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5HFHQW�WLPH�VHULHV�PHWKRGV�DUH�DSSOLHG�WR�WKH�SUREOHP�RI�IRUHFDVWLQJ�1HZ�=HDODQG·V�UHDO

*'3��0RGHO�VHOHFWLRQ� LV�FRQGXFWHG�ZLWKLQ�DXWRUHJUHVVLYH��$5��DQG�YHFWRU�DXWRUHJUHVVLYH

�9$5��FODVVHV��DOORZLQJ�IRU�HYROXWLRQ�LQ�WKH�IRUP�RI�WKH�PRGHOV�RYHU�WLPH��7KH�VHOHFWLRQV

DUH�SHUIRUPHG�XVLQJ�WKH�6FKZDU]��������%,&�DQG�WKH�3KLOOLSV�3OREHUJHU��������3,&�FULWHULD�

7KH� IRUHFDVWV� JHQHUDWHG� E\� WKH� GDWD�GHWHUPLQHG� $5� PRGHOV� DQG� DQ� LQWHUQDWLRQDO� 9$5

PRGHO�DUH�IRXQG�WR�EH�FRPSHWLWLYH�ZLWK�IRUHFDVWV�IURP�IL[HG�IRUPDW�PRGHOV�DQG�IRUHFDVWV

SURGXFHG�E\�WKH�1=,(5��7ZR�LOOXVWUDWLRQV�RI�WKH�PHWKRGRORJ\�LQ�FRQGLWLRQDO�IRUHFDVWLQJ

VHWWLQJV�DUH�SHUIRUPHG�ZLWK�WKH�9$5�PRGHOV��7KH�ILUVW�SURYLGHV�FRQGLWLRQDO�SUHGLFWLRQV�RI

1HZ�=HDODQG·V�UHDO�*'3�ZKHQ�WKHUH�LV�D�IXWXUH�UHFHVVLRQ�LQ�WKH�8QLWHG�6WDWHV��7KH�VHFRQG

JLYHV�FRQGLWLRQDO�SUHGLFWLRQV�RI�1HZ�=HDODQG·V�UHDO�*'3�XQGHU�D�YDULHW\�RI�SURILOHV� WKDW

DOORZ�IRU�WLJKWHQLQJ�LQ�PRQHWDU\�FRQGLWLRQV�E\�WKH�5HVHUYH�%DQN�
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.H\ZRUGV�� � $XWRPDWHG� PRGHOLQJ�� IRUHFDVWLQJ�� 3,&� PRGHO� VHOHFWLRQ�� SROLF\� DQDO\VLV�� UHDO
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)RUHFDVWLQJ�IXWXUH�HFRQRPLF�DFWLYLW\�LV�DQ�LVVXH�RI�LPSRUWDQFH�WR�ERWK�SROLF\�PDNHUV�DQG

HFRQRPLF� DJHQWV� VLQFH� PRVW� HFRQRPLF� GHFLVLRQV� GHSHQG� XSRQ� H[SHFWDWLRQV� RI� IXWXUH

FRQGLWLRQV�� &RQVHTXHQWO\�� D� FRQVLGHUDEOH� DPRXQW� RI� UHVHDUFK� KDV� EHHQ� GHYRWHG� WR

GHYHORSLQJ� WKH� WRROV� DQG� WHFKQLTXHV�RI�PDFURHFRQRPLF� IRUHFDVWLQJ��7KLV�SDSHU� DSSOLHV� D

VPDOO�VXEVHW�RI�WKHVH�PHWKRGV�WR�MXVW�RQH�YDULDEOH�WKDW�LV�RI�LQWHUHVW� LQ�DSSOLFDWLRQV�²�UHDO

JURVV� GRPHVWLF� SURGXFW� �*'3�� ²� WR� LOOXVWUDWH� RXU� DXWRPDWHG� DSSURDFK�� ,Q� SULQFLSOH�

KRZHYHU��WKH�WHFKQLTXHV�XVHG�KHUH�FDQ�EH�DSSOLHG�WR�DOPRVW�DQ\�WLPH�GHSHQGHQW�YDULDEOH�

0DFURHFRQRPLF�IRUHFDVWLQJ�PHWKRGV�FDQ�EH�UHJDUGHG�DV�O\LQJ�DORQJ�D�FRQWLQXXP�EHWZHHQ

´VWUXFWXUDOµ�DQG�´SXUH�WLPH�VHULHVµ�DSSURDFKHV��2QH�DGYDQWDJH�RI�XVLQJ�DQ�DSSURDFK�WKDW

OLHV�WRZDUGV�WKH�WLPH�VHULHV�HQG�RI�WKH�VSHFWUXP�LV�WKDW�VXFK�PRGHOV�DUH�UHODWLYHO\�VLPSOH�WR

FRQVWUXFW��)XUWKHU��DV�WKH�SUHVHQW�SDSHU�VKRZV��IRUHFDVWLQJ�ZLWK�WKHVH�PRGHOV�LV�HDVLO\�DQG

LQH[SHQVLYHO\� LPSOHPHQWHG� DQG� FDQ� EH� DXWRPDWHG� RQ� D� FRPSXWHU�� 7KLV� SDSHU� VHHNV� WR

GHPRQVWUDWH�WKHVH�DGYDQWDJHV��,W�VKRZV�WKDW�SDUVLPRQLRXV�WLPH�VHULHV�PRGHOV�FDQ�SURGXFH

IRUHFDVWV�RI�1HZ�=HDODQG·V�UHDO�*'3�WKDW�DUH�XVHIXO�DQG�WKDW�FDQ�FRPSHWH�ZLWK�IRUHFDVWV

JHQHUDWHG�E\�IDU�PRUH�FRPSOH[�SURFHGXUHV��,W�IXUWKHU�VKRZV�KRZ�WKH�VDPH�PHWKRGV�FDQ�EH

XVHG� WR� DQDO\VH� LQWHUHVWLQJ� VFHQDULRV� IRU� SROLF\� DQDO\VLV�� VXFK� DV� WKH� SRWHQWLDO� HIIHFWV� RQ

1HZ�=HDODQG�RI�UHFHVVLRQ�DEURDG�DQG�FKDQJHV�LQ�GRPHVWLF�PRQHWDU\�FRQGLWLRQV�

:KHQ�XVLQJ�WLPH�VHULHV�PRGHOV��WKH�ILUVW�LVVXH�WKDW�DULVHV�LV�WKH�VHOHFWLRQ�RI�WKH�DSSURSULDWH

FODVV�RI�PRGHO��7KLV� LV� DQ� LPSRUWDQW�SUREOHP��EXW� LV�QRW� WKH� IRFXV�RI� WKH�SUHVHQW�SDSHU�

2QFH�WKH�JHQHUDO�FODVV�RI�IXQFWLRQV�KDV�EHHQ�FKRVHQ��WKH�VHFRQG�SUREOHP�LV�WR�GHFLGH�WKH

PRVW�DSSURSULDWH�IRUP�WKDW�WKH�PRGHO�VKRXOG�WDNH�ZLWKLQ�WKLV�FODVV��(PSLULFDO�DSSOLFDWLRQV

RI�VRPH�UHFHQW�WHFKQLTXHV�IRU�DGGUHVVLQJ�WKLV�SUREOHP�DUH�WKH�PDLQ�IHDWXUH�RI�WKLV�SDSHU�

,Q�SDUWLFXODU�� RXU� HPSLULFDO� DSSOLFDWLRQV�XVH� WKH�%D\HVLDQ� ,QIRUPDWLRQ�&ULWHULRQ� �%,&�� RI
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6FKZDU]� ��������DQG� WKH�3RVWHULRU� ,QIRUPDWLRQ�&ULWHULRQ� �3,&��GHYHORSHG� LQ�3KLOOLSV� DQG

3OREHUJHU� ������� ������ DQG� 3KLOOLSV� �������� 7KHVH�PRGHO� VHOHFWLRQ� WHFKQLTXHV� KDYH� ERWK

%D\HVLDQ� DQG� FODVVLFDO� �SUHTXHQWLDO�� MXVWLILFDWLRQV�� ZKLFK� DUH� GLVFXVVHG� LQ� 3KLOOLSV� �������

7KH\�DUH� LPSOHPHQWHG�KHUH� LQ� WKH� FRQWH[W�RI� D� FODVV�RI� XQLYDULDWH� DXWRUHJUHVVLYH�PRGHOV

WKDW�DOORZ�IRU�D�XQLW�URRW�DQG�D�FODVV�RI�PXOWLYDULDWH�YHFWRU�DXWRUHJUHVVLYH�PRGHOV�WKDW�DOORZ

IRU� FRLQWHJUDWLRQ�� 7KH� PRGHO� VHOHFWLRQ� SURFHGXUHV� KDYH� EHHQ� DXWRPDWHG� LQ� WHUPV� RI

*$866� SURJUDPV�� IROORZLQJ� WKH� OLQHV� RI� 3KLOOLSV·V� �����D�� DSSOLFDWLRQ� WR� KLVWRULFDO

HFRQRPLF�WLPH�VHULHV�IRU�WKH�8QLWHG�6WDWHV��

$� IHDWXUH� RI� WKH� DSSURDFK� XVHG� KHUH�� IROORZLQJ� WKDW� RI� 3KLOOLSV� ������� ����D��� LV� WKDW� LW

RIIHUV�WKH�IOH[LELOLW\�RI�DOORZLQJ�WKH�RSWLPDO�PRGHO�LQ�WKH�JLYHQ�FODVVHV�WR�EH�UH�HYDOXDWHG�DW

HDFK�GDWH�DV�QHZ�GDWD�EHFRPHV�DYDLODEOH��7KXV��QRW�RQO\�DUH�WKH�HVWLPDWHG�FRHIILFLHQWV�RI

WKH�PRGHOV� DOORZHG� WR� FKDQJH�� EXW� WKH� IRUP� RI�PRGHOV� WKHPVHOYHV� PD\� DGDSW� ZLWK� WKH

DUULYDO�RI�QHZ�LQIRUPDWLRQ��6HSDUDWHO\��WKH�LVVXH�RI�QRQVWDWLRQDULW\�LV�SDUWLFXODUO\�LPSRUWDQW

IRU� HFRQRPLF� WLPH� VHULHV� DQG� PDQ\� WHFKQLTXHV� KDYH� EHHQ� GHYHORSHG� IRU� FRQILUPLQJ� LWV

SUHVHQFH�DQG�LGHQWLI\LQJ�LWV�IRUP��$�IXUWKHU�DGYDQWDJH�RI�WKH�DSSURDFK�WDNHQ�LQ�WKH�SUHVHQW

SDSHU� LV� WKDW� WKH�SRVVLELOLW\�RI�QRQVWDWLRQDULW\� LQ�WKH�GDWD�DV�ZHOO�DV� VRPH�RI� WKH� IRUPV� LW

PD\� WDNH� DUH� LQWURGXFHG� VWUDLJKWIRUZDUGO\� DV� DQ� H[WHQVLRQ� RI� WKH� PRGHO� VHOHFWLRQ

SURFHGXUH��,Q�SDUWLFXODU��WKH�RUGHU�RI�LQWHJUDWLRQ�RI�WKH�YDULDEOH�RI�LQWHUHVW�LQ�WKH�XQLYDULDWH

PRGHOV��WKH�FRLQWHJUDWLQJ�UDQN�LQ�WKH�9$5�PRGHOV��DQG�WKH�GHWHUPLQLVWLF�WUHQG�GHJUHH�DUH

VLPSO\�DGGLWLRQDO�RUGHU�SDUDPHWHUV� WR�EH� VHOHFWHG�DV�SDUW� RI� D� FRKHUHQW� V\VWHP�RI�PRGHO

FKRLFH�

7KH� RUJDQLVDWLRQ� RI� WKH� UHPDLQGHU� RI� WKH� SDSHU� LV� DV� IROORZV�� 6HFWLRQ� WZR� JLYHV� D� EULHI

RYHUYLHZ�RI�WKH�RSHUDWLRQDO�IHDWXUHV�RI�PRGHO�GHWHUPLQDWLRQ�XVLQJ�%,&�DQG�3,&��6HFWLRQ

WKUHH� DSSOLHV� WKHVH� WHFKQLTXHV� WR� JHQHUDWH� H[�DQWH� IRUHFDVWV� RI�1HZ�=HDODQG·V� UHDO� *'3
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VHULHV�� 7KH� ILUVW� DSSOLFDWLRQ� LV� LQ� WKH� FRQWH[W� RI� D� FODVV� RI� XQLYDULDWH� ¶$5�S���� 7UHQG�T�·

PRGHOV��VHH�����EHORZ��WKDW�LQFOXGHV�RQO\�1HZ�=HDODQG·V�UHDO�*'3��7KH�VHFRQG�DSSOLFDWLRQ

LV� D�PXOWLYDULDWH� ¶9$5�S����7UHQG�T�·�PRGHO� �VHH� ���� EHORZ�� LQFRUSRUDWLQJ� WKH� UHDO�*'3

VHULHV� IRU� 1HZ� =HDODQG�� $XVWUDOLD�� -DSDQ�� DQG� WKH� 8QLWHG� 6WDWHV�� 7KH� IRUHFDVWLQJ

SHUIRUPDQFH�RI�WKH�VHOHFWHG�PRGHOV�LV�FRPSDUHG�ZLWK�IL[HG��L�H��QRQ�HYROYLQJ��WLPH�VHULHV

PRGHOV� RI� WKH� VDPH� FODVVHV� DQG� ZLWK� IRUHFDVWV� RI� WKH� 1=,(5�� 6HFWLRQ� IRXU� EULHIO\

GHPRQVWUDWHV� WKH� XVHIXOQHVV� RI� VXFK� 9$5� PRGHOV� LQ� SUHGLFWLQJ� WKH� HIIHFWV� RI� VRPH

K\SRWKHWLFDO� VFHQDULRV� RI� LQWHUHVW�� )LUVW�� WKH� LQWHUQDWLRQDO�9$5�PRGHO� RI� VHFWLRQ� WKUHH� LV

XVHG� WR�DQDO\VH� WKH�HIIHFWV�RI� D� UHFHVVLRQ� LQ� WKH�8QLWHG�6WDWHV��6HFRQG��D�9$5�PRGHO�RI

1HZ�=HDODQG·V� UHDO�*'3� DQG� VKRUW�WHUP� LQWHUHVW� UDWHV� LV� XVHG� WR� SUHGLFW� WKH� HIIHFWV� RI

GLIIHUHQW�GRPHVWLF�PRQHWDU\�FRQGLWLRQV��6HFWLRQ�ILYH�RIIHUV�VRPH�FRQFOXGLQJ�UHPDUNV�

���02'(/�6(/(&7,21�:,7+�%,&�$1'�3,&

+DYLQJ�FKRVHQ�DQ�DSSURSULDWH�FODVV�RI�PRGHO�IRU�D�SDUWLFXODU�GDWD�VHULHV��WKH�QH[W�VWHS�LV�WR

GHFLGH�ZKLFK�PRGHO�ZLWKLQ� WKH�FKRVHQ�FODVV�EHVW� FDSWXUHV� WKH�FKDUDFWHULVWLFV�RI� WKH�GDWD�

7KLV� PD\� LQYROYH� VHOHFWLQJ� WKH� QXPEHU� RI� ODJV� LQ� WKH� G\QDPLF� VSHFLILFDWLRQ�� WKH

GHWHUPLQLVWLF� WUHQG� GHJUHH�� ZKHWKHU� D� XQLW� URRW� VKRXOG� EH� LQFRUSRUDWHG� LQ� WKH� PRGHO

IRUPXODWLRQ��DQG�VR�RQ��0RGHO�VHOHFWLRQ�RI�WKLV�W\SH�LV�RI�IXQGDPHQWDO�LPSRUWDQFH�LQ�WLPH

VHULHV� PRGHOOLQJ�� DQG� LW� LV� FULWLFDOO\� LPSRUWDQW� LQ� HPSLULFDO� DSSOLFDWLRQV�� ,W� KDV� WKHUHIRUH

UHFHLYHG�D�JUHDW�GHDO�RI�DWWHQWLRQ�LQ�WKH�OLWHUDWXUH��2QH�DSSURDFK�WR�WKH�SUREOHP�LV�WR�DGRSW

%D\HVLDQ�FULWHULD��EDVHG�HVVHQWLDOO\�RQ�WKH�VHOHFWLRQ�RI�WKH�PRVW�SUREDEOH�PRGHO�D�SRVWHULRUL�

,Q�WLPH�VHULHV�DV�ZHOO�DV�RWKHU�DSSOLFDWLRQV��%D\HVLDQ�DQDO\VLV� LV�FRQGXFWHG�FRQGLWLRQDO�RQ

WKH� UHDOLVHG� KLVWRU\� RI� WKH� VHULHV�� %URDGO\� VSHDNLQJ�� WKH�%D\HVLDQ� DSSURDFK� WR� WKH�PRGHO

VHOHFWLRQ� SUREOHP� LV� WR� DWWDFK� D� SUREDELOLW\�PHDVXUH� WR� WKH� SDUDPHWHU� VSDFH� DQG� WR� WKH

PRGHOV� WKHPVHOYHV�� DQG� WKHQ�FRPSXWH� WKH�SRVWHULRU�SUREDELOLW\�RI� HDFK�RI� WKH� FDQGLGDWH
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PRGHOV� JLYHQ� WKH� UHDOLVHG� GDWD� VHULHV�� 7KH� PRGHO� ZLWK� WKH� KLJKHVW� SRVWHULRU� SUREDELOLW\

DPRQJVW�DOO�WKH�FDQGLGDWHV�LV�WKHQ�VHOHFWHG�

7R�LOOXVWUDWH�DQG�IL[�LGHDV��FRQVLGHU�WKH�VLQJOH�HTXDWLRQ�VWRFKDVWLF�OLQHDU�UHJUHVVLRQ�PRGHO

WWW
[\ εβ +′= �����W� �������«�� ���

ZKHUH� WKH� GHSHQGHQW� YDULDEOH� \
W
� DQG� HUURU� ε

W
� DUH� UHDO� YDOXHG� VWRFKDVWLF� SURFHVVHV� RQ� D

SUREDELOLW\�VSDFH��Ω��)��3��DQG�[
W
�LV�D�YHFWRU�RI�SUHGHWHUPLQHG�UHJUHVVRUV���$Q�H[DPSOH�RI

VXFK� D� PRGHO� LV� DQ� ¶$5�S�� �� 7UHQG�T�·� PRGHO�� DV� ZLOO� EH� FRQVLGHUHG� LQ� WKH� XQLYDULDWH

HPSLULFDO�DQDO\VLV�ODWHU�LQ�WKLV�SDSHU��$VVXPLQJ�WKDW�VXFK�D�PRGHO� LQFOXGHV�WKH�DFWXDO�GDWD

JHQHUDWLQJ�SURFHVV��WKH�WUXH�YDOXHV�RI�WKH�RUGHU�SDUDPHWHUV��S��T��DUH�QRW�NQRZQ��DQG�KHQFH

YDULRXV�FULWHULD�KDYH�EHHQ�GHYHORSHG�IRU�FKRRVLQJ�WKH�RSWLPDO�YDOXHV�RI�WKHVH�SDUDPHWHUV�

0RUH�JHQHUDOO\��PRGHOV�PD\�EH�UHJDUGHG�DV�QRWKLQJ�PRUH�WKDQ�DSSUR[LPDWLRQV�RI�WKH�WUXH

GDWD�JHQHUDWLQJ�SURFHVV�DQG�WKH�LVVXH�LV�WKHQ�ZKLFK�FRPELQDWLRQ�RI�S�DQG�T� LV�EHVW��JLYHQ

WKH�GDWD�DW�KDQG�

,Q�ILWWLQJ�D�KLVWRULFDO�WLPH�VHULHV�WUDMHFWRU\��LPSURYHPHQWV�LQ�ILW��DV�PHDVXUHG�E\�WKH�UHVLGXDO

VXP�RI�VTXDUHV�RI� WKH� UHJUHVVLRQ�� DUH� DOZD\V�SRVVLEOH�E\� LQFUHDVLQJ� WKH�GLPHQVLRQ�RI� WKH

SDUDPHWHU� VSDFH��9LHZHG� IURP� WKLV�SHUVSHFWLYH��PRGHO� VHOHFWLRQ�FULWHULD� VXFK�DV�%,&� DQG

3,&� DUH� HVVHQWLDOO\� SHQDOLVHG� YHUVLRQV� RI� WKH� UHVLGXDO� VXP� RI� VTXDUHV� IURP� DQ� HVWLPDWHG

UHJUHVVLRQ��7KH�SHQDOW\�LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�HVWLPDWHG�SDUDPHWHUV��DQG��LQ�WKH�FDVH

RI�3,&��WKH�W\SH�RI�UHJUHVVRUV�WKDW�DUH�LQFOXGHG��:KLOH�PRUH�FRPSOH[�PRGHOV�PD\�ILW� WKH

VDPSOH�GDWD�EHWWHU��WKHLU�DGGLWLRQDO�FRPSOH[LW\�PD\�QRW�EH�MXVWLILHG�E\�WKH�FRVW�RI�KDYLQJ�WR

HVWLPDWH�PRUH�XQNQRZQ�SDUDPHWHUV�ZLWK� WKH� JLYHQ�GDWD��0RGHO� VHOHFWLRQ� FULWHULD� VHHN� WR

EDODQFH�VXFK�IDFWRUV�LQ�GHWHUPLQLQJ�ZKLFK�RI�D�JURXS�RI�PRGHOV�LV�WKH�PRVW�VDWLVIDFWRU\�IRU

JLYHQ�GDWD��3OREHUJHU�DQG�3KLOOLSV��������KDYH�UHFHQWO\�VKRZQ�WKDW�LQ�VXFK�D�SURFHVV�WKHUH

LV�DQ�HPSLULFDO�OLPLW�RQ�KRZ�FORVH�ZH�FDQ�JHW�WR�WKH�WUXH�PRGHO�DQG�WKDW�OLPLW�JHWV�ODUJHU�DV
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WKH�PRGHO�VL]H�LQFUHDVHV��,Q�VXFK�VLWXDWLRQV��ZH�PD\�QRW�RQO\�H[SHFW�VPDOOHU�PRGHOV�WR�EH

FKRVHQ��EXW�RQ�DYHUDJH�ZH�PD\�H[SHFW�WKHP�WR�GR�EHWWHU�DV�WRROV�RI�SUHGLFWLRQ�

,Q�WKH�FDVH�RI�%,&��WKH�SHQDOW\�GHSHQGV�RQO\�RQ�WKH�QXPEHU�RI�SDUDPHWHUV�LQ�WKH�PRGHO��,Q

SDUWLFXODU��ZKHQ�DSSOLHG�WR������%,&�LV�FRPSXWHG�IURP�DQ�HVWLPDWHG�PRGHO�DFFRUGLQJ�WR�WKH

IRUPXOD�

( )
Q
QN

%,&
N

�OQ�aOQ�OQ� � += σ � ���

ZKHUH� QHH �a� ′=σ ��RU� @�>a� NQHH −′=σ ���ZLWK�H�EHLQJ�WKH�2/6�UHJUHVVLRQ�UHVLGXDOV��N�WKH

QXPEHU�RI�UHJUHVVRUV��DQG�Q�WKH�VDPSOH�VL]H��8VLQJ�WKLV�FULWHULRQ��ZH�FDQ�FKRRVH�WKH�PRVW

DSSURSULDWH�YDOXH�RI�N��DV�VXJJHVWHG�E\�WKH�GDWD��E\�PLQLPLVLQJ�WKH�YDOXH�RI�%,&�

7KH�SHQDOW\�HPSOR\HG�E\�3,&�LV�PRUH�JHQHUDO�WKDQ�WKDW�RI�%,&�EHFDXVH�LW�GHSHQGV�QRW�RQO\

RQ�WKH�QXPEHU�EXW�DOVR�WKH�W\SH�RI�UHJUHVVRUV�LQFOXGHG�LQ�WKH�PRGHO��7KH�WKHRU\�XQGHUO\LQJ

WKH� IRUP�RI� WKH�3,&� FULWHULRQ� LV� GHYHORSHG� LQ�3KLOOLSV� DQG�3OREHUJHU� ������� DQG�3KLOOLSV

��������DQG�LV�VXPPDUL]HG�LQ�3KLOOLSV������������D��

7DNLQJ�D�%D\HVLDQ�DSSURDFK��3KLOOLSV�DQG�3OREHUJHU��������WKHRUHP����ILUVW�VKRZ�WKDW�WKHUH

LV�D�%D\HV�PRGHO�ZLWK�WLPH�YDU\LQJ�SDUDPHWHUV��FRUUHVSRQGLQJ�WR�WKH�SDUDPHWULF�PRGHO������,Q

HIIHFW��WKH�GDWD�FRQGLWLRQLQJ�LPSOLFLW�LQ�%D\HVLDQ�DQDO\VLV�LV�WR�WUDQVODWH�WKH�PRGHO�����LQWR�D

%D\HV�PRGHO� LQ�ZKLFK� WKH� SDUDPHWHUV� DUH� WLPH� YDU\LQJ� DQG� GDWD� GHSHQGHQW��5DWKHU� WKDQ

FRPPLWWLQJ�WR�D�´WUXHµ�YDOXH�RI�D�SDUDPHWHU��DV�LQ�WKH�FODVVLFDO�DSSURDFK��WKH�RSHUDWLRQ�RI

WKH�OLNHOLKRRG�SULQFLSOH�FRPPLWV�WKH�DQDO\VW�WR�D�QHZ�PRGHO�ZKHUH�WKH�SDUDPHWHUV�HYROYH

DFFRUGLQJ� WR� WKH� ODWHVW� EHVW� HVWLPDWH� IURP� WKH� GDWD� DYDLODEOH� XS� WR� WKDW� SRLQW� RQ� WKH

WUDMHFWRU\��7KHVH�PRGHOV�SURFHHG�FRQGLWLRQDO�RQ�WKH�JLYHQ�GDWD�XS�WR�D�FHUWDLQ�SRLQW�LQ�WKH

WUDMHFWRU\�DQG�XVH�WKLV�IUDFWLRQ�RI�WKH�VDPSOH�WR�SURGXFH�DQ�RSWLPDO�HVWLPDWH�RI�WKH�ORFDWLRQ
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RI�WKH�GDWD�WR�FRPH��3KLOOLSV������E���7KH�%D\HV�PRGHOV�REWDLQHG� LQ� WKLV�ZD\�DUH�QDWXUDO

SUHGLFWLYH�PRGHOV��JLYHQ�WKH�KLVWRULFDO�WUDMHFWRU\�WR�WKH�SUHVHQW�

3KLOOLSV�DQG�3OREHUJHU��������GHULYH�3,&�E\�FRQVLGHULQJ�WKH�SUREDELOLW\�PHDVXUH�DVVRFLDWHG

ZLWK�WKH�%D\HV�PRGHO�FRUUHVSRQGLQJ�WR������7KLV�SUREDELOLW\�PHDVXUH�LV�D�IRUZDUG�ORRNLQJ

PHDVXUH�WKDW�FDQ�EH�GHVFULEHG�E\�WKH�FRQGLWLRQDO�GHQVLW\�RI�\
W
�JLYHQ�)

W²�
��ZKHUH� WKH� ODWWHU

VLJQLILHV� LQIRUPDWLRQ� WR� WLPH� W� ²� ��� 7KLV�PHDVXUH� FDQ� EH� REWDLQHG� IRU� HDFK� SURVSHFWLYH

PRGHO�DQG� WKHUHE\�EH�XVHG� WR�FRPSDUH�PRGHOV� DQG� WHVW�K\SRWKHVHV��7KH�PHFKDQLVP� IRU

GRLQJ� VR� LV� WKH� OLNHOLKRRG� UDWLR�RI� WKH� UHVSHFWLYH�PHDVXUHV�RI� WKH� WZR�FRPSHWLQJ�PRGHOV

�3KLOOLSV������D���,Q�WKH�FRQWH[W�RI�WKH�XQLYDULDWH�PRGHO������3,&�KDV�WKH�IROORZLQJ�JHQHUDO

IRUP

( )
Q

;;
3,&

.NN

NN

�

�

a�
OQaOQ�OQ�
σ

σ += � ���

ZKHUH� �a
N

σ �LV�WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWH�RI�WKH�UHVLGXDO�YDULDQFH�RI�D�PRGHO�ZLWK�N

SDUDPHWHUV�� �a
.

σ � LV� WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWH�RI� WKH� UHVLGXDO�YDULDQFH�RI�D�PRGHO

ZLWK�WKH�PD[LPXP�QXPEHU�RI�SDUDPHWHUV�DOORZHG��ZLWKLQ�WKH�JLYHQ�FODVV�RI�PRGHOV���DQG

;
N
�LV�WKH�PDWUL[�RI�UHJUHVVRUV�IURP�WKH�PRGHO�ZLWK�N�SDUDPHWHUV��$V�ZLWK�%,&��WKH�RSWLPDO

RUGHU�SDUDPHWHUV�DUH�WKRVH�WKDW�PLQLPLVH�WKH�YDOXH�RI�3,&�

$V�ZHOO�DV�EHLQJ�XVHG�IRU�WKH�VHOHFWLRQ�RI�RUGHU�SDUDPHWHUV��3KLOOLSV�DQG�3OREHUJHU�������

DQG�3KLOOLSV��������VKRZ�WKDW�3,&�FDQ�EH�XVHG�WR�WHVW�SRLQW�QXOO�K\SRWKHVHV�VXFK�DV�WKDW�RI

D� XQLW� URRW�� 7KH� SURFHGXUH� WR� GR� WKLV� LV� VWUDLJKWIRUZDUG��:H� VLPSO\� FDOFXODWH� 3,&� IRU� D

JLYHQ�PRGHO�ZLWK�DQG�ZLWKRXW�D�XQLW�URRW�H[SOLFLWO\�LQFRUSRUDWHG��&KRRVLQJ�WKH�PRGHO�ZLWK

WKH�PLQLPXP�YDOXH�RI�3,&�LV�HTXLYDOHQW�WR�WHVWLQJ�WKH�QXOO�K\SRWKHVLV�RI�D�XQLW�URRW�DJDLQVW

D� WZR�VLGHG� FODVVLFDO� DOWHUQDWLYH�� 3KLOOLSV� DQG�3OREHUJHU� ������� WKHRUHP���� VKRZ� WKDW� WKLV



�

WHVW�LV�FRPSOHWHO\�FRQVLVWHQW�LQ�WKH�VHQVH�WKDW�ERWK�W\SH�,�DQG�W\SH�,,�HUURUV�WHQG�WR�]HUR�DV

WKH�VDPSOH�VL]H�WHQGV�WR�LQILQLW\�

)XUWKHUPRUH�� 3,&� FDQ� EH� DSSOLHG� WR� PRGHO� VHOHFWLRQ� LQ� WKH� FRQWH[W� RI� PXOWLYDULDWH

UHJUHVVLRQ� DQG�9$5�PRGHOV�� 7KH� WKHRU\� EHKLQG� WKH� RSHUDWLRQ� RI� 3,&� LQ� WKLV� FRQWH[W� LV

JLYHQ� LQ� 3KLOOLSV� �������� 2I� SDUWLFXODU� UHOHYDQFH� WR� WKH� DSSOLFDWLRQV� JLYHQ� LQ� WKLV� SDSHU�

PRGHO�VHOHFWLRQ�E\�3,&�PD\�EH�SHUIRUPHG�LQ�WKH�FRQWH[W�RI�D�9$5�V\VWHP�ZLWK�S�ODJV�DQG

GHWHUPLQLVWLF� WUHQG� RI� GHJUHH� T�� RU�9$5�S�� T�� V\VWHP�� ,Q� SDUWLFXODU�� 3,&� FDQ� EH� XVHG� WR

MRLQWO\�RU� VHTXHQWLDOO\� VHOHFW� WKH�9$5�RUGHU� DQG� WUHQG�GHJUHH�E\�PLQLPLVLQJ� WKH� UHOHYDQW

3,&�YDOXH��0RUHRYHU��3,&�KDV�EHHQ�H[WHQGHG� WR� WKH�FDVH�RI�SDUWLDOO\�QRQVWDWLRQDU\�9$5

PRGHOV�ZLWK�UHGXFHG�UDQN�VWUXFWXUH��9$5�555��E\�3KLOOLSV��������DQG�&KDR�DQG�3KLOOLSV

��������7KH\�VKRZ�WKDW�3,&�FDQ�EH�XVHG�WR� MRLQWO\�VHOHFW� WKH� ODJ� OHQJWK�DQG�FRLQWHJUDWLQJ

UDQN� LQ� VXFK� D�PRGHO� DQG� WKDW� WKLV� SURFHVV� OHDGV� WR� FRQVLVWHQW� HVWLPDWHV� RI� ERWK� RUGHU

SDUDPHWHUV��,Q�WKDW�FRQWH[W��3,&�KDV�WKH�IROORZLQJ�IRUP��ZKLFK�LV�PD[LPLVHG�RYHU�N�

( )
QNNQN
%3,& OQ×�OQ�

�

�−= θl �

ZKHUH� ( )
NQ

θ×l � LV�WKH� ORJ� OLNHOLKRRG�HYDOXDWHG�DW� WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWRU�
N

θ× �IRU

WKH� PRGHO� ZLWK� SDUDPHWHU� YHFWRU�
N

θ � DQG� VDPSOH� FRQGLWLRQDO� )LVKHU� LQIRUPDWLRQ� %
QN
�

([SOLFLW�IRUPXODH�IRU�WKH�UHGXFHG�UDQN�UHJUHVVLRQ�FDVH�DUH�JLYHQ�LQ�3KLOOLSV��������

���(;�$17(�)25(&$67�&203$5,6216

7KH� PRGHO� VHOHFWLRQ� WHFKQLTXHV� RXWOLQHG� DERYH� DUH� XVHG� KHUH� WR� VHOHFW� PRGHOV� IRU

IRUHFDVWLQJ� 1HZ� =HDODQG·V� UHDO� *'3�� 7KH� GDWD� VHULHV� FRPSULVH� TXDUWHUO\� VHDVRQDOO\

DGMXVWHG� JURVV� GRPHVWLF� SURGXFW� DW� �������� SULFHV� IURP� WKH� 3&�,1)26� GDWDEDVH� RI

6WDWLVWLFV�1HZ�=HDODQG� �61%4�6�6=7���7KH� VHULHV� UXQV� IURP� -XQH������ WR�0DUFK������

JLYLQJ����TXDUWHUO\�REVHUYDWLRQV��2EVHUYDWLRQV�IRU�-XQH�DQG�6HSWHPEHU������DUH�FXUUHQWO\

DYDLODEOH��EXW�WKH�VKRUWHU�VHULHV�LV�FKRVHQ�WR�PDLQWDLQ�FRPSDUDELOLW\�ZLWK�WKH�IRUHFDVWV�WKDW
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DUH� REWDLQHG� XVLQJ� LQWHUQDWLRQDO� GDWD� WR� EH� UHSRUWHG� ODWHU� LQ� WKLV� VHFWLRQ�� 7KH� IRUHFDVW

SHULRG�FKRVHQ�IRU�DQDO\VLV�LV�0DUFK������WR�0DUFK�������LQFOXVLYH���EHLQJ����TXDUWHUV�

7KHUH�LV�D�WHQGHQF\�IRU�HFRQRPLF�WLPH�VHULHV�WR�H[KLELW�YDULDWLRQV�WKDW�LQFUHDVH�LQ�PHDQ�DQG

GLVSHUVLRQ�LQ�SURSRUWLRQ�WR�WKH�DEVROXWH�OHYHO�RI�WKH�VHULHV��1HOVRQ�DQG�3ORVVHU���������DQG

VR�LW�LV�FRPPRQ�SUDFWLFH�WR�WUDQVIRUP�WKH�GDWD�E\�WDNLQJ�ORJDULWKPV�SULRU�WR�DQDO\VLV��7KH

GDWD�LV�VKRZQ�LQ�ORJ�IRUP�LQ�)LJXUH����:KLOH�1HZ�=HDODQG·V�UHDO�*'3�VHULHV�KDV�IROORZHG�D

JHQHUDO�XSZDUG�WUHQG�RYHU�WKH�VDPSOH�SHULRG��WKHUH�DUH�SHULRGV�RI�FOHDU�GHYLDWLRQ�IURP�WKLV

WUHQG��,QGHHG��WKH�JUDSK�LQGLFDWHV�WKH�SRVVLELOLW\�RI�D�VWUXFWXUDO�EUHDN�LQ�WKH�GDWD�LQ�WKH�HDUO\

����V��ZKLFK�PD\�EH�D�FRQVHTXHQFH�RI�WKH�PDQ\�HFRQRPLF�UHIRUPV�WKDW�ZHUH�XQGHUWDNHQ

LQ�1HZ�=HDODQG�DW�WKDW�WLPH�DQG�RYHU�WKH�SULRU�GHFDGH��7KH�VXEVHTXHQW�SHULRG�RI�JURZWK

KDV�VKRZQ�VLJQV�RI�WDLOLQJ�RII�LQ������DQG�������*RRG�IRUHFDVWLQJ�PRGHOV�QHHG�WR�KDYH�WKH

IOH[LELOLW\�WR�WDNH�WKHVH�FKDQJHV�LQWR�DFFRXQW�
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����8QLYDULDWH�0RGHOOLQJ

:H�FRQVLGHU�ILUVW�D�VLPSOH�FODVV�RI�XQLYDULDWH�WLPH�VHULHV�PRGHOV�RI�WKH�¶$5�S����7UHQG�T�·

IRUP
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N

N

N
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M
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ZKHUH�\
W
�LV�WKH�QDWXUDO�ORJDULWKP�RI�UHDO�*'3�DW�GDWH�W�DQG�X

W
�LV�DVVXPHG�WR�EH�LLG����σ����:H

VHW�E
²�
� ����VR�WKDW�T� ����FRUUHVSRQGV�WR�WKH�FDVH�RI�D�SXUH�DXWRUHJUHVVLRQ�ZLWK�QR�ILWWHG

LQWHUFHSW��7KH�GRPDLQV�VHW�IRU�WKH�RUGHU�SDUDPHWHUV�DUH�S�∈�^����������`�DQG�T�∈�^���������

�`��WKHUHE\�DOORZLQJ�IRU�LQWHUQDO�G\QDPLFV�RYHU�IRXU�TXDUWHUV�DQG�WKH�SRVVLELOLW\�RI�D�OLQHDU

RU� TXDGUDWLF� WUHQG�� 7KH� SUHVHQFH� RI� D� XQLW� URRW� LV� DOVR� DFFRPPRGDWHG� WKURXJK� WKH
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SURYLVLRQ�WKDW�WKH�ORQJ�UXQ�DXWRUHJUHVVLYH�FRHIILFLHQW��UHSUHVHQWHG�E\�WKH�VXP�∑
=

S

M

MD
�

��PD\

RU�PD\� QRW� EH� UHVWULFWHG� WR� XQLW\�� 7KLV� PRGHO� VSHFLILFDWLRQ� LV� WKH� VDPH� DV� WKDW� XVHG� LQ

HPSLULFDO�DSSOLFDWLRQV�RI�3,&�WR�$XVWUDOLDQ�DQG�8QLWHG�6WDWHV�GDWD�E\�3KLOOLSV������������D��

6RPH�IL[HG�IRUPDW�PRGHOV�RI�WKH�VDPH�FODVV�DUH�DOVR�FRQVLGHUHG�IRU�FRPSDUDWLYH�SXUSRVHV�

:LWKLQ�WKH�FRQWH[W�RI�WKH�JHQHUDO�PRGHO������%,&�LV�JLYHQ�E\�����ZLWK�N� �S���T�����DQG

3,&�LV�JLYHQ�E\�����ZLWK�N� �S���T�����DQG�.� ����(DFK�RI�WKH����DOWHUQDWLYH�PRGHOV�WKDW

IDOO� LQ� WKLV� IUDPHZRUN�ZLOO� EH� WHVWHG�ZLWK� DQG�ZLWKRXW� WKH� XQLW� URRW� UHVWULFWLRQ� LPSRVHG�

7KHUHIRUH�����GLIIHUHQW�PRGHOV�LQ�DOO�DUH�HYDOXDWHG�E\�%,&�DQG�3,&�LQ�WKH�VHOHFWLRQ�SURFHVV�

$Q�DOJRULWKP�IRU�PRGHO�VHOHFWLRQ�DQG�GDWD�EDVHG�XQLW�URRW�WHVWLQJ�EDVHG�RQ�3,&�ZDV�JLYHQ

E\�3KLOOLSV�DQG�3OREHUJHU��������LQ�WKH�FRQWH[W�RI�DXWRUHJUHVVLYH�PRYLQJ�DYHUDJH�PRGHOV�

6LQFH�DXWRUHJUHVVLYH�PRGHOV�ZLWK�WUHQGV�DUH�FRQVLGHUHG�KHUH��ZH�XVH�D�VLPSOLILHG�YHUVLRQ�RI

WKDW�DOJRULWKP��ZKLFK�SURFHHGV�DV�IROORZV�

6WHS����8VLQJ�WKH�UHOHYDQW�VXEVDPSOH�RI�WKH�GDWD��REWDLQ�WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWH

RI�WKH�UHVLGXDO�YDULDQFH�� 2~
Kσ ��IURP�WKH�PD[LPXP�PRGHO��ZLWK��S��T�� ���������7KLV�HVWLPDWH

LV�XVHG�LQ�WKH�FDOFXODWLRQ�RI�3,&�

6WHS����(VWLPDWH�DQ�DUUD\�RI�UHJUHVVLRQV�RI�WKH�IRUP�����ZLWK�S�∈�^����������`�DQG�T�∈�^������

��� �`� DQG� XVH� %,&� DQG� 3,&� WR� VHOHFW� WKH� DXWRUHJUHVVLYH� RUGHU� DQG� WUHQG� GHJUHH

VLPXOWDQHRXVO\�� 0RGHOV� ZLWKLQ� WKLV� FODVV� WKDW� PLQLPLVH� WKH� YDOXHV� RI� %,&� DQG� 3,&� DUH

VHOHFWHG�
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6WHS� ���5H�HVWLPDWH� WKH� VHOHFWHG�PRGHOV� XQGHU� WKH� XQLW� URRW� UHVWULFWLRQ�� ∑
=

=
S

M

MD
�

��� ,I� WKH

YDOXH� RI� %,&� RU� 3,&� IRU� WKLV� PRGHO� LV� VPDOOHU� WKDQ� WKDW� FDOFXODWHG� LQ� VWHS� ��� WKHQ� WKH

FULWHULRQ�VXSSRUWV�WKH�SUHVHQFH�RI�D�XQLW�URRW�LQ�WKH�GDWD�DQG�WKH�FRUUHVSRQGLQJ�XQLW�URRW

PRGHO�LV�FKRVHQ�

:KHQ�WKLV�DOJRULWKP�LV�LPSOHPHQWHG�RQ�D�SHULRG�E\�SHULRG�EDVLV��WKH�FKRVHQ�PRGHOV�HYROYH

ZLWK� WLPH�YDU\LQJ�DQG�GDWD�GHSHQGHQW�RUGHU�SDUDPHWHUV��6LQFH�DOO� VWHSV�DUH� UHSHDWHG�HDFK

SHULRG�� LQFOXGLQJ� WHVWLQJ� WKH� XQLW� URRW� UHVWULFWLRQ�� WKH� SRVVLELOLW\� RI� WKH� XQLW� URRW

IRUPXODWLRQ�VZLWFKLQJ�RQ�DQG�RII�DV�QHZ�GDWD�DUH�LQWURGXFHG�DOORZV�IRU�VWUXFWXUDO�FKDQJH�LQ

WKH�VSHFLILFDWLRQ�IRU� IRUHFDVWLQJ��2Q� WKH�RWKHU�KDQG�� IL[HG� IRUPDW�PRGHOV�NHHS� WKH� VDPH

IRUPXODWLRQ� HDFK� SHULRG� DQG� RQO\� WKH� HVWLPDWHG� FRHIILFLHQWV� FKDQJH� DV� QHZ� GDWD� DUH

LQWURGXFHG�

7KH�PRGHO�VHOHFWLRQ�DOJRULWKP�GHVFULEHG�DERYH�ZDV� LPSOHPHQWHG� LQ�SURJUDPV�ZULWWHQ�E\

WKH�DXWKRUV�LQ�*$866�YHUVLRQ��������IRU�:LQGRZV����17��$OWKRXJK�WKH�SURFHVV�DOORZHG

IRU�SRWHQWLDO�HYROXWLRQ�LQ�PRGHO�IRUP�RYHU�WKH�IRUHFDVW�SHULRG��WKH�PRGHOV�DFWXDOO\�FKRVHQ

E\�WKH�WZR�FULWHULD��%,&�DQG�3,&��UHPDLQHG�FRQVWDQW��7KH�PRGHO�VHOHFWHG�E\�%,&�ZDV�DQ

$5����ZLWK�QR�WUHQG�RU�LQWHUFHSW�DQG�D�XQLW�URRW�ZKLOH�WKH�PRGHO�VHOHFWHG�E\�3,&�ZDV�DQ

$5����ZLWK�DQ�LQWHUFHSW�DQG�QR�XQLW�URRW�

7KHVH� HYROYLQJ� PRGHOV� ZHUH� XVHG� WR� JHQHUDWH� H[�DQWH� IRUHFDVWV� IRU� YDULRXV� IRUHFDVW

KRUL]RQV�� DQG� WKHVH� IRUHFDVWV� ZHUH� FRPSDUHG� ZLWK� WKRVH� RI� WKH� IROORZLQJ� IL[HG� IRUPDW

PRGHOV�RI�WKH�VDPH�FODVV���L��DQ�$5����PRGHO�ZLWK�QR�GHWHUPLQLVWLF�WUHQG�DQG�QR�XQLW�URRW

�UHSUHVHQWLQJ� WKH� VLPSOHVW�QRQ� WULYLDO�G\QDPLF�PRGHO� LQ� WKH� FODVV��� DQG� �LL�� WKH�PD[LPXP

PRGHO�DOORZHG��L�H��DQ�$5����PRGHO�ZLWK�D�TXDGUDWLF�WUHQG�DQG�QR�XQLW�URRW��,Q�DGGLWLRQ��WKH

1HZ� =HDODQG� ,QVWLWXWH� RI� (FRQRPLF� 5HVHDUFK� �1=,(5�� SXEOLVKHV� UHJXODU� TXDUWHUO\
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IRUHFDVWV� RI� WKH� VDPH� VHULHV� DV� XVHG� KHUH�� LQ� LWV� SXEOLFDWLRQ� 4XDUWHUO\� 3UHGLFWLRQV�� 7KH

IRUHFDVWV�SURGXFHG�E\�WKH�WLPH�VHULHV�PRGHOV�FDQ�WKHUHIRUH�EH�FRPSDUHG�ZLWK�HDFK�RWKHU

DQG� WKRVH�RI� WKH�1=,(5��:H�XVHG� D� URRW�PHDQ� VTXDUH� IRUHFDVW� HUURU� �506)(��EDVLV� LQ

WKHVH�FRPSDULVRQV�

)LJXUH���VKRZV�WKH�506)(�YDOXHV��IRU�WKH�XQLYDULDWH�WLPH�VHULHV�PRGHOV�DQG�WKH�1=,(5

IRUHFDVWV��RYHU�KRUL]RQV�XS�WR�HLJKW�TXDUWHUV�DKHDG��7KH�)LJXUH�VKRZV�WKDW��RQ�DQ�506)(

EDVLV��WKH�EHVW�RI�WKH�XQLYDULDWH�PRGHOV�FRQVLGHUHG�KHUH� LV� WKH�IL[HG�$5����PRGHO��FORVHO\

IROORZHG� E\� WKH� HYROYLQJ�PRGHO� VHOHFWHG� E\� 3,&�� 7KH� 3,&�PRGHO� RXWSHUIRUPV� WKH� %,&

PRGHO�DW�DOO�IRUHFDVW�KRUL]RQV��)XUWKHUPRUH��WKH�506)(V�RI�WKH�WLPH�VHULHV�PRGHOV��H[FHSW

IRU�WKH�PD[LPXP�PRGHO��DUH�FRPSDUDEOH�LQ�PDJQLWXGH�WR�WKRVH�RI�WKH�1=,(5�IRUHFDVWV�DW

DOO�KRUL]RQV��7KH�SHUIRUPDQFH�RI�DOO�WKH�PRGHOV�UHODWLYH�WR�WKH�PD[LPXP�XQLYDULDWH�PRGHO

VXJJHVWV�WKDW�PRUH�SDUVLPRQLRXV�PRGHOV�DUH�FOHDUO\�GRPLQDQW�LQ�IRUHFDVWLQJ�
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$�FDYHDW�WR�WKHVH�FRPSDULVRQV�ZLWK�WKH�1=,(5�IRUHFDVWV�LV�WKDW�WKH�*'3�VHULHV�LV�VXEMHFW

WR�UHYLVLRQV�DIWHU�WKH�LQLWLDO�GDWD�LV�UHOHDVHG��6XFK�UHYLVLRQV�FDQ�DIIHFW�UHFHQW�VDPSOH�SHULRG

REVHUYDWLRQV�DV�ZHOO�DV�WKH�ODWHVW�REVHUYDWLRQ���7KH�WLPH�VHULHV�PRGHOV�XVHG�KHUH�HPSOR\�WKH

ODWHVW�DYDLODEOH�GDWD�VHW�IRU�JHQHUDWLQJ�DOO�RI�WKH�IRUHFDVWV��ZKLOH�WKH�1=,(5�IRUHFDVWV�ZRXOG

KDYH�EHHQ�JHQHUDWHG�XVLQJ�WKH�*'3�VHULHV��DQG��SUHVXPDEO\��RWKHU�GDWD�VHULHV�DV�ZHOO��WKDW

ZDV�DYDLODEOH�DW�WKH�WLPH�WKH�H[�DQWH�IRUHFDVW�ZDV�PDGH��7R�WKH�H[WHQW�WKDW�WKH�GDWD�UHYLVLRQV

PD\�PDNH� IRUHFDVWV�PRUH� DFFXUDWH�� WKH� WLPH� VHULHV�PRGHOV� HPSOR\HG� KHUH�PD\� KDYH� DQ

DGYDQWDJH�RYHU�WKRVH�RI�WKH�1=,(5�
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����0XOWLYDULDWH�0RGHOOLQJ

1HZ�=HDODQG�LV�RIWHQ�GHVFULEHG�DV�EHLQJ�D�¶VPDOO�RSHQ�HFRQRP\·��7KH�2(&'�PHDVXUH�RI

RSHQQHVV�DV�WKH�UDWLR�RI�LPSRUWV�SOXV�H[SRUWV�WR�*'3�KDV�DYHUDJHG�DSSUR[LPDWHO\�����IRU

1HZ�=HDODQG�RYHU�WKH�SHULRG�IURP������WR�������FRPSDUHG�ZLWK������IRU�$XVWUDOLD�DQG����

IRU� WKH�8QLWHG�6WDWHV��2QH�IHDWXUH�RI� WKLV�KLJKO\�RSHQ�VWUXFWXUH� LV� WKDW� WKH�1HZ�=HDODQG

HFRQRP\�LV� OLNHO\�WR�EH�VHQVLWLYH�WR�H[WHUQDO�VKRFNV��7KH�HPSLULFDO�DQDO\VLV� LQ�WKLV�VHFWLRQ

DWWHPSWV� WR� FDSWXUH� DQG�TXDQWLI\� VXFK� HIIHFWV�E\� H[WHQGLQJ� WKH�XQLYDULDWH� DQDO\VLV� RI� WKH

SUHYLRXV�VHFWLRQ�WR�DQ�LQWHUQDWLRQDO�9$5�FRQWH[W�

9$5� PRGHOV� KDYH� DQ� DGYDQWDJH� RYHU� ODUJH� VWUXFWXUDO� PRGHOV� LQ� WKDW� WKH\� DUH

VWUDLJKWIRUZDUG�WR�HVWLPDWH�DQG�XVH�WR�JHQHUDWH�IRUHFDVWV��+RZHYHU��PDFURHFRQRPLF�9$5

PRGHOV�TXLFNO\�EHFRPH�RYHU�SDUDPHWHULVHG�DV�WKH�QXPEHU�RI�YDULDEOHV�LQFUHDVHV��D�SUREOHP

WKDW� LV� W\SLFDOO\� RYHUFRPH� E\� LPSRVLQJ� VWUXFWXUDO� UHVWULFWLRQV� RQ� WKH� PRGHO� RU� E\

LPSOHPHQWLQJ� D� %D\HVLDQ� K\SHUSDUDPHWHU� PHWKRGRORJ\�� *LYHQ� WKH� UHODWLYHO\� VKRUW� GDWD

VHULHV�DYDLODEOH�IRU�1HZ�=HDODQG·V�UHDO�*'3��ZH�DWWHPSW�WR�DWWHQXDWH�WKLV�SUREOHP�E\�XVLQJ

D�VPDOO� LQWHUQDWLRQDO�9$5�PRGHO� WKDW� LQFOXGHV�RQO\�WKH�UHDO�*'3�VHULHV�RI�1HZ�=HDODQG

DQG� LWV� WKUHH� PDMRU� WUDGLQJ� SDUWQHUV�� 7KLV� DSSURDFK� KDV� WZR� RWKHU� DGYDQWDJHV�� )LUVW�� LW

FRPSOHPHQWV�VRPH�H[LVWLQJ�HPSLULFDO�ZRUN�RQ�XVLQJ�9$5V�ZLWK�1HZ�=HDODQG�GDWD��VXFK

DV�:RQJ�DQG�-ROO\��������������DQG�3KLOOLSV������F���ZKLFK�FRQILQH�WKH�V\VWHP�WR�GRPHVWLF

YDULDEOHV��6HFRQG��LW�DOORZV�XV�WR�IRFXV�DWWHQWLRQ�RQ�WKH�SRWHQWLDO�HIIHFWV�RI�H[WHUQDO�VKRFNV

RQ� HFRQRPLF� DFWLYLW\� LQ� 1HZ� =HDODQG�� WKHUHE\� GLUHFWO\� FRPSOHPHQWLQJ� WKH� XQLYDULDWH

DQDO\VHV�

7KH�IUDPHZRUN�DGRSWHG�LV�D�9$5�PRGHO�ZLWK�WUHQG��RU�9$5�S��T��PRGHO�RI�WKH�IRUP
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ZKHUH� \
W
� LV� D� �.�×� ��� YHFWRU� RI� HQGRJHQRXV� YDULDEOHV� DQG� ε

W
� LV� D� UDQGRP� HUURU� ZKLFK� LV

DVVXPHG�WR�EH�LLG����Σ���7KH�SRVVLELOLW\�RI�QR�GHWHUPLQLVWLF�WUHQG�LV�DOORZHG�IRU��E\�VHWWLQJ

F
²�
� ����:H�VHW�S�∈� ^����������`�DQG�T�∈� ^�����������`�DV� WKH�GRPDLQV� IRU� WKH� WZR�RUGHU

SDUDPHWHUV�� ,Q� DGGLWLRQ�� FRLQWHJUDWLRQ� LV� SHUPLWWHG� E\� ZD\� RI� WKH� XVXDO� UHGXFHG� UDQN

UHJUHVVLRQ� �555�� UHVWULFWLRQV��3KLOOLSV� ������� DQG�&KDR�DQG�3KLOOLSV� ������� VKRZ� WKDW�ZH

FDQ�XVH�3,&�WR�VHOHFW� WKH�FRLQWHJUDWLQJ� UDQN� �U�� WRJHWKHU�ZLWK� WKH� ODJ�RUGHU� �S�� DQG� WUHQG

GHJUHH��T��LQ�WKH�FRQWH[W�RI�UHGXFHG�UDQN�UHJUHVVLRQ�9$5V�RI�WKLV�W\SH��7KH�PRGHO�WKHQ�KDV

WKUHH�RUGHU�SDUDPHWHUV��WKHUHE\�DOORZLQJ�IRU�FRLQWHJUDWLQJ�UHODWLRQVKLSV�EHWZHHQ�WKH�*'3V

RI� WKH�FRXQWULHV�XQGHU�FRQVLGHUDWLRQ�KHUH��� ,Q�ZKDW� IROORZV�� WKHUHIRUH��PRGHO� VHOHFWLRQ� LV

FRQGXFWHG�XVLQJ� WKH�555�YHUVLRQ�RI�PRGHO� ���� DQG� WKH� FRUUHVSRQGLQJ� IRUP�RI�3,&�ZDV

XVHG�LQ�WKH�HPSLULFDO�ZRUN��

1HZ� =HDODQG·V� WKUHH� PDLQ� WUDGLQJ� SDUWQHUV� DUH� $XVWUDOLD�� -DSDQ�� DQG� WKH� 8QLWHG� 6WDWHV�

&RPELQHG��WKHVH�WKUHH�FRXQWULHV�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�1HZ�=HDODQG·V�H[WHUQDO

WUDGH�E\�YDOXH��$FFRUGLQJO\��WKH�YDULDEOHV�LQ�WKH�9$5�DUH�WKH�TXDUWHUO\�VHDVRQDOO\�DGMXVWHG

UHDO�*'3V�RI�WKHVH�IRXU�FRXQWULHV��7KH�1HZ�=HDODQG�GDWD� LV� WKH�VDPH�DV� LQ�WKH�SUHYLRXV

VHFWLRQ��7KH�GDWD�IRU�WKH�RWKHU�FRXQWULHV�ZDV�REWDLQHG�IURP�WKH�'HFHPEHU������HGLWLRQ�RI

WKH�2(&'�6WDWLVWLFDO�&RPSHQGLXP�&'�520��IURP�WKH�TXDUWHUO\�QDWLRQDO�DFFRXQWV�VHFWLRQ�

,Q�WKLV�HGLWLRQ�RI�WKH�&'�520��GDWD�XS�WR�DQG�LQFOXGLQJ�0DUFK������LV�DYDLODEOH�

0RGHO� VHOHFWLRQ�ZDV� SHUIRUPHG� E\� XVLQJ� 3,&� WR� VHOHFW� WKH� ODJ� RUGHU�� WUHQG� GHJUHH�� DQG

FRLQWHJUDWLQJ� UDQN� DW� HDFK� VWHS� LQ� WKH� IRUHFDVW� SHULRG�� WKXV� DOORZLQJ� IRU� HYROYLQJ� %D\HV

PRGHOV�ZLWK�WLPH�YDU\LQJ�DQG�GDWD�GHSHQGHQW�SDUDPHWHUV��LQFOXGLQJ�WKH�RUGHU�SDUDPHWHUV�

7KH� HVWLPDWHG� FRHIILFLHQWV�ZHUH� DOVR� UH�HVWLPDWHG� DW� HDFK� VWHS� LQ� WKH� IRUHFDVWLQJ� SHULRG�

$JDLQ� WKLV�ZDV� DFFRPSOLVKHG� LQ� WHUPV� RI� DQ� DXWRPDWHG�*$866�SURJUDP�� 7KH� HYROYLQJ

PRGHO� VHOHFWHG� E\� 3,&� LV� UHSUHVHQWHG� LQ� )LJXUH� ��� )RU�PRVW� RI� WKH� IRUHFDVW� SHULRG�� WKH



��

VHOHFWHG� PRGHO� LV� D� 9$5���� ZLWK� D� FRQVWDQW�� $W� WZR� SRLQWV�� WKH� VHOHFWHG� PRGHO� EULHIO\

FKDQJHV� WR� D� 9$5���� ZLWK� QR� LQWHUFHSW�� $� FRLQWHJUDWLQJ� UDQN� RI� XQLW\� LV� PDLQWDLQHG

WKURXJKRXW��,Q�WKLV�FDVH��WKH�FRLQWHJUDWLQJ�YHFWRU�FDQ�EH�HVWLPDWHG�IURP�WKH�UHGXFHG�UDQN

UHJUHVVLRQ� DQG� WKH� HIIHFWV� RI� HDFK� RI� WKH� HQGRJHQRXV� YDULDEOHV� FDQ� EH� LGHQWLILHG�� ,I� WKH

FRHIILFLHQW� RQ� WKH� ILUVW� ODJ� RI� 1HZ� =HDODQG·V� UHDO� *'3� LV� QRUPDOLVHG� WR� XQLW\�� WKH

FRLQWHJUDWLQJ�YHFWRU�XVLQJ�WKH�IXOO�VDPSOH�LV�HVWLPDWHG�WR�EH�������������������������7KH�ODVW

WKUHH�FRHIILFLHQWV�LQ�WKLV�YHFWRU�UHODWH�WR�WKH�8QLWHG�6WDWHV��-DSDQ�DQG�$XVWUDOLD�UHVSHFWLYHO\

DQG�WKHVH�FRHIILFLHQWV�KDYH�VWDQGDUG�HUURUV���������������������7KXV��WKH�8QLWHG�6WDWHV�DQG

$XVWUDOLDQ� UHDO�*'3� HQWHU� VLJQLILFDQWO\� LQWR� WKH� FRLQWHJUDWLQJ� UHJUHVVLRQ�� ZKLOH� -DSDQHVH

UHDO�*'3�GRHV�QRW��7KH�VLJQV�RI�WKH�ILWWHG�FRHIILFLHQWV�LQ�WKLV�FRLQWHJUDWLQJ�YHFWRU�LQGLFDWH

WKDW�8QLWHG�6WDWHV� UHDO�*'3� LV�EDODQFHG� LQ� WKH� ORQJ� UXQ�DJDLQVW� D� VSHFLILF�SRVLWLYH� OLQHDU

FRPELQDWLRQ�RI�WKH�UHDO�*'3V�RI�1HZ�=HDODQG��$XVWUDOLD�DQG�-DSDQ��7KH� ODWWHU�PLJKW�EH

UHJDUGHG�DV�FRQVWLWXWLQJ�D�FHUWDLQ�LQGH[�RI�$VLD�3DFLILF�UHDO�*'3�WKDW�LV�UHOHYDQW�WR�D�ORQJ

UXQ�UHODWLRQ�ZLWK�WKH�8QLWHG�6WDWHV�
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7KH�HYROYLQJ�555�PRGHO�LV�XVHG�WR�JHQHUDWH�H[�DQWH�IRUHFDVWV�DQG�WKHVH�DUH�FRPSDUHG�ZLWK

WKH�XQLYDULDWH�PRGHO�IRUHFDVWV�IURP�WKH�SUHYLRXV�VHFWLRQ��DV�ZHOO�DV�WKH�1=,(5�IRUHFDVWV�

)LJXUH���VKRZV�WKH�506)(�YDOXHV�IRU�IRUHFDVWV�XS�WR�HLJKW�TXDUWHUV�DKHDG��,W� LV�DSSDUHQW

WKDW�WKDW�WKH�IRUHFDVWLQJ�SHUIRUPDQFH�RI�WKH�HYROYLQJ�PXOWLYDULDWH�PRGHO� LV�DSSUR[LPDWHO\

WKH� VDPH� DV� WKH� HYROYLQJ� XQLYDULDWH�PRGHO� VHOHFWHG� E\�3,&�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW

IRUHFDVWV�RI�WKH�IL[HG�XQLYDULDWH�$5����PRGHO�²�WKH�VLPSOHVW�G\QDPLF�PRGHO�RI�DOO�²�KDYH

WKH� ORZHVW� 506)(� DW� DOO� IRUHFDVW� KRUL]RQV� H[FHSW� HLJKW� TXDUWHUV� DKHDG�� ZKHUH� WKH

XQLYDULDWH�PRGHO�FKRVHQ�E\�3,&�LV�EHVW�
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7KHUH� DUH� VHYHUDO� UHDVRQV�ZK\� VLPSOH�PRGHOV� WHQG� WR� GR� DV� ZHOO� DV� ODUJH�PRGHOV�� )LUVW�

VLPSOH�PRGHOV� UHGXFH� YDULDQFH� LQ� IRUHFDVWLQJ�� H[SODLQLQJ�ZK\�%D\HVLDQ� YHUVLRQV� RI�9$5

PRGHOV�KDYH�EHHQ�SRSXODU�LQ�IRUHFDVWLQJ�ZRUN��6HFRQG��DV�PHQWLRQHG�HDUOLHU��3OREHUJHU�DQG

3KLOOLSV��������VKRZ�WKDW�LQ�VPDOO�PRGHOV�RQH�FDQ�JHW�FORVHU�WR�WKH�RSWLPDO�SUHGLFWRU�WKDQ

LQ� ODUJHU�PRGHOV��$GGLWLRQDOO\�� DV� D� UHIHUHH� VXJJHVWHG�� UDWLRQDO� GHFLVLRQ�PDNLQJ� E\� DJHQWV

WDNHV�DFFRXQW�RI�WKH�FRVWV�RI�JDWKHULQJ�DQG�SURFHVVLQJ�LQIRUPDWLRQ��VR�WKDW�RQO\�ZKHQ�WKH

SHUFHLYHG� EHQHILWV� RXWZHLJK� WKH� FRVWV� ZLOO� D� PRUH� VRSKLVWLFDWHG� PRGHO� EH� XVHG�� 6XFK

UHDVRQLQJ�LV�SDUWLDOO\�FDSWXUHG�E\�WKH�FRQFHSW�RI�SHQDOL]LQJ�D�OLNHOLKRRG�IXQFWLRQ�RU�RWKHU

FULWHULRQ�RI�ILW�EDVHG�RQ�WKH�FRVWV�RI�HVWLPDWLQJ�WKH�H[WUD�SDUDPHWHUV�RI�WKH�PRUH�FRPSOH[

PRGHO��OHDGLQJ�WR�FULWHULD�VXFK�DV�3,&�
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,Q� DGGLWLRQ�� 7DEOH� �� VKRZV� WKH� 7KHLO� 8�VWDWLVWLFV� IRU� WKH� YDULRXV� PRGHOV� DQG� IRUHFDVW

KRUL]RQV��� $� 7KHLO� 8�VWDWLVWLF� RI� OHVV� WKDQ� RQH� LQGLFDWHV� WKDW� WKH� IRUHFDVWV� LQ� TXHVWLRQ

RXWSHUIRUP�WKRVH�RI�D�SXUH�UDQGRP�ZDON�RQ�DQ�506)(�EDVLV��:H�FDQ�VHH�WKDW�WKLV�LV�WKH

FDVH� IRU� WKH� XQLYDULDWH� DQG� PXOWLYDULDWH� HYROYLQJ� %D\HV� PRGHOV� DQG� WKH� IL[HG� XQLYDULDWH

$5����PRGHO�DW�DOO�IRUHFDVW�KRUL]RQV�
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1H[W�� ZH� FRPSDUH� WKH� IRUHFDVWV� JHQHUDWHG� E\� WKH� WLPH� VHULHV� PRGHOV� ZLWK� WKRVH� RI� WKH

1=,(5��6LQFH�WKH�IRUHFDVWV�RI�DOO�WKH�WLPH�VHULHV�PRGHOV�FRQVLGHUHG�DERYH��H[FHSW�IRU�WKH

PD[LPXP� XQLYDULDWH� PRGHO�� DUH� TXLWH� VLPLODU�� WKH� IRUHFDVWV� RI� WKH� 3,&�555� PRGHO� DUH

WDNHQ�DV�UHSUHVHQWDWLYH��)LJXUHV����D��²��F��VKRZ�UHVSHFWLYHO\�WKH�RQH��IRXU��DQG�HLJKW�SHULRG

DKHDG�IRUHFDVWV�RI�WKH�3,&�555�PRGHO�DQG�WKH�1=,(5��:H�FDQ�VHH�WKDW�IRU�RQH�TXDUWHU
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DKHDG�IRUHFDVWV��WKH�WLPH�VHULHV�PRGHOV�WUDFN�WKH�DFWXDO�*'3�VHULHV�PXFK�PRUH�FORVHO\�WKDQ

WKH�1=,(5�IRUHFDVWV��DV�LV�UHIOHFWHG�LQ�WKH�506)(�YDOXHV�IRU�WKLV�IRUHFDVW�KRUL]RQ��$V�WKH

KRUL]RQ�H[WHQGV�WR�IRXU�DQG�HLJKW�TXDUWHUV��WKH�1=,(5�DQG�WLPH�VHULHV�IRUHFDVWV�DSSHDU�WR

IROORZ�DOPRVW�SDUDOOHO�SDWKV��DOWKRXJK�WKH�WLPH�VHULHV�IRUHFDVWV�DUH�JHQHUDOO\�PXFK�FORVHU�WR

WKH�UHDOLVHG�YDOXHV��$V�LQGLFDWHG�HDUOLHU��GDWD�UHYLVLRQV�PD\�SOD\�D�UROH�LQ�WKHVH�GLIIHUHQFHV�

+RZHYHU�� WKH� VLPLODULW\� LQ� WKH� SDWKV� VXJJHVWV� WKDW�� DOWKRXJK� WKH� PRGHOV� XQGHUO\LQJ� WKH

IRUHFDVWV�PD\�EH�TXLWH�GLIIHUHQW��WKHLU�LPSOLFDWLRQV�DERXW�WKH�JHQHUDO�VKDSH�RI�WKH�IRUHFDVW

WUDMHFWRU\�RI�*'3�DUH�QRW�GLVVLPLODU�



�),*85(����D��+(5(�





�),*85(����E��+(5(�





�),*85(����F��+(5(�



0RUH� ULJRURXV� FRPSDULVRQV� RI� IRUHFDVW� DFFXUDF\� KDYH� EHHQ� GHYHORSHG� E\� 'LHEROG� DQG

0DULDQR��������DQG�H[WHQGHG�E\�+DUYH\��HW�DO���������*LYHQ�WZR�VHTXHQFHV�RI�K�VWHSV�DKHDG

IRUHFDVW�HUURUV�^H
�W
���H

�W
`��W� ����«��Q��SURGXFHG�E\�WZR�GLIIHUHQW�PRGHOV��WKHVH�WHVWV�WHVW�WKH

QXOO�K\SRWKHVLV�WKDW�(>J�H
�W
��²�J�H

�W
�@� ����ZKHUH�J�H�� LV�VRPH�IXQFWLRQ�RI�WKH�IRUHFDVW�HUURU�

8VLQJ� J�H��  � H��� WKH� QXOO� K\SRWKHVLV� LV� WKDW� WKHUH� LV� QR� GLIIHUHQFH� LQ� WKH� PHDQ� VTXDUHG

IRUHFDVW� HUURUV��:H� KDYH� WHVWHG� WKLV� K\SRWKHVLV� IRU� WKH� WLPH� VHULHV� IRUHFDVWV� DJDLQVW� WKH

1=,(5� DQG� WKH� WHVW� VWDWLVWLFV� IRU� WKH� ´PRGLILHG� 'LHEROG�0DULDQR� WHVWµ� SURSRVHG� E\

+DUYH\�� HW� DO� �������� DUH� VKRZQ� LQ�7DEOH��� IRU� IRUHFDVWV�XS� WR���TXDUWHUV� DKHDG��7KH� WHVW

VWDWLVWLFV�IRU�ORQJHU�IRUHFDVW�KRUL]RQV�FRXOG�QRW�EH�FDOFXODWHG��GXH�WR�WKH�VPDOO�QXPEHU�RI

IRUHFDVWV�DYDLODEOH��:H�FDQ�VHH�WKDW�WKH�QXOO�K\SRWKHVLV�LV�UHMHFWHG�DW�WKH����OHYHO�IRU�RQH

TXDUWHU�DKHDG�IRUHFDVWV��EXW�QRW�IRU�WKH�RWKHU�IRUHFDVW�KRUL]RQV�
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���&21',7,21$/�)25(&$67,1*

7KLV� VHFWLRQ� LOOXVWUDWHV� WKH� XVH� RI� WKHVH� DXWRPDWHG� IRUHFDVWLQJ�PHWKRGV� LQ� DQDO\VLQJ� WKH

HIIHFWV�RI�H[WHUQDO�VKRFNV�DQG�WKH�LPSDFW�RI�GRPHVWLF�PRQHWDU\�SROLF\��7KH�HYROYLQJ�9$5

PRGHOV�VHOHFWHG�E\�3,&�DUH�XVHG�WR�JHQHUDWH�RXW�RI�VDPSOH�IRUHFDVWV�RI�1HZ�=HDODQG·V�UHDO

*'3�� FRQGLWLRQDO� XSRQ� FHUWDLQ� DVVXPHG� SDWKV� RI� RWKHU� YDULDEOHV�� 7KHVH� FRQGLWLRQDO

IRUHFDVWV�DOORZ�LQYHVWLJDWLRQ�RI�WKH�HIIHFWV�RI�D�YDULHW\�RI�K\SRWKHWLFDO�VFHQDULRV��:H�JLYH

WZR�FDVHV�WKDW�DUH�RI�VRPH�WRSLFDO�LQWHUHVW�LQ�WKHVH�LOOXVWUDWLRQV�
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����$�5HFHVVLRQ�LQ�WKH�8QLWHG�6WDWHV

7KH�LQWHUQDWLRQDO�9$5�PRGHO�FDQ�EH�XVHG�WR�SURGXFH�IRUHFDVWV�RI�1HZ�=HDODQG�UHDO�*'3

XQGHU�WKH�DVVXPSWLRQ�RI�D�UHFHVVLRQ�LQ�RQH�RI�LWV�PDMRU�WUDGLQJ�SDUWQHUV��VXFK�DV�WKH�8QLWHG

6WDWHV��6XFK�IRUHFDVWV�PD\�KDYH�EHHQ�GHHPHG�SDUWLFXODUO\�UHOHYDQW�LQ�WKH�SHULRG�IROORZLQJ

WKH�$VLDQ� ILQDQFLDO�FULVLV��ZKHQ�1HZ�=HDODQG�HFRQRPLF�DFWLYLW\� DSSHDUHG�YXOQHUDEOH� WR�D

GRZQWXUQ� LQ� WKH� 8�6�� HFRQRP\� ZKLFK� ZDV� SHUFHLYHG� WR� EH� WKH� PDLQ� HQJLQH� RI� ZRUOG

HFRQRPLF�JURZWK�DW�WKH�WLPH�

2YHU� WKH� SDVW� GHFDGH�� UHDO� *'3� LQ� WKH� 8QLWHG� 6WDWHV� KDV� JURZQ� DW� DQ� DYHUDJH� UDWH� RI

DSSUR[LPDWHO\� ������ SHU� TXDUWHU�� 6WDUWLQJ� IURP� -XQH� ������ ZH� DVVXPH� WKDW� WKLV� SDWWHUQ

FRQWLQXHV� IRU� WZR� IXUWKHU� TXDUWHUV�� DQG� LV� IROORZHG� E\� D� UHFHVVLRQ� FRQVLVWLQJ� RI� WZR

FRQVHFXWLYH�TXDUWHUV�RI� FRQWUDFWLRQ� �����JURZWK�� DQG� D�TXDUWHU�RI� ���JURZWK��:H� WKHQ

DVVXPH� WKDW� 8�6�� JURZWK� UHFRYHUV� WR� ������ IRU� DQRWKHU� IRXU� TXDUWHUV�� 7KLV� VFHQDULR�

WRJHWKHU�ZLWK�WKH�9$5�PRGHO·V�SUHGLFWLRQV�RI�WKH�UHDO�*'3�WUDMHFWRULHV�IRU�1HZ�=HDODQG�

$XVWUDOLD�DQG�-DSDQ�DUH�VKRZQ�LQ�)LJXUHV����D��²��F���UHVSHFWLYHO\��,Q�DOO�WKUHH�FRXQWULHV��WKH

8�6��UHFHVVLRQ�FDXVHV�D�VORZGRZQ�LQ�JURZWK�ZLWK�D�ODJ�RI�RQH�TXDUWHU��ZKLFK�UHIOHFWV�WKH�ODJ

RUGHU�FKRVHQ�IRU�WKH�PRGHO�E\�3,&��7KH�JURZWK�UDWH� LV�VORZHU�WR�UHFRYHU� LQ�DOO�FRXQWULHV

WKDQ�WKH�DVVXPHG�SDWK�IRU�WKH�8QLWHG�6WDWHV�

%DVHG� RQ� *'3� GDWD� DORQH�� WKLV� LQWHUQDWLRQDO� 9$5� PRGHO� SUHGLFWV� WKDW� 1HZ� =HDODQG·V

JURZWK� UDWH� GURSV� DURXQG� ����� IURP� DSSUR[LPDWHO\� ������ SHU� TXDUWHU� WR� ������ SHU

TXDUWHU�DW�LWV�PLQLPXP��6LPLODU�UHVXOWV�DUH�REWDLQHG�IRU�-DSDQ��ZKHUH�WKH�JURZWK�UDWH�GURSV

IURP� ������ WR� ������ SHU� TXDUWHU�� 7KH� UHVXOWV� IRU� $XVWUDOLD� DUH�PRUH� VWULNLQJ�� ZLWK� WKH

$XVWUDOLDQ�JURZWK�UDWH�GURSSLQJ�IURP������SHU�TXDUWHU�WR�DOPRVW�]HUR�EHIRUH�UHFRYHULQJ�

7KH� JUHDWHU� HIIHFW� RQ� $XVWUDOLDQ� JURZWK� QR� GRXEW� UHIOHFWV� WKH� VWURQJHU� UROH� SOD\HG� E\

$XVWUDOLD�LQ�WKH�FRLQWHJUDWLQJ�UHODWLRQ�ZLWK�WKH�8�6�



��



�),*85(����D��+(5(�





�),*85(����E��+(5(�





�),*85(����F��+(5(�



����(IIHFWV�RI�&KDQJHV�LQ�0RQHWDU\�&RQGLWLRQV

7KH�VHFRQG� LOOXVWUDWLRQ� LQYROYHV� D�GRPHVWLF�9$5�PRGHO�ZKHUH� WKH�HQGRJHQRXV�YDULDEOHV

DUH�WKH�QDWXUDO�ORJDULWKP�RI�1HZ�=HDODQG·V�TXDUWHUO\�UHDO�*'3��WKH�TXDUWHUO\�DYHUDJH�RI�WKH

RYHUQLJKW� FDVK� UDWH� �2&5��� DQG� WKH� TXDUWHUO\� DYHUDJH� RI� WKH� ���GD\� LQWHUHVW� UDWH��� 6LQFH

0DUFK� ������ WKH� 2&5� LV� WKH� LQVWUXPHQW� E\� ZKLFK� WKH� 5HVHUYH� %DQN� RI� 1HZ� =HDODQG

�5%1=��LPSOHPHQWV�PRQHWDU\�SROLF\��3ULRU�WR�0DUFK�������WKH�2&5�H[LVWHG�DV�D�PDUNHW

LQWHUHVW�UDWH�WKDW�ZDV�QRW�GLUHFWO\�FRQWUROOHG�E\�WKH�5%1=��7KH�2&5�DQG����GD\�GDWD�ZHUH

SURYLGHG�E\�WKH�5%1=�DQG�WKH�VHULHV�UXQ�IURP�'HFHPEHU������WR�6HSWHPEHU�������JLYLQJ

���TXDUWHUO\�REVHUYDWLRQV��7KH�UHDO�*'3�VHULHV�LV�WKH�VDPH�DV�EHIRUH��ZLWK�GDWD�IRU�WKH�-XQH

DQG�6HSWHPEHU������TXDUWHUV�QRZ�DGGHG��8VLQJ�WKHVH�GDWD�DQG�WKH�VDPH�FODVV�RI�PRGHOV�DV

WKRVH�LQ������WKH�PRGHO�VHOHFWHG�E\�3,&�WXUQHG�RXW�WR�KDYH�D�ODJ�RUGHU�RI�WZR��D�FRQVWDQW�LQ

WKH�UHJUHVVLRQ��DQG�D�FRLQWHJUDWLQJ�UDQN�RI�WZR��7KLV�PRGHO�ZDV�WKHQ�XVHG�WR�DQDO\VH�WKH

HIIHFWV�RQ�1HZ�=HDODQG·V�UHDO�*'3�JURZWK�RI�WKH�IROORZLQJ�WKUHH�VFHQDULRV�RI�PRQHWDU\

FRQGLWLRQV�

6FHQDULR�2QH� �1R� WLJKWHQLQJ���7KH�5%1=� DFWXDOO\� UDLVHG� WKH�2&5�E\� ��� EDVLV� SRLQWV�� IURP

�����WR�����RQ�WKH���WK�RI�1RYHPEHU��������DQG�E\�D�IXUWKHU����EDVLV�SRLQWV�WR�������RQ

WKH���WK�RI�-DQXDU\��������,Q�WKLV�VFHQDULR��ZH�VXSSRVH�WKDW�WKH�VHFRQG�LQWHUHVW�UDWH�ULVH�KDG

QRW�RFFXUUHG��ZLWK�WKH�2&5�LQVWHDG�UHPDLQLQJ�FRQVWDQW�DW����IRU�WKH�UHVW�RI�WKH�IRUHFDVW

SHULRG�



��

6FHQDULR�7ZR� �1R� IXUWKHU� WLJKWHQLQJ���6XSSRVH� WKDW� WKH� WZR� DFWXDO�2&5� LQFUHDVHV�PHQWLRQHG

DERYH�DUH�FDUULHG�RXW��EXW�WKDW�WKHUH�DUH�QR�IXUWKHU�LQFUHDVHV�EHIRUH�'HFHPEHU������

6FHQDULR� 7KUHH� �)XUWKHU� WLJKWHQLQJ��� 6XSSRVH� WKDW�� LQ� DGGLWLRQ� WR� WKH� WZR� 2&5� LQFUHDVHV� RI

1RYHPEHU������DQG�-DQXDU\�������WKH�5%1=�IXUWKHU�UDLVHV�WKH�FDVK�UDWH�DW�WKH�EHJLQQLQJ

RI�WKH�-XQH������TXDUWHU�E\����EDVLV�SRLQWV��WR�������

7KH� HVWLPDWHG� HIIHFWV� RI� WKHVH� WKUHH� VFHQDULRV� RQ� 1HZ� =HDODQG·V� TXDUWHUO\� UHDO� *'3

JURZWK� UDWH� DUH� VKRZQ� LQ� )LJXUH� ��� 7KH� IRUHFDVW� SHULRG� LV� IURP� 'HFHPEHU� ����� WR

'HFHPEHU� ������ LQFOXVLYH��:H� FDQ� VHH� WKDW� DV�PRQHWDU\� FRQGLWLRQV� EHFRPH� WLJKWHU�� WKH

QHJDWLYH�HIIHFW�RQ�UHDO�*'3�JURZWK� LV� VWURQJHU��&RPSDULQJ�VFHQDULRV�RQH�DQG� WKUHH�� WKH

GLIIHUHQFH� LQ� UHDO� *'3� JURZWK� UDWHV� DW� WKH� ORZHVW� SRLQWV� LQ� WKH� IRUHFDVW� SHULRG� LV

DSSUR[LPDWHO\� ������ SHU� TXDUWHU�� 5HFRYHU\� LQ� *'3� JURZWK� VHHPV� WR� EH� VORZHU� XQGHU

VFHQDULR�WKUHH�WKDQ�WKH�RWKHU�FDVHV��7KH�HIIHFWV�RQ����GD\�LQWHUHVW�UDWHV�DUH�DOVR�SUHGLFWHG

E\� WKH�PRGHO� DQG� WKHVH� DUH� VKRZQ� LQ� )LJXUH� ��� 7KH� GLIIHUHQFH� LQ� ���GD\� UDWHV� EHWZHHQ

VFHQDULRV� RQH� DQG� WKUHH� LV� DSSUR[LPDWHO\� ������ DW� WKH�PD[LPXP��ZLWK� WKH� KLJKHVW� UDWHV

RFFXUULQJ�LQ�-XQH������IRU�VFHQDULR�RQH��DQG�6HSWHPEHU������IRU�VFHQDULR�WKUHH�
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7KLV� SDSHU� SURYLGHV� HPSLULFDO� DSSOLFDWLRQV� RI� PRGHO� VHOHFWLRQ� WHFKQLTXHV� LQ� WLPH� VHULHV

IRUHFDVWLQJ�ZLWKLQ�WKH�FRQWH[W�RI�¶$5�S����7UHQG�T�·�DQG�9$5�S��T��PRGHOV�WKDW�DOORZ�IRU

XQLW�URRWV�DQG�FRLQWHJUDWLRQ��:H�KDYH�VHHQ�WKDW�SDUVLPRQLRXV�HYROYLQJ�WLPH�VHULHV�PRGHOV

FDQ�JHQHUDWH� IRUHFDVWV�RI�1HZ�=HDODQG·V� UHDO�*'3�VHULHV� WKDW�DUH�FRPSHWLWLYH�ZLWK� IL[HG



��

IRUPDW� PRGHOV� DQG� ZLWK� WKH� IRUHFDVWV� RI� D� SURIHVVLRQDO� IRUHFDVWLQJ� LQVWLWXWLRQ�

)XUWKHUPRUH�� VXFK� PRGHOV� FDQ� EH� FRQVWUXFWHG� DQG� DXWRPDWHG� LQ� FRPSXWHU� VRIWZDUH

UHODWLYHO\�HDVLO\��$OO� WKDW� WKH� UHVHDUFKHU�QHHGV� WR�GR� LV� WR� FKRRVH� WKH� DSSURSULDWH� FODVV�RI

PRGHO��DQG�WKH�RSWLPDO�PRGHO�ZLWKLQ�WKH�FODVV�LV�DXWRPDWLFDOO\�VHOHFWHG�ZKHQHYHU�QHZ�GDWD

EHFRPHV�DYDLODEOH��:KLOH�WKH�PHFKDQLVWLF�QDWXUH�RI�WKLV�DSSURDFK�FHUWDLQO\�KDV�OLPLWDWLRQV�

WKH� H[HUFLVHV� VKRZQ� KHUH� LQGLFDWH� WKDW� LW� FDQ� ZRUN� ZHOO� LQ� SUDFWLFH� DQG� FDQ� SURYLGH

FRPSHWLWLYH�IRUHFDVWV�DW�YHU\�ORZ�FRVW�

:H�KDYH�DOVR�VKRZQ�WKDW�VXFK�PRGHOV�DUH�XVHIXO�LQ�FHUWDLQ�W\SHV�RI�SROLF\�DQDO\VLV�DQG�LQ

DQWLFLSDWLQJ� WKH� HIIHFWV� RI� IRUHLJQ� FRXQWU\� VKRFNV�� ,QGHHG�� DXWRPDWLF� VHOHFWLRQ� RI� WKH

RSWLPDO� PRGHO� JLYHQ� WKH� DYDLODEOH� GDWD� E\� WKH� PHWKRGV� DSSOLHG� LQ� WKLV� SDSHU� OHDYHV� DQ

LQYHVWLJDWRU� IUHH� WR� H[SHULPHQW� ZLWK� LQSXW� VFHQDULRV� WKDW� FRYHU� D� KRVW� RI� K\SRWKHVLVHG

VLWXDWLRQV� WKDW� PD\� EH� RI� LQWHUHVW�� 7KLV� DSSURDFK� VHHPV� SDUWLFXODUO\� YDOXDEOH� ZKHQ

IRUHFDVWLQJ�WKH�HIIHFWV�RI�GLIIHUHQW�HFRQRPLF�SROLFLHV�DQG�LQ�VWXG\LQJ�WKH�SRWHQWLDO� LPSDFW

RI� LQWHUQDWLRQDO� VKRFNV�RQ�GRPHVWLF�HFRQRPLF�DFWLYLW\�� �$OO�RI� WKHVH� IHDWXUHV�DUH�SODQQHG

IRU�LPSOHPHQWDWLRQ�LQ�D�8QLYHUVLW\�RI�$XFNODQG�ZHEVLWH�WKDW�LV�QRZ�XQGHU�FRQVWUXFWLRQ�E\

WKH�VHFRQG�DXWKRU�

���5()(5(1&(6

&KDR�� -��&��DQG�3��&��%��3KLOOLSV� ��������0RGHO� VHOHFWLRQ� LQ�SDUWLDOO\�QRQVWDWLRQDU\�YHFWRU

DXWRUHJUHVVLYH�SURFHVVHV�ZLWK�UHGXFHG�UDQN�VWUXFWXUH��-RXUQDO�RI�(FRQRPHWULFV����������²����

'DYLGVRQ��5�� DQG� -��*��0DF.LQQRQ� ��������(VWLPDWLRQ� DQG� ,QIHUHQFH� LQ�(FRQRPHWULFV��2[IRUG

8QLYHUVLW\�3UHVV��1HZ�<RUN��2[IRUG�
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'LHEROG��)��;��DQG�5��6��0DULDQR���������&RPSDULQJ�SUHGLFWLYH�DFFXUDF\��-RXUQDO�RI�%XVLQHVV

DQG�(FRQRPLF�6WDWLVWLFV��������������²�����

+DUYH\��'���6��/H\ERXUQH��DQG�3��1HZEROG���������7HVWLQJ�WKH�HTXDOLW\�RI�SUHGLFWLRQ�PHDQ

VTXDUHG�HUURUV��,QWHUQDWLRQDO�-RXUQDO�RI�)RUHFDVWLQJ����������²�����

1HOVRQ��&��5�� DQG�&�� 3ORVVHU� ��������7UHQGV� DQG� UDQGRP�ZDONV� LQ�PDFURHFRQRPLF� WLPH

VHULHV��6RPH�HYLGHQFH�DQG�LPSOLFDWLRQV��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV����������²�����

3KLOOLSV�� 3��&��%�� �������� %D\HV�PRGHOV� DQG� IRUHFDVWV� RI�$XVWUDOLDQ�PDFURHFRQRPLF� WLPH

VHULHV��,Q�&��3��+DUJUHDYHV��(G����1RQVWDWLRQDU\�7LPH�6HULHV�$QDO\VLV�DQG�&RLQWHJUDWLRQ��2[IRUG

8QLYHUVLW\�3UHVV��1HZ�<RUN��2[IRUG�

3KLOOLSV�� 3�� &�� %�� �����D��� %D\HVLDQ� PRGHO� VHOHFWLRQ� DQG� SUHGLFWLRQ� ZLWK� HPSLULFDO

DSSOLFDWLRQV��-RXUQDO�RI�(FRQRPHWULFV����������²�����

3KLOOLSV��3��&��%�������E���%D\HVLDQ�SUHGLFWLRQ��$�UHVSRQVH��-RXUQDO�RI�(FRQRPHWULFV����������²

����

3KLOOLSV��3��&��%�������F���$XWRPDWHG�IRUHFDVWV�RI�$VLD�3DFLILF�HFRQRPLF�DFWLYLW\��$VLD�3DFLILF

(FRQRPLF�5HYLHZ������������²�����

3KLOOLSV��3��&��%����������(FRQRPHWULF�PRGHO�GHWHUPLQDWLRQ��(FRQRPHWULFD�������������²�����

3KLOOLSV��3��&��%��	�:��3OREHUJHU���������3RVWHULRU�RGGV�WHVWLQJ�IRU�D�XQLW�URRW�ZLWK�GDWD�

EDVHG�PRGHO�VHOHFWLRQ��(FRQRPHWULF�7KHRU\����������²�����



��

3KLOOLSV��3��&��%��DQG�:��3OREHUJHU���������$Q�DV\PSWRWLF�WKHRU\�RI�%D\HVLDQ�LQIHUHQFH�IRU

WLPH�VHULHV��(FRQRPHWULFD�����������������

3OREHUJHU��:�� DQG� 3�� &�� %�� 3KLOOLSV� �������� (PSLULFDO� OLPLWV� IRU� WLPH� VHULHV� HFRQRPHWULF

PRGHOV��&RZOHV�)RXQGDWLRQ�'LVFXVVLRQ�3DSHU��������<DOH�8QLYHUVLW\�

6FKZDU]��*����������(VWLPDWLQJ�WKH�GLPHQVLRQ�RI�D�PRGHO��$QQDOV�RI�6WDWLVWLFV���������²�����

:RQJ��-��DQG�3��-ROO\���������)RUHFDVWLQJ�LQIODWLRQ�DQG�UHDO�*'3��%D\HVLDQ�9$5�PRGHOV�RI

WKH�1HZ�=HDODQG�HFRQRP\��(FRQRPLFV�'HSDUWPHQW��5%1=��'LVFXVVLRQ�3DSHU�*�����

:RQJ�� -�� DQG� 3�� -ROO\� �������� $� %D\HVLDQ� YHFWRU� DXWRUHJUHVVLRQ�PRGHO� RI� LQIODWLRQ��1HZ

=HDODQG�(FRQRPLF�3DSHUV����������²�����



��
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�7KH�DXWKRUV�WKDQN�:HVKDK�5D]]DN�DQG�$ODVGDLU�6FRWW�DW�WKH�5%1=�IRU�KHOS�LQ�SURYLGLQJ

GDWD�� 7KUHH� DQRQ\PRXV� UHIHUHHV� SURYLGHG� YHU\� KHOSIXO� FRPPHQWV�� 6FKLII� JUDWHIXOO\

DFNQRZOHGJHV� WKH� VXSSRUW� RI� WKH� $XFNODQG� %XVLQHVV� 6FKRRO� WKURXJK� D� GLVVHUWDWLRQ

SXEOLFDWLRQ�VFKRODUVKLS��3KLOOLSV�WKDQNV�WKH�16)�IRU�UHVHDUFK�VXSSRUW�XQGHU�*UDQW�6%5����

������

�� 7KHVH� PHWKRGV� KDYH� EHHQ� XVHG� E\� WKH� VHFRQG� DXWKRU� IRU� WKH� SDVW� VHYHUDO� \HDUV� LQ

SURGXFLQJ�IRUHFDVWV�RI�VHYHUDO�$VLD�3DFLILF�QDWLRQV�²�VHH�3KLOOLSV������F��IRU�D�GLVFXVVLRQ�RI

WKHVH�DSSOLFDWLRQV��$Q�LQWHUDFWLYH�YHUVLRQ�RI�VLPLODU�PHWKRGV�DSSOLHG�WR�1HZ�=HDODQG�GDWD

KDV� EHHQ� GHYHORSHG� DQG� D� SURWRW\SH� LV� QRZ� DYDLODEOH� RQ� D�ZHE� VLWH� DW� WKH�8QLYHUVLW\� RI

$XFNODQG�GHYHORSHG�E\�3KLOOLSV��KWWS���SUHGLFWD�HFR�DXFNODQG�DF�Q]����7KLV�ZHE�VLWH�DOORZV

UHPRWH�XVHUV�WR�REWDLQ�IRUHFDVWV�RI�PDFURHFRQRPLF�DFWLYLW\�LQ�WKH�1HZ�=HDODQG�HFRQRP\�

DQG� LV� EHLQJ� H[WHQGHG� LV� WR� SHUIRUP�SROLF\� VLPXODWLRQV� VLPLODU� WR� WKRVH� SUHVHQWHG� LQ� WKH

SUHVHQW� SDSHU��$OO� FDOFXODWLRQV� DQG� JUDSKLFV� RQ� WKLV�ZHE� VLWH� DUH� GRQH� LQ� UHDO� WLPH� RQ� D

GHGLFDWHG�VHUYHU�DW�WKH�8QLYHUVLW\�RI�$XFNODQG�

�� 7KLV� IRUPXOD� UHOLHV� RQ� WKH� *DXVVLDQLW\� RI� WKH� HUURUV�� )RUPXODH� IRU� RWKHU� FDVHV� DUH

DYDLODEOH�DQG�UHO\�RQ�WKH�IRUP�RI�WKH�OLNHOLKRRG��3KLOOLSV��������

��)RU�H[DPSOH��D� IRXU�TXDUWHU�DKHDG�IRUHFDVW� LV�JHQHUDWHG�E\� ILUVW� IRUHFDVWLQJ�RQH�TXDUWHU

DKHDG�DQG�WKHQ�XVLQJ�WKLV�IRUHFDVW�WRJHWKHU�ZLWK�WKH�VXE�VDPSOH�RI�WKH�GDWD�WR�JHQHUDWH�D

WZR�TXDUWHU�DKHDG�IRUHFDVW��DQG�VR�RQ�XS�WR�IRXU�TXDUWHUV�DKHDG�

��7KHVH�YDOXHV�DUH�FDOFXODWHG�XVLQJ�WKH�QDWXUDO�ORJDULWKPV�RI�WKH�IRUHFDVWV�DQG�DFWXDO�YDOXHV�



��

��7KH�1=,(5�IRUHFDVW� IRU�D�SDUWLFXODU�GDWH�KDV�EHHQ� WDNHQ�IURP�WKH�VXEVHTXHQW� LVVXH�RI

4XDUWHUO\� 3UHGLFWLRQV�� )RU� H[DPSOH�� WKH� RQH�SHULRG� DKHDG� IRUHFDVW� RI�0DUFK� �����*'3� LV

WDNHQ�IURP�WKH�-XQH������LVVXH�RI�4XDUWHUO\�3UHGLFWLRQV��ZKHQ�*'3�GDWD�XS�WR�DQG�LQFOXGLQJ

'HFHPEHU������ZDV�DYDLODEOH�

�� &ODVVLFDO� $XJPHQWHG�'LFNH\� )XOOHU� DQG� 3KLOOLSV�2XOLDULV� WHVWV� GR� QRW� JLYH� HYLGHQFH� WR

VXJJHVW�FRLQWHJUDWLQJ�UHODWLRQVKLSV��H[FHSW�EHWZHHQ�WKH�VHULHV�IRU�$XVWUDOLD�DQG�WKH�8QLWHG

6WDWHV��+RZHYHU��'DYLGVRQ� DQG�0DF.LQQRQ� ������� SRLQW� RXW� WKDW� VXFK� WHVWV� ODFN� SRZHU

ZKHQ�XVHG�ZLWK�VHDVRQDOO\�DGMXVWHG�GDWD��7KHUHIRUH��IDLOLQJ�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI

QR�FRLQWHJUDWLRQ�LV�RQO\�ZHDN�HYLGHQFH�WKDW�WZR�RU�PRUH�RI�WKH�VHULHV�DUH�QRW�FRLQWHJUDWHG�

��)RU�WKH�WKHRU\�DQG�GHWDLOV�RI�WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�3,&�LQ�555�9$5�PRGHOV�

VHH�3KLOOLSV��������

��7KH�7KHLO�8�VWDWLVWLF� XVHG�KHUH� IRU� D� VHULHV�RI�K�SHULRG� DKHDG� IRUHFDVWV� FRPPHQFLQJ� DW

SHULRG�7�����LV�
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��ZKHUH�6�LV�WKH�QXPEHU�RI�IRUHFDVWV�

��/DUJHU�9$5�PRGHOV�ZLWK�PRUH� LQWHUHVW� UDWHV�� VXFK� DV� WKH� ���\HDU� ERQG� UDWH��ZHUH� DOVR

WULHG��7KHVH�VKRZHG�ZHDNHU�OLQNV�EHWZHHQ�UHDO�*'3�DQG�LQWHUHVW�UDWHV�
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Figure 1: Natural logarithm of New Zealand’s quarterly seasonally-adjusted real GDP series.
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Figure 2: RMSFEs for ex-ante forecasts from the evolving and fixed univariate models,

and the NZIER.
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Figure 3: Multivariate evolving model selected by PIC-RRR.
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Figure 4: RMSFEs for ex-ante forecasts from the evolving and fixed univariate models, the

evolving multivariate PIC-RRR model, and the NZIER.

Forecast
Periods
Ahead

Multivariate
PIC-RRR

Univariate
BIC

Univariate
PIC

Univariate
AR(1)

Maximum
Univariate

Model

NZIER

1 0.96 0.93 0.88 0.86 1.89 0.91
2 0.89 0.96 0.88 0.84 1.15 0.96
3 0.88 0.99 0.90 0.84 1.14 1.05
4 0.86 0.95 0.88 0.84 0.89 1.17
5 0.88 0.88 0.82 0.81 0.94 1.26
6 0.78 0.89 0.75 0.72 0.77 1.19
7 0.73 0.88 0.68 0.66 0.92 1.23
8 0.64 0.90 0.56 0.58 1.11 1.20

Table 1: Theil U-statistics for the evolving Bayes models, fixed univariate models,

and the NZIER.
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Figure 5 (a): One quarter ahead forecasts generated by the evolving PIC-RRR model

and the NZIER.
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Figure 5 (b): Four quarters ahead forecasts generated by the evolving PIC-RRR model

and the NZIER.
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Figure 5 (c): Eight quarters ahead forecasts generated by the evolving PIC-RRR model

and the NZIER.
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Forecast
Periods
Ahead

5% Critical
Value

Multivariate
PIC-RRR

Univariate
BIC

Univariate
PIC

Univariate
AR(1)

1 2.201 2.782 2.608 2.846 2.746
2 2.228 0.783 0.688 0.846 0.905
3 2.262 0.547 0.416 0.525 0.633
4 2.306 0.076 -0.332 0.195 0.353

Table 2: Modified Diebold-Mariano test statistics for forecast comparisons with the NZIER.
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Figure 6 (a): Forecast quarterly growth rates for New Zealand real GDP under the assumption

of a United States recession.
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Figure 6 (b): Forecast quarterly growth rates for Australian real GDP under the assumption of a

United States recession.
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Figure 6 (c): Forecast quarterly growth rates for Japanese real GDP under the assumption of a

United States recession.
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Figure 7: Forecast quarterly real GDP growth rates for New Zealand under different

assumptions about monetary conditions.



��

4.40%

4.60%

4.80%

5.00%

5.20%

5.40%

5.60%

5.80%

6.00%

6.20%

D
ec

-9
9

M
ar

-0
0

Ju
n-

00

S
ep

-0
0

D
ec

-0
0

M
ar

-0
1

Ju
n-

01

S
ep

-0
1

D
ec

-0
1

90
 D

ay
 In

te
re

st
 R

at
e

Scenario 1 Scenario 2 Scenario 3

Figure 8: Forecast 90-day interest rates for New Zealand under different assumptions about

monetary conditions.


