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Asymmetric transmission of industry chain price ripple effect
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Abstract In order to capture the influence of changes of tiny price on strategic actions and cost adjustment,

construct a consistent threshold autoregressive model (TAR-consistent and M-TAR-consistent), the author

analyzed the economic meaning of threshold and the causes of price ripple effect along the industry chain.

The result indicates there is a long-term price asymmetry transmission, whereas there are different responses

when the changes of short-term price return to its long-term equilibrium. Downriver manufacturers adjust

their price to adapt to upriver manufacturers. The study provides theoretical evidence for the adjustment

of macroeconomic policy and it is illustrated through Shanghai livestock product industry chain.
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1 ÆÈÇ
ÉQÊMËMÌMÍMÎMÏMÐMÑMÒMÓMÔMÕMÖM×MØMÙMÚMÛMÜMÝOÞQßMàMáMâMãMäMåMæMØMçMèêé

, ëMìMíMîMïMð ÕMñMòMóÖ
, ôMõMöM÷MøMù , úMûMüMýMöMþ ( ÿ�������� ) ����� ãMäMÛ��MÓMÔMÕMß�	�
��������� , ��� ÛMÜMÝMÕ���MèMé

.
ÛMÜMÝMÕ����MèMé ��� É������MéMÝ��MæMÕMÛMÜMÝ�� ��� Õ����MèMé , ��� ���MéMÝMßMÏ� �!�"MÙ#

, $  �!�à�%�&�Ú�'�����é�Ý�Þ�Î�Ï�(�)�* ú , + &�,�������é�Ý ï�ð Õ�-�.�/ � ,
Ú $�0 ��é�Ý�Î�Ï�(

1325476
: 2008-03-248393:5;
: <3=5>7?�0�33@3A (70773017); =�>�?�@�2�33B��0�13C3D3@3A (2005)E3F3G3H
: I3J (1969–), K , L3M3N3O3P , -/.�0�1�2�3�4�6�7�8�9 3 :3QSRST3USV , =�>�?�@�2�3�A�9�3�:SW3X , T3U3Y5Z :[3\3]_^a` @ ] 8�9 , -/.3b3c , d3e�8�9 ; f3g , -/.�0�1�2�3�4�6�7�8�9�3 :3hSb�8 93iSj3k , l3m , Q3R3V3n3X ; o3p , -.�0�1�2�3�4�6�7�8�9�3�:3Q3R3T3U3V , =�>�D�0�1�E�F�G3q3r3s3j3k , t3u3h3v3X .
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Õ

"MÙ
,
'�" ÷ Õ�"MÙ���&������MéMÝ ïMð ÕMãMäMá����MÛMÜMÝMÛ ���Mú���� .ÓMÔMàMáMâMãMäMÕ���� ������������� Wolffram

���
, Houck � Heien

��� 
���� , � Í������� �¡¢�£ Õ�� ÷�¤�¥�¦�§�¨ . Cramon[1] ��©�ª�«�¬� (ECM)
Õ���� ��®�¯ Ê���°�±�Ó�Ô�²�³ .

à�á�â ª�« Õ´�� ¬��µ Enders � Granger[2] ¶ � �MÍ , ·�¸�¹�º�»�� ´��MÕMã ��¼�½ ��¾Mà�á�â�¿��MÕ�À�Á , � ¾�ÂÃ î�Ä Õ���� . Abdulai [3]
����Å � TAR � M-TAR ¬� ����Æ�� ��Ç �MÕ ô�È�É�Ê�� ÓMÔ�Ë ýMö ÓMÔMÕÌ�Í

.ÓMÔMÕMàMáMâ�����¾�Î�Ï�Ð�Ë�Ñ�ÒMé � . Ward
¾�Ó���Ô�Õ�ÖMÕ ��×�Ø�Ù ÛMÜMÝ�� ��©�Ú àMáMâ ©�Û�ÜÝ�Þ ��� ¤�¥�ß�à . Harper[4]

¾�á�ÎMÕ�â�ã ��É ����� ,
Å ��ä�å ´�� ¬�Mü�æ�Ú�È�É � Ê����MýMö ÓMÔ ï

ð ÕMàMáMâ ©�Û . Gonzales ç�è�� � ý Õ TAR � M-TAR ¬� ����é�ÎMÕ�ê�ë 
�ì ë��MéMÝ�¾ Ê����MýMö
��É ÕMàMáMâMÓMÔMãMä , ¶�í�î�ï�ð�ñ�ò�ó áMÊMàMáMâMãMäMÕ ��� .àMáMâMÓMÔMãMäMÕMÐ�, � � î�Ä Õ . Azzam ô�õ , ö�÷�ø�ù � Ä á�úMÕ� �!�û�ü ,

Ó�� ø�ù�ý Õ ýMö��
É�� à�á�â � à�þ�ÿ�Õ . Kinnucan ç���� ð�ñ�ò�ó á�Ê ��É Õ���� � à�á�â�Õ�Ó���Í�� . ��� ¿���æ�� µ�
	MÛMÜMÝ��QÓMÔMãMäMÕ�Ó��
� ÷ Õ�,
� , Ü ¾
��
�
�
�
�����
� �
� é ¼M÷ Õ .

Å � ��°�±�# ð ²�³�# ,

ä�å������ (TAR) � Ù
� ä�å������ (M-TAR) ¬� ��� Ú
�
�
� ������� �  ��MÕ î é ,
à���� ��Å �Õ ú � £ �Mý�ä�å , ô
 
!
"
# à ®�¯ .Î�Ï ú � £ áMÊMÛMÜMÝ��QÓMÔMÕMàMáMâMãMäMÕ���� , $�÷���Ê����MýMö ÓMÔMáMÊMÎ
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K [7] , L
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PQ
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= [8],
S
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V
+
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X
Y / + :
;
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B
Z
[
\
]
^ S ?
_ , ` X
a
b
Tdcfe
gdc ?2h�i
j
k cfl
m 6

<�= ; n�o�p�q�r�s + 8t9�u�v�w�x�y + ,�z�{�|�} , :�;�~�0 S�T�� x�y W�X�Y / , ��������� S�T�����
�
� @
�
�
:
; .

o2���
\
�
� : ln P 1
t : � g
S
� x
y
����� z
�
� +
�
� ;

ln P 2
t : � g
S
� x
y
����� z
�
� +
�
� ;

β: �
�
� � ; α: � �
� ;

τ : 8�9
� ; p: �
  +
¡
¢ ;

pmax: �
  +
¡
¢ �
£ ; µEST
t : t ¤
¥ +
¦
§ � ;

µEST
t−1 : t − 1 ¤
¥ +
¦
§ � ; ∆µEST

t−1 : t − 1 ¤
¥ +
¦
§ �
¨
© .

2 ª¬«¬¬®¬¯¬°
� @�±�² '�³�´�µ�U�V�§�¶�·�¸�+ ��� , n�o�¹�º�@�7 '�»�¼ Engle-Granger ����½�¾�p�¿���À�Á +

Enders-Siklos 8�9
�
�
u
v .Â
Ã Z
Ä
Å OLS(Ordinary least squares) Æ
Ç ¢
È
É
Ê O
� :

ln P 1
t = α + β ln P 2

t + µt (1)Ë
Ì
¡
, Í
Î
q
Æ
Ç ¦
§ µEST

t

∆µEST
t = ρ1Mtµ

EST
t−1 + ρ2(1 − Mt)µ

EST
t−1 +

p∑

j=1

γj∆µEST
t−j + εt (2)

Mt = 1, µEST
t−1 ≥ τ ; Mt = 0, µEST

t−1 < τ (3)

Mt = 1, ∆µEST
t−1 ≥ τ ; Mt = 0, ∆µEST

t−1 < τ (4)

J�Ï (1), (2), (3) Ð�Ñ�@�Ò ³ 8t9Ó�tÔtÕ���Ö�u�v (TAR), ×�Ø�¨�Ù�Í�Î�q�Ú ³ ¤ È�+�¦�§ � µEST
t−1 .

J�Ï (1), (2), (4) _�Ø�@�Ò ³�Û�Ü 8t9Ó�tÔtÕ��� �u�v (M-TAR), ×�Ø�¨�Ù�Í�Î�q�Ú ³ ¤ È�+�¦�§ ��¨�©
∆µEST

t−1 . [
\ t ½
¾ +
Ý £
�
Þ
º
ß
s ·
¸ ρ1 = 0 w ρ2 = 0; \ Φ _
Ø F ½
¾ , º
ß
s ·
¸ ρ1 = ρ2 = 0,à
á
·
¸ _2N�7 '
³ x
y
â
ã2��ä
å
�
�
æ . Enders w Granger ç � , è
é
x
y
â
ã
Z
�
� + , ê
ë
ì
\
Ò³
í
î
+
F ½
¾
ï
ð z
{
ñ � + s ·
¸ ρ1 = ρ2.
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ì
\ Chan
+ J	�
Æ
Ç28�9
¹ � , TAR u
v2��

Æ
Ç ¦
§ µEST

t �	�
â	
â , 	� 15%
+	�	� �
w �	�

� , �	�
� + 70% �2��� á 8�9 , ±
² �	�
¦
§
+	� J
w ; 7 M-TAR u
v2���	� z Æ
Ç ¦
§ ¨
© ∆µEST
t−1 â . Ä
Å	�	�	�
ê + 8�9
�
� �	� © ¦
§
+	� J
w , ±
²	�	� + 8�9 τ 6= 0

+
TAR

c
M-TAR �	�	�	�
Æ
Ç .

3 �! !"!#

� S
�	$	% Z	&('�x
y	)	*
Z	+	,
Þ	-	.	/	0	1(2�354 + A
B5)	* ,
� n
o
�
� + z	6 . 
 S
T
�	7	89	:	;
´
µ

( �	<	& 9
�	=	> 4	& ) w
i
j ´
µ (
=	> 4	&
i
j 9
�	?	@	A	B &C' ,

, º	D
i
j 9	%	E	F
� )'HGH8
. ½ ¾ �HI � � � � b TKJ w
� �	LHM	N J 6	O J JQP
+ � 1997 , 1 R a 2007 , 9 R + RH� �HI , �

� + ¨ ÙHSHT : <H& + � � z � © x y (LN SHOAT PRICE),
=H> 4H& + � � z � © x y (LN HOG PRICE),?	@	A	B &(' + ��� z
� ©
x
y (LN PORK PRICE), n
:
; , ` X s	U ´
µ (

,
z
{
|
} +
�	V(W ² a	XY
),
, º	D
Ä	Z	[	\	]	^
w	_
x
× � +	`	a . :
;
Å
Ï2���	,	b
6	c �	d � .

3.1 e	f	g	h
7
�
� »
¼ , n
o 8	i
�
�	j	k	l ½
¾ ,

í
î �
�
½
¾
w ,
z
{ TAR
c

M-TAR ½
¾ , � X �	� + τ 6= 0+
TAR

c
M-TAR ½
¾ , �
\ +	m
³
�
(
+ x
y �	I É ì
\ % ��� z��	n5o _5p ,

j	k
�	q
/r	s .

E	t
+ ¤V â
ã ( u 1) �
_
K	v	w
Þ
Z ,	x é + , �
K �
�	� x æ +	j	k	l ½
¾ .
Â
Ã

, y	z ,
- +
´
µ ,
8	i :
; Et x
y
â
ã + ¤ V	{ æ , y	z DF ½
¾ ¡	| , ADF �
  +
¡
¢ p ì
\ Hall

+ Ò	} a	~	�
¡	|	� é , �
£ pmax�
Schwert

+	� o è
? : pmax = 12(T/100)1/4
+ � � G	8 , ADF �
  +
¡
¢(���	� � Û �
� . �
½
¾ j	kl
+ r � x æ
¤ , ADF

+ ½
¾
ê	�
Z	�	�	�	� + , ]	� , �
@
ì
\ � � + ADF ½
¾ U	� , �
\
@ DF GLS

½
¾ . �
¾ �	I _2N ( _ 1), � V º	D a	�
³ x
y
â
ã
¤ ,
j	k	l
+ s ·
¸ , ê	�	�	� , �	� I(1) B	� , � É� Ò »	j � .

�
1 ������������������  �

¡
1 ADF ¢ DF GLS £�¤�¥�¦�§
ADF DF-GLS

¨�© ª�«�¬ , ª��® «�¬ , ª��® «�¬�¯��® «�¬ , ª��® «�¬�¯��®
level 1 level 1 level 1 level 1 level 1

LN SHOAT

PRICE

0.562

(1)

–15.61

(0)

–1.006

(1)

–15.59

(0)

–1.94

(1)

–15.63

(0)

–1.04

(1)

–15.63

(0)

–1.7

(1)

–15.73

(0)

LN HOG

PRICE

0.462

(3)

–7.422

(2)

–1.31

(0)

–7.417

(2)

–1.87

(0)

–7.749

(2)

–1.25

(0)

–7.416

(2)

–1.33

(0)

–7.61

(0)

LN PORK

PRICE

0.14

(0)

–12.41

(0)

–2.449

(0)

–12.37

(0)

–2.50

(0)

–12.47

(0)

–1.99

(0)**

–12.40

(0)

–2.21

(0)

–12.45

(0)

°
: 1) ±�²���³�´�µ 10% ¶�· * ¸�¹�º�» ; 5% ¶�· ** ¸�¹�º�» ( ¼�º�½ ); 2) ¾�¿ÁÀÂ��Ã�Ä�Å lags(Æ�Çöó�Ã ).
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3.2 Ó	Ô	Õ	Ö	f	×	Ø	Ù	Ú	Û	ÜÂ�Ã
, � g x�y�w�� g x�y U�V�+�¢�È�É�Ê O���ì�\��5Ý + OLS

��� Æ�Ç . n�J�Ï5Þ�Z�` X�a5ß�³ ¨
Ù + �
�
æ 8	à , �
�	á
\ Engle-Granger �
�
Þ 8	à .

� q
Ú
K
² a
+ ¤ V â
ã É�� Ò »	j � ,
¢
È
É
Ê

+ O
� o	â � ( T
�21 � z
/ �
K
� � + t ã
Ç
Ù )::	;
´
µ
:

ln P 1
t =1.075 + 0.561 lnP 2

t + µt

(12.607) (20.018) R2 = 0.759 S.E. = 0.099 (5)

i
j ´
µ :

ln P 1
t =1.424 + 0.72 lnP 2

t + µt

(13.793) (19.388) R2 = 0.748 S.E. = 0.085 (6)

ln P 2
t Ú + ¹ � �
�	c � � g x
y P 1 O
q
� g x
y P 2

¢
È	ä æ ,
E	t	å	æ @
� g x
y z q
� g x
y
¨

© + ñ � + � Ù , ç	� W
X
Y / +
Y
� .
E	t
+ Æ
Ç
�	è
Ø
� g x
y + ¨�©
�
ä�å	é5ê |�} è�� g x
y . ë

Z	] �	m Ò ³
»	ì
+	í
T w	î	ï	ð
å
ê	�	ñ
©
Ò G	8 z q���ò , [ + ]	^ , ó t ð
Z	ô
å	c �
S
T
�	9	õ
+ö	÷
�
�
; �
¨
© + ô ÷ � Ù
�	v , ø ¢
È	ä æ + � Ù	ù	ú ,

:	;
´
µ B � q	û	U ´
µ . <	&	3 ¢	ü
È	ý
¢dc
�	þ	ÿ `	a	ý��dc����	ý	� , 3���� S
�
+ ,�����	 6 , 

Z	�
ê + ]	^ .%��

, y	z Engle-Granger J	� , Æ
Ç m
³ J
Ï +
¦
§ :

∆µEST
t = ρ1µ

EST
t−1 +

p∑

j=1

γj∆µEST
t−j + εt (7)

¡
2 �������� �������� Ê��öûöü��������² (lags=1) ����öûöü��������² (lags=1)

E-G TAR M-TAR TAR-

consistent

M-TAR-

consistent

E-G TAR M-TAR TAR-

consistent

M-TAR-

consistent

ρ1 –0.211

(–3.25)

–0.284

(–3.28)

–0.244

(–3.11)

–1.19

(–4.64)

–0.247

(–3.15)

–0.134

(–2.58)

–0.105

(–1.40)**

–0.094

(–1.37)**

–0.032

(–0.874)**

–0.095

(–1.37)**

ρ2 NA –0.132

(–1.47)**

–0.15

(–1.42)**

–0.077

(–1.93)**

–0.141

(–1.37)**

NA –0.158

(–2.30)*

–0.187

(–2.40)*

–0.422

(–3.06)

–0.183

(–2.39)**

γ1 –0.202

(–2.29)

–0.191

(–2.17)*

–0.198

(–2.25)*

–0.134

(–1.56)**

0.203

(–2.31)*

–0.380

(–4.63)

–0.377

(–4.58)

–0.358

(–4.20)

–0.338

(–3.99)

–0.354

(–4.07)

τ NA 0 0 –0.535 –0.636 NA 0 0 0.087 0.274

AIC –61.46 –63.07 –62.01 –71.56 –60.11 16.55 16.49 15.94 15.71 17.83

SIC –52.93 –54.54 –53.48 –60.18 –48.73 25.08 25.02 24.47 27.09 29.20

Φ NA 6.15* 5.58* 12.02 5.64* NA 3.48** 3.77** 4.93** 3.83**

ρ1 = ρ2 NA 1.59

(0.210)

0.538

(0.465)

18.85

(0.000)

0.715

(0.399)

NA 0.285

(0.594)

0.820

(0.367)

7.69

(0.006)

0.719

(0.398)

Q(4) 1.96

(0.74)

1.94

(0.746)

2.09

(0.720)

2.65

(0.619)

2.11

(0.715)

0.031

(1)

0.026

(1)

0.100

(0.999)

0.212

(0.995)

0.095

(0.099)°
: Q(4) Å lags=4 � Ljung-BoxQ ±�² © , ¾�¿ÁÀÂÅ��³�´�� .

[
\ AIC w SIC
î �
7
J
Ï2��� á
¡
¢ , �
�
¾
²
? + � � 8	à ,

z q��2N :	;
´
µ w
i
j ´
µ , u
v
ì
\
Ò ³
¡
¢
+ ¨
©	��� . �� 	 7�!�" + �	I §	i ( _ 2), 7
Ä
� + è�#
æ�$ � � , Engle-Granger ½
¾
_
N�x
y
â
ã�

Z
�
� + .Ë�%

, ì
\28�9 τ = 0, � TAR & M-TAR u
v + n	o Æ
Ç
J
Ï 5 w
J
Ï 6
+
¦
§

.
�	I _2N�@	� / +�
�

( _ 2). ρ1 w ρ2

+�' Æ
Ç
��

Z�( + , ��)�*�+ (1+ρ1)(1+ρ2) < 1, N�è R�, N�@�-�.
æ ; O�/�0 t ã
Ç
Ù�
 � q	��1 t-max ã
Ç
Ù�0 5%

Ý £
� ; Φ ½
¾�0�2
n
��3�4 5%
Ý £
� . ]	�
s ·
¸ ρ1 = ρ2 = 0 ê
ë

�	�	� , x
y
â
ã
Z
�
��0 . �
å�2
n F ã
Ç
Ù�0
�
w E	t �
O�/�0 p �	ç	è
Ø , 5� 
º	D TAR & M-TAR
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u
v�& ´
µ 0�7�� , ë ³ s ·
¸�8 Ä
��0	è�#�æ�$ � 5
ê5�	�5� . ]	�
ì
\ í
î 0 (Enders-Granger) J	� ,·
¸
τ = 0, x
y |
}�9�: 8	ß
³
´
µ x
y � �;

Z É
Ê 0 .� �

, ì
\ Chan 0�<	� ?
�
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, G�H TAR I�J�K {µEST
t } L�M�N�O�P

0 FRQ 0 70% SUTUVUWU0 =R?UX , YUZU[U\ –0.535 0 =R?U]U^U_U`UaUbUcUd <Ue ; fUGUH M-TAR IUJUK
{∆µEST

t } g�N�h�i a�j�k�X , Y�Z�[�\ –0.636
a>=;?�]�^�_�`�a�b�c�d <�e . l�m�n�o D�E , p�q a>=;? Lr�s�t

0.087, 0.274. u 2
a�v�w u>x , y�z , {�|�} D�E�a�~�s , ����e���������P���������� a . ��� , {� |�}�����I�J , l�m�n�o D�E���� , ������� a F ����W���� 5%

a���d������
, ����l�m B�C�D�E���� ,

p�� ��d�a�������� � TAR-consistent I�J� �Z , ¡�u>x;����������¢�\ D�E�a �U��£ F {Ul�¤ .
_�¥

, G
H AIC e SIC ��¦�L ��§�¨ I�J , ©�ª lags = 1

a
TAR-consistent I�J�«�¬ _��a AIC e SIC, l�m�®�¯° x;±�² ]�³ ����£ F;a {�l�¤���� _�´�µ .

¶
3 ·¸¹º»¼½¾

¿ÀÁÂ ÃÄÁÂ

∆ ln P 1

t ∆ ln P 2

t ∆ln P 1

t ∆ ln P 2

t

∆ ln P 1

t−1 –0.405 (–3.4) –0.026 (–0.34) –0.068 (–0.547) 0.197 (1.418)

∆ ln P 1

t−2 0.011 (0.093) 0.007 (0.095) 0.111 (0.916) 0.112 (0.83)

∆ ln P 2

t−1 0.404 (2.208) 0.055 (–0.474) 0.005 (0.049) –0.185 (–1.51)

∆ ln P 2

t−2 0.227 (1.242) 0.083 (0.722) –0.024 (–0.229) –0.079 (–0.686)

RESIDS –0.11 (–1.616) 0.028 (0.65) –0.042 (–0.562) 0.158 (1.906)

Fij 2.724 (0.07) 0.476 (0.622) 0.816 (0.455) 1.082 (0.342)

Fji 7.662 (0.001) 0.1 (0.905) 0.036 (0.965) 1.156 (0.318)

R2 1.707 0.767 0.677 0.845

DW 1.997 1.968 1.964 1.985

AIC –1235.83 –1326.88

BIC –1201.8 –1292.85

Q(4) 286.68 (0.000) 194.61 (0.000)
Å

: ÆÇÈÉÊËÌÎÍ�ÏÐÑÒÓÔÕÖ .

° x;± B�C�D�E ����×�Ø a TAR-consistent I�J�u�Ù :

∆µEST
t = −1.19Mtµ

EST
t−1 − 0.077(1− Mt)µ

EST
t−1 − 0.134∆µEST

t−1 + εt

Mt = 1, µEST
t−1 ≥ −0.535; Mt = 0, µEST

t−1 < −0.535 (8)
° x;±�n�o D�E ����×�Ø a TAR-consistent I�J�u�Ù :

∆µEST
t = −0.032Mtµ

EST
t−1 − 0.422(1− Mt)µ

EST
t−1 − 0.338∆µEST

t−1 + εt

Mt = 1, µEST
t−1 ≥ 0.087; Mt = 0, µEST

t−1 < 0.087 (9)
Ú

(8) e Ú (9) u>x , ��n�o D�E , Û�²���� a ��Ü�W�Ý�Þ�ß�à�á�â�ã�ä�å�æ�ç�² a ��� , ��� B�C�D�E

©�ª���p�è a , ã�ä a å�æ�ç�²�������é�W���Ý�Þ�ß�à�á�¬�ê�ë�ì�í�²>î a ��� .

3.3 ï�ð�ñ�ò�ó�ô�õö�÷�ø�ù�ú ��û�ü D�E�ý�þ�ÿ ���;Û�²�������Ü���������² ]�³ £�	;����
�{�l�¤���� a ����Z�� t�� a �U�U{UlU¤UàUá , YUZ ú nUo DUE e BUCUDUE �U�UàUá a {U����� , �U× vUwUr�� , ¢U\ DUEUa�� IU�µ H�m�� ¥�� û t 1
a

TAR-consistent I�J .
t�ú���� M�[ ��a�ù�w , ��¢�\�{�� a�D�E ,

r�s���� ��� �d l v������ ��� a l�¤ ��� ü������� �!�I�J . Ljung-Box Q "�A�#���� a ©�ª ù x ( u 3), ��$�A ECMX�%���&�'�a�(�)
; |�}�¢�\ D�E�a ����P�� X , F "�A�#���u>x;{�*�+ ����a�,�-�. ϕ1 = ϕ2 = 0,

ù x;¢
\�����£ a ������������/�0 ^�a ; � AIC e BIC

a ©�ª�1 ,
§�¨�a ��{�l�¤�I�J���{���l�¤�I�J . �2 �!

I�J�«�¬�p�q a�3�4�5 q�6 ( 6 2 e�6 3), â� �������� a l v�7�a�8�9�:�a�;�� l�m�û�ü���� a�5 q . �
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p�� a�X ü�G , H ø�;�� � 7�a�I � :�a , f c�v�J�K ¬�L a û�ü�����L X ,
5 q ��c�M .

��×�l���N ° x D�E ����à�á r�� , n�o�e B�C ¢�\ D�E�a ����P���� ÿ ������Z�� .  �!�I�J�����/
0 ^���O�P�¥�ù x;����Q�R�S ��T 	 � , R�U , ����V�W�����L�X a ����
 µ qU���U�U� a�;�� . � ÷ l�m
����{�l�¤�à�á a�Y�5 —— Z�[�\�q�M�N r�� .

]
2 ^`_`a`b`c`d`e`f`g`h`i

]
3 ^`_`a`j`k`d`e`f`g`h`i

4 lnmnonpnqnr@s>t>u@v>w>x@y>z
4.1 {�|�}�~�������UöU÷Ua �U�UV�
UYUZ , lUm��U|�� a ¢U\ DUEU�U� , � -������Ut�,UX , ¢U\U�U�U£U�U�UlU¤ a àUá���

, ����� ,�a��2� ��������¢U\U���U£ F � �U�Uú lU¤�àUá a�-�. . ¢�������l��2� � ,
�2� { t�,�a

����Ý ´�� , R t�����t�� ,
I�%���þ�ù�a�8�9���ø�a�ù�w���� �U{�lU¤����Uà�á r��>F G�H ����t�,�a �

� . ��m�{�l�¤�à�á a ©�ª ,
� ¢���{�� a ®�¯ , ��×�������e������ Q�a���� ��� ,

8�9 ��×�[�\���0 a��
×���[�\ ��d�a�D�E� �¡�a ã�¢�eU���U�U� ,

��£ Y�[�\�� ]�³ £�	;� a �U��Z�[�\�q . ¤ þ � , �;m�²�¥¦�a�§ à�¨ � � §�©�ª 
�[ D�E�a�k H , « � ����¬� a û�ü ��� ��® � ��N a ²>î D�E � ÷ Y�¯ ú�°�±�k
H , f�� ¥ [���®�¯�� D�E�²�³ ¬����q�´ O � ÿ � a .�2����µ�¶�ú [ ��a�²�³ «�· .

° x;±�¸ C�D�E�:�a��2� V�
�®�¯ t :
 m �2��a�;�� , å�æ�ç�²����a�;�����¹ N�ß�� l�¤�ß�à�á�â���� ; º�ª � × �2��a�;�� ,

 �¡�a�»�¼ l�m F;Q W ��� ��{�V�½�¾ a , ¿�XÀ�Á H�Â�0 a�D�E�Ã�Ä . � ° x;±�n�o D�E�ÿ � 7�a��2� ,
^ ² a ã�ä�Å�Æ�Ç §�a�È�X���a�T�É� �¡�a ��Ê ,

[�� ÷ VUW �ÌË m�Í�ÎU��Ï a�Ð � , ÂU[�� ÷�O �U Um ]U³ £�Ñ�Ò a ·�Ó ,
ËÕÔ�Ö�× [�Ø r� �¡ , 
�Ù � û

ü�Ú � n�o�Û a�Ü�^�] .

4.2 Ý�Þ�ß�à�}�á�â�ô�õ
y�z ��D�E � ÷ , ��N ° x;±�² ]�³ £ a n�o D�E e�¸�ã DUE�ÿ � c�M ,

� ��L�£ a�^�] { ý���� � ÷
V�
�â� �®�¯ . { ý�����ä ��l�n�o D�EU����å�å ��¸�ã DUE�Y�5�± , R t�ö�9 Ï�æ ^�]�a Ñ�ç�Ý § . ���
�Ué Ua�è�é � , ÛU² a nUo�W�ê�ë »�¼�ì â�# � �Uâ�íUæ E�²�î WU[U\UpUè a�ï�ð . ¤ þ � , �RmU²�¥ ¦
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a { ý���� ����¸ a���� Ñ�ç , ��	 � |U} t ² ]U³ £Up ��
 ³ e � �U×UØ F�� YU{UlU¤UàUá a '� �U�
Ñ�ç . l�m�¸�ã D�E���� , � ����� ��� , å�æ�ç�²���� a ��é�Ý���� � ½�¾ , ¡�� þ��>F2O «�¬ ú � ù : �X�a ������Ü�ì ��a�����° Þ�� ����� # a�»�¼ � 4�� ,

^���]���a {���� ÿ� ¸ ±�ú í�æ�V�e�
 ��D�t�!
u a�,�� W a���� ,

¥�9 �;m ²�î�a�"�#�� e î���Ã�Ä , Ý�{�ë�$�à�á�������Ü a�ï�% .

�U� ,
��&�' ��ÏU� � , ß���Í�ÎU{�ë�$�1U¬UÛU²U�U� a �Ué�( X ßUàUáUâUåUæUçU² a ãUä , R t ¡Ul

m�ç �*)2²�°�+ / a n�o D�E�À ��,���¸�- , M�[ � é  ��[�.�Û�² ^ n a�/�0�� , G���\�² ]�³ £�Ý�¸�1
¢ , H���2�3 P�4�^ ç ��d�a�5�§ �7698���¸ a�:�;�<�� . ¡�����Í�Î�=�> �  �? _��@�A ã�ä�����e�l�m
Û�²�n�o a�B�C , 
�[�l�m�D�² a�@���E�F Í�G�H� �? a�I ½�Q�R .J ¥

, K�L�� ,����ÌË�K�M�N�O�P , ¥ ¦ ��� N���� Ñ�ç�Q�
�R�S�T�U�V���W �N�X�Y�Z ç , [�\�]�^_�`�a*bdc Nfehg�i�j�k�l�m�X�Y U�n�o�p�q N�i�j�r�s�t�u . v�w�x�y�z�{*|d}�~�������� k������������X�Y���������� Q�� � , ������������� ����������i�j���������� , ��}�~ k���� q��� �^ _�`�a*bdc��i�j�r�s�t�u
. ¡�¢�{�[�£ ,

l�¤�¥�¦�§�¨
, Q g }�~�© ¥�ª���«�¬ ��� ���®�¯ ; ° l�¤�±�²�§�¨ [�£�³´ }�~ i�j�X�Y .

5 µ·¶
¸�¹�º�»�¼ _�`�a |�½ ¤�i�j�k�l�m�¾�¿���À���r�s�t�u , Á g���Â�Ã _�`�a U�Ä�Å�Æ ¼�Ç�È�É�Ê . ËÌ n*Í :
®�Î�Ï�Ð��*ÑdÒ7ÓdÔdÕ�º�»

, ��Ö � o�×�Ø ��i�j�Ù�Ú�Û�Ü n ��X�Y�Z�¸�g�s�Ý�Þ���ß�à ��á ��âã
, ä g U�å�æ�ç�è�����é � ��ê�ë�ì�í�î�ï�ð�ñ . ò�Å�V�ó ��É�Ê , ô�õ�w ¼ \�ö�÷�ø ����ù��úÑdÒ�û�üý�_�`�a*þdÿ ����è���� , Á�ô���� ù�à _�`�a |d����� ��� á §�¨ Æ�U�	�
 À [ .

����i�j�������ü��º
»����

, ¡���V � _�`�a���� ����� _�`�a ������r�s�t�u , ô ÑdÒ�ù ò���� à í u a���_�`�a � Ë�� Ù�Ú
	�
 À [ .
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