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7KH�)OXFWXDWLRQV�RI�+LJK�(QHUJ\�&KDUJHG�3DUWLFOH�)OX[HV
LQ�WKH�1HDU�(DUWK�6SDFH�DQG�WKH�(DUWKTXDNH�3UHGLFWLRQ

$�0��*DOSHU��6�9��.ROGDVKRY��$�0��0XUDVKRY��6�$��9RURQRY
6SDFH�3K\VLFV�,QVWLWXWH��0(3K,��.DVKLUVNRH�VKRVVH������0RVFRZ����������5866,$

$EVWUDFW
:H� SUHVHQW� WKH� SRVVLEOH� DSSURDFK� RI� WKH� JHRJUDSKLF� FRRUGLQDWHV� GHWHUPLQDWLRQ� RI� WKH� IRUWKFRPLQJ
HDUWKTXDNH�HSLFHQWHU�XVLQJ�WKH�UHVXOWV�RI�DQDO\VLV�RI�WKH�LQWHUUHODWLRQ�EHWZHHQ�KLJK�HQHUJ\�FKDUJHG�SDUWLFOH
EXUVWV�LQ�WKH�QHDU�(DUWK�VSDFH�DQG�HDUWKTXDNHV��7KLV�DQDO\VLV�LV�EDVHG�RQ�WKH�H[SHULPHQWDO�GDWD�REWDLQHG�RQ
ERDUG� VHYHUDO� VSDFHFUDIWV� DQG� RQ� WKH� WKHRUHWLFDO� FRQVLGHUDWLRQ� RI� SDUWLFOH� EXUVW� SURSDJDWLRQ� RQ� WKH� LQQHU
ERXQGDU\�RI�WKH�5DGLDWLRQ�%HOW�

���,QWURGXFWLRQ�
,Q�D�QXPEHU�RI�H[SHULPHQWV�RQ�ERDUG�6$/<87±���0,5��0(7(25±���,17(5&26026�%8/*$5,$±

������25(2/±��VSDFHFUDIWV��*DOSHU��������*DOSHU��������3XVWRYHWRY��������*DOSHULQ��������WKH�EXUVWV�RI
KLJK� HQHUJ\� �VHYHUDO� WHQV� RI� 0H9�� FKDUJHG� SDUWLFOHV�� SUHFLSLWDWLQJ� IURP� UDGLDWLRQ� EHOW� �5%�� ZHUH
GLVFRYHUHG�� 7KH� GXUDWLRQ� RI� WKH� EXUVWV� UDQJHV� IURP� IHZ� VHFRQGV� WR� VHYHUDO� PLQXWHV� 7KHVH� YDULDWLRQV� RI
SDUWLFOH�IOX[HV�FDQ�FRQFHUQ�ZLWK�WKH�(DUWK¶V�VHLVPLF�DFWLYLW\��*DOSHU��������

,W� ZDV� VKRZQ� WKH� SDUWLFOH� EXUVWV� FDQ� RFFXU� VHYHUDO� KRXUV� ��Þ��� EHIRUH� WKH� PDLQ� HDUWKTXDNH� SKDVH�
0RUHRYHU��WKH�VSDWLDO�SDUDPHWHUV�RI�WKH�5%�SUHFLSLWDWLRQV�FRUUHODWH�ZLWK�FRRUGLQDWHV�RI�WKH�HDUWKTXDNHV��/
VKHOO� RI� WKH� SUHFLSLWDWLRQ� SUDFWLFDOO\� FRLQFLGHV�ZLWK�/� VKHOO� RI� WKH� HDUWKTXDNH� HSLFHQWHU� �*DOSHU�� �������
+HQFH��WKHVH�HYHQWV�FDQ�EH�FRQVLGHUHG�DV�D�VKRUW�WHUP�HDUWKTXDNH�SUHGLFWRUV�

7KH�TXDOLWDWLYH�PRGHO�RI�VSDWLDO�WHPSRUDO�FRUUHODWLRQ�EHWZHHQ�KLJK�HQHUJ\�FKDUJHG�SDUWLFOH�EXUVWV�RQ�WKH
DWPRVSKHULF�ERXQGDU\�RI�5%�DQG�WKH�(DUWK¶V�VHLVPLF�DFWLYLW\��ZKLFK�LV�FRQVLVWHQW�ZLWK�H[SHULPHQWDO�IDFWV�
LV� WKH� IROORZLQJ� �*DOSHU�� �������8OWUD� ORZ� IUHTXHQF\� �8/)�� HOHFWURPDJQHWLF�ZDYHV� DUH� JHQHUDWHG� LQ� WKH
IXWXUH� HDUWKTXDNH�HSLFHQWHU� VHYHUDO�KRXUV�EHIRUH� WKH�PDLQ� VKRFN�DQG�JR�XSZDUG� WKURXJK� WKH� DWPRVSKHUH
SUDFWLFDOO\�ZLWKRXW� ORVVHV� �0ROFKDQRY���������$W� WKH�DOWLWXGHV�DERXW�����NP�� WKHVH�ZDYHV�DUH� WUDSSHG� LQ
FKDQQHO�E\�FRUUHVSRQGLQJ�/�VKHOO��SURSDJDWH�IXUWKHU�DORQJ�WKH�VWUHQJWK�OLQH�RI�WKH�(DUWK¶V�JHRPDJQHWLF�ILHOG
�*0)��� UHDFK� WKH� LQQHU�ERXQGDU\�RI� WKH�5%�DQG� LQWHUDFW� UHVRQDQWO\�ZLWK�FKDUJHG�SDUWLFOHV�±�SURWRQV�DQG
HOHFWURQV� LQ� HQHUJ\� UDQJH� VHYHUDO� WHQV�RI�0H9� �WKH�RVFLOODWLRQ� IUHTXHQF\�EHWZHHQ�PLUURU�SRLQWV�RI� WKHVH
SDUWLFOHV� FRLQFLGHV�ZLWK� IUHTXHQF\� RI�8/)�ZDYHV��� 7KLV� UHVRQDQW� LQWHUDFWLRQ� FKDQJHV� WKH� SDUWLFOH� SLWFK�
DQJOH�DQG��DV�D�FRQVHTXHQFH��UHVXOWV�LQ�GHFUHDVH�RI�PLUURU�SRLQW�DOWLWXGH��LQ�FRPSDULVRQ�ZLWK�VWDEOH�WUDSSHG
SDUWLFOHV��

3DUWLFOHV�GULIW�DURXQG�WKH�(DUWK�RQ�WKH�FRUUHVSRQGLQJ�/�VKHOO��VR�WKHVH�5%�SUHFLSLWDWLRQV�FDQ�EH�REVHUYHG
LQ�WKH�DOO�UHJLRQV�XQGHU�WKH�5%��ZKHUH�WKH�VDWHOOLWH�RUELW�FURVVHV�JLYHQ�/�VKHOO�

8QIRUWXQDWHO\�� DYDLODEOH� WRGD\� WKHRUHWLFDO� PRGHOV� �6WRUPHU� RU� $OIYHQ� WKHRULHV��� WKRVH� GHVFULEH� WKH
FKDUJHG�SDUWLFOH�SURSDJDWLRQ�LQ�WKH�(DUWK¶V�PDJQHWRVSKHUH�FDQ�QRW�FRUUHFWO\�DFFRXQW�IRU�SDUWLFOH�PRYHPHQW
RQ�WKH�DWPRVSKHULF�ERXQGDU\�RI�WKH�5%��ZKHUH�WKH�JUDGLHQWV�RI�JHRPDJQHWLF�ILHOG�RU�DWPRVSKHULF�GHQVLW\
DUH�KLJK�HQRXJK�HYHQ�IRU�RQH�F\FORWURQ�UHYROXWLRQ�RI�WKH�SDUWLFOH��,Q�WKLV�SDSHU�ZH�GHVFULEH�WKH�QXPHULFDO
PRGHO��ZKLFK�DOORZV� WR� VLPXODWH� WKH� UHDO� WUDMHFWRULHV�RI�KLJK�HQHUJ\�SDUWLFOHV� DV�RXWVLGH� DWPRVSKHUH� DQG
LQVLGH�WKH�DWPRVSKHUH�LQ�WKH�UHJLRQV�RI�KLJK�JUDGLHQWV�RI�*0)�



����7KH�0RGHO�RI�3DUWLFOH�7UDQVSRUW�
,Q�RUGHU� WR�VLPXODWH� WKH� WUDMHFWRU\�RI�KLJK�HQHUJ\�SDUWLFOH�RQ� WKH�DWPRVSKHULF�ERXQGDU\�RI� WKH�(DUWK¶V

5%�WKH�IROORZLQJ�WHFKQLTXH�ZDV�XWLOL]HG��5HODWLYLVWLF�HTXDWLRQ�RI�WKH�FKDUJHG�SDUWLFOH�PRYHPHQW�LQ�*0)�LV
VROYHG�XVLQJ�IRXU�RUGHU�5XQJH�.XWWD�PHWKRG��*0)�PRGHO��ZKLFK�ZH�XVHG��LV�,*5)�¶����7KH�SURFHVVHV�RI
SDUWLFOH� LQWHUDFWLRQ� ZLWK� UHVLGXDO� DWPRVSKHUH� �WKH� DWPRVSKHUH� PRGHO� LV� 06,6(����� QDPHO\� LRQL]DWLRQ
HQHUJ\� ORVVHV�� EUHPVVWUDKOXQJ�� PXOWLSOH� VFDWWHULQJ� DUH� VLPXODWHG� LQ� HYHU\� LQWHJUDWLRQ� VWHS�� 7KXV�� LQ� WKH
IUDPH�RI�WKLV�WHFKQLTXH��RQH�FDQ�FRUUHFWO\�VLPXODWH�WKH�KLJK�HQHUJ\�SDUWLFOH�PRYHPHQW�RQ�WKH�DWPRVSKHULF
ERXQGDU\� RI� WKH�(DUWK¶V�5%��7KLV�PHWKRG� GRHV� QRW� UHTXLUH� LQWURGXFLQJ� RI� DGGLWLRQDO� UHVWULFWLRQV� IRU� WKH
UHJLRQ� RI� SDUWLFOH� PRYHPHQW� RU� SDUWLFOH� HQHUJ\�� )XUWKHU�� ZH� DFFXPXODWH� WKH� QHFHVVDU\� VWDWLVWLFV�� ZKLFK
LQFOXGHV� WKH� SDUWLFOH� WUDMHFWRULHV� ZLWK� FKRVHQ� PRGHO� SDUDPHWHUV�� DQG� FRQVWUXFW� GLIIHUHQW� VWDWLVWLFDO
GLVWULEXWLRQV��WHPSRUDO�HYROXWLRQ�RI�HQHUJ\�VSHFWUD�DQG�SLWFK�DQJOHV��HWF�

7KLV� QXPHULFDO� PRGHO�� ZKLFK� VLPXODWH� WKH� KLJK� HQHUJ\� FKDUJHG� SDUWLFOH� WUDQVSRUW� LQ� *0)�� ZDV
SXEOLVKHG�LQ�SDSHU��*DOSHU��������

����7KH�5HVXOWV�RI�6LPXODWLRQ�RI�3DUWLFOH�7UDQVSRUW�
7KH� SURFHVVHV� UHVXOWLQJ� LQ� SDUWLFOH� ORVVHV� LQ� WKH� (DUWK¶V� DWPRVSKHUH� SOD\� VLJQLILFDQW� UROH� LQ� WKH

SURSDJDWLRQ�RI�SDUWLFOH�EXUVWV�RQ� WKH�DWPRVSKHULF�ERXQGDU\�RI�5%��0DLQO\��SDUWLFOH� ORVHV�HQHUJ\� LQ�6$$
UHJLRQ��ZKHUH�WKH�VRXWKHUQ�PLUURU�SRLQW�GURSV�GRZQ�LQWR�WKH�DWPRVSKHUH��+HUH��ZH�XWLOL]H�WKH�SUREDELOLW\�RI
FRPSOHWH�SDUWLFOH�UHYROXWLRQ��&35��DV�D�SDUDPHWHU��ZKLFK�FKDUDFWHUL]HV�WKH�SURSDJDWLRQ�RI�FKDUJHG�SDUWLFOH
DURXQG� WKH� (DUWK�� 7KLV� YDOXH� GHSHQGV� RQ� PDQ\� PRGHO� SDUDPHWHUV�� WKRVH� LQIOXHQFH� RQ� SDUWLFOH� ORVVHV
�HQHUJ\��/�DQG�%�SDUDPHWHUV��JHRPDJQHWLF�HSRFK��HWF����7KH�PDLQ�SDUDPHWHU�GHWHUPLQLQJ�WKH�YDOXH�RI�&35�
LV�WKH�WRWDO�DPRXQW�RI�PDWWHU��ZKLFK�SDUWLFOH�FURVVHV�LQ�6$$�UHJLRQ��7KH�WRWDO�DPRXQW�RI�PDWWHU�GHWHUPLQHV
DV�WRWDO�HQHUJ\�ORVVHV��LRQL]DWLRQ�DQG�EUHPVVWUDKOXQJ��DQG� WKH� WRWDO�SDUWLFOH�VFDWWHULQJ�DQJOH��7KH�SDUWLFOH
VFDWWHULQJ�LV�DQ�DGGLWLRQDO�SURFHVV�UHVXOWLQJ�LQ�SDUWLFOH�ORVVHV�LQ�DWPRVSKHUH�

,Q� ILJ�� �� WKH� YDOXHV� RI� &35� YHUVXV� SDUWLFOH� HQHUJ\� IRU� GLIIHUHQW� YDOXHV� RI�*0)� LQ�PLUURU� SRLQWV� DUH
SUHVHQWHG��/ �������7KHVH�YDOXHV�RI�*0)�LQ�PLUURU�SRLQWV�FRUUHVSRQG�WKH�IROORZLQJ�PLQLPDO�DOWLWXGHV�LQ
6$$�UHJLRQ��JXLGLQJ�FHQWHU���a����NP��a����NP��a���NP��7KH�GLVWLQFWLRQV�RI�WKHVH�GHSHQGHQFLHV�DUH�VKDUS
LQFUHDVH��DW�ORZ�HQHUJLHV���VORZ�GHFUHDVH��DW�KLJK�HQHUJLHV��DQG�SODWHDX�RQ�WKH�OHYHO�a�����LQ�HQHUJ\�UDQJH
VHYHUDO�WHQV�RI�0H9�

/RZ�HQHUJ\�SDUWLFOHV�ORVH�IDVW�HQRXJK�LQ�DWPRVSKHUH�DV�D�UHVXOW�RI�LRQL]DWLRQ�HQHUJ\�ORVVHV��LRQL]DWLRQ
ORVVHV� LQFUHDVH� VKDUSO\�ZLWK� HQHUJ\� GHFUHDVLQJ��� +HQFH�� WKH� SUREDELOLW\� RI� SDUWLFOH� WR� SHUIRUP� FRPSOHWH
ORQJLWXGLQDO� UHYROXWLRQ� GHFUHDVH� VKDUSO\� LI� WKH� SDUWLFOH� KDV� HQRXJK� ORZ� HQHUJ\�� 2Q� WKH� RWKHU� KDQG�� WKH
SDUWLFOHV�ZLWK�HQRXJK�KLJK�HQHUJ\�KDYH�ODUJH�F\FORWURQ�UDGLXV��JR�GRZQ�GHHSHU�DQG�ORVH�LQ�DWPRVSKHUH��6R�
LQ�KLJK�HQHUJ\�UDQJH� WKH�YDOXH�RI�&35�GHFUHDVHV� WRR�� ,W� LV�QHFHVVDU\� WR�SD\�DWWHQWLRQ� WR� WKH� LQWHUPHGLDWH
HQHUJ\�UDQJH��IURP�VHYHUDO�WHQV�RI�0H9�WR�IHZ�KXQGUHGV�RI�0H9���ZKHUH�HQHUJ\�ORVVHV�LQ�DWPRVSKHUH�DUH
VPDOO� LQ� FRPSDULVRQ�ZLWK� WKH�SDUWLFOH� HQHUJ\�� 3DUWLFOHV� LQ� WKLV� HQHUJ\� UDQJH� KDYH� YDOXH� RI�&35�FORVH� WR
�����DQG�ODUJH�OLIH�WLPH��,I�WKH�SUREDELOLW\�RI�SDUWLFOH�FURVVLQJ�RI�66$�UHJLRQ�LV�FORVH�WR������DQG�HQHUJ\
ORVVHV�GXULQJ�RQH�UHYROXWLRQ�DURXQG�WKH�(DUWK�DUH�QHJOLJLEOH��LQ�FRPSDULVRQ�ZLWK�WKH�SDUWLFOH�HQHUJ\��� WKH
SDUWLFOHV�FDQ�GULIW�PDQ\�WLPHV�DURXQG�WKH�(DUWK�FUHDWLQJ�WKH�ZDYH�RI�SDUWLFOHV��7KLV�ZDYH�ZLOO�VORZO\�GDPS
GXH� WR� WKH� HQHUJ\� ORVVHV� LQ� UHVLGXDO� DWPRVSKHUH� DQG� VSUHDG� LQ� VSDFH� RYHU� GLVSHUVLRQ� RI� SDUWLFOH� DQJXODU
YHORFLW\��7KLV�ZDYH�FDQ�UHSHDWHGO\�FURVV�WKH�VDPH�SRLQW�RI�WKH�QHDU�(DUWK�VSDFH�DQG�FUHDWH�TXD]LSHULRGLFDO
GDPSHG�SXOVDWLRQ�RI�SDUWLFOH�IOX[�

,Q�ILJ���� WKH�H[DPSOHV�RI�VLPXODWLRQ�RI� WKLV�SURFHVV�DUH�SUHVHQWHG� IRU�GLIIHUHQW�YDOXHV�RI�JHRJUDSKLFDO
ORQJLWXGHV��l��RI�SDUWLFOH�EXUVW�FUHDWLRQ��7KH�SHDNV� LQ�ILJ����FRQFHUQ� WKH�PXOWLSOH�SDUWLFOH�FURVVLQJ�RI� WKH
REVHUYDWLRQ�VLWH��7KHVH�GDWD�VKRZ�WKDW�WKH�SXOVDWLRQV�RI�GULIW�SDUWLFOH�IOX[�GDPS�GXULQJ���Þ���PLQXWHV�DQG
WKH�ZDYHV�RI�SDUWLFOHV�FDQ�SHUIRUP�VHYHUDO�UHYROXWLRQV�DURXQG�WKH�(DUWK�EHIRUH�WKHLU�FRPSOHWH�IDGLQJ�



,Q� JHQHUDO� FDVH� WKH� WHPSRUDO� EHKDYLRU� RI� SDUWLFOH� FRXQWLQJ� UDWH� GHSHQGV� RQ� VHW� RI� LQLWLDO� SK\VLFDO
SDUDPHWHUV� �WKHVH� SDUDPHWHUV� DUH� GHWHUPLQHG� E\� WKH� VSHFLILF� SURFHVV� RI� SDUWLFOH� EXUVW� FUHDWLRQ��� 7KH
WHPSRUDO� SURILOH� RI� WKH� FRXQWLQJ� UDWH� LQ� VLWH� RI� REVHUYDWLRQ� GHSHQGV� QRW� RQO\� RQ� WHPSRUDO� DQG� HQHUJHWLF
SDUDPHWHUV� RI� WKH� SURFHVV� EXW� RQ� VSDWLDO� FKDUDFWHULVWLFV� RI� HYHQW�� ,W� LV� REYLRXV� HVVHQWLDO� GLVWLQFWLRQV� LQ
WHPSRUDO�SURILOHV�RI�FRXQWLQJ�UDWHV�IRU�GLIIHUHQW�ORQJLWXGHV�RI�SDUWLFOH�EXUVW�IRUPDWLRQ��WLPH�RI�FRXQWLQJ�UDWH
PD[LPXP��WHPSRUDO�ZLGWK�RI�ILUVW�SHDN��UDWLR�RI�FRXQWLQJ�UDWHV�LQ�ILUVW�DQG�VHFRQG�SHDNV��HWF����,W�SURYLGHV�D
SRVVLELOLW\� IRU� GHWHUPLQDWLRQ� RI� ORQJLWXGH� RI� SDUWLFOH� EXUVW� IRUPDWLRQ� XVLQJ� FRPSDULVRQ� H[SHULPHQWDO
WHPSRUDO�SURILOHV�RI�FRXQWLQJ�UDWHV�ZLWK�WKH�VLPXODWHG�RQHV�
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)LJ����&35�YHUVXV�HOHFWURQ�HQHUJ\�������
/ �������±% �����*V���±% ������*V���±
% ������*V�

)LJ����6LPXODWLRQ�RI�TXD]LSHULRGLFDO�SXOVDWLRQV�RI
KLJK�HQHUJ\�HOHFWURQV��VROLG�OLQH�±�l �����GDVKHG
OLQH�±�l ������������/ ������% �����*V�

���'LVFXVVLRQ�
,Q�RUGHU�WR�HVWLPDWH�WKH�SRVVLELOLW\�RI�UHVWRULQJ�RI�ORFDO�5%�SUHFLSLWDWLRQ�JHRJUDSKLF�FRRUGLQDWHV��UHJLRQ

RI� SDUWLFOH� EXUVW� IRUPDWLRQ�� WKH� FRPSDULVRQ� RI� H[SHULPHQWDO� GDWD� UHFRUGHG� E\�0$5,$±�� LQVWUXPHQW� RQ
ERDUG�0,5�VSDFH�VWDWLRQ�ZLWK�VLPXODWHG�GDWD�ZDV�FDUULHG�RXW�

7KH� PDJQHWLF� VSHFWURPHWHU�WHOHVFRSH� 0$5,$±�� LV� LQWHQG� IRU� WKH� VWXG\� RI� FKDUJH� FRPSRVLWLRQ� RI
HOHFWURQ�SRVLWURQ� IOX[HV� LQ� HQHUJ\� UDQJH� ��Þ����0H9��7KH� LQVWUXPHQW� LV� GHVFULEHG� LQ� GHWDLOV� HOVHZKHUH
�9RURQRY���������6HYHUDO� WHQV� FKDUJHG� SDUWLFOH� EXUVWV�� FRUUHODWHG�ZLWK� WKH�(DUWK¶V� VHLVPLF� DFWLYLW\��ZHUH
REVHUYHG�LQ�H[SHULPHQW�0$5,$±���*DOSHU��������

(YHQWV��WKRVH�KDYH�TXD]LSHULRGLFDO�FRXQWLQJ�UDWHV��KDYH�WKH�SDUWLFXODU�LQWHUHVW�IURP�WKH�SRLQW�RI�YLHZ�RI
WKH� VWXG\� DQG� DQDO\VLV� RI� VHLVPR�PDJQHWRVSKHUH� FRUUHODWLRQV�� 7KLV� WHPSRUDO� SURILOH� RI� FRXQWLQJ� UDWH
FRQFHUQV�ZLWK�PXOWLSOH�FURVVLQJ�RI�FKDUJHG�SDUWLFOHV�RI�WKH�REVHUYDWLRQ�VLWH�GXH�WR�WKH�SDUWLFOH�GULIW�DURXQG
WKH� (DUWK�� ,W� VKRXOG� EH� QRWHG� WKDW� WKHVH� TXD]LSHULRGLFDO� SXOVDWLRQV� RI� SDUWLFOH� IOX[HV� RQ� WKH� DWPRVSKHUH
ERXQGDU\� RI� 5%� FDQ� EH� GHWHFWHG� DW� DQ\� ORQJLWXGHV� ZKHUH� WKH� VDWHOOLWH� RUELW� FURVVHV� /� VKHOO� RI� GULIWLQJ
SDUWLFOHV��$V�DQ�H[SHULPHQWDO�H[DPSOH�ZH�FKRRVH�RQH�HYHQW��UHFRUGHG�E\�WKH�0$5,$±���*DOSHU��������

7KH� LQVWUXPHQW� UHFRUGHG� TXD]LSHULRGLFDO� SXOVDWLRQ� RI� KLJK� HQHUJ\� HOHFWURQV� RQ� WKH� DWPRVSKHULF
ERXQGDU\�RI�WKH�(DUWK¶V�5%��/a������%a�����*V��LQ����PDUFK������DW������87��'XULQJ�WKH�REVHUYDWLRQ�WKH
LQVWUXPHQW� ORFDWHV� DW� ORQJLWXGH� a����� DQG� ZDV� RULHQWHG� IRU� UHJLVWUDWLRQ� RI� SDUWLFOHV� RQ� WKH� DWPRVSKHULF
ERXQGDU\�RI�5%��PLQLPDO�DOWLWXGHV�RI�PLUURU�SRLQWV�LQ�6$$�UHJLRQ�DUH���Þ����NP���7KH�WHPSRUDO�SURILOH�RI
FRXQWLQJ� UDWH� KDV� TXD]LSHULRGLFDO� VWUXFWXUH� DQG� WHPSRUDO� LQWHUYDO� EHWZHHQ� WKH� SHDNV� LV� GHWHUPLQHG� GULIW
SHULRG�RI�HOHFWURQV�DURXQG�WKH�(DUWK�

,Q� RUGHU� WR� FRPSDUH� RI� H[SHULPHQWDO� WHPSRUDO� SURILOH� RI� SDUWLFOH� FRXQWLQJ� UDWH� ZLWK� VLPXODWHG� RQH�
REWDLQHG�LQ�IUDPH�RI�WHFKQLTXH�GHVFULEHG�DERYH��ZH�XWLOL]H�FKL�VTXDUH�PHWKRG��,Q�VLPXODWLRQ�RI�WKLV�HYHQW
WKH�GLIIHUHQFH�EHWZHHQ�WKH�ORFDO�5%�SUHFLSLWDWLRQ�ORQJLWXGH�DQG�0,5�VSDFH�VWDWLRQ�VLWH�ORQJLWXGH��Dl��ZHUH
XVHG�DV�D�IUHH�SDUDPHWHU��7KLV�SDUDPHWHU�LV�YDULHG�LQ�UDQJH���Þ������7KH�YDOXH�RI�c��YHUVXV�Dl�LV�SUHVHQWHG



LQ�ILJ�����,W�LV�VHHQ�IURP�ILJ����WKDW�c��KDV�SURQRXQFHG�PLQLPXP�LQ�WKH�UDQJH�RI�Dl�a���Þ�����6R��NQRZLQJ
0,5�VSDFH�VWDWLRQ�VLWH�GXULQJ� WKH�REVHUYDWLRQ�RQH�FDQ�GHWHUPLQH� WKH�UDQJH�RI�JHRJUDSKLFDO� ORQJLWXGHV�RI
SDUWLFOH�EXUVW�IRUPDWLRQ�DlJHRa����Þ�����

,Q�ILJ����WKH�H[SHULPHQWDO�DQG�VLPXODWHG�IRU�PLQLPDO�YDOXH�RI�c���l ������WHPSRUDO�SURILOHV�RI�FRXQWLQJ
UDWHV�DUH�SUHVHQWHG��(QRXJK�JRRG�DJUHHPHQW�EHWZHHQ�WKHVH�UHVXOWV�VKRXOG�EH�VWUHVVHG�

,W�VKRXOG�EH�QRWHG��WKDW�WKH�JHRPDJQHWLF�VLWXDWLRQ�LQ�WKLV�GD\�ZDV�TXLWH�DQG��LW� LV�SRVVLEOH�WKLV�SDUWLFOH
EXUVW�VHUYHG�DV�D�SUHFXUVRU�IRU�HDUWKTXDNH�DW������87��/ ������ LQ� ORQJLWXGH�������7KLV�HDUWKTXDNH� WRRN
SODFH�a��KRXUV�RQ�WKH�VDPH�/�VKHOO�DIWHU�WKH�EXUVW�
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)LJ����7KH�YDOXH�RI�c��YHUVXV�Dl�����PDUFK������ )LJ�� �� ([SHULPHQWDO� �VROLG� OLQH�� FRXQWLQJ� UDWH
DQG�WKH�UHVXOWV�RI�VLPXODWLRQ��GDVKHG�OLQH�

���&RQFOXVLRQ�
,Q�WKLV�SDSHU�ZH�FDUULHG�RXW�WKH�DQDO\VLV�RI�WKH�SURFHVVHV�RI�IRUPDWLRQ�RI�TXD]LSHULRGLFDO�SXOVDWLRQV�RI

KLJK�HQHUJ\�FKDUJHG�SDUWLFOHV�RQ� WKH� DWPRVSKHULF�ERXQGDU\�RI� WKH�(DUWK¶V�5%�� LQLWLDWHG�E\� WKH� ORFDO�5%
GLVWXUEDQFH��7KH�SRVVLELOLW\�RI�GHWHUPLQDWLRQ�RI�VXFK�ORFDO�GLVWXUEDQFH�FRRUGLQDWHV�XVLQJ�WKH�SURFHGXUH�RI
FRPSDULVRQ�RI�H[SHULPHQWDO�WHPSRUDO�SURILOHV�RI�FRXQWLQJ�UDWHV�DQG�VLPXODWHG�RQHV��,I�WKH�5%�SUHFLSLWDWLRQ
KDV�WKH�VHLVPLF�RULJLQ��WKH�FRRUGLQDWHV�RI�IXWXUH�HDUWKTXDNH�HSLFHQWHU�FDQ�EH�GHWHUPLQHG�
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