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��

$ FRORU�FRPSRVLWH�LPDJH�ZDV�SURGXFHG�XVLQJ�WKH�VSHFWUDO�/DQGVDW�70�EDQGV�������� �*UHHQ��1HDU�,QIUDUHG���0LGGOH�,QIUDUHG��WR�GLIIHUHQWLDWH�YLVXDOO\�WKH�SUHYDLOLQJ�IHDWXUHV�LQ�WKH�VFHQH��7R�DVVHVV�WKH�HQYLURQPHQWDO�VWDWXV�RI�WKHVH�KDELWDWV��LPDJHV�ZHUH�VXEMHFWHG�WR�LPDJH� SURFHVVLQJ� DQDO\VLV� DQG� FODVVLILFDWLRQ�� &ODVVLILFDWLRQ� LV� D� SURFHVV� RI� GLYLGLQJ� WKH�PXOWLVSHFWUDO�VDWHOOLWH�LPDJH�WR�SURGXFH�DXWRPDWLFDOO\�DQ�LPDJH��RQH�OD\HU��FRQWDLQLQJ�WKH�PDMRU� FRYHU� FODVVHV�� UHIHUUHG� WR� DV� ³WKHPDWLF� LPDJHV´�� �7KH�8QVXSHUYLVHG� FODVVLILFDWLRQ��SURFHVV� ZDV� VHOHFWHG� PDLQO\� EHFDXVH� LW� GRHV� QRW� QHHG� D SULRUL� GHWDLOHG� JURXQG�WUXWK�LQIRUPDWLRQ��DQG�VXLWV�LPDJHV�WKDW�FRQWDLQ�ERWK�ZDWHU�ERGLHV�DQG�WHUUHVWULDO�IHDWXUHV�LQ�WKH�VDPH� VXEVFHQH�� 8QVXSHUYLVHG� FODVVLILFDWLRQ� ZDV� SHUIRUPHG� XVLQJ� DQ� DOJRULWKP� FDOOHG�,62'$7$�� 7KLV� SURFHGXUH� FODVVLILHV� DOO� EDQG� LPDJHV� XVLQJ� D� XVHU�VSHFLILHG� QXPEHU� RI�FOXVWHUV� WR�SURFHVV��7KH�SURFHGXUH�VWDUWV�E\� WUDLQLQJ�VLWHV�EDVHG�RQ�VWDWLVWLFDO�SDUDPHWHUV�SURGXFHG� WKURXJKRXW� WKH� DOJRULWKP� WKDW� FKDUDFWHUL]H� LQGLYLGXDO� FODVVHV�� ,W� UHVXOWV� LQ� D�FODVVLILFDWLRQ� WKDW� LQFOXGHV� QRW� RQO\� WKHVH� VSHFLILF� FODVVHV�� EXW� DOVR� VLJQLILFDQW� �EXW�XQNQRZQ�� PL[WXUHV� WKDW� PLJKW� H[LVW�� 7KH� HQG� UHVXOW� KDV� PXFK� RI� WKH� FKDUDFWHU� RI� WKH�XQVXSHUYLVHG�DSSURDFK�GHVFULEHG�DERYH��7KH�,62'$7$�DOJRULWKP�XVHV�VSHFWUDO�GLVWDQFH�DV� LQ� WKH�VHTXHQWLDO�PHWKRG��EXW�LWHUDWLYHO\�FODVVLILHV� WKH�SL[HOV�� UHGHILQHV� WKH�FULWHULD�IRU�HDFK�FODVV��DQG�FODVVLILHV�DJDLQ��VR�WKDW�WKH�VSHFWUDO�GLVWDQFH�SDWWHUQV�LQ�WKH�GDWD�JUDGXDOO\�HPHUJH��(5'$6��������� 7KH� FODVVLILFDWLRQ� SURFHVV� ZDV� QHFHVVDU\� IRU� VHSDUDWLQJ� WKH� PDQJURYH�DTXDWLF�YHJHWDWLRQV�IURP�RWKHU�ODQG�XVH�EDFNJURXQG��&ODVVLILFDWLRQ�WULDOV�ZLWK�GLIIHUHQW�QXPEHU�RI�FODVVHV�ZHUH�GRQH��VWDUWLQJ�IURP���WKURXJK���FODVVHV��)RU�HYHU\�WULDO��VSHFWUDO�VLJQDWXUHV�RI�FODVVHV� ZHUH� H[DPLQHG� WR� GHWHUPLQH� FODVV� RYHUODS� DQG� VHSDUDWLRQ�� 7KH� EHVW� UHVXOWV� WKDW�\LHOG�FRPSOHWH�VHSDUDEOH�FODVVHV�ZLWK�]HUR�RYHUODS�L�H��EHVW�DFFXUDF\��ZHUH�DFKLHYHG�XVLQJ�� FODVVHV��:LWK�WKLV�GHFLVLRQ��WKH�VDWHOOLWH�LPDJH�ZDV�IHG�LQWR�WKH�,62'$7$�FODVVLILHU�ZLWK�D FRQYHUJHQFH� WKUHVKROG� HTXDO� WR� ����� WR� SURGXFH� �� PDMRU� ODQG� FRYHU� FODVVHV� XVLQJ� ��LWHUDWLRQV�� &ODVVLILFDWLRQ� DFFXUDF\� DVVHVVPHQW� DOORZV� HYDOXDWLRQ� RI� WKH� FODVVLILHG� LPDJH��WKHPDWLF�UDVWHU�OD\HU���,W�ZDV�SHUIRUPHG�KHUH�XVLQJ�WKH�&HOO�$UUD\�XWLOLW\��ZKLFK�OLVWV�WZR�VHWV�RI�FODVV�YDOXHV�IRU� UDQGRPO\� VHOHFWHG�SRLQWV� LQ� WKH�FODVVLILHG� LPDJH� ILOH��2QH� VHW�RI�FODVV�YDOXHV�LV�DXWRPDWLFDOO\�DVVLJQHG�WR�WKHVH�UDQGRP�SRLQWV�DV�WKH\�DUH�VHOHFWHG��DQG�WKH�RWKHU� VHW� RI� FODVV� YDOXHV� �UHIHUHQFH� YDOXHV�� LV� LQSXW� E\� WKH� XVHU��7KHVH� UHIHUHQFH� YDOXHV�XVHG�DUH�EDVHG�RQ�JURXQG�WUXWK�GDWD��7KH�$FFXUDF\�$VVHVVPHQW�&HOO�$UUD\�LV�DQ�RUJDQL]HG�ZD\�RI�FRPSDULQJ�WKH�FODVVLILFDWLRQ�ZLWK�JURXQG�WUXWK�GDWD��7KH�GDWD�IRU�WKH�UDQGRP�SRLQWV�LQ�WKH�&HOO�$UUD\�FDQ�EH�VDYHG�LQ�WKH�FODVVLILHG�LPDJH�ILOH�IRU�IXUWKHU�UHIHUHQFH�RU�WR�UHILQH�SDVW�HYDOXDWLRQV���
5(68/76�$1'�',6&866,21��)LJXUH���VKRZV�WKH�IDOVH�FRORU�FRPSRVLWH��EDQGV��������SURGXFHG��7KH�UHG�FRORXU� LQ�WKLV�VXEVFHQH� LQGLFDWHV� DOJDO� FRYHU� DVVRFLDWHG� ZLWK� FRUDOV� LQ� VKDOORZ� FOHDU� ZDWHU� DUHDV�� WKH�EODFN�FRORXU� LQGLFDWHV�ZDWHU�ERGLHV�� WKH�JUD\LVK�FRORXU� LQGLFDWHV�XUEDQ�VWUXFWXUHV��ZKLOH�WKH� GDUN� JUH\� FRORXU� LV� WKH�EDFNJURXQG�GHVHUWV� LQ� WKH� KLQWHUODQGV��:LWK� LQFUHDVLQJ�EDQG�QXPEHUV����WKURXJK���H[FHSW�����WKH�VSHFWUDO�UHIOHFWDQFH�YDOXHV�RI�ZDWHU�ERG\�GHFUHDVH��L�H��ELM�!ELM�!ELM�!ELM�!ELM�!ELM��DQG�WKRVH�RI�WKH�GHVHUW�DUHDV�LQFUHDVH��,Q�WKLV�VXEVFHQH�WKH�OHDVW� PLQLPXP� '1� YDOXH� LV� ����� DQG� LV� DWWDLQHG� E\� WKH� LQIUDUHG� EDQG� �EDQG� ���� 7KH�PLQLPXP� YDOXH� LV� DQ� LQGLFDWLRQ� RI� WKH� UHIOHFWLRQV� RI� GHHS�� FOHDU� DQG� XQSROOXWHG� ZDWHU�UHIOHFWLRQV�RI�WKH�5HG�6HD���
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7KH�DYHUDJH�KHLJKW�RI�$��PDULQD�SODQWV�UDQJHG�EHWZHHQ�������P��7KH�VL]H�FODVV�������P�FODVV�GRPLQDWHV�PRVW�RI�WKH�XQGLVWXUEHG�VLWHV��VXFK�DV�6DIDJD�,VODQG���ZLWK�D�VPDOO�QXPEHU�RI�UHODWLYHO\�WDOO�WUHHV�DWWDLQLQJ�KHLJKWV�RI�DERXW��P��7DEOH�����7KH�JURXQG�FRYHU�RI�WKH�$��PDULQD� WUHHV� VKRZHG� YDULDEOH� GLVWULEXWLRQ� WKURXJKRXW� WKH� GLIIHUHQW� VWXGLHG� VLWHV�� 6RPH�SDUWV� RI� WKH� LQYHVWLJDWHG� VLWHV� VKRZHG� FOXPSHG� SDWWHUQ� RI� GLVWULEXWLRQ� �L�H��� GHQVH�PDQJURYHV���ZKLOH�WKHUH�ZHUH�UHJXODU�SDWWHUQV��L�H���RSHQ�PDQJURYHV��RQ�RWKHU�SDUWV��7KH�VXUYH\� RI� WKH� GLIIHUHQW� VLWHV� LQGLFDWHG� WKDW� WKH� YHJHWDWLRQ� VWUXFWXUH� LV� PRQRVSHFLILF�$YLFHQQLD�PDULQD� ZKLFK�JURZV� RQ�ZKLWLVK� LQWHUWLGDO� VDQG� IODWV� �HXOLWWRUDO� ]RQH��PDLQO\�DURXQG�WKH�PDUJLQV�RI�WKH�ODJRRQV�WKDW�DUH�VXEPHUJHG�E\�VHD�ZDWHU�DW�KLJK�WLGH���� 7KH� DYHUDJH� WLGDO� DPSOLWXGH� YDULHV� IURP� ���� WR� ���P�0DQJURYHV� DUH� OLPLWHG� E\�DULGLW\�EXW�DOVR�E\�FRDVWDO�VWDELOLW\��ZKHUHYHU�WKHUH�LV�QDWXUDO�VKHOWHU�RU�ZKHUH�FRQVWUXFWHG�SURWHFWLYH� PHDVXUHV� DUH� LQ� SODFH�� PDQJURYHV� FDQ� HVWDEOLVK�� 7KHVH� REVHUYDWLRQV� DUH�VXSSRUWHG�E\�.RJR��������DQG�6DHQJHU�HW�DO� ���������

)LJ�����)DOVH�FRORU�FRPSRVLWH�RI�WKH�VWXG\�DUHD�DORQJ�WKH�5HG�6HD�FRDVW
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7DEOH����0DLQ�PDQJURYH�FODVVHV�RI�WKH�VWXG\�VLWHV��DORQJ�WKH�5HG�6HD�
$YHUDJH�JURXQG�FRYHUDJH��GHQVLW\��$YHUDJH�KHLJKW�RI��

$��PDULQD�WUHHV� ��������� �������� �������
����P� ��� /RZ�GHQVH�PDQJURYH�IRUHVW� ���� /RZ�RSHQ�PDQJURYH�IRUHVW� ���� /RZ�PDQJURYH�ZRRGODQG�
����±��P�� ���� 'HQVH�PDQJURYH�WKLFNHW� ���� 2SHQ�PDQJURYH�WKLFNHW� ���� 6FDWWHUHG�PDQJURYH�VKUXEV�
� ����P� ���� /RZ�GHQVH�PDQJURYH�WKLFNHW� ���� /RZ�GLVFRQWLQXRXV�PDQJURYH�WKLFNHW�

���� 6FDWWHUHG�PDQJURYH�XQGHUVKUXE�
'HQVH�$��PDULQD�PDQJURYHV� 2SHQ�$��PDULQD�PDQJURYHV� 1RW�GLVFULPLQDWHG�IURP�VSDFH�

$ER�$O�,]]��������LQGLFDWHG�WKDW�WKH�RIIVKRUH�LVODQGV�RI�WKH�5HG�6HD�DUH�FORVH�WR�WKH�VKRUH�OLQH��7KH�YHJHWDWLRQ�RI�WKHVH�LVODQGV�LV�UHSUHVHQWHG�E\�SXUH�WKLFNHWV�RI�$YLFHQQLD�PDULQD�ZHOO� GHYHORSHG� ZLWKLQ� FUHHNV� ZKHUH� FRYHU� LV� ������ ��� 7KH� PDQJURYH� DUHD� LV� IULQJHG�LQODQG�E\�VDOW�PDUVK�YHJHWDWLRQ�GRPLQDWHG�E\�$UWKURFQHPXP�JODXFXP��=DKUDQ�	�:LOOLV��������9HJHWDWLRQ�FKDUDFWHULVWLFV�RI�WKH�FRDVWDO�VDOW�PDUVKHV��LQFOXGLQJ�PDQJURYHV��DORQJ�WKH�5HG�6HD�LV�LQIOXHQFHG�E\�WKH�SK\VLRJUDSKLF�DWWULEXWHV�ZKLFK�OLPLW�WKHVH�PDUVKHV�WR�D�QDUURZ� VWULS� DORQJ� WKH� FRDVWDO� DUHD� �0HLJV� ������� =DKUDQ� ������� DQG�.DVVDV�	�=DKUDQ��������VWXGLHG�WKH�YHJHWDWLRQ�RI�WKH�5HG�6HD�FRDVW�DQG�LQGLFDWHG�WKDW�WKH�VWUXFWXUH�RI�WKH�(J\SWLDQ�5HG�6HD�FRDVW� LV� VLPSOH�DQG�XVXDOO\�GRPLQDWHG�E\�D� VLQJOH� OD\HU�RI�$YLFHQQLD�PDULQD�IURP�+XUJKDGD�VRXWKZDUGV���
7DEOH����*UDQXORPHWULF�DQDO\VLV��S+��WRWDO�VROXEOH�VDOWV��766���ILHOG�FDSDFLW\��FDOFLXP�FDUERQDWHV��&D&2��DQG�RUJDQLF�FDUERQ�FRQWHQWV�RI�WKH�VRLO�SURILOHV�DVVRFLDWHG�ZLWK�$YLFHQQLD�PDULQD�DORQJ�WKH�5HG�6HD�FRDVW��VRXWK�RI�+XUJKDGD�DQG�6DIDJD�,VODQG���

*UDQXORPHWULF�DQDO\VLV����� 2UJDQLF�FDUERQ�
����

6LWH�

*UDYHO� &RDUVH�VDQG� )LQH�VDQG� 6LOW�DQG�FOD\�

S+� 7�6�6���SSP�� )LHOG�FDSDFLW\�
����

&D� &R�����

�

5HG� 6HD� FRDVW��VRXWK� RI�+XUJKDGD��
���� ����� ����� ���� ����� ����� ����� ����� �����

� ���� ������� ������� ������ ������� � ��� ������ ������ �������
6DIDJD�,VODQG� ���� ����� ����� ���� ����� ����� ����� ����� �����

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

7KH�VWUXFWXUH�RI�WKH�PDQJURYH�YHJHWDWLRQ�RQ�WKH�5HG�6HD�FRDVW�LV�PDLQO\�LQIOXQFHG�E\�WKH�SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�VXSSRUWLQJ�VHGLPHQW��7KH�VRLO�RI�WKH�PDQJDO�YHJHWDWLRQ� LV� JHQHUDOO\� IRXO�VPHOOLQJ�� SHUKDSV� GXH� WR� LWV� KLJK� RUJDQLF�PDWWHU� FRQWHQW�UHOHYDQW� WR� WKH� SUHVHQFH� RI� DTXDWLF� IDXQD� DQG� IORUD�� 6RLO� WH[WXUH� RI� WKH� DVVRFLDWHG�
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VXEVXUIDFH�OD\HU�VDPSOHV�RI�$YLFHQQLD�PDULQD�ZDV�IRUPHG�PDLQO\�RI�D�ILQH�VDQG�IUDFWLRQ���������VRXWK�RI�+XUJKDGD�DQG��������DORQJ�6DIDJD�,VODQG��7DEOH������ 7KH�VRLO� UHDFWLRQ�ZDV�ZHDNO\�DONDOLQH� �S+������±������DQG�WKH� WRWDO� VROXEOH�VDOWV�DWWDLQHG� D�PD[LPXP� YDOXH� RI� ����� SSP� LQ� WKH� VRLO� VDPSOH� RI� 6DIDJD� ,VODQG�� 7KH� ILHOG�FDSDFLW\�RI�WKH�VRLO�VDPSOHV�ZHUH�UHODWLYHO\�KLJK��UDQJLQJ�EHWZHHQ������DQG���������7KH�WRWDO� FDUERQDWH� DQG� RUJDQLF� FDUERQ� FRQWHQW� KDG� KLJKHU� SHUFHQWDJHV� LQ� WKH� VHGLPHQW� RI�6DIDJD� ,VODQG� ������ �� DQG� ����� �� UHVSHFWLYHO\�� � FRPSDUHG� ZLWK� WKRVH� RI� VRXWK� RI�+XUJKDGD� ��������DQG�������� UHVSHFWLYHO\���6RLO� FRQGLWLRQV�� WLGDO�PRYHPHQW�� VHD�ZDWHU�VSUD\�� VHDZDWHU� VHHSDJH�� ZDYHV�� ODQG� UHOLHI� DQG� ORFDO� DQG� PLFURFOLPDWH� DUH� WKH� PDLQ�IDFWRUV� WKDW� OLPLW� WKH� GLVWULEXWLRQ� DQG� H[WHQW� RI� PDQJURYHV� DQG� WKH� DVVRFLDWHG� FRDVWDO�KDELWDWV��%DWDQRXQ\�	�%DHVKLQ�������.DVVDV�	�=DKUDQ��������������������������=DKUDQ��������=DKUDQ�	�:LOOLV��������0RUV\��������<RXVVHI�HW�DO� ��������� &RQFHUQLQJ�WKH�DOJDO�VWXG\�UHOHYDQW�WR�WKH�PDQJDO�YHJHWDWLRQ��D�OLVW�RI����DOJDO�WD[D�DQG�WKHLU�GLVWULEXWLRQ�DORQJ�WKH�]RQHV�RI�WKH�LQYHVWLJDWHG�VLWHV�ZDV�UHFRUGHG��7DEOH�����7KH�IORULVWLF�FRPSRVLWLRQ�HPSKDVL]HG�WKH�GLIIHUHQW�SHUFHQWDJHV�RI� WD[RQRPLF�JURXSV��)LJ������5KRGRSK\WHV� FRQVWLWXWH� ����� �� RI� WKH� WRWDO� QXPEHU� RI� VSHFLHV�� ZKHUHDV� &\DQRSK\WD��&KORURSK\WD� DQG� 3KDHRSK\WD� ZHUH� WKH� SRRUHVW� WD[RQRPLF� JURXSV�� 7KLV� ILQGLQJ� LV�VXSSRUWHG�WKH�REVHUYDWLRQV�E\�WKH�VWXGLHV�RI�5HHG��������DQG�.DUVWHQ�HW�DO� ��������������7KHVH� DXWKRUV� VWDWH� WKDW� UHG� DOJDH� DUH� FRPPRQO\� DVVRFLDWHG� ZLWK� PDQJURYH� IRUHVWV� LQ�WURSLFDO� DQG� VXEWURSLFDO� FRDVWDO� UHJLRQV� DURXQG� WKH� ZRUOG�� 7KLV� PD\� EH� GXH� WR� WKHLU�SK\VLRORJLFDO�FDSDELOLW\�WR�UHVLVW�WKH�RVPRWLF�VWUHVV�RI�VDOLQLW\�E\�UHVWRULQJ�QRUPDO�WXUJRU�SUHVVXUH��DQG�WKHLU�DELOLW\�WR�RFFXS\�D�ZLGHU�UDQJH�RI�LUUDGLDQFH�HQYLURQPHQWV��*UDKDP�	�:LOFR[���������

)LJ�� ��� 3HUFHQWDJHV� RI� WKH� GLIIHUHQW� WD[RQRPLF� DOJDO� JURXSV� RI� WKH� LQYHVWLJDWHG� DUHDV� DORQJ� WKH�5HG�6HD�&RDVW��
&RQFHUQLQJ� WKH� GLVWULEXWLRQ� RI� WD[D� DORQJ� WKH� LQYHVWLJDWHG� VLWHV�� -DQLD� UXEHQV�� +\SQHD�FRUQXWD��/DXUHQFLD�SDSLORVD�DQG�3DGLQD�SDYRQLFD�ZHUH� WKH�PRVW�GRPLQDWHG� WD[D� LQ� WKLV�VWXG\�� 7KH� VSUD\� ]RQH� �=��� LQKDELWHG� E\� VRPH� SQHXPDWRSKRUHV� RI� WKH� PDQJURYHV� KDG�VRPH� HSLSK\WLF� EOXH�JUHHQ� DOJDH� �L�H�� F\DQREDFWHULD�� VXFK� DV� /\QJE\D� FRQIHUYRLGHV��/\QJE\D� VHPLSOHQD� DQG� 7ULFKGHVPLXP� HU\WKUDHXP� LQ� 6DIDJD� ,VODQG� VLWHV�� 'DZHV� HW�

&\DQRSK\WD��� ��

3KDHRSK\WD��� ���

�

&KORURSK\WD��� �

�

5KRGRSK\WD����� ��
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DO�������� DQG� 3URFKHV� 	� 0DUVKDOO� ������� HPSKDVL]HG� LQ� WKHLU� LQYHVWLJDWLRQV� WKDW�F\DQRSK\WHV�DUH�FRPPRQ�LQKDELWDQWV�RQ�SQHXPDWRSKRUHV�RI�PDQJURYH�IRUHVWV���� ,Q� WKH�HXOLWWRUDO� ]RQH� �L�H�� LQWHU�WLGDO� ]RQH��=���� WKH�PDQJURYH� VHGLPHQW� VXEVWUDWH�IDYRUV�WKH�JURZWK�RI���WD[D�RI�UHG�DOJDH�RI�WXEXODU��/LDJRUD�IUDJLOLV��*DOD[XUD�REORQJDWD���WXUI�IRUPLQJ�VWUXFWXUH��*HOLGLXP�ODWLIROLXP� ��DUWLFXODWH�FRUDOOLQH��-DQLD�UXEHQV���LQWHVWLQDO��*UDFLODULD� DUFXDWD��� FDUWLODJLQRXV� �+\SQHD� FRUQXWD� DQG� ILODPHQWRXV� �&HUDPLXP�GLDSKDQXP� VWUXFWXUHV� DQG� IRUPV�� *UDKDP� 	�:LOFR[� ������� DOVR� IRXQG� UHG� DOJDH� DUH�GRPLQDQW� LQKDELWDQWV� LQ� KLJK�LQWHUWLGDO� PDQJURYHV� KDELWDWV� WKDW� DUH� VXEMHFWHG� WR� ORQJ�SHULRGV�RI�IXOO�VXQOLJKW���� 7KH�VXE�OLWWRUDO�IULQJH�RI�UHHI�IODW��=����ZLWK�FOLIIV��JXOOLHV�DQG�OHGJHV��ZHUH�PDLQO\�LQKDELWHG�E\�WKH�LQWHUPLQJOHG�WD[D�RI�UHG��JUHHQ�DQG�EURZQ�DOJDH��L�H��KLJKO\�GLYHUVLILHG�LQ�FRPSDULVRQ�ZLWK�WKH�DOJDO�IORUD�RI�WKH�RWKHU�]RQHV���0RVW�RI�WKH�GLYHUVLILHG�DOJDO�VSHFLHV�UHFRUGHG� LQ� ]RQH���ZHUH� SUHYLRXVO\� � UHFRUGHG� LQ� WKH�ZRUN� RI�(O�0DQDZ\�	�*DE�$OODK��������RQ�WKH�FRUDO�UHHIV�RI�6KDODWHHQ�DQG�+DODLE�VHFWRU�RI�WKH�5HG�6HD��� ,PDJH� SURFHVVLQJ� DQG� *,6� WHFKQLTXHV� WRJHWKHU� ZLWK� WKH� JURXQG�WUXWKLQJ� VWXGLHV�UHYHDOHG�WKH�VSDWLDO�GLVWULEXWLRQ�RI�PDQJURYHV�±�DOJDO�DVVRFLDWLRQV�LQ�WKH�VWXG\�DUHD��)LJXUH�� VKRZV� WKH�UHVXOWV�RI� WKH�XQVXSHUYLVHG�FODVVLILFDWLRQ�RI� WKH�/DQGVDW�70�VDWHOOLWH� LPDJH�XVHG�� DQG� WKH� HVWLPDWHG� SHUFHQW� FRYHU� IRU� HDFK� FODVV� LV� LQ� 7DEOH� ��� 7KHVH� FODVVHV� DUH�FRQVSLFXRXV�DQG�HVVHQWLDO�VLQFH�WKH\� LQWHUDFW�ZLWK�HDFK�RWKHU��GXH� WR� WKHLU�GRPLQDQF\�LQ�FRDVWDO� ODQGVFDSHV� DQG� EHFDXVH� WKH\� FRQVWLWXWH� WKH�PDLQ� IHDWXUHV�ZKHQ�PDSSLQJ� FRDVWDO�HFRORJLFDO�FRQGLWLRQ�DQG�YHJHWDWLRQ��7KH�DFFXUDF\�RI�WKH�FODVVLILHG�PDS�SURGXFW�LV�FORVHO\�UHODWHG� WR� WKH� VSDWLDO� UHVROXWLRQ� DFTXLVLWLRQ� DQG� WR� WKH� DSSURSULDWH� LPDJH� SURFHVVLQJ�PHWKRG�� $FFXUDF\� DVVHVVPHQW� ZDV� SHUIRUPHG� RQ� WKH� VXEVFHQH� FRPSDULQJ� WKH� UHVXOWHG�FODVVLILHG� LPDJHV� ZLWK� FRUUHVSRQGLQJ� WUXH� FRORU� FRPSRVLWHV� LPDJH�� DQG� WKH� UHIHUHQFH�SRLQWV� IURP� WKH� JURXQG� REVHUYDWLRQV�� )RU� WKH� SRVW�FODVVLILFDWLRQ� DSSURDFK�� LQGLYLGXDO�VLQJOH�GDWH�HUURU�PDWULFHV�ZHUH�JHQHUDWHG�PDGH�XS�RI�����SRLQWV�����SRLQWV�IRU�HDFK�RI�WKH�IRXU� FODVVHV�� � 7KH� RYHUDOO� DFFXUDF\� UHDFKHG� ZDV� DERXW� ����� � ZKLFK� LV� FRQVLGHUHG�VDWLVIDFWRU\�� 7KH�LPDJH�LQIRUPDWLRQ�DQG�LWV�DQDO\VLV�DUH�XVHIXO��DW�OHDVW�IRU�WKH�GLVFULPLQDWLRQ�RI�WKH�ILYH�PDLQ�FODVVHV��EXW�LWV�VSDWLDO�UHVROXWLRQ�GRHV�QRW�HQDEOH�XV�VROHO\�WR�GLVFULPLQDWH�WKH�PDQJURYH� FDQRS\� IURP� WKH� DOJDH�� )RU� WKLV� UHDVRQ�� WKH� JURXQG� UHIHUHQFH� UHVXOWV� DUH�LQWHJUDWHG� ZLWK� UHPRWH�VHQVLQJ� LQIRUPDWLRQ� LQ� WKH� SURFHVVLQJ� RI� WKH� LPDJH�� ,Q� JHQHUDO��DSSOLFDWLRQV�RI�VDWHOOLWH�GDWD�IRU�PDSSLQJ�FRDVWDO�KDELWDWV�VHHPV�WR�EH�DQ�HIIHFWLYH�WRRO�LQ�D�QXPEHU�RI�FRXQWULHV��%ODVFR�HW�DO� ������0XPE\�HW�DO� ������%ODVFR�HW�DO� ������0XUUD\�HW�DO� �����DQG�6DLWR�HW�DO� �������
�7DEOH����'LVWULEXWLRQ�RI�DOJDO�VSHFLHV�DORQJ�WKH�GLIIHUHQW�]RQHV�RI� WKH� LQYHVWLJDWHG�VLWHV�RI�5HG�6HD�&RDVW���=�� �6SUD\�]RQH���=�� �(XOLWWRUDO�]RQH���=�� �6XEOLWWRUDO�]RQH���
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6DIDJD�,VODQG���
�6LWH�,��
6LWH�,�$� 6LWH�,�%� 6LWH�,�&�

5HG�6HD�FRDVW��VRXWK�RI�+XUJKDGD��
�6LWH�,,��

6SHFLHV�

=�� =� =�� =� =�� =� =� =�� =� =�� =�� =��
'LYLVLRQ�&\DQRSK\WD� � � � � � � � � � � � �
/\QJE\D�FRQIHUYRLGHV�&��$JDUGK�H[�*RPRQW� �

/\QJE\D�VHPLSOHQD��&��$JDUGK��-��$JDUGK�H[�*RPRQW� �

7ULFKGHVPLXP�HU\WKUDHXP�(KU��H[�*RPRQW� � �� � � �� � � � � �

'LYLVLRQ�5KRGRSK\WD� � � � � � � � � � � � �
1HPDOLRQDOHV� � � � � � � � � � � � �
/LDJRUD�IUDJLOLV�=DQDGLQL� � � � � �� �� � �� �� � � ��
/LDJRUD�UXJRVD�=DQDUGLQL� � � � � � �� � � �� � � ��
*DOD[XUD�REORQJDWD��(OOLV�HW�6RODQGHU��/RPRXURX[� � �� � � � �� � �� �

*HOLGLDOHV� � � � � � � � � � � � �
*HOLGLXP�ODWLIROLXP�N�W]�� � � �� � �� �� � � � � �� ��
*HOLGLXP�SXVLOOXP��6WUDFNKRXVH��/H�-ROLV� � �� � � � � � � � � � �

&U\SWRQHPDOLDOHV� � � � � � � � � � � � �
-DQLD�UXEHQV��/LQQDHXV��/RPRXURX[� � �� �� � �� �� � �� �� � �� ��

*LJDUWLQDOHV� � � � � � � � � � � � �
*UDFLODULD�DUFXDWD�=DQDUGLQL� � � �� � �� �� � � �� � � ��
+\SQHD�FRUQXWD��N�W]���-��$JDUGK� � �� �� � �� � � �� �� � �� ��

&HUDPLDOHV� � � � � � � � � � � � �
&HUDPLXP�GLDSKDQXP���/LJKWIRRW��5RWK� � �� � � �� � � �� � � � �
'LJHQHD�VLPSOH[��:XIIHQ��&��$JDUGK� � ��



��

/DXUHQFLD�REWXVH��+XGVRQ��/RPRXURX[� � �� � � � � �� �� � �� �
/DXUHQFLD�SDSLORVD��&��$JDUGK��*UHYLOOH� � �� � � � �� � �� �� � �� ��
3RO\VLSKRQLD�ILJDULDQD�=DQDUGLQL� � � �� � � � � � � � � �
'LYLVLRQ�&KORURSK\WD� � � � � � � � � � � � �
&ODGRSKRUDOHV� � � � � � � � � � � � �
&KDHWRPRUSKD�LQGLFD��N�W]���N�W]�� � � � � � �� � � �� � � �
&ODGRSKRUD�FU\VWDOOLQH��5RWK��N�W]�� � �� � � � � � � � � �
&DXOHUSDOHV� � � � � � � � � � � � �
&DXOHUSD�UDFHPRVD��)RUVVNDO��-��$JDUGK� � ��
'LYLVLRQ�3KDHRSK\WD� � � � � � � � � � � � �
'LFW\RWDOHV� � � � � � � � � � � � �
'LFW\RWD�LQGLFD��6DQGHU��H[�N�W]�� � � �� � � �� � � �� � � �
3DGLQD�SDYRQLFD���/LQQDHXV��7KLY\� � �� � � �� � � �� � � ��
'LFWRVLSKRQDOHV� � � � � � � � � � � � �
&ROSRPHQLD� VLQXRVD� �'HUEHV�� HW�6ROLHU� �
+\GURFODWKUXV� FODWKUDWXV� �&��$JDUGK��+RZH� � �� � � �� � � �� � � �
7RWDO�VSHFLHV� �� �� ��� �� �� �� � �� �� � �� ���

7DEOH�����3URYLVLRQDO�TXDQWLWDWLYH�UHVXOWV�RI�WKH�GLIIHUHQW�FODVVHV�RI�WKH�VFHQH���
&ODVV� 7RWDO�6XUIDFH�$UHD����� 1XPEHU�RI�SL[HOV���LPDJH�
&ODVV����'HHS�6HD�� ����� ��������
&ODVV����&RUDO�5HHI�� ����� ��������
&ODVV� �� �$OJDH� DVVRFLDWHG� ZLWK�FRUDOV�� ��� �������
&ODVV����0DQJURYH�� ���� �������
&ODVV����7HUUHVWULDOV�� ����� ��������
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)LJ����&ODVVLILHG�PDS�RI�WKH�GLIIHUHQW�FODVVHV�RI�WKH�VWXGLHG�DUHDV�
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���

����

����
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$&.12:/('*0(176��:H�JUHDWO\�DSSUHFLDWH�WKH�DVVLVWDQFH�RI�0UV�1LKDG�$O�1RJRP\��VHFWRU�PDQDJHU�LQ�(566��IRU�KHU�VXSSRUW�DQG�IRU�VXSSOHPHQWLQJ�WKH�6327�LPDJHV�IRU�WKH�VWXG\�DUHD��
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