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(QFHODGXV�PD\�QRZ�EH�RQ�WKH�VKRUW�OLVW�RI�ERGLHV�LQ�WKH�VRODU�V\VWHP�
WKDW�SUREDEO\�KDYH�WKH�ZDWHU��HQHUJ\��DQG�FKHPLVWU\�QHFHVVDU\�WR�
VXSSRUW�(DUWKOLNH�OLIH��7ZR�UHFHQW�VWXGLHV�LQ�WKH�MRXUQDO�,FDUXV�KLQW�DW�
�VRXS��DQG�D��VHD��XQGHUO\LQJ�WKH�JHRORJLFDOO\�DFWLYH�VRXWK�SROH�RI�
(QFHODGXV���,Q�WKH�ILUVW���(QFHODGXV
�SOXPH��&RPSRVLWLRQDO�HYLGHQFH�IRU�
D�KRW�LQWHULRU���'HQQLV�0DWVRQ�DQG�KLV�FRDXWKRUV�ILQG�WKDW�WKH�OLNHOLHVW�
H[SODQDWLRQ�IRU�WKH�FRPSRVLWLRQ�RI�WKH�VWXII�VSHZLQJ�IURP�(QFHODGXV
�
YHQWV�LQFOXGHV�FDWDO\WLF�FKHPLVWU\�WDNLQJ�SODFH�LQ�ZDUP�IOXLGV�
FLUFXODWLQJ�LQ�(QFHODGXV
�URFN\�LQWHULRU���,Q�WKH�VHFRQG���(QFHODGXV
�
VRXWK�SRODU�VHD���*HRII�&ROOLQV�DQG�-DVRQ�*RRGPDQ�H[SODLQ�WKH�
REVHUYHG�VKDSH�RI�(QFHODGXV�E\�PRGHOLQJ�D�KXJH�ERG\�RI�OLTXLG�ZDWHU�
XQGHUO\LQJ�WKH�VRXWK�SROH���7DNHQ�WRJHWKHU��WKH�WZR�SDSHUV�VXJJHVW�
WKDW�WKH�GHHS�LQWHULRU�RI�(QFHODGXV�FRXOG�KDUERU�FRQGLWLRQV�IDYRUDEOH�WR�
OLIH��

3ULRU�WR�&DVVLQL
V�DUULYDO�LQ�WKH�6DWXUQ�
V\VWHP��LW�ZDV�WKHRUL]HG�WKDW�JHRORJLF�
DFWLYLW\�RQ�(QFHODGXV�PLJKW�EH�WKH�VRXUFH�
RI�WKH�SDUWLFOHV�LQ�6DWXUQ
V�WHQXRXV��LF\�(�
ULQJ���,Q�������9R\DJHU���LPDJHV�RI�
(QFHODGXV�KDG�UHYHDOHG�WKDW�SDUW�RI�WKH�
PRRQ�KDG�D�FUDWHUOHVV��ZULQNO\�VXUIDFH��
KLQWLQJ�DW�UHFHQW�JHRORJLF�DFWLYLW\���
&DVVLQL�IRXQG�DQ�DWPRVSKHUH�DERYH�DQ�
DQRPDORXVO\�ZDUP�UHJLRQ�DW�WKH�VRXWK�
SROH�GXULQJ�WKUHH�FORVH�IO\E\V�LQ�HDUO\�
�������/DWHU�WKDW�\HDU��&DVVLQL�WRRN�
SKRWRV�RI�(QFHODGXV�ZLWK�WKH�6XQ�OLJKWLQJ�
LW�IURP�EHKLQG��DQG�SKRWRJUDSKHG�
IRXQWDLQV�RI�ZDWHU�YDSRU�HPDQDWLQJ�IURP�
WKH�VRXWK�SROH���6FLHQWLVWV�DUH�QRZ�WU\LQJ�
WR�XQGHUVWDQG�ZKDW�WKH�LPDJHV�DQG�GDWD�
WKDW�UHFRUG�FRQGLWLRQV�RQ�(QFHODGXV
�
VXUIDFH�LPSO\�IRU�SURFHVVHV�JRLQJ�RQ�LQ�
LWV�LQWHULRU��
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0DWVRQ�HW�DO�
V�DUJXPHQWV�SURFHHG�IURP�REVHUYDWLRQV�E\�&DVVLQL
V�,RQ�DQG�1HXWUDO�0DVV�6SHFWURPHWHU��,106��RI�WKH�FRPSRVLWLRQ�RI�
WKH�SOXPHV�HPDQDWLQJ�IURP�(QFHODGXV
�VRXWK�SROH���7KH\�DUH�HVSHFLDOO\�LQWHUHVWHG�LQ�WKH�RULJLQ�RI�IRXU�FKHPLFDOV��QLWURJHQ�JDV��1����
ZKLFK�PDNHV�XS�DERXW�IRXU�SHUFHQW�RI�WKH�SOXPHV��PHWKDQH��&+����ZKLFK�PDNHV�XS�OHVV�WKDQ�WZR�SHUFHQW��DQG�WZR�K\GURFDUERQV��
DFHW\OHQH��&�+���DQG�SURSDQH��&�+����ERWK�IRXQG�LQ�WUDFH�DPRXQWV��
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(QFHODGXV�DQG�6DWXUQ�
,Q�D�FRPSRVLWLRQ�WKDW�ORRNV�OLNH�D�ZRUN�RI�
JHRPHWULF�DEVWUDFW�DUW��(QFHODGXV�DQG�LWV�VRXWK�
SRODU�JH\VHUV�DUH�VLOKRXHWWHG�DJDLQVW�WKH�EXON�RI�
6DWXUQ��7KH�YLHZLQJ�JHRPHWU\�LV�RI�WKH�QLJKW�VLGHV�
RI�ERWK�ERGLHV��6DWXUQ
V�VRXWKHUQ�KHPLVSKHUH�LV�OLW�
E\�UHIOHFWHG�OLJKW�IURP�LWV�ULQJV��ZKLFK�PDNH�WKH�
GDUN�GLDJRQDO�VWULSH�DFURVV�WKH�LPDJH��/LJKW�IURP�
WKH�6XQ�FRPLQJ�IURP�QHDUO\�EHKLQG�6DWXUQ�DQG�
(QFHODGXV�OLJKWV�XS�WKH�ILQJHUV�RI�(QFHODGXV
�
SOXPHV��7KH�LPDJH�ZDV�DFTXLUHG�RQ�0D\����������
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�JH\VHUV�
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7KHUH�DUH�WZR�ZD\V�WKDW�DQ\�VXEVWDQFH�FRXOG�HQG�XS�LQ�WKH�LQWHULRU�RI�(QFHODGXV��RU�DQ\�RI�6DWXUQ
V�RWKHU�PRRQV��HLWKHU�WKH\�KDYH�
EHHQ�WKHUH�VLQFH�WKH�PRRQV�IRUPHG��RU�WKH\�ZHUH�FUHDWHG�DV�D�UHVXOW�RI�FKHPLFDO�UHDFWLRQV�WDNLQJ�SODFH�LQ�WKH�PRRQV
�LQWHULRUV���
0DWVRQ�HW�DO��UHDVRQ�WKDW�VLQFH�ERWK�(QFHODGXV�DQG�7LWDQ�IRUPHG�IURP�WKH�VDPH�GLVN�DURXQG�6DWXUQ��WKH\�ERWK�SUREDEO\�FDPH�E\�
WKHLU�QLWURJHQ�LQ�WKH�VDPH�ZD\���2WKHU�VWXGLHV�KDYH�VXJJHVWHG�WKDW�QLWURJHQ�JDV�DW�7LWDQ�LV�QRW�SULPRUGLDO��EXW�LQVWHDG�KDV�EHHQ�
SURGXFHG�IURP�FKHPLFDO�UHDFWLRQV�WKDW�VWDUW�ZLWK�SULPRUGLDO�DPPRQLD��1+�����7KHVH�FKHPLFDO�UHDFWLRQV�QHHG�KHDW�LQ�RUGHU�WR�ZRUN��
WHPSHUDWXUHV�EHWZHHQ�����DQG�����.HOYLQ������DQG�����&HOVLXV�RU�����DQG�������)DKUHQKHLW���

7KHUH�LV�OHVV�HYLGHQFH�WR�VXJJHVW�ZKHWKHU�WKH�PHWKDQH�FRPLQJ�RXW�RI�(QFHODGXV�ZDV�WKHUH�LQ�WKH�EHJLQQLQJ�RU�IRUPHG�ODWHU���
+RZHYHU��0DWVRQ�HW�DO��DUJXH��LI�LW�ZHUH�ZDUP�HQRXJK�WR�PDNH�QLWURJHQ�JDV�IURP�DPPRQLD��WKH�VDPH�FRQGLWLRQV�ZRXOG�IDYRU�
FKHPLFDO�UHDFWLRQV�WKDW�SURGXFH�PHWKDQH�IURP�FDUERQ�PRQR[LGH�RU�FDUERQ�GLR[LGH����

6R�WKH�SUHVHQFH�RI�QLWURJHQ�DQG�PHWKDQH�VXJJHVW�WKDW�(QFHODGXV
�LQWHULRU�ZDV�ZDUP���$FHW\OHQH�DQG�SURSDQH�OHDG�WR�DQRWKHU�
H[FLWLQJ�FRQFOXVLRQ��WKDW�FKHPLFDO�UHDFWLRQV�ZHUH�WDNLQJ�SODFH�WKDW�UHTXLUHG�OLTXLG�ZDWHU�WR�EH�LQ�FRQWDFW�ZLWK�ZDUP�URFNV��DOORZLQJ�
PHWDOV�DQG�PLQHUDOV�LQ�WKH�URFNV�WR�FDWDO\]H�WKH�FKHPLFDO�UHDFWLRQV���7R�PDNH�DFHW\OHQH�GLUHFWO\�IURP�PHWKDQH�UHTXLUHV�YHU\�KLJK�
WHPSHUDWXUHV��DERYH�������.HOYLQ�������&HOVLXV��������)DKUHQKHLW����7KLV�VHHPV�DQ�LPSODXVLEO\�KLJK�WHPSHUDWXUH�IRU�WKH�LQWHULRU�RI�
(QFHODGXV��VR�0DWVRQ�HW�DO��VXJJHVW�WKDW�ORQJHU�FKDLQ�K\GURFDUERQV�DUH�ILUVW�IRUPHG�IURP�PHWKDQH�DQG�DUH�WKHQ��FUDFNHG��WR�PDNH�
DFHW\OHQH���7KH�UHDFWLRQV�WKDW�PDNH�ORQJHU�FKDLQ�K\GURFDUERQV�IURP�PHWKDQH�UHTXLUH�FDWDO\VWV�VXFK�DV�PHWDOV�RU�FOD\�PLQHUDOV��EXW�
FDQ�SURFHHG�DW�PRUH�PRGHUDWH�WHPSHUDWXUHV��

,I�FDWDO\WLF�FKHPLVWU\�LQVLGH�(QFHODGXV�KDV�SURGXFHG�DFHW\OHQH�DQG�SURSDQH�LQ�
DQ�HQYLURQPHQW�ZKHUH�WKHUH�LV�DOVR�QLWURJHQ�PRYLQJ�DURXQG��WKHQ�WKHUH�FRXOG�
KDYH�EHHQ�RWKHU�FKHPLFDO�UHDFWLRQV�SURGXFLQJ�HYHQ�PRUH�FRPSOH[�RUJDQLF�
PROHFXOHV��VXFK�DV�DPLQR�DFLGV���(QFHODGXV
�JH\VHUV�FRXOG�EH�VSHZLQJ�WKHVH�
LQWR�VSDFH��8QIRUWXQDWHO\��&DVVLQL
V�,106�LQVWUXPHQW�LV�QRW�VHQVLWLYH�HQRXJK�WR�
GHWHFW�WKHVH�FRPSRXQGV�DW�WKH�ORZ�FRQFHQWUDWLRQV�DW�ZKLFK�WKH\�PD\�EH�
SUHVHQW��QRU�FDQ�LW�GHWHFW�PROHFXOHV�ODUJHU�WKDQ����DWRPLF�PDVV�XQLWV���6R�WKH�
VXJJHVWLRQ�WKDW�(QFHODGXV�FRXOG�EH�PDNLQJ�DPLQR�DFLGV�ZLOO�UHPDLQ�RQO\�D�
K\SRWKHVLV�XQWLO�D�QHZ��PRUH�VHQVLWLYH�GHWHFWRU�LV�VHQW�WKHUH���+RZHYHU��
&DVVLQL
V�YHU\�FORVH�IO\E\�SODQQHG�IRU�0DUFK����������ZLOO�DOORZ�,106�WR�VDPSOH�
WKH�SOXPHV�GLUHFWO\��ZKHUH�LW�FRXOG�ILQG�HYLGHQFH�IRU�RWKHU�VPDOO�FRPSRXQGV�RI�
R[\JHQ��K\GURJHQ��DQG�FDUERQ�WKDW�FRXOG�VXSSRUW�WKH�K\SRWKHVLV�RI�FDWDO\WLF�
FKHPLVWU\��

:KHUH�ZRXOG�DOO�WKHVH�FKHPLFDO�UHDFWLRQV�EH�WDNLQJ�SODFH"��7KH�VFHQDULR�
UHTXLUHV�ZDUP�WHPSHUDWXUHV��OLTXLG�ZDWHU��DQG�URFNV�WR�FDWDO\]H�WKH�UHDFWLRQV��
VR�0DWVRQ�HW�DO��VXJJHVW�WKDW�WKH�UHDFWLRQV�KDSSHQHG�LQ�ZDWHU�PRYLQJ�WKURXJK�
FUDFNV�LQ�WKH�URFN�QHDU�WKH�ERXQGDU\�EHWZHHQ�(QFHODGXV
�LF\�PDQWOH�DQG�URFN\�
FRUH��

2QH�LPSRUWDQW�GHWDLO�WKDW�WKH�0DWVRQ�HW�DO��VWXG\�FDQQRW�UHVROYH�LV�WKH�TXHVWLRQ�
RI�ZKHQ�WKLV�LQWHUHVWLQJ�FKHPLVWU\�ZDV�KDSSHQLQJ���,W�LV�WHPSWLQJ�WR�DVVXPH�
WKDW�WKH�UHDFWLRQV�DUH�WDNLQJ�SODFH�QRZ�LQ�DQ�DFWLYH�LQWHULRU��EXW�LW�LV�DOVR�
SRVVLEOH�WKDW�WKH�FDWDO\WLF�FKHPLVWU\�FRXOG�KDYH�KDSSHQHG�ORQJ�DJR��DQG�WKH�
SUHVHQW�JHRORJLF�DFWLYLW\�LV�VLPSO\�YHQWLQJ�WKH�DOUHDG\�H[LVWLQJ�FKHPLFDO�
SURGXFWV�WR�VSDFH�LQ�D�SURFHVV�WKDW�GRHVQ
W�UHTXLUH�VXFK�KLJK�WHPSHUDWXUHV���%XW�D�GLIIHUHQW�VWXG\�VXJJHVWV�WKDW��LQ�IDFW��(QFHODGXV�
GRHV�FXUUHQWO\�KDYH�KHDW�DQG�OLTXLG�ZDWHU�LQ�FRQWDFW�ZLWK�D�URFN\�FRUH��H[DFWO\�WKH�HQYLURQPHQW�WKDW�0DWVRQ�HW�DO��SUHGLFW��
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&ROOLQV�DQG�*RRGPDQ�XVHG�D�GLIIHUHQW�FOXH�IURP�(QFHODGXV
�RXWVLGH�WR�SHHN�LQWR�
LWV�LQWHULRU��LWV�VKDSH���7KH�SK\VLFV�RI�JUDYLW\�DQG�FHQWULIXJDO�IRUFH�GLFWDWH�WKH�

$PPRQLD��1+���$FHW\OHQH��&�+���
+\GURJHQ�F\DQLGH��+&1��
3URSDQH��&�+����
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)RXQWDLQV�RI�(QFHODGXV�
2Q�1RYHPEHU�����������&DVVLQL�FDSWXUHG�D�VHULHV�
RI�LPDJHV�RI�(QFHODGXV�IURP�LWV�QLJKW�VLGH��7KH�
EDFN�OLW�YLHZ�OLJKWV�XS�ILQH�SDUWLFOHV�VWUHDPLQJ�
IURP�(QFHODGXV
�VRXWK�SRODU�JH\VHUV��0RVW�RI�WKH�
YHQWHG�PDWHULDO�LV�ZDWHU��EXW�WKHUH�DUH�VPDOOHU�
TXDQWLWLHV�RI�PDQ\�RWKHU�FKHPLFDOV��&UHGLW��
1$6$���-3/���6SDFH�6FLHQFH�,QVWLWXWH��
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VKDSH�RI�DQ\�VSLQQLQJ�ERG\���$OWKRXJK�(QFHODGXV�LV�VPRRWK�DQG�URXQG��OLNH�DOO�
VSLQQLQJ�JOREHV�LW�LV�IDWWHU�PHDVXUHG�DFURVV�LWV�HTXDWRU�WKDQ�SROH�WR�SROH���,Q�
DGGLWLRQ��(QFHODGXV�LV��OLNH�PRVW�PRRQV�LQ�WKH�VRODU�V\VWHP��ORFNHG�LQWR�
V\QFKURQRXV�URWDWLRQ�ZLWK�LWV�SODQHW���%HFDXVH�LW�NHHSV�WKH�VDPH�IDFH�SRLQWHG�
WRZDUG�6DWXUQ�DW�DOO�WLPHV��WKHUH�DUH�SHUPDQHQW�WLGDO�EXOJHV�RQ�WKH�HTXDWRU��
RQH�SRLQWHG�DW�WKH�SODQHW�DQG�RQH�SRLQWHG�DZD\�IURP�WKH�SODQHW���$V�D�UHVXOW�RI�
DOO�RI�WKHVH�IRUFHV��(QFHODGXV
�VKDSH�FDQ�EH�DSSUR[LPDWHG�E\�D�WULD[LDO�HOOLSVRLG�
WKDW�LV�ORQJHVW�DORQJ�WKH�WLGDO�D[LV��WKH�HTXDWRULDO�D[LV�SRLQWHG�WRZDUG�6DWXUQ���
LQWHUPHGLDWH�DORQJ�DQ�HTXDWRULDO�D[LV�SHUSHQGLFXODU�WR�WKH�WLGDO�D[LV��DQG�
VKRUWHVW�DORQJ�WKH�SRODU�D[LV��

,Q�WKH�UHDO�ZRUOG��IHZ�PRRQV�DUH�TXLWH�DV�HOOLSVRLGDO�DV�WKLV�VLPSOH�WKHRU\�
ZRXOG�SUHGLFW��EHFDXVH�WKH\�WHQG�WR�EH�GLIIHUHQWLDWHG��WKHLU�FRPSRQHQW�
PDWHULDOV�RI�PHWDO��URFN��DQG�LFH�KDYH�VHSDUDWHG��FRQFHQWUDWLQJ�GHQVHU�
PDWHULDOV�WRZDUG�WKHLU�FHQWHUV�LQ�D�URFN\�FRUH��DQG�OHVV�GHQVH�PDWHULDOV�QHDU�
WKH�VXUIDFH�LQ�DQ�LF\�PDQWOH���:LWK�PDVV�FRQFHQWUDWHG�WRZDUG�WKH�FHQWHU��
QHLWKHU�WKH�URWDWLRQDO�QRU�WKH�WLGDO�EXOJHV�DUH�DV�ODUJH��LQ�RWKHU�ZRUGV��
GLIIHUHQWLDWHG�ERGLHV�DUH�PRUH�VSKHULFDO�WKDQ�XQGLIIHUHQWLDWHG�ERGLHV��

(PSOR\LQJ�WKLV�DQDO\VLV�RQ�WKH�PHDVXUHG�VKDSH�RI�(QFHODGXV�LQ�D�VWXG\�
SXEOLVKHG�ODVW�\HDU��&DURO\Q�3RUFR�DQG�WKH�&DVVLQL�LPDJLQJ�WHDP�IRXQG�WKDW�
(QFHODGXV�LV�DFWXDOO\�TXLWH�IODWWHQHG�SROH�WR�SROH��VR�WKDW�ZKHQ�WKLV�EDVLF�
JUDYLWDWLRQDO�DQG�URWDWLRQDO�SK\VLFV�ZDV�WDNHQ�LQWR�DFFRXQW��LWV�REVHUYHG�VKDSH�
ZDV�EHVW�ILW�E\�DQ�XQGLIIHUHQWLDWHG�LQWHULRU���7KHUH�ZDV�VRPH�PLVILW�WR�WKH�
PRGHO��EXW�FRQFHQWUDWLQJ�PDVV�WRZDUG�WKH�FHQWHU�ZRXOG�DFWXDOO\�PDNH�WKH�ILW�
ZRUVH���7KH\�FRQFOXGHG�WKDW�HLWKHU�(QFHODGXV�ZDV�QRW�GLIIHUHQWLDWHG�RU�WKDW�LWV�
VKDSH�ZDV�QRW�LQ�HTXLOLEULXP���7KH\�IXUWKHU�QRWLFHG�WKDW�WKH�SRRUHVW�ILWV�RI�WKLV�
VLPSOH�PRGHO�WR�WKH�VKDSH�RI�(QFHODGXV�ZDV�DW�WKH�VRXWK�SROH��ZKLFK�KDG�DQ�
HOHYDWLRQ�ORZHU�WKDQ�WKH�WKHRUHWLFDO�VKDSH��DQG�DW�D�ODWLWXGH�RI����GHJUHHV�
VRXWK��ZKHUH�WKH�DFWXDO�HOHYDWLRQ�ZDV�KLJKHU�WKDQ�WKHRUHWLFDO��

7KH�VRXWK�SROH�LV�DOVR�ZKHUH�(QFHODGXV�LV�YHQWLQJ�KXJH�DPRXQWV�RI�KHDW���&ROOLQV�DQG�*RRGPDQ�WKHRUL]HG�WKDW�WKHVH�WZR�FOXHV����
WKH�ORZ�HOHYDWLRQ�DQG�KLJK�KHDW�IORZ����VXJJHVW�WKDW�WKHUH�PLJKW�EH�D�ODUJH�SRRO�RI�PHOW�EHQHDWK�(QFHODGXV
�VRXWK�SROH����7KH\�
GHYHORSHG�D�FRPSXWHU�PRGHO�RI�D�GLIIHUHQWLDWHG�(QFHODGXV��LQFRUSRUDWLQJ�LWV�GHQVLW\��WHPSHUDWXUH��DQG�RWKHU�SK\VLFDO�SDUDPHWHUV��
DQG�WKHQ�KHDWHG�LW��ZLWK�WKH�KHDW�IRFXVHG�DW�WKH�EDVH�RI�WKH�LFH�OD\HU�XQGHU�WKH�VRXWK�SROH���7KH\�IRXQG�WKDW�WKHLU�PRGHO�FRXOG��LQ�
IDFW��SURGXFH�D�VWDEOH�VRXWK�SRODU��VHD���UHDFKLQJ�IURP�WKH�ERXQGDU\�EHWZHHQ�WKH�URFN\�FRUH�DQG�LF\�PDQWOH�WR�ZLWKLQ�URXJKO\����
NLORPHWHUV����PLOHV��RI�WKH�VXUIDFH��DQG�H[WHQGLQJ�IURP�WKH�SROH�WR�URXJKO\����GHJUHHV�VRXWK��

�
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7ULD[LDO�HOOLSVRLG�
7KH�VKDSHV�RI�PDQ\�ERGLHV�LQ�WKH�VRODU�V\VWHP�
FDQ�EHVW�EH�DSSUR[LPDWHG�E\�D�WULD[LDO�HOOLSVRLG��
ZLWK�GLDPHWHUV�RI�WKUHH�GLIIHUHQW�OHQJWKV��)RU�
PRRQV�ORFNHG�LQ�V\QFKURQRXV�URWDWLRQ�ZLWK�WKHLU�
SODQHWV��WKH�ORQJHVW�D[LV��D��LV�WKH�WLGDO�D[LV��
ZKLFK�SRLQWV�WRZDUG�WKH�SODQHW��7KH�VKRUWHVW�D[LV�
�F��LV�WKH�SRODU�D[LV��7KLV�VKDSH�UHVXOWV�IURP�WZR�
EDODQFHG�IRUFHV��WKH�FHQWULIXJDO�IRUFH�RI�WKH�
PRRQ
V�VSLQ��ZKLFK�VKRUWHQV�LWV�SRODU�D[LV�DQG�
OHQJWKHQV�LWV�HTXDWRULDO�D[HV��DQG�WKH�
JUDYLWDWLRQDO�SXOO�RI�WKH�SODQHW��ZKLFK�UDLVHV�WLGDO�
EXOJHV�DW�WKH�HTXDWRU�SRLQWHG�WRZDUG�DQG�DZD\�
IURP�WKH�SODQHW���

7KH�VKDSH�RI�(QFHODGXV�
$[LV 2EVHUYHG�OHQJWK�
WLGDO�D[LV��D��� ������������NP
LQWHUPHGLDWH�D[LV��E�� ������������NP
SRODU�D[LV��F�� ������������NP
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+RZ�GRHV�D�VRXWK�SRODU�VHD�H[SODLQ�WKH�REVHUYHG�VKDSH�RI�(QFHODGXV"��/LTXLG�ZDWHU�LV�GHQVHU�WKDQ�LFH��ZKHQ�(QFHODGXV
�LF\�PDQWOH�
PHOWV�WR�PDNH�WKH�OLTXLG�VHD��WKH�HIIHFWLYH�UHVXOW�LV�WKDW�WKH�PRRQ
V�VXUIDFH�VLQNV�RYHU�WKDW�VHD�E\�TXLWH�D�ORW��IURP�����WR�����
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7KHVH�WZR�GLIIHUHQW�VWXGLHV�VXJJHVW�WKDW�(QFHODGXV
�LQWHULRU�LV�ERWK�ZDUP�DQG�
ZHW���&KHPLFDO�SURFHVVHV�VHHP�WR�EH�JHQHUDWLQJ�ORQJ�FKDLQ�K\GURFDUERQV���
&DVVLQL
V�HOHYHQ�WRWDO�IO\E\V�RI�WKH�PRRQ�ZLOO�SURGXFH�PRXQWDLQV�RI�GDWD�RQ�LWV�
VXUIDFH��LWV�JH\VHUV��DQG�LWV�LQWHULRU��EXW�WKH�GDWD�ZLOO�SUREDEO\�JHQHUDWH�DV�
PDQ\�TXHVWLRQV�DV�LW�GRHV�DQVZHUV��TXHVWLRQV�WKDW�FDQ�RQO\�EH�DQVZHUHG�E\�D�
IXWXUH�PLVVLRQ�GHGLFDWHG�WR�WKLV�WLQ\��DFWLYH�ZRUOG��

WKDW�ZRXOG�KDYH�EHHQ�JHQHUDWHG�E\�WKH�PHOWLQJ�RI�
(QFHODGXV
�VRXWK�SRODU�VHD�DQG�WKH�IODWWHQLQJ�RI�LWV�
VRXWK�SROH��&UHGLW��1$6$���-3/���66,���PDS�E\�
6WHYH�$OEHUV��
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