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$ EVWUDFW�

6XUYH\ V�RI�DOJDH�ZHUH�FDUULHG�RXW�DW�� � �VLWHV�LQ�WKH�6W\ [ �5LYHU��6PDFNV�&UHHN�DQG�
. DSXWRQH�6WUHDP�RYHU�� �GD\ V�LQ�1 RYHPEHU�� � � � �WR�GRFXPHQW�WKH�GLYHUVLW\ �RI�DOJDH�DW�
NH\ �SRLQWV�LQ�WKH�6W\ [ �FDWFKPHQW��' LIIHUHQW�VSHFLHV�RI�DOJDH�ZHUH�LGHQWLILHG�XVLQJ�
WUDGLWLRQDO�PRUSKRORJLFDO�LGHQWLILFDWLRQ�DV�ZHOO�DV�PROHFXODU�WHFKQLTXHV��) LIW\ �
GLIIHUHQW�VSHFLHV�ZHUH�LGHQWLILHG�RYHU�DOO�VLWHV��SOXV�� � �PRUH�VSHFLHV�IURP�
HQYLURQPHQWDOO\ �FORQHG�VHTXHQFHV��$ �QXPEHU�RI�QRYHO�DOJDO�OLQHDJHV�ZHUH�IRXQG�LQ�
WKH�6W\ [ �FDWFKPHQW��7KH�VSHFLHV�GDWD�FROOHFWHG�LQ�WKLV�VWXG\ �SURYLGH�D�EDVHOLQH�IRU�
IXWXUH�PRQLWRULQJ�RI�DOJDO�FRPPXQLWLHV��2 QH�K\ SRWKHVLV�WR�H[ SODLQ�WKH�GLVWULEXWLRQ�RI�
DOJDH�LQ�WKH�6W\ [ �LV�WKDW�DOJDO�FRPPXQLWLHV�DUH�OLNHO\ �WR�EH�PRUH�UHVLOLHQW�WR�
VHGLPHQWDWLRQ�LQ�VLWHV�ZLWK�VORZHU�IORZV��DQG�WKDW�WKH�SUHVHQFH�RI�PDFURSK\ WHV�PD\ �
LQFUHDVH�WKLV�UHVLOLHQFH��$ OVR��WKH�VLWH�DW�JUHDWHVW�ULVN�IRU�LQFXUVLRQ�RI�' LG\ PRVSKHQLD�
JHPLQDWD��DFFRUGLQJ�WR�DFFHSWHG�SUHIHUHQFHV�IRU�WKLV�VSHFLHV��FXUUHQWO\ �KDUERXUV�WKH�
JUHDWHVW�GLYHUVLW\ �RI�RWKHU�VSHFLHV��7KHVH�REVHUYDWLRQV�KDYH�SRWHQWLDO�LPSOLFDWLRQV�IRU�
PDQDJHPHQW��
�

,QWURGXFWLRQ�

7KH�6W\ [ �5 LYHU�

7KH�6W\ [ �5LYHU�LV�D�VPDOO��� � �� �NP � � �VSULQJ�IHG�FDWFKPHQW�VLWXDWHG�WR�WKH�QRUWK�RI�
&KULVWFKXUFK�&LW\ ��7D\ ORU�HW�DO��� � � � � ��7KH�6W\ [ �FDWFKPHQW��ZKLFK�LQFOXGHV�WKUHH�
PDMRU�WULEXWDULHV��. DSXWRQH�&UHHN��. DLQJD�6WUHDP�DQG�6PDFNV�&UHHN���LV�DQ�
LPSRUWDQW�QDWXUDO�DVVHW�DQG�GUDLQV�VXEXUEDQ��KRUWLFXOWXUDO��DJULFXOWXUDO�DQG�LQGXVWULDO�
ODQG��7KH�ULYHU�LV�� � �� �NP�LQ�OHQJWK��RULJLQDWHV�LQ�WKH�+ DUHZRRG�DUHD�DQG�UXQV�QRUWK�
HDVWZDUGV�WKURXJK�UHVHUYHV��UXUDO�SDVWXUHV��KRUWLFXOWXUDO�DUHDV�DQG�UHVLGHQWLDO�
GHYHORSPHQWV�EHIRUH�UHDFKLQJ�WKH�VHD�YLD�WKH�: DLPDNDULUL�5LYHU�DW�%URRNODQGV�
/ DJRRQ��+ LOOV�� � � � � ��
�
,Q�UHFHQW�\ HDUV��GXH�WR�FKDQJLQJ�ODQG�XVHV�DQG�SRSXODWLRQ�JURZWK�WKURXJK�WKH�
QRUWKZDUG�H[ SDQVLRQ�RI�&KULVWFKXUFK�&LW\ ��SDUWV�RI�WKH�FDWFKPHQW�WKDW�KDYH�QRW�
SUHYLRXVO\ �EHHQ�XUEDQLVHG�KDYH�XQGHUJRQH�H[ WHQVLYH�PRGLILFDWLRQ��7KLV�KDV�SXW�
LQFUHDVLQJ�SUHVVXUH�RQ�WKH�FDWFKPHQW�DQG�UHVXOWHG�LQ�GDPDJH�WR�WKH�ULYHU�HQYLURQPHQW�
LQ�WKH�IRUP�RI�D�UHGXFWLRQ�RI�VWUHDP�µKHDOWK¶�FDXVHG�E\ �ORVV�RI�ULSDULDQ�YHJHWDWLRQ��
LQFUHDVHG�VLOWDWLRQ��H[ FHVVLYH�PDFURSK\ WH�JURZWKV�DQG�RWKHU�IDFWRUV��7D\ ORU�HW�DO��
� � � � � ��
�
3DVW�DQG�FXUUHQW�PRQLWRULQJ�SURJUDPPHV�LQ�WKH�6W\ [ �5LYHU�FDWFKPHQW�KDYH�ORRNHG�DW�
ZDWHU�TXDOLW\ ��ZDWHU�VWDWXV��DTXDWLF�SODQWV��VWUHDPEHG�VXEVWUDWH��ZDWHU�YHORFLW\ �DQG�
GHSWK��ULSDULDQ�YHJHWDWLRQ��LQYHUWHEUDWHV��OL] DUGV�DQG�PDFURSK\ WHV�
�KWWS���ZZZ�WKHVW\ [ �RUJ�Q] �QHZ�] HDODQG�PRQLWRULQJ����
�
: KDW�DUH�DOJDH" �

7KH�RUJDQLVPV�UHIHUUHG�WR�DV�µDOJDH¶�DUH�D�ORRVH�FROOHFWLRQ�RI�JURXSV�ZLWK�VLPLODU�
HFRORJLFDO�FKDUDFWHULVWLFV��KRZHYHU��DOJDH�DV�D�ZKROH�FDQQRW�EH�GHILQHG�E\ �VKDUHG�
IHDWXUHV��GXH�WR�WKH�H[ WUHPHO\ �GLVSDUDWH�HYROXWLRQDU\ �RULJLQV�RI�WKH�YDULRXV�JURXSV�
�H�J��* UDKDP�	 �: LOFR[ �� � � � � ��7KH�WHUP�LV�D�OHJDF\ �IURP�HDUO\ �PLFURVFRSLF�



� �

REVHUYDWLRQV�WKDW�GLG�QRW�UHYHDO�WKH�SK\ ORJHQHWLF�GLYHUVLW\ �RI�WKH�VSHFLHV�FRQFHUQHG��
EXW�LV�VWLOO�JHQHUDOO\ �UHWDLQHG�IRU�SUDJPDWLF�UHDVRQV��,Q�VLPSOH�WHUPV�DOJDH�PD\ �EH�
UHJDUGHG�DV�DTXDWLF�PLFUREHV�WKDW�DUH�FDSDEOH�RI�R[ \ JHQLF�SKRWRV\ QWKHVLV�±�DOWKRXJK�
HYHQ�WKLV�GHILQLWLRQ�GRHV�QRW�HQFDSVXODWH�DOO�WKH�RUJDQLVPV�UHJDUGHG�DV�DOJDH��
LQFOXGLQJ�WKRVH�SUHVHQWHG�KHUH��,Q�WKLV�UHSRUW��WKH�JURXSV�LQFOXGHG�DUH�WKH�&KORURSK\ WD�
�JUHHQ�DOJDH�QRW�RI�WKH�ODQG�SODQW�OLQHDJH���6WUHSWRSK\ WD��ZKLFK�LQFOXGHV�ODQG�SODQWV��
EXW�WKH�HDUO\ �GLYHUJHQW�PHPEHUV�DUH�JUHHQ�DOJDH���%DFLOODULRSK\ FHDH��WKH�GLDWRPV���
; DQWKRSK\ FHDH��\ HOORZ�JUHHQ�DOJDH���DQG�F\ DQREDFWHULD��EOXH�JUHHQ�DOJDH��ZKLFK�DUH�
DFWXDOO\ �EDFWHULD�DQG�QRW�FORVH�UHODWLYHV�RI�RWKHU�DOJDO�JURXSV��EXW�DUH�FDSDEOH�RI�
SKRWRV\ QWKHVLV�DQG�DUH�RIWHQ�IRXQG�LQ�VLPLODU�KDELWDWV�WR�RWKHU�DOJDH���
�
' LVWULEXWLRQ�SDWWHUQV�RI�DOJDH�

7KH�GLVWULEXWLRQV�RI�PRVW�DOJDO�VSHFLHV��HVSHFLDOO\ �LQ�IUHVK�ZDWHU��DUH�SRRUO\ �
XQGHUVWRRG�JOREDOO\ ��OHW�DORQH�LQ�1 HZ�=HDODQG�ZKHUH�UHODWLYHO\ �OLWWOH�UHVHDUFK�KDV�
EHHQ�FDUULHG�RXW��1 RQHWKHOHVV�VRPH�SDWWHUQV�KDYH�EHFRPH�HYLGHQW��HVSHFLDOO\ �LQ�WKH�
GLDWRP�IORUD��' LDWRPV�KDYH�UHFHLYHG�SDUWLFXODU�WD[ RQRPLF�DWWHQWLRQ�EHFDXVH�WKHLU�
RUQDPHQWHG�IUXVWXOHV�RIIHU�PDQ\ �PRUH�FKDUDFWHUV�WR�DVVLVW�FODVVLILFDWLRQ�FRPSDUHG�
ZLWK�PRVW�JURXSV�RI�µVRIW�DOJDH¶��,W�VHHPV�WKDW�$ XVWUDODVLD�PD\ �EH�D�µFHQWUH�RI�
HQGHPLVP¶�IRU�FHUWDLQ�VSHFLHV��H�J��6DEEH�HW�DO��� � � � � ��ZKLFK�WHQG�WR�EH�IRXQG�LQ�
XQGLVWXUEHG�KDELWDWV��. LOUR\ �HW�DO��� � � � � ��7KHVH�WD[ D�DUH�XVXDOO\ �DFFRPSDQLHG�E\ �
RWKHUV�WKDW�DUH�DVVXPHG�WR�EH�FRVPRSROLWDQ��DQG�WKH�SURSRUWLRQ�RI�HQGHPLVP�LQ�WKH�
IUHVKZDWHU�DOJDO�IORUD�LV�DVVXPHG�WR�EH�ORZ��DQ�HVWLPDWH�RI�� �� � �GLDWRP�HQGHPLVP�
ZDV�SURYLGHG�E\ �WKH�6SHFLHV� � � � �SURMHFW���+ RZHYHU��WKH�WUXH�GLVWULEXWLRQV�RI�PRVW�
WD[ D�DUH�VLPSO\ �XQNQRZQ��GXH�WR�WKH�GLIILFXOWLHV�RI�DSSO\ LQJ�ULJRURXV�PRUSKRORJ\ �
EDVHG�WD[ RQRP\ �WR�VSHFLHV�ZLWK�D�SDXFLW\ �RI�FKDUDFWHUV�WR�DVVLVW�WKHLU�FODVVLILFDWLRQ��
0 ROHFXODU�GDWD��ZKLFK�KDYH�UHYROXWLRQLVHG�DOJDO�V\ VWHPDWLFV��H�J��%URGLH�	 �/ HZLV�
� � � � � ��FDQ�KHOS�JUHDWO\ �LQ�WKLV�UHJDUG��9 HU\ �IHZ�1 HZ�=HDODQG�IUHVKZDWHU�DOJDH�KDYH�
EHHQ�WKH�VXEMHFW�RI�PROHFXODU�LQYHVWLJDWLRQ��DQG�PDQ\ �RI�WKHVH�KDYH�EHHQ�VPDOO�DOSLQH�
VSHFLHV�WKDW�PLJKW�EH�H[ SHFWHG�WR�EH�ZLGHO\ �GLVSHUVHG��1 RYLV�HW�DO��� � � � � ��7KH�XVH�RI�
PROHFXODU�GDWD�LQ�WKLV�SURMHFW�LV�LWV�ILUVW�DSSOLFDWLRQ�WR�VXUYH\ LQJ�WKH�DOJDH�RI�D�
ORZODQG�VWUHDP�HQYLURQPHQW�LQ�1 HZ�=HDODQG��,W�WKXV�SURYLGHV�D�ILUVW�JOLPSVH�RI�
GLVWULEXWLRQ�SDWWHUQV�LQ�D�QXPEHU�RI�DOJDO�JURXSV��HVSHFLDOO\ �LQ�D�JOREDO�FRQWH[ W��DQG�
HVWDEOLVKHV�D�EDVHOLQH�IRU�IXWXUH�LQYHVWLJDWLRQV�LQ�WKH�6W\ [ �DQG�RWKHU�FDWFKPHQWV�WKDW�
ZLOO�XOWLPDWHO\ �OHDG�WR�PXFK�PRUH�GHWDLOHG�NQRZOHGJH�RI�IUHVKZDWHU�DOJDO�
ELRJHRJUDSK\ ��
�
$ OJDO�VXUYH\ �

7R�GDWH�WKHUH�KDV�EHHQ�QR�V\ VWHPDWLF�VWXG\ �IRFXVHG�RQ�WKH�GLYHUVLW\ �RI�DOJDO�VSHFLHV�LQ�
WKH�6W\ [ �5LYHU�RU�LWV�WULEXWDULHV��3UHYLRXV�VWXGLHV�RI�DTXDWLF�PDFURSK\ WHV�EHJDQ�LQ�
� � � � �DQG�KDYH�LQFOXGHG�ODUJH�DOJDH�VXFK�DV�1LWHOOD�DQG�&ODGRSKRUD��5REE�� � � � � ��
&RQVHTXHQWO\ �WKHUH�LV�VRPH�LQIRUPDWLRQ�DERXW�WKH�GLVWULEXWLRQ�RI�WKHVH�VSHFLHV��H�J��
1LWHOOD�KRRNHUL�DQG�ILODPHQWRXV�JUHHQ�DOJDH�DV�D�JURXS�DUH�HVSHFLDOO\ �FRPPRQ��5REE�
� � � � � ��EXW�WKHUH�LV�QR�LQIRUPDWLRQ�DERXW�WKH�RWKHU�DOJDO�VSHFLHV�SUHVHQW��RU�GLVWULEXWLRQ�
RI�WKHVH�VSHFLHV��LQ�WKH�ULYHU�FDWFKPHQW��7KHUH�LV�DOVR�QR�UHFRJQLWLRQ�RI�WKH�GLYHUVLW\ �RI�
ILODPHQWRXV�JUHHQ�DOJDH��ZKLFK�PD\ �UHSUHVHQW�PDQ\ �VSHFLHV��



� �

2 EMHFWLYHV�

7KLV�VWXG\ �DLPHG�WR�GRFXPHQW�WKH�GLYHUVLW\ �RI�DOJDH�DW�NH\ �SRLQWV�LQ�WKH�6W\ [ �
FDWFKPHQW��7HFKQLTXHV�XVHG�LQFOXGHG�WUDGLWLRQDO�PRUSKRORJLFDO�LGHQWLILFDWLRQ�
�LQFOXGLQJ�XOWUDVWUXFWXUDO��DV�ZHOO�DV�PROHFXODU�WHFKQLTXHV�XVLQJ�' 1 $ �IURP�ERWK�
FXOWXUHG�VWUDLQV�DQG�HQYLURQPHQWDO�VDPSOHV��
�

0 HWKRGV�

6LWH�VHOHFWLRQ�

7ZHOYH�VLWHV�ZHUH�VHOHFWHG�ZLWKLQ�WKH�6W\ [ �5LYHU�FDWFKPHQW��) LJ��� � ��7HQ�RI�WKHVH�VLWHV�
DUH�UHJXODUO\ �PRQLWRUHG�DV�SDUW�RI�WKH�6W\ [ �/ LYLQJ�/ DERUDWRU\ �7UXVW¶V�PRQLWRULQJ�
UHJLPH��7KH�RWKHU�WZR�VLWHV��6SHQFHUYLOOH�5G�%ULGJH�DQG�7HDSHV�5G�%ULGJH��ZHUH�
LQFOXGHG�LQ�WKLV�VWXG\ �DV�WKH\ �ZHUH�HDV\ �WR�DFFHVV�DQG�EHOLHYHG�WR�EH�JRRG�KDELWDWV�IRU�
DOJDH��
�

�

) LJXUH�� ��0 DS�RI�6W\ [ �5LYHU�FDWFKPHQW��

� � �6W\ [ �5LYHU�KHDGZDWHUV�� � � � � �6W\ [ �5LYHU�DW�5DGFOLIIH�5G�

� � �6PDFNV�&UHHN�DW�* DUGLQHUV�5G�� � � � �. DSXWRQH�6WUHDP�DW�%HOIDVW�5G�

� � �6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH� � ��. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ�

� 5HVHUYH�

� � �6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�� � � � �. DSXWRQH�6WUHDP�DW�%HOIDVW�5G�%ULGJH�

� 5HVHUYH�

� � �6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G�� � � � � �6W\ [ �5LYHU�DW�6SHQFHUYLOOH�5G�%ULGJH�

� � �6W\ [ �5LYHU�DW�5HGZRRG�6SULQJV�� � � � � �6W\ [ �5LYHU�DW�7HDSHV�5G�%ULGJH�



� �

�
6DP SOH�FROOHFWLRQ�

( DFK�VLWH�ZDV�YLVLWHG�RQ�D�VLQJOH�RFFDVLRQ��VLWHV�� ±� �RQ�� � �1 RYHPEHU��VLWHV�� ±� �RQ�� � �
1 RYHPEHU��DQG�VLWHV�� ±� � �RQ�� � �1 RYHPEHU�� � � � ��6LWHV�ZHUH�H[ DPLQHG�LQ�GHWDLO�IRU�
DOJDO�JURZWKV��DQG�UHSUHVHQWDWLYH�VDPSOHV�ZHUH�FROOHFWHG�IRU�VXEVHTXHQW�DQDO\ VLV��DQG�
UHWXUQHG�WR�WKH�ODERUDWRU\ �WKH�VDPH�GD\ ��6DPSOHV�LQFOXGHG�SHULSK\ WRQ��ILODPHQWV�DQG�
FRDWLQJV�DWWDFKHG�WR�VXEPHUJHG�REMHFWV���SK\ WRSODQNWRQ��SLJPHQWHG�ZDWHU�VDPSOHV���
DQG�VSHFLPHQV�RI�&KDUDOHV��ODUJH�VWUHSWRSK\ WH�JUHHQ�DOJDH�WKDW�UHVHPEOH�SRQG�ZHHGV���
$ �WRWDO�RI�� � �VDPSOHV�ZHUH�FROOHFWHG�RYHU�DOO�WKH�VLWHV��VHH�$ SSHQGL[ �� � ��
�
7KUHH�UHSOLFDWHV�ZHUH�FROOHFWHG�RI�HDFK�VDPSOH�DQG�VDPSOHV�ZHUH�VWRUHG�LQ�VWHULOH�
VFUHZ�FDS�WHVW�WXEHV��7KH�S+ �DQG�FRQGXFWLYLW\ �ZHUH�DOVR�PHDVXUHG�DW�HDFK�RI�WKH�� � �
VLWHV��
�
3KRWRP LFURVFRS\ �

2 QH�UHSOLFDWH�RI�HDFK�VDPSOH��$ ��ZDV�IUR] HQ�DQG�VWRUHG�LQ�WKH�IUHH] HU�IRU�ODWHU�' 1 $ �
H[ WUDFWLRQ��7KH�VHFRQG�UHSOLFDWH��%��ZDV�SUHVHUYHG�LQ�� � � �HWKDQRO��DQG�VDPSOHV�
FRQWDLQLQJ�FKDURSK\ WHV�ZHUH�GULHG�LQ�WKH�$ OODQ�+ HUEDULXP�DW�/ DQGFDUH�5HVHDUFK��7KH�
WKLUG�UHSOLFDWH��&��ZDV�XVHG�IRU�GLUHFW�PLFURVFRSLF�H[ DPLQDWLRQ�RI�ILHOG�PDWHULDO��
1 XPHURXV�SKRWRV�RI�HDFK�VDPSOH�ZHUH�WDNHQ�XVLQJ�D�SKRWRPLFURVFRSH��/ HLFD�' 0 / %�
PLFURVFRSH�ZLWK�EULJKW�ILHOG�DQG�1 RPDUVNL�' LIIHUHQWLDO�,QWHUIHUHQFH�&RQWUDVW��' ,&��
RSWLFV�DQG�D�/ HLFD�' &� � � �GLJLWDO�FDPHUD�V\ VWHP���$ OJDH�SUHVHQW�RQ�HDFK�VOLGH�ZHUH�
LGHQWLILHG��XVXDOO\ �WR�JHQXV�OHYHO��LI�SRVVLEOH��IRU�ODWHU�FRPSDULVRQ�ZLWK�FXOWXUHG�
PDWHULDO��
�
,QRFXODWLRQ�RI�FXOWXUHV�

6DPSOHV�RWKHU�WKDQ�WKRVH�FRQWDLQLQJ�FKDURSK\ WHV�ZHUH�VWUHDNHG�RQWR�DJDULVHG�%* �� � �
PHGLXP�LQ�� �� �FP�3HWUL�GLVKHV��VHDOHG�XVLQJ�3DUDILOP�WDSH��DQG�LQFXEDWHG�XQGHU�
QDWXUDO�OLJKW�RQ�WKH�ODERUDWRU\ �EHQFK��$ JDU�ZDV�ZDVKHG�ILYH�WLPHV�RYHUQLJKW�LQ�
GLVWLOOHG�ZDWHU�WR�UHPRYH�WR[ LQV�IURP�WKH�ILUVW�DXWRFODYLQJ�VWHS��$ Q�DGGLWLRQDO�FUXGH�
FXOWXUH�ZDV�PDGH�ZLWK�VDPSOHV�FRQWDLQLQJ�2 HGRJRQLDOHV�RU�=\ JQHPDWDOHV�WR�VWLPXODWH�
WKH�VH[ XDO�F\ FOH�DQG�DLG�LGHQWLILFDWLRQ��
�
&XOWXUHV�IURP�HDFK�VDPSOH�ZHUH�H[ DPLQHG�XQGHU�WKH�VWHUHR��DQG�FRPSRXQG�
PLFURVFRSHV�DQG�HDFK�GLIIHUHQW�FRORQ\ �W\ SH�ZDV�LQRFXODWHG�RQWR�D�QHZ�SODWH��3ODWHV�
ZHUH�OHIW�WR�JURZ�IRU�D�PLQLPXP�RI�� �ZHHNV�DQG�WKHQ�H[ DPLQHG�DQG�VXEFXOWXUHG�
DJDLQ��7KLV�ZDV�GRQH�D�WKLUG�WLPH��LI�QHFHVVDU\ ��WR�REWDLQ�DV�PDQ\ �XQLDOJDO�FXOWXUHV�DV�
SRVVLEOH��( DFK�FOHDQ�VDPSOH�ZDV�H[ DPLQHG�XQGHU�WKH�PLFURVFRSH�DQG�SKRWRV�ZHUH�
WDNHQ��2 QH�VDPSOH�RI�HDFK�VSHFLHV�ZDV�WKHQ�LQRFXODWHG�LQWR�DQ�DJDU�VODQW�IRU�ORQJ�
WHUP�VWRUDJH�DQG�PDLQWHQDQFH�DQG�WKH�UHPDLQLQJ�VDPSOH�ZDV�XVHG�IRU�' 1 $ �
H[ WUDFWLRQ��
�
' 1 $ �H[ WUDFWLRQ�RI�FXOWXUHV�DQG�HQYLURQP HQWDO�VDP SOHV�

,Q�WKH�FDVH�RI�HQYLURQPHQWDO�VDPSOHV��PDWHULDO�LQ�WKH�VDPSOH�WXEH�ZDV�XVHG�GLUHFWO\ �
IRU�H[ WUDFWLRQ��&XOWXUHG�PDWHULDO�ZDV�UHPRYHG�IURP�HDFK�SODWH�E\ �VFUDSLQJ�D�FRYHUVOLS�
DFURVV�WKH�VXUIDFH�RI�WKH�DJDU�WR�FROOHFW�WKH�DOJDH��
�



� �

7KH�IROORZLQJ�PHWKRG�ZDV�XVHG�WR�H[ WUDFW�' 1 $ �IURP�HQYLURQPHQWDO�DQG�FXOWXUHG�
VDPSOHV��

� �� 0 RUWDU��SHVWOHV�DQG�� �PO�RI�H[ WUDFWLRQ�EXIIHU�ZHUH�KHDWHG�DW�� � ž&�RQ�D�
KHDWEORFN���

� �� 7KH�PDWHULDO�ZDV�SXW�LQWR�D�PRUWDU�ZLWK�ZDUPHG�H[ WUDFWLRQ�EXIIHU��DQG�JURXQG�
WR�D�SXOS���

� �� 7KH�VDPSOH�ZDV�LQFXEDWHG�RQ�D�KHDWEORFN�DW�� � ž&�IRU�� � �PLQ��
� �� 7KH�VDPSOH�ZDV�WKHQ�VSXQ�LQ�D�FHQWULIXJH�IRU�� �PLQ�DW�� � � � � �USP��
� �� $ IWHU�VSLQQLQJ��WKH�VXSHUQDWDQW�ZDV�UHPRYHG�IURP�HDFK�VDPSOH�DQG�DGGHG�WR�

� �� �PO�WXEHV�FRQWDLQLQJ�� � � �—O�RI�FKORURIRUP��6DPSOHV�ZHUH�VSXQ�DJDLQ�IRU�
� �PLQ��

� �� ,Q�WKH�IXPH�KRRG��WKH�VXSHUQDWDQW�ZDV�FDUHIXOO\ �UHPRYHG�DQG�DGGHG�WR�� �� �PO�
WXEHV�FRQWDLQLQJ�� � � �—O�SKHQRO�FKORURIRUP��7KH�VDPSOHV�ZHUH�VSXQ�DJDLQ�IRU�
� �PLQ��

� �� 7KH�VXSHUQDWDQW�ZDV�UHPRYHG�DJDLQ�DQG�DGGHG�WR�� �� �—O�WXEHV�FRQWDLQLQJ�
� � � �—O�RI�FKORURIRUP��7KH�VDPSOHV�ZHUH�VSXQ�IRU�� �PLQ��

� �� 7KH�VXSHUQDWDQW�ZDV�UHPRYHG�IURP�HDFK�VDPSOH��a� � � �—O��DQG�WUDQVIHUUHG�WR�
FOHDQ�� �� �PO�WXEHV��

6DPSOHV�IURP�VWHS�� �ZHUH�VXEMHFWHG�WR�WKH�SURWRFRO�RI�WKH�L�JHQRPLF�3ODQW�' 1 $ �
H[ WUDFWLRQ�0 LQL�. LW��SDJH�� � ��,9 ±9 ,,��ZZZ�LQWURQELR�FRP���
�
3RO\ P HUDVH�FKDLQ�UHDFWLRQ��3&5 ��

7KUHH�3&5�UHDFWLRQV�ZHUH�UXQ�RQ�WKH�' 1 $ �IURP�HDFK�HQYLURQPHQWDO�VDPSOH��,QWURQ�L�
7DT�' 1 $ �SRO\ PHUDVH�ZDV�XVHG�WR�DPSOLI\ �WKH�' 1 $ �LQ�HDFK�UHDFWLRQ��
�
3&5�UHFLSH�
� � � î �� ��—O��

+ � 2 � � � � � �� �

� � î �EXIIHU� � � �� �

G1 73��� �� �P0 �� � �� �

� � �' 0 62 � � � �� �

7DT� � � � �� �

3� � � � � �� �

3� � � � � �� �

' 1 $ � � � � �� �

�
3&5�� ��&KORURSK\ WH�UEF/ ��
3ULPHUV�XVHG��1 U� ) ±35� 5��VHH�$ SSHQGL[ �� � �
$ �PDVWHU�PL[ �ZDV�PDGH�ZLWK�WKH�DERYH�LQJUHGLHQWV��EXW�H[ FOXGLQJ�WKH�' 1 $ ��WKHQ�
� � �—O�ZDV�SLSHWWHG�LQWR�� �� �—O�WXEHV�IRU�HDFK�VDPSOH��7KH�' 1 $ �IURP�HDFK�VDPSOH�ZDV�
WKHQ�DGGHG�WR�WKH�DSSURSULDWHO\ �ODEHOOHG�WXEH��
�
' 1 $ �ZDV�WKHQ�DPSOLILHG�XVLQJ�WKH�IROORZLQJ�SURJUDP��

� �� � �PLQ�# �� � ž&�
� �� � � � �V�# �� � ž&��� � �V�# �� � ž&��� � �V�# �� � ž&��î �� � �F\ FOHV�



� �

�
3&5�� ��6WUHSWRSK\ WH�UEF/ ��
3ULPHUV�XVHG��31 . � ) ±31 . � 5 ��VHH�$ SSHQGL[ �� � �
6DPH�DV�DERYH��H[ FHSW�WKH�IROORZLQJ�SURJUDP�ZDV�XVHG��

� �� � �PLQ�# �� � ž&�
� �� � � � �V�# �� � ž&��� � �V�# �� � ž&��� � �V�# �� � ž&��î �� � �F\ FOHV�

�
3&5�� ��+ HWHURNRQW�UEF/ ��
3ULPHUV�XVHG��+5) � ±+55� ��VHH�$ SSHQGL[ �� � �
6DPH�DV�DERYH��H[ FHSW�WKH�IROORZLQJ�SURJUDP�ZDV�XVHG��

� �� � �PLQ�# �� � ž&�
� �� � � �PLQ�# �� � ž&��� �PLQ�# �� � ž&��� �PLQ�# �� � ž&��î �� � �F\ FOHV�

�
) RU�SULPHU�VHTXHQFHV��VHH�$ SSHQGL[ �� ��
�
&XOWXUHG�DQG�FKDUDOHDQ�HQYLURQP HQWDO�VDP SOHV�

) RU�FXOWXUHG�VDPSOHV��WZR�SDLUV�RI�SULPHUV�ZHUH�XVHG�LQ�HDFK�3&5�UHDFWLRQ�WR�FUHDWH�
ORQJHU�' 1 $ �VWUDQGV�IRU�VHTXHQFLQJ��
�
3ULPHUV�XVHG��VHH�$ SSHQGL[ �� � ��
+ HWHURNRQW�FXOWXUHV��� +5) � ±+55� ��+5) � ±+55� �
&KORURSK\ WH�FXOWXUHV���1 U� ) ±1 U� 5��1 U� ) ±35� 5 �
6WUHSWRSK\ WH�FXOWXUHV��31 . � ) ±31 . � 5 ��31 . � ) ±. NGRZQ�
&KDUDOHDQ�HQYLURQPHQWDO�VDPSOHV��� ��� ��� ��� � ��� � ��� � � ��31 . � ) ±�31 . � 5 �
�
&ORQLQJ�

&ORQLQJ�RI�3&5�SURGXFWV�JHQHUDWHG�IURP�HQYLURQPHQWDO�VDPSOHV�ZDV�XVHG�WR�VHSDUDWH�
WKH�GLIIHUHQW�VHTXHQFH�W\ SHV�JHQHUDWHG�IURP�D�FRPPXQLW\ �RI�VSHFLHV��
�
7$�&ORQLQJ�3URFHGXUH�

� �� 3&5�SURGXFWV�ZHUH�JHQHUDWHG�DV�GHVFULEHG�DERYH��
� �� &RQWDPLQDWLQJ�VPDOO�IUDJPHQWV�ZHUH�UHPRYHG�E\ �JHO�FXWWLQJ�WKH�SURGXFW�RI�

LQWHUHVW��XVLQJ�WKH�3HUIHFW3UHS�* HO�&OHDQXS�NLW��( SSHQGRUI��+DPEXUJ��
* HUPDQ\ ��

� �� 7KH�JHO�FXW�SURGXFW�ZDV�FRQFHQWUDWHG�IURP�� � �—/ �LQWR�� � �—/ �XVLQJ�WKH�' 1 $ �
FOHDQ�DQG�FRQFHQWUDWRU�NLW��=\ PR��2 UDQJH��&$ ��8 6$ ��

� �� 7KH�FRQFHQWUDWHG�SURGXFW�ZDV�OLJDWHG�WR�WKH�3&5� �� �YHFWRU��,QYLWURJHQ��6DQ�
' LHJR��&$ ��8 6$ ��E\ �LQFXEDWLQJ�WKH�IROORZLQJ�PL[ WXUH�RYHUQLJKW�DW�� � ž&��� �—/ �
YHFWRU��� �—/ �' 1 $ �/ LJDVH��) HUPHQWDV��2 QWDULR��&DQDGD���� �—/ �� � ; �OLJDVH�
EXIIHU��� �—/ �3&5�SURGXFW��$ �VXEVHTXHQW�� � �PLQ�� � ž&�LQFXEDWLRQ�ZDV�XVHG�WR�
GHVWUR\ �WKH�HQ] \ PH��

� �� 6DOWV�ZHUH�UHPRYHG�IURP�WKH�OLJDWLRQ�PL[ �E\ �UHSHDWLQJ�WKH�FOHDQ�DQG�
FRQFHQWUDWH�VWHS��

� �� ( �FROL�-0 � � � �FHOOV�LQ�D�� � �—/ �VXVSHQVLRQ�ZHUH�WUDQVIRUPHG�ZLWK�� ±� �—/ �RI�
FOHDQHG�YHFWRU�E\ �HOHFWURSRUDWLRQ��

� �� &ORQHV�ZHUH�LQFXEDWHG�IRU�� �K�LQ�62 &�PHGLXP�WR�DOORZ�H[ SUHVVLRQ�RI�WKH�
DPSLFLOOLQ�UHVLVWDQFH�JHQHV��DQG�WKHQ�� � �—/ �RI�HDFK�VDPSOH�ZDV�SODWHG�RQWR�
/ %�PHGLXP�FRQWDLQLQJ�DPSLFLOOLQ�DQG�LQFXEDWHG�RYHUQLJKW��



� �

� �� &ORQHV�FRQWDLQLQJ�LQVHUWV�ZHUH�LGHQWLILHG�E\ �EOXH�ZKLWH�VFUHHQLQJ��DQG�FORQHV�
FRQWDLQLQJ�LQVHUWV�RI�WKH�FRUUHFW�VL] H�ZHUH�FKRVHQ�XVLQJ�FRORQ\ �3&5�ZLWK�0 � � �
SULPHUV�DQG�VWDQGDUG�3&5�FRQGLWLRQV��

� �� &ORQHV�FRQWDLQLQJ�LQVHUWV�RI�WKH�FRUUHFW�VL] H�ZHUH�VHTXHQFHG��
�
6HTXHQFLQJ�

6KULPS�DONDOLQH�SKRVSKDWDVH��� �� � O��DQG�H[ RQXFOHDVH�,�� � �� � O��ZHUH�DGGHG�WR�� �—/ �RI�
HDFK�SURGXFW�DQG�WKHVH�ZHUH�KHDWHG�LQ�WKH�F\ FOHU�IRU�� � �PLQ�DW�� � ž&�DQG�� � �PLQ�DW�
� � ž&��
$ �PL[ WXUH�RI�WKH�IROORZLQJ�ZDV�WKHQ�PDGH�DQG�VXEMHFWHG�WR�D�VWDQGDUG�VHTXHQFLQJ�
SURJUDP�LQ�WKH�WKHUPRF\ FOHU��
�
%LJ�' \ H�7HUPLQDWRU�� �� �� � � O�
6HTXHQFLQJ�EXIIHU� � � �� � O�
+ � 2 � � � � � �� � � O�
3ULPHU�� � � � �� � � O�
7HPSODWH� � � � � O�
�
7KH�SURGXFWV�RI�WKLV�UHDFWLRQ�ZDV�SUHFLSLWDWHG�LQ�� � � � O�WXEHV�DQG�VHQW�WR�WKH�$ OODQ�
: LOVRQ�&HQWUH�DW�0 DVVH\ �8 QLYHUVLW\ ��3DOPHUVWRQ�1 RUWK��IRU�FDSLOODU\ �VHSDUDWLRQ�DQG�
VHTXHQFLQJ��
�
$ QDO\ VLV�RI�P ROHFXODU�GDWD�

( DFK�' 1 $ �VHTXHQFH�ZDV�HGLWHG�WR�FRUUHFW�DPELJXRXV�EDVHV�XVLQJ�6HTXHQFKHU�� �� �
�* HQH�&RGHV�&RUSRUDWLRQ��$ QQ�$ UERU��0 ,��8 6$ ���3DLUV�RI�VHTXHQFHV�IURP�FXOWXUHG�
VDPSOHV�ZHUH�DVVHPEOHG�LQWR�FRQWLJV�DQG�WKHQ�HGLWHG��
�
%ODVW�VHDUFKHV�RI�* HQ%DQN�YLD�WKH�1 &%,��1 DWLRQDO�&HQWHU�IRU�%LRWHFKQRORJ\ �
,QIRUPDWLRQ���KWWS���EODVW�QFEL�QOP�QLK�JRY�%ODVW�FJL��ZHUH�GRQH�IRU�HDFK�VHTXHQFH��
$ Q\ �VHTXHQFHV�WKDW�ZHUH�QRW�RI�DOJDO�RULJLQ�ZHUH�GLVFDUGHG�DQG�WKH�UHPDLQLQJ�
VHTXHQFHV�ZHUH�DGGHG�WR�WKH�DSSURSULDWH�GDWDVHW��&KDUDOHV��' LDWRPV��6SLURJ\ UD��* UHHQ�
$ OJDH��; DQWKRSK\ FHDQV��IRU�DOLJQPHQW��
�
( DFK�GDWDVHW�ZDV�DOLJQHG�XVLQJ�WKH�SURJUDP�&OXVWDO; �� �� � �� / DUNLQ�HW�DO��� � � � � ��
$ OLJQPHQWV�ZHUH�FKHFNHG�E\ �H\ H��$ �QHLJKERXU�MRLQLQJ�DQDO\ VLV�RI�SK\ ORJHQ\ �ZDV�UXQ�
IRU�HDFK�GDWDVHW�LQ�0 ( * $ � ��7DPXUD�HW�DO��� � � � � ��ZLWK�� � � � �ERRWVWUDS�UHSOLFDWHV��
SDLUZLVH�GHOHWLRQ��DQG�D�PD[ LPXP�FRPSRVLWH�OLNHOLKRRG�QXFOHRWLGH�VXEVWLWXWLRQ�PRGHO�
LQFOXGLQJ�WUDQVLWLRQV�DQG�WUDQVYHUVLRQV��7KLV�ZDV�MXGJHG�DSSURSULDWH�IRU�WKH�DLPV�RI�
WKLV�VWXG\ �±�WR�LGHQWLI\ �FORVH�UHODWLYHV�RI�RXU�VHTXHQFHV�LQ�ODUJH��XQZLHOG\ �GDWDVHWV�±�
UDWKHU�WKDQ�D�PRUH�VRSKLVWLFDWHG�DQDO\ VLV�LQ�ZKLFK�GHHSHU�SK\ ORJHQHWLF�UHODWLRQVKLSV�
ZRXOG�KDYH�EHHQ�WKH�IRFXV��
�
2 UGLQDWLRQ�DQDO\ VHV�RI�SUHVHQFH�DEVHQFH�GDWD�

,Q�RUGHU�WR�YLVXDOLVH�WKH�GLVWULEXWLRQV�RI�WKH�VSHFLHV�IRXQG�DQG�ORRN�IRU�SDWWHUQV�LQ�WKH�
GDWD��WKH�SUHVHQFH�RU�DEVHQFH�RI�HDFK�DOJDO�VSHFLHV��LQFOXGLQJ�WKH�FORQHG�VHTXHQFHV��DW�
HDFK�VLWH�ZDV�FRPSLOHG�LQWR�D�PDWUL[ �DQG�DQDO\ VHG�E\ �WZR�PHWKRGV�LQ�WKH�RUGLQDWLRQ�
SURJUDP�3&�2 UG�� ��0 F&XQH�	 �0 HIIRUG�� � � � � ��' HWUHQGHG�&RUUHVSRQGHQFH�$ QDO\ VLV�
� ' &$ ��ZDV�XVHG�ILUVW�RQ�WKH�FRPSOHWH�GDWDVHW�RI�VSHFLHV�RFFXUUHQFHV��5DUH�VSHFLHV�
ZHUH�GRZQZHLJKWHG�DQG�D[ HV�UHVFDOHG��$ �VXEVHW�RI�WKH�FRPSOHWH�GDWDVHW�ZDV�WKHQ�



� �

XVHG�IRU�&DQRQLFDO�&RUUHVSRQGHQFH�$ QDO\ VLV��&&$ ���LQFOXGLQJ�RQO\ �WKRVH�VLWHV�IRU�
ZKLFK�ZDWHU�TXDOLW\ �GDWD�ZHUH�DYDLODEOH�RQOLQH��KWWS���ZZZ�WKHVW\ [ �RUJ�Q] �QHZ�
] HDODQG�: DWHU4 XDOLW\ B0 RQLWRULQJ����7KH�ZDWHU�TXDOLW\ �YDULDEOHV�LQFOXGHG�LQ�WKH�&&$ �
ZHUH�FODULW\ ��IORZ��HOHFWULFDO�FRQGXFWLYLW\ ��DQG�WKUHH�VXEVWUDWH�VL] H�FODVVHV��7KH�S+ �
YDULDEOH�ZDV�RPLWWHG�EHFDXVH�WKHUH�ZDV�DOPRVW�QR�YDULDWLRQ�EHWZHHQ�VLWHV��DQG�WKH�
VXEVWUDWH�VL] H�FODVVHV�ZHUH�FRPELQHG�LQWR�WKUHH��VPDOO�VXEVWUDWH��VDQG�VLOW�XS�WR�
JUDYHO���VWRQHV��VPDOO�DQG�ODUJH���DQG�PDFURSK\ WHV��LQ�RUGHU�WR�UHGXFH�WKH�QXPEHU�RI�
YDULDEOHV�WR�VDWLVI\ �WKH�FRQVWUDLQWV�RI�WKH�PHWKRG��5RZ�DQG�FROXPQ�VFRUHV�ZHUH�
VWDQGDUGLVHG�E\ �FHQWULQJ�DQG�QRUPDOLVLQJ��VFRUHV�ZHUH�VFDOHG�E\ �RSWLPLVLQJ�VLWHV��DQG�
WKH�VLWHV�VFRUHV�IRU�JUDSKLQJ�ZHUH�FDOFXODWHG�DV�OLQHDU�FRPELQDWLRQV�RI�WKH�
HQYLURQPHQWDO�SDUDPHWHUV��
�
' LDWRP �FOHDQLQJ�DQG�P RXQWLQJ�

7KH�GLDWRPV�LQ�HDFK�VDPSOH�ZHUH�FOHDQHG�DQG�PRXQWHG�XVLQJ�WKH�PHWKRG�RI�%LJJV�	 �
. LOUR\ �� � � � � ��SS��� � � ±� � � � ��
�
6DP SOHV�ZLWK�GLDWRP V��DIWHU�FOHDQLQJ���1 RV�� ��� ��� ��� ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��
� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � ��� � �
�
6DP SOHV�ZLWKRXW�GLDWRP V��DIWHU�FOHDQLQJ���1 RV�� ��� � ��� � ��� � �
�

5 HVXOWV�

7D[ RQRP \ �

&ODVV�&RVFLQRGLVFRSK\ FHDH�
6XEFODVV�&RVFLQRGLVFRSK\ FLGDH�
2 UGHU�0 HORVLUDOHV�
) DP LO\ �0 HORVLUDFHDH�
�
0 HORVLUD�YDULDQV�&��$ JDUGK�� � � � � � 3ODWH�� $ ±( �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�KHDGZDWHUV��6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��
0 DLQ�1 RUWK�5G��5DGFOLIIH�5G��DQG�6SHQFHUYLOOH�5G�DQG�7HDSHV�5G�EULGJHV��6PDFNV�
&UHHN�DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��. DSXWRQH�6WUHDP�DW�
2 XUXKLD�' RPDLQ��) LJ��� � ��
�
) HDWXUHV��&\ OLQGULFDO�ILODPHQWV�DSSUR[ LPDWHO\ �DV�ORQJ�DV�WKH\ �DUH�ZLGH��� � ±� � �—P�LQ�
GLDPHWHU��1 R�RUQDPHQWDWLRQ�RQ�FHOO�ZDOOV�LQ�HLWKHU�YDOYH�RU�JLUGOH�YLHZ��6HYHUDO�WR�
PDQ\ �OREHG��EURZQ�FRORXUHG�FKORURSODVWV�OLQH�WKH�FHOO�ZDOOV��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��0 ROHFXODU�GDWD�IURP�FXOWXUH�LQGLFDWH�WKH�FORVHVW�
UHODWLYH�WR�WKLV�VDPSOH�LV�0 HORVLUD�QXPPXORLGHV��) LJ��� � ��7KH�0 ��YDULDQV�VHTXHQFH�
IRXQG�LQ�* HQ%DQN�ZDV�RPLWWHG�IURP�WKH�DQDO\ VLV�EHFDXVH�LW�GLG�QRW�DSSHDU�WR�DOLJQ��
7KH�EUDQFK�OHDGLQJ�IURP�WKLV�VDPSOH�WR�0 ��QXPPXORLGHV�LV�TXLWH�ORQJ�LQGLFDWLQJ�
GLIIHUHQFHV�IURP�RXU�VDPSOH��5HSRUWHG�WR�EH�ZLGHVSUHDG�LQ�1 HZ�=HDODQG�LQ�VORZ��WR�
PHGLXP��IORZLQJ�RSHQ�ORZODQG�VWUHDPV��%LJJV�	 �. LOUR\ �� � � � � ��
�



� �

&ODVV�0 HGLRSK\ FHDH 
2 UGHU�7KDODVVLRVLUDOHV 
) DP LO\ �7KDOODVVLRVLUDFHDH�
�
7KDODVVLRVLUD�FI��ZHLVVIORJLL��* UXQRZ��* ��) U\ [ HOO�	 �+ DVOH� � 3ODWH�� ) �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��YRO��� �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ��) LJ�� � ��
�
) HDWXUHV��&\ OLQGULFDO�YDOYH��� � �—P�LQ�GLDPHWHU��5HFWDQJXODU�JLUGOH�YLHZ�ZLWK�URXQGHG�
FRUQHUV��%OXQW�SURFHVVHV�DURXQG�WKH�YDOYH�PDUJLQ���
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��2 QO\ �RQH�VSHFLPHQ�VHHQ��
�
�
&ODVV�%DFLOODULRSK\ FHDH�
2 UGHU�( XQRWLDOHV�
) DP LO\ �( XQRWLDFHDH�
�
&I��$FWLQHOOD�LQGLVWLQFWD�9 \ YHUP DQ�	 �%HUJH\ � � � � 3ODWH�� * ±-�
5HIHUHQFH��6DEEH�HW�DO��� � � � ��ILJV�� � ±� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�DQG�6PDFNV�
&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��&HOOV�VOLJKWO\ �FODYDWH�LQ�JLUGOH�YLHZ��� � ±� � �� �—P�ORQJ��9 DOYHV�VOLJKWO\ �
VHPL�DUFXDWH�DQG�KHWHURSRODU��ZLWK�YHQWUDO�PDUJLQ�PRUH�RU�OHVV�FRQFDYH�DQG�GRUVDO�
PDUJLQ�FRQYH[ ��� �� ±� �� �—P�ZLGH�DW�PLGSRLQW��6WULDH�GLIILFXOW�WR�UHVROYH�ZLWK�WKH�OLJKW�
PLFURVFRSH��SDUDOOHO�LQ�WKH�FHQWUH�WR�VOLJKWO\ �UDGLDWH�DW�WKH�SROHV��6WHUQXP�QDUURZ�DQG�
LQGLVWLQFW��5DSKH�VKRUW��ODUJHO\ �VLWXDWHG�RQ�WKH�YDOYH�PDQWOH��GLVWDO�HQGV�EHQW�RQWR�WKH�
YDOYH�IDFH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��7KLV�VSHFLHV�PD\ �EH�YHU\ �GLIILFXOW�WR�
VHSDUDWH�IURP�( XQRWLD�OXQDULV�DV�VKRZQ�LQ�) RJHG��� � � � � ��6DEEH�HW�DO��� � � � � � �VWDWH�WKDW�
WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JHQHUD�LV�WKDW�$FWLQHOOD�LV�DV\ PPHWULFDO�DERXW�WKH�
PHGLDQ�WUDQVDSLFDO�SODQH��\ HW�) RJHG¶V�LOOXVWUDWLRQV�RI�( ��OXQDULV�LQFOXGH�DV\ PPHWULFDO�
H[ DPSOHV��,W�LV�SRVVLEOH�WKDW�WKH�WZR�VSHFLHV�DUH�V\ QRQ\ PRXV��3UHYLRXVO\ �UHSRUWHG�LQ�
RQH�ZHVWHUQ��2 EHURQ�7DUQ��DQG�RQH�FRUULGRU�ODNH��7ZLVWHG�/ DNH��LQ�7DVPDQLD��DQG�LQ�
DQ�XQQDPHG�WDUQ�RQ�6WHZDUW�,VODQG��6DEEH�HW�DO��� � � � � ��
�



� � �

�
3ODWH�� �
$ ±( ��0 HORVLUD�YDULDQV��$ ±&��ILHOG�PDWHULDO��VDPSOHV�� � � � � � ��� � %�� � ��� %�� � � ��' ±( ��
FXOWXUHG�PDWHULDO��FXOWXUHV�� � �� �DQG�� � �� � ��
) ��7KDODVVLRVLUD�FI��ZHLVVIORJLL��ILHOG�PDWHULDO��6( 0 ��
* ±- ��&I��$FWLQHOOD�LQGLVWLQFW��* ��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � � ��+ ��OLYLQJ�
PDWHULDO��VDPSOH�� � %�� � � � ��,±- ��6( 0 ��VDPSOHV�� � � � ��� � � � � ��
$ OO�VFDOHV� �� � �—P��



� � �

$FWLQHOOD�FI��EUDVLOLHQVLV�* UXQRZ� � � � � � 3ODWH�� $ �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��YRO��� ��ILJ��� � � ��� ±� �
�
' LVWULEXWLRQ��5DUH��) RXQG�LQ�6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��9 DOYHV�FODYDWH��� � � �—P�ORQJ��� �—P�ZLGH��ZLWK�RQH�SDUWLFXODUO\ �VZROOHQ�
KHDGSROH��&ODYDWH�LQ�JLUGOH�YLHZ��%LUDSKLG��UDSKHV�ORFDWHG�DW�PDUJLQV��5DSKH�HQGLQJV�
QRW�YLVLEOH�LQ�WKHVH�VSHFLPHQV��5LPRSRUWXOD�RSHQLQJ�RQ�VZROOHQ�KHDGSROH���
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��2 QO\ �RQH�VSHFLPHQ�VHHQ��,GHQWLILFDWLRQ�LV�
XQFHUWDLQ�EHFDXVH�UDSKH�HQGLQJV�DUH�KLGGHQ�DQG�WKHUH�LV�D�ODFN�RI�PDWHULDO���
�
�
6XEFODVV�( XQRWLRQSK\ FLGDH�
2 UGHU�( XQRWLDOHV�
) DP LO\ �( XQRWLDFHDH�
�
( XQRWLD�FI��HSLWKHPLD�* �/ ��5 DEHQKRUVW� � � � � 3ODWH�� %�
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�FUHVFHQW�VKDSHG��� � �—P�ORQJ��� �—P�ZLGH�DW�FHQWUH��ZLWK�URXQGHG�
HQGV��5HFWDQJXODU�LQ�JLUGOH�YLHZ��5XGLPHQWDU\ �UDSKH�V\ VWHP�RQ�ERWK�YDOYHV��UDSKHV�
ORFDWHG�DW�PDUJLQV��3DUDOOHO�VWULDH���
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��
�
�
) DP LO\ �3LQQXODULDFHDH�
�
3LQQXODULD�JLEED�( KUHQEHUJ�� � � � � � 3ODWH�� &±( �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO�� ��ILJ��� � � ��� ±� �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�KHDGZDWHUV��5DGFOLIIH�5G��DQG�5HGZRRG�6SULQJV��
6PDFNV�&UHHN�DW�* DUGLQHUV�5G��. DSXWRQH�6WUHDP�DW�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYHV�� � ±� � � —P�ORQJ��� � �—P�ZLGH�ZLWK�VOLJKWO\ �FDSLWDWH�HQGV��: LGH�D[ LDO�
DQG�FHQWUDO�DUHDV��%LUDSKLG��VWUDLJKW�UDSKH��6KRUW�VWULDH��FRQYHUJHQW�DW�DSH[ �DQG�UDGLDWH�
DW�FHQWUH��VRPHWLPHV�ZLWK�D�JDS�DW�WKH�FHQWUH�RI�WKH�YDOYH���
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��0 ROHFXODU�GDWD�IURP�FXOWXUH�VXJJHVW�FORVHVW�
UHODWLYH�LV�* RPSKRQHPD�DIILQH��) LJ��� � ��5HSRUWHG�DV�ZLGHVSUHDG�DQG�QRW�XVXDOO\ �
FRPPRQ�LQ�VWUHDP�SHULSK\ WRQ��%LJJV�	 �. LOUR\ �� � � � � ��



� � �

3LQQXODULD�LQWHUUXSWD�: ��6P LWK� � � � 1 R�LPDJHV�DYDLODEOH�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � � ��� ±� � �
�
' LVWULEXWLRQ��) RXQG�DW�6W\ [ �KHDGZDWHUV�DQG�6W\ [ �DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�
�) LJ��� � ��
�
) HDWXUHV��9 DOYH�V\ PPHWULFDO�ZLWK�XQGXODWLQJ�PDUJLQV��� � �—P�ORQJ��� �� �—P�ZLGH�ZLWK�
URXQGHG�HQGV��%LUDSKLG��VWUDLJKW�UDSKHV�ORFDWHG�LQ�PLGGOH�RI�YDOYH��6WULDH�FRQYHUJHQW�
DW�DSLFHV�DQG�UDGLDWH�WRZDUGV�FHQWUDO�DUHD��WUDQVYHUVH�IDVFLD��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�WR�EH�ZLGHVSUHDG��%LJJV�	 �
. LOUR\ �� � � � � ��
�
�
2 UGHU�%DFLOODULDOHV�
) DP LO\ �%DFLOODULDFHDH�
�
1 LW]VFKLD�DFLFXODULV��. • W] LQJ��: ��6P LWK� � � � � 3ODWH�� ) ±* �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � ��� ±� �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��5DGFOLIIH�5G��QHDU�5HGZRRG�
6SULQJV�DQG�6SHQFHUYLOOH�5G�EULGJH��6PDFNV�&UHHN�DW�* DUGLQHUV�5G��. DSXWRQH�6WUHDP�
DW�2 XUXKLD�' RPDLQ�DQG�%HOIDVW�5G�EULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�V\ PPHWULFDO��� � ±� � �—P�ORQJ��� �� �—P�ZLGH��ZLWK�ILQH�GUDZQ�RXW�
HQGV��7ZR�SDULHWDO�FKORURSODVWV��
�
5HPDUNV��&XOWXUH�IURP�VDPSOH�� � ��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�EXW�
XVXDOO\ �QRW�YHU\ �DEXQGDQW��%LJJV�	 �. LOUR\ �� � � � � ��
�
+ DQW]VFKLD�DPSKLR[ \ V�* UXQRZ� � � � � � 3ODWH�� +±,�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � ��� ±� �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�VOLJKWO\ �FXUYHG��� � ±� � �—P�ORQJ��� ±� �—P�ZLGH��ZLWK�SURWUDFWHG�D[ LDO�
DUHDV�DQG�VOLJKW�QDUURZLQJ�DW�FHQWUH��5DSKH�ORFDWHG�RQ�PDUJLQV�RQ�LQVLGH�RI�FXUYH��
3DUDOOHO�VWULDH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��



� � �

�
3ODWH�� �
$ ��$FLQWHOOD�FI��EUDVLOHQVLV��6( 0 ��
%��( XQRWLD�FI��HSLWKHPLD��6( 0 ��
&±( ��3LQQXODULD�JLEED��&��OLYLQJ�PDWHULDO�YDOYH�YLHZ��VDPSOH�� %�� � � � ��' ��OLYLQJ�
PDWHULDO�JLUGOH�YLHZ��VDPSOH�� %�� � � ��( ��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � � ��
) ±* ��1LW]VFKLD�DFLFXODULV��) ��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � %�� � � ��* ��FXOWXUHG�
PDWHULDO��FXOWXUH�� � �� � ��
+ ±, ��+DQW]VFKLD�DPSKLR[ \ V��+ ��FXOWXUHG�PDWHULDO��FXOWXUH�� � � � � � ��, ��6( 0 ��VDPSOH�� � �
� � ��
$ OO�VFDOHV� �� � �—P��



� � �

2 UGHU�) UDJLODULDOHV�
) DP LO\ �) UDJLODULDFHDH�
�
) UDJLODULD�FI��IDPHOLFD��. • W] LQJ��/ DQJH�%HUWDORW� � � 3ODWH�� $ ±&�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��YRO��� ��ILJ��� � � ��� ±� � ��� � ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��0 DLQ�1 RUWK�5G�
DQG�5DGFOLIIH�5G��) LJ��� � ��
�
) HDWXUHV��2 YDO�LQ�YDOYH�YLHZ��� � ±� � �—P�ORQJ��� ±� �—P�ZLGH��6RPHWLPHV�VZROOHQ�DW�
WKH�FHQWUH�RI�WKH�YDOYH��1 DUURZ�UHFWDQJXODU�LQ�JLUGOH�YLHZ��$ UDSKLG��6WULDH�
GLVFRQWLQXRXV�DFURVV�WKH�YDOYH�IDFHV�WR�IRUP�D�FHQWUDO�VWHUQXP��$ �IDVFLD�DW�WKH�PLGGOH�
RI�WKH�YDOYH��H[ WHQGLQJ�KDOIZD\ �DFURVV��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��&RPPRQ�LQ�ODNHV�DQG�VORZ�PRYLQJ�
VWUHDPV��%LJJV�	 �. LOUR\ �� � � � � ��
�
6\ QHGUD�XOQD�( KUHQEHUJ� � � � � � � 3ODWH�� ' ±) �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�DW�DOO�VLWHV��H[ FHSW�6W\ [ �5LYHU�DW�1 RUWK�5G�5HGZRRG�6SULQJV�
�) LJ��� � ��
�
) HDWXUHV��9 DOYH�V\ PPHWULFDO��XS�WR�� � � �—P�ORQJ��ZLWK�SDUDOOHO�PDUJLQV�ZLWK�
SURWUDFWHG�DSLFHV��$ UDSKLG��SVHXGRUDSKH�UXQV�WKH�OHQJWK�RI�WKH�FHOO��3DUDOOHO�VWULDH�ZLWK�
D�FOHDU�FHQWUDO�DUHD��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��1 R�PROHFXODU�GDWD��: LGHVSUHDG�DQG�H[ WUHPHO\ �
FRPPRQ��%LJJV�	 �. LOUR\ �� � � � � ��
�
6WDXURVLUD�FI��FRQVWUXHQV�( KUHQEHUJ� � � � � 3ODWH�� * ±,�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��YRO��� ��ILJ��� � � ��� ±� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��6PDFNV�&UHHN�
DW�* DUGLQHUV�5G��DQG�. DSXWRQH�6WUHDP�DW�WKH�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�FUXFLIRUP��� � ±� � �—P�ORQJ��� � ±� � �� �—P�ZLGH��5HFWDQJXODU�LQ�JLUGOH�
YLHZ��$ UDSKLG��SVHXGRUDSKH�WKDW�ZLGHQV�LQ�FHQWUH�RI�FHOO��3URPLQHQW�SDUDOOHO�VWULDH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�DQG�FRPPRQ�LQ�
FOHDQ��VSULQJ�IHG�VWUHDPV��%LJJV�	 �. LOUR\ �� � � � � ��
�
0 HULGLRQ�FLUFXODUH��* UHYLOOH��&��$ JDUGK� � � � � 3ODWH�� -±/ �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�DW�WKH�6W\ [ �KHDGZDWHUV�) LJ��� � ��
�
) HDWXUHV��9 DOYH�YLHZ�FODYDWH��� � ±� � �� �—P�ORQJ��� ±� �—P�ZLGH��: HGJH�VKDSHG�LQ�
JLUGOH�YLHZ��&RVWDH�FURVV�WKH�YDOYH�IDFH�DQG�WKHVH�DUH�YLVLEOH�LQ�JLUGOH�YLHZ�DV�VPDOO�
NQREV�GRZQ�HDFK�ORQJ�HGJH��6HYHUDO�VPDOO�FKORURSODVWV�LQ�FHOO��



� � �

5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�WR�SUHIHU�FOHDQ��FRRO�VWUHDPV�DQG�
LV�QRW�YHU\ �FRPPRQ��%LJJV�	 �. LOUR\ �� � � � � ��
�
�
) DP LO\ �* RP SKRQHP DWDFHDH�
�
* RPSKRQHPD�DFXPLQDWXP�( KUHQEHUJ� � � � 3ODWH�� 0 ±3�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��YRO��� ��ILJ��� � � ��� ±� � �
�
) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��6SHQFHUYLOOH�5G�DQG�7HDSHV�
5G��6PDFNV�&UHHN�RQ�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��. DSXWRQH�
6WUHDP�DW�WKH�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�VLPLODU�VKDSH�WR�* ��WUXQFDWXP�EXW�ZLWK�H[ WUD�SURMHFWLRQ�DW�KHDGSROH��
� � ±� � � �—P�ORQJ��� � ±� � �—P�ZLGH��* LUGOH�YLHZ�ZHGJH�VKDSHG��%LUDSKLG��UDSKHV�
VWUDLJKW��6WULDH�VOLJKWO\ �UDGLDWH�WRZDUGV�WKH�IRRWSROH�DQG�DW�WKH�VZHOOLQJ�EHORZ�WKH�
KHDGSROH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG��%LJJV�	 �. LOUR\ �
� � � � � ��



� � �

��
3ODWH�� �
$ ±&��) UDJLOODULD�FI��IDPHOLFD��6( 0 ��VDPSOHV�� � � � ��� � � � ��� � � � � ��
' ±) ��6\ QHGUD�XOQD��' ��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� %�� � � ��( ��FOHDQHG�ILHOG�PDWHULDO�
�VDPSOH�� � &���) ��6( 0 ��VDPSOH�� � � � ��
* ±, ��6WDXURVLUD�FI��FRQVWUXHQV��* ��+ ��FOHDQHG�ILHOG�PDWHULDO��VDPSOHV�� � � � ��� � � � � � ��, ��
6( 0 ��VDPSOH�� � � � � ��
- ±/ ��0 HULGLRQ�FLUFXODUH��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � ��- ��YDOYH�YLHZ��. ��KDOI�
JLUGOH�YLHZ��/ ��JLUGOH�YLHZ��
0 ±3��* RPSKRQHPD�DFFXPLQDWXP��0 ±2 ��FOHDQHG�ILHOG�PDWHULDO��VDPSOHV�� � � � � ��
� � � � � � ��YDOYH�DQG�JLUGOH�YLHZV��3��6( 0 ��VDPSOH�� � � � � ��
$ OO�VFDOHV� �� � �—P��



� � �

* RPSKRQHPD�PLQXWXP�&��$ JDUGK� � � � � � 3ODWH�� $ �
5HIHUHQFH��. RFLROHN�	 �. LQJVWRQ�� � � � ��ILJ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G�DQG�6PDFNV�&UHHN�DW�
: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ�� � ��
�
) HDWXUHV��/ RQJLWXGLQDOO\ �DV\ PPHWULFDO�LQ�YDOYH�YLHZ��� � �—P�ORQJ��� �� �—P�ZLGH��
: HGJH�VKDSH�LQ�JLUGOH�YLHZ��%LUDSKLG�ZLWK�D�VWUDLJKW�UDSKH��: LGHO\ �VSDFHG�UDGLDWH�
VWULDH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�DQG�FDQ�EH�YHU\ �
FRPPRQ��%LJJV�	 �. LOUR\ �� � � � � ��
�
* RPSKRQHPD�FI��SDUYXOXP��. • W] LQJ��+ �) ��9 DQ�+ HXUFN� � � 3ODWH�� %±,�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ�� � � ��� ±� � �
�
' LVWULEXWLRQ��) RXQG�DW�6W\ [ �5LYHU�DW�1 RUWK�5G�DQG�6SHQFHUYLOOH�5G�%ULGJH��6PDFNV�
&UHHN�DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��. DSXWRQH�&UHHN�DW�2 XUXKLD�
' RPDLQ��) LJ��� � ��
�
) HDWXUHV��+ HWHURSRODU�OHDI�VKDSHG�YDOYH��� � ±� � �—P�ORQJ��� ±� � �—P�ZLGH��ZLWK�
SURWUDFWHG�D[ LDO�DUHDV�DQG�VOLJKWO\ �HORQJDWHG�DW�RQH�HQG��* LUGOH�YLHZ�UHFWDQJXODU�ZLWK�
WKLFNHQHG�DUHDV�DW�HDFK�HQG�LQGLFDWLQJ�UDSKH�HQGLQJV��%LUDSKLG��UDSKHV�VOLJKWO\ �KRRNHG�
DW�SROHV��6WULDH�GHQVHO\ �VSDFHG�DQG�SDUDOOHO��6SDFH�DW�RQH�VLGH�RI�FHQWUDO�DUHD�DQG�
VWLJPD�RSSRVLWH�WKH�VSDFH��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOHV�� � ��� � �DQG�� � ��1 R�PROHFXODU�GDWD��7KHUH�DUH�PDQ\ �
JRPSKRQHPRLG�GLDWRPV�SUHVHQW�LQ�HQYLURQPHQWDO�VDPSOHV�WKDW�DUH�VLPLODU�WR�WKLV�
VSHFLHV�EXW�LW�LV�GLIILFXOW�WR�DFFXUDWHO\ �GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�VSHFLHV�ZLWKRXW�
ILUVW�FXOWXULQJ�DQG�VHTXHQFLQJ�HDFK�PRUSKRW\ SH��
�
* RPSKRQHPD�WUXQFDWXP�( KUHQEHUJ� � � � � 3ODWH�� -�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��YRO��� ��ILJ��� � � ��� � ±� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�
5HVHUYH��) LJ��� � ��
�
) HDWXUHV��$ V\ PPHWULF�YDOYH�YLHZ��µ-HOO\ �EDE\ ¶�VKDSHG��� � �—P�ORQJ��� � �—P�ZLGH�ZLWK�
D�URXQGHG�D[ LDO�DUHD��%LUDSKLG��UDSKH�VWUDLJKW��6WULDH�UDGLDWH�DW�WKH�FHQWUH�ZLWK�D�VSDFH�
DW�FHQWUH�RQ�ERWK�YDOYHV�DQG�D�VLQJOH�VWLJPD��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG��%LJJV�	 �. LOUR\ �
� � � � � ��



� � �

6XEFODVV�%DFLOODULRSK\ FLGDH�
2 UGHU�&\ P EHOODOHV�
) DP LO\ �&\ P EHOODFHDH�
�
( QF\ RQHPD�FI��VLQLFXP�. UDP P HU� � � � � � 3ODWH�� . �
5HIHUHQFH��. UDPPHU�� � � � ��ILJ��� � ��� ±� �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�DQG�6PDFNV�
&UHHN�DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��$ V\ PPHWULF�OXQDWH�YDOYH��� � �—P�ORQJ��� � �� �—P�ZLGH��ZLWK�URXQGHG�GRUVDO�
VLGH��%LUDSKLG�ZLWK�XSZDUG�SRLQWLQJ�FHQWUDO�UDSKH�HQGLQJV�DQG�GRZQZDUG�SRLQWLQJ�
WHUPLQDO�HQGLQJV��6WULDH�VOLJKWO\ �UDGLDWH�DQG�ZLGHO\ �VSDFHG��&KORURSODVW�LQ�YDOYH�YLHZ�
LV�+ �VKDSHG��
�
5HPDUNV��1 RW�FXOWXUHG��0 ROHFXODU�GDWD�IURP�HQYLURQPHQWDO�FORQHV�RI�VDPSOH�� � �VKRZ�
RQH�JURXS�RI�FORQHV�LV�FORVH�WR�( QF\ RQHPD�FI��VLQLFXP��DQG�DQRWKHU�JURXS�LV�FORVH�WR�
&\ PEHOOD�DIILQLV�DQG�&��ODQFHRODWD��) LJ��� � ��,GHQWLILFDWLRQ�LV�XQFHUWDLQ�GXH�WR�WKH�
GHJUHH�RI�GLIIHUHQFH�EHWZHHQ�RXU�VDPSOH�DQG�VWUDLQV�RI�WKLV�VSHFLHV�LQ�* HQ%DQN��
+ RZHYHU��PRUSKRORJ\ �RI�VSHFLPHQ�IURP�VDPSOH�� � �LV�VLPLODU�WR�WKDW�RI�( QF\ RQHPD�
VLQLFXP�IURP�. UDPPHU��� � � � � ��
�
&\ PEHOOD�DVSHUD�&OHYH� � � � � � � 3ODWH�� / ±1 �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � � ��� ±� �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�1 RUWK�5G�DQG�5HGZRRG�6SULQJV�6PDFNV�&UHHN�
DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��9 DOYHV�DV\ PPHWULF�ZLWK�ZLGH�D[ LDO�DQG�FHQWUDO�DUHDV��� � ±� � � �—P�ORQJ��� � ±
� � �—P�ZLGH��%LUDSKLG��UDSKHV�FXUYHG�DQG�ORFDWHG�LQ�FHQWUH�RI�YDOYH��6WULDH�DUH�ODUJH�
DQG�VOLJKWO\ �UDGLDWH��6WLJPDWD�DEVHQW��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�DQG�RIWHQ�
DEXQGDQW�LQ�ORZ�FRQGXFWLYLW\ �VWUHDPV��%LJJV�	 �. LOUR\ �� � � � � ��
�
�
) DP LO\ �5 KRLFRVSKHQLDFHDH�
�
5KRLFRVSKHQLD�FI��DEEUHYLDWD�/ DQJH�%HUWDORW� � 1 R�LPDJHV�DYDLODEOH�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � ��� ±� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G�DQG�DW�7HDSHV�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�FODYDWH��� � ±� � �—P�ORQJ��XS�WR�� �—P�ZLGH��* LUGOH�YLHZ�EHQW�DQG�
ZLGHU�DW�RQH�HQG��%LUDSKLG��VWUDLJKW�UDSKHV��&RQFDYH�YDOYH�IDFH�KDV�D�PRUH�KLJKO\ �
GHYHORSHG�UDSKH�WKDQ�WKH�FRQYH[ �IDFH��6WULDH�SDUDOOHO��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��9 HU\ �FRPPRQ�DQG�ZLGHVSUHDG��%LJJV�	 �
. LOUR\ �� � � � � ��
�



� � �

��
3ODWH�� �
$ ��* RPSKRQHPD�PLQXWXP�6( 0 ��VDPSOH�� � � � � � ��
%±, ��* RPSKRQHPD�FI��SDUYXOXP��%��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � ��&±) ��
FXOWXUHG�PDWHULDO�LQ�YDOYH�DQG�JLUGOH�YLHZV��FXOWXUHV�� � �� ��� � �� ��� � �� � ��* ±, ��6( 0 �
�VDPSOHV�� � � ��� � � � ��� � � � � ��
- ��* RPSKRQHPD�WUXQFDWXP��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � ��
. ��( QF\ RQHPD�FI��VLQLFXP��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � ��
/ ±1 ��&\ PEHOOD�DVSHUD��/ ��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� %�� � � � ��0 ��FOHDQHG�ILHOG�
PDWHULDO��VDPSOH�� � � � � � ��1 ��6( 0 �RI�YDOYH�LQWHULRU��VDPSOH�� � � � ��
2 ±5 ��$FKQDQWKHV�FI��ODQFHRODWD��2 ��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � � ��3±4 ��
FXOWXUHG�PDWHULDO��FXOWXUH�� � �� �� � ��YDOYH�DQG�JLUGOH�YLHZV��4 ±5 ��6( 0 �RI�LQWHULRU�DQG�
H[ WHULRU�RI�YDOYH�LQFOXGLQJ�EHQW�KHDGSROH��VDPSOHV�� � � �DQG�� � � � ��
$ OO�VFDOHV� �� � �—P��



� � �

2 UGHU�$ FKQDQWKDOHV�
) DP LO\ �$ FKQDQWKDFHDH�
�
$FKQDQWKHV�FI��ODQFHRODWD� � � � � 3ODWH�� 2 ±5�
5HIHUHQFH��/ DQJH�%HUWDORW�	 �. UDPPHU�� � � � �S��� � ��ILJ��� � �� ±� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�DQG�6PDFNV�
&UHHN�DW�* DUGLQHUV�5G��
�
) HDWXUHV��* RPSKRQHPRLG�LQ�YDOYH�YLHZ��� � ±� � �—P�ORQJ��� ±� �—P�ZLGH�ZLWK�
SURWUDFWHG�D[ LDO�DUHDV�DQG�RQH�EHQW�SROH��9 HQWUDO�YDOYH�LV�IODW�ZKHUHDV�GRUVDO�YDOYH�LV�
VZROOHQ�DQG�UDLVHG��5DSKH�VWUDLJKW�ZLWK�VOLJKWO\ �KRRNHG�HQGV��6WULDH�VOLJKWO\ �UDGLDWH��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��0 ROHFXODU�GDWD�IURP�FXOWXUH�VXJJHVW�QHDUHVW�
UHODWLYH�LV�$FKQDQWKLGLXP�PLQXWLVVLPXP��) LJ��� � ��,GHQWLILFDWLRQ�XQFHUWDLQ�GXH�WR�
GLIIHUHQFHV�EHWZHHQ�WKH�YDOYH�VKDSH�DQG�SXEOLVKHG�GHVFULSWLRQV�RI�$��PLQXWLVVLPXP���
�
�
) DP LO\ �&RFFRQHLGDFHDH�
�
&RFFRQHLV�SODFHQWXOD�( KUHQEHUJ� � � � � 3ODWH�� $ ±&�
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��5DGFOLIIH�5G��6SHQFHUYLOOH�5G�
%ULGJH�DQG�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��6PDFNV�&UHHN�DW�* DUGLQHUV�5G��
. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ��) LJ��� � ��
�
) HDWXUHV��9 DOYH�RYDO��� � ±� � �—P�ORQJ��� ±� � �—P�ZLGH��0 RQRUDSKLG��GLVWLQFWLYH�ULGJH�
DURXQG�WKH�SHULPHWHU�RI�WKH�UDSKLG�YDOYH��7KH�RUQDPHQWDWLRQ�RI�WKH�UDSKHOHVV�YDOYH�
YDULHV�LQ�GLIIHUHQW�YDULHWLHV��6LQJOH�FKORURSODVW�DQG�WKH�SXQFWDH�DUH�RIWHQ�FOHDUO\ �
YLVLEOH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�FRPPRQ�DQG�ZLGHVSUHDG�
�%LJJV�	 �. LOUR\ �� � � � � ��
�
�
2 UGHU�7DEHOODULDOHV�
) DP LO\ �7DEHOODULDFHDH�
�
7DEHOODULD�IORFFXORVD�. • W] LQJ� � � � � � 3ODWH�� ' �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � �
�
) HDWXUHV��9 DOYH�QDUURZ�ZLWK�VZROOHQ�D[ LDO�DQG�FHQWUDO�DUHDV��� � ±� � �—P�ORQJ��� � �—P�
ZLGH��* LUGOH�YLHZ�REORQJ�WR�VTXDUH�ZLWK�SURPLQHQW�VHSWD�UXQQLQJ�WRZDUGV�FHQWUH�RI�
FHOO��$ UDSKLG�ZLWK�SDUDOOHO�VWULDH��6HYHUDO�VPDOO�FKORURSODVWV��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��: LGHVSUHDG�EXW�QRW�FRPPRQ��%LJJV�	 �
. LOUR\ �� � � � � ��



� � �

�
�
2 UGHU�1 DYLFXODOHV 
) DP LO\ �6WDXURQHLGDFHDH�
�
&UDWLFXOD�PROHVWLIRUPLV��+XVWHGW��/ DQJH�%HUWDORW� � � � 3ODWH�� ( �
5HIHUHQFH��6DEEH�HW�DO��� � � � ��S��� � � ��ILJV�� � ��� � ��� � ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�HOOLSWLFDO�ODQFHRODWH��� � �� �—P�ORQJ��� �� �—P�ZLGH��ZLWK�URVWUDWH�HQGV��
$ [ LDO�DUHD�WKLQ��VOLJKWO\ �ZLGHQLQJ�WRZDUGV�FHQWUDO�SRUWLRQ�RI�YDOYH��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��0 ROHFXODU�GDWD�IURP�VDPSOH�� � �VXSSRUW�WKLV�
LGHQWLILFDWLRQ��) LJ��� � ��
�
�
2 UGHU�XQDVVLJQHG�
) DP LO\ �XQDVVLJQHG�
�
0 D\ DPDHD�DWRPXV��. • W] LQJ��/ DQJH�%HUWDORW� � � � 3ODWH�� ) �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � ��S��� � � ��ILJV�� � ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�
5HVHUYH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�OLQHDU�HOOLSWLFDO�WR�HOOLSWLFDO��� � �—P�ORQJ��� �� �—P�ZLGH��ZLWK�URXQGHG�
HQGV��$ [ LDO�DUHD�GLVWLQFW��VOLJKW�ZLGHQLQJ�WRZDUGV�WKH�FHQWUDO�SRUWLRQ�RI�WKH�YDOYH��
* LUGOH�YLHZ�UHFWDQJXODU��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOHV�� � ��� � �DQG�� � ��0 ROHFXODU�GDWD�IURP�VDPSOHV�� � �DQG�
� � �VXSSRUW�LGHQWLILFDWLRQ�RI�WKLV�VSHFLHV�DV�0 D\ DPDHD�DWRPXV��) LJ��� � ��
�
�
2 UGHU�1 DYLFXODOHV�
) DP LO\ �1 DYLFXODFHDH�
�
1 DYLFXOD�VSS��� � � � � � � 3ODWH�� * ±1 �
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� �
�
' LVWULEXWLRQ��) RXQG�DW�DOO�VLWHV��) LJ��� � ��
�
) HDWXUHV��9 DOYH�YLHZ�OLQHDU�ODQFHRODWH��� � �� ±� � �—P�ORQJ��� �� ±� � �—P�ZLGH�ZLWK�
VOLJKWO\ �SURWUDFWHG�D[ LDO�DUHDV��%LUDSKLG��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOHV�� � ��� � ��� � ��DQG�� � ��' XH�WR�WKH�DEXQGDQFH�RI�
QDYLFXORLG�GLDWRPV�LQ�WKH�VDPSOHV�DQG�WKH�VLPLODULW\ �EHWZHHQ�PDQ\ �RI�WKH�VSHFLHV��LW�LV�
GLIILFXOW�WR�LGHQWLI\ �PDQ\ �RI�WKHVH�GLDWRPV�WR�VSHFLHV�OHYHO�GXH�WR�D�ODFN�RI�PROHFXODU�
GDWD��
�



� � �

1 DYLFXOD�YHQHWD�. • W] LQJ� � � � � 1 R�LPDJHV�DYDLODEOH�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�YLHZ�OLQHDU�ODQFHRODWH��� � �—P�ORQJ��� �—P�ZLGH�ZLWK�VOLJKWO\ �
SURWUDFWHG�D[ LDO�DUHDV��* LUGOH�YLHZ�UHFWDQJXODU�ZLWK�VOLJKWO\ �WDSHUHG�HQGV��%LUDSKLG��
�
5HPDUNV��0 ROHFXODU�GDWD�IURP�FXOWXUH�� � � � �VXSSRUWV�LGHQWLILFDWLRQ�RI�WKLV�LVRODWH�DV�
1DYLFXOD�YHQHWD��) LJ��� � ��
�
�
) DP LO\ �6WDXURQHLGDFHDH�
�
6WDXURQHLV�SKRHQLFHQWHURQ��1 LW] VFK��( KUHQEHUJ� � � � 3ODWH�� 2 ±3�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � ��� ±� �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�1 RUWK�5G�DQG�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��
6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��. DSXWRQH�6WUHDP�DW�WKH�%HOIDVW�5G�
%ULGJH��) LJ��� � ��
�
) HDWXUHV��9 DOYH�HORQJDWH�ZLWK�VOLJKWO\ �SURWUDFWHG�D[ LDO�DUHDV��� � ±� � � �—P�ORQJ��� � ±
� � �—P�ZLGH��%LUDSKLG��UDSKHV�VWUDLJKW��WKLFNHQHG�EDQG�RI�VLOLFD�DFURVV�YDOYH�LQ�FHQWUDO�
DUHD��6WULDH�ILQH�DQG�UDGLDWH�WKURXJKRXW�YDOYH��7ZR�FKORURSODVWV�OLH�DJDLQVW�JLUGOH�DQG�
H[ WHQG�XQGHU�YDOYH�IDFH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��
�
�
2 UGHU�5 KRSDORGLDOHV 
) DP LO\ �5 KRSDORGLDFHDH�
�
5KRSDORGLD�JLEED��( KUHQEHUJ��* �) �2 �0 • OOHU� � � � 3ODWH�� 5±6�
5HIHUHQFH��. UDPPHU�	 �/ DQJH�%HUWDORW�� � � � �YRO��� ��ILJ��� � � ��� �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ��) LJ��� � ��
�
) HDWXUHV��&HOOV�UHFWDQJXODU��� � ±� � � �—P�ORQJ��� ±� � �� �—P�ZLGH�ZLWK�VOLJKWO\ �VZROOHQ�
FHQWUDO�DUHD��5DSKHV�OLH�FORVH�WR�YDOYH�HGJHV��6WULDH�QRW�YLVLEOH��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � � � ��1 R�PROHFXODU�GDWD��
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��



� � �

��
3ODWH�� �
$ ±&��&RFFRQHLV�SODFHQWXOD��$ ��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � ��%�&��6( 0 �RI�
H[ WHULRU�DQG�LQWHULRU�RI�YDOYH��VDPSOHV�� � � � ��� � � � � ��
' ��7DEHOODULD�IORFFXORVD��FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � � ��
( ��&UDWLFXOD�PROHVWLIRUPLV��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� � ��
) ��0 D\ DPDHD�DWRPXV��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� �� � ��
* ±1 ��1DYLFXOD�VSS���OLYLQJ�PDWHULDO��VDPSOHV�� %�� � ��� � %�� � ��� %�� � � ��� � %�� � ��� � %�� � ��
� � $ �� � ��FXOWXUH�� � �� ��VDPSOH�� � $ �� � � ��
2 ±3��6WDXURQHLV�FI��SKRHQLFHQWHURQ��2 ��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � %�� � � � ��3��
FOHDQHG�ILHOG�PDWHULDO��VDPSOH�� � � � � � ��
4 ��GHOHWHG�SKRWR��
5 ±6��5KRSDORGLD�JLEED��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� � ��
$ OO�VFDOHV� �� � �—P��



� � �

&ODVV�&KORURSK\ FHDH�
2 UGHU�0 LFURVSRUDOHV�
) DP LO\ �0 LFURVSRUDFHDH�
�
0 LFURVSRUD�DPRHQD��. • W] LQJ��5DEHQKRUVW� � � � 3ODWH�� $ ±%�
5HIHUHQFH��1 RYLV�� � � � ��ILJ��� ��$ ��%�
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�5DGFOLIIH�5G�DQG�1 RUWK�5G��DQG�. DSXWRQH�
6WUHDP�DW�WKH�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��8 QEUDQFKHG�ILODPHQWV��FHOOV�DUH�DSSUR[ LPDWHO\ �VTXDUH�LQ�ORQJLWXGLQDO�
RSWLFDO�ORQJLWXGLQDO�VHFWLRQ��&KORURSODVW�LV�UHWLFXODWH�DQG�SDULHWDO��+ �VKDSHG�MRLQV�LQ�
WKH�FHOO�ZDOO�EHWZHHQ�FHOOV��&HOOV�� � ±� � �—P�ORQJ��� � ±� � �—P�ZLGH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��
�
0 LFURVSRUD�FI��VWDJQRUXP��. • W] LQJ��/ DJHUKHLP� � � � 3ODWH�� &�
5HIHUHQFH��1 RYLV�� � � � ��ILJ��� + ±. ��� -��. �
�
' LVWULEXWLRQ��) RXQG�LQ�7KH�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��) LODPHQWV�� �� �—P�ZLGH��&HOOV�F\ OLQGULFDO��� � �—P�ORQJ��&HOO�ZDOO�� � �—P�
WKLFN��5HGGLVK�SLJPHQW�LQ�ZDOOV�EHWZHHQ�FHOOV��
�
&I��* ORHRF\ VWLV�SDSXDQD��: DWDQDEH��( WWO�	 �* l UWQHU� � � 3ODWH�� ' �
5HIHUHQFH��1 RYLV�� � � � ��S��� � � ��ILJ��� �� � H��T±DF�
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � ��
�
) HDWXUHV��6PDOO�FRORQLHV�RI�JUHHQ��VSKHULFDO�FHOOV��HDFK�� � �—P�LQ�GLDPHWHU��HQFORVHG�
LQ�D�PXFLODJH�HQYHORSH��6LQJOH�FKORURSODVW�FDQ�FRYHU�WKH�HQWLUH�FHOO�ZDOO��� ±� �
S\ UHQRLGV�YLVLEOH��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��' LVWULEXWLRQ�XQFHUWDLQ��EXW�WKH�JHQXV�KDV�
EHHQ�IRXQG�LQ�DEXQGDQFH�LQ�D�VWUHDP�RQ�WKH�&RURPDQGHO�3HQLQVXOD��%LJJV�	 �. LOUR\ �
� � � � � ��
�
�
2 UGHU�6SKDHURSOHDOHV 
) DP LO\ �6FHQHGHVP DFHDH�
�
' HVPRGHVPXV�DOGDYHL�+HJHZDOG� � � � � � 3ODWH�� ( �
5HIHUHQFH��+ HJHZDOG�	 �6LOYD�� � � � ��S��� � ��ILJ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��&HOOV�REORQJ��� � �—P�ORQJ��� �� �—P�ZLGH��) RUPV�OLQHDU�FRHQRELDO�FRORQLHV�RI�
HLJKW�FHOOV��
�



� � �

5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��0 ROHFXODU�GDWD�IURP�FXOWXUH�� � � � �DQG�FORQH�� � �� �
VKRZ�WKH�FORVHVW�UHODWLYH�DV�6FHQHGHVPXV�TXDGULFDXGD��) LJ��� � ��
�
6FHQHGHVPXV�FI��DFXWXV�0 H\ HQ� � � � � � 3ODWH�� ) �
5HIHUHQFH��+ HJHZDOG�	 �6LOYD�� � � � ��S��� � ��ILJ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G�DQG�6PDFNV�&UHHN�DW�
* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��&HOOV�REORQJ��� �� �—P�ORQJ��� �� �—P�ZLGH��) RUPV�FRORQLHV�WKDW�ORRN�OLNH�
VWDFNV�RI�IRXU�FHOOV��&KORURSODVW�FRYHUV�PRVW�RI�WKH�FHOO�ZDOO��( DFK�FHOO�KDV�RQH�
S\ UHQRLG��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� ��1 R�PROHFXODU�GDWD��
�
�
2 UGHU�9 ROYRFDOHV 
) DP LO\ �&KODP \ GRP RQDGDFHDH�
�
&KODP\ GRPRQDV�FI��QRFWLJDPD�( KUHQEHUJ� � � � 3ODWH�� * ±+ �
5HIHUHQFH��( WWO�� � � � ��S��� � � ��ILJ��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��2 YRLG�FHOOV��� � ±� � �—P�ORQJ��� � �� ±� � �—P�ZLGH��&RQWUDFWLOH�YDFXROHV��
SDSLOOD��FXS�VKDSHG�FKORURSODVW�ZLWK�OREHV�LQFLVLRQV��RQH�WR�VHYHUDO�S\ UHQRLGV�LQ�HDFK�
FKORURSODVW��SUHVHQFH�RI�UHG�H\ HVSRW��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � � � ��0 ROHFXODU�GDWD�IURP�FXOWXUHV�VXJJHVWV�WKH�
FORVHVW�UHODWLYH�WR�WKLV�LVRODWH�LV�&KODP\ GRPRQDV�DFLGRSKLOD��) LJ��� � ��
�
&KODP\ GRPRQDV�FI��TXLHVFHQV� � � � � � 3ODWH�� ,�
5HIHUHQFH��( WWO�� � � � ��S��� � � ��ILJ��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��) LJ��� � ��
�
) HDWXUHV��&HOOV�RYDO�LQ�ORQJLWXGLQDO�RSWLFDO�VHFWLRQ��� ±� � �—P�ORQJ��� ±� �—P�ZLGH��1 R�
YLVLEOH�IODJHOOD��&RQWUDFWLOH�YDFXROHV��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � � � ��0 ROHFXODU�GDWD�IURP�WKLV�FXOWXUH�LQGLFDWHV�WKDW�
WKH�FORVHVW�UHODWLYH�LV�5DGLRILOXP�WUDQVYHUVDOH��) LJ��� � ��' HVSLWH�WKH�ODFN�RI�IODJHOOD��
WKLV�LVRODWH�ZDV�LGHQWLILHG�DV�&KODP\ GRPRQDV�GXH�WR�WKH�SUHVHQFH�RI�FRQWUDFWLOH�
YDFXROHV��
�
&KODP\ GRPRQDV�FI��PDFURVWHOODWD� � � � � � 3ODWH�� -�
5HIHUHQFH��( WWO�� � � � ��S��� � � ��ILJ��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�6SHQFHUYLOOH�5G�%ULGJH��) LJ��� � ��
�



� � �

) HDWXUHV��&HOOV�RYDO�LQ�ORQJLWXGLQDO�RSWLFDO�VHFWLRQ��� ±� � �—P�ORQJ��� ±� �—P�ZLGH��1 R�
YLVLEOH�IODJHOOD��&RQWUDFWLOH�YDFXROHV��3UHVHQFH�RI�UHG�H\ HVSRW��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � � � ��0 ROHFXODU�GDWD�IURP�WKLV�FXOWXUH��QR�FORVH�
UHODWLYHV�DUH�LQGLFDWHG�E\ �WKH�PROHFXODU�GDWD��) LJ��� � ��' HVSLWH�WKH�ODFN�RI�IODJHOOD��WKLV�
LVRODWH�ZDV�LGHQWLILHG�DV�&KODP\ GRPRQDV�GXH�WR�WKH�SUHVHQFH�RI�FRQWUDFWLOH�YDFXROHV��



� � �

��
3ODWH�� �
$ ±%��0 LFURVSRUD�DPRHQD��OLYLQJ�ILHOG�PDWHULDO��$ ��RSWLFDO�VHFWLRQ�RI�ILODPHQW�
�VDPSOH�� � � � � � ��%��VKRZLQJ�UHWLFXODWH�FKORURSODVW�VXUIDFH��VDPSOH�� � $ �� � � ��
&��0 LFURVSRUD�FI��VWDJQRUXP��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � %�� � � � ��
' ��FI��* ORHRF\ VWLV�SDSXDQD��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � %�� � � ��
( ��' HVPRGHVPXV�DOGDYHL��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� � ��
) ��6FHQHGHVPXV�FI��DFXWXV��FXOWXUHG�PDWHULDO��FXOWXUH�� �� �� � ��
* ±+ ��&KODP\ GRPRQDV�FI��QRFWLJDPD��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� � ��* ��PDWXUH�
FHOOV�ZLWK�SDSLOODH��+ ��ROG�URXQGHG�FHOO�LQ�FOXPS��
, ��&KODP\ GRPRQDV�FI��TXLHVFHQV��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� � ��PDWXUH�DQG�
GLYLGLQJ�FHOOV��
- ��&KODP\ GRPRQDV�FI��PDFURVWHOODWD��FXOWXUHG�PDWHULDO��FXOWXUH�� � �� � ��PDWXUH�DQG�
GLYLGLQJ�FHOOV��
$ OO�VFDOHV� �� � �—P��



� � �

2 UGHU�2 HGRJRQLDOHV�
) DP LO\ �2 HGRJRQLDFHDH�
�
2 HGRJRQLXP�FI��F\ DWKLJHUXP�: LWWURFN� � � � 3ODWH�� $ ±* �
5HIHUHQFH��1 RYLV�� � � � ��ILJV�� $ ±) ��� $ ±&�
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�DQG�6PDFNV�
&UHHN�DW�: LOORZEDQN�: LOGOLIH�5HVHUYH��) LJ��� � ��
�
) HDWXUHV��' LRHFLRXV��9 HJHWDWLYH�FHOOV�F\ OLQGULFDO��� � ±� � �—P�ZLGH��� � ±� � �—P�ORQJ��
VPRRWK�ZDOOHG��2 RJRQLD�VLQJOH��VSKHULFDO�WR�VOLJKWO\ �HOOLSVRLG��� � ±� � �—P�ZLGH��� � ±
� � �—P�ORQJ��SRUH�RSHQLQJ�LQ�PHGLDQ�SRVLWLRQ��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��,GHQWLILFDWLRQ�RI�WKLV�VSHFLHV�LV�GLIILFXOW�
GXH�WR�D�ODFN�RI�IHUWLOH�PDOH�PDWHULDO��7KH�SUHVHQFH�RI�DQ�RSHQLQJ�LQ�WKH�RRJRQLXP�
ZDOO�DW�WKH�PHGLDQ�SRVLWLRQ�LQ�3ODWH�� ( �VXSSRUWV�LGHQWLILFDWLRQ�RI�WKLV�VSHFLHV�DV�
2 ��F\ DWKLJHUXP��
�
�
2 UGHU�&KDHWRSKRUDOHV�
) DP LO\ �&KDHWRSKRUDFHDH�
�
6WLJHRFORQLXP�FI��OXEULFXP�9 LVFKHU� � � � � � 3ODWH�� +±,�
5HIHUHQFH��6DUPD�� � � � ��ILJ��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�DQG�
5DGFOLIIH�5G�DQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � �
�
) HDWXUHV��%UDQFKHG�ZLWK�VPDOO�VTXDULVK�WR�HORQJDWHG�FHOOV��VRPHWLPHV�GROLLIRUP��
&HOOV�� � ±� � �� �—P�ORQJ��� �� ±� � �—P�ZLGH��3DULHWDO�FKORURSODVW��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOHV�� � �DQG�� � ��0 ROHFXODU�GDWD�IURP�FXOWXUHV�VXJJHVW�
FORVHVW�UHODWLYH�LV�6��KHOYHWLFXP��) LJ��� � ��,Q�1 HZ�=HDODQG��WKLV�VSHFLHV�KDV�EHHQ�IRXQG�
RQ�WKH�&RURPDQGHO�3HQLQVXOD�DQG�LQ�/ DNH�5RWRLWL��/ DNH�7DXSR��DQG�: DLWDNHUH�6WUHDP�
�6DUPD�� � � � � ��
�
�
&ODVV�8 OYRSK\ FHDH�
2 UGHU�&ODGRSKRUDOHV�
) DP LO\ �&ODGRSKRUDFHDH�
�
&ODGRSKRUD�JORPHUDWD�3LOJHU�� � � � � � 3ODWH�� -�
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�5DGFOLIIH�5G�DQG�. DSXWRQH�6WUHDP�DW�
6SHQFHUYLOOH�5G�%ULGJH��
�
) HDWXUHV��/ DUJH�EUDQFKHG�ILODPHQWV�ZLWK�YHU\ �ORQJ�FHOOV��� � ±� � � �—P�ORQJ��� � ±� � �—P�
ZLGH��%UDQFKHV�RULJLQDWH�IURP�FHOO�FURVV�ZDOOV��%UDQFKHV�WDSHU�WRZDUGV�URXQGHG�HQGV��



� � �

&HOO�KDV�ODFH�OLNH�FKORURSODVW�OLQLQJ�WKH�LQVLGH�RI�WKH�FHOO�ZDOOV�DQG�QXPHURXV�
S\ UHQRLGV��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�DQG�IRXQG�LQ�
KLJK�FRQGXFWLYLW\ �VWUHDPV�DQG�ULYHUV��%LJJV�	 �. LOUR\ �� � � � � ��
�
�
&ODVV�=\ JQHP DWRSK\ FHDH�
2 UGHU�=\ JQHP DWDOHV�
) DP LO\ �' HVP LGLDFHDH�
�
&RVPDULXP�FI��VXEFXFXPLV� � � � � � � 3ODWH�� . ±/ �
5HIHUHQFH��&URDVGDOH�	 �) OLQW�� � � � ��ILJ�� � ��� ��� �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G�DQG�DW�: LOORZEDQN�: LOGOLIH�
5HVHUYH��) LJ��� � ��
�
) HDWXUHV��&HOOV�RYDO�LQ�ORQJLWXGLQDO�RSWLFDO�VHFWLRQ��� � �—P�ORQJ��� � �—P�ZLGH��� � ±
� � �—P�WKLFN��GLYLGHG�LQWR�WZR�SDUWV�E\ �DQ�LVWKPXV�� �� �—P�ZLGH��6PRRWK�FHOO�ZDOO��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��6SHFLHV�UHSRUWHG�DV�ZLGHVSUHDG��&URDVGDOH�
	 �) OLQW�� � � � � ��



� � �

��
3ODWH�� �
$ ±* ��2 HGRJRQLXP�FI��F\ DWKLJHUXP��$ ��YHJHWDWLYH�ILODPHQW��VDPSOH�� � � � � ��%��
ILODPHQWV�ZLWK�KROGIDVWV��VDPSOH�� � � � � ��&±* ��RRJRQLD�DW�YDULRXV�VWDJHV�RI�PDWXUDWLRQ�
�FUXGH�FXOWXUH�� � � ��
+ ±, ��6WLJHRFORQLXP�FI��OXEULFXP��+ ��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � %���, ��FXOWXUHG�
PDWHULDO��FXOWXUH�� � � � � � � ��
- ��&ODGRSKRUD�JORPHUDWD��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � $ ���
. ±/ ��&RVPDULXP�FI��VXEFXFXPLV��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � � � � ��. ��GRUVDO�YLHZ�
VKRZLQJ�LVWKPXV�DQG�VHPLFHOOV��/ ��VLGH�YLHZ��
$ OO�VFDOHV� �� � �—P��



� � �

) DP LO\ �&ORVWHULDFHDH�
�
&ORVWHULXP�HKUHQEHUJLL�0 HQHJKLQL�H[ �5DOIV��� � � 3ODWH�� $ ±%�
5HIHUHQFH��&URDVGDOH�	 �) OLQW�� � � � ��ILJ��� ��� � ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�5DGFOLIIH�5G�DQG�6SHQFHUYLOOH�5G�%ULGJH��DQG�
. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ��) LJ��� � ��
�
) HDWXUHV��&HOOV�VWURQJO\ �FXUYHG��� � � ±� � � �—P�ORQJ��� � ±� � �—P�ZLGH��F�� � � ž�RI�DUF��
9 HQWUDO�PDUJLQ�FRQFDYH�ZLWK�WXPLG�PLGGOH�SRUWLRQ��DSLFHV�URXQGHG��FKORURSODVW�ZLWK�
PDQ\ �VFDWWHUHG�S\ UHQRLGV��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��6SHFLHV�UHSRUWHG�DV�ZLGHVSUHDG��&URDVGDOH�
	 �) OLQW�� � � � � ��
�
�
) DP LO\ �=\ JQHP DWDFHDH�
�
6SLURJ\ UD�FI��GHFLPLQD��0 • OOHU��. • W] LQJ� � � � � 3ODWH�� &±,�
5HIHUHQFH��. DGOXERZVND�� � � � ��S�� � � ��ILJ��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�6SHQFHUYLOOH�5G�%ULGJH��6PDFNV�&UHHN�DW�
* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�5HVHUYH��. DSXWRQH�6WUHDP�DW�%HOIDVW�5G��
2 XUXKLD�' RPDLQ�DQG�WKH�%HOIDVW�5G�%ULGJH��) LJ��� � �
�
) HDWXUHV��6PRRWK�VLGHG�ILODPHQWV��&HOOV�� � �� ±� � �—P�ORQJ��� � ±� � �—P�ZLGH��2 QH�RU�
WZR�ULEERQ�OLNH�FKORURSODVWV�DUUDQJHG�LQ�VSLUDO��3\ UHQRLGV�VSDFHG�DORQJ�WKH�
FKORURSODVWV��) ODW�ZDOOV�EHWZHHQ�FHOOV��
�
5HPDUNV��&XOWXUHG�IURP�VDPSOH�� � ��0 ROHFXODU�GDWD�IURP�&ORQH�� � �� �VXJJHVWV�WKDW�WKH�
FORVHVW�UHODWLYH�LV�6SLURJ\ UD�JUDFLOLV��) LJ��� � ��7KH�YDULDWLRQ�LQ�FHOO�ZLGWKV�DQG�QXPEHU�
RI�FKORURSODVWV�RI�WKH�GLIIHUHQW�ILODPHQWV�PD\ �EH�WKH�UHVXOW�RI�D�SRO\ SORLG�VHULHV�RI�WKH�
VDPH�VSHFLHV��ZKHUH�WKH�GLDPHWHU�RI�WKH�ILODPHQW�DQG�QXPEHU�RI�FKORURSODVWV�LQFUHDVHV�
ZLWK�WKH�FRS\ �QXPEHU�RI�FKURPRVRPHV��DOWKRXJK�WKHVH�ZHUH�QRW�PHDVXUHG�LQ�WKLV�
VWXG\ ���7KHVH�LQFUHDVHV�FDQ�EH�VHHQ�LQ�3ODWH�� ,�ZKLFK�LV�WKH�ZLGHVW�ILODPHQW�DQG�KDV�
PDQ\ �FKORURSODVWV��7KLV�LV�TXLWH�GLIIHUHQW�WR�6��PD[ LPD��ZKLFK�LV�KXJH�EXW�GRHV�QRW�
KDYH�VR�PDQ\ �FKORURSODVWV��5HSRUWHG�WR�EH�IRXQG�LQ�( XURSH��$ VLD��1 RUWK�DQG�6RXWK�
$ PHULFD�DQG�$ IULFD��. DGOXERZVND�� � � � � ��DQG�LQ�$ XVWUDOLD�� ' D\ �HW�DO��� � � � ��� � � � � ��
�
6SLURJ\ UD�PD[ LPD��+DVVDOO��: LWWURFN� � � � � 3ODWH�� -�
5HIHUHQFH��. DGOXERZVND�� � � � ��S��� � � ��ILJ��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�6SHQFHUYLOOH�5G�%ULGJH�DQG�. DSXWRQH�6WUHDP�
DW�%HOIDVW�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��6PRRWK�VLGHG�ILODPHQWV��&HOOV�VTXDUH�LQ�RSWLFDO�VHFWLRQ��� � � �—P�ORQJ��
� � � �—P�ZLGH��6LPLODU�WR�6��GHFLPLQD��EXW�ZLWK�IHZHU�FKORURSODVWV�IRU�D�JLYHQ�VL] H��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��) RXQG�WKURXJKRXW�( XURSH��$ UJHQWLQD��
1 RUWK�$ IULFD�DQG�$ VLD��. DGOXERZVND�� � � � � ��



� � �

�

3ODWH�� �
$ ±%��&ORVWHULXP�HKUHQEHUJLL��OLYLQJ�ILHOG�PDWHULDO��VDPSOHV�� � $ ��� � � � � � ��
&±, ��6SLURJ\ UD�FI��GHFLPLQD��OLYLQJ�ILHOG�PDWHULDO��' ±* ��VSHFLPHQV�ZLWK�FHOOV�RI�
YDU\ LQJ�OHQJWK��EXW�DOO�FRQWDLQLQJ�D�VLQJOH�FKORURSODVW��VDPSOHV�� � � � � ��� � � � � ��� � $ �� � ��
� � %�� � ��+ ��, ��ILODPHQWV�ZLWK�FHOOV�FRQWDLQLQJ�PRUH�WKDQ�RQH�FKORURSODVW�DQG�ZLWK�
LQFUHDVHG�ZLGWK��UHSUHVHQWLQJ�SRVVLEOH�SRO\ SORLG\ �VHULHV��VDPSOHV�� � � � � ��� � $ �� � � ��
- ��6SLURJ\ UD�PD[ LPD��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � $ �� � � ��
$ OO�VFDOHV� �� � �—P��



� � �

&ODVV�&KDURSK\ FHDH�
2 UGHU�&KDUDOHV�
) DP LO\ �&KDUDFHDH�
�
1 LWHOOD�FI��KRRNHUL�%UDXQ� � � � � � 3ODWH�� $ ±&�
5HIHUHQFH��: RRG�	 �0 DVRQ�� � � � ��S��� � � ��ILJV�� � ��� � ��� � ��� � ��� � �
�
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G�DQG�: LOORZEDQN�: LOGOLIH�
5HVHUYH��) LJ��� � ��
�
) HDWXUHV��3ODQWV�� ±� � �FP�KLJK��OLJKW�WR�GDUN�JUHHQ��%UDQFKLQJ�EUDQFKOHWV��� ±� �
EUDQFKOHWV�LQ�D�ZKRUO��WR�DSSUR[ LPDWHO\ �� �FP�ORQJ��&RPPRQO\ �HQWZLQHG�ZLWK�
PDFURSK\ WHV�RU�JUDVV�DW�VWUHDP�EDQNV��DQG�FRQVHTXHQWO\ �GLIILFXOW�WR�REWDLQ�WKH�ZKROH�
VSHFLPHQV��
�
5HPDUNV��1 RW�FXOWXUHG��0 ROHFXODU�GDWD�IURP�FORQHV�DQG�HQYLURQPHQWDO�VDPSOHV�
VXJJHVW�FORVHVW�UHODWLYH�LV�1 ��SXOFKHOOD��) LJ��� � ��$ �ODFN�RI�IHUWLOH�PDWHULDO�PDGH�
DFFXUDWH�VSHFLHV�LGHQWLILFDWLRQ�DFFRUGLQJ�WR�PRUSKRORJ\ �LPSRVVLEOH��
�
�
&ODVV�; DQWKRSK\ FHDH�
2 UGHU�7ULERQHP DWDOHV�
) DP LO\ �7ULERQHP DWDFHDH�
�
7ULERQHPD�FI��UHJXODUH�3DVFKHU� � � � � � 3ODWH�� ' ±( �
5HIHUHQFH��( WWO�� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�5HVHUYH�DQG�
5DGFOLIIH�5G��DQG�. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ�DQG�WKH�%HOIDVW�5G�%ULGJH�
�) LJ��� � ��
�
) HDWXUHV��&HOO�ORQJHU�WKDQ�ZLGH��� � ±� � �—P�ORQJ��� �� ±� �� �—P�ZLGH��6HYHUDO�GLVF�
VKDSHG�SDOH�JUHHQ�FKORURSODVWV�VSDFHG�WKURXJK�HDFK�FHOO��
�
5HPDUNV��1 RW�FXOWXUHG��0 ROHFXODU�GDWD�IURP�FORQHV�RI�VDPSOHV�� ��� �DQG�� � �VXJJHVW�
FORVHVW�UHODWLYHV�DUH�7ULERQHPD�UHJXODUH�DQG�7��XWULFXORVXP��) LJ��� � ��
�
�
2 UGHU�9 DXFKHULDOHV�
) DP LO\ �9 DXFKHULDFHDH�
�
9DXFKHULD�VS��� � � � � � � � 3ODWH�� ) �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��6PDFNV�&UHHN�DW�* DUGLQHUV�
5G��DQG�. DSXWRQH�6WUHDP�DW�%HOIDVW�5G��) LJ��� � ��
�
) HDWXUHV��/ DUJH�EUDQFKHG�ILODPHQWV�ZLWK�URXQGHG�WLSV�DQG�QR�FHOO�FURVV�ZDOOV��
0 XOWLSOH�VPDOO�FKORURSODVWV�OLQH�WKH�FHOO�ZDOO��7KH�ILODPHQWV�DUH�XS�WR�� � � �—P�LQ�
GLDPHWHU�DQG�GHFUHDVH�LQ�VL] H�ZLWK�EUDQFKLQJ��6LSKRQRXV��



� � �

�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�DQG�IRXQG�LQ�D�
ZLGH�UDQJH�RI�FRQGLWLRQV��%LJJV�	 �. LOUR\ �� � � � � ��,GHQWLILFDWLRQ�WR�VSHFLHV�OHYHO�LV�QRW�
SRVVLEOH�GXH�WR�DEVHQFH�RI�IHUWLOH�PDWHULDO��
�
�
&ODVV�&\ DQRSK\ FHDH 
6XEFODVV�6\ QHFKRFRFFRSK\ FLGHDH 
2 UGHU�3VHXGDQDEDHQDOHV 
) DP LO\ �3VHXGDQDEDHQDFHDH�
�
&I��/ HSWRO\ QJE\ D�$ QDJQRVWLGLV�	 �. RPi UHN� � � � � 3ODWH�� * �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ��) LJ��� � ��
�
) HDWXUHV��) LODPHQWV�� �—P�ZLGH��FHOOV�ORQJHU�WKDQ�WKH\ �DUH�ZLGH��0 XFLODJH�VKHDWK��
SDOH�EOXH�JUHHQ�FRORXU��+HWHURF\ VWV�DEVHQW��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�WR�EH�IRXQG�LQ�FOHDQ�ZDWHU�
XSODQG�VWUHDPV�DQG�ULYHUV��DQG�ZLGHVSUHDG�LQ�1 HZ�=HDODQG��%LJJV�	 �. LOUR\ �� � � � � ��
�
�
6XEFODVV�2 VFLOODWRULRSK\ FLGHDH 
2 UGHU�2 VFLOODWRULDOHV 
) DP LO\ �3KRUP LGLDFHDH�
�
3KRUPLGLXP�VS��� � � � � � � � � 3ODWH�� +±,�
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�WKH�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��5HGZRRG�6SULQJV�DQG�
6SHQFHUYLOOH�5G�%ULGJH��) LJ��� � ��
�
) HDWXUHV��) LODPHQWRXV��ILODPHQWV�XQEUDQFKHG��&\ OLQGULFDO�FHOOV�a� � �—P�ORQJ��� � �—P�
ZLGH��0 XFLODJH�VKHDWK�SUHVHQW��SDOH�RUDQJH�FRORXU��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��' LVWULEXWLRQ�ZLGHVSUHDG�DQG�RIWHQ�YHU\ �
DEXQGDQW�LQ�KLJK�FRQGXFWLYLW\ �VWUHDPV�DQG�ULYHUV��%LJJV�	 �. LOUR\ �� � � � � ��
�
3KRUPLGLXP�VS��� � � � � � � � � 3ODWH�� . �
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�%HOIDVW�5G��) LJ��� � ��
�
) HDWXUHV��) LODPHQWRXV��ILODPHQWV�XQEUDQFKHG��&\ OLQGULFDO�FHOOV�� � �—P�ORQJ��� � �—P�
ZLGH��&RQVWULFWLRQ�DW�FURVV�ZDOOV��� �� �—P�GHHS��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��7KLV�VSHFLHV�LV�GLVWLQJXLVKDEOH�IURP�
3KRUPLGLXP�VS��� ��E\ �FRQVWULFWHG�FURVV�ZDOOV�DQG�GLIIHUHQW�VKHDWK�FRORXU��
�



� � �

) DP LO\ �2 VFLOODWRULDFHDH�
�
�
&I��2 VFLOODWRULD�9 DXFKHU�H[ �* RPRQW�� � � � � 3ODWH�� -�
5HIHUHQFH��%LJJV�	 �. LOUR\ �� � � � ��S��� � � �
�
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�2 XUXKLD�' RPDLQ��) LJ��� � ��
�
) HDWXUHV��&HOOV�GLVFRLG��a� �—P�ORQJ��a� �—P�ZLGH��7ULFKRPHV�DUH�F\ OLQGULFDO�DQG�
VWUDLJKW��0 XFLODJH�VKHDWK��SDOH�JUHHQ�FRORXU��
�
5HPDUNV��1 RW�FXOWXUHG��1 R�PROHFXODU�GDWD��5HSRUWHG�DV�ZLGHVSUHDG�LQ�1 HZ�=HDODQG�
DQG�IRXQG�LQ�D�UDQJH�RI�FRQGLWLRQV��%LJJV�	 �. LOUR\ �� � � � � ��
�



� � �

��

3ODWH�� �
$ ±&��1LWHOOD�FI��KRRNHUL��GULHG�KHUEDULXP�VSHFLPHQV��VDPSOHV�� � $ ��� $ ��� $ ���
' �( ��7ULERQHPD�FI��UHJXODUH��OLYLQJ�ILHOG�PDWHULDO��VDPSOHV�� � � � � ��� � � � � � ��
) ��9DXFKHULD�VS���OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � $ ��
* ��FI��/ HSWRO\ QJE\ D��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � � � � � ��
+ �, ��3KRUPLGLXP�VS��� ��OLYLQJ�ILHOG�PDWHULDO��VDPSOHV�� � $ �� � ��� � � � � � ��
- ��FI��2 VFLOODWRULD��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � � � � � � ��
. ��3KRUPLGLXP�VS��� ��OLYLQJ�ILHOG�PDWHULDO��VDPSOH�� � $ �� � � ��
$ OO�VFDOHV� �� � �—P��



� � �

6HTXHQFHV�RI�HQYLURQP HQWDO�FORQHV�

7KH�RQO\ �GDWD�ZH�KDYH�IRU�WKH�IROORZLQJ�FORQHG�VSHFLHV�DUH�' 1 $ �VHTXHQFHV��
�
' LDWRP�VHTXHQFHV�
&ORQHV�� � � � �� � � � �� � � � �� � � � �
5HIHUHQFH��$ 0 � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G�DQG�6SHQFHUYLOOH�5G�%ULGJH�
�) LJ��� � ��
5HPDUNV��1 HDUHVW�UHODWLYHV�DUH�&\ PEHOOD�ODQFHRODWD�DQG�&��DIILQLV��) LJ��� � ��7KH�VKRUW�
EUDQFK�DQG�KLJK�ERRWVWUDS�YDOXH�RI�� � �EHWZHHQ�WKHVH�FORQHV�DQG�WKH�QHDUHVW�UHODWLYHV�
VXJJHVW�D�FORVH�UHODWLRQVKLS��DQG�WKHLU�SRVLWLRQ�LQ�D�FODGH�RI�&\ PEHOOD�VSHFLHV�VWURQJO\ �
VXJJHVWV�VHYHUDO�VSHFLHV�RI�WKLV�JHQXV��
�
&KORURSK\ WH�VHTXHQFHV�
&ORQHV�� � � �� � � �� � � �� � � �
5HIHUHQFH��$ %� � � � � � �
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � ��
5HPDUNV��7KHUH�DUH�QR�FORVH�UHODWLYHV�RI�WKHVH�FORQHV�LQ�WKH�GDWDEDVH��) LJ��� � ��
�
&ORQH�� � � �
5HIHUHQFH��$ %� � � � � � �
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � ��
5HPDUNV��7KHUH�DUH�QR�FORVH�UHODWLYHV�RI�WKLV�FORQH�LQ�WKH�GDWDEDVH��) LJ��� � ��
�
&ORQH�� � � � �
5HIHUHQFH��( ) � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��) LJ��� � ��
5HPDUNV��7KHUH�DUH�QR�FORVH�UHODWLYHV�WR�WKLV�FORQH�LQ�WKH�GDWDEDVH��) LJ��� � ���
�
&ORQHV�� � � � �� � � � �
5HIHUHQFH��( ) � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�0 DLQ�1 RUWK�5G��) LJ��� � ��
5HPDUNV��7KHUH�DUH�QR�FORVH�UHODWLYHV�WR�WKHVH�FORQHV�LQ�WKH�GDWDEDVH��) LJ��� � ��
�
&ORQH�� � � � �
5HIHUHQFH��1 &B� � � � � � �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�5DGFOLIIH�5G��) LJ��� � ��
5HPDUNV��1 HDUHVW�UHODWLYH�LV�6WLJHRFORQLXP�KHOYHWLFXP��) LJ��� � ��7KLV�FORQH�LV�OLNHO\ �WR�
EH�D�VSHFLHV�RI�6WLJHRFORQLXP��
�
&ORQH�� � � � �
5HIHUHQFH��( ) � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�5DGFOLIIH�5G��) LJ��� � ��
5HPDUNV��7KHUH�DUH�QR�FORVH�UHODWLYHV�RI�WKLV�FORQH�LQ�WKH�GDWDEDVH��) LJ��� � ��
�
&ORQH�� � � � �
5HIHUHQFH��$ 0 � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�. DSXWRQH�6WUHDP�DW�%HOIDVW�5G��) LJ��� � ��



� � �

5HPDUNV��1 HDUHVW�UHODWLYH�LV�' LSORVSKDHUD�PXFRVD��) LJ��� � ��9 HU\ �VKRUW�EUDQFK�DQG�
ERRWVWUDS�YDOXH�RI�� � � �VXJJHVW�WKLV�FORQH�PDWFKHV�WKLV�VSHFLHV��
�
; DQWKRSK\ WH�VHTXHQFHV�
&ORQHV�� � � �� � � � �
5HIHUHQFH��8 � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � ��
5HPDUNV��7KHVH�VHTXHQFHV�IRUPHG�D�ZHOO�VXSSRUWHG�FODGH�DQG�SHUKDSV�UHSUHVHQW�WKH�
VDPH�RUJDQLVP��7KH�FODGH�LV�FORVHVW�WR�WKH�%RWU\ GLXP�FODGH�LQ�WKH�SK\ ORJHQ\ ��) LJ��� � ��
EXW�WKH�WZR�DUH�QRW�XQLWHG�E\ �D�UREXVW�EUDQFK��
�
&ORQH�� � � � �
5HIHUHQFH��$ ) � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � ��
5HPDUNV��1 HDUHVW�UHODWLYH�LV�0 LVFKRFRFFXV�VSKDHURFHSKDOXV��) LJ��� � ��$ �VKRUW�EUDQFK�
OHQJWK�DQG�D�ERRWVWUDS�YDOXH�RI�� � �VXJJHVW�WKDW�WKLV�FORQH�LV�FORVH�WR�WKLV�VSHFLHV��
�
&KDUDOHV�VHTXHQFHV�
&ORQHV�� � � �� � � �� � � �
5HIHUHQFH��$ %� � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��) LJ��� � ��
5HPDUNV��1 HDUHVW�UHODWLYH�LV�1LWHOOD�SXOFKHOOD��) LJ��� � ��7KHVH�FORQHV�PDWFKHG�1LWHOOD�
VHTXHQFHV�IURP�PDWHULDO�FROOHFWHG�LQ�VDPSOHV�� �DQG�� � ��7KH\ �DUH�XQLWHG�ZLWK�1LWHOOD�
SXOFKHOOD�E\ �D�SRRUO\ �UHVROYHG�EUDQFK��
�
&ORQHV�� � � � �� � � � �� � � � �
5HIHUHQFH��$ < � � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�5DGFOLIIH�5G��) LJ��� � ��
5HPDUNV��7KHVH�FORQHV�DUH�SODFHG�UREXVWO\ �ZLWKLQ�D�FODGH�FRPSULVLQJ�VSHFLHV�RI�
1LWHOOD�DQG�7RO\ SHOOD��) LJ��� � ��+ RZHYHU��WKHLU�SRVLWLRQ�ZLWKLQ�WKLV�FODGH�ZDV�
XQUHVROYHG��1 HDUHVW�UHODWLYH�LV�7RO\ SHOOD�SRUWHUL�VWUDLQ�; � � � � ��9 HU\ �ORQJ�EUDQFK�DQG�
ERRWVWUDS�YDOXH�RI�� � �LQGLFDWH�D�ODUJH�GLVWDQFH�EHWZHHQ�WKH�FORQH�DQG�QHDUHVW�UHODWLYH��
�
&ORQHV�� � � � �� � � � �
5HIHUHQFH��$ %� � � � � � �� �
' LVWULEXWLRQ��) RXQG�LQ�6W\ [ �5LYHU�DW�5DGFOLIIH�5G��) LJ��� � ��
5HPDUNV��7KLV�RUJDQLVP�FRXOG�EH�LQFOXGHG�LQ�WKH�VSHFLHV�1LWHOOD�JUDFLOHQV��EXW�LI�VR�LW�
LV�DQ�HDUO\ �GLYHUJHQW�PHPEHU�RI�WKH�FODGH��) LJ��� � ��



� � � �

3K\ ORJHQLHV�

�



� � � �

�

) LJXUH�� ��3K\ ORJHQ\ �RI�GLDWRP�VSHFLHV��6HTXHQFHV�REWDLQHG�LQ�WKLV�VWXG\ �DUH�VXUURXQGHG�E\ �D�UHG�ERUGHU�



� � � �

�

�

) LJXUH�� ��3K\ ORJHQ\ �RI�FKORURSK\ WH�VSHFLHV��6HTXHQFHV�REWDLQHG�LQ�WKLV�VWXG\ �DUH�VXUURXQGHG�E\ �D�UHG�ERUGHU�



� � �

�

) LJXUH�� ��3K\ ORJHQ\ �RI�6SLURJ\ UD�VSHFLHV��6HTXHQFHV�REWDLQHG�LQ�WKLV�VWXG\ �DUH�

VXUURXQGHG�E\ �D�UHG�ERUGHU��
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�

) LJXUH�� ��3K\ ORJHQ\ �RI�&KDUDOHV�VSHFLHV��6HTXHQFHV�REWDLQHG�LQ�WKLV�VWXG\ �DUH�

VXUURXQGHG�E\ �D�UHG�ERUGHU�



� � �

�

�
) LJXUH�� ��3K\ ORJHQ\ �RI�[ DQWKRSK\ WH�VSHFLHV��6HTXHQFHV�REWDLQHG�LQ�WKLV�VWXG\ �DUH�

VXUURXQGHG�E\ �D�UHG�ERUGHU��



� � �

2 UGLQDWLRQV�

&&$ ��7KH�YDULDQFH�H[ SODLQHG�E\ �WKH�ILUVW�D[ LV�ZDV�� � � ��E\ �WKH�VHFRQG�� � � ��DQG�E\ �
WKH�WKLUG��QRW�VKRZQ��� � � ��$ �MRLQW�SORW�DUUDQJLQJ�WD[ D�DQG�VLWHV�LQ�HQYLURQPHQWDO�
VSDFH�LV�VKRZQ�LQ�) LJ��� ��
�

�

) LJXUH�� ��&DQRQLFDO�&RUUHVSRQGHQFH�$ QDO\ VLV��&&$ ��SORW�RI�DOJDO�VSHFLHV��

�
$ �' &$ �VFDWWHUSORW�DUUDQJLQJ�VLWHV�DQG�VSHFLHV�LQ�VSHFLHV�VSDFH�LV�VKRZQ�LQ�) LJ��� ��
�
2 YHUYLHZ�RI�GLYHUVLW\ �DW�HDFK�VLWH�

$ �WRWDO�RI�� � �GLIIHUHQW�VSHFLHV�RI�DOJDH�ZHUH�GHVFULEHG�WKURXJKRXW�DOO�VLWHV�LQ�WKLV�
VWXG\ ��,Q�DGGLWLRQ��DQRWKHU�� � �SRVVLEOH�VSHFLHV�ZHUH�IRXQG�IURP�FORQHV�RI�
HQYLURQPHQWDO�VDPSOHV��$ OWRJHWKHU�WKHVH�VSHFLHV�ZHUH�D�PL[ WXUH�RI�GLDWRPV��� � � ��
FKORURSK\ WHV��� � � ��[ DQWKRSK\ WHV��� � ��FKDURSK\ WHV��� � ��DQG�F\ DQREDFWHULD��� � ��7KH�
GLYHUVLW\ �RI�DOJDO�VSHFLHV�YDULHG�JUHDWO\ �EHWZHHQ�WKH�GLIIHUHQW�VLWHV��) LJ��� � ��6RPH�VLWHV�
SURYLGHG�D�JRRG�KDELWDW�IRU�DOJDH��VXFK�DV�6PDFNV�&UHHN�DW�* DUGLQHUV�5G�LQ�ZKLFK�� � �
VSHFLHV�ZHUH�LGHQWLILHG��2 WKHU�VLWHV�KDG�D�ORZHU�GLYHUVLW\ �RI�VSHFLHV��VXFK�DV�WKH�6W\ [ �
KHDGZDWHUV��ZKHUH�RQO\ �VL[ �VSHFLHV�ZHUH�LGHQWLILHG��7KH�VDPH�LV�WUXH�IRU�WKH�VLWHV�LQ�
. DSXWRQH�6WUHDP�ZKHUH�RQO\ �� � �GLIIHUHQW�VSHFLHV�ZHUH�IRXQG�RYHUDOO��FRPSDUHG�ZLWK�
� � �LQ�WKH�6W\ [ �5LYHU�DQG�� � �LQ�6PDFNV�&UHHN��
�



� � �

�

) LJXUH�� ��' HWUHQGHG�&RUUHVSRQGHQFH�$ QDO\ VLV��' &$ ��SORW�RI�DOJDO�VSHFLHV��

�
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' LVFXVVLRQ�

' LYHUVLW\ �

7KH�VSHFLHV�IRXQG�LQ�WKLV�VWXG\ �VXJJHVW�D�PL[ �RI�UDQJH�UHVWULFWLRQ�DQG�
FRVPRSROLWDQLVP�LQ�WKH�DOJDO�FRPPXQLWLHV�LQ�WKH�6W\ [ �FDWFKPHQW��&RVPRSROLWDQ�
VSHFLHV�VXFK�DV�&RFFRQHLV�SODFHQWXOD�DQG�7DEHOODULD�IORFFXORVD��. LOUR\ �HW�DO��� � � � � �
ZHUH�SUHVHQW�DV�ZHOO�DV�UDQJH�UHVWULFWHG�VSHFLHV�OLNH�$FWLQHOOD�LQGLVWLQFWD��SUHYLRXVO\ �
IRXQG�LQ�7DVPDQLD�DQG�6WHZDUW�,VODQG��6DEEH�HW�DO��� � � � � ��
�
$ V�WKHUH�KDV�EHHQ�OLWWOH�ZRUN�GRQH�RQ�DOJDO�GLYHUVLW\ �LQ�WKLV�ULYHU�V\ VWHP�LQ�WKH�SDVW��LW�
LV�GLIILFXOW�WR�GHWHUPLQH�DQ\ �FKDQJHV�WKDW�PD\ �KDYH�RFFXUUHG�RYHU�WLPH�LQ�WKH�
FRPSRVLWLRQ�RI�WKH�DOJDO�FRPPXQLW\ �DW�HDFK�RI�WKHVH�VLWHV��
�
2 QH�VWXG\ �WKDW�GRHV�SURYLGH�VRPH�LQIRUPDWLRQ�DERXW�WKH�SUHVHQFH�RI�DOJDH�DW�WKHVH�
VLWHV�ZDV�FRQGXFWHG�LQ�� � � � �E\ �WKH�&KULVWFKXUFK�' UDLQDJH�%RDUG��5REE�� � � � � ��$ W�WKLV�
WLPH�ILODPHQWRXV�JUHHQ�DOJDH�DQG�1LWHOOD�KRRNHUL�ZHUH�ZHOO�UHSUHVHQWHG�WKURXJKRXW�
WKH�FDWFKPHQW�DUHD��7KH�VWXG\ �DOVR�VKRZHG�WKH�SUHVHQFH�RI�6SLURJ\ UD�VS��DQG�UHG�
DOJDH��LQ�SDUWLFXODU�%DWUDFKRVSHUPXP��$ OWKRXJK�WKH�RWKHU�VSHFLHV�PHQWLRQHG�ZHUH�
IRXQG�GXULQJ�WKLV�VWXG\ ��%DWUDFKRVSHUPXP�ZDV�QRW�IRXQG�DW�DQ\ �RI�WKH�VLWHV��7KH�
DEVHQFH�RI�WKLV�DQG�RWKHU�VSHFLHV�RI�UHG�DOJDH�PD\ �EH�DQ�LQGLFDWLRQ�RI�DQ�LQFUHDVLQJO\ �
GLVWXUEHG�ULYHU�V\ VWHP��DV�%DWUDFKRVSHUPXP�LQ�SDUWLFXODU�LV�NQRZQ�WR�SUHIHU�
XQGLVWXUEHG�VLWHV��H�J��( QWZLVOH�HW�DO��� � � � � ��
�
2 QH�RI�WKH�WD[ D�QRW�IRXQG�LQ�WKLV�ULYHU�V\ VWHP�ZDV�' LG\ PRVSKHQLD�JHPLQDWD�
�GLG\ PR���DQ�LQYDVLYH�IUHVKZDWHU�GLDWRP�WKDW�LV�FXUUHQWO\ �IRXQG�LQ�D�QXPEHU�RI�6RXWK�
,VODQG�ULYHUV��$ OWKRXJK�LW�KDV�QRW�EHHQ�IRXQG�DW�DQ\ �RI�WKH�VLWHV��LQYDVLRQ�E\ �WKLV�
VSHFLHV�LV�D�ULVN��HVSHFLDOO\ �DW�VLWHV�VXFK�DV�6PDFNV�&UHHN�DW�* DUGLQHUV�5G��ZKHUH�
HQYLURQPHQWDO�FKDUDFWHULVWLFV�VXFK�DV�PRGHUDWH�IORZV�DQG�KLJK�OLJKW�DYDLODELOLW\ �PDNH�
LW�D�VXLWDEOH�VLWH�IRU�' ��JHPLQDWD��7KLV�VLWH�LV�DOVR�WKH�PRVW�GLYHUVH�DQG�LV�OLNHO\ �WR�EH�
WKH�ZRUVH�DIIHFWHG�E\ �DQ�LQYDVLRQ�E\ �WKLV�VSHFLHV��
�
' LVWULEXWLRQ�

7KH�WZR�PHWKRGV�XVHG�WR�GHWHUPLQH�SDWWHUQV�LQ�GLVWULEXWLRQ��' &$ �DQG�&&$ ��KDYH�
VWUHQJWKV�DQG�ZHDNQHVVHV�LQ�DQDO\ VLQJ�WKHVH�GDWD��' &$ �DOORZV�XV�WR�DVN�TXHVWLRQV�
DERXW�KRZ�VLWHV�DUH�VWUXFWXUHG�LQ�VSHFLHV�VSDFH��DQG�UDUH�VSHFLHV�FDQ�EH�
GRZQZHLJKWHG��EXW�DFWXDO�HQYLURQPHQWDO�GDWD�FDQQRW�EH�LQFRUSRUDWHG�LQWR�WKH�
DQDO\ VLV��
�
&&$ �HQDEOHV�XV�WR�ORRN�IRU�UHODWLRQVKLSV�ZLWK�HQYLURQPHQWDO�SDUDPHWHUV�LQ�WKH�GDWD��
EXW�ZH�GLG�QRW�KDYH�HQYLURQPHQWDO�GDWD�IRU�DOO�WKH�VLWHV�LQ�WKLV�VWXG\ �VR�� � �WD[ D�KDG�WR�
EH�GURSSHG�IURP�WKH�DQDO\ VLV��5DUH�VSHFLHV�FDQQRW�EH�GRZQZHLJKWHG�VR�WKH\ �ZLOO�KDYH�
D�GLVSURSRUWLRQDWH�LQIOXHQFH�RQ�WKH�UHVXOWV��VXFK�DV�3KRULGLXP�VS��
�
,Q�) LJ��� ��WKH�FODULW\ �JUDGLHQW�LV�DSSUR[ LPDWHO\ �RSSRVHG�WR�VPDOO�DQG�VWRQ\ �VXEVWUDWD��
EXW�FORVHO\ �FRUUHODWHG�ZLWK�PDFURSK\ WHV��7KLV�LV�QRW�VXUSULVLQJ�VLQFH�VHGLPHQW�
GHFUHDVHV�FODULW\ ��DQG�PDFURSK\ WHV�ZRXOG�WHQG�WR�ELQG�DQG�FDWFK�VHGLPHQW��
�
7KH�IORZ�JUDGLHQW�LV�ODUJHO\ �RUWKRJRQDO�WR�RWKHU�JUDGLHQWV��



� � �

7KHUH�DUH�IHZ�VSHFLHV�LQ�WKH�DUHD�RI�WKH�FKDUW�FRUUHVSRQGLQJ�WR�KLJK�IORZV�DQG�VPDOO�
VXEVWUDWHV��6LWH�� �IDOOV�LQ�WKLV�FDWHJRU\ ��) LJ��� � �DQG�KDG�ORZ�GLYHUVLW\ ��) LJ��� � ��
�
7KHUHIRUH��ZLOO�VHGLPHQWDWLRQ��H�J��IURP�GHYHORSPHQW��PRUH�JUHDWO\ �DIIHFW�DOJDO�
FRPPXQLWLHV�DW�IDVWHU�IORZLQJ�VLWHV�WKDQ�DW�VORZHU�IORZLQJ�VLWHV"�2 QH�K\ SRWKHVLV�WR�
H[ SODLQ�WKH�GLVWULEXWLRQ�RI�DOJDH�LQ�WKH�6W\ [ �FDWFKPHQW�LV�WKDW�DOJDO�FRPPXQLWLHV�DUH�
OLNHO\ �WR�EH�PRUH�UHVLOLHQW�WR�VHGLPHQWDWLRQ�LQ�VLWHV�ZLWK�VORZHU�IORZV��DQG�WKDW�WKH�
SUHVHQFH�RI�PDFURSK\ WHV�PD\ �LQFUHDVH�WKLV�UHVLOLHQFH��
�
7KHUH�DUH�VHYHUDO�REYLRXV�JURXSLQJV�RI�VSHFLHV�LQ�) LJ��� ��
* URXS�� ��&ORQH�� � ��1LWHOOD"��DQG�&ORQH�� � ��1LWHOOD�VS�� �
�
* URXS�� ��* RPSKRQHPD�WUXQFDWXP��6FHQHGHVPXV�DFXVWXV��&RVPDULXP�VXEFXFXPLV��
1LWHOOD�KRRNHUL��0 D\ DPDHD�DWRPXV��* RPSKRQHPD�PLQXWXP��$FWLQHOOD�EUDVLOLHQVLV��
7DEHOODULD�IORFFXORVD��&KODP\ GRPRQDV�QRFWLJDPD��+ DQW]VFKLD�DPSKLR[ \ V��
' HVPRGHVPXV�DOGDYHL�
�
* URXS�� ��&KODP\ GRPRQDV�FI��PDFURVWHOODWD��5KRSDORGLD�JLEED��7KDODVVLRVLUD�FI��
ZHLVVIORJLL��&I��2 VFLOODWRULD��&I��/ HSWRO\ QJE\ D�
�
6SHFLHV�LQ�JURXSV�� �DQG�� �GR�QRW�DSSHDU�WR�EH�OLQNHG�WR�DQ\ �SDUWLFXODU�VLWH��ZKHUHDV�
VSHFLHV�LQ�JURXS�� �ZHUH�FORVHVW�WR�VLWH�� ��6W\ [ �5LYHU�DW�6W\ [ �0 LOO�&RQVHUYDWLRQ�
5HVUYH���ZKLFK�KDV�KLJK�GLYHUVLW\ ��) LJ��� � ��7KHUH�ZHUH�IHZ�VSHFLHV�LQ�WKH�DUHD�QHDU�VLWH�
� �� . DSXWRQH�6WUHDP�DW�%HOIDVW�5G���DQG�WKLV�VLWH�KDV�RQH�RI�WKH�ORZHVW�GLYHUVLW\ �RI�
DOJDH��) LJ��� � ��
�
,GHQWLILFDWLRQ�SUREOHP V�

7KHUH�LV�VRPH�JXHVVZRUN�LQYROYHG�LQ�DFFXUDWHO\ �LGHQWLI\ LQJ�WKH�WD[ D�SUHVHQW�LQ�FORQHV�
IURP�HDFK�RI�WKH�VDPSOHV��7KHUH�LV�QR�ZD\ �RI�NQRZLQJ�ZKLFK�WD[ D�WKH�FORQHG�
VHTXHQFHV�FRPH�IURP�ZLWKRXW�IXUWKHU�PROHFXODU�ZRUN��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�
FORQHG�VHTXHQFHV�DQG�RWKHU�NQRZQ�VHTXHQFHV�ZDV�XVHG�WR�GHWHUPLQH�WKH�FORVHVW�
UHODWLYH�WR�HDFK�RI�WKH�FORQHG�VHTXHQFHV��$ QDO\ VLV�RI�FORQHV�LQYROYHG�PDNLQJ�HGXFDWHG�
JXHVVHV�DERXW�ZKLFK�WD[ D�HDFK�FORQH�EHORQJHG�WR��,GHQWLILFDWLRQ�RI�WKH�WD[ D�LQ�HDFK�
VDPSOH�ZDV�DLGHG�E\ �PRUSKRORJ\ �IURP�SKRWRV�DV�ZHOO�DV�VHTXHQFHV�IURP�FXOWXUHV��IRU�
ZKLFK�ZH�NQRZ�WKH�WD[ D�RI�HDFK��
�
$ QRWKHU�SUREOHP�LQ�VXUYH\ LQJ�DOJDH�LV�DQ�LQDELOLW\ �WR�VXUYH\ �DQ\ �KDELWDW�H[ KDXVWLYHO\ �
IRU�PLFURVFRSLF�RUJDQLVPV��,W�LV�XQOLNHO\ �WKDW�DOO�WKH�WD[ D�SUHVHQW�DW�HDFK�VLWH�ZHUH�
IRXQG�GXULQJ�WKLV�VWXG\ ��7KHUH�DUH�DOVR�OLPLWDWLRQV�ZLWK�VXUYH\ LQJ�VLWHV�DW�D�VLQJOH�WLPH�
SRLQW��DV�DOJDH�RIWHQ�EORRP�DQG�GLH�VXFFHVVLRQDOO\ �GXULQJ�D�VHDVRQ��VR�ODWH��RU�HDUO\ �
EORRPLQJ�WD[ D�PD\ �KDYH�EHHQ�PLVVHG��
�
7KHUH�ZHUH�D�QXPEHU�RI�VWUDLQV�WKDW�KDG�QR�FORVH�UHODWLYHV�LQ�WKH�* HQ%DQN�GDWDEDVH��
2 I�WKH�� � �FORQH�VHTXHQFHV��� � � ��Q� �� � �ZHUH�FOHDUO\ �DOOLHG�WR�D�NQRZQ�VWUDLQ�ZLWK�D�
VKRUW�EUDQFK��� � � ��Q� �� � � �FRXOG�EH�SODFHG�LQ�D�FODGH�EXW�ZHUH�QRW�SDUWLFXODUO\ �FORVH�
WR�DQ\ WKLQJ��DQG�� � � ��Q� �� � �GLG�QRW�KDYH�DQ\ �FORVH�UHODWLYHV��7KLV�LQGLFDWHV�WKDW�WKHUH�
DUH�D�QXPEHU�RI�QRYHO�OLQHDJHV�LQ�WKH�DOJDO�VSHFLHV�LQ�WKH�6W\ [ �FDWFKPHQW��DQG�
WKHUHIRUH�LQ�1 HZ�=HDODQG�JHQHUDOO\ ��RU�HYHQ�LQ�WKLV�W\ SH�RI�KDELWDW��DV�RYHU�KDOI�WKH�
FORQH�VHTXHQFHV�FRXOG�QRW�EH�DOOLHG�ZLWK�D�NQRZQ�VWUDLQ��7KLV�VXJJHVWV�WKDW�WKHUH�LV�
VWLOO�PXFK�WR�OHDUQ�DERXW�DOJDO�GLYHUVLW\ �DQG�GLVWULEXWLRQ�LQ�WKLV�DUHD��



� � �

�
7KH�VSHFLHV�GDWD�FROOHFWHG�LQ�WKLV�VWXG\ �SURYLGH�D�EDVHOLQH�IRU�PRQLWRULQJ�RI�DOJDO�
FRPPXQLWLHV�LQ�WKH�6W\ [ �FDWFKPHQW��7KLV�LQIRUPDWLRQ�LV�XVHIXO�WR�GHWHUPLQH�WKH�
FXUUHQW�VWDWH�RI�DOJDO�FRPPXQLWLHV��EXW�IXWXUH�PRQLWRULQJ�QHHGV�WR�EH�GRQH�RQ�D�
UHJXODU�EDVLV�LI�DOJDH�DUH�WR�EH�XVHG�DV�HQYLURQPHQWDO�LQGLFDWRUV�RI�WKH�VWDWH�RI�WKH�
6W\ [ �5LYHU�FDWFKPHQW��
�
: KDW�,�JDLQHG�IURP�WKLV�UHVHDUFK�SURMHFW�

· � / HDUQW�PROHFXODU�WHFKQLTXHV�VXFK�DV�' 1 $ �H[ WUDFWLRQ�DQG�FORQLQJ�
· � / HDUQW�WR�XVH�OLJKW�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRSHV�
· � / HDUQW�WR�XVH�QHZ�FRPSXWHU�SURJUDPV�±�6HTXHQFKHU�DQG�0 ( * $ � �
· � / HDQW�KRZ�WR�VWRUH�ERWDQLFDO�VDPSOHV�IRU�IXWXUH�XVH��L�H��GU\ LQJ��SUHVHUYLQJ��

PRXQWLQJ�VDPSOHV�RQ�VOLGHV��DFFHVVLRQLQJ�LQWR�KHUEDULXP��
· � ,PSURYHG�WLPH�PDQDJHPHQW�VNLOOV�
· � / HDUQW�DERXW�UHJXODU�UHFRUG�NHHSLQJ�
· � / HDUQW�DERXW�WKH�GLYHUVLW\ �RI�DOJDH�
�
$ FNQRZOHGJHP HQWV�
,�WKDQN�WKH�6W\ [ �/ LYLQJ�/ DERUDWRU\ �7UXVW��/ LQFROQ�8 QLYHUVLW\ ��/ DQGFDUH�5HVHDUFK��DQG�
HVSHFLDOO\ �P\ �VXSHUYLVRUV�3KLO�1 RYLV�DQG�. HOO\ �: DONHU�IRU�WKH�JXLGDQFH�WKH\ �KDYH�
JLYHQ�PH�WKURXJKRXW�WKLV�SURMHFW���1 LFROD�%ROVWULGJH�SURYLGHG�YDOXDEOH�WHFKQLFDO�
DVVLVWDQFH���0 ROHFXODU�ZRUN�ZDV�IXQGHG�E\ �WKH�) RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�DQG�
7HFKQRORJ\ �WKURXJK�WKH�³ ' HILQLQJ�1 HZ�=HDODQG¶V�/ DQG�%LRWD́ �2 XWFRPH�%DVHG�
,QYHVWPHQW��ZKLFK�DOVR�VXSSRUWHG�3KLO�1 RYLV¶�FRQWULEXWLRQV�



� � �

5 HIHUHQFHV�
%LJJV�%-) ��. LOUR\ �&�� � � � ��6WUHDP�3HULSK\ WRQ�0 RQLWRULQJ�0 DQXDO��1 HZ�=HDODQG�

0 LQLVWU\ �IRU�WKH�( QYLURQPHQW��1 ,: $ ��&KULVWFKXUFK��
%URGLH�-��/ HZLV�-�HGV�� � � � ��8 QUDYHOOLQJ�WKH�DOJDH��WKH�SDVW��SUHVHQW�DQG�IXWXUH�RI�DOJDO�

V\ VWHPDWLFV��7KH�V\ VWHPDWLFV�DVVRFLDWLRQ�VSHFLDO�VHULHV�� � ��7D\ ORU�	 �) UDQFLV��%RFD�
5DWRQ�/ RQGRQ�1 HZ�<RUN��� � � �S��

&URDVGDOH�+ ��) OLQW�( $ �� � � � ��) ORUD�RI�1 HZ�=HDODQG�' HVPLGV�9 RO��� ��: HOOLQJWRQ��
* RYHUQPHQW��

' D\ �6$ ��: LFNKDP�53��( QWZLVOH�7-��7\ OHU�3$ �� � � � ��%LEOLRJUDSKLF�FKHFN�OLVW�RI�QRQ�
PDULQH�DOJDH�LQ�$ XVWUDOLD��) ORUD�RI�$ XVWUDOLD�6XSSOHPHQWDU\ �6HULHV�� ��YLL�� �� � � �S��

( QWZLVOH�7��6RQQHPDQ�-$ ��/ HZLV�6+ �� � � � ��) UHVKZDWHU�DOJDH�LQ�$ XVWUDOLD��6DLQW\ �	 �
$ VVRFLDWHV��3RWWV�3W��$ XVWUDOLD��� � � �S��

( WWO�+ �� � � � ��; DQWKRSK\ FHDH�� ��7HLO��,Q��3DVFKHU�$ ��( WWO�+ ��* HUORII�-��+H\ QLJ�+ �HG��
6XVVZDVVHUIORUD�YRQ�0 LWWHOHXURSD�%DQG�� ��* XVWDY�) LVFKHU�9 HUODJ��6WXWWJDUW�1 HZ�
< RUN��

( WWO�+ �� � � � ��&KORURSK\ WD�,��3K\ WRPRQDGLQD��,Q��3DVFKHU�$ ��( WWO�+ ��* HUORII�-��+H\ QLJ�
+ ��0 ROOHQKDXHU�' �HG��6XVVZDVVHUIORUD�YRQ�0 LWWHOHXURSD�%DQG�� ��* XVWDY�) LVFKHU�
9 HUODJ��6WXWWJDUW�1 HZ�<RUN��

) RJHG�1 �� � � � ��' LDWRPV�LQ�1 HZ�=HDODQG��WKH�1 RUWK�,VODQG��%LEOLRWKHFD�3K\ FRORJLFD�
� � ��� ±� � ��

* UDKDP�/ ( ��: LOFR[ �/ : �� � � � ��$ OJDH��3UHQWLFH�+ DOO��8 SSHU�6DGGOH�5LYHU��� � � �S��
+ HJHZDOG�( ��6LOYD�3&�� � � � ��$ QQRWDWHG�FDWDORJXH�RI�6FHQHGHVPXV�DQG�

QRPHQFODWXUDOO\ �UHODWHG�JHQHUD��LQFOXGLQJ�RULJLQDO�GHVFULSWLRQV�DQG�ILJXUHV��
%LEOLRWKHFD�3K\ FRORJLFD��%DQG�� � ��* HEU• GHU�%RUQWUDHJHU��%HUOLQ�6WXWWJDUW��

+ LOOV�' �� � � � ��7KH�6W\ [ �6WRU\ ��$ �VWXG\ �RI�D�&KULVWFKXUFK�5LYHU��7KH�6W\ [ �+ LVWRU\ �
* URXS��

. DGOXERZVND�-: �� � � � ��&RQMXJDWRSK\ FHDH�,��&KORURSK\ WD�9 ,,,��=\ JQHPDOHV��,Q��
3DVFKHU�$ ��( WWO�+ ��* HUORII�-��+ H\ QLJ�+ ��0 ROOHQKDXHU�' ��HG��6XVVZDVVHUIORUD�YRQ�
0 LWWHOHXURSD�%DQG�� � ��* XVWDY�) LVFKHU�9 HUODJ��6WXWWJDUW�1 HZ�<RUN��

. LOUR\ �&��%LJJV�%-) ��9 \ YHUPDQ�: �� � � � ��5XOHV�IRU�PDFURRUJDQLVPV�DSSOLHG�WR�
PLFURRUJDQLVPV��SDWWHUQV�RI�HQGHPLVP�LQ�EHQWKLF�IUHVKZDWHU�GLDWRPV��2 LNRV�� � � ��
� � � ±� � � ��

. RFLROHN�-3��. LQJVWRQ�-&�� � � � ��7D[ RQRP\ ��XOWUDVWUXFWXUH��DQG�GLVWULEXWLRQ�RI�VRPH�
JRPSKRQHPRLG�GLDWRPV��%DFLOODULRSK\ FHDH��* RPSKRQHPDWDFHDH��IURP�ULYHUV�LQ�
WKH�8 QLWHG�6WDWHV��&DQDGLDQ�-RXUQDO�RI�%RWDQ\ �� � ��� � � ±� � � ��

. UDPPHU�. �� � � � ��' LH�F\ PEHOORLGHQ�' LDWRPHHQ��HLQH�0 RQRJUDSKLH�GHU�ZHOWZHLW�
EHNDQQWHQ�7D[ D��7HLO�� ��( QF\ RQHPD�SDUW���( QF\ RQHPRSVLV�DQG�&\ PEHOORSVLV��±�
%LEOLRWK��' LDWRPRO��� � ��� ±� � � ��

. UDPPHU�. ��/ DQJH�%HUWDORW�+ �� � � � ±� � � � ��%DFLOODULRSK\ FHDH�,�7HLO��,Q��3DVFKHU�$ ��
6• ‰ZDVVHUIORUD�YRQ�0 LWWHOHXURSD��%DQG�� �� � � ��* HEU• GHU�%RUQWUDHJHU��%HUOLQ�
6WXWWJDUW��

/ DQJH�%HUWDORW�+ ��. UDPPHU�. �� � � � ��$FKQDQWKHV��HLQH�PRQRJUDSKLH�GHU�* DWWXQJ��
%LEOLRWK��' LDWRPRO��� � ��� ±� � � ��

/ DUNLQ�0 $ ��%ODFNVKLHOGV�* ��%URZQ�1 3��&KHQQD�5��0 F* HWWLJDQ�3$ ��0 F: LOOLDP�+ ��
9 DOHQWLQ�) ��: DOODFH�,0 ��: LOP�$ ��/ RSH] �5 ��7KRPSVRQ�-' ��* LEVRQ�7-��+LJJLQV�' * �
� � � � ��&OXVWDO�: �DQG�&OXVWDO�; �YHUVLRQ�� �� ��%LRLQIRUPDWLFV�� � ��� � � � ±� � � � ��
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0 F&XQH�%��0 HIIRUG�0 -�� � � � ��3&�2 UG�PXOWLYDULDWH�DQDO\ VLV�RI�HFRORJLFDO�GDWD�
9 HUVLRQ�� ��0 M0 �6RIWZDUH��* OHQHGHQ�%HDFK��2 UHJRQ��8 6$ ��

1 RYLV�30 ��� � � � ��( FRORJ\ �DQG�WD[ RQRP\ �RI�DOSLQH�DOJDH��0 W�3KLOLVWLQH��$ UWKXU¶V�3DVV�
1 DWLRQDO�3DUN��1 HZ�=HDODQG��8 QSXEOLVKHG�WKHVLV��8 QLYHUVLW\ �RI�&DQWHUEXU\ ��
&KULVWFKXUFK��

1 RYLV�30 ��� � � � ��$ �WD[ RQRPLF�VXUYH\ �RI�2 HGRJRQLXP��2 HGRJRQLDOHV��&KORURSK\ WD��
LQ�WKH�6RXWK�,VODQG�DQG�&KDWKDP�,VODQGV��1 HZ�=HDODQG��1 HZ�=HDODQG�-RXUQDO�RI�
%RWDQ\ �� � ��� � � ±� � � ��

1 RYLV�30 ��� � � � ��$ �WD[ RQRPLF�VXUYH\ �RI�0 LFURVSRUD��&KORURSK\ FHDH��&KORURSK\ WD��
LQ�1 HZ�=HDODQG��1 HZ�=HDODQG�-RXUQDO�RI�%RWDQ\ ��� � ��� � � � � � � ��

1 RYLV�30 ��%HHU�7��9 DOODQFH�-�� � � � ��1 HZ�UHFRUGV�RI�PLFURDOJDH�IURP�WKH�1 HZ�
=HDODQG�DOSLQH�] RQH��DQG�WKHLU�GLVWULEXWLRQ�DQG�GLVSHUVDO��1 HZ�=HDODQG�-RXUQDO�RI�
%RWDQ\ �� � ��� � � ±� � � ��

5REE�-�� � � � ��$ �ELRORJLFDO�VXUYH\ �RI�WKH�6W\ [ �5LYHU�FDWFKPHQW��&KULVWFKXUFK�' UDLQDJH�
%RDUG��&KULVWFKXUFK��

6DEEH�. ��9 DQKRXWWH�. ��/ RZH�5/ ��%HUJH\ �( $ ��%LJJV�%-) ��) UDQFRHXU�6��+RGJVRQ�' ��
9 \ YHUPDQ�: �� � � � ��6L[ �QHZ�$FWLQHOOD��%DFLOODULRSK\ WD��VSHFLHV�IURP�3DSXD�1 HZ�
* XLQHD��$ XVWUDOLD�DQG�1 HZ�=HDODQG��IXUWKHU�HYLGHQFH�IRU�ZLGHVSUHDG�GLDWRP�
HQGHPLVP�LQ�WKH�$ XVWUDODVLDQ�UHJLRQ��( XURSHDQ�-RXUQDO�RI�3K\ FRORJ\ �� � ��� � � ±� � � ��

6DEEH�. ��9 HUOH\ HQ�( ��+RGJVRQ�' $ ��9 DQKRXWWH�. ��9 \ YHUPDQ�: �� � � � ��%HQWKLF�
GLDWRP�IORUD�RI�IUHVKZDWHU�DQG�VDOLQH�ODNHV�LQ�WKH�/ DUVHPDQQ�+ LOOV�DQG�5DXHU�
,VODQGV��( DVW�$ QWDUFWLFD��$ QWDUFWLF�6FLHQFH�� � ��� � � ±� � � ��

6DUPD�3�� � � � ��7KH�IUHVKZDWHU�&KDHWRSKRUDOHV�RI�1 HZ�=HDODQG��* HEU• GHU�
%RUQWUDHJHU��%HUOLQ�6WXWWJDUW��

7DPXUD�. ��' XGOH\ �-��1 HL�0 ��. XPDU�6�� � � � ��0 ( * $ � ��0 ROHFXODU�( YROXWLRQDU\ �
* HQHWLFV�$ QDO\ VLV��0 ( * $ ��VRIWZDUH�YHUVLRQ�� �� ��0 ROHFXODU�%LRORJ\ �DQG�
( YROXWLRQ�� � ��� � � � ±� � � � ��

7D\ ORU�0 ��6XUHQ�$ ��6RUUHOO�%�� � � � ��$ �FRQVLGHUDWLRQ�RI�WKH�6W\ [ �5LYHU�HFRORJ\ �	 �
LPSOLFDWLRQV�IRU�ZKROH�ULYHU�PDQDJHPHQW��1 ,: $ �FOLHQW�UHSRUW�&+&� � �� � ��
: DWHUZD\ V�DQG�: HWODQGV�WHDP��: DWHU�6HUYLFHV�8 QLW��&KULVWFKXUFK�&LW\ �&RXQFLO��

: RRG�5 ' ��0 DVRQ�5�� � � � ��&KDUDFHDH�RI�1 HZ�=HDODQG��1 HZ�=HDODQG�-RXUQDO�RI�
%RWDQ\ �� � ��� � ±� � � ��
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