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=[N�E&GIH&D2H&G`EP=[N2cgfCh	i*jlk(m�n2opjRkCmQh�qCmQh	rRrls$f_hutwvyxA\SzS{|k~}ph	�8r���vyxA\�KMLFJFGIZ[=aN(cW�CGRZaL�N2c�>
EPL�{�oy�$jRsw�y�8h�jRs8{�h�rlh�m�s8h	r�n2�yn2�$�~rlswr�����E�=?>WL�N2G�B*D(D2HPL�B�@.;�=aN�Gl@`L�N(L�KMG`E&HP=?@I>�E&L
JFGl>P@IHP=[�CG�B�>PbF>�E&GIK�L�^�K�L�HPG�EP;(B�N�L�N2GuGl��V(BQE&=aL�N�B*N(J�T�B�>W=[N�EPH&L	J2V(@`GlJ��	b��	=[KM>
t��l������z0�U:<;2G�@IZ[B�>P>P=[@RB*Z]K�V2Z�E&=SGl��VCBQEP=[L�N�KMLFJFGIZ[=[N2c�t$G�� cC���S;(HPb	KMGR>��R���*��z�=?>WN2L�E
@`L�N(>P=[JFGRHPGlJ�;(GIH&G��
�S>P=[N2c�E&;2G�XSD2Z[L�\]GM��V(B*N�E&Za=[� �(¡C¢�£_¤�T�G�T]=[ZaZ¥�2V(=aZ?JuB�KML	J2GIZy^$L�H�B*c�c�H&GIc�BQEPG�KML�N2GIb
JFGRKMB�N(J,�¦:<;2Gg§(H&>OE�>PGR@`EP=[L�N|>P;2LQT">Y;2LQT¨EPLuD2HPGRD(B*H&G�J2B*E&BuB*N(J©;(LQT¨EPL¦>�E.B*HPE�EP;2G
=[N�E&GIH.B�@`EP=[ª�GSKMGRN�V D(B�HOE�L*^«E&;2G���VCB*N�EPZ[=a�«�¬:<;2G­>PGR@IL�N(Jg>OGl@0E&=aL�N�G`®FD2Z?B*=[N(>�T];(B*E<@IL�V2Z?J
�_GWJFL�N2Ge=[N©B¯D2H&GIZ[=aKM=[N(B*H&b�B*NCB*Z[b	>P=?>I�W:<;2GW>PD_GR@`=a§C@RBQEP=[L�N«d«GR>OEP=[KeBQE&=aL�N~dpB�N(J�ª�B�Za=?J2B*°
EP=[L�N|L*^SB�^$V(ZaZ�vyxA\�KMLFJFGIZ�=?>�@RB*H&HP=[GRJ¦L�VFE�=[N©EP;(G�E&;2=aH.J�>PGR@`EP=[L�N~��±p=[N(B�ZaZ[b�d6KMLFJFGIZ
=[N�E&GIH&D2H&G`E&B*EP=[L�N =[><Z[G`^²E]^$L�H<EP;2G�Z?B�>OES>PGR@0E&=aL�N~�
±2L�HyBAJFG`E.B*=[ZaGlJ�KML�N2L�c�H.B*D2;�L�N�KYV(Z�E&=aD2Z[G³EP=[K�G<>PGIH&=aGl>«B*NCB*Z[b	>P=?>p>PGIG�´�µVFE&¶�GID_L�;(Z_tO�R����·�z`�
:<;2G¦��V(B*N�EPZ[=[�¸�(¡C¢*£4¤�=[> �(B�>OGlJ�L�NUB�>PL*^²E�T<B*H&G�L�^�¹SB�B�>PG�dS´<µVFEP¶�GID_L�;2Zºd�»³Z?B*Gl>P>PGIN«d
¼�L�HPbF>PL�N~dFB*NCJ¯�2@.;2N2GI=?JFGRH�t��R����½�z0�
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:<;2G­��VCB*N�EPZ[=a���2¡C¢�£4¤S=?>³B�NW=[N�E&GIH.B�@`EP=[ª�G]E&L�L�Z(^$L�H³>PDCGl@`=a^$b	=aN2c�B*N(J�B*N(B�Zab	ÊI=[N2c�K�V2ZaEP=[D2ZaG
EP=[KMGe>OGRHP=[GR>AKML	J2GIZ?>I���ËNuEP;(G�N(G`®	E�>PGR@`EP=[L�N(>­T�G�T]=[Z[Z¥EPH&b¯EPL �2V2=[Z[J�Bg>PKeB*Z[Z¬Ì­GIH&KMB�N
KML�N2GRb�JFGIKeB*NCJ¯K�LFJFGRZ8��ÍAV2H�B*D2D2H&L�B�@.;¯=[>"EPLg>PD_GR@`=a^$b�BWKMLFJFGIZy=[N�^$V2Z[Zyv¥xS\�^$L�H&K �
:<;2=?>³@RB*NW�_G¬Î�VC>�E&=�§(GlJ�B�>ÏB�§CH&>OE�>OEPGRD�>O=[N(@IG"EP;(G"^$V2Z[Z4vyxA\�=[>�BY��V2=aEPGAc�GRN2GIH.B*ZCK�LFJFGRZ8�
��E"=?>]B*Z?>OLe@.;2L�>OGRNg;2GRHPG­^$L�H]G`®FDCL�>O=aEP=[L�N D2V2H&D_L�>PG��
�	V(@.;ÐB�KMLFJFGIZ�>O;(L�V2Z?J�L��	ª	=[L�V(>PZab�=aNC@`Z[V(JFGuEP;2GuK�L�N2GIb�JFGRKeB*N(J�=aE&>PGIZa^YB*NCJ�>OL�KMG
L*^]=aE&>�J2G`EPGRHPKM=[N(B*N�E.>I�¯¼�L�N(GIbuJ2GIKeB*N(J�=?>Y>PG`E�Gl��VCB*Z6E&L�EP;2G�K�L�N2GIb�@`=[H&@IV2Z?BQEP=[N2c¯=[N
EP;(G�GR@IL�N2L�KYb�tw;2GIN(@IG`^$L�HOE&;�HPGI^$GIH&HPGlJgB�>SÑ�z0�<:<T³LeJFGIEPGRHPKM=[N(B*N�E&>AB*H&G�=aN(@IZaVCJFGRJ,ÒÏEP;2G
EPH.B*NC>PB�@0EP=[L�NYª�L�Z[V2KMG�L*^2E&;2G³Gl@`L�N2L�K�b­T];(=[@.;�=[>yc�=aª�GIN��	b�EP;(G�c�HPL�>P>«N(BQE&=aL�N(B*Z	D2H&LFJFV(@`E
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t8Ì�ÓAÔ¥d�;(GIN(@IG`^$L�HPEP;eH&G`^$GRHPH&GRJMB�>ÏÕYzÏB*N(J�E&;2GA@IL�>OE&>6L�^4;(L�Z?JF=aN(c�KML�N2GRb�T];2=?@.;e=?>Ïc�=aª�GIN
�	b�B*N¯=[N�EPGIH&GR>OE]H&B*EPGet$;(GIN(@IG`^$L�HPEP; H&G`^$GIH&H&GRJ B�><Ö�z`�Ï±2H&L�K×GR@`L�N2L�KM=?@AEP;2GRL�H&beT³G�¶	N2LQT
EP;CBQE�Õ×;CB�>�B�D_L�>P=aEP=[ª�G�T];2GIH&GRB�>AÖ¯;(B�>�B�N2GRc�B*EP=[ª�G�G`Ø4GR@0E�L�N�ÑÙ��Ú�GMK�=[c�;�E�T�B�N�E
EPL�§(N(J�L�V2E�T];2G`E&;2GIHWEP;2Gl>OG�E&;2GIL�HPGIEP=?@IB�ZS@`L�N(>O=?JFGRH&B*EP=[L�N(>eB�HPG�>PV2D2D_L�HPEPGlJ���b¸>OL�KMG
L��C>OGRHPª�GRJ�J2BQE.B�B*N(J�T];2GIEP;2GRHYB ^$V2Z[ZÏv¥xS\¨KMLFJFGIZ³=[>�B�>&BQE&=[>O^wB�@`EPL�HPb�J2GR>&@`H&=aDFE&=aL�N¦L*^
EP;(G�HPGRZ[B*EP=[L�N �CGIE�T³GRGINgEP;2G�ªQB*H&=?B*�2Z[GR>�=[N�ª�L�Z[ª�GlJ,�
Û�VFEW�_G`^$L�H&G�>�E.B*HPEP=[N2c�EP;2G�B�N(B*Z[bF>O=?>�T³G¯N2GRGRJ�EPL©D(HPGRD(B*H&G�E&;2G�J2B*E&B¦B*N(J¸>OE&B*HPEMEP;2G
��V(B*N�E&ZaGIE]ÜFÝ��(¡C¢*£4¤	�

Þ6ßOÞ à�áyâFáäãuå2æ~çSá¥å2áyâ2è�é³ê

:<;2G�EP=[KMG">OGRHP=[GR>yN2GRGRJYEPL��_G�D(HPLQª	=?JFGRJ�B�>6BAN�V(K�GRHP=?@�ëuì­íîJ(BQE&B­KeBQE&HP=a®�ï4d*T];2GRHPG<ë
=?><EP;2G�Z[GIN(c*EP; L*^yEP;(G�EP=[K�G�>PGIH&=[GR>Rd2B*N(J íÁ=�E.>"JF=[K�GRN(>P=aL�N~�¬:<;2G�§(H.>�E"í�°�JF=[KMGIN(>P=[L�N(B�Z
ª�Gl@0E&L�HÏL�^~L��(>PGIH&ªQBQE&=aL�N(>6=?>³=[NeE&;2GS§CH&>OEÏH&LQT¸L�^³ï4d�EP;2G�>OGl@`L�N(JMª�Gl@0EPL�HÏL�^~L��(>PGIH&ªQBQEP=[L�NC>
=?>�=[N©E&;2G�>OGl@`L�NCJ©HPLQT¨L�^�ï4dÏB*NCJ�>OL�^$L�HPEP;~�©:<;2G¯J2B*E&B�KeB*EPH&=�®©KYVC>�EMN2L*EM@`L�N�E.B*=[N
ª�GRHP�CB*Z~=[NF^$L�H&KeBQE&=aL�N~�"xSJ2J2=�E&=aL�N(B*ZyJ2BQE.Be=aN2^$L�H&KMB*EP=[L�N�twª�B�HP=?B*�(ZaG�NCB*KMGR>Rd(L��(>OGRHPªQB*EP=[L�N
D_GIH&=aLFJ(z<B�HPG­c�=[ª�GRN JF=[H&GR@0E&Zab�EPLeÜFÝ��2¡C¢�£4¤	�
:<;2=?>"@.;(B�DFEPGRH�T]=[Z[Z~V(>PG�EP;2G�J2B*E&B�>OGIE¬�C£_ð�T];2=?@.;�@`L�N�E.B*=[N(>³EP;2H&GIG�E&=aKMG�>PGIH&=aGl>IÒ

ñ Ì­GIH&KMB�NgH&GRB�Z4K�L�N2GIb�ò�¼©�et8Ñ�z`d
ñ Ì­GIH&KMB�NgH&GRB�Z4c�H&L�>&>³NCBQEP=[L�NCB*Z,D2H&LFJFV(@0E�t8Õ�z0dCB*N(J
ñ Ì­GIH&KMB�Ng=[N�EPGRHPGl>�E]H.BQEPGet8Ö�z`�

:<;2G�>PB�K�D(ZaG¬�_GIc�=aNC>~=[NW�R��ó��2d��`°Ë>OEp��V(B*HPEPGRH«B*N(J�GRN(J2>³�R�����2dRô*°ºEP;Y��V(B�HOE&GIHl�~��Ey@IL�N�E&B�=aNC>
�l½��M��VCB*HPEPGIH&Z[b�L��C>OGRHPªQBQE&=aL�N(>R��ÑõB*N(J¯Õ�B�HPG�>PGRB�>OL�N(B*Z[Z[b�B�J�Î�VC>�E&GRJ�B*NCJg=[N�D2H&=?@`GR>"L*^
�R����ö2�|��EW=?>e>�E.BQEPGlJ¸=aN�Û�=aZ[Za=[L�N¸L*^�Ì­GIH&KeB*N�¼�B*H&¶F>I��x"Z[Z"J2B*E&B�=[>eE&B*¶�GIN|^$HPL�K÷EP;2G
Í­ø�»����

Þ6ß8ù ú³âFá¥åFâ2èOêSûäü«ý¬þ(ÿ��

:<;2GW��V(B�N�E&ZaGIEYÜFÝl�(¡C¢�£4¤ME&B*¶�GR>�V2D¦E&L¯§(ª�Ge=[N2D2V2E&>RÒY:<;2G�J2B*E&B KeBQE&HP=a®��pd«E&;2GWKeB*=[N
D_GIH&=aLFJ�L*^�EP;2GW§(H&>OE�L��C>OGRHPªQBQE&=aL�N�tO�R��ó���z`d~EP;(GW>OV2�©D_GIH&=[L	J�L�^³E&;2GM§(H.>�E�L��(>OGRHPªQB*EP=[L�N
t���z0dFE&;2G�D_GIH&=aLFJF=?@`=aE�b�t$ô	z0d(B�N(J�EP;2G�ªQB*H&=?B*�2Z[G�N(B*KMGR>�tºÑÙd(Õed(B�N(J¯Ö�z`�
»�B*Z[Z~ÜFÝ��2¡C¢�£4¤���b
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:<;2G�KeB*=[N K�GRN	V

T]=[ZaZ"B�D2DCGlB*H�T];2=?@.;|KMGRB�N(>�EP;(B*EMT�G ;(B�ª�GgGIN�EPGRHPGlJ©EP;(G KMGRN�V¸JFH&=aª�GIN|DCB*HPE�L�^"EP;2G
�(¡C¢*£4¤���V(B�N�E&Za=[�~�¥Ú�G�@IB*N�>OE&B�HOE<EP;(G�B*N(B�ZabF>P=[>�N2LQT��
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:<;2=?>¥>OGl@0EP=[L�N�>O;(L�V2Z?J�c�GRN2GIH.B*Z[Z[b�B�N(>PT³GRH~EP;(G<��V2Gl>�E&=aL�N�T];(B*EyKMLFJFGIZ�E�b	D_G<@IL�H&HPGl>OD_L�NCJ2>
�_GR>OE�EPL EP;2GMc�=aª�GIN¦J2BQE.B2�e�	=aNC@`G�EP;2GME.B�>P¶�=[>­E&L¯§2E�Bg^$V2ZaZÏvyxA\ KMLFJFGRZ¥EP;2GW@IL�N(>P=[JF°
GIH.BQE&=aL�Nu=?>�H&GR>OEPH&=?@0EPGlJuEPL¯EP;(G���V2GR>OEP=[L�N¦T];2GIEP;2GRH�EP;2G�c�=[ª�GIN©J2B*E&B�>PG`E�§2E.>�T�GIZ[Z¬=[N�B
^$V2Z[Z¥vyxA\�^$H.B*KMGIT�L�H&¶4�S±2L�H"EP;(=[>­T�GYN2L�EPG�E&;(BQE­EP;(GY=[NF^$GIH&GIN(@IGYT�GYT<B*N�ESE&L�KeB*¶�G�=[N
�	Gl@0EP=[L�NC>]·�B�N(JWôMH&GR��V2=[HPGl><J2BQE.B�c�GIN2GRH&B*EPGlJe�	b�BM>�E.B*�2Z[G�D2HPLF@IGR>&>I�6��E&B��2=[Za=aE�b�=[KMD2Za=[GR>
KMGRB�N�B*N(J¯ªQB�HP=?B*N(@IGY>OE&BQE&=aL�N(B*H&=aE�bgL�^yE&;2GMJ2BQE.B2�S:<;2Gl>OGY^$GRB*EPV2H&GR>ST]=aZ[Zp�_GYL�^¬=aN�E&GIH&GR>OE
=[NgE&;2G�^$L�Z[Z[LQT]=aN2c�D2H&GIZ[=aKM=[N(B*H&b�B�N(B*Z[bF>O=?>I�
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��E³=?>³c�L	LFJeD2H.B�@0E&=[@IG]EPL�>�E.B*HPE¬EP=[KMG­>PGIH&=[GR>6=[N	ª�GR>OEP=[c�B*EP=[L�Ne�	b­Î�V(>OE³ª	=[>PV(B�ZC=[N(>PDCGl@0EP=[L�N�L*^
EP;(G�J2B*E&Bgc�H.B*D2;C>I�­ÚuGM@IB�N�ª	=[GIT B*Z[ZyEP=[KMG�>PGIH&=aGl>S=[N�L�N2G�@.;CB*HPEAL�H�>PGID(B�H&B*EPG�@.;CB*HPE&>R�
�	=[N(@`G�T³G�J2GRB*Z³T]=�E&;�KYV(Z�E&=aD2Z[GeE&=aKMGg>PGIH&=[GR>�B�N(B*Z[bF>O=?>�T�G�@.;2L	L�>PGeL�DFE&=aL�N©L�N2G���:<;2=[>
c�=[ª�Gl>³EP;2G�^$L�ZaZ[LQT]=aN(c�D(=[@`EPV2H&G�Ò
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Sample period 1960 (1) -- 1989 (4), 120 observations

�ËN¯L�H.JFGIH<E&LWJF=?>OD2Z?B�beE&;2G�=aN�E&GIH&GR>OES>OGRHP=[GR>�t8Ö�z�E&L�c�G`EP;(GIH]T]=aEP; EP;2GYL*EP;(GIH<E�T�LW>OGRHP=[GR>�=[N
L�N(G­DCB*N2GRZ_T�G�@.;(B*N(c�GRJ�=�E.>]>P@RB*Z[=aN(c��	bM^wB�@`EPL�H­�l�2�¥��E">OGRGIKe>�EP;CBQESÑ B�N(J�ÕÙKeB�be�CG
>PV2�FÎ�GR@`E"EPL�Za=[N2GRB�H]EPH&GINCJ�B*N(J<;�L�H]GI®FDCL�N2GIN�EP=?B*Zpc�H&LQT<EP;~�³��EA=?>S@IZaGlB*H]^$H&L�KîEP;2=?>"c�H&B�D2;
EP;CBQEAÑ B�N(J¯ÕÙ;(B�ª�G­N2LW>OE&BQE&=aL�N(B*H&beKMGRB�N~�
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��E�=?>�@IL�KMKML�N¸EPL�;CB*N(JFZ[G�Z[=aN(GRB*HWEPH&GIN(J¸�	b¸J2=�Ø4GIH&GIN(@I=aN(c¦EP;2G�J2BQE.B2��ø6®FDCL�N2GIN�E&=[B�Z
c�H&LQT<EP;�@RB*Nu�CG�EPH.B*N(>O^$L�H&KMGRJ¯�	b�B*D2D(Zab	=[N2cWE&;2G�NCBQEPV(H&B�ZpZ[L�c�B*H&=�E&;2K¯�­ø¬®FB�@0E&Zab EP;(GR>PG
E�T�L¦EPH.B*N(>O^$L�H&KeBQEP=[L�NC>�B�HPG�>PV2D2D_L�HPEPGlJ,�U��^��_L*E&;�EPH.B*N(>O^$L�H&KeBQE&=aL�N(>MB*H&G�@.;2L�>PGIN�EP;2G
Z[L�c�B�HP=aEP;(K�=?@SEPH.B*N(>O^$L�H&KeBQEP=[L�Ng=[>SB*VFE&L�KeBQE&=[@RB*Z[ZabeD_GIHP^$L�H&KMGRJ�§(H&>OER�
±2V(HOE&;2GIHyEPH.B*NC>�^$L�HPKeBQE&=aL�N(>~KeB�b��_G³D_GIHP^$L�H&KMGRJ�T]=aEP;�XSD2Z[L�\"G³�_G`^$L�HPG³EP;2G<J2B*E&B"KeB*EPH&=�®
��=?>]c�=[ª�GRNWEPLWÜFÝ��(¡C¢*£4¤	�
¹"GRHPGMT�Ge@.;2L	L�>PG��_L*E&;�EPH.B*N(>O^$L�H&KeBQEP=[L�NC>"^$L�H�EP;2GW>PGIH&=aGl>�Ñ B�N(JuÕ��W�	=aNC@`GeT�GMJ2GRB*Z
T]=aEP;�>OGlB�>PL�N(B�ZaZ[bWB�JQÎ�V(>�E&GRJ¯J2B*E&B�T³G�V(>PG­EP;2G�J2G`^wB*V(Z�ESJF=aØ4GIH&GIN(@I=aN2ceZ?B*cML�^³���

x]^²E&GIH�DCGRHO^$L�HPKM=[N2c EP;2GeE&H&B�N(>O^$L�H&KMB*EP=[L�N(>­T]=aEP;¦E&;2GeE�T�L KMGRN�VC>�B*�_LQª�GMT�GeD2ZaL�E�EP;2G
EPH.B*NC>�^$L�HPKMGRJWEP=[KMGY>OGRHP=[GR>�T];2=?@.;¯c�=[ª�Gl>ÏE&;2G�^$L�Z[Z[LQT]=aN2cMc�H&B�D2;2=?@I>RÒ
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Sample period 1960 (2) -- 1989 (4), 119 observations
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B*D(DCGlB*H.>³=[N EP;2G�L�VFEPD(VFE"T]=aNCJFLQTÐT];(=[@.; =aNCJF=[@RBQE&GR>�EP;(G�D2HPL��2Z[GIK¯�
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Order

 

  0

  1

  2

  3

  4

  5

  6

  7

ln(FPE)

 

-15.3010

-17.5302

-17.6266

-17.6536

-17.9254

-17.8242

-17.7468

-17.6602

 AIC

 

-15.3546

-17.5839

-17.6806

-17.7086

-17.9821

-17.8836

-17.8103

-17.7293

   HQ

 

-15.3546

-17.4952

-17.5033

-17.4427

-17.6276

-17.4405

-17.2785

-17.1089

    SC

 

-15.3546

-17.3654

-17.2437

-17.0532

-17.1083

-16.7914

-16.4996

-16.2002
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JF=?>P@IV(>&>O=[L�NMB*�_L�VFE6E&;2G"D2H&L�D_GIHPEP=[GR>¥L�^CE&;2GS@IHP=aEPGRHP=?B�>OGRG"´�µVFE&¶�GID_L�;(Z«t��l����·(d�»³;(B*D2EPGIHÏô�z0�
Ú�GM>OE&B�HOE�L�V(H�B�N(B*Z[bF>O=?>AT]=�E&;IV [ ô �2VFE�>P;2L�V2Z?Ju¶�GIGRD�=[N�KM=[N(J�E&;2GML*E&;2GIH�D_L�>&>O=[�2Z[G
D2H&LF@`GR>&>]L�H&JFGRHR�<:<;	V(>"T�GY>OE&B�HOE"T]=aEP;�BWvyxA\�t$ô	z<T];2=?@.;�=[>"EP;2G�K�L�>�EAc�GIN(GIH.B*Z~KMLFJFGIZ
>PV2D2D_L�HPEPGRJ¦�	b�EP;(GgJ2B*E&B2��:<;(=[>�B*Z?>OL�=[N(@IZaV(J2GR>YB�vyxA\�t���z��	b¦>OGIEOEP=[N2c _ D [»_U¼F[
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�ËNWL�H&JFGRH6EPLYGR>OEP=[KMB*EPGSB�vyxA\�t$ô	z6T�G"N2GIGlJ�EPL�c�L��(B�@.¶�EPLYEP;2G��������q�����
{�B*N(Je>PGIZ[GR@`E
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�+|	¥'�+�"¦�� §B¦'���%� �	�q�����F�"¥!�%��ªU���%� �B��B*c�B*=[N~��¹"LQT�GIª�GRHRdCEP;(=[>AEP=[KMGMT³G�>OGIEAE&;2G©«�¬­�
�+¬
EPLMôM^$L�H]GR>OEP=[KMB*EP=[N2ceB�vyxA\�t$ô	z�K�LFJFGRZ8Ò

Ô¬H&GR>&>¨«b´¸EPL¯GIN�E&GIH­EP;2GeH&GR>PV2ZaE&>­KeB*=[NuKMGRN�V«��:<;2GMv¥xS\�twô�zA=?>�GR>OEP=[KMB*EPGlJ��	b�K�V2Z�°
EP=[ªQB*H&=[B*EPG�Z[GRB�>�E�>&��V(B*H&GR>R�ÐÓSG`®	E�T�G�ª�=[GITîEP;(G�GR>OEP=[KeBQE&GR>eÀ\�j À_�a+j'c"c'c6j À_K½ B�N(J¸EP;2GR=aH
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  Intercept  (t-ratios in parentheses)

 

   0.03 ( 1.86)

   0.02 ( 2.24)

   0.36 ( 0.93)

   A1

 

  -0.28 (-3.05)   0.15 ( 1.00)  -0.02 (-4.04)

  -0.06 (-1.00)  -0.28 (-2.98)   0.00 ( 0.50)

   1.91 ( 0.82)   0.93 ( 0.24)   1.09 (11.04)

   A2

 

   0.03 ( 0.27)  -0.35 (-2.32)   0.01 ( 1.83)

   0.02 ( 0.41)  -0.09 (-0.94)   0.00 (-0.90)

  -0.05 (-0.02)   4.11 ( 1.06)  -0.11 (-0.72)

   A3

 

  -0.14 (-1.60)   0.03 ( 0.18)   0.00 (-0.30)

   0.14 ( 2.52)  -0.06 (-0.61)   0.00 (-0.85)

   1.88 ( 0.85)   0.87 ( 0.23)   0.07 ( 0.49)

   A4

 

   0.44 ( 5.09)  -0.02 (-0.16)   0.01 ( 1.31)

   0.19 ( 3.41)   0.22 ( 2.47)   0.00 ( 1.05)

   2.23 ( 1.00)   1.32 ( 0.37)  -0.13 (-1.17)

��E�@IB*Nu�CGM>PGIGIN�EP;(B*E­N(L*E�B*Z[ZyGRZaGRKMGIN�E&>­L*^ÏEP;2G�D(B*H.B*KMGIEPGIHAKeBQEPH&=?@`GR>�B�HPG�>O=[c�N2=a§C@RB*N�E
JF=aØ_GRHPGRN�E�^$HPL�K ÊIGRHPLC�WøÏ>PDCGl@`=?B*Z[Zab�=aN À_ D B*N(J À_ ¼ T³GeL��(>OGRHPª�G�L�N2Z[b�L�N(GW>O=[c�N2=a§C@RB*N�E
ªQB*Z[V2G��6:<;2=?>Ï@IL�V2Z?JM�_G"EP;(GS>�E.B*HPEP=[N2c�D_L�=[N�E¬^$L�H�@.;2L	L�>P=aN2c�BY>OV2�C>OGIEÏvyxA\�T];2GRHPG">P=aN(c�Z[G
GIZ[GIKMGRN�E.><L*^ _ x B�HPG­H&GR>OEPH&=[@`EPGRJ�EPLeÊRGIH&L(�
�	GRZaGl@0EP=[N2c�Á��+ÂM�+¬Ã� ���M¦6��ªU���Ä¬Ã� Å��+³(¬­�'¥)� �B{M��| ¥p^$H&L�KäEP;2GSKMB�=aNMH&GR>PV2ZaE&>¥KMGIN	VeJF=?>OD2Z?B�bF>yEP;2G
GR>OEP=[KeBQE&GRJ HPGl>O=?JFV(B�Z,@`LQªQB*H&=[B�N(@`G�B*NCJg@IL�H&HPGRZ[B*EP=[L�N�KeB*EPH&=[@IGR>R�
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Covariance Matrix of Residuals

Determinant =   1.16E-08

 

 3.56e-04   2.00e-05  -8.31e-04

 2.00e-05   1.42e-04   5.57e-04

-8.31e-04   5.57e-04   2.37e-01

 

Correlation Matrix of Residuals

 

 1.000   0.089  -0.090

 0.089   1.000   0.096

-0.090   0.096   1.000

:<;2G�@`L�HPH&GIZ?BQE&=aL�NeKeBQEPH&=a®eEPGIZ[Z?><V(><>OL�K�GIEP;2=[N2cMB*�_L�VFE<E&;2G�@`L�N�E&GIKMDCL�H&B�N2GIL�V(>Ï@IL�H&HPGRZ[B*°
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M: Plot of residuals
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Y: Plot of residuals

1960 1965 1970 1975 1980 1985

X

-2
0

2

Y
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Z[L�L�¶WBQE�EP;2G­H&GR>P=[JFVCB*Z4ª�Gl@0EPL�H h Z BQE�EP=[KMGAD_L�=[N�E&> l B�N(J lr· y&�6±(L�H�EP;2Gl>OG­T�G­@IL�KMD2VFE&G
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 Multivariate Portmanteau statistic

 

Lag order h                       20 

Model order p                      4 

Degrees of freedom  dim^2(h-p)   144 

statistic P                   145.74 

chi2(P,df)                    0.5562 

 

Reject e.g. if chi2(P,df) > 0.95

xS>SG`®FD_GR@0E&GRJ�T�GY@RB*N2N2L�E"HPGOÎ�GR@`EUÚ Û BQE­BW��ö�á >P=ac�N2=�§_@IB*NC@`G�Z[GIª�GRZ8�]:<;2=?>AHPGl>OV2ZaE"=?>"=[N
Z[=aN2G�T]=aEP; E&;2G�>O;(LQT]NgH&GR>P=[J2V(B*Z,B*V2EPLF@`L�HPH&GIZ?BQE&=aL�Ne^$V2N(@`EP=[L�N(>"B��CLQª�G��6:<;2G�H&GR>P=[JFVCB*Z?><L*^
L�V(H]K�LFJFGRZ«JFLMN2L�E"G`®F;2=[�2=�ESB�VFEPLF@IL�H&HPGRZ[B*EP=[L�N~�
Ë oy�$jls$f2nFmQswn2jRh��yk(mQ{�n2�8s$j.��jlh�rRj
�8{
| �%� ÂM�+¬Ã� ���!�8â(��¬�ªU��| � �����!�'¥m�SJF=[>PD2Z?B�bF>]EP;(G�Ñ D °�>OE&B*EP=?>�E&=[@R>SB�>P>PLF@`=?BQEPGlJ¯T]=�E&;�E&;2G�>P¶�GRT<°
N2Gl>P>�B*N(JW¶�V(HOE&L�>P=[>ÏL*^,EP;(GSH&GR>P=[JFVCB*Z?>¬T];2=?@.;WKeB�bM�CGAV(>OGlJM^$L�H³EPGl>�E.>ÏL�^~N2L�N(N2L�H&KeB*Z[=�E�b��

                          x     df   Chi2(df,x) 

 

Skewness:                4.69    3     0.80 

 

Kurtosis:                1.43    3     0.30 

 

Skewness and Kurtosis:   6.12    6     0.59 

  x: Value of Statistic

 

  df: degrees of freedom

 

  Chi2(df,x): Chi-square cdf

 

  Reject normality e.g. if Chi2(df,x) > 0.95 !

:<;2G�H&GR>PV2ZaEA>P;2LQT">�EP;(B*ESN2L�HPKeB*Z[=aE�b�L*^¥E&;2G�H&GR>P=[JFVCB*Z?>]=[>SN2L*EAHPGOÎ�GR@0E&GRJ¯L�N c�HPL�V2N(J2>"L*^
EP;(G<EPGR>OE¬L*^_¶	V2HOE&L�>P=[>6B�N(JYEP;2G¥Î�L�=aN�E6EPGl>�E¬L�^_>P¶�GRT]N2GR>&>6B*N(J�¶	V2HPEPL�>P=?>I�y:<;2G]=aKMD2Z[=?@IBQE&=aL�N
=?>�EP;(B*E]EP;2G�@IL�NF§CJ2GIN(@IG�=aN�EPGRHPªQB�Z[><@`L�KMD2VFEPGlJg^$L�H<EP;(G�^$L�H&GR@IB�>�E.><B*H&G­H&GIZ[=?B*�2Z[G��
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@`Z[GRB�HPZ[b¦HPGl>�E&HP=?@0E&GRJ,��:<;2GIH&G`^$L�HPG @`L�NC@`GID2E&>MB*N(J�EPL	L�Z?>�T³GRHPG JFGIª�GIZ[L�D_GRJ�EPL�=aN�EPGRHPD(HPGIE
v¥xS\ÙKML	J2GIZ?>�GRB�>O=[Zab��e:<;2GeKML�>OE�=aKMD_L�HPE&B*N�E�B*H&G�EP;2GW@RB*V(>&B*Z[=aE�b�@`L�NC@`GID2E&>Rd~^$L�H&GR@RB�>OE
GIH&H&L�H¥ªQB*H&=[B�N(@`G<JFGR@IL�KMD_L�>P=�E&=aL�N�B�N(J�EP;2G]=[KMD2V2Z?>OG]H&GR>PDCL�N(>PG�B�N(B*Z[bF>O=?>I�p�ËN�EP;2=?>¬>PGR@0E&=aL�N
T�G­T]=[Z[Z«JFGRB�Z,T]=�E&; EP;2G�=[KMD2V2Z?>OG�H&GR>PDCL�N(>PG�B�N(B*Z[bF>O=?>R�

å"ßOÞ æ
AÙç�ç09m?�æPè�ær?�ç�éÏê0?�æêé�ê"á�9ìëK?	èm?

:<;2G]=[KMD2V2Z?>OG]H&GR>PDCL�N(>PG<B�N(B*Z[bF>O=?>6��V(B*N�E&=�§(Gl>¥EP;(G]HPGlB�@0E&=aL�N�L�^_GRª�GRHPbY>P=[N2c�Z[G<ª�B�HP=?B*�(ZaG<=[N
EP;(G�KMLFJFGRZFL�N�B�N�GI®FL�c�GRN2L�VC>p>P;2LF@.¶­EPL­EP;2G<KMLFJFGIZº�¥:<T³L�>OD_GR@I=[B�ZF@IB�>PGR>yL�^_>P;2LF@.¶	>y@IB�N
�_G�=?JFGRN�E&=�§CGRJ,Ò¥:<;2G]>O=[N2c�ZaG<GR��V(B*EP=[L�N�>O;2LF@.¶YB�N(J�E&;2G¥Î�L�=[N�E6GR��V(BQE&=aL�N�>P;2LF@.¶�T];2GRHPG³EP;2G
>P;2LF@.¶�KM=[HPH&L�H.>¥EP;(GSH&GR>P=[JFVCB*ZC@ILQªQB*H&=[B�N(@`G]>OEPH&V(@0E&V2HPG��¥�ËNMEP;2GS§(H&>OE�@RB�>PG"T�G"=aN	ª�GR>OEP=[c�BQE&G
^$L�H&GR@RB�>OE«GIH&H&L�H~=[KMD2V2Z?>OG�HPGl>OD_L�NC>OGl>Idl=aN�EP;2G�Z[B*EOE&GIHyL�HPEP;2L�c�L�NCB*Z[=aÊRGRJ­=aKMD2V(Z[>PGÏH&GR>PDCL�N(>PGR>R�
:<;2GMH&GRB�@`EP=[L�N�=?>�KMGRB�>OV2H&GRJ�^$L�H�GIª�GIH&b�ª�B�HP=?B*�(ZaG�B @IGIHPE&B�=aN�E&=aKMGWB*^²EPGIH�>P;2LF@.¶	=aN2c�EP;2G
>Pb	>OEPGRK¯�u:<;2Gg=aKMD2V2Z?>PG�H&GR>PDCL�N(>OGgB*N(B�ZabF>P=[>Y=[>YEP;2GRHPGI^$L�H&G�B�E&L	L�Z³^$L�HY=[N(>PDCGl@0E&=aN2c�EP;2G
=[N�E&GIHmÇ�H&GIZ?BQE&=aL�N�L*^pEP;2G�KMLFJFGRZ~ªQB*H&=[B��2ZaGl>I�
Ú�GAGRN�E&GIHÏEP;2G­=aKMD2V(Z[>PGSH&GR>PDCL�N(>PGAB*NCB*Z[b	>P=?>¬JF=[HPGl@0EPZ[bMT];2GIN >OGRZaGl@0E&=aN2cYEP;2GAKMGIN	V�D_L�=[N�E
í �Ä¬�{�¦6�Ä{
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