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Dear Readers,

It is a pleasure to welcome you to this new issue of Argo.

For this spring publication, we wish to propose you a rich and varied offer
of content on some of the most interesting and cutting-edge topics in the banking
world.
As usual, we open the issue with the "Just in Time" section dedicated to our publications on the latest updates on the industry. Inside, among others, you can
discover interesting contributions on Climate Change Risk and Fintech landscape.

In this issue, within the Insurance Risk section, you can ﬁnd the paper "Risk
Sharing Insurance Schemes for Invoice Discounting Platforms" by A. Castagna:
the author analyzes how a peer-to-peer insurance scheme can be set up to cover
credit losses originated by unpaid invoices traded on invoice discounting marketplace platforms.

You can continue your reading with an interesting article in the Credit Risk
section. In "Credit Risk: Basel IV Regulatory Framework and New Frontiers" the
authors, among others D. Esposito and M. Carminati, accompany us in an excursus on Credit Risk regulation an also confront the new frontiers such as the use of
ML techniques for IRB credit models.

Within the Market Risk section, you can read the quantitative article "Risk
Attribution" on the well-known Value at Risk (VAR). Authors M. Bonollo and
A. Menegon, among others, propose an alternative approach to its calculation that
seeks to provide a risk decomposition framework which is able to spot (additive) risk
and diversiﬁcation sources within the portfolio at hand that can be beneﬁcial for
many goals: risk analysis, uncovering of new (risk-adjusted) business opportunities, improved capital allocation and increased soundness for auditing and supervisory purposes.

The last article we propose is dedicated to the ALM/CFT world. Within
"New Challenges on Money Laundering and Financial Terrorism Risks" L. Corna,
after an overview of current framework, highlights the new challenges related to the
Covid-19 pandemic and to climate change that will have a signiﬁcant impact on
AML/CFT legislation.
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Editorial

We take the opportunity to present you two of our recent series: “Iason
Pills” and “Market View”.

The ﬁrst, edited by D. Esposito, is a regulatory summary that condenses the
salient features of the latest regulatory innovations into a few synthetic points. You
can ﬁnd them daily on our LinkedIn page and on our website.

The latter is a weekly overview on the ﬁnancial market by S. Grasso, also
available on our LinkedIn page and our website.

We conclude with a suggestion to visit our online Research page and subscribe to our newsletter service with a monthly update on the most relevant topics
about practical Risk Management.

We wish you a happy reading!
Antonio Castagna
Luca Olivo
Giulia Perfetti
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BankIt – Aspettative di Vigilanza sui Rischi Climatici e Ambientali
La Banca d’Italia, in linea con analoghe iniziative della BCE e di altre
autorità di vigilanza nazionali, ha elaborato un primo insieme di
aspettative di vigilanza sull’integrazione dei rischi climatici e
ambientali nelle strategie aziendali, nei sistemi di governo, controllo
e gestione dei rischi e nella informativa al mercato degli intermediari
vigilati. Le aspettative forniscono indicazioni di carattere generale
non vincolanti. La loro declinazione a livello operativo è rimessa al
singolo intermediario.
read more
Date May 2022

The Pricing of Green Bonds: External Reviews and Shades of Green
The paper presented in this Just in Time issue investigates the pricing
implications of the greenness of bonds. The green-pricing effect is
estimated through the "green bond premium", defined as the
difference between the yields of matched conventional and greenlabeled bonds. The green bonds show a statistically significant
premium, which increases with external greenness evaluation and is
higher for bonds with darker shades of green.
read more
Date March 2022

The Low-carbon Transition, Climate Comments and Firm Credit Risk
This Just in Time issue is based on the ECB's Working Paper "The
low-carbon transition, climate commitments and firm credit risk" (No
2631, December 2021). It explores how the need to transition to a lowcarbon economy impacts on firm credit risk. It assesses how firm
climate-related transition risk exposure, future commitments to
reduce emissions, and environmental information disclosure
influence two key measures of firms' credit risk: credit ratings and
market-implied distance to default. Higher transition risk exposure is
associated with higher credit risk.
read more
Date February 2022
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Explainable Artificial Intelligence: Interpreting Default Forecasting Models Based on
Machine Learning
Within the series “Questioni di Economia e Finanza” Banca d'Italia
published in March 2022 the paper "Explainable Artificial
Intelligence: interpreting default forecasting models based on
Machine Learning". The paper applies some of the most widely
recognized methods in the eXplainable Artificial Intelligence (XAI)
literature to measure the importance of individual indicators in
estimating the probability of default, comparing the results obtained
on a logistic model and on a random forest model.
read more
Date May 2022

Corporate Default Forecasting with Machine Learning
As part of the series “Temi di Discussione”, Banca d'Italia has
published the paper "Corporate default forecasting with machine
learning". The paper analyzes the performance of some machine
learning models in estimating the probability of default, comparing
the results with those obtained through traditional models, such as
logistic regression. The results show that Machine Learning models
provide a significant increase in discriminating power over
traditional models when a limited set of information (balance sheet
indicators) is available.
read more
Date May 2022

Machine Learning for IRB Models EBA/DP/2021/04
The aim of the EBA discussion paper "Machine Learning for IRB
models" is to understand the challenges and opportunities coming
from the world of machine learning (ML) should they be applied in
the context of internal ratings-based (IRB) models to calculate
regulatory capital for credit risk. The main pivotal challenge comes
from their complexity which leads, at least for the more complex ML
models, to challenges: i) in interpreting their results, ii) ensuring
their adequate understanding by the management functions and
bodies iii) justifying their results to supervisors.
read more
Date January 2022
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ECB: Aggregated Results of SREP 2021
ECB has published the results of its Supervisory Review and
Evaluation Process (SREP) for 2021. The 2021 supervisory cycle
signaled a return to normality, following the pragmatic approach
adopted in 2020, when capital requirements were kept stable on
account of the pandemic and supervisory concerns were addressed
mainly by means of recommendations, rather than requirements. The
findings of that annual assessment indicate that significant
institutions have maintained solid capital and liquidity positions.
However, banks’ scores remain broadly stable overall. In the 2021
cycle, credit risk and internal governance were the two main areas in
terms of remedial measures requested of banks.
read more
Date March 2022

EBA Report on 2021 Credit Risk Benchmarking Exercise
EBA published its Reports on the annual credit risk benchmarking
exercises. These exercises aim at monitoring the consistency of RWAs
across all EU institutions authorised to use internal approaches for
the calculation of capital requirements. The variability of Credit Risk
RWA remained rather stable, despite the pandemic and banks’ efforts
to re-develop or re-calibrate their models to comply with the policies
set out in the EBA internal rating-based roadmap. A particular focus
has been put on analysing the impact of the pandemic and the
compensating public measures on the IRB models.
read more
Date April 2022

EBA Report on 2021 Market Risk Benchmarking Exercise
The report present the results of the 2021 supervisory benchmarking
exercise according to the article 78 of the Capital Requirement
Directive (CRD) and the related regulatory and implementing
technical standards (RTS) and (ITS) that define the scope, procedures
and portfolios for benchmarking internal models for market risk
(MR) - The report summarizes the conclusions drawn from a
hypothetical portfolio exercise (HPE) conducted by the EBA during
the 2020/2021 - The primary objective is to assess the level of
variability observed in risk-weighted assets (RWA) for market risk
produced by banks’ internal models - The results show a reduction in
the dispersion of the IMV (Initial Market Valuation). In general,
variability is substantially higher than in the previous exercise.
read more
Date April 2022
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AML/CFT: The Risk‐Based Supervision Guidelines of European Banking Authority
The Fourth Directive (EU) 2015/849 recognizes that the ML/FT risk
can change, and it sets the risk-based approach at the center of
AML/CTF framework. This means that the stakeholders (i.e., Member
States, competent authorities and obliged entities) should put in
place dedicated processes in order to recognize, evaluate, supervise,
handle and mitigate the money laundering and terrorist financing
risks.
read more
Date January 2022

Banca d’Italia Indagine sulla Gestione delle Inadempienze Probabili
Il 25 marzo 2022 Banca d’Italia ha pubblicato, nell’ambito della Note
di stabilità finanziaria e vigilanza, l’"Indagine sulla gestione delle
Inadempienze Probabili". La gestione delle inadempienze probabili
(IP), apre nuove sfide per le banche: i debitori classificati come IP
versano in situazioni di difficoltà economica e finanziaria giudicate
reversibili. Al fine di valutare il livello preparazione delle banche
nella gestione attuale e prospettica delle IP, nel 2020 è stata condotta
una rilevazione di carattere qualitativo presso le principali banche
italiane.
read more
Date April 2022

ESMA GL on Liquidity Stress Testing in UCITS and AIFs: Supervisory Expectations
and Possible Challenges
In September 2019 ESMA issued the Guidelines (GL) on liquidity
stress testing (LTS) in UCITS and AIFs, whose main purpose is to
ensure these Funds are sufficiently liquid to cope under severe
liquidity risk scenarios. To this aim, the GL, which are applicable
from 30 September 2020, establish periodic LST based on multiple
severe but plausible scenarios, based also on the assumption of highvolume withdrawals requests from investors. The article “Liquidity
Stress Test e Asset Management”, published on FinRiskAlert by
Michele Bonollo, summarizes the elements of a fund liquidity stress
test framework and highlights possible challenges related to the
implementation of stress test frameworks compliant with ESMA GL.
read more
Date April 2022
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books “FX options and smile risk” and
“Measuring and Managing Liquidity Risk”,
both published by Wiley.
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Risk Sharing Insurance Schemes
for Invoice Discounting Platforms
Antonio Castagna

his paper analyses how a peer-to-peer (P2P) insurance scheme can be set up to cover credit losses originated by
unpaid invoices traded on invoice discounting marketplace platforms. We propose i) how companies selling their
receivables on the marketplace platforms can pool resources to guarantee the coverage of the credit losses suffered
by the buyers of the invoices, ii) how to allocate the share of losses on each participant to the pool, and ﬁnally iii) how to
redistribute amongst participants the remaining share of the pool after the losses are covered. We start by studying the
trivial case of the loss suffered by the buyer on a single invoice, then we show how a form of loss coverage can be obtained
by each seller and ﬁnally we analyse the full risk sharing by all sellers, and the insurance mechanism that can be set up
that is fair to each participant.

T

2P risk sharing has been the subject of several
works in recent literature. A very short list,
limited to the most relevant to the present
work, include Abdikerimova and Feng [1], who analyse the concept of P2P risk transfer and allocation
networks; Denuit and Dhaene [3] who introduce a
conditional mean risk sharing mechanism to achieve
Pareto-optimality by using risk-reducing properties
of conditional expectations with respect to convex ordering; based on this approach, Denuit and Robert
[4] formalize the three business models dominating
peer-to-peer (P2P) property and casualty insurance:
the self-governing model, the broker model and the
carrier model; Feng et al. [5] propose a framework
for P2P risk sharing pool based upon Pareto optimality and actuarial fairness principles, providing an exact solution for allocation ratios in the unconstrained
optimal P2P risk sharing setting, and an application
to catastrophe risk pooling with several P2P alternatives to ﬂood risk management.
The concept underlying the P2P risk sharing is
the century old one of mutual aid, also present in
many ancient civilizations: in very basic terms, it
is an arrangement where resources are voluntarily
shared for the mutual beneﬁt of a group of peers.
P2P risk sharing may be deﬁned as the contemporary form of mutual aid, in which modern technologies facilitate the organisation and working of the
scheme.
In the last few years, peer-to-peer (P2P) mechanisms are available not only for insurance, but also
for ﬁnancial products and services. Lending platforms, for example, are organised so that prospective borrowers obtain funding from a group of, possibly not institutional, creditors. Another very common P2P ﬁnancial service is provided by market-

place platforms that allow to sell, and buy, invoices
(or, trade receivables) so that companies, typically
SMEs, may access an alternative form of funding
from investors wishing to access a very peculiar and
interesting asset class.

P

It is precisely on invoice trading platforms that
this work focusses on, by presenting a form of P2P
risk sharing providing credit insurance by the companies selling invoices to investors buying them.
This P2P risk sharing scheme leverages the typical
rules that almost the entirety of the marketplace platforms currently adopt: these rules, by themselves,
do not offer any practical reduction of the credit risk
borne by the investors, but they may be used to set
up a much more effective credit insurance offered to
them.
The work is organised as follows: we present an
outlook of the typical rules governing the working
of the major invoice trading platforms; we then introduce a P2P insurance scheme that exploits these
rules, thus providing a credit protection to investors
and, partially, to selling companies; we then investigate how the selling companies contribute to the
collateral pool that covers the credit losses and, after
that, how they participate to possible cash-back payments if any residual collateral is left. A simulation
of the proposed P2P scheme is shown for a stylised
portfolio of invoices, and a review of some practical
issues and suggestions conclude the work.
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Invoice Discounting Mechanics
of Marketplace Platforms

the payment of the due amount of the invoice, then
we assume that the buyer suffers a loss for the entire
i,k . This means that we are assuming a loss given
default Lgd = 100%, so that the credit loss suffered
by the buyer upon debtor i’s default is

Let a company j (j = 1, ..., J) be the seller of the invoice issued by the debtor company i (i = 1, ...I),
with no recourse,1 to the buying investor k (k =
1, ..., K) on a marketplace invoice trading platform.
The invoice is sold at a discount with respect the
nominal amount Ni , i.e.: the amount that at the expiry is paid by the debtor company to the owner of
the invoice at that time. The difference between the
nominal amount and the selling price is the yield the
buying requires for the investment.

Li,k = Ni (1 − hci ) × Lgd =i,k .

(2)

Similarly, the loss suffered by the seller equals to
the margin, net of the discount, that is expected to
be reimbursed upon the ﬁnal payment of the debtor
and that we indicated before: Ci = Mi − yi . So the
exposure at default of the seller j is i,j = Ci and the
credit loss is Li,j = Ci × Lgd =i,j .
This is the basic mechanism by which all the marketplace platforms operate, with few variations on
the theme. It is clear that both the selling company
and the investor, in different degrees, may suffer a
credit loss if the debtor company misses the ﬁnal
payment. It is also manifest that, as far as the single invoices are concerned, the margin referring to
each of them does not really work as a credit loss
mitigation device for the buyer, since it is always exposed for the advance amount. The only purpose
pursued by the margin is to retain some seller’s skin
in the game, thus mitigating indirectly the credit risk
borne by the investor by lowering the adverse selection and the moral hazard risk engendered by the
selling company’s behaviour.
Our aim in the following is to ﬁnd out more effective uses of the margin originated by the transactions of the invoices on a marketplace platforms, so
as to achieve an actual, if possibly partial, protection
of the credit risk borne by the investors and by the
sellers themselves.

After the selling company and the investor agree
on the price of the sale Pi , typical arrangements provide for the payment of and advance amount equal
to the nominal amount Ni deducted of the haircut
hci , which is normally set for all trades by the administrator of the platform in the rules of the marketplace. Hence, the advance amount by the buyer
to the selling company is Ni × (1 − hci ). The haircut hci , expressed as a percentage of the nominal
amount of the invoice, generates a margin
Mi = hci × Ni
that is reimbursed to the selling company, net of the
discount
yi = Ni − Pi
applied by the buyer. So, the reimbursed amount Ci
to the seller equals
Ci = Mi − yi = Pi − Ni (1 − hci ).
The amount reimbursed to the buyer is the advance
payment plus the discount on the nominal amount
of the invoice:

Credit Protection Provided by a
Single Selling Company for
Sold Invoices

Ni (1 − hci ) + yi .
The ﬁnal cash-ﬂows to the seller and the buyer
occur only if the debtor company i does not default
on the due payment equal to the nominal amount
of the invoice. In the event of the debtor’s default,
both the buyer investor and the selling company suffer a loss: the exposure at the debtor’s default of the
investor k is:
(1)
i,k = Ni (1 − hci ),

Let us assume that the selling company j wishes to
use the margin Mi , for i = 1, ..., Ij , originated by the
sale of Ij invoices, so that it offers some credit protection to the buyer investor k. We assume that the
reference date is t and all the invoices expiry on the
same date T: we will deal the more general case
when invoices expiry on different dates later on. The
function Di = {0, 1} is used to indicate the default of
the debtor i (Di = 1); the probability that the debtor

which is simply the invested amount corresponding
to the advance amount.2 If the debtor i defaults on

1 By “no recourse” it is meant that, after the sale, the seller is not liable for, nor affected by, the missing payment by the
debtor of the due amount on the expiry date of the invoice, if not within the limits that will be deﬁned later on in the explanation of the trading mechanism. Many platforms allow the invoice trading with the “no recourse” clause. Alternatively,
the clause “with recourse” can be adopted, as some platforms do: in this case the selling company is fully liable for the
missing payment by the debtor and, if the later defaults on the payment at the expiry. it is called to pay back the advance
amount received by the buyer, thus being alone exposed to possible credit losses.
2 We are deﬁning the exposure at default only in terms of the invested capital. An alternative approach could be the
inclusion of the discount that is expected to be earned upon the payment of the debtor, so that the exposure would be
i,k = Ni (1 − hci ) + ( Ni − Pi ). Our choice implies that the loss and the possible recovery will refer to the face value, whereas
the inclusion of the discount in the would make the loss and the recovery refer to the market value of the transaction, if
also the discounting to present value is added.
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defaults on the payment is i (t, T ), which for the moment can be safely written as i to lighten the notation, as well as the survival probability SPi = 1−i .
We assume that the defaults of the Ij debtors are independently distributed events.
The selling company decides to use the total margin originated by the sale of the invoices, net of the
discount, to cover the credit losses suffered by the
investor k, up to the its available amount at time T.
It should be stressed that the credit losses are covered by the amount of all available net margins at
T provided by all invoices, so that any link of the
single invoice of notional Ni , and the corresponding
margin Mi , with the default of the debtor i is broken.
Then, the total net available margin at T is the pool
of collateral CP that covers all credit losses up to its
amount.
To assess the available net margin at the expiry T,
we have to consider not only the discount applied by
the buyer, but also the possible default of the debtor
i, since in this case the margin Mi is not paid, along
with the rest of the nominal amount of the invoice,
and it cannot contribute to the total pool CP . We can
formally write the available collateral as:

The ﬁrst addend of the last part of the RHS of Equation (8) is the expected loss of the portfolio of invoices; the second addend is the expected coverage
of the credit loss provided by the available collateral and capped at its value. Differently said, credit
losses are fully covered up to the value of the available collateral at the expiry of the invoices. Needless
to say that any remaining sum of the available collateral, after the coverage of the losses, is paid back to
the seller of the invoices.
Disregarding any ﬁnancial discounting, which
can straightforwardly be included in the analysis,
fair actuarial principles imply that the premium Πk
paid by the investor to purchase the protection offered by the seller, equals the expected value of
this form of credit insurance, capped to maximum
amount given by the available collateral amount or:
Πk = [min[ Lk , CP ]].

This premium can be paid by the investor as soon as
the portfolio of invoices has been identiﬁed and the
corresponding value of the available collateral calculated.
The fair premium Π that should be paid by the
investor in Equation (8), equal to the expected protection provided by the insurance, cannot be calculated in closed form unless we make the additional
assumption, besides that of the independence of the
default events, that the portfolio of invoices is homogenous, i.e.: all notional amounts are the same
(Ni = N for all i), and all debtors may default with
the same probability (i = for all i.). We will suggest
an approximation to analytically calculate the premium when discussing practical applications of the
framework we are presenting.

Ij

CP =

∑ Ci (1 − Di ).

(3)

i =1

Equation (4) shows that the net margin referring to
each invoice Ci = ( Mi − yi ) enters the collateral pool
only if the debtor i pays the invoice, or it does not
default (Di = 0); when the debtor i does not pay the
invoice (Di = 1), then the corresponding net margin
is excluded from the collateral pool. The expected
collateral is:
ECP = [CP ] =

Ij

Ij

i =1

i =1

∑ Ci (1−i ) = ∑ Ci SPi .

(4)

Credit Protection Provided by
All Selling Companies for Sold
Invoices

The credit loss suffered by the investor k, Lk is:
Lk =

Ij

Ij

i =1

i =1

∑ Ni (1 − hci ) Di = ∑ i,k Di .

(5)

It is quite easy to extend the case referring to the protection provided by a single selling company, to the
case when all J selling companies are willing to use
the margin originated by the sale of the I invoices to
provide credit protection to the investor k. Also in
this case, we make the simplifying assumption that
the I invoices expiry on the same date T.
From the investor’s standpoint nothing really
changes in terms of expected losses, expected credit
protection and fair premium paid to sellers: all these
quantities are derived from Equations (6) and (9), by
trivially modifying them so that they consider all the
invoices sold by the different companies and the total available collateral on the expiry date, which formally means that the summations are up to I instead
of I J .
From the selling companies point of view, two
complications arise and have to be dealt with. Firstly,

The expected credit loss ELk is then:
Ij

ELk = [ Lk ] =

∑ i,ki .

(6)

i =1

We can now embed also the protection offered by the
seller of the invoices, so that the net loss suffered by
the investor k is:
NLk = Lk − min[ Lk , CP ] = max[ Lk − CP , 0].

(7)

Equation (7) sets the net loss as nil if the collateral
pool is larger than the actual credit loss; in case the
credit loss is larger than the collateral pool, the net
loss equals Lk − CP . The expected value of the net
loss is:
ENLk = [ NLk ] = ELk − [min[ Lk , CP ]].

(9)

(8)
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the total premium Π has to be fairly split amongst
all the sellers; secondly, if the credit losses of the invoices’ portfolio are fully covered and some amount
of the total available collateral is left, then the residual sum has to be redistributed to the selling companies. Nevertheless, coping with both problems requires the preliminary introduction of another general rule to add to the basic mechanism we have
sketched above.

which, when calculating the expected value of R j ,
yields:
Ij



[ R j ] = α j Π + β j ECP − [ Lk , CP ] −

∑ ECi .
j

(11)

i j =1

Fairness conditions imply that [ R j ] = 0, so that the
share of residual collateral is (recalling Equation (9)):
I

It should be clear that all selling companies contribute to the pool of collateral but the contribution is effective only if the debtors pay the invoice
on the expiry date T, being nil otherwise. In this
case the selling company itself suffers a credit loss
Li,j = Ci , so that it could be useful to establish a rule
that provides for a sort of peer-to-peer (P2P) insurance, or risk sharing, amongst all the selling companies. This credit loss protection can be achieved if all
companies are granted a share of the possible residual collateral pool (after the credit losses suffered
by the investor k are covered), independently from
their actual contribution to it. Limited to this feature
designed for the selling companies, the credit loss
protection mechanism resembles the survival-to-all
model of a P2P transfer network (for more details on
this and several other P2P transfer networks’ models,
see Abdikerimova and Feng [1]).

βj =

I

∑ L i Di , 0

i =1

−

J

(10)

Ij

αj =

j



− min

∑

i =1
I

i =1

i =1

I

The choice on α j we have proposed, makes both
the share of the premium and the share of the net
terminal available collateral equal to the fraction of
the total pool of collateral represented by the expected collateral provided by each company j. This
could be a reasonable choice because the expected
contributed collateral by each company j depends
also on the credit riskiness of the debtors of the sold
invoices, so that both the amount of provided collateral and the creditworthiness of the debtors of the
invoices are taken into account.

I

∑ Li Di , ∑ Ci (1 − Di )
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(13)

to verify that also β j = ∑i jj=1 ECi j /ECP and that all
constraints are always veriﬁed.

∑ Ci (1 − Di )

i =1

I

j

By plugging Equation (13) in Equation (12), it is easy

It is convenient to rewrite the argument of the
max operator in Equation (10) as:

L i Di , 0 =

∑ ECi /ECP .

i j =1

The ﬁrst addend of the RHS in Equation (10) is the
fraction 0 ≤ αi ≤ 1 of the total premium Π that
company j receives from the investor k; the second
addend is the fraction 0 ≤ β j ≤ 1 of the available collateral net of the credit loss of the entire portfolio of
invoices, if any amount is left, assigned to company
j; ﬁnally, the third addend is company j’s contribution of the collateral Ci j for the invoice i j if the debtor
does not miss the payment, or 0 if the latter defaults
on the payment. The total contributed collateral is
the sum of the collateral amounts referring to all invoices sold by company j, if the debtor i j does not
default.

I

I

Finally, we need to determine the quantities α j :
provided that the constraints ∑ j α j = 1, ∑ j β j = 1
and α j and β j belong to the rage [0, 1] are satisﬁed,
we are quite free to choose any rule we like. One
possible solution is to impose that for each j, α j = β j :
this is obtained by setting:

i j =1


max CP −

(12)

A quick look at Equation (12) shows that the
company j’s share of the expected residual collateral
(the quantity at the denominator), is directly linked
to the expected available collateral originated by the
invoices sold by the company, net of its share α j of
the total premium Π. It is worth noting that the
quantities β j are determined before the expiry T and
they are independent from the actual outcome of the
invoices’ payments.

∑ Ci (1 − Di ).
j

.

1, ∑ j β j = 1 is easily veriﬁed since ∑ j=1 ∑i jj=1 ECi j =
J
ECP and ∑ j=1 α j Π = Π.



Ij

ECP − Π

We impose the additional constraint that ∑ j β j = 1
and ∑ j α j = 1 in Equation (12), so that all residual
available cash is redistributed amongst the selling
companies. Assuming for the moment that ∑ j α j =

Once we have deﬁned this additional rule about
the repartition of the residual available collateral, we
are in the position to determine the fair share for
each company. To that end, we deﬁne the return at
the expiry T of the company j as follows:

R j = α j Π + β j max CP

j
∑i j =1 ECi j − α j Π


,
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Performance of the Proposed
Framework with a
Homogenous Portfolio of
Invoices

lateral pool is calculated as:
Πk = [min[ Lk , CP ]]
I

=

∑ min[iN (1 − hc), C − iNhc]B ′ (i, I, ),

(16)

i =1

where C = ∑iI=1 Mi is potential total collateral and
B ′ (i, I, ) is the binomial density function calculated
in i, or the probability that exactly i defaults occur.
We would like to test the framework within a lab
environment by applying it to a homogenous portfolio of invoices. In reality portfolios are never perfectly homogenous but usually they are never too
far from this condition, given the large number of
invoices traded on a marketplace platform and their
small and similar amount; the debtor’s probability
of default is very likely the variable that really makes
the portfolio depart from the homogeneity condition.
Nonetheless, the aim of this section is to assess the
actual protection that the scheme proposed above offers to the investor, and what the selling companies
may expect to receive back on the residual available
collateral at the expiry of the invoices, even if we
acknowledge the possibly unrealistic assumption of
homogeneity. For the application of the framework
to a more realistic portfolio, see Appendix .

Additionally, the homogeneity assumption implies also that β j = β = α j = α = 1/100, if more
seller companies were involved. More generally, the
homogeneity of the portfolio implies β = α = 1/I,
so that there is a perfectly even split amongst the
selling companies of the premium and of the residual collateral at the expiry of the invoices.
Figure 1 plots the portfolio expected credit loss
([ L]), the net expected credit loss ([ NL]) suffered by
the investor, and the the expected credit coverage,
equal to the premium Π, all expressed as a percentage of the exposure at default (), at different levels of
probability of default . The portfolio expected credit
loss, as a percentage of the , equals the , as it can
be straightforwardly inferred from Equation (14). In
the ﬁgure, it is plotted as a solid line with a 45 degrees’ slope. The protection offered by the available
collateral (dotted line in the ﬁgure) is almost full, i.e.:
it is almost coincident with the portfolio credit loss,
up to around a of about 9%, then it begins being
lower than the portfolio credit loss and after a of
12% it even starts declining. This behaviour is due
to the fact that the available collateral is not constant,
but it is itself affected by the defaults of the debtors,
so that the theoretical coverage up to 10% of credit
losses cannot be achieved. This can be seen in the
portfolio expected net loss (stepped line in the ﬁgure) suffered by the investor, which is almost nil up
to 9%, and then it slowly starts increasing, in a way
specular to the decline in the expected credit coverage.

Firstly, let us deﬁne the portfolio in more detail:
it is made of 100 invoices, each with an equal face
value, say of EUR 100, 000. The actual value of the
single invoices is not important since we will provide all results as a percentage of the total exposure
at default () of the investor: assuming a haircut of
hc = 10%, it means that, from Equation (1), the is
90% of the total value of the invoices in the portfolio. Secondly, we set = 5% for all debtors; thirdly,
we keep the assumption of the independence of the
events of default. Finally, for simplicity’s sake and
without any loss of generality, we assume that invoices are sold by one seller only, and that the investor does not require any discount (yi = 0).

In Figure 2, the solid line shows the expected
collateral available at maturity ([CP ]), expressed as a
percentage of the initial total collateral, which under
the assumptions above is equal to 10% of the value of
the invoices in the portfolio. The expected available
collateral is clearly declining with higher lebvels of ,
from a maximum of 99% to a minimum of 80%. The
expected residual collateral([CP ] − Π), (the expected
amount left to be redistributed to selling companies)
is also shown as a dotted a line and, again, as a
percentage of the total collateral: this quantity runs
from a maximum of 90% and it declines to almost
zero at = 20%. The redistribution of the expected remaining collateral, after the credit losses are covered,
is strongly affected by the , but we stress that we are
not considering here the premium Π paid by the investor to the selling companies: when adding also
this amount, it is obvious that the expected available
collateral would equal the expected residual collateral, but the fairness condition we have introduced.

Under these assumptions, the default events are
distributed as a binomial distribution function B( I, )
with I number of trials (equal to the number of invoices) with probability of event’s (or, default’s) occurrence . The credit loss distribution is directly
linked to the default’s distribution, since the probability of i defaults corresponds to the probability of
a portfolio credit loss Lk = i × N × (1 − hc). By the
properties of the Binomial distribution, we can easily
calculate statistics of interest; the expected loss is

[ Lk ] = I × N × (1 − hc).

(14)

The standard deviation, or volatility, of the credit
loss is calculated as
q
2
(15)
Vol( Lk ) = I × N × (1 − hc) (1−).
The expected protection offered by the available col-
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FIGURE 1: Portfolio expected credit loss ([ L]), expected net credit loss ([ NL]) and premium (equal to the expected credit
coverage, Π), as a percentage of the exposure at default (), at different levels of probability of default
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FIGURE 2: Expected available collateral at maturity and expected residual collateral credit, as a percentage of the total
collateral, at different levels of probability of default

In Table 1 we show the main statistics of the expected credit loss and the expected credit protection
for a speciﬁc level of 5%: the average credit coverage, or protection, provided by the available collateral is very slightly lower that the portfolio expected
credit loss (equal to the ), with a variance about a
half that ﬁgure. Considering = 5% is an already
high level in real situations, we can afﬁrm that in
typical conditions the investor practically enjoys a
full protection of the credit loss.
It can be interesting to have a look at the performance of the credit protection as a function of the
number of defaults: in the case we are considering,
each default produces a credit loss equal to 1/100th of the total exposure. In Figure 4 we show the
performance of the insurance scheme with respect
to the number of defaults actually occurred.
The total loss is clearly linked 1-to-1 to the number of defaults, as shown by the solid line; the net
loss (dotted line) is nil up to the 10-th default, then
it starts increasing and at the 100-th default it will
be equal to the total credit loss, since no available
Issue n. 22 / 2022

collateral is left if all debtors go bankrupt. Finally,
the credit loss coverage (stepped line) is equal to the
credit loss up to 10 defaults, then it starts declining
approaching zero at 100 defaults. When we look at
the actual, ex-post, defaults of the portfolio, we may
asserts that, for a homogenous portfolio, a full protection of the credit losses is provided by the collateral up to 10% of the total possible defaults. The P2P
insurance scheme seems to provide a reasonable coverage to the investor.
The same analysis can be repeated for the payment, at the expiry of the invoices, received by the
seller company if a given number of defaults occur:
the result is shown in Figure 3, where both the redistribution of the residual collateral (stepped line) and
this amount plus the premium received (solid line),
as a percentage of the posted collateral (10% of the
invoice value in our case), are plotted. The collateral
is completely reimbursed (100%) if 0 defaults occur,
then the percentage declines to zero as the number
of defaults approaches 10. When including also the
premium paid by the investor, the percentage of the
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TABLE 1: Statistics of credit losses and protection, expressed as a percentage of the exposure at default, produced by a
homogeneous portfolio of invoices and the P2P insurance scheme
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FIGURE 3: Portfolio credit loss, net credit loss and credit loss coverage, as a percentage of the exposure at default (), at 0
to 100 defaults
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FIGURE 4: Portfolio credit loss, net credit loss and credit loss coverage, as a percentage of the exposure at default (), at 0
to 100 defaults

recouped posted collateral starts from about 150%
and declines to about 50%. It should be stressed that
the premium depends on the probability of default,
so that it is not possible to make this result general.

tion we will try to cope with some issues that arise
in practical applications.

Invoices Expiring on Different Dates: the Aggregation Period

Practical Implementation of the
Framework

We have assumed above that all invoices included in
the analysis expire on the same date T. In reality,
invoices are traded daily on a marketplace platform
and they may have different expiry date.
One possible solution is to gather all invoices ex-

The P2P insurance framework we have sketched
above refers to a very ideal situation. In this sec-
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piring within a speciﬁc aggregation period in a single portfolio and disregard the fact they expire on
different dates. All these invoices will produce a collateral that will be used to cover credit losses due to
possible defaults on their payments: the total credit
loss is given by all the defaults of the invoices within
the period. The reimbursement of the residual collateral will be made only at the end of the chosen period. This period could be a given quarter or a given
month, as an example: since the longer the aggregation period, the longer, on average, the sellers of
the companies have to wait to know how much collateral is left over for redistribution amongst them,
we suggest a monthly aggregation period as a good
compromise so to have an enough large volume of
invoices and a relatively short time to wait for the
reimbursement of the residual collateral (15 days on
average). Clearly, the aggregation period could be
longer if the number of invoices traded in the marketplace is not big enough to have suitable volumes
expiring in within a shorter period.
It should be noted that the issue date, as well
as the trade date, of the single invoices are irrelevant. In theory, an invoice with a very short time to
maturity could be issued and traded within an aggregation period, especially if this is longer than one
month: it is not a problem if this invoice participates
to the insurance scheme, since the total credit loss is
assessed at the end of the aggregation period, and
the total available collateral on this date can include
also that one produced by invoices traded within the
period. Some complications could arise for the revision of the premium paid by the investor(s) and their
distribution: more on this in the next subsection.

est the day before the aggregation period begins, and
consequently they should pay the premium. The
payment of the premium can be delayed after the
end of the aggregation period if there is the possibility that some invoices may be traded during the
aggregation period and then added to the insurance
scheme later. In this case, the premium can be calculated at the end of the aggregation period and then
paid. It should also be noted that the premium must
be calculated as if the reference date t were the beginning of the aggregation period, without taking into
account the actual defaults occurred.
Marketplace Platform’s Role
The marketplace platform plays an important role in
setting the rules of the P2P insurance scheme and in
managing it. The platform collects the information
regarding the s of the invoices included in a speciﬁc
aggregation period; it tracks the defaults, calculates
the premiums and the shares attributed to seller(s),
the credit coverage and the residual collateral left at
the end of the period; it makes all the cash transfers
to the investor(s) and to the seller(s).
For these activities, the marketplace platform
should be remunerated by a fee, even though it does
not have any direct role in the P2P scheme. Some
enhancement of the protection scheme provided by
the platform could be envisaged and an additional
premium paid to it.
Approximation to Analytically Compute the Insurance Premium
The quantity in Equation (9), which represents the
expected credit protection offered by the collateral
pool and hence the fair premium paid by the buyer,
can be computed analytically only under the assumption of a homogenous portfolio of invoices, as
we have done in Equation (16). When the amount
of the single invoices, or the s of the single debtors
are not the same, a numerical computation, such as
a Montecarlo simulation, is required.
We suggest an approximation to analytically
compute Equation (9), by making the actual portfolio as similar as possible to an equivalent homogenous portfolio. The approximation is in the same
spirit of the Binomial Expansion Technique (BET),
adopted by Moody’s (see Shonbucher [6], Section
10.3 and references therein for more detail), but we
prefer not to rely on the diversity score as in the BET,
resorting to a moment matching technique (MMT)
instead. The approach we propose makes it possible to derive the one ∗ , the one invoice value N ∗ and
the number of invoices I ∗ in a uniﬁed and consistent
fashion, and not separately as in the BET.
The MMT equates the ﬁrst and second moment
of the credit loss, i.e.: their average and variance, of
the actual portfolio, to the moments of an otherwise
equivalent homogenous portfolio, by computing the
∗ and the N ∗ that yields the equivalence under the

Grace Period
The default event is deﬁned as a missed payment of
an invoice on its expiry date. Some days of tolerance
may be granted to the debtor so that the default is
not immediately triggered on the expiry date: this
grace period could be 10 or 15 business days long.
The grace period for each invoice can be included in
the mechanism of the P2P insurance scheme rather
easily, by allowing the reimbursement of the residual collateral amongst the seller companies only after the end of the grace period the of the invoice(s)
expiring on the latest date within the aggregation
period. As an example, assuming an aggregation
period referring to a speciﬁc month and a grace period of 10 business days, if the latest invoice expires
on the last day of the month, the redistribution of
collateral will be made only after the 10t h business
day of the next month, when the occurrence of the
default of the last invoice may be assessed.
Payment and Distribution of the Premium
The buyer(s) of the invoices should decide whether
they would like to buy the credit protection provided by the P2P credit insurance scheme at the latIssue n. 22 / 2022

23

Argo Magazine

constraint that the total values of the invoices of two
portfolios are the same. In formulae we have:
























I

[ L] =

∑ Ni (1 − hc)i = I ∗ N ∗ (1 − hc)∗

i =1
I

Var( L) =

∑

i =1

2
Ni (1 − hc) i (1−i )

= I ∗ N ∗ (1 − hc)

2 ∗

(17)

(1− ∗ )

I∗ N∗ = K

where K = ∑i Ni (1 − hc) is total value of the invoices
in the actual portfolio. The solution to the System
(17) is:

∑ I N (1 − hc)i

∗

= i =1 i



K


2

N
(
1
−
hc) i (1−i )
i
∗
(18)
N =

∗ (1− ∗ )

K




 ∗
K

I = ∗
N
Equation (16) can now be calculated by using the input in (18). It is worth stressing that the approximation has to be used only to compute the quantity in
Equation (18); all other quantities, including β and α
in Equations (12) and (13), must be computed with
the original input; in any case they are closed form
formmulae that do not need any numerical solution.

Conclusion
The P2P risk sharing framework sketched in this
work is, in our opinion, an interesting way to efﬁciently exploit the typically working rules of the invoice trading platforms currently operating in the
market. The practically idle role played by the margin originated by the haircut, can be fruitfully transformed as the main building block of a credit insurance scheme that offers a useful credit protection to
the investors (and, in part, to selling companies too),
and it yields a possible extra income to selling companies.
Other sophisticated features can be added upon
the basic framework we have presented. For example, an institutional insurer may provide credit protection for the residual losses not covered by the
available collateral at maturity, in the same spirit as
in Denuit [2].
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conditional mean risk sharing.
Mathematics and Economics, Vol.
51, September 2012.
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Annex
Application to a Realistic Portfolio
We would like to show a simple application of the framework to a randomly generated realistic portfolio,
meaning by that that we do not assume a homogenous portfolio. As far as we limit the analysis to the
calculation of the total premium Π and of the parameters α j and β j , our task is quite straightforward, if we
employ the MMT we have shown above.
The portfolio is shown in Table 2, where each invoice is numbered 1 to 100 and the corresponding face
value, exposure at default (i.e.: the face value deducted of the haircut, as usual set at 10%), the probability of
default (i.e.: missed payment at the expiry) and the expected collateral are shown. We assume that all invoices
expire within an aggregation period equal to a given month, say January, and that the reference date is before
the aggregation period starts; we assume also that all invoices are sold by a single company each.
The calculation of the total premium Π, which equals the expected coverage of the credit losses, is computed by the moment matching technique and to that end we reproduce here the ﬁrst two moments moments
of the portfolio:

The total face value and the unique face value, and number of invoices of the equivalent homogenous
portfolio are:

The expected credit loss coverage, that is also equal to the total premium paid by the buyer of the invoices,
and the expected residual collateral are:

Table 2 shows the resulting α, with the corresponding share of the total premium allocated to the seller of
the invoice. Also β is shown for each seller, and the expected redistribution of the residual collateral (i.e.: β j
times the expected residual collateral).
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TABLE 2: Main details of a portfolio of invoices and calculation of α and β, with respective Euro amount, for each invoice
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Credit Risk: Basel IV Regulatory
Framework and New Frontiers
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n December 2017 the Basel Committee ﬁnalized and released the 4th iteration of reforms on Banking Supervision.
This new set or reforms takes the ofﬁcial name of “Basel III: Finalizing post-crisis reforms”, but in the ﬁnancial
industry is also known as “Basel IV”. Basel IV is the natural step, with the same objective of improving the
resilience of the banking system, along with continuous support to the real economy. Among the principal revisions of
Basel IV there is the excessive variability of Risk-weighted assets (RWAs), with a particular focus on Credit Risk reforms.
This paper will generally introduce the main changes proposed to the Basel framework and a detailed drill-down will be
made on the Standardized Approach and IRB Approach of Credit Risk. Furthermore, the topic of new frontiers on credit
risk models will be deepened, in particular the use of ML techniques for IRB credit models.

I

n December 2017 the Basel Committee ﬁnalized
and released the 4th iteration of reforms on
Banking Supervision. This new set or reforms
takes the ofﬁcial name of “Basel III: Finalizing postcrisis reforms”[2], but in the ﬁnancial industry is
also known as “Basel IV”.
Basel III came to light in 2010 and examined the
shortcomings that characterized the pre-crisis regulatory framework with the aim to remedy them. As
a matter of fact, Basel III updated the regulatory basis to further improve the resilience of the banking
system.
Basel IV is the natural next step in this direction,
with the same objective of improving the resilience
of the banking system, along with continuous support to the real economy. Among the principal revisions of Basel IV there is the excessive variability
of Risk-weighted assets (RWAs). In fact, The BCBS
empirical analyses have shown that due to this high
variability in the calculation of RWAs, many market
participants do not trust the risk-weighted Capital
Ratios reported by banks.
A fundamental component of the Risk-Weighted
Capital Framework is a prudent and credible computation of the RWAs, and therefore banks should report these ratios in a crystal-clear way, allowing comparability and the assessment of their risk proﬁle by
market participants. In order to remedy to the loss
of faith in the calculation of the RWAs, and therefore restore credibility in the Risk-Weighted Capital
Framework, Basel IV intends:

the comparability of banks’ capital ratios;

I

• To limit the use of banks’ internal models;
• To add a leverage ratio and a capital ﬂoor to
the risk-weighted capital ratio.
Since 2010, many of these reforms have been integrated in Europe by Capital Requirements Regulation (CRR - CRR2) and Capital Requirements Directive (CRD4 - CRD5) and have helped the banking system to face the arrival of the Covid-19 pandemic. Now, the new updates to the Regulation
(CRR3) and to the Directive (CRD6) published on
October 27th 2021, are a transposition of both the
2017 BCBS standards of Basel IV with speciﬁc focus
on credit risk, market risk, operational risk and output ﬂoor. The proposal aims to further strengthen
the resilience of the European banking system, contributes to the “green transition” and makes supervisory powers more effective [1].
Further amendments brought by Basel IV in addition to those on credit risk, which will be detailed
in the rest of this paper, include:
• Changes to operational risk, where the Advanced Measurement Approach (AMA) has
been removed in favor of non-modeled Standardized Approach;
• As for CVA and Counterparty Risk, the internal model approach has been substituted by a
revision of the Standardized Approach to CVA
risks;
• A leverage ratio buffer for G-SIBs has been
introduced and it will take the form of a Tier
1 capital buffer set at 50 percent of a G-SIB’s
risk-weighted capital buffer;

• To improve the robustness and risk sensitivity of the Standardized Approaches for credit
risk and operational risk, which will facilitate
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• For market risks, objective criteria have been
deﬁned to identify bank’s trading book, to create a new standard approach based on Delta
and Vega Greek sensitivities, to insert the
“Default Risk Charge”, and ﬁnally, to create
the Internal Measurement Approach (IMA),
which is computation method based on the
“Expected Shortfall”.

for residential, instead of evaluating the property at
the time of the origination of the loan, as suggested
by Basel IV. Further changes brought by Basel IV include the standardization of equity exposure, applying risk weight up to 450%. The EC however offers
two exceptions:
• A 100 percent risk weight of all intra-group
equity exposures;

While the transposition of the CRD6 must be
performed within 18 months from the publication
on the Ofﬁcial Journal of the European Union, it is
foreseen that due to Covid-19 pandemic, the CRR3
will become effective starting from January 1st 2025,
therefore two years beyond the deadline agreed at
the Basel level, which had also been deferred by one
year in response to the pandemic crisis. If various
transitional periods and temporary rules are also
considered, the new rules will be fully operational
well beyond 2030. This is a very long horizon,
which aims to provide intermediaries with all the
time necessary to adapt risk measurement systems
and operational practices, and to address any capital
shortages.

• To align to the Basel IV risk weight, a transition period is foreseen.
IRB Approach
Another main objective of the Basel IV reform is to
limit the use of banks’ internal models. It is known
in the ﬁnancial industry that Banks use their oftensophisticated internal risk models to have greater
freedom for estimating their credit risk. The results
provided by banks using their internal model were
questioned by the EBA and the European Commission, as the variety of results could not be explained
by differences in risks. However, things are about
to change as the amendments brought by Basel IV
will limit the use of such models for large corporates
with a turnover of at least 500 million EUR and ﬁnancial institutions. Indeed, the aim of standardizing
internal models is a direct consequence of the limitation of the application of IRB models. As such, the
option to use A-IRB models for evaluating the credit
risk of exposure to large players above mentioned
has been removed, as well as the option to use all
IRB models to evaluate equity. Nonetheless A-IRB
models are still of use when it comes to exposures
to public entities, governments and local authorities.
Another proposal of Basel IV is to set a ﬂoor to
inputs to calculate the minimum levels of PD, loss
given default (LGD) and exposure at default (EAD)
within the IRB framework, but for specialized lending and leasing exposures these ﬂoors will be subject to a transitional regime. The goal of the proposal for amending the CRR2, that incorporates the
changes brought by Basel IV, is to improve comparability of results of such IRB models among institutions, along with making them more indicative of
the risks. Therefore, the reason why the reliance on
the IRB models is limited, is not only to reduce variability in risk weights of asset classes, but also as
well to reduce national discretions, ensuring greater
comparability of capital requirements and an easier
implementation system.
At last, other changes brought by Basel IV, that
have been incorporated in the proposal, concern a
lower level of the LGD component of FoundationIRB, going from 45 percent to 40 percent, and the
cancellation of the 1.06 scaling factor.

On January 2022 the ECB received requests for
an opinion on the proposed amendments to the CRR
and CRD. On March 2022 the ECB emphasises the
importance of ﬁnalising the EU implementation of
the Basel III reforms in a timely, full, and faithful
manner [4]. In the following chapters there will be
a dedicated focus on these proposed amendments,
in particular relating to credit risk: Standardized
Approach, IRB Approach and Output Floor.
In the below sections some introduction to the
topics of Standardized Approach, IRB Approach,
Output Floor, SME Supporting Factor, Treatment for
loans backed by pensions or salaries and Unconditionally Cancellable Commitments will be given.
Standardized Approach
One of the main features brought by Basel IV is to
make the Standardized Approach more sensitive to
risk by adding further requirement, categories and
tiers that inevitably add more complexity.
Consequently, un-rated corporates with a default probability less than 0.5 percent will be assigned a standardized risk weight of 65 percent for a
transition period, instead of 100 percent risk weight;
all unrated exposure that are evaluated to be high
quality will beneﬁt from a capital treatment that will
be fairly favorable; at last, the supporting factor regarding EU infrastructures has been maintained.
Also, changes to standardized credit risk for retail exposures have been incorporated by the European Commission, with an exception regarding real
estate lending: the EC allows to adjust the value of
a property up to the average of the property’s value
over the last three years for commercial, or six years

Output Floor
The output ﬂoor aims to counteract the possible underestimation of the risk deriving from the use of
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banks’ internal models. In fact, international evidence has shown that a non-negligible part of the
variability observed in the risk-weighted assets of
the banks that use the models does not depend on
the actual riskiness. The application of a limit such
as the output ﬂoor should also promote greater comparability of risk-weighted assets. This means that
the RWAs are to be computed choosing the higher
between:

Treatment for Loans Backed by Pensions or
Salaries
The retail exposures described in Article 123 of the
CRR[7] provide for a risk weighting of 75 percent,
except for operators’ exposures, which are assigned
a risk weighting of 45 percent. Due to Covid-19 pandemic, a more favourable treatment of certain loans
granted by credit institutions to pensioners or employees with a permanent contract was introduced.
Notwithstanding the above, exposures due to loans
granted by an institution to pensioners or employees
with a permanent contract against the unconditional
transfer of part of the borrower’s pension or salary to
that institution shall be assigned a risk weight of 35
percent, provided that all the following conditions
are met:

• The total RWAs - computed via the methods
for which the bank has received approval by
supervisors to use as set out by Basel Capital Framework (and therefore counting both
the Standardized and internal model-based
approaches);
• 72.5 percent of the total risk-weighted assets
- computed solely via the Standardized Approach.

• To repay the loan, the borrower unconditionally authorises the pension fund or employer
to make direct payments to the institution
by deducting the monthly payments on the
loan from the borrower’s monthly pension or
salary;

The ﬁnal effect of the revised method is to prevent a
bank’s own measurement of its risk exposure to be
less than 72.5 percent of the Standardized Approach.
Therefore, to monitor the banks’ RWAs, banks will
be required to disclose their RWAs based on the Standardized Approach.
It must be emphasized that in the EU the European Commission proposes the application of the
output ﬂoor only at the aggregate level (“single
stack approach”), adding a system that allows the
increased capital requirements, that potentially arise
from the output ﬂoor, to be distributed among the
bank’s subsidiaries in a proportional way to the
contribution of each one to the consolidated risk
proﬁle.[1]

• The risks of death, inability to work, unemployment or reduction of the net monthly pension or salary of the borrower are properly
covered through an insurance policy to the
beneﬁt of the institution;
• The monthly payments to be made by the borrower do not in aggregate exceed 20 percent of
the borrower’s net monthly pension or salary;
• The maximum original maturity of the loan is
equal to or less than ten years.
The application of this rule in the context of the
Covid-19 pandemic would encourage institutions to
increase lending to employees and pensioners.

SME Supporting Factor
The Small-Medium Enterprises Supporting Factors
(SME Supporting Factor) is a tool that allows banks
to ensure an appropriate ﬂow of credit by prudently
lending to SMEs (a crucial point in light also of
Covid-19 pandemic) and at the same time to cut the
amount of capital they must hold as a prudential
measure with regards to loans granted to these companies [5]:

Unconditionally Cancellable Commitments
The new Credit Risk - Standardized Approach
increases the Credit Conversion Factors (“CCF”)
for Unconditionally Cancellable Commitments
(“UCCs”) - UCC means that an institution can cancel any commitment, if the terms allow it and to the
maximum extent permitted by consumer protection
and related legislation, at any time without noticing the obligor, or if automatic cancellation is due
because of deterioration of the creditworthiness of
the borrower. The new approach increases the CCF
for UCC from 0 percent to 10 percent while commitments except UCCs receive a 40 percent CCF rather
than the CCF being determined by the maturity of
the exposure. It will be allowed to continue applying a 0 percent credit conversion factor for UCCs
until 2029, followed by a smooth transition period
until 31 December 2032 after which the 10 percent
CCF for UCC will apply. Therefore, institutions will
have to compute all the exposures values of their

• If the intermediary’s exposure to an SME does
not exceed 2,5 million Euros, the current capital reduction of 23.81 percent will be maintained;
• If the intermediary’s exposure to an SME exceeds 2,5 million Euro, the capital reduction
of 23.81 percent will be applied for the ﬁrst installment of 2,5 million Euro and a reduction
15 percent for the remaining part of the exposure over the threshold of 2,5 million Euro [7].
As for the infrastructure support factor, the application of a 25 percent reduction in risk-weighted assets
for the ﬁnancing of infrastructure projects was envisaged.
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off-balance sheet’s items in the form of unconditionally cancellable commitment by multiplying the
provided percentage by the following factors [7]:

the obligor on the exposure and, on the other hand,
the sum of the additional own funds reduction if the
exposure was written off fully and any already existing own funds reductions related to that exposure.

• 0 percent from 1 January 2025 to 31 December
2029;

Exposures to Institutions (Art. 120-121)

• 25 percent from 1 January 2030 to 31 December 2030;

Exposures to Rated Institutions (Art. 120)

• 50 percent from 1 January 2031 to 31 December 2031;

Article 120 is amended to introduce some
changes in the approach used for banks and the
use of external ratings is allowed (External Credit
Risk Assessment Approach -ECRA-). Please refer
to Table 6.

• 75 percent from 1 January 2032 to 31 December 2032.
In the following chapters an in-depth analysis
will be dedicated to the new rules introduced by
Basel IV regarding the Standardized Approach and
the IRB Approach to credit risk. Afterwards, a
greater focus will be given to credit risk’s new frontiers regarding the use of machine learning algorithm for IRB models.

Exposures to Unrated Institutions (Art. 121)
Article 121 was replaced to integrate the
Standardized Credit Risk Assessment Approach
(SCRA). This approach is used for banks that are
not allowed to use external ratings for regulatory
purposes and for non-rated banks despite being incorporated in jurisdictions that allow the use of external ratings. Credit exposures are classiﬁed into
three risk weight buckets (i.e. Grade A, Grade B
and Grade C). Please refer to Table 7.

Drill Down on Standardized
and IRB Approach
Standardized Approach

(a) If all of the following conditions are met, exposures to institutions are assigned to grade A:

The current SA-CR has been found to be insufﬁciently risk sensitive in a number of areas, leading
sometimes to inaccurate or inappropriate measurement of credit risk (either too high or too low) and
hence, to inaccurate or inappropriate calculation of
own funds requirements. The revision of the SA-CR
increases the risk sensitivity of this approach in relation to several key aspects.

(I) Exposures to banking counterparties with
adequate ability to meet their ﬁnancial
commitments, including repayments of
principal and interest, in a timely manner,
for the projected life of the assets or exposures and irrespective of the economic cycles and business conditions.
(II) Need to meet or exceed the minimum
public regulatory requirements, the combined buffer requirement and any equivalent or additional local supervisory or regulatory requirements in third countries insofar as those requirements are published
and are to be met by Common Equity Tier
1 capital, Tier 1 capital or own funds.

Retail Exposures (Art. 123)
Article 123 is to be amended to introduce an advantageous RW of 45% (instead of the standard 75%)
assigned to the so-called “transactor” exposures (for
example credit card payments) which should meet a
set of requirements, able to lower their risk proﬁle.
Please refer to Table 3.
Moreover, a whole new sub-class of exposures
is introduced in Article 123a, covering all unhedged
retail and residential real estate exposures to individuals where there is a mismatch between the currency of denomination of the loan and that of the
obligor’s source of income. Please refer to Table 4.

(III) Information about the requirements referred to in point (ii) is publicly disclosed
or otherwise made available.
(IV) The assessment in accordance with Article 79 of Directive 2013/36/EU has not revealed that the institution does not meet
the conditions set out in points (i) and
(ii).

Defaulted Exposures (Art. 127)

(V) Possibility of obtaining a risk weight
equal to 30%:

Regarding defaulted exposures a few changes have
been proposed. Table 5 summarize the effect of the
amendments introduced.
Moreover, for the purposes of calculating the
sum of speciﬁc credit risk adjustments institutions
shall include in the calculation any positive difference between, on the one hand, the amount owed by

• If they are not exposures with an
original maturity equal to or less
than three months and exposures
with an original maturity equal to or
less than six months and which arise
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refers to an institution owned or established
and sponsored by central governments , regional or local authorities.

from the circulation of goods across
national borders.
• If the Banking Counterparty has a
CET1 ratio ≥ 14% and a Tier 1 leverage ratio ≥ 5%.

• In the case of entities, other than entities
owned or established and sponsored by central governments, regional governments or local entities, for which there is only the ECAI
credit rating that incorporates implicit government support assumptions, exposures to these
entities are treated as exposures to unrated entities within the meaning of Article 121. Implied government support means that the central government, regional government or local
government takes action to prevent the institution’s creditors from incurring losses in the
event of default or suffering of the entity.

(b) If all of the following conditions are met and
at least one of the conditions in letter a) is not
met, the exposures to institutions are assigned
to grade B:
(I) The institution is subject to substantial
credit risk, including repayment capacities that are dependent on stable or favorable economic or business conditions;
(II) Need to meet or exceed the minimum
public regulatory requirements and any
equivalent or additional local supervisory or regulatory requirements insofar as
those requirements are published and are
to be met by Common Equity Tier 1 capital, Tier 1 capital and own funds;

The current option of risk weighting exposures
to institutions based on their sovereigns ratings is
removed to break the link between institutions and
their sovereigns.
Article 138 is amended in line with the Basel IV
standards to break the bank-sovereign link also for
rated institutions by prohibiting that credit assessments by a nominated ECAI from incorporating assumptions of implicit government support, unless
the ratings refer to public sector institutions.

(III) Information about the requirements referred to in point (ii) is publicly disclosed
or otherwise made available;
(IV) The assessment performed in accordance
with Article 79 of Directive 2013/36/EU
has not revealed that the institution does
not meet the conditions set out in points
(i) and (ii).

Subordinated Debt Exposures (Art. 128)
Article 128 is replaced to implement the revised
treatment for exposures to subordinated debt provided by the ﬁnal Basel IV standards. Please refer to
Table 8.

(c) If the conditions for assignment to Grade A or
Grade B are not met, or if one of the following
conditions is met, exposures to institutions are
assigned to Grade C:

Corporate Exposures (Art. 122)

(I) The institution has material default risks
and limited margins of safety;

The ﬁrst amendment concerning corporate exposures affects Article 122. The revision is aimed at
lowering the risk weight applicable to exposures to
corporates for which a credit quality step 3 credit
assessment is available. Please refer to Table 9.

(II) Adverse business, ﬁnancial, or economic
conditions are very likely to lead, or have
led, to the institution’s inability to meet
its ﬁnancial commitments;
(III) Where audited ﬁnancial statements are
required by law for the institution, the
external auditor has issued an adverse
audit opinion or has expressed substantial doubt in its ﬁnancial statements or
audited reports within the previous 12
months about the institution’s ability to
continue as a going concern institution.

Specialized Lending Exposures (Art. 122a)
In addition to the standard corporate exposures,
a new exposure sub-class is proposed in the Basel IV
framework and introduced in Article 122a. The specialized lending exposure class has been deﬁned in
order to cover an essential part of the EU economy,
where institutions have developed a high expertise
in the ﬁnancing of speciﬁc large projects such as infrastructure projects.
In order to be considered as specialized lending
an exposure must meet the following conditions:

In this context, article 138 has also been
amended to integrate the requirements to be taken
into consideration for the assessment of creditworthiness in the case of one or more ECAIs.
These requirements are integrated with the following:

• Entity created speciﬁcally to ﬁnance or operate physical assets;
• Not secured by immovable property and unrelated to real estate ﬁnancing;

• An institution does not use an ECAI credit rating in relation to an institution that incorporates assumptions of implicit government support, unless its respective ECAI credit rating
Issue n. 22 / 2022
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• The source of repayment is the income generated by the assets being ﬁnanced.

(b) The deﬁnition of the term “commitment” and
number of other deﬁnitions, as listed in Table
18.

If a directly applicable credit assessment for the
speciﬁc borrower is present, the risk weights deﬁned
in Table 10 are applied.
On the other hand, if no external credit is available the institution must assign a risk weight dependent on a due diligence for borrowers relating to one
of the three types of lending under the umbrella of
this class:

In addition, in the article 5 the derogation of contractual arrangements that meet speciﬁc conditions
from being classiﬁed as commitments are reported.
Contractual arrangements that meet all of the following conditions shall not be classiﬁed as commitments:
• Contractual arrangements where the institution receives no fees or commissions to establish or maintain those contractual arrangements;

• Object ﬁnance, see Table 11;
• Project ﬁnance, see Table 12;
• Commodities ﬁnance, see Table 13.

• Contractual arrangements where the client is
required to apply to the institution for the
initial and each subsequent drawdown under
those contractual arrangements;

Equity Exposures (Art. 133)
Article 133 is replaced to implement the revised
treatment for equity exposures under the ﬁnal Basel
IV standards. First, the conditions deﬁning an equity
exposure are described in Table 14.
Then, the risk weight are deﬁned in Table 15.
For equity exposures that are recorded as a loan
but arise from a debt/equity swap made as part of
the orderly realisation or restructuring of the debt
shall not be assigned a risk weight lower than the
risk weight that would apply had the equity holdings remained in the debt portfolio. Furthermore,
a new Article 495a is inserted to set out a gradual
phasing-in of the new risk weights applicable to equity exposures. Please refer to Table 16.
Finally, Article 49 is amended to set the risk weight
applicable to equity exposures to ﬁnancial sector entities included in the same scope of prudential consolidation (group) or - subject to supervisory approval - to institutions falling within the same institutional protection scheme. Please refer to Table
17.

• Contractual arrangements where the institution has full authority, regardless of the fulﬁlment by the client of the conditions set out in
the contractual arrangement documentation,
over the execution of each drawdown;
• Contractual arrangements where the institution is required to assess the creditworthiness
of the client immediately prior to deciding on
the execution of each drawdown;
• Contractual arrangements that are offered to
a corporate entity, including an SME, that is
closely monitored on an ongoing basis.
Moreover, Article 111 is amended to align the
credit conversion factors (CCFs) applicable to offbalance sheet exposures to the Basel IV standard.
First, the percentage reduction that should be applied to the nominal value of an off-balance sheet
item are reported in Table 19.
Moreover, with regard to commitment on an offbalance sheet item, the exposure value shall be
the lower of the following percentages of the commitment’s nominal value after the deduction of
speciﬁc credit risk adjustments and amounts deducted:

Exposure Value of Off-balance Sheet Items (Art. 5111-495d)
The revised Basel rules text introduced changes
to how institutions are to determine the exposure
value of off-balance sheet items and commitments
on off-balance sheet items.
As part of the speciﬁc deﬁnitions for capital
requirements for the risk of credit, Article 5 is
amended to introduce:

• The percentage referred to previous table
that is applicable to the item on which the
commitment is made;
• The percentage referred to previous table
that is applicable to the type of commitment.
In addition, where an institution is using the Financial Collateral Comprehensive Method Referred,
the exposure value of securities or commodities sold,
posted or lent under a repurchase transaction or under a securities or commodities lending or borrowing transaction, and of margin lending transactions
shall be increased by the volatility adjustment appropriate to such securities or commodities in accordance with Articles 223 and 224.
Article 111 is further amended to introduce a
mandate for EBA to specify technical elements that

(a) The new deﬁnition of “expected loss (EL)”, the
ratio, related to a single facility, of the amount
expected to be lost on an exposure from any of
the following:
• A potential default of an obligor over a oneyear period to the amount outstanding at
default;
• A potential dilution event over a one-year
period to the amount outstanding at the
date of occurrence of the dilution event.
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would allow institutions to correctly assign their offbalance sheet exposures to the buckets and hence
to correctly calculate the exposure value for these
items.
Finally, Article 495d introduces a transitional period by way of derogation from Article 111, institutions shall calculate the exposure value of an offbalance sheet item in the form of unconditionally
cancellable commitment by multiplying the percentage provided for in that Article by factors in Table
20.

Exposures Secured by Real Estate (Art. 4-124-125126)
In Article 4, various deﬁnitions are amended, replaced or inserted again to clarify the meaning of the
different types of exposures secured by mortgages
on real estate. In particular:
• Point (74 a) is inserted which deﬁnes
“property value” as the determined value of
immovable property in accordance with Article 229 (1).
• Point (75) is replaced, to deﬁne the
“residential property” as any of the following:

Covered Bond (Art. 129-208))
As part of the monitoring of real estate values and
property valuation, article 208 is amended to reduce
the impact of cyclical effects on the valuation of
property securing loans and to keep own funds requirements for mortgages more stable. In particular:

(a) An immovable property that has the nature of a dwelling and satisﬁes all applicable laws and regulations that allow the
occupation of the property for residential
use;
(b) An immovable property that has the nature of a dwelling and is immovable under
construction, provided there is an expectation that the property will comply with all
applicable laws and regulations that allow
the property to be used for residential purposes;

• Institutions monitor the value of the property
frequently and at least once a year for nonresidential properties and once every three
years for residential properties (audits are
carried out more frequent in the event that
market conditions are subject to signiﬁcant
changes).

(c) The right to live in an apartment in housing associations located in Sweden;

• The valuation of the property is reviewed
when the information available to the entities indicates that its value may have decreased to a signiﬁcant extent in relation to
general market prices and such audit is carried out by an expert (for loans exceeding EUR
3 million or 5% of the institution’s own funds,
the of the property is reviewed by this expert
at least every three years). The new regulation
provides that the value of the property shall
not exceed the average value measured for
that property or for a comparable property
over the last three years in case of commercial immovable property, and over the last six
years in case of residential property. Modiﬁcations made to the property that improve the
energy efﬁciency of the building or housing
unit shall be considered as unequivocally increasing its value.

(d) Land ancillary to a property referred to in
letters a), b) or c).
• The items (75 a) to (75 g), as listed in Table 22,
are inserted.
The treatment of exposures secured by residential and commercial properties has been revised in
order to take into account more relevant factors,
such as the phase of the property (i.e. whether it
is ﬁnished or not) and whether the ﬁnancing of the
exposure is dependent on income generated by the
property itself. More speciﬁcally, income producing real estate (IPRE) mortgage loans are deﬁned as
those whose repayment is heavily reliant on the cash
ﬂows generated by the property ﬁnancing the loan.
In fact, these types of loan are far riskier than mortgage loans, with repayment dependent on the borrower’s ability to service the debt.
In the ﬁrst 5 paragraphs of article 124, several
changes in the requirements for the assignment of
risk weights for exposures secured by residential
and commercial property are operated. This was
aimed particularly to accommodate IPRE mortgages,
while the current periodic assessment of the appropriateness of such weights by a designated authority
is kept unchanged in paragraphs 6 to 10.
Articles 125 and 126, concerning residential and
commercial property respectively, have been revised
in order to adjust the risk weight assigned to the secured part of the exposure in case that loan splitting

Immovable property shall qualify as eligible collateral only where all the requirements laid down in
the Table 21 are met.
Moreover, it is clariﬁed in Article 129, that for immovable property collateralising covered bonds competent authorities may allow institutions to use the
market value or the mortgage lending value without
limiting increases in the property value at the average over the last three or six years, respectively.
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in possible. Otherwise, a more risk-sensitive treatment depending on the exposure-to-value (ETV) ratio has been added.
Moreover, exposures related to land acquisition,
development or construction (ADC), considered in
article 126a, have been assigned higher risk weights
because of the uncertain nature of the future cash
ﬂows needed for the repayment.
A ﬁrst distinction is made between ADC exposures and non-ADC exposures.

properly documented, including information
on the ability of the obligor to repay and on
the valuation of the property.
• The requirements set out in Article 208 are
met and the valuation rules set out in Article
229(1) are complied with.
If the above conditions are not met the exposure
is treated as in Table 23.
Otherwise, if the above conditions are all met,
the distinction between an exposure secured by residential property and an exposure secured by commercial property must be considered. Depending
on the categorization different regulations should be
applied. In particular, loans secured by residential
property are treated in article 125, while loans secured by commercial property are treated in article
126. In both articles, the ﬁrst paragraph refers to the
case of non-IPRE exposures , while the second paragraph refers to the riskier IPRE exposures. A quick
overview is provided in the double-entry Table 24.

Non-ADC Exposures
Article 124 lays out a list of conditions that nonADC exposures must fulﬁl in order to be eligible for
a more favourable treatment:
• The immovable property securing the exposure meets any of the following conditions:
– The immovable property has been fully
completed.
– The immovable property is forest or agricultural land.

Exposures Secured by Residential Property
(Article 125)

– The immovable property is residential
property under construction or it is land
upon which a residential property is
planned to be constructed where that
plan has been approved by all authorities concerned and where any of the following conditions is met:

An exposure secured by a residential property is
not considered to be IPRE if a least one of the following conditions applies:
• The immovable property securing the exposure is the obligor’s primary residence, either
where the immovable property as a whole constitutes a single housing unit or where the immovable property securing the exposure is a
housing unit that is a separated part within
an immovable property;

* The property does not have more
than four residential housing units
and will be the primary residence of
the obligor and the lending to the individual is not indirectly ﬁnancing
ADC exposures;

• The exposure is to an individual and is
secured by an income-producing residential
housing unit, either where the immovable
property as a whole constitutes a single housing unit or where the housing unit is a separated part within the immovable property, and
total exposures of the institution to that individual are not secured by more than four
immovable properties, including those which
are not residential properties or which do not
meet any of the criteria in this point, or separate housing units within immovable properties;

* A central government, regional government or local authority or a public sector entity, exposures to which
are treated in accordance with Articles 115(2) and 116(4), respectively,
has the legal powers and ability to
ensure that the property under construction will be ﬁnished within a
reasonable time frame and is required to or has committed in a
legally binding manner to do so
where the construction would otherwise not be ﬁnished within a reasonable time frame.

• The exposure secured by residential property
is to associations or cooperatives of individuals that are regulated by law and solely exist
to grant their members the use of a primary
residence in the property securing the loans;

• The exposure is secured by a ﬁrst lien held by
the institution on the immovable property, or
the institution holds the ﬁrst lien and any sequentially lower ranking lien on that property.

• The exposure is secured by residential property to public housing companies or not-forproﬁt associations that are regulated by law
and exist to serve social purposes and to offer
tenants long-term housing.

• The property value is not materially dependent upon the credit quality of the obligor.
• All the information required at origination of
the exposure and for monitoring purposes is
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If at least one of the above conditions is met
the exposure is considered to be a non-IPRE and
is treated as in Table 25.
Otherwise, if none of the previous conditions
is met, the exposure is an IPRE and the risk weight
applicable depend on the exposure-to-value (ETV)
ratio which is obtained by dividing the gross exposure amount by the property value. Please refer to
Table 26

• Forward-looking immovable property markets developments.
ADC Exposures
The new article 126a is introduced for the speciﬁc treatment of ADC exposures. Any ADC exposure will be assigned a 150% risk weight, while
a new risk weight of 100% is assigned to residential ADC exposures, provided that certain riskmitigating conditions are met. Please refer to Table
29.

Exception
The treatment of article 125 paragraph 1 is to be
applied in case that the property is located in a member state and either of the following limits applies:

ECB Opinion on the EU Commission Proposal Standardized Approach
The ECB welcomes the proposals to implement the
new standardised approach for credit risk, but is
nevertheless concerned that the plan involves signiﬁcant new deviations from Basel III norms, particularly in the areas of specialized lending exposures, equity exposures, retail exposures, and the
methodology for collateral valuation for immovable property-secured exposures. Furthermore, several current deviations (for example, for small and
medium-sized ﬁrms (SMEs) and infrastructure) have
been preserved, which the co-legislators should revisit. The ECB believes that these deviations could
threaten the proposed standardised approach’s consistency and safety, leaving certain risks uncovered.
The main observations of ECB regarding the proposals to implement the new standardised approach for
credit risk are reported in the following points:

• The losses on the part of the exposures up to
55% of the property value do not exceed 0,3%
of the total amount, across all those exposures,
of credit obligations outstanding in the previous year;
• The losses on the part of the exposures up to
100% of the property value do not exceed 0,5%
of the total amount, across all these exposures,
of credit obligations outstanding in the previous year.
Exposures Secured by Commercial Property
(Article 126)
For non-IPRE exposures the treatment is as described in Table 27.
While for IPRE exposures, the risk weight applicable depend on the exposure-to-value (ETV) ratio
which is obtained by dividing the gross exposure
amount by the property value.Please refer to Table
28.

• Major changes applied to the treatment specialized lending exposures, in terms of categorization and selection criteria of high quality object and project ﬁnance, could negatively impact banks protection and their ability to effectively capture the associated riskiness. In particular, institutions judgement
alone should not be sufﬁcient for the assignment of the “high quality” label, but should
consider a model approval as is the case of
the IRB slotting approach.

Exception
The treatment of article 125 paragraph 1 is to be
applied in case that the property is located in a member state and either of the following limits applies:
• The losses on the part of the exposures up to
55% of the property value do not exceed 0,3 %
of the total amount of credit obligations outstanding in the previous year;

• The Basel III plans call for increased capital
charges for equity exposures, which are inherently riskier than all other claims in the
event of default. In light of this, the ECB
is concerned that the revised treatment of equity exposures to other members of the same
group, such as ﬁnancial sector holdings that
banks are not permitted to deduct from their
own funds, institutional protection schemes,
and long-term equity exposures of six years
or more, could represent a signiﬁcant deviation from this principle and negatively impact
the adequacy of the risk weights on a consolidated level.

• The losses on the part of the exposures up to
100% of the property value do not exceed 0,5%
of the total amount of credit obligations outstanding in the previous year.
Paragraph 7 in article 124 states that the risk
weights deﬁned in Article 125 and Article 126 for
exposures secured by immovable property (residential and commercial) located in a member state, are
subject to the “hard test”, a periodic revision by the
designated authority, which will assess whether the
risk weights are appropriately based on:

• Regarding retail exposures the ECB believes
that the reduced risk weight should be limited to natural persons with total exposures

• The loss experience of exposures secured by
immovable property;
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below 1 million Euro, obtained as the sum
of undrawn credit lines and money already
owed by clients. Furthermore, the essential
adjustments to own funds criteria for unconditionally cancellable credit lines should not
be postponed any longer.

The European Commission transposes this requirement by amending articles 150 and 151(8) of
the CRR. More speciﬁcally, the use of the advanced
IRB Approach (A-IRB) will be only allowed for exposure classes for which sufﬁciently robust statistical models are possible. Table 30 summarize the
change introduced by the new framework.
Beside the introduction of the limits to the IRB
Approach described above, a new exposure class for
regional governments and local authorities (RGLA),
as well as public sector entities (PSE), is introduced.
This was deemed necessary in order to ensure a consistent treatment of this type of exposures: indeed
under the current framework exposures to PSE and
RGLA can be treated either as exposure to central
governments or as exposures to central governments.
In the new framework those treated as exposures to
institutions would need to be migrated under the FIRB Approach, while the one treated as exposure to
central governments would not. Therefore, a new asset class (PSE-RGLA) is introduced in article 147(2)
for which the same rules of the general corporate asset class are applied, as provided in article 151(11).

• Some amendments to the revaluation methodologies for real estate properties, are considered by the ECB to be inconsistent with
Basel standards. In fact, any such revaluation
conducted by applying statistical methods, instead of relying on qualiﬁed and independent
valuers, could convey an inaccurate sense of
safety and further increase banks real estate
market vulnerabilities.
• Through the use of risk weights empirically
calibrated on data across the different institutions, the Basel IV framework has recalibrated its treatment of the speciﬁcities of
SME and infrastructure projects. As a result,
the ECB believes that the EU should follow the
updated calibration.
• The ECB does not consider appropriate the
treatment foreseen in the EC proposal for the
exposures due to loans granted by an institution to pensioners or employees with
a permanent contract against the unconditional transfer of part of the borrower’s pension or salary to that institution. The proposed risk weight of 35% is, indeed, in contrast with Basel III standards that assign exposures to natural persons to either “other retail”
or “regulatory retail” for which the lowest risk
weight applicable is 45%. The ECB does not
consider the proposed decrease in risk weight
adequate because a lower risk weight than
what applicable for other senior claims is not
justiﬁed although a lending institution is entitled to receive payments directly out of the
loan or the pension of the obligor and the
aggregate loans is limited to 20% of the net
monthly income.

Input Floors under the Advanced IRB Approach
A second signiﬁcant change established by the Basel
IV framework regarding the IRB Approach is the introduction of minimum values for the parameters
that are used as inputs in the calculation of RWAs
(input ﬂoors). These ﬂoors aim to ensure a sufﬁcient level of conservatism, while, at the same time,
mitigating model risk, possible measurement errors
and problems related to data limitations. The input
ﬂoors are introduced by amending articles 160(1),
161(4), 164(4) and 166(8c) of the CRR.
Concerning the PD parameter, the current ﬂoor
is slightly increased from 3 bps to 5 bps as foreseen
by article 160(1).
With regard to the LGD parameter the input
ﬂoor is a new requirement. The ﬂoor levels are differentiated according to the asset class: for corporate exposures (article 161(4)) a ﬂoor equal to 25% is
set in case of exposures without funded credit protection (FCP), while for exposures fully secured by
FCP different ﬂoors are set depending on the collateral type; for retail exposures (article 164(4)) different ﬂoors are set according to the presence and type
of collateral and to the type of exposure. A summary
of all LGD ﬂoors is reported in Table 31.
With regard to EAD, a new input ﬂoor is introduced for the CCF in article 166(8c), which foresees
that the exposure value used in the RWA calculation shall not be lower than the sum of the drawn
amount plus 50% of the off-balance amount, calculated on the undrawn exposure using the CCF applicable in the Standardized Approach.
Finally, a new article is introduced (article 159a)
to specify that the input ﬂoors are not applicable to
sovereign exposures.

IRB Approach
Reduction of the Scope of Internal Rating Based
Approaches
The reduction of scope of internal rating based approaches is one of the main change introduced by
Basel IV framework. This decision to limit the use of
IRB models for the purpose of own funds requirements calculation was motivated by the excessive
variability in capital requirements among different
institutions observed in various studies, which could
hinder the comparability of capital ratios and limit
the level playing ﬁeld among them. Restricting the
use of advanced modelling approaches is expected
to reduce this variability and to decrease the overall
complexity of the framework.
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providing greater speciﬁcation of the practices that
banks may use to estimate their model parameters.
These adjustments have been incorporated in the
proposal by the European Commission and are summarized in the following bullet points:

Output Floor
As reported in ﬁrst section, another important
change introduced by the Basel IV framework is the
output ﬂoor. The aim of this requirement is twofold:
ﬁrst, to counteract the possible underestimation of
the risk deriving from the use of banks’ internal
models and secondly to reduce variability of own
funds requirements among institutions, fostering the
comparability of RWAs among them.
The output ﬂoor, as designed by Basel IV framework, sets a lower limit to the capital requirements
that are produced by institutions’ internal models,
at 72.5% of the own funds requirements that would
apply on the basis of Standardized Approaches.
The European Commission introduced the output ﬂoor in the proposed revision of the CRR
by amending article 92. Speciﬁcally, Article 92(3)
is amended to specify which total risk exposure
amount (TREA) - ﬂoored or un-ﬂoored - is to be used
for the calculation of the minimum own funds requirements. The output ﬂoor is calculated at consolidated level, however it is foreseen a re-distribution
mechanism of the impact incurred at the highest
level of consolidation across the parent and the subsidiaries.
Article 465 is introduced in order to manage the
transitional phase until the full application of the
72.5% output ﬂoor, which will start from 1st January
2030. In particular the factors in Table 32 shall be
applied.
Moreover, Article 465 foresees some speciﬁc transitional arrangements for exposures to unrated corporates and for low-risk exposures secured by mortgages on residential property, which allow institutions to use a lower risk weight when applying the
Standardized Approach for the purpose of the output ﬂoor calculation.
In particular:

• Deletion of the 1.06 scaling factor in the
RWA calculation formula: Given the enhancements to the IRB framework and the introduction of an aggregate output ﬂoor, the Basel
Committee has agreed to remove the 1.06 scaling factor that is currently applied to RWAs
determined by the IRB Approach to credit risk.
With this regard, Articles 153(1) and 154(1) of
the CRR are amended to delete the scaling factor from the RWA formula.
• Roll-out of the IRB Approaches and the permanent partial use: Under the ﬁnal Basel
IV standards, the adoption of the IRB Approaches for one exposure class by an institution is no longer conditioned to the fact that
all the exposure classes of its banking book
should eventually be treated under the IRB
Approach (“IRB roll out”) except for those exposures for which a permanent partial use
(PPU) of the SA-CR is permitted. This new
principle is implemented in Articles 148 and
150, allowing institutions to apply the IRB
Approaches selectively 3 .
• Revised risk parameter under the foundation
IRB Approaches: Article 161(1) is amended
to implement the recalibrated LGD values
for senior unsecured exposures to corporates
(LGD of 40% instead of 45%). The same value
is applied for senior purchased corporate receivables exposures (article 161(1e)). Finally,
the dilution risk of purchased corporate receivables is set to 100% instead of 75% (article
161(1g)).

• For unrated corporates (i.e. corporates that
do not have an external rating) it is foreseen
the application of a standardized risk weight
of 65%, provided that those exposures have a
probability of default (PD) of less or equal to
0.5%;

• Revised scope and calculation methods for
own estimates of credit conversion factors:
Article 166(8), (8a), (8b) and (8d) and Article
182 are amended to revise the scope and calculation methods for the computation of own
estimates of CCFs. In particular, the new requirements foresee the use of a ﬁxed period of
12 months prior to default to estimate CCFs
and allow the use of own estimates only for
exposures that would not be subject to a CCF
of 100% under the Standardized Approach.

• For exposures secured by mortgages on residential property, institutions may a preferential risk weight of 10% to the secured part of
the exposure up to 55% of the property value,
and a risk weight of 45% to the remaining
part of the exposure up to 80% of the property
value.

• Guarantees provided by protection providers
treated under a less sophisticated approach:
The new Basel standards revised the methodologies that institutions can use to recognize
the risk mitigating effects of guarantees, by
limiting the range of possible approaches with
the aim to reduce the variability of own funds

Additional Enhancements to the IRB Approach
The Basel IV framework introduced a series of additional enhancements to the IRB Approaches to further reduce unwarranted RWA variability, including

3 In order to provide a level playing ﬁeld between those institutions which are currently treating their exposures under
one of the IRB Approaches and those which are not, transitional arrangements are set out in a new Article 494d which allow
institutions to revert to the SACR during a three year period subject to competent authorities approval.
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requirements among institutions. The general principle is that the risk-weight to be
applied to the secured part of the exposure
should be the one that is computed according to the approach applied to comparable
direct exposures to the protection provider:
in case an exposure which is treated under the
A-IRB Approach is guaranteed by a guarantor which is treated under the F-IRB Approach
or the Standardized Approach, recognition of
that guarantee leads to the guaranteed part of
the exposure to be treated under the F-IRB
or the Standardized Approach, respectively.
Therefore, recognition of guarantees in the AIRB Approach can be done through the use of
one of the following approaches:

the Commission to possibly revise the parameters.
ECB Opinion on the EU Commission Proposal IRB Approach - Output Floor
In March 2022 the ECB issued its opinion on the
EU commission proposal. With regard to the new
requirements on IRB models, the ECB generally welcomes the proposed changes, however it expresses
some concerns about a possible inconsistency between the default deﬁnition and the estimation of
risk parameters in particular for the retail segment.
In details, the implementation of IRB Approach at
exposure class level, as introduced in article 148, creates the possibility, with regard the retail exposures,
to use the IRB Approach at least for one of the retail
exposure types (i.e. QRREs, retail exposures secured
by residential property, retail purchased receivables
and other retail exposures). For the same exposure
classes, article 178 of the existing regulation foresees
the possibility to apply the deﬁnition of default at
the level of an individual credit facility rather than
in relation to the total obligations of a borrower.
With this regard, where the deﬁnition of default for
retail exposures is applied at obligor level, the ECB
recommends restricting the possibility to use the
IRB Approach either for all or for none of the retail
exposure classes.
With regard to the output ﬂoor, the ECB highlights
its importance in reducing unwarranted variability
of RWAs across institutions, however it expresses
some concerns about the transitional arrangements
which in some cases lead to lower risk weights than
those foreseen by the Basel standards. This holds
in particular for residential real estate exposures
with low historical losses for which the transitional
arrangement foresees that, when calculating the output ﬂoor, IRB institutions could apply a lower risk
weight to the part of their residential mortgage exposures that is considered secured by residential property. Given some concerns on a possible housing
bubble and the increased household indebtedness,
the ECB considers that there should be no such
preferential treatment of RRE. Moreover, the risk
weight to be applied according to the transitional
arrangements for exposures to unrated corporates is
considered by the ECB as not enough conservative
as it could potentially cover companies with a very
high risk proﬁle.

– The substitution of the risk weight approach, substituting the risk weight of
the obligor by the risk weight of the guarantor if comparable direct exposures
towards the guarantor are treated under the Standardized Approach (Article
235a).
– The substitution of risk parameters approach, substituting the risk parameters
of the obligor by the risk parameters associated to comparable direct exposures
to the guarantor, if they are treated under the IRB Approach (Article 236a). In
case the direct exposures towards the
guarantor are treated under IRB Approach, but without using their own estimates of LGD, the standard LGD values
deﬁned in article 161 shall be used.
– The adjustment of the LGD or of both
PD and LGD estimates (Article 183); under this approach, it is clariﬁed that the
recognition of a guarantee should never
lead to a lower risk weight than the one
applied on a comparable direct exposure
to the guarantor (see article 183(4)).
• Specialised lending exposures under the AIRB Approach: The modelling restrictions imposed by Basel IV standards are relatively limited as regards the treatment of specialised
lending exposures. In this case, the A-IRB Approach remains available independently of the
size of the obligor, while parameter ﬂoors are
applied in the same way as to other corporate
exposures, without giving recognition to the
speciﬁc lending practices which entail security
arrangements to mitigate the credit risk. To
this extent, a new Article 495b is inserted to
phase-in the new ﬂoors, starting with a 50%
discount factor which increases gradually to
100% over a 5-year period. Furthermore, the
Article mandates EBA to assess the adequacy
of the PD and LGD input ﬂoors applicable to
specialised lending exposures and empowers

Finally, the ECB expresses some concerns on the
level of application of the output ﬂoor set out by
the European Commission proposal. Indeed, the
Commission has proposed to apply the ﬂoor at the
highest level of consolidation coupled with a redistribution mechanism of the impact incurred at
the highest level of consolidation across the parent
and the subsidiaries, which allows banking groups
to allocate capital within the group more effectively
compared to an application at individual level, while
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still reﬂecting the respective riskiness of the groups
presence in each Member State. However, the introduction of output-ﬂoor speciﬁc requirements at the
Member State sub-consolidated level would result in
a stricter requirement then the one introduced by
the Basel standards and may still incentivise banking
groups to reorganise activities in order to minimise
the output ﬂoor impact on individual parts of the
group in ways that could be potentially misaligned
with a sound risk management. Moreover, it would
freeze more capital at local level, leaning against the
objective of enabling free movement of capital within
EU. The alternative option, proposed by ECB, would
be to apply the output ﬂoor at the highest level of
consolidation only, which would be coupled with
an obligation for banks and competent authorities
to ensure that the capitalisation of standalone entities is adequate. This approach would be simpler
and reduce fragmentation of the European banking
sector, and also duly reﬂect the fact that the output
ﬂoor was calibrated to reduce the undue variability
of risk-weighted assets at the level of the banking
group, rather than at the level of each entity.

Issue n. 22 / 2022

45

Argo Magazine

TABLE 3: Retail Exposures - Article 123

TABLE 4: Exposure with currency mismatch - Article 123a
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TABLE 5: Defaulted exposures - Article 127

TABLE 6: Exposures to rated institutions - Article 120
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TABLE 7: Exposures to unrated institutions - Article 121

TABLE 8: Subordinated debt exposures - Article 128

TABLE 9: Corporate exposures - Article 122

TABLE 10: Specialized lending exposures - Article 122a
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TABLE 11: Object ﬁnance

TABLE 12: Project ﬁnance

TABLE 13: Commodities ﬁnance
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TABLE 14: Equity exposures - Article 133
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TABLE 15: Equity exposure RWs

TABLE 16: Phasing-in periods - Article 495a
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TABLE 17: Article 49
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TABLE 18: Exposure value of off-balance sheet items - Article 5
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TABLE 19: Exposure value of off-balance sheet items - Article 111

TABLE 20: Transitional period - Article 495d
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TABLE 21: Covered Bond - Article 208
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TABLE 22: Exposures Secured by Real Estate - Article 4
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TABLE 23: Exposures secured by real estate - Article 124 (1)

TABLE 24: Exposures secured by real estate - Article 124 (2)

TABLE 25: Exposures secured by residential property - Article 125 (1)

TABLE 26: Exposures secured by residential property - Article 125 (2)

TABLE 27: Exposures secured by commercial property - Article 126 (1)

TABLE 28: Exposures secured by commercial property - Article 126 (2)
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TABLE 29: ADC exposures - Article 126a

TABLE 30: Scope of IRB Approaches

TABLE 31: LGD ﬂoors
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TABLE 32: Transitional period - Article 465
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Machine Learning for IRB
Models

Machine Learning:
Deﬁnition,
Learning
Paradigms and Current Use in Credit Risk Modelling
The EBA used the deﬁnition of ML presented in
the standard on IT governance ISO/IEC 385051:20175 which deﬁnes ML as a process using algorithms rather than procedural coding that enables learning from existing data to predict future
outcomes[9] Broadly speaking, it is a ﬁeld within
computer science that deals with the development
of models whose parameters are estimated automatically from data with limited or no human intervention. Some of the characteristics that are useful for
evaluating the complexity of a model are:

Introduction
One of the main objectives of the EBA, also expressed by the Discussion Paper [3], regarding the
use of machine learning techniques for credit risk
models is to understand the challenges and opportunities deriving from the world of machine learning (ML) if they were applied in the context of internal rating-based (IRB) models to calculate regulatory
capital for credit risk.
Internal ratings-based (IRB) models currently
used by institutions to calculate regulatory capital
requirements for credit risk do not differ materially
from the approaches used 15 to 20 years ago when
the ﬁrst Basel Accord was put in place. Since then,
the focus of regulators and supervisors has been, in
fact, more on making the estimates produced by different models comparable by improving the deﬁnition of basic concepts (as for example the deﬁnition
of default), rather than on understanding the challenges coming from the world of advanced technology, i.e., machine learning (ML) and artiﬁcial intelligence (AI).
In recent years, the exponential increase in data
availability/storing capacity coupled with the improvements in computing power has led to the emergence of “Big Data” and has offered a tremendous
possibility to use new data sources to detect patterns
and dependencies. Therefore, to analyse Big Data,
institutions are increasingly using advanced analytics that include “predictive and prescriptive analytical techniques, often using AI and ML, and are
used to understand and recommend actions based
on the analysis of high volumes of data from multiple sources, internal or external to the institution”.
In the context of credit risk, ML models might
be useful to improve predictive power and are not
new to internal models used for credit approval processes, but they have not been incorporated into institutions’ IRB models as rapidly as in other areas.
The main pivotal challenge comes from their complexity which leads, at least for the more complex
ones, to challenges:

• The number of parameters;
• The capacity to reﬂect highly non-linear relations between the variables accurately;
• The amount of data required to estimate the
model soundly;
• The amount of data from which the model can
extract useful information;
• Its applicability to unstructured data (reports,
images, social media interactions, etc.).
There exists a range of learning paradigms that
can be used to train ML models depending on the
goal of the model and the type of data required. Currently the three most popular learning paradigms
are:
• Supervised learning (or learning with labels):
the algorithm learns rules for building the
model from a labelled dataset (i.e., where the
output variable such as default/non-default is
known) and use these rules to predict labels
on new input data;
• Unsupervised learning (or learning without
labels): the algorithm learns from an input
training dataset which has no labels, and the
goal is to understand the distribution of the
data and/or to ﬁnd a more efﬁcient representation of it;
• Reinforcement learning (or learning by feedback): the algorithm learns from interacting
with the environment, rather than from a
training dataset. Moreover, contrary to supervised learning, reinforcement learning does
not require labelled input/output pairs. The
algorithm learns to perform a speciﬁc task by
trial and error.

• In interpreting their results;
• Ensuring their adequate understanding by
the management functions;

The most common use of ML within credit risk
is the area of credit decisions/pricing followed by
credit monitoring and collections, restructuring and
recovery. In contrast, the use of ML is avoided for
regulatory areas such as capital requirements for
credit risk, stress testing and provisioning[8]. In this
regard, regulatory requirements are perceived as a
challenge for the application of ML models, as these
are more complex to interpret and explain. For IRB
models the use of ML models has been more limited

• Justifying their results to supervisors.
It is clear that ML models can provide added
value, but to comply with CRR requirements it
should also be possible to interpret them and that
the relevant stakeholders have a level of knowledge
of the model’s functioning that is at least proportionate to their involvement and responsibility for meeting legal requirements. Otherwise, there is a risk of
developing “black box” models.
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where these models are used only as a complement
to the standard model used for capital requirement
calculation. Examples where ML techniques are currently used in the context of IRB models in compliance with CRR requirements:

• Risk quantiﬁcation;
• Model validation;
• Other areas (e.g. data preparation).
EBA provides a list of challenges and beneﬁts related to the use of ML models for IRB model, trying
to identify the characteristics of ML models which,
on one side, may make it more challenging to comply to CRR requirements, and, on the other hand,
may help institutions to meet them.

• Model validation: ML models are used to develop model challengers to serve as a benchmark to the standard model used for capital
requirements calculation;
• Data improvements: ML techniques can be
used to improve data quality to be used for estimation, both in terms of more efﬁcient data
preparation and data exploration where ML
can be used in the context of big data to analyze rich datasets;

Main Challenges
In the Tables 33 and 34 below it is reported
the main challenges, identiﬁed by EBA, that institutions may face in complying with CRR requirements
when using ML techniques. These challenges depend on the context where ML is used.
Beside the challenges identiﬁed above, EBA highlights two aspects relevant to the use of ML models,
that are need to be discussed: the ﬁrst one is related to the “use test” requirement (art. 144 (b) of
CRR) which may hamper the introduction of the ML
models for internal purposes due to the challenges
ML may encounter in complying with strict CRR
requirements. The second one regards the EU-wide
legislative proposal on artiﬁcial intelligence (AI act)
[6], which includes among the high-risk use cases
the use of AI for evaluating the creditworthiness of
natural persons or for establishing their credit scores.
Whereas the focus of the AI legislative proposal is
on credit granting, considering that the decisionmaking process is covered by the use-test criteria,
the requirements of AI should be taken into consideration, where relevant, also in the context of IRB
models.

• Variable selection: ML could be used to
detect explanatory variables and combinations of them with useful predictive capacities
within a large dataset;
• Risk differentiation: ML models can be used
as a module for the purposes of risk differentiation of the probability of default (PD) model,
where the module may allow, for example,
upgrades/downgrades to the PD grade previously assigned by the “traditional” PD model
through text mining.
A clearly observed trend is that institutions have
made the strategic decision to move away from using ML in regulatory areas, shifting their focus to
other areas such as credit monitoring or collections
and recovery[8]. This seems to have happened in
avoidance of the conﬂict of regulatory requirements
requesting regulatory models to be intuitive, plausible, and based on economic theory on the one hand,
and the complex nature of ML models, on the other.
Whereas ML might help in estimating risk parameters more precisely, in fact, the increase in predictive power comes at the cost of more complexity
where the relationship between input and output
variables is more difﬁcult to assess and understand.
This trade-off between predictive power and interpretability - which is core to the institution’s decision on whether to use ML models for prudential
purposes - might have shaped the use of ML models
as of today. Given this trend, it might be important
to clarify supervisors’ expectations around the possible use of ML in the context of the IRB framework
underlining the potential added value of ML models,
provided that a safe and prudent use of ML models
can be ensured.

Potential Beneﬁts
Beyond the potential challenges described above,
ML models might, on the other hand, prove to be
useful in improving IRB models, even helping them
to meet some prudential requirements. The Table 35
list a series of potential beneﬁts related to the use of
ML models.
Prudent Use of ML Models
The main concerns stemming from the analysis of
the CRR requirements relate to the complexity and
reliability of the ML models where the main pivotal
challenges seem to be the interpretability of the results and the governance, with a special reference
to increased needs of training for staff and the difﬁculty in evaluating the generalisation capacity of
a model (i.e. avoiding overﬁtting). To understand
the underlying relations between the variables exploited by the model, several interpretability techniques have been developed by practitioners (e.g.
graphical tools, feature importance measures). However, the choice of which of these techniques to use

Challenges and Potential Beneﬁts of ML Models
The use of ML models in the context of IRB Approaches can pose challenges or provide solutions
depending on the context in which they are used.
EBA identiﬁes the main areas of use of ML models
as the following:
• Risk differentiation;
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can pose a challenge by itself, while these techniques
often only allow a limited understanding of the logic
of the model.
EBA does not draw any conclusions on which speciﬁc technique and for which purpose ML models
might be accepted for IRB Approach. However, following the concerns outlined above, it sets out a list
of recommendations to follow where an institution
would like to use an ML model.

– Provide a summary document, that
should be addressed to all the relevant
stakeholders, in which the model is explained in an easy manner based on the
outcomes of the analyses described in
ﬁrst bullet point;

• If institutions want to use ML models for regulatory capital purposes, all the relevant stakeholders should have an appropriate level of
knowledge of the model’s functioning. In particular institutions should ensure that:

• When human judgment is used in the development of the model, staff in charge should be
able to assess the modelling assumptions and
whether the selected risk drivers contribute
to the risk assessment in line with their economic meaning. If human judgment is used
in the application, on the other hand, staff in
charge of performing overrides should be able
to detect aspects which are not embedded in
the model and identify the cases where the
model’s logic could be misleading.

– Ensure that potential biases in the model
(e.g. overﬁtting to the training sample)
are detected.

– The staff working in the model development unit, credit risk control unit
(CRCU) and the validation unit is sufﬁciently skilled to develop and validate
ML models. In particular they should
be able to assess the relevance and appropriateness of the risk drivers and the
soundness of the underlying economic
rationale in the overall model.

• Where ML models are frequently updated, the
reason for such regular updates needs to be
analysed in detail by the institution. Such
updates should, in general, should not occur
frequently and the parameters of the model
should generally be stable. Moreover, institutions should always compare the changes to
the last approved model in order to make sure
that many insigniﬁcant changes at a high frequency do not lead to an unnoticed material
change.

– The management body and senior management are in the position to have
a good understanding of the model,
by providing them with appropriate
high-level documentation which contains clear speciﬁcation on which indicators or variables are the key drivers for
the assignment of exposures to grade or
pools.

• A reliable validation is particularly important
and might require increased depth and/or frequency. In particular institutions should take
care of:

• Institutions are recommended to ﬁnd an
appropriate balance between model performance and explainability of the results, by
avoiding unnecessary complexity in the modelling approach. Institutions should avoid:

– Overﬁtting issues: they should put
particular attention on the comparison
of the model performances measured
within the development sample with
those obtained using out-of-sample and
out-of-time samples.

– The inclusion of an excessive number of
explanatory drivers or drivers with no
signiﬁcant predictive information;
– To use unstructured data if more conventional data is available and these provides similar predictive capacities;

– Challenging the model design: in case
the hyperparameters used to describe
the structure of the model are based on
human judgement, the validation unit
should place particular attention on verifying the rationale behind the choice of
these hyperparameters. If, on the contrary, hyperparameters are selected by
minimising the error of the model, it
should be ensured that this process does
not introduce an undesired bias.

– Overly complex modelling choices, if
simpler approaches yielding similar results are available.
• With regard to model interpretability and understandability, institutions are recommended
to:
– Analyse in a statistical manner the relationship of each single risk driver with
the output variable, and the overall
weight of each risk driver in determining
the model output;

– Representativeness and data quality issues: If ML techniques are fed with
a large amount of data, sufﬁcient data
quality needs to be ensured. Where
these data are external data, institutions are recommended to place particular care on the assessment of the

– Assess the economic relationship of each
risk driver with the output variable to ensure that the model estimates are plausible and intuitive;
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representativeness. Institutions should
also be particularly careful when using
unstructured data in ensuring accuracy,
completeness and appropriateness of the
data.
– Analysis of the stability of the estimates:
It is useful to analyse the stability in
the assignment process indeed, ML algorithms may introduce point-in-time (PiT)
elements in the models. Moreover it
should be assessed the stability of the
relationship between the output variable
and the drivers in subsequent releases
of the model, to provide an assessment
of whether changes between inputs and
outputs require regulatory approval, ex
ante or ex post notiﬁcation.
• Where ML techniques are used for data preparation purposes, institutions should ensure
that there are clear rules and documentation.
Institutions should ensure the appropriateness of the methodology applied to data by
means of the application of a proper set of
checks and controls.
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TABLE 33: Main challenges (1)
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TABLE 34: Main challenges (2)
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TABLE 35: Potential Beneﬁts

66

www.iasonltd.com

Credit Risk

Conclusions

sults, in ensuring their adequate understanding by
the management functions and bodies and in justifying their results to supervisors. Indeed, EBA is required to provide a set of principle-based recommendations which should ensure a consistent and clear
understanding of the prudential provisions, how
new sophisticated ML models can coexist and adhere with these requirements and how the outcome
continues to be harmonised across Europe[3].
It is important to clarify the trade-off between
the regulatory requirements requesting models to be
intuitive and the complex nature of ML models and
the relative supervisors’ expectations around the use
of ML. About this, it is necessary to emphasize the
potential added value of ML models in terms of
model performance, provided that a safe and prudent use of ML models can be ensured. In addition
to the challenge of explicability of ML models, the
institution must adequately train staff on machine
learning techniques and cross-validations must be
implemented to avoid overﬁtting.

The Commission’s recent proposal to revise the CRR
and CRD rules formally launched the process of
transposing the ﬁnal Basel III standards in Europe.
The Commission was under signiﬁcant pressure to
limit the large expected capital impact of reforms on
EU banks and, as a result, has proposed a number
of amendments to the BCBS framework to moderate
capital increases. Overall, this means that CRD6 and
CRR3 is a proposal that implements the Basel framework with a number of signiﬁcant modiﬁcations, the
net effect of which, by the Commission’s own assessment, is an increase of minimum capital requirements for EU banks[1]. On average, Group 1 banks
report a total change in Tier 1 MRC at the target
level due to the ﬁnal Basel III framework of +2.9%.
The average Tier 1 MRC change for G-SIBs is slightly
higher (+3.5%). This increase is composed of a 2.7%
rise in the combined risk-based components[2].
CRD6 and CRR3 introduces a big change to the
European Banking industry. The combination of
changes to the credit risk and output ﬂoor will be
particularly strongly felt across the EU. The new requirements require a variety of tools and data. The
additional burdens placed on the internal modelling
together with the limitations imposed on its beneﬁts
via output and input ﬂoors as well as the fact that the
internal approach is not even allowed to be used in
some cases, will all likely result in institutions ﬂocking into the Standardised Approaches. However, the
complexity of the Standardised Approaches has also
increased considerably which will place a burden on
smaller institutions particularly.
In general, the European Commission proposal
follows strictly the new Basel framework, however
some deviations are foreseen: it is introduced a SME
supporting factors, which allows a relief on capital
requirements on exposures towards SME counterparts. Moreover, a stricter requirement is introduced
for unconditionally cancellable commitments, even
if some exceptions are foreseen as compared to the
BCBS standards. Finally, some more favorable treatments are foreseen for the risk weights applied on
investments in capital instruments.
Originally, reform on Basel III was supposed
to be implemented by 2022, but the COVID-19
pandemic has shifted the Basel deadline to 2023.
However, when the European Commission proposal
came out, the implementation deadline was further
shifted to 1st January 2025, with some provisions
only to be implemented in 2030’s. Indeed, this is
another way that the European Regulators are trying to make the standards more bearable for the EU
institutions - by giving them more time to comply.
Regarding the use of machine learning for IRB
models, the main pivotal challenge for machine
learning applied in IRB models to calculate regulatory capital for credit risk comes from their complexity, which leads to challenges in interpreting their reIssue n. 22 / 2022
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Package to facilitate bank lending Supporting households and
businesses in the EU. 28 April 2020.
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he well-known Value at Risk (VaR) is the standard market risk quantiﬁcation for ﬁnancial institutions. Despite
its wide and consolidated usage, evaluating VaR and its decomposition along the desired risk components in a
portfolio is still a complex exercise. Commonly, banks do not have automatic risk decomposition frameworks:
drill-downs are performed through P&Ls analysis and proxies with sensitivities. Risk controllers and management lack
then of a fast and easily readable attribution of VaR (or other risk metrics) to marginal components at both position and
risk factor levels. Leveraging on the last two decades of literature on the topic, our approach seeks to provide with a risk
decomposition framework which is able to spot (additive) risk and diversiﬁcation sources within the portfolio(s) at hand
that can be beneﬁcial for many goals: risk analysis, uncovering of new (risk-adjusted) business opportunities, improved
capital allocation and increased soundness for auditing and supervisory purposes.

T

he VaR is only one of the possible realizations
of the unknown underlying distribution of
the portfolio Proﬁts and Losses (P&Ls), and
its calculation has been addressed with different approaches, from parametric to fully non-parametric,
as in simulations settings. Its decomposition to the
risk component’s contributions is then even a more
subtle task. Many are the works that in the years
tried to shed light in how VaR and its factorization
can be computed efﬁciently and reliably. References
as, for example, [6], [7] and [1] show how to compute
robust quantiles. Other works, like [4], [5] and [8], assessed instead the task of decomposing risk metrics
such as VaR into the single portfolio’s risk components. Our approach, which builds upon some of
these works, tries to provide a framework to:

ponent and then add up to the diversiﬁed
global measure;

T

• The true P&L distribution is unknown and we
can only leverage on parametric or empirical
proxies;
• Portfolios’ P&Ls are usually fat-tailed, adding
complexity in the estimation of the risks scenarios;
• Splitting VaR into positions has to allow to correctly identify the risky and the hedging positions, and decomposing on the risk factors
adds up complexity introducing many nonlinear and subtle second order effects which
are tricky to handle and estimate;

• Properly decompose the portfolio VaR into
easily readable position and risk factor’s components;

• Even if the probabilistic model was perfectly
known, the popular risk decomposition measures (such as the Component VaR) would
show a higher statistic instability compared to
the respective portfolio VaR.

• Perform what-if analysis without recall to full
simulations, but rather exploiting marginal
contributions to evaluate market stresses (e.g.,
interventions on position and risk factor’s values) and trading activity (e.g., addition or removal of positions in the portfolio).

Regarding the last bullet point, we show here a simple example to highlight the statistical problems in
the estimation of the VaR decomposition. We assume the followings:

Risk Attribution: Key Concepts and Challenges

• 3 assets ( pi )i=1,2,3 with returns that are i.i.d.
normally distributed with known volatility σ;

In our work we refer to Risk Attribution as the decomposition of VaR (at a given conﬁdence level α and
holding period) into the risk contributes at either position or risk factor level such that VaR can be valued
as the algebraic sum of marginal components. This
task is quite subtle for many reasons:

• Weights (wi )i=1,2,3 equal to 1/3 for each of the
3 assets.
Given the assumptions above, the portfolio VaR over
a time horizon T is simply given by:
√
VaR (α, h) = σPTF · zα · T.

• VaR is not a sub-additive measure, hence we
cannot calculate the VaR of each desired com-
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TABLE 36: Simulation results

By symmetry, the correct Component VaR (CVaR)
for each asset ( pi )i=1,2,3 is given by:
CVaRi =

risk vs hedge sources’ identiﬁcation;
• Business opportunities discovery, helping
management to boost risk-adjusted portfolios’
performance;

1
VaR PTF .
3

• Capital allocation optimization, with risk
managers and traders who can assess how to
balance different trade opportunities with the
related cost;

In the Tables 36, we show some results where the
VaR and CVaRi are estimated in different ways (in a
Montecarlo simulation framework):
• Parametric approach: VaR estimation by
volatility, assuming that the distribution is
known;

• Auditing and supervisory, with the framework useful in the discussions with internal
and external surveillance departments and authorities, helping to assess portfolio composition and relative risks and costs.

• Historical simulation: VaR estimation via empirical quantile, where no assumptions on the
distribution is required;
• CVaR by Garman: VaR decomposition via linear regression [4].

Methodology

Here we used N = 1000 for the number of simulations, to identify the statistic uncertainty of the
estimation. We can see some results in the Tables 36.

Our approach builds, as anticipated, on a wide literature (see also [9] and [10] to cite other works) and
tries to extend the results in at least two directions:
• Modeling the P&L distribution w.r.t. the component P&Ls’ distribution, in order to have a
model more scalable for the valuation of different percentiles at once;

The true uncertainty of the model is given by the
standard deviation of the error in its relative version, namely divided by the correct risk measure
(unknown to the modeler). The last row shows that
the attribution error is greater than the error in the
global VaR estimation (standard deviation in the ﬁrst
row of the Table 36).

• Easily readable decomposition of the VaR in
additive risk factors’ components.
The General Setting

Beneﬁts and Applications

To describe the approach to the Value at Risk
(VaR) decomposition in the so-called Risk Attribution
framework, let’s start assuming to hold a portfolio
P = { p1 , ..., p N } composed by a set of positions pn
such that the value of P today, its market value, is
simply given by:

Risk attribution frameworks, more common in the
asset management industry, can be a great boost for
both risk analysis and day-to-day business decisions
for banks, and help to stick with reporting requirements of both BCBS 239 (Risk Data Aggregation and
Reporting Principles) and CRR. Summarizing, beneﬁts and applications of such a framework can be
seen in:

N

P0 =

n =1

N

p n ( t0 ) =

∑

p0n ,

n =1

where, to simplify and with a small abuse of notation, p0n is the net present value of the n-th position

• Risk analysis, simplifying portfolio inspections and sensibly increasing the efﬁciency of
Issue n. 22 / 2022
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today4 , t0 . Assume further that P insists on a set of
risk factors R = {r1 , ..., rK } such that each position
pn depends on a subset Rn = {rn1 , ..., rnkn } ⊆ R of
these drivers:

tion level (i.e., psn = p0n zsn ), we get:
VaR = ∆Pŝ = E [∆Pŝ |zŝ ]

p0n = f (rn1 , ..., rnkn )

=

function5

f (·) and integer k n ,
for some pricing
where rn j is the j-th risk factor for the n-th positions
in P . Hence, assuming for the sake of simplicity a
ﬁxed portfolio composition, a variation of the portfolio value in a time span τ can be expressed as:

∆Pτ =

N

∑

=

∑

n =1

N

n =1

n =1

p0n E [zŝn |zŝ ],

(19)

with this representation, one can note as:
• E [zŝn |zŝ ] represents the Marginal VaR for the
n-th position, MVaRn , hence its contribute to
the total VaR if it were a unitary position;
• p0n E [zŝn |zŝ ] is, instead, the Component VaR for
the n-th position, CVaRn , hence the true VaR
contribute given the size of the position.

ptn+τ − ptn

n =1
N

N

∑ E[ p0n zŝn |zŝ ] = ∑

Building once more on the works [4] and [5] the Incremental VaR, IVaRn , due to a new position p N +1
entering the portfolio P can be evaluated by ﬁrst order Taylor series expansion:

f (rnt+1 τ , ..., rnt+knτ ) − f (rnt 1 , ..., rnt kn ),

where rnt j refers to the value of the j-th risk factor
of the n-th positions at time t. In the usual bank’s
market risk valuation process, the VaR of P with
conﬁdence level α is obtained either by Monte Carlo
or through historical simulation with S scenarios,
where in the latter S usually is 250 or 500 (one or
two years of history respectively), and with a time
horizon of one day. In our notation:

where MVaR N +1 is calculated w.r.t. the original
portfolio P , not to the augmented P ′ = P ∪ { p N +1 };
this way we get:

VaR = ∆Pŝ ,

This approach can be extended to the case where
several assets are added to (or removed from) the
portfolio at the same time:

VaR′ ≈ VaR + p0N +1 MVaR N +1 ,

IVaR N +1 = p0N +1 MVaR N +1 .

where ŝ is the scenario index (with ŝ ∈ {1, ..., S})
such that P [∆Ps ≤ ∆Pŝ ] = 1 − α for every other scenario s.

• If one or more positions are added to the
original portfolio P , the marginal VaRs of
these must be evaluated upfront w.r.t. VaR =
VaR(P ) by means of the contribute of dummy
P&Ls added to the overall portfolio P&L, but
to whom the original positions’ market value
is set to 0 (i.e., p0j = 0 for all positions p j to be
added to P ); this way the original VaR can be
still reconstructed from the only trades in P :
M
VaR = ∑nN=1 CVaRn + ∑m
=1 0 · MVaRm .

Risk Attribution: Deﬁnition and Methodology
With Risk Attribution we refer to an additive decomposition of the VaR metric at a given level (e.g.,
trading portfolio level) into its basic components ci
(trades, p, or risk factors, r):
VaR = ∆Pŝ =

(20)

∑ ϕ ( c i ),

• If one or more positions p j were instead to be
removed from P , one must set p0j = 0 for all
of them.

i

where any term of the summation can uniquely be
attributed to each of the individual components ci
through an appropriate mapping function ϕ(·).
The approach here proposed has roots in the works
of [4] and [5] where VaR is decomposed at position
level exploiting the:

From now on we will focus on CVaR as the most
useful deﬁnition of Risk Attribution:
VaR = ∆Pŝ =

N

∑ CVaRn .

n =1

• Very deﬁnition of conditional expectation;
• Fact that the portfolio (euro) return is as a linear combination of the (euro) returns on the
individual components.

Decomposition at Risk Position Level
As outlined in the previous section, the risk attribution model must evaluate the conditional expectation E [zŝn |zŝ ] (cfr. Eq. 19) and to do so we must
link the portfolio return zŝ with each single position, zŝn . Due to the additive linear relation between
the Proﬁts and Losses (P&Ls) of the positions and

MVaR, CVaR and IVaR
Assuming that zs is the return (i.e., shock under scenario s) of the portfolio and zsn the same but at posi-

will refer later with ptn to the market value of the n-th position at time t
simple cash positions as equities or funds, trivially f (·) = Q · M, where Q is the position’s quantity and M is the
price (NAV respectively) on the market
4 We

5 For
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the portfolio’s one, our approach consists in estimating the conditional expectation through linear
regression. This allows to capture the interaction between positions’ P&L and the ones of the portfolio
at a much broader scale than the single percentile of
interest (e.g., the VaR), ensuring a more versatile use
of the model as discussed shortly after.
Now, let:

often can be arrays (e.g., interest rate curves)
and matrices (e.g., equity volatilities) or even
cubes (e.g., swaption volatilities).
Our proposal, to balance the trade off between the
complexity of the model, its readability, and the effort potentially required to maintain the data model
beneath, builds upon the canonical P&L explanation
through the portfolio sensitivities and three major
steps of data processing.

• x = ( xs )s=1,...,S be the array of P&Ls at portfolio level, where xs = Ps − P0 = P0 zs is the
P&L for the entire portfolio at scenario s;

P&L Explanation

• For each position pn , yn = (yn,s )s=1,...,S be
the array of P&Ls at position level, where
yn,s = psn − p0n = p0n zsn is the P&L for the position pn at scenario s.

Given the set R of portfolio’s risk factors, let:
• rks be the scenario s for the risk factor rk ;
• δk be the market sensitivities related to rk .
Similarly to what we set for both portfolio and positions’ market values, we can write the risk factor
scenario as a function of the present value of the risk
factor and its shock under scenario:

We then calibrate a set of N regressive models f n (·)
of the form:
z n = f n ( z ) = β n z + ϵn ,

(21)

rks = φ(rk0 , bks ),

where z = (zs )s=1,...,S and zn = (zn,s .)s=1,...,S are, respectively, the set of portfolio and positions’ returns
under scenario. Note that we truncated the canonical intercept from Eq. 21, namely αn , since in a daily6
horizon setting the drift effect is negligible. Once we
have calibrated the set of models f n , the VaR of P ,
∆Pŝ , can be decomposed as follows:
ŝ

VaR = ∆P = Dec( p1 , ..., pn ; ŝ) =

N

∑

p0n f n (zŝ ),

where:
• rk0 is the present value of the risk factor rk on
the market;
• bks is the shock (i.e., bump/ shift) to be applied
on the k-th risk factor on the scenario s;
• φ(·) is the function which deﬁnes the scenario
value, that can be either multiplicative (e.g.,
φ(rk0 , bks ) = rk0 bks as for the exchange rates) or
additive (e.g., φ(rk0 , bks ) = rk0 + bks as for the interest rate curves).

(22)

n =1

where:
• f n (zŝ ) is the Marginal VaR, MVaRn , for the nth position;

The portfolio P&Ls under scenarios can then be recalculated as a proxy with risk factor scenarios and
sensitivities through a Taylor expansion:

• p0n f n (zŝ ) is the Component VaR, CVaRn , for
the n-th position.

∆P = (∆Ps )s=1,...,S

The Incremental VaRs, ( IVaR j ) j∈ J , can be calculated
instead as in Eq. 20.

≈

K

∑ bk δk = ∑

k =1

Decomposition at Risk Factor level

k =1

,

(23)

s=1,...,S

The Risk Factors Preprocessing
As mentioned before, our model handles the complexities due to the different geometry of risk factors
and to their nonlinear effects on the portfolio P&Ls
through three main steps:

• The relation between portfolio P&Ls and risk
factor scenarios is not strictly linear, especially
for a complex trading book like major banks
have;

• Restricting the model to the tail of the P&Ls’
distribution, rather than regressing the entire
P&Ls as in 21; for example, regressing only on
the last 10% of scenarios on the risky tail;

• Risk factors are not only scalars as the P&Ls
under scenarios (i.e., each P&L value under a
speciﬁc scenario is a scalar value), but more

holding period we are interested in for a canonical bank VaR valuation framework.
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bks δk

where, in the ﬁrst sum, bk must be intended as the
array of scenarios for the k-th risk factor. Note that,
in the notation of Eq. 23, we assumed for the sake of
simplicity that bks and δk are both scalars: the reason
will be clear in a while and, with just a little more
algebra, the P&L proxy above remains valid in the
more general case.

In this paper, with risk factor level we refer to any
possible cluster of elemental risk factors; indeed, it
is not only possible to work at an atomic level, but
also at any higher order of aggregation (e.g., Asset
Class).
The decomposition of the VaR on the risk factors
R = {r1 , ..., rK } leverages on a approach similar to
the one just explained , but must account for further
complexities:

6 The

K
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• Building meta (and scalar) risk factors R
{er1 , ..., erK }; for example, instead of regressing
the entire EURIBOR 6M curve, we opted to
build a synthetic driver that embeds the contributes of all the curve pillars;

portfolio P as:
VaR = ∆Pŝ = Dec(r, ..., rk ; ŝ) =

k =1

where A is an adjustment factor deﬁned as:

• Possibly restricting the risk factor covariates
only to a selection of the main drivers in the
portfolio under analysis; e.g., selection based
on the market sensitivities.

A=

∆Pŝ
.
∑k β k xŝ

Note that A is needed to amend for the fact that,
differently from the decomposition for position, the
P&L proxies by risk factor does not perfectly sums
to the portfolio’s P&L.

In particular, the second point recalls the simpliﬁcation expressed in Eq. 23 where we supposed scalars
risk factors build as explained below. Assume, for
example, that rk is an array (e.g., a curve) which implies δk , the array of the market sensitivities related
to rk , be an array too. We propose to build the meta
risk factor e
rk as the sum of all the element-wise multiplications between the components of rks and δk ; in
our example (i.e., the curve) we obtain:
e
rks =

K

∑ A · β k xŝ ,

CVaR Estimation Methods
To understand at a deeper level the advantages of using the methodology described in the previous sections, we will see now a comparison between the
results of three different methods for the CVaR estimation:

s
δk,j .
∑ rk,j
j

The same idea holds for matrices and cubes, just
with more calculations. With this approach we aim
at:

• CVaR estimation by local P&L: the CVaR of
the single position is given by the corresponding P&L in the VaR scenario of the portfolio;

• Incorporating the dependencies (in terms of
shocks’ direction and magnitude) of the portfolio to the risk factors directly into the meta
risk factors;

• CVaR estimation by Garman: as anticipated
in section [2.5], we calibrate the regression
model for each position to obtain the CVaR
as in Eq. 22;

• Reducing the complexity of the decomposition of the VaR, recalling to simpler covariates
in the regression problem;

• CVaR estimation with Harrell-Davis weights:
the CVaR of each position is given by a
weighted average of its P&Ls; the weights are
given by the Harrell-Davis formula (as we will
show later in section [3.1]), where the scenario
with higher weight will be the VaR scenario of
the portfolio.

• Induce the covariates of our regressive approach (see next paragraph) to be robust in
terms of magnitude and direction with the expected P&Ls (and hence, Component VaRs);
given a threshold ϵ, the following should hold:

Estimation with Harrell-Davis Weights

dist(CVaRk − δk bkŝ ) ≤ ϵ,

Before introducing the speciﬁc Harrell-Davis
weights that we will use in this case, we will depict the concept of L-estimators (references [1], [2],
[6] and [7]).
We will assume that the random variable L represents the loss of the portfolio, with C.D.F F, namely
P ( L ≤ x ) = F ( x ); the portfolio’s VaR of order α
(0 < α < 1) will be given by VaRα = F −1 (1 − α).
Given the set of scenarios (s)s=1,...,S , the set of losses
( Ls )s=1,...,S will provide an empirical approximation
of the true loss distribution denoted by F; from the
empirical distribution we will obtain the estimated
value for VaRα that we will denote with Qα .
For example, one of the most common nonparametric quantile estimator is the sample quantile,
also known as the upper empirical cumulative distribution function value (UECV), namely the k-th largest
loss. The main problem with UECV is that it relies
on a single order statistic, hence it can exhibit high
variability, reducing the efﬁciency.

for an appropriate (e.g., Euclidean) distance
measure and
sign(CVaRk · δk bkŝ ) = +1.

The Model
Let assume now that risk factors rk are already meta
(and scalar) risk factors as explained above. Then,
the risk attribution model leverages on the P&L
proxy expressed in Eq. 23 and recalls once more
the approach in Eq. 21 that now reads as follows:
bk · δk = f k ( x ) = β k x + ϵk ,
where bk · δk , as previously deﬁned, is the array of
(proxy) components of portfolio’s P&Ls and we regressed this time directly on the portfolio’s P&Ls.
Given this, the model decomposes the VaR for the
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FIGURE 5: Weights for Harrell-Davis estimator with α = 99% and S = 1000.

A more generalized form for a L-estimator is the
following (weighted average of the statistics):

• B( a, b) is the Beta Function, deﬁned as:
B( a, b) =

S

∑ wα,S,s · Ls

Qα =

s =1

∑ wα,S,s = 1.

s =1

The UECV introduced above would lead to the following weights:
(
1 i f s = ⌊Sα⌋ + 1
wα,S,s =
0 otherwise.
To improve the efﬁciency, L-estimators generally calculate Qα as a weighted average of multiple order
statistics. For example, the Harrell-Davis estimator
is based on the fact that the expected value of order statistic (S + 1)α, namely E [ L(S+1)α ], converges
to F −1 (α). The weights in this case are given by:

wα,S,s = Is/S (S + 1)α, (S + 1)(1 − α)

− I(s−1)/S (S + 1)α, (S + 1)(1 − α)

=

(s−1)/S

u a−1 (1 − u)b−1 du = B1 ( a, b).

Results Comparison
In this section we will show a practical example to
compare the three methodologies introduced in the
previous section.
In the exercise we assume the followings:
• 10 assets ( pi )i=1,...,10 with returns that are i.i.d.
normally distributed with volatility σdaily =
1%;

1

B (S + 1)α, (S + 1)(1 − α)

Z s/S

0

In the Figure 5, we can see the distribution of the
Harrell-Davis weights given α = 99% and S = 1000,
namely the same values we used in the example that
we will see in the section ’Results Comparison’.
It is worth mentioning that other L-estimators
can be used: among them one with very promising performances is the Epanechnikov’s, for more
details see [11]. We will investigate its application in
further detailed studies.

S

with

Z 1

• Correlation (ρi,j )i,j=1,...,10 equal to 0.5 for each
pair of assets;

u(S+1)α−1 (1 − u)(S+1)(1−α)−1 du,

• Weights (wi )i=1,...,10 equal to 10% for each asset;

where:

• 1000 scenarios generated via Montecarlo simulation.
In this simple example, by symmetry, the CVaR of
each asset should be equal to 10% of the VaR value.
In the speciﬁc simulation shown here we obtained a
portfolio VaR of −13.88% and the following results
for the CVaR of the 10 assets in the three methodologies.
It is obvious that given the Montecarlo framework,
each run will lead to different results, but we will
always see an higher instability with the local approach compared to the other two.
In the ﬁrst row we can see the "true" CVaR which is

• Ix ( a, b) is the Regularized Incomplete Beta
Function, deﬁned as:
Ix ( a, b) =

Bx ( a, b)
;
B( a, b)

• Bx ( a, b) is the Incomplete Beta Function, deﬁned as:
Z x

Bx ( a, b) =
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u a−1 (1 − u)b−1 du;
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TABLE 37: Simulation results

equal to 1/10 · VaR, namely −1.388% for each asset;
this will be our reference for the comparison of the
other three rows. The main results we can deduce
are the followings:

by the non-linear relation between portfolio P&Ls
and risk factor scenarios and by the fact that risk
factors are not only scalars. In order to overcome
these problems we used the sensitivities for a ﬁrst
order Taylor expansion of the P&Ls, checking very
carefully the accuracy of the technique against a fullvaluation approach.
In the usual trade-off between accuracy and computational effort, the results seem to be very encouraging.

• The local CVaR leads to a huge instability, we
even have a positive CVaR in the last asset;
• The CVaR obtained with Harrell-Davis
weights is way more stable compared to the
local one. This was an expected result as explained in section [3.1];
• Lastly we can see how the CVaR by Garman
introduced in section [2.5] is the one that gets
closer to the analytical CVaR in the ﬁrst row.

Conclusion
Even though in recent years, not many papers
have been published displaying VaR decomposition
methodologies, we decided to explore these advanced inferential statistical methods, such as [4], [6]
and [11], mainly for their trade-off between accuracy
and computational time.
Normally, the Component VaR (CVaR) of each position is estimated via full-valuation Incremental VaR
(IVaR), i.e. the difference between the original portfolio VaR and the VaR of the portfolio without the
given position. The problem with this method is
not only the computational time needed to obtain
the CVaR of each position, but also the fact that to
obtain the CVaR of a cluster of positions one needs
to compute a VaR for each of the combination one
wants to analyze. This implies even thousands of
different sub-VaR calculations, which are not feasible for a daily risk management process. Instead
of using a brute-force approach, the implementation
of the advanced inferential statistical methods mentioned above allows to save a lot of computational
effort, by avoiding a lot of valuations (pricing tasks),
and still achieves very accurate risk decomposition
ﬁgures. On the other hand, using for example the
Garman method, thanks to the linearity of the decomposition you will be able to compute the CVaR
of each cluster by simply summing the atomic CVaR.
Finally, we presented and discussed a possible solution to apply the above methodologies to obtain a
VaR decomposition by risk factor. It is worth to remind that in the common practice risk management
departments just get a VaR decomposition by position (or portfolio). Here the main problems are given
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New Challenges on Money
Laundering and Financial
Terrorism Risks
Lorena Corna

he author would provide an overview of current framework and new challenges on Anti-Money Laundering and
Combating Financing of Terrorism (AML/CFT). In the ﬁrst section, the author presents a general overview of
AML/CFT Framework, considering the main actors involved (i.e. FATF, Basel Committee, EBA and European
Commission). To follow, the author highlights the new challenges related to Covid-19 pandemic, climate change and
lack on legal framework spotted in 2019 by the European Commission that will have a signiﬁcant impact on AML/CFT
legislation.

T

ithin the Risks whole that a Financial
Institution should consider, the Money
Laundering and Financing of Terrorism
Risks has increased and spreading: such a context
has required a Autority intervention with a new legal framework, considering also the impact on reputational, operational, compliance and concentration
risks.
In the ﬁrst section, the current legal frame and related actors (i.e. FIUs, competent authorieties, etc.)
has been introduced to give a general overview.
In the second section, the new challenges in
AML/CFT context has been described, in particular
the ones related to Covid-19 pandemic and environmental crimes. Moreover, the new European regulatory system has been introduced.

• AML/CFT Policies and Coordination. In this
section, the importance of identify, assess and
understand via risk-based approach (i.e. RBA)
the ML and FT risks is highlighted: to implement the risk-based approach is necessary a
ﬁnancial sector with a high degree of experiences on AML/CFT. By adoption of this approach, the ﬁnancial institutions can activate
the proper AML/CFT measures ensuring the
efﬁcient use of their resources, in terms of cost
and human resources allocated. Due to the
AML/CFT risks nature, the national principles should be reviewed periodically without:
(i) compromise the cooperation among FIU,
supervisors, law enforcement authorities, etc.;
(ii) make a conﬂict between AML/CFT laws
and Data Protection and Privacy rules.

W

• Money Laundering and Conﬁscation. Based
on the Vienna Convention, the Palermo Convention and the Terrorist Financing Convention, also the International Standards dedicate
a section on legislative measures like conﬁscation to hinder money laundering.

Introduction on Money
Laundering and Financial
Terrorism Risks

• Terrorist Financing and Financing of Proliferation. As already established in the Terrorist Financing Convention, in the FATF’s Recommendation we have a section on terrorist ﬁnancing and related measure to contrast them
like the freezing of funds or other assets.

International Standards: the FATF’s Recommendation
The FATF Standards represent a complete and robust framework to contrast money laundering and
terrorism ﬁnancing. The ﬁrst issue was in 1990: over
the years, we had several reviews of them until the
last available version in June 2019 which comprises
the Interpretive Notes.
The ﬁnal version is composed of the following
paragraphs:

• Preventive Measures. As stated in [18], “Financial Institutions should be prohibited from keeping anonymous accounts or accounts in obviously
ﬁctitious names”. In detail, a Financial Institution should be called to do a customer due dili-
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gence measure in some circumstance (e.g. in
case of unreliable information obtained with
customer identiﬁcation process) using an independent source to validate the available information regarding customer’s identity, the beneﬁcial owner, the nature of the business relationship and transaction typologies: this analysis should be performed using a risk-based
approach. In case of unsuccessful results from
the procedure above, the Financial Institution
“should be required not to open the account, commence business relations or perform the transaction; or should be required to terminate the business relationship, and should consider making a
suspicious transactions report in relation to the
customer” [18]. These information should be
adequately stored by the Financial Institution
and they should be enough to allow the rebuilt the transaction history in order to provide the evidence of a criminal activity. Furthermore, additional measures should be implemented for particular customers (e.g. Politically Exposed Person, PEP) and activities (e.g.
development of new products and new business practices) to measure and mitigate their
emerging risk.

formation that it requires to undertake its functions properly.” Next to FIUs, each Country
should have an investigative authorities with
ML/FT responsabilities and they can made a
parallel investigation with several techniquest
like undercover operations, intercepting communications, accessing computer systems and
ask to FIUs all the relevant information about
ML/FT crimes.
• International Cooperation. The goal of last
section is encourage the international cooperation. Countries should offer “the widest
possible range of mutual legal assistance in relation to money laundering, associated predicate offences and terrorist ﬁnancing investigations, prosecutions, and related proceedings.” [18] to enhance cooperation without jurisdiction conﬂicts among the countries. This mutual legal
assistance is deﬁned in terms of freezing, conﬁscation and extradition requests and all the
other possible forms of international cooperation (via bilateral or multilateral agreements
or arrangements).

Interpretive Notes on Assessing Risks and RiskBased Approach

• Transparency and Beneﬁcial Ownership of
Legal Persons and Arrangements. The ﬁfth
section of FAFT Recommendations is dedicated to transparency and beneﬁcial ownership of legal persons and arrangements: each
country should implement any measure to
avoid the improper use of them from money
laundering or terrorist ﬁnancing.

The ﬁrst interpretative notes in [18] is dedicated to
risk-based approach used to hinder money laundering and terrorist ﬁnancing. The relevance of the
risk-based approach is established also with European Directive 2015/849: the latter recognizes that
the ML/FT risk can change and it sets mentioned
approach at the center of AML/CTF framework.
Using the risk-based approach (i.e. RBA), the Financial Institutions can use a AML/CFT measures
proportionate with the risks identiﬁed. Then one
of the advantage of RBA is that the level of human and ﬁnancial resources allocated to obstruct the
ML/FT crimes are commensurate with the level of
AML/CFT risk: with higher risks, Countries should
demand Financial Institutions “to take enhanced measures to manage and mitigate those risks; and that, correspondingly, where the risks are lower, simpliﬁed measures
may be permitted” [18]. The RBA implementation requires to Financial Institutions a dedicated processes
in order to recognize, evaluate, supervise, handle
and mitigate the money laundering and terrorist ﬁnancing risks. In detail, the Committee discourages
the size of operations or proﬁts/losses of a bank as
a ML/TF risk indicator, due to the fact that risks can
come to light from small parts or activities of a Financial Institution [5].
The RBA can be adopted also by supervisory authorities and, in this case, the RBA demands that
supervisors [5]:

• Powers and Responsibilities of Competent
Authorities and Other Institutional Measures. As stated in sixth section [18], “Countries should ensure that Financial Institutions are
subject to adequate regulation and supervision and
are effectively implementing the FATF Recommendations”. In general, when Financial Institutions provide a service of money or value
transfer, or money or currency changing, they
should be subject to effective systems in compliance to national AML/CFT requirements.
To permit the realization of FATF Recommendations, the Supervisor can force the production of compliant information. In case of failure, the supervisory should impose a disciplinary and ﬁnancial sanctions, in line with
Recommendation 35. As mentioned before,
each country should have a Financial Intelligence Unit (FIU) that should receive and analyse the suspicious transactions’ reports and
any relevant money laundering information
or related to terrorist ﬁnancing. As remarked
in [18], “The FIU should be able to obtain additional information from reporting entities, and
should have access on a timely basis to the ﬁnancial, administrative and law enforcement inIssue n. 22 / 2022

• Improve a in-depth comprehension of risk
level and related impact on the supervised entities;
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• Operational Analysis when the available information is used to identify the actors and the
link among them;

• Based on national risk assessment, evaluate
the adequacy of bank’s risk evaluation;
• Understand the nature and size of supervised
institution in terms of customer base, products
and services offered by Bank (in terms of typologies and geographical locations);

• Strategic Analysis when, based on collected information, is possible to recognize the ML and
TF patterns and trends.
The last FIU function regards the dissemination,
which can be spontaneous or after competent authorities request, of those analyses.
Concerning the Italian case, the collection and
management of data are supported by “RADAR”
platform, in detail:

• Judge the adequacy of measure and controls
(including customer due diligence measures)
of Financial Institution for ML/FT risks.
The risk-based supervision model (i.e. RBS) has four
steps:
1. The risk factors identiﬁcation;

• The ﬁrst assessment is done by Financial Institution that assigns a judgment (the latter is expressed by ﬁve values scale). It is represented
by “Signaler’s Rating” columns in Table 39.

2. The ML/FT risks evaluation;
3. The allocation of AML/CTF supervisory resources based on the previous step;

• The second evaluation is performed with
RADAR: using the above estimation, it assigned another automatic rating value that includes further information available in the FIU
database. This rating value, expressed by ﬁve
values scale, can be changed or conﬁrmed by
the FIU with the assignment of ﬁnal rating
that will be presented to investigative authorities. It is represented by “FIU’s Rating” rows
in Table 39.

4. The monitoring and revision of the model.
In order to take advantage from RBS, the supervisors
should have:
• A clear knowledge of ML/FT risk level in a
country;
• On-site and off-site access to all relevant
ML/FT information about risks linked to customers, products and services of the supervised institutions.

From Tables 39, 40 and 41 we can see a convergence of rating provided by Financial Institution
with the ﬁnal Rating of FIU, despite a negative trend:
the percentage of warnings have the FIU’s ﬁnal rating equal to the signaler’s one was 43.9% in 2019,
the latter has decreased by 3.2 percentage points in
2020 and in the second semester of 2021 it stood
at 41%. When the automatic rating provided by
RADAR does not correspond to the real risk level,
the FIU updates it through a second level of analysis
with the attribution of a ﬁnal rating and a dedicated
report writing for investigative authorities about the
analysis. During this phase, FIU can demand further
information to Financial Institution, refer to Revenue
Agency’s data and consult the foreign FIUs.
In case of money transfer warning, we have a third
assessment level that examines a multiplicity of
transactions jointly. In detail, the mentioned transactions have the following features:

The risk proﬁle assessment of a Financial Institution is performed periodically, based on the major
changes and events in the management or operation
of the Financial Institutions. The supervisors should
be able to have operational independence and autonomy and each country should ensure a sufﬁcient
level of resource to gain it.
Interpretive Notes on Financial Intelligence Units
The FIU’s deﬁnition and role are described in the
FATF’s Recommendation 29 and in the dedicated interpretative note. The FIU, which is an independent
and autonomous unit, receives and analyses the suspicious transaction reports and all the relevant information about money laundering and Financial terrorism as well as related crime.
As ﬁrst function, the FIU is a data collector that
includes suspicious transaction reports and all other
information as required by national legislation.
After that, the second function of FIU is represented by data analysis. The FIU is encouraged to
adopt analytical software in order to increase efﬁciency of this function: in Table 38 we can see the
amount of suspicious transaction reports analysed
by Italian FIU collected through several platforms7 .
In order to enhance the value of information received and held by the FIU, the latter can perform
two different analyses:

• Reduced amount;
• Several interested parties;
• Geographic dispersion.
This further analysis level is performed in order
to bring out signiﬁcant connections that otherwise
would not emerge.
Currently, the data analysis performed by FIUs
is supported by SupTech tools, i.e. a set of data analytics tools that leverage on innovative technologies
such as [6]:

7 e.g. “RADAR” platform on “Infostat-UIF” portal, “SAFE System” with Italin investigative authorities, “FIU.NET”. of
European Union, “Egmont Secure Web” of Egmont Group, etc.
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TABLE 38: Suspicious transaction reports [2]

FIU’s Rating

Signaler ’s Rating
Low and
Medium-Low

Medium

Medium-High
and High

Total

Low and
MediumLow

16.8%

4.2%

1.3%

22.3%

Medium

15.6%

8.8%

5.5%

29.9%

MediumHigh and
High

12%

17.5%

18.3%

47.8%

44.4%

30.5%

25.1%

100%

Total

TABLE 39: Rating comparison between FIU and signaler in 2019 [3]

• Network analysis, i.e. the investigating structures techniques via networks and graph theory;

one of the new challenges.
The issues that emerge with the increasing application of SupTech tools can be summarized in:

• Natural language processing, i.e. a set of algorithms to analyse and comprehend human
language;

• Computational capacity, due to the large volume of data that represent the input of of
SupTech tools;

• Text mining, i.e. a software that can recognise
concepts, patterns, and further characteristics
in a large amounts of unstructured text data;

• Data privacy and conﬁdentiality, in particular it represents a limitation in the use of external resources;

• Machine learning, i.e. a methodology to solve
a problem that updates itself via experience
and without or limited human intervention.

• Efﬁciency versus effectiveness. Meanwhile,
the efﬁciency of SupTech is easily quantiﬁed,
we cannot afﬁrm the same related to effectiveness, i.e. the output quality. Generally, the
effectiveness is evaluated with regard to the
reduction in the number of false-positives.

These methodologies permit the processing of a
large volume of data also coming from nontraditional sources (such as newspaper articles, social media) in order to strengthen the classic information and to decrease the number of false-positive
alerts. It is important to highlight that the international nature of ﬁnancial context involves the necessity of share the information among the FIUs of several countries. These data can be collected in different ways among the FIUs, therefore the FIU should
be able to analyse a large volume of data, harmonizing them without compromise the data quality: it is
Issue n. 22 / 2022

Despite the beneﬁts of SupTech tools highlighted
above, the human evaluation is still crucial to evaluate and verify the results of such engines.
Basel Committee Guidelines
As stated before, in July 2020 the Basel Committee
put out an update of AML/CFT Guidelines published in January 2014 [5]: this new version regards
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TABLE 40: Rating comparison between FIU and signaler in 2020 [4]

TABLE 41: Rating comparison between FIU and signaler in the second semester of 2021 [2]

the role of supervisors (i.e. paragraph 96 in Part IV)
and the interaction and cooperation between prudential and AML/CFT supervisors (i.e. Annex 5).
The document aims to promote the implementation
of FATF Recommendation including the Basel expertise and considering the feature of these risks.
One key point of Basel Committee Guidelines is
represented by Customer Due Diligence: to preserve
the Financial Institution reputation, the latter should
implement adequate policies and processes (in accord with its risk proﬁle) in order to avoid the Financial Institutions’ use for criminal activities. Additionally, the risk assessment for ML/FT Risks should be
performed on different “degrees” (i.e country, sector,
bank and business relationship levels) and a proper
process should inform the authorities about it. The
international context and the size of Financial Institution can conduct a considerable amount of data
that should be monitored with automatic process, in
order to reduce and optimize the AML/CFT costs
without compromise the data management structure.
Then the bank’s proﬁle is crucial in order to de-

ﬁne the parameters that should be examined by IT
monitoring system and the latter should be qualiﬁed
to provide a detailed report to the Bank’s board.
To properly manage ML/FT risks, the Basel
Committee identiﬁes three lines of defence:
1. The ﬁrst line, i.e. the business units. The
Financial Institution should provide to its
employees the training programmes about
AML/CTF procedures based on bank’s risk
proﬁle and the ML/FT exposure of employees.
2. The second line, i.e. the AML/CFT chief ofﬁcer. As stated in [5], the AML/CFT chief
ofﬁcer has “the responsibility for ongoing monitoring of the fulﬁlment of all AML/CFT duties by
the bank”. The AML/CFT chief ofﬁcer is the
contact point for authorities.
3. The third line, i.e. the internal audit function.
The audit is performed on (i) the capacity of
the bank’s AML/CFT policies and procedures
to manage these risks, (ii) the bank’s staff capability to implement policies and procedures
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(and validate the IT system if it is present); (iii)
the effectiveness of compliance; and (iv) the efﬁcacy of the bank’s training for relevant staff.
In many countries we can have also the external auditors: in this case, the bank should ensure that they have the proper expertise and
experience on bank’s risk proﬁle.

measures do not replace the CDD measures,
but they will be used additionally to the latter.
The cases that should be treated as higher risk
from the Financial Institutions are established
in European Directive 2015/849 and they are
collected also in Final Guidelines [10] (e.g.,
the Financial Institution should use enhanced
CDD measures when the customer is a PEP).
For Retail Banks, the Final Guidelines [10] suggests the SSD measures that can be applied by
Financial Institutions (paragraph 9.13 of Title
II, [10]).

Moreover, due to the international context of the
Financial System, we can have a Bank group with
branches in several countries. This circumstance requires the implementation of group-wide AML/CFT
processes and procedures. In this framework, the
biggest challenge is to promote the information exchange among subsidiaries located in different countries, considering the issues and obligations related
to local laws and regulations.

Usually, the evaluation of customer’s risk proﬁle
is performed by Financial Institution via systematic
procedure considering several relevant factors, e.g.
“customer’s background, occupation (including a public
or high-proﬁle position), source of income and wealth,
country of origin and residence (when different), products
used, nature and purpose of accounts, linked accounts,
business activities and other customer-oriented risk indicators” [5]. Any material information gathered on
customer activity should be used in renewing the
client’s risk assessment: these data should be retrieved by a reliable and independent source. In this
assessment, the Financial Institution should also include the risk associated to complexity, transparency
and size of products, services or transactions [10].
Based on the results of CDD, the bank should be
able to decide if it is possible or not to open the new
account and perform the transactions. This procedure whereby the Financial Institutions could reject
to take part in or choose to terminate a business relationship with a customer due to a high level of
ML/FT risk is named de-risking: with it, the customer could be blocked from ﬁnancial services admission.
In order to mitigate ML/FT risks, the ongoing
monitoring is a key aspects that should be performed concerning all business relationships and
transactions to detect unusual transaction or patterns of activities. The management of CDD’s information requires a focus on the following aspects:

Customer Analysis
As stated in the fourth section of FATF Standards, Financial institutions should start a Customer Due Diligence (i.e. CDD) when:
• Establish business relations;
• Carry out occasional transactions8 ;
• There is a suspicion of money laundering or
terrorist ﬁnancing;
• There are doubts about the veracity or adequacy of previously obtained.
With CDD, the Bank should identify the customer,
the beneﬁcial owner and verify their identity, understand the nature and reason of the business relationship: this workﬂow is showed in Figure 6 and the
Financial Institution can extent this analysis using a
risk-based approach.
Concerning the risk factors that a Financial Institution should consider during the assessment,
the European Banking Authority provided a Final
Guidelines on CDD and risk factors that should be
considered during the evaluation of ML/FT risk [10].
The CDD “degree” depends from the business-wide
risk assessment, i.e.:

• Record-keeping. All the information collected with CDD should be stored based on
clear rules considering also the privacy laws,
in other words “they should include a deﬁnition
of the types of information and documentation that
should be included in the records as well as the retention period for such records, which should be at
least ﬁve years from the termination of the banking
relationship or the occasional transaction”[5].

• In case of a low risk linked to a business relationship, the Financial Institution can apply
a Simpliﬁed Customer Due Diligence Measures (SCDD). As stated in Final Guidelines
[10], the Financial Institution can adapt the
quantity, interval and kind of CDD measures
to the low-risk level. For Retail Banks, the Final Guidelines [10] suggests the SSD measures
that can be applied by Financial Institutions
(paragraph 9.15 of Title II, [10]).

• Updating of information. With a regular upkeep activity of up-to-date information, the
CDD results can be useful for the banks in order to monitor the suspicious activities properly and for the FIUs (or competent authorities) to comply with their own tasks.

• If the risk associated with a business relationship is expected to grow, the Financial Institution must use the Enhanced Customer Due
Diligence Measures (ECDD). As conﬁrmed
in Final Guidelines [10], the enhanced CDD

8 The FATF Standards established that transactions should be (i) above the applicable designated threshold (USD/EUR
15,000); or (ii) that are wire transfers in the circumstances covered by the Interpretive Note to Recommendation 16.
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FIGURE 6: The AML/CFT workﬂow at national level [12]

• Supplying information to the Supervisors.
The banks can be able to prove the suitability
of its CDD procedure and of all policies and
measures to evaluate and manage the ML/FT
risks.

With the coordination function, EBA encourages collaboration and information exchange among
the competent authorities. This aim is obtained with
the following EBA’s actions:
• Build a permanent internal AML/CFT standing organization (named AMLSC) where “its
main task will be to provide subject matter expertise to inform the EBA’s work, and to prepare decisions for the EBA’s Board of Supervisors” [7];

The Basel Committee puts the attention two features of terrorism ﬁnancing: (i) it can derive from
legal sources and (ii) it can be performed via small
amounts. The Bank should be able, with CDD, to recognize potential ﬁnancial terrorism transactions: the
Financial Institution should examine the customer
with the terrorist’s list provided by authorities. For
this reason, a bank should be capable to recognise
mentioned transactions and to put in place funds
freezing arrangements.

• Create a new AML/CFT database with qualitative and quantitative data to support competent authorities’ activities and promote investigations;
• Promote the cooperation among EU competent authorities and between competent and
prudential organizations;

European Banking Authority Guidelines

• Collaborate with FIUs and supporting the cooperation with third-country institutions.

Starting from January 2020, the EBA has the powers to lead, coordinate and monitor the AML/CFT
efforts of all European stakeholders.
With the leading role on AML/CFT, EBA promotes the implementation of a risk-based approach
for AML/CFT by competent authorities and Financial Institutions in the European Union. In order to
achieve this goal, the EBA:

The monitoring role of EBA consists to supervise the implementation of European AML/CFT
Standards, supporting the competent authorities to
mitigate their vulnerabilities in the application of the
AML/CFT framework. This purpose is attained by
EBA with the following activities:
• Leading thematic peer reviews on AML/CFT
requirements;

• Enhance the EU-wide AML/CFT policy and
set regulatory expectations via standards,
guidelines, and opinions;

• From EBA’s database, encourage competent
authorities to take corrective action in case of
a law breach.

• Support the competent authorities to have
a harmonized AML/CFT approach in the
EU and promote a consistent enactment of
AML/CFT policy;

In March 2021, the EBA published its ﬁnal revision
of Guidelines on ML/FT risk factors with the aim
of more effective AML/CFT risk-based approach implementation. In this revision, the EBA provides
new guidance about risk factors of the CDD measures that should be considered in the assessment of
ML/FT risks (as anticipated in the dedicated subsection ) providing the details about the degree of CDD

• With continuous consultation with all the
stakeholders, the EBA promotes a common
procedure to relieve ML/FT risks;
• Include the ML/CFT risk in the SREP process.
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measures that should be applied in line with ML/FT
risk level. Other major impacts regard the insertion
of new sectoral recommendations for:

They should be taken into account for ML/FT
risk because in the ﬁrst case, the AISPs are
not included in the payment chain and do
not have ownership of payment service user’s
funds; instead, in the second case, the PISPs,
despite they are included in the payment
chain, do not carry out themselves the transaction and do not keep payment service user’s
funds. Both of them should consider the
risk factors related to the customer, distribution channel and country or geographical area
highlighted in Guideline 18.

• Crowdfunding platforms (Guideline 17 of
[10]). In this case, the risk can grow from the
location of the crowdfunding service provider
that can be in a high-risk jurisdiction. The
provider should know their customers to
block the misuse of crowdfunding platforms.
The Guideline provides the risk factors that
can rise the risk level, e.g. when (i) the
provider allows early redemption of investments; (ii) no restriction on size, volume, or
value of the transactions by the crowdfunding platform is established; (iii) the provider
permits payments in virtual currency. In the
same way, the Guideline lists the risk factors
that can reduce the risk level, e.g. when (i)
low-value limits on size and number of payment are present; (ii) the creation of multiple
accounts on the crowdfunding platform is forbidden; (iii) limits on funds amount stored in
an account are present.

• Firms providing activities of currency exchange ofﬁces (Guideline 19 of [10]). Guideline 19 provides some circumstances for which
the MR/FT risk level can grow with this activity: e.g. when (i) the transaction amount is
oddly large for the customer proﬁle or in absolute terms; (ii) the fund’s origin information
is not provided by the customer.
For all the above cases, the Guidelines [10] have provided dedicated recommendations about the CDD,
in particular when SCDD and ECDD should be applied.
Thanks to the EBA role explained above, the EBA
has reviewed the Guideline with a dedicated Consultation Paper [8] where they add further guidance
on critical aspects showed by ESA and FATF reports.
In order to have an effective implementation of the
risk-based approach, the key points in the draft recommendation are:

• Corporate ﬁnance (Guideline 20 of [10]).
When corporate ﬁnance services are supplied
by ﬁrms, the latter should consider the associated ML/FT risks. In the Guideline are listed
the risk factor that can increase the ML/FT
risk level, e.g. when there is a lack of transparency in the transaction that is illogical considering the business purpose. Likewise, we
have the risk factors that can decrease the
ML/FT risk, e.g. when the customer is a
Financial Institution with AML/CFT framework.

• Point out the relevance of a sectoral and subsectoral risk evaluation from competent authorities. The “sectors” and related risk factors are deﬁned in a Paragraph 25. This clariﬁcation impacts the risk proﬁle determination
and the latter should be deﬁned considering
the inherent risk besides the residual risks.

• Account information service providers
(AISPs) and payment initiation services
providers (PISPs) (Guideline 18 of [10]).
These services are deﬁned by Article 4 of Directive (EU) 2015/2366, i.e.:

• Highlight the several supervisory tools and
furnish the instructions for the better use of
them by competent authorities. The supervisory actions used by competent authorities
should be proportionate to ML/FT risks and
not on the size and nature of the subject of assessment. This implicates that the RBA should
be executed at cluster level where the latter is
composed of comparable Institutions on the
features side and ML/FT risk level.

– “an account information service provider
(AISP) is a payment service provider offering
account information services which in accordance with the deﬁnition in point 16 of Article 4 of Directive (EU) 2015/2366 means online services to provide consolidated information on one or more payment accounts held
by the payment service user with either another payment service provider or with more
than one payment service provider);”

• Stress the relevance of a follow-up process and
how it should be done by competent authorities to deﬁne the better follow up actions.

– “a payment initiation service provider
(PISP) is a payment service provider pursuing payment initiation services which in accordance with the deﬁnition in point 15 of
Article 4 of Directive (EU) 2015/2366 means
services to initiate a payment order at the
request of the payment service user with respect to a payment account held at another
payment service provider).”[10]
Issue n. 22 / 2022

• Furnish the guideline on the supervisory strategy and plan fulﬁllment. In lack of them, the
competent authorities cannot put an effective
RBS model into effect, and the supervisory actions cannot have an incisive effect.
• Emphasize the relevance of cooperation
among the competent authorities and between
the latter and the other stakeholders (e.g. tax
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authorities). In the mentioned draft guideline,
there is a mention of the informal channels
and private relations and relative riskiness for
a correct assessment by competent authorities,
therefore this informal tools should not substitute the formal channels.

• The importance of risk-based approach to
identify, understand and mitigate the ML/TF
risks;
• The assessment of risks relating to crossborder activities should be performed by such
as the Expert Group on Money Laundering
and Terrorist Financing and the representatives from the FIUs, therefore “Member States
should make available the results of their risk assessments to each other, to the Commission and
to European Banking Authority (EBA), European
Insurance and Occupational Pensions Authority
(EIOPA) and European Securities and Markets
Authority (ESMA)” [16];

European Legislation
In the light of AML/CTF rules, we can ﬁnd the
European commitment in the Fourth Directive (EU)
2015/849 and Fifth Directive (EU) 2018/843.
The freedom of capital movements and supply
ﬁnancial services, the constant evolution of technology and the means at the disposal of criminals required the adoption of European rules against the
money laundering and the terrorist ﬁnancing: this is
the aim of Fourth Directive (EU) 2015/849. Due to
international context of these crimes, the European
Union recognises the importance of a compatible
measures with the international context and, for this
reason, it takes into account the FATF’s Recommendation described before. The European Union acknowledges the importance of accurate and updated
information of obliged entities (the latter, deﬁned in
Article 2) to track AML/CFT crimes, in detail [16]:

• The independence and autonomy of FIUs.
The intent of FIUs is “establishing links between
suspicious transactions and underlying criminal
activity in order to prevent and combat money
laundering and terrorist ﬁnancing” [16]. The coordination and cooperation among FIUs are a
signiﬁcant features to obstruct ML/FT crimes:
for this reason, the EU Financial Intelligence
Units’ Platform is deﬁned as “an informal group
composed of representatives from FIUs and active
since 2006, is used to facilitate cooperation among
FIUs and exchange views on cooperation-related issues such as effective cooperation among FIUs and
between FIUs and third-country ﬁnancial intelligence units, joint analysis of cross-border cases and
trends and factors relevant to assessing the risks
of money laundering and terrorist ﬁnancing at national and supranational level” [16].

• Member States should therefore ensure that entities
incorporated within their territory in accordance
with national law obtain and hold adequate, accurate and current information on their beneﬁcial
ownership, in addition to basic information such as
the company name and address and proof of incorporation and legal ownership;

The Fifth Directive (EU) 2018/843 represents an update of the previous one: terrorist attacks, the proliferation of alternative ﬁnancial systems and the
“Action Plan for strengthening the ﬁght against terrorist ﬁnancing” have required a new version of legal
framework. The role of FIUs is remarked in Fifth
Directive i.e. “to identify the ﬁnancial operations of terrorist networks, especially cross-border, and in detecting
their ﬁnancial backers” [17]: to pursue this goal, FIUs
should access to all necessary information without
undue delays and promoting the FIUs cooperation
to exchange ﬁnancial, administrative and law enforcement information.
One of relevant update is to extend the scope of
Fourth Directive including the virtual currency networks that should be monitored with a “balanced and
proportional approach” [17]. This interest in virtual
currency networks is due to their anonymity feature:
in particular, the European Union established that
“FIUs should be able to obtain information allowing them
to associate virtual currency addresses to the identity of
the owner of virtual currency. In addition, the possibility
to allow users to self-declare to designated authorities on
a voluntary basis should be further assessed” [17]. The
Italian FIU received 732 warnings about the virtual
assets in 2019, where 84.4% of them was provided by
Banks and Postal services. However, from a qualitative point, the warnings about virtual assets are inad-

• Member States can, for that purpose, use a central
database which collects beneﬁcial ownership information, or the business register, or another central
register. Member States may decide that obliged
entities are responsible for ﬁlling in the register;
• Member States should make sure that in all cases
that information is made available to competent authorities and FIUs and is provided to obliged entities when the latter take customer due diligence
measures;
• Member States should also ensure that other persons who are able to demonstrate a legitimate interest with respect to money laundering, terrorist ﬁnancing, and the associated predicate offences, such
as corruption, tax crimes and fraud, are granted access to beneﬁcial ownership information, in accordance with data protection rules. The persons who
are able to demonstrate a legitimate interest should
have access to information on the nature and extent of the beneﬁcial interest held consisting of its
approximate weight.
The Fourth Directive (EU) 2015/849 does not
consider only the “traditional” payment (i.e. large
cash payment) but also electronic money products
and all other activities performed online. Besides,
the European Union, with this Directive, stresses the
attention on the following topics:
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equate to understand the actors and amount of ﬂows
involved [3]. Next to the virtual assets, we have
the stablecoins: the transfer of these instruments is
based on blockchain and, at international level, some
studies are ongoing to provide guidelines against the
ML/FT crimes. Finally, also the anonymous prepaid
cards can be used with ML/FT purposes, for this
reason, the regulation establishes that the customer
should be identiﬁed when the transaction amount
exceed 50 e (in case of remote payment transaction).
The Fifth Directive (EU) 2018/843 has been recognized in Italian law with the D. Lgs. as of October
4th , 2019, n. 125 entered into force on November 10th ,
2019.

services can augment the risk exposure of IT
crimes (e.g. phishing fraud).
As stated in [1], the suspicious transaction should be
signaled to FIU with promptness, highlighting the
Covid-19 emergency connection. Considering the
data in Table 38, the suspicious transactions related
to Covid-19 are progressively increased and in the
second semester of 2021 we had the major contribution of them (i.e. 3,193 units, more than twice as
the same time of 2020). Finally, also the competent
authorities have been impacted: in particular, they
recognized (i) a quality decrease of CDD measures
applied by Financial Institutions; (ii) a reduction of
AML/CFT resources allocated.
Furthermore, also the supervisory activities of
competent authorities have been impacted by the
health emergency and they required a rearrangement of supervisory priority and plans. Therefore
the inspections can be done remotely with virtual
meetings and the EBA role, i.e. the support in
terms of management, coordination and monitoring
of competent authorities approach to the AML/CFT
supervision, is remarked in EBA statement.

AML/CFT Implications and
Challenges
The events like Covid-19 pandemic, the climate
change and the changeable nature of AML/CFT
risks led a change of the framework in order to recognize the new risk sources. In the next sections, the
impact of mentioned events is analyzed.

Environmental Crime Impacts on AML/CFT Risk
The environmental crime is an umbrella term to describe the criminal causing harm to the environment.
In particular FATF focused on the following ones:

Covid-19 Pandemic Impacts on AML/CFT Risk
As asserted in EBA’s Opinion document [11], the
Covid-19 pandemic impacts also the ML/TF risks.
In particular, events like:

• Illegal loggin, that includes the harvesting,
processing, transporting, buying or selling of
wood in contravention to domestic and international law;

• The decrease of ﬁrms’ revenues;
• The increase of remote on-boarding of customers.

• Illegal land clearing, i.e. the illegal acquisition and clearing of land either for agriculture,
building or real estate gambling;

Exposed the ﬁnancial sector to new ML/FT risks.
Furthermore, the pandemic has brought out new
crimes, i.e.:

• Illegal mining, when the state approval is
missing or received through corruption;

• Misuse of government and emergency funds.
In this case, we need to pay attention to the
destination of mentioned ﬁnancial ﬂows and
enhance the control procedure of them when
they are addressed to Countries with high
ML/FT risks.

• Waste trafﬁcking, that covers the illicit export
and/or unlawful disposal of electronic waste
(e-waste), plastics, and hazardous substances,
among others.
The shortcoming raised by FATF Reports [19] are
two, i.e.:

• Frauds on the medical products sale. As
remarked by the Italian FIU, it is necessary
to evaluate all the available data, in particular, possible incompatibility or contradictory
elements between the ﬁnancial operation and
proﬁle of the actors involved in the transaction. Moreover, the PEP’s involvements
should require an in-depth analysis (e.g. the
assessment of emergency funds received with
regard to customer activities).

• Insufﬁcient coordination between AML/CFT
authorizes and actors executing environmental crime and protection policies;
• Lack of powers/resources for law enforcement to investigate and trace the incomes
from environmental crime.
In context of this crime, FATF recognized six areas
identifying and disrupting these illegal acts, i.e.:
• Understanding and awareness of Money
Laundering Risks.
There is a need to
strengthen understanding of ML risks from
environmental crimes: when they are considered, the focus is on logging and mining
crimes. The challenge is represented by the retrieving of sufﬁcient and accurate information

• Improper use of electronic payments and online services. Regarding the ﬁrst case, the UIF
asked to monitor accurately the online transactions that can be related to the commerce
of non-existent or counterfeit products. Concerning the second case, the increase of online
Issue n. 22 / 2022
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on illicit ﬁnancial ﬂows related to such crimes
and manipulate them in order to perform an
accurate risk assessments. Furthermore, the
private sector can increase awareness of their
group-wide exposure to environmental crime.

information: the private sector could support
all the involved actors to build a clear and
complete picture of risks from all available
data and establish whether projects pose criminality risks.

• Legal Frameworks. From the FATF survey,
most countries have criminalized environmental offences nor via speciﬁc criminal offences
(e.g., illegal harvesting of logs) or through
more general unlawful acts (e.g., illegal exploitation of natural resources). On the other
hand, there are some nations without a robust
framework on environmental crimes, some nations display a marked lack of strong legal
frameworks and a relevant impact on international cooperation to ﬁght these offences. This
context increases the criminal perception as
"low risk, high reward" for forestry crime, illegal mining and waste trafﬁcking.

The survey remarks the importance to increase the
awareness of money laundering arising from environmental crime, even when countries do not have
natural resource industries inside their boundaries.
Therefore it appears necessary to deﬁne roles and responsibilities among public sector authorities when
environmental degradation is related to money laundering and requires investigation. This means that
Countries should ensure that AML/CFT authorities
and FIUs have adequate tools, in terms of powers
and operational capacity, to stop laundering from
environmental offences. Furthermore, they should
promote the exchange of risk information between
private and public sectors and support the due diligence activity of supply chains.

• Domestic Co-ordination. The domestic coordination and cooperation among all the involved actors have a lead role to avoid this
“green” crime because, they takes place in
isolated rural and resource-dependent regions
(typically they are geographically distant from
administrative and ﬁnancial centres) which it
makes harder the identiﬁcation of these offences.

Next Challenges on AML/CFT Framework
In order to improve the current European AML/CFT
framework, the European Commission disclosed a
set of legislative proposal with following updates:
• A new European AML Authority (“AMLA”)
[14];

• Detection and Investigation of Money Laundering. The actors involved in the detection
and disruption of money laundering threats
should use ﬁnancial intelligence and all relevant information in order to support the ﬁnancial investigation. From the FATF study,
the number of ﬁnancial inquiries related to environmental crimes is quite low in most jurisdictions. A reason for this evidence is given
by the gaps in relevant authorities detection
capabilities for these crimes.

• A new regulation on AML/CFT with directlyapplicable rules [15];
• The Sixth Directive on on AML/CFT
(“AMLD6”), replacing the existing Fourth Directive (EU) 2015/849 [13];
• The revision of European regulation 2015/847
to trace transfers of crypto-assets.
AMLA: the New European AML Authority
The new European AML/CFT supervisor arises
from the need highlighted in the pillars below of Action Plan presented by Commission in May 2020:

• Effective International Co-operation. Criminal organizations take advantage of the missing cooperation among jurisdictions to transfer ﬁnancial ﬂows or goods from environmental offences. Discussion among nations for this
project highlights that while authorities are
conscious of the global nature of transactions
and the need to exchange information beyond
borders, it has been found a lack of signiﬁcant
number of examples as regards successful collaboration on money laundering cases for environmental crimes on a regular basis. Therefore, there is an increasing need to strengthen
global exchange among source, transit and demand countries for environmental crime supply chains and related laundering.

• Bring about EU-level AML/CFT supervision;
• Establish a support and cooperation mechanism for Financial Intelligence Units.
The shortcomings raised with current framework
can be summarized below:
• The AML/CFT supervision is Member Statebased, then the quality and effectiveness depends on the national resources in terms of
budget and human resources. It is funded by
European budget and from fee of obliged entities: in [14], the total annual cost of fully
operative AMLA has been estimate as e45.6
million, where three quarters of if should be
ﬁnanced from fees. Inside this budget we retrieve the management of AML/CFT database
(currently it is handled by EBA) and the FIUs
secure communication network for FIUs (i.e.
FIU.net system).

• Private Sector Role. The private sector represents an important contribution in supporting
the detection of transaction anomalies. Often,
banks work in an inadequate information context due to unreliable registries or incomplete
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• The identiﬁcation methodology of these risks
and related risk-based approach applied can
differ among the Member States and the crossborder cooperation among competent authorities and FIUs is limited.

5. As mentioned before, the general powers of
AMLA should include the adoption of RTS
and ITS and comprehensive powers to implement laws addressed to obliged entities,
AML/CFT supervisors or FIUs.
Regarding the direct supervision, the AMLA
should embrace binding decisions, administrative measures, and pecuniary sanctions on
“selected obliged entities”. This area is detailed in Articles 12 to 27, in detail the selection procedure of entities for direct supervision: it will occur every three years based on
objective criteria like the activities in a minimum number of Member States and in a certain number of Member States classiﬁed in
“higher risk” category. In case of compliance
issue for a obliged entities, the AMLA can assume the supervision of it: in case of national
authority failure on supervisory, the new European AML/CFT supervisor should ask to
Commission the decision to hand over the supervisory competence and, if so, the AMLA
should decide speciﬁc actions to ﬁx the identiﬁed breach. In this case the AMLA activity
will be taken by JST headed by the new authority and national supervisory authorities.
Instead, concerning the indirect supervision (Articles 25 to 29), the AMLA should have the
right to request measures about the exercise
of their own supervisory powers.

In order to address those shortcomings, the AMLA
would be “a centrepiece of an integrated AML/CFT supervisory system” [14], with the power, as part of its
tasks, to draft regulatory and implementing technical standards, guidelines and recommendations.
Based on legislative proposal [14], the AMLA will
be effective on January 1st , 2023.
The cooperation mentioned above should be consistent with other ﬁnancial services legislation. Then,
the new set of legislative proposal established a good
cooperation between AMLA and other agencies (e.g.
the European Union Agency for Law Enforcement
Cooperation (Europol), the European Anti-Fraud Ofﬁce (OLAF), the European Public Prosecutor’s Ofﬁce
(EPPO), the Single Supervisory Mechanism (SSM) at
Union level).
The tasks and powers of AMLA are established
in Chapter II (i.e. Articles 5 to Articles 44) of [14]
and they can be split in ﬁve areas:
1. Considering the obliged entities, the AMLA
should assure the group-wide conformity on
AML Directives, Regulation and any other
European AML/CFT laws. Furthermore, it
should perform supervisory reviews and assessments on both the individual and group
levels; take part in group-wide supervision,
develop and keep up to date a tool to evaluate the risk and weakness of obliged entities.

The organisation and governance of AMLA is described in Articles 45 to 63: it consists of two collegial governing bodies, i.e. the Executive and the General Board. The ﬁrst one is formed by ﬁve independent full time members and the AMLA chair and it
is the body that governs the AMLA, taking decision
also on draft budget, administration, operations and
functioning of AMLA. The second one can have two
options on structure (both are presided over Chair of
the Authority): i) a supervisory composition based
on heads of public authorities; ii) a FIU composition
with leaders of FIUs in the Member States. In scope
of General Board there is the adoption of all regulatory instruments, draft RTS and ITS, Guidelines and
Recommendations.

2. With respect to ﬁnancial supervisors, the
AMLA should perform regular reviews in order to guarantee adequate resources and powers to them.Moreover, it should support the
convergence of supervisory practices and promotion of high supervisory standards. Additionally, it should organize staff and information exchanges among ﬁnancial supervisors in
the European Union and provide support to
supervisors.
3. Taking into account non-ﬁnancial supervisors, the AMLA should plan peer reviews of
supervisory standards and practices; it should
promote the assessment of possible breaches
of relevant requirements for obliged entities
(and take into consideration sanctions or remedial actions). Also for this case, it should perform periodic reviews and provide assistance
to supervisors.

The New AML/CFT Regulation
A further pillar of Action Plan presented by European Commission in May 2020 was to establish an
European single rulebook on AML/CFT. Then, the
proposal for a AML/CFT Regulation, along with a
proposal for a Directive and for a rewording of Regulation (EU) 2015/847, carries out the aim of pillar
highlighted before.
The absence of direct applicability and granularity of current Fourth and Fifth European Directives has resulted in a different interpretations and
application in the Member States, producing regulatory arbitrages and additional cost for operators pro-

4. With regard to FIUs in the Member States,
the AMLA should support them in the identiﬁcation phase of suspicious transactions and
the development of proper methods for joint
assessment of cross-border cases. In addition,
it provides to FIUs the proper tools for secure
information sharing (also through hosting of
FIU.net system).
Issue n. 22 / 2022
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viding cross-border services. Moreover, due to the
international nature of ﬂows related to ML/CF requires, the current framework has a negative impact
on cooperation level between national supervisors
and FIU.
In order to ensure regulatory harmonization and
a consistent framework where AMLA can carry out
its functions, this proposal of AML/CFT Regulation
includes all the rule applicable to the private sector;
instead the organization of national AML/CFT institutes is left to a Directive in order to permit a proper
setting up of them based on Member States features.
At the same time, the new regulation is not
based only on to different legal act type but it includes the following changes:

The ﬁrst one is the most relevant for this proposal
and the better solution is include a more granular approach to the rules at European level and, considering the obliged entities which are active cross-border,
it should result in a cost implementation saving.
The Sixth Directive on AML/CFT (“AMLD6”)
As showed in the Commissions survey in 2019, the
supervision approach of obliged entities is inadequate, the inconsistent data for FIU does not permit
them to take the proper actions, the lack of common
legal basis prevents the interconnection of bank account registers and data retrieval systems that represents a crucial instrument for FIUs and competent
authorities.
This issues require a new framework and
“AMLD6” would replace the existing European directive 2015/849 with the goal of a more coherent
AML/CFT legislation. In particular, the changes introduced with the new proposal are:

• The crypto-asset service providers, crowdfunding platforms and migration operators
are now included in the list of “obliged entities”, as recommended by FATF.
• Crowfunding service providers are inserted.
• Internal policies, controls and procedures related to internal market are made more detailed.

• FIUs powers and responsibilities are deﬁned,
along with the minimum data-set accessible
to them;

• Concerning CDD, the goal of it is elucidated
“as being to obtain sufﬁcient knowledge of customers enabling obliged entities to determine the
money laundering and terrorist ﬁnancing risks of
business relationships or occasional transactions
and to decide the corresponding mitigating measures which they need to apply” [15]. Moreover,
the third countries prerequisites are updated
in order to make sure the ECDD application
on them and AMLA will be authorized to release RTS on CDD.

• Joint analysis structure has been set to support FIUs cooperation and, in this view, a law
framework is provided for FIU.net system;
• The powers and tasks of supervisors are clariﬁed;
• On Supervisory level, the RBA is harmonised
via common risk categorisation tool;
• The cooperation with other authorities is better outlined.
Furthermore, the revisions of FATF Standards are included in this proposal. [9].

• Review of Politically Exposed Person (PEP)
deﬁnition.
• The Third country policy has been updated:
the Commission will recognise them and they
will be subject to all EDD measures and dedicated rules.
• Clariﬁcation regarding red ﬂags for suspicious
transactions are provided.
• With regard to European data protection legislation, limits for personal data storage and
requirements for data processing phase are deﬁned.
• With the aim of preventing the improper use
of bearer instruments, the related measures
are improved and limit for the use of cash for
large transactions are inserted.
This proposal is integrated by an impact assessment,
the latter highlights three issues:
• Unclear and inconsistent rules;
• Missing of homogeneous supervision across
the internal market;
• Lack of coordination and exchange of data
among FIUs.
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Final Report on Guidelines on
customer due diligence and the
factors credit and ﬁnancial
institutions should consider when
assessing the money laundering and
terrorist ﬁnancing risk associated
with individual business
relationships and occasional
transactions. EBA, March 2021.
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