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Resumo

Este estudo avalia o impacto do FRTB nos requisitos de capital regulamentar dos bancos para
risco de mercado, considerando a Abordagem de Modelos Internos. Para tal, o requisito de
capital baseado na abordagem atual ¢ comparado com o requisito de capital exigido com a
implementagdo do FRTB, através da analise de uma carteira estilizada. De modo a avaliar se a
estrutura de ativos da carteira afeta o resultado desta comparagdo, foi também efetuada uma
analise de sensibilidade, através da alteracdo dos pesos relativos de algumas classes de ativos
na carteira em relagdo ao cendrio de base. Os resultados desta investigagdo evidenciam que o
Expected Shortfall, por si so, implica um requisito de capital para risco de mercado mais
elevado quando comparado com a soma das medidas Value at Risk e Stressed Value at Risk.
Ambas as componentes diversificavel e ndo diversificavel do Expected Shortfall contribuem
para tais aumentos, sendo esta tltima a principal responsavel. Em relagdo ao requisito de capital
para risco de mercado considerando o calculo destas trés medidas nos tltimos 60 dias anteriores
e o efeito do fator de multiplicag@o inerente a cada regulamentacao, este ¢ superior no ambito
da regulamentagao atual para o cendrio de base e para o cendrio com um aumento nas posicdes
de acdes. Para o cendrio com um aumento nas posi¢des de obrigacdes, o requisito de capital é

superior no ambito do FRTB, embora de forma ligeira.

Classificacoes JEL: G21, G28

Palavras-chave: Acordos de Basileia, Carteira de Negociacdo, FRTB, Risco de Mercado
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Abstract

This study assesses the impact of the FRTB on bank’s regulatory capital requirements for
market risk, considering the Internal Models Approach. To this end, the capital requirement
based on the current approach is compared with the capital requirement required with the
implementation of the FRTB, through the analysis of a stylized portfolio. In order to assess
whether the asset structure of the portfolio affects this result, as sensitivity analysis was also
carried out, by changing the relative weights of some asset classes on the portfolio in relation
to the baseline scenario. The results of this investigation show that the overall Expected
Shortfall, as a standalone measure, implies a higher market risk capital charge when compared
to the sum of the Value at Risk and Stressed Value at Risk measures. Both the diversifiable
and non-diversifiable components of the Expected Shortfall contribute to such increase, being
the latter the main responsible. Regarding the market risk capital requirement considering the
computation of all measures over the preceding 60 business days and the effect of the
multiplication factor inherent to each regulation, the market risk capital requirement is higher
under the current regulation for the baseline scenario and for the scenario with an increase in
equity positions. For the scenario with an increase in bonds positions, the market risk capital

requirement is higher under the FRTB, yet in a slight way.

JEL Classification: G21, G28
Keywords: Basel Accords, Trading Book, FRTB, Market Risk
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Introduction

Banks play a key role in economic development, by accepting deposits from lenders and
granting credit to borrowers. This process of financial intermediation helps in the creation of
new capital in an economy and thus fosters economic growth. The modern worldwide economy
is globalized, highly dynamic, and so is the banking system.

As in any other type of business, banks need to get profits to sustain their activity in a
continuous and consistent way. A bank’s profit results from the intermediation margin and
from investment activities. However, banks profit sources also present risks. Therefore, risk-
taking is an underlying factor in banking activity that needs to be properly managed. In fact,
excessive risk-taking by systemically important financial institutions was the major cause for
the 2007-2008 financial crisis. Banks had insufficient liquidity levels, the crisis was amplified
by the interconnectedness of systemic institutions (BCBS, 2010), and market participants lost
confidence in bank solvency, which was transmitted to the whole financial system (ElBannan,
2017).

Capital adequacy is the cornerstone of microprudential and macroprudential regulation of
banks (Farkas ef al., 2020). Banking prudential supervision and regulation seek to establish
standards on the minimum capital requirements that banks need to hold, in order to face their
risks exposure. These standards have evolved and been reformed over the last years, to better
reflect new requirements with respect to the banking industry. The latest reform issued by the
Basel Committee on Banking Supervision (BCBS) corresponds to the Fundamental Review of
the Trading Book (FRTB), the new framework for market risk arising out of activities within
the trading book. Such framework represents a significant change to the banking industry’s
current risk management practices.

This dissertation addresses the FRTB by analysing the proposed changes to the Internal
Models Approach (IMA) to risk measurement. Compared with the current approach, the new
IMA essentially replaces Value at Risk (VaR) by Expected Shortfall (ES), as a new risk
measure to determine capital requirements for market risk, and introduces varying liquidity
horizons according to the liquidity of different asset classes. Also, there are much more
demanding criteria regarding the approval process for the use of the IMA in the FRTB, in
particular the fact that this approach is given at the trading desk level and not at the overall
portfolio level, and the existence of regular Profit and Loss (P&L) and backtesting
requirements. In fact, from the industry perspective, the time frame for implementation of the

IMA is too short to implement and test complex model and system changes (BCBS, 2014: 17),
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and the European Banking Authority (EBA) “is aware that the new P&L attribution
requirements are one of the most pressing issues for the industry, and possibly the biggest
hurdle to make the IMA workable for banks” (European Banking Authority, 2017: 10).

As a way to properly address the topic and estimate the impact of this new framework on
banks’ market risk capital requirements, it becomes necessary to have an overview in terms of
the existing literature. Some studies have been conducted over the recent years, either by
competent authorities or by common researchers. The BCBS itself performed an impact study
and concluded that on average, when it comes to the IMA under the FRTB, the market risk
capital requirements are 54% higher when compared to the current IMA approach. The EBA
also recognized an increase in market risk capital requirements with regard to the IMA,
identifying the DRC (Default Risk Charge) and the Non-Modellable Risk Factors (NMRFs) as
major factors for this increase. Also, as underlined by Pederzoli and Torricelli (2019) through
the analysis of a stylized portfolio, market risk capital requirements registered a 17.6% increase
under the IMA. Last but not least, although it was not possible to show differences between the
VaR and ES measures, Drakenberg and Hegnell (2017) pointed out an increase in the capital
charge using the IMA, through the analysis of three stock indices, and provided evidence that
the introduction of liquidity horizons in the FRTB constitutes an important factor to such
increase.

Considering that there is room for further research on the subject, given some
insufficiencies in the existing literature, namely the impact of the reform depending on the
structure of the asset classes, the main objective of this dissertation is to assess whether the
new regulation, with the introduction of the FRTB, leads to greater capital charge as it
happened in previous changes to capital requirements, namely with Basel I1.5. Actually, there
is a consensus among policy makers in favor of higher capital requirements (Chang ef al.,
2019), and especially since the financial crisis, higher capital requirements are part of a set of
financial regulatory reforms that have been put in place (Cohen, 2013). Also, according to the
Bank of England, the capital requirements on large banks are now ten times higher than before
the crisis (Bank of England, 2016). The fact that capital regulation has been at the core of
banking regulation reforms over the last years tends to cause an expectation in the market of
increased capital requirements whenever a new reform is issued. So, in order to measure such
potential increase in capital charge, we compare the results from the use of the IMA within
each framework, by computing the difference on the capital requirements between the current

IMA and the IMA in the context of the FRTB.
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This study is supported by an analysis based on a stylized portfolio, composed by assets
sensitive to the risk factors most impacted by the FRTB and, therefore, assumed to be
sufficiently representative of banks’ asset classes in their trading books. The results obtained
in this study provide answers to two key-questions: (i) how much is the impact arising from
the introduction of the new capital requirements under the IMA; (ii) to what extent and in which
circumstances ES is better than VaR. Furthermore, in order to assess whether the asset structure
of the portfolio affects the performance of the comparison, a sensitivity analysis is also carried
out, by changing the relative weights of some asset classes on the portfolio in relation to the
baseline scenario.

The choice of the subject is mostly motivated by its importance nowadays, since it
constitutes a current topic of discussion among banking supervisors and bank managers. The
FRTB has fostered a debate in the banking industry, and not everyone is convinced about its
effectiveness. Taking into account the importance of market risk and the financial crisis from
the past decade, it becomes necessary to understand and gauge the magnitude and the added
value of the new reform on this field. Understanding the FRTB’s standards represents an
opportunity to better know the market risk framework, aiming to increase the robustness of the
financial system as a whole, in order to avoid a possible collapse in the future.

The results shown in this thesis are expected to bring new evidence to this topic, in which
investigation is still scarce. Banking supervisors and regulators, risk managers and other
decision makers within the banking industry are among the potential beneficiaries of this
Dissertation. Future research on this subject may also benefit from the results shown here.

As to estimate the relevant risk measures for the portfolio, the Historical Simulation (HS)
is used, since it is the most widely adopted approach by banks worldwide (Pérignon and Smith,
2009). In order to document the results, three scenarios were considered in the analysis: the
baseline scenario; a scenario with a 20% increase in equity positions; and a scenario with a
20% increase in bond positions.

On the one hand, the market risk capital requirement under the current regulation
corresponds to the sum of: the maximum amount between the VaR at the 99% confidence level
and the VaR for the preceding 60 business days at the same confidence level taking into account
the effect of a multiplication factor; and the maximum amount between the Stressed VaR
(SVaR) at the 99% confidence level and the SVaR for the preceding 60 business days at the
same confidence level taking into account the effect of a multiplication factor. On the other

hand, the market risk capital requirement within the FRTB is equal to the maximum amount
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between: the sum of the capital risk charge for modellable risk factors and the capital risk
charge for NMRFs, for IMA-approved trading desks; and the sum of the capital risk charge for
modellable risk factors for the preceding 60 business days taking into account the effect of a
multiplication factor and the capital risk charge for NMRFs for the preceding 60 business days,
for IMA-approved trading desks. In particular, the capital charge for modellable risk factors
corresponds to the ES, computed at the 97.5% confidence level, resulting from the weighted
average of the constrained (or undiversified) ES and unconstrained (or diversified) ES
measures.

A first general conclusion that can be drawn from this study is that the overall ES measure
is greater than the sum of the VaR and SVaR measures, for the three scenarios considered in
the analysis. For this result, the undiversified ES contributes the most, since it does not consider
the correlations between risk factors.

When considering the VaR, SVaR and ES measures over the preceding 60 business days
and applying the effect of the multiplication factors (i.e., equal to 3 for the current regulation
and equal to 1.5 under the FRTB), the market risk capital requirement appears to be higher
under the current regulation for the baseline scenario and for the scenario with a 20% increase
in equity positions. For the scenario with a 20% increase in bond positions, the market risk
capital requirement turns higher under the FRTB, yet slightly.

As a global effect, the expected increase on the market risk capital requirement under the
FRTB will be sensitive to the bank’s trading book portfolio composition. According to this
study, a greater effect from that reform is expected in the cases where the portfolio has a greater
weight of bond positions.

This Dissertation is structured as follows. Section 1 comprises the review of the existing
literature on the relationship between capital requirements and market risk. Section 2
encompasses the mechanism within the FRTB under the IMA, as well as the recent research
on this subject. Section 3 focuses both on the description of the dataset and methodology.
Section 4 contains the results on the capital requirements, establishing the difference between
the current approach and the approach within the FRTB, for the three scenarios considered in

the analysis. Section 5 discusses the results. Conclusions are presented in Section 6.
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1. Relationship between Capital Requirements and Market Risk

1.1. Market risk and risk management
Financial risk is associated with the uncertainty on the future payoft of an investment. Whether
one is referring to a bank, a large firm or simply a single trader or portfolio manager, we need
to understand and manage a given financial risk, in order to minimize the potential losses and
ensure the profitability of the investment.

Market risk is one of the different types of financial risks. It is defined as the risk of losses
in on- and off-balance-sheet positions arising from movements in market prices. This risk type
comprises the risks pertaining to interest rate related instruments and equities in the trading
book, and foreign exchange risk and commodities risk throughout the bank (BCBS, 2019).
Two major categories of market risk may be outlined: systematic risk and specific risk. On the
one hand, systematic risk (also referred to as undiversifiable risk) corresponds to the probability
of a loss associated with the overall market and cannot be avoided or mitigated through
portfolio diversification, only through hedging (i.e., a position to offset potential losses on an
investment). On the other hand, specific risk (also referred to as idiosyncratic risk) only affects
a given firm or a particular industry and can be diminished or even eliminated through
diversification.

Along with credit risk and operational risk, market risk is one of the most important
regulatory risk types for banks, for which they must observe minimum capital requirements in
order to face their daily trading books exposures.

Regarding capital requirements for market risk, it is relevant to distinguish the definitions
of the trading book and the banking book. A bank’s trading book includes assets that are
regularly traded (holding investments with a short-term perspective), while the banking book
refers to assets expected to be held by the bank until maturity. Hence, the instruments included
in the trading book are subject to market risk capital requirements, while those included in the
banking book are subject to credit risk capital requirements. According to the BCBS (2019),
the trading book may contain exposures on stocks, bonds with a trading perspective, derivative
financial instruments, foreign exchange (FX) and commodities.

As described by Alexander (2008), banking risks are commonly measured in a so-called
‘bottom-up’ framework. This means that risks are first identified at the individual position
level. Consequently, as those positions are combined into portfolios, a measure of portfolio risk
is obtained from the individual risks of the various positions. As portfolios are grouped into

larger and larger portfolios (first aggregating all the traders’ portfolios in a particular trading



FRTB — Impact assessment on banks capital requirements under the Internal Models Approach

unit, then aggregating across all trading units in a particular business line, then aggregating
over all business lines in the bank), the risk manager in a bank will aggregate the portfolio’s
risks in a similar hierarchy.

According to Meyer (2000), in managing risk, banks must decide which risks to take,
which risks to transfer and which to avoid altogether. Therefore, to take an appropriate
decision, the risk manager needs to measure a given risk with a high level of accuracy, i.e.,
with a model that accurately describes asset returns, in order to be able to react “(...) before it
would be too late from the point of view of the bank and its business as well as from the aspect
of financial sector stability” (Mirkovi¢ et al., 2013). Most modelling approaches to quantify
market risk lead to a single risk measure (a statistic of the P&L distribution), which summarizes
the whole distribution of asset returns, and which is easy to interpret and compare with other

statistics. VaR and ES are two examples of such approaches.

1.2. Risk measures

A risk measure determines the minimum amount of money that is required to cover the
potential unexpected loss related with a certain risky position. In line with Filippova (2018),
most modern portfolio risk measures are statistical quantities describing the conditional or
unconditional loss distribution of a portfolio, over some predetermined time horizon At, such
as VaR and ES. More specifically, denoting AV, = V;,; — V; as the change in value of a
portfolio per unit of time, where V; ; is the value of the portfolio at the end of the time period
t + 1 and V; is the value at the end of the previous period, the loss is defined as Ly, =
min (0,AV;, ). The values of L;,; generate a loss distribution, whereas the values of AV,
generate a P&L distribution.

For a risk measure to correctly describe and reflect risk, and so facilitate a good decision-
making by the risk manager, such measure should be considered coherent. According to
Artzner et al. (1999), a risk measure p(.) is said to be coherent if it satisfies the following

axioms, for any number n and positive number t:

i.  Sub-additivity: p(X) + p(Y) < p(X +7Y) ()
ii. Positive homogeneity: p(tX) = tp(X) 2)
iii. Monotonicity: p(X) = p(Y),if X <Y 3)
iv. Risk-free condition or Translation Invariance: p(X + n) = p(X) — n 4)
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where X and Y are the future payoffs generated by two risky positions, n is a given amount
invested in cash or in a risk-free asset, and t is a scale factor. The properties above mean that
merging portfolios cannot increase total risk (sub-additivity), increasing the size of a portfolio
by a factor t should scale its risk measure by the same factor t (homogeneity), portfolios always
performing worse than others are riskier (monotonicity), and adding cash or a risk-free asset to
a portfolio reduces uncertainty and risk by the same amount (translation invariance).

Particularly, sub-additivity constitutes a very important and desirable property, since it
guarantees the diversification principle, i.e., the risks of individual positions composing the
portfolio do not increase the risk of the overall portfolio. If a risk measure is not sub-additive,
it may discourage diversification or lead to regulatory arbitrage that underestimates the
combined risks. Therefore, this axiom is a necessary condition for capital adequacy
requirements in banking supervision and portfolio-optimization problems (Acerbi and Tasche,
2002). ES is an example of a coherent risk measure!, while VaR is not. Moreover, in general
the ES is a continuous measure with respect to the confidence level (i.e., it does not change
drastically when there is a change in the confidence level), in contrast to VaR (Acerbi &
Tasche, 2002).

Another relevant discussion related to the properties of a risk measure has to do with
elicitability. Research by Roccioletti (2016), as cited by Gameiro (2017), defines elicitability
as the property that allows for the ranking of risk models’ performance. In a theoretical-
decision framework, if a risk measure is elicitable, then it is possible to perform comparative
and validation tests on different models, through a scoring function?. In this case, VaR is an
elicitable risk measure, whereas ES is not. Nevertheless, despite the debate on the link between
elicitability and backtesting power, according to Acerbi and Szekely (2014), elicitability is not
a necessary condition to do backtesting in an appropriate way, and so to get significant results.
VaR and ES are two risk measures that attempt to provide a single number that quantifies the

existent risk in a portfolio and will be developed in the next sub-sections.

'See Acerbi (2002) for additional details on the definition of coherent measures of risk.
2 See Gameiro (2017) for further details.
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1.2.1. Value at Risk
Currently, VaR, which corresponds to a conditional quantile of the P&L distribution, is
probably the most used risk measure. Pioneered by JP Morgan during the late 1980s, most of
its popularity among regulators and managers is due to its simplicity, since it summarizes in a
single number the overall market risk faced by an institution, within some confidence level.
Thus, its meaning is easy to understand, compare and interpret.

Alexander (2008) defines VaR as the loss that we are fairly sure will not be exceeded if
the current portfolio is held over some period of time. Therefore, VaR depends not only on the
confidence level (1 — a), but also on the risk horizon (h), the latter being the period of time,
measured in trading days, over which VaR is measured. In the case of banks, both parameters
are usually set by banking regulation.

To estimate the VaR of a portfolio, parametric or non-parametric approaches can be used.
The first approach measures market risk by fitting probability curves to the observed data and
then infer the VaR from the fitted curve (Abad et al., 2014). Riskmetrics is just an example of

such approach®. The parametric VaR is usually computed in relative terms as:
VaR=—-V-z,-0 (5)

where V' is the market-to-market value of the financial asset or portfolio, z, is the quantile in
the P&L distribution corresponding to the a significance level, and o is the standard deviation
of returns.

Typically, this method assumes that asset returns follow a normal distribution, an
assumption that sometimes is criticizable due to non-normal kurtosis and skewness typically
observed in the historical distribution of returns. In turn, non-parametric approaches do not
require strong distributional assumptions about the distribution of returns, since their objective
is to use the empirical distribution to estimate VaR, based on the idea that what happened in
the past will repeat in the future.

The HS is the most widely implemented case of non-parametric approaches’, a result of
its intuitiveness and simplicity. In accordance with Dowd (2002), the HS is a histogram-based

approach, conceptually simple, easy to implement, widely used, and has a fairly good tracking

3 The BCBS sets the significance level of VaR to 1% and the risk horizon to 10 trading days.

* Riskmetrics was developed by J. P. Morgan in 1996. See Abad et al. (2014) for further details.

3 Research by Pérignon and Smith (2009), based on US, Canadian and international banks’ disclosed data,
revealed that 73% of banks use HS on their VaR method reports. Moreover, a study conducted by Mehta
et al. (2012), based on a survey to 13 large banks from Europe and North America, showed that the HS is
the dominant mode of simulation (about 75% of banks use this method).
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record. In this case, the VaR in time period T is given by the a percentile in the distribution of
hypothetical P&L scenarios, each of which determined using the historical price movements

between the first and oldest observation and T':

VUscenario_t — VT - (t =1, ---'T) (6)

Vi-1

As pointed by Dowd (2002), just like any other method the HS has its advantages and
disadvantages. Some of the advantages have to do with its intuitiveness and simplicity. HS is
very easy to implement (and consequently the results are easy to report and communicate to
senior positions in an institution), it can accommodate any type of risk position (including
derivatives) and can be easily modified to allow for the different forms of weighting past
observations. Regarding the disadvantages, it has total dependence on the dataset, given its
reliance on the empirical distribution of returns. This is probably the biggest disadvantage of
this method when compared to others. Since it deals with an empirical distribution, if that
distribution does not show some sort of volatility, it is expected that the VaR or ES estimates
will often underestimate the actual risks. Along the same line of reasoning, if the empirical
distribution shows a high level of volatility, the VaR and ES estimates will often overestimate
the actual risks. Also, if a shift (e.g., an increase in risk associated with sudden market
turbulence) takes place during the sample period, the estimates resulting from the HS method
tend to delay in reflecting that shift. These drawbacks can be ameliorated resorting to some
sophisticated versions of the HS, such as: the Age-Weighted Historical Simulation (AWHS),
which incorporates a weighting structure that gives greater weight to more recent observations;
the Volatility-Weighted Historical Simulation (VWHS), an approach that weights data by the
relative volatility; and the Filtered Historical Simulation (FHS), which combines the non-
parametric features of the HS with conditional volatility models (e.g., GARCH®). Additionally,
to get reasonable risk estimates, a large sample size is needed. However, at the same time, a
large sample means going further into the past, which decreases the relevance of the VaR and
ES estimates, since the current market conditions will be less reflected by the sample. A study
conducted by Harmantzis et al. (2006) pointed out the HS as a method with more correct
estimations for the ES.

Another common strand on the computation of VaR relates to the SVaR, which is
calculated analogously to the VaR, with the difference that the model here is calibrated for a

crisis or stress situation (Neisen and Roth, 2017).

® Degiannakis et al. (2013) used this method to forecast VaR and ES estimates across 20 stock indices.
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VaR has been predominantly used as the traditional risk measure by large financial
institutions in their market risk internal model approaches for decades. However, several issues
began to be identified by the BCBS. Despite its popularity, VaR is not sub-additive and neglects
the loss on the tail, beyond the VaR level’, i.e., two distributions may have the same VaR, but
different losses that exceed the VaR (Nieto and Ruiz, 2016). Particularly, the drawbacks of
VaR became painfully evident during the global financial crisis of 2008, as asset returns
plummeted into the fat-tail region of non-normally shaped distributions. As a result, regulators
were forced to recognise that VaR projections of possible losses far underestimated actual
losses on extreme bad days (Saunders and Cornett, 2017), both in terms of the frequency and
the magnitude of the exceptions (Johnson, 2011). This explains why the ES emerged as an

alternative risk measure.

1.2.2. Expected Shortfall
ES is the average value of the losses exceeding VaR (Barrailler and Dufour, 2014). For
example, for a VaR of 50 million euros determined with a 99% confidence level for a 10-day
time period, the ES is the average amount lost over a 10-day time period given a minimum loss
of 50 million euros. The ES is also termed as Conditional VaR, Conditional Tail Expectation
(CTE) or Expected Tail Loss (ETL). Accordingly, its calculation can generally be formalized

as:

S0 xf (x)ax
< — — 2z - -7
E[X | X< l/aR] = f__:)aRf(x)dx (7)

where X denotes the P&L over the time period used to compute VaR.

One may argue that ES considers worst case scenarios, by assessing the expected losses
related to all scenarios above the threshold loss. In other words, ES accounts for tail risk, which
is directly linked to the existence of fat tails. Tail risk® is thus related to the probability of a loss
taking place due to an uncommon event, in some specific distribution. Although fatness may
exist in both the left and right tails of the distribution, investors and regulators are particularly
concerned with the left tail, where potential losses are located. The presence of fat tails in a
distribution of returns (against the assumption of null excess kurtosis for a normal distribution),

i.e., the observation of a leptokurtic distribution, implies larger effects on market returns that

" Despite this general conclusion, an analysis performed by Danielsson et al. (2013) provided evidence that
VaR can be sub-additive on the left tail region when asset returns are multivariate regularly varying and
possibly dependent.

8 See Yamai and Yoshiba (2005) to an illustration of the problem of tail risk.
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need to be accounted when assessing the portfolio risk. This is the case when a financial crisis
takes place.

From empirical evidence, one is able to argue that asset returns are not often normally
distributed. In fact, fat tails (positive excess kurtosis) are more likely to occur than what is
predicted by the normal distribution, and so VaR does not account for the potential size of the
losses in the left tail, resulting in an underestimation of the risk of portfolios with fat-tailed
properties and high potential for large losses (Yamai and Yoshiba, 2002). In other words, for
situations in which probability distributions exhibit fat-tail losses, VaR may look relatively
small, but ES may be very large (Saunders and Cornett, 2017). According to Mak and Meng
(2014), neither the ES nor the VaR fully capture tail risk, but the ES’s performance is relatively
superior. Hence, ES is an improvement over VaR when one is in the presence of a distribution
with fatter tails, the main cause why regulators are switching to this risk measure, after many
years using VaR.

Despite its advantages, ES also has some shortcomings: it does not have the simplicity of
VaR, and so it is more difficult to understand and interpret. In terms of backtesting, it is also
more difficult to back-test a procedure for calculating ES when compared to a procedure for
calculating VaR. Del Brio ef al. (2020) conducted a recent research that analyses backtesting
techniques for VaR and ES applied to commodity Exchange Traded Funds (ETFs),
recommending the application of semi-nonparametric techniques. Besides that, an analysis
carried out by Kellner and Résch (2016) concluded that the level of model risk tends to be
higher for the ES when compared to the VaR, being the heaviness in the tails of the model’s
distributions the main driver of this result. Effectively, since the ES takes into account the loss
beyond the VaR level, its estimates will be affected when a large and infrequent loss takes

place in the sample (Giannopoulos and Tunaru, 2005) (Yamai and Yoshiba, 2005).

1.3. Capital regulation and evolution of capital requirements
As a response to international financial instabilities that arose from globalization, the BCBS
was founded in 1974, linked to the Bank for International Settlements (BIS)°, aiming to
improve banking regulation worldwide by creating a strong foundation on supervision. It was

initially composed by the central banks of the G-10 countries and currently comprises members

% BIS was established in 1930, is headquartered in Basel, Switzerland and owned by 60 central banks from
around the world. As main responsibilities, it contributes to international cooperation, acts as a bank to
central banks in financial transactions and promotes monetary and financial stability worldwide.
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from 28 international jurisdictions, involving central banks and authorities with formal
responsibility for banking supervision. BCBS is responsible to set out the quantitative standards
on the minimum capital requirements subject to banking risks, the so-called Basel Accords.

The first framework of such accords, Basel I, was implemented in 1988 and primarily
focused on credit risk (i.e., possibility of a loss resulting from a counterparty’s payment
failure). This accord had three main objectives, as stated by Magnus et al. (2017): (i) aiming to
guarantee that banks held sufficient capital to cover their risks; (ii) to level the playing field
among international banks competing cross-border; (iii) to facilitate comparability of banks’
capital positions.

Basel I was later updated, in 1996, to include a market risk section, focused on trading
risks.!® With this amendment, banks had the opportunity to choose between two broad
methodologies in measuring market risk: the Standardized Approach (SA), with standardized
measurement frameworks, and the IMA, in which banks could use their own risk management
models. This choice was subject to the approval of the bank’s national supervisory authority.
In line with Hull (2018), Basel I calculations were based on a VaR calculated for a minimum
holding period of 10 days, with a 99% confidence level. Banks were required to maintain a
Capital Adequacy Ratio (CAR), composed by Tier 1!! and Tier 2!2, equal to at least 8% of their
Risk-Weighted Assets (RWAs).

Afterwards, as a need to address several changes to the first Basel Accord, the BCBS
introduced Basel II in 2004, built on three complementary pillars: Minimum Capital
Requirements, Supervisory Review Process and Market Discipline. Within these pillars,
market risk remained unchanged, nonetheless a number of new elements emerged to overcome
some limitations from Basel I'°.

Later on, with the financial crisis of 2007-2008, limitations regarding the determination of
capital requirements for risks arising from trading activities were identified. As stated by the
BCBS (2009), an important source of losses and of the build-up of leverage occurred in the
trading book. In this way, the Committee released amendments to Basel II framework between

2008 and 2009, known as Basel I1.5. One of these was the addition of a stressed VaR measure,

10°See BCBS (1996) for further details. The amendment was formalized in 1998.

' Bank’s core capital that includes permanent shareholders’ equity and disclosed reserves.

12 Bank’s supplementary capital that includes fewer permanent forms of capital.

13 Namely: introduction of operational risk, defined by the BCBS (2011: 3) as “the risk of loss resulting from
inadequate or failed internal processes, people and systems or from external events” to the computation
of the minimum capital requirement; national supervisors could impose additional capital charges above
the Basel minimum; and increasing banks disclosure standards in terms of capital structure, risk exposure
and capital adequacy, in order to increase market discipline.
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intended to capture the behaviour of market variables during a 250-day period of stressed
market conditions, i.e., in which there is a significant financial stress for the current portfolio.
In practice, these amendments meant that capital requirements for market risk, at least, doubled.

Thereafter, Basel I1I was introduced by the BCBS in 2010, as a result of the economic and
financial crisis from the end of the previous decade and aiming to strengthen and reinforce
banks’ regulatory capital and liquidity ratios. In this context, Basel III standards are transposed
into the European Union (EU) through the implementation of the Capital Requirements
Regulation (CRR) II (2019/876) and the Capital Requirements Directive (CRD) IV (2019/878)
legislations!?. Particularly, although the overall regulatory capital level remained the same, the
minimum Common Equity Tier 1 (CET1) increased from 4% to 4.5% and the minimum Tier
1 rose from 4% to 6%. Additionally, higher capital requirements were imposed to Global
Systemically Important Institutions (G-SIIs). In line with Neisen and R&th (2017), under the
current regulatory framework, capital requirements on market risk using the IMA are based on
three main indicators: the traditional VaR at a 99% confidence level and a holding period of 10
days, the SVaR, and the Incremental Risk Charge (IRC), which implies an additional capital
requirement on the default and migration risk of trading book positions resulting from the
special interest rate change risk. This last indicator was replaced by the Default Risk Charge
(DRC) in the FRTB.

For the purpose of calculating the market risk capital requirement in Basel III and under

the IMA, the following formula is used:

MRC{M4 = max (VaR0.99,t—1i (m: + pc) X VaR0.99,avg) ®)
+ max (SVaRolgglt_l; (mg + ps) X SVaRolgg,a,,g)
where VaRg9¢—1 and sVaRj 99,1 denote the previous day VaR and SVaR computed at a
99% confidence level, respectively, VaRg g9 ayg and SVaR gq 1y correspond to an average of
the VaR and SVaR measures over the preceding 60 business days, respectively, m. and m; are
multiplication factors set by national supervisory authorities, with a minimum value of 3, based
on the assessment of the quality of the bank’s risk management system, and p, and pg are plus
factors, which can range from 0 to 1, depending on the outcome of the VaR backtesting,

performed by the bank.

14 Implemented by the European Parliament and by the Council of the EU on June 2019.
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2. Fundamental Review of the Trading Book

2.1. The mechanism

The financial crisis of 2007-2008 revealed a number of weaknesses, known even before they
occurred. For example, the banking sector faced that financial crisis with too much leverage
and inadequate liquidity buffers (Filippova, 2018). Particularly, available capital was not
sufficient to absorb losses when they materialised, mostly because the market risk framework
was based on the idea that all risk positions on the trading book were equally liquid (i.e., banks
could exit or hedge their positions over a 10-day horizon). As liquidity conditions deteriorated
during the crisis, banks were forced to hold risk positions for much longer than expected and
incurred large losses from changes in values due to fluctuations in liquidity premia (BCBS,
2013).

Consequently, and to tackle the remaining problems, the BCBS initiated a comprehensive
review of the risk-weighted capital framework, aiming at finalizing the Basel III reform
package and ensuring its consistent implementation. The objective was to “help strengthen the
resilience of the global banking system, maintain market confidence in regulatory ratios and
provide a level playing field for banks operating internationally” (BCBS, 2013). This review
stands for the FRTB, issued by the BCBS in May 2012, and after several revisions is expected
to be implemented in 202213, Tt is expected to lead to a more rigorous and complex approach
calculate regulatory capital for market risk, when compared to the previous approaches used in
banking supervision. With the FRTB, all positions held for trading must be assigned to the
trading book and are consequently subject to the respective regulatory requirements.

The new standards for minimum capital requirements for market risk set by the FRTB
focus on the following aspects: a clearer boundary between the trading book and the banking
book!S; a revised SA and IMA; a limit to the diversification benefit; and incorporation of
liquidity considerations, by introducing liquidity risk. According to the BCBS, “the result of
this review set out stricter criteria for assigning instruments to the trading book”, since it
“overhauled the internal models methodology to better address risks observed during the crisis,
reinforced the process for supervisors to approve the use of internal models and introduced a

new, more risk-sensitive standardised methodology” (BCBS, 2019: 2).

15 As suggested in ISDA & AMFE (2017: 8).
161t is important to note that financial institutions must conduct ongoing evaluations with regard to the
instruments included in each book, to ensure that each instrument is allocated to the correct book.
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In banking supervision, the principle of proportionality must be put into practice. In other
words, supervision needs to be adapted according to the characteristics of the bank, namely its
risk profile, business model and dimension. In line with the CRR II'7, depending on the size of
the trading book and on given thresholds of on- and off-balance sheet trading book business,
the calculation of capital requirements may differ. Hence, a bank with limited or small trading
book activities (equal to or less than EUR 50 million and 5% of the institution’s total assets)
will be allowed to apply only the credit risk treatment for banking book positions, thereby
having no market risk capital requirements. Also, according to the European Commission,
banks having a medium trading book (trading book business is up to EUR 300 million and 10%
of the bank’s total assets) must permanently use the existing market risk standardized approach.
Unlike Basel 111, although both approaches are considered in the FRTB, the use of the SA is
mandatory, since it works as a “floor” provider to the IMA and aims to facilitate consistent and
comparable reporting of market risk across banks and jurisdictions. In this way, as stated by
Hull (2018), even when banks have been allowed to use the IMA, they are required by
regulators to calculate required capital under both approaches. For this reason, the adoption of
an IMA by a bank in the context of the FRTB may be discouraged, since it represents a
duplication of computational efforts for such banks: “(...) the new prudential package will
likely limit banks’ use of internal models to estimate risk variables, giving preference instead
to an augmented standardized approach” (Amorello, 2016: 31), given that the development
cost will be larger if a bank fails an internal model approval (Pearce, 2015).

The new review will require high quality data and experienced teams to support
implementation (Orgeldinger, 2018), both for the IMA and SA. Nevertheless, the existence of
an internal model approval to calculate capital requirements can impact the credibility of the
business in the eyes of the banking supervisor, policyholders, shareholders and rating agencies
(PwC, 2011), and so contribute to mitigate the reputational risk of the institution. For this
reason, with the FRTB coming into effect, banks will need to manage the trade-off between

the increased computational effort and their reputation and credibility.

17 Regulation (EU) 2019/876 of the European Parliament and of the Council of 20 May 2019.

16



FRTB — Impact assessment on banks capital requirements under the Internal Models Approach

2.2. Internal Models Approach
In general terms, the new IMA can be summed up to the combination of 4 main elements.

As the primary way to measure the risk of fluctuations in market prices, ES replaces VaR.
On top of that, in order to capture default risk, the DRC substitutes the old IRC. Lastly, as new
elements compared with the previous approaches, the capital charge for NMRFs and the
concept of market illiquidity emerge.

Beyond these components, under the IMA, calculations must be carried out at the trading
desk level, instead at the whole portfolio level. The BCBS describes a trading desk as “a group
of traders or trading accounts that implements a well-defined business strategy operating
within a clear risk management structure” (BCBS, 2013: 25). Trading desks are defined by the
bank itself, but subject to approval by the national supervisor. Escudero (2016: 166) refers that
the model approval at the trading desk level “(...) should facilitate the identification of the
relevant risk factors in a particular desk, making it more accurate, and should allow a more
granular monitoring of model performance, since the quantitative tests to grant and to keep
approval are performed at the trading desk level.”. So, in order to be able to use the IMA to
determine market risk capital requirements, banks need to receive such supervisory approval,
which is based on several conditions. The process for trading desks approval within the IMA
is described in Annex A.

First of all, each trading desk must pass the P&L attribution tests on an ongoing basis. This
tool was introduced to evaluate the accuracy of the model at the trading desk level and
compares the daily risk-theoretical P&L'® with the daily hypothetical P&L', through the
application of two test metrics: the Spearman correlation metric and the Kolmogorov-Smirnov

test metric?®. The results are evaluated according to the following thresholds:

Table 1: Liquidity horizon n by risk factor

Zone Spearman correlation Kolmogorov-Smirnov test
Amber zone thresholds 0.80 0.09 (p-value = 0.264)
Red zone thresholds 0.70 0.12 (p-value = 0.055)

Source: BCBS (2019).

18 Defined as the P&L that is predicted by the valuation engines in the trading desk risk management model
using all risk factors used in the trading desk risk management model, including the NMRFs (BCBS,
2019).

19 Defined as the P&L produced by revaluing the positions held at the end of the previous day using the
market data at the end of the current day (BCBS, 2019).

20 The bank must use the most recent 250 trading days of observations for the purpose of calculating these
metrics.
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As per Table 1, if a trading desk falls on the red zone, it is automatically considered as
non-eligible to use the IMA to determine market risk capital requirements. Moreover, if a
trading desk is in the amber zone, it is still considered as being eligible to use the IMA to
determine market risk capital requirements, but subject to an additional capital surcharge.

Besides P&L attribution, trading desks must satisfy the usual backtesting requirements as
well, which work as a complementary tool. The backtesting compares each desk’s one-day
VaR (for the most recent 12 months’ equally weighted observations) at both the 97.5% and
99% confidence levels. If there are more than 12 exceptions at the 99% confidence level or 30
exceptions at the 97.5% confidence level in the most recent 12-month period, then capital
requirements must be computed using the SA.

Likewise, there are also backtesting requirements at the overall risk model level, which
must be assessed with a VaR measure computed at the 99% confidence level. The BCBS (2019:
81) refers that “(...) an exception or an outlier occurs when either the actual loss or the
hypothetical loss of the bank-wide trading book registered in a day of the backtesting period
exceeds the corresponding daily VaR measure given by the model.”. The results from this

backtesting can be divided into three different categories, as shown in Table 2.

Table 2: Backtesting zones

Backtesting dependent
Backtesting zone Number of exceptions multiplier (to be added to
any qualitative add-on??)

1.50
1.50
1.50
1.50
1.50
1.70
1.76
1.83
1.88
1.92
Red 10 or more 2.00

Green

Amber

O 0 9 O Ul B~ W N~ O

Source: BCBS (2019).

2! This add-on refers to the capital surcharge that can be added to the aggregate capital requirement for market
risk if at least one eligible trading desk falls in the P&L attribution test amber zone.
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Each category is interpreted as follows: the results that fall under the green zone do not
indicate a problem in the bank’s risk model; the results within the amber zone are inconclusive
with regard to the accuracy of the bank’s risk model; the red zone encompasses results that
suggest a problem with the quality or accuracy of the bank’s risk model.

Going further, the ES must be computed on a daily basis for each trading desk to be
included (after respective approval) in the scope of the IMA, at a 97.5% one-tailed confidence
level. This confidence level is advocated by the BCBS as being similar to the current VaR 99%
confidence level. In fact, Hull (2018) states that for normal distributions, VaR 99% and ES
97.5% are almost the same. For non-normal distributions, they are not equivalent: when the
loss distribution has a heavier tail than a normal distribution, the 97.5% ES can be considerably
greater than the 99% VaR.

Concerning the second element, the process for computing the DRC is now more detailed
when compared with the previous framework, including a VaR model to be conducted weekly
(based on a one year time horizon at a one-tail, 99.9% confidence level), and stricter guidelines
with regard to the recognition of the impact of correlations between defaults among obligors.
Sovereign exposures, equity positions and defaulted debt positions are subject to this charge,
and the probabilities of default (PDs) also have a minimum value of 0.03%. The DRC capital
requirement corresponds to the greater of the average of the DRC requirement model measures
over the previous 12 weeks or the most recent DRC requirement model measure.

With respect to the risk factors to be included in the internal model of each trading desk,
there is a difference on the calculation of the capital requirement for modellable risk factors
and NMRFs. Essentially, for the trading desks that are allowed to use the IMA, all the risk
factors considered to be modellable must be included in the bank’s internal, bank-wide ES
model. The BCBS states that a modellable risk factor “(...) should have at least 24 observations
per year, with a maximum period of one month between two consecutive transactions” with
“available real’’ prices for a sufficient set of representative transactions” (BCBS, 2013: 38).
If these conditions are not observed, the risk factor has to be classified as non-modellable and
consequently is subject to the capital requirement to NMRFs.

In accordance with the BCBS (2019), the bank must calculate a series of partial ES capital
requirements for the range of broad regulatory risk classes, which will then be summed to

provide an aggregated risk class ES capital requirement. This aggregated capital requirement

22 The price is considered “real” if it is a price at which the institution has conducted a transaction; it is a
verifiable price for an actual transaction between other arms-length parties; or the price is obtained from
a committed quote (BCBS, 2013).
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for modellable risk factors (IMCC) is based on the weighted average of the constrained and

unconstrained ES capital requirements:

IMCC = p(IMCC(C)) + (1 —p) (z IMCC(Ci)> ©)

i=1
where:

- IMCC(C) corresponds to the ES unconstrained capital requirements;

- IMCC(C;) corresponds to the ES constrained capital requirements;

- p equals 0.5 and is the relative weight assigned to the bank’s internal model;

- B represents the broad regulatory risk classes (i.e., interest rate risk, equity risk, FX risk,

commodity risk and credit spread risk).

The constrained ES capital requirements correspond to the undiversified component of the
capital charge, while unconstrained ES capital requirements are related with the diversified
component (i.e., the component with no supervisory constraints within cross risk class
correlations).

Furthermore, regarding the introduction of the concept of market illiquidity to the model,
a liquidity horizon is defined by the BCBS as “the time required to execute transactions that
extinguish an exposure to a risk factor, without moving the price of the hedging instruments,
in stress market conditions” (BCBS, 2014: 16). Until now, all assets were assumed to have a
10-day liquidity horizon (i.e., all considered as equally liquid). With the introduction of the
concept of market illiquidity through the FRTB, five liquidity horizons are defined, ranging
from 10 days (most liquid) to one year (less liquid), in order to be assigned at the level of broad
categories of risk factors. The scaled ES must be computed based on a liquidity horizon n,
calculated through the following process: banks must map?*® each risk factor on to one of the
risk factor categories, and n is determined for each broad category of those risk factors (Tables

3 and 4).

23 This mapping must be set out in writing, validated by the bank’s risk management, made available to
supervisors and subject to internal audit (BCBS, 2019).
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Table 3: Liquidity horizons according to the FRTB

j LH;
10
20
40
60

120

N[N |—

Source: BCBS (2019).

Table 4: Liquidity horizon n by risk factor

Risk factor category n Risk factor category n

Interest rate: specified currencies —
EUR, USD, GBP, AUD, JPY, SEK, 10 | Equity price (small cap): volatility 60
CAD and domestic currency of a bank

Interest rate: unspecified currencies 20 | Equity: other types 60
Interest rate: volatility 60 | FX rate: specified currency pairs®* 10
Interest rate: other types 60 | FX rate: currency pairs 20
Credit spread: sovereign (IG) 20 | FX: volatility 40
Credit spread: sovereign (HY) 40 | FX: other types 40

Energy and carbon emissions

. . 20
trading price

Credit spread: corporate (IG) 40

) Preci tals and -fi
Credit spread: corporate (HY) 60 reclous @e als and@ non-tetrous 20
metals price

Credit spread: volatility 120 | Other commodities price 60
Energy and carbon emissions
trading price: volatility

Credit spread: other types 120 60

. . Preci tals and non-ft
Equity price (large cap) 10 recious Tne als an‘ ‘non errous 60
metals price: volatility

Equity price (small cap) 20 | Other commodities price: volatility | 120

Equity price (large cap): volatility 20 | Commodity: other types 120

Source: BCBS (2019).

24 For the purpose of this study, the currency pairs USD/EUR, EUR/GBP and EUR/JPY are included in this
category.
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Then, the ES for a given liquidity horizon will be the ES at a base liquidity horizon (i.e.,
10 days) scaled to that specific liquidity horizon, as follows:

ES = j (ESr(P))’ + 2 <EST(PJ),/M> (10)

- ES represents the regulatory liquidity-adjusted ES;

where:

- T represents the length of the base horizon, i.e., 10 days;

- ES7(P) represents the ES at horizon T of a portfolio with positions P = (p;) with respect to
shocks to all risk factors that the positions P are exposed to;

- ES7 (P, j) represents the ES at horizon T of a portfolio with positions P = (p;) with respect
to shocks for each position p; in the subset of risk factors Q(p;, j) with all other risk factors
held constant;

- LH; represents the liquidity horizon j.

Similarly to what occurs with the concept of the SVaR in the previous Basel Accords, this
ES measure is to be calibrated to a 12-month period of stress, such that it can replicate a
situation in which the risk factors of the bank’s current portfolio were experiencing a period of
stress. According to the BCBS (2019), this calibration is based on a reduced set of risk factors
that must be able to explain at least 75% of the variation of the full ES model. This reduced set
is, once again, subject to supervisory approval. Also, the observation horizon for determining
the most stressful 12 months must, at a minimum, span back to and include 2007, and the
observations must be equally weighted.

Therefore, the ES for market risk capital purposes is expressed as a function of the ES
using the reduced set of risk factors (ESg ), scaled up by a ratio composed by the current ES
using the full set of risk factors (ESr ¢) and the current ES using the reduced set of risk factors

(ESg c)- This measure can be formalised as follows:

ESF,C
ESR,C

ES = ESz g X (11)

In line with the BCBS (2019), the ratio is floored at 1. Hence, the unconstrained and constrained

ES capital requirements from equation (9) will be equal to ESg 5 X % and ESp ¢; X
R,C

ESpc,i
ESgc,’

respectively.
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Then, the overall capital requirement for the trading desks eligible for the IMA (C,) will
be equal to the maximum of the most recent observation and a weighted average of the previous

60 days scaled by a multiplier (m,), as follows:
Cy = max {IMCC,_y + SES,_1; m; X IMCCpypy + SESgy4} (12)

where:

- IMCC represents the capital charge for modellable risk factors of the trading desks approved
for the IMA;

- SES represents the aggregate regulatory capital measure for the risk factors in model-eligible
trading desks that are non-modellable;

- The multiplication factor m,. is equal to 1.5 but can be set at a higher level by the supervisory
authority to address a qualitative and/or backtesting add-on, based on an assessment of the

bank’s risk management system.

Finally, the aggregate capital charge (ACC) for the IMA will be equal to the above capital
charge for eligible trading desks Cy4, plus the default risk component (DRC) and the capital
charge for ineligible trading desks:

ACC = C,+ DRC + Cy (13)

being the last one in the scope of the SA.

2.3. Recent research and developments
To measure the capital impact of the FRTB, the BCBS conducted and published two
assessment reports, covering a trading book Quantitative Impact Study (QIS), with voluntary
and confidential data submitted from individual banks®® to their national supervisors, with a
reporting date of 31st December 2014.

Based on a sample of 44 banks, the change in non-securitization market risk capital charges
would be equivalent to a 4.7% share of the overall Basel III minimum capital requirement
(BCBS, 2015). However, this result is mainly due to the existence of a large bank on the
sample, with a significant amount of market risk-weighted assets. If this bank was excluded
from the sample, the increase in the overall capital requirement would fall to only 2.3%.

Specifically, regarding the market risk component of the capital requirement and also based on

25 Data was submitted from 78 banks from 26 jurisdictions, comprising 66 group 1 banks (i.e., internationally
active banks that have Tier 1 capital of more than EUR 3 billion) and 12 group 2 banks (the remaining).
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the 44 banks sample, the proposed framework would result in a weighted average increase of
74%. Also, when measured as a simple average, the capital requirement under the proposed
IMA is 54% higher when compared to the current IMA approach. For the median bank, the
same capital requirement is 13% higher. In this QIS, a comparison between the SA and the
IMA is also made, based on a sample of 9 banks. According to the BCBS (2015), the capital
requirements under the SA are 2 to 3 times higher than the IMA?°,

Likewise, the EBA also developed an impact study on the topic of the FRTB reform, using
banking data from end-December 2018. However, the authority underlines that there is a level
of uncertainty when interpreting the results obtained, due to the different assumptions taken by
each bank when calculating their market risk capital requirements. Nonetheless, the main
drivers of the increase in capital requirements when it comes to the IMA are the DRC and the
NMRFs. Moreover, on average, the percentage change is higher for institutions using the IMA
than it is for institutions only under the SA (increase of 108% versus 76%, respectively), except
for medium-sized banks. Also, when referring to the banks business model, the impact is higher
for cross-border universal banks, when compared to local universal banks: “the average
increase for the G-Slls is somewhat higher, standing at around 124.3% (...)” (European
Banking Authority, 2019: 149).

Research by Pederzoli and Torricelli (2019), through the analysis of a stylized portfolio,
has provided evidence that the three main FRTB objectives were reached (more fully capture
tail risks by substituting VaR-based metrics with ES; incorporation of liquidity risk by
introducing liquidity horizons that differ according to the specific risk factor considered; and
reduction in the regulatory diversification benefits by introducing constraints on the use of
correlations between risk factors), whereby the first two are highly intercurred, and the third
appears to be fundamental in obtaining a higher capital charge than the capital requirement of
the current regulation.

In that case, the portfolio was composed by a bond position, an index option, and a foreign
currency cash position. Also, a 12-month period of stress was selected to estimate SVaR and
ES by historical simulation. To the computation of capital requirements under the FRTB, four

hypotheses were assumed by the authors: the full set of risk factors coincided with the reduced

26 The analysis was performed on a risk class-by-risk class basis, with a multiplier of 1 for the ES capital
calculation. See BCBS (2015) for further details.
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set?’; there were only modellable risk factors impacting the portfolio value?®; the average risk
metrics over the last sixty days as required by the regulation were not calculated (they were
assumed not to be higher than the current estimates); and the DRC?® was neglected (if
considered, it would likely increase the capital charge). Comparing both IMA approaches, the
market risk capital requirements under the IMA were increased in 17.6%, although this
research did not consider the average of the last 60 days of VaR, SVaR and ES and the
respective multiplication factors imposed by the regulation.

Furthermore, Drakenberg and Hegnell (2017) also discuss the implications of the FRTB
through the analysis of three indices (large cap S&P 500, small cap S&P 600 and S&P 500
High Yield Corporate Bond Index), representing three different portfolios. In this case, the full
set of risk factors was assumed to be equal to the reduced set as well, and the indices were
assumed to be enough representative of their asset classes. Around 3000 observations were
used for each index, from 2005 to 2016, and a stress period between the end of 2007 and 2008.
This research is not able to prove great differences between VaR and ES under the presence of
fat tails. Nevertheless, the inclusion of liquidity horizons in the FRTB is found to be an
important factor, since it caused an increase in the capital charge.

With the purpose of understanding the impact of the new rules under the FRTB and
preparing for its implementation, the ECB Banking Supervision conducted a questionnaire to
banks regarding their intentions in applying for an IMA approval. This questionnaire informs
that among banks currently using the IMA, approximately 40% aim to apply for the IMA
approval. Concerning trading desks, half of these banks wish to include as many trading desks
as possible, and the other half only want to include a subset. From the remaining banks, 40%

intend to move from the IMA to the SA, and 20% have not yet reached a conclusion®.

27 To be consistent with the simple structure of the portfolio. All the risk factors were considered, so there
was no need for the adjustment of the reduced set of risk factors to choose the stress period.

28 The capital add-on for non-modellable risk factors is zero. A non-modellable risk factor is defined as a
risk factor for which there are less than 24 observations in a year or more than one month between
successive observations.

22 DRC should also be estimated, in order to account for potential losses resulting from an obligor’s default.
It is then summed to the ES’ capital charge.

39 See European Central Bank (2020) for further details.
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3. Portfolio, Dataset and Methodology

3.1. Sample description
In terms of composition, the portfolio would have to include the asset classes most impacted
by the FRTB to be sufficiently representative. In this way, the following positions were chosen:
i.  Index positions, sensitive to equity prices;
ii. Bond positions, sensitive to credit spread risk, interest rate and exchange rate;
iii. Commodity positions, sensitive to interest rate, volatility and exchange rate;
iv. Anindex option®!, sensitive to equity prices and volatility;

v. A foreign currency cash position, sensitive to exchange rate.

The sample of asset prices ranges from beginning-2007 until end-2019, in order to include
the financial crisis period, as imposed by the BCBS for the computations of risk measures
considering the stress period. Additionally, this observation horizon is in accordance with the
minimum 10 years period required by the BCBS.

To estimate the relevant risk metrics, the date 31-12-2019 was considered. Thus, the
overall sample period encompasses 3271 observations for each variable, and the stress period
includes 253 observations. The descriptive statistics for each asset composing the portfolio are
presented in Annex B. Furthermore, the analysis was carried out as having the EUR as the base
currency to make the process as close as possible to the viewpoint of a euro-centred bank.

Taking advantage of the third pillar defined by the BCBS, which promotes and enhances
bank transparency and disclosure, it is possible to have a minimum degree of access to relevant
financial data, including the bank’s risk management component and the type of investment
portfolios under the market risk capital requirements. Thus, the positions composing the
stylized portfolio were assumed to be consistent with the majority of the risk positions that

banks typically hold.

31 This option is an at the money (ATM) European vanilla call on the S&P500.
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3.2. Methodology
In order to establish an answer to the key-questions under study and understand the impact of
the new regulation, we measure the market risk capital requirements under the IMA, both for
the current framework and for the FRTB, and then compare the results.

In what comes to data, after defining the assets composing the portfolio, all data is retrieved
from Bloomberg and Yahoo! Finance. Regarding interest rates, data is downloaded through the
official websites of the ECB (for EUR-denominated assets) and the Federal Reserve System
(for assets denominated in USD).

After collecting the raw data, it was necessary to clean it up, as a means to eliminate gaps
and null observations. As for null observations, the previous day’s available price was

considered. Regarding returns, log returns were used:

r=In (i) (14)

Prq
where P, denotes the price of the asset at time t, and P,_ is the price of the asset at time t — 1.

The portfolios” P&L distributions are estimated by HS. Despite some criticism, this non-
parametric method is in line with the approach followed by the majority of banks worldwide,
as previously mentioned in Section 2.2.1. Consequently, no statistical distribution hypotheses
were taken, only the future P&L distribution is assumed to be identical to the past distribution,
since the risk factor dependencies are entirely driven by historical data. Considering that this
method relies on historical data, one of its most important features corresponds to the way past
observations are weighted. The plain version of HS assigns the same weight to all observations,
giving the same importance to both recent and older data, which may not produce accurate risk
estimates if there are recent trends on data (Corkalo, 2011).

To overcome such flaw, the AWHS is used, with a lambda factor equal to 0.995. This more
refined version of the simple HS increases the sensitivity of the risk estimates in the sense that
it presumes a weighting structure that gives more contribution to recent observations rather
than to older ones. Letting the ratio of consecutive weights be constant at lambda (1) and w(1)
the weight given to the most recent observation, then the weight of the second most recent
observation could be given by w(2) = Aw(1). Along this line of reasoning, the weight of the
third most recent observation could be given by w(3) = A2w(1), and so forth. In this case,
lambda corresponds to a decay factor assuming a value between 0 and 1, reflecting the
exponential rate of decay in the weight of observations with time (i.e., as time passes the weight

given to a specific observation decreases exponentially). The closer to 1, the slower the rate of
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decay in the weights, while a value closer to 0 indicates a high rate of decay. The weight

associated to an observation i days old is represented as follows:

A=1(1-2)
1-An

w(i) = (i=1.,N) (15)

Comparing both versions of HS, with simple and exponential weight, one can state that
the simple version of the HS assumes a lambda equal to 1.

As previously mentioned in Section 3.2., another key factor on the estimation of SVaR and
ES has to do with the 12-month period of stress, which was selected considering the worst
portfolio losses experienced during the observations’ horizon. This period corresponds to the
time between 02-09-2008 and 01-09-2009, coinciding with the international financial crisis
period.

Both for the overall sample period and for the stress period, the market risk capital
requirements were computed according to the current Basel III approach and to the FRTB
approach. Specifically, with regard to the latter, the following assumptions were taken, in order
to simplify the analysis:

i. The DRC was not considered, since this element is related to a default risk component®?,
not in the scope of this study, which focus only on the market risk component;

ii. The capital add-on for NMRFs was not considered (i.e., assumed to be equal to zero),
since there are only modellable risk factors composing the portfolio;

iii. The full set of risk factors was assumed to be equal to the reduced set (i.e., the adjustment
ratio referred to in Section 3.2. is equal to 1).

Regarding the treatment of the different assets composing the portfolio, it is well known
that the VaR computation for stock portfolios differs from the way it is computed for bond
portfolios, mostly because in the former case the future volatility of the stock price return is
estimated based on past observations of the stock price return. However, this approach is not
appropriate when dealing with bonds, since their price behavior changes as time passes.
Particularly, the price of a bond will fluctuate due to changes in the discount rates for the
maturity of each of its cash-flows (i.e., if the interest rate increases the price of the bond will
decrease, and vice-versa). For this reason, the valuation of each bond throughout the
observation horizon was made based on the historical time structure of interest rates. Relevant

data on the bonds composing the portfolio is presented in Annex C.

32 See Laurent et al. (2016) for additional details on the default risk component of the FRTB.
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With regard to the option position, in order to have enough data to cover the whole
observation horizon, an option strategy was performed on Bloomberg, and its price was

computed based on the inputs of the strategy, using the Black-Scholes (BS) pricing model:
C ES StN(dl) - Ke_rtN(dz) (16)

t
KT\/EZ) and dz = d1 - O'S\/E,

s 2
In>t+ (r+0—

with d; =

where:

- C is the call option price;

- § is the current underlying price;
- K corresponds to the strike price;
- 1 is the risk-free interest rate;

- t denotes the time to maturity;

- N denotes a normal distribution.

For the calculation of the VaR, SVaR and ES under the HS, the portfolio’s P&L was
computed for each day in the observation horizon. After ranking the P&L according to the
number of scenarios (3271 scenarios for the overall period and 253 scenarios for the stress
period, i.e., as many as the historical information), the VaR and SVaR at a 99% confidence
level were computed using the AWHS. As for the ES, each asset was mapped to one of the risk
factor categories previously highlighted in Table 4, resulting in a total of 5 risk categories
(equity price, precious metals price, credit spread, FX rate and interest rate) and comprising
the liquidity horizons of 10, 20 and 40 days. This mapping is presented in Annex D.

Since the aggregate capital charge for modellable risk factors corresponds to the weighted
average of the constrained and unconstrained ES, both requirements were calculated.

The first one, the non-diversifiable component of the market risk capital requirement,
includes the computation of ESz s (ES for reduced set of risk factors based on the stress
period), ESg ¢ (ES for full set of risk factors based on current period) and ESy, - (ES for reduced

set of risk factors based on current period). Recall that we assumed that the reduced set of risk

. ES
factors equals the full set, and therefore ESr ¢ and ESy, - are the same and the ratio iSF'C

equals
R,C

1. In this way, the remaining overall ES measure (ESps) corresponds to the sum of the
breakdown of each risk factor ESg . The second and diversified component is calculated

analogously to the previous measure, but comprising all risk factors.
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4. Capital Requirements: Before and After the FRTB
4.1. Results

To address the key-questions of this study, the baseline scenario is the first to be analyzed. In

this scenario, the following portfolio composition was considered:

Table 5: Portfolio composition under the baseline scenario

Portfolio (as of 31-12-2019) Position (in thousand EUR) Weight
S&P 500 10,000.00 9,09%
NIKKEI 225 8,000.00 7,27%
FTSE 100 8,000.00 7,27%
CAC 40 4,250.00 3,86%
DAX 30 4,000.00 3,64%
IBEX 35 4,000.00 3,64%
Call Option 8,000.00 7,27%
Nickel 5,050.00 4,59%
Copper 5,050.00 4,59%
Bond #1 5,212.18 4,74%
Bond #2 22,489.42 20,44%
Bond #3 18,560.26 16,87%
JPY Cash position 7,390.98 6,72%
Total 110,002.85 thousand EUR 100%

According to the above composition and bridging to the risk factor mapping within the
FRTB, the equity and credit asset classes comprise about 42% of the total portfolio value each
one, commodities/precious metals constitute 9%, and FX represents 7%.

As a first step, the VaR and SVaR measures are computed at the 99% confidence level,
leading to a total capital charge of 2581.80 thousand EUR, equivalent to 2.3% of the overall
portfolio value. Then, the ES is computed at the 97.5% confidence level and based on the
weighted average of the constrained and unconstrained components, amounting to 4,591.01
thousand EUR, representing 4% of the overall portfolio value. Compared to the sum of the
VaR and SVaR, the ES represents an increase of about 2,009.21 thousand EUR, i.e.,78%).

These results can be observed in Table 6.
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Table 6: VaR, SVaR and ES for the baseline scenario

Metric Value Percentage of the portfolio value
VaR 745.98 th. EUR 2,581.80 th. 0.68% 5 350
SVaR 1,835.80 th. EUR EUR 1.67%

ES 4,591.01 th. EUR 4.17%

In order to highlight the impact of the FRTB in what comes to the limits imposed to the
diversification benefit, it is also interesting to breakdown the ES measure into its diversifiable
and non-diversifiable elements. As expected, the non-diversifiable ES is higher than the
diversifiable ES, constituting an increase of 2,837.52 thousand EUR when compared to the

latter (about 89%), as shown in the table below.

Table 7: ES breakdown for the baseline scenario

Percentage of the portfolio
Metric Value
value
Equity 2,085.08 th. EUR 1.90%
Metals 775.13 th. EUR 0.70%
. 6,009.77
IMCC (C;) | Creditspread | 599.62 th. EUR 0.55% 5.46%
th. EUR
FX 1,509.84 th. EUR 1.37%
Interest rate 1,040.11 th. EUR 0.95%
IMCC (C) 3,172.25 th. EUR 2.88%

As per Table 7, regarding the contribution of the five risk factors considered for the
computation of the constrained ES, one may conclude that the equity risk factor contributes the
most, followed by the FX and interest rate components. Additionally, one key-aspect needs to
be underlined: not only the diversifiable ES measure is greater than the sum of the VaR and
SVaR measures (3,172.25 thousand EUR vs. 2,581.80 thousand EUR, a 23% increase), but
also its non-diversifiable component represents almost 5.5% of the overall portfolio value,
clearly emphasizing one of the main features of the FRTB when it comes to limiting the

diversification benefit within the assets composing the portfolio.
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However, when properly assessing the market risk capital requirement according to
equations (8) and (12), i.e., considering the computation of the three measures over the
preceding 60 business days and the respective multiplication factors associated with each
regulation®’, the capital requirement appears to be higher under the current regulation,

amounting to 7,908.92 thousand EUR (versus 6,911.12 thousand EUR under the FRTB):

Table 8: Market risk capital requirement — Current regulation vs. FRTB under the

baseline scenario

Regulation Market risk capital requirement | Percentage of the portfolio value
Current 7,908.92 th. EUR 7.19%
FRTB 6,911.12 th. EUR 6.28%

Nevertheless, when looking at this result it is important to keep in mind that this is the final
market risk capital requirement for the current regulation’s case, but it is not over for the FRTB.
Indeed, for the market risk capital requirement under the FRTB, the DRC and the capital charge
for unapproved trading desks (computed using the SA) will still be summed up, and will most
likely increase the final capital requirement, since the difference between both regulations’

capital requirement amounts to roughly a thousand EUR.

4.2. Sensitivity Analysis

4.2.1. Effect of an increase in the weight of equity positions
To better understand the impact of the FRTB through possible changes in the composition of
the investment portfolio, we now analyse the case where the weight of equity positions
increases by 20%, everything else held constant. These refer to the stocks and option positions,
mapped to the equity, FX and interest rate risk factors within the computation of the ES under
the FRTB, as specified in Annex D.

Following the same process as for the baseline scenario, the VaR, SVaR and ES measures,

as well as the breakdown of the ES are presented in the next tables.

33 In accordance with the previously mentioned in sections 1.3. and 2.2., the multiplication factors m, and
mg within the current regulation are set at the minimum value of 3, and since the plus factors p, and pg
related to backtesting can range from 0 to 1, these were assumed to be zero. Within the FRTB, the
multiplication factor m, is set at the minimum value of 1.5, and to be consistent with the assumption for
the plus factors no more add-on was considered regarding backtesting.
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Table 9: VaR, SVaR and ES for a 20% increase in equity

Metric Value Percentage of the portfolio value
VaR 1,664.34 th. EUR 1.00%
4,884.39 th. EUR 2.94%
SVaR 3,220.05 th. EUR 1.94%
ES 8,106.64 th. EUR 4.89%

Table 10: ES breakdown for a 20% increase in equity

Percentage of the
Metric Value
portfolio value
Equity 4,832.41 th. EUR 2.92%
Metals 775.13 th. EUR 0.47%
: 10,624.68
IMCC (C;) | Creditspread | 599.62 th. EUR W EUR 0.36% 6.41%
th.
FX 2,328.73 th. EUR 1.40%
Interest rate 2,088.79 th. EUR 1.26%
IMCC (€) 5,588.59 th. EUR 3.37%

From Table 9, it is possible to conclude that the overall ES measure represents an increase
in value of about 66% in relation to the sum of the VaR and SVaR measures, which is below
the 78% increase in the baseline scenario and thus representing a smaller percentage of the
portfolio value when compared to that case. Moreover, when looking at the breakdown of the
ES, the contribution of the risk factors affected by the 20% increase in the weight on the
portfolio suffers a large increase, and actually the equity risk factor more than doubles its
contribution. Here, the diversifiable ES is also greater than the sum of the VaR and SVaR (a
25% increase), a similar result to the previous scenario.

As for the assessment of the market risk capital requirement, based on the information
from Table 11, it is almost more than twice the capital requirement under the baseline scenario.
Once again, the capital requirement from the current regulation exceeds the one from the
FRTB, but only considering its market risk component. The DRC and the capital charge for
unapproved trading desks still need to be added.
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Table 11: Market risk capital requirement — Current regulation vs. FRTB under the

scenario with a 20% increase in equity

Regulation Market risk capital requirement | Percentage of the portfolio value
Current 14,564.84 th. EUR 8.79%
FRTB 12,140.12 th. EUR 7.32%

4.2.2. Effect of an increase in the weight of bond positions
Analogously to the previous situation, we now increase the weight of the bond positions also
in 20%, with everything else held constant. These positions are mapped into the credit spread,
FX and interest rate risk factors as per Annex D.

Starting with the standalone VaR, SVaR and ES measures, in this case the ES encompasses
more than 100% of the sum of the VaR and SVaR, exceeding the 78% increase from the
baseline scenario, and consequently the percentage in the portfolio value (Table 12). Based on
the breakdown of the overall ES measure, as expected the weights of the risk factors impacted
by this 20% increase on the non-diversifiable ES rise when compared with the baseline
scenario. In particular, the credit spread risk factor almost triplicates its value in this case (Table
13). Regarding the diversifiable ES, it keeps being greater than the sum of the VaR and SVaR,

representing in this case a 38% increase.

Table 12: VaR, SVaR and ES for a 20% increase in bonds

Metric Value Percentage of the portfolio value
VaR 896.02 th. EUR 3,093.22 th. 0.53% 185%
SVaR 2,197.20 th. EUR EUR 1.31%

ES 6,227.50 th. EUR 3.72%
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Table 13: ES breakdown for a 20% increase in bonds

Percentage of the portfolio
Metric Value
value
Equity 2,085.08 th. EUR 1.24%
Metals 775.13 th. EUR 0.46%
: 8,171.17
IMCC (C;) | Creditspread | 1,661.59 th. EUR 1 EUR 0.99% 4.88%
th.
FX 1,922.44 th. EUR 1.15%
Interest rate 1,726.93 th. EUR 1.03%
IMCC (C) 4,283.84 th. EUR 2.56%

Lastly, the market risk capital requirement from each regulation under this scenario is

presented in Table 14. We can now notice a slightly increase in the market risk capital

requirement within the FRTB approach, a different result from the previous scenarios. Once

again, the introduction of the DRC and the capital charge for unapproved trading desks would

be added to this result, causing the capital requirement to become even higher.

Table 14: Market risk capital requirement — Current regulation vs. FRTB under the

scenario with a 20% increase in bonds

Regulation Market risk capital requirement | Percentage of the portfolio value
Current 9,402.08 th. EUR 5.61%
FRTB 9,459.51 th. EUR 5.65%
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S. Discussion of Results

To better address the achieved results and be able to draw sustained conclusions, it is important
to keep in mind three key-aspects of the FRTB directly linked to the IMA: the establishment
of the ES as the new risk measure, replacing the VaR and SVaR, with the goal of accounting
for the tail risk; the limit to the diversification benefit, with the incorporation of the non-
diversifiable and diversifiable ES measures; and the introduction of the five liquidity horizons,
in order to distinguish the different levels of liquidity risk between asset classes.

Regardless of the scenario considered, the fact that the ES overall measure (obtained from
the weighted average of the diversifiable and non-diversifiable ES) is greater than the sum of
the VaR and SVaR measures is clearly evident. Summing up, this overall ES represents an
increase of 78%, 66% and 101% for the baseline scenario and for the scenarios with a 20%
increase in equity positions and bond positions, respectively. For this increase, not only the
non-diversifiable ES is a contribution factor (as expected, because the diversification benefits
between risk factors are neglected), but also the diversifiable ES, since the latter also stays
above the sum of the VaR and SVaR in the three scenarios (increase of 23%, 25% and 38% for
the baseline scenario and for the scenarios with a 20% increase in equity positions and bond
positions, respectively).

Besides that, when properly assessing the market risk capital requirement by taking into
account the computation of VaR, SVaR and ES over the preceding 60 business days and each
regulation’s multiplication factor (i.e., 3 for the current regulation and 1.5 for the FRTB), the
capital requirement appears to be higher under the current regulation for the baseline scenario
and for the scenario with a 20% increase in equity positions. When we consider the third
scenario (20% increase in bond positions), the conclusion is the opposite. This result may
suggest that an investment structure more focused on bond positions could lead to a higher
market risk capital requirement, yet slight. Actually, a research performed by Righi and Ceretta
(2015) highlighted larger ES estimates for this asset class when compared with the equity asset
class, arguing the fact that the former is directly subject to policy shocks?®.

Nevertheless, it is not possible to get an unambiguous answer concerning the exact
increase on the capital requirement. In fact, the DRC and the capital charge for non-approved
trading desks still need to be summed up. Considering the preliminary results from the EBA

regarding the impact of the FRTB under the IMA, this authority identifies the DRC and the

34 See Righi and Ceretta (2015) for further details.
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NMRFs as the main drivers of the increase in capital requirements®, which gives greater
importance to these factors. Based on this conclusion, it is very likely that the capital
requirement within the FRTB becomes greater than the one from the current regulation in the
cases where it does not happen only through the ES. Still, as a global effect, the expected
increase on the capital requirement due to the FRTB is sensitive to the bank’s trading book
portfolio composition, and a greater effect is expected in the cases where the portfolio has a

greater weight of bond positions.

35 See European Banking Authority 2017 — Results from the 2018 market risk benchmarking exercise — for
further details.
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6. Conclusion

This study aims at assessing the impact on banks’ capital requirements for market risk under
the IMA resulting from the introduction of the FRTB, by computing the capital requirement
under this approach for both the current and proposed frameworks, focusing on the market risk
component. Considering the growing debate around the impacts arising from the
implementation of the FRTB on banks’ risk management practices, this study contributes for
the investigation on the field, which is still scarce, on the particular case of the IMA, through
an analysis based on a stylized portfolio, composed by the assets most impacted by the FRTB.
Such ongoing debate makes this study to gain superior interest, at a time of regulatory
transition, in which banks need to make important decisions with respect to their risk analysis
methods. Besides that, this study also aims to gauge the impact of the new regulation when
there are marginal changes on the composition of the portfolio, namely by increasing the weight
of equity and bond positions on the portfolio.

The HS, because it constitutes the most adopted approach by banks worldwide, is used to
compute the VaR, SVaR and ES measures, in order to answer two relevant questions: (i) how
much is the impact arising from the introduction of the new capital requirements under the
IMA; (ii) to what extent and in which circumstances ES is better than VaR.

A first conclusion that can be drawn from this investigation is that the overall ES, as a
standalone measure, implies a higher capital charge when compared to the sum of the VaR and
SVaR measures, representing increases of 89%, 90% and 101% for the baseline scenario and
for the scenarios with a 20% increase in equity positions and bond positions, respectively. Both
the diversifiable and non-diversifiable components of the ES contribute to such increases, being
the latter the main responsible, since it gives no room for diversification benefits between risk
factors correlations.

Regarding the market risk capital requirement considering the VaR, SVaR and ES over
the preceding 60 business days and each regulation’s multiplication factor (i.e., equal to 3 for
the current regulation and equal to 1.5 for the FRTB), it is higher under the current regulation
for the baseline scenario and for the scenario with a 20% increase in equity positions. For the
scenario with a 20% increase in bonds positions, the market risk capital requirement is higher
under the FRTB, yet in a slight way. This result may be explained by the effect of the greater
liquidity horizon affecting bonds, particularly for bond number 3. However, it is important to

recognize that these results focus only on the market risk component of the review, and thus
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the DRC and the capital charge for non-approved trading desks would still need to be summed
up.

Beyond that aspect, another limitation that needs to be recognized in the analysis is the
fact that full set of risk factors equals the reduced set. In fact, the ratio composed by the current
ES using the full set of risk factors and the current ES using the reduced set of risk factors is
floored at its minimum value of 1. If a reduced set of risk factors had been defined, this ratio
would be higher, thus contributing to higher diversifiable and non-diversifiable ES measures,
and consequently to a higher overall ES.

One critical issue for banks related with this reform has to do with their choice of adopting
the IMA under the FRTB. Indeed, the FRTB will represent a great computational effort for
financial institutions. As previously mentioned, the SA will constitute a mandatory approach
with the implementation of this market risk framework, and according to the interim impact
analysis of the BCBS (2015), the capital requirements under the SA are expected to be 2 to 3
times higher than the capital requirements under the IMA.

Whereas in the current regulation it is only necessary to compute the VaR and the SVaR,
popular measures that have been used for years, from the implementation of the FRTB on, it
will be necessary to calculate not only the diversifiable and non-diversifiable ES measures, but
also to develop robust P&L attribution and backtesting procedures, and a well-defined structure
of trading desks. In this way, banks will have to weigh the trade-off between opting for the SA
or investing in high quality infrastructure (including high data quality procedures) in order to
develop an internal risk model sophisticated enough to be approved by the supervisor. The
bank’s future profitability is inherent to this decision, which can be compromised either
through even higher capital requirements under the SA, or through investment in infrastructure
to give response to the challenges imposed by the FRTB.

Finally, further research on this field should contribute to have a more well-defined
measurement in terms of the final capital requirement under the FRTB. For that, the default
risk component, through a VaR model to assess the magnitude of the DRC, should indeed be

considered.
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Annexes

A. Process and policy design of the IMA.

The Internal Models Approach for Market Risk
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B. Descriptive statistics of the assets composing the portfolio

Number of Standard
Asset Mean Max Min Kurtosis | Skewness
observations Deviation
3271 1,459.16 622.01 2,919.81 536.42 -1.08 0.49
S&P 500
253 676.76 69.00 897.34 536.42 1.78 1.19
NIKKEI 3271 117.11 36.03 197.62 56.38 -1.17 0.44
225 253 70.05 5.45 82.53 56.38 -0.16 -0.12
3271 7,631.25 1,234.50 9,939.38 | 3,870.08 0.03 -0.63
FTSE 100
253 5,029.24 639.24 6,905.97 | 3,870.08 0.83 0.91
3271 4,428.44 841.56 6,168.15 | 2,519.29 -1.04 0.01
CAC 40
253 3,265.66 387.24 4,539.07 | 2,519.29 1.31 1.04
3271 8,782.20 2,581.41 13,559.60 | 3,666.41 -1.25 0.14
DAX 30
253 4,829.76 574.47 6,518.47 | 3,666.41 0.48 0.63
3271 10,143.96 1,901.29 15,945.70 | 5,956.30 1.03 1.04
IBEX 35
253 9,324.82 1,140.60 11,903.89 | 6,817.39 -0.58 0.25
3271 13,408.91 5,100.98 37,967.28 | 6,707.90 5.79 2.10
NICKEL
253 9,683.05 1,991.93 14,417.32 | 6,799.77 -0.65 0.65
3271 5,242.47 845.50 7,531.61 | 2,022.05 1.70 -0.87
COPPER
253 3,362.13 739.04 5,069.295 | 2,022.05 -0.52 0.40
CALL 3020 491.54 165.62 1,165.58 272.67 0.72 1.11
OPTION 253 489.77 126.62 816.91 32593 -0.50 0.71
3271 1,246.34 127.59 1,460.80 943.50 -0.85 -0.53
BOND #1
253 1,132.47 55.53 1,260.14 | 1,044.99 -0.90 0.43
3271 12,031.32 1,822.05 15,422.30 | 9,588.68 -1.59 0.30
BOND #2
253 10,137.86 139.45 10,576.24 | 9,836.21 0.08 0.53
3271 4,266.57 429.10 5,038.50 | 3,251.18 -0.85 -0.50
BOND #3 253 3,885.94 197.04 4,365.88 | 3,580.68 -0.69 0.53
JPY 3271 7,085.08 15.62 9,542.99 | 5,310.05 -0.14 0.17
CASH
POSITION 253 6,924.23 482.24 7,533.58 | 5,707.40 0.04 -0.31

Observations: The first row corresponds to the overall period and the second row to the stress

period.
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C. Bonds relevant information

BOND #1 BOND #2 BOND #3
Bond type Government (USA) | Government (Spain) | Corporate (Apple Inc.)

Currency USD EUR USD

Settlement date 15/11/2010 09/09/2008 30/04/2013

Maturity date 15/11/2020 31/01/2024 03/05/2023

Redemption bullet at par bullet at par bullet at par

Coupon frequency semi-annual annual semi-annual
Coupon rate 2,625% 4.80% 2,40%
Face Value 100 1,000 1,000

HY/IG IG IG IG
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D. Risk factors mapping

[ Asset ] [ Risk Factor Category(ies) ] [ Liquidity horizon(s) ]
—  » Equity price (large ca 10
S&P 500 AP ( ge cap) .
—» FXrate: specified currency pairs 10
—» Equity price (large ca 10
NIKKEI 225 quity price (large cap)
—» FXrrate: specified currency pairs 10
—
—» Equity price (large ca 10
FTSE 100 AP ( ge cap) .
—» FXrate: specified currency pairs 10
 C——
CAC 40 ——» Equity price (large cap) 10
e —————————
 C——
DAX 30 —» Equity price (large cap) 10
e —————————
 C——
IBEX 35 —» Equity price (large cap) 10
e —————————
— .
—» Precious metals and non-ferrous metals price 20
NICKEL . .
—» FX rate: specified currency pairs 10
— .
———» Precious metals and non-ferrous metals price 20
COPPER . .
—» FX rate: specified currency pairs 10
4 ) . . .-
— > Equity price (large cap): volatility 20
O?’?IL(;JN — > FXrate: specified currency pairs 10
L ) — > Interest Rate: specified currency pairs 10
( Y ———» Credit spread: sovereign (IG) 20
BOND #1 —» FXrate: specified currency pairs 10
\. J —— > Interest Rate: specified currency pairs 10
——» Credit spread: sovereign (IG) 20
BOND #2 . .
——» Interest rate: specified currency pair: 10
\ ——» Credit spread: corporate (IG) 40
BOND #3 —» FXrate: specified currency pairs 10
J —” Interest Rate: specified currency pa 10
N
JPY CASH —» FXrate: specified currency pairs 10
POSITION
J
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