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$EVWUDFW�

7KH� LQWURGXFWLRQ�RI�D� FRPPRQ�PRQHWDU\�SROLF\� LQ� HOHYHQ�(XURSHDQ� FRXQWULHV� LQFUHDVHG� WKH�QHHG� IRU� OHDGLQJ� LQGLFDWRUV� IRU� WKDW� DUHD��$
UHOLDEOH� OHDGLQJ� LQGLFDWRU�VKRXOG�SRVVHVV� WKH� IROORZLQJ�SURSHUWLHV�� ����7KH�PRYHPHQWV� LQ� WKH� LQGLFDWRU� VHULHV� VKRXOG� UHVHPEOH� WKRVH� LQ� WKH
EXVLQHVV�F\FOH�UHIHUHQFH�VHULHV������7KH�UHODWLRQ�EHWZHHQ�WKH�UHIHUHQFH�VHULHV�DQG�WKH�LQGLFDWRU�VKRXOG�EH�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�VWDEOH�RYHU
WLPH������7KH�LQFOXVLRQ�RI�WKH�LQGLFDWRU�LQ�RXW�RI�VDPSOH�IRUHFDVWLQJ�SURFHGXUHV�VKRXOG�LPSURYH�WKH�SUHGLFWLYH�SRZHU��2XU�DQDO\VLV�GHDOV�ZLWK
WHVWV� IRU� WKHVH� UHTXLUHPHQWV� DSSOLHG� WR�(XURODQG� GDWD��:H� XVH� IUHTXHQF\� GRPDLQ� DQDO\VLV�� *UDQJHU�FDXVDOLW\� WHVWV� DQG� RXW�RI� VDPSOH
IRUHFDVWV��2QO\�D�IHZ�LQGLFDWRUV�SDVV�DOO�WHVWV��ZKLOH�WKH�QRQ�PRQHWDU\�LQGLFDWRUV�SHUIRUP�EHVW�
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'DWHQ��'D]X�ZHUGHQ�0HWKRGHQ� GHU� 6SHNWUDODQDO\VH�� YHUVFKLHGHQH�*UDQJHU�.DXVDOLWlWV�7HVWV� XQG�2XW�RI�VDPSOH�3URJQRVHQ� YHUZHQGHW�
1XU�ZHQLJH�,QGLNDWRUHQ�EHVWHKHQ�GLH�7HVWV�DXI�GLH�JHIRUGHUWHQ�(LJHQVFKDIWHQ��ZREHL�GLH�QLFKWPRQHWlUHQ�,QGLNDWRUHQ�EHVVHU�DEVFKQHLGHQ�
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��:H�ZRXOG� OLNH� WR� WKDQN� 3URIHVVRU� -�UJHQ�:ROWHUV�� WKH� SDUWLFLSDQWV� RI� WKH� ZRUNVKRS� RQ� TXDQWLWDWLYH� HFRQRPLF
UHVHDUFK� LQ�%HO]LJ�� DV�ZHOO� DV�RXU� FROOHDJXHV� DW� WKH�*HUPDQ� ,QVWLWXWH� IRU�(FRQRPLF�5HVHDUFK� �',:�� LQ�%HUOLQ�� IRU
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�� ,QWURGXFWLRQ

7KH�DSSOLFDWLRQ�RI�EXVLQHVV�F\FOH�LQGLFDWRUV�KDV�EHHQ�D�PHDQV�RI�VWXG\LQJ�DQG�IRUHFDVWLQJ�F\FOH

PRYHPHQWV� IURP� WKH� EHJLQQLQJ� RI� EXVLQHVV� F\FOH� UHVHDUFK�� $PRQJ� DOO� LQGLFDWRUV�� OHDGLQJ

LQGLFDWRUV�DUH�RI�VSHFLDO�LQWHUHVW�VLQFH�WKH\�FDQ�LPSURYH�WKH�SRZHU�RI�EXVLQHVV�F\FOH�IRUHFDVWV���,Q

UHFHQW� \HDUV�� H[DPLQDWLRQ� RI� LQGLFDWRU� SURSHUWLHV� KDV� RQFH� DJDLQ� JDLQHG� FRQVLGHUDEOH� DWWHQWLRQ

IURP�UHVHDUFKHUV��

$IWHU� WKH� LQWURGXFWLRQ� RI� D� FRPPRQ� PRQHWDU\� SROLF\� LQ� HOHYHQ� (XURSHDQ� FRXQWULHV�� OHDGLQJ

LQGLFDWRUV�RI�WKH�(XURSHDQ�EXVLQHVV�F\FOH�DUH�RI�VSHFLDO�LQWHUHVW��7KLV�LV��LQ�SDUWLFXODU��GXH�WR�WKH

IDFW�WKDW�PRQHWDU\�SROLF\�GHFLVLRQV�DUH�EDVHG�RQ�HVWLPDWHV�RI�WKH�GHYHORSPHQW�LQ�WKH�(XUR]RQH

DV�D�ZKROH��,Q�DGGLWLRQ�LW�LV�WR�EH�H[SHFWHG�WKDW�WKH�FRPPRQ�PRQHWDU\�SROLF\�DQG�DQ�LQWHQVLILHG

(XURSHDQ� LQWHJUDWLRQ� ZLOO� OHDG� WR� D� IXUWKHU� V\QFKURQLVDWLRQ� RI� WKH� EXVLQHVV� F\FOHV�� %XVLQHVV

GHFLVLRQV� DUH� LQFUHDVLQJO\� EHLQJ� EDVHG� RQ� WKH� DVVHVVPHQW� RI� WKH� GHYHORSPHQW� RI� WKH� HQWLUH

FXUUHQF\�DUHD��,Q�DQ\�FDVH��WKHUH�LV�D�SUDFWLFDO�LQWHUHVW�IRU�WKH�SURIHVVLRQDO�IRUHFDVWHU��8S�WR�QRZ�

WKHUH� KDV� EHHQ� D� ODFN� RI� H[SHULHQFH� RI� TXDQWLWDWLYH� IRUHFDVWV� RI� WKH� (XURSHDQ� EXVLQHVV� F\FOH�

7KHUHIRUH�WKH�FKDUDFWHULVWLFV�RI�WKH�UHOHYDQW�WLPH�VHULHV�DUH�RI�JUHDW�LQWHUHVW�

$V�ZDV�VWDWHG�LQ�D�FRPSDQLRQ�SDSHU��)ULWVFKH�6WHSKDQ���������D�UHOLDEOH�OHDGLQJ�LQGLFDWRU�VKRXOG

SRVVHVV�WKH�IROORZLQJ�SURSHUWLHV�

��� 0RYHPHQWV� LQ� WKH� LQGLFDWRU� VHULHV� VKRXOG� UHVHPEOH� WKRVH� LQ� WKH� EXVLQHVV� F\FOH

UHIHUHQFH�VHULHV�

��� 7KH�UHODWLRQVKLS�EHWZHHQ�WKH�UHIHUHQFH�VHULHV�DQG�WKH�LQGLFDWRU�VKRXOG�EH�VWDWLVWLFDOO\

VLJQLILFDQW� DQG� VWDEOH� RYHU� WLPH�� 0RUHRYHU�� WKH� LQFOXVLRQ� RI� WKH� LQGLFDWRU� VKRXOG

LPSURYH�WKH�SUHGLFWLYH�SRZHU�RYHU�WKDW�RI�D�VLPSOH�DXWRUHJUHVVLYH�SURFHVV�

��� 7KH� LQFOXVLRQ� RI� WKH� LQGLFDWRU� LQ� RXW�RI�VDPSOH� IRUHFDVWLQJ� SURFHGXUHV� VKRXOG

LPSURYH�WKH�SUHGLFWLYH�SRZHU��FRPSDUHG�WR�D��QDwYH��SURJQRVLV��

2XU� DQDO\VLV� DSSOLHV� WHVWV� IRU� WKHVH� UHTXLUHPHQWV� WR� DJJUHJDWHG� (XURODQG� GDWD�� 7KH� LPSOLFLW

DVVXPSWLRQ�EHKLQG�RXU�LQYHVWLJDWLRQ�LV�WKDW�WKHUH�KDV�DOUHDG\�EHHQ�VLJQLILFDQW�V\QFKURQLFLW\�RYHU

WKH�ODVW�F\FOHV�LQ�HFRQRPLF�DFWLYLW\�DOO�RYHU�WKH�(XUR]RQH��7KLV�FDQ�HLWKHU�EH�MXVWLILHG�E\�HPSLULFDO

������������������������������������������������

��&I��7LFK\���������%XUQV�0LWFKHOO���������2SSHQOlQGHU���������0RRUH�=DUQRZLW]��������

��%HVLGHV�WKH�RIWHQ�FLWHG�$PHULFDQ�ZRUNV�RI�6WRFN�DQG�:DWVRQ��6WRFN�:DWVRQ��������WKHUH�DUH�D�QXPEHU�RI�*HUPDQ
H[DPLQDWLRQV� RI� OHDGLQJ� LQGLFDWRUV� RI� EXVLQHVV� F\FOHV�� 7KHVH� LQFOXGH� '|SNH�.UlPHU�/DQJIHOGW� �������� /DQJIHOGW
��������.|KOHU���������6DXHU�6FKHLGH���������)XQNH��������DQG�/DQJPDQWHO���������&XUUHQW�H[DPLQDWLRQV�RI�OHDGLQJ
LQGLFDWRU�SURSHUWLHV�IRU�(XURODQG�LQFOXGH�WKH�SDSHUV�RI�'|SNH��������DQG�6HLIHUW��������
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HYLGHQFH�� RU� E\� WKH� IDFW� WKDW� RYHU� WKH� ODVW� IHZ� GHFDGHV� LQWHJUDWLRQ� LQ� (XURSH� EHFDPH� PXFK

VWURQJHU�� HVSHFLDOO\� DIWHU� WKH� LQWURGXFWLRQ� RI� WKH� VLQJOH� PDUNHW�� %XW� WKH� SURFHVV� RI� (XURSHDQ

LQWHJUDWLRQ�DOVR�FRPSOLFDWHV�WKH�DQDO\VLV��7KLV� LV�HVSHFLDOO\� WUXH�IRU�WKH� LQWHUHVW�UDWHV� LQ�(XURSH�

ZKLFK�VKRZ�D�VWURQJ�GRZQZDUG�WUHQG�GXULQJ�WKH�SHULRG�SULRU�WR�WKH�(XURSHDQ�PRQHWDU\�XQLRQ�

7KLV�LV��KRZHYHU��XQOLNHO\�WR�SHUVLVW�

)LUVW� RI� DOO� LW� KDV� WR� EH� GHWHUPLQHG�� ZKLFK� RI� WKH� SRWHQWLDO� LQGLFDWRUV� VHOHFWHG� RQ� WKHRUHWLFDO

JURXQGV� DUH� UHODWHG� WR� WKH�EXVLQHVV� F\FOH� UHIHUHQFH� VHULHV��2QH� DSSURDFK��ZKLFK� LV� XVHG� UDWKHU

UDUHO\�QRZDGD\V��LV�IUHTXHQF\�GRPDLQ�DQDO\VLV��7KLV�PHWKRG�LV�XVHG�KHUH�DV�D�WHVW�IRU�PHHWLQJ�WKH

ILUVW�UHTXLUHPHQW��QDPHO\�WKH�WHVW�RI�D�VWURQJ�UHODWLRQVKLS�EHWZHHQ�WKH�LQGLFDWRU�DQG�WKH�UHIHUHQFH

VHULHV�DW�D�IUHTXHQF\�UHOHYDQW�IRU�EXVLQHVV�F\FOH�PRYHPHQWV��7KH�FRKHUHQFH�PHDVXUH�XVHG�LQ�WKH

IUHTXHQF\�GRPDLQ�DSSURDFK�HQDEOHV�XV�WR�PHDVXUH�WKH�VWUHQJWK�RI�WKLV�UHODWLRQVKLS�EHWZHHQ�WKH

EXVLQHVV�F\FOH�UHIHUHQFH�VHULHV�DQG�WKH�LQGLFDWRU�VHULHV�

,Q� DGGLWLRQ�� D� UHOLDEOH� OHDGLQJ� LQGLFDWRU� VKRXOG� KDYH� D� VWDEOH� OHDG�VWUXFWXUH� UHODWLYH� WR� WKH

PRYHPHQWV� RI� WKH� F\FOH� DQG� VKRXOG� IXUWKHUPRUH� LPSURYH� WKH� IRUHFDVWLQJ� SRZHU� RI� F\FOH

PRYHPHQWV� FRPSDUHG�ZLWK� VLPSOH� DXWRUHJUHVVLYH� SURFHVVHV�� $IWHU� WHVWLQJ� IRU� SRVVLEOH� OHDG�ODJ

VWUXFWXUHV�ZLWK�FURVV�FRUUHORJUDPV��ZH�DSSOLHG�WKH�*UDQJHU�FDXVDOLW\�FULWHULRQ��%HFDXVH�WUDGLWLRQDO

SDLU�ZLVH� *UDQJHU�FDXVDOLW\� WHVWV� SRVVHVV� VRPH� SLWIDOOV�� ZH� FDUULHG� RXW� D� PRGLILHG� *UDQJHU�

FDXVDOLW\�WHVW�DV�ZHOO��

8QIRUWXQDWHO\��LW�LV�E\�QR�PHDQV�FHUWDLQ�WKDW�WKH�LQGLFDWRUV�ZLWK�WKH�EHVW�LQ�VDPSOH�SHUIRUPDQFH

SHUIRUP� HTXDOO\� ZHOO� LQ� RXW�RI�VDPSOH� IRUHFDVWV�� 7KHUHIRUH� ZH� H[DPLQHG� WKHLU� IRUHFDVW

SHUIRUPDQFH� XVLQJ� D� SURFHGXUH� SURSRVHG� E\� 'DYLV� DQG� )DJDQ�� WKXV� WHVWLQJ� IRU� WKH� WKLUG

UHTXLUHPHQW�IRU�D�UHOLDEOH�LQGLFDWRU��

������������������������������������������������

��&I��'|SNH��������

��&I��:ROWHUV��������

��&I��'DYLV�)DJDQ��������
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�� 7KH�'DWD

���� &KRLFH�RI�9DULDEOHV

7KHUH�DUH� D�QXPEHU�RI� UDWLRQDOHV� WKDW�XQGHUOLH� LQGLFDWRU� FKRLFH� DQG� MXVWLI\� UHVHDUFK�RQ� OHDGLQJ

LQGLFDWRUV�� 7KH� PRVW� LPSRUWDQW� UDWLRQDOHV� DUH� SURGXFWLRQ� WLPH� �WLPH� EHWZHHQ� RUGHULQJ� DQG

SURGXFWLRQ��� HDVH� RI� DGDSWDWLRQ� �VRPH� DJJUHJDWHV� DUH� DIIHFWHG� E\� VKRUW�WHUP� IOXFWXDWLRQV� HDUOLHU

DQG�RU�VWURQJHU� WKDQ�RWKHUV���PDUNHW� H[SHFWDWLRQV� �VRPH�VHULHV� UHIOHFW�RU� UHDFW� WR� DQWLFLSDWLRQV�RI

IXWXUH� HFRQRPLF� DFWLYLW\�� DQG� SULPH� PRYHUV� �HFRQRPLF� IOXFWXDWLRQV� DUH� GULYHQ� E\� PHDVXUDEOH

HFRQRPLF� IRUFHV� VXFK� DV�PRQHWDU\� SROLF\���� )XUWKHUPRUH� LQGLFDWRUV� DUH� RIWHQ� FKRVHQ� IRU� WKHLU

UHVLVWDQFH� DJDLQVW� UHYLVLRQV�� DV� ZHOO� DV� HDUO\� DYDLODELOLW\�� )RU� LQVWDQFH�� PRQHWDU\� LQGLFDWRUV� DUH

DYDLODEOH�VRRQHU�WKDQ�PRVW�RWKHU�LQGLFDWRUV�

:LWK� UHIHUHQFH� WR� (XURODQG�� WKHUH� DUH� EDVLFDOO\� WZR� PHWKRGV� RI� DQDO\VLV�� DJJUHJDWHG� RU� QRQ�

DJJUHJDWHG�WLPH�VHULHV��:H�GHFLGHG�WR�XVH�DJJUHJDWHG�WLPH�VHULHV�IRU�WKH�IROORZLQJ�UHDVRQV��7KH

GHYHORSPHQWV� LQ�(XURODQG�� VHHQ� DV� D�ZKROH�� DUH� LQFUHDVLQJO\� EHFRPLQJ� WKH� IRFXV� RI� HFRQRPLF

SROLF\� GLVFXVVLRQV�� 7KH� (XURSHDQ� &HQWUDO� %DQN� �(&%�� LV� DOVR� RULHQWDWLQJ� LWV� PRQHWDU\� SROLF\

WRZDUGV� WKH� (XURSHDQ� DJJUHJDWH�� ,Q� DGGLWLRQ�� ZH� DVVXPH� WKDW� WKH� SURFHVV� RI� (XURSHDQ

LQWHJUDWLRQ�ZLOO�FRQWLQXH�

3UHYLRXV� ZRUN� RQ�(XURODQG� LQGLFDWRUV� KDYH� UHTXLUHG� D� ORW� RI� WLPH� DQG� HIIRUW� WR� FDOFXODWH� WKH

DJJUHJDWHG�WLPH�VHULHV��,Q�WKH�PHDQWLPH�DJJUHJDWH�WLPH�VHULHV��SURYLGHG�E\�(XURVWDW��WKH�(&%��WKH

(XURSHDQ�&RPPLVVLRQ�DQG�WKH�2(&'��KDYH�EHHQ�GHYHORSHG�IRU�PDQ\�RI�WKH�LQGLFDWRUV��7KHVH

KDYH�DOVR�IRUPHG�WKH�EDVLV�RI�WKLV�LQYHVWLJDWLRQ�

,Q�GHWHUPLQLQJ�WKH�EXVLQHVV�F\FOH�UHIHUHQFH�VHULHV��ZH�UHOLHG�RQ�D��QDUURZ��LQWHUSUHWDWLRQ�RI�WKH

EXVLQHVV� F\FOH� DQG� FKRVH� WKH� LQGXVWULDO� SURGXFWLRQ� LQGH[� DV� SXEOLVKHG� LQ� WKH� 2(&'� 0DLQ

(FRQRPLF� ,QGLFDWRUV� GDWDEDVH�� 7KH� KLJK� IUHTXHQF\� RI�PRQWKO\� GDWD� DOORZV� WKH� DSSOLFDWLRQ� RI

QRQ�SDUDPHWULF�DSSURDFKHV�VXFK�DV�HPSLULFDO�IUHTXHQF\�GRPDLQ�DQDO\VLV�

)RU�WKH� LQGLFDWRU� LQYHVWLJDWLRQ�ZH�XVHG�WZR�EURDG�FDWHJRULHV�RI� LQGLFDWRUV��PRQHWDU\� LQGLFDWRUV

�PRQH\�VXSSO\��LQWHUHVW�UDWHV��H[FKDQJH�UDWHV��DQG�QRQ�PRQHWDU\�LQGLFDWRUV��VXUYH\�LQGLFDWRUV�DQG

LQGLFDWRUV�IRU�HFRQRPLF�DFWLYLW\�VXFK�DV�FDU�UHJLVWUDWLRQV��

������������������������������������������������

��&I��'H�/HHXZ��������
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7KH�XVH�RI�PRQHWDU\�LQGLFDWRUV��FDQ�EH�MXVWLILHG�LQ�VHYHUDO�ZD\V��2Q�WKH�RQH�KDQG�VRPH�EXVLQHVV

F\FOH� WKHRULHV� HPSKDVLVH� WKH� UROH� RI� PRQHWDU\� GHYHORSPHQWV� LQ� GHWHUPLQLQJ� EXVLQHVV� F\FOH

PRYHPHQWV��,Q�SDUWLFXODU��WKLV�LV�WKH�FDVH�LQ�VR�FDOOHG��PRQHWDU\�RYHU�SURGXFWLRQ�WKHRULHV����7KH

DUJXPHQW� WKDW� PRQHWDU\� GHYHORSPHQWV� LQIOXHQFH� EXVLQHVV� F\FOH� PRYHPHQWV� FDQ� OLNHZLVH� EH

DSSOLHG�WR�WKH�UROH�RI� LQWHUHVW�UDWHV� LQ�GHWHUPLQLQJ�HFRQRPLF�GHFLVLRQV��IRU� LQVWDQFH� LQYHVWPHQW

GHFLVLRQV����HVSHFLDOO\�LQ�.H\QHVLDQ�EXVLQHVV�F\FOH�WKHRULHV��)RU�WKLV�UHDVRQ�\LHOG�FXUYHV�DUH�RIWHQ

VHHQ� DV� YHU\� JRRG� LQGLFDWRUV���%HFDXVH�RI� WKHLU� IRUZDUG�ORRNLQJ�QDWXUH� LW� FDQ�EH� H[SHFWHG� WKDW

WKH\� PHDVXUH� H[SHFWDWLRQV� ZKLFK� DOVR� LPSO\� DGMXVWPHQW� UHDFWLRQV� UHOHYDQW� IRU� EXVLQHVV� F\FOH

PRYHPHQWV� LQ� WKH� IXWXUH��$V�/DLGOHU� UHFHQWO\� VWDWHG���� WKH� OHDGLQJ� LQGLFDWRU� UROH�RI� UHDO�PRQH\

EDODQFHV�FDQ�EH�H[SODLQHG�E\�GHYLDWLRQV�RI� WKH�PDUNHW� LQWHUHVW� UDWH� IURP�D�:LFNVHOOLDQ��QDWXUDO

UDWH��ZKLFK� OHDGV� WR� DGMXVWPHQW� UHDFWLRQV� UHOHYDQW� IRU�EXVLQHVV� F\FOH�PRYHPHQWV��)XUWKHUPRUH

PRQHWDU\� LQGLFDWRUV� DUH� RIWHQ� DYDLODEOH� VRRQHU� WKDQ� PRVW� RWKHU� LQGLFDWRUV�� 1RPLQDO� DQG� UHDO

H[FKDQJH�UDWHV�ZHUH�LQFOXGHG�WR�PHDVXUH�LPSXOVHV�RU�GLVWXUEDQFHV�RULJLQDWLQJ�IURP�WKH�H[WHUQDO

YDOXH�RI�PRQH\�

7KH�VHFRQG�EURDG�FDWHJRU\�RI�(XURODQG�LQGLFDWRUV�FRQWDLQV�D�QXPEHU�RI�VXUYH\�LQGLFDWRUV��7KH\

DUH�EDVHG�RQ�WKH�(8�&RPPLVVLRQ�VXUYH\�TXHVWLRQQDLUH����%\�XVLQJ�WKHVH�LQGLFDWRUV�ZH�VROYH�D�ORW

RI�FRPSDUDELOLW\�SUREOHPV�WKDW�H[LVW�EHWZHHQ�GLIIHUHQW�FRXQWULHV����7KH�(8�&RPPLVVLRQ�VXUYH\

PHDVXUHV�H[SHFWDWLRQV�DQG�EXVLQHVV�FOLPDWH� IRU�GLIIHUHQW�HFRQRPLF�VHFWRUV� �UHWDLO�� FRQVWUXFWLRQ�

LQGXVWU\���IRU�GLIIHUHQW�HFRQRPLF�VXEMHFWV��HQWHUSULVHV�DQG�KRXVHKROGV��IRU�HDFK�FRXQWU\�DQG�IRU

WKH� (XURODQG� DUHD�� 7KDW� LV� ZK\� WKHVH� LQGLFDWRUV� DUH� QDWXUDO� FDQGLGDWHV� IRU� OHDGLQJ� LQGLFDWRU

UHVHDUFK��:H�XVHG�WKH�GLIIHUHQW�FRQILGHQFH�LQGLFDWRUV��WKH�LQGXVWU\�FRQILGHQFH�LQGLFDWRU��WKH�UHWDLO

FRQILGHQFH� LQGLFDWRU�� WKH� FRQVWUXFWLRQ� FRQILGHQFH� LQGLFDWRU� DQG� WKH� FRQVXPHU� FRQILGHQFH

LQGLFDWRU�� DQG� WKH� HFRQRPLF� VHQWLPHQW� LQGLFDWRU�� $OO� WKHVH� LQGLFDWRUV� DUH� FDOFXODWHG� XVLQJ

GLIIHUHQW� WLPH� VHULHV� DERXW� RUGHU� ERRN� SRVLWLRQ�� SURGXFWLRQ� H[SHFWDWLRQ� HWF�� 7KH� HFRQRPLF

VHQWLPHQW� LQGLFDWRU� VXPPDULVHV� WKH� LQIRUPDWLRQ� RI� WKH� GLIIHUHQW� FRQILGHQFH� LQGLFDWRUV�

)XUWKHUPRUH� ZH� LQYHVWLJDWHG� WZR� WLPH� VHULHV� ZKLFK� DIIHFW� WKH� FDOFXODWLRQ� RI� WKH� LQGXVWU\

FRQILGHQFH� LQGLFDWRU�� QDPHO\� WKH� RUGHU� ERRN� SRVLWLRQ� DQG� WKH� SURGXFWLRQ� H[SHFWDWLRQV� LQ

������������������������������������������������

��7KH�UHDO�PRQH\�EDODQFHV��DV�ZHOO�DV� WKH�UHDO� LQWHUHVW� UDWHV�ZHUH�FDOFXODWHG�XVLQJ�H[�SRVW�FRQVXPHU�SULFH� LQIODWLRQ
�&3,��� )URP� ����� EDFNZDUGV� WKH� (XURSHDQ� &3,� ZDV� FDOFXODWHG� XVLQJ� IL[HG� ZHLJKWV� �EDVHG� RQ� JURVV� GRPHVWLF
SURGXFW��*'3��IURP������

��&I��+D\HN��������DQG�WKH�VXUYH\�LQ�+DEHUOHU���������

��&I��(VWUHOOD�0LVKNLQ��������

���&I��/DLGOHU��������

���&I��(XURSHDQ�&RPPLVVLRQ��������

���2I�FRXUVH��WKLV�LV�SURYLGHG�WKDW�WKH�FRPPLVVLRQ�VROYHV�WKHVH�SUREOHPV�
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(XURSHDQ� LQGXVWU\��7KH\� DUH� DOVR� XVHG� DV� DQ� DSSUR[LPDWLRQ� IRU� WKH� RYHUDOO� (XURSHDQ� OHYHO� RI

RUGHUV�UHFHLYHG��EXW�ZKLFK�DUH�QRW�\HW�DYDLODEOH��7KH�FKRLFH�RI�DOO�WKHVH�LQGLFDWRUV�LV�MXVWLILHG�E\

WKH�IDFW�WKDW�WKHVH�LQGLFDWRUV�FRQWDLQ�LQIRUPDWLRQ�DERXW�PDUNHW�H[SHFWDWLRQV�

7KH�H[FKDQJH�UDWHV�ZHUH� LQFOXGHG�EHFDXVH�RI� WKH�FRPPRQ�DUJXPHQW� VWDWLQJ� WKDW�PRVW�ERRPV�

HVSHFLDOO\� WKRVH� LQ�*HUPDQ\� �ZKLFK� LV�KLJKO\� LPSRUWDQW� IRU� WKH�(XURODQG�DUHD��� DUH� LQLWLDWHG�E\

H[SRUW�OHG� XSVZLQJV�� ZKLFK� LQ� WXUQ� DUH� EDVHG� RQ� LPSURYHG� FRPSHWLWLYHQHVV� GXH� WR� D� UHDO

GHSUHFLDWLRQ�RI�WKH�FXUUHQF\�

7DEOH�����LQ�WKH�DSSHQGL[�JLYHV�DQ�RYHUYLHZ�DERXW�WKH�WLPH�VHULHV�DQG�WKHLU�VRXUFHV�

���� 'DWD�3URSHUWLHV��8QLW�5RRW�3UH�WHVWV

$OO�RI�RXU�SURFHGXUHV�UHTXLUH�VRPH�NLQG�RI�VWDWLRQDULW\�DVVXPSWLRQV���

:H� WKHUHIRUH� WHVWHG� DOO� WLPH� VHULHV� IRU� XQLW� URRWV� XVLQJ� DXJPHQWHG�'LFNH\�)XOOHU� WHVWV����1RQ�

VWDWLRQDU\�YDULDEOHV�ZHUH�WUDQVIRUPHG�E\�FDOFXODWLQJ�DQQXDO�JURZWK�UDWHV����7KLV�VWUDWHJ\�KDV�WKH

DGYDQWDJH�WKDW�KLJKO\�DUELWUDU\�GH�WUHQGLQJ�SURFHGXUHV�DUH�DYRLGHG��WKH�UHVXOWV�RI�ZKLFK�GHSHQG

RQ� WKH� DVVXPHG� VWUXFWXUH� RI� WKH� GDWD� JHQHUDWLQJ� SURFHVV���� )XUWKHUPRUH�� DV� VRPH� VWXGLHV� KDYH

VKRZQ��WKH�FKRVHQ�ILOWHULQJ�SURFHGXUH�KDV�WKH�DGYDQWDJH�WKDW�D�ORW�RI�VSHFWUDO�GHQVLW\�UHPDLQV�LQ

WKH� UHJLRQ� UHOHYDQW� IRU� RXU� WRSLF���� ,Q� DGGLWLRQ�� DQQXDO� JURZWK� UDWHV� DUH� TXLWH� RIWHQ� XVHG� IRU

IRUHFDVWLQJ�SXUSRVHV�DQG�HFRQRPLF�SROLF\PDNLQJ�LQ�*HUPDQ\��)XUWKHUPRUH��WKH�WUDQVIRUPDWLRQ

LQWR� DQQXDO� JURZWK� UDWHV� VHUYHV� DV� D� VLPSOH� PHWKRG� RI� VHDVRQDO� DGMXVWPHQW�� 7KH� UHOHYDQW

SURSHUWLHV�RI�WKH�LQGLFDWRUV�DUH�SUHVHQWHG�LQ�WDEOH�������

8QIRUWXQDWHO\�VRPH�PRQHWDU\� LQGLFDWRUV�GLVSOD\HG�VRPH� OHVV�SOHDVDQW�SURSHUWLHV��$V� WKH�UHVXOWV

VKRZ��DQQXDO�JURZWK�UDWHV�RI�QRPLQDO�LQWHUHVW�UDWHV�DV�ZHOO�DV�PRQH\�EDODQFHV�DUH�QRW�OLNHO\�WR�EH

������������������������������������������������

���2I�FRXUVH�VRPH�RI�WKH�SURFHGXUHV�FDQ�EH�VSHFLILHG�LQ�D�HUURU�FRUUHFWLRQ�IUDPHZRUN�ZKLFK�LPSOLHV�WKH�H[LVWHQFH�RI
FR�LQWHJUDWLRQ��7KHUHIRUH�6DXHU�6FKHLGH��������FDUULHG�RXW�*UDQJHU�WHVWV�ZLWK�DQ�HUURU�FRUUHFWLRQ�HTXDWLRQ��+HUH�ZH
WHVWHG� LQIRUPDOO\� IRU� FR�LQWHJUDWLRQ� EHWZHHQ� LQGLFDWRU� DQG� UHIHUHQFH� WLPH� VHULHV� ZLWK� WKH� LQVWUXPHQW� RI� VSHFWUDO
DQDO\VLV��:H�IRXQG�QR�FOHDU�HYLGHQFH�H[FHSW�YHU\�KLJK�FRKHUHQFH�DW� IUHTXHQF\�]HUR�EHWZHHQ� LQGXVWULDO�SURGXFWLRQ
DQG�SURGXFWLRQ�H[SHFWDWLRQ��+RZHYHU��D�VLPSOH�FR�LQWHJUDWLRQ�WHVW�EDVHG�RQ�WKH�(QJOH�*UDQJHU�SURFHGXUH�IRU�WKRVH
WLPH�VHULHV�GLG�QRW�FRQILUP�WKLV�

���&I��'LFNH\�)XOOHU���������0DF.LQQRQ�������

���7KH�DQQXDO�JURZWK�UDWHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�IRUPXOD�∆
�� ��

� ���< < <
W W

= −−�> � @ � 
 �

���&I��&DQRYD������D�E��

���&I��:ROWHUV�.XKELHU�%XVFKHU��������

���$OO�WLPH�VHULHV�VSHFLILHG�LQ�OHYHOV�DUH�VHDVRQDOO\�DGMXVWHG��5HJDUGLQJ�WKH�VHULHV�ZKLFK�KDG�WR�EH�VSHFLILHG�LQ�JURZWK
UDWHV�GXH�WR�WKHLU�VWDWLRQDULW\�SURSHUWLHV��LQ�PRVW�FDVHV�ZH�XVHG�XQDGMXVWHG�WLPH�VHULHV�ZKHUH�WKH�WUDQVIRUPDWLRQ�LQWR
DQQXDO�JURZWK�UDWHV�VHUYHG�DV�D�VHDVRQDO�DGMXVWPHQW�SURFHGXUH��7KH�UHDVRQ�IRU� WKLV�ZDV�DQ�REVHUYHG�ELDV� WRZDUGV
QRQ�VWDWLRQDULW\�ZKHQ�ZH�WUDQVIRUPHG�VHDVRQDOO\�DGMXVWHG�WLPH�VHULHV�LQWR�JURZWK�UDWHV�
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VWDWLRQDU\��)RU�WKH�UHDO�PRQH\�EDODQFH�0��WKHUH�LV�HYLGHQFH�RI�D�WUHQG�VWDWLRQDU\�SURFHVV�ZKLFK

FRXOG�LQGLFDWH�D�FR�LQWHJUDWLRQ�EHWZHHQ�PRQH\�DQG�SULFHV�ZKLFK�LV�QRW�UHDOO\�VXUSULVLQJ�

)RU�WKLV�UHDVRQ�ZH�FKRVH�WKH�IROORZLQJ�VWUDWHJ\�IRU�WKH�LQYHVWLJDWLRQ��)RU�WLPH�VHULHV�ZKLFK�GLG

QRW� LQGLFDWH� WKH� UHTXLUHG� VWDWLRQDULW\� FKDUDFWHULVWLFV� LQ� WKH� DQQXDO� JURZWK� UDWH� ZH� FDOFXODWHG

VHFRQGDU\�GLIIHUHQFHV��ZKLFK�ZHUH�VWDWLRQDU\��$W�WKLV�VWDJH�ZH�XVHG�DQ�DJUHHDEOH�FKDUDFWHULVWLF�RI

FRKHUHQFH� WR� RXU� DGYDQWDJH�� QDPHO\� WKDW� LW� LV� LQYDULDQW� WRZDUGV� OLQHDU� WUDQVIRUPDWLRQV�� ,Q� WKLV

UHVSHFW� ZH� FRXOG� DW� OHDVW� FRQGXFW� D� VSHFWUDO� LQYHVWLJDWLRQ� ZLWK� WKHVH� VHULHV�� %HFDXVH� WKH

XQVXLWDELOLW\�RI�WKHVH�WZLFH�GLIIHUHQFHG�VHULHV�EHFDPH�DSSDUHQW�DW�WKLV�WUDQVIRUPDWLRQ��WKH�PRQH\

VXSSO\�DV�ZHOO�DV�WKH�QRPLQDO�LQWHUHVW�UDWHV�ZHUH�QRW�VLJQLILFDQW�LQ�WKH�UHOHYDQW�DUHD���WKH�IXUWKHU

WHVWV�ZHUH�QRW�FDUULHG�RXW�IRU�WKHVH�WLPH�VHULHV�

�� 6SHFWUDO�$QDO\VLV

���� 0HWKRGRORJLFDO�$SSURDFK��

7UDGLWLRQDOO\�� WKH� F\FOLFDO� SURSHUWLHV� RI� WLPH� VHULHV� DQG� OHDG�ODJ�VWUXFWXUHV� DUH� GHWHUPLQHG� E\

FURVV�FRUUHORJUDP� DQDO\VLV���� 2YHUODSSLQJ� RVFLOODWLRQV� RI� GLIIHUHQW� SHULRGV� DQG� GLIIHUHQW

DPSOLWXGHV�FDQ�GLVWRUW�WKH�SURSHUWLHV�RI�WKH�FRUUHORJUDP��+LJK�VHULDO�FRUUHODWLRQ�FRPSOLFDWHV�WKH

DQDO\VLV��)XUWKHUPRUH�� QHZ�GHYHORSPHQWV� LQ� WLPH� VHULHV� DQDO\VLV� VKRZ� WKDW� UHVXOWV� GHSHQG� WR� D

ODUJH� H[WHQW� RQ� WKH� NLQG� RI� WUDQVIRUPDWLRQV� XVHG� WR� DWWDLQ� VWDWLRQDU\� YDULDEOHV�� H�J�� WUHQG

GHYLDWLRQV�RU�JURZWK�UDWHV��$V�LV�ZHOO�NQRZQ�WKH�UHJUHVVLRQ�RI�LQGHSHQGHQW�QRQ�VWDWLRQDU\�WLPH

VHULHV� OHDGV� WR� VSXULRXV� UHJUHVVLRQ�� $W� WKH� VDPH� WLPH�� WKH� VSHFLILFDWLRQ� RI� QRQ�VWDWLRQDU\� WLPH

VHULHV�LQ�GLIIHUHQFHV�ZKLOH�WKHVH�VHULHV�DUH�FR�LQWHJUDWHG�OHDGV�WR�PLVVSHFLILFDWLRQ��7KH�SUREOHPV

EHFRPH�HYHQ�PRUH�FRPSOLFDWHG�DV�WKH�UHVXOWV�DUH�VHQVLWLYH�ZLWK�UHJDUG�WR�WKH�DVVXPHG�SDUDPHWULF

PRGHO���D�SUREOHP�ZLGHO\�GLVFXVVHG�LQ�FRQMXQFWLRQ�ZLWK�GH�WUHQGLQJ�SURFHGXUHV�

7KH� ILUVW� VWHS� LQ� RXU� UHVHDUFK� LV� WKH� GLVFULPLQDWLRQ� EHWZHHQ� VHULHV� ZKLFK� VKRZ� D� VLJQLILFDQW

UHODWLRQVKLS� ZLWK� WKH� UHIHUHQFH� VHULHV� IRU� WKH� EXVLQHVV� F\FOH� LQ� WKH� UHOHYDQW� SHULRG� DQG� WKRVH

ZKLFK� GR� QRW�� 6SHFWUDO� DQDO\VLV� SURYHG� WR� EH� D� KHOSIXO� WRRO� IRU� WKLV� SXUSRVH�� $QDO\WLFDOO\�� D

FRUUHORJUDP� FDQ� EH� WUDQVIRUPHG� WR� WKH� IUHTXHQF\� GRPDLQ� XVLQJ� )RXULHU� WUDQVIRUPDWLRQ�� 7KH

VSHFWUD�IXQFWLRQV�LQGLFDWH�WKH�FRQWULEXWLRQ�RI�HYHU\�IUHTXHQF\�FRPSRQHQW�WR�RYHUDOO�YDULDQFH��%\

DSSO\LQJ� VSHFWUDO� DQDO\VLV� WR�PRUH� WKDQ� RQH� WLPH� VHULHV�� LW� LV� SRVVLEOH� WR� FDOFXODWH� VRPH� XVHIXO

PHDVXUHV� VXFK� DV� VTXDUHG� FRKHUHQFH� DQG� JDLQ�� ZKLFK� DOORZ� WKH� DVVHVVPHQW� RI� WKH� XQGHUO\LQJ

������������������������������������������������

��� &I�� .|QLJ�:ROWHUV� �������� :ROWHUV�.XKELHU�%XVFKHU� �������� :ROWHUV� �������� .LUFKJlVVQHU�:ROWHUV� �������
:ROWHUV�/DQNHV���������.RRSPDQV��������

���&I��'|SNH�.UlPHU�/DQJIHOGW���������/LQGOEDXHU��������
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UHODWLRQVKLS�EHWZHHQ�GLIIHUHQW�WLPH�VHULHV��,Q�DGGLWLRQ��WKH�FRKHUHQFH�LV� LQYDULDQW�WR�DQ\�NLQG�RI

OLQHDU�WUDQVIRUPDWLRQ�

)UHTXHQF\�GRPDLQ�DQDO\VLV�DOORZV�XV�WR�FDOFXODWH�WKH�VTXDUHG�FRKHUHQFH�DV�D�IXQFWLRQ�RI�VSHFWUD�DQG

FURVV�VSHFWUD�
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� �� � �λ = � LV� FDOOHG� VSHFWUXP� DW� IUHTXHQF\� λ � DQG� I[\ � �λ � LV� FDOOHG� FURVV� VSHFWUXP

�EHWZHHQ�[�DQG�\��

$FFRUGLQJ� WR�.|QLJ�:ROWHUV� ������� WKLV� LV� D�PHDVXUH� IRU� WKH� VWRFKDVWLF� UHODWLRQVKLS� EHWZHHQ

GLIIHUHQW� FRPSRQHQWV� RI� WZR� SURFHVVHV� DW� VSHFLILF� IUHTXHQFLHV���� 7KHUHIRUH�� WKH� PHDVXUH� LV

FRPSDUDEOH� WR� WKH�ZHOO�NQRZQ� 5 � LQ� WUDGLWLRQDO� UHJUHVVLRQ� DQDO\VLV��%XW�� QR� FDXVDO� UHODWLRQVKLS

EHWZHHQ� WKH� WZR� YDULDEOHV� KDV� WR� EH� DVVXPHG�� DV� LV� LPSOLFLWO\� WKH� FDVH� LQ� UHJUHVVLRQ� DQDO\VLV�

)XUWKHUPRUH��QR�VSHFLILF�PRGHO�QHHGV�WR�EH�VSHFLILHG�IRU�WKH�GHWHUPLQDWLRQ�RI� WKH�GLUHFWLRQ�RI

GHSHQGHQFH��2QH�RI�WKH�PRVW� LPSRUWDQW�DGYDQWDJHV� LV� WKH� LQYDULDQFH�DJDLQVW�DQ\�NLQG�RI� OLQHDU

WUDQVIRUPDWLRQ��LQFOXGLQJ�WKDW�WR�JURZWK�UDWHV��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW��DV�.LUFKJlVVQHU�DQG

:ROWHUV� ������� KDYH� VKRZQ�� D� FRKHUHQFH� RI� RQH� DW� IUHTXHQF\� ]HUR� LQGLFDWHV� D� FR�LQWHJUDWLRQ

UHODWLRQVKLS�EHWZHHQ�WZR�WLPH�VHULHV����7KLV�ILQGLQJ�FRUUHVSRQGV�ZLWK�D�SRSXODU�LQWHUSUHWDWLRQ�RI

FR�LQWHJUDWLRQ� LQ� WKH� VHQVH� WKDW� LQ� WKH� ORQJ� UXQ� �D� IUHTXHQF\� RI� ]HUR� FRUUHVSRQGV� WR� D� F\FOH� RI

LQILQLWH� OHQJWK��ERWK�WLPH�VHULHV�DUH� VWURQJO\� UHODWHG�DQG�GR�QRW�GLYHUJH� IURP�HDFK�RWKHU��2XU�FRKHUHQFH

HVWLPDWLRQV�FDQ�WKHUHIRUH�EH�UHJDUGHG�DV�DQ�LQIRUPDO�WHVW�IRU�FR�LQWHJUDWLRQ�UHODWLRQVKLSV�EHWZHHQ

WKH�LQGLFDWRU�DQG�WKH�UHIHUHQFH�VHULHV�

���� 5HVXOWV

7KH�UHVXOWV�RI�WKH�HVWLPDWLRQ�RI�VTXDUHG�FRKHUHQFH�IRU�WKH�EXVLQHVV�F\FOH�UHIHUHQFH�VHULHV�DQG�WKH

LQGLFDWRUV�DUH�VKRZQ�LQ�ILJXUHV�����WR�������

7KH�QXOO� K\SRWKHVLV� RI� QR� VLJQLILFDQW� LQIOXHQFH� �DW� D� ���� FRQILGHQFH� OHYHO��ZDV� WHVWHG� XVLQJ� D

VLJQLILFDQFH� WHVW� VWDWLVWLF� SURSRVHG� E\� .RRSPDQV� �������� 7KH� KRUL]RQWDO� OLQH� LQ� RXU� JUDSKV

������������������������������������������������

���.|QLJ�:ROWHUV�������������

���&I��.LUFKJlVVQHU�:ROWHUV��������

���)RU�WKH�HPSLULFDO�HVWLPDWLRQ�ZH�XVHG�WKH�SURJUDP�5$76�
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UHSUHVHQWV�WKH����FRQILGHQFH�EDQG����&RKHUHQFH�YDOXHV�DERYH�WKLV� OHYHO�VKRZ�VLJQLILFDQW�DVVRFLDWLRQ

EHWZHHQ�WKHVH�WZR�VHULHV�DW�VSHFLILF�IUHTXHQFLHV��ZKLFK�ZHUH�WUDQVIRUPHG�LQWR�SHULRGV�IRU�EHWWHU

XQGHUVWDQGLQJ��H�J��PRQWKV��

+RZ�DUH�WKHVH�UHVXOWV�WR�EH�LQWHUSUHWHG"�,Q�WUDGLWLRQDO�EXVLQHVV�F\FOH�OLWHUDWXUH����D�SHULRG�RI�RQH

\HDU� XS� WR� VL[� RU� HLJKW� \HDUV� LV� UHJDUGHG� DV� UHOHYDQW� IRU� EXVLQHVV� F\FOH� PRYHPHQWV�� +HQFH�

FRKHUHQFH�WHVWV�ZHUH�FDUULHG�RXW�IRU�WKLV�WLPH�VHULHV��WKDW�LV��RQ�WKH�YHU\�OHIW�VLGH�RI�RXU�JUDSKV��DV

WKH� ILJXUH�PXVW� EH� UHDG� IURP� ULJKW� WR� OHIW��� ,W� LV� WKH� LQWHUYDO� IURP� ���PRQWKV� WR� QHDU� LQILQLW\�

ZKLFK�LV�RI�LQWHUHVW�KHUH�

7KH�VTXDUHG�FRKHUHQFH�VKRZV�D�KLJK�DQG�VLJQLILFDQW�FRQQHFWLRQ�LQ�WKH�ILHOG�UHOHYDQW�IRU�EXVLQHVV

F\FOH�UHVHDUFK�IRU�DOO�WKH�VXUYH\�LQGLFDWRUV��7KLV� LV�HVSHFLDOO\�KLJK� LQ�WKH�FDVH�RI�WKH�SURGXFWLRQ

H[SHFWDWLRQV��WKH�LQGXVWU\�FRQILGHQFH�LQGLFDWRU��WKH�HFRQRPLF�VHQWLPHQW�DQG�WKH�2(&'�OHDGLQJ

LQGLFDWRU��7KH�UHDO�VKRUW�WHUP�UDWH�DOVR�SHUIRUPV�ZHOO��+RZHYHU�� WKH� IUHTXHQF\�GRPDLQ�DQDO\VLV

DOVR� VKRZV� WKDW� QR� LQGLFDWRU� LV� FR�LQWHJUDWHG� ZLWK� WKH� UHIHUHQFH� VHULHV� �ZLWK� SURGXFWLRQ

H[SHFWDWLRQV� SRVVLEO\� EHLQJ� DQ� H[FHSWLRQ��� )RUWXQDWHO\�� FR�LQWHJUDWLRQ� LV� QRW� QHFHVVDU\� IRU� WKH

YDULDEOH� WR� EH� VXLWDEOH� DV� DQ� LQGLFDWRU��:LWKLQ� WKH� IUDPHZRUN� RI� WKLV� LQYHVWLJDWLRQ�� D� KLJK� DQG

VLJQLILFDQW�FRKHUHQFH�LQ�WKH�SHULRG�RI�RQH�WR�HLJKW�\HDUV�LV�VXIILFLHQW�

/HVV�FRQYLQFLQJ�DUH�WKH�WUDLWV�RI�WKH�PRQH\�VXSSO\�DJJUHJDWH��H[FKDQJH�UDWHV��WKH�QRPLQDO�LQWHUHVW

UDWH�� WKH� VWRFN�PDUNHW� LQGH[�� DQG� WKH� LQWHUHVW� UDWH� VSUHDG�� 7KH� SRRU� UHVXOWV� RI� WKH� FRKHUHQFH

LQYHVWLJDWLRQ� MXVWLI\� LQ� UHWURVSHFW� WKDW� WKH� WLPH� VHULHV� ZLWK� XQVDWLVIDFWRU\� VWDWLRQDULW\

FKDUDFWHULVWLFV��DV�GLVFXVVHG�DERYH��ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�

�� $QDO\VLV�RI �/HDG�/DJ�6WUXFWXUHV

,Q�WKH�VHFRQG�SDUW�RI�RXU�DQDO\VLV��ZH�H[DPLQHG�WKH�OHDG�VWUXFWXUH�EHWZHHQ�WKH�LQGLFDWRU�DQG�WKH

UHIHUHQFH� VHULHV�� %DVLFDOO\�� WKH� SKDVH� FDQ� EH� GHWHUPLQHG� ZLWKLQ� PXOWLYDULDWH� IUHTXHQF\� GRPDLQ

DQDO\VLV��+RZHYHU�� WKLV�SURFHGXUH�KDV� VRPH�GLVDGYDQWDJHV��2ZLQJ� WR� WKH� DPELJXRXV� QDWXUH� RI

WULJRQRPHWULF� IXQFWLRQV�� WKHVH� PHDVXUHV� DUH� GLIILFXOW� WR� LQWHUSUHW�� )XUWKHUPRUH�� HVWLPDWHV� DUH

LPSUHFLVH�LI�WKH�FRKHUHQFH�LV�UDWKHU�VPDOO���

&RQVHTXHQWO\��ZH�GHFLGHG�WR�DSSO\�RWKHU�WHFKQLTXHV��)LUVW�ZH�XVHG�FURVV�FRUUHORJUDPV�WR�LGHQWLI\

��YLD�WKH�PD[LPXP�RI�WKH�FRHIILFLHQW�RI�FRUUHODWLRQ�FDOFXODWHG�DW�GLIIHUHQW�ODJV���SRVVLEOH�OHDG�ODJ�

������������������������������������������������

��� .RRSPDQV� �������� DQQH[�� WDEOH� $����� 7KH� FULWLFDO� YDOXHV� GHSHQG� RQ� WKH� GHJUHHV� RI� IUHHGRP� RI� WKH� HPSLULFDO
HVWLPDWLRQ�

���&I��=DUQRZLW]��������

���&I��:ROWHUV��������



��

VWUXFWXUHV��:H� WKHQ�DVNHG�ZKHWKHU� WKH� LQFOXVLRQ�RI�SDVW�YDOXHV�RI� WKH� LQGLFDWRU� YDULDEOH�ZRXOG

LPSURYH�WKH�IRUHFDVW�RI�WKH�UHIHUHQFH�VHULHV��WKDW�LV��ZH�SHUIRUPHG�*UDQJHU�FDXVDOLW\�WHVWV�

���� &URVV�&RUUHODWLRQ

$V� D� ILUVW� DSSUR[LPDWLRQ� RI� OHDG�ODJ� VWUXFWXUHV� EHWZHHQ� WKH� FKRVHQ� UHIHUHQFH� VHULHV� DQG� WKRVH

LQGLFDWRUV� WKDW� SDVVHG� WKH� VSHFWUDO� DQDO\VLV� FULWHULRQ�� FURVV� FRUUHODWLRQ� FDQ� EH� FDOFXODWHG�

7UDGLWLRQDOO\��WKH�PD[LPXP�RI�WKH�FRHIILFLHQW�RI�FRUUHODWLRQ�LV�VHHQ�DV�WKH��OHDG��RU��ODJ��RI�WKH

LQGLFDWRU�LQ�UHODWLRQ�WR�D�UHIHUHQFH�VHULHV��%XW�WKHVH�PHDVXUHV�VKRXOG�EH�LQWHUSUHWHG�FDXWLRXVO\��DV

WKH\� FDQ� EH� GLVWRUWHG� E\� RYHUODSSLQJ� RVFLOODWLRQV�� :H� HVWLPDWHG� WKH� FRHIILFLHQW� RI� FRUUHODWLRQ

EHWZHHQ�WKH�UHIHUHQFH�DQG�LQGLFDWRU�VHULHV�ZLWK�D�ODJ�OHQJWK�RI����RQ�HDFK�VLGH��7KH�WKLQ�OLQHV�LQ

RXU�JUDSKV�UHSUHVHQW�D�URXJK�HVWLPDWLRQ�RI�WKH����VLJQLILFDQFH�EDQG����9DOXHV�RXWVLGH�WKLV�EDQG

LQGLFDWH�D��VLJQLILFDQW��FRUUHODWLRQ��5HVXOWV�DUH�SORWWHG�LQ�)LJXUHV�����WR�����

,Q�PDQ\�FDVHV��ZKHQ�XVHG�ZLWK�WKH�VXUYH\�LQGLFDWRUV��WKH�WUDGLWLRQDO�FURVV�FRUUHORJUDPV�LQGLFDWH

FRLQFLGHQFH�EHWZHHQ�LQGLFDWRU�DQG�UHIHUHQFH�VHULHV��7KLV�FRPHV�DV�OLWWOH�VXUSULVH��DV�PRVW�VXUYH\V

IRFXV� RQ� WKH� DVVHVVPHQW� RI� WKH� FXUUHQW� VLWXDWLRQ��+RZHYHU�� VRPH� LQGLFDWRUV�� DV� H�J�� WKH� RUGHU

YROXPHV��VKRZ�D�ODJ��7KH�UHDO�H[FKDQJH�UDWH�VKRZV�D�OHDG�RI�DURXQG���PRQWKV��ZKLOH�WKH�OHDG�RI

WKH�QRPLQDO�H[FKDQJH�UDWH�OLHV�EHWZHHQ���DQG����PRQWKV��6KRUW��DV�ZHOO�DV�ORQJ�WHUP�UHDO�LQWHUHVW

UDWHV�DUH�ODJJLQJ�EHKLQG�WKH�UHIHUHQFH�VHULHV��7KH�2(&'�OHDGLQJ�LQGLFDWRU�VKRZV�D�FOHDU�OHDG�RI

DURXQG� ��PRQWKV� DV� LW� ZDV� GHVLJQHG� WR� GR�� +RZHYHU�� WKH� RYHUODSSLQJ� RVFLOODWLRQV� PHQWLRQHG

DERYH�FDQ�DOVR� OHDG� WR�PLVOHDGLQJ� UHVXOWV�� ,QYHVWLJDWLRQV�ZHUH�H[WHQGHG� LQ�RUGHU� WR� IXUWKHU�RXU

NQRZOHGJH�

���� 3DLU�ZLVH�*UDQJHU�&DXVDOLW\�7HVWV

'HWHUPLQLQJ�ZKHWKHU�PRYHPHQWV�LQ�WKH�LQGLFDWRU�VHULHV��OHDG��PRYHPHQWV�LQ�WKH�UHIHUHQFH�VHULHV

LV�RI�FUXFLDO�LPSRUWDQFH�LQ�LGHQWLI\LQJ�UHOLDEOH�LQGLFDWRUV��*UDQJHU�FDXVDOLW\�WHVWV�ZHUH�GHYHORSHG

IRU� WKH� DVVHVVPHQW� RI� VXFK� TXHVWLRQV�� 7KH� WHVW� IRU� *UDQJHU�FDXVDOLW\� DWWHPSWV� WR� GHWHUPLQH

ZKHWKHU�FKDQJHV�LQ�WKH�LQGLFDWRU�VHULHV�SUHFHGH�FKDQJHV�LQ�WKH�UHIHUHQFH�VHULHV�RU�YLFH�YHUVD��:H

H[WHQG�D�UHJUHVVLRQ�RI�WKH�VWDWLRQDU\�UHIHUHQFH�VHULHV�RQ�LWV�RZQ�ODJJHG�YDULDEOHV�E\�LQFOXGLQJ�SDVW

YDOXHV� RI� D� VWDWLRQDU\� LQGLFDWRU� VHULHV�� ,I� WKH� ILW� LV� LPSURYHG� VLJQLILFDQWO\� E\� WKLV� LQFOXVLRQ�� WKH

������������������������������������������������

���7KH� VLJQLILFDQFH�EDQG� LV� FDOFXODWHG�DV± � � 7 ��ZKHUH�7� LV� WKH�QXPEHU�RI�REVHUYDWLRQV� �WKLV� SURFHGXUH� LV� TXLWH
FRPPRQ�LQ�PRVW�HFRQRPHWULF�VRIWZDUH�SDFNDJHV��VHH�(9LHZV�����KHOS��



��

LQGLFDWRU�VHULHV�LV�*UDQJHU�FDXVDO��7KLV��KRZHYHU��GRHV�QRW�PHDQ�WKDW�D��WUXH��FDXVDOLW\�EHWZHHQ

WKH�WLPH�VHULHV�H[LVWV���

$�FRPPRQ�GLIILFXOW\�LQ�SHUIRUPLQJ�VXFK�WHVWV�LV�WKH�FKRLFH�RI�ODJ�OHQJWK��EHFDXVH�WKH�UHVXOWV�DUH

QRW� LQGHSHQGHQW� IURP� WKH� FKRVHQ� ODJ� VWUXFWXUH���� 2WKHU� DXWKRUV� VWDWH� WKDW� TXLWH� RIWHQ� WKH

HTXDWLRQV�GR�QRW�SDVV�VWDELOLW\�WHVWV�RQ�SDUDPHWHU�FRQVWDQF\�OLNH�&8680�VTXDUH�WHVWV�RU�&KRZ

EUHDNSRLQW� WHVWV���� )XUWKHUPRUH�� VWDQGDUG� HFRQRPHWULF� VRIWZDUH� SDFNDJHV� FDUU\� RXW� WKHVH� WHVWV

ZLWK�IL[HG�OHQJWK�RQ�ERWK�VLGHV��ZKLFK�LV�VRPHWLPHV�FULWLFLVHG�DV�OHDGLQJ�WR�PLV�VSHFLILFDWLRQ��:H

FKRVH� D� WZRIROG� VWUDWHJ\�� )LUVW��ZH� HVWLPDWHG� D�9$5� LQFOXGLQJ� WKH� LQGLFDWRU� DQG� WKH� UHIHUHQFH

VHULHV� DQG� LGHQWLILHG� WKH�EHVW�PRGHO� VSHFLILHG�E\� WKH�PLQLPXP�RI� WKH�+DQQDQ�4XLQQ� FULWHULRQ

FRQVLGHULQJ�XS�WR����PRQWKV��:H�XVHG�WKLV�ODJ�OHQJWK�WR�VSHFLI\�*UDQJHU�WHVWV��7KLV�VWUDWHJ\�KDV

WKH�GLVDGYDQWDJH�WKDW�WKH�HTXDWLRQ�FRQWDLQV�YDULDEOHV�ZKLFK�QHHG�QRW�EH�VWDWLVWLFDOO\�VLJQLILFDQW��VR

WKDW�WKH�UHVXOWV�PD\�EH�ELDVHG��)XUWKHUPRUH��ZH�YLRODWH�WKH�SULQFLSOH�RI�SDUVLPRQLRXV�SDUDPHWHU

LQFOXVLRQ�

7KDW�LV�ZK\��IRU�WKH�VHFRQG�VWUDWHJ\��ZH�HVWLPDWHG�D�XQLYDULDWH�HTXDWLRQ�DQG�DGGHG�LQGLYLGXDO�ODJV

RI�WKH�LQGLFDWRU�VHULHV��:H�FKRVH�WKH�6FKZDUW]� LQIRUPDWLRQ�FULWHULRQ�WR�DVVHVV� LPSURYHPHQWV� LQ

VSHFLILFDWLRQ��7KH�VHFRQG�VWUDWHJ\�KHOSV�WR�DYRLG�PLV�VSHFLILFDWLRQ�E\�DOORZLQJ�IRU�D�PRUH�IOH[LEOH

VSHFLILFDWLRQ�RI�WKH�ODJ�VWUXFWXUH�

7KH�UHVXOWV�RI�WKH�ILUVW�DSSURDFK�DUH�VXPPDULVHG�LQ�7DEOH�����

6RPH� LQGLFDWRUV�KDYH�FOHDU� OHDGLQJ� LQGLFDWRU� FKDUDFWHULVWLFV��7KLV� LV� HVSHFLDOO\� WKH�FDVH�ZLWK� WKH

LQGXVWU\�FRQILGHQFH��WKH�RUGHU�ERRN�SRVLWLRQ��WKH�SURGXFWLRQ�H[SHFWDWLRQV�RU�WKH�2(&'�OHDGLQJ

LQGLFDWRUV�� 7KH\� GR� QRW� RQO\� LQGLFDWH� D� FOHDU� RQH�ZD\� GLUHFWLRQ� RI� *UDQJHU�FDXVDOLW\�� EXW� WKH

YDOXHV�RI�WKH�)�VWDWLVWLF�DUH�DOVR�YHU\�VLJQLILFDQW�

)HHGEDFN�UHODWLRQVKLSV�FDQQRW�EH�UHMHFWHG�IRU�PDQ\�RI�WKH�LQGLFDWRUV��,Q�SDUWLFXODU�LQ�WKRVH�FDVHV

ZKHUH�WKH��RSSRVLWH�GLUHFWLRQ���FDXVDOLW\�OHDGLQJ�IURP�WKH�UHIHUHQFH�VHULHV�WRZDUGV�WKH�LQGLFDWRU�

RI� FDXVDOLW\� LV� IRXQG� DQG� WKH�)�VWDWLVWLF� YDOXH� LV� YHU\� KLJK�� VRPH�GRXEWV� UHPDLQ� DV� WR�ZKHWKHU

WKHVH�LQGLFDWRUV�DUH�UHDOO\�XVHIXO�OHDGLQJ�LQGLFDWRUV���

������������������������������������������������

���&I��6DOD]DU�HW��DO�������������

���&I��*XMDUDWL�������������

���&I��'|SNH�.UlPHU�/DQJIHOGW���������'|SNH��������

���7KH�DSSOLFDWLRQ�RI�*UDQJHU�WHVWV�IRU�WKH�DVVHVVPHQW�RI�OHDGLQJ�LQGLFDWRU�VXLWDELOLW\�LV�GLIILFXOW��$�FRPPRQ�H[DPSOH
LV�WKH�UHODWLRQ�EHWZHHQ�WKH�VDOHV�RI�&KULVWPDV�SRVWFDUGV�DQG�WKH�RFFXUDQFH�RI�&KULVWPDV��$�*UDQJHU�7HVW�ZRXOG�ILQG
WKDW�WKH�VDOHV�RI�&KULVWPDV�SRVWFDUGV��VRPH�RQH�RU�WZR�PRQWKV�DKHDG�RI�&KULVWPDV��LV�FDXVDO�IRU�WKH�RFFXUDQFH�RI
&KULVWPDV��$V�ZH�NQRZ��WKLV�FDQQRW�EH�WUXH��&KULVWPDV�RFFXUV�HYHQ�ZLWKRXW�&KULVWPDV�SRVWFDUG�VDOHV��1HYHUWKHOHVV�
VWDEOH� UHODWLRQVKLSV� FDQ�EH� VWDWLVWLFDOO\�SURYHG�� ,Q� DGGLWLRQ�� IHHG�EDFN� UHODWLRQVKLSV� VKRZ� LQWHUGHSHQGHQFH�EHWZHHQ



��

���� ,QGLYLGXDO�*UDQJHU�&DXVDOLW\�7HVWV

'XH�WR�WKH�DERYH�PHQWLRQHG�GLVDGYDQWDJHV�RI�WKH�VWDQGDUG�*UDQJHU�FDXVDOLW\�WHVWV�FDUULHG�RXW�E\

VWDQGDUG�HFRQRPHWULF�VRIWZDUH��ZH�SHUIRUPHG�LQGLYLGXDO�WHVWV�DV�ZHOO����&RQWUDU\�WR�WKH�SDLU�ZLVH

WHVWV��ZH�WHVWHG�IRU�RQH�GLUHFWLRQ�RI�FDXVDOLW\�RQO\���

)LUVW��ZH�HVWLPDWHG�WKH�EHVW�XQLYDULDWH�VSHFLILFDWLRQ�IRU�WKH�DQQXDO�JURZWK�UDWH�RI� WKH� UHIHUHQFH

VHULHV��W�YDOXHV�LQ�SDUHQWKHVHV��
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ZKHUH�':�GHQRWHV�WKH�'XUELQ�:DWVRQ�VWDWLVWLF�DQG�6,&�WKH�6FKZDUW]�LQIRUPDWLRQ�FULWHULRQ��1R

VHULDO�FRUUHODWLRQ�UHPDLQHG�LQ�WKH�UHVLGXDOV��,Q�D�VHFRQG�VWHS�ZH�HVWLPDWHG�UHJUHVVLRQV�VSHFLILHG�LQ

WKH�IRUP�RI�*UDQJHU�WHVWV��+HUH��ZH�FRXOG�DGG�LQGLYLGXDO�ODJV��DOZD\V�RQH��RI�WKH�LQGLFDWRU�VHULHV

WR�WKH�XQLYDULDWH�UHJUHVVLRQ��,Q�JHQHUDO��WKH�DERYH�PHQWLRQHG�HTXDWLRQ�ZDV�PRGLILHG�WR�
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ZKHUH�W� ������������

7KH�YDOXH�RI� WKH�6FKZDUW]� LQIRUPDWLRQ� FULWHULRQ�RI� WKH� ODWWHU� HTXDWLRQ�ZDV� FRPSDUHG�ZLWK� WKH

YDOXH�RI�WKH�6FKZDUW]�LQIRUPDWLRQ�FULWHULRQ�RI�WKH�XQLYDULDWH�HTXDWLRQ��WKH�GRWWHG�OLQH�LQ�ILJXUHV

����WR�������IRU�HTXDWLRQV�IURP�WKH�ILUVW�XS�WR�DQG�LQFOXGLQJ�WKH���WK�ODJ��$V�SURSRVHG�LQ�:ROWHUV

�������� DQ� LPSURYHG� LQIRUPDWLRQ� FULWHULRQ� LQ� FRPSDULVRQ�ZLWK� WKH� LQIRUPDWLRQ� FULWHULRQ�RI� WKH

XQLYDULDWH�HVWLPDWLRQ�ZDV�LQWHUSUHWHG�DV�D�VLJQ�RI�*UDQJHU�FDXVDOLW\��%HFDXVH�RQO\�LQGLYLGXDO�ODJV

ZHUH� XVHG�� WKH� DEVROXWH�PLQLPXP� RI� WKH� FULWHULRQ� VHUYHG� DV� D� PHDQV� RI� LGHQWLI\LQJ� WKH� PRVW

VLJQLILFDQW��OHDG��EHWZHHQ�UHIHUHQFH�DQG� LQGLFDWRU�VHULHV��7KH�UHVXOWV�DUH�VXPPDULVHG� LQ�)LJXUHV

����WR�����

��������������������������������������������������������������������������������������������������������������������������������������������������������

WKH� LQGLFDWRU� DQG� WKH� UHIHUHQFH� VHULHV�� ,Q� WKLV� FDVH� LQGLFDWRUV� UHIOHFW� D� FRUUHFW� DQWLFLSDWLRQ� RI� EXVLQHVV� F\FOH
PRYHPHQWV� E\� WKH� HFRQRPLF� DJHQWV�� ZKHUHDV� WKH� EXVLQHVV� F\FOH� LWVHOI� UHIOHFWV� WKH� HFRQRPLF� VHQWLPHQW�� %RWK� DUH
GHWHUPLQHG�LQWHU�GHSHQGHQWO\��IHHG�EDFN���+RZHYHU��LI�RQH�EHOLHYHV�WKDW�RQO\�XQDQWLFLSDWHG�VKRFNV�FDQ�FDXVH�FKDQJHV
LQ� WKH� EXVLQHVV� F\FOH� �DV� PRVW� EXVLQHVV� F\FOH� WKHRULHV� VWDWH��� RQO\� �WUXH�� *UDQJHU� FDXVDOLW\� UHODWLRQVKLSV� FDQ� EH
DGPLWWHG�DV�VXLWDELOLW\�FULWHULD�IRU�LQGLFDWRUV��,Q�RXU�LQYHVWLJDWLRQ��KRZHYHU��ZH�GLG�QRW�UHMHFW�IHHG�EDFN�UHODWLRQVKLSV
IRU�WKH�DVVHVVPHQW�RI�WKH�VXLWDELOLW\�RI�DQ�LQGLFDWRU�YDULDEOH�

���&I��:ROWHUV��������

���&I��IRRWQRWH����
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2QO\�D�IHZ�RI� WKH�VXUYH\� LQGLFDWRUV�SDVV� WKLV��DGPLWWHGO\��GHPDQGLQJ� WHVW�� ,QGXVWU\�FRQILGHQFH�

UHWDLO�WUDGH�FRQILGHQFH�DQG��LQ�SDUWLFXODU��SURGXFWLRQ�H[SHFWDWLRQV�VKRZ�WKH�H[SHFWHG�UHVXOWV��7KLV

LV�DOVR�WUXH�IRU�WKH�2(&'�OHDGLQJ�LQGLFDWRU��7KH�LQFOXVLRQ�RI�VKRUW��DQG�ORQJ�WHUP�UHDO� LQWHUHVW

UDWHV�LQ�WKH�UDQJH�RI�DURXQG�ILYH�PRQWKV�VKRZV�DQ�LPSURYHPHQW�RI�WKH�HVWLPDWLRQ�FKDUDFWHULVWLFV�

,W�LV�LQWHUHVWLQJ�WKDW�DOO�UHVXOWV�VXJJHVW�WKDW�WKH�LQGLFDWRUV�KDYH�PDLQO\�VKRUW�WHUP�FKDUDFWHULVWLFV�

ZKLFK�LQ�WXUQ�FRQILUPV�WKH�HDUOLHU�REVHUYDWLRQ�RI�ZLGHVSUHDG�FRLQFLGHQFH�EHWZHHQ�WKH�VHULHV��$W

WKH� VDPH� WLPH� WKH� OLPLWDWLRQV� IRU� WKH� XVH� RI� WKHVH� LQGLFDWRUV� LQ� DFWXDO� IRUHFDVWV� DOVR� EHFRPHV

DSSDUHQW�

�� 2XW�RI�6DPSOH�)RUHFDVWV

2QH� LPSRUWDQW� TXHVWLRQ� UHPDLQV� WR� EH� DQVZHUHG�� $UH� WKH� LQGLFDWRUV� ZLWK� WKH� EHVW� LQ�VDPSOH

SHUIRUPDQFH�DOVR�WKH�LQGLFDWRUV�ZLWK�WKH�EHVW�RXW�RI�VDPSOH�SHUIRUPDQFH"�7KH�DQVZHU�LV�E\�QR

PHDQV�REYLRXV�

,Q� JHQHUDO�� H[HUFLVLQJ� RXW�RI�VDPSOH� IRUHFDVWV� UHTXLUHV� IRUHFDVWV� RI� WKH� H[RJHQRXV� YDULDEOHV�

ZKLFK�LV�VRPHWLPHV�GRQH�E\�$5�SURFHVVHV��+RZHYHU��ZH�FKRVH�DQRWKHU�VWUDWHJ\�

7R� JHQHUDWH� DQ� HQGRJHQRXV� IRUHFDVW� IRU� WKH� LQGLFDWRU� YDULDEOH�� ZH� FRQVWUXFWHG� D� 9$5� WKDW

LQFOXGHV� WKH� UHIHUHQFH� VHULHV� DQG� WKH� LQGLFDWRU� VHULHV�� 7KH� PD[LPXP� ODJ� ZDV� UHVWULFWHG� WR� ��

PRQWKV�DQG�VLQJOH�9$5V�ZHUH� VSHFLILHG�DFFRUGLQJ� WR� VLJQLILFDQW� W�YDOXHV��7KH� VSHFLILFDWLRQV�RI

WKH�9$5V�FDQ�EH�IRXQG�LQ�7DEOH�����

7KHLO
V�8�LV�ZHOO�NQRZQ�DV�D�PHDVXUH�RI�IRUHFDVW�DFFXUDF\��:H�FDOFXODWHG�D�PRGLILHG�7KHLO
V�8��DV

SURSRVHG�E\�'DYLV�DQG�)DJDQ����7KLV�PHDVXUH�LV�GHILQHG�DV�WKH�UHODWLRQ�RI�WKH�URRW�PHDQ�VTXDUHG

HUURU�RI�D�VWUXFWXUDO�IRUHFDVW��KHUH��WKH�URRW�PHDQ�VTXDUHG�HUURU�RI�WKH�9$5V�RU�506(9$5��WR�WKH

URRW�PHDQ�VTXDUHG�HUURU�RI�D��QD YH��IRUHFDVW��KHUH��WKH�URRW�PHDQ�VTXDUHG�HUURU�RI�WKH�DERYH�

PHQWLRQHG�XQLYDULDWH�$5�SURFHVV�RU�506($5��

7KHLO
V�
AR

VAR

RMSE

RMSE
U =

$�UDQJH�RI�7KHLO
V�8�EHWZHHQ�]HUR��SHUIHFW�SUHGLFWLRQ��DQG�OHVV�WKDQ�RQH��D�YDOXH�RI�RQH�LQGLFDWHV

QR� LPSURYHPHQW� LQ� FRPSDULVRQ� ZLWK� D� �QD YH�� IRUHFDVW�� LV� RI� VSHFLDO� LQWHUHVW� IRU� RXU

LQYHVWLJDWLRQ��9DOXHV� ODUJHU� WKDQ� RQH� FDQ� EH� LQWHUSUHWHG� DV� D�ZRUVHQLQJ� RI� WKH� IRUHFDVW� TXDOLW\

FRPSDUHG�WR�WKH�DERYH�PHQWLRQHG��QD YH��SURJQRVLV��)XUWKHUPRUH��WKH�URRW�PHDQ�VTXDUHG�HUURU

������������������������������������������������

���'DYLV�)DJDQ���������'|SNH��������
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FDQ�EH�GHFRPSRVHG� LQWR�D�ELDV�� D�YDULDQFH�DQG�D� FRYDULDQFH�SURSRUWLRQ����7KH�ELDV�SURSRUWLRQ

WHOOV� XV� KRZ�PXFK� WKH� PHDQ� RI� WKH� IRUHFDVW� GLIIHUV� IURP� WKH� PHDQ� RI� WKH� DFWXDO� VHULHV�� 7KH

YDULDQFH� SURSRUWLRQ� LQGLFDWHV� WKH� GLIIHUHQFHV� LQ� YDULDWLRQ� RI� WKH� IRUHFDVW� DQG� YDULDWLRQ� RI� WKH

DFWXDO�VHULHV��7KH�FRYDULDQFH�SURSRUWLRQ�PHDVXUHV�WKH�UHPDLQLQJ�XQV\VWHPDWLF�IRUHFDVWLQJ�HUURUV�

)RU� D� �JRRG�� IRUHFDVW�� WKH�ELDV� DQG�YDULDQFH�SURSRUWLRQ� VKRXOG�EH� VPDOO��ZKHUHDV�PRVW�RI� WKH

UHPDLQLQJ�HUURUV�VKRXOG�FRQFHQWUDWH�RQ�WKH�FRYDULDQFH�SURSRUWLRQ�

5HJUHVVLRQV�ZHUH� UXQ� IRU� WKH� SHULRG� IURP� ������� WR� ���������'\QDPLF� WKUHH�� DQG� VL[��PRQWK

IRUHFDVWV�ZHUH�FDUULHG�RXW�IRU�WKH�SHULRG�IURP������WR�������,Q�DGGLWLRQ��WKH�URRW�PHDQ�VTXDUHG

HUURUV� IRU� ERWK� IRUHFDVWLQJ� PHWKRGV� ZHUH� FDOFXODWHG� DQG� GHFRPSRVHG� LQWR� ELDV�� YDULDQFH� DQG

FRYDULDQFH�� 7KH� UHVXOWV� DUH� VKRZQ� LQ� 7DEOH� ����� DQG� DOORZ� VRPH� LQWHUHVWLQJ� FRQFOXVLRQV� WR� EH

GUDZQ�

2Q�WKH�RQH�KDQG�LW�FDQ�EH�REVHUYHG�WKDW�RQO\�IHZ�LQGLFDWRUV�VLJQLILFDQWO\�LPSURYH�WKH�SURJQRVLV

RYHU�WKDW�RI�D�VLPSOH�XQLYDULDWH�$5�SURJQRVLV�DQG�HYHQ�WKLV�KROGV�RQO\�IRU�D�SHULRG�RI�XS�WR��

PRQWKV�� ,Q� SDUWLFXODU� WKH� 9$5V� LQFOXGLQJ� WKH� HFRQRPLF� VHQWLPHQW� LQGLFDWRU� DQG� WKH� 2(&'

OHDGLQJ�LQGLFDWRU�²�ERWK�FRQVWUXFWHG�IURP�D�QXPEHU�RI�VHULHV�DQG�WKHUHIRUH�FORVH�WR�WKH�LGHD�RI

DQ�RYHUDOO� LQGLFDWRU�²�SRLQW� WRZDUGV�DQ� LPSURYHG�IRUHFDVW�RYHU�D� WLPH�SHULRG�RI���PRQWKV��2Q

WKH� RWKHU� KDQG�� LW� FDQQRW� EH� UXOHG� RXW� WKDW� WKH� LQGLFDWRUV� FDQ� SURGXFH� VXEVWDQWLDOO\� IDOVH

SURJQRVHV��7KH�UHVXOW�RI�WKH�HVWLPDWLRQ�RI�WKH�LQGXVWU\�FRQILGHQFH�LQGLFDWRU��ZKLFK�XQWLO�QRZ�ZDV

RQH�RI�WKH�EHWWHU�SHUIRUPLQJ�LQGLFDWRUV��LV�SDUWLFXODUO\�QRWLFHDEOH��$OO�LQ�DOO�WKH�SHUIRUPDQFH�RI�DOO

RWKHU� LQGLFDWRUV�ZDV� UDWKHU� GLVVDWLVIDFWRU\��7KHVH� UHVXOWV� FRQILUP� WKH� JHQHUDO� VFHSWLFLVP� RI� WKH

XVHIXOQHVV�RI�OHDGLQJ�LQGLFDWRU�UHODWLRQV���

�� &RQFOXVLRQ

,Q�RXU�DQDO\VLV�ZH�WHVWHG�D�QXPEHU�RI�SRWHQWLDO� LQGLFDWRUV�XVLQJ�VSHFWUDO�DQDO\VLV��*UDQJHU�WHVWV

DQG� RXW�RI�VDPSOH� IRUHFDVWV�� :H� WHVWHG� WZR� ODUJH� JURXSV� RI� LQGLFDWRUV� RQ� WKHLU� VXLWDELOLW\� DV

HFRQRPLF� OHDGLQJ� LQGLFDWRUV� IRU� WKH� (XURSHDQ� EXVLQHVV� F\FOH�� PRQHWDU\� DQG� QRQ�PRQHWDU\

�PDLQO\�VXUYH\�EDVHG��LQGLFDWRUV��7KH�UHVXOWV�DUH�VXPPDULVHG�LQ�7DEOH������,W� LV�DSSDUHQW�WKDW�DOO

VXUYH\�LQGLFDWRUV��VXFK�DV�SURGXFWLRQ�H[SHFWDWLRQV��GLIIHUHQW�FRQILGHQFH�LQGLFDWRUV�DQG�FRPELQHG

LQGLFDWRUV� VXFK� DV� WKH� HFRQRPLF� VHQWLPHQW� LQGLFDWRU� RU� WKH�2(&'� OHDGLQJ� LQGLFDWRU� SHUIRUP

TXLWH�ZHOO�� 7KH\� VKRZ� VLJQLILFDQW� FRKHUHQFH� LQ� WKH� UHOHYDQW� UHJLRQ�� )XUWKHUPRUH�� WKHLU� OHDGLQJ

������������������������������������������������

���&I��3LQG\FN�5XELQIHOG����������FKDSWHU���

���$V�DQ�H[DPSOH�IRU�WKH�VFHSWLFLVP�FRQFHUQLQJ�(XURODQG��VHH�'|SNH��������
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LQGLFDWRU� TXDOLWLHV� DUH� FRQILUPHG� E\� *UDQJHU�WHVWV� DQG� E\� RXW� RXW�RI�VDPSOH� IRUHFDVWV�� HYHQ

WKRXJK�WKH�ODWWHU�DOVR�VKRZ�WKH�OLPLWV�RI�WKH�LQGLFDWRU�DSSURDFK�

$� VXUSULVLQJ� UHVXOW� LV� WKDW�PRQHWDU\� LQGLFDWRUV� VXFK� DV� PRQH\� VXSSO\� DJJUHJDWHV� DQG� QRPLQDO

LQWHUHVW�UDWHV�GR�OHVV�ZHOO��7KHLU�VWDWLRQDULW\�SURSHUWLHV�DUH�LQVXIILFLHQW�IRU�WKH�LQGLFDWRU�DSSURDFK

DV�WKH\�GR�QRW�IXOILO�WKH�PLQLPXP�UHTXLUHPHQWV�IRU�D�UHOLDEOH� LQGLFDWRU��ZKLFK� LV�SURYHQ�E\�WKH

FRKHUHQFH� WHVW� LQ� WKH� VSHFWUDO� DQDO\VLV�� )RU� WKLV� UHDVRQ�� WKH\� ZHUH� RPLWWHG� IURP� WKH� IROORZLQJ

LQYHVWLJDWLRQV��5HDO�LQWHUHVW�UDWHV�DV�ZHOO�DV�WKH�LQWHUHVW�UDWH�VSUHDG�GLG�QRW�VKRZ�YHU\�FRQYLQFLQJ

FKDUDFWHULVWLFV� EXW� WKH� UHDO� HIIHFWLYH� H[FKDQJH� UDWH� VHHPV� WR� KDYH� VRPH� OHDGLQJ� LQGLFDWRU

SURSHUWLHV�DFFRUGLQJ�WR�WKH�RXW�RI�VDPSOH�IRUHFDVW�

,Q� VXP�� RXU� ILQGLQJV� DUH� UDWKHU� VREHULQJ� LQ� WKH� VHQVH� WKDW� WKHUH� DUH� RQO\� VRPH� LQGLFDWRUV� WKDW

LPSURYH�WKH�IRUHFDVWV�DQG�WKH\�GR�WKLV�IRU�WKH�YHU\�VKRUW�WHUP�RQO\�

1HYHUWKHOHVV�� LQGLFDWRUV� ZLWK� D� VPDOO� OHDG� RU� WKRVH� ZKLFK� DUH� FRLQFLGHQW� FDQ� VWLOO� SURYLGH� DQ

LPSRUWDQW�FRQWULEXWLRQ�WR�WKH�DVVHVVPHQW�RI�WKH�RYHUDOO�(XURSHDQ�HFRQRPLF�GHYHORSPHQW��7KLV

LV� LQ�SDUWLFXODU� WKH�FDVH�RI� WKH�VXUYH\�EDVHG� LQGLFDWRUV�RI� WKH�(XURSHDQ�FRPPLVVLRQ��+RZHYHU�

LPSURYHPHQWV�LQ�WKH�IRUHFDVWV�IRU�D�WLPH�SHULRG�RI�RYHU���PRQWKV�VKRXOG�QRW�EH�H[SHFWHG�
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0RQHWDU\�(FRQRPLFV��9RO������SS����������

'DYLV��(��3���)DJDQ��*����������$UH�)LQDQFLDO�6SUHDGV�XVHIXO�,QGLFDWRUV�RI�)XWXUH�,QIODWLRQ�DQG
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V�%XVLQHVV�&\FOH��.LHO�
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*XMDUDWL��'����������%DVLF�(FRQRPHWULFV���UG�HGLWLRQ��1HZ�<RUN�

+DEHUOHU��*����������3URVSHULWlW�XQG�'HSUHVVLRQ���QG�HGLWLRQ��%HUQ�

+D\HN��)��$����������3ULFHV�DQG�3URGXFWLRQ��/RQGRQ�
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Time Series under Investigation

Time Series Dimension Source

Industry Production Index (IIP) 1995=100 OECD: Main Economic Indicators

Industry Confidence Indicator % balance EU Commission
Order Book Position % balance EU Commission
Production Expectation for months ahead % balance EU Commission
Construction Confidence Indicator % balance EU Commission
Retail Confidence Indicator % balance EU Commission
Consumer Confidence Indicator % balance EU Commission
Economic Sentiment Indicator % balance EU Commission
EMU-11 Stock Index 1990=100 EU Commission
OECD Leading Indicator 1990=100 OECD: Main Economic Indicators
Euro Dollar Exchange Rate Euros per Dollar OECD: Main Economic Indicators
Real Effective Exchange Rate 1995 = 100 OECD: Main Economic Indicators
New Car Registrations, sa in 1.000 OECD: Main Economic Indicators
Money Supply M1 Euros Billion OECD: Main Economic Indicators
Money Supply M3 Euros Billion OECD: Main Economic Indicators
Short-Term Interest Rate % p.a. OECD: MEI / Own Calculations
Long-Term Interest Rate % p.a. OECD: MEI / Own Calculations
Short-Term Interest Rate, real % p.a. Own Calculations
Long-Term Interest Rate, real % p.a. Own Calculations
Interest Rate Spread % p.a. Own Calculations
Money Supply M1, real Euros Billion Own Calculations
Money Supply M3, real Euros Billion Own Calculations
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Unit Root Test (Augmented Dickey-Fuller)

Transformation Degree of 
Series Specification Specification Specification Integration

Industry Production Index (IIP) -1,83 c, t, 1-12 -2,94 ** c, 1-12 - - I (1)

Industry Confidence Indicator -2,78 * c, 1-5, 12 - - - - I (0)
Order Book Position -2,63 * c, 1-3, 5-6, 11 - - - - I (0)
Production Expectation for months ahead -3,52 *** c, 1-12 - - - - I (0)
Euro Dollar Exchange Rate -3,41 ** c, 1-12 - - - - I (0)
Real Effective Exchange Rate -3,57 *** c, 1-12 - - - - I (0)

Construction Confidence Indicator -2.19 c, 1, 3-7, 9-12 -2,68 *** 1-12 - - I (1)
Retail Confidence Indicator -1.41 c, 1-12 -2,33 ** 1-12 - - I (1)
Consumer Confidence Indicator -1.89 c, 1-7, 9-12 -1,96 ** 1-12 - - I (1)
Economic Sentiment Indicator -2.46 c, 1, 3-7, 9, 11-12 -2,30 ** 1-12 - - I (1)
EMU-11 Stock Index 2,10 1-12 -2,98 ** c, 1, 3, 7-12 - - I (1)
OECD Leading Indicator -2,83 c,t,1,7-8 -3,92 *** c,1 I (1)
New Car Registrations -2.11 c, 1-7, 9-10, 12 -2,89 ** 1-12 - - I (1)

Real Short-Term Interest Rate -1,21 1-2,4,6,9,12 -3,19 *** 1,2,4,7-9,10,12 - - I (1)
Real Long-Term Interest Rate -2,28 c,t,1,3,5-7,9,10-12 -2,16 ** 1-3,5-6,8-9,11-12 - - I (1)
Interest Rate Spread -1,75 *  1-2 2,18 ** 1-2,5-6,11-12 - - I (1)
Short-Term Interest Rate -1,52 c,t,1,3,7-9 -2,28 c,t,1-2,4,7.8-10,12 -2,95 *** 1-12 I (1)
Long-Term Interest Rate -1,04 c,t,1,3,7,10-12 -2,44 c,t,1-3,7,11,12 -3,61 *** 1-12 I (1)
Money Supply M1 -1,30 c,t,1,3,7-9 -2,43 c,t,1-3,5,9,12 -0,86 c, 1-12 I (2)
Money Supply M3 -2,49 c, t, 1-12 -2,20 c,t,1,3,6,9,12 -23,04 *** c, 2-11 I (1)
Real Money Supply M1 -0,65 c,t,1,2,6,9,10-12 -1,77 c,t,1-3,5,9,10,12 -0,76 c, 1-12 I (2)
Real Money Supply M3 -3,08 1) c,t,9-12 -1,84 c,1,3,6,9,12 -23,02 *** c, 2-11 I (1)
1) Significant at 12 per cent level. *,**,*** denote siginificance at 10, 5 and 1 per cent level.

Critical Values according to McKinnon (1991).

t-Value t-Value t-Value
1st DifferenceYearly Growth RateLevel
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Coherence1) between Reference Series and...

Industry Confidence Indicator

Retail Trade Confidence

Production Expectations

    1) The coherence was estimated using 96 datapoints and 11 degrees of freedom.

    Source: Calculations of DIW.
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Coherence1) between Reference Series and...

Economic Sentiment Indicator

Euro / Dollar Exchange Rate

European Share Price Index

    1) The coherence was estimated using 96 datapoints and 11 degrees of freedom.

    Source: Calculations of DIW.
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Coherence1) between Reference Series and...

Short-Term Interest Rate

Real Short-Term Interest Rate

OECD Leading Indicator

    1) The coherence was estimated using 96 datapoints and 11 degrees of freedom.

    Source: Calculations of DIW.
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Coherence1) between Reference Series and...

Money Supply M1

Money Supply M3

    1) The coherence was estimated using 96 datapoints and 11 degrees of freedom.

    Source: Calculations of DIW.

Real Money Supply M3
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Cross Correlations between Reference Series and ...

Industry Confidence Construction Confidence 

Retail Trade Confidence Consumer Confidence

Production Expectations Assessment of Order Books

    Source: Calculations of DIW.
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Cross Correlations between Reference Series and ...

Economic Sentiment Indicator New Car Registrations

Euro/Dollar Exchange Rate Real Effective Exchange Rate

European Share Price Index Interest Rate Spread

    Source: Calculations of DIW.
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Cross Correlations between
Reference Series and ...

Real Short-Term Interest Rate

Real Long-Term Interest Rate

OECD Leading Indicator

    Source: Calculations of DIW.
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Pairwise Standard Granger-Causality Test

VAR H0: Indicator not
Indicator Transformation Lag-Length Granger-causal Result

Industry Confidence Level 4 16,63 *** 1,43   I --> R
Order Book Position Level 4 11,62 *** 1,89   I --> R
Production Expectations Level 4 17,42 *** 4,81 *** Feedback
Euro / Dollar Exchange Rate Level 2 1,39 0,20 No Causality
Real Effective Exchange Rate Level 2 3,34 ** 0,45   I --> R

OECD Leading Indicator Growth Rate 3 17,49 *** 0,44   I --> R
Construction Confidence Growth Rate 9 3,16 *** 3,36 *** Feedback
Consumer Confidence Growth Rate 4 5,09 *** 5,31 *** Feedback
Retail Trade Confidence Growth Rate 4 6,16 *** 2,47 ** Feedback
Economic Sentiment Indicator Growth Rate 5 4,98 *** 2,88 ** Feedback
European Share Price Index Growth Rate 12 2,16 ** 1,66 * Feedback
New Car Registrations Growth Rate 2 2,98 * 4,41 ** Feedback
Real Short-Term Interest Rate Growth Rate 3 9,09 *** 4,01 *** Feedback
Real Long-Term Interest Rate Growth Rate 2 2,04 1,71 No Causality
Interest Rate Spread Growth Rate 4 4,19 *** 1,57   I --> R
VAR Lag-Length determined via the minimum of Hannan-Quinn-Criterion.

Granger-causal
H0: IIP not
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Granger Causality Test between best Univariate Reference 
Series Estimation and Individual Lags of ...

Industry Confidence Construction Confidence

Retail Trade Confidence Consumer Confidence

Production Expectations Assessment of Order Book Entries

    Source: Calculations of DIW.
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Granger Causality Test between best Univariate Reference 
Series Estimation and Individual Lags of ...

Economic Sentiment Indicator New Car Registrations

Euro/Dollar Exchange Rate Real Effective Exchange Rate

European Share Price Index Interest Rate Spread

    Source: Calculations of DIW.
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Granger Causality Test
 between best Univariate 

Reference Series Estimation 
and Individual Lags of ...

Real Short-Term Interest Rate

Real Long-Term Interest Rate

OECD Leading Indicator

    Source: Calculations of DIW.
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Out-of-Sample Forecast

3 Months VAR Forecast 6 Months VAR Forecast
VAR including Reference Cycle and... Forecast Measures of RMSE VAR Forecast Measures of RMSE VAR

VAR- Modified Bias Variance Covariance Modified Bias Variance Covariance
Specification Theil´s U Proportion Proportion Proportion Theil´s U Proportion Proportion Proportion

Industry Confidence c, 1, 9, 12 1,32 0,54 0,09 0,38 1,49 0,60 0,07 0,33
Construction Confidence c, 1-2, 9 1,10 0,32 0,01 0,67 1,34 0,59 0,01 0,41
Retail Trade Confidence c, 1-2, 11-12 0,95 0,06 0,02 0,93 1,18 0,26 0,01 0,73
Consumer Confidence 1-2, 5, 8-9 0,89 0,12 0,00 0,88 1,01 0,28 0,00 0,72
Production Expectations 1-3, 9 0,99 0,17 0,00 0,83 1,09 0,38 0,00 0,62
Assessment of Order Books c, 1, 3-4, 10, 12 1,16 0,33 0,09 0,59 1,24 0,41 0,06 0,53
Economic Sentiment Indicator c, 1-2, 5, 9 0,84 0,03 0,01 0,96 0,94 0,14 0,01 0,86
OECD Leading Indicator c, 1-2, 8, 12 0,69 0,06 0,03 0,91 0,84 0,01 0,02 0,96
New Car Registrations 1-2, 12 1,04 0,26 0,02 0,72 1,28 0,44 0,05 0,52
Euro / Dollar Exchange Rate c, 1-3, 9 0,92 0,05 0,02 0,93 1,06 0,18 0,02 0,80
Real Effective Exchange Rate c, 1-2, 9 0,91 0,01 0,00 0,99 0,92 0,00 0,00 1,00
European Share Price Index 1-2, 5, 8-9, 12 0,95 0,09 0,03 0,89 1,15 0,24 0,03 0,74
Interest Rate Spread 1-3, 5, 7, 9 0,95 0,22 0,00 0,78 1,21 0,41 0,00 0,59
Real Short-Term Interest Rate 1-2, 5, 12 1,07 0,01 0,14 0,85 1,38 0,11 0,05 0,84
Real Long-Term Interest Rate 1-2, 5-6, 9, 12 0,94 0,17 0,00 0,83 1,22 0,40 0,00 0,60
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Summary of Results

VAR-based VAR-based
Cross Correlation Spectral Analysis Standard Pairwise Individual Out-of-Sample Out-of-Sample

Granger-Tests Granger-Tests Forecast Forecats
(3 Months) (6 Months)

maximum coefficient significant coherence improvement of the quality of the indicator-
of correlation in the frequency domain the estimation of the reference series based forecast compared with the quality of 
indicates a lead of the relevant for business significantly a univariate (AR) forecast
reference series cycle analysis

Industry Confidence - X X X - -
Construction Confidence - X X - - -
Retail Trade Confidence - X X X X -
Consumer Confidence - X X - X -
Production Expectations - X X X X -
Assessment of Order Books - X X - - -
Economic Sentiment Indicator X X X - X X
OECD Leading Indicator X X X X X X
New Car Registrations - X X - - -
Euro / Dollar Exchange Rate X - - - X -
Real Effective Exchange Rate X - X - X X
European Share Price Index - - X - X -
Interest Rate Spread X - X - X -
Real Short-Term Interest Rate - X X X - -
Real Long-Term Interest Rate - - - X X -

Test Procedures

Criterion
inclusion of lagged indicator values improves


