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INTRODUCTION

VaR & TVaR are useful to measure huge
losses at low probabilities i.e. measures of

extreme events.




INTRODUCTION

Nonetheless these values are difficult to
estimate precisely because they have high
sensitivity for low probabilities and sample

size.



INTRODUCTION

Also these measures come into the error of
estimation of 0, where 0 is usually estimated
by the maximum likelihood method,
therefore the estimation is the most

probable value but not the real one.
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OBIJECTIVE

Explains the variability of VaR & TVaR as

functions of 0.

Guarantee safe founds to face losses of

some extreme event.




QUESTIONS TO ANSWER

*\What is the expected value?
e What is the most probable value?
* What is the variance?

 What is the most probable maximum value?
*Do the estimators have a probability distribution?
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HYPOTHESIS

* The sample xf}-?zl comes from the random variable X' |0=6

e Cov(X,X,|8)=0 Vi#j

¢ The distribution of X |0 with 9R? it is known and continuous

”
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DEFINITION OF THE PARAMETRIC SPACE

We refer to the vector of parameters (0, 6,8;:+,6,) as 6 from the distribution X |0 . to the

estimation of 0 with the Maximum Likelihood method MVL as 8 and to the likelihood of the

random sample as Le) .

The parametric space ® of 8 at confidence level ¢t; will be the space Einlr:"}id

such that:
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DEFINITION OF THE PARAMETRIC SPACE
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DEFINITION OF THE PARAMETRIC SPACE

This space contains all the points 9eR? such that they are statically equal to 8 . In fact this

space 1s constructed with the notion of likelihood ratio test. The test is Hy:0=0 Vs H,;:0+6

with this test statistics T=—2In(Z(6)/L(8)) . where T is approximately chi-square. The

degree of freedom is the number of free parameters under the alternative hypothesis minus the

number of free parameters under null hypothesis.
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DEFINITION OF P[6] & P[6]Z,]

The prior distribution of 6 will be P [B]ZHB{BFI . given that previous information about 0

does not exist . Then, with the sample Z,=(x; x, x5+, x,) the posterior distribution of @ is
such that P[6]Z,] =« P(Z,/6)n,(6) . With the Bayes's Theorem. 7,(6)=1 and

P[Z, 6]=L(6) we conclude that P[6]Z,]ocL(8) . Finally. the exact posterior distribution

over O is:
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DEFINITION OF P[6] & P[6]Z,]
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SIMULATION OF 8| Z,




SIMULATION OF 0|Z,

With the values bfil select the values such that U,€0. and let us denote by M,

the set of subscripts such that Mrg:l_fE 1.2.3.---,m|U,€ ec.} . Then, the values to simulate

willbe 6,=U;, VieM, with the following density function:




SIMULATION OF 0|Z,




SIMULATION OF 0|Z,

0,/ ~0|Z

iI=1 n




SENSITIVITY OF VaR & TVaR

]I\;. |__I » 3f
1

For a continuous random variable X 1s 1t known that :

VaRy(p)=Fx (p)

TVaR (p)=E[X|X>VaR ,(p)]




3 ct |__I » 3f
1

SENSITIVITY OF VaR & TVaR

VaRy(p) & TVaRx(p)

\Vaﬂx(p)

TVaR,(p)
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SENSITIVITY OF VaR & TVaR

Then, it is possible to calculate observations of [ VaR yq ( p}}f:l and :TVaRXlﬂl[' p]}:_";l

. from

that is obtained statistics to understand the sensitivity of these measures over changes of 6 .
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SENSITIVITY OF VaR & TVaR

Empirical Statistic:

Expected value: (,=— > g(0,)

e Variance: O.= 1 Z(g(ﬂf)—l-fg)z

g _
my—1 5

e Confidence interval at level 1—a ]CZ[gtmg*sz:g (my (1—cu/2))

( I

* Mode: The most frequent value over | g(E}I.) im1

«  Maximum possible value: VaR, (p)=g (my*p)
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SENSITIVITY OF VaR & TVaR

Parametric Statistics (Ifexist [/, )

Expected Value: H-g:j t f,(t)dt
0

o0

e Variance: Gézj(f_!-l-g)zfg(f]df

0
* Confidence mterval at level 1—a ]C=[F;(OE/2],F;(1—0¢/2]]
* Mode: guu=[1ER[VweR:/ (w)= /(1)

Maximum possible value: VaR,(p)=F . (p)

g
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SENSITIVITY OF VaR & TVaR

0.04

0.03

0.02

0.01

VaR Vs VaRy.p

80
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SENSITIVITY OF VaR & TVaR

Comments:
According to the Bayesian context and given the definition of 77 GRX( ) is possible to define the

following expressions of risk measures.
. Var VaRXla[pl)(pz)
VaR from VaR is the maximum possible value of FVaR X|8( pl) at confidence level p,
. VaRrVaRm{pl)(Pz)

VaR from TVaR is the maximum possible value of TVaR o p,) at confidence level p,
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NUMERICAL EXAMPLE
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THE MODEL AND THE SAMPLE

]HZS.OOO
Ji=1

For this example was generated the random sample } X, , where X |0~Burr(a,p, k)

with parameters 0=(, B, k)=(4,6,2) .
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PARAMETRIC SPACE

The estimator @ with the random sample of size 5.000 has this estimation:

B

0=(ct, B, k)=(4.000585.5.986607.2.006663)

¥ 1 ;

The space W, was built with W,=(3.74.3) | W,=(55.6.5) and W;=(1.5.2.5) . Then.

. [+ 1200,000 . . ;
uniform random vectors | U, iy were generated in Wy from which 5.899 vectors were in

the set ©gos . giving as result vectors in the parametric space at 95% confidence level.
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DEFINITION OF P[8]Z,]

Histogram of P [ 6 | £, ]

10000
| | |
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I

Density
6000

| | | | | |
Oe+00 Z2e-04 4e-04 6Ge-04 ©Be-04 1e03

PlLe]Z]
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SIMULATION OF 6]z,

With uniform random wvariables

¢y 5,000

and the values | VaRy,(p)!

Ji=1

s
1¥ifiz1

and P[8|Z,] the sample {B;}ff was generated,

and '[TV“RX|E,[F]]- >0% were obtained with p=.95

Ji=1
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GOODNESS OF FIT OF VaR, 4 (p)

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1] — |ﬁ' |£|
[l Archivo Editar Ver Analizar Opciones Herramientas Ventana Ayuda -8 x|

D@|=@| 7|/t FshH[pPN &aQ

Arbol de proyecto Graficos \I\Hesumen\I\Bondad de ajuste

[55 Tablas de datos Gen. Extreme YV alue
L WaR_sample g 5 Funcian de densidad de probahilidad
7 Resultados Loesfé?a%ma 0.2
t@ Fatigue Life
Logromal 0.18+
Erlang /ﬂ\\
Pearson B 016 7
Ganma :
Mak.agarni
I, Gaugsian " 0.144
Dragurn g

Log-Logistic :

Gen. Pareto 0.129 / \
Frechet

Bur = 0.1 /

wheibull i

Pareto

fix)

Rice 0.084

R awl=igh g \
Chi-Squared b

Pargto 2 0.08 /

Exponertial B

Levy 4 0.044 /

Gen. Gamma - \

0.02 Vd \

|I:I Histograma — Log-Pearson 3

Herramientas -

| Haga doble clic en un nodo del &bal para activarlo, |




GOODNESS OF FIT OF TVaR,q (p)

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1]

|ﬂ Archiva Editar Ver Anglizar Opcones Herramientas Ventana Ayuda

=18 x|
=18 x|

Dalcal

7/t Fs h H|PPODF &3 Q

Arbol de proyecto

ﬁj‘ Tablaz de datos
[ TWaRi_sample
7 Resultados

Bl

Graficos

Gen. Extreme W alue
Erlang
Pearson &
Log-Gamma
Laognomal
Fatigue Life
Gamma

M ak agami
Irve. G aussian
Bur
Log-Logistic
Gen. Pareto
Frechet
wheibull
Dagum
Pareta

Rice
Pearson B
Raylzigh
Chi-Squared
Exponettial
Pareta 2
Lewvy

Gen. Gamma

Herramientas

-

Y

fix)

Hesumen\I\Bondad de ajuste

Funcign de densidad de probakilidad

0,184

0.18+

0.144

0124

0.1

0.084

0.064

0.044

0.02+

T\
A Th

|I:I Histograma — Log-Pearson 3

| Uze el botd izquierdo del ratdn para aumentar/disminuir el grafico,
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GOODNESS OF FIT OF VaR, 4 (p)

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1]
[l Archivo Editar Ver Analizar Opciones Herramientas Ventana Ayuda -8 x|

=18 x|

DO|S@| #|fF s nhHlprogn|l@a

Arbol de proyecto

Graficos \I\Hesumen\I\Bondad de ajuste

ﬁj‘ Tablaz de datos
[ WaR_sample
7 Resultados

Bl

Gen. Extreme YV alue

Pearson &
Log-Gamma
Fatigue Life
Laognomal
Erlang
Pearson B
Ganma
Mak.agarni
Irre. Gaussian
Dagurn
Log-Logistic
Gen. Pareto
Frechet

Bur

“wheibull
Pareto

Rice
Raylzigh
Chi-Squared
Pareta 2
Exponertial
Lewvy

Gen. Gamma

Y

Herramientas

P (Modelo)

Prohabilidad-Probabilidad

0 01 0.z 0.3 0.4 D.IS 0.6 0.7 0.8 049 1
P {(Empirica)

* Log-Pearscn 2
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GOODNESS OF FIT OF TVaR,q (p)

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1] — |ﬁ' |£|
[l Archivo Editar Ver Analizar Opciones Herramientas Ventana Ayuda -8 x|
O3 28| 7| fF F S h HI|PPQDf| & 2 O
Arbol de proyecto Graficos Hesumen\I\Bondad de ajuste
= Tablas de datos ; . .
L[] TVaR_sampla E::ﬁg”tfemevame Prokabilidad-Probakilidad
@ Fesultados Pearson 5 14
I:Ii% Log-Gamma
Laognomal 0.9
Fatigue Life
Gamma
M ak agami 0.8
Irve. G aussian
Burr " 0.7
Log-Logistic :
Gen. Pareto
Frechet i = 0.6
wheibl =
Dagurn = 0.5
Pareta ; =
Rice o
Pearson B 0.4
Raylzigh :
Chi-Squared 0.2
Exponential '
Pareto 2 g
Lewy H 0.2+
Gen. Gamma -
0.1
D_
T T T T T T T T T T T
] 01 0z 03 0.4 05 0.4 0.7 0.a na 1
P {(Empirica)
- * Log-Pearscn 2
Herramientas -

| Uze el botd izquierdo del ratdn para aumentar/disminuir el grafico,
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GOODNESS OF FIT OF VaR, 4 (p)

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1] — |ﬁ' |£|
[l Archivo Editar Ver Analizar Opciones Herramientas Ventana Ayuda -8 x|

D3| 28| 7| ¢f F s hH|PPlenf|a 2 q
Arbol de proyecto Graficos \I\Hesumen\I\Bondad de ajuste

[55 Tablas de datos Gen. Extreme YV alue
L WaR_sample Cuantil-Cuantil

Pearson &
7 Resultados Log-Gamma

d% Fatigue Life 8.32
Lograrmal
Erlang
Pearson B 8.28
Ganma

M ak.agami
Irve. G aussian 1 8.244
Dagurn
Log-Legistic
Gen. Pareto
Frechet
Bur
“wheibull
Pareto

Rice
Rayleigh
Chi-Squared :
Pareta 2 5 8.084
Exponertial
Lewvy

Gen. Gamma 8.044

o

8.2

8.16+

Cuantil (Modelo)

8.12

P

8 5.04 5.08 812 8.16 8.2 B.24 8.28 8.32

* Log-Pearscn 2

Herramientas -

| Uze el botén izquierdo del ratén para aumentar/disminui el grafico. |




GOODNESS OF FIT OF TVaR, 4 (p

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1] — |ﬁ' |£|
[l Archivo Editar Ver Analizar Opciones Herramientas Ventana Ayuda -8 x|

D3| 28| 7| ¢f F s hH|PPlenf|a 2 q

Hesumen\I\Bondad de ajuste

Arbol de proyecto || Graficos

= Tablas de datos i
: Gen. Extreme W alue - T
L TvaR_sample Erlang Cuantil-Cuantil ]

@ Resultados Pearzan §
:@ Log-Gamma
Lograrmal 2841
Fatigue Life
Gamma
M ak agami 8.76)
Irve. G aussian
Bur [
Log-Logistic g 9.68
Gen. Pareto :
Frechet
wheibull
Dagurm
Pareta
Rice
Pearson B
Raylzigh
Chi-Squared
Exponertial
Pareta 2 :
Lewvy 4
Gen. Gamma B 9367

2.52+

Cuantil (Modelo)

9.44+

928+

T T
9.28 9.36 9.44 952 9.8 9.68 9.76 9.84
X

* Log-Pearscn 2

Herramientas -

| Uze el botén izquierdo del ratén para aumentar/disminui el grafico. |




GOODNESS OF FIT OF VaR, ¢ (p

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1] — |ﬁ' |£|
[l Archivo Editar Ver Analizar Opciones Herramientas Ventana Ayuda -8 x|

D3| S®@| 7| ¢f F s hH|[Pob|aaq

Arbol de proyecto Gréficos\l\ﬂesumen\i Bondad de ajuste

[ Tablas de datos Log-Pearson 3 [£15] =
[ WaR_sample 5
5 Resultados Kaolmogorov-Smirnoy
:@ Tamafo de la muestra | 5000
Estadistica 0.01845
Valor P 0.06857
Rango 2
o 0.2 0.1 0.05 0.02 0.01
Valor critico 0.01517 | 0.0173 | 0.01921 | 0.02147 | 0.02304
Rechazar? Si Si No No No

Anderson-Darling

Tamafio de la muestra | 5000

Estadistica 1.7817

Fango 2

o 0.2 0.1 0.05 0.02 0.01
Valor critico 1.3749 1.9286 | 2.5018 3.2892 3.9074
Rechazar? Si Mo No No Mo

Chi-cuadrado

Grados de libertad 12

Estadistica 47.132

Valor P 4.4220E-6

Rango 2

o 0.2 0.1 0.05 0.02 0.01 e

LW PN ic i 4 CAD b I I B T4 oA OcA e T=Sa k|




GOODNESS OF FIT OF TVaR, 4

m EasyFit (Version de evaluacidn) - Sin titulo - [Fit1]
|ﬂ Archiva Editar Ver Anglizar Opcones Herramientas Ventana Ayuda

P

=18 x|
=18 x|

D@8 7|/t Fs hH|[Poi|laaq

Arbol de proyecto Gréficos\l\ﬂesumen\i Bondad de ajuste

@ Tablas de datos
[ TWaRi_sample
7 Resultados 10 | Gen. Gamma 1 25 M/A

Bl

13 | Levy 0.67402 24 2611.6 24

Bondad de ajuste - Detalles [ocultar]

Log-Pearson 3 [£16]
Kolmogorov-Smirnoy

Tamafio de la muestra | 5000

Estadistica 0.0108

Valor P 0.539978

Rango 1

o 0.2 0.1 0.05 0.02 0.01
Valor critico 0.01517 | 0.0173 | 0.01921 | 0.02147 | 0.02304
Rechazar? Nao Nao Nao No MNo

Anderson-Darling

Tamafio de la muestra | 5000

Estadistica 0.82589

Rango 2

o 0.2 0.1 0.05 0.02 0.01
Valor critico 1.3749 1.9286 | 2.5018 3.2892 3.9074
Rechazar? No No No No No
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STATISTICS OF VaR, 4 (p)

Empirical and Parametric Statistics from the random variable JVaR Xlﬂ{ p)
Estatistics Empirical Parametric
Expected Value 8.157797 8.1578
Variance 0.003684346 0.00368
CI 95% (8.043541,8.276959) (8.0417,8.2796
Mode 8.15604857907939 8.1548
VaR g 8.312699 8.3198
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STATISTICS OF TVaR, ¢ (p)

Empirical and Parametric Statistics from the random variable T7VaR Xlﬁ{ )

Estatistics Empirical Parametric
Expected Value 9.546565 9.5466
Variance 0.01212801 0.01213
CI95% (9.342187,9.769140) (9.3408,9.7722)
Mode 9.5778466284898 9.5361
VaR go5 9.837143 9.8501
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STATISTICS OF VaR, 4 (p) & TVaR, 4 (p)

VaR,;5(0.95) Vs TVaR,;(0.95)

TVaR,,(0.95)

893 94 95 HE 97 98

L

T T T T T I —
800 B0 810 815 8B20 825 B30

VaR,.(0.95)
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STATISTICS

Table 7.1.3. Resume of focus statistics

Function Real [1] Empirical [2] MVL [3] Stressed Value [4]
VaR o 8.190312 8.111643 8.158575 8.312699
TVar o 9.592636 9.615824 9.551571 9.837143

Table 7.1.4. Indicators of table 7.1.3.

Function [2]/[1] [3]/[1] [4]/[1]
VaR 0.990394871 1.005785758 1.018891044
TVar o 1.002417271 0.993317993 1.029897909




STATISTICS

Empirical Estimation MVL Estimation Bayesian Estimation
o
=
o
Z =
i
=] =]
& 4 =7 -
o o £ -
[
o (= o ']
B oo = =
E E E = |
= 7 & H .
) ol ) T - Ll
o
&
o oS
=
o o
[l e [=
el o T
i
T T T T T T T T T T T T T T T T T T
0 2000 4000  &000 3000 10000 0 2000 4000 6000 8000 10000 0 2000 4000 6000 S000 10000
Sample Size Sample Size Sample Size
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CONCLUSION

Was shown that this methodology is useful for
understanding the variations of VaR and TVaR as
function of 0 and the technique takes into account not
only the variation of the model, but also take into
consideration the variation of the estimation of the

model.

S >
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CONCLUSION

Also, the method guarantees a stressed risk measure
that are just enough above the real one.

Then, in conclusion this technique is relevant in order
to guarantee safe founds to face losses of some
extreme event.
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