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$FUH�KDV�D�TXLWH� ULFK� DQG� LQWHUHVWLQJ� IORUD� DQG�DFFRUGLQJ� WR�'RXJODV�'DO\� WKHUH�RFFXU�DERXW������ �������VSHFLHV��,Q�$FUH�WKHUH�LV�VWLOO�D�ORW�RI�IRUHVW�OHIW�DQG�QR�OHVV�W KDQ�����RI�LWV�VXUIDFH�LV�VWLOO�IRUHVWHG��,W�KDV�E\�IDU� WKH� ORZHVW� UDWH�RI�GHIRUHVWDWLRQ� LQ�%UD]LO�� ,W�ZDV� DOVR� WKH� UHJLRQ�RI� WKH� VR �FDOOHG� $VHULQJXHLURV# SHRSOH�



��

ZKR� H[WUDFWHG� UXEEHU� IURP� WKH� WUHHV� RI� SDUWLFXODUO\� +HYHD� EUDVLOLHQVLV�� 7KDW� H[WUDFWLRQ�ZDV� RI YHU\� KLJK�LQWHUHVW� DQG� FRPPHUFLDO� YDOXH�� PDLQO\� � LQ� WKH� EHJLQQLQJ� RI� ������ EXW� HYHQ� XS� WR� QRZ� � UXEEHU� LV� VWLOO�H[WUDFWHG��7KH�UXEEHU�H[WUDFWLRQ�DQG�FRQVHTXHQWO\�WKH�FRQVHUYDWLRQ�RI�WKH�$PD]RQLDQ�UDLQ�IRUHVW��ZDV�PXFK�GHIHQGHG�E\�WKH�OHDGHU�RI�WKH�VHULQJXH LURV�WKH�IDPRXV��&KLFR�0HQGHV��ZKR�ZDV�ILQDOO\�PXUGHUHG�LQ��������
7KH�VWDWH�RI�$FUH�FDQ�EH�GLYLGHG�LQWR�WZR�SDUWV��� 7KH�1:�SDUW��ZLWK�ULFK�VRLOV�DQG�GUDLQHG�E\� WKH�5LR�-XUXi�DQG� LWV�DIIOXHQWV�� OLNH�IRU�H[DPSOH� WKH�5LR�0RD�DQG�5LR�-XUXi�0LULP��� 7KH�6(�SDUW� ZLWK�SRRUHU�VRLOV�DQG��GUDLQHG�E\�WKH�5LR�3XUXV�DQG�E\�WKH�5LR�$FUH��
���7KH�1:�XSSHU�RI�$FUH�GUDLQHG�E\�WKH�5LR�-XUXi�DQG�LWV�DIIOXHQWV�LV�YHU\�ZHW��7KHUH�LV�HVVHQWLDOO\�QR�GU\�VHDVRQ�DQG� WKHUH�DUH�UHODWLYHO\� ULFK��\RXQJ�VRLOV��7KH� ULYHUV�KDYH�RIWHQ�D�Y HU\� ULFK�YHJHWDWLRQ�RI�SDOPV�DW�WKHLU�PDUJLQV��7KH�:�IURQWLHU�ZLWK�3HUX�LV�PDUNHG�E\�ORZ�PRXQWDLQV��QRW�KLJKHU�WKDQ�����PHWHUV���QDPHO\�6HUUD�GR�0RD�DQG�6HUUD�GR�'LYLVRU��ZKLFK�DUH�LQKDELWHG�E\�VRPH�W\SLFDOO\�$QGHDQ�HOHPHQWV��7KH�WRS�RI�WKH�6HUUD�GR�0RD�ZKLFK�\RX�VHH�KHUH�LV�KDUGO\�UHDFKDEOH��DV�,�SHUVRQDOO\�H[SHULHQFHG�LQ�������DV�LW�LV�FRYHUHG�E\�D�YHU\�ORZ��VSLQ\�YHJHWDWLRQ�RI�WHUUHVWULDO�%URPHOLDFHDH��9HU\�W\SLFDO�YHJHWDWLRQ�W\SHV�LQ�WKH�1:�DUH�WKRVH�RQ�ZKLWH�VDQGV��ZKLFK�RFFXU�RQO\�DW�D�IHZ�SODFHV�LQ� WKH�XSSHU�5LR�-XUXi��7KRVH�ZKLWH�VDQG�YHJHWDWLRQV�DUH�TXLWH�UDUH�LQ��$PD]RQLDQ�%UD]LO��ZKHUH�WKH\�FDQ�DOVR�EH�IRXQG�IRU�H[DPSOH�LQ�WKH�5LR�0DGHLUD�DQG�WKH�8SSHU�5LR�1HJUR�6RPH��$QQRQDFHDH�DUH�W\SLFDO�IRU�1:�$FUH��7KH�PRVW�FRPPRQ�IRUHVW�W\SH�LV�UDLQ�IRUHV W�RQ�FOD\LVK�RU�ORDP\�VRLOV��,Q�WKDW�YHJHWDWLRQ�W\SH�ZH�FROOHFWHG�RXUVHOYHV��'LFOLQDQRQD�FDO\FLQD �'LFOLQDQRQD LV��D�VPDOO�JHQXV�ZLWK�RQO\���VSHFLHV��YHU\�W\SLFDO�E\�LWV�IUXLW�ZKLFK�LV�UHGXFHG�WR�RQO\��� PRQRFDUS��DQG *XDWWHULD�GLVFRORU �RQH�RI�WKH�IHZ� $HDV\# VSHFLHV�LQ�WKH�JHQXV�*XDWWHULD��QLFHO\�FKDUDFWHUL]HG�E\�GLVFRORURXV�OHDYHV��OHDYHV�ZLWK�ERWK�VLGHV�YHU\�GLIIHUHQWO\�FRORXUHG��DQG�E\�SRLQWHG�IORZHU�EXGV��6SHFLHV�RFFXUULQJ� LQ�SHULRGLFDOO\� LQXQGDWHG�IRUHVWV�DUH�QRW�FRPPRQ�DW�DOO� LQ� WKH�1:��$V�RQO\�H[DP SOH� ,�JLYH��'XJXHWLD� RGRUDWD �� YHU\� W\SLFDO� DPRQJ� WKH� $PD]RQLDQ� VSHFLHV� RI� 'XJXHWLD E\� LWV� ORZHU� OHDI� VLGH�GHQVHO\�FRYHUHG�ZLWK�SHOWDWH�KDLUV���$�YHU\�SDUWLFXODU�VRLO�W\SH�LQ�$FUH�LV�WKH�ZKLWH�VDQGV��7KH�RQO\�SODFH�ZKHUH�ZH�ILQG�WKHP�LQ�$FUH�LV�LQ�WKH�1:� 7KH� ZKLWH� VDQGV� DUH� FRYHUHG� ZLWK� ORZ� YHJHWDWLRQV� YDU\LQJ� IURP� VDYDQQDV� �ZKHUH� ZH� GR� QRW� ILQG�$QQRQDFHDH� DW� DOO�� WR� VRPHZKDW� KLJKHU� YHJHWDWLRQV�� ORFDOO\� FDOOHG� µFDPSLQDUD¶�� &DPSLQDUDQDV� DUH� ORZ�IRUHVWV�� YDU\LQJ� IURP� D� IHZ�PHWHUV� � XS� WR� ���P� WDOO�� ZLWK�PXFK OLJKW� UHDFKLQJ� WKH� IRUHVW� IORRU� DQG�ZLWK�FRQVHTXHQWO\� RIWHQ� D� TXLWH� ULFK� KHUE� OD\HU� �ZLWK� YDULRXV� 0RQRFRWV�� IHUQV�� DQG� OLFKHQV��� 7KDW� W\SH� RI�YHJHWDWLRQ�LV�QRW�ULFK�LQ�VSHFLHV�DQG�LV�QRW�ULFK�LQ�$QQRQDFHDH��EXW�WKH�VSHFLHV�IRXQG�WKHUH�DUH�RIWHQ�TXLWH�VSHFLDO��$�ILUVW�H[DPSOH�LV��$QD[DJRUHD�EUDFK\FDUSD �D�W\SLFDO�UHSUHVHQWDWLYH�RI�WKH�JHQXV� $QD[DJRUHD E\�LWV�FOXE�VKDSHG��ILQDOO\�H[SORVLYHO\�GHKLVFHQW�IUXLWV��EXW�DEHUUDQW�IURP�DOO�RWKHU�VSHFLHV� LQ� WKH�JHQXV�E\� LWV�PLGULE�ZKLFK�LV�UDLVHG���LQVWHDG�RI�LPSUHVVH G��RQ�WKH�XSSHU�VLGH�RI�WKH�ODPLQD���$QRWKHU�ZKLWH�VDQG�HOHPHQW�LV�;\ORSLD�PXOWLIORUD��D�YHU\�ZHLUG�VSHFLHV�RI�WKDW�JHQXV�ZLWK�LWV�YHU\�HORQJDWH�DQG�QDUURZ�PRQRFDUSV��QRW�VHHQ�LQ�PDQ\�RWKHU��1HRWURSLFDO�VSHFLHV�RI� ;\ORSLD��$Q�H[FLWLQJ�GLVFRYHU\�ZDV�D�VSHFL HV��ZKLFK�ZH�IRXQG�TXLWH� UHJXODUO\� DORQJ� WKH�PDUJLQ� RI� D� FDPSLQDUDQD� IRUHVW�� QDPHO\� � WKH� RQO\� FROOHFWLRQ� RI� DQ� XQGHVFULEHG�VSHFLHV�RI�*XDWWHULD��FKDUDFWHUL]HG�E\�YHU\�VPDOO�OHDYHV��OHVV�WKDQ���FP�ORQJ��DQG�VPDOO�IORZHUV�DQG�ZLWK�WKH�LQQHU�VLGH�RI�WKH�EDUN�UHGGLVK�FRORXUHG��
���7KH�6(�SDUW�RI�$FUH��GUDLQHG�E\��5LR�3XUXV�DQG�5LR�$FUH�KDV��LQ�FRQWUDVW�WR�WKH�1:���D�SURQRXQFHG�GU\�VHDVRQ��SRRUHU�VRLOV��DQG�LW�LV�IODW�WR�VOLJKWO\�XQGXODWLQJ��6RPH�IRUHVWV�DUH�VHPL �GHFLGXRXV�DQG�D�QXPEHU�RI�VSHFLHV�VKRZ�DIILQLWLHV�WR�GU\�IRUHVW�DQG�VDYDQQDV��SDUWLFXODUO\�6�RI�WKH�$PD]RQ�5HJLRQ��7KH�IORRGSODLQV�RI�WKH�5LR�3XUXV�DUH�RIWHQ�FRYHUHG�ZLWK�ODUJH�JUDVV\�YHJHWDWLRQV��DQG�DV�WUHHV�RIWHQ�ZLWK�JHQHUD�OLNH� 6DOL[ DQG�&HFURSLD��ZKHUHDV�SDOPV�DUH�SRRUO\�UHSUHVHQWHG�
�0DQ\�SODFHV LQ�WKH�6(�DUH�FRYHUHG�ZLWK�UDLQ�IRUHVW��RQ�FOD\H\�RU�ORDP\�VRLOV�



��

6RPH� RI� WKH� $QQRQDFHDH� IRXQG� WKHUH� DUH�� 2Q\FKRSHWDOXP� SHULTXLQR �� LW� LV� ORFDOO\� FDOOHG� $HQYLUD� FDM~#��EHFDXVH�RI�LWV�HGLEOH�IUXLWV�ZKLFK�DUH�VXSHUILFLDOO\�UHVHPEOLQJ�FDM~V�� 2Q\FKRSHWDOXP LV D�YHU\�VPDOO�JHQXV�ZLWK�RQO\����VSHFLHV��DQG�LW� LV�FKDUDFWHUL]HG�E\�PLQXWH�IORZHUV�LQ�GHQVH�LQIORUHVFHQFHV��DQG�WKH�QXPEHU�RI�PRQRFDUSV� UHGXFHG� WR�����$� VHFRQG� VSHFLHV� LV� (SKHGUDQWKXV DII�� � DPD]RQLFXV � (SKHGUDQWKXV� LV�D�SRRUO\�NQRZQ�VPDOO�JHQXV�ZLWK�OHVV WKDQ����VSHFLHV��LW�FDQ�DOUHDG\�UHFRJQL]HG�E\�LWV�OHDI�YHQDWLRQ��VKRZLQJ�VKDUS�DQJOHV�EHWZHHQ�PLGULE� DQG� VHFRQGDU\�YHLQV�� DQG� LWV� IORZHUV� DUH�XQLVH[XDO � $� WKLUG� DQG� ODVW� H[DPSOH�RI�D�IRUHVW� VSHFLHV� RI� WKH� 6(� LV� D� UHSUHVHQWDWLYH� RI� D� JHQXV� ZLWK� �� VSHFLHV� R QO\�� QDPHO\� &DUGLRSHWDOXP�FDORSK\OOXP� 7KLV�VSHFLHV�LV�TXLWH�FRPPRQ�LQ�WKH�GU\�FHUUDGRV�RI�6�%UD]LO�DQG�%ROLYLD��ZKHUHDV��$FUH�LV�WKH�ZHVWHUQPRVW�ERUGHU�RI�LWV�GLVWULEXWLRQ���/LNH�LQ�WKH�1(�IHZ�VSHFLHV�RI�$QQRQDFHDH�LQKDELW�SHULRGLFDOO\�LQXQGDWHG�UDLQ�IRU HVWV�DQG�DV�RQO\�H[DPSOH�,�LQFOXGH��3VHXGR[DQGUD�OXFLGD ��D�JHQXV�ZLWK�DERXW����VSHFLHV��RQH�RI�WKH�PDLQ�FKDUDFWHUV�WR�GLVWLQJXLVK�WKH�JHQXV� LV� D� YHJHWDWLYH� RQH�� QDPHO\� WKH� SUHVHQFH� RI� D�PDUJLQDO� YHLQ�ZKLFK� LV� RIWHQ� YHU\� FORVH� WR� WKH� OHDI�PDUJLQ���:KLWH�VDQGV�GR�QRW�RFFXU�LQ�WKH�6(�
�7KHUH�DUH�DOVR�TXLWH�D�IHZ�$QQRQDFHDH�ZKLFK�RFFXU�DOO�RYHU�WKH�VWDWH�RI�$FUH��2I�WKDW�JURXS�,�ZRXOG�OLNH�WR�LQFOXGH�WKH�IROORZLQJ���VSHFLHV�LQKDELWLQJ�UDLQ�IRUHVWV�� 5ROOLQLD�PDPPLIHUD ��RFFXUULQJ�LQ�$PD]RQLDQ�3HUX�DQG�DOO�RYHU�$FUH��LW�LV�YHU\�DEHUUDQW�IURP�DOPRVW�DOO�VSHFLHV�RI� 5ROOLQLD E\�LWV�DOPRVW�IUHH�IUXLWLQJ�FDUSHOV��$�VHFRQG�H[DPSOH� LV� $QQRQD�H[FHOOHQV�� D�EHDXWLIXO� VSHFLHV�RI� WKH�JHQXV� $QQRQD��ZLWK� WKH� ORZHU�VLGH�RI� WKH�OHDYHV�GHQVHO\�KDLU\�DQG�ZLWK�TXLWH�ODUJH�IORZHUV ��$�WKLUG�VSHFLHV�LV�D�YHU\�VSHFWDFXODU�RQH��ZLWK�YHU\�ORQJ�SHGLFHOV�RI�XS�WR�RYHU����FP�ORQJ�DQG�ZLWK�ERDW �VKDSHG�LQQHU�SHWDOV��QDPHO\�&\PERSHWDOXP�ORQJLSHV��2QH�RI�WKH�IHZ�VSHFLHV�IRXQG�LQ�SHULRGLFDOO\�LQXQGDWHG�IRUHVWV�DOO�RYHU�$FUH��EXW�DOVR�DOO�RYHU� WURSLFDO�6RXWK�$PHULFD�LV�$QQRQD�K\SRJODXFD��YHU\�HDVLO\�GLVWLQJXLVKHG�E\�LWV�OHDYHV�ZKLFK�KDYH�D�JODXFRXV�ORZHU�VLGH��LWV�VSLQ\�IUXLW�LV�DFFRUGLQJ�WR�*RWWVEHUJHU�ILVK �GLVSHUVHG�
,Q�WKH�IROORZLQJ�ILJXUH�WKH�QXPEHU�RI�VSHFLHV�RFFXUULQJ�LQ�WKH�YDULRXV�UHJLR QV�RI�$FUH�DUH�VXPPDUL]HG�7KURXJKRXW�WKH�ZKROH�VWDWH�RI�$FUH�WKXV�ERWK�LQ�WKH�1:�DQG�WKH�6(�����VSS��RI�$QQRQDFHDH��RI�ZKLFK����RFFXU�LQ�QRQ�LQXQGDWHG�IRUHVWV��DQG���LQ�SHULRGLFDOO\�LQXQGDWHG�IRUHVWV�7KHUH�DUH����VSS��RI�$QQRQDFHDH�H[FOXVLYHO\�RFFXUULQJ� LQ�QRQ�LQXQGDWHG� IRUHVW�RI� WKH� �1:�� �DQG����VSS��RFFXUULQJ�H[FOXVLYHO\�LQ�WKH�6(�RI�$FUH� 7KH�QXPEHU�RI�VSHFLHV�LQ�LQXQGDWHG�IRUHVWV�LV�DOVR�DOPRVW�HTXDO����YHUVXV���� IRU�ERWK� WKH�1:�DQG�6(��7KH�RQO\� LPSRUWDQW�GLIIHUHQFH� LV�WKH� WKH�ZKLWH�VDQG�VSHFLHV��RI�Z KLFK�WKHUH�DUH���LQ�WKH�1:��ZKHUHDV�WKHUH�DUH�QR�ZKLWH�VDQGV�LQ�WKH�6(��$V�FRQFOXVLRQ��ERWK�UHJLRQV�� WKH�1:�ZLWK�LWV�5LR�-XUXi�DQG�WKH�6(�ZLWK�LWV�5LR�3XUXV�DQG�DIIOXHQWV��KDYH�WKHLU�RZQ��TXLWH�GLVWLQFW�IORUD�ZLWK�HDFK�DERXW����GLIIHUHQW�VSHFLHV�RI�$QQRQD FHDH��ZKHUHDV� WKH\�KDYH� ����VSHFLHV� LQ� FRPPRQ��&RXQWLQJ� IURP� WKH� WDEOH�ZH� VHH� WKDW�$FUH�ZLWK� LWV� ���� VSHFLHV�RI�$QQRQDFHDH� LV�QRW�TXLWH� ULFK� �EXW� WKLV� QXPEHU� ZLOO� SUREDEO\� ULVH� WR� DERXW� ���� DIWHU� PRUH� LQWHQVLYH� H[SORUDWLRQ��� 7KHUH� DUH�KDUGO\�DQ\�HQGHPLF�$QQRQDFHDH�LQ�$FUH��H[FHSW�IRU�WKH�PLQL �OHDYHG�VSHFLHV�RI�*XDWWHULD�7KH�QXPEHU�RI�VSHFLHV�RI�$QQRQDFHDH�LV�E\�IDU�WKH�KLJKHVW�LQ�3HUX��QDPHO\�DOPRVW������SUREDEO\�FDXVHG�E\�WKH�IDFW�WKDW�WKH�FRXQWU\�LV�YHU\�ODUJH��EXW�DOVR�WKDW�LW�LQFOXGHV�PRXQWDLQ�UDQJHV�O LNH�WKH�$QGHV���6XUSULVLQJO\��WKH�QXPEHU�RI�JHQHUD�RI�$QQRQDFHDH�LV�WKH�KLJKHVW�LQ�$FUH��QR�OHVV�WKDQ������7KLV�LV�SUREDEO\�GXH�WR�WKH�IDFW�WKDW�$FUH�QRW�RQO\�LQFOXGHV�$PD]RQLDQ�VSHFLHV��EXW�DOVR�VSHFLHV�FRPLQJ�IURP�WKH�GU\�FHUUDGRV�LQ�WKH�6RXWK��WKDW�LW�KDV�VRPH�PRXQWDLQ�UDQJHV��DQG�WKDW�ZKLWH�VDQGV�DUH�IRXQG�$�ODVW�UHPDUN�DERXW�IRUHVW�FRQVHUYDWLRQ�LQ�$FUH��WKH�PRVW�LQWHUHVWLQJ�UHJLRQV��UHJLRQV�ZKLFK�ZRXOG�PHULW�WKH�VWDWXV�RI�IRUHVW�UHVHUYHV�DUH��WKH�ZKLWH�VDQG�YHJHWDWLRQV�ZLWK�WKHLU�VSHFWDFXODU�DQG�XQLTX H�FDPSLQDUDV�DV��IRXQG�LQ�WKH�1:��



��

)LJXUH����$FUH��%UD]LO��VKRZLQJ�5LR�%UDQFR�LQ�WKH�6(�DQG�&UX]HLUR�GR�6XO�LQ�WKH�01:� )LJXUH����$FUH��%UD]LO�

)LJXUH����5LR�0RD� )LJXUH����6HUUD�GR�0RD��VOLGH�IURP�������

)LJXUH����;\ORSLD�PXOWLIORUD��0DDV�HW�DO������� )LJXUH����*XDWWHULD�VS��QRY���0DDV�HW�DO�������



��

)LJXUH����5LR�3XUXV��VOLGH�IURP������� )LJXUH����2Q\FKRSHWDOXP�SHULTXLQR��0DDV�HW�DO�������

)LJXUH����&DUGLRSHWDOXP�FDORSK\OOXP��0DDV�HW�DO������� )LJXUH ����$QQRQD�H[FHOOHQV��0DDV�HW�DO�������



��

)LJXUH�����$QQRQD�H[FHOOHQV��0DDV�HW�DO��������RSHQHG�IORZHU� )LJXUH�����;\ORSLD�VS���0DDV�HW�DO�������

)LJXUH�����1XPEHU�RI�JHQHUD�DQG�VSHFLHV�RI�$QQRQDFHDH�LQ�6RXWK�$PHULFD�



��

$�&HQWUDO�$PHULFDQ�RULJLQ�IRU�*XDWWHULD �$QQRQDFHDH��EDVHG�RQ���FKORURSODVW�PDUNHUV
5R\�+�-��(UNHQV1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV�± 8WUHFKW�8QLYHUVLW\�EUDQFK
7KH�1HRWURSLFDO�JHQXV�*XDWWHULD LV�RQH�RI�WKH�ODUJHVW�ZRRG\�SODQW�JHQHUD�LQ�WKH�ZRUOG�DQG�WKH�ODUJHVW�ZLW KLQ�WKH� IDPLO\� RI� $QQRQDFHDH�� FRPSULVLQJ� DSSUR[LPDWHO\� ���� VSHFLHV�� 5HYLVLRQ� RI� WKLV� JHQXV� GDWHV� EDFN� WR�������ZKHQ�)ULHV�PDGH�D�WUHDWPHQW�EDVHG�RQ�IHZ�PDFURPRUSKRORFLDO�FKDUDFWHUV��+H�GLYLGHG�WKH�JHQXV�LQWR����VHFWLRQV��8S�WR�QRZ�LW�LV�WKH�RQO\�PDMRU�JHQX V�RI�1HRWURSLFDO�$QQRQDFHDH�WKDW�DZDLWV�UHYLVLRQ��%HFDXVH�RI�LWV�KRPRJHQHLW\�LQ�PDQ\�PRUSKRORJLFDO�FKDUDFWHUV�LW� LV�YHU\�GLIILFXOW�WR�XQGHUVWDQG�WKH�V\VWHPDWLFV�DQG�HYROXWLRQ�RI� WKH�JHQXV��7KH� ODFN�RI� D� WD[RQRPLF� IUDPHZRUN�DQG�RI� D� FODVVLILFDWLRQ�RI� WKH�JH QXV� VHYHUHO\�KDPSHUV� WKH�HYDOXDWLRQ�RI� WKH� ODUJH�TXDQWLWLHV�RI�QHZ�PDWHULDO� WKDW�KDYH�EHHQ�FROOHFWHG� WKURXJKRXW�UHFHQW�\HDUV��7KLV�UHVHDUFK�VWDUWHG�WR�XQUDYHO�WKH�FODVVLILFDWLRQ�RI� *XDWWHULD E\�XVLQJ�PROHFXODU�PDUNHUV��
,Q�WKLV�VWXG\�D�SDUVLPRQ\�DQDO\VLV� ZDV�SHUIRUPHG�RQ����WD[D�RI�*XDWWHULD XVLQJ '1$�VHTXHQFH�GDWD�RI�WKH�SODVWLG�JHQRPH �UEF/�UHJLRQ��PDW.�UHJLRQ��WUQ/�)�VSDFHU�DQG� WUQ/ LQWURQ�DQG�SVE$�WUQ+ VSDFHU���$OWKRXJK�WKHVH�GDWD�DUH�VWLOO�LQVXIILFLHQW�WR�UHVROYH�WKH�UHODWLRQVKLSV�EHWZHHQ�DOO�FORVHO\� UHODWHG�VSHFLHV��WKH\�GR�VKRZ�WKDW�*XDWWHULD�LV�D�YHU\�ZHOO�VXSSRUWHG�PRQRSK\OHWLF�JURXS��)XUWKHUPRUH��WKH�JHQXV�VHHPV�WR�KDYH�LWV�RULJLQ�LQ�&HQWUDO�$PHULFD��UDWKHU�WKDQ�LQ�6RXWK �$PHULFD��



��

*XDWWHULD IURP�5LR�GH�-DQHLUR
$GULDQD�/REmR8QLY��GH�6mR�3DXOR� ,QVW��GH�%LRVFLrQFLDV��6mR�3DXOR�63��%UD]LO
7KH�JHQXV�*XDWWHULD LV�FKDUDFWHUL]HG�E\�OHDYHV�ZLWK�LPSUHVVHG�SULPDU\�YHLQ�RQ�WKH�XSSHU�VLGH��SHGLFHOV�ZLWK�VXSUDEDVDO�DUWLFXODWLRQ��LQGXPHQW�RI�VLPSOH�KDLUV��IORZHUV�PRVWO\�VROLWDU\��D[LOODU\��VHSDOV�IUHH��SHW DOV�IUHH��JUHHQ��FUHDP�WR�\HOORZ��LQQHU�RQHV�LPEULFDWH��IUXLW�DSRFDUSRXV��PRQRFDUSV�PDQ\��LQGHKLVFHQW��� �VHHGHG�,Q� QXPEHU� RI� VSHFLHV� *XDWWHULD� LV� WKH� ELJJHVW� JHQXV� IURP� $QQRQDFHDH� DQG� WKH� PRVW� SUREOHPDWLFDO� RQH��%HFDXVH� RI� WKH� PLVLQWHUSUHWDWLRQ� RI� IORZHU� PDWXUDWLRQ�� WKH� VLPLODULW\� RI� UHSURGXFWLYH� FKDUDFWHUV� DPRQJ�VSHFLHV�DQG� WKH�JUHDW�PRUSKRORJLFDO�YDULDWLRQ� LQ�YHJHWDWLYH�FKDUDFWHUV��0DQ\� UHVHDFKHUV�GHVFULEHG�D� ODUJH�QXPEHU�RI�VSHFLHV�EHFDXVH�DOO�WKHVH�SRLQWV�FRXOG�KDYH�FRQIXVHG�WKHP�
+DYLQJ�DOO�WKHVH�SRLQWV�LQ�PLQG��WKH�DLP�RI�WKHVH�ZRUN�ZDV�WR�PDNH�D�VXUYH\�RQ� *XDWWHULD�VSHFLHV�LQ�5LR�GH�-DQHLUR� 6WDWH� LQ� RUGHU� WR� NQRZ� WKH� PDLQ� IHDWXUHV� WR� GLVWLQJXLVK� VSHFLHV�� $V� D� UHVXOW�� ��� VSHFLHV� ZHUH�UHFRJQL]HG�LQ�5LR�GH�-DQHLUR��7KH�PDMRULW\�RFFXU�LQ�KLOO�IRUHVW��QR UPDOO\�QHDU�ULYHUV�
,Q� 5LR� GH� -DQHLUR� 6WDWH� WKH� PDMRULW\� RI� WKH� UHSURGXFWLYH� FKDUDFWHUV� IURP� *XDWWHULD VSHFLHV� ZHUH� QRW�LQIRUPDWLYH��KRZHYHU��VRPH�RI�WKHP�ZHUH�LPSRUWDQW�WR�GLVWLQJXLVK�VSHFLHV��$�YHU\�LPSRUWDQW�IHDWXUH�ZDV�WKH�IXVLRQ�RI� WKH� VHSDOV� LQ� WKH� IORZHU�EXG�� ,Q�5LR�GH� -DQHLUR�� WKH� VSHFLHV�PD\�KDYH� IUHH�RU� FRQQDWH� VHSDOV� LQ�IORZHU�EXG��2WKHU�UHSURGXFWLYH�FKDUDFWHU�XVHG�ZHUH�WKH�QXPEHU�RI�IORZHUV��7KH�IORZHUV�PD\�EH�VROLWDU\����RU�SODFHG�LQ�PDQ\�IORZHUHG�LQIORUHVFHQFHV�RQ�WKH�WUXQN��7KH�ODVW�LPSRUWDQ W�UHSURGXFWLYH�FKDUDFWHU�XVHG�ZDV�WKH�VKDSH�RI�SHWDOV��6RPH�VSHFLHV�KDYH�QDUURZ�SHWDO�ZLWK�DFXWH�DSH[�DQG�RWKHUV�KDYH�REORQJ�SHWDOV�ZLWK�REWXVH�DSH[�
9HJHWDWLYH�FKDUDFWHUV�ZHUH�XVHG�RQO\�LQ�DVVRFLDWLRQ�ZLWK�RWKHUV�
7KH�ZRUN�LV�QRW�ILQLVKHG�\HW�DQG�ZH�NHH S�ORRNLQJ�IRU�XVHIXO�IHDWXUHV�WR�GLVWLQJXLVK�VSHFLHV��WKHUHIRUH��ZH
YH�EHHQ�ZRUNLQJ�RQ�DQDWRPLFDO�VWXGLHV��$OVR��,
YH�EHHQ�YLVLWLQJ�KHUEDULD�ZKHUH�W\SHV�RI�WKHVH�VSHFLHV�DUH�DQG�,�KRSH�WKDW�KHOSV�PH�VROYH�VRPH�SUREOHPV�RI�*XDWWHULD�WD[RQRP\�



��

7KH�JHQXV�*XDWWHULD �$QQRQDFHDH��LQ�WKH�*XLDQDV�
8ZH�6FKDUI/HLS]LJ�8QLYHUVLW\��*HUPDQ\�DQG�1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV��8WUHFKW�8QLYHUVLW\�EUDQFK
$V� SDUW� RI� ERWK� WKH� $QQRQDFHDH� DQG� WKH� )ORUD� RI� WKH� *XLDQDV� SURMHFWV� D� UHJLRQDO� UHYLVLRQ� RI� WKH� JHQXV�*XDWWHULD IRU� WKH� *XLDQDV� �)UHQFK� *XLDQD�� *X\DQD�� 6XULQDPH�� LV� LQ� SURJUHVV�� 7KLV� 3K'� ZDV� VWDUWHG� LQ�8WUHFKW�XQGHU�WKH�VXSHUYLVLRQ�RI�3URI��3��0DDV��8WUHFKW��DQG�3URI��:��0RUDZHW]��/HLS]LJ��WZR�\HDUV�DJR��7KH�RYHUZKHOPLQJ�PDMRULW\�RI�WKH�FROOHFWLRQV�DV�ZHOO�DV�WKH� PRVW�DFWLYH�ZRUNJURXS�LQ�WKH�VXEMHFW�DUH�ORFDWHG�LQ�8WUHFKW��:RUN�ZLWK�KHUEDULXP�VKHHWV�\LHOGHG�WKH�ILUVW�DQG�PRVW�UHVXOWV��0RUH�WKDQ������RI�WKH�FROOHFWLRQV�EHORQJ� WR� OHVV� WKDQ� ����� RI� WKH� VSHFLHV�� LQFOXGLQJ� VSHFLHV �FRPSOH[HV�� 1HZ� VSHFLHV� IRU� WKH� *XLDQDV� DUH�DOPRVW�DOZD\V�IURP�UHPRWH�DUHDV�DQG�SRRUO\�FROOHFWHG�
$� ILHOG� VWXG\� RI� VHYHQ� ZHHNV� ZDV� FDUULHG� RXW� LQ� 6HSWHPEHU�2FWREHU� ����� LQ� DOO� WKUHH� *XLDQDV� DV� D�FROODERUDWLRQ�EHWZHHQ� WKH�KHUEDULD� LQ�/HLS]LJ� �/=�� DQG�8WUHFKW� �8�� DQG� WKH�QDWLRQDO�KHUEDULD� LQ�&D\H QQH��&$<��� *HRUJHWRZQ� �%5*�� DQG� 3DUDPDULER� �%%6��� 7ULSOLFDWH� FROOHFWLRQV� ZHUH� PDGH� IRU� WKH� QDWLRQDO�KHUEDULD�DQG�8�DQG�/=��2I�DSSUR[LPDWHO\�����FROOHFWLRQV�����EHORQJ�WR�WKH�$QQRQDFHDH�IDPLO\�����WR�VHYHQ�VSHFLHV� RI� WKH� JHQXV� *XDWWHULD�� $OO� WKHVH� FROOHFWLR QV� ZHUH� FROOHFWHG� ERWK� DV� KHUEDULXP� PDWHULDO� DQG� DV�VDPSOHV� RQ� VLOLFD� JHO� IRU� PROHFXODU� UHVHDUFK�� 7KH� WULS� FRQWULEXWHG� HQRUPRXVO\� WR� WKH� XQGHUVWDQGLQJ� RI�$QQRQDFHDH��HVSHFLDOO\�RI�*XDWWHULD��WKHLU�HQYLURQPHQW�DQG�IORZHU�ELRORJ\�
$Q� RYHUYLHZ� RI� WKH� SURMHFW DQG� SUHOLPLQDU\� UHVXOWV� FDQ� QRZ� EH� SUHVHQWHG�� 7R� GDWH�� RI� WKH�PRUH� WKDQ� ���QDPHV�LQ�WKH�FROOHFWLRQV�IURP�WKH�*XLDQDV�����KDYH�EHHQ�FRQILUPHG��VL[�QHZ�VSHFLHV�KDYH�EHHQ�GHVFULEHG��RQH�QDPH�KDV�EHHQ�UHLQVWDWHG�WR�DQG�RQH�QDPH�UHPRYHG�IURP�WKH�OLVW�RI�WKH�UH JLRQ��DQG�DW� OHDVW����QDPHV�KDYH� EHHQ� GHFODUHG� DV� V\QRQ\PV�� )RXU� GLIILFXOW� VSHFLHV �FRPSOH[HV� KDYH� EHHQ� UHFRJQLVHG� �*�� DWUD�� *��EUDFK\SRGD��*��SXQFWDWD��*��VFKRPEXUJNLDQD���7KHLU�UHVROXWLRQ��WUHDWPHQW��KDV�EHHQ�SRVWSRQHG�
$W�WKH�HQG�RI������D�ILUVW�PDQXVFU LSW�RI�WKH�VSHFLHV�GHVFULSWLRQV�ZLOO�EH�VXEPLWWHG�LQ�8WUHFKW��,Q�)HEUXDU\������WKH�QH[W�ZRUNVKRS�RI�WKH�)R*�SURMHFW�LQ�&D\HQQH�ZLOO�EH�DWWHQGHG��DQG�ILHOG�WULSV�LQ�)UHQFK�*XLDQD�ZLOO�EH�XQGHUWDNHQ��7KH�WKHVLV�ZLOO�EH�VXEPLWWHG�LQ�/HLS]LJ�LQ�ODWH�DXWXPQ���� ���DQG�GHIHQGHG�DW�WKH�HQG�RI�WKH�\HDU�



��

,GHQWLI\LQJ�FODGHV�LQ�$VLDQ�VRXUVRSV� � PROHFXODU�SK\ORJHQ\�RI�0LOLXVD�DQG�3RO\DOWKLD �$QQRQDFHDH��
-RKDQ�%��0ROV��3DXO�-�$��.HVVOHU�	�%DUEDUD�*UDYHQGHHO1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV��/HLGHQ�8QLYHUVLW\�EUDQFK
7KH�$QQRQDFHDH�DUH�D�SDQWURSLFDO�IDPLO\�RI�WUHHV��VKUXEV�DQG�OLDQDV�FRQVLVWLQJ�RI�FD������JHQHUD�DQG������VSHFLHV�� $OWKRXJK� WKH� IDPLO\� LV� FOHDUO\� GHILQHG�� JHQHULF� DQG� WULEDO� GHOLPLWDWLRQ� RI� HVSHFLDOO\� WKH� $VLDQ�$QQRQDFHDH�LV�FRQWURYHUVLDO�GXH�WR�PDQ\�R YHUODSSLQJ�PRUSKRORJLFDO�FKDUDFWHUV��7KH�PDLQ�JRDO�RI�WKLV�VWXG\�ZDV�WR�UHFRQVWUXFW�D�PROHFXODU�SK\ORJHQ\�RI�WKH�JHQXV� 0LOLXVD��ZKLFK�LV�WUDGLWLRQDOO\�DVVLJQHG�WR�WKH�WULEH�0LOLXVHDH�WRJHWKHU�ZLWK�ILYH�RWKHU�JHQHUD��DQG�RI�WKH�JHQXV� 3RO\DOWKLD�ZKLFK�LV�JHQHUDOO\�UHJDUGHG�WR�EH�D�SRO\SK\OHWLF�JHQXV�
3DUVLPRQ\�DQDO\VLV�RI�FS'1$� UEF/�� WUQ/� LQWURQ� DQG� WUQ/�WUQ)� LQWHUJHQLF� VSDFHU� VHTXHQFH�GDWD�� FROOHFWHG�IURP� PRUH� WKDQ� ���� WD[D� RFFXUULQJ� LQ� $VLD�� $IULFD� DQG� $PHULFD�� ZDV� SHUIRUPHG�� 0LOLXVD SURYHG� WR� EH�PRQRSK\OHWLF�� MXVW�DV� WKUHH�RWKHU�JHQHUD� LQ� WKH�0LOLXVHDH� � $OSKRQVHD��2URSKHD DQG 3ODW\PLWUD���6HSDUDWH�FODGHV�LQ�0LOLXVD ZLOO�EH�FRUUHODWHG�ZLWK�PRUSKRORJLFDO�DQG�JHRJUDSKLFDO�SDWWHUQV�� 3RO\DOWKLD�SURYHG�WR�EH�KLJKO\� SRO\SK\OHWLF�� ZLWK� VSHFLHV� HQGLQJ� XS� LQ� GLIIHUH QW� FODGHV� 2SWLRQV� IRU� D� SK\ORJHQHWLFDOO\� EDVHG�VXEGLYLVLRQ�RI�3RO\DOWKLD LQWR�VHYHUDO�VPDOOHU�JHQHUD�ZLOO�EH�GLVFXVVHG�

)LJXUH����6HFWLRQ�0LOLXVD��0��WKRUHOLL����&KDOHUPJOLQ� )LJXUH����6HFWLRQ�6DFFRSHWDOXP��0��KRUVILHOGLL����&KDOHUPJOLQ�



��

)LJXUH�����7KLUG�0LOLXVD�FODGH��0��DPSOH[LFDXOLV����&KDOHUPJOLQ�



��

$QQRQDFHDH��3K\ORJHQ\�UHFRQVWUXFWLRQ�LQ�1HRWURSLFDO�WD[D�RI�WKH�
VKRUW�EUDQFK
�FODGH
0LFKDHO�'��3LULH���-RKDQ�%��0ROVð�	�/DUV�:��&KDWURX��1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV��8WUHFKW�8QLYHUVLW\�EUDQFK�ð1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV��/HLGHQ�8QLYHUVLW\�EUDQFK�
3URMHFWV� DW� WKH� 1DWLRQDO� +HUEDULXP� RI� WKH� 1HWKHUODQGV� DUH� FRQWULEXWLQJ� WR� WKH� EXLOGLQJ� RI� D� PROHFXODU�SK\ORJHQ\�RI�WKH�IDPLO\�$QQRQDFHDH��5HVXOWV�VR�IDU�GLYLGH�WKH�IDPL O\�LQWR�D�QXPEHU�RI�EDVDO�OLQHDJHV�SOXV�WZR� PDMRU� GHULYHG� FODGHV� ZLWK� FRQWUDVWLQJ� DSSDUHQW� UDWHV� RI� PROHFXODU� HYROXWLRQ�� 7KH� FRQVHTXHQFHV� IRU�UHFRQVWUXFWLQJ�SK\ORJHQ\�LQ�WD[D�RI�WKH�
VKRUW�EUDQFK
�FODGH��LV�D�IDU�JUHDWHU�GHPDQG�IRU�FKDUDFWHU�VDPSOLQJ��
6XSSRUWLQJ�PRQRSK\O\�RI�JHQHUD�DQG�WKHLU�FORVHVW�VLVWHU�JURXSV�IRU�XVH�LQ�VSHFLHV�OHYHO�SK\ORJHQ\�UHPDLQV�FKDOOHQJLQJ�� 7KLV� LV� WKH� SDUWLFXODU� DLP� RI� P\� 3K'� SURMHFW�� ZLWK� UHVSHFW� WR� WKH� 1HRWURSLFDO� JHQHUD�&UHPDVWRVSHUPD��0DOPHD��0RVDQQRQD DQG�.ODUREHOLD��:LWK WKH�PDUNHUV�UEF/�DQG�WUQ/�)�WKHVH�JHQHUD�IDOO�ZLWKLQ� WKUHH� VHSDUDWH� FODGHV�� WKH� UHODWLRQVKLSV� EHWZHHQ� ZKLFK� DUH� XQUHVROYHG� LQ� D� EDVDO� SRO\WRP\� DOVR�LQFOXGLQJ�D�FRQWUDVWLQJO\�ZHOO�VXSSRUWHG�ODUJH�FODGH�RI�DOPRVW�H[FOXVLYHO\�$VLDQ�GLVWULEXWLRQ��5HODWLRQVKLS V�DW� WKLV� OHYHO�FRXOG� WKXV�EH�NH\� WR� WKH�XQGHUVWDQGLQJ�RI�ELRJHRJUDSKLFDO� UHODWLRQVKLSV�ZLWKLQ� WKH�FODGH�DV�D�ZKROH��
3UHOLPLQDU\�UHVXOWV�RI�DQDO\VHV�XVLQJ�D�UDQJH�RI�FKORURSODVW�PDUNHUV�DW�VSHFLHV�OHYHO�LQ� &UHPDVWRVSHUPD DQG�DW�JHQHULF�OHYHO�ZLOO�EH�SUHVHQWHG��DQG�ELRJHRJUDSKLF�LPSOLFDWLRQV�GLVFXVVHG�



��

/HDI�DQDWRP\�ZLWKLQ�WKH�$QQRQDFHDH�RI�WKH�ROG�ZRUOG��$�SUHOLPLQDU\�VXUYH\�
(�-�YDQ�0DUOH1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV��8WUHFKW�8QLYHUVLW\�EUDQFK
/HDI�DQDWRP\�RI�WKH�$QQRQDFHDH�RI�WKH�1HRWURSLFV�K DV�EHHQ�VWXGLHG�E\�$�.�YDQ�6HWWHQ�LQ�������7R�FRQWLQXH�WKLV�VWXG\�,�VWDUWHG�ZLWK�D�VXUYH\�RI�WKH�JHQHUD�IURP�WKH�UHVW�RI�WKH�ZRUOG��7KH�DLP�RI�WKLV�UHVHDUFK�LV�WR�VHH�LI�LW�LV�SRVVLEOH�WR�ILQG�FKDUDFWHUV�ZKLFK�DUH�VSHFLILF�WR�UHFRJQL]H�JHQHUD�RU�JURXSV�RI� JHQHUD�)URP�WKH����FROOHFWHG�JHQHUD����KDYH�EHHQ�ORRNHG�DW��UHSUHVHQWLQJ�����VSHFLHV��2YHU�����FROOHFWLRQV�DUH�ZDLWLQJ�IRU�IXUWKHU�WUHDWPHQW�
3UHOLPLQDU\�FRQFOXVLRQV$OO�WKH�FKDUDFWHUV�IRXQG�DUH�LQ�DJUHHPHQW�ZLWK�WKRVH�IRXQG�LQ�WKH�1HRWURSLFDO�JHQHUD�8QWLO�QRZ�LW�LV�KDUGO\�SRVVLEOH�WR�FRPH�WR�JURXSLQJV�RI�JHQHUD�ZLWK�WKH�SUHVHQW�DYDLODEOH�LQIRUPDWLRQ��7D[RQRPLFDO�JURXSLQJV�NQRZQ�IURP�WKH�OLWHUDWXUH�DUH�QRW�VXSSRUWHG�E\�P\�GDWD��:LWK�RQH�H[FHSWLRQ��2QH�JURXS�RI�JHQHUD��UHFRJQL]HG�E\�6HWWHQ�YDQ�DQG�.RHN �1RRUPDQ���������LV�GLVWLQJXLVKHG�E\�WKH�SUHVHQFH�RI�YHU\�ODUJH�FU\VWDOV�LQ�WKH�DGD[LDO�HSLGHUPLV��,Q�'LVHSDOXP��D�JHQXV�DOVR�DFFRPPRGDWHG�LQ�WKLV�JURXS�E\�.RHN�HW�DO����������WKHVH�ODUJH�FU\VWDOV�DUH�ODFNLQJ��+RZHYHU��WKH�JURXS��PRVW�UHSUHVHQWDWLYHV�RI�ZKLF K�DUH�FOLPEHUV��GRHVQ¶W�VKRZ�YHU\�FOHDUO\�LQ�WKHLU�FOXVWHU�DQDO\VLV��7KH�ODUJH�FU\VWDOV��ZKLFK�DUH�VXFK�D�VWULNLQJ�IHDWXUH��DUH�DSDUW�IURP�WKLV�JURXS��RQO\�IRXQG�LQ�WKH�JHQXV�([HOOLD�5RXQG�RVWHRVFOHUHLGV�DUH�RQO\�IRXQG�LQ�RQH�JHQXV��WKDW�RI� ;\ORSLD��$�OD\HU�RI�IODWWHQHG�SDUHQFK\PD�FHOOV�WKDW�H[WHQGV�DW�ERWK�VLGHV�RI�WKH�PLGYHLQ�LQWR�WKH�ODPLQD�LQ�0RQRGRUD��,UUHJXODU�VKDSHG�YDVFXODU�V\VWHPV�LQ�%RXWLTXHD��'DV\PDVFKDORQ DQG�0LWUHOOD�
5HIHUHQFHV.RHN�1RRUPDQ��-���$�.��YDQ�6HWWHQ�	�&�0��YDQ�=XLOHQ������� 6WXGLHV�LQ�$QQRQDFHDH�;;9,��)ORZHU�DQG�IUXLW�PRUSKRORJ\�LQ�$QQRQDFHDH��7KHLU�FRQWULEXWLRQ�WR�SDWWHUQV�LQ�FOXVWHU�DQDO\VLV��%RW��-DKUE��6\VW������������������6HWWHQ��$�.��YDQ�������%ODGDQDWRP\�YDQ�GH�$QQRQDFHDH��P�Q��GH�QHRWURSLVFKH�JHQHUD���6WXGHQWUHSRUW�6HWWHQ��$�.��YDQ�DQG�-��.RHN�1RRUPDQ�������6WXGLHV�LQ�$QQRQDFHDH�9,��$�OHDIDQDWRPLFDO�VXUYH\�RI�JHQHUD�RI�$QQRQDFHDH�LQ�WKH�1HRWURSLFV��%RW��-DKUE��6\VW������������ ����6HWWHQ��$�.��YDQ�DQG�-��.RHN �1RRUPDQ�������)UXLWV�DQG�VHHGV�RI�$QQRQDFHDH��0RUSKRORJ\�DQG�L WV�VLJQLILFDQFH�IRU�FODVVLILFDWLRQ�DQG�LGHQWLILFDWLRQ��6WXGLHV�LQ�$QQRQDFHDH�;9,,�� %LEOLRWK��%RW��������������SO�������=XLOHQ��&�0��YDQ�������3DWWHUQV�DQG�DIILQLWLHV�LQ�WKH�'XJXHWLD�DOOLDQFH��$QQRQDFHDH���0ROHFXODU�DQG�PRUSKRORJLFDO�VWXGLHV��7KHVLV�



��

+DQG�/HQV�$VSHFWV�RI�$QQRQDFHRXV�:RRG
/XEEHUW�<�7K��:HVWUD 	�-LINH�.RHN�1RRUPDQ1DWLRQDO�+HUEDULXP�RI�WKH�1HWKHUODQGV��8WUHFKW�8QLYHUVLW\�EUDQFK
�$V�WKLV�FRQWULEXWLRQ�JUHDWO\�GHSHQGHG�RQ�WKH�VOLGH�SUHVHQWDWLRQ��LW�ZDV�GHFLGHG�WR�LQFRUSRUDWH�WKH�FRPSOHWH�WH[W�DQG�LOOXVWUDWLRQV�
,QWURGXFWLRQ$QQRQDFHDH�KDYH�D�FKDUDFWHULVWLF�ZRRG�VWUXFWXUH��7ZR�LPSRUWDQW� IHDWXUHV�VKRXOG�EH�PHQWLRQHG�KHUH��ILUVW��WKH�ODUJH�UD\V�DQG��VHFRQGO\��WDQJHQWLDO�DSRWUDFKHDO�SDUHQFK\PD�EDQGV��%RWK�FRQWULEXWH�WR�WKH�FREZHE �OLNH�DSSHDUDQFH�RI�DQQRQDFHRXV�ZRRG�LQ�FURVV �VHFWLRQ��HQG�JUDLQ���HYHQ�WR�WKH�QDNHG�H\H��$Q\WKLQJ�OLNH�LW�LV�QRW�RU�KDUGO\�NQRZQ�LQ�RWKHU�IDPLOLHV�OHDYLQJ�WKH�$QQRQDFHDH���XQLTXH�LQ�WKLV�UHVSHFW�$V�IRU� WKH�LQIUD�IDPLOLDO� OHYHO��DQQRQDFHRXV�ZRRG�UHSRUWHGO\� LV�TXLWH�KRP RJHQHRXV�� L�H���YDULDWLRQ�VXFK�DV�FDQ�EH�REVHUYHG�VHHPV�WR�JLYH�OLWWOH�VXSSRUW�WR�� �RQO\�ZHDNO\�FRUUHODWHG�WR��FODVVLILFDWLRQV�RQ��H�J���WULEDO�RU�JHQHULF� OHYHO��0LFURVFRSLFDO� LQYHVWLJDWLRQV� LQ� VHYHUDO� �1HRWURSLFDO�� JHQHUD� E\� 7HU�:HOOH� GXULQJ� WKH� SDVW�WZHQW\� \HDUV� LQGLFDWH� WKDW� RFFDVLRQDOO\� D� JHQXV� RU� SHUKDSV� D� JURXS� RI� JHQHUD� LQ� WKH� VHQVH� RI� 5�(�� )ULHV��������PD\�VWDQG�RXW�E\�D�XQLTXH�IHDWXUH�RU�FRPELQDWLRQ�RI�FKDUDFWHU�VWDWHV��EXW�LQ�RWKHU�FDVHV�LW�LV�DW�EHVW�RQH�RU�PRUH�LQGLYLGXDO�VSHFLHV�WKDW�FRXOG�EH� GLVWLQJXLVKHG�E\� WKH�ZRRG��7HU�:HOOH������D�E��������������������������7HU�:HOOH�	�9DQ�5RRGHQ��������1HYHUWKHOHVV��JLYHQ�WKH�YDULDWLRQ�WKDW�LV�GHILQLWHO\�WKHUH�QRWDEO\�LQ�FURVV �VHFWLRQDO�YLHZ��WKH�ZRRG�PLJKW�VWLOO�EH�RI�KHOS�LQ�LGHQWLILFDWLRQ�DOVR�IRU�WKH WD[RQRPLVW�ZRUNLQJ�RQ�WKH�JURVV�PRUSKRORJLFDO�OHYHO�EXW�HTXLSSHG�ZLWK� D� JRRG� KDQG� OHQV�� 6RPH� SLFWXUHV� PD\� VHUYH� DV� H[DPSOHV� KHUH�� 7KHVH� HQG� JUDLQ� SKRWRJUDSKV� DUH�FRPSDUDEOH� WR�� DPRQJ� RWKHUV�� WKRVH� SXEOLVKHG� E\� /LQGHPDQ� 	� 0HQQHJD� VRPH� WLPH� DJR� �/LQGHPDQ� 	�0HQQHJD���������RU�PRUH�UHFHQWO\�E\�,OLF��������
0DWHULDO�DQG�PHWKRG6PDOO�ZRRG�EORFNV�WKDW�SUHYLRXVO\�KDG�EHHQ�FXW�VR�VL]H�LQ�RUGHU�WR�IDFLOLWDWH�PLFURWRPH�VHFWLRQLQJ�ZHUH�XVHG�IRU�SKRWRJUDSK\��7KH�IODW�VXUIDFH�OHIW�DIWHU�WKH�FXWWLQJ�RI�PLFURWRPH�VOLFHV� ZDV�SKRWRJUDSKHG�XVLQJ�D�=HLVV�/XPLQDU����PP�I�����PDFUR�REMHFWLYH��VWRSSHG�GRZQ�����VWRS��RQ�.RGDFKURPH����ILOP��$OO�SKRWRJUDSKV�ZHUH�WDNHQ�DW�D�UHSUR�UDWLR�RI�����RQ�WKH����PP�IUDPH��7KXV�WKH�LP DJHV�UHSUHVHQW�D�UHFWDQJOH�RI�� �[����PP�
,FRQLFV�� 7KH�$QQRQD�5ROOLQLD�FRPSOH[([DPSOHV��$QQRQD FI��GHQVLFRPD �)LJ������$��PRQWDQD �)LJ������$��VHULFHD �)LJ������5ROOLQLD��HGXOLV �)LJ������5�� H[VXFFD �)LJ�� ���� 5�� PXFRVD �)LJ�� ���� ,Q� $� FI�� GHQVLFRPD DQG� $�� PRQWDQD UD\V� YDU\� IURP� QDUURZ� WR��SDUWLFXODUO\� LQ� $��PRQWDQD�� EURDG��ZKLOH� $�� VHULFHD VKRZV� RQO\� QDUURZ� UD\V��9HVVHOV� LQ� $��PRQWDQD DUH�UDWKHU�ODUJH�DQG�PRVWO\�VROLWDU\��DQG�VLPLODU��EXW�HYHQ�ODUJHU��LQ� $��VHULFHD��$� FI�GHQVLFRPD KDV�GLVWLQFWO\�VPDOOHU�YHVVHOV�DQG�PRVWO\�LQ�UDGLDO�DUUDQJHPHQW��7KH�EDQGLQJ�SDWWH UQ�LV�UHODWLYHO\�ILQH�LQ�$� FI��GHQVLFRPD��EXW� FRDUVH� LQ� $�� PRQWDQD DQG� $�� VHULFHD�� ,Q�$�� PRQWDQD�� PRUHRYHU�� WKH� SDUHQFK\PD� EDQGV� DUH� QRW� YHU\�GLVWLQFW�IURP�WKH�ILEUHV��KHQFH�QRW�HDV\�WR�VSRW��7KH�WKUHH� 5ROOLQLD VSHFLHV��OLNH�WKH�WZR�SUHFHGLQJ�$QQQRQDV��KDYH�UDWKHU�ODUJH�DQG�PRVWO\�VROLWDU\�YHVVHOV��ODUJHVW�LQ� 5��H[VXFFD���7KH�UD\V�DUH�QDUURZ�LQ�5��H[VXFFD��DQG�PRUH�YDULDEOH�LQ�5��HGXOLV DQG�5��PXFRVD��7KH�EDQGLQJ�LV�UDWKHU�FRDUVH�WR�YHU\�FRDUVH�LQ�DOO� WKUHH�VSHFLHV��ZLWK��VHDVRQDO��YDULDWLRQV�LQ�5��HGXOLV� DQG�TXLWH�LQGLVWLQFW�LQ�5��H[VXFFD�
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���$QD[DJRUHD([DPSOHV��$QD[DJRUHD�DFXPLQDWD �)LJ������$��GROLFKRFDUSD �)LJ������7KH�UD\V�YDU\�IURP�QDUURZ�WR�EURDG��YHU\�EURDG�LQ�$��GROLFKRFDUSD��DQG�WHQG�WR�EH�UHODWLYHO\�ZLGH�DSDUW��%RWK�VSHFLHV�VKRZ�TXLWH�VPDOO�Y HVVHOV�RIWHQ�LQ�UDGLDO�DUUDQJHPHQW��DQG�WHQG�WRZDUG�D�ILQH�EDQGLQJ�SDWWHUQ�7KH� WDQJHQWLDO� VHFWLRQ�RI� $��GROLFKRFDUSD �)LJ�� ��� VKRZV� WKH�FKDUDULVWLF� UHWLFXODWH�SDWWHUQ�GXH� WKH�EURDG�UD\V��WKLV�DOVR�DFFRXQWV�IRU�WKH�UHWLFXODWH�PDFURVFRSLF�DVSHFW�RI�WKH�EDUN ERWK�KHUH�DQG�LQ�PDQ\�RWKHU�PHPEHUV� RI� WKH�$QQRQDFHDH�� ,Q� UDGLDO� YLHZ� WKH� SDUHQFK\PD� EDQGV� VWDQG� RXW� DV� ILQH� ORQJLWXGLQDO� VWUHDNV��)LJ������
���*XDWWHULD([DPSOHV��*XDWWHULD�FKU\VRSHWDOD �)LJ�������*��VFKRPEXUJNLDQD �)LJ�������*��WULFKRVWHPRQ �)LJ�������5D\V�WHQG�WR�EH�PRVWO\�UDWKHU�EURDG��DQG�UDWKHU�FORVH�WRJHWKHU��9HVVHOV�DUH�JHQHUDOO\�ODUJH�DQG�PRVWO\��HVSHFLDOO\�WKH�ODUJHVW�RQHV��VROLWDU\��7KH�EDQGLQJ�LV��RIWHQ��UDWKHU�FRDUVH�
���&UHPDVWRVSHUPD�DOOLDQFH([DPSOHV��&UHPDVWRVSHUPD�FDXOLIORUXP �)LJ������ &��PLFURFDUSXP �)LJ�������(SKHGUDQWKXV�JXLDQHQVLV �)LJ�������.ODUREHOLD�PHJDORFDUSD �)LJ�������0DOPHD�GLHOVLDQD �)LJ�������0��RERYDWD �)LJ�������0RVDQQRQD DII��GLVFRORU �)LJ�������0��SDFLILFD �)LJ�������0��UDLPRQGLL �)LJ�������3VHXGRPDOPHD�GLFOLQD �)LJ�������2[DQGUD�DVEHFNLL �)LJ�������2��ULHGHOLDQD �)LJ�������3VHXGR[DQGUD�SRO\SKOHED �)LJ�������%RFDJHRSVLV�PXOWLIORUD �)LJ�������8QRQRSVLV�JODXFRSHWDOD �)LJ�������8��JXDWWHULRLGHV �)LJ�������8��SHUURWWHWLL �)LJ�������8��UXIHVFHQV �)LJ�������7KH�UD\V�PRVWO\�WHQG�WR�EH�QDUURZ�ZLWK�RFFDVLRQDOO\�VRPH�EURDGHU�RQHV�LQ�EHWZHHQ��EURDG�UD\V�RFFXU�LQ�&UHPDVWRVSHUPD��HVSHFLDOO\�&��FDXOLIORUXP��LQ�%RFDJHRSVLV��DQG�LQ�WKUHH�RI�WKH�8QRQRSVLV VSHFLHV��QRW�LQ�8��SHUURWWHWLL���9HVVHOV��VROLWDU\�RU�LQ�UDGLDO�DUUDQJHPHQW��DSSHDU WR�EH�VPDOO�LQ�PRVW�FDVHV��VRPHZKDW�ODUJHU�LQ�&UHPDVWRVSHUPD� FDXOLIORUXP�� (SKHGUDQWKXV� JXLDQHQVLV�� 3VHXGRPDOPHD� GLFOLQD�� 2[DQGUD� ULHGHOLDQD��3VHXGR[DQGUD�SRO\SKOHED��KRZHYHU��WKH��ELJ�ORRN��LV�FDXVHG�LQ�SDUW�E\�WKH�VSDFLQJ�RI�WKH�UD\V��QRWDEO\�LQ�(SKHGUDQWKXV� JXLDQHQVLV ZKHUH� WKH� UD\V� DUH� VR� FORVH� DV� WR� RIWHQ� WRXFK� WKH� YHVVHOV� RQ� ERWK� VLGHV��5HDOO\�ODUJH�ORRNLQJ� YHVVHOV� DSSHDU� LQ� %RFDJHRSVLV�� DQG� LQ� 8QRQRSVLV� JODXFRSHWDOD�� 8�� JXDWWHULRLGHV DQG� 8��UXIHVFHQV��8�� SHUURWWHWLL VWDQGV� VRPHZKDW� DSDUW� E\� WKH� VPDOO HU� YHVVHOV� DQG�� DV� LQGLFDWHG� EHIRUH�� E\� WKH�QDUURZHU�UD\V��$��UDWKHU��ILQH�EDQGLQJ�SUHYDLOV�LQ�PRVW�RI�WKH�JHQHUD��LQGLVWLQFW�LQ� 3VHXGRPDOPHD�GLFOLQD���,Q�%RFDJHRSVLV DQG�8QRQRSVLV WKH�EDQGLQJ�LV�UDWKHU�FRDUVH�
���;\ORSLD([DPSOHV��;\ORSLD�DURPDWLFD �)LJ� �����;��EHQWKDPLL �)LJ�������;��IUXWHVFHQV �)LJ�������;��FXVSLGDWD �)LJ�������;��SHUXYLDQD �)LJ�������5D\V�DUH�QDUURZ�DQG�TXLWH�FORVH�LQ� ;��DURPDWLFD��;��EHQWKDPLL DQG�;��IUXWHVFHQV��LQ�;��SHUXYLDQD WKHUH�WHQG�WR�HPHUJH�VRPHZKDW�EURDGHU�DQG�PRUH�GLVWDQW�U D\V�EHWZHHQ�WKH�QDUURZ�RQHV��,Q�;�� FXVSLGDWD WKH� UD\V� DUH�PDUNHGO\� EURDGHU� DQG� PRUH� GLVWDQW�� 9HVVHOV� DUH� ODUJH� LQ� ;�� DURPDWLFD DQG� ;��IUXWHVFHQV��VROLWDU\�RU�LQ�UDGLDO�DUUDQJHPHQW��DQG�RIWHQ�WRXFKLQJ�UD\V�RQ�ERWK�VLGHV��LQ� ;��EHQWKDPLL WKH\�DUH�VRPHZKDW�VPDOOHU�EXW�VWLOO�WHQGLQJ�WR�WRXFK�UD\V�� ;�FXVSLGDWD DQG�;��SHUXYLDQD KDYH�VPDOO�YHVVHOV��VROLWDU\�RU�LQ�UDGLDO�DUUDQJHPHQW��%DQGLQJ�LV�UDWKHU�FRDUVH�LQ� ;��DURPDWLFD��;��EHQWKDPLL DQG�;��IUXWHVFHQV��GLVWLQFWO\�ILQHU�LQ�;��SHUXYLDQD DQG�SDUWLFXODUO\�;��FXVSLGDWD�1RWH� WKH� QDUURZ� UD\V� RI� ;\ORSLD� DURPDWLFD DOVR� LQ� WDQJHQWLDO� VHFWLRQ� �)LJ�� ����� 7KH� UHWLFXODWH� SDWWHUQ� DV�SUHVHQW�LQ��H�J���$QD[DJRUHD �)LJ������LV�PXFK�OHVV�REYLRXV�KHUH��DQG�DOVR�LQ�WKH�FRUUHVSRQGLQJ�EDUN�RQ�WKH�RXWVLGH�
���'XJXHWLD([DPSOHV��'XJXHWLD�FDGDYHULFD �)LJ�������'��FDO\FLQD �)LJ�������'��QHJOHFWD �)LJ�������'��RGRUDWD �)LJ�������'�� VWDXGWLL �)LJ�� �����5D\V� DUH� EURDG� WR� YHU\� EURDG� LQ� '�� FDGDYHULFD�� IURP� QDUURZ� WR� UDWKHU� EURDG� LQ� '��FDO\FLQD��'��QHJOHFWD DQG�'��VWDXGWLL �ZLWK�DQ�RFFDVLRQDO� YHU\�EURDG�UD\�LQ�EHWZHHQ�LQ� '��FDO\FLQD���LQ�'��RGRUDWD�� LQ� FRQWUDVW�� WKH� UD\V� DUH� UDWKHU� QDUURZ� DQG� FORVH� WRJHWKHU��9HVVHOV� DUH�YHU\� VPDOO� DQG�PRVWO\� LQ�UDGLDO�DUUDQJHPHQW�LQ�'��FDGDYHULFD��LQ�'��FDO\FLQD��'��QHJOHFWD DQG�'��RGRUDWD WKH\�DUH�VPDOO�WR�PHGLXP�LQ�
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VL]H��PRVWO\�LQ�UDGLDO�DUUDQJHPHQW�WRR��'��VWDXGWLL KDV�UDWKHU�ODUJH�YHVVHOV��VROLWDU\�RU�LQ�UDGLDO�DUUDQJHPHQW��7KH�EDQGLQJ�LV�YHU\�ILQH�LQ�'��FDGDYHULFD��DQG�ILQH�WR�UDWKHU�FRDUVH�LQ�WKH�RWKHU�VSHFLHV�
���/LDQDV([DPSOHV�� $QQRQD� KDHPDWDQWKD �)LJ� ����� )ULHVRGLHOVLD� VR\DX[LL �)LJ�� ����� 7RXVVDLQWLD� KDOOHL �)LJ�� �����$GDSWDWLRQ� LV� HIIHFWHG� WKURXJK�HQODUJHPHQW�RI�YHVVHO�GLDPHWHU�� LQ� $QQRQD�KDHPDWDQWKD �1HZ�:RUOG�� WKH�WUDQVLWLRQ�LV�PRUH�RU�OHVV�JUDGXDO��LQ�WKH�WZR�$IULFDQ�H[DPSOHV�PXFK�PRUH�DEUXSW��SDU WLFXODUO\�LQ�7RXVVDLQWLD�KDOOHL �)ULHVRGLHOVLD�VR\DX[LL��LQ�WXUQ��KDV�YHU\�ZLGH�YHVVHOV���QRWH�WKDW�WDQJHQWLDO�SDUHQFK\PD�EDQGV�WHQG�WR�EHFRPH�LQGLVWLQFW����GLVDSSHDU�IURP�YLHZ��LQ�OLDQD�ZRRG�
'LVFXVVLRQ7KH�$QQRQD�5ROOLQLD FRPSOH[� LV�YDULDEOH��DQG� WKLV� LV� UHIOHFWHG� LQ� WKH�YDULDWLRQ� LQ� WKH�ZRRG�ZKLFK� ODUJHO\�VHHPV�WR�FRLQFLGH�ZLWK�WKDW�RI�WKH�IDPLO\�DV�D�ZKROH��:RRG�RI� $QD[DJRUHD��RQ�WKH�RWKHU�KDQG��VHHPV�PXFK�PRUH�XQLIRUP��FKDUDFWHUL]HG�E\�IUHTXHQW�SUHVHQFH�RI�EURDG�UD\V�UDWKHU�ZLGH�DSDUW��DQG�VPDOO�YHVV HOV�RIWHQ�LQ�UDGLDO� DUUDQJHPHQW��:RRG�RI� *XDWWHULD�� DQRWKHU� H[DPSOH� RI� D� UDWKHU� XQLIRUP� DSSHDUDQFH�� VKRZV� WKH� UD\V�UDWKHU� FORVH� WR� HDFK� RWKHU�� LQ� FRPELQDWLRQ�ZLWK� YHVVHOV� RI� TXLWH� ODUJH� GLDPHWHU� DQG� RIWHQ� VROLWDU\�� ,Q� WKH�&UHPDVWRVSHUPD DOOLDQFH�WKHUH�VHHPV�WR�EH�D�WHQGHQF\�WRZDUG�UDWKHU�QDUURZ�UD\V�DQG�QRW �WRR�ODUJH�YHVVHOV��8QRQRSVLV DQG��WR�D� OHVVHU�H[WHQW�� %RFDJHRSVLV �DQG�SHUKDSV�(SKHGUDQWKXV��VHHP�H[FHSWLRQV�KHUH��:LWKLQ�8QRQRSVLV WKH� VRPHZKDW� DEHUUDQW� ORRN� RI� 8�� SHUURWWHWLL LV� UHPDUNDEOH�� DV� WKLV� VSHFLHV� DOVR�PDFURPRUSKROLFDOO\�VWDQGV�PRUH�RU�OHVV�DSDUW�IURP�RWKHU� 8QRQRSVLV VSHFLHV��0DDV��SHUV��FRPP���� ;\ORSLDVHHPV�WR�IDOO�DSDUW�LQWR�WZR�JURXSV��RQH�ZLWK�ODUJH�YHVVHOV�DQG�UDWKHU�FORVHO\�VSDFHG�UD\V��DQG�WKH�RWKHU�ZLWK�VPDOO�YHVVHOV�DQG�PRUH�ZLGHO\�VS DFHG�UD\V�&�JLYLQJ�DQ� LPSUHVVLRQ�RI�ILQHU�JUDLQ��7KH�VSHFLHV�VHHQ�LQ�WKH�ILUVW� JURXS� KDYH� IORZHUV�ZLWK� ORQJ� SHWDOV�� DQG� DUH� VKUXEV� WR� WUHHV��ZKLOH� WKRVH� LQ� WKH� VHFRQG� JURXS� KDYH�FRPSDUDWLYHO\�EURDG�SHWDOV��DQG�DUH��VPDOO��VKUXEV�� 'XJXHWLD��ZKLOH�HDVLO\�UHFRJQL]HG�E\��DPRQJ�RWKHUV��OHDI�FKDUDFWHULVWLFV��VHHPV�YHU\�YDULDEOH�LQ�WKH�ZRRG��(YHQ�VR��DV�IRU�WKH�ZRRG��WKH�$IULFDQ�VSHFLHV� '��VWDXGWLLORRNV�TXLWH�GLIIHUHQW�IURP�WKH�1HRWURSLFDO�UHSUHVHQWDWLYHV�VHHQ��,W�PLJKW�EH�LQWHUHVWLQJ�KHUH�WR�YLHZ�WKH�ZRRG�RI�WKH WKUHH�RWKHU�$IULFDQ�VSHFLHV��DOO�IRUPHUO\�UHIHUUHG�WR� 3DFK\SRGDQWKLXP��DV�ZHOO�$GDSWDWLRQ� WR�FOLPELQJ� LQ�$QQRQDFHDH�VHHPV� WR�FRPH�WKURXJK�HQODUJHPHQW�RI�YHVVHO�GLDPHWHU��6R�IDU��QR�DEQRUPDO�FDPELDO�DFWLYLW\��RU�EDUN� LQWUXVLRQV��HWF���ZHOO�NQRZQ�IURP�OLDQ DV�LQ�D�QXPEHU�RI�RWKHU�IDPLOLHV��VHHP�WR�KDYH�EHHQ�UHFRUGHG�
&RQFOXVLRQ:KLOH�LW�SUREDEO\�JRHV�WRR�IDU�WR�H[SHFW�ZRRG�IHDWXUHV�XQLTXHO\�UHVWULFWHG�WR�JHQHUD�RU�JURXSLQJV�DW�RWKHU�OHYHOV� �WKLV� DSSOLHV� WR� DVSHFWV� YLVLEOH� E\� KDQG� OHQV� ZH� DUH� GHDOLQJ� ZLWK� KH UH�� EXW� ZLOO� HTXDOO\� EH� WUXH�UHJDUGLQJ� WKH�PLFURVFRSH��� ZRRG�� RQ� WKH� RWKHU� KDQG�� VKRXOG� QRW� EH� GLVPLVVHG� DV� QRQ �LQIRUPDWLYH� HLWKHU��5DWKHU��ZH� FRXOG� YDOXH�ZRRG� FKDUDFWHULVWLFV� DV�ZH�GR�ZLWK�� H�J��� OHDI� FKDUDFWHULVWLFV��:KHQHYHU� SRVVLEOH��SODQW�GHVFULSWLRQV VKRXOG�DOVR�LQFOXGH�KDQG�OHQV�DVSHFWV�RI�WKH�ZRRG�
$FNQRZOHGJPHQW7KH�DXWKRUV�DUH�YHU\�WKDQNIXO�WR�'U��$OEHUWD�0�:��0HQQHJD�IRU�KHU�DGYLFH�LQ�IUXLWIXO�GLVFXVVLRQV�ZH�KDG�ZLWK�KHU��DQG�IRU�KHU�ZDUP�VXSSRUW�
5HIHUHQFHV)ULHV��5�(��������$QQRQDFHDH��,Q��0H OFKLRU��+���HG���&�'LH�1DW�UOLFKHQ�3IODQ]HQIDPLOLHQ�����EHJU�QGHW�YRQ�$��(QJOHU�XQG�.��3UDQWO��HG�����%DQG����D�,,��� ������%HUOLQ��'XQFNHU�	�+XPEORW�,OLF��-��������&6,52�DWODV�RI�KDUGZRRGV�� %HUOLQ�>HWF�@��6SULQJHU�9HUODJ�/LQGHPDQ�� -�&�� 	� $�0�:�� 0HQQHJD�� ������ %RPHQERHN� YRRU� 6XULQDPH�� 3DUDPDULER�� 'LHQVW� 
V� /DQGV�%RVEHKHHU�:HOOH��%�-�+��WHU������D�� 9DULDWLRQ�DQG�GLYHUVLW\�LQ�WKH�$QQRQDFHDH��3URFHHGLQJV�RI�3DFLILF�UHJLRQDO�ZRRG�DQDWRP\� FRQIHUHQFH�� ��������� ,EDUDNL� ���� �-DSDQ��� :RRG� 7HFKQRO�� 'LY�� )RUHVWU\� DQ G� )RUHVW�3URGXFWV�5HV��,QVW�
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�� ����E��:RRG�DQDWRP\��,Q��0DDV��3�-�0��	�/�<�7K��:HVWUD�&�6WXGLHV�LQ�$QQRQDFHDH�,,��$�PRQRJUDSK�RI�WKH�JHQXV�$QD[DJRUHD�$�6W�+LO���3DUW����%RW��-DKUE��6\VW��������� ������ ������ :RRG� DQDWRP\�� ,Q�� :HVWUD�� /�<�7K�� &� 6WXGLHV� LQ� $QQRQDFHDH� ,9�� $� WD[RQRPLF� UHYLVLRQ� RI�7HWUDPHUDQWKXV�5�(�)ULHV��3URF��.RQ�� 1HGHUO��$NDG��:HWHQVFK��&��������������� ������:RRG�DQDWRP\��,Q��0DDV��3�-�0���/�<�7K��:HVWUD�	�&ROODERUDWRUV� � 5ROOLQLD��)O��1HRWURS��0RQRJU�������������� ������:RRG� DQDWRP\�� ,Q ��:HVWUD�� /�<�7K�� � 6WXGLHV� LQ� $QQRQDFHDH� ;;,9�� $� WD[RQRPLF� UHYLVLRQ� RI�5DLPRQGLD�6DIIRUG��%RW��-DKUE��6\VW���������� ������� ������:RRG�DQDWRP\��,Q��+H��3LQJ�	�/�:��&KDWURX�&�6WXGLHV�LQ�$QQRQDFHDH�;;;,,,��$�PRQRJUDSK�RI�)XVDHD��%DLOO���6DII��,Q��+H��3LQJ�&�1HRWURSLFDO�$QQRQDFHDH��6WXGLHV�LQ�PRUSKRORJ\��WD[RQRP\��DQG�SK\ORJHQ\�����������8WUHFKW�8QLYHUVLW\��7KHVLV��:HOOH�� %�-�+�� WHU� 	� -�� YDQ� 5RRGHQ� � ������ 6\VWHPDWLF� ZRRG� DQDWRP\� RI� 'HVPRSVLV�� 6DSUDQWKXV� DQG�6WHQDQRQD��$QQRQDFHDH���,$:$�%XOO������� ����
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)LJ�����$QQRQD FI��GHQVLFRPD�8Z��������FURVV�VHFWLRQ� )LJ�����$QQRQD�PRQWDQD�8Z��������FURVV�VHFWLRQ� )LJ�����$QQRQD�VHULFHD�8Z��������FURVV�VHFWLRQ�

)LJ�����5ROOLQLD�HGXOLV�8Z���������FURVV�VHFW LRQ )LJ�����5ROOLQLD�H[VXFFD�8Z���������FURVV�VHFWLRQ )LJ�����5ROOLQLD�PXFRVD�8Z���������FURVV�VHFWLRQ�
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)LJ�����$QD[DJRUHD�DFXPLQDWD�8Z���������FURVV�VHFWLRQ� )LJ�����$QD[DJRUHD�GROLFKRFDUSD �8Z���������FURVV�VHFWLRQ�
)LJ�����$QD[DJRUHD�GROLFKRFDUSD �8Z���������WDQJHQWLDO�OJ��VHFWLRQ�

)LJ������$QD[DJRUHD�GROLFKRFDUSD �8Z���������UDGLDO�OJ��VHFWLRQ� )LJ������*XDWWHULD�FKU\VRSHWDOD�8Z��������FURVV�VHFWLRQ� )LJ������*XDWWHULD�VFKRPEXUJNLDQD �8Z�������FURVV�VHFWLRQ�
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)LJ������*XDWWHULD�WULFKRVWHPRQ�8Z��������IURP�W\SH�FROOHFWLRQ���FURVV�VHFWLRQ�
)LJ������&UHPDVWRVSHUPD�FDXOLIORUXP �8Z���������FURVV�VHFWLRQ�

)LJ������&UHPDVWRVSHUPD�PLFURFDUSXP �8Z���������FURVV�VHFWLRQ�

)LJ������(SKHGUDQWKXV�JXLDQHQVLV �8Z��������FURVV�VHFWLRQ�
)LJ������.ODUREHOLD�PHJDORFDUSD �8Z���������FURVV�VHFWLRQ� )LJ������0DOPHD�GLHOVLDQD �8Z���������FURVV�VHFWLRQ�
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)LJ������0DOPHD�RERYDWD�8Z��������FURVV�VHFWLRQ� )LJ������0RVDQQRQD DII��GLVFRORU �8Z���������FURVV�VHFWLRQ� )LJ������0RVDQQRQD�SDFLILFD�8Z���������FURVV�VHFWLRQ�

)LJ������0RVDQQRQD�UDLPRQGLL�8Z���������FURVV�VHFWLRQ� )LJ������3VHXGRPDOPHD�GLFOLQD�8Z���������FURVV�VHFWLRQ� )LJ������2[DQGUD�DVEHFNLL�8Z�������FURVV�VHFWLRQ�



��

)LJ������2[DQGUD�ULHGHOLDQD�8Z��������FURVV�VHFWLRQ� )LJ������3VHXGR[DQGUD�SRO\SKOHED �8Z���������FURVV�VHFWLRQ� )LJ������%RFDJHRSVLV�PXOWLIORUD�8Z��������FURVV�VHFWLRQ�

)LJ������8QRQRSVLV�JODXFRSHWDOD�8Z��������FURVV�VHFWLRQ� )LJ������8QRQRSVLV�JXDWWHULRLGHV �8Z�������FURVV�VHFWLRQ� )LJ������8QRQRSVLV�SHUURWWHWLL�8Z�������FURVV�VHFWLRQ�



��

)LJ������8QRQRSVLV�UXIHVFHQV�8Z�������FURVV�VHFWLRQ� )LJ������;\ORSLD�DURPDWLFD�8Z��������FURVV�VHFWLRQ� )LJ������;\ORSLD�DURPDWLFD �8Z��������WDQJHQWLDO�OJ��VHFWLRQ�

)LJ������;\ORSLD�EHQWKDPLL�8Z��������FURVV�VHFWLRQ� )LJ������;\ORSLD�IUXWHVFHQV�8Z�������FURVV�VHFWLRQ� )LJ������;\ORSLD�FXVSLGDWD�8Z���������FURVV�VHFWLRQ�
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)LJ������;\ORSLD�SHUXYLDQD�8Z���������FURVV�VHFWLRQ� )LJ������'XJXHWLD�FDGDYHULFD�8Z��������FURVV�VHFWLRQ� )LJ������'XJXHWLD�FDO\FLQD�8Z���������FURVV�VHFWLRQ�

)LJ������'XJXHWLD�QHJOHFWD�8Z���������FURVV�VHFWLRQ� )LJ������'XJXHWLD�RGRUDWD�8Z���������FURVV�VHFWLRQ� )LJ������'XJXHWLD�VWDXGWLL�8Z��������FURVV�VHFWLRQ�



��

)LJ������$QQRQD�KDHPDWDQWKD�8Z��������FURVV�VHFWLRQ� )LJ������)ULHVRGLHOVLD�VR\DX[LL�8Z���������FURVV�VHFWLRQ� )LJ������7RXVVDLQWLD�KDOOHL�8Z���������FURVV�VHFWLRQ�
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6SHFLHV�OHYHO�SK\ORJHQHWLFV�LQ�1HRWURSLFDO�$QQRQDFHDH
/DUV�:��&KDWURX���0LFKDHO�'��3LULH���5R\�+��-��(UNHQV���7LPR�YDQ�GHU�1LHW���-RKDQ�%��0ROV���DQG�-DQ�:��0DDV�� 1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK��1DWLRQDDO�+HUEDULXP�1HGHUODQG��/HLGHQ�8QLYHUVLW\�%UDQFK
1HRWURSLFDO�UHSUHVHQWDWLYHV�RI�WKH�$QQRQDFHDH�KDYH�EHHQ�D�PDMRU�IRFXV�RI�V\VWHPDWLF�UHVHDUFK�DW�WKH�8WUHFKW�EUDQFK�RI� WKH�1DWLRQDO�+HUEDULXP�RI� WKH�1HWKHUODQGV� VLQFH� WKH� IRXQGLQJ�RI� WKH� LQWHUQDWLRQDO�$QQRQDFHDH�SURMHFW� ����\HDUV�DJR��([WHQVLYH� UHYLVLRQDU\�ZRUN�DQG� WKH�DFFXPXODWLRQ�RI�QXPHURXV�QHZ�FROOHFWLRQV�KDV�EHHQ�FRPSOHPHQWHG� LQ� UHFHQW�\HDUV�E\� WKH�EXLOGLQJ�RI�D�SK\ORJHQ\�RI� WKH� IDPLO\�DV�D�ZKROH��'HVSLWH� WKH�GLIILFXOW\�RI�DGHTXDWHO\�VDPSOLQJ�ZLWK�UHVSHFW�WR�VS HFLHV�OHYHO�SK\ORJHQ\�UHFRQVWUXFWLRQ��VXIILFLHQW�PDWHULDO�KDV�EHHQ�FROOHFWHG�WR�UHVROYH�VSHFLHV �OHYHO�SK\ORJHQLHV�RI�D�QXPEHU�RI�1HRWURSLFDO�JHQHUD�
6SHFLHV�OHYHO� SURMHFWV� DUH� LQ� SURJUHVV� RQ� 'XJXHWLD��*XDWWHULD�� DQG�&UHPDVWRVSHUPD�� 3K\ORJHQLHV� RI� WKH�WKUHH� JHQHUD� DUH� UHYLHZHG� LQ� WKH� FRQWH[W� RI� WKH� IDPLO\� SK\ORJHQ\� RI� WKH� $QQRQDFHDH�� )LJ�� �� VKRZV� D�SK\ORJUDP�RI�����VSHFLHV�RI�$QQRQDFHDH��UHSUHVHQWLQJ����JHQHUD��*HQHUD�DUH�UHSUHVHQWHG�E\�QR�PRUH�WKDQ�WKUHH�VSHFLHV��:LWK�WKH�H[FHSWLRQ�RI�D�IHZ�EDVDO�OLQHDJHV� WKH�PDMRULW\�RI�WKH�VSHFLHV�GLYHUJH�LQWR�WZR�PDMRU�VLVWHU�FODGHV��GLVWLQFW�RQ�WKH�EDVLV�RI�SROOHQ�PRUSKRORJ\��JHRJUDSKLF�GLVWULEXWLRQ��DQG�SDWWHUQV�RI�PROHFXODU�HYROXWLRQ��7KH�SRLQW�RI�GLYHUJHQFH�EHWZHHQ�WKH�WZR�FODGHV�LV�LQGLFDWHG�E\�DQ�DVWHULVN��2QH�RI� WKHVH�FODGHV�LV�FKDUDFWHULVHG�E\�LQDSHUWXUDWH�SROOHQ�DQG�KDV�DQ�DSSDUHQW�UDWH�RI�PROHFXODU�GLYHUJHQFH�URXJKO\�WZLFH�WKH�UDWH�RI� WKH� RWKHU� FODGH�� FKDUDFWHULVHG� E\�PRQRVXOFDWH� DQG� GLVXOFXODWH� SROOHQ� �VHH� )LJ�� ���� 5DWHV� RI�PROHFXODU�GLYHUJHQFH�IRU�ERWK�FODGHV ZHUH�LQIHUUHG�E\�WDNLQJ�WKH�PHDQ�RI�EUDQFK�OHQJWKV�IURP�WKH�PRVW�UHFHQW�FRPPRQ�DQFHVWRU�WR�DOO�WHUPLQDOV�
'XJXHWLD �WKH�WKUHH�UHSUHVHQWDWLYH�VSHFLHV�LQ�)LJ����DUH�LQGLFDWHG�E\�DQ�DUURZ�DQG�³'´��DQG� *XDWWHULD �DUURZ�DQG�³*´��DUH�LQ� WKH�ORQJ�EUDQFK�FODGH��&UHPDVWRVSHUPD �DUURZ�DQG�³&´�� LV� LQ� WKH�VKRUW �EUDQFK�FODGH��)RU�RXU�VSHFLHV�OHYHO�SK\ORJHQLHV�ZH�LQFUHDVHG�ERWK�WD[RQ�DQG�FKDUDFWHU�VDPSOLQJ�UHODWLYH�WR�WKH�VDPSOLQJ�IRU�WKH�IDPLO\�SK\ORJHQ\��)RU�&UHPDVWRVSHUPD ���RXW�RI����VSHFLHV�DUH�LQFOXGHG�LQ�RXU�DQD O\VLV�����RXW�RI����VSHFLHV� RI�'XJXHWLD�� DQG���� RXW� RI� FD�� ���� VSHFLHV�RI� *XDWWHULD�� )RU� HDFK� RI� WKH� JHQHUD� SK\ORJHQLHV� DUH�SUHVHQWHG�RQ�WKH�EDVLV�RI�WKH�IROORZLQJ�FS'1$�PDUNHUV�� UEF/��WUQ7�/�LQWHUJHQLF�VSDFHU�� WUQ/�LQWURQ����WUQ/�)LQWHUJHQLF�VSDFHU��SVE$�WUQ+ LQWHUJHQLF�VSDFHU��DQG�SDUWLDO�PDW.�0HDQ� EUDQFK� OHQJWK� IURP� WKH� DQFHVWUDO� QRGH� WR� WKH� WHUPLQDOV� IRU� WKH� WKUHH� JHQHUD� VHSDUDWHO\� VKRZ� WKDW�*XDWWHULD KDV� WKH� KLJKHVW� OHYHOV� RI� GLYHUJHQFH� ������ �� ������� DQG� GLIIHUV� VLJQLILFDQWO\� IURP� WKH� OHYHOV� RI�GLYHUJHQFH�SUHVHQW�LQ�'XJXHWLD �������������DQG�&UHPDVWRVSHUPD ��������������5DWHV�RI�GLYHUJHQFH�EHWZHHQ�WKH�ODWWHU�WZR�JHQHUD�GR�QRW�GLIIHU�VLJQLILFDQWO\��7KH�KLJKHU�OHYHOV�RI�GLYHUJHQFH�RI� *XDWWHULD FRUUHVSRQG�WR�EHWWHU� UHVROYHG� WUHHV� �PD[LPXP� SDUVLPRQ\�� DQG PRUH� QRGHV� WKDW� DUH� ZHOO� VXSSRUWHG� E\� ERRWVWUDS�SHUFHQWDJHV�IRU�WKLV�JHQXV��FRPSDUHG�WR�WUHHV�RI� 'XJXHWLD DQG�&UHPDVWRVSHUPD�
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1HRWURSLFDO$IULFDQ$VLDQ

PRQRVXOFDWH���GLVXOFXODWH�SROOHQ
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7KH�6SDQLVK�&KHULPR\D��$QQRQD�FKHULPROD�0LOO���*HUPSODVP�%DQN
0��$QJHOHV�3pUH]�GH�2WH\]D(VWDFLyQ�([SHULPHQWDO�/D�0D\RUD���������$OJDUURER�± &RVWD��0iODJD�
7KH�6SDQLVK�*HUPSODVP�%DQN�ZDV�VWDUWHG�LQ������ ± �����DV�D�VPDOO�FRPPHUFLDO�FXOWLYDU�FROOHFWLRQ��)URP������ LW� KDV� JURZQ� VWHDGLO\��0RVW� RI� WKH�PDWHULDO� KDV� EHHQ� FROOHFWHG� LQ� WKH�PDLQ�$QGHDQ� FRXQWULHV�� 3HUX��(FXDGRU�DQG�%ROLYLD��ZKHUH�$QQRQD�IUXLW�LV�SURGXFHG��%HVLGHV��FROOHFWLRQV�KDYH�EHHQ�DFTXLUHG�E\�H[FKDQJH�IURP�PRVW�RI�WKH�UHPDLQLQJ�FKHULPR\D�SURGXFLQJ�FRXQWULHV��7RGD\������HQWULHV�RI�FKHULPR\D����RI�DWHPR\D��$�� FKHULPROD� [� $�� 6TXDPRVD�� DQG� ��� RI� RWKHU� $QQRQDFHDH� DUH� LQF OXGHG�� 7KH� IROORZLQJ� FKDUDFWHUV� DUH�VWXGLHG�
)UXLW�FRPSRQHQWV�(SLGHUPLV�W\SH�DQG�UHVLVWDQFH�WR�SHQHWUDWLRQ%UL[�DQG�DFLGLW\�RI�WKH�PHVRFDUS6HHG�LQGH[6HHG�FRDW�UHVLVWDQFH6HHG�VL]H�DQG�FRORXU������/HDI�FKDUDFWHULVWLFV��ODPLQD�DQG�SHWLROH��6WRPDWDO�GHQVLW\7KLFNQHVV�RI�OHDI�ODPLQD�7ULFKRPHV���HSLGHUPLV��PHVRFDUS�DQG�VHHGV�����6XVFHSWLELOLW\�WR�0HGLWHUUDQHDQ�IUXLW�IO\)ORZHU�FRPSRQHQWV��SHWDOV��SHGXQFOH�DQG�VWLJPDWLF�FRQH�)ORZHU�GHQVLW\)ORZHULQJ�VHDVRQ



��

0DQLSXODWLRQ�E\�3UXQLQJ�RI�*URZWK�DQG�&URSSLQJ�RI�&KHULPR\D�� $QQRQD�FKHULPROD�0LOO��
-RVp�0��)DUUp(VWDFLyQ�([SHULPHQWDO�/D�0D\RUD���������$OJDUURER�± &RVWD��0iODJD�
3UXQLQJ�PHWKRGV�IRU�FKHULPR\D�)LQR�GH�-HWH0RGHUQ�SUXQLQJ�PHWKRGV� � UHGXFH�FKHULPR\D� WUHH� VL]H� I URP��� WR���PHWHUV�KHLJKW��)RXU�SUXQLQJ� WUHDWPHQWV�ZHUH�FRPSDUHG�LQ�D���\HDUV�H[SHULPHQW�x 7UDGLWLRQDO�SUXQLQJ�DOORZLQJ�WUHH�JURZWK��ZLWK�WUHHV�SODQWHG�DW���[���P�VTXDUH��x 7RWDO�SUXQLQJ�HOLPLQDWLQJ�DOO�SUHYLRXV�\HDU�VKRRWV�x 6HPL�WRWDO�SUXQLQJ���HTXDO�WR�WRWD O�SUXQLQJ�EXW�NHHSLQJ�D�IHZ�ZLGHO\�VFDWWHUHG�SUHYLRXV�\HDU�VKRRWV�x 0HDQ�SUXQLQJ��FXWWLQJ�WKH�SUHYLRXV�\HDU�VKRRWV�E\�DSSUR[LPDWHO\�����
7KH�ODVW�WKUHH��WUHDWPHQWV��NHHS�WUHH��VL]H��FRQVWDQW��DQG��WKHUHIRUH��WUHHV�ZHUH�SODQWHG�DW���[ ��P���<LHOG�SHU�WUHH�ZDV�KLJKHVW�ZLWK� WUDGLWLRQDO�SUXQLQJ�EXW� LWV�\LHOG�SHU�KHFWDUH�ZDV� ORZHVW�GXH� WR� WKH� ORZHU�QXPEHU�RI�WUHHV��
0HDQ�IUXLW�VL]H�ZDV�KLJKHVW�ZLWK�WRWDO�SUXQLQJ��$�PRGLILHG�PHWKRG�RI�WRWDO�SUXQLQJ�OHDYLQJ�VKRUW��WKXPEV���DERXW���FP�ORQJ��DSSHDU�WR�FRPELQH�WUHH� VL]H�FRQWURO��KLJK�SURGXFWLYLW\�DQG�ODUJH�IUXLW�VL]H��7KH�H[SHULPHQW�LV�SURFHHGLQJ�DORQJ�WKLV�OLQH�
2XW�RI�VHDVRQ�SURGXFWLRQ�RI�FKHULPR\D7KH�WRWDO�SUXQLQJ�SUHYLRXVO\�GHVFULEHG�UHGXFHV�QDWXUDO�IUXLW�VHW�WR�QHDU�]HUR��,Q�PLGVXPPHU�DSSUR[LPDWHO\�����RI�WKH� QHZ�VKRRWV�DUH�FXW�E\��KDOI�DQG�D�FRXSOH�RI�OHDYHV�WDNHQ�RII��$ERXW�D�PRQWK�ODWHU�D�QHZ�EORRP�VWDUWV�LQ�WKH�QDNHG�EXGV��$IWHU�KDQG�SROOLQDWLRQ�D�FURS�LV�SURGXFHG��RXW�RI�VHDVRQ��LQ�0DUFK� � $SULO��1RW�DO�FXOWLYDUV�DUH�ZHOO�DGDSWHG�WR�WKLV�WHFKQLTXH�



��

0LFURSURSDJDWLRQ�RI�FKHULPR\D��$QQRQD�FKHULPROD 0LOO���FY��)LQR�GH�-HWH
:HVWHQGRUS��1���(QFLQD�&�/���3DGLOOD�,�0�*���&D]RUOD�-�0���'RPLQJXH]�0�%���'tD]�(�DQG�&DUR�(�/DERUDWRU\�RI�3ODQW�7LVVXH�&XOWXUH�DQG�%LRWHFKQRORJ\��(VWDFLyQ�([SHULPHQWDO�/D�0D\RUD��&�6�,�&����������$OJDUURER�&RVWD��0iODJD�
&KHULPR\D� �$QQRQD� FKHULPROD 0LOO��� LV� D� GLIILFXOW�WR�SURSDJDWH� VSHFLHV� XVLQJ� WUDGLWLRQDO� PHWKRGV� IRU�YHJHWDWLYH�SURSDJDWLRQ�EHFDXVH�RI�WKH�ORZ�URRWLQJ�FDSDFLW\�RI�DGXOW�FKHULPR\D�PDWHULDO��7KLV�SUREOHP�KDV�EHHQ�VROYHG� E\� WKH�GHYHORSPHQW�RI�FORQDO�PLFURSURSDJDWLRQ�SURWRFROV� �(QFLQD� HW�DO���������3DGLOOD��������DIWHU� QRGDO� H[SODQWV� RI� MXYHQLOH� DQG� DGXOW� $QQRQD� FKHULPROD FY� µ)LQR� GH� -HWH¶�� $IWHU� VSURXWLQJ� DQG�PXOWLSOLFDWLRQ� RI� D[LOODU\� VKRRWV� RQ�06� EDVDO�PHGLXP� VXSSOHPHQWH G�ZLWK� GLIIHUHQW� F\WRNLQLQV� �%$3� DQG�]HDWLQ���D������URRWLQJ�HIILFLHQF\�LQ�MXYHQLOH�PDWHULDO��(QFLQD��������ZDV�DFKLHYHG�LQ�WKUHH�VWHSV���� SUHWUHDWPHQW�RI�LQ�YLWUR VKRRWV�IRU���GD\V�RQ�06�PHGLXP�FRQWDLQLQJ�DFWLYDWHG�FKDUFRDO����������� URRW� LQGXFWLRQ�RQ�06�PHGLXP� VXSSOHPHQWHG�ZLWK� ,%$� ������0��� VXFURVH� ������P0�� DQG� FLWULF� DFLG������PJ�O����IRU����GD\V����GD\V�LQ�WKH�GDUN�IROORZHG�E\�WKUHH�GD\V�OLJKW���DQG��� HORQJDWLRQ�RI�URRWV�LQ�KDOI�VWUHQJWK�06�PHGLXP��7KH�����DFFOLPDWL]DWLRQ�UDWH�WKHQ�UHFRUGHG��KDV�ODWHU�EHHQ�LQFUHDVHG�WR�������(QFLQD�HW�DO�������D���8VLQJ�D�VLPLODU�PHWKRG�DGXOW�H[SODQWV�RI�FKHULPR\D�KDYH�EHHQ�PLFURSURSDJDWHG�DOWKRXJKW�URRWLQJ�DQG�DFFOLPDWL]DWLRQ�ZHUH�DERXW�����OHVV�HIILFLHQW��3DGLOOD�DQG�(QFLQD��LQ�SUHVV���
7KH�PLFURSURSDJDWLRQ�SURWRFRO�LV EHLQJ�DGDSWHG�WR�RWKHU�VHOHFWHG�FKHULPR\D�FXOWLYDUV�DQG�URRWVWRFNV��$�QHZ�V\VWHP�IRU�DVHSWLF�HVWDEOLVKPHQW�RI�H[SODQWV�LV�XQGHU�VWXG\��L�H���WKH�DSSOLFDWLRQ�RI D�PRGLILHG�PLFURJUDIWLQJ�SURWRFRO��³PLQLJUDIWLQJ´��LQ�FDVFDGH��LQFUHDVHV�WKH�VSURXWLQJ�DQG�VKRR W�GHYHORSPHQW�LQ�DOO�FXOWLYDUV�DVVD\HG��2WKHU�FRPSOHPHQWDU\�PHWKRGV�VXFK�DV�LQRFXODWLRQ�RI�PLFURSURSDJDWHG�SODQWOHWV�ZLWK�DUEXVFXODU�P\FRUUKL]DO�IXQJL� �*ORPXV VSS��� LPSURYH� YHJHWDWLYH� JURZWK� DQG� GHYHORSPHQW� RI� SODQWOHWV� LQ� WKH� JODVVKRXVH� DQG�VXEVWDQWLDOO\� UHGXFH�DFFOLPDWL]DWLRQ�WLPH�DQG�LQFUHDVH�SODQW�UHFRYHU\��$]FRQ �$JXLODU�HW�DO�������D������E��������
5HIHUHQFHV$]FyQ�$JXLODU��&���(QFLQD��&�/���$]FRQ��5��DQG�%DUHD��-�0�������D��0\FRWURSK\�RI� $QQRQD�FKHULPROD DQG�WKH�PRUSKRORJ\�RI�LWV�P\FRUUKL]DH��0\FRUUKL]D �����������$]FyQ�$JXLODU��&���(QFLQD��&�/���$]FRQ��5��DQG�%DUHD��-�0�������E��(IIHFW�RI�DUEXVFXODU�P\FRUUKL]D�RQ�WKH�JURZWK� DQG� GHYHORSPHQW� RI� PLFURSURSDJDWHG� $QQRQD� FKHULPROD SODQWV�� $JULFXOWXUDO� 6FLHQFH� LQ�)LQODQG �����������$]FyQ�$JXLODU��&���(QFLQD��&�/���%DUFHOy�0XxR]��$���+HUUHUR�&DVWDxR��$��DQG�3OLHJR�$OIDUR��)��������� ,Q�YLWUR PRUSKRJHQHVLV� RI� MXYHQLOH� $QQRQD FKHULPROD 0LOO�� EXG� H[SODQWV�� -RXUQDO� RI� +RUWLFXOWXUDO�6FLHQFH� ��������������(QFLQD�� &�/�� ������� 5RRWLQJ� PHWKRG� IRU� FKHULPR\D� � $QQRQD� FKHULPROD 0LOO��� FY�� )LQR� GH� -HWH��VHPLKDUGZRRG�FXWWLQJV��PLFURSURSDJDWHG�E\�WLVVXH�FXOWXUH��3DWHQW�Q�����������6SDLQ�����SS�(QFLQD�� &�/��� 3DGLOOD�� ,�0�*��� &D]RUOD�� -�0�� DQG� &DUR�� (�� �����D�� 7LVVXH� FXOWXUH� LQ� FKHULPR\D�� $FWD�+RUWLFXOWXUDH �������������3DGLOOD�� ,�0�*�� ������� 0LFURSURSDJDWLRQ� RI� FKHULPR\D� �$QQRQD� FKHULPROD� 0LOO��� FY�� )LQR� GH� -HWH��8QSXEOLVKHG�3K'��WKHVLV��8QLYHUVLW\�RI��0iODJD��0DODJD������SS�3DGLOOD��,�*���(QFLQD��&��/���$]FyQ��5��DQG�%DUHD��-��0���������$UEXVFXODU�P\FRUUKL]DO�LQRFXODWLRQHQKDQFHV� SODQW� JURZWK� DQG� FKDQJHV� URRW� V\VWHP�PRUSKRORJ\� LQ�PLFURSURSDJDWHG� $QQRQD�FKHULPROD0LOO��$JURQRPLH�������������



��

5HJHQHUDWLRQ�DQG�JHQHWLF�WUDQVIRUPDWLRQ�LQ�FKHULPR\D�� $QQRQD�FKHULPROD 0LOO���
(QFLQD��&�/���3DGLOOD��,�0�*���&D]RUOD��-�0���:HVWHQGRUS��1���'RPLQJXH]��0�%���DQG�&DUR��(�/DERUDWRU\�RI�3ODQW�7LVVXH�&XOWXUH�DQG�%LRWHFKQRORJ\��(VWDFLyQ�([SHULPHQWDO�/D�0D\RUD��&�6�,�&����������$OJDUURER�&RVWD��0iODJD�
5HJHQHUDWLRQ�RI�PXOWLSOH� DGYHQWLWLRXV� VKRRWV� IURP�K\SRFRW\O� KDV� EHHQ� UHSRUWHG� LQ�PRVW RI� WKH� VSHFLHV�RI�$QQRQD VWXGLHG��$��VTXDPRVD �/HPRV�DQG�%ODNH������D��� $��PXULFDWD �%HMR\�DQG�+DULKDUDQ��������/HPRV�DQG�%ODNH������E���$��FKHULPROD [�$��VTXDPRVD �5DVDL�HW�DO���������DQG�$��FKHULPROD ��-RUGDQ��������(QFLQD�HW�DO�������D��
$GYHQWLWLRXV�VKRRW�GHYHORSPHQW�IURP�OHDI�DQG�LQWHUQRGDO�H[SODQWV�KDV�EHHQ�REWDLQHG�LQ� $��PXULFDWD �/HPRV�DQG�%DNHU��������DQG�LQ�DWHPR\D��5DVDL�HW�DO����������,Q�FKHULPR\D�SURWRFROV�IRU�DGYHQWLWLRXV�RUJDQRJHQHVLV�DUH� VWLOO� XQGHU� GHYHORSPHQW� DOWKRXJK� UHJHQHUDWLRQ� DW� D� O RZ� UDWH� KDV� DOUHDG\� EHHQ� REWDLQHG� �&D]RUOD� DQG�(QFLQD��XQSXEOLVKHG� UHVXOWV�� IURP� MXYHQLOH�DQG�DGXOW�PDWHULDO� �µ)LQR�GH�-HWH¶���%XG�FOXVWHUV� IURP� MXYHQLOH�H[SODQWV�GHYHORS�DQG�URRW�HDVLO\��EXW�EXGV� LQGXFHG�IURP�DGXOW�H[SODQWV� UHTXLUH�DQ�HORQJDWLRQ� WUHDWPHQW WR�GHYHORS�VKRRWV��
5HJHQHUDWLRQ�RI�FKHULPR\D�LV�IRFXVVHG�WRZDUGV�WZR�PDLQ�REMHFWLYHV�� � WKH�UHFRYHULQJ�RI�WULSORLG�JHQRW\SHV��VHHGOHVVQHVV�� DQG� ± WKH� GHYHORSLQJ� RI� HIILFLHQW� SURWRFROV� WR� GHYHORS� WUDQVIRUPDWLRQ� SURFHGXUHV� XVLQJ�$JUREDFWHULXP�WXPHIDFLHQV�
7UDQVIRUPDWLRQ�RI�FKHULPR\D�LV�DOVR�XQGHU�GHYHORSPHQW��DQG�LV�IRFXVVHG�WR�WKH�LQWURGXFWLRQ�RI�JHQHV��$&&�V\QWKDVH�LQ�DQWLVHQVH��LQ�RUGHU�WR�FRQWURO�IUXLW�ULSHQLQJ�ZKLFK�GXH�WR�WKH�VKRUW�VKHOI �OLIH�RI�FKHULPR\D�IUXLWV�LV�WKH�PDLQ�FRPPHUFLDO�SUREOHP�RI��WK LV�DQG�RWKHU�DQQRQDV�OLPLWLQJ�WKHLU�H[SDQVLRQ�WR�UHPRWH�PDUNHWV��$&&�V\QWKDVH� JHQHV� RI� FKHULPR\D� DQG� DWHPR\D� KDYH� DOUHDG\� EHHQ� FORQHG� DQG� VHTXHQFHG� DQG� WKH� JHQHV� DUH�DYDLODEOH�IRU�WUDQVIRUPDWLRQ�SXUSRVHV��(QFLQD�HW�DO�������D��E��
)XWXUH�SURJUHVV�RQ� LQ�YLWUR WHFQRORJLHV�IRU�UHVFXH��VHOHFWLRQ�DQG�FORQLQJ�RI�HOLWH�JHQRW\SHV��GHYHORSPHQW�RI�HIILFLHQW� UHJHQHUDWLRQ� PHWKRGV�� PRGLILFDWLRQ� RQ� SORLG\� RI� WKHVH� VSHFLHV�� FRPELQHG� ZLWK� UHVXOWV� REWDLQHG�XVLQJ� PROHFXODU� JHQHWLF� DSSURDFKHV� ZLOO� VXSSRUW� DGYDQFHV� ZLWK� UHVSH FW� WR� JHQHWLF� PDQLSXODWLRQ� DQG�LPSURYHPHQW�
5HIHUHQFHV%HMR\��0��	�+DULKDUDQ��0�� ������� ,Q�YLWUR SODQWOHW�GLIIHUHQWLDWLRQ� LQ� $QQRQD�PXULFDWD��3ODQW�&HOO�7LVVXH�DQG�2UJDQ�&XOWXUH ������������(QFLQD�� &�/��� 3DGLOOD�� ,�0�*��� &D]RUOD�� -�0�� DQG� &DUR�� (�� �����D �� 7LVVXH� FXOWXUH� LQ� FKHULPR\D�� $FWD�+RUWLFXOWXUDH �������������(QFLQD��&�/���&DYDOODUR��$�6��DQG�%RWHOOD��-�5�������D��5LSHQLQJ�UHODWHG�$&&�V\QWKDVH�IURP�FXVWDUG�DSSOH��$QQRQD�FKHULPROD [�$QQRQD�VTXDPRVD��*HQ%DQN��$)��������(QFLQD��&�/���'LD]��-�$��DQG�%RWHOOD��-�5�������E��5LSHQLQJ�UHODWHG�$&&�V\QWKDVH�IURP�FKHULPR\D�� $QQRQD�FKHULPROD 0LOO���*HQ%DQN��$)��������KWWS���ZZZ�QFEL�QOP�QLK�JRY�*HQ%DQN� �-RUGiQ�� 0�� ������� 0XOWLSOH� VKRRW� IRUPDWLRQ� DQG� UKL]RJHQH VLV� IURP� FKHULPROD� �$QQRQD� FKHULPROD /���K\SRFRW\OV�DQG�SHWLROH�H[SODQWV��*DUWHQEDXZLVVHQVFKDIW ������������-RUGiQ�� 0��� ,WXUULDJD�� /�� DQG� *RUHX[�� $�� �������� 3URPRWLRQ� RI� $QQRQD� FKHULPROD� LQ� YLWUR VKRRW�PRUSKRJHQHVLV�DV�LQIOXHQFHG�E\�DQWR[LGDQWV��*DUWHQEDXZLVVHQVFKDIW ������������/HPRV��(�(�3��DQG�%ODNH��-�������D���0LFURSURSDJDWLRQ�RI�MXYHQLOH�DQG�PDWXUH� $QQRQD�VTXDPRVD /��3ODQW�&HOO�7LVVXH�DQG�2UJDQ�&XOWXUH ����������/HPRV��(�(�3��DQG�%ODNH��-�������E��0LFURSURSDJDWLRQ�RI�MXYHQLOH�DQG�PDWXUH� $QQRQD�PXULFDWD /��-RXUQDO�
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RI�+RUWLFXOWXUDO�6FLHQFH ������������/HPRV�� (�(�3�� DQG� %DNHU�� '�$�� ������� 6KRRW� UHJHQHUDWLRQ� LQ� UHVSRQVH� WR� FDUERQ� VRXUFH� RQ� LQWHUQRGDO�H[SODQWV�RI�$QQRQD�PXULFDWD /��3ODQW�*URZWK�5HJXODWLRQ ������������1DLU�� 6���*XSWD�� 3�.��� 6KLUJXUNDU�� 0�9�� DQG�0DVFDUHQKDV��$�)�� �����D�� ,Q� YLWUR RUJDQRJHQHVLV� IURP� OHDI�H[SODQWV�RI�$QQRQD�VTXDPRVD /LQQ��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH ��������5DVDL��6���.DQWKDUDM��$�6��DQG�'RGG��:�$���������7KH�HIIHFW�RI�JURZWK�UHJXODWRUV��VRXUFH�RI�H[SODQWV�DQG�LUUDGLDQFH�RQ�LQ�YLWUR UHJHQHUDWLRQ�RI�DWHPR\D��$XVWUDOLDQ�-RXUQDO�RI�%RWDQ\ ������
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'HYHORSPHQW�RI�PROHFXODU�PDUNHUV�IRU�LGHQWLILFDWLRQ�DQG�EUHHGLQJ�RI�FKHULPR\D��$QQRQD�FKHULPROD 0LOO��
+RUPD]D��-�,�� 0�3��(VFULEDQR��0�$��9LUXHO/DERUDWRU\�RI�3ODQW�7LVVXH &XOWXUH�DQG�%LRWHFKQRORJ\��(VWDFLyQ�([SHULPHQWDO�/D�0D\RUD��&�6�,�&����������$OJDUURER�&RVWD��0iODJD�
,QWURGXFWLRQ7KH�FKHULPR\D�*HUPSODVP�%DQN�RI�WKH�(�(��OD�0D\RUD�PDLQWDLQV�RYHU�����DFFHVVLRQV�REWDLQHG�LQ�GLYHUVH�JHRJUDSKLFDO�DUHDV������RI�ZKLFK�DUH� FKHULPR\DV��$Q�RSWLPDO�PDQDJHPHQW�RI� WKH�%DQN�UHTXLUHV�D�SUHFLVH�LGHQWLILFDWLRQ�RI�WKH�DFFHVVLRQV�DV�ZHOO�DV�DQ�HYDOXDWLRQ�RI�WKH�GLYHUVLW\�PDLQWDLQHG��7UDGLWLRQDOO\��DV�LQ�RWKHU�SODQW�VSHFLHV��FKHULPR\D�FXOWLYDUV�KDYH�EHHQ�FODVVLILHG�DFFRUGLQJ�WR�SKHQRW\S LF�WUDLWV�WKDW�PD\�YDU\�DPRQJ�WUHHV�RI�WKH�VDPH�FXOWLYDU�GHSHQGLQJ�RQ�YDULRXV�IDFWRUV�VXFK�DV�ORFDWLRQ��\HDU��HWF��&RQVHTXHQWO\��D�PROHFXODU�FKDUDFWHUL]DWLRQ�RI�WKH�JHQRW\SHV�EHFRPHV�QHFHVVDU\�IROORZLQJ�VLPLODU�SURFHGXUHV�WR�WKRVH�XVHG�ZLWK�RWKHU�IUXLW� WUHH� VSHFLHV� �:�QVFK� DQG� +RUPD]D�� ������� 9HU\� IHZ� ZRUNV� KDYH� EHHQ� FDUULHG� RXW� LQ� WKH� ILHOG� RI�LGHQWLILFDWLRQ�DQG�VLPLODULW\�VWXGLHV�LQ�FKHULPR\D�XVLQJ�PROHFXODU�PDUNHUV��6RPH�KDYH�LQFOXGHG�WKH�XVH�RI�LVR]\PHV��(OOVWUDQG�DQG�/HH��������3DVFXDO�HW�DO����������� ����EXW�WKRVH�VWXGLHV�DUH�OLPLWHG�E\�WKH�QXPEHU�RI�ORFL��6RPH�VWXGLHV�KDYH�XVHG�'1$ �EDVHG�PDUNHUV��ERWK�5$3'V��5RQQLQJ�HW�DO���������DQG�$)/3V��5DKPDQ�HW� DO��� ������ EXW� RQO\� LQFOXGLQJ� D� OLPLWHG� QXPEHU� RI� JHQRW\SHV�� &XUUHQWO\�� PLFURVDWHOOLWHV� RU� 665V� DUH�FRQVLGHUHG�DV�WKH�PROHFXODU�PDUNHUV�RI� UHIHUHQFH�IRU�JHQRW\SH� LGHQWLILFDWLRQ� LQ�SODQWV�GXH�WR�WKHLU�JHQHWLF��FRGRPLQDQFH� DQG� KLJK� GHJUHH� RI� SRO\PRUSKLVP� UHYHDOHG�� DQG� WHFKQLFDO� �UHSURGXFLELOLW\� DQG� HDV\�DXWRPDWLRQ��TXDOLWLHV��0LFURVDWHOOLWHV�KDYH�EHHQ�IRXQG� LQ�DOO�WKH�JHQRPHV�DQDO\]HG�DQG�FRQVLVW�RI��WDQGHPO\�UHSHDWHG�PRWLIV�RI���WR���EDVHV�IODQNHG�E\�FRQVHUYHG�VHTXHQFHV�WKDW�DOORZ�WKHLU�DPSOLILFDWLRQ�WKURXJK�3&5��7KH\�DUH�SUHVHQW� LQ�ERWK� FRGLQJ�DQG�QRQFRGLQJ� UHJLRQV� DQG�DUH� FKDUDFWHUL]HG�E\�D�KLJK�GHJUHH�RI� OHQJWK�SRO\PRUSKLVP��$OWKRXJK�PLFURVDWHOOLWHV�DUH�D�YHU\� LQWHUHVWLQJ� WRRO� IRU�GLIIHUHQW�JHQHWLF�DSSOLFDWLRQV�� WKHLU�PDMRU�GUDZEDFN�LV�WKHLU�LVRODWLRQ�SURFHVV�WKDW�UHTXLUHV�WKH�GHYHORSPHQW�RI�D�JHQRPLF�OLEUDU\��WKH�VHDUFK�DQG�VHTXHQFLQJ�RI�FORQHV�ZLWK�WKH�U HSHWLWLYH�VHTXHQFHV�DQG�WKH�GHVLJQ�RI�SULPHUV�WKDW�DPSOLI\�WKH�PLFURVDWHOOLWH��7UDGLWLRQDO�PHWKRGV�RI� OLEUDU\�VFUHHQLQJ��5DVVPDQQ�HW�DO���������DUH�RQO\�HIIHFWLYH� LQ�VSHFLHV�ZLWK�D�KLJK�IUHTXHQF\�RI�PLFURVDWHOOLWHV�RU�ZKHQ�MXVW�D�YHU\�VPDOO�QXPEHU�RI�PLFUR VDWHOOLWHV�LV�QHHGHG��7KXV��WKH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�GHYHORS�JHQRPLF�OLEUDULHV�LQ�FKHULPR\D�XVLQJ�D�PLFURVDWHOOLWH�HQULFKPHQW�SURFHGXUH�
0DWHULDOV�DQG�0HWKRGV7ZR�OLEUDULHV�ZHUH�PDGH�IURP�'1$�RI�WKH�FXOWLYDU�³)LQR�GH�-HWH´�GLJHVWHG�ZLWK� 3VW,�DQG�5VD,�IROORZLQJ�DQ�HQULFKPHQW� SURFHGXUH� ZLWK� �&7�Q� VHTXHQFHV� �%LOORWH� HW� DO��� ������� 7KH� VHOHFWLYH� K\EULGL]DWLRQ� SURFHVV�LQYROYHV� WKH�ELRWLQ\ODWLRQ�RI� WKH��&7�Q�ROLJRQXFOHRWLGH�DQG� WKH�VHOHFWLRQ�RI� WKH�K\EULGL]HG�'1$�E\�XVLQJ�VWUHSWDYLGLQ�FRDWHG�PDJQHWLF�EHDGV ���$IWHU�VHOHFWLYH�K\EULGL]DWLRQ��WKH�FDSWXUHG�IUDJPHQWV�ZHUH�UHFRYHUHG�E\�3&5�DQG�FORQHG�XVLQJ�WKH�S*(0�7�HDV\�SODVPLG��3URPHJD��0DGLVRQ��86$��LQ� (��FROL XOWUDFRPSHWHQW�FHOOV��(SLFXULDQ� FROL� ;/�� EOXH� XOWUDFRPSHWHQW� FHOOV�� 6WUDWDJHQH�� IROORZLQJ� WKH� PDQXID FWXUHU¶V�UHFRPPHQGDWLRQV���7KH�UHFRPELQDQW�FORQHV�ZHUH�3&5�DPSOLILHG�DQG�WUDQVIHUUHG�WR�D�Q\ORQ�PHPEUDQH�WKDW�ZDV�IXUWKHU�K\EULGL]HG�ZLWK�D��&7����SUREH�ODEHOHG�ZLWK�GLJR[LJHQLQ��',*�ROLJRQXFOHRWLGH��¶ �HQG�ODEHOLQJ�NLW�� 5RFKH��� 3RVLWLYH� FORQHV� DUH� WKHQ� VHT XHQFHG� WR� LGHQWLI\� WKH� IODQNLQJ� UHJLRQV� WKDW� DUH� XVHG� WR� GHVLJQ�DSSURSULDWH� SULPHU� SDLUV�� 7KH� PLFURVDWHOOLWHV� REWDLQHG� DUH� VWXGLHG� RQ� D� UHGXFHG� JURXS� RI� �� FKHULPR\D�FXOWLYDUV�E\�3&5�DPSOLILFDWLRQ�DQG�KLJK�UHVROXWLRQ�DJDURVH�JHO�HOHFWURSKRUHVLV��+RUPD]D���� ����
5HVXOWV�DQG�GLVFXVVLRQ:H�KDYH�GHYHORSHG�WZR�&7�HQULFKHG�JHQRPLF�OLEUDULHV�IURP�WKH�FKHULPR\D�FXOWLYDU�µ)LQR�GH�-HWH¶�XVLQJ�WKH�UHVWULFWLRQ�HQ]\PHV�3VW,�DQG�5VD,��$OWKRXJK�WKH�ZRUN�LV�LQ�SURJUHVV��WKH�SUHOLPLQDU\�UHVXOWV�REWDLQHG�VR�IDU�LQGLFDWH�WKDW WKH�SURFHGXUH�IROORZHG�LV�DSSURSULDWH�WR�GHYHORS�PLFURVDWHOOLWHV�LQ�FKHULPR\D��$Q�H[DPSOH�RI�WKH�DPSOLILFDWLRQ�REWDLQHG�ZLWK�RQH�RI�WKH�PLFURVDWHOOLWHV�REWDLQHG� LV�VKRZQ�LQ�)LJ�����7KH�PLFURVDWHOOLWHV�



��

REWDLQHG�DUH�YDOLGDWHG�RQ�D�UHGXFHG�JURXS�RI���FKHULPR \D�JHQRW\SHV�WR�VHOHFW�WKRVH�WKDW�SURGXFH�FOHDU�DQG�UHSHDWDEOH� DPSOLILFDWLRQ� SDWWHUQV�� 6XEVHTXHQWO\�� WKH� VHOHFWHG�PLFURVDWHOOLWHV� DUH� XVHG� WR� VFUHHQ� WKH� HQWLUH�JHUPSODVP�EDQN�DQG�WKH\�ZLOO�DOVR�EH�WULHG�LQ�RWKHU�VSHFLHV�RI�$QQRQDFHDH��2XU�REMHFWLYH�LV�WR�K DYH�E\�WKH�HQG�RI������D�VHW�RI�DURXQG�����PLFURVDWHOOLWHV�WKDW�ZLOO�EH�XVHG�LQ�ILQJHUSULQWLQJ�WKH�DFFHVVLRQV�PDLQWDLQHG�LQ�WKH�FKHULPR\D�JHUPSODVP�EDQN�DV�ZHOO�DV�WR�LQIHU�JHQHWLF�VLPLODULW\�UHODWLRQVKLSV�DPRQJ�WKRVH�DFFHVVLRQV��7KRVH� UHVXOWV� ZLOO� EH� FRPSDUHG� WR� SKHQRW\SLF� GDWD� WR� DVVHVV� WKH� UHODWLRQVKLSV� EHWZHHQ� ERWK� NLQGV� RI�ILQJHUSULQWLQJ�PHWKRGV�
5HIHUHQFHV%LOORWH��1���3�-�/��/DJRGD��$ �0��5LVWHUXFFL��)��&��%DXUHQV��������0LFURVDWHOOLWH �HQULFKHG�OLEUDULHV��DSSOLHG�PHWKRGRORJ\�IRU�WKH�GHYHORSPHQW�RI�66 5�PDUNHUV�LQ�WURSLFDO�FURSV��)UXLWV�������� �����(OOVWUDQG�� 1�&��� -�0�� /HH� ������� &XOWLYDU� LGHQWLILFDWLRQ� RI� FKHULPR\D �$QQRQD� FKHULPROD� 0LOO��� XVLQJ�LVR]\PH�PDUNHUV��6FLHQWLD�+RUWLFXOWXUDH������� ����+RUPD]D�� -�,�� ������� 0ROHFXODU� FKDUDFWHUL]DWLRQ� DQG� VLP LODULW\� UHODWLRQVKLSV� DPRQJ� DSULFRW� �3UXQXV�DUPHQLDFD /���JHQRW\SHV�XVLQJ�6LPSOH�6HTXHQFH�5HSHDWV�� 7KHRUHWLFDO� DQG�$SSOLHG�*HQHWLFV��������������3DVFXDO��/���)��3HUIHFWWL��0��*XWLHUUH]��$�0��9DUJDV��������&KDUDFWHUL]LQJ�LVR]\PHV�RI�6SDQLVK�FKHULPR\D�FXOWLYDUV��+RUW6FLHQFH�������������3HUIHFWWL�� )��� /�� 3DVFXDO� ������� &KDUDFWHUL]DWLRQ� RI� FKHULPR\D� JHUPSODVP� E\� LVR]\PH� PDUNHUV�� )UXLW�9DULHWLHV�-RXUQDO�����������5DKPDQ��0�6�0��� 7�� 6KLPDGD�� 7��<DPDPRWR�� -�<��<RQHPRWR��0��<RVKLGD� �������*HQHWLFDO� GLYHUVLW\� RI�FKHULPR\D� FXOWLYDUV� UHYHDOHG� E\� $PSOLILHG� )UDJPHQW� /HQJWK� 3RO\PRUSKLVP� �$)/3�� DQDO\VLV��%UHHGLQJ�6FLHQFH����������5DVVPDQQ��.��&��6FKO|WWHUHV��'��7DXW]��������,VRODWLRQ�RI�VLPSOH �VHTXHQFH�ORFL�IRU�XVH�LQ�SRO\PHUDVH�FKDLQ�UHDFWLRQ�EDVHG�'1$�ILQJHUSULQWLQJ� (OHFWURSKRUHVLV�������������5RQQLQJ��&�0���5�-��6FKQHOO��6��*D]LW��������8VLQJ�UDQGRPO\�DPSOLILHG�SRO\PRUSKLF�'1$��5$3'��PDUNHUV�WR� LGHQWLI\�$QQRQD FXOWLYDUV�� -RXUQDO�RI� WKH�$PHULFDQ�6RFLHW\� IRU�+RUWLFXOWXUDO�6FLHQFH��������� �����:�QVFK��$��� -�,��+RUPD]D� �������&XOWLYDU� LGHQWLILFDWLRQ� DQG�JHQHWLF� ILQJHUSULQWLQJ�RI� WHPSHUDWH� IUXLW� WUHH�VSHFLHV�XVLQJ�'1$�PDUNHUV��(XSK\WLFD �������������

)LJXUH�����$PSOLILFDWLRQ�RI����FKHULPR\D�FXOWLYDUV�ZLWK�PLFURVDWHOOLWH� OPFK��
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/LVW�RI�SDUWLFLSDQWV�
)UHHN�7�%DNNHU��IUHHN�EDNNHU#ZXU�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��:DJHQLQJHQ�8QLYHUVLW\�%UDQFK*HQ��)RXONHVZHJ��������%/�:DJHQLQJHQ/DUV�:��&KDWURX��O�Z�FKDWURX#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV&DUORV�/ySH]�(QFLQD��FOHQFLQD#HHOP�FVLF�HV/DERUDWRU\�RI�3ODQW�7LVVXH�&XOWXUH�DQG�%LRWHFKQRORJ\��&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ5R\�(UNHQV��U�K�M�HUNHQV#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH 1HWKHUODQGV3LODU�(VFULEDGR��SLOHVFUL#HHOP�FVLF�HV&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ-RVp�0��)DUUp��WURSLFDOHVIDVLS#WHUUD�HV&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ'DULR�*URVVEHUJHU��GDULR#HDUWKOLQN�QHW&RQGRU�*URZHUV�����:RUWK�:D\&DPDULOOR��&$������-RVp�0��+HUPRVR�*RQ]iOH]��MPKHUPRVR#HHOP�FVLF�HV&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ,xDNL�+RUPD]D��LKRUPD]D#HHOP�FVLF�HV&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ$GULDQR�4��/REmR��DOREDR#KRWPDLO�FRP8QLY��GH�6mR�3DXOR��,QVW��GH�%LRVFLrQFLDV&DL[D�3RVWDO����������������6mR�3DXOR�63�%UD]LO-LINH�.RHN�1RRUPDQ��M�NRHN�QRRUPDQ#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV3DXO�-�0�0DDV��S�M�P�PDDV#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV

mailto:p.j.m.maas@bio.uu.nl
mailto:j.koek-noorman@bio.uu.nl
mailto:alobao@hotmail.com
mailto:ihormaza@eelm.csic.es
mailto:jmhermoso@eelm.csic.es
mailto:dario@earthlink.net
mailto:tropicalesfasip@terra.es
mailto:pilescri@eelm.csic.es
mailto:r.h.j.erkens@bio.uu.nl
mailto:clencina@eelm.csic.es
mailto:l.w.chatrou@bio.uu.nl
mailto:freek.bakker@wur.nl


��

(ULN�-DQ�YDQ�0DUOH��H�M�YDQPDUOH#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV-RKDQ�%��0ROV��PROV#QKQ�OHLGHQXQLY�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��/HLGHQ�8QLYHUVLW\�%UDQFK3RVWEXV����������5$�/HLGHQ$QJHOHV�3pUH]�GH�2WH\]D��RWH\]D#HHOP�FVLF�HV&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ0LFKDHO�3LULH��P�G�SLULH#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\� %UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV+HLPR�5DLQHU��KHLPR�UDLQHU#XQLYLH�DF�DW8QLY��RI�:LHQ���,QVW��IXU�%RWDQLN+HUEDULXP5HQQZHJ���$������:LHQ$XVWULD8ZH�6FKDUI��XVFKDUI#UV�XQL�OHLS]LJ�GH1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV0DUWLQ�6PHHWV��WZLMQ#KRWPDLO�FRP&DOOH�GH�ODV�(VFROOHUDV��������5RQGD��0iODJD0DUF�6RVHI��PDUF�VRVHI#ZXU�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��:DJHQLQJHQ�8QLYHUVLW\�UDQFK*HQ��)RXONHVZHJ��������%/�:DJHQLQJHQ&KLK�KXD�7VRX��ERWVRX#FFYD[�VLQLFD�HGX�WZ,QVW��RI�%RWDQ\$FDGHPLD�6LQLFD7DLSHL�����7DLZDQ0DULDQ�9LUXHO��PDULDQ�YLUXHO#HHOP�FVLF�HV&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ1LHYHV�:HVWHQGRUS�)LJXHUROD��ZHVWHQGRUS#HHOP�FVLF�HV/DERUDWRU\�RI�3ODQW�7LVVXH�&XOWXUH�DQG�%LRWHFKQRORJ\��&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWLILFDV$OJDUURER�&RVWD������0DODJD��6SDLQ/XEEHUW�<�7K��:HVWUD� O�\�W�ZHVWUD#ELR�XX�QO1DWLRQDDO�+HUEDULXP�1HGHUODQG��8WUHFKW�8QLYHUVLW\�%UDQFK+HLGHOEHUJODDQ���������&6�8WUHFKW��7KH�1HWKHUODQGV

mailto:l.y.t.westra@bio.uu.nl
mailto:westendorp@eelm.csic.es
mailto:marian.viruel@eelm.csic.es
mailto:botsou@ccvax.sinica.edu.tw
mailto:marc.sosef@wur.nl
mailto:twijn@hotmail.com
mailto:uscharf@rs.uni-leipzig.de
mailto:heimo.rainer@univie.ac.at
mailto:m.d.pirie@bio.uu.nl
mailto:oteyza@eelm.csic.es
mailto:mols@nhn.leidenuniv.nl
mailto:e.j.vanmarle@bio.uu.nl


��

7KH� ��WK )ORUD� RI� 7KDLODQG�PHHWLQJ�� ��� DQG� ��WK RI� 1RYHPEHU� ������%DQJNRN�5HSRUW�RI�WKH�FRRUGLQDWRU�IRU�$QQRQDFHDH�IRU�WKH�)ORUD�RI�7KDLODQG
3DXO�.HVVOHU��1DWLRQDDO�+HUEDULXP�1HGHUODQG��/HLGHQ�%UDQFK3�2��%R[������������5$�/HLGHQ��7KH�1HWKHUODQGV(PDLO��NHVVOHU#QKQ�OHLGHQXQLY�QO
7KH� )RUHVW� +HUEDULXP� �%.)��� 1DWLRQDO� 3DUN�� :LOGOLIH� DQG� 3ODQW� &RQVHUYDWLRQ� 'HSDUWPHQW�� %DQJNRN�7KDLODQG�RUJDQL]HG�WKH��� WK )ORUD�RI�7KDLODQG�PHHWLQJ�EHWZHHQ����DQG��� WK RI�1RYHPEHU������LQ�%DQJNRN��7KHUH� WKH� FRRUGLQDWRU� SUHVHQWHG� D� SODQ� LQ�ZKLFK� YDULRXV� QDW LRQDO� DQG� LQWHUQDWLRQDO� VWXGHQWV�ZLOO� WUHDW� WKH�IDPLO\�ZLWKLQ�WKH�QH[W�WKUHH�\HDUV��7KH�ILQDO�PDQXVFULSW�ZLOO�EH�SUHVHQWHG�DFFRUGLQJ�WR�WKH�VFKHGXOH�LQ�WKH�ILUVW�KDOI�RI�������'XULQJ� D�PHHWLQJ� ZLWK� WKRVH� FROOHDJXHV� ZKR�ZKHUH� LQWHUHVWHG� WR� MRLQ� WKH� ZRUNLQJ JURXS� VHYHUDO� SHRSOH�FRPPLWWHG�WKHPVHOYHV�WR�VWXG\�FHUWDLQ�JHQHUD�DQG�GHOLYHU�PDQXVFULSWV�DW� WKH�HQG�RI�QH[W�\HDU��VHH�VXUYH\��QH[W� SDJH���:H�ZRXOG� OLNH� WR� LQYLWH� WKRVH� FROOHDJXHV� ZKR� DUH� ZLOOLQJ� WR� VWXG\� RQH� RU� VHYHUDO� JHQHUD� WR�FRQWDFW�WKH�FRRUGLQDWRU��.HVVOHU#QKQ�OHLGHQXQLY�QO� ��
'XULQJ�WKH�PHHWLQJ�WKH�ZLVK�ZDV�EURXJKW�IRUZDUG�WR�RUJDQL]H�D�FRPPRQ�ILHOG�H[FXUVLRQ�LQ�7KDLODQG�ZLWK�WKH� ZKROH� $QQRQDFHDH� ZRUNJURXS� LQ� ������ 1DURQJ� .RRQNKXQWRG� DQG� WKH� FRRUGLQD WRU� ZLOO� H[SORUH�SRVVLELOLWLHV�
7KH�FRRUGLQDWRU�ZRXOG�OLNH�WR�WKDQN�WKH�RUJDQL]LQJ�FRPPLWWHH��HVSHFLDOO\�'U��.RQJNDQGD�&KD\DPDULW��IRU�WKHLU�KRVSLWDOLW\�DQG�D�WKHLU�VXSSRUW�RI�RXU�ZRUNLQJ�JURXS�
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/LVW�RI�WKH�$QQRQDFHDH�ZRUNJURXS�IRU�WKH�)ORUD�RI�7KDLODQG
�� 1DURQJ�.RRQNKXQWRG7KH�)RUHVW�+HUEDULXP��1DWLRQDO�3DUN��:LOGOLIH�DQG�3ODQW�&RQVHUYDWLRQ�'HSDUWPHQW%DQJNRN������7KDLODQG7HO�������������(PDLO��.PQDURQJ#\DKRR�FRP��NPQDURQJ#IRUHVW�JR�WK
�� -HVVDGD�'HQGXDQJERULSDQW'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�6FLHQFH&KXODORQJNRUQ�8QLYHUVLW\%DQJNRN������7KDLODQG(PDLO��-HVVDGD#FKXOD�DF�WK� MHVVBGHQ#URFNHWPDLO�FRP
�� &KDWFKDL�1JDPULDEVDNXO)DFXOW\�RI�6FLHQFH��:DODLODN�8QLYHUVLW\7KDLEXUL�VXEGLVWULFW��7KDVDOD�GLVWULFW1DNKRUQVULWKDPDUDW������7KDLODQG7HO������������(PDLO��QFKDWFKDO#ZX�DF�WK� QRNFKDWFKDL#KRWPDLO�RP
�� :RQJVDWLW�&KXDNXO'HSDUWPHQW�RI�3KDUPDFHXWLFDO�%RWDQ\��)DFXOW\�RI�3KDUPDF\0DKLGRO�8QLYHUVLW\��3KD\DWKDL%DQJNRN������7KDLODQG)D[�������������(PDLO��S\ZFN#PDKLGRO�DF�WK
�� 5LFKDUG�6DXQGHUV'HSDUWPHQW�RI�%LRORJ\�	�%LRGLYHUVLW\7KH�8QLYHUVLW\�RI�+RQJNRQJ3RNIXODP�5RDG+RQJ�.RQJ(PDLO��6DXQGHUV#KNXFF�KNX�KN
�� &KDWFKDL�1JHUQVDHQJVDUXD\'HSDUWPHQW�RI�%RWDQ\��)DFXOW\�RI�6FLHQFH.DVHWVDUW�8QLYHUVLW\%DQJNRN������7KDLODQG(PDLO��IVFLFHQ#NX�DF�WK
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�� 3DVDNRUQ�%XQFKDOHH'HSDUWPHQW�RI�*HRORJ\��)DFXOW\�RI� 6FLHQFH&KXODORQJNRUQ�8QLYHUVLW\%DQJNRN������7KDLODQG7HO��������������(PDLO��SDVVN����#\DKRR�FRP
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�� 7LP�8WWHULGJH+HUEDULXP��5R\DO�%RWDQLF�*DUGHQV��.HZ5LFKPRQG�6XUUH\�7:���$(��8.(PDLO��W�XWWHULGJH#UEJNHZ�RUJ�XN
��� :LFKDQ�(LDGWKRQJ)RUHVW�%LRORJ\�'HSDUWPHQW��)DFXOW\�RI�)RUHVWU\.DVHWVDUW�8QLYHUVLW\%DQJNRN������7KDLODQG(PDLO��%NNIRUHVW��#\DKRR�FRP
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