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&KDSWHU���� ,GHQWLILFDWLRQ�RI�OHDI�FXWLFOHV�LQ�VFDWV�WR�
HVWDEOLVK�GLHW�RI�'HQGURODJXV�OXPKROW]L��

���� ,1752'8&7,21�
)HZ�UHVHDUFKHUV�ZRXOG�GLVSXWH�WKDW�IHHGLQJ�DQG�IRRG�VHOHFWLRQ�DUH�NH\�
HFRORJLFDO�SURFHVVHV��6WHSKHQV�DQG�.UHEV�������+DUW�HW�DO�������DQG�WKDW�
NQRZOHGJH�RI�DQ�DQLPDO¶V�IRRG�FKRLFH�LV�LPSRUWDQW���+RZHYHU��WKHUH�KDV�EHHQ�
JUHDW�GHEDWH�RYHU�ZKLFK�WHFKQLTXH�LV�RSWLPDO�IRU�GHVFULELQJ�RU�TXDQWLI\LQJ�
DQLPDO�GLHWV��+DUW�HW�DO���������(VWLPDWHV�RI�GLHWDU\�LQWDNH�FDQ�EH�PDGH�XVLQJ�
HLWKHU�YLVXDO�REVHUYDWLRQV�RI�IHHGLQJ�RU�WKURXJK�RWKHU�WHFKQLTXHV�LQYHVWLJDWLQJ�
WKH�LQJHVWHG�PDWHULDO���8QIRUWXQDWHO\�DFFXUDWH�IHHGLQJ�REVHUYDWLRQV�DUH�RIWHQ�
GLIILFXOW�ZLWK�DUERUHDO�IROLYRUHV����

7KHUH�KDYH�EHHQ�VHYHUDO�VWXGLHV�RQ�WKH�LGHQWLILFDWLRQ�RI�GLJHVWHG�IRRG�LWHPV�RI�
PDPPDOV�DQG�ELUGV�IURP�SRVW�PRUWHP�VWRPDFK�FRQWHQWV��5HFFKLD�DQG�5HDG�
������0DUWLQ�HW�DO��������IURP�LQGXFHG�YRPLWLQJ��5DGNH�DQG�)\GHQGDOO�������
3U\V�-RQHV�HW�DO�������*DOHV�DQG�%XUWRQ�������RU�E\�VWRPDFK�SXPSLQJ�RU�
IOXVKLQJ��5DQGDOO�DQG�'DYLVRQ�������*DOHV���������8QIRUWXQDWHO\�DOO�RI�WKHVH�
WHFKQLTXHV�DUH�LQYDVLYH�DQG�DUH�VWUHVVIXO�IRU�DQLPDOV�LQ�WKH�ZLOG��HVSHFLDOO\�
WKRVH�WKDW�DUH�GLIILFXOW�WR�FDWFK����

$Q�DOWHUQDWH�WHFKQLTXH��LGHQWLI\LQJ�LQFRPSOHWHO\�GLJHVWHG�IRRG�SDUWLFOHV�LQ�WKH�
GURSSLQJV�RU�VFDWV��LV�PXFK�OHVV�LQYDVLYH�DQG�D�SODXVLEOH�WHFKQLTXH�IRU�XVH�LQ�
KHUELYRUHV���7KLV�WHFKQLTXH�KDV�EHHQ�XVHG�VXFFHVVIXOO\�IRU�PDQ\�GLIIHUHQW�
PDPPDO�VSHFLHV��7XOOLV�HW�DO�������'LFNPDQ���������,Q�KHUELYRUHV�LW�LV�SRVVLEOH�
WR�LGHQWLI\�OHDI�DQG�VWHP�HSLGHUPLV�RU�FXWLFOH�LQ�VFDWV�RI�DOO�SODQW�VSHFLHV�HDWHQ��
DV�WKHVH�SODQW�SDUWV�DUH�QRW�HDVLO\�GLJHVWHG��6WRUU���������(DFK�SODQW�VSHFLHV�
KDV�D�XQLTXH�FXWLFXODU�SDWWHUQ�DQG�FDQ�EH�LGHQWLILHG�WR�VSHFLHV�E\�FKDUDFWHUV�
VXFK�DV�VL]H��VKDSH�DQG�DOLJQPHQW�RI�FHOOV��VWRPDWHV�DQG�WULFKRPHV��6WRUU�
������&KULVWRSKHO�DQG�5RZHWW��������

7KRXJK��WKLV�WHFKQLTXH�SURYLGHV�SURRI�RI�LQFOXVLRQ�LQ�WKH�GLHW��LW�LV�QRW�IXOO\�
TXDQWLWDWLYH�DV�VRPH�IRRG�SDUWLFOHV�FDQ�EH�GLJHVWHG�PRUH�TXLFNO\�WKDQ�RWKHUV�
�+DUW�HW�DO���������7KH�XVH�RI�PLFURVFRSLF�DQDO\VLV�RI�IDHFDO�PDWHULDO�IRU�GLHW�
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GHWHUPLQDWLRQ�DVVXPHV�WKDW�DOO�SODQW�FXWLFOH�IUDJPHQWV�UHPDLQLQJ�LQ�WKH�IDHFHV�
KDYH�WKH�VDPH�SUREDELOLW\�RI�EHLQJ�GHWHFWHG���)XUWKHU��LW�LV�DVVXPHG�WKDW�WKH�
SURSRUWLRQV�RI�DOO�SODQW�PDWHULDO�FRQVXPHG�ZLOO�EH�DFFXUDWHO\�UHSUHVHQWHG�LQ�WKH�
IDHFDO�SHOOHWV��(OOLV�HW�DO���������-RQHV��������LQYHVWLJDWHG�WKH�XVH�RI�WKLV�
WHFKQLTXH�ZLWK�FDSWLYH�0DWVFKLHV�WUHH�NDQJDURR�V��'��PDWVFKLHL��DQG�GLG�ILQG�
WKDW�DOO�RI�WKH�VSHFLHV�NQRZQ�WR�EH�HDWHQ�E\�LQGLYLGXDOV�ZHUH�IRXQG�LQ�WKH�
IDHFHV����

6WRUU��������������ILUVW�XVHG�WKLV�WHFKQLTXH�RQ�4XRNNDV��6HWRQL[�EUDK\XUXV��LQ�
$XVWUDOLD��,W�ZDV�IRXQG�LW�WR�EH�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DV�WKHUH�ZDV�
OLWWOH�RU�QR�GLJHVWLRQ�RI�WKH�OHDI�DQG�VWHP�HSLGHUPLV��6WRUU���������6LQFH�WKHQ��
WKLV�WHFKQLTXH�KDV�EHHQ�PRUH�ZLGHO\�XVHG�ZLWK�PDUVXSLDOV��VXFK�DV�NRDODV�
�(OOLV�HW�DO�������6XOOLYDQ�HW�DO��������\HOORZ�IRRWHG�URFN�ZDOODELHV��&RSOH\�DQG�
5RELQVRQ�������/DSLGJH��������1RUWKHUQ�1DLOWDLO�ZDOODELHV��,QJOHE\�HW�DO��������
JUH\�NDQJDURRV��1RUEXU\��������EUXVKWDLO�SRVVXPV��+RZ�DQG�+LOOFR[��������DQG�
DV�D�GLHWDU\�FRPSDULVRQ�EHWZHHQ�ZRPEDWV�DQG�JUH\�NDQJDURRV��:RROQRXJK�
DQG�-RKQVRQ��������

/LWWOH�LV�NQRZQ�DERXW�WKH�GLHW�RI�/XPKROW]¶V�WUHH�NDQJDURRV�H[FHSW�IRU�
REVHUYDWLRQV�IURP�SUHYLRXV�VWXGLHV��3URFWRU�*UH\�������1HZHOO��������WKLV�
VWXG\�VHH�FKDSWHU����DQG�IURP�ORFDOV�DQG�UHVHDUFKHUV�IURP�WKH�$WKHUWRQ�
7DEOHODQGV��7.0*�XQSXEOLVKHG�GDWD����

'HQGURODJXV�OXPKROW]L�LV�FRQVLGHUHG�D�JHQHUDOLVW�IROLYRUH��ZLWK�WKHLU�GLHW�
FRQVLVWLQJ�SULPDULO\�RI�UDLQIRUHVW�OHDYHV��ZLWK�D�VPDOO�SHUFHQWDJH�RI�IUXLW�DQG�
IORZHUV��3URFWHU�*UD\�������)ODQQHU\�HW�DO�������1HZHOO���������+RZHYHU��WKLV�
VWXG\�VXJJHVWV�WKDW�'��OXPKROW]L�LV�QRW�VLPSO\�D�JHQHUDOLVW��DV�LW�VHOHFWV�
SDUWLFXODU�UDLQIRUHVW�VSHFLHV�PRUH�WKDQ�H[SHFWHG��6HFWLRQ������������

2EVHUYDWLRQV�RI�IHHGLQJ�DUH�GLIILFXOW�ZLWK�WUHH�NDQJDURRV�DV�WKH\�WHQG�WR�FHDVH�
IHHGLQJ�ZKHQ�EHLQJ�REVHUYHG�RU�WKH\�PD\�EH�HDWLQJ�VRPHWKLQJ�RWKHU�WKDQ�WKH�
WUHH�VSHFLHV�WKH\�DUH�LQ�DW�WKH�WLPH��VXFK�DV�D�YLQH�LQ�WKH�FDQRS\�RI�WKDW�WUHH���
)HHGLQJ�REVHUYDWLRQV�FDQ�DOVR�EH�GLIILFXOW�GXH�WR�WKH�IDFW�WKDW�/XPKROW]¶V�WUHH�
NDQJDURRV�DUH�RIWHQ�YHU\�KLJK�LQ�WKH�FDQRS\��XS�WR������P���0RUHRYHU��WKH�WKLFN�
UDLQIRUHVW�YHJHWDWLRQ�DQG�WKH�GHFUHDVHG�YLVLELOLW\�ZKLOVW�XVLQJ�VSRWOLJKWV�KDPSHU�
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QLJKW�REVHUYDWLRQV���$GGLWLRQDOO\��PLVLGHQWLILFDWLRQ�RI�WKH�WUHH�VSHFLHV�IURP�
VLJKWLQJV�FRXOG�DOVR�RFFXU����

8VLQJ�PLFURVFRSLF�IDHFDO�DQDO\VLV�WR�LGHQWLI\�WKH�FXWLFOH�IHDWXUHV�RI�OHDI�VSHFLHV�
HDWHQ�LV�RQH�ZD\�WR�UHVROYH�WKHVH�SUREOHPV���7KLV�WHFKQLTXH�FDQ�EH�XVHG�WR�
FRQILUP�WUHH�VSHFLHV�FKRLFH�E\�'��OXPKROW]L��DV�ZHOO�DV�EHLQJ�TXDQWLILHG�DQG�
XVHG�WR�FRPSDUH�XVH�DQG�DYDLODELOLW\�RI�GLHWDU\�VSHFLHV����

7KLV�VWXG\�ZDV�XQGHUWDNHQ�WR�FRQILUP�WKH�GLHW�RI�'��OXPKROW]L�E\�WKH�XVH�RI�OHDI�
FXWLFOHV�LQ�IDHFDO�PDWHULDO�DQG�WR�HVWDEOLVK�WKH�SUHIHUHQFH�RI�LQGLYLGXDO�DQLPDOV�
IRU�FHUWDLQ�VSHFLHV�DQG�FRPSDUH�WKLV�WR�WKH�DYDLODELOLW\�RI�WKHVH�WUHH�VSHFLHV�
ZLWKLQ�WKHLU�KRPH�UDQJH�DUHD��

���� 0(7+2'6�
������ &ROOHFWLRQ�RI�VFDWV�
6FDWV�ZHUH�FROOHFWHG�IURP���LQGLYLGXDO�'��OXPKROW]L�GXULQJ�FDSWXUH�IRU�UDGLR�
WUDFNLQJ�IRU�KRPH�UDQJH�DQDO\VLV��6HFWLRQ��������2QO\�RQH�VFDW�SHU�DQLPDO�ZDV�
XVHG�IRU�FXWLFOH�DQDO\VLV��

������ 5HIHUHQFH�VOLGHV�
$�UHIHUHQFH�FROOHFWLRQ�RI�����ORFDO�UDLQIRUHVW�IORUDO�VSHFLHV�RI�OHDI�FXWLFOHV��
HVWDEOLVKHG�E\�-RQHV��������ZDV�XVHG�WR�LGHQWLI\�WKH�IUDJPHQWV�WR�VSHFLHV�
OHYHO���7KLV�UHIHUHQFH�FROOHFWLRQ�ZDV�H[SDQGHG�GXULQJ�WKLV�VWXG\�WR�LQFOXGH�DQ�
DGGLWLRQDO����WUHH��YLQH�DQG�ZHHG�VSHFLHV�IURP�REVHUYDWLRQV�RI�XVH�E\�'��
OXPKROW]L�GXULQJ�WKH�KRPH�UDQJH�VWXG\��6HFWLRQ������DQG�IURP�REVHUYDWLRQV�RI�
RWKHUV��3URFWRU�*UD\�������1HZHOO�������7.0*�XQSXEOLVKHG�GDWD���QRZ�
FRQVLVWLQJ�RI�����VSHFLHV�LQ�WRWDO��WR�HQVXUH�DOO�SRVVLEOH�VSHFLHV�ZHUH�LQFOXGHG���
'��OXPKROW]L�LV�NQRZQ�WR�HDW�RQO\�WKH�SHWLROH�RI�/LWVHD�OHHIHDQD�DW�WLPHV��SHUV��
REV���DQG�KDV�EHHQ�REVHUYHG�HDWLQJ�VRPH�IUXLW��7.0*�XQSXEOLVKHG�GDWD��VR�
DGGLWLRQDO�UHIHUHQFH�VOLGHV�RI�SHWLROHV��IUXLW�DQG�IORZHUV�RI�VRPH�VSHFLHV�ZHUH�
DOVR�SUHSDUHG���7KH�³/HDI�DQG�&XWLFOH�DWODV�RI�$XVWUDOLDQ�OHDI\�/DXUDFHDH´�
�&KULVWRSKHO�DQG�5RZHWW�������ZDV�DOVR�UHIHUUHG�WR�IRU�LGHQWLILFDWLRQ�RI�WKLV�
JURXS�DQG�IRU�WKH�GHVFULSWLRQ�RI�FXWLFXODU�FKDUDFWHUV���/RFDO�ERWDQLVWV�LGHQWLILHG�
WKH�SODQW�VSHFLHV�IRU�WKH�UHIHUHQFH�FROOHFWLRQ��5��-HQVHQ��7��,UYLQH�DQG�3��
'HOORZ���
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5HIHUHQFH�VOLGHV�ZHUH�SUHSDUHG�E\�WKH�WHFKQLTXH�XVHG�E\�&KULVWRSKHO�DQG�
5RZHWW��������DQG�-RQHV���������XVLQJ�D��FP��SLHFH�FXW�IURP�WKH�HGJH�RI�WKH�
LGHQWLILHG�OHDI�DQG�ERLOHG�LQ�����K\GURJHQ�SHUR[LGH��+�2���XQWLO�WKH�XSSHU�
�DGD[LDO��DQG�ORZHU�HSLGHUPLV��DED[LDO��OD\HUV�VHSDUDWH�WR�H[SRVH�WKH�FXWLFOH�
�DSSUR[LPDWHO\������KRXUV����7KH�OD\HUV�ZHUH�WKHQ�ODLG�IODW��FOHDQHG�RI�GHEULV�
ZLWK�D�ILQH�FDPHO�KDLU�EUXVK�LQ�ZDWHU��VWDLQHG�ZLWK�JHQWLDQ�YLROHW�DQG�PRXQWHG�
RQ�D�VOLGH�ZLWK�SKHQRO�JO\FHULQ�MHOO\���:KHQ�WKH�MHOO\�KDV�VHW�DQG�H[FHVV�KDV�
EHHQ�UHPRYHG�ZLWK�D�VFDOSHO�DQG�ZDUP�ZDWHU��WKH�HGJH�RI�WKH�FRYHUVOLS�ZDV�
ULQJHG�ZLWK�FOHDU�QDLO�SROLVK�WR�UHWDUG�GHK\GUDWLRQ�RI�WKH�SUHSDUDWLRQ��

3HWLROHV�ZHUH�SUHSDUHG�E\�FXWWLQJ�WKHP�LQWR�OHQJWKV�RI�DSSUR[LPDWHO\��FP�DQG�
VSOLWWLQJ�ORQJLWXGLQDOO\���)UXLW�DQG�IORZHUV�RI�VRPH�VSHFLHV��WKRVH�REVHUYHG�
EHLQJ�FRQVXPHG�E\�'��OXPKROW]L��ZHUH�DOVR�SUHSDUHG�WR�H[DPLQH�ZKHWKHU�WKH\�
ZRXOG�EH�LGHQWLILDEOH�E\�FXWLFOH�IHDWXUHV���<RXQJ�OHDYHV�ZHUH�DOVR�SUHSDUHG�WR�
FRPSDUH�ZLWK�ROGHU�OHDYHV�RI�WKH�VDPH�VSHFLHV��

,I�WKH�OHDYHV�GLVVROYHG�FRPSOHWHO\�GXULQJ�WKLV�SUHSDUDWLRQ�LW�ZDV�DVVXPHG�WKDW�
WKH\�ZRXOG�DOVR�EH�GLJHVWHG�IXOO\�DQG�WKHUHIRUH�QRW�SUHVHQW�LQ�WKH�IDHFHV��

������ 3UHSDUDWLRQ�RI�VOLGHV�IURP�IDHFDO�PDWHULDO�
2QH�VFDW�SHU�DQLPDO�ZDV�SUHSDUHG�IRU�PLFURVFRSLF�DQDO\VLV�E\�WKH�WHFKQLTXH�
XVHG�E\�-RQHV����������(DFK�VFDW�ZDV�SODFHG�LQGLYLGXDOO\�LQWR���PO�EHDNHUV�
ZLWK�����K\GURJHQ�SHUR[LGH�DQG�ERLOHG�XQWLO�WKH�FKORURSK\OO�ZDV�GLVVROYHG�DQG�
WKH�IUDJPHQWV�DSSHDUHG�FOHDU��XVXDOO\�DERXW���KRXUV���

(DFK�VDPSOH�ZDV�WKHQ�ULQVHG�WKURXJK�D�ILQH�VLHYH������P�SODQNWRQ�PHVK��ZLWK�
GLVWLOOHG�ZDWHU�DQG�WKHQ�VWDLQHG�ZLWK�JHQWLDQ�YLROHW�IRU����PLQV���7KH�VWDLQ�ZDV�
WKHQ�ULQVHG�RXW�WKURXJK�UHSHDWHG�ZDVKLQJ�WKURXJK�WKH�VLHYH�ZLWK�GLVWLOOHG�ZDWHU��
7KH�VDPSOHV�ZHUH�WKHQ�PRXQWHG�RQ�D���PP�[���PP�VOLGH�ZLWK�JO\FHULQH���)RXU�
VOLGHV�ZHUH�SUHSDUHG�IRU�HDFK�DQLPDO��VFDW���

7KH�VOLGHV�ZHUH�H[DPLQHG�XQGHU�D�PLFURVFRSH�DW���[�PDJQLILFDWLRQ���7ZHQW\�
ILYH�IUDJPHQWV�IURP�HDFK�VOLGH��D�WRWDO�RI�����IRU�HDFK�DQLPDO��ZHUH�UDQGRPO\�
VHOHFWHG�XVLQJ�UDQGRP�QXPEHUV�DQG�WKH�PHDVXULQJ�LQFUHPHQWV�RQ�WKH�
PLFURVFRSH�VWDJH���(DFK�IUDJPHQW�ZDV�SKRWRJUDSKHG�XVLQJ�D�.RGDN�';�����
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GLJLWDO�FDPHUD�WKURXJK�WKH�PLFURVFRSH�H\HSLHFH��FURVV�UHIHUHQFHG�ZLWK�WKH�
UHIHUHQFH�VOLGHV�DQG�SKRWRJUDSKV��DQG�LGHQWLILHG�WR�VSHFLHV�XVLQJ�FXWLFXODU�
IHDWXUHV���7KH�IUHTXHQF\�RI�HDFK�VSHFLHV�ZDV�UHFRUGHG�IRU�HDFK�DQLPDO����

8QLGHQWLILDEOH�IUDJPHQWV�RU�RWKHU�XQLGHQWLILDEOH�SODQW�SDUWV�ZHUH�UHFRUGHG�DQG�
SKRWRJUDSKHG���)UDJPHQWV�ZHUH�GHHPHG�WR�XQLGHQWLILDEOH�LI�WKH\�ZHUH�REVFXUHG�
E\�RWKHU�IUDJPHQWV��WRR�VPDOO��RU�GLG�QRW�KDYH�DQ\�VWRPDWD�SUHVHQW���,Q�
GLFRW\OHGRQV�WKH�VWRPDWD�DUH�XVXDOO\�RQO\�SUHVHQW�RQ�WKH�DED[LDO�VLGH��XQGHU�
VLGH��RI�WKH�OHDI���)UDJPHQWV�DUH�GLIILFXOW�WR�GLVWLQJXLVK�WR�VSHFLHV�ZLWKRXW�
VWRPDWD�FKDUDFWHUV�WR�LGHQWLI\�WKHP��EXW�LI�WKHUH�ZHUH�VXIILFLHQW�DED[LDO��ORZHU��
SLHFHV�RQ�D�VOLGH�WR�LGHQWLI\�D�VSHFLHV�ZHUH�SUHVHQW�DQG�WKH�DGD[LDO�ZDV�
GLVWLQJXLVKDEOH�IURP�RWKHU�VSHFLHV�WKHQ�WKHVH�ZHUH�DOVR�LQFOXGHG���$GD[LDO�
IUDJPHQWV�ZHUH�GHHPHG�XQLGHQWLILDEOH�LI�QR�FOHDUO\�DVVRFLDWHG�DED[LDO�SLHFHV�RI�
WKLV�VSHFLHV�ZHUH�SUHVHQW��8QLGHQWLILDEOH�IUDJPHQWV�ZHUH�QRW�UHSODFHG��

� �D�� E��
)LJXUH�����(ODHDJQXV�WULIORUD��D��UHIHUHQFH�VOLGH�VKRZLQJ�IORZHU�OLNH�WULFKRPHV�E��IUDJPHQW�IURP�VFDW�
VDPSOH��

�
���� 5(68/76�
6L[WHHQ�VSHFLHV�ZHUH�UHSUHVHQWHG�ZLWKLQ�WKH�VFDW�VDPSOHV��7DEOH��������7KH�
DYHUDJH�QXPEHU�RI�VSHFLHV�SHU�VFDW�ZDV�����r������6(���UDQJH���±������
$OSKLWRQLD�SHWULHL�ZDV�WKH�RQO\�VSHFLHV�IRXQG�LQ�DOO�VDPSOHV��7DEOH��������7KH�
DYHUDJH�QXPEHU�RI�XQLGHQWLILDEOH�IUDJPHQWV�ZDV����r��������6(���UDQJH���±
��������
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)LJXUH�����VKRZV�WKH�PHDQ�SURSRUWLRQ��r�6(��RI�HDFK�IORUDO�VSHFLHV�IRU�DOO�RI�WKH�
VFDW�VDPSOHV���/LWVHD�OHHIHDQD��*XLRD�ODVLRQHXUD�DQG�WKH�ZHHG�VSHFLHV�
/DQWDQD�FDPDUD�ZHUH�IRXQG�LQ��������RXW�RI����RI�WKH�VDPSOHV���

7KHUH�ZHUH�WKUHH�YLQHV�VSHFLHV�IRXQG�LQ�WKH�VFDW�VDPSOHV��&LVVXV�K\SRJODXFD��
(ODHDJQXV�WULIORUD�DQG�5LSRJRQXP�DOEXP��

7DEOH������3URSRUWLRQ�RI�SODQW�VSHFLHV�IUDJPHQWV�IRXQG�LQ�VFDW�VDPSOHV��
7UHH�VSHFLHV� &ROLQ� $OH[� (UURO� (YH� /LVD� 0-� &DUOLD� 6LPRQH� 0HDQ� 6(�
$OSKLWRQLD�SHWULHL� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&DUGZHOOLD�VXEOLPLV� �� �� �� �� �� ����� �� ����� ����� �����
&LVVXV�K\SRJODXFD� �� �� �� �� ����� �� �� �� ����� �����
(ODHDJQXV�WULIORUD� ����� �� �� ����� �� �� ����� ����� ����� �����
)OLQGHUVLD�ERXUMRWLDQD� �� �� ����� �� �� �� �� �� ����� �����
)OLQGHUVLD�EUD\OH\DQD� �� �� �� �� �� �� �� ����� ����� �����
)OLQGHUVLD�SLPHQWHOLDQD� �� �� �� ����� �� �� ����� �� ����� �����
*ORFKLGLRQ�K\ODQGLL� ����� �� �� �� �� ����� �� �� ����� �����
*XLRD�ODVLRQHXUD� ����� ����� �� ����� ����� �� ����� �� ����� �����
/DQWDQD�FDPDUD� ����� ����� ����� ����� ����� �� ����� �� ����� �����
/LWVHD�OHHIHDQD� ����� ����� ����� ����� �� �� ����� ����� ����� �����
1HROLWVHD�GHDOEDWD� �� �� ����� �� �� ����� ����� �� ����� �����
3RO\FLDV�HOHJDQV� �� ����� ����� �� �� �� ����� �� ����� �����
5LSRJRQXP�DOEXP� �� ����� �� �� �� �� �� ����� ����� �����
6ORDQHD�DXVWUDOLV� �� �� ����� �� �� �� �� �� ����� �����
;DQWKRVWHPRQ�ZKLWHL� �� �� �� ����� �� �� �� �� ����� �����
8QNQRZQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

�
$OWKRXJK�LQ�VPDOO�QXPEHUV��SHWLROHV�RI�ILYH�VSHFLHV�DQG�WKH�\RXQJ�OHDYHV�RI�
/LWVHD�OHHIHDQD�ZHUH�IRXQG�LQ�WKH�VFDW�VDPSOHV��7DEOH�������
7DEOH�������3URSRUWLRQ�RI�SHWLROHV�DQG�\RXQJ�OHDYHV�IRXQG�LQ�VFDW�VDPSOHV��
3HWLROHV�QHZ�OHDYHV� &ROLQ� $OH[� (UURO� (YH� /LVD� 0-� &DUOLD�6LPRQH� 0HDQ� 6(�
$OSKLWRQLD�SHWULHL� �� �� �� �� ����� �� ����� ����� ������ ������
&LVVXV�K\SRJODXFD� �� �� �� �� ����� �� �� �� ������ ������
/LWVHD�OHHIHDQD�SHWLROHV� �� ����� ����� ����� �� �� ����� ����� ������ ������
/LWVHD�OHHIHDQD�QHZ�OHDYHV� ����� �� �� �� �� �� �� �� ������ ������
1HROLWVHD�GHDOEDWD� �� �� ����� �� �� �� �� �� ������ ������
3RO\FLDV�HOHJDQV� �� �� ����� �� �� �� �� �� ������ ������
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)LJXUH������0HDQ�SURSRUWLRQ�RI�IUDJPHQWV�LQ�VFDWV�IRU�HDFK�WUHH�VSHFLHV��

�
���� ',6&866,21�
$OO�RI�WKH�VSHFLHV�IRXQG�LQ�WKH�VFDW�VDPSOHV�ZHUH�UHFRUGHG�DV�XVHG�E\�'��
OXPKROW]L�LQ�WKH�UDGLR�WUDFNLQJ�VWXG\��6HFWLRQ���������H[FHSW�IRU�ILYH�VSHFLHV��
1HROLWVHD�GHDOEDWD��3RO\VFLDV�HOHJDQV��5LSRJRQXP�DOEXP��;DQWKRVWHPRQ�
ZKLWHL�DQG�&DUGZHOOLD�VXEOLPLV���+RZHYHU��XVH�RI�&DUGZHOOLD�VXEOLPLV��1HROLWVHD�
GHDOEDWD��3RO\VFLDV�HOHJDQV�DQG�5LSRJRQXP�DOEXP�E\�'��OXPKROW]L�KDV�EHHQ�
SUHYLRXVO\�UHFRUGHG��SHUV��REV���7.0*�XQSXEOLVKHG�GDWD����7KLV�LV�WKH�ILUVW�
UHFRUG�IRU�;DQWKRVWHPRQ�ZKLWHL�DOWKRXJK�WKH�FRQJHQHU�;DQWKRVWHPRQ�
FKU\VDQWKXV�KDV�EHHQ�UHFRUGHG�SUHYLRXVO\��7.0*�XQSXEOLVKHG�GDWD����
;DQWKRVWHPRQ�ZKLWHL�ZDV�RQO\�IRXQG�LQ�RQH�VDPSOH�DOWKRXJK�LW�ZDV�LQ�KLJK�
QXPEHUV������RI�WKH�IUDJPHQWV�LQ�WKH�VFDW�����

$OSKLWRQLD�SHWULHL�ZDV�WKH�PRVW�FRQVLVWHQWO\�UHFRUGHG�VSHFLHV�LQ�WKH�VFDWV���7KLV�
VXSSRUWV�WKH�FRQFOXVLRQV�IURP�WKH�YHJHWDWLRQ�DQDO\VLV��6HFWLRQ���������WKDW�
$OSKLWRQLD�SHWULHL�LV�DQ�LPSRUWDQW�UHVRXUFH�IRU�'��OXPKROW]L���6LPLODUO\��/LWVHD�
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OHHIHDQD��)OLQGHUVLD�EUD\OH\DQD�DQG�*XLRD�ODVLRQHXUD�ZHUH�DPRQJ�WKH�PRVW�
FRPPRQO\�XWLOLVHG�WUHH�VSHFLHV�LQ�GLUHFW�REVHUYDWLRQV��6HFWLRQ����������HYHQ�
WKRXJK�*XLRD�ODVLRQHXUD�ZDV�QRW�XWLOLVHG�LQ�JUHDWHU�SURSRUWLRQ�WKDQ�LWV�
RFFXUUHQFH�LQ�WKH�IRUHVW���)LQGLQJ�*XLRD�ODVLRQHXUD�ZHOO�UHSUHVHQWHG�LQ�WKH�
VFDWV�LQGLFDWHV�WKDW�LW�LV�DQ�LPSRUWDQW�UHVRXUFH�IRU�'��OXPKROW]L���7KLV�LV�DQ�
H[DPSOH�RI�ZKHUH�D�VSHFLHV�LV�VR�DEXQGDQW�DQG�XVDJH�LV�OHVV�WKDQ�DYDLODEOH�
�6HFWLRQ����������WKDW�WKH�FRQFOXVLRQ�WKDW�*XLRD�ODVLRQHXUD�LV�QRW�LPSRUWDQW�DV�D�
UHVRXUFH�LV�PLVOHDGLQJ��VHH�6HFWLRQ������-RKQVRQ���������)XUWKHUPRUH��VRPH�
VSHFLHV�ZHUH�IRXQG�LQ�WKH�VFDWV�IRU�LQGLYLGXDO�DQLPDOV��ZKLFK�ZHUH�QRW�XWLOLVHG�
GXULQJ�IHHGLQJ�REVHUYDWLRQV��7DEOH�����DQG�7DEOH��������)RU�H[DPSOH�³6LPRQH´�
ZDV�QRW�REVHUYHG�XWLOLVLQJ�)OLQGHUVLD�EUD\OH\DQD��7DEOH�������EXW�WKHUH�ZHUH�
FXWLFOHV�RI�WKLV�VSHFLHV�LQ�KHU�VFDWV��7DEOH��������7KLV�VKRZV�WKDW�WKH�WHFKQLTXH�
LV�YHU\�XVHIXO�LQ�FRQILUPLQJ�GLHW�IRU�DQLPDOV�LQ�DGGLWLRQ�WR�REVHUYDWLRQV��

)LYH�VSHFLHV�IRXQG�LQ�WKH�VFDWV�ZHUH�VSHFLHV�WKDW�ZHUH�DOVR�XVHG�E\�'��
OXPKROW]L�LQ��E�UDLQIRUHVW��)OLQGHUVLD�EUD\OH\DQD��/LWVHD�OHHIHDQD��1HROLWVHD�
GHDOEDWD��(ODHDJQXV�WULIORUD��YLQH��DQG�/DQWDQD�FDPDUD��ZHHG���3URFWHU�*UD\�
������������1HZHOO�����E�����

/DQWDQD�FDPDUD�LV�D�ZHHG�VSHFLHV�WKDW�'��OXPKROW]L�KDV�EHHQ�REVHUYHG�HDWLQJ�
RQ�YDULRXV�RFFDVLRQV��7.0*�XQSXEOLVKHG�GDWD��SHUV��REV����LQFOXGLQJ�WKH�HDUOLHU�
VWXGLHV�E\�3URFWHU�*UD\��������������DQG�1HZHOO��������DQG�WKLV�VSHFLHV�ZDV�
IRXQG�LQ�����RI�WKH�VDPSOHV��FRQILUPLQJ�WKDW�'��OXPKROW]L�GR�IHHG�RQ�WKLV�
VSHFLHV�LQ�WKLV�VWXG\�VLWH�DOVR��DOWKRXJK�WKH\�ZHUH�QRW�UHFRUGHG�DV�XVLQJ�LW�LQ�WKH�
UDGLR�WUDFNLQJ�VWXG\���

7KHUH�ZHUH�WKUHH�YLQHV�VSHFLHV�IRXQG�LQ�WKH�VFDW�VDPSOHV��&LVVXV�K\SRJODXFD��
(ODHDJQXV�WULIORUD�DQG�5LSRJRQXP�DOEXP��DQG�WKHVH�DUH�DOO�YLQHV�VSHFLHV�WKDW�
KDYH�EHHQ�REVHUYHG�EHLQJ�XVHG�E\�'��OXPKROW]L��3URFWHU�*UD\�������������
1HZHOO�������7.0*�XQSXEOLVKHG�GDWD��FRQILUPLQJ�WKDW�YLQHV�DUH�DOVR�LPSRUWDQW�
WR�'��OXPKROW]L���&LVVXV�K\SRJODXFD�DFFRXQWHG�IRU�����RI�WKH�VFDW�VDPSOH�IRU�
RQH�IHPDOH��/LVD��ZKR�LQKDELWDW�WKH�ULSDULDQ�]RQH�RQ�D�VSULQJ�LQ�WKH�VWXG\�VLWH���
7KLV�DQLPDO�ZDV�REVHUYHG�LQ�)LFXV�FUDVVLSHV�RQ�D�UHJXODU�EDVLV�DQG�ZDV�IRXQG�
WR�EH�VHOHFWLQJ�LW�PRUH�WKDQ�H[SHFWHG��6HFWLRQ�����������7KLV�LQGLYLGXDO�WUHH�KDG�
D�ODUJH�DPRXQW�RI�&LVVXV�K\SRJODXFD�LQ�LWV�FDQRS\�DQG�LW�ZDV�SURSRVHG�WKDW�WKH�
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SUHVHQFH�RI�WKLV�YLQH�ZDV�WKH�UHDVRQ�IRU�WKH�SUHIHUUHG�FKRLFH�RI�WKLV�WUHH�DV�WKH�
FXWLFOHV�RI�WKH�ILJ�ZHUH�QRW�DSSDUHQW�LQ�WKH�VFDW�VDPSOHV��

)URP�REVHUYDWLRQV�LQ�WKH�ZLOG�DQG�LQ�FDSWLYLW\��'��OXPKROW]L�DSSHDU�WR�IDYRXU�WKH�
\RXQJ�OHDYHV�RI�VRPH�VSHFLHV��SHUV��REV���DQG�DOVR�WKH�SHWLROHV�RI�DW�OHDVW�WZR�
WUHH�VSHFLHV��/LWVHD�OHHIHDQD�DQG�0LVFKRFDUSXV�ODFKQRFDUSXV��SHUV��REV�����7KH�
SUHVHQFH�RI�IUDJPHQWV�RI�SHWLROHV�DQG�VRPH�\RXQJ�OHDYHV�LQ�'��OXPKROW]L�VFDWV�
VDPSOHV�FRQILUP�WKDW�WKH\�GR��DOWKRXJK�QRW�LQ�KLJK�DEXQGDQFHV���+RZHYHU��
WKHVH�SODQW�SDUWV�PD\�EH�PRUH�UHDGLO\�GLJHVWHG�DQG�KHQFH�QRW�DOZD\V�EH�
SUHVHQW�LQ�WKH�VFDWV���2WKHU�DUERUHDO�IROLYRUHV�VXFK�DV�OHDI�HDWLQJ�PRQNH\V�
�+ODGLN�������0F.H\�������*ODQGHU�������FRQVXPH�ODUJH�QXPEHUV�RI�\RXQJ�
OHDYHV�DQG�SHWLROHV�DQG�LV�EHOLHYHG�WR�EH�EHFDXVH�WKH�\RXQJ�OHDYHV�DQG�
SHWLROHV�FRQWDLQ�PRUH�QXWULHQWV�DQG�PLQHUDOV��+ODGLN�����������

,W�KDV�EHHQ�VXJJHVWHG�WKDW�'HQGURODJXV�VSS�RFFDVLRQDOO\�HDW�DQLPDO�SURWHLQ�LQ�
WKH�IRUP�RI�HJJV�RU�ELUGV��%HW]�������-RKQVRQ�HW�DO���������7KHUH�ZDV�QR�
HYLGHQFH�RI�DQLPDO�SURWHLQ��IHDWKHUV��LQVHFW�H[RVNHOHWRQ�RU�HJJVKHOO�LQ�DQ\�RI�
WKH�IDHFDO�VDPSOHV�IURP�WKLV�VWXG\��

6RPH�LPSRUWDQW�SRLQWV�WR�FRQVLGHU�ZKHQ�XVLQJ�WKLV�WHFKQLTXH�WR�VDPSOH�GLHW��LV�
WKDW�RQH�SHOOHW�LV�RQO\�D�VQDSVKRW�RI�WKHLU�GLHW��LW�ZRXOG�EH�SUHIHUDEOH�WR�WDNH�
VDPSOHV�RI�WKH�VDPH�DQLPDOV�RYHU�D�SHULRG�RI�WLPH�HVSHFLDOO\�IRU�VHDVRQDO�
GLIIHUHQFHV�LQ�GLHW���)XUWKHUPRUH��GXH�WR�SRVVLEO\�ORQJ�UHWHQWLRQ�WLPHV�LQ�
IROLYRUHV��WKH�VFDWV�IRXQG�XQGHU�D�WUHH�ZRXOG�QRW�QHFHVVDULO\�KDYH�FXWLFOHV�
UHSUHVHQWLQJ�WKDW�SDUWLFXODU�WUHH�VSHFLHV���7KH�VSHFLHV�SUHVHQW�ZRXOG�PRUH�
OLNHO\�EH�IURP�EHWZHHQ�D�IHZ�GD\V�WR�SRVVLEO\�D�ZHHN�HDUOLHU��-RQHV���������
-RQHV�IRXQG�LQ�FDSWLYH�'��PDWVFKLHL�WKDW�UHWHQWLRQ�WLPHV�YDULHG�RQ�DYHUDJH�IURP�
����±�����GD\V�UDQJH�������GD\V����0RUHRYHU��QRW�DOO�FXWLFOHV�ZRXOG�VXUYLYH�
GLJHVWLRQ�DQG�WKHUHIRUH�ZRXOG�QRW�EH�SUHVHQW�LQ�WKH�IDHFHV��HVSHFLDOO\�WKH�OHVV�
UREXVW�OHDYHV��6WRUU���������7KHVH�VSHFLHV�ZRXOG�WKHQ�EH�XQGHU�UHSUHVHQWHG�LQ�
WKH�VDPSOHV�LI�IRXQG�DW�DOO���

�
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���� &21&/86,216�
7KLV�VWXG\�KDV�VKRZQ�WKDW�WKH�XVH�RI�PLFURVFRSLF�IDHFDO�DQDO\VLV�XVLQJ�SODQW�
FXWLFOHV�LV�D�SUDFWLFDO�ZD\�WR�FRQILUP�WKH�GLHW�RI�WUHH�NDQJDURRV�LQ�WKH�ZLOG�DV�LW�
KDV�EHHQ�IRXQG�LQ�RWKHU�PDUVXSLDO�VSHFLHV��&RSOH\�DQG�5RELQVRQ�������
1RUEXU\�������,QJOHE\�HW�DO�������(OOLV�HW�DO�������+RZ�DQG�+LOOFR[�������
/DSLGJH�������0RRUH�DQG�)ROH\�������:RROQRXJK�DQG�-RKQVRQ�������6XOOLYDQ�
HW�DO�������DQG�FDQ�FRQILUP�WKH�XVH�RI�WUHH�VSHFLHV�RWKHUZLVH�IRXQG�WR�EH�QRW�
SUHIHUUHG�IURP�KDELWDW�VHOHFWLRQ�VWXGLHV��VXFK�DV�*XLRD�ODVLRQHXUD���
)XUWKHUPRUH��WKH�LQJHVWLRQ�RI�YLQH�VSHFLHV��ZKLFK�LV�GLIILFXOW�WR�REVHUYH�LQ�WKH�
ZLOG��FDQ�EH�FRQILUPHG�XVLQJ�WKLV�WHFKQLTXH����

7KLV�WHFKQLTXH�KDV�EHHQ�IRXQG�WR�EH�D�SUDFWLFDO�ZD\�WR�DFFHVV�DQG�FRQILUP�WKH�
GLHW�RI�'��OXPKROW]L�DQG�ZLOO�DOVR�SURYH�LQYDOXDEOH�IRU�GLHWDU\�DQDO\VLV�LQ�DUHDV�
ZKHUH�WUHH�NDQJDURRV�DUH�VHOGRP�VHHQ�LQ�WKH�ZLOG���)XUWKHUPRUH��LW�JLYHV�
VXSSOHPHQWDU\�LQIRUPDWLRQ�RQ�SUHIHUUHG�IORUDO�VSHFLHV��HVSHFLDOO\�ZKHQ�WKDW�
VSHFLHV�LV�LQ�KLJK�DEXQGDQFHV�VXFK�DV�*XLRD�ODVLRQHXUD��DV�SUHIHUHQFH�LV�
UHIOHFWHG�LQ�VHOHFWLRQ��ZKLFK�FDQ�RQO\�RFFXU�ZKHQ�D�FRPSRQHQW�LV�UHODWLYHO\�
VFDUFH��-RKQVRQ�������0DQO\�HW�DO���������0RUHRYHU��LW�SURYLGHV�DGGLWLRQDO�
LQIRUPDWLRQ�RQ�GLHW�IRU�LQGLYLGXDO�DQLPDOV�RI�IORUDO�VSHFLHV�WKDW�ZHUH�QRW�
REVHUYHG�EHLQJ�XWLOLVHG���

%HFDXVH�WKH�VFDW�DQDO\VLV�UHSUHVHQWV�D�VSHFLILF�DQG�VKRUW�WHUP�VDPSOH�RI�'��
OXPKROW]L�GLHW�LW�FDQ�DOVR�EH�XVHG�WR�LQFUHDVH�RXU�XQGHUVWDQGLQJ�RI�VHDVRQDO�
FKDQJH�LQ�IRRG�UHVRXUFHV�E\�VDPSOLQJ�RYHU�GLIIHUHQW�VHDVRQV���7KH�LQFUHDVHG�
NQRZOHGJH�RI�SUHIHUUHG�VSHFLHV�XVLQJ�WKLV�WHFKQLTXH�ZLOO�DVVLVW�LQ�WKH�
PDQDJHPHQW�DQG�WKH�UHVWRUDWLRQ�RI�WUHH�NDQJDURR�KDELWDW�LQ�WKH�IXWXUH���
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&KDSWHU����*URVV�PRUSKRORJ\�DQG�FDSDFLWLHV�RI�WKH�
JDVWURLQWHVWLQDO�WUDFW�RI�'HQGURODJXV�
OXPKROW]L��DQ�DUERUHDO�IROLYRUH��

���� ,1752'8&7,21�
2SWLPDO�IRUDJLQJ�WKHRU\�SUHGLFWV�WKDW�WKH�IRUDJLQJ�EHKDYLRXU�RI�DQ�DQLPDO�
�LQFOXGLQJ�PDWLQJ��WHUULWRU\�PDLQWHQDQFH�DQG�SUHGDWRU�DYRLGDQFH�EHKDYLRXUV��
WKDW�SURYLGHV�LW�ZLWK�WKH�JUHDWHVW�ILWQHVV�LV�WKDW�ZKLFK�PD[LPLVHV�WKH�QHW�UDWH�RI�
HQHUJ\�RU�QXWULHQW�LQWDNH��7RZQVHQG�DQG�+XJKHV�������+XPH���������6LPLODUO\��
RSWLPDO�GLJHVWLRQ�WKHRU\�SUHGLFWV�WKDW�WKH�GLJHVWLYH�VWUDWHJ\�RI�DQ�DQLPDO�WKDW�
SURYLGHV�LW�ZLWK�WKH�JUHDWHVW�ILWQHVV�LV�WKDW�ZKLFK�PD[LPLVHV�WKH�QHW�UDWH�RI�
HQHUJ\�RU�QXWULHQW�UHOHDVH�IURP�LQJHVWHG�IRRG��6LEO\�������6LEO\�DQG�&DOORZ�
������+XPH���������2SWLPDO�GLJHVWLRQ�WLPH�ZLOO�YDU\�DPRQJ�IRRG�W\SHV��EHLQJ�
ORQJHU�IRU�SRRU�TXDOLW\��KLJK�ILEUH��IRRGV�WKDQ�IRU�KLJK�TXDOLW\��ORZ�ILEUH��IRRG�
W\SHV���7KHUHIRUH��DQLPDOV�WKDW�HDW�SRRUHU�TXDOLW\�IRRGV�VKRXOG�KDYH�ODUJHU�
GLJHVWLYH�WUDFWV�VR�WKDW�PRUH�IRRG�LV�EHLQJ�SURFHVVHG�DW�DQ\�RQH�WLPH��+XPH�
��������)LQDOO\��IRU�DQ\�JLYHQ�UDWH�RI�IRRG�LQWDNH��DQ�DQLPDO�VKRXOG�PD[LPLVH�
UHWHQWLRQ�RI�IRRG�WR�PD[LPLVH�WKH�UDWH�RI�REWDLQLQJ�HQHUJ\��6LEO\�������6LEO\�DQG�
&DOORZ�������+XPH����������

+HUELYRURXV�DQLPDOV�KDYH�WKH�DGGLWLRQDO�FRPSOH[LW\�RI�SURFHVVLQJ�WKH�WRXJK�
SODQW�PDWHULDO�LQ�WKHLU�GLHW��3ODQW�PDWHULDO�LV�EURDGO\�FRPSRVHG�RI�FHOO�FRQWHQWV��
FHOO�ZDOOV��SODQW�H[XGDWHV�DQG�DQWL�KHUELYRUH�VHFRQGDU\�FRPSRXQGV��+XPH�
��������7KHVH�FRPSRQHQWV�KDYH�YDU\LQJ�GHJUHHV�RI�GLJHVWLELOLW\�DQG�KHUELYRUHV�
KDYH�D�YDULHW\�RI�GLJHVWLYH�WUDFW�PRGLILFDWLRQV�WR�GHDO�ZLWK�WKHVH���3RVVHVVLRQ�RI�
ODUJH�QXPEHUV�RI�V\PELRWLF�PLFURRUJDQLVPV�LV�D�FHQWUDO�IHDWXUH�LQ�WKH�GLJHVWLRQ�
RI�VWUXFWXUDO�FDUERK\GUDWHV�RI�SODQWV�E\�KHUELYRUHV���,Q�DGGLWLRQ��WKHVH�
PLFURRUJDQLVPV�DOVR�V\QWKHVLVH�DPLQR�DFLGV�DQG�YLWDPLQV�HVVHQWLDO�WR�WKH�KRVW�
DQLPDO��6WHYHQV�DQG�+XPH��������

7R�DFKLHYH�WKLV�PLFURELDO�GHJUDGDWLRQ�KHUELYRURXV�PDUVXSLDOV��OLNH�HXWKHULDQV��
KDYH�PRGLILHG�GLJHVWLYH�WUDFWV�ZLWK�HLWKHU�DQ�H[SDQGHG�IRUHJXW�RU�KLQGJXW�
IHUPHQWDWLRQ�FKDPEHU�KRXVLQJ�WKH�PLFURELDO�V\PELRQWV��%DXFKRS�������
5LFKDUGVRQ��������,Q�WKH�PDUVXSLDOV��WKH�9RPEDWRLGHD��ZRPEDW�DQG�NRDOD��DQG�
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WKH�3KODQJHURLGHD��SRVVXPV��DUH�KLQGJXW�IHUPHQWHUV�ZLWK�D�PRGLILHG�FDHFXP�
DQG�ODUJH�LQWHVWLQH�IRU�PLFURELDO�IHUPHQWDWLRQ��ZKHUHDV�WKH�0DFURSRGRLGHD�
�NDQJDURRV��ZDOODELHV�DQG�UDW�NDQJDURRV��DUH�DOO�IRUHJXW�IHUPHQWHUV�ZLWK�
PRGLILHG�VWRPDFKV��5LFKDUGVRQ���������&RQVHTXHQWO\��WUHH�NDQJDURRV��WKH�RQO\�
DUERUHDO�IROLYRURXV�NDQJDURRV��DUH�IRUHJXW�IHUPHQWHUV��DV�RSSRVHG�WR�WKH�RWKHU�
KLQGJXW�IHUPHQWLQJ�PDUVXSLDO�DUERUHDO�IROLYRUHV���2WKHU�IRUHJXW�IHUPHQWLQJ�
DUERUHDO�IROLYRUHV�DUH�IRXQG�DPRQJ�WKH�FRORELQH�SULPDWHV��OHDI�HDWLQJ�PRQNH\V��
DQG�WKH�VORWKV��&RUN����������

)RUHJXW�IHUPHQWDWLRQ��LQ�FRQWUDVW�WR�KLQGJXW�IHUPHQWDWLRQ��VXEMHFWV�IRRG�WR�
PLFURELDO�DWWDFN�EHIRUH�H[SRVXUH�WR�LQWHVWLQDO�HQ]\PH�RU�PLFURELDO�DFWLRQ��+XPH�
��������7KHUHIRUH��WKH�PDLQ�DGYDQWDJH�RI�WKH�IRUHVWRPDFK�IHUPHQWDWLRQ�LV�WKDW�
DIWHU�OHDYLQJ�WKH�VWRPDFK��WKH�IHUPHQWDWLRQ�SURGXFWV��LQFOXGLQJ�EDFWHULD��FDQ�EH�
GLJHVWHG�DQG�DEVRUEHG�LQ�WKH�IXQFWLRQDO�VLWHV�RI�WKH�VPDOO�LQWHVWLQH��%DXFKRS�
��������$QRWKHU�EHQHILW�LV�WKDW�WKH�GLJHVWD�FDQ�EH�GHOD\HG�IRU�ORQJHU�SHULRGV�
WKDQ�LQ�FDHFXP�RU�FDHFXP�FRORQ�IHUPHQWDWLRQ�V\VWHPV��JLYLQJ�PD[LPXP�WLPH�
IRU�PLFURELDO�GLJHVWLRQ�RI�WKH�ILEUH��9DQ�6RHVW��������

$OWKRXJK�IRUHJXW�IHUPHQWDWLRQ�LV�EHVW�GHYHORSHG�LQ�WKH�5XPLQDQWLD��LW�KDV�
SUREDEO\�HYROYHG�LQGHSHQGHQWO\�LQ�WKH�VORWK��OHDI�HDWLQJ�FRORELQH�PRQNH\V�DQG�
LQ�WKH�PDFURSRGRLG�PDUVXSLDOV��%DXFKRS��������ZKHUH�WKH�IRUHVWRPDFK�
FRQVLVWV�JURVVO\�RI�RQH�RU�PRUH�GLYHUWLFXODH�RU�VDFV��+XPH���������(DUO\�
ZRUNHUV�FODVVHG�WKHVH�DQLPDOV�DV�HLWKHU�UXPLQDQWV�RU�UXPLQDQW�OLNH�DQLPDOV�
�5LFKDUGVRQ���������+RZHYHU��LQ�PDFURSRGRLGV�WKH�PRGLILFDWLRQ�LV�SULPDULO\�DQ�
H[SDQVLRQ�RI�WKH�IRUHVWRPDFK�RU�FDUGLDF�UHJLRQ�RI�WKH�VWRPDFK�DV�WKH�SULPDU\�
VLWH�IRU�PLFURELDO�IHUPHQWDWLRQ�RI�SODQW�WLVVXH��5LFKDUGVRQ�������+XPH��������
DV�RSSRVHG�WR�D�FRPSOH[�H[SDQVLRQ�RI�WKH�RHVRSKDJXV�DQG�SRUWLRQV�RI�WKH�
VWRPDFK�LQ�WKH�WUXH�UXPLQDQWV��6WHYHQV�DQG�+XPH���������)XUWKHUPRUH��
DOWKRXJK�PDFURSRGV�GR�UHJXUJLWDWH�WKHLU�IRRG�RFFDVLRQDOO\��D�SURFHVV�FDOOHG�
³PHU\FLVP´��WKH\�GR�QRW�UXPLQDWH��+XPH���������

7KH�HDUOLHVW�DQFHVWUDO�IRUP�RI�PDFURSRGRLG�PDUVXSLDO��ZKLFK�VSOLW�IURP�DUERUHDO�
UDLQIRUHVW�GLSURWRGRQWLGV�E\�WKH�PLG�0LRFHQH��)ODQQHU\��������LV�EHOLHYHG�WR�
KDYH�KDG�VLPSOH�GHQWLWLRQ�DQG�JXW�PRUSKRORJ\��)UHXGHQEHUJHU�HW�DO���������7KH�
H[WDQW�RPQLYRURXV�PXVN\�UDW�NDQJDURR��+\SVLSU\PQRGRQ�PRVFKDWXV���D�



� ����

3RWRURLG��ZKLFK�DOVR�KDV�VLPSOH�GHQWLWLRQ�DQG�JXW�PRUSKRORJ\�LV�EHOLHYHG�WR�EH�
VLPLODU�WR�WKLV�HDUO\�PDFURSRG��)ODQQHU\�������)UHXGHQEHUJHU�HW�DO���������

$V�WKH�$XVWUDOLDQ�FOLPDWH�EHFDPH�LQFUHDVLQJO\�DULG��LQ�WKH�ODWH�0LRFHQH�DQG�
HDUO\�3OLRFHQH��QHZ�QXWULWLRQDO�QLFKHV�DSSHDUHG�DQG�D�GLYHUVLW\�RI�PRUSKRORJLFDO�
DQG�SK\VLRORJLFDO�DGDSWDWLRQV�RFFXUUHG��)UHXGHQEHUJHU�HW�DO���������7KLV�
GLYHUVLW\�UDQJHV�IURP�WKH�VPDOO�3RWRURLGV���������NJ��ZKLFK�VHHN�GLHWV�ULFK�LQ�
QXWULHQWV�VXFK�DV�SODQW�URRWV��IXQJL�DQG�LQYHUWHEUDWHV��WR�WKH�ODUJH�JUD]LQJ�
NDQJDURRV��!��NJ��ZKLFK�H[SORLW�SRRU�TXDOLW\�EXW�DEXQGDQW�JUDVVODQGV�
�)UHXGHQEHUJHU�HW�DO���������7KHLU�GLHWDU\�GLYHUVLW\�LV�HYLGHQW�LQ�WKHLU�JXW�
PRUSKRORJ\���3RWRURLGV�KDYH�D�ODUJHO\�VDFFLIRUP�IRUHVWRPDFK��ZKHUHDV�WKH�
ODUJH�JUD]LQJ�0DFURSRGLGV�WHQG�WR�KDYH�WKH�PRVW�UHGXFHG�VDFFLIRUP�EXW�PRVW�
H[SDQGHG�WXELIRUP�IRUHVWRPDFK��+XPH�������������)UHXGHQEHUJHU�HW�DO��������
ZLWK�D�WUHQG�WRZDUG�LQFUHDVLQJ�UHODWLYH�VL]H�RI�WKH�WXELIRUP�IRUHVWRPDFK�ZLWK�
LQFUHDVLQJ�ERG\�VL]H��)UHXGHQEHUJHU�HW�DO�������DQG�LQFUHDVLQJ�UHOLDQFH�RQ�
JUD]LQJ�UDWKHU�WKDQ�EURZVLQJ���,W�KDV�EHHQ�VXJJHVWHG�WKDW�DQ�H[SDQGHG�WXEXODU�
IRUHVWRPDFK�DOORZV�PDFURSRGV�WR�HDW�PRUH�SRRU�TXDOLW\�IRUDJH�WKDQ�UXPLQDQWV�
RI�VLPLODU�VL]H��+XPH��������

7UHH�NDQJDURRV�DUH�WKRXJKW�WR�KDYH�UHWXUQHG�WR�WKH�WUHHV�LQ�WKH�ODWH�0LRFHQH�
ZKHQ�RWKHUV�PHPEHUV�RI�WKH�IDPLO\�ZHUH�PRYLQJ�RXW�WR�WKH�JUDVVODQGV�
�)ODQQHU\��������DQG�DSSHDU�WR�ILW�LQWHUPHGLDWHO\�EHWZHHQ�WKHVH�WZR�FODVVHV�RI�
JXW�PRUSKRORJ\��ZLWK�ERWK�D�ODUJH�VDFFLIRUP�IRUHVWRPDFK�DQG�D�ORQJ�WXELIRUP�
IRUHVWRPDFK��)LJXUH��������7KLV�LV�VLPLODU�WR�RWKHU�EURZVLQJ�VSHFLHV�RI�WKH�IRUHVW��
VXFK�DV�SDGHPHORQV��7K\ORJDOH�VSS����ZKHUH�WKH�VDFFLIRUP�IRUHVWRPDFK�
FRQVWLWXWHV�DERXW�����RI�WKH�WRWDO�VWRPDFK�ZHLJKW��DQG�SUREDEO\�WUXH�IRU�WKH�
DQFHVWUDO�PDFURSRGLGV��)UHXGHQEHUJHU�HW�DO���������7KH�IRUHJXW�IHUPHQWLQJ�
IROLYRURXV�PRQNH\V��&RORELQHV��DOVR�WHQG�WR�KDYH�DQ�LQWHUPHGLDWH�JUDGH�RU�
EURZVHU�W\SH�JXW�PRUSKRORJ\��+XPH��������

7KH�ODUJH�VDFFLIRUP�PRUSKRORJ\�RI�EURZVHUV�PD[LPLVHV�UHWHQWLRQ�RI�GLJHVWD�IRU�
IHUPHQWDWLRQ�DQG�UHVXOWV�LQ�KLJK�GLJHVWLELOLWLHV�RI�SODQW�FHOO�ZDOOV��)UHXGHQEHUJHU�
HW�DO���������)UHXGHQEHUJHU�HW�DO��������SURSRVH�WKDW�WKLV�LV�D�GHULYHG�IHDWXUH�WR�
IDFLOLWDWH�WKH�UDSLG�SDVVDJH�RI�OHVV�GLJHVWLEOH�SODQW�PDWHULDO���2Q�WKH�RWKHU�KDQG��
D�PRUH�WXELIRUP�PRUSKRORJ\��VXFK�DV�LQ�WKH�ODUJH�JUD]LQJ�NDQJDURRV��OHDGV�WR�D�
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OHVV�WKDQ�PD[LPDO�UHWHQWLRQ�RI�GLJHVWD�IRU�IHUPHQWDWLRQ��+XPH�������ZLWK�D�
JUHDWHU�IORZ�UDWH��DOORZLQJ�D�JUHDWHU�DPRXQW�RI�SODQW�PDWHULDO�WR�EH�SURFHVVHG�
IDVWHU��

)RUHJXW�IHUPHQWDWLRQ�HPSOR\LQJ�D�VDFFLIRUP�WXELIRUP�IRUHVWRPDFK��DV�LQ�WUHH�
NDQJDURRV��WUHH�VORWKV�DQG�FROREXV�PRQNH\V��LV�SRVWXODWHG�WR�EH�RSWLPDO�IRU�
PL[LQJ�OHDI�IUXLW�DQG�OHDI�VHHG�GLHWV�WKDW�DUH�DYDLODEOH�LQ�PDQ\�WURSLFDO�IRUHVWV��
DVVXPLQJ�LW�DOORZV�KLJK�ILEUH�PHDOV�WR�EH�UHWDLQHG�IRU�PLFURELDO�IHUPHQWDWLRQ�
ZKLOH�SHUPLWWLQJ��ORZ�ILEUH�PHDOV�WR�SDVV�UDSLGO\�WR�WKH�KLQGVWRPDFK�IRU�
DFLG�HQ]\PLF�GLJHVWLRQ��&RUN���������

5HODWLYHO\�OLWWOH�LV�NQRZQ�DERXW�WUHH�NDQJDURR�JXW�PRUSKRORJ\�DQG�SK\VLRORJ\��
7KHUH�KDYH�EHHQ�VRPH�GHVFULSWLRQV�RQ�WKH�PRUSKRORJ\�RI�WKH�JDVWURLQWHVWLQDO�
WUDFW�LQ�D�IHZ�VSHFLHV�RI�WUHH�NDQJDURRV��2ZHQ�������)ODQQHU\�HW�DO�������
+XPH���������+RZHYHU��WKHUH�DUH�IHZ�TXDQWLWDWLYH�GDWD�RU�FRPSDULVRQV�WR�RWKHU�
NDQJDURR�VSHFLHV�LQ�UHODWLRQ�WR�VL]H�DQG�FDSDFLWLHV�RI�WKH�GLIIHUHQW�GLJHVWLYH�
UHJLRQV��

7KLV�FKDSWHU�GHVFULEHV�WKH�PRUSKRORJ\�DQG�FDSDFLW\�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�
LQ�'HQGURODJXV�OXPKROW]L�DQG�FRPSDUHV�LW�WR�VWXGLHV�RQ�RWKHU�PDFURSRG�
VSHFLHV���7KH�GLIIHUHQFHV�EHWZHHQ�VSHFLHV�DQG�RWKHU�DUERUHDO�IROLYRUHV�DUH�
GLVFXVVHG����

���� 0(7+2'6�
7KLV�VWXG\�ZDV�EDVHG�RQ����DGXOW�URDG�DQG�GRJ�NLOOHG�'��OXPKROW]L�VSHFLPHQV��
DQG�DQ�DGGLWLRQDO�WZR�SRXFK�\RXQJ����J�DQG����J�LQ�ERG\�ZHLJKW��FROOHFWHG�
RYHU�D�WZR�\HDU�SHULRG�������±�������RQ�WKH�$WKHUWRQ�7DEOHODQGV�LQ�)DU�1RUWK�
4XHHQVODQG���:KHQ�SRVVLEOH��VSHFLPHQV�ZHUH�GLVVHFWHG�IUHVK�EXW�PRVW�ZHUH�
IUR]HQ�IRU�SURFHVVLQJ�DW�D�ODWHU�GDWH���7ZR�VSHFLPHQV�ZHUH�FROOHFWHG�LQ�HDUOLHU�
\HDUV�E\�RWKHU�UHVHDUFKHUV�DQG�KDG�EHHQ�VWRUHG�IUR]HQ�SULRU�WR�SURFHVVLQJ��

(DFK�FDUFDVV�ZDV�ZHLJKHG�DQG�PHDVXUHG��EHIRUH�WKH�HQWLUH�JDVWURLQWHVWLQDO�
WUDFW�IURP�WKH�VXE�GLDSKUDJPDWLF�RHVRSKDJXV�WR�UHFWXP�ZDV�UHPRYHG�YLD�D�
PLG�YHQWUDO�LQFLVLRQ��ZLWK�DV�OLWWOH�GLVWXUEDQFH�RI�JXW�FRQWHQW�DV�SRVVLEOH��DV�LQ�
/HQWOH�HW�DO���������7KH�PHVHQWHULF�DWWDFKPHQWV�ZHUH�FXW�WR�DOORZ�XQFRLOLQJ�RI�
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WKH�LQWHVWLQHV�DQG�WKH�HQWLUH�JXW�ZDV�ODLG�RXW�RQ�D�ERDUG�ZLWK�D���FP�[���FP�
JULG��'HOORZ�������DQG�SKRWRJUDSKHG��)LJXUHV�����DQG��������

7KH�JDVWURLQWHVWLQDO�FRPSDUWPHQWV�ZHUH�WLHG�RII�DQG�VHSDUDWHG�DV�IROORZV��WKH�
VWRPDFK��IURP�WKH�FRPPHQFHPHQW�RI�WKH�VXE�GLDSKUDJPDWLF�RHVRSKDJXV��WR�
WKH�VLWH�RI�DWWDFKPHQW�WR�WKH�VPDOO�LQWHVWLQH�DW�WKH�S\ORUXV��WKH�VPDOO�LQWHVWLQH��
IURP�WKH�VLWH�RI�DWWDFKPHQW�WR�WKH�S\ORUXV��WR�WKH�VLWH�RI�DWWDFKPHQW�ZLWK�WKH�
FDHFR�FRORQLF�MXQFWLRQ��WKH�FDHFXP��IURP�WKH�VLWH�RI�DWWDFKPHQW�DW�WKH�MXQFWLRQ�
RI�WKH�FRORQ�DQG�WKH�VPDOO�LQWHVWLQH��WKH�FRORQ��IURP�WKH�VLWH�RI�DWWDFKPHQW�DW�WKH�
FDHFR�FRORQLF�MXQFWLRQ�WR�WKH�UHFWXP��DV�LQ�/HQWOH�HW�DO�������)UHXGHQEHUJHU�
��������7KH�GLIIHUHQW�UHJLRQV�RI�WKH�IRUHVWRPDFK��VDFFLIRUP�DQG�WXELIRUP��ZHUH�
QRW�VHSDUDWHG�LQ�WKLV�VWXG\�IRU�PHDVXUHPHQWV�DV�WKH�YHQWUDO�IROG�WKDW�VHSDUDWHV�
WKH�UHJLRQV�ZDV�QRW�H[WHUQDOO\�YLVLEOH�LQ�'��OXPKROW]L�VSHFLPHQV�DQG�LW�ZDV�QRW�
SRVVLEOH�WR�SUHFLVHO\�GHWHUPLQH�WKHLU�MXQFWLRQ���+RZHYHU��IRU�WKH�SXUSRVH�RI�
PRUSKRORJLFDO�GHVFULSWLRQV��DSSUR[LPDWH�VL]HV�RI�HDFK�UHJLRQ�FRXOG�EH�
PHDVXUHG�XVLQJ�WKH�JULG�ZKHQ�WKH�JXW�ZDV�ODLG�RXW��

7KH�OHQJWK�RI�HDFK�VHJPHQW�ZDV�PHDVXUHG�������PP��ZLWK�D�SODVWLF�WDSH��7KH�
VWRPDFK�ZDV�PHDVXUHG�E\�SODFLQJ�WKH�WDSH�DURXQG�WKH�RXWVLGH�RU�ORQJHVW�URXWH�
URXQG�WKH�JDVWULF�ZDOO��JUHDWHU�FXUYDWXUH��IURP�WKH�S\ORUXV�WR�WKH�HQG�RI�WKH�
EOLQG�VDF�RI�WKH�VDFFLIRUP�VWRPDFK��DQG�DOVR�E\�PHDVXULQJ�DORQJ�WKH�LQVLGH�RU�
VKRUWHVW�URXWH�URXQG�WKH�JDVWULF�ZDOO��OHVVHU�FXUYDWXUH��IURP�WKH�S\ORUXV�WR�WKH�
EOLQG�VDF�RI�WKH�VDFFLIRUP�VWRPDFK�DORQJ�WKH�WDHQLD���7KH�OHQJWK�RI�WKH�LQWUD�
DEGRPLQDO�RHVRSKDJXV�ZDV�DOVR�PHDVXUHG�RQ�VL[�VSHFLPHQV����

(DFK�JXW�FRPSDUWPHQW�ZDV�ZHLJKHG��ZHW�ZHLJKW������J��DQG�WKHQ�VDPSOHV�RI�
GLJHVWD�ZHUH�WDNHQ�DV�IROORZV��VDFFLIRUP�IRUHVWRPDFK�UHJLRQ��WXELIRUP�
IRUHVWRPDFK�UHJLRQ��KLQG�VWRPDFK�UHJLRQ��SUR[LPDO�DQG�GLVWDO�VPDOO�LQWHVWLQH��
SUR[LPDO�DQG�GLVWDO�FRORQ�DQG�FDHFXP���'LJHVWD�ZDV�WKHQ�WKRURXJKO\�ZDVKHG�
RXW�RI�HDFK�VHJPHQW�XVLQJ�D�KRVH��H[FHVV�ZDWHU�UHPRYHG�E\�VTXHH]LQJ�DQG�
EORWWHG�GU\�ZLWK�WLVVXH��DV�LQ�/HQWOH�HW�DO�������)UHXGHQEHUJHU���������(DFK�
VHJPHQW�ZDV�WKHQ�UH�ZHLJKHG�������J��JLYLQJ�WRWDO�ZHW�ZHLJKW�RI�UHJLRQV�RI�WKH�
GLJHVWLYH�WUDFW�DQG�WRWDO�ZHW�ZHLJKW�RI�GLJHVWD�ZDV�HVWLPDWHG�IURP�WKH�GLIIHUHQFH�
�DV�LQ�/HQWOH�HW�DO�������)UHXGHQEHUJHU���������&DHFXP�DQG�FRORQ��ODUJH�
LQWHVWLQH��ZHLJKWV�ZHUH�FRPELQHG�WR�DOORZ�FRPSDULVRQV�WR�RWKHU�VWXGLHV��



� ����

$GGLWLRQDO�SKRWRJUDSKV�ZHUH�WDNHQ�RI�WKH�LQVLGH�RI�WKH�VWRPDFK�RI�VHYHUDO�
VSHFLPHQV�DIWHU�WKH�VWRPDFK�ZDV�LQYHUWHG�WR�VKRZ�JDVWULF�VXOFXV��)LJXUHV�����
DQG�������

7KH�WHUP�³FDSDFLW\´�UHIHUV�WR�WKH�WRWDO�ZHW�ZHLJKW�RI�GLJHVWD�FRQWDLQHG�LQ�D�
GHILQHG�UHJLRQ���*XW�FDSDFLW\�ZDV�GHILQHG�DV�WKH�ZHW�PDVV�RI�WRWDO�GLJHVWD�IURP�
WKH�HQWLUH�JDVWURLQWHVWLQDO�WUDFW�DV�D�SURSRUWLRQ�RI�ERG\�PDVV��

0DOH�DQG�IHPDOH�PHDVXUHPHQWV�ZHUH�FRPSDUHG�XVLQJ�6WXGHQW¶V�7�WHVWV���7KH�
���J�DQG����J�PDOH�SRXFK�\RXQJ�ZHUH�H[FOXGHG�IURP�WKHVH�DQDO\VHV�DQG�
UHVXOWLQJ�WDEOHV��DV�WKH�LQWHVWLQDO�WUDFW�LQ�WKHVH�DQLPDOV�ZHUH�QRW�IXOO\�GHYHORSHG���
&RUUHODWLRQV�EHWZHHQ�ERG\�ZHLJKW��NJV��DQG�ZHW�JXW�FRQWHQWV��J���DQG�ERG\�
ZHLJKW��NJV��DQG�JXW�WLVVXH�ZHLJKW��J��ZHUH�DOVR�LQYHVWLJDWHG�XVLQJ�6WDWLVWLFD�IRU�
:LQGRZV�9�����6RIWVWDW�,QF���������

���� 5(68/76�
������ 0RUSKRORJ\�
7KH�H[WHUQDO�DQG�LQWHUQDO�IHDWXUHV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�ERWK�DGXOW�DQG�
SRXFK�\RXQJ�'��OXPKROW]L�DUH�VKRZQ�LQ�)LJXUHV�����DQG������

7KH�PHDQ����6(��OHQJWK�RI�LQWUD�DEGRPLQDO�RHVRSKDJXV�LQ�'��OXPKROW]L�LV�������
���FP��Q� ������7KH�RHVRSKDJXV�HQWHUV�WKH�VWRPDFK��DW�DQ�HQWU\�SRLQW�FDOOHG�
WKH�FDUGLD��DW�DSSUR[LPDWHO\�RQH�WKLUG�RI�WKH�ZD\�DORQJ�WKH�OHVVHU�FXUYDWXUH�RI�
WKH�VWRPDFK��LQWR�WKH�VDFFLIRUP�IRUHVWRPDFK�QHDU�WKH�WXELIRUP�VDFFLIRUP�
MXQFWLRQ��)LJXUH��������7KH�FDUGLD�RSHQV�GLUHFWO\�LQWR�WKH�JDVWULF�VXOFXV��

'��OXPKROW]L�KDV�D�ZHOO�GHYHORSHG�JDVWULF�VXOFXV�RU�YHQWULFXODU�JURRYH��LQ�DGXOWV�
�)LJXUHV����F�����G�����I��DQG�WKH�WZR�SRXFK�\RXQJ�H[DPLQHG��)LJXUH����E����
7KH�JDVWULF�VXOFXV�UXQV�IURP�WKH�FDUGLD�DORQJ�WKH�OHVVHU�FXUYDWXUH�RI�WKH�
VWRPDFK�DOPRVW�DOO�WKH�ZD\�WR�WKH�KLQGVWRPDFK���

'��OXPKROW]L�KDV�D�UHODWLYHO\�ODUJH�VDFFXODWHG�IRUHVWRPDFK�FRPSDUHG�WR�RWKHU�
NDQJDURRV��)LJXUHV����E�����H��������D�ODUJH�WXELIRUP�IRUHVWRPDFK�DQG�D�VPDOOHU�
KLQGJXW���$OWKRXJK�WKH�GLIIHUHQW�UHJLRQV�RI�WKH�VWRPDFK�ZHUH�QRW�VHSDUDWHG�LQ�
WKLV�VWXG\��LW�FDQ�EH�VHHQ�LQ�WKH�ILJXUHV�WKDW�WKH�VDFFLIRUP��a���FP��DQG�
WXELIRUP��
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)LJXUH������3KRWRV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�DQ�DGXOW�'HQGURODJXV�OXPKROW]L��7.�����
D��'LVVHFWHG�ERG\�VKRZLQJ�SRVLWLRQ�RI�JXW�LQ�VLWX��E��6WRPDFK��F��LQWHUQDO�YLHZ�RI�VWRPDFK��G��FORVH�XS�RI�
JDVWULF�VXOFXV��H��HQWLUH�GLJHVWLYH�WUDFW�GLVVHFWHG�IUHH�IURP�PHVHQWHULF�DWWDFKPHQWV�DQG�XQFRLOHG�WR�VKRZ�
VHFWLRQV�FOHDUO\��I��LQWHUQDO�YLHZ�RI�JDVWULF�VXOFXV���
6FDOH����FP�[���FP�JULG�LQ�EDFNJURXQG��6FDOH�VKRZQ�ZKHUH�JULG�FDQQRW�EH�VHHQ��
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)LJXUH������3KRWRV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�'��OXPKROW]L�SRXFK�\RXQJ���
D��'LVVHFWHG�ERG\�RI����J�MRH\�VKRZLQJ�SRVLWLRQ�RI�JXWV�LQ�VLWX���E��,QWHUQDO�YLHZ�RI�VWRPDFK�RI����J�MRH\�
VKRZLQJ�WKH�JDVWULF�VXOFXV���F��(QWLUH�GLJHVWLYH�WUDFW�RI����J�MRH\��GLVVHFWHG�IUHH�IURP�PHVHQWHULF�
DWWDFKPHQWV�DQG�XQFRLOHG�WR�VKRZ�VHFWLRQV�FOHDUO\��G��VWRPDFK�RI����J�PDOH�SRXFK�\RXQJ�H�����J�MRH\�
VWRPDFK��
6)��VDFFLIRUP�IRUHVWRPDFK��7)��WXELIRUP�IRUHVWRPDFK��+6��KLQGVWRPDFK��3��S\ORUXV��2��RHVRSKDJXV�
�FDUGLD���6��VSOHHQ�
1RWH�WKDW�WKH�KDXVWUDWLRQV�LQ�WKH�WXELIRUP�RU�VDFFLIRUP�IRUHVWRPDFK�UHJLRQV�DQG�WKH�WDHQLD�DUH�QRW�REYLRXV�
DW����J�DQG����J��WKH�JDVWULF�VXOFXV�LV�ZHOO�GHYHORSHG�DQG�WKH�MRH\�KDV�ORWV�RI�IDW�WLVVXH�LQ�WKH�DEGRPHQ�
�D���
6FDOH����FP�[���FP�JULG�LQ�EDFNJURXQG��6FDOH�LV�VKRZQ�ZKHUH�JULG�FDQQRW�EH�VHHQ��

�F��
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�a���FP��IRUHJXWV�DUH�DOPRVW�WKH�VDPH�VL]H��ZLWK�WKH�WXELIRUP�EHLQJ�RQO\�VOLJKWO\�
ORQJHU��)LJXUH����E����+RZHYHU��WKH�KLQGJXW�LV�VPDOOHU��a���FP��DV�LQ�RWKHU�
NDQJDURRV��/DQJHU�HW�DO���������7KH�KLQGJXW�LV�ODUJH�LQ�WKH�SRXFK�\RXQJ�
�)LJXUHV����F�H���

$V�ZLWK�DOO�PDFURSRGV��WKH�PDMRU�H[WHUQDO�IHDWXUHV�RI�WKH�IRUHVWRPDFK�DUH�WKH�
WDHQLDH�DQG�DVVRFLDWHG�KDXVWUDWLRQV��)LJXUH��������7KH�KLQGVWRPDFK�GRHV�QRW�
SRVVHVV�WKHVH�DQG�LV�UHODWLYHO\�VPRRWK���7KH�PXVFXODWXUH�RI�WKH�IRUHVWRPDFK�
ZDOO�LV�GLIIHUHQWLDWHG�LQWR�VHYHUDO�EDQGV�RI�ORQJLWXGLQDO�PXVFOH��WKH�WDHQLDH��RQH�
RQ�HLWKHU�VLGH���6HPL�OXQDU�IROGV�H[WHQG�EHWZHHQ�WKH�WDHQLDH��FUHDWLQJ�WKH�
KDXVWUDWLRQV��ZKLFK�JLYH�WKH�VWRPDFK�LWV�³FRORQ�OLNH´�DSSHDUDQFH��2ZHQ�������
+XPH�������)UHXGHQEHUJHU�HW�DO���������7KHVH�WDHQLDH�DQG�KDXVWUDWLRQV�DUH�
QRW�ZHOO�GHYHORSHG�LQ�'��OXPKROW]L�SRXFK�\RXQJ�RI����J�DQG����J�ERG\�ZHLJKW�
�)LJXUH����D�F�H���DUH�PRUH�GHYHORSHG�LQ�WKH����J�SRXFK�\RXQJ��)LJXUH����G���
EXW�DUH�ZHOO�GHYHORSHG�E\�WKH�WLPH�WKH\�DUH��NJ�LQ�ERG\�ZHLJKW��

7KH�VPDOO�LQWHVWLQH�������������FP��Q� �����LV�ORQJHU�WKDQ�ODUJH�LQWHVWLQH��������
�����FP��Q� ������7DEOH��������7KH�ODUJH�LQWHVWLQH�LV�UHODWLYHO\�VKRUW�DQG�WKH�
FDHFXP�LV�VPDOO�����������FP��Q� �����DQG�QRW�KDXVWUDWHG���7KH�PHDQ�YDOXHV�RI�
GLPHQVLRQV�IRU�WKH�GLIIHUHQW�UHJLRQV�RI�WKH�JXW�IRU�PDOHV�DQG�IHPDOHV�DUH�VKRZQ�
LQ�7DEOH������

7DEOH������'LPHQVLRQV�RI�HDFK�UHJLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�PDOH�DQG�IHPDOH�'��OXPKROW]L���
9DOXHV�DUH�WKH�PHDQV�r�VWDQGDUG�HUURUV�DQG�UDQJHV��Q�LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV��

/HQJWKV��FP�� 0DOH�PHDQ�
�Q� ����

0DOH�UDQJH�
�Q� ����

)HPDOH�PHDQ�
�Q� ����

)HPDOH�UDQJH�
�Q� ����

)HPDOH�DQG�
PDOH�PHDQ�
�Q� �����

6WRPDFK�LQVLGH�
�/HVVHU�FXUYDWXUH�� �����r����� ������������ �����r����� ������������ �����r�����

6WRPDFK�RXWVLGH�
�JUHDWHU�FXUYDWXUH�� �����r����� ������������� �����r������ ������������ �����r�����

6PDOO�LQWHVWLQH� ������r������ �������������� ������r����� �������������� ������r�����

/DUJH�LQWHVWLQH� ������r����� ������������� ������r������ ������������� ������r�����

&DHFXP� �����r����� ����������� ����r����� ����������� �����r�����

2HVRSKDJXV� ����r����� ���������� � � ����r�����

�
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������ &DSDFLWLHV�
7KH�FDSDFLWLHV��WRWDO�ZHW�ZHLJKW�RI�GLJHVWD��RI�WKH�GLIIHUHQW�UHJLRQV�RI�WKH�JXW��
DORQJ�ZLWK�WKH�FDSDFLWLHV�DV�D�SHUFHQWDJH�RI�ERG\�ZHLJKW�DQG�WRWDO�ZHW�ZHLJKW�RI�
HDFK�UHJLRQ�IRU�PDOHV�DQG�IHPDOHV�DUH�VKRZQ�LQ�7DEOH������

7KH�PHDQ�WRWDO�ZHW�WLVVXH�ZHLJKW�RI�WKH�JXW�ZDV�������������J��ZLWK���������
����J�IRU�PDOHV�DQG�������������J�LQ�IHPDOHV��7DEOH��������7KHUH�ZDV�D�VWURQJ�
SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�ZHW�WLVVXH�ZHLJKWV�WR�ERG\�ZHLJKW��U� �������3� �
��������)LJXUH���������

7RWDO�JXW�FRQWHQWV�DV�SHUFHQWDJH�RI�ERG\�ZHLJKW�ZDV�������������IRU�PDOHV�
DQG�������������IRU�IHPDOHV��ZLWK�D�UDQJH�XS�WR���������7KHUH�ZDV�D�VWURQJ�
SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�ERG\�ZHLJKW�DQG�ZHW�JXW�FRQWHQWV��WRWDO�GLJHVWD���U�
 �������3� ���������)LJXUH���������

7KH�FDSDFLW\�RI�WKH�VWRPDFK�DV�D�SHUFHQWDJH�RI�ERG\�ZHLJKW�ZDV�������������
IRU�PDOHV�DQG�������������IRU�IHPDOHV��ZLWK�DQ�RYHUDOO�PHDQ�RI�������������
�7DEOH��������

7KH�VWRPDFK�ZDV�WKH�ODUJHVW�UHJLRQ�RI�WKH�JXW�������r�������DQG�VLJQLILFDQWO\�
ODUJHU�LQ�IHPDOHV�WKDQ�PDOHV������IRU�PDOHV�DQG�������IRU�IHPDOHV��W� ������GI�
 �����3� �������7DEOH��������7KHUH�ZDV�D�VWURQJ�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�
ERG\�ZHLJKW�DQG�ZHW�VWRPDFK�FRQWHQWV��U� ������3� ��������)LJXUH�������

7KH�ODUJH�LQWHVWLQH�KDG�JUHDWHU�FDSDFLW\�WKDQ�WKH�VPDOO�LQWHVWLQH��������ODUJH�
DQG������VPDOO��3� �����������7DEOH������DQG�WKH�ODUJH�LQWHVWLQH�DQG�FDHFXP��
DV�D�SHUFHQWDJH�RI�WRWDO�JXW�FRQWHQWV��ZDV�ODUJHU�LQ�PDOHV�WKDQ�IHPDOHV������
PDOHV��������IHPDOHV��W� �������GI� �����3� ��������7DEOH��������7KHUH�ZDV�QR�
VLJQLILFDQW�GLIIHUHQFH�ZLWK�WKH�VH[HV�LQ�DQ\�RWKHU�PHDVXUHPHQW��
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7DEOH�������&DSDFLWLHV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�PDOH�DQG�IHPDOH�'��OXPKROW]L���
$OO�ZHLJKWV�UHIHU�WR�WKH�ZHW�ZHLJKW�RI�GLJHVWD�FRQWHQWV��J��RU�ZHW�ZHLJKW�RI�WLVVXH��J����9DOXHV�DUH�WKH�
PHDQV�r�VWDQGDUG�HUURUV�DQG�UDQJHV��Q�LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV��
� 0DOH�PHDQ�

�Q� �����
0DOH�UDQJH�
�Q� �����

)HPDOH�PHDQ�
�Q� ����

)HPDOH�UDQJH�
�Q� ����

0DOH�DQG�
IHPDOH�PHDQ�
�Q� �����

%RG\�ZHLJKW��NJV�� ����r����� ���������� ����r����� ���������� �����r������

6WRPDFK�FRQWHQWV��J�� ������r������ ��������������� ������r������� ������±�������� ������r������

6WRPDFK�FRQWHQWV��
���RI�ERG\�ZHLJKW�� �����r����� ����������� �����r����� ����������� �����r�����

6PDOO�LQWHVWLQH�
FRQWHQWV��J�� �����r����� ������������� �����r������ ������������� �����r�����

/DUJH�LQWHVWLQH�
FRQWHQWV��J�� ������r������ ������������� �����r������ ������������� ������r������

&DHFXP�FRQWHQWV��J�� �����r����� ������������ �����r����� ����������� �����r�����

7RWDO�JXW�FRQWHQWV��J�� �������r������ ��������������� �������r������� ��������������� �������r������

7RWDO�JXW�FRQWHQWV����
RI�ERG\�ZHLJKW�� �����r����� ������������ �����r����� ������������ �����r�����

5HODWLYH�FDSDFLWLHV����RI�WRWDO�JXW�FRQWHQWV�� � � �

6WRPDFK� �����r����� ������������ �����r����� ������������ �����r�����

6PDOO�LQWHVWLQH� ����r����� ���������� ����r����� ����������� �����r�����

/DUJH�LQWHVWLQH���
FDHFXP� �����r����� ������������ �����r����� ����������� �����r�����

:HW�WLVVXH�ZHLJKW��J�� � � � � �

6WRPDFK� ������r������ ������������� ������r������ ������������� ������r������

6PDOO�LQWHVWLQH� �����r����� ������������� �����r����� ������������� �����r�����

/DUJH�LQWHVWLQH� �����r����� ������������ �����r����� ������������ �����r�����

&DHFXP� ����r����� ���������� ����r����� ���������� ����r�����

7RWDO�:HW�7LVVXH�
ZHLJKW��J�� ������r������ ������±������� ������r������ ������±������� ������r�������
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)LJXUH�����7RWDO�ZHW�
PDVV�RI�WKH�JXW�FRQWHQWV�
DV�D�IXQFWLRQ�RI�ERG\�
PDVV�IRU�'��OXPKROW]L��
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�

)LJXUH�����7RWDO�ZHW�
PDVV�RI�WKH�JXW�WLVVXH�DV�
D�IXQFWLRQ�RI�ERG\�PDVV�
IRU�'��OXPKROW]L���
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�

)LJXUH�����7RWDO�ZHW�
PDVV�RI�WKH�VWRPDFK�
FRQWHQWV�DV�D�IXQFWLRQ�RI�
ERG\�PDVV�IRU�'��
OXPKROW]L���
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���� ',6&866,21�
������ 0RUSKRORJ\�DQG�FDSDFLWLHV�
/DQJHU�HW�DO��������DQG�+XPH��������KDYH�GHVFULEHG�WKH�JURVV�PRUSKRORJ\�RI�
PDFURSRG�VWRPDFKV���7KH\�FRQFOXGHG�WKDW��DOWKRXJK�WKH�JURVV�VWUXFWXUH�RI�WKH�
PDFURSRG�VWRPDFK�KDG�JHQHUDOO\�EHHQ�FRQVLGHUHG�VLPLODU�DPRQJ�VSHFLHV�WKDW�
WKHUH�DUH�PDUNHG�GLIIHUHQFHV�EHWZHHQ�WKH�VSHFLHV�WKDW�WKH\�H[DPLQHG�UHODWHG�
WR�GLHW��/DQJHU�HW�DO�������+XPH���������7KLV�VWXG\�KDV�VKRZQ�WKDW�WKLV�LV�DOVR�
WUXH�IRU�'��OXPKROW]L���7KH�JURVV�PRUSKRORJ\�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�'��
OXPKROW]L�LV�VLPLODU�WR�WKDW�RI�RWKHU�EURZVLQJ�PDFURSRGV�DQG�RWKHU�IRUHJXW�
IHUPHQWLQJ�IROLYRUHV�VXFK�DV�WKH�FRORELQH�PRQNH\V�DQG�VORWKV��ZLWK�D�ODUJHU�
VDFFLIRUP�IRUHVWRPDFK�DQG�JUHDWHU�VWRPDFK�FDSDFLWLHV�WKDQ�JUD]LQJ�
PDFURSRGLGV��)LJXUH�������

$V�ZLWK�RWKHU�PDPPDOV��WKH�RHVRSKDJXV�HQWHUV�WKH�VWRPDFK�RQ�WKH�OHVVHU�
FXUYDWXUH�DQG�WKLV�HQWU\�SRLQW�LV�FDOOHG�WKH�FDUGLD���7KH�FDUGLD�RSHQV�GLUHFWO\�
LQWR�WKH�JDVWULF�VXOFXV�LQ�'��OXPKROW]L���7KLV�YHQWULFXODU�JURRYH�H[WHQGV�IURP�WKH�
FDUGLD�WR�WKH�QRQ�VDFFXODWHG�UHJLRQ�DORQJ�WKH�OHVVHU�FXUYDWXUH��DQG�LWV�OHQJWK�
DQG�GHILQLWLRQ�YDU\LQJ�ZLWK�GLIIHUHQW�PDFURSRG�VSHFLHV��%DXFKRS���������,Q�WKH�
UXPLQDQW�IRUHVWRPDFK�D�UHWLFXODU�JURRYH��VLPLODU�WR�WKH�JDVWULF�VXOFXV�LQ�
PDFURSRGV��FRQQHFWV�WKH�FDUGLD�ZLWK�WKH�UHWLFXOR�RPDVDO�RULILFH���&RQWUDFWLRQ�RI�
LWV�PXVFXODU�ZDOOV�IRUPV�D�WXEH�ZKLFK�DOORZV�PLON�LQ�VXFNOHG�\RXQJ�WR�E\SDVV�
WKH�UHWLFXOXP�DQG�UXPHQ��ZKHUH�LW�ZRXOG�EH�IHUPHQWHG��DQG�WR�SDVV�GLUHFWO\�LQWR�
WKH�DERPDVXP�WR�DOORZ�IRU�HIILFLHQW�XWLOLVDWLRQ�RI�PLON��/DQJHU�HW�DO�������+XPH�
������9DQ�6RHVW���������7KH�VWLPXOXV�IRU�FORVXUH�RI�WKH�VXOFXV�LV�WKH�VXFNOLQJ�
UHIOH[����

7KH�JDVWULF�VXOFXV�LV�DEVHQW�LQ�WKH�UHG�QHFNHG�SDGHPHORQ�7K\ORJDOH�WKHWLV�
�/DQJHU�HW�DO��������UHG�OHJJHG�SDGHPHORQ�7��VWLJPDWLFD�DQG�WKH�OLWWOH�URFN�
ZDOODE\�3HUDGRUFDV�FRQFLQQD��+XPH�DQG�'HOORZ���������,W�LV�DOVR�UHGXFHG�LQ�
GXULQJ�RQWRJHQHWLF�GHYHORSPHQW�LQ�0��JLJDQWHXV��/DQJHU�HW�DO���������+RZHYHU��
ERWK�DGXOW�DQG�SRXFK�\RXQJ�'��OXPKROW]L�H[DPLQHG�LQ�WKLV�VWXG\�KDG�ZHOO�
GHYHORSHG�JDVWULF�VXOFL��7KH�JDVWULF�VXOFXV�LV�DOVR�SUHVHQW�LQ�RWKHU�DUERUHDO�
IROLYRUHV�VXFK�DV�FRORELQH�PRQNH\V�DQG�VORWKV��&RUN��������
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7KH�SUHVHQFH�RI�WKLV�JURRYH�LQ�PRVW�VSHFLHV�RI�0DFURSRGRLGV�PD\�EH�DQ�
H[DPSOH�RI�FRQYHUJHQW�HYROXWLRQ�EHWZHHQ�PDUVXSLDOV�DQG�HXWKHULDQV���:KHWKHU�
WKH�IXQFWLRQ�RI�WKH�JURRYH�LV�VLPLODU�LQ�WKH�WZR�JURXSV�UHPDLQV�WR�EH�GHWHUPLQHG�
�5LFKDUGVRQ���������+RZHYHU��LW�KDV�EHHQ�SRVWXODWHG�WKDW�WKLV�PD\�IXQFWLRQ��QRW�
RQO\�WR�E\SDVV�PLON�ZKLOH�VXFNOLQJ��EXW�DOVR�WR�DVVLVW�WKH�FDXGDO�PRYHPHQW�RI�
OLTXLG�GLJHVWD��DQG�RWKHU�PDWHULDO�WKDW�QHHGV�QR�IHUPHQWDWLRQ�VXFK�DV�FHOO�
FRQWHQWV��WR�GLUHFWO\�WR�WKH�KLQG�VWRPDFK��+XPH���������������7KLV�LV�VXSSRUWHG�
E\�WKH�EHOLHI�WKDW�D�ZHOO�GHILQHG�YHQWULFXODU�JURRYH�DOORZV�LQJHVWHG�OLTXLGV�WR�
SDVV�GLUHFWO\�IURP�WKH�RHVRSKDJXV�WR�WKH�PLGGOH�FRPSDUWPHQW�RI�WKH�VWRPDFK�LQ�
WKH�FRORELQH�PRQNH\V��%DXFKRS���������7KLV�LV�DOVR�VXSSRUWHG�E\�UDGLRJUDSKLF�
VWXGLHV�E\�/DQJHU�HW�DO���������ZKHUH�WKH�JDVWULF�VXOFXV�KDV�EHHQ�UHSRUWHG�WR�
IDFLOLWDWH�WKH�PRYHPHQW�RI�PRUH�OLTXLG�GLJHVWD�FDXGDOO\�DORQJ�WKH�OHVVHU�
FXUYDWXUH�RI�WKH�WXELIRUP�IRUHVWRPDFK��GLUHFWLQJ�LW�LQWR�WKH�KLQGVWRPDFK���7KH�
SUHVHQFH�RI�D�ZHOO�GHYHORSHG�JDVWULF�VXOFXV�LQ�'��OXPKROW]L�ZRXOG�EH�LPSRUWDQW�
IRU�VXFNOLQJ�\RXQJ�DIWHU�WKH\�EHJLQ�WR�HDW�OHDYHV���'��OXPKROW]L�\RXQJ�DW�IRRW�
FRQWLQXH�VXFNOLQJ�IRU�XS�WR�����GD\V�DIWHU�SHUPDQHQW�HPHUJHQFH�IURP�WKH�
SRXFK��-RKQVRQ�DQG�'HOHDQ���������)XUWKHUPRUH��LQ�DGXOWV��D�ZHOO�GHYHORSHG�
JDVWULF�VXOFXV�ZRXOG�EH�EHQHILFLDO�E\�E\SDVVLQJ�IHUPHQWDWLYH�GLJHVWLRQ�RI�OLTXLG�
GLJHVWD��GLUHFWLQJ�LW�WR�WKH�KLQGVWRPDFK�DOORZLQJ�UDSLG�GLJHVWLRQ�RI�FHOO�FRQWHQWV���
,W�LV�SODXVLEOH�WKDW�WKH�UHGXFWLRQ�LQ�WKH�JDVWULF�VXOFXV�LQ�0��JLJDQWHXV�DQG�RWKHU�
ODUJH�JUD]LQJ�PDFURSRGLGV�LV�GXH�WR�WKH�LQFUHDVHG�IORZ�RI�GLJHVWD�LQ�WKHLU�ODUJHU�
WXELIRUP�VWRPDFK�DQG�WKHUHIRUH�LW�ZRXOG�EH�XQQHFHVVDU\�WR�E\SDVV�OLTXLG�
GLJHVWD���

,W�KDV�EHHQ�VXJJHVWHG�WKDW�LQ�PDQ\�VSHFLHV�RI�0DFURSRGLGDH�WKDW�WKH�WZR�
UHJLRQV�RI�WKH�IRUHVWRPDFK��WKH�VDFFLIRUP�DQG�WXELIRUP��DUH�VHSDUDWHG�E\�D�
SHUPDQHQW�YHQWUDO�IROG��/DQJHU�HW�DO���������7KLV�YHQWUDO�IROG�ZDV�QRW�YLVLEOH�LQ�
'��OXPKROW]L��WKHUHIRUH�DQ\�VHSDUDWLRQ�DQG�VXEVHTXHQW�PHDVXUHPHQW�RI�WKHVH�
VHFWLRQV�ZRXOG�KDYH�EHHQ�VRPHZKDW�VXEMHFWLYH���+XPH��������VXJJHVWHG�WKDW�
LW�FDQQRW�EH�VHHQ�LQ�HYLVFHUDWHG�VSHFLPHQV��ZKLFK�DUH�LQYDULDEO\�GLVVHFWHG�IUHH�
IURP�PHVHQWHULF�DWWDFKPHQW�DQG�SDUWLDOO\�XQFRLOHG�GXULQJ�SUHSDUDWLRQ���+H�DOVR�
VXJJHVWV�WKDW�LW�LV�SRVVLEOH�WKDW�WKH�YHQWUDO�IROG�GHVFULEHG�E\�/DQJHU�HW�DO��������
PD\�EH�DQ�DUWHIDFW�RI�WKH�SUHSDUDWLRQ�LQ�VLWX�FDXVHG�E\�FROODSVH�RI�SDUWV�RI�WKH�
VWRPDFK�ZDOO�QRW�KHOG�ILUPO\�E\�PHVHQWHU\��+XPH��������
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(YHQ�WKRXJK�WKH�WKUHH�UHJLRQV�ZHUH�QRW�VHSDUDWHG�LQ�WKLV�VWXG\��LW�FDQ�EH�VHHQ�
LQ�WKH�SKRWRJUDSKV��)LJXUHV����E�DQG����H��WKDW�WKH�VDFFLIRUP�DQG�WXELIRUP�
VWRPDFKV�FDQ�EH�URXJKO\�VHSDUDWHG�DW�WKH�UHJLRQ�FDXGDOO\�WR�WKH�SRVLWLRQ�RI�WKH�
RHVRSKDJXV��FDUGLD��DQG�DUH�DSSUR[LPDWHO\�WKH�VDPH�VL]H���,Q�FRPSDULVRQ��
0DFURSXV�UREXVWXV�UREXVWXV�KDV�D�VDFFLIRUP�VWRPDFK�WKDW�LV�UHODWLYHO\�ODUJHU�
WKDQ�0��JLJDQWHXV��'HOORZ�������DQG�LQ�7��WKHWLV�WKH�VDFFLIRUP�VWRPDFK�LV�PXFK�
ODUJHU�LQ�SURSRUWLRQ�WR�WKH�WRWDO�IRUHVWRPDFK��/DQJHU�HW�DO��������VHH�)LJXUHV���
��LQ�'HOORZ����������

/DUJHU�JUD]LQJ�NDQJDURRV�KDYH�ODUJHU�WXELIRUP�IRUHVWRPDFKV��DQG�EURZVHUV��
VXFK�DV�SDGHPHORQV�DQG�WUHH�NDQJDURRV��KDYH�ODUJHU�VDFFLIRUP�IRUHVWRPDFKV�
�)UHXGHQEHUJHU�HW�DO���������,W�KDV�EHHQ�VXJJHVWHG�WKDW�D�ODUJHU�WXELIRUP�
IRUHVWRPDFK�DOORZV�IRU�D�JUHDWHU�IORZ�UDWH�DQG�D�ODUJHU�TXDQWLW\�RI�ORZ�TXDOLW\��
KLJK�ILEUH�SODQW�PDWHULDO�WR�EH�SURFHVVHG��)UHXGHQEHUJHU�HW�DO���������:KHUHDV�
D�ODUJH�VDFFLIRUP�IRUHVWRPDFK�DOORZV�WKH�DFFXPXODWLRQ�RI�GLJHVWD�DQG�VORZ�UDWH�
RI�SDVVDJH�HVVHQWLDO�IRU�H[WHQVLYH�IHUPHQWDWLRQ�RI�SODQW�PDWHULDOV��%DXFKRS�
��������$QRWKHU�EHQHILW�RI�D�ODUJH�VDFFLIRUP�VWRPDFK�DQG�WKH�V\PELRWLF�EDFWHULD�
ZLWKLQ��DOORZV�IROLYRUHV�WR�GHWR[LI\�IUXLWV��OHDYHV�DQG�VHHGV�FRQWDLQLQJ�D�UDQJH�RI�
SRWHQWLDOO\�WR[LF�LQJUHGLHQWV��LQFOXGLQJ�F\DQLGH�DQG�VWU\FKQLQH��EHIRUH�WKH�WR[LQV�
DUH�DEVRUEHG��-DQ]HQ�������&ROH\�������:DWHUPDQ�HW�DO�������'DVLOYD���������
6RPH�JXW�PLFUREHV�DUH�FDSDEOH�RI�PHWDEROLVLQJ�WR[LF�SODQW�FRPSRXQGV��%DUU\�
DQG�%ODQH\�������DQG�WKHUH�LV�HYLGHQFH�WKDW�WDQQLQ�SURWHLQ�FRPSOH[HV�FDQ�EH�
EURNHQ�GRZQ�E\�PLFURELDO�DFWLRQ��0LOWRQ�������)ROH\�DQG�+XPH���������$�ODUJHU�
VDFFLIRUP�VWRPDFK�LQ�UHODWLRQ�WR�WKH�WXELIRUP�VWRPDFK�LV�DOVR�IRXQG�LQ�FRORELQH�
PRQNH\V��+LOO�������%DXFKRS�������6WHYHQV�DQG�+XPH�������DQG�VORWKV�
�0RQWJRPHU\�DQG�6XQTXLVW�������%DXFKRS��������)LJXUH���������

$OWKRXJK�WKH�IRUHVWRPDFK�RI�VORWKV�UHVHPEOHV�WKDW�RI�UXPLQDQWV�LQ�EHLQJ�PDLQO\�
VDFFLIRUP��WKRVH�RI�FRORELQH�SULPDWHV�DQG�WUHH�NDQJDURRV�DUH�GLIIHUHQW�IURP�
UXPLQDQWV�LQ�KDYLQJ�ERWK�WXELIRUP�DQG�VDFFLIRUP�FRPSRQHQWV�ZLWK�WKH�
VDFFLIRUP�FRPSRQHQW�EHLQJ�RIIVHW�IURP�WKH�PDLQ�IORZ�RI�GLJHVWD��&RUN���������$�
VLPLODU�DUUDQJHPHQW�RI�VDFFLIRUP�DQG�WXELIRUP�VWRPDFK�FRPSRQHQWV�LQ�
SRWRURLQH�PDUVXSLDOV��UDW�NDQJDURRV��LV�SRVWXODWHG�WR�DOORZ�YDULDEOH�IORZ�RI�
GLHWDU\�ILEUH�DQG�WKH�RSSRUWXQLW\�IRU�PXFK�RI�WKH�GLJHVWD��HVSHFLDOO\�FRPSRQHQWV�
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VXFK�DV�FHOO�FRQWHQWV�GLVVROYHG�RU�VXVSHQGHG�LQ�WKH�IOXLG�IUDFWLRQ��WR�E\SDVV�
IHUPHQWDWLYH�GLJHVWLRQ��&RUN�������+XPH�DQG�&DUOLVOH���������7KLV�LV�HQKDQFHG�
E\�WKH�SUHVHQFH�RI�D�JDVWULF�VXOFXV�LQ�VORWKV��0RQWJRPHU\�DQG�6XQTXLVW�������
%DXFKRS��������FRORELQH�PRQNH\V��+LOO�������%DXFKRS�������6WHYHQV�DQG�
+XPH�������DQG�WUHH�NDQJDURRV��ZKLFK�DOVR�DVVLVWV�LQ�WKH�E\SDVV�RI�OLTXLG�
GLJHVWD��

7DEOH������&RPSDULVRQ�RI�WKH�UHODWLYH�FDSDFLWLHV�DQG�GLPHQVLRQV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�
'��OXPKROW]L��DQG�7K\ORJDOH�WKHWLV��0DFURSXV�HXJHQLL�DQG�0DFURSXV�JLJDQWHXV��'HOORZ�DQG�+XPH��������
$OO�ZHLJKWV�UHIHU�WR�WKH�ZHW�ZHLJKW�RI�GLJHVWD�FRQWHQWV�RU�ZHW�ZHLJKW�RI�WLVVXH���9DOXHV�DUH�WKH�PHDQV�r�
VWDQGDUG�HUURUV�DQG�UDQJHV��Q�LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV��

� '�OXPKROW]L�
�Q� �����

7��WKHWLV�
%URZVHU�

0��HXJHQLL�
*UD]HU�

0��JLJDQWHXV�
*UD]HU�

%RG\�ZHLJKW��NJV�� ����r����� ����r����� ����r����� �����r�����
7RWDO�VWRPDFK�FRQWHQWV��J�� ������r������ ������r������ ������r������ �������r�������
7RWDO�VWRPDFK�FRQWHQWV����RI�ERG\�
ZHLJKW�� �����r����� ����r����� ����r����� �����r�����

5HODWLYH�FDSDFLWLHV����RI�WRWDO�JXW�FRQWHQWV�� � �
6WRPDFK� �����r����� �����r����� �����r����� �����r�����
6PDOO�LQWHVWLQH� ����r����� ����r����� ����r����� ����r�����
/DUJH�LQWHVWLQH���FDHFXP� �����r����� �����r����� �����r����� �����r�����
/HQJWKV��FP�� � � � �
6PDOO�LQWHVWLQH� ������r����� ������r������ ������r������ ������r������
/DUJH�LQWHVWLQH���FDHFXP� ������r����� �����r������ ������r����� ������r������
&DHFXP� �����r����� �����r����� �����r����� �����r�����

�

'HQGURODJXV�OXPKROW]L�KDV�D�VLPLODU�DYHUDJH�ERG\�ZHLJKW�WR�ERWK�7K\ORJDOH�
WKHWLV��D�UDLQIRUHVW�GZHOOLQJ�EURZVHU��DQG�0DFURSXV�HXJHQLL��D�GU\�FRXQWU\�
JUD]HU��'HOORZ�DQG�+XPH�������7DEOH��������+RZHYHU��WKH�WRWDO�VWRPDFK�
FRQWHQWV�LQ�'��OXPKROW]L�ZHUH�PXFK�JUHDWHU�DW������J�YV����J�DQG����J�
UHVSHFWLYHO\��7DEOH��������7KH�PXFK�ODUJHU�0��JLJDQWHXV�KDV�RYHU�GRXEOH�WKH�
DEVROXWH�VWRPDFK�FRQWHQWV������������J��RI�'��OXPKROW]L��EXW�VXEVWDQWLDOO\�OHVV�
DV�D�SURSRUWLRQ�RI�ERG\�ZHLJKW��7DEOH���������

7KH�VWRPDFK�RI�'��OXPKROW]L�LV�YHU\�ODUJH�DQG�ZKHQ�IXOO�FDQ�ZHLJK�XS�WR�����RI�
LWV�ERG\�ZHLJKW�DQG�WRWDO�JXW�FRQWHQWV�XS�WR�����RI�WKH�ERG\�ZHLJKW��D�
SURSRUWLRQ�VLPLODU�WR�UXPLQDQW�������%DXFKRS�������7DEOH�������DQG�RWKHU�
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UXPLQDQW�OLNH�DQLPDOV��HVSHFLDOO\�RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�WKH�FRORELQH�
PRQNH\V���������������RI�WKH�WRWDO�ERG\�ZHLJKW��2KZDNL�HW�DO��������WKH�ODQJXU�
PRQNH\������RI�ERG\�ZHLJKW��%DXFKRS�DQG�0DUWXFFL�������DQG�VORWKV�
�%UDG\SXV�VS���������RI�WKH�ERG\�ZHLJKW��0RQWJRPHU\�DQG�6XQTXLVW�������
%DXFKRS���������+RZHYHU��WKLV�LV�DSSUR[LPDWHO\�WZLFH�WKH�VL]H�RI�RWKHU�VSHFLHV�
RI�NDQJDURRV�SUHYLRXVO\�VWXGLHG��HYHQ�RWKHU�´EURZVHUV´��VXFK�DV�7��WKHWLV��ZKLFK�
KDG�PXFK�VPDOOHU�VWRPDFK�FDSDFLWLHV�RI�OHVV�WKDQ�����RI�WKHLU�WRWDO�ERG\�
ZHLJKW��/DQJHU�HW�DO�������'HOORZ�DQG�+XPH���������7KHUHIRUH��'��OXPKROW]L�
KDV�D�ODUJHU�VDFFLIRUP�IRUHVWRPDFK�DQG�JUHDWHU�WRWDO�VWRPDFK�FDSDFLW\�WKDQ�
RWKHU�PDFURSRGV��LQFOXGLQJ�RWKHU�EURZVHUV��DQG�LV�PRUH�VLPLODU�WR�WKDW�RI�RWKHU�
DUERUHDO�IRUHJXW�IHUPHQWLQJ�IROLYRUHV��
�
7DEOH������� $�FRPSDULVRQ�RI�WKH�UHODWLYH�FDSDFLWLHV�DQG�GLPHQVLRQV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�
WUDFW�RI�'��OXPKROW]L��RWKHU�NDQJDURR�VSHFLHV��UXPLQDQWV�DQG�DUERUHDO�IROLYRUHV���$OO�ZHLJKWV�UHIHU�WR�WKH�ZHW�
ZHLJKW�RI�GLJHVWD�FRQWHQWV�RU�ZHW�ZHLJKW�RI�WLVVXH���9DOXHV�DUH�WKH�PHDQV�r�VWDQGDUG�HUURUV�DQG�UDQJHV��Q�
LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV�����

� %RG\�ZHLJKW�
�NJV��

7RWDO�
VWRPDFK�

FRQWHQWV����
RI�ERG\�
ZHLJKW��

7RWDO�JXW�
FRQWHQWV����
RI�ERG\�
ZHLJKW��

5HIHUHQFHV�

'HQGURODJXV�OXPKROW]L��Q� ����� ���������� ����������� ����������� 7KLV�VWXG\�
7K\ORJDOH�WKHWLV��Q� ����� ���������� ���������� � 'HOORZ�DQG�

+XPH������
0DFURSXV�HXJHQLL��Q� ���� ���������� ���������� � ³�
0��JLJDQWHXV��Q� ���� ����������� ����������� � ³�
0��UREXVWXV�UREXVWXV��Q� ����� ����������� ���������
� ����������� ³�
&RORELQH�PRQNH\�� ���)� ������������ � %DXFKRS������
/DQJXU�PRQNH\�� ���� ����� � %DXFKRS�	�

0DUWXFFL������
6ORWK� ���� ����� � +DUWPDQ������
*RDW� ����������� ��������� ����������� )UHXGHQEHUJHU�

�����
6KHHS� ����� ����� ����� 3DUUD������
&DWWOH� ������±������� ���������� ���������� 3DUUD������

�
%RWK�WKH�VDFFLIRUP�DQG�WXELIRUP�IRUHVWRPDFKV�KDYH�KDXVWUDWLRQV��ZKLFK�ZRXOG�
DVVLVW�ZLWK�WKH�PL[LQJ�DQG�IHUPHQWDWLRQ�RI�WKH�JDVWULF�FRQWHQWV��5LFKDUGVRQ�
��������7KHVH�KDXVWUDWLRQV�ZHUH�QRW�ZHOO�GHYHORSHG�LQ�WKH�'��OXPKROW]L�SRXFK�
\RXQJ�H[DPLQHG�LQ�WKLV�VWXG\��H[FHSW�LQ�WKH����J�MRH\�ZKHUH�WKH\�ZHUH�
EHJLQQLQJ�WR�IRUP���7KLV�LV�WKH�DSSUR[LPDWH�VL]H�WKDW�WUHH�NDQJDURR�SRXFK�
\RXQJ�EHJLQ�WR�HDW�IROLDJH��'DEHN�������
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��� �F�� G��
)LJXUH�����&RPSDULVRQ�RI�GLIIHUHQW�JDVWURLQWHVWLQDO�WUDFWV��D��&ROREXV�PRQNH\��&ROREXV�DE\VVLQLFXV�E��
(DVWHUQ�*UH\�NDQJDURR��0DFURSXV�JLJDQWHXV�F��VORWK��%UDG\SXV�WULGDFW\OXV�G��/XPKROW]¶V�WUHH�NDQJDURR��
'��OXPKROW]L��6FDOH���FP�JULG��D±F���7DNHQ�IURP�6WHYHQV�DQG�+XPH�������
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7KH�KLQGVWRPDFK�RI�PDFURSRGV��DV�GHVFULEHG�E\�+XPH��������DQG�/DQJHU�HW�DO�
��������FRQVLVWV�RI�WKH�JDVWULF�SRXFK��WKH�VLWH�RI�K\GURFKORULF�DFLG�VHFUHWLRQ��
DQG�WKH�S\ORULF�UHJLRQ���7KH�KLQGVWRPDFK�RI�'��OXPKROW]L�LV�VPRRWK�ZLWK�QR�
KDXVWUDWLRQV��DV�LQ�RWKHU�NDQJDURRV��

7KH�VPDOO�DQG�ODUJH�LQWHVWLQHV�LQ�'��OXPKROW]L�DUH�ERWK�VKRUWHU�WKDQ�WKRVH�RI�
UXPLQDQWV��+XPH�������DQG�WR�WKRVH�RI�ODUJHU�NDQJDURRV��7DEOH��������,W�KDV�
EHHQ�VXJJHVWHG�WKDW�ZLWK�LQFUHDVLQJ�IHUPHQWDWLRQ�LQ�WKH�IRUHJXW��VXFK�DV�LQ�
WUHH�NDQJDURRV��KHUELYRUHV�ZLOO�PLQLPLVH�WKH�SURSRUWLRQ�RI�WKH�JXW��L�H��WKH�VPDOO�
LQWHVWLQH���ZKLFK�LV�XVHG�LQ�HQ]\PDWLF�GLJHVWLRQ��3HQU\�DQG�-XPDUV���������
/HQWOH�HW�DO��������VXJJHVWHG�WKDW�WKH�FRORQ�LV�JHQHUDOO\�ORQJHU�LQ�JUD]HUV�WKDQ�
EURZVHUV��VXFK�DV�WUHH�NDQJDURRV���7KH�FDHFXP�LQ�'��OXPKROW]L�LV�UHODWLYHO\�
VPDOO�FRPSDUHG�ZLWK�WKDW�RI�RWKHU�PDFURSRGV��VLPSOH�DQG�WXEXODU�ZLWK�QR�
KDXVWUDWLRQV��'HOORZ���������7KH�FDHFXP�KDV�DOVR�EHHQ�IRXQG�WR�EH�ORQJHU�LQ�
JUD]LQJ�PDFURSRGV��/HQWOH�HW�DO���������7KH�LQFUHDVH�LQ�OHQJWK�RI�WKH�FRORQ�DQG�
FDHFXP�LQ�JUD]HUV��2VDZD�������RU�PDFURSRGV�ZLWK�GLHWV�RI�ORZ�QXWULHQW�TXDOLW\�
�/HQWOH�HW�DO�������LV�EHOLHYHG�WR�SURYLGH�DGGLWLRQDO�FDSDFLW\�RI�WKH�KLQGJXW�IRU�
PLFURELDO�GLJHVWLRQ�RI�SODQW�FHOO�ZDOOV��)UHXGHQEHUJHU�HW�DO���������7KLV�LQFUHDVH�
LQ�KLQGJXW�DFWLYLW\�ZRXOG�EH�EHQHILFLDO�IRU�JUD]LQJ�PDFURSRGV�ZLWK�WKHLU�ODUJHU�
WXELIRUP�IRUHVWRPDFK�ZLWK�LQFUHDVHG�SDVVDJH�RI�GLJHVWD�DQG�OHVV�WLPH�IRU�
IHUPHQWDWLRQ�LQ�WKLV�UHJLRQ���,Q�FRQWUDVW�WUHH�NDQJDURRV�ZLWK�D�ODUJHU�VDFFLIRUP�
VWRPDFK�IRU�LQFUHDVHG�VWRUDJH�RI�GLJHVWD�IRU�IHUPHQWDWLRQ��GR�QRW�UHTXLUH�DV�
ORQJ�D�FRORQ�DQG�FDHFXP�DV�WKH�JUD]HUV��DOWKRXJK�VRPH�PLFURELDO�GLJHVWLRQ�
ZRXOG�VWLOO�RFFXU�LQ�WKHVH�UHJLRQV���7KH�ODUJH�LQWHVWLQH�RI�WKH�VORWK�LV�DOVR�VKRUW�
DQG�WKH�FDHFXP�LV�DEVHQW��%DXFKRS����������

7KHUH�ZDV�VRPH�VH[XDO�YDULDWLRQ�LQ�UHODWLYH�FDSDFLWLHV�RI�JXW�UHJLRQV�LQ�'��
OXPKROW]L��7DEOH������)LJXUH��������)HPDOH�'��OXPKROW]L�KDG�ODUJHU�UHODWLYH�
FDSDFLWLHV�RI�WKH�VWRPDFK�WKDQ�GLG�PDOHV�DQG�PDOH�'��OXPKROW]L�KDG�ODUJHU�
FRORQ�DQG�FDHFXPV�WKDQ�WKH�IHPDOHV���/HQWOH�HW�DO��������IRXQG�VLJQLILFDQW�
GLIIHUHQFHV�LQ�WKH�DOORPHWULF�VFDOLQJ�RI�WKH�FRORQ�WLVVXH�EHWZHHQ�WKH�VH[HV�LQ�WKH�
7DPPDU�ZDOODE\��0��HXJHQLL����0RUHRYHU��WKH\�IRXQG�RWKHU�VH[XDO�GLPRUSKLVP�
LQ�JXW�PRUSKRORJ\��ZLWK�IHPDOHV�KDYLQJ�UHODWLYHO\�KHDYLHU�ZDOOV�LQ�IRUHJXW�DQG�
KLQGJXW�DQG�UHODWLYHO\�ORQJHU�FRORQV���6LPLODU�VH[�GLIIHUHQFHV�LQ�FRORQ�OHQJWK�



� ����

KDYH�EHHQ�UHSRUWHG�LQ�UDEELWV�DQG�ZHUH�DWWULEXWHG�WR�DQ�LQFUHDVH�LQ�GLJHVWLYH�
FDSDFLW\�LQ�EUHHGLQJ�IHPDOHV�DW�WKLV�WLPH��6LEO\�HW�DO���������$OWKRXJK�IHPDOH�'��
OXPKROW]L�ZHUH�IRXQG�WR�KDYH�VKRUWHU�FRORQV�WKDQ�PDOHV�LQ�WKLV�VWXG\��IHPDOHV�
GLG�VKRZ�VLJQLILFDQWO\�ODUJHU�VWRPDFK�LQ�UHODWLRQ�WR�WKH�UHVW�RI�WKH�JXW��ZKLFK�
PD\�DOVR�EH�DWWULEXWHG�WR�DQ�LQFUHDVH�LQ�GLJHVWLYH�VWUDWHJ\�IRU�EUHHGLQJ��

���� &21&/86,216�
8QGHUVWDQGLQJ�WKH�JDVWURLQWHVWLQDO�PRUSKRORJ\�RI�WUHH�NDQJDURRV�LV�LPSRUWDQW�LQ�
UHODWLRQ�WR�KRZ�WKH\�PHHW�WKH�RSWLPDO�GLJHVWLYH�VWUDWHJ\���2SWLPDO�GLJHVWLYH�
VWUDWHJLHV�DQG�RSWLPDO�IRUDJLQJ�VWUDWHJLHV�DUH�OLQNHG��DQG�VKRXOG�EH�FRQVLGHUHG�
WRJHWKHU�ZKHQ�VWXG\LQJ�DQ�DQLPDO¶V�HFRORJ\��+XPH��������

7KH�ODUJH�VWRPDFK�FDSDFLW\�DQG�ODUJHU�VDFFLIRUP�UHJLRQ�LQ�'HQGURODJXV�
OXPKROW]L�LV�PRUH�VLPLODU�WR�RWKHU�IRUHJXW�IHUPHQWLQJ�DUERUHDO�IROLYRUHV��H�J��WKH�
&RORELQH�PRQNH\V�DQG�WKH�WKUHH�WRHG�VORWK��WKDQ�WR�RWKHU�PDFURSRG�VSHFLHV�
SUHYLRXVO\�VWXGLHG��HYHQ�RWKHU�EURZVLQJ�VSHFLHV����7KLV�LV�FRQVLVWHQW�ZLWK�WKH�
VXJJHVWLRQ�WKDW�D�ODUJH�VDFFLIRUP�IRUHVWRPDFK�LV�EHQHILFLDO�IRU�IRUHJXW�
IHUPHQWLQJ�DUERUHDO�IROLYRUHV�WR�HIILFLHQWO\�PHHW�WKHLU�RSWLPDO�GLJHVWLRQ�E\�
PD[LPLVLQJ�UHWHQWLRQ�RI�WRXJK�SODQW�PDWHULDO��ZKLOH�VWLOO�DOORZLQJ�ORZ�ILEUH�RU�IOXLG�
FRQWHQWV�WR�SDVV�WKURXJK�WR�WKH�KLQGJXW�IRU�GLJHVWLRQ�YLD�WKH�JDVWULF�VXOFXV������

2Q�WKH�RWKHU�KDQG��D�PRUH�WXELIRUP�PRUSKRORJ\��VXFK�DV�WKH�JUD]LQJ�
NDQJDURRV��OHDGV�WR�D�OHVV�WKDQ�PD[LPDO�UHWHQWLRQ�RI�GLJHVWD�IRU�IHUPHQWDWLRQ�
ZLWK�D�JUHDWHU�IORZ�UDWH��DOORZLQJ�IRU�D�JUHDWHU�DPRXQW�RI�SODQW�PDWHULDO�WR�EH�
SURFHVVHG�IDVWHU���*UD]HUV�FDQ�HVVHQWLDOO\�HDW�D�ODUJH�DPRXQW�RI�JUDVV��DV�WKHUH�
LV�QRW�PDQ\�SODQW�GHIHQFHV�LQ�JUDVV���+RZHYHU��OHDI�HDWHUV�FDQQRW�HDW�ODUJH�
DPRXQWV�RI�OHDYHV�DV�WKH\�KDYH�D�ZKROH�YDULHG�VHW�RI�SUREOHPV�WR�GHDO�ZLWK��
VXFK�DV�WKH�SRWHQWLDOO\�KLJK�OHYHOV�RI�WR[LQV�LQ�OHDYHV���,I�IROLYRUHV�ZHUH�WR�
FRQVXPH�DV�PXFK�DV�JUD]HUV��WKH\�UXQ�WKH�ULVN�RI�SRLVRQLQJ�WKHPVHOYHV���
7KHUHIRUH��WKH\�QHHG�WR�EH�DEOH�WR�GLJHVW�DV�PXFK�DV�SRVVLEOH�RI�WKH�OHDYHV�
WKH\�HDW��LQVWHDG�RI�FRQVXPLQJ�PRUH��WR�JHW�WKH�VDPH�QXWULWLRQ�IURP�WKHP��

�
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&KDSWHU����$JHLQJ�/XPKROW]¶V�WUHH�NDQJDURRV�
�'HQGURODJXV�OXPKROW]L���XVLQJ�SUHPRODU�
WRRWK�ZHDU�DQG�DQQXDO�ULQJV�LQ�WKH�
FHPHQWXP�RI�PRODUV��

���� ,1752'8&7,21�
$Q�DFFXUDWH�PHWKRG�IRU�DVVHVVLQJ�WKH�DJH�RI�DQ�LQGLYLGXDO�DQLPDO�SURYLGHV�D�
YDOXDEOH�LQVLJKW�LQWR�PDQ\�DVSHFWV�RI�D�VSHFLHV�ELRORJ\��0RUULV�������DQG�LV�DQ�
LPSRUWDQW�SDUW�RI�DQ\�VWXG\�RI�WKH�SRSXODWLRQ�G\QDPLFV�RI�D�VSHFLHV��&DXJKOH\�
������,QQV���������$FFXUDWH�DJH�GDWD�DUH�YLWDO�LQ�HVWDEOLVKLQJ�VXFK�FKDUDFWHUV�
DV�WKH�UDWH�RI�JURZWK��RQVHW�RI�VH[XDO�PDWXULW\��SHULRGLFLW\�RI�UHSURGXFWLRQ�RU�OLIH�
VSDQ�RI�D�VSHFLHV��.OHYH]DO�DQG�.OHLQHQEHUJ��������SRSXODWLRQ�YLDELOLW\�DQDO\VLV�
DQG�PDQ\�RWKHU�SDUDPHWHUV�HVVHQWLDO�WR�WKH�IRUPXODWLRQ�RI�ZLOGOLIH�PDQDJHPHQW�
SURJUDPPHV��0RUULV���������5HOLDEOH�DJH�GDWD�FDQ�DOVR�EH�XVHG�WR�FRQVWUXFW�
OLIH�WDEOHV�IRU�WKH�HVWLPDWLRQ�RI�DJH�VSHFLILF�PRUWDOLW\��,QQV���������)XUWKHUPRUH��
WKLV�LQIRUPDWLRQ�PD\�EH�LPSRUWDQW�LQ�H[SODLQLQJ�WKH�GLVWULEXWLRQ�RI�LQGLYLGXDOV�RI�
GLIIHULQJ�DJH�LQ�KDELWDW�RI�YDU\LQJ�TXDOLW\��0DUWLQ��������$JH�GHWHUPLQDWLRQ�LV�
DOVR�YHU\�LPSRUWDQW�IRU�DQ\�VWXG\�RQ�WKH�IOXFWXDWLRQV�RI�SRSXODWLRQV��.OHYH]DO�
DQG�.OHLQHQEHUJ��������

$JH�GHWHUPLQDWLRQ�LV�DOVR�LQGLVSHQVDEOH�WR�PDQ\�VWXGLHV�RI�FRPSDUDWLYH�
DQDWRP\��PRUSKRORJ\�DQG�WD[RQRP\��VLQFH�ZLWKRXW�WKLV�LQIRUPDWLRQ�ZH�FDQQRW�
GHWHUPLQH�WKH�XQLIRUPLW\�RI�FRPSDUDEOH�GDWD�RU�WKH�FKDUDFWHU�RI�YDULDELOLW\�
DVVRFLDWHG�ZLWK�DJH��.OHYH]DO�DQG�.OHLQHQEHUJ���������

0DPPDOV�FDQ�EH�DJHG�E\�D�YDULHW\�RI�WHFKQLTXHV��&DXJKOH\�������,QQV�������
VHH�6HFWLRQ��������&RPPRQ�WHFKQLTXHV�IRU�DJLQJ�LQ�PDFURSRGV�XVH�D�YDULHW\�RI�
GLIIHUHQW�ERG\�PHDVXUHPHQWV��6DGOLHU�������6KLHOG�������6KDUPDQ�HW�DO�������
0XUSK\�DQG�6PLWK�������0D\QHV�������3RROH�HW�DO�������������,QQV�������
%ODQVKDUG�������-RKQVRQ�DQG�9HUQHV�������-RKQVRQ�DQG�'HOHDQ��������WRRWK�
HUXSWLRQ��&DXJKOH\�������6KDUPDQ�HW�DO�������(DOH\�������0D\QHV�������
'ULHVVHQ�DQG�+RFNLQJ��������PRODU�SURJUHVVLRQ��.LUNSDWULFN�������������
+XJKHV������6KDUPDQ�HW�DO�������'XE]LQVNL�HW�DO�������'DZVRQ�������/HQWOH�
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HW�DO�����E��DQG�WRRWK�ZHDU��/RJDQ�DQG�6DQVRQ�������/HQWOH�HW�DO�������
����D������F�����

7UHH�NDQJDURR�GHQWLWLRQ�LV�VLPLODU�WR�NRDODV�LQ�WKDW�WKH\�KDYH�D�SUHPRODU�DQG�
IRXU�PRODUV�LQ�D�IODW�WRRWK�URZ�DQG�WKHLU�WHHWK�HUXSW�FRPSOHWHO\�HDUO\�LQ�WKH�
DQLPDO¶V�PDWXULW\�DQG�LQ�D�UHODWLYHO\�VKRUW�SHULRG�RI�WLPH��)ODQQHU\�HW�DO�������
0DUWLQ���������7UHH�NDQJDURRV�KDYH�QR�PRODU�SURJUHVVLRQ��DV�IRXQG�LQ�PDQ\�
RWKHU�PDFURSRGV��)ODQQHU\�HW�DO���������7UHH�NDQJDURRV�GR��KRZHYHU�KDYH�WZR�
GHFLGXRXV�SUHPRODUV�WKDW�DUH�UHSODFHG�E\�D�ODUJH�VHFDWRU�SUHPRODU�RI�WKH�VDPH�
VL]H�E\�WKH�DSSUR[LPDWH�DJH�RI���RU���\HDUV��)LJXUH��������

7KHUHIRUH��DV�WUHH�NDQJDURRV�GR�QRW�KDYH�PRODU�SURJUHVVLRQ�DQG�ERG\�
PHDVXUHPHQWV�DQG�WRRWK�HUXSWLRQ�DUH�RQO\�UHOHYDQW�XS�WR�D�FHUWDLQ�DJH��,QQV�
�������WKH�WHFKQLTXHV�IRU�DJLQJ�WUHH�NDQJDURRV�DUH�OLPLWHG��

7RRWK�ZHDU�LV�D�ZLGHO\�XVHG�DQG�VXFFHVVIXO�LQGLFDWLRQ�RI�DJH�LQ�NRDODV��0DUWLQ�
������/DQ\RQ�DQG�6DQVRQ�������*RUGRQ�������/RJDQ�DQG�6DQVRQ���������
&RQWLQXDO�ZHDU�RI�WKH�ELWLQJ�DQG�JULQGLQJ�VXUIDFHV�RI�WKH�WHHWK�RFFXUV��*RUGRQ�
������0DUWLQ�HW�DO�������DQG�FRQWLQXHV�XQWLO�WKH�HQDPHO�RI�WKH�FXWWLQJ�ULGJHV�
DQG�FXVSV�LV�ZRUQ�DZD\�FRPSOHWHO\��0DUWLQ�HW�DO���������7KH�XQGHUO\LQJ�GHQWLQH�
LV�WKHQ�H[SRVHG�DQG�WKH�FKDUDFWHULVWLF�ZHDU�SDWWHUQV�WKDW�DSSHDU�FDQ�EH�XVHG�
WR�DVVLJQ�DJH�FODVVHV�RU�LQGLFHV�RI�DJH�WR�DQLPDOV��

8QWLO�WKLV�VWXG\��WKHUH�KDYH�EHHQ�QR�SUHYLRXV�DWWHPSWV�WR�DJH�/XPKROW]¶V�WUHH�
NDQJDURRV��'HQGURODJXV�OXPKROW]L��H[FHSW�LQ�SRXFK�\RXQJ�LQ�FDSWLYLW\��-RKQVRQ�
DQG�'HOHDQ��������

7KLV�VWXG\�H[DPLQHG�WKH�VXLWDELOLW\�RI�GHYHORSLQJ�DQ�DJLQJ�LQGH[�IRU�'��OXPKROW]L�
EDVHG�RQ�ERWK�WRRWK�HUXSWLRQ�DQG�UHSODFHPHQW�IRU�\RXQJ�DQLPDOV�DQG�WRRWK�
ZHDU�RI�WKH�XSSHU�SUHPRODUV�VLPLODU�WR�WKDW�XVHG�WR�DJH�NRDODV��0DUWLQ�������
*RUGRQ�������0DUWLQ�HW�DO��������

)RU�D�FRPSDULVRQ��DQG�WR�WHVW�LI�WRRWK�ZHDU�FRUUHVSRQGV�ZLWK�LQGHSHQGHQW�
PHDVXUHV�RI�DJH��WKH�WRRWK�ZHDU�LQGH[�ZDV�FRPSDUHG�ZLWK�DQDO\VLV�RI�WRRWK�
FHPHQWXP�DQQXOL�IURP�GHDG�WUHH�NDQJDURRV��ODUJHO\�URDG�NLOOV���
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������ 7RRWK�FHPHQWXP�DQQXOL�
$QQXOL�LQ�FHPHQWXP�DQG�GHQWLQH�OD\HUV�RI�WHHWK�KDYH�EHHQ�XVHG�WR�DJH�PDQ\�
GLIIHUHQW�PDPPDOV��/DZV�������.OHYH]DO�DQG�.OHLQHQEHUJ�������*DVDZD\�HW�DO�
������)DQF\�������0F&XOORXJK�DQG�%HLHU�������&RRO�HW�DO�������$]RULW�HW�DO�
����D������E���LQFOXGLQJ�PDUVXSLDOV��3HNHOKDULQJ�������&ORXW��������2YHU����
VSHFLHV�RI�PDPPDOV�KDYH�EHHQ�DJHG�E\�WKLV�PHWKRG�VLQFH�/DZV��������ILUVW�
VKRZHG�WKDW�LQWHUQDO�GHQWLQH�DQG�FHPHQWXP�DQQXODWLRQV�ZHUH�FRUUHODWHG�ZLWK�
DJH��

$OWKRXJK�HDUO\�DWWHPSWV�PDGH�ZLWK�PDUVXSLDOV�ZHUH�XQVXFFHVVIXO��.LQJVPLOO�
������&DWW�������,QQV��������UHFHQW�LPSURYHPHQWV�WR�WKH�SUHSDUDWLRQ�DQG�
VWDLQLQJ�PHWKRGV�KDV�UHVXOWHG�LQ�DQ�DFFXUDWH�DQG�IUHTXHQWO\�XVHG�WHFKQLTXH�WR�
DJH�RU�WR�GHYHORS�DQ�DJH�LQGH[�IRU�PDQ\�VSHFLHV��)DQF\�������$]RULW�HW�DO�
����D���,Q�IDFW��WRRWK�FHPHQWXP�LV�FXUUHQWO\�WKH�PRVW�ZLGHO\�XVHG�WLVVXH�IRU�
PDPPDO�DJLQJ��)DQF\�������$]RULW�HW�DO�����D����

7UHH�NDQJDURRV�KDYH�OLPLWHG�ORQJLWXGLQDO�JURZWK�RI�WKHLU�WHHWK��)ODQQHU\�HW�DO�
�������DQG�GR�QRW�DSSHDU�WR�KDYH�DQ\�FOHDU�GHQWLQH�JURZWK�OLQHV��SHUV��REV����VR�
WKH�FHPHQWXP�OD\HUV�DUH�WKH�PRVW�VXLWDEOH�WLVVXH�IRU�DJLQJ�LQ�'��OXPKROW]L��

������ 7UHH�NDQJDURR�WRRWK�HUXSWLRQ�
/LNH�RWKHU�PDFURSRGV��WUHH�NDQJDURRV�GR�KDYH�D�OLPLWHG�QXPEHU�RI�GHFLGXRXV�
WHHWK��)ODQQHU\�HW�DO�������DQG�D�SHFXOLDU�IRUP�RI�WRRWK�UHSODFHPHQW��$V�DQ�
DQLPDO�PDWXUHV��D�SHUPDQHQW�VHFWRULDO�SUHPRODU��3���HMHFWV�ERWK�D�GHFLGXRXV�
EODGH�OLNH�SUHPRODU��3���DQG�D�PRODU�VKDSHG�WRRWK��3����)ODQQHU\�HW�DO���������
7KLV�FKDUDFWHULVWLF��ZKHUH���RQH�SHUPDQHQW�WRRWK�UHSODFHV�WZR�GHFLGXRXV�RQHV���
LV�XQLTXH�WR�NDQJDURRV��)ODQQHU\�HW�DO���������,W�LV�LQWHUHVWLQJ�WKDW�WKH�WZR�
GHFLGXRXV�WHHWK�IRUP�D�IXQFWLRQLQJ�XQLW�VLPLODU�LQ�VKDSH�DQG�VL]H�WR�WKH�
SUHPRODU�WKDW�UHSODFHV�WKHP��)ODQQHU\�HW�DO���������,Q�IDFW��WKH�SUHPRODU�
UHSODFLQJ�WKH�GHFLGXRXV�RQHV�VLWV�GLUHFWO\�EHQHDWK�WKH�WZR�GHFLGXRXV�RQHV��
ILWWLQJ�SUHFLVHO\�XQGHU�WKHLU�URRWV��)LJXUH�������



� ����

�
)LJXUH������3HUPDQHQW�SUHPRODU��3���XQGHU�GHFLGXRXV�SUHPRODUV�LQ�\RXQJ�MRH\��

7KH�HUXSWLRQ�RI�3��UHSODFLQJ�WKH�GHFLGXRXV�SUHPRODUV�WHQGV�WR�EH�GHOD\HG�XQWLO�
WKH�WRRWK�URZ�LV�FRPSOHWH�LQ�WUHH�NDQJDURRV��ZKHUHDV�LQ�RWKHU�VSHFLHV�RI�
PDFURSRGV�WKLV�WDNHV�SODFH�EHIRUH�WKH�HUXSWLRQ�RI�0���7DWH�������*URYHV�
��������7KLV�SUHPRODU�UHSODFHPHQW�LV�EHOLHYHG�WR�RFFXU�E\�WKH�WLPH�WKH�DQLPDO�
UHDFKHV���\HDUV�RI�DJH�LQ�'��OXPKROW]L��SHUV��REV���$IWHU�WKLV�DJH�WKHUH�DUH�QR�
QHZ�WHHWK��MXVW�FRQWLQXLQJ�ZHDU�RI�WKH�ELWLQJ�DQG�JULQGLQJ�VXUIDFHV�RI�WKH�
H[LVWLQJ�WHHWK��)ODQQHU\�HW�DO����������

���� 0(7+2'6�
������ 6SHFLPHQ�FROOHFWLRQ�DQG�SUHSDUDWLRQ�
���VSHFLPHQV�RI�'HQGURODJXV�OXPKROW]L�ZHUH�FROOHFWHG��IURP�URDG�NLOOV�RU�GHDWK�
ZKLOVW�LQ�FDSWLYLW\��RYHU�D�SHULRG�RI�WZR�\HDUV�������������RQ�WKH�$WKHUWRQ�
7DEOHODQGV�LQ�IDU�QRUWK�4XHHQVODQG���7KLV�LQFOXGHG�RQH�NQRZQ�DJH�LQGLYLGXDO�
WKDW�ZDV�ERUQ�LQ�FDSWLYLW\�DQG�GLHG�DW����\HDUV�RI�DJH��

%RG\�ZHLJKW�DQG�ERG\�PHDVXUHPHQWV�ZHUH�UHFRUGHG�IRU�HDFK�DQLPDO�DQG�WKH�
KHDG�UHPRYHG���(DFK�KHDG�ZDV�WKHQ�PDFHUDWHG�LQ�DQ�LQGLYLGXDO�SODVWLF�
FRQWDLQHU�ILOOHG�ZLWK�ZDWHU��7KH�VNXOOV�ZHUH�FOHDQHG�ZLWK�ZDWHU�DIWHU�D�SHULRG�RI�
RQH�PRQWK�WR�UHPRYH�DQ\�UHPDLQLQJ�WLVVXH�DQG�GULHG�LQ�WKH�VXQ��1R�FKHPLFDOV�
ZHUH�XVHG�LQ�WKLV�SURFHVV��6NXOOV�ZHUH�WKHQ�NHSW�GU\�LQ�LQGLYLGXDO�DUFKLYDO�
ER[HV���0DQ\�LQFLVRU�WHHWK�EHFDPH�ORRVH�DQG�IHOO�RXW�RI�WKH�WRRWK�VRFNHW�GXULQJ�
WKH�PDFHUDWLRQ�SURFHVV���$OO�ORRVH�WHHWK�ZHUH�FROOHFWHG�DQG�SODFHG�LQ�WKH�
RULJLQDO�WRRWK�VRFNHW�LQ�VNXOO��DOWKRXJK�VRPH�RI�WKH�YHU\�VPDOO�FDQLQHV�ZHUH�ORVW��
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������ 7RRWK�ZHDU�
$OO�VNXOOV�ZHUH�SKRWRJUDSKHG�DQG�ULJKW�XSSHU�SUHPRODU�WRRWK�ZHDU�ZDV�
GHVFULEHG��$�VHULHV�RI�VNXOOV�UHSUHVHQWLQJ�WKH�IXOO�VSHFWUXP�RI�ZHDU�REVHUYHG�
ZHUH�DUUDQJHG�LQ�LQFUHDVLQJ�SUHPRODU�WRRWK�ZHDU���7KH\�ZHUH�WKHQ�GLYLGHG�LQWR�
HLJKW�GLVWLQJXLVKDEOH�FODVVHV�RQ�WKH�EDVLV�RI�WKLV�ZHDU��VLPLODU�WR�WKRVH�
GHVFULEHG�IRU�NRDODV��0DUWLQ���������'UDZLQJV�DQG�GHVFULSWLRQV�ZHUH�PDGH�RI�
HDFK�FODVV�IRU�XVH�FODVVLI\LQJ�WRRWK�ZHDU�LQ�WKH�ILHOG��)LJXUH��������7RRWK�ZHDU�
ZDV�GHVFULEHG�RQ�XSSHU�5+6�3��IRU�FRQVLVWHQF\�DQG�GXH�WR�LWV�DFFHVVLELOLW\�LQ�
OLYH�DQLPDOV����

7RRWK�ZHDU�ZDV�GHVFULEHG�EHIRUH�WHHWK�ZHUH�VHQW�DZD\�IRU�VHFWLRQLQJ�IRU�
FHPHQWXP�DQQXOL�DQDO\VLV��

������ 7RRWK�FHPHQWXP�DQQXOL��
7KH�ULJKW�ORZHU��VW�PRODU��0���WRRWK�ZDV�UHPRYHG�IURP�HDFK�GU\�VNXOO�DQG�VHQW�
DZD\�IRU�VHFWLRQLQJ�DQG�VWDLQLQJ��0��ZDV�FKRVHQ��DV�LW�LV�WKH�ILUVW�PRODU�WR�
HPHUJH�DQG�ZDV�XVHG�VXFFHVVIXOO\�E\�&ORXW��������WR�DJH�SRVVXPV��&DQLQHV��
ZKLFK�DUH�XVHG�LQ�PDQ\�PDPPDOV��)DQF\�������&RRO�HW�DO�������$]RULW�HW�DO�
����D���DUH�QRW�VXLWDEOH�IRU�XVH�ZLWK�WUHH�NDQJDURRV�GXH�WR�WKHLU�VPDOO�VL]H�DQG�
WKH�IDFW�WKDW�PRVW�DUH�ORVW�GXULQJ�SUHSDUDWLRQ�RI�VNXOO��

7KH�PRVW�VXLWDEOH�UHJLRQ�WR�REVHUYH�LQFUHPHQWDO�OLQHV�FOHDUO\�ZDV�EHOLHYHG�WR�
EH�WKH�ORQJLWXGLQDO�FXW�RI�WKH�LQWHUUDGLFXODU�SDG�XQGHU�WKH�FURZQ�RI�WKH�PRODU�
�&ORXW�������$]RULW�HW�DO�����D����+RZHYHU��LW�LV�EHVW�WR�H[DPLQH�DOO�DUHDV�DORQJ�
WKH�URRW�IRU�FRPSDULVRQ��

������ 7RRWK�SUHSDUDWLRQ�
'U\�WHHWK�ZHUH�SUHSDUHG�DQG�VHFWLRQHG�E\�WKH�+LVWRSDWKRORJ\�/DERUDWRU\�RI�WKH�
9HWHULQDU\�3DWKRORJ\�'LDJQRVWLF�6HUYLFHV��)DFXOW\�RI�6FLHQFH��DW�WKH�8QLYHUVLW\�
RI�6\GQH\��(DFK�WRRWK�ZDV�SODFHG�LQWR�SURFHVVLQJ�FDVVHWWHV�DQG�VRDNHG�LQ�
����EXIIHUHG�IRUPDOLQ�IRU���KRXUV�WKHQ�WUDQVIHUUHG�WR�D�GHFDOFLI\LQJ�VROXWLRQ�
FRQVLVWLQJ�RI�����IRUPLF�DFLG�LQ�����EXIIHUHG�IRUPDOLQ�����PO�FRQFHQWUDWHG�
IRUPLF�DFLG�DQG����PO�RI�����EXIIHUHG�IRUPDOLQ���7HHWK�ZHUH�NHSW�RYHUQLJKW�LQ�
WKLV�VROXWLRQ��7HHWK�ZHUH�WKHQ�WUDQVIHUUHG�LQWR�5'2��UDSLG�GHFDOFLI\LQJ�VROXWLRQ��
/RPE�6FLHQWLILF��DQG�OHIW�XQWLO�VXIILFLHQWO\�GHFDOFLILHG��EXW�RQO\�IRU�XS�WR���KRXUV���
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7KH�WHHWK�ZHUH�FXW�LQWR�WZR�ORQJLWXGLQDO�SLHFHV�EHWZHHQ�WKH�URRWV�JLYLQJ�RQH�
SHUIHFWO\�IODW�SLHFH�IURP�WLS�WR�URRW�DQG�D�VHFRQG�SLHFH�RI�WKH�DUHD�MXVW�EHWZHHQ�
WKH�URRWV��)LJXUH�������

7HHWK�ZHUH�UHWXUQHG�WR�WKH�LQLWLDO�GHFDOFLI\LQJ�VROXWLRQ�RYHUQLJKW�WR�FRPSOHWH�WKH�
GHFDOFLILFDWLRQ�RI�WKH�FXW�VXUIDFH��7KH�WHHWK�ZHUH�ZDVKHG�LQ�UXQQLQJ�ZDWHU�WR�
UHPRYH�VXUIDFH�FDOFLXP�DQG�ZHUH�WKHQ�SURFHVVHG�LQ�DQ�DXWRPDWLF�WLVVXH�
SURFHVVRU��6KDQGRQ�([FHOVLRU��RYHU�D�ORQJ�SHULRG�RI����KRXUV��QRUPDO�
SURFHVVLQJ�WLPH�LV����KRXUV���7HHWK�ZHUH�WKHQ�HPEHGGHG�LQ�3DUDSODVW�7LVVXH�
HPEHGGLQJ�ZD[��%ORFNV�ZHUH�WULPPHG�RI�H[FHVV�ZD[�DQG�D�VHULHV�RI�DW�OHDVW�
WHQ�VHFWLRQV�ZHUH�FXW�IURP�HDFK�WRRWK�RQ�D�FRQYHQWLRQDO�PLFURWRPH�DW���PP�
DQG�SODFHG�RQWR�6HOOH\V�$TXDGKHUH�FRDWHG�VOLGHV��6OLGHV�ZHUH�GULHG�RYHUQLJKW�
DW����&��

6OLGHV�ZHUH�GH�ZD[HG�WKURXJK�FKDQJHV�RI�[\ORO��DEVROXWH�HWKDQRO������DQG�
����HWKDQRO�DQG�WKHQ�ZDVKHG�LQ�ZDWHU��7KH\�ZHUH�WKHQ�VWDLQHG�LQ�:KLWORFN¶V�
KDHPDWR[\OLQ�IRU����PLQXWHV�DQG�WKHQ�ZDVKHG�LQ�UXQQLQJ�WDS�ZDWHU���7KH�VOLGHV�
ZHUH�SODFHG�LQ�6FRWW¶V�EOXHLQJ�VROXWLRQ�IRU���PLQXWHV�DQG�ZDVKHG�LQ�UXQQLQJ�WDS�
ZDWHU�IRU�D�IROORZLQJ���PLQXWHV��7KH\�ZHUH�WKHQ�GHK\GUDWHG�WKURXJK���FKDQJHV�
HDFK�RI����������DQG������HWKDQRO���6OLGHV�ZHUH�SODFHG�LQ�D�����PL[WXUH�RI�
DEVROXWH�HWKDQRO�DQG�[\ORO��$�FRYHUVOLS�ZDV�WKHQ�SODFHG�RQ�HDFK�VOLGH�XVLQJ�
'3;�V\QWKHWLF�UHVLQ��

������ &RXQWLQJ�FHPHQWXP�DQQXOL�
7KH�VHULHV�RI�VHFWLRQV�IRU�HDFK�WRRWK�ZHUH�H[DPLQHG�XQGHU�D�ELQRFXODU�
PLFURVFRSH�LQ�WUDQVPLWWHG�OLJKW�DW���[�RU���[�PDJQLILFDWLRQ��

,Q�DOO�WRRWK�VHFWLRQV�EURDG��OLJKWO\�VWDLQHG�EDQGV�FRQWDLQLQJ�FHPHQWRF\WHV��
DOWHUQDWLQJ�ZLWK�QDUURZ��GDUNO\�VWDLQHG�EDQGV�FRXOG�EH�VHHQ�LQ�WKH�FHPHQWXP�
�)LJXUH������XVLQJ�WUDQVPLWWHG�OLJKW��7KHVH�FRUUHVSRQG�WR�WKH�³2SDTXH´�DQG�
³7UDQVOXFHQW�³�OD\HUV�GHVFULEHG�E\�.OHYH]DO�DQG�.OHLQHQEHUJ��������DQG�
3HNHOKDULQJ����������3HNHOKDULQJ��������FRXQWHG�WKH�EURDG�RSDTXH�OD\HUV�ZKHQ�
DJLQJ�SRVVXPV��EXW�,�IROORZHG�WKH�VWDQGDUG�SURFHGXUH�GHVFULEHG�E\�.OHYHO]DO�
DQG�.OHLQHQEHUJ��������DQG�FRXQWHG�WKH�QDUURZ�GDUN�VWDLQHG�EDQGV��FRPPRQO\�
FDOOHG�LQFUHPHQWDO�OLQHV���,Q�VRPH�VHFWLRQV�³DFFHVVRU\�EDQGV´��.OHYHO]DO�DQG�
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.OHLQHQEHUJ�������ZHUH�DOVR�YLVLEOH���&RPSDULVRQ�RI�VHFWLRQV�IURP�WKH�VDPH�
WRRWK�ZDV�KHOSIXO�LQ�GLVWLQJXLVKLQJ�EHWZHHQ�WUXH�EDQGV�DQG�DFFHVVRU\�EDQGV��
ZKLFK�ZHUH�JHQHUDOO\�IDLQW�DQG�GLVFRQWLQXRXV��

$OO�DQLPDOV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV�H[FHSW�IRU�WKH����J�SRXFK�\RXQJ�DV�LW�
KDG�QR�SUHPRODUV�RU�PRODUV�HPHUJHG�DQG�WKHUHIRUH��WKH�WHHWK�ZRXOG�QRW�KDYH�
DQ\�FHPHQWXP�DW�WKLV�DJH��7KH�WZR����JP�DQLPDOV�ZHUH�DOVR�VWXGLHG�IRU�DQQXOL�
WR�HVWDEOLVK�LI�DQ\�OLQHV�DUH�VHW�GRZQ�EHIRUH�WKH�DJH�RI���\HDU��

������ 9DOLGDWLRQ�DQG�DQDO\VLV�
2QO\�RQH�DQLPDO�LQ�WKH�FROOHFWLRQ�ZDV�RI�NQRZQ�DJH���6KH�ZDV�ERUQ�LQ�FDSWLYLW\�
DW�4XHHQVODQG�3DUNV�DQG�:LOGOLIH�6HUYLFH�3DOODUHQGD�5HVHDUFK�6WDWLRQ�DQG�
GLHG�DW����\HDUV�RI�DJH���7KH�VHFWLRQV�IURP�WKLV�DQLPDO�IRUP�D�VLQJOH�SRLQW�RI�
YDOLGDWLRQ�RI�WKH�WHFKQLTXH�LQ�'��OXPKROW]L���

7KHUH�ZHUH�DOVR�WZR����J�'��OXPKROW]L�SRXFK�\RXQJ�LQ�WKH�FROOHFWLRQ��$W�WKLV�
ERG\�VL]H�WKH\�DUH�HVWLPDWHG�WR�EH�DSSUR[LPDWHO\�����PRQWKV�RI�DJH��-RKQVRQ�
DQG�'HOHDQ���������7KHVH�DQLPDOV��WKHUHIRUH��SURYLGH�D�FRQILUPDWLRQ�RI�
FHPHQWXP�DQQXOL�GHSRVLWLRQ�EHIRUH�RQH�\HDU��

7RRWK�ZHDU�FODVVHV�ZHUH�FRPSDUHG�WR�WKH�QXPEHU�RI�FHPHQWXP�DQQXDO�ULQJV�
E\�ELYDULDWH�DQDO\VLV��6SHDUPDQ¶V�5DQN�FRHIILFLHQW��XVLQJ�6366��
� �/0�

����PP�
)LJXUH������&XWWLQJ�SODQH�RI�WKH�0RODU��0�����
/0�LV�WKH�ORQJLWXGLQDO�FXW�RI�WKH�LQWHU�UDGLFXODU�SDG�PDGH�SULRU�WR�HPEHGGLQJ�WRRWK�LQ�SDUDIILQ�ZD[�IRU�
VHFWLRQLQJ��$�VHULHV�RI�VHFWLRQV�ZHUH�WDNHQ�IURP�HLWKHU�VLGH�RI�FXW��
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�

������ 0RUSKRORJLFDO�PHDVXUHPHQWV�
0RUSKRORJLFDO�PHDVXUHPHQWV�VXFK�DV�ERG\�ZHLJKW��NJ���ERG\�OHQJWK��PP���WDLO�
OHQJWK��PP���KHDG�OHQJWK��PP��DQG�ZLGWK��PP���SHV��KLQG�IRRW��OHQJWK��PP���
ZHUH�UHFRUGHG�IRU�DOO�DQLPDOV��

+HDG�DQG�KLQG�IRRW�OHQJWK��SHV�OHQJWK���PP��ZHUH�XVHG�WR�HVWLPDWH�DJH�IRU�WKH�
VPDOOHU��\RXQJHU�DQLPDOV�XVLQJ�-RKQVRQ�DQG�'HOHDQ¶V��������SRO\QRPLDO�
JURZWK�HTXDWLRQ���7KHUH�ZHUH�QLQH�DQLPDOV�WKDW�FRXOG�EH�XVHG�IRU�WKLV�DQDO\VLV��
UDQJLQJ�IURP������J�WR�����NJV��7DEOH�������

7KLV�JURZWK�HTXDWLRQ�ZDV�XVHG�WR�FDOFXODWH�WRRWK�HUXSWLRQ�DJHV��DV�D�
FRPSDULVRQ�WR�WRRWK�ZHDU�DQG�WRRWK�FHPHQWXP�DQQXOL�LQ�WKHVH�\RXQJHU�DQLPDOV��
EXW�ZDV�QRW�XVHG�IRU�DGXOWV�DV�WKH�SUHFLVLRQ�GLPLQLVKHV�ZLWK�DJH��-RKQVRQ�DQG�
'HOHDQ��������7KH�RQO\�DGXOW�WKDW�ZDV�LQFOXGHG�ZDV�D�\RXQJ�DGXOW�ZLWK�
GHFLGXRXV�SUHPRODU�WHHWK�EXW�����NJ�ERG\�ZHLJKW�VR�WKDW�WKH�GHFLGXRXV�
SUHPRODU�UHSODFHPHQW�DJH�FRXOG�EH�HVWLPDWHG�DQG�FRPSDUHG�WR�WKH�QXPEHU�RI�
FHPHQWXP�DQQXOL��

���� 5(68/76�
������ 7RRWK�ZHDU�
:HDU�RI�WKH�SUHPRODUV�EHJLQV�DW�DQ�HDUO\�DJH�LQ�'��OXPKROW]L��ZLWK�VRPH�ZHDU�
HYHQ�RQ�WKH�GHFLGXRXV�SUHPRODUV�EHIRUH�FRPSOHWH�HUXSWLRQ�RI�DOO�RI�WKH�PRODUV�
�)LJXUH����D����$OO�PRODUV�H[DPLQHG�KDG�D�VOLJKW�DPRXQW�RI�ZHDU�RQ�WKH�WLSV�RI�
WKH�FXVSV���7KLV�FRQWLQXHG�LQ�WKH�3��DIWHU�WKH�HUXSWLRQ�RI�WKLV�WRRWK��&ODVV�,,,��
)LJXUH����F�����

7KHUH�ZDV�PRUH�ZHDU�RQ�WKH�SRVWHULRU�HQG�RI�WKH�3��UHVXOWLQJ�LQ�URXQGLQJ�DQG�
SROLVKLQJ�RI�WKH�SRVWHULRU�SURPLQHQFH�DQG�D�VOLJKW�URXQGLQJ�DQG�SROLVKLQJ�RI�WKH�
DQWHULRU�SURPLQHQFH��&ODVV�,9��)LJXUH����G���7KH�ZHDU�RI�WKH�HQDPHO�LQFUHDVHV�
XQWLO�WKH�HQWLUH�ORQJLWXGLQDO�FUHVW�ZDV�ZRUQ�UHVXOWLQJ�LQ�DQ�LVODQG�RI�ZRUQ�HQDPHO�
DQG�D�IODWWHQLQJ�RI�WKH�DQWHULRU�DQG�SRVWHULRU�SURPLQHQFHV�UHVXOWV��&ODVV�9��
)LJXUH����H����7KLV�FRQWLQXHV�ZLWK�FRPSOHWH�ZHDU�RI�WKH�HQDPHO�DQG�WKH�
IRUPDWLRQ�RI�D�FDYLW\�RU�EDVLQ�E\�&ODVV�9,��)LJXUH����I����$W�WKLV�VWDJH�WKHUH�PD\�
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EH�D�VKDUS�ULGJH�RQ�WKH�FKHFN��EXFFDO��VLGH��)LJXUH����I����$IWHU�WKLV�VWDJH�WKH�
WRRWK�ZDV�ZRUQ�IODW�ZLWK�OLWWOH�FXVSV�UHPDLQLQJ��&ODVV�9,,��)LJXUH����J����$W�&ODVV�
9,,,��)LJXUH����K��WKHUH�ZDV�ZDVWLQJ�EHWZHHQ�WKH�DQWHULRU�DQG�SRVWHULRU�URRWV��$W�
WKLV�DJH�DOO�RI�WKH�PRODUV�KDG�FDYLWLHV�LQ�WKHP��

7KH�ODVW���FODVVHV�ZHUH�PRUH�GLIILFXOW�WR�GLVWLQJXLVK��KHQFH�WKH�ZHDU�RI�WKH��VW�
PRODU��0���ZDV�DOVR�WDNHQ�LQWR�DFFRXQW��)LJXUHV����J�����K�����J�����K����&ODVV�
9,�WKH��VW�PRODU��0���KDV�VRPH�H[SRVHG�GHQWLQH�EXW�WKHUH�ZHUH�VWLOO�FXVSV�
YLVLEOH���%\�&ODVV�9,,�0��ZDV�IODW�ZLWK�QR�FXVSV�UHPDLQLQJ�DQG�E\�&ODVV�9,,,�0��
ZDV�ZRUQ�WR�KDOI�LWV�RULJLQDO�KHLJKW��)LJXUH����K���

7KHUH�ZDV�PRUH�ZHDU�RQ�WKH�OLQJXDO��WRQJXH��VLGH�RI�WKH�3��WKDQ�WKH�EXFFDO�
�FKHHN��VLGH��VKDUSHQLQJ�WKH�ORQJLWXGLQDO�FUHVW��HYHQWXDOO\�JULQGLQJ�GRZQ�WR�D�
EDVLQ�RQ�WKH�OLQJXDO�VLGH��)LJXUH����K�L���7KH�PRODUV�EHJLQ�WR�ZHDU�GRZQ�WR�WKH�
GHQWLQH�E\�DJH�&ODVV�9�VWDUWLQJ�DW�0��DQG�WKHQ�WR�DOO�RWKHU�PRODUV�ZLWK�
LQFUHDVLQJ�DJH��)LJXUH����H�L����
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� �
D��&/$66�,�� E��&/$66�,,� �

� �
F��&/$66�,,,�� G��&/$66�,9�

� �
H��&/$66�9� I��&/$66�9,�

� �
J��&/$66�9,,� K��&/$66�9,,,�
)LJXUH������3KRWRJUDSKV�RI�XSSHU�WRRWK�URZ�RI�'��OXPKROW]L�VKRZLQJ�WRRWK�ZHDU�FODVVHV���$QWHULRU�RI�WRRWK�
URZ�WR�ULJKW���7RS�RI�SDJH�LV�FKHFN�VLGH��ERWWRP�WRQJXH��OLQJXDO��VLGH�RI�PRXWK���7HHWK�ODEHOOHG�RQ�D��DQG�F��
'3��GHFLGXRXV�SUHPRODUV��3���SUHPRODU��0��±�0���PRODUV��
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7RRWK�ZHDU�ZDV�XQHYHQ�ZLWK�GLIIHUHQWLDO�ZHDU�RQ�HLWKHU�VLGH�RI�MDZ���7KHUH�
DSSHDUHG�WR�EH�PRUH�ZHDU�RQ�/+6�WKDQ�5+6���+RZHYHU��5+6�ZDV�XVHG�DV�IRU�
WRRWK�ZHDU�IRU�FRQVLVWHQF\�ZLWK�RWKHU�VWXGLHV��

&ODVVHV�,�DQG�,,�PD\�EH�GLIILFXOW�WR�WHOO�DSDUW�LQ�WKH�ILHOG�RQ�OLYH�DQLPDOV��DV�LW�LV�
DZNZDUG�WR�VHH�WKH�EDFN�PRODUV��+RZHYHU��WKHUH�ZDV�VRPH�ZHDU�RQ�WKH�
GHFLGXRXV�SUHPRODUV�DQG�DW�WKLV�DJH�ERG\�PHDVXUHPHQWV�FDQ�DOVR�EH�XVHG�WR�
FRQILUP�DJH��-RKQVRQ�DQG�'HOHDQ���������+HDG�RU�SHV�OHQJWK�ZRXOG�EH�PRUH�
SUHFLVH�PHDVXUHPHQWV�IRU�DJH�DV�ERG\�PDVV�ZRXOG�YDU\�ZLWK�LQGLYLGXDOV�ZLWK�
EHWWHU�FRQGLWLRQV���)RU�H[DPSOH��RQH�DQLPDO�LQ�WKLV�VWXG\�ZDV�����NJ�EXW�VWLOO�
KDG�GHFLGXRXV�SUHPRODUV���+HQFH�KHDG�OHQJWK�ZRXOG�EH�PRUH�SUHFLVH�
PHDVXUHPHQW�WR�XVH�WKDQ�ERG\�PDVV�DV�WKLV�DQLPDO�ZDV�REYLRXVO\�LQ�SULPH�
FRQGLWLRQ��

7KH�GLIIHUHQWLDO�ZHDU�RI�WKH�XSSHU�SUHPRODU�DOORZHG�WKH�HVWDEOLVKPHQW�RI�WRRWK�
ZHDU�FODVVHV���(LJKW�WRRWK�ZHDU�FODVVHV�UHVXOWHG��ZKLFK�ZHUH�VLPLODU�WR�WKH�
VHYHQ�XVHG�RQ�NRDODV��0DUWLQ��������7KH����VSHFLPHQV�ZHUH�WKHQ�SODFHG�LQ�
WKHVH�FODVVHV�EDVHG�RQ�WKHLU�WRRWK�ZHDU��7DEOHV�����DQG��������
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7DEOH������.H\�WR���WRRWK�ZHDU�FODVVHV�LQ�'��OXPKROW]L��)LJXUHV�����DQG�������

&ODVV� � 'HVFULSWLRQ�
,�� <RXQJ�DQLPDOV�

OHVV�WKDQ���PRODUV��
2QO\�VOLJKW�ZHDU�RI�GHFLGXRXV�3��DQG�3���
6OLJKW�ZHDU�RQ�PRODU�FUHVWV��)LJXUHV����D�DQG�
���D���

,,�� <RXQJ�DQLPDOV�
ZLWK���GHFLGXRXV�
SUHPRODUV�DQG�DOO���
PRODUV�

6KRZLQJ�ZHDU�RQ�GHFLGXRXV�SUHPRODUV�DQG�
DOO�PRODUV��)LJXUHV����E�DQG����E���

,,,���� <RXQJ�DQLPDOV�
ZLWK�3��HPHUJHG�
DQG�DOO�PRODUV�

:LWK�RQO\�VOLJKW�ZHDU�UHVWULFWHG�WR�IDFHWV�RQ�
WKH�FUHVWV�RI�3��ZLWK�SROLVKLQJ�RI�WLSV�
ZLWKRXW�EUHDFKLQJ�WKH�HQDPHO��)LJXUHV����F�
DQG����F���

,9�� ³,�VKDSHG�ZHDU´�RQ�
3����

0RGHUDWH�ZHDU�RQ�3��FXVSV��1RW�TXLWH�
IRUPLQJ�DQ�LVODQG��)LJXUHV����G�DQG����G���
5RXQGLQJ�RI�HLWKHU�SRVWHULRU�RU�ERWK�HQGV�RI�
3���QRW�EUHDFKLQJ�WKH�HQDPHO��6OLJKW�ZHDU�RQ�
WLSV�RI�FXVSV�RI�DOO�PRODUV���

9�� ³&�VKDSHG�ZHDU´�
RQ�3���

(QDPHO�EUHDFKHG�FRQWLQXRXVO\�ZLWK�GHQWLQH�
H[SRVHG�RQ�3��OHDYLQJ�DQ�LVODQG�RI�HQDPHO�
LQ�WKH�FHQWUH�RI�WKH�WRRWK�VXUIDFH��)LJXUHV�
���H�DQG����H���0��HQWLUH�ORQJLWXGLQDO�ULGJH�
ZLWK�H[SRVHG�GHQWLQH��'HQWLQH�H[SRVHG�RQ�
PRVW�WHHWK�WR�VRPH�H[WHQW��

9,���� ³%DVLQ´�RQ�3���� 'HQWLQH�H[SRVHG�RQ�HQWLUH�3��ZLWK�DOO�HQDPHO�
ZRUQ�DZD\�IURP�RFFOXVDO�VXUIDFH�IRUPLQJ�D�
EDVLQ�RU�FDYLW\��)LJXUHV����I�DQG����I���6KDUS�
ULGJH�PD\�EH�UHPDLQLQJ�RQ�EXFFDO�VLGH�RI�3����
'HQWLQH�H[SRVHG�WR�VRPH�GHJUHH�RQ�DOO�
PRODUV��

9,,�� ³)ODW�WRRWK´�3��DQG�
0��

3��ZRUQ�GRZQ�WR�DOPRVW�IODW�VXUIDFH��)LJXUHV�
���J�DQG����J����)ODW�RFFOXVDO�VXUIDFH�RQ�0���
EHJLQQLQJ�WR�IRUP�D�GLVK��

9,,,�� ([WUHPH�ZHDU�3��
DQG�0��

3��KDOI�ZRUQ�DZD\�ZLWK�ZDVWLQJ�EHWZHHQ�
DQWHULRU�DQG�SRVWHULRU�URRWV�DQG�0��ZRUQ�
GRZQ�WR�KDOI��)LJXUH����K�DQG����K���)URQW�
XSSHU�LQFLVRUV�DOVR�YHU\�ZRUQ��
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SRVWHULRU� � DQWHULRU��
EXFFDO�RU�ODELDO��FKHHN�VLGH��

���� � �'3�� '3�� '3�� '3��
OLQJXDO��WRQJXH�VLGH��

�
� D��&ODVV�,� E��&ODVV�,,�

� � �� F��&ODVV�,,,� 3�� G��&ODVV�,9� 3��

� �� H��&ODVV�9� 3�� I��&ODVV�9,� 3��
�
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�
�
�
�
������J��&ODVV�9,,�
�
�
�
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�
0�� 3�����������������������������������������������������������������������������FP�
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�
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�������������K��&ODVV�9,,,�
�
�
�
�
�

0�� 3��� � �
)LJXUH�������,OOXVWUDWLRQV�RI�HDFK�RI�WKH�HLJKW�WRRWK�ZHDU�FODVVHV��:KLWH�DUHDV�VKRZ�HQDPHO�ZHDU��EODFN�
DUHDV�DUH�SODTXH��JUH\�DUHDV�DUH�QRW�ZRUQ�H[FHSW�RQ�&ODVV�9,�ZKHUH�LW�VKRZV�EDVLQ�IRUPLQJ�³&DYLW\´��D�E��
GHFLGXRXV�SUHPRODUV��F�I��3��SUHPRODUV��J�K��3��DQG�0���
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������ 7RRWK�FHPHQWXP�DQQXOL�
2Q�DOO�RI�WKH�VOLGHV��WKH�FHPHQWXP�OLQHV�ZHUH�FOHDU�DQG�UHODWLYHO\�HDV\�WR�FRXQW���
(DFK�OD\HU�LV�ODLG�RQWR�WKH�RXWVLGH�RI�WKH�HDUOLHU�OD\HU���+RZHYHU��LQ�DQLPDOV�ZLWK�
PDQ\�OLQHV��SUHVXPDEO\�ROGHU�DQLPDOV��LW�ZDV�GLIILFXOW�WR�FRXQW�OLQHV�DW�WKH�URRW�
FXVKLRQ�DQG�WKH�OLQHV�ZHUH�FORVHU�WRJHWKHU���&RQVHTXHQWO\��LW�ZDV�IRXQG�WKDW�LW�LV�
EHVW�WR�FKHFN�DORQJ�URRW�DV�ZHOO�IRU�FRPSDULVRQ��

,Q�WKH�SRXFK�\RXQJ�������J��WKDW�ZHUH�EHOLHYHG�WR�EH�OHVV�WKDQ�RQH�\HDU�RI�DJH��
WKHUH�ZDV�D�OLQH�DOUHDG\�VHW�GRZQ�DQG�WKLV�LGHQWLILHG�DV�WKH�GHQWLQH�FHPHQWXP�
MXQFWLRQ��7KHUHIRUH�IRU�DOO�RWKHU�DQLPDOV�WKLV�OLQH�ZDV�QRW�FRXQWHG���

7KH����\HDU�ROG�DQLPDO�KDG����FHPHQWXP�OLQHV��)LJXUH����K����7KHUHIRUH��LW�
VHHPV�OLNHO\�WKDW�FHPHQWXP�DQQXOL�FRUUHVSRQG�ZLWK�DJH�LQ�\HDUV�RI�WKH�NQRZQ�
DQLPDO�DQG�FRUUHVSRQG�ZLWK�WKH�WRRWK�ZHDU�LQGH[��)LJXUH��������7KDW�LV�&ODVV���
KDG���OLQH�DQG�&ODVV�,,�KDG���DQG�VR�RQ�XS�WR�&ODVV�9,�ZLWK�����OLQHV��&ODVV�9,,�
ZLWK������DQG�&ODVV�9,,,�ZLWK�������OLQHV��7DEOH������)LJXUH��������7KLV�LV�D�
VWURQJ�UHODWLRQVKLS��Q� �����UV� �������3� ��������WKHUHIRUH��WKHVH�OLQHV�SUREDEO\�
GR�UHSUHVHQW�\HDUV���
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1R�RI�FHPHQWXP�DQQXOL

7R
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HD

U�F
ODV

VH
V

�
)LJXUH�������7RRWK�ZHDU�FODVVHV�LQ�UHODWLRQ�WR�WKH�QXPEHU�RI�FHPHQWXP�DQQXOL����
�Q� �����UV� �������3� ��������
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��� �
D��&ODVV�,� E��&ODVV�,,��

�� �
F��&ODVV�,,,�� G��&ODVV�,9�

� �
H��&ODVV�9� I��&ODVV�9,�

� �
J��&ODVV�9,,�� K��&ODVV�9,,,�
� ���PP�
)LJXUH������� 3KRWRJUDSKV�RI�FHPHQWXP�DQQXOL�IRU�HDFK�FODVV���,QFUHPHQWDO�OLQHV�DUH�QXPEHUHG�RQ�HDFK�
SKRWRJUDSK��&ODVV�9,,,�ZDV�RI�NQRZQ�DJH�RI����\HDUV�ROG��'��GHQWLQH��'&��GHQWLQH�FHPHQWXP�MXQFWLRQ��&��
FHPHQWXP���
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������ �%RG\�PHDVXUHPHQWV�
$V�LOOXVWUDWHG�LQ�WDEOH������WKHUH�LV�D�ORW�RI�YDULDWLRQ�LQ�DJH�XVLQJ�KHDG�RU�SHV�
OHQJWKV�IRU�DQLPDOV�LQ�WKH�ZLOG��HVSHFLDOO\�DV�WKH�DQLPDOV�JHW�ELJJHU���,W�FDQ�EH�
VHHQ�WKDW�WKH�DJH�SUHGLFWRU�HUURU�LQFUHDVHV�ZLWK�ERG\�VL]H���

$OVR�WKH�UHVXOWV��7DEOH������VXJJHVW�WKDW�D��NJ�DQLPDO�LV�\RXQJHU�WKDQ�D��NJ�
DQLPDO��,I�ZH�H[DPLQH�WKH�WRRWK�HUXSWLRQ�LQ�WKHVH�WZR�DQLPDOV�WKH���NJ�DQLPDO�
KDG�0��HUXSWHG�DQG�WKH���NJ�DQLPDOV�KDG�WKHLU�0��HUXSWHG�EXW�QRW�0����
7KHUHIRUH��WKLV�ZRXOG�VXJJHVW�WKDW�WKH���NJ�DQLPDO�LV�ROGHU��

%RG\�ZHLJKW�FDQ�QRW�EH�XVHG�WR�DJH�DQLPDOV�SUHFLVHO\�DV�WKHUH�LV�WRR�PXFK�
YDULDWLRQ��HVSHFLDOO\�RQFH�WKH�DQLPDOV�DUH�RYHU���NJV�LQ�ERG\�PDVV��DOWKRXJK�
WKHUH�LV�D�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�ERG\�ZHLJKW�DQG�WRRWK�ZHDU�FODVVHV�
�3� ��������UV� �������)LJXUH�������
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%RG\�ZHLJKW��NJV�
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�
)LJXUH�������7RRWK�ZHDU�FODVVHV�DV�D�IXQFWLRQ�RI�ERG\�ZHLJKW��NJV��IRU�'��OXPKROW]L���� �Q� �����UV� �������3� ���������
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7DEOH������� $JH�HVWLPDWLRQ�XVLQJ�KHDG�DQG�SHV�OHQJWKV�XVLQJ�-RKQVRQ�DQG�'HOHDQ¶V��������³SRO\QRPLDO�
JURZWK�HTXDWLRQ´�IRU�DQLPDOV�LQ�WKLV�VWXG\��3(�SUHGLFWRU�HUURU�LQ�GD\V��

$QLPDO� 6H[�
7RRWK�
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FODVV�
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������ 7RRWK�HUXSWLRQ�
7KH�GHFLGXRXV�SUHPRODUV�KDYH�HUXSWHG�E\�WKH�WLPH�'��OXPKROW]L�LV����JP�DQG�
ILUVW���LQFLVRUV�DQG�0���ZKLFK�LV�DSSUR[LPDWHO\�����PRQWKV�RI�DJH��-RKQVRQ�DQG�
'HOHDQ��������

8QIRUWXQDWHO\��WKHUH�ZHUH�QR�DQLPDOV�LQ�WKLV�VWXG\�ZLWK�0��HUXSWLQJ��EHWZHHQ�
���J�DQG��NJV���

0��LV�HUXSWLQJ�E\�WKH�WLPH�'��OXPKROW]L�UHDFKHV��NJV�DQG�IXOO\�HUXSWHG�E\�
���NJV��RU�EHIRUH�WKH�DJH�RI����PRQWKV���0��VWDUWV�WR�HUXSW�E\����NJ��ZKLFK�
FRUUHVSRQGV�ZLWK�&ODVV�,�DW�DSSUR[LPDWHO\������PWKV�RI�DJH��

3��HUXSWV�DW�DQ�HVWLPDWHG�DJH�RI�����\HDUV�LQ�'��OXPKROW]L��DIWHU�0���

���� ',6&866,21�
������ 7RRWK�ZHDU�
$OO�LQGLFHV�RI�DJH�DUH�VXEMHFW�WR�HUURU��&DXJKOH\���������6RPH�DUH�ZRUVH�WKDQ�
RWKHUV���,QGLFHV�WKDW�FKDQJH�E\�DQQXDO�TXDQWD�JLYH�WKH�PRVW�DFFXUDWH�
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HVWLPDWHV��SDUWLFXODUO\�IRU�DGXOW�DQLPDOV��EXW�WKH\�DUH�QRW�IRROSURRI��&DXJKOH\�
��������

,W�KDV�EHHQ�VXJJHVWHG�WKDW�WRRWK�ZHDU�DV�DQ�DJH�LQGLFDWRU�KDV�WZR�PDLQ�
VRXUFHV�RI�HUURU��RQH�EHLQJ�WKH�YDULDWLRQ�RI�ZHDU�EHWZHHQ�LQGLYLGXDOV�RU�
SRSXODWLRQV��WKH�RWKHU�LV�PLVLQWHUSUHWDWLRQ�RI�WRRWK�ZHDU�FODVVHV�E\�WKH�REVHUYHU�
�:LQWHU���������7KH�ILUVW�ZRXOG�EH�GHSHQGDQW�XSRQ�WKH�VL]H�RI�WKH�VWXG\�DUHD�
DQG�WKH�YDULDWLRQ�LQ�WKH�GLHW�RI�WKH�LQGLYLGXDOV��:LQWHU�������*RUGRQ��������7KH�
VHFRQG�PD\�EH�PLQLPLVHG�E\�XVLQJ�D�VLQJOH�WUDLQHG�REVHUYHU��:LQWHU���������

,Q�WKLV�VWXG\�WKH�ILUVW�HUURU�ZDV�UHGXFHG�E\�WKH�IDFW�WKDW�DOO�RI�WKH�DQLPDOV�XVHG�
IRU�WKH�GHWHUPLQDWLRQ�RI�WRRWK�ZHDU�ZHUH�IURP�DOO�RYHU�WKH�UHJLRQ�RI�WKH�$WKHUWRQ�
7DEOHODQGV�DV�WKH\�ZHUH�PRVWO\�URDG�NLOOV��SURYLGLQJ�XV�ZLWK�D�YDULHW\�RI�
LQGLYLGXDOV�WR�H[DPLQH�IURP�GLIIHUHQW�SRSXODWLRQV��7KH�VHFRQG�HUURU�ZDV�
UHGXFHG�E\�RQH�UHVHDUFKHU��WKH�DXWKRU��SHUIRUPLQJ�WKH�UHDGLQJV��

$OWKRXJK�WRRWK�ZHDU�FDQ�YDU\�EHWZHHQ�DQLPDOV�DQG�SRSXODWLRQV�GHSHQGLQJ�RQ�
ZKDW�WKH�DQLPDOV�DUH�HDWLQJ�DQG�WKH�DQLPDO¶V�FRQGLWLRQ��LW�VWLOO�UHPDLQV�D�
UHDVRQDEOH��TXLFN�DQG�HDV\�ZD\�RI�FDWHJRULVLQJ�DQLPDOV�LQ�DJH�FODVVHV���7KH�
FODVVHV�SURSRVHG�KHUH�DUH�WKH�PRVW�GLIIHUHQWLDWHG�WR�WKH�H\H�IRU�HDVH�RI�
LGHQWLILFDWLRQ�LQ�WKH�ILHOG�E\�DQ\�UHVHDUFKHU�RU�YHWHULQDULDQ���

������ 7RRWK�FHPHQWXP�DQQXOL�
6RPH�HDUOLHU�DWWHPSWV�RI�DJLQJ�PDUVXSLDOV�XVLQJ�FHPHQWXP�DQQXOL�ZHUH�
XQVXFFHVVIXO��.LQJVPLOO�������&DWW�������,QQV��������+RZHYHU��WKH�UHFHQW�
LPSURYHPHQWV�LQ�WKH�SUHSDUDWLRQ�RI�WHHWK�DQG�VWDLQLQJ�PHWKRGV�KDYH�PDGH�WKLV�
WHFKQLTXH�YLDEOH�DQG�PRUH�UHOLDEOH�WKDQ�LQ�WKH�SDVW���,Q�WKLV�VWXG\��WKH�
LGHQWLILFDWLRQ�RI�FHPHQWXP�OD\HUV�LQ�WKH�PRODUV�RI�'��OXPKROW]L�ZDV�VXFFHVVIXO��

7KH�ORQJLWXGLQDO�VHFWLRQV�RI�WKH�LQWHUUDGLFXODU�SDG�EHWZHHQ�WKH�URRWV�RI�WKH�
PRODU�ZHUH�IRXQG�WR�EH�PRVW�VXLWDEOH�IRU�GLVWLQJXLVKLQJ�FHPHQWXP�LQFUHPHQWDO�
OLQHV�FOHDUO\�LQ�'��OXPKROW]L��7KLV�ZDV�SUREDEO\�GXH�WR�WKH�VLJQLILFDQW�ZLGWK�RI�
JURZWK�OD\HUV�DQG�WKH�VKDUSQHVV�RI�WKLQ�OLQHV�DQG�WKH�HDVLQHVV�WR�GLVWLQJXLVK�
DFFHVVRU\�OLQHV��$]RULW�HW�DO�����D����+RZHYHU��WKLV�SURYHG�PRUH�GLIILFXOW�ZLWK�
ROGHU�DQLPDOV�DV�WKH�OLQHV�ZHUH�FORVHU�WRJHWKHU�DQG�VRPH�ZHUH�PRUH�IDLQW��7KLV�
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LV�ZK\�LW�LV�LPSRUWDQW�WR�KDYH�D�VHULHV�RI�VHFWLRQV�FXW�IURP�WKH�VDPH�WRRWK�DQG�
VHFWLRQV�LQFOXGLQJ�WKH�URRW���7KLV�DOORZV�WKH�REVHUYHU�WR�FKHFN�RWKHU�DUHDV�DQG�
FRPSDUH�WKH�QXPEHU�RI�OLQHV�DQG�DVVLVWV�LQ�GHWHUPLQLQJ�DFFHVVDU\�OLQHV��,Q�WKLV�
VWXG\��LW�ZDV�IRXQG�WKDW�IRU�WKH�ROGHU�DQLPDOV�LW�ZDV�DFWXDOO\�HDVLHU�WR�FRXQW�OLQHV�
DW�WKH�URRW�]RQH��)LJXUH�������

7KHUH�ZDV�D�JRRG�FRUUHVSRQGHQFH�EHWZHHQ�WKH�LQFUHPHQWDO�OLQHV�DQG�DJH�LQ�
\HDUV�DV�VKRZQ�E\�WKH����\HDU�ROG�DQLPDO�DQG�WKH�\RXQJ�DQLPDOV�DJHG�IURP�
ERG\�PHDVXUHPHQWV���$OWKRXJK�WKHUH�ZDV�RQO\�RQH�ROG�DQLPDO�RI�NQRZQ�DJH��
FHPHQWXP�OLQHV�KDYH�EHHQ�VKRZQ�WR�FRUUHVSRQG�ZLWK�DJH�LQ�\HDUV�LQ�PDQ\�
RWKHU�PDPPDOV��/DZV�������.OHYH]DO�DQG�.OHLQHQEHUJ�������3HNHOKDULQJ�
������*DVDZD\�HW�DO�������)DQF\�������&ORXW�������0F&XOORXJK�DQG�%HLHU�
������&RRO�HW�DO�������$]RULW�HW�DO�����D������E����

7KH�WHFKQLTXH�RI�XVLQJ�FHPHQWXP�DQQXOL�WR�DJH�DQLPDOV�LV�LQYDVLYH��WKHUHIRUH�LW�
LV�QRW�VXLWDEOH�IRU�XVH�ZLWK�OLYH�DQLPDOV���$OWKRXJK�LW�LV�PRUH�DFFXUDWH�WKDQ�WRRWK�
ZHDU�LW�ZDV�RQO\�XVHG�KHUH�WR�HVWDEOLVK�DQ�DVVRFLDWLRQ�ZLWK�WKH�WRRWK�ZHDU�
FODVVHV���$V�WKHUH�LV�D�FORVH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHUV�RI�WKHVH�OLQHV�
DQG�WKH�WRRWK�ZHDU�FODVVHV�SURSRVHG��LW�LV�FRQFOXGHG�WKDW�WKH�WRRWK�ZHDU�
FODVVHV�DUH�VXLWDEOH�IRU�XVH�IRU�HVWLPDWLRQ�RI�DEVROXWH�DJH�RI�'��OXPKROW]L��ZLWKLQ�
D�IHZ�\HDUV�HUURU��LQ�ERWK�WKH�ZLOG�DQG�LQ�FDSWLYLW\����

������ %RG\�PHDVXUHPHQWV�DQG�DJLQJ�
7KLV�VWXG\�KDV�VXSSRUWHG�WKH�YLHZ��,QQV�������-RKQVRQ�DQG�'HOHDQV�������WKDW�
RQFH�DQ�DQLPDO�UHDFKHV�PDWXULW\��RU�D�FHUWDLQ�VL]H��ERG\�PHDVXUHPHQWV�FDQQRW�
EH�XVHG�VXFFHVVIXOO\�WR�DJH�DQLPDOV��LQFOXGLQJ�/XPKROW]¶V�WUHH�NDQJDURRV���

%RG\�ZHLJKW�ZLOO�DOVR�YDU\�ZLWK�IDFWRUV�VXFK�DV�WKH�DQLPDO¶V�FRQGLWLRQ��DQG�
FRQVHTXHQWO\�FDQQRW�EH�XVHG�WR�HVWLPDWH�DJH�DFFXUDWHO\�HLWKHU��DV�LOOXVWUDWHG�E\�
WKH�DQLPDO�WKDW�ZDV�����NJ�EXW�VWLOO�KDG�GHFLGXRXV�SUHPRODUV���

,Q�DGGLWLRQ��SRXFK�\RXQJ�JURZWK�HVWLPDWLRQV�GHYHORSHG�RQ�FDSWLYH�DQLPDOV�
VKRXOG�EH�XVHG�FDXWLRXVO\�ZKHQ�VWXG\LQJ�DQLPDOV�LQ�WKH�ILHOG��DV�WKHUH�FRXOG�EH�
GLIIHUHQFHV�LQ�JURZWK�UDWHV��,QQV���������7KLV�FRXOG�RQO\�EH�FRQILUPHG�ZLWK�
JURZWK�UDWHV�PHDVXUHG�LQ�WKH�ILHOG��ZKLFK�FRXOG�SURYH�GLIILFXOW�ZLWK�'��OXPKROW]L�
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DV�WKH\�DUH�GLIILFXOW�WR�FDWFK�DQG�ZRXOG�KDYH�WR�EH�FDSWXUHG�RQ�D�UHJXODU�EDVLV�
IRU�UHSHDWHG�PHDVXUHPHQWV�RI�SRXFK�\RXQJ��

������ 7RRWK�HUXSWLRQ�VWDJHV�
,W�DSSHDUV�WKDW�WRRWK�HUXSWLRQ�LQ�'��OXPKROW]L�LV�PXFK�HDUOLHU�WKDQ�IRU�RWKHU�
NDQJDURRV���)RU�H[DPSOH��LQ�0DFURSXV�HXJHQLL�WKH�LQFLVRUV�DQG�0��KDYH�RQO\�
MXVW�HUXSWHG�DV�WKH�\RXQJ�DUH�SHUPDQHQWO\�OHDYLQJ�WKH�SRXFK�DW���������GD\V�
�,QQV���������,Q�WKLV�VWXG\�WKH�0��DQG�WKH�LQFLVRUV�RI�'��OXPKROW]L�KDYH�HPHUJHG�
DW�WKH�DJH�ZKHQ�WKH\�DUH�EHJLQQLQJ�WR�YHQWXUH�IURP�WKH�SRXFK��DW�DSSUR[LPDWHO\�
����PRQWKV�RI�DJH���)XUWKHUPRUH��0��DQG�0��DUH�HPHUJLQJ�ZKHQ�'��OXPKROW]L�
DUH�EHWZHHQ�������PRQWKV�RI�DJH��VLPLODU�WR�NRDODV��0DUWLQ�������0DUWLQ�HW�DO�
��������+RZHYHU��3��HUXSWV�DW�D�PHDQ�DJH�RI������GD\V�IRU�0��HXJHQLL��,QQV�
�������ZKLFK�FRUUHVSRQGV�ZLWK�WKH�HVWLPDWLRQV�IRU�'��OXPKROW]L�KHUH�ZLWK�3��
HUXSWLQJ�EHIRUH�WKH�DJH�RI���\HDUV���

9DULDWLRQ�DOVR�RFFXUV�LQ�WRRWK�HUXSWLRQ�ZLWKLQ�SRSXODWLRQV�RI�D�VSHFLHV�DQG�
EHWZHHQ�FDSWLYH�DQLPDOV�DQG�WKRVH�LQ�WKH�ZLOG��,QQV���������7KLV�DORQJ��ZLWK�WKH�
IDFW�WKDW�'��OXPKROW]L�KDYH�FRPSOHWH�WRRWK�HUXSWLRQ�E\�WKH�DJH�RI���\HDUV�PDNHV�
WRRWK�HUXSWLRQ�DQ�XQVXLWDEOH�WHFKQLTXH�IRU�DJLQJ�WKLV�VSHFLHV��

���� &21&/86,216�
%HLQJ�DEOH�WR�SODFH�WUHH�NDQJDURRV�LQ�UHODWLYH�DJH�FODVVHV�ZLOO�HQDEOH�XV�WR�
LGHQWLI\�DJH�VSHFLILF�IHFXQGLW\�DQG�PRUWDOLW\�IRU�PRGHOOLQJ�SRSXODWLRQV��
HVSHFLDOO\�LVVXHV�VXFK�DV�WKH�UHODWLYH�DJH�RI�URDG�NLOO�DQG�GRJ�NLOO�DQLPDOV���,W�
ZDV�SUHYLRXVO\�EHOLHYHG�WKDW�PRVW�RI�WKH�/XPKROW]¶V�WUHH�NDQJDURRV�WKDW�DUH�
NLOOHG�RQ�URDGV�DUH�\RXQJ�PDOHV���,Q�IDFW��WKH�URDG�NLOO�VSHFLPHQV�FROOHFWHG�
GXULQJ�WKLV�VWXG\�ZHUH�IURP�D�YDULHW\�RI�DJH�FODVVHV��LQFOXGLQJ�IHPDOHV�ZLWK�
SRXFK�\RXQJ�DQG�MRH\V�DW�IRRW��

,Q�DGGLWLRQ��DVVHVVPHQW�RI�WKH�DJH�VWUXFWXUH�RI�D�SRSXODWLRQ�LV�DOVR�LPSRUWDQW�
IRU�PDQDJHPHQW�SXUSRVHV��SDUWLFXODUO\�IRU�XQGHUVWDQGLQJ�WKH�G\QDPLFV�RI�D�
SRSXODWLRQ�DQG�XQGHUWDNLQJ�SRSXODWLRQ�YLDELOLW\�DQDO\VLV����
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7KLV�WRRWK�ZHDU�LQGH[�ZLOO�DOVR�DVVLVW�YHWHULQDULDQV�RU�UHVFXHUV�RI�LQMXUHG�
DQLPDOV�WR�LGHQWLI\�ZKHWKHU�WKH�DQLPDO�LV�ROG�DQG�LI�LWV�FRQGLWLRQ�PD\�EH�DJH�
UHODWHG��,Q�YHWHULQDU\�PHGLFLQH�LW�LV�XVHIXO�WR�KDYH�VRPH�LGHD�RI�WKH�DQLPDO¶V�DJH�
LQ�ERWK�WKH�GLDJQRVLV�RI�DQ�LOOQHVV�DQG�WKH�SURJQRVLV�RI�DQ\�WUHDWPHQW���

7KLV�VWXG\�KDV�VKRZQ�WKDW�ZH�FDQ�QRW�XVH�ERG\�PHDVXUHPHQWV�RU�WRRWK�
HUXSWLRQ�WR�DJH�'��OXPKROW]L�RQFH�DQ�DQLPDO�UHDFKHV�DSSUR[LPDWHO\����PRQWKV�
RI�DJH�DQG�WKDW�XVLQJ�WRRWK�ZHDU�FODVVHV�LV�WKH�HDVLHVW�DQG�PRVW�UHOLDEOH�
WHFKQLTXH�WR�DJH�WUHH�NDQJDURRV���)XUWKHUPRUH��DV�WRRWK�ZHDU�FODVVHV�
FRUUHVSRQG�VWURQJO\�ZLWK�FHPHQWXP�DQQXOL�DQG�FHPHQWXP�DQQXOL�FRUUHVSRQG�
ZLWK�\HDUV��ZH�FDQ�VXJJHVW�DJH�LQ�\HDUV�IRU�HDFK�WRRWK�ZHDU�FODVV�
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&KDSWHU����&RQFOXVLRQV�DQG�IXUWKHU�UHVHDUFK�

���� &21&/86,216�
2XU�SUHYLRXV�NQRZOHGJH�RI�'��OXPKROW]L�HFRORJ\�DQG�XVH�RI�KDELWDW�ZDV�OLPLWHG��
H[FHSW�IRU�D�IHZ�HDUOLHU�VWXGLHV��3URFWHU�*UD\�������1HZHOO��������ZKLFK�ZHUH�
ERWK�XQGHUWDNHQ�RQ�WKH�VDPH�VSDWLDOO\�UHVWULFWHG�UDLQIRUHVW�W\SH���:H�NQRZ�WKDW�
'��OXPKROW]L�DUH�SULPDULO\�IRXQG�LQ�SULYDWHO\�RZQHG�UDLQIRUHVW�IUDJPHQWV�RQ�WKH�
$WKHUWRQ�DQG�(YHO\Q�7DEOHODQGV��DQG�WKH\�DUH�WHUULWRULDO�ZLWK�UHODWLYHO\�VPDOO�
QRQ�RYHUODSSLQJ�KRPH�UDQJHV�DQG�KDYH�VWURQJ�VLWH�ILGHOLW\���'��OXPKROW]L�DUH�
WKUHDWHQHG�E\�KDELWDW�IUDJPHQWDWLRQ��GRJ�DQG�URDG�NLOOV�ZKHQ�PRYLQJ�EHWZHHQ�
IUDJPHQWV���7KHVH�UDLQIRUHVW�IUDJPHQWV�DUH�QRW�WRWDOO\�SURWHFWHG�IURP�FOHDULQJ�
DQG�WKHLU�SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�DUH�FUXFLDO�WR�WKH�ORQJ�WHUP�FRQVHUYDWLRQ�
RI�'��OXPKROW]L����

7KLV�VWXG\�ZDV�GHVLJQHG�WR�LQYHVWLJDWH�'��OXPKROW]L�XVH�RI�KDELWDW�LQ�DQRWKHU�
PRUH�DEXQGDQW�UDLQIRUHVW�W\SH��EXLOGLQJ�RQ�DQG�WHVWLQJ�UHVXOWV�IURP�SUHYLRXV�
VWXGLHV���,W�DOVR�DLPHG�WR�HQKDQFH�RXU�XQGHUVWDQGLQJ�RI�WKH�HFRORJ\�DQG�ELRORJ\�
RI�'��OXPKROW]L�WR�HQDEOH�XV�WR�UHDVVHVV�WKH�FRQVHUYDWLRQ�VWDWXV�DQG�SRSXODWLRQ�
YLDELOLW\�RI�WKH�VSHFLHV�LQ�WKH�IXWXUH���7R�GR�WKLV�ZH�QHHG�WR�NQRZ�PRUH�
LQIRUPDWLRQ�DERXW�WKHLU�KDELWDW�XVH�LQ�GLIIHULQJ�KDELWDWV��WKHLU�GLHW�DQG�
JDVWURLQWHVWLQDO�PRUSKRORJ\�LQ�UHODWLRQ�WR�GLHW�DQG�KDELWDW��DORQJ�ZLWK�WKH�DELOLW\�
WR�DJH�WKHP�WR�HQDEOH�XV�WR�FRQVWUXFW�OLIH�WDEOHV�DQG�GHWHUPLQH�DJH�VSHFLILF�
PRUWDOLW\�DQG�IHFXQGLW\���7KLV�VWXG\�KDV�SURJUHVVHG�D�JUHDW�GHDO�RI�WKH�ZD\�WR�
HQDEOLQJ�XV�WR�GR�WKLV���+RZHYHU��D�SRSXODWLRQ�DQDO\VLV�ZDV�QRW�SHUIRUPHG�
GXULQJ�WKLV�VWXG\��DV�ZH�VWLOO�UHTXLUH�PRUH�GDWD�RQ�GLVSHUVDO�UDWHV�EHWZHHQ�
IUDJPHQWV�DQG�HQYLURQPHQWDO�VWRFKDVWLFLW\��ZKLFK�ZHUH�EH\RQG�WKH�VFRSH�RI�
WKLV�VWXG\��EHIRUH�DQ�DFFXUDWH�DQG�PHDQLQJIXO�SRSXODWLRQ�YLDELOLW\�DQDO\VLV�FDQ�
EH�SHUIRUPHG��

3UHYLRXV�VWXGLHV�VXJJHVW�WKDW�'��OXPKROW]L�DUH�JHQHUDOLVW�IROLYRUHV�EXW�WKDW�WKH\�
GR�VKRZ�LQGLYLGXDO�SUHIHUHQFHV�WR�WUHH�VSHFLHV���7KHUH�KDYH�DOVR�EHHQ�VHYHUDO�
H[SODQDWLRQV�RI�WKH�REVHUYHG�GLVWULEXWLRQV�RI�'��OXPKROW]L�WKDW�UHODWH�WR�KDELWDW�
VHOHFWLRQ��H�J��WKDW�WKH\�SUHIHU�UHJURZWK�IRUHVW�WR�PDWXUH�IRUHVW��
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7KHUH�ZDV�QR�RYHUDOO�GLIIHUHQFH�LQ�VSDWLDO�RUJDQLVDWLRQ�RI�'��OXPKROW]L�LQ�WKH�WZR�
GLIIHUHQW�UDLQIRUHVW�W\SHV��6HFWLRQ���������DSDUW�IURP�YDULDQFHV�LQ�IHPDOH�KRPH�
UDQJH�VL]HV�ZLWKLQ�RQH�UDLQIRUHVW�W\SH���7KLV�YDULDWLRQ�LQ�KRPH�UDQJH�VL]HV�
FDQQRW�EH�H[SODLQHG�E\�GLIIHUHQFHV�LQ�ERG\�ZHLJKW���8QGHUVWDQGLQJ�WKH�EDVLV�RI�
YDULDWLRQ�LQ�UDQJH�VL]H�LV�LPSRUWDQW�LQ�XQGHUVWDQGLQJ�WKH�SRSXODWLRQ�G\QDPLFV�RI�
WUHH�NDQJDURRV�DV�WKH�UHSURGXFWLYH�RXWSXW�RI�D�SRSXODWLRQ�LV�GHWHUPLQHG�E\�
IHPDOH�GHQVLW\�DQG�DEXQGDQFH���7KH�IRFXV�RI�DFWLYLW\�E\�'��OXPKROW]L�FDQ�QRW�
GHWHUPLQHG�E\�VLQJOH�RU�PXOWLSOH�VWUXFWXUDO�DQG�RU�IORULVWLF�FKDUDFWHULVWLFV�RI�WKH�
KDELWDW�WHVWHG�LQ�WKLV�VWXG\��HYHQ�WKRXJK�LQGLYLGXDO�DQLPDOV�HDFK�KDG�
SUHIHUHQFHV�IRU�VSHFLILF�VSHFLHV�ZLWKLQ�WKHLU�UDQJH���7KHUHIRUH��WKH�KDELWDW�
FKDUDFWHUV�XVHG�LQ�WKLV�VWXG\�FDQQRW�EH�XVHG�WR�PRGHO�'��OXPKROW]L�YDULDWLRQ�LQ�
VSDWLDO�RU�KDELWDW�XVH����

$OWKRXJK�'��OXPKROW]L�VHOHFW�D�YDULHW\�RI�VSHFLHV�WKH\�DUH�QRW�EURDG�JHQHUDOLVWV�
DV�VXFK��RQO\�XVLQJ�����RI�WKH�WUHH�VSHFLHV�DYDLODEOH�WR�WKHP��ZLWK�FOHDU�
SUHIHUHQFHV�IRU�RQO\�D�IHZ�VSHFLHV���7KHUH�LV�DOVR�FRQVLGHUDEOH�LQGLYLGXDO�
YDULDWLRQ�LQ�WUHH�VSHFLHV�SUHIHUHQFH���7KH�UHDVRQV�IRU�WKHVH�VSHFLILF�FKRLFHV�DUH�
FXUUHQWO\�XQFOHDU�EXW�LW�LV�OLNHO\�WKDW�'��OXPKROW]L�DUH�FKRRVLQJ�WUHHV�IRU�IROLDJH�
FKDUDFWHUV�VXFK�DV�QXWULWLRQDO�FRQWHQW�RU�ODFN�RI�SODQW�GHIHQFHV��QRW�IRU�WKH�
VSHFLHV�DW�D�WD[RQRPLF�OHYHO���7KHVH�EHKDYLRXUV�ZRXOG�EH�FRQVLVWHQW�ZLWK�WUHH�
FKRLFH�LQ�RWKHU�DUERUHDO�IROLYRUHV��VXFK�DV�NRDODV��VORWKV�DQG�OHDI�HDWLQJ�
PRQNH\V��*ODQGHU�������������+ODGLN�������0LOWRQ�������0RRUH�DQG�)ROH\�
������8PDSDWK\�DQG�.XPDU���������%HFDXVH�LQWUD�VSHFLILF�YDULDWLRQ�LQ�
FKHPLFDO�FRPSRVLWLRQ��DQG�FRQVHTXHQW�SDODWDELOLW\�FDQ�EH�DV�JUHDW�DV�LQWHU�
VSHFLILF�YDULDWLRQ�LQ�WKHVH�FKDUDFWHULVWLFV��/DZOHU�HW�DO��������WKH�KLJK�VSHFLHV�
GLYHUVLW\�DQG�ORZ�DEXQGDQFH�RI�LQGLYLGXDOV�ZLWKLQ�FDQRS\�VSHFLHV�IRXQG�LQ�WKH�
UDLQIRUHVW�KDELWDW�RI�'��OXPKROW]L�FRXOG�OHDG�WR�DSSDUHQWO\�LGLRV\QFUDWLF�
SUHIHUHQFHV�IRU�WUHH�VSHFLHV�HYHQ�LI�FKRLFHV�ZHUH�EHLQJ�PDGH�RQ�D�FRPPRQ�
DQG�PHFKDQLVWLF�EDVLV��

7KH�JDVWURLQWHVWLQDO�PRUSKRORJ\�RI�'��OXPKROW]L�VKDUHV�D�QXPEHU�RI�IHDWXUHV�
ZLWK�RWKHU�IRUHJXW�IHUPHQWLQJ�IROLYRUHV���&RPSDUHG�WR�RWKHU�PDFURSRGLGV��'��
OXPKROW]L�KDV�D�ODUJH�VDFFLIRUP�IRUHVWRPDFK�DQG�D�ODUJH�RYHUDOO�VWRPDFK�
FDSDFLW\��DQG�PRUH�VLPLODU�LQ�VL]H�DQG�PRUSKRORJ\�WR�WKDW�RI�RWKHU�DUERUHDO�
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IRUHJXW�IHUPHQWLQJ�IROLYRUHV��VXFK�DV�FRORELQH�PRQNH\V���,W�LV�OLNHO\�WKDW�WKHVH�
FKDUDFWHULVWLFV�DUH�DGDSWLYH�IRU�LWV�GLHW�RI�UDLQIRUHVW�OHDYHV����

/XPKROW]¶V�WUHH�NDQJDURRV�FDQ�EH�VLPSO\�DJHG�XVLQJ�D�WRRWK�ZHDU�LQGH[�
GHYHORSHG�GXULQJ�WKLV�VWXG\���$JLQJ�LV�HVVHQWLDO�IRU�HVWDEOLVKLQJ�GHPRJUDSKLFV��
VXFK�DV�DJH�VSHFLILF�PRUWDOLW\�DQG�IHFXQGLW\�RI�SRSXODWLRQV��FXUUHQWO\�XQNQRZQ�
LQ�'��OXPKROW]L���$JH�GDWD�LPSURYHV�SRSXODWLRQ�YLDELOLW\�DQDO\VLV�DQG�RWKHU�
DQDO\VHV��DQG�FRQWULEXWHV�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�SRSXODWLRQ�G\QDPLFV�DQG�
VXEVHTXHQW�FRQVHUYDWLRQ�DQG�PDQDJHPHQW�RXWFRPHV��

7KLV�VWXG\�KDV�KLJKOLJKWHG�WKDW�QRW�RQO\�RQH�UDLQIRUHVW�W\SH�LV�LPSRUWDQW�WR�'��
OXPKROW]L�DQG�WKDW�PRUH�HPSKDVLV�VKRXOG�EH�PDGH�RQ�WKH�SUHVHUYDWLRQ�DQG�
UHVWRUDWLRQ�RI�DOO�UDLQIRUHVW�W\SHV���)XUWKHUPRUH��LW�LV�YLWDO�WKDW�DOO�UDLQIRUHVW�
IUDJPHQWV�LQFOXGLQJ�ULSDULDQ�]RQHV��UHJURZWK�DQG�FRUULGRUV�DQG�VWHSSLQJ�VWRQHV��
VKRXOG�EH�FRQVHUYHG��UHKDELOLWDWHG�DQG�DUHDV�UHSODQWHG�DV�'��OXPKROW]L�KDELWDW��
DV�WKH\�DUH�LPSRUWDQW�WR�WKH�VSHFLHV¶�ORQJ�WHUP�VXUYLYDO����

���� )8785(�',5(&7,216�
7KLV�VWXG\�KDV�VRXJKW�WR�XQGHUVWDQG�WKH�IDFWRUV�FRQWUROOLQJ�WKH�VSDWLDO�DQG�
KDELWDW�XVH�RI�'��OXPKROW]L�LQ�D�UDLQIRUHVW�IUDJPHQW�RI�YDU\LQJ�KDELWDW�W\SHV���
$OWKRXJK�LW�KDV�UHMHFWHG�D�QXPEHU�RI�SUHYLRXV�VXJJHVWLRQV�RI�FKDUDFWHULVWLFV�
GHWHUPLQLQJ�WKHLU�KDELWDW�XVH��RXU�XQGHUVWDQGLQJ�RI�WKHLU�KDELWDW�DQG�RU�WUHH�
VSHFLHV�RU�LQGLYLGXDO�FKRLFHV�LV�VWLOO�XQFOHDU���)XUWKHUPRUH��RXU�NQRZOHGJH�RI�WKH�
SRSXODWLRQ�G\QDPLFV�DQG�WKH�HIIHFWV�RI�IUDJPHQWDWLRQ�RQ�'��OXPKROW]L�UHPDLQV�
LQFRPSOHWH���7KH�IROORZLQJ�SDUDJUDSKV�EULHIO\�RXWOLQH�VRPH�RI�DUHDV�RI�UHVHDUFK�
WKDW�ZRXOG�DVVLVW�LQ�RXU�XQGHUVWDQGLQJ�RI�WKHVH�TXHVWLRQV���

������ 'LHWDU\�HFRORJ\�
$OWKRXJK�ZH�GR�KDYH�QXPHURXV�REVHUYDWLRQV�RI�WUHH�XVH�E\�'��OXPKROW]L�IURP�
GLIIHUHQW�DUHDV�RQ�WKH�$WKHUWRQ�7DEOHODQGV��7UHH�.DQJDURR�DQG�0DPPDO�*URXS�
XQSXEOLVKHG�GDWD���IHZ�DUH�FRQILUPHG�IHHGLQJ�REVHUYDWLRQV���$�EHWWHU�
XQGHUVWDQGLQJ�RI�WKHLU�GLHWDU\�HFRORJ\�FRXOG�EH�HVWDEOLVKHG�E\�OHDI�FXWLFOH�
DQDO\VLV�RI�VFDWV���&ROOHFWLQJ�PXOWLSOH�IDHFDO�VDPSOHV�IURP�VHYHUDO�DUHDV�ZLWKLQ�
D�IUDJPHQW�RU�IURP�GLIIHUHQW�IUDJPHQWV��RYHU�YDU\LQJ�WLPHV�RI�WKH�\HDU�DQG�XVLQJ�
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FXWLFOH�DQDO\VLV�ZRXOG�HQDEOH�XV�WR�GHWHUPLQH�VHDVRQDO�GLIIHUHQFHV�LQ�IORUDO�
VSHFLHV�VHOHFWLRQ��

������ &KHPLFDO�EDVLV�RI�GLHW�VHOHFWLRQ�
7KH�UHVXOWV�RI�WKLV�VWXG\�KDYH�VXJJHVWHG�WKDW�IROLDU�FKDUDFWHUV�VXFK�DV�SODQW�
GHIHQFHV�RU�OHYHOV�RI�QXWULHQWV�PD\�GULYH�LQGLYLGXDO�WUHH�FKRLFH�E\�'��OXPKROW]L��
DV�WKH\�GR�LQ�RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�NRDODV��&RUN�DQG�)ROH\�������
������/DZOHU�HW�DO�������0RRUH�DQG�)ROH\�������DQG�IROLYRURXV�PRQNH\V�
�*ODQGHU�������8PDSDWK\�DQG�.XPDU����������

$Q�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�IROLDU�FKHPLVWU\�LQ�WKH�HFRORJ\�RI�'��OXPKROW]L�
UHTXLUHV�IXUWKHU�DQG�GLUHFWHG�H[SHULPHQWDO�ZRUN�WR�GHWHUPLQH�ZKLFK�
FRPSRQHQWV�DFWXDOO\�GHWHUPLQH�LQWDNH�DQG�SUHIHUHQFH���6RPH�FDSWLYH�VWXGLHV�
PD\�EH�SRVVLEOH��DV�'��OXPKROW]L�DUH�KHOG�LQ�FDSWLYLW\�LQ�IDU�QRUWK�4XHHQVODQG���
+RZHYHU��WKLV�UHVHDUFK�ZRXOG�LGHDOO\�EH�GLUHFWHG�E\�UDGLR�WHOHPHWU\�VWXGLHV�RI�
WKH�LQWUD��DQG�LQWHU�VSHFLILF�IRRG�SUHIHUHQFHV��DQG�WKH�ZD\V�WKHVH�DIIHFW�KDELWDW�
SUHIHUHQFHV�DQG�UDQJH�VL]HV�RI�'��OXPKROW]L����

������ (IIHFWV�RI�KDELWDW�IUDJPHQWDWLRQ�DQG�ODUJH�VFDOH�SDWWHUQV�RI�
KDELWDW�XVH�

2XU�FXUUHQW�XQGHUVWDQGLQJ�RQ�WKH�HIIHFWV�RI�KDELWDW�IUDJPHQWDWLRQ�RQ�'��
OXPKROW]L�LV�DOVR�OLPLWHG���7KHLU�KDELWDW�LV�KLJKO\�IUDJPHQWHG�DQG�WKLV�LV�JHQHUDOO\�
FRQVLGHUHG�WR�EH�DQ�LPSRUWDQW�WKUHDWHQLQJ�SURFHVV�WR�'��OXPKROW]L���6XEVWDQWLDO�
QXPEHUV�RI�/XPKROW]¶V�WUHH�NDQJDURRV�DUH�NLOOHG�RQ�WKH�URDGV�DQG�E\�GRJV�
HYHU\�\HDU������URDG�NLOOV�DQG����GRJ�NLOOV�UHFRUGHG�RYHU�WKH�ODVW�GHFDGH��7UHH�
.DQJDURR�DQG�0DPPDO�JURXS�������ZKLOVW�PRYLQJ�EHWZHHQ�IUDJPHQWV���,W�ZDV�
SUHYLRXVO\�EHOLHYHG�WKDW�PRVW�RI�WKH�WUHH�NDQJDURRV�NLOOHG�RQ�WKH�URDGV�ZHUH�
\RXQJ�PDOHV��7UHH�.DQJDURR�DQG�0DPPDO�*URXS���������+RZHYHU��WKLV�VWXG\�
KDV�IRXQG�WKDW�WKHUH�DUH�PDQ\�DGXOWV�DOVR�EHLQJ�NLOOHG��LQFOXGLQJ�IHPDOHV�ZLWK�
SRXFK�\RXQJ���:H�FDQ�QRZ�DFFXUDWHO\�DJH�'��OXPKROW]L�URDG�DQG�GRJ�NLOOV�
HQDEOLQJ�XV�WR�FRQWLQXH�WR�PRQLWRU�WKHVH�PRUWDOLWLHV�DQG�PRGHO�WKH�LPSDFWV�RI�
WKHVH�ORVVHV�XSRQ�'��OXPKROW]L�SRSXODWLRQV��
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������ 3RSXODWLRQ�YLDELOLW\�DQG�FRQVHUYDWLRQ�VWDWXV�RI�'HQGURODJXV�
OXPKROW]L�

7KH�DELOLW\�WR�DJH�WUHH�NDQJDURRV��XVLQJ�WKH�WRRWK�ZHDU�LQGH[�HVWDEOLVKHG�GXULQJ�
WKLV�VWXG\��ZLOO�DOORZ�XV�WR�FRQVWUXFW�OLIH�WDEOHV�DQG�SHUIRUP�DQDO\VHV�RQ�WKH�
SRSXODWLRQV�VXFK�DV�SRSXODWLRQ�YLDELOLW\�DQDO\VLV���)XUWKHUPRUH��WKLV�WHFKQLTXH�
FDQ�QRZ�EH�XWLOLVHG�E\�RWKHU�UHVHDUFKHUV�VWXG\LQJ�WKH�PRUH�HQGDQJHUHG�
VSHFLHV�RI�WUHH�NDQJDURRV�LQ�3DSXD�1HZ�*XLQHD��

,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�DQ\�LQIRUPDWLRQ�DFTXLUHG�RQ�WKH�HFRORJ\�RI�WKH�
$XVWUDOLDQ�VSHFLHV�ZLOO�DVVLVW�LQ�WKH�VWXGLHV�RI�WKH�1HZ�*XLQHD�VSHFLHV��ZKLFK�
DUH�PXFK�PRUH�GLIILFXOW�WR�VWXG\�GXH�WR�WKH�UHPRWHQHVV�DQG�GLIILFXOW�WHUUDLQ�LQ�
ZKLFK�WKH\�OLYH��

+RZHYHU��DV�DOUHDG\�PHQWLRQHG��WKHUH�DUH�VWLOO�VRPH�DUHDV�RI�WKH�GHPRJUDSKLFV�
RI�'��OXPKROW]L�WKDW�ZH�QHHG�WR�UHVHDUFK�LQ�RUGHU�WR�SUHIRUP�DQ�UHOLDEOH�
SRSXODWLRQ�YLDELOLW\�DQDO\VLV�RI�WKLV�VSHFLHV�RU�WR�DFFXUDWHO\�UHDVVHVV�WKHLU�
FRQVHUYDWLRQ�VWDWXV���7KHVH�LQFOXGH�WKH�GLVSHUVDO�UDWHV�EHWZHHQ�IUDJPHQWV��
WKHLU�SRSXODWLRQ�VL]HV�LQ�GLIIHULQJ�KDELWDWV�LQFOXGLQJ�FRQWLQXRXV�IRUHVW�DQG�
HQYLURQPHQWDO�VWRFKDVWLFLW\��

�
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