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7KLV� UHSRUW� GHVFULEHV� WKH� DFWLYLWLHV� DQG� UHVXOWV� RI� WKH� UHVHDUFK� FUXLVH� FDUULHG� RXW� E\� WKH� 6FLHQWLILF6HFWLRQ� RI� WKH�)DONODQG� ,VODQGV�*RYHUQPHQW� )LVKHULHV�'HSDUWPHQW� GXULQJ�6HSWHPEHU� ����� XVLQJ� WKH)LVKHULHV� 3DWURO� DQG� 5HVHDUFK� 9HVVHO�'RUDGD� 7KLV� ZDV� WKH� ILUVW� RFFDVLRQ� RQ� ZKLFK� WKH�'RUDGDSDUWLFLSDWHG�LQ�D�MRLQW�8.�$UJHQWLQH�UHVHDUFK�FUXLVH�XQGHU�WKH�DXVSLFHV�RI�WKH�6RXWK�$WODQWLF�)LVKHULHV&RPPLVVLRQ� DQG�ZH�ZHOFRPHG� WKH�SDUWLFLSDWLRQ�RI� VFLHQWLVWV� IURP� ,1,'(3�� �:H�ZLVK� WR� UHFRUG� RXUWKDQNV�WR�WKH�PDVWHU��ILVKLQJ�PDVWHU��RIILFHUV�DQG�FUHZ�RI�WKH�'RUDGD�IRU�WKHLU�ZRUN�GXULQJ�WKH�FUXLVH�
:H�DUH�DOVR�JUDWHIXO� WR� WKH�%HUQWVHQV�DW�$OEHPDUOH�6WDWLRQ�DQG�&KDWHUV�DW�1HZ�,VODQG�ZKR�� WRJHWKHUZLWK�),*$6��DVVLVWHG�LQ�FKDQJHV�RI�VFLHQWLILF�SHUVRQQHO�GXULQJ�WKH�VXUYH\�
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6XPPDU\
7KH�UHVHDUFK�FUXLVH�='/+����������ZDV�FDUULHG�RXW�RQ�ERDUG� WKH�)LVKHULHV�5HVHDUFK�DQG�3URWHFWLRQ9HVVHO�'RUDGD� DW� WKH� VWDUW� RI� WKH� DXVWUDO� VSULQJ� �6HSWHPEHU�� ������ � 7KLV� ZDV� SULPDULO\� DQ� DFRXVWLFVXUYH\�RI�VSDZQLQJ�VRXWKHUQ�EOXH�ZKLWLQJ��0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV� DQG�ZDV�WKH�ILUVW�SKDVHRI�D�MRLQW�VXUYH\�FDUULHG�RXW�XQGHU�WKH�DXVSLFHV�RI�WKH�6RXWK�$WODQWLF�)LVKHULHV�&RPPLVVLRQ�
7KH�DUHD�VXUYH\HG�LQFOXGHG�WKH�VORSH�IURP�����±�����P�DURXQG�WKH�HDVW��VRXWK�DQG�ZHVW�RI�WKH�)DONODQG,VODQGV��WKH�GHHSHU�VKHOI�DUHD�WR�WKH�6:�RI�WKH�)DONODQGV��WKH�VORSH�QRUWK�RI�,VOD�GH�ORV�(VWDGRV��DQG�WKH%XUGZRRG�%DQN���7KH�SULQFLSDO�FRQFHQWUDWLRQV�RI�VRXWKHUQ�EOXH�ZKLWLQJ�ZHUH�IRXQG�WR�WKH�VRXWK�RI�WKH)DONODQG� ,VODQGV�� � 7ZR� GLVWLQFW� JURXSV� ZHUH� LGHQWLILHG� LQ� WKLV� UHJLRQ�� ODUJH� ILVK� DJJUHJDWHG� IRUVSDZQLQJ�� DQG� DJJUHJDWLRQV� RI� VPDOOHU� ILVK� RI� PL[HG� PDWXULW\� LQ� GHHSHU� ZDWHU� WR� WKH� VRXWK� RI� WKHVSDZQLQJ� DUHD�� �7KH� SRVW�VSDZQLQJ� GLVSHUVDO� KDG� QRW� EHJXQ� DQG� QR� VLJQLILFDQW� DJJUHJDWLRQV� RI� EOXHZKLWLQJ�ZHUH�IRXQG�WR�WKH�HDVW�RI�WKH�)DONODQGV��DOWKRXJK�D�VPDOO�QXPEHU�RI�MXYHQLOH�ILVK�ZHUH�FDXJKWKHUH�
6RXWKHUQ�EOXH�ZKLWLQJ�ZDV�XQFRPPRQ�RYHU� WKH�GHHSHU�VKHOI�DUHDV�EXW�PRUH�DEXQGDQW� WR� WKH�QRUWK�RI,VOD�GH�ORV�(VWDGRV���+HUH�WKHUH�ZDV�DJDLQ�HYLGHQFH�RI�WZR�JURXSV�RI�ILVK��MXYHQLOHV�DQG�ODUJHU�ILVK�DW�DPL[WXUH� RI�PDWXULW\� VWDJHV�� LQFOXGLQJ� D� VPDOO� QXPEHU� RI� VSDZQLQJ� ILVK�� �9LUWXDOO\� QR� VRXWKHUQ� EOXHZKLWLQJ�ZHUH�FDXJKW�RQ�WKH�%XUGZRRG�%DQN�
3UHOLPLQDU\� DFRXVWLF� HVWLPDWHV� RI� VRXWKHUQ� EOXH� ZKLWLQJ� ELRPDVV� UDQJHG� IURP� ��� WR� ���� WKRXVDQGWRQQHV�� � 7KH� ZLGH� UDQJH� LQ� WKHVH� HVWLPDWHV� ZDV� WKH� UHVXOW� RI� DQ� H[WUHPHO\� SDWFK\� GLVWULEXWLRQ� RIVSDZQLQJ� VRXWKHUQ� EOXH� ZKLWLQJ�� DQG� IXUWKHU� DQDO\VLV� RI� WKH� GLVWULEXWLRQ� LV� UHTXLUHG� EHIRUH� D� ILQDOELRPDVV�ILJXUH�FDQ�EH�GHULYHG�
6DPSOHV�ZHUH�WDNHQ�IURP�VRXWKHUQ�EOXH�ZKLWLQJ�IRU�VWXGLHV�RI�VWRFN�GLVFULPLQDWLRQ�DQG�UHSURGXFWLRQ�
+RNL��0DFUXURQXV�PDJHOODQLFXV� ZDV�DEXQGDQW�WR�WKH�VRXWK�HDVW�DQG�VRXWK�ZHVW�RI�WKH�)DONODQGV��DQGQRUWK�RI�,VOD�GH�ORV�(VWDGRV���7KH�PDMRULW\�ZHUH�DW�UHVWLQJ��VWDJH�,,��PDWXULW\���6SDZQLQJ�DJJUHJDWLRQVRI�)DONODQGV�+HUULQJ��6SUDWWXV�IXHJHQVLV� ZHUH�IRXQG�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�%XUGZRRG�%DQN���7KHURFNFRG�3DWDJRQRWRWKHQ�UDPVD\L� ZDV�DOVR�DEXQGDQW�RQ�WKH�%XUGZRRG�%DQN�DQG�WKH�PDMRULW\�RI�DGXOWVZHUH�SRVW�VSDZQLQJ�
/ROLJR�JDKL�ZDV� HQFRXQWHUHG�ZLGHO\� WKURXJKRXW� WKH� VXUYH\�DUHD� DQG� VDPSOHV�ZHUH� WDNHQ� IRU� JHQHWLFDQDO\VLV�
7KUHH�GHHS�ZDWHU�SHODJLF�WUDZOV�ZHUH�FDUULHG�RXW�DW�WKH�HQG�RI�WKH�VXUYH\�LQ�GHHS�ZDWHU�WR�WKH�VRXWK�RIWKH�)DONODQGV�WR�LQYHVWLJDWH�WKH�UHODWLYHO\�XQNQRZQ�GHHS�ZDWHU�SHODJLF�HFRV\VWHP�RI� WKH�DUHD�� �7KHVHWUDZOV�ZHUH�VXFFHVVIXO�LQ�REWDLQLQJ�WKH�ILUVW�VSHFLPHQV�RI�PDWXUH�IHPDOH�VTXLG�*DOLWHXWKLV�JODFLDOLV�DQG*RQDWXV�DQWDUFWLFXV�
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7KH� UHVHDUFK� FUXLVH� ='/+����������ZDV� WKH� VHFRQG� DFRXVWLF� VXUYH\� RI� VSDZQLQJ� FRQFHQWUDWLRQV� RI0LFURPHVLVWLXV� DXVWUDOLV� DXVWUDOLV� �VRXWKHUQ� EOXH� ZKLWLQJ�� FDUULHG� RXW� E\� WKH� )LVKHULHV� 'HSDUWPHQWRQERDUG� WKH�'RUDGD� ,W�ZDV�DOVR� WKH� ILUVW�RFFDVLRQ�RQ�ZKLFK� WKH�'RUDGD�SDUWLFLSDWHG� LQ�D� MRLQW�8.�$UJHQWLQH�VXUYH\�XQGHU�WKH�DXVSLFHV�RI�WKH�6RXWK�$WODQWLF�)LVKHULHV�&RPPLVVLRQ��DQG�WKUHH�VFLHQWLVWVIURP�,1,'(3�MRLQHG�WKH�VFLHQWLILF�WHDP���7KH�ZRUN�RQERDUG�'RUDGD�UHSUHVHQWHG�WKH�ILUVW�SKDVH�RI�WKHMRLQW�VXUYH\��ZLWK�WKH�VHFRQG�SKDVH�FDUULHG�RXW�E\�WKH�,1,'(3�YHVVHO�2FD�%DOGD�GXULQJ�2FWREHU������
3UHYLRXV� MRLQW� VXUYH\V� RI� 6RXWKHUQ�%OXH�:KLWLQJ�� DQG� WKH� DGGLWLRQDO� VXUYH\� FDUULHG� RXW� E\� ),)'� LQ2FWREHU�������)DONODQG�,VODQGV�*RYHUQPHQW���������JHQHUDOO\�PLVVHG�SHDN�VSDZQLQJ���$OWKRXJK�ODUJHSRVW�VSDZQLQJ�DJJUHJDWLRQV�ZHUH�HQFRXQWHUHG�RQ�D�QXPEHU�RI� VXUYH\V��RQ� WKHVH�RFFDVLRQV� WKHUH�ZDVDOVR�HYLGHQFH�WKDW�WKH�ILVK�KDG�EHJXQ�WKHLU�SRVW�VSDZQLQJ�GLVSHUVDO���$QDO\VLV�RI�GDWD�JDWKHUHG�E\�),)'REVHUYHUV� RYHU� WKH� ODVW� IRXUWHHQ� \HDUV� VXJJHVWHG� WKDW� VSDZQLQJ� XVXDOO\� SHDNHG� LQ� 6HSWHPEHU�� � 3HDNVSDZQLQJ�ZDV�H[SHFWHG�WR�EH�WKH�EHVW�WLPH�DW�ZKLFK�WR�FDUU\�RXW�DQ�DFRXVWLF�VXUYH\�DV�LW�ZDV�DQWLFLSDWHGWKDW�WKH�PDMRULW\�RI�WKH�VSDZQLQJ�SRSXODWLRQ�ZRXOG�EH�FRQFHQWUDWHG�LQ�WKH�PDLQ�VSDZQLQJ�DUHD�WR�WKHVRXWK�RI�WKH�)DONODQGV�

�����5HJLRQ
7KH�UHJLRQ�VXUYH\HG�LQFOXGHG�WKH�VORSH�DURXQG�WKH�)DONODQG�,VODQGV�DW�GHSWKV�EHWZHHQ�����DQG�����PFORFNZLVH�IURP�1(�RI�(DVW�)DONODQG�WR�1:�RI�:HVW�)DONODQG��WKH�GHHSHU�VKHOI�UHJLRQ�LQ�WKH�6:�RI�WKH),&=��WKH�VORSH�QRUWK�RI�,VOD�GH�ORV�(VWDGRV��DQG�WKH�%XUGZRRG�%DQN�� �7ZR�RI�WKHVH�DUHDV��WKH�VORSHURXQG�WKH�)DONODQG�,VODQGV��DQG�QRUWK�RI�,VOD�GH� ORV�(VWDGRV��ZHUH�VXUYH\HG�DJDLQ�E\� WKH�2FD�%DOGDGXULQJ�WKH�VHFRQG�SKDVH�RI�WKH�MRLQW�VXUYH\����7KH�SODQQHG�FUXLVH�WUDFN�LV�VKRZQ�LQ�)LJXUH���
)LJXUH���� 3ODQQHG�FUXLVH�WUDFN�IRU�UHVHDUFK�FUXLVH�='/+����������
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��� 7R�VWXG\�RFHDQRJUDSKLF�FRQGLWLRQV�RYHU�WKH�VXUYH\�DUHD�
��� 7R�FROOHFW�URXWLQH�ELRORJLFDO�VDPSOHV�DQG�VSHFLILF�VDPSOHV�IRU�VWXGLHV�RI�VWRFN�GLVFULPLQDWLRQ�DQGUHSURGXFWLRQ�LQ�0��D��DXVWUDOLV�
��� 7R�PRQLWRU� WKH� HIIHFWV� RI� DQ� H[SHULPHQWDO� ELUG� VFDULQJ� GHYLFH� �6RXWK� $WODQWLF� $OEDWURVV� 6DYHU�6$$6��GXULQJ�WUDZOLQJ�
��� 7R�FDUU\�RXW�LQWHU�YHVVHO�FDOLEUDWLRQV�ZLWK�WKH�&DSW��2FD�%DOGD�
��� ,I�WLPH�DOORZHG��WR�FDUU\�RXW�VRPH�GHHS�ZDWHU�SHODJLF�WUDZOV�VRXWK�RI�WKH�)DONODQGV�

�����&UXLVH�SODQ
7KH�PDLQ�VXUYH\�ZDV�FDUULHG�RXW�EHWZHHQ���6HSWHPEHU�DQG���2FWREHU��������7ULDOV�RI�WKH�ELUG�VFDULQJGHYLFH�ZHUH� FDUULHG�RXW�GXULQJ� WKH� ILUVW� WHQ� GD\V� RI� WKLV� SHULRG��ZLWK� FKDQJHV� LQ� VFLHQWLILF� SHUVRQQHOEHLQJ� FDUULHG� RXW� DW� $OEHPDUOH� RQ� ��� 6HSWHPEHU� DQG�1HZ� ,VODQG� RQ� ��� 6HSWHPEHU�� � 7KH� LQWHU�VKLSFRPSDULVRQ�ZDV�FDUULHG�RXW�DIWHU�WKH�PDLQ�VXUYH\�SHULRG��RQ�������2FWREHU��ZKHQ�WKH�&DSW��2FD�%DOGDDUULYHG�LQ�WKH�DUHD�
7KH�SODQQHG�DFRXVWLF�VXUYH\�WUDFN��)LJXUH����FRQVLVWHG�RI�D�³]LJ�]DJ´�WUDQVHFW�SDWWHUQ��EHJLQQLQJ�WR�WKH1(� RI� (DVW� )DONODQG�� � 7UDQVHFWV� ZHUH� JHQHUDOO\� XS�GRZQ� VORSH� EHWZHHQ� ���� DQG� ���� P�2FHDQRJUDSKLF�VWDWLRQV�ZHUH�FDUULHG�RXW�DW�WKH�FUXLVH�WUDFN�YHUWLFHV�DQG�DW�WKH�PLGGOH�RU�HYHU\�VHFRQGVXUYH\� OHJ�� � $GGLWLRQDO� RFHDQRJUDSKLF� VWDWLRQV� ZHUH� FDUULHG� RXW� RQ� SUH�H[LVWLQJ� RFHDQRJUDSKLFWUDQVHFWV�� $FRXVWLF� DQG� RFHDQRJUDSKLF� GDWD� ZHUH� FROOHFWHG� DORQJ� WKH� HQWLUH� FUXLVH� WUDFN�� � � 5HJXODUSODQNWRQ�VWDWLRQV�ZHUH�QRW�LQFOXGHG�LQ�WKH�FUXLVH�SODQ�EXW�ZHUH�FDUULHG�RXW�DV�WLPH�DOORZHG�

�����9HVVHO�FKDUDFWHULVWLFV
7KH� FUXLVH� ZDV� FRQGXFWHG� RQ� ERDUG� WKH� )LVKHU\� 3DWURO�5HVHDUFK� 9HVVHO� 'RUDGD� UHJLVWHUHG� LQ� WKH)DONODQG�,VODQGV�
7DEOH����&KDUDFWHULVWLFV�RI�WKH�)LVKHULHV�3URWHFWLRQ�DQG�5HVHDUFK�9HVVHO��'RUDGD�
&DOOVLJQ ='/+�/HQJWK ���P*57 �����W157 ����W&UHZ ���SHRSOH

�����3HUVRQQHO�DQG�UHVSRQVLELOLWLHV
7KH�IROORZLQJ�),)'�SHUVRQQHO�SDUWLFLSDWHG�LQ�WKH�FUXLVH�
'U�'DYLG�0LGGOHWRQ &KLHI�&UXLVH�6FLHQWLVW�$FRXVWLF�VXUYH\'U�5\V]DUG�*U]HELHOHF 2FHDQRJUDSKLF�VXUYH\-RRVW�3RPSHUW 7UDZO�VXUYH\'U�9ODGLPLU�/DSWLNKRYVN\ 7UDZO�VXUYH\�5HSURGXFWLYH�ELRORJ\$QGUHZ�6WRFNV 7UDZO�VXUYH\�6$$6�WULDOV2OLYHU�<DWHV 7UDZO�VXUYH\
'UV��$GULDQ�0DGLURODV��$FRXVWLF�VXUYH\���0DUFHOR�3iMDUR��7UDZO�VXUYH\�5HSURGXFWLYH�ELRORJ\��*XVWDYR�$OYDUH]�&RORPER��$FRXVWLF�VXUYH\�7UDZO�VXUYH\��IURP�,1,'(3�DOVR�SDUWLFLSDWHG�LQ�WKHVXUYH\�WRJHWKHU�ZLWK�'U��%HQ�6XOOLYDQ��)DONODQGV�&RQVHUYDWLRQ�6HDELUGV�DW�6HD�WHDP��ZKR�OHG�WKH6$$6�WULDOV�
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��%DWK\PHWU\
�����,QWURGXFWLRQ
7KH�EDWK\PHWULF�GDWD�DYDLODEOH�IRU�WKH�VXUYH\�UHJLRQ�IURP�K\GURJUDSKLF�FKDUWV�RU�VWDQGDUG�GDWD�VRXUFHVVXFK�DV�*(%&2�����*HQHUDO�%DWK\PHWULF�&KDUW�RI�WKH�2FHDQV��1(5&��������YDULHV�LQ�TXDOLW\���'HSWKFRQWRXUV� DUH�RIWHQ� LQDFFXUDWHO\�SODFHG�PDNLQJ�FUXLVH�SODQQLQJ� DQG�GDWD� LQWHUSUHWDWLRQ�PRUH� GLIILFXOW�7KH�VXUYH\�SDWWHUQ�GHVLJQHG�IRU�WKH�DVVHVVPHQW�RI�0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV�ELRPDVV�ZDV�DOVRXVHIXO�IRU�WKH�FROOHFWLRQ�RI�EDWK\PHWULF�GDWD�

�����0HWKRGV
3RVLWLRQ�DQG�ZDWHU�GHSWK�ZHUH� UHFRUGHG�DW� ILYH�PLQXWH� WLPH� LQWHUYDOV�DORQJ� WKH� FUXLVH� WUDFN�� �'XULQJWUDZOV�PRUH�IUHTXHQW�SRVLWLRQ�GHSWK�GDWD�ZDV�ORJJHG���7KLV�ZDV�LQWHJUDWHG�ZLWK�SUHYLRXV�WUDFN�ORJ�GDWDUHFRUGHG�RQ�'RUDGD� %DWK\PHWULF�GDWD�ZDV�FRPSLOHG�IRU�WKH�UHJLRQ�IURP������WR������6�DQG������ WR�����:���7KLV�GDWD�ZDV�JULGGHG�XVLQJ�D�������ODWLWXGH�ORQJLWXGH�JULG�VSDFLQJ��WDNLQJ�WKH�PHGLDQ�YDOXHZKHQ�D�JULG�FHOO�FRQWDLQHG�PXOWLSOH�GHSWK�UHFRUGLQJV��DQG�LQWHUSRODWHG�XVLQJ�VSOLQHV���*ULG�FHOOV�PRUHWKDQ����NP�IURP�D�PHDVXUHG�GHSWK�ZHUH�PDVNHG�DQG�WKH�UHVXOWLQJ�JULG�ZDV�FRQWRXUHG�

�����5HVXOWV
7KH�EDWK\PHWU\�RI�WKH�UHJLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH�����,Q�)LJXUH���WKH�GDWDVHW�LV�FRQWRXUHG�DQG�WKH��������������������DQG������EDWK\PHWULF�FRQWRXUV�DUH�FRPSDUHG�ZLWK�WKH�GDWD�IURP�WKH�*(%&2�DWODV���,W�LVFOHDU� WKDW� WKH�*(%&2�FRQWRXUV� JLYH� D� UHDVRQDEOH� DSSUR[LPDWLRQ� RI� WKH� UHJLRQDO� EDWK\PHWU\� EXW� DUHPRVW� DFFXUDWHO\�SRVLWLRQHG� IRU�GHHSHU�GHSWKV�� �7KH�DFWXDO�SRVLWLRQ�RI� WKH����P�FRQWRXU�QRUWK� RI� WKH)DONODQGV�� DQG� WKH� ���� DQG� ���P� FRQWRXUV� VRXWK� DQG� HDVW� RI� WKH� )DONODQGV� FOHDUO\� GLIIHUV� TXLWHVLJQLILFDQWO\�IURP�WKDW�JLYHQ�LQ�WKH�*(%&2�GDWDVHW�

)LJXUH���� %DWK\PHWU\�RI�WKH�VXUYH\�UHJLRQ�IURP�GDWD�XWLOLVLQJ�QHZ�DQG�KLVWRULFDO�GDWD��*ULG�FHOOV�IURPZKLFK�QR�GDWD�LV�DYDLODEOH�DUH�VKRZQ�LQ�ZKLWH�
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)LJXUH����%DWK\PHWULF�FRQWRXUV�DW���������������������DQG�����P�XVLQJ�WKH�VDPH�GDWD�DV�)LJXUH���EODFN�OLQHV��WRJHWKHU�ZLWK�WKH�HTXLYDOHQW�FRQWRXUV�IURP�WKH�*(%&2�DWODV��GDVKHG�UHG�OLQHV��
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���2FHDQRJUDSKLF�VXUYH\
+\GURJUDSKLF�GDWD�ZHUH�FROOHFWHG�DW�����RFHDQRJUDSKLF�VWDWLRQV��)LJXUH����GXULQJ�WKH�SHULRG��6HSWHPEHU�WR���2FWREHU�������6WDWLRQV�ZHUH�PDGH�DW�WKH�FUXLVH�WUDFN�YHUWLFHV�DQG�DW�LQWHUPHGLDWHSRVLWLRQV�RQ�HYHU\�VHFRQG�VXUYH\�OHJ���$GGLWLRQDO�VWDWLRQV�ZHUH�FDUULHG�RXW�RQ�SUH�GHILQHGRFHDQRJUDSKLF�WUDQVHFWV���7ZR�WUDQVHFWV�LQ�WKH�VRXWK�PDGH�WRZDUGV�WKH�HQG�RI�WKH�VXUYH\�ZLOOVXSSOHPHQW�WKH�SDWWHUQ�RI�UDGLDO�RFHDQRJUDSKLF�WUDQVHFWV�DURXQG�WKH�)DONODQGV�FDUULHG�RXW�E\�WKH�2FD%DOGD�LQ�WKH�VHFRQG�SKDVH�RI�WKH�MRLQW�VXUYH\�
�����0HWKRGV
$ ORJJLQJ�&7'2�SURILOHU��6%(�����6HD�%LUG�(OHFWURQLFV�,QF���%HOOHYXH��86$��ZDV�GHSOR\HG�WR�REWDLQGHSWK�SURILOHV�RI�WHPSHUDWXUH���&���VDOLQLW\��368���DQG�FKORURSK\OO�D��XJ�O������'DWD�RQ�R[\JHQFRQFHQWUDWLRQ�ZDV�DOVR�ORJJHG�EXW�LV�QRW�FRQVLGHUHG�UHOLDEOH�DQG�VR�LV�QRW�GLVFXVVHG�IXUWKHU���7KH�&7'ZDV�GHSOR\HG�IRU�WKH�ILUVW���PLQXWHV�DW���P�GHSWK�WR�DOORZ�SRODUL]LQJ�RI�WKH�R[\JHQ�VHQVRU���,W�ZDV�WKHQUHWULHYHG�WR���P�GHSWK�DQG�GHSOR\HG�DJDLQ�HLWKHU�WR�D�GHSWK�DERXW�������P�DERYH�WKH�ERWWRP��VKHOI�DQGFRQWLQHQWDO�VORSH��RU�GRZQ�WR������P�LQ�WKH�RSHQ�VHD��7KH�VSHHG�RI�GHSOR\PHQW�ZDV�F����P�V�DQG�ZDVPRQLWRUHG�E\�XVH�RI�D�ZLUH�FRXQWHU��7KH�&7'2�VHQVRUV�ZHUH�FDOLEUDWHG�LQ�0D\�-XQH������E\�6HD�%LUG(OHFWURQLFV�,QF���$QDO\VHV�ZHUH�FDUULHG�RXW�XVLQJ�2FHDQ�'DWD�9LHZ�YHUVLRQ��PS�����D���6FKOLW]HU�������

)LJXUH����/RFDWLRQ�RI�WKH�&7'�VWDWLRQV�FDUULHG�RXW�RQ�UHVHDUFK�FUXLVH�='/+�����������*(%&2EDWK\PHWU\��
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�����5HVXOWV
7KH�&7'�VWDWLRQV�FRYHUHG�ZDWHUV�RI�WKH�HDVWHUQ�DQG�ZHVWHUQ�EUDQFK�RI� WKH�)DONODQG�&XUUHQW�QHDU� WKH)DONODQG� ,VODQGV�� VKHOI� ZDWHUV� RYHU� WKH� 3DWDJRQLDQ� VKHOI�� DQG� ZDWHUV� RI� WKH� %XUGZRRG� %DQN� DQG)DONODQG�7URXJK�
7HPSHUDWXUHV� UDQJHG� IURP������ WR� �����&�� VDOLQLW\� IURP������ WR� ����� SVX�� FKORURSK\OO�D� IURP��� WR� �
>mJ�/@�DQG�GHQVLWLHV�UDQJHG�IURP������WR������NJ�P���7KH�GLVWULEXWLRQ�RI�WKHVH�SDUDPHWHUV�IRU�DOO����VWDWLRQV�LV�SUHVHQWHG�LQ�)LJXUH���ZKLOVW�VXUIDFHV�ILWWHG�WR�WKH�QHDU�ERWWRP�DQG�VXUIDFH�GDWD�DUH�VKRZQ�LQ)LJXUH���WR�)LJXUH���
$�GHWDLOHG�K\GURORJLFDO�DQDO\VLV�RI�WKH�GDWD�REWDLQHG�ZLOO�EH�FDUULHG�RXW�GXULQJ�WKH�ILUVW�KDOI�RI������E\RFHDQRJUDSKHUV�IURP�$WODQW1,52��.DOLQLQJUDG��XQGHU�FRQWUDFW�WR�),*�

)LJXUH����'LVWULEXWLRQ�RI�WHPSHUDWXUH��VDOLQLW\��FKORURSK\OO�D�DQG�GHQVLW\�IRU�DOO�&7'�VWDWLRQV�FDUULHGRXW�GXULQJ�UHVHDUFK�FUXLVH�='/+����������
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)LJXUH����7KH�GLVWULEXWLRQ�RI�VXUIDFH�DQG�QHDU�ERWWRP�WHPSHUDWXUHV�XVLQJ�GDWD�IURP�DOO�&7'�VWDWLRQVFDUULHG�RXW�GXULQJ�UHVHDUFK�FUXLVH�='/+�������������6HSWHPEHU�WR���2FWREHU�������
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)LJXUH����7KH�GLVWULEXWLRQ�RI�VXUIDFH�DQG�QHDU�ERWWRP�VDOLQLW\�XVLQJ�GDWD�IURP�DOO�&7'�VWDWLRQV�FDUULHGRXW�GXULQJ�UHVHDUFK�FUXLVH�='/+�������������6HSWHPEHU�WR���2FWREHU�������
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)LJXUH����7KH�GLVWULEXWLRQ�RI�VXUIDFH�DQG�QHDU�ERWWRP�FKORURSK\OO�D�XVLQJ�GDWD�IURP�DOO�&7'�VWDWLRQVFDUULHG�RXW�GXULQJ�UHVHDUFK�FUXLVH�='/+�������������6HSWHPEHU�WR���2FWREHU�������
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)LJXUH����7KH�GLVWULEXWLRQ�RI�VXUIDFH�DQG�QHDU�ERWWRP�GHQVLW\�XVLQJ�GDWD�IURP�DOO�&7'�VWDWLRQV�FDUULHGRXW�GXULQJ�UHVHDUFK�FUXLVH�='/+�������������6HSWHPEHU�WR���2FWREHU�������
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���%LRORJLFDO�VDPSOLQJ
�����7UDZOV
$OO� WUDZO� VWDWLRQV�XVHG�DQ�(1*(/�VHPL�SHODJLF� WUDZO�ZLWK�D������P�KHDGOLQH�DQG�D������P�IRRWURSHHTXLSSHG�ZLWK�URFNKRSSHUV���7KH�PHVK�VL]H�DW�WKH�FRG�HQG�ZDV����PP�DQG�D����PP�FRG�HQG�OLQHU�ZDVXVHG�� 7KH� GRRUV� ZHUH� 6XSHU�9� VW\OH� ZHLJKLQJ� ����� NJ� DQG� ZLWK� DQ� DUHD� RI� �� P��� 7KH� WUDZO� ZDVHTXLSSHG�ZLWK�6,05$'�,7,�VHQVRUV���7KH�W\SLFDO�YHUWLFDO�RSHQLQJ�RI�WKH�WUDZO�ZDV�EHWZHHQ����DQG���P� ZKHQ� ILVKLQJ� VHPL�SHODJLFDOO\�� � 7KH� WRZLQJ� WLPH� DW� WKH� WUDZO� KRUL]RQ� �XVXDOO\� WKH� VHDEHG�� ZDVQRUPDOO\����PLQV�EXW�ZKHQ�WDUJHWHG�WUDZOV�ZHUH�FDUULHG�RXW�WKLV�ZDV�VKRUWHQHG�LI�QHFHVVDU\�WR�DYRLG�DPDVVLYH�FDWFK��DQG�VXEVHTXHQW�GLVFDUG��RI�ILVK���7RZLQJ�WLPH�IRU�WKH�GHHS�ZDWHU�SHODJLF�WUDZOV�ZDV��KRXUV�DW�WKH�GHVLJQDWHG�KRUL]RQ�

�����%LRORJLFDO�VDPSOLQJ
2EMHFWLYHV�RI�WKH�ELRORJLFDO�VDPSOLQJ�SURJUDPPH�ZHUH�WR�
��� $FFXUDWHO\�ZHLJK�DOO�FDWFK�DQG�E\�FDWFK��DQG�LGHQWLI\�WR�VSHFLHV�OHYHO��ZKHUH�SRVVLEOH�
��� &ROOHFW�ELRORJLFDO�GDWD�LQFOXGLQJ�OHQJWK�IUHTXHQF\�DQG�RU�VL]H�ZHLJKW�GDWD�IURP�WKH�PDLQ�FDWFK�DQGE\�FDWFK�VSHFLHV��WRJHWKHU�ZLWK�RWROLWKV�IRU�DJHLQJ�ILQILVK�
��� &ROOHFW�ZKROH�ILVK��RWROLWK��DQG�PXVFOH�VDPSOHV�IURP�0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV�IRU�VWRFNGLVFULPLQDWLRQ�VWXGLHV�
��� &ROOHFW�JRQDG�VDPSOHV�IURP�0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV�IRU�VWXGLHV�RI�LWV�UHSURGXFWLYHELRORJ\�
��� $QDO\VH�WKH�GLHW�RI�D�YDULHW\�RI�VSHFLHV�DQG�FROOHFW�ZKROH�VWRPDFKV�RI�0LFURPHVLVWLXV�DXVWUDOLVDXVWUDOLV�IRU�DQDO\VLV�DVKRUH�
��� &ROOHFW�VDPSOHV�RI�/ROLJR�JDKL�IRU�VWDWROLWK�H[WUDFWLRQ�DQG�PXVFOHV�VDPSOHV�IRU�JHQHWLF�DQDO\VLV�
�������&DWFK�HVWLPDWLRQ
7KH�WRWDO�FDWFK�ZDV�VRUWHG��LGHQWLILHG�WR�VSHFLHV��ZKHQ�SRVVLEOH��DQG�ZHLJKHG�E\�VSHFLHV�XVLQJ�PDULQHEDODQFHG�VFDOHV���6DPSOH�VXE�VDPSOH�ZHLJKWV�ZHUH�DOVR�UHFRUGHG�
�������%LRORJLFDO�DQDO\VHV
)RU�VDPSOHV������LQGLYLGXDOV��RU�WKH�HQWLUH�FDWFK�LI�OHVV��RI�FRPPHUFLDO�ILQ�ILVK�VSHFLHV�WKH� IROORZLQJZHUH�UHFRUGHG��WRWDO�RU�SUH�DQDO�OHQJWK�WR�WKH�QHDUHVW�FHQWLPHWHU�EHORZ��7/���VH[��PDWXULW\�VWDJH��),)'HLJKW�VWDJH�VFDOH���VWRPDFK�IXOOQHVV�DQG�GLHW�FRPSRVLWLRQ��,QGLYLGXDO�ZHLJKW�ZDV�UHFRUGHG�LQ�JUDPV�WRWKH�QHDUHVW�JUDP�XVLQJ�D�32/6�PDULQH�EDODQFHG�VFDOH�RU�WR�WKH�QHDUHVW����JUDPV�XVLQJ�WKH�6FDQYDHJWEDODQFHV�
)URP�DOO�VWDWLRQV�ZKHUH�/ROLJR�JDKL�ZDV�FDXJKW�D�VDPSOH�RI�����LQGLYLGXDOV��RU�WKH�HQWLUH�FDWFK�LI�WKLVZDV�OHVV��ZDV�DQDO\VHG�IRU�OHQJWK�DQG�ZHLJKW��ZLWK�VRPH�VXE�VDPSOHV�VXEMHFWHG�WR�VWDWROLWK�H[WUDFWLRQDW�VHD��'RUVDO�PDQWOH� OHQJWK��'0/��ZDV�PHDVXUHG� WR� WKH�QHDUHVW� KDOI�FHQWLPHWUH�EHORZ��DQG�VH[�DQGPDWXULW\�VWDJH�ZHUH�UHFRUGHG��)RU�IHPDOHV��HYLGHQFH�RI�VSHUP�LQ�WKH�EXFFDO�FDYLW\�DQG�RU�LQ�WKH�PDQWOHDWWDFKHG�QHDU�RU�RQWR�WKH�JLOOV�ZDV�UHFRUGHG�� �$�VWRPDFK�IXOOQHVV�LQGH[��6),��UDQJH������DQG�VWDJH�RIGLJHVWLRQ�������ZDV�UHFRUGHG�IRU�DOO�VSHFLPHQV�
)RU� UD\V� WKH� IROORZLQJ�ZHUH� UHFRUGHG�� VSHFLHV�� WRWDO� OHQJWK� �7/�� DQG�GLVN�ZLGWK� �':�� WR� WKH�QHDUHVWFHQWLPHWHU�EHORZ��VH[��VWDJH�RI�PDWXULW\��),)'�VFDOH���ZHLJKW��GLHW��DQG�OHYHO�RI�2WRGLVWRPXP�SOXQNHWLLQIHFWLRQ�
6SHFLHV�FRGHV�XVHG�IRU�WKH�GHVFULSWLRQ�RI�GLHWDU\�FRPSRQHQWV�DUH�JLYHQ�LQ�7DEOH���
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7DEOH����&RGHV�XVHG�IRU�GLHWDU\�FRPSRQHQWV�
&RGH 6SHFLHV�QDPH
$&3 $FDQWKHSK\UD�SHODJLFD$03 $PSKLSRGV$10 $QHPRQH$17 $QWKR]RD%(( %HQWKRFWRSXV�HXUHND%(2 %HURH�RYDWD%/8 0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV&$6 &DPS\ORQRWXV�VHPLVWULDWXV&$9 &DPS\ORQRWXV�YDJDQV&+$ &KDHWRJQDWKD&2$ &RSHSRGD&2* 3DWDJRQRWRWKHQ�JXQWKHUL&2; 1RWRWKHQLGV&5% &UDE&58 &UXVWDFHD&5; &UDQFKLLGDH�VSS�(83 (XSKDXVLGV),1 8QLGHQWLILHG�ILQILVK*21 *RQDWXV�DQWDUFWLFXV*5) &RHORUK\QFKXV�IDVFLDWXV*<0 *\PQRVFRSHOXV�VSS�+2/ +RORWKXURLGHD+<' +\GUR]RD,62 ,VRSRGV/2/ /ROLJR�JDKL0$5 0DUWLDOLD�K\DGHVL0(' 0HGXVDH081 0XQLGD�VSS�0;; 0\FWRSKLGDH0<6 0\VLGDFHD1(( 1HPDWRVFHOLV�PHJDORSV18' 1XGLEUDQFKLD23+ 2SKLXURLGHD3+5 3KURQLPLGDH32/ 3RO\FKDHWD6$/ 6DOSD�VS�6(5 6HUROLV�VSS�673 6WHUQRSW\[�SVHXGRGLDSKDQD:/. :KHONV

�������0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV�DJHLQJ�VDPSOHV
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6HSDUDWH�FDWFK�WDEOHV�DUH�JLYHQ�IRU�WKH����VHPL�SHODJLF�WUDZOV�WKDW�ZHUH�WKH�SULPDU\�ELRORJLFDO�VDPSOLQJDFWLYLW\�FDUULHG�RXW�RQ�WKH�FUXLVH��7DEOH�����DQG�WKH�WKUHH�GHHS�ZDWHU�SHODJLF�WUDZOV�FDUULHG�RXW�LQ�GHHSZDWHU�VRXWK�RI�WKH�)DONODQG�,VODQGV�DW�WKH�HQG�RI�WKH�FUXLVH��7DEOH����
7KH�VHPL�SHODJLF�WUDZOV�\LHOGHG�D� WRWDO�FDWFK�RI�������NJ�� �7KH�JUHDWHVW�RYHUDOO�FDWFK�E\�ZHLJKW�ZDVWKDW�RI�KRNL��0DFUXURQXV�PDJHOODQLFXV��ZLWK������NJ��������RI�WKH�WRWDO���IROORZHG�E\�VRXWKHUQ�EOXHZKLWLQJ��0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV��ZLWK������NJ����������WKH�JUHQDGLHU�0DFURXUXV�FDULQDWXVZLWK� �����NJ� DQG� WKH� )DONODQGV� +HUULQJ� 6SUDWWXV� IXHJHQVLV�ZLWK� ���NJ� �������� 7KHVH� IRXU� VSHFLHVFRPSULVHG�RYHU�����RI� WKH�HQWLUH�FDWFK�E\�ZHLJKW�� �7KH���SHODJLF� WUDZOV� \LHOGHG�D� WRWDO�RI���NJ��RIZKLFK�QHDUO\��������NJ��FRQVLVWHG�RI�0HGXVDH�
7DEOH�����2YHUDOO�FDWFK�DQG�VDPSOH�ZHLJKW�IURP�DOO�VHPL�SHODJLF�WUDZOV�FDUULHG�RXW�GXULQJ�UHVHDUFKFUXLVH�='/+����������
6SHFLHV&RGH 6SHFLHV�QDPH 7RWDO&DWFK��NJ� 7RWDO6DPSOHG��NJ� 3HUFHQWDJHRI�WRWDO
:+, 0DFUXURQXV�PDJHOODQLFXV �������� ������� �����%/8 0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV �������� ������� �����*5& 0DFURXUXV�FDULQDWXV �������� ������� �����6$5 6SUDWWXV�IXHJHQVLV ������� ������ �����3$5 3DWDJRQRWRWKHQ�UDPVD\L ������� ������� �����/2/ /ROLJR�JDKL ������� ������ �����*5) &RHORUK\QFKXV�IDVFLDWXV ������� ������ �����3$7 0HUOXFFLXV�DXVWUDOLV ������� ������� �����5*5 %DWK\UDMD�JULVHRFDXGD ������� ������� �����%$& 6DOLORWD�DXVWUDOLV ������ ������ �����5%5 %DWK\UDMD�EUDFK\XURSV ������ ������ �����/$5 /DPSULV�LPPDFXODWXV ������ ������ �����722 'LVVRVWLFKXV�HOHJLQRLGHV ������ ������ �����+$. 0HUOXFFLXV�KXEEVL ������ ������ �����5)/ 5DMD�IODYLURVWULV ������ ������ �����0(' 0HGXVDH ������ ����� �����
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.,1 *HQ\SWHUXV�EODFRGHV ������ ������ �����5%= 8QGHVFULEHG�EDWK\UDMLG��� ������ ������ �����631 6SRQJHV ������ � �����&*2 &RWWRSHUFD�JRELR ������ ������ �����5$/ %DWK\UDMD�DOERPDFXODWD ������ ������ �����508 %DWK\UDMD�PXOWLVSLQLV ������ ������ �����08/ (OHJLQRSV�PDFORYLQXV ������ ����� �����,1* 0RURWHXWKLV�LQJHQV ������ ������ �����56& %DWK\UDMD�VFDSKLRSV ������ ������ �����$17 $QWKR]RD ����� ����� �����3<0 3K\VLFXOXV�PDUJLQDWXV ����� ����� �����$10 $QHPRQHV ����� � �����8&+ 6HD�XUFKLQV ����� � �����'*+ 6FKURHGHULFKWK\V�ELYLXV ����� ����� �����'*6 6TXDOXV�DFDQWKLDV ����� ����� �����/$0 /DPSDQ\FWXV�PDFGRQDOGL ����� � �����3*5 3DUDGLSORVSLQXV�JUDFLOLV ����� ����� �����%(( %HQWKRFWRSXV�HXUHND ����� ����� �����&2* 3DWDJRQRWRWKHQ�JXQWKHUL ����� ����� �����&27 &RWWXQFXOXV�JUDQXORVXV ����� ����� �����((/ ,OXRFRHWHV�ILPEULDWXV ����� ����� �����*<1 *\PQRVFRSHOXV�QLFKROVL ����� ����� �����0$0 0DQFRSVHWWD�PLOIRUGL ����� ����� �����23+ 2SKLXURLGHD ����� � �����/(0 /HSLGRQRWRWKHQ�PDFURSKWKDOPD ����� ����� �����:/. :KHONV ����� � �����5'2 5DMD�GRHOORMXUDGRL ����� ����� �����0*3 0DJQLVXGLV�SULRQRVD ����� ����� �����$67 $VWHURLGHD ����� � �����0$7 $FKLURSVHWWD�WULFKROHSLV ����� ����� ������53; 3VDPPREDWLV�VSS� ����� ����� ������&(7 &HUDWLDV�WHQWDFXODWXV ����� ����� ������%5< %U\R]RD ����� ����� ������+,( +LVWLRWHXWKLV�HOWDULQDH ����� ����� ������00$ 0DQFRSVHWWD�PDFXODWD ����� ����� ������18' 1XGLEUDQFKLD ����� � ������&$6 &DPS\ORQRWXV�VHPLVWULDWXV ����� ����� ������*<0 *\PQRVFRSHOXV�VSS� ����� � ������12: 3DUDQRWRWKHQLD�PDJHOODQLFD ����� ����� ������*5+ 0DFURXUXV�KRORWUDFK\V ����� ����� ������082 0XUDHQROHSLV�RUDQJLHQVLV ����� ����� ������0$5 0DUWLDOLD�K\DGHVL ����� ����� ������0.1 0RURWHXWKLV�NQLSRYLFKL ����� ����� ������7+% 7K\PRSV�ELUVWHLQL ����� ����� ������0;; 0\FWRSKLGV ����� ����� ������%5/ %UDFKLRWHXWKLV�OLQNRYVN\L ����� ����� ������*<% *\PQRVFRSHOXV�EROLQL ����� � ������&$0 &DWDHW\[�PHVVLHUL ����� ����� ������%53 %UDFKLRSRGV ����� � ������$55 $UFWR]HQXV�ULVVR ����� ����� ������30* 3URWRPLFWRSKXP�JHPPDWXP ����� ����� ������(8/ (XU\SRGLXV�ODWUHLOOHL ����� � ������3$& 3DVLSKDHD�DFXWLIURQV ����� � ������08* 0XQLGD�JUHJDULD ����� � ������30; 3URWRPLFWRSKXP�VSS� ����� � ������',+ 'LDSKXV�KXGVRQL ����� � ������6&+ 6FRSHORVDXUXV�KDPLOWRQL ����� ����� ������1(' 1HROLWKRGHV�GLRPHGHDH ����� ����� ������
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6SHFLHV&RGH 6SHFLHV�QDPH 7RWDO&DWFK��NJ� 7RWDO6DPSOHG��NJ� 3HUFHQWDJHRI�WRWDO
0(' 0HGXVDH ������ � �����67* 6WRPLDV�JUDFLOLV ����� ����� �����%2$ %RURVWRPLDV�DQWDUFWLFXV ����� ����� �����/$$ /DPSDQ\FWXV�DFKLUXV ����� ����� �����%$* %DWK\ODJXV�JUDFLOLV ����� ����� �����631 6SRQJHV ����� � �����*5& 0DFURXUXV�FDULQDWXV ����� � �����*<% *\PQRVFRSHOXV�EROLQL ����� ����� �����*$* *DOLWHXWKLV�JODFLDOLV ����� ����� �����3*5 3DUDGLSORVSLQXV�JUDFLOLV ����� ����� �����$&3 $FDQWKHSK\UD�SHODJLFD ����� ����� �����%$7 %DWK\ODJXV�DQWDUFWLFXV ����� ����� �����*<1 *\PQRVFRSHOXV�QLFKROVL ����� � �����&(7 &HUDWLDV�WHQWDFXODWXV ����� ����� �����%(0 %HQWKDOEHOOD�PDFURVSLQQD ����� ����� �����64; 8QLGHQWLHG�VTXLG ����� ����� �����307 3URWRPLFWRSKXP�WHQLVRQL ����� ����� �����3$& 3DVLSKDHD�DFXWLIURQV ����� ����� �����&+6 &KDXOLRGXV�VORDQL ����� ����� �����*21 *RQDWXV�DQWDUFWLFXV ����� ����� �����690 6HUULYRPHULGDH ����� ����� �����&$* &DULVWLXV�JURHQODQGLFXV ����� ����� �����/$0 /DPSDQ\FWXV�PDFGRQDOGL ����� ����� �����*<+ *\PQRVFRSHOXV�KLQWRQRLGHV ����� ����� �����0*3 0DJQLVXGLV�SULRQRVD ����� ����� �����$9, $YRFHWWLQD�LQIDQV ����� ����� �����(/& (OHFWURQD�FDUOVEHUJL ����� ����� �����/(; /HVWUROHSLV�VSS� ����� ����� �����*<2 *\PQRVFRSHOXV�RSLVWKRSWHUXV ����� ����� �����%(/ %HQWKDEHOOD�HORQJDWD ����� ����� �����,') ,GLDFDQWKXV�IDVFLROD ����� ����� �����$/; $OHSRFHSKDOLGDH ����� ����� �����30& 3URWRPLFWRSKXP�FKRULRGRQ ����� � �����%55 %UDFKLRWHXWKLV�ULLVHL ����� ����� �����%$$ %DWK\WHXWKLV�DE\VVLFROD ����� ����� �����+,( +LVWLRWHXWKLV�HOWDULQDH ����� ����� �����673 6WHUQRSW\[�SVHXGRGLDSKDQD ����� ����� �����+,; +LVWLRWHXWKLV�VSS� ����� ����� �����&58 &UXVWDFHD ����� ����� �����122 1RWROHSLV�FRDWVL ����� ����� �����%5; %UDFKLRWHXWKLV�VS� ����� ����� �����525 5RVHQEODWWLD�UREXVWXV ����� ����� �����&<0 &\FORWKRQH�PLFURGRQ ����� ����� �����32& 3RURPLWUD�FUDVVLFHSV ����� ����� �����*,; *LJDQWRF\SULV�VSS� ����� ����� ������
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�����0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV
6RXWKHUQ�EOXH�ZKLWLQJ�RFFXUUHG�ZLGHO\��)LJXUH���D��EXW�ZDV�PRVW�DEXQGDQW�LQ�VSDZQLQJ�DJJUHJDWLRQVIRXQG� WR� WKH� VRXWK� RI� WKH�)DONODQG� ,VODQGV� LQ� GHSWKV� RI� ���� ±� ���P� �)LJXUH� ��E��� �9HU\� IHZ�0�� D�DXVWUDOLV� ZHUH� IRXQG� WR� WKH� HDVW� DQG� VRXWK�HDVW� RI� WKH� )DONODQGV� LQGLFDWLQJ� WKDW� WKH� SRVW�VSDZQLQJGLVSHUVDO�KDG�QRW�\HW�EHJXQ���+RZHYHU��PL[HG�DJJUHJDWLRQV�RI�0��D��DXVWUDOLV��ERWK�MXYHQLOH�DQG�QRQ�VSDZQLQJ��DGXOW� ILVK��ZHUH�HQFRXQWHUHG�VRPHZKDW� IXUWKHU�HDVW�RI� WKH�PDLQ� VSDZQLQJ�DJJUHJDWLRQV� LQGHSWKV�RI�����±����P���6RXWKHUQ�EOXH�ZKLWLQJ�ZHUH�DOVR�HQFRXQWHUHG��DW�UDWKHU�ORZHU�GHQVLWLHV��WR�WKHQRUWK�RI�,VOD�GH�ORV�(VWDGRV��9HU\�IHZ�0��D��DXVWUDOLV�ZHUH�HQFRXQWHUHG�RQ�WKH�%XUGZRRG�%DQN�
)LJXUH�������D��3UHVHQVH��UHG�VWDUV��RI�0��D��DXVWUDOLV�DW�WUDZO�VWDWLRQV�GXULQJ�UHVHDUFK�FUXLVH�='/+�������������E��&DWFK�SHU�XQLW�HIIRUW�RI�0��D��DXVWUDOLV���&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRWRI�&38(��NJ�KU����7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�
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%HWZHHQ�VWDWLRQ�GLIIHUHQFHV�LQ�WKH�OHQJWK�IUHTXHQF\�GLVWULEXWLRQ�DQG�GLVWULEXWLRQ�RI�PDWXULW\�DW�OHQJWKZHUH�LQYHVWLJDWHG�XVLQJ�FOXVWHU�DQDO\VLV���&OXVWHULQJ�RQ�WKH�EDVLV�RI�OHQJWK�DORQH�XVHG�WKH�SURSRUWLRQ�RILQGLYLGXDOV�LQ�HDFK�FHQWLPHWUH�VL]H�FODVV�DV�YDULDEOHV�� �7KH�FRPELQHG�OHQJWK�IUHTXHQF\�GLVWULEXWLRQ�DWHDFK� VWDWLRQ�� DQG� VHSDUDWH� PDOH� DQG� IHPDOH� OHQJWK� IUHTXHQF\� GLVWULEXWLRQV�� ZHUH� FRQVLGHUHG�� �:KHQFOXVWHULQJ�RQ�WKH�EDVLV�RI�VL]H�DQG�PDWXULW\�WKH�SURSRUWLRQ�RI�LQGLYLGXDOV�RI�HDFK�VH[�DQG�PDWXULW\�VWDJHLQ�HDFK�FHQWLPHWUH� OHQJWK�FODVV�ZDV�XVHG�� �$JJORPHUDWLYH�FOXVWHULQJ�ZDV�FDUULHG�RXW�XVLQJ� WKH�JURXSDYHUDJHV� DQG� HXFOLGHDQ� GLVWDQFH�� � 2QO\� WKH� WKLUWHHQ� VWDWLRQV� ZKHUH� HLJKW� RU� PRUH� LQGLYLGXDOV� ZHUHVDPSOHG�ZHUH�LQFOXGHG���:KHQ�FOXVWHULQJ�PDOH�DQG�IHPDOH�OHQJWK�IUHTXHQF\�GLVWULEXWLRQV�RQO\�VWDWLRQVZKHUH�DW�OHDVW�HLJKW�LQGLYLGXDOV�RI�WKDW�VH[�ZHUH�VDPSOHG�ZHUH�LQFOXGHG�
&OXVWHULQJ�RQ�WKH�EDVLV�RI�IHPDOH�VL]H��)LJXUH���D��VXJJHVWHG� WKH�SUHVHQFH�RI� WKUHH�RU�IRXU�JURXSV�RIVWDWLRQV��EXW�FRQVLGHUDEO\�OHVV�VWUXFWXUH�ZDV�HYLGHQW�LQ�WKH�FOXVWHULQJ�RI�PDOH�OHQJWK�IUHTXHQF\��)LJXUH��E��� � &OXVWHULQJ� RQ� WKH� EDVLV� RI� FRPELQHG� OHQJWK� IUHTXHQF\� �)LJXUH� ��F�� DQG� IUHTXHQF\� RI� VH[� DWPDWXULW\�DW�VL]H��)LJXUH���G��VXJJHVWV�EHWZHHQ���DQG���GLVWLQFW�JURXSV�RI�VWDWLRQV�
7KH�VWDWLRQ�JURXSLQJV�LGHQWLILHG�LQ�WKH�FOXVWHU�DQDO\VLV�DUH�IDLUO\�FOHDU�ZKHQ�WKH�VWDWLRQ�E\�VWDWLRQ�OHQJWKIUHTXHQF\� GLVWULEXWLRQV� DUH� FRQVLGHUHG� �)LJXUH� ����� � 7ZR� VWDWLRQV� ������ DQG� ������ ZHUH� FRPSULVHGDOPRVW�H[FOXVLYHO\�RI�VPDOO�����±����FP��ILVK�ZKLFK�DJHLQJ�GDWD�VXJJHVWV�ZLOO�EH�LQ�WKH����DJH�FODVV�7KHVH�ZHUH� FDXJKW� RQO\� LQ� VPDOO� QXPEHUV�� � 6WDWLRQ� ����� RFFXUUHG� HDVW� RI� WKH�)DONODQGV�� EXW� VWDWLRQ�����ZDV�FORVH�WR�WKH�PDLQ�VSDZQLQJ�DJJUHJDWLRQV�WR�WKH�VRXWK�RI�&DSH�0HUHGLWK��)LJXUH���D��
6WDWLRQ�������QRUWK�RI�,VOD�GH�ORV�(VWDGRV��ZDV�GRPLQDWHG�E\�ILVK�LQ�WKH�VL]H�UDQJH����±����FP���$W�WKHQHDUE\� VWDWLRQ������ WKLV� VL]H�PRGH�ZDV� VWLOO� DSSDUHQW�EXW� WKH�PDMRULW\�RI� WKH� ILVK�ZHUH� ��� ±� ��� FP�([LVWLQJ�RWROLWK�GDWD�VXJJHVWV�WKH����±���FP�ILVK�DUH�DJHG������7KH�RQO\�RWKHU�VWDWLRQ�ZKHUH�ILVK�RI�WKLVVL]H�ZHUH�SUHVHQW�LQ�DQ\�VLJQLILFDQW�QXPEHUV�ZDV�VWDWLRQ������LQ�GHHSHU�ZDWHU�WR�WKH�VRXWK�RI�WKH�PDLQVSDZQLQJ�DUHD�� �+RZHYHU�VWDWLRQV�LQ�WKLV�UHJLRQ�������������������������DW�����±����P�DQG������DW���P��ZHUH� ODUJHO\�GRPLQDWHG� E\� ILVK� RI� ��� WR� ��� FP�� � �$OO�PDWXULW\� VWDJHV�ZHUH� SUHVHQW��ZLWK� WKHPDOHV�EHLQJ�JHQHUDOO\�PRUH�PDWXUH�WKDQ�WKH�IHPDOHV�
7KH�PDLQ�VSDZQLQJ�DUHDV��WR�WKH�VRXWK�RI�WKH�)DONODQGV�LQ�GHSWKV�RI�����±�����P��ZHUH�UHSUHVHQWHG�E\VWDWLRQV������������������DQG��������7KH�PDMRULW\�RI�LQGLYLGXDOV�ZHUH�LQ�WKH�UDQJH����WR���FP�ZLWK�DWOHDVW�WKUHH�VL]H�PRGHV�RFFXUULQJ�ZLWKLQ�WKLV�UDQJH���6WDWLRQV������DQG������ZHUH�WUDZOHG�DSSUR[LPDWHO\WZR�ZHHNV� DIWHU������DQG������DQG� WKH�SURJUHVVLRQ�RI� IHPDOH�PDWXULW\� VWDJHV� LQ� WKLV� SHULRG� LV� YHU\FOHDU�ZLWK�SRVW�VSDZQLQJ�IHPDOHV�GRPLQDWLQJ�WKH�ODWWHU�WUDZOV�
6PDOO�QXPEHUV�RI�VSDZQLQJ�ILVK�ZHUH�IRXQG�LQ�GHHSHU�ZDWHU�VRXWK�RI�WKH�PDLQ�VSDZQLQJ�DJJUHJDWLRQVDQG�DW�VWDWLRQ������QRUWK�RI�,VOD�GH�ORV�(VWDGRV�
7R� LQYHVWLJDWH� SDWWHUQV� RI�PDWXUDWLRQ� LQ� VRXWKHUQ� EOXH� ZKLWLQJ� D� WRWDO� RI� ILYH� JRQDGV� SHU� HDFK�PDOHPDWXULW\� VWDJH�DQG� WHQ�JRQDGV�SHU�HDFK� IHPDOH�PDWXULW\� VWDJH�ZHUH�SUHVHUYHG� LQ� WKH� IRUPDOLQH�DFHWLFPL[WXUH��$�WRWDO�RI����RYDULHV�DW�VWDJH���ZHUH�VDPSOHG�WR�HVWLPDWH�ERWK�EDWFK�DQG�WRWDO�IHFXQGLW\�
7KH�VWDQGDUG�),)'�PDFURVFRSLF�ILVK�PDWXULW\�VFDOH�KDV�VRPH�OLPLWDWLRQV�ZKHQ�LQYHVWLJDWLQJ�WKH�SUHFLVHVHTXHQFH� DQG� WLPLQJ� RI� VSDZQLQJ� LQ� DQ� LQWHUPLWWHQW� VSDZQHU� VXFK� DV� WKH�0�� D�� DXVWUDOLV�� � $� PRUHGHWDLOHG� VFDOH� �7DEOH� ���ZDV� WKHUHIRUH� DSSOLHG�� � 7KLV� LV� FRPSDWLEOH� ZLWK� WKH� QRUPDO� ),)'� VFDOH� EXWDOORZV�D�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�WKH�SRSXODWLRQ�UHSURGXFWLYH�VWDWXV�
7KH�GLVWULEXWLRQ�RI�PDWXULW\�VWDJHV��DQG�WKH�VL]H�RI�RYDULHV��LQ�IHPDOHV�VDPSOHG�IURP�WKH�UHSURGXFWLYHJURXSV�HQFRXQWHUHG�ZKHQ�WKH�PDLQ�VSDZQLQJ�DUHD�ZDV�ILUVW�VXUYH\HG�VXJJHVWV�WKDW�WKH\�ZHUH�SUREDEO\LQ�WKH�PLGGOH�RI�WKH�VSDZQLQJ�VHDVRQ��7ZR�ZHHNV�ODWHU�ZKHQ�WKH�DUHD�ZDV�VXUYH\HG�DJDLQ�PRVW�RI�WKHIHPDOHV�ZHUH�IRXQG�WR�EH�UHDFKLQJ�WKH�HQG�RI�WKH�VSDZQLQJ�VHDVRQ�
7UDZOV�ZHUH�FDUULHG�RXW�RQO\�GXULQJ�GD\OLJKW�DQG�HDUO\�HYHQLQJ�VR�LW�ZDV�QRW�SRVVLEOH�WR�ILQG�RXW�ZKDWWLPH�RI�GD\�HJJ�K\GUDWLRQ�DQG�VSDZQLQJ�RFFXUV��7KH�JUHDWHVW�RFFXUUHQFH�RI�VSDZQLQJ�IHPDOHV�ZDV�DWVWDWLRQ� ������ZKLFK�ZDV� WKH� ODWHVW� WUDZO� FDUULHG� RXW� RQ� WKH� VSDZQLQJ� JURXQGV� ��������������� �7KHUHZHUH�QR�VLJQLILFDQW�QXPEHUV�RI�VWDJH�����IHPDOHV�LQ�PRUQLQJ�DQG�GD\�WUDZOV��7KHUHIRUH�LW�LV�OLNHO\�WKDWWKH�VRXWKHUQ�EOXH�ZKLWLQJ�VSDZQV�HDUO\�LQ�WKH�QLJKW�
6SDZQLQJ�DQLPDOV�KDG�QRW�EHHQ� IHHGLQJ�� �7KH�IHHGLQJ�DFWLYLW\�RI� IRUDJLQJ�ILVK�RXWZLWK� WKH�VSDZQLQJJURXQGV� ZDV� DOVR� ORZ�� PRVW� VWRPDFKV� ZHUH� HPSW\�� � ,Q� WKRVH� IHZ� WKDW� FRQWDLQHG� UHPQDQWV� RI� IRRG�HXSKDXVLLGV�ZHUH�D�FRPPRQ�SUH\�LWHP�
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)LJXUH������'HQGRJUDPV�VKRZLQJ�DJJORPHUDWLYH�FOXVWHULQJ�RI�VWDWLRQV�IURP�ZKLFK�DW�OHDVW���0��D�DXVWUDOLV�ZHUH�VDPSOHG���&OXVWHULQJ�LV�EDVHG�RQ��D��IHPDOH�OHQJWK�IUHTXHQF\�GLVWULEXWLRQ���E��PDOHOHQJWK�IUHTXHQF\�GLVWULEXWLRQ���F��FRPELQHG�VH[�OHQJWK�IUHTXHQF\�GLVWULEXWLRQ��DQG��G��IUHTXHQF\�RI�VH[DW�PDWXULW\�DW�VL]H�
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)LJXUH������6WDWLRQ�E\�VWDWLRQ�OHQJWK�IUHTXHQF\�GLVWULEXWLRQV�RI�IHPDOH�DQG�PDOH�0��D��DXVWUDOLV�IRUVWDWLRQV�ZKHUH�DW�OHDVW�LQGLYLGXDOV�ZHUH�VDPSOHG��7KH�SORWV�XVH��FP�OHQJWK�FODVVHV�ZLWK�WKH�KLVWRJUDPEDUV�FRORXUHG�DFFRUGLQJ�WR�WKH�SURSRUWLRQ�RI�HDFK�PDWXULW\�FODVV�SUHVHQW�
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7DEOH�����'HWDLOHG�PDWXULW\�VFDOH�
6WDQGDUG),)'PDWXULW\VWDJH

'HWDLOHGVWDJH 'HVFULSWLRQ 'LDJQRVLV

� � -XYHQLOH $V�SHU�VWDQGDUG�VFDOH
�� )LVK�KDV�QHYHU�VSDZQHGEHIRUH��DIWHU�VWDJH���

� �� )LVK�GLG�QRW�VSDZQ�EHIRUH�LQWKLV�\HDU��DIWHU�VWDJH�����7KLVVWDJH�FRXOG�DEVHQW�LQ�PDQ\VSHFLHV��ZKHUH�VWDJH���IROORZV�VWDJH����

'LIIHUHQFHV�EHWZHHQ�VWDJHV�DUH�TXLWHVXEMHFWLYH�DQG�VKRXOG�EH�GHVFULEHG�IRUHYHU\�VSHFLHV�LI�QHFHVVDU\��*HQHUDOO\�DQRYDU\�DW�VWDJH����LV�PXFK�ODUJHU�WKDQ�DWVWDJH�����$SSO\�ZKHQ�FHUWDLQ��RWKHUZLVHMXVW�XVH�VWDJH���
�� )LVK�KDV�QHYHU�VSDZQHGEHIRUH��DIWHU�VWDJH����� �� )LVK�KDV�QRW�VSDZQHG�EHIRUHLQ�WKLV�\HDU��DIWHU�VWDJH���RUVWDJH�����

'LIIHUHQFHV�EHWZHHQ�VWDJHV�DUH�TXLWH�DQGDUH�UHODWHG�WR�WKH�ODUJHU�YROXPH�RI�WKHRYDU\�OXPHQ�DW�VWDJH����WKDQ�DW�VWDJH����$SSO\�ZKHQ�FHUWDLQ��RWKHUZLVH�DVVLJQ�DVVWDJH���
�� )LVK�GLG�QRW�VSDZQ�EHIRUH�LQWKLV�VHDVRQ��DIWHU�ERWK�VWDJHV���DQG������
�� )LVK�KDV�DOUHDG\�UHOHDVHGVRPH�SDUW�RI�IHFXQGLW\�

9ROXPH�RI�WKH�RYDU\�OXPHQ�LV�QHJOLJLEOHDW�VWDJH����DQG�YHU\�ODUJH�DW�VWDJH����6WDJHV�UHFRJQLVDEOH�RQO\�DIWHU�RYDU\RSHQHG�
�� )LVK�GLG�QRW�VSDZQ�EHIRUH�LQWKLV�VHDVRQ��DIWHU�VWDJH������ �� )LVK�KDV�DOUHDG\�UHOHDVHGVRPH�SDUW�RI�IHFXQGLW\��DIWHUVWDJH�����

'LIIHUHQFHV�DUH�WKH�VDPH�LV�WKH�VDPH�DVEHWZHHQ��±�DQG����

� � 'LIIHUHQFHV�EHWZHHQ�SRVVLEOH����DQG���DUH�XVXDOO\�EDUHO\�UHFRJQLVDEOH�DQGVXEMHFWLYH�
� (QG�RI�VSDZQLQJ $V�SHU�VWDQGDUG�VFDOH
� 6SHQW�DQG�UHVWLQJ $V�SHU�VWDQGDUG�VFDOH

�����0DFUXURQXV�PDJHOODQLFXV
&DWFKHV�RI�KRNL�UDQJHG�IURP������NJ�DW�VWDWLRQ������WR�D�IHZ�KXQGUHG�JUDPV�DW�RWKHUV��VHH�)LJXUH�����)LJXUH����VKRZV�WKH�FRPELQHG��PDOH��IHPDOH�DQG�MXYHQLOH��OHQJWK�IUHTXHQF\�GLVWULEXWLRQV�IRU�VHOHFWHGVWDWLRQV�WRJHWKHU�ZLWK�WKH�RYHUDOO�GLVWULEXWLRQ�IRU�DOO�VWDWLRQV�FRPELQHG���7KH�PDMRULW\�RI� ILVK�ZHUH� LQWKH� UDQJH� �����FP� SUH�DQDO� OHQJWK� �3$/�� EXW� VRPH� VWDWLRQV� VSHFLPHQV� IURP� RXWZLWK� WKLV� UDQJH� RUGLVSOD\HG�DQ�H[WUD�VL]H�PRGH��VWDWLRQV�������������������
7KH�PDMRULW\�RI� WKH�SRSXODWLRQ� ������ZDV� DW�PDWXULW\� VWDJH���ZLWK� FRQVLGHUDEO\� VPDOOHU� DPRXQWV� LQRWKHU�VWDJHV�����XQVH[HG�DQG�RU�MXYHQLOHV�����VWDJH�������VWDJH�������VWDJH����
6WRPDFK� IXOOQHVV� DQG� GLHW� FRPSRQHQWV� ZHUH� DVVHVVHG� LQ� DOO� LQGLYLGXDOV� VDPSOHG�� )HHGLQJ� ZDV� PRUHSUHYDOHQW� LQ� VRPH�DUHDV� WKDQ� LQ�RWKHUV� �VHH�7DEOH������'LHW� FRPSRQHQWV�ZHUH� VLPLODU� WR� WKRVH� IRXQGSUHYLRXVO\� ZLWK� WKH� H[FHSWLRQ� RI� VWDWLRQ� �����ZKHUH� D� FRPPRQ� FRPSRQHQW� LQ� WKH� GLHW� RI� KRNL� ZDV3K\VLFXOXV�PDUJLQDWXV��3<0����7KLV�VSHFLHV�ZDV�DOVR�RQO\�FDXJKW�LQ�WKH�VDPH�JHQHUDO�DUHD��6:�RI�WKH)DONODQGV��VWDWLRQV�������������������������DQG�������



��

7DEOH�����0��PDJHOODQLFXV�GLHW�VXPPDU\�WDEOH���&RGHV�IRU�GLHWDU\�FRPSRQHQWV�DUH�JLYHQ�LQ�7DEOH���
6WDWLRQ )HHGLQJ�SURSRUWLRQ 'LHW�&RPSRQHQWV
���� YLUWXDOO\�QR�IHHGLQJ���� $SS������ PDLQO\�&+$�DQG�7+(��VRPH�(83���� 1R�IHHGLQJ���� 2QO\���� VRPH�0;;�DQG�7+(���� $SS������ 7+(�DQG�(83���� $SS����� 7+(�DQG�(83���� $SS������ 7+(�DQG�(83���� $SS������ 7+(�DQG�(83��VRPH�/2/����%UDFKLRWHXWKLV���� $SS������ (83�DQG�7+(��EXW�OLWWOH�DPRXQWV���� $SS������ /2/��6$5��7+(�DQG�(83���� OLWWOH 7+(�DQG�(83���� $SS������ 7+(�PDLQO\��IHZ�(83���� $SS����� 7+(�DQG�(83���� )HZ������ 0;;��(83��7+(���� ��� 0DLQO\�3<0��VRPH�%/8��VRPH�(83��IHZ�7+(��HYHQ�FRPE�MHOOLHV����� MXYHQLOHV��RQO\���� (83�DQG�$03

)LJXUH������5HODWLYH�DEXQGDQFH�RI�0DFUXURQXV�PDJHOODQLFXV��&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKHVTXDUH�URRW�RI�&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
M. magellanicus

(kg/hr)
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2500
20
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)LJXUH������0��PDJHOODQLFXV�OHQJWK�IUHTXHQF\�GLVWULEXWLRQ�DQG�VH[�UDWLR�IRU�VHOHFWHG��QXPEHU�VDPSOHG!����VWDWLRQV�
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�����0DFURXUXV�FDULQDWXV
&DWFKHV� RI� WKH� JUHQDGLHU�0DFURXUXV� FDULQDWLV� UDQJHG� IURP� ���NJ� DW� VWDWLRQ� ����� DW� ���P� RQ� WKHQRUWKHUQ� IODQN� RI� WKH� %XUGZRRG� %DQN� WR� D� IHZ� KXQGUHG� JUDPV� �RQH� VSHFLPHQ�� DW� RWKHUV�� ,W� ZDVZLGHVSUHDG��DQG�FRPPRQO\�FDXJKW�DW�GHSWKV�JUHDWHU�WKDQ����P�
6SHFLPHQV�UDQJHG�LQ�VL]H�IURP��FP�WR���FP�3$/��ZLWK�PDOHV�EHLQJ�QRWLFHDEO\�VPDOOHU�����FP�3$/�WKDQ�IHPDOHV��XS�WR���FP�3$/��VHH�)LJXUH������)HPDOHV�ZHUH�FOHDUO\�PRUH�DEXQGDQW�FRPSULVLQJ����RI� WKH� LQGLYLGXDOV� VDPSOHG��7KH�PDMRULW\�RI� ILVK� VDPSOHG�ZHUH� LPPDWXUH� RU�PDWXULQJ� ����� VWDJH� ������VWDJH��������VWDJH�������VWDJH����EXW�D�VLJQLILFDQW�SURSRUWLRQ�������ZDV�DOUHDG\�LQ�SRVW�VSDZQLQJVWDJHV���������DQG����������1R�VSDZQLQJ�DQLPDOV�ZHUH�HQFRXQWHUHG��+RZHYHU��PDWXUH�DQG�VSDZQLQJVSHFLPHQV� ZHUH� HQFRXQWHUHG� LQ� WKH� 6:� RI� WKH� ),&=� GXULQJ� $XJXVW� ����� E\� ),)'� REVHUYHUV� RQFRPPHUFLDO�YHVVHOV���7KH�VSDZQLQJ�SHULRG�RI�0��FDULQDWXV�PD\��WKHUHIRUH��ODVW�IRU�D�IHZ�PRQWKV�IURPHDUO\�$XJXVW�XQWLO�2FWREHU�
)LJXUH�����5HODWLYH�DEXQGDQFH�RI�0��FDULQDWXV���&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S
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53˚S

52˚S

51˚S
M. carinatus

(kg/hr)
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4

)LJXUH�����*URXSHG��DOO�VWDWLRQV��OHQJWK�IUHTXHQF\�GLVWULEXWLRQ�IRU�0��FDULQDWXV�
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)HHGLQJ� DQG� GLHW� ZHUH� H[DPLQHG� LQ� DOO� VSHFLPHQV� VDPSOHG� DOWKRXJK� WKLV� ZDV� FRPSOLFDWHG� E\� WKHWHQGHQF\�RI�VWRPDFKV�LQ�WKLV�VSHFLHV�WR�EHFRPH�LQYHUWHG�GXULQJ�KDXOLQJ��7KH�GLHW�RI�0��FDULQDWXV�ZDVFRQVLGHUDEO\�PRUH�YDULHG�WKDQ�WKDW�RI�RWKHU�VSHFLHV��VHH�7DEOH������ZKLFK�FRUUHVSRQGV�ZLWK�WKH�IDFW�WKDWJUHQDGLHUV�DUH�NQRZQ�WR�EH�VFDYHQJHUV��'LHWDU\�FRPSRQHQWV�DUH�OLVWHG�URXJKO\�LQ�RUGHU�RI�LPSRUWDQFH�
7DEOH������6WDWLRQ�E\�VWDWLRQ�GLHW�VXPPDU\�IRU�0��FDULQDWXV�
6WDWLRQ )HHGLQJ�SURSRUWLRQ 'LHW�&RPSRQHQWV
���� ���� 3$5�DQG�/2/���� ���� 3$5�DQG�%((���� ��� $17��*5)��),1��23+��$03��&$6���� 1LO���� 1LO���� 1LO���� ���� $10��:/.��),1���� 1LO���� 1LO���� ��� :/.��+2/��*5)��3<0���� ���� &+$��(83��6(5����� ��� 6(5��(83��,62��0$5��*59���� ��� (83��7+(��$03��0('���� ��� ((/���� ���� ),1��3<0"���3<0��$10��0('���� ���� ),1��3$5��0('��*5)��3<0��&RPE�MHOOLHV���� ��� ),1��7+(��32/��(83��$03��6KULPS���� 1LO���� 1LO���� ���� 7+%��&$6��*5)�RWROLWK���� ���� ),1���� ����� ,62��$03��),1���� ��� 3$5�DQG�6$5���� 1LO���� 1LO

�����6SUDWWXV�IXHJHQVLV
)DONODQGV� +HUULQJ� ZDV� FDXJKW� H[FOXVLYHO\� RQ� WKH� %XUGZRRG� %DQN� ZLWK� WKH� H[FHSWLRQ� RI� D� VLQJOHVSHFLPHQ�DW�VWDWLRQ��������7KH�ODUJHVW�FDWFK�ZDV����NJ�DW�VWDWLRQ����������NJ��� �'LVWLQFWLYH�DFRXVWLFWUDFHV�HQDEOHV�IXUWKHU�ODUJH�FDWFKHV�WR�EH�DYRLGHG�EXW��NJ�ZDV�WDNHQ�DW�VWDWLRQ�������VHH�)LJXUH�����
6SHFLPHQV�UDQJHG�LQ� VL]H�IURP���FP� WR���FP�WRWDO� OHQJWK� �7/���ZLWK� IHPDOHV�EHLQJ� ODUJHU�DQG�PRUHDEXQGDQW�������VHH�)LJXUH������ �7KH�SRSXODWLRQ�ZDV�FOHDUO\�FORVH� WR�RU� LQ� WKH�SURFHVV�RII� VSDZQLQJ�ZLWK�����LQ�VWDJH��������LQ�VWDJH��������LQ�VWDJH��������LQ�VWDJH����DQG�����LQ�VWDJH���
'LHW�DQG�IHHGLQJ�ZHUH�DVVHVVHG�LQ�DOO�VSHFLPHQV�VDPSOHG��$W�VWDWLRQ����������RI�LQGLYLGXDOV�KDG�EHHQIHHGLQJ� ZKLOH� DW� VWDWLRQ� ����� DOO� VSHFLPHQV� KDG� EHHQ� IHHGLQJ�� � ,Q� DOO� FDVHV� 6�� IXHJHQVLV� KDG� EHHQIHHGLQJ�RQ�HXSKDXVLGV��(83��



��

)LJXUH�����5HODWLYH�DEXQGDQFH�RI�6��IXHJHQVLV��&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
S. fuegensis

(kg/hr)

1600

400
4

)LJXUH�����*URXSHG��DOO�VWDWLRQV��OHQJWK�IUHTXHQF\�GLVWULEXWLRQ�IRU�6��IXHJHQVLV�
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��

�����3DWDJRQRWRWKHQ�UDPVD\L
&DWFKHV�RI�WKH�URFNFRG�3��UDPVD\L�RFFXUUHG�WKURXJKRXW�WKH�FUXLVH��DW�D�WRWDO�RI����VWDWLRQV��7KH�ODUJHVWFDWFKHV�RFFXUUHG�RQ�WKH�%XUGZRRG�%DQN�ZLWK����NJ�DW�VWDWLRQ������DQG���NJ�DW�VWDWLRQ������
6SHFLPHQV� UDQJHG� LQ� VL]H� IURP� �FP� WR� ��FP� 7/� DQG� IHPDOHV� ZHUH� VOLJKWO\� PRUH� DEXQGDQW� ����IHPDOHV����6SHFLPHQV�ODUJHU�WKDQ���FP�7/�ZHUH�H[FOXVLYHO\�IHPDOH�EXW�RWKHUZLVH�WKH�VL]H�GLVWULEXWLRQVRI�WKH�VH[HV�ZHUH�VLPLODU��$GXOWV��PDLQO\�SRVW�VSDZQLQJ�VSHFLPHQV��VWDUWHG�WR�DSSHDU�LQ�WKH�SRSXODWLRQDW�DURXQG���FP�7/�ZLWK� WKH�SURSRUWLRQ�RI�DGXOWV� LQFUHDVLQJ�ZLWK�VL]H��VHH�)LJXUH����DQG�)LJXUH�����0DOHV�RI�DGXOW�VL]H�ZHUH�OHVV�DGYDQFHG�LQ�PDWXULW\�WKDQ�IHPDOHV��ZLWK�D�IDLU�SURSRUWLRQ�VWLOO�LQ�VWDJHV��DQG����ZKHUHDV�LQ�IHPDOHV�WKHVH�VWDJHV�ZHUH�DEVHQW
,W�KDG�EHHQ�REVHUYHG�SUHYLRXVO\� WKDW�3��UDPVD\L�GLVSOD\V� VRPH�FRORXU�YDULDWLRQ�DQG�DV�D� UHVXOW� QRWHVZHUH�NHSW�RQ�FRORXUDWLRQ�GXULQJ�ELRORJLFDO� VDPSOLQJ�� � ,W�ZDV� IRXQG� WKDW�PDWXUH�PDOH� VSHFLPHQV�KDGEODFN�FRORXUDWLRQ�RQ�WKHLU�ILQV��DQG�JLOO�FRYHUV�WKDW�ZDV�DEVHQW�LQ�SRVW�VSDZQLQJ�UHVWLQJ�VWDJHV��)LJXUH����
7KH�GLHW�RI�3��UDPVD\L�ZDV�DQDO\VHG�RQO\�IURP�VWDWLRQ������RQZDUGV��7DEOH����OLVWV�WKH�SURSRUWLRQ�WKDWKDG�EHHQ�IHHGLQJ�DQG�GLHWDU\�FRPSRQHQWV�LQ�RUGHU�RI�LPSRUWDQFH��$W�FHUWDLQ�VWDWLRQV�������	�������3�UDPVD\L�IHG�LQWHQVLYHO\�RQ�WKH�HJJV�RI�WKH�HXSKDXVLG�1HPDWRVFHOLV�PHJDORSV��DV�ZHOO�DV�RQ�WKH�HJJV�RI0��FDULQDWXV�DQG�FRSHSRGV���2Q�D�IHZ�RFFDVLRQV�3��UDPVD\L�IHG�H[WHQVLYHO\�RQ�ERWK�6HUROLV�VSS��DQGRSKLXULGDH�

)LJXUH�����5HODWLYH�DEXQGDQFH�RI�3��UDPVD\L��&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
P. ramsayi

(kg/hr)

400

100
1
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)LJXUH�����*URXSHG���DOO�VWDWLRQV��OHQJWK�IUHTXHQF\�DQG�PDWXULW\�GLVWULEXWLRQ�IRU�IHPDOH�3��UDPVD\L�
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��

)LJXUH�����&RORXUDWLRQ�LQ�PDWXUH�PDOH�3��UDPVD\L�

7DEOH������6WDWLRQ�E\�VWDWLRQ�GLHW�VXPPDU\�IRU�3��UDPVD\L�
6WDWLRQ )HHGLQJSURSRUWLRQ 'LHW�&RPSRQHQWV
���� ��� 6(5��&58��),1��$10��$17��:/.���� ��� 6(5��$10��6WRQHV���� ��� (83���� ��� ),1�HJJV��$03���� ���� (83��7+(��),1�HJJV���� ��� 23+��),1��7+(���� 1LO���� ���� *5&�HJJV��1((�HJJV��1((��(83��&+$��&2$��$03��7+(���� ���� 081��(83��6(5���� ���� 1((��&2$��&+$��7+(��*5&�HJJV��1((�HJJV���� ��� (83��+<'��081��),1��7+(��),1�HJJV��32/��&+$���� ��� (83��7+(��$03��32/��0;;��&2$���� ��� 6$5�HJJV��(83��081��&2$��7+(��),1���� ��� (83��7+(��&2$��0('��23+��$03��32/��6DOSV���� ��� &2*��6(5��HJJV�XQLG���(83���� ���� &<0��30;��&+$��673��(83��3$5��32/���� ��� %(2��32/��(83



��

������&RHORUK\QFKXV�IDVFLDWXV
&DWFKHV�RI�WKH�JUHQDGLHU�&RHORUK\QFKXV�IDVFLDWXV�ZHUH�JHQHUDOO\�VPDOO�ZLWK�WKH�ODUJHVW�EHLQJ�D�WRWDO�RI��NJ� DW� VWDWLRQ� ������ ZKLFK� ZDV� DOVR� WKH� JUHDWHVW� GHSWK� DW� ZKLFK� WKLV� VSHFLHV� ZDV� FDXJKW� ����P��2WKHUZLVH�FDWFKHV�YDULHG� IURP�D� IHZ� VSHFLPHQV� WR� MXVW� RYHU��NJ��7KH� VSHFLHV�ZDV�PRVW� DEXQGDQW� DWGHSWKV�RI��������P�6:�RI�WKH�,VODQGV��VHH�)LJXUH�����
6SHFLPHQV� UDQJHG� LQ� VL]H� IURP��FP� WR���FP�3$/��ZLWK� IHPDOHV� VOLJKWO\�PRUH� DEXQGDQW� ������ WKDQPDOHV� DQG� QRWLFHDEO\� ODUJHU� �)LJXUH� ����� $GXOW�� �SUH��VSDZQLQJ� VSHFLPHQV� VWDUWHG� WR� DSSHDU� LQ� WKHSRSXODWLRQ�DW�DURXQG��FP�3$/�ZLWK� WKH�SURSRUWLRQ� DGXOW� LQFUHDVLQJ�ZLWK� VL]H� �)LJXUH����DQG�)LJXUH�����2YHUDOO�WKH�SURSRUWLRQ�RI�PDWXUH�PDOHV�ZDV�YHU\�ORZ��ZLWK�����RI�PDOHV�LQ�VWDJHV�������DQG����DQGRQO\����LQ�VWDJHV���DQG����,Q�IHPDOHV�WKH�VLWXDWLRQ�ZDV�TXLWH�GLIIHUHQW��ZLWK�����LQ�VWDJHV�������DQG�������LQ�VWDJHV������������������DQG���������DQG�WKH�UHPDLQLQJ�����LQ�VWDJHV���DQG���
7KH�GLHW�RI�&��IDVFLDWXV�ZDV�DQDO\VHG�ZKHQHYHU�SRVVLEOH��EXW� WKLV�ZDV�KDPSHUHG�E\� WKH� WHQGHQF\� IRUVWRPDFKV� WR� LQYHUW�GXULQJ�KDXOLQJ�� �$V� D� UHVXOW� WKH� VDPSOH� VL]H� IRU�GLHW� DQDO\VLV�ZDV� VPDOO�� �'LHWDU\FRPSRQHQWV�ZHUH�HXSKDXVLGV��LVRSRGV��DQG�7��JDXGLFKDXGL�

)LJXUH�����5HODWLYH�$EXQGDQFH�RI�&��IDVFLDWXV��&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
C. fasciatus

(kg/hr)

100

25
1
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)LJXUH�����*URXSHG���DOO�VWDWLRQV��OHQJWK�IUHTXHQF\�DQG�PDWXULW\�GLVWULEXWLRQ�IRU�IHPDOH�&��IDVFLDWXV�
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��

������0HUOXFFLXV�DXVWUDOLV�	�0HUOXFFLXV�KXEEVL
)URP� VWDWLRQ� ����� WR� VWDWLRQ� ����� ERWK�0�� DXVWUDOLV� DQG�0�� KXEEVL� DSSHDUHG� IUHTXHQWO\� LQ� FDWFKHV�DOWKRXJK�W\SLFDOO\�ZHUH�UHSUHVHQWHG�E\�MXVW�D�IHZ�VSHFLPHQV�RI�HDFK��7KH�ODUJHVW�KDNH�FDWFKHV��!��NJ�RFFXUUHG�DW�WKH�IRXU�VWDWLRQV�������������������DQG�������DQG�ZHUH�DOO�RI�0��DXVWUDOLV��7KH�ODUJHVW�0�KXEEVL�FDWFK��MXVW�OHVV�WKDQ���NJ��RFFXUUHG�DW�VWDWLRQ�������)LJXUH�����
2I�WKH����0��KXEEVL�VSHFLPHQV�FDXJKW�DQG�DQDO\VHG�GXULQJ�WKH�FUXLVH�DOO�EXW�RQH�ZHUH�IHPDOHV��ZKLFKUDQJHG�LQ�VL]H�IURP������FP�7/��PHDQ���FP���7KH�VROLWDU\�PDOH�ZDV���FP�7/��2YHUDOO�����ZHUH�LQPDWXULW\�VWDJH��������LQ�VWDJH���DQG�����LQ�VWDJH���
2I� WKH����VSHFLPHQV�RI�0��DXVWUDOLV� FDXJKW�DQG�DQDO\VHG�����ZHUH� IHPDOHV��7KHVH�ZHUH� LQ� WKH� VL]HUDQJH������FP�7/��PHDQ���FP���ZKLOH�WKH���PDOHV�UDQJHG�IURP������FP��PHDQ���FP���2YHUDOO����RI� VSHFLPHQV�ZHUH� LQ�PDWXULW\� VWDJHV� �� 	� ��� ��� LQ� VWDJHV� ��	� ��� DQG� ���� LQ� VWDJHV� ��	� ��� � 7KHVSHFLPHQV�LQ�VWDJHV�������DQG���ZHUH�PDLQO\�PDOHV����RXW�RI�����ZLWK�RQH�IHPDOH�LQ�VWDJH���
7KH�GLHW�RI�WKH�WZR�KDNHV�ZDV�YHU\�VLPLODU�IRFXVVLQJ�RQ�ODUJH�ILQILVK��SULPDULO\�0��D��DXVWUDOLV�DQG�0�PDJHOODQLFXV�� ZLWK� WKH� RFFDVLRQDO� RFFXUUHQFH� RI� RWKHU� SUH\� VXFK� DV� 3<0�� *5)�� (83�� %$&�� /2/�722��*21��DQG�0('��1RWH�KRZHYHU�WKDW�VDPSOHV�VL]HV�ZHUH�VPDOO�

)LJXUH�����5HODWLYH�DEXQGDQFH�RI�0��DXVWUDOLV��EOXH���DQG�0��KXEEVL��UHG���&LUFOH�GLDPHWHU�LVSURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
Merluccius spp.

(kg/hr)

100

25
1
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������6DOLORWD�DXVWUDOLV
&DWFKHV�RI�UHG�FRG��6��DXVWUDOLV��UDQJHG�IURP�IHZ�KXQGUHG�JUDPV�WR���NJ��VWDWLRQ��������0RVW�RI� WKHFDWFKHV�RFFXUUHG�WR�WKH�VRXWK�DQG�VRXWKZHVW�RI�WKH�,VODQGV��)LJXUH�������2I�WKH�����VSHFLPHQV�FDXJKWDQG�DQDO\VHG�GXULQJ�FUXLVH������ZHUH�IHPDOH��7KHVH�UDQJHG�LQ�VL]H�IURP����WR���FP�7/��PHDQ���FP�)LJXUH������0DOHV�UDQJHG�IURP������FP��PHDQ���FP��)LJXUH������ �7KH�PDMRULW\�������RI�VSHFLPHQVZHUH�LQ�LPPDWXUH�VWDJHV�������	��������ZHUH�LQ�VWDJHV���	����DQG�WKH�UHPDLQLQJ�����ZHUH�LQ�WKH�SRVWVSDZQLQJ�VWDJHV���	�����6SHFLPHQV�VPDOOHU�WKDQ���FP�7/�ZHUH�LPPDWXUH�ZKLOH�VSHFLPHQV�ODUJHU�WKDQWKLV�VL]H�ZHUH�LQ�DGXOW�PDWXULW\�VWDJHV��7KH�ILVK�VDPSOHG�ZHUH�JHQHUDOO\�LPPDWXUH��VXJJHVWLQJ�WKDW�WKHPDMRULW\�RI�DGXOWV�ZHUH�HOVHZKHUH�IRU�VSDZQLQJ�
,QYHUWHG�VWRPDFKV�PDGH�WKH�GLHW�RI�6��DXVWUDOLV�GLIILFXOW�WR�VWXG\����6RPH�VPDOOHU�VSHFLPHQV�ZHUH�IRXQGZLWK�VWRPDFK�FRQWHQWV�ZKLFK�LQFOXGHG�/2/��$03��(83��6(5��,62��32/��&2;��DQG�7+(�

)LJXUH�����5HODWLYH�DEXQGDQFH�RI�6��DXVWUDOLV��&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI&38(��NJ�KU���7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
S. australis

(kg/hr)

16

4
1
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)LJXUH�����*URXSHG���DOO�VWDWLRQV��OHQJWK�IUHTXHQF\�DQG�PDWXULW\�GLVWULEXWLRQ�IRU�IHPDOH�6�DXVWUDOLV�
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)LJXUH�����*URXSHG���DOO�VWDWLRQV��OHQJWK�IUHTXHQF\�DQG�PDWXULW\�GLVWULEXWLRQ�IRU�PDOH�6��DXVWUDOLV�
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��

������5DMLGDH
&DWFKHV�RI� UD\V�ZHUH� UHODWLYHO\� ORZ��ZKLFK� LV�SUHVXPDEO\� ODUJHO\�GXH� WR� WKH� W\SH�RI�JHDU�XVHG��$W� DQXPEHU� RI� VWDWLRQV�� KRZHYHU�� VRPH� VL]HDEOH� TXDQWLWLHV� RI� SDUWLFXODU� VSHFLHV� ZHUH� FDXJKW�� LQFOXGLQJ��NJ� RI� WKH� XQGHVFULEHG� %DWK\UDMLG� ��� DW� VWDWLRQ� ������ ��� DQG� ��NJ� RI� %DWK\UDMD� EUDFK\XURSV� DWVWDWLRQV������DQG������UHVSHFWLYHO\��DQG����DQG���NJ�RI�%DWK\UDMD�JULVHRFDXGD�DW�VWDWLRQV������DQG�����UHVSHFWLYHO\�� �7DEOH���� OLVWV� WKH� VSHFLHV� LQ�RUGHU�RI� WRWDO�FDWFK�VL]H��ZKLOH�)LJXUH���� VKRZV� WKHUHODWLYH�DEXQGDQFH�E\�VWDWLRQ�DQG�VSHFLHV��%LRORJLFDO�GDWD�ZDV�FROOHFWHG�DV�SHU�XVXDO�SURWRFROV��EXW�WKHVDPSOH�VL]H�ZDV�OLPLWHG�WR�UHODWLYHO\�IHZ�VSHFLPHQV�SHU�VSHFLHV�
7DEOH�����5DMLGDH�FDWFK�WDEOH�
6SHFLHV 7RWDO�&DWFK��NJ� 3URSRUWLRQ���
5*5 %DWK\UDMD�JULVHRFDXGD ������� ������5%5 %DWK\UDMD�EUDFK\XURSV ������ ������5)/ 5DMD�IODYLURVWULV ������ ������5%= 8QGHVFULEHG�%DWK\UDMLG��� ������ ������5$/ %DWK\UDMD�DOERPDFXODWD ������ �����508 %DWK\UDMD�PXOWLVSLQLV ����� �����56& %DWK\UDMD�VFDSKLRSV ����� �����5'2 5DMD�GRHOORMXUDGRL ����� �����53; 3VDPPREDWLV�VSS� ����� �����

)LJXUH������5HODWLYH�DEXQGDQFH�RI�DOO�5DMLGDH���&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RIWRWDO�UDMLG�&38(��NJ�KU��
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������/ROLJR�JDKL
/ROLJR�JDKL�ZDV�FDXJKW�ZLGHO\� WKURXJKRXW�WKH�VXUYH\�UHJLRQ��)LJXUH�����DQG�WR�WKH�VRXWK�DQG�HDVW�RIWKH�)DONODQGV�ZDV�ORFDOO\�DEXQGDQW�DW�GHSWKV�RI�����±�����P�
7KH�ELRORJLFDO�GDWD�RQ�/ROLJR�JDKL� VXJJHVWV�GLYLVLRQ� LQWR� WZR�PDMRU�DUHDV��D�QRUWKHDVW� UHJLRQ��ZKLFKFRPSULVHV� WKH� VORSH� DURXQG� WKH�)DONODQGV�RQO\�� DQG�D� VRXWKZHVW� UHJLRQ��ZKLFK� LQFOXGHG� DUHDV� LQ� WKH$UJHQWLQH�((=��VRPH�DGMDFHQW�)DONODQGV�ZDWHUV��DQG�WKH�%XUGZRRG�%DQN��:LWKLQ�HDFK�RI�WKHVH�UHJLRQVVTXLG�VL]H�DQG�PDWXULW\�DOVR�YDULHG�ZLWK�GHSWK�
,Q�WKH�QRUWKHDVW�UHJLRQ�WZR�PDMRU�FRKRUWV�ZHUH�SUHVHQW��)LJXUH������ZKLFK�SUHVXPDEO\�FRUUHVSRQGHG�WRWKH�VSULQJ�DQG�DXWXPQ�ZLQWHU� VSDZQHUV�� �6TXLG�RI������FP�0/�UHSUHVHQWHG� WKH�EXON�RI� WKH� DXWXPQ�ZLQWHU� VSDZQHUV�� �)HPDOHV�ZHUH� LPPDWXUH� DQG�PDWXULQJ� �VWDJHV� ,,�,,,���PDOHV�ZHUH�PRVWO\�PDWXULQJ�VWDJH�,,,�SUHGRPLQDWHG��DQG�PDWXUH��DQG�WKHUH�ZDV�D�VPDOO�QXPEHU�RI�VWLOO�LPPDWXUH�VTXLG��7KLV�FRKRUWUHSUHVHQWHG�WKH�EXON�RI�WKH�SRSXODWLRQ��DERXW������DW�GHSWKV�RI���������P�DQG�SUHGRPLQDWHG��DERXW�����DW�GHSWKV�EHWZHHQ�����DQG�����P�
7KH� VSULQJ� VSDZQHUV�ZHUH� UHSUHVHQWHG� E\�PDWXULQJ� IHPDOHV� DQG�PRVWO\�PDWXUH�PDOHV�� WKRXJK� VRPHZHUH�VWLOO�PDWXULQJ���6TXLG�VL]H�ZDV�PRVWO\���������FP��7KLV�JURXS�ZDV�WKH�RQO\�JURXS�SUHVHQW�LQ�GHHSZDWHUV�EHWZHHQ�����DQG�����P��ZKHUH�IHPDOHV�SUHGRPLQDWHG��������2Q�WKH�VKHOI�HGJH�DQG�WKH�XSSHUVORSH� ��������P�� WKHVH� VTXLG� UHSUHVHQWHG� DERXW� ���� RI� SRSXODWLRQ� E\� QXPEHUV�� WKHLU� UHODWLYHDEXQGDQFH�GHFUHDVLQJ�WR�����DW�GHSWKV�VKDOORZHU�WKDQ�����P�
,Q� WKH� VRXWKZHVW� VTXLG� VL]H� DQG�PDWXULW\�ZLWKLQ� WKH� WZR� FRKRUWV�ZDV� VLPLODU� WR� WKDW� LQ� WKH� QRUWKHDVWUHJLRQ�� � 7KHUH� LV� QR� UHOLDEOH� GDWD� IRU� GHSWKV� RI� �������� P� ZLWKLQ� WKLV� UHJLRQ�� 7KH� DXWXPQ�ZLQWHUVSDZQHUV�RFFXUUHG� LQ� YHU\� ORZ�QXPEHUV� EHWZHHQ� ���� DQG� ����P� �����RI� WKH� SRSXODWLRQ�� DQG�ZHUHDEVHQW�GHHSHU�WKDQ�����P��7KLV�FRKRUW�ZDV�UHSUHVHQWHG�H[FOXVLYHO\�E\�IHPDOHV�
6SULQJ�VSDZQHUV�RFFXSLHG�WKH�HQWLUH�GHSWK�UDQJH�EHWZHHQ�����DQG�����P��,Q�FRQWUDVW�WR�WKH�QRUWKHDVWUHJLRQ� IHPDOHV� GLG� QRW� GRPLQDWH� WKH� GHHSHU�ZDWHUV� WR� VXFK� D� JUHDW� H[WHQW� ������ VXJJHVWLQJ� WKDW� WKHVSDZQLQJ�PLJUDWLRQ�RI�PDOHV�ZDV�GHOD\HG�LQ�WKHVH�FROGHU�ZDWHUV�

)LJXUH�����&DWFK�SHU�XQLW�HIIRUW�RI�/�JDKL���&LUFOH�GLDPHWHU�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�&38(�NJ�KU����7UDZO�SRVLWLRQV�DUH�LQGLFDWHG�E\�EODFN�FURVVHV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S
L. gahi

(kg/hr)
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25
1
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)LJXUH������/HQJWK�IUHTXHQF\�DQG�PDWXULW\�GLVWULEXWLRQV�IRU�PDOH�DQG�IHPDOH�/��JDKL�DW�GLIIHUHQW�GHSWKVLQ�WKH�QRUWKHDVW�DQG�VRXWKZHVW�SDUWV�RI�WKH�VXUYH\�UHJLRQ�

Mantle length, cm Maturity
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Southwest region, Depth 308-486 m
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��

������3ODQNWRQ
'XH�WR�WLPH�OLPLWDWLRQV�SODQNWRQ�WRZV�GLG�QRW�IRUP�D�SDUW�RI�WKH�PDLQ�FUXLVH�SODQ���+RZHYHU��IDYRXUDEOHZHDWKHU� DOORZHG� RQH� HYHQLQJ� WR� EH� GHYRWHG� WR� SODQNWRQ� WRZV� LQ� WKH� YLFLQLW\� RI� WKH� VRXWKHUQ� EOXHZKLWLQJ� VSDZQLQJ� DJJUHJDWLRQV� �VWDWLRQV� ����������� )LJXUH� ����� 1R� FRPPHUFLDO� VSHFLHV� ZHUHUHSUHVHQWHG�LQ�WKH�SODQNWRQ�WRZV���7DEOH�����
7DEOH�������&DWFK�LQ�SODQNWRQ�WRZV�FDUULHG�RXW�RQ�����������'���GRPLQDWLQJ��&���FRPPRQ��5���UDUH��2�RFFDVLRQDO�
6SHFLHV 6W����������J�� 6W������������J�� 6W������������J��
7KHPLVWR�JDXGLFKDXGL & & 2(XSKDXVLD�OXFHQV ' ' '1HPDWRVFHOLV�PHJDORSV 5 & 56DJLWWD�PD[LPD & & &0\FWRSKLGDH � �

������'HHS�ZDWHU�SHODJLFV
7KUHH�SHODJLF�KDXOV� �VWDWLRQV�������������������ZHUH� FDUULHG�RXW� WR� WKH� VRXWK�RI� WKH�)DONODQGV��ZLWKWRZLQJ�KRUL]RQV�RI����� WR�����P�RYHU�ERWWRP�GHSWKV� RI� ����������P�� WR� LQYHVWLJDWH� WKH� IDXQD� DQGELRORJ\�RI�GHHS�ZDWHU�ILVK�DQG�VTXLG�VSHFLHV�RI�WKH�UHJLRQ����7KH�FDWFKHV�ZHUH�GLYHUVH��7DEOH����ZLWKVHYHUDO� VSHFLHV� UHFRUGHG� LQ� UHVHDUFK� WUDZOV� IRU� WKH� ILUVW� WLPH� DQG� D� QXPEHU� RI� QHZ� DQG� DV� \HWXQLGHQWLILHG� VSHFLHV� UHWDLQHG� IRU� IXUWKHU� VWXG\�� � ,Q� DGGLWLRQ� WR� VDPSOLQJ� WKH� GLIIHUHQW�P\FWRSKLG� DQGRWKHU� GHHS�VHD� ILVK� IRU� WKH� JHQHUDO� UHIHUHQFH� FROOHFWLRQ� RWROLWKV� ZHUH� FROOHFWHG� WR� DLG� LQ� WKHLGHQWLILFDWLRQ�RI�SUH\�LWHPV�LQ�GLHW�VWXGLHV�
8QLGHQWLILHG� ILVK� EHORQJLQJ� WKH� SRRUO\� NQRZQ� IDPLO\� $OHSRFHSKDOLGDH� ZHUH� VDPSOHG� IRU� IXUWKHULQYHVWLJDWLRQ�RI� LWV� WD[RQRP\�DQG�GLVWULEXWLRQ�DQG� WZR�UHFHQWO\�GHVFULEHG�VTXLG�VSHFLHV�RI� WKH� IDPLO\%UDFKLRWHXWKLGDH��ZKRVH�ELRORJ\�LV�XQNQRZQ��ZHUH�VDPSOHG�IRU�WKH�UHIHUHQFH�FROOHFWLRQ�
&DWFKHV�RI�WKH�VTXLG�*DOLWHXWKLV�JODFLDOLV�DW�VWDWLRQV������DQG������LQFOXGHG�WKH�ILUVW�UHFRUGHG�PDWXUHIHPDOH�� �,W�KDG�D�PDQWOH�OHQJWK�RI�0/�����PP�DQG�LWV� IHFXQGLW\�ZDV�HVWLPDWHG�DV�������HJJV�ZLWK�DULSH�HJJ�VL]H�RI���������[���������PP���7KH�ILUVW�UHFRUGHG�FROOHFWLRQ�RI�DGXOW�VSHQW�IHPDOHV�RI�WKH�VTXLG*RQDWXV�DQWDUFWLFXV�ZHUH�WDNHQ�DW�VWDWLRQ��������0DQWOH�OHQJWKV�ZHUH�����DQG�����PP��WKHLU�RYDULHVFRQWDLQHG�VRPH��������DQG��������HPSW\�IROOLFOHV��DQG�DERXW�����DQG�����UHVLGXDO�\RON�RRF\WHV��7KHVHFRQG�IHPDOH�KDG�QLQH�ULSH�HJJV�LQ�KHU�RYLGXFW��WKHLU�VL]H�ZDV���������[���������PP�



��

���6RXWKHUQ�EOXH�ZKLWLQJ�DFRXVWLF�VXUYH\
�����,QWURGXFWLRQ
,Q�WKH�6RXWKZHVW�$WODQWLF�VRXWKHUQ�EOXH�ZKLWLQJ�VSDZQ�LQ�WKH�SURGXFWLYH�XSZHOOLQJ�ZDWHUV�WR�WKH�VRXWKDQG� VRXWK�ZHVW� RI� WKH� )DONODQG� ,VODQGV� �6KXEQLNRY� HW� DO��� ������� 6SDZQLQJ� LV� VWULFWO\� VHDVRQDO� DQGXVXDOO\�WDNHV�SODFH�LQ�6HSWHPEHU���2FWREHU�DOWKRXJK�VSDZQLQJ�FRQFHQWUDWLRQV�VRPHWLPHV�VWDUW�WR�IRUPLQ�$XJXVW� �6KXEQLNRY�HW� DO��� ������0DFFKL� DQG�3DMDUR�� ������� �$� ³VQDSVKRW´� DFRXVWLF� VXUYH\� RI� WKHPDLQ�VSDZQLQJ�DUHD�PD\�WKHUHIRUH�SURYLGH�D�JRRG�HVWLPDWH�RI�WKH�VSDZQLQJ�VWRFN�ELRPDVV�LQ�D�JLYHQ\HDU�
-RLQW�$UJHQWLQH�8.�VFLHQWLILF�VXUYH\V�RI�WKH�VRXWKHUQ�EOXH�ZKLWLQJ�VSDZQLQJ�DUHD�EHJDQ�LQ������DQGVLQFH� WKHQ� KDYH� WDNHQ� SODFH� DQQXDOO\� ZLWK� WKH� SULPDU\� DLP� RI� HVWLPDWLQJ� VSDZQLQJ� VWRFN� ELRPDVV�+RZHYHU�WKHVH�VXUYH\V�KDYH�JHQHUDOO\�IRXQG�SRVW�VSDZQLQJ�DJJUHJDWLRQV���,Q������WKH�MRLQW�VXUYH\�ZDVFDUULHG�RXW�E\�WKH�$UJHQWLQH�UHVHDUFK�YHVVHO�WKH�&DSLWDQ�2FD�%DOGD�LQ�$XJXVW��HDUOLHU�WKDQ�LQ�SUHYLRXV\HDUV�� LQ� DQ� DWWHPSW� WR� VXUYH\� WKH� EHJLQQLQJ� RI� WKH� VSDZQLQJ� VHDVRQ�� � +RZHYHU�� IHZ� ILVK� KDGDJJUHJDWHG�IRU�VSDZQLQJ�DW�WKLV�WLPH���,Q�2FWREHU������WKH�),)'�FDUULHG�RXW�DQRWKHU�VXUYH\��XWLOLVLQJWKH� UHVHDUFK� YHVVHO� 'RUDGD� �)DONODQG� ,VODQGV� *RYHUQPHQW�� ������� � 3RVW�VSDZQLQJ� DJJUHJDWLRQV� RIVRXWKHUQ�EOXH�ZKLWLQJ�ZHUH�ORFDWHG�RQ�WKH�VRXWKHUQ�DQG�VRXWK�HDVWHUQ�SDUW�RI�WKH�VKHOI�DQG�FRQWLQHQWDOVORSH�RI�WKH�)DONODQG�,VODQGV�
$QDO\VLV�RI�GDWD�IURP�),)'�REVHUYHUV�RQ�FRPPHUFLDO�YHVVHOV�RYHU�WKH�SHULRG������±�������)LJXUH����VXJJHVWHG�WKDW�SHDN�VSDZQLQJ�ZDV�PRVW�OLNHO\�WR�EH�HQFRXQWHUHG�LQ�6HSWHPEHU�DQG�WKH�'RUDGD¶V�VXUYH\ZDV� SODQQHG� IRU� WKLV� WLPH�� � ,Q� IDFW� WKH� ILUVW� VSDZQLQJ� VRXWKHUQ� EOXH� ZKLWLQJ� UHSRUWHG� E\� DQ� ),)'REVHUYHU�LQ������ZHUH�UHFRUGHG�RQ����$XJXVW������
7KH�ILQDO�ELRPDVV�HVWLPDWH�IURP�WKH�MRLQW�VXUYH\�FDUULHG�RXW�LQ������ZLOO�EH�PDGH�DIWHU�GDWD�IURP�ERWKSKDVHV�RI�WKH�VXUYH\�KDYH�EHHQ�DQDO\VHG�DQG�LQWHJUDWHG���+RZHYHU��WKLV�FKDSWHU�SUHVHQWV�D�SUHOLPLQDU\ELRPDVV�HVWLPDWH�ZKLFK�LV�EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�GDWD�FROOHFWHG�E\�WKH�'RUDGD�RQO\�DQG�XVLQJ�WKHVLPSOH�JULG�VTXDUH�EDVHG�VWUDWLILFDWLRQ�WKDW�ZDV�HPSOR\HG�LQ�WKH�2FWREHU������VXUYH\�

�����0HWKRGV
�������6XUYH\�GHVLJQ
7KH�SODQQHG�VXUYH\�DUHD��)LJXUH����ZDV�ODUJHO\�VLPLODU�WR�WKDW�FRYHUHG�LQ�SUHYLRXV�VXUYH\V�EXW�D�]LJ�]DJ�VXUYH\�WUDFN�ZDV�DGRSWHG�ZLWK�LQFUHDVHG�DOORFDWLRQ�RI�DFRXVWLF�VDPSOLQJ�HIIRUW��L�H��FORVHU�WUDQVHFWVSDFLQJ�� LQ� WKH� DUHD� VRXWK� RI� WKH�)DONODQG� ,VODQGV�ZKHUH� WKH�PDLQ� SRVW�VSDZQLQJ� DJJUHJDWLRQV� ZHUHIRXQG�LQ�SUHYLRXV�VXUYH\V�� � �7ZR�SDUWV�RI� WKH� WUDFN�� WKH�VORSH�DURXQG�WKH�HDVW��VRXWK�DQG�ZHVW�RI� WKH,VODQGV��DQG�WKH�VORSH�QRUWK�RI�,VOD�GH�ORV�(VWDGRV�ZHUH�UHSHDWHG�LQ�2FWREHU�E\�WKH�&DSW��2FD�%DOGD�LQWKH�VHFRQG�SKDVH�RI�WKH�MRLQW�VXUYH\���7KLV�VXUYH\�WUDFN�RI�WKH�'RUDGD�LQFOXGHG�FRYHUDJH�RI�WKH�GHHSHUVKHOI�WR�WKH�VRXWK�ZHVW�RI�WKH�,VODQGV�DQG�WKH�%XUGZRRG�%DQN����0RVW�RI�WKH�VXUYH\�OHJV�ZHUH�XS�GRZQVORSH�DQG�DLPHG�WR�FRYHU�GHSWKV�IURP�����WR�����P�
7KH�UHDOLVHG�FUXLVH�WUDFN�LV�VKRZQ�LQ�)LJXUH������7KH�RQO\�VLJQLILFDQW�FKDQJH�WR�WKH�SODQQHG�WUDFN�ZDVWR�PDLQWDLQ�WKH�GHQVHU�WUDQVHFW�VSDFLQJ�LQ�WKH�UHJLRQ�6:�RI�&DSH�0HUHGLWK���)DYRXUDEOH�ZHDWKHU�DOVRDOORZHG�WKH�DGGLWLRQ�RI�DGGLWLRQDO�VXUYH\�HIIRUW�LQ�WKH�PDLQ�VSDZQLQJ�DUHDV�
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)LJXUH������7KH�SURSRUWLRQ�RI�LQGLYLGXDOV�DW�YDULRXV�PDWXULW\�VWDJHV�IRU�DOO�WUDZOV�ZKHUH�VRXWKHUQ�EOXHZKLWLQJ�ZDV�VDPSOHG�E\�),)'�REVHUYHUV�GXULQJ�$XJXVW�±�1RYHPEHU�RQ�DQ�DQQXDO�EDVLV�IURP������±�����
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0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1988

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1989

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1990

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Sep 01−Nov

1991

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1992

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1993

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1994

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1995

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1996

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1997

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

1998

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Sep 01−Nov

1999

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

2000

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

2001

0.
0

0.
4

0.
8

P
ro

po
rt

io
n

01−Aug 01−Sep 01−Oct 01−Nov 01−Dec

2002



��

)LJXUH������5HDOLVHG�FUXLVH�WUDFN�RI�)359�'RUDGD�IURP���6HSWHPEHU�WR���2FWREHU�������UHVHDUFKFUXLVH�='/+������������7KH�����P��GDVKHG�OLQH��DQG�����P��GRWWHG�OLQH��GHSWK�FRQWRXUV�DUH�LOOXVWUDWHGXVLQJ�GDWD�IURP�WKH�*(%&2�EDWK\PHWULF�DWODV�

66˚W 64˚W 62˚W 60˚W 58˚W 56˚W

55˚S

54˚S

53˚S

52˚S

51˚S

�������$FRXVWLF�VXUYH\LQJ�DQG�DQDO\VLV
$�6LPUDG�(.����HFKRVRXQGHU�RSHUDWLQJ�DW����DQG����N+]�ZDV�XVHG���6HWWLQJV�DUH�JLYHQ�LQ�7DEOH����$FRXVWLF�GDWD�ZHUH�ORJJHG�XVLQJ�6RQDU'DWD�(FKRORJ�����Y������������7KH�HFKRVRXQGHU�ZDV�H[WHUQDOO\WULJJHUHG�ZLWK�D�SLQJ�LQWHUYDO�RI�DSSUR[LPDWHO\���V���$FRXVWLF�WUDQVHFWV�ZHUH�UXQ�DW�D�QRPLQDO�VSHHG�RI���NQRWV�
7KH���N+]�GDWD�ZLWK�H[SDQGHG�ERWWRP�ZHUH�XVHG�DV�WKH�SULPDU\�GDWD�IRU�ELRPDVV�HVWLPDWLRQ���$FRXVWLFGDWD�SURFHVVLQJ�ZDV�FDUULHG�RXW�ZLWK�6RQDU'DWD�(FKRYLHZ�YHUVLRQV�����������(DFK�RI�WKH����VXUYH\�OHJVZDV�DQDO\VHG�VHSDUDWHO\���7KLV�ZDV�SULPDULO\�GXH�WR�3&�PHPRU\�OLPLWDWLRQV��EXW�DOVR�DOORZHG�VHWWLQJ�RIWKH� EDFNJURXQG� QRLVH� LQGHSHQGHQWO\� IRU� HDFK� OHJ�� �'DWD�ZDV� ORJJHG� DQG� SURFHVVHG�ZLWKRXW� XVH� RI� DGUDIW�FRUUHFWLRQ���$OO�GHSWKV�DUH�WKHUHIRUH��VWULFWO\��UDQJHV�IURP�WKH�WUDQVGXFHU�
7KH�ORJJHG�DFRXVWLF�UDQJH�ZDV�DXWRPDWLFDOO\�VHW�WR�HQVXUH�WKDW�GDWD�ZDV�ORJJHG�IURP�WKH�HQWLUH�ZDWHUFROXPQ�DW�DOO�WLPHV���'XULQJ�WDUJHWWHG�WUDZOV�RQ�VXEVWDQWLDO�PDUNV�WKH�VDPSOH�6Y�DQG�DQJOH�GDWD�ZHUHORJJHG�LQ�DGGLWLRQ�WR�WKH�QRUPDO�4�WHOHJUDP�GDWD�
$GGLWLRQDO� GDWD� FROOHFWHG� RQ� WUDQVLW� WR� WKH� FDOLEUDWLRQ� VLWH� LQ� 3RUW� $OEHPDUOH� RQ� ��������� ZDV� DOVRSURFHVVHG�

���������%DFNJURXQG�QRLVH�FRUUHFWLRQ
%DFNJURXQG� QRLVH� FRUUHFWLRQ� ZDV� SHUIRUPHG� E\� VXEWUDFWLRQ� LPSOHPHQWHG� YLD� YLUWXDO� YDULDEOHV� LQ(FKRYLHZ���2Q����������WKH�5R[$QQ�XQLW�FRQQHFWHG�WR�WKH���N+]�WUDQVGXFHU�ZDV�UHPRYHG�OHDGLQJ�WR�DVXEVWDQWLDO�UHGXFWLRQ�LQ�WKH�DPRXQW�RI�HOHFWULFDO�QRLVH�DW�WKLV�IUHTXHQF\�
7KH� EDFNJURXQG� QRLVH� 69� UH� �P� ZDV� HVWLPDWHG� IRU� HDFK� OHJ� LQGHSHQGHQWO\�� � 7KLV� ZDV� GRQH� E\� WKHVWDQGDUG�PHWKRG�RI�LQFUHDVLQJ�WKH�VXEWUDFWHG�QRLVH�OHYHO�XQWLO�WKH�FRORXU�EDQGLQJ�SDWWHUQ�GLVDSSHDUHG�(VWLPDWHG�QRLVH�IRU�HDFK�OHJ�LV�JLYHQ�LQ�7DEOH����
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���������&DOLEUDWLRQ
&DOLEUDWLRQ�RI�WKH�(.����ZDV�XQGHUWDNHQ�RQ����6HSWHPEHU������LQ�3RUW�$OEHPDUOH���&DOLEUDWLRQV�ZHUHFDUULHG�RXW�XVLQJ�WKH�VWDQGDUG�VSKHUH�PHWKRG��$QRQ����������ZLWK�FRSSHU�VSKHUHV�RI���PP����N+]��DQG��PP�����N+]��GLDPHWHU���&DOLEUDWLRQ�SDUDPHWHUV�DUH�JLYHQ�LQ�7DEOH����DQG�7DEOH����VXPPDULVHV�WKHFDOLEUDWLRQ�VHWWLQJV�DSSOLHG�LQ�(FKRYLHZ�

���������'DWD�TXDOLW\�FRQWURO
$Q�(FKRYLHZ�³(9´�ILOH�ZDV�FRQVWUXFWHG�IRU�HDFK�VXUYH\�OHJ���'DWD�IURP�WKH�VWDUW�RU�HQG�RU�WKH�OHJ��DQGIURP� PLG�OHJ� WUDZO� DQG� &7'� VWDWLRQV�� ZDV� PDVNHG� XVLQJ� ³EDG� GDWD´� UHJLRQV�� � 6LPLODULO\� WKH� SLQJIROORZLQJ�DQ�HFKRVRXQGHU�UDQJH�FKDQJH�ZDV�HOLPLQDWHG�
$FRXVWLF�³GURS�RXWV´�GXH�WR�VHD�FRQGLWLRQV�ZHUH�HOLPLQDWHG�E\�PDNLQJ�XVH�RI�WKH�REVHUYDWLRQ�WKDW�WKHVRXQGHU�GHWHFWHG�ERWWRP�ZDV�JHQHUDOO\�EURNHQ�DW�WKHVH�SRRU�TXDOLW\�SLQJV���(FKRYLHZ�YLUWXDO�YDULDEOHVZHUH�XVHG�WR�FRQVWUXFW�D�PDVN�YDULDEOH�WKDW�HOLPLQDWHG�SLQJV�ZKHQHYHU�WKHUH�ZDV�D�EUHDN�LQ�WKH�VRXQGHUGHWHFWHG�ERWWRP�
$�VXUIDFH�H[FOXVLRQ�OD\HU�DW�D�IL[HG�GHSWK�RI���P�ZDV�DSSOLHG��DQG�GDWD�EHORZ�D�OLQH����P�DERYH�WKHVRXQGHU�GHWHFWHG�ERWWRP�ZDV�OLNHZLVH�H[FOXGHG�
7KH�QDXWLFDO�DUHD�VFDWWHULQJ�FRHIILFLHQW��6$��YDOXHV�ZHUH� WKHQ� LQVSHFWHG�XVLQJ�D����QP�DORQJ� WUDQVHFWVSDFLQJ���+LJK�YDOXHV�ZHUH�VFUXWLQLVHG�WR�HQVXUH�WKDW�WKH\�ZHUH�QRW�GXH�WR�HUURQHRXV�LQWHJUDWLRQ�RI�WKHVHDEHG�HFKR�RU�DFRXVWLF�QRLVH���:KHQ�WKH�VRXQGHU�GHWHFWHG�ERWWRP�ZDV�IRXQG�WR�EH�LQ�HUURU��D�SDUWLFXODUSUREOHP�RQ�YHU\�VWHHS�VORSHV��VXFK�DV�WKH�ERXQGDULHV�RI�WKH�%XUGZRRG�%DQN��ZKHQ�ERWWRP�HFKR�ZDVGHULYHG� IURP� WKH� VLGH� OREHV� RI� WKH� WUDQVGXFHU� EHDP�� WKH� ERWWRP� OLQH� ZDV� FRUUHFWHG� E\� KDQG�� � 3LQJVIRXQG�WR�FRQWDLQ�QRLVH�SXOVHV�ZHUH�PDVNHG�
7KH�(FKRYLHZ�YLUWXDO�YDULDEOHV�XVHG�DUH�GHWDLOHG�LQ�7DEOH����

���������'HOLQHDWLRQ�RI�YROXPH�EDFNVFDWWHULQJ�DWWULEXWHG�WR�VRXWKHUQ�EOXH�ZKLWLQJ�
7R�GLVWLQJXLVK�EHWZHHQ�ILVK�DJJUHJDWLRQV�DQG�SODQNWRQ�EDFNVFDWWHULQJ�WKH�(FKRYLHZ�VFKRROV�GHWHFWLRQPRGXOH�ZDV�DSSOLHG� WR�DXWRPDWLFDOO\� LGHQWLI\�DJJUHJDWLRQV�� �$�PLQLPXP�69� WKUHVKROG�RI�±��G%�ZDVDSSOLHG�SULRU�WR�VFKRROV�GHWHFWLRQ�XVLQJ�WKH�UH�VDPSOHG�GDWD��YDULDEOH�6FKRRO'HWHFW��7DEOH�������6FKRROGHWHFWLRQ�SDUDPHWHUV�ZHUH�VHW�DV�IROORZV�
0LQLPXP�VFKRRO�OHQJWK� ��P0LQLPXP�VFKRRO�KHLJKW� ��P0LQLPXP�FRQQHFWHG�OHQJWK� ��P0LQLPXP�FRQQHFWHG�KHLJKW� ���P0D[LPXP�YHUWLFDO�OLQNLQJ�GLVWDQFH� ��P0D[LPXP�KRUL]RQWDO�OLQNLQJ�GLVWDQFH� ��P
*36�GLVWDQFH�ZDV�XVHG�LQ�VFKRROV�GHWHFWLRQ�GLVWDQFH�FDOFXODWLRQV�
7KH�UHJLRQV�GHWHFWHG�E\�WKH�VFKRRO�GHWHFWLRQ�DOJRULWKP�ZHUH�PDQXDOO\�DVVLJQHG�WR�D�ILVK�VSHFLHV�EDVHGRQ�WUDZOLQJ�UHVXOWV�DQG�VFKRRO�FKDUDFWHULVWLFV���,Q�WKLV�LQLWLDO�DQDO\VLV�RQO\�VFKRROV�LQ�WKH�PDLQ�VSDZQLQJUHJLRQ�DQG�LQ�WKH�DUHD�RI�DJJUHJDWLRQV�RI�VPDOOHU��PL[HG�PDWXULW\�ILVK�LQ�GHHSHU�ZDWHU�WR�WKH�VRXWK�RIWKH�PDLQ�VSDZQLQJ�DUHDV�ZHUH�SDUWLWLRQHG�E\�VSHFLHV�
7KH� ERXQGDULHV� RI� WKH� GHWHFWHG� VFKRROV� DVVLJQHG� WR�0�� D�� DXVWUDOLV� �³%/8´��ZHUH� XVHG� WR�PDVN� WKHXQWKUHVKROGHG��QRLVH�IUHH�GDWD�����6�&�%/8��7DEOH�����SULRU�WR�HFKRLQWHJUDWLRQ�
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7DEOH������6XUYH\�HFKRVRXQGHU�VHWWLQJV�
3LQJ�0RGH ([W�7ULJ3LQJ�$XWR�6WDUW 2Q3LQJ�,QWHUYDO ����VHF7UDQVPLW�3RZHU 1RUPDO

2SHUDWLRQ�PHQX

1RLVH�0DUJLQ ��G%0RGH $FWLYH7UDQVGXFHU�7\SH (6��%7UDQVG��6HTXHQFH 2II7UDQVGXFHU�'HSWK �����P$EVRUSWLRQ�&RHI� ���G%NP3XOVH�/HQJWK 0HGLXP%DQGZLGWK :LGH0D[��3RZHU �����:���:D\�%HDP�$QJOH ������G%$QJOH�6HQV�$ORQJ ����$QJOH�6HQV�$WKZ� ������G%�%HDPZ�$ORQJ ����GJ��G%�%HDPZ�$WKZ� ����GJ$ORQJVKLS�2IIVHW ������GJ$WKZ�VKLS�2IIVHW ������GJ

7UDQVFHLYHU���0HQX

)UHTXHQF\ ���N+]0RGH $FWLYH7UDQVGXFHU�7\SH (6�����7UDQVG��6HTXHQFH 2II7UDQVGXFHU�'HSWK �����P$EVRUSWLRQ�&RHI� ���G%NP�3XOVH�/HQJWK /RQJ%DQGZLGWK 1DUURZ0D[��3RZHU �����:��:D\�%HDP�$QJOH ������G%$QJOH�6HQV�$ORQJ ����$QJOH�6HQV�$WKZ� ������G%�%HDPZ�$ORQJ ����GJ��G%�%HDPZ�$WKZ� ����GJ$ORQJVKLS�2IIVHW �����GJ$WKZ�VKLS�2IIVHW ������GJ

7UDQVFHLYHU�PHQX

7UDQVFHLYHU���0HQX

)UHTXHQF\ ����N+]0LQLPXP�'HSWK YDULHG0D[LPXP�'HSWK YDULHG0LQ��'HSWK�$ODUP ����P0D[��'HSWK�$ODUP ��P%RWWRP�/RVW�$O� 2II

%RWWRP�'HWHFWLRQ���0HQX

0LQLPXP�/HYHO ����G%0LQLPXP�'HSWK YDULHG0D[LPXP�'HSWK YDULHG0LQ��'HSWK�$ODUP ����P0D[��'HSWK�$ODUP ��P%RWWRP�/RVW�$O� 2II

%RWWRP�GHWHFWLRQ�PHQX

%RWWRP�'HWHFWLRQ���0HQX

0LQLPXP�/HYHO ����G%0RGH 6SHHG3LQJ�,QWHUYDO ���7LPH�,QWHUYDO ����VHF'LVW��,QWHUYDO ����QP

/RJ�PHQX

1P�3XOVH�5DWH ����QP
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6XSHU�/D\HU �/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II/D\HU���0HQX 7\SH 2II

/D\HU�PHQX

/D\HU����0HQX 7\SH 2II0LQ��9DOXH ����G%0LQ��(FKR�/HQJWK ���0D[��(FKR�/HQJWK ���0D[��*DLQ�&RPS� ����G%

76�'HWHFWLRQ���0HQX

0D[��3KDVH�'HY� ���0LQ��9DOXH ����G%0LQ��(FKR�/HQJWK ���0D[��(FKR�/HQJWK ���0D[��*DLQ�&RPS� ����G%

7V�GHWHFWLRQ�PHQX

76�'HWHFWLRQ���0HQX

0D[��3KDVH�'HY� ���5HPRWH�&RQWURO 2Q6DPSOH�5DQJH YDULHG6WDWXV 2Q3DUDPHWHU 2Q$QQRWDWLRQ 2II6RXQG�9HORFLW\ 2II1DYLJDWLRQ 2Q0RWLRQ�6HQVRU 2II'HSWK �	�'HSWK�10($ �(FKRJUDP �	�(FKR�7UDFH �	�6Y 2II6DPSOH�$QJOH YDULHG6DPSOH�3RZHU YDULHG6DPSOH�6Y 2II6DPSOH�76 2II9HVVHO�/RJ 2Q/D\HU 2Q,QWHJUDWRU 2II76�'LVWULEXWLRQ 2II

7HOHJUDP�0HQX

7RZHG�)LVK 2II5DQJH YDULHG5DQJH�6WDUW ��P$XWR�5DQJH 2II%RWWRP�5DQJH ���P%RW��5DQJH�6WDUW ���P1R��RI�0DLQ�9DO� ���1R��RI�%RW��9DO� ���

(FKRJUDP���0HQX

79* ���ORJ�55DQJH YDULHG5DQJH�6WDUW ��P$XWR�5DQJH 2II%RWWRP�5DQJH ���P%RW��5DQJH�6WDUW ���P1R��RI�0DLQ�9DO� ���1R��RI�%RW��9DO� ���

(WKHUQHW�FRP��0HQX

(FKRJUDP���0HQX

79* ���ORJ�5
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+HDYH 2II5ROO 2II
0RWLRQ�VHQVRU�PHQX

3LWFK 2II%HHSHU 2II6WDWXV�0HVVDJHV 2Q5'�'LVSOD\ 2II),)2�2XWSXW 2II([WHUQDO�&ORFN 2II

8WLOLW\�PHQX

/DQJXDJH (QJOLVK7HVW�PHQX 9HUVLRQ (.��������
�3ULRU�WR�FDOLEUDWLRQ�RQ����������WKH�(6���%�RSHUDWHG�ZLWK�PD[�SRZHU�VHW�WR������:��6HW�WR����G%NP�SULRU�WR�FDOLEUDWLRQ�RQ����������

7DEOH������6XUYH\�QRLVH�PHDVXUHPHQWV��G%����7KHVH�ZHUH�VHW�E\�WKH�VWDQGDUG�WHFKQLTXH�RIGLVDSSHDUDQFH�RI�FRORXU�EDQGLQJ�
/HJ 1RLVH��69�UH�P� /HJ 1RLVH��69�UH��P�

���N+] ���N+]
� ���� �� ����� ���� �� ����� ���� �� ����� ���� �� ����� ���� �� ����� ���� �� ����� ���� �� ����� ���� �� ����� ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� �������� ���� �� �������� ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ������ ���� �� ����



��

7DEOH������6LPUDG�(.����FDOLEUDWLRQ�SDUDPHWHUV�IRU�0�9�'RUDGD�
9HVVHO )359�'RUDGD��='/+�6RIWZDUH�YHUVLRQ ����/RFDWLRQ 3RUW�$OEHPDUOH'DWH ��������:DWHU�GHSWK���P� ����7HPSHUDWXUH���&� ����6DOLQLW\��SVX� ����6RXQG�VSHHG��PV��� ������
7UDQVGXFHU (6��% (6�����7LPH��/� ����� �����
)UHTXHQF\ �� ���7HVW�RVFLOODWRU ����� �����$EVRUSWLRQ�FRHIILFLHQW ���� �����$QJOH�VHQVLWLYLW\ ���� ����3LQJ�UDWH ��� ���7UDQVPLW�SRZHU QRUPDO QRUPDO0D[�SRZHU ���� ����3XOVH�GXUDWLRQ PHGLXP����PV� ORQJ����PV�%DQGZLGWK ZLGH QDUURZ6SKHUH�76 ������ ������6SKHUH�W\SH &X��� &X���2OG�76�JDLQ ����� �����
&DOLEUDWHG�76�JDLQ ����� �����'HIDXOW���ZD\�EHDP ����� ������5DQJH�WR�VSKHUH ���� �����2OG�6Y�JDLQ ����� �����&DOLEUDWHG�6Y�JDLQ ����� �����
/REH�UHVXOWV76�JDLQ �����$ORQJVKLS�EHDP ����$WKZDUWVKLS�EHDP ����$ORQJVKLS�RIIVHW ����$WKZDUWVKLS�RIIVHW ����
�0D[�SRZHU�VHW�WR�����:

7DEOH�������&DOLEUDWLRQ�FRQVWDQWV�VHW�LQ�(FKRYLHZ�
��N+]�SULRU�WR��������� ��N+]�DIWHU���������/RJJLQJ 3URFHVVLQJ /RJJLQJ 3URFHVVLQJ

$EVRUSWLRQ�FRHIILFLHQW��G%�P� ��������� ��������� ��������� ���������6RXQG�VSHHG��P�V� ������� ������� ������� �������7UDQVPLWWHG�SRZHU��:� ������ ������ ������ ������7ZR�ZD\�EHDP�DQJOH��G%�UH��� ������ ������ ������ ������6Y�JDLQ��G%� ������� ������� ������� �������:DYHOHQJWK��P� ��������� ��������� ��������� ���������7UDQVPLWWHG�SXOVH�OHQJWK��PV� ����� ����� ����� �����'UDIW�FRUUHFWLRQ��P� ��� ���)UHTXHQF\��N+]� ����� �����1RPLQDO�DQJOH��GHJUHHV� ����� �����



��

���������&RQYHUVLRQ�WR�DUHDO�ELRPDVV�GHQVLW\
$Q� HOHPHQWDU\� GLVWDQFH� VDPSOLQJ� XQLW� �('68�� 0DF/HQQDQ� DQG� 6LPPRQGV�� ������ RI� ���� QP� ZDVDGRSWHG�� � )ROORZLQJ� WKH� SURWRFRO� DGRSWHG� RQ� WKH� MRLQW� VXUYH\V� �0DGLURODV�� ������ WKH� WDUJHW� VWUHQJWKUHODWLRQVKLS� IRU� QRUWKHUQ� EOXH� ZKLWLQJ��0LFURPHVLVWLXV� SRXWDVVRX�� ZDV� XVHG� LQ� ELRPDVV� HVWLPDWLRQ�,QGLYLGXDO�WDUJHW�VWUHQJWK�LV�JLYHQ�DV�D�IXQFWLRQ�RI�LQGLYLGXDO�OHQJWK��LQ�FP��E\

/ED76 QQQ ORJ+= ���
ZLWK�DQ� �������DQG�EQ� ������
7KH�OHQJWK�ZHLJKW�UHODWLRQVKLS�ZDV�HVWLPDWHG�XVLQJ�VDPSOHV�FROOHFWHG�GXULQJ�WKH�FUXLVH�IURP�VDPSOHGIURP� WZR� JURXSV� RI� ILVK�� WKRVH� RQ� WKH� PDLQ� VSDZQLQJ� JURXQGV� DQG� WKRVH� LQ� WKH� PL[HG� PDWXULW\DJJUHJDWLRQV�WR�WKH�VRXWK�RI�WKH�PDLQ�VSDZQLQJ�JURXQGV��)LJXUH�������$V�WKH�WZR�VHWV�RI�GDWD�VKRZHG�DYHU\� VLPLODU� SDWWHUQ� �ZLWK� WKH� H[FHSWLRQ� RI� WKH� ODFN� RI� ODUJHU� LQGLYLGXDOV� DZD\� IURP� WKH� VSDZQLQJJURXQGV��WKH�FRPELQHG�GDWD�ZDV�XVHG�WR�ILW�D�UHODWLRQVKLS�RI�WKH�IRUP

IE
I /D: = ���

ZKLFK�\LHOGHG��HVWLPDWHV�RI�DI� �����(���DQG�EI� ��������IRU�ZHLJKW�LQ�NJ�DQG�OHQJWK�LQ�FP�
)ROORZLQJ�0DF/HQQDQ�DQG�6LPPRQGV��������SS������������HTQ����ZDV�FRQYHUWHG� WR�D� WDUJHW�VWUHQJWKSHU�XQLW�ZHLJKW�RI�ILVK�

/ED76 ZZZ ORJ+= ���
ZLWK� ������ORJ�� =-= IQZ DDD �DQG� ��������� =-= IQZ EEE
/HQJWK� IUHTXHQF\� GDWD� IURP� VWDWLRQV� RQ� WKH�PDLQ� VSDZQLQJ� JURXQGV� �VWDWLRQV� ������ ������ ����� DQG������ZDV�WUHDWHG�VHSDUDWHO\�WR�WKDW�IURP�VWDWLRQV�RQ�WKH�PL[HG�PDWXULW\�DJJUHJDWLRQV�LQ�GHHSHU�ZDWHUWR�WKH�VRXWK�RI�WKH�PDLQ�VSDZQLQJ�UHJLRQ��VWDWLRQV���������������������������'DWD�IURP�VWDWLRQ������ZKLFK�ZDV�LQ�WKH�YLFLQLW\�RI�WKH�PDLQ�VSDZQLQJ�DJJUHJDWLRQV�EXW�ZKLFK�FDXJKW�RQO\�D�VPDOO�QXPEHU�RI���±����FP�7/�ILVK��ZDV�H[FOXGHG�DV� LW� LV�EHOLHYHG� WKDW� WKH�PDLQ�DJJUHJDWLRQV� LGHQWLILHG� LQ� WKLV�DUHDZHUH�RI�ODUJHU�VSDZQLQJ�ILVK�
/HQJWK� IUHTXHQF\� GLVWULEXWLRQV� �VHSDUDWHO\� IRU� WKH� WZR� JURXSV�� ZHUH� FRPELQHG� WR� JLYH� PHDQIUHTXHQFLHV�IRU�HDFK���FP�OHQJWK�FODVV�DFFRUGLQJ�WR�0DF/HQQDQ�DQG�6LPPRQGV��������HTQ��������7KH
PHDQ�FURVV�VHFWLRQ�SHU�XQLW�ZHLJKW��NJ��� s ��ZDV�FDOFXODWHG�DFFRUGLQJ�WR�HTQ������RI�0DF/HQQDQ�DQG
6LPPRQGV��������XVLQJ�WKH�WDUJHW�VWUHQJWK�UHODWLRQVKLS�RI�HTQ����� �7KLV�\LHOGHG� ������ -= (s � IRU
WKH�VSDZQLQJ�DUHD�DQG� ������ -= (s �IRU�WKH�GHHSHU�PL[HG�PDWXULW\�DJJUHJDWLRQV�
,QWHJUDWHG� EDFNVFDWWHULQJ� DUHD�� 6$� �P��QP���� ZDV� FRQYHUWHG� WR� ELRPDVV� GHQVLW\��r� �W�QP���� XVLQJ� WKHUHODWLRQVKLS�

( )sr ����$6= ����
$V�RQO\�WKH�DJJUHJDWLRQV�IURP�WKH�DUHD�VRXWK�RI�WKH�)DONODQGV�ZHUH�DVVLJQHG�WR�VSHFLHV�IRU�WKLV�LQLWLDO
HVWLPDWH�D�VLPSOH�QRUWK�VRXWK�GLYLVLRQ�ZDV�XVHG�WRS�GHWHUPLQH�WKH�YDOXH�RI� s XVHG�LQ�ELRPDVV�GHQVLW\
FDOFXODWLRQV�� �7KH�HVWLPDWH�RI� s �IURP�WKH�VSDZQLQJ�DUHD�VDPSOHV�ZDV�XVHG�IRU�DUHDV�QRUWK�RI����6
DQG�WKH�HVWLPDWH�IURP�WKH�VDPSOHV�RI�WKH�GHHSHU�PL[HG�PDWXULW\�DJJUHJDWLRQV�ZDV�XVHG�IRU�DUHDV�VRXWKRI����6�

�����5HVXOWV
$FRXVWLF�GDWD� IURP� WKH����VXUYH\� OHJV�ZHUH�DQDO\VHG�DFFRUGLQJ� WR� WKH�PHWKRGV�GHWDLOHG�DERYH�� �7KHGLVWULEXWLRQ� RI� WKH� UDZ� QDXWLFDO� DUHD� EDFNVFDWWHULQJ� FRHIILFLHQW� �6$�� DORQJ� WKH� SODQQHG� WUDQVHFWV� LVVKRZQ� LQ�)LJXUH����DQG�EDFNVFDWWHULQJ� IURP�UHJLRQV� LGHQWLILHG�E\� WKH� VFKRROV�GHWHFWLRQ� DOJRULWKP� LQ)LJXUH������)LQDOO\��EDFNVFDWWHULQJ�DWWULEXWHG�WR�VRXWKHUQ�EOXH�ZKLWLQJ�LQ�WKH�DUHD�VRXWK�RI�WKH�)DONODQGVLV�VKRZQ�LQ�)LJXUH����



��

)RU�WKLV�LQLWLDO�ELRPDVV�HVWLPDWH�WKH�VDPH�VWUDWLILFDWLRQ�SURFHGXUH�DGRSWHG�IRU�WKH�2FWREHU������VXUYH\�)DONODQG� ,VODQGV� *RYHUQPHQW�� ������ ZDV� HPSOR\HG�� � 7KLV� XVHV� D� JULG� RI� ����� ORQJLWXGH� E\� �����ODWLWXGH�� �0HDQ�ELRPDVV�GHQVLW\�ZDV� FDOFXODWHG� IRU� HDFK� JULG� VTXDUH� WKURXJK�ZKLFK� WKH� VXUYH\� WUDFNSDVVHG���7ZR�VHSDUDWH�HVWLPDWHV�KDYH�EHHQ�FDOFXODWHG���2QH�XVHV�RQO\�WKH�GDWD�FROOHFWHG�DORQJ�WKH����SUH�SODQQHG�VXUYH\�OHJV��ZKLOVW�WKH�VHFRQG�LQFRUSRUDWHV�WKH�DGGLWLRQDO�GDWD�FROOHFWHG�RQ�WUDQVLW�WR�3RUW$OEHPDUOH�RQ����������SULRU�WR�HFKRVRXQGHU�FDOLEUDWLRQ�
*ULG�E\�JULG�ELRPDVV�HVWLPDWHV�XVLQJ�WKH�GDWD�IURP�WKH�SODQQHG�VXUYH\�OHJV�RQO\�DUH�JLYHQ�LQ�7DEOH����7DEOH� ��� JLYHV� WKH� JULG� E\� JULG� HVWLPDWHV� DIWHU� LQFRUSRUDWLRQ� RI� WKH� GDWH� FROOHFWHG� HQ� URXWH� WR$OEHPDUOH��%LRPDVV�GHQVLW\�ZDV�VFDOHG�E\�JULG�DUHD�DQG�VXPPHG�WR�JLYH�DQ�HVWLPDWHG�WRWDO�ELRPDVV�RI�������WRQQHV�IRU�WKH�SODQQHG�VXUYH\�OHJV�RQO\�DQG���������WRQQHV�ZKHQ�LQFOXGLQJ�WKH�DGGLWLRQDO�GDWD�

�����'LVFXVVLRQ
7KH� DFRXVWLF� VXUYH\� VXFFHVVIXOO\� WDUJHWHG� WKH� VSDZQLQJ� SHULRG� RI� VRXWKHUQ� EOXH� ZKLWLQJ� LQ� WKH6RXWKZHVW� $WODQWLF�� � $JJUHJDWLRQV� RI� VSDZQLQJ� ILVK� ZHUH� HQFRXQWHUHG� �)LJXUH� ����� WRJHWKHU� ZLWKDJJUHJDWLRQV�RI�VPDOOHU�ILVK�DW�D�UDQJH�RI�PDWXULW\�VWDJHV��)LJXUH�������7KH�EXON�RI�WKH�0��D��DXVWUDOLVHQFRXQWHUHG�ZHUH�LQ��RU�QHDU�WR��WKH�PDMRU�VSDZQLQJ�DUHD�WR�WKH�VRXWK�RI�WKH�)DONODQGV�DOWKRXJK�VPDOOHUDJJUHJDWLRQV��ZLWK�VRPH�LQGLFDWLRQV�RI�VSDZQLQJ��ZHUH�DOVR�HQFRXQWHUHG�QRUWK�RI�,VOD�GH�ORV�(VWDGRV���,WDSSHDUHG�WKDW�WKH�SRVW�VSDZQLQJ��PLJUDWLRQV�RI�VRXWKHUQ�EOXH�ZKLWLQJ�IURP�WKH�VSDZQLQJ�JURXQGV�WR�WKHHDVWHUQ�SDUW�RI�WKH�)DONODQG�6KHOI�KDG�QRW�\HW�EHJXQ�
7KH�DUHD�VXUYH\HG�FRYHUHG�D�ODUJH�SDUW�RI�WKH�VSHFLHV¶�UDQJH���7KH�EXON�RI�WKH�ILVK�HQFRXQWHUHG�ZHUH�RQ�RU� FORVH� WR�� WKH�PDLQ� VSDZQLQJ� JURXQG� RI� VRXWKHUQ� EOXH�ZKLWLQJ� LQ� WKH� 6:�$WODQWLF�� �$OWKRXJK� WKHDFRXVWLF�PDUNV�REVHUYHU�QRUWK�RI�,VOD�GH�ORV�(VWDGRV�KDYH�\HW�WR�EH�SDUWLWLRQHG�EHWZHHQ�0��D��DXVWUDOLVDQG�RWKHU�VSHFLHV�SUHVHQW��SULQFLSDOO\�KRNL��0��PDJHOODQLFXV��LW� LV�FOHDU�WKDW�WKH�GDWD�IURP�WKLV�UHJLRQZLOO�FRQWULEXWH�UDWKHU�OLWWOH�DGGLWLRQDO�ELRPDVV�WR�WKH�WRWDO�
,Q�WKH�VRXWK�HDVWHUQ�SDUW�RI�WKH�DUHD�ZKHUH�WKH�EXON�RI�WKH�VRXWKHUQ�EOXH�ZKLWLQJ�ZHUH�HQFRXQWHUHG��DWGHSWKV� RI� ���� ±� ���P�ZHVW� RI�%HDXFKHQH� ,VODQG�� ODUJH� DJJUHJDWLRQV� RI� KRNL� ZHUH� DOVR� HQFRXQWHUHG�)LJXUH� ����� � 7KH� DFRXVWLF� PDUNV� HQFRXQWHUHG� WKXV� KDG� WR� EH� SDUWLWLRQHG� EHWZHHQ� PL[HG� PDWXULW\VFKRROV� RI� VRXWKHUQ� EOXH�ZKLWLQJ�� DQG� KRNL�� �7UDZOV� LQ� WKH� DUHD� WHQGHG� WR� EH� GRPLQDWHG� E\� D� VLQJOHVSHFLHV� VR�SDUWLWLRQLQJ� VFKRROV� LQWR�RQH� VSHFLHV�RU� WKH�RWKHU�ZDV� MXVWLILHG�� �+RZHYHU� WKHUH� LV� FOHDUO\VRPH�SRWHQWLDO�IRU�VFKRROV�RI�VRXWKHUQ�EOXH�ZKLWLQJ�WR�KDYH�EHHQ�PLVFODVVLILHG�DV�KRNL�DQG�YLFH�YHUVD�
7KH� ODUJH�GLIIHUHQFH�EHWZHHQ� WKH� WRWDO�ELRPDVV�HVWLPDWHV�ZLWK�DQG�ZLWKRXW� WKH� LQFOXVLRQ�RI� WKH� H[WUDGDWD�FROOHFWHG�HQ�URXWH�WR�$OEHPDUOH�RQ����6HSWHPEHU������LOOXVWUDWHV�WKH�PRVW�SUREOHPDWLF�SDUW�RI�WKHVXUYH\�DQDO\VLV�� �$OWKRXJK�FRPPHUFLDO�YHVVHOV�ZHUH� WDNLQJ� ODUJH�FDWFKHV�RI�VRXWKHUQ�EOXH�ZKLWLQJ� LQWKH� DUHD� MXVW� VRXWK� ZHVW� RI� &DSH� 0HUHGLWK� LQ� WKH� GD\V� MXVW� SULRU� WR� WKH� DFRXVWLF� VXUYH\�� QR� ODUJHVSDZQLQJ�DJJUHJDWLRQV�ZHUH�HQFRXQWHUHG�LQ�WKLV�DUHD�DORQJ�WKH�SUH�SODQQHG�VXUYH\�WUDQVHFWV���+RZHYHU�RQ� UH�WUDYHUVLQJ� WKH�DUHD�SULRU� WR�HFKRVRXQGHU� FDOLEUDWLRQ� LQ�3RUW�$OEHPDUOH� D� ODUJH� DJJUHJDWLRQ�ZDVHQFRXQWHUHG��)LJXUH������JLYLQJ�ULVH�WR�WKH�YHU\�GLIIHUHQW�ELRPDVV�HVWLPDWH���5HVXUYH\LQJ�WKH�DUHD�DIWHUFDOLEUDWLRQ�DJDLQ�IDLOHG�WR�GHWHFW�DQ\�ODUJH�DJJUHJDWLRQV���7KLV�VXJJHVWV�WKDW�WKH�VSDZQLQJ�DJJUHJDWLRQVDUH�SDWFK\�DQG�FRQVLGHUDEO\�PRUH�PRELOH�WKDQ�WKH�SRVW�VSDZQLQJ�DJJUHJDWLRQV�HQFRXQWHUHG�LQ�SUHYLRXVMRLQW� VXUYH\V�� � )XUWKHU� ZRUN� RQ� WKH� VSDWLDO� GLVWULEXWLRQ� DQG� SDWFKLQHVV� LQ� VSDZQLQJ� DJJUHJDWLRQVHQFRXQWHUHG�RQ�WKH�VXUYH\�ZLOO�EH�UHTXLUHG�EHIRUH�D�ILQDO�ELRPDVV�HVWLPDWH�FDQ�EH�SURYLGHG�IRU�WKLV�ILUVWSKDVH�RI�WKH�MRLQW�VXUYH\�
7KH�VSDZQLQJ�DJJUHJDWLRQV�GHWHFWHG�RQ�WKH�SUHVHQW�VXUYH\�ZHUH��KRZHYHU��JHQHUDOO\�VRPHZKDW�KLJKHURII� WKH� VHDEHG� WKDQ� WKH� SRVW�VSDZQLQJ� DJJUHJDWLRQV� GHWHFWHG� LQ�2FWREHU� ������ � 7KLV� OHDGV� WR� IHZHUFRQFHUQV� DERXW� WKH� SRWHQWLDO� IRU� VXEVWDQWLDO� TXDQWLWLHV� RI� ILVK� WR� EH� PLVVHG� GXH� WR� WKH� HIIHFW� RI� WKHDFRXVWLF�³GHDG]RQH´�QHDU�WKH�VHDEHG��2QD�DQG�0LWVRQ��������
$V� LQ� SUHYLRXV� VXUYH\V� WKH� WDUJHW� VWUHQJWK� UHODWLRQVKLS� IRU� QRUWKHUQ� EOXH� ZKLWLQJ�� 0LFURPHVLVWLXVSRXWDVVRX��KDV�EHHQ�HPSOR\HG���7KH�DGGLWLRQDO�VDPSOH�GDWD�FROOHFWHG�GXULQJ�WKLV�VXUYH\�VKRXOG�SURYLGHWKH�RSSRUWXQLW\�IRU�D�UH�H[DPLQDWLRQ�RI�WKLV�UHODWLRQVKLS�XVLQJ�GHWHFWLRQV�RI�VLQJOH�ILVK�RQ�WKH�PDUJLQVRI�VFKRROV�



��

7DEOH������6WHSV�LPSOHPHQWHG�LQ�(FKRYLHZ�����������5DZ�YDULDEOHV��4�%�±����N+]�UDZ�GDWD�ZLWK�H[SDQGHG�ERWWRP��4�%�±�����N+]�UDZ�GDWD�ZLWK�H[SDQGHG�ERWWRP�
6WHSV 9LUWXDO�9DULDEOHV

1DPH 2SHUDWRU 2SHUDQG� 2SHUDQG� 2WKHU�6HWWLQJV�5HTXLUHG
&UHDWH�PDVN�WRH[FOXGH�SLQJV�ZLWK�QRVRXQGHU�GHWHFWHGERWWRP

%RWWRP/LQH%LWPDS /LQH%LWPDS 4�% 6WDUW�/LQH��7��6RXQGHU'HWHFWHG%RWWRP�RULJ6WDUW�/LQH��7��6RXQGHU'HWHFWHG%RWWRP����'R�FKHFN�³,QYHUW�2XWSXW´
&UHDWH�PDVN�WRH[FOXGH�GDWD�RII�WKHGHILQHG�WUDQVHFW�DQGRWKHU�EDG�GDWD�UHJLRQV

2Q7UDFN 5HJLRQ�%LWPDS 4�% 5HJLRQ�W\SH��%DG5HJLRQ�FODVVLILFDWLRQ��$OO'R�FKHFN�³,QYHUW�2XWSXW´
&UHDWH�FRPELQHGH[FOXVLRQ�PDVN %DG'DWD0DVN $QG %RWWRP/LQH%LWPDS 2Q7UDFN
'HILQH�LQFOXGHG�SDUWRI�ZDWHU�FROXPQ 6XUIDFH%RWWRP /LQH�%LWPDS 4�% 6WDUW�/LQH��6XUIDFH([OXVLRQ6WRS�OLQH��7��6RXQGHU'HWHFWHG%RWWRP����'R�127�FKHFN�³,QYHUW�2XWSXW´'HILQH�GDWD�WR�LQFOXGH ,QFOXGH $QG %DG'DWD0DVN 6XUIDFH%RWWRP0DVN�RXW�H[FOXGHGGDWD ���( 0DVN 4�% ,QFOXGH 'R�FKHFN�³=HUR�LV�QR�GDWD´
5HVDPSOH�GDWD ���6 5HVDPSOH�E\WLPH�LQWHUYDO ���( $YHUDJH�DOO�SLQJV�RYHU�D���V�WLPH�LQWHUYDO�RXWSXW�����GDWDSRLQWV*HQHUDWH�QRLVH 1RLVH��� 'DWD�JHQHUDWRU ���6 8VH�QRLVH�69��P�IURP�7DEOH�����VHW�a� �����6XEWUDFW�QRLVH ���6�& /LQHDU�0LQXV ���6 1RLVH���&UHDWH�HFKRJUDP�IRUVFKRRO�GHWHFWLRQ 6FKRRO'HWHFW &RS\ ���6�& 6HW�PLQLPXP�WKUHVKROG�WR�±��G%
&UHDWH�PDVN�EDVHG�RQVFKRRO�GHWHFWLRQVDWWULEXWHG�WR�%/8

6FKRRO0DVN%/8 5HJLRQ�%LWPDS ���6�& 5HJLRQ�W\SH��,QWHJUDWLRQ5HJLRQ�FODVVLILFDWLRQ��%/8
0DVN�QRLVH�IUHHHFKRJUDP�WR�GHOLQHDWEDFNVFDWWHULQJDWWULEXWHG�WR�%/8

���6�&�%/8 0DVN ���6�& 6FKRRO0DVN%/8 *ULG� ����QP��'R�127�FKHFN�³=HUR�LV�QRGDWD´



��

)LJXUH������/HQJWK�ZHLJKW�UHODWLRQVKLS�IRU�0LFURPHVLVWLXV�DXVWUDOLV�DXVWUDOLV�VDPSOHG�GXULQJ�UHVHDUFKFUXLVH�='/+����������XVLQJ�GDWD�IURP�VWDWLRQV�LQ�WKH�PDLQ�VSDZQLQJ�DUHD�������������������������³�´�V\PEROV��DQG�LQ�WKH�PL[HG�PDWXULW\�DJJUHJDWLRQV�RI�VPDOOHU�ILVK�WR�WKH�VRXWK�RI�WKH�PDLQ�VSDZQLQJDUHD��VWDWLRQV������������������������³[´�V\PEROV����7KH�OLQH�JLYHV�WKH�UHODWLRQVKLS�ILWWHG�WR�WKH�GDWDIURP�ERWK�JURXSV�
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7DEOH������'HQVLW\��DUHD�DQG�HVWLPDWHG�ELRPDVV�IRU�DOO������ORQJLWXGH�E\�������ODWLWXGH�JULG�VTXDUHVLQFOXGHG�LQ�WKH�DFRXVWLF�VXUYH\�WUDFN�ZKHUH�ELRPDVV�ZDV�JUHDWHU�WKDQ�]HUR��XVLQJ�GDWD�FROOHFWHG�DORQJWKH�SODQQHG�VXUYH\�OHJV�RQO\�
*ULG�ORFDWLRQ�QRUWK�HDVW�FRUQHU�/DWLWXGH /RQJLWXGH

*ULG�DUHD�QP�� 1XPEHU�RI('68V�LQ�JULG %LRPDVV�GHQVLW\�W�QP�� *ULG�ELRPDVV��W�

������ ������ ������ �� ����� �������������� ������ ������ �� ����� ������������ ������ ������ �� ����� ����������� ������ ������ �� ����� �������������� ������ ������ �� ����� �������������� ������ ������ �� ����� ����������� ������ ������ �� ����� ������������ ������ ������ �� ����� �������
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7DEOH�����'HQVLW\��DUHD�DQG�HVWLPDWHG�ELRPDVV�IRU�DOO������ORQJLWXGH�E\�������ODWLWXGH�JULG�VTXDUHVLQFOXGHG�LQ�WKH�DFRXVWLF�VXUYH\�WUDFN�ZKHUH�ELRPDVV�ZDV�JUHDWHU�WKDQ�]HUR��XVLQJ�GDWD�FROOHFWHG�DORQJWKH�SODQQHG�VXUYH\�OHJV�DQG�DGGLWLRQDO�GDWD�FROOHFWHG�HQ�URXWH�WR�3RUW�$OEHPDUOH�RQ����������
*ULG�ORFDWLRQ�QRUWK�HDVW�FRUQHU�/DWLWXGH /RQJLWXGH

*ULG�DUHD�QP�� 1XPEHU�RI('68V�LQ�JULG %LRPDVV�GHQVLW\�W�QP�� *ULG�ELRPDVV��W�

������ ������ ������ �� ����� �������������� ������ ������ �� ����� ������������ ������ ������ �� ����� ����������� ������ ������ �� ����� �������������� ������ ������ �� ����� �������������� ������ ������ �� ����� ����������� ������ ������ �� ����� ������������ ������ ������ �� ����� ������������� ������ ������ ��� ������ ��������

)LJXUH������'LVWULEXWLRQ�RI�ZKROH�ZDWHU�FROXPQ�6$�DORQJ�WKH�DFRXVWLF�VXUYH\�WUDFN���6L]H�RI�VTXDUHV�LVSURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�6$�FDOFXODWHG�RYHU����QP�VHFWLRQV�RI�WKH�VXUYH\�WUDFN���,QWHUYDOVZKHUH�6$�������DUH�QRW�SORWWHG�
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)LJXUH�����'LVWULEXWLRQ�RI�6$�LQ�UHJLRQV�LGHQWLILHG�E\�WKH�VFKRRO�GHWHFWLRQ�DOJRULWKP�DORQJ�WKH�DFRXVWLFVXUYH\�WUDFN���6L]H�RI�VTXDUHV�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�6$�FDOFXODWHG�RYHU����QP�VHFWLRQV�RIWKH�VXUYH\�WUDFN���$OO�LQWHUYDOV�ZKHUH�6$�!���DUH�SORWWHG�
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)LJXUH�����'LVWULEXWLRQ�RI�6$�DORQJ�WKH�DFRXVWLF�VXUYH\�WUDFN�IURP�UHJLRQV�LGHQWLILHG�E\�WKH�VFKRROGHWHFWLRQ�DOJRULWKP�ZKLFK�ZHUH�VXEVHTXHQWO\�DOORFDWHG�DV�VRXWKHUQ�EOXH�ZKLWLQJ���6L]H�RI�VTXDUHV�LVSURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�6$�FDOFXODWHG�RYHU����QP�VHFWLRQV�RI�WKH�VXUYH\�WUDFN���$OO�LQWHUYDOVZKHUH�6$�!���DUH�SORWWHG���7KH�JULG�XVHG�IRU�VWUDWLILFDWLRQ�LQ�GHULYLQJ�WKH�LQLWLDO�ELRPDVV�HVWLPDWH�LV�DOVRVKRZQ���7KH�WUDFNOLQH�DQG�VTXDUHV�LQ�EODFN�UHSUHVHQW�GDWD�FROOHFWHG�DORQJ�WKH�SODQQHG�VXUYH\�WUDFNZKLOVW�WKDW�LQ�UHG�UHSUHVHQWV�WKH�DGGLWLRQDO�GDWD�FROOHFWHG�HQ�URXWH�WR�$OEHPDUOH�RQ����������
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)LJXUH� ���� � 6SDZQLQJ� DJJUHJDWLRQ� RI� ODUJH� ���� ±� ��� FP�� VRXWKHUQ� EOXH� ZKLWLQJ� RQ� VXUYH\� OHJ� ���0LQLPXP�6Y�GLVSOD\HG�LV�±��G%�

)LJXUH������0L[HG�PDWXULW\�VFKRRO�RI�VPDOOHU�����±����FP��VRXWKHUQ�EOXH�ZKLWLQJ�RQ�VXUYH\�OHJ����0LQLPXP�6Y�GLVSOD\HG�LV�±��G%�

)LJXUH������3HODJLF�VFKRRO�RI�KRNL�REVHUYHG�RQ�OHJ������0LQLPXP�6Y�GLVSOD\HG�LV�±��G%���7KLV�VFKRROZDV�REVHUYHG�EHIRUH�GDZQ��WLPHV�DUH�LQ�*07��DQG�EHFDPH�KDUG�RQ�WKH�ERWWRP�DV�GD\OLJKW�DUULYHG�

)LJXUH������/DUJH�VRXWKHUQ�EOXH�ZKLWLQJ�VSDZQLQJ�DJJUHJDWLRQ�REVHUYHG�ZKLOH�HQ�URXWH�WR�HFKRVRXQGHUIRU�FDOLEUDWLRQ�RQ����6HSWHPEHU�������0LQLPXP�6Y�GLVSOD\HG�LV�±��G%�



��

���6HDELUG�VFDUHU�WULDOV
�����,QWURGXFWLRQ
,Q� 6HSWHPEHU� ����� DQG� $XJXVW� ����� WKH� )DONODQGV� &RQVHUYDWLRQ� 6HDELUGV� DW� 6HD� 7HDP� �6$67�UHFRUGHG� VHDELUG�PRUWDOLW\� OHYHOV� RI� DURXQG� �� ELUG� SHU� GD\� RQ� ILQILVK� WUDZOHUV� RSHUDWLQJ� LQ� )DONODQG,VODQG�ZDWHUV��7KLV�LV�PRUH�WKDQ�GRXEOH�WKDW�UHSRUWHG�IRU�WKH�.HUJXHOHQ�UHJLRQ�LQ�)HEUXDU\�0DUFK�����ZKHQ����ELUGV�ZHUH�NLOOHG�RQ�D�WUDZOHU�DW�D�UDWH�RI������ELUGV�GD\��:HLUPHUVNLUFK�HW�DO����������0RUHWKDQ�����RI�WKHVH�GHDWKV�RFFXUUHG�ZKHQ�ELUGV��IHHGLQJ�RQ�RIIDO�GLVFKDUJHG�QHDU�DW�WKH�VWHUQ�RI�WKH�VKLS�ZHUH�KLW� E\� WKH� WUDZO�ZDUS�DQG�GUDJJHG�XQGHU� WKH�ZDWHU�� EHFRPLQJ� LPSDOHG�RQ� D� VSOLFH� LQ� WKH�ZDUSFDEOH�
6LQFH�WKH�SUREOHP�ZDV�LGHQWLILHG�6$67�DQG�),)'�KDYH�EHHQ�ZRUNLQJ�WR�GHYHORS�D�ELUG�VFDUHU�WR�NHHSELUGV�DZD\�IURP�WKH�DUHD�ZKHUH�WKH�ZDUS�HQWHUV� WKH�ZDWHU�� �7KH�GHYLFH�FRQVLVWV�RI�D�V\VWHP�RI�URSHV�NQRZQ�DV�WKH�6RXWK�$WODQWLF�$OEDWURVV�6DYHU��6$$6��WKDW�DWWDFK�WR�WKH�ZDUS�DW�WKH�VWHUQ�RI�WKH�VKLS�7KH�WKHRU\�RI�WKH�GHYLFH�LV�VLPLODU�WR�WKDW�RI�WRUL�OLQHV�XVHG�RQ�ORQJOLQH�YHVVHOV��ZKHUHE\�WKH�PRYHPHQWRI�WKH�URSHV�DV�WKH�YHVVHO�SLWFKHV�DQG�UROOV�VFDUHV�ELUGV�DZD\�IURP�WKH�SRLQW�ZKHUH�WKH�ZDUS�HQWHUV�WKHZDWHU�VKLS�VR�UHGXFLQJ�FRQWDFWV�WKDW�OHDG�WR�PRUWDOLW\���7KH�6$$6�FRQVLVWV�RI�D�VHULHV�RI�VWDLQOHVV�VWHHOFDUDELQHUV� ODWFKHG� RQWR� WKH� ZDUS� FDEOH�� �7KHVH� KDYH� ��PP�GLDPHWHU� URSHV� DWWDFKHG� �ZLWK� UHIOHFWLYHRUDQJH� WDSH�� WKDW� KDQJ� WR� WKH� ZDWHU�� 7KH� FDUDELQHUV� DQG� DUH� MRLQHG� E\� D� ��P� ORQJ� SLHFH� RI� WULSOH�UHLQIRUFHG�K\GUDXOLF�KRVH��WKUHDGHG�WKURXJK�WKLV�LV�D��PP�GLDPHWHU�SLHFH�RI�URSH��ZKLFK�LV�WLHG�WR�WKHVWHUQ�RI�WKH�VKLS��)LJXUH������7KH�KRVH�PDLQWDLQV�WKH�VSDFLQJ�EHWZHHQ�FDUDELQHUV�ZKLOVW�WKH�URSH�KROGVWKH�GHYLFH�LQ�SRVLWLRQ�DQG�DOORZV�OHQJWK�DGMXVWPHQW�LQ�GLIIHUHQW�VHD�FRQGLWLRQV�
6$$6�ZDV� WHVWHG� LQ�2FWREHU������DQG�)HEUXDU\������RQ� ILQILVK� DQG�/ROLJR� WUDZOHUV� DQG� WKH� UHVXOWVFOHDUO\� VKRZ� WKDW� 6$$6� LV� HIIHFWLYH� LQ� UHGXFLQJ� FRQWDFWV� EHWZHHQ� WKH� ZDUS� DQG� VHDELUGV�� HVSHFLDOO\KHDY\�FRQWDFWV�ZKLFK�OHDG�WR�LQFLGHQWDO�PRUWDOLW\��6XOOLYDQ�DQG�%ULFNOH���������$�UDQJH�RI�LQWHUUHODWHGYDULDEOHV�SRWHQWLDOO\�LQIOXHQFH�WKH�IUHTXHQF\�RI�WKH�FDEOH�FRQWDFWLQJ�ELUGV��DQG�WKHUHIRUH�WKH�SUREDELOLW\RI�D�ELUG�EHLQJ�NLOOHG���7KHVH�LQFOXGH�
�� 7KH� DPRXQW� DQG� GXUDWLRQ� RI� RIIDO� GLVFKDUJH�� ZKLFK� LQIOXHQFHV� WKH� GHQVLW\� RI� ELUGV� DWWHQGLQJWUDZOHUV��
�� 7KH�WLPH�RI�\HDU��L�H��VHDVRQ�EUHHGLQJ�F\FOH���ZKLFK�HIIHFWV�WKH�GHQVLW\�DQG�IRUDJLQJ�EHKDYLRXU�RIELUGV�IHHGLQJ�DURXQG�WUDZOHUV�
�� 7KH�VWUHQJWK�DQG�GLUHFWLRQ�RI�WKH�ZLQG��ZKLFK�LQIOXHQFHV�ELUG�EHKDYLRXU�DURXQG�YHVVHOV�
�� 6HD� VWDWH�� ZKLFK� LQIOXHQFHV� WKH� IRUFH� DQG� VSHHG� DW� ZKLFK� WKH� VWHUQ� RI� WKH� YHVVHO� SLWFKHV�� DQGWKHUHIRUH�WKH�VSHHG�DW�ZKLFK�WKH�ZDUS�SLWFKHV�
7KH�SULPDU\�REMHFWLYH�RI�WKH�WULDOV�ZDV�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�6$$6�XQGHU�GLIIHUHQW�OHYHOV�RIFRQWUROOHG�GLVFKDUJH�
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)LJXUH������,OOXVWUDWLRQ�RI�WKH�³6RXWK�$WODQWLF�$OEDWURVV�6DYHU´��6$$6�������2EVHUYHU�SRVLWLRQ�����:DUS������/D]\�OLQH������6$$6�

�����0HWKRGV
7KH�H[SHULPHQWDO�SURWRFRO�ZDV�GHVLJQHG�IRU�WKH�H[SHFWHG����WUDZOV�WKDW�ZRXOG�EH�FRQGXFWHG�EHWZHHQ6HSWHPEHU� �� DQG� ���� 7KUHH� GLVFKDUJH� WUHDWPHQWV� ZHUH� FKRVHQ�� GHVLJQHG� WR� UHIOHFW� GLVFDUG� OHYHOVH[SHULHQFHG�RQ�ILQILVK�WUDZOHUV�XQGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV��QLO��ORZ�����GLVFKDUJH�HYHQWV�HYHU\��� PLQXWHV��� DQG� KLJK� ����� GLVFKDUJH� HYHQWV� HYHU\� ��� PLQXWHV��� � (DFK� LQGLYLGXDO� GLVFKDUJH� HYHQWUHSUHVHQWHG�WKH�GLVFDUG�RI�DQ�LQGLYLGXDO�ILVK�RU�SDUW�WKHUHRI��$�UDQGRP�QXPEHU�JHQHUDWRU�ZDV�XVHG�WRVHOHFW�WKH�QLQH�WUDZOV�RQ�ZKLFK�WR�GHSOR\�6$$6�DQG�WKUHH�UHSOLFDWHV�RI�HDFK�GLVFKDUJH�WUHDWPHQW�
$OO� GDWD� ZHUH� FROOHFWHG� E\� D� VLQJOH� REVHUYHU� SRVLWLRQHG� RQ� WKH� VWHUQ� JDQWU\�� )RU� HDFK� UHSOLFDWH� WKHDEXQGDQFH�RI�VHDELUGV�ZDV�HVWLPDWHG�IURP�WKH�VWHUQ�RI�WKH�YHVVHO�LQ�D�����[����P�VDPSOLQJ�DUHD�����PDVWHUQ�DQG����P�RQ�WKH�VWDUERDUG�DQG�SRUW�VLGHV��GXULQJ�DOO�VKRWV�DQG�KDXOV��6SHFLHV�VSHFLILF�DEXQGDQFHHVWLPDWHV�ZHUH�SODFHG�LQWR�RQH�RI�ILYH�FDWHJRULHV��� �����ELUGV��� �������� ��������� ���������DQG�� !�����
$OO�FRQWDFWV�EHWZHHQ�VHDELUGV�DQG�WKH�ZDUS�FDEOHV�ZHUH�FODVVLILHG�DQG�UHFRUGHG�XVLQJ�6$67�VWDQGDUGGDWD�UHFRUGLQJ�SURWRFROV���$�UDQJH�RI�HQYLURQPHQWDO�YDULDEOHV�ZHUH�DOVR�UHFRUGHG�IRU�HDFK�WUDZO�
7KH�6$$6�GHYLFH�ZDV�GHSOR\HG�ZKHQ�VKRRWLQJ�ZDV�FRPSOHWH�DQG�ZDV�UHWULHYHG�SULRU�WR�KDXOLQJ��:KLOHWKH�GHYLFH�LQ�LWV�FXUUHQW�IRUP�FDQ�UHPDLQ�LQ�SODFH�GXULQJ�FDEOH�DGMXVWPHQW��H�J��DXWR�WUDZO���EHFDXVH�RIWKH�VPDOO�VL]H�RI�WKH�FDUDELQHUV�XVHG�LW�PXVW�EH�UHPRYHG�WR�HQDEOH�D�FDEOH�VSOLFH�WR�SDVV�WKURXJK�

�����5HVXOWV
'DWD�ZHUH� DQDO\VHG� XVLQJ�0,1,7$%�� 3UHOLPLQDU\� GDWD� VFUHHQLQJ� LQGLFDWHG� WKDW� WKH� GDWD� VHW� GLG� QRWEUHDN� WKH� DVVXPSWLRQ� RI� HTXDO� YDULDQFH� DQG�ZDV� WKHUHIRUH� VXLWDEOH� IRU� $129$��2QH�ZD\� $129$LQGLFDWHG� WKDW� VLJQLILFDQWO\� IHZHU� FRQWDFWV� ZHUH� UHFRUGHG� GXULQJ� WUDZOV� ZLWK� 6$$6� GHSOR\HG�� 1RVLJQLILFDQW�GLIIHUHQFH��S�!�������ZDV�LGHQWLILHG�IRU�GLVFKDUJH�OHYHO�RU�VHD�VWDWH�
$�RQH�ZD\�$129$�RI�EODFN�EURZHG�DOEDWURVV�DEXQGDQFH�LGHQWLILHG�WZR�JURXSV��DEXQGDQFH�FODVVHV����� DQG� ������ � 7KHVH� GDWD� ZHUH� UHFRGHG� WR� IRUP� WZR� FDWHJRULHV� DQG� D� VXEVHTXHQW� RQH�ZD\� $129$EHWZHHQ� WKH� QXPEHU� RI� FRQWDFWV� DQG� DEXQGDQFH� FDWHJRU\� GHPRQVWUDWHG� VLJQLILFDQWO\� PRUH� FRQWDFWVZKHQ�DEXQGDQFH�ZDV�KLJK��)������ ��������S���������+RZHYHU��DEXQGDQFH�FDWHJRULHV�ZHUH�RPLWWHG�IURPVXEVHTXHQW�DQDO\VLV�EHFDXVH� WKH�UHODWLYHO\� VPDOO�VDPSOH�VL]H�PHDQW� WKDW� WKH�GHJUHHV�RI� IUHHGRP�ZHUHUHGXFHG�WR�WKH�SRLQW�ZKHUH�WKH�FRQILGHQFH�LQ�PRGHO�RXWFRPHV�ZDV�JUHDWO\�UHGXFHG�
$Q�LQLWLDO�JHQHUDOLVHG�OLQHDU�PRGHO��*/0��ZDV�UXQ�XVLQJ�WKH�IROORZLQJ�YDULDEOHV��6$$6��2Q�2II���VHDVWDWH� ������� DQG�GLVFKDUJH� OHYHO� �QLO�� ORZ�� KLJK���6HD�6WDWH�ZDV� LQFOXGHG� LQ� WKH�PRGHO�EHFDXVH� LW�ZDVFRQVLGHUHG� WR�EH� WKH�HQYLURQPHQWDO�YDULDEOH�PRVW� OLNHO\� WR� LQIOXHQFH� WKH�QXPEHU�RI�FRQWDFWV�ZLWK� WKHZDUS� FDEOH�� EXW� ZDV� IRXQG� WR� EH� QRQ� VLJQLILFDQW� �S� !� ������ DQG� ZDV� UHPRYHG� IURP� WKH� VXEVHTXHQW



��

PRGHO��7KH�ILQDO�PRGHO�GHPRQVWUDWHG�VLJQLILFDQWO\�OHVV�FRQWDFWV�IRU�WUDZOV�ZLWK�6$$6�GHSOR\HG��DQG�DVLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�GLVFKDUJH�OHYHO�DQG�WKH�QXPEHU�RI�FRQWDFWV��7KHUH�ZDV�QR�VLJQLILFDQWLQWHUDFWLRQ�LGHQWLILHG�EHWZHHQ�6$$6�DQG�WKH�OHYHO�RI�GLVFKDUJH��7DEOH����
7DEOH�����9DULDEOHV�LQ�ILQDO�*/0�RI�VHDELUG�FRQWDFWV�ZLWK�ZDUS�FDEOHV�

7HUP 0HDQ 6(�0HDQ ) 3
6$$6��2II� ����� ���� ����� �����6$$6��2Q� ���� ����'LVFKDUJH��1LO� ���� ���� ���� �����'LVFKDUJH��/RZ� ����� ����'LVFKDUJH��+LJK� ����� ����6$$6�[�GLVFKDUJH ���� 16)����

�$� SRVW� KRF� 7XNH\� WHVW� KLJKOLJKWHG� D� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� PHDQ� QXPEHU� RI� FRQWDFWVUHFRUGHG� IRU� WUDZOV�ZLWK� QLO� GLVFKDUJH� DQG� WKRVH�ZLWK� ORZ� DQG� KLJK� GLVFKDUJH� OHYHOV� �W�  � �������S���������+RZHYHU��WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�QXPEHU�RI�FRQWDFWV�UHFRUGHG�IRU�ORZDQG�KLJK�GLVFKDUJH�OHYHOV��W� ��������S�!�������
'XH�WR�WKH�UHODWLYHO\�VPDOO�VDPSOH�VL]H��WKUHH�ZD\�LQWHUDFWLRQV�EHWZHHQ�YDULDEOHV�ZHUH�QRW�LQYHVWLJDWHGEHFDXVH�RI�PLVVLQJ�FRPELQDWLRQV�RI�YDULDEOHV�

�����'LVFXVVLRQ
7KH�UDQGRP�VHOHFWLRQ�RI�WUDZOV�IRU�WKH�GHSOR\PHQW�RI�6$$6�UHVXOWHG�LQ�WKH�GHYLFH�EHLQJ�GHSOR\HG�LQ�DZLGH� UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV�� LQFOXGLQJ�XS� WR� VHD� VWDWH���� DOWKRXJK� KLJKHU� VHD� VWDWHV�ZHUHJHQHUDOO\� H[SHULHQFHG� LQ� WKH� ODWWHU� VWDJHV� RI� WKH� WULS�� ,Q� WKH� ODWWHU� SDUW� RI� WKH� WULS�� ZKHQ� VHD� VWDWHLQFUHDVHG�� VRPH�GLIILFXOWLHV�ZHUH� H[SHULHQFHG�ZLWK� WKH�GHYLFH� WZLVWLQJ� DURXQG� WKH� ZDUS�� )RU� WKH� ODVWIRXU� GD\V� RI� WULDOV� WKH� K\GUDXOLF� KRVH� ZDV� UHSODFHG� E\� 39&� SLSH�� 7ZLVWLQJ�� KRZHYHU�� UHPDLQHG� DSUREOHP���$OWKRXJK�LW�GLG�QRW�JUHDWO\�UHGXFH�WKH�HIIHFWLYHQHVV�RI�WKH�GHYLFH�LW�GLG�PDNH�LW�GLIILFXOW� WRUHWULHYH�DQG�FRXOG�DIIHFW�WKH�DGMXVWPHQW�RI�ZDUS�OHQJWK�GXULQJ�FRPPHUFLDO�WUDZOLQJ�RSHUDWLRQV�
7KH� UHVXOWV� GHPRQVWUDWH� D� VLJQLILFDQW� UHGXFWLRQ� LQ� FRQWDFWV� ZLWK� WKH� GHSOR\PHQW� RI� 6$$6� DQGVLJQLILFDQWO\� IHZHU� FRQWDFWV� IRU� WUDZOV� ZLWK� QR� GLVFKDUJH�� +RZHYHU�� WKH� PHDQ� QXPEHU� RI� FRQWDFWVUHFRUGHG�GXULQJ�WUDZOV�ZLWK�ORZ�DQG�KLJK�GLVFKDUJH�ZHUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW��7KLV�VXJJHVWV�WKDW6$$6�ZRUNV�HTXDOO\�ZHOO�UHJDUGOHVV�RI�WKH�OHYHO�RU�LQWHQVLW\�RI�GLVFKDUJH�
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6FKOLW]HU��5����������2FHDQ�'DWD�9LHZ��KWWS���ZZZ�DZL�EUHPHUKDYHQ�GH�*(2�2'�
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