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ABSTRACT

After releasing the Basel IIl Capital Accord with enhanced Minimum Capital
Requirements (MCR) based on Value-at-Risk (VaR), the Basel Committee embarked on a
revision of the risk measures employed and, in this sense, it proposed the introduction
of Expected Shortfall (ES) to replace VaR in a bid to remedy VaR’s glitches. The current
article features a review of ES, specially emphasising the impact that the application
of ES would exert on MCR in times of great market stress. The empirical analysis
performed determines that 97.50% could constitute the confidence level for ES-based
MCR that accomplishes the Basel Committee’s mandate —therefore equating VaR'’s
and ES’s MCR— and recommends several changes in the level of the fixed factors in
the Basel Committee’s MCR formulas in order to calibrate outcomes. Furthermore,
it suggests a likely course of action —abiding by Basel regulations— to remedy the
inconsistencies underlying the capital buffers. Finally, it hints at the adequacy of
Basel Il Capital Accord subject to the utilisation of the right model to compute the
risk metric embedded in the MCR formulae and, conversely, points at the knee-jerk
reaction of the Basel Committee at the time of enacting the Basel Il mandates.

JEL classification: G18, G28.

Key words: Expected Shortfall, Value-at-Risk, Basel Capital Requirements, Extreme
Value Theory.

* University of Leicester, United Kingdom
afr6@leicester.ac.uk, afrossignolo@hotmail.com

ISSN 2007-5383 version digital, ISSN 2007-5375 version impresa



Bstocdsticas Adrian F. Rossignolo
FINANZAS Y RIESGO

RESUMEN

Luego de publicar el Acuerdo de Capital de Basilea III, que incluye mayores Reque-
rimientos Minimos de Capital (MCR) basados en el Valor-en-Riesgo (VaR), el Comité
de Basilea encar6 una revision de las métricas de riesgo empleadas y, en tal sentido,
propuso la introduccién del Déficit Esperado (ES) para reemplazar el VaR en un in-
tento de remediar las valencias del VaR. El presente articulo expone una evaluacion
de ES, enfatizando especialmente el impacto que la aplicacién de ES tendra sobre los
MCR en tiempos de stress en los mercados. El analisis empirico determina que el nivel
de confianza a aplicar a ES para lograr el mandato del Comité de Basilea consistente
en igualar los MCR derivados del VaR con aquellos de ES es 97.50%. Adicionalmente,
el estudio recomienda algunos cambios en el nivel de los parametros fijos existen-
tes en las formulas que determinan los MCR necesarios para calibrar los resultados.
Ademas, se sugiere un curso de accion —dentro de las regulaciones de Basilea—
para remediar las inconsistencias que subyacen a las reservas de capital. Finalmente,
se apunta que, en caso de emplearse el modelo adecuado para computar la medida
de riesgo utilizada para calcular los MCR, el Acuerdo de Capital de Basilea II podria
haber resultado adecuado, hecho que indicaria una sobre-reaccién del Comité de
Basilea al momento de la promulgacién de Basilea III.

Classification JEL: G18, G28.

Palabras clave: Valor en Riesgo, Valor en Riesgo condicional, pérdida esperada, re-
querimientos de capital, Basilea III.

Introduction

ince the 1996 Amendment to the Basel I Capital Accord (BCBS, 1996),

Value-at-Risk (VaR) has become the official risk measure to quantify
market risks. Its inclusion in the Basel II Capital Accord appeared a sensible
move given the inability of the former mandate to deal with the challenges
posed by many notorious collapses (Jorion (1996)).

As any market risk metric, VaR has advantages and disadvantages.
Although it constitutes a simple universal probabilistic measure to describe
the magnitude of the likely losses on the portfolio (Linsmeier and Pearson
(1996)), its inability to inform the size of the potential losses (Dowd (2005))
and, most notably, its failure to achieve the status of ‘coherence’ devised by
Artzner et al. (1999) underline its snags.

The improvements brought about by Basel II materialised in the
introduction of VaR revealed themselves powerless to fend off the devastating
effects of the subprime crisis of 2007-2008. Consequently, the Basel
Committee of Banking Supervision (BCBS) enacted the third Basel Capital
Accord (Basel III) that contained a series of novelties concerning the trading
book, among which the addition of the stressed VaR (sVaR) component to
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the VaR-based Minimum Capital Requirements (MCR) formula plays an
outstanding role. Even though the new standard fostered the constitution
of higher and of better quality capital buffers, Rossignolo, Fethi and Shaban
(2012a,2012b) pointed out that the laxity contained in Basel Capital Accords
may give rise to moral hazard by —inadvertently— enticing the use of
inaccurate VaR schemes.

With Basel III still under implementation, the BCBS commissioned a
full revision of the risk measurement for the trading book. Not surprisingly,
it placed strong emphasis on VaR shortcomings and evinced Expected
Shortfall (ES) as the alternative to replace VaR. Unfortunately, though
highlighting its virtues juxtaposed to VaR’s snags, the BCBS avoided carrying
out a quantitative comparison between ES and VaR for capital constitution
objectives, which may have informed the extent of the improvements
susceptible of being attained in the wake of ES application. Furthermore, the
adoption of ES instead of VaR posed some methodological problems of which
the selection of an appropriate confidence level (which, according to BCBS’s
directives, ought to equate VaR’s and ES’s MCR) and the determination of
the right multiplication factors in the MCR formula susceptible to yield
reasonable regulatory capital levels are only a few. Additionally, the task
of finding sensible answers to the problems appears hampered by the
interrelation existing between VaR and ES, to the extent that, at the time of
enacting its Revision to the Market Risk Framework (BCBS (2012)), the
BCBS has only indicated that, in the first place, the confidence level for ES
must be 97.50% and, in the second place, the capital levels arising from VaR
should be similar to those deriving from ES, albeit failing to precise on which
grounds those conclusions were attained.

The paper unfolds as follows. Section 1 shows the motivations and
expected contributions, Section 2 summarises the theoretical environment
behind VaR and ES, emphasising VaR’s pitfalls that encumbered ES; Section
3 synthesises Basel Il and Basel Il frameworks regarding MCR for the existing
metric (VaR) and its likely replacement; Section 4 details the Methodology
employed to compute ES while Section 5 exhibits the outcome of the Backtesting
exercise for the three confidence levels tested and the corresponding MCR
based on ES and in comparison with those deriving from VaR. Finally, Section
6 stages a sensitivity analysis gauging the performance of ES in Basel Il and
Basel Il mandates as well as its comparison with VaR’s behaviour whereas
the last section presents some overall closing remarks regarding the whole
ES exercise.
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1. Motivation and expected contribution

The motivation of the current article resides in shedding light on two of the
most controversial aspects of the application of ES as a market risk metric:
the confidence level and the equivalence of VaR and ES capital requirements,
eventually one of the founding blocks of the latest revision to the market risk
framework. For that purpose, using a sample of Emerging and Frontier stock
markets and the subprime crisis of 2007-2008 as the empirical scenario, the
paper proposes a methodology that determines 97.50% as the approximate
confidence level which enables VaR and ES to deliver approximately equal
MCR, developing, in this fashion, a technique that may be employed to
understand the rationale behind the new regulations, enacted without
major explanations. Furthermore, in light of the aforementioned results,
the study ventures to analyse the multiplication factors embedded in the
MCR expression based on ES instead of VaR, additionally concluding that
the adoption of ES as the official market risk metric would in principle allow
banks to operate under the old Basel II, this way avoiding the application of
the Basel III specifications. Finally, the analysis presents credible evidence
that the usage of leptokurtic models —mainly those based on Extreme
Value Theory— could have mitigated the extent of the precision disincentives
implicit in Basel Capital Accords (Basel II and Basel I1I) and contributed to
align the banks’ accuracy enticements and the supervisors’ objectives.

2. Theoretical background. Concepts and definitions

2.1. Value-at-Risk definition

McNeil, Frey and Embrechts (2005) define the Value-at-Risk of a portfolio of
multiple or single assets at the confidence level a as the smallest number /
such that the probability that loss L exceeds [ is no greater than (1 - «):

VaR(a) =inf {IeR:P(L > )<(-a)}=inf{leR:F ()2a} (1)

This risk measure informs the amount of the monetary loss that will
only be exceeded a% of the time in the next k-trading days. More specifically,
Linsmeier and Pearson (1996) state that, at a given point in time, VaR.,;
describes the risk in the tails of the conditional distribution of losses over a
one-day horizon: it expresses the maximum loss in the value of exposures
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due to adverse market movements that will not be exceeded within a pre-
specified coverage probability a if portfolios are held static during a certain
period of time ¢, thus making: Pr(r,,;<VaR,,;)=a in terms of relative returns.!
Therefore:

VaR(a),, =0, F_l(a) (2)

where:
o1 = volatility of the loss distribution function F according to the
scheme utilised

FI(a) = inverse of the loss distribution function, i.e., a-quantile of F

2.2. Advantages and disadvantages of VaR

2.2.1. Advantages of VaR

Beder (1995: 12) synthesises in a single sentence VaR’s greatest merit: “VaR
enables a firm to determine which businesses offer the greatest expected
return at the least expense of risk”, afterwards highlighting its prowess to
track, control and manage market risks. In this line, Linsmeier and Pearson
(1996: 3) label VaR as a simple way to describe the magnitude of the likely
losses on the portfolio.

The definition in 2.1 implies some attractions worth of being singled out:?

i)  VaR is a measure susceptible of being applied to any kind of assets
and positions, thus enabling the comparison of risks across diverse
assets;

ii) VaR indicates a probability associated with a certain loss amount,
instead of other measures which do not convey a likelihood
assessment (e.g. CAPM);

iii) VaR is easily understood and transparently expressed in units of
measure.

! Hence, VaR requires the estimation of a quantile of the distribution of profits and
losses.

2 Dowd (2005) gives specific names for the patterns enunciated. Hence, VaR is a
common, aggregate, holistic, probabilistic and expressed in units risk measure.

ISSN 2007-5383 version digital, ISSN 2007-5375 version impresa 127



Bstocdsticas Adrian F. Rossignolo
FINANZAS Y RIESGO

Stemming from the aforementioned points, VaR has many other uses
beyond the typical market risk quantification which undoubtedly helped the
surge in its popularity. For instance, within the scope of the company:

i) Var information is often employed to set the overall risk target
(Dowd (1988));

ii) VaR may aid in the optimal allocation of resources and in setting the
limits to risk-taking (Dowd (1998));

iii) VaR might also determine the remuneration rules for traders,
rewarding those who deliver the highest return per VaR unit (Dowd
(1999));

iv) VaR may set the guidelines for hedging decisions (Dembo (1997));

v) VaR could constitute the founding block of any credit or operational
risk technique (JP Morgan (1996), BCBS (2004, 2006));

where as from a regulatory point of view:

i) VaRiscurrently applied to determine the market risk MCR demanded
by the BCBS (BCBS (2006, 2010));

ii) VaRis to be specifically disclosed by institutions operating under the
framework of the BCBS (BCBS (2006, 2010));

iii) VaR is often employed to estimate the probability of distress in
Capital Strength ratios (Dowd (1998)).

2.2.2. Disadvantages of VaR

Linsmeier and Pearson (1996) stress that, albeit representing a quality
step evaluated against previous risk quantification measures, VaR cannot
be regarded as a panacea. In this vein, despite its magnetism, VaR can
simultaneously be dangerous. As early as 1995 Beder raised concerns about
the fact that the multiplicity of schemes —each one with its respective
assumption— to calculate VaR could render significant differences in
the results and, perhaps more relevantly, in the MCR level at a time when
BCBS was planning to introduce the VaR-based-IMA in the Basel Capital
Accord as a result of the Market Risk Amendment of 1996 (Jorion (1996)).
Moreover, Dowd (2005) cites Marshall and Siegel (1997) casting doubts on
the implementation risks faced by VaR models.

Additionally, Danielsson and Zigrand (2001) are sceptical about tight
VaR regulations. They reason that risk modelling affects the distribution of
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risks, thus rendering risk as an endogenous element instead of an exogenous
variable. Therefore, as current directives demand VaR measures, market
participants are urged to execute similar trading strategies which change
the distributional properties of risk, particularly in crisis times. When
markets crash, as all actors deploy the same stratagems, they will reduce
their positions by virtue of VaR-based models, shrinking liquidity and
exacerbating the scope of the crisis.

Furthermore, VaR as a risk measure portrays much deeper structural
deficiencies and, in this vein, Danielsson (2002) points out three major
snags. Firstly, it fails to indicate the size of the potential losses beyond the
threshold; secondly, it fails to achieve coherence and thirdly, its dependence
on a single quantile renders easy its manipulation with specially devised
strategies, thus nesting a moral hazard problem. More specifically,

i) The size of potential losses beyond VaR

In other words, this means its inability to fully capture the tail risk because
VaR only states the riskiness of a position considering the likelihood but not
the magnitude of losses beyond a certain confidence level, their expected
value (Artzner et al. (1999)). Dowd (2005) stresses that two positions can
eventually report the same VaR but have very different risk exposures. Other
measures like the Tail Conditional Expectation (TCE) or Expected Shortfall
(ES) can address that challenge.

i) Coherence

Artzner et al. (1997, 1999) proposed a framework to assess every risk
measure consisting of four axioms to be complied with: monotonicity,
positive homogeneity. translational invariance and subadditivity. The
first three are conditions intended to discard embarrassing results while
the fourth one reveals itself as the most relevant; in this light, VaR fails
to show that the diversification, at the very least, does not increase risks.
Additionally, subadditivity conveys more than a theoretical property as it
may give rise to several unpleasant practical implications:

e Itimpliesthatwidespread risks create a residual risk which existence
had not been recorded before;

e Non-additive risk measures might motivate traders in organised
exchanges to break up their accounts, therefore reducing their
margin requirements;
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e (Capital requirements set on the basis of non-subadditive risk
measurements may tempt banks to break themselves up to reduce
the capital demands;

e  The perfectly correlated sum of risks could no longer be employed as
a conservative estimate of the exposure faced.

Acerbi (2002) underlines that uses of VaR should be restricted to its
quantile condition, hence warning against its extended application as a
sound risk measure.

iii) Moral hazard and VaR manipulation

Danielsson (2002) and Ahn et al. (1999) mark the feasibility to devise
permitted trading strategies in order to enhance profits and report —albeit
not decrease— a smaller VaR value. The use of options would enable the
bank to artificially diminish its VaR and report a lower VaR number to
regulators courtesy of the official focus on a single quantile. Other measures
that comprise the evaluation of the whole distribution beyond VaR quantile
do not allow these tricks.3

2.3. Expected Shortfall: an alternative coherent risk measure

Academics and regulators have identified the lack of coherence (i.e., failure
to comply with subadditivity) and the absence of information about losses
beyond the established quantile the most important deficiencies of VaR as
a risk measure. Therefore, it would be desirable that any new risk measure
should retain the benefits of VaR while, at the same time, avoid its snags.
In this line, Dowd (2005) affirms that those schemes ought to represent
functions of the quantiles of the P&L distribution rather than a single and
isolated quantile. In this vein, the financial literature proposes the ES as a
natural substitute for VaR, which appears endorsed by BCBS (2012).

ES constitutes one of the alternatives capable of overcoming VaR’s
theoretical deficiencies. According to McNeil, Frey and Embrechts (2005),
it represents a risk measure that supplies information about the tails of the
distribution in depth. Hence, instead of sticking to a confidence level a, ES

3 The scheme involves writing a call with a strike price right below the correct VaR
and purchasing a put with its strike price right above the desired VaR, taking care
in fixing equal absolute differences. Thus, the intended effect is instantaneously
achieved and the reported VaR is reduced (Danielsson (2002)).
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averages VaR for those probability levels { such that { = a, thus making ES 2
VaR, for identical probability levels. Formally,

1 1
ES, =1_a£q§ d& (3)

where ¢, is the quantile function corresponding to the return distribution,
thus relating ES and VaR in an analogous fashion:

a

1 1
ES zl_aiv;mg d¢ 4

Additionally, for continuous loss distributions, a more intuitive, easily
comprehended interpretation asserts that ES is equal to the expected loss
incurred provided VaR is exceeded, i.e., the average of the losses exceeding
VaR:

ES, = ElL "an(")]zE(uLzVaRa) (5)
-«

for anintegrable loss L (McNeil, Frey and Embrechts (2005)). This expression
does not hold for discontinuous loss distributions, in which case the formula
below applies (Acerbi and Tasche (2002)):

s, = {ElLLzq ha, oa-PLza, )} g

When the distribution is discrete, ES is calculated employing the natural
estimator and discrete equivalent, i.e., the average of the w greatest losses
exceeding VaR:

! (7)

ISSN 2007-5383 version digital, ISSN 2007-5375 version impresa 131



Bstocdsticas Adrian F. Rossignolo
FINANZAS Y RIESGO

ES becomes an attractive risk measure by means of retaining VaR
conceptual simplicity and easiness of implementation and complying with
the four axioms of coherence. Likewise, it conveys more precise information
aboutthe distribution oflosses than VaR, because in addition to the threshold
value that represents the quantile-based VaR, it delivers the amount of likely
losses in the event of adverse market movements. Graph 1 illustrates that
difference between VaR and ES: while VaR focuses on a single quantile
(employing a standard Normal distribution, the 95% VaR equals 1.645),
ES gauges the average of all the quantiles exceeding VaR (under analogous
assumptions, 2.063). Consequently, ES delivers a figure more than 25% over
VaR which would undoubtedly render higher capital requirements were this
measure utilised. By construction, any conditional VaR measure like ES can
never be less than the pertaining VaR, and the difference between ES and
the respective VaR depends on the fatness of the tail: the heavier the tail,
the greater the gap.

Graph 1. ES and VaR illustration

Expected Shortfall and VValue-at-Risk
Normal Probability Density

Probability Density

T T T T
-a -3 -2 - o 1 2 3 a
Profits & Losses (P&L)

Note: P&L density portrayed using a standard Normal distribution

3. Regulatory frameworks: Basel Il and Basel Il for VaR
and ES

3.1. The Basel Il Capital Accord Minimum Capital Requirements

In 1996 the BCBS issued an Amendment to incorporate a specific treatment
for market risks, largely overlooked in Basel I Capital Accord and eventually
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included in Basel II Capital Accord.* This adjustment allows institutions to
employ the Internal Model Approach (IMA) to determine their market risk
Minimum Capital Requirements (MCR) by their own VaR estimates, which
in turn derive from their respective VaR models. Risk-capital charges result
from:®

60
MCR, , =max(r26 Y VaR(99%), .., ;VaR(99%)tj (8)
i=1

i.e., the maximum between the previous day’s VaR and the average of the last
60 daily VaRs increased by the multiplier® m =3(1+k) and k € [0; 1] according
to the result of Backtesting. BCBS demands VaR estimation to observe the
following quantitative requirements:

a) Daily-basis estimation;
b) Confidence level a set at 99%;

c) One-year minimum sample extension with quarterly or more
frequent updates;

d) No specific models prescribed: banks are free to adopt their own
schemes;

e) Regular Backtesting and Stress Testing programme for validation
purposes.’

3.1.1. Backtesting

It constitutes a statistical technique to assess the quality of the risk
measurement specifications, which involves the comparison between the

4 BCBS (1996, 2006).

> BCBS demands the use of a 10-day holding period through the square-root-of-time
rule. However, the present research will omit the specification and work with a
1-day holding period instead. See Section 5.

6 mc will be, at minimum, 3. Although BCBS does not enlighten its derivation, Stahl
(1997) and Danielsson et al. (2001) provide a statistical explanation. This value can
sometimes be so conservative that any incentives to develop an accurate model by
achieving k=0 might be quickly overshadowed.

/ The focus of the present article is restricted to Backtesting. BCBS (1996, 2006,
2009), Jorion (1996), Penza and Bansal (2001}, Christoffersen (2003), Dowd (1998,
2005), JP Morgan (1996) and Osteirrischische Nationalbank (1999), just to name a
few, cater for basic concepts and extensive treatment of stress testing.
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daily VaR forecast with the actual losses.? Albeit the assumptions behind VaR
calculations may be labelled incoherent (Artzner et al. (1997, 1999), Acerbi
and Tasche (2002)), it is useful to evaluate whether the model is capable
of capturing the trading volatility. Backtesting procedure entails counting
the number of times that losses exceed VaR estimates in approximately 250
trading days. McNeil, Frey and Embrechts (2005) use the indicator function:

1 if Liv1 > VaRt+1((X)
bin = svar ) =
0 otherwise
where:
I, = indicator function accumulating the excessions,
exceptions or violations behaving like outcomes of iid
Bernoulli trials with success probability 1-a;
| P = realised loss for period t+1;
VaR.;(a) = conditional VaR estimates for t+1

BCBS proposes a three-zone —Green, Yellow and Red— layout to clas-
sify VaR models:’

Backtesting results determine the extent of capital surcharge through
the value of the scaling factor k as the quantity of exceptions in a sample of
250 trading days is transformed into a number indicating the increase in the
multiplier to be applied to m, (Table 2). BCBS establishes that the beginning
of each zone is marked by the points where the cumulative probability of
a Bernoulli distribution with 99% success probability reaches 95% for
the Yellow Zone (5 exceptions) and 99.99% for the Red one (10 or more
violations) respectively. Given that five excessions represent a 98% coverage
for 250 observations, it would be necessary to enhance the multiplier by
40% to restore the coverage to the 99% demanded (supposing that returns

8 “..the backtesting framework ...involves the use of risk measures calibrated to a

one-day holding period”. (BCBS (2006: 312).
? This categorisation is designed to balance the probabilities of Error I: erroneous re-

jection of accurate models and Error II: incorrect acceptance of inaccurate models.
BCBS (2004, 2006).

134 Volumen 7, nimero 2, julio - diciembre 2017, pp. 123-175



Empirical Approximation of the ES-VaR: Evidence from Emerging... ES@@@éStﬂ@@g
FINANZAS Y

follow a Normal distribution and the scaling factor m.=3).1%1! However,
although itis possible for k in (8) to achieve nullity (Green Zone), Danielsson,
Hartmann and de Vries (1998) remark that m, assuming a minimum of 3 in
(8) conspires against the development of accurate models. Given that m, is
calculated as in (8) in the current regulatory framework, the present article
will unfold according to the respective procedures.

Table 1. Backtesting zones. Definition and characteristics

Zone Definition Characteristics

Green Outcomes consistent - Number of exceptions between 0 and 4
with low probability of Error |1 - No capital surcharge, k =0

Yellow Results uncertain and compatible - Number of exceptions between 5 and 9
with either precise or - Strong suggestion of imprecise
inaccurate models specifications, particularly as number of

exceptions grow

- Capital penalties increase with number
of violations

- Capital charges determined to return
model to a 99% coverage

- Encourages sharpness to keep
penalties low

Number of excessions equal
or greater than 10

- kincreased to 1 immediately
- Subsequent model invalidation

Red Presumption of inaccurate model

Source: Prepared by author.

3.2. Basel lll Capital Accord

The trading sessions following Lehman Brothers’ bankruptcy triggered
unusual losses of such magnitude that financial institutions found their
capital buffers unquestionably insufficient to match those deficits. Though
these market movements were of a weird nature, BCBS (2009) partly blamed

10 The quotient between the 99% and 98% cumulative normal distribution amou-
nts to 1.14 which, for a scaling factor of 3represents a 40% increase in the base
level. In effect, for five exceptions 1-5/250=0.98 and 3*®(0.99)/¢(0.98) -3 ~ 0.40
assuming normality. Hence, k=0.40 or 40%. The surcharges for a=99% and the
alternative values a = 97.50% and a = 95% tried are shown in Table 2 below.

1 Table 2.
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the previous Amendment of 1996 for failing to grab some key extreme
risks'? occurred during the turmoil. Additionally, some national regulators
increased the pressure on BCBS demanding tougher measures to avoid
further embarrassing bailouts at the expense of taxpayers. The Financial
Services Authority (2009) issued an influential report which highlighted
some deficiencies of the VaR approach that may have provoked, among other
equally important reasons, the insolvency of several firms. In particular,
it is mentioned that most VaR models are unable to capture fat-tail risks:
“Short-term observation periods plus assumption of Normal distribution
can lead to large underestimation of probability of extreme losses” (FSA,
(2009:23)).13

Totackle thisspecificissue, while maintaining the Basel [l methodology,*
BCBS proposed the introduction of a stressed VaR (sVaR) metric to increase
MCR. Its calculation complies with the same guidelines that current VaR
(Section 3.1) though the dataset must belong to a “...continuous 12-month
period of significant financial stress...” (BCBS (2009:14)), i.e., when market
movements would have inflicted great losses on the banks.

The stricter daily capital demands reflect in sVaR added to VaR:

m 60
MCR, ,, = max [6—6 ) VaR (99%) i, ; VaR (99%) , j + (9)
i=1

m 60
max (6—8 > sVaR (99 . ;,, ; SVaR (99 , j
i=1

The emphaisis is also laid on default and migration risk, among others (BCBS (2009)).
These measures lie beyond the scope of the study, which will be restricted to the
introduction of the stressed VaR.

FSA highlights the procyclicality that emerges using observation periods as short
as one year: falls in confidence raise volatilities, which vanish liquidity and increase
volatility even more. (FSA (2009)).

Some slight variations regarding the data updating scheme are also put forward.
(BCBS (2009)).
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where:
m, = multiplier for VaR (Section 3.1);
- sVaR(99%), = 99% sVaR for day ¢;
m, = multiplier for sVaR

with m=3(1+k) and k is derived from Backtesting results for VaR (not for
sVaR).

As k € [0; 1] institutions are encouraged to develop precise VaR models
in order to keep k=0 and avoid penalties to establish MCR.

Besides strengthening MCR by means of the sVaR component in the
MCR formula, Basel III focuses on reinforcing the protection against periods
of acute economic and financial strain through two additional layers to be
placed ontop of MCR:!> Capital Conservation Buffer (CCB) and Countercyclical
Capital Buffer (CyCB).1® However, technically speaking, Basel IIl innovations
stem from the introduction of the sVaR to calculate MCR, as both CCB and
CyCB constitute supplementary capital layers with fixed and externally
determined proportions respectively. Therefore, the scope of the present
article will be limited to the performance of the VaR-based IMA approach,
either in its VaR version or in the ES adaptation.

3.3. Expected Shortfall: a likely change of tack

BCBS has been for the first time pondering the prospect of phasing out
VaR as a measure of market risk and, although the idea appears far from
crystalising, there are encouraging signs in the acknowledgment of VaR’s
failures. Accordingly, it has proposed ES and Spectral Risk Measures (SRM)
as probable alternatives, where the former is the most widespread risk
metric after VaR. Given this BCBS declaration, the paper focuses on ES as a
potential VaR successor.

BCBS (2011) correctly asseverates that ES overcomes three VaR snags. In
the first place, it conveys a notion about the severity of losses beyond the VaR
threshold (a property especially relevant for regulators, who are concerned
about these losses); secondly, it complies with the axioms of coherence

1> Andersen (2011) finds substantial evidence of the cyclicality in Basel Il and suggests
a different risk-weighting scheme to circumscribe that shortfall.
16 Stolz and Wedow (2011) illustrate the performance of countercyclical capital bu-

ffers for Germany.
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devised by Artzner et al. (1997, 1999), particularly with subadditivity and
thirdly, it spans all the confidence levels beyond the one selected to perform
VaR, therefore softening the effect that a selection of a specific confidence
level may bring about for risk management.

In spite of the advantages above mentioned, the challenge of developing
an appropriate method to backtest ES estimates reveals itself daunting and
more complicated than backtesting VaR. In an interesting review on market
risk measurements, BCBS (2011) points out some topics regarding the
assessment of ES estimates:

a) The typical Backtesting procedure employed in Basel II and Basel
[T keeps their low power (Christoffersen (2003)), and might need a
correction to account for the size of the exceptions;

b) Itmightbe desirable to transform the realised losses (represented by
VaR excessions) into a forecasted loss distribution to further backtest
the transformed sample (Berkowitz (2001)). Furthermore, Kerkhof
and Melenberg (2004) postulate that ES should be computed on the
squared losses and backtested afterwards;

c) Kerkhof and Melenberg (2004) suggest that the fixed multiplication

factor mc should take a different value were ES to be applied instead
of VaR.”

Among the uncertainty in the design of an appropriate Backtesting
procedure involving ES and the ensuing MCR expression using the new
risk measure, the BCBS also seems concerned about the significant amount
of information that banks would be urged to gather, process and disclose.
Unfortunately, given that the BCBS lacks of any appropriate procedure
to test ES and the embryo stage in its application, the current paper will
restrict itself to the traditional Backtesting.

4. Methodology

The current article is largely grounded on the approach stated in
BCBS(2009), albeit substituting VaR for ES as the risk measure. Therefore,
using an identical sample of Emerging markets (Brazil, Hungary, India,

17 The level of the multiplication factor mc had already been objected by Danielsson
(2002). Kerkhof and Melenberg (2004) obviously did not analyse the fixed multiple
ms of Basel.
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Czech Republic, Indonesia and Malaysia) and Frontier markets (Argentina,
Lithuania, Tunisia and Croatia),'® ES is computed on a daily basis with a
classic Backtesting performed, where the quantity of actual losses on the
portfolio are assessed against ES forecasts.

Backtesting results are in turn employed to calculate MCR in both Basel
[Tand Basel Il specifications, replacing VaR for ES in (8) and (9). A subsequent
analysis of the impact of adopting ES is carried out under Basel II and Basel
III frameworks, evaluating whether the expressions determining the MCR
could be maintained, especially stressing the fixed multiples m_.and m,in the
light a sensitivity analysis performed using ES. It is acknowledged that, in
light of the reflections in 3.3, the approach might not square the theoretical
facts but, at the same time, it is important to recognise that given that no
optimal appraisal has been hitherto devised, the present investigation could
provide evidence to develop a more adequate Backtesting and ensuing MCR
structures.

ES estimation and assessment will adopt the current BCBS’s mandates
for VaR-based IMA:

— Daily time series belonging to the blue-chip indices of the
aforementioned countries retrieved from Thomson Reuters®
starting on January/2000 and ending on December/2008;

— Daily time horizon, hence excluding the ‘squared root of time rule’
(Danielsson (2002) and Danielsson and Zigrand (2006) to avoid the
extrinsic increase of ES estimations employing arbitrary multiples;

— One-tailed ES estimations on the left end of the distribution (i.e., long
positions);

— Sample term spans more than 1000 daily observations (Christoffersen
(2003) and Dowd (2005)) while forecast one includes the financial
crisis unraveled in September-October 2008.%°

Expressions (4) and (5) imply that ESrepresents the average of the losses
overcoming VaR at a certain confidence level o, thus In this respect, Kerkhof
and Melenberg (2004) suggest that, given that regulators would demand
roughly the same amount of capital irrespective of the risk measure in use,

18 In order to categorise the markets the study follows the FTSE Global Equity Index
Series Country Classification, March 2015 update. (FTSE (2015)).
19 Alternatively, Section 5.4.3. uses year 2007 as Backtesting period in order to add

robustness to the analysis.
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ES would need a lower confidence level to reach VaR buffers ES(a’) = VaR(a)
with o’<a. Accordingly, the present study calculates ES using alternative
confidence levels: 95%, 97.50% and 99% to assess the approximate levels
of capital delivered employing the MCR formulas for Basel II and Basel Il in
relation with the 2008 crisis.?°

The present article compares the ES estimates in the context of the
subprime calamity employing GARCH and EGARCH Conditional Volatility
models featuring the Normal distribution and the most accurate model,
EVT, where the parameters of both GARCH and EGARCH specifications are
obtained using Maximum Likelihood (ML) (Christoffersen (2003), Alexan-
der (2008)). According to McNeil, Frey and Embrechts (2005), for a € (0, 1),
when the loss distribution is Normal, ES is calculated as follows:

Cb_l
EStiq(a) = pe + oy w (10)*!

Given that for the samples considered pt = 0, (4.1) becomes:

q)—l
ESiiq1(a) = o; ¢[1_—0(la)] (11)
where:
¢ = density of the standard normal distribution
¢ = distribution function of the standard normal distribution
o, = conditional volatility obtained via GARCH and EGARCH models

In the case of EVT through Peaks Over Threshold (POT), recalling that
the Generalised Pareto Distribution (GPD) quantile with confidence level a
reads:

— E 1-a _2
G 1 a)=u = [ — )¢ — 1] 12
(@=u+ 5|9 (12)
20 Kerkhof and Melenberg (2004) warn against the comparison between VaR and ES

capital levels, stating the inadequateness of that practice in view of the different
assumptions carried by both risk measures.

21 McNeil, Frey and Embrechts (2005) provide a proof of the statement.
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where:

G = GPD characterised by € and o

u = threshold (GPD starting point)

¢ = tailindex parameter

B = scale parameter
w = quantity of observations above the threshold u

n = samplelength

It is important to emphasise that the parameters of the GPD are esti-
mated via the Method of Moments (MM), as indicated in Reiss and Thomas
(2007) after applying POT (Coles (2001)).

The VaR quantile is given by:

VaRyi1(a) = 0441 G () (13)

Assuming that, for financial applications, £ < 1 (Reiss and Thomas
(2007) and Coles (2001)), McNeil, Frey and Embrechts (2005) calculate the
associated ES as:

1 1 VaRei1(@) | B-§
EStp1(a) = 0p41q —a fa qxF dx = 0144 [ alt_+2a T fu] (14)

and:
ax F
O

quantile of the distribution F

conditional volatility obtained via GARCH-Normal technique

The assessment of capital levels is carried out at 95%, 97.50% and 99%
confidence levels using Basel Il and Basel III frameworks albeit employing
ES instead of VaR. Therefore, in (1) and (2), the expression becomes, for Ba-
sel II:

60
MCR: =ma><[r25 Y ES(a%), i, ;ES(a%)tj (15)
i=1
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whilst in the case of Basel III:

m 60
MCRE; = max [6—6 ZCES (@%) ;.13 CES (a%) j + (16)
i=1

m 60
max [6—8 > SES (@%) i,y 3 SES (a%) , )
i=1

where:
MCR®,,; = Minimum Capital Requirement for day t+1 employing ES
a = confidence level, adopting 95%, 97.50% and 99%

and m. and m conserve their previous meanings.

Usage of confidence levels other than the official 99% entails the re-
configuration of the Backtesting zones and, in this sense, Table 2 shows the
thresholds and the corresponding surcharges under Basel Il and Basel III
obtained employing the procedure in Basel II (BCBS (2004, 2006)) com-
pared to the 99% values, (see Table 2).

5. Results: Backtesting and bank capital

5.1. Backtesting for a=99%

As it may be deduced from (5) to (7), ES delivers higher estimations than
VaR for the same confidence level, even using presumably inaccurate models
featuring the Normal density. In effect, the Backtesting exercise portrayed
in Tables 3 and 4 shows that both Normal specifications fall in the Red Zone
only in Lithuania (Table 3 Columns [2]-[3] and Table 4 Columns [1]-[2]) re-
sults in Red outcomes while using VaR in Indonesia, Lithuania and Croatia,
GARCH-N in China and EGARCH-N in Hungary. Furthermore, the panorama
looks more satisfactory under ES as Brazil, India, Malaysia, China and Ar-
gentina improve their performance stepping into the Green category. Addi-
tionally, the quantity of exceptions under Normal models are found in the
expected value between 2 and 3 (Table 3- Column [1]) in Brazil, India and
China (3), and Hungary, Malaysia and Argentina (4) for the GARCH scheme,
while the respective EGARCH result are India and Argentina (3) and Malay-
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Table 2. Backtesting zones redefined
Exceptions Zone Increase in Zone Increase in Zone Increase
0=99% scaling 0=97.50% scaling 0=95% inscaling
factor factor factor
0=99% 0=97.50% 0=95%
[1] [2] 131 [4] [S] [6] (7]
0 Green 0% Green 0% Green 0%
1 Green 0% Green 0% Green 0%
2 Green 0% Green 0% Green 0%
3 Green 0% Green 0% Green 0%
4 Green 0% Green 0% Green 0%
5 Yellow 40% Green 0% Green 0%
6 Yellow 50% Green 0% Green 0%
7 Yellow 65% Yellow 8% Green 0%
8 Yellow 5% Yellow 17% Green 0%
9 Yellow 85% Yellow 27% Green 0%
10 ~ Red 100% Yellow 36% Green 0%
11 Red 100% Yellow 45% Green 0%
12 Red 100% Yellow 53% Green 0%
13 Red 100% Yellow 62% Yellow 4%
14 Red 100% Yellow 79% Yellow 10%
15 Red 100% Yellow 78% Yellow 17%
16 Red 100% Yellow 86% Yellow 24%
17 Red 100% Yellow 94% Yellow 31%
18 Red 100% Red 100% Yellow 38%
19 Red 100% Red 100% Yellow 44%
20 Red 100% Red 100% Yellow 51%
21 Red 100% Red 100% Yellow 58%
22 Red 100% Red 100% Yellow 65%
23 Red 100% Red 100% Yellow 71%
24 Red 100% Red 100% Yellow 78%
25 Red 100% Red 100% Yellow 85%
26 Red 100% Red 100% Yellow 92%
27 Red 100% Red 100% Red 100%

Note: A horizontal line separates Green, Yellow and Red Zones for each confidence level.

Source: Prepared by author.
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siaand China (4) (Table 3 Columns [2]-[3]). On the other hand, EVT performs
according to expectations given by the precedent set for VaR: there are no
exceptions in any market, which hints at the elevated ensuing capital levels
(Table 3 Column [4] and Table 4 Column [3]).

Table 4 also conveys the notion that the GARCH model slightly edges its
counterpart given that 4 out of 11 markets receive Backtesting penalties
against 6 in EGARCH (Table 4 Columns [1]-[2]). Moreover, only in Croatia
does EGARCH records fewer exceptions (7 compared to 9), consequently
translating into alower surcharge 65% vs 85%. Apparently, ES under Normal
density works better in Emerging markets, given that, both representations
deliver two Yellow Zones (Tunisia and Croatia) and a Red one (Lithuania) in
Frontier stock exchanges, featuring Argentina only in the Green one. Finally,
EVT does not bear any penalty derived from its Backtesting performance
(Table 4 Column [3]).

5.2. Backtesting for a=97.50%

Despite the more relaxed framework in terms of the quantity of exceptions
deployed in Table 2, the overall picture looks a bit more compromised when
a=97.50%. EVT reveals again as the top performer with a quantity of excep-
tions way below the expected number of 6 for every market, reflected in an
impeccable record of null surcharges albeit in five occasions the number of
exceptions is one (Table 3 Columns [5] and [8] and Table 4 Column [8]).

The image does not look so rosy for the remaining models, given that
only three countries (Czech Republic, Malaysia and Argentina) and two
markets (India and Malaysia) that gained the Green status for GARCH and
EGARCH representations, respectively. The rest of the markets fall in the
intermediate Yellow section except for Lithuania in the EGARCH specifica-
tion (Red). The relationships elicited in Chart 3 Columns [6]-[7] and Chart 4
Columns [4]-[5]- imply heavy penalties for GARCH in Lithuania (86%), Indo-
nesia (62%), Croatia (45%) and China (36%) while for EGARCH the greatest
penalties are suffered in Indonesia (53%), Croatia (45%), Hungary (36%)
and Brazil (27%). In overall terms, EGARCH appears to behave slightly bet-
ter than GARCH (despite Lithuania) although the advantage does not seem
conclusive enough.

5.3. Backtesting for a=95%

Because of the particular procedure used by BCBS to estimate Backtesting
zones and its ensuing penalties, the Yellow line starts at 12 exceptions and
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Table 4
Backtesting results
The Three-zone Approach — Increase in scaling factor k

Line  Model 0=99% 0=99% 0=99% 0=97.50% 0=97.50% 0=97.50% 0=95% 0=95% 0=95%
Index GARCH EGARCH EVT-POT GARCH EGARCH EVT-POT GARCH EGARCH EVT-POT
Normal Normal Normal Normal Normal Normal
1] 2] 131 (4] [51 (6] [71 8] 191

1 Brazil Green/0% Yellow/50% Green/0% Yellow/17% Yellow/27% Green/0% Green/0% Yellow/10% Green/0%
2 Hungary  Green/0% Yellow/75% Green/0% Yellow/8% Yellow/36% Green/0% Yellow/4% Yellow/10% Green/0%
3 India Green/0% Green/0% Green/0% Yellow/17% Green/0% Green/0% Green/0% Green/0% Yellow/17%
4 Cz.Rep. Yellow/40%  Yellow/50% Green/0% Green/0% Yellow/17% Green/0% Green/0% Green/0% Green/0%
5 Indonesia Yellow/75%  Yellow/75% Green/0% Yellow/62% Yellow/53% Green/0% Yellow/31% Yellow/44% Green/0%
6 Malaysia ~ Green/0% Green/0% Green/0% Green/0% Green/0% Green/0% Green/0% Green/0% Green/0%
7 China Green/0% Green/0% Green/0% Yellow/36% Yellow/8% Green/0% Yellow/10% Yellow/17% Green/0%
8 Argentina  Green/0% Green/0% Green/0% Green/0% Yellow/8% Green/0% Green/0% Green/0% Green/0%
9  Lithuania  Red/100% Red/100% Green/0% Yellow/86% Red/100% Green/0% Yellow/44% Yellow/58% Green/0%
10 Tunisia  Yellow/50%  Yellow/50% Green/0% Yellow/17% Yellow/17% Green/0% Green/0% Green/0% Green/0%
1 Croatia  Yellow/85%  Yellow/65% Green/0% Yellow/45% Yellow/45% Green/0% Yellow/4% Green/0% Green/0%

Source:Prepared by author.
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ends at 26 violations of the corresponding ES (Table 2-Columns [6]-[7]).
Therefore, the performance of the GARCH and EGARCH models turns out
practically alike as they deliver four Yellow zones in the same stock exchan-
ges (Hungary, Indonesia, China and Lithuania) and seven Greens in the rest
(Table 3 Columns [10]-[11] and Table 4 Columns [7]-[8]).

The performance of EVT clearly worsens in line with the diminution
of the confidence level. In this sense, even though it passes the test with
flying colours, the outcome delivers a considerable number of violations in
Argentina (10) and India (15), the latter belonging to the Yellow Zone (Table
3 Column [12] and Table 4 Column [9]).

Table 4 also shows that the penalties envisaged are significant in
Lithuania (58% for EGARCH and 44% for its counterpart respectively) and
Indonesia (44% and 31% respectively) for both Normal models while the re-
maining Yellow Zones are below 17% (EGARCH) and 10% (GARCH). The afo-
rementioned values mark that the GARCH representation obtains, in all the
stock exchanges, less capital surcharges (Table 4 Columns [7]-[8]. Finally,
EVT incurs in a penalty for the first time: 17% in India (Table 4 Column [9]).

5.4. Expected Shortfall and Basel regulations

The outcome of the ES-based MCR appears very much influenced by the
peculiarities of the formula (15): the average 60-day ES enhanced by the
multiplication factor m, (currently equal to 3) and the add-on coefficient
depending on Backtesting results (k).

5.4.1. Expected Shortfall and Basel Il

Table 5 (Lines 1 to 3), deploys the MCR under Basel Il directives employing ES
instead of VaR at 99%. In this sense, the straightforward relationship ES(«) 2
VaR(«a) is distorted by the application of the Backtesting penalties in the VaR
version. The full extent of the difference, however, is reflected in the amounts
of MCR delivered by EVT (Table 5 Line 4) which are unaffected by Backtesting
charges, thus delivering MCR(ES) larger than MCR(VaR). Acknowledging
that EVT gives a MCR(VaR) higher than any other specification and the
definition of ES, MCR(ES) under EVT would in principle seem too high even
to withstand a 2008-style crisis.?? As aforementioned, the relationship
between VaR and ES becomes fuzzy in view of the Backtesting results in the

22 In this sense, the MCR for Hungary seems utterly excessive.
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VaR version (Table 5 Lines 1 to 3 and 10 to 12): setting aside the Red Zones
for each category (Lithuania for ES and Indonesia, Lithuania and Croatia —
both GARCH and EGARCH— and Hungary —EGARCH— for VaR), MCR(VaR)
almost always exceeds MCR(ES) due to the significant Backtesting penalty
for VaR (only Czech Republic for the GARCH alternative delivers MCR(VaR)
< MCR(ES), possibly owing to the 50% surcharge in GARCH-VaR). In the
ES configuration, the difference between the MCR obtained from EVT and
those from the Normal models (Table 5 Lines 1 to 3) proves massive despite
the penalties laid upon the Gaussian schemes, thus enhancing the accuracy
disincentive.

Table 5 —Lines 4 to 6— shows that the confidence level a=97.50%
delivers lower MCR, albeit the new penalties for the Yellow Zone blur the
real extent of the difference with the a=99% exercise, consequently turning
the EVT representation that falls in the Green bucket into the yardstick to
assess the absolute MCR. However, it is possible to draw certain parallelisms
crossing the information displayed in Tables 3, 4 and 5. Utilising GARCH-
Normal, penalties in the order of 8% (Hungary) and 17% (Brazil and
Hungary) recorded in the Yellow Zone?? would equate MCR in the Green
Zone at 99%. On the other hand, employing EGARCH-Normal, Argentina
could initially confirm that a Backtesting penalty of 8% equates a 99% Green
Zone with a 97.50% Yellow Zone through a Gaussian model. Unfortunately,
the results do not permit to gauge the approximate penalty that equals
the MCR between two Yellow Zones, because the multiples must be much
bigger when a=97.50%. EVT delivers values always greater than any
Normal specification and coincides with the 99% case even in the presence
of Backtesting penalties although the difference appears somewhat shrunk
due to the reduction in the confidence level. Therefore, the issue of the
moral hazard continues hovering in the background and seems intricate to
resolved.

Lines 7 to 9 in Table 5 display the MCR using a=95%. As expected, the
values are smaller compared to the other confidence levels to the point that,
in many markets such as Tunisia and Argentina?* the capital buffers might
not result high enough to forestall a repetition of a 2008 crisis (the highest

23 The observation could extend to China, as the surcharge in the Yellow Zone when

a =97.50% is 36%.
24 It is interesting to observe the decreasing in the leptokurtic effect in the GPD as

both GARCH and EGARCH schemes give higher MCR than in the EVT.
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amounts being 7.08% via EVT and 11.46% through EGARCH). In view of the
more relaxed set of penalties dictated by Table 2 Columns [6] and [7], and
the particular shape of the GPD, the distance between EVT and the Gaussian
models appears compressed, hence softening the disincentives to apply
the accurate representations and, despite its recurrence, the gap between
EVT and GARCH/EGARCH ends somewhat trimmed.?> Consequently, for
example, excluding the abnormal value in Hungary, Indonesia records
24.60% (EVT-Green Zone) against 19.86% (EGARCH-Yellow Zone with 44%
surcharge) and China 32.10% (EVT-Green) versus 18.92% (GARCH-Yellow
with 10% penalty). An interesting feature is highlighted in lines 13 to 15
in Table 5, which depict the relative difference between EVT —eventually
the most accurate technique given it pertains to the Green Zone—?2° and the
EVT-VaR at 99%%” considering the three confidence levels of the present
paper: 99%, 97.50% and 95%. In effect, setting aside Hungary, a striking
similarity between VaR at 99% and ES at 97.50% may be spotted: even
though ES records higher MCR, the differences situate between 8.25%
(Brazil) and 13.28% (Argentina), thus hinting at some sort of ‘equivalence’
in the confidence levels in terms of the two risk measures.

5.4.2. Expected Shortfall and Basel llI

The calculation of the Stressed Minimum Capital Requirements via ES (sES)
concurs with that of the base ES for Basel II, except for the fact that it must
be carried out over a 12-month continuous period wreaking havoc on the
financial position of the company. Considering the 60-day average and the
penalties envisaged for poor Backtesting performance stated in formula 9,
EVT again delivers the greatest sES factor at 99%, 97.50% or 95%?22 (Table
6, Lines 1 to 3,4 to 6 and 7 to 9 respectively).

The figures stated in Table 6 suggest that the capital cushion to be
added to Basel Il requisites might appear relatively excessive for an accurate
model like EVT at 99%; in this vein, line 3 depicts cases like Argentina (65%),

25 The example compares the highest (EVT) and the lowest MCR, where the former

belongs to the Green bucket whereas the latter falls into the Yellow Zone.

26 EVT always falls in the Green Zone except for India at a=95%, where it suffers a
17% penalty.

27 For ease of comparison, VaR values calculated in Rossignolo, Fethi and Shaban
(2012b) are reported on lines 10 to 12 belonging to Chart 5.

28 Exception made of Argentina at 95% where the three specifications give roughly

similar results: GARCH=21.44%, EGARCH=20.47% and EVT=20.04%.
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Malaysia (46%), China (38%) or Indonesia (36%) while the remaining
models —either in the Green or Yellow zones— exhibit much moderate
increments. The scenario looks more even as the confidence level decreases:
notwithstandingthe presence of moral hazard, the differenceis substantially
reduced. For example, when a=97.50% (Table 6, Lines 4 to 6), the sES from
EVT (always in the Green Zone) exceeds the respective Gaussian models in
the Yellow Zone in Brazil, Hungary, India, Czech Republic, Indonesia, China,
Argentina, Lithuania, Tunisia and Croatia whereas if a=95% the situation
does not strike as utterly unfair as it only emerges in Indonesia, China,
Lithuania and Croatia (Table 6, Lines 7 to 9). Repeating the procedure in
6.4.1, it is illustrative to evaluate the relative variation between ES at
99%, 97.50% and 95% and the 99% VaR computed through EVT for both
risk measures?? (Lines 10 to 12 in Table 6): excluding the case of Hungary,
amounts of ES at 97.50% report noticeably similar percentages to those of
VaR at 99% and situate in the interval [1.30% (China); 13.28% (Argentina)].

The aforementioned considerations are reflected in Table 7, which
displays the total capital charge for Basel III (16). In general terms,3° full
MCR exhibits a direct relationship with the confidence level though in many
occasions it ends up distorted by the penalties envisaged by Backtesting
and the different starting points for the Backtesting zones (for instance, in
Hungary GARCH-99% belonging to the Green bracketyields 41% whilstwhen
a=97.50% it receives a an 8% penalty and still gives 39% —Table 7, Lines 1
and 4—). For every set of confidence thresholds, the global picture indicates
that EVT —quite understandably— delivers the highest MCR (except in
Argentina where it ranks third) while the remaining specifications do not
show significant differences that may merit any pecking order. Finally, lines
10 to 15, which portray the EVT-VaR MCR in Rossignolo, Fethi and Shaban
(2012b) and the relative difference with the EVT-ES MCR at the respective
confidence levels confirm that EVT at 97.50% gives approximately similar
values to EVT-VaR at 99% (Table 7 Lines 6, 12 and 14), eventually the
sharpest model throughout both papers.

The above analysis that portrayed the equivalence of VaR and EVT
through MCR could be verified equating formulas (2) and (10), and (13) and
(14), for the Standard Normal and EVT configurations respectively, where o’

29 The analysis is performed employing EVT as the most accurate technique.

30 The reqgularity is to be observed when models fall into the Green Zone in each
confidence level.
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denotes the new confidence level for ES. In effect, in the case of the Normal
distribution, the outcome is independent of the volatility model employed:

VaRy1(a) = ESp1(a’) (17)

o Ha) = ¢l (an)]

1-ar

where the approximate value that allows the equivalence is 97.42%. Analo-
gously, the exercise for EVT shows:

VaRiy1(a) = ESpp1(a’) (18)
VaR(a') = ¢H(a)(1 - &) - B+¢u

and, solving for o, gives the values included in Table 13 Column [1]. Inci-
dentally, in order to reinforce the empirical outcome, Table 13 Column [2]
displays the confidence levels that approximates VaR(a) and ES(a’) applying
a purely empirical model like Historical Simulation (again free from any vo-
latility assumption) which, brushing off all the disadvantages that its use
brings about, may also ratify that VaR(99%) is approximately equivalent to
ES(97.50%).

5.4.3. Extending Backtesting: the power of EVT

The robustness of EVT for capital constitution purposes may result
in replicating the analysis, above mentioned, by employing a different
Backtesting period. In effect, it is interesting to observe the behaviour of the
specifications reestimating the parameters and performing Backtesting in
2007 and keeping the crisis year of 2008 for the stressed ES, analogously to
5.1.to 5.4. above.

In this vein, Table 13 provides the outcome of the Backtesting for the
three confidence levels 99%, 97.50% and 95% applying the usual models
GARCH-N, EGARCH-N and EVT-POT, Table 14 reports the capital surcharge
as a consequence of the values taken by the multiplier k, and Table 15
displays the MCR arising from the exercise, much in the same fashion than
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Basel lll Minimum Capital Requirements via ES: MCR = MCR|(cES) + MCR(sES)

Table 12

Line Model
Index Brazil Hungary India Czech Indonesia  Malaysia China Argentina Lithuania  Tunisia Croatia
Republic
1 GARCH-N 99% 47.59% 40.89% 39.73% 68.62% 60.11% 24.17% 34.85% 42.25% 40.08% 15.88% 46.83%
2 EGARCH-N 99% 62.90% 58.45% 36.96% 60.20% 52.59% 23.69% 34.84% 41.26% 37.63% 14.23% 42.52%
3 EVT-POT 99% 91.69% 148.95% 69.72% 83.78%  102.18% 91.66% 105.18% 98.58% 69.79% 27.79% 65.18%
4 GARCH-N 97.5% 48.84% 38.74% 40.77% 43.00% 48.81% 21.20% 41.57% 37.06% 32.70% 10.87% 32.20%
5 EGARCH-N 97.5%  46.72% 39.84% 32.42% 41.19% 40.33% 20.78% 33.01% 39.08% 33.00% 9.74% 32.78%
6 EVT-POT 97.5% 63.75% 97.66% 44.60% 60.87% 63.85% 62.51% 72.03% 57.89% 46.44% 17.50% 44.30%
7 GARCH-N 95% 36.83% 32.91% 30.75% 37.94%  34.82% 18.71% 29.67% 32.70% 22.34% 8.20% 20.38%
8 EGARCH-N 95% 32.46% 28.43% 28.61% 31.06%  33.49% 18.34% 31.55% 31.93% 23.00% 7.34% 19.95%
9 EVT-POT 95% 45.20% 62.56% 32.46% 46.71% 38.22% 43.62% 50.33% 30.57% 31.56% 10.38% 31.57%
10 VaR-GARCH 72.70% 58.89% 60.69% 64.18% 59.96% 31.65% 62.56% 55.32% 34.99% 16.18% 44.19%
11 VaR-EGARCH 67.72% 58.30% 48.40% 61.30% 52.46% 31.02% 54.48% 59.42% 32.84% 14.49% 44.99%
12 VaR-EVT-POT 58.90% 50.60% 40.39% 55.83% 57.35% 56.96% 67.82% 51.11% 41.75% 15.97% 39.50%
13 Variation 99% 55.68% 194.35% 72.61% 50.07% 78.18% 60.92% 55.10% 92.90% 67.17% 74.05% 64.99%
14 Variation 97.50% 8.25% 92.98% 10.42% 9.04% 11.34% 9.74% 6.21% 13.28% 11.23% 9.57% 12.15%
15 Variation 95% -23.26% 23.64% -19.63% -16.34%  -33.36%  -23.41% -25.79% -40.18% -24.42% -34.99% -20.09%
Note: Lines 13 to 15 portray the relative variation between ES at 99%, 97.50% and 95% and VaR at 99%.
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Figures in bold letters indicate specifications belonging to the Red Zone in the respective Backtesting configurations for both ES and VaR
exercises.

Source: Prepared by author.
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Tables 3, 4 and 5 above. Further addition of Table 6 —which contains the
capital supplement arising from the stressed period (eventually unaltered
given that it stems from the strained term)—, determines the total MCR
pictured in Table 16. Understandably enough, the models reveal an overall
improvement in performance (in view of the fact that volatility was not the
common factor in stock markets) reflected in the quantity of Green Zones
recorded for the three confidence levels. For instance, if a=99%, GARCH-N
manages to step in the Green Zone from the Yellow one in Czech Republic
and Tunisia, and from Red to Yellow in Lithuania and reduce the amount of
penalties in Croatia and Indonesia (still belonging to the intermediate Zone).
On the other hand, analogous improvements are reported by EGARCH-N
in Brazil and Hungary, with surcharges of the Yellow Zone brought down
in Czech Republic, Indonesia, Tunisia and Croatia. A similar assessment
could be made in the event of a=97.50%, with GARCH-N stepping up in all
countries but Czech Republic, Malaysia and Argentina (already in Green
Zone), whereas in the rest of the countries reductions in penalties are
obtained. EGARCH-N, concurrently, presents an improvement in Brazil,
Hungary, China, Argentina and Tunisia, and amid decreases in penalties
in the rest of the markets (including trading a Red for a Yellow Zone in
Lithuania). a=95% reinforces the empirical evaluation arising from the
previous confidence levels, because both Normal specifications deliver two
Yellow Zones (although extra charges are substantially reduced). Finally,
EVT-POT manages to yield an unstained performance with all Green Zones
(even correcting the situation in India, for a=95%)).

It is acknowledged that the fact that EVT coming unscathed from every
Backtesting exercise translates into higher MCR (Table 16), although their
levels are decreased compared with those of 2008 as the test period. It is up
tothelocal and supranational regulators, then, to legislate on the adequacy of
the specifications and the corresponding MCR, although the aforementioned
outcomes are clearly not to be neglected.

6. Basel Il and Basel 1ll MCR revisited in light of ES

Rooting in the Backtesting result from Section 5.1 to 5.3, this Chapter
provides a reassessment of the MCR formulas (15) and (16) belonging
to Basel II and Basel III respectively applying EVT-POT —eventually the
most accurate representation— through a sensitivity analysis aimed at
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ascertaining the adequacy of the multiples m.and m, computed at the three
alternative confidence levels 99%, 97.50% and 95%.

6.1. Basel Il and Basel Il capital buffers in numbers

Basel [ regulations entail a coverage of more than three times the size of the
heaviestloss in 2008 —except in Argentina, where the coverage amounts to
2.62 times— (Table 13 Column [1]), which translate into deficits averaging
65% in Emerging markets —Hungary leading with an astonishing 100%—
and 35% in Frontier stock exchanges-highest value for Lithuania, 45%-
(Table 13 Column [2]). These amounts represent a substantial increase from
the VaR estimations —reported on Columns [1] and [2] in Table 14— in the
region of 76% for Emerging markets and 73% in Frontier ones (average
figures). The introduction of the sES accomplishes its objective toughening
the MCR given that the former quantities are increased to more than 7 times
the greatest loss of the forecast period (average values 8.84 and 7.28 in
Emerging and Frontier markets respectively), representing average daily
shortfalls of about 91% and 65% in each case (Table 13 Columns [3] and
[4]). Compared with Basel III VaR values, ES records an augmentation of
more than 65% and furthermore, in relative terms, the sES factor lifts. MCR
in more than 64% in Emerging markets and 76% in Frontier ones (again,
average values reported on Columns [3] to [4] in Table 14).

When the confidence level is brought down to 97.50%, the values are,
again, strikingly similar to those of VaR at 99%. In fact, under the Basel 11
framework, the maximum loss coverage amounts to —in average values—
3.97 in Emerging markets and 2.72 in the Frontier ones (compared to 3.29
and 2.44 respectively in the VaR exercise), whereas adding the sES as
in Basel III the figures increase by 50% and 72% to reach 5.93 and 4.67.
Translating the above mentioned multiples into losses, ES would withstand
daily red outcomes of 45% and 23% in Basel Il and 66% and 42% in Basel
III (Emerging and Frontier stock exchanges respectively) (Table 13 Columns
[5] to [8]). The resemblance with the maximum daily loss matched by VaR
at 99%, both for Basel I and Basel 1], is displayed in Table 14 Columns [5]
and [6] respectively, with increases in the region of 20%-22% for Emerging
markets and 12% for Frontier ones.

At 95% ES delivers figures roughly equal or even smaller than VaR at
99%. Table 13 Columns [9] to [12] reports that, in Basel Il terms, the average
MCR for Emerging and Frontier ones reach 2.71 and 1.76 times the heaviest
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Table 14
Maximum Daily Loss — Variation between ES- and VaR-based values in Basel Il and Basel llI

Index Basel 11 Basel 111 Basel 11 Basel 111 Basel 11 Basel 111 Basel 11 Basel 111

MDL Var Var. Es Es Es Es Es Es
a=99% =99% 0=99% a=99% 0=97.50% 0=97.50% a=95% 0=95%

1 2] 3] [4] 151 [6] 171 8]
Brazil 41.80% 58.90% 55.68% 55.68% 8.25% 8.25% -23.26% -23.26%
Hungary 39.08% 50.60% 155.91% 97.61% 92.98% 92.98% 23.64% 23.64%
India 28.56% 40.39% 72.61% 72.61% 10.42% 10.42% -19.63% -19.63%
Czech Rep 42.36% 55.83% 50.07% 50.07% 9.04% 9.04% -16.34% -16.34%
Indonesia 36.96% 57.35% 78.18% 74.37% 11.34% 11.34% -33.36% -33.36%
Malaysia 28.49% 56.96% 60.92% 60.92% 9.74% 9.74% -23.41% -23.41%
China 42.06% 67.82% 59.49% 47.46% 9.22% 6.21% -23.69% -25.79%
Avg.Emg. 37.04% 55.41% 76.13% 64.20% 22.15% 19.96% -16.19% -17.72%
Argentina 17.60% 51.11% 92.90% 92.90% 13.28% 13.28% -40.18% -40.18%
Lithuania 26.94% 41.75% 67.17% 67.17% 11.23% 11.23% -24.42% -24.42%
Tunisia 10.88% 15.97% 74.05% 74.05% 9.57% 9.57% -34.99% -34.99%
Croatia 25.97% 39.50% 64.99% 64.99% 12.15% 12.15% -20.09% -20.09%
Avg.Ftier. 20.35% 37.08% 72.96% 76.19% 11.75% 12.00% -27.86% -29.83%

Note: Above values obtained through EVT-POT. Loss Coverage = MCR(VaR) / Maximum Loss Forecast Period.

Source: Prepared by author.
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loss in the forecast period, raising them to 4.06 (+50%) and 2.96 (+68%)
after the addition of the sES factor. These numbers amount to daily losses
of 31% and 15% for Emerging and Frontier markets in Basel Il and 46% and
26% when Basel III is considered. The comparison with the VaR example
in Rossignolo, Fethi and Shaban (2012b) informs a decrease of 16% and
28% in Basel I (Emerging and Frontier markets respectively), with the gap
augmenting to 18% and 30% in Basel III (Table 14 Columns [7] and [8]).

6.2. A sensitivity analysis to assess m. and mg using ES

The present section exhibits a sensitivity analysis3! designed to show the
effects of the adoption of different multiples m,and m; on the Maximum Dai-
ly Loss —which constitutes an alternative way to express the MCR— fore-
stalled employing EVT and alternative confidence levels a=99%, a=97.50%
and a=95%.%?

At 99% the MCR result is relatively high: considering that under Basel
II the MCR amount to 67% and 35% for Emerging and Frontier markets, a
daily LCR in excess of 4 represents a huge amount of capital unproducti-
vely immobilised. The introduction of the stressed component in Basel III
contributes to the suboptimisation observed in Basel II as it delivers 99%
and 65% —LCR greater than 8 for both sets of stock exchanges—. Were the
BCBS to stick to this enormous confidence level even applying ES, it would
be advisable to select another combination of the fixed multiples and, in this
sense, the figures suggest that values up to m.=1.5 / m¢= 1 (excluding m.=1)
should be enough to withstand massive crises. For instance, under Basel I,
m.=1.5 (Maximum daily loss in the region of 33% and 18% representing LCR
of 3 and 2.5 for Emerging markets) delivers high MCR, whilst if Basel III is
to be applied, mixes like m.=1 / m=0.5 or m.=1 / m.=1 cover more than
a daily loss of 30% for Emerging markets (3 times the heaviest loss in the
2008 crisis) whereas the corresponding values for Frontier stock exchan-

31 For the sake of readability, the amounts are expressed in average terms for Emer-
ging and Frontier markets unless otherwise stated.
32 The Tables are intended to report the Maximum Daily Loss and the corresponding

Loss Coverage Ratio (LCR) for each a. Due to space constraints and in light of its
bearing on the final result, only the results corresponding to a = 97.50% will be dis-
played notwithstanding which the remaining Tables belonging to the confidence
levels a = 99% and a = 95% are available upon requirement.
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ges situate in the region of daily 26% and 3.50 LCR. Finally, a first glance
at the ES estimates compared to the VaR-based ones in Rossignolo, Fethi
and Shaban (2012b) would point to an approximate equivalence between
m.(VaR)=3 and m.(ES)=2 in Basel Il framework, while in terms of Basel III
the correspondence could be fixed at m (VaR)=m (VaR)=3 and m.(ES)=2 and
m(ES)=1.5.

Tables 15 and 16 reproduce the analysis at a=97.50%, where it may be
appreciated a certain relaxation of the amounts.?® Basel II specifications
would entail MCRin the order 0f45% (LCR>4) and 22% (LCR>3) for Emerging
and Frontier markets respectively (Lines 33 in Tables 15 and 16) while Basel
[1I delivers 74% and 45% (LCR>6 in both groups) (Lines 48 in Tables 15 and
16), indeed huge values even for a 2008-style plight. Consequently, were the
BCBS to apply formulas 5.6 and 5.7 to determine the MCR through ES, the
multiples m.and m, should be drastically reduced. For instance, Lines 4 to 19
(Charts 15 and 16) could supply a buffer to fend offa 30% and 15% Maximum
Daily Loss for Emerging and Frontier markets respectively which translates
into more than 2 times the greatest shortfall of the forecast period.3* It is
deemed that MCR in excess of those aforementioned would, again, freeze
considerable money which could be diverted to more productive uses.
Finally, the performance of m (ES)=2.5 at 97.50% might be equated to Basel
IT VaR at 99% (2.5<m.<3), while the approximate equivalence for Basel III
may be found on Lines 39 (m.=3, m =2.5).

On the contrary, as the confidence level keeps diminishing, the
multiplication factors are in urgent need of being increased in order
to achieve similar results to the higher alphas. LCR consistently over 2
are obtained, which is tantamount to expressing a Maximum Daily Loss
coverage of 23% and 14% in Emerging and Frontier market respectively

33 Graphs 2 and 3 illustrate the sensibility of the Average Emerging and Average
Frontier markets MCR to the different values of m. and m,, whereas Graphs 4 and
5 portray the sensibility of the Average Emerging and Average Frontier markets
LCR to variations in mc and ms as expressed in Charts 15 and 16 respectively. Space
considerations prevent the inclusion of the surfaces belonging to the individual
countries, which remain available upon request.

34 Exception made for lines 9 in Charts 15 and 16 where, for m.=1.5 in Frontier mar-
kets, the average maximum daily loss amounts to 11.37% (LCR = 1.59).
35 It is acknowledged the need to make an exception in the cases of Basel Il when

m.=2 and m.=2.5 because, in the case of Frontier markets, the capital buffer would
not be enough to match shortfalls in the region of 1.39 and 1.74 times the greatest
loss of the forecast period.
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from m,=m=1.5.%° Finally, VaR-based Basel Il Maximum daily losses covered
reveal roughly equivalent to ES-MCR at 95% when m =4, while the task of
finding a feasible equivalence for Basel III becomes uphill because of the

Graph 2
Sensitivity analysis — Average MCR Emerging Markets
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Graph 3
Sensitivity analysis — Average MCR Frontier Markets

0,6

MCR Avg. Ft. >*

0,2

ISSN 2007-5383 version digital, ISSN 2007-5375 version impresa 165



Adrian F. Rossignolo

IBstocdsticas
FINANZAS Y RIESGO

TTI€0 YETS0 70v€0 6¢€T'0  TOCY'O TISE0 7650 1L06€°0 GE8Y'0 00090 T96E°0 29180 6,750 O=swy/g=dw ¢
v.2¢0 GZsvo ¢16¢°0 €6TT'0 96620 76610 76Sv°0 9¢T€0 STV 0 6T9%'0 VSTE0 TvSL0 72570 e=0w €€
V.LLEO €685°0 Sv6E°0 TSST0 SPIv0 LS¥S°0 LEVI0 0€.5°0 66950 8TES'0 PEGE'D 60880  TC9S0 €=Sw/g¢=0w ¢¢
TovE0 6€95°0 ¢69€0 8G¥T'0  0.8€0 124740 20090 60250 T¢eS'0  €.09°0 9T.€0  8ET8'0  €TES0  G'¢=sw/g¢=0w T¢
V.1€0 G8T9°0 6EVE 0 G9ET'0  TOLEO 26170 19S50 88970 gver 0 8¢87'0  66VE0 1910 #0050 ¢=Sw/g'z=ow 0¢
0€6¢°0 846870 98TE0 ¢LZT'0  TO0LEO 6GG€0 €ET90 L9T¥'0 79S¥°0 €8G7'0  GEVED 96€.°0 QZ/v'0  GT=SW/GZ=0W 6¢
81,20 6.S1°0 €620 6.TT°'0 T0.LEO 8LT€0 8691°0 LV9€°0 98Tv¥’'0  6EEV'0  SEVE'D  9¢0L0  S¢lvO T=SWw/g¢=0wWw 8¢
[AYRAN] laa4740] 81620 TETT'0 TOLEO 8.T€0 €9¢v'0 98€€0 6vIv0 0ecy’'0  GEVED 90690 Q¢ly’'0  §'0=sw/g¢=dw /g
[AYRAN] 08ev'0 81620 TETT'0 TOLEO 8.T€0 8¢8€0 98€€0 6vIV'0 0ECr'0  GEVED 90690 STAAA0] 0=Sw/g'¢=dw 9¢
G68T0 TLLEO L2vC 0 76600 L6¥VC0 29970 8¢8€0 G09¢°0 6¢7€0 6¥8€'0 8¢9C°0 78290 0LL€0 g'¢=0w  G¢
Z¢80€0 G8.1°0 90¢E0 6G¢T°0 T.LEEO 4312740 1€¢S°0 8891°0 GE9’'0  €0EV'0  TBTED  T889'0  6SSY0 €=Sw/g=0w ¢
¢80€°0 G8/¥°0 90¢E0 6G¢T'0 TLEEO [414740] 1€2¢9°0 88970 GEIY'0 €0ev’'0  T6TE0 78890 66570 §'¢=sw/g=o0w ¢€¢
G620 TEVYO €G6¢0 99TT'0  20¢E0 098€°0 080 19T¥'0 JASTAAN] 8507’0 €162°0 0TS9°0 0G¢v0 ¢=Sw/g=dw  ¢¢
TGSC°0 70T¥'0 00420 7.0T°0 ¢0C€0 1¢C€0 L9EV0 99€0 8.8€°0 ¥18€0 0T6Z°0 or19°0 TL6E0 G T=sw/g=0w T¢
69€C°0 G¢8e0 Lyv20 18600 ¢0c€0 98¢0 2e6€0 9¢TE0 00S€'0 695€'0 0T6C0  69.90 TL6EO T=sw/g=0w 0¢
€GEC0 889€°0 €eveo 2e60'0  ¢0c¢e0 98¢0 L6VE€0 G98¢°0 €9¥€0 09¥€'0 0160 67990 TL6E0 §'0=SWw/¢=0w 6T
€GEC0 9¢9€0 €EVC0 ¢e60'0  ¢0¢e0 9820 ¢90€0 G98¢°0 €97€0 09¥€'0 01620 67990 TL6E0 0=sw/Zg=dw 8T
9TGT0 9T0E0 ¢v6T°0 86,00 L66T°0 6¢ET0 ¢90€0 78020 e€v.i0 6L0€'0 €0TCO 12050 9T0E0 ¢=ow /T
9T0€°0 ¥8EY'0 v.62°0 €GTT'0  9YI€0 ¢6.L1°0 90610 8891°0 L¢ev’'0  8LL80 €88¢0 S665°0  ETTVO E=Sw/g'T=0w 9T
€0.20 TEOY'0 T¢L20 090T'0 T/820 09T¥'0 TLvY 0 19T¥'0 676€0 €EGE'0  G99¢°0 ¥299°0 G08€'0  G'¢=SwW/§'T=dW GT
9T¥C'0 119€°0 891720 89600 €0.2°0 1¢S€0 9e0v'0 99€0 TLSE0 88¢€'0 L¥WC0 76250 967€0 ¢=SW/G'T=0w  ¢T
¢LTC0 6vEE0 GT2c0 G/80'0 €0.2°0 G68¢°0 TO9€0 Gc1e0 €6T€0 770€'0 ¥8ECO €887°0 LTCE0  GT=SW/GT=0Ww €T
066T°0 TL0E0 29670 28,00 €0.2°0 1820 L9T€0 G09¢°0 ¥182°0 66420 ¥8EC0  CISV'0  LTCEO T=SW/G'T=0Ww ¢T
7,670 €620 LV6T°0 €e.00 €0.¢°0 Y1620 ¢eLe0 ¥veC0 11120 069¢'0 ¥8€C0 26Ev'0 /T¢€0  G0=Sw/g'T=oWw TT
7,670 ¢L82°0 LV6T°0 €eL0'0 €0.2°0 Y1620 16220 4% A0 111/20 0692’0 ¥8€C0 26Ev'0 LTCE0 0=SWw/g'T=0w Q0T
LETTO ¢9¢¢’0 96110 96500 86¥T0 16600 16¢¢°0 €9GT°0 850¢°0 60€C'0  LLSTO 0LL€0 ¢9¢¢0 gT=0Ww 6
€0L2°0 0€9¢€0 L7920 GG60'0 9¥9¢°0 2981°0 orT'o L9TV'0 ¢r9e’0 800€'0 LSEC'0  B8ELV'O  6SEE0 e=sw/T=0w 8
68€C0 112€0 76€2°0 29800 ¢L€C0 6¢6€0 S0.€0 99€0 €9¢€0 €9/2'0 6€TC0 19€¥'0 TS0E0 §'¢=SW/T=0w /
€0T¢0 €¢62°0 134740 69,00 €020 16¢€0 TLCE0 Gc1e0 G88¢°0 6TGC'0 ¢¢6T0 L66€°0 [AZxAN] ¢=Sw/T=0w 9
8G8T°0 G6SC°0 888T°0 9/90'0 €0¢c0 ¥99¢°0 9€8¢°0 ¥09¢°0 1082’0 v/.¢2’0 8S8T'0  9¢9€'0  €9¥¢0 §'T=SwW/T=oWw g
9.9T°0 LT€C0 GEIT'0 €8390'0 €0¢cC0 €8¢¢0 T0¥2°0 ¥80¢°0 8¢TC¢’'0 6¢0C¢0 8S8T'0 GS¢E0  €9¥C0 T=SW/T=0w ¢
099T0 08T¢0 T29T'0 7€G0°'0 €0¢C0 €8¢¢0 996T°0 €¢8T0 16020 0¢6T'0 8S8T0 GETE0 €97¢'0 G'0=SW/T=0w ¢
09970 LTTC0 T29T°0 7€G0°'0 €0¢C0 €8¢¢0 TEST O €¢8T0 16020 0¢6T'0 8S8T0 GETE0 €977¢'0 O=Sw/T=0w ¢
€¢80°0 80ST°0 6¢TT0 8600 66600 99/0°0 TESTO ¢v0T'0 ¢LET'0  OPSTO TSOTO  ¥1SC0  80STO =W T
14N ‘WIAY  eneodd  eilsiunt U By eulyy  Aerein ‘uopu]  dyzD  eipul  AsebunH [i1zeag swy/ow aul

%0S L6 = 0 1€ °W pue °w sio1de) buieas buikien yum DN 1810 ]-sIsAleuy AlARISUSS

Sl olqel

2, julio - diciembre 2017, pp. 123-175

, numero

Volumen 7

166



RBstocdsticas

FINANZAS Y RIESCGO

Empirical Approximation of the ES-VaR: Evidence from Emerging...

699590
9G€59°0
69050
ve8y'0
EV9r'0
L29v'0
L29v'0
06.€0
06250
LL6V'0
06910
ClazdY
v9¢v'0
8¥¢y'0
87’0
TIvE0
T167°0
865170
TIEY'0
L90¥°0
G88E0
698¢°0
698€°0
¢ene0
¢ESY'0
6Tcr0
¢E6E0
889¢°0
90S€0
06¥¢0
06¥€0
€492°0
€410
0¥8¢0
€45€°0
60€E0
LZTE0
TIT€0

€996°0
60€6°0
95680
82980
05€8°0
[4%420
0ST8°0
TvSL°0
60680
§568°0
¢0¢80
v.8L°0
9690
8470
96€L°0
18190
GGT8°0
T08L°0
8v¥.0
0¢TL0
¢¥89°0
¥0.9°0
¢799°0
€€09°0
T0VL0
L¥0L°0
€699°0
99€9°0
18090
05650
88850
61¢S°0
L¥99°0
€6¢9°0
6€65°0
¢199°0
€EES0
96TS0

¢LEISD
67190
99850
€T95°0
09€5°0
SPES0
SvES'0
¥481°0
98890
€€99°0
08€5°0
L2190
v.81°0
09810
09810
89¢EY'0
10750
87150
S6817°0
croro
68€V'0
v.Ev°0
v.EV'0
€88€°0
9T6v°0
€997°0
0Tvv'0
LSTV'0
¥06€°0
688€°0
688€°0
86EE0
0EYY'0
LLTVO
¥¢6€°0
TL9€°0
8TvE0
0¥€0

GvGc0
¢sveo
65€C0
99¢¢’0
€LTC0
4l
STARA)
886T°0
9v€C0
€5¢c0
09720
19020
GL6T°0
9¢6T0
9¢6T0
68.T°0
JAAA
¥502°0
T96T0
698T°0
9L.T0
L2lT0
L2LTO
06ST°0
8¥6T°0
958T°0
€9.T0
0.9T°0
LLSTO
8¢ST0
8¢aT0
T6ET0
0S.7°0
LS9T°0
95910
TL9T0
8LETO
6CET0

T799°0
L9€9°0
86T9°0
86T9°0
86T9°0
86T9°0
86T9°0
766¥°0
cr19°0
L9890
66950
66950
66950
66950
66950
v6vy'0
€v99°0
89€9°0
66TS0
66TS0
66TS0
66TS0
66TS0
S66€°0
€190
69870
00.¥°0
00.¥°0
00.¥°0
00.¥°0
00.¥°0
96v€0
vv9v°0
69¢Y°0
T0¢r'0
T0cv'0
T0¢y'0
T0Cr'0

6TTL0
98790
€489°0
T¢es0
0v8y°0
0v8¥°0
0v87°0
€CEE0
98190
¥S19°0
T¢SS0
68870
80S¥°0
80S¥°0
80S¥°0
16620
Y5790
12850
68750
99G¥°0
ETANAN
S.T¥°0
STARAN
84920
¢c19°0
68750
94870
veero
€V8E0
€¥8E0
EY8E0
9¢€C0
68190
LSTS0
¥esv o
¢68¢0
T1G€0
T16€°0

G9¢0'T
0€86°0
§6€6°0
19680
9¢S8'0
16080
999.°0
999.°0
00560
§906°0
0€98°0
S6T8°0
09.2°0
G¢eL'0
06890
06890
€480
66¢8°0
798L°0
6¢vL'0
§669°0
09990
2190
Ge19°0
896.°0
v€SL0
660L°0
79990
6¢¢9°0
¥6.5°0
69€5°0
69€9°0
€0¢L0
89.9°0
€€ET0
86850
€975°0
8¢05°0

GEEB'0
18,0
€6¢L0
€L190
¢5¢9'0
16650
16650
0T¢S0
¥18L°0
€6¢L°0
¢L190
¢5¢9°0
T€LS0
0.¥S°0
0,750
6897°0
€6¢L°0
¢L190
159290
T€LS0
0Tes'0
6v67°0
6v67°0
89TV'0
¢L190
15¢9°0
0€.S°0
0Tcs'0
68970
8¢hv'0
8¢ry'0
LY9E0
15290
0€.59°0
60¢S°0
8897°0
89T¥'0
L06€°0

8¢T60
05280
¢LEBO
€66.°0
19,0
8.G.°0
81G.°0
65890
Evy80
79080
989.°0
80€L°0
6¢69°0
¢689°0
26890
€LT9°0
LG11.°0
8LEL°0
000.°0
22990
€790
90¢9°0
90290
L8VS°0
T.0L°0
€699°0
v1€9°0
9€65°0
84990
12850
T¢SS0
T08Y°0
G8€9°0
£009°0
8¢99°0
05¢S'0
¢l8Y°0
GE8Y'0

L9760
¢c68°0
L1980
CEY80
88180
6L08°0
6,080
869.°0
L6€8°0
¢S180
L06L°0
€992°0
81vL0
60€L°0
60€L°0
8¢69°0
L29.°0
¢8€L0
8€TL0
€689°0
8799°0
6€99°0
6€59°0
89T9°0
L5890
¢199°0
89€9°0
€190
81890
69190
69190
68€5°0
£809°0
€V85°0
86550
€9€9°0
80TS0
000S0

29990
SvE€9°0
L2190
7909°0
7909°0
7909°0
7909°0
LG¢S°0
LEO9'0
61850
T09S°0
8€95°0
8€959°0
8€95°0
8€495°0
TELV'O
T195°0
€6¢5°0
91050
¢10S°0
¢10S°0
¢10s°0
¢10S°0
S0¢v'0
G861°0
89.1°0
0SS0
L8Y¥'0
L8YY°0
L8Y¥°0
L8Y¥°0
089€0
09¥v°0
cvero
¥20r'0
T96€°0
T96€°0
T96€°0

€6LV'T
742 A"
TS0¥'T
T89€'T
0Tee'T
06TE'T
06TE'T
89G¢'T
9€GE'T
SOTE'T
v6.C'T
veve't
€50¢'T
€e6T'T
€E6T'T
TIET'T
6L¢C'T
806T'T
8€GT'T
LOTT'T
96.0'T
9/90°T
9/90°7T
G500°T
¢eoT'T
¢590°T
18¢0°T
07660
6€960
6TV6'0
6TV6°0
86180
99160
§G6E6°0
72060
€4998'0
¢8¢8'0
¢918'0

¢6€6°0
€806°0
G./80
S6¥8°0
S6¥8°0
S6¥8°0
S6¥8°0
0vSL'0
8€98°0
6¢€8°0
0c080
vLL0
JAZ¥A0
JAZ¥A0
vLL0
98190
¥88L°0
§/G.°0
99¢.°0
18690
L8690
18690
18690
¢€09°0
6¢TL0
12890
¢199°0
€€¢9°0
€€¢9°0
€€¢9°0
€€C9°0
81¢S°0
GL€9°0
£909°0
84190
6,750
6,750
6,750

£=sw/g=ow
G'¢=sw/g=ou
Z=Ssw/g=ow

G T=SW/G=0wW
T=sw/g=ow

G 0=sw/g=ouW
0=sw/g=owW
G=ow
€=SW/G'y=ou
G¢=SW/gy=ouW
Z=SW/g y=owW
G T=SW/G y=oW
T=SW/g'y=ouW
G'0=SW/gy=owW
0=SW/g y=ow
S'y=ouw
c=swl/y=ow
G¢=sw/y=ou
Z=sul/y=oul

S T=SW/p=ow
T=sw/y=ow

G 0=sw/y=ouW
0=sw/y=ow
=0W
€=SW/g'¢=ouW
G¢=sw/g'e=owW
Z=sW/g'e=ow
G T=SW/g'€=ouW
T=sW/g'¢=ouW
G'0=Sw/g'e=owW
0=SW/g'e=ow
ge=ou
g=sw/g=ow
§'Z=sW/g=ow
Z=sw/g=ou

G T=sw/e=ouW
T=sw/g=ow

G 0=SW/g=owW

cL
1L
0.
69
89
L9
99
99
79
€9
a9
19
09
65
89
LS
99
SS9
¥S
€9
4]
15
0§
514
8y
Ly
ig
1%
144
a4
ey
114
(01%
6€
8¢
LE
9€
qe

167

ISSN 2007-5375 version impresa

ISSN 2007-5383 version digital,



Adrian F. Rossignolo

IBstocdsticas
FINANZAS Y RIESGO

ey 79'v 089 68'T 18°€ 9e'Y €9°¢ VAR 66°C 70'8 e €e9 (AR G'0=sw/g=ouW G
ey 09'v 089 68'T 18'¢€ 9e'Y (AR JASRS 66°C 70'8 e €e9 €5’y 0=swy/g=3w e
6T°¢ S[0h7 28'S 69'T 9.°¢ 81'¢ [AR> G8'¢ 12°K4 ev'L ¢Le G689 v.'e e=ow €e
LTS €S 88, 0¢'¢ 28'¢ 8.9 S9'Y €C'S [ASRS 9G'8 6E'€ 099 S9'Y €=Sw/g¢=ou [4%
QLY 6’y 8¢’.L L0°¢ 9G'¢ 009 eey 9Ly 6C'€ 91’8 0ce €9 6E'Y G'Zg=sw/gg=ow  Tg
9EY 197 189 76'T e T2°S 07 8¢V S0'€ LL'L ¢0'€e €09 1494 ¢=sw/gg¢=ou 0€
00y ee'y L€9 8'T e 'y 0Le 08¢ 28'¢ 8L 96°¢ .S 16°€ §'T=sw/g¢=0w 62
¢L'e 607 98'G 19T e G6°€ 6€€E ee’e 6G°¢C 869 96°¢ 174 16°€ T=sw/g¢=u 8¢
0L'€ 16°€ €8S 09T e G6°€ 80°E 60°€ 9G'¢ 189 96°¢ 9€'S 16°¢€ G'0=Sw/g¢=dwW x4
0L€ 26°¢ €8'G 09T e G6°€ 9.¢C 60°€ 9G°¢ 189 96°¢ 9€'g 16°€ 0=sw/g¢=ou 9¢
99¢ 6E'E a8’y T 0g¢ 10¢C 9.¢ 8¢ ¢re 6T9 9¢'¢ 88" ¢r'e g'Zz=ou 14
iy 1A% 9 6L'T 0T'€ 89S 8L'¢ 8¢’y 98¢ 269 GSL¢ €S LL'E e=sw/z=ow ¢
v Vv 9 6L'T 0T'e 89'G 8L'¢ 8¢V 98¢ 269 SL'¢C 7€'S LL'E G'¢=sw/g=ou ¢
€8'¢ 6°€ 06°S 99T G6°¢ 08t LV'E 08¢ €9¢ €59 9G¢ S0'S 16°¢ Z=sw/z=ow  g¢
LV'E S99t ov's [AH) G6°C 0" ST'E €e’e ov'e 719 T16°¢C 9LV 8¢'t G'T=sw/z=ou T
6T'¢ e 68’7 6E'T G6°¢C 2R 8¢ G8'¢ 9T'¢ v.'S 16°¢ 1A% 8¢'¢ T=Sw/Zg=ow 0¢
LT'E 6C°€ 98" (AN G6°C 1R [AN4 29¢ v1'¢e yASRS] 16°¢C 8E'Y 8C'¢t G'0=Sw/g=ou 6T
LT'€ ¥e'e 98'v [ASN) G6°¢C 2R T¢¢ 29'¢ v1'¢ 1SS 16°¢ 8EY 8¢'¢t 0=Sw/Z¢=2w 8T
€T¢ TL¢C 88°¢ €T'T 78T Q9T T¢¢ 06T 69T G617 8T 06°€ 67'C 2= LT
Ty 18'€ 6'S 79T 06'¢ 96'S 4R 8¢'v 19¢C 809 8v'¢ S99 ov'e €=Sw/g'T=ou 9T
69°€ JASRS A 18T 79°¢ LTS €t 08¢ e 69°G 0€¢C 9E'Y ST'e G'Z=SW/q'T=0W qT
6C'€ 9Z'e €6’ LT 61'¢C 6V 16°¢C €e'e T¢¢ 6¢'S T1°¢ 801 68¢C ¢=Sw/g'T=ou VT
6°¢ 16°¢ er'y vZ'T 61°¢C 09°¢ 09¢ G8'¢ 16T 06’7 S0°¢ 6L'€ 99'¢ G'T=Sw/q'T=0Ww  ¢T
99¢ €L¢C [4 R T 61'¢C €T'e 6¢'¢C 8¢ VLT 05y S0'¢ 0g'e 99¢ T=Sw/g'T=0wW 4"
79¢ 19°¢ 68°¢ 70'T 617°¢C e€T'e L6'T 14%4 cL'T eey S0°¢ e 99'¢ G'0=Sw/g'7=owW T
79°¢ 1G¢C 68°€ 70'T 61'¢C €T'e 99T v1¢ ¢L'T €€y S0'¢ e 99¢ 0=sSw/g'T=owW 0T
69T €0'¢ 16°¢ G880 8e'T ve1 99T ev'T 1CT ¢Le 9e'T €6'¢ /8T g T=ow 6
69°€ 0ce 6C°G GET e 196 66°C 08¢ STAYA 78 €0¢ 89°¢ 8L¢C £=sw/T=0w 8
1C'€ 68¢ 6LV [AA) 8T'¢ 88’1 19¢C €e'e c0¢ Sty 78'T 6E'€ [AN4 G§'¢=sw/T=ouW L
18¢C 8G°¢ 8¢V 60°T €0¢ 0TV 9€¢ G8'¢ 8L'T S0 99T 0T'e 1C¢C ¢=SW/T=0W 9
[AN4 0g¢ LL'E 960 €0'¢ T€€ S0'¢ 8¢ SG'T 99°¢ 09T 8¢ 70'¢ G T=sW/T=owW S
e S0°¢ LC°€ €80 €0'¢ 8¢ €L'T 06'T T€T LCE 09T €59°¢ ¥0'¢ T=SW/T=0W 14
¢ce €6'T vZ'¢e 9.0 €0¢ 8¢ (A7) 99T 6C'T 60°€ 097 ev'e 70'¢ G'0=sw/T=owW €
éce 68'T V'€ 9,0 €0'¢ 8¢ T 99'T 6¢'T 60°¢ 09T ev'e ¥0'¢ 0=SwW/T=owW 4
LTT SE'T 9¢'¢ 960 260 G6°0 T G6°0 G8'0 8v'¢ 160 G6'T ST T=o0w T
AAY  CWIAY  eneosd elsiung 10 ‘Bay  eulyd ‘Refen "uopu dy'zd elpul  AsebunH  |izeag SWw/owW- aulT

91 219el

2, julio - diciembre 2017, pp. 123-175

, numero

Volumen 7

168



RBstocdsticas

FINANZAS Y RIESCGO

Empirical Approximation of the ES-VaR: Evidence from Emerging...

%056 = 0 1€ *W pue >w sio1de) buljeds buikiea yum abelano) sso-sisAleuy AlARISUSS

€8'L
L
10°L
999
8€9
9€'9
9€9
T€q
0gL
889
8v'9
€19
G8'q
c8'q
8'q
8LV
LL9
G€9
S6°G
099
4]
6¢'9
6¢'G
A7
€9
18'G
4]
90'g
6LV
9Ly
9L'v
cLE
0L
8¢S
68V
sy
ST

198
1€8
008
cL’L
YA
St
€L
LL°9
v6°L
€9°L
(4
¥0'L
089
899
€99
079
9¢’L
S6°9
999
9€9
4%
009
G6°S
48]
899
8¢9
L6°S
89'G
124
4]
8¢9
VLY
16°G
09'S
6¢'9
10°S
9Ly

€L¢CT
€l
LTl
[4an"
TL°0T
89°0T
89°0T
0.6
9L'TT
9C'TT
G207
Ge'oT
VL6
1.6
TL'6
€L°8
6,07
6¢°0T
8L'6
8C6
LL'8
v.'8
¥.'8
9L°L
8’6
cE6
188
T€8
08°L
LL'L
LL'L
6.9
G8'8
ge8
¥8'L
ve'L
€89

19°¢
8y'€
Ge'e
e
80'¢
c0€
o€
e8¢
€e¢e
0ce
L0°€
€6'¢C
08¢
€L'¢
€L'C
14°K4
S0°€
e¢6'¢
8L'C
S99°¢
¢s'e
Sv'e
Sv'e
9¢¢
LLe
€9°¢
0S¢
LEC
vee
LT'¢
JAN4
L6'T
8v'¢
Se'¢
e
60°¢C
96'T

179
98's
TL°S
TL°S
TL°S
TL°S
1’9
09'v
999
ov's
ST
GZ'S
qZ'S
GZ'S
ST
140 %
0¢'s
76’V
6LV
6LV
6LV
6LV
6LV
89°¢
177
8y
eer
eev
€eY
eev
€ey
ece
8cv
0"
18°€
18°€
18'€

G8'8
908
8¢'L
679
09
209
¢09
Ty
vv'8
S99°L
989
809
099
09'G
099
cLE
c0'8
veL
Gv'9
99'9
6T'q
6T'S
6T'S
0g€
19°L
289
709
STA]
8LV
8LV
8LV
68'¢C
0c'L
79
¢9'S
¥8'Y
9€Y

'L
60°L
8.9
Lv'9
ST'9
v8'G
€9'S
€9'G
989
v5'9
€29
16'S
099
6¢'S
L6V
L6V
0€9
66'G
89'G
9€'g
S0'S
€LY
v
v
SL'S
144
AN
18V
0S'v
8T'Y
AR
L8°¢
0c's
88’y
LSV
9cy
v6'¢€

19°L
ET’L
999
819
1.9
Ly'S
Lv'S
9Ly
ET’L
999
819
1.9
€ecq
66't
66't
8cy
999
819
1.9
€Cq
9Ly
sy
[4°h4
18°€
819
TL°G
€S
9Ly
8cv
0y
0y
€ee
1.9
€S
9Ly
8cy
08¢

v9'S
s
LTS
v6'v
0Ly
89'Y
89'v
vey
[44]
86’1
L'y
197
8¢y
acy
9y
18°¢
6LV
9S'Y
[49%
60'v
98'¢
€8¢
€8¢
6€°€C
LEY
ETy
06°¢
L9°€
ev'e
e
e
L6'C
v6'€
L€
8y'¢
vee
10°€

SLYT
9EVT
96°¢€T
LSET
LTET
00°€T
00°€T
6€¢CT
TS9°€ET
4%
cLet
gect
v6°TT
9L'T1
9L'TT
STTT
Lect
88'T1
6v'1T
60°TT
0L°0T
¢soT
¢S0T
16'6
€0'TT
90T
G¢ot
G8'6
9’6
8C'6
8C'6
L9'8
086
0v'6
106
19'8
A

G9'G
Lv'S
8¢S
€ca
TS|
€ca
€Cs
ey
0c's
10°G
€8y
LLY
LLY
LLY
LLY
80V
Ly
95y
LEY
4584
45874
4584
45874
a9€
(01597
Ty
c6'€
L8°¢
AR
L8°€¢
L8°€¢
LT'E
¥8'€
99°¢
AR
e
e

8Y'1T
6T'TT
06°0T
T9°0T
€e0T
A
€0t
GL'6
0507
TeoT
€66
796
GE'6
9¢'6
9¢'6
8.8
€96
1445
G6'8
998
8€'8
8¢8
8¢'8
08'L
G598
9¢'8
86°L
69°L
ov'L
T€L
T€L
€89
89°L
6¢'L
00°L
1.9
er9

9L'L
19°L
qc’L
0L
0L
0L
0L
€9
14A%A
689
€99
0r'9
0v'9
0v'9
0or'9
19°S
59
9¢'9
109
8L°G
8L'G
8L°G
8L'G
66’1
68'S
v9'S
8€'S
aT's
qar's
ar's
ar's
o€y
LZ'S
[40]
9Ly
€Sy
€qy

€=Sw/g=o0wW
gZ=sw/g=cu
Z=Sw/g=o0w

G T=Sw/g=ow
T=Sw/g=0wW
G'0=Ssw/g=ow
0=Sw/g=0w
G=ow
€=Sw/g’y=o3w
G'¢=sw/gy=ow
Z=Sw/gy=c3w
GT=SW/g y=ow
T=SWw/g y=0W
G'0=Sw/g y=ow
0=sw/g'y=0wW
Gy=ow
€=Sw/y=0w
GZ=sw/y=c3uw
Z=Sw/y=0w

G T=sw/y=0w
T=SWw/y=0wW
G'0=sw/y=cw
0=Sw/{z=0w
=0W
€=swy/g'g=ou
G¢=sSw/g'e=ou
Z=sw/g'g=ow
GT=sw/g'g=ow
T=sw/g'¢=owW
G'0=sw/g'g=ow
0=sw/g'g=ow
Gg'g=ow
£=sw/g=ow
Gr¢=sw/g=ou
Z2=sw/g=ow

G T=sw/g=ow
T=Sw/g=o0w

[2A
1.
0L
69
89
L9
99
99
79
€9
29
19
09
69
89
LS
99
S
vS
€9
4]
19
05
6y
8y
Ly
ti%
1%
4%
914
[4%
144
oy
6€
8¢
LE
9€

169

ISSN 2007-5375 version impresa

ISSN 2007-5383 version digital,



Bstocdsticas Adrian F. Rossignolo
FINANZAS Y RIESGO

Graph 4
Sensitivity analysis — Average LCR Emerging Markets

LCR Avg. Em. °

Graph 5
Sensitivity analysis — Average LCR Frontier Markets

LCR Avg. Ft.

Source: Prepared by author
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disparate values for EVT when the confidence level nears the centre of
the distribution, notwithstanding which likely appraisals situate from line 63
onwards (m.=4.5, m =2.5).

Conclusions

ES has been initially proposed by the BCBS in 2012 as a theoretically
superior alternative to VaR and its usage may, in principle, overcome VaR’s
deficiencies as a risk measure. Given that the BCBS opened up a consultation
period to calculate the MCR using ES instead of VaR, the current paper aims
at providing an initial approach designed to ascertain the impact of the
introduction of ES in the determination of MCR under Basel Il and Basel III
frameworks, comparing the performance of two widespread Normal models
with an EVT-based one in the context of the 2007-2008 subprime crisis.

In the first place, with reference to the model assessment, the evidence
collected appears conclusive enough to name EVT as the most precise model
during steep market slumps, as its estimations fall in the Green Zone for
the three confidence levels tried (Exception made of India at 95%, where it
records 15 exceptions, meriting a 17% surcharge), whereas for the Normal
representations any feasible ranking appears blurred by the wide variety of
Backtesting penalties.

Regarding the VaR-ES pairing, considering the structural difference
between the two risk measures, ES values will not be smaller than the
corresponding VaR and, accordingly, any estimation of MCR must take into
accountthe factthatthe confidence level would need to be broughtdown from
the current official 99% required for VaR to abide by the recommendation
stated in BCBS (2012) referred to the equivalence of capital levels.
Applying EVT, MCR (for both Basel II and Basel III configurations) report
a substantial increase from the corresponding VaR figures at 99% and a
significant diminution at 95%, simultaneously recording similar values at
97.50%. The result implies, then, that ES should be reduced to a confidence
level in an entourage of 97.50% in order to avoid significant discontinuities
were a change of regime to take place. The BCBS (2012) appears to have
acknowledged this fact in its Consultative Document, though stopping short
of indicating a confidence level.

Usage of ES in MCR equation also gives rise to a host of possible
combinations of variables like the confidence level and the parameters of
the formula, conceding inverse relationship between the values of the fixed
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multiples m, —Basel [I— and the tandem m._-m, in Basel III. The proofs
gathered show that, with a=99% under Basel II structure, m.=1.5 could
provide adequate coverage against market crisis whilst using Basel III,
m,=m,=1 would represent a satisfactory blend. If a=97.50%, m.=2 and m =2
/ m,=0.5 might prevent a crash of considerable scale utilising Basel II and
Basel III frameworks respectively whereas when a=95%, the factors m.and
m, should grow to figures greater than those of both Capital Accords.

The study also sheds light on the approximate equivalences between
the VaR and ES-based MCR for Basel II and Basel III. In this vein, under Basel
I1 specifications, m, equal to 2, 2.5 and 4 applying ES at 99%, 97.50% and
95% respectively yields similar values to m.=3 using VaR while using Basel
[1I provisions the mix could roughly situate in the region of m.=2 / m,=1.5,
m.=3 / m=2.5 and m.=4 / m_=2.5 when a=99%, 97.50% and 95% respec-
tively.

It is imperative to continue studying the behaviour of ES in the context
of MCR though there would be evidence that the confidence level ought to be
decreased to percentages in an entourage of 97.50%. Furthermore, the study
suggests that, provided an accurate model is employed, Basel Il parameters
m. and m, should appear excessive (yet unnecessary) for ES. BCBS ought to
strike, then, a proper balance among the confidence level, the calibration
of the appropriate parameters and the treatment dispensed to precise and
inaccurate techniques in order to maintain the incentives to utilise sharp
representations and dispel the chance of inaccuracy temptations.
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