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����,QWURGXFWLRQ�
0RLVWXUH� LQ� WKH� VRLO� FDQ� LQIOXHQFH� UDGLRPHWULF�PHDVXUHPHQWV� E\� DWWHQXDWLQJ� WKH�
JDPPD�UD\V��$Q�LQFUHDVH�LQ�VRLO�PRLVWXUH�ZLOO�GHFUHDVH�WKH�JDPPD�UD\�IOX[��UHVXOWLQJ�
LQ� ORZHU� UDGLRQXFOLGH� FRQFHQWUDWLRQV� LI� OHIW� XQFRUUHFWHG�� 7KLV� FKDSWHU� DLPV� WR�
FKDUDFWHUL]H�WKH�LQIOXHQFH�RI�VRLO�PRLVWXUH�RQ�WKH�JDPPD�UD\�IOX[��ZKLFK�FDQ�EH�XVHG�
WR� FRUUHFW� JDPPD�UD\� PHDVXUHPHQWV� DQG� GHWHUPLQH� DEVROXWH� UDGLRQXFOLGH�
FRQFHQWUDWLRQV�LQ�WKH�VRLO��UHJDUGOHVV�RI�PRLVWXUH�OHYHO���
�
1RW� RQO\� GRHV� WKH� VRLO� PRLVWXUH� DIIHFW� WKH� JDPPD�UD\� IOX[�� EXW� WKH� PRLVWXUH�
FRQFHQWUDWLRQ�LQ�WKH�VRLO�LV�DOVR�D�FUXFLDO�SDUDPHWHU�IRU�DFFXUDWH�ZDWHU�PDQDJHPHQW�
LQ�DJULFXOWXUDO�DSSOLFDWLRQV�DQG�WKHUHIRUH�LV�RI�JUHDW�LQWHUHVW�WR�PRQLWRU�LW��&RPPRQ�
SRLQW� PHDVXUHPHQW� WHFKQLTXHV� WR� GHWHUPLQH� WKH� PRLVWXUH� FRQWHQW� LQ� VRLOV� DUH�
WHQVLRPHWU\� DQG� )UHTXHQF\� RU� 7LPH� 'RPDLQ� 5HIOHFWRPHWU\� �)'5�7'5�� �/LQJ��
������:HUQHU�� ������� 7KHVH�PHWKRGV� HVWLPDWH� WKH�PRLVWXUH� FRQWHQW� DW� D� VSHFLILF�
ORFDWLRQ�LQ�WKH�VRLO�LQ�D�YROXPH��RI�RQO\�a������P���7KLV�PRLVWXUH�FRQWHQW�LV�XVXDOO\�
QRW�UHSUHVHQWDWLYH�RI�PXFK�ODUJHU�YROXPHV�DV�LW�KDV�EHHQ�VKRZQ�WKDW�WKH�VRLO�PRLVWXUH�
FRQWHQW�LV�KLJKO\�KHWHURJHQHRXV�ERWK�KRUL]RQWDOO\�DQG�LQ�GHSWK��5DERW�HW�DO���������
YDQ� GHQ� $NNHU� HW� DO��� ������� $GGLWLRQDOO\�� LQYDVLYH� SRLQW� VHQVRUV�� VXFK� DV� WKH�
H[DPSOHV�JLYHQ��QHHG�VRPH� WLPH� WR� VHWWOH� WR�RYHUFRPH� WKH�GLVWXUEDQFH� LQ� WKH� VRLO�
FDXVHG�E\�WKH�SODFHPHQW�RI�WKH�VHQVRUV��
�
,Q�FRQWUDVW�WR�SRLQW�PHDVXUHPHQWV��FRVPLF�UD\�QHXWURQ�VHQVRUV��&516���6WHYDQDWR�
HW�DO���������9DWKHU�HW�DO���������PHDVXUH�VRLO�PRLVWXUH�ZLWKLQ�D�ODUJH�YROXPH��XS�WR�
WHQV�RI�KHFWDUHV�DURXQG�WKH�VHQVRU��YROXPH�a��������P�����DQG�WKHUHIRUH�SURYLGH�
YROXPH�LQWHJUDWHG� LQIRUPDWLRQ�� &RQVHTXHQWO\�� WKLV� LQIRUPDWLRQ� LV� OHVV� SURQH� WR�
VPDOO�VFDOH�YDULDWLRQV�LQ�WKH�VRLO��,$($���������)XUWKHUPRUH��&516�VHQVRUV�FDQ�EH�
DSSOLHG�WR�PHDVXUH�PRLVWXUH�DW�SODFHV�RWKHU�WKDQ�WKH�VRLO��VXFK�DV�WKH�FDQRS\�RI�WUHHV�
RU�ERGLHV�RI�ZDWHU��
�
5HPRWH�VHQVLQJ�WHFKQLTXHV�WKDW�XVH�VDWHOOLWHV�VXFK�DV�WKH�(XURSHDQ�6SDFH�$JHQF\¶V�
�(6$��6HQWLQHO���DQG�6HQWLQHO���PHDVXUH�DQ�HYHQ�ODUJHU�VRLO�YROXPH��+RZHYHU��WKHVH�
VDWHOOLWHV�KDYH�D�PRUH�FRDUVH�WHPSRUDO�DQG�VSDWLDO�UHVROXWLRQ��ORZ�SHQHWUDWLRQ�GHSWK�
�����FP��DQG�WKH�GDWD�KDV� WR�EH�FRUUHFWHG�IRU�VXUIDFH�URXJKQHVV��/HH�DQG�:DONHU��

�
��$VVXPLQJ�D�VSKHUH�WKDW�KDV�D�UDGLXV�HTXDO�WR�WKH�PD[LPXP�UDQJH�RI������P��4LQ�HW�DO����������
��$VVXPLQJ�D�IRRWSULQW�UDGLXV�RI�����P�DQG�PHDVXUHPHQW�GHSWK�RI�����P��=UHGD�HW�DO����������
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������6FK|QEURGW�6WLWW�HW�DO����������7KHVH�VDWHOOLWHV
�����P�VSDWLDO�UHVROXWLRQ�PDNHV�
WKHP�OHVV�VXLWDEOH�IRU�PHDVXULQJ�PRLVWXUH�YDULDWLRQ�ZLWKLQ�DQ�DJULFXOWXUDO�ILHOG��*DR�
HW�DO�����������
�
*DPPD�UD\�VSHFWURPHWHUV�IRU�JHRSK\VLFDO�DSSOLFDWLRQV�PHDVXUH�UDGLDWLRQ�HPLWWHG�
E\� QDWXUDOO\� RFFXUULQJ� UDGLRQXFOLGHV� SUHVHQW� LQ� DOO� VRLOV��0RLVWXUH� LQ� WKH� VRLO� ZLOO�
DWWHQXDWH� WKLV� JDPPD�UD\� VLJQDO�� %DOGRQFLQL� HW� DO�� ������� KDYH� VKRZQ� WKDW� WKH�
JDPPD�UD\� IOX[� DERYH� DQ� DJULFXOWXUDO� ILHOG� GLUHFWO\� FRUUHODWHV� ZLWK� WKH� PRLVWXUH�
FRQFHQWUDWLRQ� LQ� WKH� VRLO�� &RPSDUHG� WR� SRLQW� VHQVRUV�� JDPPD�UD\�PHDVXUHPHQWV�
GHWHUPLQH�WKH�DYHUDJH�PRLVWXUH�FRQFHQWUDWLRQ�RYHU�D�ODUJHU�YROXPH��W\SLFDOO\�LQ�WKH�
RUGHU�RI�WHQV�RI�FXELF�PHWHUV��ZKLFK�LV�PXFK�VPDOOHU�WKDQ�IRU�&516�PHDVXUHPHQWV�
RU�6HQWLQHO�VDWHOOLWHV��0RUHRYHU��WKH�YROXPH�RYHU�ZKLFK�WKH�JDPPD�UD\�VSHFWURPHWHU�
GHWHUPLQHV�WKH�PRLVWXUH�FRQWHQW�FDQ�EH�FRQWUROOHG�E\�DGMXVWLQJ�WKH�PHDVXUHPHQW�
KHLJKW�RI�WKH�VHQVRU���
�
&RPSDUHG�WR�WKH�&516��WKH�JDPPD�UD\�PHWKRG�KDV�D�VPDOOHU�IRRWSULQW�ZKLFK�PDNHV�
LW�SRVVLEOH�WR�GHWHFW�PRLVWXUH�YDULDWLRQV�ZLWKLQ�WKH�SHULPHWHU�RI�D�W\SLFDO�DJULFXOWXUDO�
ILHOG��)XUWKHUPRUH��WKH�GHWHFWHG�FRXQW�UDWH�LQGXFHG�E\�WKH�IOX[�RI�WKH�JDPPD�UD\V�
HPLWWHG�E\�WKH�VRLO�LV�PXFK�ODUJHU�WKDQ�WKH�GHWHFWHG�QHXWURQ�FRXQWV�LQ�D�&516�VHQVRU�
GXH� WR� FRVPLF� UD\� LQGXFHG� QHXWURQV� �6WHYDQDWR� HW� DO��� ������� 7KH� UHODWLYHO\� KLJK�
FRXQW�UDWH� RI� JDPPD�UD\� PHDVXUHPHQWV� DOORZV� RQ�GHPDQG�PHDVXUHPHQWV� ZKLOH�
PDLQWDLQLQJ� D� ORZ� XQFHUWDLQW\�� $GGLWLRQDOO\�� LI� WKH� VSHFWURPHWHU� LV� LQVWDOOHG� DW�
VXIILFLHQW�KHLJKW��WKH�YDULDWLRQ�LQ�PRLVWXUH�VWRUHG�LQ�DERYH�JURXQG�ELRPDVV��VXFK�DV�
LQ� WKH� FDQRS\� RI� WUHHV�� FDQ� DOVR� EH� H[WUDFWHG� IURP� WKHVH� JDPPD�UD\� IOX[�
PHDVXUHPHQWV��$QG�ILQDOO\��XQOLNH�&516�PHDVXUHPHQWV��JDPPD�UD\�PHDVXUHPHQWV�
XVH�WKH�VLJQDO�FRPLQJ�GLUHFWO\�IURP�WKH�VRLO�DQG�WKHUHIRUH�GR�QRW�QHHG�WR�FRUUHFW�IRU�
D�FKDQJLQJ�VRXUFH�WHUP��
�
,Q�FRQFOXVLRQ��WKH�DEVROXWH�UDGLRQXFOLGH�FRQFHQWUDWLRQV�UHVXOWLQJ�IURP�JDPPD�UD\�
PHDVXUHPHQWV�DUH�LQIOXHQFHG�E\�VRLO�PRLVWXUH��%XW�PRUH�LQWHUHVWLQJO\��WKHVH�HIIHFWV�
FRXOG�EH�XVHG�QRW�RQO\�IRU�FRUUHFWLQJ�UDGLRQXFOLGH�PHDVXUHPHQWV�LQ�WKH�VRLO��EXW�DOVR�
WR� FROOHFW� VRLO�PRLVWXUH� LQIRUPDWLRQ� ZLWK� D� VSDWLDO� UHVROXWLRQ� ILWWLQJ� WKH� VL]H� RI� D�
W\SLFDO� DJULFXOWXUDO� ILHOG� RU� D� IRUHVW�� H[WHQGLQJ� WKH� WRROER[� RI� FRPPRQO\� XVHG�
K\GURORJLFDO�VHQVRUV�DV�VKRZQ�LQ�)LJ�������+RZHYHU��WR�XVH�JDPPD�UD\�PHDVXUHPHQWV�
IRU� PRLVWXUH� GHWHUPLQDWLRQ�� WKH� FKDQJH� LQ� JDPPD�UD\� IOX[� DV� D� IXQFWLRQ� RI� WKH�
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PRLVWXUH� DQG� E\� RWKHU� SRWHQWLDO� LQIOXHQFHV� KDV� WR� EH� FKDUDFWHUL]HG�� 7KLV� FKDSWHU�
PDLQO\�IRFXVHV�RQ�WKH�PRLVWXUH�LQ�WKH�VRLO��DQG�LW�LV�QRWHG�WKDW�WKH�FRQFHSWV�FDQ�EH�
H[WHQGHG�WR�PRLVWXUH�PHDVXUHPHQWV�LQ�IRUHVWU\�DQG�QDWXUH�PDQDJHPHQW�VWXGLHV���
�

������,PSOHPHQWDWLRQ�RI�D�JDPPD�VRLO�PRLVWXUH�VHQVRU�
7R�GHULYH�WKH�VRLO�PRLVWXUH�FRQWHQW�IURP�WKH�VLJQDO�RI�D�JDPPD�UD\�VSHFWURPHWHU��
WKUHH�DVSHFWV�WKDW�LQIOXHQFH�WKH�JDPPD�UD\�IOX[�LQ�VRLO�PRLVWXUH�PHDVXUHPHQWV�KDYH�
WR�EH�FRQVLGHUHG���
�
)LUVWO\��WKH�VHQVRUV�KDYH�WR�EH�FDOLEUDWHG�WR�REWDLQ�WKH�VRLO�PRLVWXUH�DV�D�IXQFWLRQ�RI�
JDPPD�UD\�IOX[��7KH�FDOLEUDWLRQ�DOVR�KDV�WR�FKDUDFWHUL]H�WKH�RWKHU�SDUDPHWHUV�WKDW�
FDQ� LQIOXHQFH� WKH� JDPPD�UD\� IOX[�� VXFK� DV� VRLO� GHQVLW\� DQG�PLQHUDO� FRPSRVLWLRQ��
DWPRVSKHULF�FRQGLWLRQV��H�J��KXPLGLW\�DQG�DLU�SUHVVXUH���DQG�ZDWHU�WKDW�LV�VWRUHG�LQ�
ELRPDVV�� WKH� DPRXQW� RI� ZKLFK� REYLRXVO\� FKDQJHV� GXULQJ� D� JURZLQJ� VHDVRQ�� 7KH�
JDPPD�UD\� IOX[�ZLOO�GHFUHDVH�DV�D� IXQFWLRQ�RI� VRLO�PRLVWXUH�EHFDXVH�ZKHQ�+�2� LV�
DGGHG�WR�WKH�VRLO��WKH�DWWHQXDWLRQ�LQFUHDVHV�ZKLOH�WKH�FRQFHQWUDWLRQ�RI�UDGLRQXFOLGHV�
LQ�WKH�VRLO�SHU�XQLW�RI�PDVV�LV�GHFUHDVLQJ���
�
6HFRQGO\��WKH�IRRWSULQW�RI�WKH�VHQVRU�GHSHQGV�RQ�WKH�PHDVXUHPHQW�KHLJKW��7KHUHIRUH��
WKH�H[DFW�UHODWLRQ�EHWZHHQ�PHDVXUHPHQW�KHLJKW�DQG�WKH�IRRWSULQW�VKRXOG�EH�NQRZQ�
IRU�D�VSHFLILF�VHQVRU��6HQVRUV�LQ�DQ�DJULFXOWXUDO�ILHOG�DUH�W\SLFDOO\�SODFHG�DW�KHLJKWV�
XS�WR�D�IHZ�PHWHUV��ZKLOH�VHQVRUV�WKDW�DLP�WR�PHDVXUH�WKH�PRLVWXUH�VWRUHG�LQ�D�IRUHVW�
FDQRS\�DUH�SODFHG�DW�WKH�VDPH�KHLJKW�DV�WKLV�FDQRS\��ZKLFK�FDQ�EH�DV�KLJK�DV����P�
�$QGUHDVHQ� HW� DO��� ������� )RU� ERWK� WKHVH� KHLJKW� UDQJHV�� WKH� PRGHO� SUHVHQWHG� LQ�
&KDSWHU���FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�VL]H�DQG�GHSWK�RI�WKH�IRRWSULQW���
�
)LQDOO\��WKH�LQIOXHQFH�RI�DWPRVSKHULF�UDGRQ�RQ�WKH�JDPPD�UD\�IOX[�KDV�WR�EH�VWXGLHG�
DQG�LI�SRVVLEOH��TXDQWLILHG��)URP�JHRSK\VLFDO�JDPPD�UD\�PHDVXUHPHQWV�LW�LV�NQRZQ�
WKDW�UDGRQ�LQ�WKH�DLU�FDQ�UHVXOW�LQ�HUURQHRXVO\����8�FRQFHQWUDWLRQV��7KLV�LPSDFW�RI�
WKLV�HIIHFW�RQ�VWDWLRQDU\�JDPPD�UD\�PHDVXUHPHQWV�LV�LQYHVWLJDWHG���
�
�
�
�
�
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)LJ�������6SDWLDO� DQG� WHPSRUDO� VFDOHV� RI�K\GURORJLFDO�PHDVXUHPHQWV��)LJXUH� DGDSWHG� IURP��*HQWLQH�HW� DO���������DQG�
H[WHQGHG�ZLWK�JDPPD�UD\�DQG�&RVPLF�5D\�1HXWURQ�VHQVRUV��7KLV� ILJXUH�VKRZV�RQ�ZKDW�VFDOH� WKH�JDPPD�UD\�VHQVRU�
RSHUDWHV�FRPSDUHG�WR�WKH�RWKHU�NQRZQ�VRLO�PRLVWXUH�PHDVXUHPHQWV��7KH�\�D[LV�UHSUHVHQWV�WKH�WLPH�VFDOHV�ZKHUH�WKHVH�
PRLVWXUH�PRQLWRULQJ�WHFKQLTXHV�DUH�DSSOLHG��(�J�� IORRG�IRUHFDVWLQJ�VWXGLHV�UHTXLUH�VKRUW� WLPH�VFDOHV��ZKHUHDV�FOLPDWH�
FKDQJH� PRGHOV� QHHG� WKH� PRLVWXUH� FRQWHQW� LQ� WKH� HQYLURQPHQW� RYHU� D� ORQJHU� WLPH�� 1RWH� WKDW� WKLV� ILJXUH� VKRZV� WKH�
FKDUDFWHULVWLFV� RI� WKH� PHDVXUHPHQW� WHFKQLTXHV� DQG� GRHV� QRW� LQFOXGH� OLPLWDWLRQV� LQWURGXFHG� E\� WKH� PHDVXUHPHQW�
SODWIRUP��QRU�GRHV�LW�FRPSDUH�WKH�DFFXUDF\�DQG�GHSWK�RI�WKH�YDULRXV�WHFKQLTXHV�� �
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������6WUXFWXUH�RI�WKLV�FKDSWHU�
7KLV�FKDSWHU�VWDUWV�ZLWK�HVWDEOLVKLQJ�D�PRGHO�WKDW�GHVFULEHV�D�PHWKRG�WR�GHWHUPLQH�
WKH� VRLO� PRLVWXUH� FRQWHQW� XVLQJ� JDPPD�UD\� IOX[� PHDVXUHPHQWV�� 7KLV� PRGHO� LV�
FRQVWUXFWHG�E\�H[SORULQJ�WKH�PDMRU�LQIOXHQFHV�RQ�WKH�JDPPD�UD\�IOX[�LQ�ORQJ�WHUP�
VWDWLF� JHRSK\VLFDO� PHDVXUHPHQWV�� )RU� HDFK� LQIOXHQFH�� D� �VXE�PRGHO� LV� SURSRVHG��
ZKLFK�LV�VXEVHTXHQWO\�YDOLGDWHG�E\�0RQWH�&DUOR�VLPXODWLRQV���
�
7KH�PRGHO�VHFWLRQ�LV�FRQFOXGHG�ZLWK�D�PHWKRGRORJ\�RQ�KRZ�WR�SURFHVV�JDPPD�UD\�
GDWD�WR�HVWDEOLVK�WKH�VRLO�PRLVWXUH�FRQFHQWUDWLRQ��7KLV�JXLGHOLQH�FRYHUV�WKH�SK\VLFV�
SDUW�RI�PHDVXULQJ�VRLO�PRLVWXUH�E\�XVLQJ�JDPPD�UD\V��7KH�LQWHUSUHWDWLRQ�RI�WKH�GDWD�
DQG�WKH�LPSOLFDWLRQV�IRU�DJULFXOWXUDO�DQG�IRUHVWU\�VFLHQFHV�LV�RXWVLGH�WKH�VFRSH�RI�WKLV�
FKDSWHU�DQG�UHPDLQV�WR�EH�VWXGLHG��SUHIHUDEO\�LQ�D�PXOWLGLVFLSOLQDU\�DSSURDFK�WKDW�
FRPELQHV� WKH� SK\VLFV�� JHRORJLFDO� DQG� ELRORJLFDO� DVSHFWV� RI� WKH� JDPPD�EDVHG� VRLO�
PRLVWXUH�PHDVXUHPHQWV���
�
7KLV� FKDSWHU� FRQWLQXHV�ZLWK� D� FDVH� VWXG\� WKDW� XVHV� D� QHZO\� GHVLJQHG� JDPPD�UD\�
VSHFWURPHWHU��WKH�JDPPD�6RLO�0RLVWXUH�6HQVRU��J606���7KLV�VHQVRU�ZDV�GHYHORSHG�
ZLWK� WKH� SXUSRVH� RI� ORQJ�WHUP� RXWGRRU�PHDVXUHPHQWV� LQ� UHPRWH� ILHOGV�� 7KH� FDVH�
VWXG\� SUHVHQWV� GDWD� UHFRUGHG� ZLWK� WKH� J606� VHQVRU� IRU� VHYHQ� PRQWKV� LQ� DQ�
DJULFXOWXUDO�ILHOG���
�
�

 �
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����7KHRU\��6RXUFH�RI�JDPPD�UD\�DWWHQXDWLRQ�
7KLV� VHFWLRQ� GHVFULEHV� WKH� SULQFLSOHV� JRYHUQLQJ� WKH� PHDVXUHG� JDPPD�UD\� IOX[�
UHVXOWLQJ�IURP�WKH�GHFD\�RI�QDWXUDOO\�RFFXUULQJ�UDGLRQXFOLGHV��7KH�YDULRXV�DVSHFWV�RI�
WKH�DWWHQXDWLRQ�RI�JDPPD�UD\V�LQ�VRLO�DQG�DLU�DUH�H[SODLQHG��DQG�SRWHQWLDO�LQIOXHQFHV�
RQ�WKH�JDPPD�UD\�IOX[�LQ�JHRSK\VLFDO�DSSOLFDWLRQV�DUH�OLVWHG�DQG�GHVFULEHG��
�
7KH�ILUVW�DVSHFW�WR�EH�XQGHUVWRRG�LV�WKH�DWWHQXDWLRQ�RI�JDPPD�UD\V�DQG�WKH�LQIOXHQFH�
RI�WKH�PHGLXP�WKURXJK�ZKLFK�JDPPD�UD\V�WUDYHO��7KHVH�JHQHUDO�SULQFLSOHV�DUH�WKHQ�
XVHG�WR�GHYHORS�D�PRGHO�WKDW�DFFRXQWV�IRU�WKH�YDULDWLRQ�LQ�PHDVXUHG�JDPPD�UD\�IOX[�
GXH� WR� VRLO� FRPSRVLWLRQ� ��������� DWPRVSKHULF� FRQGLWLRQV� ��������� ELRPDVV� ���������
UDGRQ����������DQG�WKH�IRRWSULQW� ���������7KH�VHFWLRQ� LV� ILQDOL]HG�ZLWK�D�PRGHO�WKDW�
GHVFULEHV� WKH�FKDQJH� LQ�JDPPD�UD\� IOX[�DV�D� IXQFWLRQ�RI� VRLO�PRLVWXUH� ���������7R�
FRQFOXGH��D�OLVW�RI�SDUDPHWHUV�LV�SUHVHQWHG�WKDW�PD\�VLJQLILFDQWO\�FKDQJH�WKH�JDPPD�
UD\�IOX[�DQG�DUH�WKXV�UHOHYDQW�WR�FRQVLGHU�LQ�JDPPD�VRLO�PRLVWXUH�PHDVXUHPHQWV���
�
7KURXJKRXW� WKLV� FKDSWHU�� WZR� FKDUDFWHULVWLF� HQHUJ\� SHDNV� SUHVHQW� LQ� PHDVXUHG�
JDPPD�VSHFWUD�GXH�WR�WKH�GHFD\�RI�QDWXUDOO\�RFFXUULQJ�UDGLRQXFOLGHV�DUH�XVHG��7KHVH�
DUH�WKH������0H9�SHDN�UHVXOWLQJ�IURP�WKH�GHFD\�RI���.�DQG�WKH������0H9�SHDN��ZKLFK�
UHSUHVHQWV� WKH�KLJKHVW�JDPPD�UD\�HPLWWHG� LQ� WKH�GHFD\�FKDLQ�RI� ���7K��7KHVH� WZR�
JDPPD�UD\� HQHUJLHV� DUH� VHOHFWHG� EHFDXVH� WKH\� H[SHULHQFH� D� GLIIHUHQW� GHJUHH� RI�
DWWHQXDWLRQ��ZKLFK�LV�HQHUJ\�GHSHQGHQW���DQG�ERWK�SHDNV�DUH�FOHDUO\�GLVWLQJXLVKDEOH�
LQ�D�W\SLFDO�VSHFWUXP�WKDW�LV�UHFRUGHG�LQ�DJULFXOWXUDO�RU�JHRSK\VLFDO�VLWXDWLRQV��DQG�
WKHUHIRUH�RQO\�FRQWDLQV�JDPPD�UD\V�HPLWWHG�E\�WKH�GHFD\�RI�WKH�QDWXUDOO\�RFFXUULQJ�
UDGLRQXFOLGHV��� ,Q� DGGLWLRQ�� RQ� DYHUDJH�� WKH� KLJKHU� HQHUJ\� JDPPD�UD\V� RULJLQDWH�
IURP�GHHSHU�VHFWLRQV�LQ�WKH�VRLO���
�

������6RLO�FRPSRVLWLRQ�
7KH�FRPELQDWLRQ�RI�FRPSRVLWLRQ�DQG�GHQVLW\�RI�WKH�VRLO�LV�VR�GLIIHUHQW�IURP�SODFH�WR�
SODFH�RQ�HDUWK�WKDW�LW�KDV�EHHQ�FRPSDUHG�WR�WKH�ILQJHUSULQW�XVHG�LQ�IRUHQVLF�VFLHQFHV�
�2ZHQV�HW�DO��� ������5HLG\�HW�DO����������)LQJHUSULQWLQJ� LQ� VRLO� VFLHQFH� LV� WKH� WHUP�
FRLQHG�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�FRPSRVLWLRQ�RI�WKH�VRLO��)LQJHUSULQWLQJ�LV�XVHG�
WR�LGHQWLI\�YDULDWLRQV�DW�WKH�VFDOH�RI�D�VLQJOH�DJULFXOWXUDO�ILHOG�VFDOH�DQG�WR�LGHQWLI\�
ODUJH�UHJLRQV�ZLWK�HTXLYDOHQW�JHRORJLFDO�RULJLQ���
�
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%HFDXVH�WKH�VRLO�FRPSRVLWLRQ�LV�XQLTXH��WKH�FRQFHQWUDWLRQ�DQG�UDWLR�RI�WKH�QDWXUDOO\�
RFFXUULQJ�UDGLRQXFOLGHV���.�����8�DQG����7K�LQ�HDFK�VRLO�DUH�XQLTXH�DV�ZHOO��7KLV�UDWLR�
LV�WKH�FRUH�SULQFLSOH�XVHG�LQ�WKH�UDGLRPHWULF�ILQJHUSULQWLQJ�RI�VRLOV��9DQ�GHU�.ORRVWHU�
HW� DO��� ������ :LMQJDDUGHQ� DQG� 9HQHPD�� ������� 7KH� UDGLRPHWULF� PDSSLQJ� RI� VRLO�
YDULDWLRQV�ZLWKLQ� D� VLQJOH� ILHOG�RU� WKH� FKDUDFWHUL]DWLRQ�RI� ODUJH� JHRORJLFDO� DUHDV� LV�
EDVHG�RQ�WKLV�UDGLRPHWULF�ILQJHUSULQW���
�
6RPH�W\SLFDO�VRLO�FRPSRVLWLRQV�DUH�OLVWHG�LQ�7DEOH������7KH�LQWHQGHG�SXUSRVH�RI�WKLV�
WDEOH�LV�QRW�WR�JLYH�DQ�H[KDXVWLYH�RYHUYLHZ�RI�DOO�WKH�SRVVLEOH�VRLO�FRPSRVLWLRQV��7KH�
SXUSRVH�LV�WR�OLVW�W\SLFDO�PLQHUDO�FRPSRVLWLRQV�DQG�XVH�WKLV�DV�DQ�LQSXW�WR�LGHQWLI\�WKH�
PLQHUDORJLFDO�GLIIHUHQFHV�EHWZHHQ�VRLOV��7KH�PDVV�IUDFWLRQV�KDYH�EHHQ�FDOFXODWHG�IRU�
GU\�VRLO�WKDW�FRQWDLQV�QR�RUJDQLF�PDWWHU��6XEVHTXHQWO\��WKHVH�FRPSRVLWLRQV�DUH�XVHG�
WR�GHWHUPLQH�WKH�PLQHUDOV�WKDW�W\SLFDOO\�PDNH�XS�WKH�VRLO�DQG�FDOFXODWH�WKHLU�LQIOXHQFH�
RQ�WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQW�RI�WKH�VRLO��
�
0DVV�DWWHQXDWLRQ�FRHIILFLHQWV�RI�VRLOV�
$�JDPPD�UD\�VSHFWURPHWHU�SODFHG�DERYH�WKH�JURXQG�ZLOO�GHWHFW�JDPPD�UD\V�WKDW�DUH�
ILUVW�DWWHQXDWHG�E\�WKH�VRLO�DQG�VXEVHTXHQWO\�E\�WKH�DLU��WKURXJK�ZKLFK�WKH\�WUDYHO��
(TXDWLRQ�������LQ�&KDSWHU���GHVFULEHV�WKLV�SURFHVV��DQG�WKH�VRLO�DQG�DLU�FRPSRVLWLRQ�
DUH�UHIOHFWHG�LQ�WKH�GHQVLW\�DQG�PDVV�DWWHQXDWLRQ�FRHIILFLHQWVߤ�௚�DQGߤ�௔�UHVSHFWLYHO\��
,Q�JHRSK\VLFDO�WHVWV�WKDW�DLP�WR�PHDVXUH�WKH�JDPPD�UD\V�HPLWWHG�E\�WKH�GHFD\�RI�
QDWXUDOO\� RFFXUULQJ� UDGLRQXFOLGHV�� RQO\� WKH� HQHUJ\� UDQJH� ���±��0H9� LV� UHOHYDQW��
8VLQJ� HTXDWLRQ� ������ DQG� WKH� PDVV� DWWHQXDWLRQ� FRHIILFLHQWV� IRU� WKH� LQGLYLGXDO�
HOHPHQWV��WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV�RI�WKH�VRLOV�OLVWHG�LQ�7DEOH�����KDYH�EHHQ�
FDOFXODWHG���
�
)LJ������VKRZV�WKH�FDOFXODWHG�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV�IRU�WKH�UDQJH�RI������WR���
0H9�IRU�VRLOV�ZLWK�WKH�PLQHUDO�FRPSRVLWLRQ�VKRZQ�LQ�7DEOH������,Q�DGGLWLRQ�WR�WKHVH�
VRLOV��WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQW�IRU�SXUH�6L2��LV�VKRZQ��DQG�WKH�LQVHW�ILJXUH�
VKRZV�D�FORVH�XS�RI�WKH�UDQJH����±��0H9��7KH�GLIIHUHQFH�LQ�WKH�YDOXH�IRU�WKH�PDVV�
DWWHQXDWLRQ�FRHIILFLHQW�EHWZHHQ�WKH�YDULRXV�VRLO�FRPSRVLWLRQV�DQG�SXUH�6L2��LV�������
RYHU� WKH� HQHUJ\� UDQJH� ���±�� 0H9�� 7KHUHIRUH�� XVLQJ� SXUH� 6L2�� LQ� VRLO� PRLVWXUH�
FDOFXODWLRQV�LV�D�YHU\�JRRG�DSSUR[LPDWLRQ�IRU�DOO�VRLOV��
�
�
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7DEOH������/LVW�RI�PLQHUDO�FRPSRVLWLRQ�IRU�D�VHOHFWLRQ�RI�W\SLFDO�GULHG�VRLOV��,Q�WKH�UHIHUHQFHV�OLVWHG�DW�WKH�WRS�RI�WKH�WDEOH��
WKH�PLQHUDO�FRPSRVLWLRQV�RI�PXOWLSOH�VDPSOHV�DUH�OLVWHG��7KLV�WDEOH�VKRZV�WKH�H[WUHPH�YDOXHV�WR�JLYH�D�UDQJH�RI�WKH�PLQHUDO�
FRPSRVLWLRQ�WKDW�FDQ�EH�H[SHFWHG�LQ�VRLO�VDPSOHV�VSUHDG�DFURVV�WKH�HDUWK��
� WKLV�UHIHUHQFH�FRQWDLQV�PDQ\�VRLO�VDPSOH�
FRPSRVLWLRQV��7KLV�WDEOH�VKRZV�FRPSRVLWLRQV�WKDW�KDYH�WKH�ORZHVW�YDOXH�IRU�6L2���

�0HDQ�YDOXHV�XVHG��RI����VDPSOHV����
�

6RLO�W\SH� 6DXGL�FOD\V� -RUGDQLDQ�
VDQG�

.RUHDQ�
&OD\
�

'XWFK�
&OD\�6DQG

�

5HIHUHQFH� �0RKVHQ�DQG�
(O�PDJKUDE\��

������

�$OQDZDIOHK�
HW�DO���������

�=KDQJ�HW�DO���
������

�.RHQHQ�DQG�
*ULIILRHQ��
������

� � � � �
0LQHUDO�
FRPSRVLWLRQ�

0DVV�IUDFWLRQ�
����

0DVV�IUDFWLRQ�
����

0DVV�IUDFWLRQ�
����

0DVV�IUDFWLRQ�
����

6L2�� ������ ������ ������ ������
$O�2�� ������ ����� ������ ������
)H�2�� ������ ����� ����� �����
0J2� ����� ����� ����� �����
.�2� ����� ����� ����� �����
&D2� ����� ����� ����� �����
7L2�� ����� ����� ����� �����
1D�2� ����� ����� ����� �����
3�2�� ����� ����� ����� �����
0Q2� ����� ����� ����� �����

�

7KH�PDVV�DWWHQXDWLRQ�FRHIILFLHQW�FXUYHV�IRU�WKH�YDULRXV�VRLO�FRPSRVLWLRQV�DUH�DOPRVW�
LGHQWLFDO�EHFDXVH�WKH�VKDSH�DQG�DEVROXWH�YDOXH�RI�WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV�
IRU�DOPRVW�DOO�HOHPHQWV�WKDW�DSSHDU�LQ�WKH�VRLO�DUH�YHU\�VLPLODU�LQ�VKDSH�DQG�DEVROXWH�
YDOXH�LQ�WKH�HQHUJ\�UDQJH�PHQWLRQHG�DERYH��)LJ��������7KLV�VLPLODULW\�LV�HVSHFLDOO\�WKH�
FDVH� IRU� R[\JHQ�� DOXPLQLXP� DQG� VLOLFRQ�� ZKLFK� KDYH� WKH� PRVW� VLJQLILFDQW� PDVV�
IUDFWLRQ�LQ�WKH�VRLO��1R�GLIIHUHQFHV�ODUJHU�WKDQ������Z�U�W��R[\JHQ��DUH�IRXQG�LQ�WKH�
HQHUJ\�UDQJH����±��0H9��7KH�RQO\�HOHPHQW�ZLWK�D�VLJQLILFDQWO\�GLIIHUHQW�DWWHQXDWLRQ�
FXUYH� LQ� WKLV� HQHUJ\� UDQJH� LV� K\GURJHQ� �)LJ�� ����� GXH� WR� LWV� GLIIHUHQW� JDPPD�UD\�
LQWHUDFWLRQ� SURSHUWLHV��� 7KHUHIRUH�� D� VLPSOLILHG� PRGHO� RI� WKH� PDVV� DWWHQXDWLRQ�
FRHIILFLHQWV�LQ�VRLOV�FDQ�EH�H[SUHVVHG�DV�D�K\GURJHQ�WHUP�DQG�D�VRLO�WHUP��7KH�IRUPHU�

�
��+\GURJHQ�KDV�D�GLIIHUHQW�HOHFWURQ�WR�QXFOHRQ�UDWLR��D�GLIIHUHQW�=�$�UDWLR�ZKLFK�UHVXOWV�LQ�PDVV�DWWHQXDWLRQ�FRHIILFLHQW�
WKDW�LV�D�IDFWRU�WZR�ODUJHU�IRU�&RPSWRQ�LQWHUDFWLRQ��$GGLWLRQDOO\�WKH�SKRWRHOHFWULF�HIIHFW�LV�D�IDFWRU������VPDOOHU��DQG�WKH�
SDLU�SURGXFWLRQ�LV����WLPHV�VPDOOHU�IRU�K\GURJHQ�WKDQ�IRU�R[\JHQ��
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VFDOHV� ZLWK� WKH� DPRXQW� RI� ZDWHU� LQ� WKH� VRLO�� DQG� WKH� ODWWHU� FRQWDLQV� WKH� VRLO�
FRPSRVLWLRQ��+RZHYHU��IRU�FODULW\��LQ�WKLV�UHVHDUFK��WKH�VRLO�FRPSRVLWLRQ�LV�VSOLW�LQWR�
WKH�6L2�� DQG�+�2� FRPSRQHQWV��7KH�GLIIHUHQFH� LQ� WKHVH� FRPSRQHQWV� LV� RQH�RI� WKH�
SDUDPHWHUV�HPSOR\HG�LQ�PHDVXULQJ�VRLO�PRLVWXUH�E\�XVLQJ�JDPPD�UD\V��1RWH�WKDW�DOO�
VRLOV�FRQWDLQ�PDVV�IUDFWLRQV�RI�RUJDQLF�PDWWHU�UDQJLQJ�IURP��±�����DJULFXOWXUH��XS�
WR�������SHDW\�VRLOV���,Q�WKLV�UHVHDUFK��JDPPD�UD\�PHDVXUHPHQWV�DERYH�DJULFXOWXUDO�
VRLOV�DUH�GRQH��)RU� VLPSOLFLW\�� LW� LV� DVVXPHG� WKDW� WKH�DPRXQW�RI�RUJDQLF�PDWWHU� LQ�
WKHVH�VRLOV�LV�VPDOO�DQG��WKHUHIRUH��PD\�EH�QHJOHFWHG���
�

)LJ�������7KH�HQHUJ\�GHSHQGHQW�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV�IRU�WKH�VRLO�FRPSRVLWLRQV�WKDW�DUH�OLVWHG�LQ�7DEOH�����DQG�
SXUH�6L2���7KH�FXUYHV�KDYH�EHHQ�FDOFXODWHG�XVLQJ�WKH�PDVV�IUDFWLRQV�RI�WKH�HOHPHQWV�SUHVHQW�LQ�WKH�VRLO�DQG�FDOFXODWLQJ�
WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQW�RI�WKH�FRPSRXQG�E\�XVLQJ�HTXDWLRQ��������7KH�LQVHW�VKRZV�D�FORVH�XS�RI�WKH����±��0H9�
HQHUJ\�UDQJH�UHOHYDQW�IRU�JHRSK\VLFDO�JDPPD�UD\�PHDVXUHPHQWV���
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)LJ�������7KH�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV�DV�D�IXQFWLRQ�RI�HQHUJ\�IRU�D�VHOHFWLRQ�RI�HOHPHQWV�FRPPRQO\�IRXQG�LQ�WKH�
VRLO���'DWD�UHWULHYHG�IURP��+XEEHOO�DQG�6HOW]HU�����������

�
6RLO�GHQVLW\�
7KH� KHWHURJHQHLW\� RI� VRLOV� DFURVV� WKH� HDUWK� LV� UHIOHFWHG� LQ� WKH� PLQHUDORJLFDO�
FRPSRVLWLRQ� DQG� WKH� GHQVLW\� RI� WKH� VRLO�� 7KH� FRPSRVLWLRQ� DQG� KLVWRU\� RI� WKH� VRLO�
GHWHUPLQH� WKLV� GHQVLW\�� $V� SUHVHQWHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� WKH� VRLO� YDULHV� LQ�
HOHPHQWDO�FRPSRVLWLRQ��,Q�DGGLWLRQ��WKH�VRLO�FRPSULVHV�PDQ\�VROLG�SDUWLFOHV�WKDW�YDU\�
LQ�VL]H�DQG�GHQVLW\��8VXDOO\��WKHUH�DUH�SRUHV�EHWZHHQ�WKH�VROLG�SDUWLFOHV��ZKLFK�FDQ�
EH� ILOOHG�ZLWK�DLU�RU�ZDWHU�� WKDW� IDFLOLWDWH� WKH� LQWHUDFWLRQ�EHWZHHQ� WKH� VRLO� DQG� WKH�
HQYLURQPHQW��5DERW�HW�DO����������,Q�VRLO�VFLHQFH��WKH�IROORZLQJ�W\SHV�RI�GHQVLWLHV�DQG�
VSDFH�EHWZHHQ�WKH�VRLO�JUDLQV�DUH�GHILQHG���
�
6SHFLILF� 'HQVLW\� �6'��LV� WKH� UDWLR� RI� WKH�PDVV� RI� RYHQ�GULHG� VRLO�� WR� WKH� JUDLQ�
YROXPH�RI�WKH�VRLO��ZKLFK�H[FOXGHV�WKH�YROXPH�RI�WKH�SRUHV��
6RLO��GU\��%XON�'HQVLW\��G%'��LV�WKH�UDWLR�RI�WKH�PDVV�RI�RYHQ�GULHG�VRLO�WR�WKH�
EXON�YROXPH�RI�WKH�VRLO��ZKLFK�LQFOXGHV�WKH�SRUH�VSDFH�EHWZHHQ�WKH�VRLO�SDUWLFOHV��

�
��8VXDOO\�GHILQHG�DV�PDVV�DIWHU�������KRXUV�ZKLOH�NHSW�DW������&��VHH��,$($���������
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)LHOG�%XON�'HQVLW\��I%'��LV�WKH�UDWLR�RI�WKH�PDVV�RI�VRLO�WR�WKH�EXON�YROXPH�RI�WKH�
VRLO�� ZKLFK� LQFOXGHV� WKH� PRLVWXUH� FRQWHQW� DQG� WKH� SRUH� VSDFH� EHWZHHQ� WKH� VRLO�
SDUWLFOHV��G%'���PRLVWXUH�FRQWHQW���
3RURVLW\��ࣘ�� LV� WKH�SHUFHQWDJH�RI� WKH� VRLO� YROXPH�RFFXSLHG�E\�SRUH� VSDFHV��3RUH�
VSDFHV�FDQ�EH�ILOOHG�ZLWK�DLU�RU�ZDWHU��:KHQ�SRUHV�DUH�FRPSOHWHO\�ILOOHG�ZLWK�ZDWHU��
WKH�VRLO�LV�VDWXUDWHG��)RU�RSWLPDO�FURS�JURZWK��LQ�DJULFXOWXUDO�ILHOGV��W\SLFDOO\������WR�
�����RI�WKH�SRUHV�DUH�ILOOHG�ZLWK�ZDWHU��5DERW�HW�DO����������
�
,Q�JDPPD�UD\�PHDVXUHPHQWV��WKH�JDPPD�UD\�IOX[�LV�GHWHUPLQHG�E\�WKH�ILHOG�EXON�
GHQVLW\��I%'���7KH�ILHOG�EXON�GHQVLW\�LV�H[SHFWHG�WR�YDU\�EHWZHHQ�WKH�PLQLPDO��GU\�
EXON�GHQVLW\��G%'��DQG�WKH�PD[LPXP��GU\�EXON�GHQVLW\��G%'���SRURVLW\�ILOOHG�ZLWK�
ZDWHU���,Q�D�VLPSOLILHG�VRLO�PRGHO��WKH�PLQHUDO�FRPSRVLWLRQ�KDV�D�VSHFLILF�GHQVLW\�RI�
�����J�FP����ZKLFK�LV�WKH�GHQVLW\�RI�SXUH�6L2���%\�PHDVXULQJ�WKH�VRLO�EXON�GHQVLW\�DQG�
DVVXPLQJ�VXFK�D�VLPSOLILHG�VRLO�PRGHO��LW�LV�SRVVLEOH�WR�HVWLPDWH�WKH�DPRXQW�RI�SRUH�
VSDFH���
�
7\SLFDO�VRLOV�KDYH�D�GU\�EXON�GHQVLW\�YDU\LQJ�EHWZHHQ�����DQG�����J�FP����%DOGRQFLQL�
HW�DO���������6FKLHUKRO]�HW�DO����������$�VSHFLILF�GHQVLW\�RI������J�FP���UHVXOWV�LQ�D�SRUH�
VSDFH�UDQJLQJ�EHWZHHQ������DQG�������7KLV�SRUH�VSDFH�UDQJH�UHVXOWV�LQ�D�PD[LPXP�
ILHOG�EXON�GHQVLW\�RI������DQG������J�FP����UHVSHFWLYHO\��ZKHQ�DVVXPLQJ�D������ZDWHU�
ILOOHG�SRUH�VSDFH��7KH�LQFUHDVH�LQ�GHQVLW\�GXH�WR�VRLO�PRLVWXUH�HIIHFWLYHO\�GHFUHDVHV�
WKH�UDGLRQXFOLGH�FRQFHQWUDWLRQ��%T�NJ�����7KH�PDJQLWXGH�RI� WKLV�HIIHFW� LV� WKH�PDLQ�
SULQFLSOH�RI�JDPPD�VRLO�PRLVWXUH�PHDVXUHPHQWV�DQG�LV�TXDQWLILHG�DW�WKH�HQG�RI�WKLV�
VHFWLRQ��,Q�WKH�VRLO�PRLVWXUH�PHDVXUHPHQWV��WKH�YDULDWLRQ�RI�WKH�VRLO�GHQVLW\�RYHU�WLPH�
LV�RQO\�FDXVHG�E\�D�FKDQJH�LQ�VRLO�PRLVWXUH�FRQWHQW��
�
,Q�VWDWLRQDU\�JDPPD�VRLO�PRLVWXUH�PHDVXUHPHQWV��WKH�GU\�VRLO�EXON�GHQVLW\�FDQ�EH�
DVVXPHG� WR� UHPDLQ� WKH� VDPH� WKURXJKRXW� WKH�PHDVXUHPHQW� LI�QR�FXOWLYDWLRQ� WDNHV�
SODFH��(TXDWLRQ�������VKRZV�WKDW�WKH�VRLO�GHQVLW\�LV�SUHVHQW�RQO\�DV�D�FRQVWDQW�WHUP�LQ�
WKH� SUHIL[� RI� WKH� HTXDWLRQ�� 7KLV� SUHIL[� GHWHUPLQHV� WKH�PDJQLWXGH� RI� WKH� LQWHQVLW\�
PHDVXUHG� E\� WKH� VSHFWURPHWHU�� ZKLFK� LV� LQYHUVHO\� SURSRUWLRQDO� WR� WKH� ILHOG� EXON�
GHQVLW\��$Q�LQFUHDVH�LQ�WKLV�GHQVLW\�FDXVHV�D�GHFUHDVH�LQ�WKH�PHDVXUHG�JDPPD�UD\�
IOX[��7KLV�LQWXLWLYHO\�PDNHV�VHQVH�EHFDXVH�WKH�DWWHQXDWLRQ�RI�JDPPD�UD\V�LV�JRYHUQHG�
E\�WKH�LQWHUDFWLRQ�ZLWK�PDWWHU��7KH�HIIHFW�RI�D�UHGXFWLRQ�LQ�JDPPD�UD\�IOX[�LV�VROHO\�
GXH�WR�WKH�LQFUHDVH�LQ�VRLO�ZDWHU�FRQWHQW���
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������$WPRVSKHULF�FRPSRVLWLRQ�
:DWHU�YDSRXU�FRUUHFWLRQ�
7KLV�VHFWLRQ�HVWLPDWHV�WKH�HIIHFW�RI�ZDWHU�YDSRXU�LQ�WKH�DWPRVSKHUH�RQ�WKH�JDPPD�
UD\� IOX[� DERYH� WKH� VRLO�� ,Q� WKLV� VHFWLRQ��ZH� DVVXPH� WKDW� WKH�ZDWHU� YDSRXU� FRQWHQW�
YDULHV�EHWZHHQ���DQG����J�P���IRU�GU\�DQG�VDWXUDWHG�DLU��UHVSHFWLYHO\��WKH�ODWWHU�EHLQJ�
WKH� VDWXUDWHG�PRLVWXUH� FRQWHQW�ZKHQ� WKH� DLU�KDV� D� WHPSHUDWXUH�RI� ��� �&��)RU� WKH�
FDOFXODWLRQ�EHORZ��WKH�DWPRVSKHULF�FRPSRVLWLRQ�RI�GU\�DLU��GHQVLW\�RI�������NJ�P����
LV�HVWLPDWHG�DV���������1�����������2����������$U�DQG��������&2��E\�YROXPH��)RU�
ZDWHU�VDWXUDWHG�DLU�����J�P���RI�+�2�LV�DGGHG�WR�WKH�GU\�DLU�FRPSRVLWLRQ��ZKLFK�KDV�D�
VPDOO� LPSDFW� RQ� WKH� HOHPHQWDO� FRPSRVLWLRQ� RI� WKH� DLU�� ,Q� HVWLPDWLQJ� WKH� PDVV�
DWWHQXDWLRQ�FRHIILFLHQWV��WKH�WZR�FKDUDFWHULVWLF�JDPPD�UD\�HQHUJLHV�RI������DQG������
0H9�DUH�XVHG���
�
8VLQJ�WKH�GHVFULEHG�FRPSRVLWLRQV�DQG�GHQVLWLHV�DQG�FDOFXODWLQJ�WKH�PDVV�DWWHQXDWLRQ�
FRHIILFLHQW�E\�IROORZLQJ�WKH�PHWKRGV�GHVFULEHG�LQ�VHFWLRQ�������IRU�WKH�WZR�HQHUJLHV�
UHVXOWV�LQ�WKH�YDOXHV�VKRZQ�LQ�7DEOH������
�
7DEOH������0DVV�DWWHQXDWLRQ�FRHIILFLHQWV�IRU�WZR�FKDUDFWHULVWLF�HQHUJLHV�IRU�GU\�DQG�ZDWHU�VDWXUDWHG�DLU���
�

(QHUJ\��0H9�� ����P��NJ���IRU�GU\�DLUࢇࣆ ����P��NJ���IRU�VDWXUDWHG�DLUࢇࣆ

������ �����
������ �����
������
������ �����
������ �����
������
�
7KH�UHGXFWLRQ�RI�WKH�IXOO�HQHUJ\�SHDNV�DV�D�IXQFWLRQ�RI�GHWHFWRU�KHLJKW�IRU�WKH�GU\�DQG�
ZDWHU�VDWXUDWHG�DLU�IRU�WKH�WZR�GLIIHUHQW�HQHUJLHV�DUH�FDOFXODWHG�E\�XVLQJ�HTXDWLRQ�

������DQG�WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV�OLVWHG�LQ�7DEOH������)URP�WKLV�FDOFXODWLRQ��
LW�LV�IRXQG�WKDW�WKH�GLIIHUHQFH�DW����PHWHUV�KHLJKW�EHWZHHQ�GU\�DQG�ZDWHU�VDWXUDWHG�
LV�RQO\�������IRU������0H9�DQG��������IRU������0H9��7KHVH�GLIIHUHQFHV�DUH�VR�VPDOO�
WKDW� LW� LV� FRQFOXGHG� WKDW� LQ� JDPPD�UD\� VRLO� PRLVWXUH� PHDVXUHPHQWV� ZKHUH� WKH�
GHWHFWRU�LV�SODFHG�DW�D�PD[LPXP�RI����P��FRUUHFWLRQV�IRU�WKH�ZDWHU�YDSRXU�FRQWHQW�
RI�WKH�DLU�DUH�QRW�QHHGHG��
�
$WPRVSKHULF�GHQVLW\�IOXFWXDWLRQV�
7KLV�VXEVHFWLRQ�HVWLPDWHV�WKH�LQIOXHQFH�RI�FKDQJLQJ�SUHVVXUH�DQG�WHPSHUDWXUH�RQ�WKH�
JDPPD�UD\� LQWHQVLW\�� 6LPLODU� WR� WKH� DVVHVVPHQW� RI� WKH� HIIHFW� RI� ZDWHU� YDSRXU�
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FRUUHFWLRQV��WKH�UHGXFWLRQ�LQ�IXOO�HQHUJ\�SHDNV�LV�HVWLPDWHG�XVLQJ�HTXDWLRQ��������%XW�
QRZ� E\� FDOFXODWLQJ� WKH� FKDQJH� LQ� DWPRVSKHULF� DLU� GHQVLW\� ��௔ߩ� DV� D� IXQFWLRQ� RI�
SUHVVXUH�DQG�WHPSHUDWXUH��%\�XVLQJ�WKH�LGHDO�JDV�ODZ��LW�LV�SRVVLEOH�WR�FDOFXODWH�WKH�
GHQVLW\�RI�D�JDV���
�

௔ߩ ൌ ௔ܲ
ܴ௔� ௔ܶ

� ������

�
,Q�ZKLFKߩ�௔�LV�WKH�GHQVLW\�RI�WKH�JDV��NJ�P���� ௔ܲ�LV�WKH�SUHVVXUH��3D���ܴ௔�LV�WKH�VSHFLILF�
JDV�FRQVWDQW��-�NJ���.�����DQG� ௔ܶ�LV�WKH�WHPSHUDWXUH��.���7KH�VXEVFULSW�ܽ�LV�DGGHG�WR�
LQGLFDWH�WKDW�WKLV�JDV�ODZ�LV�DSSOLHG�WR�WKH�DWPRVSKHULF�DLU�GHQVLW\��7KH�VSHFLILF�JDV�
FRQVWDQW�IRU�DLU�LV�FDOFXODWHG�E\�XVLQJ�WKH�DWPRVSKHULF�FRPSRVLWLRQ�RI�GU\�DLU�OLVWHG�
LQ� WKH� SUHYLRXV� VXEVHFWLRQ�� $WPRVSKHULF� PRLVWXUH� LV� QRW� FRQVLGHUHG� LQ� WKLV�
FDOFXODWLRQ� VLQFH� WKH� FKDQJH� LQ� GHQVLW\� GXH� WR� PRLVWXUH� LQ� WKH� DWPRVSKHUH� LV� DW�
PD[LPXP��������IURP�GU\�WR�ZDWHU�VDWXUDWHG�DLU���
�
7KH�DWPRVSKHULF�SUHVVXUH�LV�NQRZQ�WR�YDU\�EHWZHHQ����DQG�����N3D�DW�VHD�OHYHO��DQG�
WKH� WHPSHUDWXUH� LV� H[SHFWHG� WR� YDU\� EHWZHHQ� ���� DQG� ��� GHJUHHV� °&�� 7KHVH�
SDUDPHWHUV� DUH� XVHG� LQ� HTXDWLRQ� ������ WR� FDOFXODWH� WKDW� WKH� DLU� GHQVLW\� FDQ� YDU\�
EHWZHHQ�������NJ�P��������N3D�DQG����°&��DQG�������NJ�P���������N3D�DQG�����°&���
8VLQJ�WKHVH�WZR�H[WUHPH�YDOXHV�LQ�HTXDWLRQ�������IRU�WKH�SURPLQHQW�HQHUJLHV�RI���.�
������0H9�� DQG� ���7K� ������0H9�� JLYHV� XV� DQ� HVWLPDWH� RI� WKH� LQIOXHQFH� RI� WKHVH�
DWPRVSKHULF�SDUDPHWHUV�RQ�WKH�JDPPD�UD\�IOX[���
�
)LJ�����D�VKRZV�WKH�UHGXFWLRQ�LQ�JDPPD�UD\�IOX[�DV�D�IXQFWLRQ�RI�GHWHFWRU�KHLJKW�IRU�
WKH� WZR�SURPLQHQW�HQHUJLHV�DQG�FDOFXODWHG�GHQVLWLHV�XS� WR�D�KHLJKW�RI����PHWHUV��
)LJ�����E� VKRZV� WKH� UHODWLYH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� H[WUHPH� GHQVLWLHV�ZLWK� D�
FORVH�XS�RI�WKH�GLIIHUHQFH�LQ�JDPPD�UD\�IOX[�IRU�WKH���WR���P�VHQVRU�KHLJKW�UDQJH��
�
7KHVH� ILJXUHV� VKRZ� WKDW� WKH� HIIHFW� RI� FKDQJLQJ� DWPRVSKHULF� SUHVVXUH� DQG�
WHPSHUDWXUH� EHFRPHV� LQFUHDVLQJO\� LPSRUWDQW� ZLWK� VHQVRU� KHLJKW�� )RU� WKH� UDQJH�
EHORZ���P��WKLV�HIIHFW�LV�VPDOO������������EXW�WKLV�HIIHFW�EHFRPHV�VLJQLILFDQW�IRU�ODUJHU�
KHLJKWV�DQG�LQFUHDVHV�XS�WR������DW����PHWHUV�KHLJKW��
�
�
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7KLV�VHFWLRQ�FRQFOXGHV�WKDW�DWPRVSKHULF�SUHVVXUH�DQG�WHPSHUDWXUH�FDQ�EH�QHJOHFWHG�
LI�WKH�DWPRVSKHULF�FRQGLWLRQV�DUH�VWDEOH��:KHQ�WKHUH�DUH�VLJQLILFDQW�IOXFWXDWLRQV�LQ�
WKH� SUHVVXUH� DQG� WHPSHUDWXUH�� HVSHFLDOO\� DW� ODUJHU� GHWHFWRU� KHLJKWV�� PRLVWXUH�
SUHGLFWLRQ�LQ�WKH�VRLO�VKRXOG�LQFOXGH�WKHVH�LQIOXHQFHV��7KLV�FDQ�EH�GRQH�E\�DGMXVWLQJ�
HTXDWLRQ� ������� HLWKHU� E\� UHSODFLQJ� WKH� DLU� GHQVLW\� ZLWK� WKH� DLU� GHQVLW\� JLYHQ� LQ�
HTXDWLRQ�������RU�E\�UHSODFLQJ�WKH�KHLJKW�ZLWK�WKH�HTXLYDOHQW�KHLJKW�DV�GHVFULEHG�LQ�
1LFROHW�DQG�(UGL�.UDXV]����������
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJ�������7KH�UHODWLYH� LQWHQVLW\�
RI� WKH� JDPPD�UD\� IOX[� IRU� WZR�
GLIIHUHQW� HQHUJLHV� DQG� H[WUHPH�
DWPRVSKHULF� FRQGLWLRQV�� D��
VKRZV� WKH� UHODWLYH� LQWHQVLW\� RI�
WKH� PHDVXUHG� JDPPD�UD\� IOX[�
DQG� E�� VKRZV� WKH� GLIIHUHQFH� LQ�
UHODWLYH� LQWHQVLW\� EHWZHHQ� WKH�
DWPRVSKHULF� FRQGLWLRQV� IRU� WKH�
WZR�HQHUJLHV��F��LV�D�FORVH�XS�RI�
E��LQ�WKH��±��P�KHLJKW�UDQJH���
�

�
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7DEOH������$�VHOHFWLRQ�RI� WKH�DPRXQW�RI�PRLVWXUH�SUHVHQW�FRPSDUHG� WR�WKH�WRWDO�ELRPDVV��XQGHU��DQG�DERYH�VRLO��DV�
UHSRUWHG�LQ�WKH�OLWHUDWXUH��7KH�SXUSRVH�RI�WKLV�OLVW�LV�WR�HVWDEOLVK�D�UDQJH�RI�PRLVWXUH�VWRUHG�LQ�ELRPDVV��,W�LV�IRXQG�WKDW�
DJULFXOWXUDO�FURSV�KDYH�D�KLJKHU�SHUFHQWDJH�RI�ZDWHU�WKDQ�IRUHVWV��7KH�PRLVWXUH�FROXPQ��DV�PP�PRLVWXUH�RQ�WRS�RI�WKH�
VXUIDFH��KDV�HLWKHU�EHHQ�H[WUDFWHG�GLUHFWO\�IURP�WKH�OLWHUDWXUH�RU�FDOFXODWHG�RQ�WKH�DVVXPSWLRQ�WKDW�������
���������

��RU�
������


��RI�WKH�ZHW�PDVV�LV�PDGH�XS�RI�RWKHU�FRPSRQHQWV�WKDQ�ZDWHU���
�

� :HW�PDVV��
�NJ�P����

'U\�
PDVV��

�NJ�P����

0RLVWXUH��
�PP��

5HIHUHQFH�

6SULQJ�EDUOH\� ����� ����� �����
�$QGUHDVHQ� HW� DO���
������

:LQWHU�ZKHDW� ���� ����
� �����
�WHQ� +DUNHO� HW� DO���
������

6XJDU�EHHWV� ���� ����

� �����
�WHQ� +DUNHO� HW� DO���
������ =LFDUL� HW� DO���
������

0DL]H� ���� ����� ����� �)UDQ]��������

7RPDWRHV� 1RW�UHSRUWHG� ����
�%DOGRQFLQL� HW� DO���
������

(XURSHDQ�
FRQLIHURXV�
IRUHVW�

����� ����� �����
�$QGUHDVHQ� HW� DO���
������

(DVWHUQ�86�
IRUHVWV�

��������
���±�
���


�

����±����� �)UDQ]�HW�DO���������

:HVWHUQ�86�
IRUHVWV�

��������
���±
���


�

����±����� �)UDQ]��������

$PD]RQ�UDLQ�
IRUHVW�

�������� ��±��


� ����±����� �)UDQ]��������

�
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������%LRPDVV�FRUUHFWLRQV�
:KHQ�D�FURS�RU� IRUHVW�JURZV�� LW� FRQVLVWV�RI�D� ODUJH�DPRXQW�RI�ZDWHU��<DQJ� �������
PHDVXUHG�YDULRXV�DJULFXOWXUDO�FURSV�DQG�UHSRUWHG�GU\�PDVVHV�WR�YDU\�EHWZHHQ������
DQG� ����� RI� WKH� ZHW�PDVV�� )RUHVWV� DUH� NQRZQ� WR� KDYH� D� ORZHU� UHODWLYH� PRLVWXUH�
FRQWHQW��GU\�PDVV�YV�ZHW�PDVV���7KH�ZRRG�VWXPSV�RI�D�WUHH�KDYH�D�GU\�PDVV�UDQJLQJ�
EHWZHHQ������DQG�������/DXULOD���������DQG�OHDYHV�KDYH�D�GU\�PDVV�UDQJLQJ�EHWZHHQ�
�����DQG�������+XDQJ�HW�DO����������7DEOH�����OLVWV�ZHW�PDVVHV�IRU�YDULRXV�FURSV�DQG�
IRUHVWV�IRXQG�LQ�WKH�OLWHUDWXUH��7KH�GU\�PDVV�FROXPQ�LV�H[WUDFWHG�IURP�WKH�OLWHUDWXUH�
RU�LV�FDOFXODWHG�EDVHG�RQ�D�������
��RU�������

��HVWLPDWLRQ�RI�GU\�PDVV��7KH�DPRXQW�
RI�ZDWHU�LV�FDOFXODWHG�E\�VXEWUDFWLQJ�WKH�GU\�PDVV�IURP�WKH�ZHW�PDVV�DQG�LV�H[SUHVVHG�
DV�D�ZDWHU�OD\HU�LQ�WKH�PRLVWXUH�FROXPQ�RI�7DEOH������%DVHG�RQ�WKH�YDOXHV�LQ�7DEOH�
����� ZH� ZLOO� DVVXPH� WKDW�� IRU� DJULFXOWXUDO� DSSOLFDWLRQV�� D� PD[LPXP� RI� ��� PP�
PRLVWXUH�LV�VWRUHG�LQ�ELRPDVV��)RU�IRUHVWV��WKLV�UDQJH�FDQ�H[WHQG�WR����PP���
�
7KHRUHWLFDO�PRGHO�
7R�XQGHUVWDQG�DQG�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�ELRPDVV�LQ�WKH�JDPPD�VRLO�PRLVWXUH�
PHDVXUHPHQWV��WKH�PDJQLWXGH�RI�WKH�FKDQJH�LQ�JDPPD�IOX[�GXH�WR�ELRPDVV�VKRXOG�
EH�NQRZQ��$Q�DQDO\WLFDO�DSSURDFK��VLPLODU�WR�WKH�RQH�SUHVHQWHG�LQ�&KDSWHU����LV�XVHG�
WR�FDOFXODWH�WKLV�FKDQJH��)RU�VLPSOLFLW\��ZH�QHJOHFW�DOO�QRQ�ZDWHU�FRPSRQHQWV�RI�WKH�
ELRPDVV�DQG�UHGXFH�WKH�ELRPDVV�WR�D�OD\HU�RI�ZDWHU�RQ�WRS�RI�WKH�VXUIDFH��)LJ������
VKRZV�WKH�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKLV�PRGHO���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJ�������6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�DQDO\WLFDO�PRGHO�UHSUHVHQWHG�E\�HTXDWLRQ��������
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7KLV�PRGHO� LV� EDVHG� RQ� /DPEHUW
V� ODZ� ZLWK� WKUHH� LQGHSHQGHQW� WHUPV� �,QJOH� DQG�
&URXFK��������DFFRXQWLQJ�IRU�WKH�DWWHQXDWLRQ�LQ�WKH�VRLO��OD\HU�RI�ZDWHU��DQG�WKH�DLU��
$Q�HVWLPDWLRQ�RI�WKH�IXOO�HQHUJ\�JDPPD�UD\�LQWHQVLW\�WKDW�HQGV�XS�LQ�D�GHWHFWRU�ZKHQ�
DGGLQJ�DQ�H[WUD�OD\HU�RI�ZDWHU�RQ�WRS�RI�WKH�VRLO�FDQ�EH�FDOFXODWHG�E\�LQWHJUDWLQJ�RYHU�
WKH�YROXPH�EHORZ�WKH�GHWHFWRU�DQG�LV�UHSUHVHQWHG�E\�WKH�LQWHJUDO�VKRZQ�LQ�HTXDWLRQ�
��������
�

ܫ ൌ ߨͶߛ߳ܣ � න නන
ͳ
�ܴଶ �݁

ିఓೌ�ఘೌ�௥ೌ �݁ିఓೢ�ఘೢ�௥ೢ �݁ିఓ೒�ఘ೒�௥೒݊݅ݏ�ሺߠሻ�ܴଶ�݀߮�ܴ݀݀�ߠ
ଶగ

଴

గ
ଶ

଴

ஶ

ோ೘೔೙�
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7KH� V\PEROV� XVHG� LQ� WKLV� HTXDWLRQ� UHSUHVHQW� WKH� VDPH� SK\VLFDO� TXDQWLWLHV� DV� LQ�
HTXDWLRQ�������DQG�DUH�GHVFULEHG�LQ�VHFWLRQ��������7KH�QHZ�SDUDPHWHUV�LQWURGXFHG�LQ�
HTXDWLRQ� ������ DUH� �௪��ZKLFKݎ LV� WKH�GLVWDQFHV� WKH� JDPPD�UD\V� WUDYHO� �P�� LQ�ZDWHU�
ZKLFK� LV� GHSHQGHQW� RQߩ��ߠ�௪� LV� WKH� GHQVLW\� RI�ZDWHU� �NJ�P���� DQGߤ�௪�LV� WKH�PDVV�
DWWHQXDWLRQ�FRHIILFLHQW�RI�ZDWHU��P��NJ�����,QWHJUDWLQJ�HTXDWLRQ�������UHVXOWV�LQ��
�

௧௢௧௔௟�ሺ݄ሻܫ ൌ
ߛ߳ܣ
௚ߩ௚ߤʹ

௔ሺ݄ߩ௔ߤଶሾܧ െ�݄௪ሻ ൅ߤ�௪ߩ௪݄௪ሿ� �������
�
ZKHUHܧ�ଶ� UHSUHVHQWV� WKH�H[SRQHQWLDO� LQWHJUDO�RI�RUGHU��� �$EUDPRZLW]�DQG�6WHJXQ��
�������1RWH�WKDW�HTXDWLRQ�������LV�YHU\�VLPLODU�WR�WKH�UHGXFWLRQ�RI�IXOO�HQHUJ\�SHDNV�
SUHVHQWHG�LQ�HTXDWLRQ��������7KH�GLIIHUHQFH�LV�DQ�DGGLWLRQDO�WHUP�LQ�WKH�DUJXPHQW�RI�
WKH�H[SRQHQWLDO�LQWHJUDO��3ORWWLQJ�HTXDWLRQ�������IRU�WKH�WZR�SURPLQHQW�HQHUJLHV�WKDW�
UHVXOW�IURP�WKH�GHFD\�RI�WKH�QDWXUDOO\�RFFXUULQJ�UDGLRQXFOLGHV���.�DQG����7K�DQG�D�
OD\HU�RI�ZDWHU�XS�WR����PP��ZKLFK�LV�HTXLYDOHQW�WR����NJ�RI�+�2�SHU�P���UHVXOWV�LQ�WKH�
VROLG� OLQH� LQ� )LJ�� ���� 7KH� ILOOHG� FLUFOHV� LQ� WKH� ILJXUH� UHVXOW� IURP� D� 0RQWH�&DUOR�
VLPXODWLRQ�EDVHG�RQ�WKH�JHRPHWU\�RI�WKH�VFKHPDWLF�PRGHO�VKRZQ�LQ�)LJ�������
�
)URP�)LJ�������ZH�FRQFOXGH�WKDW�FKDQJLQJ�ELRPDVV�YROXPH�KDV�D�VLJQLILFDQW�LQIOXHQFH�
RQ� WKH� PHDVXUHG� JDPPD�UD\� LQWHQVLW\�� 7KLV� LPSOLHV� WKDW� LQ� DSSOLFDWLRQV� ZLWK�
FKDQJLQJ�ELRPDVV� WKURXJKRXW� WKH�PHDVXUHPHQW� �H�J�� FURS�JURZWK��� WKH�FKDQJH� LQ�
JDPPD�UD\�LQWHQVLW\�FDQQRW�EH�FRQVLGHUHG�WR�EH�VROHO\�GXH�WR�VRLO�PRLVWXUH�FRQWHQW�
YDULDWLRQ��%LRPDVV� LV�D�FUXFLDO�SDUDPHWHU� LQ� WKH�GHWHUPLQDWLRQ�RI�VRLO�PRLVWXUH� LQ�
DJULFXOWXUDO� DSSOLFDWLRQV� VLQFH� WKH� SXUSRVH� RI� DJULFXOWXUH� LV� WR� LQFUHDVH� ELRPDVV�
GXULQJ�WKH�VHDVRQ��,Q�IRUHVWU\�DSSOLFDWLRQV�� LW�PLJKW�EH�RI�LQIOXHQFH�RQO\�ZKHQ�WKH�
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DYHUDJH�DPRXQW�RI�ELRPDVV�FKDQJHV�WKURXJKRXW�WKH�PHDVXUHPHQW��0DWXUH�IRUHVWV�
WKDW�H[LVW�LQ�DUHDV�ZLWK�OLWWOH�VHDVRQDO�YDULDWLRQ�ZLOO�KDYH�IHZHU�FKDQJHV�LQ�ELRPDVV�
WKDQ�JURZLQJ�IRUHVWV�RU�DUHDV�ZKHUH�VLJQLILFDQW�VHDVRQDO�FDQRS\�FKDQJHV�RFFXU���

�
)LJ�������7KH�UHODWLYH�JDPPD�UD\�LQWHQVLW\�PHDVXUHG�E\�D�GHWHFWRU�DV�D�IXQFWLRQ�RI�WKH�WKLFNQHVV�RI�D�ZDWHU�OD\HU�DGGHG�
RQ�WRS�RI�WKH�VRLO�IRU�WZR�GLIIHUHQW�HQHUJLHV��7KH�OD\HU�RI�ZDWHU�UHSUHVHQWV�D�VLPSOLILHG�ELRPDVV�PRGHO�ORFDWHG�EHWZHHQ�
WKH�VRXUFH�RI�JDPPD�UD\V��VRLO��DQG�WKH�GHWHFWRU��7KH�VROLG�OLQHV�DUH�FDOFXODWHG�XVLQJ�HTXDWLRQ��������DQG�WKH�ILOOHG�FLUFOHV�
LQ�WKH�JUDSK�UHVXOW�IURP�D�0RQWH�&DUOR�VLPXODWLRQ���

�

������5DGRQ�
$Q�HVVHQWLDO�LQIOXHQFH�RQ�JHRSK\VLFDO�JDPPD�UD\�PHDVXUHPHQWV�LV�UDGRQ�����5Q���$V�
GHVFULEHG�LQ�&KDSWHU����UDGRQ�LV�D�UDGLRDFWLYH�JDV�ZLWK�D�KDOI�OLIH�RI�����GD\V�DQG�LV�
FUHDWHG�LQ�WKH�GHFD\�FKDLQ�RI����8��7KLV�FRPELQDWLRQ�RI�SURSHUWLHV�DOORZV�UDGRQ�JDV�
WR�HVFDSH�IURP�WKH�VRLO��ZKHUH�LW�LV�SURGXFHG��DQG�PLJUDWH�LQWR�WKH�DWPRVSKHUH��8QGHU�
QRUPDO� FLUFXPVWDQFHV�� WKH� FRQFHQWUDWLRQ� RI� WKLV� UDGRQ� JDV� LQ� WKH� DWPRVSKHUH� LV�
EHWZHHQ� �� DQG� ���%T�P��� �2LNDZD� HW� DO��� ������ 3RUVWHQG|UIHU�� ������ 6DUURX� DQG�
3DVKDOLGLV�� ������ 6HVDQD� HW� DO��� ������ 6PHWVHUV� DQG� %HNKXLV�� ������ 7FKRU]�
7U]HFLDNLHZLF]�DQG�.áRV��������:HQELQ�HW�DO�����������
�
,Q�&KDSWHU����WKH�G\QDPLFV�RI�UDGRQ�GXULQJ�JHRSK\VLFDO�JDPPD�UD\�PHDVXUHPHQWV�
DUH�GLVFXVVHG��2QH�RI�WKH�LPSRUWDQW�FRQFOXVLRQV�RI�WKLV�FKDSWHU�LV�WKDW�JHRSK\VLFDO�
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JDPPD�UD\�PHDVXUHPHQWV� VKRXOG� EH� GRQH� ZKHQ� WKH� UDGRQ� FRQFHQWUDWLRQ� LQ� WKH�
DWPRVSKHUH�FDQ�EH�DVVXPHG�WR�EH�KRPRJHQRXV��,Q�VHFWLRQ���������RI�&KDSWHU����LW�LV�
VWDWHG���
�
7KLV� UHVHDUFK�DVVXPHV�D�FRQVWDQW� ���5Q�FRQFHQWUDWLRQ�ZKLFK� LV� OLNHO\� WKH�FDVH� LI�
JDPPD�UD\�PHDVXUHPHQWV�WDNH�SODFH�EHWZHHQ����$0�DQG���30��QRW�ZLWKLQ�WKUHH�
KRXUV�DIWHU� UDLQIDOO� �&KDUERQQHDX�DQG�'DUQOH\�� ������1LFROHW�DQG�(UGL�.UDXV]��
�������ZKHQ�WKHUH�LV�VRPH�ZLQG��SUHIHUDEOH�FORXG\�DQG�WKH�ZHDWKHU�UHPDLQV�IDLU��
$�KRPRJHQRXV�UDGRQ�FRQFHQWUDWLRQ�GLVWULEXWLRQ�FDQ�EH�DVVXPHG�WR�H[WHQG�XS�WR�
�����P�DURXQG�WKH�PHDVXUHPHQW�LQ�ERWK�WKH�KRUL]RQWDO�DQG�YHUWLFDO�SODQH��
�
+RZHYHU��VWDWLRQDU\�JDPPD�UD\�VRLO�PRLVWXUH�PHDVXUHPHQWV�FDQQRW�DGKHUH�WR�WKLV�
JXLGHOLQH��*DPPD�VRLO�PRLVWXUH�VHQVRUV�DUH�LQWHQGHG�WR�PHDVXUH����KRXUV�D�GD\�IRU�
DQ�H[WHQGHG�SHULRG��7KHUHIRUH�� WKH�FRQFOXVLRQ� LV� WKDW�GXULQJ�VXFK�PHDVXUHPHQWV��
WKHUH�ZLOO�EH�D�IOXFWXDWLRQ�RI�WKH�DWPRVSKHULF�UDGRQ�FRQFHQWUDWLRQ��ZKLFK�LQIOXHQFHV�
WKH�PHDVXUHPHQWV��$V�ZULWWHQ�LQ�&KDSWHU����WKH����5Q�VLJQDO�FDQQRW�EH�GLVWLQJXLVKHG�
IURP�WKH����8�VSHFWUXP�ZKHQ�WKH�VHQVRU�LV� ORFDWHG�FORVH�WR�WKH�JURXQG��7KH����5Q�
GLVWULEXWLRQ�GXULQJ�UDLQ�HYHQWV�FDQQRW�EH�DVVXPHG�WR�EH�KRPRJHQRXV� WKURXJKRXW�
WKH� DWPRVSKHUH�� 7KH� LQFUHDVH� LQ� DSSDUHQW� ���5Q� FRQFHQWUDWLRQ� PHDVXUHG� E\� WKH�
VSHFWURPHWHU� LV� EHFDXVH� GHFD\� SURGXFWV� RI� WKH� ���5Q� GHFD\� FKDLQ�� ���3E� DQG� ���%L�
DWWDFKHG�WR�DWPRVSKHULF�DHURVROV�HPEHGGHG�LQ�WKH�UDLQ�GURSOHWV��DUH�GHSRVLWHG�RQ�
WKH� JURXQG� VXUIDFH�� 7KLV� VXUIDFH� VRXUFH� RI� ���5Q�ZLOO� LQGXFH� D� GLIIHUHQWO\� VKDSHG�
VSHFWUXP�LQ�WKH�VSHFWURPHWHU�DERYH�WKH�VXUIDFH�FRPSDUHG�WR�WKDW�RI�D�KRPRJHQRXV�
UDGRQ�FORXG�DURXQG�WKH�GHWHFWRU��7KHUHIRUH��LW�LV�FRQFOXGHG�WKDW�IRU�WKH�JDPPD�VRLO�
PRLVWXUH�PHDVXUHPHQWV��WKH�GHULYDWLRQ�RI�PRLVWXUH�FRQFHQWUDWLRQ�LQ�WKH�VRLO�VKRXOG�
RQO\�EH�XVLQJ�WKH�FKDQJHV�LQ�JDPPD�LQWHQVLW\�RULJLQDWLQJ�IURP���.�DQG����7K��
�
$OWKRXJK� WKH� ���8� FRQFHQWUDWLRQ� FDQQRW� EH� XVHG� IRU� VRLO�PRLVWXUH� GHWHUPLQDWLRQ��

%RWWDUGL�HW�DO����������KDYH�VKRZQ�WKDW�UDLQ�LQGXFHG�FKDQJHV�LQ�WKH�γ�UD\�IOX[�FDQ�EH�
XVHG�WR�HVWLPDWH�WKH�UDLQ�UDWH��7KLV�UDLQ�UDWH�LV�D�SDUDPHWHU�WKDW�LV�VWURQJO\�FRQQHFWHG�
WR�WKH�VRLO�PRLVWXUH�FRQFHQWUDWLRQ��
�

������)RRWSULQW�
7KH�YROXPH�RI�VRLO�FRQWDLQLQJ�WKH�UDGLRQXFOLGHV�RI�ZKLFK�WKH�JDPPD�UD\V�FRQWULEXWH�
WR� WKH� VLJQDO� LQ� WKH� JDPPD�UD\� VSHFWURPHWHU� LV� FDOOHG� WKH� IRRWSULQW�� DQG� WKLV� LV�
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SUHVHQWHG� LQ� GHWDLO� LQ� &KDSWHU� ��� 7KLV� FKDSWHU� GHVFULEHV� KRZ� WKH� H[WHQW� RI� WKH�
IRRWSULQW�LV�GHSHQGHQW�RQ�WKH�PHDVXUHPHQW�KHLJKW��7KHUHIRUH��WKLV�IRRWSULQW�GHILQHV�
WKH�YROXPH� LQ�ZKLFK�PRLVWXUH�FKDQJHV�DUH� UHIOHFWHG� LQ� WKH�JDPPD�UD\� IOX[�DW� WKH�
ORFDWLRQ�RI�WKH�GHWHFWRU��&RQVHTXHQWO\��WKLV�IOX[�FDQ�EH�XVHG�DV�D�SUR[\�IRU�WKH�DYHUDJH�
PRLVWXUH� FRQWHQW� LQ� WKH� IRRWSULQW�� )LJ������ VKRZV� WKLV� IRRWSULQW� DV� D� IXQFWLRQ� RI�
KHLJKW��7KLV�ILJXUH� LQGLFDWHV�WKDW� LQ�WKH�KHLJKW�UDQJH�RI���WR����P��WKH�LQFUHDVH� LQ�
IRRWSULQW�ZLWK�GHWHFWRU�KHLJKW� LV�VXIILFLHQWO\�VWHHS� WR�XVH� WKH�KHLJKW� WR�FRQWURO� WKH�
YROXPH�IRU�ZKLFK�WKH�JDPPD�UD\�IOX[��DQG�WKXV�WKH�VRLO�PRLVWXUH��LV�PHDVXUHG��
�
$V�GHVFULEHG�LQ�&KDSWHU����WKH�FRQWULEXWLRQ�RI�JDPPD�UD\V�DV�D�IXQFWLRQ�RI�GLVWDQFH�
GRHV�QRW�KDYH�D�GLVFUHWH�ERXQGDU\��WKH�IDUWKHU�DZD\�WKH�JDPPD�UD\V�RULJLQDWH��WKH�
VPDOOHU�WKH�FRQWULEXWLRQ��+RZHYHU��IRU�SUDFWLFDO�SXUSRVHV�LQ�WKH�IROORZLQJ�VHFWLRQV��
WKH� IRRWSULQW� LV� GHILQHG� DV� WKH� FLUFXODU� DUHD� IURP�ZKLFK� ����� RI� WKH� JDPPD� UD\V�
UHDFKLQJ�WKH�GHWHFWRU�RULJLQDWH��)RU�DJULFXOWXUDO�SXUSRVHV��WKH�JDPPD�VRLO�PRLVWXUH�
GHWHFWRU�LV�H[SHFWHG�WR�RSHUDWH�LQ�WKH����±��P�KHLJKW�UHJLRQ�DQG�WKHUHE\�FRYHUV�DQ�
DUHD�RI������WR�����KD��DV�VKRZQ�LQ�$SSHQGL[�(��
�

������0RLVWXUH�LQ�WKH�VRLO�
7KH�SXUSRVH�RI�WKH�JDPPD�VRLO�PRLVWXUH�PHDVXUHPHQWV�LV�WR�TXDQWLI\�WKH�DPRXQW�RI�
PRLVWXUH�SUHVHQW�ZLWKLQ�WKH�IRRWSULQW�RI�WKH�VSHFWURPHWHU��,Q�VXFK�PHDVXUHPHQWV��
WKH�FKDQJH�LQ�WKH�JDPPD�UD\�IOX[�RYHU�WLPH�UHIOHFWV�WKH�VRLO�PRLVWXUH�YDULDWLRQ�RYHU�
WLPH��7KH�DQDO\WLFDO�PRGHO�GHVFULEHG�E\�HTXDWLRQ�������LV�XVHG�WR�HVWLPDWH�WKH�HIIHFW�
RI�PRLVWXUH�RQ�WKH�JDPPD�UD\�IOX[��)RU�WKH�HVWLPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ��WKH�
GHWHFWRU� KHLJKW� DQG� DWPRVSKHULF� FRQGLWLRQV� DUH� DVVXPHG� WR� EH� FRQVWDQW�� DQG� WKH�
PRLVWXUH� LV� DVVXPHG� WR� EH� GLVWULEXWHG� KRPRJHQHRXVO\� WKURXJKRXW� WKH� VRLO�� )URP�
WKHVH� DVVXPSWLRQV�� LW� IROORZV� WKDW� WKH� PHDVXUHG� LQWHQVLW\� RI� JDPPD�UD\� IOX[� LV�
HQWLUHO\�JRYHUQHG�E\�WKH�FRQVWDQW�SUHIL[�RI�HTXDWLRQ��������$�FKDQJH�LQ�VRLO�PRLVWXUH�
LV�UHIOHFWHG�LQ�WKH�GHQVLW\��ߩ��DQG�WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQW����7�ߤKH�LQWHQVLW\�
FKDQJHV� DV� D� IXQFWLRQ�RI� VRLO�PRLVWXUH� DUH� WKHQ�GHSHQGHQW�RQ� WKH� FKDQJHV� LQ� WKH�
GHQVLW\�DQG�PDVV�DWWHQXDWLRQ�FRHIILFLHQW�GXH�WR�FKDQJHV�LQ�WKH�VRLO�PRLVWXUH�FRQWHQW���
�
7KH�LQFUHDVH�RI�PRLVWXUH�LQ�WKH�VRLO�UHVXOWV�LQ�DQ�LQFUHDVH�LQ�WKH�ILHOG�EXON�GHQVLW\��ߩ���
DQG�WKH�DGGLWLRQ�RI�ZDWHU�LQFUHDVHV�WKH�PDVV�DWWHQXDWLRQ�FRHIILFLHQW��ߤ��DV�GHVFULEHG�
E\� HTXDWLRQ� ������ EHFDXVH� ுమைߤ ൐ ��௔௜௥ߤ� 7R� HVWLPDWH� WKH� UHGXFWLRQ� LQ� JDPPD�UD\�
LQWHQVLW\�DV�D�IXQFWLRQ�RI�VRLO�PRLVWXUH��HTXDWLRQ�������LV�XVHG��DQG�WKH�LQWHQVLW\�LV�
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FDOFXODWHG�IRU�WZR�HQHUJLHV�������DQG������0H9��DQG�WKUHH�GU\�EXON�GHQVLWLHV�����������
DQG�����J�FP����IRU�WKH�HQWLUH�PRLVWXUH�UDQJH�RI��±������SRUH�VSDFH�ILOOLQJ��ZKLFK�
UHVXOW� LQ�D�PRLVWXUH�FRQWHQW��YDOXH�H[SUHVVHG� LQ�FP��+�2�FP����)LJ������VKRZV�WKH�
UHODWLYH�JDPPD�UD\�IOX[�DV�D�IXQFWLRQ�RI�YROXPHWULF�VRLO�PRLVWXUH�FRQWHQW���
�
)URP�WKLV�ILJXUH��WKH�IROORZLQJ�REVHUYDWLRQV�DUH�PDGH��
�
���7KHUH�LV�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�JDPPD�UD\�IOX[�DV�D�IXQFWLRQ�RI�VRLO�PRLVWXUH�
FRQWHQW��)RU�WKH�GHQVLWLHVߩ�� ����������DQG�����J�FP����WKH�UHODWLYH�LQWHQVLW\�GURSV�WR�
������ ����� DQG� ������ UHVSHFWLYHO\�� ZKHQ� DOO� WKH� SRUHV� DUH� ILOOHG� ZLWK� ZDWHU� DV�
FRPSDUHG�WR�FRPSOHWHO\�GU\�VRLO��
�
��� 7KH� OLQHV� IRU� HTXDO� GHQVLW\� EXW� GLIIHUHQW� HQHUJ\� DUH� DSSUR[LPDWHO\� HTXDO�
�GLIIHUHQFHV������������7KLV�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�RQO\�WKH�GU\�EXON�GHQVLW\�RI�
WKH�GU\�VRLO�JRYHUQV�WKH�UHODWLYH�UHGXFWLRQ�LQ�LQWHQVLW\��7KLV�DEVHQFH�RI�DQ�HQHUJ\�
GHSHQGHQW� UHODWLYH� GLIIHUHQFH� LV� EHFDXVH� WKH� UDWLR� �ௌ௜ைమLVߤ�ுమைȀߤ DSSUR[LPDWHO\�
FRQVWDQW��IRU�WKH�ZKROH�HQHUJ\�UDQJH�����±���0H9��DQG�WKH�ILJXUH�VKRZV�WKH�UHODWLYH�
LQWHQVLW\�FKDQJHV���
�
���7KH�GU\�EXON�GHQVLW\�RI�WKH�VRLO�GHWHUPLQHV�WKH�SRUH�VSDFH�YROXPH�DQG��WKHUHIRUH��
WKH� PD[LPXP� YROXPHWULF� PRLVWXUH� FRQWHQW�� ZKLFK� GHWHUPLQHV� WKH� VORSH� DQG�
HQGSRLQW� RI� WKH� FXUYH�� &RQVHTXHQWO\�� YDULDWLRQ� LQ� LQWHQVLW\� GXH� WR� YROXPHWULF�
PRLVWXUH�FRQWHQW�PD\�DOVR�EH�XVHG�WR�GHWHUPLQH�WKH�GU\�EXON�GHQVLW\�E\�ILWWLQJ�WKH�
GDWD�WR�WKH�VORSH�RI�WKH�FXUYH�LQ�WKH�ILJXUH��
�
&RQFOXVLRQ�
$�UHGXFWLRQ�LQ�WKH�JDPPD�UD\�IOX[�ZLWK�D�PDJQLWXGH�XS�WR������DQG������IRU�VRLOV�
ZLWK�D�GU\�EXON�GHQVLW\�RI�����DQG�����J�FP���FDQ�EH�H[SHFWHG�LQ�WKH�UDQJH�EHWZHHQ�GU\�
DQG�ZDWHU�VDWXUDWHG� VRLO�� )LJ�� ���� VKRZV� WKDW� WKH� VORSHV� RI� WKH� FXUYHV� VKRZQ� DUH�
VWURQJO\�GHSHQGHQW�RQ� WKH�GU\�EXON�GHQVLW\�RI� WKH� VRLO��7KHUHIRUH�� WKLV� VXEVHFWLRQ�
FRQFOXGHV�WKDW�LQ�HVWLPDWLQJ�WKH�DEVROXWH�VRLO�PRLVWXUH�OHYHOV��WKH�GU\�EXON�GHQVLW\�
VKRXOG�EH�NQRZQ�RU�PHDVXUHG��$OWHUQDWLYHO\��GHULYDWLRQ�RI�WKH�VRLO�GHQVLW\�IURP�ORQJ�
WHUP�PHDVXUHPHQWV�WKDW�LQFOXGH�ZHW�DQG�GU\�SHULRGV�LV�SRVVLEOH��7KH�ODWWHU�PHWKRG�

�
��7KLV�PRLVWXUH�FRQWHQW�LV�D�IUDFWLRQ��KRZHYHU�WKH�XQLW�FP��FP����FRPPRQO\�XVHG�LQ�OLWHUDWXUH��LV�XVHG�LQ�WKLV�FKDSWHU��
��7KH�GLIIHUHQFH�FRPSDUHG�WR�WKH�DYHUDJH�UDWLR�LQ�WKLV�HQHUJ\�UDQJH�LV���������
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RQO\�ZRUNV�LI�WKH�GDWDVHW�XVHG�WR�GHULYH�WKH�VORSH�FRQWDLQV�WKH�ZKROH�UDQJH�RI�VRLO�
PRLVWXUH�VDWXUDWLRQ�VKRZQ�LQ�)LJ��������
�
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)LJ�������D��5HODWLYH�JDPPD�UD\�IOX[�DFFRUGLQJ�WR�HTXDWLRQ��������DV�D�IXQFWLRQ�RI�YROXPHWULF�PRLVWXUH�FRQWHQW�LQ�WKH�VRLO�
IRU�WZR�HQHUJLHV�DQG�WKUHH�GHQVLWLHV��7KH�UHODWLYH�LQWHQVLWLHV�IRU�HTXDO�GHQVLWLHV�DQG�GLIIHUHQW�HQHUJLHV�DOPRVW�FRLQFLGH�
DQG�DSSHDU�DV�D�VLQJOH�OLQH��DQG�WKH�VPDOO�GLIIHUHQFH�LV�VKRZQ�LQ�E���
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������&RQFOXVLRQV�RQ�JDPPD�6RLO�0RLVWXUH�PHDVXUHPHQWV�WKHRU\�
$�JDPPD�UD\�VSHFWURPHWHU�SODFHG�LQ�D�ILHOG�DW�D�VWDWLRQDU\�SRVLWLRQ�ZLOO�PHDVXUH�D�
JDPPD�UD\�IOX[�GXH�WR�WKH�GHFD\�RI���.�����8�DQG����7K��$�FKDQJH�LQ�WKH�DPRXQW�RI�
PRLVWXUH� LQ� WKH� VRLO� LV� UHIOHFWHG� LQ� WKH� JDPPD�UD\� IOX[�� ,Q� DGGLWLRQ� WR� WKH� VRLO�
PRLVWXUH�� IOX[� FKDQJHV� FDQ� EH� FDXVHG� E\� FKDQJLQJ� H[WHUQDO� HQYLURQPHQWDO� RU�
DWPRVSKHULF�FRQGLWLRQV��7KH�SUHFHGLQJ�VHFWLRQV�KDYH�GLVFXVVHG�DQG�HVWLPDWHG�WKH�
PRVW� LPSRUWDQW� VRXUFHV� LQIOXHQFLQJ� WKH� JDPPD�UD\� IOX[� LQ� VWDWLRQDU\�
PHDVXUHPHQWV��6RPH�H[WHUQDO�VRXUFHV�KDYH�DQ�LQIOXHQFH�ZLWK�D�VLPLODU�PDJQLWXGH�
DV�WKH�IOX[�YDULDWLRQ�GXH�WR�VRLO�PRLVWXUH��2WKHU�H[WHUQDO�VRXUFHV�FDQ�EH�QHJOHFWHG��
7KLV� ILQDOL]LQJ� VXEVHFWLRQ� OLVWV� WKH�FRQFOXVLRQV� IURP� WKHVH�SUHFHGLQJ�VHFWLRQV�DQG�
GHVFULEHV� WKH� UHOHYDQW� H[WHUQDO� LQIOXHQFHV� RQ� WKH� JDPPD�UD\� IOX[� LQ� JDPPD� VRLO�
PRLVWXUH�PHDVXUHPHQWV���
�
%DVHG�RQ�WKH�SUHFHGLQJ�VHFWLRQV��WKH�IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ���
6RLO�FRPSRVLWLRQ��7KH�PLQHUDORJLFDO�VRLO�FRPSRVLWLRQ�KDV�QHJOLJLEOH�LQIOXHQFH�RQ�
WKH�YDOXH�RI�PDVV�DWWHQXDWLRQ�FRHIILFLHQWV��VHFWLRQ��������LQ�WKH�UHOHYDQW�HQHUJ\�UDQJH�
RI�WKH�JDPPD�UD\V��+RZHYHU��WKH�VRLO�GU\�EXON�GHQVLW\�LV�HVVHQWLDO�IRU�VRLO�PRLVWXUH�
GHWHUPLQDWLRQ�VLQFH�WKLV�PHWULF�GHWHUPLQHV�WKH�PDJQLWXGH�RI�WKH�UHODWLYH�LQWHQVLW\�
GHFUHDVH�DV�D�IXQFWLRQ�RI�PRLVWXUH��VHFWLRQ����������
�
$WPRVSKHUH�� $WPRVSKHULF� FRQGLWLRQV�PD\� EH� RI� LPSRUWDQFH�� GHSHQGLQJ� RQ� WKH�
PHDVXUHPHQW�KHLJKW��,W�LV�DOZD\V�SRVVLEOH�WR�QHJOHFW�WKH�DPRXQW�RI�ZDWHU�YDSRXU�LQ�
WKH�DWPRVSKHUH��7KH�SUHVVXUH�DQG�WHPSHUDWXUH�QHHG�WR�EH�DFFRXQWHG�IRU�DQG�EHFRPH�
LQFUHDVLQJO\�LPSRUWDQW�DW�ODUJHU�PHDVXUHPHQW�KHLJKWV��7KH�PD[LPXP�HIIHFW�LV�LQ�WKH�
RUGHU�RI�a�����DW�����P�DQG�a�����DW���P�DQG�FDQ�EHFRPH�VLPLODU�LQ�PDJQLWXGH�DV�WKH�
VRLO�PRLVWXUH�IOX[�FKDQJHV�ZKHQ�H[FHSWLRQDO�DWPRVSKHULF�FRQGLWLRQV�RFFXU�ZKHQ�WKH�
GHWHFWRU� LV�SODFHG�DW�DQ�DOWLWXGH�RI����P��VHFWLRQ���������%HFDXVH�WKH�FRUUHFWLRQ� LV�
VWUDLJKWIRUZDUG��DQG�WKH�LQSXW�SDUDPHWHUV��SUHVVXUH�DQG�WHPSHUDWXUH��DUH�HDV\�WR�
PHDVXUH��LW�LV�DGYLVHG�DOZD\V�WR�DSSO\�WKLV�FRUUHFWLRQ���
�
%LRPDVV�� %LRPDVV� FRUUHFWLRQV� DUH� QHHGHG�ZKHQ� WKH� ELRPDVV� DURXQG� WKH� VHQVRU�
FKDQJHV�WKURXJKRXW�WKH�PHDVXUHPHQW��VHFWLRQ���������7KLV�LV�WKH�FDVH�IRU�PRLVWXUH�
PRQLWRULQJ� LQ� DJULFXOWXUDO� DSSOLFDWLRQV�� EXW� DOVR� ZKHQ� VHDVRQDO� FKDQJHV� FDXVH�
FKDQJHV�WR�WKH�IRUHVW�FDQRS\���
�
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5DGRQ�� 5DGRQ�ZLOO� LQIOXHQFH� WKH� VKDSH� DQG� LQWHQVLW\� RI� WKH� UHFRUGHG� VSHFWUXP��
UHIOHFWHG� LQ� WKH� DSSDUHQW� ���8� FRQFHQWUDWLRQ� �VHFWLRQ� �������� 7KHUHIRUH�� LW� LV�
FRQFOXGHG�WKDW����8�VKRXOG�QRW�EH�XVHG�WR�GHWHUPLQH�WKH�DPRXQW�RI�PRLVWXUH�LQ�WKH�
VRLO��,QVWHDG��RQO\�WKH�IOX[�DV�D�UHVXOW�IURP���.�DQG����7K�VKRXOG�EH�XVHG��%HFDXVH�
���8�VKRXOG�EH�RPLWWHG��)XOO�6SHFWUXP�$QDO\VLV��)6$��LV�WKH�SUHIHUUHG�UDGLRQXFOLGH�
DQDO\VLV� PHWKRG�� 7KH� ZLQGRZ� DQDO\VLV� PHWKRG� �1LFROHW� DQG� (UGL�.UDXV]�� ������
FRPPRQO\� XVHG� WR� GHULYH� UDGLRQXFOLGH� FRQFHQWUDWLRQV� ZLOO� UHVXOW� LQ� D� ODUJHU�
XQFHUWDLQW\�DVVRFLDWHG�WR���.�GXH�WR�WKH�VWDFNLQJ�RI�XQFHUWDLQWLHV��V\VWHPDWLF�HUURU��
DQG� WKH� GHFUHDVHG� QXPEHU� RI� FRXQWV� XVHG� LQ� WKH� DQDO\VLV� �VWDWLVWLFDO� HUURU���
3RWHQWLDOO\�WKH�IOX[�FKDQJHV�GXH�WR����5Q�GHFD\�SURGXFWV�GHSRVLWHG�E\�UDLQ�IDOO�ZKLFK�
FDQ� EH� XVHG� WR� HVWLPDWH� WKH� GXUDWLRQ� DQG� LQWHQVLW\� RI� SUHFLSLWDWLRQ� HYHQWV� RU�
GLVWLQJXLVK�EHWZHHQ�SUHFLSLWDWLRQ�DQG�LUULJDWLRQ��%RWWDUGL�HW�DO�����������
�
6HQVRU� KHLJKW�� 7KH� KHLJKW� RI� WKH� VSHFWURPHWHU� GHWHUPLQHV� WKH� IRRWSULQW� RI� WKH�
JDPPD�UD\�VLJQDO��VHFWLRQ���������7KLV�VHQVRU�KHLJKW�FDQ�EH�XVHG�DV�D�IHDWXUH�WR�VHOHFW�
WKH�IRRWSULQW�VL]H�DQG��WKHUHIRUH��WKH�VRLO�YROXPH�RYHU�ZKLFK�WKH�DYHUDJH�PRLVWXUH�
FRQFHQWUDWLRQ� LV� PHDVXUHG�� $W� WKH� VDPH� WLPH�� WKLV� LV� DOVR� D� OLPLWDWLRQ�� RQO\� WKH�
DYHUDJH�PRLVWXUH�FRQWHQW�ZLWKLQ�WKH�IRRWSULQW�FDQ�EH�GHWHUPLQHG��%HFDXVH�RI�WKLV��
WKH� GHQVLW\� DQG� SRUH� VSDFH� RI� WKH� VRLO� LQ� WKH� IRRWSULQW� VKRXOG� EH� UHODWLYHO\�
KRPRJHQRXV��
�
6RLO�PRLVWXUH��&RQVLGHULQJ�WKH�DIRUHPHQWLRQHG�FRQFOXVLRQV��LW�LV�SRVVLEOH�WR�PHDVXUH�
D�VRLO�PRLVWXUH�YDULDWLRQ�EHQHDWK�WKH�GHWHFWRU��VHFWLRQ���������7KH�FRPELQDWLRQ�RI�
HTXDWLRQV��������������DQG�������OHDGV�WR�D�FRPSRXQG�H[SUHVVLRQ�WKDW�GHVFULEHV�WKH�
WKHRUHWLFDO�IOX[�FKDQJH�GXH�WR�VRLO�PRLVWXUH�WKDW�LQFOXGHV�WKH�DWPRVSKHULF�FRQGLWLRQV�
�SUHVVXUH� DQG� WHPSHUDWXUH�� DQG� WKH� SUHVHQFH� RI� ELRPDVV�� 7KH� LGHDO� JDV� ODZ� RI�
HTXDWLRQ�������UHSODFHV�WKH�DLU�GHQVLW\��ߩ௔��LQ�WKLV�H[SUHVVLRQ���
�
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����([SHULPHQWDO�WHVW�
7KLV� VHFWLRQ� SUHVHQWV� DQ� H[SHULPHQW� WR� H[SORUH� WKH� DSSOLFDWLRQ� RI� WKH� PRGHO�
GHYHORSHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ�WKDW�GHVFULEHV�WKH�HIIHFW�RI�VRLO�PRLVWXUH�RQ�WKH�
JDPPD�UD\�IOX[�IURP�WKH�VRLO���
�

������7KH�JDPPD�6RLO�0RLVWXUH�6HQVRU��J606��
7KH�J606��5DGLRPHWULFV��������LV�XVHG�IRU�WKLV�H[SHULPHQW��7KLV�VHQVRU�FRQWDLQV�D�
�[��� �����PO�� &V,� FU\VWDO� LQWHQGHG� WR� EH� XVHG� IRU� ORQJ� WHUP� VWDWLRQDU\� RXWGRRU�
PHDVXUHPHQWV�� 7KH� VHQVRU� FRQWDLQV� D� PXOWL�FKDQQHO� DQDO\VHU� WKDW� UHFRUGV� ����
FKDQQHO�VSHFWUD��&RXQWV�FROOHFWHG�LQ�D�WLPH�LQWHUYDO�RI����VHFRQGV�DUH�PHUJHG�LQWR�D�
VLQJOH�VSHFWUXP��DQG�D�UHDGLQJ�RI�WKH�SUHVVXUH��WHPSHUDWXUH�DQG�KXPLGLW\�DUH�DGGHG��
7KH� UHVXOWLQJ� GDWD� LV� VDYHG� WR� WKH� LQWHUQDO� VWRUDJH� RI� WKH� VSHFWURPHWHU�� 7KH�
VSHFWURPHWHU�LV�SRZHUHG�E\�D�EDWWHU\�WKDW�FRQWLQXRXVO\�UHFKDUJHV�XVLQJ�D�VRODU�SDQHO��
7KH�VHWXS�LV�VKRZQ�LQ�)LJ��������
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJ�������/HIW�� VFKHPDWLF�GUDZLQJ� DQG�SLFWXUH�RI� WKH�J606�VHQVRU� VHWXS� LQ� WKH� ILHOG��7KH�EODFN� WXEH�ZLWK�EOXH� FDSV�
PRXQWHG�RQ�D�SROH�UHSUHVHQWV�WKH�JDPPD�UD\�VHQVRU��7KH�ER[�RQ�WKH�JURXQG�LV�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�EDWWHU\�
FRQWLQXRXVO\�UHFKDUJHG�E\�WKH�VRODU�SDQHO�� ,Q�SUDFWLFH�� WKLV�EDWWHU\�FRQWDLQHU� LV�VPDOO�FRPSDUHG�WR�WKH�PHDVXUHPHQW�
IRRWSULQW�VR�WKDW�LW�GRHV�QRW�EORFN�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�JDPPD�UD\V�HPLWWHG�IURP�WKH�VRLO��7KH�EOXH�ZLJJOHV�LQ�WKH�
VFKHPDWLF�GUDZLQJ�UHSUHVHQW�WKH�JDPPD�UDGLDWLRQ�IURP�WKH�VRLO��PHDVXUHG�E\�WKH�VHQVRU��5LJKW��D�SLFWXUH�RI�WKH�VHWXS�LQ�
DQ�DJULFXOWXUDO�ILHOG�WKDW�LV�XVHG�WR�JURZ�SRWDWRHV���
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7KLV� H[SHULPHQW� DLPV� WR� GHULYH� WKH� DPRXQW� RI�PRLVWXUH� LQ� WKH� VRLO� E\� XVLQJ� WKH�
FKDQJHV�LQ�JDPPD�UD\�IOX[�IURP�GHULYHG���.�DQG����7K�FRQFHQWUDWLRQV��7R�HQDEOH�WKH�
GHULYDWLRQ�RI�VRLO�PRLVWXUH�IURP�VSHFWUDO�JDPPD�UD\�GDWD��WKH�UHFRUGHG�JDPPD�UD\�
VSHFWUD�KDYH�WR�FRQWDLQ�D�VXIILFLHQW�QXPEHU�RI�UHFRUGHG�HYHQWV��FRXQWV��WR�VHSDUDWH�
WKH���.�VLJQDO�IURP����8�DQG����7K�ZLWK�DQ�XQFHUWDLQW\�WKDW�LV�ORZHU�WKDQ�WKH�FKDQJHV�
LQ�FRQFHQWUDWLRQ�GXH�WR�VRLO�PRLVWXUH�YDULDWLRQV��7KH�VHQVRU�LV�FDOLEUDWHG�LQ�D�ZHOO�
GHILQHG�FDOLEUDWLRQ�VHWXS��9DQ�GHU�*UDDI�HW�DO���������WR�REWDLQ�VWDQGDUG�VSHFWUD�VR�
WKDW�UDGLRQXFOLGHV�H[WUDFWLRQ�LV�SRVVLEOH��7KH�VSHFWURPHWHU
V�UHVSRQVH�WR���%T�NJ���RI�
VRXUFH�PDWHULDO� LV� D� VWDQGDUG� VSHFWUXP�� 7KLV� FDOLEUDWLRQ� DOORZV� WKH� H[WUDFWLRQ� RI�
UDGLRQXFOLGH� DFWLYLW\� FRQFHQWUDWLRQV� E\� XVLQJ� )XOO� 6SHFWUXP� $QDO\VLV� �)6$��
�+HQGULNV�HW�DO����������%\�XVLQJ�WKH�0RQWH�&DUOR�SURFHGXUH�GHVFULEHG�LQ�9DQ�GHU�
*UDDI�HW�DO����������LW�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�LQIOXHQFH�RI�VRLO�PRLVWXUH�RQ�WKH�
VKDSH�RI�WKH�VSHFWUD�LV�QHJOLJLEOH��7\SLFDO�UDGLRQXFOLGH�FRQFHQWUDWLRQV�LQ�DJULFXOWXUH�
ILHOGV�DUH�����%T�NJ���RI���.�����%T�NJ���RI����8��DQG����%T�NJ���RI����7K��%DED�HW�DO���
������.LOOHHQ�HW�DO���������YDQ�GHU�9HHNH�HW�DO��� ����E���8VLQJ� WKH�FDOLEUDWLRQ��ZH�
HVWLPDWH�WKDW�WKHVH�FRQFHQWUDWLRQV�UHVXOW�LQ�FRXQW�UDWHV�RI���������DQG�����FSV�IRU���.��
���8�DQG����7K��UHVSHFWLYHO\��7KH�FRQFHQWUDWLRQV
�XQFHUWDLQWLHV�DUH�FDOFXODWHG�XVLQJ�
3RLVVRQ�FRXQWLQJ�VWDWLVWLFV�DQG�HVWLPDWHG�WR�EH�VPDOOHU�WKDQ�����IRU�DOO�UDGLRQXFOLGHV��
SURYLGHG�WKDW�PXOWLSOH�FRQVHFXWLYH�UHDGLQJV�DUH�FRPELQHG�WR�D�VXPPHG�DFTXLVLWLRQ�
WLPH�ODUJHU�WKDQ����PLQXWHV��7KLV�XQFHUWDLQW\�LV�DQ�RUGHU�RI�PDJQLWXGH�VPDOOHU�WKDQ�
WKH�H[SHFWHG�YDULDWLRQ�LQ�UHODWLYH�LQWHQVLW\��DV�VKRZQ�LQ�)LJ�������DQG�WKHUHIRUH��WKH�
PHDVXUHG�UDGLRQXFOLGH�FRQFHQWUDWLRQV�FDQ�EH�XVHG�WR�PRQLWRU�WKH�VRLO�PRLVWXUH���
�

������0RLVWXUH�DQG�UDLQ�VHQVRU�
7KH�'DFRP�7HUUD6HQ�SUR��'DFRP���������)LJ�������LV�D�SRLQW�VHQVRU�XVHG�WR�PHDVXUH�
WKH�DPRXQW�RI�PRLVWXUH�LQ�WKH�VRLO��7KH�7HUUD6HQ�LV�DQ�)'5�VHQVRU�WKDW�PHDVXUHV�WKH�
GLHOHFWULF�SHUPLWWLYLW\�LQ�WKH�VRLO�DW�D�GHSWK�LQWHUYDOV�RI����FP�WR�D�PD[LPXP�RI����
FP�DQG�FRQYHUWV�WKLV�WR�VRLO�PRLVWXUH�FRQWHQW��7KH�VHQVRU�UHFRUGV�WKH�VRLO�PRLVWXUH�
FRQWHQW� DW� HDFK� GHSWK� LQ�PP�+�2� SHU� ��� FP� DW� DQ� LQWHUYDO� RI� �� KRXU� DQG� KDV� D�
ODERUDWRU\� WHVWHG� XQFHUWDLQW\� RI� �� �� �� �&�� 5LM]HERO� �&URS;��� SHUVRQDO�
FRPPXQLFDWLRQ��0DUFK� ��� ������� ,W� GHWHUPLQHV� WKH� VRLO�PRLVWXUH� LQ� D� YROXPH� RI�
DSSUR[��������P��DW�HDFK�PHDVXUHPHQW�GHSWK��$�UDLQ�JDXJH�ZLWK�DQ�DSHUWXUH�RI�����
PP��DQG�D�UHVROXWLRQ�RI�����PP�LV�XVHG�WR�PHDVXUH�WKH�SUHFLSLWDWLRQ�LQ�PP�SHU�KRXU��
7KH�VHQVRU�LV�SRZHUHG�E\�DQ�LQWHUQDO�EDWWHU\�FKDUJHG�E\�D�VPDOO�VRODU�SDQHO�DWWDFKHG�
WR�WKH�VHQVRU��7KLV�VHQVRU�LV�ZLGHO\�XVHG�LQ�DJULFXOWXUDO�DSSOLFDWLRQV�E\�&URS;�DQG�
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XVHG�WR�VWHHU�WKH�LUULJDWLRQ�VFKHGXOHV�WKURXJKRXW�WKH�JURZLQJ�VHDVRQ��&URS;���������
$� VWXG\� E\� WKH� 8QLYHUVLW\� RI�:DJHQLQJHQ� KDV� IRXQG� WKDW� WKLV� VHQVRU� KDV� D� KLJK�
PHDVXUHPHQW�DFFXUDF\�DQG�JLYHV�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�ORFDO�PRLVWXUH�OHYHOV�
LQ�WKH�WRS����FP��.RRO�HW�DO�����������
�

�
�
�
�
�
�
�
�
�
�
)LJ�������'DFRP�7HUUD6HQ�SUR�VHQVRU��7KH�SUREH�RQ�WKH�ERWWRP�RI�WKH�
SLFWXUH� LV� LQVHUWHG� LQWR�WKH� VRLO�DQG�FRQWDLQV�WKH�PRLVWXUH�VHQVRUV�DW�
ILYH�GHSWKV��7KH�\HOORZ�FXS�RQ�WKH�WRS�ULJKW�RI�WKH�VWLFN�LV�WKH�UDLQ�JDXJH��
DQG� WKH� VRODU� SDQHO� RQ� WKH� WRS� ULJKW� LV� XVHG� WR� FKDUJH� WKH� VHQVRUV¶�
LQWHUQDO�EDWWHU\���

�

������7HVW�VLWH�
7KH�J606�DQG�7HUUD6HQ�SUR�VHQVRUV�ZHUH�SODFHG�LQ�DQ�DJULFXOWXUDO�ILHOG��QHDU�WKH�
YLOODJH� RI� 2QVWZHGGH�� LQ� WKH� QRUWK�HDVWHUQ� SDUW� RI� WKH� 1HWKHUODQGV� �FRRUGLQDWHV��
����������1����������(���7KLV�ILHOG�FRQVLVWV�RI�SRG]RO�VRLOV�FRPSRVHG�RI�ILQH�ORDP\�
VDQGV�WKDW�DUH�KLJK�LQ�RUJDQLF�FRQWHQW��DQG�WKH�VRLO�KDV�DQ�HVWLPDWHG�GU\�EXON�GHQVLW\�
RI�����J�FP����VRXUFH��'XWFK�.H\�5HJLVWHU�RI�WKH�6XEVXUIDFH��%52����7KH�J606�VHQVRU�
FROOHFWHG�GDWD�EHWZHHQ�WKH���WK�RI�0D\������DQG�WKH���WK�RI�1RYHPEHU������DW�WKH�
KHLJKW�RI���P��7KLV�KHLJKW�\LHOGV�D�FLUFXODU�PHDVXUHPHQW�IRRWSULQW�ZLWK�D�UDGLXV�RI����
P�IRU�WKH������IRRWSULQW��WUDQVODWLQJ�WR�D�VRLO�YROXPH�RI����P���$SSHQGL[�(���2Q�WKH�
��WK�RI�0D\��WKH�7HUUD6HQ�VHQVRU�ZDV�SODFHG�WZR�PHWHUV�WR�WKH�QRUWK�ZHVW�IURP�WKH�
J606��'XULQJ�WKH�PHDVXUHPHQW�FDPSDLJQ��WKH�ILHOG�ZDV�XVHG�WR�JURZ�VXJDU�EHHWV��
VRZQ� RQ� WKH� ��WK� RI� $SULO� ����� DQG� KDUYHVWHG� RQ� WKH� ��WK� RI� 1RYHPEHU� ������
7KURXJKRXW� WKLV� JURZLQJ� VHDVRQ�� WKH� ILHOG�ZDV� QRW� LUULJDWHG�� )LJ�� ����� VKRZV� WZR�
SLFWXUHV�PDGH�GXULQJ�WKH�PHDVXUHPHQW�FDPSDLJQ���
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D�� E��
)LJ��������3LFWXUHV�RI�WKH�WHVW�VLWH�RI�WKH�JDPPD�IOX[�PHDVXUHPHQWV�RQ�WZR�GDWHV�GXULQJ�WKH�PHDVXUHPHQW�FDPSDLJQ��D��
RQ�WKH���WK�RI�0D\��ULJKW�DIWHU�WKH�SODFHPHQW�RI�WKH�7HUUD6HQ�VHQVRU��1R�VXJDU�EHHW�JURZWK�DERYH�WKH�VRLO�LV�YLVLEOH��E��RQ�

WKH���WK�RI�6HSWHPEHU��DERYH�VRLO�EHHW�FURSV�DUH�YLVLEOH��
�

������6SHFWUDO�GDWD�SURFHVVLQJ�
,Q�SRVW�SURFHVVLQJ�����FRQVHFXWLYH�RQH�PLQXWH�VSHFWUD�FROOHFWHG�E\�WKH�0&$�LQ�WKH�
J606�VHQVRU�DUH�PDSSHG�WR�DQ�HQHUJ\�VFDOH�E\�XVLQJ�WKH�VWDQGDUG�VSHFWUD��DQG�WKHQ�
VXPPHG��7KH�UHVXOWLQJ�HQHUJ\�VSHFWUXP�LV�XVHG�WR�GHULYH�FRQFHQWUDWLRQV�RI���.�����8�
DQG����7K�ZLWK�)6$��+HQGULNV�HW�DO���������E\�XVLQJ�WKH�*DPPDQ��VRIWZDUH�SDFNDJH�
�0HGXVD�5DGLRPHWULFV����������
�
7KH� FDOFXODWHG� UDGLRQXFOLGH� FRQFHQWUDWLRQV� DUH� QRW� FRUUHFWHG� IRU� DWPRVSKHULF�
FRQGLWLRQV� �VHFWLRQ� ������� EHFDXVH� WKH� VHQVRU� LV� ORFDWHG� DW� �� P� KHLJKW�� DQG� WKH�
LQIOXHQFH�RQ�WKH�FRXQW�UDWH�RI�FKDQJLQJ�SUHVVXUH�DQG�WHPSHUDWXUH�LV��������)LJ��������
6LQFH� WKH� ELRPDVV� RI� VXJDU� EHHWV� ZDV� QRW� PRQLWRUHG� WKURXJK� WKH� PHDVXUHPHQW�
FDPSDLJQ��WKH�PHDVXUHG�FRQFHQWUDWLRQV�FRXOG�QRW�EH�FRUUHFWHG�IRU�WKH�ELRPDVV��
�
7DEOH�����GHVFULEHV�KRZ�VXJDU�EHHWV�FRQWDLQ�D�PD[LPXP�RI������PP�+�2��)LJ������
VKRZV�WKDW�WKLV�DPRXQW�RI�ZDWHU�FDXVHV�D�PD[LPXP�JDPPD�IOX[�UHGXFWLRQ�RI������
7KLV� VXEVHTXHQWO\� UHVXOWV� LQ� D�PD[LPXP�RI� ������ UHGXFWLRQ� LQ� WKH� UHSRUWHG�+�2�
VDWXUDWLRQ�SHUFHQWDJH��)LJ��������7KH�PRLVWXUH�GLVWULEXWLRQ�LQ�ELRPDVV�LV�QRW�D�ZDWHU�
OD\HU�RQ�WKH�VXUIDFH��DV�LV�DVVXPHG�LQ�VHFWLRQ��������,Q�UHDOLW\��WKLV�PRLVWXUH�KDV�D�
PRUH�FRPSOH[�GLVWULEXWLRQ�ZKHUH�VRPH�LV�VWRUHG�LQ�WKH�VXJDU�EHHWV�XQGHU�WKH�VRLO�DQG�
VRPH�LQ�WKH�IROLDJH�DERYH�VRLO���
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7KH� PHDVXUHG� ���8� FRQFHQWUDWLRQ� VKRZV� D� FOHDU� DQG� VLJQLILFDQW� LQFUHDVH� LQ�
FRQFHQWUDWLRQ�LQ�FRLQFLGHQFH�ZLWK�UDLQ�HYHQWV��5DLQ�FDXVHV�D�WHPSRUDU\�GHFUHDVH�LQ�
��.�DQG����7K�FRQFHQWUDWLRQ�EHFDXVH�RI�WKH�ODUJH�DPRXQW�RI�+�2�SUHVHQW�LQ�DQG�RQ�
WKH�VRLO��ZKLFK�LV�QRW�QHFHVVDULO\�D�JRRG�UHSUHVHQWDWLRQ�RI�VRLO�PRLVWXUH�OHYHO�DIWHU�WKH�
UDLQ�KDV�VHWWOHG�EHFDXVH�QRW�DOO�PRLVWXUH�ZLOO�EH�VWRUHG�LQ�WKH�VRLO��$OO�UDGLRPHWULF�
UHDGLQJV�UHFRUGHG�ZKLOH�WKH����8�FRQFHQWUDWLRQ�OLHV������DERYH�WKH�DYHUDJH�RI����8�
FRQFHQWUDWLRQ� KDYH� EHHQ� UHPRYHG�� 7KH� DYHUDJH� FRQVHFXWLYH� WLPH� SHULRG� UHPRYHG�
DURXQG�HDFK� UDLQ� HYHQW�� WKH� WLPH� LW� UDLQHG� SOXV� WKH� WLPH�QHHGHG� IRU� WKH�XUDQLXP�
FRQFHQWUDWLRQ�WR�VHWWOH�ZDV�IRXQG�WR�EH�����PLQXWHV��)RU�WKH�VXEVHTXHQW�DQDO\VLV�RI�
PRLVWXUH�FRQFHQWUDWLRQ�LQ�WKH�VRLO��WKH���.�DQG����7K�FRQFHQWUDWLRQV�DUH�XVHG��
�
2Q� DYHUDJH�� WKH� FRQFHQWUDWLRQ� HQFRXQWHUHG� LQ� WKH� ILHOG� ZDV� ���� %T� NJ��� RI� ��.��
���%T�NJ���RI����8�DQG����%T�NJ���RI����7K��ZKLFK�LV�VPDOOHU�WKDQ�HVWLPDWHG�LQ�VHFWLRQ�
�����7KHUHIRUH��WR�PLWLJDWH�WKH�VWDWLVWLFDO�IOXFWXDWLRQV�LQ�UDGLRQXFOLGH�FRQFHQWUDWLRQV�
GXH�WR�WKH�VWRFKDVWLF�QDWXUH�RI�UDGLRDFWLYH�GHFD\��WKH�GDWD�LV�VPRRWKHG��$�6DYLW]N\�
*ROD\�ILOWHU��6DYLW]N\�DQG�*ROD\��������WKDW�KDV�D�ZLQGRZ�RI����UHFRUGV�����KRXUV���
��UHFRUG��DQG�D�ILUVW�RUGHU�SRO\QRPLDO�ZDV�DSSOLHG�WR�WKH�GDWD��7KH�LQWHQVLW\�FKDQJH�
DV� D� IXQFWLRQ� RI� VRLO� PRLVWXUH� LV� GHVFULEHG� LQ� HTXDWLRQ� ������ �ZKLFK� UHGXFHV� WR�
HTXDWLRQ�������ZKHQ�QHJOHFWLQJ�WKH�DWPRVSKHULF�SDUDPHWHUV�DQG�ELRPDVV���)LJ������
VKRZV� WKDW� WKH� LQWHQVLW\� UHGXFWLRQ� DV� D� IXQFWLRQ� RI� VRLO�PRLVWXUH� GHSHQGV� RQ� WKH�
GHQVLW\�RI� VRLO� LQ� WKH�PHDVXUHG�DUHD�DQG� WKH� UDGLRQXFOLGH�FRQFHQWUDWLRQ�ZKHQ�QR�
PRLVWXUH�LV�SUHVHQW� LQ�WKH�VRLO��7KLV�ODWWHU�YDOXH�LV�HVWLPDWHG�E\�DVVXPLQJ�WKDW�WKH�
VPDOOHVW� UDGLRQXFOLGH� YDOXH� SUHVHQW� LQ� WKH� PHDVXUHPHQW� FDPSDLJQ� GDWDVHW�
UHSUHVHQWV� ������ SRUH�VSDFH� ILOOLQJ� �PRLVWXUH� VDWXUDWHG� VRLO��� UHSUHVHQWLQJ� DQ�
LQWHQVLW\�UHGXFWLRQ�RI�������)LJ��������7KH�LQWHQVLW\�ZKHQ�QR�PRLVWXUH�LV�SUHVHQW�FDQ�
EH�GHULYHG�IURP�WKLV�YDOXH��7KH�GHULYDWLRQ�RI�WKH�FDOFXODWLRQ�RI�PRLVWXUH�FRQWHQW�IURP�
WKH�UDGLRQXFOLGH���.�DQG����7K�FRQFHQWUDWLRQV�LV�SUHVHQWHG�LQ�$SSHQGL[�&��HTXDWLRQ�
�&�������
�

������5DLQ�JDXJH�GDWD�SURFHVVLQJ�
7KH�7HUUD6HQ�PRLVWXUH�GDWD�DW�WKH�ILYH�GHSWKV�DQG�UDLQ�JDXJH�GDWD�LV�H[WUDFWHG�IURP�
WKH� VHQVRU�� )ROORZLQJ� DGYLFH� IURP� &URS;� �&�� 5LM]HERO� �&URS;��� SHUVRQDO�
FRPPXQLFDWLRQ��0DUFK�����������WKH�PRLVWXUH�GDWD�IURP�WKH�WRS�WKUHH�VHQVRUV�DUH�
VXPPHG�WR�JHW�WKH�PP¶V�RI�PRLVWXUH�SUHVHQW�LQ�WKH�WRS����FP�RI�WKH�VRLO��7KH�UDLQ�
JDXJH�GDWD�LV�XVHG�ZLWKRXW�DGGLWLRQDO�SURFHVVLQJ��$Q�DGGLWLRQDO�VRLO�PRLVWXUH�PHWULF�
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LV�FUHDWHG�E\�HVWLPDWLQJ�WKH�DFFXPXODWHG�PRLVWXUH�LQ�WKH�VRLO�IURP�WKH�UHDGLQJ�RI�WKH�
UDLQ�JDXJH�E\�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ���
�

�௜ܯ �ൌ �௜ିଵܯ ൅ ௜ܩܴ െ ௦௢௜௟ܧ � �������
�
LQ�ZKLFKܯ�௜�LV�WKH�DPRXQW�RI�PRLVWXUH�LQ�WKH�VRLO�DW�WLPH�݅�LQ�PP��ܴܩ௜�LV�WKH�UHDGLQJ�
RI�WKH�UDLQ�JDXJH�DW�WLPH�݅�LQ�PP�DQGܧ�௦௢௜௟ �LV�WKH�VRLO�HYDSRUDWLRQ�UDWH�LQ�PP�SHU�WLPH�
SHULRG�݅�DQG�LV�VHW�WR�WKH�DYHUDJH�SUHFLSLWDWLRQ�SHU�WLPH�݅�GXULQJ�WKH�PHDVXUHPHQW�
FDPSDLJQ�� 7KLV� YDOXH� LV� GHWHUPLQHG� E\� VXPPLQJ� WKH� DPRXQW� RI� SUHFLSLWDWLRQ�
REVHUYHG�GXULQJ�WKH�H[SHULPHQW�DQG�FDOFXODWLQJ�WKH�DYHUDJH�SUHFLSLWDWLRQ�SHU�GD\��
ZKLFK� LV������PP�GD\����7KLV�HVWLPDWLRQ� LV�RI� WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV� WKH�
FRPPRQO\�IRXQG�YDOXH�RI�����PP�GD\����DV�UHSRUWHG�E\�6PDOO�HW�DO���������DQG�YHU\�
FORVH�WR�WKH�DYHUDJH�RI������PP�GD\���UHSRUWHG�E\�WKH�5R\DO�'XWFK�PHWHRURORJLFDO�
LQVWLWXWH� �.RQLQNOLMN� 1HGHUODQGV�0HWHRURORJLVFK� ,QVWLWXXW� �.10,��� �������଴ܯ�� LV�
DPRXQW� RI� PRLVWXUH� SUHVHQW� LQ� WKH� VRLO� DW� WKH� VWDUW� RI� WKH� PHDVXUHPHQW� DQG� LV�
HVWLPDWHG�E\�RYHUOD\LQJ�WKH�VKDSH�RI�WKHܯ�௜�WUHQG�RYHU�WKH���.�FRQFHQWUDWLRQ�DW�WKH�
VWDUW�RI�WKH�7HUUD6HQ�PHDVXUHPHQWV��1RWH�WKDW�WKLV� LV�D�VLPSOLILHG�PRGHO��(�J��WKH�
PRGHO�QHJOHFWV�WKH�FRXQWHUDFWLQJ�HIIHFWV�RI�WHPSHUDWXUH�DQG�SODQW�VXUIDFH�DUHD��ERWK�
NQRZQ�WR�LQIOXHQFH�WKH�GDLO\�DPRXQW�RI�HYDSRUDWLRQ���
�

����5HVXOWV�
)LJ�������VKRZV�WKH�GDWD�FROOHFWHG�E\�WKH�7HUUD6HQ�VHQVRU��)LJ������D�DQG�E��WRJHWKHU�
ZLWK�WKH�VRLO�PRLVWXUH�OHYHOV�GHULYHG�IURP�WKH�J606�UHDGLQJV��)LJ������F�DQG�G���3DQHO�
D��VKRZV�WKH�VRLO�PRLVWXUH�FRQWHQW�LQ�WKH�WRS����FP�DV�PHDVXUHG�E\�WKH�7HUUD6HQ�
VHQVRU��7KH�EOXH�EDUV�LQ�SDQHO�E��VKRZ�SUHFLSLWDWLRQ�UHFRUGHG�E\�WKH�UDLQ�JDXJH�WKDW�
LV�SDUW�RI�WKH�VDPH�VHQVRU��'XULQJ�WKH�H[SHULPHQW������GD\V���D�WRWDO�RI�����PP�ZDV�
UHSRUWHG�E\�WKH�UDLQ�JDXJH��,W�LV�REVHUYHG�WKDW�UDLQ�HYHQWV�FRLQFLGH�ZLWK�DQ�LQFUHDVH�
LQ�VRLO�PRLVWXUH�OHYHO��+RZHYHU��WKH�DPRXQW�RI�UDLQ�LV�QRW�UHODWHG�WR�D�SURSRUWLRQDO�
LQFUHDVH�LQ�VRLO�PRLVWXUH��$Q�H[DPSOH�RI�WKLV�REVHUYDWLRQ�FDQ�EH�IRXQG�EHWZHHQ������
���DQG����������7KLV�SHULRG�FRQWDLQV�WKH�ODUJHVW�UHDGLQJV�RI�KRXUO\�SUHFLSLWDWLRQ��
ZKLFK�LV�QRW�SURSRUWLRQDOO\�UHIOHFWHG�LQ�WKH�YDOXH�IRU�WKH�VRLO�PRLVWXUH��)XUWKHUPRUH��

�
��&DOFXODWHG�E\�XVLQJ�WKH�FURS�HYDSRUDWLRQ�GDWD�PHDVXUHG�E\�WKH�ZHDWKHU�VWDWLRQ�LQ�1LHXZ�%HHUWD��ORFDWHG����NP�DZD\�
IURP� WKH� PHDVXUHPHQW� VLWH�� $V� SUHVFULEHG� E\� �.RQLQNOLMN� 1HGHUODQGV�0HWHRURORJLVFK� ,QVWLWXXW� �.10,��� ������� WKH�
HYDSRUDWLRQ�GDWD�LV�PXOWLSOLHG�E\�WLPH�DQG�FURS�GHSHQGHQW�IDFWRUV�UHSRUWHG�LQ��+RRJKDUW�DQG�/DEODQV���������
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DW�WKH�IDU�ULJKW�RI�WKH�JUDSK��WKH�PRLVWXUH�VHQVRUV�UHSRUW�D�VWHDG\�LQFUHDVH�ZLWKRXW�
SUHFLSLWDWLRQ�EHLQJ�UHSRUWHG�E\�WKH�UDLQ�JDXJH���
�
)LJ������F�DQG�G�VKRZ�WKH�PRLVWXUH�OHYHO�LQ�WKH�VRLO�FDOFXODWHG�E\�XVLQJ�WKH���.�DQG�
���7K�FRQFHQWUDWLRQV�PHDVXUHG�E\�WKH�J606��DV�GHVFULEHG�LQ�$SSHQGL[�&�DQG�'��7KH�
DSSDUHQW���.�FRQFHQWUDWLRQ�GDWD�KDV�D�PLQLPXP�DQG�PD[LPXP�RI�����%T�NJ���DQG�
����%T�NJ����UHVSHFWLYHO\��7KH�DSSDUHQW����7K�FRQFHQWUDWLRQ�KDV�DQ�PLQLPXP�RI������
%T�NJ���DQG�D�PD[LPXP�RI������%T�NJ���� ,W� LV�REVHUYHG�WKDW�UDGLRPHWULF�EDVHG�VRLO�
PRLVWXUH� RI� ��.� �UHG� OLQH�� DQG� ���7K� �GDUN� EOXH� OLQH�� DQG� WKH� SUHFLSLWDWLRQ� EDVHG�
PRLVWXUH�HVWLPDWHG�PRLVWXUH� LQ� WKH�VRLO� �EODFN� OLQH��DUH�YHU\�VLPLODU� LQ�VKDSH�DQG�
WKXV�LQGLFDWH�D�SURSRUWLRQDO�UHVSRQVH�RI�WKH�J606�WR�WKH�DPRXQW�RI�SUHFLSLWDWLRQ��
+RZHYHU��WKHUH�DUH�SRLQWV�ZKHUH�ERWK�OLQHV�GR�QRW�VKRZ�FRPSDUDEOH�UHVXOWV��$URXQG�
WKH���������SRLQW��WKH���.�DQG����7K�FXUYHV�VKRZ�VHYHUDO�LQFUHDVHV�LQ�VRLO�PRLVWXUH��
ZKHUHDV�WKH�EOXH�EDUV�DQG�EODFN�OLQHV�GR�QRW�VKRZ�SUHFLSLWDWLRQ��)XUWKHUPRUH��WKH�
IDU�ULJKW�RI�WKH�ILJXUH�VKRZV�D�VWHDG\�GHFUHDVH�LQ�WKH�SUHFLSLWDWLRQ�EDVHG�PRLVWXUH��
DOWKRXJK� WKH� UDGLRPHWULF� EDVHG� PRLVWXUH� SHUFHQWDJH� �UHG� DQG� GDUN� EOXH� OLQHV��
GLVSOD\�DQ�LQFUHDVH��)LQDOO\��LW�LV�IRXQG�WKDW�WKH�VRLO�PRLVWXUH�FDOFXODWHG�E\�XVLQJ�WKH�
���7K� FRQFHQWUDWLRQ� UHYHDOV� PRUH� VKRUW�WHUP� YDULDWLRQ� WKDQ� ZKHQ� XVLQJ� WKH� ��.�
FRQFHQWUDWLRQ���
�
&RPSDULQJ�WKH�7HUUD6HQ�EDVHG�VRLO�PRLVWXUH�UHDGLQJV�LQ�)LJ������D�WR�WKH�UDGLRPHWULF�
EDVHG�PRLVWXUH�UHDGLQJV�LQ�)LJ������F�DQG�G�UHYHDOV�VRPH�VLPLODULWLHV�RQ�D�VKRUW�WLPH�
VFDOH��LQFUHDVHV�WKDW�PD\�FRLQFLGH�ZLWK�UDLQ�HYHQWV��EXW�QR�FRUUHODWLRQ�RQ�D�ORQJ�WLPH�
VFDOH��%RWK�WKH�7HUUD6HQ��JUHHQ�OLQH��DQG�J606��UHG�DQG�GDUN�EOXH�OLQHV��PRLVWXUH�
GDWD�VKRZ�D�GLUHFW�UHVSRQVH�WR�SUHFLSLWDWLRQ��+RZHYHU��WKH�7HUUD6HQ�VRLO�PRLVWXUH�
GDWD��JUHHQ�OLQH��VKRZV�D�JUDGXDOO\�GHFOLQLQJ�YDOXH�WR�LWV�PLQLPXP�DURXQG����������
DIWHU�ZKLFK�LW�VWHDGLO\�LQFUHDVHV��ZKHUHDV�WKH�J606�GDWD�VKRZV�D�PLQLPXP�PRLVWXUH�
OHYHO�EHWZHHQ��������DQG���������DIWHU�ZKLFK�LW�JUDGXDOO\�LQFUHDVHV�XQWLO�WKH�HQG�RI�
WKH�PHDVXUHPHQW� �



&
KDSWHU��

&KDSWHU�����HIIHFWV�RI�VRLO�PRLVWXUH�_� ����

�
)LJ��������D��6RLO�PRLVWXUH�FRQWHQW�LQ�WKH�WRS����FP�RI�WKH�VRLO��GHULYHG�IURP�WKH�WRS�WKUHH�VHQVRUV�RI�WKH�7HUUD6HQ�DQG�
E�� UDLQ� JDXJH� UHDGLQJV� LQ� WKH�SHULRG� RI� WKH�PHDVXUHPHQW� FDPSDLJQ��7KH� WZR�ERWWRP�SORWV� VKRZ� WKH� YROXPHWULF� VRLO�
PRLVWXUH�FRQWHQW��ULJKW�D[LV��FDOFXODWHG�IURP�WKH���.�LQ�F��DQG����7K�FRQFHQWUDWLRQV�LQ�G���UHG�DQG�GDUN�EOXH�OLQHV���7KHVH�
ERWWRP�WZR�SORWV�FRQWDLQ�D�EODFN�OLQH�UHSUHVHQWLQJ�WKH�PRLVWXUH�FRQWHQW��OHIW�D[LV��LQ�WKH�VRLO�FDOFXODWHG�E\�HTXDWLRQ�������
DQG�WKH�UDLQ�JDXJH�GDWD��1RWH�WKDW�WKH�7HUUD6HQ�LQ�D��PHDVXUHV�WKH�PRLVWXUH�LQ�D�YROXPH�RI�WKUHH�VHQVRUV� �������P���

DQG�WKH�J606�PHDVXUHV�WKH�VLJQDO�IURP�D�YROXPH�RI����P���
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����'LVFXVVLRQ�
,Q� WKLV� VWXG\�� WKH� HIIHFW� RI� VRLO�PRLVWXUH�RQ� WKH� UHGXFWLRQ�RI� JDPPD�UD\� IOX[�ZDV�
LQYHVWLJDWHG��2XU�PRGHO�VKRZV�WKDW�D�SURSRUWLRQDO�UHODWLRQ�EHWZHHQ�YROXPHWULF�VRLO�
PRLVWXUH� FRQWHQW� DQG� JDPPD�UD\� IOX[� LV� H[SHFWHG�� 7KH� SUHVHQWHG� H[SHULPHQW�
LQGLFDWHV�WKDW�YROXPHWULF�VRLO�PRLVWXUH�FRQWHQWV�FDOFXODWHG�EDVHG�RQ�WKH�JDPPD�UD\�
IOX[�IURP���.�DQG����7K�FRUUHODWH�ZLWK�PRLVWXUH�FRQWHQW�FDOFXODWHG�RQ�WKH�EDVLV�RI�
UDLQ� JDXJH� PHDVXUHPHQWV� RI� SUHFLSLWDWLRQ�� 1R� VXFK� FRUUHODWLRQ� LV� IRXQG� IRU� WKH�
7HUUD6HQ�PRLVWXUH�VHQVRUV��
�

������6RLO�PRLVWXUH�PRGHO�
)RU�WKH�GHWHUPLQDWLRQ�RI�VRLO�PRLVWXUH�E\�XVLQJ�JDPPD�UD\V��LW�LV�LPSHUDWLYH�WR�NQRZ�
WKH�IDFWRUV�WKDW�LQIOXHQFH�WKH�JDPPD�UD\�IOX[��EHVLGHV�VRLO�PRLVWXUH��7KH�ZHOO�NQRZQ�
LQWHUDFWLRQ�RI�JDPPD�UD\V�ZLWK�WKHLU�HQYLURQPHQW�DOORZV�WKH�WKHRUHWLFDO�VWXG\�RI�WKH�
HQYLURQPHQWDO�HIIHFWV�WKDW�DIIHFW�WKH�JDPPD�UD\� IOX[�LQ�VWDWLRQDU\�PHDVXUHPHQWV��
7KLV�VWXG\�SUHVHQWV�DQ�H[KDXVWLYH�OLVW�RI�WKH�HIIHFWV�WKDW�FDQ�VLJQLILFDQWO\�DIIHFW�WKH�
JDPPD�UD\� IOX[� LQ� VXFK� PHDVXUHPHQWV�� 7KH� PHDVXUHG� JDPPD�UD\� IOX[� LV�
GHWHUPLQHG� E\� UDGLRQXFOLGHV� SUHVHQW� LQ� WKH� VRLO� DQG� E\� WKH� IRRWSULQW� RI� WKH�
PHDVXUHPHQW�� 7KH� �VSHFLILF�� GHQVLW\� RI� WKH� VRLO� GHWHUPLQHV� WKH� UHODWLRQ� EHWZHHQ�
JDPPD�UD\�IOX[�DQG�VRLO�PRLVWXUH��$WPRVSKHULF�GHQVLW\�IOXFWXDWLRQ�GXH�WR�FKDQJLQJ�
SUHVVXUH�DQG�WHPSHUDWXUH�KDV�D�VWUDLJKWIRUZDUG�DQG�FRUUHFWDEOH�HIIHFW�RQ�WKH�IOX[�
LQWHQVLW\�DQG�EHFRPHV�RQO\�VLJQLILFDQW��!�������LQWHQVLW\�UHGXFWLRQ��DW�VSHFWURPHWHU�
SODFHPHQW�KHLJKWV�DERYH���P�� ,W� LV� IRXQG� WKDW� VRLO� FRPSRVLWLRQ� DQG�ZDWHU�YDSRXU�
SUHVHQW� LQ� WKH� DWPRVSKHUH� GR� QRW� VLJQLILFDQWO\� DIIHFW� WKH� JDPPD�UD\� IOX[� �������
LQWHQVLW\�UHGXFWLRQ���
�
$WPRVSKHULF�UDGRQ�ZLOO�LQFUHDVH�WKH�PHDVXUHG�JDPPD�UD\�IOX[�GXULQJ�DQG�ULJKW�DIWHU�
SUHFLSLWDWLRQ�HYHQWV��DQ�HIIHFW�WKDW�FDQ�EH�XVHG�WR�ILOWHU�RXW�WKHVH�GDWD�SRLQWV��%LRPDVV�
LQIOXHQFHV�WKH�JDPPD�UD\�IOX[�DV�D�IXQFWLRQ�RI�+�2�SUHVHQW�LQ�WKH�RUJDQLF�PDWWHU��
ZKLFK�ZDV�RQO\� VWXGLHG� WKHRUHWLFDOO\� LQ� WKLV� UHVHDUFK�DQG�QRW� DSSOLHG� WR� WKH� ILHOG�
H[SHULPHQW� EHFDXVH� WKH� HIIHFW� ZDV� HVWLPDWHG� WR� UHVXOW� LQ�� DW� PD[LPXP�� D� ����
UHGXFWLRQ�LQ�JDPPD�UD\�IOX[��
�

������)LHOG�VWXG\�
7KH�ILHOG�VWXG\�XVHG�D�PRGHO�WR�WUDQVODWH�WKH�REVHUYHG�JDPPD�UD\�IOX[�GXH�WR�WKH���.�
DQG����7K�FRQFHQWUDWLRQV�LQ�WKH�VRLO�WR�YROXPHWULF�VRLO�PRLVWXUH�FRQWHQW��$�VLPSOLILHG�
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SUHFLSLWDWLRQ�EDVHG�PRGHO�RI�WKH�DPRXQW�RI�PRLVWXUH�VWRUHG�LQ�WKH�VRLO�FRUUHODWHV�ZHOO�
ZLWK�WKH�VRLO�PRLVWXUH�FRQWHQW�GHULYHG�IURP�WKH�JDPPD�UD\�IOX[��)LJ������F�DQG�G���
(YHQ� ZKHQ�PDNLQJ� WKH� FUXGH� DVVXPSWLRQ� WKDW� WKH� WRWDO� SUHFLSLWDWLRQ� GXULQJ� WKH�
H[SHULPHQW� LV� HTXDO� WR� WKH� DPRXQW� RI� HYDSRUDWLRQ� UHVXOWV� LQ� D� JRRG� ILUVW�RUGHU�
HVWLPDWH�RI�WKH�PRLVWXUH�VWRUHG�LQ�WKH�VRLO��7R�IXUWKHU�LPSURYH�WKH�PHDVXUHPHQW�RI�
PRLVWXUH�XVLQJ�WKH�J606��IXWXUH�H[SHULPHQWV�VKRXOG�FRQVLGHU�WR�LQFOXGH�JUDYLPHWULF�
DQG�DERYH��DQG�XQGHU�JURXQG�ELRPDVV�PHDVXUHPHQWV�WKURXJKRXW�WKH�PHDVXUHPHQW�
FDPSDLJQ�� VXFK� DV� GRQH� E\� %DOGRQFLQL� HW� DO�� �������� ,Q� D� IXWXUH� VWXG\�� WKH�
FRQFHQWUDWLRQ�GLUHFWO\�EHIRUH�DQG�DIWHU�KDUYHVWLQJ�VKRXOG�EH�UHFRUGHG�DQG�FRPSDUHG�
WR�TXDQWLI\�WKH�HIIHFW�RI�ELRPDVV�RQ�WKH�JDPPD�UD\�VLJQDO��7KH�\LHOG�RI�WKH�KDUYHVW�
DQG� DQ� HVWLPDWH� RI� DPRXQW� RI� ELRPDVV� WKDW� UHPDLQV� LQ� WKH� ILHOG� FDQ� EH� XVHG� WR�
HVWLPDWH�WKH�DPRXQW�RI�PRLVWXUH�WKDW�ZDV�VWRUHG�DV�ELRPDVV�ULJKW�EHIRUH�UHPRYLQJ�
WKH�FURSV�IURP�WKH�ILHOG���
�
7KH� SURSRUWLRQDO� UHODWLRQVKLS� EHWZHHQ� WKH� JDPPD�UD\� IOX[� DQG� VRLO� PRLVWXUH�
FRQFHQWUDWLRQ�REVHUYHG�LQ�RXU�PHDVXUHPHQWV�LV�LQ�OLQH�ZLWK�WKH�UHVXOWV�REVHUYHG�E\�
%DOGRQFLQL� HW�DO�� ��������2XU� UHVHDUFK�DGGV� WR� WKLV� WKH�SUHGLFWLRQ� WKDW� WKHUH� LV�QR�
VLJQLILFDQW�LQIOXHQFH�RI�WKH�PLQHUDORJLFDO�FRPSRVLWLRQ�RI�WKH�VRLO��PDNLQJ�LW�HDVLHU�WR�
DSSO\� WKHVH� PRLVWXUH� PHDVXUHPHQWV� ZKHQ� WKLV� VRLO� LQIRUPDWLRQ� LV� QRW� DYDLODEOH��
6HFRQGO\�� WKLV� LV� WKH� ILUVW� WLPH� WKH�DSSDUHQW� ���7K�FRQFHQWUDWLRQ� LV�SUHVHQWHG�DV� D�
SUHGLFWRU�RI�WKH�YROXPHWULF�VRLO�PRLVWXUH�FRQWHQW��$QG�WKLUGO\��WKLV�UHVHDUFK�VKRZV�
WKDW�D�PXFK�VPDOOHU�JDPPD�UD\�VSHFWURPHWHU�FDQ�\LHOG�VLPLODU�UHVXOWV��VLJQLILFDQWO\�
LPSDFWLQJ�WKH�DIIRUGDELOLW\�RI�VXFK�D�VHQVRU��)XUWKHUPRUH��WKH�PRGHO�SUHVHQWHG�KHUH�
XVHV� D� SK\VLFV� EDVHG� DSSURDFK� WKDW� LQFRUSRUDWHV� D� PLQLPXP� RI� VLWH�VSHFLILF�
DVVXPSWLRQV��VXFK�DV�ORFDO�VRLO�FRPSRVLWLRQ��ZKLFK�SDYHV�WKH�SDWK�IRU�WKH�DSSOLFDWLRQ�
RXWVLGH�WKH�DJULFXOWXUDO�VHFWRU���
�
,Q�RXU�H[SHULPHQW��LW�LV�IRXQG�WKDW�D�SUHFLSLWDWLRQ�HYHQW�DOZD\V�FRUUHVSRQGV�ZLWK�DQ�
LQFUHDVH� LQ� VRLO� PRLVWXUH� FRQWHQW�� +RZHYHU�� QRW� DOO� LQFUHDVHV� LQ� VRLO� PRLVWXUH�
FRUUHVSRQG�ZLWK�D�SUHFLSLWDWLRQ�HYHQW��)LJ��������D��F�DQG�G��VKRZ�D�QXPEHU�RI�HYHQWV�
ZKHUH� WKH� VRLO� PRLVWXUH� FRQWHQW� LQFUHDVHG� ZLWKRXW� D� SUHFLSLWDWLRQ� HYHQW�� 7KH�
GLIIHUHQFH�LQ�RXU�ILQGLQJV�PD\�EH�FDXVHG�E\�DQ�LQFUHDVH�LQ�VRLO�PRLVWXUH�WKDW�LV�QRW�
UHJLVWHUHG�E\�WKH�UDLQ�JDXJH��7KLV�FRXOG�EH�HIIHFWV�VXFK�DV�GHZ�RU�GUL]]OH�UDLQ�DW�D�UDWH�
ORZHU�WKDQ�WKH�PHDVXUHPHQW�WKUHVKROG�RI�WKH�UDLQ�JDXJH��)XUWKHUPRUH��LW�LV�IRXQG�
WKDW�WKH����7K�EDVHG�VRLO�PRLVWXUH�HVWLPDWLRQV�VKRZ�PRUH�YDULDWLRQ�WKDQ�WKRVH�EDVHG�
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RQ� WKH� ��.� FRQFHQWUDWLRQ�� 7KLV� PLJKW� EH� DWWULEXWHG� WR� WKH� GLIIHUHQW� VL]H� RI� WKH�
IRRWSULQW� DV� D� UHVXOW� RI� WKH� GLIIHUHQW� DYHUDJH� HQHUJLHV� XVHG� WR� GHULYH� WKH�
FRQFHQWUDWLRQV�RI�ERWK�UDGLRQXFOLGHV��:LWK�WKH�PRGHO�SUHVHQWHG�LQ�WKLV�UHVHDUFK�DQG�
WKH�)6$�PHWKRG�WR�GHULYH�WKH�UDGLRQXFOLGH�FRQFHQWUDWLRQV�LQ�WKH�H[SHULPHQW��LW�LV�QRW�
SRVVLEOH� WR� DWWULEXWH� WKH� RULJLQ� RI� WKH� GLIIHUHQFHV� LQ� ��.� DQG� ���7K� GHULYHG� VRLO�
PRLVWXUH�FRQWHQW���
�
%RWK� WKH� 7HUUD6HQ� PRLVWXUH� PHDVXUHPHQWV� �)LJ�� ����D�� DQG� WKH� J606� GHULYHG�
PRLVWXUH�FRQWHQWV��)LJ������F�DQG�G��VKRZ�DQ�LQFUHDVH�LQ�VRLO�PRLVWXUH�LQ�UHVSRQVH�WR�
UDLQ� HYHQWV�� +RZHYHU�� WKH� ODUJH�VFDOH� VWUXFWXUH� RI� WKH� PHDVXUHPHQWV� GXULQJ� WKH�
SHULRG�RI�WKH�H[SHULPHQW�VKRZV�D�FRPSOHWHO\�GLIIHUHQW�SDWWHUQ��7KLV�PLVPDWFK�FRXOG�
EH� FDXVHG� E\� WKH� LQKHUHQW� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� VHQVRUV�� 7KH� 7HUUD6HQ�
SURYLGHV�D�SRLQW�PHDVXUHPHQW�DQG�UHSRUWV�WKH�PRLVWXUH�OHYHO�LQ�WKH�VRLO�DV�D�UHVXOW�
RI� )'5�PHDVXUHPHQWV�� 7KH� JDPPD� VHQVRU�PHDVXUHV� WKH� UDGLDWLRQ� FRPLQJ� IURP�
ZLWKLQ�D�ODUJHU�YROXPH�����P����$QRWKHU�HIIHFW�WKDW�FRXOG�FDXVH�GLIIHUHQW�UHDGLQJV�LV�
WKDW� QR� FRUUHFWLRQ� IRU� ELRPDVV� KDV� EHHQ� DSSOLHG� WR� WKH� J606� GHULYHG� PRLVWXUH�
SHUFHQWDJHV��%XW�WKLV�HIIHFW� LV�HVWLPDWHG�WR�EH�DW�D�PD[LPXP�RI�������LQ�PRLVWXUH�
OHYHO�DQG�FDQQRW�H[SODLQ�WKH�ODUJH�GLIIHUHQFHV�VKRZQ�LQ�)LJ��������,W�LV�FRQFOXGHG�WKDW�
WKH� WZR�VHQVRUV�PHDVXUH�D� VLJQLILFDQWO\�GLIIHUHQW�TXDQWLW\��SRLQW�PHDVXUHPHQW� YV�
YROXPHWULF�PHDVXUHPHQW��ZKLFK�PHDQV�WKDW�ERWK�UHDGLQJV�FDQ�EH�D�UHSUHVHQWDWLRQ�
RI� WKH� WUXH�YDOXH�RI� WKHLU� UHVSHFWLYH�SDUDPHWHUV��+RZHYHU�� WKH�J606�UDGLRQXFOLGH�
GDWD�KDV�D�EHWWHU�FRUUHODWLRQ�ZLWK�WKH�UDLQ�JDXJH�EDVHG�VRLO�PRLVWXUH�PRGHO�LQGLFDWLQJ�
D�SURPLVLQJ�XVH�IRU�PDFUR�VFDOH�PRLVWXUH�PRQLWRULQJ���
�

������J606�YV�&516�
7KH� JDPPD�UD\� IOX[� PHDVXUHPHQWV� KDYH� PDQ\� VLPLODULWLHV� ZLWK� WKH� &516�
PHDVXUHPHQWV� �6WHYDQDWR�HW�DO���������=UHGD�HW�DO����������%RWK� WHFKQLTXHV�GHULYH�
VRLO�PRLVWXUH� IURP�QXFOHDU�SURFHVVHV� WKDW�FDXVH� WKH�DWWHQXDWLRQ�RI�HLWKHU�JDPPD�
UD\V� RU� QHXWURQV�� %HFDXVH� RI� WKH� VLPLODULWLHV� LQ� PHDVXUHPHQW� SULQFLSOHV�� EHVW�
SUDFWLFHV�IURP�WKH�PRUH�GHYHORSHG�&516�PHWKRG�PD\�EH�WUDQVIHUUHG�WR�WKH�JDPPD�
UD\�PHDVXUHPHQWV�� +RZHYHU�� WKHUH� DUH� VRPH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH�
WHFKQLTXHV� WKDW� PDNH� WKHP� FRPSOHPHQWDU\�� WKH� GLDPHWHU� RI� WKH� DUHD� WKDW�
FRQWULEXWHV�WR�WKH�PHDVXUHPHQWV�LV�WHQV�RI�PHWHUV�IRU�WKH�JDPPD�UD\�PHDVXUHPHQWV��
ZKHUHDV� WKH� &516� PHWKRG� KDV� D� VFDOH� RI� KXQGUHGV� RI� PHWHUV�� %XW� WKHUH� DUH�
GLIIHUHQFHV�EHWZHHQ�WKH�&516�DQG�WKH�J606�PHWKRGV�WKDW�PD\�UHVXOW�LQ�FKRRVLQJ�
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RQH�VHQVRU�RYHU�WKH�RWKHU�IRU�D�VSHFLILF�DSSOLFDWLRQ��7KH�FRXQW�UDWH�IRU�JDPPD�UD\�
PHDVXUHPHQWV�LV�OHVV�LQIOXHQFHG�E\�DWPRVSKHULF�YDULDWLRQV�RU�FKDQJHV�LQ�WKH�IOX[�RI�
FRVPLF� UD\V� �OHVV� FRUUHFWLRQ� QHHGHG�� DQG� LV� VHYHUDO� PDJQLWXGHV� KLJKHU� �KLJKHU�
DFFXUDF\���2Q� WKH�RWKHU�KDQG��J606�UHDGLQJV�DUH� LQIOXHQFHG�E\� WKH� UDGRQ� WKDW� LV�
SXVKHG�GRZQ�GXULQJ�UDLQ�HYHQWV��ZKLFK�PDNHV�WKH�&516�SUHIHUDEOH� LQ�DUHDV�ZLWK�
ORQJ�ODVWLQJ�UDLQ�HYHQWV���
�

����&RQFOXVLRQV�
7KH� PRGHO� GHYHORSHG� LQ� WKLV� UHVHDUFK� KDV� VKRZQ� WKDW� WKH� PLQHUDORJLFDO� VRLO�
FRPSRVLWLRQ� GRHV� QRW� LQIOXHQFH� WKH� JDPPD�UD\� IOX[�� 7KH� PDVV� DWWHQXDWLRQ�
FRHIILFLHQWV�IRU�DOO�HOHPHQWV�IRXQG�LQ�VLJQLILFDQW�TXDQWLWLHV�KDYH�D�FRPSDUDEOH�YDOXH�
LQ�WKH����±��0H9�HQHUJ\�UDQJH��WKH�UDQJH�LQ�ZKLFK�QDWXUDOO\�RFFXUULQJ�UDGLRQXFOLGHV�
HPLW�JDPPD�UD\�SKRWRQV��7KH�JDPPD�UD\�IOX[� LQWHQVLW\� LV�RQO\�GHSHQGHQW�RQ�WKH�
�VSHFLILF��VRLO�GHQVLW\��)RU�SUHFLVLRQ�IDUPLQJ�DSSOLFDWLRQV��WKH�JRDO�LV�WR�PHDVXUH�WKH�
PRLVWXUH�LQ�WKH�VRLO��$GGLWLRQDO�FRUUHFWLRQV�KDYH�WR�EH�DSSOLHG�WR�DFKLHYH�WKLV�JRDO�
ZLWK�JDPPD�UD\�IOX[�PHDVXUHPHQWV��ELRPDVV�FRUUHFWLRQV�DQG�D�ILHOG�FDOLEUDWLRQ�KDV�
WR�WDNH�SODFH�WR�GHULYH�WKH�GHQVLW\�RI�WKH�VRLO��,I�WKHVH�SDUDPHWHUV�DUH�DFFRXQWHG�IRU��
LW�LV�SRVVLEOH�WR�PHDVXUH�WKH�DEVROXWH�PRLVWXUH�LQ�WKH�VRLO��
�
$OWHUQDWLYHO\�� WKH� LQGHSHQGHQFH� RI� VXUURXQGLQJ� PDWHULDO� PDNHV� WKLV� WHFKQLTXH�
WUDQVIHUUDEOH� WR� JHQHUDO� HQYLURQPHQWDO�PRLVWXUH�PHDVXUHPHQWV�� 7KH� JDPPD�IOX[�
PHDVXUHPHQWV�FDQ�EH�XVHG�RXWVLGH�DJULFXOWXUDO�DSSOLFDWLRQV��)RU�H[DPSOH��IRUHVWU\�
DSSOLFDWLRQV�WKDW�DLP�WR�PRQLWRU�WKH�DPRXQW�RI�PRLVWXUH�LQ�JURZLQJ�IRUHVWV�RU�WKH�
FKDQJH�LQ�PRLVWXUH�VWRUHG�LQ�WKH�FDQRS\�RI�WKH�IRUHVW�WKURXJKRXW�VHDVRQV��/DQGVFDSH�
PDQDJHPHQW�VWXGLHV�FDQ�XVH�WKH�J606�WR�PRQLWRU�FKDQJHV�LQ�WKH�PRLVWXUH�VWRUHG�LQ�
WKH�HQYLURQPHQW��JURXQGZDWHU���ELRPDVV��RU�WKH�DPRXQW�RI�VQRZ�SUHVHQW�LQ�DQ�DUHD��
7KHVH�JDPPD�VRLO�PRLVWXUH�PHDVXUHPHQWV��LQ�D�VRLO�YROXPH�EHWZHHQ�����DQG�����P��
LQ� WKH� ���±�� P� VHQVRU� KHLJK� UDQJH�� FDQ� ILOO� WKH� JDS� LQ� PRLVWXUH� PHDVXUHPHQWV�
EHWZHHQ�SRLQW�VHQVRUV��YROXPH�������P����VXFK�DV�WKH�7'5�DQG�)'5�PHDVXUHPHQWV�
RU�UDLQ�JDXJHV��DQG�WHFKQLTXHV�WKDW�KDYH�D�IRRWSULQW�XS�WR�WHQV�RI�KHFWDUHV��VXFK�DV�
WKH�&516�PHWKRG�RU�VDWHOOLWH�EDVHG�PHDVXUHPHQWV��YROXPH�XS�WR�����
�����P�����
�
&RPSDUHG�WR�WKH�&516�PHDVXUHPHQWV��WKH�JDPPD�UD\�IOX[�WHFKQLTXH�PD\�SURYLGH�
D�PRUH�DFFXUDWH�DSSURDFK�WR�PHDVXUH�UHODWLYHO\�UDSLG�VRLO�PRLVWXUH�FKDQJHV�GXH�WR�
LWV�KLJKHU�FRXQWLQJ�UDWH��7KHUHIRUH��LW�LV�FRQFOXGHG�WKDW�VWDWLRQDU\�JDPPD�UD\�IOX[�
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PHDVXUHPHQWV�SURYLGH�D�ZD\�WR�PHDVXUH�FKDQJHV�LQ�WKH�TXDQWLW\�RI�+�2�SUHVHQW�LQ�
WKH�HQYLURQPHQW�DURXQG�WKH�VHQVRU��7KLV�LV�D�QHZ�WHFKQLTXH�WKDW�KDV�WKH�SRWHQWLDO�WR�
EH�XVHG� LQ� SUHFLVLRQ�DJULFXOWXUDO�� IRUHVWU\�RU� ODQGVFDSH�PDQDJHPHQW� VWXGLHV�� 7KH�
PDLQ� WRSLFV� IRU� IXUWKHU� UHVHDUFK�RQ� WKLV� WHFKQLTXH�DUH� WKH�HIIHFW�RI�ELRPDVV� IRU�D�
YDULHW\�RI�DJULFXOWXUDO�FURSV�DQG�IRUHVWV��7KLV�UHVHDUFK�FDQ�EXLOG�IRUZDUG�RQ�WKH�ZRUN�
GRQH�RQ�ELRPDVV�HVWLPDWLRQ�LQ�D�WRPDWR�ILHOG�E\�%DOGRQFLQL�HW�DO����������6HFRQGO\��
IXWXUH� ZRUN� VKRXOG� IRFXV� RQ� D� PRGHO� WKDW� WUDQVODWHV� WKH� JDPPD�UD\� IOX[�
PHDVXUHPHQWV�WR�DEVROXWH�PRLVWXUH�OHYHOV�LQ�DQ�DUHD��
�
7KH� PDLQ� UHVHDUFK� TXHVWLRQ� RI� WKLV� WKHVLV� LV� KRZ� WR� PHDVXUH� WKH� DEVROXWH�
UDGLRQXFOLGH�FRQFHQWUDWLRQV�LQ�8$9�ERUQH�UDGLRPHWULF�PHDVXUHPHQWV��7KLV�FKDSWHU�
IRFXVVHG�RQ�XVLQJ�JDPPD�UD\�VSHFWURPHWHUV�WR�GHWHUPLQH�WKH�PRLVWXUH�FRQWHQW�LQ�
WKH�VRLO��D�QHZ�DSSOLFDWLRQ�RI�JDPPD�UD\�VSHFWURPHWHUV�WKDW�FDQ�SRWHQWLDOO\�EH�XVHG�
LQ� ZDWHU� PDQDJHPHQW� VWXGLHV�� +RZHYHU�� WKH� VDPH� SURFHGXUHV� GHVFULEHG� LQ� WKLV�
FKDSWHU�WR�JR�IURP�JDPPD�UD\�IOX[�WR�VRLO�PRLVWXUH�FDQ�EH�UHYHUVHG�WR�FRUUHFW�IRU�VRLO�
PRLVWXUH�� &RQVHTXHQWO\�� LQ� 8$9�ERUQH� JDPPD�UD\� VWXGLHV� WKDW� PDS� WKH�
UDGLRQXFOLGH� FRQFHQWUDWLRQ� LQ� DQ� DUHD�� WKH�PHDVXUHG� UDGLRQXFOLGH� FRQFHQWUDWLRQV�
FDQ�EH�FRUUHFWHG�IRU�VRLO�PRLVWXUH�ZKHQ�WKLV�SDUDPHWHU�LV�NQRZQ�RU�HVWLPDWHG���
�
�


