TH is the non negative threshold
and MTA is the minimum transfer amount.
The second component of EEPE is given by po-
tential future exposure (PFE), which depicts the
worst exposure in one year from calculation
date (in the unmargined case) or in the margin
period of risk (in the margined case). The PFE is
given by the product between a multiplier and
an aggregate add-on component.
The multiplier depends on the replacement cost:

• If RC is positive, the multiplier is equal to
one;

• If RC is zero the multiplier is calculated
as following:

multiplier =min{1; Floor + (1 � Floor) ·
exp A},

where A =
⇣

V�C
2·(1�Floor)·AddOnaggregate

⌘
and

the floor is equal to 5%.

The AddOnaggregate is the sum of add-ons for
each asset class and it will be described in
detail in the following section.
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Risk Framework

Metrics Computation

The calculation of add-ons, summarized in
figure 6, is the result of the methodology pre-
scribed for each asset class, nevertheless some
aspects are shared.
Given a netting set, the first step is the com-
putation of adjusted notional. This computation
depends on the asset class:

• Interest rate and credit derivatives: the ad-
justed notional for a derivative transaction
i is the product of trade notional in domes-
tic currency and the supervisory duration
SDi defined as:

SDi =
exp (�0.05 · Si)� exp (�0.05 · Ei)

0.05
,

where Si is the start date and Ei is the end
date of trade floored by ten business days.
If the trade is ongoing, the parameter Si is
equal to zero.

• Foreign exchange derivatives: the ad-
justed notional is equal to the notional
of foreign leg converted in domestic cur-
rency. If both legs are in foreign currency,
both notionals will be converted and the
maximum should be taken.

• Equity and commodity derivatives: the
adjusted notional is the product of current
unit price of stock or commodity and the
number of units referenced by the trade.

At paragraph 158 of [2] the rules to determine
the notional, if the latter is not clearly defined
or it is not fixed until maturity, can be found.
A maturity factor (MF) is applied to the adjusted
notional; in the calculation of PFE, the differ-
ence of margined and unmargined netting set
is reflected on this parameter:

• For an unmargined transaction i, the ma-
turity factor is given by:

MFunmargined
i =

s
min {Mi; 1year}

1year
,

where Mi is the maturity of transaction
expressed in years floored by 14 calendar
days (i.e. 10 business days).

• For a margined transaction i, the maturity

factor is given by:

MFmargined
i =

3
2

s
MPOR
1year

,

where MPOR refers to the Margin Period
of Risk of the transaction (paragraph 164,
[2]).

Moreover, a supervisory delta adjustment is ap-
plied to the adjusted notional: the latter would
reflect the direction of the derivative transaction
and its non-linearity. Three cases are consid-
ered:

• Options: the Basel Committee specifies
the following formula:

d =sign · type·

· f

0

@type ·
ln
⇣

P
K

⌘
+ 0.5 · s2 · T

s ·
p

T

1

A ,

where type is -1 for put option and +1 for
call option and sign is -1 for sold option
and +1 for bought option; P is underly-
ing price; K is strike price and T is the
latest contractual exercise date of option
and, finally, the supervisory volatility s is
specified on the basis of risk category and
the nature of the underlying instrument
(table 2).
In the context of negative rates, an adjust-
ment of supervisory delta formula estab-
lished by Basel Committee is needed: EBA
suggests to add a l shift in above formula
in order to move the interest rate inside
positive area [3]. This parameter should
satisfy some critical aspects: l shift de-
pends on interest rate of specific jurisdic-
tion and it should progressively reduce
until zero when the interest rates become
positive. In order to guarantee an uni-
formity across the European Union, EBA
proposed two options:

– l is defined with EBA RTS for each
EU currency and regularly updated;

– l is quoted on the relevant market
and therefore automatically updated
for the pertinent jurisdiction.

Furthermore, the Basel Committee defines
the calculation of effective notional for dig-
ital options in [1]: in this case the digi-
tal payoff z is approximated with a collar
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combination of European options of the
same type (call or put) with the strikes
equal to 0.95Kz and 1.05Kz. Therefore,
the effective notional is separately eval-
uated for all the European option of the
collar combination, thanks to the above
formula.h

• CDO tranches: the supervisory delta ad-
justment is given by

d = sign
15

(1 + 14A) · (1 + 14D)
,

where sign is equal to +1 for purchased
CDO tranches and -1 otherwise, A is the
attachment point and D id the detachment
point.

• Other instruments: d is equal to +1 if the
transaction is long in the primary risk fac-
tor or it is equal to -1 if the transaction is
short in the primary risk factor.

The product of adjusted notional, maturity fac-
tor and supervisory delta adjustment is equal
to the effective notional amount. The latter is sub-
ject to a supervisory factor, defined for each asset
class, in order to obtain the addon. As stated in
section , for basis and volatility transaction, the
supervisory factor is multiplied by one-half and
five respectively.

Metrics Aggregation

We now present the specific rules for the
addon calculation for each asset class. Once
all the add-ons at asset class level have been
obtained, the aggregated add-on is equal to the
sum of asset class add-ons.

Interest Rate Derivatives

In this asset class, the hedging set is represented
by the currency and it is split in three time buck-
ets: i) maturity smaller than 1 year, ii) maturity
between 1 and 5 years and iii) maturity larger
than 5 years. The SA-CCR recognises full offset-
ting benefit within maturity buckets.
Given a netting set, for each transaction i the
effective notional Djk for maturity bucket k of
hedging set j is calculated as follows:

Djk = Â
i2(j,k)

di · AdjNi · MFi (4)

where di is the supervisory delta adjustment,
AdjNi is the trade-level adjusted notional
amount and MFi is the maturity factor. After
that, bucket aggregation of the effective notional
E f f N is performed: for each hedging set j, par-
tial offsetting benefit is recognized across buck-
ets k = 1, 2, 3 with the following formula:

E f f Nj =
h
(Dj1)

2 + (Dj2)
2 + (Dj3)

2 + 1.4 · Dj1·

· Dj2 + 1.4 · Dj2 · Dj3 + 0.6 · Dj1 · Dj3

i
1
2

Nevertheless, if a bank can not admit offset
across maturity bucket, the above formula be-
come: E f f Nj = |Dj1|+ |Dj2|+ |Dj3|.
After that, the add-on at hedging set level is
calculated as

AddOnj = SFj · E f f Nj.

The asset class add-on is obtained by summing
hedging set add-ons.

Foreign Exchange Derivatives

The effective notional is calculated for each
hedging set j, represented by the currency pair,
with the same formula for interest rate deriva-
tives (4). The hedging set add-on is given by:

AddOnj = SFj · |Dj|,

and the asset class add-on is obtained by sum-
ming hedging set add-ons.

Credit Derivatives

The effective notional is computed for each
hedging set j, represented by all the credit trans-
actions with the same entity, via the formula (4)
and the hedging set add-on is calculated with
the formula:

AddOnj = SFj · Dj, (5)

where SFj for single name entities is defined
by the reference name’s credit rating whereas
for index entities is based on index grade (i.e.
investment or speculative).
In order to recognize a partial offsetting among
the entity level add-ons, a single factor model is
used, where the risk of this asset class is split in
two elements:

• Systematic component, where a full offset is
allowed

hThe Basel Committee specifies that the absolute value of the digital option effective notional cannot exceed the ratio of
the digital payoff to the relevant supervisory factor.
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• Idiosyncratic component, where no offset-
ting benefit is recognized.

The degree of offsetting benefit is established
with the correlation factor and the asset class
add-on is then given by the following formula:

AddOn =

2

4
 

Â
j

rj · Addonj

!2

+ Â
j

⇣
1 � r2

j

⌘
·

·
�

Addonj
�2
i

1
2 ,

(6)

where the first term is the systematic compo-
nent, the second term is the idiosyncratic com-
ponent and rj is the correlation factor defined
in table 2.

Equity Derivatives

The effective notional is calculated for each
hedging set j, represented by single names or
indices, with the formula (4) and the hedging
set add-on is computed with formula (5).
For each reference entity a single factor model
is used, in order to identify the systematic com-
ponent (where offsetting is allowed) and the
idiosyncratic component like for credit deriva-
tives.
The asset class add-on is given by formula (6)
as well.

Commodity Derivatives

For commodity derivatives, the Basel Com-
mittee defines four typologies of commodities
within which stable meaningful joint dynamics
can be found: i) energy, ii) metals, iii) agricul-
tural and iv) other commodities. However, this

categorization does not recognize the specific
peculiarities of commodities such as location
and quality: if banks reveal a significantly ex-
posure to the basis risk of different products
with the proposed categorization, the national
supervisor can require to banks a more refined
definition of commodities.
Taking a single netting set, full offset in the
same typology of commodity and a partial off-
set among four classes of commodities are rec-
ognized.
For trades of commodity type k in hedging set
j, the effective notional is given by:

Dkj = Â
i2(k,j)

di · AdjNi · MFi

Therefore, the add-on at commodity type level
is the product of above effective notional and
the proper supervisory factor definend in table
2.
For each hedging set, the Committe again dis-
tinguishes between systematic and idiosyncratic
components through a single factor model. The
add-on at hedging set level is calculated as:

AddOnj =

2

4
 

rj · Â
k

Addonk

!2

+
⇣

1 � r2
j

⌘
·

· Â
k
(Addonk)

2
i

1
2 ,

where rjis the correlation factor for hedging set
j defined in table 2. Finally, the add-on for com-
modity asset class is the sum of above hedging
set add-ons.
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Asset Class Subclass Supervisory factor Correlation Supervisory option volatility
Interest rate 0.50% N/A 50%
Foreign 4.0% N/A 15%
exchange
Credit AAA 0.38% 50% 100%
(single name) AA 0.38% 50% 100%

A 0.42% 50% 100%
BBB 0.54% 50% 100%
BB 1.06% 50% 100%
B 1.6% 50% 100%
CCC 6.0% 50% 100%

Credit (index) Inv. Grade 0.38% 80% 80%
Spec. Grade 1.06% 80% 80%

Equity Single name 32% 50% 120%
Index 20% 80% 75%

Commodity Electricity 40% 40% 150%
Oil/Gas 18% 40% 70%
Metals 18% 40% 70%
Agricultural 18% 40% 70%
Other 18% 40% 70%

TABLE 2: Table of supervisory parameters

Asset Class Hedging Set (HS) Offsetting Benefit
Interest rate Currency.

Further classification into three buckets:

• maturity < 1 year,

• 1 year < maturity < 5 years,

• maturity > 5 years.

Full offset in the maturity bucket and
partial offset across buckets.

Foreign Exchange Currency pair. Full offset in the same HS, no offset
among different HS.

Credit and Equity Single HS for each asset class. Full offset for the same entity, partial off-
set among different entities.

Commodity 4 commodity categories:

• energy,

• metals,

• agricultural,

• other commodities.

Full offset for the same category, partial
offset among different categories.

TABLE 3: Summary of hedging sets for each asset class
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Mapping of Derivative
Transactions

The Basel Committee established that the al-
location of derivative transactions to each asset
class is made by their primary risk driver: the
latter would be the most material risk driver of
the transaction and should be assessed using
sensitivities and volatilities of the underlying
instruments.
Furthermore, if the derivative transaction can-
not be assigned to only one risk category, then
it must be allocated to each asset class with the
same position. About this point, the European
Banking Authority (EBA) suggested to define a
cap on the number of risk categories to which
a single derivative transaction can be allocated
[3].
Nonetheless, Basel Committee did not define
a methodology in order to perform the map-
ping of derivative transactions to risk classes
and the European Commission in [4] indicated
EBA as a responsible to devise a methodology
to mapping the derivative transactions in one
(ore more) risk category.
In order to perform this activity, EBA suggests
a three-step approach for the identification and
classification of risk factors:

• Qualitative approach,

• Quantitative approach,

• Fallback approach.

Qualitative Approach

In some cases the assessment of the materi-
ality of risk drivers is simple, e.g. in the case of
derivative transactions with a single risk driver
or several risk drivers referring unambiguously
to the same risk category, or for structured prod-
ucts related to a single asset class. In these cases,
it is not required to outline any process for the
identification of risk factors and EBA proposed
a list with the aim of mapping risk category,
primary risk factor and instruments.
On the other side, consider for example the case
of a cross currency swap (CCS): a priori it could
be assigned to foreign exchange or interest rate
asset classes based on the impact of the rele-
vant risk factors to the exposure. Therefore, in

addition to the above mentioned list, a quantita-
tive method to map transactions to asset classes
should be defined.
If the CCS is assigned to the foreign exchange
class, the previously described rules can be ap-
plied in a straightforward way. Instead, if the
CCS is associated to the interest rate asset class,
the hedging set currency has to be defined. In
particular, when both the legs of the CCS are
denominated in currencies other than the do-
mestic currency, the logic for the identification
of the hedging set currency needs to be defined
in such a way that the hedging purpose of the
instrument is correctly taken into account.
In this case, the Basel Committee requires to
convert the notional amount in domestic cur-
rency (paragraph 157, [2]) while computing the
trade level adjusted notional. For a cross cur-
rency swap, we deem that it would be more
pertinent to use the currency of the receive leg
as hedging set currency.
In table 4 a specific example of netting set in-
cluding two interest rate swaps, in EUR and
USD, together with three CCS on EUR/USD is
considered. The transactions included in the
netting set come from a real portfolio and were
chosen so that they have different maturities, ty-
pologies (payer or receiver, fix vs float or fix vs
fix or float vs float) and margining details. The
impact on the EAD, due to different assignmenti

of the CCS to IR or FX asset classes, is assessed:
as it can be shown applying BCBS rules to the
two scenarios, the EAD change is of the order
of 13%. This is already a significant variation,
however, since only the PFE (through the aggre-
gated Add-On) affects the risk factor mapping,
and since the RC contribution dominates the
EAD in our example, it is more appropriate to
analyze the separate impact on the PFE part
of the exposure. If we concentrate on the PFE
alone, we see that, for our netting set example,
the impact is of the order of 159%, with a higher
PFE in the case where the CCS number 5 is in-
cluded in the IR asset class. The huge impact on
this kind of products, largely traded by banks
indeed, strongly indicates that a careful quan-
titative assessment of the materiality of each
risk driver should be identified and adopted for
transactions such as CCS as well. In the follow-
ing section we describe the solution proposed
by EBA in [3] to this problem and elaborate on
the possibility to exploit alternative solutions.

iIn this case study we applied the procedure, described in "Quantitative approach" section, proposed by EBA and relying
on market sensitivities.
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Netting set
Trade Nature Maturity Ccy Notional (in

USD)
Pay Leg Receive Leg Market value

(in EUR)
1 CCS 08/03/27 EUR/USD 300,000,000 FLOAT FLOAT 40,193,566
2 Swap 08/03/47 USD 300,000,000 FIX FLOAT 19,930,075
3 CCS 08/03/47 EUR/USD 300,000,000 FIX FIX 22,985,605
4 Swap 08/03/47 EUR 276,192,230 FLOAT FIX -15,624,345
5 CCS 19/02/19 EUR/USD 200,000,000 FLOAT FIX 16,111

Specifications of margin agreement
Margin frequency Monthly
Threshold Null
Minimim Transfer Amount 5,000,000
Indipendent Amount Null
Net collateral currently held by the bank -68,810,000

Foreign exchange risk Interest rate risk
If all the CCSs are in FX class If quantitative analysis assigned the trade n. 5 in IR class*

Alpha 1.40 Alpha 1.40
Replacement Cost 136,311,011 Replacement Cost 136,311,011
Multiplier 1.00 Multiplier 1.00
AddOnaggr 11,708,366 AddOnaggr 30,346,977
PFE 11,708,366 PFE 30,346,977
EAD 207,227,128 EAD 233,321,183
*In this case, we proposed to use the currency of the receive leg as hedging set currency

TABLE 4: Cross currency swap: an example of derivative transactions with ambiguous primary risk driver

Quantitative Approach

When the qualitative approach fails, the
sensitivities and underlying volatility must be
taken into account in order to identify the pri-
mary risk driver and map each transaction to
one or more risk categories. In order to perform
that, EBA indicates 3 steps:

• Qualitative identification of all the risk
drivers of the transaction,

• Assessment of the materiality of each risk
driver of the transaction through the com-
parison of all sensitivities and volatility,

• Identification of the most material among
these material risk drivers.

Concerning the second point, EBA proposed
four options:

1. Defining a threshold above which ‘any
risk driver whose associated sensitivity is
higher than X% of the sensitivity of the
main risk driver is deemed material’. In
this case we have not a cap concerning the
numerosity of material risk drivers.

2. A multistep approach:

• first, calculate all the sensitivities si
for (i = 1, · · · , N) of an instrument
and set SN = ÂN

i |si|,

• then, rank them in terms
of relative relevance obtaining
a sequence ai where a1 =
max(|s1|, · · · , |si|, · · · , |sN |),

• finally, calculate the ratio a1
SN

: if it
is greater than Y% the primary risk
driver is found, otherwise compute
the ratio (a1+a2)

SN
and we compare

with Y%, and so on in order to deter-
mine one or more risk categories to
which assign the transaction.

Also in this option, we have not a cap con-
cerning the numerosity of material risk
drivers but it depends on the calibration
of Y.

3. Including volatility into I or II, e.g. weight-
ing sensitivities by FRTB-SBA RWs.

4. Using the SA-CCR PFE and assess the ma-
teriality of sensitivities to a risk class rela-
tively, by comparing PFEs with the highest
PFE; or assess the materiality by consider-
ing the coverage of total PFE.

Fallback Approach

When the quantitative approach fails or can-
not be implemented, the presumption is that all
identified risk factors would be deemed mate-
rial. Therefore the transaction is allocated to all
risk categories to which its risk factors belong.

Conclusion

In 2014, the Basel Committee introduced a
more risk-sensitive approach for CCR named
Standardised Approach for Counterparty Credit
Risk (SA-CCR). In 2017, the European Banking
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Authority presented a discussion paper regard-
ing the potential implementation issues of it. In
particular EBA highlights two points.
The first point concerns the correction of super-
visory delta in context of negative rates: EBA
proposed a shift parameter in order to move the
interest rate into positive area.
The second point of the discussion paper re-
gards the mapping of derivative transactions
to risk categories: EBA proposed a three-step
approach based on primary risk driver and
sensitivities for complex products. About this
topic, we analyzed an hybrid derivative like a
cross currency swap, that could be assigned to
FX class or IR class, and the relative impact on
EAD.

The assessment based on market sensitivities
(i.e. greeks) could introduce a change in the
EAD from day to day with “artificial” impact
on the EAD. For this reason, we are currently
analyzing an alternative methodology, that can
be found useful for more sophisticated banks,
based on Global Sensitivity Analysis [1]. The
idea is to compute the so called Sobol’ sensi-
tivity indices, instead of market sensitivities, in
order to have a more stable and precise estima-
tion of the risk associated to these transactions.
We plan to present the details of this methodol-
ogy, as well as some concrete applications, in a
forthcoming paper.
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Modelling Banking
Commissions:

An Application to the Italian
Banking System

aaaa

Antonio Castagna Federico Mondonico

T his paper presents a procedure for the modelling of net bank commissions (Non Interest Rate Income)
as a function of macroeconomic variables. The methodology used to estimate the models is based on
a Bayesian approach (BACE) method which provides the degree of relevance for each macroeconomic

variable, determining its impact in explaining the evolution of the commissions. Uses of the procedure
described above range from internal management purposes to regulatory and supervisory stress testing. A
quantitative analysis of the commissions is presented for the Italian banking system, at an aggregate level, and
for a sample of Italian banks, at single entity level.

An important source of revenues for the
banks is the amount of fees and com-
missions they charge for the services

offered. Under this denomination fall a wide va-
riety of revenues, including: commissions and
fees earned from service charges, brokerage fees,
origination and servicing fee income from the
servicing of mortgage loans, credit card receiv-
ables and other consumer and commercial loans,
trust fees, management and investment banking
fees and commissions earned from real estate
management services (e.g.: fees for property ac-
quisition and development, advisory fees, asset
management fees, facilities management fees
and related real estate services).

In order to understand the relevance of com-
missions in the banking industry, for 2015 as
an example, one may consider that net commis-
sion income as a percentage of Italian banks’
revenues was 36.5%, one of the highest in Eu-
rope as reported in the analysis by the Ufficio
Studi CGIA [9]. In more detail, this study shows
that in the period 2008 - 2015 the increase in
the cost of current accounts, credit cards and
other banking services in Italy rose by 20%. In
the same period in the United Kingdom the in-
crease stopped at 11.5%, in France at 11.1%, in

Spain at 6.5%, while in Germany (-4.6%), Bel-
gium (-7%) and especially in the Netherlands
(-27%) there was a strong decrease.

Figure 7 shows the evolution of other net in-
come (approximation of net commissions at an
aggregate Italian level), expressed as a percent-
age of intermediation margin. The percentage
in recent years has been around 40%, which
once again means the importance of net com-
missions in a bank financial statement. In one
of the few empirical studies, as Mirza et al. state
in [7], bank commissions represent on average
between 20% and 30% of the total income of
Euro-area banks and about two-thirds of banks’
total non-interest income, thus confirming the
figures above.

Given these figures, it is surprising that little
attention has been paid at the modelling and
analysis of this P&L item: a list of the most
recent works includes Coffinet et al. [2], which
investigates the sensitivity to adverse macroeco-
nomic scenarios of the main sources of banking
income, such as commissions, within the French
banking system; ECB Financial Stability Review
2013 [5], where it is pointed out that a more
systematic modelling of fees in relation to the
underlying macro-financial factors could help
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FIGURE 7: Percentage weight of other net income with respect to intermediation margin
(Source: Banca d’Italia).

in forward-looking exercises like as stress
tests, in contrast to the frequently applied as-
sumption of a constant evolution and finally
Kok et al. [6], in which the challenges of increas-
ing commission income are discussed and some
of the potential financial stability implications
related to a greater reliance on these income
sources are highlighted.

The modelling of bank fees is a scarcely ad-
dressed issue within banks and it is mainly con-
sidered in the the stress test exercises (e.g.: EU-
wide EBA stress tests), which European banks
must regularly run since 2012.

This income component was often consid-
ered to be stable, but this hypothesis is too sim-
plistic and does not take into account the fact
that the commissions have some cyclical fea-
tures. As such, treating this item independently
of macroeconomic developments in conducting
supervisory and prudential stress tests could
lead to an underestimation of banks’ sensitivity
of income in the macroeconomic shocks.

The aim of this work is to model bank com-
missions so that banks can have a tool to pre-
dict the trend of fees and commissions in fu-
ture years, taking into account various possi-
ble macroeconomic scenarios, for internal bank-
ing management purposes, for ICAAP (Inter-
nal Capital Adequacy Assessment Process) and
stress test purposes within the ECB - EBA regu-
lation.

To this end, we propose an econometric
framework for estimating the relationships be-
tween some macroeconomic and financial fac-
tors and net banking fees using an estima-
tion methodology based on a Bayesian ap-
proach. More specifically, Section 2 describes
the methodology used for the modelling of the

bank charges under study, with the descrip-
tion of the calibration of the models, the esti-
mation and forecast of the target variable under
different macroeconomic scenarios. The data
used in the analyses are presented in Section 3,
while the main empirical results obtained are
presented in Section 4. Finally, Section 5 shows
the conclusions reached thanks to the implemen-
tation of the methodology used on commissions
in the Italian banking system.

Methodology

We will apply an econometric technique to
modelling fees and commissions; namely we
will implement a BACE approach in order to
obtain the list of explanatory variables ordered
by probability of inclusion in the final model
and the coefficients associated with them. We
will outline the framework and briefly review
the BACE approach.

The BACE Approach

The target variable is modelled by linear re-
gressions; in these models the behavior of a tar-
get variable (net commissions) is approximated
by the linear combination of a set of indepen-
dent variables (macroeconomic variables). Ba-
sically, we will come up with a satellite model
built in the same spirit as satellite models used
for credit and market variables. We will use a
BACE approach to identify the final model.

The Bayesian Averaging of Classical Esti-
mates (BACE) is an approach for averaging lin-
ear regression among a sample of possible mod-
els. Its main object is to capture the goodness of
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fit for each model tested and then to compute,
through a metric, the goodness of each inde-
pendent variable included in those models. The
BACE was introduced by Sala-i-Martin et al. [8]
to answer at the following question: which pre-
dictors among a large sample of variables are
the best choices for the target variable? There-
fore, they develop a methodology that takes
into account the goodness of fit for each model,
called posterior probability, and then they used it
for disentangle, among the large set of possible
models given by the combination of all regres-
sors, the best models from the worst ones. The
BACE is often adopted to build satellite mod-
els, and more recently also for behavioural risk
modelling, as in Castagna and Scaravaggi [1].

Let us start with the definition of the general
model for the fees and commissions, which can
be represented as follows:

Yt =a + b1x1,t + b2x2,t + ... + brxr,t+

+ g1x1,t�1 + ... + grxr,t�1 + et
(7)

where:
• a: model intercept

• bi: coefficient relative to the i-th regressor
at time t

• gi: coefficient relative to the i-th regressor
at time t � 1

• xi,t: i-th regressor of the model evaluated
at time t

• et: error term at time t

A specific model is generated for each combi-
nation of explanatory variables, after choosing
the maximum number of regressors to be in-
serted in the linear regression. According to the
BACE methodology, the set of possible models
is defined taking into account all combinations
of the p independent variables, as follows:

M =
K

Â
k=1

p!
k!(p � k)!

(8)

where M is the total number of combination, k
is the model size and K is the maximum model
size. Model size k is meant the number of inde-
pendent variables included in the OLS regres-
sion which belongs in the interval [1; K] with K
 p. In the case K = p, the number of models M
is equal to the entire set of possible combination
2K.

Once the model size and the total number
of independent variables have been chosen, the

prior probability for the j-th model becomes P(Mj)
= K/p.

The posterior probability is a function of the
model’s goodness of fit:

P(Mj|y) =
P(Mj)T�kj/2RSS

�Tj/2
j

ÂM
i=1 P(Mi)T�ki/2RSS�Ti/2

i

(9)

where Mj identifies the j-th model with j, i 2
[1; M], y is the observation vector on depen-
dent variable, P(Mj) is the prior probability of
the model j-th, Tj is the observation set used in
estimating j-th model, kj is the number of inde-
pendent variables and finally the RRSj identifies
the Residual Sum of Squares of the j-th model.

The Bayesian averaging approach involves
the calculation of the posterior coefficient of each
explanatory variable entered in the OLS mod-
els: it is obtained by summing the posterior
probability of the model set M in which the ex-
planatory variable is present. So we have the
following:

E(b j|y) =
M

Â
i=1

P(Mj|y)b̂i,j (10)

where b̂i,j is the coefficient of the i-th OLS esti-
mate of the j-th coefficient, with j 2 JM where
JM is the set of models in which the j-th coeffi-
cient is present.

In addition, the BACE provides for the cal-
culation of the posterior inclusion probability (PIP)
that can be referred to each explanatory variable,
expressing the probability that the j-th explana-
tory variable will become part of the final model
conditioned by the information obtained during
the estimation.

P(b j|y) =
M

Â
i=1

P(Mi|y)H,

with H =

(
1 if b j 2 Mi

0 if b j /2 Mi

(11)

This method allows to obtain probabilities that
are proportional to the level of goodness of the
single models. In fact, equation (9) shows that
posterior probability is inversely proportional
to the residual sum of squares.

Model Specification

In the analyses carried out in what follows,
we identify 10 macroeconomic variables, each
taken also at first lag, for a total of 20 regressors.
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This means that p corresponds to 20. Besides,
we limit the number of regressors entering each
specific model at K = 7.

Models characterized by the presence of a
relevant correlation between regressors have
been eliminated to avoid problems of multi-
collinearity, just as regressions containing the
same variables at different times have been ex-
cluded for practical, methodological and com-
putational reasons.

The coefficients of each model are estimated
using the method OLS and in order to correct
any residual autocorrelation, the process was
given the possibility to include the lagged target
variable among the regressors if specific statis-
tical tests highlight the problem (e.g. Durbin-
Watson test).

It should be pointed out that the BACE ap-
proach is based on the fundamental assumption
that one cannot know with certainty what the
correct specification of the model is: one can
simply estimate each model generated by the
combinations of a given set of explanatory vari-
ables and assign to each regression a weight
that determines its predictive performance.

Finally, it should be noted that, before ap-
plying the BACE methodology, economic con-
straints were imposed on regression coefficients
in order to consider only the economically sig-
nificant contribution of the variables in the pro-
cedure.

Final model and Forecasting

Once the BACE methodology has been im-
plemented, we obtain the order of relevance
of the explanatory variables, thanks to the PIP,
and the estimation of the associated coefficients.
The final model will contain all the explanatory
variables, with a coefficient equal to the sum of
all coefficients associated to each explanatory
variable appearing in the single possible models.
Finally, statistics are calculated for the model
obtained in order to assess its statistical good-
ness (e.g. R2, statistics related to different types
of statistical tests, etc.).

At this point, it is possible to estimate the
values of the target variable, or the net commis-
sions and fees. As described above, one of the
main uses of the approach we outlined, is the

projections of this banks’ P&L item in future
scenarios. So, as an example, we will apply it
to the scenarios defined by the ECB for the EU-
wide stress test exercise run by EBA in 2016 [4].
In more detail, two types of economic scenarios
were provided:

• Baseline scenario in which a situation char-
acterized by economic stability is assumed

• Adverse scenario in which the state of the
economy is expected to deteriorate signifi-
cantly

We refer to the EBA and ECB documents for the
values of the economic and financial variables
in each of the two scenarios.

In this way, we can assess the impact of the
economic and financial variables on the net com-
missions, especially in a situation of worsening
of the economic environment.

Applications of the Framework

We present a practical application of the
framework sketched above to the Italian bank-
ing sector. First we present the results obtained
from the application of the approach on aggre-
gated data for the entire banking industry, then
we will produce a specific application to a repre-
sentative sample of 6 Italian banks: Intesa San-
paolo, Unicredit, UBI Banca, Banca Monte dei
Paschi di Siena, Credito Emiliano - CREDEM
and Banca Popolare di Milano.

Fees and Commissions

The variable to be modelled represents the
amount of net fees in the balance sheet. In
the application for the single banks, we used
the data referrring to net commissions in the
Bankscope database for each bank; for the aggre-
gated analysis, we used the data of Italian bank-
ing industry available by the Banca d’Italia sta-
tistical data base. The period examined ranges
from 2005 to 2015 for the sample of banks, while
it starts in 2001 and ends in 2014 for the en-
tire Italian banking system. Since the data are
derived from banks’ balance sheets, they are
observed on an annual frequency.
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FIGURE 8: Historical series of "other net income" values from 2001 to 2014 - values in millions of euros.

Figure 8 shows the values taken from the
aggregated data of Italian banks made available
by the Banca d’Italia: it can be noted that a peak
was reached before the great financial crisis in
2008.

Macroeconomic and Financial Variables

The independent variables (regressors or ex-
planatory variables) used to model the target
variable consist of macroeconomic variables re-
lated to the Italian economy. We use several
sources: European Central Bank (ECB), Banca
d’Italia and ISTAT (Italian national institute of
statistics).

The macroeconomic variables used in the
analysis are as follows:

• Percentage change in gross domestic product
(GDP)

• Inflation rate (CPI)

• Unemployment rate

• Percentage change in disposable income

• Percentage change in house price index (HPI)

• Long-term rate (10 years)

• Variation in long-term rate

• Short term rate (Euribor 3m)

• Percentage change in stock exchange index
(FTSE)

• Variation in euro/dollar exchange

This set of regressors has been selected tak-
ing into account the most relevant national
macroeconomic variables. These explanatory
variables are included in the model at the same
time of the target variable and with reference to
the previous year.

In more detail, the coefficients relating to
GDP, interest rates, inflation rate, disposable in-
come, house price index and FTSE were bound
to be positive, while the coefficient associated
with the unemployment rate was imposed neg-
atively. Furthermore, the regression coeffi-
cient linked to the euro/dollar exchange left
unconstrained.

The selected variables provide an insight
into both the state of the financial markets and
the situation and performance of the economy
in general.

Aggregated Banking System

Figure 8 shows the evolution of the histori-
cal series of the net fees and commissions. We
can see the expansionary phase before the be-
ginning of the great financial economic crisis,
and the downturn that occurred in 2011 during
the strong pressure that the Italian economic
system went under in that period.

For the aggregated analysis we identified
1166 models and we estimated their coefficients.
Then the BACE method has been applied, as
described in section 1, and the contribution of
the explanatory variable is obtained.
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Posterior
Description Coefficient Probability p-Value

Constant 29.399 1.0000 0.0000
FTSE MIB Index, Percentage change, Lag 0 12.045 0.9782 0.0071
Euro/Dollar Exchange, Absolute variation, Lag 1 2.883 0.6998 0.3402
Euribor 3M, Level, Lag 0 2.348 0.6967 0.0004
GDP, Percentage change, Lag 0 66.288 0.5763 0.0958
Disposable Income, Percentage change, Lag 1 3.472 0.3882 0.2900
Short Term Rate, Level, Lag 1 0.852 0.2845 0.0003
HPI, Percentage change, Lag 0 1.934 0.1423 0.0595
HPI, Percentage change, Lag 1 0.898 0.1237 0.0875
Long Term Rate, Absolute variation, Lag 0 0.057 0.0976 0.0360
Euro/Dollar Exchange, Absolute variation, Lag 0 0.110 0.0599 0.0374
Disposable Income, Percentage change, Lag 0 0.210 0.0332 0.0285
Unemployment Rate, Level, Lag 0 -0.019 0.0136 0.0006
FTSE MIB Index, Percentage change, Lag 1 0.136 0.0131 0.0017
Unemployment Rate, Level, Lag 1 -0.003 0.0032 0.0005
CPI, Percentage change, Lag 1 0.118 0.0015 0.0009
GDP, Percentage change, Lag 1 0.043 0.0012 0.0008

TABLE 5: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown) - original data in billions of euros.

Description Stats Results

R2 84%
P-value test Ljung-Box 73% Passed
P-value test Shapiro-Wilk 91% Passed
P-value test Shapiro-Francia 80% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 6: Model statistics.

Table 5 shows the list of macroeconomic vari-
ables entering the final model with their asso-
ciated coefficients and their posterior inclusion
probability. The table shows that the macroe-
conomic variable most commonly found in the
models (with a posterior inclusion probability
of almost 98%) and with greater explanatory
power is the percentage change in the FTSE
MIB stock market index; this can be economi-
cally sensible, since it indicates a general vibrant
activity in the financial markets that may gener-
ate fees for banks, and also a positive economic
environment.

The second and third most important vari-
ables are, respectively: the absolute variation of
the euro/dollar exchange rate with a lag of one
year, even if the p-value associated with it indi-
cates the low significance of the variable; and
the short-term rate represented by the 3-month
Euribor rate.

Table 6 shows the main statistics for the final
model. As can be seen, the R2 index provides in-
formation on the goodness of the model; it is rel-
atively high, confirming the good performance
of the model estimated. In addition, different
statistics on residuals are shown, in particular
p-values of different tests: the Ljung-Box test
that tests the autocorrelation of residuals (specif-

ically, the absence of correlation is accepted), the
Shapiro-Wilk and Shapiro-Francia tests useful
in testing the hypothesis of normality of residu-
als (in this case the residuals can be considered
normally distributed). Furthermore, the t-test is
used to check that the residuals have an average
zero and this test is also passed.

Furthermore, for sake of completeness, Fig-
ure 9 shows the histogram of the residuals
where it is possible to see the comparison with
the normal distribution and the autocorrelo-
gram. The first helps to graphically test the
distribution of residuals, while the second is a
particular graph that allows to verify the pres-
ence of autocorrelation of residuals, which can
be considered absent because the bars are all
contained within the confidence interval shown.

All the statistics described above show that
the final model is very satisfactory for mod-
elling.

Let us now focus on the projections of the
fees and commissions in the two different sce-
narios provided in the 2016 stress tests. The
results are in a graph (Figure 10), where the
different future paths followed by the fees and
commissions are shown, based on the macroe-
conomic scenario.
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(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 9: Residual analysis charts.

FIGURE 10: Forecasts under the Baseline and Adverse scenarios for 2016-2018. Values in millions of euros.

One can observe how the fees and commis-
sions suffer a drop in the worst case scenario.
This is due to the fact that a worsening of the
economic performance will produce a reduction
of the other net income. On the other hand, it
is possible to observe that when the economic
performance is stable or improves, also the evo-
lution of the fees and commissions is stable or
grows.

Table 7 shows the values assumed by the
fees and commissions (or, other net income) in
the two macroeconomic scenarios and the re-
spective multipliers calculated as a ratio of the
projected values to the level at the reference
date (i.e.: end of 2015), thus highlighting the
expected percentage change with respect to the
starting value.

A similar analysis has been carried out by
Mirza et al. [7], who consider the ratios between
net commissions and total assets for a sample
of banks in each euro area country. We have
here used a different methodology, particularly

for the selection of variables and the estimation
of coefficients. Similarly to us, they also use
the scenarios provided by the EBA for the 2016
stress tests to forecast the fees and commissions.
As far as the forecasts are concerned, under the
adverse scenario, we find similar percentage
variations in the three years, with respect to our
starting date. Mirza et al. [7] note that in the
first year of the scenario most European banks
are expected to decline by up to 5%, and this
trend is also fully confirmed by our model. For
the second year they predict an increase in the
number of countries where banks are affected
by a reduction in fees, with an average decrease
of around 5%; our forecast is also in line, which
stands at around 3.4%. The fees and commis-
sions improve in the last year of the scenario,
where countries with significant contractions
are reduced; the improvement is also captured
by our model, where the other net income basi-
cally revert to the starting value.
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Year Baseline Adverse Multiplier BL Multiplier ADV

2016 29880.10 28540.22 0.98 0.94
2017 31472.58 29354.31 1.03 0.96
2018 31690.30 30638.21 1.04 1.00

TABLE 7: Other net income (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

(a) Intesa Sanpaolo. (b) Unicredit.

(c) UBI Banca. (d) Monte dei Paschi di Siena.

(e) CREDEM. (f) Banca Popolare di Milano.

FIGURE 11: Forecasts under the Baseline and Adverse scenarios for 2016-2018 for the sample of 6 Italian Banks. Values in
millions of euros.

However, it should be kept in mind that their
target variable is not exactly the same as ours,
since the commissions are related to total assets.

Sample of Banks

The sample of banks we chose can be con-
sidered representative of the Italian banking
system due to their importance and presence
country-wise; we also considered the availabil-
ity and robustness of the public data available.
The methodology applied is the same as above:
the target variable is the amount of net fees
reported on the balance sheet and available
through the Bankscope database.

Figure 11 shows the evolution of net com-
missions of selected banks: it is possible to ob-

serve the model performance and the impact
of macroeconomic scenarios on the fees and
commissions.

In Table 8 we show the full details of the re-
sults for one main Italian bank: Intesa Sanpaolo
(details for other banks are in the Appendix).
In more detail, te table show the results ob-
tained by BACE methodology for each variable:
the posterior inclusion probability associated
with the variables and the estimated coefficients,
which for clarity’s sake are related to regressors
expressed in billions of euros. The variable with
a higher probability of entering the final model,
which is an indication of its explanatory power,
is the absolute variation in the euro/dollar ex-
change rate.
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Posterior
Description Coefficient Probability p-Value

Constant 5.599 1.0000 0.0002
Euro/Dollar Exchange, Absolute variation, Lag 0 -4.859 0.7796 0.0805
FTSE MIB Index, Percentage change, Lag 0 2.696 0.7666 0.0422
GDP, Percentage change, Lag 1 13.721 0.7457 0.1446
Euribor 3M, Level, Lag 0 0.125 0.3890 0.0367
Disposable Income, Percentage change, Lag 0 1.540 0.2446 0.1640
FTSE MIB Index, Percentage change, Lag 1 0.396 0.2210 0.0163
Short Term Rate, Level, Lag 1 0.022 0.1353 0.0706
Euro/Dollar Exchange, Absolute variation, Lag 1 -0.140 0.0833 0.0341
HPI, Percentage change, Lag 0 0.358 0.0738 0.0474
Disposable Income, Percentage change, Lag 1 0.258 0.0670 0.0452
GDP, Percentage change, Lag 0 0.494 0.0557 0.0347
HPI, Percentage change, Lag 1 0.128 0.0409 0.0284
Unemployment Rate, Level, Lag 0 -0.001 0.0310 0.0238
Long Term Rate, Absolute variation, Lag 0 0.001 0.0184 0.0170

TABLE 8: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown), for Intesa SanPaolo.

Year Baseline Adverse Multiplier BL Multiplier ADV

2016 6486.83 5984.70 0.98 0.91
2017 6646.30 6099.36 1.01 0.93
2018 6699.79 6364.26 1.02 0.97

TABLE 9: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios, for
IntesaSanPaolo.

The relevance of the lagged variables for
modelling the target variable can be explained
by the nature of the available data; in fact, the
data are extrapolated from bank balance sheets
and often affected by the influence of the pre-
vious year’s economic situation, with the deter-
mination of a carry-over effect.

It is interesting to note that a significant pos-
itive contribution is made by gross domestic
product, which is considered a typical indicator
of an economy’s health. Another variable that
highlights the state of the country’s economy is
the percentage change in the house price index,
which is a signal of the liveliness in the origina-
tion of mortgage loans. It is reasonable to think
that an expanding real estate sector combined
with an expansionary phase of the economy
leads to the underwriting of additional mort-
gages, which generates an increase in the result-
ing commissions. Finally, the negative sign asso-
ciated with the unemployment rate confirms the
negative impact of general economic conditions
on the fees earned by the bank.

Looking at Figure 11, the time series shows
once again a downturn caused by the un-
favourable scenario of the 2016 EBA Stress Test,
and a slight upward trend in the baseline sce-
nario. Table 9 presents the forecasts of the com-
missions in the years for the macroeconomic
scenarios and their multipliers. In the Appendix
we report the details on model statistics.

Conclusion

In this article we have presented a methodol-
ogy for modelling net commissions, a relevant
balance sheet item in the banking sector, by link-
ing them to main macroeconomic and financial
variables. In order to do this, we have used a
fairly robust approach in the econometric field,
the BACE technique, which is largely employed
by the ECB’s in analysing and stress testing the
banking industry performance.

We have practically tested the approach in
the Italian banking industry, both at an aggre-
gated system level, and at single institution
level, for a sample of 6 banks. The models esti-
mated using the BACE methodology are very
satisfactory under a statistical point of view, de-
tecting significant relationships between the fees
and commissions, and macroeconomic variables.
The resulting models can be used for several
purposes, ranging from managerial planning
and forecasting, to ICAAP stress tests, includ-
ing scenario analysis run for regulatory reasons
as required by the European Banking Authority
and the European Central Bank on regular basis
by now.

The approach seems promising and robust
also to applications to other countries.
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Appendix

Modelling Banking Commissions:
An Application to the Italian Banking System

A. Regressors and Expected
Contribution

Description Expected Sign

Percentage change in gross domestic product (GDP) +
Percentage change in gross domestic product (GDP), Lag 1 Year +
Inflation rate (CPI) +
Inflation rate (CPI), Lag 1 Year +
Unemployment rate -
Unemployment rate, Lag 1 Year -
Percentage change in disposable income +
Percentage change in disposable income, Lag 1 Year +
Percentage change in house price index (HPI) +
Percentage change in house price index (HPI), Lag 1 Year +
Long-term rate (10 years) +
Long-term rate (10 years), Lag 1 Year +
Variation in long-term rate +
Variation in long-term rate, Lag 1 Year +
Short term rate (Euribor 3m) +
Short term rate (Euribor 3m), Lag 1 Year +
Percentage change in stock exchange index (FTSE) +
Percentage change in stock exchange index (FTSE), Lag 1 Year +
Short term rate (Euribor 3m) +
Short term rate (Euribor 3m), Lag 1 Year +
Variation in euro/dollar exchange Unconstraint
Variation in euro/dollar exchange, Lag 1 Year Unconstraint

TABLE 10: List of variables used as regressors and expected sign to explain the target variable.
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B. Detailed Level Analysis B.1 Intesa Sanpaolo

(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 12: Residual analysis charts.

Description Stats Results

R2 47%
P-value test Ljung-Box 11% Passed
P-value test Shapiro-Wilk 31% Passed
P-value test Shapiro-Francia 45% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 11: Model statistics.
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B.2 Unicredit

Posterior
Description Coefficient Probability p-Value

Constant 7.716 1.0000 0.0001
FTSE MIB Index, Percentage change, Lag 1 0.774 0.5946 0.0612
Euro/Dollar Exchange, Absolute variation, Lag 0 -0.896 0.5690 0.1245
Short Term Rate, Level, Lag 1 0.164 0.5321 0.0144
Euribor 3M, Level, Lag 0 0.137 0.3662 0.0045
CPI, Percentage change, Lag 0 3.750 0.226 0.0329
HPI, Percentage change, Lag 1 0.514 0.2182 0.1646
Long Term Rate, Absolute variation, Lag 0 0.017 0.1973 0.0709
Disposable Income, Percentage change, Lag 0 0.765 0.1398 0.0658
Long Term Rate, Absolute variation, Lag 1 0.005 0.1332 0.0781
Long Term Rate, Percentage change, Lag 0 0.010 0.1224 0.0502
GDP, Percentage change, Lag 1 0.473 0.1114 0.0647
CPI, Percentage change, Lag 1 0.645 0.1090 0.0568
GDP, Percentage change, Lag 0 0.561 0.1061 0.0695
Long Term Rate, Percentage change, Lag 1 0.005 0.1033 0.0547
Unemployment Rate, Level, Lag 0 -0.013 0.0599 0.0006
HPI, Percentage change, Lag 0 0.140 0.0444 0.0284
Unemployment Rate, Level, Lag 1 -0.005 0.0228 0.0006
Disposable Income, Percentage change, Lag 1 0.011 0.0048 0.0037

TABLE 12: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

Year Baseline Adverse Multiplier BL Multiplier ADV

2016 7599.04 7447.50 0.99 0.98
2017 7474.08 7293.16 0.98 0.95
2018 7750.57 7523.73 1.01 0.99

TABLE 13: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 13: Residual analysis charts.

Description Stats Results

R2 82%
P-value test Ljung-Box 12% Passed
P-value test Shapiro-Wilk 72% Passed
P-value test Shapiro-Francia 67% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 14: Model statistics.
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B.3 UBI Banca

Posterior
Description Coefficient Probability p-Value

Constant 1.112 1.0000 0.0004
GDP, Percentage change, Lag 1 1.356 0.7588 0.0892
FTSE MIB Index, Percentage change, Lag 0 0.311 0.7196 0.0218
Euro/Dollar Exchange, Absolute variation, Lag 0 -0.688 0.7191 0.0362
Euribor 3M, Level, Lag 0 0.020 0.6061 0.0513
CPI, Percentage change, Lag 1 3.809 0.5295 0.0561
Disposable Income, Percentage change, Lag 0 1.504 0.5225 0.0605
FTSE MIB Index, Percentage change, Lag 1 0.048 0.2542 0.0058
Euro/Dollar Exchange, Absolute variation, Lag 1 -0.079 0.2524 0.0149
Disposable Income, Percentage change, Lag 1 0.136 0.1724 0.0455
Short Term Rate, Level, Lag 1 0.001 0.0875 0.0338
Long Term Rate, Absolute variation, Lag 0 0.001 0.0862 0.0367
HPI, Percentage change, Lag 1 0.028 0.0710 0.0321
HPI, Percentage change, Lag 0 0.027 0.0682 0.0342
GDP, Percentage change, Lag 0 0.047 0.0323 0.0075

TABLE 15: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

Year Baseline Adverse Multiplier BL Multiplier ADV

2016 1237.05 1189.90 0.97 0.93
2017 1258.09 1204.56 0.99 0.94
2018 1271.59 1229.76 1.00 0.96

TABLE 16: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 14: Residual analysis charts.

Description Stats Results

R2 76%
P-value test Ljung-Box 85% Passed
P-value test Shapiro-Wilk 83% Passed
P-value test Shapiro-Francia 95% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 17: Model statistics.
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B.4 Banca Monte dei Paschi di Siena

Posterior
Description Coefficient Probability p-Value

Constant 1.320 1.0000 0.0102
Euro/Dollar Exchange, Absolute variation, Lag 0 -2.044 0.9877 0.0361
FTSE MIB Index, Percentage change, Lag 0 0.795 0.9778 0.0770
Disposable Income, Percentage change, Lag 0 3.365 0.7414 0.0787
Long Term Rate, Percentage change, Lag 0 0.073 0.6949 0.0208
Unemployment Rate, Level, Lag 1 -0.009 0.5235 0.2368
Short Term Rate, Level, Lag 1 0.011 0.3372 0.1514
Long Term Rate, Percentage change, Lag 1 0.018 0.1575 0.0243
Long Term Rate, Absolute variation, Lag 0 0.007 0.0887 0.0078
CPI, Percentage change, Lag 1 0.334 0.0545 0.0215
GDP, Percentage change, Lag 0 0.041 0.0469 0.0373
CPI, Percentage change, Lag 0 0.236 0.0335 0.0095
Euro/Dollar Exchange, Absolute variation, Lag 1 -0.001 0.0117 0.0101

TABLE 18: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

Year Baseline Adverse Multiplier BL Multiplier ADV

2016 1743.14 1610.12 0.97 0.89
2017 1776.08 1652.24 0.99 0.92
2018 1822.52 1733.60 1.01 0.96

TABLE 19: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 15: Residual analysis charts.

Description Stats Results

R2 71%
P-value test Ljung-Box 14% Passed
P-value test Shapiro-Wilk 24% Passed
P-value test Shapiro-Francia 16% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 20: Model statistics.
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B.5 Credito Emiliano - CREDEM

Posterior
Description Coefficient Probability p-Value

Constant 0.314 1.0000 0.0002
FTSE MIB Index, Percentage change, Lag 0 3.451 1.0000 0.0009
Euro/Dollar Exchange, Absolute variation, Lag 0 -5.374 1.0000 0.0039
GDP, Percentage change, Lag 1 12.321 1.0000 0.0033
Euribor 3M, Level, Lag 0 0.132 0.9846 0.0201
Long Term Rate, Percentage change, Lag 0 0.125 0.9482 0.0069
Disposable Income, Percentage change, Lag 0 0.837 0.4916 0.1056
CPI, Percentage change, Lag 0 0.355 0.0303 0.0038
Long Term Rate, Absolute variation, Lag 0 0.001 0.0146 0.0026
Long Term Rate, Percentage change, Lag 1 0.001 0.0086 0.0019
HPI, Percentage change, Lag 1 0.007 0.0051 0.0029
CPI, Percentage change, Lag 1 0.052 0.0037 0.0018
HPI, Percentage change, Lag 0 0.003 0.0020 0.0011
Disposable Income, Percentage change, Lag 1 0.002 0.0016 0.0012

TABLE 21: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

Year Baseline Adverse Multiplier BL Multiplier ADV

2016 426.36 406.87 0.95 0.91
2017 437.32 422.06 0.97 0.94
2018 444.81 431.89 0.99 0.96

TABLE 22: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 16: Residual analysis charts.

Description Stats Results

R2 98%
P-value test Ljung-Box 32% Passed
P-value test Shapiro-Wilk 57% Passed
P-value test Shapiro-Francia 36% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 23: Model statistics.
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B.6 Banca Popolare di Milano

Posterior
Description Coefficient Probability p-Value

Constant 0.525 1.0000 0.0009
FTSE MIB Index, Percentage change, Lag 0 0.144 0.9971 0.0242
Euro/Dollar Exchange, Absolute variation, Lag 0 -0.227 0.9937 0.0692
GDP, Percentage change, Lag 0 1.238 0.9776 0.0414
Short Term Rate, Level, Lag 1 0.019 0.9733 0.0224
Disposable Income, Percentage change, Lag 0 1.091 0.9686 0.0717
Long Term Rate, Percentage change, Lag 0 0.001 0.2220 0.1300
Long Term Rate, Absolute variation, Lag 0 0.001 0.2117 0.1110
Long Term Rate, Percentage change, Lag 1 0.001 0.1502 0.1115
HPI, Percentage change, Lag 1 0.007 0.0226 0.0105
HPI, Percentage change, Lag 0 0.003 0.0050 0.0014

TABLE 24: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

Year Baseline Adverse Multiplier BL Multiplier ADV

2016 581.17 546.32 0.95 0.90
2017 586.47 533.53 0.96 0.88
2018 596.06 568.99 0.98 0.93

TABLE 25: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

(a) Histogram of residuals. (b) Autocorrelation function of resid-
uals.

FIGURE 17: Residual analysis charts.

Description Stats Results

R2 96%
P-value test Ljung-Box 25% Passed
P-value test Shapiro-Wilk 73% Passed
P-value test Shapiro-Francia 81% Passed
P-value t-test (Residual average = 0) 100% Passed

TABLE 26: Model statistics.
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