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PXOWLSOH� SDWKZD\V� LQFOXGLQJ� UDSLG� FORVXUH� RI� VWRPDWD� DQG� E\� VORZHU� FKDQJHV� LQ� JHQH�H[SUHVVLRQ��2WKHU�JURZWK�KRUPRQHV�KDYH�DOVR�EHHQ�VWXGLHG�XQGHU�DGDSWDWLRQ�WR�ZDWHU�VWUHVV��7KXV��3ROHYRL�	�3ROHYRL��������GHWHUPLQHG�WKH�KLJKHVW�IUHH�,$$�DQG�$%$�FRQWHQW�LQ�WKH�URRW�]RQH�RI�PDL]H��7KHUH�ZDV�D�SRVLWLYH� UHODWLRQVKLS�EHWZHHQ�FHOO�PHULVWHPDWLF�DFWLYLW\� DQG�WKH�OHYHOV�RI�]HDWLQ�DQG�]HDWLQ�ULERVLGH��7KH�UDWLRV�RI�WKHVH�KRUPRQHV�ZHUH�DVVXPHG�WR�EH�UHVSRQVLEOH� RI� WKH� PDLQWHQDQFH� RI� SULPDU\� URRW� HORQJDWLRQ� DQG� UHWDUGHG� VKRRW� JURZWK�XQGHU�ZDWHU�VWUHVV��6WXGLHV� RI� WKH� HIIHFW� RI�PXWDJHQV� RQ� SODQW� KRUPRQHV� KDYH�PRVWO\� XVHG� JDPPD� � �UD\V�� 7KXV� 6WDLNRY� HW� DO�� ������� FRQFOXGHG� WKDW� D� ORZ� GRVH� RI� JDPPD� UD\V� ������ 5��HQKDQFHG�WKH�OHYHO�DQG�DFWLYLW\�RI�,$$�DQG�*$��LQ�SHD�VHHGV��8SSDO��	�0DKHUFKDQGDQL��������DQG�$URUD�HW�DO���������PHQWLRQHG�WKDW�*$��FRXOG�UHGXFH�WKH�F\WRORJLFDO�GDPDJH�LQGXFHG� E\� UD\V� LQ� ZKHDW� VHHGV�� 7KH� ODWWHU� DXWKRUV� LQWHUSUHWHG� WKH� HIIHFW� RI� *$�� DV�HQKDQFLQJ� SHUR[LGDVH� DFWLYLW\� IRU� HOLPLQDWLRQ� RI� WKH� FKURPRVRPH�GDPDJLQJ� SHUR[LGH�UDGLFDOV� IRUPHG� GXULQJ� LUUDGLDWLRQ�� 7KH\� DOVR� DGGHG� WKDW� *$�� FRXOG� SURPRWH� UHSDLU�SURFHVVHV��5DELH�HW� DO�� ������� DOVR� VKRZHG� WKDW� UD\V� DW� ORZ�GRVHV� ������� DQG���.� UDG��HQKDQFHG� DX[LQV�� JLEEHUHOOLQV�� DQG� F\WRNLQLQV�� DQG� UHGXFHG� $%$� OHYHOV�� $� UHYHUVH�VHTXHQFH�ZDV�REVHUYHG�RQ�DSSOLFDWLRQ�RI�KLJKHU�GRVHV����DQG����.�UDG���0RPL\DPD�HW�DO���������FRQFOXGHG�WKDW�LQKLELWHG�HORQJDWLRQ�RI�PDL]H�FROHRSWLOHV�LQ�UHVSRQVH�WR� LUUDGLDWLRQ�FRXOG� EH� DVFULEHG� WR� DWWHQXDWHG� ,$$� OHYHOV�� DV� D� UHVXOW� RI� PRGXODWLRQ� RI� ,$$ ELRV\QWKHVLV� RU� FDWDEROLVP�� )XUWKHUPRUH�� D� �UD\�LQGXFHG� PXWDQW� RI� &DWKDUHQWKXV�URVHXV� ZDV� UHQGHUHG� UHVLVWDQW� WR�ZDWHU� VWUHVV� �5DL� HW� DO�� ������� 7KH� DXWKRUV� IRXQG� WKDW�XQGHU�ZDWHU�UHVWULFWLRQ��$%$�FRQWHQW�LQ�WKH�OHDYHV�RI�WKLV�PXWDQW�ZDV�DSSUR[LPDWHO\�����IROG�KLJKHU�WKDQ�LQ�OHDYHV�RI�WKH�ZLOG�W\SH��7KH�SUHVHQW�ZRUN�XVHV�PDL]H�EHFDXVH� LW� LV�DQ� LPSRUWDQW�KXPDQ�DQLPDO�IRRG�VRXUFH��DQG�WKHUH�LV�D�JUHDW�QHHG�LQ�(J\SW�WR�QDUURZ�WKH�JDS�EHWZHHQ�FHUHDO�FURS�SURGXFWLRQ�DQG�FRQVXPSWLRQ�� *DPPD� LUUDGLDWLRQ� DQG� 1D�D]LGH� ZHUH� XVHG� DV� PXWDJHQLF� DJHQWV� IRU�WULJJHULQJ� GURXJKW� WROHUDQFH� XQGHU� LQDGHTXDWH� LUULJDWLRQ�� 7KH� JURZWK� UHVSRQVHV� DQG�GURXJKW�WROHUDQFH�RI�WKH�WUHDWHG�SODQWV�ZHUH�DOVR�VWXGLHG��VHH�+DPLG�(OGLQ���������,Q�WKLV�ZRUN�� LGHQWLI\LQJ� WKH� UHVSRQVHV� RI� HQGRJHQRXV� KRUPRQHV� LQ� WKH� SODQWV� HQFRXQWHULQJ�GURXJKW� VWUHVV�ZDV� WKH�PDLQ� WDUJHW�� )RU� WKLV� SXUSRVH�� WZR�SXUH� VWUDLQV� RI�PDL]H�*�� DQG�5J���ZHUH�XVHG���0$7(5,$/6�$1'�0(7+2'6�
6HHGV�RI�WZR�SXUH�VWUDLQV�RI�PDL]H��*��DQG�5J����ZHUH�REWDLQHG�IURP�WKH�0DL]H�5HVHDUFK�'HSDUWPHQW�� ,QVWLWXWH� RI� )LHOG�&URS�5HVHDUFK��$JULFXOWXUH�5HVHDUFK�&HQWHU��0LQLVWU\� RI�$JULFXOWXUH��*L]D��(J\SW��'U\�JUDLQV�RI�WKH�WZR�VWUDLQV�ZHUH�LUUDGLDWHG�ZLWK����JUD\� UD\V��)RU� DSSOLFDWLRQ� RI� 1D�D]LGH� WUHDWPHQW�� VHHGV� �GU\� XQLUUDGLDWHG�� ZHUH� VRDNHG� LQ� �����0�VROXWLRQ�IRU���KRXUV��DQG� WKHQ�ZDVKHG�WKRURXJKO\�ZLWK� WDS�ZDWHU�EHIRUH�VRZLQJ��/RWV�RI�XQWUHDWHG�JUDLQV�ZHUH�XVHG�DV�FRQWUROV���7KH�VHHGV�WUHDWHG�ZLWK�HLWKHU� UD\V�RU�1D�D]LGH��DQG�WKRVH�RI�WKH�FRQWURO�ZHUH�VRZQ�LQ�D UDQGRPL]HG� FRPSOHWH�EORFN� H[SHULPHQW� ZLWK� WZR� UHSOLFDWLRQV�� 7KH� H[SHULPHQW� ZDV�FRQGXFWHG�XQGHU�WZR�GLIIHUHQW�LUULJDWLRQ�FRQGLWLRQV��7KH�ILUVW�ZDV�QRUPDOO\�LUULJDWHG�HYHU\��� GD\V�DIWHU�JHUPLQDWLRQ��DQG�WKH�RWKHU�ZDV�VXEMHFWHG�WR�GURXJKW�VWUHVV�E\�LUULJDWLQJ�HYHU\��� GD\V�DIWHU�JHUPLQDWLRQ���/HDI�VDPSOHV�IRU�H[WUDFWLRQ�RI�WKH�GLIIHUHQW�KRUPRQHV�ZHUH�WDNHQ�DIWHU����GD\V�IURP�VRZLQJ�� )RU� WKLV� SXUSRVH� WKH� ILUVW� IXOO\� H[SDQGHG� \RXQJHVW� OHDYHV� �IURP� WKH� WRS�� ZHUH�WDNHQ��([WUDFWLRQ��PHWK\ODWLRQ�DQG�HVWLPDWLRQ�RI�DFLGLF�KRUPRQH�IUDFWLRQ��,$$��*$���DQG�$%$�� ZHUH� GRQH� IROORZLQJ� WKH� PHWKRG� RI� 9RJHO� �������� DV� DGRSWHG� E\� *XLQQ� HW� DO��
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��������7KH�PHWKRG�RI�H[WUDFWLRQ� RI� F\WRNLQLQV�ZDV� VLPLODU� WR� WKDW� XVHG�ZLWK� WKH�DFLGLF�KRUPRQHV��(VWLPDWLRQ�RI�WKH�GLIIHUHQW�F\WRNLQLQ�IUDFWLRQV�ZDV�FDUULHG�RXW�E\�+3/&��XVLQJ�DQ�2'6�K\SHUVLO�&���FROXPQ�DV�GHVFULEHG�E\�0�OOHU���������7KH�GLIIHUHQW�GDWD�RI�DFLGLF�KRUPRQHV� DQG� F\WRNLQLQ� IUDFWLRQV� ZHUH� JLYHQ� DXWRPDWLFDOO\� E\� VRIWZDUH� SURJUDPV�FRQQHFWHG�WR�WKH�DSSDUDWXV���
�5(68/76�$1'�',6&866,21��7KH� YDOXHV� PHDVXUHG� E\� +3/&� RI� WKH� HQGRJHQRXV� FRQFHQWUDWLRQV� RI� GLIIHUHQW�SK\WRKRUPRQHV�LQ����GD\�ROG�SODQWV�RI�WKH�PDL]H�VWUDLQV�*��DQG�5*���DUH�VKRZQ�LQ�7DEOH�� IRU�DX[LQ��,$$���JLEEHUHOOLQ��*$����DQG�$%$��7KH�UHVXOWV�RI�F\WRNLQLQV��EHQ]\ODGHQLQH��]HDWLQ�� ]HDWLQ� ULERVLGH�� DQG� WRWDO� F\WRNLQLQV�� DUH� SUHVHQWHG� LQ�7DEOH� ��� 7KHVH� UHVXOWV� DUH�GHYRWHG� WR� SODQWV� UHVXOWLQJ� IURP� VHHGV� WUHDWHG� ZLWK� UD\V� ���� *\�� RU� VRGLXP� D]LGH�������0��DQG�VXEMHFWHG�WR�QRUPDO�LUULJDWLRQ�RU�WR�GURXJKW�VWUHVV��6HHGV�RI�WKH�FRQWURO�ZHUH�QRW�WUHDWHG��EXW�ZHUH�LUULJDWHG�HLWKHU�QRUPDOO\�RU�VXEMHFWHG�WR�GURXJKW���7DEOH���VKRZV�WKDW�WKH�FRQFHQWUDWLRQV�RI�,$$�DQG�WRWDO�F\WRNLQLQV�DUH�PDUNHGO\�KLJKHU�LQ�5*���WKDQ�*��SODQWV�RI�WKH�QRUPDOO\�LUULJDWHG�FRQWUROV��7KH�LQFUHDVH�RI�F\WRNLQLQV�LQ�WKH� VWUDLQ� 5*��� ZDV� PDLQO\� DWWULEXWHG� WR� D� PDUNHGO\� KLJKHU� FRQFHQWUDWLRQ� RI� ]HDWLQ�ULERVLGH��]HDWLQ�ZDV� ORZHU�DQG�EHQ]\ODGHQLQH�ZDV�FRPSDUDEOH�WR�FRUUHVSRQGLQJ�YDOXH� LQ�WKH�*��VWUDLQ��7KH�UHODWLYHO\�KLJKHU�OHYHOV�RI�DX[LQ�DQG�F\WRNLQLQV�LQ�VWUDLQ�5*���WKDQ�*��DJUHHV� ZLWK� RXU� SUHYLRXV� UHVXOWV� �+DPLG�(OGLQ�� ������� ZKLFK� LQGLFDWHG� WKDW� 5*���H[KLELWHG�PDUNHGO\�HQKDQFHG�JURZWK�UDWHV�DQG�ELRPDVV�SURGXFWLRQ��$X[LQ�DQG�F\WRNLQLQ�DUH�NQRZQ�WR�KDYH�D�VSHFWUXP�RI�GLYHUVH�SK\VLRORJLFDO�DFWLYLWLHV��LQFOXGLQJ�WKH�FRQWURO�RI�FHOO�GLYLVLRQ�DQG�HQODUJHPHQW�DV�ZHOO�DV�GLDPHWULF�JURZWK��&OHODQG���������$�UHFHQW�DUHD�RI� UHVHDUFK�� LQ� WKLV� UHVSHFW� LV� WKH� LQWHUIHUHQFH� RI� ERWK� KRUPRQHV�ZLWK� WKH� RULHQWDWLRQ� RI�PLFURWXEXOHV�LQ�WKH�FHOO�F\WRVNHOHWRQ��LQ�D�ZD\�UHOHYDQW�WR�JHQHWLFDOO\�GHWHUPLQHG�JURZWK��%DOXVND�HW�DO����������7DEOH���DOVR� VKRZV�PRUH�RU� OHVV� FRPSDUDEOH� OHYHOV�RI�$%$�DQG�D� ORZHU�FRQWHQW�RI�*$�� LQ� WKH� FRQWURO� SODQWV� �QRUPDOO\� LUULJDWHG�� RI� VWUDLQ� 5*���� DV� FRPSDUHG� ZLWK�FRUUHVSRQGLQJ� SODQWV� RI� *��� ,QVSLUHG� E\� VKDULQJ� ELRV\QWKHWLF� RULJLQV� RI� ERWK� *$�� DQG�$%$�LQ�WKH�WHUSHQRLG�ELRV\QWKHVLV�SDWKZD\��&UR]LHU�HW�DO���������D�UHYHUVH�FRUUHODWLRQ�RI�WKHLU� FRQFHQWUDWLRQV� PLJKW� EH� DVVXPHG�� 7KXV�� $%$� ZDV� IRXQG� WR� LQIOXHQFH� WKH�DFFXPXODWLRQ�RU�RSHUDWLRQ�RI�JLEEHUHOOLQV��%HQVRQ�HW�DO����������8QGHU�GURXJKW�FRQGLWLRQV�� WKH�SODQWV�RI� WKH�FRQWURO� �VHHGV�XQWUHDWHG��RI�ERWK�VWUDLQV�VKRZHG�HQKDQFHG�OHYHOV�RI�,$$�DQG�D�FRPSDUDWLYHO\�VOLJKW�LQFUHDVH�RI�WRWDO�F\WRNLQLQV��DV�FRPSDUHG�ZLWK�FRUUHVSRQGLQJ�FRQWURO�SODQWV�XQGHU�QRUPDO� LUULJDWLRQ��'LIIHUHQW�UHVSRQVHV�ZHUH�VKRZQ�LQ�WKH�WZR�VWUDLQV�ZLWK�UHVSHFW�WR�WKH�FRQFHQWUDWLRQV�RI�*$��DQG�$%$��7KXV�LQ�*��WKHUH�ZDV�D�GHFUHDVH�RI�*$��DQG�DQ�LQFUHDVH�RI�$%$�LQ�UHVSRQVH�WR�GURXJKW��EXW�LQ�5*���ERWK�$%$�DQG�*$��GHFUHDVHG��,Q�JHQHUDO��WKHUH�LV�FRQVLGHUDEOH�HYLGHQFH�WKDW�$%$�LQFUHDVHV�GXULQJ�PRVW�VWUHVVHV��SDUWLFXODUO\�ZDWHU�GHILFLW��%UD\�HW�DO���������7KHUH�LV�DOVR�HYLGHQFH�WKDW�H[RJHQRXV�WUHDWPHQW�ZLWK�$%$�PD\�LQGXFH�FKDQJHV�VLPLODU�WR�WKRVH�FDXVHG�E\ GURXJKW�DQG�VRPH�RWKHU�VWUHVVHV��6KHQ�	�+R�������.LP�HW�DO���������0ROHFXODU�VWXGLHV�IXUWKHU� UHYHDO� WKDW�$%$� LV� LQYROYHG�ZLWK� WKH� WUDQVFULSWLRQDO� UHVSRQVH� WR� GHK\GUDWLRQ� E\�LQGXFLQJ�� IRU� H[DPSOH�� SURWHLQV� VXFK� DV� WKH� ODWH�HPEU\RJHQHVLV�DEXQGDQW� SURWHLQV� ZLWK�ZDWHU� GHILFLW� LQ� YHJHWDWLYH� WLVVXH� �&XPLQJ� ������� SKRVSKROLSDVH�'� LQYROYHG� LQ� SODQW�UHVSRQVHV� WR� YDULRXV� IRUPV� RI� RVPRWLF� VWUHVV�� DQG� UHFHQWO\� GLVFRYHUHG� QRYHO� GURXJKW�UHVSRQVLYH�JHQHV�DQG�WUDQVFULSWLRQ�IDFWRUV��%DUWHOV�	�6DODPLQL��������:H� KDYH� VKRZQ� �+DPLG� (OGLQ� ������ WKDW� WKH� JURZWK� SDUDPHWHUV� DQG� ELRPDVV�SURGXFWLYLW\�RI� WKH� VWUDLQ�*��ZHUH�RQO\� VOLJKWO\� FKDQJHG�XQGHU� WKH� LQIOXHQFH�RI�GURXJKW�IURP�FRUUHVSRQGLQJ�QRUPDOO\�LUULJDWHG�SODQWV��EXW�D�VXEVWDQWLDO�GURS�ZDV�REVHUYHG�ZLWK�WKH�
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5*���SODQWV��7KLV�LQGLFDWHG�WKDW�WKH�VWUDLQ�*��LV�UDWKHU�GURXJKW�WROHUDQW��ZKHUHDV�5*���LV�VHQVLWLYH��7KLV�PLJKW�EH�IXUWKHU�VXSSRUWHG�E\�WKH�IDFW�WKDW�5*���KDV�D�KLJKHU�$%$�FRQWHQW�WKDQ�*��ZKHQ�ERWK�ZHUH�JURZQ�XQGHU�QRUPDO�LUULJDWLRQ�FRQGLWLRQ��7DEOH�����2WKHUV�KDYH�VKRZQ�WKDW�VWUHVV�WROHUDQW�VSHFLHV�KDYH�ORZHU�FRQWHQWV�RI�$%$�WKDQ�VHQVLWLYH�VSHFLHV��+H�	 &UDPHU��������7KHUHIRUH�LW�PLJKW�EH�FRQFOXGHG�WKDW�WKH�UHODWLYH�GURXJKW�VHQVLWLYLW\�RI�5*���LV�DVVRFLDWHG�RU�HYHQ�FDXVHG�E\�LWV�KLJKHU�$%$�FRQWHQW�WKDQ�WKH�WROHUDQW�VWUDLQ�*���XQGHU�QRUPDO�LUULJDWLRQ�FRQGLWLRQV��8QGHU�FRQGLWLRQV�RI�ZDWHU�VWUHVV��5*���PD\�EH�XQDEOH�WR�HOHYDWH�$%$�OHYHOV�WR�WKH�WKUHVKROG�UHTXLUHG�WR�DFKLHYH�DGDSWDWLRQ�WR�WKH�GURXJKW�VLJQDO��7DEOH� �� VKRZV� WKDW� VHHG� WUHDWPHQW� ZLWK� HLWKHU� LUUDGLDWLRQ� RU� 1D�D]LGH� FDXVHG� DQ�REYLRXV� GHFUHDVH� RI� ,$$�� *$��� DQG� $%$� LQ� ERWK� VWUDLQV� ZKHQ� LUULJDWHG� QRUPDOO\�� DV�FRPSDUHG�ZLWK� WKHLU�FRUUHVSRQGLQJ�FRQWURO��2Q� WKH�RWKHU�KDQG�� LUUDGLDWLRQ�RU�1D�D]LGH�WUHDWPHQW� HQKDQFHG� WKH� WRWDO� F\WRNLQLQ� OHYHOV� RYHU� WKRVH� RI� FRUUHVSRQGLQJ� FRQWUROV��SDUWLFXODUO\� LQ�5*���� ,Q� WKLV� UHVSHFW��1D�D]LGH�ZDV�PRUH� HIIHFWLYH� WKDQ� LUUDGLDWLRQ� LQ�ERWK� VWUDLQV�� 7KH� GHFUHDVH� RI� DX[LQ� LQ� UHVSRQVH� WR� LUUDGLDWLRQ� ZDV� DOVR� UHFRUGHG� E\�0RPL\DPD�HW�DO����������ZKR�DVFULEHG�WHPSRUDO�LQKLELWLRQ�RI�PDL]H�FROHRSWLOH�HORQJDWLRQ�WR� D� UHGXFWLRQ� RI� ,$$� LQ� WKH� WLSV��+RZHYHU��PRGXODWLRQV� RI� HQGRJHQRXV� SK\WRKRUPRQH�OHYHOV� DV� D� UHVXOW� RI� LUUDGLDWLRQ� DUH� QRW� FRQVLVWHQW�� EXW� JHQHUDOO\� VKRZ�GLIIHUHQW� WUHQGV�GHSHQGLQJ� RQ� WKH� DSSOLHG� GRVH� �5DELH� HW� DO�� ������� ,Q� WKH� SUHVHQW� ZRUN�� WKH� UHFRUGHG�LQFUHDVH�LQ�F\WRNLQLQ� OHYHOV��SDUWLFXODUO\�]HDWLQ�ULERVLGH�� LQ�UHVSRQVH� WR� LUUDGLDWLRQ�DQG�1D�D]LGH�WUHDWPHQWV�PD\�EH�FDXVHG�E\�WKH�LQGXFHG�HQKDQFHPHQW�RI�FHOO�GLYLVLRQ�E\�VXFK�PXWDJHQLF�DJHQWV��7KLV�PLJKW� H[SODLQ� DOEHLW� LQGLUHFWO\� WKH� UHGXFHG� OHYHOV�RI� ,$$� LQ� WKH�WUHDWHG�SODQWV��:H�PD\�WHQWDWLYHO\�VXJJHVW�RQ�WKH�EDVLV�RI�UHFHQW�PROHFXODU�HYLGHQFH�WKDW�LQGXFHG�HOHYDWLRQ�RI�F\WRNLQLQV��SULPDULO\�]HDWLQ�DQG�LWV�GHULYDWLYHV���ULERV\O]HDWLQ�DQG���ULERV\O]HDWLQ�� � SKRVSKDWH��QRW�RQO\�UHGXFH�WKH�VL]H�RI�WKH�HQGRJHQRXV�,$$�SRRO�EXW�DOVR�ORZHU�WKH�UDWH�RI�,$$�WXUQRYHU��%UD\�HW�DO����������8QGHU�GURXJKW�FRQGLWLRQV��WUHDWPHQW�ZLWK� LUUDGLDWLRQ�DQG�1D�D]LGH�LQ�WKH�*��VWUDLQ�UHVXOWHG�LQ�DQ�REYLRXV�DWWHQXDWLRQ�RI�WKH�OHYHOV�RI�,$$�DQG�$%$�DQG�D�VOLJKW�GHFUHDVH�LQ�WKDW�RI�*$���DV�FRPSDUHG�ZLWK�FRUUHVSRQGLQJ�FRQWURO��7DEOH�����+HUH��1D�D]LGH�ZDV�PRUH�HIIHFWLYH�WKDQ� LUUDGLDWLRQ��,Q�5*����RQ�WKH�RWKHU�KDQG�� LUUDGLDWLRQ�JHQHUDOO\�LQGXFHG�D�PDUNHG�GHFUHDVH�RI�,$$��ZKHUHE\�OHYHOV�RI�*$��DQG�$%$�ZHUH�LQFUHDVHG��DV�FRPSDUHG�WR�FRUUHVSRQGLQJ�FRQWURO� OHYHOV�XQGHU�GURXJKW�FRQGLWLRQV��8QGHU�GURXJKW�FRQGLWLRQ��ERWK�VWUDLQV� �*�� DQG�5*���� VKRZHG� D� JHQHUDOO\� HOHYDWHG� WRWDO� F\WRNLQLQ� FRQFHQWUDWLRQ�ZKHQ�VHHGV�ZHUH�WUHDWHG�ZLWK� LUUDGLDWLRQ�RU�1D�D]LGH���$QRWKHU�SRLQW�RI�FHUWDLQ�LQWHUHVW�LV�WKH�SRVVLEOH�UROH�RI�UHDFWLYH�R[\JHQ�VSHFLHV��526��LQ� WKH� �LUUDGLDWHG� DQG� 1D�D]LGH� WUHDWHG� SODQWV�� LQ� UHODWLRQ� WR� WKHLU� KRUPRQH� OHYHOV��$FFRUGLQJ� WR�5RGULJXH]� HW� DO�� �������� 526� LQ� WKH� HORQJDWLRQ� ]RQH� RI�PDL]H� OHDYHV� DUH�QHFHVVDU\�IRU�OHDI�H[WHQVLRQ��$�FHUWDLQ�OHYHO�RI�SDUWLFXODUO\�+�2� PD\�EH�QHFHVVDU\�IRU�OHDI�HORQJDWLRQ�� WKH� DXWKRUV� JDYH� HYLGHQFH� WKDW� +�2� UHVXOWHG� PDLQO\� IURP� VSRQWDQHRXV�GLVPXWDWLRQ�RI�2Ú�Ø��7KLV�FRXOG�EH�SURYHG�E\�WKH�XVH�RI�1D�D]LGH��1D1����RQ�WKH�EDVHV�WKDW�LW� LQKLELWV�DSRSODVWLF�&X�=Q� VXSHUR[LGH�GLVPXWDVH�DQG�SHUR[LGDVHV� �2JDZD�HW� DO�� �������ZKLFK� ZRXOG� FRQVHTXHQWO\� OHDG� WR� LQFUHDVHG� 2Ú�Ø DFFXPXODWLRQ�� ,RQL]LQJ� UDGLDWLRQV��6KLUOH\�HW�DO��������DQG�89�DUH�DOVR�NQRZQ�WR�HQKDQFH�526�DQG�LQGXFWLRQ�RI�IODYRQRLG�ELRV\QWKHVLV��.OLHEHQVWHLQ�HW�DO���������2Q�WKH�RWKHU�KDQG��6FKRSIHU�HW�DO� �������VKRZHG�WKDW�Ú2+�VFDYHQJHUV�FRXOG�LQKLELW�DX[LQ�LQGXFHG�HORQJDWLRQ�JURZWK��DQG�WKDW�JLEEHUHOOLQV�DQG�$%$�FRXOG�FRQWURO�WKH�UHOHDVH�RI�526�LQWHUPHGLDWHV��VXSHUR[LGH�UDGLFDOV��K\GURJHQ�SHUR[LGH��DQG�K\GUR[\O�UDGLFDOV���7KXV��LW�PLJKW�EH�FRQFOXGHG�WKDW�WKHUH�LV�SRVVLEOH�FURVV�WDON� EHWZHHQ� JURZWK� KRUPRQHV� DQG� ERWK� LUUDGLDWLRQ� DQG� 1D�D]LGH�� ZKLFK� GHWHUPLQHV�JURZWK�UDWH�XQGHU�QRUPDO�DQG�VWUHVVIXO�FRQGLWLRQV��+RZHYHU��WKLV�VXJJHVWLRQ�QHHGV�IXUWKHU�ZRUN��
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,Q�FRQFOXVLRQ��HQGRJHQRXV�KRUPRQH�OHYHOV�DQG�WKHLU�EDODQFH�DUH�SUHGLFWHG�WR�LQWHUIHUH�ZLWK�D�SODQW¶V�DELOLW\� WR�DGMXVW�PHWDEROLFDOO\� LQ� UHVSRQVH� WR�GURXJKW�� ,W�VHHPV� OLNHO\� WKDW�XQGHU�QRUPDO� LUULJDWLRQ�FRQGLWLRQV��DX[LQV��JLEEHUHOOLQV� DQG�F\WRNLQLQV�PD\�EH� WKH�PDLQ�GHWHUPLQDQWV�RI�JURZWK��VR�WKDW�5*���SODQWV�PDLQWDLQ�KLJKHU�JURZWK�UDWHV�WKDQ�*��SODQWV��8QGHU� GURXJKW� VWUHVV�� DOWKRXJK� FKDQJHV� LQ� WKH� JURZWK�VWLPXODWLQJ� KRUPRQHV� H[KLELW� D�VLPLODU�WUHQG�DV�WKDW�XQGHU�DGHTXDWH�ZDWHU���WKH�*��JHQH�VHW�VHHP�WR�GLVSOD\�$%$�GURXJKW�LQGXFHG�VLJQDOV�WKDW�HQDEOH�WKH�SODQWV�WR�FRSH�ZLWK�GURXJKW���7KLV� LQWHUSUHWDWLRQ� ZDV� IXUWKHU� VXSSRUWHG� E\� RXU� UHFHQW� ZRUN� �XQSXEOLVKHG� GDWD��VKRZLQJ�WKDW�XQGHU�QRUPDO�LUULJDWLRQ��WKH�JURZWK�SRWHQWLDO�RI�5*���SODQWV�LV�KLJKHU�WKDQ�WKDW� RI�*���ZKHUHDV� XQGHU� GURXJKW� VWUHVV� WKH� ODWWHU� VKRZHG� EHWWHU� SHUIRUPDQFH� WKDQ� WKH�IRUPHU�� 7KH�KLJKHU� SRWHQWLDOLW\� RI�5*��� XQGHU� DGHTXDWH�ZDWHU� VXSSO\� DQG�RI�*��XQGHU�OLPLWLQJ� VXSSO\� VKRZHG� VLPLODU� WUHQGV� LQ� WKH� FRQWURO� DQG� WKH� WUHDWHG� SODQWV�� 2XU�LQWHUSUHWDWLRQ� LV� VXSSRUWHG� E\� WKH� UHVXOWV� RI� PDQ\� ZRUNHUV� VKRZLQJ� WKDW� LQFUHDVHG�FRQFHQWUDWLRQV�RI�$%$�DUH�QHHGHG�WR�H[SUHVV�VHYHUDO�ZDWHU�GHILFLW�LQGXFHG�JHQHV��XQGHU�QRUPDO�FRQGLWLRQV�WKHVH�JHQHV�FDQ�EH�LQGXFHG�E\�WKH�H[RJHQRXV�DSSOLFDWLRQ�RI�$%$��6KHQ�	 +R� ������� VWDWH� WKDW�� XQGHU� QRUPDO� FRQGLWLRQV�� SODQWV� XVXDOO\� GR� QRW� FDUU\� RXW�RYHUSURGXFWLRQ� RI� RVPRSURWHFWDQWV�� ZKLFK� QHHG� H[WUD� HQHUJ\�� 7KHUHIRUH� QDWXUDOO\�RFFXUULQJ� $%$�VWUHVV�UHVSRQVLYH� 
PROHFXODU� VZLWFKHV
� ZRXOG� EH� YDOXDEOH� LQ� GULYLQJ� WKH�LQGXFLEOH�H[SUHVVLRQ�RI�JHQHV�ZKRVH�SURGXFWV�DUH�EHQHILFLDO�LQ�SODQW�WLVVXHV�XQGHU�VWUHVV��
�

,$$� *$� $%$�
7UHDWPHQW�

6WUDLQ��6�� ,UULJDWLRQ��,�� 7� 7� 7� 7� 7� 7� 7� 7� 7�

1 ������ ������ ������ ������ ������ ������ ����� ����� �����*�� ' ������ ������ ������ ������ ������ ������ ����� ����� �����
1 ������ ������ ������ ������ ������ ������ ����� ����� �����5J��� ' ������ ������ ������ ������ ������ ������ ����� ����� �����

7DEOH����7KH�FRQFHQWUDWLRQV�RI�,$$��*$��DQG�$%$�RI����GD\�ROG�RI�WZR�VWUDLQV��*��DQG��5J����RI�PDL]H�IURP�
VHHGV�RI�WKH�FRQWURO��7����RU�WKRVH�WUHDWHG�ZLWK���*�J UD\V��7���RU�������0�1D�D]LGH��7����,UULJDWLRQ�ZDV�
HLWKHU�QRUPDO��1��HYHU\����GD\V�RU�XQGHU�GURXJKW��'��HYHU\����GD\V��
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%HQ]\ODGHQLQ� =HDWLQ� =HDWLQ�ULERVLGH 7RWDO�&\WRNLQLQV�
7UHDWPHQW�

6WUDLQ��6�� ,UULJDWLRQ��,� 7� 7� 7� 7� 7� 7� 7� 7� 7� 7� 7� 7�

1 ��� ��� ��� ���� ���� ����� ��� ��� ��� ����� ����� �����*�� ' ��� ��� ��� ����� ����� ����� ��� ��� ��� ����� ����� �����
1 ��� ��� ��� ���� ���� ����� ��� ��� ��� ����� ����� �����5J��� ' ��� ��� ��� ���� ����� ����� ��� ��� ��� ����� ����� �����

$%$���*$�UDWLR�
7UHDWPHQWV�

6WUDLQ��6�� ,UULJDWLRQ�,� 7� 7� 7�

1 ����� ����� �����*�� ' ����� ����� �����
1 ����� ����� �����5J��� ' ����� ����� �����

7DEOH��D��7KH�FRQFHQWUDWLRQV�RI�&\WRNLQLQV�EHQ]\O�DGLQLQ��]HDWLQ�DQG�]HDWLQ�ULERVLGH��RI����GD\�ROG�LQ�WZR�VWUDLQV�
�*��DQG�5J����RI�PDL]H�IURP�VHHGV�RI��FRQWURO��7����RU�WKRVH�WUHDWHG�ZLWK���*�J UD\V��7���RU�������0�
1D�D]LGH��7����,UULJDWLRQ�ZDV�HLWKHU�QRUPDO���1��HYHU\����GD\V�RU�XQGHU�GURXJKW��'��HYHU\����GD\V��

7DEOH��E��7KH�UDWLR�RI�$%$���*$� FRQFHQWUDWLRQ�
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5()(5(1&(6��$URUD�5��0DKHUFKDQGDQL�1�	�8SSDO�6������� 0RGXODWLRQ�RI�JDPPD�UDGLDWLRQ�HIIHFW�LQ�ZKHDW�E\�JURZWK�UHJXODWRUV��$QQ��%LRO��������������$URXPD�2,�� +DOOLZHOO� %+�	�'L]GDURJOX�0� �����D�� ,URQ� LRQ�GHSHQGHQW� PRGLILFDWLRQ�REEDVHV�LQ�'1$�E\�WKH�VXSHUR[LGH�UDGLFDO�JHQHUDWLQJ�V\VWHP�K\SR[DQKQH� [XQWLF�R[LGDVH��-��%LRO��&KHP������������������$URXPD�2,��+DOOLZHOO�%+��*DMHZVNL�(�	�'L]GDURJOX�0������E� GDPDJH�WR�WKH�EDVHV�LQ�'1$�LQGXFHG�E\�K\GURJHQ�SHUR[LGH�DQG�)HUULF� LRQ�FKHODWHV��-��%LRO��&KHP� ������������������%DOXVND� )�� 9RONPDQQ�'�	�%DUORZ� 3:� �������+RUPRQH�F\WRVNHOHWRQ� LQWHUDFWLRQV� LQ�SODQW� FHOOV�� ,Q�� %LRFKHPLVWU\� DQG� 0ROHFXODU� %LRORJ\� RI� 3ODQW� +RUPRQHV�� 3--�+RR\NDDV��0$�+DOO�	�.5�/LEEHQJD� �HGV����(OVHYLHU�6FLHQFH� �3XE����1HZ�<RUN��33������������%DUWHOV� '� 	� 6DODPLQL� )� ������� 'HVLFFDWLRQ� WROHUDQFH� LQ� WKH� UHVXUUHFWLRQ� SODQW�&UDWHURVWLJPD�SODQWDJLQHXP��$ FRQWULEXWLRQ� WR� WKH�VWXG\�RI�GURXJKW� WROHUDQFH�DW�WKH�PROHFXODU�OHYHO��3ODQW�3K\VLRO�������������������%HQVRQ� 5-�� %HDOO� )'�� 0XOOHW� -(� 	� 0RUJDQ� 3:� ������ 'HWHFWLRQ� RI� HQGRJHQRXV�JLEEHUHOOLQV� DQG WKHLU� UHODWLRQVKLS� WR� K\SRFRW\O� HORQJDWLRQ� LQ� VR\EHDQ� VHHGOLQJV��3ODQW�3K\VLRO�������������%UD\� ($�� %DLOH\�6HUUHV� -� 	� :HUHWLOQ\N� (� ������ 5HVSRQVHV� WR� DELRWLF� VWUHVVHV�� ,Q��%LRFKHPLVWU\� DQG�0ROHFXODU� %LRORJ\� RI� 3ODQWV��%� %XFKDQDQ��:�*UXLVVHP�	 5-RQHV��HGV����$PHULFDQ�6RFLHW\�RI�3ODQW�3K\VLRORJLVWV��5RFNYLOOH��0DU\ODQG��86$��33��������������&KDQGUDVHNDU�9�� 6DLYDP�5.�	� 6ULYDVWDYD�*&� ������ 3K\VLRORJLFDO� DQG� ELRFKHPLFDO�UHVSRQVHV� RI� KH[DSORLG� DQG� WHWUDSORLG� ZKHDW� WR� GURXJKW� VWUHVV�� -RXUQDO� RI�$JURQRP\�	�&URS�6FLHQFH� ���������������&OHODQG�5(������� ,QWURGXFWLRQ��1DWXUH��RFFXUUHQFH�DQG�IXQFWLRQLQJ�RI�SODQW�KRUPRQHV��,Q��%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\�RI�3ODQW�+RUPRQHV��3--�+RR\NDDV��0$�+DOO�	�.5�/LEEHQJD��HGV����(OVHYLHU�6FLHQFH��3XE����1HZ�<RUN��33���������&UR]LHU�$��.DPL\D�<��%LVKRS�*��<RNRWD�7��������%LRV\QWKHVLV�RI�KRUPRQHV�DQG�HOLFLWRU�PROHFXOHV�� ,Q�� %LRFKHPLVWU\� DQG�0ROHFXODU� %LRORJ\� RI� 3ODQWV�� %� %XFKDQDQ��:�*UXLVVHP�� 5� -RQHV� �(GV��� $PHULFDQ� 6RFLHW\� RI� 3ODQW� 3K\VLRORJLVWV� �3XEV���5RFNYLOOH��0'��86$��33����������&XPLQJ� $� ������� 6HHG� 3URWHLQV�� 35� 6KHZU\� 	 5 &DVH\� �HGV��� .OXZHU� $FDGHPLF�3XSOLVKHUV��'RUGUHFKW��7KH�1HWKHUODQGV��33����������'DYLHV�:-��7DUGLHX�)�	�7UHMR�&/��������+RZ�GR�FKHPLFDO�VLJQDOV�ZRUN�LQ�SODQWV�WKDW�JURZ�LQ�GUXQJ�VRLO"�3ODQW�3K\VLRO���������������������*DVVHPLDQ� 0�� 1DPEDUD� (�� &XOWHU� 6�� .DZLGH� +�� .DPLJD� <� 	� 0F&RXUW� ������5HJXODWLRQ�RI�DEVFLVLF�VLJQDOLQJ�E\�WKH�HWK\OHQH�UHVSRQVH�SDWKZD\�LQ�$UDELGRSVLV�3ODQW�&HOO�����������������*XLQQ�*��%UXPPHWW��'/�	�%DOHU�5&��������3XULILFDWLRQ�DQG�PHDVXUHPHQW�RI�$%$�DQG�,$$�E\�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��3ODQW�3K\VLRO� �������������+DPLG�(OGLQ�0�1����������0ROHFXODU�%LRORJLFDO�VWXGLHV�RQ�WKH�HIIHFW�RI�JDPPD�UD\V�DQG�PXWDJHQLF�FKHPLFDOV� RQ�GURXJKW� UHVLVWDQFH� LQ�SODQW��3K�'�7KHVLV )DFXOW\� RI�6FL��$LQ�6KDPV�8QLY���&DLUR��(J\SW��8QGHU�3XEOLFDWLRQ���+H�7�	�&UDPHU�*5���������$EVFLVLF�DFLG�FRQFHQWUDWLRQV�DUH�FRUUHODWHG�ZLWK� OHDI�DUHD�UHGXFWLRQV� LQ� WZR� VDOW�VWUHVVHG� UDSLG�F\FOLQJ�%UDVVLFD� VSHFLHV��3ODQW�	�6RLO ������������-LD�:�	�=KDQJ�-������� :DWHU�VWUHVV�LQGXFHG�DEVFLVLF�DFLG�DFFXPXODWLRQ�LQ�UHODWLRQ�WR�
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UHGXFLQJ�DJHQWV�DQG�VXOK\GU\O�PRGLILHUV�RI�PDL]H��3ODQW�&HOO�	�(QYLU�����������������.LP�.�1��&KHRQJ�<+��*UDQW�--��3DQGH\�*.�	�/XDQ�6��������&,3.�� D�FDOFLXP�VHQVRU�DVVRFLDWHG�SURWHLQ�NLQDVH�WKDW�UHJXODWHV�DEVFLVLF�DFLG�DQG�FROG�VLJQDO�WUDQVGXFWLRQ�LQ�$UDELGRSVLV� 3ODQW�&HOO�����������������.OLHEHQVWHLQ�'-�� /LP� -(�� /DQGU\� /*�	� /DVW� 5/� �������$UDELGRSVLV�895� UHJXODWHV�XOWUDYLROHW�%�VLJQDO�WUDQVGXFWLRQ�DQG�WROHUDQFH�DQG�FRQWDLQV�VHTXHQFH�VLPLODULW\�WR�KXPDQ�UHJXODWRU�RI�FKURPDWLQ�FRQGHQVDWLRQ����0RPL\DPD�0��.RVKLED� 7�� )XUNXNDZD�.��.DPL\D�<�	�6DWR�0�� ������� (IIHFWV� RI� �LUUDGLDWLRQ� RQ� HORQJDWLRQ� DQG� LQGROH���DFHWLF� DFLG� OHYHO� RI� PDL]H� �=HD� PD\V�FROHRSWLOHV��(QYLU��	�([S��%RW���������������0�OOHU� 3�	�+LOOJHQEHUJ�:� ������� ,VRPHUV� RI� ]HDWLQ� DQG� ]HDWLQ�ULERVLGH� LQ� FOXE� URRW�WLVVXH��(YLGHQFH�IRU�WUDQV�]HDWLQ�ELRV\QWKHVLV�E\�3ODVPRGLRSKRUD�%UDVVLFL��3K\VLRO��3ODQW��������������2JDZD� .�� .DQHPDWVX� 6� 	� $VDGD� .� ������� *HQHUDWLRQ� RI� VXSHUR[LGH� DQLRQ� DQG�ORFDOL]DWLRQ� RI� &X� =Q�VXSHUR[LGH� GLVPXWDVH� LQ� WKH� YDVFXODU� WLVVXH� RI� VSLQDFK�K\SRFRW\OV��WKHLU�DVVRFLDWLRQ�ZLWK�OLJQLILFDWLRQ��3ODQW�&HOO�3K\VLRO� ��������������3ROHYRL� 99� 	� 3ROHYRL� $9� ������� (QGRJHQRXV� SK\WRKRUPRQHV� RI� HWLRODWHG� FRUQ�VHHGOLQJ��6RYLHW�3ODQW�3K\VLRO���������������3RSDYD�/3��-RUGL�:+4��$JKRUDP�.$�	�+LWH�'5&������� $EVFLVLF�DFLG��DQ�LQWUD�OHDI�ZDWHU�VWUHVV�VLJQDO��3K\VLRO��3ODQW����������������5DELH� .$(�� 6KHKDWD� 6$0� 	� %RQGRN� 0$� ������ +RUPRQH� EDODQFH�� JHUPLQDWLRQ��JURZWK� DQG� SRG� VKHGGLQJ� RI� IDED� EHDQ� DV� DIIHFWHG� E\� JDPPD� LUUDGLDWLRQ��$QQ��$JULF��6FL���������������5DL�63��/XWKUD�5��*XSWD�00��.XPDU�5�	�.XPDU�6������� 3OHLRWURSLF�PRUSKRORJLFDO�DQG�DELRWLF�VWUHVV�UHVLVWDQFH�SKHQRW\SHV�RI�WKH�K\SHU�DEVFLVLF�DFLG�SURGXFLQJ�$EDPXWDQW�LQ�&DWKDUDQWKXQ�URVHXV��-��%LRVFLHQFHV� ���������������6WDLNRY�*��,YDQRY�.�	�$QWRQRY�0������� *URZWK�SK\VLRELRFKHPLFDO�DQG�SURGXFWLYLW\�FKDQJHV�LQ�SHDV�VXEMHFWHG�WR�JDPPD�UDGLDWLRQ��5RGULJXH]�$$��*UXQEHUJ�.$�	�7DOHLVQLN� (/� ������ 5HDFWLYH� R[\JHQ� VSHFLHV� LQ� WKH�HORQJDWLRQ�]RQH� RI�PDL]H� OHDYHV� DUH� QHFHVVDU\� IRU� OHDI� H[WHQVLRQ��3ODQW�3K\VLRO�������������������6FKRSIHU� 3�� 3ODFK\� &� 	� )UDKU\� *� ������ 5HOHDVH� RI� UHDFWLYH� R[\JHQ� LQWHUPHGLDWHV��VXSHUR[LGH�UDGLFDOV��K\GURJHQ�SHUR[LGH��DQG�K\GUR[\O�UDGLFDOV��DQG�SHUR[LGDVH�LQ�JHUPLQDWLQJ�UDGLVK�VHHGV�FRQWUROOHG�E\� OLJKW��JLEEHUHOOLQ��DQG�DEVFLVLF�DFLG��3ODQW�3K\VLRO� ����������������6KHQ�4�	�+R�7�+�'��������$EVFLVLF�DFLG�DQG�VWUHVV�LQGXFHG�SURPRWHU�VZLWFKHV�LQ�WKHFRQWURO�RI�JHQH�H[SUHVVLRQ��,Q�,QGXFLEOH�*HQH�([SUHVVLRQ�LQ�3ODQWV��3+6�5H\QROGV��HG����&$%,�3XEOLVKLQJ��1HZ�<RUN��86$�33��33����������6KLUOH\�%:��+DQOH\�6�	 *RRGPDQ�+0���������(IIHFWV�RI�LRQL]LQJ�UDGLDWLRQ�RQ�D�SODQW�JHQRPH�� DQDO\VLV� RI� WZR�$UDELGRSVLV� WUDQVSDUHQW� WHVWD�PXWDWLRQV��3ODQW�&HOO� �������������7UHZDYDV�$������� 6LJQDO�3HUFHSWLRQ�DQG�7UDQVGXFWLRQ��,Q��%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\�RI�3ODQWV��%�%XFKDQDQ��:�*UXLVVHP�	 5 -RQHV��HGV����$PHULFDQ�6RFLHW\�RI�3ODQW�3K\VLRORJLVWV��5RFNYLOOH��0DU\ODQG��86$��33�����������8SSDO�6�	�0DKHUFKDQGDQL�1���������5DGLR�SURWHFWLYH�HIIHFW�RI�JLEEHUHOOLF�DFLG�LQ�ZKHDW�YDULHW\�&������&XUU��6FL��������������9RJHO� $-� �������� $� 7H[W� %RRN� RI� 3UDFWLFDO� 2UJDQLF� &KHPLVWU\�� �UG� HGLW�� (QJOLVK�/DQJXDJH�%RRN�6RFLHW\�	�/RQJPDQ�*URXS��/WG����33������������
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