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$%675$&7
7KH� SRO\PRUSKLVP RI� WKH� ERYLQH� JURZWK� KRUPRQH� JHQH� �E*+��ZDV� VWXGLHG� LQ� ����1HOORUH� SXUH� EUHHG�PDOHV� IRU�DVVRFLDWLRQ�ZLWK�UHSURGXFWLYH�WUDLWV��6FURWDO�FLUFXPIHUHQFH�DQG�WHVWRVWHURQH�FRQFHQWUDWLRQV�ZHUH�FROOHFWHG�PRQWKO\�IURP����XQWLO����PRQWKV�RI�DJH��$GGLWLRQDOO\��WHVWLFXODU�JURZWK�UDWHV�ZHUH�FDOFXODWHG��'1$�ZDV�DPSOLILHG�E\�3&5�DQG� GLJHVWHG� XVLQJ� 0VS� ,� DQG� +DH� ,,,� UHVWULFWLRQ� HQ]\PHV�� (YHU\� SRO\PRUSKLVP� SUHVHQWHG� WZR� DOOHOHV�� 7KH�SUHGRPLQDQW� DOOHOHV� ZHUH� '� ������� DQG� )� �������� UHVSHFWLYHO\�� DQG� JHQRW\SH� ((� ± E*+�+DH� ,,,� ZDV� PLVVLQJ��6LJQLILFDQW� DVVRFLDWLRQ� �3������� EHWZHHQ�E*+�0VS� ,� SRO\PRUSKLVP�� VFURWDO FLUFXPIHUHQFH�DQG� WHVWLFXODU�JURZWK�DIWHU�SXEHUW\��DV�ZHOO�DV�EHWZHHQ�E*+�+DH�,,,�DQG�WHVWRVWHURQH�FRQFHQWUDWLRQV�DW�SXEHUW\�ZHUH�GHWHFWHG��7KH�UHVXOWV�VXJJHVWHG� WKDW� WKHVH�DVVRFLDWLRQ�FRXOG�EH�XVHIXO� IRU�VHOHFWLRQ�� VLQFH�E*+�0VS�,�DQG�E*+�+DH�,,,�SRO\PRUSKLVPV�FRXOG�EH�FRQVLGHUHG�DV�PDUNHUV�IRU�WHVWLFXODU�GHYHORSPHQW�DIWHU�SXEHUW\�DQG�RQVHW�RI�SXEHUW\��UHVSHFWLYHO\��
.H\�ZRUGV��%XOO��JURZWK�KRUPRQH�JHQH�SRO\PRUSKLVP��WHVWRVWHURQH�FRQFHQWUDWLRQV

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
0ROHFXODU� JHQHWLF� PDUNHUV� LQ� EUHHGLQJ� SURJU DPV�FRXOG� PDNH� VHOHFWLRQ� PRUH� SUHFLVH� DQG� HIILFLHQW��6RPH�RI�WKHVH�PDUNHUV�DUH�FDOOHG�FDQGLGDWH�JHQHV��H�J�� WKH�JURZWK�KRUPRQH�JHQHV��ZKLFK�DUH�XVXDOO\�VHOHFWHG�EHFDXVH�RI�WKHLU�ELRORJLFDO�VLJQLILFDQFH�RQ�WKH�TXDQWLWDWLYH�WUDLWV�RI�LQWHUHVW��*URZWK�KRUPRQHKDV� ZLGH� SK\VLRORJLFDO� DFWLYLWLHV�� ZKLFK� LQFOXGH�WKH� UHJXODWLRQ� RI� JURZWK�� ODFWDWLRQ� DQG�PDPPDU\�JODQG� GHYHORSPHQW�� JOXFRQHRJHQHVLV�� WKH�DFWLYDWLRQ� RI� OLSRO\VLV�� DQG� WKH� HQKDQFHPHQW� RI�DPLQR� DFLG� LQFRUSRUDWLRQ� LQWR� PXVFOH� SURWHLQ��%XUWRQ�HW�DO���������� �7KHUH�LV�DOVR�HYLGHQFH�WKDW�JURZWK� KRUPRQH�PD\�EH� LQYROYHG� LQ� WKH�SXEHUWDO�

GHYHORSPHQW� DQG� WHVWLFXODU� IXQFWLRQ� �/LQ�� ��������7KH�UROH�RI�JURZWK�KRUPRQH�LQ�WHVWLFXODU�IXQFWLRQ�KDV�EHHQ�VWXGLHG�LQ�LPPDWXUH�GZDUI�PLFH��GZ�GZ���7UHDWPHQW�RI�WKHVH�PLFH�ZLWK�UHFRPELQDQW�KXPDQ�JURZWK� KRUPRQH� LQFUHDVHG� ERG\�� OLYHU� DQG�WHVWLFXODU�ZHLJKW�� ,W� DOVR� LQFUHDVHG� WKH�QXPEHU�RI�WHVWLFXODU� /+� UHFHSWRUV� DQG� VWHURLGRJHQLF�UHVSRQVHV�WR�K&*��ZKLFK�VWLPXODWHG�DQ�LQFUHDVH�LQ�WHVWRVWHURQH� OHYHO� �&KDWHODLQ� HW� DO� � ������� ,Q�SUHSXEHUWDO�ERDUV�LW�ZDV�GHPRQVWUDWHG�WKDW�JURZWK�KRUPRQH� WUHDWPHQW� DGYDQFHG� WKH� RQVHW� RI�VSHUPDWRJHQHVLV� �6ZDQOXQG� HW� DO��� �������0ROHFXODU� JHQHWLF� VWXGLHV� KDYH� FRQILUPHG�FRQVLGHUDEOH� SRO\PRUSKLVP� RI� WKH� ERYLQH� JURZWK�KRUPRQH� JHQH� DQG� DVVRFLDWLRQ� RI� VRPH� RI� WKHVH�
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SRO\PRUSKLF� VLWHV� ZLWK� SURGXFWLRQ� WUDLWV� VXFK� DV�PLON� DQG� ERG\� ZHLJKW� JDLQ� �<DR� HW� DO��� ������5RFKD�HW�DO���������6FKHOHH�HW�DO���������0RRG\�HW�DO��� ������� +RZHYHU�� DVVRFLDWLRQ� RI� WKH� HIIHFW� RI�WKH�JURZWK�KRUPRQH�JHQH�ZLWK�UHSURGXFWLYH�WUDLWV�LV� VFDUFH� �/HFKQLDN� HW� DO��� �������7KH� SXUSRVH� RI�WKH� SUHVHQW� VWXG\� ZDV� WR� LQYHVWLJDWH� WKH� SRVVLEOH�DVVRFLDWLRQ� RI� WKH� ERYLQH� JURZWK� KRUPRQH� JHQH�SRO\PRUSKLVPV�ZLWK�UHSURGXFWLYH�WUDLWV�RI�LQWHUHVW��LQ�RUGHU�WR�LGHQWLI\�SRWHQWLDO�PDUNHUV�WR�EH�XVHG�DV�FRPSOHPHQWDU\�SDUDPHWHUV�LQ�WKH�VHOHFWLRQ�RI�SXUH�EUHHG�1HOORUH�EXOOV��%RV�LQGLFXV��
0$7(5,$/6�$1'�0(7+2'6
$QLPDOV�� 7ZR� KXQGUHG� DQG� HOHYHQ� SXUH� EUHHG�1HOORUH�PDOHV� �%RV� LQGLFXV�� IURP� VL[� KHUGV�ZHUH����XVHG�� 7KH� DQLPDOV� ���� WR� ���PRQWK�� ZHUH� UDLVHG�H[WHQVLYHO\� RQ� SDVWXUH� 0HDVXUHV� RI� VFURWDO�FLUFXPIHUHQFH� �6&�FP�� DQG� ZHLJKW� �:�NJ�� ZHUH�WDNHQ� RQFH� D� PRQWK�� 2Q� WKH� VDPH� GD\� HMDFXODWH�DQG�EORRG�VDPSOHV�ZHUH�FROOHFWHG��7KH�EXOOV�ZHUH�JURXSHG� E\� WKH� DJH� RI� DSSHDUDQFH� RI� WKH� ILUVW�VSHUPDWR]RD� ��VW 6S]�� DV� IROORZV�� ,��JURXS����� WR����GD\V��,,��JURXS�����WR�����GD\V��,,,��JURXS�����WR�����GD\V��DQG�,9��JURXS�����WR�����GD\V��(DFK�JURXS�ZDV� FRPSRVHG� RI� ���� ���� ��� DQG���� EXOOV��UHVSHFWLYHO\�� 7KH� EXOOV� UHDFKHG� SXEHUW\�DSSUR[LPDWHO\� RQH� PRQWK� DIWHU� WKH� �VW� 6S]�DSSHDUHG� DQG� WKH� PDWLQJ� DELOLW\� WZR� DQG� KDOI�PRQWKV�DIWHU�SXEHUW\��7KH�PRQWKO\�6&�ZDV�XVHG�WR�GHWHUPLQH� WHVWLFXODU� JURZWK� �7*�FP��� 7KLV� ZDV�FRQVLGHUHG� WR� EH� WKH� GLIIHUHQFH� EHWZHHQ� WKH�PHDVXUHV�RI�6&�IURP����WR����PRQWKV�DQG�IURP����WR������������DQG����PRQWKV�RI�DJH��7KH�HMDFXODWHZDV� FROOHFWHG� E\� HOHFWURHMDFXODWLRQ� DQG� DQDO\]HG�������IRU� VSHUP� PRWLOLW\� �027���� FRQFHQWUDWLRQ��&21&�[���VSHUPDWR]RLGV�PO�� DQG� PRUSKRORJ\��WKH�PLQRU� �0,1���� DQG�PDMRU� �0$-���� GHIHFWV��7KLV�DQDO\VLV�FRYHUHG�D�SHULRG�WKDW�VWDUWHG�ZLWK�WKH�DSSHDUDQFH�RI��VW 6S]�DQG�ILQLVKHG�DW����PRQWKV�RI�DJH��%ORRG�VDPSOHV�ZDV�FROOHFWHG�IURP�WKH�MXJXODU�YHLQ� LQWR� QRQ� KHSDULQL]HG� WXEHV� DQG� WKHQ� DIWHU�FORWWLQJ�IRU���KRXUV��FHQWULIXJHG�DW�������[�J�IRU����PLQ�� 6HUXP� ZDV� GHFDQWHG� DQG� VWRUHG� DW� ±���� &�XQWLO� LW� FRXOG� EH� DVVD\HG IRU� WHVWRVWHURQH�� 7KH�WHVWRVWHURQH� FRQFHQWUDWLRQV� �7(67�QJ�PO�� ZHUH�GHWHUPLQHG� LQ� GXSOLFDWH� E\� 5,$� SURFHGXUH�DFFRUGLQJ� WR� %qODQJHU� HW� DO��� ������ )URP� HYHU\�DQLPDO�����PO�RI�EORRG�ZDV�FROOHFWHG� LQWR�('7$�.���������WXEHV�IRU�'1$�H[WUDFWLRQ��7KH�JHQRPLF�

'1$�ZDV�SXULILHG� IURP�EORRG� VDPSOHV�E\�D� VDOW �SUHFLSLWDWLRQ�PHWKRG��0LOOHU�HW�DO���������
3&5� DQG� 5)/3�� � 7KH� 3&5� DPSOLILFDWLRQ� ZDV�FDUULHG�RXW�LQ�D�����PO�3&5�WHVW�WXEH�PL[LQJ����� PO�'1$������QJ�����PO���[�7DJ�%XIIHU������P0�7ULV�+&O������P0�.&O�����P0�0J&O�� �������JHODWLQ��DQG�����7ULWRQ�;������S+�����������PO�0J&O� �����P0��� ���� PO� G173� ����P0��� ���� PO� 7DT� '1$�SRO\PHUDVH����8��DQG�����PO�3ULPHUV������P0���LQ�D�ILQDO�YROXPH�RI����PO���7KH�E*+�ZDV�DPSOLILHG�XVLQJ�WKH�IROORZLQJ�ROLJRV�DV�SULPHUV��D���IRUZDUG�SULPHU��
�� $7&�&$&�$&&�&&&�7&&�$&$� &$*� 7� � �
�� UHYHUVH� SULPHU� �
� &$7� 777�&&$�&&&�7&&�&&7�$&$�*� � �
�� =KDQJ� HW� DO���������DQGE���IRUZDUG�SULPHU��
� $&*�&*&�7*&�7&$�$*$�$&�� �
��UHYHUVH�SULPHU��
� � **&�7**�$$&�7$$�*$$�&&�� �
��8QDQLDQ�HW�DO��������7KH� SURJUDPPHG� F\FOHV� IRU� WKH� 3&5� UHDFWLRQ�ZHUH�� RQH� F\FOH� DW� ����&� IRU� ����PLQXWHV�� RQH� DW��������&�IRU���PLQXWH��RQH�DW������&�IRU���PLQXWH�����F\FOHV� DW� ��� �� &� IRU� ��� VHFRQGV�� ��� �� &� IRU� ���VHFRQGV� DQG� ��� �� &� IRU� ��� VHFRQGV�� DQG� DQ�H[WHQVLRQ�RI�RQH�F\FOH�DW������&�IRU���PLQXWHV��7KH�³D´�SULPHUV�ZHUH�GHVLJQHG� WR�DPSOLI\�D�����EDVH�SDLU� �ES�� IUDJPHQW� RI� WKH� E*+� FRQVLVWLQJ� RI� WKH�LQWURQ�����
�UHJLRQ���H[RQ�,,,��LQWURQ����H[RQ�,9�DQG�LQWURQ�����
�UHJLRQ���DQG�WKH�³E´�SULPHUV�DPSOLILHG�D�����ES�3&5�SURGXFW�FRQWDLQLQJ�WKH�H[RQ�9�DQG��
�IODQNLQJ�UHJLRQ�RI�WKH�E*+�JHQH��7HQ�PO�RI�WKH�3&5�SURGXFW�REWDLQHG�ZLWK�³D´�DQG�³E´� SULPHUV� ZDV� GLJHVWHG� ZLWK� WKH� UHVWULFWLRQ�HQ]\PHV�0VS� ,� ���� 8�0VS� ,�� ���� PO� EXIIHU�� DQG�+DH�,,,�����8�+DH�,,,������PO�EXIIHU�������PO�%6$������PJ�PO���UHVSHFWLYHO\��$IWHU�GLJHVWLRQ�����PO�RI�HDFK�SURGXFW�ZDV�PL[HG�ZLWK��� PO� ORDGLQJ�EXIIHU���������;\OHQH�&\DQROH�))�������Z�Y�VXFURVH�LQ�ZDWHU�� DQG� VHSDUDWHG� RQ� �� �� DJDURVH� JHO� LQ� �[7%(�EXIIHU�������0�7ULV�ERUDWH��������0�('7$��DQG� ���� PO� HWKLGLXP� EURPLGH ZDWHU� VROXWLRQ� ����PJ�PO���*HQRW\SH�ZDV�GHWHUPLQHG�IURP�WKH�VL]H�RI�UHVWULFWLRQ� IUDJPHQWV� E\� FRPSDULVRQ� ZLWK� '1$�PROHFXODU�ZHLJKW�PDUNHUV�
6WDWLVWLFDO� DQDO\VLV�� $OO� GDWD� ZHUH� DQDO\]HG� E\�OHDVW�VTXDUH� DQDO\VLV� RI� YDULDQFH� XVLQJ� WKH� */0�SURFHGXUH� RI� 6$6� �6$6�� ������� 7KH� TXDQWLWDWLYH�YDULDEOHV� �7(67�� 6&� DQG� 7*�� ZHUH� DGMXVWHG� E\�FRQWHPSRUDU\�JURXSV�DQG�IDUP��7KH�FRQWHPSRUDU\�JURXSV�ZHUH�HVWDEOLVKHG�EDVHG�RQ�VHDVRQ�DQG�\HDU�RI� ELUWK�� )DUP� LQFOXGHG� WKH� EXOOV�� KHUG��
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HQYLURQPHQWDO� DQG� PDQDJHPHQW� HIIHFWV�� 7KH�ZHLJKWV� DUH� QRW� UHSRUWHG� LQ� WKLV� VWXG\�� EXW� ZHUH�LQFOXGHG�LQ�WKH�VWDWLVWLFDO�DQDO\VLV�DV�FRYDULDEOHV��7KH�PRGHO�XVHG�WR�DQDO\]H�WKH�DVVRFLDWLRQ�RI�E*+�SRO\PRUSKLVPV� �E*+�0VS� ,� DQG� E*+�+DH� ,,,��ZLWK� 7(67� DQG� 7'�� HYDOXDWHG� PRQWKO\�� FDQ� EH�UHSUHVHQWHG�LQ�PDWUL[�QRWDWLRQ�DV��

<� �;� EE� ��;� EE� ��ðð
ZKHUH�< LV�DQ�Q u��YHFWRU�RI�REVHUYDWLRQV��Q  �����DQLPDOV���;� DQG ;� DUH�NQRZQ� LQFLGHQFH�PDWULFHV�RI� RUGHU� Q u ��� DQG� Q u �� UHODWLQJ� ORFDWLRQ�SDUDPHWHUV�EE� DQG�EE���UHVSHFWLYHO\��WR�<��EE� LV�D�����u ��YHFWRU�RI�V\VWHPDWLF�HIIHFW��LQFOXGLQJ�WKH�HIIHFW�RI� IDUP� �VL[� OHYHOV��� FRQWHPSRUDU\� JURXSV� �VHYHQ�OHYHOV�� DQG� RQH� UHJUHVVLRQ� FRHIILFLHQW�FRUUHVSRQGLQJ� WR� WKH� ZHLJKW� RI� DQLPDO� FROOHFWHG�PRQWKO\�� EE� LV� D� �� u �� YHFWRU� RI� IL[HG� HIIHFWV�LQFOXGLQJ�WKH�HIIHFW�RI��E*+�0VS��JHQRW\SHV�&&��&'�� ''�� DQG� E*+�+DH� ,,,� �JHQRW\SHV� ()�� � ))���DQG�ðð LV�D�Q u ��YHFWRU�RI�UDQGRP�UHVLGXDO�HIIHFWV�7KH�GLVWULEXWLRQ�DVVXPSWLRQV�LQ�WKH�PRGHO�ZHUH�

VV�ðð a� 1����,�H�VV�H�
ZKHUH�,�H LV�WKH�LGHQWLW\�PDWUL[��Q u Q��DQG�VV�H WKH�UHVLGXDO�YDULDQFH�FRPSRQHQW��
7KH� VWDWLVWLFDO� DQDO\VLV� IRU� 7(67�ZDV� SHUIRUPHG�XVLQJ� QDWXUDO� ORJDULWKP� WUDQVIRUPHG� YDOXHV� WR�REWDLQ� DQ� DSSUR[LPDWH� QRUPDO� GLVWULEXWLRQ� RI�HUURUV� DQG� PRUH� KRPRJHQHRXV� UHVLGXDO� YDULDQFH��7KH� OHDVW�VTXDUHV� PHDQV� RI� JHQRW\SHV� ZHUH�UHWUDQVIRUPHG�E\�DQWLORJ�WR�JHRPHWULF�PHDQV�ZLWK�DSSUR[LPDWH� VWDQGDUG� HUURUV� FDO FXODWHG� DVðð�ii �V�H�P�� � ðð ii�7KH� 027�� &21&�� 0,1� DQG� 0$-� ZHUH�WUDQVIRUPHG�XVLQJ� ��[������ 7KH�VDPH�PDWUL[�PRGHO�ZDV�DGRSWHG�ZKHUH�WKH�YHFWRU� ¡� LQFOXGHG�WKH� V\VWHPDWLF� HIIHFWV� RI� IDUPV� DQG� VLUHV� ZLWKLQ�IDUPV��WKH�YHFWRU�¡� LQFOXGHG�WKH�HIIHFWV�RI�FODVV�

RI�DQLPDOV�JURXSHG�E\�DJH�RI�WKH��VW 6S]�DQG�IL[HG�HIIHFWV� RI� E*+�0VS� ,� �JHQRW\SHV� &'�� ''�� DQG�E*+�+DH� ,,,� �JHQRW\SHV� ()�� ))��� $V� RQO\� RQH�DQLPDO�KDG�E*+�0VS�,�� � &&�JHQRW\SH��LW�ZDV�QRW�LQFOXGHG�LQ�WKH�PRGHO��7KH�IUHTXHQFLHV�RI�DQLPDOV�FODVVLILHG� LQWR� W\SHV� RI� JHQRW\SHV� DQG� RI� DQLPDOV�JURXSHG� E\� DJH� RI� DSSHDUDQFH� RI� � VW 6S]� ZHUH�WHVWHG� E\� 0DQWHO�+DHQV]HO� FKL�VTXDUH� DQDO\VLV�XVLQJ�)5(4�SURFHGXUH�RI�6$6��6$6����������
5(68/76
*HQRW\SH� DQG� DOOHOH� GLVWULEXWLRQ�� )RU� HDFK�SRO\PRUSKLVP�WZR�DOOHOHV�ZHUH�GHWHFWHG�DFFRUGLQJ�WR�WKHLU�UHVWULFWLRQ�IUDJPHQW�OHQJWKV��3&5�SURGXFW�GLJHVWHG� ZLWK� UHVWULFWLRQ� HQ]\PH�0VS� ,� UHYHDOHG�IRXU� DQG� WKUHH� IUDJPHQWV� GHVLJQDWHG� DV� DOOHOH� &�����������������DQG����ES��DQG�DOOHOH�'�����������DQG���� ES��� UHVSHFWLYHO\��7KH� GLJHVWLRQ�ZLWK�+DH�,,,� JHQHUDWHG� WKH� (� DQG� )� DOOHOHV�� 7KH� (� DOOHOH�SURGXFW� H[KLELWHG� WKUHH� IUDJPHQWV�RI�����ES������ES�DQG����ES��7KH�)�DOOHOH��LQ�DGGLWLRQ�WR�WKH�VDPH�����ES� DQG�����ES� IUDJPHQWV�� KDG�DQ�REVHUYDEOH�EDQG�RI� DERXW����ES LQ� OHQJWK� LQVWHDG�RI�D����ESEDQG�� 7KH� JHQRW\SH� DQG� DOOHOH� IUHTXHQFLHV� DUH�VKRZQ� LQ�7DEOH����7KUHH�JHQRW\SHV� �&&��&'�DQG�''��ZHUH�REVHUYHG�IRU�E*+�0VS�,�SRO\PRUSKLVP�DQG� WZR�JHQRW\SHV� �))�DQG�()��IRU�E*+�+DH�,,,��7KH�&&�JHQRW\SH��E*+�0VS�,��ZDV�IRXQG�LQ�RQO\�WKUHH� DQLPDOV�� WKHLU� UHVXOWV� QRW� EHLQJ� SUHVHQWH G��7KH�((�JHQRW\SH��E*+�+DH�,,,��ZDV�PLVVLQJ��7KH�IUHTXHQFLHV� RI� WKH� '� DQG� )� DOOHOH�ZHUH� ����� DQG�������UHVSHFWLYHO\��DQG������DQG������IRU�WKH�DOOHOHV�&�DQG�(��UHVSHFWLYHO\�$VVRFLDWLRQ� DQDO\VLV�� *URXSLQJ� WKH� EXOOV� E\�DSSHDUDQFH�RI��VW 6S]������DQLPDOV�SUHVHQWHG�SXEHUW\�DW� ����� PRQWKV� RI� DJH� RQ� DYHUDJH�� DQG� ���� DW� ���PRQWKV� RI� DJH�� 7KH� PDWXULW\� RI� WKH� ���� EXOOV�RFFXUUHG�DW����PRQWKV�RI�DJH��6LJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�WKH�DJH�RI��VW 6S]�DSSHDUDQFH�DQG�WKH�E*+�SRO\PRUSKLVPV�ZHUH�QRW�REVHUYHG��3!��������

7DEOH�� � *HQRW\SH�DQG�DOOHOH�IUHTXHQFLHV ����RI�JURZWK�KRUPRQH�JHQH�LQ�1HOORUH�SXUH�EUHHG�EXOOV�3RO\PRUSKLVP *HQRW\SH 1 � $OOHOH �0VS�, && � ���� & ����&' �� ���� ' ����'' ��� ����+DH�,,, )) ��� ���� ) ����() � ���� ( ����1� �QXPEHU�RI�DQLPDOV
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7KHUH�ZHUH� QRQ� VLJQLILFDQW� �3!������ DVVRFLDWLRQV�EHWZHHQ� E*+�+DH� ,,,� RU� E*+�0VS� ,� JHQRW\SHV�DQG�VSHUP�027��&21&��0,1�DQG�0$-��6HYHUDO�DVVRFLDWLRQ� ZHUH� IRXQG� IRU� WKH� E*+�0VS� ,�SRO\PRUSKLVP��7DEOH���DQG�����)RU�6&��7DEOH����D�GLIIHUHQFH� ZDV� GHWHFWHG� EHWZHHQ� KHWHUR]\JRXV��&'��DQG�KRPR]\JRXV� �''��DW����PRQWKV�RI�DJH��3U�)� ��������� ZKHUH� WKH� &'� DQLPDOV� SUHVHQWHG�KLJKHU� 6&�� � 1R� RWKHU� DVVRFLDWLRQ� ZDV� REVHUYHG�FRQFHUQLQJ�WKH�6&��7KH�EXOOV�WKDW�LQKHULWHG�WKH�&'�JHQRW\SH�VKRZHG�D�KLJKHU�7*�WKDQ�''�DQLPDOV�IURP����WR����PRQWKV�

�3U�)� �������� DQG� IURP� ��� WR� ���PRQWKV� RI� DJH��3U�)����������7DEOH����2QH�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�7(67��7DEOH� ��� IRU� E*+�+DH� ,,,� SRO\PRUSKLVP� ZDV�IRXQG��7KH�7(67�YDOXH�RI� WKH�KHWHUR]\JRXV��()��EXOOV�DW����PRQWKV�RI�DJH�ZDV�VLJQLILFDQWO\�KLJKHU��3U�)���������WKDQ�RI�WKH�KRPR]\JRXV��))���ZLWK�GLIIHUHQFHV�RI������QJ�PO��()�))���)XUWKHUPRUH��D�GLIIHUHQFH�EHWZHHQ�()�DQG�))�EXOOV�DW����PRQWKV�RI�DJH�ZDV�REVHUYHG��ZKHQ�WKH�()�EXOOV�SUHVHQWHG�D�KLJKHU�7(67��3U�)���������ZLWK�GLIIHUHQFHV�RI������QJ�PO��()�))��
7DEOH�� � /HDVW�VTXDUHV�PHDQV��r6(��RI�VFURWDO�FLUFXPIHUHQFH���IRU���JURZWK�KRUPRQH�JHQH�E\�DJH�LQ�1HOORUH�SXUH�EUHHG�EXOOV� $JH��PRQWKV�3RO\PRUSKLVP�*HQRW\SH �������� �������� �������� �������� �������E*+�0VS�, &' �����r���� �����r���� �����r���� �����r���� �����r�����D'' �����r���� �����r���� �����r���� �����r���� �����r�����EE*+�+DH�,,, )) �����r���� �����r���� �����r���� �����r���� �����r����() �����r���� �����r���� �����r���� �����r���� �����r������1XPEHU�RI�DQLPDOV�D��E�0HDQV�DW����PRQWKV�RI�DJH�DUH�VWDWLVWLFDOO\�GLIIHUHQW��3U�)��������

7DEOH�� � /HDVW�VTXDUHV�PHDQV��r 6(��RI�WHVWLFXODU�JURZWK�IRU�WKH�JURZWK�KRUPRQH�JHQH�E\�DJH�LQWHUYDOV�LQ�1HOORUH�SXUH�EUHHG�EXOOV� $JH�LQWHUYDOV��PRQWKV�3RO\PRUSKLVP�*HQRW\SH ���WR������� ���WR�������� ���WR�������� ���WR������� ���WR�������&' ����r���� ����r���� ����r���� ����r�����D ����r�����DE*+�0VS�, '' ����r���� ����r���� ����r���� ����r�����E ����r�����E)) ����r���� ����r���� ����r���� ����r���� ����r����E*+�+DH�,,, () ����r���� ����r���� ����r���� ����r���� ����r������1XPEHU�RI�DQLPDOV�D�E�0HDQV�DW����WR����PRQWKV�LQWHUYDO�DJH�DUH�VWDWLVWLFDOO\�GLIIHUHQW��3U�)��������D��E�0HDQV�DW����WR����PRQWKV�LQWHUYDO�DJH�DUH�VWDWLVWLFDOO\�GLIIHUHQW��3U�)��������

7DEOH�� � /HDVW�VTXDUHV�PHDQV��r6(��RI�EORRG�WHVWRVWHURQH�FRQFHQWUDWLRQV�IRU�ERYLQH�JURZWK�KRUPRQH�JHQH�E\�DJH�LQ�1HOORUH�SXUH�EUHHG�EXOOV� $JH��PRQWKV�3RO\PRUSKLVP��*HQRW\SH ������� ������� ������� ������� ������� ������� �������&' ����r���� ����r���� ����r���� ����r���� ����r���� ����r���� ����r����E*+�0VS�, '' ����r���� ����r���� ����r���� ����r���� ����r���� ����r���� ����r����)) ����r���� ����r���� ����r����D ����r����D ����r���� ����r���� ����r����E*+�+DH,,, () ����r���� ����r���� ����r����E ����r����E ����r���� � ±����1XPEHU�RI�DQLPDOV��2EVHUYHG�GDWDD��E� 0HDQV�DW����PRQWKV�RI�DJH�DUH�VWDWLVWLFDOO\�GLIIHUHQW��3U�)��������D��E� 0HDQV�DW����PRQWKV�RI�DJH�DUH�VWDWLVWLFDOO\�GLIIHUHQW��3U�)��������
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,Q� WKLV� VWXG\� WKH� DYHUDJH� IUHTXHQF\� RI� WKH�E*+�0VS�,�± ''�JHQRW\SH�RI������ZDV�VLPLODU�WR�WKH� RWKHU� IUHTXHQFLHV� UHSRUWHG� IRU� WKH� 1HOORUH�SRSXODWLRQ�� %RUJHV�� ����� IRXQG� D� JHQRW\SH�SURSRUWLRQ�RI������DPRQJ�����1HOORUH�\RXQJ�EXOOV��ZKLFK� ZDV� ����� DV� UHSRUWHG� E\� 5RGULJXHV� HW� DO�������� DPRQJ� ��� 1HOORUH� EXOOV�� 7KH� '�DOOHOH�IUHTXHQF\�RI������LQ�WKLV�VWXG\�ZDV�VLPLODU�WR������DFKLHYHG� E\�0LWUD� HW� DO��� ����� DPRQJ� ��� 6KLZDO�]HEX��DQG�WR������DQG������GHVFULEHG�LQ�1HOORUH�E\�%RUJHV�� ����� DQG� 5RGULJXHV� HW� DO��� �����UHVSHFWLYHO\�� �,Q�D�VWXG\�ZLWK�VHYHUDO�EHHI�EUHHGV��7KHLOPDQQ�HW�DO��������GLG�QRW�ILQG�WKH�' �DOOHOH�LQ�$PHULFDQ� KHUGV� RI� $QJXV�� +HUHIRUG� DQG�/RQJKRUQ��7KLV�DOOHOH�DSSHDUHG�RQO\�LQ�%UDKPDQ��7KH�UHVXOWV�IRXQG�KHUH�VKRZHG�WKDW�WKH�E*+�0VS�,�'�DOOHOH� PLJKW� EH� FKDUDFWHULVWLF� RI� %RV� LQGLFXVDQLPDOV�� 7KLV� DOOHOH� ZDV� DVVRFLDWHG� ZLWK� PLON�SURGXFWLRQ��SURWHLQ�DQG�IDW��<DR�HW�DO���������DQG�ZLWK� ERG\� ZHLJKW� JDLQ� �5RFKD� HW� DO� � �������2ULJLQDOO\�� WKH� 1HOORUH� ZDV� VHOHFWHG� IRU� PLON�SURGXFWLRQ�� ,Q� WKH� ODVW����\HDUV�DV� WKH�XVH�RI� WKLV�EUHHG�VSUHDG��WKH�DQLPDOV�EHJDQ�WR�EH�VHOHFWHG�IRU�PHDW� SURGXFWLRQ�� ,W� LV� SRVVLEOH� WKDW� WKH�PLON� DQG�PHDW� VHOHFWLRQ�ZHUH� UHVSRQVLEOH� IRU� LQFUHDVLQJ�RI�WKH� '�DOOHOH� IUHTXHQF\�� 2Q� WKH� RWKHU� KDQG�� WKH�UHVXOWV� FRXOG� EH� GXH� WR� JHQHWLF� GULIW�� RQF H� WKH�VHOHFWLRQ�ZDV�GRQH�XVLQJ�D� UHODWLYH� VPDOO�QXPEHU�RI� KLJK� SHUIRUPDQFHV� $,� EXOOV�� ZKRVH� DOOHOHV�EHFDPH� ZLGHO\� GLVWULEXWHG� LQ� WKH� SRSXODWLRQ��HOLPLQDWLQJ� WKH� DOOHOHV� RI� ORZ� SHUIRUPDQFH� EXOOV�DQG�WKHLU�SURJHQ\��7KH�E*+�+DH�,,,� ± ))�JHQRW\SH�ZDV�GRPLQDQW LQ�WKLV�1HOORUH�SRSXODWLRQ������DQLPDOV�SUHVHQWHG�WKH�)�DOOHOH� DQG� RQO\� IRXU� (�DOOHOH�� � 8QDQLDQ� HW� DO�������� IRXQG� WKH� )� ±DOOHOH� RQO\� LQ� %UDKPDQ� ������Q ���� DPRQJ� ILYH� EHHI� EXOOV� EUHG�� 2WKHU�UHIHUHQFHV� DERXW� WKH� E*+�+DH� ,,,� SRO\PRUSKLVP�ZHUH�QRW�IRXQG��,Q WKLV�VWXG\�WKHUH�ZDV�D�WHQGHQF\�IRU� PRUH� DQLPDOV� WR� EH� KRPR]\JRXV� WKDQ�KHWHUR]\JRXV�IRU�WKH�PRVW�IUHTXHQW�DOOHOHV�7KH� DVVRFLDWLRQ� EHWZHHQ� WKH� E*+�0VS� ,�SRO\PRUSKLVP� DQG� WHVWLFXODU� GHYHORSPHQW� FRXOG�EH�D�FRQVHTXHQFH�RI�D�GLUHFW�HIIHFW�RI� WKH�JURZWK�KRUPRQH��*+��RU�LQGXFHG�E\�IDFWRUV�LQYROYHG�ZLWK�JURZWK�� ,W� LV� NQRZQ� WKDW� WKH� SRVWQDWDO� JURZWK� LV�SULPDULO\� FRQWUROOHG� E\� *+� DQG� LQVXOLQ �OLNH�JURZWK� IDFWRU� ,� �,*)� ,�� �+DPPRQ� DQG� %OXP��������� ,Q� WKH� WHVWLV�� WKH�JURZWK�KRUPRQH�PD\�DFW�GLUHFWO\� WKURXJK�*+� UHFHSWRUV LQ� WKH�6HUWROL�FHOOV��0DWKHZV� HW� DO�� ������� RU� LQGLUHFWO\� YLD� ORFDO�

SURGXFWLRQ� RI� ,*)� ,� ZKLFK� PHGLDWHV� WKH� JURZWK�KRUPRQH� HIIHFW� LQ� WKH� WHVWLV� �&KDWHODLQH� HW� DO���������'RPEURZLF]� HW� DO��� ������� ,Q� DGGLWLRQ�� WKH�DFWLRQ� RI� WKH� *+� ZDV� SUREDEO\� WHVWRVWHURQHGHSHQGHQW�� VLQFH� LQ� � � � � � � KHPL �FDVWUDWHG� QHRQDWDO�EXOOV�QR�WHVWLFXODU�GHYHORSPHQW�RFFXUUHG�XQWLO� WKH�RQVHW� RI� SXEHUW\�� ZKHQ� WKH� WHVWRVWHURQH� ZDV�VHFUHWHG�DW�KLJKHU�OHYHOV��$O �+DERE\�HW�DO�����������,Q� WKLV� VWXG\�� WKLV� FRXOG� H[SODLQ� ZK\� WKH� KLJKHU�UDWHV�RI WHVWLFXODU�JURZWK�LQLWLDWHG�DIWHU����PRQWKV�RI�DJH��$W�WKLV�WLPH��SXEHUW\�ZDV�GHWHFWHG�WKURXJK�VSHUP� FKDUDFWHULVWLFV� �UHVXOWV� QRW� VKRZQ�� DQG�WHVWRVWHURQH� FRQFHQWUDWLRQV�� ERWK� VLPLODU� WR� WKH�UHVXOWV� UHSRUWHG� E\� /XQVWUD� HW� DO��� ������ 7KLV�REVHUYDWLRQ�KDV�EHHQ�VXSSRUWHG�E\�WKH�H[SHULPHQWV�RI� 0F'RQDOG� DQG� 'HDYHU�� ����� LQ� QRUPDO�SUHSXEHUWDO�EXOOV��7KHVH�H[SHULPHQWV�GHPRQVWUDWHG�WKDW� *+� GLG� QRW� KDYH� VWLPXODWRU\� HIIHFWV� RQ�WHVWLFXODU�IXQFWLRQ�EHIRUH�SXEHUW\���+RZHYHU��WKHVH�HIIHFWV�ZHUH�REVHUYHG� LQ�SUHSXEHUWDO�ER DUV��EHLQJ�SUREDEO\� FRQWUROOHG� E\� WHVWRVWHURQH�� 7KH�WHVWRVWHURQH�OHYHOV�LQ�SUHSXEHUWDO�ERDUV�DUH�KLJKHU�WKDQ� LQ� EXOOV� �6ZDQOXQG� HW� DO��� ������ 7KLV�VXJJHVWHG�WKDW�WKH�WHVWLFXODU�GHYHORSPHQW�REVHUYHG�LQ�WKLV�VWXG\�DIWHU�SXEHUW\�ZDV�XQGHU�WKH�HIIHFW�RI�WHVWRVWHURQH�VHFUHWLRQ��ZKLFK�LQGXFHG�WKH�HIIHFW�RI�WKH�JURZWK�KRUPRQH�JHQH��VLQFH�WKH�H[SUHVVLRQ�RI�WKH� JHQH� LQYROYHG� ZLWK� JURZWK� LV� DQGURJHQ�GHSHQGHQW� �6WU\HU�� ������� 2Q� WKH� RWKHU� KDQG��%RUJHV�� ������ DQG�5RFKD� HW� DO��� ����� UHODWHG� WKH�E*+�0VS� ,� SRO\PRUSKLVP� WR� ERG\� ZHLJKW� DQG�ERG\� ZHLJKW� JDLQ�� WKH� ODWHVW� EHLQJ� KLJKO\�FRUUHDOWHG� ZLWK� VFURWDO� FLUFXPIHUHQFH� �������/XQVWUD� HW� DO�� ������� 7KLV� IDFW�PD\� DOVR� H[SODLQ�WKH�LQIOXHQFH�RI�WKH�JURZWK�KRUPRQH�JHQH�RQ�PDOH�JRQDGDO�GHYHORSPHQW��7KH� RWKHU� DVVRFLDWLRQ� GHWHFWHG LQ� WKLV� VWXG\� ZDV�WKDW�RI�WHVWRVWHURQH�FRQFHQWUDWLRQ�DQG�E*+�+DH�,,,�SRO\PRUSKLVP��ZKHUH�()�JHQRW\SH�EXOOV�SUHVHQWHG�KLJKHU� FRQFHQWUDWLRQV�� VLPLODU� WR� WKH� OHYHOV�GHVFULEHG�E\�/XQVWUD�HW�DO��������DW�SXEHUW\���7KH�WHVWRVWHURQH� VWLPXODWHV� WKH� JURZWK� KRUPRQH �UHOHDVLQJ� KRUPRQH� P51$� �*+5+�P51$��H[SUHVVLRQ� LQ� QHXURQV� RI� WKH� K\SRWDODPXV�� 7KLV�DFWLYLW\� KDV� EHHQ� GHPRQVWUDWHG� LQ� FDVWUDWHG� DGXOW�UDWV� ZKHUH� D� GHFUHDVH� RI� *+5+�P51$� OHYHOV�RFFXUUHG� DQG� WKH� WUHDWPHQW� ZLWK� SK\VLRORJLFDO�OHYHOV� RI� WHVWRVWHURQH� SUHYHQWHG� WK LV� UHGXFWLRQ��=HLWOHU� HW� DO�� ������� $V� QRWHG� HDUOLHU�� WKHH[SUHVVLRQ�RI�WKH�JHQHV LQYROYHG�ZLWK�JURZWK�LV�DQGURJHQ�GHSHQGHQW��6WU\HU���������7KH�LQIOXHQFH�RI� WHVWRVWHURQH�RQ�JURZWK�KRUPRQH� VHFUHWLRQ�ZDV�GHPRQVWUDWHG�E\�-DQVVRQ�HW�DO��������LQ�PDOH�DGXOW�
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UDWV�� 7KH� DXWKRUV� FRQFOXGHG� WKDW� WHVWLFXODU�DQGURJHQV� WKDW� ZHUH� VHFUHWHG� GXULQJ� QHRQDWDO�SHULRG�� LUUHYHUVLEO\� LQGXFHG� WKH� VHFUHWRU\� SDWWHUQ�RI� *+�� 7KH� VHUXP� WHVWRVWHURQH� FRQFHQWUDWLRQV� LQ�FDWWOH�ZHUH� ORZ�XQWLO� SXEHUW\� �)RRWH� HW� DO� � ������/XQVWUD� HW� DO�� ������� +RZHYHU�� DIWHU� SXEHUW\� LW�UHDFKHG� KLJK� OHYHOV� �/XQVWUD� HW� DO��� �������ZKLFK�SUREDEO\� FRQWULEXWHG� WR� WKH� VHFUHWRU\� SDWWHUQ� RI�JURZWK�KRUPRQH��-DQVVRQ�HW�DO�����������7KH�VXJJHVWLRQ� WKDW� WKH�WHVWRVWHURQH��DFFRUGLQJ�WR�WKH� OHYHO�� LQIOXHQFHV� *+� VHFUHWLRQ DQG� JHQH�H[SUHVVLRQ�� SUREDEO\� H[SODLQV� WKH� DVVRFLDWLRQ� RI�WKLV� VWHURLG� KRUPRQH� DQG� WKH� E*+�+DH� ,,,�SRO\PRUSKLVP�� 7KLV� DVVRFLDWLRQ� FRXOG� EH� DQ�LPSRUWDQW�ILQGLQJ��EHFDXVH�LW�ZDV�REVHUYHG�LQ�EXOOV�FRQVLGHUHG� SUHFRFLRXV� LQ� FRPSDULVRQ� ZLWK� WKH�RWKHUV��7KH� VSHUP� WUDLWV� ZHUH� QRW� DVVRFLDWHG� ZLWK� WKH�JURZWK�KRUPRQH�JHQH�SRO\PRUSKLVPV�XQGHU�VWXG\��7KHVH� UHVXOWV� ZHUH� FRQVLVWHQW� ZLWK� WKRVH� RI�/HFKQLDN�HW�DO��������GHVFULEHG�IRU�EHHI�FDWWOH�,Q� FRQFOXVLRQ�� WKH� UHVXOWV� RI� WKH� SUHVHQW�LQYHVWLJDWLRQ� VXJJHVWHG� WKDW� WKH� E*+�0VS� ,� DQG�E*+�+DH� ,,,� SRO\PRUSKLVPV� FRXOG� EH� SRWHQWLDO�PDUNHUV�IRU�WHVWLFXODU�JURZWK�DIWHU�SXEHUW\�DQG�WKH�RQVHW�RI�SXEHUW\��+RZHYHU��D�GHILQLWLYH�FRQFOXVLRQ�UHTXLUHV� IXUWKHU� VWXGLHV� ZLWK� D� ODUJHU� QXPEHU� RI�EXOOV�
$&.12:/('*(0(176
7KH�DXWKRUV� WKDQN�'U��$O]LUD�$��5RVD�H�6LOYD� IRU�KRUPRQH� DVVD\V� DQG� 'U�� $QWRQLR� (PLGLR� '��)HOLFLDQR� 6LOYD� IRU� KHOS� ZLWK� VDPSOH� DQG� GDWD�FROOHFWLRQ���7KLV�UHVHDUFK�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�%UD]LOLDQ�=HEX�%UHHGHUV�$VVRFLDWLRQ� �$%&=��DQG� )DFXOW\� RI� $JURQRP\� DQG� $QLPDO� 6FLHQF H�8EHUDED��)$=8��
5(6802
(P�����PDFKRV�GD�UDoD�1HORUH��32��IRL�HVWXGDGD�D�DVVRFLDomR� HQWUH� RV� SROLPRUILVPRV� GR� JHQH� GR�KRUP{QLR� GH� FUHVFLPHQWR� ERYLQR� �E*+�� H�FDUDFWHUtVWLFDV� UHSURGXWLYDV�� �3DUD�R�HVWXGR� IRUDP�UHDOL]DGDV� PHGLo}HV� PHQVDLV� GD� FLUFXQIHUrQFL D�HVFURWDO�H�FRQFHQWUDomR�GH�WHVWRVWHURQD�GRV����DRV����PHVHV�GH�LGDGH�H��DLQGD�IRL�FDOFXODGD�D�WD[D�GH�FUHVFLPHQWR�WHVWLFXODU��2�'1$�IRL�DPSOLILFDGR�SRU�3&5�H�GLJHULGR�FRP�DV�HQ]LPDV�GH�UHVWULomR�0VS�,�

H� +DH� ,,,�� &DGD� XP� GRV� SROLPRUILVPRV� REWLGRV�DSUHVHQWRX� GRLV� DOHORV�� 2V� DOHOHR� '� ������� H� )��������SUHGRPLQDUDP�QD�SRSXODomR�HVWXGDGD��1mR�IRUDP�HQFRQWUDGRV�DQLPDLV�SRUWDGRUHV�GR�JHQyWLSR�((� GR� SROLPRUILVPR� E*+�+DH� ,,,�� +RXYH�DVVRFLDomR� VLJQLILFDWLYD� �3������� HQWUH� R�SROLPRUILVPR� E*+�0VS� ,�� D� FLUFXQIHUrQFLD�HVFURWDO� H� R� FUHVFLPHQWR� WHVWLFXODU� DSyV� D�SXEHUGDGH� H�� DLQGD�� HQWUH� R� SROLPRUILVPR� GR�E*+�+DH� ,,,� H� D� FRQFHQWUDomR� GD� WHVWRVWHURQD� QD�SXEHUGDGH�� 2V� UHVXOWDGRV� VXJHUHP� TXH� RV�SROLPRUILVPRV� E*+�0VS� ,� H� E*+�+DH� ,,,�SRGHULDP� VHU� FRQVLGHUDGRV� PDUFDGRUHV� GR�GHVHQYROYLPHQWR� WHVWLFXODU� H� R� DSDUHFLPHQWR� GD�SXEHUGDGH��3HOD� LPSRUWkQFLD�GDV�REVHUYDo}HV��HP�IXQomR� GR� UHGX]LGR� WDPDQKR� GD� DPRVWUD�� RV�HVWXGRV�GHYHP�SURVVHJXLU�
5()(5(1&(6
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