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g�'5b½

g�':�½S��Ù¢�eZÏ�S��¢��'.
~X,X1, X2, · · · , X10�X2, X3, · · · , X11��''X.

S��':ü�ØÓS��¢��'.
~X,X1, X2, · · · , X10�V2, V3, · · · , V11��''X.

²;�5£8b½: Z6�S�Ø�3g�',�=E [UiUj ] = 0, ∀i 6= j.
b½Ün��¡:
?�g*ÿ�Z6ÑØÉÙ¦*ÿZ6�K�.~X[ÌÂ\Ú|

Ñ�ïÄ,�þÚNÄÝ\�ïÄ.
b½ØÜn��¡:
î�¡êâ�U�3�mþ��''X,~X��[Ì�mk�q�

|Ñ(�.
�mS�êâ�m�U�3�mþ��''X,~Xvó�òYé

�þ�K�.
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g�'5�)��Ï

1 .5.GNP,d��ê,)�,Ò�Ú��Ç��mS�~LyÑ�½�
.5½Ê5.�9�mS��£8¥,�U�*ÿ�é�U´��6
�.

2 �½ Ø:A¹�¹Cþ.(excluded variable)
"ý¢�.:" Yt = β1 + β2X2t + β3X3t + β4X4t + ut
Y =ÚSI¦þ, X2 =ÚSd�, X3 =�¤öÂ\, X4 =ÂSd�.
"�Ø�.":Yt = β1 + β2X2t + β3X3t + vt,
£8Ø��vt = β4X4t + ut�NÑ�«XÚ5�ª,E¤g�'.

3 �½ Ø:Ø�(�¼ê/ª.
"ý¢�.:">S¤�i = β1 + β2�Ñi + β3�Ñ

2
i + ui

"�Ø�.:">S¤�i = β1 + β2�Ñi + vi,
£8Ø��vi = β3�Ñ

2
i + ui�NÑ�«XÚ5�ª,E¤g�'.
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g�'5�)��Ï2

4 À�y�.
Nõà�¬�øA�NÑ�«À�y�,�=8c�øAÉ�cd�
�K�.XJ�cÚ8cd�±Yü$,@oà¬Ò¬�~²c��
þ.

ø�t = β1 + β2Pt−1 + Ut

6Ä�Ut¬LyÑ�½��ª,l�)g�'.
5 ¢��A(lags).
�¤|Ñ�Â\'X.�¤S.äkëY5,��æ^�.

�¤t = β1 + β2Â\t + β3�¤t−1 + Ut

XJ�Ñ
�¤�¢��,¤�Ø�Ò¬LyÑ�«XÚ5��ª.
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6 êâ²wÚS�?n.^�Ýêâ²þ���GÝêâ,duæ^²
w�{,UC
6Ä��A�,Ú\
g�'.

7 êâC�.g�'k�´dué��.?1C���. �Ä�¤|
ÑÚÂ\�.:

Yt = β1 + β2Xt + Ut

Y,X©O´�¤|ÑÚÂ\.��b½UtS�Ãg�'.�ÄT�.
�C�.�Ä��¢�: Yt−1 = β1 + β2Xt−1 + Ut−1

l�����©.: 4Yt = β24Xt +4Ut
U��:4Yt = β24Xt + vt,¡�Ä�£8�..
�±y²,d�6Ä�vt�g�'S�.

8 �²5.�mS��A�(þ�,��,���)Ø��mCz,K¡�
²S�.ÄK¡��²S�. �²�6ÄS�òLyÑg�'
A�.
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��g�'�S�: AR(1)

�ÄVCþ£8�.: Yt = β1 + β2Xt + Ut,Ù¥Z6�äkg�'
5:

Ut = ρUt−1 + εt
ρ¡�g���Xê( coefficient of autocovariance), εt÷vIOOLSb
½,=E (εt) = 0, var (εt) = σε, cov (εt, εt+s) = 0,s 6= 0. ÷vþã�¦
�Ø��¡�xD(Ø��(White Noise Error Term).

Ut¡�ê��Å��g£8�ª(Markov first-order autoregressive
scheme),{¡��g£8,PAR(1).

yt = ρ1yt−1 + ρ2yt−2 + εtP�AR(2).

var (Ut) =
σ2
ε

1−ρ2 ,cov (Ut, Ut+s) = ρs σ2
ε

1−ρ2 , cor (Ut, Ut+s) = ρs.
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AR(1)6ÄeOLS�Oëê���

�ÄVCþ£8�.: Yt = β1 + β2Xt + Ut,Ù¥Z6��AR(1)L§.

β̂2 =

∑
xiyi∑
x2i

;

var
(
β̂2

)
=

σ2∑
x2i

;

var
(
β̂2

)
AR1

=
σ2∑
x2i

[
1 + 2ρ

∑
xtxt−1∑
x2i

+ 2ρ2
∑
xtxt−2∑
x2i

+ · · ·+ 2ρn−1 x1xn∑
x2i

]
.

eêâäkg�'5:

IOOLS�O���Oþ���Úý¢���k�É

UìIOOLS�O¤��ÚOíä,~Xtu�ÚFu�,¤�(J¬Ñy�
��É.

d��Uæ^2Â���¦{?n.
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i§u��ÚOþ

�'�PÒ:

N =o*ÿ�ê = N1 +N2

N1 = +Ò�ê(=+í��ê)
N2 = −Ò�ê(=-í��ê)
R =i§�ê
H0 :�U(Jp�Õá
N1 > 10, N2 > 10�,k:RìC��©Ù.
þ�:ER = 2N1N2

N + 1

��:σ2R = 2N1N2(2N1N2−N)
N2(N−1)

P
{
ER− Z1−α

2
σR ≤ R ≤ ER+ Z1−α

2
σR

}
= 1− α

e*ÿ��Ø
õ,K���li§u�Lþ���.�.
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�U-»Üdu�: Durbin-Watson test

�U-»ÜdÚOþ�½Â:

d =

∑n
t=2 (ût − ût−1)

2∑n
t=2 û

2
t

(1)

D-W dÚOþ�ÐÚ©Û:

d =

∑
û2t +

∑
û2t−1 − 2

∑
ûtût−1∑

û2t

≈ 2

(
1−

∑
ûtût−1∑
û2t

)
ρ̂ =

∑
ûtût−1∑
û2t

dÚOþU��:

d = 2 (1− ρ̂)
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ûtût−1∑
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Durbin-Watsonu��ÚOíä�{

d = 2 (1− ρ̂)

�'Xê����:
−1 ≤ ρ̂ ≤ 1

ρ̂ = −1 ⇒r�K�' ⇒ d = 4

ρ̂ = 0 ⇒S�Ø�' ⇒ d = 2

ρ̂ = 1 ⇒r���' ⇒ d = 0

��' Ãû½ Ø�' Ãû½ K�'
yâ «� yâ «� yâ

0↔ dL dL ↔ dU dU ↔ 2↔ 4− dU 4− dU ↔ 4− dL 4− dL ↔ 4

Table: Durbin-Watson dÚOþ�ä�{
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3 Z6�U��g£8�), ut = ρut−1 + εt.
4 Ø�����©Ù.
5 £8�.Ø¹¢�ÏCþ,=XYt = β1 + β2Xt + β3Yt−1 + Ut,Ø·
^dÚOþ.

6 vk"áêâ,=eêâ�üã1970-1980,1982-1988,¥m"áêâ.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 21 / 33



Durbin-Watson du��Ä�b½

dÚOþé~�,�´I�5¿§��
Ä�b½:
1 £8¹k�å�.XJ�£8vk�å�,I�#O���å�£
8,±¦�RSS.

2 Ã)ºCþX´��Å�,½��½�.

3 Z6�U��g£8�), ut = ρut−1 + εt.
4 Ø�����©Ù.
5 £8�.Ø¹¢�ÏCþ,=XYt = β1 + β2Xt + β3Yt−1 + Ut,Ø·
^dÚOþ.

6 vk"áêâ,=eêâ�üã1970-1980,1982-1988,¥m"áêâ.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 21 / 33



Durbin-Watson du��Ä�b½

dÚOþé~�,�´I�5¿§��
Ä�b½:
1 £8¹k�å�.XJ�£8vk�å�,I�#O���å�£
8,±¦�RSS.

2 Ã)ºCþX´��Å�,½��½�.
3 Z6�U��g£8�), ut = ρut−1 + εt.

4 Ø�����©Ù.
5 £8�.Ø¹¢�ÏCþ,=XYt = β1 + β2Xt + β3Yt−1 + Ut,Ø·
^dÚOþ.

6 vk"áêâ,=eêâ�üã1970-1980,1982-1988,¥m"áêâ.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 21 / 33



Durbin-Watson du��Ä�b½

dÚOþé~�,�´I�5¿§��
Ä�b½:
1 £8¹k�å�.XJ�£8vk�å�,I�#O���å�£
8,±¦�RSS.

2 Ã)ºCþX´��Å�,½��½�.
3 Z6�U��g£8�), ut = ρut−1 + εt.
4 Ø�����©Ù.

5 £8�.Ø¹¢�ÏCþ,=XYt = β1 + β2Xt + β3Yt−1 + Ut,Ø·
^dÚOþ.

6 vk"áêâ,=eêâ�üã1970-1980,1982-1988,¥m"áêâ.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 21 / 33



Durbin-Watson du��Ä�b½

dÚOþé~�,�´I�5¿§��
Ä�b½:
1 £8¹k�å�.XJ�£8vk�å�,I�#O���å�£
8,±¦�RSS.

2 Ã)ºCþX´��Å�,½��½�.
3 Z6�U��g£8�), ut = ρut−1 + εt.
4 Ø�����©Ù.
5 £8�.Ø¹¢�ÏCþ,=XYt = β1 + β2Xt + β3Yt−1 + Ut,Ø·
^dÚOþ.

6 vk"áêâ,=eêâ�üã1970-1980,1982-1988,¥m"áêâ.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 21 / 33



Durbin-Watson du��Ä�b½

dÚOþé~�,�´I�5¿§��
Ä�b½:
1 £8¹k�å�.XJ�£8vk�å�,I�#O���å�£
8,±¦�RSS.

2 Ã)ºCþX´��Å�,½��½�.
3 Z6�U��g£8�), ut = ρut−1 + εt.
4 Ø�����©Ù.
5 £8�.Ø¹¢�ÏCþ,=XYt = β1 + β2Xt + β3Yt−1 + Ut,Ø·
^dÚOþ.

6 vk"áêâ,=eêâ�üã1970-1980,1982-1988,¥m"áêâ.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 21 / 33



SN�¢

1 �Ù�8I
2 g�'�5�

g�'5�)��Ï
3 g�'Ñy��OLS�Oþ

g�'�S�: AR(1)
AR(1)6ÄeOLS�Oëê���

4 ��g�'
OLSí��ã/
g�'�i§u�
�U-»Üdu�
g�'���5u�: ÙNÏ-{6Xu�

5 uyg�'��ÖÍ��
uyg�'��À�?n�{
{I1959-1998c<þó]Ú<þ�ÑïÄ

6 X{g�'�?�: 2Â���¦{
ρ®������¦{
ρ�������©�{

�1� (�ÚO�°��ÆX) Ø��g�'¯K 22 / 33



ÙNÏ-{6Xu�(BG)�A:

ÚOÆ[ÙNÏÚ{6XJÑ
�«g�'5u�,§NN:
1 ��Å£8�¥¹k£8f�¢��.

2 Z6�äk�p��g£8/ª,~XAR(2)�,=X

ut = ρ1ut−1 + ρ2ut−2 + · · ·+ ρput−p + εt

3 Z6�K\
xD(�{ü½öp��£Ä²þ,=X

ut = εt + λ1εt−1 + λ2εt−2 + · · ·+ λpεt−p

4 BGu���b��:

ut = ρ1ut−1 + ρ2ut−2 + · · ·+ ρput−p + εt

H0 : ρ1 = ρ2 = · · · = ρp = 0
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BGu��Ú½

BGu��´��üÚ£8u�.b½�£8�.�:

Yt = β1 + β2Xt + ut

eØ��÷vXep�AR(p)�.:

ut = ρ1ut−1 + ρ2ut−2 + · · ·+ ρput−p + εt

I�u�ÃXê�".

1 ^OLS�O�£8,��n�í��ûi.
2 ^OLS�O9Ï£8,I�¹k¤k£8�X ,��R2,

ût = α1 + α2Xt + ρ̂1ût−1 + ρ̂2ût−2 + · · ·+ ρ̂pût−p + εt

3 ÙNÏ-{6Xy²
: (n− p)χ2 ∼ χ2(p). (n→ +∞).
ë�Eviews–> residual tests–> Breusch-Godfrey Serial Correlation LM
Test.
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3 ÙNÏ-{6Xy²
: (n− p)χ2 ∼ χ2(p). (n→ +∞).
ë�Eviews–> residual tests–> Breusch-Godfrey Serial Correlation LM
Test.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 24 / 33



SN�¢

1 �Ù�8I
2 g�'�5�

g�'5�)��Ï
3 g�'Ñy��OLS�Oþ

g�'�S�: AR(1)
AR(1)6ÄeOLS�Oëê���

4 ��g�'
OLSí��ã/
g�'�i§u�
�U-»Üdu�
g�'���5u�: ÙNÏ-{6Xu�

5 uyg�'��ÖÍ��
uyg�'��À�?n�{
{I1959-1998c<þó]Ú<þ�ÑïÄ

6 X{g�'�?�: 2Â���¦{
ρ®������¦{
ρ�������©�{

�1� (�ÚO�°��ÆX) Ø��g�'¯K 25 / 33



uyg�'��À�?n�{

uyg�'�,k4«�{�±ÀJ:
1 ¦å�²´Äk�.Ø�. k�*ÿ�í�äkXÚ5A�,´du
�Ñ
,
��Cþ,½ödu�^
�Ø�¼ê/ª.

2 üØ�.Ø���g�'Ò´X{�g�'.æ^2Â���¦{.
3 ����,æ^Z%-�dA(Newey-West)�{?�OLS�Oþ��
�.

4 3,
|Ü,�´�±æ^OLS�O.

e¡©OQã.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 26 / 33



uyg�'��À�?n�{

uyg�'�,k4«�{�±ÀJ:
1 ¦å�²´Äk�.Ø�. k�*ÿ�í�äkXÚ5A�,´du
�Ñ
,
��Cþ,½ödu�^
�Ø�¼ê/ª.

2 üØ�.Ø���g�'Ò´X{�g�'.æ^2Â���¦{.

3 ����,æ^Z%-�dA(Newey-West)�{?�OLS�Oþ��
�.

4 3,
|Ü,�´�±æ^OLS�O.

e¡©OQã.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 26 / 33



uyg�'��À�?n�{

uyg�'�,k4«�{�±ÀJ:
1 ¦å�²´Äk�.Ø�. k�*ÿ�í�äkXÚ5A�,´du
�Ñ
,
��Cþ,½ödu�^
�Ø�¼ê/ª.

2 üØ�.Ø���g�'Ò´X{�g�'.æ^2Â���¦{.
3 ����,æ^Z%-�dA(Newey-West)�{?�OLS�Oþ��
�.

4 3,
|Ü,�´�±æ^OLS�O.

e¡©OQã.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 26 / 33



uyg�'��À�?n�{

uyg�'�,k4«�{�±ÀJ:
1 ¦å�²´Äk�.Ø�. k�*ÿ�í�äkXÚ5A�,´du
�Ñ
,
��Cþ,½ödu�^
�Ø�¼ê/ª.

2 üØ�.Ø���g�'Ò´X{�g�'.æ^2Â���¦{.
3 ����,æ^Z%-�dA(Newey-West)�{?�OLS�Oþ��
�.

4 3,
|Ü,�´�±æ^OLS�O.

e¡©OQã.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 26 / 33



SN�¢

1 �Ù�8I
2 g�'�5�

g�'5�)��Ï
3 g�'Ñy��OLS�Oþ

g�'�S�: AR(1)
AR(1)6ÄeOLS�Oëê���

4 ��g�'
OLSí��ã/
g�'�i§u�
�U-»Üdu�
g�'���5u�: ÙNÏ-{6Xu�

5 uyg�'��ÖÍ��
uyg�'��À�?n�{
{I1959-1998c<þó]Ú<þ�ÑïÄ

6 X{g�'�?�: 2Â���¦{
ρ®������¦{
ρ�������©�{

�1� (�ÚO�°��ÆX) Ø��g�'¯K 27 / 33



{I1959-1998c<þó]Ú<þ�ÑïÄ

æ^���5£8Úéê-éê�5£8.

Ú\�mª³,±u�´Ä¦KTëê.

Ú\pg�,±u�´Ääk��5'X.

6Ä�äkX{�g�'5,Ø´�.�½Ø�Úå.

êâ5:Table 12.4.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 28 / 33



{I1959-1998c<þó]Ú<þ�ÑïÄ

æ^���5£8Úéê-éê�5£8.

Ú\�mª³,±u�´Ä¦KTëê.

Ú\pg�,±u�´Ääk��5'X.

6Ä�äkX{�g�'5,Ø´�.�½Ø�Úå.

êâ5:Table 12.4.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 28 / 33



{I1959-1998c<þó]Ú<þ�ÑïÄ

æ^���5£8Úéê-éê�5£8.

Ú\�mª³,±u�´Ä¦KTëê.

Ú\pg�,±u�´Ääk��5'X.

6Ä�äkX{�g�'5,Ø´�.�½Ø�Úå.

êâ5:Table 12.4.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 28 / 33



{I1959-1998c<þó]Ú<þ�ÑïÄ

æ^���5£8Úéê-éê�5£8.

Ú\�mª³,±u�´Ä¦KTëê.

Ú\pg�,±u�´Ääk��5'X.

6Ä�äkX{�g�'5,Ø´�.�½Ø�Úå.

êâ5:Table 12.4.

�1� (�ÚO�°��ÆX) Ø��g�'¯K 28 / 33



SN�¢

1 �Ù�8I
2 g�'�5�

g�'5�)��Ï
3 g�'Ñy��OLS�Oþ

g�'�S�: AR(1)
AR(1)6ÄeOLS�Oëê���

4 ��g�'
OLSí��ã/
g�'�i§u�
�U-»Üdu�
g�'���5u�: ÙNÏ-{6Xu�

5 uyg�'��ÖÍ��
uyg�'��À�?n�{
{I1959-1998c<þó]Ú<þ�ÑïÄ

6 X{g�'�?�: 2Â���¦{
ρ®������¦{
ρ�������©�{

�1� (�ÚO�°��ÆX) Ø��g�'¯K 29 / 33



VCþ£8�.�g�'?�

Yt = β1 + β2Xt + ut

b½Ø��Ñl��g£8�.:

ut = ρut−1 + εt

ρ®��,æ^2Â���¦{.g´�:

1 Yt−1 = β1 + β2Xt−1 + ut−1,ü>Ó�¦±ρ

ρYt−1 = ρβ1 + ρβ2Xt−1 + ρut−1

2 Yt − ρYt−1 = β1(1− ρ) + β2(Xt − ρXt−1) + εt
3 Y ∗

t = β∗1 + β∗2Xt + εt
4 æ^²;£8©ÛþãC����.,��2Â½[�©�§.
5 �
�Ö���gdÝ§é1��*ÿC�Y1

√
1− ρ2

ÚX1

√
1− ρ2§¡�ÊXd-§d"C�.
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ρ = 1�����©�{

Z6�ut = ρut−1 + εt¥ρ = 1�§·�kµ

Yt = β1 + β2Xt + ut (2)

Yt−1 = β1 + β2Xt−1 + ut−1 (3)

Yt − Yt−1 = β2 (Xt −Xt−1) + εt (4)

4Yt = β24Xt + εt ���©�§. (5)

ù´��Ø¹k�å��£8.
ρ = 1�¯¢�±Nou�Q?
�ÔÙ°A-�Ùu�(Berenblutt-Webb Test),
H0 : ρ = 1.
ù�u��±ÏLU�-»ÜdÚOþ�ÚOL�Ñ�.�.
êâ5:Table 12.4.
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ρ��O�{

1 ρ̂ = 1− d
2 ,d�U�-»ÜÚOþ.

2 lí�¥�Oρ.
ût = ρ̂ût−1 + vt

3 ρ�S��{. ��Ô-c�A(Cochrane-Orcutt)S��{,�UüÚ{
�.

1��*ÿ: 3�©¥�K�´�3?
UìÊXd-§d"�ª�3,kÏuJp�O�k�5.
����/e,ρ��«�O�{Ñ¬���q�(J.����,I�5
¿)ºXê�¹Â.
Ø
¦^2Â���¦{,·��´�±¦^OLS,�´I�?�Ù��.
Z%-�dAIOØ, Newey-West standard errors.
5¿: Newey-West optionsé���k�,;��ég�'ÚÉ��,�´
é����UÃ�.êâ5:Table 12.4.
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