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�
7KLV� UHSRUW� KDV� EHHQ� SURGXFHG� E\� /DQGFDUH� 5HVHDUFK� 1HZ� =HDODQG� /LPLWHG� IRU� WKH� 1HZ�
=HDODQG�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���$OO�FRS\ULJKW�LV�WKH�SURSHUW\�RI�WKH�&URZQ�DQG�
DQ\� XQDXWKRULVHG� SXEOLFDWLRQ�� UHSURGXFWLRQ�� RU� DGDSWDWLRQ� RI� WKLV� UHSRUW� LV� D� EUHDFK� RI� WKDW�
FRS\ULJKW�DQG�LOOHJDO��
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&RQWHQWV�

�
��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
��� 0HWKDQH�R[LGDWLRQ�LQ�SDVWXUH�DQG�VKUXEODQG�VRLOV������������������������������������������������������������ ��

���� ,QWURGXFWLRQ ������������������������������������������������������������������������������������������������������������� ��
���� 0HWKRGV ������������������������������������������������������������������������������������������������������������������� ��
���� 5HVXOWV ��������������������������������������������������������������������������������������������������������������������� ��
���� 'LVFXVVLRQ ��������������������������������������������������������������������������������������������������������������� ��

��� 0HWKDQH�R[LGDWLRQ�E\�VRLO�PHWKDQRWURSKV²D�SRWHQWLDO�ELRILOWHU" ��������������������������������� ���
���� ,QWURGXFWLRQ ����������������������������������������������������������������������������������������������������������� ���
���� 0HWKRGV ����������������������������������������������������������������������������������������������������������������� ���
���� 5HVXOWV ������������������������������������������������������������������������������������������������������������������� ���
���� 'LVFXVVLRQ ������������������������������������������������������������������������������������������������������������� ���

��� &RQFOXVLRQV�DQG�,PSOLFDWLRQV����������������������������������������������������������������������������������������� ���
��� $FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������� ���
��� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� ���
�
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��� �,QWURGXFWLRQ�

�
0HWKDQH� �&+��� LV� D� SRWHQW� JUHHQKRXVH� JDV� �*+*�� SURGXFHG� JOREDOO\� E\� ERWK� ELRWLF� DQG�
DELRWLF� SURFHVVHV�� 7KHUH� LV� VWLOO� VRPH� XQFHUWDLQW\� LQ� WKH� JOREDO� &+�� EXGJHW�� KLJKOLJKWHG�
UHFHQWO\�E\�WKH�GLVFRYHU\�RI�D�SRVVLEOH�QHZ�ELRWLF�VRXUFH� LQ�JURZLQJ�SODQWV��.HSSOHU�HW�DO���
�������
�
7KH�PRVW�LPSRUWDQW�NQRZQ�VRXUFHV�RI�&+��DUH�QDWXUDO�ZHWODQGV��������IRVVLO�IXHO�UHODWHG�WR�
QDWXUDO�JDV��FRDO�PLQHV��DQG�WKH�FRDO�LQGXVWU\��������HQWHULF�IHUPHQWDWLRQ��������ULFH�SDGGLHV�
�������ELRPDVV�EXUQLQJ� ������ ODQGILOOV� ������ DQG� DQLPDO�ZDVWH� ������7KH�PDMRU� VLQNV� IRU�
&+�� DUH� ELRORJLFDO� R[LGDWLRQ� DW� RU� QHDU� WKH� VLWHV� RI� SURGXFWLRQ� �a���� 7J� \����� DQG�
SKRWRFKHPLFDO�R[LGDWLRQ�LQ�WKH�DWPRVSKHUH��a����7J�\�����+RZHYHU��R[LGDWLRQ�RI�DWPRVSKHULF�
&+��E\�DHURELF�VRLOV�DOVR�SURYLGHV�D�VLJQLILFDQW�DGGLWLRQDO�VLQN����±���7J�\�����7KH�QHW�IOX[�
EHWZHHQ� VRLOV� DQG� WKH� DWPRVSKHUH� UHVXOWV� IURP� WKH� EDODQFH� EHWZHHQ� WZR� PLFURELRORJLFDO�
SURFHVVHV��PHWKDQRJHQHVLV� �SURGXFWLRQ�RI�&+��� DQG�PHWKDQRWURSK\� �FRQVXPSWLRQ� RI�&+����
%HFDXVH� WKH� VRLO� VLQN� IRU� DWPRVSKHULF� &+�� LV� PLFURELDOO\� PHGLDWHG� LW� LV� VHQVLWLYH� WR�
HQYLURQPHQWDO� IDFWRUV� �H�J��� PRLVWXUH�� WHPSHUDWXUH��� DQG� GLVWXUEDQFH� E\� PDQDJHPHQW�
�5HHEXUJ�HW�DO�����������
�
0HWKDQH� R[LGDWLRQ� E\� IRUHVW� VRLOV�� SDUWLFXODUO\� R[LGDWLRQ� NLQHWLFV�� ORFDWLRQ� LQ� VRLO�� DQG�
LQKLELWLRQ��KDV�EHHQ�VWXGLHG�H[WHQVLYHO\�EHFDXVH�WKHVH�VRLOV�UHSUHVHQW�D�PDMRU�SDUW�RI�WKH�VRLO�
VLQN� LQ� WKH�JOREDO�&+��EXGJHW��7KH�KLJKHVW�&+��R[LGDWLRQ�DFWLYLW\� LQ� IRUHVW� VRLOV� LV�XVXDOO\�
PHDVXUHG�LQ�VXEVXUIDFH�VRLO�OD\HUV��$GDPVHQ�DQG�.LQJ�������.RVFKRUUHFN�DQG�&RQUDG��������
5RVOHY�HW�DO���������:KDOHQ�HW�DO����������7KLV� ORFDOLVDWLRQ�RI�PHWKDQRWURSKV� LQ�GHHSHU�VRLO�
OD\HUV�KDV�EHHQ�DWWULEXWHG�WR�LQKLELWLRQ�RI�PHWKDQRWURSKV�E\�DPPRQLXP�RU�WHUSHQHV�SUHVHQW�LQ�
WKH�RUJDQLF�VXUIDFH�OD\HU�RI�IRUHVW�VRLOV��$PDUDO�DQG�.QRZOHV����������������
�
5HFHQWO\��6DJJDU�HW�DO���������UHYLHZHG�VRLO�&+��R[LGDWLRQ�UDWHV�PHDVXUHG�LQ�1HZ�=HDODQG�
SDVWXUHV�XQGHU�FDWWOH��DQG�VKHHS�JUD]HG�SDVWXUH��SLQH�DQG�EHHFK�IRUHVWV��UHJHQHUDWLQJ�
VKUXEODQG��DQG�FURSODQG��7KHVH�GDWDVHWV�VXJJHVWHG�DOO�VRLOV�R[LGLVH�&+��EXW�VRLO�R[LGDWLRQ�
UDWHV�YDU\�PDUNHGO\�ZLWK�ODQG�XVH��0HWKDQH�R[LGDWLRQ�UDWH�ZDV�KLJKHVW�IRU�D�1HZ�=HDODQG�
EHHFK�IRUHVW�VRLO�������NJ�&+��KD���\U�����7KH�SLQH�VRLOV�KDG�LQWHUPHGLDWH�R[LGDWLRQ�UDWHV�����±
����NJ�&+��KD���\U�����ZKLOH�WKH�R[LGDWLRQ�UDWHV�IRU�DOO�SDVWXUH�DQG�FURSSHG�VRLOV�ZHUH�PRVWO\��
���NJ�&+��KD���\U����7DEOH������
�
8QJUD]HG�DQG�XQLPSURYHG�SDVWXUH�VRLOV�KDG�VLPLODU�&+��R[LGDWLRQ�UDWHV�WR�WKRVH�LQ�LPSURYHG�
DQG� LQWHQVLYHO\� PDQDJHG� GDLU\�� DQG� VKHHS�JUD]HG� SDVWXUH� VRLOV�� VXJJHVWLQJ� LQFUHDVHG�
LQWHQVLILFDWLRQ� RI� DJULFXOWXUH� IURP� VKHHS� WR� GDLU\LQJ� KDV� OLWWOH� LPSDFW� RQ� VRLO� &+�� VLQN�
FDSDFLW\��2Q� WKH�RWKHU� KDQG�� WKH� FDSDFLW\�RI� VRPH� VRLOV� WR� R[LGLVH�&+��PD\�KDYH�GHFOLQHG�
IURP�WKH�HIIHFWV�RI�KLJK�1�LQSXWV�IURP�IHUWLOLVHU��GXQJ��DQG�XULQH��7KLV�FRXOG�LPSO\�WKDW��VLQFH�
������ WKH�&+�� VLQN� VWUHQJWK� RI�1HZ�=HDODQG� VRLOV� KDV� GHFOLQHG�� HIIHFWLYHO\� LQFUHDVLQJ� QHW�
&+��HPLVVLRQV��'HIRUHVWDWLRQ�LQ�WKH�1RUWK�,VODQG�WR�PDNH�PRUH�ODQG�DYDLODEOH�IRU�GDLU\LQJ�LV�
DQRWKHU� UHDVRQ� WR� EHOLHYH� &+�� R[LGDWLRQ� LQ� VRLO� PD\� EH� GHFUHDVLQJ�� EHFDXVH� WKLV� ODQG�XVH�
FKDQJH�LV�FDXVLQJ�ODUJH�LQFUHDVHV�LQ�1�LQSXWV�WR�VRLO��DQG�WKHVH�DUH�NQRZQ�WR�DIIHFW�VRLO�&+��
R[LGDWLRQ��
�
�
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7DEOH����6RLO�PHWKDQH�R[LGDWLRQ�HVWLPDWHV�IRU�GLIIHUHQW�ODQG�FRYHU�DQG�ODQG�XVH��IURP�6DJJDU�
HW�DO��������
�

/DQG�8VH� $QQXDO�FRQVXPSWLRQ�
�NJ�&+��KD���\U����

5HIHUHQFH�

1DWLYH�%HHFK� ������ 3ULFH�HW�DO�������D�E��
3LQH� ���±���� 7DWH�HW�DO���������
6KUXE�ODQG� ���� 7DWH�HW�DO����������
'DLU\�SDVWXUH� ���±����� 6DJJDU�HW�DO���XQSXEOLVKHG��
6KHHS�SDVWXUH� ���±���� 6DJJDU�HW�DO��������
8QJUD]HG�SDVWXUH� ����� 6DJJDU�HW�DO���������
&URSSLQJ� ���� 9DQ�GHU�:HUGHQ��������

�
�
+RZHYHU�� WKHUH� LV� FRQVLGHUDEOH� XQFHUWDLQW\� DERXW� WKH� HIIHFWV� RI�1� RQ�&+�� HPLVVLRQV��ZLWK�
UHFHQW�LQ�YLWUR�UHVHDUFK��.UXJHU�DQG�)UHQ]HO�������VXJJHVWLQJ�D�SRVLWLYH�HIIHFW�RI�DGGLWLRQDO�1�
RQ�PHWKDQRWURSKLF�EDFWHULD�IRU�SRWHQWLDO�&+��R[LGDWLRQ�UDWHV�LQ�VRLO�DQG�URRW�VDPSOHV��7KHVH�
ILQGLQJV�FRQWUDVW�ZLWK�WKRVH�RI�HDUOLHU�ZRUN��6WHXGOHU�HW�DO��������0RVLHU�HW�DO��������VKRZLQJ�
QHJDWLYH�HIIHFWV�RI�DPPRQLXP�1�RQ�&+��R[LGDWLRQ��:H�KDYH�IRXQG� OLWWOH�HYLGHQFH�RI�DQ�1�
HIIHFW�RQ�&+��R[LGDWLRQ�LQ�1HZ�=HDODQG�VRLOV��7DWH�HW�DO����������LQGLFDWLQJ�WKDW�VRLO�DHUDWLRQ�
VWDWXV� DQG� WKH� QDWXUH� RI� WKH�PHWKDQRWURSK� SRSXODWLRQ� LQ� VRLOV� WRJHWKHU� H[SODLQ�PRVW� RI� WKH�
FKDQJHV�REVHUYHG�LQ�&+��R[LGDWLRQ�ZLWK�ODQG�XVH�FKDQJH�LQ�1HZ�=HDODQG��
�
%DVHG�RQ�WKH�OLPLWHG�GDWD�DYDLODEOH��6DJJDU�HW�DO���������HVWLPDWHG�D�SRVVLEOH�LQFUHDVH�LQ�
QDWLRQDO�VRLO�&+��R[LGDWLRQ�GXH�WR�DIIRUHVWDWLRQ�VLQFH������RI����±��*J�&+��WKDW��LI�SURYHQ��
FRXOG�RIIVHW��±���RI�LQFUHDVHG�DJULFXOWXUDO�HPLVVLRQV�GXULQJ�WKLV�SHULRG��$OWKRXJK�VPDOO��WKLV�
RIIVHW�ZRXOG�QRQHWKHOHVV�EH�XVHIXO�IRU�QDWLRQDO�UHSRUWLQJ�SXUSRVHV��7KH�ZLGH�UDQJH�RI�WKH�
SRWHQWLDO�RIIVHW�LV�PDLQO\�EHFDXVH�GDWD�DUH�OLPLWHG���
�
7KLV�UHSRUW�SURYLGHV�QHZ�GDWD�RQ�VRLO�&+��R[LGDWLRQ�LQ�UHYHUWLQJ�VKUXEODQG��:H�DOVR�GHVFULEH�
QHZ�UHVHDUFK��XVLQJ�RXU�UHFHQWO\�DFTXLUHG�NQRZOHGJH�RI�WKH�PHFKDQLVPV�UHJXODWLQJ�VRLO�&+��
R[LGDWLRQ��7DWH�HW�DO�������6LQJK�HW�DO���������WR�GHYHORS�D�SUDFWLFDO�WHFKQRORJ\�IRU�FDSWXULQJ�
HPLVVLRQV�IURP�KRXVHG�DQLPDOV��HIIOXHQW�SRQGV��DQG�ODQGILOOV��7KLV�ODWWHU�UHVHDUFK�KDV�EHHQ�
PDGH�SRVVLEOH�WKURXJK�FROODERUDWLRQ�ZLWK�WKH�0DFDXOD\�/DQG�8VH�5HVHDUFK�,QVWLWXWH�
�$EHUGHHQ��8.��DQG�WKH�8QLYHUVLW\�RI�9LFWRULD��%�&���&DQDGD��
�
�
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��� 0HWKDQH�R[LGDWLRQ�LQ�SDVWXUH�DQG�VKUXEODQG�VRLOV�

�
���� ,QWURGXFWLRQ�
/DQG�XVH�FKDQJH�LV�DFFHOHUDWLQJ�JOREDOO\�LQ�UHVSRQVH�WR�D�UDSLGO\�JURZLQJ�KXPDQ�SRSXODWLRQ��
7KLV� LV� LQFUHDVLQJ� SUHVVXUH� RQ� LQGLJHQRXV� HFRV\VWHPV� DV� PRUH� ODQG� LV� UHTXLUHG� IRU� IRRG��
KRXVLQJ��DQG� IXHOV� �ELRIXHOV�� �5HD\�DQG�*UDFH���������&OHDUDQFH�RI� IRUHVW�DQG�VKUXEODQG� LQ�
WKH�WURSLFV�LV�SDUWLFXODUO\�SURPLQHQW�LQ�WKH�$VLD�±�3DFLILF�UHJLRQ��=KDR�HW�DO����������+RZHYHU��
LQ�FRXQWULHV�WKDW�DUH�VLJQDWRULHV�RI�WKH�.\RWR�3URWRFRO��UHJHQHUDWLRQ�RI�LQGLJHQRXV�VKUXEODQG�
DQG�IRUHVW�FRXSOHG�ZLWK�UHVWRUDWLRQ�RU�SODQWLQJ�RI�ERWK�QDWLYH�DQG�H[RWLF�IRUHVW�LV�LQFUHDVLQJO\�
VHHQ�DV�D�PHDQV�WR�UHGXFH�*+*�HPLVVLRQV�DQG�VHTXHVWHU�FDUERQ��&���,Q�1HZ�=HDODQG��1=���
�����RI�WKH�WRWDO�ODQG�DUHD�LV�FXUUHQWO\�VKUXEODQG��7DWH�HW�DO����������1DWLRQDOO\��DURXQG�����
PLOOLRQ�KHFWDUHV�RI�PDUJLQDO�SDVWRUDO�ODQG�KDV�EHHQ�LGHQWLILHG�DV�KLJKO\�VXLWDEOH�IRU�VKUXEODQG�
UHJHQHUDWLRQ�� EDVHG� RQ� D� KLJK� ULVN� RI� VRLO� HURVLRQ� FRPELQHG� ZLWK� QHDUE\� VKUXEODQG� VHHG�
VRXUFHV��7KLV�LQFOXGHV�ODUJH�DUHDV�RI�WKH�VRXWKHUQ�DQG�HDVW�FRDVW�UHJLRQV�RI�WKH�1RUWK�,VODQG�
DQG�%DQNV�3HQLQVXOD�DQG�FRDVWDO�DQG�LQODQG�2WDJR�LQ�WKH�6RXWK�,VODQG��7URWWHU�HW�DO����������
�
5HJHQHUDWLRQ�RI�LQGLJHQRXV�VKUXEODQG�FDQ�KDYH�PXOWLSOH�EHQHILWV�LQFOXGLQJ�&�VHTXHVWUDWLRQ��
VRLO� VWDELOLVDWLRQ� DQG� GHYHORSPHQW� RQ� HURVLRQ�SURQH� ODQG�� DQG� HQKDQFLQJ� ELRGLYHUVLW\�� ,Q�
DGGLWLRQ��UHFHQW�VWXGLHV�VKRZ�WKDW�HQKDQFHG�R[LGDWLRQ�RI�DWPRVSKHULF�&+��DOVR�RFFXUV�XQGHU�
UHJHQHUDWLQJ�VKUXEODQG��7DWH�HW�DO����������&XUUHQWO\��1HZ�=HDODQG¶V�&+��HPLVVLRQV�DUH������
JUHDWHU� WKDQ������EDVHOLQH� OHYHOV� �0LQLVWU\� IRU� WKH�(QYLURQPHQW�� �������PDLQO\� EHFDXVH� RI�
DJULFXOWXUDO�LQWHQVLILFDWLRQ��HVSHFLDOO\�GDLU\LQJ��7KHUHIRUH��RSWLRQV�WR�PLWLJDWH�DQWKURSRJHQLF�
&+��HPLVVLRQV�DUH�UHTXLUHG�XUJHQWO\��6RLO�&+��R[LGDWLRQ�LV�D�QDWXUDO�SURFHVV�WKDW�SURYLGHV�D�
OLPLWHG�EXW�XVHIXO�RSSRUWXQLW\�WR�RIIVHW�LQFUHDVLQJ�HPLVVLRQV��+RZHYHU��ILHOG�GDWD�DUH�VFDUFH�
IRU� VRLO�&+�� IOX[HV� IURP�D� UDQJH�RI� HFRV\VWHPV�� LQFOXGLQJ�XQLPSURYHG�SDVWXUH� UHYHUWLQJ� WR�
VKUXEODQG� LQ� 1HZ� =HDODQG� �6DJJDU� HW� DO��� ������� %\� SURYLGLQJ� QHZ� GDWD� IRU� WKLV� ODQG�XVH�
FKDQJH��WKLV�VWXG\�ZLOO�KHOS�UHILQH�1HZ�=HDODQG¶V�QHW�*+*�HPLVVLRQV�EXGJHW����
�
���� 0HWKRGV�
7KH� VWXG\� DUHD� ZDV� ORFDWHG� DW� /LWWOH� 5LYHU� RQ� %DQNV� 3HQLQVXOD� �DSSUR[LPDWHO\� ���� P�
HOHYDWLRQ�� /DW�� �����R6�� /RQJ� ������R(��� ��� NP� 6(� RI� &KULVWFKXUFK�� 1=�� 7KH� VRLO� ZDV� D�
3DZVRQ�VLOW�ORDP��FROOXYLXP�YDULDQW���7UDQJPDU��������RU�DQ�$TXLF�+DSOXVWHSW��86'$�VRLO�
FODVVLILFDWLRQ�� �7��:HEE�� /DQGFDUH� 5HVHDUFK�� SHUV�� FRPP�� ������� 7KH� H[SHULPHQW� XWLOLVHG�
WKUHH�VLWHV�RQ�WKH�VDPH�SURSHUW\�FRQWDLQLQJ�UHJHQHUDWLQJ�N QXND��.XQ]HD�HULFRLGHV��$�5LFK��
-�� 7KRPSVRQ�� VKUXEODQG� DW� GLIIHULQJ� VWDJHV� RI� GHYHORSPHQW�� 6L[� UHSOLFDWH� SORWV� ZHUH� HDFK�
ORFDWHG�RQ�XQLPSURYHG�SDVWXUH� �83���FRQVLVWLQJ�SULPDULO\�RI�EURZQ� WRS��$JURVWLV�FDSLOODULV�
/���DQG�FUHHSLQJ�EHQW��$JURVWLV�VWRORQLIHUD�/���DQG�FRQVLGHUHG�DV�WKH�EDVHOLQH�>SORW�VL]H�≈���P�
[������P@��\RXQJ�N QXND��<.���±���\HDUV�ROG�DQG��±��P�LQ�KHLJKW�>SORW�VL]H�≈������P�[����
P@��DQG�ROG�N QXND��2.��DSSUR[LPDWHO\����\HDUV�ROG��DQG��±��P�LQ�KHLJKW�>SORW�VL]H�≈����P�[�
��� P@�� 7KH� UHJHQHUDWLRQ� RI� WKH� 2.� LV� WKRXJKW� WR� KDYH� EHJXQ� DIWHU� D� ODUJH� IORRG� LQ� �����
IROORZLQJ�ORJJLQJ���2JLOYLH���������$QLPDOV�JUD]HG�WKH�83�DQG�<.�DUHDV�SULRU�WR�WKH�VWXG\��
EXW�ZHUH� H[FOXGHG� RQFH� LW� FRPPHQFHG�� 7KH�2.� VLWH� KDG� EHHQ� XQGLVWXUEHG� E\� VWRFN� IRU� DW�
OHDVW��±��\HDUV�SULRU�WR�WKH�VWXG\��
�
7KH� FKDPEHUV� XVHG� IRU� PHDVXULQJ� &+�� IOX[HV� DW� WKH� 2.� DQG� <.� VLWHV� ZHUH� WUDQVSDUHQW�
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SRO\HWK\OHQH�GRPHV�������P�GLDPHWHU�������P�KHLJKW��DQG�WKH�83�FKDPEHUV�ZHUH�F\OLQGULFDO�
DQG�FRQVWUXFWHG�RI� �39&�������P�GLDPHWHU��KHLJKW������P�IRU�LQFUHDVHG�VHQVLWLYLW\���$�JDV�
WLJKW� VHDO� ZDV� DFKLHYHG� XVLQJ� SHUPDQHQWO\� SRVLWLRQHG� FKDPEHU� EDVHV� ILWWHG� ZLWK� D� IRDP�
PDUJLQ��7KH�FKDPEHUV�ZHUH�DQFKRUHG�ZLWK�PHWDO�EXOO�FOLSV��*DV�VDPSOHV�ZHUH�FROOHFWHG�DQG�
DQDO\VHG� XVLQJ� *&�),'� �3ULFH� HW� DO��� ����D��� (QYLURQPHQWDO� DQG� PHWHRURORJLFDO� YDULDEOHV�
ZHUH�PHDVXUHG�DQG�UHFRUGHG�XVLQJ�GDWDORJJHUV��$OO�VRLO�&+��IOX[�GDWD�DUH�SUHVHQWHG�DV�PHDQV�
����6(��
�
���� 5HVXOWV�
6XUIDFH�&+��R[LGDWLRQ�UDWHV� LQ� WKH�83��<.��DQG�2.�VLWHV�DYHUDJHG�������������� ������������
DQG� ������ ����� J� &+�� P��� K���� RU� ������ ������ DQG� ����� NJ� &+�� KD��� \���� UHVSHFWLYHO\�� 7KH�
QHJDWLYH�VLJQ�LQGLFDWHV�DOO�VLWHV�ZHUH�D�QHW�VLQN�IRU�DWPRVSKHULF�&+��RQ�DQ�DQQXDO�EDVLV��)LJ��
����KRZHYHU��VSRUDGLF�&+��HPLVVLRQV�DOVR�RFFXUUHG�DW�HDFK�VLWH���,Q�HDUO\�VXPPHU�DW�WKH�<.�
VLWH��&+��IOX[HV�UHDFKHG�D�PD[LPXP�RI������NJ�&+��KD���\����VXJJHVWLQJ�D�SRWHQWLDO�IRU�UDSLG�
UHFRYHU\�RI�&+��R[LGDWLRQ�UDWHV�DV�VRLOV�GULHG�IROORZLQJ�D�SHULRG�RI�&+��HPLVVLRQ��0HWKDQH�
IOX[� IRU� WKH� 2.� VLWH� ZDV� DERXW� KDOI� WKH� UDWH� PHDVXUHG� LQ� DQ� XQGLVWXUEHG� LQGLJHQRXV�
1RWKRIDJXV� IRUHVW� VRLO� ������ NJ� &+�� KD��� \���� �3ULFH� HW� DO��� ����D��� 7KH� SULQFLSDO�
HQYLURQPHQWDO�YDULDEOH�UHVSRQVLEOH�IRU�UHJXODWLQJ�VRLO�&+��R[LGDWLRQ�UDWHV�LQ�WKH�83�DQG�2.�
VLWHV�ZDV�VRLO�ZDWHU�FRQWHQW�DW����PP�GHSWK��)LJ������$W��WKH�<.�VLWH��LW�ZDV�QRW�SRVVLEOH�WR�
GHPRQVWUDWH�DQ\�VLJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ�&+��R[LGDWLRQ�UDWHV�DQG�VRLO�ZDWHU�FRQWHQW�
�DQG�VRLO�WHPSHUDWXUH��EHFDXVH�RI�KLJK�YDULDELOLW\�LQ�WKH�&+��IOX[HV���
�
���� 'LVFXVVLRQ�
,QWHU�VLWH�FRPSDULVRQV�RI�VRLO�&+��R[LGDWLRQ�
7KH�DYHUDJH�&+��R[LGDWLRQ� UDWHV� IRU� WKH�83�VLWH�FRPSDUH� IDYRXUDEO\�ZLWK�RWKHU�GDWDVHWV� LQ�
$XVWUDODVLD� �-XGG�HW�DO���������/L�DQG�.HOOLKHU�������'DODO�HW�DO���������DQG�HOVHZKHUH��YDQ�
GHQ� 3RO�YDQ� 'DVVHODDU� HW� DO��� ������� 6LPLODUO\�� DW� WKH� <.� VLWH�� &+�� R[LGDWLRQ� UDWHV� ZHUH�
FRPSDUDEOH�WR�WKRVH�LQ�VLPLODU�HQYLURQPHQWV�LQFOXGLQJ�UHIRUHVWHG�DUHDV��/LYHVOH\�HW�DO���������
DQG�VXFFHVVLRQDO�IRUHVWV��6XZDQZDUHH�DQG�5REHUWVRQ��������ZKHUH�UDWHV�YDULHG�IURP�������WR�
������ �� ���� J�&+��P��� K����2[LGDWLRQ� UDWHV� IRU� WKH�2.� VLWH� FDQ� EH� FRPSDUHG� WR� WKRVH� IRU�
FKDSDUUDO��D�VKUXEODQG�KHDWKODQG�SODQW�FRPPXQLW\�ZLWK�VLPLODU�YHJHWDWLRQ�VWUXFWXUH�������� J�
&+��P���K���RU������NJ�&+��KD���\����'XWDXU�DQG�9HUFKRW���������7KHVH�UDWHV�DUH�ORZHU�WKDQ�
WKRVH� REVHUYHG� IRU� WKH� 2.� VLWH�� WKLV� LV� VXUSULVLQJ� JLYHQ� WKH� 2.� VLWH� RFFXSLHV� D� PRLVWHU��
WHPSHUDWH�HQYLURQPHQW��
�
$W� WKH� 83� DQG� <.� VLWHV� &+�� R[LGDWLRQ� UDWHV� ZHUH� VLPLODU�� EXW� PXFK� ORZHU� �E\� �±�� IROG��
UHVSHFWLYHO\�� WKDQ� WKH�&+�� R[LGDWLRQ� UDWHV� IRU� WKH�2.� VLWH�� �9DULDWLRQ� LQ� VRLO� W\SH�PD\� EH�
SDUWO\�UHVSRQVLEOH�IRU�UHJXODWLQJ�WKHVH�&+��IOX[HV��7KH�YDULDELOLW\�LQ�WKH�<.�GDWD�FRXOG�KDYH�
UHVXOWHG� IURP� FKDQJHV� LQ� FRPSDFWLRQ�� DQG�� KHQFH�� EXON� GHQVLW\� EHFDXVH� WKH� DUHD� ZDV�
SUHYLRXVO\�JUD]HG�DQG�VKHHS� WUDLOV�ZHUH�SUHVHQW��7KHVH� WUDFNV�DUH�VLPLODU� WR� OLYHVWRFN�FDPS�
DUHDV��'DODO�HW�DO����������DQG�DUH�JHQHUDOO\�XVHG�IRU�DFFHVV��FRQVHTXHQWO\��YDULDELOLW\�LQ�&+��
IOX[HV� �ZLWK�ERWK�&+��HPLVVLRQ�DQG�R[LGDWLRQ�RFFXUULQJ��PD\�KDYH�EHHQ�GXH� WR�FKDQJHV� LQ�
WKH�VRLO�DHUDWLRQ�FDXVHG�E\�VWRFN�WUHDGLQJ���
�
,PSDFWV�RI�ODQG�XVH�FKDQJH�RQ�&+��R[LGDWLRQ�
7KH� &+�� R[LGDWLRQ� UDWHV� PHDVXUHG� DW� WKH� WKUHH� VLWHV� ZHUH� DOO� ORZHU� WKDQ� WKRVH� SUHYLRXVO\�
PHDVXUHG�LQ�D�1RWKRIDJXV�IRUHVW�VRLO�������NJ�&+��KD���\�����3ULFH�HW�DO�������D��EXW�FRQVLVWHQW�
ZLWK� RWKHU� VLWHV� XQGHUJRLQJ� UHJHQHUDWLRQ� RU� DIIRUHVWDWLRQ�� 3ULHPH� HW� DO�� ������� IRXQG� &+��



� �

�

��

R[LGDWLRQ� WRRN� ���±���� \HDUV� WR� UHFRYHU� XQGHU� D� ZRRGODQG� HQYLURQPHQW� IROORZLQJ� WKH�
FHVVDWLRQ� RI� DJULFXOWXUDO� GLVWXUEDQFH�� 'XULQJ� HDUO\� UHJHQHUDWLRQ�� UHFRYHU\� RI� VRLO� &+��
R[LGDWLRQ� UDWHV� WHQGV� WR� EH� VORZ�� EXW� UDWHV� ZHUH� KLJKHU� LQ� VRLO� EHQHDWK� WKH� ROGHU� VKUXEV��
5REHUVWRQ� HW� DO�� ������� FRPSDUHG� VRLO� IURP� D� ���\HDU�ROG� VXFFHVVLRQDO� HFRV\VWHP�ZLWK� DQ�
DJULFXOWXUDO� VRLO�� DQG� IRXQG�&+�� R[LGDWLRQ� UDWHV�ZHUH� DERXW� ����JUHDWHU� WKDQ� WKRVH� RI� WKH�
DJULFXOWXUDO�VRLO��,Q�D�ODWHU�VWXG\�DW�WKH�VDPH�VLWH��R[LGDWLRQ�UDWHV�UHFRYHUHG�WR������LQ�ZRRGHG�
SORWV� ��±��� \HDUV� DIWHU� DJULFXOWXUH� FHDVHG� �6XZDQZDUHH� DQG� 5REHUWVRQ�� ������� /LNHZLVH��
7DWH� HW� DO�� ������� FRPSDUHG� VRLO� IURP� SDVWXUH�ZLWK� VRLO� IURP� D� QHDUE\� ���\HDU�ROG� N QXND�
VKUXEODQG� DQG� XQGHU� ODERUDWRU\� FRQGLWLRQV�PHDVXUHG� DQ� LQFUHDVH� LQ�&+�� R[LGDWLRQ� UDWHV� RI�
DERXW� ���� LQ� WKH� VKUXEODQG� VRLO�� +RZHYHU�� RQFH� VKUXEV� DQG� WUHHV� EHFRPH� HVWDEOLVKHG� WKH�
SDWWHUQ� RI� &+�� IOX[HV� LV� QRW� DOZD\V� WRZDUGV� &+�� R[LGDWLRQ�� )RU� H[DPSOH��0DOMDQHQ� HW� DO��
�������VKRZHG�WKDW�QHZO\�DIIRUHVWHG����DQG���\HDUV�SULRU��ERUHDO�DJULFXOWXUDO�SHDWODQG�VRLOV�
ZHUH�D�VRXUFH�RI�&+��DQG�EHFDPH�D�VLQN�RQO\�DIWHU����\HDUV�RI�DIIRUHVWDWLRQ���
�
&RQFOXVLRQ�DQG�LPSOLFDWLRQV��
$OO� VLWHV�DFWHG�DV�D�QHW� VLQN� IRU�&+���ZLWK�&+��R[LGDWLRQ�EHLQJ� WKH�KLJKHVW� LQ� WKH�2.�VLWH��
&+�� R[LGDWLRQ� LQ� \RXQJ� UHJHQHUDWLQJ� VKUXEODQG� VRLOV� ZDV� PRUH� YDULDEOH�� EXW� WKHVH� VRLOV�
VKRZHG�VLJQLILFDQW�&+��R[LGDWLRQ�UDWHV�GXULQJ�ZDUPHU�DQG�GULHU�WLPHV�RI�WKH�\HDU��:LWK�WKH�
LQFUHDVLQJ� OLNHOLKRRG� RI� PRUH� GURXJKWV� LQ� HDVWHUQ� DUHDV� RI� 1HZ� =HDODQG�� VRLO� &+�� VLQN�
FDSDFLW\� LV� OLNHO\� WR� LQFUHDVH�� &OHDUO\�� UHVWRUDWLRQ� RI� VRLO� &+�� R[LGDWLRQ� UDWHV� XQGHU� \RXQJ�
VKUXEODQG� WDNHV� WLPH�� DQG� PRUH� GDWD� DUH� UHTXLUHG� WR� FKDUDFWHULVH� &+�� R[LGDWLRQ� XQGHU�
VKUXEODQG�DW�GLIIHUHQW�VWDJHV�RI�GHYHORSPHQW��
�
8VLQJ�GDWD�IURP�WKLV�DQG�SUHYLRXV�VWXGLHV��ZH�FDQ�URXJKO\�HVWLPDWH�WKH�SURSRUWLRQ�RI�QDWLRQDO�
&+��HPLVVLRQV� WKDW�ZRXOG�EH�RIIVHW� LI� WKH�����0�KD�RI�PDUJLQDO�SDVWRUDO� ODQG� LGHQWLILHG�E\�
7URWWHU�HW�DO���������DV�VXLWDEOH�IRU�LQGLJHQRXV�UHIRUHVWDWLRQ�ZHUH�YHJHWDWHG�ZLWK�HVWDEOLVKHG�
VKUXEODQG�� 7KH� QHW� LQFUHDVH� LQ� &+�� R[LGDWLRQ� UDWH� ZLWK� ODQG�XVH� FKDQJH� IURP� SDVWXUH� WR�
VKUXEODQG�LV����±����NJ�&+��KD���\����SDVWXUH�����±����NJ�&+��KD���\����VKUXEODQG�����±����NJ�
&+��KD���\�����6FDOLQJ�RYHU�����0�KD�� DQG�FRQYHUWLQJ� WR�&2��HTXLYDOHQW� �&2��H��XQLWV�� WKLV�
HTXDWHV�WR������±������0W�&2��H�\����,Q�������QDWLRQDO�&+��HPLVVLRQV�ZHUH�����0W�&2��H�\���
JUHDWHU� WKDQ� LQ� ������ 7KXV�� UHIRUHVWDWLRQ� RI�PDUJLQDO� SDVWRUDO� ODQG� FRXOG� SRWHQWLDOO\� RIIVHW�
���±�����RI�&+��HPLVVLRQV�DERYH������OHYHOV��7KLV�LV�LQ�DGGLWLRQ�WR�FDUERQ�VWRUDJH�EHQHILWV�
IURP�UHIRUHVWDWLRQ��
�
$V�VRLO�&+��R[LGDWLRQ�FOHDUO\�KDV�SRWHQWLDO�IRU�PLWLJDWLQJ�DQWKURSRJHQLF�&+��HPLVVLRQV��PRUH�
EDVHOLQH� UHVHDUFK� LV� UHTXLUHG� WR� LQYHVWLJDWH� WKH� SURFHVV� LQ� WKH� ILHOG� LQ�PRUH� VRLO� W\SHV� DQG�
HFRV\VWHPV��SDUWLFXODUO\�LQ�DUHDV�OLNHO\�WR�EH�GULHU�LQ�IXWXUH��$�PRUH�UREXVW�VFDOLQJ�FDOFXODWLRQ�
LV� UHTXLUHG�� FRPELQLQJ� SURFHVV�EDVHG� PRGHOV� ZLWK� VSDWLDO� GDWDVHWV� WR� WDNH� DFFRXQW� RI� WKH�
UHJLRQV�DQG� WLPHV�RI� WKH�\HDU�ZLWK� WKH�JUHDWHVW� SRWHQWLDO� IRU�&+�� R[LGDWLRQ�DQG� WR�TXDQWLI\�
XQFHUWDLQWLHV�LQ�WKH�XSWDNH�FDOFXODWLRQ��2QFH�DQ�LPSURYHG�EDVHOLQH�IRU�WKH�VL]H�RI�WKH�VRLO�&+��
VLQN�LQ�1=�LV�HVWDEOLVKHG��VWUDWHJLHV�WR�HQKDQFH�&+��R[LGDWLRQ�LQYROYLQJ�ODQG�XVH�FKDQJH�FDQ�
EH� RSWLPL]HG�� 6LPLODUO\�� E\� VHOHFWLQJ� VRLOV� FRQWDLQLQJ� DFWLYH� PHWKDQRWURSK� SRSXODWLRQV�� LW�
PD\�EH�SRVVLEOH�WR�GHYHORS�PHWKDQH�ELRILOWHUV�IRU�SDUWLFXODU�DSSOLFDWLRQV�RQ�IDUPV�DQG�ODQGILOO�
VLWHV��DV�6HFWLRQ���GHPRQVWUDWHV��
�
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)LJ�� �� 6RLO� &+�� IOX[HV� LQ� D� UHJHQHUDWLQJ� NDQXND� VHTXHQFH�� 1RWDWLRQ�� 83� �XQLPSURYHG�
SDVWXUH��� <.� �\RXQJ� NDQXND�� �±��� \HDUV� ROG��� DQG� 2.� �ROG� NDQXND�� DERXW� ��� \HDUV� ROG���
1HJDWLYH�YDOXHV� LQGLFDWH�QHW�PHWKDQH�XSWDNH��3HULRGV� LQ� WKH�\HDU�ZKHUH�QR�GDWD� DUH� VKRZQ�
LQGLFDWH�IOX[HV�EHORZ�WKH�PLQLPXP�GHWHFWDEOH�IOX[�IRU�WKH�HTXLSPHQW��(UURU�EDUV�DUH���6(0��
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�
)LJ�� �� � 5HODWLRQVKLS� EHWZHHQ� VRLO� &+�� IOX[HV� DQG� ZDWHU� FRQWHQW� LQ� WKH� 2.�� 1RWH� WKDW� LQ�
6HSWHPEHU������VRPH�&+��HPLVVLRQV�RFFXUUHG��(UURU�EDUV�DUH���6(0���
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��� 0HWKDQH�R[LGDWLRQ�E\�VRLO�PHWKDQRWURSKV²D�SRWHQWLDO�ELRILOWHU"�

�
���� ,QWURGXFWLRQ�
0HWKDQH��&+����SULPDULO\�IURP�UXPLQDQW�DQLPDOV��DFFRXQWV�IRU�����RI�1HZ�=HDODQG¶V�WRWDO�
*+*�HPLVVLRQV� �0LQLVWU\� IRU� WKH�(QYLURQPHQW�� �������'HVSLWH� WKH� ODUJH� FRQWULEXWLRQ� IURP�
HQWHULF� IHUPHQWDWLRQ�� QR� PLWLJDWLRQ� RSWLRQV� DUH� FXUUHQWO\� DYDLODEOH� DSDUW� IURP� UHGXFLQJ�
OLYHVWRFN�QXPEHUV��ZKLFK�ZRXOG�KDYH�D�ODUJH�QHJDWLYH�LPSDFW�RQ�IDUPHU¶V�OLYHOLKRRGV�DQG�WKH�
HFRQRP\� DV� D� ZKROH�� &RQVHTXHQWO\�� D� PDMRU� UHVHDUFK� HIIRUW� FXUUHQWO\� DLPV� WR� UHGXFH� WKH�
SURGXFWLRQ� RI� &+�� LQ� WKH� UXPHQ� E\�PDQLSXODWLQJ� LWV� PHWKDQH�SURGXFLQJ� EDFWHULD�� $QRWKHU�
RSWLRQ�FRXOG�EH�WR�³WUHDW´�WKH�&+���L�H��R[LGLVH�LW�WR�FDUERQ�GLR[LGH�DQG�ZDWHU�YDSRXU��DIWHU�LW�
KDV�EHHQ�HPLWWHG�E\�WKH�DQLPDO��EXW�FOHDUO\�WKLV�LV�QRW�IHDVLEOH�ZKHQ�WKH�DQLPDOV�DUH�JUD]LQJ�
LQ�SDGGRFNV��
�
+RZHYHU��OLYHVWRFN��SDUWLFXODUO\�GDLU\�FDWWOH��DUH�LQFUHDVLQJO\�EHLQJ�FRQWDLQHG�LQ�VPDOO�DUHDV�
IRU�ORQJ�SHULRGV��7KHUH�LV�LQFUHDVLQJ�UHFRJQLWLRQ�RI�WKH�SURGXFWLRQ�EHQHILWV�RI�UHPRYLQJ�FDWWOH�
IURP�SDGGRFNV�ZKHQ�VRLO�DQG�SDVWXUH�GDPDJH�LV�OLNHO\��,W�LV�QRZ�FRPPRQ�IRU�DQLPDOV�WR�EH�
UHPRYHG�IURP�SDVWXUH�WR�VSHFLDOO\�FRQVWUXFWHG�SDGV�IRU�XS�WR����KRXUV�SHU�GD\�GXULQJ�ZLQWHU�
DQG� HDUO\� VSULQJ�� )XUWKHU�� PDQ\� IDUPHUV� DUH� UHFRJQLVLQJ� DQLPDO� ZHOIDUH� DQG� SURGXFWLRQ�
EHQHILWV� RI� SURYLGLQJ� VKHOWHU� LQ� WKH� IRUP� RI� SDUWLDO�KRXVLQJ� �H�J��� ³KHUG� KRPHV´�� RU� IXOO�
KRXVLQJ�ZKHQ�DQLPDOV�DUH�UHPRYHG�IURP�SDVWXUH��6XFK�VKHOWHUV�DUH�DOVR�XVHG�DW�RWKHU�WLPHV�RI�
WKH�\HDU�WR�IHHG�RXW�VXSSOHPHQWV�ZLWK�PLQLPDO�ZDVWDJH��:KHQ�UXPLQDQW�DQLPDOV�DUH�KRXVHG�
WRJHWKHU��WKH�FRQFHQWUDWLRQ�RI�&+��LQ�WKH�VXUURXQGLQJ�DLU�ULVHV�DQG�³WUHDWLQJ´�WKH�HPLWWHG�&+��
EHFRPHV�PRUH�IHDVLEOH��
�
0HWKDQH� LV� DOVR� HPLWWHG� IURP� DQLPDO� ZDVWH� PDQDJHPHQW� V\VWHPV�� PDLQO\� GDLU\� HIIOXHQW�
WUHDWPHQW�SRQGV��7KLV�VRXUFH������0W�&2��H�\����FRPSULVHV�RQO\�DURXQG����RI�WRWDO�QDWLRQDO�
&+��HPLVVLRQV�EXW�LV�JURZLQJ�UDSLGO\������VLQFH�������0LQLVWU\�IRU�WKH�(QYLURQPHQW��������
LQ�OLQH�ZLWK�WKH�UHFHQW�H[SDQVLRQ�RI�GDLU\�IDUPLQJ��8VLQJ�H[LVWLQJ�WHFKQRORJLHV�LW�LV�SRVVLEOH�
WR�FDS�HIIOXHQW�SRQGV��FDSWXUH�WKH�HPLWWHG�&+���DQG�XVH�LW�WR�JHQHUDWH�HOHFWULFLW\��+RZHYHU��RQ�
VPDOOHU�IDUPV�WKLV�LV�XQOLNHO\�WR�EH�HFRQRPLFDOO\�IHDVLEOH�JLYHQ�WKH�ODUJH�FDSLWDO�H[SHQGLWXUH�
UHTXLUHG�� ,Q� WKHVH� VLWXDWLRQV�� D� ORZ�FRVW� PHDQV� RI� UHGXFLQJ� &+�� HPLVVLRQV� IURP� HIIOXHQW�
WUHDWPHQW�SRQGV�ZRXOG�EH�YDOXDEOH��
�
%LRILOWHUV�KDYH�EHHQ�XVHG�IRU�VHYHUDO�GHFDGHV�WR�WUHDW�H[KDXVW�DLU�ZLWK�ORZ�FRQFHQWUDWLRQV�RI�
FRQWDPLQDQWV��VXFK�DV�RGRURXV�DLU�IURP�ZDVWHZDWHU��FRPSRVWLQJ�SODQWV��DQG�DQLPDO�KRXVLQJ�
�6WUHHVH� HW� DO��� ������� $� ELRILOWHU� FRPSULVHV� D� SRURXV� PHGLXP� RQ� ZKLFK� RGRXU�UHPRYLQJ�
EDFWHULD� JURZ�� $LU� LV� SDVVHG� WKURXJK� WKH� ILOWHU� DQG� FRQWDPLQDQWV� DUH� FRQYHUWHG� WR� FDUERQ�
GLR[LGH��ZDWHU�YDSRXU��DQG�RUJDQLF�ELRPDVV��0HWKDQH�ELRILOWHUV�KDYH�DOVR�EHHQ�GHYHORSHG�WKDW�
XWLOLVH� VRLO� PHWKDQRWURSKLF� EDFWHULD� WR� R[LGLVH� KLJKHU� FRQFHQWUDWLRQV� RI� &+�� HPLWWHG� IURP�
ODQGILOOV��1LNLHPD�HW�DO����������:H�EHOLHYH�LW�PD\�EH�SRVVLEOH�WR�DGDSW�WKLV�WHFKQRORJ\�DQG�
XVH� VRLO� PHWKDQRWURSKV� WR� ILOWHU� &+�� HPLWWHG� IURP� KRXVHG� UXPLQDQWV� DQG� HIIOXHQW� VWRUDJH�
DUHDV���
�
,Q� WKLV� SURMHFW� ZH� GHVFULEH� DQ� H[SHULPHQW� GHVLJQHG� WR� TXDQWLI\� WKH� PHWKDQH� R[LGDWLRQ�
SRWHQWLDO� RI� VRLO� PHWKDQRWURSKV� VDPSOHG� IURP� WZR� GLIIHUHQW� ODQG� XVHV�� SODQWHG� IRUHVW� DQG�
SDVWXUH��6RLO�&+��R[LGDWLRQ�XQGHU� IRUHVW� LV�VLJQLILFDQWO\�JUHDWHU� WKDQ�XQGHU�SDVWXUH� �7DWH� HW�
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DO��� ������ UHIOHFWLQJ� GLIIHUHQFHV� LQ� VRLO� PRLVWXUH�� EXON� GHQVLW\�� DQG� SRURVLW\�� +RZHYHU��
PHWKDQRWURSK�SRSXODWLRQV�GLIIHU�XQGHU�IRUHVW�DQG�SDVWXUH�YHJHWDWLRQ��6LQJK�HW�DO����������DQG�
WKLV� DOVR� FRQWULEXWHV� WR� WKH� REVHUYHG� GLIIHUHQFH� LQ�&+�� R[LGDWLRQ� UDWHV��*LYHQ� WKDW� DQLPDOV�
PD\�EH�DEVHQW�IURP�KRXVLQJV�IRU�ORQJ�SHULRGV��LQ�WKLV�SUHOLPLQDU\�VWXG\�ZH�DOVR�H[DPLQH�WKH�
UHVSRQVH�RI�PHWKDQRWURSKV�WR�ODUJH�YDULDWLRQV�LQ�&+��FRQFHQWUDWLRQ�IURP�DPELHQW��DERXW�����
SSP��WR�����SSP��
�
:H�K\SRWKHVLVH� WKDW�&+��R[LGDWLRQ� LQ�WKH�IRUHVW�VRLO�ZLOO�EH�JUHDWHU� WKDQ�LQ�WKH�SDVWXUH�VRLO�
DQG� WKDW� WKH� SUHVHQFH� RI� GLIIHUHQW� PHWKDQRWURSK� SRSXODWLRQV� FDQ� H[SODLQ� PXFK� RI� WKHVH�
GLIIHUHQW�UHVSRQVHV��,Q�ERWK�VRLOV�ZH�H[SHFW�WKH�PLFUREHV�WR�EH�VXEVWUDWH�OLPLWHG��VR�WKDW�&+��
R[LGDWLRQ�ZLOO� LQFUHDVH� UDSLGO\� LQ� UHVSRQVH� WR� DQ� LQFUHDVH� LQ�&+�� FRQFHQWUDWLRQ�� 3URORQJHG�
H[SRVXUH� WR� HOHYDWHG� &+�� PD\� VWLPXODWH� JURZWK� RI� WKHVH� PHWKDQRWURSK� SRSXODWLRQV� DQG�
IXUWKHU�LQFUHDVH�&+��R[LGDWLRQ�UDWH��
�
���� 0HWKRGV�
6RLO�VDPSOLQJ�
6DPSOHV�RI�VRLO�ZHUH�FROOHFWHG�IURP�3XUXNL�� LQ�WKH�3XUXNRKXNRKX�([SHULPHQWDO�&DWFKPHQW��
7KH�VLWH� LV� LQ� WKH�FHQWUDO�1RUWK� ,VODQG�DW������¶6��������¶(��ZKHUH�VRLOV�DUH�2UXDQXL�VDQG\�
ORDPV��$QGLVROV�� IRUPHG�LQ�SXPLFH�DERXW������\HDUV�ROG��%HWZHHQ������DQG������DYHUDJH�
DQQXDO�UDLQIDOO�DW� WKH�VLWH�ZDV�DURXQG������PP��UDQJH�����±�����PP��DQG�DYHUDJH�DQQXDO�
DLU� WHPSHUDWXUH� YDULHG� EHWZHHQ��� DQG���� �&� �%HHWV� DQG�3ROORFN�� �������7ZR� VLWHV� LQ� FORVH�
SUR[LPLW\� RQ� WKH� VDPH� VRLO� W\SH� ZHUH� UHVDPSOHG� LQ� WKH� VDPH� DUHDV� DV� WKRVH� XVHG� LQ� RXU�
RULJLQDO�VWXG\��7DWH�HW�DO����������7KH�ILUVW�VLWH�ZDV�LQ�SDVWXUH�SUHYLRXVO\�JUD]HG�E\�VKHHS�DQG�
FDWWOH��ZKHUH� YHJHWDWLRQ� FRQVLVWHG� RI� U\HJUDVV�� FRFNVIRRW��<RUNVKLUH� IRJ�� VZHHW� YHUQDO�� DQG�
FORYHU��5RVV�HW�DO����������7KH�VHFRQG�VLWH�ZDV�LQ���\HDU�ROG�SLQH�IRUHVW�WKDW�KDG�EHHQ�SODQWHG�
LQ������ IROORZLQJ�FOHDU� IHOOLQJ�RI� WKH� ILUVW�URWDWLRQ�IRUHVW��7KH�SDVWXUH�VRLO� LV�GRPLQDWHG�E\�
7\SH� ,�PHWKDQRWURSKV��ZKLOH�7\SH� ,,�PHWKDQRWURSKV� GRPLQDWH� WKH� IRUHVW� VRLO� �6LQJK� HW� DO���
�������$W� ERWK� VLWHV�� VDPSOHV�ZHUH� FROOHFWHG� IURP� WKH� WRS� ��� FP�RI� WKH� VRLO� SURILOH��7KHVH�
SDVWXUH�DQG�IRUHVW�VRLOV�KDYH�EXON�GHQVLWLHV�RI������DQG������0J�P����UHVSHFWLYHO\��7DWH�HW�DO���
������� ,Q� WKH� ODERUDWRU\� WKH� VDPSOHV�ZHUH� VLHYHG� WR� UHPRYH� URRWV� DQG�RWKHU�SODQW�PDWHULDO��
DQG�VWRUHG�DW��±��&�IRU��±��PRQWKV�EHIRUH�WKH�H[SHULPHQW�EHJDQ���
�
0HWKDQH�R[LGDWLRQ�PHDVXUHPHQWV�
7KH�ODERUDWRU\�JDV�DQDO\VLV�V\VWHP�FRQVLVWHG�RI�D�JDV�PL[LQJ�V\VWHP�ZKHUH�DLU�ZLWK�GLIIHUHQW�
&+��FRQFHQWUDWLRQV�FRXOG�EH�JHQHUDWHG��D�VHULHV�RI�FKDPEHUV�FRQWDLQLQJ�VRLO�VDPSOHV�WKURXJK�
ZKLFK� WKH� PL[HG� JDV� IORZHG� DW� D� NQRZQ� UDWH�� DQG� D� JDV� DQDO\VLV� V\VWHP� ZKHUH� WKH� &+��
FRQFHQWUDWLRQ� RI� JDV� HQWHULQJ� DQG� OHDYLQJ� WKH� VRLO� FKDPEHUV� FRXOG� EH� PHDVXUHG�� 7KH� JDV�
PL[LQJ�V\VWHP�FRQVLVWHG�RI�WZR�HOHFWURQLF�JDV�PDVV�IORZ�FRQWUROOHUV��)0$��������±����PO�
PLQ��� DQG� )0$������� �±�����PO�PLQ����2PHJD�(QJLQHHULQJ��0DQFKHVWHU��8.���2QH�PDVV�
IORZ�FRQWUROOHU�ZDV�FRQQHFWHG�WR�D�JDV�F\OLQGHU�FRQWDLQLQJ�HLWKHU�����SSP�&+��LQ�DLU�RU����
&+�� LQ� DLU�� GHSHQGLQJ� RQ� WKH� GHVLUHG� ILQDO� &+�� FRQFHQWUDWLRQ� UDQJH�� 7KH� RWKHU�PDVV� IORZ�
FRQWUROOHU�ZDV� FRQQHFWHG� WR� D� ILOWHUHG� FRPSUHVVHG� DLU� VXSSO\��%\� DOWHULQJ� WKH� UDWLR� RI� IORZ�
EHWZHHQ�WKH�WZR�PDVV�IORZ�FRQWUROOHUV��DLU�ZLWK�&+��FRQFHQWUDWLRQV�EHWZHHQ�DPELHQW��FD�����
SSP�� DQG� VHYHUDO� WKRXVDQG� SSP� FRXOG� EH� JHQHUDWHG�� 7KH� VRLO� FKDPEHUV� ZHUH� SOH[LJODVV�
F\OLQGHUV�ZLWK�HQG�FDSV�VHDOHG�E\�2�ULQJV��$WWDFKHG�WR�HDFK�FKDPEHU�ZDV�D�URWDPHWHU��)/�
����*�� 2PHJD� (QJLQHHULQJ�� 0DQFKHVWHU�� 8.�� WKDW� FRQWUROOHG� WKH� YROXPHWULF� IORZ� RI� DLU�
WKURXJK� WKH� FKDPEHU�� 6XE�VDPSOHV� RI� ILHOG�PRLVW� VRLO� �HTXLYDOHQW� WR� ���� J� RI� RYHQ�GU\�
ZHLJKW�� IURP� HDFK� VLWH� ZHUH� ZHLJKHG� LQWR� SODVWLF� SRWV� ����� PO�� DQG� VXIILFLHQW� ZDWHU� ZDV�
DGGHG� WR� EULQJ� WKH� VRLO� ZDWHU� FRQWHQW� WR� ���� RI� ZDWHU� KROGLQJ� FDSDFLW\�� 7KH� SRWV� ZHUH�
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VXVSHQGHG�LQVLGH�WKH�FKDPEHUV�DQG�KHOG�LQ�SODFH�E\�D�IRDP�VHDO�WKDW�HQVXUHG�DOO�JDV�HQWHULQJ�
WKH�FKDPEHU�IORZHG�WKURXJK�WKH�VRLO�VDPSOH��*DV�IORZHG�WKURXJK�WKH�FKDPEHUV�FRQWLQXRXVO\�
DW�D� IORZ�UDWH�RI�DERXW�����PO�PLQ����7KH�&+��DQG�1�2�FRQFHQWUDWLRQV�RI�JDV�HQWHULQJ�DQG�
OHDYLQJ� WKH� VRLO� FKDPEHUV�ZHUH�PHDVXUHG� E\� D� JDV� FKURPDWRJUDSK� �*&�� �&3�������9DULDQ�
,QF���86$��XVLQJ�D�)ODPH�,RQLVDWLRQ�'HWHFWRU��),'��DQG�DQ�(OHFWURQ�&DSWXUH�'HWHFWRU��(&'���
UHVSHFWLYHO\��*DV� VDPSOHV�ZHUH� GUDZQ� VHTXHQWLDOO\� IURP� HDFK� FKDPEHU� RXWOHW� LQWR� WKH�*&�
WKURXJK� D� ���SRUW� VZLWFKLQJ�YDOYH� XVLQJ� D� VPDOO� YDFXXP�SXPS��%HIRUH� DQG� DIWHU� HDFK� VRLO�
FKDPEHU� RXWOHW� PHDVXUHPHQW�� D� VDPSOH� RI� JDV� ZDV� GUDZQ� IURP� DQ� HPSW\� FKDPEHU� DQG�
DQDO\VHG�IRU� LQOHW�&+��DQG�1�2�FRQFHQWUDWLRQV��7KH�*&�ZDV�SHULRGLFDOO\�FDOLEUDWHG�DJDLQVW�
JDV� VWDQGDUGV�RI�NQRZQ�&+�� DQG�1�2�FRQFHQWUDWLRQV� VSDQQLQJ� WKH� UDQJH�RI� FRQFHQWUDWLRQV�
XVHG�LQ�WKH�H[SHULPHQW��
�
7KH�UDWH�RI�PHWKDQH�R[LGDWLRQ��2P��µJ�&+��NJ���VRLO�K����ZDV�FDOFXODWHG�DV��
�
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ZKHUH�0LQ�DQG�0RXW�DUH� WKH�&+��FRQFHQWUDWLRQV�RI�FKDPEHU� LQOHW�DQG�RXWOHW�JDV�VWUHDPV��µJ�
&+��PO�����)�LV�WKH�YROXPHWULF�IORZ�UDWH��PO�K����DQG�6�LV�WKH�PDVV�RI�VRLO�VDPSOHV��NJ���7KH�
UDWH�RI�1�2�H[FKDQJH�ZDV�FDOFXODWHG�VLPLODUO\��EXW�VXEVWLWXWLQJ�1�2�FRQFHQWUDWLRQV�IRU�&+���
7KH�&+��UHPRYDO�HIILFLHQF\��5H�����ZDV�FDOFXODWHG�DV��
�

( )���
LQ

RXWLQ
H 0

005 −
= �

�
(YHU\���WR����GD\V�WKH�SRWV�ZHUH�UHPRYHG�IURP�WKH�VRLO�FKDPEHUV�DQG�ZHLJKHG�WR�GHWHUPLQH�
ZDWHU� ORVW� E\� HYDSRUDWLRQ� LQWR� WKH� FKDPEHU� JDV� VWUHDP�� DQG� VXIILFLHQW�ZDWHU�ZDV� DGGHG� WR�
UHWXUQ�WKH�VRLO�VDPSOHV�WR�����RI�ZDWHU�KROGLQJ�FDSDFLW\��
�
0HDVXUHPHQW�SURWRFRO�
7ZR�UHSOLFDWHV�RI�HDFK�VRLO�ZHUH�SODFHG�LQ�LQGLYLGXDO�VRLO�FKDPEHUV�DQG�H[SRVHG�WR�DPELHQW�
&+�� FRQFHQWUDWLRQ� �FD� ���� SSP�� IRU� IRXU� GD\V�� 7KH� LQOHW� &+�� FRQFHQWUDWLRQ� ZDV� WKHQ�
LQFUHDVHG� LQ� VWHSV� WR� ��� SSP�� ��� SSP�� DQG� DERXW� ���� SSP�� ZLWK� VRLOV� H[SRVHG� WR� HDFK�
FRQFHQWUDWLRQ�IRU�DW�OHDVW���GD\V��0LQ�ZDV�WKHQ�UHWXUQHG�WR�DPELHQW�FRQFHQWUDWLRQ�IRU�WKH�ILQDO�
��GD\V�RI�WKH�H[SHULPHQW��$IWHU�HDFK�FKDQJH�LQ�&+��FRQFHQWUDWLRQ��FKDPEHUV�ZHUH�DOORZHG�WR�
HTXLOLEUDWH�IRU�DW�OHDVW����KRXUV��DQG�UDWHV�RI�PHWKDQH�R[LGDWLRQ�ZHUH�PHDVXUHG�RQFH�SHU�GD\�
WKHUHDIWHU��
�
���� 5HVXOWV�
7KH�H[SHULPHQW�EHJDQ�RQ����0D\�������'XULQJ� WKH� ILUVW���GD\V¶�H[SRVXUH� WR� DPELHQW�&+��
FRQFHQWUDWLRQ� �)LJ�� ����2P� RI� WKH� IRUHVW� VRLO� ZDV� DERXW� ���� µJ� &+�� NJ��� VRLO� K��� �)LJ�� ����
ZKHUHDV� IRU� WKH�SDVWXUH� VRLO�2P�ZDV�DERXW�����µJ�&+��NJ��� VRLO�K���� DSSUR[LPDWHO\��� WLPHV�
ORZHU��)LJ������7KH�IRUHVW�VRLO�UHPRYHG�DERXW�����RI�WKH�&+��IURP�WKH�FKDPEHU�JDV�VWUHDP��
ZKLOH� WKH�SDVWXUH�VRLO� UHPRYHG� MXVW�RYHU�����)LJ������7KHUH�ZDV�QR�GLIIHUHQFH� LQ�2P�RU�5H�
EHWZHHQ�HLWKHU�UHSOLFDWH�RI�SDVWXUH�RU�IRUHVW�VRLOV��DQG�2P�DQG�5H�UHPDLQHG�UHODWLYHO\�FRQVWDQW�
LQ�ERWK�IRUHVW�DQG�SDVWXUH�VRLOV�RYHU�WKH�IRXU�GD\�SHULRG�RI�H[SRVXUH��
�
'XULQJ�GD\V��±���0LQ�ZDV�LQFUHDVHG�DSSUR[LPDWHO\����IROG�WR����SSP��)LJ������2P�LQFUHDVHG�



���

/DQGFDUH�5HVHDUFK�

��

LQVWDQWDQHRXVO\�E\���IROG�DQG����IROG� LQ�IRUHVW�DQG�SDVWXUH�VRLOV�� WR�DURXQG����µJ�&+��NJ���
VRLO�K���DQG��� µJ�&+��NJ���VRLO�K����UHVSHFWLYHO\��)LJ������2Q�WKH�WKLUG�GD\�RI�H[SRVXUH�WR����
SSP� &+��� 2P� GHFOLQHG� VOLJKWO\� EXW� UHFRYHUHG� IROORZLQJ� UH�ZDWHULQJ� RI� WKH� VRLO� VDPSOHV��
LQGLFDWLQJ�D�SRVVLEOH�PRLVWXUH� OLPLWDWLRQ�RI�&+��R[LGDWLRQ��5H�GHFOLQHG�VKDUSO\�LQ�WKH�IRUHVW�
VRLO�WR�DURXQG�����EXW�UHPDLQHG�FRQVWDQW�LQ�WKH�SDVWXUH�VRLO�DW�DURXQG�����)LJ������
�
'XULQJ� GD\V� �±���� 0LQ� ZDV� LQFUHDVHG� WR� DERXW� ��� SSP� �)LJ�� ���� 2P� DJDLQ� LQFUHDVHG�
LQVWDQWDQHRXVO\�LQ�ERWK�IRUHVW�DQG�SDVWXUH�VRLOV�WR�DURXQG����µJ�&+��NJ���VRLO�K���DQG����µJ�
&+��NJ���VRLO�K����UHVSHFWLYHO\��)LJ������,Q�WKH�IRUHVW�VRLO��WKH�LQFUHDVH�LQ�2P������IROG��ZDV�OHVV�
WKDQ�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�0LQ��,Q�FRQWUDVW��WKH�LQFUHDVH�LQ�2P�RI�WKH�SDVWXUH�VRLO������
IROG��ZDV�LQ�SURSRUWLRQ�WR�WKH�LQFUHDVH�LQ�0LQ��5H�UHPDLQHG�UHODWLYHO\�FRQVWDQW�LQ�WKH�SDVWXUH�
VRLO� ������� LQ� UHVSRQVH� WR� WKH� LQFUHDVH� LQ�0LQ��EXW�GHFOLQHG�IXUWKHU� LQ� WKH� IRUHVW�VRLO� �������
�)LJ������
�
$IWHU����GD\V�RI�H[SRVXUH�WR�ORZ�RU�PRGHUDWH�&+��FRQFHQWUDWLRQV��0LQ�ZDV�LQFUHDVHG�E\�����
IROG� IURP� ��� SSP� WR� DERXW� ���� SSP� GXULQJ� GD\V� ��±��� �)LJ�� ���� ,Q� WKH� IRUHVW� VRLO��2P�
LQFUHDVHG� E\� ����IROG� WR� DURXQG� ����µJ� &+�� NJ��� VRLO� K��� �)LJ�� ���� ,Q� WKH� SDVWXUH� VRLO��2P�
LQFUHDVHG�E\�����IROG�WR�����µJ�&+��NJ���VRLO�K����ZKLFK�ZDV�SURSRUWLRQDOO\�WKH�VDPH�DV�WKH�
LQFUHDVH�LQ�0LQ��5H�KDOYHG�LQ�WKH�IRUHVW�VRLO�WR�DURXQG�������EXW�UHPDLQHG�UHODWLYHO\�FRQVWDQW�
LQ�WKH�SDVWXUH�VRLO�DW�DURXQG�������)LJ������
�
)ROORZLQJ�WKH�UHWXUQ�WR�DPELHQW�&+��FRQFHQWUDWLRQ�RQ�GD\�����)LJ������2P�GHFUHDVHG�LQ�ERWK�
IRUHVW� DQG�SDVWXUH� VRLOV� WR� UDWHV� DOPRVW� LGHQWLFDO� WR� WKRVH�PHDVXUHG� DW� WKH� EHJLQQLQJ� RI� WKH�
H[SHULPHQW� �)LJ�� ����2P� LQ� WKH� IRUHVW� VRLO�ZDV� DERXW� ����µJ�&+�� NJ��� VRLO� K����ZKLOH� LQ� WKH�
SDVWXUH� VRLO� 2P� ZDV� DURXQG� ���� µJ� &+�� NJ��� VRLO� K���� DSSUR[LPDWHO\� ��IROG� OHVV�� 7KLV�
GLIIHUHQFH�LV�UHIOHFWHG�LQ�5H��ZKLFK�LQFUHDVHG�LQ�WKH�IRUHVW�VRLO�WR�DURXQG�������EXW�UHPDLQHG�
UHODWLYHO\�FRQVWDQW�LQ�WKH�SDVWXUH�VRLO�DW�DURXQG�������)LJ������
�
'XULQJ� WKH� HQWLUH� H[SHULPHQW�� WKHUH� ZDV� QR� GHWHFWDEOH� HPLVVLRQ� RU� UHPRYDO� RI� 1�2� IURP�
HLWKHU�WKH�IRUHVW�VRLO�RU�WKH�SDVWXUH�VRLO��)LJ������$OPRVW�DOO�WKH�IOX[�PHDVXUHPHQWV�IHOO�ZLWKLQ�
WKH�UDQJH������WR�����QJ�1�2�NJ���VRLO�K����ZKLFK�HVVHQWLDOO\�UHIOHFWV�WKH�OLPLW�RI�GHWHFWLRQ�RI�
WKH� (&'� GHWHFWRU� IRU� 1�2� JDV� �DSSUR[LPDWHO\� ��� SSE��� ,Q� RWKHU� ZRUGV�� LI� WKH� 1�2�
FRQFHQWUDWLRQ� GLIIHUHQFH� EHWZHHQ� FKDPEHU� LQOHW� DQG� RXWOHW� ZDV� OHVV� WKDQ� ��� SSE�� WKHQ� WKH�
FRUUHVSRQGLQJ�IOX[�UDWH�FRXOG�QRW�EH�GLVWLQJXLVKHG�IURP�]HUR��
�
���� 'LVFXVVLRQ�
0HWKDQRWURSKLF�EDFWHULD�DUH�XQLTXH�LQ�WKHLU�DELOLW\�WR�XWLOLVH�&+��DV�D�VROH�FDUERQ�DQG�HQHUJ\�
VRXUFH�� 7KH\� DUH� XELTXLWRXV²IRXQG� LQ� VDPSOHV� IURP� PXGV�� VZDPSV�� ULYHUV�� ULFH� SDGGLHV��
RFHDQV��SRQGV��SDVWXUH�DQG�IRUHVW�VRLOV��VHZDJH�VOXGJH²DQG�FRQWULEXWH�VLJQLILFDQWO\�WR�JOREDO�
&+��R[LGDWLRQ��7KH�GHILQLQJ�FKDUDFWHULVWLF�RI�DOO�PHWKDQRWURSKLF�EDFWHULD�LV�WKH�R[LGDWLRQ�RI�
&+�� WR� PHWKDQRO�� FDWDO\VHG� E\� PHWKDQH� PRQRR[\JHQDVH� �002�� HQ]\PHV�� IROORZHG� E\�
WUDQVIRUPDWLRQ�WR�IRUPDOGHK\GH��$ERXW�KDOI�WKH�IRUPDOGHK\GH�LV�IXUWKHU�R[LGLVHG�WR�IRUPDWH��
DQG� WKHQ� WR�&2�� \LHOGLQJ�PXFK� RI� WKH� UHGXFLQJ� SRZHU� WKDW� LV� QHHGHG� IRU�&+��PHWDEROLVP�
�+DQVRQ� DQG� +DQVRQ� ������� 7KH� UHPDLQGHU� LV� DVVLPLODWHG� DQG� XVHG� IRU� V\QWKHVLV� RI� QHZ�
FHOOXODU�PDWHULDO��7\SH�,�DQG�,,�PHQWKDQRWURSKV�DUH�GLVWLQJXLVKHG�E\�WKH�PHWDEROLF�SDWKZD\�
XVHG� WR� DVVLPLODWH� IRUPDOGHK\GH�� ,Q� W\SH� ,�PHWKDQRWURSKV�� WKH� IRUPDOGHK\GH� LV� DVVLPLODWHG�
YLD� WKH� ULEXORVH� PRQRSKRVSKDWH� �5X03�� SDWKZD\�� ZKLOH� LQ� W\SH� ,,� PHWKDQRWURSKV� WKH�
IRUPDOGHK\GH� LV� DVVLPLODWHG� YLD� WKH� VHULQH� SDWKZD\�� $OWKRXJK� ERWK� W\SH� ,� DQG� W\SH� ,,�
PHWKDQRWURSKV�FDQ�EH�IRXQG�LQ�DQ\�DHURELF�HQYLURQPHQW�ZKHUH�WKHUH�LV�D�VRXUFH�RI�&+���WKHUH�
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DUH�FHUWDLQ� FRQGLWLRQV� WKDW� IDYRXU�JURZWK�RI�RQH� W\SH�RYHU� WKH�RWKHU��7KH�FRQFHQWUDWLRQV�RI�
&+��� R[\JHQ� DQG� FRPELQHG� QLWURJHQ� DUH� WKH� SULPDU\� GHWHUPLQDQWV� RI� WKH� W\SH� RI�
PHWKDQRWURSKV�SUHVHQW�LQ�DQ�HQYLURQPHQW��+DQVRQ�DQG�+DQVRQ���������
�
,W� LV�QRWHZRUWK\� WKDW� WKH�PHWKDQRWURSK�SRSXODWLRQV�VXUYLYHG�VHYHUDO�PRQWKV�RI�VWRUDJH�ZLWK�
PLQLPDO� LOO� HIIHFWV� LQ� SODVWLF� EDJV� DW� ORZ� WHPSHUDWXUH� ��±�� �&�� DQG� DPELHQW� &+��
FRQFHQWUDWLRQ�� :KHQ� &+�� ZDV� SURYLGHG�� WKH� PHWKDQRWURSKV� LPPHGLDWHO\� UHFRPPHQFHG�
R[LGDWLRQ��7KLV� LV� HQFRXUDJLQJ� DV� LW� LQGLFDWHV� WKHVH�EDFWHULD� DUH� H[WUHPHO\� UHVLOLHQW� DQG�FDQ�
ZLWKVWDQG� ORQJ� SHULRGV� ZLWKRXW� VXEVWUDWH�� \HW� DUH� DEOH� WR� XWLOLVH� &+�� LQVWDQWO\� ZKHQ� LW�
EHFRPHV� DYDLODEOH�� 7KLV� ZLOO� EH� YLWDO� IRU� D� ELRILOWHU� LQ� DQ� DSSOLFDWLRQ� ZKHUH� LQOHW� &+��
FRQFHQWUDWLRQV�ZLOO� YDU\�ZLGHO\�RYHU� WLPH²IRU� H[DPSOH�� DQ� LQWHUPLWWHQWO\�RFFXSLHG�DQLPDO�
KRXVH��
�
$W�DPELHQW�&+��FRQFHQWUDWLRQ��WKH�&+��R[LGDWLRQ�UDWH�RI�WKH�IRUHVW�VRLO�ZDV���WLPHV�JUHDWHU�
WKDQ� WKDW� LQ� SDVWXUH� VRLO��*LYHQ� WKDW� ERWK� VRLOV�ZHUH�ZHOO� DHUDWHG� DQG� KDG� VLPLODU�PRLVWXUH�
FRQWHQWV�� WKLV� GLIIHUHQFH� PXVW� EH� ODUJHO\� DWWULEXWDEOH� WR� WKH� GLIIHUHQW� PHWKDQRWURSK�
SRSXODWLRQV� SUHVHQW²SUHGRPLQDWHO\� W\SH� ,� LQ� WKH� SDVWXUH� VRLO� DQG� W\SH� ,,� LQ� WKH� IRUHVW� VRLO�
�6LQJK�HW�DO����������7KLV�LQGLFDWHV�WKDW�7\SH�,,�PHWKDQRWURSKV�KDYH�D�PXFK�JUHDWHU�DIILQLW\�
IRU�&+��WKDQ�W\SH�,�PHWKDQRWURSKV��DQG�WKLV�LV�UHIOHFWHG�LQ�D�JUHDWHU�HIILFLHQF\�RI�&+��XSWDNH�
DW� ORZ� FRQFHQWUDWLRQV�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH� WKRXJKW� WKDW� 7\SH� ,,� PHWKDQRWURSKV�
JHQHUDOO\�R[LGLVH�DWPRVSKHULF�&+��UDWKHU�WKDQ�WKH�XVXDOO\�PXFK�KLJKHU�FRQFHQWUDWLRQV�RI�&+��
SURGXFHG�LQ�VRLO��'XQILHOG�HW�DO����������
�
0HWKDQRWURSKV� LQ� ERWK� VRLOV� UHVSRQGHG� DOPRVW� LQVWDQWDQHRXVO\� WR� LQFUHDVHV� LQ� &+��
FRQFHQWUDWLRQ��ZKLFK�LQGLFDWHV�WKDW�EDFWHULD�SUHVHQW�LQ�WKH�VRLOV�DUH�VXEVWUDWH�OLPLWHG�DQG�WKDW�
QR� GH� QRYR� PLFURELDO� V\QWKHVLV� KDG� RFFXUUHG�� +RZHYHU�� LW� EHFDPH� DSSDUHQW� WKDW� &+��
R[LGDWLRQ� LQ� ERWK� VRLOV� UHVSRQGHG� GLIIHUHQWO\� DV�&+�� FRQFHQWUDWLRQ� LQFUHDVHG�� ,Q� WKH� IRUHVW�
VRLO�� WKH� LQFUHDVH� LQ�&+��R[LGDWLRQ�ZDV�DOZD\V�SURSRUWLRQDWHO\� VPDOOHU� WKDQ� WKH� LQFUHDVH� LQ�
&+��FRQFHQWUDWLRQ��7KLV�LQGLFDWHV�WKH�7\SH�,,�PHWKDQRWURSKV�PD\�KDYH�EHFRPH�SURJUHVVLYHO\�
VDWXUDWHG�ZLWK�UHVSHFW�WR�VXEVWUDWH�FRQFHQWUDWLRQ��ZKLFK�LV�UHIOHFWHG�E\�WKH�GHFUHDVH�LQ�XSWDNH�
HIILFLHQF\�DV�&+��FRQFHQWUDWLRQ� LQFUHDVHG��,Q�FRQWUDVW�� WKH� LQFUHDVH� LQ�&+��R[LGDWLRQ�RI� WKH�
SDVWXUH�VRLO�ZDV�DOPRVW�DOZD\V�SURSRUWLRQDO�WR�WKH�LQFUHDVH�LQ�&+��FRQFHQWUDWLRQ��7KHUH�ZDV�
QR� HYLGHQFH�RI� VXEVWUDWH� VDWXUDWLRQ��ZKLFK�ZDV� UHIOHFWHG� LQ� FRQVWDQW� XSWDNH� HIILFLHQF\�RYHU�
WKH�UDQJH�RI�PHDVXUHG�&+��FRQFHQWUDWLRQV��
�
$W� WKH� KLJKHVW� &+�� FRQFHQWUDWLRQ�� WKH�&+�� R[LGDWLRQ� UDWHV� DQG� XSWDNH� HIILFLHQFLHV� RI� ERWK�
VRLOV� KDG� FRQYHUJHG�� 7KLV� VXJJHVWV� WKH� IRUHVW� VRLO� PD\� FRQWDLQ� W\SH� ,� DV� ZHOO� DV� W\SH� ,,�
PHWKDQRWURSKV��ZKLOH�W\SH�,�PHWKDQRWURSKV�SUHGRPLQDWH�LQ�WKH�SDVWXUH�VRLO��7KH�JUHDWHU�&+��
R[LGDWLRQ� UDWH�RI� IRUHVW� VRLOV�RYHU�SDVWXUH� VRLOV� DW� ORZ�&+�� FRQFHQWUDWLRQV� LV� FDXVHG�E\� WKH�
GRPLQDQFH�RI�W\SH�,,�PHWKDQRWURSKV�LQ�WKH�IRUHVW�VRLO��ZKLOH�WKH�VLPLODU�&+��R[LGDWLRQ�UDWHV�DW�
KLJK�&+��FRQFHQWUDWLRQV�PD\�UHVXOW�IURP�WKH�SUHVHQFH�RI�W\SH�,�PHWKDQRWURSKV�LQ�ERWK�VRLOV��
,Q�FRQWUDVW� WR� W\SH�,,�PHWKDQRWURSKV�� W\SH�,�PHWKDQRWURSKV�DUH� WKRXJKW� WR�XWLOLVH�VRXUFHV�RI�
&+�� ZLWKLQ� WKH� VRLO� WKDW� DUH� DW� PXFK� KLJKHU� FRQFHQWUDWLRQV� WKDQ� DPELHQW�� &OHDUO\�� LQ�
GHYHORSLQJ�D�&+��ELRILOWHU�LW�ZLOO�EH�FULWLFDO�WR�LGHQWLI\�WKH�W\SH�RI�PHWKDQRWURSK�LQ�WKH�ILOWHU�
LQRFXOXP�� )XUWKHUPRUH�� WKHVH� UHVXOWV� UHYHDO� WKH� LQWULJXLQJ� SRVVLELOLW\� RI� FXVWRPLVLQJ� &+��
ELRILOWHUV� IRU� GLIIHUHQW� DSSOLFDWLRQV� �H�J��� KLJK� IORZ�� ORZ� FRQFHQWUDWLRQ� FI�� ORZ� IORZ�� KLJK�
FRQFHQWUDWLRQ��E\�VSHFLI\LQJ�SDUWLFXODU�PHWKDQRWURSK�SRSXODWLRQV��
�
$IWHU� ��� GD\V� DW� HOHYDWHG� &+�� FRQFHQWUDWLRQ�� WKHUH� ZDV� QR� HYLGHQFH� WKH� PHWKDQRWURSK�
SRSXODWLRQ� KDG�JURZQ� LQ� HLWKHU� VRLO��:KHQ� WKH�&+�� FRQFHQWUDWLRQ�ZDV� UHWXUQHG� WR� DPELHQW�
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OHYHO�� WKH�&+�� R[LGDWLRQ� UDWHV� RI� ERWK� IRUHVW� DQG� SDVWXUH� VRLOV� UHWXUQHG� WR� DOPRVW� LGHQWLFDO�
UDWHV�WR�WKRVH�UHFRUGHG�DW�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW��,W�LV�SRVVLEOH�WKDW�ORQJHU�H[SRVXUH�
WLPH�RU�H[SRVXUH�WR�KLJKHU�&+��FRQFHQWUDWLRQV�LV�UHTXLUHG�WR�LQLWLDWH�JURZWK�LQ�PHWKDQRWURSK�
SRSXODWLRQV�� 7KLV� PD\� DOVR� H[SODLQ� ZK\� WKH� REVHUYHG� &+�� UHPRYDO� HIILFLHQFLHV� ZHUH�
UHODWLYHO\�ORZ��UDQJH����±�����FRPSDUHG�WR�WKRVH�UHSRUWHG�IRU�ODQGILOO�DQG�HIIOXHQW�ELRILOWHUV�
H[SRVHG� WR� YHU\� KLJK� &+�� FRQFHQWUDWLRQV� �XS� WR� ������ 0HOVH� DQG� YDQ� GHU� :HUI� �������
VKRZHG�WKDW�&+��UHPRYDO�HIILFLHQF\�LQ�D�SLORW�VFDOH�HIIOXHQW�ELRILOWHU�LQFUHDVHG�RYHU���ZHHNV�
WR�VWDELOLVH�DW���±����DIWHU�H[SRVXUH�WR�!�����SSP�&+���
�
)LQDOO\�� WKLV�H[SHULPHQW�KDV�SURYLGHG�D�UREXVW� WHVW�RI�RXU�QHZ�ODERUDWRU\�DQDO\WLFDO�V\VWHP��
7KH�V\VWHP�LV�XQLTXH�LQ�FRPSULVLQJ�PXOWLSOH�FKDPEHUV�WKDW�FDQ�EH�DXWRPDWLFDOO\�VDPSOHG�IRU�
&+���1�2��DQG�&2���QRW�UHSRUWHG�KHUH��ZLWK�WKH�DELOLW\�WR�UHVROYH�H[WUHPHO\�ORZ�IOX[HV��7KH�
V\VWHP�ZLOO� EH� D� FULWLFDO� FRPSRQHQW� RI� FRQWLQXHG� UHVHDUFK� LQWR� GHYHORSPHQW� RI� D�PHWKDQH�
ELRILOWHU��
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��
)LJ�� ��0HWKDQH� R[LGDWLRQ� UDWH� RI� IRUHVW� �FORVHG� V\PEROV�� DQG� SDVWXUH� �RSHQ� V\PEROV�� VRLO�
VDPSOHV��
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&KDPEHU�����IRUHVW
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)LJ����0HWKDQH� UHPRYDO�HIILFLHQF\�� UHSUHVHQWLQJ� WKH�SHUFHQWDJH�RI�PHWKDQH� LQ� WKH� LQOHW�JDV�
WKDW�ZDV�R[LGLVHG��LQ�WKH�IRUHVW�DQG�SDVWXUH�VRLO�VDPSOHV��
�
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&KDPEHU�����IRUHVW
&KDPEHU�����IRUHVW
&KDPEHU�����SDVWXUH
&KDPEHU�����SDVWXUH

��
)LJ����7KH� UDWH�RI�QLWURXV�R[LGH� UHPRYDO� �SRVLWLYH�YDOXHV��RU� HPLVVLRQ� �QHJDWLYH�YDOXHV��RI�
IRUHVW�DQG�SDVWXUH�VRLO�VDPSOHV��%HWZHHQ�GD\V����DQG����WKH�VRXUFH�RI�FKDPEHU�LQOHW�DLU�ZDV�
FKDQJHG� WR� RQH� FRQWDLQLQJ� QR�PHDVXUDEOH�1�2��7KHUH�ZDV� DOVR� QR�PHDVXUDEOH�1�2� LQ� WKH�
RXWOHW�DLU�VR�FDOFXODWHG�IOX[HV�ZHUH�]HUR��'DVKHG�OLQHV�LQGLFDWH�WKH�PLQLPXP�IOX[�WKDW�FDQ�EH�
GLVWLQJXLVKHG�IURP�]HUR�JLYHQ�WKH�GHWHFWLRQ�OLPLW�RI�WKH�*&�(&'�GHWHFWRU��
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��� &RQFOXVLRQV�DQG�,PSOLFDWLRQV�

�
0HWKDQH�R[LGDWLRQ�E\�VRLO�PHWKDQRWURSKV�FOHDUO\�KDV�WKH�SRWHQWLDO�WR�RIIVHW�LQFUHDVHV�LQ�&+��
HPLVVLRQV� VLQFH� ������ ,Q� WKH� VKRUW� WR� PHGLXP� WHUP�� UHYHJHWDWLRQ� RI� PDUJLQDO� SDVWRUDO� KLOO�
FRXQWU\�E\�VKUXEODQG�FRXOG�SRWHQWLDOO\�RIIVHW��±���RI� WKH� LQFUHDVH� LQ�&+�� HPLVVLRQV�VLQFH�
������,Q�WKH�ORQJHU�WHUP��&+��R[LGDWLRQ�UDWHV�DUH�OLNHO\�WR�LQFUHDVH�IXUWKHU�ZLWK�VXFFHVVLRQDO�
GHYHORSPHQW� RI� VKUXEODQG� WR� LQGLJHQRXV� IRUHVW�� +RZHYHU�� &+�� R[LGDWLRQ� UDWHV� GXULQJ� WKH�
WUDQVLWLRQ� IURP�SDVWXUH� WR� VKUXEODQG�DUH�YDULDEOH�� DQG� IXUWKHU�PHDVXUHPHQWV� DUH� UHTXLUHG� WR�
XQGHUVWDQG� WKH�SURFHVVHV� LQYROYHG� LQ� WKLV� WUDQVLWLRQ�SKDVH�DQG� WKHUHE\� UHGXFH�PHDVXUHPHQW�
XQFHUWDLQWLHV��
�
0HWKDQRWURSK�ELRILOWHUV�WKDW�FDQ�R[LGLVH���±����RI�WKH�&+��ORDGLQJ�KDYH�EHHQ�VXFFHVVIXOO\�
GHYHORSHG� DQG� WHVWHG� �1LNLHPD� HW� DO��� ������� 7KLV� WHFKQRORJ\� FRXOG� EH� DSSOLHG� LQ� 1HZ�
=HDODQG�WR�FRVW�HIIHFWLYHO\�WUHDW�&+��HPLVVLRQV�IURP�HIIOXHQW�SRQGV�RQ�GDLU\�IDUPV�DQG�IURP�
ODQGILOOV�ZKHUH� WKH� ODUJH�FDSLWDO�H[SHQGLWXUH�UHTXLUHG� WR�FDSWXUH�DQG�XVH� WKH�&+�� IRU�SRZHU�
JHQHUDWLRQ�LV�QRW�MXVWLILHG��RU�WKH�&+��FRQFHQWUDWLRQ�LV�EHORZ�WKDW�UHTXLUHG�IRU�FRPEXVWLRQ��,I�
����RI� WKH�&+�� HPLWWHG� IURP�DOO� DQLPDO�ZDVWH�HIIOXHQW�SRQGV� �FXUUHQWO\�����0W�&2��H�\����
FRXOG�EH�R[LGLVHG� LQ�&+�� ELRILOWHUV�� WKLV�ZRXOG�RIIVHW� DURXQG�����RI� WKH�����0W�&2��H�\���
LQFUHDVH�LQ�QDWLRQDO�&+��HPLVVLRQV�EHWZHHQ������DQG�������
�
)XUWKHU�� WKHUH� LV� WKH� SRWHQWLDO� WR� DSSO\� ELRILOWHU� WHFKQRORJ\� WR� R[LGLVH� &+�� HPLWWHG� IURP�
UXPLQDQW�DQLPDOV�ZKHQ�WKH\�DUH�FRQFHQWUDWHG�LQ�VPDOO��HQFORVHG�RU�SDUWO\�HQFORVHG�DUHDV�VXFK�
DV�ZLQWHULQJ�EDUQV�RU�³KHUG�KRPHV´��:H�KDYH�HVWDEOLVKHG� WKDW� VRLOV� IURP�GLIIHUHQW� ODQG�XVH�
W\SHV�GLIIHU�PDUNHGO\�LQ�PHWKDQH�R[LGDWLRQ�UDWHV�DQG�UHDFWLRQ�NLQHWLFV��SUREDEO\�EHFDXVH�WKH\�
VXSSRUW�GLIIHUHQW�PHWKDQRWURSKV��)XUWKHU� UHVHDUFK� LV� UHTXLUHG� WR� LGHQWLI\�RSWLPDO�FRQGLWLRQV�
IRU�&+��R[LGDWLRQ�LQ�D�ELRILOWHU��DQG�WR�HVWDEOLVK�ZKHWKHU�GHYHORSPHQW�RI�D�&+��ELRILOWHU�IRU�
DSSOLFDWLRQ�WR�KRXVHG�DQLPDOV�LV�WHFKQLFDOO\�SRVVLEOH�DQG�HFRQRPLFDOO\�IHDVLEOH��(TXDOO\�YLWDO�
ZLOO�EH� WKH� HQJDJHPHQW�RI� IDUPHUV� DQG�PDQXIDFWXUHUV�RI�DQLPDO�KRXVLQJ� V\VWHPV� WR� HQVXUH�
WKLV�ELRILOWHU�UHVHDUFK�LV�IXOO\�WHVWHG�DQG�DSSOLHG�VR�LWV�SRWHQWLDO�FDQ�EH�UHDOLVHG��
�
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��� $FNQRZOHGJHPHQWV�

:H�WKDQN�'U�1LJHO�/LYLQJVWRQ�DQG�'U�5pDO�5R\��8QLYHUVLW\�RI�9LFWRULD��%�&���&DQDGD��IRU�WKH�
JHQHURXV� ORDQ� RI� WKH�*&� DQG� VRLO� FKDPEHUV��:H� DSSUHFLDWH� WKH� SURGXFWLYH� FRQWULEXWLRQ� RI�
%UDMHVK� 6LQJK�� WKH� 0DFDXOD\� ,QVWLWXWH�� $EHUGHHQ�� 6FRWODQG�� DQG� JUDWHIXOO\� DFNQRZOHGJH�
VXSSRUW�IRU�WKH�SURMHFW�IURP�WKH�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��
�
�

��� ��5HIHUHQFHV�

�
$GDPVHQ�$36��.LQJ�*0�������0HWKDQH�FRQVXPSWLRQ�LQ�WHPSHUDWH�DQG�VXEDUFWLF�IRUHVW�VRLOV�

±�UDWHV��YHUWLFDO�]RQDWLRQ��DQG�UHVSRQVHV�WR�ZDWHU�DQG�QLWURJHQ��$SSOLHG�(QYLURQPHQWDO�
0LFURELRORJ\���������±�����

$PDUDO� -$�� .QRZOHV� 5� ������ ,QKLELWLRQ� RI� PHWKDQH� FRQVXPSWLRQ� LQ� IRUHVW� VRLOV� DQG� SXUH�
FXOWXUHV� RI� PHWKDQRWURSKV� E\� DTXHRXV� IRUHVW� VRLO� H[WUDFWV�� 6RLO� %LRORJ\� DQG�
%LRFKHPLVWU\����������±������

$PDUDO� -$�� .QRZOHV� 5� ������ ,QKLELWLRQ� RI� PHWKDQH� FRQVXPSWLRQ� LQ� IRUHVW� VRLOV� E\�
PRQRWHUSHQHV��-RXUQDO�RI�&KHPLFDO�(FRORJ\���������±�����

%HHWV�31��3ROORFN�'6�������$FFXPXODWLRQ�DQG�SDUWLWLRQLQJ�RI�GU\PDWWHU�LQ�3LQXV�UDGLDWD�DV�
UHODWHG� WR�VWDQG�DJH�DQG�WKLQQLQJ��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH���������±
�����

'DODO�5&��$OOHQ�'(��/LYHVOH\�6-��5LFKDUGV�������0DJQLWXGH� DQG�ELRSK\VLFDO� UHJXODWRUV�RI�
PHWKDQH� HPLVVLRQ� DQG� FRQVXPSWLRQ� LQ� WKH� $XVWUDOLDQ� DJULFXOWXUDO�� IRUHVW�� DQG�
VXEPHUJHG�ODQGVFDSHV��D�UHYLHZ��3ODQW�6RLO��'2,���������V������������������

'XQILHOG� 3)�� /LHVDFN�:�� +HQFNHO� 7�� .QRZOHV� 5�� &RQUDG� 5� ������ +LJK�DIILQLW\� PHWKDQH�
R[LGDWLRQ�E\�D�VRLO�HQULFKPHQW�FXOWXUH�FRQWDLQLQJ�D�W\SH�,,�PHWKDQRWURSK��$SSOLHG�DQG�
(QYLURQPHQWDO�0LFURELRORJ\����������±������

'XWDXU�/��9HUFKRW�/9�������$�JOREDO�LQYHQWRU\�RI�WKH�VRLO�&+��VLQN��*OREDO�%LRJHRFKHPLFDO�
&\FOHV������*%������GRL�������������*%��������

+DQVRQ�56��+DQVRQ�7(�������0HWKDQRWURSKLF�EDFWHULD��0LFURELRORJLFDO�5HYLHZV���������±
�����

-XGG�0-��.HOOLKHU�)0��8O\DWW�0-��/DVVH\�.5��7DWH�.5��6KHOWRQ�'��+DUYH\�0-��:DONHU�&)�
������1HW�PHWKDQH�HPLVVLRQV�IURP�JUD]LQJ�VKHHS��*OREDO�&KDQJH�%LRORJ\��������±�����

.HSSOHU�)��+DPLOWRQ�-7*��%UDVV�0��5RFNPDQQ�7�������0HWKDQH�HPLVVLRQV�IURP�WHUUHVWULDO�
SODQWV�XQGHU�DHURELF�FRQGLWLRQV��1DWXUH����������±�����

.RVFKRUUHFN�0��&RQUDG�5�������2[LGDWLRQ�RI�DWPRVSKHULF�PHWKDQH�LQ�VRLO��PHDVXUHPHQWV�LQ�
ILHOG��LQ�VRLO�FRUHV�DQG�LQ�VRLO�VDPSOHV��*OREDO�%LRJHRFKHPLFDO�&\FOHV�������±����

.UXJHU�0��)UHQ]HO�3�������(IIHFWV�RI�1�IHUWLOLVDWLRQ�RQ�&+��R[LGDWLRQ�DQG�SURGXFWLRQ��DQG�
FRQVHTXHQFHV� IRU� &+�� HPLVVLRQV� IURP� PLFURFRVPV� DQG� ULFH� ILHOGV�� *OREDO� &KDQJH�
%LRORJ\��������±�����

/L�=��.HOOLKHU�)0�������0HWKDQH�R[LGDWLRQ�LQ�IUHHO\�DQG�SRRUO\�GUDLQHG�JUDVVODQG�VRLOV�DQG�
HIIHFWV�RI�FDWWOH�XULQH�DSSOLFDWLRQ��-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\����������±������

0DOMDQHQ�0��+\WRQHQ� -��0DUWLNDLQHQ�3-�������)OX[HV�RI�1�2��&+�� DQG�&2��RQ�DIIRUHVWHG�
ERUHDO�DJULFXOWXUDO�VRLOV��3ODQW�DQG�6RLO�����������±������

0HOVH�5:��9DQ�GHU�:HUI�$:�������%LRILOWUDWLRQ�IRU�PLWLJDWLRQ�RI�PHWKDQH�HPLVVLRQ�IURP�
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DQLPDO�KXVEDQGU\��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\����������±������
0LQLVWU\� IRU� WKH�(QYLURQPHQW�������1HZ�=HDODQG¶V�*UHHQKRXVH�*DV� LQYHQWRU\�����±������

7KH� QDWLRQDO� LQYHQWRU\� UHSRUW� DQG� FRPPRQ� UHSRUWLQJ� IRUPDW�� 0LQLVWU\� IRU� WKH�
(QYLURQPHQW��:HOOLQJWRQ��

0RVLHU�$��6FKLPHO�'��9DOHQWLQH�'��%URQVRQ�.��3DUWRQ�:�������0HWKDQH�DQG�QLWURXV�R[LGH�
IOX[HV�LQ�QDWLYH��IHUWLOL]HG�DQG�FXOWLYDWHG�JUDVVODQGV��1DWXUH����������±�����

1LNLHPD�-��%U]H]LQVNL�5��+HLW]�0�������(OLPLQDWLRQ�RI�PHWKDQH�JHQHUDWHG�IURP�ODQGILOOV�E\�
ELRILOWUDWLRQ��D�UHYLHZ��5HYLHZV�LQ�(QYLURQPHQWDO�6FLHQFH�DQG�%LRWHFKQRORJ\��������±
�����

2JLOYLH� *� ������ %DQNV� 3HQLQVXOD� ±� &UDGOH� RI� &DQWHUEXU\�� �UG� HGLWLRQ�� 3KLOOLSV� DQG� .LQJ�
3XEOLVKHUV��&KULVWFKXUFK���

3ULFH�6-��6KHUORFN�55��.HOOLKHU�)0��0F6HYHQ\�70��7DWH�.5��&RQGURQ�/0�����D��3ULVWLQH�
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