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2Q�WKH�H[DPSOH�RI�������WZLQV�LQ�FXELF�%D7L2��LW�KDV�EHHQ�VKRZQ�WKDW�UHGXFLQJ�VLQWHULQJ�
FRQGLWLRQV�LQIOXHQFH�WKH�SURSHQVLW\�RI�WKH�JUDLQV�WR�WZLQ��L�H��WKH�IRUPDWLRQ�RI�D�KH[DJRQDO�
VWDFNLQJ�VHTXHQFH�LQ�D�IRUP�RI�7L�2��FRRUGLQDWLRQ�JURXSV��)XUWKHUPRUH��7L�2��JURXSV�DUH�D�
FRPPRQ�IRU�ERWK� ������FXELF� WZLQV�DQG� WKH�KH[DJRQDO�SRO\PRUSK� LWVHOI�� ,Q� WKH� OLWHUDWXUH��
WKHUH�LV�QR�H[SHULPHQWDO�HYLGHQFH�WKDW�ZRXOG�H[SODLQ�WKH�QDWXUH�RI�FXELF±KH[DJRQDO�SKDVH�
WUDQVIRUPDWLRQ�PHFKDQLVP��7KLV�SKDVH�WUDQVIRUPDWLRQ�PD\�EH�VKLIWHG�IDU�EHORZ�WKH�QRUPDO�
WUDQVLWLRQ�WHPSHUDWXUH�ZKHQ�SURFHVVLQJ�XQGHU�UHGXFLQJ�FRQGLWLRQV��:KLOH�7L���LRQV�VWDELOLVH�
WKH�KH[DJRQDO�VWDFNLQJ��HLWKHU�LQ�WZLQV�RU�WKH�KH[DJRQDO�SKDVH��DW�ORZHU�WHPSHUDWXUHV��WKH\�
DUH�QR�ORQJHU�QHFHVVDU\�FORVH�WR�D�QRUPDO�WUDQVLWLRQ�WHPSHUDWXUH��7KLV�REVHUYDWLRQ�VXJJHVWV�
WKDW�������WZLQV�LQ�%D7L2��DUH�SUHSDUDWRU\�VWDJH�RI�FXELF±KH[DJRQDO�SKDVH�WUDQVIRUPDWLRQ��
ZKHUH�WKH�SKDVH�WUDQVIRUPDWLRQ�FDQ�EH�FRQWUROOHG�E\�D�VXLWDEOH�FKHPLFDO�HQYLURQPHQW�WKDW�
VWLPXODWHV�RU�SUHYHQWV�WKH�IRUPDWLRQ�RI�KH[DJRQDO�VWDFNLQJ��
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%DULXP�WLWDQDWH�EDVHG�FHUDPLFV�DUH�LPSRUWDQW�LQ�WKH�SURGXFWLRQ�RI�PDQ\�HOHFWURQLF�

FRPSRQHQWV�� VXFK� DV� FDSDFLWRUV� DQG� SRVLWLYH�WHPSHUDWXUH±FRHIILFLHQW� WKHUPLVWRUV�� 7KH�

QDWXUH�RI�WKHVH�PDWHULDOV�GHSHQGV�RQ�FKHPLFDO�DQG�PLFURVWUXFWXUDO�KHWHURJHQHLWLHV��7KH�

JUDLQ�VL]H�GLVWULEXWLRQ�LQ�%D7L2��FHUDPLF�PDWHULDOV�LV�WR�D�JUHDW�H[WHQW�GHWHUPLQHG�E\�WKH�

RFFXUUHQFH�RI�DQ�DQRPDORXV�JUDLQ�JURZWK��6XFK�D�FRQWUROOHG�H[DJJHUDWHG�JUDLQ�JURZWK�

PD\�EH�GHVLUDEOH�LQ�WKH�SURGXFWLRQ�RI�EDUULHU±OD\HU�FDSDFLWRUV��EXW�LQWHQWLRQDOO\�DYRLGHG�

LQ� WKH� SURGXFWLRQ� RI�PXOWLOD\HU� FDSDFLWRUV� DQG� FRQYHQWLRQDO�%D7L2�� GLHOHFWULFV��ZKLFK�

UHTXLUH�D�ILQH±JUDLQHG�WH[WXUH���

([DJJHUDWHG�JUDLQ�JURZWK�LQ�%D7L2��FHUDPLFV� LV�EHOLHYHG�WR�EH�WULJJHUHG�YLD� WKH�

IRUPDWLRQ�RI�������WZLQV��+RZHYHU��WKH�FRPSOHWH�XQGHUVWDQGLQJ�RI�DQ�DQRPDORXV�JUDLQ�

JURZWK�LQ�%D7L2��FHUDPLFV�UHPDLQV�HOXVLYH��7KH�������WZLQV�LQ�WKH�VWDUWLQJ�%D7L2��KDYH�
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EHHQ�FRQVLGHUHG�E\�(LEO�HW�DO���DV�RQH�RI�WKH�SRVVLEOH�UHDVRQV�IRU�VXFK�JURZWK�DQRPDOLHV�

DQG�LW�KDV�EHHQ�UHSRUWHG�E\�2SSRO]HU�DQG�6FKPHO]�� WKDW�QHDUO\�DOO�DQRPDORXVO\�JURZQ�

JUDLQV��JURZQ�EHORZ�WKH�HXWHFWLF�WHPSHUDWXUH��FRQWDLQHG�SDUDOOHO�������WZLQV�ERXQGDULHV�

H[WHQGLQJ� WKURXJKRXW� WKH� JUDLQV��*URZWK�PHFKDQLVPV� IRU� ODPHOOD±OLNH� WZLQQHG� JUDLQV�

KDYH�EHHQ�VWXGLHG�H[WHQVLYHO\�E\�PDQ\�DXWKRUV��6FKPHO]�DQG�7KRPDQQ���.lVWQHU�HW�DO���

DOWKRXJK�WKH�IRUPDWLRQ�PHFKDQLVP�RI�WKHVH�SODQDU�IDXOWV��WZLQV��LV�QRW�XQGHUVWRRG��

7R�VWXG\�WKH�QXFOHDWLRQ�PHFKDQLVP�RI�������WZLQV�RQH�PXVW�FRPPHQFH�QRW�RQO\�

ZLWK�D�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�SUHSDUDWLRQ�FRQGLWLRQV�XQGHU�ZKLFK�WKH\�IRUP��EXW�

DOVR�D�GHHS�XQGHUVWDQGLQJ�RI�DERXW�WKHLU�VWUXFWXUDO�DQG�FRPSRVLWLRQDO�SURSHUWLHV��,Q�WKH�

ODVW� WKUHH�GHFDGHV�VHYHUDO�VWUXFWXUDO�PRGHOV�IRU� WKH�FRKHUHQW�������WZLQ�ERXQGDU\�KDYH�

EHHQ� SURSRVHG��ZKLOH� WKH� H[SHULPHQWDO� GDWD� FDSDEOH� RI� YHULI\LQJ� DQ\� RI� WKHVH�PRGHOV�

ZDV�ODFNLQJ��OHDYLQJ�WKHLU�UHDO�VWUXFWXUH�DQG�QXFOHDWLRQ�PHFKDQLVP�DPELJXRXV��

,Q�WKLV�UHYLHZ�QXFOHDWLRQ�PHFKDQLVP�IRU�������WZLQV�ZLOO�EH�SUHVHQWHG�LQ�WHUPV�RI�

WKHLU�DWRPLF�VWUXFWXUH�DQG�FRPSRVLWLRQ��,QGLYLGXDO�VHFWLRQV�RI� WKLV�SDSHU�DUH�XSJUDGLQJ�

WKH�XQGHUVWDQGLQJ�RI�WKH�FU\VWDO�VWUXFWXUH��WZLQQLQJ�DQG�WKH�IRUPDWLRQ�RI�VRPH�VWUXFWXUDO�

SHFXOLDULWLHV� LQ�%D7L2���)LUVWO\��ZH�ZLOO� IRFXV�RQ� WKUHH�PRVW� LPSRUWDQW�SRO\PRUSKV�RI�

%D7L2���WHWUDJRQDO��FXELF�DQG�KH[DJRQDO��DQG�WKHLU�WZLQV��$�VKRUW�OLWHUDWXUH�UHYLHZ�LV�D�

FRPSLODWLRQ�RI�VWXGLHV�PDLQO\�UHODWHG�WR�������WZLQV�LQ�WKH�FXELF�DQG�KH[DJRQDO�SKDVHV��

ZKLFK�ZHUH�SURFHVVHG�IDU�EHORZ�WKH�FXELF±KH[DJRQDO�WUDQVLWLRQ�WHPSHUDWXUH�LQ�UHGXFLQJ�

VLQWHULQJ�FRQGLWLRQV��7KH�PDWHULDOV�IRU�WKLV�VWXG\�ZHUH�SUHSDUHG�E\�D�FRQYHQWLRQDO�PL[HG�

R[LGH�SRZGHU�WHFKQLTXH�XQGHU�GLIIHUHQW�VLQWHULQJ�FRQGLWLRQV���

7KH�ORFDO�VWUXFWXUH�RI� WKH������� WZLQ�ERXQGDU\�ZDV�VWXGLHG�XVLQJ�PRVW�DGYDQFHG�

HOHFWURQ�PLFURVFRS\�WHFKQLTXHV��7KH�UHVXOWV�RI�TXDQWLWDWLYH�KLJK±UHVROXWLRQ�WUDQVPLVVLRQ�

HOHFWURQ�PLFURVFRS\��+57(0��DQG�HOHFWURQ±HQHUJ\±ORVV�VSHFWURVFRS\��((/6��PHWKRGV�

ZHUH�HPSOR\HG�WR�SURSRVH�D�QHZ�VWUXFWXUDO�PRGHO�IRU�WKH�FRKHUHQW�������WZLQ�ERXQGDU\�

LQ�%D7L2���%DVHG�RQ�WKHVH�UHVXOWV�DQG�SUHSDUDWLRQ�FRQGLWLRQV�XQGHU�ZKLFK�WKHVH�GHIHFWV�

IRUPHG�D�SRVVLEOH�IRUPDWLRQ�PHFKDQLVP�IRU�WKH�������WZLQV�LQ�%D7L2��LV�VXJJHVWHG��7KH�

YHU\�FORVH�UHVHPEODQFH�EHWZHHQ�WKH�KH[DJRQDO�%D7L2��SKDVH�DQG�WKH�������WZLQV�LQ�WKH�

FXELF�SKDVH��DQG�WKH�SURSHQVLW\�RI�D�KH[DJRQDO�VWDFNLQJ�WR�IRUP�XQGHU�UHGXFLQJ�VLQWHULQJ�

FRQGLWLRQV��ELGV�DQ�H[SODQDWLRQ�IRU�WKH�FXELF±KH[DJRQDO�WUDQVLWLRQ�PHFKDQLVP���
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&U\VWDOORJUDSK\�

%DULXP�WLWDQDWH� LV�DQ�R[LGH�ZLWK�DQ�HTXLPRODU�UDWLR�RI�%D2�DQG�7L2���%D7L2��LV�

RQH�RI�D�IHZ�PDWHULDOV�H[KLELWLQJ�IHUURHOHFWULF�EHKDYLRXU��DQG�DV�VXFK��LW�LV�ZLGHO\�XVHG�

LQ� WKH� HOHFWURQLFV� LQGXVWU\��7KH� FU\VWDO� VWUXFWXUH� RI� IHUURHOHFWULF�PDWHULDOV�PXVW� ODFN� D�

FHQWUH�RI�V\PPHWU\��2XW�RI�WKH����SRLQW�JURXSV����DUH�QRQ±FHQWURV\PPHWULF�DQG����RI�

WKHVH�DUH�SLH]RHOHFWULF��ZKLFK�PHDQV�WKH\�FDQ�EH�SRODULVHG�XQGHU�PHFKDQLFDO�VWUHVV��7HQ�

JURXSV�H[KLELW�S\URHOHFWULF�EHKDYLRXU��PHDQLQJ�WKH\�GHYHORS�DQ�HOHFWULF�GLSROH�ZKHQ�DQ�

XQVWUHVVHG�FU\VWDO�LV�XQLIRUPO\�KHDWHG�RU�FRROHG��DQG�RQO\�IHZ�PDWHULDOV�IURP�WKLV�JURXS�

H[KLELW�IHUURHOHFWULF�EHKDYLRXU��,Q�%D7L2��ERWK�SRO\PRUSKV��FXELF�DQG�KH[DJRQDO��VKRZ�

D�IHUURHOHFWULF�EHKDYLRXU��ZKLFK�IDFLOLWDWHV�WKHLU�DSSOLFDELOLW\��

�

3RO\PRUSKLVP�LQ�%D7L2��

%HWZHHQ� WKH� FXELF� DQG� WKH� KH[DJRQDO� SRO\PRUSK� RI� %D7L2�� D� UHYHUVLEOH� SKDVH�

WUDQVIRUPDWLRQ� H[LVWV� LQ� WKH� WHPSHUDWXUH� UDQJH� EHWZHHQ� ����� DQG� �����&�� $W� ORZHU�

WHPSHUDWXUHV� WKH� SRO\PRUSKV� XQGHUJR� VHYHUDO� VXFFHVVLYH� SKDVH� WUDQVLWLRQV�� 7KH� PRVW�

LPSRUWDQW�DUH�WUDQVLWLRQV�IURP�GLHOHFWULF�WR�IHUURHOHFWULF�SKDVHV�WKDW�RFFXU�DW�DERXW�����&�

IRU�FXELF��DQG�DW������&�IRU�KH[DJRQDO�SKDVH��7KLV�WHPSHUDWXUH��UHIHUUHG�WR�DV�WKH�&XULH�

WHPSHUDWXUH��LV�WKH�GHOLPLWLQJ�WHPSHUDWXUH�EHWZHHQ�GLHOHFWULF�DQG�IHUURHOHFWULF�SKDVHV�RI�

WKH�VDPH�FRPSRXQG��7KH�PRVW�LPSRUWDQW�WUDQVLWLRQ�IURP�WKH�HOHFWURQLF�SRLQW�RI�YLHZ�LV�

FXELF±WHWUDJRQDO��ZKHUHDV�LQ�WHUPV�RI�VWUXFWXUH�WKLV�LV�FXELF±KH[DJRQDO�SKDVH�WUDQVLWLRQ���

�

&XELF�DQG�WHWUDJRQDO�%D7L2��

7KH�FXELF�IRUP�RI�%D7L2��LV�VWDEOH�EHWZHHQ�����DQG������&��7KH�FXELF�XQLW�FHOO�

ZLWK�GLPHQVLRQ�D� ��������QP��PHDVXUHG�DW�ORZ�WHPSHUDWXUHV��0HJDZ���������FRQWDLQV�

RQH�IRUPXOD�XQLW�RI�%D7L2��ZLWK�DWRPV�LQ�WKH�ORFDWLRQV�DV�VKRZQ�LQ�7DEOH�,��%D7L2��KDV�

D�SULPLWLYH�XQLW�FHOO��VSDFH�JURXS�3P�P��ZLWK�WKH�DWRPV�ORFDWHG�DW�SHURYVNLWH�SRVLWLRQV��

7KH�XQLW±FHOO�GLPHQVLRQV�DUH� WHPSHUDWXUH�GHSHQGHQW�� VR� WKDW� WKH�SDUDPHWHU�D� LQFUHDVHV�

SURSRUWLRQDOO\�ZLWK�WHPSHUDWXUH�WR�DERXW�������QP�DW������&��(GZDUGV�HW�DO����������

7KH�FU\VWDO�VWUXFWXUH�RI�FXELF�%D7L2��LQ�WZR�RULHQWDWLRQV�LV�LOOXVWUDWHG�LQ�)LJXUH����

,Q�WKLV�VWUXFWXUH�%D�DWRPV�DUH�FRRUGLQDWHG�ZLWK�WZHOYH�2�DWRPV��ZKLOH�WKH�7L�DWRPV�DUH�

RFWDKHGUDOO\�FRRUGLQDWHG�ZLWK�VL[�2�DWRPV��$�QHWZRUN�RI�FRUQHU±VKDULQJ�7L2��RFWDKHGUD�
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RI� WKH� SHURYVNLWH� VWUXFWXUH� LV� RI� WKH� 5H2�� VWUXFWXUDO� W\SH� ZKHUH� HLJKW� FRUQHU±VKDULQJ�

RFWDKHGURQV�ZLWK�WKH�FHQWUHV�SODFHG�DW�WKH�FRUQHUV�RI�D�FXEH�HQFORVH�GRGHFDKHGUDO�KROHV�

ZKLFK�DUH�RFFXSLHG�E\�%D�DWRPV�LQ�%D7L2��VWUXFWXUH��

�
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%D� D� ���� ���� ����

7L� E� �� �� ��

2,� F� �� �� ����

2,� F� �� ���� ��

2,� F� ���� �� ��

$WRPLF�SRVLWLRQV�LQ�FXELF�%D7L2���0HJDZ���������

�

7KLV�ZD\�FORVH±SDFNHG�OD\HUV�RI�%D�DQG�2�DWRPV�DORQJ�^���`�SHURYVNLWH�SODQHV�

DUH�IRUPHG��,Q�VXFK�D�OD\HU�HYHU\�%D�DWRP�LV�VXUURXQGHG�ZLWK�VL[�2�DWRPV��LQ�)LJXUH�����

&ORVH±SDFNHG�^���`�%D±2��OD\HUV�IROORZ�D�FXELF�UHSHDW�VHTXHQFH�DQG�DUH�LQWHUFKDQJHG�

ZLWK�SXUH�7L�OD\HUV�WKDW�KDYH�RQO\�D�TXDUWHU�RI�WKH�GHQVLW\�RI�WKH�FORVH±SDFNHG�OD\HUV���

�

7$%/(�,,�

DWRP� :\� [� \� ]� '±:�

%D� D� ���� ���� ���� �������

7L� E� �� �� ������� �������

2,� E� �� �� ������� �������

2,,� F� �� ���� ������� �������

2,,� F� ���� �� ������� �������

$WRPLF�SRVLWLRQV�DQG�HTXLYDOHQW�LVRWURSLF�GLVSODFHPHQWV�>QP�@�LQ�WHWUDJRQDO�%D7L2��
��

�

$W� URRP� WHPSHUDWXUH� %D7L2�� LV� WHWUDJRQDO� ZLWK� D� GLVWRUWHG� SHURYVNLWH� VWUXFWXUH�

�VSDFH�JURXS�3�PP���,Q�WKLV�IHUURHOHFWULF�SKDVH�WKH�DWRPV�DUH�VKLIWHG�IURP�WKH�V\PPHWU\�

SRVLWLRQV�RI�WKH�FXELF�SHURYVNLWH�VWUXFWXUH�DORQJ�WKH�F�D[LV�E\�D�UHODWLYHO\�VPDOO�DPRXQW��

7KH�DPRXQWV�RI�WHWUDJRQDO�VKLIWV�GLIIHU�LQ�WKH�OLWHUDWXUH�PRVWO\�GXH�WR�D�ODUJH�LQWHUIHUHQFH�
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EHWZHHQ�WKH�SRVLWLRQ�DQG�WHPSHUDWXUH�SDUDPHWHUV�DORQJ�WKH�WHWUDJRQDO�F�D[LV��+DUDGD�HW�

DO����������7KH�SULPLWLYH�XQLW�FHOO�ZLWK�GLPHQVLRQV�D� ���������QP�DQG�E� ���������QP�

FRQWDLQV�RQH�IRUPXOD�XQLW�RI�%D7L2��ZLWK�WKH�DWRPV�LQ�WKH�ORFDWLRQV�VKRZQ�LQ�7DEOH�,,��

�

),*85(���

�

8QLW�FHOO�RI�FXELF�%D7L2��YLHZHG�LQ��D��>���@�DQG��E��>���@�SURMHFWLRQ��

�

),*85(���

�

&ORVH±SDFNHG�%D±2��OD\HU�ZLWK�7L�VLWHV�LQ�^���`�SODQHV�RI�FXELF�%D7L2����

�

7KH�HORQJDWLRQ�RI�WKH�7L2��RFWDKHGUD�DORQJ�WKH�IRXU±IROG�D[LV�RI�WKH�SHURYVNLWH�LV�

D�VWUXFWXUDO�FRPSHQVDWLRQ�IRU�WKH�FKDQJH�RI�LRQLF�GLDPHWHUV�DW�ORZHU�WHPSHUDWXUHV��
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*URZWK�DQG�GHIRUPDWLRQ�WZLQV�

7ZR�GLIIHUHQW� W\SHV�RI� WZLQQLQJ�DUH�NQRZQ�IRU�EDULXP�WLWDQDWH�� ,Q� WKH� WHWUDJRQDO�

PRGLILFDWLRQ�ERWK�JURZWK�DQG�GHIRUPDWLRQ�WZLQV�DUH�REVHUYHG��ZKLOH�LQ�WKH�FXELF�SKDVH�

RQO\�JURZWK�WZLQV�DUH�REVHUYHG��*URZWK�WZLQV�ZLWK�^���`�WZLQQLQJ�SODQHV�DUH�IRUPHG�

GXULQJ�WKH�JUDLQ�JURZWK�DW�KLJK�WHPSHUDWXUHV�LQ�WKH�FXELF�SKDVH�DQG�DUH�SUHVHUYHG�LQ�WKH�

WHWUDJRQDO�%D7L2��PRGLILFDWLRQ��7KH� DQJOH� EHWZHHQ� WKH�F±D[HV� LQ� DGMDFHQW� FU\VWDOV� RI�

WKH� ������ WZLQ� LV��������DW� URRP� WHPSHUDWXUH��)LUVW� UHYLHZ�RI�JURZWK� WZLQV� LQ�%D7L2��

ZDV�JLYHQ�E\�:KLWH����������ZKR�REVHUYHG�DFXWH±�DQG�REWXVH±DQJOHG�WZLQV�LQ�PDWHULDO�

SURFHVVHG�E\�WKH�5HPHLND�WHFKQLTXH��5HPLND���������

'HIRUPDWLRQ� WZLQV�RFFXU� LQ�SRO\FU\VWDOOLQH�%D7L2��EHORZ� WKH�&XULH� WHPSHUDWXUH�

DV�D�UHVXOW�RI�FXELF±WHWUDJRQDO�SKDVH�WUDQVLWLRQ��7KH�FKDQJH�LQ�ODWWLFH�SDUDPHWHUV�FDXVHV�

D� FRQVLGHUDEOH� VWUDLQ� ZLWKLQ� WKH� JUDLQV� WKDW� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� SRO\V\QWKHWLF�

WZLQV��NQRZQ�DV�IHUURHOHFWULF�GRPDLQV��7KLV�WZLQQLQJ�WDNHV�SODFH�RQ�WKH�^���`�RU�^���`�

SODQHV�� 7ZLQQLQJ� RQ� WKH� ^���`� SODQHV� SURGXFHV� ���� GRPDLQV� �'H9ULHV� DQG�%XUNH�����

ZKHUH�WKH�F±D[HV�RQ�HLWKHU�VLGH�RI�WKH�WZLQ�ERXQGDU\�FRLQFLGH��GXH�WR�WKH�WHWUDJRQDOLW\��

DW� DQ�DQJOH��������DW� URRP� WHPSHUDWXUH��7KH�XQLW±FHOO�GLSROHV�FDQ�FRQIRUP� WR�DQRWKHU�

FRQILJXUDWLRQ�DORQJ�WKH�^���`�SODQHV��ZKHUH�WZR�VLGH±E\±VLGH�F±D[HV�DUH�PLVDOLJQHG�E\�

������NQRZQ�DV������GRPDLQV�RU�DQWLVWUXFWXUH�ERXQGDULHV��%ODQN�DQG�$PHOLQFN[�����

%D7L2��VLQJOH�FU\VWDOV��KRZHYHU��GR�QRW�VKRZ�DQ\�GHIRUPDWLRQ�WZLQQLQJ�XQOLNH�WKH�

JUDLQV� RI� D� SRO\FU\VWDOOLQH� PDWHULDO�� $OWKRXJK� WKH� PHFKDQLFDO� GHIRUPDWLRQ� LV� PDLQO\�

HTXDOL]HG�E\�WKH�IRUPDWLRQ�RI�IHUURHOHFWULF�GRPDLQV��VRPH�UHVLGXDO�VWUHVV�UHPDLQV�LQ�WKH�

FU\VWDOV��8SRQ�WKH�UHGXFWLRQ�RI�WKH�DYHUDJH�JUDLQ�VL]H�WKH�QXPEHU�RI�WZLQV�SHU�JUDLQ�LV�

UHGXFHG� DQG� WKH� UHVLGXDO� VWUHVV� ZLWKLQ� WKH� JUDLQV� LQFUHDVHV� SURSRUWLRQDOO\� �+HQQLQJV�

���������7KXV��DW�JUDLQ�VL]HV�EHORZ�����PP��OHVV�DQG�OHVV�RI�WKH�JUDLQV�VKRZ�IHUURHOHFWULF�

GRPDLQV��DOWKRXJK�WKH�%D7L2��SUHVHUYHV�D�WHWUDJRQDO�V\PPHWU\��

�

+H[DJRQDO�%D7L2��

7KH�KH[DJRQDO�IRUP�RI�%D7L2��LV�VWDEOH�DERYH������&�XS�WR�LWV�PHOWLQJ�SRLQW�DW�

�����&��7KH�KH[DJRQDO�XQLW� FHOO�ZLWK�GLPHQVLRQV�D� ��������QP�DQG�F� ��������QP��

PHDVXUHG�DW�URRP�WHPSHUDWXUH��$NLPRWR�HW�DO������FRQWDLQV�VL[�IRUPXOD�XQLWV�RI�%D7L2��

ZLWK�DWRPV�LQ�WKH�ORFDWLRQV�VKRZQ�LQ�7DEOH�,,,���
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%D,� �E� �� �� ���� �������

%D,,� �I� ���� ���� ������� �������

7L,� �D� �� �� �� �������

7L,,� �I� ���� ���� ������� �������

2,� �K� ������� ������� ���� �������

2,,� ��N� ������� ������� ������� �������

)UDFWLRQDO�DWRPLF�FRRUGLQDWHV�DQG�HTXLYDOHQW�LVRWURSLF�GLVSODFHPHQWV�>QP�@�IRU�KH[DJRQDO�%D7L2��
�$NLPRWR�HW�DO�����������

�

),*85(���

�

�

&RPSDULVRQ�EHWZHHQ��D��KH[DJRQDO�DQG��E��FXELF�%D7L2��VWUXFWXUHV��,Q�ERWK�XQLW�FHOOV�%D�LV�SODFHG�DW�WKH�
RULJLQ��7KH�VWDFNLQJ�LQ�KH[DJRQDO�VWUXFWXUH�IROORZV�$%&$&%�FORVH±SDFNHG�VHTXHQFH��ZKHUHDV�LV�WKDW�LQ�

FXELF�VWUXFWXUH�$%&��%XUEDQN�DQG�(YDQV�����
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�

+H[DJRQDO� %D7L2�� KDV� D� SULPLWLYH� XQLW±FHOO� �VSDFH� JURXS� 3���PPF�� WKDW� LV� LQ�

FORVH�FU\VWDOORJUDSKLF�UHODWLRQVKLS�ZLWK�WKH�SRO\PRUSKLF�FXELF�IRUP�KDYLQJ�D�SHURYVNLWH�

VWUXFWXUH������RI�WKH�7L2��RFWDKHGUD�LQ�WKH�KH[DJRQDO�VWUXFWXUH�RFFXU�LQ�SDLUV�ZKLFK�VKDUH�

IDFHV�WR�IRUP�7L�2��FRRUGLQDWLRQ�JURXSV�ZKLOVW�WKH�UHPDLQLQJ�����RI�WKH�7L2��RFWDKHGUD�

GR�QRW�VKDUH�IDFHV��7KH�7L�2��JURXSV�DUH� OLQNHG�WR�7L2��JURXSV�E\�FRUQHUV� WKURXJKRXW�

WKH�VWUXFWXUH��%XUEDQN�DQG�(YDQV�����,Q�WKLV�VWUXFWXUH�WKH�SHURYVNLWH�^���`�FORVH±SDFNHG�

%D±2��OD\HUV�DUH�LGHQWLFDO�WR�WKH�^����`�SODQHV�RI�WKH�KH[DJRQDO�SKDVH��

�

),*85(���

�

+H[DJRQDO�%D7L2��VWUXFWXUH�LQ�WKH�>���@�SURMHFWLRQ��2FWDKHGURQV�UHSUHVHQW�WKH�7L2��FRRUGLQDWLRQ�JURXSV��
,Q�WKLV�YLHZ�WKH�FORVH±SDFNHG�VHTXHQFH�$%&$&%�LV�DSSDUHQW���

�

7KH�GLVWDQFH�EHWZHHQ�LGHDOL]HG�RFWDKHGUDO�FHQWHUV�LQ�WKH�7L�2��JURXSV�LV�������QP�

KRZHYHU�� WKH� WZR�7L��� LRQV��RI� WKH� W\SH�7L,,��EURXJKW� WRJHWKHU� LQ� WKHVH�JURXSV�VWURQJO\�

UHSHO�HDFK�RWKHU�DQG�DUH�FRQVHTXHQWO\�VHSDUDWHG�E\�WKH�GLVWDQFH�RI�������QP��:LWK�WKH�

SUHVHQFH�RI�7L�2��FRRUGLQDWLRQ�JURXSV� LW�VKRXOG�EH�SRVVLEOH�IRU�DGGLWLRQDO�SRO\PRUSKV�

RI�%D7L2��WR�H[LVW��RWKHU�WKDQ�WKUHH±OD\HU��3P�P��DQG�VL[±OD\HU��3���PPF��VWUXFWXUHV��

+RZHYHU��WKHUH�LV�QR�HYLGHQFH�IRU�WKLV�LQ�WKH�VFLHQWLILF�OLWHUDWXUH���

�
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/LWHUDWXUH�6XUYH\�

,Q� WKH� ODVW� ILIW\� \HDUV� D� ORW� RI� VFLHQWLILF� OLWHUDWXUH� RQ�%D7L2�� KDV� EHHQ� SURGXFHG�

EHFDXVH�RI�WKH�PDWHULDO
V�LPSRUWDQFH�WR�WKH�HOHFWURQLFV�LQGXVWU\��1HYHUWKHOHVV��WKHUH�DUH�

VWLOO�VHYHUDO�XQVROYHG�SUREOHPV�UHODWHG� WR� WKH� ORFDO�VWUXFWXUH�RI� WZLQV� LQ�FXELF�%D7L2���

WKHLU�IRUPDWLRQ�PHFKDQLVP�DQG�WKH�FXELF±KH[DJRQDO�WUDQVIRUPDWLRQ��$�KLVWRULFDO�UHYLHZ�

JLYHQ�LQ�WKLV�FKDSWHU�SURYLGHV�DQ�XS±WR±GDWH�LQIRUPDWLRQ�RQ�WKHVH�WRSLFV��DQG�ZDV�XVHG�

WR�GHOLQHDWH�DQ�RZQ�DSSURDFK�WR�WKH�XQVROYHG�SUREOHPV��

),*85(���

�
�

%D7L2�±7L2��HTXLOLEULXP�SKDVH�GLDJUDP��&RPSRVLWLRQ�LV�JLYHQ�LQ�WKH�WHUPV�RI�WKH�FRPSRQHQWV�%D7L2��
DQG�7L2���$�GHWDLO�LQ�WKH�XSSHU±ULJKW�FRUQHU�VKRZV�WKH�FXELF±KH[DJRQDO�SKDVH�WUDQVLWLRQ��.LUE\�DQG�

:HFKVOHU����������
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&XELF±KH[DJRQDO�SKDVH�WUDQVLWLRQ�LQ�WKH�%D7L2��±7L2��V\VWHP�

%D7L2��H[KLELWV�D�UHYHUVLEOH�FXELF±KH[DJRQDO�SKDVH�WUDQVLWLRQ�DW������&��%D7L2��

LV�RIWHQ�FRQWDPLQDWHG�ZLWK�6U��ZKLFK�UDLVHV�WKH�WUDQVLWLRQ�WHPSHUDWXUH�E\�����&�SHU�RQH�

PRO��RI�6U7L2���.LUE\�DQG�:HFKVOHU�����%HWZHHQ������DQG������&��LQ�H[FHVV�RI�7L2���

WKH� FXELF� DQG� KH[DJRQDO� SKDVHV� FRH[LVW�� 8QGHU� UHGXFLQJ� VLQWHULQJ� FRQGLWLRQV� WKH�

WUDQVLWLRQ�WHPSHUDWXUH�FDQ�GURS�E\�DV�PXFK�DV�����&�DQG�KRZHYHU��6U�DGGLWLRQV�FDQ�VWLOO�

H[HUW�D�QHW�LQFUHDVH�RQ�WKLV�WUDQVLWLRQ�WHPSHUDWXUH��*ODLVWHU�DQG�.D\�����

%D�7L��2��� LV� WKH� ILUVW� FRPSRXQG� WKDW� IRUPV� LQ� WKH� SUHVHQFH� RI� VPDOO� H[FHVV� RI�

7L2���$ERYH�WKH�HXWHFWLF�WHPSHUDWXUH�%D�7L��2���LV�OLTXLG�DQG�SOD\V�DQ�LPSRUWDQW�UROH�LQ�

PDVV�WUDQVIHU�GXULQJ�VLQWHULQJ��,WV�VWUXFWXUH�FRPSULVHV�D�WKUHH±GLPHQVLRQDO�IUDPHZRUN�RI�

7L2�� RFWDKHGUD� VKDULQJ� FRUQHUV�� HGJHV� DQG� IDFHV� �7LOOPDQQV� DQG�%DXU��
��� WKH� YRLGV� LQ�

WKLV� IUDPHZRUN� DUH� ILOOHG� ZLWK� %D�� 8QGHU� UHGXFLQJ� VLQWHULQJ� FRQGLWLRQV� WKLV� VWUXFWXUH�

XQGHUJRHV�VHYHUH�FKDQJHV��R[\JHQ�ORVV�LV�DFFRPSDQLHG�E\�WKH�UHGXFWLRQ�RI�7L���LRQV�WR�

7L����%DVW�HW�DO�����������

2WKHU�FRPSRXQGV�IURP�WKLV�SKDVH�V\VWHP�GR�QRW�DSSHDU�LQ�WKH�FRPSRVLWLRQ�UDQJH�

LQYHVWLJDWHG� LQ� WKLV� VWXG\�� 7KH� IROORZLQJ� VXEVHFWLRQV� DUH� GHGLFDWHG� WR� WKH� VWUXFWXUDO�

SKHQRPHQD� �VWUXFWXUH� DQG� QXFOHDWLRQ� RI� ^���`� WZLQV�� FXELF±KH[DJRQDO� WUDQVLWLRQ�� WKDW�

WDNH�SODFH�LQ�SXUH�%D7L2��VLQWHUHG�ZLWK�VPDOO�DGGLWLRQV�RI�7L2���

�

6WUXFWXUDO�PRGHOV�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��

,Q�HDUO\�VWUXFWXUDO�VWXGLHV�LW�ZDV�IRXQG�WKDW�WKH�������WZLQV�GR�QRW�IRUP�DW�HOHYDWHG�

WHPSHUDWXUHV� DQG�SUHVVXUHV� �-XJOH����������7KLV� IDFW� DSSHDUV� WR�H[FOXGH�D�GHIRUPDWLRQ�

PHFKDQLVP�IRU�WKH�IRUPDWLRQ�RI�WKH�WZLQ��,Q�DGGLWLRQ��WKH�UHGXFWLRQ�RI�WKH�WLWDQLXP�LRQ�

KDG�D�PDUNHG�HIIHFW�RQ�WKH�SURSHQVLW\�RI�D�JUDLQ�WR�WZLQ��*UDLQ�JURZWK�XQGHU�UHGXFLQJ�

VLQWHULQJ�FRQGLWLRQV�UHVXOWHG�LQ�D�KLJKO\�WZLQQHG�PLFURVWUXFWXUH���

$� VWUXFWXUDO�PRGHO� IRU� WKH� FRKHUHQW� ������ WZLQ�� EDVHG�RQ� FU\VWDO� FKHPLVWU\��ZDV�

SURSRVHG� E\� -XJOH���� 7KH�PRGHO� FRQVLVWV� RI� D� KH[DJRQDO� VWDFNLQJ� IDXOW�� UHVXOWLQJ� LQ� D�

IDFH±VKDULQJ�RI�WZR�>7L2�@
�±�RFWDKHGUD�WR�IRUP�>7L�2�@

��±�JURXSV�DW�WKH�WZLQ�ERXQGDU\��

7KH�PRGHO� LV� LOOXVWUDWHG� LQ�)LJXUH����)XUWKHUPRUH�� -XJOH�VXJJHVWHG� WKDW� WKH�VWDFNLQJ�DW�

WKH� WZLQ�ERXQGDU\�ZDV�PRUH� VWDEOH� LI� KLJKO\�SRODUL]DEOH�7L��� LRQV�ZHUH�SUHVHQW� LQ� WKH�

>7L�2�@
��±�JURXSV��6XFK�>7L�2�@

��±�FRRUGLQDWLRQ�JURXSV�KDG�SUHYLRXVO\�EHHQ�SURSRVHG�WR�

EXLOG�WKH�VWUXFWXUH�RI�WKH�KH[DJRQDO�SRO\PRUSK�RI�%D7L2���%XUEDQN�DQG�(YDQV��
���
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6FKHPDWLF�GUDZLQJ�RI�D�FRKHUHQW�������WZLQ�LQ�%D7L2���LQ�WKH�>���@�SURMHFWLRQ��ZLWK�D�%D±2��FRPSRVLWLRQ�
SODQH��-XJOH����������7KLV�PRGHO�VKRZV�7L�2��FRRUGLQDWLRQ�JURXSV��VLPLODU�WR�WKRVH�IRXQG�LQ�WKH�

KH[DJRQDO�SRO\PRUSK��DW�WKH�WZLQ�LQWHUIDFH��

�

),*85(���

�

6FKHPDWLF�RI�D�FRKHUHQW�������WZLQ�LQ�%D7L2��LQ�WKH�>���@�SURMHFWLRQ�ZLWK�D�SXUH�7L�FRPSRVLWLRQ�SODQH�
�(LEO�HW�DO�����������7KH�ILQH�RFWDKHGUDO�FRRUGLQDWLRQ�IRU�7L�DWRPV�LV�GHVWUR\HG��LQVWHDG�D�WULJRQDO�SULVP�

FRQWDLQLQJ�WKH�7L�LRQ�LV�IRUPHG�DW�WKH�LQWHUIDFH��
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,Q�D�KLJK±WHPSHUDWXUH�QRQVWRLFKLRPHWULF�UXWLOH��7L2�±[���SDLUV�RI�VXFK�IDFH±VKDULQJ�

RFWDKHGUD�ZHUH�DOVR�FRQVLGHUHG�WR�EH�WKH�PRVW�IDYRXUDEOH�VLWHV�IRU� WKH�DFFRPPRGDWLRQ�

RI� 7L��� LRQV� �%XUVLOO� HW� DO�� ��������� 7KXV�� R[\JHQ� ORVV� LV� DFFRPSDQLHG� E\� WKH�

HVWDEOLVKPHQW� RI�7L��� LRQV� OHDGLQJ� WR� WKH� IRUPDWLRQ� RI� IDFH±VKDUHG�RFWDKHGUD��2[\JHQ�

YDFDQFLHV�ZRXOG�EH�PRELOH�DORQJ�WKH�DGMRLQLQJ�IDFH��

,Q�D�FU\VWDOORJUDSKLF�VWXG\�RI�������WZLQV�LQ�FXELF�%D7L2��E\�(LEO�HW�DO��������
����

WKH�DWRPLF�PRGHO�RI�WKH�WZLQ�ERXQGDU\�ZDV�GLVFXVVHG�LQ�WHUPV�RI��6 ���FRLQFLGHQFH�VLWH�

ODWWLFH�XQLW�FHOO��$FFRUGLQJO\�� WKH� LQWHUIDFH�SODQH�FRQVLVWV�RI�HLWKHU�%D±2�� �LGHQWLFDO� WR�

WKDW�VKRZQ�LQ�)LJXUH����RU�D�SXUH�7L�OD\HU��VKRZQ�LQ�)LJXUH�����&U\VWDOORJUDSKLFDOO\��WKH�

������WZLQ�ZRXOG�EH�IRUPHG�RQ�HLWKHU�SODQH�E\�WKH�VDPH�VKHDU�YHFWRU���

2Q�WKH�EDVLV�RI�DQ�H[SHULPHQWDO�KLJK±UHVROXWLRQ�PLFURJUDSK�RI�WKH�WZLQ�ERXQGDU\��

WKH�DXWKRUV�SURYLGHG�HYLGHQFH�IRU�D�FRKHUHQW�WZLQ�DQG�WKH�DEVHQFH�RI�DQ\�LQWHUPHGLDWH�

SKDVH��&RQVLGHULQJ�WKH�$PLQRII�DQG�%URRPp�WZLQQLQJ�UXOHV��&DKQ����������DQG�D�VKRUW±

UDQJH�LQWHUDFWLRQ�IRU�WKH�WZR�SRVVLEOH�LQWHUIDFHV��(LEO�HW�DO������������SUHIHUUHG�WKH�%D±2��

SODQH�DV�D�FRKHUHQW�������WZLQ�LQWHUIDFH�LQ�WKH�FXELF�%D7L2���8VLQJ�FRQYHQWLRQDO�7(0�

WKH\�VKRZHG�WKDW�������WZLQ�LQ�%D7L2��FDQ�EH�WUHDWHG�DV�D�WZLQ�LQ�WKH�FXELF�SKDVH��

��

),*85(���

�

6FKHPDWLF�RI�D�7L±ULFK�OD\HU�DW�WKH�������WZLQ�LQ�%D7L2���VKRZQ�LQ�WKH�>���@�SURMHFWLRQ��.UDãHYHF��
'URIHQLN�DQG�.RODU����������1RWH�DGGLWLRQDO�HGJH±VKDULQJ�RFWDKHGURQV�DW�WKH�LQWHUIDFH��7KH�RFWDKHGUDO�

FRRUGLQDWLRQ�IRU�7L�LV�SUHVHUYHG�WKURXJKRXW�WKH�WZLQ��
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.UDãHYHF��'URIHQLN�DQG�.RODU�����������SURSRVHG�DQ�DWRPLF�PRGHO�IRU�D�VR±FDOOHG�

QRQ±FRQVHUYDWLYH�������WZLQ��7KH�RULJLQ�RI�WZLQQLQJ�ZDV�H[SODLQHG�RQ�WKH�EDVLV�RI�WKH�

VWUXFWXUDO�VLPLODULW\�EHWZHHQ�WKH�������OD\HUV�RI�%D7L2��DQG�������OD\HUV�RI�WKH�7L±ULFK�

%D�7L��2���SKDVH��WKDW�LV�DOZD\V�SUHVHQW�ZKHQ�%D7L2��LV�VLQWHUHG�LQ�DQ�H[FHVV�RI�7L2���

7KH� PRGHO� FRPSULVHV� D� WKLQ� SUHFLSLWDWH� RI� %D�7L��2��� DW� WKH� WZLQ� LQWHUIDFH� ZLWK� D�

WRSRWDFWLF�JURZWK�RI�%D7L2��RQ�HLWKHU�VLGH��7KLV�VWUXFWXUH�FDQ�EH�UHSUHVHQWHG�ZLWK�WZR�

VXEVHTXHQW� OD\HUV��ZKHUH� RQH� LV� LGHQWLFDO� WR� WKDW� DOUHDG\�SURSRVHG�E\� -XJOH���� DQG� WKH�

RWKHU� D� 7L±ULFK� OD\HU� KDYLQJ� VRPH� H[WUD� 7L2�� RFWDKHGURQV� OLQNHG� WR� WKH� IDFH±VKDULQJ�

RFWDKHGUD�E\�WKHLU�HGJHV��7KH�SURSRVHG�������WZLQ�VWUXFWXUH�LV�VKRZQ�LQ�)LJXUH����

$V� VXSSRUW� IRU� WKHLU�PRGHO� WKH\� SRLQW� WR�� �L�� WKH� WRSRWDFWLF� UHODWLRQVKLS� H[LVWLQJ�

EHWZHHQ� %D7L2�� DQG� %D�7L��2��� �.UDãHYHF� DQG� 3URGDQ� ������
��� �LL�� WKH� FRPSRVLWLRQ�

UDQJH�XQGHU�ZKLFK�WZLQV�ZHUH�REVHUYHG�WR�IRUP�ZKLFK�LV�FRQGXFLYH�WR�WKH�IRUPDWLRQ�RI�

%D�7L��2���DQG��LLL��WKH�OLNHO\�SUHVHQFH�RI�IDFH±VKDULQJ�RFWDKHGUD�DW�WKH�WZLQ�ERXQGDU\��

2Q�WKH�EDVLV�RI�WKLV�PRGHO�DQ�H[SODQDWLRQ�IRU�DQRPDORXV�JUDLQ�JURZWK�ZDV�JLYHQ���

�

([DJJHUDWHG�JUDLQ�JURZWK�DQG�������WZLQV�

2QH� RI� WKH� SRVVLEOH� FDXVHV� IRU� WKH� H[DJJHUDWHG� JUDLQ� JURZWK� EHORZ� WKH� HXWHFWLF�

WHPSHUDWXUH� LV� WKH�SUHVHQFH�RI� ������ WZLQ�ERXQGDULHV� LQ�SDUWLFXODU�%D7L2��JUDLQV��7KH�

LPSOLFDWLRQV�RI�WKH�SUHVHQFH�RI�DQRPDORXV�JUDLQ�JURZWK�EHORZ�WKH�HXWHFWLF�WHPSHUDWXUH�

ZHUH� ILUVW� UHSRUWHG�E\�6FKPHO]�DQG�0H\HU�����������7KH\�REVHUYHG� WKDW�H[DJJHUDWHGO\�

JURZQ�JUDLQV�FRQWDLQ�WKHVH�������WZLQ�ERXQGDULHV��7KHLU�VXJJHVWLRQ��WKDW�WKH�RFFXUUHQFH�

RI�������WZLQV�VWURQJO\�OLQNHG�ZLWK�H[DJJHUDWHG�JURZWK�RI�WKHVH�JUDLQV�ZDV�VXSSRUWHG�E\�

JURZWK±PHFKDQLVP� LQYHVWLJDWLRQ�RI�6FKPHO]� DQG�7KRPDQQ� ����������ZKR�SRLQWHG�RXW�

WKH� H[LVWHQFH� RI� WZR� SDUDOOHO� ������ WZLQV� LV� D� QHFHVVDU\� FRQGLWLRQ� IRU� WKLV� DQRPDORXV�

JURZWK�� ZKHUHDV� JUDLQV� FRQWDLQLQJ� RQO\� D� VLQJOH� ������ WZLQ� ERXQGDU\� GR� QRW� VKRZ�

DEQRUPDO�FRDUVHQLQJ��7KH\�DOVR�VXJJHVWHG�WKDW�RQO\�ODPHOOD±OLNH�GRXEOH�WZLQV�KDYH�VXFK�

D� JHRPHWU\� ZKLFK� DOORZV� WKH� FU\VWDO� WR� JURZ� ZLWKRXW� FRQVWUDLQW� LQ� DOO� VL[� ����!�

GLUHFWLRQV��7KHVH�VLWHV�KDYH�WKH�KLJKHVW�JURZWK�UDWH�DW�WKH�VR±FDOOHG�UH±HQWUDQW�DQJOHV�RI�

WKH�������WZLQV��DQG�WKHUHIRUH�JURZ�LQ�WKH�IRUP�RI�SVHXGR±KH[DJRQDO�SODWHOHWV���

*URZWK�PHFKDQLVPV�IRU�VXFK�ODPHOOD±OLNH�WZLQV�KDYH�EHHQ�VWXGLHG�H[WHQVLYHO\�EXW�

WKH�IRUPDWLRQ�PHFKDQLVP�IRU�WKHVH�GHIHFWV�LV�QRW�\HW�XQGHUVWRRG��7KH�IRUPDWLRQ�RI�WKH�
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������WZLQV�LWVHOI�LV��WKHUHIRUH��RI�D�IXQGDPHQWDO�LQWHUHVW��7KH�TXHVWLRQ�DULVHV�DV�WR�GXULQJ�

ZKLFK�RI�WKH�SURFHVVLQJ�VWHSV�WKHVH�GHIHFWV�DUH�PRVW�OLNHO\�WR�IRUP"��

7KH�ILUVW�SRVVLEOH�VRXUFH�RI� WZLQQHG�JUDLQV�LV�WKH�FDOFLQDWLRQ�RI�WKH�%D&2�±7L2��

SRZGHU��ZKHUH�%D7L2��IRUPV�E\�WKH�UHOHDVH�RI�&2��
��7ZLQV�IRUPHG�GXULQJ�WKLV�SURFHVV�

DUH�JURZWK�GHIHFWV��7KH�HDJHUQHVV�WR�VROYH�D�ULGGOH�RI�WKH�IRUPDWLRQ�RI�������WZLQV�OHG�WR�

VRPH�IDLUO\�VSHFXODWLYH�H[SODQDWLRQV�DV�WR�WKHLU�RULJLQ��,Q�RQH�RI�WKHVH�VWXGLHV��.lVWQHU�HW�

DO��� VXJJHVWHG�� WKDW� WZLQV� IRUP�GXULQJ� WKH� OLTXLG±SKDVH�VLQWHULQJ��$FFRUGLQJO\�� WR� WKHLU�

IRUPDWLRQ� PHFKDQLVP�� %D7L2�� JUDLQV� XQGHUJR� D� FRDOHVFHQFH� LQ� VXFK� D� ZD\� WKDW� WZR�

JUDLQV� FRPH� LQWR� WKH� WZLQQLQJ� RULHQWDWLRQ� DQG� WKHQ� WKH\� FRXSOH� LQWR� ������ WZLQV�� ,Q� D�

VLPLODU� PDQQHU� WKH\� H[WHQGHG� WKHLU� H[SODQDWLRQ� WR� IRUP� PXOWLSOH� WZLQ� FRPELQDWLRQV��

1HHGOHVV� WR� VD\� WKDW� VXFK� D� FRDOHVFHQFH� LV� YHU\� XQOLNHO\� LQ� D� VROLG±VWDWH� VLQWHULQJ�

SURFHVVHV�DQG�WKDW�IRU�VRPHWKLQJ�OLNH�WKDW�WR�WDNH�SODFH�RQH�ZRXOG�QHHG�IORZV�RI�OLTXLG�

SKDVH��VXFK�DV�WZLQ�IRUPDWLRQ�LQ�IHOGVSDUV�LQ�VROLGLI\LQJ�ODYD�IORZV��

'HVSLWH� DOO� WKH� HIIRUW� SXW� LQWR� WKHVH� LQYHVWLJDWLRQV� WKH� EDVLF� TXHVWLRQ� UHPDLQV�

XQDQVZHUHG��DQG�PRUHRYHU��XQOHVV�WKH�ORFDO�VWUXFWXUH�DQG�FRPSRVLWLRQ�RI�WKH�������WZLQ�

LV�UHVROYHG�WKHUH�LV�QR�EDVLV�IRU�IXUWKHU�DWWHPSWV�WR�SUHGLFW�WKH�IRUPDWLRQ�PHFKDQLVP��

�

7KH�FXELF±KH[DJRQDO�WUDQVLWLRQ�XQGHU�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV�

6LQWHULQJ�XQGHU�UHGXFLQJ�DWPRVSKHUH�ORZHUV�WKH�FXELF±KH[DJRQDO�SKDVH�WUDQVLWLRQ�

WHPSHUDWXUH�E\�DERXW�����.��*ODLVWHU�DQG�.D\����������$�VWXG\�RI�WKH�LQIOXHQFH�RI�ILULQJ�

DWPRVSKHUH�RQ�WUDQVLWLRQ�WHPSHUDWXUH��:DNDPDWVX�HW�DO�����������VKRZHG�WKDW�IUDFWLRQDO�

FRQYHUVLRQ� WR�KH[DJRQDO�SKDVH� LQFUHDVHV�SURSRUWLRQDOO\�ZLWK� LQFUHDVLQJ�FRQFHQWUDWLRQV�

RI�UHGXFLQJ�JDVHV���0RUHRYHU��WKH�TXDQWLW\�RI�7L���ZDV�IRXQG�WR�LQFUHDVH�LQ�SURSRUWLRQ�WR�

ZLWK�WKH�DPRXQW�RI�KH[DJRQDO�SKDVH��7KHVH�REVHUYDWLRQV�VXJJHVW�D�VXEVWDQWLDO�VLPLODULW\�

EHWZHHQ�WKH�IRUPDWLRQ�RI�WKH�ZLGHO\�VWXGLHG�KH[DJRQDO�VWDFNLQJ�DW�������WZLQ�ERXQGDU\�

LQ�FXELF�%D7L2��DQG�WKH�IRUPDWLRQ�RI�WKH�KH[DJRQDO�SRO\PRUSK�LWVHOI���

'HVSLWH�DOO� WKLV� LQIRUPDWLRQ�� WKHUH�LV�VR�IDU�QR�LQGLFDWLRQ�LQ�WKH�OLWHUDWXUH�WKDW� WKH�

JURZWK�PHFKDQLVPV�RI�GRXEOH�������WZLQV�LQ�WKH�FXELF�%D7L2��DQG�JURZWK�PHFKDQLVP�

RI�WKH�KH[DJRQDO�SKDVH�LWVHOI�PD\�LQ�IDFW�EH�LGHQWLFDO��

�

�
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([SHULPHQWDO�0HWKRGV�

7ZR�W\SHV�RI�PDWHULDOV�ZHUH�LQYHVWLJDWHG��7KH�ILUVW�PDWHULDO�ZDV�%D7L2��FHUDPLF�

VLQWHUHG� EHORZ� WKH� HXWHFWLF� WHPSHUDWXUH� �IRUPDWLRQ� RI� JURZWK� GHIHFWV�� DQG� WKH� VHFRQG�

PDWHULDO�ZDV�%D7L2�� VLQWHUHG� DERYH� WKH� HXWHFWLF� WHPSHUDWXUH� �IRUPDWLRQ� RI� KH[DJRQDO�

SRO\PRUSK��� %RWK� PDWHULDOV� ZHUH� SUHSDUHG� XQGHU� UHGXFLQJ� VLQWHULQJ� FRQGLWLRQV�� 7KH�

UHGXFLQJ�DWPRVSKHUH�ZDV�HPSOR\HG�WR�H[DPLQH�LWV�LQIOXHQFH�RQ�WKH�IRUPDWLRQ�RI�7L�2��

FRRUGLQDWLRQ� JURXSV� ZLWKLQ� WKH� SHURYVNLWH� VWUXFWXUH�� %RWK� W\SHV� RI� VLQWHUHG� PDWHULDOV�

H[KLELW�LGHQWLFDO�SODQDU�GHIHFWV�LQ�FXELF�%D7L2��JUDLQV��)RU�WKLV�LQYHVWLJDWLRQ�ZH�PDLQO\�

XVHG�PDWHULDOV� SUHSDUHG�EHORZ�HXWHFWLF� WHPSHUDWXUH��4XDQWLWDWLYH�+57(0�ZLWK� LPDJH�

VLPXODWLRQ��ZDV�XVHG�WR�HYDOXDWH�WKH�SUHYLRXVO\�PHQWLRQHG�DWRPLF�PRGHOV�DQG�GHWHUPLQH�

WKH� DWRPLF� VWUXFWXUH� RI� WKH� ������ WZLQ� ERXQGDU\� LQ� FXELF� %D7L2��� 6SDWLDOO\� UHVROYHG�

((/6�ZDV�XVHG�WR�VWXG\�WKH�R[LGDWLRQ�VWDWH�RI�7L�DWRPV�DORQJ�WKH�������WZLQ�ERXQGDU\��

2Q�WKH�EDVLV�RI�WKHVH�UHVXOWV��D�QHZ�VWUXFWXUDO�PRGHO�IRU�WKH�FRKHUHQW�������WZLQ�LQ�FXELF�

%D7L2��ZKLFK�DGHTXDWHO\�GHVFULEHV�WKH�REVHUYHG�LQWHUIDFLDO�SURSHUWLHV�ZDV�SURSRVHG���

�

6LQWHULQJ�EHORZ�WKH�HXWHFWLF�WHPSHUDWXUH�

%D7L2��FHUDPLF�PDWHULDO�ZDV�SUHSDUHG�E\�PL[LQJ�KLJK�SXULW\�SRZGHUV�RI�%D&2��

�$OID� �������� DQG�7L2�� �)OXND�$*� ������� LQ� WKH�PRODU� UDWLR� RI� �������� 7KH� SRZGHU�

PL[WXUH� ZDV� FDOFLQHG� LQ� DQ� R[LGLVLQJ� DWPRVSKHUH� IRU� DERXW� IRXU� KRXUV� DW� �����&� WR�

SURGXFH� %D7L2�� ZLWK� D� UHOHDVH� RI� WKH� VROLG±VWDWH� UHDFWLRQ� SURGXFW�� &2��� &DOFLQHG�

PDWHULDO�ZDV�KRPRJHQLVHG�DQG�SUHVVHG�LQWR�WKLQ�SHOOHWV�ZKLFK�ZHUH�SODFHG�LQ�DQ�DOXPLQD�

FUXFLEOH�RQ�D�SODWLQXP�IRLO�DQG�VLQWHUHG�LQ�D�ODPLQDU�IORZ�RI�D�UHGXFLQJ�JDV�PL[WXUH�����

PRO��&2�LQ�1���DW������&�IRU���KRXUV��6XEVHTXHQWO\��WKH�WHPSHUDWXUH�ZDV�WKHQ�UDLVHG�

WR������&�DQG�KHOG�WKHUH�IRU���KRXUV�WR�DOORZ�JUDLQ�JURZWK�LQ�WKH�VROLG�VWDWH��

�

6LQWHULQJ�DERYH�WKH�HXWHFWLF�WHPSHUDWXUH�

%D7L2��FHUDPLF�ZDV�SUHSDUHG�E\�PL[LQJ�KLJK±SXULW\�%D7L2��SRZGHU��7UDQVHOFR��

FRGH��������ZLWK���PRO��H[FHVV�RI�%D�7L��2���SRZGHU��+RPRJHQLVHG�SRZGHU�PL[WXUH�

ZDV�SUHVVHG�LQWR�WKLQ�SHOOHWV�ZKLFK�ZHUH�VLQWHUHG�IRU���KRXU�DW������&�DQG�IROORZHG�E\�

DQ�DGGLWLRQDO������������DQG�����PLQXWHV�DW������&��7KH�FRPSOHWH�VLQWHULQJ�SURFHVV�ZDV�

SHUIRUPHG� LQ� D� ODPLQDU� IORZ� RI� D� UHGXFLQJ� JDV�PL[WXUH� ���PRO�� RI�+�� LQ�$U��� $IWHU�

VLQWHULQJ��WKH�PDWHULDOV�ZHUH�FRROHG�XQGHU�UHGXFLQJ�DWPRVSKHUH�WR�URRP�WHPSHUDWXUH���
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([SHULPHQWDO�KLJK±UHVROXWLRQ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��+57(0��

7KH�VLQWHUHG�FHUDPLF�PDWHULDO�ZDV�FXW�XOWUDVRQLFDOO\�LQWR���PP�GLVFV��ZKLFK�ZHUH�

PHFKDQLFDOO\�WKLQQHG�WR�DQ�RYHUDOO�WKLFNQHVV�RI�DERXW�����PP�DQG�VXEVHTXHQWO\�GLPSOHG�

WR�D�WKLFNQHVV�RI����PP�LQ�WKH�FHQWHU��7KH�7(0�VDPSOHV�ZHUH�SURGXFHG�E\�LRQ±PLOOLQJ�

ZLWK���N9�$U��LRQV�XQWLO�RI�WKH�GLVF�FHQWUH�ZDV�SHUIRUDWHG��7KLV�ZDV�IROORZHG�E\�$U�LRQ±

SROLVKLQJ�DW�D�JODQFLQJ�LQFLGHQFH�RI����WR�SURGXFH�ODUJH��HOHFWURQ±WUDQVSDUHQW�UHJLRQV���

7KH�+57(0� VWXGLHV� ZHUH� SHUIRUPHG� XVLQJ� D� KLJK±UHVROXWLRQ� 7(0�PLFURVFRSH�

�-(0� ����(;�� RSHUDWHG� DW� DQ� DFFHOHUDWLQJ� YROWDJH� RI� ���� N9�� 7KH� PLFURVFRSH� LV�

HTXLSSHG�ZLWK�D�WRS±HQWU\�REMHFWLYH�SROH±SLHFH��8+3���+��KDYLQJ�D�SRLQW�UHVROXWLRQ�RI�

�����QP�DQG�D�VPDOO�FKURPDWLF�DEHUUDWLRQ��2WKHU�HOHFWURQ±RSWLFDO�SDUDPHWHUV�VXFK�DV�WKH�

FRQYHUJHQFH�DQJOH�RI�LOOXPLQDWLRQ�DQG�WKH�REMHFWLYH�DSHUWXUH�VL]H�ZHUH�GHWHUPLQHG�IURP�

GLIIUDFWLRQ�SDWWHUQV��,Q�WKH�H[SHULPHQWDO�ZRUN��JUDLQV�FORVH�WR�D�����!�SURMHFWLRQ�ZHUH�

VHOHFWHG�DQG�WLOWHG�FDUHIXOO\�LQWR�WKDW�]RQH�D[LV���
�

),*85(���

� � �
�

�

�

� � �
+LJK±UHVROXWLRQ�LPDJH�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��LQ�>���@�SURMHFWLRQ��$OWKRXJK�DFFXUDWHO\�

WLOWHG�LQWR�WKDW�]RQH�D[LV�ODWWLFH�LPDJH�VKRZV�REYLRXV�VLJQV�RI�VRPH�UHVLGXDO�WLOW�DW�LUUHJXODU�LQWHUYDOV�DORQJ�
WKH�WZLQ�ERXQGDU\��

�

8VLQJ�D�ORZ±OLJKW±OHYHO�FDPHUD�DWWDFKHG�WR�WKH�PLFURVFRSH��LPDJHV�ZHUH�UHFRUGHG�

DQG�WKHQ�GLJLWLVHG��7KH�RQOLQH�IDVW�)RXULHU�WUDQVIRUP��))7��RI�GLJLWLVHG�LPDJHV�SHUPLWWHG�

UDSLG� FRUUHFWLRQ� RI� WKH� REMHFWLYH� OHQV� DVWLJPDWLVP��5HVLGXDO� EHDP� WLOW�ZDV� UHGXFHG� WR�
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EHWWHU�WKDQ�����PUDG�XVLQJ�FRPPD±IUHH�DOLJQPHQW��=HPOLQ����������)LQDOO\��PLFURJUDSKV�

ZHUH�UHFRUGHG�XQGHU�ZHOO�GHILQHG�GHIRFXV�FRQGLWLRQV��$FWXDO�GHIRFXV�ZDV�GHWHUPLQHG�E\�

DQDO\VLQJ�RSWLFDO�GLIIUDFWRJUDPPV�IURP�WKH�QHJDWLYH�SODWHV��WDNHQ�DW�WKH�HGJH�RI�WKH�IRLO�

ZKHUH�DPRUSKLVHG�PDWHULDO��SURGXFHG�E\�LRQ�PLOOLQJ��LV�IUHTXHQWO\�SUHVHQW���

$FTXLULQJ�DQ�RSWLPDO�WLOW�FRQGLWLRQ�IRU�D�FKRVHQ�]RQH�D[LV�DW�������WZLQ�ERXQGDU\�

LV�D�ELW�WURXEOHVRPH�SURFHGXUH��7KH�PDLQ�SUREOHP�LV�WKDW�%D7L2��LV�WHWUDJRQDO�DW�URRP�

WHPSHUDWXUH��,Q�WKH�WKLQ�SDUW�RI�WKH�FU\VWDO��ZKHUH�ILQH�UHJLRQV�IRU�H[SHULPHQWDO�+57(0�

PD\� EH� IRXQG�� GRPDLQV� GR� QRW� IRUP�� DQG� D� UHVLGXDO� VWUHVV�� DULVLQJ� IURP� D� WHWUDJRQDO�

WUDQVIRUPDWLRQ�� WKDW� UHPDLQV� LQ� WKH�FU\VWDO� LV� ODUJHO\�HTXDOLVHG�E\�D�GHIRUPDWLRQ�RI� WKH�

WKLQ�FU\VWDO�IRLO��7KLQ�FU\VWDO�SDUWV�RQ�HDFK�VLGH�RI�WKH�WZLQ�ERXQGDU\�UHOD[�LQ�GLIIHUHQW�

ZD\V�RZLQJ�WR�WKHLU�GLIIHUHQW�RULHQWDWLRQ�DQG�JHRPHWU\��7KLV�FDXVHV�VOLJKWO\�PLVDOLJQHG�

>���@� D[HV�RI� WKH� WZLQQHG�FU\VWDOV� DFURVV� WKH� LQWHUIDFH��)LJXUH���RQ� WKH�SUHYLRXV�SDJH�

VKRZV�D�W\SLFDO�KLJK±UHVROXWLRQ�LPDJH�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2���

$�ILQDO�WLOWLQJ�RI�WKH�VSHFLPHQ�LQ�LPDJH�PRGH�XVLQJ�D�VPDOO�REMHFWLYH�DSHUWXUH��DQG�

E\�PRYLQJ�WKH�]RQH�RI�VWURQJHVW�VFDWWHULQJ�RQ�ERWK�VLGHV�RI�WKH�WZLQ�ERXQGDU\�WR�WKH�WKLQ�

FU\VWDO�SDUW��VHHPV�WR�EH�D�YHU\�HIIHFWLYH�PHWKRG�IRU�SURGXFLQJ�JRRG�ODWWLFH�LPDJHV��,Q�

IDFW��QRQH�RI�WKHVH�LPDJHV�DUH�UHDOO\�SHUIHFW�VLQFH�WKHUH�LV�GXH�WR�WHWUDJRQDOLW\�DOZD\V�D�

GHJUHH�RI�D�UHVLGXDO�]RQH±D[LV�PLVPDWFK�RQ�HLWKHU�VLGH�RI�WKH�WZLQ�ERXQGDU\��

�

([SHULPHQWDO�ODWWLFH�LPDJHV�

,Q� WKH�7(0�VDPSOHV�SURGXFHG� IURP�PDWHULDOV� SUHSDUHG�XQGHU� UHGXFLQJ� VLQWHULQJ�

FRQGLWLRQV� EHORZ� WKH� HXWHFWLF� WHPSHUDWXUH�� ������ WZLQV� ZHUH� IUHTXHQW�� $SSUR[LPDWHO\�

RQH�LQ�HYHU\�WKUHH�JUDLQV�FRQWDLQHG�VXFK�D�SODQDU�GHIHFW��'XULQJ�WKH�FRXUVH�RI�WKLV�VWXG\��

VHYHUDO�WZLQ�ERXQGDULHV�RULHQWHG�FORVH�WR�D�����!�SURMHFWLRQ�ZHUH�LQYHVWLJDWHG��)RU�WKH�

VDPH�GHIRFXVLQJ�FRQGLWLRQV�DQG�IRLO�WKLFNQHVVHV�ODWWLFH�LPDJHV�RI�WKHVH�GHIHFWV�H[KLELWHG�

D�VLPLODU�FRQWUDVW�EHKDYLRXU��0RUHRYHU�� WKH� WZLQV�IRXQG� LQ� WKH�VDPSOHV�IURP�PDWHULDOV�

SUHSDUHG� DERYH� WKH� HXWHFWLF� WHPSHUDWXUH� VKRZHG�PXFK� WKH� VDPH�EHKDYLRXU�� LQGLFDWLQJ�

WKDW�DOO�WKH�REVHUYHG�������WZLQV�DUH�SULQFLSDOO\�LGHQWLFDO���

([SHULPHQWDO�ODWWLFH�LPDJHV�RI�D�������WZLQ�ERXQGDU\�LQ�%D7L2���YLHZHG�LQ�>���@�

SURMHFWLRQ��DUH�SUHVHQWHG�LQ�)LJXUH�����$OO�PLFURJUDSKV��DOWKRXJK�UHFRUGHG�IRU�GLIIHUHQW�

LPDJLQJ�FRQGLWLRQV��DUH�IURP�WKH�VDPH�%D7L2��FU\VWDO��,PDJHV�����D��DQG��E��DUH�WDNHQ�
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QHDU�6FKHU]HU�IRFXV��ZKHUHDV�����F��DQG��G��DUH�FORVHU�WR�WKH�ILUVW�UHYHUVH�SDVVEDQG�RI�WKH�

FRQWUDVW�WUDQVIHU�IXQFWLRQ��&7)���,PDJHV�����F��DQG��G��DSSHDU�VRPHZKDW�GLIIHUHQW�HYHQ�

WKRXJK�WKH\�ZHUH�UHFRUGHG�XQGHU�WKH�VDPH�LPDJLQJ�FRQGLWLRQV���

�
),*85(����

� � � � �
�

�

�

�

�

� �D�� � �E�� �
� � � � �
�

�

�

�

�

� �F�� � �G�� �

�
([SHULPHQWDO�ODWWLFH�LPDJHV�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��DV�VHHQ�LQ�WKH�>���@�SURMHFWLRQ��

0LFURJUDSKV��D��DQG��E��DUH�UHFRUGHG�QHDU�6FKHU]HU�IRFXV��ZKLOH��F��DQG��G��DUH�FORVHU�WR�WKH�ILUVW�UHYHUVH�
SDVVEDQG�RI�WKH�&7)��,PDJHV��E����F��DQG��G��DUH�IURP�D�YHU\�WKLQ�UHJLRQ��ZKHUHDV�LPDJH��D��VKRZV�D�

WKLFNHU�SDUW�RI�WKH�FU\VWDO��
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'HWHUPLQDWLRQ�RI�WKH�LPDJLQJ�FRQGLWLRQV�

,Q�RUGHU�WR�GHWHUPLQH�LQGLYLGXDO�DWRPLF�SRVLWLRQV�DW�WKH�ERXQGDU\�RQ�WKH�EDVLV�RI�

WKH�+57(0�LPDJHV��RQH�PXVW�EHJLQ�ZLWK�UHDVRQDEOH�HVWLPDWHV�IRU�PDWFKLQJ�VLPXODWHG�

DQG�H[SHULPHQWDO�LPDJHV�IRU�WKH�EXON�FU\VWDO��,Q�)LJXUH�����RSWLFDO�GLIIUDFWRJUDPV�RI�WKH�

RULJLQDO�PLFURJUDSKV��IURP�ZKLFK�WKH�LPDJHV�VKRZQ�LQ�)LJXUH����ZHUH�WDNHQ��DUH�VKRZQ�

WRJHWKHU�ZLWK� FRUUHVSRQGLQJ�SORWV� IRU� WKH�SKDVH±FRQWUDVW� WUDQVIHU� IXQFWLRQV��7KH�&7)V�

DUH�GDPSHG�E\�WKH�VSDWLDO�DQG�WHPSRUDO�FRKHUHQFH�HQYHORSHV���

�
),*85(����

�

&7)V�PXOWLSOLHG�E\�VSDWLDO�DQG�WHPSRUDO�FRKHUHQFH�HQYHORSHV�IRU��D�����QP�GHIRFXV�ZLWK�DQ�LQVHW�RI�WKH�
GLIIUDFWRJUDPP�FRUUHVSRQGLQJ�WR�WKH�ODWWLFH�LPDJHV�LQ�)LJXUHV�����D��DQG��E��DQG��E�����QP�GHIRFXV�ZLWK�

DQ�LQVHW�FRUUHVSRQGLQJ�WR�)LJXUHV�����F��DQG��G���

�

7KH� GLIIUDFWRJUDP� LQ� )LJXUH� ��� �D�� FRUUHVSRQGV� WR� WKH� ODWWLFH� LPDJHV� LQ� )LJXUHV�

������D��DQG��E���ZKHUHDV�WKDW�LQ�)LJXUH�����E��FRUUHVSRQGV�WR�WKH�LPDJHV�LQ�)LJXUHV������

�F��DQG��G���7KH�GLIIUDFWLRQ�VSRWV�RI�D�%D7L2��FU\VWDO�ZHUH�XVHG�WR�FDOLEUDWH�WKH�OHQJWK�

VFDOH� LQ� WKH� GLIIUDFWRJUDP�� 7KH� FDOFXODWHG� &7)V� FRPSDUHG� WR� WKH� PHDVXUHG� RQHV� LQ�

)LJXUH����LQGLFDWH�WKDW�WKH�GHIRFXV�YDOXH�IRU�WKH�LPDJHV�LQ�)LJXUH�����D��DQG��E��LV�DERXW�

±���QP��DQG�IRU�)LJXUH�����F��DQG��G��LV�DERXW�±���QP��7KH�DFFXUDF\�RI�WKH�DFWXDO�IRFXV�

VHWWLQJV��GHWHUPLQHG�E\�WKLV�PHWKRG��LV�HVWLPDWHG�WR�EH�r��QP��2Q�WKH�EDVLV�RI�FDOFXODWHG�

GHIRFXV�YHUVXV�WKLFNQHVV�WDEOHDX�IRU�%D7L2��LQ�>���
�

@�RULHQWDWLRQ�WKH�FU\VWDO�WKLFNQHVVHV�

ZHUH�HVWLPDWHG�WR�EH���QP�IRU�LPDJH�������D���DQG���QP�IRU�LPDJHV�����E����F��DQG��G���
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,PDJH�VLPXODWLRQV�

,Q�RUGHU� WR�REWDLQ�GHWDLOHG� LQIRUPDWLRQ�RQ� WKH�DWRP�SRVLWLRQV�� LPDJH�VLPXODWLRQV�

IRU�WKH�UDQJH�RI�H[SHULPHQWDO�LPDJLQJ�FRQGLWLRQV�ZHUH�SHUIRUPHG��7KHVH�FRPSXWDWLRQV�

ZHUH�SHUIRUPHG�E\�D�PXOWLVOLFH�DOJRULWKP��(06�SURJUDP�SDFNDJH��6WDGHOPDQQ����������

�
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)LOWHUHG�ODWWLFH�LPDJHV�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��YLHZHG�LQ�WKH�>���@�SURMHFWLRQ��,PDJHV��D���
�E����F��DQG��G��FRUUHVSRQG�WR�WKRVH�LQ�)LJXUH�����
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'LIIHUHQW� VWUXFWXUDO� PRGHOV� RI� WKH� XQUHOD[HG� ������ WZLQ� ERXQGDU\� LQ� WKH� >���@�

SURMHFWLRQ�ZHUH� EXLOW� LQWR� RUWKRJRQDO� VXSHU±FHOOV�ZLWK�GLPHQVLRQV�$�  � ������QP��%�  �

������QP�DQG�&� �������QP��7KH�SODQH�RI�WKH�GHIHFW�ZDV�SODFHG�LQ�WKH�FHQWUH�RI�WKH�FHOO��

SDUDOOHO� WR� WKH�%� D[LV��ZLWK� WKH�&� GLUHFWLRQ�SDUDOOHO� WR� WKH� LQFLGHQW� HOHFWURQ�EHDP��7KH�

VL]H� RI�$�ZDV� FKRVHQ� WR� EH� ODUJH�� WR� DYRLG� ERXQGDU\� HIIHFWV� DULVLQJ� IURP� WKH� SHULRGLF�

FRQWLQXDWLRQ�RI�WKH�VXSHU±FHOO��0XOWLVOLFH�FRPSXWDWLRQV�HPSOR\LQJ�G\QDPLFDO�VFDWWHULQJ�

DUUD\V�RI�����[�����EHDPV�ZHUH�SHUIRUPHG��UHVXOWLQJ�LQ�D�VDPSOLQJ�UHVROXWLRQ�RI�DERXW�

������ QP� DORQJ� ERWK� WKH� $� DQG� %� WUDQVODWLRQV�� )ROORZLQJ� WKH� HOHFWURQ±ZDYH±ILHOG�

FRPSXWDWLRQ��LPDJH�FDOFXODWLRQV�ZHUH�FDUULHG�RXW�IRU�WKH�HOHFWURQ±RSWLFDO�SDUDPHWHUV�RI��

D�VSKHULFDO�DEHUUDWLRQ�FRHIILFLHQW��&V� ������PP��IRFDO�VSUHDG��'g� �����QP��REMHFWLYH�

DSHUWXUH�VL]H��'� ������QP±��DQG�VHPL±DQJOH�RI�WKH�EHDP�FRQYHUJHQFH��4F� �����PUDG��

7KH� FRPSDULVRQ�EHWZHHQ� WKH� H[SHULPHQWDO� DQG� VLPXODWHG� LPDJHV�ZDV�SHUIRUPHG�

ZLWKLQ�D�PDWKHPDWLFDO±JUDSKLF�HQYLURQPHQW��,'/��5HVHDUFK�6\V��,QF���'HQYHU���)RU�WKLV�

SXUSRVH�QHJDWLYH�SODWHV�ZHUH�GLJLWLVHG�XVLQJ�D�VFDQQLQJ�FDPHUD��(LNRQL[��������KDYLQJ�

D�OLQHDU�DUUD\�RI������SKRWRGLRGHV�ZLWK�D���±ELW�JUD\�OHYHO��7KH�QRLVH�IURP�WKH�GLJLWL]HG�

ODWWLFH� LPDJHV� ZDV� UHGXFHG� XVLQJ� DQ� DGDSWLYH� ILOWHULQJ�PHWKRG� IRU� SHULRGLF� LQWHUIDFHV�

�0|EXV�HW�DO�����������7KH�ILOWHUHG�H[SHULPHQWDO�LPDJHV�DUH�VKRZQ�LQ�)LJXUH������

6LPXODWHG�DQG�ILOWHUHG�H[SHULPHQWDO� LPDJHV�ZHUH�FRPSDUHG�DQG� WKHLU�JUH\� OHYHOV�

ZHUH�DGMXVWHG��$SSURSULDWH�FDOFXODWHG� LPDJHV�ZHUH� ILQDOO\�VFDOHG�DQG� LQVHUWHG� LQWR� WKH�

SURFHVVHG�RQHV��ZKLFK�ZHUH�WKHQ�SKRWRJUDSKLFDOO\�UHSURGXFHG�IURP�WKH�VFUHHQ��

�

$WRPLF�PRGHO�IRU�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��

/HW�XV�FRQVLGHU�WKH�ODWWLFH�LPDJH�LQ�)LJXUH�����F���UHFRUGHG�ZLWK�D�IRFXV�YDOXH�QHDU�

WKH� ILUVW� UHYHUVH� SDVVEDQG� DQG� D� WKLFNQHVV� RI� DERXW� �� QP�r�� QP��7KH� LPDJH� VKRZV� D�

FRKHUHQW�PLUURU�WZLQ�LQ�D�����!�RULHQWDWLRQ��,Q�WKLV�SURMHFWLRQ��FROXPQV�FRQVLVWLQJ�RI�%D�

DQG�2�DWRPV�LQ�D�EXON�%D7L2��VDPSOH�DSSHDU�DV�VWURQJ�ZKLWH�OR]HQJHV�DQG�WKH�7L�DWRPLF�

FROXPQV�DV�VOLJKWO\�ZHDNHU�GRWV�LQ�EHWZHHQ��GXH�WR�WKHLU�VPDOOHU�VFDWWHULQJ�SRWHQWLDO��

)RU� SUDFWLFDOO\� DOO� LPDJLQJ� FRQGLWLRQV�� WKH� SXUH� R[\JHQ� FROXPQV� GR� QRW� FDXVH� D�

GHWHFWDEOH� FRQWUDVW� DQG� WKH� FRQWUDVW� RI� WKH� %D±2� FROXPQV� LV� PDLQO\� IRUPHG� E\� WKH�

VWURQJO\�VFDWWHULQJ�%D�DWRPV��$FFRUGLQJO\��WKH�PRVW�SURQRXQFHG�IHDWXUHV�RI�WKH�LPDJH�LQ�

)LJXUH� ��� �F�� PDWFK� ZLWK� WKH� SRVLWLRQV� RI� WKH� %D±2� FROXPQV�� 7KHVH� VWURQJ� FRQWUDVW�

GHWDLOV��SURGXFHG�E\�WKH�%D±2�FROXPQV�LQ�WKH�EXON�%D7L2���DOVR�DSSHDU�LQ�WKH�ERXQGDU\���



$FWD�&KLP��6ORY������������������

$��5HþQLN��7ZLQV�LQ�%DULXP�7LWDQDWH�

���

),*85(����

�

8QUHOD[HG�VWUXFWXUDO�PRGHO�RI�WKH�FRKHUHQW�������WZLQ�ZLWK�D�%D±2��FRPSRVLWLRQ�SODQH�LQ�WKH�>���@�
SURMHFWLRQ��$WRPLF�FROXPQV�%D±2��2±%D��7L�DQG�2�DUH�LQGLFDWHG��1RWH�WKH�7L�2��FRRUGLQDWLRQ�JURXSV�DW�

WKH�LQWHUIDFH��

�

%\�FRPSDULQJ�WKH�GLVWDQFHV�EHWZHHQ�WKH�PD[LPD�LQ�WKH�LQWHQVLW\�OLQH�VFDQ�RYHU�WKH�

ERXQGDU\�RI�WKH�GLJLWLVHG�ODWWLFH�LPDJH�LW�ZDV�IRXQG�WKDW�WKH�VSDFLQJ�EHWZHHQ�WKH�������

SODQHV�DGMDFHQW�WR�WKH�LQWHUIDFH�HTXDOV�WKDW�RI�EXON�%D7L2���7KH�VDPH�UHVXOW�LV�REWDLQHG�

E\�RYHUOD\LQJ�WKH�LPDJH�FRQWDLQLQJ�WKH�ERXQGDU\�RQWR�WKH�LPDJH�RI�WKH�EXON�SDUW�RI�WKH�

FU\VWDO��$WRPLF�GLVSODFHPHQWV�ODUJHU�WKDQ������QP�ZRXOG�EH�GHWHFWHG�LQ�WKLV�ZD\��8VLQJ�

WKLV�LQIRUPDWLRQ�LW�LV�SRVVLEOH�WR�FRQVWUXFW�DQ�XQUHOD[HG�DWRPLF�PRGHO�IRU�WKH�LQWHUIDFH��

$� VFKHPDWLF� GUDZLQJ� RI� D� FRKHUHQW� ������ WZLQ� ZLWK� %D±2�� FRPSRVLWLRQ� SODQH� LQ� WKH�

>���@�SURMHFWLRQ�LV�VKRZQ�LQ�)LJXUH�����

,PDJH�VLPXODWLRQV�EDVHG�RQ�WKLV�PRGHO�DUH�LQVHW�LQWR�WKH�LPDJHV�LQ�)LJXUH�����,Q�

WKH� ORZHU� SDUW� RI� WKH� FRPSXWHG� LPDJHV� %D±2�� 2±%D�� 7L� DQG� 2� DWRPLF� FROXPQV� DUH�

PDUNHG��)LJXUH�����D��VKRZV�D�VLPXODWHG�LPDJH�IRU�D�WKLFNQHVV�RI�����QP�DQG�D�GHIRFXV�

RI�±���QP�WRJHWKHU�ZLWK�WKH�H[SHULPHQWDO�PLFURJUDSK�RI�)LJXUH�����D���6LPLODUO\��)LJXUH�

����E��LV�D�UHJLRQ�IURP�)LJXUH�����E��ZLWK�D�FHQWUDO�LQVHW�VKRZLQJ�DQ�LPDJH�VLPXODWLRQ�

IRU�D�WKLFNQHVV�RI�����QP�DQG�GHIRFXV�YDOXH�RI�±���QP��ZKHUHDV�)LJXUHV�����F��DQG��G��

FRUUHVSRQG� WR� WKRVH� LQ�)LJXUHV�����F��DQG��G��VKRZLQJ� WKH�FRPSXWHG� LQVHWV� IRU� WKH�����

QP�WKLFNQHVV�DQG�±���QP�GHIRFXV��
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6LPXODWHG�ODWWLFH�LPDJHV�IRU�WKH�������WZLQ��YLHZHG�LQ�WKH�>���@�SURMHFWLRQ��LQVHW�RQWR�WKH�SURFHVVHG�
H[SHULPHQWDO�LPDJHV��$WRPLF�FROXPQV�%D±2��2±%D��7L�DQG�2�DUH�PDUNHG�LQ�WKH�ORZHU�SDUW�RI�WKH�

VLPXODWLRQV���,PDJHV�UHODWH�WR�WKRVH�LQ�)LJXUH�����

�

�

,Q�)LJXUH�����D�� WKH� LQWHUIDFH� LV�FKDUDFWHULVHG�E\�DQ�DUUD\�RI� LQWHQVH�ZKLWH�VSRWV��

VHSDUDWHG�E\�HORQJDWHG�EODFN�UHJLRQV��,Q�WKH�VLPXODWLRQ��RQH�FDQ�UHFRJQLVH�D�VPDOO�ZKLWH�

GRW� O\LQJ�EHORZ�VWURQJ�ZKLWH�VSRWV��7KLV�FRUUHVSRQGV� WR�GRZQZDUGV±HORQJDWHG� LQWHQVH�

ZKLWH�VSRW� LQ� WKH�PLFURJUDSK��,Q� WKH�EXON�FU\VWDO�VWURQJHU�ZKLWH�VSRWV�DUH�VHSDUDWHG�E\�
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ZHDN�EULJKW�GRWV�DORQJ�>���@�GLUHFWLRQ��7KH�VWURQJ�ZKLWH�VSRWV�LQ�WKH�EXON�DUH�VRPHZKDW�

ZHDNHU�WKDQ�WKRVH�RI�WKH�LQWHUIDFH��7KH�LQWHUIDFH�FRQWUDVW�LQ�)LJXUH�����E��EHDUV�D�FORVH�

UHVHPEODQFH�WR�WKDW�LQ�)LJXUH�����D���EXW�ZLWK�WKH�VPDOOHU�GRWV�VOLJKWO\�PRUH�GLVWDQW�IURP�

WKH�VWURQJ�ZKLWH�VSRWV��7KLV�IHDWXUH�LV�PRUH�UHDGLO\�REVHUYHG�LQ�WKH�H[SHULPHQWDO�LPDJH��

,Q� )LJXUH� ��� �E�� ZKLWH� VSRWV� DORQJ� WKH� LQWHUIDFH� DUH� VHSDUDWHG� E\� KHDUW±VKDSHG� EODFN�

UHJLRQV��,Q�WKH�WKLQQHU�FU\VWDO�WKH�VWURQJ�ZKLWH�VSRWV�DUH�VHSDUDWHG�E\�ZHDNHU�RQHV�DORQJ�

WKH�>���@�GLUHFWLRQ��

7KH��±QP±WKLFNQHVV�GLIIHUHQFH�EHWZHHQ�)LJXUH�����D��DQG�)LJXUH�����E��SURGXFHV�

D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�FRQWUDVW�RI�WKH�EXON��,Q�)LJXUHV�����F��DQG��G��WKH�LQWHUIDFH�

FRQWUDVW�FRQVLVWV�RI�LQWHQVH�ZKLWH�VSRWV�RI�%D±2�FROXPQV�KDYLQJ�EOXQWHG�ERWWRP�VLGHV��

7KH�%D±2�FROXPQV�RI� WKH�EXON�FU\VWDO�FRLQFLGH�ZLWK� WKH�VWURQJ�ZKLWH� OR]HQJHV��ZKLOVW�

WKRVH� RI� 7L� FRLQFLGH� ZLWK� ZHDNHU� ZKLWH� GDVKHV� UXQQLQJ� DORQJ� WKH� >���@� GLUHFWLRQ�� ,Q�

JHQHUDO��DOO� WKH�GHWDLOV�RI� WKH�H[SHULPHQWDO�PLFURJUDSKV��SDUWLFXODUO\� WKH�RQHV�IURP�WKH�

YHU\�WKLQ�UHJLRQ��DUH�VXFFHVVIXOO\�GXSOLFDWHG�LQ�WKH�VLPXODWLRQV��

�

6SDWLDOO\�UHVROYHG�HOHFWURQ±HQHUJ\±ORVV�VSHFWURPHWU\�

6SDWLDOO\�UHVROYHG�HOHFWURQ±HQHUJ\±ORVV�VSHFWUD��65((/6��ZHUH�UHFRUGHG�XVLQJ�D�

*DWDQ�����SDUDOOHO�DFTXLVLWLRQ�HOHFWURQ±HQHUJ\±ORVV�VSHFWURPHWHU��3((/6��ILWWHG�LQWR�D�

9*�0LFURVFRSHV�+%����GHGLFDWHG�VFDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH��67(0���

7KH�PLFURVFRSH�ZDV�RSHUDWHG�ZLWK�RQO\�WKH�VHFRQG�FRQGHQVHU�OHQV�H[FLWHG�DQG�ZLWK�WKH�

EHDP� IRFXVHG� DW� WKH� VHOHFWHG� DUHD� DSHUWXUH� SODQH�� 7KH� VSHFWURPHWHU� FROOHFWLRQ� DQJOH��

GHILQHG�E\�WKH���PP�HQWUDQFH�DSHUWXUH��ZDV����PUDG�VHPL±DQJOH�ZLWK�DQ�LQFLGHQW�EHDP�

FRQYHUJHQFH�VHPL±DQJOH�RI���PUDG��7KH�HVWLPDWHG�VSHFWUDO�UHVROXWLRQ�ZDV�����H9��7KH�

VSHFWURPHWHU�GLVSHUVLRQ�ZDV�VHW�WR�����H9�FKDQQHO�DQG�FDOLEUDWHG�HPSOR\LQJ�WKH�VWDQGDUG�

*DWDQ�(/�3�VRIWZDUH��7KH�7L±HGJH�SRVLWLRQ�ZDV�GHWHUPLQHG�E\�QRWLQJ�WKH�H[WUD�YROWDJH�

QHFHVVDU\� WR� VKLIW� WKH� LQIOHFWLRQ� SRLQW� RI� WKH� HGJH� WKUHVKROG� WR� WKH� VDPH� FKDQQHO�

SUHYLRXVO\�RFFXSLHG�E\�WKH�]HUR±ORVV�SHDN��7KH�LQIOHFWLRQ�SRLQW�RI�WKH�R[\JHQ�.±HGJH�

WKUHVKROG�ZDV�PHDVXUHG�WR�EH�����H9��7KH�VSHFWUD�FRQVLVW�RI�WKH�VXP�RI�IRXU�SKRWRGLRGH�

UHDGRXWV��HDFK�H[SRVXUH�EHLQJ����V�ORQJ��

7KH�WZLQ�ERXQGDU\�ZDV�DOLJQHG�SDUDOOHO� WR�WKH�LQFLGHQW�EHDP�GLUHFWLRQ��7R�DYRLG�

PXOWLSOH� LQHODVWLF� VFDWWHULQJ� RQO\� WKLQ� UHJLRQV� RI� WKH� VDPSOH�ZHUH� H[DPLQHG��$� VHW� RI�
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VSHFWUD�ZDV�UHFRUGHG�ZLWK�WKH�EHDP�VFDQQLQJ�DQ�DUHD�RI���[���QP�FHQWHUHG�XSRQ�WKH�WZLQ�

SODQH��DQG�D�VHFRQG�VHW�ZLWK�WKH�EHDP�SODFHG�RQ�WKH�QHLJKERULQJ�PDWUL[��6PRRWK�SRZHU±

ODZ� ILWV�ZHUH� UHPRYHG� IURP� WKH�GDWD��7KH� VSDWLDO±GLIIHUHQFH� VSHFWUXP�ZDV� IRUPHG�E\�

VXEWUDFWLQJ� D� SURSHUO\� VFDOHG� PDWUL[� VSHFWUXP� IURP� WKDW� UHFRUGHG� DW� WKH� ERXQGDU\�

�%UXOH\���������� ,Q� WKLV�ZD\�VSHFWUDO�GLIIHUHQFHV�EURXJKW�DERXW�E\� WKH�SUHVHQFH�RI� WKH�

WZLQ�SODQH�EHFRPH�HYLGHQW��7KLV�PHWKRG�DXWRPDWLFDOO\�UHPRYHV�WKH�SKRWRGLRGH�UHDGRXW�

SDWWHUQ�DQG�PLQLPL]HV�WKH�HIIHFWV�RI�FKDQQHO±WR±FKDQQHO�JDLQ�YDULDWLRQ��

�

&KHPLVWU\�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��

&RQVLGHULQJ� WKH� H[SHULPHQWDO� REVHUYDWLRQ�� WKDW� WKHVH�GHIHFWV� SUHIHUHQWLDOO\�RFFXU�

XQGHU� UHGXFLQJ� VLQWHULQJ� FRQGLWLRQV�� RQH� PLJKW� H[SHFW�� WKDW� WKH� FKHPLVWU\� RI� WKH�

ERXQGDU\�SODQH�ZRXOG�EH�DIIHFWHG��7KH�IRUPDWLRQ�RI�RQH�R[\JHQ�YDFDQF\�LQ�WKH�%D±2��

FRPSRVLWLRQ�SODQH�ZRXOG�EH�DFFRPSDQLHG�E\�D�FKDQJH�LQ�WKH�R[LGDWLRQ�VWDWH�RI�QHDUHVW�

QHLJKERXULQJ�7L�DWRPV�IURP�7L���WR�7L���LQ�RUGHU�WR�UHWDLQ�WKH�ORFDO�FKDUJH�EDODQFH���

,Q� WKH� LGHDOLVHG� VWUXFWXUDO�PRGHO� IRU� WKH� FRKHUHQW� ������ WZLQ�7L� DWRPV�DORQJ� WKH�

WZLQ� ERXQGDU\� DUH� LQ� WKH� R[LGDWLRQ� VWDWH� RI� 7L���� $� PRGLILFDWLRQ� RI� WKLV� PRGHO� IURP�

>7L�2�@
��±�IRU�WKH�FRPSRVLWLRQ�RI�WKH�IDFH±VKDULQJ�RFWDKHGUD�WR�>7L�2�2�@

��±�ZRXOG�QRW�

VLJQLILFDQWO\�DOWHU� WKH� LPDJH�FRQWUDVW��VLQFH�DQ�R[\JHQ�DWRP�KDV�D�IDLUO\� ORZ�VFDWWHULQJ�

SRWHQWLDO��DQG�WKH�FDWLRQ�FRRUGLQDWLRQ�LV�SUHVHUYHG��,Q�RUGHU�WR�VWXG\�WKH�SRVVLELOLW\�RI�D�

ORZHUHG�R[LGDWLRQ�VWDWH�IRU�WKH�7L�LRQV�DW�WKH�WZLQ�ERXQGDU\��((/6�ZDV�HPSOR\HG��7KH�

QHDU±HGJH�VWUXFWXUH�RI� WKH�7L�/����HGJH� LV�NQRZQ�WR�EH�VHQVLWLYH� WR� WKH�R[LGDWLRQ�VWDWH��

DQG�FKHPLFDO�DQG�VWUXFWXUDO�HQYLURQPHQWV�RI�WKH�7L�LRQV��/HDSPDQ�HW�DO���������2WWHQ�HW�

DO����������6DQNDUDUDPDQ�DQG�3HUU\���������%U\GVRQ���������'H*URRW�HW�DO�������������

+HUH��WKH�XVH�RI�WKH�VSDWLDO±GLIIHUHQFH�PRGH�LV�XVHG�WR�UHYHDO�VPDOO�FKDQJHV�LQ�WKH�

HQHUJ\±ORVV�QHDU±HGJH�VWUXFWXUH��(/1(6��FDXVHG�E\�WKH�ERXQGDU\��$�VSDWLDO±GLIIHUHQFH�

VSHFWUXP�H[SRVHV�WKHVH�FKDQJHV�E\�UHPRYLQJ�WKH�HQHUJ\�GHSHQGDQW�EDFNJURXQG��6SHFWUD�

UHFRUGHG�DW�WKH�ERXQGDU\�DQG�DERXW���QP�DZD\�IURP�LW�RQ�ERWK�VLGHV��DVVLJQHG�DV�XSSHU�

DQG�ORZHU��DUH�LOOXVWUDWHG�LQ�)LJXUH�����7KH�JHQHUDO�VKDSHV�RI�WKH�7L�/����HGJH�DQG�WKH�2±

.�HGJH�DUH�QRW�WKDW�VLJQLILFDQWO\�GLIIHUHQW�IURP�SUHYLRXVO\�SXEOLVKHG�GDWD��7KH�7L�HGJH�

VWUXFWXUH� LV� GRPLQDWHG� E\� WKH� VSLQ±RUELW� VSOLW� /��/�� ZKLWH� OLQHV� ZKLFK� DUH� GXH� WR�

WUDQVLWLRQV� IURP��S���� DQG��S���� WR�XQRFFXSLHG�G�RUELWDOV� SHDNLQJ�DW� DERXW�����H9�DQG�

����H9��7KH�LQIOHFWLRQ�SRLQW�RI�WKH�HGJH�WKUHVKROG�ZDV�ORFDWHG�DW�������H9��
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7KH�7L�/����RQG�2±.�HGJHV�UHFRUGHG��D��RQ�WKH�WZLQ�ERXQGDU\�DQG�IURP��E��ERWK�VLGHV�RI�WKH�EXON�%D7L2��
FU\VWDO��DERXW���QP�DZD\�IURP�WKH�LQWHUIDFH��7KHUH�DUH�QR�REYLRXV�FRPSRVLWLRQDO�GLIIHUHQFHV��

�

),*85(����

�
&ORVH�XS�RI�7L����HGJHV��7KH�GLIIHUHQFH�VSHFWUXP��WKH�WZLQ�ERXQGDU\�VSHFWUXP�PLQXV�VFDOHG�PDWUL[��LV�
VKLIWHG�WR�D�ORZHU�HQHUJ\�UHODWLYH�WR�WKH�EXON�FU\VWDO�E\�����H9��,WV�LQWHQVLW\�LV�DERXW������RI�WKH�RULJLQDO�

VSHFWUXP����
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$�IXUWKHU�VSOLWWLQJ�RI�WKH�7L�/��DQG�/��FRPSRQHQWV�LV�GXH�WR�WKH�FU\VWDO±ILHOG�HIIHFW�

RQ� WKH� �W�J� �DW� ������ H9�� DQG� �HJ� �DW� ������ H9�� PROHFXODU� RUELWDOV� LQ� WKH� RFWDKHGUDO�

V\PPHWU\��7KLV�LV�PRUH�FOHDUO\�VHHQ�LQ�)LJXUH�����7KH�(/1(6�RI�WKH�EXON�%D7L2��SKDVH�

LV�FRPSDUHG�ZLWK�WKH�VSDWLDO±GLIIHUHQFH�VSHFWUXP�ZKLFK�H[KLELWV�WKH�VDPH�VWUXFWXUH�EXW�

LV�VKLIWHG�WRZDUGV�ORZHU�HQHUJ\±ORVV�E\�a����H9��%RWK�WKH�VSLQ±RUELW�VSOLWWLQJ�EHWZHHQ�

WKH�/��DQG�/��HGJH��DQG�WKH�/��/��LQWHQVLW\�UDWLR�GR�QRW�FKDQJH�VLJQLILFDQWO\��WKLV�YDOXH�LV�

DERXW������7KH�DEVROXWH� LQWHQVLW\�RI� WKH�GLIIHUHQFH� VSHFWUXP� LV�DERXW������ WKDW�RI� WKH�

PDWUL[�VSHFWUXP��7KLV�LV�FRQVLVWHQW�ZLWK�DERXW�RQH�PRQROD\HU�RI�DIIHFWHG�7L�LRQV�DQG�LV�

VLPLODU�WR�WKH�YDOXH�RI�����UHSRUWHG�E\�/HDSPDQ�HW�DO������������
�

),*85(����

�

$�PRGLILHG�VWUXFWXUDO�PRGHO�RI�WKH�������WZLQ�LQWHUIDFH��VKRZLQJ�SRVLWLRQV�RI�7L�±[�LRQV�DORQJ�WKH�
ERXQGDU\��7KH�FRPSRVLWLRQ�RI�WKH�ERXQGDU\�SODQH�LV�%D±2�±[>2�@[�LQVWHDG�RI�WKH�%D±2��DQG�WKDW�RI�IDFH±

VKDULQJ�RFWDKHGUD�>�7L�±[��2�±[�2��[@
��±�LQVWHDG�RI�>7L�2�@

��±��

�

7KH�PRVW�DWWUDFWLYH�H[SODQDWLRQ�IRU�WKH�REVHUYHG�GRZQZDUG�VKLIW�DW�WKH�LQWHUIDFH�LV�

D�UHGXFWLRQ�LQ�WKH�7L�R[LGDWLRQ�VWDWH�DW�WKH�WZLQ�SODQH��$�PRGLILHG�VWUXFWXUDO�PRGHO�IRU�

WKH�R[\JHQ±GHILFLHQW�������WZLQ�ERXQGDU\�LV�VKRZQ�LQ�)LJXUH�����7KLV�PRGHO�SUHVHUYHV�

WKH� RFWDKHGUDO� FRRUGLQDWLRQ� DQG� LQFRUSRUDWHV� R[\JHQ� YDFDQFLHV� LQ� WKH� LQWHUIDFH� SODQH�

ZLWK�WKH�7L�LRQV�DORQJ�WKDW�SODQH�ZLWK�DQ�R[LGDWLRQ�VWDWH�ORZHU�WKDQ�����
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$WRPLF�6WUXFWXUH�RI�WKH�������7ZLQ�%RXQGDU\�LQ�%DULXP�7LWDQDWH��

7KH�FRKHUHQW�������WZLQ�ERXQGDU\�LQ�%D7L2��ZDV�LQYHVWLJDWHG�XVLQJ�TXDQWLWDWLYH�

+57(0�DQG�VSDWLDOO\±UHVROYHG�((/6�PHWKRGV��/DWWLFH�LPDJHV�XQGHU�GLIIHUHQW�IRFXVLQJ�

FRQGLWLRQV� ZHUH� REWDLQHG� DQG� FRPSDUHG� WR� VLPXODWHG� LPDJHV� IRU� GLIIHUHQW� VWUXFWXUDO�

PRGHOV��$Q�H[FHOOHQW�PDWFK�EHWZHHQ�FDOFXODWHG�DQG�REVHUYHG�LPDJHV�ZDV�REWDLQHG�RQO\�

IRU�WKH�PRGHO�ZKHUH�%D±2��SODQH�FRQVWLWXWHV�WKH�WZLQ�ERXQGDU\��5HþQLN�HW�DO��������
���

7KH�R[LGDWLRQ�VWDWH�RI�7L�DW�WZLQ�ERXQGDULHV�ZDV�LQWHUURJDWHG�E\�VWXG\LQJ�WKH�QHDU±HGJH�

VWUXFWXUH�RI� WKH�/��� LRQLVDWLRQ�HGJH�RI�7L�XVLQJ� VSDWLDOO\� UHVROYHG�((/6� �%UXOH\�HW� DO��

���������7KH�GLIIHUHQFH�EHWZHHQ�WKH�EXON�DQG�ERXQGDU\�VSHFWUXP�LQGLFDWHV�WKH�SUHVHQFH�

RI�7L�LQ�D�UHGXFHG�R[LGDWLRQ�VWDWH�DW�WKH�ERXQGDU\��7KH�FKDUJH�LV�FRPSHQVDWHG�E\�R[\JHQ�

YDFDQFLHV��2��LQ�WKH�WZLQ�SODQH��WKHQ�FRPSRVHG�RI�%D±2�±[>2�@[�LQVWHDG�RI�%D±2���

�

&RPSRVLWLRQ�RI�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2��

%\�UHVROYLQJ�WKH�DWRPLF�VWUXFWXUH�RI�WKH�FRKHUHQW�������WZLQ�ERXQGDU\�LQ�%D7L2��LW�

ZDV�VKRZQ�WKDW�D�%D±2��OD\HU�FRQVWLWXWHV�WKH�FRPSRVLWLRQ�SODQH��7KLV�REVHUYDWLRQ�LV�LQ�

DFFRUGDQFH�ZLWK�WKH�VXJJHVWLRQV�RI�WKH�SUHYLRXV�DXWKRUV��-XJOH���������(LEO�HW�DO����������

.UDãHYHF�HW�DO������������7KH�WKUHH�VWUXFWXUDO�PRGHOV�IRU�������WZLQ���L��-XGJOH
V�PRGHO����

EDVHG�RQ�FU\VWDOORJUDSKLF�FRQVLGHUDWLRQV���LL��(LEO
V�ILUVW�PRGHO����EDVHG�RQ�$PLQRII�DQG�

%URRPp
V� UXOHV� ��� RI� WZLQQLQJ� DQG� �LLL�� RXU�PRGHO�� EDVHG� RQ� WKH� TXDQWLWDWLYH�+57(0�

DQDO\VLV��DUH�LQ�HVVHQFH�WKH�VDPH��,Q�WKH�PRGHO�ZKHUH�WKH�������WZLQ�ERXQGDU\�FRQVLVWV�

RI�D�%D±2��OD\HU�DQG�WKH�>7L2�@
�±�RFWDKHGURQV�DORQJ�WKH�FRPSRVLWLRQ�SODQH�VKDUH�IDFHV��

WKH�LQWHUIDFLDO�VWUXFWXUH�LV�WKH�VDPH�DV�WKDW�IRXQG�LQ�WKH�KH[DJRQDO�SRO\PRUSK�RI�%D7L2���

>7L�2�@
��±�JURXSV�DUH�HOHPHQWDU\�SDUWV�RI�WKH�������WZLQ�DQG�WKH�RFWDKHGUDO�FRRUGLQDWLRQ�

RI� 7L�� W\SLFDO� IRU� 7L±2� FRPSRXQGV�� UHPDLQV� SUHVHUYHG� WKURXJKRXW� WKH� WZLQ� VWUXFWXUH��

7KH�FORVH�VLPLODULW\�EHWZHHQ�WKH�LQWHUIDFLDO�VWUXFWXUH�RI�WKH�������WZLQ�DQG�WKH�KH[DJRQDO�

SKDVH�RI�%D7L2��PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�FXELF±KH[DJRQDO�WUDQVLWLRQ�PHFKDQLVP��

2WKHU�VWUXFWXUDO�PRGHOV��VXJJHVWHG�LQ�WKH�OLWHUDWXUH�E\�(LEO�HW�DO����DQG�.UDãHYHF�HW�

DO����ZHUH�DOVR�WHVWHG�E\�RXU�LPDJH�VLPXODWLRQV��EXW�WKH\�GR�QRW�UHVHPEOH�WKH�REVHUYHG�

LPDJHV��,Q�SDUWLFXODU��WKH�PRGHO�VXJJHVWHG�E\�(LEO�HW�DO������������ZKHUH�D�SXUH�7L�OD\HU�

FRQVWLWXWHV�WKH�ERXQGDU\�SODQH��GRHV�QRW�DSSO\�WR�DQ\�RI�WKH�H[SHULPHQWDO�ODWWLFH�LPDJHV�

DQG�FDQ� WKHUHIRUH�EH�UHMHFWHG�� ,Q�DGGLWLRQ��QR� LQWHUPHGLDWH�SRO\W\SRLGLF�SKDVH��VXFK�DV�
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%D�7L��2���� FRXOG� EH� REVHUYHG� DW� WKH� ������ WZLQ� LQWHUIDFH� LQ� DQ\� RI� WKH� VSHFLPHQV�

LQYHVWLJDWHG��7KLV� LV� LQ� DJUHHPHQW�ZLWK� WKH�REVHUYDWLRQV�RI�(LEO� HW� DO����7KHUHIRUH��ZH�

IRXQG�QR�H[SHULPHQWDO�HYLGHQFH��VR�IDU��IRU�WKH�H[LVWHQFH�RI�WKH�QRQ±FRQVHUYDWLYH�WZLQV�

SRVWXODWHG�E\�.UDãHYHF�HW�DO����

$WRPLF�UHOD[DWLRQV�GXH�WR�WKH�UHSXOVLRQ�RI�WKH�7L���LRQV�LQ�WKH�>7L�2�@
��±�JURXSV��DV�

H[SHFWHG�E\�(LEO�HW�DO����FRXOG�QRW�EH�GHWHFWHG�RQ�WKH�H[SHULPHQWDO�LPDJHV��7KHUH�PD\�

H[LVW�UHOD[DWLRQV��KRZHYHU�� WKH�VKLIWV�QRUPDO�WR�WKH�ERXQGDU\�SODQH�GR�QRW�H[FHHG������

QP�RU�HOVH�WKH\�ZRXOG�KDYH�EHHQ�YLVXDOLVHG��7KLV�PHDQV�WKDW�WKH�7L±7L�ERQG�OHQJWK�RI�

������QP�LQ�>7L�2�@
��±�RI�KH[DJRQDO�%D7L2��DV�UHSRUWHG�E\�%XUEDQN�DQG�(YDQV�������

����

GRHV�QRW�DSSO\�IRU� WKH�7L±7L�ERQG�OHQJWK� LQ�>7L�2�@
��±�DW� WKH������� WZLQ�LQWHUIDFH��7KH�

DFWXDO�7L±7L�GLVWDQFH�DFURVV� WKH�LQWHUIDFH�PD\�EH�LQ� WKH�UDQJH�RI�r�����QP�DURXQG�WKH�

YDOXH�RI�������QP�IRU�WKH�XQUHOD[HG�WZLQ�ERXQGDU\��7KLV�GLVFUHSDQF\�EHWZHHQ�WKH�7L±7L�

ERQG� OHQJWKV� FRXOG� EH� DFFRXQWHG� IRU� LI� WKH� 7L� LQ� WKH� IDFH±VKDULQJ� RFWDKHGUD� DW� WKH�

LQWHUIDFH�KDG�D�ORZHU�R[LGDWLRQ�VWDWH�VXFK�DV�7L�����

,Q�WKLV�ZD\�D�VKRUW±UDQJH�HOHFWURVWDWLF�UHSXOVLRQ�LV�UHGXFHG�JLYLQJ�D�ULVH�WR�VKRUWHU�

ERQG� OHQJWKV� WKDQ� LQ� WKH�KH[DJRQDO�SRO\PRUSK�� ,Q�RUGHU� WR�EDODQFH� WKH�FKDUJH�R[\JHQ�

YDFDQFLHV�2��ZRXOG�EH�QHHGHG�LQ�WKH�WZLQ�SODQH��,Q�WKH�H[WUHPH�FDVH��ZKHUH�DOO�RI�WKH�7L�

LRQV� DORQJ� WKH� ERXQGDU\� SODQH� DUH� UHSODFHG� E\� 7L��� LQ� WKH� >7L�2�@
��±� JURXSV� LW�ZRXOG�

EHFRPH�>7L�2�2�@
��±��7KH�RFWDKHGUDO�FRRUGLQDWLRQ�RI�WKH�7L�LRQV�LQ�WKHVH�JURXSV�UHPDLQV�

SUHVHUYHG�� 6XFK� D� VWRLFKLRPHWULF� GHYLDWLRQ� LQ� WKH� ERXQGDU\� FRPSRVLWLRQ� LV� D� VWURQJ�

LQGLFDWLRQ� IRU� ������ WZLQV� LQ� %D7L2�� WR� EH� IRUPHG� DV� JURZWK� GHIHFWV� XQGHU� UHGXFLQJ�

VLQWHULQJ�FRQGLWLRQV��5HþQLN�DQG�.RODU����������

�

5HGXFHG�VWDWH�RI�WKH�������WZLQ�LQWHUIDFH�

7KHUH�DUH�D�QXPEHU�RI�IDFWRUV�WKDW�PD\�FRQWULEXWH�WR�WKH�REVHUYHG�FKHPLFDO�VKLIWV��

7KHVH� LQFOXGH� FRUH±OHYHO� VKLIWV� GXH� WR� D� FKDUJH� WUDQVIHU��PRGLILFDWLRQV� WR� WKH� YDOHQFH�

FRQGXFWLRQ±EDQG� GHQVLW\� RI� VWDWHV� DQG� WKH� FKDQJHV� LQ� WKH�PDQ\±HOHFWURQ� LQWHUDFWLRQV��

$FFRUGLQJ�WR�/HDSPDQ�HW�DO������������WKHUH�LV�D�����H9�FKHPLFDO�VKLIW�EHWZHHQ�PHWDOOLF�

7L��DQG�R[LGL]HG�7L���LQ�7L2���PHDVXUHG�E\�((/6��7KH�GLIIHUHQFH�ZDV�DWWULEXWHG�WR�WKH�

GHYHORSPHQW� RI� WKH� EDQGJDS� LQ� 7L2��� WKH� FRUH±KROH� H[FLWRQLF� LQWHUDFWLRQ� DQG� PDQ\±

HOHFWURQ� DGLDEDWLF� UHOD[DWLRQ�PHFKDQLVPV��;36�PHDVXUHPHQWV� LQGLFDWH� D� ���� H9�FRUH±

OHYHO�VKLIW�IRU�WKH�IRXU�HOHFWURQ�YDOHQFH�VWDWH��5DPTYLVW�HW�DO�����������
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,Q�%D7L2��� WKH�7L�DWRPV�DORQJ� WKH� WZLQ� LQWHUIDFH�DUH�H[SHFWHG� WR�RFFXS\�VLPLODU�

HQYLURQPHQWV� WR� WKH�EXON��DQG� WKHUHIRUH�RQH�ZRXOG�QRW�H[SHFW�JURVV�GLIIHUHQFHV� LQ� WKH�

HOHFWURQLF�VWUXFWXUH��6FDOLQJ�WR�HLWKHU�WKH�((/6�E\�/HDSPDQ�HO�DO�����RU�WKH�;36�GDWD�RI�

5DPTYLVW� HW� DO���� RQH�PLJKW� DQWLFLSDWH� D� FKHPLFDO� VKLIW� EHWZHHQ� ���� DQG� ���� H9� IRU� D�

VLQJOH� HOHFWURQ� YDOHQF\� FKDQJH�� 7KH� PHDVXUHG� ���� H9� VKLIW� IDOOV� ZLWKLQ� WKLV� UDQJH�

VXSSRUWLQJ�WKH�QRWLRQ�WKDW�WKH�LQWHUIDFH�7L�OD\HUV�DUH�RFFXSLHG�E\�WLWDQLXP�LRQV�KDYLQJ�D�

ORZHU�R[LGDWLRQ�VWDWH�WKDQ�WKRVH�RI�WKH�EXON�%D7L2����

2WKHU�((/6�DQDO\VHV�RI�YDULRXV�7L�R[LGHV�E\�2WWHQ�HW�DO����DQG�6DQNDUDUDPDQ�HW�

DO���� KDYLQJ� ZRUVH� HQHUJ\� UHVROXWLRQ�� DV� HYLGHQFHG� E\� WKH� XQUHVROYHG� FU\VWDO� ILHOG�

VSOLWWLQJV�� ERWK� LQGLFDWH� D� �� H9� VKLIW� EHWZHHQ� WKH� 7L��� DQG� 7L��� R[LGDWLRQ� VWDWHV�� 7KH�

FKHPLFDO� VKLIW� RQ� WKH� ������ WZLQ� ERXQGDU\� LQ� EDULXP� WLWDQDWH� LV� VPDOOHU� DQG� WKHUHIRUH�

PD\�UHIOHFW�VRPH�LQWHUPHGLDWH�R[LGDWLRQ�RU�D�GHJUHH�RI�FRYDOHQF\��

�

�

7KH�IRUPDWLRQ�0HFKDQLVP�RI�*URZWK�7ZLQV�LQ�%D7L2��

7KH� VWRLFKLRPHWULF� GHYLDWLRQ� LQ� WKH� ERXQGDU\� FRPSRVLWLRQ�� DV� VKRZQ� E\� ((/6�

PHDVXUHPHQWV� LQ� WKH�SUHYLRXV�VHFWLRQ��VWURQJO\�VXJJHVW� WKDW� WKH������� WZLQV� LQ�%D7L2��

DUH�IRUPHG�DV�JURZWK�GHIHFWV��*URZWK�WZLQV�ZHUH�REVHUYHG�LQ�PDWHULDOV�SUHSDUHG�HLWKHU�

EHORZ�RU�DERYH� WKH�HXWHFWLF� WHPSHUDWXUH��KRZHYHU�� WKH�VWUXFWXUH�DQG�FRPSRVLWLRQ�ZHUH�

RQO\�GHWHUPLQHG�IRU�WKH�WZLQV�IRXQG�LQ�PDWHULDOV�SUHSDUHG�ZLWKRXW�WKH�SUHVHQFH�RI�OLTXLG�

SKDVH��$�SRVVLEOH�JURZWK�PHFKDQLVP�LV�GLVFXVVHG�LQ�WHUPV�RI�WKH�SUHSDUDWLRQ�FRQGLWLRQV�

XQGHU�ZKLFK� WKHVH� GHIHFWV� IRUP�� FRPELQHG�ZLWK� WKH� LQIRUPDWLRQ� DERXW� WKHLU� VWUXFWXUDO�

DQG�FRPSRVLWLRQDO�SURSHUWLHV��$�SRVVLEOH�QXFOHDWLRQ�PHFKDQLVP�LV�SURSRVHG�WKDW�DSSHDUV�

WR�H[SODLQ�WKH�QDWXUH�RI�WKHVH�GHIHFWV�PRVW�DGHTXDWHO\��,Q�DGGLWLRQ�WR������±W\SH�WZLQV��

�����±W\SH�WZLQV�KDYH�DOVR�EHHQ�HQFRXQWHUHG�GXULQJ�WKH�FRXUVH�RI�WKLV�VWXG\���

�

2EVHUYHG�������WZLQ�FRPELQDWLRQV�

7KH�PRVW�FRPPRQ�JURZWK�GHIHFWV�REVHUYHG�LQ�WKH�LQYHVWLJDWHG�PDWHULDOV�DUH�VLQJOH�

������WZLQV��7KHVH�GHIHFWV�VRPHWLPHV�DSSHDU�LQ�SDLUV��7KUHH�HOHPHQWDU\�FRPELQDWLRQV�RI�

�����±W\SH�WZLQV�DUH�IRXQG��DQG�)LJXUH����LOOXVWUDWHV�WKH�WKUHH�SRVVLEOH�������WZLQQLQJ�

DVVRFLDWLRQV�HQFRXQWHUHG�LQ�%D7L2���



$FWD�&KLP��6ORY������������������

$��5HþQLN��7ZLQV�LQ�%DULXP�7LWDQDWH�

���

�

),*85(����

�
7KH�WKUHH�SRVVLEOH�������WZLQ�FRPELQDWLRQV�IRXQG�LQ�%D7L2����D��SDUDOOHO�RU��������E��DFXWH�RU�����DQG��F��

REWXVH�RU������WZLQ�FRPELQDWLRQ��

�

�

),*85(����

� � � � �
�

�

�

�

�

� �D�� � �E�� �

�
�D��7(0�PLFURJUDSK�RI�D�SDUDOOHO�������WZLQ�FRPELQDWLRQ��,Q�WKH�YLFLQLW\�RI�WKH�OHIWPRVW�WZLQ�ERXQGDU\�
WKH�%D7L2��JUDLQ�LV�LQWHUJURZQ�ZLWK�D�%D�7L��2���JUDLQ���7KLV�DSSHDUV�WR�EH�WKH�EHVW�H[DPSOH�IRXQG�LQ�
WKHVH�PDWHULDOV�ZKLFK�VXSSRUWV�WKH�K\SRWKHVLV�RI�WKH�WZLQ�VWUXFWXUH�LQFOXGLQJ�D�7L±ULFK�SKDVH�DW�WKH�

LQWHUIDFH��.UDãHYHF�HW�DO����������

�E��+57(0�LPDJH�RI�WKH�UHJLRQ�PDUNHG�LQ��D��FOHDUO\�VKRZV�QR�LQWHUPHGLDWH�SKDVH�DW�WKH�WZLQ�ERXQGDU\��
PDUNHG�ZLWK�W��7KH�7L±ULFK�SKDVH�LV�IDU�GLVWDQW�IURP�WKH�������WZLQ�LQWHUIDFH��WKH�LQWHUIDFH�EHWZHHQ�

%D7L2��DQG�%D�7L��2���LV�PDUNHG�ZLWK�F��WKH�GLIIUDFWLRQ�SDWWHUQ�RI�WKH�ERXQGDU\�UHJLRQ�VKRZV�RYHUODSSLQJ�
LQIRUPDWLRQ�IURP�ERWK�FU\VWDOV��

�
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� �E�� � �F�� �

�
��D��7(0�PLFURJUDSK�VKRZLQJ�D�UDUH�DFXWH�DQJOH�FRPELQDWLRQ�RI�������WZLQV��:KDW�PDNHV�WKLV�JUDLQ�
XQXVXDO�LV�WKDW�LW�FRQWDLQV�QRW�RQO\�WKH�DFXWH�SDLU�RI�WZLQV��EXW�DOVR�D�SDUDOOHO�WZLQ�FRPELQDWLRQ�HQGLQJ�
ZLWKLQ�WKH�JUDLQ�ZLWK�D�SHUSHQGLFXODU�SODQDU�GHIHFW�PDUNHG�ZLWK�I��7KH�MXQFWLRQ�SRLQW�RI�WKH�DFXWH�SDLU�LV�

HQODUJHG�LQ��E��DQG��F���

�E��DQG��F��+57(0�LPDJH�RI�WKH�MXQFWLRQ�SRLQW�VKRZLQJ�D�FRPSOH[�GLIIUDFWLRQ�SDWWHUQ��WKDW�LV�D�VXP�RI�WKH�
WZLQ�SDWWHUQV�DULVLQJ�IURP�ERXQGDULHV�&_$�DQG�$_%��,Q�DGGLWLRQ�WR�WKHVH�%_;�DOVR�VHHPV�WR�EH�D�WZLQ��ZLWK�
WKH�FU\VWDO�;�RXW�RI�WKH�]RQH�D[LV��2Q�WKH�&_$�ERXQGDU\�J�GHQRWHV�D�������WZLQ�DQG�I�D�JOLGLQJ�������WZLQ�

VKRZLQJ�D�0LRUp�SDWWHUQ��
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7KHVH�DUH�� �L��D�SDUDOOHO�RU������ WZLQ�FRPELQDWLRQ��HQFORVHG�E\�������DQG�����
� � �

��

SODQHV�� ZLWK� WKH� ZLGWK� RI� WKH� SODWHOHW� EHWZHHQ� ��±���� QP�� �LL�� DQ� DFXWH� RU� ���� WZLQ�

FRPELQDWLRQ��HQFORVHG�E\�WKH�������DQG�����
�
��SODQHV��DQG��LLL��DQ�REWXVH�RU������WZLQ��

HQFORVHG�E\�������DQG�����
� �

��SODQHV��DOO�LQGH[HG�IRU�WKH�>���
�

@�SURMHFWLRQ��6XUSULVLQJO\��

WKH�JHRPHWU\�RI� WKH�REVHUYHG������� WZLQ�FRPELQDWLRQV�DSSHDUV� WR�EH�FORVHO\�UHODWHG�WR�

WKH�JHRPHWU\�RI�DQ�RFWDKHGURQ��7KLV�LPSOLHV�WKDW�WKH�RULJLQ�RI�FRXSOHG�WZLQV�OLHV�LQ�WKH�

PRUSKRORJ\�RI�WKH�RULJLQDO�%D7L2��FU\VWDOOLWH��7KH�PRVW�FRPPRQ�LV�WKH�SDUDOOHO�WZLQ��

�

),*85(����
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�
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�

� � �
+57(0�LPDJH�RI�WKH�������WZLQ�ERXQGDU\�$_%��7KH�DPRUSKRXV�%D7L2��PDWHULDO�DW�WKH�HGJH�RI�D�WKLQ�

FU\VWDOOLQH�UHJLRQ�FU\VWDOOL]HV�XQGHU�WKH�LQIOXHQFH�RI�WKH�HOHFWURQ�EHDP��7KLV�SKHQRPHQRQ�FRPSOLFDWHV�WKH�
DOLJQPHQW�VLQFH�D�GLVDSSHDULQJ�DPRUSKRXV�PDWHULDO�GLVDEOHV�D�UDSLG�REMHFWLYH�DVWLJPDWLVP�FRUUHFWLRQV��EXW�
LW�RIWHQ�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�������WZLQV�RQ�WKH�FU\VWDO�HGJH��7KLV�LQGLFDWHV��WKDW�WKH�HQYLURQPHQW�LQ�
WKH�PLFURVFRSH�LV�VLPLODU�WR�WKH�VLQWHULQJ�XQGHU�UHGXFLQJ�FRQGLWLRQV��,Q�WKLV�ZD\�D�������WZLQ�ZDV�IRUPHG�
RQ�WKH�HGJH�RI�FU\VWDO�$�SURGXFLQJ�WKH�REWXVH�WZLQ�FRPELQDWLRQ��ZKHUH�WKH�DQJOH�EHWZHHQ�$_%�DQG�$_&�

WZLQV�LV�LQ�IDFW�������

�

1XFOHDWLRQ�RI�WKH�������WZLQ�LQ�%D7L2��

%\� FRQVLGHULQJ� WKH� H[SHULPHQWDO� FRQGLWLRQV� XQGHU� ZKLFK� ������ WZLQV� IRUP�� WKH�

WKUHH�SRVVLEOH�JURZWK�FRPELQDWLRQV�RI� LQGLYLGXDO� ������ WZLQV��DQG� WDNLQJ� LQWR�DFFRXQW�

WKH� VWUXFWXUDO� DQG� FRPSRVLWLRQDO� SURSHUWLHV� RI� VXFK� D� GHIHFW�� D� SRVVLEOH� IRUPDWLRQ�

PHFKDQLVP� LV� SURSRVHG�� ,Q� VDPSOHV� VLQWHUHG� EHORZ� WKH� HXWHFWLF� WHPSHUDWXUH� ZLWK� WKH�

UHGXFLQJ� DWPRVSKHUH� LQWURGXFHG�EHORZ������&�� WKHUH� LV� DQ� DEXQGDQFH�RI� ������ WZLQV��
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$ERXW�RQH�LQ�HYHU\�WKUHH�JUDLQV�FRQWDLQHG�VXFK�D�SODQDU�GHIHFW��,Q�FRQWUDVW��KDUGO\�DQ\�

WZLQV�DUH� IRXQG� LQ�PDWHULDOV� VLQWHUHG�XVLQJ� WKH� VDPH� WHPSHUDWXUH� UHJLPH��EXW�ZLWK� WKH�

UHGXFLQJ�DWPRVSKHUH�LQWURGXFHG�DW������&��7KLV�LV�D�VWURQJ�LQGLFDWLRQ�WKDW�WKH�UHGXFLQJ�

FRQGLWLRQV�SOD\�DQ�LPSRUWDQW�UROH�DW�D�YHU\�HDUO\�VWDJH�RI�WKH�VLQWHULQJ���

$W�WKLV�VWDJH��WKH�H[SRVHG�RFWDKHGUDO�IDFHV�RI�WKH�FU\VWDOOLWHV�LQ�WKH�LQLWLDO�%D7L2��

SRZGHU�XQGHUJR�D�UHGXFWLRQ�SURFHVV��$Q�HTXLOLEULXP�TXDQWLW\�RI�R[\JHQ�IURP�WKH�%D±2��

FORVH±SDFNHG� VXUIDFH� OD\HU� RI� WKH� ^���`�SODQHV� LV� UHPRYHG��$Q�R[\JHQ�GHILFLHQW�%D±

2�2��OD\HU�LV�DQ�REVWUXFWLRQ�WR�WKH�QRUPDO�JURZWK�RI�%D7L2��JUDLQV��+RZHYHU�WKH�FKDUJH�

FRPSHQVDWLRQ�E\�UHGXFWLRQ�RI�WKH�QHLJKERXULQJ�7L�OD\HUV�IURP�LWV�QRUPDO�7L���WR�WKH�7L���

R[LGDWLRQ� VWDWH� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� IDFH±VKDULQJ� 7L�2�2�� FRRUGLQDWLRQ� JURXSV��

7KHVH�JURXSV�DUH��DFFRUGLQJ�WR�D�VWUXFWXUDO�DQG�VSHFWURVFRSLF�LQYHVWLJDWLRQ�E\�5HþQLN�HW�

DO������������HOHPHQWDU\�SDUWV�RI�WKH�������WZLQ�ERXQGDU\���

$W�KLJKHU� WHPSHUDWXUHV�ZKHQ� WKH�GLIIXVLRQ� LQ� WKH� VROLG� VWDWH�RFFXUV�� WKH�PDWHULDO�

GHSRVLWHG� RQ� VXFK� VXUIDFHV� JURZV� EHFDXVH� RI� WKH� IDXOWHG� VXUIDFH� VWUXFWXUH� LQ� WKH� RQO\�

SRVVLEOH�±�WZLQQLQJ�RULHQWDWLRQ�ZLWK�UHVSHFW�WR�WKH�RULJLQDO�%D7L2��FU\VWDO��,Q�WKLV�ZD\��

VLQJOH�WZLQV��RU�DQ\�RI�WKH�WKUHH�WZLQ�FRPELQDWLRQV�GHVFULEHG�DERYH�IRUP���

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�SURSRVHG�IRUPDWLRQ�PHFKDQLVP�PD\�QRW�EH�WKH�RQO\�

VRXUFH�RI�WZLQQHG�FU\VWDOV��'HSHQGLQJ�RQ�WKH�SUHSDUDWLRQ�PHWKRG��WZLQV�DUH��WR�D�FHUWDLQ�

H[WHQW��SUHVHQW�LQ�WKH�%D7L2��SRZGHU��(LEO�HW�DO��������
��,I�VXFK�D�FU\VWDO�XQGHUJRHV�WKH�

SURFHVV� GHVFULEHG� DERYH�� PRUH� FRPSOH[� WZLQ� FRPELQDWLRQV� PD\� EH� REVHUYHG�� IRU�

H[DPSOH�VHH�)LJXUH�����

�

([SHULPHQWDO�HYLGHQFH�IRU�WKH�H[LVWHQFH�RI�������WZLQV�LQ�%D72��

2FFDVLRQDOO\�������WZLQV�HQG�ZLWKLQ�WKH�JUDLQ�ZLWK�D�VWHS±IRUPLQJ�SHUSHQGLFXODU�

GHIHFW�� 7KH� QDWXUH� RI� WKLV� SODQDU� GHIHFW� LQGLFDWHV� D� �����±W\SH� WZLQ�� +LJK±UHVROXWLRQ�

LPDJHV�RI�D�VWHS±IRUPLQJ�FRPELQDWLRQ�RI�����
�
��DQG�������WZLQV�DUH�VKRZQ�LQ�)LJXUH�����

7KH� WZLQV� JUHZ�XQGHU� WKH� HOHFWURQ� EHDP� LQ� WKH� HOHFWURQ�PLFURVFRSH�� ������ WZLQV� DOVR�

DSSHDU�LQ�VLQWHUHG�PDWHULDOV��DOWKRXJK�WKH\�DUH�YHU\�UDUH�DQG�VR�GLIILFXOW�WR�ILQG�LQ�D�WKLQ�

FU\VWDOOLQH�UHJLRQ�FRQYHQLHQW�IRU�+57(0��6XFK�D�FDVH�LV�VKRZQ�LQ�)LJXUH�����D��ZKHUH�

SDUDOOHO�������WZLQV�HQG�ZLWKLQ�WKH�JUDLQ�ZLWK�D�������WZLQ��

�
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�D��+57(0�LPDJH�VKRZLQJ�DQ�HDUO\�VWDJH�RI�������WZLQ�JURZWK�IURP�WKH�DPRUSKRXV�%D7L2��
PDWHULDO�SUHVHQW�RQ�WKH�FU\VWDO�HGJH��LQ�D�VLPLODU�ZD\�WR�WKDW�LQ�)LJXUH�����$�ZKLWH�GDVKHG�OLQH�LQGLFDWHV�WKH�
DSSUR[LPDWH�SRVLWLRQ�RI�WKH�FU\VWDOOLQH±DPRUSKRXV�ERXQGDU\�&_$�EHIRUH�KHDWLQJ�WKH�UHJLRQ�ZLWK�WKH�KLJK±
HQHUJ\�HOHFWURQV��7KH�PDUNHU�J�SRLQWV�LQ�WKH�GLUHFWLRQ�RI�DQ�DOUHDG\�QXFOHDWHG�������WZLQ��$�ODFN�RI�WKH�
DPRUSKRXV�PDWHULDO�LQ�WKH�YLFLQLW\�RI�WKH�WZLQ�LPSOLHV��WKDW�WKH�WZLQ�JURZV�DW�D�KLJKHU�UDWH�WKDQ�WKH�

UHPDLQGHU�RI�WKH�%D7L2��FU\VWDO��1RWH��WKDW�WKH�DPRUSKRXV�HGJH�LV�RULJLQDOO\�SDUDOOHO�WR�WKH�&_$�ERXQGDU\��

�E��+57(0�LPDJH�VKRZLQJ�WKH�HQG�VWDJH�RI�������WZLQ�JURZWK��7KH�������WZLQ��PDUNHG�ZLWK�J��LV�
QRZ�FRPSOHWHO\�GHYHORSHG��,W�FRQVXPHG�DOO�WKH�DPRUSKRXV�PDWHULDO�IURP�LWV�QHLJKERXUKRRG��EHFRPLQJ�
WKLFN�LQ�FRPSDULVRQ�ZLWK�WKH�UHVW�RI�%D7L2��FU\VWDO��UHODWLYH�WR�WKH�RULJLQDO�$_&�ERXQGDU\��+RZHYHU��WKH�

QHZ�WZLQ�ERXQGDU\�FRXOG�QRW�LQYHUW�WKH�H[LVWLQJ�%D7L2��FU\VWDO�LQWR�D�WZLQ��DQG�KDG�WR�HQG�ZLWK�D�
SHUSHQGLFXODU������±W\SH�WZLQ��$�������WZLQ�DOZD\V�DSSHDUV�LQ�D�FRPELQDWLRQ�ZLWK�WKH�������WZLQ��DQG�LV�

QHYHU�REVHUYHG�DV�DQ�LVRODWHG�GHIHFW��7KHUHIRUH��������WZLQV�DUH�JURZWK±HQIRUFHG�WZLQV��

�

�

&XELF�������7ZLQV�DQG�+H[DJRQDO�%D7L2��

7KH�LQIOXHQFH�RI�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV�RQ�WKH�DQLVRWURSLF�JUDLQ�JURZWK�LQ�

%D7L2��DERYH�WKH�HXWHFWLF�WHPSHUDWXUH�ZDV�LQYHVWLJDWHG��7KH�PRUSKRORJ\�DQG�VWUXFWXUH�

RI�H[DJJHUDWHGO\�JURZQ�JUDLQV�ZHUH�H[DPLQHG�E\�;5'��6(0�DQG�+57(0��7KH�UHVXOWV�

VKRZHG�WKDW�DOO�WKH�H[DJJHUDWHGO\�JURZQ�JUDLQV�ZHUH�KH[DJRQDO�%D7L2��LQ�WKH�IRUP�RI�

SODWHOLNH�FU\VWDOV�ZLWK�D�F�UDWLRV�XS�WR�����,Q�DGGLWLRQ��LW�ZDV�IRXQG�WKDW�WKH�GLUHFWLRQ�RI�

H[DJJHUDWHG�JURZWK�RI�WKH�SDUDOOHO�������WZLQV�LQ�D�FXELF�SKDVH�ZDV�FU\VWDOORJUDSKLFDOO\�

HTXLYDOHQW�WR�WKH�GLUHFWLRQ�RI�H[DJJHUDWHG�JURZWK�RI�WKH�KH[DJRQDO�SKDVH��7KH�UHGXFLQJ�
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DWPRVSKHUH�GXULQJ�WKH�VLQWHULQJ�SURFHVV�ZDV�WKRXJKW�WR�WULJJHU�D�UHGXFWLRQ�RI�7L���WR�7L���

ZKLFK�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�KH[DJRQDO�VWDFNLQJ��

3RZGHU�;5'�ZDV�XVHG� WR� VWXG\� WKH� FXELF±KH[DJRQDO� WUDQVIRUPDWLRQ� LQ�%D7L2���

7KH�PRUSKRORJ\�RI�KH[DJRQDO�JUDLQV�ZDV�LQYHVWLJDWHG�E\�6(0�DQG�ILQDOO\��WR�FKHFN�IRU�

WKH� SUHVHQFH� RI� D� OLTXLG� SKDVH� DQG� WR� DVFHUWDLQ� WKH� FU\VWDOORJUDSKLF� GLUHFWLRQ� RI� WKH�

H[DJJHUDWHG�JURZWK��7(0�ZDV�XVHG��2Q�WKH�EDVLV�RI�WKH�UHVXOWV�DQG�WKH�FORVH�VLPLODULW\�

EHWZHHQ�D�SKHQRPHQRQ�RI�H[DJJHUDWHG�JURZWK�RI�SDUDOOHO�������WZLQV�EHORZ�WKH�HXWHFWLF�

WHPSHUDWXUH�DQG�WKDW�RI�KH[DJRQDO�SKDVH�DERYH�WKH�HXWHFWLF�WHPSHUDWXUH��D�PRGHO�IRU�WKH�

H[DJJHUDWHG�JURZWK�RI�KH[DJRQDO�%D7L2��LQ�WKH�SUHVHQFH�RI�D�OLTXLG�SKDVH�LV�SURSRVHG���

�

�

([DPLQDWLRQ�RI�FU\VWDO�PRUSKRORJ\�XVLQJ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�

7KH�PRUSKRORJ\�RI� DQRPDORXVO\�JURZQ�JUDLQV�ZDV�H[DPLQHG� LQ�SROLVKHG�FURVV±

VHFWLRQV�DQG�RQ�WKH�VXUIDFHV�RI�WKH�SHOOHWV��XVLQJ�-HRO�����VFDQQLQJ�HOHFWURQ�PLFURVFRSH���

)URP�FURVV±VHFWLRQ�PLFURJUDSKV�RQH�ZRXOG�H[SHFW�HLWKHU�D�URG±OLNH�RU�SODWH±OLNH�

PRUSKRORJ\�IRU� WKH�DQRPDORXVO\�JURZQ�JUDLQV��7KUHH±GLPHQVLRQDO� LQIRUPDWLRQ�FDQ�EH�

REWDLQHG�IURP�WKH�VXUIDFH�RI�WKH�VLQWHUHG�FHUDPLF�ZKHUH�WKH�FU\VWDOV�GHYHORS�ZLWKRXW�DQ\�

UHVWUDLQW��6LQJOH�FU\VWDOV�RI�FXELF�%D7L2��DQG�VRPH�WZLQQHG�JUDLQV��DUH�VKRZQ�LQ�)LJXUH�

����DQG�SODWH±OLNH�KH[DJRQDO�FU\VWDOV�DUH�VKRZQ�LQ�)LJXUH�����ZLWKLQ�WKH�PDWUL[�RI�JODVV\�

OLTXLG�SKDVH��,PDJHV����DQG����VKRZ�W\SLFDO�VXUIDFH�PLFURVWUXFWXUHV�RI�WKHVH�PDWHULDOV���

7KH�PRUSKRORJ\�RI� WKH� DQLVRWURSLF� KH[DJRQDO� FU\VWDOV� GRHV� QRW� VKRZ�D� VL[±IROG�

D[LV� DORQJ� WKH� EDVDO� SODQH� ������ZKLFK�ZRXOG� EH� H[SHFWHG� IRU� WKH� ��PPP�V\PPHWU\��

'LIIHUHQW� FHQWUDO� GLVWDQFHV� RI� WKH� ^���`� DQG� ^���
�
`� IDFHV� LPSO\� D� WULJRQDO� V\PPHWU\��

VXFK�DV��P��UDWKHU�WKDQ�WKH�KH[DJRQDO���PPP�ZKHUH�WKH�^���`±W\SH�IDFHV�ZRXOG�KDYH�

EHHQ� HTXDOO\� GHYHORSHG�� $Q� H[SODQDWLRQ� IRU� VXFK� D� PRUSKRORJ\� PD\� RULJLQDWH� LQ� D�

GLVWRUWHG�KH[DJRQDO�V\PPHWU\��UHVXOWLQJ�IURP�D�FKDQJH�LQ�WKH�R[LGDWLRQ�VWDWH�IRU�WKH�7L�

LRQV�DQG�WKH�IRUPDWLRQ�RI�2��YDFDQFLHV�DV�D�UHVXOW�RI�WKH�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV���

�

�

�

�

�
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�D��6(0�PLFURJUDSK�VKRZLQJ�D�������FXELF�WZLQ�ZLWK�ZHOO±GHYHORSHG�^���`�DQG�^���`�IDFHV��
2FFDVLRQDOO\�FXELF�FU\VWDOV�DOVR�H[KLELW�WKH�^���`�DQG�^���`�IRUPV��

�E��6(0�PLFURJUDSK�RI�WULSOH�SDUDOOHO�������WZLQV��'RXEOH�SDUDOOHO�WZLQV�DOVR�RFFXU�LQ�WKHVH�PDWHULDOV�
DSSHDULQJ�DV�IDXOWHG�VLQJOH�FU\VWDOV�SDUDOOHO�WR�WKH�WZLQQLQJ�������SODQH��

�

$�VFKHPDWLF�GUDZLQJ�RI�WKH�REVHUYHG�FU\VWDOV�FRPSDUHG�WR�WKH�PRUSKRORJ\�RI�WKH�

WUXH�KH[DJRQDO�FU\VWDOV�LV�VKRZQ�LQ�)LJXUH�����7DNLQJ�D�FORVHU�ORRN�DW�WKH�EDVDO�SODQH�RI�

VXFK�D�KH[DJRQDO�SODWHOHW��VKRZQ�RQ�)LJXUH�����D���ZH�FDQ�UHFRJQLVH�VXUI±VKDSHG�ILJXUHV�

IRUPHG�E\�YLFLQDO�IDFHV��6XFK�IDFHV�IRUP�SUHIHUHQWLDOO\�GXH�WR�WKH�ODWWLFH�LPSHUIHFWLRQV�

ZKLFK�PD\�EH�FDXVHG�E\�WKH�SUHVHQFH�RI�LQFOXVLRQV�RU�DFFLGHQWDO�FU\VWDO�LQWHUIDFHV��RU�LQ�

WKH�GLUHFWLRQ�RI�D�KLJKHU�JURZWK�UDWH��5HþQLN�DQG�.RODU���������.RODU�HW�DO�������������

7KUHH� W\SHV� RI� FU\VWDOOLQH� LQFOXVLRQV� DUH� IRXQG� E\� (';� LQ� KH[DJRQDO� %D7L2��

FU\VWDOV���L��FXELF�%D7L2��JUDLQV�LQ�WKH�IRUP�RI�VLQJOH�FU\VWDOV�RU�������WZLQV���LL��OLTXLG�

SKDVH� LQFOXVLRQV�ZLWK� D� FRPSRVLWLRQ� FORVH� WR�%D�7L��2��� DQG�� LQ� VRPH� UDUH� FDVHV� �LLL��

QHHGOH±OLNH�UXWLOH� LQFOXVLRQV��1RQH�RI�WKHVH�VHHP�WR�EH�LQ�DQ\�H[SOLFLW�FU\VWDOORJUDSKLF�

UHODWLRQVKLS�ZLWK�WKH�KH[DJRQDO�%D7L2���7KH�DPRXQW�RI�������WZLQV�LQ�WKH�FXELF�SKDVH�LV�

UHODWLYHO\�KLJK�LQ�WKHVH�PDWHULDOV��&RPELQDWLRQV�RI�GRXEOH�DQG�HYHQ�WULSOH�SDUDOOHO�������
�

�

�
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�D��6(0�PLFURJUDSK�RI�D�KH[DJRQDO�%D7L2��FU\VWDO��JURZQ�RQ�WKH�VXUIDFH�RI�WKH�SHOOHW��ZLWK�H[WUHPHO\�
GHYHORSHG�^���`�IDFHV��9LFLQDO�IRUPV�RQ�WKH�^���`�IDFHWV�LQGLFDWH�D�KLJK�PDVV�WUDQVSRUW�IURP�WKH�OLTXLG�

SKDVH�LQ�WKH�GLUHFWLRQ�RI�D�KLJKHU�JURZWK�UDWH�L�H������!��

�E��DQG��F��6(0�PLFURJUDSKV��VKRZLQJ�WKH�ORVV�RI�D�VL[±IROG�V\PPHWU\�DORQJ�WKH�EDVDO�SODQH��'LIIHUHQWO\�
GHYHORSHG�S\UDPLGDO�IDFHV�LQGLFDWH�D�WULJRQDO�V\PPHWU\��7KLV�REVHUYDWLRQ�LPSOLHV�DWRPLF�GLVSODFHPHQWV�LQ�

WKH�KH[DJRQDO�VWUXFWXUH��

WZLQV�DUH�IRXQG��7KHVH�WZLQV�GR�QRW�VKRZ�DQ\�H[DJJHUDWHG�JURZWK�DV�WKH\�ZRXOG�EHORZ�

WKH�HXWHFWLF�WHPSHUDWXUH�ZKHUH�QR�KH[DJRQDO�SKDVH�LV�SUHVHQW��

�

�
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�D��7ULJRQDO��SRLQW�JURXS��P��%D7L2��FU\VWDO�VKRZLQJ�GLIIHUHQW�S\UDPLGDO�IDFHV�DQG�WKH�H[WUHPHO\�
GHYHORSHG�^���`�IDFHV��7KLV�GUDZLQJ�UHSUHVHQWV�D�W\SLFDO�PRUSKRORJ\�RI�WKH�REVHUYHG�FU\VWDOV�RI�

KH[DJRQDO�SRO\PRUSK��JURZQ�XQGHU�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV��

�E��+H[DJRQDO��SRLQW�JURXS���PPP��%D7L2��VKRZLQJ�HTXDOO\�GHYHORSHG�^���`�IDFHV�ZLWK�ODUJH�EDVDO�
^���`�IDFHV��&U\VWDOV�ZLWK�WKLV�PRUSKRORJ\�ZHUH�QHYHU�REVHUYHG�LQ�WKH�PDWHULDOV�VLQWHUHG�XQGHU�UHGXFLQJ�
FRQGLWLRQV��8QLW±FHOO�SDUDPHWHUV�IRU�ERWK�GUDZLQJV�ZHUH�WKRVH�RI�KH[DJRQDO�%D7L2���$NLPRWR�HW�DO��
�������&U\VWDOV�ZHUH�UHFRQVWUXFWHG�HPSOR\LQJ�VRIWZDUH�IRU�FU\VWDO�GUDZLQJV��6+$3(�SURJUDP��'RZW\�

���������

�

+H[DJRQDO�%D7L2��DQG�SDUDOOHO�������WZLQV�RI�FXELF�SKDVH�

$�FRPSDULVRQ�EHWZHHQ�WKH�>���@�SURMHFWLRQ�RI�WKH�KH[DJRQDO�SKDVH�DQG�WKH�>���
�

@�

SURMHFWLRQ�RI�WKH�������WZLQ�LQ�FXELF�%D7L2���VKRZQ�LQ�)LJXUH�����UHYHDOV�D�YHU\�VLPLODU�

FU\VWDOORJUDSKLF� DUUDQJHPHQW� LQ� WKH� YLFLQLW\� RI� WKH� KH[DJRQDO� VWDFNLQJ��7L� LRQV�ZLWKLQ�

IDFH±VKDULQJ�7L�2��RFWDKHGURQV�RI�VXFK�D�KH[DJRQDO�VWDFNLQJ�DUH�NQRZQ�WR�EH�WKH�PRVW�

IDYRXUDEOH�DUUDQJHPHQW�IRU�WKH�DFFRPPRGDWLRQ�RI�7L���LRQV��((/6�UHVXOWV�E\�5HþQLN�HW�

DO������������UHYHDOHG�WKH�SUHVHQFH�RI�7L���DORQJ�WKH�������WZLQ�ERXQGDU\�LQ�%D7L2���

�

�

�

�

�
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&RPSDULVRQ�EHWZHHQ�WKH�SULVP�YLHZV�RI��D��KH[DJRQDO�DQG��E��WKDW�RI�WKH�SDUDOOHO�������WZLQ�FRPELQDWLRQ�

LQ�D�FXELF�%D7L2���1RWH�WKH�VLPLODU�FU\VWDOORJUDSKLF�DUUDQJHPHQW��7L�2��JURXSV�LQ�WKH�YLFLQLW\�RI�WKH�

KH[DJRQDO�VWDFNLQJ���

�

7KH�SUHVHQFH�RI�7L� LQ�D� ORZHU�R[LGDWLRQ� VWDWH�ZDV�FRQVLGHUHG� WR�EH� WKH� UHVXOW�RI�

UHGXFLQJ� VLQWHULQJ� FRQGLWLRQV��:DNDPDWVX�HW� DO���� VKRZHG� WKDW� D�PLQLPXP�RI������RI�

7L��� LV�QHHGHG� WR� VWDELOLVH�KH[DJRQDO�%D7L2��ZKHQ�SUHSDUHG�EHORZ� WKH� WHPSHUDWXUH�RI�

WKH� FXELF±KH[DJRQDO� WUDQVLWLRQ�� $OWKRXJK� WKHUH� LV� QR� LQGLFDWLRQ� LQ� WKH� OLWHUDWXUH� DV� WR�
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ZKHUH� WKH�7L��� LV� LQFRUSRUDWHG� LQ� WKH� UHGXFHG�PRGLILFDWLRQ�RI�KH[DJRQDO�%D7L2�� WKHUH�

DUH�QR�REVWDFOHV�WR�SUHYHQW�WKHP�RFFXS\LQJ�LGHQWLFDO�FU\VWDOORJUDSKLF�VLWHV�DV�GHWHFWHG�LQ�

������ WZLQV� LQ� WKH� FXELF� SKDVH�� 7KH� H[DJJHUDWHG� JUDLQ� JURZWK� LQ� SDUDOOHO� ������ WZLQV�

UHSRUWHG�E\�6FKPHO]�DQG�7KRPDQQ���WDNHV�SODFH�DORQJ�OD\HUV�RI�IDFH±VKDULQJ�RFWDKHGUD�

ZKLFK�DUH�WKH�PRVW�IDYRXUDEOH�VLWHV�IRU�WKH�LQFRUSRUDWLRQ�RI�7L���LRQV��

,Q�KH[DJRQDO�%D7L2��D�GLVFRQWLQXRXV�JURZWK�DOVR�RFFXUV�DORQJ�WKH�OD\HUV�RI�IDFH±

VKDULQJ�RFWDKHGUD�DW�DQ�LQFRPSDUDEO\�KLJKHU�JURZWK�UDWH�VLQFH�WKHUH�DUH�LQILQLWHO\�PRUH�

UH±HQWUDQW�DQJOHV�FRPSDUHG�WR�WKH�VSHFLDO�FDVH�RI�GRXEOH�������WZLQV�LQ�WKH�FXELF�SKDVH��

'RXEOH� ������ WZLQV� LQ�FXELF�%D7L2���ZLWK� WKH�VWDFNLQJ�VHTXHQFH�$%&$&%���$&%$%&��

ZKLFK�FRQWDLQ�RQO\�WZR�OD\HUV�RI�IDFH±VKDULQJ�RFWDKHGUD�KDYH�MXVW�D�VXIILFLHQW�QXPEHU�

RI� VL[� QXFOHDWLRQ� VLWHV� DYDLODEOH� IRU� FU\VWDO� JURZWK� LQ� DOO� VL[� ����!� GLUHFWLRQV��

'HQVLILFDWLRQ�DQG�PXOWLSOLFDWLRQ�RI�VXFK�OD\HUV�WR�IRUP�SRO\V\QWKHWLF�������WZLQV�OHDGV�

WR�KH[DJRQDO�VWUXFWXUH�ZLWK�WKH� ���$%&$&%����VWDFNLQJ��DQG�SURGXFHV�D�VXSHUDEXQGDQFH�

RI� QXFOHDWLRQ� VLWHV� IRU� FU\VWDO� JURZWK� LQ� DOO� VL[� ����!� GLUHFWLRQV�� ZLWK� UHVSHFW� WR� WKH�

FXELF�XQLW±FHOO��

�

*URZWK�RI�KH[DJRQDO�%D7L2��XQGHU�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV�

7KH�FRH[LVWHQFH�RI�ERWK�KH[DJRQDO�DQG�FXELF�%D7L2��JUDLQV� LV�DFKLHYHG�LQ�VKRUW�

WLPHV�XQGHU�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV��7KH�DPRXQW�FRQYHUWHG�WR�WKH�KH[DJRQDO�SKDVH�

LQFUHDVHV�SURSRUWLRQDOO\�ZLWK�WLPH��7KLV�LV�PRUH�FOHDUO\�VHHQ�LQ�)LJXUH�����3RZGHU�;5'�

VSHFWUD�UHFRUGHG�IRU�WKH�%D7L2��FHUDPLF�VKRZ�D�KLJKHU�\LHOG�RI�WKH�KH[DJRQDO�SKDVH�DW�

ORQJHU�VLQWHULQJ�WLPHV�DORQJ�ZLWK�D�GHFUHDVH�LQ�WKH�FXELF��WHWUDJRQDO��IUDFWLRQ���

7\SLFDO�PLFURVWUXFWXUHV�GHYHORSHG�XQGHU�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV�DERYH�WKH�

HXWHFWLF�WHPSHUDWXUH�DUH�LOOXVWUDWHG�LQ�)LJXUH�����7KH�PLFURVWUXFWXUHV�RI�%D7L2��FHUDPLF�

VKRZ� D� ELPRGDO� JUDLQ� GLVWULEXWLRQ�� 3KRWRJUDSKV� RI� SROLVKHG� FURVV±VHFWLRQV� UHYHDO� WKH�

SUHVHQFH�RI�HORQJDWHG�JUDLQV�IRU�WKH�VKRUWHVW�VLQWHULQJ�WLPH��ZLWK�WKHLU�VL]H�DQG�TXDQWLW\�

LQFUHDVLQJ�DIWHU� ORQJHU� ILULQJ�SHULRGV��7DNLQJ� LQWR�DFFRXQW� WKH�PLFURVWUXFWXUDO� IHDWXUHV�

DQG�FRUUHVSRQGLQJ�;5'�GDWD�RQH�FRXOG�DQWLFLSDWH�WKDW� WKH�H[DJJHUDWHGO\�JURZQ�JUDLQV�

DUH�KH[DJRQDO�%D7L2���5HþQLN�DQG�.RODU�������
����

7KH�H[DJJHUDWHGO\�JURZQ�JUDLQV�DUH�DOVR�PDUNHGO\�DQLVRWURSLF��7KLV�FRXOG�EH�WKH�

UHVXOW�RI�D�FRQVLGHUDEO\�KLJKHU�JURZWK�UDWH�LQ�SDUWLFXODU�GLUHFWLRQV��7KH�KH[DJRQDO�JUDLQV�
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LQFOXGH�D�UHODWLYHO\�KLJK�TXDQWLW\�RI�VPDOOHU�JOREXODU�JUDLQV�ZKLFK�FRXOG�EH�SUHFLSLWDWHV�

RI�DQRWKHU�SKDVH�RU�VLPSO\�JUDLQV�ZKLFK�EHFDPH�WUDSSHG�GXH�WR�WKH�KLJK�JURZWK�UDWH�RI�

WKH�KRVW�FU\VWDO��+RZHYHU��WKLV�TXHVWLRQ�FRXOG�EH�UHVROYHG�WKH�7(0�DQDO\VLV��
�

),*85(����

�

3RZGHU�;5'�VSHFWUD�UHFRUGHG�DIWHU�GLIIHUHQW�VLQWHULQJ�WLPHV�DW������&���D����PLQ���E�����PLQ���F�����
PLQ��DQG��G�����PLQ��

,Q�RUGHU�WR�GHWHUPLQH�WKH�FU\VWDOORJUDSKLF�GLUHFWLRQV�RI�H[DJJHUDWHG�JURZWK�DQG�WR�

FKHFN�IRU�WKH�SUHVHQFH�RI�D�OLTXLG�SKDVH�DW�WKH�JUDLQ�ERXQGDULHV�ZH�XVHG�D�FRQYHQWLRQDO�

DQG�KLJK±UHVROXWLRQ�7(0��,Q�WKH�+57(0�PLFURJUDSKV�VKRZQ�LQ�)LJXUH�����WKH�VHQVH�RI�

WKH�F±D[LV�RI�WKH�KH[DJRQDO�FU\VWDO�LV�LQGLFDWHG��7KH�F±D[LV�RULHQWDWLRQ�LV�SHUSHQGLFXODU�

WR�WKH�HORQJDWLRQ�RI�WKH�JUDLQ�ZKLFK�LQGLFDWHV�WKDW�WKH�H[DJJHUDWHG�JURZWK�FRXOG�RFFXU�LQ�

WKH�GLUHFWLRQ�RI�WKH�^���`�DQG�^���
�

`�SULVP�SODQHV��
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2SWLFDO�PLFURJUDSKV�RI�SROLVKHG�FURVV�VHFWLRQV�DIWHU�WKH�VLQWHULQJ�FRQGLWLRQV��FRUUHVSRQGLQJ�WR�WKH�;5'�
VSHFWUD�LQ�)LJXUH�����VKRZ�HORQJDWHG�KH[DJRQDO�JUDLQV�ZLWKLQ�WKH�ILQH�JUDLQHG�FXELF�%D7L2��PDWUL[��

�

$W�WKH�JUDLQ�ERXQGDU\��UXQQLQJ�SDUDOOHO�WR�WKH�EDVDO�SODQHV�ZH�FDQ�REVHUYH�D�WKLQ�

DPRUSKRXV�OD\HU�RI�7L±ULFK�SKDVH�ZKLFK�LV�FU\VWDOOLVHG�DW�WKH�WULSOH�SRLQWV�LQ�WKH�IRUP�RI�

D�%D�7L��2���±OLNH�FRPSRXQG��7KLV�SKDVH�FRXOG�QRW�EH�LQGH[HG�DV�%D�7L��2���VLQFH�WKH�

FRPSRVLWLRQ�RI�WKLV�FRPSRXQG�YDULHV�FRQVLGHUDEO\�XQGHU�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV��

�
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�D��+57(0�PLFURJUDSK�RI�D�FXELF±KH[DJRQDO�LQWHUIDFH�VKRZLQJ�D�WKLQ�DPRUSKRXV�OD\HU�E�ZHWWLQJ�WKH�WZR�
FU\VWDOV��7KLV�LQGLFDWHV�D�OLTXLG±SKDVH±DVVLVWHG�JUDLQ�JURZWK��

�E��+57(0�PLFURJUDSK�RI�D�%D�7L��2���±�KH[DJRQDO�%D7L2��JUDLQ�ERXQGDU\��

�

�%DVW�HW�DO������7KH�FRKHUHQW�OD\HUV�RI�D�VROLGLILHG�OLTXLG�SKDVH�DUH�DOVR�LVRODWHG�IURP�WKH�

KH[DJRQDO� FU\VWDO� E\� D� WKLQ� DPRUSKRXV� OD\HU��'XULQJ� WKH� FRXUVH�RI� WKH�7(0�ZRUN�QR�

FRKHUHQW�SUHFLSLWDWHV�RI�WKH�FXELF�SKDVH�FRXOG�EH�IRXQG�LQ�WKH�KH[DJRQDO�%D7L2��FU\VWDOV�

DQG�QR�RWKHU�FRKHUHQW�LQWHUIDFHV�RI�WKH�FXELF�DQG�KH[DJRQDO�SKDVHV�ZHUH�REVHUYHG��

$�UHODWLYHO\�KLJK�FRQFHQWUDWLRQ�RI�LQFOXVLRQV�LQ�WKH�KH[DJRQDO�JUDLQV�VXSSRUWV�WKH�

SURSRVHG�PRGH�RI�H[DJJHUDWHG�JURZWK�IRU� WKHVH�JUDLQV��7KH�PDMRULW\�RI� WKH� LQFOXVLRQV�

DUH�XQLVVROYHG�FXELF�JUDLQV�ZKLFK�ZHUH�RYHUJURZQ�E\�WKH�DEUXSWO\�H[SDQGLQJ�KH[DJRQDO�

JUDLQV��7KH�DQDO\VLV�RI�+57(0�LPDJHV�DW� WKH�JUDLQ�ERXQGDULHV� FRQILUPHG� WKH� UHJXODU�

DSSHDUDQFH� RI� DQ� DW±OHDVW±�±QP±WKLFN� DPRUSKRXV� OD\HU� DURXQG� WKH� KH[DJRQDO� JUDLQV��

VXJJHVWLQJ� WKDW� WKH� H[DJJHUDWHG� JURZWK�RI� KH[DJRQDO�%D7L2�� LV� OLTXLG±SKDVH� DVVLVWHG��

7KLV�HQDEOHV�WKH�UDSLG�PDVV�WUDQVIHU�IURP�FXELF�%D7L2��JUDLQV�WR�WKH�QXFOHDWLRQ�VLWHV�RI�

KH[DJRQDO�SRO\PRUSK��7KH�SUHVHQFH�RI�7L����LQGXFHG�E\�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV��LV�

QHFHVVDU\�IRU�WKH�QXFOHDWLRQ�RI�KH[DJRQDO�VWDFNLQJ�DW�ORZHU�WHPSHUDWXUHV��ZKHUH�FXELF±

KH[DJRQDO�SKDVH�WUDQVLWLRQ�GRHV�QRW�VSRQWDQHRXVO\�RFFXU�LQ�DLU��7KH�QXFOHDWLRQ�RI�IDFH±

VKDULQJ�RFWDKHGUD�DQG�WKH�H[DJJHUDWHG�JURZWK�RI�KH[DJRQDO�JUDLQV�ZRXOG�EH�VWRSSHG�DW�

WKH�PRPHQW�ZKHQ�WKH�ILULQJ�DWPRVSKHUH�EHFRPHV�R[LGLVLQJ��5HþQLN�DQG�.RODU����������
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�D��5DZ�DQG��E��ILOWHUHG�H[SHULPHQWDO�ODWWLFH�LPDJHV�RI�WKH�WKLQ�FU\VWDO�SDUW�IURP�)LJXUH�����D��VKRZLQJ�D�
KH[DJRQDO�%D7L2���1RWH�WKH�VLPLODULW\�RI�DWRPLF�FROXPQ�DUUDQJHPHQW�ZLWK�WKDW�LQ�ODWWLFH�LPDJHV����DQG����

VKRZLQJ�D�������WZLQ�LQ�FXELF�%D7L2���

�

$�V\PPHWU\�UHGXFWLRQ�

7KH�REVHUYHG�ORZHU�V\PPHWU\�RI�WKH�H[DJJHUDWHGO\�JURZQ�%D7L2��FU\VWDOV�PD\�EH�

D�FRQVHTXHQFH�RI�WKH�7L���LQFRUSRUDWHG�LQ�WKH�KH[DJRQDO�FU\VWDO�ODWWLFH�DFFRPSDQLHG�E\�

WKH�ORVV�RI�DQ�HTXLOLEULXP�TXDQWLW\�RI�R[\JHQ��/DUJH�7L���LRQV�DQG�FRUUHVSRQGLQJ�R[\JHQ�

YDFDQFLHV� DIIHFW� WKH� LQWHUQDO� FU\VWDO� V\PPHWU\� LQ� VXFK� D� PDQQHU� WKDW� D� VL[±IROG� D[LV�

DORQJ� WKH� >���@�GLUHFWLRQ� LV� UHSODFHG�E\� D� WKUHH±IROG� VFUHZ�D[LV��7KH�PRVW� IDYRXUDEOH�

HQYLURQPHQW�IRU�WKH�7L���LQFRUSRUDWLRQ�DUH�WKH�7L�VLWHV�LQ�WKH�7L�2��FRRUGLQDWLRQ�JURXSV�

�VLPLODU� WR�WKRVH�DORQJ�WKH�FXELF�WZLQ�ERXQGDU\���7KH�ORVV�RI�KH[DJRQDO�V\PPHWU\�FDQ�

EH�DVVLJQHG�WR�PLQXWH�DWRPLF�GLVSODFHPHQWV�FDXVHG�E\�WKH�ODUJHU�7L���LRQV�LQ�WKHVH�VLWHV��

ZLWK�WKH�FRRUGLQDWLRQ�SUHVHUYHG�WKURXJKRXW�WKH�FU\VWDO��5HþQLN�DQG�.RODU���������

,Q� RUGHU� WR� UHSODFH� DOO� WKH� 7L��� LRQV� LQ� WKH� IDFH±VKDULQJ� RFWDKHGURQV� ZLWK� 7L��� WKH�

FRPSRVLWLRQ�RI�WKH�KH[DJRQDO�%D7L2���KDYLQJ�����RI�7L�DWRPV�ORFDWHG�LQ�WKHVH�JURXSV��

ZRXOG�EH�%D7L�����7L
��
���2�±���2������7KLV�PLJKW�FDXVH� VHYHUH�FKDQJHV� WR� WKH�KH[DJRQDO�

SHURYVNLWH�XQLW�FHOO��6XFK�DQ�R[\JHQ±GHILFLHQW�EDULXP�WLWDQDWH�KDV�QHYHU�EHHQ�REVHUYHG��

ZKLFK�DJUHHV�ZLWK� WKH� ILQGLQJV�RI�:DNDPDWVX�HW� DO���� WKDW� WKHUH� LV� D� VPDOO�TXDQWLW\�RI�

7L���QHHGHG�WR�VWDELOLVH�WKH�KH[DJRQDO�SKDVH�DW�ORZ�WHPSHUDWXHUV��5HþQLN�HW�DO����UHSRUWHG�
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WKDW� IRU� ������ WZLQ�ERXQGDULHV�RQO\�D�SDUWLDO� VXEVWLWXWLRQ�RI�7L��� LRQV�E\�7L��� LQ�7L�2��

JURXSV�WDNHV�SODFH���

$�SDUWLDO�UHGXFWLRQ�RI�7L���LRQV�LQ�IDFH±VKDULQJ�FRRUGLQDWLRQ�JURXSV�ZRXOG�UHVXOW�

LQ�%D7L���±�[7L
��
�[2�±[2�[� IRU� WKH� FRPSRVLWLRQ� RI� KH[DJRQDO�%D7L2���7KHUH� LV� D� VOLJKW�

SRVVLELOLW\��KRZHYHU��IRU�D�JUDGXDO�LQFUHDVH�LQ�DWRPLF�GLVSODFHPHQWV��UHVXOWLQJ�LQ�VPRRWK�

WUDQVLWLRQ�IURP�WKH�VWLRFKLRPHWULF�%D7L2��WR�%D7L
��
���7L

��
���2�±���2������GHSHQGLQJ�RQ�D�

GHJUHH�RI�UHGXFWLRQ�RI�LQGLYLGXDO�JUDLQV���

�

6XPPDU\�DQG�&RQFOXVLRQV�

6HYHUDO� SUREOHPV� UHODWHG� WR� WKH� H[DJJHUDWHG� JUDLQ� JURZWK� LQ� %D7L2�� KDYH� EHHQ�

DGGUHVVHG�LQ�WKLV�VWXG\��,W�KDV�EHHQ�VKRZQ��WKDW�WKH�ORFDO�VWUXFWXUH�RI�������WZLQV�LQ�FXELF�

%D7L2��LV�VWURQJO\�LQIOXHQFHG�E\�WKH�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV��2Q�WKH�EDVLV�RI�WKHVH�

REVHUYDWLRQV� D� QXFOHDWLRQ� PHFKDQLVP� IRU� WKHVH� GHIHFWV� KDV� EHHQ� SURSRVHG�� ,Q�

FRQFOXVLRQ��LW�KDV�EHHQ�VKRZQ�WKDW�WKH�IRUPDWLRQ�RI�WKH�KH[DJRQDO�SRO\PRUSK�LV�FORVHO\�

UHODWHG�WR�WKDW�RI�WKH�������WZLQV�LQ�WKH�FXELF�SRO\PRUSK�RI�%D7L2���,Q�SDVW�IHZ�\HDUV��

PDQ\�VWXGLHV�UHODWHG�WR�WKH�VWUXFWXUH�RI�������WZLQV�LQ�%D7L2��
������QXFOHDWLRQ�DQG�WKHLU�

UROH�LQ�H[DJJHUDWHG�JUDLQ�JURZWK�������FDQ�EH�IRXQG�LQ�WKH�OLWHUDWXUH��

�

7KH�ORFDO�VWUXFWXUH�RI�WKH�������WZLQ�ERXQGDU\�LQ�FXELF�%D7L2��

$�QHZ�VWUXFWXUDO�PRGHO�IRU�WKH�FRKHUHQW�������WZLQ�ERXQGDU\�LQ�FXELF�%D7L2��LV�

SURSRVHG�RQ�WKH�EDVLV�RI�TXDQWLWDWLYH�+57(0�DQG�VSDWLDOO\�UHVROYHG�((/6�DQDO\VLV��

x� 7KH�������WZLQ�LQ�%D7L2��LV�D�FRKHUHQW�WZLQ�ZLWK�D�%D±2��FORVH±SDFNHG�SODQH�

DW�WKH�LQWHUIDFH��7L�DWRPV�DGMDFHQW�WR�WKH�WZLQ�ERXQGDU\�SODQH�DUH�RFWDKHGUDOO\�

FRRUGLQDWHG� ZLWK� WKH� RFWDKHGUD� VKDULQJ� IDFHV�� 7KH� 7L±7L� ERQG� OHQJWK� LQ� WKH�

IDFH±VKDULQJ�RFWDKHGURQV�LV�������QP�r�����QP��7KLV�LV�ORZHU�WKDQ�WKH�7L±7L�

ERQG�OHQJWK�LQ�WKH�IDFH±VKDULQJ�RFWDKHGUD�UHSRUWHG�IRU�KH[DJRQDO�SRO\PRUSK�RI�

%D7L2���7KH�FRQWUDFWLRQ�RI�WKH�ERQG�OHQJWK�LV�OLNHO\�WR�EH�GXH�WR�WKH�SUHVHQFH�

RI�7L�LRQV�KDYLQJ�D�ORZHU�R[LGDWLRQ�VWDWH�WKDQ����DW�WKHVH�VLWHV��

x� 7KH�LQWHUIDFH�SODQH�VKRXOG�EH�R[\JHQ�GHILFLHQW�WR�EDODQFH�WKH�FKDUJH�RI�WKH�7L�

LRQV�DGMDFHQW�WR�WKH�ERXQGDU\�SODQH��$�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�ERXQGDU\�
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SODQH�LV�WKHUHIRUH�%D±2�±[>2�@[�LQVWHDG�RI�%D±2��DQG�KHQFH�WKH�FRPSRVLWLRQ�RI�

WKH�IDFH±VKDULQJ�RFWDKHGUD�EHFRPHV�>�7L�±[��2�±[�2��[@
��±�LQVWHDG�RI�>7L�2�@

��±��

x� 7KH�FKDQJH�LQ�WKH�LQWHUIDFH�FKHPLVWU\�FDQ�EH�XQGHUVWRRG�DV�D�FRQVHTXHQFH�RI�

WKH�UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV��7KLV�LV�D�VWURQJ�LQGLFDWLRQ�WKDW�������WZLQV�LQ�

%D7L2��DUH�IRUPHG�DV�JURZWK�GHIHFWV��1R�RWKHU�VWUXFWXUDO�W\SHV�RI�������WZLQV�

KDYH�EHHQ�REVHUYHG��

�

1XFOHDWLRQ�PHFKDQLVP�RI�������WZLQV�XQGHU�UHGXFLQJ�FRQGLWLRQV�

:LWK�WKH�GHWHUPLQDWLRQ�RI�WKH�������WZLQ�ORFDO�VWUXFWXUH�LW�KDV�EHHQ�VKRZQ�WKDW�WKH�

UHGXFLQJ�FRQGLWLRQV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�WKH�WZLQ��)XUWKHUPRUH��LW�

KDV�EHHQ�IRXQG�WKDW�WKH\�IRUP�DW�D�YHU\�HDUO\�VWDJH�RI�VLQWHULQJ��8VLQJ�WKLV�LQIRUPDWLRQ�D�

SUREDEOH�QXFOHDWLRQ�PHFKDQLVP�IRU�WKH�������WZLQV�LV�SURSRVHG��

x� 7KH�H[SRVHG�RFWDKHGUDO�IDFHV�RI�RULJLQDO�%D7L2��FU\VWDOV�XQGHUJR�D�UHGXFWLRQ�

SURFHVV�� &RQVHTXHQWO\�� DQ� HTXLOLEULXP� TXDQWLW\� RI�2� IURP� WKH�%D±2�� FORVH±

SDFNHG�VXUIDFH�OD\HUV�LV�UHPRYHG��7KH�FKDUJH�LV�FRPSHQVDWHG�E\�D�UHGXFWLRQ�RI�

WKH�QHLJKERXULQJ�7L�OD\HUV��$Q�2±GHILFLHQW�%D±2�2��OD\HU�LV�DQ�REVWUXFWLRQ�WR�

WKH�QRUPDO�JURZWK�RI�%D7L2���7KH�QH[W�OD\HU�RI�7L�DWRPV�GHSRVLWHG�RQ�VXFK�D�

VXUIDFH�DFFRPPRGDWHV�LQ�D�SRVLWLRQ�IRU�WKH�IDFH±VKDULQJ�RFWDKHGURQV��

x� $W�KLJKHU� WHPSHUDWXUHV��ZKHQ�GLIIXVLRQ� LQ� WKH� VROLG� VWDWH�RFFXUV�� WKH�PDWHULDO�

GHSRVLWHG�RQ�VXFK�VXUIDFHV�JURZV��EHFDXVH�RI�WKH�IDXOWHG�VXUIDFH�VWUXFWXUH�DQG�

WR� UHWDLQ� WKH� ORFDO�FKDUJH�EDODQFH�� LQ� WKH�RQO\�SRVVLEOH�±� WZLQQLQJ�RULHQWDWLRQ�

ZLWK�UHVSHFW�WR�WKH�RULJLQDO�%D7L2��FU\VWDO���

x� ,Q�WKLV�ZD\��UHJDUGLQJ�WKH�PRUSKRORJ\�RI�WKH�RULJLQDO�FU\VWDOOLWH��HLWKHU�VLQJOH�

WZLQV�� RU� SDUDOOHO��REWXVH� DQG�DFXWH� WZLQ� FRPELQDWLRQV�PD\� IRUP��+RZHYHU��

PRUH�FRPSOH[�WZLQ�FRPELQDWLRQV�DUH�IRU�WKH�FDVH�ZKHQ�WKH�RULJLQDO�FU\VWDOOLWH�

LV�DOUHDG\�WZLQQHG��

�

)RUPDWLRQ�RI�WKH�KH[DJRQDO�%D7L2��XQGHU�UHGXFLQJ�FRQGLWLRQV�

%DULXP�WLWDQDWH�SURFHVVHG�XQGHU� UHGXFLQJ�VLQWHULQJ�FRQGLWLRQV�DERYH� WKH�HXWHFWLF�

WHPSHUDWXUH�H[KLELWV�FKDUDFWHULVWLF�DQRPDORXVO\�JURZQ�JUDLQV�RI�KH[DJRQDO�%D7L2���7KH�

IROORZLQJ�REVHUYDWLRQV�KDYH�EHHQ�PDGH��
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x� 7KH�DEQRUPDO�JURZWK�RI�KH[DJRQDO�FU\VWDOOLWHV�DERYH�WKH�HXWHFWLF�WHPSHUDWXUH�

LV�VLPLODU�WR�WKH�H[DJJHUDWHG�JURZWK�RI�SDUDOOHO�������WZLQV�RI�WKH�FXELF�SKDVH�

EHORZ�WKH�HXWHFWLF�WHPSHUDWXUH��*UDLQ�JURZWK�LV�OLTXLG±SKDVH�DVVLVWHG��

x� &RQVLGHULQJ�WKH�FU\VWDOORJUDSKLF�GLUHFWLRQV�RI�GLVFRQWLQXRXV�JURZWK�DORQJ�WKH�

IDFH±VKDULQJ� RFWDKHGURQV� WKH� SKHQRPHQRQ�RI� WKH� SDUDOOHO� ������ WZLQV� FDQ� EH�

H[SODLQHG�DV�D�SUHSDUDWRU\�VWDJH�IRU�WKH�KH[DJRQDO�SKDVH���

x� 7L���LRQV�DUH�XQGHUVWRRG�WR�LQLWLDWH�WKH�IRUPDWLRQ�IDFH±VKDULQJ�RFWDKHGUD�LQ�WKH�

IRUP�RI�7L�2��JURXSV�ZKLFK�DUH�QXFOHDWLRQ�VLWHV�IRU�WKH�KH[DJRQDO�VWDFNLQJ��$V�

ORQJ� DV� WKH� ILULQJ� DWPRVSKHUH� DOORZV� WKH� IRUPDWLRQ� RI� WKH� R[\JHQ� YDFDQFLHV��

DQG�KHQFH�WKH�7L���LRQV�DUH�HVWDEOLVKHG�IRU�WKH�FKDUJH�EDODQFH��WKH�QXFOHDWLRQ�RI�

D�KH[DJRQDO�VWDFNLQJ�ZRXOG�EH�SUHIHUUHG���

x� +H[DJRQDO�FU\VWDOOLWHV�KDYH�D�GLVWRUWHG�KH[DJRQDO�SHURYVNLWH±UHODWHG�VWUXFWXUH�

GXH�WR�WKH�LQFRUSRUDWLRQ�RI�7L��� LRQV�LQ�WKH�7L�2��JURXSV��6OLJKW�DWRPLF�VKLIWV�

FDXVHG�E\�D�GLIIHUHQW�FKHPLFDO�HQYLURQPHQW�GHVWUR\�VL[±IROG�V\PPHWU\�DORQJ�

WKH�>���@�GLUHFWLRQ�ZKLFK�LV�UHSODFHG�E\�D�WKUHH±IROG�VFUHZ�D[LV��7KH�V\PPHWU\�

RI�D�UHGXFHG�KH[DJRQDO�%D7L2��LV�WULJRQDO��P�UDWKHU�WKDQ�KH[DJRQDO���PPP��

5HJDUGOHVV�WKH�V\PPHWU\�FKDQJH�FRRUGLQDWLRQ�RI�WKH�DWRPV�UHPDLQV�SUHVHUYHG��

�

$FNQRZOHGJHPHQW�

7KLV�UHVHDUFK�ZDV�FDUULHG�RXW�GXULQJ�WKH�SHULRG�����±�����LQ�FROODERUDWLRQ�ZLWK�

SURI��GU��'UDJR�.RODU��ZLWK�ZKRP�,�VKDUHG�D�FRPPRQ�LQWHUHVW�LQ�VWXG\LQJ�WKH�LQIOXHQFH�

RI�������WZLQV�RQ�WKH�H[DJJHUDWHG�JUDLQ�JURZWK�LQ�%D7L2��FHUDPLFV��2YHU�WKH�ODVW�IHZ�

\HDUV�ZH�IXUWKHU�GHYHORSHG�WKH�JHQHUDO�FRQFHSW�RI�WKH�IRUPDWLRQ�RI�WKH�SODQDU�IDXOWV�DV�D�

SUHSDUDWRU\� VWDJH�RI� UHFRQVWUXFWLYH�SKDVH� WUDQVIRUPDWLRQV��)XUWKHUPRUH��ZH� IRXQG� WKDW�

WKLV�W\SH�RI�WKH�SODQDU�IDXOW�WULJJHUV�DEQRUPDO�JUDLQ�JURZWK�LQ�FHUDPLFV��DQG�ZKLOH�LW�LV�

RIWHQ�DGYDQWDJHRXV�WR�DYRLG�H[DJJHUDWHG�JUDLQ�JURZWK��PDQ\�VLWXDWLRQV�H[LVW�ZKHUH�LW�LV�

SRVVLEOH�WR�H[SORLW�WKLV�HIIHFW�WR�GHVLJQ�WH[WXUHV�ZLWK�VSHFLILF�FU\VWDO�PRUSKRORJLHV���

7KLV�FRQFHSW�PD\�UHSUHVHQW�RQO\�D�VPDOO�SDUW�RI�WKH�VFLHQWLILF�ZRUN�LQ�ZKLFK�SURI��

.RODU�ZDV�HQJDJHG��DQG�\HW�LW�LV�RI�IXQGDPHQWDO�LPSRUWDQFH�IRU�WKH�VFLHQWLILF�FRPPXQLW\�

GHDOLQJ�ZLWK�WKH�SKHQRPHQRQ�RI�FU\VWDO�JURZWK��,�ZLVK�WR�H[SUHVV�P\�MR\�DQG�JUDWLWXGH�

DW�KDYLQJ�KDG�WKH�FKDQFH�WR�ZRUN�ZLWK�KLP��
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1D� SULPHUX� ������ GYRMþNRY� Y� NXELþQL�PRGLILNDFLML� EDULMHYHJD� WLWDQDWD� �%D7L2��� MH�
SULND]DQR�� GD� ODKNR� UHGXNFLMVNR� RNROMH� VLQWUDQMD� L]UHGQR� SRYHþD� WHåQMR� NULVWDORY� N� WYRUEL�
GYRMþNRY�� L�H�� N� WYRUEL� KHNVDJRQDOQHJD� ]ORJD� Y� REOLNL� 7L�2�� NRRUGLQDFLMVNLK� VNXSLQ�� 7H�
VNXSLQH� VR� QDPUHþ� ODVWQH� WDNR� ������ GYRMþNRP� Y� NXELþQL�� NDNRU� WXGL� VDPL� KHNVDJRQDOQL�
PRGLILNDFLML�%D7L2���9�]QDQVWYHQL�OLWHUDWXUL�QL�ELOR�]QDQLK�HNVSHULPHQWDOQLK�GRND]RY��NL�EL�
RVYHWOLOL� GHMDQVNR� QDUDYR� DOL� PHKDQL]HP� NXELþQR±KHNVDJRQDOQH� ID]QH� WUDQVIRUPDFLMH� Y�
%D7L2���)D]QR� WUDQVIRUPDFLMR� ODKNR� V�SURFHVLUDQMHP�Y� UHGXNFLMVNLK�SRJRMLK�SUHPDNQHPR�
GDOHþ� SRG� QRUPDOQR� WHPSHUDWXUR� ID]QHJD� SUHKRGD�� NDU� NDåH� QD� WR�� GD� ODKNR� ]� XVWUH]QLP�
NHPLMVNLP�RNROMHP�NRQWUROLUDPR�SUHKRG� L]� HQH� Y� GUXJR�PRGLILNDFLMR� WHU� GD� VR� GYRMþNL� Y�
NXELþQHP�%D7L2��OH�SULSUDYOMDOQD�VWRSQMD�NXELþQR±KHNVDJRQDOQH�ID]QH�WUDQVIRUPDFLMH��
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