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$Q� DSSDUHQWO\� DQRPDORXV�� ZHDN�� ORQJ�UDQJH� DFFHOHUDWLRQ� RI� WKH� 3LRQHHU� ������
*DOLOHR� DQG�8O\VVHV� VSDFHFUDIW� KDV� EHHQ� UHSRUWHG� UHFHQWO\�� ,Q� WKLV� SDSHU�ZH� VKRZ
WKDW�WKLV�REVHUYDWLRQ�SRLQWV�WR�WKH�H[LVWHQFH�RI�D�YHORFLW\�GHSHQGHQW�LQHUWLDO�LQWHUDF�
WLRQ�ZKLFK�VKRXOG�EH�LQFOXGHG�LQ�WKH�WKHRU\�RI�JUDYLWDWLRQ�

,W�KDV�UHFHQWO\�EHHQ�UHSRUWHG�>�@�WKDW�WKH�3LRQHHU�����3LRQHHU�����*DOLOHR�DQG�8O\VVHV�VSDFHFUDIW
VKRZ�DQ�DQRPDORXV�V\VWHPDWLF�DFFHOHUDWLRQ�RI�DSSUR[LPDWHO\���������±��FP�V���GLUHFWHG�WRZDUGV�WKH
VXQ�� ,I� VRPH�\HW� XQPRGHOOHG� IRUFH� LV� UHVSRQVLEOH� IRU� SURGXFLQJ� WKH� REVHUYHG� DFFHOHUDWLRQ� RI� WKH
VSDFHFUDIW��LW�LV�GLIILFXOW�WR�EHOLHYH�WKDW�LW�ZRXOG�QRW�KDYH�DQ\�HIIHFW�RQ�RWKHU�ERGLHV�LQ�WKH�VRODU�V\V�
WHP�DQG�ZRXOG�JR�XQQRWLFHG�IRU�VR�ORQJ��2Q�WKH�RWKHU�KDQG��LI�VXFK�D�IRUFH�DFWV�RQ�(DUWK�DQG�0DUV�
WKH�UHVXOWLQJ�DFFHOHUDWLRQ�ZRXOG�FRQWUDGLFW�WKH�9LNLQJ�UDQJLQJ�GDWD��7KHUHIRUH��ZKDW�UHDOO\�GHPDQGV
DQ�H[SODQDWLRQ�LV�QRW�WKH�LQIHUUHG�DFFHOHUDWLRQ��EXW�WKH�UDZ�LQIRUPDWLRQ�EHKLQG�WKH�DERYH�REVHUYDWLRQ
'RSSOHU�GDWD�RI�WKH�VLJQDOV�HPLWWHG�E\�WKH�VSDFHFUDIW�VKRZLQJ�D�IUHTXHQF\�GULIW�RI�±������±��+]�V±��
,Q�WKLV�/HWWHU�ZH�SURSRVH�D�PHFKDQLVP�WKDW�FDQ�SURGXFH�WKH�REVHUYHG�IUHTXHQF\�GULIW�LQ�HOHFWURPDJ�
QHWLF�VLJQDOV�FRPLQJ�WRZDUGV�WKH�VXQ�

7KLV�LQYROYHV�D�VOLJKW�PRGLILFDWLRQ�RI�WKH�1HZWRQLDQ�/DZ�RI�JUDYLWDWLRQDO�LQWHUDFWLRQ>�@�VR�WKDW
WKH�WRWDO�IRUFH�RQ�D�PDVV�$�GXH�WR�D�PDVV�%�FDQ�EH�H[SUHVVHG�DV�
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ZKHUH�P$�DQG�P%�DUH�WKH�JUDYLWDWLRQDO�PDVVHV�RI�$�DQG�%�UHVSHFWLYHO\��Y�DQG�D�DUH�WKH�PDJQLWXGHV�RI
WKH�UHODWLYH�YHORFLW\�DQG�DFFHOHUDWLRQ�RI�$�ZLWK�UHVSHFW�WR�%��

U
XÖ LV�WKH�XQLW�YHFWRU�DORQJ�U��I�q��DQG
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XX ÖÖ ¼ �DQG�FRVf� �
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XX ÖÖ ¼ ��UHSUHVHQW�WKH�LQFOLQDWLRQ�HIIHFWV��I�q��LV�DVVXPHG�WR�EH
V\PPHWULF��VDWLVI\LQJ�WKH�FRQGLWLRQV��D��I�q�� ���IRU�q� �����E��I�q�� �±��IRU�q�� �p��DQG��F��I�q�� ���IRU
q� �p����I�f��LV�DVVXPHG�WR�KDYH�WKH�VDPH�IXQFWLRQDO�IRUP�DV�I�q���7KH�ILUVW�WHUP�LQ�����UHSUHVHQWV�WKH
³VWDWLF´�LQWHUDFWLRQ�RI�1HZWRQLDQ�JUDYLWDWLRQ��WKH�VHFRQG�WHUP�UHSUHVHQWV�D�G\QDPLF�YHORFLW\�GHSHQG�
HQW�LQHUWLDO�LQGXFWLRQ�DQG�WKH�WKLUG�WHUP�UHSUHVHQWV�DQ�DFFHOHUDWLRQ�GHSHQGHQW�LQHUWLDO�LQGXFWLRQ�

7KH�GLUHFW�HIIHFW�RI�WKH�YHORFLW\�GHSHQGHQW�WHUP�RQ�WKH�3LRQHHU����VSDFHFUDIW��ZKHQ�LW�LV�DW���$8
IURP�WKH�VXQ��FDQ�EH�HVWLPDWHG�E\�SXWWLQJ�Y� ������NP�V��*0

e�F
�� �����NP��F� ���������NP�V�DQG

��$8� �����������NP��7KLV�JLYHV�WKH�YDOXH�RI�WKH�DGGLWLRQDO�DFFHOHUDWLRQ�DV����������±���FP�V���ZKLFK
LV�PDQ\�RUGHUV�RI�PDJQLWXGH�VPDOOHU� WKDQ� WKH� UHSRUWHG�DQRPDORXV�DFFHOHUDWLRQ��7KH�HIIHFW�RI� WKH
DFFHOHUDWLRQ�GHSHQGHQW�WHUP�LV�HYHQ�VPDOOHU��/LNHZLVH��LW�FDQ�EH�VKRZQ�WKDW�WKH�HIIHFW�RI�WKH�DGGL�
WLRQDO�WHUPV�RQ�WKH�PRWLRQ�RI�SODQHWV�LV�DOVR�QHJOLJLEOH�

,W�LV�NQRZQ�WKDW�JUDYLW\�FDQ�FDXVH�IUHTXHQF\�GULIW�LQ�HOHFWURPDJQHWLF�UDGLDWLRQ��7KLV�KDV�EHHQ�H[�
SHULPHQWDOO\� YHULILHG� E\�PHDQV� RI� (DUWK�EDVHG� H[SHULPHQWV� >���@��:H� WKHUHIRUH� DVVXPH� WKDW� WKH
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IUHTXHQF\�GULIW�H[SHFWHG�IURP�1HZWRQLDQ�JUDYLW\�LV�DFFRXQWHG�IRU�LQ�WKH�FRPSXWHU�SURJUDPV�XVHG�LQ
>�@��:H�QRZ�HVWLPDWH�WKH�DGGLWLRQDO�IUHTXHQF\�GULIW�GXH�WR�WKH�YHORFLW\�GHSHQGHQW�WHUP�LQ�WKH�JUDYL�
WDWLRQDO�ODZ�����

6XSSRVH�D�SKRWRQ�RI�HQHUJ\�e� LV�FRPLQJ�IURP�WKH�3LRQHHU�VSDFHFUDIW� WRZDUGV�WKH�VXQ��)LJ����
6XEVWLWXWLQJ�P%� �e�F

��DQG�Y� �F��ZH�ILQG�WKDW�WKH�VLJQDO�ZLOO�EH�VXEMHFWHG�WR�DQ�DGGLWLRQDO�GUDJ�IRUFH
RI�PDJQLWXGH��*0ee���U

�F���ZKHQ�WKH�SKRWRQ�LV�DW�D�GLVWDQFH�U�IURP�WKH�VXQ��:KHQ�WKH�SKRWRQ�WUDYHOV
D�GLVWDQFH�GU��WKH�FKDQJH�LQ�HQHUJ\�LV�JLYHQ�E\
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7KH�VROXWLRQ�RI�WKLV�GLIIHUHQWLDO�HTXDWLRQ�LV

Ü
Ý
Û

Ì
Í
Ë

-=Ü
Ý
Û

Ì
Í
Ë

H

H

UUF
*0 ��

OQ
�

�

�

e

e
e

IRU�VLJQDOV�FRPLQJ�IURP�SRVLWLRQ�3�W����ZKHUH�e��LV�WKH�HQHUJ\�RI�WKH�SKRWRQ�DW�WKH�VRXUFH�DQG�eH�LV�WKH
HQHUJ\�RQ�DUULYDO�DW�WKH�(DUWK��:H�DVVXPH�UH����U����U��VR�WKDW�WKH�DQJOH�EHWZHHQ�WKH�OLQHV�3(�DQG�36
LV�YHU\�VPDOO��([SUHVVLQJ�WKH�OHIW�KDQG�VLGH�LQ�WHUPV�RI�WKH�IUHTXHQF\�GULIW�Dn�W���DQG� WKH�HPLWWHG
IUHTXHQF\�n���DQG�DIWHU�QHJOHFWLQJ�WKH�KLJKHU�RUGHU�7D\ORU�WHUPV�ZH�REWDLQ
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$�VLPLODU�H[SUHVVLRQ�LV�REWDLQHG�ZKHQ�WKH�VSDFHFUDIW�PRYHV�WR�SRVLWLRQ�3�W����7KXV�ZKHQ�WKH�VSDFH�
FUDIW�WUDYHOV�IURP�3�W���WR�3�W����WKH�GULIW�LQ�IUHTXHQF\�DV�REVHUYHG�IURP�(DUWK�LV�JLYHQ�E\
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$FFRUGLQJ�WR�DYDLODEOH�GDWD�IRU�3LRQHHU�����WKH�FUDIW�PRYHG�D�UDGLDO�GLVWDQFH�IURP�U�� ����$8�WR
U�� �����O�$8�RYHU�D�SHULRG�RI���\HDUV�IURP��VW�-DQXDU\������WR��VW�-DQXDU\�������DQG�n��ZDV�����
0+]��6XEVWLWXWLQJ�WKHVH�YDOXHV�ZH�JHW�WKH�UDWH�RI�IUHTXHQF\�GULIW�DV�±����������±���+]�V����:H�SUR�
SRVH�WKDW�WKLV�LV�RQH�RI�WKH�IDFWRUV�FRQWULEXWLQJ�WR�WKH�REVHUYHG�IUHTXHQF\�GULIW�

0RUHRYHU��WKH�VLJQDO�FRPLQJ�IURP�WKH�VSDFHFUDIW�KDV�WR�JUD]H�SDVW�WKH�VXQ�IRU�VRPH�SDUW�RI�WKH
\HDU��$FFRUGLQJ� WR� WKH� FRQYHQWLRQDO� WKHRU\� �ERWK�1HZWRQLDQ� DQG� (LQVWHLQLDQ��� QR� QHW� UHGVKLIW� LV
H[SHFWHG�ZKHQ�D�SKRWRQ�JUD]HV�SDVW�D�PDVVLYH�ERG\��+RZHYHU��VLQFH�WKH�YHORFLW\�GHSHQGHQW�LQHUWLDO

)LJ����7KH�(DUWK�DQG�WKH�3LRQHHU�VSDFHFUDIW�DW�WLPHV�W��DQG�W��
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LQGXFWLRQ�LV�D�GUDJ��WKLV�HIIHFW�ZLOO�FDXVH�D�SKRWRQ�WR�XQGHUJR�D�UHVXOWDQW�UHGVKLIW�ZKHQ�LW�JUD]HV�SDVW
WKH�VXQ��,I�WKH�PDVV�RI�WKH�VXQ�LV�DVVXPHG�WR�EH�FRQFHQWUDWHG�DW�LWV�FHQWHU��LW�FDQ�EH�VKRZQ�WKDW�WKH
IUDFWLRQDO�UHGVKLIW�LV�JLYHQ�E\
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ZKHUH�G�LV�WKH�SHUSHQGLFXODU�GLVWDQFH�RI�WKH�FHQWHU�RI�WKH�VXQ�IURP�WKH�SDWK�RI�WKH�SKRWRQ�
7KLV�HIIHFW�ZLOO�FDXVH�DQ�DGGLWLRQDO�IUHTXHQF\�GULIW�ZKLFK�ZLOO�KDYH�D�\HDUO\�F\FOH��&DOFXODWLRQ�RI

WKH�PDJQLWXGH�RI�WKLV�GULIW�UHTXLUHV�WKH�YDOXH�RI�G�DW�YDULRXV� WLPHV�RI� WKH�\HDU�RYHU� WKH�SHULRG�RI
REVHUYDWLRQ��7KLV�GDWD�QRW�EHLQJ�DYDLODEOH��ZH�RQO\�SRLQW�RXW�WKDW�WKH�WKHRU\�RI�YHORFLW\�GHSHQGHQW
LQHUWLDO�LQGXFWLRQ�SUHGLFWV�D�IUHTXHQF\�GULIW�ZKLFK�LV�GHSHQGHQW�RQ�WKH�GLVWDQFH�RI�WKH�VSDFHFUDIW�DQG
WKH�JUD]LQJ�GLVWDQFH��7KLV�KDV�D�VWHDG\�FRPSRQHQW�DQG�D�FRPSRQHQW�ZLWK�D�SHULRGLF�IOXFWXDWLRQ�ZLWK
DQ�DQQXDO�F\FOH��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�VXFK�D�\HDUO\�IOXFWXDWLRQ�LQ�WKH�IUHTXHQF\�GULIW�KDV�LQ�
GHHG�EHHQ�REVHUYHG�>�@��VHH�)LJ�����

:H�WKHUHIRUH�EHOLHYH� WKDW� WKH�REVHUYHG�³DQRPDORXV�DFFHOHUDWLRQ´� LV�GXH� WR�D� WLUHG� OLJKW�HIIHFW
ZKLFK�FDQ�EH�XQGHUVWRRG�LQ�WKH�OLJKW�RI�WKH�WKHRU\�RI�YHORFLW\�GHSHQGHQW�LQHUWLDO�LQGXFWLRQ�

:H�ZRXOG�OLNH�WR�SRLQW�RXW�WKDW�LQFOXVLRQ�RI�WKH�LQHUWLDO�LQGXFWLRQ�WHUPV�LQ�WKH�JUDYLWDWLRQDO�ODZ
KDV�PDQ\�RWKHU�FRQVHTXHQFHV�RI�DVWURSK\VLFDO�DQG�FRVPRORJLFDO�VLJQLILFDQFH�>�@��)LUVW��LW�SUHGLFWV�D
UHGVKLIW�KLJKHU�WKDQ�WKH�FRQYHQWLRQDO�YDOXH�*0�F�U�LQ�WKH�UDGLDWLRQ�HPLWWHG�E\�D�JUDYLWDWLQJ�ERG\�
WKXV�SURYLGLQJ�D�TXDQWLWDWLYH�H[SODQDWLRQ�RI�WKH�H[FHVV�UHGVKLIW�DW�WKH�VRODU�OLPE�DQG�WKH�GLVFUHSDQF\

)LJ�����2EVHUYHG�IOXFWXDWLRQV�LQ�WKH�IUHTXHQF\�GULIW�IRU�3LRQHHU�����IURP�/DLQJ�DQG�/LX�>�@��
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EHWZHHQ�WKH�DVWURSK\VLFDO�PDVV�DQG�UHODWLYLVWLF�PDVV�RI�ZKLWH�GZDUIV��6HFRQG��LW�SUHGLFWV�D�QHW�UHG�
VKLIW�ZKHQ�SKRWRQV�JUD]H�PDVVLYH�REMHFWV��ZKLFK�H[SODLQV�WKH�REVHUYHG�H[FHVV�UHGVKLIW�RI�7DXUXV�$
QHDU� RFFXOWDWLRQ� SRVLWLRQ� ZLWK� WKH� VXQ�� 7KLUG�� LW� DQWLFLSDWHV� D� YDULDWLRQ� RI� *� ZLWK� GLVWDQFH� DV

*� *R�H[S>±N�F�U@�� ZKHUH� rc
R

*N = �� ZLWK� c� ���p��� )RXUWK�� LW� H[SODLQV� ZK\� WKH� JUDYLWDWLRQDO

PDVV�RI�D�ERG\�LV�WKH�VDPH�DV�WKH�LQHUWLDO�PDVV��)LIWK��LW�UHTXLUHV�WKDW�WKHUH�EH�D�VPDOO�GUDJ�WHUP�SUR�
SRUWLRQDO�WR�Y��DVVRFLDWHG�ZLWK�DQ\�PRYHPHQW�RI�D�SDUWLFOH�>)� ��N�F�PY�XR�±�PD@��6L[WK��LW�SUHGLFWV
WKDW�SKRWRQV�PRYLQJ�RYHU�ORQJ�GLVWDQFHV�LQ�D�VWHDG\�VWDWH�XQLYHUVH�ZLOO�EH�VXEMHFWHG�WR�D�FRVPRORJL�
FDO�UHGVKLIW�JLYHQ�E\�]� �H[S>�N�F�[@�±����7KLV�JLYHV�DQ�DQDO\WLFDO�YDOXH�RI�WKH�+XEEOH�FRQVWDQW��IRU
N]��������ZH�JHW�]� ��N�F�[��KHQFH�9� �N[��6HYHQWK��LW�SURYLGHV�D�PHFKDQLVP�IRU�WKH�WUDQVIHU�RI�DQJXODU
PRPHQWXP�IURP�D�FHQWUDO�ERG\� WR� WKH�RUELWLQJ�REMHFWV�DQG�H[SODLQV� WKH� WUDQVIHU� RI� VRODU� DQJXODU
PRPHQWXP��7KH�WKHRU\�IXUWKHU�SUHGLFWV�D�VHFXODU�UHWDUGDWLRQ�RI�(DUWK¶V�VSLQ�DW�D�UDWH�RI�±��������±��

UDG�V±���REVHUYHG�YDOXH�LV�±������±���UDG�V±����D�VHFXODU�DFFHOHUDWLRQ�RI�3KRERV�DW�D�UDWH�RI���������±�

GHJ�\U±���REVHUYHG�YDOXH�LV��������±��GHJ�\U±���DQG�D�VHFXODU�UHWDUGDWLRQ�RI�WKH�VSLQ�RI�0DUV��ZKLFK
KDV�QRW�EHHQ�PHDVXUHG�DV�\HW��

5HIHUHQFHV

>�@ -�'��$QGHUVRQ�HW��DO���3K\V��5HY��/HWW����������������������
>�@ $��*KRVK��3UDPDQD±-RXUQDO�RI�3K\VLFV�������������
>�@ 5�9��3RXQG�DQG�*�$��5HEND��3K\V��5HY��/HWW���������������
>�@ 5�)�&��9HVVRW�HW��DO���3K\V��5HY��/HWW�����������������
>�@ 3�$��/DLQJ�DQG�$�6��/LX��1$6$�LQWHULP�WHFKQLFDO�UHSRUW��*UDQW�1$*:���������2FWREHU������
>�@ $��*KRVK��LQ��3URJUHVV�LQ�1HZ�&RVPRORJLHV��%H\RQG�WKH�%LJ�%DQJ��HG��+�&��$US�HW�DO���1HZ�<RUN�

3OHQXP�3UHVV��������S������

(GLWRU¶V� QRWH�� 7KH� SUHVHQW� SDSHU� LV� SXEOLVKHG� KHUH
ZLWKRXW�IXOO�UHYLHZ�LQ�RUGHU�WR�VWLPXODWH�GLVFXVVLRQ�RI
ZKDW�ZRXOG�DSSHDU� WR�EH�D�YHU\� LPSRUWDQW�GHYHORS�
PHQW� LQ� H[SHULPHQWDO� SK\VLFV�� 'UV�� *KRVK� DQG
%DQHUMHH� VXJJHVW� D� VLQJOH� H[SODQDWLRQ� IRU� WKH
DQRPDORXV�IUHTXHQF\�GULIW��:KLOH�WKHLU�PRGHO�VHHPV
SODXVLEOH�DV�D�VRXUFH�RI�WKH�DQQXDO�IOXFWXDWLRQ�LQ�WKH
IUHTXHQF\�GULIW��WKH�HQHUJ\�GHSOHWLRQ�WKH\�SURSRVH�LV
QRW�FRQVLVWHQW�ZLWK�WKH�VLJQ�RI�WKH�RYHUDOO�IUHTXHQF\
UHVLGXDO�

1$6$�VFLHQWLVWV�EHOLHYH�WKH�HIIHFW�WR�EH�GXH�HLWKHU
WR�DQ�DQRPDORXV�IRUFH�DFWLQJ�WR�GHFHOHUDWH�WKH�VSDFH�
FUDIW�DW�D�FRQVWDQW�UDWH��RU�WR�D�XQLIRUP�VORZLQJ�GRZQ
RI� DOO� �DWRPLF�� FORFNV�� ,Q� WKH� IRUPHU� FDVH�� WKH� IUH�
TXHQF\�GULIW�LV�LQWHUSUHWHG�DV�D�'RSSOHU�HIIHFW�RQO\��,Q
WKH� ODWWHU� LQVWDQFH�� KRZHYHU�� DQ� LQWULQVLF� FKDQJH� RI
IUHTXHQF\�LV�SRVLWHG��DQ�HIIHFW�ZKLFK�PD\�WDNH�RWKHU
IRUPV� �H�J��� XQLODWHUDO� UDWKHU� WKDQ�JOREDO� FORFN� GULIW�
HQHUJ\�JDLQ�E\�SKRWRQV���7KDW�VRPH�IDFWRU�RWKHU�WKDQ
DQ�DFFHOHUDWLRQ�DFWLQJ�RQ�WKH�VSDFHFUDIW�LV�LPSOLFDWHG

LQ�WKLV�SKHQRPHQRQ�LV�VWURQJO\�VXJJHVWHG�E\�WKH�UDWH
RI� �FORFN�� GHFHOHUDWLRQ� UHTXLUHG� WR� DFFRXQW� IRU� WKH
DQRPDORXV� IUHTXHQF\� GULIW�� ±������ ��±��� V�V��� 7KLV
IDFWRU� LV� YLUWXDOO\� LGHQWLFDO� LQ�PDJQLWXGH� DQG� RI� WKH
VDPH�GLPHQVLRQV�DV�D�IDPLOLDU�FRQVWDQW�RI�QDWXUH��WKH
+XEEOH�FRQVWDQW�

5HDGHUV� RI� WKLV� MRXUQDO� ZLOO� UHFDOO� WKDW� D� IXQGD�
PHQWDO� IUHTXHQF\� RI� WKLV� PDJQLWXGH� KDV� EHHQ� GLV�
FXVVHG� E\� PDQ\� UHVHDUFKHUV� LQ� WKH� SDVW�� VRPH� RI
ZKRVH� ZRUN� KDV� EHHQ� SXEOLVKHG� LQ� $SHLURQ�� 7KH
DSSHDUDQFH� RI� WKH� VDPH� XQLW� RI� IUHTXHQF\� LQ� WKH
FRQWH[W�RI�ORFDO�VSDFHFUDIW�NLQHPDWLFV�LV�SHUKDSV� WKH
ILUVW� H[SHULPHQWDO� FRQILUPDWLRQ� WKDW� WKH� +XEEOH
FRQVWDQW� KDV� QR� UROH� LQ� D� SXWDWLYH� H[SDQVLRQ� RI� WKH
XQLYHUVH�� DQG� LV� LQVWHDG� D� FRQVWDQW� RI� QDWXUH� DW� WKH
TXDQWXP�OHYHO��,W�LV�P\�KRSH�WKDW�$SHLURQ�UHDGHUV�ZLOO
EH�HQFRXUDJHG�WR�LQYHVWLJDWH�WKH�SK\VLFV�EHKLQG�WKLV
QHZ�H[SHULPHQWDO�HYLGHQFH�


