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Executive Summary

➢ The report present the results of the 2021 supervisory
benchmarking exercise according to the article 78 of the 
Capital Requirement Directive (CRD) and the related regulatory 
and implementing technical standards (RTS) and (ITS) that 
define the scope, procedures and portfolios for benchmarking 
internal models for market risk (MR)

➢ The report summarizes the conclusions drawn from a 
hypothetical portfolio exercise (HPE) conducted by the EBA
during the 2020/2021

➢ The primary objective is to assess the level of variability
observed in risk-weighted assets (RWA) for market risk produced 
by banks’ internal models

➢ The results show a reduction in the dispersion of the IMV (Initial 
Market Valuation). In general, variability is substantially higher 
than in the previous exercise. This is likely to be due to a 
substantial increase in market volatility, which impacted the 
level of the risk measures, increasing the dispersion.

➢ Overall, the variability for VaR is lower than the variability for 
sVaR and IRC while ES shows a dispersion similar to that found 
for VaR

➢ A comparison of the ratio between sVaR and VaR shows a 
decrease due to the substantial increase in VaR figures
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Introduction and Legal Background

5

The primary objective is to assess the level of variability observed in RWA for market risk produced by bank’s internal

models to highlight divergences among banks or areas in which internal approaches might have the potential to

underestimate their own funds requirements

The exercise was performed on a sample of 40 EU banks from 13 jurisdictions which submitted data for 73 instruments

recombined into 63 benchmark portfolios across all major classes, i.e. (IR,EQ,FX,CO,CS,CTP). The assessed market risk (MR)

results when applicable, are VaR, sVaR, IRC, ES figures for specific and aggregated trades. A preliminary initial market

valuation (IMV) assessment was performed to ensure uniform assumptions of the banks entering the hypothetical trades

The analytical part of the exercise delivered by EBA provided to the CAs a list of outliers to be examined in detail. The

banks with the most significant number of outliers were considered for interviews to discuss the assumptions behind

banks’ models that produced the outliers. Moreover, CAs were asked to provide the EBA with responses to a

questionnaire on the actions they plan to take regard to each participating bank’s internal model

In order to ensure consistency in the calculation of risk-weighted assets (RWA) for equivalent portfolios, the Capital Requirements

Regulation (CRR) and the Capital Requirement Directive (CRD) include a number of mandates for the EBA to deliver technical

standards, guidelines and reports with the aim of reducing uncertainty and differences in the calculation of capital requirements.

Article 78 of the CRD requires the EBA to produce a benchmarking study on both credit and market risk to assists Competent Authority's

(CAs) in the assessment of internal models
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Definition of the Market Risk Hypothetical Portfolios

Market Risk and Benchmarking Framework 1/4

1 Definition of the 
market risk HPE

3 Data analysis 

The exercise includes 73 instruments recombined into 59 general portfolios (53 individual and 6 

aggregated) capitalized under the VaR ,sVaR and IRC models comprising mainly plain vanilla 

and some complex products in all major asset classes

The EBA also designed aggregated portfolios, obtained by combining the individual ones, to 

consider diversification effects. Each aggregated portfolio has a particular composition: the 

first encompasses all asset classes, the second is made up of only EQ portfolios, the third is 

made up of only IR portfolios, the fourth is made up of only FX portfolios, the fifth is made up of 

only CO portfolios an the sixth is made up of only CS portfolios

In addition, the set of portfolios includes two instruments and four portfolios (three aggregated 

and one aggregated) used for correlation trading activities , capitalized under the VaR and 

sVaR models. These portfolios contain positions in index tranches referencing the iTraxx Europe 

index on-the-run series

7

The MR benchmarking exercise is carried out by following three main steps. First, the EBA defines the hypothetical instruments and

portfolios, which are the same for all banks, in order to achieve a homogeneous and comparable outcome across the sample.

Second, banks are asked to submit the data accordingly. Third, the EBA processes and analyses the data, providing feedback to CAs

2
Data collection 
process
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Data Collection Process

Market Risk and Benchmarking Framework 2/4

1
Definition of the 
market risk HPE

3 Data analysis 

8

The MR benchmarking exercise is carried out by following three main steps. First, the EBA defines the hypothetical instruments
and portfolios, which are the same for all banks, in order to achieve a homogeneous and comparable outcome across the
sample. Second, banks are asked to submit the data accordingly. Third, the EBA processes and analyses the data, providing
feedback to CAs

2
Data collection 
process

IMV

Risk 

Measures

Data 

quality 

issues

The reference date for IMV was 24 September 2020, 5.30 p.m. CET. Banks entered all

positions on 17 September 2020 (‘reset or booking date’), and, once positions had been

entered, each instrument aged for the duration of the exercise. The banks did not take any

action to manage the instruments during the exercise period. The IMV figure to be reported

by the banks for each hypothetical instrument was defined as the mark to market of the

instrument on the booking date plus the profit and loss from the booking until the valuation

date and time

Banks were required to calculate the risks of the positions without taking into account the

funding costs associated with the portfolios and exclude CCR when valuing the risks of the

portfolios. Moreover, banks were required to calculate the regulatory 10-day 9

The data collection process aims to ensure the reliability and validity of the data obtained.

EBA carried out with CAs a preliminary IMV analysis to spot anomalies or misunderstandings

regarding the interpretation of each portfolio and instruments. Data quality for the 2021

exercise has been fairly good, however reporting errors might still occur in future exercises
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Data Analysis 1/2

Market Risk and Benchmarking Framework 3/4

9

The MR benchmarking exercise is carried out by following three main steps. First, the EBA defines the hypothetical instruments and portfolios, which

are the same for all banks, in order to achieve a homogeneous and comparable outcome across the sample. Second, banks are asked to submit

the data accordingly. Third, the EBA processes and analyses the data, providing feedback to CAs

MODELLING
CHOICES

➢ Lookback period when 

modelling the VaR longer 

than the minimum

➢ Weighting scheme for the 

data series

➢ Calculation of the 10-day 

VaR directly or obtain a 1-

day VaR and rescale it

➢ Several choices of the 

probability of default when 

modelling IRC

NOT ENVISAGED

MODELLING CHOICES

➢ Simulation engines

➢ Pricing model assumptions

➢ Modelling of returns, volatility, 

correlations and other 

indirect parameter estimates

➢ Additional risk factors 

considered in the models

➢ Different approaches to P&L 

computation and attribution

➢ Stochastic framework for the 

simulated shocks

SUPERVISORY 

PRACTICES

➢ Regulatory add-ons in the 

form of both VaR and sVaR

multipliers and additional 

capital charges

➢ Application of limits to the 
diversification benefits 

applied by banks

The benchmarking exercise aims to assess the variability in bank’s MR models and to identify the drivers that account 

for it. Variability in banks can come from three types of drivers:

1 Definition of the 
market risk HPE

3 Data analysis 

2
Data 
collection 
process
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10

EBA also performs an ‘extreme value’ analysis to exclude values for which the 
IMV and risk measures lie outside a certain range. The communication to the CAs 
of the significant outliers to be examined, increased the overall quality of the 
benchmark data providing more consistent metrics with respect the previous 
exercises. The dispersion is summarized by the CV** and the IQD** coefficient 
which is more robust than the CV for data derived from fat-tailed distributions

Outlier analysis

Risk and 

stressed 

measures 

assessment

**abs Τ𝑄75𝑡ℎ − 𝑄25𝑡ℎ 𝑄75𝑡ℎ + 𝑄25𝑡ℎ
**abs Τ𝑆𝑡𝐷 𝑀𝑒𝑎𝑛

*𝑉𝑎𝑅99%
10𝑑𝑎𝑦

= 10 ∗ 𝑉𝑎𝑅99%
1𝑑𝑎𝑦

** 𝐸𝑆97.5%
10𝑑𝑎𝑦

= 10 ∗ 𝐸𝑆97.5%
1𝑑𝑎𝑦

= 10
1

𝑛
σ𝑖=1
𝑛 𝑃&𝐿𝑡𝑖

The MR benchmarking exercise is carried out by following three main steps. First, the EBA defines the hypothetical instruments
and portfolios, which are the same for all banks, in order to achieve a homogeneous and comparable outcome across the
sample. Second, banks are asked to submit the data accordingly. Third, the EBA processes and analyses the data, providing
feedback to CAs

For VaR and sVaR, variability was assessed by averaging the banks’ reported VaR
and sVaR over a 2-week period (weekly or daily observations). In addition, EBA 
produced a P&L VaR* measure, the ratio between the P&L VaR, the regulatory 
VaR, and the ES** measure. Finally, CAs were asked to complete a questionnaire 
about the takeaways from this benchmarking analysis and the actions they plan 
to take to overcome potential weaknesses in the banks’ MR models

Market Risk and Benchmarking Framework 4/4

1 Definition of the 
market risk HPE

3 Data analysis 

2
Data 
collection 
process
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Initial Market Valuation - IMV

Overview of the Results 1/9

12

1

2

IMV

1

3

2

4

The results show a 
reduction in the 

dispersion of the IMV.  
This was expected and 

reflects the 
clarifications provided 
in the 2020 exercise. 

In general, the 
valuation used 

therefore is robust, 
albeit with significant 
effort needed to be 
expanded on data 

quality. 

Quality of the data has 
improved. 

Nonetheless, some 
types of errors persist 
and are sometimes 

trivial. 

Most of the significant 
dispersions have been 
examined and justified
by the banks and CAs. 
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Risk Factors

Overview of the Results 2/9
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From a risk factor perspective:

➢ Equity, Interest Rate and CO portfolios exhibit a lower

level of dispersion than the FX and Credit Spread asset 
classes. 

➢ Except for IMV, in general, variability is substantially 

higher than in the previous exercise. 

➢ This is likely to be due to a substantial increase in market

volatility, which impacted the level of the risk measures, 
increasing the dispersion.
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Risk Measures 1/4

Overview of the Results 3/9
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Regarding the single risk measures, across all asset classes except for CS:

➢ The overall variability for value at risk (VaR) is lower than the observed 

variability for stressed VaR (sVaR)

➢ The Incremental Risk Charge (IRC) show a higher level of dispersion.

➢ Expected shortfall (ES) shows a dispersion similar to that found for VaR and 

P&L VaR.

Different VaR metrics were also computed: 

➢ The Profit and Loss (P&L) VaR, computed by the EBA using the 1-year daily 

P&L series submitted by banks using a historical simulation (HS) approach 

and performed checks such as the1-day P&L vs 10-day P&L; 

➢ The Historical (HS) VaR, which corresponds to the regulatory VaR reported 

by those banks that use only an HS approach. 

Comparing the variability between the regulatory VaR and these ‘alternative’ 

risk measures, a decrease in the IQD when considering a more homogeneous 

sample is confirmed.
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Risk Measures 2/4

Overview of the Results 4/9

15

Modelling choices seem to make a noticeable difference: 

1-day VaR and the use of a lookback period of one year tend to produce lower dispersion than the longer 
lookback period. 

The stressed period was not harmonized in the sample, so banks were asked to report the stressed 
period applied. 

As a result, the EBA drew up a subset of homogeneous time windows applied and ran the benchmark 
for this subsample.

It appears clear that when a homogeneous stress window is applied, the sVaR figures tend to be less

dispersed.

Overall, this analysis is extremely sensitive to the different portfolios used and to the number of subjects 

available

It is difficult to define a general ‘less dispersed’ and ‘more conservative’ configuration of modelling 

choices.
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Risk Measures 3/4

Overview of the Results 5/9

16

Banks with an approved IRC model constitute a subsample of those with an 
approved VaR model; only banks using internal models for specific risks of debt 
instruments are permitted to use IRC models. Banks can choose from a range of 
permitted modelling approaches for IRC. For example, banks need to choose: 

➢ A source of credit risk estimates such as PD and loss given default (LGD); 
➢ The number of systemic factors used to model the co-movement among 

obligors in their  portfolios; 
➢ The size and granularity of credit spread shocks to apply to positions with an 

obligor following a rating transition; 
➢ The liquidity horizons to assign to positions with a particular obligor. 

In the context of IRC, the modelling practices across the sample of banks 
participating in the benchmarking exercise seem to be consistent. 

The average variability is higher than that observed for all other metrics 

considered in the report. This high variability is slightly lower than in the previous 
exercise.

While the number of risk factors applied does not seem to make a difference in terms of dispersions, applying market 
conventions to the source of LGD seems to reduce the dispersion of the IRC.
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Risk Measures 4/4

Overview of the Results 5/9
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In addition to these analyses, the EBA conducted a comparison across banks of the ratio between sVaR and 

VaR for each of the hypothetical portfolios.

SVaR should be at least as high as VaR, as SVaR is calibrated to a 1-year period of significant stress.

VaR statistics submitted are substantially higher in absolute terms compared to the past due to the 

Covid pandemic and the higher volatility

The increased volatility was less evident in the SVaR, reducing the percentage of the SVaR-VaR ratio 

The ratio generally varies significantly between the portfolios, especially for instruments subject to credit 

spread risk (from 0.25 to 13.35). 

On average the ratio comes in at around 1.48, which is half the value reported for the past exercise. 
This decrease is due to the substantial increase in VaR figures from the 2020 to 2021 exercise
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Drivers of Variation 1/2

Oerview of the Results 6/9
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➢ Although most banks use the same 
methodological approach to model Market Risk 
(HS 70%), the dispersion of VaR remains significant 
because other modelling choices play a key role 
in producing variability. 

➢ For the regulatory 10-day VaR, the preferred 
method is rescaling the 1-day VaR to the 10-day 
VaR using the square root of time approximation. 

➢ The historical lookback period used to calibrate 
banks’ VaR models, for 60% of the banks is the 
minimum period of one year.

➢ The great majority of banks’ models use 
unweighted data in the regulatory VaR
computation. 

➢ About supervisory actions on regulatory add-ons, 
72% of the banks in the sample have a total 
multiplication factor greater than the minimum of 
3.
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Drivers of Variation 2/2

Overview of the Results 7/9
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1

9

Supervisory Actions Modelling Differences

They can take different forms and are difficult to 

capture fully in the analysis,  however, the effects 

of some types of supervisory charges can be 

approximated. 

The effect of a higher multiplier imposed by a CA 

because of model weaknesses, for example, can 

be studied using the following proxy: 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑃𝑟𝑜𝑥𝑦 = 𝑚𝑉𝑎𝑅 ∗ 𝑉𝑎𝑅 + 𝑚𝑆𝑉𝑎𝑅 ∗ 𝑆𝑉𝑎𝑟

Where 𝑚𝑉𝑎𝑅 and 𝑚𝑆𝑉𝑎𝑅 are the total regulatory 

multipliers given by 3 plus any add-on.

Including the multipliers in the analysis did not 

significantly change the results in terms of 

variability across the sample 

To test the impact, four portfolios covering the 

main asset classes were selected based on low 

IQD. 
Subsets of banks were defined within the sample of 

banks using historical simulation, distinguishing the 
following modelling choices: 

• 1-day scaled versus 10-day overlapping returns; 

• Historical lookback period (1Y vs > 1Y);

These results depend on the portfolios’ selection. 

Therefore, it is difficult to support the idea that one 

specific model choice will lead to consistently 

more conservative and less dispersed risk 

measures.
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Other Drivers

Overview of the Results 8/9
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Size of the Banks Level of Approval

Size has an impact on the figures, since medium-
sized banks tend to produce slightly more dispersed 

results than larger banks. Consistently, when 

considering the size in terms of the trading book (as 

a ratio of total assets), the bigger a bank is in terms 

of its trading book, the (slightly) smaller the dispersion 

(on average). Bigger banks also leverage 

diversification benefits.

The analysis based upon the level of approval 
delivered interesting results. More homogeneous 

subsamples tend to have smaller dispersions, but this 

positive effect is counterbalanced by the smaller 

number of firms in the sample. The different level of 

approval does indeed have an impact on the 
dispersion of the benchmarking results, with the more 

‘complete’ model delivering less dispersed results.

Business Model Stress Period

The discrimination based upon the business model
did not deliver strong conclusions. The EBA applied

the internal classification of banks as a discriminant,

under which many of them are classified as cross-

border universal banks. Applying this definition of the

business model, a smaller decrease in the IQD was

identified due to a more homogenous sample.

Finally, sVaR figures are far less dispersed when the

benchmark is computed for a homogeneous

subsample of firms that applied a similar time period

for the stress window used for calibrating the sVaR.
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CAs’ own assessment of the levels of MR own funds requirements 
2019

The EBA designed a 

questionnaire which asked CAs 

to provide detailed information 

concerning the level of priority, 

based on both judgemental and 

qualitative/quantitative 

examination results, the overall 

assessment concerning the MR

capital requirements of the 

internal models and the CAs’ 

ongoing monitoring activities

A total of 37 questionnaires from 13 

jurisdictions have been considered.

The main factors that may explain 

possible underestimations are:

➢ Benchmarking portfolio 

composition do not represent the 

actual composition of the real 

trading portfolio

➢ Missing risk factors not 

incorporated in the models

➢ Differences in calibration or data 

used for the modelling

➢ Proxies applied

➢ Methodology used

For each participating institution, the CAs provided individual assessments of any potential underestimation of the capital
requirement as required by Article 78(4) of the CRD and Articles 9 and 10 of the draft RTS on supervisory benchmarking
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Competent Authorities’ Assessment and Conclusions 2/2
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This report has presented an analysis of the observed variability across results provided by EU banks that

have been granted permission to adopt internal models for MR own funds requirements

Since the analysis is based on hypothetical portfolios, the report focusses solely on potential rather 

than actual variations The analysis shows the extent of the variability in these hypothetical portfolios, 

but this cannot automatically lead to conclusions regarding real under- or overestimations for the MR 

capital charge

The objective of the benchmarking exercise is to provide supervisors with insights into how to increase

comparability and reduce the variability between banks that is attributable to non-risk-driven 

behaviors. In particular, the report provides inputs for CAs on areas that may require their further 

investigation, such as IMV variability for some credit spread products. Supervisors should pay attention 

to the materiality of risk factors not in VaR and in particular, not encompassed in the IRC models

Finally, this report provides a framework that can be considered useful for the purpose of future 

benchmarking exercises under Article 78 of the CRD. Therefore, the type of analysis conducted (i.e., 

the statistical tools provided to CAs, the graphs and tables created, and the methodology defined, 

etc.) offers a clear direction for future investigations into and activities relating to these issues
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