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0LFURVDWHOOLWHV�ZHUH�DSSOLHG�WR�FRQILUP�WKH�YDULHWDO�LGHQWLW\�RI�WKLUWHHQ�ROLYH�VDPSOHV�IURP�D�SULYDWH�QXUVHU\��$OOHOLF
SURILOHV�RI�VDPSOHV�ZHUH�FRPSDUHG� WR�JHQRW\SHG� UHIHUHQFH�YDULHWLHV� IURP� WKUHH�ROLYH�JHUPSODVP�FROOHFWLRQV��*HQR�
W\SLQJ�GDWD�RI�WZR�PLFURVDWHOOLWH�ORFL��VVU2H8$�'&$��DQG�VVU2H8$�'&$����DOORZHG�GLVFULPLQDWLRQ�RI�WHQ�ROLYH�VDP�
SOHV� DQG� WKH� LGHQWLILFDWLRQ� RI� VL[� ROLYH� YDULHWLHV� �.RUHQHLNL��0DQDNL�� 7VRXQDWL�� .DODPRQ��$VFRODQD� 7HQHUD�� 3LFXDO��
0LVODEHOOLQJ�RI�WZR�ROLYH�DFFHVVLRQV��0DQ]DQLOOD�GH�6HYLOOD��&RUDWLQD��ZDV�REVHUYHG�DQG�WKH�ODFN�RI�UHIHUHQFH�YDULHWLHV
1RVWUDQD�%LWRQWLQD�DQG�0LORHOLD�KLQGHUHG� WKH� LGHQWLILFDWLRQ�RI� WZR�DFFHVVLRQV� IURP� WKH�QXUVHU\��$FFHVVLRQV�GHQRPL�
QDWHG�DV�0LORHOLD�DQG�*DLGXURHOLD�ZHUH�RI�LGHQWLFDO�JHQRW\SH��'LIIHUHQW�DOOHOLF�SURILOHV�RI�WKH�)UDQWRLR�UHIHUHQFH�YDULHW\
ZHUH�REVHUYHG� IURP� WZR�QDWLRQDO�ROLYH�JHUPSODVP�FROOHFWLRQV��0LFURVDWHOOLWHV�ZHUH� IRXQG� WR�EH�D�YDOXDEOH� WRRO� IRU
YDULHWDO�LGHQWLW\�FRQILUPDWLRQ��LQ�QXUVHULHV�DV�ZHOO�DV�IRU�VFUHHQLQJ�DQG�PDQDJLQJ�ROLYH�JHUPSODVP�FROOHFWLRQV�

.H\�ZRUGV��2OHD�HXURSDHD�/���PLFURVDWHOOLWHV��LGHQWLILFDWLRQ��YDULHW\
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0LFURVDWHOOLWL�VRQR�VWDWL�DSSOLFDWL�SHU�FRQIHUPDUH�O¢LGHQWLWi�GHOOH�YDULHWi�GL�WUHGLFL�FDPSLRQL�G¢ROLYR�SURYHQLHQWL�GD
XQ�YLYDLR�SULYDWR�� ,�SURILOL�DOOHOLFL� VRQR�VWDWL�FRQIURQWDWL�FRQ� OH�YDULHWi�JHQRWLSL]]DWH�GL� ULIHULPHQWR�GHULYDQWL� GD� WUH
EDQFKH�JHQHWLFKH�� /D� JHQRWLSL]]D]LRQH� VX� GXH� ORFXV�PLFURVDWHOOLWDUL� �VVU2H8$�'&$�� H� VVU2H8$�'&$���� KD� UHVR
SRVVLELOH� OD� VHSDUD]LRQH� GL� GLHFL� FDPSLRQL� GL� ROLYR� H� O
LGHQWLILFD]LRQH� GL� VHL� YDULHWi� �.RUHQHLNL��0DQDNL�� 7VRXQDWL�
.DODPRQ��$VFRODQD�7HQHUD��3LFXDO���*OL�DXWRUL�KDQQR�YHULILFDWR�FKH�GXH�GHL�FDPSLRQL�VRQR�VWDWL�FRQWUDVVHJQDWL�HUUR�
QHDPHQWH��0DQ]DQLOOD�GH�6HYLOOD��&RUDWLQD���PHQWUH�FDXVD�OD�PDQFDQ]D�GL�YDULHWi�GL�ULIHULPHQWR�GL�1RVWUDQD�%LWRQWLQD
H�0LORHOLD�QRQ�o�VWDWR�SRVVLELOH�LGHQWLILFDUH�GXH�FDPSLRQL�GHO�YLYDLR��/
DQDOLVL�GHL�FDPSLRQL�GHOOH�YDULHWi�0LORHOLD�H
*DLGXURHOLD�KD�HYLGHQ]LDWR�XQ�JHQRWLSR� LGHQWLFR�� ,Q�FDPSLRQL�GHOOD�YDULHWi�GL� ULIHULPHQWR�)UDQWRLR�SURYHQLHQWL� GD
GXH�EDQFKH�QD]LRQDOL�JHQHWLFKH�VRQR�VWDWL�ULVFRQWUDWL�GLIIHUHQWL�SURILOL�DOOHOLFL��,�PLFURVDWHOOLWL�VL�VRQR�ULYHODWL�VWUXPHQWL
DSSURSULDWL�SHU� OD�FRQIHUPD�GHOO
LGHQWLWi�GHOOH�YDULHWi�SURYHQLHQWL�GD�YLYDL�H�SHU� OD�YHULILFD�GHOOH� IRQWL�JHQHWLFKH�GL
ROLYR�SURYHQLHQWL�GDOOH�EDQFKH�

3DUROH�FKLDYH��2OHD�HXURSDHD�/���PLFURVDWHOOLWL��LGHQWLILFD]LRQH��YDULHWj
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7KH� ROLYH� WUHH� LV� RQH� RI� WKH� ROGHVW� FXOWLYDWHG� IUXLW
VSHFLHV� LQ� WKH�0HGLWHUUDQHDQ�%DVLQ� DQG� WKH� SURGXFWLRQ
RI�ROLYH�RLO� LV�RI�JUHDW� HFRQRPLF� LPSRUWDQFH� IRU� WKH� UH�
JLRQ��7KH�ROLYH�RLO�LQGXVWU\��QXUVHULHV�DQG�ROLYH�JURZHUV
DUH� DOO�YHU\� LQWHUHVWHG� LQ� DQ�DFFXUDWH� LGHQWLILFDWLRQ� V\V�
WHP�RI�ROLYH�YDULHWLHV��VLQFH�D�FKRLFH�RI�YDULHWDO�VWUXFWXUH
VLJQLILFDQWO\� FRQWULEXWHV� WR� WKH� TXDOLW\� RI� RLO� SURGXFHG�
2OLYH� LV� D� YHJHWDWLYHO\� SURSDJDWHG� SODQW� DQG� WKHUH� DUH
PRUH�WKDQ�������ROLYH�YDULHWLHV�XQGHU�FXOWLYDWLRQ��ZKLFK
KDYH� RULJLQDWHG� IURP� VHOHFWLRQV�PDGH� E\� JURZHUV� RYHU
PDQ\� FHQWXULHV� �5XJLQL� 	� %DOGRQL�� ������� 7KH� LGHQWLIL�
FDWLRQ�RI�YDULHWLHV� LV�KLQGHUHG�DQG�XQFHUWDLQ�GXH� WR� WKH
ORQJ�MXYHQLOH�VWDJH�RI�WKH�ROLYH�WUHH��WKH�SUHVHQFH�RI�GLI�
IHUHQW� W\SHV�DQG�FORQHV�DQG� WKH�XVH�RI�PDQ\�V\QRQ\PV
DQG�KRPRQ\PV��&RUUHFW� LGHQWLILFDWLRQ�RI� ROLYH� YDULHWLHV
LV�LPSRUWDQW�HVSHFLDOO\�LQ�QXUVHULHV�LQ�ZKLFK�KLJK�\LHOG�
LQJ� FORQHV� DUH� SURSDJDWHG�� 7R� SUHYHQW� PLVODEHOOLQJ� RI
SODQWV�� GHWHUPLQLQJ� WKH� LGHQWLW\� RI� WKH�PRWKHU� SODQWV� LV
QHFHVVDU\� EHIRUH� EHJLQQLQJ� FORQH� SURSDJDWLRQ�� 7KH
PDQDJHPHQW�DQG�FHUWLILFDWLRQ�RI�ROLYH�SODQWLQJ�PDWHULDO
WKHUHIRUH� UHTXLUHV� WKH� DSSOLFDWLRQ� RI� D� IDVW� DQG� UHOLDEOH
PHWKRG�RI� LGHQWLI\LQJ� FXOWLYDWHG� JHQRW\SHV�� SDUWLFXODUO\
DW� WKH�QDWLRQDO� DQG� UHJLRQDO� OHYHOV�� 7KH� LQWURGXFWLRQ�RI
QHZ�PHWKRGRORJLHV� LQWR� WKH� ROLYH� FHUWLILFDWLRQ� VFKHPH
ZLOO� DFFHOHUDWH� DQG� RSWLPLVH� WKH� LGHQWLILFDWLRQ� SURFHVV�
E\� DOORZLQJ� WKH� ILQJHUSULQWLQJ� RI� HDFK� JHQRW\SH� DW� DQ\
GHYHORSPHQWDO� VWDJH� DQG� LQGHSHQGHQWO\� RI� HQYLURQ�
PHQWDO�IDFWRUV�

&ODVVLFDO�DSSURDFKHV� IRU�GLVFULPLQDWLQJ�DPRQJ�ROLYH
YDULHWLHV� DUH� EDVHG� RQ� SKHQRW\SLF� REVHUYDWLRQ� DQG� GH�
VFULSWLRQ� RI� PRUSKRORJLFDO� PDUNHUV�� 7KH� OLPLWDWLRQV� RI
WKHVH� PDUNHUV�� ZKLFK� KDPSHU� WKHLU� XVH� LQ� D� UHOLDEOH
LGHQWLILFDWLRQ� SURFHVV�� DUH�� VWURQJ� LQIOXHQFH� RI� HQYLURQ�
PHQWDO� IDFWRUV� DQG� FXOWLYDWLRQ� FRQGLWLRQV�� VXEMHFWLYH
HYDOXDWLRQ� RI� PDUNHUV�� DQG� WKH� WLPH� UHTXLUHG� IRU� WKH
DQDO\VLV��%\�GHYHORSLQJ�ELRFKHPLFDO�PDUNHUV��VWUXFWXUDO
JHQH� SURGXFWV� VXFK� DV� LVR]\PHV�ZHUH� ILUVW� VXFFHVVIXOO\
DSSOLHG� LQ� YDULHWDO� LGHQWLILFDWLRQ� �7UXMLOOR� HW� DO��� ������
0RUH� UHFHQWO\�� 3&5�EDVHG� WHFKQLTXHV� KDYH� EHHQ� LQWUR�
GXFHG� DQG� WKH� ILUVW� 5$3'�PDUNHUV� KDYH� EHHQ� XVHG� IRU
WKH� PROHFXODU� FKDUDFWHUL]DWLRQ� DQG� GLVFULPLQDWLRQ� RI
ROLYH� YDULHWLHV� �*DQLQR� HW� DO��� ������� $)/3V� KDYH� DOVR
EHHQ� UHSRUWHG� DV� DQ� DSSOLFDEOH� PDUNHU� V\VWHP� LQ� WKH
YDULHWDO� LGHQWLILFDWLRQ� SURFHVV� DQG� WKHVH�PDUNHUV� VHHPV
WR�EH�PRUH�VXLWDEOH�IRU�JHQRW\SLQJ�ROLYH�YDULHWLHV� �%HODM
HW� DO��� ������� EXW� WKH� GHYHORSPHQW� RI� PLFURVDWHOOLWH
PDUNHUV� LQ� ROLYHV� �5DOOR�HW� DO��� ������ 6HIF� HW� DO��� �����
&DUULHUR�HW�DO���������&LSULDQL�HW�DO���������KDV�SURYLGHG
DQ�LPSURYHG�DSSURDFK�IRU�YDULHWDO�LGHQWLILFDWLRQ��%DQGHOM
HW� DO��� ������ /RSHV�HW� DO��� ������� &RPSDUHG�ZLWK� RWKHU
'1$� ILQJHUSULQWLQJ� WHFKQLTXHV�� PLFURVDWHOOLWHV� DUH� H[�
WUHPHO\� SRO\PRUSKLF�� DQG� WKH\� KDYH� WKH� SRWHQWLDO� IRU
SURYLGLQJ�XQLTXH�ILQJHUSULQWV�IRU�HDFK�GLVWLQFW�JHQRW\SH�
D�XVHIXO�PHDQV�RI�LGHQWLI\LQJ�GLIIHUHQW�YDULHWLHV�

7KH�DLP�RI�WKLV�SDSHU�ZDV�WR�WHVW�WKH�DSSOLFDELOLW\�RI
PLFURVDWHOOLWH�PDUNHUV� LQ� LGHQWLI\LQJ� ROLYH� WUHHV� EHORQJ�
LQJ�WR�D�VHW�RI�*UHHN��6SDQLVK�DQG�,WDOLDQ�ROLYH�YDULHWLHV
DQG�WR�FRQILUP�WKH�JHQHWLF�LGHQWLW\�RI� WKH�PRWKHU�SODQWV
LQ�WKH�QXUVHU\�IRU�SURSDJDWLRQ�SXUSRVH�

0$7(5,$/6�$1'�0(7+2'6

3ODQW�PDWHULDO

7KLUWHHQ� ROLYH� VDPSOHV� IURP� *UHHFH� �.RUHQHLNL� ��
0DQDNL�� .DODPRQ�� 0LORHOLi�� 7VXQDWL�� *DLGXURHOLi�� .R�
UHQHLNL�����6SDLQ��0DQ]DQLOOD�GH�6HYLOOD��3LFXDO��DQG�,WDO\
�)UDQWRLR�)V�����1RVWUDQD�%LWRQWLQD��&RUDWLQD��$VFRODQD
7HQHUD��LQFOXGHG�LQ�D�JHQRW\SLQJ�DQDO\VLV�ZHUH�SURYLGHG
E\�D�SULYDWH�QXUVHU\��2OLYH�YDULHWLHV�XVHG�LQ�WKH�DQDO\VLV
DV� £UHIHUHQFH¤� IRU�YDULHWDO� LGHQWLILFDWLRQ�DQG�FRPSDULVRQ
ZHUH� REWDLQHG� IURP� WKH�:RUOG�2OLYH�*HUPSODVP�%DQN
RI� &RUGRED� �6SDLQ��� WKH� 3ODQW� 3URWHFWLRQ� ,QVWLWXWH� RI
7KHVVDORQLNL�$JULFXOWXUDO� 5HVHDUFK� 6WDWLRQ� RI� .KDONLGLNL
�*UHHFH�� DQG� WKH� QDWLRQDO� ROLYH� FROOHFWLRQ� RI� 6WUXQMDQ
�6ORYHQLD���2OLYH�DFFHVVLRQV�DQG�UHIHUHQFH�YDULHWLHV�XVHG
LQ�PLFURVDWHOOLWH�DQDO\VLV�DUH�OLVWHG�LQ�7DEOH���

'1$�LVRODWLRQ�DQG�DPSOLILFDWLRQ�RI�PLFURVDWHOOLWHV

2OLYH�'1$�H[WUDFWLRQ�E\�D�PRGLILHG�&7$%�PHWKRG
DQG� DPSOLILFDWLRQ� RI� PLFURVDWHOOLWHV� ZLWK� IOXRUHVFHQFH�
EDVHG� GHWHFWLRQ� ZDV� SHUIRUPHG� DV� SUHYLRXVO\� UHSRUWHG
E\�%DQGHOM�HW�DO�������D���7ZR�SULPHU�SDLUV�IRU�ROLYH�PL�
FURVDWHOOLWH� ORFL� VVU2H8$�'&$�� DQG� VVU2H8$�'&$��
�6HIF�HW�DO���������ZHUH�UHGHVLJQHG�E\�DGGLQJ�DQ�XQLYHU�
VDO�0��������WDLO���
�7*7�$$$�$&*�$&*�*&&�$*7��
�
WR� WKHLU� �
� HQGV� �6FKXHONH�� ������� 7KH� WKLUG�� XQLYHUVDO
0��������SULPHU�ZDV�ODEHOOHG�ZLWK�&\���DOORZLQJ�LQFRU�
SRUDWLRQ�RI�IOXRUHVFHQFH�G\H�LQWR�WKH�3&5�IUDJPHQW�DQG
LWV� VXEVHTXHQW� GHWHFWLRQ�� $PSOLILFDWLRQ� UHDFWLRQV� ZHUH
FDUULHG�RXW�LQ�D�WRWDO�YROXPH�RI����µO��FRQWDLQLQJ����QJ
JHQRPLF�'1$�� �;� VXSSOLHG� 3&5� EXIIHU� �3URPHJD��� ���
P0� RI� HDFK� G173�� �5RFKH��� ����� XQLW� RI� 7DT� '1$
SRO\PHUDVH� �3URPHJD�������µ0�RI� VHTXHQFH�VSHFLILF� UH�
YHUVH�SULPHU������µ0�RI� IOXRUHVFHQFH� ODEHOOHG�XQLYHUVDO
0��������SULPHU�DQG�������µ0�RI� IRUZDUG�SULPHU�ZLWK
0�������� WDLO�� $PSOLILFDWLRQ� ZDV� SHUIRUPHG� LQ� D� *H�
QH$PS� ����� WKHUPDO� F\FOHU� �$SSOLHG� %LRV\VWHPV�� DQG
WKH�FRQGLWLRQV�RI�WKH�WZR�URXQG�3&5�DPSOLILFDWLRQ�ZHUH
DV�IROORZV�����°&����PLQ���WKHQ����F\FOHV�DW����°&�����V���
���°&��VVU2H8$�'&$���RU����°&��VVU2H8$�'&$�������
V�������°&�����V���IROORZHG�E\���F\FOHV�DW����°&�����V������
°&� ���� V�� �� ��� °&� ���� V� �VVU2H8$�'&$���� �� PLQ� ��� V
�VVU2H8$�'&$������DQG�D� ILQDO�H[WHQVLRQ�VWHS�DW����°&
IRU� ��� PLQ�� 7KH� 3&5� SURGXFWV� ZHUH� GHQDWXUDWHG� E\
DGGLQJ�DQ�HTXDO�YROXPH�RI�IRUPDPLGH�ORDGLQJ�G\H�����
IRUPDPLGH��GH[WUDQ�EOXH���PJ�PO��DQG�E\�KHDWLQJ�DW���
°&�IRU���PLQ��$PSOLILFDWLRQ�SURGXFWV�ZHUH�VHSDUDWHG�RQ
D������SRO\DFU\ODPLGH�GHQDWXULQJ�JHO��FRQWDLQLQJ���0
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XUHD�� (OHFWURSKRUHVLV� ZDV� SHUIRUPHG� RQ� VKRUW� JODVV
SODWHV�RI����PP�VHSDUDWLQJ� OHQJWK��XVLQJ�DQ�DXWRPDWHG
$/)H[SUHVV,,� VHTXHQFHU� �$PHUVKDP� %LRVFLHQFHV��� )OXR�
UHVFHQFH�VLJQDOV�ZHUH�FROOHFWHG�HYHU\���V�DQG�VWRUHG�LQ�D
FRPSXWHU�� $� IOXRUHVFHQFH� ODEHOOHG� PROHFXODU� VL]H
PDUNHU� �&\�� 6L]HU� �������� $PHUVKDP� %LRVFLHQFHV�
FRPSULVLQJ����IUDJPHQWV�LQ�WKH�VL]H�UDQJH�RI���� WR����
ES� ZDV� XVHG� DV� DQ� H[WHUQDO� VL]H� PDUNHU�� $Q� LQ�KRXVH
DPSOLILHG� DQG� ODEHOOHG� 3&5� IUDJPHQW� IURP� D� SODVPLG

WHPSODWH�RI� WKH�NQRZQ�VL]H������RU�����ES��ZDV�DGGHG
WR�HDFK�VDPSOH�DV�DQ�LQWHUQDO�VWDQGDUG��$OOHOH�VL]HV�ZHUH
GHWHUPLQHG�XVLQJ�WKH�VRIWZDUH�SDFNDJH�$/)ZLQ70�$OOHOH
/RFDWRU�������$PHUVKDP�%LRVFLHQFHV��

5(68/76

7R�FRQILUP�WKH�LGHQWLW\�RI�ROLYH�WUHHV�WKDW�KDYH�EHHQ
FKRVHQ�DV�PRWKHU�SODQWV�IRU�SURSDJDWLRQ�RI�FXWWLQJV�LQ�D

7DE����� /LVW�RI�ROLYH�DFFHVVLRQV�DQG� UHIHUHQFH� YDULHWLHV� LQFOXGHG� LQ� JHQRW\SLQJ� DQDO\VLV�� DQG�REVHUYHG�JHQRW\SHV
�DOOHOH�VL]HV�LQ�ES��DW�ORFL�VVU2H8$�'&$��DQG�VVU2H8$�'&$����7KH�OHWWHUV�LQGLFDWH�WKH�ROLYH�*HQ%DQN��6� �6WDQ�
GDUG��*U� �*UHHFH��6S� �6SDLQ��6,� �6ORYHQLD���/HJHQG��Q� �QXPEHU�RI�DPSOLILHG�DOOHOHV��Q*� �QXPEHU�RI�REVHUYHG
JHQRW\SHV��Q8*� �QXPEHU�RI�XQLTXH�JHQRW\SHV�SHU�ORFXV�
7DE�����6H]QDP�DNFHVLM�ROMN�LQ�UHIHUHQàQLK�VRUW��YNOMXàHQLK�Y�JHQRWLSL]DFLMVNR�DQDOL]R��WHU�RSDËHQL�JHQRWLSL��GROËLQH
DOHORY�Y�ES��QD�ORNXVLK�VVU2H8$�'&$��LQ�VVU2H8$�'&$����ßUNH�R]QDàXMHMR�JHQVNR�EDQNR�ROMN��6� �6WDQGDUG��*U
 �*UàLMD��6S� �ÈSDQLMD��6,� �6ORYHQLMD���/HJHQGD��Q� �ÉWHYLOR�QDPQRËHQLK�DOHORY��Q*� �ÉWHYLOR�RSDËHQLK�JHQRWLSRY�
Q8*� �ÉWHYLOR�HGLQVWYHQLK�JHQRWLSRY�QD�SRVDPH]QHP�ORNXVX�

1R�
2OLYH�DFFHVVLRQ���UHIHUHQFH
YDULHW\

6DPSOHV�DQG�UHI��JHQRW\SHV��*HQ
%DQN�DQG�UHJLVWHU�QXPEHU�

VVU2H8$�'&$� VVU2H8$�'&$��

� .RUHQHLNL�  ������� �������

� .RUHQHLNL�  ������� �������

� .RUHQHLNL�6�6S &RUGRED��5��� ������� �������

� .RUHQHLNL�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

� .DODPRQ  ������� �������

� .DODPRQ�6�6S &RUGRED��5��� ������� �������

� .DODPRQ�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

� )UDQWRLR�)V���  ������� �������

� )UDQWRLR�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

�� )UDQWRLR�6�6, 6WUXQMDQ��6ORYHQLD ������� �������

�� 0DQDNL  ������� �������

�� 0DQDNL�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

�� 0DQ]DQLOOD�GH�6HYLOOD  ������� �������

�� 0DQ]DQLOOD�GH�6HYLOOD�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

�� 0DQ]DQLOOD�6�6S &RUGRED��5�� ������� �������

�� 3LFXDO  ������� �������

�� 3LFXDO�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

�� 3LFXDO�6�6S &RUGRED��5��� ������� �������

�� $VFRODQD�7HQHUD  ������� �������

�� $VFRODQD�7HQHUD�6�6, 6WUXQMDQ��6ORYHQLD ������� �������

�� &RUDWLQD  ������� �������

�� &RUDWLQD�6�6S &RUGRED��5�� ������� �������

�� 7VXQDWL  ������� �������

�� 7VRXQDWL�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

�� *DLGXURHOLD  ������� �������

�� *DLGXURHOLD�6�*U 7KHVVDORQLNL��*UHHFH ������� �������

�� 1RVWUDQD�%LWRQWLQD  ������� �������

�� 0LORHOLD  ������� �������

Q � �
Q* �� ��

Q8* � �

�6DPSOHV�IRU�LGHQWLILFDWLRQ
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SULYDWH�QXUVHU\��WZR�SXEOLVKHG�ORFL��VVU2H8$�'&$��DQG
VVU2H8$�'&$��� �6HIF�HW� DO��� �������ZHUH�FKRVHQ�� 3UH�
YLRXV�VWXGLHV� �%DQGHOM�HW�DO�������E��/RSHV�HW�DO��������
KDYH� VKRZQ� WKDW� WKHVH� WZR� PLFURVDWHOOLWH� ORFL� DUH� H[�
WUHPHO\� SRZHUIXO� LQ� JHQRW\SLQJ� ROLYH� YDULHWLHV�� GXH� WR
WKHLU�KLJK�SRO\PRUSKLF�LQIRUPDWLRQ�FRQWHQW� �3,&�YDOXH��
ORZ�SUREDELOLW\�RI� LGHQWLW\� �3,� YDOXH�� DQG�KLJK�HIIHFWLYH
QXPEHU�RI�DOOHOHV��0LFURVDWHOOLWHV�ZHUH�VXFFHVVIXOO\�DP�
SOLILHG�� UHYHDOLQJ�D� WRWDO�RI� VL[WHHQ�DOOHOHV� LQ�DOO� WZHQW\�
HLJKW� ROLYH� VDPSOHV��$OOHOH� VL]HV�ZHUH� DFFXUDWHO\� GHWHU�
PLQHG�ZLWK�WKH�KHOS�RI�D�IOXRUHVFHQW�ODEHOOHG�PROHFXODU
VL]H�PDUNHU�DV�DQ�H[WHUQDO�VWDQGDUG�DQG�E\�LGHQWLILFDWLRQ
RI� DQ� LQWHUQDO� VWDQGDUG�� 7KH� VL]H� UDQJH� RI� WKH� GHWHFWHG
DOOHOHV�ZDV�VLPLODU� WR�WKH�UDQJH�UHSRUWHG�E\�/RSHV�HW�DO�
�������DQG�/D�0DQWLD�HW�DO���������

7KH� QXPEHU� RI� REVHUYHG� JHQRW\SHV� DW� ORFXV
VVU2H8$�'&$��ZDV�����ZKLOH����JHQRW\SHV�ZHUH�IRXQG
DW�ORFXV�VVU2H8$�'&$����7DE������&RPSDULVRQ�RI�'1$
SURILOHV� RI� UHIHUHQFH� YDULHWLHV� IURP� *UHHFH�� 6SDLQ� DQG
6ORYHQLD�ZDV�SHUIRUPHG�DQG� LGHQWLFDO� JHQRW\SHV�RI� WKH
VDPH� YDULHW\� IURP� *UHHFH� RU� 6SDLQ� ZHUH� REVHUYHG� LQ
IRXU�ROLYH�YDULHWLHV� �.RUHQHLNL��.DODPRQ��0DQ]DQLOOD�GH
6HYLOOD��3LFXDO���5HIHUHQFH�YDULHW\�)UDQWRLR�IURP�6ORYHQLD
DQG�*UHHFH�VKRZHG�GLIIHUHQW�DOOHOLF�SDWWHUQV�DW�WZR�ORFL�
ZKLFK�FRXOG�EH�RQO\�H[SODLQHG�DV�PLVODEHOOLQJ�RI�SODQWV
LQ� WKH� FROOHFWLRQ�� VLQFH� VHYHQ� GLIIHUHQW� DOOHOHV� ZHUH
IRXQG� LQ� WZR� DFFHVVLRQV� DW� WKH� DQDO\VHG� ORFL� �GDWD� QRW
VKRZQ���7KH�PLVODEHOOLQJ�SUREDEO\�RFFXUUHG� LQ�*UHHFH�
EHFDXVH� WKH� JHQRW\SLQJ� UHVXOWV� RI� )UDQWRLR� YDULHW\� LQ
6ORYHQLD��%DQGHOM�HW�DO���������DQG�6SDLQ��'H�OD�5RVD�HW
DO���������VKRZHG�WKH�VDPH�DOOHOLF�SURILOHV�DW�RWKHU� ORFL
�VVU2H8$�'&$��DQG�VVU2H8$�'&$���

7KH�DOOHOLF�SURILOHV�RI�WKH�WKLUWHHQ�ROLYH�VDPSOHV�IURP
WKH�FRPPHUFLDO�QXUVHU\�ZHUH� WKHQ� FRPSDUHG�ZLWK� SUR�
ILOHV�RI�UHIHUHQFH�YDULHWLHV�IURP�ROLYH�JHUPSODVP�FROOHF�
WLRQV�� *HQRW\SLQJ� GDWD� DOORZHG� GLVFULPLQDWLRQ� RI� WHQ
ROLYH�VDPSOHV��EXW�WKH�LGHQWLW\�RI�RQO\�VL[�ROLYH�YDULHWLHV
�.RUHQHLNL�� 0DQDNL�� 7VRXQDWL�� .DODPRQ�� $VFRODQD
7HQHUD��3LFXDO��ZDV�FRQILUPHG�

6DPSOHV� .RUHQHLNL� �� DQG� .RUHQHLNL� �� VKRZHG� WKH
VDPH�DOOHOLF�SDWWHUQV�DW�ERWK�ORFL��WKXV�LQGLFDWLQJ�JHQHWLF
KRPRJHQHLW\� RI� WKH� DQDO\VHG� WUHHV�� ,GHQWLFDO� JHQRW\SHV
ZHUH� DOVR� REVHUYHG� LQ� 0LORHOLD� DQG� *DLGXURHOLD� VDP�
SOHV��7KHVH�WZR�VDPSOHV�FRXOG�EH�WKH�VDPH�YDULHW\��EXW
WKH\� GLG� QRW� PDWFK� WKH� UHIHUHQFH� YDULHW\� *DLGXURHOLD
IURP� 7KHVVDORQLNL�� 7R� FRQILUP� WKHLU� LGHQWLW\�� PRUH� PL�
FURVDWHOOLWH�ORFL�VKRXOG�EH�FKDUDFWHUL]HG�

0LVODEHOOLQJ�ZDV�DOVR�IRXQG�RI�VDPSOH�0DQ]DQLOOD�GH
6HYLOOD�� RQH� RI� WKH� PDLQ� 6SDQLVK� YDULHWLHV�� ZLGHO\� GLV�
WULEXWHG� LQ� $QGDOXVLD� DQG� &DWDORQLD�� 3UHYLRXV� ILQJHU�
SULQWLQJ� DQDO\VHV� RI� WKLV� YDULHW\� E\� $)/3� DQG� 5$3'
PDUNHUV�KDYH�VKRZQ�WKH�H[LVWHQFH�RI� LQWUDYDULHWDO�SRO\�
PRUSKLVP� �%HODM�HW�DO����������&LSULDQL�HW�DO�� �������DV�
VLJQHG� WKHVH�GLIIHUHQFHV� WR�VRPDWLF�PXWDWLRQV�RFFXUULQJ
GXULQJ�WKH�SURFHVV�RI�ROLYH�YHJHWDWLYH�SURSDJDWLRQ�RU� WR
PLVODEHOOLQJ�RI�SODQWV�LQ�FROOHFWLRQV�

$QRWKHU�PLVODEHOOLQJ� FDVH�ZDV� REVHUYHG� LQ� WKH� &R�
UDWLQD� VDPSOH�� ZKLFK� ZDV� FKDUDFWHULVHG� E\� D� XQLTXH
JHQRW\SH�>�������@�DW�ORFXV�VVU2H8$�'&$���7ZR�VDP�
SOHV�� 1RVWUDQD� %LWRQWLQD� DQG� 0LORHOLD�� FRXOG� QRW� EH
LGHQWLILHG�LQ�WKLV�ZRUN��RZLQJ�WR�WKH�ODFN�RI�VWDQGDUG�YD�
ULHWLHV� LQ�ROLYH�JHUPSODVP�FROOHFWLRQV��7KHVH� WZR�YDULH�
WLHV�DUH�SUREDEO\�NQRZQ�DW�ORFDO�OHYHO�RQO\��RU� WKHLU�GH�
QRPLQDWLRQ�FRXOG�EH�XQFHUWDLQ�

)V����� DQ� ,WDOLDQ� FORQH� RI� )UDQWRLR� REWDLQHG� E\
EUHHGLQJ�SURJUDPPH�DQG� VHOHFWHG� IRU�KLJK�SURGXFWLYLW\
DQG� YHU\� HDUO\� RLO� IRUPDWLRQ�� GLG� QRW� PDWFK� WZR� VWDQ�
GDUGV� �)RQWDQD]]D� HW� DO��� ������ DV� H[SHFWHG�� 7KUHH� DF�
FHVVLRQV� RI� )UDQWRLR� VKDUHG� RQO\� WZR� DOOHOHV� ����� DQG
����ES��RI�HLJKW�GHWHFWHG�

',6&866,21�$1'�&21&/86,216

7KH� QHHG� IRU� DQ� DFFXUDWH� GLVFULPLQDWLQJ� V\VWHP� IRU
ROLYHV�LV�RIWHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��VLQFH�WKH�LGHQWL�
ILFDWLRQ�RI�ROLYH�YDULHWLHV�LV�LPSRUWDQW�IRU�PDQDJHPHQW�RI
ROLYH� JHUPSODVP� FROOHFWLRQV�� DV� ZHOO� DV� YDULHW\� SURWHF�
WLRQ�DQG�FHUWLILFDWLRQ�RI� SURSDJDWHG�SODQWV� LQ� QXUVHULHV�
7KH� LQWURGXFWLRQ� RI�'1$� ILQJHUSULQWLQJ� WHFKQLTXHV� KDV
SURYLGHG�D�KLJK�UHVROXWLRQ�V\VWHP�RI�GLVFULPLQDWLQJ�DQG�
FRPSDUHG� WR� RWKHU�'1$�EDVHG�PDUNHUV��PLFURVDWHOOLWHV
DUH�UHSRUWHG�DV�EHLQJ�SDUWLFXODUO\�DWWUDFWLYH�IRU�JHQRW\S�
LQJ�SODQWV��EHFDXVH� WKH� OHYHO�RI�SRO\PRUSKLVP�GHWHFWHG
LV�PXFK� KLJKHU� WKDQ� WKDW� GHWHFWHG� ZLWK� DQ\� RWKHU� PR�
OHFXODU�PDUNHU� DVVD\� �-DNÊH�HW� DO��� �������0LFURVDWHOOLWH
PDUNHU�V\VWHPV�KDYH�EHHQ�UHSRUWHG�WR�EH�D�YDOXDEOH�WRRO
LQ�JHQRW\SLQJ�ROLYH�YDULHWLHV��7KH�DPSOLILFDWLRQ�RI� WKUHH
PLFURVDWHOOLWH�ORFL�ZHUH�VXIILFLHQW�WR�GLVFULPLQDWH�DPRQJ
QLQHWHHQ�ROLYH�YDULHWLHV�LQ�6ORYHQLD��%DQGHOM�HW�DO��������
DQG� WKH� KLJK� GLVFULPLQDWRU\� FDSDFLW\� RI� PLFURVDWHOOLWH
PDUNHUV� KDV� DOVR� EHHQ� UHSRUWHG� E\� 5DOOR�HW� DO�� �������
&LSULDQL�HW�DO����������/RSHV�HW�DO���������DQG�/D�0DQWLD
HW�DO���������

7KH�KLJK�OHYHO�RI�PLVODEHOOLQJ�SODQWV�REVHUYHG�LQ�WKLV
ZRUN�FRQILUPHG�WKH�QHHG�WR�HVWDEOLVK�D�UHOLDEOH�LGHQWLIL�
FDWLRQ� V\VWHP� LQ� ROLYHV�� 7KH� JUHDWHVW� FKDOOHQJHV� LQ� WKH
YDULHWDO� LGHQWLILFDWLRQ�SURFHVV� DUH�� WR� HVWDEOLVK�DQ�HIIHF�
WLYH� DQG� ORZ� FRVW� PHWKRG� IRU� DQDO\]LQJ� SODQWV�� DQG� WR
REWDLQ�UHVXOWV�WKDW�DUH�FRPSDUDEOH�DPRQJ�GLIIHUHQW�ODER�
UDWRULHV� DQG� FRXQWULHV�� 7KH� FKRLFH� RI� D� PLFURVDWHOOLWH
PDUNHU� V\VWHP�VHHPV� WR�EH� VXLWDEOH�� VLQFH� KLJKO\� LQIRU�
PDWLYH�PLFURVDWHOOLWH� ORFL� KDYH� EHHQ� LGHQWLILHG� DQG�PL�
FURVDWHOOLWH�JHQRW\SLQJ�UHVXOWV�DUH�FRPSDUDEOH�DQG�HDVLO\
H[FKDQJHDEOH� DPRQJ� ODERUDWRULHV�� 7KH� FRQIXVLRQ� LQ
QDPLQJ� ROLYH� YDULHWLHV�� GLIIHUHQW� FORQDO� VHOHFWLRQV� RI
HFRQRPLFDOO\�LPSRUWDQW�ROLYH�YDULHWLHV�DQG�WKH�SUHVHQFH
RI� YDVW� QXPEHU� RI� V\QRQ\PV� DQG� KRPRQ\PV� VXSSRUWV
DQG� GHPDQGV� WKH� HVWDEOLVKPHQW� DQG� DYDLODELOLW\� RI� D
ZRUOGZLGH�JHQRW\SLQJ�GDWDEDVH�RI�UHIHUHQFH�ROLYH�YDULH�
WLHV�EDVHG�RQ�PLFURVDWHOOLWH� GDWD�� 7KH� DOOHOLF� SURILOHV� RI
VRPH�LPSRUWDQW�ROLYH�YDULHWLHV�IURP�QDWLRQDO�FROOHFWLRQV
SXEOLVKHG�LQ�WKLV�ZRUN�FRXOG�EH�XVHG�E\�RWKHU� UHVHDUFK
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JURXSV� WR�FKHFN� WKH� LGHQWLW\�RI�YDULHWLHV�SUHVHQWHG�KHUH
ZLWK�YDULHWLHV�RI�WKH�VDPH�QDPH�LQ�RWKHU�ORFDWLRQV�

,Q� FRQFOXVLRQ�� PLFURVDWHOOLWHV� FRXOG� EH� VXFFHVVIXOO\
XVHG� IRU� FRQILUPDWLRQ� RI� WKH� YDULHWDO� LGHQWLW\� RI� ROLYH
WUHHV�LQ�QXUVHULHV��DV�ZHOO�DV�IRU�VFUHHQLQJ�DQG�PDQDJLQJ
ROLYH�JHUPSODVP�FROOHFWLRQV�

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

$XWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�:RUOG�2OLYH�*HUP�
SODVP�%DQN�RI�&xUGRED��6SDLQ��DQG�WKH�3ODQW�3URWHFWLRQ
,QVWLWXWH� RI� WKH� 7KHVVDORQLNL�$JULFXOWXUDO� 5HVHDUFK� 6WD�
WLRQ�RI�.KDONLGLNL��*UHHFH��IRU�VXSSO\LQJ�WKH�SODQW�PDWH�
ULDO�

0,.526$7(/,7,�.27�35,0(512�252'-(�=$�,'(17,),.$&,-2�6$',/1(*$
0$7(5,$/$�2/-.��2/($�(8523$($�/���9�'5(9(61,&$+

'XQMD�%$1'(/-
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

%UDQND�-$9251,.
8QLYHU]D�Y�/MXEOMDQL��%LRWHKQLÊND�IDNXOWHWD��2GGHOHN�]D�DJURQRPLMR��6,������/MXEOMDQD��-DPQLNDUMHYD����

(�PDLO��EUDQND�MDYRUQLN#EI�XQL�OM�VL

329=(7(.

0LNURVDWHOLWH�VPR�XSRUDELOL�]D�SRWUGLWHY�LGHQWLWHWH�VRUW�WULQDMVWLK�Y]RUFHY�ROMN�L]�]DVHEQH�GUHYHVQLFH��$OHOQH�SURILOH
Y]RUFHY�VPR�SULPHUMDOL�]�JHQRWLSL]LUDQLPL�UHIHUHQßQLPL�VRUWDPL�L]�WUHK�JHQVNLK�EDQN��*HQRWLSL]DFLMD�QD�GYHK�PLNUR�
VDWHOLWVNLK� ORNXVLK� �VVU2H8$�'&$��LQ� VVU2H8$�'&$���� MH�RPRJRßLOD� ORßLWHY�GHVHWLK�Y]RUFHY�ROMN� LQ� LGHQWLILNDFLMR
ÈHVWLK� VRUW� �.RUHQHLNL�� 0DQDNL�� 7VRXQDWL�� .DODPRQ�� $VFRODQD� 7HQHUD�� 3LFXDO��� 3UL� GYHK� Y]RUFLK� � �0DQ]DQLOOD� GH
6HYLOOD��&RUDWLQD��VPR�XJRWRYLOL�QDSDßQR�R]QDßLWHY��QHUD]SRORÊOMLYRVW�UHIHUHQßQLK�VRUW�1RVWUDQD�%LWRQWLQD�LQ�0LORHOLD
SD� MH�SUHSUHßLOD� LGHQWLILNDFLMR�GYHK�Y]RUFHY� L]�GUHYHVQLFH��9]RUFD� VRUW�0LORHOLD� LQ�*DLGXURHOLD� VWD� LPHOD� LGHQWLßHQ
JHQRWLS�� 3UL� UHIHUHQßQL� VRUWL� )UDQWRLR� VPR� XJRWRYLOL� UD]OLßQH� DOHOQH� SURILOH� Y]RUFHY� L]� GYHK� QDFLRQDOQLK� NROHNFLM�
0LNURVDWHOLWL�VR�VH�SRND]DOL�NRW�SULPHUQR�RURGMH�]D�SRWUMHYDQMH� LGHQWLWHWH�VRUW�Y�GUHYHVQLFDK�NRW�WXGL�]D�SUHJOHG� LQ
XSUDYOMDQMH�JHQVNLK�YLURY�ROMN�Y�NROHNFLMDK�

.OMXÞQH�EHVHGH��2OHD�HXURSDHD�/���PLNURVDWHOLWL��LGHQWLILNDFLMD��VRUWH

5()(5(1&(6

%DQGHOM��'���-��-DNÇH�	�%��-DYRUQLN���������'1$�ILQJHU�
SULQWLQJ�RI�ROLYH�YDULHWLHV�E\�PLFURVDWHOOLWH�PDUNHUV��)RRG
7HFKQRO��%LRWHFKQRO���������������
%DQGHOM��'��� -�� -DNÇH�	�%�� -DYRUQLN� �����D��� $PSOLILFD�
WLRQ�RI� IOXRUHVFHQW�ODEHOOHG�PLFURVDWHOOLWH�PDUNHUV� LQ�RO�
LYHV� E\� D� QRYHO�� HFRQRPLF� PHWKRG�� $FWD� $JULF�� 6ORY��
������������
%DQGHOM��'���-��-DNÇH�	�%��-DYRUQLN������E���$VVHVVPHQW
RI� JHQHWLF� YDULDELOLW\� RI� ROLYH� YDULHWLHV� E\�PLFURVDWHOOLWH
DQG�$)/3�PDUNHUV��(XSK\WLFD��������������
%HODM��$���=��6DWRYLÜ��*��&LSULDQL��/��%DOGRQL��5��7HVWROLQ�
/��5DOOR�	� ,�� 7UXMLOOR� �������� &RPSDUDWLYH� VWXG\� RI� WKH
GLVFULPLQDWLQJ�FDSDFLW\�RI�5$3'��$)/3�DQG�665�PDUNHUV
DQG� WKHLU� HIIHFWLYHQHVV� LQ� HVWDEOLVKLQJ� JHQHWLF� UHODWLRQ�
VKLS�LQ�ROLYH��7KHRU��$SSO��*HQHW����������������
%HODM��$���/��5DOOR��,��7UXMLOOR�	�/��%DOGRQL���������8VLQJ
5$3'� DQG�$)/3�PDUNHUV� WR� GLVWLQJXLVK� LQGLYLGXDOV� RE�
WDLQHG� E\� FORQDO� VHOHFWLRQ� RI� £$UEHTXLQD¤� DQG� £0DQ]D�
QLOOD�GH�6HYLOOD¤�ROLYH��+RUW6FL�����������������

&DUULHUR�� )��� *�� )RQWDQD]]D�� )�� &HOOLQL� 	� *�� *LRULR
�������� ,GHQWLILFDWLRQ�RI�VLPSOH�VHTXHQFH�UHSHDWV� �665V�
LQ� ROLYH� �2OHD� HXURSDHD� /���� 7KHRU�� $SSO�� *HQHW��� ����
��������
&LSULDQL��*���0��7��0DUUD]]R��5��0DUFRQL��$��&LPDWR�	
5��7HVWROLQ���������0LFURVDWHOOLWH�PDUNHUV�LVRODWHG�LQ�RO�
LYH��2OHD�HXURSDHD�/���DUH�VXLWDEOH�IRU�LQGLYLGXDO�ILQJHU�
SULQWLQJ�DQG�UHYHDOLQJ�SRO\PRUSKLVP�ZLWK�DQFLHQW�FXOWL�
YDUV��7KHRU��$SSO��*HQHW����������������
'H�OD�5RVD��5���&��0��-DPHV�	�.��5��7REXWW���������8V�
LQJ� PLFURVDWHOOLWHV� IRU� SDWHUQLW\� WHVWLQJ� LQ� ROLYH� SURJH�
QLHV��+RUW6FL���������������
)RQWDQD]]D�� *��� )�� %DUWROR]]L� 	� *�� 9HUJDUL� �������
2OLYR�)V�����5LY��)UXWWLF��2UWRIORULF���/;��S�����
*DQLQR��7���*��%DUWROLQL�	�$��)DEEUL���������7KH�FODVVL�
ILFDWLRQ� RI� ROLYH� JHUPSODVP� �� $� UHYLHZ�� -�� +RUWLF�� 6FL�
%LRWHFKQRO���������������
-DNÇH��-���.��.LQGOKRIHU�	�%��-DYRUQLN���������$VVHVVPHQW
RI�JHQHWLF�YDULDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�KRS�JHQRW\SHV
E\�PLFURVDWHOOLWH�DQG�$)/3�PDUNHUV��*HQRPH����������
����
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/D�0DQWLD��0���2��/DLQ��7��&DUXVR�	�5��7HVWROLQ��������
665�EDVHG�'1$�ILQJHUSULQWV� UHYHDO� WKH�JHQHWLF�GLYHUVLW\
RI�6LFLOLDQ�ROLYH��2OHD�HXURSDHD�/���JHUPSODVP��-��+RUWLF�
6FL��%LRWHFKQRO���������������
/RSHV��0��6���'��0HQGRQlD��.��0��6HIF��)��6DELQR�*LO�	
$�� 'D� &iPDUD� 0DFKDGR� �������� *HQHWLF� HYLGHQFH� RI
LQWUD�FXOWLYDU� YDULDELOLW\� ZLWKLQ� ,EHULDQ� ROLYH� FXOWLYDUV�
+RUW6FL�����������������
5DOOR��3���*��'RUDGR�	�$��0DUWLQ���������'HYHORSPHQW
RI�VLPSOH�VHTXHQFH�UHSHDWV��665V��LQ�ROLYH�WUHH��2OHD�HX�
URSDHD�/����7KHRU��$SSO��*HQHW����������������
5XJLQL��(��	�/��%DOGRQL���������2OHD�HXURSDHD�2OLYH��,Q�
/LW]�� 5�� (�� �HG���� %LRWHFKQRORJ\�RI� )UXLW� DQG�1XW� &URSV�
&$%,�3XEOLVKLQJ��2[IRUGVKLUH��S����������

6HIF�� .��0���0�� 6�� /RSHV��'��0HQGRQlD��0�� 5RGULJXHV
GRV� 6DQWRV�� 0�� /DLPHU� GD� &iPDUD� 0DFKDGR� 	� $�� GD
&iPDUD�0DFKDGR���������,GHQWLILFDWLRQ�RI�PLFURVDWHOOLWH
ORFL� LQ�ROLYH� �2OHD� HXURSDHD� /��� DQG� WKHLU� FKDUDFWHUL]D�
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