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������� �������
(��� 3�����	���4�
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@�7	� 3DFE�4 ������
��	 :2.;3p4 ��������� ����� �
 ��������� �
��
���
 ���	���

�� ������ ������ ���	��� +������� ������*
����P

σ2
t = ω +

p∑
i=1

αiε
2
t−i, 3��D�4

��� ω > 0 
 α1, . . . , αp ≥ 0�

<
 ���	��
��� =�
�-���� -
������ �
��� �
 �
���
� ������-
 (��+��*������ :2.;
���	� 9:2.;3p�q4� ����� �
����	 ��		���	�� 3DFE 4 
 ����� ���/
 ��*������� �
�	��+��
��������� ���
�� =�
�-���� ���� 9:2.;3p�q4 ���	 �(����	 ����
�� ���	��� ������
������ �
��
���� 3q 
�����7��������� (	�����4 �� ������� 3��D�4 ���	� :2.;3p4P

σ2
t = ω +

p∑
i=1

αiε
2
t−i +

q∑
j=1

βjσ
2
t−j , 3��DG4

��� ω > 0 
 α1, . . . , αp ≥ 0� β1, . . . , βq ≥ 0�

#������� �	
������ �
�
���
 ω 
 ��(��������� �
�
����� αi ��� ∀i 
 βj ��� ∀j �
3��DG4 
�� (
*�(��-�0 �	
��� ������� ���������� �
��
���� σ2

t � ��		���	�� 3DFE 4 ���(
	�
�� (
 ��� �	
������ �� ������� ������ ��
��������� 
� �� ��	���� �������
P

p∑
i=1

αi +

q∑
j=1

βj < 1. 3��DC4

1 ���� ����
�� ����������� �
��
���
 σ2 ������� εt �
 ��-� 
��P

σ2 =
ω

1 −∑p
i=1 αi −

∑q
j=1 βj

. 3��DJ4

1 ��
8� �
 	�� (�����
�� ������
�� 9:2.; ���	� ��++��� ����� 
�� 9:2.;3D�D4�
:� �
 
� �� ����
���0 (	��+���� ���
��� ������� �������,�� ( $
	+��� 9:2.; ���	���
9:2.;3D�D4 �	��� ����	�� 
�� ��*�� +�
����
�� ���	�

9:2.;3D�D4 *��� (��	
��� 9:2.; ���	�� ����� �������� � ����� ����� �
 ��
��	��
��� ���������� �
��
���� 3����� ���������� ��	
��	���4 ������� ��*�
���� =�
�-�
���� 
����� #������� +�
��
���, �(�
-���� ���=������� ( 	����
����P ω �
 �(�
-����
���+�
���� α ��� :2.; -
�0 
 β ��� 9:2.; -
�0 ���	�P

σ2
t = ω + αε2

t−1 + βσ2
t−1, 3��D 4

��� ω > 0, α, β ≥ 0�
��;6EM�p� ���#���(!-� ��(.	 �>(�#�. ��#�� �!��������(��- ��#�������- *������"�#�������$	 "���.

��(�*�� � ��!&�� P��� ���?�� �� ��#���(���� ��Q���� ( ;����"!�

G�



#�� ��
����
���� ������,�� ������� ��� *�0 ��M0 ��	���� �������
 3��DC4� ����� ���
9:2.;3D�D4 � ��
�P

α + β < 1, 3��DH4


 ��� ����������� �
��
���� σ2 ������� εt �	
��P

σ2 =
ω

1 − α − β
. 3��DE4

#
�
���� α 
 β ��-��� ��������*� ���
��� ���	���,�� -
���,�� �
�� �
��
���� 3���
	
��	���4�

#
�
���� α ���
 ��/���0 ��
����� ��
���� ������� �
 ���, ��?������� 1�/�� �
�
�
���� α ���
 (�
���� �� ��	
��	��
 ��
7��� ������ �����(���� �
 ���-
���
�, ����*�
�
 ����� ����, �
 ���
	� � �������� ���	�����

#
�
���� β ���
����� �	����*� �
M0 �������� ���� ��������
��� 3���(��������4� 1�/�
�� �
�
���� β ���
 �
(�
-��� ��������
��� ��	
��	���� ������� +���� ����, �� ��
�
����
��(��
�, ���������� �
��
������ ���� �	��� �� ���(���

#
�
���� ω ��-��� �������� �	
���� �
��
���� σ2
t � �� ������ ������7��� � �	����*�

����(���� ���������� ���������� �
��
����� ���
 ω �� ��-��� ������������ �
��
�����
���
������ �(0
�� 3��DE4�

' ������,�� ���	��
� �� ��/���0 �
�
����� α� β 
 ω ���	���� X ��
�Y ���	���,�� -
�
���,�� �
�� �
��
���� 3��	
��	���4� A
��� 
� �� α ������ ��(�
 
 β �� ������ �������
���� ��	
��	��
 � ��������� *�0 ��
� X +���
��Y 3����4� <
 =�
�-���� ������ ��� ����
���� ��(����
��
�� �� *���,� �� ��/���0 �
�
���
 β �� ���*	���� ��E 
 ��
�� �� ��/���0
�
�
���
 α *��
 ���� 
�� ���� )�
����
���
 ������� �� (
��-��� 	�� � ����
��� �� ���
��-�� �� ��+� 
�� D� ���
 �*
 
� α + β < 1�

A��*
 (�L�
(��0� �� �+���� ��� �
�
����� �
�M �+
� ω� �� ���	��, �
 ������, ���
�
����� ��*�� ������������ ��� �� �L	����� 
 ���	���� ��������� ��	
��	���� #���
/ �� ��(�
�
��������� ��� ��/�� 
 (
�Q>
 
� ������� �8��,����� ���������� ��
	����� ��������
�	
���
 �
��
���� σ2

t � ����� �����
 ����� �
�
���� ω� *��� �����
��� ��++�
 
�� ���
������� ��� ( ��
�+���� -
���,�� ����� �*�
�������� ���� �8��,���� ��
	�����

A��
( ����-�� ������
��� �����/�� $
	+��� ����� 9:2.; ���	��� ����, �������� �

���	��
��� ���������� �
��
���� � ��������� -
����

1 ����
��� �� α + β = 1� L��� ��	���0 β = λ 
 ������
0 �
� ������� ����������
�
��
���� ��
���������� 9:2.;3D�D4 ���	� �� ���,�� ��
��P

σ2
t = ω + (1 − λ)ε2

t−1 + λσ2
t−1, ��� 0 ≤ λ ≤ 1. 3��DF4

I������ ������
 ���������� �
��
���� 3��DF4 (�������� ���	�� ����� �
 �
(��
 U�
9:2.; 32��������	 1�!�0 4� 
 ��=���� ����
�������� ������ � ��� ���� ���	� ��� ��
��=���
�� ����������� �
��
���
� <���
����
���
 ������� �
��
���� *��
 ������� ���
���� � ������
� 
 ������� ���(
��

GD



#�� ω = 0 �
 U�9:2.;3D�D4 ����
 @O6: ������� � X���	
�(��
��� ���+�
����Y
3�������� ��������4 λ�

#�� =�
�-�, 
����
� �
�M 
����� �� ��
�
����������� �� �����
�� �������� �.���� <

(
�������� 
������� �� ��	
��	���� ��L��*���� ��/��� �	
���� 
 (������� ������ 
��
���
� �
 �
�-
����+�� ������
�� ��
 
��������, ���	�P @9:2.; 3$��������� 1�!�0 4
���	 <�	���
 3DFFD4 
 A:2.; 3�������	 �!�0 4 ���	� ����� �
���	� 9	������ !
7
��
�
��
� 
 2���	� 3DFFG4�

2�����
 ���������� �
��
���� � ���	� A:2.;3D�D4 � ��
�P

σ2
t = ω + αε2

t−1 + γε2
t−1dt−1 + βσ2

t−1, 3����4

��� dt = 1� 
� εt < 0� ��
� dt = 0�
1 ���� ���	� 
�� ��*�, ������ 3εt > 04 
 (	, ������ 3εt < 04 ��	�+�� �?��� �


��������� �
��
����P ��*�, ������ �
 >� ��	��
�� ��/���0�� α� (
��
/ -� (	, ������
��/���0�� α + γ� :� γ 	= 0� ���
� ����� �� 
���������� :� γ > 0� (	, ������ (��+���
��	
��	��� 
 �� �
(�
-��� ��������0 �������� �.����� ���
 �����-������ �� ��/�, (�����,
������ �
�,�� 
����
 (��+��� ���� ��	
��	��� ��
� 
�� ����
�� ��/�, �	
��, �������

1 9:2.;3p�q4 ���	� ���
 *�0 �
�
���� ω > 0 
 αi ≥ 0 ��� ∀i� βj ≥ 0 ��� ∀j� 
*�
*�	
 (
*�(��-��� �	
��� ������
 ���������� �
��
���� σ2

t � A���� �������� �	
���, �

�
�
���� ���	� �+
� L�� � ���������� ����
���� ���	�+ �*��(�0 ���
��� ������
����� �
��
���� (���
��� �
��� +����=���
�� ���	�� <�	��� 3DFFD4 �	�����
	 �����*�
������ �*��(��� ?���	��
�� ������� ���������� �
��
���� � 	�7
�����
�� ��
���

2�����
 ���������� �
��
���� � ���	� @9:2.; � ��
�P

ln(σ2
t ) = ω + g(zt−1) + βln(σ2

t−1), 3���D4

��� g(.) �� ?�����
 
���������� �������� ��=���
�� 
��

g(zt) = ϕzt + γ(|zt| − E(|zt|)), 3����4

��� ϕ 
 γ �� ���	�� ���+�
��� 
 zt 
� |zt| − E(|zt|) �� ����������� ��(����	��� 
 ����
�
�� ��(��	����� 333	34 �	����	��� ��	 	�������� 	�������	4 ��������� ��������� �
��	���� �������� �������� 
 ������� ��(��	���� ���
 zt ∼ i.i.d.(0, σ2

t )� |zt| − E(|zt|) ∼
i.i.d.(0, σ2

t )�
:������
 g(zt) �� /
��� ������/��� ����
/ �� ��(��+�� 
��

g(zt) =

{
(ϕ + γ)zt − γE(|zt|) zt ≥ 0,

(ϕ − γ)zt − γE(|zt|) zt < 0.

"��=������ (ϕ+γ) 
 (ϕ−γ) �
(�
-���� �� � ���	� �� ������� 
������
 ���-��
���

� ��	�+��� �������� ���������� �
��
���� �
 �	
��, 
 (�����, ������� 1 ����
��� ��

G�



γ = 0� ��*�, 3zt > 04 � (	, 3zt < 04 ������ 
�� ����
�� ���
� �
 ��������� �
��
����

 (��+��� �� � ����
�� ������� �
���� ����� �
��	� #�� γ 	= 0 �� �+
� ���	 ��	�������
#
�
���� ϕ 	= 0 �������� 
������� �� �������� 3���
� ����� �
 ��������� �
��
����
�� 
���������4� #�������0 �������� �.���� �������� �����,(�� ϕ < 0�

'
 �������	
��� �� ������*
���� εt �	����� ��������, ����	�� ��(��	���� � ��	����
�������� ��������� ���
 εt|It−1 ∼ N(0, σ2

t )� +�
��
���(��
�� ����	�
 ������� �������
zt = εt/σt ������
���� +�
��
���(��
�� ���-
���
�� ����� 
 �	
��P E(|zt|) =

√
2/π�

#��� ������� 3���D4 L��� ������
0 �
�	������P

ln(σ2
t ) = ω + ϕ

εt−1

σt−1

+ γ

(∣∣∣∣ εt−1

σt−1

∣∣∣∣−
√

2

π

)
+ βln(σ2

t−1). 3���G4

-�(&
!�� �1� <���
���� I'�?J 
������ 	� ��#���"� 	���	� 	 ����
����
� ����*� ���
���
���� 	����� #����� 
��%��� 
�:�
)��" �����#���	�� +	��
	�	 �
���
����,�

����� &�#��	� �'����"�� (������ ����	) ����	�	� ����	�����%
�������% ������ 
 ����	�����% �
�	
��	� �"�����

1 ��������� -
��� *���� ��-��
0 D��>��� 1
2 3��� �	
���� ���/
�	������ 1−p4 �����/����
����?5	�� ��(�����
������ ���� ( ����,�� ��*�
�,�� 
�����,�� ����8�� ���� ��� ���

(
���
0 
8��	�
 ���� ���
�
� ����� L�� ����?5	�� ������0 � D ��>� #�� ����-��
1
2 *���� ���
 ��	�0 -
���� ����(��� l ����� D �>��

<
 ��� 
*� �� ��	� ��-�0 ������� D��>���� 1
2� �����*���� ��(�
0 D�������, 3��
���� ����	4 ����������� ���������� �������� ������� 
 ���������� �
��
���� �������
��
���
�,�� ����8��

1 ����
��� �� ��������� �
��
���� ������� �� ���	��
	� 9:2.;3p�q4 ���	��
D�������, ��������� ���������� �������� ������� 
 ���������� �
��
���� ������� � -
��
t �
 -
� t + 1 (���
� ( ������ 3��D�4 
 3��DG4� �������	
�
���� �� �
�
���� ���	� ��
(��� 3�������� ���
����, ������� ���=�������4� &���
���P

r̂t(1) = c +

p∑
i=1

φirt+1−i +

q∑
j=1

θjεt+1−j 3���C4

σ̂2
t (1) = ω +

p∑
i=1

αiε
2
t+1−i +

q∑
j=1

βjσ
2
t+1−j . 3���J4

"����,��� ��� ������� ���	�� :23D4 
 9:2.;3D�D4� ������, ������� 3���C4 
 3���J4

�� ��
�P

r̂t(1) = c + φrt 3��� 4

σ̂2
t (1) = ω + αε2

t + βσ2
t . 3���H4

��0�-��� �
������� ������	�� %!#��� ������(�1 ��(� �
���� ����� ����	���� �� �����	 ��#� ���#�"���
(&#$ ��� � "��" #����#!�

GG



-�(&
!�� �1" r̂t(1) � σ̂2
t (1) 	� ������*�� ���
����" 	�����" #���� � ���
����" �����-

*�� ���	�� � ��	� t � ��	 t + 1� ���� ���)
� +
)
� � ��	����*��, �(��� ���������� �� ��
��	� t! � �)����� �����*# 
)
� � ������1 ����
���� 
�����! � � ��	� t ��&�
� ������*�� ��� 
�� � ���� �������! ���� � ��	 t + 1�

:�
	�7���� (���
� D�������, ��������� ���������� �
��
���� ������� � -
�� t �
 -
�
t + 1 ������� A:2.;3D�D4 ���	�P

σ̂2
t (1) = ω + αε2

t + γε2
t dt + βσ2

t . 3���E4

#�� ��-���� D���������� ��������� ���������� �
��
���� ������� � -
�� t �
 -
� t + 1
������� @9:2.; ���	� ��=���
�,�� � 3���D4 
 3����4 ���� ����� ���	 �
����
�����
��?����
0 �� ��
��P

σ2
t = σ2β

t−1exp(ω)exp(g(zt−1)),

g(zt−1) = ϕzt−1 + γ(|zt−1| − E(|zt−1|)).
3���F4

<��� ��� ���
( � -
�� t (
���
 ��������
 ���������� �
��
���� D ���� �������� ���

�
 -
� t + 1� 6��P

σ2
t+1 = σ2β

t exp(ω)exp(g(zt)),

��� �+���� ������� �
 ��
��� ���
�� ��(���� #���� σ̂2
t (1) = σ2

t+1� 
 ���
 �	
��P

σ̂2
t (1) = σ2β

t exp(ω)exp(g(zt))

σ̂2
t (1) = σ2β

t exp(ω)exp(ϕzt + γ(|zt| − E(|zt|))).
3��G�4

-�(&
!�� �1�= '� εt|It−1 ∼ N(0, σ2
t )! ��� zt = εt/σt � ������ E(|zt|) =

√
2/π� <���
 ���

σ̂2
t (1) ������

σ̂2
t (1) = σ2β

t exp(ω)exp

(
ϕ

εt

σt
+ γ

(∣∣∣∣ εt

σt

∣∣∣∣−
√

2
π

))
. +2�K�,

����* �"��#�� �
�

<��� ������*
���� εt �	����� ��������, ����	�� ��(��	���� � ��	���� �������� ��������P
εt|It−1 ∼ N(0, σ2

t )� #��� ��������, ��(��	���� ������� rt+1� 
��� � �����(���� �+����
��?������ �� -
�� t� �� N(r̂t(1), σ̂2

t (1))� ���
P rt+1|It−1 ∼ N(r̂t(1), σ̂2
t (1))�

;������ D��>���� 1
2 ��� �	
���� ���/
�	������ 1−p� ���
 ������� 
8��	��� �����
���
�� ��+�� ����?5	�
 ��� �	
���� ���/
�	������ 1 − p � D ��>� ����-��
� 
�� ����	�+��
p · 100S��� ��
���	 ��������,�� ��(��	���
 ��������

GC



(1 − p) · 100S D��>��� 1
2 3D�������� ��������
 1
2 � -
�� t �
 -
� t + 14 �
 � ����
����
�� ����-��
 �
�	������P

V aRt(1) = r̂t(1) − |xp| · σ̂t(1), 3��G�4

��� xp �� p · 100S��� ��
���	 ����	���� ��(��	���
� <
��� ��� p = 0.01 � FFS D��>���
1
2 �������P

V aRt(1) = r̂t(1) − 2.33σ̂t(1).

:� ������*
���� εt �	����� )��������� ����(��	���� � v ����>
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� (1−p)·100S
D��>��� 1
2 3D�������� ��������
 1
2 � -
�� t �
 -
� t + 14 �
 ����-��
 
��P

V aRt(1) = r̂t(1) − |tp,v| · σ̂t(1)√
v/(v − 2)

, 3��GG4

��� tp,v �� p·100S��� ��
���	 )���������� ����(��	���
 � v ����>
� ��/����� 
 tp,v/
√

v/(v − 2)
�� p · 100S��� ��
���	 +�
��
���(��
�,�� )���������� ����(��	���
 � v ����>
� ��/������
<
��� ��� p = 0.01 
 v = 5 �
��*��
 FFS D��>��� 1
2 �������P

V aRt(1) = r̂t(1) − 3.36σ̂t(1).
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 rt|It−1 ∼ N(μt, σ

2
t )� 
 ������� ���������� �������� ������� 
 ����������

�
��
���� ������� �� � ��
��P

μt = 0 ⇒ rt = εt

σ2
t = λσ2

t−1 + (1 − λ)r2
t−1,
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1+���� ��� �� @O6: ��5�
 ������
�� � 2���6������ �� �	
���� +�����	�� U�
9:2.; ���	�� 
 �� �����,��� U�9:2.;3D�D4 ���	�� � ����� �
�
���� ω = 0 

���	
�(��
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 ���+�
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 λ = 0.94 3����� λ = 0.97 ��� ��������� �
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���	�� U�9:2.;�� ��� ����,� 2���6������� (���
� � -
�� t �
 -
� t + 1 �����
D�������, ��������� ���������� �������� ������� 
 ���������� �
��
���� �������P

r̂t(1) = rt+1 = 0

σ̂2
t (1) = σ2

t+1 = λσ2
t + (1 − λ)r2

t .
3��GJ4

#��� D��>��� 1
2 ����?5	�
 3D�������� ��������
 1
2 � -
�� t �
 -
� t+14 ��� �	
����
���/
�	������ 1 − p �
 ��-� 
��P

V aRt(1) = ��/���0 ������� ��(���� .|xp|.σt+1, 3��G 4

��� xp �� p · 100S��� ��
���	 ����	���� ��(��	���
�
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 3��������� 1
2 l ������ ������� � -
�� t �
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���� ���/
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1 − p (���
� 
��P

V aRt(l) = ��/���0 ������� ��(���� .|xp|.
√

lσt+1, 3��GH4
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√
l ����*�� D��>���� 1
2P

V aRt(l) =
√

l · V aRt(1). 3��GE4
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 �	����� ��������, ����	�� ��(��	����� ���
 ���� rt|It−1 ∼ N(μt, σ
2
t )�

��� ������
 ��������,�� ����	���� ��(��	���
 ��P

f(rt|It−1) =
1√
2πσt

exp

(
−(rt − μt)

2

2σ2
t

)
. 3��GF4
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 �� ��������� ������� ������
 μtP

μt = E[rt|It−1]


 ��������� �
��
���
 σ2
t P

σ2
t = V ar[rt|It−1].

:� rt|It−1 ∼ N(μt, σ
2
t )� �
� (rt|It−1−μt)/σt ∼ N(0, 1) 3+�
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f(rt|It−1) =
Γ((v + 1)/2)√

vπΓ(v/2)
(1 + r2

t /v)−(v+1)/2, 3��C�4
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LRind = 2(lnLA − lnL0), 3��CG4
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 �� �
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p(1 − p)vi−1
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)
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−2 ln

(
p(1 − p)vi−1

p̃i(1 − p̃i)vi−1

))
− 2 ln

(
p(1 − p)v−1

p̃(1 − p̃)v−1

)
. 3��C 4
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0 kLRind2 
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LRmix = LRind2 + LRuc, 3��CH4
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μ i=1=))�+< i���GC�EF i���J���G i���DE�J� i�����CDF i���D  HG
ρ i=1=#�#�� i���GEG�E i���C�G�F i���G�CEG i����F�EE i����GDJG
ω =1=�+��� ���DFGGC ���D �J� ��� ��E� ��� DFHJ ���DH CJ
α =1=)+��� ���GEEFH � ���E�GF ��� G  C �
β =1")+"�� ��FCC� J ��FEJ�JH ��F��G�H ��EFEHJE ��FEJCCG
γ � i���DEFF� ��D��EG� � ���CH JG ��DG�CG�
ϕ � � i�����JHDC � � i����DE J�

tdf � � �  �J � �E  �C�HFHE H�EECDD�
7C5 #1��"<�" G�HDFJFC G�HCGHGG G�HGJDHG G�HGGE�G G�H�GDJJ
>5 #1�)==�# G�HCCDHJ G�H EGDC G�HJFHJC G�H �CED G�HJDEG�

7�58 ,2 �����
,2 H���1 =1=�#"�) ����GH�H ��D�F�G� �����E D ����DHGD ��� C�C 
�������� �=1���=��� 3��FJDGDH4 3��HCD��G4 3��FH JEF4 3��F  EDE4 3��E���D�4
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μ ���HJDGG ���C� J� ���GG  D ���HF��C ���JHJH� =1=)"=<)
ρ i����EJHD i���DFJJ� i���DFJJE i�����J�HH i����CJF� i=1==)+�=
ω ����ECEE ���DJ � i������J� ����H D� ���D�EEC i=1===)�)
α ���E�D D i�����E�J� � ��� GHGH i����DJ�  �
β ��FD   G ��FDEF � ��FHHJJ ��FG�JD� ��FG �C� =1"��<<+
γ � ��DJJJDD ��DD�J � � ��DGHHFH =1�=��+�
ϕ � � ���D�DDH� � � �=1����#)

tdf � � � E�G�ECE� D��GH�CF �=1��"��
7C5 ��EEDCED ��ECJJ�� ��EGGC�H ��ECJEGF ��E���DF �1���=#�
>5 ��EFG� C ��EJFGFF ��ECHG�H ��EJFHGE ��EG CGJ �1�##�<#

7�58 ,2 �����
,2 H���1 ����JEEE D�JDEFEH ��CCCFD� ���HJJHC D��EFDJD =1#��"#�
�������� 3��FGEEGE4 3���DHHHG4 3��J�CH D4 3��HEGGEE4 3���F  JF4 �=1<���<#�
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μ i����CJGG i�����CD�H i�����HJ D i�����CF�G i����� �H� i�=1=��)��
ρ i����DD�� i����D��FC i����DJ�DG i�����JC � i�����C� G i�=1=���#�
ω ���HDJ J ��� � �� ����E�JF ��� �FJH ���J�D�F =1=��)<+
α ��� F C� i����DHFG � ��� �H�D i���DG�� �
β ��EFECGD ��F�HED� ��F JG�H ��FD�JH� ��F��DEC =1"���)�
γ � ���EJJDH ��DG� � � ���EEF�J =1�=�<+�
ϕ � � ����HE�JF � � �=1=��+=�

tdf � � � E� HDFD� E�F DJGD �1"��+==
7C5 G�JJE��E G�JCCC�D G�JCJGDG G�JG�GHG G�JDFCF� #1<��+��
>5 G�JH��GG G�JJEJ H G�JJFCHF G�JC JGE G�JG �DF #1<#<�)"

7�58 ,2 �����
,2 H���1 ���F�CEJ D�E FGEC D�D��H�� D���E �E D��CJE�� =1)#==<+
�������� 3��DCE��J4 3��DHDJC 4 3���FG H�4 3��GD�CE 4 3��G� CHD4 �=1<��"+��
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μ ���J�E�J i���EG�DG i���FFGE� ��� JDD� ���J�CHH =1=)�+�#
ρ i����FHFG i����JD�JC i����F�J � i������GCF i����� �D i�=1==���<
ω ���GFDHC i���DGC G i���DC EJ ���D �CG ���DEC C =1==+))�
α ���EJHD ��D�GD  � ���FDGE� ���C�F�C �
β ��EFGE�D ��EGEC C ��FEE�H� ��F�JJF� ��F�ECF� =1"�"#��
γ � ��DCJFF� ��GH�D  � ���HFE� =1�)=#+)
ϕ � � ����EEHHD � � �=1=<�"=<

tdf � � � H�FC�H  F��EEGHD "1="�)+#
7C5 G��F�DFH G��E�JF G��E�FEF G��E�DGF G���HH D #1���)+<
>5 G�G��FCH G��FD�F G��FDCF� G��FDG C G��C��D� #1�#)��+

7�58 ,2 �����
,2 H���1 ��F�H�EC D�DE�E� ���CED�E ��GJGH�� �� � C�H =1��)#��
�������� 3��GC�EG 4 3���H HEJ4 3�� DEGF 4 3��JJ��DG4 3��C�E H 4 �=1+�+�<��
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"<J ��� JC�FJC JGH�HE�H JG�JDJ�C C CGDG�G C HJHC�D CCF CC�F
!� "# 3D� J D E4 3D� CCFD 4 3D� �C��F4 3D�C�DJ�H4 3D�CGDJD�4 3D�GH  DF4

""J ��� HE�JG �H HHJ�HJ� H C�CJ� D�G�DJE D�G FF FFF   �D
�� J� 3��GEF   4 3��GH�FCH4 3��GGFHF�4 3G�DJGF��4 3G�DHCEGG4 3G�� �JC 4

#�1#1�==+
"<J ��� D�D� F� D��DH C D��GGCF D�CJ�EH D�JD�FF D�JFC��
!� "# 3��C��HF�4 3��C�DGEF4 3��CJGDGG4 3��J�J�C�4 3��JDF JJ4 3��JGF � 4

""J ��� DCGH�FC DC�J�E� DCJ  CC �DFG��D ��� H J ��GCD��
�� J� 3G�CCCFCE4 3G�CD DCH4 3G�CFDED�4 3J��J FHE4 3J��EFFHG4 3J�GJJJJ�4
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"<J ��� DJHHCF DJEE�C DJ� GF� DJ�G��D DJC��J� DCFDGDE
!� "# 3D�J�EJED4 3D�JGEFFE4 3D�CJF ED4 3D�CHJHFE4 3D�CF��F 4 3D�CCJ�HJ4

""J ��� �G��GG� �G�EDEH �DFJ�DD �GHG��� �GJDE � ��HJ�H�
�� J� 3���G�FC�4 3���G  DJ4 3���D FCF4 3���FFCDE4 3���HEFGC4 3����CHDF4

#�1#1�==+
"<J ��� �DFDJ� �GCFEFH �CF� D� �DHDC�F �G�CJEH �CJ� �D
!� "# 3D�CGE�FD4 3D�JC���F4 3D� GCG  4 3D�C�CFD 4 3D�JD��FJ4 3D� �FCGH4

""J ��� G��DH � GCDD FE G DCG � GGECDC GJDC�FC GH� DEF
�� J� 3��D�D�G�4 3���GEHFC4 3��GHDHEC4 3�����HDC4 3��G�JFEH4 3��CCJD  4
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"<J ��� �JGG�DH �JF�EDF �JHGDFCG � EEE  � �H�JHJF �JF EC� 
!� "# 3D�HDEG�D4 3D�HJEHG�4 3D�HCJCDE4 3D�E�GEHF4 3D�ECEF�C4 3D�H DCJF4

""J ��� G ��HD�C G FD��C� G  JECJH C�GJ�EE� C� C �HJ C�CDFC��
�� J� 3��CJJFJH4 3��J�G J�4 3��CE JH�4 3��EH� FG4 3��EF�HG�4 3��HCD ED4

#�1#1�==+
"<J ��� J�JJC HE J� ��H � CHEF�DJG CJ�C FHG CCJECJ D C EEDHG�
!� "# 3��DFDE�H4 3��DFC F�4 3���H G�J4 3D�F DH�E4 3D�FG�FEF4 3���G�JEC4

""J ��� H�DD�FCD HDFHE�JJ  EDEC�J� HDDF�CHC  FH�DFGF H�EECDD�
�� J� 3G�D� CDD4 3G�D�� CF4 3��FJ DJE4 3G��E JF�4 3G���DF H4 3G�DJFFG�4
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BC6 9:2.;3D�D4 A:2.;3D�D4 @9:2.; 9:2.;3D�D4 A:2.;3D�D4 @9:2.;
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"<J ��� G��CCDF GDHE�CF GGJCFEH GJHEJ�� GCHGDJ GGDCCDF
!� "# 3D� CC GG4 3D� �D�EC4 3D�HDD�G�4 3D�E�J�CJ4 3D�HHDJ�G4 3D� F�JGE4

""J ��� C D�HF� CJGHGEC CE�GCD� JHJ�EGG JJE�F�� J���FEF
�� J� 3��GJDH �4 3��GDCGDF4 3��CJ���H4 3��FGG�C 4 3��EC JED4 3�� J�HFC4

#�1#1�==+
"<J ���  GDJGC�  GE�H �  G�FDDD  D CCJJ  ��E�JH  GGJEEH
!� "# 3����CCGF4 3����H�HC4 3������ C4 3D�DJDHH�4 3D�D H�JF4 3���DD D�4

""J ��� F�CC�HF FD�CHC F�J�EFH FFCG�HC D��D�DCF FF �DGH
�� J� 3G�DJ FGC4 3G�DEJ�FD4 3��DJFGDC4 3G�CH�E�E4 3G�CFCECF4 3G�CH  FC4
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"<J ��� DD�DH�D DDGCJDE DD�D�FF DDDJG�J D�E EGE D�H�E �
!� "# 3��F�F�HD4 3��FG DGG4 3D�F�J�� 4 3D�F���F 4 3D�EF HF�4 3D�EEJ�JE4

""J ��� DJFJFCH D �J� C D ��EJE DHE�JEF D EEH� D J GC�
�� J� 3D�GD EHJ4 3D�GC�F�D4 3D�G��JHH4 3D�CH�EE�4 3D�GFGCG�4 3D�G  H�H4

#�1#1�==+
"<J ��� DDCFC�H D�ED F DCDJ�HE DDGFDE D�GJGGG DGJJHDD
!� "# 3��EEH HH4 3��FEFE� 4 3D��F�FEF4 3��EHFH F4 3��FJC��D4 3D��C FE 4

""J ��� D  J�G� DEG�C�F ��DHJEJ DE�GFHD DFD G�H ��E GE�
�� J� 3D��EJE E4 3D�CDJDG�4 3D�JJEDGH4 3D�C�E DC4 3D�CHFFGE4 3D� DD� E4
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"<J ��� ��� CCFC DFGJEGFJ DE DFHDC ���CJFC� DEFD JHD DE�EF�HJ
!� "# 3D�H GEJC4 3D� ECFE 4 3D� �� F�4 3D�HCCEGD4 3D� C J�F4 3D�JFDFD�4

""J ��� �EH�DFEF �H�E�DGC � ��FH�J G�FF�FHJ �F��DHC �E�CFG J
�� J� 3��CFE� H4 3��GHC E�4 3���EG�HJ4 3�� FH HE4 3��J� �FF4 3��CCDC D4

#�1#1�==+
"<J ��� GJ�GCJ�G G� EFJJD G�HHG �J GJ�HH�D� G�JGEFF� GGGDJ J�
!� "# 3���JG CH4 3D�FD DF�4 3D�F�DDDH4 3��� HE D4 3D�F�HG C4 3D�FJ�EFD4

""J ��� CFJG��FF C �DED C C �F�HJJ JC�F  D� CFH����G J�EHCEJF
�� J� 3��F�GC G4 3�� FHCEC4 3��H�DHGF4 3G�DE�HCF4 3��FDCJF 4 3��FE�DHG4
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"<J ��� JJ�CEDH CDH�EEJ CD�HFE� HG�H DC CEHH�CD CEFDGE�
!� "# 3D��FED��4 3��FE�CJG4 3��F J��G4 3D�FDFHJ�4 3D�DCJF��4 3D�DCF� F4

""J ��� HEFHHCJ  �HEGJ�  �GHFGJ DDJG�JDC HJFF�JJ H G � F
�� J� 3D�EJJ GE4 3D�C�EDJH4 3D�CDE  D4 3G���FDG�4 3D�HEJCJF4 3D�HFC��G4

#�1#1�==+
"<J ��� E� C�� H�CEE�J HJH�   HCJF DD HCHH�DC HGDC�� 
!� "# 3D�GEC�C�4 3D��DCDEF4 3D�� ED�D4 3D��CFCFF4 3D��J�CCE4 3D���JDDC4

""J ��� DDECDEFE D�GD��CC D� FDEDC DDECCDE� DD GEJ�C DDG E�FF
�� J� 3D�FEGJCD4 3D�H� FJ�4 3D�HF�F��4 3D�FEGF�G4 3D�FCFCH�4 3D�F�C�D�4
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>7? -? @A? BC6 �=
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"<J ��� JCJ� H�C DHFDJ�G �GC�HE�J G�C ��G
!� "# 3D�  FGHG4 3D�HGJFH�4 3D�JEFD� 4 3D�JJGHC�4

""J ��� HHDDE��D �JGGHEJ GGDGCGF� CG�EGGD
�� J� 3��G D��H4 3��CJJ�DE4 3���CHJG�4 3��DFHCEF4

#�1#1�==+
"<J ��� E  JHE�J �DC� GE J H�� C�  JHJF��
!� "# 3���HHG�F4 3D�C� ��G4 3��CJE�EE4 3���FJGF 4

""J ��� D��J DF G�G�GHC E�DF�E�� FG��CCF
�� J� 3��FGE�� 4 3D�FEEJ J4 3G�CH E�C4 3G��C C��4
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>D- <== EC��$C ��< 97?
#�1��1�==) #=1��1�==) #=1��1�==)

"<J ��� DDEHEE� DHCG��FC J�DF��C
!� "# 3��FE�D  4 3D�JDHGDH4 3D�DHFG�H4

""J ��� D E��CJ �C JCJCG H�FEHEC
�� J� 3D�GE � H4 3��DCJFHD4 3D�  HFD 4

#�1#1�==+
"<J ��� DDGF�FE G E�HEJF HHG�� H
!� "# 3��EHFH�D4 3��DJEH F4 3D��FCEGJ4

""J ��� D DD�CE J��E GCG D�FGG� C
�� J� 3D��CCDHH4 3G��JGDEE4 3D�EGDG�F4

A
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>7? -? @A? BC6 �=
�#1��1�==) #=1��1�==) #�1��1�==) #�1��1�==)

"<J ��� JGFHGH�E DFGCHCF � ECGFCE CDF DG�
!� "# 3D� J�CCC4 3D�EHCHJ 4 3D�E��EC 4 3��DC�� �4

""J ��� D�EC�CF GDGC�DC C��EH EF  � FDGG
�� J� 3G�GDEEF�4 3G��GH��F4 3��E EC�H4 3G��FJJF 4

#�1#1�==+
"<J ��� H�C�EH�C ��F�H � CD�DE  E J C�HCC
!� "# 3D� EHEDD4 3D�GHDFE�4 3D�HEH�JF4 3D�F EF G4

""J ��� DCE�  H CECEFJ HDGECHHH F�H FE�
�� J� 3G�JCFGFF4 3G�DEDFGF4 3G��FCF�H4 3G��GE�GD4
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"<J ��� �GCD�FE �HDDDJEC DCCHFEE�
!� "# 3D�FGDEFD4 3��GJFEGJ4 3G�C��D C4

""J ��� GH����E C��J��EF ��G FJFD
�� J� 3G��JC  C4 3G�CE DFE4 3J��JJFDC4

#�1#1�==+
"<J ��� DJDEEC GGCFDF  FF �D�H
!� "# 3D�DH�FH�4 3D�F G�� 4 3D�  EGCD4

""J ��� ���HGGD JCE��HEG D FE �DH
�� J� 3D�J J  C4 3G��DGCHJ4 3��ECJ��C4
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  14.00000  14.00000  14.00000  18.00000  18.00000  18.00000
T  292.0000  292.0000  292.0000  292.0000  292.0000  292.0000

T00  264.0000  264.0000  264.0000  257.0000  257.0000  257.0000
T01  14.00000  14.00000  14.00000  17.00000  17.00000  17.00000
T10  14.00000  14.00000  14.00000  17.00000  17.00000  17.00000
T11  0.000000  0.000000  0.000000  1.000000  1.000000  1.000000

LRuc  0.026299  0.026299  0.026299  0.778452  0.778452  0.778452
LRind  1.415766  1.415766  1.415766  0.013534  0.013534  0.013534
LRcc  1.442065  1.442065  1.442065  0.791986  0.791986  0.791986
LRtuff  0.235853  0.235853  0.235853  0.235853  0.235853  0.235853
LRind2  15.23102  15.23102  15.23102  21.52109  21.52109  21.52109
LRmix  15.25732  15.25732  15.25732  22.29955  22.29955  22.29955

 
Tabuľka 3.23:  SAX: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  5.000000  5.000000  6.000000  3.000000  3.000000  2.000000
T  292.0000  292.0000  292.0000  292.0000  292.0000  292.0000

T00  282.0000  282.0000  280.0000  286.0000  286.0000  288.0000
T01  5.000000  5.000000  6.000000  3.000000  3.000000  2.000000
T10  5.000000  5.000000  6.000000  3.000000  3.000000  2.000000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  1.233545  1.233545  2.515043  0.002194  0.002194  0.329179
LRind  0.174834  0.174834  0.252650  0.062501  0.062501  0.027682
LRcc  1.408379  1.408379  2.767693  0.064695  0.064695  0.356861
LRtuff  2.547384  2.547384  2.547384  2.547384  2.547384  2.547384
LRind2  5.188474  5.188474  9.660910  3.423641  3.423641  3.227472
LRmix  6.422019  6.422019  12.17595  3.425835  3.425835  3.556651

 
Tabuľka 3.24:  SAX: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  49.00000  51.00000  49.00000  57.00000  58.00000  58.00000
T  1215.000  1215.000  1215.000  1215.000  1215.000  1215.000

T00  1118.000  1115.000  1118.000  1103.000  1101.000  1101.000
T01  48.00000  49.00000  48.00000  55.00000  56.00000  56.00000
T10  48.00000  49.00000  48.00000  55.00000  56.00000  56.00000
T11  1.000000  2.000000  1.000000  2.000000  2.000000  2.000000

LRuc  2.554424  1.738100  2.554424  0.248567  0.132954  0.132954
LRind  0.632828  0.010544  0.632828  0.204619  0.259726  0.259726
LRcc  3.187252  1.748644  3.187252  0.453187  0.392680  0.392680
LRtuff  0.235853  0.235853  0.235853  0.235853  0.235853  0.235853
LRind2  46.32357  52.59651  46.32357  52.29145  54.71521  56.37996
LRmix  48.87799  54.33461  48.87799  52.54002  54.84816  56.51291

 
Tabuľka 3.25:  SAX: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  22.00000  22.00000  24.00000  7.000000  8.000000  9.000000
T  1215.000  1215.000  1215.000  1215.000  1215.000  1215.000

T00  1171.000  1171.000  1168.000  1201.000  1199.000  1197.000
T01  22.00000  22.00000  23.00000  7.000000  8.000000  9.000000
T10  22.00000  22.00000  23.00000  7.000000  8.000000  9.000000
T11  0.000000  0.000000  1.000000  0.000000  0.000000  0.000000

LRuc  6.504266  6.504266  * 9.091910  2.602152  1.628100  0.906359
LRind  0.812127  0.812127  0.463959  0.081193  0.106137  0.134441
LRcc  7.316393  7.316393  * 9.555870  2.683346  1.734236  1.040800
LRtuff  2.547384  2.547384  2.547384  2.547384  2.547384  2.547384
LRind2  37.33809  30.50957  * 43.61654  12.94091  17.45044  15.17122
LRmix * 43.84236  37.01384  * 52.70846  15.54306  19.07854  16.07758

 
Tabuľka 3.26:  SAX: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  11.00000  10.00000  12.00000  12.00000  11.00000  12.00000
T  318.0000  318.0000  318.0000  318.0000  318.0000  318.0000

T00  296.0000  298.0000  294.0000  294.0000  296.0000  294.0000
T01  11.00000  10.00000  12.00000  12.00000  11.00000  12.00000
T10  11.00000  10.00000  12.00000  12.00000  11.00000  12.00000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  1.773726  2.639804  1.096233  1.096233  1.773726  1.096233
LRind  0.791020  0.651581  0.944506  0.944506  0.791020  0.944506
LRcc  2.564746  3.291385  2.040739  2.040739  2.564746  2.040739
LRtuff  1.276880  1.276880  1.276880  1.276880  1.276880  1.276880
LRind2  18.56028  * 20.59848  19.27131  19.27131  * 21.30950  19.27131
LRmix  20.33401  * 23.23828  20.36755  20.36755  * 23.08323  20.36755

 
Tabuľka 3.27:  PX: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  5.000000  5.000000  5.000000  5.000000  4.000000  5.000000
T  318.0000  318.0000  318.0000  318.0000  318.0000  318.0000

T00  308.0000  308.0000  308.0000  308.0000  310.0000  308.0000
T01  5.000000  5.000000  5.000000  5.000000  4.000000  5.000000
T10  5.000000  5.000000  5.000000  5.000000  4.000000  5.000000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  0.896109  0.896109  0.896109  0.896109  0.197443  0.896109
LRind  0.160263  0.160263  0.160263  0.160263  0.102239  0.160263
LRcc  1.056372  1.056372  1.056372  1.056372  0.299682  1.056372
LRtuff  0.371460  0.371460  0.371460  0.371460  0.371460  0.371460
LRind2  11.25858  11.25858  11.25858  11.25858  6.969252  11.25858
LRmix  12.15469  12.15469  12.15469  12.15469  7.166695  12.15469

 
Tabuľka 3.28:  PX: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  64.00000  62.00000  59.00000  64.00000  62.00000  61.00000
T  1252.000  1252.000  1252.000  1252.000  1252.000  1252.000

T00  1128.000  1131.000  1136.000  1129.000  1131.000  1132.000
T01  60.00000  59.00000  57.00000  59.00000  59.00000  59.00000
T10  60.00000  59.00000  57.00000  59.00000  59.00000  59.00000
T11  4.000000  3.000000  2.000000  5.000000  3.000000  2.000000

LRuc  0.032728  0.006072  0.222001  0.032728  0.006072  0.043399
LRind  0.168063  0.001920  0.266458  0.883745  0.001920  0.394617
LRcc  0.200790  0.007992  0.488458  0.916472  0.007992  0.438016
LRtuff  2.011194  0.079776  0.079776  2.011194  0.079776  0.079776
LRind2 * 87.65864  79.85110  70.49059  * 95.81603  79.85110  76.69797
LRmix * 87.69136  79.85717  70.71259  * 95.84876  79.85717  76.74137

 
Tabuľka 3.29:  PX: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  23.00000  20.00000  18.00000  19.00000  17.00000  14.00000
T  1252.000  1252.000  1252.000  1252.000  1252.000  1252.000

T00  1206.000  1212.000  1216.000  1214.000  1218.000  1224.000
T01  23.00000  20.00000  18.00000  19.00000  17.00000  14.00000
T10  23.00000  20.00000  18.00000  19.00000  17.00000  14.00000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  * 7.104536  3.821428  2.133862  2.924178  1.456335  0.170207
LRind  0.861614  0.649907  0.525566  0.586062  0.468410  0.316902
LRcc  7.966150  4.471334  2.659428  3.510240  1.924746  0.487109
LRtuff  0.083134  0.083134  0.083134  0.083134  0.083134  0.083134
LRind2  28.21055  19.34992  17.75586  22.11422  16.96041  17.37807
LRmix  35.31509  23.17135  19.88972  25.03840  18.41674  17.54828

 
Tabuľka 3.30:  PX: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  14.00000  15.00000  14.00000  14.00000  14.00000  15.00000
T  317.0000  317.0000  317.0000  317.0000  317.0000  317.0000

T00  289.0000  287.0000  289.0000  289.0000  289.0000  288.0000
T01  14.00000  15.00000  14.00000  14.00000  14.00000  14.00000
T10  14.00000  15.00000  14.00000  14.00000  14.00000  14.00000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  1.000000

LRuc  0.236201  0.048818  0.236201  0.236201  0.236201  0.048818
LRind  1.298479  1.495636  1.298479  1.298479  1.298479  0.115310
LRcc  1.534679  1.544454  1.534679  1.534679  1.534679  0.164128
LRtuff  0.801139  0.801139  0.801139  0.801139  0.801139  0.801139
LRind2  11.47921  14.64458  16.54760  11.47200  12.68124  22.83918
LRmix  11.71541  14.69340  16.78380  11.70820  12.91744  22.88800

 
Tabuľka 3.31:  BUX: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  4.000000  4.000000  4.000000  3.000000  4.000000  4.000000
T  317.0000  317.0000  317.0000  317.0000  317.0000  317.0000

T00  309.0000  309.0000  309.0000  311.0000  309.0000  309.0000
T01  4.000000  4.000000  4.000000  3.000000  4.000000  4.000000
T10  4.000000  4.000000  4.000000  3.000000  4.000000  4.000000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  0.202699  0.202699  0.202699  0.009376  0.202699  0.202699
LRind  0.102567  0.102567  0.102567  0.057509  0.102567  0.102567
LRcc  0.305266  0.305266  0.305266  0.066885  0.305266  0.305266
LRtuff  0.555607  0.555607  0.555607  0.555607  0.555607  0.555607
LRind2  4.065016  4.065016  4.065016  4.062403  4.065016  4.065016
LRmix  4.267715  4.267715  4.267715  4.071779  4.267715  4.267715

 
Tabuľka 3.32:  BUX: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 78



 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  59.00000  56.00000  51.00000  56.00000  58.00000  57.00000
T  1248.000  1248.000  1248.000  1248.000  1248.000  1248.000

T00  1137.000  1142.000  1152.000  1142.000  1138.000  1140.000
T01  52.00000  50.00000  45.00000  50.00000  52.00000  51.00000
T10  52.00000  50.00000  45.00000  50.00000  52.00000  51.00000
T11  7.000000  6.000000  6.000000  6.000000  6.000000  6.000000

LRuc  0.198457  0.714564  2.331822  0.714564  0.334126  0.505961
LRind  5.115817  3.939358  5.508055  3.939358  3.399875  3.663657
LRcc  5.314274  4.653923  * 7.839878  4.653923  3.734002  4.169618
LRtuff  3.321462  3.321462  3.321462  3.321462  3.321462  3.321462
LRind2 * 96.75840  * 83.77229  * 86.28784  * 92.52979  * 97.05020  * 92.70397
LRmix * 96.95685 * 84.48686  * 88.61967  * 93.24435  * 97.38432  * 93.20994

 
Tabuľka 3.33:  BUX: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  15.00000  15.00000  17.00000  13.00000  13.00000  12.00000
T  1248.000  1248.000  1248.000  1248.000  1248.000  1248.000

T00  1219.000  1219.000  1215.000  1222.000  1222.000  1225.000
T01  14.00000  14.00000  16.00000  13.00000  13.00000  11.00000
T10  14.00000  14.00000  16.00000  13.00000  13.00000  11.00000
T11  1.000000  1.000000  1.000000  0.000000  0.000000  1.000000

LRuc  0.482829  0.482829  1.485479  0.021591  0.021591  0.018889
LRind  1.878577  1.878577  1.459632  0.273911  0.273911  2.684017
LRcc  2.361405  2.361405  2.945112  0.295502  0.295502  2.702906
LRtuff  0.152803  0.152803  6.457852  6.457852  6.457852  6.457852
LRind2  * 32.29540  25.72053  * 37.94758  22.97529  22.97529  22.14258
LRmix * 32.77823  26.20336  * 39.43306  22.99688  22.99688  22.16147

 
Tabuľka 3.34:  BUX: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  9.000000  10.00000  10.00000  9.000000  9.000000  10.00000
T  316.0000  316.0000  316.0000  316.0000  316.0000  316.0000

T00  298.0000  297.0000  296.0000  298.0000  298.0000  296.0000
T01  9.000000  9.000000  10.00000  9.000000  9.000000  10.00000
T10  9.000000  9.000000  10.00000  9.000000  9.000000  10.00000
T11  0.000000  1.000000  0.000000  0.000000  0.000000  0.000000

LRuc  3.622744  2.562847  2.562847  3.622744  3.622744  2.562847
LRind  0.529488  1.029873  0.655855  0.529488  0.529488  0.655855
LRcc  4.152232  3.592720  3.218702  4.152232  4.152232  3.218702
LRtuff  2.377553  2.377553  2.377553  2.377553  2.377553  2.377553
LRind2  14.54923  * 20.45492  13.35847  14.54923  14.54923  13.35847
LRmix  18.17198  * 23.01776  15.92132  18.17198  18.17198  15.92132

 
Tabuľka 3.35:  WIG 20: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  7.000000  7.000000  6.000000  5.000000  4.000000  6.000000
T  316.0000  316.0000  316.0000  316.0000  316.0000  316.0000

T00  302.0000  302.0000  304.0000  306.0000  308.0000  304.0000
T01  7.000000  7.000000  6.000000  5.000000  4.000000  6.000000
T10  7.000000  7.000000  6.000000  5.000000  4.000000  6.000000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  3.502062  3.502062  2.040110  0.919502  0.208036  2.040110
LRind  0.318209  0.318209  0.233024  0.161297  0.102897  0.233024
LRcc  3.820272  3.820272  2.273134  1.080800  0.310933  2.273134
LRtuff  5.431457  5.431457  2.547384  0.555607  0.555607  2.547384
LRind2  15.70694  15.70694  9.730701  6.760927  2.444794  9.730701
LRmix  19.20900  19.20900  11.77081  7.680429  2.652830  11.77081

 
Tabuľka 3.36:  WIG 20: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  57.00000  57.00000  57.00000  57.00000  54.00000  59.00000
T  1255.000  1255.000  1255.000  1255.000  1255.000  1255.000

T00  1143.000  1143.000  1144.000  1145.000  1151.000  1140.000
T01  55.00000  55.00000  54.00000  53.00000  50.00000  56.00000
T10  55.00000  55.00000  54.00000  53.00000  50.00000  56.00000
T11  2.000000  2.000000  3.000000  4.000000  4.000000  3.000000

LRuc  0.571453  0.571453  0.571453  0.571453  1.345211  0.240489
LRind  0.159466  0.159466  0.067753  0.731463  1.102252  0.019454
LRcc  0.730920  0.730920  0.639206  1.302917  2.447463  0.259942
LRtuff  3.321462  3.321462  3.321462  3.321462  3.321462  3.321462
LRind2  * 95.14090  * 92.14022  * 101.7055  * 100.2297  * 88.83792 * 94.94836
LRmix * 95.71236 * 92.71167 * 102.2770 * 100.8012 * 90.18313 * 95.18885

 
Tabuľka 3.37:  WIG 20: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  14.00000  13.00000  14.00000  10.00000  11.00000  11.00000
T  1255.000  1255.000  1255.000  1255.000  1255.000  1255.000

T00  1227.000  1229.000  1227.000  1236.000  1234.000  1233.000
T01  14.00000  13.00000  14.00000  9.000000  10.00000  11.00000
T10  14.00000  13.00000  14.00000  9.000000  10.00000  11.00000
T11  0.000000  0.000000  0.000000  1.000000  1.000000  0.000000

LRuc  0.163119  0.016109  0.163119  0.562519  0.201774  0.201774
LRind  0.316136  0.272366  0.316136  3.394297  3.024304  0.194693
LRcc  0.479255  0.288475  0.479255  3.956816  3.226079  0.396467
LRtuff  0.371460  0.371460  6.457852  6.457852  6.457852  6.457852
LRind2  13.30494  10.85914  17.35762 * 28.00854  * 25.28227  15.73801
LRmix  13.46806  10.87525  17.52073 * 28.57106  25.48405  15.93978

 
Tabuľka 3.38:  WIG 20: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  13.00000  11.00000  9.000000  13.00000  12.00000  10.00000
T  314.0000  314.0000  314.0000  314.0000  314.0000  314.0000

T00  289.0000  292.0000  296.0000  289.0000  291.0000  294.0000
T01  12.00000  11.00000  9.000000  12.00000  11.00000  10.00000
T10  12.00000  11.00000  9.000000  12.00000  11.00000  10.00000
T11  1.000000  0.000000  0.000000  1.000000  1.000000  0.000000

LRuc  0.517870  1.646827  3.533521  0.517870  0.995607  2.486718
LRind  0.347617  0.801502  0.532973  0.347617  0.525247  0.660186
LRcc  0.865487  2.448329  4.066494  0.865487  1.520854  3.146904
LRtuff  3.321462  3.321462  3.321462  3.321462  3.321462  3.321462
LRind2  18.89514  10.74715  7.439251  18.89514  16.69486  7.518152
LRmix  19.41301  12.39398  10.97277  19.41301  17.69047  10.00487

 
Tabuľka 3.39:  S&P 500: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  3.000000  1.000000  1.000000  1.000000  1.000000  1.000000
T  314.0000  314.0000  314.0000  314.0000  314.0000  314.0000

T00  308.0000  312.0000  312.0000  312.0000  312.0000  312.0000
T01  3.000000  1.000000  1.000000  1.000000  1.000000  1.000000
T10  3.000000  1.000000  1.000000  1.000000  1.000000  1.000000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  0.006400  2.006253  2.006253  2.006253  2.006253  2.006253
LRind  0.058065  0.006410  0.006410  0.006410  0.006410  0.006410
LRcc  0.064465  2.012663  2.012663  2.012663  2.012663  2.012663
LRtuff  0.811915  1.361236  1.361236  1.361236  1.361236  1.361236
LRind2  1.142283  1.361236  1.361236  1.361236  1.361236  1.361236
LRmix  1.148683  3.367489  3.367489  3.367489  3.367489  3.367489

 
Tabuľka 3.40:  S&P 500: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  128.0000  138.0000  130.0000  143.0000  145.0000  141.0000
T  2519.000  2519.000  2519.000  2519.000  2519.000  2519.000

T00  2269.000  2249.000  2264.000  2242.000  2237.000  2244.000
T01  122.0000  132.0000  125.0000  134.0000  137.0000  134.0000
T10  122.0000  132.0000  125.0000  134.0000  137.0000  134.0000
T11  6.000000  6.000000  5.000000  9.000000  8.000000  7.000000

LRuc  0.034943  1.178535  0.135714  2.332221  2.898187  1.825567
LRind  0.044867  0.386361  0.527848  0.103679  0.016715  0.118034
LRcc  0.079811  1.564897  0.663562  2.435899  2.914902  1.943601
LRtuff  0.588495  0.588495  0.588495  0.171580  0.588495  0.588495
LRind2  147.9913  150.3365  138.8798  * 191.1523  166.5044  159.2793
LRmix  148.0262  151.5151  139.0155  * 193.4845  169.4025  161.1049

 
Tabuľka 3.41:  S&P 500: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  39.00000  34.00000  33.00000  31.00000  26.00000  28.00000
T  2519.000  2519.000  2519.000  2519.000  2519.000  2519.000

T00  2443.000  2451.000  2453.000  2457.000  2467.000  2463.000
T01  37.00000  34.00000  33.00000  31.00000  26.00000  28.00000
T10  37.00000  34.00000  33.00000  31.00000  26.00000  28.00000
T11  2.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  6.551553  2.805274  2.770656  1.261034  0.026034  0.305583
LRind  2.100633  0.930786  0.876485  0.772839  0.542546  0.629732
LRcc  8.652186  3.736060  3.647141  2.033872  0.568580  0.935315
LRtuff  0.001661  0.001661  0.001661  0.001661  0.001661  0.001661
LRind2  54.44799  36.66933  37.62324  37.40792  25.49856  30.37091
LRmix  60.99954  39.47461  40.39990  38.66895  25.52459  30.67649

 
Tabuľka 3.42:  S&P 500: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  8.000000  8.000000  8.000000  8.000000  9.000000  11.00000
T  306.0000  306.0000  306.0000  306.0000  306.0000  306.0000

T00  292.0000  291.0000  291.0000  292.0000  290.0000  286.0000
T01  6.000000  7.000000  7.000000  6.000000  7.000000  9.000000
T10  6.000000  7.000000  7.000000  6.000000  7.000000  9.000000
T11  2.000000  1.000000  1.000000  2.000000  2.000000  2.000000

LRuc  * 4.407220 * 4.407220  * 4.407220  * 4.407220  3.184248  1.404228
LRind  * 6.343231  1.710693  1.710693  * 6.343231  * 5.357204  3.784492
LRcc  * 10.75045  * 6.117913  * 6.117913  * 10.75045 * 8.541452  5.188719
LRtuff  1.735355  1.735355  1.735355  1.735355  1.735355  1.735355
LRind2  * 21.04331  * 16.76387  * 16.76387 * 21.04331 * 22.80675 * 24.57319
LRmix * 25.45053 * 21.17109 * 21.17109 * 25.45053 * 25.99100 * 25.97741

 
Tabuľka 3.43:  NIKKEI 225: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  1.000000  2.000000  2.000000  1.000000  2.000000  2.000000
T  306.0000  306.0000  306.0000  306.0000  306.0000  306.0000

T00  304.0000  302.0000  302.0000  304.0000  302.0000  302.0000
T01  1.000000  2.000000  2.000000  1.000000  2.000000  2.000000
T10  1.000000  2.000000  2.000000  1.000000  2.000000  2.000000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  1.897147  0.422634  0.422634  1.897147  0.422634  0.422634
LRind  0.006579  0.026403  0.026403  0.006579  0.026403  0.026403
LRcc  1.903726  0.449037  0.449037  1.903726  0.449037  0.449037
LRtuff  0.098109  0.098109  0.098109  0.098109  0.098109  0.098109
LRind2  0.098109  0.121492  0.121492  0.098109  0.121492  0.121492
LRmix  1.995256  0.544126  0.544126  1.995256  0.544126  0.544126

 
Tabuľka 3.44:  NIKKEI 225: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  135.0000  119.0000  118.0000  136.0000  124.0000  124.0000
T  2462.000  2462.000  2462.000  2462.000  2462.000  2462.000

T00  2199.000  2226.000  2229.000  2199.000  2218.000  2219.000
T01  128.0000  117.0000  115.0000  127.0000  120.0000  119.0000
T10  128.0000  117.0000  115.0000  127.0000  120.0000  119.0000
T11  7.000000  2.000000  3.000000  9.000000  4.000000  5.000000

LRuc  1.175640  0.145280  0.225384  1.378216  0.006910  0.006910
LRind  0.025273  3.533750  1.637073  0.311002  1.015727  0.294769
LRcc  1.200913  3.679030  1.862457  1.689218  1.022637  0.301679
LRtuff  0.171580  0.171580  0.171580  0.235853  0.171580  0.171580
LRind2  159.0092  111.7072  118.8839  * 176.1589  127.5966  140.0806
LRmix  160.1848  111.8525  119.1093  * 177.5371  127.6035  140.0875

 
Tabuľka 3.45:  NIKKEI 225: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  34.00000  29.00000  31.00000  20.00000  23.00000  24.00000
T  2462.000  2462.000  2462.000  2462.000  2462.000  2462.000

T00  2394.000  2404.000  2400.000  2422.000  2416.000  2414.000
T01  34.00000  29.00000  31.00000  20.00000  23.00000  24.00000
T10  34.00000  29.00000  31.00000  20.00000  23.00000  24.00000
T11  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

LRuc  3.226640  0.744605  1.543256  0.935678  0.110091  0.015904
LRind  0.952648  0.691628  0.790968  0.327738  0.433969  0.472720
LRcc  4.179287  1.436233  2.334224  1.263416  0.544060  0.488624
LRtuff  2.400625  2.400625  2.400625  2.400625  2.400625  2.400625
LRind2  46.74598  36.37366  47.94405  25.45538  24.15800  30.93432
LRmix  49.97262  37.11827  49.48730  26.39105  24.26809  30.95022

 
Tabuľka 3.46:  NIKKEI 225: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  11.00000  18.00000  17.00000  34.00000  15.00000  18.00000
T  322.0000  322.0000  322.0000  592.0000  322.0000  322.0000

T00  301.0000  288.0000  289.0000  525.0000  293.0000  287.0000
T01  10.00000  16.00000  16.00000  33.00000  14.00000  17.00000
T10  10.00000  16.00000  16.00000  33.00000  14.00000  17.00000
T11  1.000000  2.000000  1.000000  1.000000  1.000000  1.000000

LRuc  1.904231  0.227715  0.052049  0.658373  0.080879  0.227715
LRind  0.781049  0.875333  0.011924  0.628430  0.125455  9.74E-05
LRcc  2.685280  1.103048  0.063973  1.286803  0.206334  0.227813
LRtuff  1.404371  0.865356  0.865356  0.311834  0.865356  0.865356
LRind2  14.34517  20.07833  16.73410  39.58673  15.21893  22.44756
LRmix  16.24940  20.30605  16.78615  40.24510  15.29981  22.67528

 
Tabuľka 3.47:  DAX: 95% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 

 
 GARCH(1,1) 

Normál. 
TARCH(1,1) 

Normál. 
EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  5.000000  7.000000  10.00000  8.000000  5.000000  5.000000
T  322.0000  322.0000  322.0000  592.0000  322.0000  322.0000

T00  313.0000  308.0000  303.0000  577.0000  313.0000  313.0000
T01  4.000000  7.000000  9.000000  7.000000  4.000000  4.000000
T10  4.000000  7.000000  9.000000  7.000000  4.000000  4.000000
T11  1.000000  0.000000  1.000000  1.000000  1.000000  1.000000

LRuc  0.850523  3.356403  * 9.249309  0.665072  0.850523  0.850523
LRind  3.632984  0.312128  1.057418  2.873394  3.632984  3.632984
LRcc  4.483507  3.668531  * 10.30673  3.538466  4.483507  4.483507
LRtuff  0.333979  0.333979  0.333979  0.186270  0.333979  0.333979
LRind2  11.76556  7.143625  19.66687  12.70875  11.76556  11.76556
LRmix  12.61608  10.50003  28.91618  13.37383  12.61608  12.61608

 
Tabuľka 3.48:  DAX: 99% VaR, out-of-sample predikcie – spätné testovanie (backtesting) modelov 

 86



 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  180.0000  199.0000  188.0000  187.0000  203.0000  196.0000
T  3526.000  3526.000  3526.000  3256.000  3526.000  3526.000

T00  3175.000  3133.000  3155.000  2891.000  3127.000  3142.000
T01  171.0000  194.0000  183.0000  178.0000  196.0000  188.0000
T10  171.0000  194.0000  183.0000  178.0000  196.0000  188.0000
T11  9.000000  5.000000  5.000000  9.000000  7.000000  8.000000

LRuc  0.081203  2.959039  0.800746  3.621052  4.067059  2.239693
LRind  0.004458  * 4.795171  3.384543  0.334934  2.436043  0.942835
LRcc  0.085661  * 7.754210  4.185289  3.955986  * 6.503102  3.182528
LRtuff  1.800543  1.800543  1.800543  1.800543  1.800543  1.800543
LRind2  * 264.3680  166.6707  173.0540  * 238.5720  218.8943  * 244.4429
LRmix  * 264.4492  169.6298  173.8547  * 242.1930  222.9614  * 246.6826

 
Tabuľka 3.49:  DAX: 95% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 

 
 
 
 
 

 GARCH(1,1) 
Normál. 

TARCH(1,1) 
Normál. 

EGARCH 
Normál. 

GARCH(1,1)
Student. 

TARCH(1,1) 
Student. 

EGARCH 
Student. 

N  47.00000  54.00000  188.0000  32.00000  38.00000  37.00000
T  3526.000  3526.000  3526.000  3256.000  3526.000  3526.000

T00  3433.000  3419.000  3155.000  3193.000  3451.000  3453.000
T01  46.00000  53.00000  183.0000  31.00000  37.00000  36.00000
T10  46.00000  53.00000  183.0000  31.00000  37.00000  36.00000
T11  1.000000  1.000000  5.000000  1.000000  1.000000  1.000000

LRuc  3.574980  * 8.654152  0.800746  0.009784  0.209762  0.085354
LRind  0.194082  0.034936  3.384543  0.972154  0.622959  0.688996
LRcc  3.769062  8.689088  4.185289  0.981938  0.832721  0.774350
LRtuff  4.771961  4.771961  1.800543  4.771961  4.771961  4.771961
LRind2  58.43859  63.98616  173.0540  43.82054  46.65942  50.03373
LRmix  62.01357  72.64031  173.8547  43.83032  46.86919  50.11908

 
Tabuľka 3.50:  DAX: 99% VaR, in-sample predikcie – spätné testovanie (backtesting) modelov 
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 SAX PX BUX WIG 20 S&P 500 NIKKEI 225 DAX 
N  47.00000  53.00000  55.00000  56.00000  124.0000  134.0000  184.0000
T  1505.000  1568.000  1563.000  1569.000  2831.000  2766.000  3846.000

T00  1120.000  1148.000  1143.000  1145.000  2280.000  2198.000  3168.000
T01  46.00000  49.00000  48.00000  52.00000  113.0000  128.0000  172.0000
T10  46.00000  49.00000  48.00000  52.00000  113.0000  128.0000  172.0000
T11 1.000000  4.000000  7.000000  4.000000  11.00000  6.000000  12.00000

LRuc *12.81172 *9.728275 *8.016410 *7.480151  2.386156  0.142135  0.382351
LRind  0.475059  1.229386 *6.510395  0.840622  3.574931  0.274836  0.618078
LRcc *13.28678 *10.95766 *14.52680 *8.320772  5.961086  0.416971  1.000430
LRtuff  0.413084  1.872144  0.120168 0.120168 *4.456104  0.315336  3.321462
LRind2  52.01668 *88.05090 *94.35725 *104.7865 *195.9823 *182.7428 *296.8346
LRmix  64.82840 *97.77918 *102.3737 *112.2666 *198.3685 *182.8850 *297.2170

 
Tabuľka 3.51:  RiskMetrics: 95% VaR – spätné testovanie (backtesting) modelov 

 
 
 
 
 
 
 

 SAX PX BUX WIG 20 S&P 500 NIKKEI 225 DAX 
N  22.00000  18.00000  15.00000  14.00000  41.00000  40.00000  51.00000
T  1505.000  1568.000  1563.000  1569.000  2831.000  2766.000  3846.000

T00  1169.000  1214.000  1218.000  1225.000  2437.000  2381.000  3424.000
T01  22.00000  18.00000  13.00000  14.00000  39.00000  39.00000  49.00000
T10  22.00000  18.00000  13.00000  14.00000  39.00000  39.00000  49.00000
T11  0.000000  0.000000  2.000000  0.000000  2.000000  1.000000  2.000000

LRuc  2.837706  0.330956  0.025998  0.190783 5.046816 4.887063  3.746449
LRind  0.813492  0.526420 6.446094  0.316646  1.811641  0.167116  1.527186
LRcc  3.651197  0.857376  6.472092  0.507430  6.858457  5.054179  5.273634
LRtuff  2.889587  0.098109  0.098109  0.412080  0.003790  2.709353  3.589316
LRind2  35.40532  30.39005 *37.11115  13.34556 *73.00070 *73.21541 *95.61973
LRmix  38.24302  30.72101 *37.13714  13.53635 *78.04752 *78.10247 *99.36618

 
Tabuľka 3.52:  RiskMetrics: 99% VaR – spätné testovanie (backtesting) modelov 
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 SAX PX BUX WIG 20 S&P 500 NIKKEI 225 DAX 
N  20.00000  13.00000  25.00000  13.00000  3.000000  7.000000  1.000000
T  293.0000  319.0000  318.0000  317.0000  315.0000  307.0000  323.0000

LRuc  1.855172  0.611377 *4.704745  0.573163 *16.08631 *5.943938 *25.47214
 

Tabuľka 3.53:  Metóda historickej simulácie: 95% VaR – spätné testovanie (backtesting) modelov 
 
 
 
 
 
 
 

 SAX PX BUX WIG 20 S&P 500 NIKKEI 225 DAX 
N  3.000000  4.000000  7.000000  5.000000  1.000000  1.000000  0.000000
T  293.0000  319.0000  318.0000  317.0000  315.0000  307.0000  323.0000

LRuc  0.001676  0.192267  3.452946  0.907755  2.019984  1.910711  6.492517
 

Tabuľka 3.54:  Metóda historickej simulácie: 99% VaR – spätné testovanie (backtesting) modelov 
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