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$EVWUDFW
0RQWKO\ PHDQ YDOXHV RI WKH FRURQDO LQGH[ RI VRODU DFWLYLW\ DQG RWKHU VRODU LQGLFHV
DUH DQDO\]HG IRU WKH SHULRG ��������� FRYHULQJ RYHU WKUHH VRODU F\FOHV� 7KH FRURQDO
LQGH[ LV EDVHG XSRQ WKH WRWDO LUUDGLDQFH RI WKH FRURQDO �����QP JUHHQ OLQH IURPREVHUYDWLRQV DW nYH VWDWLRQV� 7KH VLJQLnFDQW FRUUHODWLRQ RI WKLV LQGH[ ZLWK WKH
VXQVSRW QXPEHU DQG WKH QXPEHU RI WKH JURXSHG VRODU oDUHV KDV OHG WR DQ DQDO\W�
LFDO H[SUHVVLRQ� 7KLV H[SUHVVLRQ LV ZHOO H[SODLQLQJ WKH H[LVWHQFH RI WKH VHFRQGDU\
PD[LPXP GXULQJ WKH VRODU F\FOHV WDNLQJ LQWR DFFRXQW WKH HYROXWLRQ RI WKH FRURQDO
PDJQHWLF nHOG WKDW FDQ EH H[SUHVVHG E\ D VLQXVRLGDO WHUP ZLWK D ��\HDU SHULRG�
7KH DFFXUDF\ EHWZHHQ REVHUYHG DQG FDOFXODWHG YDOXHV RI WKH FRURQDO LQGH[ LV KLJKHQRXJK DQG UHDFKHV WKH YDOXH RI ���� :H FDQ FRQFOXGH WKDW WKH VRODU PDJQHWLF
nHOG PRGXODWHV WKH FRURQDO LQWHQVLW\ DQG WKH FRURQDO LQGH[ FDQ EH XVHG DV D UHSUH�
VHQWDWLYH LQGH[ RI VRODU DFWLYLW\ LQ RUGHU WR EH FRUUHODWHG ZLWK GLmHUHQW SHULRGLFDO
VRODU RU WHUUHVWULDO SKHQRPHQD XVHIXO IRU 6SDFH :HDWKHU VWXGLHV�

� ,QWURGXFWLRQ
$V WKH RULJLQ RI VRODU DFWLYLW\ LV RQH RI WKH EDVLF SUREOHPV RI VRODU SK\VLFV� LW LVQRW FOHDU ZKLFK LQGH[ LV EHVW VXLWHG WR KHOS XV WR XQGHUVWDQG WKH SK\VLFV RI WKH
VRODU F\FOH DQG WR VWXG\ VRODU�WHUUHVWULDO UHODWLRQV� DV HDFK RI WKHP KDV LWV RZQ
DGYDQWDJHV DQG GLVDGYDQWDJHV� 5\EDQVN\ ������ SURSRVHG D FRURQDO LQGH[ �&,�
DV D JHQHUDO LQGH[ RI VRODU DFWLYLW\� 7KLV LV D IXOO GLVN LQGH[ DQG UHSUHVHQWV WKH
DYHUDJHG GDLO\ SRZHU �LUUDGLDQFH� HPLWWHG E\ WKH JUHHQ FRURQD ������QP� LQWR RQH
VWHUDGLDQ WRZDUGV WKH (DUWK� 7KH LQSXW GDWD IRU WKH FRURQDO LQGH[ FRPSXWDWLRQ DUHJURXQG�EDVHG GDWD REWDLQHG DW GLmHUHQW REVHUYDWRULHV ZLWK FRURQDO PHDVXUHPHQWV
DURXQG WKH ZRUOG �5\EDQVN\ HW DO�� ����� $OWURFN HW DO�� ������ 7KH H[LVWHQFH
RI WZR PD[LPD LQ WKH VRODU DFWLYLW\ SDUDPHWHUV GXULQJ DQ ���\HDU F\FOH ZDV nUVW
VKRZQ E\ *QHY\VKHY ������� &RURQDO LQGH[ GDWD SUHVHQWV WZR PD[LPD LQ HDFK
���\HDU F\FOH LQ FRQWUDU\ WR WKH VXQVSRW QXPEHU� ZKHUH LW VHHPV WR H[LVW RQO\ RQH
GLVWLQFW PD[LPXP�

,Q WKLV ZRUN ZH WU\ WR nQG RXW DQ HPSLULFDO UHODWLRQ IRU WKH JUHHQ OLQH LQWHQVLW\H[SUHVVHG E\ WKH FRURQDO LQGH[ RI VRODU DFWLYLW\ XVLQJ WKH PRVW DSSURSULDWH LQGH�
SHQGHQW SDUDPHWHUV RI VRODU DFWLYLW\� VXFK DV VXQVSRW QXPEHU 5 DQG JURXSHG VRODU
oDUHV 1)� RQ PRQWKO\ EDVLV� 7KH UHVLGXDOV EHWZHHQ WKH REVHUYHG DQG FDOFXODWHG
YDOXHV RI WKH FRURQDO LQGH[� ZKLFK DSSHDU LQ WKH VRODU F\FOH PD[LPD� FDQ EH H[�
SODLQHG� LQ RXU PRGHO� E\ WKH FRQWULEXWLRQ RI WKH VRODU PDJQHWLF nHOG LQ FRQQHFWLRQ
ZLWK LWV SRODULW\ UHYHUVDOV�

� 'DWD DQDO\VLV
7KH FRURQDO LQGH[ RI VRODU DFWLYLW\ �&,� SUHVHQWV WKH WRWDO HQHUJ\ HPLWWHG E\ WKH
6XQ
V RXWHUPRVW DWPRVSKHUH �WKH (�FRURQD� DW WKH ZDYHOHQJWK RI �����QP �)H ;,9�
WKH JUHHQ FRURQD�� ,W LV H[SUHVVHG LQ ���� : VUb� RU ���[��b� : Pb� RU ���[���



)LJXUH �� 0RQWKO\ YDOXHV RI WKH FRURQDO LQGH[ RI VRODU DFWLYLW\ DQG VPRRWKHG VXQVSRW QXPEHU
IRU WKH F\FOHV ��� ��� ���

)LJXUH �� 2EVHUYHG �&OREV� DQG FDOFXODWHG �&OFDO� E\ WKH HTXDWLRQ ��� YDOXHV RI WKH FRURQDO LQGH[
RI VRODU DFWLYLW\ DUH SUHVHQWHG� 7KH WHUP ��5���� LV DOVR LOOXVWUDWHG�

SKRWRQV FPb�Vb� DW WKH (DUWK �5\EDQVN\ HW DO�� ������ 0RQWKO\ YDOXHV RI WKH
FRURQDO LQGH[ RI VRODU DFWLYLW\ XVHG LQ WKH SUHVHQW DQDO\VLV KDYH EHHQ REWDLQHG IURPWKH 12$$ 1*'& ZHEVLWH �KWWS���ZZZ�QJGF�QRDD�JRY�VWS�� 7LPH GLVWULEXWLRQ RI
PRQWKO\ PHDQ YDOXHV RI WKH FRURQDO LQGH[ DQG VPRRWKHG VXQVSRW QXPEHU IRU WKH
SHULRG ��������� LV DSSHDUHG LQ )LJ��� &RUUHODWLYH DQDO\VLV EHWZHHQ FRURQDO LQGH[
YDOXHV DQG VXQVSRW QXPEHU DV ZHOO DV EHWZHHQ FRURQDO LQGH[ DQG JURXSHG VRODU
oDUHV VKRZ WKDW WKH FRURQDO LQGH[ LV EHWWHU FRUUHODWHG ZLWK S5 DQG T5 c1I � 7KLV
LV DQ HYLGHQFH WR XVH WKH WHUP S5 DQG QRW 5 IRU WKH FDOFXODWLRQ RI WKH FRURQDO
LQGH[� 7KLV LV DOVR REWDLQHG WKHRUHWLFDOO\ IURP WKH GHnQLWLRQ RI WKH DUHD LQGH[
,D�5� E\ ;DQWKDNLV DQG 3RXODNRV ������ DQG 3RO\JLDQQDNLV HW DO� �����

� (PSLULFDO IRUPXODWLRQ
,Q RUGHU WR HVWLPDWH WKH JUHHQ OLQH HPLVVLRQ PHDVXUHG DW WKH 3LF� GX�0LGL 2EVHU�YDWRU\ IRU WKH WLPH SHULRG ���������� /HUR\ DQG 7UHOOLV ������JDYH WKH IROORZLQJ



)LJXUH �� 2EVHUYHG �&OREV� DQG FDOFXODWHG �&OFDO� YDOXHV RI WKH FRURQDO LQGH[ WDNLQJ LQWR DFFRXQW
WKH VRODU PDJQHWLF nHOG� 3�W� WHUPV DUH DOVR LQGLFDWHG�

HPSLULFDO UHODWLRQ ZLWK UHVSHFW WR WKH VXQVSRW QXPEHU�
,����  �� � 5

������ c ��b�,� ���
ZKHUH ,� LV WKH VRODU FRQVWDQW DQG 5 WKH VXQVSRW QXPEHU ,Q WKLV ZRUN XVLQJ

PRQWKO\ GDWD RI WKH FRURQDO LQGH[� ZH WU\ WR JLYH D PRUH UHSUHVHQWDWLYH H[SUHVVLRQ
IRU WKH FDOFXODWLRQ RI WKH JUHHQ OLQH LQWHQVLW\ RYHU WKH WKUHH ODVW VRODU F\FOHV� 7DNLQJLQWR DFFRXQW WKH FRUUHODWLRQ H[SUHVVLRQV� ZH FDQ nQG WKH IROORZLQJ HPSLULFDO UHODWLRQ
IRU WKH FRURQDO LQGH[

&,FDO  ���� � ������ � ����
T1I�

S5 ���
&DOFXODWLQJ WKH FRURQDO LQGH[ E\ WKLV H[SUHVVLRQ ZH KDYH DQ DFFXUDF\ RI �����h

����� EHWZHHQ REVHUYHG �&,�EV� DQG FDOFXODWHG �&,FDO� YDOXHV� DV ZH FDQ VHH LQ
)LJXUH �� ,Q WKH VDPH nJXUH WKH YDOXHV REWDLQHG IURP WKH H[SUHVVLRQ ��� DUH DOVR
LQGLFDWHG� 'XULQJ WKH VRODU PD[LPD WKH UHVLGXDOV &, EHWZHHQ REVHUYHG �&,REV� DQGFDOFXODWHG �&,FDO� YDOXHV RI WKH FRURQDO LQGH[ RI VRODU DFWLYLW\ VHHP WR IROORZ WKH
EHKDKLRXU RI WKH VRODU PDJQHWLF nHOG� 7KH LQWURGXFWLRQ RI D QHZ VLQXVRLGDO WHUP
3�W� LQ RXU UHODWLRQ LV QHFHVVDU\� 6R� LI ZH WDNH LQWR FRQVLGHUDWLRQ WKH PDJQHWLF
nHOG� D FRUUHFWHG IRUPXOD IRU WKH FDOFXODWLRQ RI WKH FRURQDO LQGH[ FDQ EH JLYHQ�
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7KH DERYH HPSLULFDO UHODWLRQ KDV EHHQ WKHRUHWLFDOO\ LQWHUSUHWHG DV LQ D SUHYLRXV

ZRUN E\ 0DYURPLFKDODNL HW DO� � ������



� &RQFOXVLRQV
7KH FRURQDO LQGH[ EHORQJV WR WKH FODVV RI JURXQG�EDVHG LQGLFHV XVHG WR VWXG\ VR�
ODU DFWLYLW\ DQG LWV LQoXHQFH RQ WKH KHOLRVSKHUH� &RPSDUDWLYH VWXGLHV KDYH VKRZQUHODWLYHO\ JRRG DJUHHPHQW ZLWK VLPLODU VRODU LQGLFHV �5\EDQVN\ HW DO�� ������ 7KH
FRURQDO LQGH[ LV LQIHUUHG IURP D KRPRJHQHRXV FRURQDO GDWD VHW XVLQJ VHYHUDO FRURQDO
VWDWLRQV� *QHY\VKHY ������ SURYHG WKDW WKH WZR PD[LPD LQ WKH ���\HDU F\FOH RI
VRODU DFWLYLW\ DUH YHU\ GLmHUHQW HYHQWV DQG QRW WZR VLPSOH oXFWXDWLRQV� $V WKH SK\V�
LFDO FRQGLWLRQV GXULQJ WKH WZR PD[LPD DUH YHU\ GLmHUHQW� WKH WKHRU\ DQG IRUHFDVWLQJ
RI VRODU DFWLYLW\� LQYHVWLJDWLRQV RI VRODU�WHUUHVWULDO UHODWLRQV DQG LQYHVWLJDWLRQV RI LQ�GLYLGXDO VRODU HYHQWV PXVW EH WDNHQ LQWR DFFRXQW� LQ RUGHU WR GHWHUPLQH WKH IHDWXUHV
RI WKH ���\HDU F\FOH� ,Q WKLV ZRUN D UHODWLRQ EHWZHHQ WKH FRURQDO LQGH[� WKH VXQVSRW
QXPEHU DQG WKH JURXSHG VRODU oDUHV KDV EHHQ IRXQG� 7KLV UHODWLRQ JLYHV D SK\VLFDO
PHDQLQJ RI WKH FRURQDO LQGH[ RI VRODU DFWLYLW\ DQG FDQ EH XVHG LQ RUGHU WR YHULI\
WKH UHOLDELOLW\ RI WKH FRURQDO LQGH[ PHDVXUHPHQWV� ,W FDQ EH DOVR XVHG LQ RUGHU WR
UHSURGXFH WKH FRURQDO LQGH[ YDOXHV ZLWK D YHU\ JRRG DSSUR[LPDWLRQ DQG WR SUHGLFWWKH PD[LPD RI QH[W F\FOHV� LI WKH PRGXODWLRQ RI WKH VRODU PDJQHWLF nHOG LV NQRZQ�
7KH VHFRQGDU\ PD[LPXP RI WKH FRURQDO LQGH[ KDV EHHQ H[SODLQHG YHU\ ZHOO E\ WKH
XVH RI WKH QXPEHU RI VRODU oDUHV� ZKLOH WKH PDJQHWLF nHOG LQWHQVLW\ KDV JLYHQ D
EHWWHU SUHFLVLRQ DURXQG WKH PD[LPD RI VRODU DFWLYLW\ �;DQWKDNLV HW DO�� �����

6XPPDUL]LQJ ZH FDQ VD\ WKDW WKH FRURQDO LQGH[ RI VRODU DFWLYLW\ PD\ JLYH D
EHWWHU PHDVXUH RI VRODU�WHUUHVWULDO HmHFWV WKDQ VXQVSRWV� EHFDXVH LW FDQ EH PRGX�ODWHG E\ ERWK VRODU oDUHV DQG VXQVSRWV� DV ZHOO DV E\ WKH PDJQHWLF nHOG� $OO WKHVH
SDUDPHWHUV DUH YHU\ LPSRUWDQW IRU 6SDFH :HDWKHU VWXGLHV� 7KH UHVXOWV RI WKHVH
VWXGLHV PD\ EH LPSURYHG XVLQJ WKLV LQGH[� LQVWHDG RI WKH JUHHQ OLQH LQWHQVLW\� DV
LW LV GHULYHG IURP PRUH WKDQ RQH VWDWLRQ� )XUWKHU LQYHVWLJDWLRQ IRU WKH QH[W VR�
ODU F\FOHV FRXOG LPSURYH RXU XQGHUVWDQGLQJ DERXW WKLV PRGXODWLRQ DQG LWV UHODWHG
SK\VLFDO SURFHVVHV�
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