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Executive Summary
In 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.
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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”[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:

I

• To improve the robustness and risk sensitivity of the Standardized Approaches for credit
risk and operational risk, which will facilitate the comparability of banks’ capital ratios;
• 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;
www.iasonltd.com
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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”.
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. 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 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;
• 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 often-sophisticated 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
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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 Foundation-IRB, going from 45 percent to 40 percent, and
the cancellation of the 1.06 scaling factor.
Output Floor
The output floor aims to counteract the possible underestimation of the risk deriving from the use
of 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:
• 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.
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]
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]:
• 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.
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:
www.iasonltd.com
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• 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 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.
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 off-balance sheet’s items in the
form of unconditionally cancellable commitment by multiplying the provided percentage by the
following factors [7]:
• 0 percent from 1 January 2025 to 31 December 2029;
• 25 percent from 1 January 2030 to 31 December 2030;
• 50 percent from 1 January 2031 to 31 December 2031;
• 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.

1.
1.1

Drill Down on Standardized and IRB Approach

Standardized Approach

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.
1.1.1

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 1.
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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 2.
1.1.2

Defaulted Exposures (Art. 127)

Regarding defaulted exposures a few changes have been proposed. Table 3 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 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.
1.1.3

Exposures to Institutions (Art. 120-121)

Exposures to Rated Institutions (Art. 120)
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 4.
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 5.
(a) If all of the following conditions are met, exposures to institutions are assigned to grade A:
(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.
(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).
(V) Possibility of obtaining a risk weight equal to 30%:
• 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 from the circulation of goods across national borders.
• If the Banking Counterparty has a CET1 ratio ≥ 14% and a Tier 1 leverage ratio ≥
5%.
(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:
www.iasonltd.com
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(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;
(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).
(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:
(I) The institution has material default risks and limited margins of safety;
(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.
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:
• 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 refers to
an institution owned or established and sponsored by central governments , regional or local
authorities.
• 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.
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.
1.1.4

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 6.
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 7.
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1.1.5

Corporate Exposures (Art. 122)

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:
• Entity created specifically to finance or operate physical assets;
• Not secured by immovable property and unrelated to real estate financing;
• The institution has substantial control over the assets and the generated income;
• The source of repayment is the income generated by the assets being financed.
If a directly applicable credit assessment for the specific borrower is present, the risk weights
defined in Table 8 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:
• Object finance, see Table 9;
• Project finance, see Table 10;
• Commodities finance, see Table 11.
1.1.6

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 12.
Then, the risk weight are defined in Table 13.
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 14.
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 15.
1.1.7

Exposure Value of Off-balance Sheet Items (Art. 5-111-495d)

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:
(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 one-year 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.
www.iasonltd.com
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(b) The definition of the term “commitment” and number of other definitions, as listed in Table 16.
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;
• Contractual arrangements where the client is required to apply to the institution for the initial
and each subsequent drawdown under those contractual arrangements;
• 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
off-balance 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 17.
Moreover, with regard to commitment on an off-balance 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:
• 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 would allow institutions to correctly assign their off-balance 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 off-balance sheet item in the form of unconditionally cancellable commitment by multiplying the percentage provided for in that Article by
factors in Table 18.
1.1.8

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:
• 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).
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• 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.
Immovable property shall qualify as eligible collateral only where all the requirements laid down
in the Table 19 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.
1.1.9

Exposures Secured by Real Estate (Art. 4-124-125-126)

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:
(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;
(c) The right to live in an apartment in housing associations located in Sweden;
(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 20, 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 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.
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Non-ADC Exposures
Article 124 lays out a list of conditions that non-ADC 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.
– 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:
* 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;
* 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 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 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
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 21.
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 22.
Exposures Secured by Residential Property
(Article 125)
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 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;
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• 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 residential property to public housing companies or not-for-profit
associations that are regulated by law and exist to serve social purposes and to offer tenants
long-term housing.
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 23.
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 24
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, 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 25.
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 26.
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 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:
• The loss experience of exposures secured by immovable property;
• 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 risk-mitigating conditions are met. Please refer to
Table 27.
www.iasonltd.com
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1.1.10

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:
• 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.
• 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.
• Regarding retail exposures the ECB believes that the reduced risk weight should be limited to
natural persons with total exposures 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.
• 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 âconvey an inaccurate sense of safetyâ and further increase banksâ real estate market
vulnerabilities.
• Through the use of risk weights empirically calibrated on data across the different institutions, the Basel IV framework has re-calibrated 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.
1.2

IRB Approach
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1.2.1

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.
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 28 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 F-IRB 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).
1.2.2

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 29.
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.
1.2.3

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
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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 30
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:
• 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%;
• 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.
1.2.4

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 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:
• 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 1 .
• 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)).
• 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.
1 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 authoritiesâ approval.
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• 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 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 A-IRB Approach can be done through the use of one of the following
approaches:
– 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 A-IRB 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 the
Commission to possibly revise the parameters.
1.2.5

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
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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.
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 re-distribution 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 still reflecting the respective riskiness of the groupâs 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.
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TABLE 1: Retail Exposures - Article 123

TABLE 2: Exposure with currency mismatch - Article 123a
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TABLE 3: Defaulted exposures - Article 127

TABLE 4: Exposures to rated institutions - Article 120
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TABLE 5: Exposures to unrated institutions - Article 121

TABLE 6: Subordinated debt exposures - Article 128
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TABLE 7: Corporate exposures - Article 122

TABLE 8: Specialized lending exposures - Article 122a

TABLE 9: Object finance
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TABLE 10: Project finance

TABLE 11: Commodities finance
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TABLE 12: Equity exposures - Article 133
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TABLE 13: Equity exposure RWs

TABLE 14: Phasing-in periods - Article 495a
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TABLE 15: Article 49
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TABLE 16: Exposure value of off-balance sheet items - Article 5
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TABLE 17: Exposure value of off-balance sheet items - Article 111

TABLE 18: Transitional period - Article 495d
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TABLE 19: Covered Bond - Article 208
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TABLE 20: Exposures Secured by Real Estate - Article 4

34

www.iasonltd.com

Research Paper Series

TABLE 21: Exposures secured by real estate - Article 124 (1)

TABLE 22: Exposures secured by real estate - Article 124 (2)

TABLE 23: Exposures secured by residential property - Article 125 (1)

TABLE 24: Exposures secured by residential property - Article 125 (2)

TABLE 25: Exposures secured by commercial property - Article 126 (1)

TABLE 26: Exposures secured by commercial property - Article 126 (2)
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TABLE 27: ADC exposures - Article 126a

TABLE 28: Scope of IRB Approaches

TABLE 29: LGD floors
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TABLE 30: Transitional period - Article 465
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2.
2.1

Machine Learning for IRB Models

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:
• In interpreting their results;
• Ensuring their adequate understanding by the management functions;
• 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.
2.2

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:
• 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:
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• 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.
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 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:
• 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;
• 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.
2.3

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;
• Risk quantification;
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• 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.
Main Challenges
In the Tables 31 and 32 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 decision-making 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.
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 33 list a series of potential benefits related to the use of ML models.
2.4

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 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.
• 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:
– 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.
– 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.
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• 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:
– 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;
– 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;
– Assess the economic relationship of each risk driver with the output variable to ensure
that the model estimates are plausible and intuitive;
– 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;
– Ensure that potential biases in the model (e.g. overfitting to the training sample) are
detected.
• 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.
• 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.
• A reliable validation is particularly important and might require increased depth and/or
frequency. In particular institutions should take care of:
– 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.
– 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.
– 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 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
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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 31: Main challenges (1)
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TABLE 32: Main challenges (2)
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TABLE 33: Potential Benefits
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3.

Conclusions

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 results, 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.
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