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ABSTRACT
After releasing the Basel III 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 

MCR that accomplishes the Basel Committee’s mandate —therefore equating VaR’s 

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 II 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 III mandates.
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RESUMEN
Luego de publicar el Acuerdo de Capital de Basilea III, que incluye mayores Reque-
rimientos Mínimos de Capital (MCR) basados en el Valor-en-Riesgo (VaR), el Comité 
de Basilea encaró una revisión de las métricas de riesgo empleadas y, en tal sentido, 

-

MCR en tiempos de stress

-

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 

haber resultado adecuado, hecho que indicaría una sobre-reacción del Comité de 
Basilea al momento de la promulgación de Basilea III.

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

Introduction

market risks. Its inclusion in the Basel II Capital Accord appeared a sensible 

As any market risk metric, VaR has advantages and disadvantages. 
Although it constitutes a simple universal probabilistic measure to describe 

et al
The improvements brought about by Basel II materialised in the 
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inaccurate VaR schemes. 
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1. Motivation and expected contribution

implicit in Basel Capital Accords (Basel II and Basel III) and contributed to 

2. Theoretical background. Concepts and definitions

2.1. Value-at-Risk definition

l 
such that the probability that loss L l

)(:inf)1()(:inf)( lFRllLPRlVaR L  (1)

k



Estocástica:
FINANZAS Y RIESGO

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

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

t <VaR  

 )()( 1
11 FVaR tt  (2)

F according to the 
scheme utilised

F F

2.2. Advantages and disadvantages of VaR

2.2.1. Advantages of VaR

measure.

1 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.
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i) VaR is currently applied to determine the market risk MCR demanded 

2.2.2. Disadvantages of VaR

be regarded as a panacea. In this vein, despite its magnetism, VaR can 
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Furthermore, VaR as a risk measure portrays much deeper structural 

i) The size of potential losses beyond VaR

et al

ii) Coherence

et al

positive homogeneity. translational invariance and subadditivity. The 

Additionally, subadditivity conveys more than a theoretical property as it 
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measurements may tempt banks to break themselves up to reduce 

sound risk measure.

iii) Moral hazard and VaR manipulation

et al

3 

2.3. Expected Shortfall: an alternative coherent risk measure

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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VaR

 

1

1
1 dqES    (3)

 

1

1
1 dVaRES   (4)

 VaRLLELqLLEES |
1

)(;
  (5)
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 qLPqqLLEES 1;
1

1    (6)

w greatest losses 

 
w

L
ES

w

i
i

1    (7)



Estocástica:
FINANZAS Y RIESGO

132 Volumen 7, número 2, julio - diciembre 2017, pp. 123-175

Adrián F. Rossignolo

the greater the gap.

Profits & Losses (P&L)

Pro
bab

ilit
y D

ens
ity

43210-1-2-3-4

Expected Shortfall and Value-at-Risk
Normal Probability Density

95% VaR = 1.645

95% ES = 2.063

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

Graph 1. ES and VaR illustration

3. Regulatory frameworks: Basel II and Basel III for VaR 
and ES

3.1. The Basel II Capital Accord Minimum Capital Requirements
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included in Basel II Capital Accord.
employ the Internal Model Approach (IMA) to determine their market risk 

 
t

i
it

c
t VaRVaR

m
MCR %)99(;%)99(

60
max

60

1
11   (8)

 mc k) and k

purposes.

3.1.1. Backtesting

4 BCBS (1996, 2006).
5 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.

7 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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 Albeit the assumptions behind VaR 
et al

y ( )

 1 if Lt+1 > VaRt+1  

)(1 11 tt VaRLt II =  

 0 otherwise 

It

L
VaR

-

k

multiplier to be applied to mc

8 “…the backtesting framework …involves the use of risk measures calibrated to a 
one-day holding period”. (BCBS (2006: 312).

9 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).
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c=3).
k

c

c is 

Table 1. Backtesting zones. Definition and characteristics

 

 Green Outcomes consistent - Number of exceptions between 0 and 4 
  with low probability of Error II - 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 

 
    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
 Red Presumption of inaccurate model - Number of excessions equal  
    or greater than 10
   - k increased to 1 immediately
   - Subsequent model invalidation 

Source: Prepared by author.

3.2. Basel III Capital Accord

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 -1 -1(0.98) -3 ~ 0.40  
assuming normality. Hence,  The surcharges for  and the 
alternative values  = 97.50% and  = 95% tried are shown in Table 2 below.

11 Table 2.
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risks  occurred during the turmoil. Additionally, some national regulators 

 

 
t

i
it

c
t VaRVaR

m
MCR %)99(%)99( ;

60
max

60

1
11

 (9)

 t
i

it
s sVaRsVaR

m
%)99(%)99( ;

60
max

60

1
1  

12 The emphasis 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. 

13 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)).

14 Some slight variations regarding the data updating scheme are also put forward. 
(BCBS (2009)).
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mc

- tsVaR %)99(  t

ms

s k) and k
sVaR). 

As k
in order to keep k

3.3. Expected Shortfall: a likely change of tack

potential VaR successor.

15 Andersen (2011) finds substantial evidence of the cyclicality in Basel II 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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 et al

a) The typical Backtesting procedure employed in Basel II and Basel 

4. Methodology

The current article is largely grounded on the approach stated in 

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.



Estocástica:
FINANZAS Y RIESGO

ISSN 2007-5383 versión digital, ISSN 2007-5375 versión impresa 139

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

Lithuania, Tunisia and Croatia),

Backtesting results are in turn employed to calculate MCR in both Basel 

c and ms in the 

optimal appraisal has been hitherto devised, the present investigation could 
provide evidence to develop a more adequate Backtesting and ensuing MCR 
structures. 

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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-
 

   (10)21

     (11)

 
  

t = conditional volatility obtained via GARCH and EGARCH models

 

     (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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 and 
 u

 = scale parameter
u

 n = sample length

-

   (13)

    (14)

q

t

-

 t
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t ESES
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60

max
60
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max
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1
11  (16)

 t
i
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s sESsES

m
%)(%)( ;

60
max
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1
1  

MCR

and mc and ms conserve their previous meanings.
-

thresholds and the corresponding surcharges under Basel II and Basel III 
-

5. Results: Backtesting and bank capital

5.1. Backtesting for =99%

-

-
-

-
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Table 2. Backtesting zones redefined

 

 Exceptions Zone Increase in Zone Increase in Zone Increase 
  scaling scaling  in scaling 
   factor  factor  factor 
   
 [1] [2]  

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%

Yellow 40% Green 0% Green 0%
Yellow 50% Green 0% Green 0%
Yellow 65% Yellow 8% Green 0%

 8 Yellow 75% Yellow 17% Green 0%
Yellow 85% Yellow 27% Green 0%

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%

Red 100% Yellow 78% Yellow 17%
Red 100% Yellow 86% Yellow 24%
Red 100% Yellow 94% Yellow 31%

 18 Red 100% Red 100% Yellow 38%
Red 100% Red 100% Yellow 44%
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%

Red 100% Red 100% Yellow 85%
Red 100% Red 100% Yellow 92%
Red 100% Red 100% Red 100%

Source: Prepared by author.



Estocástica:
FINANZAS Y RIESGO

144 Volumen 7, número 2, julio - diciembre 2017, pp. 123-175

Adrián F. Rossignolo

vs

5.2. Backtesting for =97.50%

-

-

-

-

conclusive enough. 

5.3. Backtesting for =95%
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-

-
-

5.4. Expected Shortfall and Basel regulations

c

depending on Backtesting results (k). 

5.4.1. Expected Shortfall and Basel II

22 In this sense, the MCR for Hungary seems utterly excessive.
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disincentive.

resolved.

in many markets such as Tunisia and Argentina

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

5.4.2. Expected Shortfall and Basel III

 (Table 

Table

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 =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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Table

Lithuania and Croatia (Table

risk measures Table

Table

occasions it ends up distorted by the penalties envisaged by Backtesting 

Table

Table
sharpest model throughout both papers.

29 The analysis is performed employing EVT as the most accurate technique.
30 The regularity is to be observed when models fall into the Green Zone in each 

confidence level. 
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5.4.3. Extending Backtesting: the power of EVT

In this vein, Table

Table
k, and Table
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Tables Table

pictured in Table

penalties in Croatia and Indonesia (still belonging to the intermediate Zone). 

Hungary, China, Argentina and Tunisia, and amid decreases in penalties 

Lithuania). 

). 

outcomes are clearly not to be neglected.

6. Basel II and Basel III MCR revisited in light of ES
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c and ms computed at the three 

6.1. Basel II and Basel III capital buffers in numbers
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6.2. A sensitivity analysis to assess mc and ms using ES

c and ms -
-

and 

-

c s c

mc

c s c s

-

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 . Due to space constraints and in light of its 
bearing on the final result, only the results corresponding to  = 97.50% will be dis-
played notwithstanding which the remaining Tables belonging to the confidence 
levels  = 99% and  = 95% are available upon requirement.
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mc(VaR)=3 and mc

c(VaR)=ms(VaR)=3 and mc

ms

33

multiples mc and ms

 It is 

c

c

c=3, ms

33 Graphs 2 and 3 illustrate the sensibility of the Average Emerging and Average 
Frontier markets MCR to the different values of mc and ms, 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 mc=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 II when 
mc=2 and mc=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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Graph 4
Sensitivity analysis – Average LCR Emerging Markets
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Graph 5
Sensitivity analysis – Average LCR Frontier Markets
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Conclusions

Backtesting penalties. 



Estocástica:
FINANZAS Y RIESGO

172 Volumen 7, número 2, julio - diciembre 2017, pp. 123-175

Adrián F. Rossignolo

multiples mc c-ms

c

mc=ms c c

s

c and 
ms

c

c

c s

mc s c s -
tively.

suggests that, provided an accurate model is employed, Basel III parameters 
mc and ms

inaccurate techniques in order to maintain the incentives to utilise sharp 
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