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)RUHZRUG
7KLV�UHVHDUFK�ZLOO�KHOS�SURVSHFWLYH�JURZHUV�HYDOXDWH�ZKHWKHU�WKH\�FDQ�JURZ�D]XNL�DQG�NLQWRNL�EHDQV�LQ�WKHLU�UHJLRQ�DQG��LI�VR��VXJJHVW�DQ�RSWLPXP�SODQWLQJ�GDWH�WR�PD[LPLVH�VHHG�TXDOLW\��,W�ZLOO�DOVR�GHPRQVWUDWH�WR�-DSDQHVH�SURFHVVRUV�WKDW�UHVHDUFK�LV�IRFXVVHG�RQ�VXSSO\LQJ�RSWLPXP�TXDOLW\�EHDQV�
0XUUD\�'DUOLQJ�%DVLQ�:DWHU�5HIRUPV�DUH�GULYLQJ�PRUH�HIILFLHQW�ZDWHU�XVH�DQG�D�VZLWFK�WR�KLJKHU�YDOXH�LUULJDWHG�FURSV��7ZR�VXFK�FURSV�ZLWK�SRWHQWLDO�DUH�D]XNL��FRPPHUFLDOO\�JURZQ�LQ�$XVWUDOLD��DQG�NLQWRNL�EHDQV��FRPPHUFLDO�WUDLOV�LQ�����������VHDVRQ���
-DSDQHVH�EHDQ�SURFHVVRUV�QRZ�RIIHU�JURZHU�FRQWUDFWV�IRU�KLJK�TXDOLW\�D]XNL�EHDQV��7KH�HPSKDVLV�LV�RQ�VHHG�TXDOLW\�DQG�D�UHOLDEOH�VXSSO\��7KHVH�FRQWUDFWV�VSHFLI\�FRORXU��/�D�E��YDOXHV��7R�GDWH��WKHUH�KDV�EHHQ�OLPLWHG�UHVHDUFK�WR�GHILQH�WKH�HQYLURQPHQWDO�IDFWRUV�WKDW�DIIHFW�VHHG�FRORXU��&XUUHQW�DJURQRPLF�UHFRPPHQGDWLRQV��VXFK�DV�IRU�WLPH�RI�SODQWLQJ��DLP�DW�PD[LPLVLQJ�\LHOG��EXW�DUH�QRW�UHODWHG�WR�RSWLPLVLQJ�VHHG�TXDOLW\�
$]XNL�DQG�NLQWRNL�EHDQV�ZHUH�JURZQ�LQ�VPDOO�SORW�ILHOG�H[SHULPHQWV�RYHU�WKUHH�VHDVRQV�DQG�RQ�IDUPV�ORFDWHG�QHDU�)RUEHV��&DQRZLQGUD�DQG�%DWKXUVW�LQ�FHQWUDO�16:��&RORXU�PHDVXUHPHQWV�ZLOO�EH�PDGH�RQ�WKHVH�EHDQV�DQG�UHODWHG�WR�DJURQRPLF�DQG�HQYLURQPHQWDO�IDFWRUV�GXULQJ�WKH�JURZLQJ�VHDVRQ�
7KLV�SURMHFW�ZDV�IXQGHG�IURP�5,5'&�&RUH�)XQGV�ZKLFK�DUH�SURYLGHG�E\�WKH�)HGHUDO�*RYHUQPHQW��
7KLV�UHSRUW��D�QHZ�DGGLWLRQ�WR�5,5'&¶V�GLYHUVH�UDQJH�RI�RYHU�����UHVHDUFK�SXEOLFDWLRQV��IRUPV�SDUW�RI�RXU�1HZ�3ODQW�3URGXFWV�5	'�VXE�SURJUDP��ZKLFK�DLPV�WR�IDFLOLWDWH�WKH GHYHORSPHQW�RI�QHZ�LQGXVWULHV�EDVHG�RQ�SODQWV�RU�SODQW�SURGXFWV�WKDW�KDYH�FRPPHUFLDO�SRWHQWLDO�IRU�$XVWUDOLD�
0RVW�RI�RXU�SXEOLFDWLRQV�DUH�DYDLODEOH�IRU�YLHZLQJ��GRZQORDGLQJ�RU�SXUFKDVLQJ�RQOLQH�WKURXJK�RXU�ZHEVLWH�
x GRZQORDGV�DW�ZZZ�ULUGF�JRY�DX�UHSRUWV�,QGH[�KWP�x SXUFKDVHV�DW�ZZZ�ULUGF�JRY�DX�HVKRS
3HWHU�&RUH0DQDJLQJ�'LUHFWRU5XUDO�,QGXVWULHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ
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$FNQRZOHGJHPHQWV
7KH�DXWKRU�ZLVKHV�WR�DFNQRZOHGJH�WKH�DVVLVWDQFH�RI�KLV�VXSHUYLVRU��'U�%��-DFREV��IRUPHUO\�'HSW��RI�&URS�6FLHQFHV��8QLYHUVLW\�RI�6\GQH\���0U��.�0RWOH\��16:�$JULFXOWXUH���0U��3�'HVERURXJK���16:�$JULFXOWXUH���'U�5�5HGGHQ��4OG�'3,���0U��'�(OOLRW��&RRUGLQDWHG�0DUNHWLQJ�6\VWHPV��DQG�PHPEHUV�RI�WKH�16:�'U\�%HDQ�*URZHUV�$VVRFLDWLRQ��IRUPDOO\�/DFKODQ�9DOOH\�$]XNL�%HDQ�*URZHUV�$VVRFLDWLRQ��HVSHFLDOO\�WKRVH�IDUPHUV�ZKR�DVVLVWHG�ZLWK�WULDOV��-�6WHZDUW��3�)DUOH\��-�%DUQHV��7 :DGH��
7KH�DXWKRU�DOVR�ZLVKHV�WR�DFNQRZOHGJH�WKH�JUDQW�SURYLGHG�E\�5,5'&�ZKLFK�DVVLVWHG�IXQGLQJ�WKH�FRVW�RI�WKLV�SURMHFW�
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$FNQRZOHGJHPHQWV �������������������������������������������������������������������������������������������������������������������Y
([HFXWLYH�6XPPDU\ ���������������������������������������������������������������������������������������������������������������� YLL
�� ,QWURGXFWLRQ ��������������������������������������������������������������������������������������������������������������������������
�� 0DWHULDOV�DQG�0HWKRGV ��������������������������������������������������������������������������������������������������������
�� 5HVXOWV ���������������������������������������������������������������������������������������������������������������������������������
�� 'LVFXVVLRQ ��������������������������������������������������������������������������������������������������������������������������
�� ,PSOLFDWLRQV �������������������������������������������������������������������������������������������������������������������������
�� 5HFRPPHQGDWLRQV �������������������������������������������������������������������������������������������������������������
�� 5HIHUHQFHV ��������������������������������������������������������������������������������������������������������������������������
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([HFXWLYH�6XPPDU\
7KLV�UHSRUW�H[DPLQHV�WKH�LQIOXHQFH�RI�WKH�WKHUPDO�HQYLURQPHQW�GXULQJ�WKH�JURZLQJ�VHDVRQ�RQ�WKH�VHHG�TXDOLW\�RI�WZR�GU\�EHDQ�FURSV��D]XNL���9LJQD�DQJXODULV �:LOOG���2KZL�	�2KDVKL��DQG�WDLVKRX�NLQWRNL�D�ODUJH��UHG�VHHGHG�NLGQH\�EHDQ��3KDVHROXV�YXOJDULV /�����%RWK�YDULHWLHV�DUH�XVHG�LQ�(DVW�$VLDQ�IRRGV��SULPDULO\�DV�VZHHWHQHG�SURGXFWV��.LQWRNLV�DUH�XVXDOO\�FRQVXPHG�DV�VZHHWHQHG�ZKROH�EHDQV��DPDQDWWR��DQG�D]XNLV�DUH�JHQHUDOO\�PDGH�LQWR�D�VZHHWHQHG�SDVWH��DKQ��WKDW�LV�PDGH�LQWR�YDULRXV�SURGXFWV�VXFK�DV�FRQIHFWLRQHU\��ZDJDVKL���6HHG�TXDOLW\�LV�RI�SDUDPRXQW�LPSRUWDQFH�IRU�$XVWUDOLDQ�JURZHUV�ZLVKLQJ�WR�H[SRUW�KLJK�YDOXH�D]XNL�DQG�NLQWRNL�WR�-DSDQ�
:KLOVW�WKHUH�KDV�EHHQ�VRPH�UHVHDUFK�LQ�$XVWUDOLD��HJ�'HVERURXJK�DQG�5HGGHQ�������5HGGHQ�DQG�7RPNLQV������ )DOFRQHU�DQG�'HVERURXJK�������DERXW�WKH�DJURQRP\�RI�D]XNL��WKHUH�KDV�EHHQ�PLQLPDO�UHVHDUFK�DERXW�WKH�HQYLURQPHQWDO�DQG�DJURQRPLF�IDFWRUV�DIIHFWLQJ�VHHG�TXDOLW\��.LQWRNL�KDG�QRW�EHHQ�JURZQ�FRPPHUFLDOO\�LQ�$XVWUDOLD��EXW�JURZHUV�DQG�EX\HUV�ZHUH�NHHQ�WR�DVVHVV�WKH�IHDVLELOLW\�RI�SURGXFLQJ�KLJK�TXDOLW\�EHDQV�
)LYH�FRPPHUFLDO�D]XNL�FURSV�ZHUH�PRQLWRUHG�GXULQJ�����������LQ�DQ�DWWHPSW�WR�YDOLGDWH�WKH�UHVXOWV�RI�SUHYLRXV�VPDOO�SORW�H[SHULPHQWV�FRQGXFWHG�DV�SDUW�RI�D�3K'�WKHVLV�E\�WKH�DXWKRU��7KHVH�FURSV�ZHUH�JURZQ�DW�VLWHV�RI�VLPLODU�ORQJLWXGH����R6��EXW�UDQJLQJ�LQ�DOWLWXGH�IURP����P��QHDU�&RQGREROLQ�16:��WR����P��QHDU�%DWKXUVW�16:��DERYH�VHD�OHYHO�
6HHG�FRORXU�ZDV�PHDVXUHG�XVLQJ�D�0LQROWD�FRORULPHWHU��7KLV�PDFKLQH�PHDVXUHV�WKH�GHJUHH�RI�EULJKWQHVV��/���UHGQHVV��D��DQG�\HOORZQHVV��E��XVLQJ�LQWHUQDWLRQDOO\�VWDQGDUGLVHG�&�,�(��/DE�FRORXU�VSDFH�FRRUGLQDWHV��7HPSHUDWXUH�GDWD�ORJJHUV�ZHUH�SODFHG�LQ�HDFK�ILHOG��7KH�FRORXU�YDOXHV�ZHUH�WKHQ�UHODWHG�WR�GDLO\�PLQLPXP�DQG�PD[LPXP�WHPSHUDWXUHV��5HVXOWV�IURP�WKLV�H[SHULPHQW�FRQILUPHG�WKDW�WKH�WKHUPDO�HQYLURQPHQW�GXULQJ�SRG�ILOO�LQIOXHQFHV�D]XNL�VHHG�VL]H�DQG�FRORXU��7KH�FRROHU�WKH�DLU�WHPSHUDWXUHV�GXULQJ�SRG�ILOO�WKH�EULJKWHU��SDOHU�DQG�ODUJHU�DUH�WKH�D]XNLV�DQG�GXOOHU��GDUNHU�DQG�ODUJHU�DUH�WKH�NLQWRNLV��7KHVH�WUDLWV�DUH GHVLUHG�E\�LPSRUWHUV�DQG�SURFHVVRUV��
7KXV�GHOD\LQJ�SODQWLQJ�LV�DQ�HIIHFWLYH�VWUDWHJ\�WR�LPSURYH�VHHG�TXDOLW\��+RZHYHU��GHOD\HG�SODQWLQJ�DOVR�UHVXOWV�LQ�GHFUHDVHG�VHHG�\LHOG��7KXV�WKHUH�LV�D�WUDGH�RII�EHWZHHQ�SODQWLQJ�HDUO\�IRU�\LHOG�DQG�ODWH�IRU�TXDOLW\��6HHG�TXDOLW\�GHFLVLRQ�PRGHOV�PD\�DVVLVW�JURZHUV�WR�RSWLPLVH�WKHLU�FKRLFH�
2QH�-DSDQHVH�FRPSDQ\��8HQR�)LQH�&KHPLFDOV�/WG��ZLOO�VHW�FRQWUDFW�SULFHV�IRU�D]XNL�EDVHG�RQ�PHDVXUDEOH�VHHG�TXDOLW\�SDUDPHWHUV�LQFOXGLQJ�VHHG�VL]H�DQG�&�,�(��/�D�E��,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�,OOXPLQDWLRQ�������FRORXU�YDOXHV��*URZHUV�LQ�FHQWUDO�16:�QRZ�KDYH�H[SHULPHQWDO�GDWD�DQG�D�SUHOLPLQDU\�VHHG�TXDOLW\�PRGHO�WR�HVWLPDWH�WKH�HIIHFW�RI�YDU\LQJ�WKHLU�VRZLQJ�GDWH�RQ�WKHVH�SDUDPHWHUV��
$�WULDO�VKLSPHQW�WR�-DSDQ�RI�DERXW����WRQQHV RI�NLQWRNL�JURZQ�LQ�$XVWUDOLD�GXULQJ�WKH�VXPPHU�RI�����������LV�SODQQHG�WR�DOORZ�IXUWKHU�HYDOXDWLRQ�RI�WDLVKRX�NLQWRNL�VHHG�TXDOLW\�E\�VHYHUDO�-DSDQHVH�LPSRUWHUV��7KXV��D�QHZ�FURS�IRU�$XVWUDOLDQ�JURZHUV�LV�LQ�LWV�HPEU\RQLF�VWDJHV�
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��,QWURGXFWLRQ
$]XNL�JURZHUV�LQ�$XVWUDOLD�SULPDULO\�H[SRUW�WKHLU�SURGXFW�WR�-DSDQ��7KHUH�LV�D�SURILWDEOH�PDUNHW�IRU�KLJK�TXDOLW\�VHHG��+RZHYHU��JURZHUV�DUH�OHVV�DEOH�WR�FRPSHWH�ZLWK�ORZHU�TXDOLW\�D]XNL�VHHG��LPSRUWHG�IURP�&KLQD�E\�-DSDQHVH�EX\HUV��LI�WKHLU�VHHG�GRHV�QRW�PHHW�VWULQJHQW�TXDOLW\�VWDQGDUGV���6HHG�VL]H�DQG�VHHG�WHVWD�FRORXU�DUH�WKH�PRVW�LPSRUWDQW�GHWHUPLQDWHV�RI�TXDOLW\��.DWR�HW�DO �������&XUUHQWO\��EHIRUH�WHQGHULQJ�WR�SXUFKDVH�D]XNL��VDPSOHV�DUH�VHQW�WR�-DSDQ�IRU�EX\HUV�WR�PDNH�D�YLVXDO�FRORXU�DSSUDLVDO��,Q�IXWXUH��DV�D�FRQGLWLRQ�RI�DFFHSWDQFH�RI�WKH�FURS�E\�SURFHVVRUV��LW�LV�SURSRVHG�WR�LQFOXGH�LQ�FRQWUDFWV�ZLWK�JURZHUV
�WKUHVKROG�YDOXHV�RI�FRORXU�IRU�EHDQV��
&RORXU�LV�TXDQWLILHG�XVLQJ�WKH�&�,�(��/DE�FRORXU�VSDFH�V\VWHP��ZKLFK�ZDV�VWDQGDUGLVHG�E\�WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�,OOXPLQDWLRQ���������ZKHUH�PHDVXUHPHQWV�RI�EULJKWQHVV��/�YDOXH���GHJUHH�RI�UHGQHVV��D�YDOXH��DQG�GHJUHH�RI�\HOORZQHVV��E�YDOXH��DUH�UHFRUGHG��$]XNL�YDULHWLHV�FRPPHUFLDOO\�JURZQ�LQ�$XVWUDOLD�UDQJH�LQ�FRORXU�IURP�SDOH�UHG�WR�GDUN�UHG��ZLWK RSWLPXP�FRORXU�EHLQJ�GHILQHG�DV�KDYLQJ�EULJKWQHVV��/� YDOXHV��RI�������DQG�\HOORZQHVV��E�YDOXHV��RI�������'HVERURXJK�DQG�5HGGHQ��������2WKHU�PHDVXUHPHQWV�RI�FRORXU��KXH��+��DQG�FKURPD��&��DUH�GHULYHG�IURP�D�DQG�E�YDOXHV�
6HHG�TXDOLW\�KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�LQ�VPDOO�SORW�H[SHULPHQWV��E\�WKH�DXWKRU��DV�SDUW�RI�D�3K'��WKHVLV�GXULQJ�WKH�VXPPHUV�RI���������WR����������'XULQJ�WKH�VXPPHU�RI������������ILYH�FRPPHUFLDO�D]XNL�FURSV�ZHUH�PRQLWRUHG�GXULQJ�WKH�VHDVRQ�DQG�WKH�WZR�PRVW�LPSRUWDQW�DVSHFWV�RI�VHHG�TXDOLW\��QDPHO\�VHHG�VL]H�DQG�VHHG�FRORXU��ZHUH�HYDOXDWHG���
3UHYLRXV�H[SHULPHQWV��FRQGXFWHG�E\�WKH�DXWKRU��VKRZHG�WKHUH�ZDV�D�UHODWLRQVKLS�EHWZHHQ�VHHG�FRORXU�DQG�WKHUPDO�HQYLURQPHQW�GXULQJ�SRG�ILOO��7KHUH�ZDV�DOVR�D�UHODWLRQVKLS�EHWZHHQ�VRODU�UDGLDWLRQ�DQG�VHHG�FRORXU��7R�GHWHUPLQH�ZKHWKHU�VRODU�UDGLDWLRQ�SHU�VH ZDV�DIIHFWLQJ�VHHG�FRORXU�VRPH�SRGV�ZHUH�FRYHUHG�LQ�IRLO�WR�H[FOXGH�UDGLDWLRQ��
7KLV�UHSRUW�VKRZV�WKDW�UHVXOWV�IURP�VPDOO�SORW�H[SHULPHQWV�DUH�DSSOLFDEOH�WR�FRPPHUFLDO�D]XNL�FURSV�JURZQ�RYHU D�UDQJH�RI�WKHUPDO�HQYLURQPHQWV�LQ�FHQWUDO�16:��,W�DOVR�GHPRQVWUDWHV�WKH�DIIHFW�RI�DOWLWXGH�RQ�D]XNL�VHHG�VL]H��
'HVSLWH�LWV�LPSRUWDQFH�LQ�GHWHUPLQLQJ�VHHG�TXDOLW\�LQ�WKHVH�VSHFLHV��WKHUH�LV�OLWWOH�TXDQWLWDWLYH�GDWD��XQGHU�$XVWUDOLDQ�FRQGLWLRQV��RI�WKH�HIIHFWV�RQ�WKH�GHYHORSPHQW�RI�VHHG�FRORXU�RI�FURS�PDQDJHPHQW��5HFHQW�SUDFWLFH�LQ�WKH�/DFKODQ�9DOOH\�RI�16:�ZDV�WR�VRZ�D]XNL�IURP�HDUO\� WR�PLG�'HFHPEHU�WR�DFKLHYH�PD[LPXP�\LHOGV��2EVHUYDWLRQV�VXJJHVW�WKDW�VHHG�FRORXU�PD\�EH�LPSURYHG�E\�ODWHU�VRZLQJ��SRVVLEO\�DV�ODWH�DV�HDUO\�-DQXDU\��&RORXU�DFFXPXODWLRQ�KDV�EHHQ�ZLGHO\�VWXGLHG�LQ�IUXLW�RI�RWKHU�VSHFLHV��HJ��DSSOHV��$UDNDZD�������)DUDJKHU��������FRPPRQ�EHDQV��*DQWHW�HW�DO������DQG�����D��DQG��FUDQEHUULHV��+DZNHU�DQG�6WDQJ���������
7KLV�UHSRUW�GLVFXVVHV�WKH�HIIHFWV�RI�YDU\LQJ�WLPH�RI�SODQWLQJ��IURP�1RYHPEHU�WR�)HEUXDU\�PHDVXUHG�LQ�WZR�\HDUV��RQ�VHHG�FRORXU�RI�D]XNL�DQG�NLQWRNL��,W�DOVR�UHODWHV�FRORXU�PHDVXUHPHQWV�IURP�FRPPHUFLDO�FURSV�JURZQ�DW�VLPLODU�ODWLWXGH�EXW�RYHU�D�UDQJH�RI�DOWLWXGHV��IURP�%DWKXUVW�WR�&RQGREROLQ�LQ�FHQWUDO�16:�WR�WKHLU�WKHUPDO�HQYLURQPHQW��,W�LV�K\SRWKHVLVHG�WKDW�WKH�FRORXU�RI�WKH�WHVWD�RI�VHHGV�RI�WKHVH�VSHFLHV�ZLOO�EH�DVVRFLDWHG�ZLWK�FRQGLWLRQV��LQ�SDUWLFXODU�WKH�WKHUPDO�HQYLURQPHQW��H[SHULHQFHG�E\�SODQWV�GXULQJ�SRG�ILOOLQJ��
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��0DWHULDOV DQG�0HWKRGV
2Q�IDUP�YDOLGDWLRQ�RI�WKH�SUHYLRXV�WKUHH�\HDUV
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$]XNL1RYHPEHU����� ��� � ������ ����� ���� ����� �����'HFHPEHU����� ��� � ������ ����� ���� ����� �����-DQXDU\����� ��� � ������ ����� ���� ����� �����)HEUXDU\����� ��� � ������ ����� ����� ����� �����
1RYHPEHU����� ��� � ������ ����� ���� ����� �����'HFHPEHU����� ��� � ������ ����� ���� ����� �����-DQXDU\����� ��� � ������ ����� ���� ����� �����)HEUXDU\����� ��� � ������ ����� ���� ����� �����
.LQWRNL1RYHPEHU����� ��� � ������ ����� ���� ���� �����'HFHPEHU����� ��� � ������ ����� ���� ����� �����-DQXDU\����� ��� � ������ ����� ���� ����� �����)HEUXDU\����� ��� � ������ ����� ���� ����� �����
1RYHPEHU����� ��� � ����� ����� ���� ����� �����'HFHPEHU����� ��� � ����� ����� ���� ����� �����-DQXDU\����� ��� � ������ ����� ���� ��� �����)HEUXDU\����� ��� � ������ ����� ���� ���� ��������O�V�GPRQWK�[�\HDU�[�YDULHW\ ���� ���� ����
6LJQLILFDQFH 3������ 3 ����� 3������
*URZHU�6LWHV��D]XNL�����������%DWKXUVW ���� ������ ������ ����� ������ ������&DQRZLQGUD ���� ������ ������ ����� ������ ������(XJRZUD�� ���� ������ ����� ����� ������ ������-�,�'� ���� ������ ������ ����� ������ ������(XJRZUD� ��� ������ ������ ����� ������ ������
7KH�EHVW�DJUHHPHQW�ZDV�IRXQG�EHWZHHQ�WKH�PHDQ�PLQLPXP�GDLO\�WHPSHUDWXUHV�GXULQJ�WKH�ODVW�WKUHH�ZHHNV�RI�PDWXULW\�DQG�FRORXU�YDOXHV�IRU�ERWK�D]XNLV�DQG�NLQWRNLV��7KHUH�ZDV�D�YHU\�KLJKO\�VLJQLILFDQW��3��������LQWHUDFWLRQ�EHWZHHQ�YDULHW\��VRZLQJ�GDWH�DQG�\HDU�RQ�/�DQG�E�FRORXU�YDOXHV�DQG�D�KLJKO\�VLJQLILFDQW��3�������LQWHUDFWLRQ�RQ�D�FRORXU�YDOXHV��7DEOH����



�

$]XNL

��
��
��
��
��

/�YD
OXH

/ ������7������5� ���

/ �����7������5� ���

��
����
��
��

D�YD
OXH

E D ����7������7������5� ���

D ����7������7������5� ���

.LQWRNL
G / �����7������5� ���

/ �����7������5� ���
H

D ����7������7������5� ���

�
�
��
��

��� ��� ���� ���� ���� ����0HDQ�0LQLPXP�7HPSHUDWXUH�� R&�

E�YD
OXH

F

E ������7������5� ���

E ������7�����5� ���

��� ��� ���� ���� ���� ����0HDQ�0LQLPXP�7HPSHUDWXUH�� R&�

I
E �����7�����5� ���

E �����7�����5� ���

D

)LJXUH����7KH�FRUUHODWLRQ�EHWZHHQ�PHDQ�PLQLPXP�WHPSHUDWXUHV�GXULQJ�SRG�ILOO�DQG�FRORXU��/�D�E��YDOXHV� IRU�D]XNL��D�E�F��UHVSHFWLYHO\�DQG�FRORXU��/�D�E��YDOXHV�IRU�NLQWRNL��G�H�I��UHVSHFWLYHO\�GXULQJ�������� ����DQG����������������&RORXU�UHVXOWV�IURP���FRPPHUFLDO�FURSV�����JURZQ�LQ�����������DUH�FRPSDUHG�WR�H[SHULPHQWDO�UHVXOWV��6LJQLILFDQFH�RI�5� LV�LQGLFDWHG�E\�3�������3�������3�������
2I�WKH�HQYLURQPHQWDO�YDOXHV�WKDW�DUH�OLNHO\�WR�LQIOXHQFH�VHHG�FRORXU��PLQLPXP�WHPSHUDWXUH�GXULQJ�SRG�ILOO�ZDV�VWURQJO\��3��������QHJDWLYHO\�FRUUHODWHG��5� �������ZLWK�-XOLDQ�GD\V�DQG�EHVW�FRUUHODWHG�ZLWK�VHHG�FRORXU�DW�PDWXULW\��)LJXUH�����6HHG�FRORXU�PHDVXUHPHQWV�IURP�FRPPHUFLDO�D]XNL�FURSV�DUH�DOVR�VKRZQ��7DEOH����IRU�FRPSDULVRQ�ZLWK�PHDVXUHPHQWV�IURP�ILHOG�H[SHULPHQWV��7KHUH�ZDV�DOVR�JRRG�FRUUHODWLRQ�EHWZHHQ�VRODU�UDGLDWLRQ�DQG�VHHG�FRORXU��GDWD�QRW�VKRZQ���
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)LJXUH�� ��7KH�FRUUHODWLRQ�EHWZHHQ�PHDQ�PLQLPXP�WHPSHUDWXUHV�GXULQJ�SRG�ILOO�DQG�+XH��+��IRU�D]XNL��D��DQG�NLQ WRNL��E��DQG�&KURPD��&��IRU�D]XNL��F��DQG�NLQWRNL��G�� GXULQJ�������� ����DQG��������������&RORXU�UHVXOWV�IURP���FRPPHUFLDO�D]XNL�FURSV�����JURZQ�LQ�����������DUH�FRPSDUHG�WR�H[SHULPHQWDO�UHVXOWV�
$]XNL�VKRZHG�KLJKO\�VLJQLILFDQW��3��������QHJDWLYH�OLQHDU�FRUUHODWLRQV�EHWZHHQ�PLQLPXP�WHPSHUDWXUH�DQG��/��DQG��E��YDOXHV��+RZHYHU��WKH�NLQWRNLV�VKRZHG�KLJKO\�VLJQLILFDQW��3��������SRVLWLYH�OLQHDU�FRUUHODWLRQ�EHWZHHQ�PLQLPXP�WHPSHUDWXUH�DQG��/��DQG��E��YDOXHV��7KH�FRUUHODWLRQ�EHWZHHQ�WKH�³D´�YDOXH�DQG�PLQLPXP�WHPSHUDWXUH�ZDV�EHVW�GHVFULEHG�E\�TXDGUDWLF�IXQFWLRQV�LQ�DOO�FDVHV�H[FHSW�NLQWRNL�LQ���������ZKHUH�QR�FRUUHODWLRQ�ZDV�IRXQG��)LJ����
7KH�UHODWLRQVKLS�EHWZHHQ�KXH�DQJOH���+��DQG�PLQLPXP�WHPSHUDWXUH���)LJXUH����ZDV�VLPLODU�WR�WKDW�RI�WKH�E�YDOXHV�IRU�ERWK�D]XNL�DQG�NLQWRNL��7KHUH�ZDV�D�QHJDWLYH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�+�DQG�PLQLPXP�WHPSHUDWXUH�IRU�D]XNL�DQG�D�SRVLWLYH�OLQHDU�EXW�ZHDN���5� ������DQG�������FRUUHODWLRQ�IRU�NLQWRNL�
7R�GHWHUPLQH�ZKHWKHU�VRODU�UDGLDWLRQ�ZDV�GLUHFWO\�LQIOXHQFLQJ�VHHG�FRORXU��PHDVXUHPHQWV�ZHUH�PDGH�RQ�WZR�JURXSV�RI�VHHGV��RQH�FRYHUHG�ZLWK�VLOYHU�IRLO�DQG�RQH�OHIW�XQFRYHUHG�GXULQJ�VHHG�GHYHORSPHQW��$]XNL�SRGV�FRYHUHG�LQ�VLOYHU�IRLO�GHYHORSHG�QRUPDOO\�DQG�ERWK�SRGV�DQG�VHHGV�DSSHDUHG�WR�EH�VLPLODU�WR�WKH�FRQWURO�JURXS�ZKLFK�ZDV�QRW�FRYHUHG��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH��3!������LQ�FRORXU�YDOXHV�EHWZHHQ�FRYHUHG�DQG�XQFRYHUHG�SRGV��7DEOH�����7KXV�VRODU�UDGLDWLRQ�SHU�VH GLG�QRW�KDYH�D�GLUHFW�HIIHFW�RQ�/DE�FRORXU�YDOXHV��$V�SDUW�RI�D�ZLGHU�VWXG\�PHDVXUHPHQWV�ZHUH�PDGH�XVLQJ�WZR�GLIIHUHQW�PDFKLQHV��7KHUH�ZHUH�YHU\�KLJKO\�VLJQLILFDQW�GLIIHUHQFHV��3��������LQ�FRORXU�YDOXHV�EHWZHHQ�WKH�WZR�PDFKLQHV�XVHG�WR�UHFRUG�WKHVH�YDOXHV��+RZHYHU��WKHUH�ZDV�QR�LQWHUDFWLRQ�EHWZHHQ�WUHDWPHQWV�DQG�PDFKLQHV��DQG�WKHUH�ZDV�QR�HIIHFW�RI�VRODU�UDGLDWLRQ�RQ�VHHG�FRORXU��UHJDUGOHVV�RI�WKH�PDFKLQH�XVHG�WR�UHFRUG�WKHVH�FRORXU�YDOXHV�
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6RODU�UDGLDWLRQ��6� 0DFKLQH��0� /� D� E� +� &�
([FOXGHG &5���� ������ ������ ����� ������ ������1RW�H[FOXGHG &5���� ������ ������ ����� ������ ������
([FOXGHG &5���� ������ ������ ������ ������ ������1RW�H[FOXGHG &5���� ������ ������ ������ ������ ������
6LJQLILFDQFH 6RODU�UDGLDWLRQ Q�V� Q�V� Q�V�0DFKLQH 3������ 3������ 3������
7KH�ZLWKLQ�\HDU�HIIHFW�RI�WHPSHUDWXUH�RQ�EULJKWQHVV��/��ZDV�GHVFULEHG�E\�D�OLQHDU�UHJUHVVLRQ��)LJXUH�����+RZHYHU��WKH�UHDVRQ�IRU�WKH�GLIIHUHQFH�EHWZHHQ�WKH���\HDUV�LV�QRW�DSSDUHQW�IURP�WKLV�GDWD��7HVWV�RQ�FRPPHUFLDO�VDPSOHV�GXULQJ������LQGLFDWHG�WKDW�EULJKWQHVV�ZDV�DOVR�LQIOXHQFHG�E\�WKH�DPRXQW�RI�GLUW�DQG�GXVW�RQ�WKH�VHHGV�DQG�E\�ZHDWKHU�VWDLQLQJ�DV�D�UHVXOW�RI�KROHV�LQ�SRGV�FDXVHG�E\�KHOLRWKLV�GDPDJH��
-DSDQHVH�EX\HUV�UDWHG�D]XNL�VDPSOHV�IURP�WKHVH�H[SHULPHQWV�IRU�FRORXU�VXLWDELOLW\��6HHG�VDPSOHV�UDWHG�DV�VDWLVIDFWRU\�E\�WKHVH�EX\HUV�PDWXUHG�LQ�HQYLURQPHQWV�ZKHUH�WKH�PHDQ�PLQLPXP�WHPSHUDWXUH�GXULQJ�SRG�ILOO�ZDV�EHORZ���R&��3UHOLPLQDU\�UHSRUWV�LQGLFDWH�WKDW�NLQWRNL�EHDQV�QHHG�D�VLPLODU��RU�SHUKDSV�VOLJKWO\�FRROHU��WKHUPDO�HQYLURQPHQW�WR�SURGXFH�VHHG�RI�D�VXLWDEOH�FRORXU�
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)LJXUH���7KH�FRUUHODWLRQ�EHWZHHQ�VHHG�VL]H��J������DQG�\HOORZQHVV��E��IRU�D]XNL��D��DQG�NLQWRNL��E��DW�IRXU�WLPHV�RI�VRZLQJ�LQ�WZR�VHDVRQV�
7KHUH�ZDV�D�SRVLWLYH�OLQHDU�FRUUHODWLRQ�IRU�D]XNL��5� ������DQG�D�ZHDN�QHJDWLYH�OLQHDU�FRUUHODWLRQ��5� ������IRU�NLQWRNL�EHWZHHQ�VHHG�VL]H�DQG�E�YDOXHV��)LJXUH�����$]XNL�DQG�NLQWRNL�����VHHG�ZHLJKW�UDQJHG�IURP���WR����J�DQG����WR���J�UHVSHFWLYHO\��ZLWK�FRUUHVSRQGLQJ�E�YDOXHV�LQFUHDVLQJ�IURP���WR����IRU�D]XNL�DQG���WR���IRU�NLQWRNL�
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��'LVFXVVLRQ
7KHVH�H[SHULPHQWV�KDYH�VKRZQ�WKDW�WKH�WKHUPDO�HQYLURQPHQW�GXULQJ�SRG�ILOO�LQIOXHQFHV�WKH�WZR�PRVW�LPSRUWDQW�DVSHFWV�RI�D]XNL�DQG�NLQWRNL�VHHG�TXDOLW\��QDPHO\�VHHG�VL]H�DQG�VHHG�FRORXU��7KXV�VHHG�TXDOLW\�FDQ�EH�PDQLSXODWHG�E\�FKRRVLQJ DQ�DSSURSULDWH�VRZLQJ�WLPH�IRU�DQ\�JLYHQ�ORFDOLW\�VR�WKDW�VHHGV�PDWXUH�GXULQJ�D�UHODWLYHO\�FRROHU�SHULRG�RI�WKH�JURZLQJ�VHDVRQ��$OWLWXGH�ZDV�VKRZQ�WR�KDYH�DQ�LPSRUWDQW�LQIOXHQFH�RQ�VHHG�TXDOLW\�GXH�WR�LWV�LPSDFW�RQ�WHPSHUDWXUHV�GXULQJ�WKH�JURZLQJ�VHDVRQ�
&RROHU�DLU�WHPSHUDWXUHV�GXULQJ�VHHG�PDWXULW\�UHVXOWHG�LQ�ODUJHU�D]XNL�DQG�NLQWRNL�VHHGV��+RZHYHU��WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�VHHG�FRORXU�GLIIHUV�EHWZHHQ�D]XNLV�DQG�NLQWRNLV��&RROHU�WHPSHUDWXUHV�GXULQJ�SRG�ILOO�UHVXOWHG�LQ�SDOHU�D]XNLV�DQG�GDUNHU�NLQWRNLV��RI�ZKLFK�ERWK�DUH�JHQHUDOO\�SUHIHUUHG�E\�-DSDQHVH�LPSRUWHUV��
)LYH�FRPPHUFLDO�VLWHV�ZHUH�FKRVHQ�WR�REWDLQ�DV�ODUJH�D�VSUHDG�LQ�DOWLWXGH�DV�SRVVLEOH��+RZHYHU��HDFK�JURZHU�FKRVH�WR�VRZ�DW��ZKDW�KH�FRQVLGHUHG�WR�EH��WKH�LGHDO�VRZLQJ�WLPH�WR�DFKLHYH�RSWLPXP�D]XNL�VHHG�TXDOLW\��7KLV�UHVXOWHG�LQ�IRXU�RI�WKH�ILYH�VLWHV�KDYLQJ�VLPLODU�WKHUPDO�HQYLURQPHQWV�GXULQJ�WKH�JURZLQJ�VHDVRQ��7KXV��ZKHQ�LQYHVWLJDWLQJ�IDFWRUV�VXFK�DV�WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�SRG�ILOO��IRXU�RI�WKH�ILYH�GDWD�SRLQWV�ZHUH�YHU\�VLPLODU�DQG�GLIIHUHG�ZLGHO\�IURP�WKH�ILIWK��%DWKXUVW�FURS���7KLV�PDGH�LQWHUSUHWDWLRQ�RI�WKHVH�UHVXOWV�GLIILFXOW�
7KHUH�LV�D�FOHDU�UHODWLRQVKLS�EHWZHHQ�VHHG�VL]H�DQG�WKH�WKHUPDO�HQYLURQPHQW�GXULQJ�WKH�SRG�ILOOLQJ�VWDJH�RI�D]XNLV��+RZHYHU��LQ�WKLV�H[SHULPHQW��SODQW�SRSXODWLRQ�GHQVLW\�UDQJHG�IURP����WR����SODQWV�SHU�VTXDUH�PHWUH��GHVSLWH�DOO�FURSV�VRZQ�DW�WDUJHW�GHQVLWLHV�RI����WR����SODQWV�SHU�VTXDUH�PHWUH��7KLV�PD\�KDYH�FRQWULEXWHG�WR�VHHG�VL]H�EHLQJ�ODUJHU�WKDQ�ZDV�SUHGLFWHG�IURP�SUHYLRXV�H[SHULPHQWV�ZKHUH�SORWV�ZHUH�KDQG�WKLQQHG�WR����SODQWV�SHU�VTXDUH�PHWUH��7KLV�GHPRQVWUDWHV�WKH�FKDOOHQJHV�IDFHG�ZKHQ�H[WUDSRODWLQJ�UHVXOWV�IURP�VPDOO�SORW�H[SHULPHQWV�WR�D�FRPPHUFLDO�VLWXDWLRQ�
7KH�PD[LPXP�D]XNL�DERYH�JURXQG�ELRPDVV�IRU�WKH�ILYH�VLWHV�DYHUDJHG����J�P� ZKLFK�ZDV�����KLJKHU�WKDQ�WKH�DYHUDJH�RI����J�P� IRU�1RYHPEHU��'HFHPEHU�DQG�-DQXDU\�VRZLQJV�LQ�D�VPDOO�SORW�H[SHULPHQW�FRQGXFWHG�DW�WKH�-�,�'��VLWH�GXULQJ����������+RZHYHU��WKH�SHDN�ELRPDVV�IRU�D]XNL�VDPSOHV�IURP�WKH�FRPPHUFLDO�FURS�VRZQ�LQ�-DQXDU\������DW�WKH�-�,�'��VLWH�ZDV����J�P� ZKLFK�LV�VLPLODU�WR�WKH����J�P��REWDLQHG�IURP�D]XNL�VRZQ�LQ�-DQXDU\�DW�-�,�'��LQ�VPDOO�SORW�H[SHULPHQW��7KXV�\LHOGV�REWDLQHG�LQ�VPDOO�SORW�H[SHULPHQWV�ZHUH�UHSUHVHQWDWLYH�RI�WKRVH�REWDLQHG�LQ�FRPPHUFLDO�D]XNL�FURSV�JURZQ�RYHU�D�ZLGHU�FOLPDWLF UDQJH�
<LHOG�FRPSRQHQWV�PHDVXUHG�LQ�FURSV�LQ�FRPPHUFLDO�ILHOGV�GLIIHUHG�IURP�WKRVH�PHDVXUHG�LQ�SUHYLRXV�H[SHULPHQWV��7KLV�FRXOG�EH�GXH�WR�SODQW�SRSXODWLRQ�HIIHFWV��7KH�WZR�FURSV�ZLWK�WKH�OHDVW�EUDQFKHV�SHU�SODQW������DQG������KDG�WKH�KLJKHVW�WZR�SRSXODWLRQ�GHQVLWLHV�RI����DQG����SODQWV�P���UHVSHFWLYHO\��7KLV�LV�LQ�FRQWUDVW�WR�WKH�FURS�ZLWK�WKH�KLJKHVW�QXPEHU�RI�EUDQFKHV������SODQW��DQG�ORZHVW�GHQVLW\����SODQWV�P����7KXV�WKH�HIIHFW�RI�SODQW�SRSXODWLRQ�QHHGV�WR�EH�FRQVLGHUHG�ZKHQ�LQWHUSUHWLQJ�GDWD�DERXW�D]XNL�\LHOG�FRPSRQHQWV�
0RVW�RI�WKH�HIIHFW�RI�DOWLWXGH�RQ�VHHG�VL]H�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�WKH�GLUHFW�LPSDFW�DOWLWXGH��DW�FRPPRQ�ODWLWXGHV��KDV�RQ�WKH�WKHUPDO�HQYLURQPHQW�ZKHQ�WKHVH�ILYH�FURSV�PDWXUHG�DW�VLPLODU�WLPHV�LQ�DXWXPQ��2WKHU�IDFWRUV�VXFK�DV�FURS�QXWULWLRQ�DQG�SODQW�SRSXODWLRQ�PD\�DFFRXQW�IRU�WKH�DJUHHPHQW��5� ������EHWZHHQ�DOWLWXGH��LH�ORFDWLRQ��DQG�VHHG�VL]H�EHLQJ�EHWWHU�WKDQ�WKH�FRUUHODWLRQ��5� ������EHWZHHQ�WKHUPDO�HQYLURQPHQW�GXULQJ�SRG�ILOO�DQG�VHHG�VL]H��)XUWKHU�H[SHULPHQWV�DLPHG�DW�LQYHVWLJDWLQJ�WKHVH�IDFWRUV��XVLQJ�D�ODUJHU�GDWD�VHW�PD\�EH�SRVVLEOH�ZLWK�D]XNL�JURZHUV������������VHDVRQ��QRZ�ORFDWHG�IURP�5\OHVWRQH�LQ�WKH�FHQWUDO�WDEOHODQGV�RI�16:�WR�1DUUDQGHUD�LQ�WKH�6RXWK�:HVW�3ODLQV�RI�16:�
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&RORXU�PHDVXUHPHQWV�IURP�)LHOG�([SHULPHQWV
7KH�UHVXOWV�RI�WKLV�UHVHDUFK�LQGLFDWH�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�WLPH�RI�VRZLQJ�DQG�VHHG�FRORXU��)RU�D]XNL��HDUO\�VRZLQJ�SURGXFHG�GDUN�UHG�EHDQV�ZKHUHDV�SDOH�UHG�VHHGV�ZHUH�SURGXFHG�ZLWK�ODWHU�VRZLQJ��7KH�FRQYHUVH�LV�WUXH�IRU�NLQWRNL��6HHG�WHVWD�FRORXU�ZDV IRUPHG�GXULQJ�WKH�ODVW�IHZ�ZHHNV�RI�PDWXULW\��/RZHU�WHPSHUDWXUHV�LQFUHDVHG�IRU�D]XNLV��DQG�GHFUHDVHG�IRU�NLQWRNLV��WKH�EULJKWQHVV��/��DQG�\HOORZQHVV��E��DQG�KXH��+��RI�D]XNL��ZLWKRXW�JUHDWO\�HIIHFWLQJ�WKH�UHGQHVV��D��RU�FKURPD��&��RI�HLWKHU�VSHFLHV��,W�LV�K\SRWKHVLVHG�WKDW�FRROHU�FRQGLWLRQV�GXULQJ�SRG�ILOO�DQG�PDWXUDWLRQ��GXH�WR�ODWH�VRZLQJ�RU�DOWLWXGH��ZLOO�SURGXFH�EULJKWHU��SDOHU�D]XNL�DQG�GDUNHU�NLQWRNL��ERWK�RI�ZKLFK�DUH�GHVLUHG�E\�-DSDQHVH�LPSRUWHUV��.DWR�HW�DO �������KDYH�DOVR�VKRZQ�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�/�DQG�PLQLPXP�WHPSHUDWXUH�GXULQJ�ULSHQLQJ�RI�D]XNL�
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