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TRIM complemented from a
supervisory standpoint the
regulatory initiatives of the BCBS
and the EBA to address perceived
drawbacks of internal models
following the financial crisis

Under TRIM, 200 on-site model
investigations for credit, market and
counterparty credit risks were
performed across 65 Sls

Executive summary

Following the financial crisis of 2007-09, concerns were raised regarding the
unwarranted (i.e. non-risk-based) variability of the outputs of models used to calculate
regulatory capital requirements. This coincided with concerns from banking
supervisors and external stakeholders about the complexity of such models and the
resulting opaqueness of the modelling approaches. This opacity also made it
increasingly difficult for supervisors to assess whether risks have been captured
correctly and consistently through these models.

The targeted review of internal models (TRIM) was a multi-year project launched by
the ECB at the beginning of 2016 in close cooperation with the national competent
authorities (NCASs) that are part of European banking supervision. TRIM aimed to
assess whether the Pillar | internal models used by significant institutions (Sls)* within
the Single Supervisory Mechanism (SSM)? are appropriate in the light of the
applicable regulatory requirements and whether their results are reliable and
comparable. Furthermore, TRIM aimed to harmonise supervisory practices relating to
internal models within the SSM.

The TRIM project was part of a wider set of initiatives designed to address
non-risk-based variability of model outputs, and complements from a supervisory
standpoint the regulatory initiatives led by the Basel Committee on Banking
Supervision (BCBS) and the European Banking Authority (EBA).

TRIM is the largest project so far conducted by ECB Banking Supervision in
coordination with NCAs. It marked an important milestone in improving the
comparability of outcomes of internal models used by Sls and increasing transparency
about the ECB’s understanding of applicable regulations. In addition, it further
harmonised supervisory practices by developing a common assessment methodology
and enhancing collaboration across European banking supervision. In patrticular, the
wealth of results delivered through TRIM, and the intense, detailed supervisory
follow-up initiated with the institutions involved, have played, and will continue to play,
a key role in promoting a level playing field and high quality standards for internal
models used by Sls.

At the core of TRIM was the execution of 200 on-site internal model investigations
(IMlIs) across 65 Sls. The project covered internal models for credit, market and
counterparty credit risk.® Given the large number of approved internal models at Ss,
and the time needed for on-site investigations, TRIM adopted a targeted approach in
order to review those topics deemed to contribute most significantly to unwarranted

Sls are banks directly supervised by the ECB under the SSM and are the focus of TRIM. In this report,
these may be referred to as “significant institutions”, “institutions” or “Sls”. Banking institutions more
generally are referred to as “banks”.

The SSM is the system of banking supervision established by the SSM Regulation. See Council
Regulation (EU) No 1024/2013 of 15 October 2013 conferring specific tasks on the European Central
Bank concerning policies relating to the prudential supervision of credit institutions (OJ L 287,
29.10.2013, p. 63).

Operational risk was excluded in view of the BCBS's stance against using internal models for this risk.
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TRIM confirmed that the internal
models of Sls can continue to be
used for the calculation of own funds
requirements, subject to supervisory
measures to ensure an appropriate
level of own funds requirements at
all times

More than 5,800 findings were
identified across all risk types, of
which about 30% have high severity
(F3 or F4)

risk-weighted assets (RWA) variability. The review of credit risk models focused only
on those determined to be the most material and critical models. In this way, TRIM was
able to cover essentially all SIs with internal models, all market and counterparty credit
risk models,* and a very significant and representative proportion of credit risk
models.

Overall, the outcomes of the TRIM investigations confirmed that the internal models of
Sls can continue to be used for the calculation of own funds requirements. However,
for a certain number of models, limitations®> were needed to ensure a level of own
funds that was appropriate to cover the underlying risk. This was notably the case for a
number of loss given default (LGD) and credit conversion factor (CCF) models related
to low-default portfolios (LDPs)®, for which supervisory backstops were imposed as a
result of the TRIM investigations.’

Moreover, a number of deficiencies (“findings”)® were identified that require significant
effort by institutions to remediate. Although over 5,800 findings were identified across
all risk types® — a reflection of the detailed and in-depth assessment approach adopted
in TRIM — it should be noted that in some cases these findings were driven by historic
deviations in how requirements have been understood at national level, or by a prior
lack of clarity or guidance on the implementation of certain requirements. There have
also been deviations from the draft provisions stemming from the regulatory initiatives
led by the EBA, such as the regulatory review of the internal ratings-based (IRB)
approach to credit risk. In this respect, Sls should benefit in future from the detailed
guidance provided by the ECB (in its guide to internal models) and by the relevant
regulatory technical standards and EBA guidelines.

At a more aggregated level, about 30% of the findings raised in TRIM on-site
investigations have a high severity, i.e. F3 or F4.*° The following main weaknesses
were identified for the different types of risk.

Credit risk models related to retail and SME portfolios: institutions generally have
the capabilities to build adequate IRB models. More specifically, for the

Certain models, such as for correlation trading and credit valuation adjustment, were also defined as
being out of scope of the project.

A limitation restricts or modifies the (permitted) use of a model. For example, a restriction might prohibit
the use of the model for certain portfolios, whereas a modification might require changes to the values of
certain model parameters or to the calculated own funds requirements. Where there are several
addressees, and if relevant, it must be clear to which addressee an individual limitation relates.
Limitations must be complied with, or the ECB may revoke the permission. Limitations must correspond
to one or more findings and are linked to the fulfilment of specific obligations. The limitation will start to
apply at the same time as the permission granted under the decision. See also the Guide to on-site
inspections and internal model investigations on the ECB’s banking supervision website.

For the purpose of this report, exposures to corporates — other (with a focus on medium and large
corporates), institutions, and corporates — specialised lending (excluding exposures covered by the
slotting approach) are labelled as LDPs.

This outcome is consistent with the BCBS's stance reflected in the final Basel Il standards, which no
longer permit the use of internal models for calculating the LGD of some LDPs.

Supervisory findings (referred to in this report as “findings”) relate to identified items requiring immediate
supervisory attention to counteract deficiencies at an institution.

Includes findings from the general topics review.

1 The severity of a finding is based on the actual or potential impact on the institution’s financial situation,

level of own funds or own funds requirements, internal governance, risk control or management. The
ECB categorises severity on a scale from F1 to F4, where F1 refers to alow impact and F4 to a very high
impact.
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probability of default (PD) parameter, more than 70% of investigations ended
without severe findings on the calculation of one-year default rates and the
long-run average default rate (LRA DR). However, a significant number of
findings™ were raised concerning the low risk differentiation of these models,
owing to the low discriminatory power of the scoring/ranking functions. Further
improvements in the calibration approaches are still required, particularly as
regards the need for adequate data to ensure that PD estimates reflect long-run
average default rates and are sufficiently conservative. For LGD models, the
calculation of realised LGD was a frequent cause of compliance issues (findings
on this calculation were raised in each investigation). Moreover, 42% of
investigations contained severe findings on risk differentiation. In 95% of the
investigations where the LGD parameter was reviewed at least one high-severity
finding (i.e. F3 or F4) was raised in relation to this parameter. For the PD
parameter, at least one high-severity finding was raised in 67% of investigations.

Credit risk models related to LDPs: a large number of findings'® were raised in
relation to the rating assignment process™ and risk quantification. These mainly
concerned the calibration methodology and the calculation of long-run average
default rates. One of the reasons for these deficiencies is that there are
considerably fewer internal observations available for this type of portfolio (when
compared with retail and SME portfolios), which means that institutions have to
make greater use of other observations (e.g. external default data) in order to
calculate default rates and, subsequently, PDs. For the LGD parameter, most of
the findings raised concerned the calculation of the realised LGD and long-run
average LGD. It was observed that some institutions had difficulties in finding
representative data for these portfolios, which led to cases where the LGD
estimation was not based on realised LGD or representative data. As a result,
there was an increased use of limitations to avoid an underestimation of capital
requirements. Overall, in 96% of the investigations at least one F3 or F4 finding
was raised in relation to the PD and LGD parameters.™

All the credit risk on-site investigations included dedicated data quality reviews of
IRB data. Although institutions have made efforts to ensure there are sound data
management and quality frameworks in place — for example, as part of the Basel
initiatives on effective risk data aggregation and risk reporting — some important
areas still need to be amended or adapted to ensure compliance with
requirements on data quality and management. These areas include data quality
monitoring and internal control, and the allocation of roles and responsibilities
relating to data management.

11

12

13

14

Given the nature of the portfolios under review in terms of limited off-balance sheet exposures, the
analysis of the findings focused on the PD and LGD parameters.

These findings cover the PD and LGD parameters as these were the parameters most frequently
assessed during TRIM investigations.

The rating assignment process was not assessed in investigations covering credit risk models related to
retail and SME portfolios. This is because for these portfolios the rating assignment is often performed on
an automated basis.

When the LGD parameter was within the scope of the investigation.
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The findings communicated within
TRIM have been followed up with
binding supervisory decisions
requesting the institutions to
address these shortcomings within
set timelines

. Market risk models: the greatest number of findings related to the value-at-risk
(VaR) and stressed value-at-risk (sVaR) methodology, regulatory back-testing
and the scope of the internal models approach (IMA)*. In particular, about 60%
of the TRIM investigations on market risk resulted in at least one high-severity
finding on the VaR and sVaR methodology. Furthermore, just over 80% of Sls
that used incremental default and migration risk charge (IRC) models received at
least one high-severity finding in relation to those models.

° Counterparty credit risk models: validation and governance were the topics with
the highest number of findings (all of the counterparty credit risk investigations
featured at least one finding related to these topics and in 60% of cases, the
findings were raised with a high severity). There were also findings on specific
modelling topics such as trade coverage, the margin period of risk, collateral,
initial margin, and risk factors and calibration.

e  Topics related to non-model-specific aspects, with a focus on credit risk (“general
topics”): most findings related to the organisation and activities of the internal
validation function, roll-out and permanent partial use (PPU), and the
management of model changes. Notably, all institutions in the scope of the
general topics review received feedback letters with recommendations®® that
indicated that parts of their practices were not in line with the ECB’s
understanding of applicable regulatory requirements. A subset of institutions
received a supervisory decision’ containing obligations'® to address deviations
from the applicable regulatory requirements.

Further details on the main observations and findings from the on-site investigations
can be found in Section 4 of this report.

The TRIM project has led to detailed supervisory follow-up with the involved
institutions. Institutions are expected to work intensely to address the findings raised
and to ensure that these remedial actions also take appropriate account of the new
requirements stemming from the EBA’s regulatory review of the IRB approach.

The supervisory follow-up depends on the nature of the deficiency to be addressed.
Institutions can be asked to improve their documentation, conduct additional analyses
or to better justify their approaches, where required. If there are specific concerns

5 The IMAis an approach available to institutions under which they may use internal models approved by

banking supervisors in the calculation of their own funds requirements for market risk.

16 Arecommendation is an action recommended to the institution. Unlike an obligation it has no legally

binding effect or deadline. See also the Guide to on-site inspections and internal model investigations on
the ECB'’s banking supervision website.

17 A supervisory decision is a legal act adopted by the ECB in the exercise of the tasks and powers

conferred on it by the SSM Regulation and is usually addressed to a credit institution. The decision grants
rights and/or imposes obligations modifying the situation of the addressee. The decision may include
ancillary provisions such as time limits, conditions, obligations or non-binding recommendations. See
also the SSM Supervisory Manual on the ECB'’s banking supervision website.

18 An obligation is a remedial action imposed on an institution in order to achieve compliance with a legal

requirement, without postponing the application of the permission or limiting the (permitted) use of the
internal model. The action the institution is expected to carry out shall be specified in a sufficiently
detailed manner. If there are several addressees, it must be clear on which addressee an individual
obligation is imposed. Obligations have a deadline by which they must be met, or the ECB may revoke
the permission. Obligations must correspond to one or more findings. See also the Guide to on-site
inspections and internal model investigations on the ECB’s banking supervision website.
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It is estimated that the aggregated
impact of TRIM limitations and
model changes approved as part of
TRIM will lead to a 12% increase in
the aggregated RWA covered by the
models in scope of TRIM and an
overall absolute increase in RWA of
about €275 billion

Going forward, institutions need to
continue to invest in the
development and maintenance of
their internal models

about a lack of evidence of compliance, institutions can be asked to change or explain
that aspect. If any part of an institution’s approach is clearly not in line with regulatory
requirements, the institution is required to return to compliance. Finally, if an
institution’s approach does not take into account upcoming requirements, a
non-binding recommendation is issued.

Section 5 provides an overview of the use of obligations. An interesting pattern was
that in areas in which institutions are given the freedom to design their own
approaches, the obligations often require banks to better document, analyse and
justify aspects of their approaches. However, in areas where the regulations are more
prescriptive, for example in the calculation of the default rate, institutions are more
likely to be asked to change that specific aspect, which may have a direct impact on
risk parameters and, in turn, capital requirements. More than 40% of the obligations
imposed have an implementation time frame of between 12 and 18 months after the
issuance of the respective decision, while for a quarter of the obligations this time
frame is less than 12 months. For the remaining obligations, the time frame is greater
than 18 months.

Since it takes time for institutions to correct these deficiencies, whenever it was
detected that non-compliance led to an underestimation of capital requirements,
immediate action was taken, e.g. through limitations*® or requiring a more
conservative calculation.

As a follow-up to the TRIM investigations, 253 supervisory decisions have been
issued or are in the process of being issued. Out of this total, 74% contain at least one
limitation and 30% contain an approval of a material model change. It is estimated that
the aggregated impact of TRIM limitations and model changes approved as part of
TRIM investigations will lead to a 12% increase in the aggregated RWA covered by the
models assessed in the respective TRIM investigations. This corresponds to an
overall absolute increase in RWA of about €275 billion as a consequence of TRIM and
to a median impact of -51 basis points and an average impact of -71 basis points on
the CET1 ratios of the in-scope institutions.

Going forward, institutions need to continue to work on their internal models to
maintain the high quality of models achieved through TRIM. This includes defining
internal model strategies for the development and maintenance of internal models. In
particular, the independent internal validation function needs to be further
strengthened in line with the TRIM requirements so as to ensure an ongoing internal
challenge of the performance of internal models and appropriate follow-up of remedial
actions. Defining these internal model strategies will also support institutions in the
decision on the optimal use of time and resources invested in model development and
maintenance, and it may lead to simplifications in the current model landscapes as
part of the preparation for upcoming regulatory developments — which foresee, in
particular, the decommissioning of some existing models — or to the corresponding
necessary improvements also for some less material or less critical models.

19 Each limitation should explicitly describe when it will no longer apply. Limitations are usually linked to one

or more obligations — generally with deadlines that are identical or close to each other — and, in these
cases, the limitations apply until the ECB confirms in writing that the linked obligations have been fulfilled.
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Under TRIM, overarching
approaches have been developed
which have contributed to the
fulfilment of the objectives of
reducing non-risk-based RWA
variability and harmonising
supervisory practices

In the process of pursuing the primary objectives of reducing non-risk-based RWA
variability and harmonising supervisory practices, TRIM developed overarching
approaches which have contributed to a consistent outcome of the TRIM exercise and
which, going forward will further foster consistent and high-quality supervision of the
internal models used by Sls, contributing to a level playing field.

e  Through the development of the ECB guide to internal models, TRIM has
contributed to a common understanding across the European banking
supervision of regulatory requirements relating to internal models. This common
understanding is a key prerequisite for ensuring the use of consistent supervisory
practices and standards within the SSM and, as such, its importance cannot be
overestimated. The guide will remain as a reference document after the
finalisation of the TRIM project and may also be updated in the future, as
necessary, to reflect new regulatory developments or to cover additional topics
that are currently not included.

e Astandardised and thorough approach to assessing internal models has been
designed and systematically rolled out in the context of TRIM. The use of
standardised data requests as well as common inspection techniques and tools
(ITTs) by the various on-site inspection teams involved in TRIM has helped to
effectively translate and implement the harmonised understanding of regulation
into a consistent and transparent approach to IMls, including the production of
comparable assessment reports. The assessment methodology to be deployed
in future IMIs will also greatly benefit from the techniques developed within TRIM.

e Anextensive on-site approach has been implemented. The allocation of a
sufficient number of resources allowed a large number of on-site IMlIs to be
carried out.

. Finally, TRIM has provided a systematic overview of the key features and
weaknesses of the internal models in use at Sls. The horizontal analyses carried
out in the context of TRIM, summarised in Section 4 of this report, have enabled
the ECB to identify the most common or critical shortcomings of internal models
assessed during on-site investigations. This formed the basis for a consistent
supervisory follow-up and allowed the identification of areas which may require
particular attention in future internal model supervision.

From a supervisory perspective, the depth and breadth of the knowledge generated by
TRIM through this systematic overview of key features and shortcomings of the most
critical and material models across the European banking supervision is in itself an
unprecedented achievement of the project. Going forward, this provides a powerful
tool for supervisors, particularly, when deciding on supervisory strategies and
priorities.

Moreover, TRIM further demonstrated the appropriateness and effectiveness of the
concerted supervisory approach — leveraging on common ITTs and thorough on-site
IMIs — for an effective assessment of the adequacy of internal models. Therefore, the
supervision of internal models used by Sls will continue to rely on the key pillars of
intrusive (on or off-site) IMIs, supplemented by the insights from ongoing model

Targeted Review of Internal Models — Executive summary 8



Going forward, the experience and
results of TRIM will bring
long-lasting and sustainable
benefits beyond the project, by
helping institutions to be better
prepared to face current and future
challenges

monitoring. While on-site investigations are a very powerful tool for in-depth analysis
of the compliance of internal models with regulatory requirements, rigorous off-site
assessments can complement the on-site approach for less material or less critical
models, or model changes, by allowing for a more risk-based approach. In addition,
ongoing model monitoring tools (such as benchmarking or the review of validation
reports) can also help to identify areas where further investigations are needed.
Furthermore, the systematic assessment of models for similar portfolios (e.g. in the
form of investigation “campaigns”) should be maintained, where appropriate, in order
to allow comparison and harmonisation.

Going forward the positive experience and wealth of results from TRIM will bring
long-lasting and sustainable benefits beyond the project itself, not least by helping
institutions to be better prepared to face current and future challenges related either to
economic shocks or to the adaptation of existing models to regulatory developments.
In fact, the implementation of Basel Il standards, through the amendments to the
Capital Requirements Regulation (CRR), the regulatory review of the IRB approach
led by the EBA and the remediation of TRIM findings should provide complementary
layers of safeguarding against inadequate internal models.

Finally, TRIM substantially contributed to ensure that institutions are compliant with the
applicable regulatory requirements on internal models, meaning for instance that the
key parameters of credit risk models are estimated by also taking into account
downturn conditions. This feature of the risk estimates, accompanied by appropriate
rating assignment dynamics, should allow models to perform adequately under
different economic conditions and at different points in the business cycle. Thus, good
internal models help to measure risk appropriately, thereby better preparing banks to
react and answer to economic shocks like the COVID-19 pandemic.
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Purpose and scope of the report

This report is based on the final outputs of TRIM and contains a summary of the
project’s key activities and results. The intention is to provide the reader with an
understanding of what TRIM has delivered and how this has been used to support the
project’s objectives of assessing the internal models used by Sls within the SSM and
of developing and applying harmonised supervisory practices.

The content of this report is divided into four main subjects (each with its own section):

. an overview of the TRIM project, including its objectives, scope, structure and
operational activities (Section 3);

. a summary of findings and key observations per risk type (Section 4);
. an overview of the supervisory follow-up (Section 5);

. a project review of TRIM, including achievements, lessons learned and
recommendations (Section 6).

Targeted Review of Internal Models — Purpose and scope of the report 10



3.1

The use of internal models to
calculate capital requirements led to
concerns around unwarranted
(non-risk-based) variability of their
outcomes

Regulators have commenced
various initiatives to address such
concerns

The ECB has launched the TRIM
project to confirm the adequacy of
internal models of SIs and to further
harmonise supervisory practices

Overview of the TRIM project

TRIM context and objectives

Under the standards? issued by the BCBS, as implemented in European Union (EU)
legislation®!, banks are allowed to employ internally developed models (“internal
models”) for the purpose of calculating regulatory capital requirements, provided these
have received supervisory approval. Following the financial crisis of 2007-2009,
concerns were raised regarding the unwarranted (i.e. non-risk-based) variability of
outputs of some models across banks, alongside criticism from external stakeholders
of the complexity of the models and the resulting opaqueness of the modelling
approaches.

These concerns led to further regulatory work by the BCBS, supplemented in the EU
by initiatives by the EBA, such as the regulatory review of the IRB approach to credit
risk?*, which sought to reduce non-risk-based variability in model outcomes through
regulatory guidance and clarifications in order to ensure the comparability of risk
estimates while at the same time preserving risk sensitivity. Also through its annual
assessment of the consistency of internal model outcomes, the EBA assesses how to
explain risk-weights variability for credit and market risks. In December 2017 the
BCBS published its finalisation of the Basel 11l reforms®, which included restrictions?
across different risk types on the use of internal models in the areas considered to
contribute significantly to excessive variability of risk exposure amounts (or RWA).

4

In conjunction with these regulatory initiatives, the ECB'’s direct supervision of Sls
under the SSM has provided a unique opportunity to improve the consistency of
internal models across the euro area. The TRIM project was a large-scale multi-year
supervisory initiative launched by the ECB at the beginning of 2016 in close
cooperation with NCAs in order to:

. confirm the adequacy and appropriateness of approved Pillar | internal models
used by Sls in euro area countries, ensuring their compliance with regulatory
requirements;

harmonise supervisory practices relating to internal models within the SSM.

20 For more information, see “The Basel Framework” on the Bank for International Settlements’ website.

2 gee Regulation (EU) No 575/2013 of the European Parliament and of the Council of 26 June 2013 on
prudential requirements for credit institutions and investment firms and amending Regulation (EU)
No 648/2012 (OJ L 176, 27.6.2013, p. 1) (Capital Requirements Regulation — CRR) and Regulation (EU)
2019/876 of the European Parliament and of the Council of 20 May 2019 amending Regulation (EU)
No 575/2013 as regards the leverage ratio, the net stable funding ratio, requirements for own funds and
eligible liabilities, counterparty credit risk, market risk, exposures to central counterparties, exposures to
collective investment undertakings, large exposures, reporting and disclosure requirements, and
Regulation (EU) No 648/2012 (OJ L 150, 7.6.2019, p. 1).

For general principles and timelines concerning the implementation of the regulatory review of the IRB
approach, see the EBA Opinion on IRB implementation (EBA/Op/2016/01), published in February 2016,
which is available on the EBA’'s website. A progress report on the IRB roadmap, published in July 2019, is
also available on the EBA’s website.

22

2 geeBasel Il Finalising post-crisis reforms, BCBS, December 2017.

2 Not yet implemented at the time of publication of this report.
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TRIM is a key initiative that has
contributed to maintaining a level
playing field among Sls and has had
a lasting and positive impact on the
approach to supervising internal
models

TRIM is the largest project
conducted by ECB Banking
Supervision so far

Unwarranted or non-risk-based RWA variability can arise from various sources,

e.g. from regulation being insufficient to rule out such variability, or from institutions not
complying with regulatory requirements. This report focuses on differences in the
implementation of existing regulation as a driver of unwarranted RWA variability.
These differences can stem from non-compliance with regulatory requirements or, in
some cases, developments in supervisory practices over time.

Within this mandate, TRIM contributed to reducing unwarranted variability of RWA and
to maintaining a level playing field among Sls for the use of internal models, thereby
also increasing the credibility of their outcomes.

TRIM should be seen in the context of ECB Banking Supervision’s overall approach to
the supervision of internal models. The main components of this approach are:*

. IMls, which may be initiated by the ECB (as in the case of TRIM) or triggered by a
request from an institution for supervisory approval of a new model, a material
model change, or an extension of an existing model;

. ongoing model monitoring, which is used to verify on an ongoing basis the
performance of institutions’ models and their compliance with regulatory
requirements.

It should be emphasised that, while TRIM was temporary in nature, it is expected to
have a lasting and positive impact on both components. By harmonising supervisory
practices, the comparability and consistency of IMIs across countries is enhanced.
Furthermore, by clarifying expectations regarding the continuous maintenance of
internal models by institutions, the ongoing model monitoring pillar is also
strengthened.

With activities stretching over more than four years, TRIM is the largest project so far
conducted by ECB Banking Supervision in coordination with NCAs. It marks an
important milestone in raising the quality standards and comparability of outcomes of
internal models in use at SIs within the SSM. At the core of TRIM was the execution of
200 on-site IMIs across 65 institutions. The decision to rely primarily on on-site
investigations for TRIM stemmed from the consideration that on-site investigations are
the most effective tool to confirm the adequacy of internal models, as they provide a
thorough and intrusive procedure for model assessment. Owing to the large number of
approved internal models at Sls and the time needed for on-site investigations, TRIM
adopted a targeted approach so as to review those topics deemed to contribute
significantly to unwarranted RWA variability and, for credit risk, defined a scope of
review based on the models deemed most critical and material.”® The considerations
used to define the scope of the TRIM project are outlined further in Section 3.2 of this
report.

% For more information, see the “Internal models” page on the ECB’s banking supervision website.

% |n this context, criticality reflects the performance of the model, whereas materiality is based on the

underlying exposure at default covered by the model. See Section 3.2.3 for further details.
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Akey deliverable of the TRIM project
was the ECB guide to internal
models, which contributes to the
harmonisation of supervisory
practices and provides transparency
to institutions

Several layers of quality assurance
were used to ensure consistent
results and supervisory follow-up of
TRIM investigations

3.2

TRIM provided for a system-wide
in-depth assessment of internal
models, relying on a targeted
approach to maximise its
effectiveness

To ensure consistency and to support the execution of on-site IMIs, TRIM has
delivered the ECB guide to internal models (the “ECB guide”)?’, which contributes to a
level playing field for Sls in the area of internal models by harmonising supervisory
practices and providing transparency on the ECB'’s supervisory understanding of
existing regulation concerning the topics under review in the TRIM project. In addition,
a common methodological approach — ITTs*® — was developed and used in on-site
investigations to ensure a consistent assessment approach.

Furthermore, internal ECB Banking Supervision mechanisms (e.g. several layers of
managerial quality assurance, horizontal analyses and approval of supervisory
decisions in batches to allow comparisons across institutions) were used to ensure
consistent results of TRIM on-site investigations across institutions, as well as a
consistent follow-up via supervisory decisions or, where appropriate, operational acts.

Finally, the TRIM project has created organisational structures and processes which
ensure harmonisation by means of close cooperation among all the parties involved,
gathering skilled internal model experts from across the European banking
supervision. Where applicable, these structures and processes will be implemented in
future supervision of internal models, thereby strengthening the supervision and
providing a long-lasting benefit.

Further details of the TRIM project activities and deliverables are provided in
Sections 3.3 and 3.5 of this report.

Scope of TRIM

All SIs with approved internal models fell within the scope of the TRIM project, with
limited exceptions to reflect structural changes, such as mergers and acquisitions.
However, considering the large number of internal models used by Sls (in particular for
credit risk), rather than a full-blown review of all existing and approved models, TRIM
focused on a targeted approach to internal model assessment. This approach was
based on the following principal characteristics:

. covering the most relevant risk types, taking further regulatory developments into
account;

. covering the most significant areas in which unwarranted RWA variability was
deemed to exist;

e  for credit risk, reviewing a sufficiently large number of the most material and
critical internal models, subject to a proportionate use of time and resources.*

Within each risk type investigated, the areas that were selected for investigation are
also reflected in the ECB guide. Areas such as the own funds requirements calculation

27 gee ECB guide to internal models, ECB, October 2019.

A set of common methodologies and checks developed for deployment in TRIM investigations in order to
ensure a consistent assessment approach and supervisory stance across teams.

28

2 For market risk and counterparty credit risk, all models were covered, with the exception of correlation

trading models for market risk and credit valuation adjustment models for counterparty credit risk.
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3.21

In total, 65 significant institutions
were included within the scope of
TRIM, i.e. all Sls with internal
models, with limited exceptions

or the assignment of exposures to exposure classes, while relating to internal models,
were outside the scope of the TRIM on-site investigations.

Overall, TRIM has provided a very granular system-wide review of the internal models
used by Sls. The targeted approach deployed in TRIM ensured the feasibility of
accomplishing such a complex project in a relatively limited period of time. It could be
adopted in view of the strong integration of TRIM within the regular model supervision
performed by the ECB, which ensures that over time Sls or specific models that were
not assessed in TRIM will be reviewed according to the same principles.

In-scope institutions

In principle, all Sls which at the start of the project had approved internal models for
the in-scope risk types were within the scope of TRIM. However, a small number of
adjustments were made to this set of institutions. For example, institutions undergoing
a merger or which would no longer be subject to direct supervision by the ECB were
not included, while institutions that did not have an approved internal model at the start
of the TRIM project, but which received approval during the execution of the project,
were included for assessment where possible. This resulted in a total of 65 Sls being
within the scope of the TRIM project.

A breakdown by country of establishment of the institutions assessed in the TRIM
project is provided in Figure 1.

Figure 1
Institutions within the scope of TRIM
Code Country Sls in scope
AT Austria 3
BE Belgium 5
DE Germany 14
ES Spain 6
. FR France 8
; GR Greece 3
ﬁ 4 IE Ireland 4
+11 Other | 'T ttaly 7
NL Netherlands 4
Other Other 1
{_ Total Total 65
»
- — -

Source: ECB.
Note: “Other” includes euro area countries with no more than two Sls within the scope of TRIM.

The 65 institutions within the scope of TRIM account for more than 85% of the total
assets of all SIs within the SSM (as at the end of 2019).
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3.2.2

TRIM targeted the most material
models, except in areas where the
use of models was expected to be
discontinued

3.2.3

Consistent criteria were applied to
select the credit risk models to be
investigated in TRIM

Materiality and criticality were key
criteria for selecting the credit risk
models

Risk types

In theory, all Pillar 1 approved models could contribute to non-risk-based RWA
variability. However, for the purposes of TRIM, the scope was confined to the most
material models, while also reflecting the environment of ongoing regulatory
developments at the time of the project (in particular in relation to operational risk).

The scope of TRIM was based on internal models for the following Pillar 1 risks:
) credit risk;

) market risk;

. counterparty credit risk (CCR).

Finally, operational risk, while being a Pillar 1 risk type, was excluded from TRIM in
view of the BCBS's stance that, as part of the reforms for finalising Basel IlIl, banks
should not use internal models for this risk type in the future.®® As this reform is
expected to be transposed into Union law under a revised CRR, it was decided to
exclude operational risk models from the scope of TRIM.

Similarly, models relating to credit valuation adjustment (CVA) risk were also outside
the scope of the TRIM project, again taking into account the BCBS's stance against
the use of internal models for this risk type.

Selection of models for on-site investigation

As previously noted, TRIM covered three risk types: credit risk, market risk and CCR.
In the case of market risk and CCR, all approved internal models® in place at the
inception of TRIM (in 31 and eight Sls, respectively) were able to be reviewed within
the project. However, the number of approved credit risk models was too large to allow
complete coverage within TRIM, so a more targeted approach towards models for this
risk-type was adopted. A dedicated workstream (“centre of competence”)* on model
map and prioritisation was tasked with developing the approach to the prioritisation
and selection of credit risk models for on-site investigation.

The selection of the credit risk models for on-site investigations was based on the
following main criteria:

. materiality, in particular by reference to the exposure at default (EAD) covered by
the model;

30 An example of this stance can be found on page 8 of “High-level summary of Basel |1l reforms”, BCBS,

December 2017.

%L With the exception of correlation trading and CVA models.

%2 Each centre of competence was a functional workstream for the delivery of TRIM project content. TRIM

included six centres of competence for: (i) general topics; (ii) credit risk models for LDPs; (iii) credit risk
models for retail and small and medium-sized corporate portfolios; (iv) market risk; (v) CCR; and
(vi) model map and prioritisation. See also Section 3.3.1.
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Overall coverage of credit risk
portfolios in TRIM investigations
corresponded to 66% of the
aggregate EAD of Sis related to
portfolios within the scope of TRIM

TRIM entailed the execution of
200 model investigations

. criticality, referring to the perceived performance of the model (as determined by,
for example, the institution’s internal validation or internal audit activities, the EBA
benchmarking exercise, supervisory judgement and selected quantitative
measures).

Several sources of information were used to determine the most material and critical
models, including a supervisory survey, a dedicated models questionnaire sent to
institutions and results from previous EBA benchmarking exercises. These were
complemented by considerations regarding whether the selected models were of
particular supervisory interest, as determined by findings from previous IMIs and
feedback from the relevant Joint Supervisory Team (JST) or NCA. Expected model
changes were also taken into account, allowing the merging of some TRIM
investigations with the supervisory assessment of material model changes.

This selection process for credit risk models was designed so that the sample of
models investigated under TRIM would be sufficiently representative of the overall
population of approved internal models, and so that the sample could support
meaningful horizontal analyses. This resulted in an overall coverage of credit risk
portfolios in the TRIM investigations corresponding to 66% of the aggregate EAD of
Sls related to portfolios within the scope of TRIM (i.e. excluding exposures for which
capital requirements are calculated using the standardised approach, or types of
exposure that were excluded from TRIM owing to expected regulatory developments,
such as central government or central bank exposures, equity exposures, and
exposures covered by the slotting approach for specialised lending).**

Owing to the large number of credit risk models to be reviewed, the investigations
were divided into two parts: one part dealing primarily with models related to retail and
small and medium-sized corporate portfolios (“retail and SME” portfolios)**, and
another part mainly focusing on models for exposures to medium-sized and large
corporates, institutions*®, and specialised lending (“low-default” portfolios or LDPs).%

Notwithstanding this organisational division, the focus of TRIM (both in the
investigations and in the corresponding supervisory decisions) was in all cases on the
internal models used by the institutions, rather than on specific portfolios or exposure
classes.

Altogether, a total of 200 on-site investigations were performed within TRIM. Table 1
provides a breakdown of the investigations by risk/exposure type.

% This coverage figure is based on the EAD disclosed in the assessment reports for the PD and LGD

models investigated in TRIM relative to the total EAD of in-scope portfolios as at the most recent credit
risk investigation for each institution.

3 In this report, “SME” (small and medium-sized enterprise) is used in a broader sense than defined in

regulatory texts to match more closely the way the term is used by institutions within the scope of TRIM.

% “Exposures to institutions” are those exposures defined under Article 147(4) of the CRR.

% This organisational division was only for simplicity, and the final allocation of models to be reviewed in

each of the two parts of the project could deviate from this general criterion as needed. In particular, there
was no formal definition of “low-default portfolio”. Some models assigned to the LDP category were not
strictly LDP models, while others assigned to the “retail and SME” category had the characteristics of
LDP models.
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A dedicated “general topics” review
was performed to evaluate
non-model-specific areas such as
internal validation and governance,
with a focus on credit risk

3.3

Table 1

Number of TRIM on-site investigations

Risk/exposure type

Number of investigations

Percentage of total

Credit risk —retail and SME
Credit risk — LDP
Market risk

Counterparty credit risk

85

76

31

42.5%

38.0%

15.5%

4.0%

Total

200

100%

Source: ECB.

Where possible, to realise synergies and increase efficiency, TRIM investigations
were merged with regular IMIs to assess institutions’ requests for supervisory approval
of model changes, at the initiative of the institution (“TRIMIX” investigations).*’

In addition to the risk/exposure types noted above, a separate TRIM subject area
(“general topics”) was established in order to evaluate non-model-specific matters
pertaining to the “environment” for the use of internal models (e.g. internal model
governance, internal validation and internal audit), with a focus in particular on topics
related to credit risk, given the materiality of this risk type in terms of own funds

requirements (see Section 4.1).

Project roadmap and communication

The TRIM project was divided into three phases: a preparation phase, an execution
phase, and a finalisation phase. Figure 2 shows the main stages and activities of
these phases, which are described in more detail in the following sections.

37

In total, 81 out of 200 TRIM on-site investigations were conducted as TRIMIXs. These comprised

36 investigations of credit risk models for retail and SME portfolios, 24 of credit risk models for LDPs, 13
of market risk models and eight of counterparty credit risk models.
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3.3.1

The TRIM preparation phase (Q1
2016 to Q1 2017) was used to
establish appropriate governance
structures and processes to support
the model investigations, as well as
to define a common methodology
and understanding to ensure a con-
sistent assessment approach
across institutions

Figure 2
TRIM project roadmap

Preparation
Q1 2016 Q2 2017 Q4 2019 Q2 2021
TRIM project Launch of on-site Completion of Closure of
initiation investigations TRIM on-site work TRIM project
1
Project PILIEE RN GRS Ongoing monitoring and :
menagement framework and logistics and administration of investigations FIEH GG |
activities organisation processes O —— published 1
formalised established |
In-scope models
for investigation
determined
On-site On-site investigations carried out and
investigations assessment reports produced

1

1

1

1

1

1

1

| :

1

1

1

and general |
topics review Gener'aJ topics : Consistency checks in relation to the

horizontal H  on-site investigations carried out

analysis 1

1

1

1

1

1

1

1

1

1

1

1

1

erformed
i Horizontal analysis of
findings and observations
performed
s . I Supervisory decisions prepared for
ggcegggy adoption by the Governing Council and
institution follow-up
) PR g foeee N
| ! Public | i
ECB guide to : Firstversion of |1 consultation of Consolidated : |
internal h the ECB guide : the ECB quide version of the |, 1
models i developed |, -5 0 guide published |1 !
| carried out | :
e e e e e e meeY—e—/—/—/——/———— e ———————————————— R
Source: ECB.

Notes: The operational relief granted to institutions in March 2020 by ECB Banking Supervision in response to the COVID-19 outbreak
included a six-month postponement of the issuance of TRIM decisions, on-site follow-up letters and internal model decisions not
communicated to institutions by that date. The ECB resumed supervisory processes for adopting new decisions on TRIM, on-site follow
up letters and internal model decisions from October 2020. For further details on the supervisory decision process, see Sections 3.4.1
and 3.5.

Preparation phase

The TRIM preparation phase was launched in January 2016 and lasted until the first
guarter of 2017. After defining the scope of Pillar 1 risks to be considered and the
broad governance structure for TRIM, the preparation phase focused on the following:

. establishing the steering body for the project (the Harmonisation Board), which
was composed of senior model experts and management from the ECB and
NCAs and was responsible for the oversight and vetting of all deliverables of the
TRIM project and related supervisory stances (see Section 3.4);

. establishing the centres of competence for credit risk, market risk, CCR, general
topics, and model map and prioritisation, which comprised groups of internal
model experts from both the ECB and NCAs and were responsible, inter alia, for
developing the ECB guide, defining the methodology used in TRIM, providing
methodological support to the assessment teams, and conducting horizontal
analyses of the outcomes of on-site investigations (see Section 3.4);

e  setting up horizontal processes, such as quality assurance, monitoring and
reporting, to support the execution of on-site investigations;
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3.3.2

During the execution phase (Q2
2017 to Q4 2019), 200 on-site
investigations were performed to
assess internal models

A strong quality assurance
framework with complementary
layers of horizontal processes was
implemented to ensure consistent
outcomes of TRIM investigations

. defining the methodological topics to be assessed (based on the expected main
drivers of unwarranted RWA variability);

. developing a first version of the ECB guide (initially published as “Guide for the
TRIM™), setting out the ECB’s understanding of the regulatory framework for
internal models, in particular relating to those topics deemed to contribute mostly
to non-risk-based variability in model outcomes;

. defining ITTs — a common methodology, standardised data requests and
supporting tools to be applied consistently by the various assessment teams
conducting TRIM on-site investigations;

. carrying out a large data collection exercise, and analysing the information
gathered to refine the view of RWA variability drivers and to determine the most
material and critical credit risk models to target in the on-site investigations;

. evaluating institutions’ practices under general topics.

Execution phase

Following the preparatory work, the execution phase of TRIM started in the second
quarter of 2017 with the aim of conducting 200 on-site investigations across the
in-scope institutions. The on-site investigations were carried out on the basis of the
common methodology defined in the preparation phase.

For simplicity, the TRIM on-site investigations can be divided into two parts:

. part one (from the second quarter of 2017 to the second quarter of 2018) mainly
involved a review of the internal credit risk models for retail and SME portfolios,
as well as market risk and CCR models;

. part two (from the third quarter of 2018 to the fourth quarter of 2019) focused
primarily on models used to assess credit risk for LDPs.

During the execution phase, different layers of horizontal processes for quality
assurance and on-site management (such as monitoring and reporting) were put in
place to provide the necessary support to the assessment teams carrying out the
investigations and ensure consistent outcomes of their reviews. The different levels of
quality assurance that were used played an important role in ensuring a level playing
field for the IMIs (see Section 3.4).%®

In addition to these on-site investigations, the centre of competence for general topics
finalised its horizontal analysis of information collected for its sub-topics, in particular
the documentation and responses received from a questionnaire sent to institutions
during the preparation phase, as well as information gathered through short
supervisory visits to each in-scope institution.

% These quality assurance processes are also described in “TRIM: reviewing internal models”, ECB,

November 2018.
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Institutions were informed of the
findings of the model investigations
and the necessary remediation
activities through the
well-established supervisory
follow-up process also applied to
normal IMIs

3.3.3

3.34

Communication activities through
various channels were a priority of
TRIM to ensure full transparency on
the progress and outcomes of the
project

The ECB guide was a key TRIM

deliverable, providing transparency
on the ECB’s understanding of the
applicable regulatory requirements

An ongoing dialogue with and
provision of information to
institutions over the course of TRIM
facilitated a smooth execution and
follow-up

As part of the normal supervisory follow-up of IMIs, after the completion of each TRIM
on-site investigation, institutions were informed of the findings and, through
supervisory decisions, were requested to remediate any identified shortcomings
(further details on this process are provided in Section 3.5).

In parallel, two public consultations were conducted on different chapters of the ECB
guide and a revised version of the guide was published, taking into account the
outcome of these consultations (see Section 3.3.4).

Finalisation phase

Following the on-site investigation activity and completion of the consistency checks
on the corresponding assessment reports, further activities were performed in order to
finalise the TRIM project. These included the finalisation of all horizontal analyses,
further issuance of supervisory decisions, and the closure of all internal
documentation and reports.

TRIM communications

Throughout each of the project phases, providing transparency on the purpose and
progress of TRIM was a key priority for the project. As such, communication activities
were an important part of the project management of TRIM and were designed to
maintain a continuous dialogue with the institutions involved in the project and provide
relevant information to the wider public. This objective was achieved through a variety
of means.

First, it was achieved through key project deliverables, such as the ECB guide to
internal models, which sets out the ECB understanding of applicable requirements for
internal models. The development of the ECB guide was enhanced through the public
consultations held on different chapters of the guide, allowing feedback and insights
from different institutions and banking associations to be collected, and enhancing
transparency.

Second, there was ongoing dialogue with and a flow of information to the institutions
within the scope of the project. The exchange was initiated through presentations on
the TRIM project at industry conferences organised by the ECB in February 2016 and
February 2017, and it continued with regular status updates provided in the form of
information letters to institutions and publications on the ECB’s banking supervision
website. The letters covered a range of different topics, including general updates on
the progress of TRIM and outlooks on next steps, overviews of the upcoming TRIM
investigations to be conducted at each institution, and practical information on the
logistics and requirements for the preparation of those investigations. As the execution
phase progressed, some of the information letters also provided interim updates on
the outcomes of TRIM investigations. These letters were also published on the ECB’s
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3.4

The governance structure for TRIM
featured close cooperation with and
involvement of NCAs...

... leveraging subject matter
expertise from across the SSM,
under the project leadership of the
ECB'’s Internal Models Division

banking supervision website to ensure full transparency for the general public
regarding these interim results.*

Third, this report completes the dedicated communication process for TRIM.
Interaction with institutions regarding the follow-up of TRIM outcomes will continue as
part of the regular supervisory dialogue.

TRIM project governance

The TRIM governance set-up was defined at the beginning of the project in
accordance with the following key principles:

1. astreamlined governance structure with clearly defined roles, responsibilities
and interactions between structures, including the ECB'’s Internal Models
Division® as project lead, the Harmonisation Board as the steering body for the
project, and the Supervisory Board as the body approving the main project
deliverables and, in particular, final drafts of supervisory decisions (which are
then adopted or rejected by the Governing Council);

2. involvement of different NCAs working closely with the ECB at all levels in order
to avoid possible national bias and to leverage the wide range of internal model
expertise across the SSM;

3. alignment and, where appropriate, integration with general ECB Banking
Supervision processes and decision-making (e.g. alignment with the existing
ECB framework for IMIs and related decisions).

The TRIM governance structure was designed to leverage subject matter expertise
and best practices from across the SSM for content-related matters and provide an
appropriate degree of central steering and oversight for project decisions. Examples of
how this was implemented in the TRIM project include the following:

e  The TRIM centres of competence were the methodological backbone of the
project and were responsible, inter alia, for leading the development of the ECB
guide and the common methodology applied by the on-site assessment teams.
Each centre of competence included experienced internal model experts from
the ECB and NCAs.

e  The Harmonisation Board, a dedicated operational steering body composed of
senior model experts and management from the ECB and NCAs, was
responsible for the oversight and vetting of the main deliverables of the TRIM
project and related supervisory stances prior to their Supervisory Board approval,

3 see, for example, the update letter of 21 November 2019.

40 Towards the end of the TRIM project the ECB banking supervision underwent a reorganisation which

went live on 1st October 2020 (see announcement). However, reference in this document is still made to
the previous organisation structure since this was the one in place for almost all of the life cycle of TRIM.
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3.4.1

A comprehensive and multi-layered
quality assurance framework was
put in place within TRIM

1. Each TRIM investigation was
based on a common understanding
of the regulatory requirements and
applied pre-defined, standardised
ITTs

with the exception of individual decisions.** It served in particular to exchange
and balance views from all involved SSM stakeholders.

e Acentralised project management team was responsible for monitoring and
management activities within the TRIM project, in particular with respect to
project planning, the execution and coordination of the on-site investigations,
resource management and communication.

The ECB'’s Internal Models Division was responsible, inter alia, for chairing the
Harmonisation Board, co-chairing and contributing to the staffing of the centres of
competence, staffing and leading the project management office (PMO), checking the
consistency of assessment reports jointly with the centres of competence, and
preparing drafts of all of the supervisory decisions issued as a follow-up to TRIM
findings.

Furthermore, a number of additional ECB functions supported the execution of the
TRIM project and its compliance with ECB internal procedures, facilitating and
providing expert support on topics such as planning and coordination, procurement,
legal matters and communication.

Finally, from a process perspective, a key aspect of TRIM governance was the
implementation of a comprehensive set of quality assurance processes and
safeguards with the aim of ensuring consistent project outcomes and a level playing
field for the institutions within scope of the project. These processes are described in
more detail in the following section.

TRIM quality assurance processes

Given the magnitude and complexity of the project, a comprehensive and
multi-layered quality assurance framework was put in place to ensure consistent and
comparable outcomes across institutions. In particular, there were three main areas in
which quality assurance processes were applied in order to ensure that the objectives
of the TRIM project could be achieved.

Afirst layer of quality assurance in the TRIM project was to establish a common,
standardised methodological framework to serve as the basis for the harmonised
execution of TRIM on-site investigations. This included the following elements:

e the ECB guide to internal models, to foster transparency and common
understanding among all parties regarding how the ECB understands the
regulatory requirements for internal models;

. common ITTs, required in all on-site TRIM investigations to ensure a uniform
approach to and coverage of predefined areas of investigation;

41 The preparation of individual supervisory decisions falls under the remit of the ECB’s Internal Models

Division and the relevant Joint Supervisory Teams.
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2. Each assessment report was
checked for consistency with the
common methodology by internal
model experts

3. Cross checks and horizontal
analysis were a key part of the
quality assurance process

Several control mechanisms were
also in place with regard to the
preparation of supervisory decisions
to ensure consistent treatment of
comparable risks and deficiencies

3.5

. close interaction between the assessment teams and the central risk-specific
teams during the execution of each on-site investigation, to ensure that the ITTs
were applied consistently.

In addition, a question and answer process was used to support institutions and
assessment teams throughout the on-site investigations.

A second layer of quality assurance was implemented on an ongoing basis after each
on-site investigation was completed. The assessment report produced for the
investigation was checked for consistency by internal model experts from different
NCAs and the ECB (via the relevant centres of competence and the ECB'’s Internal
Models Division) who had a horizontal view of the TRIM investigations for each risk
type. This ensured that similar shortcomings gave rise to similar findings.

As an additional method to ensure consistency, any disagreements from the
consistency check step were further discussed and resolved within the relevant TRIM
governance structure.

A third layer of quality assurance was applied ex post by the centres of competence,
which performed cross checks and horizontal analyses across finalised assessment
reports and raised additional findings when needed. Under this third layer of quality
assurance, the TRIM governance bodies were again involved in the event of any
disagreement on findings.

Finally, supervisory decisions were prepared on the basis of the findings of each
on-site investigation and the results of the consistency checks and horizontal analyses
performed by the centres of competence®? by the ECB’s Internal Models Division. The
preparation of the decisions was supported by regular exchange and alignment
sessions for the model experts, who also benefited from access to a comprehensive
overview of past cases. In addition, there were regular exchanges among experts in
the Internal Models Division and specific guidance was given in order to foster the
harmonisation of the drafting of the findings and of the related obligations or
limitations. Multiple layers of managerial review and challenge were applied within the
Internal Models Division, and feedback from the relevant JSTs (which include ECB
and NCA staff) was sought before the decisions were sent to institutions. Furthermore,
supervisory decisions were normally prepared and approved by the Supervisory
Board for adoption by the Governing Council in batches, which allowed a horizontal
approach to the decisions and to the treatment of similar findings across supervisory
decisions.

Project deliverables

Figure 3 outlines the process used to create the main deliverables of the TRIM project,
such as the ECB guide and assessment reports. These deliverables are described in
further detail in the rest of this section.

42 Where it was not possible to include the results of the horizontal analyses in the first supervisory decision,

a second decision was issued.
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Figure 3
Overview of TRIM deliverables

General topics review On-site investigations
General topics Credit risk, market risk and counterparty credit risk
e T I 1
General topics centre of ach on-site investigation was carried out by an assessment team composed of:
competence . ECB staff
. NCA staff

. External support

Investigations were executed using the pre-defined inspection techniques
and tools developed by the centre of competence for that risk type.

General topics were
evaluated on the basis of a
comprehensive standardised
request for information and Assessment Assessment report sent
documentation, and ashort report to institution

on-site visit (instead of an on-
site model investigation)

Decision

letter

From other investigations Supervisory
decisions sent

to institution
Assessment
reports

Horizontal Horizontal Horizontal analysis was performed using the

analysis information inthe assessment reports

analysis

Additional findings identified by

Decision horizontal analysis and sent to

the institution (if not included in
the first letter)

Project report

Asummary of observations and findings is included in Section 4 of this project report.

ECB guideto internal models

Credit risk, market risk, counterparty credit risk and general topics

Centres of competence were

-
1 \ - ! 1 =

responsible for defining the : ! = : . =

methodological framework for TRIM | | E = ! | = =

The ECB guide was further updated on the basis of:

«  feedback from the industry (including public
consultations held in 2018 and finalised in 2019)

«  experience gained from the on-site investigations and
horizontal analysis

Source: ECB.
Note: Areas with significant steering involvement from the governance bodies of the project are indicated with dual-coloured arrows.

Further descriptions of the deliverables shown, as well as the key steps in producing
them, are provided in Table 2.

Targeted Review of Internal Models — Overview of the TRIM project 24



Table 2

Main deliverables of the TRIM project

Deliverable

Description

The ECB guide sets out the ECB’s
understanding of regulatory
requirements for internal models
and will continue to serve as a
reference document after the
finalisation of TRIM

ECB guide to
internal models

Common inspection methodologies Inspection
were applied across TRIM on-site techniques and
investigations tools (ITTs)

The e.xeCL_mon of 200 on-site Clsfio ieak]
investigations was at the core of the investigations and
TRIM project to ensure an in-depth assessment reports
review of the models in scope

Horizontal analyses were performed Horizontal analysis
across the assessment reports to

ensure consistency of outcomes

and provide a comprehensive view

of the modelling landscape and any

identified shortcomings

The ECB guide to internal models (‘ECB guide”) documents how the ECB understands the regulatory
requirements for internal models (with a focus on the areas selected for review within TRIM) and provides
transparency on how it applies them when assessing whether institutions meet these requiremems..43

The guide is composed of four chapters: a general topics chapter, covering non-model-specific requirements
(with a focus on credit risk), and three chapters relating to the internal models for credit risk, market risk and
CCR.

The guide was developed in alignment with ongoing regulatory developments, such as EBA regulatory
technical standards (RTS) and guidelines.

The preparation of the guide benefited from the experience gained from the execution of the TRIM
investigations, as well as from public feedback obtained in several waves. The first version of the guide was
published on 28 February 2017 for industry comment ahead of the start of on-site investigations. A revised
version of the guide was subsequently sent for formal public consultation in 2018.% Following this
consultation process, a revised version of the ECB guide was published in November 2018 (general topics
chapter) and July 2019 (risk-type-specific chapters), followed by a consolidated version in October 2019.

The ECB guide will remain as a reference document after the finalisation of the TRIM project. As such, the
ECB may update the Guide to reflect possible changes to regulatory requirements and, if applicable, the latest
experience gained from IMIs, or to include other topics related to internal models that were not within the
scope of the TRIM project.

In order to facilitate a consistent and comparable execution of TRIM on-site investigations, standardised data
requests and ITTs were drawn up during the preparatory phase of the TRIM project. The ITTs provided
assessment teams with a set of relevant inspection methodologies and checks for use in conducting the
model investigation (i.e. in order to harmonise and strengthen the assessment approach).

On-site IMIs were at the core of the TRIM project, applying a common methodological approach to assess the
regulatory compliance of internal models used by Sls. The existing ECB Banking Supervision framework for
IMIs* was used as the basis for the TRIM investigation approach, enhanced with additional processes (for
example, relating to dedicated data requests) and the ITTs that were developed for TRIM. Furthermore,
existing guidance on the assignment of finding severity and granularity for use in model investigations was
further refined in order to harmonise and strengthen the assessment approach across teams.

For each investigation, an assessment report was produced by the assessment team. The assessment report
described the activities and results arising from the on-site investigation. After the completion of the on-site
phase, each TRIM draft assessment report underwent consistency checks performed (in general) by ECB
staff and an NCA other than the NCA involved in the on-site work to ensure a harmonised approach across
investigations and a consistent application of the methodology and techniques. Upon completion, the report
was provided to the assessed institution and formed the basis of supervisory decisions.

Each centre of competence performed a horizontal analysis based on the assessment reports with the aim of
forming a comprehensive view of the main model design features (“the modelling landscape”) as well as
typical shortcomings of existing models. As such, this analysis also contributed to ex post checks to ensure
consistency in the identification and treatment of findings across investigations. In some cases, these ex post
checks resulted in additional findings that were reflected in the supervisory decisions.

Horizontal analyses were produced for the different risk-types (credit risk, market risk and CCR) as well as for
general topics.

A summary of key information related to the modelling landscape and observations from the horizontal
analyses is presented in Section 4 of this report.

43

The guide is not intended to go beyond existing applicable Union and national law or to replace, overrule

or modify applicable Union and national law.

44

Further information, in the form of the ECB'’s feedback statement and comments received, can be found

on the ECB's banking supervision website under “Public consultation on the draft ECB guide to internal
models — General topics chapter” and “Public consultation on the ECB guide to internal models —
risk-type-specific chapters”.

45

See the Guide to on-site inspections and internal model investigations, ECB, September 2018.
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Deliverable

Description

Supervisory decisions were issued

. Supervisor:
to enforce the remediation of cases i Y

Following the completion of an on-site investigation (for credit risk, market risk or CCR), a process was
initiated to provide the institution with supervisory decisions listing the findings and the required remedial
action. The process was as follows:

A first supervisory decision with obligations and corresponding deadlines was addressed to institutions after
each investigation, requiring the remediation of findings as per the deadlines communicated in the decision.
Where severe findings and/or a material underestimation of RWA were identified, limitations*® were imposed
in a consistent manner taking into account the specificities of each case. In addition, where applicable, the
ECB provided recommendations to institutions with a view to assisting their future compliance with upcoming
legal requirements and providing further clarification or specification of existing requirements, e.g. in the light
of existing best practices. In order to facilitate an additional layer of horizontal comparison, the draft decisions
were normally prepared and approved in batches.

Where necessary, after due consideration of the specific circumstances of each institution and having formed
a full horizontal view, a second supervisory decision was sent at a later stage, taking into account (i) the
results of horizontal analyses of the outcome of the TRIM investigations, (ii) the finalisation of ongoing
regulatory developments, and (jii) the updated ECB guide to internal models.

A second supervisory decision was an instrument envisaged for the TRIM project and was only issued in
cases where the relevant supervisory measures could not be included in the first and would typically target
only selected topics where a full horizontal view was deemed necessary before initiating the supervisory
follow-up with individual institutions (e.g. grade assignment dynamics for credit risk investigations, or the
treatment of collective investment undertakings (CIUs) and risks not in the model engines (RNIME)47 for
market risk investigations). Overall, a large majority of the supervisory measures imposed in response to the
findings of a TRIM investigation were already included in the first supervisory decision and not all institutions
received a second one with reference to the same TRIM investigation.

- ) X decisions
of non-compliance with applicable
regulatory requirements that were
identified in the TRIM investigations
Source: ECB.
46

Specifically, limitations restrict or modify the use of a model. This is in contrast to obligations, which

require remedial action without limiting the use of the model, and recommendations, which unlike
obligations, are not legally binding. For further information on these terms, see the Guide to on-site
inspections and internal model investigations on the ECB’s banking supervision website.

47

Used in market risk internal modelling to cover the risks which are not captured by the risk engines in the

IMA for VaR, sVaR and IRC (for more detail, see the ECB guide to internal models).
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Most models are generally suitable
for ongoing use by institutions, ...

...but there are a number of areas
that still require significant
improvement

4.1

General topics cover the necessary
infrastructure and governance
requirements for an institution to run
internal models for Pillar 1 capital
purposes

Observations and findings

Following the completion of the TRIM on-site investigations and the general topics
assessments, horizontal analyses were conducted by each centre of competence
(general topics, credit risk, market risk and CCR). A summary of these analyses is
provided in this section.

Overall, the outcomes of the TRIM investigations indicate that the internal models of
Sls can generally continue to be used for the calculation of own funds requirements.
However, there are a number of areas that require significant effort on the part of
institutions to remediate findings in order to be fully compliant with regulatory
requirements. While numerous findings have been raised across all risk types, it
should be noted that in some cases these are also reflective of historic deviations in
how requirements have been understood at national level, or of a lack of detailed
guidance. In this respect, institutions should benefit in future from the detailed
guidance provided by the ECB guide and by the relevant RTS and guidelines issued
by the EBA, in particular as part of the regulatory review of the IRB approach.

Within this section, a number of the most significant observations and findings have
been outlined. For the sake of conciseness, where practices were observed that are
not compliant with regulatory requirements, no further details on how banks should
address these issues have been included in this section. Such information is part of
the supervisory follow-up process, an overview of which is included in Section 5. Also,
a more detailed and comprehensive overview of the ECB’s understanding of
applicable regulatory requirements related to topics within the scope of TRIM is
provided in the ECB guide.

General topics

General topics are those that concern non-model-specific requirements that are part
of the existing legal framework on internal models and are necessary to ensure an
appropriate environment for the use of models. The individual sub-topics covered
were:

. Overarching principles for internal models
o Roll-out and PPU

e Internal governance

) Internal validation

) Internal audit

) Model use

. Management of changes to the IRB approach
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41.1

Most of the general topics findings
were related to internal validation,
roll-out and permanent partial use of
models

e  Third-party involvement

With the exception of “Overarching principles for internal models”, these sub-topics
were considered in relation to credit risk models only. In this context, compared to the
risk-type-specific assessments conducted in the form of on-site IMlIs, the approach for
general topics was a proportionate approach based on a documentation and
guestionnaire review coupled with targeted discussions with institutions during short
on-site visits. For market risk and CCR models, the most relevant sub-topics (for
example internal validation) were instead reviewed in the context of the corresponding
on-site investigations.

Summary of findings

55 institutions were included in the horizontal analysis of general topics.*® In cases of
outright non-compliance with current regulatory requirements, findings were raised
and addressed by imposing certain obligations in the supervisory decisions addressed
to the institutions, whereas deviations were addressed via recommendations and
feedback letters, indicating that the practice of the institution was not in line with the
principles expressed in the ECB guide. Based on the analysis of questionnaire
information received from the institutions and the on-site visits, all 55 institutions
received feedback letters (highlighting a total of 639 deviations), while 21 institutions
also received supervisory decisions (raising a total of 45 findings).*°

Figure 4 below provides a breakdown of the deviations and findings observed per
sub-topic included in the general topics review. Most of the deviations refer to model
use (132 deviations), internal governance (98 deviations), model changes

(89 deviations) and internal validation (88 deviations). Regarding the findings, most
deficiencies related to internal validation (14 findings), roll-out and PPU (11 findings)
and management of model changes (seven findings).

“®  These were significant institutions within the scope of TRIM employing internal models for credit risk,

excluding institutions that were already undergoing an on-site investigation on model governance or for
which the first TRIM investigation was to take place in the second part of the project (in which case,
general topics would be assessed as part of the on-site investigation).

4% After the “Right to be Heard” one decision has been dropped (which contained one finding), after the

institution has provided evidence that allowed for the closure of the finding raised.
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Figure 4
Deviations and findings within general topics

Number of deviations Number of findings
Recommendations and feedback letters Supervisory decisions

Overarching
principles

Internal
governance

Internal
validation

Management of
model changes

Third-party
involvement

Total

Source: ECB supervisory information.
Note: Deviations relating to “Identification of management body and senior management”, “General principles for internal validation” and
“General principles for internal audit” were allocated to 3, 4 and 5, respectively.

Overall, the general topics review showed that most of the in-scope institutions had
adequate practices with regard to fulfilling the broad scope of regulatory requirements
concerning the “environment” for internal model use, but that generally these practices
fell short of the upcoming standards under future regulation (notably the EBA RTS on
assessment methodology for the IRB approach). Although it is not possible to
demonstrate, it is understood that the qualitative requirements assessed in the
general topics review are generally secondary drivers of RWA variability when
compared with the modelling choices made by the institutions.

The most frequent deviations and findings are summarised below by sub-topic.

Overarching principles for internal models
Model risk management framework

Few institutions have a comprehensive framework for model risk management in
place, and in the cases where there is one, it often requires improvement.

Documentation of internal models

Overarching principles or guidelines on model documentation are missing or
incomplete for almost half of the institutions within the scope of the review.
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A majority of institutions need to
improve their PPU monitoring and
management

Institutions should have an
organisational structure that
ensures the independence of the
validation function

Roll-out and permanent partial use
Compliance with PPU provisions

A majority of institutions did not have proper monitoring procedures for PPU
exposures.

Practices in this regard varied across institutions, but in most cases there were no
guantitative or qualitative thresholds in place to confirm the continued appropriateness
of PPU.

Internal governance
Decision-making responsibilities

Institutions need to better formalise their decision-making process as well as the
involvement of the management body/designated committee and senior
management™ in the approval of material changes or other relevant aspects of the
rating systems.

In several cases, the management body or senior management did not approve all
relevant aspects of the rating systems or changes.

Understanding of the rating systems

A dedicated process was often not in place to ensure, maintain and improve the
management body’s and senior management’s understanding of the rating systems.

Internal validation
Content of tasks of the validation function

Institutions often did not ensure that all appropriate validation analyses and adequate
guantitative thresholds were in place, in particular for the back-testing, discriminatory
power and stability tests and analyses of overrides.

Effective independence of the validation function

In some cases, institutions did not present an adequate organisational choice that
ensured the independent allocation of the validation function within the institution.

%0 The terms “management body” and “senior management” are defined in Article 3(1)(7) and (9) of the

Capital Requirements Directive (CRD 1V). See Directive 2013/36/EU of the European Parliament and of
the Council of 26 June 2013 on access to the activity of credit institutions and the prudential supervision
of credit institutions and investment firms, amending Directive 2002/87/EC and repealing Directives
2006/48/EC and 2006/49/EC (OJ L 176, 27.6.2013, p. 338).
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Internal audit
Scope and frequency of review

Some institutions did not perform an appropriate or sufficiently frequent assessment or
review of the rating systems and their operations to determine which rating systems
required a more in-depth review.

Internal audit function

Some institutions lacked sufficient resources and/or staff with the necessary level of
knowledge or skills.

Model use
Use test requirements

With regard to the role of the risk parameters in the relevant risk management
processes, for two-thirds of the institutions, IRB parameters were not considered in
certain internal processes for which institutions are encouraged to take them into
account (especially with regard to collection and recovery policies and processes, and
early warning systems).

Assignment of exposures

Several institutions did not present an appropriate process for treating unrated
exposures or outdated ratings. In addition, the processes to define the maximum
extent of overrides lacked completeness or were insufficient.

Management of changes to the IRB approach
Re-rating process

In most of the institutions, the re-rating process after a material model change or
model extension was neither properly formalised nor covered in the relevant policy on
the management of changes.

Classification

Some institutions lacked a formalised classification process to ensure that model
changes and extensions were classified in a consistent way.
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85 investigations were carried out
on models for retail and SME

portfolios

4.2

42.1

Third-party involvement
Independent performance monitoring

In some cases, institutions did not ensure proper monitoring of third-party
performance in connection with outsourced tasks and/or the use of external data.

Credit risk — models for retail and SME portfolios

In total, 53 Sls with internal credit risk models were considered in part one of the TRIM
execution phase, with 85 investigations carried out on credit risk models for retail and
SME portfolios (ranging from one to four investigations per Sl).

The review considered the risk parameters for internal credit risk models related to
retail and SME portfolios, namely the PD, LGD and CCF. Owing to the nature of the
portfolios under review in terms of limited off-balance sheet exposures, the detailed
results presented in this report focus on the PD and LGD parameters, and not on the
CCF parameter.

For most of the selected topics, a range of diverging practices with a potential impact
on RWA variability was observed as well as cases of diverging understandings of
regulatory requirements by institutions. Details on the findings that were raised for
these models are provided in Section 4.2.2. In terms of ensuring a consistent
interpretation of the requirements, significant progress has been made, and increased
harmonisation of the implementation of the regulatory requirements should be
observed when institutions have remediated the findings raised during the TRIM
investigations.

Modelling landscape and key observations from the horizontal
analysis

Each investigation reviewed the same set of predefined methodological aspects,
which were identified in the preparatory phase of the TRIM project. An overview of the
observed features of PD and LGD models in these areas (the “modelling landscape”)
is provided below. Section 4.2.1.1 concerns observations specific to PD modelling and
Section 4.2.1.2 concerns features of LGD modelling.**

%1 These sections of the report are based on information collected from 79 (out of 85) on-site investigations

on models for retail and SME portfolios.
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42.1.1

The vast majority of in-scope
institutions use a discrete rating
scale, combined in more than half of
the cases with calibration at grade
level

Most institutions include behavioural
information, such as past
delinquency, among the risk drivers

PD modelling landscape

General modelling approaches to the PD modelling

Three different types of PD model were observed, based on the granularity of the
grade scale used (discrete or continuous) and how the PD estimates were calibrated
(see Table 3).

Table 3
Types of PD model

Granularity of the scale

Continuous Discrete
Calibration is based on Long-run average at Continuous direct estimates Discrete direct estimates
calibration segment level
Long-run average at grade Grade-based estimation
level

Source: ECB.

11% of the PD models were based on a continuous granularity, where the PD
estimates result from a transformation function that converts the score into a direct
estimate of PD (continuous direct estimates)®. This approach may include an
additional calibration step in order to achieve a calibration target.

In the remaining 89% of cases, a discrete scale was used. This form of PD calibration
can be divided into two sub-cases: in 33% of PD models, a similar approach to
continuous direct estimates was used, with the additional step of mapping the
continuous PDs to a grade scale — either a master scale used across different
portfolios or a grade scale specific to the portfolio (discrete direct estimates); in 56% of
PD models, the PD used for capital requirements calculation was based on the
long-run average default rate calculated at grade level (grade-based estimation).

Risk differentiation

Risk differentiation is aimed at identifying the relevant risk drivers and using them, on
the basis of a chosen methodology, to rank or differentiate obligors or exposures into
grades or pools according to their level of risk.

Selection of risk drivers considered in the model

While different practices were observed regarding the risk drivers considered in the
model, most institutions used internal behavioural information (including past
delinquency, which over 90% of the investigated internal models used as a driver in
the scoring function), financial information and contract/obligor characteristics in their
PD models.

52 see Article 169(3) of the CRR.
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Different practices were observed
regarding the grade assignment
method for models related to retail
and SME portfolios, and additional
clarifications have been included in
the ECB guide to increase
awareness on this topic

Homogeneity and heterogeneity analyses

Homogeneity within grades and heterogeneity across grades was one of the areas

targeted during the TRIM investigations. In a majority of cases, no specific analyses
were conducted by institutions, or the analyses were not considered appropriate. In
order to provide clarity on this topic, the ECB further elaborated its understanding of
the applicable requirements in Section 4.1.2 of the ECB guide.

Grade assignment dynamics

A dispersion of practices was observed in the TRIM investigations of retail and SME
models regarding the dynamics of the grade assignment methods across different
combinations of the following two extreme cases:

e the grade assignment method focused exclusively on the short term, resulting in
an average PD at portfolio level that closely followed the yearly portfolio default
rate;

e the grade assignment method focused exclusively on the long term, resulting in
an average PD at portfolio level that was stable at the level of the long-run
average portfolio default rate.

These differences have an impact on the average PD at portfolio level as well as on
the RWA of the institutions.

In the light of this, as well as the observed lack of attention paid to this topic in many
institutions, additional clarifications have been included in the ECB guide,*® reflecting
the understanding that, although the time horizon used in PD estimation is one year,
the rating/grade/pool assignment process should also adequately anticipate and
reflect risk over a longer time horizon54 and take into account plausible changes in
economic conditions.

Calculation of one-year default rates

Counting level

The counting unit for the default rate and the PD assignment level for the calculation of
RWA are expected to be consistent, or if different levels are used, it should at least be
shown that no biases are introduced in the estimation. As can be seen in Table 4, in
the vast majority of cases there was consistency in the counting unit.

%3 See paragraph 64 in the credit risk chapter of the ECB guide to internal models.

5 Ensuring an appropriate balance between drivers that are predictive only over a short-time horizon and

drivers that are more forward looking.
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Different practices were used to
define the observation period for
long-run average default rates

In most cases the years 2008 and/or
2009 were included in the
observation period

Table 4
Counting level of the default rate

Percentage of cases where PD
assignment unit is consistent with
default rate unit

Percentage of cases where PD
assignment unit is inconsistent with

Default rate counting unit default rate unit

Facility level 92.0% 8.0%

Obligor level 89.8% 10.2%

Group of economically dependent

obligors 100.0% 0.0%

Source: ECB.

Most cases of inconsistency between counting units related to the use of a more
aggregated level for PD assignment when compared with the counting unit for the
default rate.

Long-run average default rate and calibration methodology

Institutions are expected to estimate PDs by obligor grade from the LRA DR.>® This
requirement can lead to a number of areas of variability, in particular regarding the
definition of the relevant period to capture the long-run average and the calibration
methodology used by institutions.

Observation period used to calculate the LRA DR

From the TRIM horizontal analysis, different practices can be observed between (i) a
majority of countries with no previous explicit guidance on this topic, which seems to
have led institutions to use the available observed data only (i.e. in general,
information since the inception of Basel Il), and (ii) a minority of countries where there
was explicit guidance on the time series to be used.

It was observed from this analysis that:
. in 86% of cases, the period used was at least 5 years;
. in 29% of cases, the period used was at least 10 years;

. in a majority of cases, the observation period used contained the years 2008
(70% of cases) and/or 2009 (90% of cases), which are generally considered
downturn periods;

. in 66% of cases, only data after 2006 were used, while in 34% of cases
information from earlier years was used.

% See Article 180(1)(a) of the CRR.
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Long-run average default rates were
not always calculated as the simple
average of default rates, and
adjustments were not always well
justified

An explicit MoC was not always
added to the PD estimates

Calculation of the LRA DR

Half of the institutions used the average of the observed default rates in the period
considered to represent the long-run average, while the other half applied adjustments
to obtain the long-run average of default rates. In most of the latter cases, the
institutions did not have observed default data for the whole period of the likely range
of variability of default rates and applied adjustments to obtain the LRA DR by:

. extrapolating the missing points in the time series;
. applying some kind of weighting to the observed default rates;

. using a combination of historical observation, forward-looking expertise and
expert judgement.

Such adjustments may lead to unwarranted variability in the PD estimation if they are
not duly justified.

Weighting approaches

The LRA DR is expected to be computed as the arithmetic average of the observed
one-year default rates. However, in the retail exposure class, some discretion is
possible where an increased weighting for more recent periods leads to a better
prediction. In 66% of cases an arithmetic average was used in the LRA DR calculation,
5% used a higher weighting for more recent periods, 20% used a weighting based on
the number of observations, and the remaining 9% used another form of weighting or
calculation.

Calibration level

Institutions used calibration either at calibration segment level (44% of cases) or at
grade level (56% of cases).

Margin of conservatism

When estimating risk parameters, institutions are expected to identify any deficiencies
that may lead to a bias in their quantification. Institutions are required to address the
identified deficiencies via appropriate adjustments and margins of conservatism
(MoCs), including a margin for statistical uncertainty. *®

Regarding the practices observed in TRIM, in around 40% of cases institutions were
already applying an explicit MoC to their PD estimates, while in around 50% of cases
institutions stated that an MoC was implicitly considered through conservative
adjustments. In the remaining cases, no MoC was considered.

% see Article 179(1)(f) of the CRR.

Targeted Review of Internal Models — Observations and findings 36



42.1.2

In a significant number of cases, the
LGD was estimated through a
combination of different model
components

In 90% of cases, LGD estimates
were direct estimates, using either a
continuous scale (45%) or a discrete
scale (45%)

In cases with an explicit MoC, margins were applied mostly to account for data and
methodological deficiencies (62% of cases) and the general estimation error (71% of
cases), while in 26% of cases they were applied to account for representativeness
issues.

LGD modelling landscape

General modelling approaches to the LGD modelling

Component-based models

It should be noted that in a significant number of cases (around 80%), the LGD was
estimated through a combination of different components — based on the split of the
exposure between secured and unsecured, on the termination scenario, or on the use
of intermediate phases in the recovery process (e.g. before and after entering into
legal litigation) — which, when aggregated, result in an estimate of the LGD.

Continuous and discrete approaches

Depending on (i) the granularity of the grade scale used (continuous or discrete) and
(i) how the LGD estimates are calibrated (based on the long-run average at
calibration segment level or at grade level), different model types were observed, as
shown in Table 5 below:

Table 5
Types of LGD model

Granularity of the scale

Continuous Discrete
Calibration is based on Long-run average at LGD direct continuous LGD direct discrete
calibration segment level
Long-run average at grade Grade-based estimation
level

Source: ECB.

In approximately 45% of cases, the LGD estimates were using a continuous scale,
either estimated directly or calculated as the aggregation of several components (LGD
direct continuous).

In the remaining 55% of cases, a discrete scale was used. This can be divided into two
sub-types based on the form of LGD calibration: in 45% of cases, the aggregation of
several components resulted in a discrete scale (LGD direct discrete); in the remaining
10% of cases, the LGD estimates resulted from the long-run average calculated at
grade level (grade-based estimation).
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The methods used to calculate
realised LGD were subject to
intense scrutiny during the TRIM
investigations as potential drivers of
significant unwarranted RWA
variability

Calculation of realised LGD

The concepts of economic loss and realised LGD are the basis for LGD estimation and
any differences in the method of calculation may lead to significantly different LGD
estimates. Therefore this was one of the areas selected for intense scrutiny during the
TRIM investigations.

Level of calculation

In 78% of cases, the realised LGD was calculated at facility level, while in 11% of
cases, it was calculated at obligor level. The remaining 11% were residual cases, such
as when a mix of different assignment levels was considered (e.g. obligor for the
unsecured part and collateral for the secured part) or the assignment level was
represented by a group of connected obligors. The ECB guide clarifies the exceptional
cases in which the LGD calculation at a more aggregated level than individual facility
level is considered by the ECB to be compliant with applicable requirements.®’

Recovery flows

Regarding the recovery flows allocation, it is worth noting that in around 40% of cases,
recovery flows were not directly observed but calculated on the basis of the difference
between exposure values on two consecutive dates or derived, even partially, from
some other treatment. The ECB guide clarifies the criteria that should be met for this
methodology to be considered eligible; in particular that all assumptions should be
duly justified and clearly documented in order to adequately replicate the recovery
flows that occur during the recovery process.>®

Restructurings

Regarding the treatment of restructurings, in about one-third of cases, institutions
were not able to connect the new facility after restructuring to the facility prior to
restructuring. In addition, in a significant number of cases (71%), institutions did not
consider in the definition of loss the diminished financial obligation that can result from
the restructuring owing to changes in the payment plan and the consequent delays in
cash flows, grace periods, changes in interest rates, etc.

Discounting of cash flows

A wide variety of practices were observed in the discounting of cash flows, i.e. the use
of a fixed rate (30%), the contractual rate (19%) or a base rate with (19%) or without
(10%) an additional risk premium. This is an area in which the EBA has provided

57 See paragraph 99 in the credit risk chapter of the ECB guide to internal models.

%8 See paragraph 100(c) in the credit risk chapter of the ECB guide to internal models.
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guidance on a single approach that institutions are expected to follow (generally the
3-month EURIBOR increased by a 5 percentage point add-on).*®

Treatment of multiple defaults

Based on the practices observed, the different treatments of multiple defaults were
clustered in the following categories:

° in 34% of the models, there was no treatment of multiple defaults;

° in 26% of models, the “calendar year approach”, in which two consecutive
defaults of the same exposure are considered as one if the two defaults occur
within 12 months or within the same calendar year, was applied,;

° in 40% of models, a methodology was applied in which the time between defaults
is counted from the return to normal of the first default.

For exposures that return to non-defaulted status, in 50% of cases institutions did not
compute realised LGD for cured cases but instead made assumptions regarding the
realised losses (e.g. a zero loss or the consideration of indirect costs only).

Additional drawings

Regarding additional (after default) drawings, 40% of retail models followed an
adequate approach for the treatment of additional drawings (i.e. alignment between
the EAD considered for CCF purposes and the EAD considered in the denominator of
realised LGD), while in 20% of retail models additional drawings were not possible for
the specific type of exposure. In the remaining 40% of cases, the approach did not
ensure alignment between the EAD considered for CCF purposes and the EAD
considered in the denominator of realised LGD, leading to an inconsistent approach.

In the case of non-retail exposures, in the vast majority of cases (85%) there was
inappropriate treatment, since none of them considered the additional drawings at the
same time both in the numerator and denominator of realised LGD and in the definition
of exposure considered for the purposes of CCF estimation. In the remaining 15% of
cases, additional drawings were not possible for this type of exposure.

Repossessed but not yet sold collateral

Regarding the treatment of repossessed but not yet sold collateral, more than half of
the institutions used repossession as a recovery tool, of which a majority applied a
haircut to the value of repossessed collateral (42% of total cases), while others (11%
of total cases) took the value of repossessed collateral directly (i.e. no haircut was

% see paragraph 143 of the EBA Guidelines on PD estimation, LGD estimation and the treatment of

defaulted exposures (EBA/GL/2017/16).
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Most institutions use contract
characteristics in their LGD models

The treatment of incomplete
recovery processes showed wide
variations

applied, which is generally not acceptable)®. In 47% of cases, repossession was not
used as a recovery tool (owing to the legal framework) or the cash flow was only
recognised once the collateral was sold.

Risk differentiation

While different practices were observed regarding the risk drivers considered in the
model, most institutions used contract characteristics (including type of collateral and
type of products) in their LGD models. Obligor characteristics and, in the case of retail
exposures, internal behavioural information (i.e. information on the delinquency of the
obligor) were the other types of risk driver most commonly used (in around 35% and
20% of cases, respectively).

In the case of models in which an LGD facility scale is used for the purpose of
calculating regulatory capital requirements, statistical analyses aimed at ensuring the
homogeneity/heterogeneity of the grades were performed when developing the model
in 47% of cases, while in 35% of cases institutions relied solely on expert judgement.
In 18% of cases no analysis was conducted. Regarding regular monitoring of models,
the situation is worse and the vast majority (74%) of institutions did not have a process
in place to check the homogeneity/heterogeneity of grades.

Treatment of incomplete recovery processes

Although the CRR requires the use of all defaults for the purpose of LGD estimation, ®*
wide variations were seen in the treatment of incomplete recovery processes.

The treatment of open recovery processes encompasses (i) the definition of a period
of time after which the recovery process should be considered as closed for the
purpose of LGD estimation (time-to-workout) and (ii) the development of an
appropriate treatment to incorporate the relevant information from incomplete
recovery processes (i.e. the ones which have not yet reached the time-to-workout) in
the LGD estimates.

Time-to-workout

In 59% of cases, institutions already had a definition of time-to-workout. The length of
this period varied from 3 to 15 years, depending on the country, the exposure class
and the recovery processes. The definition of time-to-workout is strongly linked to the
idiosyncrasies of the institution’s recovery process, which can justify differences
between institutions in the same country and for the same type of exposure. However,
the longer the time-to-workout, the more challenging will be the modelling of

8 see paragraph 117 of the EBA Guidelines on PD estimation, LGD estimation and the treatment of
defaulted exposures (EBA/GL/2017/16).

51 See Article 181(1)(a) of the CRR.
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A majority of institutions calculated
the LRALGD at either
portfolio/calibration segment or
grade/pool level

In a majority of cases, the years
2008-2013 were included in the
observation period to calculate the
LRALGD

incomplete recovery processes, since there is less information available for the later
stages of the recovery process.

Treatment of incomplete recovery processes

It is important to highlight that 32% of the institutions did not explicitly take into
consideration incomplete recovery files, while almost 68% of the institutions already
considered incomplete files in the LGD estimation, either by extrapolating cash flows
(46.5%) or by assuming no further recoveries (21.5%)%. Looking at institutions which
had already implemented a methodology to extrapolate cash flows, a quite diverse
impact of these methodologies can be observed — a wide spectrum of results across
the range of what would be the LGD considering full recovery for the incomplete
recovery processes and the LGD considering zero additional recovery for incomplete
recovery processes.

Long-run average LGD

Level of calculation

Regarding the level of calculation of the long-run average LGD (LRA LGD), in a
majority of cases, institutions calculated it at either portfolio/calibration segment (40%)
or grade/pool (24%) level.®® The remaining 36% of models assessed had an
inappropriate approach, either because an LRA LGD was not calculated (14%) or
because it was computed only at the level of each component (22%).

Observation period used for the LRA LGD

In terms of the time frame considered, and although a common period was used by
most institutions between 2008 and 2013 (in 78% of cases, all six of these years were
included as part of the LRA period), there were still significant differences in the
observation period used across institutions, as well as differences in the weighting
approach.

Weighting approach

While in a majority of cases (60%), institutions used the default weighted average as
required by the CRR®, the remaining institutions used an inappropriate weighting
approach — around 20% used EAD weighting and 14% did not compute an LRA.

2 This approach is normally linked with the definition of the minimum period of the recovery process in

order for defaults to be considered for the purpose of LGD estimation.

% For the purpose of this analysis, the latter includes cases of continuous models which use intervals of
LGD values in the calibration of the LRA.

5 See Article 181(1)(a) of the CRR.
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Significant differences were
observed in how institutions defined
a downturn adjustment

As in the case of PD, LGD estimates
do not always include an MoC

Various practices were observed for
calculating LGD in-default, including
using the sum of ELBE plus an
add-on, and “direct” LGD in-default
approaches using dedicated models

Downturn LGD

In 53% of cases, an explicit period was defined to derive an LGD that is appropriate for
an economic downturn. In the remaining cases, either the institution applied an
adjustment without identifying a downturn period or no adjustment was applied.

For the institutions identifying a downturn period, although similar economic downturn
periods for the same country and exposure type were expected, significant differences
were still observed, not only in the period identified but also in the duration. In 76% of
cases, the downturn period included the years 2008 or 2009, while in 26% of cases,
the period included data from before 2006.

Similarly, a wide variety of practices were observed in relation to the type of
adjustment. In 41% of cases, the downturn adjustment was based on observed values
during the selected downturn period. In 26% of cases, the downturn adjustment was
obtained by stressing model components (e.g. interest rates, collateral values, etc.),
while in 11% of cases, no downturn adjustment was applied.

Margin of conservatism

When estimating risk parameters, institutions should identify any deficiencies that may
lead to a bias in their quantification. Institutions are required to address the identified
deficiencies via appropriate adjustments and MoCs, including a margin for statistical
uncertainty.®

Regarding the practices observed in TRIM, in around 50% of cases, institutions were
already applying an explicit MoC, while in around 40% of cases, institutions stated that
MoC was implicitly considered through conservative adjustments. For the remaining
cases, no MoC was considered. Regarding the cases with an explicit MoC, the
triggers were data and methodological deficiencies (74% of cases),
representativeness issues (80%) and general estimation error (80%).

Expected loss best estimate and LGD in-default

A variety of different practices were seen for calculating LGD in-default, including
using the sum of the expected loss best estimate (ELBE) plus an add-on, and “direct”
LGD in-default approaches using dedicated models.

Regarding the estimation of ELBE, in 21% of cases, there was no specific estimation
in place (i.e. the non-defaulted (downturn) LGD continued to be used when the
exposure was in default), and in 25% of cases, the ELBE estimate was based on or
equal to the credit risk adjustments. In the remaining 54% of cases, the ELBE was
instead evaluated using a dedicated model.

% See Article 179(1)(f) of the CRR.
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4.2.2

Investigations of models for retail
and SME portfolios generated
2,000 findings

Regarding the estimation of LGD in-default, in 29% of the investigations, there was no
specific estimation in place (i.e. the non-defaulted (downturn) LGD continued to be
used when the exposure was in default) and the exposure status was not reflected.
Regarding cases with a specific estimation of LGD in-default, in 33% of the
investigations, the LGD in-default was calculated as the sum of the ELBE plus an
add-on, while in 38% there was a “direct” LGD in-default approach.

Summary of findings

In total, 2,000 findings from the TRIM investigations relating to models for retail and
SME portfolios were included in the horizontal analysis (covering 85 investigations),
which includes additional findings identified as a result of consistency checks and
horizontal analyses conducted on the assessment reports delivered by the inspection
teams. In terms of severities attributed to these findings, approximately 24% and 46%
were classified as F1 and F2, respectively, while 25% and 5% of the findings were
classified as F3 and F4, respectively. Around 7% of the findings were not related to
any binding regulatory requirements; for example, they may have been raised only in
reference to draft technical standards or guidelines not already in force. The average
number of findings per investigation was 24, while the maximum was slightly over
50.%°

Figure 5 shows the distribution of findings per modelling area and by severity.

% Findings related to the reviews of general topics (see Section 4.1.1) and data quality (see

Section 4.2.2.3) should be considered in addition to these figures to the extent that they refer to the same
credit risk models.
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Figure 5

Overview of findings for credit risk models related to retail and SME portfolios
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Source: ECB supervisory information.
1) This column provides information on the frequency of occurrence of each topic in the TRIM assessment reports considered in this

analysis. One assessment report may include several findings within the same topic.

2) Owing to the scope of the portfolios under review in terms of reduced volume of off-balance sheet exposures, the CCF-related findings
are not considered representative for horizontal analysis.
3) “Overarching” includes investigations in connection with requests for material model changes which had a wider scope than regular

TRIM investigations.

Findings were raised across all of the in-scope risk parameters (PD, LGD and CCF) as
well as for overarching areas.

The most common findings from the TRIM investigations of credit risk models for retail
and SME portfolios are summarised below. As indicated in Section 4.2 owing to the

scope of the portfolios under review in terms of reduced volume of off-balance sheet
exposures, this section focuses on PD and LGD-related findings.
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42.2.1

Many of the findings related to PD
concern shortcomings in risk
differentiation

PD-related findings

Risk differentiation

In more than half of the models reviewed, findings were raised concerning low risk
differentiation of PD models owing to the low discriminatory power of the
scoring/ranking functions and/or as a result of inappropriate
homogeneity/heterogeneity of the grades. In a significant number of cases, these
findings were assigned a high severity (at least F3).

Findings were also frequently triggered by the inappropriate justification of modelling
assumptions and issues with the range of application of the models.

Grade assignment dynamics

Findings were mainly related to the lack of analysis of the grade assignment
dynamics, and its implications in terms of risk quantification and parameter estimation.

Calculation of one-year default rate
Findings were mainly related to:

e  shortcomings in the method used to compute the default rate (e.g. identification
of obligors or facilities not accounted for in the numerator, identification of
obligors or facilities not accounted for in the denominator, absence of analysis or
accounting related to the bias resulting from considering several credit facilities of
the same client, non-calculation of the one-year default rate for the subset of
obligors that did not have a rating at the start of the relevant observation period
but were in the range of application of the model);

o the lack of representativeness of the definition of default across time.

Long-run average default rate and calibration methodology

In around 40% of the models reviewed, findings were raised concerning the period
used to define the long-run average not being properly justified or appropriate. In a
significant number of cases, these findings had a high severity. Similar percentages
were observed for findings regarding the lack of, or inappropriate, justification of the
calibration methodology; for example, where the institution used weighting in the
calculation of the LRA DR.
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4.2.2.2

The calculation of realised LGD was
the topic that generated the most
findings

Margin of conservatism

Most of the findings concerned the inappropriate calculation of the level of
conservatism and the absence of a framework for the identification of deficiencies and
guantification of the respective MoC. In a significant number of cases, and for both
reasons, these findings had a high severity.

Framework for the review of estimates

A majority of findings related to an incomplete framework. In a significant number of
cases, these findings had a high severity.

LGD-related findings

Calculation of realised LGD

Issues regarding the calculation of realised LGD were identified in all of the
investigations. In particular, these findings related to the lack of the necessary
information to compute realised LGD, the definition of economic loss not being
comprehensive enough and the process of allocation of recoveries and costs leading
to bias in LGD estimates. In a significant number of cases, these findings were
assigned a high severity.

Risk differentiation

A majority of investigations identified deficiencies with regard to the risk drivers for
LGD models, in particular in relation to missing or irrelevant risk drivers. Poor risk
differentiation of the LGD models was an issue in almost half of the investigations,
owing to low discriminatory power of the scoring/ranking functions and/or
inappropriate homogeneity/heterogeneity of the grades.

Reference dataset completeness

Most findings related to missing information in the reference dataset®’ to estimate
LGD and exclusions from the reference dataset not being properly justified. In the
former case, findings were raised for around 40% of the investigations.

57 The reference dataset is the dataset provided by the institution to be tested by the assessment team

during the execution of the credit risk on-site investigations.
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Treatment of incomplete recovery processes

The main findings were related to non-consideration of incomplete cases in the LGD
estimation and the inadequate definition of the time-to-workout.

Long-run average LGD

The most significant findings were related to the use of a weighting other than
facility-weighted average and to the calibration methodology of the long-run average,
including lack of or inappropriate adjustments to ensure a representative long-run
average.

Downturn LGD

A majority of findings with regard to the downturn LGD related to the identification of
the relevant downturn conditions, including cases where the institution did not
characterise an economic downturn in terms of economic and credit indicators or
where the institution did not take into account a sufficiently long historical dataset of
such indicators. In around one-third of the models, issues with the quantification of the
downturn adjustment were identified (including cases where no downturn adjustment
was applied).

Margin of conservatism

Most of the findings on this topic concerned the inappropriate calculation of the level of
conservatism and the absence of a framework for the identification of deficiencies and
guantification of the respective MoC.

ELBE and LGD in-default

In around 20% of cases, findings were raised concerning the lack of dedicated ELBE
or LGD in-default models, while in around one-third of cases, findings were raised
owing to weaknesses in the modelling approach.

Framework for the review of estimates

A majority of findings in this sub-topic related to a lack of relevant analysis (affecting
almost half of the models); for example, the institution not performing the minimum
scope of tests expected or not having an appropriate set of metrics to test model
performance.
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4.2.2.3

Data quality reviews were an
important part of the credit risk
investigations, with enhanced focus
compared to previous internal model
reviews

There were more than 400 data
quality findings from the
investigation of models for retail and
SME portfolios

Data quality findings

Data quality reviews were a core part of the investigations of credit risk models for
retail and SME portfolios. Two different levels of investigation intensity were available
in the assessment of data quality, of which the higher intensity investigations (around
20% of investigations) allowed a deeper analysis and more proportionate assessment
during the data quality review.

In total, there were 445 data quality findings from the TRIM investigations related to
models for retail and SME portfolios that were included in the horizontal analysis (85
investigations). The average number of data quality findings per investigation was five,
while the maximum number of findings per investigation was 15. The findings
concerned 505 identified shortcomings.®® In terms of severities attributed to these
findings, approximately 21% and 56% were classified as F1 and F2, respectively,
while 22% and 1% of the findings were classified as F3 and F4, respectively.

Figure 6 shows the distribution of shortcomings per data quality topic and by severity.

Figure 6
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Source: ECB supervisory information.

As seen in Figure 6 findings for this topic can be categorised under the institution’s
technical implementation of the definition of default or in relation to data maintenance.
While findings were identified and recorded as part of TRIM, in general the
appropriateness of the definition of default and of its implementation was or will be
reviewed in the context of the implementation of the new definition of default pursuant
to the relevant EBA guidelines® and of the ECB Regulation related to the materiality
threshold ”°.

% As the individual data quality-related shortcomings were grouped differently across investigations, the

findings that capture several deficiencies have been disentangled with the aim of making them
comparable across on-site investigations. For example, a single finding in an assessment report may
capture shortcomings both in the technical implementation and in the controls in place, i.e. two
shortcomings.

8 gee EBA Guidelines on the application of the definition of default under Article 178 of Regulation (EU)

No 575/2013 (EBA/GL/2016/07).

See Regulation (EU) 2018/1845 of the European Central Bank of 21 November 2018 on the exercise of
the discretion under Article 178(2)(d) of Regulation (EU) No 575/2013 in relation to the threshold for
assessing the materiality of credit obligations past due (ECB/2018/26) (OJ L 299, 26.11.2018, p. 55).

70
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Many high severity shortcomings
were identified around data
management and data quality
processes

4.3

The 76 investigations on credit risk
models for LDPs covered models for
exposures to corporates — other,
corporates — specialised lending,
and institutions

Diverging practices with a potential
impact on RWA variability were
observed for many topics

Shortcomings around data management and data quality processes were identified in
almost all on-site investigations (92% of investigations), and were often of high
severity (41% of investigations having either an F3 or F4 finding on this topic).

Within data management and data quality processes, the most prominent
shortcomings across the different on-site investigations related to the current data
quality system, procedures and processes (76% of TRIM on-site investigations
presented shortcomings in this area). These included, for example, the use of metrics
for data quality monitoring and mechanisms for the identification, remediation and
follow-up of data quality issues. There were also widespread findings relating to the
control framework in place (62% of on-site investigations). Other shortcomings related
to weaknesses of the data quality framework (59% of on-site investigations) and
weaknesses in the allocation of roles and responsibilities relating to data
management, leading to a lack of accountability (59% of on-site investigations).

Credit risk — models for low-default portfolios

In total, 76 investigations were carried out on the selected credit risk models for LDPs,
covering 48 Sls (ranging from one to three investigations per Sl).

The credit risk models reviewed in this part of the project related to the following
exposure classes: corporates — other, corporates — specialised lending, and
institutions.”* Similar to the models for retail and SME portfolios, the selection of LDP
models for review was primarily based on an assessment of the materiality and
criticality of the model considered.

The review considered the risk parameters for internal credit risk models, namely the
PD, LGD and CCF. The detailed results presented in this section of the report focus on
the PD and LGD parameters, as these were the parameters most frequently assessed
in the LDP investigations. The TRIM investigations also included a review of data
management practices applied to the credit risk models under review, as well as an
assessment of the quality of current and historical data used for IRB modelling
purposes.

For many of the topics assessed, a number of diverging practices possibly leading to
unwarranted RWA variability were observed, as highlighted in the corresponding
findings and the key observations from the horizontal analysis. However, and as
mentioned in relation to the review of models for retail and SME portfolios, TRIM has
also enabled significant progress to be made towards a more consistent
understanding of regulatory requirements, with guidance being provided in the ECB
guide, which complements the EBA guidelines and RTS issued as part of the
regulatory review of the IRB approach. This common understanding will also facilitate
increased harmonisation of the implementation of regulatory requirements once

™ Asindicated in Section 3.2.3, the term “low-default portfolio” was used in TRIM for simplicity. Some

models assigned to the LDP category were not strictly LDP models, while others assigned to the “retail
and SME” category had the characteristics of LDP models.
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43.1

43.1.1

Just over 90% of models used a
discrete scale for PD estimation
(rather than a continuous direct
estimate of PD)

institutions have remediated the findings raised during the TRIM investigations. This,
in turn, will contribute to a reduction of the non-risk-based RWA variability.

Observations from the horizontal analysis of the LDP modelling landscape are
provided in Section 4.3.1, and details on the findings raised for these models are
provided in Section 4.3.2.

Modelling landscape and key observations from the horizontal
analysis

A horizontal analysis was performed based on information collected from the
assessment reports for the LDP investigations with the aim of understanding and
comparing the most relevant model features. The main observations from the
horizontal analysis are provided for PD parameters in Section 4.3.1.1 and for LGD
parameters in Section 4.3.1.2."

PD modelling landscape

General modelling approaches to the PD modelling

Regarding the granularity of the grade scale used, it was observed that in 92.5% of
cases a discrete scale was used to determine the final PD estimates. In the remaining
7.5% of cases, the models were based on continuous rating scales, where the PD
estimates result from a transformation function that converts the score into a direct
estimate of PD. This approach may include an additional calibration step in order to
achieve a calibration target, which potentially leads to adjustments of PDs.

The 92.5% of models that used a discrete rating scale can be divided further: in
approximately 36% of cases a model-specific rating scale was used (where the PD
estimates are specific to the rating system) and in 56% a master scale approach was
used (where the PD estimates are determined via a common rating scale for several
rating systems at the level of the institution).

"2 The number of assessment reports considered for each parameter differs, as not all institutions

developed their own LGD models. The horizontal analysis relating to the PD parameter was based on
information collected from 74 assessment reports covering 80 PD models and representing 75 of the 76
in-scope LDP investigations (one assessment report focused only on CCF and thus was not relevant for
the horizontal analysis of the PD parameter, while another report encompassed two investigations). The
horizontal analysis relating to LGD was based on 49 LDP investigations, covering 50 LGD models.
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Various approaches to risk
differentiation were observed,
including shadow rating modelling to
address the problem of data scarcity

Risk differentiation

Approaches used for risk differentiation

To differentiate the risk of obligors, some institutions used analytical risk differentiation
functions for ranking purposes, whereas others relied more extensively on an
expert-based differentiation process. A number of approaches were observed in the
horizontal analysis.

° In 27% of cases institutions had developed a risk differentiation function that
considered the default event as the target variable.

e  Ashadow rating modelling approach was used in 26% of cases. This approach
aims to identify the main factors that explain external ratings provided by an
external credit assessment institution or similar organisation, rather than
predicting directly observed defaults.

° In 23% of cases an internal rating (e.g. computed by means of expert judgement)
was used as the target variable of the risk differentiation function.

° For the remaining cases, there were a number of different approaches, the most
common of which was to use risk differentiation functions based entirely on
expert judgement (16% of cases). Other observed approaches include the use of
extended definitions of default (institutions adopting a wider internal definition of
default for the purpose of developing the risk differentiation function),
expert-based rating assignment processes, and models simulating defaults.

Selection of risk drivers to be considered in the model

A wide variety of risk drivers were observed in relation to ranking obligors. The
horizontal analysis showed that qualitative and financial information was commonly
considered in the models for the three exposure classes considered in LDPs (typically
in over 80% of cases), while geographical information and external risk assessments
were less commonly used.

Homogeneity and heterogeneity analyses

In the context of LDPs it was observed that institutions had not performed
homogeneity/heterogeneity analyses. Also, it was difficult to obtain meaningful results
from classical statistical analyses owing to the scarcity of data underlying the portfolios
under investigation. Nonetheless, the horizontal analysis indicated cases where
institutions should more properly justify the number of grades used, in particular where
some grades are sparsely populated. These issues are due to the combination of a
high number of grades and a low number of obligors/ defaults, which makes it very
difficult to demonstrate that the PD scales enable an appropriate risk differentiation.
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In over 90% of cases institutions
used third party ratings in the rating
assignment process

Grade assignment dynamics

The focus of the horizontal analysis of grade assignment dynamics was to understand
the institutions’ practices with regard to (i) the time horizon considered when assigning
obligors to grades or pools, and (ii) the effect that the grade assignment dynamics can
have on PD quantification, the monitoring of risk (via discriminatory power and
predictive ability analysis) and the volatility of capital requirements.

In relation to the time horizon, and in line with the ECB guide, the assignment process
should adequately anticipate and reflect risk over a time horizon longer than one year
and take into account plausible changes in economic conditions. However the
horizontal analysis showed that in 41% of cases institutions adopted a time horizon of
one year and in 24% of cases institutions did not explicitly define a time horizon. In the
remaining 35% of cases a time horizon greater than one year was used.

Regarding the relationship between the grade assignment dynamics and the chosen
method for the PD risk quantification, only 39% of institutions validated the adequacy
of the PD quantification method by explicitly considering the underlying grade
assignment dynamics. Finally, only in a very small number of cases could a specific
assessment of the impacts of the grade assignment dynamics on the actual dynamics
and volatility of capital requirements be observed.

Use of ratings of third parties

In 92% of cases institutions used the ratings of third parties in the rating assignment
process. Of these:

e  46% used a bottom-up approach where a standalone rating of the obligor is
determined first before the effect of the third-party’s rating is introduced;

. 9% employed a top-down approach where the strength of the influence/support
of the third party is considered at the beginning of the rating assignment process;

e the remaining 45% used a mixed approach where the evaluation of the strength
of the relationship between the obligor and the third party can lead to the rating of
the third party to being directly assigned to the obligor, without calculating the
initial rating assigned to the obligor.

It is worth highlighting that, in contrast to the bottom-up approach, in top-down and
mixed approaches there is no evaluation of the obligor’s riskiness at the start of the
rating assignment process (i.e. an initial standalone rating is not assigned to the
obligor before the effect of the third party’s rating is introduced). Irrespective of the
approach chosen, institutions are expected to provide proper justifications
demonstrating that all the risk characteristics of the obligor have been properly taken
into account in the final rating.

A variety of practices was observed when analysing the main elements used to define
the strength of the support relationship between a third party (either private or public)
and an obligor, such as the existence of guarantees or the third party’s strategic
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The horizontal analysis of overrides
indicated a number of areas for
improvement

importance to the group. In over three-quarters of cases intensity scales were used as
instruments to determine the strength of the link between a third party and an obligor.
In all the cases where procedures for evaluating the support relationship between third
party and obligor were in place (e.g. a questionnaire), it was observed that these
procedures mainly relied on expert judgement and not on data-driven processes.

Treatment of joint credit obligations

The horizontal analysis highlighted diverging practices for situations where an
institution has a single exposure to several entities. In particular there was a lack of
clarity about the difference between the treatment of joint obligors and the treatment of
groups of connected clients. In addition, deficiencies were identified in the treatment of
joint obligors in the calculation of realised default rates. This resulted in the
development of a common ECB understanding”® on this topic. In particular,
institutions should consider a joint credit obligation as an exposure to two or more
entities that are equally responsible for the repayment of the credit obligation. This
notion does not extend to a credit obligation of an individual obligor secured by
another individual or entity in the form of a guarantee or other credit protection. The
group of entities jointly obliged on a certain exposure may be indicated as one single
joint obligor. In accordance with Article 178(1) of the CRR, a default shall be
considered to have occurred with regard to a particular obligor when either or both of
the conditions included in that provision have taken place. It is the ECB’s
understanding that to comply with Article 178(1) of the CRR, and considering

Articles 4(1)(78) and 180(1) of the CRR, whenever the definition of default is applied at
obligor level, a joint obligor should be considered as a separate obligor and the default
on a joint credit obligation should be counted separately from the default of individual
obligors. Therefore, each obligor”* must be counted separately in the calculation of
the one-year default rate, for both estimation and validation purposes.

Overrides analysis

Overrides of model outputs were typically (in 97% of cases) applied at the final step of
the rating assignment process to derive the final rating. Additionally, overrides of an
intermediate rating (e.g. financial score) were also observed in 5% of the
methodologies analysed.

The horizontal analysis of overrides indicated a number of areas for

improvement. 35% of institutions did not have a dedicated framework for monitoring
overrides. 53% of institutions did not define a maximum acceptable rate of overrides,
and a similar proportion had not defined a limited scale of non-conservative overrides.
Finally, 32% of institutions did not monitor the performance of the model before and
after overrides.

™ The ECB's understanding of the treatment of joint credit obligations for exposures other than retail could

be further developed in line with future regulatory developments.

™ Intended as either individually or jointly (and severally) exposed to an institution.
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A shortage of internal data was one
of the reasons identified for using
external information for the
calculation of the long-run average
default rate

Risk quantification

Approaches used for risk quantification

For the purposes of horizontal analysis, the PD models can be classified according to
the type of data used: internal, external or pooled. It was observed that in 31% of
cases only internal data were used for risk quantification purposes, in 29% of cases
only external data were used, in 16% of cases a combination of internal and external
data were used, in 10% of cases pooled data were used, and in the remaining cases
an expert-based approach was applied (without observing default rates).

In the instances where external or pooled data were used for risk quantification, it was
noted that in 57% of cases there was either no analysis of the representativeness of
external/pooled data or the analyses conducted were incomplete or insufficient to
draw any reliable conclusions on the representativeness of the data used. In addition,
only 50% of institutions performed an assessment of the consistency of the definition
of default applied to the external or pooled data with their internal definition of default.

Period used for the calculation of the long-run average default rate

A number of practices were observed with respect to the periods used by institutions to
define the likely range of variability of one-year default rates. In the context of LDP
models, the period considered as representative of the likely range of variability of
one-year default rates was in many cases constrained by data availability and the
representativeness of data. A significant number of institutions were able to use data
from the mid-2000s, likely corresponding to the beginning of data storage under the
Basel Il standards. For the models related to portfolios with very few defaults (typically
exposures to institutions or very large corporates), the most common practice was to
use all available external data at the time of the calibration without conducting any
further analysis. In addition, it was detected that there were several models that had
not been recalibrated after the financial crisis of 2008-09; the lack of model
recalibration for such an extended period of time could be considered questionable
unless this was justified by proper validation of the estimates.

Margin of conservatism

In around 23% of cases institutions applied an explicit MoC to their PD estimates at
grade or portfolio/calibration level, while in around 57% of cases institutions stated that
an MoC was implicitly considered through conservative assumptions. For the
remaining cases, ho MoC was considered.

Where an explicit MoC was considered, in 82% of cases it was applied to account for
data and methodological deficiencies, in 24% of cases to account for
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4.3.1.2

74% of the LGD models used a
component-based approach,
typically based on the split of the
exposure between secured and
unsecured

Around 40% of models used a
discrete scale for LGD estimation

representativeness uncertainty and in 82% of cases to account for general estimation
error, in line with the EBA Guidelines on PD and LGD estimation™.

LGD modelling landscape

General modelling approaches to the LGD modelling

Component-based models

With regard to the structure of the LGD models, 74% of the models estimated LGD
using a component-based approach. Of these, the majority (70%) used an approach
based on the split of the exposure between secured and unsecured components.

Continuous versus discrete approaches

Depending on (i) the granularity of the grade scale used (continuous or discrete) and
(ii) how the LGD estimates are calibrated (based on the long-run average at
calibration segment level or at grade level), different model types were observed.

In approximately 62% of cases, the LGD estimates result from a continuous scale,
either estimated directly or calculated as the aggregation of several components
(direct, continuous LGD).

In the remaining 38% of cases a discrete scale was used. This can be divided further:
in 18% of cases the aggregation of several components resulted in a discrete scale
(LGD direct discrete), and in 20% of cases the LGD estimates resulted from the
long-run average calculated at grade level (grade-based estimation).

Calculation of realised LGD

As part of the horizontal analysis a distinction was made between institutions that
estimated LGD based on calculated realised LGD and those which used realised LGD
for back-testing or validation purposes only. In over half of the investigations (54%) it
was reported that LGD estimation was not based on realised LGD, although in the
majority of these cases (67%), realised losses were calculated for back-testing
purposes. In the context of the LDP models reviewed it should be noted that 63% of
the models, for which realised LGD was not calculated for estimation purposes, are
expected to be decommissioned in the light of the implementation of the Basel IlI
framework through the amendments to the CRR.

S EBA Guidelines on PD estimation, LGD estimation and the treatment of defaulted exposures

(EBA/GL/2017/16).
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Awide variety of practices were
observed in relation to the
discounting of cash flows

Recovery flows

In a majority of cases (65%), institutions were able to directly identify cash flows
without a calculation/estimation step. In 13% of cases an implicit calculation was used
where recovery flows were based on the difference between exposure values at two
dates. The remaining cases (22%) employed a mixed approach where, for example,
the recovery cash flows were directly identifiable for one component but were
computed based on the difference in EAD for other components.

Discounting of cash flows

A wide variety of practices were observed in the discounting of cash flows. Only 4% of
the models considered a discount rate in line with EBA Guidelines on PD and LGD
estimation. Other models used different rate types (e.g. contractual rate or fixed rate),
other proxies (e.g. local cost of equity in the year of default) or featured no discounting
of cash flows.

Treatment of multiple defaults

In 45% of the models there was no treatment of multiple defaults. Of the remaining
models, only 32% applied a methodology aligned with the EBA Guidelines on PD and
LGD estimation (where the time between defaults is counted from the return to normal
of the first default).

Additional drawings

Own estimates of conversion factors are required to reflect the possibility of additional
drawings after default. In this regard, only 26% of models for which realised LGD was
computed for estimation purposes took additional drawings into account both in the
numerator and denominator of realised LGD and in the calculation of realised CCF. A
further 9% of models included additional drawings both in the numerator and the
denominator of realised LGD but not in realised CCF.

Risk differentiation

Over 60% of LGD models used obligor characteristics (including geography or
industry sector). Collateral type was commonly used as a risk driver, both in the
assignment to grades or pools and as a sub-component within existing secured
components, when the type of collateral determined the haircut value to be applied.
Other types of information, such as internal behavioural information or financial
information, were less frequently used.
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Around 30% of models did not have
a treatment for incomplete recovery
processes.

Treatment of incomplete recovery processes

Time-to-workout

A time-to-workout was defined only in around one-third of the models for which an LRA
for estimation purposes was calculated. 26% of models calculated it based on
analysis of cumulative recovery rates and the remaining 9% defined it using an
expert-based approach. Where a time-to-workout had been defined, the most
common period used was between four and ten years.

Treatment of incomplete recoveries

Overall, around 30% of models did not have a treatment for incomplete recovery
processes. 13% of the corporate models reviewed exhibited a treatment of
incompletes that did not include the estimation of future recoveries. Regarding models
for the institutions exposure class, it was observed that no institution inferred future
cash flows based on observed recoveries.

Long-run average LGD

Level of calculation

Overall, in 54% of the models the LRA LGD was not calculated for calibration
purposes. This included cases where an LRA LGD was calculated only for the review
of estimates. For around 20% of models, the LRA LGD was calculated only at the level
of each component, without aggregation to facility level LGD estimates. In general, in
21% of models related to exposures to institutions, a long-run average was calculated
at either portfolio or grade level, compared with 29% for corporate models.

Observation period used for the LRA LGD

Regarding the time period used for the calculation of the LRA LGD, the main pattern
observed was that 2008-09 was included in all but one model. Differences could,
however, be observed per exposure class, as models for corporates tended to
consider shorter time frames than models for institutions. This appeared to be
motivated by the lower number of internal defaults for institutions portfolios, leading to
a greater reliance on data from external providers, the datasets of which often covered
the early 1990s as well as more recent years.
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Approximately 70% of LGD models
had an explicitly defined downturn
period (which typically included the
year 2008 or 2009).

In most cases (60%), both ELBE
and LGD in-default were being
assigned to defaulted exposures

Weighting approach

It was observed that in a large majority of cases (82%), institutions used the default
weighted average in the LRA LGD computation, while the remaining institutions used
an inappropriate weighting approach.

Downturn adjustment

Approximately 70% of LGD models defined an explicit downturn period. Of these
cases, slightly over 80% included the years 2008 or 2009 within this period. In terms of
identification of the downturn period, GDP was the most commonly considered
macroeconomic factor.

Regarding the types of downturn adjustment, the horizontal analysis provided the
following observations:

° in 45% of cases the institution identified a downturn period and used observed
values (normally the realised LGD or components of the LGD) in order to derive
the downturn adjustment;

° in 18% of cases the downturn adjustment was based on a statistical approach
(e.g. impact simulation, confidence interval);

° in 8% of cases the downturn adjustment was based on stressed values for
components of the LGD;

° in 29% of cases no downturn adjustment was applied (for example when
institutions considered that all the internal data were generated in a downturn
period, or cases where institutions considered that there was no impact from an
economic downturn).

ELBE and LGD in-default

Of the investigations which included models for defaulted assets in their scope it was
observed that in most cases (60%) both ELBE and LGD in-default were being
assigned to defaulted exposures. In 13% of cases only ELBE was being calculated
and in 5% of cases only an LGD in-default was being calculated. In the remainder
(22%), neither an ELBE nor an LGD in-default value existed.

With regard to ELBE, in 29% of cases there was a dedicated model in place, while in
44% of cases ELBE was set as equal to the specific credit risk adjustments for the
exposure. Of the cases where a dedicated model was in place, 62% based their
expected loss estimation on the LGD performing model. Of the cases with a
standalone model, the majority used empirical evidence based on internal data in the
ELBE estimation.

With regard to LGD in-default, there was a dedicated model in place in only 20% of
cases. A more common approach (44% of cases) was to rely on a pre-existing ELBE
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4.3.2

In total, there were around
1,700 findings raised in relation to
models for LDPs

and directly estimate the unexpected loss (i.e. the difference between LGD in-default
and ELBE) through the calculation of add-ons. Of the models with an LGD in-default
calculation, 48% considered a specific downturn component, 38% considered a
component for unexpected losses, and 21% included an explicit MoC component.

Margin of conservatism

In 35% of cases the approach used by the institution to account for uncertainty of the
estimation was based on conservative assumptions, while in 43% of cases an MoC
was applied explicitly at grade or portfolio/calibration level. For 22% of the cases,
neither an MoC nor conservative assumptions were considered.

Of the cases where an explicit MoC was considered, in 71% a MoC was applied to
account for data and methodological deficiencies, in 14% a MoC accounted for
representativeness uncertainty and in 81% of cases it accounted for the general
estimation error.

Summary of findings

In total, there were around 1,700 findings from the TRIM investigations relating to
models for LDPs, based on the 75 assessment reports that were considered for the
horizontal analysis.”® This includes additional findings identified as a result of
consistency checks and horizontal analyses conducted by the centre of competence
on the assessment reports delivered by the inspection teams. These analyses led to
additional standalone findings (included in the total number of findings mentioned
above) and additional observations, which have been integrated into findings already
raised by the inspection teams. In terms of severities of these findings, approximately
14% and 48% were classified as F1 and F2, respectively, while 30% and 8% of the
findings were classified as F3 and F4, respectively.

Around 2.4% of the findings included in the supervisory decisions were not related to
any binding regulatory requirements; for example, they may have been raised only in
reference to draft technical standards or guidelines not already in force.

The average number of findings per investigation was 22, while the maximum was 48.
Figure 7 shows the distribution of findings per modelling area and by severity.

"8 As noted at the start of this section, 76 investigations formed the scope of the review of LDP models.

However, the outcomes of two investigations at the same institution were combined into one assessment
report, so there was a total of 75 assessment reports in the scope of this horizontal analysis.
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Figure 7
Overview of findings for credit risk models related to LDPs
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Many of the findings related to PD
concern shortcomings in the rating
assignment process and the
improper use of overrides
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Source: ECB supervisory information.

1) This covers findings relating to other horizontal topics (e.g. topics related to internal audit, governance or internal validation).

2) This column provides information on the frequency of occurrence of each topic in the TRIM assessment reports considered in this
analysis. One assessment report may include several findings within the same topic.

Findings were raised across all of the in-scope risk parameters (PD, LGD and CCF) as
well as for overarching areas. The most common findings for the PD and LGD
parameters are summarised below.

PD-related findings

Rating assignment process

Findings were raised concerning flaws in the rating assignment process and
inconsistent application of the assignment process, for example owing to imprecise or
undocumented procedures. In addition, a significant number of findings were raised in
relation to the improper use of overrides, including missing or inappropriate
monitoring, and to flaws in the treatment of ratings of third parties and the use of
human judgement.

Risk differentiation

A significant number of findings were raised in relation to the selection of risk drivers,
including instances where not all relevant risk drivers were assessed or errors were
identified in the construction of the risk drivers. In some cases modelling assumptions
were not properly justified or there were errors in the implementation of the
methodology. Additionally, multiple findings were raised in relation to the
homogeneity/heterogeneity of obligors or exposures.

Targeted Review of Internal Models — Observations and findings 61



Many findings were raised in relation
to the framework for the review of
estimates, including cases where
relevant analyses were missing or
not prescribed

Grade assignment dynamics

Findings were mainly related to the lack of analysis of the grade assignment
dynamics, and its implications in terms of risk quantification and parameter estimation.

Calculation of one-year default rate

Findings were raised in relation to the incorrect calculation of one-year default rates,
including, for example, incorrect definition of the denominator, unjustified exclusions
from the one-year default rate calculation and cases where there was an inappropriate
treatment of multiple defaults.

Long-run average default rate and calibration methodology

Shortcomings were observed in relation to the calculation of the long-run average
default rate (e.g. missing analysis on the use of overlapping/non-overlapping time
windows, or unwarranted weighting schemes) and in relation to the appropriateness of
the period covering the likely range of variability of default rates.

In relation to the calibration methodology, the most frequent type of finding related to
calibration assumptions that were not properly justified and deficiencies in the
calibration analyses. In both cases a number of high-severity findings were raised.

Moreover, there was a broad lack of compliance with representativeness
requirements, particularly in relation to the use of external data for PD quantification
purposes.

Margin of conservatism

A number of findings were raised in relation to the lack of robust processes for
identifying deficiencies that should be accounted for in the MoC or the lack of
processes to quantify the impact of such deficiencies. More generally, several findings
were raised concerning the absence of an appropriate MoC framework.

Framework for the review of estimates
The most common areas with findings included:

° cases where the framework for the review of estimates did not prescribe any
predictive ability/back-testing/homogeneity/heterogeneity analysis, or were
missing other relevant analyses, for example in relation to data scarcity;

° cases where a regular cycle for the full review of the rating systems had not been
defined or implemented, or cases where all the relevant tests had not been
performed within this cycle;
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4.3.2.2

A number of findings were raised in
relation to the calculation of realised
LGD, including cases where
recovery flows were not
appropriately allocated

. lack of thresholds or targets intended to trigger appropriate remedial actions, and
the framework not including processes for remediation plans, timelines and
responsibilities in the event of adverse validation results.

Documentation and other topics

Findings were raised when the documentation on a topic was incomplete or missing.
Of the other (miscellaneous) topics assessed in these TRIM investigations, the areas
with the most shortcomings concerned the robustness of the validation function’” and
the range of application of the model not being appropriately defined and/or respected
in practice.

LGD-related findings

Calculation of realised LGD
Findings mainly related to:

° deficiencies in the treatment of recovery flows and costs, such as the institution
not developing an appropriate methodology for the allocation of recovery flows to
individual defaulted exposures, or cases where the realised LGD was not based
on economic loss or did not include material discounting effects;

. discount rates not being applied, or an inappropriate rate being used;

. inappropriate treatment of multiple defaults, for example not defining an
appropriate period of time between the return of the exposure to non-defaulted
status and the subsequent classification as defaulted when determining whether
the exposure should be treated as having been constantly defaulted.

Risk differentiation

Just over half of the investigations identified deficiencies with regard to the risk drivers
for LGD models, such as missing or irrelevant risk drivers. Also, there were often
shortcomings related to improper justification of modelling assumptions.

Reference dataset completeness

Findings were raised with regard to data exclusions not being adequately justified and
cases where the institution did not include in the reference dataset all the information
needed to estimate the LGD.

" This includes issues relating to the independence of the validation function, its effectiveness in identifying

weaknesses in the model, and the completeness of the validation report.
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Just under half of the investigations
identified shortcomings in relation to
the representativeness of the
calibration sample

Treatment of incomplete recovery processes

In 20% of investigations, findings were raised in relation to the non-consideration of
incomplete recovery processes in the LRA calculation. In around 60% of
investigations, a finding was raised in relation to the estimation of future recoveries, for
example where the institution did not analyse the recovery patterns observed on both
closed and incomplete recovery processes. Findings were also raised when
institutions did not clearly specify a time-to-workout concept.

Long-run average LGD

Just under half of the investigations identified shortcomings in relation to
representativeness, where the calibration sample was not representative of the
application portfolio or the institution’s processes did not specify any such
representativeness analysis. Also common were issues relating to predictive ability
and cases where the LGD estimation was not based on realised LGD.

Downturn LGD

Findings were raised across a number of areas, including weaknesses in the
guantification of the downturn impact, the identification of the downturn period and
insufficient consideration of macroeconomic and credit indicators. Additionally, in
some cases institutions did not characterise an economic downturn adjustment in
terms of observed losses.

Margin of conservatism

Most of the findings on this topic concerned the lack of a MoC framework or the
absence of robust processes for identifying and quantifying deficiencies which should
be accounted for in the MoC.

ELBE and LGD in-default

Issues included institutions not having ELBE or LGD in-default estimates, a lack of
justification for assumptions in the estimation, and institutions not having clear
documentation on the breakdown of ELBE and LGD in-default or the breakdown of the
unexpected loss add-on component, when used.

Framework the for review of estimates

The areas with the most findings were similar to those noted above for PD, namely the
framework for the review of estimates not prescribing any predictive
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4.3.2.3

There were more than 300 data
quality findings from 75 on-site
investigations of models for LDPs

ability/back-testing/homogeneity/heterogeneity analyses, or where a regular cycle for
full review of the rating systems was not defined or implemented.

Documentation and other topics

In around 40% of cases, documentation was either incomplete or missing, particularly
in relation to the calculation of realised LGD and of LRA LGD. Other findings related to
the robustness of the validation function and the range of application of the LGD model
not being appropriately defined and/or respected in practice.

Data quality findings

In the same way as for investigations of models for retail and SME portfolios, data
guality reviews were a core part of the on-site investigations of credit risk models for
LDPs. These reviews included a qualitative review of the IT infrastructure and data
management practices applied to the specific rating systems under investigation, a
technical assessment of the quality of PD and LGD historical data used in the rating
systems, and a review of the input data used for the purpose of the application of the
PD model, focusing on rating computation.

In total there were 321 data quality findings from the TRIM investigations related to
models for LDP. The average number of data quality findings per investigation was
four, while the maximum number of findings per investigation was 13. The findings
correspond to 387 identified shortcomings. 78 Interms of severities attributed to these
findings, approximately 16% and 46% were classified as F1 and F2, respectively,
while 31% and 7% of the findings were classified as F3 and F4, respectively.

Figure 8 shows the distribution of shortcomings per data quality topic and by severity.
Similar to the data quality review of models for retail and SME portfolios, the findings
for LDP models were either categorised under the institution’s technical
implementation of the definition of default or in relation to data maintenance.

" The distinction between shortcomings and findings is the same as under the data quality review of

models for retail and SME portfolios. See Footnote 68.
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The most widespread issues related
to data management and data
quality processes

Almost three-quarters of on-site
investigations presented issues in
the IT infrastructure supporting the
models and the outcomes of the
TRIM technical tests

Figure 8
Overview of data quality shortcomings
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Source: ECB supervisory information.

Shortcomings around data management and data quality processes were the most
widespread issues, being raised in 85% of on-site investigations and representing
101 shortcomings (31% of total shortcomings). This topic also received the greatest
proportion (40%) of F3 or F4 findings. "

Within data management and data quality processes, the most prominent
shortcomings across the investigations related to the control framework (77% of
investigations presented shortcomings in this area). These included the insufficiency
or lack of controls on relevant data elements of the model(s) under investigation and
the inability of institutions to prove the quality of data used for the model(s) under
review. Other shortcomings related to the data quality systems, procedures and
processes in place (56% of investigations), including issues related to the coverage of
the models in scope of the investigations, the relevant IRB data supporting the
model(s) or material elements of the IRB data cycle.

Figure 8 also shows a significant number of issues related to IT infrastructure and the
outcomes of TRIM technical tests; issues in these areas affected close to
three-quarters of investigations (73% and 72%, respectively).

Within IT infrastructure, the most prominent shortcomings across the investigations
related to IT systems and databases, transformation and aggregation processes (61%
of investigations presented shortcomings in this area, with 60 shortcomings in total).
These shortcomings included weaknesses in the IT infrastructure documentation and
issues regarding the soundness, safety and security of the systems/databases.

As part of the data quality review additional information was collected on the set-up of
the IT infrastructure supporting the models under review. This covered the
configuration of the IT set-up, both in terms of degree of centralisation and integration
and in terms of the level