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6RODU SRODULW\ GHSHQGHQFH RI SRZHU VSHFWUD IURP

0DZVRQ XQGHUJURXQG REVHUYDWLRQV

,� 6DEEDK� DQG 0�/� 'XOGLJ�

�'HSDUWPHQW RI 3K\VLFV� )DFXOW\ RI 6FLHQFH� 8QLYHUVLW\ RI $OH[DQGULD� (J\SW
�$XVWUDOLDQ $QWDUFWLF 'LYLVLRQ� $XVWUDOLD

$EVWUDFW
3RZHU VSHFWUDO DQDO\VLV RI 0DZVRQ XQGHUJURXQG GDWD ZDV XQGHUWDNHQ WR VWXG\ FRVPLF UD\ PRGXODWLRQ DQG LWV

PDJQHWLF SRODULW\ GHSHQGHQFH RYHU WKH ODVW WKUHH VRODU F\FOHV� 7KH ILUVW WZR KDUPRQLFV RI WKH VRODU GDLO\ YDULDWLRQ

DUH ZHOO GHILQHG IRU HYHQ F\FOHV ��� DQG ��� ZKLOH RQO\ WKH ILUVW KDUPRQLF LV ZHOO GHILQHG LQ F\FOH ��� 7KH VSHFWUXP

LV IODWWHU LQ WKH HYHQ F\FOHV� 7KHUH LV KLJKHU VSHFWUDO SRZHU IRU F\FOH ��� 7KH VSHFWUD DUH IODWWHU DQG KDYH ORZHU SRZHU

IRU T$!� WKDQ IRU T$�� SRODULW\ VWDWHV LQ VXSSRUW RI WKH SUHGLFWLRQV RI PRGXODWLRQ PRGHOV� 7KH VSHFWUD LPSO\ WKDW

KHOLRVSKHULF PDJQHWLF WXUEXOHQFH PD\ EH PRUH YDULDEOH� RQ WLPHVFDOHV RI VHYHUDO \HDUV� WKDQ SUHYLRXVO\ VXVSHFWHG�

� ,QWURGXFWLRQ�
3URSDJDWLRQ DQG DFFHOHUDWLRQ RI JDODFWLF FRVPLF UD\V LQ WKH KHOLRVSKHUH LV JRYHUQHG E\ IRXU PDMRU PHFKDQLVPV�

GLIIXVLRQ� FRQYHFWLRQ� DQG JUDGLHQW DQG FXUYDWXUH GULIWV �.RWD DQG -RNLSLL� ������ $ ZDY\ QHXWUDO FXUUHQW VKHHW

VHSDUDWHV WKH KHOLRVSKHUH LQWR WZR UHJLRQV RI RSSRVLWH PDJQHWLF VHQVH� 'XULQJ HSRFKV RI SRVLWLYH SRODULW\ �H�J�

����¤���� DQG ����¤������ WKH LQWHUSODQHWDU\ PDJQHWLF ILHOG �,0)� LV GLUHFWHG DZD\ IURP WKH 6XQ DERYH WKH

FXUUHQW VKHHW DQG WRZDUG WKH 6XQ VRXWK RI WKH FXUUHQW VKHHW� )RU QHJDWLYH SRODULW\ HSRFKV �H�J� ����¤��� WKH ,0)

GLUHFWLRQ LV UHYHUVHG� 3RVLWLYH SRODULW\ �T$!�� SHULRGV DUH FKDUDFWHULVHG E\ JDODFWLF FRVPLF UD\V �RI SRVLWLYHO\

FKDUJH� GULIWLQJ LQZDUG IURP WKH SROH DQG H[LWLQJ DORQJ WKH KHOLRPDJQHWLF HTXDWRU DQG QHXWUDO VKHHW� &RQYHUVHO\

GXULQJ T$�� WKH GULIW LV LQZDUG DORQJ WKH KHOLRHTXDWRU DQG QHXWUDO VKHHW DQG RXW RYHU WKH SROHV�

-RNLSLL ������� 2ZHQV DQG -RNLSLL ������������ 2ZHQV ������� DQG -RNLSLL DQG 2ZHQV ������ KDYH UHODWHG WKH

IOXFWXDWLRQV RI QHXWURQ PRQLWRU SRZHU VSHFWUD WR IOXFWXDWLRQV LQ WKH ,0)� <DVXH HW DO� ������ DQG 6DEEDK ������

KDYH VWXGLHG WKH VSHFWUD RI KLJK HQHUJ\ FRVPLF UD\V ZLWK D YLHZ WR OHDUQLQJ PRUH DERXW WKH LQWHUVWHOODU PHGLD� ,Q

WKLV DQDO\VLV WKH SRZHU VSHFWUDO GHQVLW\ �36'� KDV EHHQ FDOFXODWHG IRU FRVPLF UD\V REVHUYHG ZLWK WKH XQGHUJURXQG

QRUWK SRLQWLQJ PXRQ WHOHVFRSHV DW 0DZVRQ IURP ����¤�����

� 'DWD $QDO\VLV�
3RZHU VSHFWUDO GHQVLWLHV ZHUH FDOFXODWHG� IROORZLQJ WKH SURFHGXUH GHVFULEHG E\ 6DEEDK ������� IRU ����¤��

�F\FOH ���� ����¤�� �F\FOH ���� ����¤�� �F\FOH ���� ����¤�� DQG IRU ERWK KHOLRPDJQHWLF SRODULW\ VWDWHV� 7KHVH

DUH VKRZQ LQ )LJXUH �� 7KH VSHFWUDO SRZHU RI WKH RGG F\FOH �)LJXUH �E� H[FHHGV WKRVH RI WKH HYHQ F\FOHV �)LJXUH �D

	 F�� 7KH RGG F\FOH VSHFWUXP LV DOVR VWHHSHU� 6SHFWUDO SRZHU LV KLJKHU IRU F\FOH �� WKDQ IRU F\FOH ��� 7KH ILUVW WZR

KDUPRQLFV RI WKH VRODU GDLO\ YDULDWLRQ DUH ZHOO GHILQHG IRU HYHQ F\FOHV ZKLOH RQO\ WKH ILUVW KDUPRQLF LV ZHOO GHILQHG

LQ WKH RGG F\FOH� 7KH ERWWRP SDQHOV RI )LJXUH � VKRZ WKH VSHFWUD IRU ERWK KHOLRPDJQHWLF SRODULW\ VWDWHV� 7KH

VSHFWUXP KDV KLJKHU SRZHU GHQVLW\ GXULQJ T$�� WKDQ GXULQJ T$!�� 7KLV DJUHHV ZLWK SUHGLFWLRQV RI QXPHULFDO GULIW

PRGHOV �5HLQHFNH DQG 3RWJLHWHU� ������

7KH VSHFWUXP LV VWHHSHU GXULQJ T$��� $OO WKH VSHFWUD IODWWHQ DW WKH KLJKHU IUHTXHQFLHV VKRZQ EXW WKH IRUP RI

WKH IODWWHQLQJ LV PDUNHGO\ GLIIHUHQW EHWZHHQ WKH WZR SRODULWLHV� $ERYH DERXW � [ ���� +] ��� KRXUV� WKH VSHFWUD

LQ ERWK SRODULW\ VWDWHV DUH TXLWH VLPLODU� %HORZ WKLV IUHTXHQF\ WKH VSHFWUD GLYHUJH JUHDWO\ ZLWK WKH T$��

SRODULW\ IROORZLQJ D SRZHU ODZ IRUP ZLWK D VORSH RI ������ 6XSHULPSRVHG RQ WKLV LV D FOHDU SHDN

FRUUHVSRQGLQJ WR WKH GLXUQDO ��� KRXU� YDULDWLRQ DQG D VXJJHVWLRQ RI D SHDN DW �� KRXUV� ,Q WKH T$!�



FDVH WKH VSHFWUXP LV PRUH YDULDEOH DQG GRHV QRW DSSHDU WR IROORZ D SRZHU ODZ VWUXFWXUH XQWLO WKH ORZHVW

IUHTXHQFLHV� 7KHUH LV VWLOO FOHDU HYLGHQFH RI WKH GLXUQDO YDULDWLRQ VLJQDO DQG ZHDN HYLGHQFH IRU D VHPL�GLXUQDO SHDN�
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)LJXUH �� 3RZHU 6SHFWUDO 'HQVLWLHV GHULYHG IURP KRXUO\ XQGHUJURXQG REVHUYDWLRQV DW 0DZVRQ�



� 'LVFXVVLRQ�
)ROORZLQJ IURP WKH ZRUN RI 2ZHQV ������� <DVXH HW DO� ������ VKRZHG WKDW 3�I��P+] � 3�I�SHDN  3%�I� � %�

�� ZKHUH

3�I��P+] LV WKH SRZHU DW �P+]� 3�I�SHDN LV WKH SRZHU RI WKH GLXUQDO YDULDWLRQ SHDN� 3%�I� LV WKH SRZHU VSHFWUXP RI

PDJQHWLF ILHOG IOXFWXDWLRQV DQG %� LV WKH HQVHPEOH DYHUDJH PDJQHWLF ILHOG LQWHQVLW\� 7KH UDWLR IURP

FRVPLF UD\ REVHUYDWLRQV ZDV WKHQ HPSOR\HG WR HVWLPDWH WKH UHODWLYH PDJQHWLF WXUEXOHQFH LQ LQWHUVWHOODU

VSDFH FRPSDUHG WR WKDW SUHVHQW LQ WKH KHOLRVSKHUH�

3HULRG &\FOH �� &\FOH �� &\FOH �� ����¤�� T$!� T$��

3�I��P+] � 3�I�SHDN ���� ���� ���� ���� ���� ����

,Q WKH WDEOH� WKH UDWLRV IRU HDFK VRODU F\FOH� ����¤�� DQG ERWK VRODU SRODULW\ VWDWHV DUH JLYHQ� 7KHVH YDOXHV

VKRXOG EH FRPSDUHG ZLWK WKRVH RI <DVXH HW DO� ������ IRU WKH 0LVDWR REVHUYDWRU\� ZKLFK LV DW D VLPLODU

GHSWK �PHGLDQ ULJLGLW\� WR 0DZVRQ� <DVXH QRWHG WKH ODUJH YDULDWLRQ LQ WKH UDWLR EHWZHHQ 6DNDVKLWD DQG

0DWVXVKLUR HYHQ WKRXJK WKH\ KDYH VLPLODU PHGLDQ ULJLGLWLHV� ,Q WKHVH UHVXOWV LW LV FOHDU WKDW WKH UDWLR LV

PXFK ODUJHU RYHU WKH ORQJHU WLPH SHULRGV FRQVLGHUHG KHUH DQG WKDW WKHUH LV VWURQJ YDULDELOLW\ HLWKHU

EHWZHHQ SRODULW\ VWDWHV RU EHWZHHQ GLIIHUHQW WLPH SHULRGV �DV GHQRWHG E\ WKH VRODU F\FOHV�� )URP WKHLU

DQDO\VLV� <DVXH HW DO� ������ FRQFOXGHG WKDW WKH GLIIHUHQW UDWLRV DW GLIIHUHQW PHGLDQ ULJLGLWLHV PLJKW

LQGLFDWH WKDW WKH ORFDO LQWHUVWHOODU PDJQHWLF ILHOG LV PRUH WXUEXOHQW WKDQ WKH KHOLRVSKHULF ILHOG� )URP WKH

UHVXOWV SUHVHQWHG KHUH� LW ZRXOG VHHP PRUH OLNHO\ WKDW WKH KHOLRPDJQHWLF ILHOG WXUEXOHQFH YDULHV PXFK

PRUH WKDQ ZLGHO\ WKDQ SUHYLRXVO\ WKRXJKW� $ PRUH GHWDLOHG LQYHVWLJDWLRQ RI KRZ WKH UDWLR YDULHV ZLWK

WLPH DQG PHGLDQ ULJLGLW\ RI UHVSRQVH SDUWLFXODUO\ EHWZHHQ VRODU PD[LPXP DQG VRODU PLQLPXP FRQGLWLRQV

LQ HDFK SRODULW\ VWDWH LV SODQQHG�

� &RQFOXVLRQ�
$ PD[LPXP HQWURS\ SRZHU VSHFWUDO DQDO\VLV RI 0DZVRQ XQGHUJURXQG GDWD KDV VKRZQ WKDW WKHUH LV KLJKHU SRZHU

GHQVLW\ GXULQJ T$�� WKDQ GXULQJ T$!�� 7KLV DJUHHV ZLWK SUHGLFWLRQV RI QXPHULFDO GULIW PRGHOV �5HLQHFNH DQG

3RWJLHWHU� ������ ,W KDV EHHQ VKRZQ WKDW WKH UDWLR RI VSHFWUDO SRZHU DW �P+] WR WKH VSHFWUDO SRZHU RI WKH GLXUQDO

YDULDWLRQ LV KLJKO\ YDULDEOH� 7KLV PD\ EH LQWHUSUHWHG DV LQGLFDWLQJ WKDW WKH KHOLRPDJQHWLF WXUEXOHQFH LV PRUH YDULDEOH

RQ WLPHVFDOHV RI \HDUV WKDQ KDG EHHQ SUHYLRXVO\ VXVSHFWHG� ,W ZLOO EH YDOXDEOH WR XQGHUWDNH WKH DQDO\VLV RQ GLIIHUHQW

WLPHVFDOHV WR EHWWHU XQGHUVWDQG WKLV YDULDELOLW\� $ XVHIXO ILUVW VWHS ZRXOG EH WR FRQVLGHU VRODU PD[LPXP DQG VRODU

PLQLPXP SHULRGV LQ GLIIHUHQW SRODULW\ VWDWHV� 7KLV ZRUN LV FRQWLQXLQJ�

� $FNQRZOHGJPHQW�
7KH DXWKRUV ZLVK WR DFNQRZOHGJH 0� 3RWJLHWHU IRU XVHIXO GLVFXVVLRQV�
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