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&DOFXODWLRQV RI !� *H9 (OHFWURQV LQ WKH *DOD[\ 8VLQJ D 0RQWH &DUOR

'LIIXVLRQ 3URJUDP ¤ $ &RPSDULVRQ ZLWK ([SHULPHQW

-�0� 5RFNVWURK >�@� 3�5� +LJELH >�@� -�'� 3HWHUVRQ >�@� -� 9DQ GHU :DOW >�@ DQG :�5� :HEEHU >�@

�� �� )DLUZD\ 'ULYH� +XGVRQ� 1+ ������ 86$

�� $VWURQRP\ 'HSDUWPHQW� 1HZ 0H[LFR 6WDWH 8QLYHUVLW\� /DV &UXFHV� 10 ������ 86$

�� 'HSDUWPHQW RI 3K\VLFV� 38 IRU &+(� 3RWFKHIVWURRP ����� 6RXWK $IULFD

$EVWUDFW

:H HPSOR\ D 0RQWH &DUOR GLIIXVLRQ PRGHO WR VWXG\ WKH SURSDJDWLRQ RI HOHFWURQV LQ WKH *DOD[\� 7KH SDUDPHWHUV

JRYHUQLQJ WKH GLIIXVLRQ� WKH ERXQGDU\ GLVWDQFH �KDOR VL]H� DQG WKH PDWWHU GHQVLW\ DUH GHWHUPLQHG IURP WKH

DSSOLFDWLRQ RI WKLV VDPH SURJUDP WR WKH SURSDJDWLRQ RI FRVPLF UD\ SURWRQV DQG QXFOHL LQFOXGLQJ UDGLRDFWLYH RQHV�

7KH HOHFWURQV DUH PRVW VHQVLWLYH WR WKH LQWHUVWHOODU % ILHOG DQG WR WKH VRXUFH VSHFWUDO LQGH[� ,I ZH FRQFHQWUDWH RQ

WKH HQHUJ\ UDQJH DERYH � *H9� ZH ILQG WKDW WKH DYHUDJH LQWHUVWHOODU % ILHOG LV FRQVWUDLQHG WR EH EHWZHHQ ��� �*�

DQG WKH HOHFWURQ VRXUFH VSHFWUDO LQGH[ LV EHWZHHQ ���� DQG ����� 7KHVH OLPLWV RQ % DQG RQ WKH HOHFWURQ VRXUFH

VSHFWUDO LQGH[ DUH FRPSDUHG ZLWK WKRVH IURP D VLPLODU DQDO\VLV RI ORZ HQHUJ\ HOHFWURQV SUHVHQWHG LQ D FRPSDQLRQ

SDSHU�

�� ,QWURGXFWLRQ
:H HPSOR\ D 0RQWH &DUOR GLIIXVLRQ PRGHO WR VWXG\ WKH SURSDJDWLRQ RI HOHFWURQV LQ WKH *DOD[\� ,Q WKLV

SDSHU ZH H[DPLQH WKHLU LQWHUVWHOODU �,6� VSHFWUXP DERYH � *H9 DQG FRPSDUH WKH FDOFXODWLRQV ZLWK H[SHULPHQW� 7KH

SURSDJDWLRQ SDUDPHWHUV JRYHUQLQJ WKH GLIIXVLRQ� WKH ERXQGDU\ GLVWDQFH �KDOR VL]H� DQG WKH PDWWHU GHQVLW\ DUH EHVW

GHWHUPLQHG IURP D VWXG\ RI QXFOHL SURSDJDWLRQ DQG DUH GHULYHG IURP WKH DSSOLFDWLRQ RI WKLV VDPH SURJUDP WR WKH

SURSDJDWLRQ RI SURWRQV DQG QXFOHL LQFOXGLQJ UDGLRDFWLYH RQHV �:HEEHU� ������ 6SHFLILFDOO\ ZH ILQG IURP WKDW VWXG\�

�� WKH GLIIXVLRQ FRHIILFLHQW LV JLYHQ E\ .�3�  �[����3��� FP� VHF�� DERYH � *9� �� WKH KDOR VL]H� �]% �NSF� �� WKH

OLQH LQWHJUDO RI WKH PDWWHU GHQVLW\ ,P ³ Q�G]  ���[���� FP�� ZKHUH Q� ��� FP
�� DQG WKH ] GHSHQGHQFH RI WKH PDWWHU

GHQVLW\ �+��+��+,,� LV GHVFULEHG E\ H[S
�=�]P ZKHUH ]P ��� NSF� 2I WKH UHPDLQLQJ SDUDPHWHUV XVHG WR GHVFULEH WKH

SURSDJDWLRQ� WKH HOHFWURQV DUH PRVW VHQVLWLYH WR WKH LQWHUVWHOODU % ILHOG DQG WR WKH VRXUFH VSHFWUDO LQGH[�

�� &DOFXODWLRQV DQG &RPSDULVRQ ZLWK 0HDVXUHPHQWV
)RU WKH % ILHOG LQ WKH ] GLUHFWLRQ ZH DVVXPH % %� H[S

�=�]% ZKHUH ]% ��� NSF� 7KH HQHUJ\ ORVV E\

V\QFKURWURQ UDGLDWLRQ LV GHVFULEHG E\ G(�GW �EV
�(� ZKHUH EV ��� [ ��

��� VHF�� �%� �P*�� 7KH LQYHUVH &RPSWRQ
HQHUJ\ ORVV LV GHVFULEHG E\ G(�GW �E,&

�(� ZKHUH WKH YDOXH RI E,& ���[��
��� VHF��� DFFRXQWV IRU WKH ORVVHV GXH WR

YLVLEOH� ,5 DQG &0% SKRWRQV� 7KH ] GHSHQGHQFH RI WKH SKRWRQ ILHOG LV WDNHQ WR EH KQ KQ� H[S
¤=�]KX ZKHUH ]KX �

NSF� 7KH HQHUJ\ ORVV E\ EUHPVVWUDKOXQJ DQG E\ LRQL]DWLRQ DUH GHWHUPLQHG IURP WKH PDWWHU GLVWULEXWLRQ GHVFULEHG

DERYH� 7KH 0RQWH &DUOR FDOFXODWLRQ LV GHVFULEHG PRUH FRPSOHWHO\ LQ :HEEHU DQG 5RFNVWURK� ����� )RU WKH

FDOFXODWLRQV GLVFXVVHG KHUH ��� SDUWLFOHV DUH LQMHFWHG XQLIRUPO\ LQ WLPH LQ HDFK RI �� ORJDULWKPLFDOO\ VSDFHG

LQWHUYDOV� � WR WKH GHFDGH� IURP �� 0H9 WR ��� *H9� 7KH UHVXOWLQJ ILQDO GLVWULEXWLRQ RI SDUWLFOHV LV ELQQHG LQ ERWK

WKH ] GLPHQVLRQ DQG LQ WLPH DV ZHOO DV HQHUJ\� 7KH WRWDO LQWHJUDWLRQ WLPH LV ! WKH FKDUDFWHULVWLF GLIIXVLRQ WLPH�

5�

%�.� WR WKH ERXQGDU\ IRU DOO HQHUJLHV WKXV UHVXOWLQJ LQ DQ HTXLOLEULXP GLVWULEXWLRQ�

,Q )LJXUH � ZH VKRZ WKH UHVXOWLQJ HOHFWURQ VSHFWUD IRU VRXUFH LQMHFWLRQ VSHFWUD ZLWK H[SRQHQWV� V  ����� ����

DQG ����� 7KHVH FDOFXODWHG VSHFWUD� QRUPDOL]HG DW � *H9� DUH VXSHULPSRVHG RQ IRXU RI WKH PRVW FRPSUHKHQVLYH

HOHFWURQ PHDVXUHPHQWV DERYH a� *H9 ZKHUH WKH VRODU PRGXODWLRQ HIIHFWV DUH VPDOO� �*ROGHQ HW DO�� ����� 7DQJ �

����� 0XOOHU� HW DO�� ���� DQG 1LVKLPXUD� ������ DQG DOVR FRPSDUHG ZLWK D QHZ ,6 HOHFWURQ VSHFWUXP EHORZ � *H9

GHULYHG IURP WKH JDODFWLF UDGLR VSHFWUXP LQ WKH SRODU GLUHFWLRQ �3HWHUVRQ HW DO�� ������ 7KH GLIIHUHQFHV LQ WKH

SUHGLFWHG VSHFWUD IRU YDULRXV VRXUFH VSHFWUDO LQGLFHV DUH TXLWH ODUJH� +HUH ZH GHVFULEH WZR ZD\V WR H[SORLW WKHVH

GLIIHUHQFH WR GHWHUPLQH ERWK WKH VRXUFH VSHFWUDO LQGH[ DQG WKH YDOXH RI %� WKDW EHVW UHSURGXFH WKH GDWD� 7KH ILUVW

XVHV WKH ORFDWLRQ RI WKH SHDN HQHUJ\� (P�RI WKH M [ (
��� VSHFWUXP �9DQ GHU :DOW DQG :HEEHU� ������ 7KH FDOFXODWHG



YDOXH RI WKLV HQHUJ\ IRU YDULRXV YDOXHV RI WKH VRXUFH VSHFWUDO LQGH[ DQG WKH LQWHUVWHOODU % ILHOG LV VKRZQ LQ )LJXUH

� DORQJ ZLWK OLPLWV IURP WKH PHDVXUHPHQWV� 5HDVRQDEOH OLPLWV RQ WKH H[SHULPHQWDO YDOXH RI (P UDQJH IURP ����

*H9 ZKLFK LQ WXUQ VHW OLPLWV RQ WKH FRPELQDWLRQ RI % DQG V DV LQGLFDWHG LQ WKH )LJXUH� ,Q )LJXUH � ZH VKRZ DQRWKHU

ZD\ RI FRPSDULQJ WKH GDWD DQG SUHGLFWLRQV ZKHUH ZH SORW WKH UDWLR RI WKH PHDVXUHG HOHFWURQ LQWHQVLWLHV DW �� DQG

� *H9 YHUVXV WKH UDWLR DW ���� DQG �� *H9� +HUH WKH GDWD LV PRUH UHVWULFWLYH HOLPLQDWLQJ YDOXHV RI Vd���� IRU DOO

UHDVRQDEOH % ILHOGV� 7KH UHPDLQLQJ OLPLWV IURP ERWK )LJXUHV � DQG � JLYH FRPELQDWLRQV RI V ���� WR ���� DQG %� ��

� P*�

�� 6XPPDU\ DQG &RQFOXVLRQ
$ FRPSDULVRQ RI FDOFXODWLRQV RI WKH ,6 HOHFWURQ VSHFWUXP XVLQJ D 0RQWH &DUOR GLIIXVLRQ SURJUDP ZLWK

H[SHULPHQWDO PHDVXUHPHQWV DERYH � *H9 SODFH OLPLWV RQ WKH HOHFWURQ VRXUFH VSHFWUDO LQGH[ EHWZHHQ ���� DQG ����

DQG RQ WKH W\SLFDO ,6 PDJQHWLF ILHOG LQ WKH JDODFWLF SODQH ZLWKLQ �� NSF RI WKH 6XQ RI ��� P*� 7KHVH YDOXHV VKRXOG

EH FRPSDUHG ZLWK WKRVH GHWHUPLQHG IURP WKH ORZ HQHUJ\ SDUW RI WKH HOHFWURQ VSHFWUXP REWDLQHG LQ D FRPSDQLRQ

SDSHU �+LJELH HW DO�� ������

5HIHUHQFHV
*ROGHQ� 5�/�� HW DO�� ����� $S-� ���� ���

+LJELH� 3�5�� HW DO�� ����� SDSHU 2* ������� WKLV FRQIHUHQFH

0XOOHU� '�� HW DO�� ����� 3URF� ��WK ,&5&� �� ���

1LVKLPXUD� -�� ����� 3URF� ��WK ,&5&� �� ���

3HWHUVRQ� -�'�� ����� SDSHU 2*������� WKLV FRQIHUHQFH

7DQJ� .�� ����� $S-� ���� ���

9DQ GHU :DOW� '�-� DQG :HEEHU� :�5�� ����� 3URF� ��WK ,&5&� �� ���

:HEEHU� :�5� DQG 5RFNVWURK� -�0�� ����� $GY� 6SDFH 5HV�� ��� ���

:HEEHU� :�5�� ����� SDSHU 2* ������ WKLV FRQIHUHQFH

)LJXUH �� 'LUHFW PHDVXUHPHQWV RI SULPDU\ HOHFWURQ VSHFWUXP DERYH � *H9 ZKHUH VRODU PRGXODWLRQ HIIHFWV DUH

PLQLPL]HG� $OVR VKRZQ LV WKH ORFDO LQWHUVWHOODU HOHFWURQ VSHFWUXP DW ORZHU HQHUJLHV GHULYHG IURP WKH JDODFWLF SRODU

UDGLR VSHFWUXP PHDVXUHPHQWV �3HWHUVRQ� HW DO�� ������
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)LJXUH �� &RPSDULVRQ RI WKH FDOFXODWHG ORFDWLRQ RI WKH SHDN LQ WKH M [ (��� HOHFWURQ VSHFWUXP DV D IXQFWLRQ RI % DQG

WKH HOHFWURQ VRXUFH VSHFWUDO LQGH[� DQG WKH PHDVXUHG ORFDWLRQ RI WKH SHDN�VKRZQ RYHUDOO DV D VKDGHG UHJLRQ DQG IRU

LQGLYLGXDO PHDVXUHPHQWV DV HQHUJ\ EDQGV ODEHOHG E\ �VW DXWKRU RI PHDVXUHPHQW�

)LJXUH �� 0HDVXUHG DQG FDOFXODWHG UDWLRV RI ���� *H9 DQG ������� *H9 LQWHUVWHOODU HOHFWURQV� 7KH FDOFXODWLRQV

DUH IRU GLIIHUHQW VRXUFH VSHFWUD� ����� ���� DQG ¤��� DQG % ILHOGV UDQJLQJ IURP ������� P*� 7KH UHVWULFWLRQV RI

SDUDPHWHU VSDFH E\ WKH HOHFWURQ VSHFWUXP PHDVXUHPHQWV DUH LQGLFDWHG RYHUDOO E\ WKH VKDGHG DUHD DQG LQGLYLGXDOO\

E\ WKH EDQGHG ODEHOLQJ XVLQJ WKH �VW DXWKRU RI WKH PHDVXUHPHQW�
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5 5DGLR �3HWHUVRQ� HW DO�� �����

+ +HDW �0XOOHU� HW DO�� �����


