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7KH�5ROH�RI�,QXQGDWLRQ�7\SHV�RI�7LGDO�6ZDPSODQG

RQ�WKH�&KHPLFDO�3URSHUWLHV�RI�3RWHQWLDOO\�$FLG�6XOSKDWH�6RLOV

XQGHU�)HUWLOL]HU�DQG�/LPH�$SSOLFDWLRQ

$ULILQ�)DKPL���0XKDPPDG�$OZL��DQG�'HG\�1XUV\DPVL�

�,QGRQHVLDQ�6ZDPSODQG�$JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH
��,QGRQHVLDQ�&HQWHU�IRU�$JULFXOWXUDO�/DQG�5HVRXUFHV�5HVHDUFK�DQG�'HYHORSPHQW

-O��.HEXQ�.DUHW��/RNWDEDW�8WDUD��%DQMDUEDUX��6RXWK�.DOLPDQWDQ���H�PDLO��IDKPL�QEO#JPDLO�FRP

5HFHLYHG����$XJXVW�������DFFHSWHG����$SULO�����

$%675$&7

*HQHUDOO\��IHUWLOL]HU�DSSOLFDWLRQ�LQFUHDVHV�VRLO�IHUWLOLW\��RQ�WKH�RWKHU�KDQG�IHUWLOL]HU�DSSOLFDWLRQ�OHDGV�WR�WKH�DOWHUDWLRQ

RI�VRLO�FKHPLFDO�EDODQFHV�LQ�ZKLFK�WKH�PDJQLWXGH�RI�FKDQJHV�LV�GHWHUPLQHG�E\�VRLO�SURSHUWLHV��7KH�UHVHDUFK�DLPHG

WR�VWXG\�WKH�VRLO�FKHPLFDO�SURSHUWLHV�RI�SRWHQWLDOO\�DFLG�VXOSKDWH�VRLOV��3$66��RULJLQDOO\�IURP�WZR�W\SHV�RI�WLGDO

VZDPSODQG�DV�LQIOXHQFHG�E\�WKH�DSSOLFDWLRQ�IHUWLOL]HUV�DQG�OLPH��$�SRW�H[SHULPHQW�ZDV�FDUULHG�RXW�LQ�D�JODVVKRXVH�

6RLO�VDPSOHV�ZHUH�WDNHQ�IURP�3$66�RULJLQDWHG�IURP�WZR�W\SHV�RI�WLGDO�VZDPSODQG��L�H��3$66�LQ�W\SH�%�WLGDO�VZDPS�

ODQG��3$66�%��DQG�3$66�LQ�W\SH�&�WLGDO�VZDPSODQG��3$66�&���7KH�H[SHULPHQW�ZDV�DUUDQJHG�LQ�VLQJOH�IDFWRU�RI

FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��FRQVLVWLQJ�RI�VL[�OHYHOV�RI�XUHD��63�����DQG�.&O�IHUWLOL]HUV�DQG�OLPH�WKDW�ZHUH�GHWHU�

PLQHG�EDVHG�RQ�'HFLVLRQ�6XSSRUW�6\VWHP�VRIWZDUH��'66���6RLO�S+��WRWDO�QLWURJHQ��1���DYDLODEOH�SKRVSKRUXV��3��

H[FKDQJHDEOH�SRWDVVLXP��.��DQG�LURQ��)H��ZHUH�PHDVXUHG�SHULRGLFDOO\�HYHU\�IRXU�ZHHNV��VRLO�UHGR[�SRWHQWLDO��(K�

ZDV�PHDVXUHG�HYHU\�ZHHN��OHDI�FRORU�LQGH[�ZDV�PHDVXUHG�HYHU\�WZR�ZHHNV��7KH�G\QDPLFV�RI�VRLO�S+��FRQFHQWUDWLRQ

RI�3��.��)H�DQG�1�RI�3$66�ZHUH�LQIOXHQFHG�E\�WKH�DSSOLFDWLRQ�RI�IHUWLOL]HU�UDWHV�DQG�OLPH��DOWKRXJK��WKH�PDJQLWXGH�RI

WKHLU�FKDQJHV�ZHUH�LQIOXHQFHG�E\�LQXQGDWLRQ�W\SH�RI�WLGDO�VZDPSODQG��7KHVH�IDFWV�ZHUH�PDLQO\�DVVRFLDWHG�ZLWK�WKH

SUHVHQFH�RI�)H�PLQHUDO�LQ�ERWK�VRLOV��WKH�GLIIHUHQW�FRQFHQWUDWLRQ�RI�)H���LQ�3$66�%�DQG�3$66�&�PD\�EH�UHODWHG�WR

ODQG�K\GURORJLFDO�FRQGLWLRQ�RI�W\SH�%�WLGDO�VZDPSODQG�WKDW�LV�IUHTXHQWO\�IORRGHG�DV�RULJLQ�RI�3$66�%�

.H\ZRUGV��)HUWLOL]DWLRQ��LQXQGDWLRQ�W\SHV��SRWHQWLDOO\�DFLG�VXOSKDWH�VRLOV��VRLO�FKHPLFDO�SURSHUWLHV��WLGDO

VZDPSODQG

$SOLNDVL� SXSXN�PHQLQJNDWNDQ� NHVXEXUDQ� WDQDK�� GL� VLVL� ODLQ� GLNHWDKXL� EDKZD� DSOLNDVL� SXSXN� MXJD�PHUXEDK

NHVHLPEDQJDQ�NLPLD�WDQDK�GLPDQD�EHVDUDQ�GDUL�SHUXEDKDQ�WHUVHEXW�GLWHQWXNDQ�ROHK�VLIDW�DVOL�WDQDK��3HQHOLWLDQ�LQL

EHUWXMXDQ�XQWXN�PHPSHODMDUL�SHUXEDKDQ�VLIDW�NLPLD�WDQDK�DNLEDW�DSOLNDVL�EHEHUDSD�GRVLV�SXSXN�GDQ�NDSXU�SDGD

WDQDK�VXOIDW�PDVDP�SRWHQVLDO��3$66��GDUL�GXD�WLSRORJL�ODKDQ�SDVDQJ�VXUXW��3HUFREDDQ�GLODNVDQDNDQ�GL�UXPDK�NDFD�

&RQWRK�WDQDK�3$66�GLDPELO�GDUL�ODKDQ�SDVDQJ�VXUXW�WLSRORJL�%��3$66�%��GDQ�ODKDQ�SDVDQJ�VXUXW�WLSRORJL�&��3$66�

&���3HUFREDDQ�PHQJJXQDNDQ�UDQFDQJDQ�DFDN�OHQJNDS�GHQJDQ�VDWX�IDNWRU�\DQJ�WHUGLUL�GDUL�EHEHUDSD�GRVLV�SXSXN

XUHD��63�����GDQ�.&O�VHUWD�NDSXU��GLPDQD�SHUKLWXQJDQQ\D�GLGDVDUNDQ�DWDV�DSOLNDVL�'HFLVLRQ�6XSSRUW�6\VWHP���'66��

%HEHUDSD�VLIDW�WDQDK�VHSHUWL�S+�WDQDK��QLWURJHQ�WRWDO��1���IRVIRU�WHUHVHGLD��3���NDOLXP�GDSDW�GLWXNDU��.��GDQ�EHVL��)H�

GLXNXU�VHFDUD�SHULRGLN�VHWLDS�HPSDW�PLQJJX��UHGRNV�SRWHQVLDO��(K��GLXNXU�VHWLDS�PLQJJX�VHGDQJNDQ�LQGHNV�ZDUQD

GDXQ�GLXNXU�VHWLDS�GXD�PLQJJX��'LQDPLND�S+�WDQDK��NRQVHQWUDVL�3��.��)H�VHUWD�NDQGXQJDQ�1�SDGD�3$66�GLSHQJDUXKL

ROHK�DSOLNDVL�SXSXN�GDQ�NDSXU��ZDODXSXQ�EHVDUDQ�GDUL�SHUXEDKDQ�VHPXD�VLIDW�NLPLD�WDQDK�WHUVHEXW�GLSHQJDUXKL�ROHK

WLSRORJL�OXDSDQ�ODKDQ�SDVDQJ�VXUXW��.RQGLVL�WHUVHEXW�WHUXWDPD�WHUNDLW�GHQJDQ�NHEHUDGDDQ�PLQHUDO�)H�GDODP�WDQDK

3$66�%�GDQ�3$66�&��3HUEHGDDQ�NRQVHQWUDVL�)H���SDGD�3$66�%�GDQ�3$66�&�WHUNDLW�GHQJDQ�NRQGLVL�KLGURORJL�ODKDQ

SDVDQJ�VXUXW�WLSRORJL�%�\DQJ�VHULQJ�PHQJDODPL�SHQJJHQDQJDQ�VHEDJDL�DVDO�WDQDK�3$66�%�

.DWD�NXQFL��/DKDQ�SDVDQJ�VXUXW��SHPXSXNDQ��WDQDK�VXOIDW�PDVDP�SRWHQVLDO��WLSRORJL�OXDSDQ�ODKDQ��VLIDW�NLPLD�WDQDK
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$ERXW���������NP��RI�DFLG�VXOIDWH�VRLOV��$66�

LV�VSUHDG�ZRUOGZLGH��DQG�PDLQO\�IRXQG�LQ�FRDVWDO

]RQHV� �6XOOLYDQ� HW� DO�� ������� %DVHG� RQ� WKH� WLGDO

LQXQGDWLRQ�DQG�GUDLQDJH�LQWHQVLW\��WLGDO�VZDPSODQG

LV�GLYLGHG�LQWR�IRXU�W\SHV��L�H��W\SH�$��%��&�DQG�'�

7\SH�$� LV� WKH� WLGDO� VZDPSODQG� WKDW� H[SHULHQFHV

LQXQGDWLRQ�DW�KLJK�RU�ORZ�WLGH�DQG�XQGHUJRHV�GUDLQLQJ

HYHU\� GD\��7\SH� %� LV� WKH� WLGDO� VZDPSODQG� WKDW

H[SHULHQFHV� LQXQGDWLRQ� RQO\� DW� KLJK� WLGH� DQG

XQGHUJRHV�GUDLQLQJ�HYHU\�GD\��7\SH�&�LV�WKH�WLGDO

VZDPSODQG�WKDW�GRHV�QRW�H[SHULHQFH�LQXQGDWLRQ�HYHQ

DW�KLJK�RU� ORZ�WLGH��EXW�XQGHUJRHV�GUDLQLQJ�HYHU\

GD\��7\SH�'�LV� WKH�WLGDO�VZDPSODQG�WKDW�GRHV�QRW

H[SHULHQFH� LQXQGDWLRQ� DW� KLJK� RU� ORZ� WLGH� DQG

XQGHUJRHV�D�OLWWOH�ELW�RI�GUDLQLQJ��.VHOLN�������

(DFK� W\SH� RI� WLGDO� VZDPSODQG� KDV� VSHFLILF

FKDUDFWHULVWLFV�DQG�IHUWLOLW\�OHYHO��*UDQW�HW�DO��������

LQGLFDWHG�WKDW�WKH�IOXFWXDWLRQ�RI�DQQXDO�JURXQGZDWHU

WDEOH� DIIHFWV� WKH� SURGXFWLYLW\� RI� DQ� HFRV\VWHP�

*HQHUDOO\��VRLO�LQ�7\SH�$�WLGDO�VZDPSODQG�LV�PRUH

IHUWLOH�WKDQ�WKDW� LQ�RWKHUV��)XUWKHU��VRLO� LQ�7\SH�%

WLGDO�VZDPSODQG�LV�PRUH�IHUWLOH�WKDQ�WKDW�LQ�&�DQG�'

W\SHV��ZKLFK�LV�UHODWHG�WR�ZDWHU�TXDOLW\�RQ�HDFK�W\SH

RI�WKH�WLGDO�VZDPSODQG�

0RVW�RI� ULFH� ILHOGV�RQ� WLGDO� VZDPSODQG�KDYH

ORZ�SURGXFWLYLW\��LQ�ZKLFK�WKHLU�SURGXFWLYLW\�LV�ORZHU

WKDQ�LUULJDWHG�ULFH�ILHOGV��6HQHZH�DQG�$OIRQV�������

$Q�HIIRUW�WR�LPSURYH�ODQG�SURGXFWLYLW\�LV�IHUWLOL]HU

DSSOLFDWLRQ��KRZHYHU��IHUWLOL]HU�DSSOLFDWLRQ�PD\�EH

LQHIIHFWLYH�LI�WKH�IHUWLOL]HU�DSSOLHG�LV�EDVHG�RQ�WKH

UHFRPPHQGDWLRQ�IRU�ULFH�JURZQ�RQ�LUULJDWHG�ILHOGV�

3RWHQWLDO�ORVV�RI�VRLO�QXWULHQWV�PD\�EH�XQFRQWUROODEOH

VLQFH� WKH� IHUWLOL]HU� DSSOLFDWLRQ�PHWKRG� GRHV� QRW

FRQVLGHU� WKH� QDWXUH� SURSHUWLHV� RI� VXUURXQGLQJ

HQYLURQPHQW� DQG� QHHGV� RI� SODQWV� EDVHG� RQ� WKHLU

JURZWK� VWDJHV� �%LQGUDEDQ� HW� DO�� ������� 7KH

HIILFLHQF\�RI�IHUWLOL]HU�DSSOLFDWLRQ�PD\�EH�LPSURYHG

WKURXJK�WKH��5�1XWULHQW�6WHZDUGVKLS�3ULQFLSOH��L�H�

WKH� XVH� RI� IHUWLOL]HU� IURP� WKH� ULJKW� VRXUFH�� DW� WKH

ULJKW�UDWH��DW�WKH�ULJKW�WLPH��DQG�LQ�WKH�ULJKW�SODFH

�,31,�������

)HUWLOL]HU�DSSOLFDWLRQ�PD\�LPSURYH�VRLO�IHUWLOLW\�

,Q�DGGLWLRQ��IHUWLOL]HU�DSSOLFDWLRQ�FDQ�WULJJHU�FKDQJHV

RI� VRLO� FKHPLFDO� EDODQFH� �/LX� HW� DO��������� 7KH

G\QDPLFV�RI�VRLO�FKHPLFDO�EDODQFH�GXH�WR�IHUWLOL]HU

DQG�RUJDQLF�PDWHULDO�DSSOLFDWLRQ�DUH�GHWHUPLQHG�E\

WKH�LQGLJHQRXV�SURSHUWLHV�RI�VRLO��$GHQL\DQ�HW�DO�

�������LQ�ZKLFK�UHODWHG�WR�WKH�W\SH�RI�FOD\�PLQHUDOV�

ZDWHU�FRQWHQW��DQG�RUJDQLF�PDWWHU�FRQWHQW��*KLUL�DQG

$EWDKL�������<XDQ�HW�DO��������6LQJK�HW�DO��������

+RZHYHU�� LQIRUPDWLRQ� UHJDUGLQJ� WKH� W\SH�RI� WLGDO

VZDPSODQG�LV�HVVHQWLDO�WR�XQGHUVWDQG�WKH�G\QDPLFV

RI�VRLO�FKHPLFDO�SURSHUWLHV��DQG�WKHUHIRUH�QHFHVVDU\

IRU� DJULFXOWXUDO�PDQDJHPHQW� RQ�3RWHQWLDOO\�$FLG

6XOSKDWH� 6RLOV� �3$66��� 7KH� H[SHULPHQW� ZDV

FRQGXFWHG�WR�VWXG\�WKH�VRLO�FKHPLFDO�SURSHUWLHV�RI

3$66�W\SH�%��3$66�%��DQG�&��3$66�&��RI� WLGDO

VZDPSODQG�DV�DIIHFWHG�E\�WKH�DSSOLFDWLRQ�RI�IHUWLOL]HU

DQG�OLPH�

0$7(5,$/6�$1'�0(7+2'

([SHULPHQWDO� 6HWXS

$�JUHHQKRXVH� H[SHULPHQW�ZDV� FRQGXFWHG� RQ

3$66�WKDW�ZDV�RULJLQDWHG�IURP�WZR�W\SHV�RI�WLGDO

VZDPSODQG�� L�H��� 3$66�%� DQG� 3$66�&�� HDFK� RI

WKHP�ZDV�VHW�DV� LQGLYLGXDO�H[SHULPHQWDO�VHW��7KH

H[SHULPHQW�ZDV�FRQGXFWHG�IURP�$SULO�WR�-XO\�����

LQ� WKH� JODVVKRXVH� RI� ,QGRQHVLDQ� 6ZDPSODQG

$JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH��7KH� WUHDWPHQWV

ZHUH�DUUDQJHG�WR�YHULI\�D�IHUWLOL]DWLRQ�VRIWZDUH�DV

NQRZQ�³'HFLVLRQ�6XSSRUW�6\VWHP�3HPXSXNDQ�3DGL

/DKDQ�5DZD´��'66���7KH�WUHDWPHQWV�FRQVLVWHG�RI

VL[�UDWHV�RI�IHUWLOL]HU�SDFNDJH��8UHD��63����DQG�.&O�

DQG�OLPH��7UHDWPHQW�3��WR�3��ZHUH�FDOFXODWHG�IURP

IHUWLOL]HU�SDFNDJH�UDWH�DV�D�UHVXOW�RI�'66�VRIWZDUH

������UHFRPPHQGDWLRQ�UDWH�ZDV�VHW�DV�K\SRWKHVLV

WUHDWPHQW��� ZKHUHDV� 3�� ZDV� FDOFXODWHG� IURP

IHUWLOL]HU� UDWH� EDVHG� RQ� OHDI� FRORXU� LQGH[�� 7KH

WUHDWPHQWV�DSSOLHG�ZHUH�

���)HUWLOL]HU�SDFNDJH�RI�����RI�'66

UHFRPPHQGDWLRQ�UDWH��3���

���)HUWLOL]HU�SDFNDJH�RI�����RI�'66

UHFRPPHQGDWLRQ�UDWH��3���

���)HUWLOL]HU�SDFNDJH�RI������RI�'66

UHFRPPHQGDWLRQ�UDWH��3���

���)HUWLOL]HU�SDFNDJH�RI������RI�'66

UHFRPPHQGDWLRQ�UDWH��3���

7DEOH����6RLO�SURSHUWLHV�RI�3$66�%�DQG�3$66�&�

6RLO�SURSHUWLHV� 3$66�%� 3$66�&� 0HWKRG�

S+�� ����� ������ +�2�������

7RWDO�1����� ����� ����� .MHOGDKO�

3KRVSKRUXV��PJ�NJ
��
�� ����� ����� %UD\���

([FK�.��&�PRO����NJ
��
�� ����� ������ 1+�2$F�S+�����

�
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���)HUWLOL]HU�SDFNDJH�RI������RI�'66

UHFRPPHQGDWLRQ�UDWH��3���

���)HUWLOL]HU�SDFNDJH�EDVHG�RQ�OHDI�FRORXU

LQGH[�UHFRPPHQGDWLRQ��3����FRQWURO��

6RLO�VDPSOLQJ�DQG�5LFH�3ODQWLQJ

%DVHG� RQ� REVHUYDWLRQ� RQ� WKH� ILHOG� DQG� WKHLU

FKHPLFDO� SURSHUWLHV�� WKH� VRLOV�ZHUH� FKDUDFWHUL]HG

DV�3$66�%�DQG�3$66�&��7DEOH�����2EVHUYDWLRQ�LQ

WKH�ILHOG�VKRZHG�WKDW�WKH�VRLO�FRPSULVHV�RI�VXOSKLGLF

PDWHULDO��MDURVLWH�PLQHUDO�DQG�VXOIXULF�KRUL]RQ��$ERXW

����NJ�IUHVK�VRLO�VDPSOHV�ZHUH�FROOHFWHG�IURP�WRS

VRLO������FP�DW�%HODQGHDQ�5HVHDUFK�6WDWLRQ��UHSUH�

VHQWHG�WLGDO�VZDPS�ODQG�RI�7\SH�%��DQG�-HMDQJNLW

9LOODJH��UHSUHVHQWHG�WLGDO�VZDPS�ODQG�RI�7\SH�&��

7HQ�NLORJUDP�RI�WKRVH�VRLOV�ZHUH�SODFHG�LQWR�SODVWLF

SRWV�� 5LFH� VHHGOLQJV� �DJH� RI� WZR�ZHHNV�� ZHUH

SODQWHG�LQ�WKH�SRWV��$TXDGHVW�ZDV�DGGHG�WR�PDLQ�

WDLQ� WKH�ZDWHU� OHYHO�DV�����FP� DERYH�VRLO� VXUIDFH

GXULQJ� WKH�H[SHULPHQW��7KUHH�GD\V�DIWHU�SODQWLQJ�

IHUWLOL]HU�RI�XUHD��63�����.&O�DQG�OLPH�ZHUH�DSSOLHG

DFFRUGLQJ�WR�WKH�WUHDWPHQWV��7DEOH����

6RLO� $QDO\VLV� DQG� /HDI� &RORXU� ,QGH[

0HDVXUHPHQW

7KH�VRLO�S+�ZDV�PHDVXUHG� LQ�D�VRLO�WR�ZDWHU

UDWLR�RI������DYDLODEOH�3�ZDV�H[WUDFWHG�XVLQJ�%UD\��

PHWKRG�� H[FKDQJHDEOH�.� DQG� )H�ZHUH� H[WUDFWHG

XVLQJ�1+
�
2$F�S+����� DQG�PHDVXUHG�XVLQJ�$$6

�DWRPLF�DEVRUSWLRQ�VSHFWURPHWU\��DQG�WRWDO�1�ZDV

GHWHUPLQHG� E\�.MHOGDKO�PHWKRG� DV� GHVFULEHG� E\

%DODL�3HQHOLWLDQ�7DQDK� ��������7KHVH�SDUDPHWHUV

ZHUH�PHDVXUHG� HYHU\� IRXU�ZHHNV� SHULRGLFDOO\�� ,Q

DGGLWLRQ��HDFK�ZHHN�OHDI�FRORXU�ZDV�PHDVXUHG�XVLQJ

OHDI� FRORXU� LQGH[� DQG� VRLO� UHGR[� SRWHQWLDO� ZDV

PHDVXUHG�GLUHFWO\�RQ�WKH�ILHOG�XVLQJ�+DQD��+,������

LQVWUXPHQW�

5(68/76�$1'�',6&866,21

6RLO�$FLGLW\

6RLO� S+� LV� WKH�PDMRU� GULYHU� IRU� VRLO� IHUWLOLW\

�6DKUDZDW��������)LJXUH���VKRZHG�WKDW�WKH�VRLO�S+

RI�3$66�%�DQG�3$66�&�XQGHU�DOO�WUHDWPHQWV�ZHUH

7DEOH����5DWHV�RI�IHUWLOL]HUV�DQG�OLPH�DSSOLHG�RQ�3$66�%�DQG�3$66�&�

7UHDWPHQWV�

5DWHV�RI�IHUWLOL]HU�DQG�OLPH��NJ�KD����

3$66�%� 3$66�&��

8UHD� 63���� .&O� /LPH� 8UHD� 63���� .&O� /LPH�

3��� ���� ����� ����� ������ ���� ���� ����� �������

3��� ���� ���� ����� ������ ���� ���� ����� �������

3��� ���� ���� ���� ������ ���� ���� ����� �������

3��� ���� ���� ���� ������ ���� ���� ����� �������

3��� ���� ���� ���� ������ ���� ���� ���� �������

3��� ���� ���� ����� �������� ���� ���� ����� ����������

�

)LJXUH����&KDQJHV�RI�VRLO�S+�XQGHU�DSSOLFDWLRQ�RI�IHUWLOL]HUV�DQG�OLPH�WUHDWPHQWV�RQ�3$66�%�DQG�3$66�&

GXULQJ����ZHHNV�REVHUYDWLRQ��3�� ���3��� ��3��� ��3��� ��3��

��3��� �

S
+

2EVHUYDWLRQ� �:$3� 2EVHUYDWLRQ� �:$3�

3$66�&

� � � ��� � � ��

3$66�%

�

�

�

�

�

�
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LQFUHDVHG��6RLO�LQXQGDWLRQ�LQFUHDVHV�S+�RI�DFLG�VRLO

GXH�WR�UHGXFWLRQ�SURFHVV�RU�FDUERQDW�DQG�ELFDUERQDW

GLVVROXWLRQ��)DJHULD�HW�DO��������)DKPL�HW�DO�������

:DQJ�HW�DO������D���%HVLGHV� UHGXFWLRQ�SURFHVVHV�

OLPH� WUHDWPHQW� VLJQLILFDQWO\� LQFUHDVHG� VRLO� S+�

7UHDWPHQWV� 3�� WR� 3�� UHVXOWHG� LQ� KLJKHU� VRLO� S+

FRPSDUHG� WR� 3�� WUHDWPHQW� �)LJXUH� ���� /LPH

DSSOLFDWLRQ�GHFUHDVHG�DFLGLW\�ZKLFK�LV�UHVXOWHG�IURP

S\ULWH�R[LGDWLRQ�RU�K\GURO\VLV�RI�$O�DQG�)H�DV�UHSRUWHG

E\�6KDPVKXGGLQ�HW�DO����������,W�LV� LQGLFDWHG�WKDW

LQFXEDWLRQ�PHWKRG�PD\� EHFRPH� DV� DQ� H[FHOOHQW

PHWKRG�WR�GHWHUPLQH�OLPH�UHTXLUHPHQW�IRU�3$66�

$FFRUGLQJ�WR�+DLUDQL�DQG�6XVLODZDWL��������VRLO

S+�RI�$66�LQFUHDVHG�DIWHU�WZR�ZHHNV�RI�LQXQGDWLRQ�

7KH�UHVXOWV�RI�FXUUHQW�VWXG\�VKRZHG�WKDW�WKH�VRLO

S+�LQFUHDVHG�VLQFH�WKH�ILUVW�ZHHN�XQWLO�WKH�IRXUWK

ZHHN�RI�REVHUYDWLRQ��VXEVHTXHQWO\�DIWHU���ZHHN

DIWHU�SODQWLQJ��:$3��WKH�VRLO�S+�WHQGHG�WR�EH

FRQVWDQW��)LJXUH�����7KH�LQFUHDVH�RI�VRLO�S+�RFFXUUHG

VLQFH� WKH� ILUVW� ZHHN� XQWLO� WKH� IRXUWK� ZHHN� RI

REVHUYDWLRQ�HVSHFLDOO\�IRU�3���FRQWURO���ZKLFK�PD\

EH�UHODWHG�WR�WKH�SUHVHQFH�RI�)H�K\GU�R[LGH��LQ�WKHVH

VRLOV��EXW�LQ�GHWDLO��WKH�LQFUHDVH�RI�VRLO�S+�LQ�3$66�

%�ZDV�KLJKHU�WKDQ�LQ�3$66�&��7KH�FKDQJHV�RI�VRLO

S+�GXH�WR�UHGR[�UHDFWLRQ�LQ�VRLO�LV�GHWHUPLQHG�E\

WKH� SUHVHQFH� DQG� DYDLODELOLW\� RI� )H�K\GU�R[LGH�

PLQHUDOV�LQ�VRLO��5HGG\�DQG�'H/DXQH���������7KH

DYHUDJH�)H� FRQWHQW� LQ� 3$66�%�ZDV� ����PJ�NJ���

ZKHUHDV�3$66�&�FRQWDLQHG�����PJ�)H�NJ����)LJXUH

���

+RZHYHU��VRLO�S+�RI�3$66�%�ZDV�ORZHU�WKDQ

3$66�&�DW����:$3��)LJXUH� ���� WKLV� IDFW�PD\�EH

H[SODLQHG�E\� EHWWHU�SHUIRUPDQFH� RI� ULFH� SODQW� DW

PD[LPXP� YHJHWDWLYH� VWDJH� RQ� 3$66�%� WKDQ� RQ

3$66�&� �)LJXUH� ���� 7KH� SUHVHQFH� RI� SODQWV

FRUUHODWHV�ZLWK�DQ�LQFUHDVH�LQ�DFLGLILFDWLRQ�RI�$66�

��

��

��

��

��

�

�
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WKH�PHFKDQLVP�IRU�WKLV�FRQGLWLRQ�LV�GXH�WR�WUDQVSRUW

RI�R[\JHQ�GRZQ�WKH�VRLO�E\�DHUHQFK\PDWRXV�WLVVXH�

WKHQ� UHOHDVH� WKH� R[\JHQ� LQWR� WKH� UKL]RVSKHUH

�0LFKDHO� HW� DO�� ������� 5LFH� SODQW� ZLWK� EHWWHU

SHUIRUPDQFH� KDV� VWURQJHU� R[LGDWLRQ� SRZHU� RQ

VXUURXQGLQJ�URRW�HQYLURQPHQW�DV�VXJJHVWHG�E\�'XIH\

HW�DO����������$FFRUGLQJ� WR�0LFKDHO�HW�DO�� ������

R[LGDWLRQ�SRZHU�KDV�OHG�ODUJH�LQFUHDVH�RI�VRLO�DFLGLW\

DW�VXUURXQGLQJ�RI�URRW�HQYLURQPHQW��0RUHRYHU��SODQW

ZLWK�EHWWHU�SHUIRUPDQFH�PD\�LQIOXHQFH�RQ�QXWULHQW

XSWDNH�� ULFH� SODQW� ZLWK� EHWWHU� SHUIRUPDQFH�PD\

UHOHDVH�PRUH�+�� LRQV� WR� DEVRUE�1+
�

�� DQG� RWKHU

FDWLRQV�

7RWDO�1�LQ�6RLO

1LWURJHQ�ELRJHRFKHPLFDO�UHDFWLRQ�LQ�ZHWODQG

LV�JUHDWO\�GLIIHUHQW�ZLWK�XSODQG��LW�LV�JUHDWO\�G\QDPLF�

HVSHFLDOO\�LQIOXHQFHG�E\�WKH�SUHVHQFH�RI�ZDWHU�RU

K\GURORJLFDO�FRQGLWLRQ�RI�ODQG��$OWKRXJK��XUHD�KDV

DSSOLHG�WKUHH�GD\V�DIWHU�SODQWLQJ��WRWDO�1�FRQWHQWV

XQGHU�DOO�WUHDWPHQWV�LQ�3$66�%�DQG�3$66�&�RQ��

:$3�ZDV� GHFUHDVHG� �)LJXUH� ����+RZHYHU�� EDVHG

RQ�OHDI�FRORXU�LQGH[��RQO\�WKH�ULFH�SODQW�LQ�WKH�3$66�

&�WUHDWPHQWV�LQGLFDWHG�GHILFLHQF\�V\PSWRPV�RI�1

�)LJXUH�����7KLV�PHDQV�WKH�DPRXQW�RI�1�WKDW�DSSOLHG

WKURXJK�IHUWLOL]DWLRQ�KDV�QR�HIIHFW�RQ�1�DYDLODELOLW\

LQ�VRLO�DQG�XSWDNH�E\�SODQW��$FFRUGLQJ�WR�'RQJ�HW

DO���������RQO\�DERXW�����RI�1�DEVRUEHG�E\�SODQW

LV�GHULYHG�IURP�IHUWLOL]HU�WKDW�DSSOLHG�RQ�WKH�VRLO�

ZKHUHDV� DW� OHDVW� ����LV�GHULYHG� IURP� LQGLJHQRXV

VXSSO\��RQH�PHFKDQLVP�LQ�HQKDQFLQJ�QXWULHQW�VXSSO\

LQ�ZHWODQG�VRLO�LV�WKURXJK�VRLO�IORRGLQJ�SURFHVV��7KLV

UHVXOW� LV�LQ�OLQH�ZLWK� WKH�VWXG\�RI�.R\DPD�������

WKDW�DERXW��������RI�WRWDO�1�WDNHQ�XS�E\�ULFH�SODQW

LV�GHULYHG�IURP�RUJDQLF�1�WKURXJK�PLQHUDOL]DWLRQ

SURFHVV�

7KH� GHFUHDVH� RI� WRWDO�1�RQ� ��:$3�RU� WKUHH

ZHHNV�DIWHU�IHUWLOL]HU�DSSOLFDWLRQ�LQGLFDWHG�WKDW�WKH

YRODWLOL]DWLRQ�SURFHVV�ZDV�RFFXUHG��7KH�ILQGLQJ�E\

1RUPDQ�HW�DO���������VKRZHG�WKDW�DW� WZHQW\�GD\V

DIWHU�XUHD�DSSOLFDWLRQ��ORVV�RI�1�WKURXJK�YRODWLOL]DWLRQ

SURFHVVHV�UHDFKHV�XS�WR������/RVV�RI�1�XQGHU�IORRG

FRQGLWLRQ�PD\�RFFXU�WKURXJK�YRODWLOL]DWLRQ�SURFHVVHV�

PRVW�RI�1�DSSOLHG�WR�WKH�VRLO�ZRXOG�EH�WUDQVIRUPHG

LQWR�1+
�

��WKDW�PD\�ORVH�WR�WKH�DLU��/RVV�RI�1+
�

�RQ

WKH�IORRGHG�ULFH�ILHOG�WKURXJK�YRODWLOL]DWLRQ�SURFHVVHV

UHDFKHV�XS� WR� ���� �;LQJ� DQG�=KX��������/RZHU

WRWDO� 1� FRQWHQWV� LQ� 3$66�&� WKDQ� LQ� 3$66�%

LQGLFDWHG� WKDW�PRUH�1� KDV� ORVW� YLD� YRODWLOL]DWLRQ

SURFHVV� LQ� 3$66�&� WKDQ� LQ� 3$66�%�� ,W� FDQ� EH

DWWULEXWHG�ZLWK�KLJKHU�)H�FRQWHQW�LQ�3$66�%�WKDQ�LQ

3$66�&� �)LJXUH� ���� ,URQ� FRXSOHG�ZLWK� DQDHURELF

1+
�

��R[LGDWLRQ�ZLOO�SURGXFH�)H����1
�
�DQG�12

�
��<DQJ

HW�DO��������

0RUHRYHU�� 1+
�

��PD\� EH� IL[HG� E\� QHJDWLYH

FKDUJH�RI� VRLO� FROORLGV��$PPRQLXP� IL[DWLRQ�PD\

RFFXU�LQ�DOO�VRLO�W\SHV��WKH�SURFHVV�LV�UXQQLQJ�YHU\

IDVW���OHVV�WKDQ����PLQXWHV�DIWHU�IHUWLOL]HU�DSSOLFDWLRQ

DQG� WKH� DPRXQW� RI� DPPRQLXP�IL[HG� E\� WKH� VRLO

FROORLGV� PD\� UHDFK� ���� WR� ���� �'UXU\� DQG

%HDXFKDPS� ������7UHKDQ� ������� �$FFRUGLQJ� WR

.HHUWKLVLQJKH� HW� DO�� �������� DPPRQLXP� IL[DWLRQ

SURFHVV�LV�SRVLWLYHO\�FRUUHODWHG�WR�YHUPLFXOLWH�FOD\

PLQHUDO�FRQWHQW�LQ�VRLO��DQG�DFFRUGLQJ�WR�$OZL�������

WKDW�3$66�LQ�WKH�ORFDWLRQ�RI�VWXG\�FRQWDLQ�YHUPLFXOLWH

FOD\�PLQHUDO�

$YDLODEOH�3

$OO� UDWHV� RI� 3� IHUWLOL]HU� DSSOLHG� WR� WKH� VRLOV

LQFUHDVHG�3�DYDLODELOLW\��)LJXUH�����7KH�LQFUHDVH�PD\

EH� FDXVHG� E\� VRLO� LQXQGDWLRQ� WKURXJKRXW� WKH

H[SHULPHQW��3UHYLRXV�VWXG\�E\�)DKPL�HW�DO��������

)LJXUH����/HDI�FRORXU�LQGH[�RI�ULFH�SODQW�XQGHU�DSSOLFDWLRQ�RI�IHUWLOL]HUV�DQG�OLPH�WUHDWPHQWV�RQ�3$66�%�DQG

3$66�&�GXULQJ����ZHHNV�REVHUYDWLRQ��3�� ��3�� ��3�� ��3�� ��3�� ��3�� �
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�� $�)DKPL�HW�DO���&KHPLFDO�3URSHUWLHV�RI�3RWHQWLDOO\�$FLG�6XOSKDWH�6RLOV

DOVR� UHSRUWHG� WKDW� VRLO� LQXQGDWLRQ� LQFUHDVHG� 3

DYDLODELOLW\��6RLO�LQXQGDWLRQ�LPSURYHV�VRLO�FKHPLFDO

SURSHUWLHV� VXFK� DV� LQFUHDVLQJ� VRLO� S+� DQG� 3

DYDLODELOLW\��7KLV�FRQGLWLRQ�LV� UHODWHG�WR� UHGXFWLYH

FRQGLWLRQ�RI� VRLO�� 6RLO� LQXQGDWLRQ� VWLPXODWHG�)H��

UHGXFWLRQ�LQ�WKH�VRLO��DQG�3�GLVVROXWLRQ�ZDV�FRUUHODWHG

WR� )H���UHGXFWLRQ� �0RUULV� DQG�+HVWHUEHUJ�� ������

3KRVSKRUXV�IHUWLOL]HU�ZDV�DSSOLHG�LQ�YDULRXV�UDWHV�

KRZHYHU��WKHUH�ZDV�QR�GLIIHUHQFH�LQ�3�DYDLODELOLW\

PHDVXUHG�LQ�WKH�VRLOV��)LJXUH�����7KH�UHVXOW�LQGLFDWHV

WKDW�3�IHUWLOL]HU�DSSOLFDWLRQ�LQ�WKLV�H[SHULPHQW�ZDV

QRW�DEOH�WR�LQIOXHQFH�RQ�3�DYDLODELOLW\�DQG�VRLO�EXIIHULQJ

RI�3�LQ�VRLO�VROXWLRQ��)DKPL�HW�DO���������UHSRUWHG

WKDW� VRLO� 3� DGVRUSWLRQ� FDSDFLW\� RI� 3$66� RQ� WKH

UHVHDUFK�VLWH�PD\�UHDFK�XS�WR�����PJ�NJ����LQGLFDWLQJ

WKDW�3�EDODQFH�LQ�VRLO�VROXWLRQ�ZLOO�QRW�FKDQJH�LI�3

IHUWLOL]HU�LV�DSSOLHG�WR�WKH�VRLO�LQ�ORZ�DPRXQW�

+LJKHU� DYDLODELOLW\� RI� 3� LQ� 3$66�&� WKDQ� LQ

3$66�%�ZDV�UHODWHG�WR�WKH�GLIIHUHQFH�RI�)H�FRQWHQW

LQ�ERWK�RI�VRLO�W\SHV�DV�VKRZQ�LQ�QHJDWLYH�FRUUHODWLRQ

RI�3�DYDLODELOLW\�DQG�)H�FRQFHQWUDWLRQ��)LJXUH����

&RQFHQWUDWLRQ� RI� )H� LQ� 3$66�%�ZDV� KLJKHU� WKDQ

3$66�&��)LJXUH�����$FFRUGLQJ�WR�/RHE�HW�DO��������

��=DN�HW�DO���������DQG�:DQJ�HW�DO�������E��SRRUO\

)H�FU\VWDOOLQH�VXFK�DV�IHUULK\GULWH�KDV�LPSRUWDQW�UROH

RQ� 3� GLVVROXWLRQ� LQ�ZHWODQG� VRLOV�� 8QGHU� DQR[LF

FRQGLWLRQ��IRUPDWLRQ�RI�IHUURXV�SKRVSKDWH�PLQHUDOV

VHUYHV�DV�DQ�DGGLWLRQDO�3�VLQN�IRU�VRLO��5RWKH�HW�DO�

������� 7KLV� PHDQV� 3� DYDLODELOLW\� LQ�$66� ZDV

GHWHUPLQHG�E\�SK\VLR�FKHPLFDO�VRLO�FKDUDFWHULVWLFV�

VXFK�DV�S+�DQG�UHGR[�SRWHQWLDO��$JJHQEDFK�HW�DO�

������&XVHOO�HW�DO��������%DNHQ�HW�DO��������� WKH

SUHVHQFH�RI�)H��K\GU�R[LGHV��HVSHFLDOO\�IRU�VRLO�ZLWK

ORZ�RI�3�FRQWHQW��=KDQJ�DQG�+XDQJ�������

,Q�DGGLWLRQ��ORZHU�3�DYDLODELOLW\�LQ�3$66�%�WKDQ

3$66�&� PLJKW� EH� DOVR� FDXVHG� E\� KLJKHU� )H�

FU\VWDOOLQH�PLQHUDO� FRQWDLQHG� LQ� 3$66�&�� 6RLO

LQXQGDWLRQ�WKDW�RFFXUUHG�IUHTXHQWO\�RQ�W\SH�%�UHODWHG

WR� WKLV� FRQGLWLRQ��&KL� HW� DO�� ������� UHSRUWHG� WKDW

IRUPDWLRQ�RI�SRRUO\�)H�FU\VWDOOLQH�LV�PRUH�GRPLQDQW

WKDQ�ZHOO�)H�FU\VWDOOLQH�LQ�VRLO�ZLWK�SRRU�DHUDWLRQ�

DQG� -RKQVWRQ� HW� DO�� ������� VXJJHVWHG� WKDW� SRRUO\

FU\VWDOOLQH� )H�R[LGHV� QHDU� WKH� VRLO� VXUIDFH� ZDV

LQFUHDVHG�IROORZLQJ�WLGDO�LQXQGDWLRQ��'LIIHUHQW�W\SHV

RI� )H��K\GU�R[LGHV� LQ� VRLOV� DUH� WKH�PDLQ� IDFWRU

DIIHFWLQJ� WKH� ELRDYDLODELOLW\� DQG�PRELOLW\� RI� 3

�*X]PDQ�HW�DO��������

([FKDQJHDEOH�.

3RWDVVLXP�KDV� HVVHQWLDO� IXQFWLRQV� LQ� HQ]\PH

DFWLYDWLRQ��RVPRUHJXODWLRQ��UHJXODWLRQ�RI�FHOOXODU�S+�

FHOOXODU� FDWLRQ�DQLRQ� EDODQFH�� UHJXODWLRQ� RI

WUDQVSLUDWLRQ� E\� VWRPDWD�� DQG� WKH� WUDQVSRUW� RI

DVVLPLODWHV��'REHUPDQQ�DQG�)DLUKXUVW���������%DVHG

RQ� WKH� FDWHJRU\� RI� VRLO�.� FRQWHQW� GHYHORSHG� E\

'REHUPDQQ�DQG�)DLUKXUVW� �������)LJXUH��� VKRZV

WKDW�H[FKDQJHDEOH�.�LQ�3$66�%�DQG�3$66�&�DUH�LQ

DGHTXDWH� FDWHJRU\�� )HUWLOL]HU� DSSOLFDWLRQ� LQFUHDVHG

)LJXUH����7KH�DPRXQW�RI�DYDLODEOH�3�XQGHU�DSSOLFDWLRQ�RI�IHUWLOL]HUV�DQG�OLPH�WUHDWPHQWV�RQ�3$66�%�DQG

3$66�&�GXULQJ����ZHHNV�REVHUYDWLRQ��3�� ���3��� ��3��� ��3��� �
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H[FKDQJHDEOH�.�LQ�ERWK�VRLOV��EXW�H[FKDQJHDEOH�.�LQ

3$66�%�ZDV� KLJKHU� WKDQ� 3$66�&�� HVSHFLDOO\� IRU

REVHUYDWLRQ�WKDW�FRQGXFWHG�RQ���:$3��7KH�GLIIHUHQFH

LQ�H[FKDQJHDEOH�.�FRQFHQWUDWLRQV�EHWZHHQ�3$66�%

DQG�3$66�&�LV� OLNHO\�DVVRFLDWHG�ZLWK�WKH�GLIIHUHQW

UDWHV�RI�IHUWLOL]HU�DSSOLHG��7DEOH����

([FKDQJHDEOH� .� FRQFHQWUDWLRQV� LQ� 3$66�%

DQG�3$66�&�PHDVXUHG�DW���:$3�DQG����:$3�ZHUH

GHFOLQHG� FRPSDUHG� WR� WKDW�PHDVXUHG� DW� ��:$3

�)LJXUH�����LQGLFDWLQJ�WKDW�.�IL[DWLRQ�E\�FOD\�PLQHUDO

ZDV� RFFXUUHG�� DV� SUHYLRXVO\� LQGLFDWHG� WKDW� 3$66

FRQWDLQ�YHUPLFXOLWH��VPHFWLWH�DQG�NDROLQLWH�PLQHUDOV

�$OZL��������5DKHE�DQG�+DHGDUL��������VKRZHG�WKDW

WKH�SUHVHQFH�RI�YHUPLFXOLWH�PLQHUDO�UHVXOWV�LQ�ODUJH

IL[DWLRQ�FDSDFLW\�RI�VRLO�

)HUUR�&RQFHQWUDWLRQ

)HUUR� FRQFHQWUDWLRQV� LQ� 3$66�%� DQG� 3$66�&

LQFUHDVHG� RQ� ��:$3�� DQG� JUDGXDOO\� GHFUHDVHG� WR

WKH�ORZHVW�YDOXH�DW����:$3��)LJXUH�����7KH�GHFUHDVH

RI� )H��� FRQFHQWUDWLRQ� PD\� EH� DVVRFLDWHG� ZLWK

SUHFLSLWDWLRQ�RI�)H���ZLWK�3�WR�IRUP�YLYLDQLWH�PLQHUDO

XQGHU�KLJK�S+�DQG�KLJK�3�FRQFHQWUDWLRQ��$FFRUGLQJ

WR�+HLEHUJ�HW�DO���������DQG�1DQ]\R�HW�DO��������

WKH� IRUPDWLRQ�RI� YLYLDQLWH�PLQHUDO� LV� RFFXUUHG� LQ

DQDHURE�FRQGLWLRQ��KLJK�S+�DQG�KLJK�3�FRQFHQWUDWLRQ�

1ULDJX��������DOVR�UHSRUWHG�WKDW�YLYLDQLWH�LV�VWDEOH

XQGHU�S+���WR����$FFRUGLQJ�WR�/L�HW�DO���������WKH

SUHFLSLWDWLRQ�RI�)H��²3�LV�VRXQGO\�FU\VWDOOL]HG�WR

YLYLDQLWH�LI�WKH�PRODU�UDWLR�RI�)H���WR�3�LV�PRUH�WKDQ

�����7KH�HTXDWLRQ�WKDW�LOOXVWUDWHV�WKH�YLYLDQLWH�PLQHUDO

IRUPDWLRQ�LV�DV�IROORZV��+HLEHUJ�HW�DO��������
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7KH� FRQFHQWUDWLRQ� RI� )H��� LQ� 3$66�%�ZDV

KLJKHU�WKDQ�3$66�&��)LJXUH�����WKLV�FRQGLWLRQ�PD\

EH�UHODWHG�WR�7\SH�%�K\GURORJLFDO�FRQGLWLRQ�RI�WLGDO

)LJXUH����7KH�DPRXQW�RI�H[FKDQJHDEOH�.�XQGHU�DSSOLFDWLRQ�RI�IHUWLOL]HUV�DQG�OLPH�WUHDWPHQWV�RQ�3$66�%

DQG�3$66�&�GXULQJ����ZHHNV�REVHUYDWLRQ��3�� � ��3��� ��3��� ��3��
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�� $�)DKPL�HW�DO���&KHPLFDO�3URSHUWLHV�RI�3RWHQWLDOO\�$FLG�6XOSKDWH�6RLOV

VZDPSODQG� RI� 3$66�%� VRLO� WKDW� LV� IUHTXHQWO\

IORRGHG��$FFRUGLQJ�WR�5HGG\�DQG�'H/DXQH�������

WKH�VRLOV�WKDW�DUH�IUHTXHQWO\�IORRGHG�RU�DOWHUQDWHO\

IORRGHG�DQG�GULHG�PD\�FRQWDLQ�DEXQGDQW�RI�SRRUO\

)H�FU\VWDOOLQH� DQG� OHVV� ZHOO� )H�FU\VWDOOLQH�

)XUWKHUPRUH��SRRUO\�)H�FU\VWDOOLQH�KDV�KLJK�VROXELOLW\

DQG�HDVLO\�UHGXFLEOH�FRPSDUHG�WR�ZHOO�)H�FU\VWDOOLQH

�%RQQHYLOOH� HW� DO�� ������� %UHQQDQ� DQG� /LQGVD\

�������LQGLFDWHG�WKDW�)H�FU\VWDOOLQH�SOD\V�D�PDMRU

UROH�RQ�)H�VROXELOLW\�LQ�VRLO�VROXWLRQ�RQO\�XQGHU�VWDEOH

DQG�R[LGDWLYH�FRQGLWLRQ�

5HGR[� 3RWHQWLDO

5HGR[� SRWHQWLDO� LV� WKH� PDMRU� GULYHU� WKDW

GHWHUPLQHV�ZHWODQG�VRLO�IHUWLOLW\��6DKUDZDW�������

6RLO�(K�YDOXH� LQ� WKH�UDQJH�RI����� WR� �����P9� LV

FDWHJRUL]HG� DV� UHGXFWLYH� FRQGLWLRQ� �5HGG\� DQG

'H/DXQH� ������� 7KH� UHVXOWV� SUHVHQWHG� KHUH

VXJJHVWHG� WKDW� 3$66�%� DQG� 3$66�&� ZHUH� LQ

UHGXFWLYH�FRQGLWLRQ�GXULQJ�WKH�H[SHULPHQW��)LJXUH

����7KLV�FRQGLWLRQ�RFFXUUHG�GXH�WR�ERWK�VRLOV�ZHUH

LQXQGDWHG�GXULQJ�WKH�REVHUYDWLRQ��6RLO�LQXQGDWLRQ�PD\

OHDG�VRLO�LQ�DQDHURELF�FRQGLWLRQ��FRQVHTXHQWO\�WKH

DPRXQW� RI� R[\JHQ� �2
�
��PD\�GHFUHDVH��*UDGXDOO\

WKH�R[\JHQ�DV�DQ�HOHFWURQ�DFFHSWRU� LV�UHSODFHG�E\

RWKHU� HOHPHQWV� VXFK� DV�12
�
��0Q�� )H�� 62

�
�� &+

�

�5HGG\� DQG� 'H� /DXQH� ������� ,Q� WKLV� FDVH� WKH

VHTXHQFH�RI�WKH�VKLIWV�LV�UHJXODWHG�E\�PDQ\�IDFWRUV�

VXFK�DV�VRLO�UHGXFLQJ�EDFWHULD�VSHFLHV�DQG�DYDLODELOLW\

RI�HOHPHQWV�DV�DQ�DFFHSWRU�DQG�GRQRU�RI�HOHFWURQ�

,Q� GHWDLO�� XQWLO� ��:$3�� 3$66�%�ZDV� PRUH

UHGXFWLYH�FRPSDUHG�WR�3$66�&��L�H��DYHUDJH�(K�RI

3$66�%�ZDV�LQ�WKH�UDQJH�RI��������P9�DQG�!�����

P9�LQ� WKH�3$66�&�� UHVSHFWLYHO\� �)LJXUH�����7KLV

SKHQRPHQRQ� FDQ�EH� DWWULEXWHG� WR� WKH� KLJKHU�)H��

FRQFHQWUDWLRQ�LQ�3$66�%�WKDQ�LQ�3$66�&��)LJXUH

����%DVHG�RQ�(K�YDOXH��PRVW�RI�)H�LQ�VRLO�VROXWLRQ�LV

LQ�UHGXFWLYH�IRUPV��5HGG\�DQG�'H/DXQH�������

,Q� JHQHUDO�� (K� LQFUHDVHG� DW� ��� WR� ���:$3�

VXJJHVWLQJ�WKHUH�KDYH�EHHQ�RFFXUUHG�UDSLG�R[LGDWLRQ

SURFHVV� HVSHFLDOO\� RQ� 3$66�%�� 7KLV� IDFW� ZDV

FRUUHODWHG�WR�VRLO�S+�DQG�)H�VROXELOLW\�LQ�WKH�VRLOV�

6WXPP� DQG�0RUJDQ� ������� LQGLFDWHG� WKDW� )H

R[LGDWLRQ�PD\�LQFUHDVH�����IROGV�LQ�FLUFXPQHXWUDO

S+��EXW�WKH�UDWH�RI�UHDFWLRQ�LV�OLPLWHG�E\�WKH�DYDLODELOLW\

RI� UHGXFLEOH� )H�� 5HGG\� DQG� 'H� /DXQH� ������

VXJJHVWHG� WKDW� WKH� UDWH� RI� UHGR[� UHDFWLRQ� LV

GHWHUPLQHG�E\�WKH�DYDLODELOLW\�RI�HOHFWURQ�DFFHSWRU

DQG�GRQRU�

&21&/86,216

:KHQ�IHUWOL]HUV�DQG�OLPH�ZHUH�DSSOLHG�WR�3$66

RULJLQDWHG�IURP�W\SH�$�DQG�%�RI� WLGDO�VZDPSODQG�

WKHLU�VRLO�FKHPLFDO�SURSHUWLHV�FKDQJHG��6RLO�S+��3

DYDLODELOLW\�DQG�H[FKDQJHDEOH�.�FRQFHQWUDWLRQ�ZHUH

LQFUHDVHG��ZKHUHDV�WRWDO�1��)H�FRQFHQWUDWLRQ�DQG�(K

ZHUH�QRW�DIIHFWHG�E\�WKH�WUHDWPHQWV��+RZHYHU��WRWDO

1�� )H� FRQFHQWUDWLRQ� DQG�(K� FKDQJHG� GXULQJ� WKH

H[SHULPHQW��7KH�DOWHUDWLRQ�RI�VRLO�FKHPLFDO�SURSHUWLHV

LV�PDLQO\�DVVRFLDWHG�ZLWK�WKH�VRLO�UHGR[�FRQGLWLRQ�DQG

WKH� )H� FRQFHQWUDWLRQ� LQ� ERWK� VRLOV�� LQ� ZKLFK� )H

FRQFHQWUDWLRQ�PLJKW�EH�UHODWHG�WR�ODQG�K\GURORJLFDO

FRQGLWLRQ��,Q�DGGLWLRQ�� WKH�G\QDPLF�RI� WRWDO�1�DQG

H[FKDQJHDEOH�.�FRQFHQWUDWLRQ�LQ�ERWK�VRLOV�LV�UHODWHG

WR�YHUPLFXOLWH�FOD\�PLQHUDO�FRQWHQW�LQ�WKH�VRLOV�

)LJXUH����5HGR[�SRWHQWLDO� XQGHU�DSSOLFDWLRQ�RI� IHUWLOL]HUV�DQG� OLPH� WUHDWPHQWV� RQ�3$66�%� DQG�3$66�&
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��-�7URS�6RLOV��9RO������1R����������������

$&.12:/('*(0(176

7KH�5HVHDUFK�ZDV�ILQDQFHG�E\�WKH�0LQLVWU\�RI

$JULFXOWXUH�RI�WKH�5HSXEOLF�,QGRQHVLD��7KH�DXWKRUV

ZRXOG�OLNH�WR�WKDQN�0UV�1XULWD�DQG�0UV�<XOLD�5DLKDQD

IRU�WKHLU�DVVLVWDQFH�

5()(5(1&(6

$GHQL\DQ�21��$2�2MR��2$�$NLQERGH�DQG�-$�$GHGLUDQ�

������ &RPSDUDWLYH� VWXG\� RI� GLIIHUHQW� RUJDQLF

PDQXUHV�DQG�13.�IHUWLOL]HU�IRU�LPSURYHPHQW�RI�VRLO

FKHPLFDO�SURSHUWLHV�DQG�GU\�PDWWHU�\LHOG�RI�PDL]H�LQ

WZR�GLIIHUHQW�VRLOV��-�6RLO�6FL�(QYLURQ�0DQDJH���

�����

$JJHQEDFK�&-6��+�%DFN[���:-�(PVHQV��$3�*URRWMDQV�

/30� /DPHUV��$-3� 6PROGHUV�� 3-� 6WX\I]DQG�� /

:ROHMNR�DQG�5�9DQ�'LJJHOHQ��������'R�KLJK�LURQ

FRQFHQWUDWLRQV� LQ� UHZHWWHG� ULFK� IHQV� KDPSHU

UHVWRUDWLRQ"�3UHVOLD������������

$OZL�0��������,QDNWLYDVL�3LULW�GDQ�-DURVLW�7HUODSXN�0HODOXL

3HOLQGLDQ�GDQ�3HQJJXQDDQ�%LRILOWHU�GL�7DQDK�6XOIDW

0DVDP����'LVHUWDVL����,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU�

����S���LQ�,QGRQHVLDQ��

%DNHQ�6��0�9HUEHHFN��'�9HUKH\HQ��-�'LHOV�DQG�(�6PROGHUV�

������3KRVSKRUXV�ORVVHV�IURP�DJULFXOWXUDO�ODQG�WR

QDWXUDO�ZDWHUV�DUH�UHGXFHG�E\�LPPRELOL]DWLRQ�LQ�LURQ�

ULFK�VHGLPHQWV�RI�GUDLQDJH�GLWFKHV��:DWHU�5HVHDUFK

������������

%DODL� 3HQHOLWLDQ�7DQDK�������� �$QDOLVLV�.LPLD�7DQDK�

7DQDPDQ��$LU�GDQ�3XSXN���6HFRQG�(GLWLRQ��%DGDQ

3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� 3HUWDQLDQ�

'HSDUWHPHQ�3HUWDQLDQ��%RJRU������S���LQ�,QGRQHVLDQ��

%RQQHYLOOH�6��7�%HKUHQGV�DQG�3�9DQ�&DSSHOOHQ�������

6ROXELOLW\�DQG�GLVVLPLODWRU\�UHGXFWLRQ�NLQHWLFV�RI

LURQ� �,,,�� R[\K\GUR[LGHV��$� OLQHDU� IUHH� HQHUJ\

UHODWLRQVKLS��*HRFKLPLFD�&RVPRFKLPLFD�$FWD����

����������

%UHQQDQ�(:� DQG�:/�/LQGVD\�� ������ 5HGXFWLRQ� DQG

R[LGDWLRQ�HIIHFW�RQ�WKH�VROXELOLW\�DQG�WUDQVIRUPDWLRQ

RI�LURQ�R[LGHV��6RLO�6FL�6RF�$P�-�������������

%LQGUDEDQ�36��&�'LPNSD���/�1DJDUDMDQ��$�5R\�DQG�5

5DEELQJH�� ������ 5HYLVLWLQJ� IHUWLOLVHUV� DQG

IHUWLOLVDWLRQ�VWUDWHJLHV�IRU�LPSURYHG�QXWULHQW�XSWDNH

E\�SODQWV��%LRO�)HUWLO�6RLOV�������������

&KL�*��;�&KHQ��<�6KL�DQG�7�=KHQJ��������)RUPV�DQG�SURILOH

GLVWULEXWLRQ� RI� VRLO� )H� LQ� WKH� 6DQMLDQJ� 3ODLQ� RI

1RUWKHDVW�&KLQD�DV�DIIHFWHG�E\�ODQG�XVHV��-�6RLOV

6HGLPHQW�������������

&XVHOO�&��$�.RRLMPDQ��)�)HUQDQGH]��*�9DQ�:LUGXP���--0

*HXUWV��((�9DQ�/RRQ��.�.DOELW]��DQG�/30�/DPHUV�

������ )LOWHULQJ� IHQV��0HFKDQLVPV� H[SODLQLQJ

SKRVSKRUXVOLPLWHG� KRWVSRWV� RI� ELRGLYHUVLW\� LQ

ZHWODQGV� DGMDFHQW� WR�KHDYLO\� IHUWLOL]HG� DUHDV��6FL

7RW�(QYLURQ��������������

'REHUPDQQ�$� DQG�7� )DLUKXUVW�� ������5LFH� �� 1XWULHQW

'LVRUGHUV�DQG�1XWULHQW�0DQDJHPHQW��,55,��0DNDWL

FLW\��7KH�)KLOOLSLQHV������S�

'RQJ�10��..�%UDQGW��-�6¡UHQVHQ��11�+XQJ��&9�+DFK�

36�7DQ�DQG�7�'DOVJDDUG��������(IIHFWV�RI�DOWHUQDWLQJ

ZHWWLQJ�DQG�GU\LQJ�YHUVXV�FRQWLQXRXV�IORRGLQJ�RQ

IHUWLOL]HU�QLWURJHQ�IDWH�LQ�ULFH�ILHOGV�LQ�WKH�0HNRQJ

'HOWD��9LHWQDP��6RLO�%LRO�%LRFKHP�������������

'UXU\�&)�DQG�(*�%HDXFKDPS��������$PPRQLXP�IL[DWLRQ�

UHOHDVH��QLWULILFDWLRQ��DQG�LPPRELOL]DWLRQ�LQ�KLJK��DQG

ORZ�IL[LQJ�VRLOV��6RLO�6FL�6RF�$P�-�������������

'XIH\�,��3�+DNL]LPDQD��;�'UD\H��6�/XWWV�DQG�3�%HUWLQ�

������47/�PDSSLQJ�IRU�ELRPDVV�DQG�SK\VLRORJLFDO

SDUDPHWHUV� OLQNHG� WR� UHVLVWDQFH�PHFKDQLVPV� WR

IHUURXV�LURQ�WR[LFLW\�LQ�ULFH��(XSK\WLFD��������������

)DJHULD�1.��*'�&DUYDOKR��$%�6DQWRV��(3%�)HUUHLUD�DQG

$0�.QXSS��������&KHPLVWU\�RI�ORZODQG�ULFH�VRLOV

DQG� QXWULHQW� DYDLODELOLW\��&RPPXQ�6RLO� 6FL�3ODQW

$QDO���������������

)DKPL�$��6�1XU]DNLDK�DQG�(�3XUQRPR����������(YDOXDVL

WHNQLN�SHUVLDSDQ�FRQWRK�WDQDK�GDQ�PHWRGH�DQDOLVLV

WDQDK� XQWXN� SHQJXNXUDQ� IRVIDW� GL� ODKDQ� SDVDQJ

VXUXW���-�7URS�6RLOV�������������LQ�,QGRQHVLDQ��

)DKPL�$��%�5DGMDJXNJXN��DQG�%+�3XUZDQWR��������7KH

/HDFKLQJ� RI� LURQ� DQG� ORVV� RI� � SKRVSKDWH� LQ� DFLG

VXOSKDWH� VRLO� GXH� WR� ULFH� VWUDZ� DQG� SKRVSKDWH

IHUWLOL]HU�DSSOLFDWLRQ��-�7URS�6RLOV�����������

*KLUL�01�DQG�$�$EWDKL��������)DFWRUV�DIIHFWLQJ�SRWDV�

VLXP�IL[DWLRQ�LQ�FDOFDUHRXV�VRLOV�RI�VRXWKHUQ�,UDQ�

$UFK�$JURQ�6RLO�6FL�������������

*UDQW�5)��$5�'HVDL��DQG�%1�6XOPDQ��������0RGHOOLQJ

FRQWUDVWLQJ� UHVSRQVHV� RI�ZHWODQG� SURGXFWLYLW\� WR

FKDQJHV� LQ�ZDWHU� WDEOH� GHSWK��%LRJHRVFLHQFHV� ��

����������

*X]PDQ� *�� (� $OFDQWDUD� DQG� 9� %DUUR�Q�� �����

3K\WRDYDLODELOLW\� RI� SKRVSKDWH� DGVRUEHG� RQ

IHUULK\GULWH��KHPDWLWH��DQG�JRHWKLWH��3ODQW�6RLO�����

��������

+DLUDQL�$�DQG�$�6XVLODZDWL�������&KDQJHV�RI�VRLO�FKHPLFDO

SURSHUWLHV� GXULQJ� ULFH� VWUDZ� GHFRPSRVLWLRQ� LQ

GLIIHUHQW�W\SH�RI�DFLG�VXOSKDWH�VRLO��-�7URS�6RLOV���

�������

+HLEHUJ�/��79�3HGHUVHQ��+6�-HQVHQ��&�.MDHUJDDUG�DQG

+&%� +DQVHQ�� ������$� FRPSDUDWLYH� VWXG\� RI

SKRVSKDWH�VRUSWLRQ�LQ�ORZODQG�VRLOV�XQGHU�R[LF�DQG

DQR[LF�FRQGLWLRQV��-�(QYLURQ�4XDO�������������

,31,�� ������ KWWS���ZZZ�QXWULHQWVWHZDUGVKLS�FRP��U�

QHZV�QHZVOHWWHU�LSQL�LVVXHV��U�SODQW�QXWULWLRQ�

PDQXDO�� ,QWHUQDWLRQDO� 3ODQW� 1XWULWLRQ� ,QVWLWXWH�

�$FFHVHG�RQ�$SULO����������

-RKQVWRQ� 6*��$)� .HHQH�� 57� %XVK�� ('�%XUWRQ�� /$

6XOOLYDQ��'�6PLWK��$(�0F(OQHD��0$�0DUWHQV�DQG�6

:LOEUDKDP�� ������&RQWHPSRUDU\� SHGRJHQHVLV� RI

VHYHUHO\�GHJUDGHG�WURSLFDO�DFLG�VXOIDWH�VRLOV�DIWHU

LQWURGXFWLRQ�RI�UHJXODU�WLGDO�LQXQGDWLRQ��*HRGHUPD

�������������

.HHUWKLVLQJKH�*��.�0HQJHO�DQG�6.�'H�'DWWD�������

7KH�UHOHDVH�RI�QRQH[FKDQJHDEOH�DPPRQLXP����1

ODEHOHG��LQ�ZHWODQG�ULFH�VRLOV��6RLO�6FL�6RF�$P�-

������������

.R\DPD�7��������7KH�WUDQVIRUPDWLRQ�DQG�EDODQFHV

RI�QLWURJHQ�LQ�-DSDQHVH�SDGG\�ILHOGV��)HUWLO�5HV

�����������



�� $�)DKPL�HW�DO���&KHPLFDO�3URSHUWLHV�RI�3RWHQWLDOO\�$FLG�6XOSKDWH�6RLOV

.VHOLN�5$/��������:DWHU�PDQDJHPHQW�RQ�DFLG�VXOSKDWH

VRLOV� 3XODX� 3HWDN�� 6RXWK� .DOLPDQWDQ��3DSHUV

:RUNVKRS�RQ�$FLG� 6XOSKDWH� 6RLOV� LQ�7KH�+XPLG

7URSLFV� ��:DWHU� PDQDJHPHQW� DQG� VRLO� IHUWLOLW\�

$JHQF\� IRU� $JULFXOWXUDO� 5HVHDUFK� DQG

'HYHORSPHQW�$$5'�� DQG� 7KH� /DQG� DQG�:DWHU

5HVRXUFH�*URXS�/$:22���-DNDUWD��SS����������

/L�4��;�:DQJ��'�.DQ��5�%DUWOHWW��*�3LQD\��<�'LQJ�DQG�:

0D�� ������ �(QULFKPHQW�RI�3KRVSKDWH�RQ� )HUURXV

,URQ�3KDVHV�GXULQJ�%LR�5HGXFWLRQ�RI�)HUULK\GULWH�

,QW�-�*HRVFL������������

/LX�(��&�<DQ��;�0HL��:�+H��6+�%LQJ��/�'LQJ��4�/LX��6�/LX

DQG� 7� )DQ�� ������ /RQJ�WHUP� HIIHFW� RI� FKHPLFDO

IHUWLOL]HU��VWUDZ��DQG�PDQXUH�RQ�VRLO�FKHPLFDO�DQG

ELRORJLFDO�SURSHUWLHV�LQ�1RUWKZHVW�&KLQD��*HRGHUPD

�������������

/RHE�5��/30�/DPHUV�DQG�-*0�5RHORIV��������3UHGLFWLRQ

RI�SKRVSKRUXV�PRELOL]DWLRQ�LQ�LQXQGDWHG�IORRGSODLQ

VRLOV��(QYLURQ�3ROO��������������

0LFKDHO�36��5:�)LW]SDWULFN�DQG�5-�5HLG��������(IIHFWV�RI

OLYH�ZHWODQG� SODQW�PDFURSK\WHV� RQ� DFLGLILFDWLRQ�

UHGR[� SRWHQWLDO� DQG� VXOSKDWH� FRQWHQW� LQ� DFLG

VXOSKDWH�VRLOV��6RLO�8VH�0DQDJH����������

0RUULV�$-� DQG�'/�+HVWHUEHUJ�� ������0HFKDQLVPV�RI

SKRVSKDWH�GLVVROXWLRQ�IURP�VRLO�RUJDQLF�PDWWHU��,Q�

5-�*LONHV�DQG�1�3UDNRQJNHS��HGV���6RLO�6ROXWLRQV

IRU�D�&KDQJLQJ�:RUOG����WK�:RUOG�&RQJUHVV�RI�6RLO

6FLHQFH��%ULVEDQH��$XVWUDOLD��SS��������

1DQ]\R�0��+�2QRGHUD��(�+DVHJDZD��.�,WR�DQG�+�.DQQR�

������)RUPDWLRQ�DQG�GLVVROXWLRQ�RI�YLYLDQLWH�LQ�SDGG\

ILHOG�VRLO��6RLO�6FL�6RF�$P�-���������������

1RUPDQ�5-���&(�:LOVRQ�-U��1$�6ODWRQ��%5�*ULJJV��-7

%XVKRQJ� DQG� ((�*EXU�� ������1LWURJHQ� IHUWLOL]HU

VRXUFHV� DQG� WLPLQJ� EHIRUH� IORRGLQJ� GU\�VHHGHG�

GHOD\HG�IORRG�ULFH��6RLO�6FL�6RF�$P�-���������������

1ULDJX�-��������6WDELOLW\�RI�YLYLDQLWH�DQG�LRQ�SDLU�IRUPDWLRQ

LQ�WKH�V\VWHP�)H
��
�32

�
���+

�
32

��
+

�
2��*HRFKLPLFD�HW

&RVPRFKLPLFD�$FWD�������������

5DKHE�$�DQG�$�+HLGDUL��������&OD\�PLQHUDORJ\�DQG�LWV

UHODWLRQVKLS�ZLWK�SRWDVVLXP�IRUPV�LQ�VRPH�SDGG\

DQG�QRQ�SDGG\�VRLOV�RI�QRUWKHUQ�,UDQ��$XVWUDOLDQ�-

$JULF�(QJ������������

5HGG\�.5�DQG�5'�'HODXQH��������7KH�%LRJHRFKHPLVWU\

RI�:HWODQG���6FLHQFH�DQG�$SSOLFDWLRQ��&5&�3UHVV�

1HZ�<RUN������S�

5RWKH�0��7�)UHGHULFKV��0�(GHU��$�.OHHEHUJ�DQG�0�+XSIHU�

������ (YLGHQFH� IRU� YLYLDQLWH� IRUPDWLRQ� DQG� LWV

FRQWULEXWLRQ�WR�ORQJ�WHUP�SKRVSKRUXV�UHWHQWLRQ�LQ

D�UHFHQW�ODNH�VHGLPHQW��D�QRYHO�DQDO\WLFDO�DSSURDFK�

%LRJHRVFLHQFHV���������������

6DKUDZDW�./��������5HGR[�SRWHQWLDO�DQG�S+�DV�PDMRU
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