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(VWLPDWLRQ�RI�WKH�0RQWKO\�8QHPSOR\PHQW�5DWH�IRU�6L[�'RPDLQV�

WKURXJK�6WUXFWXUDO�7LPH�6HULHV�0RGHOOLQJ�ZLWK�&RLQWHJUDWHG�

7UHQGV�

6DELQH�.ULHJ�DQG�-DQ�YDQ�GHQ�%UDNHO�

6XPPDU\�� 7KH�PRQWKO\� XQHPSOR\PHQW� UDWH� LV� EDVHG� RQ� WKH� GDWD� RI� WKH�'XWFK� /DERXU� )RUFH�

6XUYH\�� ,Q� WKLV�SDSHU�D� VWUXFWXUDO� WLPH� VHULHV�PRGHO� LV�GHYHORSHG�DQG�DSSOLHG� WR� HVWLPDWH� WKH�

PRQWKO\� XQHPSOR\PHQW� UDWH� IRU� VL[� GRPDLQV�� 7KH� HVWLPDWLRQ� UHVXOWV� XQGHU� WKLV� PRGHO� DUH�
FRPSDUHG� ZLWK� WKH� JHQHUDOL]HG� UHJUHVVLRQ� HVWLPDWHV� DQG� WKH� HVWLPDWHV� XQGHU� VRPH� VLPSOHU�

PRGHOV��:LWK�XQLYDULDWH� VWUXFWXUDO� WLPH�VHULHV�PRGHOV�� LQIRUPDWLRQ� IURP�RWKHU� WLPH�SHULRGV� LV�

ERUURZHG� WR� LPSURYH� WKH� SUHFLVLRQ� RI� WKH� HVWLPDWHV�� )XUWKHU� LPSURYHPHQWV� DUH� SRVVLEOH� E\�

ERUURZLQJ� LQIRUPDWLRQ� IURP� RWKHU� GRPDLQV� LQ� D�PXOWLYDULDWH� VWUXFWXUDO� WLPH� VHULHV�PRGHO�� ,W�
WXUQV�RXW�WKDW�WKH�WUHQGV�RI�WKH�VL[�GRPDLQV�DUH�FRLQWHJUDWHG��2QO\�WKUHH�FRPPRQ�WUHQGV�KDYH�WR�

EH�HVWLPDWHG��ZKLFK�PHDQV�WKDW�WKH�LQIRUPDWLRQ�IURP�RWKHU�GRPDLQV�LV�XVHG�LQ�DQ�HIILFLHQW�ZD\��

)XUWKHU� LPSURYHPHQWV� FDQ� EH� DFKLHYHG� E\�PRGHOOLQJ� RXWOLHUV� DQG� E\�PRGHOOLQJ� WKH� VHDVRQDO�

FRPSRQHQW�LQ�DQ�HIILFLHQW�ZD\��7KH�VWDQGDUG�HUURU�RI�WKH�HVWLPDWHV�LV�DSSUR[LPDWHO\�KDOYHG�E\�
WKH�WLPH�VHULHV�DSSURDFK��FRPSDUHG�WR�WKH�JHQHUDOL]HG�UHJUHVVLRQ�HVWLPDWRU��

.H\ZRUGV�� 6WUXFWXUDO� WLPH� VHULHV� PRGHOV�� 6PDOO� DUHD� HVWLPDWLRQ�� 8QHPSOR\PHQW� UDWH��

&RLQWHJUDWLRQ�

��� ,QWURGXFWLRQ�

7KH�SXUSRVH�RI� WKH�'XWFK�/DERXU�)RUFH�6XUYH\� �/)6�� LV� WR� SURGXFH� UHOLDEOH� LQIRUPDWLRQ� DERXW� WKH�

VLWXDWLRQ� RQ� WKH� ODERXU� PDUNHW�� 8QWLO� ����� WKH� /)6� ZDV� D� FRQWLQXRXVO\� FRQGXFWHG� FURVV�VHFWLRQDO�

VXUYH\�� ,Q�2FWREHU������WKLV�VXUYH\�FKDQJHG�WR�D�URWDWLQJ�SDQHO�GHVLJQ��7KH�HVWLPDWLRQ�SURFHGXUH�LV�

EDVHG� RQ� WKH� JHQHUDOL]HG� UHJUHVVLRQ� �*5(*�� HVWLPDWRU� WR� SURGXFH� ILJXUHV� DERXW� HPSOR\PHQW� DQG�

XQHPSOR\PHQW�� 7KLV� HVWLPDWRU� LV� ZLGHO\� DSSOLHG� E\� QDWLRQDO� VWDWLVWLFDO� LQVWLWXWHV� VLQFH� LW� LV� DOZD\V�

DSSUR[LPDWHO\� GHVLJQ� XQELDVHG�� VHH� H�J�� &KDPEHUV� HW� DO�� �������� *5(*� HVWLPDWRUV�� KRZHYHU�� KDYH�

UHODWLYHO\�ODUJH�GHVLJQ�YDULDQFHV�LQ�WKH�FDVH�RI�VPDOO�VDPSOH�VL]HV��7KH�VDPSOH�VL]H�RI�WKH�'XWFK�/)6�

LV�WRR�VPDOO�WR�SURGXFH�UHOLDEOH�LQIRUPDWLRQ�DERXW�WKH�PRQWKO\�HPSOR\HG�DQG�XQHPSOR\HG�ODERXU�IRUFH�

ZLWK�WKH�*5(*�HVWLPDWRU��,Q�WKH�SDVW��HDFK�PRQWK�WKH�VDPSOHV�REVHUYHG�LQ�WKH�SUHFHGLQJ�WKUHH�PRQWKV�

ZHUH�XVHG�WR�HVWLPDWH�PRYLQJ�DYHUDJHV�DERXW�WKH�ODERXU�PDUNHW�VLWXDWLRQ��)XUWKHUPRUH��TXDUWHUO\�DQG�

DQQXDO�ILJXUHV�DERXW�WKH�ODERXU�PDUNHW�VLWXDWLRQ�DUH�SXEOLVKHG�DW�D�PRUH�GHWDLOHG�OHYHO��

,Q�WKH�VLWXDWLRQ�RI�VPDOO�VDPSOH�VL]HV��VPDOO�DUHD�HVWLPDWRUV�FDQ�EH�XVHG�WR�LPSURYH�WKH�SUHFLVLRQ�RI�

GLUHFW� HVWLPDWHV�� 7KHVH� PRGHO� EDVHG� HVWLPDWRUV� JHQHUDOO\� KDYH� VPDOOHU� YDULDQFHV� WKDQ� *5(*�

HVWLPDWRUV� EHFDXVH� WKH\� H[SOLFLWO\� UHO\� RQ� VWDWLVWLFDO� PRGHOV� WR� ERUURZ� VDPSOH� LQIRUPDWLRQ� WKDW� LV�

REVHUYHG� LQ� SUHFHGLQJ�SHULRGV� RU� LQ� RWKHU� GRPDLQV��7KH� ILUVW� DSSURDFK� LV� FDOOHG�ERUURZLQJ� VWUHQJWK�

RYHU� WLPH�� WKH� ODWWHU� ERUURZLQJ� VWUHQJWK� RYHU� VSDFH�� )RU� D� FRPSUHKHQVLYH� RYHUYLHZ� RI� VPDOO� DUHD�

HVWLPDWLRQ�WHFKQLTXHV��VHH�5DR����������
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6LQFH�D�IHZ�\HDUV��6WDWLVWLFV�1HWKHUODQGV�LQYHVWLJDWHV�KRZ�VPDOO�DUHD�HVWLPDWRUV�FDQ�EH�XVHG�LQ�RIILFLDO�

VWDWLVWLFV��)RU�WKH�'XWFK�/)6��WZR�OLQHV�RI�PRGHO�EDVHG�VPDOO�DUHD�HVWLPDWLRQ�DUH�H[SORUHG��%RRQVWUD�HW�

DO��� ������� 2QH� DSSURDFK� LV� EDVHG� RQ� PL[HG� PRGHOV�� ZKHUH� LQIRUPDWLRQ� IURP� RWKHU� GRPDLQV� LV�

ERUURZHG�WR�LPSURYH�WKH�DQQXDO�PXQLFLSDO�ILJXUHV�RI�WKH�'XWFK�/)6��$QRWKHU�DSSURDFK�LV�WKH�XVH�RI�D�

PXOWLYDULDWH�VWUXFWXUDO�WLPH�VHULHV�PRGHO��ZKHUH�LQIRUPDWLRQ�IURP�RWKHU� WLPH�SHULRGV�DQG�IURP�RWKHU�

GRPDLQV�LV�ERUURZHG�WR�LPSURYH�PRQWKO\�XQHPSOR\PHQW�UDWHV�DW�D�KLJK�DJJUHJDWLRQ�OHYHO��7KH�/)6�LV�

FRQGXFWHG� FRQWLQXRXVO\� LQ� WLPH� DQG� WKH� PRQWKO\� XQHPSOR\PHQW� UDWH� LV� FRUUHODWHG� ZLWK� WKH�

XQHPSOR\PHQW�UDWH�LQ�WKH�SUHFHGLQJ�SHULRGV��'LUHFW�HVWLPDWRUV��OLNH�WKH�*5(*�HVWLPDWRU��RQO\�XVH�WKH�

GDWD�REVHUYHG�LQ�D�SDUWLFXODU�PRQWK�WR�HVWLPDWH�WKH�PRQWKO\�XQHPSOR\PHQW�UDWH��7KH�SUHFLVLRQ�RI�WKH�

*5(*� HVWLPDWHV� FDQ� EH� LPSURYHG� E\� XVLQJ� GDWD� REVHUYHG� LQ� SUHFHGLQJ� SHULRGV� WKURXJK� H[SOLFLW�

PRGHOLQJ�RI�WLPH�VHULHV�REWDLQHG�E\�UHSHDWHGO\�FRQGXFWHG�VXUYH\V��7KLV�DSSURDFK�GDWHV�EDFN�WR�6FRWW�

DQG� 6PLWK� ��������ZKR� SURSRVHG� WR� FRQVLGHU� WKH� WUXH� YDOXH� RI� WKH� ILQLWH� SRSXODWLRQ� SDUDPHWHU� DV� D�

UHDOL]DWLRQ�RI� D� VWRFKDVWLF�SURFHVV� WKDW� FDQ�EH�GHVFULEHG�ZLWK�D� WLPH� VHULHV�PRGHO�� 3IHIIHUPDQQ� DQG�

%OHXHU��������DQG�3IHIIHUPDQQ�DQG�%XUFN��������SURSRVHG�D�PXOWLYDULDWH�VWUXFWXUDO�WLPH�VHULHV�PRGHO�

WR�ERUURZ�VWUHQJWK�RYHU�WLPH�DQG�VSDFH��7LPH�VHULHV�PRGHOV�WKDW�H[SOLFLWO\�DFFRXQW�IRU�URWDWLQJ�SDQHO�

GHVLJQV� DUH� GHYHORSHG� E\� 3IHIIHUPDQQ� �������� 2WKHU� NH\� UHIHUHQFHV� DUH� 3IHIIHUPDQQ� HW� DO�� ��������

3IHIIHUPDQQ�DQG�7LOOHU��������DQG�7LOOHU���������

7KH�GHVLJQ�RI�WKH�/)6�LV�D�URWDWLQJ�SDQHO�GHVLJQ��ZKHUH�WKH�UHVSRQGHQWV�DUH�LQWHUYLHZHG�IDFH�WR�IDFH�LQ�

WKH� ILUVW�ZDYH� DQG� WKH\� DUH� UH�LQWHUYLHZHG� E\� SKRQH� LQ� IRXU� VXEVHTXHQW�ZDYHV�� ,Q�9DQ� GHQ�%UDNHO�

������� LW� LV� H[SODLQHG� KRZ� WKH� WLPHV� VHULHV� DSSURDFK� FDQ� EH� DSSOLHG� WR� WKH� /)6�� ZKHUH� WKH�PRGHO�

DFFRXQWV�IRU�WKH�URWDWLQJ�SDQHO�GHVLJQ�RI�WKLV�VXUYH\��,Q�9DQ�GHQ�%UDNHO�DQG�.ULHJ��������������������

D PXOWLYDULDWH�PRGHO� WKDW� DFFRXQWV� IRU� WKH� URWDWLQJ� SDQHO� GHVLJQ� RI� WKH� /)6� LV� DSSOLHG� WR� HVWLPDWH�

PRQWKO\�XQHPSOR\PHQW� ILJXUHV� DW� WKH�QDWLRQDO� OHYHO��7KLV�PXOWLYDULDWH�PRGHO� LV� LPSOHPHQWHG� LQ� WKH�

SURGXFWLRQ�SURFHVV� LQ� �����ZKHUH� LW� LV� DSSOLHG� WR� HVWLPDWH�PRQWKO\� ILJXUHV� QRW� RQO\� DW� WKH� QDWLRQDO�

OHYHO�EXW�DOVR�DW�VL[�GRPDLQV��PHQ�DQG�ZRPHQ�LQ�WKUHH�DJH�FODVVHV���,Q�WKLV�PRGHO��QR�LQIRUPDWLRQ�LQ�

VSDFH�LV�ERUURZHG��

,Q�9DQ�GHQ�%UDNHO�DQG�.ULHJ��������D�PRGHO�LV�DSSOLHG�WR�HVWLPDWH�PRQWKO\�XQHPSOR\PHQW�UDWHV�IRU�

VL[� GRPDLQV�� ZKHUH� RQO\� WKH� ILUVW� ZDYH� RI� WKH� VXUYH\� LV� XVHG�� 7KHUH�� LQIRUPDWLRQ� RYHU� VSDFH� LV�

ERUURZHG�E\�PRGHOOLQJ� WKH�FRYDULDQFH�EHWZHHQ�FRPSRQHQWV�RI�GLIIHUHQW�GRPDLQV�� ,Q�.ULHJ�DQG�YDQ�

GHQ�%UDNHO� �������GLIIHUHQW�PXOWLYDULDWH�PRGHOV� WR� HVWLPDWH� WKH�PRQWKO\�XQHPSOR\PHQW� UDWH� IRU� VL[�

GRPDLQV� DUH� GHYHORSHG� DQG� FRPSDUHG�� 'LIIHUHQW� SRVVLELOLWLHV� WR� PRGHO� WKH� FRYDULDQFH� EHWZHHQ� WKH�

WUHQG�FRPSRQHQWV�DUH�FRPSDUHG�LQ�FRPELQDWLRQ�ZLWK�GLIIHUHQW�PRGHOV�IRU�WKH�VHDVRQDO�FRPSRQHQW�DQG�

RXWOLHU�PRGHOOLQJ��7KH�YDULDQFH�RI�WKH�*5(*�HVWLPDWHV�LV�QRW�XVHG�LQ�WKH�PRGHOV���

7KHVH�UHVXOWV�DUH�H[WHQGHG�LQ�WKH�SUHVHQW�SDSHU��$JDLQ��WKH�GDWD�REWDLQHG�LQ�WKH�ILUVW�ZDYH�RI�WKH�SDQHO�

LV� XVHG�� 7KH� PRGHOV� FRQVLGHUHG� LQ� WKLV� SDSHU� DFFRXQW� IRU� WKH� YDULDQFHV� RI� WKH� *5(*� HVWLPDWHV��

)XUWKHUPRUH�� WKH� PRGHO� DOORZV� IRU� GLIIHUHQW� FRYDULDQFHV� EHWZHHQ� WKH� WUHQG� FRPSRQHQWV� RI� WKH�

GRPDLQV��,W�WXUQV�RXW�WKDW�WKH�WUHQGV�DUH�FRLQWHJUDWHG��DQG�WKDW�LW�LV�VXIILFLHQW�WR�HVWLPDWH�WKUHH�FRPPRQ�

WUHQGV��7KH�LQWHUSUHWDWLRQ�RI�WKLV�UHVXOW�LV�GLVFXVVHG���
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7KH�PRGHO�LV�GHYHORSHG�XVLQJ�WKH�GDWD�RI�WKH�/)6�IURP�-DQXDU\������XQWLO�'HFHPEHU�������$V�D�IRUP�

RI�FURVV�YDOLGDWLRQ��WKH�PRGHO�LV�WKHQ�DSSOLHG�WR�WKH�GDWD�RI��������

,Q�6HFWLRQ���WKH�/)6�LV�VXPPDUL]HG�� ,Q�6HFWLRQ����PXOWLYDULDWH�VWUXFWXUDO� WLPH�VHULHV�PRGHOV�IRU� WKH�

PRQWKO\�XQHPSOR\PHQW�UDWH�IRU�VL[�GRPDLQV�DUH�GHVFULEHG��7KH�HVWLPDWLRQ�UHVXOWV�RI� WKH�PRGHOV�DUH�

SUHVHQWHG�LQ�6HFWLRQ����7KH�IDFW�WKDW�WKH�WUHQGV�DUH�FRLQWHJUDWHG�LV�GLVFXVVHG�LQ�6HFWLRQ����7KH�SDSHU�

FRQFOXGHV�ZLWK�D�GLVFXVVLRQ�LQ�6HFWLRQ�����

��� 7KH 'XWFK�/DERXU�)RUFH�6XUYH\�

���� 6DPSOH�GHVLJQ�

(DFK�PRQWK�D�VDPSOH�RI�DGGUHVVHV�LV�VHOHFWHG�IURP�ZKLFK�GXULQJ�WKH�GDWD�FROOHFWLRQ�KRXVHKROGV�DUH�

LGHQWLILHG� WKDW� FDQ� EH� UHJDUGHG� DV� WKH� XOWLPDWH� VDPSOLQJ� XQLWV�� 7KH� WDUJHW� SRSXODWLRQ� RI� WKH� /)6�

FRQVLVWV� RI� WKH� QRQ�LQVWLWXWLRQDOLVHG�SRSXODWLRQ� DJHG����\HDUV� DQG�RYHU� UHVLGLQJ� LQ� WKH�1HWKHUODQGV��

7KH� VDPSOLQJ� IUDPH� LV� D� OLVW� RI� DOO� NQRZQ�RFFXSLHG�DGGUHVVHV� LQ� WKH�1HWKHUODQGV��ZKLFK� LV� GHULYHG�

IURP�WKH�PXQLFLSDO�EDVLF�UHJLVWUDWLRQ��LQ�'XWFK��JHPHHQWHOLMNH�EDVLV�DGPLQLVWUDWLH���7KH�/)6�LV�EDVHG�

RQ� D� VWUDWLILHG� WZR�VWDJH� FOXVWHU� GHVLJQ� RI� DGGUHVVHV�� 6WUDWD� DUH� IRUPHG� E\� JHRJUDSKLFDO� UHJLRQV��

0XQLFLSDOLWLHV�DUH�FRQVLGHUHG�DV�SULPDU\�VDPSOLQJ�XQLWV�DQG�DGGUHVVHV�DV�VHFRQGDU\�VDPSOLQJ�XQLWV��,Q�

WKH�ILUVW�VWDJH�D�VDPSOH�RI�PXQLFLSDOLWLHV�LV�GUDZQ�ZLWK�ILUVW�RUGHU�LQFOXVLRQ�SUREDELOLWLHV�SURSRUWLRQDO�

WR�WKH�QXPEHU�RI�DGGUHVVHV��$W�WKH�VHFRQG�VWDJH�D�VDPSOH�RI�PLQLPDO����DGGUHVVHV�LV�GUDZQ�ZLWKRXW�

UHSODFHPHQW�IURP�HDFK�VHOHFWHG�PXQLFLSDOLW\��$OO�KRXVHKROGV�UHVLGLQJ�RQ�DQ�DGGUHVV��XS�WR�D�PD[LPXP�

RI�WKUHH��DUH�LQFOXGHG�LQ�WKH�VDPSOH��LQ�WKH�1HWKHUODQGV��WKHUH�LV�JHQHUDOO\�RQH�KRXVHKROG�SHU�DGGUHVV���

8QWLO� 6HSWHPEHU� ������ WKH� /)6�ZDV� D� FRQWLQXRXV� VXUYH\�ZLWK� D� JURVV� VDPSOH� VL]H� RI� DERXW� ������

DGGUHVVHV� �H[FHSW� IRU� -XO\� DQG� $XJXVW�� ZKHUH� WKH� JURVV� VDPSOH� VL]HV� ZHUH� KDOYHG��� $W� WKDW� WLPH��

DGGUHVVHV�ZLWK�SHUVRQV�UHJLVWHUHG�DW�WKH�HPSOR\PHQW�RIILFH�ZHUH�RYHUVDPSOHG�DQG�DGGUHVVHV�ZLWK�RQO\�

SHUVRQV� DJHG� ��� \HDUV� DQG� RYHU� ZHUH� XQGHUVDPSOHG�� ,Q� 2FWREHU� ������ WKH� /)6� FKDQJHG� IURP� D�

FRQWLQXRXV� VXUYH\� WR� D� URWDWLQJ� SDQHO� GHVLJQ��The PRQWKO\ gross sample size averaged about 8000 

addresses commencing that moment and gradually declined to about 6500 addresses in 2008. In -XO\�

DQG�$XJXVW������DQG������WKH�JURVV�VDPSOH�VL]H�ZHUH�KDOYHG��$GGUHVVHV�ZLWK�SHUVRQV�UHJLVWHUHG�DW�WKH�

HPSOR\PHQW�RIILFH�DUH�QRW�RYHUVDPSOHG�LQ�WKH�SHULRG������±�������6LQFH�������DGGUHVVHV�ZLWK�\RXQJ�

SHUVRQV�RU�ZLWK�PLJUDQWV�DUH�RYHUVDPSOHG���

'XULQJ�WKH�SHULRG�WKDW�WKH�/)6�ZDV�D�FURVV�VHFWLRQDO�VXUYH\�DQG�LQ�WKH�ILUVW�ZDYH�RI�WKH�SDQHO�GHVLJQ��

GDWD�DUH�FROOHFWHG�E\�PHDQV�RI�FRPSXWHU�DVVLVWHG�SHUVRQDO�LQWHUYLHZLQJ��&$3,���)RU�DOO�PHPEHUV�RI�

WKH� VHOHFWHG� KRXVHKROGV�� GHPRJUDSKLF� YDULDEOHV� DUH� REVHUYHG�� )RU� WKH� WDUJHW� YDULDEOHV� RQO\� SHUVRQV�

DJHG� ��� \HDUV� DQG� RYHU� DUH� LQWHUYLHZHG�� :KHQ� D� KRXVHKROG� PHPEHU� FDQQRW� EH� FRQWDFWHG�� SUR[\�

LQWHUYLHZLQJ�LV�DOORZHG�E\�PHPEHUV�RI�WKH�VDPH�KRXVHKROG��+RXVHKROGV��LQ�ZKLFK�RQH�RU�PRUH�RI�WKH�

VHOHFWHG�SHUVRQV�GR�QRW�UHVSRQG�IRU�WKHPVHOYHV�RU�LQ�D�SUR[\�LQWHUYLHZ��DUH�WUHDWHG�DV�QRQ�UHVSRQGLQJ�

KRXVHKROGV��6LQFH�WKH�/)6�KDV�FKDQJHG�WR�D�URWDWLQJ�SDQHO�GHVLJQ��WKH�UHVSRQGHQWV�DJHG����WKURXJK����

\HDUV� DUH� UH�LQWHUYLHZHG� IRXU� WLPHV� DW� TXDUWHUO\� LQWHUYDOV� E\�PHDQV� RI� FRPSXWHU� DVVLVWHG� WHOHSKRQH�

LQWHUYLHZLQJ��&$7,���7KH�GDWD�IURP�WKHVH�UH�LQWHUYLHZV�DUH�QRW�XVHG�LQ�WKLV�SDSHU��



�

���� (VWLPDWLRQ�SURFHGXUH�

7KH� ZHLJKWLQJ� SURFHGXUH� RI� WKH� /)6� LV� EDVHG� RQ� WKH� *5(*� HVWLPDWRU� �6lUQGDO� HW� DO��� ������� 7KH�

LQFOXVLRQ�SUREDELOLWLHV� UHIOHFW� WKH�VDPSOLQJ�GHVLJQ�GHVFULEHG�DERYH�DV�ZHOO�DV� WKH�GLIIHUHQW� UHVSRQVH�

UDWHV�EHWZHHQ�JHRJUDSKLF�UHJLRQV��7KH�ZHLJKWLQJ�VFKHPH�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI�GLIIHUHQW�VRFLR�

GHPRJUDSKLF� FDWHJRULFDO� YDULDEOHV�� 7KH� LQWHJUDWHG� PHWKRG� IRU� ZHLJKWLQJ� SHUVRQV� DQG� IDPLOLHV� RI�

/HPDvWUH� DQG�'XIRXU� ������� LV� DSSOLHG� WR� REWDLQ� HTXDO� ZHLJKWV� IRU� SHUVRQV� EHORQJLQJ� WR� WKH� VDPH�

KRXVHKROG��)LQDOO\�� D�ERXQGLQJ�DOJRULWKP�SURSRVHG�E\�+XDQJ�DQG�)XOOHU� ������� LV� DSSOLHG� WR� DYRLG�

QHJDWLYH�ZHLJKWV��

7DUJHW�SDUDPHWHUV�DERXW�WKH�HPSOR\HG�DQG�XQHPSOR\HG�ODERXU�IRUFH�DUH�GHILQHG�DV�SRSXODWLRQ�WRWDOV�RU�

DV� UDWLRV� RI� WZR� SRSXODWLRQ� WRWDOV�� 7KH� XQHPSOR\PHQW� UDWH�� ZKLFK� LV� LQYHVWLJDWHG� LQ� WKLV� SDSHU�� LV�

GHILQHG�DV�WKH�UDWLR�RI�WKH�WRWDO�XQHPSOR\PHQW�DQG�WKH�WRWDO�ODERXU�IRUFH��7KH�PRQWKO\�VDPSOH�VL]H�RI�

WKH� /)6� LV� WRR� VPDOO� WR� SXEOLVK� UHOLDEOH� PRQWKO\� ILJXUHV� XVLQJ� WKH� *5(*� HVWLPDWRU� EHFDXVH� WKH�

YDULDQFH� LV� WRR�KLJK��7KHUHIRUH�HVWLPDWHV�DERXW� WKH�HPSOR\HG�DQG�XQHPSOR\HG� IRU� WKH�SUHFHGLQJ����

ZHHNV�ZHUH�SXEOLVKHG�HDFK�PRQWK���

���� 0RQWKO\�HVWLPDWHV�EDVHG�RQ�PRQWKO\�GDWD�

,Q�WKLV�UHVHDUFK�SURMHFW��HVWLPDWHV�IRU�WKH�PRQWKO\�XQHPSOR\PHQW�UDWH�EDVHG�RQ�WKH�VHSDUDWH�PRQWKO\�

VDPSOHV�DUH�SURGXFHG�ZLWK�D�VOLJKWO\�PRGLILHG�YHUVLRQ�RI� WKH�HVWLPDWLRQ�SURFHGXUH�FXUUHQWO\�XVHG�DW�

6WDWLVWLFV� 1HWKHUODQGV�� $FFRUGLQJ� WR� (XURVWDW� UXOHV�� SHULRGV� RI� �� RU� �� ZHHNV� DUH� XVHG� LQVWHDG� RI�

FDOHQGDU�PRQWKV��7KH�VDPSOH�VL]H�WKDW�LV�DYDLODEOH�IRU�WKH�VHSDUDWH�PRQWK��UHTXLUHV�WKDW�WKH�ZHLJKWLQJ�

VFKHPH�IRU�WKH�*5(*�HVWLPDWRU�FXUUHQWO\�XVHG�LQ�WKH�SURGXFWLRQ�SURFHVV�LV�UHGXFHG��DQG�LV�JLYHQ�E\�

� $JH���*HQGHU���5HJLRQ�������*HQGHU�î�$JH�������� ������
� $JH����î�0DULWDO�6WDWXV���(WKQLFLW\������

$JH���*HQGHU�LV�D�FODVVLILFDWLRQ�LQ���FODVVHV�ZKLFK�LV�EDVHG�RQ���DJH�FODVVHV�DQG�WKH�VHFRQG��WKLUG�DQG�

IRXUWK�DJH�FODVV�LV�LWHPL]HG�WR�JHQGHU��5HJLRQ�����LV�D�FODVVLILFDWLRQ�LQ����JHRJUDSKLF�UHJLRQV��$JH�L��LV�

D FODVVLILFDWLRQ� LQ� L DJH� FODVVHV��0DULWDO� 6WDWXV� LV� D� FODVVLILFDWLRQ� LQ� �� FODVVHV� ZKLFK� GLVWLQJXLVK�

EHWZHHQ�PDUULHG�DQG�QRW�PDUULHG��(WKQLFLW\����LV�D�FODVVLILFDWLRQ�LQ���FODVVHV��

7KH�XQHPSOR\PHQW�UDWH�LV�HVWLPDWHG�IRU�WKH�IROORZLQJ�VL[�GRPDLQV��

��� 0HQ��������\HDU��

��� :RPHQ��������\HDU��

��� 0HQ��������\HDU��

��� :RPHQ��������\HDU��

��� 0HQ��������\HDU��

��� :RPHQ��������\HDU��

7KHVH�HVWLPDWHV�DUH�GHILQHG�DV���
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ZLWK� GW\W �� �DQG� GW]W �� �WKH�*5(*�HVWLPDWHV�IRU�WKH�XQHPSOR\HG�ODERXU�IRUFH�DQG�WKH�ODERXU�IRUFH�DW�WLPH�

W�IRU�GRPDLQ�G���

6LQFH� GW< � �LV�WKH�UDWLR�RI�WZR�*5(*�HVWLPDWRUV��DQ�H[SUHVVLRQ�IRU�WKH�HVWLPDWRU�RI�WKH�YDULDQFH�RI� GW< � �
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+HUH� GWON\ ��� � LV�D�ELQDU\�YDULDEOH�WDNLQJ�YDOXH�RQH� LI� WKH� O�WK�SHUVRQ�EHORQJLQJ�WR� WKH�N�WK�KRXVHKROG�

EHORQJV�WR�WKH�XQHPSOR\HG�ODERXU�IRUFH�DQG�WR�GRPDLQ�G�DW�WLPH�W�DQG�]HUR�RWKHUZLVH�� GWON] ��� �D�ELQDU\�

YDULDEOH� WDNLQJ�YDOXH�RQH� LI� WKH� O�WK�SHUVRQ�RI� WKH�N�WK�KRXVHKROG�EHORQJV� WR� WKH� ODERXU�IRUFH�DQG�WR�

GRPDLQ�G�DW�WLPH�W�DQG�]HUR�RWKHUZLVH�� ON �[ �D�YHFWRU�ZLWK�WKH�DX[LOLDU\�LQIRUPDWLRQ�RI�WKH�O�WK�SHUVRQ�

EHORQJLQJ� WR� WKH� N�WK� KRXVHKROG� XVHG� LQ� WKH� ZHLJKWLQJ� VFKHPH� RI� WKH� *5(*� HVWLPDWRU�� G\�E � DQG�

G] �E WKH�UHJUHVVLRQ�FRHIILFLHQW�RI�WKH�UHJUHVVLRQ�IXQFWLRQ�RI� GWON\ ��� �UHVSHFWLYHO\� GWON] ��� �RQ� ON �[ �� NZ �WKH�

UHJUHVVLRQ�ZHLJKW�RI�KRXVHKROG�N�� WKQ � � WKH�QXPEHU�RI� FRPSOHWHO\� UHVSRQGLQJ�KRXVHKROGV�RI�VWUDWXP�

K ��«+�� DW� WLPH� W�� DQG� NP � WKH� QXPEHU� RI� SHUVRQV� DJHG� ��� \HDUV� DQG� RYHU� EHORQJLQJ� WR� WKH� N�WK�

KRXVHKROG��3HUVRQV�EHORQJLQJ�WR�WKH�VDPH�KRXVHKROG�KDYH�HTXDO�ZHLJKWV�GXH�WR�WKH�DSSOLFDWLRQ�RI�WKH�

LQWHJUDWHG�PHWKRG�IRU�ZHLJKWLQJ�SHUVRQV�DQG�IDPLOLHV�RI�/HPDvWUH�DQG�'XIRXU���������)RUPXOD�������LV�

WKH�YDULDQFH�HVWLPDWLRQ�SURFHGXUH�LPSOHPHQWHG�LQ�%DVFXOD�WR�DSSUR[LPDWH�WKH�YDULDQFH�RI�WKH�UDWLR�RI�

WZR�*5(*�HVWLPDWRUV��1LHXZHQEURHN�DQG�%RRQVWUD���������

��� $�VWUXFWXUDO�WLPHV�VHULHV�PRGHO�IRU�VL[�GRPDLQV�

���� 0RGHO�VSHFLILFDWLRQ�

/HW� Wθ �GHQRWH�WKH�SRSXODWLRQ�SDUDPHWHU�DW�WLPH�W��H�J��WKH�XQHPSOR\PHQW�UDWH��'LUHFW�HVWLPDWRUV��OLNH�

WKH� +RUYLW]�7KRPSVRQ� HVWLPDWRU� RU� WKH� *5(*� HVWLPDWRU�� DVVXPH� WKDW� Wθ � LV� D� IL[HG� EXW� XQNQRZQ�

SDUDPHWHU��8QGHU�WKLV�GHVLJQ�EDVHG�DSSURDFK��DQ�HVWLPDWRU�IRU� Wθ �IRU�FURVV�VHFWLRQDO�VXUYH\V�RQO\�XVHV�

WKH�GDWD�REVHUYHG�DW�WLPH�W��6FRWW�DQG�6PLWK��������SURSRVHG�WR�FRQVLGHU�WKH�SRSXODWLRQ�SDUDPHWHU� Wθ �

DV� D� UHDOL]DWLRQ� RI� D� VWRFKDVWLF� SURFHVV� WKDW� FDQ� EH� GHVFULEHG�ZLWK� D� WLPH� VHULHV�PRGHO��8QGHU� WKLV�

DVVXPSWLRQ��GDWD�REVHUYHG�LQ�SUHFHGLQJ�SHULRGV� �−W �� �−W �������FDQ�EH�XVHG�WR�LPSURYH�WKH�HVWLPDWRU�

IRU� Wθ ��HYHQ�LQ�WKH�FDVH�RI�QRQ�RYHUODSSLQJ�VDPSOH�VXUYH\V��,Q�WKH�FRQWH[W�RI�VPDOO�DUHD�HVWLPDWLRQ�WKLV�

LV�FDOOHG�ERUURZLQJ�VWUHQJWK�LQ�WLPH��6DPSOH�LQIRUPDWLRQ�IURP�GLIIHUHQW�GRPDLQV�FDQ�EH�XVHG�WR�IXUWKHU�

LPSURYH�WKH�GRPDLQ�HVWLPDWHV��ZKLFK�LV�NQRZQ�DV�ERUURZLQJ�VWUHQJWK�LQ�VSDFH��2QH�SRVVLEOH�DSSURDFK�

LV�WR�DOORZ�IRU�UDQGRP�DUHD�DQG�UDQGRP�WLPH�HIIHFWV�LQ�D�OLQHDU�PL[HG�PRGHO��DQG�DSSO\�D�FRPSRVLWH�

HVWLPDWRU�OLNH�WKH�%/83�RU�(%/83��VHH�H�J��5DR�DQG�<X���������3IHIIHUPDQQ�DQG�%XUFN��������DQG�
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3IHIIHUPDQQ� DQG� %OHXHU� ������� SURSRVHG� WR� ERUURZ� VWUHQJWK� LQ� WLPH� DQG� VSDFH� E\� DSSO\LQJ� D�

PXOWLYDULDWH� VWUXFWXUDO� WLPH� VHULHV� PRGHO�� ,Q� WKLV� DSSURDFK�� LQIRUPDWLRQ� LQ� VSDFH� LV� ERUURZHG� E\�

PRGHOOLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�PRGHO�SDUDPHWHUV�RI�WKH�GRPDLQV��

(DFK�PRQWK�D�*5(*�HVWLPDWH�LV�FRPSXWHG�IRU�HDFK�RI�WKH�VL[�GRPDLQV�PHQWLRQHG�LQ�6HFWLRQ������/HW�

GW< � � GHQRWH� WKH� *5(*� HVWLPDWH� IRU� GW �θ �� WKH� XQHPSOR\PHQW� UDWH� RI� GRPDLQ� G� DW� WLPH� W�� XVLQJ� WKH�

HVWLPDWLRQ� SURFHGXUH� GHVFULEHG� LQ� 6HFWLRQ� ����� 6R� HDFK� PRQWK� D� YHFWRU�
7

WWWWWWW <<<<<< ������������ ������������=< �LV�REVHUYHG��7KLV�YHFWRU�FDQ�EH�PRGHOOHG�DV�

� WWW H< += �� � � � � � � ������

ZLWK� 7
WWWWWWW ������������ ������������ θθθθθθ= �DQG� 7

WWWWWWW HHHHHH ������������ ������������=H �

WKH�YHFWRU�RI�WKH�FRUUHVSRQGLQJ�VXUYH\�HUURUV�IRU�HDFK�HVWLPDWH���

:LWK� D� VWUXFWXUDO� WLPH� VHULHV� PRGHO�� WKH� SRSXODWLRQ� SDUDPHWHU� W � FDQ� EH� GHFRPSRVHG� LQ� IRXU�

FRPSRQHQWV��L�H���

�

W
77
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7
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ZKHUH� 7
WWWWWWW ////// ������������ ������������=/ � GHQRWHV� WKH� YHFWRU�RI� WKH� WUHQG� FRPSRQHQWV� IRU� WKH� VL[�

GRPDLQV� DQG� 7
WWWWWWW 666666 ������������ ������������=6 WKH� YHFWRU� RI� WKH� VHDVRQDO� FRPSRQHQWV��:LWK� WKH�

WKLUG�FRPSRQHQW�LW�LV�SRVVLEOH�WR�XVH�DX[LOLDU\�LQIRUPDWLRQ�LQ�WKH�PRGHO��,Q�WKLV�SDSHU��WKLV�FRPSRQHQW�

LV� XVHG� WR� LQFOXGH� WKH� RXWOLHUV� LQ� WKH� PRGHO�� 7KHQ� 7
G.WGWGW G

[[ ������� ������ =[ � LV� D� G. �GLPHQVLRQDO�

YHFWRU� IRU� HYHU\�GRPDLQ��ZKHUH� G. � LV� WKH�QXPEHU�RI�RXWOLHUV� LQ�GRPDLQ�G�� GNW[ �� � LV�RQH� LI� WKH�N�WK�

RXWOLHU� LQ� GRPDLQ� G� RFFXUV� LQ� WLPH� SHULRG� W� DQG� ]HUR� RWKHUZLVH�� 7
G.GG G
������� ��� ββ= � LV� D� G. �

GLPHQVLRQDO� YHFWRU� ZLWK� WLPH� LQGHSHQGHQW� UHJUHVVLRQ� FRHIILFLHQWV� GN � �� )LQDOO\�
7

WWWWWWW ������������ ������������ εεεεεε= � LV� WKH�YHFWRU�RI� WKH� LUUHJXODU�FRPSRQHQWV��$Q�DOWHUQDWLYH�ZD\� WR�

GHDO�ZLWK�RXWOLHUV�LV�WR�FRQVLGHU� WKHP�DV�PLVVLQJ�REVHUYDWLRQV�ZKLFK�UHVXOWV�LQ�D�PRUH�SDUVLPRQLRXV�

PRGHO��0RGHO�������LV�XVHG�WR�WHVW�ZKHWKHU�WKH�UHJUHVVLRQ�FRHIILFLHQWV� GN � �DUH�VLJQLILFDQW��

7KH� WUHQG� FRPSRQHQW� IRU� HDFK� GRPDLQ� LV� EDVHG� RQ� D� VWRFKDVWLF� SURFHVV� WKDW� GHVFULEHV� KRZ� WKH�

XQHPSOR\PHQW� UDWH� JUDGXDOO\� HYROYHV� RYHU� WLPH�� $� ZLGHO\� DSSOLHG� VWRFKDVWLF� PRGHO� IRU� WKH� WUHQG�

FRPSRQHQW�LV�WKH�VPRRWK�WUHQG�PRGHO��VHH�IRU�H[DPSOH�'XUELQ�DQG�.RRSPDQ���������ZKLFK�LV�GHILQHG�

E\�WKH�IROORZLQJ�VHW�RI�HTXDWLRQV��
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7KH�SDUDPHWHUV� GW/ � �DQG� GW5 � �DUH�UHIHUUHG�WR�DV�WKH�WUHQG�DQG�WKH�VORSH�SDUDPHWHU�UHVSHFWLYHO\��8VLQJ�

WKLV� PRGHO�� LQIRUPDWLRQ� IURP� WKH� SDVW� DERXW� WKH� ORQJ� WHUP� GHYHORSPHQW� LV� XVHG� WR� LPSURYH� WKH�
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HVWLPDWHV��:KHQ� �
�� =GG5ς ��QR�LQIRUPDWLRQ�IURP�RWKHU�GRPDLQV�DERXW�WKH�ORQJ�WHUP�GHYHORSPHQW�LV�

ERUURZHG��:LWK� �
�� ≠GG5ς �VDPSOH�LQIRUPDWLRQ�IURP�RWKHU�GRPDLQV�LV�XVHG�WR�FRQVWUXFW�D�WUHQG��7KLV�

ZD\��WKH�HVWLPDWHV�DUH�IXUWKHU�LPSURYHG���

,Q�SUHYLRXV�UHVHDUFK��9DQ�GHQ�%UDNHO�DQG�.ULHJ���������WKH�ORFDO�OLQHDU�WUHQG�PRGHOV�LV�LQYHVWLJDWHG�DV�

DQ�DOWHUQDWLYH��,Q�WKLV�PRGHO��D�GLVWXUEDQFH�LV�DGGHG�WR�WKH�ILUVW�HTXDWLRQ�RI��������$�VLJQLILFDQFH�WHVW�

VKRZHG� LQ� �9DQ� GHQ� %UDNHO� DQG� .ULHJ�� ������ WKDW� WKLV� GLVWXUEDQFH� FDQ� EH� DVVXPHG� WR� EH� ]HUR��

7KHUHIRUH��RQO\�WKH�VPRRWK�WUHQG�PRGHO�LV�XVHG�LQ�WKLV�SDSHU���

,Q� WKLV� SDSHU�� WKH� VR� FDOOHG� WULJRQRPHWULF� VHDVRQDO�PRGHO� LV� XVHG� WR�PRGHO� WKH� VHDVRQDO� FRPSRQHQW�

ZKLFK�LV�GHILQHG�DV���
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8VLQJ� WKLV� PRGHO�� LQIRUPDWLRQ� IURP� WKH� SDVW� DERXW� WKH� VHDVRQDO� SDWWHUQ� LV� XVHG� WR� LPSURYH� WKH�

HVWLPDWHV�� Similarly as for the trend, it is possible to model the covariances between the seasonal 

components. Then the seasonal effects for the different domains change more or less simultaneously, 

depending on the estimated covariances. Because the seasonal effects are almost time invariant, not 

much information can be borrowed from other domains this way. Furthermore, under the 

WULJRQRPHWULF seasonal PRGHO this will result in a rather complex model with a large number of 

hyperparameters. Therefore�� ��
�� =MGGως �LV�FKRVHQ���

:LWK�WKH�VLPSOLILFDWLRQ�RI� ��
�� =MGGως ��VL[�K\SHUSDUDPHWHUV�KDYH�WR�EH�HVWLPDWHG�IRU�HDFK�GRPDLQ�LQ�

PRGHO� ������� 7KLV� PDNHV� WKH� PRGHO� TXLWH� FRPSOH[�� EXW� DOVR� PRUH� IOH[LEOH�� ,Q� WKH� OLWHUDWXUH�� LW� LV�

VXJJHVWHG�WKDW�WKH�PRGHO�FDQ�EH�VLPSOLILHG�E\�WDNLQJ� �
�

�
�� GMG ωω σσ = �IRU�DOO�M��VHH�+DUYH\���������7KLV�

VLPSOLILFDWLRQ�VHHPV�QRW�DSSURSULDWH�IRU�WKH�GDWD�XVHG�LQ�WKLV�SDSHU��DV�ZLOO�EH�VHHQ�LQ�6HFWLRQ�����

,Q�WKH�FDVH�RI� �
�� =GG5ς �DQG� ��
�� =MGGως ��VL[�XQLYDULDWH�PRGHOV�DUH�HVWLPDWHG��
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,QVHUWLQJ�HTXDWLRQ�������LQWR�HTXDWLRQ�������JLYHV�
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,Q�WKLV�DSSOLFDWLRQ��WKH�GLVWXUEDQFH� GW �ν �LV�GRPLQDWHG�E\�WKH�VXUYH\�HUURU�RI�WKH�*5(*�HVWLPDWH� GW< � ��

7KH�YDULDQFH� GW9DU � �RI� GW< � �LV�HVWLPDWHG�WRJHWKHU�ZLWK� GW< � �LWVHOI��6R�� GW �ν �FDQ�EH�PRGHOOHG�E\�
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(TXDWLRQ� ������ DOORZV� IRU� QRQ� KRPRJHQHRXV� VDPSOLQJ� YDULDWLRQ�� ,W� LV� H[SHFWHG� WKDW� ��
� ≈Gνσ �� 7KLV�

K\SHUSDUDPHWHU�LV�DGGHG�FRQVLGHULQJ�WKDW�WKH�YDULDWLRQ�RI�WKH�VXUYH\�HUURUV�GRHV�QRW�IROORZ�H[DFWO\�WKH�

HVWLPDWHG�YDULDQFH�RI�WKH�*5(*�HVWLPDWRU���

7KH�JHQHUDO�ZD\�WR�SURFHHG�LV�WR�SXW�WKH�VWUXFWXUDO�WLPH�VHULHV�PRGHO�LQ�VWDWH�VSDFH�UHSUHVHQWDWLRQ��VHH�

+DUYH\�� ����� DQG� 'XUELQ� DQG� .RRSPDQ�� ������� $� VWDWH�VSDFH� PRGHO� FRQVLVWV� RI� D� PHDVXUHPHQW�

HTXDWLRQ�DQG�D�WUDQVLWLRQ�HTXDWLRQ��7KH�PHDVXUHPHQW�HTXDWLRQ��VRPHWLPHV�DOVR�FDOOHG�WKH�REVHUYDWLRQ�

HTXDWLRQ��VSHFLILHV�KRZ�WKH�REVHUYHG�WLPH�VHULHV�GHSHQGV�RQ�D�OLQHDU�FRPELQDWLRQ�RI�WKH�XQREVHUYDEOH�

VWDWH�YDULDEOHV��H�J��WKH�WUHQG��VHDVRQDO�DQG�UHJUHVVLRQ�FRPSRQHQW��

WWWW =< += ��

ZKHUH� W LV� WKH� VWDWH� YHFWRU�ZLWK� XQREVHUYDEOH� VWDWH� YDULDEOHV� DQG� W= � D� NQRZQ� GHVLJQ�PDWUL[� WKDW�

VSHFLILHV� WKH� OLQHDU� UHODWLRQVKLS� EHWZHHQ� WKH� REVHUYDWLRQV� DQG� WKH� HOHPHQWV� RI� WKH� VWDWH� YHFWRU��7KH�

VWDWH�YHFWRU� W ��WKH�GHVLJQ�PDWUL[� W= ��DQG�WKH�YHFWRU�RI�GLVWXUEDQFHV� W �DUH�JLYHQ�E\�

����� ���� WWW αα= ��

ZLWK� 7
G.WGWGWGWGWGWGWGW G
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�� WWW 9DU9DUGLDJ νν σσ=+ ��+HUH��� DQG�2�GHQRWH�D�YHFWRU�DQG�D�PDWUL[� UHVSHFWLYHO\��

ZLWK�HDFK�HOHPHQW�]HUR���
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7KH�PDWULFHV� 
GG4 �ZLWK� 
GG ≠ �DUH����� G. ��î����� 
G. ��PDWULFHV�ZLWK�DOO�HOHPHQWV�]HUR�H[FHSW�WKH�

VHFRQG�GLDJRQDO�HOHPHQW��ZKLFK�LV� 
�� GG5ς ��

:KHQ� D� VWUXFWXUDO� WLPH� VHULHV�PRGHO� LV� H[SUHVVHG� LQ� WKH� VWDWH�VSDFH� IRUP�� WKH�.DOPDQ� ILOWHU� FDQ�EH�

DSSOLHG�WR�REWDLQ�RSWLPDO�HVWLPDWHV�IRU�WKH�VWDWH�YHFWRU� W ��7KH�.DOPDQ�ILOWHU�LV�D�UHFXUVLYH�SURFHGXUH�

WR�REWDLQ�RSWLPDO�HVWLPDWHV� IRU� WKH�VWDWH�YHFWRU�DW� WLPH� W�EDVHG�RQ�WKH�GDWD�XS�WR�DQG� LQFOXGLQJ� WLPH�

SHULRG�W��DQG�DUH�UHIHUUHG�WR�DV�WKH�ILOWHUHG�HVWLPDWHV��7KH�ILOWHUHG�HVWLPDWH�RI�WLPH�W�FDQ�EH�LPSURYHG�E\�

WDNLQJ� DFFRXQW� RI� WKH� LQIRUPDWLRQ� PDGH� DYDLODEOH� DIWHU� WLPH� W�� 7KLV� SURFHGXUH� LV� UHIHUUHG� WR� DV�

VPRRWKLQJ�� 6HYHUDO� VPRRWKLQJ� DOJRULWKPV� DUH� DYDLODEOH� LQ� WKH� OLWHUDWXUH�� ,Q� WKLV� SDSHU�� WKH�.DOPDQ�

ILOWHU� HVWLPDWHV� IRU� WKH� VWDWH� YDULDEOHV� DUH� VPRRWKHG� ZLWK� WKH� IL[HG� LQWHUYDO� VPRRWKHU�� ZKLFK� LV� D�

EURDGO\�DSSOLHG�VPRRWKLQJ�DOJRULWKP��DQG�WKHVH�HVWLPDWHV�DUH�UHIHUUHG�WR�DV�WKH�VPRRWKHG�HVWLPDWHV��

)XUWKHUPRUH�� LW� LV� SRVVLEOH� WR� PDNH� SUHGLFWLRQV� ZLWK� WKH� .DOPDQ� ILOWHU�� ,Q� WKLV� SDSHU�� WKH� RQH�VWHS�

SUHGLFWLRQV� DUH� XVHG�� ZKLFK� DUH� HVWLPDWHV� IRU� WKH� SHULRG� �+W � JLYHQ� WKH� LQIRUPDWLRQ� XS� WR� DQG�

LQFOXGLQJ�SHULRG� W ���

7KH� K\SHUSDUDPHWHUV� �

σ � DQG� 
ς � DUH� HVWLPDWHG� ZLWK� D� PD[LPXP� OLNHOLKRRG� SURFHGXUH�� XVLQJ� D�

QXPHULFDO�RSWLPL]DWLRQ�SURFHGXUH��6HH�+DUYH\� �������RU�'XUELQ�DQG�.RRSPDQ� ������� IRU� WHFKQLFDO�

GHWDLOV��,Q�WKLV�SDSHU��6VISDFN������.RRSPDQ�HW�DO�������E��DQG�.RRSPDQ�HW�DO���������LQ�FRPELQDWLRQ�

ZLWK�2[��'RRUQLN��������LV�XVHG�IRU�WKH�FRPSXWDWLRQV��

7KH�YDULDQFH�FRYDULDQFH�PDWUL[�4 �KDV�WR�EH�SRVLWLYH�VHPL�GHILQLWH��7R�HQIRUFH�WKLV��WKH�PDWUL[�FDQ�EH�

ZULWWHQ�LQ�WKH�IRUP� 7$'$4 = �ZLWK�' �D�GLDJRQDO�PDWUL[�DQG�$ �D�ORZHU�WULDQJXODU�PDWUL[�ZLWK�RQHV�

RQ�WKH�GLDJRQDO��:KHQ�$ �LV�ZULWWHQ�LQ�WKH�IRUP�
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WKHQ� GG$ � DUH� XQLW�PDWULFHV� RI� VL]H� ���� G. ��î� ���� G. �� DQG� 
GG$ �ZLWK� 
GG > � DUH� ���� G. ��î�

���� 
G. ��PDWULFHV�ZLWK�DOO�HOHPHQWV�]HUR�H[FHSW�WKH�HOHPHQW�LQ�WKH�VHFRQG�URZ�DQG�VHFRQG�FROXPQ��

7KLV�HOHPHQW�KDV�WR�EH�HVWLPDWHG�LQ�WKH�PD[LPXP�OLNHOLKRRG�SURFHGXUH���

���� 3UHOLPLQDU\�UHVXOWV�DQG�PRGHO�LPSURYHPHQWV�

,Q� D�SUHOLPLQDU\�DQDO\VLV�D�PRGHO�ZLWKRXW�RXWOLHUV� LV�HVWLPDWHG��7KH�PRGHO�HYDOXDWLRQ� �IRU� WKH�XVHG�

HYDOXDWLRQ� PHDVXUHV� VHH� DSSHQGL[� $���� VKRZV� WKDW� WKH� FRUUHORJUDP� RI� WKH� VWDQGDUGL]HG� SUHGLFWLRQ�

HUURUV� RI� WKH� ILUVW� GRPDLQ� KDV� D� F\FOLFDO� SDWWHUQ� ZLWK� D� ODUJH� YDOXH� DW� ODJ� ��� )XUWKHUPRUH�� WKH�

VWDQGDUGL]HG�SUHGLFWLRQ�HUURUV�RI� WKH� WKLUG�DQG�WKH�ILIWK�GRPDLQ�DUH�QRW�QRUPDOO\�GLVWULEXWHG��)RU� WKH�

VL[WK�GRPDLQ��WKH�VWDQGDUGL]HG�SUHGLFWLRQ�HUURUV�DUH�KHWHURVFHGDVWLF��7KLV�LV�GXH�WR�WZR�RXWOLHUV�LQ�WKH�

ILUVW�GRPDLQ���������DQG�����������RQH�RXWOLHU�LQ�WKH�WKLUG�GRPDLQ�����������WZR�RXWOLHUV�LQ�WKH�ILIWK�

GRPDLQ����������DQG����������DQG�WZR�RXWOLHUV� LQ�WKH�VL[WK�GRPDLQ���������DQG���������� ,W�FDQ�EH�

H[SHFWHG� WKDW� WKH�PRGHO� EHWWHU� ILWV� WKH� GDWD� ZKHQ� GXPP\� LQGLFDWRU� YDULDEOHV� IRU� WKHVH� RXWOLHUV� DUH�

LQFOXGHG�LQ�WKH�WLPH�VHULHV�PRGHO���
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)RU�WKH�IRXUWK�GRPDLQ��WKH�VWDQGDUGL]HG�SUHGLFWLRQ�HUURU�RI��������LV�QRWDEO\�ODUJH��7KLV�YDOXH�GRHV�QRW�

FDXVH�VXVSLFLRXV�HYDOXDWLRQ�UHVXOWV��QHYHUWKHOHVV� LW� LV�SRVVLEO\�DQ� LPSURYHPHQW�RI� WKH�PRGHO� WR� WUHDW�

WKLV�REVHUYDWLRQ�DV�DQ�RXWOLHU���

7KH��VPRRWKHG��HVWLPDWHV�RI�WKH�SDUDPHWHUV� GN �β �DUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�IRU�DOO�RXWOLHUV���

$�IXUWKHU�SUHOLPLQDU\�DQDO\VLV�VKRZV�WKDW�VRPH�RI�WKH�KDUPRQLFV�RI�WKH�VHDVRQDO�FRPSRQHQWV�DUH�VPDOO�

DQG�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��7KHVH�KDUPRQLFV�DUH�VKRZQ�LQ�7DEOH�������

7DEOH������6HDVRQDO�KDUPRQLFV�ZKLFK�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�

'RPDLQ� 6HDVRQDO�KDUPRQLFV�
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7KLV�WHVW�IRU�VLJQLILFDQFH�LV�H[HFXWHG�LQ�WZR�VWHSV��,Q�WKH�ILUVW�VWHS��LW�LV�WHVWHG�ZKHWKHU�WKH�KDUPRQLF�LV�

FRQVWDQW�RYHU�WLPH��6XEVHTXHQWO\��LW�LV�WHVWHG�ZKHWKHU�WKH�KDUPRQLF�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�

IRU�DW�OHDVW�RQH�PRQWK��

,Q� FDVHV� ZKHUH� WZR� RU� PRUH� KDUPRQLFV� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� IURP� ]HUR�� LW� LV� DOVR� WHVWHG�

ZKHWKHU�WKH�VXP�RI�WKH�KDUPRQLFV�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��$IWHU�WKLV�WHVW��LW�LV�GHFLGHG�WKDW�

WKH�VHDVRQDO�KDUPRQLFV�LQ�7DEOH�����FDQ�EH�UHPRYHG�IURP�WKH�PRGHO��

7DEOH������6HDVRQDO�KDUPRQLFV�ZKLFK�DUH�UHPRYHG�IURP�WKH�PRGHO�

'RPDLQ� 6HDVRQDO�KDUPRQLFV�
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7KH�PRGHO�LV�DGDSWHG�E\�UHPRYLQJ�WKH�FRUUHVSRQGLQJ�FRPSRQHQWV�IURP�HTXDWLRQ�������DQG�IURP� W ��

GW �= �� G7 �� GW � ��DQG�4 �LQ�WKH�VWDWH�VSDFH�UHSUHVHQWDWLRQ���
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���� &RPSDULVRQ�RI�VHYHQ�PRGHOV��

,Q�RUGHU�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI�GLIIHUHQW�PRGHO�GHILQLWLRQV��VHYHQ�PRGHOV�DUH�FRPSDUHG�LQ�WKLV�

SDSHU��7KH�LQIOXHQFH�RI�RXWOLHU�PRGHOOLQJ�DQG�RI�WKH�VLPSOLILFDWLRQV�RI�WKH�VHDVRQDOV�LV�LQYHVWLJDWHG�E\�

FRPSDULQJ�WKH�IROORZLQJ�WKUHH�PRGHOV��

��� D�PRGHO�ZLWKRXW�RXWOLHU�PRGHOOLQJ��DQG�ZLWK�DOO�VHDVRQDO�KDUPRQLFVV�LQFOXGHG��

��� D�PRGHO�ZLWK�RXWOLHU�PRGHOOLQJ��DQG�ZLWK�DOO�VHDVRQDO�KDUPRQLFV�LQFOXGHG��

��� D�PRGHO�ZLWK�RXWOLHU�PRGHOOLQJ�DQG�ZLWK�WKH�VHDVRQDO�KDUPRQLFV�RI�7DEOH�����UHPRYHG��

,Q�WKHVH�PRGHOV��WKH�FRUUHODWLRQ�EHWZHHQ�WKH�GLVWXUEDQFHV�RI�VORSH�SDUDPHWHUV�LV�PRGHOOHG�DV�GHVFULEHG�

LQ�������ZKHUH�IRU�GLIIHUHQW�FRYDULDQFHV� �
�� ≠GG5ς �LV�DOORZHG��,Q�RUGHU�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI�

WKHVH�FRUUHODWLRQV��WKH�PRGHOV�DUH�FRPSDUHG�ZLWK���SDUVLPRQLRXV�PRGHOV��

��� �D� PRGHO� ZLWK� FRYDULDQFHV� �
�� =GG5ς �� ZLWKRXW� RXWOLHU� PRGHOOLQJ�� DQG� ZLWK� DOO� VHDVRQDO�

KDUPRQLFV�LQFOXGHG��

��� D�PRGHO�ZLWK�FRYDULDQFHV� �
�� =GG5ς ��ZLWK�RXWOLHU�PRGHOOLQJ��DQG�ZLWK�VHDVRQDO�KDUPRQLFV�RI�

7DEOH�����UHPRYHG��

��� D�PRGHO�DVVXPLQJ�WKDW�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�GLVWXUEDQFHV�RI�WKH�VORSHV�RI�DOO�GRPDLQV�

DUH� HTXDO�� E\� WDNLQJ� 5G5G5GG5 ϑσσς =�

�

�
�
�� � IRU� DOO� 
GG ≠ �� 1R� RXWOLHU� PRGHOOLQJ� LV�

LQFOXGHG��DOO�VHDVRQDO�KDUPRQLFV�DUH�LQFOXGHG��

��� D�PRGHO�DVVXPLQJ�WKDW�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�GLVWXUEDQFHV�RI�WKH�VORSHV�RI�DOO�GRPDLQV�

DUH�HTXDO��E\�WDNLQJ� 5G5G5GG5 ϑσσς =�

�

�
�
�� �IRU�DOO� 
GG ≠ ��2XWOLHU�PRGHOOLQJ�LV�LQFOXGHG��

WKH�VHDVRQDO�KDUPRQLFV�RI�7DEOH�����DUH�UHPRYHG��

7KH�IROORZLQJ�WDEOH�JLYHV�DQ�RYHUYLHZ�RI�WKH�PRGHOV��

7DEOH������2YHUYLHZ�RYHU�WKH�PRGHOV�

0RGHO� &RYDULDQFH�EHWZHHQ�GLVWXUEDQFHV�RI�

VORSHV�

2XWOLHUV�

PRGHOOLQJ�

6RPH�VHDVRQDO�KDUPRQLFV�

UHPRYHG�

�� 'LIIHUHQW� 1R� 1R�

�� 'LIIHUHQW� <HV� 1R�

�� 'LIIHUHQW� <HV� <HV�

�� =HUR� 1R� 1R�

�� =HUR� <HV� <HV�

�� (TXDO�FRUUHODWLRQV� 1R� 1R�

�� (TXDO�FRUUHODWLRQV� <HV� <HV�

�

7KH�HVWLPDWLRQ�UHVXOWV�RI�WKHVH�VHYHQ�PRGHOV�DUH�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ���
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��� (VWLPDWLRQ�UHVXOWV�

,Q�WKLV�VHFWLRQ��HVWLPDWLRQ�UHVXOWV�IRU�WKH�VHYHQ�PRGHOV�GHVFULEHG�LQ�6HFWLRQ���DUH�SUHVHQWHG��)LUVW��WKH�
ILOWHUHG�HVWLPDWHV�RI�WKH�GLIIHUHQW�PRGHOV�DUH�JUDSKLFDOO\�FRPSDUHG�ZLWK�HDFK�RWKHU�DQG�ZLWK�WKH�*5(*�
HVWLPDWHV��ZKHUH�WKH�GDWD�XS�WR�DQG�LQFOXGLQJ������DUH�XVHG��7KHQ�WKH�VWDQGDUG�HUURUV�DUH�FRPSXWHG�LQ�
6HFWLRQ������,Q�6HFWLRQ������PRGHO�HYDOXDWLRQ�UHVXOWV�DUH�SUHVHQWHG��)LQDOO\��WKH�PRGHOV�DUH�DSSOLHG�WR�
WKH�GDWD�RI������LQ�6HFWLRQ�������

���� )LOWHUHG�HVWLPDWHV�

7KH�PRGHO�HVWLPDWHV�REWDLQHG�XQGHU�WKH�WLPH�VHULHV�PRGHO�DUH�FRPSDUHG�ZLWK�WKH�*5(*�HVWLPDWHV��,I�
WKH�PRGHO�ZHUH�XVHG�WR�SURGXFH�DQ�HVWLPDWH�IRU�PRQWK�W�IRU�UHJXODU�SXEOLFDWLRQ�SXUSRVHV��WKH�HVWLPDWHV�
RI� ERWK� WKH� PRGHO� SDUDPHWHUV� DQG� WKH� HVWLPDWHV� RI� WKH� K\SHUSDUDPHWHUV� ZRXOG� EH� EDVHG� RQ� WKH�
LQIRUPDWLRQ�DYDLODEOH�DW� WKDW�PRPHQW��7KHUHIRUH� WKH�*5(*�HVWLPDWHV�DUH�FRPSDUHG�ZLWK� WKH�ILOWHUHG�
HVWLPDWHV�IRU�WKH�XQHPSOR\PHQW�UDWH��,Q�DQ�LGHDO�FRPSDULVRQ�WKH�K\SHUSDUDPHWHUV�DUH�DOVR�EDVHG�RQ�WKH�
LQIRUPDWLRQ� DYDLODEOH� DW� WKDW� PRPHQW�� ,Q� WKLV� DSSOLFDWLRQ�� FKDQJHV� RI� WKH� HVWLPDWHV� RI� WKH�
K\SHUSDUDPHWHUV�DSSHDUHG�WR�EH�VPDOO�LI�QHZ�REVHUYDWLRQV�EHFRPH�DYDLODEOH��6LQFH�WKLV�KDUGO\�DIIHFWV�
WKH�ILOWHUHG�HVWLPDWHV�IRU� WKH�XQHPSOR\PHQW� UDWH�� LW�ZDV�GHFLGHG� WR�EDVH� WKH�K\SHUSDUDPHWHUV�RQ� WKH�
HQWLUH�VHULHV�����

2XWOLHU�GHWHFWLRQ�ZLOO�JHQHUDOO\�QRW�EH�DSSOLHG�WR�WKH�ILQDO�REVHUYDWLRQ�RI�WKH�VHULHV�DQG�ZLOO�WKHUHIRUH�
QRW� GLUHFWO\� DIIHFW� WKH� ILOWHUHG� HVWLPDWHV� IRU� WKH� XQHPSOR\PHQW� UDWH� DV� WKH\� ZLOO� EH� SXEOLVKHG� LQ� D�
UHJXODU�SURGXFWLRQ�SURFHVV��7KLV�WHFKQLTXH�LV��QHYHUWKHOHVV��ZRUWKZKLOH�WR�FRQVLGHU�VLQFH�GHWHFWLRQ�DQG�
PRGHOOLQJ�RI�RXWOLHUV�LQ�WKH�SDVW�ZLOO�LPSURYH�WKH�PRGHO�DQG�WKHUHIRUH�LQGLUHFWO\�UHVXOW�LQ�EHWWHU�ILOWHUHG�
HVWLPDWHV�IRU�WKH�XQHPSOR\PHQW�UDWH��

7KH� UHVXOWV� RI� RQH� RU� WZR�GRPDLQV� DUH� SUHVHQWHG� DQG� GLVFXVVHG� LQ� WKH� WH[W�� WKH� UHVXOWV� RI� WKH� RWKHU�
GRPDLQV�DUH�LQFOXGHG�LQ�DSSHQGL[�$�����

7KH�PRGHO�HVWLPDWHV�REWDLQHG�XQGHU�WKH�WLPH�VHULHV�PRGHO�DUH�FRPSDUHG�ZLWK�WKH�*5(*�HVWLPDWHV��,Q�

WKHVH� FRPSDULVRQV�� WKH� ILOWHUHG� HVWLPDWHV� DUH� XVHG� EHFDXVH� WKH\� DUH� EDVHG� RQ� WKH� FRPSOHWH� VHW� RI�

LQIRUPDWLRQ� WKDW�ZRXOG�EH� DYDLODEOH� LI� WKH�PRGHO�ZHUH� XVHG� WR� SURGXFH� DQ� HVWLPDWH� IRU�PRQWK� W� IRU�

UHJXODU�SXEOLFDWLRQ�SXUSRVHV��7KH� UHVXOWV�RI�RQH�RU� WZR�GRPDLQV�DUH�SUHVHQWHG�DQG�GLVFXVVHG� LQ� WKH�

WH[W��WKH�UHVXOWV�RI�WKH�RWKHU�GRPDLQV�DUH�LQFOXGHG�LQ�DSSHQGL[�$�����

,Q�)LJXUH������WKH�*5(*�HVWLPDWHV�DUH�FRPSDUHG�ZLWK�WKH�ILOWHUHG�PRGHO�HVWLPDWHV�XQGHU�PRGHO���IRU�

GRPDLQ�����
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)LJXUH������*5(*�HVWLPDWHV�DQG�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO���IRU�GRPDLQ���
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0RGHO�� *5(* �

)LJXUH�����VKRZV�WKDW�WKH�ILOWHUHG�HVWLPDWHV�DUH�DW�WKH�VDPH�OHYHO�DV�WKH�*5(*�HVWLPDWHV��7KH\�SDUWO\�

IROORZ�WKH�IOXFWXDWLRQV�LQ�WKH�*5(*�VHULHV��VLQFH�WKHVH�IOXFWXDWLRQV�DUH�FRQVLGHUHG�DV�VHDVRQDO�HIIHFWV�

XQGHU� WKH� PRGHO�� 1HYHUWKHOHVV� D� VXEVWDQWLDO� SDUW� RI� WKH� LUUHJXODULWLHV� LQ� WKH� VHULHV� RI� WKH� *5(*�

HVWLPDWHV�DUH�IODWWHQHG�RXW��VLQFH�WKH\�DUH�FRQVLGHUHG�DV�VXUYH\�HUURUV�XQGHU�WKH�WLPH�VHULHV�PRGHO��,W�

DSSHDUV�WKDW�WKH�ILOWHUHG�HVWLPDWHV�DUH�QRW�VHULRXVO\�ELDVHG��

,Q� )LJXUH� ���� WKH� ILOWHUHG� HVWLPDWHV� RI�PRGHO� �� DQG�PRGHO� �� DUH� FRPSDUHG�� 7KLV� ILJXUH� VKRZV� WKH�

LQIOXHQFH�RI� WKH�RXWOLHU�PRGHOOLQJ��)RU�WKH�WLPH�SHULRGV�SUHFHGLQJ�WKH�SHULRGV�ZKHUH�WKH�RXWOLHUV�DUH�

PRGHOOHG��WKH�ILOWHUHG�HVWLPDWHV�XQGHU�ERWK�PRGHOV�DUH�HTXDO��)RU�WKH�WLPH�SHULRGV�ZKHUH�WKH�RXWOLHUV�

DUH�PRGHOOHG�DQG�IRU�VRPH�PRQWKV�DIWHU�WKHVH�WLPH�SHULRGV��WKH�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO���DUH�

ODUJHU� WKDQ� WKH� HVWLPDWHV� XQGHU�PRGHO� ��� EHFDXVH�PRGHO� �� LV� QRW� LQIOXHQFHG� E\� WKH� RXWOLHUV�� 6RPH�

PLQRU�GLIIHUHQFHV�LQ�WKH�\HDUV�DIWHU�WKH�SHULRGV�ZKHUH�WKH�RXWOLHUV�DUH�PRGHOOHG�DUH�FDXVHG�E\�VOLJKWO\�

GLIIHUHQW�HVWLPDWHV�RI�WKH�K\SHUSDUDPHWHUV��

7KH�)LJXUHV�$���±�$����LQ�DSSHQGL[�$���VKRZ�WKDW� WKH�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO���DUH�VPDOOHU�

WKDQ�WKH�HVWLPDWHV�XQGHU�PRGHO���IRU�VRPH�RWKHU�GRPDLQV��,Q�WKHVH�GRPDLQV��WKH�RXWOLHUV�DUH�H[WUHPHO\�

ODUJH��ZKHUHDV�LQ�GRPDLQ����WKH�RXWOLHUV�DUH�H[WUHPHO\�VPDOO��7KH�FRPSDULVRQ�RI�)LJXUH�����ZLWK�WKH�

ILJXUHV�LQ�WKH�DSSHQGL[�VKRZV�IXUWKHUPRUH�WKDW�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�HVWLPDWHV�XQGHU�PRGHO���

DQG�PRGHO���IRU�GRPDLQ���DUH�ODUJHU�WKDQ�IRU�WKH�RWKHU�GRPDLQV��7KLV�KDV�WR�GR�ZLWK�WKH�IDFW�WKDW�LQ�

GRPDLQ����WZR�RXWOLHUV�DUH�IRXQG�LQ�WZR�VXFFHVVLYH�PRQWKV��

�
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)LJXUH������)LOWHUHG�HVWLPDWHV�XQGHU�PRGHO���DQG�PRGHO���IRU�GRPDLQ���
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,Q�)LJXUH�����WKH�ILOWHUHG�HVWLPDWHV�RI�PRGHO���DQG�PRGHO���DUH�FRPSDUHG�IRU�GRPDLQ����7KLV�ILJXUH�

VKRZV� WKH� LQIOXHQFH� RI� D� PRUH� SDUVLPRQLRXV� PRGHO� IRU� WKH� VHDVRQDO� HIIHFWV�� 2QO\� VPDOO� DQG� QRW�

VLJQLILFDQW� VHDVRQDO� FRPSRQHQWV� DUH� UHPRYHG�XQGHU�PRGHO� ���7KHUHIRUH�� WKH�PRGHO� HVWLPDWHV� XQGHU�

PRGHO���DQG�PRGHO���DUH�YHU\� VLPLODU�� ,Q�GRPDLQ����PRUH� VHDVRQDO�FRPSRQHQWV� DUH� UHPRYHG�XQGHU�

PRGHO���UHVXOWLQJ�LQ�VPRRWKHU�HVWLPDWHV��VHH�)LJXUH��������

)LJXUH������)LOWHUHG�HVWLPDWHV�XQGHU�PRGHO���DQG�PRGHO���IRU�GRPDLQ���
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)LJXUH������)LOWHUHG�HVWLPDWHV�XQGHU�PRGHO���DQG�PRGHO���IRU�GRPDLQ���
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,Q�)LJXUH�����WKH�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO����PRGHO����DQG�PRGHO���DUH�FRPSDUHG�IRU�GRPDLQ����

7KLV� ILJXUH� VKRZV� WKH� LQIOXHQFH� RI� GLIIHUHQW� ZD\V� RI� ERUURZLQJ� LQIRUPDWLRQ� IURP� RWKHU� GRPDLQV��

8QGHU�PRGHO���DQG�PRGHO����WKH�HVWLPDWHV�RI�WKH�WUHQG�DUH�LQIOXHQFHG�E\�WKH�RWKHU�GRPDLQV�GXH�WR�WKH�

FRUUHODWLRQV�EHWZHHQ�WKH�GLVWXUEDQFHV�RI�WKH�VORSH�SDUDPHWHUV��ZKHUHDV�XQGHU�PRGHO����WKH�HVWLPDWHV�RI�

WKH�WUHQG�DUH�EDVHG�RQ�WKH�LQIRUPDWLRQ�IURP�GRPDLQ���RQO\��%HFDXVH�WKH�HVWLPDWHV�RI�WKH�FRUUHODWLRQV�

XQGHU�PRGHO���DUH�QRW�WKH�VDPH�DV�XQGHU�PRGHO����WKH�HVWLPDWHV�RI�WKH�WUHQG�GLIIHU�XQGHU�WKHVH�PRGHOV��

$V�H[SHFWHG��WKH�VHDVRQDO�SDWWHUQV�XQGHU�WKH�WKUHH�PRGHOV�DUH�VLPLODU���

)LJXUH������)LOWHUHG�HVWLPDWHV�XQGHU�PRGHO����PRGHO����DQG�PRGHO���IRU�GRPDLQ���
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6LPLODUO\��)LJXUH�����DOVR�VKRZV�WKH�LQIOXHQFH�RI�GLIIHUHQW�ZD\V�RI�ERUURZLQJ�LQIRUPDWLRQ�IURP�RWKHU�

GRPDLQV��ZKHUH�WKH�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO����PRGHO����DQG�PRGHO���DUH�FRPSDUHG�IRU�GRPDLQ�
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*HQHUDOO\�� LW� FDQ�EH�FRQFOXGHG� WKDW� WKH� ILOWHUHG�PRGHO� HVWLPDWHV� DUH�DW� WKH�VDPH� OHYHO�DV� WKH�*5(*�

HVWLPDWHV�� DQG� WKHUHIRUH�� WKH\� DUH� QRW� VHULRXVO\� ELDVHG�� %DVHG� RQ� WKH� ILJXUHV�� LW� FDQQRW� EH� GHFLGHG�

ZKLFK�PRGHO�ILWV�WKH�GDWD�EHVW�DQG�KDV��WKHUHIRUH��WR�EH�SUHIHUUHG��,Q�WKH�QH[W�VXEVHFWLRQV��WKH�PRGHO�

HVWLPDWHV�DUH�IXUWKHU�FRPSDUHG���

���� 6WDQGDUG�HUURUV�

,Q�7DEOH������WKH�PHDQ�RI�WKH�VWDQGDUG�HUURUV�RYHU�����������RI�WKH�*5(*�HVWLPDWHV�IRU�DOO�GRPDLQV�LV�

SUHVHQWHG�LQ�WKH�VHFRQG�FROXPQ��,Q�WKH�RWKHU�FROXPQV��WKH�UDWLR�RI�WKH�PHDQ�VWDQGDUG�HUURUV�RYHU������

�����RI�WKH�ILOWHUHG�PRGHO�HVWLPDWHV�WR�WKH�PHDQ�VWDQGDUG�HUURU�RI�WKH�*5(*�HVWLPDWHV�LV�JLYHQ��,W�FDQ�

EH�FRQFOXGHG�WKDW�WKH�VWDQGDUG�HUURU�RI�WKH�*5(*�HVWLPDWHV�LV�DSSUR[LPDWHO\�KDOYHG�E\�WKH�WLPH�VHULHV�

DSSURDFK��&RPSDULQJ�PRGHO���ZLWK�PRGHO���DQG�PRGHO����RU�PRGHO���ZLWK�PRGHO���DQG�PRGHO����LW�FDQ�

EH� FRQFOXGHG� WKDW� WKH� SUHFLVLRQ� FDQ� EH� IXUWKHU� LPSURYHG� E\� ERUURZLQJ� LQIRUPDWLRQ� IURP� RWKHU�

GRPDLQV��DQG�WKDW�WKH�HVWLPDWHV�DUH�PRUH�SUHFLVH�ZKHQ�WKH�PRGHO�DOORZV�IRU�GLIIHUHQW�FRUUHODWLRQV���

7KH�SUHFLVLRQ�RI�WKH�HVWLPDWHV�LV�LPSURYHG�E\�PRGHOOLQJ�RXWOLHUV��FRPSDUH�PRGHO���ZLWK�PRGHO�����)RU�

GRPDLQ����QR�RXWOLHUV�DUH�PRGHOOHG��WKHUHIRUH��QR�LPSURYHPHQW�RI�WKH�SUHFLVLRQ�LV�H[SHFWHG�WKHUH��7KH�

VWDQGDUG�HUURU�LV�HYHQ�ODUJHU�XQGHU�PRGHO���IRU�GRPDLQ���XQGHU�WKH�LQIOXHQFH�RI�RXWOLHU�PRGHOOLQJ�LQ�

WKH�RWKHU�GRPDLQV��&RPSDULQJ�PRGHO���ZLWK�PRGHO���VKRZV�WKDW�WKH�SUHFLVLRQ�LV�LPSURYHG�ZLWK�D�PRUH�

SDUVLPRQLRXV�PRGHO�ZLWK�OHVV�VHDVRQDO�FRPSRQHQWV���
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7DEOH� �����0HDQ� VWDQGDUG� HUURUV� RYHU� ���������� RI� *5(*� HVWLPDWHV� DQG� UDWLR� RI� PHDQ� VWDQGDUG�

HUURUV�RI�ILOWHUHG�PRGHO�HVWLPDWHV�DQG�PHDQ�VWDQGDUG�HUURUV�*5(*�

� � 5DWLR�PHDQ�VWDQGDUG�HUURU�DQG�FROXPQ���
� 0HDQ�

VWDQGDUG�
HUURU�
*5(*�

0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

�

7KH�SUHFLVLRQ�RI�WKH�HVWLPDWHV�LV�RQH�DVSHFW�LQ�WKH�PRGHO�VHOHFWLRQ�SURFHVV��KRZHYHU��LI�WKH�PRGHO�LV�

PLVVVSHFLILHG��WKH�HVWLPDWHV�FDQ�EH�ELDVHG�DQG�WKHQ�WKH�DFFXUDF\�LV�ZRUVH��7KH�ILJXUHV�LQ�6HFWLRQ�����

DOUHDG\�VKRZ�WKDW�WKH�PRGHO�HVWLPDWHV�DUH�QRW�VHULRXVO\�ELDVHG��,Q�WKH�PRGHO�HYDOXDWLRQ�LQ�6HFWLRQ�����

WKLV�LV�IXUWKHU�LQYHVWLJDWHG���

���� 0RGHO�GLDJQRVWLFV�

,Q�DSSHQGL[�$����WKH�DVVXPSWLRQV�XQGHUO\LQJ�WKH�VWDWH�VSDFH�PRGHO�DUH�GHVFULEHG�WRJHWKHU�ZLWK�VRPH�

VWDQGDUG�PHWKRGV� IRU�PRGHO� HYDOXDWLRQ� WR� WHVW� IRU� WKHVH� DVVXPSWLRQV�� $V� GHVFULEHG� LQ� 6HFWLRQ� �����

VRPH�PRGHO�DVVXPSWLRQV�DUH�YLRODWHG�XQGHU�PRGHO����ZKLFK�LV�GXH�WR�VRPH�RXWOLHUV��$V�H[SHFWHG��PRVW�

PRGHO� DVVXPSWLRQV�DUH�VDWLVILHG�XQGHU� WKH�PRGHOV� LQFOXGLQJ�RXWOLHUV� �PRGHOV���������� DQG�����8QGHU�

PRGHO���DQG����WKH�VDPH�PRGHO�DVVXPSWLRQV�DUH�YLRODWHG�DV�XQGHU�PRGHO�����

)RU�GRPDLQ����WKH�DEVROXWH�YDOXHV�RI�DW�OHDVW�WZR�VDPSOH�DXWRFRUUHODWLRQ�IXQFWLRQV�DUH�ODUJHU�WKDQ�WKH�

ERXQG�RI�������RI�WKH�����FRQILGHQFH�LQWHUYDO�XQGHU�DOO�PRGHOV��:KHUHDV�XQGHU�WKH�PRGHOV�ZLWKRXW�

RXWOLHU�PRGHOOLQJ�WKH�VDPSOH�DXWRFRUUHODWLRQ�IXQFWLRQ�RI�ODJ���LV�H[WUHPHO\�ODUJH��DURXQG������DQG�WKHUH�

LV� D� FOHDU� F\FOLFDO� SDWWHUQ� LQ� WKH� FRUUHORJUDP�� XQGHU� WKH�PRGHOV� ZLWK� RXWOLHU� PRGHOOLQJ� WKH� VDPSOH�

DXWRFRUUHODWLRQ� IXQFWLRQ� RI� ODJ� �� LV� OHVV� H[WUHPH� �DURXQG� ������ $OVR� WKH� VDPSOH� DXWRFRUUHODWLRQ�

IXQFWLRQV�RI�ODUJHU�ODJV�DUH�QRW�H[WUHPHO\�ODUJH��7KHUHIRUH�LW�FDQ�EH�FRQFOXGHG�WKDW�DOVR�IRU�GRPDLQ����

WKH�RXWOLHU�PRGHOOLQJ�LPSURYHV�WKH�PRGHO�HYDOXDWLRQ�UHVXOWV���

%\�PRGHOOLQJ�D�WKLUG�RXWOLHU�LQ�WKH�ILUVW�GRPDLQ��WKH�VDPSOH�DXWRFRUUHODWLRQ�IXQFWLRQV�EHFRPH�VPDOOHU��

EXW�WKH�PRGHO�HVWLPDWHV�VHHP�WR�EH�ELDVHG��WKH�ILOWHUHG�HVWLPDWHG�DUH�VPDOOHU�WKDQ�WKH�*5(*�HVWLPDWHV�

RYHU�D�ORQJHU�SHULRG��7KHUHIRUH�WKH�WKLUG�RXWOLHU�LV�QRW�LQFOXGHG�LQ�WKH�PRGHO��

���� �&URVV�YDOLGDWLRQ�

Cross-validation is a widely applied measure of the predictive power of a model. Details are given iQ�

$SSHQGL[�$���$�ODUJH�YDOXH�RI�WKH�PHDQ�RI�WKH�SUHGLFWLRQ�HUURUV��03(��IRUPXOD�$����LQGLFDWHV�WKDW�WKH�

PRGHO�HVWLPDWHV�DUH�ELDVHG��,Q�WKH�VHFRQG�FROXPQ�RI�7DEOH������WKH�VWDQGDUG�HUURU�RI�WKH�PHDQ�RI�WKH�

���*5(*�HVWLPDWHV�RI�WKH�SHULRG�����������LV�JLYHQ��,Q�WKH�RWKHU�FROXPQV��WKH�UDWLR�RI�WKH�03(�WR�

WKLV�VWDQGDUG�HUURU�LV�FRPSXWHG���
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7DEOH������5DWLRV�RI�03(�XQGHU���PRGHOV�DQG�WKH�VWDQGDUG�HUURU�RI�WKH�PHDQ�RI�WKH�*5(*�HVWLPDWHV��

SHULRG�����������

� � 5DWLR�03(�DQG�FROXPQ���
� 6WDQGDUG�

HUURU��
PHDQ��
*5(*�
HVWLPDWHV�

0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

'RPDLQ��� ������� ������ ������ ������ ������ ������ ������ ������

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ������ ������ ������ ������ ������ ������ ������

'RPDLQ��� ������� ����� ������ ������ ����� ����� ����� �����

'RPDLQ��� ������� ������ ����� ����� ������ ����� ������ �����

'RPDLQ��� ������� ������ ������ ������ ����� ����� ������ ������

�

%HFDXVH�RI�WKH�VDPSOLQJ�HUURUV�RI�WKH�*5(*�HVWLPDWHV�DQG�LJQRULQJ�WKH�IDFW�WKDW�WKH�SUHGLFWLRQV�DUH�

HVWLPDWHV�ZLWK�VRPH�XQFHUWDLQW\��D�UDWLR�EHWZHHQ�������DQG������ZRXOG�EH�H[SHFWHG��%HFDXVH�RI�WKLV�

XQFHUWDLQW\�D�VOLJKWO\�ODUJHU�RU�VPDOOHU�UDWLR�FDQ�EH�H[SHFWHG��,Q�PRVW�FDVHV��WKH�DEVROXWH�YDOXH�RI�WKLV�

UDWLR�LV�VPDOOHU�WKDQ�������7KH�DEVROXWH�YDOXHV�RI�WKH�UDWLRV�LQ�7DEOH�����DUH�ODUJHU�WKDQ������IRU�GRPDLQ�

��XQGHU�DOO�PRGHOV�DQG�IRU�GRPDLQ���XQGHU�WKH�PXOWLYDULDWH�PRGHOV��)LJXUH�����VKRZV�WKH�SUHGLFWLRQV�

XQGHU�PRGHO����PRGHO����DQG�PRGHO���FRPSDUHG�ZLWK�WKH�*5(*�HVWLPDWHV�IRU�GRPDLQ����7KH�ILJXUH�

VKRZV� WKDW� WKH� SUHGLFWLRQV� DUH� ODUJHU� WKDQ� WKH� *5(*� HVWLPDWHV� IRU� VHYHUDO� PRQWKV�� IRU� H[DPSOH�

)HEUXDU\� XQWLO� -XQH� ������ DQG� VPDOOHU� GXULQJ� RWKHU� SHULRGV� RI� PRQWKV�� IRU� H[DPSOH� $XJXVW� XQWLO�

1RYHPEHU�������'XULQJ�PRVW�PRQWKV�RI�������WKH�SUHGLFWLRQV�XQGHU�PRGHO���DUH�FORVHU�WR�WKH�*5(*�

HVWLPDWHV� WKDQ�WKH�SUHGLFWLRQV�XQGHU�PRGHO���DQG����7KHUHIRUH�� WKH�03(�XQGHU�PRGHO��� LV�FORVHU� WR�

]HUR��8QGHU�WKH�PXOWLYDULDWH�PRGHOV���DQG����WKH�OHYHO�RI�WKH�HVWLPDWHV�RI�GRPDLQ���DUH�LQIOXHQFHG�E\�

WKH� HVWLPDWHV� RI� WKH� RWKHU� GRPDLQV� GXH� WR� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� GLVWXUEDQFHV� RI� WKH� VORSH�

SDUDPHWHUV���

)LJXUH� ���� VKRZV� WKH� SUHGLFWLRQV� XQGHU�PRGHO� ���PRGHO� ��� DQG�PRGHO� �� FRPSDUHG�ZLWK� WKH�*5(*�

HVWLPDWHV�IRU�GRPDLQ����7KHUH��WKH�SUHGLFWLRQV�DUH�ODUJHU�WKDQ�WKH�*5(*�HVWLPDWHV�GXULQJ�PRVW�PRQWKV�

RI�WKH�FRQVLGHUHG�\HDUV���

)LJXUH� ���� DQG�)LJXUH� ����� VKRZ� WKDW� WKH� ILOWHUHG� HVWLPDWHV� XQGHU�PRGHO� �� DUH� FORVHU� WR� WKH�*5(*�

HVWLPDWHV�WKDQ�WKH�SUHGLFWLRQV���

7DNLQJ�LQWR�DFFRXQW�WKDW�WKH�03(¶V�DUH�QRW�H[WUHPHO\�ODUJH�DQG�WKDW�ERWK�WKH�PRGHO�SUHGLFWLRQV�DQG�

WKH�*5(*�HVWLPDWHV�DUH�HVWLPDWHG�ZLWK�VRPH�XQFHUWDLQW\��LW�FDQQRW�EH�FRQFOXGHG�IURP�WKH�SUHGLFWLRQV�

WKDW�WKH�PRGHO�HVWLPDWHV�DUH�ELDVHG���
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)LJXUH������*5(*�HVWLPDWHV�DQG�SUHGLFWLRQV�XQGHU�PRGHO����PRGHO����DQG�PRGHO���IRU�GRPDLQ���
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)LJXUH������*5(*�HVWLPDWHV�DQG�SUHGLFWLRQV�DQG�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO����IRU�GRPDLQ���
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0RGHO���SUHGLFWLRQV 0RGHO���ILOWHUHG *5(* �

�

)LJXUH�������*5(*�HVWLPDWHV�DQG�SUHGLFWLRQV�DQG�ILOWHUHG�HVWLPDWHV�XQGHU�PRGHO����IRU�GRPDLQ���
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0RGHO���SUHGLFWLRQV 0RGHO���ILOWHUHG *5(* �

7KH�VTXDUH�URRW�RI�WKH�PHDQ�VTXDUHG�SUHGLFWLRQ�HUURU��5063(��IRUPXOD�$����XQGHU�PRGHO���LV�VKRZQ�

LQ�WKH�VHFRQG�FROXPQ�RI�7DEOH������SHULRG�������������,Q�WKH�RWKHU�FROXPQV��WKH�UDWLR�RI�WKH�5063(�

XQGHU� WKH� RWKHU�PRGHOV� DQG� WKH�5063(� XQGHU�PRGHO� �� LV� FRPSXWHG�� ,W� FDQ� EH� FRQFOXGHG� WKDW� WKH�

SUHGLFWLYH� SRZHU� LV� VLPLODU� IRU� DOO� PRGHOV�� %HFDXVH� WKH� *5(*� HVWLPDWHV� DUH� PHDVXUHG� ZLWK�

XQFHUWDLQW\��D�VOLJKWO\�VPDOOHU�5063(�GRHV�QRW�PHDQ�WKDW�WKH�PRGHO�LV�EHWWHU���

,Q� WKLV� DSSOLFDWLRQ�� WKH� UHVXOWV� IRU� WKH� PHDQ� DEVROXWH� SUHGLFWLRQ� HUURU� �IRUPXOD� $���� DUH� VLPLODU��

7KHUHIRUH��WKH�WDEOH�LV�RPLWWHG�KHUH���
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7DEOH������5063(�XQGHU�PRGHO���DQG�UDWLR�RI�5063(�XQGHU�PRGHO���±���DQG�XQGHU�PRGHO���������

�����

� 5063(� 5DWLR�RI�5063(�DQG�FROXPQ���
� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���
'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����
'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

�

���� &URVV�YDOLGDWLRQ�XVLQJ�WKH�GDWD�RI�������

$V�D�IRUP�RI�FURVV�YDOLGDWLRQ��WKH�PRGHOV�DUH�DSSOLHG�RQ�WKH�GDWD�RI�������7KLV�ZD\�LW�FDQ�EH�FKHFNHG�

ZKHWKHU�WKH�UHVXOWV�FKDQJH�LI�QHZ�GDWD�DUH�DGGHG���

&RPSDULVRQ� RI� WKH� ILOWHUHG� HVWLPDWHV� ZLWK� WKH� *5(*� HVWLPDWHV� DQG�ZLWK� HDFK� RWKHU� VKRZV� VLPLODU�

UHVXOWV�DV�IRU�WKH�SHULRG������������7KH�PRGHO�HVWLPDWHV�DUH�DW�WKH�VDPH�OHYHO�DV�WKH�*5(*�HVWLPDWHV��

ZKHUHDV� PRVW� LUUHJXODULWLHV� LQ� WKH� VHULHV� RI� WKH� *5(*� HVWLPDWHV� DUH� IODWWHQHG� RXW� VLQFH� WKH\� DUH�

FRQVLGHUHG�DV�VXUYH\�HUURUV�XQGHU�WKH�PRGHOV��7KH�GLIIHUHQFHV�EHWZHHQ�WKH�PRGHOV�DUH�VPDOO���

$OVR�� WKH�UHVXOWV�RI� WKH�VWDQGDUG�WHVWV�KDUGO\�FKDQJH��$JDLQ��VRPH�RI� WKH�PRGHO�DVVXPSWLRQV�DUH�QRW�

PHW�XQGHU�PRGHO�������DQG����FDXVHG�E\�RXWOLHUV��8QGHU�PRGHO����PRVW�PRGHO�DVVXPSWLRQV�DUH�PHW��7KH�

RQO\� H[FHSWLRQ� LV� WKH� ILUVW�GRPDLQ��ZKHUH� VRPH�RI� WKH� VDPSOH� DXWRFRUUHODWLRQ� IXQFWLRQV� DUH� VOLJKWO\�

ODUJHU�WKDQ�WKH�FRPSXWHG�ERXQG��7KLV�LV�VLPLODU�DV�LQ�WKH�FDVH�ZKHUH�WKH�GDWD�RI������DUH�H[FOXGHG���

$V�H[SHFWHG��WKH�LPSURYHPHQW�RI�WKH�SUHFLVLRQ�LV�VLPLODU�LQ�WKLV�SHULRG�DV�LQ�WKH�SHULRG�RI������������

FRPSDUH�7DEOH�����DQG�7DEOH������

7DEOH������0HDQ�VWDQGDUG�HUURUV�RYHU������RI�*5(*�HVWLPDWHV�DQG�UHODWLYH�PHDQ�VWDQGDUG�HUURUV�RI�

ILOWHUHG�PRGHO�HVWLPDWHV�

� � 5DWLR�PHDQ�VWDQGDUG�HUURU�DQG�FROXPQ���

� 0HDQ�VWDQGDUG�HUURU�*5(*� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����

�

7DEOH�����VKRZV�WKH�03(�IRU�������6LPLODUO\�DV�LQ�7DEOH������WKH�VWDQGDUG�HUURU�RI�WKH�PHDQ�RI�WKH����

*5(*�HVWLPDWHV�RI�WKH�SHULRG������LV�JLYHQ�LQ�WKH�VHFRQG�FROXPQ��,Q�WKH�RWKHU�FROXPQV��WKH�UDWLR�RI�

WKH�03(�DQG�WKLV�VWDQGDUG�HUURU�LV�FRPSXWHG��:KHUHDV�WKLV�UDWLR�LV�UHODWLYHO\�ODUJH�IRU�GRPDLQ���XQGHU�

PRVW�PRGHOV�IRU�WKH�SHULRG������������WKH�UDWLR�LV�VPDOO�IRU�WKH�SHULRG�������)RU�GRPDLQ����WKH�UDWLR�LV�

UHODWLYHO\�ODUJH�DQG�SRVLWLYH�IRU�WKH�SHULRG������������ZKHUHDV�LW�LV�ODUJH�DQG�QHJDWLYH�IRU�WKH�SHULRG�

������)LJXUH������VKRZV�WKDW�WKH�SUHGLFWLRQV�IRU�WKLV�GRPDLQ�XQGHU�PRGHO����PRGHO����DQG�PRGHO���DUH�
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VOLJKWO\�VPDOOHU�WKDQ�WKH�*5(*�HVWLPDWHV�IRU�PRVW�RI�WKH�PRQWKV�RI�������7KH�VRPHKRZ�ODUJH�YDOXHV�

RI�WKH�03(�LQ�WKH�SHULRG�����������VHHP�WR�EH�FRLQFLGHQFHV�ZKHQ�WKH�UHVXOWV�RYHU������DUH�DGGHG��

)RU�GRPDLQ����WKH�UDWLR�LV�UHODWLYHO\�ODUJH�DQG�QHJDWLYH�IRU�WKH�SHULRG�������)LJXUH������VKRZV�WKDW�WKH�

SUHGLFWLRQV�DUH�VPDOOHU�WKDQ�WKH�*5(*�HVWLPDWHV�IRU�DURXQG�WKH�VHFRQG�KDOI�RI�������6LPLODUO\�DV�IRU�

WKH�SHULRG������������7DEOH������WKHUH�LV�QR�LQGLFDWLRQ�WKDW�WKH�PRGHO�HVWLPDWHV�DUH�ELDVHG���

7DEOH������5DWLRV�RI�03(�XQGHU���PRGHOV�DQG�WKH�VWDQGDUG�HUURU�RI�WKH�PHDQ�RI�WKH�*5(*�HVWLPDWHV��

SHULRG������

� � 5DWLR�03(�DQG�FROXPQ���

� 6WDQGDUG�HUURU��
PHDQ�*5(*�
HVWLPDWHV�

0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

'RPDLQ��� ������� ����� ������ ������ ������ ������ ������ ������

'RPDLQ��� ������� ������ ������ ������ ������ ������ ������ ������

'RPDLQ��� ������� ������ ������ ������ ������ ������ ������ ������

'RPDLQ��� ������� ������ ������ ������ ������ ������ ������ ������

'RPDLQ��� ������� ������ ������ ������ ������ ������ ����� ������

'RPDLQ��� ������� ����� ����� ����� ����� ����� ����� �����
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0RGHO�� 0RGHO�� 0RGHO�� *5(* �

7DEOH����� VKRZV� WKH�5063(� IRU� ������6LPLODUO\� DV� LQ�7DEOH� ����� WKH�5063(� �IRUPXOD�$���� XQGHU�

PRGHO���LV�VKRZQ�LQ�WKH�VHFRQG�FROXPQ��,Q�WKH�RWKHU�FROXPQV��WKH�UDWLR�RI�WKH�5063(�XQGHU�WKH�RWKHU�

PRGHOV�DQG�WKH�5063(�XQGHU�PRGHO���LV�FRPSXWHG��,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�SUHGLFWLYH�SRZHU�LV�

DJDLQ� VLPLODU� XQGHU� DOO� PRGHOV�� %HFDXVH� QRZ� D� VKRUWHU� SHULRG� LV� FRQVLGHUHG�� WKH� UHVXOWV� DUH� PRUH�

LQIOXHQFHG�E\�FRLQFLGHQFHV���

)LJXUH������VKRZV�WKDW�IRU�VRPH�PRQWKV��IRU�H[DPSOH�)HEUXDU\��$SULO�DQG�-XQH��WKH�SUHGLFWLRQ�XQGHU�

PRGHO���LV�FORVHU�WR�WKH�*5(*�HVWLPDWH�WKDQ�WKH�SUHGLFWLRQV�XQGHU�PRGHO���DQG�PRGHO����IRU�GRPDLQ����

7KHUHIRUH��WKH�5063(�XQGHU�PRGHO���LV�VOLJKWO\�VPDOOHU�WKDQ�WKH�5063(�XQGHU�PRGHO���DQG�PRGHO����

6LPLODUO\�� IRU�GRPDLQ��� WKH�SUHGLFWLRQV�XQGHU�PRGHO��� DUH� FORVHU� WR� WKH�*5(*� WKDQ� WKH�SUHGLFWLRQV�

XQGHU�PRGHO���DQG�PRGHO����)HEUXDU\��0DUFK��$XJXVW��DQG�6HSWHPEHU��VHH�)LJXUH��������7KHUHIRUH��

WKH�5063(�XQGHU�PRGHO���LV�VOLJKWO\�VPDOOHU�WKDQ�WKH�5063(�XQGHU�PRGHO���DQG�PRGHO�����

,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�SUHGLFWLYH�SRZHU�LV�VLPLODU�XQGHU�DOO�PRGHOV���

7DEOH������5063(�XQGHU�PRGHO���DQG�UDWLR�RI�5063(�XQGHU�PRGHO���±���DQG�XQGHU�PRGHO���������

� 5063(� 5DWLR�RI�5063(�DQG�FROXPQ���

� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����

'RPDLQ��� ������� ����� ����� ����� ����� ����� �����
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0RGHO�� 0RGHO�� 0RGHO�� *5(* �

���� 0RGHO�VHOHFWLRQ�

,W�LV�IRXQG�WKDW�IRU�PRGHO���PRVW�PRGHO�DVVXPSWLRQV�DUH�PHW��ZKHWKHU�WKH�GDWD�IURP������DUH�LQFOXGHG�

RU�QRW��)XUWKHUPRUH��PRGHO���KDV�WKH�PRVW�SUHFLVH�HVWLPDWHV��ZKHUHDV�WKH�SUHGLFWLYH�SRZHU�LV�VLPLODU�

XQGHU�DOO�PRGHOV��7KHUHIRUH��PRGHO���LV�VHOHFWHG��

��� &RLQWHJUDWHG�WUHQGV�DQG�RWKHU�HVWLPDWLRQ�UHVXOWV�RI�WKH�VWDWH�YHFWRU�

,Q�WKLV�VHFWLRQ�WKH�HVWLPDWLRQ�UHVXOWV�RI�PRGHO���DUH�GLVFXVVHG�LQ�PRUH�GHWDLO��,Q�6HFWLRQ�����DQG������

WKH�GDWD�RI������������DUH�XVHG��,Q�6HFWLRQ������LW�LV�VKRZQ�KRZ�WKH�UHVXOWV�FKDQJH�LI�D�VKRUWHU�WLPH�

VHULHV�RI�*5(*�HVWLPDWHV�LV�XVHG�DV�LQSXW�RI�WKH�WLPH�VHULHV�PRGHO���

���� 7KH�WUHQG�FRPSRQHQWV�

,W�WXUQV�RXW�WKDW�LQ�PDWUL[� 7$'$4 = �WKH���VW��WKH���WK��DQG�WKH���VW�HOHPHQW�RI�WKH�GLDJRQDO�PDWUL[�' �

DUH�HVWLPDWHG�DV�]HUR��7KHVH�HOHPHQWV�EHORQJ�WR�WKH�GLVWXUEDQFHV�RI�WKH�VORSHV�RI�WKH�IRUWK��ILIWK�DQG�

VL[WK�GRPDLQ��7KLV�PHDQV�WKDW�WKH�WUHQGV�RI�WKH�VL[�GRPDLQV�DUH�FRLQWHJUDWHG�DQG�WKDW�WKUHH�FRPPRQ�

WUHQGV�DUH�VXIILFLHQW�WR�GHVFULEH�WKH�XQHPSOR\PHQW�UDWH�RI�VL[�GRPDLQV��0RGHO���FDQ�DOVR�EH�ZULWWHQ�LQ�

WKH�IROORZLQJ�ZD\��

W
77

W
7
WWWWW [[6//< ++++= Φ

+ ������� ������� �

ZLWK� ���� ������
++++ = WWWW //// �WKH�YHFWRU�ZLWK�WKUHH�FRPPRQ�WUHQGV��ZKLFK�DUH�PRGHOOHG�DV�VPRRWK�WUHQGV�

ZLWKRXW�FRUUHODWLRQ�� �D� ��× �PDWUL[�RI�VWDQGDUGL]HG�IDFWRU�ORDGLQJV�ZLWK�RQHV�RQ�WKH�GLDJRQDO��L�H��

������� == LLLϕ �� DQG� �=LMϕ � IRU� LM > �� 7KH� RWKHU� HOHPHQWV� RI� � DUH� WKH� QRQ�]HUR� QRQ�GLDJRQDO�

HOHPHQWV� RI� WKH� PDWUL[� $ �� L�H�� ������� D=ϕ �� ������� D=ϕ �«� �������� D=ϕ �� W�Φ/ � LV� D� YHFWRU� RI� VL[�
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HOHPHQWV��ZKHUH�WKH�ILUVW�WKUHH�HOHPHQWV�DUH�]HUR�DQG�WKH�ODVW�WKUHH�HOHPHQWV�KDYH�WKH�IRUP� W5/ GG + ��

7KH�FRPSRQHQWV� W6 �� ������� ������ [[ 7
W

7
W �DQG� W �DUH�GHILQHG�DV� LQ�6HFWLRQ����IRU�JHQHUDO� LQIRUPDWLRQ�

DERXW�FRLQWHJUDWLRQ�XQGHU�VWUXFWXUDO�WLPH�VHULHV�PRGHOV�VHH�.RRSPDQ�HW��DO������D����

%HFDXVH� RI� WKH� FRPPRQ� WUHQGV�� LQIRUPDWLRQ� IURP� RWKHU� GRPDLQV� LV� ERUURZHG� LQ� DQ� HIILFLHQW� ZD\��

6KRUWO\�VSRNHQ��RQO\�WKUHH�LQGHSHQGHQW�WUHQGV�DUH�QHFHVVDU\�WR�GHVFULEH�WKH�WUHQGV�RI�WKH�VL[�GRPDLQV��

7KH�IROORZLQJ�PDWUL[� �LV�IRXQG�
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7KH�YDOXHV�IRU� G/ �DQG� G5 �DUH�JLYHQ�LQ�7DEOH�������

7DEOH������7KH�YDOXHV�IRU� G/ �DQG� G5 �

� G� � �
� �� �� ��

G5 � ���������� ���������� ����������
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7KH� IDFW� WKDW� WKH� WUHQGV� DUH� FRLQWHJUDWHG� RIIHUV� LQWHUHVWLQJ� SRVVLELOLWLHV� RI� LQWHUSUHWDWLRQ�� ,Q� WKLV�

DSSOLFDWLRQ��WKH�WUHQG�RI�WKH���GRPDLQV�FDQ��XS�WR�WKH�OLQHDU�FRUUHFWLRQ� W5/ GG + ��EH�ZULWWHQ�DV�D�OLQHDU�

FRPELQDWLRQ�RI�WKUHH�FRPPRQ�WUHQGV��7KH�ILUVW�DQG�WKH�VHFRQG�WUHQG�DUH�TXLWH�VLPLODU��H[FHSW�WKDW�WKH�

PLQLPXP� DQG� PD[LPXP� RI� WKH� VHFRQG� WUHQG� DUH� DURXQG� ��� PRQWKV� ODWHU� WKDQ� WKH� PLQLPXP� DQG�

PD[LPXP�RI� WKH� ILUVW� WUHQG��7KH� WKLUG� WUHQG� LV� VPDOOHU� DQG�QHJDWLYH�� LW� LV��KRZHYHU��PXOWLSOLHG�ZLWK�

UHODWLYHO\�ODUJH�QHJDWLYH�FRQVWDQWV�IRU�WKH�ODVW�WKUHH�GRPDLQV��7KH�PDWUL[� �VKRZV�ZKLFK�ZHLJKWV�DUH�

JLYHQ�WR�WKHVH�WKUHH�WUHQGV�WR�FRPSXWH�WKH�WUHQGV�RI�WKH�VL[�GRPDLQV��)LJXUH�����VKRZV�WKH�VPRRWKHG�

HVWLPDWHV�RI�WKH�WUHQGV� ������� ������������ WWWWWW ////// �RI�PRGHO���WRJHWKHU�ZLWK�WKH�VPRRWKHG�HVWLPDWHV�

RI�WKH�FRPPRQ�WUHQGV� ���� ������
++++ = WWWW //// ���
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ILUVW�FRPPRQ�WUHQG��HTXDO�WUHQG�GRPDLQ��� VHFRQG�FRPPRQ�WUHQG
WKLUG�FRPPRQ�WUHQG WUHQG�GRPDLQ��
WUHQG�GRPDLQ�� WUHQG�GRPDLQ��
WUHQG�GRPDLQ�� WUHQG�GRPDLQ�� �

)RU�GRPDLQ����WKH�WUHQG� ��W/ �LV�D�OLQHDU�FRPELQDWLRQ�RI�WKH�FRPPRQ�WUHQGV� +
��W/ �DQG� +

��W/ ��WKHUHIRUH��WKH�

PD[LPXP�RI� ��W/ �LV�EHWZHHQ�WKH�PD[LPD�RI� +
��W/ �DQG� +

��W/ ��EHFDXVH�WKH�ZHLJKW�RI�WKH�VHFRQG�WUHQG� +
��W/ �

LV�ODUJHU��WKH�PD[LPXP�LV�FORVH�WR�WKH�PD[LPXP�RI� +
��W/ ��)RU�GRPDLQ���DQG����WKH�ZHLJKWV�RI� +

��W/ �DQG�
+

��W/ �DUH�VLPLODU�� WKHUHIRUH��WKH�PD[LPD�RI� ��W/ �DQG� ��W/ �DUH�DURXQG�KDOIZD\�EHWZHHQ�WKH�PD[LPD�RI�
+

��W/ �DQG� +
��W/ ��)RU�GRPDLQ���DQG����WKH�ZHLJKW�RI�WKH�VHFRQG�WUHQG� +

��W/ �LV�ODUJH��WKHUHIRUH��WKH�PD[LPD�

RI� ��W/ �DQG� ��W/ �DUH�FORVH�WR�WKH�PD[LPXP�RI� +
��W/ ��VLPLODUO\�DV�IRU�GRPDLQ����7KH�WKLUG�WUHQG� +

��W/ �KDV�

QR� FOHDU� PD[LPXP�� WKHUHIRUH�� WKH� LQIOXHQFH� RI� WKLV� WUHQG� RQ� WKH� PD[LPD� LV� VPDOO�� )RU� GRPDLQ� ��

KRZHYHU��ZLWK�D�ODUJH�ZHLJKW�RI� +
��W/ ��WKH�PD[LPXP�RI�WKH�WUHQG�LV�ODWHU�WKDQ�WKH�PD[LPXP�RI� +

��W/ ��,W�

FDQ�EH�FRQFOXGHG�IURP�WKH�PDWUL[� �DQG�IURP�)LJXUH�����WKDW�LQ�WKH�FRQVLGHUHG�SHULRG��GRPDLQ���DQG�

GRPDLQ����PDQ�DQG�ZRPHQ��������GHYHORS�PRUH�RU�OHVV�VLPXOWDQHRXVO\��7KH�VDPH�LV�WUXH�IRU�GRPDLQ���

�ZRPHQ���������GRPDLQ���DQG����PHQ�DQG�ZRPHQ���������7KHVH�ODWHVW�WKUHH�JURXSV�DUH�WKH�ODVW�WR�WDNH�

DGYDQWDJH�IURP�LPSURYHPHQWV�RI�WKH�ODERXU�PDUNHW��
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7KH� PDWUL[� � LV� QRW� XQLTXH�� %\� WUDQVIRUPLQJ� WKLV� PDWUL[�� RWKHU� LQWHUSUHWDWLRQV� DUH� SRVVLEOH� �VHH�

.RRSPDQ�HW��DO������D���%HFDXVH� WKH�PDLQ�JRDO�RI� WKH�SDSHU� LV� WKH�HVWLPDWLRQ�RI� WKH�XQHPSOR\PHQW�

UDWH��WKLV�LV�QRW�ZRUNHG�RXW���

)URP�WKH�HVWLPDWLRQ�UHVXOWV��WKH�FRUUHODWLRQV�EHWZHHQ�WKH�GLVWXUEDQFHV�RI�WKH�VORSHV�FDQ�EH�FRPSXWHG��

7KH\�DUH�SUHVHQWHG�LQ�7DEOH�������

7DEOH�����&RUUHODWLRQV�XQGHU�WKH�PRGHO�ZLWK�GLIIHUHQW�FRUUHODWLRQV�

� 'RPDLQ��� 'RPDLQ��� 'RPDLQ��� 'RPDLQ��� 'RPDLQ���
'RPDLQ��� ����� ����� ����� ����� �����
'RPDLQ��� � ����� ����� ����� �����
'RPDLQ��� � � ����� ����� �����
'RPDLQ��� � � � ����� �����
'RPDLQ��� � � � � �����

7KH�WDEOH�VKRZV�WKDW�VRPH�RI�WKH�FRUUHODWLRQV�DUH�FORVH�WR����ZKHUHDV�RWKHU�FRUUHODWLRQV�DUH�VPDOO��,Q�

WKH�PRGHO�ZLWK�HTXDO�FRUUHODWLRQV��PRGHO�����WKH�FRUUHODWLRQ�LV�HVWLPDWHG�DV�������

���� 7KH�VHDVRQDO�FRPSRQHQWV�

7KH�VPRRWKHG�HVWLPDWHV�RI�WKH�VHDVRQDO�HIIHFW�RI�GRPDLQ���LV�VKRZQ�LQ�)LJXUH�������

)LJXUH������6PRRWKHG�HVWLPDWHV�RI�VHDVRQDO�HIIHFW�RI�GRPDLQ���XQGHU�PRGHO���

�����

������

�����
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7LPH

6
HD
VR
Q
DO

6HDVRQDO�GRPDLQ�� �

�

7KH�ILJXUH�VKRZV�WKDW�WKH�VHDVRQDO�HIIHFW�FKDQJHV�JUDGXDOO\�RYHU�WLPH��7KH�K\SHUSDUDPHWHU�RI�WKH�VL[WK�

KDUPRQLF�RI� WKH�VHDVRQDO� LV�HVWLPDWHG�DV� ������� −× ��ZKLFK�PHDQV� WKDW�WKLV�KDUPRQLF�LV�DOORZHG�WR�

FKDQJH�JUDGXDOO\�RYHU�WLPH��7KH�K\SHUSDUDPHWHUV�RI�WKH�RWKHU�KDUPRQLFV��KRZHYHU��DUH�HVWLPDWHG�DV�

]HUR�� ZKLFK� PHDQV� WKDW� WKH� RWKHU� KDUPRQLFV� DUH� FRQVWDQW� RYHU� WLPH�� 7KH� VXP� RI� WKHVH� FRQVWDQW�

KDUPRQLFV��ILUVW��VHFRQG�DQG�WKLUG��LV�VKRZQ�LQ�)LJXUH������WKH�VL[WK�KDUPRQLF�LV�VKRZQ�LQ�)LJXUH������

7KH�VXP�RI�WKH�HVWLPDWHV�LQ�)LJXUH�����DQG�)LJXUH�����HTXDOV�WKH�HVWLPDWHV�LQ�)LJXUH������1RWH�WKDW�WKH�

VL[WK�KDUPRQLF�LV�SRVLWLYH�LQ�WKH�HYHQ�PRQWKV�DQG�QHJDWLYH�LQ�WKH�XQHYHQ�PRQWKV�LQ�WKH�ILUVW�\HDUV��,Q�
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WKH�ODVW�\HDUV�WKLV�LV�UHYHUVHG��7KLV�H[SODLQV�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�HVWLPDWHV�RI������DQG������LQ�

)LJXUH�������

�

)LJXUH������6PRRWKHG�HVWLPDWHV�RI�WKH�VXP�RI�ILUVW��VHFRQG�DQG�WKLUG�VHDVRQDO�KDUPRQLF�RI�GRPDLQ���
XQGHU�PRGHO���
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7LPH
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)LUVW��VHFRQG��WKLUG�KDUPRQLF�RI�VHDVRQDO�RI�GRPDLQ�� �

)LJXUH������6PRRWKHG�HVWLPDWHV�RI�VL[WK�VHDVRQDO�FRPSRQHQW�RI�GRPDLQ���XQGHU�PRGHO���
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7LPH
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6L[WK�KDUPRQLF�RI�VHDVRQDO�RI�GRPDLQ�� �

%HFDXVH�VRPH�RI�WKH�VHDVRQDO�FRPSRQHQWV�DUH�DOORZHG�WR�FKDQJH�JUDGXDOO\�RYHU�WLPH��ZKHUHDV�RWKHUV�

DUH�FRQVWDQW�� WKH�VLPSOLILFDWLRQ� �
�

�
�� GMG ωω σσ = � LQ�IRUPXOD�������LV�QRW�DSSURSULDWH� LQ� WKLV�DSSOLFDWLRQ��

7KLV�VLPSOLILFDWLRQ�ZRXOG�PHDQ�WKDW�HLWKHU�DOO�FRPSRQHQWV�DUH�FRQVWDQW��RU�QR�FRPSRQHQW�LV�FRQVWDQW���

7KH� VHDVRQDO� HIIHFWV� RI�PRVW� RI� WKH� RWKHU� GRPDLQV� DOVR� FKDQJH�JUDGXDOO\� RYHU� WLPH�� WKH� ILJXUHV� DUH�

DGGHG�LQ�DSSHQGL[�$����$���$������
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���� 5HVXOWV�GHSHQG�RQ�OHQJWK�RI�WKH�VHULHV�

7KH� UHVXOWV� VKRZQ� LQ� 6HFWLRQ� ���� DQG� ���� DUH� EDVHG� RQ� WKH� GDWD� ����� ±� ������ ,Q� WKLV� FDVH�� WKUHH�
FRPPRQ�WUHQGV�DUH�QHFHVVDU\��:LWK�D�VKRUWHU�RU�ORQJHU�VHULHV��WKLV�FDQ�FKDQJH��VLQFH�WKH�HVWLPDWHV�RI�
WKH�K\SHUSDUDPHWHU�GHSHQG�RQ�WKH�OHQJWK�RI�WKH�DYDLODEOH�VHULHV��)LJXUH�����VKRZV�WKH�ORJDULWKPV�RI�WKH�

VHFRQG��WKH���WK��DQG�WKH���UG�HOHPHQW�RI�WKH�GLDJRQDO�PDWUL[�' �ZKHQ�WKH�WLPH�VHULHV�IURP������XS�WR�
RQH�RI� WKH�PRQWKV� LQ����������� LV�XVHG�DV� LQSXW��7KHVH�HOHPHQWV�EHORQJ� WR� WKH�GLVWXUEDQFHV�RI� WKH�
VORSHV�RI�WKH�ILUVW�WKUHH�GRPDLQV��7KH���UG�HOHPHQW�LV�]HUR�ZKHQ�WKH�WLPH�VHULHV�HQGV�LQ�$SULO������RU�
-XQH�±�2FWREHU��������

7KH���VW�� WKH���WK�� DQG� WKH���VW� HOHPHQW�RI� WKH�GLDJRQDO�PDWUL[� ' � DUH� HVWLPDWHG�DV� ]HUR�DOVR� IRU� WKH�
VKRUWHU�VHULHV���

)LJXUH������/RJDULWKPV�RI�K\SHUSDUDPHWHUV�YHUVXV�OHQJWK�RI�WLPH�VHULHV�
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(QG�RI�WLPH�VHULHV

/
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'RPDLQ�� 'RPDLQ�� 'RPDLQ�� �

7KH�ILJXUH�VKRZV�WKDW�WKH�HVWLPDWHV�RI�WKH�K\SHUSDUDPHWHUV�DUH�UDWKHU�VWDEOH�IRU� WKH�ILUVW�DQG�VHFRQG�
GRPDLQ��)RU�WKH�WKLUG�GRPDLQ��WKH�HVWLPDWHV�RI�WKH�K\SHUSDUDPHWHU�DUH�FOHDUO\�VPDOOHU�WKDQ�IRU�WKH�ILUVW�
WZR�GRPDLQV��)XUWKHUPRUH�� LW� LV� OHVV� VWDEOH��0RVW� LPSRUWDQWO\�� WKH�HVWLPDWH� LV� ]HUR� IRU� VRPH�VKRUWHU�
VHULHV�� 7KLV� PHDQV� WKDW� LQ� WKHVH� FDVHV�� RQO\� WZR� FRPPRQ� WUHQGV� DUH� QHFHVVDU\�� 6LQFH� ������ WKUHH�
FRPPRQ�WUHQGV�DUH�DOZD\V�QHFHVVDU\��,W�GHFUHDVHG�LQ�WKH�VHFRQG�KDOI�RI������DQG�LQFUHDVHG�LQ��������

7KH� K\SHUSDUDPHWHUV� �
�Gνσ � RI� WKH� VLJQDO� HTXDWLRQ� �VHH� HTXDWLRQ� ����� DUH� JLYHQ� LQ�7DEOH� ����� 7KHVH�

K\SHUSDUDPHWHUV�DUH�LQGHHG�HVWLPDWHG�FORVH�WR����

7DEOH������+\SHUSDUDPHWHUV�RI�WKH�VLJQDO�HTXDWLRQ�

'RPDLQ� +\SHUSDUDPHWHU�
�� �����
�� �����
�� �����
�� �����
�� �����
�� �����
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��� 'LVFXVVLRQ�DQG�FRQFOXVLRQ�

,Q� WKLV� SDSHU� D� PXOWLYDULDWH� VWUXFWXUDO� WLPH� VHULHV� PRGHO� WR� HVWLPDWH� WKH� XQHPSOR\PHQW� UDWH� RI� VL[�

GRPDLQV�VLPXOWDQHRXVO\�LV�GHYHORSHG���

:LWK� VWUXFWXUDO� WLPH� VHULHV� PRGHOV�� WKH� SUHFLVLRQ� RI� WKH� HVWLPDWHV� FDQ� EH� LPSURYHG� VXEVWDQWLDOO\�

FRPSDUHG�ZLWK�WKH�*5(*�HVWLPDWHV��7KLV�DSSURDFK�LV�EDVHG�RQ�WKH�LGHD�WKDW�WKH�SRSXODWLRQ�SDUDPHWHU�

RI�WKLV�PRQWK�LV�VWURQJO\�UHODWHG�WR�WKH�SRSXODWLRQ�SDUDPHWHU�RI�WKH�PRQWK�EHIRUH��$�WLPH�VHULHV�PRGHO�

FDQ� EH� XVHG� WR� GHVFULEH� WKH� GHYHORSPHQW� RI� WKLV� SRSXODWLRQ� SDUDPHWHU� DQG�PDNLQJ� DGYDQWDJH� IURP�

VDPSOH� LQIRUPDWLRQ� REVHUYHG� LQ� SUHFHGLQJ� SHULRGV� WR� LPSURYH� WKH� HVWLPDWHV� RI� WKH� DFWXDO� PRQWK��

)XUWKHU�� EXW� VXEVWDQWLDOO\� VPDOOHU�� LPSURYHPHQWV� DUH� SRVVLEOH� E\� ERUURZLQJ� LQIRUPDWLRQ� IURP� RWKHU�

GRPDLQV� E\� PRGHOOLQJ� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� SDUDPHWHUV� RI� WKH� WLPH� VHULHV� PRGHOV� IRU� WKH�

GRPDLQV��

6HYHQ� PRGHOV� DUH� FRPSDUHG�� 7KH� PRGHO� ZKLFK� LV� ILQDOO\� VHOHFWHG� DOORZV� IRU� GLIIHUHQW� FRUUHODWLRQV�

EHWZHHQ� WKH� GLVWXUEDQFHV� RI� WKH� VORSH� SDUDPHWHUV� RI� DOO� GRPDLQV�� %HFDXVH� WKH� VORSH� SDUDPHWHU�

GHVFULEHV�WKH�FKDQJHV�LQ�WKH�WUHQGV�RI�WKH�GRPDLQV��LQIRUPDWLRQ�DERXW�WKH�WUHQG�RI�WKH�RWKHU�GRPDLQV�LV�

ERUURZHG�WR�LPSURYH�WKH�HVWLPDWHV�E\� WKHVH�FRUUHODWLRQV��2XWOLHU�PRGHOOLQJ� LV� LQFOXGHG�LQ�WKH�PRGHO�

DQG�WKH�QRQ�VLJQLILFDQW�FRPSRQHQWV�RI� WKH�VHDVRQDO�HIIHFW�DUH�UHPRYHG��7KH�ILOWHUHG�HVWLPDWHV�XQGHU�

FRPSHWLQJ�PRGHOV�DUH�TXLWH�VLPLODU��7KH�PRGHO�VHOHFWLRQ� LV� WKHUHIRUH�EDVHG�RQ�WKH�PRGHO�HYDOXDWLRQ�

DQG� WKH� SUHFLVLRQ� RI� WKH�PRGHO� HVWLPDWHV�� 7KH� VHOHFWHG� PRGHO� LV� PRUH� SUHFLVH� WKDQ� WKH� FRPSHWLQJ�

PRGHOV��)XUWKHUPRUH��WKH�PRGHO�HYDOXDWLRQ�UHVXOWV�IRU�WKLV�PRGHO�DUH�VDWLVI\LQJ��,Q�WKLV�DSSOLFDWLRQ��WKH�

JDLQ� LQ� SUHFLVLRQ� E\� ERUURZLQJ� LQIRUPDWLRQ� IURP� RWKHU� GRPDLQV� LV� ODUJH�� EHFDXVH� WKH� WUHQGV� DUH�

FRLQWHJUDWHG��(IIHFWLYHO\�� RQO\� WKUHH� WUHQGV� KDYH� WR� EH� HVWLPDWHG� LQ� WKH�PRGHO��7KH�SUHFLVLRQ�RI� WKH�

PRGHO�LV�DOVR�LPSURYHG�EHFDXVH�VRPH�RI�WKH�KDUPRQLFV�RI�WKH�VHDVRQDO�FRPSRQHQW�DUH�UHPRYHG��7KH�

VHOHFWHG�PRGHO�PHHWV� WKH� XQGHUO\LQJ�PRGHO� DVVXPSWLRQV� IRU� DOPRVW� DOO� GRPDLQV� EHFDXVH� RI� RXWOLHU�

PRGHOOLQJ�� :LWKRXW� WKLV� RXWOLHU� PRGHOOLQJ�� VRPH� PRGHO� DVVXPSWLRQV� DUH� YLRODWHG� ZKLFK� LV�

GHPRQVWUDWHG�ZLWK�VRPH�RI�WKH�FRPSHWLQJ�PRGHOV���

$V� D� IRUP� RI� FURVV�YDOLGDWLRQ�� WKH�PHDQ� RI� WKH� SUHGLFWLRQ� HUURUV� LV� XVHG� WR� FKHFN� IRU� ELDVHG�PRGHO�

HVWLPDWHV��ZKLFK�DUH�QRW�IRXQG��,W� LV�IXUWKHUPRUH�H[SHFWHG�WKDW�WKH�PHDQ�RI�WKH�SUHGLFWLRQ�HUURUV��WKH�

PHDQ� DEVROXWH� SUHGLFWLRQ� HUURU� DQG� WKH� PHDQ� VTXDUHG� SUHGLFWLRQ� HUURU� DUH� XVHIXO� WR� FRPSDUH� WKH�

SUHGLFWLYH�SRZHU�RI�GLIIHUHQW�PRGHOV��)RU�WKH�PRGHOV�FRQVLGHUHG�LQ�WKLV�SDSHU��KRZHYHU��WKH�SUHGLFWLYH�

SRZHU� LV� VLPLODU�� 7KHUHIRUH�� WKHVH� PHDVXUHV� DUH� QRW� KHOSIXO� WR� GLVWLQJXLVK� EHWZHHQ� WKH� FRQVLGHUHG�

PRGHOV��

7KH�PRGHO�GHVFULEHG�LQ�WKLV�SDSHU�GRHV�QRW�XVH�WKH�LQIRUPDWLRQ�IURP�WKH�&$7,�ZDYHV�RI�WKH�URWDWLQJ�

SDQHO�GHVLJQ�RI�WKH�/)6�DQG�LW�LV�WKHUHIRUH�QRW�DSSURSULDWH�WR�XVH�WKLV�PRGHO�LQ�WKH�SURGXFWLRQ�SURFHVV�

WR� HVWLPDWH�PRQWKO\� ILJXUHV� DERXW� WKH�XQHPSOR\PHQW� UDWH��$� VWUXFWXUDO� WLPH� VHULHV�PRGHO� WKDW� WDNHV�

DGYDQWDJHV�RI�WKH�URWDWLQJ�SDQHO�GHVLJQ�WR�HVWLPDWH�WKH�XQHPSOR\PHQW�UDWH�RI�WKH� WRWDO�SRSXODWLRQ�LV�

GHVFULEHG� LQ� 9DQ� GHQ� %UDNHO� DQG� .ULHJ� ������� ������ ������� 7KLV� PRGHO� LV� LPSOHPHQWHG� LQ� WKH�

SURGXFWLRQ�SURFHVV�LQ�������,W�LV�XVHG�WR�HVWLPDWH�ILJXUHV�DERXW�WKH�WRWDO�SRSXODWLRQ�DQG�DERXW�GRPDLQV��

+RZHYHU��QR�LQIRUPDWLRQ�LV�ERUURZHG�IURP�RWKHU�GRPDLQV�LQ�WKLV�PRGHO��7KH�UHVXOWV�IURP�WKLV�SDSHU�

VKRZ� WKDW� E\� H[WHQGLQJ� WKLV� PRGHO� IRU� VL[� GRPDLQV� WKH� SUHFLVLRQ� RI� WKH� HVWLPDWHV� FDQ� EH� IXUWKHU�
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LPSURYHG�� )XUWKHU� LPSURYHPHQW�ZRXOG� EH� SRVVLEOH� E\� XVLQJ� DX[LOLDU\� LQIRUPDWLRQ�� H�J�� LQIRUPDWLRQ�

DERXW�WKH�UHJLVWHUHG�XQHPSOR\PHQW��

�
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6SDFH�XVLQJ�6VI3DFN������/RQGRQ��7LPEHUODNH�&RQVXOWDQWV�3UHVV��
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.ULHJ�� 6�� DQG� -�$�� YDQ� GHQ�%UDNHO� �������� (VWLPDWLRQ� RI� WKH�0RQWKO\�8QHPSOR\PHQW�5DWH� IRU� 6L[�
'RPDLQV� WKURXJK�6WUXFWXUDO�7LPH�6HULHV�0RGHOOLQJ��&%6� UDSSRUW��ESD�QU�6.5*������������
'0+��&HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN��+HHUOHQ���

/HPDvWUH��*��DQG�-��'XIRXU���������$Q�,QWHJUDWHG�0HWKRG�IRU�:HLJKWLQJ�3HUVRQV�DQG�)DPLOLHV��6XUYH\�
0HWKRGRORJ\������SS�����������

1LHXZHQEURHN��1�� DQG�+�-��%RRQVWUD� ��������%DVFXOD� ����5HIHUHQFH�0DQXDO��&%6� UDSSRUW�� ESD�QU���
�������702��&HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN��+HHUOHQ��

3IHIIHUPDQQ��'����������(VWLPDWLRQ�DQG�6HDVRQDO�$GMXVWPHQW�RI�3RSXODWLRQ�0HDQV�8VLQJ�'DWD�IURP�
5HSHDWHG�6XUYH\V��-RXUQDO�RI�%XVLQHVV�	�(FRQRPLF�6WDWLVWLFV�����SS�����������

3IHIIHUPDQQ��'�� DQG� 6�5�� %OHXHU� �������� 5REXVW� -RLQW�0RGHOOLQJ� RI� /DERXU� )RUFH� 6HULHV� RI� 6PDOO�
$UHDV��6XUYH\�0HWKRGRORJ\������SS�����������

3IHIIHUPDQQ�� '�� DQG� /�� %XUFN� �������� 5REXVW� 6PDOO� $UHD� (VWLPDWLRQ� &RPELQLQJ� 7LPH� 6HULHV� DQG�
&URVV�6HFWLRQDO�'DWD��6XUYH\�0HWKRGRORJ\������SS�����������

3IHIIHUPDQQ��'���0��)HGHU��DQG�'��6LJQRUHOOL���������(VWLPDWLRQ�RI�$XWRFRUUHODWLRQV�RI�6XUYH\�(UURUV�
ZLWK� $SSOLFDWLRQ� WR� 7UHQG� (VWLPDWLRQ� LQ� 6PDOO� $UHDV�� -RXUQDO� RI� %XVLQHVV� 	� (FRQRPLF�
6WDWLVWLFV������SS�����������

3IHIIHUPDQQ�� '�� DQG� 5�� 7LOOHU� �������� 6PDOO� $UHD� (VWLPDWLRQ� ZLWK� 6WDWH� 6SDFH�0RGHOV� 6XEMHFW� WR�
%HQFKPDUN�&RQVWUDLQWV��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�������SS�������������

5DR��-�1�.����������6PDOO�$UHD�(VWLPDWLRQ��1HZ�<RUN��:LOH\�HQ�6RQV��

6lUQGDO��&�(���%�� 6ZHQVVRQ�� DQG� -��:UHWPDQ� ��������0RGHO� $VVLVWHG� 6XUYH\� 6DPSOLQJ��1HZ�<RUN��
6SULQJHU�9HUODJ��

6FRWW�� $�-�� DQG� 7�0�)�� 6PLWK� �������� $QDO\VLV� RI� 5HSHDWHG� 6XUYH\V� XVLQJ� 7LPH� 6HULHV� 0HWKRGV��
-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������SS�����������

7LOOHU��5�%����������7LPH�6HULHV�0RGHOOLQJ�RI�6DPSOH�6XUYH\�'DWD�IURP�WKH�8�6��&XUUHQW�3RSXODWLRQ�
6XUYH\��-RXUQDO�RI�2IILFLDO�6WDWLVWLFV��YRO�����SS�����������
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$SSHQGL[�

$���'LDJQRVWLFV�IRU�WKH�SUHGLFWLRQ�HUURUV�

%,&� DQG�$,&� DUH� SRSXODU� FULWHULD� IRU� FRPSDULQJ� DQG� VHOHFWLQJ� VWDWLVWLFDO� PRGHOV�� 7KH� XVH� RI� WKHVH�

FULWHULD� LQ� WKH� FRQWH[W� RI� VWUXFWXUDO� WLPH� VHULHV� PRGHOV� LV� QRW� VWUDLJKWIRUZDUG� DQG� LV� WKHUHIRUH� QRW�

GLVFXVVHG�DQG�DSSOLHG�LQ�WKLV�SDSHU��6HH�%RRQVWUD�HW�DO���������IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�DERXW�WKH�

XVH�RI�$,&�DQG�%,&�LQ�WKLV�FRQWH[W���

7KH�RQH�VWHS�IRUHFDVW�HUURUV�RU�SUHGLFWLRQ�HUURUV� GW �υ �DUH�GHILQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RQH�

VWHS�IRUHFDVWV� GWW ��_ −θ �DQG�WKH�*5(*�HVWLPDWHV��7KH�XQGHUO\LQJ�DVVXPSWLRQV�RI�WKH�VWDWH�VSDFH�PRGHO�

DUH� WKDW� WKH� GLVWXUEDQFHV� RI� WKH� PHDVXUHPHQW� HTXDWLRQ� DQG� WKH� WUDQVLWLRQ� HTXDWLRQ� DUH� QRUPDOO\�

GLVWULEXWHG�DQG�VHULDOO\� LQGHSHQGHQW�ZLWK�FRQVWDQW�YDULDQFH��8QGHU� WKLV�DVVXPSWLRQ�� WKH�VWDQGDUGL]HG�

SUHGLFWLRQ� HUURUV� GWH � � DUH� DOVR� QRUPDOO\� DQG� LQGHSHQGHQWO\� GLVWULEXWHG� ZLWK� FRQVWDQW� YDULDQFH�� 7R�

FKHFN�WKH�SURSHUWLHV�RI�WKH�VWDQGDUGL]HG�SUHGLFWLRQ�HUURUV� GWH � ��VWDQGDUG�WHVWV�NQRZQ�IURP�WLPH�VHULHV�

OLWHUDWXUH�DUH�DSSOLHG��VHH�H�J��'XUELQ�DQG�.RRSPDQ���������$�VKRUW�GHVFULSWLRQ�RI�KRZ�WKH�WHVWV�DUH�

DSSOLHG�LQ�WKLV�SDSHU�LV�JLYHQ�EHORZ��

7KH�PRGHO�HVWLPDWHV�IRU�WKH�ILUVW�WZR�\HDUV�DUH�H[FOXGHG�IURP�WKH�PRGHO�HYDOXDWLRQ�EHFDXVH�WKH�PRGHO�

HVWLPDWHV�IURP�WKH�ILUVW�SHULRGV�FDQQRW�EH�XVHG�GXH�WR�WKH�GLIIXVH�LQLWLDOLVDWLRQ�RI�WKH�PRGHO��$OO�WHVWV�

DUH�GRQH�DW�D����VLJQLILFDQFH�OHYHO��

7KH�VWDQGDUGL]HG�SUHGLFWLRQ�HUURUV�DUH�FRPSXWHG�E\��

GWGGWW

GW
GW

9DU
H

�
�
���_

�
�

�YDU� νσθ

υ

+
=

−

�� � � � �$����

)RU�PXOWLYDULDWH�PRGHOV��WKLV�LV�D�VLPSOLILHG�ZD\�IRU�WKH�VWDQGDUGL]DWLRQ��EHFDXVH�D�SRVVLEOH�FRYDULDQFH�

EHWZHHQ�WKH�RQH�VWHS�IRUHFDVWV� GWW ��_ −θ �RI�WKH�GLIIHUHQW�GRPDLQV�LV�LJQRUHG���

,W� LV� WHVWHG� IRU� QRUPDOLW\� E\� FRPSXWLQJ� VNHZQHVV� DQG�NXUWRVLV� DQG� WHVWLQJ�ZKHWKHU� WKHVH� YDOXHV� DUH�

VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�YDOXHV�RI�WKH�QRUPDO�GLVWULEXWLRQ���

8QGHU�WKH�DVVXPSWLRQ�RI�QRUPDOO\�DQG�LQGHSHQGHQWO\�GLVWULEXWHG�GLVWXUEDQFHV��WKH�.DOPDQ�ILOWHU�\LHOGV�

EHVW�XQELDVHG�HVWLPDWRUV� IRU� WKH�VWDWH�YDULDEOHV�� ,I� WKH�QRUPDOLW\�DVVXPSWLRQ�LV�QRW�PHW�� WKH�.DOPDQ�

ILOWHU�VWLOO�\LHOGV�WKH�EHVW�OLQHDU�XQELDVHG�HVWLPDWHV�IRU�WKH�VWDWH�YDULDEOHV��7KHUHIRUH��D�VPDOO�YLRODWLRQ�

RI�WKH�QRUPDOLW\�DVVXPSWLRQ�LV�QR�UHDVRQ�WR�UHMHFW�D�PRGHO��7KH�WHVW�LV�VWLOO�XVHIXO��IRU�H[DPSOH�EHFDXVH�

WKH�YLRODWLRQ�FDQ�EH�FDXVHG�E\�DQ�RXWOLHU��,QFOXGLQJ�WKLV�RXWOLHU�LQ�WKH�PRGHO�FDQ�EH�DQ�LPSURYHPHQW���

:LWK� WKH�)�WHVW� IRU�KHWHURVFHGDVWLFLW\�FDQ�EH�FKHFNHG�ZKHWKHU� WKH�VWDQGDUGL]HG�SUHGLFWLRQ�HUURUV�DUH�

GLVWULEXWHG�ZLWK�HTXDO�YDULDQFH��*HQHUDOO\��DSSUR[LPDWHO\�WKH�ILUVW�WKLUG�RI�WKH�WLPH�VHULHV�LV�FRPSDUHG�

ZLWK�WKH�ODVW�WKLUG��:KHQ�WKH�GDWD�XQWLO�'HFHPEHU������DUH�XVHG���
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8QGHU�WKH�K\SRWKHVLV�RI�KRPRVFHGDVWLFLW\�� G+ �LV� �����) �GLVWULEXWHG��'XUELQ�DQG�.RRSPDQ���������

%\�FRPSXWLQJ�WKH�VDPSOH�DXWRFRUUHODWLRQ�IXQFWLRQ��VHULDO�LQGHSHQGHQFH�RI�WKH�VWDQGDUGL]HG�SUHGLFWLRQ�

HUURUV�FDQ�EH�WHVWHG�IRU��7KH�VDPSOH�DXWRFRUUHODWLRQ�IXQFWLRQ�LV�GHILQHG�DV�
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7KH� VDPSOH� DXWRFRUUHODWLRQ� IXQFWLRQ� FDQ� EH� FRPSXWHG� IRU� ���������� −= 7K �� EXW� IRU� ODUJH� K � LW� LV�
EDVHG� RQ� YHU\� OLWWOH� LQIRUPDWLRQ� DQG� WKH� HVWLPDWHV� ZLOO� EHFRPH� XQVWDEOH�� )ROORZLQJ� WKH� DGYLFH� RI�

%URFNZHOO�DQG�'DYLV���������WR�FRPSXWH�WKH�VDPSOH�DXWRFRUUHODWLRQ�IXQFWLRQ�IRU� �
��−< 7K ��KHUH�

WKH�VDPSOH�DXWRFRUUHODWLRQV�DUH�FRPSXWHG�IRU� ��<K ��7KH�VDPSOH�DXWRFRUUHODWLRQV�RI�ZKLWH�QRLVH�DUH�

DSSUR[LPDWHO\�QRUPDOO\�GLVWULEXWHG�ZLWK�H[SHFWDWLRQ�]HUR�DQG�YDULDQFH� Q
� ��ZKHUH�Q�LV�WKH�OHQJWK�RI�

WKH�VHULHV��7KLV�PHDQV�WKDW�QR�PRUH�WKDQ�DURXQG����RI�WKH�VDPSOH�DXWRFRUUHODWLRQV�RI�WKH�SUHGLFWLRQ�

HUURUV�VKRXOG�EH�RXWVLGH�WKH�ERXQGV� �����
���

���� = ���

7KH�VDPSOH�DXWRFRUUHODWLRQV�FDQ�EH�SORWWHG�LQ�D�JUDSK�WR�VHH�ZKHWKHU�WKHUH�DUH�VRPH�SDWWHUQV�YLVLEOH��

IRU�H[DPSOH�F\FOLFDO�SDWWHUQV��

$���&URVV�YDOLGDWLRQ�XVLQJ�WKH�SUHGLFWLRQ�HUURU�

In time series analysis, cross-validation can be used to asses the predictive power of a model. The 

mean of the prediction errors, of the absolute values of the prediction errors or the mean of the VTXDUHG 

prediction errors can be used as a form of cross-validation to measure the deviation of the model 

forecasts from the GREG estimates. )RU� WKH�FURVV�YDOLGDWLRQ��RQH�VWHS�IRUFDVWV� GWW ��_ −ϑ �DUH�FRPSXWHG�
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ZLWK�K\SHUSDUDPHWHU�HVWLPDWHV�EDVHG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�XS�WR�W����7KHQ�WKH�SUHGLFWLRQ�HUURUV�

GW �τ �DUH�GHILQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RQH�VWHS�IRUHFDVWV� GWW ��_ −ϑ �DQG�WKH�*5(*�HVWLPDWHV� 

In the evaluation of the models with data until December 2007, the predictions of last two years are 

used. The mean of the prediction errors is computed as 
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A large absolute value indicates that the model estimates are biased.��

7KH�PHDQ�DEVROXWH�SUHGLFWLRQ�HUURU�LV�FRPSXWHG�DV�
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DQG�WKH�URRW�RI�WKH�PHDQ�VTXDUHG�SUHGLFWLRQ�HUURU�LV�
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$�VPDOO�YDOXH�IRU�0$3(�DQG�5063(�LPSOLHV�WKDW�WKH�PRGHO�SUHGLFWV�WKH�WUXH�SRSXODWLRQ�YDOXH�ZHOO���

,Q�WKH�VHFRQG�HYDOXDWLRQ��ZKHUH�WKH�GDWD�RI������LV�DGGHG��RQO\�WKH�GDWD�RI�WKH�ODVW�\HDU�LV�XVHG��WKXV�
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DQG�VLPLODU�IRU�0$3(�DQG�063(���

,W�LV�DOVR�SRVVLEOH�WR�FRPSXWH�ZHLJKWHG�03(��0$3(��DQG�5063(��3RVVLEOH�ZHLJKWV�DUH�WKH�LQYHUVH�RI�
WKH�YDULDQFHV�RU�VWDQGDUG�HUURUV�RI�WKH�*5(*�HVWLPDWHV��%HFDXVH�WKHVH�YDULDQFHV�DUH�TXLWH�VLPLODU�LQ�
WKH�FRQVLGHUHG�SHULRG�DQG�EHFDXVH�WKH\�DUH�HVWLPDWHG�ZLWK�VRPH�XQFHUWDLQW\��WKLV�ZRXOG�EH�DW�PRVW�D�
VPDOO�LPSURYHPHQW�LQ�WKLV�DSSOLFDWLRQ���
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