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 7KH DXWKRUV ZLVK WR WKDQN &KULVWRSKHU 1HHO\ �)HGHUDO 5HVHUYH %DQN RI 6W�

/RXLV� IRU NLQGO\ SURYLGLQJ WKH GDWD VHW XVHG LQ WKLV SDSHU�



 )('($ DQG 8QLYHUVLGDG &RPSOXWHQVH GH 0DGULG




 8QLYHUVLGDG GH /D /DJXQD





 8QLYHUVLGDG GH /DV 3DOPDV GH *UDQ &DQDULD

/RV 'RFXPHQWRV GH WUDEDMR VH GLVWULEX\HQ JUDWXLWDPHQWH D ODV 8QLYHUVLGDGHV H ,QVWLWXFLRQHV GH ,QYHVWLJDFLyQ TXH
OR VROLFLWDQ� 1R REVWDQWH HVWiQ GLVSRQLEOHV HQ WH[WR FRPSOHWR D WUDYpV GH ,QWHUQHW�
KWWS���ZZZ�IHGHD�HV�KRMDV�SXEOLFDFLRQHV�KWPO�'RFXPHQWRV GH 7UDEDMR

7KHVH :RUNLQJ 'RFXPHQWV DUH GLVWULEXWHG IUHH RI FKDUJH WR 8QLYHUVLW\ 'HSDUWPHQW DQG RWKHU 5HVHDUFK &HQWUHV�
7KH\ DUH DOVR DYDLODEOH WKURXJK ,QWHUQHW� KWWS���ZZZ�IHGHD�HV�KRMDV�SXEOLFDFLRQHV�KWPO�'RFXPHQWRV GH 7UDEDMR
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$EVWUDFW

,Q WKLV SDSHU ZH SUHVHQW QHZ HYLGHQFH RQ WKH SRVLWLYH FRUUHODWLRQ EHWZHHQ

UHWXUQV IURP WHFKQLFDO WUDGLQJ UXOHV DQG SHULRGV RI FHQWUDO EDQN LQWHUYHQWLRQ� 7R

WKDW HQG� ZH HYDOXDWH WKH SURILWDELOLW\ RI D WUDGLQJ VWUDWHJ\ EDVHG RQ QHDUHVW�

QHLJKERXU �QRQOLQHDU� SUHGLFWRUV� ZKLFK PD\ EH YLHZHG DV D JHQHUDOLVDWLRQ RI

JUDSKLFDO PHWKRGV ZLGHO\ XVHG LQ ILQDQFLDO PDUNHWV� :H XVH GDLO\ GDWD RQ WKH 86

'ROODU�'HXWVFKH PDUN DQG 86 'ROODU�-DSDQHVH <HQ FRYHULQJ WKH � )HEUXDU\

������� 'HFHPEHU ���� SHULRG� 2XU UHVXOWV VXJJHVW WKDW WKH H[FOXVLRQ RI GD\V

RI 86 LQWHUYHQWLRQ LPSOLHV D VXEVWDQWLDO UHGXFWLRQ LQ DOO SURILWDELOLW\ LQGLFDWRUV

�QHW UHWXUQV� LGHDO SURILW PHDVXUH� 6KDUSH UDWLR DQG GLUHFWLRQDO IRUHFDVW�� EHLQJ

WKH UHGXFWLRQ JUDWHU LQ WKH 86 'ROODU�'HXVWFKPDUN FDVH WKDQ LQ WKH 86 'ROODU�

-DSDQHVH \HQ FDVH�

-(/ FODVVLILFDWLRQ QXPEHUV� &��� )��

.(< :25'6� &HQWUDO EDQN LQWHUYHQWLRQ� 7HFKQLFDO WUDGLQJ UXOHV� ([FKDQJH UDWHV
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�� ,QWURGXFWLRQ

7HFKQLFDO DQDO\VLV LQYROYHV XVLQJ FKDUWV RI ILQDQFLDO SULFH PRYHPHQWV LQ

RUGHU WR LQIHU WKH OLNHO\ FRXUVH RI IXWXUH SULFHV DQG WKHUHIRUH FRQVWUXFW IRUHFDVWV

DQG GHWHUPLQH WUDGLQJ GHFLVLRQV� $ FRQVLGHUDEOH DPRXQW RI ZRUN KDV SURYLGHG

VXSSRUW IRU WKH YLHZ WKDW WHFKQLFDO WUDGLQJ UXOHV DUH FDSDEOH RI SURGXFLQJ YDOXDEOH

HFRQRPLF VLJQDOV LQ ILQDQFLDO PDUNHWV�

,Q SDUWLFXODU� UHFHQW UHVHDUFK KDYH GLVFRYHUHG WKDW H[FHVV UHWXUQV IURP

H[WUDSRODWLYH WHFKQLFDO WUDGLQJ UXOHV LQ IRUHLJQ H[FKDQJH PDUNHWV DUH KLJK GXULQJ

SHULRGV RI FHQWUDO EDQN LQWHUYHQWLRQ >VHH� H� J�� /H%DURQ ������� 6]DNPDU\ DQG

:HOOHU ������ DQG 1HHO\ DQG :HOOHU ������@�

7KLV HPSLULFDO HYLGHQFH KDV ODUJHO\ OLPLWHG LWV DWWHQWLRQ WR WKH PRYLQJ

DYHUDJH �0$� UXOH� ZKLFK LV HDVLO\ H[SUHVVHG DOJHEUDLFDOO\� $FFRUGLQJ WR WKLV

WUDGLQJ UXOH� EX\ DQG VHOO VLJQDOV DUH JHQHUDWHG E\ WZR PRYLQJ DYHUDJHV RI WKH

OHYHO RI WKH H[FKDQJH�UDWH VHULHV� D ORQJ�SHULRG DYHUDJH DQG D VKRUW�SHULRG

DYHUDJH� $ W\SLFDO PRYLQJ DYHUDJH WUDGLQJ UXOH SUHVFULEHV D EX\ �VHOO� ZKHQ WKH

VKRUW�SHULRG PRYLQJ DYHUDJH FURVVHV WKH ORQJ�SHULRG PRYLQJ DYHUDJH IURP EHORZ

�DERYH� >L� H� ZKHQ WKH RULJLQDO WLPH VHULHV LV ULVLQJ �IDOOLQJ� UHODWLYHO\ IDVW@�

7KH IDFW WKDW WKLV LQIRUPDWLRQ FRXOG EH XVHG LQ D SURILWDEOH WUDGLQJ VWUDWHJ\

ZRXOG LPSO\ WKDW WHFKQLFDO DQDO\VLV EDVHG RQ WKLV 0$ UXOHV DUH DEOH WR H[WUDFW

VRPH LQIRUPDWLRQ FRQFHUQLQJ WKH KLGGHQ VWUXFWXUH RI WKH GDWD JHQHUDWLRQ SURFHVV

RI WKH H[FKDQJH UDWH VHULHV� ZKLFK LV �WRR FRPSOH[� VKRUW�WHUP RU QRQOLQHDU WR EH

FDSWXUHG DGHTXDWHO\ E\ WKH FXUUHQW VWDWH RI ILQDQFLDO HFRQRPLFV� �7D\ORU� �����

����

1HYHUWKHOHVV� SUDFWLWLRQHUV UHOD\ KHDYLO\ RQ PDQ\ RWKHU WHFKQLTXHV�

LQFOXGLQJ D EURDG FDWHJRU\ RI JUDSKLFDO PHWKRGV ��KHDGV DQG VKRXOGHUV��

�UHVLVWDQFH�VXSSRUW OHYHOV�� HWF��� ZKLFK DUH KLJKO\ QRQOLQHDU DQG FRPSOH[ WR EH

H[SUHVVHG DOJHEUDLFDOO\� &O\GH DQG 2VOHU ������ VKRZ WKDW WKH QRQOLQHDU QHDUHVW



2)('($ � '�7� ����� E\ 6� 6RVYLOOD�5LYHUR� -� $QGUDGD�)pOL[ DQG )� )HUQiQGH]�5RGUtJXH]

QHLJKERXU �11� IRUHFDVWLQJ WHFKQLTXH� EDVHG RQ WKH OLWHUDWXUH RQ FRPSOH[

G\QDPLF V\VWHPV� FDQ EH YLHZHG DV D JHQHUDOL]DWLRQ RI WKHVH JUDSKLFDO PHWKRGV�

7KH EDVLF LGHD EHKLQG WKHVH SUHGLFWRUV LV WKDW SLHFHV RI WLPH VHULHV VRPHWLPH LQ

WKH SDVW PLJKW KDYH D UHVHPEODQFH WR SLHFHV LQ WKH IXWXUH� 7KLV DSSURDFK IDOOV LQWR

D JHQHUDO FODVV RI PRGHOV NQRZQ DV UREXVW UHJUHVVLRQ DQG ZRUNV E\ VHOHFWLQJ

JHRPHWULF VHJPHQWV LQ WKH SDVW RI WKH WLPH VHULHV VLPLODU WR WKH ODVW VHJPHQW

DYDLODEOH EHIRUH WKH REVHUYDWLRQ ZH ZDQW WR IRUHFDVW �VHH� H� J�� 6WRQH� �����

&OHYHODQG� ����� DQG +lUGOH DQG /LQWRQ� ������ 7KHUHIRUH� UDWKHU WKDQ

H[WUDSRODWLQJ SDVW YDOXHV LQWR WKH LPPHGLDWH IXWXUH DV LQ 0$ PRGHOV� 11

PHWKRGV VHOHFW UHOHYDQW SULRU REVHUYDWLRQV EDVHG RQ WKHLU OHYHOV DQG JHRPHWULF

WUDMHFWRULHV� QRW WKHLU ORFDWLRQ LQ WLPH�

8VLQJ 11 PHWKRGV� )HUQiQGH]�5RGUtJXH] DQG 6RVYLOOD�5LYHUR ������

IRXQG HPSLULFDO HYLGHQFH RQ VKRUW�WHUP IRUHFDVWDEOH SRVVLELOLWLHV LQ VRPH

FXUUHQFLHV SDUWLFLSDWLQJ LQ WKH ([FKDQJH 5DWH 0HFKDQLVP RI WKH (XURSHDQ

0RQHWDU\ 6\VWHP� 0RUHRYHU� UHVXOWV LQ )HUQiQGH]�5RGUtJXH] HW DO� ������

VXJJHVWHG WKDW UHFXUVLYHO\ FRPSXWHG 11 SUHGLFWRUV� ZKHQ FRPSDUHG WR ERWK D

UDQGRP ZDON DQG WKH WUDGLWLRQDO �OLQHDU� $5,0$ PRGHOV� OHDG WR LPSRUWDQW

LPSURYHPHQWV LQ WKH DFFXUDF\ RI WKH SRLQW IRUHFDVW� FOHDUO\ RXWSHUIRUPLQJ ERWK

WKH UDQGRP ZDON DQG WKH $5,0$ GLUHFWLRQDO IRUHFDVWV� 7KH ODWWHU ILQGLQJ LV D

ILUVW VLJKW LQ OLQH ZLWK WKH JUDSKLFDO PHWKRGV SUDFWLFHV� 7\SLFDOO\� FKDUWV DUH QRW

XVHG WR PDNH SRLQW SUHGLFWLRQ� LQVWHDG WKH\ DUH XVHG WR JLYH VRPH LQGLFDWLRQ RQ

WKH GLUHFWLRQ RI IXWXUH PRYHPHQWV RI WKH XQGHUO\LQJ VHULHV�

,Q WKLV SDSHU ZH ZLOO WU\ WR SURYLGH VRPH DGGLWLRQDO HYLGHQFH RQ WKH

SRVLWLYH FRUUHODWLRQ EHWZHHQ UHWXUQV IURP WHFKQLFDO WUDGLQJ UXOHV DQG SHULRGV RI

FHQWUDO EDQN LQWHUYHQWLRQ� 7R WKDW HQG� LQ FRQWUDVW ZLWK WKH SUHYLRXV SDSHUV� WKH

SUHGLFWLRQV IURP 11 IRUHFDVWLQJ PHWKRGV DUH WUDQVIRUPHG LQWR D VLPSOH WUDGLQJ

VWUDWHJ\� ZKRVH SURILWDELOLW\ LV HYDOXDWHG ERWK RYHU WKH HQWLUH VDPSOH SHULRG DQG

DIWHU UHPRYLQJ WKRVH GD\V ZKHUH LQWHUYHQWLRQ WDNHV SODFH� )XUWKHUPRUH� XQOLNH

SUHYLRXV HPSLULFDO HYLGHQFH� ZKHQ HYDOXDWLQJ WUDGLQJ SHUIRUPDQFH� ZH ZLOO
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FRQVLGHU ERWK LQWHUHVW UDWHV DQG WUDQVDFWLRQ FRVWV� DV ZHOO DV D ZLGHU VHW RI

SURILWDELOLW\ LQGLFDWRUV WKDQ WKRVH XVXDOO\ H[DPLQHG�

:H KDYH DSSOLHG WKLV LQYHVWPHQW VWUDWHJ\ WR WKH 86 'ROODU H[FKDQJH UDWH�

XVLQJ GDLO\ QRRQ �(DVWHUQ WLPH� EX\LQJ UDWHV LQ 1HZ <RUN FLW\ YLV�j�YLV WKH

'HXVWFKPDUN DQG WKH -DSDQHVH \HQ� :KHQ HYDOXDWLQJ UHWXUQV LQ H[FHVV RI QRPLQDO

LQWHUHVW UDWHV� ZH XVH GDLO\ RYHUQLJKW LQWHUHVW UDWHV FROOHFWHG E\ WKH %DQN IRU

,QWHUQDWLRQDO 6HWWOHPHQWV DW ���� D� P� �*07�� )LQDOO\� ZH XWLOL]H GDLO\ 86

LQWHUYHQWLRQ GDWD� LQ PLOOLRQV RI 86 GROODUV� UHOHDVHG E\ WKH )HGHUDO 5HVHUYH

6\VWHP� 2XU GDWD VHW FRYHUV WKH � 0DUFK ������� 'HFHPEHU ���� SHULRG� H[FHSW

IRU WKH LQWHUHVW UDWH GDWD WKDW UHIHUV WR WKH � )HEUXDU\ ������� 'HFHPEHU ����

SHULRG�

7KH SDSHU LV RUJDQLVHG DV IROORZV� 6HFWLRQ � SUHVHQWV WKH 11 SUHGLFWRUV

DQG WKH HPSLULFDO UHVXOWV DUH UHSRUWHG LQ 6HFWLRQ �� 6RPH FRQFOXGLQJ UHPDUNV DUH

SURYLGHG LQ 6HFWLRQ ��
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(2)

�� 11 IRUHFDVWLQJ PHWKRGV

/HW [ �W ������1� EH D ILQLWH WLPH VHULHV� ,Q RUGHU WR LGHQWLI\ JHRPHWULFW

SDWWHUQV LQ WKH WLPH VHULHV� VHJPHQW ZLWK VLPLODU G\QDPLF EHKDYLRXU DUH FDUHIXOO\

FKRVHQ DQG XVHG DIWHUZDUG WR IRUPXODWH D IRUHFDVW RI WKH QH[W WHUP LQ WKH VHULHV

�L� H�� [ �� 7KLV IRUHFDVW LV FRPSXWHG DV VRPH DGHTXDWH DYHUDJH RI WKH WLPH1��

VHULHV YDOXHV WKDW LPPHGLDWHO\ IROORZ WKH LGHQWLILHG VHJPHQWV� 7KH VHJPHQWV KDYH

HTXDO OHQJWK� DQG DUH FRQVLGHUHG DV SRLQWV LQ D UHDO YHFWRU VSDFH ZKRVH GLPHQVLRQ

LV FDOOHG DQ HPEHGGLQJ GLPHQVLRQ IRU WKH VHULHV� 7KHUHIRUH� ZH FRQVLGHU YHFWRUV

[ RI P REVHUYDWLRQV VDPSOHG IURP WKH RULJLQDO WLPH VHULHV DW LQWHUYDOV RI -�ÛW
P�-

SHULRGV�

[  �[ � [ � ��� � [ �� W ��-�P��������1 ���W W W�- W��P���-
P�-

ZLWK P UHIHUUHG WR DV WKH HPEHGGLQJ GLPHQVLRQ DQG - FDOOHG WKH GHOD\ SDUDPHWHU�

7KHVH P�GLPHQVLRQDO YHFWRUV DUH RIWHQ FDOOHG P�KLVWRULHV� ZKLOH WKH P�

GLPHQVLRQDO VSDFH Ü LV UHIHUUHG WR DV WKH SKDVH VSDFH RI WLPH VHULHV� ,Q RUGHU WR
P

VLPSOLI\� ZH VKDOO RQO\ FRQVLGHU WKH FDVH RI - � DQG ZH VKDOO ZULWH [  [ �W W
P�� P

$V D VHFRQG VWHS� ZH GLYLGH WKH VHULHV [ LQWR WZR SDUWV� WKH ILWWLQJ VHW )W
P

  �[ � [ � ��� � � DQG WKH WHVWLQJ VHW 7  � � � ��� � �� ZLWK Q � Q� � I W

 1 � �P����

7KHQ ZH FRQVLGHU WKH N P�KLVWRULHV

PRVW VLPLODU WR WKH ODVW DYDLODEOH YHFWRU � ZKHUH N��1 �������� DQG ZKHUH

ZH XVH WKH VXEVFULSW �L � �M �� �� ���� N� WR GHQRWH HDFK RI WKH N FKRVHQM

P�KLVWRULHV�
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(4)

(5)

(6)

7KH SUR[LPLW\ RI WZR P�KLVWRULHV LQ WKH SKDVH VSDFH Ü DOORZV XV WR WDON
P

RI �QHDUHVW QHLJKERXUV� LQ WKH G\QDPLF EHKDYLRXU RI WZR VHJPHQWV LQ WKH WLPH

VHULHV [ � 7R HVWDEOLVK 11V WR )� RQH ORRNV IRU WKH FORVHVW N YHFWRUV >H[SUHVVLRQW

���@ LQ WKH SKDVH VSDFH Ü � LQ WKH VHQVH WKDW WKH\ PD[LPLVH WKH IXQFWLRQ�
P

�L� H�� ORRNLQJ IRU WKH KLJKHVW VHULDO FRUUHODWLRQ RI DOO P�KLVWRULHV� [ � ZLWK WKH ODVWL
P

RQH� ��

)LQDOO\� RQFH WKH QHDUHVW QHLJKERXUV WR KDYH EHHQ HVWDEOLVKHG� ZH

FRQVLGHU SUHGLFWRUV RI WKH IXWXUH HYROXWLRQ RI � /HW EH D SUHGLFWRU RI �

7KLV FDQ EH REWDLQHG XVLQJ VRPH H[WUDSRODWLRQ RI WKH REVHUYDWLRQV

VXEVHTXHQW WR WKH N QHDUHVW QHLJKERXUV P�KLVWRULHV FKRVHQ� WKDW LV WR VD\�

7KH ILWWLQJ VHW LV XSGDWHG� WKDW LV IRU HDFK P�KLVWRU\ LQ WKH WHVWLQJ VHW [ � 7�M

WKH VHULDO FRUUHODWLRQ RI DOO P�KLVWRULHV DUH FRPSXWHG DQG WKH N QHDUHVW QHLJKERXUV

[ � )�DUH GHWHUPLQHG� )RU HYHU\ [ � )� ZH FRQVLGHULQJ WKH IROORZLQJ ORFDOL L
P P

UHJUHVVLRQ PRGHO�

ZKRVH FRHIILFLHQWV KDYH EHHQ ILWWHG E\ D OLQHDU UHJUHVVLRQ RI RQ

�U ������ N�� 7KHUHIRUH� WKH DUH WKH YDOXHV RI WKDW

PLQLPLVH
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�� (PSLULFDO UHVXOWV

:H FRQVLGHU D VLPSOH WHFKQLFDO WUDGLQJ VWUDWHJ\ LQ ZKLFK SRVLWLYH UHWXUQV

DUH H[HFXWHG DV ORQJ SRVLWLRQV DQG QHJDWLYH UHWXUQV DUH H[HFXWHG DV VKRUW

SRVLWLRQV� 7KH HVWLPDWHG WRWDO UHWXUQ RI VXFK VWUDWHJ\ LV JLYHQ E\�

5  � \ U ���
W Q
7 L � W W

ZKHUH U LV WKH UHWXUQ IURP D IRUHLJQ FXUUHQF\ SRVLWLRQ RYHU WKH SHULRG �W� W����W

\ LV D YDULDEOH LQWHUSUHWHG DV WKH UHFRPPHQGHG SRVLWLRQ ZKLFK WDNHV HLWKHU D YDOXHW

RI �� �IRU D VKRUW SRVLWLRQ� RU �� �IRU D ORQJ SRVLWLRQ�� DQG Q LV WKH QXPEHU RI

REVHUYDWLRQV�

*LYHQ WKDW WUDGLQJ LQ VSRW IRUHLJQ H[FKDQJH PDUNHW UHTXLUHV FRQVLGHUDWLRQ

RI LQWHUHVW UDWHV ZKHQ HYDOXDWLQJ WUDGLQJ SHUIRUPDQFH� ZH XVH RYHUQLJKW LQWHUHVW

UDWHV WR FRPSXWH U DV IROORZV�W

U  OQ �( � � OQ�( � � OQ ���L � � OQ ���L
 � ���W W�� W W W

ZKHUH ( UHSUHVHQWV WKH VSRW GROODU SULFH RI IRUHLJQ H[FKDJH� L LV WKH 86 GDLO\

LQWHUHVW UDWH DQG L
 LV WKH IRUHLJQ GDLO\ LQWHUHVW UDWH�

2Q WKH RWKHU KDQG� ZLWK RQH�ZD\ SURSRUWLRQDO WUDQVDFWLRQ FRVW F� WKH QHW

UHWXUQ RI WKH WHFKQLFDO WUDGLQJ VWUDWHJ\ LV JLYHQ E\�

5  � \ U � QUW ^OQ���F� � OQ���F�` ���
Q Q
7 L � W W

ZKHUH QUW LV WKH QXPEHU RI URXQG�WULS WUDGHV�

7R FRPSDUH WKH SHUIRUPDQFH RI WKLV VLPSOH WHFKQLFDO WUDGLQJ VWUDWHJ\� WKH

QHW UHWXUQV RQ D VLPSOH EX\�DQG�KROG VWUDWHJ\�

5  OQ �( � � OQ�( � � ^OQ���F� � OQ���F�` ����
Q
% W�� W
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(13)

LV XVHG DV WKH EHQFKPDUN� ZKHUH� LQGLFDWHV WKH KROGLQJ SHULRG�

7KH HVWLPDWHG WRWDO DQG QHW UHWXUQV DUH FDOFXODWHG E\�

5  � U ����
W Q����
7 L Q�� W

DQG

5  � � QUW ^OQ���F� � OQ���F�` ����
Q Q
7 L �

ZKHUH LV WKH HVWLPDWHG UHFRPPHQGHG SRVLWLRQ IRU WKH WWK REVHUYDWLRQ� 7KH

HVWLPDWLRQ RI LV FDUULHG RXW E\ WKH 11 SUHGLFWRUV� 5HJDUGLQJ WKH WUDQVDFWLRQ

FRVWV� IROORZLQJ /HYLFK DQG 7KRPDV ������ DQG 2VOHU DQG &KDQJ ������� ZH

FRQVLGHU D RQH�ZD\ FRVW RI �������

%HVLGHV WKH WRWDO DQG QHW UHWXUQV� ZH DOVR FRQVLGHU RWKHU WKUHH SURILWDELOLW\

LQGLFDWRUV� WKH VLJQ SUHGLFWLRQV� WKH LGHDO SURILW DQG WKH 6KDUSH UDWLR� 7KH VLJQ

SUHGLFWLRQV PHDVXUH WKH SHUFHQWDJH RI WLPHV WKH WUDGLQJ UXOH DVVLJQV WKH FRUUHFW

EX\ RU VHOO GHFLVLRQ LQ DFFRUG ZLWK WKH VLJQ RI WKH FRUUHVSRQGLQJ UHWXUQ RI D JLYHQ

SHULRG� $ YDOXH KLJKHU WKDQ �� ZRXOG LQGLFDWH D EHWWHU DFFXUDF\ WKDQ WKH UDQGRP

ZDON LQ SUHGLFWLQJ WKH GLUHFWLRQ RI H[FKDQJH UDWH PRYHPHQWV� 7KH LGHDO SURILW

PHDVXUHV WKH UHWXUQV RI WKH WUDGLQJ V\VWHP DJDLQVW D SHUIHFW SUHGLFWRU DQG LV

FDOFXODWHG E\�

$FFRUGLQJ WR HTXDWLRQ ����� 5  � LI WKH LQGLFDWRU YDULDEOH WDNHV WKH,

FRUUHFW WUDGLQJ SRVLWLRQ IRU DOO REVHUYDWLRQV LQ WKH VDPSOH� ,I DOO WUDGH SRVLWLRQV

DUH ZURQJ� WKHQ WKH YDOXH RI WKLV PHDVXUH LV 5  ��� $Q 5  � YDOXH LV, ,

FRQVLGHUHG DV D EHQFKPDUN WR HYDOXDWH WKH SHUIRUPDQFH RI DQ LQYHVWPHQW VWUDWHJ\�

5HJDUGLQJ WKH 6KDUSH UDWLR �6KDUSH� ������ LW LV VLPSO\ WKH PHDQ UHWXUQ RI WKH

WUDGLQJ VWUDWHJ\ GLYLGHG E\ LWV VWDQGDUG GHYLDWLRQ�



8)('($ � '�7� ����� E\ 6� 6RVYLOOD�5LYHUR� -� $QGUDGD�)pOL[ DQG )� )HUQiQGH]�5RGUtJXH]

(14)

$FFRUGLQJ WR HTXDWLRQ ����� WKH KLJKHU WKH 6KDUSH UDWLR� WKH KLJKHU WKH

UHWXUQ DQG WKH ORZHU WKH YRODWLOLW\�

)LQDOO\� ZH KDYH DOVR FRPSXWHG WKH QXPEHU RI EX\ DQG VHOO VLJQDOV

JHQHUDWHG �GHQRWHG 1�EX\� DQG 1�VHOO�� UHVSHFWLYHO\�� DV ZHOO DV WKH VWDQGDUG

GHYLDWLRQV RI UHWXUQV IURP EX\ VLJQDOV� IURP VHOO VLJQDOV DQG IURP ERWK EX\

VLJQDOV DQG VHOO VLJQDOV �GHQRWHG ) � ) DQG ) � UHVSHFWLYHO\��% 6 7

7DEOH � UHSRUWV WKH HVWLPDWHG UHVXOWV RYHU WKH HQWLUH IRUHFDVWLQJ SHULRG� $V

FDQ EH VHHQ� WKH WHFKQLFDO VWUDWHJ\ JHQHUDWHV ��� QHW UHWXUQV IRU WKH 86 'ROODU�

'HXVWFKPDUN H[FKDQJH UDWH� ZKHUHDV WKH EX\�DQG�KROG QHW UHWXUQ UHPDLQV DW �

����� )RU WKH 86 'ROODU�-DSDQHVH \HQ FDVH� WKH WUDGLQJ VWUDWHJ\ QHW UHWXUQ DQG

WKH EX\�DQG�KROG QHW UHWXUQ DUH ��� DQG ������ UHVSHFWLYHO\� 7KHUHIRUH� LW VHHPV

WHFKQLFDO WUDGLQJ UHWXUQV GRPLQDWH WKH EX\�DQG�KROG UHWXUQV� VKRZLQJ WKH SRWHQWLDO

XVHIXOQHVV RI QHDUHVW QHLJKERXU SUHGLFWRUV IRU WHFKQLFDO WUDGLQJ UXOHV WR IRUHFDVW

GDLO\ H[FKDQJH GDWD

$V VKRZQ LQ 7DEOH �� WKH VLJQ SUHGLFWLRQV IRU WKH UHFRPPHQGHG SRVLWLRQV

DUH ��� DQG ��� IRU WKH 86 'ROODU�'HXVWFKPDUN DQG WKH 86 'ROODU�-DSDQHVH

\HQ H[FKDQJH UDWHV� UHVSHFWLYHO\� FOHDUO\ RXWSHUIRUPLQJ WKH UDQGRP ZDON

GLUHFWLRQDO IRUHFDVW� 5HJDUGLQJ WKH LGHDO SURILW PHDVXUH� LW LV DOZD\V JUHDWHU WKDQ

]HUR DQG DSSUR[LPDWHO\ ���� IRU ERWK H[FKDQJH UDWHV� $V IRU WKH 6KDUSH UDWLR�

WKH\ DUH DOVR VLPLODU LQ RUGHU �DURXQG ������ VXJJHVWLQJ WKDW ULVN�UHWXUQ UDWLRV DUH

VLPLODU DFURVV WKHVH H[FKDQJH UDWHV�

,W LV LQWHUHVWLQJ WR QRWH WKDW ����� PRUH VHOO VLJQDOV DUH JHQHUDWHG WKDQ

EX\V IRU WKH 86 'ROODU�'HXVWFKPDUN H[FKDQJH UDWH� ZKLOH IRU WKH 86 'ROODU�

-DSDQHVH \HQ FDVH WKH WUDGLQJ UXOH JHQHUDWHV ����� PRUH EX\ VLJQDOV WKDQ VHOOV�
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)XUWKHUPRUH� ZKHUHDV LQ WKH 86 'ROODU�'HXVWFKPDUN FDVH WKH VWDQGDUG GHYLDWLRQ

RI WRWDO UHWXUQV LQ DOO FDVHV FRQVLGHUHG �L� H�� IURP EX\ VLJQDOV� IURP VHOO VLJQDOV�

DQG IURP ERWK EX\ VLJQDOV DQG VHOO VLJQDOV�� IRU WKH 86 'ROODU�-DSDQHVH \HQ

H[FKDQJH UDWH WKH WRWDO UHWXUQV IURP EX\ �VHOO� VLJQDOV VKRZ D ORZHU �KLJKHU�

YRODWLOLW\ WKDQ WKH WRWDO UHWXUQV IURP ERWK EX\ VLJQDOV DQG VHOO VLJQDOV�

7R LQYHVWLJDWH WKH FODLP WKDW FHQWUDO EDQN LQWHUYHQWLRQ LQ IRUHLJQ H[FKDQJH

PDUNHWV LV D SRWHQWLDO H[SODQDWLRQ IRU WKH SURILWDELOLW\ RI WHFKQLFDO WUDGLQJ UXOHV�

ZH IROORZ /H%DURQ ������
V SURFHGXUH DQG VHOHFWLYHO\ H[DPLQH WKH WUDGLQJ UXOH

UHVXOWV DIWHU UHPRYLQJ WKRVH UHWXUQV IURP GD\ W WR W�� IRU ZKLFK LQWHUYHQWLRQ ZDV

QRQ�]HUR RQ GD\ W� 7DEOH � VKRZV WKH UHVXOWV RI WKH UXOH ZKHQ H[FOXGLQJ GD\V RI

86 LQWHUYHQWLRQ�

$V FDQ EH VHHQ E\ FRPSDULQJ 7DEOHV � DQG �� WKHUH LV VRPH HYLGHQFH WKDW

WKH UHWXUQV DUH ORZHU ZKHQ WKHUH LV QRW LQWHUYHQWLRQ LQ GD\ W� WKH QHW UHWXUQV IURP

WKH WUDGLQJ VWUDWHJ\ LV QRZ QHJDWLYH ����� IRU WKH 86 'ROODU�'HXVWFKPDUN FDVH

DQG ���� IRU WKH 86 'ROODU�-DSDQHVH \HQ FDVH� ZKHUHDV WKH EX\�DQG�KROG QHW

UHWXUQ UHPDLQV WKH VDPH� ,Q DGGLWLRQ� WKHUH LV D VLJQLILFDQW UHGXFWLRQ LQ ERWK WKH

LGHDO SURILW PHDVXUH DQG WKH 6KDUSH UDWLR ����� IRU WKH 86 'ROODU�'HXVWFKPDUN

FDVH� DQG ���� IRU WKH 86 'ROODU�-DSDQHVH \HQ FDVH��

$V IRU WKH VLJQ SUHGLFWLRQV� WKHUH LV DOVR D UHGXFWLRQ LQ WKH DFFXUDF\ LQ

SUHGLFWLQJ WKH GLUHFWLRQ RI H[FKDQJH UDWH PRYHPHQWV� JUDWHU LQ WKH 86 'ROODU�

'HXVWFKPDUN FDVH ������ SHUFHQWDJH SRLQWV� WKDQ LQ WKH 86 'ROODU�-DSDQHVH \HQ

FDVH ������ SHUFHQWDJH SRLQWV��

)LQDOO\� IHZHU EX\ DQG VHOO VLJQDOV DUH QRZ JHQHUDWHG WKDQ EHIRUH IRU ERWK

H[FKDQJH UDWHV� JHQHUDWLQJ WKH WUDGLQJ UXOH LQ DEVHQFH RI LQWHUYHQWLRQ PRUH EX\

VLJQDOV WKDQ VHOOV ������ DQG ����� IRU WKH 86 'ROODU�'HXVWFKPDUN DQG WKH 86

'ROODU�-DSDQHVH \HQ� UHVSHFWLYHO\�� )XUWKHUPRUH� WKH H[FOXVLRQ RI GD\V RI 86

LQWHUYHQWLRQ LPSOLHV DQ LQFUHDVH LQ DOO WKH YRODWLOLW\ LQGLFDWRUV IRU WKH WRWDO UHWXUQV�
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�� &RQFOXGLQJ UHPDUNV

,Q WKLV SDSHU KDYH SURYLGHG VRPH DGGLWLRQDO HYLGHQFH RQ WKH FODLP WKDW

H[FHVV UHWXUQV IURP H[WUDSRODWLYH WHFKQLFDO WUDGLQJ UXOHV LQ IRUHLJQ H[FKDQJH

PDUNHWV DUH KLJK GXULQJ SHULRGV RI FHQWUDO EDQN LQWHUYHQWLRQ� 7R WKDW HQG� DQG

XQOLNH SUHYLRXV SDSHUV� ZH KDYH HYDOXDWH WKH SURILWDELOLW\ RI 11 SUHGLFWLRQV

FRQVLGHULQJ ERWK LQWHUHVW UDWHV DQG WUDQVDFWLRQ FRVWV� 7KLV 11 SUHGLFWLRQV� WKDW

FDQ EH WKRXJKW DV D JHQHUDOL]DWLRQ RI JUDSKLFDO PHWKRGV ZLGHO\ XVHG LQ ILQDQFLDO

PDUNHWV� KDYH EHHQ DSSOLHG WR GDLO\ 86 'ROODU H[FKDQJH UDWHV YLV�j�YLV WKH

'HXVWFKPDUN DQG WKH -DSDQHVH \HQ� RYHU WKH � )HEUXDU\ ������� 'HFHPEHU ����

SHULRG�

7KH PDLQ UHVXOWV DUH DV IROORZV� )LUVWO\� ZKHQ SURILWDELOLW\ ZDV HYDOXDWHG

IRU WKH HQWLUH IRUHFDVWLQJ SHULRG� WKH UHVXOWV VXJJHVW WKDW XVLQJ 11 SUHGLFWRUV DV

D WUDGLQJ UXOH JHQHUDWHV QHW UHWXUQV WKDW GRPLQDWH WKH EX\�DQG�KROG QHW UHWXUQV�

)XUWKHUPRUH� ZKHQ FRPSXWLQJ WKH SHUFHQWDJH RI FRUUHFW SUHGLFWLRQV� WKH WUDGLQJ

UXOH EDVHG RQ WKH 11 SUHGLFWRUV VKRZV DOZD\V D YDOXH KLJKHU WKDQ ���� FOHDUO\

RXWSHUIRUPLQJ WKH UDQGRP ZDON GLUHFWLRQDO IRUHFDVW� )LQDOO\� ERWK WKH LGHDO SURILW

PHDVXUH DQG WKH 6KDUSH UDWLR DUH JUHDWHU WKDQ ]HUR DQG VLPLODU LQ RUGHU ����� DQG

����� UHVSHFWLYHO\� IRU ERWK H[FKDQJH UDWHV�

6HFRQGO\� ZKHQ H[FOXGLQJ GD\V RI 86 LQWHUYHQWLRQ WKHUH LV D VXEVWDQWLDO

UHGXFWLRQ LQ DOO SURILWDELOLW\ LQGLFDWRUV� 7KH QHW UHWXUQV IURP WKH WUDGLQJ VWUDWHJ\

IDOO IURP ����� WR ���� IRU WKH 86 'ROODU�'HXVWFKPDUN FDVH� DQG IURP �����

WR ���� IRU WKH 86 'ROODU�-DSDQHVH \HQ FDVH� ,Q DGGLWLRQ� WKHUH LV D VLJQLILFDQW

UHGXFWLRQ LQ WKH LGHDO SURILW PHDVXUH� WKH 6KDUSH UDWLR DQG LQ WKH GLUHFWLRQDO

IRUHFDVW� EHLQJ WKH UHGXFWLRQ JUDWHU LQ WKH 86 'ROODU�'HXVWFKPDUN FDVH WKDQ LQ

WKH 86 'ROODU�-DSDQHVH \HQ FDVH� )LQDOO\� LQ DEVHQFH RI LQWHUYHQWLRQ IHZHU EX\

DQG VHOO VLJQDOV DUH JHQHUDWHG� DQG WKHUH LV DQ LQFUHDVH LQ WKH YRODWLOLW\ RI WKH WRWDO

UHWXUQV UHJDUGOHVV WKH\ UHIHU WR EX\V VLJQDOV� VHOO VLJQDOV RU ERWK EX\ VLJQDOV DQG

VHOO VLJQDOV�
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7KHUHIRUH� RXU UHVXOWV LQGLFDWH WKDW WKHUH LV D SRVLWLYH FRUUHODWLRQ EHWZHHQ

UHWXUQV IURP WHFKQLFDO WUDGLQJ UXOHV DQG SHULRGV RI FHQWUDO EDQN LQWHUYHQWLRQ�

VXJJHVWLQJ WKDW FHQWUDO EDQN LQWHUYHQWLRQ LQ IRUHLJQ H[FKDQJH PDUNHWV PD\ EH D

SRWHQWLDO H[SODQDWLRQ IRU WKH SURILWDELOLW\ RI WHFKQLFDO WUDGLQJ UXOHV�
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5HIHUHQFHV�

&OHYHODQG� :� 6� ������� �5REXVW�ORFDOO\ ZHLJKWHG UHJUHVVLRQ DQG VPRRWKLQJ

VFDWWHUSORWV�� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

&O\GH� :� &� DQG 2VOHU� &� /� ������� �&KDUWLQJ� &KDRV WKHRU\ LQ GLVJXLVH"��

-RXUQDO RI )XWXUHV 0DUNHWV ��� ��������

)HUQiQGH]�5RGUtJXH]� )� DQG 6RVYLOOD�5LYHUR� 6� ������� �7HVWLQJ QRQOLQHDU

IRUHFDVWDELOLW\ LQ WLPH VHULHV� 7KHRU\ DQG HYLGHQFH IURP WKH (06��

(FRQRPLFV /HWWHUV ��� ������

)HUQiQGH]�5RGUtJXH]� )�� 6RVYLOOD�5LYHUR� 6� DQG $QGUDGD�)pOL[� -� �������

�([FKDQJH�UDWH IRUHFDVWV ZLWK VLPXOWDQHRXV QHDUHVW�QHLJKERXU PHWKRGV�

(YLGHQFH IURP WKH (06�� IRUWKFRPLQJ LQ ,QWHUQDWLRQDO -RXUQDO RI

)RUHFDVWLQJ�

+lUGOH� :� DQG /LQWRQ� 2� ������� �$SSOLHG QRQSDUDPHWULF PHWKRGV�� LQ� 5� )�

(QJOH DQG '� 0DF)DGGHQ �HGV�� +DQGERRN RI (FRQRPHWULFV� 9RO� �

�(OVHYLHU� $PVWHUGDP��

/H%DURQ� %� ������� �7HFKQLFDO WUDGLQJ UXOH SURILWDELOLW\ DQG IRUHLJQ H[FKDQJH

LQWHUYHQWLRQ�� :RUNLQJ 3DSHU ����� 1DWLRQDO %XUHDX RI (FRQRPLF

5HVHDUFK�

/HYLFK� 5� DQG 7KRPDV� /� ������� �7KH VLJQLILFDQFH RI WHFKQLFDO WUDGLQJ UXOH

SURILWV LQ WKH IRUHLJQ H[FKDQJH PDUNHW� $ ERRWVWUDS DSSURDFK�� -RXUQDO RI

,QWHUQDWLRQDO 0RQH\ DQG )LQDQFH ��� ��������

1HHO\� &� -� DQG :HOOHU� 3� ������� �7HFKQLFDO DQDO\VLV DQG FHQWUDO EDQN

LQWHUYHQWLRQ�� :RUNLQJ 3DSHU �����$� )HGHUDO 5HVHUYH %DQN RI 6W� /RXLV�
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2VOHU� &� /� DQG &KDQJ� 3� +� .� ������� �+HDG DQG VKRXOGHUV� 1RW MXVW D IODN\

SDWWHUQ�� 6WDII 3DSHU �� )HGHUDO 5HVHUYH %DQN RI 1HZ <RUN�

6KDUSH� :� )� ������� �0XWXDO IXQG SHUIRUPDQFH�� -RXUQDO RI )LQDQFH ��� ����

����

6WRQH� &� -� ������� �&RQVLVWHQW QRQSDUDPHWULF UHJUHVVLRQ�� $QQDOV RI 6WDWLVWLFV

�� ��������

6]DNPDU\� $� &� DQG 0DWKXU� ,� ������� �&HQWUDO EDQN LQWHUYHQWLRQ DQG WUDGLQJ

UXOH SURILWV LQ IRUHLJQ H[FKDQJH PDUNHWV�� -RXUQDO RI ,QWHUQDWLRQDO 0RQH\

DQG )LQDQFH ��� ��������

7D\ORU� 0� 3� ������� �,QWHUYHQWLRQ� LQWHUHVW UDWHV� DQG FKDUWV� 7KUHH HVVD\V LQ

LQWHUQDWLRQDO ILQDQFH�� ,0) :RUNLQJ 3DSHU �������
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TABLE 1: Results for the entire forecasting period (1)

Tests US Dollar-Deustchmark
exchange rate

US Dollar-Japanese yen
exchange rate

Total return (2) 1.2799 1.2008

Net return (3) 0.3504 0.2793

Sign predictions (4) 52.88 51.60

Ideal profit ratio (5) 0.0666 0.0697

Sharpe ratio (6) 0.0496 0.0503

Buy and hold return (7) -0.0139 -0.0044

N(buy) (8) 1849 1888

N(sell) (9) 1869 1798

)  (10)T 0.0069 0.0065

)  (11)B 0.0070 0.0062

)  (12)S 0.0069 0.0067

Notes: (1) Forecasting period: 1-2-1982 to 31-12-1996.
(2) Returns generated by the trading rule over the forecast sample, before

transaction fees are taken into account [see equation (11) in the text].
(3) Returns generated by each forecasting method over the forecast sample,

after transaction fees are taken into account [see equation (12) in the text].
(4) Percentage of correct forecast direction. 
(5) The ideal profit measures the returns of the trading system against a perfect

predictor [see equation (13) in the text].
(6) The Sharpe ratio is obtained dividing the mean return of the trading system

by its standard deviation [see equation (14) in the text].
(7) Returns generated using equation (10) in the text, where transaction fees are

taken into account 
(8) "N(buy)" is the number of buy signals generated by the rule. 
(9) "N(sell)" is the number of sell signals generated by the rule. 
(10) )  is the standard deviation of total returns from both buy signals and sellT

signals.
(11) )  is the standard deviation of total returns from buy signals.B

(12) )  is the standard deviation of total returns from sell signals.S
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TABLE 2: Results when excluding days of US intervention (1)

Tests US Dollar-Deustchmark
exchange rate

US Dollar-Japanese yen
exchange rate

Total return (2) 0.7706 0.5879

Net return (3) -0.1012 -0.2836

Sign predictions (4) 50.62 51.41

Ideal profit ratio (5) 0.0420 0.0357

Sharpe ratio (6) 0.0308 0.0250

Buy and hold return (7) -0.0139 -0.0040

N(buy) (8) 1747 1805

N(sell) (9) 1740 1681

)  (10)T 0.0072 0.0067

)  (11)B 0.0071 0.0066

)  (12)S 0.0073 0.0069

Notes: (1) Forecasting period: 1-2-1982 to 31-12-1996.
(2) Returns generated by the trading rule over the forecast sample, before

transaction fees are taken into account [see equation (11) in the text].
(3) Returns generated by each forecasting method over the forecast sample,

after transaction fees are taken into account [see equation (12) in the text].
(4) Percentage of correct forecast direction. 
(5) The ideal profit measures the returns of the trading system against a perfect

predictor [see equation (13) in the text].
(6) The Sharpe ratio is obtained dividing the mean return of the trading system

by its standard deviation [see equation (14) in the text].
(7) Returns generated using equation (10) in the text, where transaction fees are

taken into account 
(8) "N(buy)" is the number of buy signals generated by the rule. 
(9) "N(sell)" is the number of sell signals generated by the rule. 
(10) )  is the standard deviation of total returns from both buy signals and sellT

signals.
(11) )  is the standard deviation of total returns from buy signals.B

(12) )  is the standard deviation of total returns from sell signals.S
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