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DUWLFROR� WUDWWD� OD�FRPSHWL]LRQH�HVLVWHQWH� IUD�GXH�VSHFLH�GL� IDQHURJDPH�PDULQH��=RVWHUD�QROWLL� H�=��PDULQD�� FKH
FRDELWDQR�QHO�PDUH�GL�1RYLJUDG��$GULDWLFR�FHQWUDOH���,O�WUDQVHWWR��HIIHWWXDWR�OXQJR�XQ
LVREDWD��KD�FRPSUHVR�]RQH�VYL�
OXSSDWH��PDULQD��H�QRQ�VYLOXSSDWH�GHOOD�FRVWD��/D�SUHVHQ]D�H�OD�FRSHUWXUD�GL�RJQL�VSHFLH�VRQR�VWDWH�YDOXWDWH�FRQ�O
DL�
XWR�GHOOD�YLGHRJUDILD�VXEDFTXHD�VRVWHQXWD�GD�'*36��/D�GHQVLWi�GHL�FLXIIL�o�VWDWD�FDOFRODWD�GDL�FDPSLRQL�UDFFROWL�GX�
UDQWH�O
LPPHUVLRQH��3HU�OH�GXH�VSHFLH�GL�=RVWHUD�VRQR�VWDWH�ULVFRQWUDWH�YDULD]LRQL�VLJQLILFDQWL�RSSRVWH�FRUUHODWH�FRQ�LO
JUDGLHQWH�DPELHQWDOH��/D�FRSHUWXUD�H�OD�GHQVLWi�GHL�FLXIIL�GL�=��PDULQD�GLPLQXLVFRQR��PHQWUH�OD�FRSHUWXUD�H�OD�GHQVLWi
GHL�FLXIIL�GL�=��QROWLL�DXPHQWDQR�FRQ�OD�GLVWDQ]D�GDOOD�PDULQD��/D�YDULD]LRQH�QHOOR�VSD]LR�GHOOH�VSHFLH�o�VWDWD�VLJQLIL�
FDWLYDPHQWH�FKLDULWD�PHJOLR�FRQVLGHUDQGR�O
LQWHUD]LRQH�IUD�OH�VSHFLH�FKH�OH�YDULDELOL�DPELHQWDOL��*OL�DXWRUL�VRVWHQJRQR
FKH�OD�FRPSHWL]LRQH�VLD�LO�IDWWRUH�SULQFLSDOH�FKH�LQIOXHQ]D�OD�GLVWULEX]LRQH�GHOOH�VSHFLH�GL�=RVWHUD�QHO�PDUH�GL�1RYL�
JUDG�

3DUROH�FKLDYH��=RVWHUD��FRPSHWL]LRQH�WUD�IDQHURJDPH�PDULQH��JUDGLHQWH�DPELHQWDOH��YLGHRJUDILD�VRVWHQXWD�GD�'*36�
$GULDWLFR
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0XFK� LQIRUPDWLRQ� LV� DYDLODEOH� RQ� WKH� VSDWLDO� GLVWUL�
EXWLRQ�RI�VHDJUDVVHV�DV�D�UHVXOW�RI�WKH�LQWHUSOD\�EHWZHHQ
VHDJUDVV�DQG�WKH�SK\VLFDO�HQYLURQPHQW��VXFK�DV�OLJKW�DW�
WHQXDWLRQ��UHYLHZHG�E\�/HRQL�HW�DO����������QXWULHQW�FRQ�
FHQWUDWLRQV� �UHYLHZHG� E\� 7RXFKHWWH� 	� %XUNKROGHU�
������� VHGLPHQW� JUDLQ� VL]H� DQG� RUJDQLF� FRQWHQW� �UH�
YLHZHG� E\� GH� %RHU�� ������� VDOLQLW\� �UHYLHZHG� E\
7RXFKHWWH�� ������� WHPSHUDWXUH� �UHYLHZHG� E\� /HH�HW� DO��
������� ZDYH� H[SRVXUH� �UHYLHZHG� E\� &DEDoR� HW� DO��
�������DLU�H[SRVXUH�GXULQJ�ORZ�WLGHV��EHQWKLF�VORSH��DQG
GHSWK��7KHVH�UHVSRQVHV�DUH�LQWHUSUHWHG�DV�DQ�RXWFRPH�RI
SK\VLRORJLFDO� WUDGHRIIV�GXULQJ� WKH�SURFHVV�RI�DGDSWDWLRQ
WR� WKHVH�SK\VLFDO�FRQGLWLRQV�DQG� UHVRXUFHV��)HZHU� VWXG�
LHV�KDYH�LQFRUSRUDWHG�ERWK�SK\VLFDO�DQG�ELRORJLFDO�SUR�
FHVVHV�� VXFK� DV� FRPSHWLWLRQ� DQG� WKHLU� HIIHFW� RQ� VSDWLDO
GLVWULEXWLRQ� DQG� DEXQGDQFH� �)RXUTXUHDQ� HW� DO��� �����
/DXJLHU� HW� DO��� ������ 7DQDND� 	� .D\DQQH�� ������� DQG
VHHPLQJO\�QRQH�KDYH�GRQH�VR�ZLWKLQ�D�VLQJOH�DQDO\VLV�

2XU�VWXG\� IRFXVHV�RQ� WZR�FR�RFFXUULQJ�=RVWHUD� VSH�
FLHV��=��QROWLL�DQG�=��PDULQD�� DORQJ�D���P� LVREDWK� WUDQ�
VHFW� VSDQQLQJ� D� GHYHORSHG� DUHD� �UHVLGHQWLDO� DQG� WRXULVW
KRXVLQJ��OLJKW�FRPPHUFLDO�EXVLQHVV��VHDZDOO��PDULQD��DJ�
ULFXOWXUDO� ILHOGV��� WR� DQ� XQGHYHORSHG� VKRUHOLQH�� 7KH� UH�
VWULFWLRQ� WR� WKH���P�LVREDWK�HQVXUHG� WKDW� �L��QHLWKHU�VSH�
FLHV�ZDV� LQYHVWLJDWHG� DW� LWV� ORZHU� RU� XSSHU� GHSWK� OLPLW
�GHSWK�GLVWULEXWLRQ�IRU�ERWK�VSHFLHV�UDQJHV�IURP���������
P�LQ�WKH�VWXG\�DUHD��6FKXOW]�HW�DO����������WKDW��LL��GHSWK
UHODWHG� YDULDWLRQ� LQ� SK\VLFDO� HQYLURQPHQWDO� YDULDEOHV
ZDV� LJQRUHG�� DQG� �LLL�� WKDW� WKH� WZR� VSHFLHV� ZHUH� FR�
RFFXUULQJ�ZLWKLQ�PRVW�RI� WKH� VWXG\� WUDQVHFW� DQG�DVVRFL�
DWHG� SORWV�� 7KLV� JDYH� XV� WKH� RSSRUWXQLW\� WR� LQYHVWLJDWH
VSDWLDO� YDULDWLRQ� RI� WKH� WZR� VSHFLHV� LQ� UHODWLRQ� ERWK� WR
SK\VLFDO�HQYLURQPHQWDO�JUDGLHQWV�DORQJ�WKH�WUDQVHFW�DQG
WR�HDFK�RWKHU¤V�SUHVHQFH�

0XFK� LV� NQRZQ� DERXW� WKH� WZR�=RVWHUD� VSHFLHV�� DO�
WKRXJK� WKH� PDMRULW\� RI� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW
RXWVLGH�WKH�$GULDWLF�DQG�HYHQ�WKH�0HGLWHUUDQHDQ��,Q�WKH
$GULDWLF�� =�� QROWLL� LV� GHVFULEHG� DV� D� ZLGHO\� GLVWULEXWHG
VSHFLHV�PDLQO\�IRXQG�LQ�WKH�VKDOORZ�EHQWKRV�RI�D�UDQJH
RI� KDELWDWV� IURP� VKHOWHUHG� ORZ� HQHUJ\� WR� KLJKHU� HQHUJ\
HQYLURQPHQWV� ZLWK� PRUH� ZDYH� DQG� FXUUHQW� DFWLYLW\
�:LGGRZV�HW�DO����������=��PDULQD� LQ�WKH�$GULDWLF� LV�GH�
VFULEHG� DV� WKH� VSHFLHV� ZLWK� WKH�PRUH� UHVWULFWHG� DQG� LU�
UHJXODU� GLVWULEXWLRQ�� UHTXLULQJ� VKHOWHUHG� SODFHV� DQG
IUHVKZDWHU� LQSXW� �*XLGHWWL�� ������� $OWKRXJK�=�� QROWLL� LV
FRQVLGHUHG� WKH� PRUH� PDULQH� VSHFLHV�� ERWK� VSHFLHV� DUH
NQRZQ�WR�KDYH�JUHDW�HXU\KDOLQLW\�WROHUDQFH��GHQ�+DUWRJ�
������ DQG� ERWK� KDYH� EHHQ� IRXQG� WR� EHQHILW� IURP� GH�
FUHDVHG� VDOLQLWLHV� �+RRWVPDQV� HW� DO��� ������ 9HUPDDW� HW
DO���������&KDUSHQWLHU�HW�DO����������=��QROWLL�DSSHDUV� WR
SUHIHU� VDQG\� VHGLPHQWV��ZKHUHDV�=��PDULQD� WHQGV� WR� EH
IRXQG�RQ�PXGGLHU�JURXQG�ZLWK�D�KLJKHU�RUJDQLF�FRQWHQW
�'XDUWH� 	� .DOII�� ������ &DQLJOLD� HW� DO��� ������ .RFK�
�������=��PDULQD�DV�WKH�ODUJHU�VSHFLHV�LV�H[SHFWHG�WR�EH

PRUH� WROHUDQW� RI� ORZ� OLJKW� FRQGLWLRQV��H�J�� DV� D� FRQVH�
TXHQFH�RI�VHGLPHQW�UH�VXVSHQVLRQ��DV�LW�KDV�JUHDWHU�OLJKW�
DEVRUELQJ� VXUIDFH�DUHD� DQG�KLJKHU� UHVRXUFH�VWRULQJ�YRO�
XPH�� %RWK� VSHFLHV� KDYH� EHHQ� VKRZQ� WR� UHVSRQG� SRVL�
WLYHO\�WR�DGGLWLRQ�RI�DPPRQLXP�DQG�QLWUDWH�LQ�1�OLPLWHG
HQYLURQPHQWV� �0DUED�HW� DO��� ������� D� VLWXDWLRQ� WKDW� FDQ
EH� H[SHFWHG� QHDU� UHVLGHQWLDO� DUHDV� DQG� IUHVKZDWHU� LQ�
IORZ�

7KH�SODFHPHQW�RI� WKH� WUDQVHFW�ZLWKLQ� WKH� VWXG\�DUHD
RIIHUHG��L��VLJQLILFDQW�YDULDWLRQ�LQ�SK\VLFDO�HQYLURQPHQWDO
YDULDEOHV�� LQFOXGLQJ� VDOLQLW\�� ZDYH� H[SRVXUH�� VHGLPHQW
FKDUDFWHULVWLFV�� GLVWDQFH� IURP� DQWKURSRJHQLF� LQIOXHQFH
DQG�IUHVKZDWHU�GXH�WR�WKH�FKDQJH� LQ�JHRJUDSKLFDO� ORFD�
WLRQ��ZLWKRXW�GHSWK�LQWHUIHUHQFH���DQG��LL��DQ�RSSRUWXQLW\
WR� LQYHVWLJDWH� WKH� WZR�=RVWHUD� VSHFLHV�ZLWKLQ�D�FRQWLQX�
RXV�PL[HG�EHG��7KLV�DOORZHG�XV�WR�FRPSDUH�WKH�UHODWLYH
LPSRUWDQFH�RI�WKH�SK\VLFDO�HQYLURQPHQW�DQG�VSHFLHV�LQ�
WHUDFWLRQV�IRU�HDFK�VSHFLHV¤�VSDWLDO�GLVWULEXWLRQ�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�DUHD

7KH�1RYLJUDG� 6HD�� &URDWLD� ���g��
1�� ��g��
(��� LV� D
SURWHFWHG� HVWXDULQH� HPED\PHQW� RI� ��� NP�� �DSSUR[L�
PDWHO\���×���NP�DW� ORQJHVW�D[HV�� LQ� WKH�HDVWHUQ�$GULDWLF
6HD��)LJ������,W�LV�FRQQHFWHG�WR�WKH�9HOHELW�&KDQQHO�LQ�WKH
QRUWK�E\�D�QDUURZ�VWUDLW� �WKH�0DVOHQLFD�&KDQQHO���DQG� LV
UHFHLYLQJ�IUHVKZDWHU�LQIORZ�IURP�WKH�=UPDQMD�5LYHU�LQ�WKH
QRUWKHDVW��E\�XQGHUJURXQG�VSULQJV��D� IHZ�VPDOO�VHDVRQDO
FUHHNV��DQG�D�FDQDO�GUDLQLQJ�ZDWHU� IURP� WKH�DJULFXOWXUDO
DUHD� QHDU� WKH� WRZQ� RI� 3RVHGDUMH� �6LQRYáLß� HW� DO��� �����
)LJV����DQG�����%HQWKLF�KDELWDWV� LQFOXGH�GHQVH�PDFURDO�
JDH�URFN�� XQFRQVROLGDWHG� EDUH� VHGLPHQWV� �JUDYHO�� VDQG�
DQG�PXG��DQG�VSDUVH�WR�GHQVH�VHDJUDVV�EHORQJLQJ�WR�WKUHH
VSHFLHV� =RVWHUD� QROWLL�� =�� PDULQD�� DQG� &\PRGRFHD� QR�
GRVD��7KH�SUHVHQW� VWXG\�ZDV� FDUULHG�RXW� LQ� VSULQJ�����
�VDOLQLW\�PHDVXUHPHQWV�LQ�IDOO�DQG�ZLQWHU��LQ�WKH�ORZ�JUD�
GLHQW�ZHVWHUQPRVW�SRUWLRQ�RI�WKH�1RYLJUDG�6HD�ZKHUH�WKH
VHDJUDVV�FRYHU� LV� D� FRQWLQXRXV�PHDGRZ� H[WHQGLQJ� IURP
WKH�GHYHORSHG�QRUWK�VLGH�RI�WKH�ED\��WRZQ�RI�3RVHGDUMH��WR
WKH� XQGHYHORSHG� VRXWK� VLGH� �)LJ�� ����+HUH� WKH�ZDWHU� LV
VKDOORZHU�WKDQ���P�DQG�WKH�ERWWRP�LV�PXGG\�WR�VDQG\�

'*36�YLGHRJUDSK\�DQG�YLGHR�DQDO\VLV

$ORQJ� D� FRQVWDQW� GHSWK� ���P� LVREDWK�� WUDQVHFW� RI
�����P� OHQJWK�� D� YLGHR� VHQVRU� �6RQ\�� ����FRORXU� 79/�
FRQWLQXRXVO\� UHFRUGHG� WKH� VHD� ERWWRP�� 6LPXOWDQHRXVO\
RYHUODLG� RQ� WKH� YLGHR� LPDJH� ZDV� WKH� VDWHOOLWH� WLPH� UH�
FRUGHG� HYHU\� WZR� VHFRQGV��'HSWK�ZDV�PRQLWRUHG� E\� D
���� .+]�� ��`�� VLQJOH�EHDP� WUDQVGXFHU�� +RUL]RQWDO
'*36� FRRUGLQDWHV� ZHUH� WDNHQ� ZLWK� UHDO�WLPH� VXEPHWHU
DFFXUDF\�IURP�UDGLR�EHDFRQ�WUDQVPLVVLRQV�WR�D�*36�DQ�
WHQQD� KHOG� E\� ND\DN� RSHUDWRU� GLUHFWO\� DERYH� WKH� YLGHR
VHQVRU� YLVLEOH� IURP� WKH� VXUIDFH� �1RUULV� HW� DO��� �����
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)LJ�����$SSUR[LPDWH�ORFDWLRQ�RI�WKH���P�LVREDWK�WUDQVHFW�DW�WKH�1RYLJUDG�6HD��&URDWLD�
6O�����3ULEOLËQD�ORNDFLMD�WULPHWUVNHJD�L]REDWQHJD�WUDQVHNWD�Y�1RYLJUDMVNHP�PRUMX��+UYDÉND�

'DXZDOWHU� HW� DO��� ������ 6FKXOW]�� ������� 6XEVHTXHQW
DQDO\VLV�RI�HYHU\�VHFRQG�RI� WKH�UHFRUGHG�YLGHR�DOORZHG
IRU� FDOFXODWLRQ� RI� WKH� OLQHDU� FRYHUDJH� IRU� DOO� VHDJUDVV
VSHFLHV�SUHVHQW�

6HDJUDVV�DQG�VHGLPHQW�VDPSOLQJ�DQG�SURFHVVLQJ

)ROORZLQJ�RYHU�WKH�'*36�WUDFNV�RI�WKH�YLGHR�WUDQVHFW
E\� VXEPHWHU� UHDO�WLPH� QDYLJDWLRQ�� D� 6&8%$� GLYHU� ZDV
OHG� WR� ��� VWDWLRQV� HYHQO\� VSDFHG� DORQJ� WKH� SUHYLRXVO\
IROORZHG� YLGHR� WUDQVHFW��$W� HDFK� VWDWLRQ�� WKH� GLYHU� KDU�
YHVWHG�DOO� VHDJUDVV� IURP� WKUHH� UHSOLFDWH�FLUFXODU�SORWV�RI
������P��HDFK��DV�ZHOO�DV���VHGLPHQW�FRUHV������PO�V\�
ULQJHV�ZLWK� VWRSSHU��RI��� FP�GLDPHWHU� LQVHUWHG� LQWR� WKH
ERWWRP� WR�D�GHSWK�RI� DSSUR[LPDWHO\������FP��6HDJUDVV
DQG� VHGLPHQW� VDPSOHV� ZHUH� NHSW� UHIULJHUDWHG�� 6HDJUDVV
ZDV�SURFHVVHG�ZLWKLQ����KRXUV�� VHGLPHQW�ZLWKLQ� �� KUV�
7KH�XSSHUPRVW���FP�RI�VHGLPHQW�ZHUH�SODFHG�LQ�SODVWLF
FRQWDLQHUV�� KRPRJHQL]HG� E\� VWLUULQJ� DQG� NHSW� DLU� WLJKW
DQG� UHIULJHUDWHG� XQWLO� IXUWKHU� SURFHVVLQJ� �ZLWKLQ� ��
KRXUV���ZKHQ� D� SRUWLRQ� RI� WKH� VHGLPHQW� �DSSUR[LPDWHO\
���J��ZDV�ZHW�ZHLJKHG�DQG�WKHQ�GULHG�DW���g&�XQWLO�FRQ�
VWDQW�GU\�ZHLJKW��:DWHU�FRQWHQW�RI�WKH�VHGLPHQW�ZDV�FDO�
FXODWHG� DV� WKH� ZHLJKW� ORVV� LQ� SHUFHQW�� /RVV�RQ�LJQLWLRQ
�/2,��DQDO\VLV�ZDV�XVHG�WR�PHDVXUH�WKH�VHGLPHQW�RUJDQLF

PDWWHU�FRQWHQW��6PDOO�VDPSOHV�RI�VHGLPHQW��PHDQ�ZHLJKW
�� J�� ZHUH� GULHG� RYHUQLJKW� DW� ���g&� XQWLO� ZHLJKW� FRQ�
VWDQF\� DQG� WKHQ� FRPEXVWHG� DW� ���g&� IRU� �� K�� 2UJDQLF
FRQWHQW�ZDV�FDOFXODWHG�DV�WKH�ZHLJKW�ORVV�LQ�SHUFHQW�� ,Q
VHDJUDVV�VDPSOHV�IURP�HDFK�RI�WKH���SORWV�DW�HDFK�RI�WKH
���VWDWLRQV� WKH� VKRRWV�RI�DOO� VSHFLHV�SUHVHQW� �=��PDULQD�
=��QROWLL��&\PRGRFHD�QRGRVD��ZHUH�FRXQWHG��7HQ�VKRRWV
�RU�OHVV�LI�OHVV�DYDLODEOH�LQ�WKH�VDPSOH��IURP�HDFK�VSHFLHV
ZHUH�UDQGRPO\�FKRVHQ�DQG�WKH�OHQJWK��UXOHU��DQG�ZLGWK
�GLVVHFWLQJ�VFRSH��RI�WKH�ORQJHVW�LQWDFW�OHDI�RI�HDFK�VKRRW
ZDV�PHDVXUHG�DQG�WKH�OHDI�DUHD�FDOFXODWHG�

6DOLQLW\��ERWWRP�VORSH��DQG�ZDYH�H[SRVXUH

:DWHU� VDPSOHV�ZHUH� WDNHQ� IURP� WKH� VXUIDFH� DQG� VD�
OLQLW\� LPPHGLDWHO\� PHDVXUHG� ZLWK� D� UHIUDFWRPHWHU�� $OO
VDPSOHV� ZHUH� WDNHQ� IURP� D� ND\DN� DQG� DSSUR[LPDWHO\
HYHU\����P�ZKLOH�WUDFNLQJ�WKH���P�LVREDWK�WUDQVHFW�ZLWK
VXEPHWHU� DFFXUDF\�� %RWWRP� VORSH� ZDV� FDOFXODWHG� IURP
WKH�VKRUWHVW�GLVWDQFH�EHWZHHQ� WKH���P� LVREDWK� OLQH�DQG
WKH� �� P� LVREDWK� OLQH� SDVVLQJ� WKURXJK� HDFK� RI� WKH� ��
VDPSOLQJ� VWDWLRQV� RQ� WKH� ��P� LVREDWK� OLQH�� $OO� LVREDWK
OLQHV�ZHUH�LGHQWLILHG�E\�ND\DN�EDVHG�'*36�WUDFNLQJ�ZLWK
WKH� GHSWK� FRQWLQXRXVO\�PRQLWRUHG� DV� GHVFULEHG� DERYH�
'HSWK�GHSHQGHQW� ZDYH� H[SRVXUH� �5(,G�� ZDV� FDOFXODWHG
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)LJ�����'HWDLOHG�YLHZ�RI� WKH�������P� ORQJ���P� LVREDWK
WUDQVHFW� LQ� WKH� ZHVWHUQPRVW� VHFWLRQ� RI� WKH� 1RYLJUDG
6HD�� &URDWLD�� &RORXU� FRGH� LGHQWLILHV� VHDJUDVV� VSHFLHV
DQG� UHODWLYH�YLVXDO�SUHVHQFH� IRU� LQGLYLGXDO�XQLWV�RI�DS�
SUR[LPDWHO\�����P��/HJHQG��&� �&\PRGRFHD�QRGRVD��1
 � =RVWHUD� QROWLL�� =�  � =RVWHUD� PDULQD�� 1=�  � PL[HG
=RVWHUD�ZLWK�=��PDULQD�REVHUYHG�ZLWKLQ�D�����P�XQLW�EXW
QRW�LQ�HYHU\�YLGHR�IUDPH��=1� �PL[HG�EHG�ZLWK�=��PD�
ULQD� SUHVHQW� LQ� HYHU\� YLGHR� IUDPH��16*� � QR� VHDJUDVV
�XQFRQVROLGDWHG�VHGLPHQWV��
6O�����3RGUREHQ�SULND]�������P�GROJHJD�LQ���P�ÉLURNHJD
L]REDWQHJD� WUDQVHNWD� Y� QDM]DKRGQHMÉHP� GHOX� 1RYLJUD�
MVNHJD� PRUMD� QD� +UYDÉNHP�� 9UVWL� VWD� R]QDàHQL� ]
UD]OLàQLPD� EDUYDPD� Y� SRVDPH]QLK� SULEOLËQR� ���� P
YHOLNLK�HQRWDK��/HJHQGD��&� �&\PRGRFHD�QRGRVD��1� 
=RVWHUD�QROWLL��=� �=RVWHUD�PDULQD��1=� �REH� YUVWL�� SUL
àHPHU�VH�=��PDULQD�SRMDYOMD�Y�����P�YHOLNL�HQRWL��YHQGDU
QH� Y� YVDNHP� YLGHR�RNYLUMX�� 16*�  � EUH]� PRUVNLK� WUDY
�QHVWUMHQH�XVHGOLQH��

XVLQJ� WKH� IRUPXODV�JLYHQ� LQ�.UDXVH�-HQVHQ�HW�DO�� �������
1HFHVVDU\� GDWD� RQ� ZLQG� GLUHFWLRQ�� YHORFLW\� DQG� IUH�
TXHQF\� ZHUH� SURYLGHG� E\� WKH� &URDWLDQ� 0HWHRURORJLFDO
DQG� +\GURORJLFDO� 6HUYLFH�� )HWFK� GLVWDQFHV� ZHUH� PHDV�

XUHG�DV� WKH�GLVWDQFH�EHWZHHQ�D� VDPSOLQJ�SRLQW�DQG� WKH
QHDUHVW�VKRUHOLQH�LQ�HDFK�RI�HLJKW�FRPSDVV�GLUHFWLRQV��1�
1:�� :�� 6:�� 6�� 6(�� (�� 1(�� DV� PHDVXUHG� RQ� VDWHOOLWH
SKRWRV� ZLWK� UHVROXWLRQ� ���� P� SHU� SL[HO� �*RRJOH� (DUWK
�����������

'DWD�DQDO\VLV

(IIHFWV�RI�SK\VLFDO�YDULDEOHV�RQ�VKRRW�GHQVLWLHV�ZHUH
WHVWHG�ZLWK� VLQJOH�� DQG�PXOWLSOH�IDFWRU� DQDO\VLV� RI� YDUL�
DQFH� �$129$�� RQ� XQWUDQVIRUPHG� UHVSRQVH� YDULDEOHV�
ZKLFK� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKRVH� QRU�
PDOO\�GLVWULEXWHG��6LJQLILFDQFH�RI� LQGLYLGXDO�FRHIILFLHQWV
LQ� WKH� $129$� PXOWLSOH�IDFWRU� ZDV� HYDOXDWHG� ZLWK� W�
WHVWV�� )�WHVW� ZDV� XVHG� WR� FRPSDUH� WKH� UHVXOWV� RI� WZR
QHVWHG� DQDO\VHV� RI� YDULDQFH� WKDW� GLIIHUHG� RQO\� LQ� WKH
SUHVHQFH�RU�DEVHQFH�RI�VHDJUDVV�VKRRW�GHQVLW\��5HODWLRQ�
VKLSV� DPRQJ� YDULDEOHV�ZHUH� YLVXDOL]HG�ZLWK� D� VWDQGDUG
ELSORW� RI� WKH� UHVXOWV� RI� SULQFLSDO� FRPSRQHQWV� DQDO\VLV
EDVHG�RQ�FRUUHODWLRQV�DPRQJ�DOO�YDULDEOHV�

5(68/76

6HDJUDVV�YLVXDO�FRYHU�DORQJ�WKH�WUDQVHFW

$ORQJ� WKH� ������ P� WUDQVHFW�� WKUHH� VHDJUDVV� VSHFLHV
ZHUH�REVHUYHG��)LJ������=��QROWLL�ZDV�SUHVHQW�RYHU�����P
�������RI� WKH� WUDQVHFW���=��PDULQD� RYHU�����P� �������
DQG� &�� QRGRVD� RYHU� ��� P� �������� &�� QRGRVD� ZDV� UH�
VWULFWHG�WR�RQH�VPDOO�VHFWLRQ�RI�WKH�WUDQVHFW��7KH�=RVWHUD
VSHFLHV�PRVWO\�FR�RFFXUUHG� LQ�PL[HG�FRPPXQLWLHV� ����
P�OLQHDU�FRYHUDJH��������RI�WKH�WUDQVHFW���1HDU�WKH�PD�
ULQD�GHYHORSPHQW��=��PDULQD�KDG�JUHDWHU�YLVXDO�SUHVHQFH
DQG� =�� PDULQD� EODGHV� ZHUH� IUHTXHQW� DQG� REVHUYHG� LQ
HYHU\�YLGHR� IUDPH� �)LJ����� �=1��� FRGHG�GDUN�EOXH���)XU�
WKHU� DZD\� IURP� WKH�PDULQD�� IHZHU� EODGHV� RI�=�� PDULQD
ZHUH� REVHUYHG� ZLWKLQ� WKH�=�� QROWLL�GRPLQDWHG� VHDJUDVV
EHG� �=�� PDULQD� SUHVHQW� ZLWKLQ� HDFK� EDVH� XQLW� RI� DS�
SUR[LPDWHO\� ����P�ZKLFK� HTXDOV� RQH� VHFRQG� RI� YLGHR�
EXW�QRW� LQ� HYHU\�YLGHR� IUDPH� �)LJ�� ��� �1=��� FRGHG�GDUN
JUHHQ���0RQRVSHFLILF� SDWFKHV� RI�=��PDULQD� �)LJ�� ��� �=��
FRGHG�OLJKW�EOXH�����P�DFFXPXODWLYH�FRYHUDJH�������RI
WKH� WUDQVHFW�� ZHUH� JHQHUDOO\� UDUH� DQG� RFFXUUHG� HLWKHU
QHDU� WKH� PDULQD� RU� DORQJ� D� KHDYLO\� IUHTXHQWHG� EHDFK
DUHD� �)LJ�� ����0RQRVSHFLILF� SDWFKHV� RI�=�� QROWLL� �)LJ�� ��
�1��� FRGHG� OLJKW� JUHHQ�� WRWDO� FRYHUDJH� ���� P�� ������
ZHUH�WZLFH�DV�FRPPRQ�DV�WKRVH�RI�=��PDULQD��EXW�EDVL�
FDOO\�UHVWULFWHG�WR�WKH�QDWXUDO�VLGH��ZKHUH�WKH\�ZHUH�PRVW
H[SDQVLYH� DORQJ� WKH� VDQG� EDQN� �)LJ�� ��� ORFDWHG� LQ� WKH
VRXWKZHVW� RI� WKH� VWXG\� DUHD��=��PDULQD� YLVXDO� SUHVHQFH
LQFUHDVHG� DJDLQ� �)LJ�� �� VKLIW� IURP� �1=�� WR� �=1��� LQ� WKH
DUHD�GLUHFWO\�LQIOXHQFHG�E\�D�VHDVRQDO�FUHHN�DW� WKH�YHU\
VRXWK�HQG�RI�WKH�WUDQVHFW��)LJ�����
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7DE�����'HVFULSWLRQ�RI�WKH�JHQHUDO�HQYLURQPHQW�DORQJ�WKH�WUDQVHFW��)RU�UHIHUHQFHV�ZLWK�JHRJUDSKLFDO�ORFDWLRQV�UHIHU
WR�ILJXUH���
7DE�� ���2SLV� RNROMD� Y]GROË� WUDQVHNWD��*OHGH� SRGUREQRVWL� R� JHRJUDIVNLK� ORNDFLMDK� QD� SUHXàHYDQHP� REPRàMX� JOHM
VOLNR���

*HRJUDSKLFDO�ORFDWLRQ 'HVFULSWLRQ�RI�WKH�HQYLURQPHQW

1RUWK
7UDQVHFW�ORFDWHG�ZLWKLQ�WKH�PDULQD��D�FRQFUHWHG�DUHD�WKDW�H[SHULHQFHV�UHJXODU�VPDOO
ERDW�WUDIILF�DQG�PRRULQJ��DV�ZHOO�DV�IUHVKZDWHU�GUDLQDJH�DQG�ZDVWHZDWHU�LQSXW�

1RUWKZHVW
1HDU� WUDQVHFW� HQWHUV� D� IUHVKZDWHU� FDQDO��ZKLFK� UHFHLYHV� GUDLQDJH� IURP� DJULFXOWXUDO
ILHOGV�DQG�VRPH�UHVLGHQWLDO�ZDVWH�ZDWHU��7KH�PRXWK�RI�WKH�FDQDO�LV�FKDUDFWHUL]HG�E\
GHQVH�JURZWK�RI�PDUVK�SODQWV��VXFK�DV�3KUDJPLWHV�VSS�

:HVW
7UDQVHFW�QHDU�D�ORZ�JUDGLHQW�VKDOORZ�EHDFK�DUHD�H[SHULHQFLQJ�IUHTXHQW�EDWKLQJ�DQG
ERDWLQJ�DQFKRULQJ�WUDIILF�IURP�0D\�WR�2FWREHU�

6RXWKZHVW
7UDQVHFW�IROORZV�WKH�HGJH�RI�D�VKDOORZ�VDQG�EDQN��DQ�DUHD�ZKHUH�WKH�EHQWKLF�VORSH�DW
��P�LV�KLJKHVW�

6RXWK
7UDQVHFW�HQGV�QHDU� WKH�PRXWK�RI�D� VHDVRQDO�FUHHN�RII�DQ�XQGHYHORSHG� URFN\� VKRUH
�IUHVKZDWHU�HQWHULQJ�PDLQO\�LQ�HDUO\�VSULQJ��

7DE�����6XPPDU\�RI�YDULDEOHV�UHSUHVHQWLQJ�WKH�FKDQJHV�LQ�SK\VLFDO�HQYLURQPHQW�DORQJ�WKH�WUDQVHFW��)RU�UHIHUHQFHV
ZLWK�JHRJUDSKLFDO�ORFDWLRQV�UHIHU�WR�ILJXUH���
7DE�����3RY]HWHN�SDUDPHWURY��NL�SRQD]DUMDMR�VSUHPHPEH�Y�IL]LàQHP�RNROMX�Y]GROË�WUDQVNHWD��*OHGH�SRGUREQRVWL�R
JHRJUDIVNLK�ORNDFLMDK�QD�SUHXàHYDQHP�REPRàMX�JOHM�VOLNR���

3K\VLFDO�HQYLURQPHQWDO
YDULDEOH

6XPPDU\�RI�UHVXOWV�EDVHG�RQ�PHDVXUHPHQWV

%HQWKLF�VORSH
*HQHUDOO\�ORZ��UDQJHV�IURP�����WR��������ORZHVW�YDOXHV�LQ�WKH�QRUWK�DQG�KLJKHVW� LQ
WKH�VRXWKZHVW�

6HGLPHQW�RUJDQLF�PDWWHU
FRQWHQW�DQG�ZDWHU�FRQWHQW

2UJDQLF�PDWWHU�FRQWHQW�UDQJHG�IURP�����WR��������ZDWHU�FRQWHQW�UDQJHG�EHWZHHQ���
DQG������ZLWK�KLJKHVW�YDOXHV�LQ�DQG�QHDU�WKH�PDULQD�DQG�ORZHVW�YDOXHV�LQ�WKH�VRXWK
DQG�DORQJ�WKH�VDQG�EDQN��VRXWKZHVW��
6HGLPHQW� RUJDQLF�PDWWHU� DQG�ZDWHU� FRQWHQW� ZHUH� KLJKO\� SRVLWLYHO\� FRUUHODWHG� �S�  
���[�������5�� �������

6DOLQLW\
5DQJHG�EHWZHHQ���WR����SSW�LQ�WKH�ZLQWHU�DQG����DQG����SSW�LQ�WKH�IDOO�� ,Q�WKH�IDOO
VDOLQLW\�ZDV�VLJQLILFDQWO\�KLJKHVW� LQ�WKH�FHQWHU�RI� WKH�WUDQVHFW�� LQ�ZLQWHU�VDOLQLW\�ZDV
VLJQLILFDQWO\�KLJKHVW�QHDU�WKH�QDWXUDO�VLGH��VRXWK��

'HSWK�GHSHQGHQW�ZDYH
H[SRVXUH�LQGH[

5DQJHG�EHWZHHQ������DQG������DQG� VLJQLILFDQWO\� LQFUHDVHG�ZLWK� GLVWDQFH� IURP� WKH
QRUWK�DQG�WKH�VRXWK�HQGV��EXW�ZDV�VOLJKWO\�KLJKHU�ZLWKLQ�WKH�PDULQD��������WKDQ�DW�WKH
6RXWK�HQG��������

6HDJUDVV�UHVSRQVHV�WR�WKH�SK\VLFDO�HQYLURQPHQW

0HDQ� VKRRW� GHQVLW\� RI�=�� QROWLL� ZDV� ���� VKRRWV�P�

DQG� VLJQLILFDQWO\� KLJKHU� WKDQ� WKDW� RI� =�� PDULQD� ����
VKRRWV�P���S� �����[��������=��QROWLL�VKRRW�GHQVLW\�VLJQLIL�
FDQWO\� LQFUHDVHG�ZLWK�GLVWDQFH� IURP�PDULQD� �S� �������
5�� �������)LJ�����DQG�ZDV�SRVLWLYHO\�DIIHFWHG�E\�ERWWRP
VORSH� �S� �������5�� ��������7DE������6HGLPHQW� FKDUDF�
WHULVWLFV�� OLNH�RUJDQLF�DQG�ZDWHU� FRQWHQW��KDG� D�PDUJLQ�
DOO\�QHJDWLYH�HIIHFW��ZKLOH�GLVWDQFH�WR�D�VDQGEDQN�KDG�D
PDUJLQDOO\� SRVLWLYH� HIIHFW� �7DE�� ����2Q� WKH� FRQWUDU\��=�
PDULQD�VKRRW�GHQVLW\�GHFUHDVHG�ZLWK�GLVWDQFH� IURP�PD�
ULQD� �S�  � �������� 5��  � ������ )LJ�� ���� ZDV� ORZHVW� QHDU

�DORQJVLGH�� WKH�VDQG�EDQN� �S� ���������5�� ��������DQG
ZDV�QHJDWLYHO\�DIIHFWHG�E\�EHQWKLF�VORSH��S� ��������5�

 �������7DE������=��PDULQD�VKRRW�GHQVLW\�FRUUHODWHG�SRVL�
WLYHO\�ZLWK� VHGLPHQW�RUJDQLF� FRQWHQW� �S� ���������5�� 
������DQG�ZDWHU�FRQWHQW��S� ���������5�� �������7DE�����

7KH�SK\VLFDO�HQYLURQPHQW�DORQJ�WKH�WUDQVHFW

7KH���P�LVREDWK�WUDQVHFW�UHDFKHV�QRUWK�WR�VRXWK�IURP
WKH�WRZQ�RI�3RVHGDUMH�WR�WKH�RSSRVLWH�QDWXUDO�VKRUH��)LJ�
����7DEOHV���DQG���VXPPDUL]H�DQG�GHVFULEH�FKDQJHV�RI
WKH� RYHUDOO� HQYLURQPHQW� DQG� VSHFLILF� DVSHFWV� RI� WKH
SK\VLFDO�HQYLURQPHQW�DORQJ�WKH�WUDQVHFW�
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)LJ�����6FDWWHUSORWV��UHJUHVVLRQ�OLQHV��DQG�$129$�UHVXOWV��GLVWDQFH�IURP�PDULQD��IRU�=��QROWLL�DQG�=��PDULQD�VKRRW
GHQVLWLHV��SURSRUWLRQ�RI�VHDJUDVV�WKDW�ZDV�=��PDULQD��DQG�VHGLPHQW�RUJDQLF�PDWWHU�DQG�ZDWHU�FRQWHQW�
6O�����5D]SUÉHQL�GLDJUDPL��UHJUHVLMH�LQ�UH]XOWDWL�$129(��UD]GDOMD�RG�PDULQH��]D�JRVWRWR�ÉRSRY�YUVW�=��QROWLL�LQ�=��PD�
ULQD��GHOHË�PRUVNH�WUDYH��NL�MH�ELOD�=��PDULQD��RUJDQVNH�XVHGOLQH�LQ�YVHEQRVW�YRGH�

7KH� SURSRUWLRQ� RI� VHDJUDVV� VKRZHG� WKDW� =�� PDULQD
ZDV� VLJQLILFDQWO\� FRUUHODWHG� ZLWK� WKH� VDPH� SUHGLFWRU
YDULDEOHV� DQG� LQ� WKH� VDPH�GLUHFWLRQ�DV�=��PDULQD� VKRRW
GHQVLW\��7RWDO�VKRRW�GHQVLW\�VKRZHG�OHVV�VLJQLILFDQW�FRU�
UHODWLRQV�ZLWK�DQ\�RI� WKH�SUHGLFWRU�YDULDEOHV��EXW� WKH�GL�
UHFWLRQV�RI�DOO�UHVSRQVHV�ZHUH�HTXDO�WR�WKRVH�IRU�=��QROWLL
VKRRW�GHQVLW\��,Q�D�ELSORW��)LJ���E���WKH�ILUVW�WZR�SULQFLSOH
FRPSRQHQWV�ZHUH�WKH�GLVWDQFH�IURP�WKH�PDULQD�DQG�WKH
GLVWDQFH�IURP�WKH�IUHVKZDWHU�FDQDO�RXWOHW��VHH�LQ�)LJ�����
$JDLQ��=��PDULQD� VKRRW� GHQVLW\� LV� QHJDWLYHO\� FRUUHODWHG
ZLWK�WKH�GLVWDQFH�IURP�PDULQD�DQG�WKH�IUHVKZDWHU�FDQDO�
ZKLOH� =�� QROWLL� LV� SRVLWLYHO\� FRUUHODWHG� ZLWK� WKHVH� WZR
YDULDEOHV��,Q�DGGLWLRQ��=��PDULQD�VKRZV�SRVLWLYH�FRUUHOD�
WLRQ�ZLWK�ZDYH� H[SRVXUH� DQG� QHJDWLYH� FRUUHODWLRQ�ZLWK
WKH�VORSH��ZKLOH�WKH�RSSRVLWH�LV�WUXH�IRU�=��QROWLL�

7DE�����$129$�UHVXOWV�IRU�=RVWHUD�QROWLL�VKRRW�GHQVLW\�
'I� ������6WDWLVWLFDOO\�VLJQLILFDQW�UHVXOWV�DUH�KLJKOLJKWHG
�EROG��
7DE�����5H]XOWDWL�DQDOL]H�YDULDQFH��$129$��]D�JRVWRWR
ÉRSRY�YUVWH�=RVWHUD�QROWLL��'I� ������6WDWLVWLàQR�]QDàLOQL
UH]XOWDWL�VR�SRXGDUMHQL��PDVWQH�àUNH��

=RVWHUD�QROWLL�VKRRW�GHQ�
VLW\3UHGLFWRU�YDULDEOHV

) S 5�

GLVWDQFH�IURP�PDULQD ���� ����� ����
GLVWDQFH�IURP�VDQG�EDQN ��� ����� �����
GLVWDQFH�IURP�EHDFK�DUHD ���� ���� �������
GLVWDQFH�IURP�FDQDO ���� ����� �����
ZDYH�H[SRVXUH ���� ����� �����
VDOLQLW\�IDOO ���� ���� ������
VDOLQLW\�ZLQWHU ���� ���� ������
ERWWRP�VORSH ���� ���� �����
VHGLPHQW�RUJDQLF�PDWWHU�� ���� ����� �����
VHGLPHQW�ZDWHU�FRQWHQW�� ���� ����� �����
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6HDJUDVV�LQWHUDFWLRQV

=�� PDULQD� VKRRW� GHQVLW\� ZDV� KLJKO\� QHJDWLYHO\� DQG
VLJQLILFDQWO\�FRUUHODWHG�ZLWK�=��QROWLL�VKRRW�GHQVLW\��S� ��
[��������5�� �������)LJ���D���:KHQ�DOO�SK\VLFDO�YDULDEOHV
ZHUH� FRPELQHG� LQ� D� PXOWLSOH� UHJUHVVLRQ� DQDO\VLV� �S�  
��������)� �������'I� ����������RQO\�����RI� WKH�YDULD�
WLRQ� LQ�=�� QROWLL� VKRRW� GHQVLW\� ZDV� H[SODLQHG� DQG� RQO\
IDOO�VDOLQLW\�KDG�DQ�LQGHSHQGHQW�VLJQLILFDQW�HIIHFW��$�VXE�
VHTXHQW� PXOWLSOH� UHJUHVVLRQ� DQDO\VLV� ZLWK� =�� PDULQD
VKRRW�GHQVLW\��DGGHG�DV�RQH�RI�WKH�SUHGLFWRU�YDULDEOHV��S
 � ���� [� ������ )�  � ������ 'I�  � ���� ����� VLJQLILFDQWO\� LP�
SURYHG�WKH�PRGHO��S� ������[�������)� ��������'I� ����
��� LQ� FRPSDULVRQ� WR� WKH� QHVWHG�$129$V�� 7DE�� ��� DQG
H[SODLQHG� DGGLWLRQDO� ������ RI� WKH� YDULDWLRQ�� 7KH� RQO\
SK\VLFDO�YDULDEOHV�KDYLQJ�DQ� LQGHSHQGHQW�VLJQLILFDQW�HI�
IHFW�RQ�=��QROWLL�VKRRW�GHQVLW\�ZHUH�IDOO�VDOLQLW\��SRVLWLYH��
ZDYH� H[SRVXUH� �QHJDWLYH��� VHGLPHQW� RUJDQLF� FRQWHQW
�QHJDWLYH���DQG�GLVWDQFH�IURP�D�VDQG�EDQN��QHJDWLYH��

7DE�� ��� $129$� UHVXOWV� IRU�=RVWHUD�PDULQD� VKRRW� GHQ�
VLW\��'I�  � ����� 6WDWLVWLFDOO\� VLJQLILFDQW� UHVXOWV� DUH� KLJK�
OLJKWHG��EROG��
7DE�����5H]XOWDWL�$129(�]D�JRVWRWR�ÉRSRY�YUVWH�=RVWHUD
PDULQD��'I� ������ 6WDWLVWLàQR�]QDàLOQL� UH]XOWDWL� VR�SRX�
GDUMHQL��PDVWQH�àUNH��

=RVWHUD�PDULQD�VKRRW
GHQVLW\3UHGLFWRU�YDULDEOHV

) S 5�

GLVWDQFH�IURP�PDULQD ���� ������� ����
GLVWDQFH�IURP�VDQG�EDQN ����� ������� ���
GLVWDQFH�IURP�EHDFK�DUHD ��� ����� ����
GLVWDQFH�IURP�FDQDO ���� ���� ������
ZDYH�H[SRVXUH ��� ����� �����
VDOLQLW\�IDOO ���� ���� ������
VDOLQLW\�ZLQWHU ���� ���� �����
ERWWRP�VORSH � ����� ����
VHGLPHQW�RUJDQLF
PDWWHU��

���� ������ ���

VHGLPHQW�ZDWHU�FRQWHQW�� ���� ������ ����

)LJ������D��6FDWWHUSORW��UHJUHVVLRQ�OLQH��DQG�$129$�UHVXOWV��=��PDULQD�VKRRW�GHQVLW\��IRU�=��QROWLL�VKRRW�GHQVLW\���E�
6WDQGDUG�ELSORW�RI�WKH�UHVXOWV�RI�D�SULQFLSDO�FRPSRQHQWV�DQDO\VLV��3&$��EDVHG�RQ�FRUUHODWLRQ�DPRQJ�DOO�YDULDEOHV�
/HJHQG���GLVW�� �GLVWDQFH���VDO�� �VDOLQLW\���ZDYH[�� �ZDYH�H[SRVXUH�LQGH[��]RPD� �=��PDULQD��]RQR� �=��QROWLL��GHQV
 �VKRRW�GHQVLW\��ZDWHU� �VHGLPHQW�ZDWHU�FRQWHQW��RUJDQLF� �VHGLPHQW�RUJDQLF�FRQWHQW�
6O������D��5D]SUÉHQL�GLDJUDP��UHJUHVLMD�LQ�UH]XOWDWL�$129(��JRVWRWD�ÉRSRY�YUVWH�=��PDULQD��]D�JRVWRWR�ÉRSRY�YUVWH�=�
QROWLL�� �E�� 6WDQGDUG�ELSORW�JUDILNRQ� UH]XOWDWRY� DQDOL]H� JODYQLK� NRPSRQHQW� �3&$�� VORQL� QD� NRUHODFLML� VSUHPHQOMLYN�
/HJHQGD���GLVW�� �UD]GDOMD���VDO�� �VODQRVW���ZDYH[�� �LQGHNV�L]SRVWDYOMHQRVWL�YDORYRP��]RPD� �=��PDULQD��]RQR� �=�
QROWLL��GHQV� �JRVWRWD�ÉRSRY��ZDWHU� �YVHEQRVW�YRGH�Y�VHGLPHQWX��RUJDQLF� �YVHEQRVW�RUJDQVNH�PDVH�
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%RWK� =RVWHUD� VSHFLHV� ZHUH� SUHVHQW� DQG� PRVWO\� FR�
RFFXUUHG�DORQJ�WKH�HQWLUH�WUDQVHFW��7KHUH�ZDV�QR�REYLRXV
VSDWLDO� VHJUHJDWLRQ�� DOWKRXJK� =�� QROWLL� ZDV� WKH� VSHFLHV
SUHVHQW�RYHU�D�ODUJHU�OLQHDU�GLVWDQFH�WKDQ�=��PDULQD�DQG
DW�D�KLJKHU�PHDQ�VKRRW�GHQVLW\��7KH�VKRRW�GHQVLWLHV�RI�=�
QROWLL��UDQJH��������VKRRWV�P���FRPSDUH�ZHOO�ZLWK�WKRVH
IRXQG�LQ�PL[HG�EHGV�E\�/DXJLHU�HW�DO���������LQ�D�)UHQFK
0HGLWHUUDQHDQ� ODJRRQ� �UDQJH� ��������� VKRRWV�P���� EXW
ZHUH�DQ�RUGHU�RI�PDJQLWXGH�ORZHU�WKDQ�WKRVH�IRXQG�LQ�D
PRQRVSHFLILF�=��QROWLL�EHG�LQ�D� ODJRRQ� LQ�VRXWKHUQ�3RU�
WXJDO� ������������� VKRRWV�P��� &DEDoR� HW�� DO��� ������
6LPLODUO\��=��PDULQD� VKRRW� GHQVLW\� LQ� WKH�1RYLJUDG� 6HD
�UDQJH� ������ VKRRWV�P��� ZDV� ORZHU� WKDQ� GHVFULEHG� E\
*XLGHWWL��������IURP�PRQRVSHFLILF�=��PDULQD�EHGV�LQ�WKH
QRUWKZHVWHUQ� $GULDWLF� �UDQJH� �������� VKRRWV�P���� EXW
FRPSDUHG� ZHOO� ZLWK� VKRRW� GHQVLWLHV� RI� =�� PDULQD� LQ
PL[HG�=RVWHUD�EHGV�LQ�D�FRDVWDO�ODJRRQ�LQ�)UDQFH������
����VKRRWV�P���/DXJLHU�HW�DO���������

7DE�� ���5HVXOWV� RI� D� QHVWHG� DQDO\VHV� RI� YDULDQFH� �'I�  
������� RI� =RVWHUD� QROWLL� VKRRW� GHQVLW\� ZLWK� =�� PDULQD
VKRRW�GHQVLW\�LQFOXGHG�DV�RQH�RI�WKH��RWKHUZLVH�SK\VLFDO
HQYLURQPHQWDO�� SUHGLFWRU� YDULDEOHV�� 6WDWLVWLFDOO\� VLJQLIL�
FDQW�UHVXOWV�DUH�KLJKOLJKWHG��EROG��
7DE�� ��� 5H]XOWDWL� YJQH]GHQH� DQDOL]H� YDULDQFH� �'I�  
�������JRVWRWH�ÉRSRY�YUVWH�=RVWHUD�QROWLL��NMHU�MH�JRVWRWD
ÉRSRY� YUVWH� =�� PDULQD� YNOMXàHQD� NRW� HQD� L]PHG� �VLFHU
IL]LàQR�RNROMVNLK��SUHGLNWRUVNLK�SDUDPHWURY�� 6WDWLVWLàQR
]QDàLOQL�UH]XOWDWL�VR�SRXGDUMHQL��PDVWQH�àUNH��

=��QROWLL�VKRRW�GHQVLW\
3UHGLFWRU�YDULDEOHV

HVWLPDWH W S
=��PDULQD�VKRRW�GHQ�
VLW\

����� ����� ����[����

GLVWDQFH�IURP�PDULQD ����� ���� ����
GLVWDQFH�IURP�VDQG
EDQN

����� ���� �����

GLVWDQFH�IURP�EHDFK
DUHD

������ ����� ����

GLVWDQFH�IURP�FDQDO ���� ���� ����
ZDYH�H[SRVXUH �������� ����� �����
VDOLQLW\�� ������� ����� �����
VDOLQLW\�� ������� ����� ����
ERWWRP�VORSH �������� ����� ����
VHGLPHQW�RUJDQLF
PDWWHU��

������� ����� �����

VHGLPHQW�ZDWHU�FRQ�
WHQW��

������� ���� ����

,Q� DJUHHPHQW� ZLWK� WKH� WZR� VSHFLHV¤� GHVFULSWLRQ
ZRUOGZLGH��=��PDULQD�ZDV�WKH�ODUJHU�VSHFLHV��ZLWK�ORQJHU
DQG�EURDGHU�OHDYHV��DQG�WKXV�D�ODUJHU�PHDQ�OHDI�DUHD��=�
QROWLL�������PP���=��PDULQD�������PP���S� �����[��������

DOVR�LQGLFDWLQJ�D�ODUJHU�ELRPDVV�SHU�VKRRW�� ,QGLYLGXDOO\�
SK\VLFDO�YDULDEOHV� VXFK�DV� VDOLQLW\��ZDYH�H[SRVXUH��DQG
ERWWRP� VORSH� H[SODLQHG� QRQH� RU� RQO\� YHU\� OLWWOH� RI� WKH
YDULDWLRQ�LQ�VKRRW�GHQVLW\�RI�=��PDULQD� ��������7DE����
DQG�=��QROWLL� �������7DE������ZKLOH� VHGLPHQW�FKDUDFWHU�
LVWLFV� GLG� VR� WR� D� ODUJHU� H[WHQW� �=��PDULQD�� ��������=�
QROWLL�� ������ 7DEV�� �� DQG� ����=��PDULQD� ZDV� SRVLWLYHO\
DIIHFWHG�E\�ILQHU�VHGLPHQWV�ZLWK�KLJKHU�RUJDQLF�DQG�ZD�
WHU� FRQWHQW�� ZKLOH� WKH� RSSRVLWH� ZDV� WUXH� IRU� =�� QROWLL�
&DQLJOLD�HW�DO���������VKRZHG�D�VLPLODU�GLVWULEXWLRQ�RI�=�
PDULQD�DQG�=��QROWLL�LQ�WKH�9HQLFH�ODJRRQ�EDVHG�RQ�JUDLQ
VL]H�� =�� QROWLL� RFFXUUHG� RQ� FRDUVH� WH[WXUHG� VHGLPHQW
�VDQG��� ZKLOH� =�� PDULQD� LQKDELWHG� ILQHU� VXEVWUDWH� ZLWK
KLJKHU�RUJDQLF�FRQWHQW�

=��PDULQD�UHDFKHG�KLJKHVW�VKRRW�GHQVLW\��DQG�KLJKHVW
UHODWLYH� DEXQGDQFH� QHDU� WKH� PDULQD�� 7KLV� LV� FRQVLVWHQW
ZLWK� WKH� K\SRWKHVLV� WKDW� WKH� PDULQD� HQYLURQPHQW� LQ�
FUHDVHG� WKH� FRPSHWLWLYH� DELOLW\� RI�=��PDULQD�ZLWKLQ� WKH
PL[HG�=RVWHUD�EHG��7KH�WDOOHU�=��PDULQD�PD\�KDYH�EHHQ
WKH�EHWWHU�FRPSHWLWRU�LQ�D�ORZ�OLJKW�HQYLURQPHQW�DVVRFL�
DWHG� ZLWK� IUHTXHQW� VHGLPHQW� UH�VXVSHQVLRQ� �PXGGLHU
VHGLPHQW�� PRUH� IUHTXHQW� GLVWXUEDQFH��� FRQGLWLRQV� WKDW
FRXOG�KDYH� UHVXOWHG� LQ�ZKDW�ZH�REVHUYHG��ERWK� VSHFLHV
JUHZ�WDOOHVW�VKRRWV�ZLWKLQ�DQG�QHDU�WKH�PDULQD��GDWD�QRW
VKRZQ��� ,Q�FRQWUDVW� WR�=��PDULQD��=��QROWLL� VKRRW�GHQVLW\
ZDV�KLJKHVW�RXWVLGH�WKH�PDULQD�ZKHUH�=��PDULQD�ZDV�DE�
VHQW� RU� YHU\� VSDUVH�� 7KH� VWURQJ� QHJDWLYH� FRUUHODWLRQ� RI
WKH� WZR�=RVWHUD� VSHFLHV¤� VKRRW� GHQVLWLHV� FRXOG� EH� HYL�
GHQFH�IRU�FRPSHWLWLRQ��WKH\�H[SODLQHG�D�KLJKHU�SHUFHQW�
DJH�RI�YDULDWLRQ�WKDQ�DQ\�RWKHU�SUHGLFWRU�YDULDEOH�WHVWHG�
DQG�KDG�DQ�HIIHFW�ZLWK� IDU�KLJKHU� VWDWLVWLFDO� VLJQLILFDQFH
WKDQ�DQ\�RI� WKH�RWKHU�SK\VLFDO�YDULDEOHV� LQ� WKH�PXOWLSOH
UHJUHVVLRQ� �7DE�� ����:H� FRQFOXGH� WKDW�=�� QROWLL� EHGV� RI
WKH�1RYLJUDG� 6HD� DUH� OLNHO\� WR� EH� VXFFHVVIXOO\� LQYDGHG
E\�=��PDULQD�LQ�DUHDV�ZKHUH�VHGLPHQWV�KDYH�D�KLJKHU�RU�
JDQLF� DQG� ZDWHU� FRQWHQW� DQG�RU� H[SHULHQFH� PRUH� PH�
FKDQLFDO�GLVWXUEDQFH��ZDYH�H[SRVXUH�DQG�PRUH�IUHTXHQW
DQWKURSRJHQLF� WUDIILF��� +HUH� =�� PDULQD� PD\� EH� EHWWHU
VXLWHG�WR�WROHUDWH�PHFKDQLFDO�VWUHVV�E\�PHDQV�RI�GHHSHU
DQG�ODUJHU�UKL]RPHV�WKDW�DUH�PRUH�OLNHO\�WR�UHPDLQ�DIWHU
D�VHYHUH�GLVWXUEDQFH��H�J��DQFKRULQJ��DOORZLQJ�IRU�TXLFN
UH�JURZWK� RI� QHZ� VKRRWV�� 7KH� RFFXUUHQFHV� RI� VPDOO
PRQRVSHFLILF�=��PDULQD�SDWFKHV�PD\�EH�WKH�GLUHFW�UHVXOW
RI� VXFK� GLVWXUEDQFHV��=�� QROWLL� DSSHDUV� WR� EH� WKH� EHWWHU
FRPSHWLWRU� RQ� FRDUVHU� DQG� OHVV� GLVWXUEHG� VHGLPHQWV�
ZKHUH� LWV�KLJK� VKRRW�GHQVLW\�PD\�SUHYHQW� WKH�HVWDEOLVK�
PHQW� RI� =�� PDULQD� VKRRWV�� $PRQJ� VSHFLHV� ZLWK� D� VHD�
VRQDO� JURZWK�SDWWHUQ�� WKH� VPDOOHU� VSHFLHV� DUH� NQRZQ� WR
VKRZ�IDVWHU�LQFUHDVH�LQ�VKRRW�GHQVLW\�WKDQ�ODUJHU�VSHFLHV
�0DUED� HW� DO��� ������� 2XU� ILQGLQJV� FRUURERUDWH� WKH� GH�
VFULSWLRQ� RI�=�� QROWLL� DV� WKH� VSHFLHV� WROHUDWLQJ� KLJK� DQG
ORZ�HQHUJ\�HQYLURQPHQWV�DQG�D�EURDG�UDQJH�RI�VDOLQLWLHV
LQ�WKH�$GULDWLF��GHQ�+DUWRJ���������2XU�UHVXOWV��KRZHYHU�
VRPHZKDW�FRQWUDGLFW�WKH�ILQGLQJ�WKDW�=��PDULQD�UHTXLUHV
SURWHFWHG� DUHDV� �*XLGHWWL�� ������� 0RVW� UHODWLYHO\� ZDYH
SURWHFWHG� DUHDV� LQ� $GULDWLF� ED\V� DUH� DFWXDOO\� XQGHU� DQ�
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WKURSRJHQLF� XVH�� DQG� H[SHULHQFH� ERDW� WUDIILF� DQG� UHVL�
GHQWLDO�GUDLQDJH�FDUU\LQJ�RUJDQLF�SDUWLFOHV�DQG�VHGLPHQW�
ZKLFK�FRPELQHG�UHVXOW�LQ�ORZHUHG�OLJKW�DWWHQXDWLRQ�WKDW
FRXOG�WKHQ�EH�WKH�PRUH�GLUHFW�FDXVH�RI�=��PDULQD�EHLQJ
DEOH�WR�LQYDGH�RU�HYHQ�UHSODFH�=��QROWLL��)XWXUH�UHVHDUFK
VKRXOG�DGGUHVV�WKH�PHFKDQLVPV�DOORZLQJ�FRH[LVWHQFH�RI
WKH� WZR� VSHFLHV� RQ� WKH� VFDOH� RI� FHQWLPHWUHV� DFURVV� WKH
ZLGH�UDQJH�RI�SK\VLFDO�FRQGLWLRQV�REVHUYHG�LQ�WKLV�VWXG\�

$&.12:/('*(0(176

:H� WKDQN� WKH� 8QLYHUVLW\� RI� =DGDU�� 'HSDUWPHQW� RI
0DULWLPH�6FLHQFH��DQG�WKH�(UQVW�0RULW]�$UQGW�8QLYHUVLWlW

*UHLIVZDOG�� %LRORJLVFKH� 6WDWLRQ� +LGGHQVHH�� IRU� WKHLU
VXSSRUW��7KLV�SURMHFW�ZDV� ILQDQFLDOO\�VXSSRUWHG�E\�D� UH�
VHDUFK� JUDQW� IURP� WKH� &URDWLDQ� 0LQLVWU\� RI� 6FLHQFH� IRU
3URMHFW� ����������������� WR� 6�6��� 0RQLWRULQJ� DQG
HFRORJ\�RI�EHQWKLF�FRPPXQLWLHV�RI�WKH�&URDWLDQ�$GULDWLF�
:H� DOVR� WKDQN� 7DWMDQD� %DNUDQ�3HWULFLROL� DQG� ËHOMND�9L�
GDNRYLß�&LIUHN�� 8QLYHUVLW\� RI� =DJUHE�� IRU� LQYLWLQJ� XV� WR
XVH� HTXLSPHQW� LQ� WKHLU� ODERUDWRULHV�� )XUWKHUPRUH� ZH
WKDQN� WKH� 0HWHRURORJLFDO� DQG� +\GURORJLFDO� 6HUYLFH� RI
WKH�5HSXEOLF�RI�&URDWLD�IRU�SURYLGLQJ�ZLQG�YHORFLW\�DQG
IUHTXHQF\� GDWD�� DQG� 0DÊD� ÉXULá�� 8QLYHUVLW\� RI� =DGDU�
'HSDUWPHQW�RI�*HRJUDSK\��IRU�KHOSLQJ�XV�DSSO\LQJ�WKHVH
GDWD�

'2.$=,�2�7(.029$/1267,�0('�0256.,0,�75$9$0,�9�/$*81,�65('1-(*$
-$'5$1$��+59$É.$�

&ODXGLD�.586&+(/��6WHZDUW�7��6&+8/7=�	�0HOLWD�%$&$/-$
8QLYHUVLW\�RI�=DGDU��'HSDUWPHQW�RI�0DULWLPH�6FLHQFHV��+5�������=DGDU��0��3DYOLQRYLFD�EE��&URDWLD

(�PDLO��FODXGLD#FODXGLDNUXVFKHO�FRP

6YHQ�'$+/.(
8QLYHUVLW\�RI�*UHLIVZDOG��%LRORJLVFKH�6WDWLRQ�+LGGHQVHH��'�������.ORVWHU���+LGGHQVHH��%LRORJHQZHJ�����*HUPDQ\

329=(7(.

$YWRUML�ßODQND�VR�QD�L]REDWQHP�WUDQVHNWX�Y�1RYLJUDMVNHP�PRUMX��+UYDÈND��VUHGQML�-DGUDQ��QDÈOL�GRND]H�R�WHNPR�
YDOQRVWL�PHG�VRELYDMRßLPD�PRUVNLPD�WUDYDPD�=RVWHUD�QROWLL�LQ�=��PDULQD��7UDQVHNW� MH�YNOMXßHYDO�UD]YLWD��PDULQD�� LQ
QHUD]YLWD�REPRßMD�REUHÊQHJD�SDVX��3RNULWRVW�V�SRVDPH]QLPD�YUVWDPD�PRUVNH�WUDYH�MH�ELOD�XJRWRYOMHQD�V�SRGYRGQR
YLGHRJUDILMR�'*36��PHGWHP�NR�MH�ELOD�JRVWRWD�SRJDQMNRY�RFHQMHQD�QD�RVQRYL�SULPHUNRY��NL�VR�MLK�QDEUDOL�SRWDSOMDßL�
,]ND]DOR�VH�MH��GD�VH�YUVWL�QD�RNROMH�RG]LYDWD�SRYVHP�GUXJDßH��PHGWHP�NR�VWD�VH�SRNURYQRVW�LQ�JRVWRWD�ÈRSRY�YUVWH�=�
PDULQD� ]PDQMÈHYDOL�]� UD]GDOMR�RG�PDULQH�� VWD� VH�SRNURYQRVW� LQ�JRVWRWD� ÈRSRY�YUVWH�=�QROWLL� SRYHßHYDOL�� 3URVWRUVNR
UD]ÈLUMHQRVW�YUVW�MH�ELOR�PRJRßH�Y�SUHFHM�YHßML�PHUL�SRMDVQLWL�]�Y]DMHPQLP�GHORYDQMHP�LQ�YSOLYDQMHP�GYHK�YUVW�NRW�SD
]� RNROMVNL� SDUDPHWUL�� 6NOHS� DYWRUMHY� MH� ELO�� GD� MH� WHNPRYDOQRVW� PHG� GYHPD� YUVWDPD� SRJODYLWQL� SURFHV�� NL� GRORßD
UD]ÈLUMHQRVW�REHK�YUVW�L]�URGX�=RVWHUD�Y�1RYLJUDMVNHP�PRUMX�

.OMXÞQH�EHVHGH��=RVWHUD��WHNPRYDOQRVW�PHG�PRUVNLPL�WUDYDPL��RNROMVNL�SDUDPHWUL��'*36�YLGHRJUDILMD��-DGUDQ

5()(5(1&(6

&DEDlR��6���5�� 6DQWRV�	�&��0��'XDUWH� �������� 7KH� LP�
SDFW� RI� VHGLPHQW� EXULDO� DQG� HURVLRQ� RQ� VHDJUDVV�� $� UH�
YLHZ��(VW��&RDVW��6KHOI�6FL������������������
&DQLJOLD��*���6��%RUHOOD�	�%��&DUSHQH� ��������'LVWULEX�
WLRQ�RI�6HD�JUDVVHV�=RVWHUD�PDULQD�/���=RVWHUD�QROWLL�+RU�
QHP��� &\PRGRFHD� QRGRVD� 8FUHD� $VFK�� LQ� 9HQLFH� OD�
JRRQ��/DY��6RF��9HQHFLDQD�6FL��1DW���������������

&KDUSHQWLHU��$��� 3��*ULOODV�� )�� /HVFX\HU�� (�� &RXOHW�	� ,�
$XE\� �������� 6SDWLR�WHPSRUDO� G\QDPLFV� RI� D� =RVWHUD
QROWLL�GRPLQDWHG�FRPPXQLW\�RYHU�D�SHULRG�RI�IOXFWXDWLQJ
VDOLQLW\�LQ�D�VKDOORZ�ODJRRQ��VRXWKHUQ�)UDQFH��(VW��&RDVW�
6KHOI�6FL���������������
'DXZDOWHU�� '�� &��� :�� /�� )LVKHU� 	� .�� &�� %HOW� �������
0DSSLQJ� 6WUHDP� +DELWDWV� ZLWK� D� *OREDO� 3RVLWLRQLQJ
6\VWHP��$FFXUDF\��3UHFLVLRQ��DQG�&RPSDULVRQ�ZLWK�7UD�
GLWLRQDO�0HWKRGV��(QYLURQ��0DQDJH�������������������
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GH�%RHU��:��)����������6HDJUDVV���VHGLPHQW�LQWHUDFWLRQV�
SRVLWLYH� IHHGEDFNV� DQG� FULWLFDO� WKUHVKROGV� IRU� RFFXU�
UHQFH��D�UHYLHZ��+\GURELRORJLD������������
GHQ� +DUWRJ�� &�� �������� 7KH� 6HDJUDVVHV� RI� WKH� :RUOG�
1RUWK�+ROODQG��$PVWHUGDP������S�
'XDUWH��&��0��	�-��.DOII� �������� ,QIOXHQFH�RI� ODNH�PRU�
SKRORJ\�RQ� WKH� UHVSRQVH�RI� VXEPHUJHG�PDFURSK\WHV� WR
VHGLPHQW�IHUWLOL]DWLRQ��&DQ��-��)LVK��$TXDW��6FL�����������
����
)RXUTXUHDQ��-��:���*��9��1��3RZHOO��:�� -��.HZRUWK\�	
&�� =LHPDQ� �������� 7KH� (IIHFW� RI� /RQJ�7HUP�0DQLSXOD�
WLRQV� RI� 1XWULHQW� 6XSSO\� RQ� &RPSHWLWLRQ� EHWZHHQ� WKH
6HDJUDVVHV�7KDOODVVLD�WHVWXGLXP�DQG�+DORGXOH�ZULJKWLL�LQ
)ORULGD�%D\��2LNRV�����������������
*RRJOH�(DUWK������������KWWS���HDUWK�JRRJOH�FRP
*XLGHWWL��3�� ��������7HPSRUDO�G\QDPLFV�RI�=RVWHUD�PD�
ULQD�/��RII� WKH�/DJRRQ�RI�*UDGR� �1RUWKHUQ�$GULDWLF�6HD�
,WDO\���%RW��0DU������������������
+RRWVPDQV��0��-��0��� -��(��9HUPDDW�	�:��YDQ�9LHUVVHQ
�������� 6HHG�EDQN�GHYHORSPHQW��JHUPLQDWLRQ�DQG�HDUO\
VHHGOLQJ�VXUYLYDO�RI�WZR�VHDJUDVV�VSHFLHV�IURP�WKH�1HWK�
HUODQGV�� =RVWHUD� PDULQD� /�� DQG� =RVWHUD� QROWLL� +RUQHP�
$TXDW��%RW���������������
.RFK�� (��:�� �������� %H\RQG� OLJKW�� SK\VLFDO�� JHRORJLFDO
DQG� JHRFKHPLFDO� SDUDPHWHUV� DV� SRVVLEOH� VXEPHUVHG
DTXDWLF� YHJHWDWLRQ� KDELWDW� UHTXLUHPHQWV�� (VWXDULHV�� ���
�����
.UDXVH�-HQVHQ��'���0��)��3HGHUVHQ�	�.�� -HQVHQ� �������
5HJXODWLRQ� RI� HHOJUDVV� �=RVWHUD� PDULQD�� FRYHU� DORQJ
GHSWK�JUDGLHQWV� LQ�'DQLVK�FRDVWDO�ZDWHUV�� (VWXDULHV�����
��������
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