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,VRODWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� WKH�/*7� JHQH� HQFRGLQJ� D
ORZ�DIILQLW\�JOXFRVH�WUDQVSRUWHU�IURP�7RUXODVSRUD�GHOEUXHFNLL

&HFtOLD� $OYHV�$UD~MR�� 0DULD� -RVH� +HUQDQGH]�/RSH]�� -RVH� $QWRQLR�
3ULHWR�� )UDQFLVFD�5DQGH]�*LO��DQG0DULD�-RmR�6RXVD�


�'HSDUWPHQW� RI� %LRORJ\�� 8QLYHUVLW\� RI� 0LQKR�� &DPSXV� GH� *XDOWDU�� ��������� %UDJD��
3RUWXJDO�
�'HSDUWPHQW�RI�%LRWHFKQRORJ\��,QVWLWXWR�GH�$JURTXtPLFD�\�7HFQRORJtD�GH�ORV�$OLPHQWRV�
�&6,&���3�2��%R[�����������%XUMDVVRW��9DOHQFLD��6SDLQ�

5XQQLQJ�7LWOH��$�ORZ�DIILQLW\�JOXFRVH�WUDQVSRUWHU�RI�7RUXODVSRUD�GHOEUXHFNLL


&RUUHVSRQGHQFH�WR��0�-��6RXVD��'HSW��RI�%LRORJ\��8QLYHUVLW\�RI�0LQKR��&DPSXV GH�*XDOWDU�����������
%UDJD��3RUWXJDO��(�PDLO��PMVRXVD#ELR�XPLQKR�SW
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$EVWUDFW
7RUXODVSRUD� GHOEUXHFNLL� 3<&& ����� GLVSOD\HG D PHGLDWHG� JOXFRVH� WUDQVSRUW�
DFWLYLW\�EHVW�ILWWHG�DVVXPLQJ�D�ELSKDVLF�0LFKDHOLV�0HQWHQ NLQHWLFV�ZLWK D�ORZ� DQG�
D� KLJK�DIILQLW\ FRPSRQHQW�� $� JHQRPLF� OLEUDU\� RI� WKLV� \HDVW� VWUDLQ� ZDV� XVHG WR�
WUDQVIRUP� D� PXWDQW� RI� 6DFFKDURP\FHV� FHUHYLVLDH GHILFLHQW� LQ� JOXFRVH� WUDQVSRUW��
6HTXHQFH�DQDO\VLV�RI�D�'1$�IUDJPHQW�FORQHG��UHYHDOHG WKH�SUHVHQFH�RI�D�������ES�
OHQJWK�25)��7KLV�25)� QDPHG /*7���GLVSOD\HG D�KLJK KRPRORJ\�WR�\HDVW�JOXFRVH�
WUDQVSRUWHU� JHQHV�� )XQFWLRQDO� FKDUDFWHUL]DWLRQ� RI� WKH� /*7�� JHQH� SURGXFW� LQ� 6��
FHUHYLVLDH UHYHDOHG� WKDW� LW� HQFRGHV� D� ORZ�DIILQLW\� WUDQVSRUWHU�� DEOH� WR�PHGLDWH� WKH�
XSWDNH�RI�JOXFRVH�DQG�IUXFWRVH��,Q�FRQVRQDQFH�ZLWK�WKLV��H[SUHVVLRQ�RI�/*7��LQ�6��
FHUHYLVLDH ZDV�KLJK�LQ�PHGLD�FRQWDLQLQJ����RI�JOXFRVH�DQG�DOPRVW�XQGHWHFWDEOH�LQ�
JDODFWRVH� DV� VROH� FDUERQ� VRXUFH�� ,Q� WKH� DEVHQFH� RI� JOXFRVH�� UHSUHVVLRQ� RI� /*7��
H[SUHVVLRQ�UHTXLUHG� WKH� WUDQVFULSWLRQ� IDFWRU�5JW�S��+RZHYHU��D IXQFWLRQDO�5JW�S�
GRHV�QRW�DSSHDU�WR�EH�UHTXLUHG�IRU�D�IXOO�LQGXFWLRQ�RI�/*7��DW�KLJK�JOXFRVH�OHYHOV��
'HOHWLRQ�RI�WKH�JHQH�FRGLQJ�IRU�WKH�JHQHUDO�UHSUHVVRU�0LJ�S�KDG�QR�HIIHFW�RQ�/*7��
H[SUHVVLRQ��EXW�DGGLWLRQDO�GLVUXSWLRQ�RI�0,*� LQ�D�PLJ� EDFNJURXQG�LQGLFDWHG WKDW�
0LJ�S�RU�ERWK�0LJ�S�DQG�0LJ�S�LQ�D�UHGXQGDQW�ZD\��DFW�DV�UHSUHVVRUV�RI� /*7�
H[SUHVVLRQ�DW�KLJK�JOXFRVH�FRQFHQWUDWLRQV��7KH�*HQH%DQN�$FFHVVLRQ�1R��IRU�/*7��
LV�$<�������
.H\ZRUGV��7RUXODVSRUD�GHOEUXHFNLL��<HDVW��/*7���+;7��+H[RVH�WUDQVSRUWHU��/RZ�
DIILQLW\�JOXFRVH�WUDQVSRUWHU



�

,QWURGXFWLRQ
0RVW�RI�\HDVW�ELRWHFKQRORJLFDO�DSSOLFDWLRQV�UHO\�RQ�WKHLU�DELOLW\�WR�HIILFLHQWO\�IHUPHQW�D�
JUHDW�YDULHW\�RI�VXJDUV��7KLV�SURSHUW\�LV�FORVHO\�UHODWHG�WR�WKHLU�VXJDU�WUDQVSRUW�FDSDFLW\��
ZKLFK�KDV�EHHQ�ZLGHO\�FRQVLGHUHG�D�UDWH�OLPLWLQJ�VWHS�RI�VXJDU�PHWDEROLVP��'LGHULFK�HW�
DO��� ������*RIIULQL�HW� DO��� ������5RVVHOO�HW�DO����������&RQVHTXHQWO\�� D�JUHDW�HIIRUW�KDV�
EHHQ� WUDGLWLRQDOO\� GHYRWHG� WR� GHFLSKHU� WKH� ELRFKHPLFDO� DQG� JHQHWLF� PHFKDQLVPV� WKDW�
FRQWURO�WKH�H[SUHVVLRQ��IXQFWLRQ�DQG�UHJXODWLRQ�RI�KH[RVH�WUDQVSRUWHUV��IRU�D�UHYLHZ�VHH�
%ROHV�DQG�+ROOHQEHUJ��������g]FDQ�DQG�-RKQVWRQ���������7KH�EHVW�SK\VLRORJLFDOO\�DQG�
PROHFXODUO\� FKDUDFWHUL]HG� \HDVW� LV� E\� IDU�6DFFKDURP\FHV� FHUHYLVLDH�� ,Q� WKLV� RUJDQLVP��
��� JHQHV� HQFRGLQJ� HVWDEOLVKHG� RU� SXWDWLYH� VXJDU� SHUPHDVHV�� WKH� ODUJHVW� IDPLO\� RI� WKH�
PDMRU�IDFLOLWDWRU�VXSHUIDPLO\��0)6���KDYH�EHHQ�LGHQWLILHG��1HOLVVHQ�HW�DO���������

,Q� WKH� SDVW� IHZ� \HDUV�� WKH� FKDUDFWHUL]DWLRQ� RI� QRQ�FRQYHQWLRQDO \HDVWV�� IURP� ERWK�
IXQGDPHQWDO�DQG�WHFKQRORJLFDO�DVSHFWV��KDV�UHFHLYHG�VSHFLDO�DWWHQWLRQ��,Q�WKH�\HDVW�EDVHG�
EDNLQJ�LQGXVWU\��HIIRUWV�KDYH�EHHQ�FHQWUHG�LQ�WKH�VWXG\�DQG�SRWHQWLDO�DSSOLFDWLRQ�RI�QRQ�
6DFFKDURP\FHV EDNHU¶V� \HDVWV� ZLWK� LPSURYHG� FRPPHUFLDOO\� LPSRUWDQW� WUDLWV�� DV�
RVPRWROHUDQFH� DQG� FU\RUHVLVWDQFH� �5DQGH]�*LO� HW� DO��� �������7RUXODVSRUD� GHOEUXHFNLL��
RQH�RI�WKH�PRVW�DEXQGDQW�\HDVW�VSHFLHV�SUHVHQW�LQ�KRPH�PDGH�FRUQ�DQG�U\H�EUHDG�GRXJK�
�$OPHLGD� DQG�3DLV�� ����D��KDYH�EHHQ� UHFRJQL]HG�DV� WKH�PRVW�SURPLVLQJ�DOWHUQDWLYH� WR�
LQGXVWULDO� VWUDLQV� RI� 6�� FHUHYLVLDH� �5DQGH]�*LO� HW� DO��� ������� ,QGHHG�� 7�� GHOEUXHFNLL
VWUDLQV� GLVSOD\� IUHH]H�WKDZ� WROHUDQFH� �$OPHLGD� DQG� 3DLV�� ����E�� DQG� DQ� H[FHSWLRQDO�
UHVLVWDQFH� WR� RVPRWLF� DQG� 1D� LQMXU\� �1DNDWD� HW� DO��� ������ 2N� DQG�+DVKLQDJD�� ������
+HUQDQGH]�/RSH]�HW�DO����������1HYHUWKHOHVV�� WKH�UHJXODU�XVH�RI� WKLV�\HDVW� LQ� WKH�EUHDG�
PDNLQJ�LQGXVWU\�KDV�QRW�EHHQ�HVWDEOLVKHG�GXH�WR�VRPH�GUDZEDFNV��7��GHOEUXHFNLL VWUDLQV�
VKRZ� FRQVLGHUDEOH� YDULDWLRQ� LQ� WKHLU� DELOLWLHV� WR� IHUPHQW� DQG� WR� DVVLPLODWH� FDUERQ�
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FRPSRXQGV�� DV� JDODFWRVH� RU�PDOWRVH� �.XUW]PDQ�� ������� SRRU�PDOWDVH� DFWLYLW\� DQG� ORZ�
IHUPHQWDWLYH�FDSDFLW\��+HUQDQGH]�/RSH]�HW�DO����������2Q�WRS�RI�WKLV��WKHUH�LV�D�ODFN�RI�
NQRZOHGJH� RQ� WKH� SK\VLRORJ\� DQG�PROHFXODU� ELRORJ\� RI� WKLV� RUJDQLVP�� ,Q� VSLWH� RI� WKH�
SK\ORJHQHWLF�SUR[LPLW\�RI� WKLV�\HDVW� WR 6��FHUHYLVLDH�� WKH�GLIIHUHQFHV�REVHUYHG�EHWZHHQ�
WKH� WZR� VSHFLHV�� GHPRQVWUDWH� WKDW� WKH� EHKDYLRXU� RI�7�� GHOEUXHFNLL� FDQQRW� EH� GLUHFWO\�
LQIHUUHG�IURP�WKDW�RI�6��FHUHYLVLDH� )XUWKHUPRUH��DQG�VSHFLILFDOO\�LQ�ZKDW�UHJDUGV�VXJDU�
WUDQVSRUW�� UHVXOWV� IURP� SUHYLRXV� ZRUN� KDYH� VKRZQ� WKDW� RWKHU� \HDVW� VSHFLHV�� DOVR�
SK\ORJHQHWLFDOO\� FORVH� WR� 6�� FHUHYLVLDH� VKRZ� UHOHYDQW� GLIIHUHQFHV� DW� WKLV� OHYHO�
�*RQoDOYHV�HW�DO���������0LONRZVNL�HW�DO����������7KHUHIRUH��DQ�LQ�GHSWK�LQYHVWLJDWLRQ�LV�
UHTXLUHG� WR� JDLQ� LQVLJKW� LQWR� WKH� IXQFWLRQ� DQG� UHJXODWLRQ� RI� 7�� GHOEUXHFNLL VXJDU�
WUDQVSRUWHUV��
7KLV� SDSHU� GHVFULEHV�� IRU� WKH� ILUVW� WLPH�� WKH� LVRODWLRQ� DQG� FKDUDFWHULVDWLRQ� RI� D� ORZ�
DIILQLW\� JOXFRVH� WUDQVSRUWHU�� /*7��� LQ� WKH� QRQ�FRQYHQWLRQDO� \HDVW� 7�� GHOEUXHFNLL�� $�
NLQHWLF�DQDO\VLV�RI�WKH�VXJDU�WUDQVSRUW�GULYHQ�E\�/JW�S�LQ�D�KH[RVH�WUDQVSRUW�QXOO�PXWDQW�
VWUDLQ�RI�6��FHUHYLVLDH DQG�LWV�WUDQVFULSWLRQDO�UHJXODWLRQ�E\�5JW�S��0LJ�S�DQG�0LJ�S�DUH�
DOVR�UHSRUWHG�
0HWKRGV
6WUDLQV�DQG�FXOWXUH�PHGLD
7�� GHOEUXHFNLL 3<&&�������6�� FHUHYLVLDH�&(1�3.���&� �0$7D�XUD�����KLV��'�� OHX��
������ WUS������ 68&�� 0$/���& 0$/��� DQG� D� JOXFRVH� WUDQVSRUW�QXOO� PXWDQW� RI� 6��
FHUHYLVLDH�� (%<�9:����� �:LHF]RUNH� HW� DO��� ������ ZHUH� XVHG� WKURXJKRXW� WKLV� ZRUN��
<HDVW�FHOOV�ZHUH�FXOWXUHG�DW�����&�LQ�<3'�PHGLD�����\HDVW�H[WUDFW�����SHSWRQH�DQG����
JOXFRVH�� RU� 6'� ������� \HDVW� QLWURJHQ� EDVH� ZLWKRXW� DPLQR� DFLGV�� ',)&2�� SOXV� ���
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JOXFRVH� RU� PDOWRVH� DQG� VXSSOHPHQWHG� ZLWK� WKH� DSSURSULDWH� DX[RWURSKLF� UHTXLUHPHQWV�
�6KHUPDQ� HW� DO��� ������ <HDVW� WUDQVIRUPDQWV� FRQWDLQLQJ� WKH� QRXUVHRWKULFLQ� UHVLVWDQFH�
PRGXOH� �QDW0;����ZHUH� VHOHFWHG� RQ�<3'�DJDU� SODWHV� VXSSOHPHQWHG�ZLWK����PJ�PO�RI�
QRXUVHRWKULFLQ��FOR1$7��:(51(5�%LRDJHQWV��*HUPDQ\���(VFKHULFKLD�FROL '+�D KRVW�
VWUDLQ�ZDV�JURZQ� LQ�/XULD�%HUWDQL� �/%��PHGLXP� ����SHSWRQH�� �����\HDVW�H[WUDFW�DQG�
����� 1D&O�� VXSSOHPHQWHG� ZLWK� DPSLFLOOLQ� ����PJ�PO��� $OO� DPLQR� DFLGV�� VXJDUV� DQG�
DQWLELRWLFV� ZHUH� ILOWHU�VWHULOL]HG� DQG� DGGHG� WR� DXWRFODYHG� PHGLXP�� 6ROLG� PHGLD�
FRQWDLQHG����DJDU��<HDVW�FHOOV�ZHUH�WUDQVIRUPHG�E\�WKH�OLWKLXP�DFHWDWH�PHWKRG�DQG�(��
FROL ZDV�WUDQVIRUPHG�E\�HOHFWURSRUDWLRQ�IROORZLQJ�VWDQGDUG�SURWRFROV�
*OXFRVH�XSWDNH�DVVD\V
)RU� JOXFRVH� XSWDNH� DVVD\V�� >8���&@JOXFRVH� ZLWK� D� VSHFLILF� DFWLYLW\� RI� ����P&L�PPRO�
�$PHUVKDP��ZDV�XVHG��6��FHUHYLVLDH PXWDQWV�ZHUH�JURZQ�RQ�6'�ZLWK����PDOWRVH�DQG�
WUDQVIHUUHG�WR�6'�ZLWK����JOXFRVH�IRU���KRXUV��)RU�7��GHOEUXHFNLL 6'�ZDV�VXEVWLWXWHG�E\�
D� PLQHUDO� PHGLXP� ZLWK� YLWDPLQV� �YDQ� 8GHQ�� ������� 7KH� FHOOV� ZHUH� KDUYHVWHG� DW�
H[SRQHQWLDO�SKDVH��2'��������������E\�FHQWULIXJDWLRQ��ZDVKHG�WZLFH�ZLWK�FROG�ZDWHU��DQG�VXVSHQGHG�LQ�ZDWHU�WR�D�FHOOXODU�GHQVLW\�RI�������PJ��ELRPDVV�GU\�ZHLJK��RI�\HDVW�FHOOV�
PO����=HUR�WUDQV�LQIOX[�RI�JOXFRVH�ZDV�GHWHUPLQHG�HVVHQWLDOO\�DV�SUHYLRXVO\�GHVFULEHG�IRU�
PDOWRVH� XSWDNH� �$OYHV�$UD~MR� HW� DO��� ������ DQG� PRQLWRUHG� ZLWK� D� OLTXLG� VFLQWLOODWLRQ�
FRXQWHU� �3DFNDUG� ,QVWUXPHQW� &R��� ,QF���� *OXFRVH� XSWDNH�ZDV� GHWHUPLQHG�ZLWK� JOXFRVH�
FRQFHQWUDWLRQV� IURP� ����P0� WR� ����P0�� 7R� GHWHUPLQH� WKH� LQKLELWLQJ� HIIHFW� RI� RWKHU�
VXJDUV�RQ�WKH�JOXFRVH�WUDQVSRUW��FRPSHWLWLRQ�H[SHULPHQWV�ZHUH�FDUULHG�RXW�E\�PHDVXULQJ�
WKH� XSWDNH� RI� JOXFRVH� DW� HDFK� FRQFHQWUDWLRQ� LQ� WKH� SUHVHQFH� RI� DQ� H[FHVV� RI� RWKHU�
XQODEHOHG� VXJDU� 7KH� WZR� VXJDUV� ZHUH� DGGHG� VLPXOWDQHRXVO\� WR� WKH� UHDFWLRQ� PL[WXUH��
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&RQFHQWUDWLRQV�RI�WKH�LQKLELWRU�ZHUH����DQG�����P0�IRU�ORZ�DQG�KLJK�UDQJH�RI�JOXFRVH�
FRQFHQWUDWLRQ�� UHVSHFWLYHO\�� 7ULSOLFDWH� GHWHUPLQDWLRQV�ZHUH� SHUIRUPHG� DW� HDFK� JOXFRVH�
FRQFHQWUDWLRQV�� .LQHWLF� SDUDPHWHUV� ZHUH� GHULYHG� XVLQJ� FRPSXWHU�DVVLVWHG� QRQ�OLQHDU�
UHJUHVVLRQ� E\� XVLQJ� *UDSK3DG� 3ULVP� VRIWZDUH� �0LFURVRIW� &RUS���� KRZHYHU�� ZKHQ� WKH�
UHJUHVVLRQ�ZDV� EHVW� ILWWHG� WR� WZR� HTXDWLRQV�� YDOXHV�ZHUH�REWDLQHG� IURP�(DGLH�+RIVWHH�
SORWV�
'1$�PDQLSXODWLRQV DQG�VHTXHQFLQJ
6WDQGDUG�'1$�PDQLSXODWLRQV�ZHUH�FDUULHG�RXW�DV�GHVFULEHG�E\�6DPEURRN�HW�DO����������
*HQRPLF�'1$�IURP�7��GHOEUXHFNLL�FHOOV�ZDV�SUHSDUHG�DV�GHVFULEHG�E\�6KHUPDQ�HW�DO��
�������� '1$� VHTXHQFLQJ� ZDV� SHUIRUPHG� LQ� ERWK� VWUDQGV� E\� WKH� GLGHR[\�FKDLQ�
WHUPLQDWLRQ�SURFHGXUH�XVLQJ�WKH�SULPHUV�7'��WR�7'���GHVFULEHG�LQ�7DEOH����$QDO\VLV�RI�
VHTXHQFH� GDWD� ZDV� FDUULHG� RXW� XVLQJ� '1$0$1� VHTXHQFH� DQDO\VLV� VRIWZDUH� �/\QQRQ�
%LRVRIW��� 6LPLODULW\� VHDUFKHV� ZHUH� SHUIRUPHG� DW� WKH� 6ZLVV� ,QVWLWXWH� RI� %LRLQIRUPDWLFV�
�$SSHO HW� DO��� ������ DQG� WKH� 1DWLRQDO� &HQWHU� IRU� %LRWHFKQRORJ\� ,QIRUPDWLRQ�� XVLQJ�
%/$67�VRIWZDUH� �$OWVFKXO�HW�DO����������0XOWLSOH�VHTXHQFH�DOLJQPHQW�ZDV�GRQH�XVLQJ�
WKH�FOXVWDO:��7KRPSVRQ�HW�DO���������DQG�0XOWDOLQ��&RUSHW��������SURJUDPV��6HDUFK�RI�
/JW�S�WUDQVPHPEUDQH�UHJLRQV�ZDV�FDUULHG�RXW�E\�VFDQQLQJ�WKH�VHTXHQFH�DJDLQVW�SURWHLQ�
SURILOH�GDWDEDVHV�XVLQJ�70+00�VHUYHU�Y�������&%6��.URJK��HW�DO���������DW�WKH�&HQWHU�
IRU�%LRORJLFDO�6HTXHQFH�$QDO\VLV��7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN��
&RQVWUXFWLRQ�RI�SODVPLGV�DQG�GLVUXSWLRQ�VWUDLQV
'LVUXSWLRQ�RI�WKH�5*7� JHQH�RI�6��FHUHYLVLDH ZDV�FDUULHG�RXW�E\�WKH�3&5�VKRUW�IODQNLQJ�
KRPRORJ\� WHFKQLTXH� �:DFK� HW� DO��� ������� 7KH� GLVUXSWLRQ� FDVVHWWH� FRQWDLQLQJ� WKH�
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QRXUVHRWKULFLQ�UHVLVWDQFH� QDW0;�� PRGXOH� ZDV� JHQHUDWHG� E\� 3&5� XVLQJ� WKH�S$*���
SODVPLG� �*ROGVWHLQ� DQG� 0F&XVNHU�� ������ DV� WHPSODWH� DQG� WZR� VSHFLILF� V\QWKHWLF�
ROLJRQXFOHRWLGHV��7'�� DQG�7'��� �7DEOH� ��� FRQWDLQLQJ� HDFK����EDVHV�KRPRORJRXV� WR�
WKH�S)$��NDQ0;��0&6��:DFK�HW�DO���������IODQNHG�E\�VKRUW�KRPRORJ\�UHJLRQV�WR�WKH�
5*7� JHQH� 'HWHFWLRQ�RI�WKH�FRUUHFW�JHQH�GLVUXSWLRQ�ZDV�GRQH�E\�GLDJQRVWLF�3&5��7KH�
UHDFWLRQ� ZDV� SHUIRUPHG� ZLWK� ZKROH� \HDVW� FHOOV� �+X[OH\�HW� DO��� ������ IURP� LVRODWHG�
FRORQLHV�� XVLQJ� D� VHW� RI� ROLJRQXFOHRWLGHV�� 7'���7'��� �7DEOH� ���� GHVLJQHG� WR� ELQG�
RXWVLGH� RI� WKH� UHSODFHG� 5*7� VHTXHQFH�� %HFDXVH� RI� WKH� KLJK� *&� FRQWHQW� RI� WKH�
QRXUVHRWKULFLQ�DFHW\OWUDQVIHUDVH�HQFRGLQJ�JHQH�QDW� IURP�6WUHSWRP\FHV�QRXUVHL��.UXJHO�
HW� DO��� ������� WKH�3&5�UHDFWLRQ�PL[WXUH� FRQWDLQHG����'062�DV�SUHYLRXVO\�GHVFULEHG�
�*ROGVWHLQ� DQG�0F&XVNHU�� �������7KH�SODVPLG�<(S/*7��ZDV�JHQHUDWHG�E\�FORQLQJ�D�
������ES�(FR5,�6SH,� IUDJPHQW� IURP�SODVPLG�<(S7��� LQWR� WKH�(FR5,�;ED,�VLWHV�RI� WKH�
<(SODF���� YHFWRU� �*LHW]� DQG� 6XJLQR�� ������� /*7�� SURPRWHU� IXVLRQ� WR� ODF=��
/*7���ODF=��ZDV�FRQVWUXFWHG�E\�FORQLQJ�WKH�3&5�SURGXFW������WR�±������SULPHUV�7'���
DQG�7'����7DEOH����ZLWK�D�%DP+,�VLWH�DQG�D�+LQG,,,�VLWH�LQWR�WKH�YHFWRU�<(S�����0\HUV�
HW�DO����������
E�*DODFWRVLGDVH�DVVD\V
E�*DODFWRVLGDVH� DFWLYLW\� ZDV� DVVD\HG� LQ� FHOO� IUHH� H[WUDFWV� DV� GHVFULEHG� SUHYLRXVO\�
�*XDUDQWH�� ������� $FWLYLWLHV� DUH� JLYHQ� LQ� XQLWV� �8�� SHU� PJ� RI� SURWHLQ� DQG� DUH� WKH�
DYHUDJHV�RI� WKUHH� WR� VHYHQ� LQGHSHQGHQW� DVVD\V��&HOO�PDVV� �������PJ�ZHW�ZHLJKW��ZDV�
WDNHQ� IURP� WKH� FXOWXUHV� DW� GLIIHUHQW� WLPHV� DIWHU� WUDQVIHUHQFH� WR� WKH� LQGXFWLRQ�PHGLXP��
VHGLPHQWHG� E\� FHQWULIXJDWLRQ� DQG� FUXGH� H[WUDFWV� ZHUH� SUHSDUHG� ZLWK� JODVV� EHDGV�
DFFRUGLQJ� WR�&LULDF\���������7RWDO�SURWHLQ�FRQWHQW� LQ�FHOO�IUHH�H[WUDFWV�ZDV�GHWHUPLQHG�
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XVLQJ�WKH�FRPPHUFLDO�%LR5DG�SURWHLQ�DVVD\�NLW��%LR�5DG�/DERUDWRULHV��86$��EDVHG�RQ�
%UDGIRUG�PHWKRG���������DQG�ERYLQH�VHUXP�DOEXPLQ��%6$��DV�VWDQGDUG�
5HVXOWV
&ORQLQJ�RI�/*7��JHQH�LQYROYHG�RQ�JOXFRVH�WUDQVSRUW�
$� JHQRPLF� OLEUDU\� RI� 7�� GHOEUXHFNLL 3<&&� ����� �+HUQDQGH]�/RSH]� HW� DO��� ������
FRQVWUXFWHG� LQWR� WKH�YHFWRU�<(SODF�����*LHW]�DQG�6XJLQR��������ZDV�WUDQVIRUPHG�LQWR�
WKH�6��FHUHYLVLDH�VWUDLQ�(%<�9:������:LHF]RUNH�HW�DO����������ZKLFK�LV�GHOHWHG�IRU����
JHQHV�� +;7������ *$/��� $*7��� <'/���Z�� <-5���F�� 67/��� DQG� FDQQRW� WUDQVSRUW�
JOXFRVH��7UDQVIRUPDQWV�ZHUH�VHOHFWHG�RQ�D�OHXFLQH�IUHH�PHGLXP�ZLWK�JOXFRVH�DV�D�VROH�
FDUERQ� VRXUFH�� 6L[� RI� WKHVH� WUDQVIRUPDQWV�� DEOH� WR� JURZ� RQ� JOXFRVH�� ZHUH� IXUWKHU�
DQDO\VHG�E\�SODVPLG�LVRODWLRQ�DQG�FRPSDUHG�RQ�WKH�EDVLV�RI�WKHLU�UHVWULFWLRQ�PDS��ZKLFK�
UHYHDOHG� IRXU� GLIIHUHQW� SDWWHUQV� �GDWD� QRW� VKRZQ��� $� UHSUHVHQWDWLYH� RI� HDFK� JURXS�
�UHIHUUHG� DV�<(S7�������������ZDV� XVHG� WR� UHWUDQVIRUP� WKH�6�� FHUHYLVLDH�PXWDQW� VWUDLQ��
FRQILUPLQJ� WKDW�DOO�RI� WKHP�ZHUH�DEOH� WR�FRQIHU� WKH�DELOLW\� WR�JURZ�RQ�JOXFRVH�DV�VROH�
FDUERQ�VRXUFH��)LJXUH��$���)XUWKHUPRUH��ZH�DQDO\VHG�WKH�DELOLW\�RI�WKH�WUDQVIRUPDQWV�WR�
WUDQVSRUW�JOXFRVH��&HOOV�ZHUH�JURZQ�RQ�6'�PDOWRVH�DQG�WUDQVIHUUHG�WR�6'�JOXFRVH�IRU��
K�EHIRUH�KDUYHVWLQJ��<(SODF�����HPSW\�SODVPLG��WUDQVIRUPDQWV�ZHUH�XVHG�DV�D�FRQWURO��
$V� LV�GHSLFWHG� LQ�)LJXUH��%��DOO� WKH� WUDQVIRUPDQWV�VKRZHG�PHGLDWHG�JOXFRVH� WUDQVSRUW��
ZLWK�.P YDOXHV�LQ�WKH�UDQJH�RI�������P0��2QH�SODVPLG� <(S7����ZDV�IXUWKHU�DQDO\VHG��
'1$�VHTXHQFLQJ�DW�WKH�PLGGOH�RI�WKH�LQVHUW�UHYHDOHG�WKH�SUHVHQFH�RI�D�������ES�OHQJWK�
XQLQWHUUXSWHG�RSHQ�UHDGLQJ�IUDPH��25)��VKRZLQJ�D�KLJK�VLPLODULW\�����WR������RI�WRWDO�
LGHQWLW\�� WR� SUHYLRXVO\� UHSRUWHG�\HDVW� KH[RVH� WUDQVSRUWHUV��+HQFH��ZH�QDPHG� WKLV�JHQH�
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/*7���IRU�ORZ�DIILQLW\�JOXFRVH�WUDQVSRUWHU���7KH�*HQH%DQN�$FFHVVLRQ�1R��IRU�/*7��LV�
$<��������
&KDUDFWHULVDWLRQ�RI�WKH�/*7��JHQH
$QDO\VLV�RI�WKH�/*7��XSVWUHDP�VHTXHQFH������ES�XSVWUHDP�IURP�WKH�$7*��VKRZHG�WKH�
SUHVHQFH� RI� VHYHUDO�0LJ�S� DQG� 5JW�S�ELQGLQJ� VHTXHQFHV�� 7KH� WUDQVFULSWLRQDO� IDFWRUV�
0,*� DQG�5*7� KDYH� EHHQ� UHSRUWHG� DV� UHTXLUHG� IRU� WKH� WUDQVFULSWLRQDO� UHJXODWLRQ� RI�
KH[RVH� WUDQVSRUWHUV� LQ� 6�� FHUHYLVLDH�� 0,*� PHGLDWHV� WKH� UHSUHVVLRQ� DW� KLJK�
FRQFHQWUDWLRQV� RI� JOXFRVH� RI�+;7� DQG�+;7� H[SUHVVLRQ�� ZKHUHDV�5*7� DFWV� DV� D�
ELIXQFWLRQDO�UHJXODWRU�RI�+;7��+;7� �g]FDQ�HW�DO���������.LP�HW�DO����������:H�IRXQG�
WKUHH� VHTXHQFHV�� ����������� ���������� DQG� ���������� FRQWDLQLQJ� D� SHUIHFW� 0LJ�S�
ELQGLQJ�*&�ER[�� �*�&��&�7�****��1HKOLQ�DQG�5RQQH���������1HYHUWKHOHVV��RQO\� WKH�
ODWHU�FRQWDLQV�D��¶�$7�ULFK�UHJLRQ�DGMDFHQW� WR� WKH�*&�ER[��$777$��SRVLWLRQV����WR����
IURP�WKH�*&�ER[���7KLV�VHTXHQFH�DSSHDUV�WR�GHWHUPLQH��DW�OHDVW�LQ�SDUW��WKH�VSHFLILFLW\�RI�
0LJ�S��DQG�LV�IRXQG�LQ�DOO�H[SHULPHQWDOO\�FRQILUPHG�0LJ��ELQGLQJ�VLWHV��/XQGLQ�HW�DO���
�������:H� DOVR� PDSSHG� LQ� WKH� SURPRWHU� RI�/*7�� ��� VHTXHQFHV� LQ� ERWK� RULHQWDWLRQV�
PDWFKLQJ�WKH�5JW�S�FRQVHQVXV�ELQGLQJ�VLWH��¶�&**$11$��¶��.LP�HW�DO����������DOO�EXW�
RQH� DUUD\HG� LQ� WZR� FOXVWHUV�� ����� WR� ����� ��� VLWHV�� DQG� ����� WR� ����� ��� VLWHV��� 7KH�
H[LVWHQFH�RI�PXOWLSOH�5JW�S�ELQGLQJ�VLWHV�GLVWULEXWHG�LQ�FOXVWHUV�KDV�DOVR�EHHQ�UHSRUWHG�
LQ� WKH�6�� FHUHYLVLDH +;7 SURPRWHUV� �.LP�HW� DO��� ������� ,Q� SDUWLFXODU�� WKH� ORZ�DIILQLW\�
KH[RVH� WUDQVSRUWHUV� +;7� DQG� +;7� FRQWDLQ� ��� DQG� ��� VLWHV�� UHVSHFWLYHO\�� ZKLFK�
GHWHUPLQH� WKH� HIILFLHQW� LQ� YLYR UHSUHVVLRQ� E\� 5JW�S� �.LP� HW� DO��� ������� 6HTXHQFH�
DQDO\VLV�RI� WKH��¶�UHJLRQ�XSVWUHDP�RI�/*7��DOVR�VKRZHG�WKH�SUHVHQFH�RI�IRXU�SRWHQWLDO�
7$7$� ER[HV� DW� SRVLWLRQV� ������ ����� ����� DQG� ����� IURP� WKH� $7*� FRGRQ�� 7KHVH�
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HOHPHQWV� DUH� RIWHQ� IRXQG� LQ� \HDVW� SURPRWHUV�� SOD\LQJ� D� FULWLFDO� UROH� LQ� WUDQVFULSWLRQ�
�6WUXKO���������$QRWKHU�UHOHYDQW�IHDWXUH�IURP�WKH��¶�IODQNLQJ�VHTXHQFH�RI�/*7���ZDV�WKH�
SUHVHQFH� RI� ³$´� DW� WKH� SRVLWLRQV�±�� DQG�±��ZLWK� UHVSHFW� WR� WKH� LQLWLDWLRQ� FRGRQ��7KLV�
IHDWXUH�KDV�EHHQ�DVVRFLDWHG�ZLWK�KLJKO\�H[SUHVVHG�JHQHV�DQG�ZDV�SUHYLRXVO\�REVHUYHG�LQ�
7��GHOEUXHFNLL��+HUQDQGH]�/RSH]�HW�DO���������$OYHV�$UD~MR�HW�DO���������DQG�LQ�JHQHUDO�
IRU� HXNDU\RWHV� �.R]DN�� ������� 6RPH� FRQVHQVXV� $�ULFK� VHTXHQFHV� NQRZQ� WR� EH�
SRVLWLRQLQJ� HOHPHQWV� �*XR� DQG� 6KHUPDQ�� ������ ZHUH� IRXQG� LQ� WKH� /*7�� �¶�
XQWUDQVODWLRQDO� UHJLRQ��SRVLWLRQV������ WR�������DQG������ WR��������DQG�VRPH�LQ�IUDPH�
VWRS�FRGRQV�ZHUH�SUHVHQW�DIWHU�WKH�7*$�FRGRQ�
6HTXHQFH�FKDUDFWHULVDWLRQ�RI�/JW�S
$V� H[SHFWHG�� VLJQLILFDQW� VLPLODULWLHV� ZHUH� IRXQG� EHWZHHQ� WKH� DPLQR�DFLG� VHTXHQFH�
SUHGLFWHG� IURP� /*7�� DQG� RWKHU� \HDVW� KH[RVH� WUDQVSRUWHUV� �)LJXUH� ���� ZLWK� LGHQWLW\�
YDOXHV�RI�DERXW��������IRU� WKH�6FKL]RVDFFKDURP\FHV SRPEH�*KW���S���������IRU� WKH�
3LFKLD VWLSLWLV�6XW���S���������IRU�WKH�.OX\YHURP\FHV ODFWLV�.KW�S DQG 5DJ�S��DQG����
���� IRU� WKH� +[WS� IDPLO\� RI� 6�� FHUHYLVLDH�� )RU� WKH� ODWHU�� WKH� KLJKHVW� VLPLODULW\� ZDV�
REVHUYHG� IRU�+[W�S�+[W��S� ������� WZR� JHQHV� QRW� UHJXODWHG� E\� JOXFRVH��ZKLFK� SOD\ D�
UROH� LQ�GUXJ�UHVLVWDQFH��1RXUDQL�HW�DO����������IRU�+[W��S��ZKLFK�LV�DOPRVW� LGHQWLFDO�WR�
+[W��S��DQG�IRU�+[W�S�+[W�S�������DQG�+[W�S�������HQFRGLQJ�KLJK� DQG�LQWHUPHGLDWH�
DIILQLW\� WUDQVSRUWHUV�� UHVSHFWLYHO\��/*7�� HQFRGHG� D� SRWHQWLDO� ����DPLQR� DFLG� SURWHLQ�
VKRZLQJ� WKH� W\SLFDO� VWUXFWXUH� RI� D� PHPEUDQH� SURWHLQ� WUDQVSRUWHU�� ZKLFK� KDV� EHHQ�
SUHGLFWHG� WR� FRQWDLQ� ��� K\GURSKRELF� PHPEUDQH�VSDQQLQJ� GRPDLQV�� D� ODUJHU�
F\WRSODVPDWLF� ORRS� EHWZHHQ� WKH� VL[WK� DQG� VHYHQWK� WUDQVPHPEUDQH� KHOL[� DQG� OHVV�ZHOO�
FRQVHUYHG� F\WRSODVPLF�DPLQR� DQG�FDUER[\�WHUPLQDO�H[WHQVLRQV��:KHQ�FRPSDUHG�ZLWK�
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VHTXHQFHV�RI�WUDQVSRUWHU�SURWHLQV�WKDW�DUH�SUHGLFWHG�WR�KDYH����WUDQVPHPEUDQH�GRPDLQV��
WKH��WK GRPDLQ� LV�PLVVLQJ� LQ� WKLV�VHTXHQFH�� ,QGHHG�� WKH�UHJLRQ�FRUUHVSRQGLQJ�WR�WKH��WK
GRPDLQ� FRQWDLQV� D� IHZ� PRUH� K\GURSKLOLF� UHVLGXHV� QRW� UHDFKLQJ� WKH� WKUHVKROG�
K\GURSKRELFLW\� UHTXLUHG� WR� VSHFLI\� LW� DV�D� WUDQVPHPEUDQH�GRPDLQ��1HYHUWKHOHVV�� LW�KDV�
EHHQ� VSHFXODWHG� IRU� RWKHU� WUDQVSRUWHU� SURWHLQV�� WKDW� VXFK� D� UHJLRQ� FRXOG� VSDQ� WKH� OLSLG�
ELOD\HU� LI� LW� LV� ODUJHO\� LQ� FRQWDFW� ZLWK� RWKHU� PRUH� K\GURSKRELF� PHPEUDQH�VSDQQLQJ�
VHJPHQW� �/RGLVK�� ������ .UXFNHEHUJ�� ������� $GGLWLRQDOO\�� /JW�S� VHTXHQFH� VKRZHG� D�
OHXFLQH�]LSSHU�PRWLI��/�;DD��/�;DD��,�;DD��,��DW�WKH�SRVLWLRQ�����WR������VWDUWLQJ�ILYH�
DPLQR� DFLGV� EHIRUH� WKH� 1�WHUPLQDO� RI� PHPEUDQH�VSDQQLQJ� GRPDLQ� �� DQG� H[WHQGLQJ�
WKURXJK� WKDW� GRPDLQ�� 7KHVH� PRWLIV� KDYH� EHHQ� VKRZQ� WR� PHGLDWH� SURWHLQ�SURWHLQ�
LQWHUDFWLRQV�E\�IRUPDWLRQ�RI�D�FRLOHG�FRLO�VWUXFWXUH��$EHO�DQG�0DQLDWLV��������$KQ�HW�DO���
������� LQYROYHG� LQ� GLPHU� IRUPDWLRQ� �:DQJ HW� DO��� ������� 7KH� OHXFLQH�]LSSHU�PRWLI� LV�
KLJKO\�FRQVHUYHG�LQ�WKLV�SRVLWLRQ�LQ�6��FHUHYLVLDH +[W�*DO���.��ODFWLV�.KW��5DJ���DQG�3��
VWLSLWLV�6XW�SURWHLQV��7ZR�SXWDWLYH�DVSDUDJLQ\O�JO\FRV\ODWLRQ�VLWHV� �FRQVHQVXV�VHTXHQFH�
1�;�6�7��� ORFDWHG�DW� WKH�SRVLWLRQV�1���DQG�1�����ZHUH�DOVR�IRXQG�LQ�/JW�S��7KH�ILUVW�
RQH� RFFXUV� EHWZHHQ� WUDQVPHPEUDQH� GRPDLQV� �� DQG� ��� DQG� WKH� VHFRQG� RQH� LV� ORFDWHG�
EHWZHHQ�GRPDLQV���DQG����ERWK�RQ�WKH�H[WUDFHOOXODU�IDFH�RI�WKH�SODVPD�PHPEUDQH��7KH�
SRVLWLRQ�RI� WKH�DVSDUDJLQ\O�JO\FRV\ODWLRQ�PRWLI� LQ� WKHVH�WZR�WRSRORJLFDO�UHJLRQV�LV�DOVR�
KLJKO\� FRQVHUYHG� LQ� \HDVW� KH[RVH� WUDQVSRUWHUV� �%LVVRQ� HW� DO��� ������� /JW�S� DOVR�
FRQWDLQHG� WKH� WZR� VXJDU� WUDQVSRUWHU� VLJQDWXUH� VHTXHQFHV� DV� ZHOO� DV� D� 3(63� PRWLI�
�%DLURFK��������.UXFNHEHUJ��������VWDUWLQJ�DW�DPLQR�DFLG�SRVLWLRQV����������DQG������
UHVSHFWLYHO\� �)DOTXHW� HW� DO��� ������� 7KHVH� KLJKO\� FRQVHUYHG� PRWLYHV� RFFXU� LQ� DOO�
PHPEHUV�RI� WKH�VXJDU� WUDQVSRUWHU� IDPLO\� IURP�SURNDU\RWHV� WR�HXNDU\RWHV��:HLHUVWDOO�HW�
DO����������)LQDOO\��QR�3(67�OLNH�VHTXHQFHV�ZHUH�DSSDUHQW�LQ�WKH�/JW��SURWHLQ�VHTXHQFH��
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7KHVH�VHTXHQFHV�KDYH�EHHQ�UHSRUWHG�WR�EH�LQYROYHG�LQ�WKH�JOXFRVH�LQGXFHG�GHJUDGDWLRQ�
RI�VRPH�VXJDU�SHUPHDVHV� �0HGLQW]�HW�DO����������7KH� ODFN�RI�3(67�PRWLIV� LQ�/JW�S�LV�
FRQVLVWHQW�ZLWK�LWV�DSSDUHQW�IXQFWLRQ�DV�JOXFRVH�WUDQVSRUWHU�
.LQHWLF� FKDUDFWHULVDWLRQ� RI� JOXFRVH� WUDQVSRUW� PHGLDWHG� E\� /JW�S� DQG� E\�
ZLOG�W\SH�7��GHOEUXHFNLL
.LQHWLF�FKDUDFWHULVDWLRQ�RI�JOXFRVH�WUDQVSRUW�ZDV�SHUIRUPHG�ZLWK�WKH�VWUDLQ�6��FHUHYLVLDH
(%<�9:�����WUDQVIRUPHG�ZLWK�WKH�/*7� JHQH�DQG�IRU�FRPSDULVRQ��ZLWK�WKH�ZLOG�W\SH�
7RUXODVSRUD�GHOEUXHFNLL�VWUDLQ�

*OXFRVH�JURZQ� FHOOV� RI� 7�� GHOEUXHFNLL 3<&&� ����� VKRZHG� NLQHWLFV� RI� JOXFRVH�
WUDQVSRUW�EHVW� ILWWHG�DVVXPLQJ�D�ELSKDVLF�0LFKDHOLV�0HQWHQ�NLQHWLFV�ZLWK�D� ORZ� DQG�D�
KLJK�DIILQLW\� FRPSRQHQW� �)LJXUH� ���� 7KLV� EHKDYLRXU� LV� VLPLODU� WR� ZKDW� KDV� EHHQ�
GHVFULEHG� IRU� RWKHU� \HDVWV� �g]FDQ� DQG� -RKQVWRQ�� ������� $OWKRXJK�� SUHVHQWLQJ� VRPH�
YDULDWLRQV� LQ� WKH� NLQHWLF� SDUDPHWHUV�� D� ELSKDVLF� NLQHWLFV� RI� JOXFRVH� WUDQVSRUW�ZDV� DOVR�
REVHUYHG� IRU� IUXFWRVH� DQG� PDOWRVH�JURZQ� FHOOV� �7DEOH� ���� %RWK� WKH� ORZ� DQG� KLJK�
DIILQLW\� FRPSRQHQWV� RI� WKH� JOXFRVH� WUDQVSRUW�ZHUH� FRPSHWLWLYHO\� LQKLELWHG� E\� IUXFWRVH�
DQG� PDOWRVH� �)LJXUH� ���� VXJJHVWLQJ� WKDW� ERWK� WKHVH� VXJDUV� VKDUHG� WKH� JOXFRVH�
WUDQVSRUWHUV�� +RZHYHU�� LQ� D� SUHYLRXV� VWXG\�� QR� PHDVXUDEOH� WUDQVSRUW� RI� UDGLRODEHOOHG�
PDOWRVH� ZDV� GHWHFWHG� LQ� JOXFRVH�JURZQ� FHOOV� RI� 7�� GHOEUXHFNLL� �$OYHV�$UD~MR� HW� DO���
������� 7KHVH� REVHUYDWLRQV� FRXOG� EH� LQWHUSUHWHG� DV� WKH� UHVXOW� RI� WKH� ELQGLQJ� RI� RQH�
JOXFRVH�UHVLGXH�RI�PDOWRVH�WR�WKH�H[WUDFHOOXODU�ELQGLQJ�VLWH�RI� WKH�JOXFRVH�WUDQVSRUWHUV��
LPSDLULQJ� JOXFRVH� WUDQVSRUW�� DV� SUHYLRXVO\� VXJJHVWHG� IRU�6�� FHUHYLVLDH DQG�6�� ED\DQXV
�'LGHULFK�HW�DO����������
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3ODVPLG�<(S/*7���ZKLFK�FRQWDLQV�WKH�ZKROH�/*7� JHQH������ES�RI� WKH�SURPRWHU�
DQG� ���� ES� RI� WKH� WHUPLQDWRU�� ZDV� XVHG� WR� WUDQVIRUP� WKH�K[W QXOO�PXWDQW� VWUDLQ� RI�6��
FHUHYLVLDH��*OXFRVH�DQG�IUXFWRVH�XSWDNH�ZDV�PHDVXUHG�LQ�WKH�WUDQVIRUPHG�FHOOV�DQG��DV�D�
FRQWURO�� LQ� FHOOV� KDUERXULQJ� WKH� HPSW\� YHFWRU� <(SODF����� &HOOV� ZHUH� JURZQ� LQ� 6'�
PDOWRVH� �2'��� ��������� DQG� WUDQVIHUUHG� WR� 6'�JOXFRVH� IRU� �� KRXUV�� 8QGHU� WKHVH�
FRQGLWLRQV� WKH� FRQWURO� VWUDLQ� GLG� QRW� H[KLELW� DQ\� PHDVXUDEOH� JOXFRVH� XSWDNH�� $V�
H[SHFWHG�� FHOOV� WUDQVIRUPHG�ZLWK� WKH�/*7� JHQH� H[KLELWHG� JOXFRVH� XSWDNH� ZLWK� D�.PYDOXH�RI��������������P0��LQ�WKH�UDQJH�RI�WKH�ORZ�DIILQLW\�FRPSRQHQW��DQG�D�9PD[ RI�������� ������ QPRO��� V�� PJ�� GU\� ZW�� /JW�S� ZDV� DOVR� DEOH� WR� PHGLDWH� VLJQLILFDQW� IUXFWRVH�
XSWDNH� LQ� WKH�K[W�PXWDQW��DOWKRXJK�ZLWK�D� ORZHU�DIILQLW\� WKDQ�IRU�JOXFRVH��.P YDOXH�RI�
�������������P0�DQG 9PD[ RI��������������QPRO�� V�� PJ�� GU\�ZW��,Q�DJUHHPHQW�ZLWK�WKLV��
WKH�SUHVHQFH�RI�����P0�IUXFWRVH�LQKLELWHG�WKH�]HUR�WUDQV�LQIOX[�RI�JOXFRVH�ZLWK�IHDWXUHV�
RI�FRPSHWLWLYH�LQKLELWLRQ��)LJXUH���� 7KXV��9PD[ UHPDLQHG�FRQVWDQW��ZKLOVW�WKH�DSSDUHQW�
.P LQFUHDVHG�WR��������������P0��FRQILUPLQJ�WKDW�IUXFWRVH�ZDV�WUDQVSRUWHG�E\�/JW�S��$V�
IRU� WKH� 7�� GHOEUXHFNLL ZLOG� W\SH� VWUDLQ�� PDOWRVH� LQKLELWHG� FRPSHWLWLYHO\� WKH� JOXFRVH�
WUDQVSRUW� �)LJXUH� ��� VXJJHVWLQJ� WKDW� WKLV� SHUPHDVH� DOORZV WKH� ELQGLQJ� RI� RQH� RI� WKH�
JOXFRVH� UHVLGXHV RI�PDOWRVH�DV�ZDV� LQWHUSUHWHG� DERYH��+RZHYHU��PDOWRVH� LQKLELWLRQ�RI�
JOXFRVH�XSWDNH�LQ�WKH�K[W PXWDQW�RYHUH[SUHVVLQJ�/*7� ZDV�ZHDNHU�WKDQ�WKDW�REVHUYHG�LQ�
WKH� SDUHQWDO�7�� GHOEUXHFNLL 3<&&� ����� VWUDLQ� �)LJXUH� ���� SRLQWLQJ� WR� WKH� SUHVHQFH� RI�
RWKHU� KH[RVH� WUDQVSRUWHUV� LQ�7�� GHOEUXHFNLL DEOH� WR�ELQG�PDOWRVH��7KH�SUHVHQFH�RI�����
P0�PDQQRVH�LQKLELWHG�WKH�JOXFRVH�WUDQVSRUW�LQ�D�QRQ�FRPSHWLWLYH�PDQQHU��WKH�.P YDOXH�
UHPDLQLQJ�FRQVWDQW�DQG�WKH�9PD[ YDOXH�ORZHULQJ�WR�����QPRO�� V�� PJ�� GU\�ZW��)LJXUH�����
7KLV� UHVXOW�VXJJHVWHG� WKDW�/JW�S�GLG�QRW� WUDQVSRUW�PDQQRVH��FRQWUDU\� WR�ZKDW�KDV�EHHQ�
GHVFULEHG�IRU� WKH�PDMRU�KH[RVH� WUDQVSRUWHUV�+[W�����+[W��DQG�+[W��IURP�6��FHUHYLVLDH
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�5HLQIHQEHUJHU� HW� DO��� ������ :LHF]RUNH� HW� DO��� ������� +RZHYHU�� WKLV� REVHUYDWLRQ�
GHVHUYHV� IXUWKHU� LQYHVWLJDWLRQ� VLQFH� WKH� K[W QXOO� PXWDQW� VWUDLQ� RI� 6�� FHUHYLVLDH
WUDQVIRUPHG�ZLWK� WKH�SODVPLG�<(S/*7��SUHVHQWHG�VRPH�UHVLGXDO�JURZWK�RQ�PDQQRVH��
ZKLFK�ZDV�QRW�HYLGHQW�LQ�FHOOV�WUDQVIRUPHG�ZLWK�WKH�HPSW\�YHFWRU��UHVXOWV�QRW�VKRZQ���
,QGXFWLRQ�RI�/*7� H[SUHVVLRQ� LV�GHSHQGHQW�RI�JOXFRVH�FRQFHQWUDWLRQ�DQG�
UHTXLUHV�WKH�LQDFWLYDWLRQ�RI�WKH�UHSUHVVRU�5JW�S
7R� VWXG\� WKH� WUDQVFULSWLRQDO� UHJXODWLRQ� RI�/*7�� E\� JOXFRVH�� ZH� XVHG� D� IXVLRQ� RI� LWV�
SURPRWHU� WR� WKH� UHSRUWHU� JHQH� ODF=�� 6LQFH� JOXFRVH� WUDQVSRUW� PHGLDWHG� E\� VHYHUDO� +[W�
SURWHLQV�RI�6��FHUHYLVLDH KDV�EHHQ�SURSRVHG�WR�EH�UHTXLUHG�IRU�UHJXODWLRQ�RI�RWKHU�+;7
JHQHV��g]FDQ�DQG�-RKQVWRQ���������WKH�/*7���ODF= IXVLRQ�ZDV�QRW�H[SUHVVHG�LQ�WKH�K[W
QXOO� PXWDQW�� EXW� LQ� WKH� SDUHQWDO� &(1�3.����&� VWUDLQ�� &HOOV� ZHUH� JURZQ� RQ� 6'����
JDODFWRVH��WUDQVIHUUHG�WR�WKH�VDPH�PHGLXP�RU�WR�6'�FRQWDLQLQJ�ORZ��������RU�KLJK������
JOXFRVH� FRQFHQWUDWLRQV�� DQG� WKH� OHYHOV� RI�E�JDODFWRVLGDVH� DFWLYLW\� ZHUH� PHDVXUHG�� $V�
FDQ�EH�VHHQ�LQ�7DEOH����WKH�/*7���ODF= IXVLRQ�ZDV�H[SUHVVHG�DW�YHU\�ORZ�EDVDO�OHYHO�LQ�
JDODFWRVH� DQG� LQGXFHG� DERXW� ���IROG� E\� ����� JOXFRVH��+LJKHU� JOXFRVH� FRQFHQWUDWLRQV�
UHVXOWHG� LQ�D� IXUWKHU� LQFUHDVH� LQ� WKH� UHSRUWHU�JHQH�H[SUHVVLRQ��ZKLFK� UHDFKHG�YDOXHV� LQ�
WKH�VDPH�UDQJH�RI�WKRVH�UHSRUWHG�IRU�+;7� DQG�+;7� LQ�PXOWLFRS\�SODVPLGV��g]FDQ�DQG�
-RKQVWRQ�� ������� 7KXV�� /*7� DSSHDUV� WR� EH� D� KLJKO\� H[SUHVVHG� IXQFWLRQDO� KH[RVH�
WUDQVSRUWHU��+RZHYHU�� UHJXODWLRQ�RI�/*7� ZDV�DSSDUHQWO\�GLIIHUHQW� IURP�WKDW�RI�+;7�
DQG�+;7��� 7KH� IRUPHU� LV� RQO\� LQGXFHG� E\� KLJK� JOXFRVH��ZKHUHDV� LQGXFWLRQ� RI�+;7�
H[SUHVVLRQ� E\� JOXFRVH� LV� LQGHSHQGHQW� RI� VXJDU� FRQFHQWUDWLRQ�� 5HJXODWLRQ� RI�/*7�
UHVHPEOHV�PRUH�WKDW�RI�ORZ�DIILQLW\�JOXFRVH�WUDQVSRUWHUV�RI�.��ODFWLV��.+7� DQG�5$*���
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ZKLFK� VKRZ�DQ� HQKDQFHG�H[SUHVVLRQ�ZLWK� WKH� H[WHUQDO� JOXFRVH� FRQFHQWUDWLRQ� �&KHQ�HW�
DO���������0LONRZVNL�HW�DO����������
:H�DOVR�DQDO\VHG�LI�WKH�5JW�S�DQG�0LJ�S�FRQVHQVXV�ELQGLQJ�VLWHV�IRXQG�LQ�WKH�SURPRWHU�
UHJLRQ�RI�/*7� ZHUH� IXQFWLRQDO��)RU� WKLV��ZH�PHDVXUHG� WKH�/*7���ODF= H[SUHVVLRQ� LQ�
UJW� DQG�PLJ� VLQJOH�PXWDQWV�RI�WKH�SDUHQWDO�&(1�3.���&�VWUDLQ��$V�VKRZQ�LQ�7DEOH����
GHOHWLRQ� RI� 5*7� FDXVHG� /*7� WR� EH� KLJKO\� H[SUHVVHG� LQ� WKH� DEVHQFH� RI� JOXFRVH��
0RUHRYHU�� ODFN�RI� WKLV� UHJXODWRU\ SURWHLQ�UHVXOWHG�LQ�D�KLJKHU� LQGXFWLRQ�DW� ORZ�JOXFRVH�
OHYHOV��EXW�D�VLJQLILFDQW�LQFUHDVH��DERXW���IROG��ZDV�DOVR�HYLGHQW�DW����JOXFRVH��7KXV��WKH�
6��FHUHYLVLDH 5JW�S�DSSHDUV� WR�DFW�H[FOXVLYHO\�DV�D� UHSUHVVRU�RI�/*7� H[SUHVVLRQ��DQG�
QRW� DV� D� ELIXQFWLRQDO� UHJXODWRU��&RQYHUVHO\�� GHOHWLRQ� RI�0,*� KDG� QR� HIIHFW� RQ�/*7�
H[SUHVVLRQ��VXJJHVWLQJ�WKDW�WKLV�SDWKZD\�GRHV�QRW�KDYH�D�UHOHYDQW�UROH�LQ�WKH�UHJXODWLRQ�
RI�WKH�WUDQVSRUWHU��RU�WKDW�0,*�DQG 0,*� FRXOG�KDYH�UHGXQGDQW�UROHV�LQ�LWV�UHJXODWLRQ��
DV�KDV�EHHQ�GHVFULEHG�IRU�VRPH�JOXFRVH�UHSUHVVHG�JHQHV�LQ�6��FHUHYLVLDH �/XWIL\\D�HW�DO���
������� )RU� WKLV� UHDVRQ�ZH� WHVWHG�/*7���ODF= H[SUHVVLRQ� LQ� WKH� GRXEOH�PXWDQW�'PLJ�
'PLJ� RI� WKH�VDPH�SDUHQWDO�VWUDLQ� �7DEOH�����$GGLWLRQDO�GLVUXSWLRQ�RI�0,*� LQ�D�PLJ�
EDFNJURXQG� UHVXOWHG� LQ� D�KLJKHU� LQGXFWLRQ�RI�/*7���ODF=� SDUWLFXODUO\� DW� KLJK�JOXFRVH�
OHYHOV�� LQGLFDWLQJ� WKDW� 0LJ�S� RU� ERWK� 0LJ�S� DQG� 0LJ�S� LQ� D� UHGXQGDQW� ZD\�� DFW� DV�
UHSUHVVRUV� RI�/*7� H[SUHVVLRQ� DW� KLJK�JOXFRVH� FRQFHQWUDWLRQV��7KLV� LV� FRQVLVWHQW�ZLWK�
WKH� UROH�RI� WKHVH� UHJXODWRU\�SURWHLQV� LQ�6�� FHUHYLVLDH��1HYHUWKHOHVV�� WKHVH� UHVXOWV�FRXOG�
QRW�QHFHVVDULO\�UHIOHFW�WKH�LQ�YLYR IXQFWLRQ�RI�WKH�SXWDWLYH�KRPRORJXHV�LQ�7��GHOEUXHFNLL�
&RQFOXGLQJ�UHPDUNV
7KLV�VWXG\�KDV�VKRZQ�WKH�SUHVHQFH�LQ�7��GHOEUXHFNLL RI�D�ORZ�DIILQLW\�KH[RVH WUDQVSRUWHU��
/JW�S�� DEOH� WR�PHGLDWH� WKH�XSWDNH�RI�JOXFRVH DQG IUXFWRVH��&RPSDULVRQ�RI� VHTXHQFLQJ�
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GDWD� DQG� UHJXODWRU\� VWXGLHV� RI� /*7� H[SUHVVLRQ� LQ� 6�� FHUHYLVLDH� VXJJHVW� WKDW� WKLV�
SHUPHDVH� LV� FORVHO\� UHODWHG� WR� WKH� SUHYLRXVO\� UHSRUWHG� ORZ�DIILQLW\� WUDQVSRUWHUV�
.+7��5$*� RI�.�� ODFWLV��7KLV�RUJDQLVP��D�UHVSLURIHUPHQWDWLYH�\HDVW�FORVHO\�UHODWHG�WR�
7��GHOEUXHFNLL��KDV�EHHQ�VKRZQ�WR�FRQWDLQ�DQ�³DQFHVWUDO´�JHQH�FOXVWHU�IRUPHG�E\�D�ORZ�
DQG� D� KLJK�DIILQLW\� JOXFRVH� WUDQVSRUWHU��.+7��.+7��� ZKLFK� LV� WKH� RQO\�PHWDEROLFDOO\�
UHOHYDQW�LQ�.��ODFWLV �%HOORFK�HW�DO���������+HUQDQGH]�/RSH]�HW�DO���������$OOHU�$UUDQ]�HW�
DO��� �������7KXV��ZH�FDQ� VSHFXODWH� WKDW� D� VLPLODU� VLWXDWLRQ�RFFXUV� LQ�7��GHOEUXHFNLL�� ,Q�
FRQVRQDQFH� ZLWK� WKLV�� SUHOLPLQDU\� VHTXHQFLQJ� GDWD� RI� WKH� SODVPLGV� <(S7���������
DSSHDUV� WR� LQGLFDWH� WKDW� DOO� RI� WKHP� FRQWDLQ� GLIIHUHQW� IUDJPHQWV� RI� WKH� VDPH�
FKURPRVRPDO� ORFXV� UHSRUWHG� KHUH� IRU� <(S7���� � 7KLV� FRXOG� H[SODLQ� WKH� ORZHU�
IHUPHQWDWLYH� FDSDFLW\� RI�7RUXODVSRUD VWUDLQV� LQ� FRPSDULVRQ�ZLWK� WKDW� H[KLELWHG� E\�6��
FHUHYLVLDH�� ZKLFK� FRQWDLQV� DW� OHDVW� WZR� RI� WKHVH� IXQFWLRQDOO\� UHOHYDQW� JHQH� FOXVWHUV�
ORFDWHG� LQ� FKURPRVRPHV� ,9� �+;7��+;7��+;7��� DQG� 9,,,� �+;7��+;7���� 5HVXOWV� RI�
RXU� ODERUDWRU\� DOVR� LQGLFDWH� WKDW� 7�� GHOEUXHFNLL KDV� D� KLJKHU� UDWH� RI� UHVSLUDWLRQ� RQ�
JOXFRVH� DQG�PDOWRVH� WKDQ�6�� FHUHYLVLDH �XQSXEOLVKHG� UHVXOWV���2YHUDOO�� WKHVH� HYLGHQFHV�
VXJJHVW�WKDW�WKH�VXJDU�XSWDNH�VWHS�FRXOG�EH�D�ERWWOHQHFN�LQ�WKH�IHUPHQWDWLYH�SHUIRUPDQFH�
RI�7�� GHOEUXHFNLL��&RPSDULVRQ� RI� WKH� NLQHWLFV� RI� JOXFRVH� WUDQVSRUW�LQ� WKH�ZLOG� W\SH�7��
GHOEUXHFNLL DQG� LQ�6� FHUHYLVLDH K[W QXOO�PXWDQW� H[SUHVVLQJ�/*7�� LQGLFDWHV� WKDW� RWKHU�
JOXFRVH� WUDQVSRUWHUV�PXVW�EH� IXQFWLRQDO� LQ�7��GHOEUXHFNLL��$�IXUWKHU�FKDUDFWHULVDWLRQ�RI�
SXWDWLYH� DGGLWLRQDO� WUDQVSRUWHUV� OLQNHG� WR /*7� ZLOO� KHOS� WR�FRQILUP� WKH� UROH�RI� VXJDU�
SHUPHDVHV�LQ�WKH�IHUPHQWDWLYH�FDSDFLW\�RI�WKLV�ELRWHFKQRORJLFDO�LPSRUWDQW�\HDVW�DQG�ZLOO�
SURYLGH� QHZ� FOXHV� RQ� WKH� PHFKDQLVPV� WKDW� KDYH� GULYHQ� WKH� HYROXWLRQ� RI� KH[RVH�
WUDQVSRUWHUV�LQ�\HDVWV�
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$FNQRZOHGJHPHQWV
:H� WKDQN�(��%ROHV� �8QLYHUVLW\�RI�'�VVHOGRUI��'�VVHOGRUI��*HUPDQ\�� IRU� WKH�JHQHURXV�
VXSSO\� RI� VWUDLQ� 6�� FHUHYLVLDH (%<�9:����� DQG� $�� %ODVFR� DQG� (�� *RQ]iOH]� IRU�
WHFKQLFDO� VXSSRUW�� 7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� WKH� &RPLVLyQ� ,QWHUPLQLVWHULDO� GH�
&LHQFLD� \� 7HFQRORJtD� SURMHFWV� �3$&7, &22����$;����� +3���������� IURP� WKH�
0LQLVWU\� RI� 6FLHQFH� DQG� 7HFKQRORJ\� RI� 6SDLQ�� &�� $OYHV�$UD~MR� ZDV� VXSSRUWHG� E\�
IHOORZVKLS� IURP� 35$;,6� ;;,� ± %'���������� �)XQGDomR� SDUD� D� &LrQFLD� H� SDUD� D�
7HFQRORJLD��3RUWXJDO��
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5HIHUHQFHV
$EHO�7��0DQLDWLV�7��������$FWLRQ�RI�OHXFLQH�]LSSHUV��1DWXUH ���� ������
$KQ�+&��.LP�6��/HH�%-��������6ROXWLRQ�VWUXFWXUH�DQG�S���ELQGLQJ�RI� WKH�S���OHXFLQH�

]LSSHU�PRWLI��FRLOHG�FRLO�LQWHUDFWLRQV�PHGLDWH�WKH�DVVRFLDWLRQ�EHWZHHQ�S���DQG�S����
)(%6�/HWW �������������

$OOHU�$UUDQ]�(��5DQGH]�*LO�)��%DUULR�(��3ULHWR�-$��������$�'1$�UHJLRQ�RI�7RUXODVSRUD�
GHOEUXHFNLL FRQWDLQLQJ� WKH�+,6� JHQH�� VHTXHQFH�� JHQH� RUGHU� DQG� HYROXWLRQ��<HDVW
��� ����������

$OPHLGD�0-��3DLV�&6������D��&KDUDFWHUL]DWLRQ�RI�\HDVW�SRSXODWLRQ�IURP�WUDGLWLRQDO�FRUQ�
DQG�U\H�EUHDG�GRXJK¶V��/HWW�$SSO�0LFURELRO ��� ��������

$OPHLGD�0-��3DLV�&6������E��/HDYHQLQJ�DELOLW\�DQG�IUHH]H�WROHUDQFH�RI�\HDVWV�LVRODWHG�
IURP�WUDGLWLRQDO�FRUQ�DQG�U\H�EUHDG�GRXJKV��$SSO�(QYLURQ�0LFURELRO ��������������

$OWVFKXO�6)��0DGGHQ�7/��6FKDIIHU�$$��=KDQJ�-��=KDQJ�=��0LOOHU�:��/LSPDQ�'-��������
*DSSHG� %/$67� DQG� 36,�%/$67�� D� QHZ� JHQHUDWLRQ� RI� SURWHLQ� GDWDEDVH� VHDUFK�
SURJUDPV��1XFOHLF�$FLGV�5HV ��������������

$OYHV�$UD~MR� &�� +HUQDQGH]�/RSH]� 0-�� 6RXVD� 0-�� 3ULHWR� -$�� 5DQGH]�*LO� )�� ������
&ORQLQJ� DQG� FKDUDFWHUL]DWLRQ� RI� WKH�0$/�� JHQH� HQFRGLQJ� D�KLJK�DIILQLW\�PDOWRVH�
WUDQVSRUWHU�IURP�7RUXODVSRUD�GHOEUXHFNLL��)(06�<HDVW�5HV �� ��������

$SSHO� 5'�� %DLURFK� $�� +RFKVWUDVVHU� ')�� ������ $� QHZ� JHQHUDWLRQ� RI� LQIRUPDWLRQ�
UHWULHYDO� WRROV� IRU� ELRORJLVWV�� WKH� H[DPSOH� RI� WKH� ([3$6\ :::� VHUYHU�� 7UHQGV�
%LRFKHP�6FL ��� ��������

%DLURFK�$��������7KH�3526,7(�GLFWLRQDU\�RI�VLWHV�DQG�SDWWHUQV�LQ�SURWHLQV��LWV�FXUUHQW�
VWDWXV��1XFOHLF�$FLGV�5HV ��� ����������
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%HOORFK� &�� 4XHURO� $�� *DUFtD� 0'�� %DUULR� (�� ������ 3K\ORJHQ\� RI� WKH� JHQXV�
.OX\YHURP\FHV LQIHUUHG�IURP�WKH�PLWRFKRQGULDO�F\WRFKURPH�F�R[LGDVH�,,�JHQH��,QW�-�
6\VW�(YRO�0LFURELRO ��� ��������

%LVVRQ�/)��&RRQV�'0��.UXFNHEHUJ�$/��/HZLV�'$� ������<HDVW�VXJDU�WUDQVSRUWHUV��&ULW�
5HY�%LRFKHP�0RO�%LRO ��� ��������

%ROHV� (�� +ROOHQEHUJ� &3� ������ 7KH� PROHFXODU� JHQHWLFV� RI� KH[RVH� WUDQVSRUW� LQ� \HDVW��
)(06�0LFURELRO�5HY ��� �������

%UDGIRUG�00��������$�UDSLG�DQG�VHQVLWLYH�PHWKRG�IRU�WKH�TXDQWLILFDWLRQ�RI�PLFURJUDP�
TXDQWLWLHV�RI�SURWHLQ�XWLOL]LQJ�WKH�SULQFLSOH�RI�SURWHLQ�G\H�ELQGLQJ��$QDO�%LRFKHP ���
��������

&KHQ� ;-�� :pVRORZVNL�/RXYHO� 0�� )XNXKDUD� +�� ������ *OXFRVH� WUDQVSRUW� LQ� WKH� \HDVW�
.OX\YHURP\FHV� ODFWLV�� ,,��7UDQVFULSWLRQDO� UHJXODWLRQ�RI� WKH�JOXFRVH�WUDQVSRUWHU�JHQH�
5$*���0RO�*HQ�*HQHW ���� �������

&LULDF\�0�� ������ *HQHWLFV� RI� DOFRKRO� GHK\GURJHQDVH� LQ�6DFFKDURP\FHV� FHUHYLVLDH�� ,,�
WZR� ORFL� FRQWUROOLQJ� V\QWKHVLV� RI� WKH� JOXFRVH�UHSUHVVLEOH� $'+,,��0RO� *HQ� *HQHW
���� ��������

&RUSHW�)��������08/7$/,1��0XOWLSOH�VHTXHQFH�DOLJQPHQW�ZLWK�KLHUDUFKLFDO�FOXVWHULQJ��
1XFOHLF�$FLGV�5HV ��� ������������

'LGHULFK�-$��7HXVLQN�%��9DONLHU�-��$QMRV�-��6SHQFHU�0DUWLQV�,��YDQ�'DP�.��:DOVK�0&��
������6WUDWHJLHV� WR�GHWHUPLQH� WKH�H[WHQW�RI�FRQWURO�H[HUWHG�E\�JOXFRVH�WUDQVSRUW�RQ�
JO\FRO\WLF�IOX[�LQ�WKH�6DFFKDURP\FHV�ED\DQXV��0LFURELRORJ\ ���� ����������

)DOTXHW�/��3DJQL�0��%XFKHU�3� +XOR�1��6LJULVW�&-��+RIPDQQ�.��%DLURFK�$��������7KH�
3526,7(�GDWDEDVH��LWV�VWDWXV�LQ�������1XFOHLF�$FLGV�5HV ��� ��������
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*LHW]�5'��6XJLQR�$��������1HZ�\HDVW�(VFKHULFKLD�FROL VKXWWOH�YHFWRUV�FRQVWUXFWHG�ZLWK�
LQ� YLWUR PXWDJHQL]HG� \HDVW� JHQHV� ODFNLQJ� VL[�EDVH� SDLU� UHVWULFWLRQ� VLWHV��*HQH ���
��������

*RIIULQL�3��)HUUHUR�,��'RQQLQL�&���������5HVSLUDWLRQ�'HSHQGHQW�XWLOL]DWLRQ�RI�VXJDUV�LQ�
\HDVWV��D�GHWHUPLQDQW�UROH�IRU�VXJDU�WUDQVSRUWHUV��-�%DFWHULRO ���� ��������

*ROGVWHLQ�$/��0F&XVNHU� -+��������7KUHH�QHZ�GRPLQDQW�GUXJ� UHVLVWDQFH�FDVVHWWHV� IRU�
JHQH�GLVUXSWLRQ�LQ�6DFFKDURP\FHV�FHUHYLVLDH��<HDVW ��������������

*RQoDOYHV� 3�� 6RXVD� +5�� 6SHQFHU�0DUWLQV� ,�� ������ )6<��� D� QRYHO� JHQH� HQFRGLQJ� D�
VSHFLILF� IUXFWRVH�+� V\PSRUWHU� LQ� WKH� W\SH� VWUDLQ� RI�6DFFKDURP\FHV� FDUOVEHUJHQVLV�� -�
%DFWHULRO ���� ����������
*XDUDQWH� /�� ������<HDVW� SURPRWHUV� DQG�ODF= IXVLRQV� GHVLJQHG� WR� VWXG\� H[SUHVVLRQ� RI�

FORQHG�JHQHV�LQ�\HDVW��0HWKRGV�(Q]\PRO �������������
*XR� =�� 6KHUPDQ� )� ������ �
�HQG�IRUPLQJ� VLJQDOV� RI� \HDVW�P51$��0RO�&HOO� %LRO ���

����������
+HUQDQGH]�/RSH]�0-��3ULHWR�-$��5DQGH]�*LO�)��������,VRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�

WKH� JHQH� 85$� HQFRGLQJ� WKH� RURWLGLQH��
�SKRVSKDWH� GHFDUER[\ODVH� IURP�
7RUXODVSRUD�GHOEUXHFNLL��<HDVW ��� ����������

+HUQDQGH]�/RSH]� 0-�� 3ULHWR� -$�� 5DQGH]�*LO� )�� ������ 2VPRWROHUDQFH� DQG� OHDYHQLQJ�
DELOLW\�LQ�VZHHW�DQG�IUR]HQ�VZHHW�GRXJK��&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�7RUXODVSRUD�
GHOEUXHFNLL DQG� 6DFFKDURP\FHV� FHUHYLVLDH EDNHU¶V� \HDVW� VWUDLQV�� $QWRQLH� YDQ�
/HHXZHQKRHN ��� ��������

+X[OH\�&��*UHHQ�('��'XQKDP�,��������5DSLG�DVVHVVPHQW�RI�6DFFKDURP\FHV�FHUHYLVLDH
PDWLQJ�W\SH�E\�3&5��7UHQGV�*HQHW �� ����
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.LP�-+��3ROLVK�-��-RKQVWRQ�0��������6SHFLILFLW\�DQG�UHJXODWLRQ�RI�'1$�ELQGLQJ�E\�WKH�
\HDVW�JOXFRVH�WUDQVSRUWHU�JHQH�UHSUHVVRU�5JW���0RO�&HOO�%LRO ��� ����������

.R]DN�0��������$Q�DQDO\VLV�RI����QRQFRGLQJ�VHTXHQFHV�IURP�����YHUWHEUDWH�PHVVHQJHU�
51$V��1XFOHLF�$FLG�5HV ��� ����������

.URJK� $�� /DUVVRQ� %�� YRQ� +HLMQH� *�� 6RQQKDPPHU� (//�� ������ 3UHGLFWLQJ�
7UDQVPHPEUDQH� 3URWHLQ� 7RSRORJ\� ZLWK� D� +LGGHQ� 0DUNRY� 0RGHO�� $SSOLFDWLRQ� WR�
&RPSOHWH�*HQRPHV��-�0RO�%LRO ���� ��������

.UXFNHEHUJ� $/�� ������ 7KH� KH[RVH� WUDQVSRUWHU� IDPLO\� RI� 6DFFKDURP\FHV� FHUHYLVLDH��
$UFK�0LFURELRO ���� ��������

.UXJHO�+��)LHGOHU�*��6PLWK�&��%DXPEHUJ�6��������6HTXHQFH�DQG�WUDQVFULSWLRQDO�DQDO\VLV�
RI� WKH� QRXUVHRWKULFLQ� DFHW\OWUDQVIHUDVH�HQFRGLQJ� JHQH� QDW�� IURP� 6WUHSWRP\FHV�
QRXUVHL��*HQH ���� ��������

.XUW]PDQ�&3�� ������7RUXODVSRUD /LQGQHU��.XUW]PDQ��&�3�� DQG� )HOO�� -�:�� �(GV���7KH�
<HDVW� ± $� WD[RQRPLF� 6WXG\�� �WK� UHYLVHG� DQG� HQODUJHG� HGQ�� (OVHYLHU� 6FLHQFH��
$PVWHUGDP����������

/RGLVK� +)�� ������ 0XOWL�VSDQQLQJ� PHPEUDQH� SURWHLQV�� +RZ� JRRG� DUH� WKH� PRGHOV"�
7UHQGV�%LRFKHP�6FL ��� ��������

/XQGLQ� 0-�� 1HKOLQ� 2�� 5RQQH� +�� ������ ,PSRUWDQFH� RI� D� IODQNLQJ� $7�ULFK� UHJLRQ� LQ�
WDUJHW� VLWH� UHFRJQLWLRQ� E\� WKH�*&� ER[�ELQGLQJ� ]LQF� ILQJHU� SURWHLQ�0LJ���0RO�&HOO�
%LRO ��� ����������

/XWIL\\D� //�� ,\HU� 95�� 'H5LVL� -�� 'H9LW� 0-�� %URZQ� 32�� -RKQVWRQ� 0�� ������
&KDUDFWHUL]DWLRQ� RI� WKUHH� UHODWHG� JOXFRVH� UHSUHVVRUV� DQG� JHQHV� WKH\� UHJXODWH� LQ�
6DFFKDURP\FHV�FHUHYLVLDH��*HQHWLFV ������������
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0HGLQW]� ,��:DQJ�;�� +UDGHN� 7��0LFKHOV� &$� ������ $� 3(67�OLNH� VHTXHQFH� LQ� WKH�1�
WHUPLQDO� F\WRSODVPLF� GRPDLQ� RI�6DFFKDURP\FHV PDOWRVH� SHUPHDVH� LV� UHTXLUHG� IRU�
JOXFRVH�LQGXFHG� SURWHRO\VLV� DQG� UDSLG� LQDFWLYDWLRQ� RI� WUDQVSRUW� DFWLYLW\��
%LRFKHPLVWU\ ��� ����������

0LONRZVNL�&��.UDPSH�6��:HLULFK� -��+DVVH�9��%ROHV�(��%UHXQLJ�.'� ������)HHGEDFN�
UHJXODWLRQ� RI� JOXFRVH� WUDQVSRUWHU� JHQH� WUDQVFULSWLRQ� LQ�.OX\YHURP\FHV� ODFWLV E\�
JOXFRVH�XSWDNH��-�%DFWHULRO ���� ����������

0\HUV� $0�� 7]DJRORII� $�� .LQQH\�'0�� /XVW\� &-�� ������ <HDVW� VKXWWOH� DQG� LQWHJUDWLYH�
YHFWRUV�ZLWK�PXOWLSOH� FORQLQJ� VLWHV� VXLWDEOH� IRU� FRQVWUXFWLRQ�RI�ODF= IXVLRQV��*HQH
��� ��������

1DNDWD� .�� +DVHJDZD� -�� 2NDPXUD� .�� ������ $FFXPXODWLRQ� DQG� UROH� RI� WUHKDORVH� LQ�
7RUXODVSRUD�GHOEUXHFNLL 1��������%LRVFL�%LRWHFKQRO�%LRFKHP ��� ��������

1HKOLQ� -2�� 5RQQH�+�� ������<HDVW�0,*� UHSUHVVRU� LV� UHODWHG� WR� WKH�PDPPDOLDQ� HDUO\�
JURZWK�UHVSRQVH�DQG�:LOPV
�WXPRXU�ILQJHU�SURWHLQV��(0%2�- �� ����������

1HOLVVHQ�%��'H�:DFKWHU�5��*RIIHDX�$��������&ODVVLILFDWLRQ�RI� DOO� SXWDWLYH�SHUPHDVHV�
DQG�RWKHU�PHPEUDQH�SOXULVSDQQHUV�RI� WKH�PDMRU� IDFLOLWDWRU�VXSHUIDPLO\�HQFRGHG�E\�
WKH�FRPSOHWH�JHQRPH�RI�6DFFKDURP\FHV�FHUHYLVLDH��)(06�0LFURELRO�5HY ��� ����
����

1RXUDQL� $��:HVRORZVNL�/RXYHO�0�� 'HODYHDX� 7�� -DFT� &�� 'HODKRGGH�$�� ������0XOWL�
GUXJ�UHVLVWDQFH�SKHQRPHQRQ�LQ�WKH�\HDVW�6DFFKDURP\FHV�FHUHYLVLDH��LQYROYHPHQW�RI�
WZR�KH[RVH�WUDQVSRUWHUV��0RO�&HOO�%LRO ��� ����������

2N� 7�� +DVKLQDJD� )�� ������ ,GHQWLILFDWLRQ� RI� VXJDU�WROHUDQW� \HDVWV� LVRODWHG� IURP� KLJK�
VXJDU�IHUPHQWHG�YHJHWDEOH�H[WUDFWV��-�*HQ�$SSO�0LFURELRO ��� ������
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g]FDQ�6��-RKQVWRQ 0� ������7ZR�GLIIHUHQW�UHSUHVVRUV�FROODERUDWH�WR�UHVWULFW�H[SUHVVLRQ�
RI�WKH�\HDVW�JOXFRVH�WUDQVSRUWHU�JHQHV�+;7� DQG�+;7� WR�ORZ�OHYHOV�RI�JOXFRVH��0RO�
&HOO�%LRO ��� ����������

g]FDQ� 6�� -RKQVWRQ� 0� ������ )XQFWLRQ� DQG� UHJXODWLRQ� RI� \HDVW� KH[RVH� WUDQVSRUWHUV��
0LFURELRO�0RO�%LRO�5HY ��� ��������

g]FDQ�6��'RYHU�-��5RVHQZDOG�$*��:ROI�6��-RKQVWRQ�0� ������7ZR�JOXFRVH�WUDQVSRUWHUV�
LQ�6DFFKDURP\FHV�FHUHYLVLDH DUH�JOXFRVH�VHQVRUV�WKDW�JHQHUDWH�D�VLJQDO�IRU�LQGXFWLRQ�
RI�JHQH�H[SUHVVLRQ��3URF�1DWO�$FDG�86$ ��� ������������

5DQGH]�*LO�)��$JXLOHUD�-��&RGyQ�$��5LQFyQ�$0��(VWUXFK�)��3ULHWR�-$���������%DNHU¶V�
\HDVW��FKDOOHQJHV�DQG�IXWXUH�SURVSHFWV�� ,Q�)XQFWLRQDO�*HQHWLFV�RI�,QGXVWULDO�<HDVWV��
'H�:LQGH�-+��HG���6SULQJHU�9HUODJ��+HLGHOEHUJ��������

5HLIHQEHUJHU�(��%ROHV�(��&LULDF\�0��������.LQHWLF�FKDUDFWHUL]DWLRQ�RI�LQGLYLGXDO�KH[RVH�
WUDQVSRUWHUV� RI� 6DFFKDURP\FHV� FHUHYLVLDH DQG� WKHLU� UHODWLRQ� WR� WKH� WULJJHULQJ�
PHFKDQLVP�RI�JOXFRVH�UHSUHVVLRQ��(XU�-�%LRFKHP ���� ��������

5RVVHOO� 6�� :HLMGHQ� &&�� .UXFNHEHUJ� $�� %DNNHU� %0��:HVWHUKRII� +9� ������ /RVV� RI�
IHUPHQWDWLYH� FDSDFLW\� LQ� EDNHU�V� \HDVW� FDQ� SDUWO\� EH� H[SODLQHG� E\� UHGXFHG� JOXFRVH�
XSWDNH�FDSDFLW\��0RO�%LRO�5HS ��� ��������

6DPEURRN�-��)ULWVFK�()��0DQLDWLV�7��������0ROHFXODU�FORQLQJ��D�ODERUDWRU\�PDQXDO���QG�
(G��&ROG�6SULQJ�+DUERU�/DERUDWRU\��&ROG�6SULQJ�+DUERU��1HZ�<RUN�

6KHUPDQ�)��)LQN�*5��+LFNV�-%��������0HWKRGV�LQ�<HDVW�*HQHWLFV��&ROG�6SULQJ�+DUERU�
/DERUDWRU\�3UHVV��1HZ�<RUN�

6WUXKO�.��������5HJXODWRU\�VLWHV�IRU�KLV� JHQH�H[SUHVVLRQ�LQ�\HDVW��1DWXUH ���� ��������
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7KRPSVRQ�-'��+LJJLQV�'*��*LEVRQ�7-��������&/867$/�:��LPSURYLQJ�WKH�VHQVLWLYLW\�
RI� SURJUHVVLYH�PXOWLSOH� VHTXHQFH� DOLJQPHQW� WKURXJK� VHTXHQFH�ZHLJKWLQJ�� SRVLWLRQ�
VSHFLILF�JDS�SHQDOWLHV�DQG�ZHLJKW�PDWUL[�FKRLFH��1XFOHLF�$FLGV�5HV ��������������

YDQ� 8GHQ� 1�� ������ 7UDQVSRUW�OLPLWHG� IHUPHQWDWLRQ� DQG� JURZWK� RI� 6DFFKDURP\FHV�
FHUHYLVLDH DQG�LWV�FRPSHWLWLYH�LQKLELWLRQ��$UFK�0LFURELRO ��� ��������

:DFK�$��%UDFKDW�$��3RKOPDQQ�5��3KLOLSSVHQ�3��������1HZ�KHWHURORJRXV�PRGXOHV� IRU�
FODVVLFDO� RU� 3&5�EDVHG� JHQH� GLVUXSWLRQV� LQ�6DFFKDURP\FHV� FHUHYLVLDH�� <HDVW ���
����������

:DQJ� '�� %X\RQ� -3�� <DQJ� =�� 'L� 'RQDWR� )�� 0LUDQGD�&DUXV� 0(�� &KDQ� (.�� ������
/HXFLQH�]LSSHU�GRPDLQ�RI����N'D�66�$�5R�SURPRWHV�SURWHLQ�GLPHU� IRUPDWLRQ�DQG�
LQKLELWV�LQ�YLWUR�WUDQVFULSWLRQ�DFWLYLW\��%LRFKLP�%LRSK\V�$FWD ����� ��������

:HLHUVWDOO� 7�� +ROOHQEHUJ� &3�� %ROHV� (�� ������ &ORQLQJ� DQG� FKDUDFWHUL]DWLRQ� RI� WKUHH�
JHQHV� �687����� HQFRGLQJ� JOXFRVH� WUDQVSRUWHUV� RI� WKH� \HDVW� 3LFKLD� VWLSLWLV�� 0RO�
0LFURELRO ��� ��������

:LHF]RUNH� 5�� .UDPSH� 6�� :HLHUVWDOO� 7�� )UHLGHO� .�� +ROOHQEHUJ� &3�� %ROHV�(�� ������
&RQFXUUHQW�NQRFN�RXW�RI�DW�OHDVW����WUDQVSRUWHU�JHQHV�LV�UHTXLUHG�WR�EORFN�XSWDNH�RI�
KH[RVHV�LQ�6DFFKDURP\FHV�FHUHYLVLDH��)(%6�/HWW ���� ��������
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7DEOH���2OLJRQXFOHRWLGHV�XVHG�LQ�WKLV�VWXG\�
3ULPHU 6HTXHQFH����WR��� &RPPHQWV
7'� $7*$&&$7*$77$&*&&$$ 6HTXHQFLQJ7'� *7$$$$&*$&**&&$*7 6HTXHQFLQJ7'� &*7*$7$7&&7&&$777& 6HTXHQFLQJ7'� *&7$&7&&77*$77$&7$7&7 6HTXHQFLQJ7'� *7&7$&7$&$*$*&$7$&$& 6HTXHQFLQJ7'� *$$7$$7$&&$&&*$7$*& 6HTXHQFLQJ7'� 77&**&77&&$&$&&$* 6HTXHQFLQJ7'� &*7$$&$&&*$&$*$7*& 6HTXHQFLQJ7'� *7*77$77&*$7$777$7& 6HTXHQFLQJ7'�� **$$$*&7&&7*$*7*$7* 6HTXHQFLQJ7'�� 7&$&&*7$7&7*7&*$$$&& 6HTXHQFLQJ7'�� 7*$&7$&$$$*$7*$$$$*****7&7*&7&$$$&7*&&$$�&*7$&*&7*&$**7&* 3&5��5*7� GLVUXSWLRQ�FDVVHWWH�FRQVWUXFWLRQ�� EDVHV�KRPRORJRXV�WR�WKH�S)$��NDQ0;��0&6�XQGHUOLQHG�7'�� *$7$*$**77*$*777&&$&$7$77&&*$7$$*$*7*$$*$77&*$7*$$77&*$*& 3&5��5*7� GLVUXSWLRQ�FDVVHWWH�FRQVWUXFWLRQ�� EDVHV�KRPRORJRXV�WR�WKH�S)$��NDQ0;��0&6�XQGHUOLQHG�7'�� $7*$$&*$*&7*$$&$&7*7 'LDJQRVWLF�3&5�� 5*7� GLVUXSWLRQ�7'�� *7&$$$7&7*$$7$*$&7&&7*��� 'LDJQRVWLF�3&5�� 5*7� GLVUXSWLRQ7'�� 777&$&&7$$**$7&&777&7$77 /*7���ODF= IXVLRQ7'�� *7&$$&7**7*7$$*&777*7$*7 /*7���ODF= IXVLRQ
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7DEOH����.LQHWLF�SDUDPHWHUV�RI�JOXFRVH�XSWDNH� LQ�FHOOV�RI�7��GHOEUXHFNLL�3<&&������JURZQ� LQ�PHGLXP�
ZLWK�JOXFRVH��IUXFWRVH�RU�PDOWRVH������Z�Y��

*OXFRVH )UXFWRVH 0DOWRVH.LQHWLF�SDUDPHWHUV +LJK�DIILQLW\�FRPSRQHQW� /RZ�DIILQLW\�FRPSRQHQW� +LJK�DIILQLW\�FRPSRQHQW /RZ�DIILQLW\�FRPSRQHQW +LJK�DIILQLW\�FRPSRQHQW� /RZ�DIILQLW\�FRPSRQHQW9PD[�QPRO�V���PJ�� GU\�ZW� ��������� ��������� ��������� ��������� ��������� ���������
.P�P0� ��������� ��������� ��������� ���������� ��������� ����������
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7DEOH�� ± /*7� JHQH�H[SUHVVLRQ�LQ�FHOOV�RI�PLJ���PLJ�PLJ��DQG�UJW� PXWDQWV�RI�6��FHUHYLVLDH &(1�3.��
�&D

D�3UHFXOWXUHV�ZHUH�JURZQ�RQ�6'�PHGLXP�ODFNLQJ�XUDFLO�ZLWK����JDODFWRVH�DQG� WUDQVIHUUHG�WR�6'�
PHGLXP�ZLWKRXW�XUDFLO�FRQWDLQLQJ�WKH�LQGLFDWHG�VXJDUV�DQG�JURZQ�IRU�PRUH���KRXUV�EHIRUH�DVVD\�

E�JDODFWRVLGDVH�DFWLYLW\��0LOOHU�XQLWV����6'5HOHYDQW�JHQRW\SH ����*DODFWRVH �����*OXFRVH ���*OXFRVHZW /*7���ODF= ��������� ���������� ��������'PLJ� /*7���ODF= ��������� ��������� ��������'PLJ� 'PLJ� /*7���ODF= ���������� ���������� ��������'UJW� /*7���ODF= ���������� �������� ��������
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)LJXUH�OHJHQGV
)LJXUH����$QDO\VLV�RI�+[W� WUDQVIRUPDQWV�RI�D�6��FHUHYLVLDH JOXFRVH�WUDQVSRUW�QXOO�
PXWDQW�� $� *URZWK� RQ� JOXFRVH� SODWHV� RI� <(S7���� <(S7���� <(S7��� DQG� <(S7���
WUDQVIRUPDQWV�RI� WKH�K[W QXOO�6�� FHUHYLVLDH PXWDQW� VWUDLQ�(%<�9:����� �:LHF]RUNH�HW�
DO����������7UDQVIRUPDQW�FHOOV�KDUERXULQJ�DQ�HPSW\�SODVPLG��<(SODF�����ZHUH�XVHG�DV�
FRQWURO�� &HOOV�ZHUH� SUH�JURZQ� RQ� OLTXLG� 6'�PDOWRVH� DQG� VWUHDNHG� RQ� VROLG� 6'�PHGLD�
FRQWDLQLQJ�JOXFRVH��7KH�SODWHV�ZHUH�LQFXEDWHG�DW����&�IRU���GD\V��%��.LQHWLF�SDUDPHWHUV�
RI� JOXFRVH� WUDQVSRUW� GHWHUPLQHG� LQ� WKH� VDPH� WUDQVIRUPDQWV��&HOOV�ZHUH� JURZQ�RQ�6'�
PDOWRVH�� ZDVKHG� ZLWK� FKLOOHG�ZDWHU�� DQG� WUDQVIHUUHG� �2'����� ��������� WR� 6'� PHGLXP�
FRQWDLQLQJ����JOXFRVH��$IWHU���K�WKH�]HUR�WUDQV�LQIOX[�RI�>8���&@JOXFRVH�ZDV�PHDVXUHG��
)RU�PRUH�GHWDLOV�VHH�WKH�0DWHULDOV�DQG�0HWKRGV�VHFWLRQ�
)LJXUH� ���5HODWLRQVKLSV� EHWZHHQ�/JW�S� DQG� RWKHU� \HDVW� KH[RVH� WUDQVSRUWHUV �� 7KH�
GHQGRJUDP� ZDV� REWDLQHG� XVLQJ� &/867$/;� �&OXVWDO� PHWKRG�� DQG� LQFOXGHV� SURWHLQV�
IURP� 6DFFKDURP\FHV� FHUHYLVLDH �6F���.OX\YHURP\FHV� ODFWLV �.O��� 3LFKLD� VWLSLWLV �3V���
6FKL]RVDFFKDURP\FHV� SRPEH �6S��� &DQGLGD� DOELFDQV �&D�� DQG� 6DFFKDURP\FHV�
FDUOVEHUJHQVLV �6FDU��
)LJXUH����(DGLH�+RIVWHH�SORWV�RI�JOXFRVH�LQLWLDO�XSWDNH�UDWHV�LQ�FHOOV�RI�7��GHOEUXHFNLL
3<&&�������&HOOV�ZHUH�JURZQ�LQ����JOXFRVH�DQG�KDUYHVWHG�GXULQJ�H[SRQHQWLDO�JURZWK�
�2'���������������5DGLRODEHOOHG�JOXFRVH�XSWDNH�ZDV�PHDVXUHG�DV�GHVFULEHG�LQ�0DWHULDOV�
DQG�0HWKRGV�
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)LJXUH����(DGLH�+RIVWHH�SORWV�RI�JOXFRVH�LQLWLDO�XSWDNH�UDWHV�LQ�WKH�SUHVHQFH�RI�RWKHU�
VXJDUV� LQ� FHOOV� RI� 7�� GHOEUXHFNLL 3<&&� ������ &HOOV� ZHUH� JURZQ� LQ� ���� �� �RSHQ�
V\PEROV��RU�����FORVH�V\PEROV��JOXFRVH�IRU�PHDVXUHPHQWV�LQ�WKH�ORZ�DQG�KLJK�UDQJH�RI�
JOXFRVH� FRQFHQWUDWLRQ�� UHVSHFWLYHO\�� 7KLV� ZDV� GRQH� LQ� RUGHU� WR� WU\� WR� GHFUHDVH� WKH�
LQIOXHQFH�RI� WKH� ORZ�DQG�KLJK�DIILQLW\�FRPSRQHQWV�RI�JOXFRVH� WUDQVSRUW�RQ�HDFK�RWKHU��
7KH� FHOOV� ZHUH� KDUYHVWHG� GXULQJ� H[SRQHQWLDO� JURZWK� �2'����� ���������� DQG� WKH� ]HUR�WUDQV�LQIOX[�RI�>8���&@JOXFRVH�ZDV�PHDVXUHG�LQ�WKH�DEVHQFH��������RU�LQ�WKH�SUHVHQFH�
RI�PDOWRVH��S��U��RU�IUXFWRVH��z�{���&RQFHQWUDWLRQV�RI�LQKLELWRUV�ZHUH�����P0�IRU�ORZ�
JOXFRVH� FRQFHQWUDWLRQV� DQG� ���� P0� IRU� KLJK� JOXFRVH� FRQFHQWUDWLRQV�� 5DGLRODEHOOHG�
JOXFRVH�XSWDNH�ZDV�PHDVXUHG�DV�GHVFULEHG�LQ�0DWHULDOV�DQG�0HWKRGV�
)LJXUH� �� (DGLH�+RIVWHH� SORWV� RI JOXFRVH� LQLWLDO� XSWDNH� UDWHV� LQ� <(S/*7��
WUDQVIRUPDQW�FHOOV�RI�WKH�6��FHUHYLVLDH JOXFRVH�WUDQVSRUW�QXOO�PXWDQW�(%<�9:�����
6'�PDOWRVH�JURZQ� FHOOV�ZHUH�ZDVKHG�ZLWK� FKLOOHG�ZDWHU�� DQG� WUDQVIHUUHG� �2'����� ��������� WR� 6'� PHGLXP� FRQWDLQLQJ� ��� JOXFRVH�� $IWHU� �� K WKH� ]HUR� WUDQV�LQIOX[� RI� >8�
��&@JOXFRVH�ZDV�PHDVXUHG� LQ� WKH�DEVHQFH� �U�� DQG�SUHVHQFH�RI�����P0�PDOWRVH������
���� P0� PDQQRVH� �{� RU� ���� P0� IUXFWRVH� �T��� 5DGLRODEHOOHG� JOXFRVH� XSWDNH� ZDV�
PHDVXUHG�DV�GHVFULEHG�LQ�WKH�0DWHULDOV�DQG�0HWKRGV�VHFWLRQ�
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