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$EVWUDFW

$P\ORLG�SODTXH�IRUPLQJ�WUDQVJHQLF�PLFH�GLVSOD\�QHXURQDO�K\SHUH[FLWDELOLW\��HSLOHSV\�DQG�VXGGHQ�

GHDWKV�LQ�HDUO\�DGXOWKRRG��+RZHYHU��LW�LV�XQNQRZQ�ZKHWKHU�K\SHUH[FLWDELOLW\�SHUVLVWV�XQWLO�PLGGOH

DJHV�ZKHQ�PHPRU\�LPSDLUPHQW�PDQLIHVWV� :H�UHFRUGHG�PXOWLFKDQQHO�YLGHR�((*��ORFDO�ILHOG�

SRWHQWLDOV DQG�DXGLWRU\�HYRNHG�SRWHQWLDOV LQ�WUDQVJHQLF�PLFH�FDUU\LQJ�PXWDWHG�KXPDQ�$33�DQG�36��

JHQHV�DQG�ZLOG�W\SH�OLWWHUPDWHV DW�������PRQWKV�DQG�FRPSDUHG�WKH�UHVXOWV�ZLWK�GDWD�ZH�KDYH�HDUOLHU�

FROOHFWHG�IURP���PRQWK�ROG PLFH��)XUWKHU��ZH�PRQLWRUHG�DFRXVWLF�VWDUWOH�UHVSRQVHV�LQ�RWKHU�

$33�36��DQG�ZLOG�W\SH�PLFH�IURP���WR����PRQWKV�RI�DJH� ,QGHSHQGHQW�RI�WKH�DJH�$33�36��PLFH�

GHPRQVWUDWHG�LQFUHDVHG�FRUWLFDO�SRZHU�DW��±���+]��7KH\�DOVR�GLVSOD\HG�RYHU���IROG�LQFUHDVH�LQ�WKH�

RFFXUUHQFH�RI�VSLNH�ZDYH�GLVFKDUJHV�DQG�DXJPHQWHG�DXGLWRU\�HYRNHG�SRWHQWLDOV FRPSDUHG�WR�

QRQWUDQVJHQLF�OLWWHUPDWHV� ,Q�FRQWUDVW�WR�HYRNHG�SRWHQWLDOV��$33�36��PLFH�VKRZHG�QRUPDOL]DWLRQ�RI�

DFRXVWLF�VWDUWOH�UHVSRQVHV ZLWK�DJLQJ� ,QFUHDVHG�FRUWLFDO�SRZHU�DQG�VSLNH�ZDYH�GLVFKDUJHV�SURYLGH�

SRZHUIXO�QHZ�ELRPDUNHUV�WR�PRQLWRU�SURJUHVVLRQ�RI�DP\ORLG�SDWKRORJ\�LQ�SUHFOLQLFDO�LQWHUYHQWLRQ�

VWXGLHV��

.H\�ZRUGV��$O]KHLPHU¶V�GLVHDVH��DP\ORLG�SODTXH��WUDQVJHQLF��HSLOHSV\��((*
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���,QWURGXFWLRQ

$O]KHLPHU¶V�GLVHDVH�LV�RIWHQ�FRQVLGHUHG�D�VORZ�GHJHQHUDWLRQ�SURFHVV�ZKHUH�WKH�DFWLYLW\�RI�QHXURQV�

JUDGXDOO\�IDGHV�DZD\��+RZHYHU��DFFXPXODWLQJ�HYLGHQFH�VXJJHVWV�WKDW�WKH HDUO\�VWDJHV�RI�WKH�GLVHDVH�

DUH DFWXDOO\�FKDUDFWHUL]HG�E\�QHXURQDO�K\SHUDFWLYLW\��)XQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ�

�I05,��VWXGLHV�LQ�KXPDQV�KDYH�UHYHDOHG LQFUHDVHG�DFWLYDWLRQ�RI�PHGLDO�WHPSRUDO�OREH�VWUXFWXUHV�LQ�

SDWLHQWV�ZLWK�PLOG�FRJQLWLYH�LPSDLUPHQW�FRPSDUHG�WR�HOGHUO\�FRQWUROV�RU�SDWLHQWV�ZLWK�GLDJQRVHG�

$O]KHLPHU¶V�GLVHDVH��'LFNHUVRQ�HW�DO���������+lPlOlLQHQ�HW�DO����������,Q�H[WUHPH�FDVHV��WKH�

QHXURQDO�K\SHUDFWLYLW\��RU�K\SHUH[FLWDELOLW\��PD\�PDQLIHVW�DV�HSLOHSWLF�VHL]XUHV��2YHUDOO��HSLOHSWLF�

VHL]XUHV�LQ�$O]KHLPHU�SDWLHQWV�DUH�UDUH�EXW�VWLOO�a��WLPHV�PRUH�FRPPRQ�WKDQ�LQ�JHQHUDO�DJH�PDWFKHG�

SRSXODWLRQ��6FDUPHDV�HW�DO����������+RZHYHU��WKH�RFFXUUHQFH�RI�VHL]XUHV�DQG�P\RFORQXV�LV�

SDUWLFXODUO\�KLJK�LQ�HDUO\�RQVHW��DXWRVRPDO�GRPLQDQW�IDPLOLDO�$'�OLQNHG�ZLWK�DP\ORLG�SUHFXUVRU�

SURWHLQ��$33��RU�SUHVHQLOLQ����36���PXWDWLRQV��ZLWK�HVWLPDWHG�VHL]XUH�UDWHV�UDQJLQJ�EHWZHHQ���±���

��DQG�P\RFORQXV�UDWHV�EHWZHHQ��±�����EHLQJ�KLJKHVW�LQ�36��PXWDWLRQ�FDUULHUV��9RVVHO�HW�DO���

�������0RUHRYHU��D�UHFHQW�SURVSHFWLYH�((*�VWXG\�IRXQG�VXEFOLQLFDO�HSLOHSWLIRUP�DFWLYLW\�LQ�PRUH�

WKDQ�����RI�$'�SDWLHQWV��9RVVHO�HW�DO���������

,QFUHDVHG�HSLOHSWLF�DFWLYLW\��LQFOXGLQJ�VSRQWDQHRXV�VHL]XUHV��KDYH EHHQ�GRFXPHQWHG�LQ�PRVW

WUDQVJHQLF�PLFH�FDUU\LQJ�PXWDWHG�KXPDQ DP\ORLG�SUHFXUVRU�SURWHLQ��$33��JHQH �,WWQHU�HW�DO���������

0LQNHYLFLHQH�HW�DO���������1\JDDUG�HW�DO���������3DORS�HW�DO���������:HVWPDUN�HW�DO���������

=L\DWGLQRYD�HW�DO����������)XUWKHU��WKHVH�PLFH�VKRZ�GHFUHDVHG�WKUHVKROG�IRU�VHL]XUH�LQGXFWLRQ �3DORS�

HW�DO���������:HVWPDUN�HW�DO���������=L\DWGLQRYD�HW�DO����������DQG�LQ�YLYR�LPDJLQJ�RI�FRUWLFDO�

QHXURQV�LQ�$33�WUDQVJHQLF�PLFH�VKRZ�VSRQWDQHRXV�K\SHUDFWLYLW\�RI�QHXURQV�DURXQG�DP\ORLG�

SODTXHV �%XVFKH�HW�DO���������� ,QGLFHV�RI�QHXURQDO�K\SHUH[FLWDELOLW\�FDQ�EH�DOVR�VHHQ�LQ�LQ�YLYR ((*�

UHFRUGLQJV�LQ�IUHHO\�PRYLQJ�$33�WUDQVJHQLF�PLFH��0RVW�FRPPRQO\�UHSRUWHG�ILQGLQJV�DUH�EUDLQ�

UHJLRQ�DQG�VWDWH GHSHQGHQW�FKDQJHV�LQ�WKHWD�SRZHU��*XUHYLFLXV�HW�DO���������+D]UD�HW�DO���������-\RWL�

HW�DO���������3DSD]RJORX�HW�DO���������������:DQJ�HW�DO����������DQG�FRQVLVWHQW�VWDWH�LQGHSHQGHQW�

LQFUHDVH�LQ�EHWD�SRZHU��&RUEHWW�HW�DO���������*XUHYLFLXV�HW�DO���������-\RWL�HW�DO���������:DQJ�HW�DO���

����� XS�WR�JDPPD�UDQJH� LI�UHFRUGHG �&RUEHWW�HW�DO���������*XUHYLFLXV�HW�DO���������3DSD]RJORX�HW�

DO����������0RUHRYHU��WKHVH�PLFH�GLVSOD\�LQFUHDVHG�FRUWLFDO�VSLNLQJ��%RUQ�HW�DO���������6DQFKH]�HW�

DO��������� DQG�LQFUHDVHG�DPSOLWXGH�RI�DXGLWRU\��*XUHYLFLXV�HW�DO���������:DQJ�HW�DO�������� DQG�

VRPDWRVHQVRU\��0DDWXI�HW�DO�������� HYRNHG�SRWHQWLDOV��ZKLFK�VSHDN�IRU�LQFUHDVHG�FRUWLFDO�

H[FLWDELOLW\�
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1RWDEO\��DOPRVW�DOO�((*�VWXGLHV�LQ�$'�PRGHO�PLFH�KDYH�EHHQ�FRQGXFWHG�LQ�\RXQJ�DGXOW�DQLPDOV

ZLWK�PRGHUDWH�DP\ORLG�DFFXPXODWLRQ��DQG�ZH�GR�QRW�NQRZ�ZKHWKHU�K\SHUH[FLWDELOLW\�FRQWLQXHV�

XQWLO�DJHV DERYH����PRQWKV�ZKHQ�ERWK�DP\ORLG�SDWKRORJ\�DQG�PHPRU\�LPSDLUPHQW KDYH�IXOO\�

GHYHORSHG��)URP�WKH�WUDQVODWLRQDO�YLHZSRLQW�LW�LV�LPSRUWDQW�WR�PDNH�WKH�GLVWLQFWLRQ�EHWZHHQ�

SKHQRW\SHV�WKDW�PDQLIHVW�PDLQO\�LQ�\RXQJ�DQLPDOV��VXJJHVWLQJ�GHYHORSPHQWDO�RU�WUDQVJHQH�HIIHFW�

LQGHSHQGHQW�RI�DP\ORLG�SDWKRORJ\��DQG�SKHQRW\SHV�WKDW�VKRZ�SURJUHVVLRQ�ZLWK�DJH�DQG�DP\ORLG�

SDWKRORJ\��

:H�KDYH�HDUOLHU�UHSRUWHG�LQFUHDVHG�FRUWLFDO�DQG�WKDODPLF�SRZHU EHWZHHQ������+]�DQG�DXJPHQWHG�

DXGLWRU\�HYRNHG�SRWHQWLDOV��*XUHYLFLXV�HW�DO�������� LQ���PRQWK�ROG�$336ZH�36�G(� PLFH ZLWK�ZHOO�

FKDUDFWHUL]HG�HSLOHSV\�SKHQRW\SH��0LQNHYLFLHQH�HW�DO����������7R�DVVHVV�FKDQJHV�LQ�FRUWLFDO��

WKDODPLF�DQG�KLSSRFDPSDO�H[FLWDELOLW\�LQ�WKLV�PRXVH�ZLWK�DJLQJ�ZH�UHSOLFDWHG�WKH�SRZHU�VSHFWUDO�

DQG�HYRNHG�SRWHQWLDO�DQDO\VLV�DW�WKH�DJH�RI������ PRQWKV��ZKHQ�WKH�DP\ORLG�SDWKRORJ\�KDV IXOO\�

GHYHORSHG� DQG�WKH�PLFH��LQ�FRQWUDVW�WR���PRQWK�ROG�RQHV��VKRZ�UREXVW�PHPRU\�LPSDLUPHQW

�0LQNHYLFLHQH�HW�DO����������$V�D�EHKDYLRUDO�PHDVXUH�RI�EUDLQ�H[FLWDELOLW\�DQG�WR�DVVHVV�P\RFORQXV�

DVVRFLDWHG�ZLWK�VRPH�IRUPV�RI�IDPLOLDO�$'��9RVVHO�HW�DO����������ZH�DOVR�IROORZHG�XS�DFRXVWLF�DQG�

VSRQWDQHRXV�VWDUWOHV�LQ�D�VHSDUDWH�JURXS�RI�$336ZH�36�G(� PLFH�IURP���WR����PRQWKV�RI�DJH��+HUH�

ZH�SURYLGH�HYLGHQFH�IRU�FRQWLQXHG�FRUWLFDO�K\SHUH[FLWDELOLW\�LQ�$33�36��PLFH�XS�WR����PRQWKV�RI�

DJH�FRPSDUHG�WR���PRQWK�ROG�WUDQVJHQLF�PLFH�RU�PLGGOH�DJHG�ZLOG�W\SH�OLWWHUPDWHV� $�QRYHO�ILQGLQJ�

ZDV�IUHTXHQW�FRUWLFDO�VSLNH�ZDYH�GLVFKDUJHV�LQ�$33�36��PLFH�DW�ERWK�DJHV DQG�WKHLU�FR�RFFXUUHQFH�

ZLWK�LQFUHDVHG�RVFLOODWLRQV�DW������+]�DQG������ +]��

���0HWKRGV

����$QLPDOV

7KH�VXEMHFWV�ZHUH�$336ZH�36�G(� �$33�36�� PLFH��-DQNRZVN\�HW�DO�������� DQG�WKHLU�DJH�PDWFKHG�

ZLOG�W\SH�OLWWHUPDWHV��7KH�$33�36� FRORQ\�ZDV�EDVHG�RQ�IRXQGHUV�REWDLQHG�IURP�'��%RUFKHOW�DQG�-��

-DQNRZVN\��-RKQV�+RSNLQV�8QLYHUVLW\��%DOWLPRUH��0'��86$�� 7KH�PLFH�ZHUH�EDFNFURVVHG�WR�

&��%/��-�VWUDLQ�IRU��� JHQHUDWLRQV��7KH�PDLQ�((*�/)3�VWXG\�FRPSULVHG��� PDOH�$33�36��PLFH

DQG��� ZLOG�W\SH�OLWWHUPDWH�FRQWUROV EHWZHHQ����DQG����PRQWKV�RI�DJH��ZKLOH�WKH�H[SHULPHQW�RQ�

DFRXVWLF�VWDUWOH�UHIOH[HV�LQFOXGHG���IHPDOH�$33�36��PLFH�DQG���ZLOG�W\SH�OLWWHUPDWHV��,Q�DGGLWLRQ��

ZH�UHDQDO\]HG�VHOHFW�GDWD�IURP����$33�36��DQG���:7�IHPDOH�PLFH�ZKR�ZHUH�UHFRUGHG�DW���PRQWKV�

RI�DJH�LQ�RXU�SUHYLRXV�VWXG\��*XUHYLFLXV�HW�DO��������� 7KH�PLFH�ZHUH�NHSW�LQ�D�FRQWUROOHG�



ϱ

HQYLURQPHQW��FRQVWDQW�WHPSHUDWXUH����������&��KXPLGLW\��� ± �� ���OLJKWV�RQ���������������ZLWK�

IRRG�DQG�ZDWHU�DYDLODEOH�DG�OLELWXP��$OO�DQLPDO�SURFHGXUHV�ZHUH�FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK�WKH�

JXLGHOLQHV�RI�WKH�(XURSHDQ�&RPPXQLW\�&RXQFLO�'LUHFWLYHV��������((&�DQG�DSSURYHG�E\�WKH�

$QLPDO�([SHULPHQW�%RDUG�RI�)LQODQG�

7R�REWDLQ�TXDQWLWDWLYH�GDWD�RQ�WKH�RFFXUUHQFH�RI�VXGGHQ�GHDWKV�LQ�RXU�EUHHGLQJ�FRORQ\�RI�$33�36��

PLFH��ZH�WRRN�DGYDQFH�RI�DQ�HOHFWURQLF�DQLPDO�GDWD�PDQDJHPHQW�V\VWHP��3URYHW��(VSRR��)LQODQG��

WKDW�KDV�EHHQ�LQ�XVH�VLQFH�PLG�������:H�VFUHHQHG�DOO�$33�36��WUDQVJHQLF��JHQRW\SH�FRQILUPHG�ZLWK�

3&5��WKDW�ZHUH�QRW�VDFULILFHG�IRU�VDPSOLQJ�EHIRUH�WKH�DJH�RI����PRQWKV�IRU�UHFRUGHG�VSRQWDQHRXV�

GHDWKV�RU�HXWKDQDVLD GXH�WR�LPSDLUHG�KHDOWK�FRQGLWLRQ�DIWHU�DQ�H\HZLWQHVV�UHSRUW�RI�FRQYXOVLRQV��

0LFH�ZLWK�DQ�RSHUDWLRQ�UHTXLULQJ�JHQHUDO�DQHVWKHVLD�ZLWKLQ�WKUHH�ZHHNV�IURP�WKH�UHSRUWHG�VXGGHQ�

GHDWK�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�

����(OHFWURGH�LPSODQWDWLRQ

6XUJHU\�ZDV�SHUIRUPHG�XQGHU�LVRIOXUDQH�DQHVWKHVLD�������IRU�LQGXFWLRQ��a���IRU�PDLQWHQDQFH���

$QLPDOV�ZHUH�FKURQLFDOO\�LPSODQWHG�ZLWK�D�GRXEOH�RU�WULSOH�ZLUH�HOHFWURGHV��)RUPZDU��LQVXODWHG�

VWDLQOHVV�VWHHO�ZLUH��GLDPHWHU�����P��&DOLIRUQLD�)LQH�:LUH�&RPSDQ\�&R��*URYHU�%HDFK��&$��86$��

DW�WKH�IROORZLQJ�ORFDWLRQV��PHGLDO�IURQWDO�FRUWH[��WZR�GRXEOHW�HOHFWURGHV�LQ�SDUDOOHO�ZLWK�D�YHUWLFDO�

WLS�VHSDUDWLRQ�RI������P�DW�$3������IURP�EUHJPD��0/����ULJKW������IURP�PLGOLQH�DQG�������DQG�'9�

�����GHHSHU�WLS��IURP�GXUD��KLSSRFDPSXV��D�WULSOHW�HOHFWURGH�ZLWK�D�YHUWLFDO�WLS�VHSDUDWLRQ�RI������P�

DW�$3�������0/�������DQG�'9������WKH�GHHSHVW�WLS���ODWHUDO�JHQLFXODWH�QXFOHXV�RI�WKDODPXV��D�GRXEOHW�

HOHFWURGH�ZLWK�D�YHUWLFDO�WLS�VHSDUDWLRQ�RI������P�DW�$3������ 0/�± �OHIW�������DQG�'9������GHHSHU�

WLS���YLVXDO�FRUWH[��D�WULSOHW�HOHFWURGH�ZLWK�D�YHUWLFDO�WLS�VHSDUDWLRQ�RI������P�DW�$3�������0/�������

DQG�'9������WKH�GHHSHVW�WLS���,Q�DGGLWLRQ��FRUWLFDO�VFUHZ�HOHFWURGHV�ZHUH�DWWDFKHG�WR�WKH�OHIW�IURQWDO�

ERQH��$3�������0/�������DQG�ULJKW�SDULHWDO�ERQH��$3�������0/��������)XUWKHU��WZR�VFUHZV�ZHUH�

IL[HG�RQ�WKH�RFFLSLWDO�ERQH�WR�VHUYH�DV�WKH�JURXQG�DQG�FRPPRQ�UHIHUHQFH��7KH�VFUHZV�VHUYHG�DOVR�DV�

WKH�DQFKRUV�IRU�GHQWDO�DFU\OLF�FHPHQW�DQG�WKH�FRQQHFWRU��0LOO�0D[��1<��86$��� ,Q�DGGLWLRQ��

VWDLQOHVV�VWHHO�ZLUH��)RUPZDU��LQVXODWHG��GLDPHWHU�����P��&DOLIRUQLD�)LQH�:LUH�&RPSDQ\�&R��

*URYHU�%HDFK��&$��86$��ZDV�LQVHUWHG�GXULQJ�VXUJHU\�EHWZHHQ�WKH�QHFN�PXVFOHV�RI�IRU�

HOHFWURP\RJUDP��(0*��UHFRUGLQJ��$IWHU�WKH�VXUJHU\��WKH�PRXVH�UHFHLYHG�FDUSURIHQ�GDLO\����PJ�NJ��

L�S���5LPDG\O���9HULFRUH��'XQGHH��8.��IRU�SRVWRSHUDWLYH�DQDOJHVLD�PD[���GD\V�DQG�DQWLELRWLF�

SRZGHU��EDFLWUDVLQ�����,8��J�DQG�QHRP\FLQVXOIDWH��PJ�J��%DFLEDFW���2ULRQ�)LQODQG��ZDV�DSSOLHG�

RQ�WKH�ZRXQG��
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����9LGHR�((*�DQG�$(3�DFTXLVLWLRQ

$IWHU�D�UHFRYHU\�SHULRG�RI���GD\V�WKH�DQLPDOV�ZHUH�DFFXVWRPHG�WR�WKH�UHFRUGLQJ�VHWXS��7KH�DQLPDO�

ZDV�IUHHO\�PRYLQJ�LQ�D�URXQG�PHWDO�DUHQD��GLDPHWHU� ������FP���FRQQHFWHG�WR�D�OLJKWZHLJKW�

UHFRUGLQJ�FDEOH�ZLWK�D�FRXQWHU�ZHLJKW�SXOOH\�V\VWHP��7KH�LPSODQWHG�FRQQHFWRU��0LOO�0D[��1<��

86$��ZDV�DWWDFKHG�WR�D�SUHDPSOLILHU��3OH[RQ�+67���R���*��5����'DOODV��86$���DQG�WKH�VLJQDO�

ZDV�IXUWKHU�DPSOLILHG�ZLWK�DQ�$&�DPSOLILHU��$�0�6\VWHPV�������6HTXLP��:$��86$��JDLQ�������

EDQG�SDVV���± �����+]���$W�OHDVW�WKUHH�VHVVLRQV�RI�XQGLVWXUEHG���� K�GD\WLPH��OLJKW�SKDVH��UHFRUGLQJ�

ZDV�FROOHFWHG�DQG�GLJLWL]HG�DW���N+]�SHU�FKDQQHO��'7����VHULHV�$�'�ERDUG��'DWD�7UDQVODWLRQ��

0DUOERUR��0$��86$����7KH�GDWD�ZHUH�DFTXLUHG�E\�XVLQJ�6FLZRUNV�����SURJUDP��'DWD:DYH�

7HFKQRORJLHV��/RYHODQG��&2��86$���7KH�EHKDYLRU�RI�WKH�DQLPDOV�ZDV�UHFRUGHG�XVLQJ�D�FDPHUD�

�/LYH�&DP��9LGHR�,0�3UR��&UHDWLYH��'XEOLQ��,UHODQG��WKDW�ZDV�SRVLWLRQHG�RQ�WRS�RI�WKH�DUHQD�DQG�

V\QFKURQL]HG�ZLWK�HOHFWURSK\VLRORJLFDO�VLJQDOV��$XGLWRU\�HYRNHG�SRWHQWLDOV��$(3V��ZHUH�HYRNHG�

XVLQJ�D�SDLU�RI�FOLFN�WRQHV����N+]��GXUDWLRQ����PV�����G%������PV�EHWZHHQ�WKH�SDLUV��LQWHUVWLPXOXV�

LQWHUYDO����V���)RU�$(3�UHFRUGLQJV�WKH�PRXVH�ZDV�FRQWLQXRXVO\�REVHUYHG�DQG�DOO�UHFRUGV�IRU�IXUWKHU�

DQDO\VLV�ZHUH�REWDLQHG�GXULQJ�LPPRELOLW\�RI�WKH�DQLPDO��$�WRWDO�RI����UHVSRQVHV�DW�WKH�SDULHWDO�

VFUHZ�HOHFWURGH�ZHUH�VDPSOHG�DQG�DYHUDJHG�

����+LVWRORJ\

$W�WKH�HQG�RI�WKH�H[SHULPHQW�WKH�DQLPDOV�ZHUH�GHHSO\�DQHVWKHWL]HG�ZLWK�(TXLWKHVLQ VROXWLRQ������PO�

����J���FKORUDO�K\GUDWH�����PJ���SKHQREDUELWDO����PJ�PO������PO���SURS\OHQH�JO\FRO�����PO���

HWKDQRO�����������PO��ILOOHG�WLOO����PO�YROXPH�ZLWK�GLVWLOOHG�ZDWHU���7KH�ORFDWLRQV�RI�HOHFWURGHV�ZHUH�

PDUNHG�E\�SDVVLQJ�����$�'&�FXUUHQW������V�WKURXJK�DOO�FKDQQHOV�ZLWK�ZLUH�HOHFWURGHV����7KH�PRXVH�

ZDV�SHUIXVHG�ZLWK�LFH�FROG�VDOLQH�IRU���PLQ�DW����PO�PLQ�IROORZHG�E\�����SDUDIRUPDOGHK\GH��3)$��

VROXWLRQ�IRU���PLQ�DW����PO�PLQ��7KH�EUDLQ�ZDV�UHPRYHG�DQG�OHIW�IRU�LPPHUVLRQ�SRVWIL[DWLRQ�IRU���K�

LQ�����3)$�DQG�DIWHU�WKDW�LQ������VXFURVH�VROXWLRQ�IRU����K��7KH�EUDLQV�ZHUH�VWRUHG�LQ�D�

FU\RSURWHFWDQW�DW������&�XQWLO�VOLFLQJ��&RURQDO�VHFWLRQV��WKLFNQHVV�����P��ZHUH�FXW�ZLWK�D�IUHH]LQJ�

VOLGH�PLFURWRPH��

(YHU\�WKLUG�KLSSRFDPSDO�VHFWLRQ�ZDV�VWDLQHG�IRU�*)$3��JOLDO�ILEULOODU\�DFLGLF�SURWHLQ��WR�UHYHDO�WKH�

JOLRVLV�DURXQG�FKURQLF�ZLUH�HOHFWURGHV��0RXVH�DQWL�*)$3�ZDV�ERXJKW�IURP�6LJPD�$OGULFK����������

02��86$��DQG�JRDW�DQWL�PRXVH�ZLWK�KRUVHUDGLVK�SHUR[LGDVH�IURP�3LHUFH�%LRWHFKQRORJ\���������

5RFNIRUG��,/��86$�� ,Q�DGGLWLRQ��VHOHFW�VHFWLRQV�ZHUH�VWDLQHG�IRU�WKH�1�WHUPLQDO�KXPDQ�$ȕ�VSHFLILF�

DQWLERG\�:����*HQHWLFV��6ZLW]HUODQG��WR�YLVXDOL]H�DP\ORLG�SODTXHV��7KH�VHFWLRQV�ZHUH�H[DPLQHG�

XVLQJ�DQ�2O\PSXV�PLFURVFRSH�DW�������[�PDJQLILFDWLRQ��,Q�DGGLWLRQ�WR�OHVLRQ�PDUNV�DQG�JOLRVLV�LQ�
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KLVWRORJ\��ZH�XVHG�ZHOO�NQRZQ�KLSSRFDPSDO�HOHFWURSK\VLRORJLFDO�PDUNHUV�WR�YHULI\�HOHFWURGH�

ORFDWLRQ��3RODULW\�DQG�DPSOLWXGH�RI�WKHWD�RVFLOODWLRQ�DQG�SUHVHQFH�RI�ULSSOH�RVFLOODWLRQV�GHILQHG�

KLSSRFDPSDO�OD\HUV��ZKLOH�UHYHUVDO�RI�WKH�YLVXDO�HYRNHG�SRWHQWLDO��/HLQRQHQ�HW�DO�������� ZDV�XVHG�

WR�GLVWLQJXLVK�VXSHUILFLDO��V9&��DQG�GHHS��G9&��OD\HUV�RI�WKH�YLVXDO�FRUWH[�

$OO�VLJQDOV�ZHUH�QRUPDOL]HG�WR�DPSOLILFDWLRQ�DQG�DQDO\]HG�RIIOLQH�LQ�0DWODE��0DWKZRUNV��1DWLFN��

0$��86$��5����E���,Q�WKH�EHJLQQLQJ��DOO�/)3�((*�UHFRUGLQJV�GXULQJ�VSRQWDQHRXV�EHKDYLRUV�ZHUH�

SURFHVVHG�WR�DUWLIDFW�QRLVH�HVWLPDWLRQ��(YHU\�FKDQQHO�LQ�HDFK�UHFRUGLQJ�ZDV�GLYLGHG�LQWR����V�

VZHHSV�WR�IDFLOLWDWH�DUWLIDFW�H[FOXVLRQ��EHKDYLRUDO�VWDWH�DVVLJQPHQW�DQG�IXUWKHU�DQDO\VLV��7R�HOLPLQDWH�

RFFDVLRQDO�DUWLIDFWV��H�J��EDG�FRQWDFW��MHUN\�PRYHPHQWV��DQLPDO�KDQGOLQJ��HWF����ZH�FDOFXODWHG�WKH�

DYHUDJHG�SRZHU�VSHFWUXP�GLVWULEXWLRQ�EHWZHHQ����DQG����+]�IRU�HDFK�VZHHS��DQG�RXWO\LQJ�VZHHSV�

ZHUH�H[FOXGHG�ZLWK�LWHUDWLYH�LPSOHPHQWDWLRQ�RI�WKH�*UXEEV�WHVW�IRU�RXWOLHUV��0$7/$%�URXWLQH�

³GHOHWHRXWOLHUV�P´�E\�%UHWW�6KRHOVRQ���EHVLGHV��ZH�YLVXDOO\�FKHFNHG�UHFRUGLQJ�TXDOLW\�DQG�FXW�RXW�

QRLV\�VZHHSV�PDQXDOO\�IURP�LQGLYLGXDO�FKDQQHOV��$OO�FKDQQHOV�WKDW�KDG�IHZHU�WKDQ����QRLV\�VZHHSV�

� ���PLQ��ZHUH�TXDOLILHG�LQWR�WKH�GDWDEDVH��KRZHYHU��RQO\�WKH�ILUVW�UHFRUGLQJ�VHVVLRQ�WKDW�IXOILOOHG�

WKH�FULWHULD�ZDV�SURFHVVHG�IRU�IXUWKHU�DQDO\VLV��

1H[W��ZH�DVVLJQHG�HDFK�VZHHS�WR�RQH�RI�WKH�IRXU�EHKDYLRUDO�VWDWHV��PRYHPHQW��ZDNLQJ�LPPRELOLW\��

UDSLG�H\H�PRYHPHQW��5(0��VOHHS��RU�QRQ�5(0��15(0��VOHHS��EDVHG�RQ�D�VHPL�DXWRPDWHG�

SURFHGXUH�DV�IROORZLQJ������WKH�VZHHSV�ZLWK�(0*���±����+]��DPSOLWXGH�DERYH�WKH�PHDQ�ZHUH�

DVVLJQHG�DV�PRYHPHQW������DQ�DOSKD����±�� +]���JDPPD����±����+]� SRZHU�UDWLR�DERYH�WKH�PHDQ�

FKDUDFWHUL]HG�15(0�VOHHS��,I�WKH�UDWLR�EHWZHHQ�WZR�15(0�VZHHSV�UHPDLQHG�����DERYH�WKH�

VPDOOHVW�YDOXH��WKRVH�VZHHSV�ZHUH�PHUJHG�WRJHWKHU������D�KLJK�WKHWD���±��+]��GHOWD���±� +]� SRZHU�

UDWLR�DERYH�WKH�PHDQ�E\���6'V�FKDUDFWHUL]HG�5(0�VOHHS��DQG�WZR�5(0�VZHHSV�ZHUH�PHUJHG�

WRJHWKHU�LI�WKH�UDWLR�UHPDLQHG�DERYH�WKH�PHDQ�LQ�EHWZHHQ��,Q�DGGLWLRQ��WKH�SUHFHGLQJ�VZHHS�KDG�WR�

EH�FODVVLILHG�DV�15(0�VOHHS��RWKHUZLVH��VZHHSV�ZLWK�KLJK�WKHWD�GHOWD�UDWLRV�ZHUH�DVVLJQHG�DV�

ZDNLQJ�LPPRELOLW\������DOO�UHPDLQLQJ�ZDNLQJ�WLPH�ZDV�DVVLJQHG�DV�ZDNLQJ�LPPRELOLW\��7KH�

EHKDYLRUDO�DVVLJQPHQW�ZDV�IXUWKHU�YHULILHG�E\�YLVXDO�LQVSHFWLRQ�RQ WKH�UHVXOWLQJ�K\SQRJUDP��UDZ�

/)3�((*�GDWD��DQG�YLGHR�DQG�ZDV�FRUUHFWHG�LI�QHHGHG�DV�GRQH�LQ�RXU�SUHYLRXV�VWXG\��*XUHYLFLXV�HW�

DO����������7KH�SRZHU�VSHFWUDO�GHQVLW\��36'��ZDV�FDOFXODWHG�RQ�HDFK�VZHHS�ZLWK�:HOFK¶V�DYHUDJHG�

PRGLILHG�SHULRGRJUDP�PHWKRG�RI�VSHFWUDO�HVWLPDWLRQ��GHIDXOW�0$7/$%�SDUDPHWHUV���DQG�WKHQ�

DYHUDJHG�ZLWKLQ�HDFK�EHKDYLRUDO�VWDWH��EUDLQ�UHJLRQ�DQG�JHQRW\SH��7R�FRPSDUH�WKH�36'�EHWZHHQ�WKH�

JHQRW\SHV��ZH�UDQ�PXOWLSOH�W�WHVWV�IRU�HDFK���+]�ELQ�DQG�DSSOLHG�IDOVH�GLVFRYHU\�UDWH�FRUUHFWLRQ�

�%HQMDPLQL�DQG�+RFKEHUJ������� IRU�PXOWLSOH�FRPSDULVRQV��7KH�VWDWLVWLFDO�WKUHVKROG�ZDV�VHW�DW�S���

����� 7R�HQDEOH�FRPSDULVRQ�DFURVV�DJHV�DQG�DFURVV�WZR�VWXGLHV�GRQH�LQ�WKH�VDPH�ODERUDWRU\�EXW�ZLWK�
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D�GLIIHUHQW�DPSOLILHU��ZLWK�SRVVLEO\�GLIIHUHQW�FDOLEUDWLRQ��ZH�QRUPDOL]HG�WKH�36'V�RI�WKH���PRQWK�

ROG�PLFH�VR�WKDW�WKH�JURXS�PHDQV�RI�:7�PLFH�RI�WKH�WZR�DJHV�EHFDPH�HTXDO��7KLV�DSSURDFKHG�PD\�

KDYH�PDVNHG�DQ\�DJH�UHODWHG�V\VWHPDWLF�HIIHFW��+RZHYHU��EDVHG�RQ�RXU�HDUOLHU�ORQJLWXGLQDO�VWXG\�

IURP���WR����PRQWKV�RI�DJH��WKHUH�LV�QR�PDMRU�DJH�UHODWHG�FKDQJH�LQ�WKH�FRUWLFDO�((*�SRZHU� DV�ORQJ�

DV�WKH�DQLPDOV�DUH�LQ�WKH�VDPH�EHKDYLRUDO�VWDWH��:DQJ�HW�DO����������:H�GLYLGHG�WKH�36'�LQWR�

FRQYHQWLRQDO�IUHTXHQF\�EDQGV��GHOWD������+]���WKHWD������+]���DOSKD��������+]���EHWD�����± ���+]���

DQG�JDPPD�����± ����+]� DQG�FRPSDUHG�WKH�SRZHU�LQ�WKHVH�EDQGV�EHWZHHQ�WKH�ROG�GDWDVHW�RQ�\RXQJ�

PLFH�DQG�WKH�SUHVHQW�RQH�RQ�PLGGOH�DJHG�PLFH��7KH�GDWD�ZHUH�DQDO\]HG�E\�WZR�ZD\�$129$� ZLWK�

JHQRW\SH�DQG�DJH�DV�IDFWRUV�

&RUWLFDO�VSLNH�ZDYH�GLVFKDUJH��6:'��ZLWK�D�FKDUDFWHULVWLF�GRPLQDQW�IUHTXHQF\�RI�����+]�LV�WKH�

HOHFWURSK\VLRORJLFDO�FKDUDFWHULVWLFV�RI�DEVHQFH�HSLOHSV\�LQ�KXPDQV��7LPRIHHY�DQG�6WHULDGH���������

,Q�PDQ\�DVSHFWV�LGHQWLFDO�6:'�FRPSOH[�ZLWK�DOWHUQDWLQJ�VSLNHV�DQG�ZDYHV�FDQ�EH�VHHQ�LQ�JHQHWLF�

URGHQW�PRGHOV�RI�DEVHQFH�HSLOHSV\�EXW�ZLWK�GLIIHUHQW�IUHTXHQF\�FKDUDFWHULVWLFV��7KH�EDVLF�IUHTXHQF\�

RI�WKH�ZDYH�FRPSRQHQW�VWDUWV�DURXQG�������+]�DQG�TXLFNO\�VWDELOL]HV�WR���± ��+]��$�VHFRQG�

KDUPRQLF�SHDN�FDQ�RIWHQ�EH�VHHQ�DURXQG����+]��/�WWMRKDQQ�HW�DO��������� :H�VFUHHQHG�RXW�WKH�6:'�

HYHQWV�IURP�WKH�FRUWLFDO�((*�ZLWK�WKH�KHOS�RI�WKHVH�WZR�IUHTXHQF\�EDQGV�DV�IROORZV��)LUVW��UDZ�((*�

GDWD�ZHUH�EDQGSDVV�ILOWHUHG�EHWZHHQ���± ���+]��DQG�WKHQ�DQ�HQYHORSH�ZDV�FDOFXODWHG�E\�WDNLQJ�

DEVROXWH�YDOXHV�RI�+LOEHUW�WUDQVIRUPHG�ILOWHUHG�GDWD��6HFRQG��D�SRVLWLYH�WKUHVKROG�ZDV�VHW�DERYH�WKH�

HQYHORSH�PHDQ��7KH�WZR�FURVVLQJ�SRLQWV�EHWZHHQ�WKH�HQYHORSH�DQG�WKH�WKUHVKROG�PDUNHG�WKH�UDQJH�

RI�D�FDQGLGDWH�6:'�HYHQW��,I�WKH�WLPH�JDS�EHWZHHQ�FRQVHFXWLYH�FDQGLGDWH�HYHQWV��HQG�RI�WKH�ILUVW�WR�

WKH EHJLQQLQJ�RI�WKH�VHFRQG��ZDV�VPDOOHU�WKDQ�����PV��WKHVH�FDQGLGDWH�HYHQWV�ZHUH�PHUJHG��

%HVLGHV��HYHQWV�WKDW�ZHUH�VKRUWHU�WKDQ�����PV�RU�KDYH�IHZHU�WKDQ�WKUHH�VSLNH�ZDYH�F\FOHV ZHUH�

H[FOXGHG�IURP�WKH�6:'�FROOHFWLRQ��)LUVW��UDZ�((*�GDWD�ZHUH�EDQGSDVV�ILOWHUHG�EHWZHHQ���± ���+]��

DQG�WKHQ�DQ�HQYHORSH�ZDV�FDOFXODWHG�E\�WDNLQJ�DEVROXWH�YDOXHV�RI�+LOEHUW�WUDQVIRUPHG�ILOWHUHG�GDWD��

6HFRQG��D�SRVLWLYH�WKUHVKROG�ZDV�VHW�DERYH�WKH�HQYHORSH�PHDQ��7KH�WZR�FURVVLQJ�SRLQWV�EHWZHHQ�WKH�

HQYHORSH�DQG�WKH�WKUHVKROG�PDUNHG�WKH UDQJH�RI�D�FDQGLGDWH�6:'�HYHQW��,I�WKH�WLPH�JDS�EHWZHHQ�

FRQVHFXWLYH�FDQGLGDWH�HYHQWV��HQG�RI�WKH�ILUVW�WR�WKH�EHJLQQLQJ�RI�WKH�VHFRQG��ZDV�VPDOOHU�WKDQ�����

PV��WKHVH�FDQGLGDWH�HYHQWV�ZHUH�PHUJHG��%HVLGHV��HYHQWV�WKDW�ZHUH�VKRUWHU�WKDQ�����PV�RU�KDYH�

IHZHU WKDQ�WKUHH�VSLNH�ZDYH�F\FOHV�ZHUH�H[FOXGHG�IURP�WKH�6:'�FROOHFWLRQ��7KH�WKUHVKROG�YDOXH�

ZDV�DGMXVWHG�E\�H\H�LQVSHFWLRQ�IRU�HDFK�PRXVH�EDVHG�RQ�D�VDPSOH�ILOH�XQWLO�QR�WUXH�SRVLWLYH�HYHQWV�

ZHUH�H[FOXGHG DQG�PRVW�IDOVH�HYHQWV�UHMHFWHG��%HWZHHQ�LQGLYLGXDO�PLFH�WKLV�WKUHVKROG�YDULHG�

EHWZHHQ�����± ����6'�LQ�:7�DQG���������6'�LQ�$33�36��PLFH� ,Q�WKH�ILQDO�VWHS��ZH�XVHG�D�

FXVWRPL]HG�XVHU�LQWHUIDFH�WR�KHOS�DQ�H[SHULHQFH�KXPDQ�UDWHU�EOLQGHG�WR�WKH�PRXVH�JHQRW\SH�GHFLGH�
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WKH�DFFHSWDQFH�YV��UHMHFWLRQ�RI�HDFK�FDQGLGDWH�HYHQW�EDVHG�RQ�WKH�UHJXODULW\�RI�WKH�VSLNH�ZDYH�

SDWWHUQ��7KH�QXPEHU�RI�6:'�HYHQWV�LQ�HDFK�JHQRW\SH�DQG�DW�WZR�DJHV ZDV�FRXQWHG�DQG�GLYLGHG�E\�

WKH�WRWDO�WLPH�RI�LPPRELOLW\��L�H��ZDNLQJ�LPPRELOLW\��15(0���7KH�GDWD�ZHUH�DQDO\]HG�E\�WZR�ZD\�

$129$�ZLWK�JHQRW\SH�DQG�DJH�DV�IDFWRUV�

3UH�6:'�SRZHU�DW � � ��+] UDQJH��/�WWMRKDQQ�HW�DO����������� � ���� ����+]�UDQJH��/�WWMRKDQQ�HW�DO���

������3LQDXOW�HW�DO����������DQG�������+] UDQJH �6RURNLQ�HW�DO�������� KDYH EHHQ�UHSRUWHG�WR�

SRVLWLYHO\�FRUUHODWH�ZLWK�VSRQWDQHRXV�6:'�HYHQWV�LQ�D�JHQHWLF�DEVHQFH�HSLOHSV\�UDW�PRGHO��7R�WHVW�

LI�WKLV�LV�WKH�FDVH�LQ�RXU�:7�DQG�$33�36��PLFH �PLGGOH�DJHG�PLFH�RQO\���ZH�VFUHHQHG�RXW�DOO�6:'�

HYHQWV�WKDW�RFFXUUHG�DW�OHDVW����V�DIWHU�WKH�HQG�RI�WKH�SUHYLRXV�6:'�HYHQW��DQG�WKHQ�GLYLGHG�WKH�

SUHFHGLQJ����V�HSRFKV�LQWR���V�ELQV��7R�WHVW�ZKHWKHU�6:'V�DVVRFLDWH�ZLWK�VORZ�IOXFWXDWLRQV�LQ�

DERYH�PHQWLRQHG�IUHTXHQFLHV��ZH�FRPSDUHG�WKH�36'�LQ�ODWWHU�DQG�HDUOLHU�KDOI�RI�WKH����V�HSRFK�

SUHFHGLQJ�WKH�6:'V�ZLWK�SDLUHG�W�WHVW���%HVLGHV��WR�GHWHUPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�6:'V�DQG�

WKHVH�SRZHU�UDQJHV�LQ�D�VPDOOHU�WLPH�VFDOH��ZH�FRPSDUHG�WKH�����+]�������+]�RU������ +]�SRZHU�

EHWZHHQ�DGMDFHQW���V�ELQV�DFURVV�WKH����V�SUHFHGLQJ�WKH�6:'�E\�XVLQJ�SDLUHG�W�WHVW�

7R�VHDUFK�IRU�WKH�DPSOLWXGH�PRGXODWLRQ�E\�RVFLOODWLRQ�SKDVH LQ�WKH�PLGGOH�DJHG�PLFH��ZH�ILUVW�

SORWWHG�WKH�ELVSHFWUXP�RI�UDZ�GDWD��ZKLFK�LQGLFDWHV�LQWHUDFWLQJ�IUHTXHQF\�WULSOHWV��.UDPHU�HW�DO���

�������%DVHG�RQ�WKH�ELVSHFWUXP��ZH�FKRVH�WR�H[DPLQH�����GHOWD���±��+]��SKDVH�JDPPD����±����+]��

DPSOLWXGH�PRGXODWLRQ�DQG�����WKHWD���±�� +]��SKDVH�JDPPD����±����+]��DPSOLWXGH�PRGXODWLRQ��,Q�

RUGHU�WR�TXDQWLI\�WKH�H[WHQW�RI�PRGXODWLRQ��ZH�HVWLPDWHG�WKH�PRGXODWLRQ�LQGH[��0,��EDVHG�RQ�D�

QRUPDOL]HG�HQWURS\�PHDVXUH��DV�GHVFULEHG�SUHYLRXVO\��*XUHYLFLXV�HW�DO���������7RUW�HW�DO����������

7KH�KLJKHU�WKH 0,�YDOXH��WKH�VWURQJHU�LV�WKH�FURVV�IUHTXHQF\�FRXSOLQJ��DPSOLWXGH�SKDVH��EHWZHHQ�

WZR�IUHTXHQF\�UDQJHV�RI�LQWHUHVW��:H�HVWLPDWHG�WKH�PHDQ�SRZHU�RI�JDPPD�RVFLOODWLRQ�IRU�HDFK���+]�

ELQ��6WDWLVWLFDO�VLJQLILFDQFH�RI�0,�ZDV�HVWLPDWHG�E\�FUHDWLQJ�VKXIIOHG�GDWD�RI�WKH�WLPH�VHULHV��SKDVH�

RI�RQH�VZHHS�DQG�DPSOLWXGH�RI�DQRWKHU��DQG�JHQHUDWHG�����VXUURJDWH�0,�YDOXHV��IURP�ZKLFK�HDFK�

0,�YDOXH�ZDV�FDOFXODWHG�IURP����UDQGRP�SDLUV��$VVXPLQJ�D�QRUPDO�GLVWULEXWLRQ�RI�WKH�VXUURJDWH�0,�

YDOXHV��D�VLJQLILFDQFH�WKUHVKROG�ZDV�WKHQ�FDOFXODWHG�E\�XVLQJ�S��������DV�WKH�WKUHVKROG��$OO�

FRPSDULVRQV�ZHUH�GRQH�XVLQJ�)ULHGPDQ¶V�WHVW�GXH�WR�WKH�ODFN�RI�QRUPDO�GLVWULEXWLRQ�RI�0,�YDOXHV�

DQG�XQSDLUHG�VL]HV�RI�VDPSOHV�LQ�HDFK�FRPSDULVRQ�JURXS��

����$(3�GDWD�DQDO\VLV
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,Q�WKH�SDLUHG�SXOVH�DXGLWRU\�VWLPXOXV�H[SHULPHQW�WKH�$(3V�LQ�WKH�IURQWDO FRUWH[�VKRZHG�FRQVWDQWO\�

WZR�FRPSRQHQWV�DW�����1���DQG�����3���PV�DIWHU�WKH�FOLFN�VWLPXOXV�LQ�DOO�WHVWHG�PLFH��)LUVW��WKH�

EDVHOLQH�ZDV�FRUUHFWHG�IRU�HDFK�PRXVH�E\�DYHUDJLQJ�EDFNJURXQG�((*�EHWZHHQ���DQG�����PV�EHIRUH�

WKH�VWLPXOXV�RQVHW��7KH�DPSOLWXGH�RI�HDFK�SHDN�RU�WURXJK ZDV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DEVROXWH�

PD[LPXP�DQG�WKH�EDVHOLQH�OHYHO��ZKLOH�WKH�SHDN�ODWHQF\�ZDV�FDOFXODWHG�IURP�WKH�VWLPXOXV�RQVHW��

:KHQ�HVWLPDWLQJ�KDELWXDWLRQ�RI�WKH�$(3��DXGLWRU\�JDWLQJ���ZH�ILUVW FDOFXODWHG�WKH�DPSOLWXGH�

GLIIHUHQFH�EHWZHHQ�WKH�1��DQG�3��SHDNV�DV�GHVFULEHG�SUHYLRXVO\��%LFNIRUG�:LPHU�HW�DO����������

7KHQ�SDLUHG�SXOVH�UDWLRV�ZHUH�FDOFXODWHG�IRU�WKH�3��± 1��GLIIHUHQFH�E\�GLYLGLQJ�WKH�UHVSRQVH�

DPSOLWXGH�DIWHU�WKH�VHFRQG�VWLPXOXV��$���WHVW�VWLPXOXV��E\�WKH�UHVSRQVH�DPSOLWXGH�DIWHU�WKH�ILUVW�

VWLPXOXV��$���FRQGLWLRQLQJ�VWLPXOXV��DQG�IXUWKHU�FRQYHUWHG�WKH�UDWLR�LQWR�SHUFHQWDJH��UDWLR� �$��$��

î��������3HDN�ODWHQF\�ZDV�GHILQHG�DV�WKH�WLPH�RI�SHDN��RU�WURXJK��IURP�WKH�RQVHW�RI�VRXQG�VWLPXOL�

7KH�GDWD�IURP�WKH�WZR�JHQRW\SHV�DQG�WZR�DJHV�ZHUH�FRPSDUHG�XVLQJ�WZR�ZD\�$129$�ZLWK�WKH�

JHQRW\SH�DQG�DJH�DV�IDFWRUV��,Q�DOO�DQDO\VHV��WKH�WKUHVKROG�IRU�VLJQLILFDQFH�ZDV�VHW�WR�������7KH�

UHVXOWV�DUH�SUHVHQWHG�DV�PHDQV���6(0��

����$FRXVWLF�VWDUWOH�UHVSRQVH�DQG�SUH�SXOVH�LQKLELWLRQ

7KH�DFRXVWLF�VWDUWOH�UHVSRQVH�WR�WKH�SUHVHQWDWLRQ�RI�D�VXGGHQ�ORXG�VRXQG�LV�D�VHQVLWLYH�LQGLFDWRU�RI�

WKH�JHQHUDO�UHDFWLYLW\�RI�DQ�DQLPDO��3UH�SXOVH�LQKLELWLRQ��L�H���UHGXFWLRQ�RI�WKH�VWDUWOH�UHVSRQVH�WR�WKH�

VXGGHQ�ORXG�VRXQG�E\�D�ZHDN�SUHFHGLQJ�VRXQG�SXOVH��LV�D�VHQVLWLYH�PHDVXUH�RI�VORZ�LQKLELWRU\�

PHFKDQLVPV�DQG�FORVHO\�UHODWHG�WR�WKH�DXGLWRU�JDWLQJ�RI�$(3V��7KH�VWDUWOH�UHVSRQVH�V\VWHP��76(�

6\VWHPV��%DG�+DPEXUJ��*HUPDQ\��FRPSULVHG�D�VRXQG�DWWHQXDWLRQ�FKDPEHU�����FP�[����FP�[����

FP��DQG�D�KLJKO\�VHQVLWLYH�VFDOH�ORFDWHG�EHWZHHQ�WZR�ORXGVSHDNHUV��7KH�PRXVH�ZDV�SODFHG�LQ�D�

UHVWUDLQHU������FP�[���FP�[�����FP��RQ�WRS�RI�WKH�VFDOH��7KH�VWDUWOH�UHVSRQVH�ZDV�PHDVXUHG�DV�DQ�

DSSDUHQW�ZHLJKW�LQFUHDVH�GHFUHDVH�GXH�WR�PXVFOH�FRQWUDFWLRQV��7KH�PRXVH�ZDV�ILUVW�H[SRVHG�IRU���

PLQ�WR�EDFNJURXQG�ZKLWH�QRLVH�����G%��WKDW�UHPDLQHG�RQ�GXULQJ�WKH�WHVWLQJ��$�VWDUWOH�SXOVH�����PV��

����G%��ZDV�SUHVHQWHG�DORQH�RU�SUHFHGHG�ZLWK�D�SUH�SXOVH�VWLPXOXV�����PV��DW�WKUHH�LQWHQVLWLHV������

�������G%���7KH�WLPH�EHWZHHQ�WKH�SUH�SXOVH�DQG�WKH�VWDUWOH�SXOVH�ZDV�����PV��7KH�LQWHU�WULDO�LQWHUYDO�

YDULHG�UDQGRPO\�EHWZHHQ����DQG����V���(DFK�FRQGLWLRQ�ZDV�SUHVHQWHG����WLPHV��DQG�WKH�PHGLDQ�

UHVSRQVH�WR�HDFK�SUH�SXOVH�ZDV�WDNHQ�LQWR�IXUWKHU�DQDO\VLV��7R�TXDQWLI\�VSRQWDQHRXV�PRWRU�WZLWFKHV�

LQGHSHQGHQW�RI�H[WHUQDO�VWLPXODWLRQ��DV�D�SUR[\�IRU�P\RFORQXV���ZH�OHW�WKH�PLFH�VWD\�LQ�WKH�V\VWHP�

IRU����PLQ�DQG�FRXQWHG�DOO�VWDUWOHV�ZLWK�DQ�RVWHQVLEOH�ZHLJKW�H[FHHGLQJ������J��7KH�VWXG\�JURXS����

IHPDOH�$33�36��PLFH�DQG���:7�OLWWHUPDWHV��ZHUH�UHFRUGHG�DW������DQG����PRQWKV�RI�DJH��7KH�ERG\�

ZHLJKW�ZDV�WDNHQ�DW�HDFK�DJH�EHIRUH�WKH�UHFRUGLQJ��7KH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�VWDUWOH�UHVSRQVHV�



ϭϭ

ZDV�GRQH�ZLWK�$129$�IRU�UHSHDWHG�PHDVXUHV��ZLWK�WKH�DJH�DV�ZLWKLQ�VXEMHFW�DQG�WKH�JHQRW\SH�DV�

EHWZHHQ�VXEMHFW�IDFWRU�

���7KHRU\

7KLV�ZRUN�FRPSDUHV $33�36��WUDQVJHQLF�PLFH�WR�WKHLU�ZLOG�W\SH��:7��FRQWUROV�DW�D�µV\PSWRPDWLF¶�

DJH��������PRQWKV��RI�$'�OLNH�EUDLQ�DP\ORLGRVLV DQG�XVHV�RXU�SUHYLRXVO\�SXEOLVKHG�GDWD�RQ���

PRQWK�ROG��µSUH�V\PSWRPDWLF¶��SUH�SODTXH��$33�36��DQG�:7�PLFH�DV�UHIHUHQFH��((*�SDUDPHWHUV

WKDW�UHIOHFW�JHQHUDO�DJLQJ�VKRXOG�QRW�VKRZ�XS�DV�GLIIHUHQFH�EHWZHHQ�$33�36��DQG�:7�PLFH��7KRVH�

SDUDPHWHUV�WKDW�UHIOHFW�WKH�LQIOXHQFH�RI�VROXEOH�$ȕ�VSHFLHV�RU�RWKHU�$33�EUHDNGRZQ�SURGXFWV�VKRXOG�

GLIIHUHQWLDWH�$33�36��DQG�:7�PLFH�WR�WKH�VDPH H[WHQW�DW�WKH�WZR�DJHV�RU�OHVV�DW�PLGGOH�DJHV�WKDQ�

\RXQJ�DGXOW�DJH��,Q�FRQWUDVW��SDUDPHWHUV�WKDW�UHIOHFW�WKH�HIIHFW�RI�SURJUHVVLYH�EUDLQ�DP\ORLGRVLV�ZLWK�

SODTXH�IRUPDWLRQ�DQG�SODTXH�DVVRFLDWHG�LQIODPPDWRU\�DQG�GHJHQHUDWLYH�FKDQJHV�VKRXOG�VKRZ�XS�DV�

GLIIHUHQFH�EHWZHHQ�WKH�JHQRW\SHV�DW�������PRQWKV�RI�DJH�EXW�QRW�DW�WKH�\RXQJHU�DJH�

���5HVXOWV

����,QFUHDVHG�SRZHU�VSHFWUDO�GHQVLW\�RYHU�EHWD�± JDPPD�IUHTXHQFLHV�LQ�PLGGOH�DJHG�$33�36��

PLFH

8VLQJ�WKH�VDPH�UHFRUGLQJ�PHWKRGV�DQG�SURWRFRO�DV�LQ�RXU�SUHYLRXV�VWXG\�RQ���PRQWK�ROG�$33�36��

PLFH��*XUHYLFLXV�HW�DO�������� ZH�FROOHFWHG�GDWD�IURP����$33�36��DQG����ZLOG�W\SH�OLWWHUPDWH�PLFH�

DW�WKH�DJH�RI�������PRQWKV��)LJXUH�� LOOXVWUDWHV�WKH�KLVWRORJLFDOO\�YHULILHG�HOHFWURGH�ORFDWLRQV�DQG�WKH�

H[WHQW�RI�DP\ORLG�SODTXH�SDWKRORJ\�LQ�HDFK�VLWH�DW�WKH�HQG�RI�WKH�UHFRUGLQJV��6XSSOHPHQWDU\�7DEOH���

VXPPDUL]HV�WKH�QXPEHU�RI�PLFH�ZLWK�JLYHQ�HOHFWURGH�ORFDWLRQ�XVHG�LQ�WKH�ILQDO�DQDO\VLV��:H

FRPSDUHG�WKH�((*�/)3�SRZHU�VSHFWUDO�GHQVLW\�EHWZHHQ�JHQRW\SHV�LQ�VHYHQ�EUDLQ�UHJLRQV� PHGLDO�

DQG�VXSHUILFLDO�IURQWDO�FRUWH[��P)&�V)&���SDULHWDO�FRUWH[��3&���GHQWDWH�J\UXV��'*���ODWHUDO�

JHQLFXODWH�QXFOHXV�RI�WKDODPXV��7+���DQG�VXSHUILFLDO�DQG�GHHS�YLVXDO�FRUWH[��V9&��G9&�� XQGHU�

PRYHPHQW��ZDNLQJ LPPRELOLW\�DQG�15(0�VOHHS�VWDWHV �QR�5(0�ZDV�GHWHFWHG���$FURVV�DOO�

EHKDYLRUDO VWDWHV��WKH�SRZHU�VSHFWUDO GHQVLW\ RI�ERWK�JHQRW\SHV�UHYHDOHG�WZR�SHDNV��RQH�LQ�WKHWD�

EDQG����� +]��DQG�DQRWKHU�LQ�D�QDUURZ�JDPPD�EDQG������� +]���+RZHYHU��P)&�VKRZHG�D�SHDN�LQ�

WKH�GHOWD�EDQG����� +]��GXULQJ�ZDNLQJ LPPRELOLW\ DQG�15(0�VOHHS��)LJ������,Q�DGGLWLRQ��WKH�

$33�36��PLFH�VKRZHG�D�SHDN�DW�������+]�ZLQGRZ�GXULQJ�ZDNLQJ LPPRELOLW\�DQG�15(0�VOHHS��

PRVW�SURPLQHQW�DW�WKH�V)&��3&�DQG�G9&�HOHFWURGHV��)LJ�����



ϭϮ

7R�FRPSDUH�WKH�SRZHU�VSHFWUDO�GHQVLWLHV�EHWZHHQ�WKH�JHQRW\SHV��ZH�VHSDUDWHG�WKH�EUDLQ�UHJLRQV�DQG�

EHKDYLRUDO�VWDWHV�DQG�UDQ�PXOWLSOH�W�WHVWV�IRU�HDFK���+]�ELQ�XVLQJ�IDOVH�GLVFRYHU\�UDWH�FRUUHFWLRQ IRU�

PXOWLSOH�FRPSDULVRQV��%HQMDPLQL�DQG�+RFKEHUJ�������� ([FHSW�IRU�PRYHPHQW�LQ�P)&�DQG�DOO

EHKDYLRUDO�VWDWHV�LQ�7+�DQG�V9&��$33�36��PLFH�VKRZHG�D�VLJQLILFDQW�SRZHU�LQFUHDVH�FRPSDUHG�WR�

:7�PLFH �)LJ������7KH�SRZHU HQKDQFHPHQW�LQ�V)& DQG�3& UDQJHG�������+]��LQ�'*�FRYHUHG������

+]��ZKHUHDV�P)&�DQG�G9&�VKRZHG�D�QDUURZHU�SRZHU LQFUHDVH�DW�������+]��

����,QFUHDVHG�DOSKD�EHWD�SRZHU�LQ�$33�36��PLFH�GXULQJ�15(0�VOHHS�LV�DJH�LQGHSHQGHQW

$W�ILUVW�JODQFH��WKH�GLIIHUHQFH�LQ�FRUWLFDO�SRZHU�VSHFWUDO�GHQVLW\�EHWZHHQ�PLGGOH�DJHG�$33�36��DQG�

:7�PLFH�DSSHDUV�VLPLODU�DV�ZKDW�ZH�HDUOLHU�UHSRUWHG�LQ�\RXQJ�DGXOW�PLFH��*XUHYLFLXV�HW�DO����������

+RZHYHU��WR�EHWWHU�FRPSDUH�WKH�SUHVHQW�UHVXOWV�ZLWK�WKH�SXEOLVKHG�RQHV��UHDQDO\]HG�WKH�SUHYLRXV�

GDWD�WRJHWKHU�ZLWK�WKH�SUHVHQW�GDWD�IRU�WKH�V)& FKDQQHO�DQG�15(0�VWDWH�ZKHUH�WKH�JHQRW\SH�

GLIIHUHQFH�ZDV�WKH�ODUJHVW��7R�WKLV�HQG��ZH�GLYLGHG�WKH�36'�LQWR�FRQYHQWLRQDO�IUHTXHQF\�EDQGV��

GHOWD������+]���WKHWD����� +]���DOSKD������� +]���EHWD���� ± �� +]���DQG�JDPPD���� ± ��� +]��DQG�

FRPSDUHG�WKH�SRZHU�LQ WKHVH�EDQGV�EHWZHHQ�WKH�ROG�GDWDVHW�RQ�\RXQJ�PLFH�DQG�WKH�SUHVHQW�RQH�RQ�

PLGGOH�DJHG�PLFH��6LQFH�D�GLIIHUHQW�DPSOLILHU�ZDV�XVHG�LQ�WKHVH�WZR�VWXGLHV��ZH�QRUPDOL]HG�WKH�WRWDO�

SRZHU�WR�EH�VDPH�LQ�WKH�:7�PLFH�RI�WZR�DJHV��7KLV�FRPSDULVRQ�VKRZHG D�VLJQLILFDQW LQFUHDVH�LQ�

WKHWD��)����  �������S� ���������DOSKD��S����������DQG�EHWD��S����������SRZHU�LQ�$33�36��PLFH�

FRPSDUHG�WR�:7�OLWWHUPDWHV�LQGHSHQGHQW�RI�DJH��)LJ������,Q�FRQWUDVW��WKHUH�ZDV�D�VLJQLILFDQW�DJH�

UHODWHG�LQFUHDVH�LQ�JDPPD�SRZHU�LQ�:7�EXW�QRW�LQ�$33�36��PLFH��)LJ������UHVXOWLQJ�LQ�VLJQLILFDQW�

DJH�[�JHQRW\SH�LQWHUDFWLRQ��)����  �������S� ���������DQG�QR�VLJQLILFDQW�FKDQJHV�LQ�WKH�GHOWD�SRZHU�

��� 6SLNH�ZDYH�GLVFKDUJH�HYHQWV�DVVRFLDWH�ZLWK�LQFUHDVHG�FRUWLFDO�EHWD�SRZHU

1H[W��ZH�H[SORUHG PRUH�FORVHO\ WKH�FRQWULEXWLQJ�FRPSRQHQWV�WR�WKH�H[WUD�SHDN�DW�������+]�WKDW�ZDV�

SUHVHQW�RQO\�LQ�$33�36��PLFH�GXULQJ�ZDNLQJ LPPRELOLW\ DQG�15(0�VOHHS��)LJ���� FRQFHQWUDWLQJ

RQ�WKH�V)&�FKDQQHO�ZLWK�WKH�PRVW�SURPLQHQW�SHDN�LQ�WKLV�UDQJH��7KLV�LQYHVWLJDWLRQ�LQ�$33�36��PLFH�

UHYHDOHG QXPHURXV�GLVFKDUJH�FRPSOH[HV�WKDW�UHVHPEOHG�FODVVLF�VSLNH�ZDYH�GLVFKDUJHV �6:'V��LQ�

JHQHWLF�UDW PRGHOV�RI�DEVHQFH�HSLOHSV\ �&RHQHQ�HW�DO���������9HUJQHV�HW�DO����������7KHVH�ZHUH�VKRUW

�����± �V� EXUVWV�RI�DFWLYLW\��RFFXUULQJ�V\PPHWULFDOO\�RQ�WKH�VFUHZ�HOHFWURGHV�RYHU�WKH�IURQWR�

SDULHWDO�FRUWH[� EXW�EHLQJ�WRWDOO\�DEVHQW�LQ�PHGLDO�IURQWDO�FRUWH[�DQG�DEVHQW�RU�OHVV�FOHDUO\�VWUXFWXUHG�

LQ�WKH�YLVXDO�FRUWH[��)LJ���$���,Q�WKH�WKDODPXV �3R�QXFOHXV���D�V\QFKURQL]HG�RVFLOODWLRQ�RI�RSSRVLWH�



ϭϯ

SRODULW\�ZDV�REVHUYHG��)LJ���%���7KH�EDVLF�IUHTXHQF\�RI�WKHVH�6:'V�ZDV�EHWZHHQ������+]�ZLWK�

DGGLWLRQDO�SHDNV�LQ�WKH�������+]�UDQJH��)LJ���%�'���$V�LQ�UDW�PRGHOV�RI�DEVHQFH�VHL]XUHV��WKH�6:'V�

ZHUH�PRVW�IUHTXHQW�GXULQJ�TXLHW�ZDNHIXOQHVV�DQG�OLJKW�15(0�VOHHS��EXW�DEVHQW�GXULQJ�PRYHPHQW�

RU�5(0�VOHHS��&RHQHQ�HW�DO����������2IWHQ�WKH�6:'�HYHQW�HQGHG�ZLWK�D�VPDOO�KHDG�PRYHPHQW��

ZKLFK�VKRZHG�XS�DV�D�KLJK�IUHTXHQF\�(0*�DUWLIDFW�RQ�WKH�FRUWLFDO�VFUHZ�FKDQQHO��)LJ���$��

:H�IXUWKHU�GHWHUPLQHG�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�6:'V�LQ�$33�36��YV��:7�OLWWHUPDWHV�DW�����

PRQWKV�DQG�������PRQWKV�RI�DJH��6LQFH�6:'V�RFFXUUHG�RQO\�GXULQJ�LPPRELOLW\��ZKHUHDV WKH�WLPH�

RI�PRYHPHQW�YDULHG�EHWZHHQ�LQGLYLGXDO�PLFH��ZH�FDOFXODWHG�WKH�QXPEHU�RI�6:'V�SHU�KRXU�RI�

LPPRELOLW\��,QGHSHQGHQW�RI�DJH��ZH�GHWHFWHG�a���WLPHV�PRUH�6:'V�LQ�PLGGOH�DJHG�DQG�a��WLPH�

PRUH�6:'V�LQ�\RXQJ�$33�36��PLFH�WKDQ�LQ�WKHLU�:7�OLWWHUPDWHV��JHQRW\SH��)����  �������S����������

)LJ���%���7KH�PHDQ�GXUDWLRQ�RI�6:'V�GHFUHDVHG�ZLWK�DJH��)����  �������S�� ��������DQG�ZDV�KLJKHU�

LQ�$33�36��PLFH��S�� ������� +RZHYHU��WKH�JHQRW\SH�GLIIHUHQFH�LQ�6:'�GXUDWLRQ�EHFDPH�VPDOOHU

ZLWK�DJH��DJH�[�JHQRW\SH�LQWHUDFWLRQ��S� �������

&DOFXODWLQJ�WKH�HQYHORSH�FRYHULQJ�PRVW�RI�WKH�IUHTXHQFLHV�LQ�WKH�6:'�HYHQWV��IURP���WR����+]��

KHOSHG�XV�WR�GHWHFW�WKRVH�HYHQWV��)LJ���$���+RZHYHU��DIWHU�FXWWLQJ�WKH�6:'�HYHQWV�RII�IURP�WKH�UDZ�

((*�UHFRUGLQJV��ZH�IRXQG�WKDW�WKH�ZDNLQJ�LPPRELOLW\�DQG�15(0�DVVRFLDWHG�36'�������+]�SHDN�

RI�FRUWLFDO�VFUHZ�FKDQQHOV�LQ�$33�36��PLFH�ZDV�RQO\�PDUJLQDOO\�UHGXFHG��)LJ���&���7KLV LPSOLHV�

WKDW�WKH�PDMRU�SURSRUWLRQ�RI�LQFUHDVHG�EHWD�SRZHU�LQ�$33�36��PLFH�DULVHV�IURP�PRUH�ORQJ�ODVWLQJ�

RVFLOODWLRQV�WKDQ�6:'�HYHQWV��

����6:'V�DUH�SUHFHGHG�E\�DQ�LQFUHDVH�LQ�36'�LQ������+]�DQG����± ���+]�UDQJHV

6HYHUDO�SDSHUV�KDYH�UHSRUWHG�WKDW�6:'V�LQ�WKH�JHQHWLF�UDW�PRGHOV�RI�DEVHQFH�HSLOHSV\�DUH�SUHFHGHG�

E\�DQ�LQFUHDVHG�LQ�WKH�EDFNJURXQG�((*�SRZHU��+RZHYHU��WKH�VSHFLILF�IUHTXHQF\�UDQJH RI�LQFUHDVHV�

YDULHV�EHWZHHQ�WKH�VWXGLHV��LQFOXGLQJ�GHOWD������+]��/�WWMRKDQQ�HW�DO����������WKHWD������������+]��

UDQJH��/�WWMRKDQQ�HW�DO���������3LQDXOW�HW�DO�������� DQG������ +]�UDQJH��6RURNLQ�HW�DO����������7KHVH

ILQGLQJV XUJHG�XV�WR�LQYHVWLJDWH�LI�D�VLPLODU�UHODWLRQVKLS�KROGV�IRU�LQFUHDVHG�GHOWD�WKHWD�DQG�������+]�

SRZHU�YV� RFFXUUHQFH�RI�6:'V�LQ�PLGGOH�DJHG�$33�36��PLFH��7R�WKLV�HQG��ZH�GLYLGHG�WKH����V�

HSRFKV SUHFHGLQJ�VLQJOH�6:'V�LQ���V�ELQV�DQG�FRPSDUHG�����+]��������+]���� ���+]��DQG�������+]�

SRZHU�LQ�HDFK�ELQ�WR�WKH�SUHFHGLQJ�RQH��,Q�ERWK�$33�36�������HSRFKV��DQG�:7�PLFH ����HSRFKV���

ZH�IRXQG�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�ELQ�LPPHGLDWHO\�SUHFHGLQJ�WKH�6:' IRU�WKH������+]�UDQJH�

DORQH�RU�FRPELQHG�ZLWK���� +]��)LJ����� 0RUHRYHU��WKH�DYHUDJHG�SRZHU�GXULQJ�WKH�ODWWHU�KDOI�RI�WKH�

���V�HSRFK�SUHFHGLQJ�WKH�6:'�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ LQ�WKH�HDUOLHU�KDOI IRU�WKH����± ���+]�LQ�



ϭϰ

ERWK�$33�36��DQG�:7�PLFH��DQG�IRU���± ���+]�LQ�WKH�$33�36��PLFH��)LJ������7KHVH�ILQGLQJV�DUH�

WKXV�FRQVLVWHQW�ZLWK�ILQGLQJV�LQ�JHQHWLF�UDW�PRGHOV�RI�DEVHQFH�VHL]XUHV��)XUWKHU��WKH\�VXJJHVW�WKDW�

WKH�LQFUHDVH�LQ����± ���+] SRZHU�VHHQ�LQ�WKH�36'�VSHFWUXP�PD\�LQGHHG�DULVH�IURP�WKLV�a����V�SUH�

LFWDO�SDWWHUQ��

��� 1HVWHG�WKHWD�JDPPD�DQG�GHOWD�JDPPD�RVFLOODWLRQV DUH�LQWDFW�LQ�$33�36��PLFH

2XU�ILQGLQJ�RI�LQFUHDVHG�FRUWLFDO�DQG�KLSSRFDPSDO�SRZHU�ZLWKLQ�WKH�JDPPD�UDQJH�OHG�XV�WR�VWXG\�

PRUH�FORVHO\�WKH�WLPH�RI�RFFXUUHQFH�RI�JDPPD�RVFLOODWLRQ�DQG�HVSHFLDOO\�WKHLU�PRGXODWLRQ�E\�ORZHU�

IUHTXHQF\�RVFLOODWLRQV��6LQFH�QHVWHG�KLSSRFDPSDO�WKHWD�JDPPD�RVFLOODWLRQV�KDYH�EHHQ�IRXQG�WR�

DVVRFLDWH�ZLWK�PHPRU\�DQG�GHFLVLRQ�PDNLQJ��7RUW�HW�DO����������������WKHVH�ZHUH�RI�RXU�SDUWLFXODU�

LQWHUHVW��,Q�DGGLWLRQ��ZH�IRXQG�D�UREXVW�GHOWD�SKDVH��JDPPD�DPSOLWXGH�FRKHUHQFH�LQ�P)& �)LJ���

$%� WKDW�WR�RXU�NQRZOHGJH�KDV�QRW�EHHQ�UHSRUWHG�LQ�WKH�PRXVH�EHIRUH� 7R�WKLV�HQG��ZH�ILUVW�

FDOFXODWHG�ELFRKHUHQFH��.UDPHU�HW�DO�������� LQ�HYHU\�EUDLQ�UHJLRQ � EHKDYLRUDO�VWDWH�SDLU��DQG�IRXQG�

VWURQJ�GHOWD�JDPPD�FRKHUHQFH�LQ�P)&�DQG�WKHWD�JDPPD�LQ�'*��)LJ��������7R�TXDQWLI\�WKH�H[WHQW�

WKH�QHVWHG�RVFLOODWLRQV�LQWHUDFW��ZH�PHDVXUHG�D�0RGXODWLRQ�,QGH[��*XUHYLFLXV�HW�DO���������7RUW�HW�

DO����������7KH�LQGH[ IRU�GHOWD���±��+]��SKDVH�JDPPD����±����+]��DPSOLWXGH�FR�PRGXODWLRQ�LQ�

P)&�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�VKXIIOHG�GDWD�GXULQJ�ZDNLQJ LPPRELOLW\ DQG�15(0�VOHHS��)LJ��

�&���$QRWKHU� OHVV�SURPLQHQW�GHOWD�JDPPD�FR�PRGXODWLRQ�ZDV�REVHUYHG�LQ�'*�GXULQJ�15(0��)LJ��

�&��� ,Q�P)&��WKH�0RGXODWLRQ�,QGH[ GLIIHUHG�VLJQLILFDQWO\�RQO\�EHWZHHQ�WKH�EHKDYLRUDO�VWDWHV��S���

�����DQG�S����������)ULHGPDQ¶V�WHVW��)LJ���'���ZKLOH�LQ�'*��D�JHQRW\SH�GHSHQGHQW�GLIIHUHQFH�ZDV�

DGGLWLRQDOO\�GLVFRYHUHG�GXULQJ 15(0�VOHHS �S���������)LJ� �'���:KHQ DSSO\LQJ�WKH�VDPH�DQDO\VLV�

WR�WKHWD���±� +]��SKDVH� JDPPD����±����+]��DPSOLWXGH��D VWURQJ�FR�PRGXODWLRQ�ZDV�UHYHDOHG�LQ�

P)&��'*��7+�DQG�G9& �S���������S��������DQG�S����������UHVSHFWLYHO\��)LJ���&���&R�PRGXODWLRQ�LQ�

'*�DQG�G9&�GLIIHUHG�VLJQLILFDQWO\ EHWZHHQ�EHKDYLRUDO�VWDWHV �S��������DQG�S��������� ZKLOH�LQ�P)&�

DQG�7+ QR�GLIIHUHQFH�ZDV�GHWHFWHG�HLWKHU�EHWZHHQ�WKH�EHKDYLRUDO�VWDWHV�RU�WKH�JHQRW\SHV��7KXV��WKH�

ILQGLQJ�RI�EHKDYLRUDO�VWDWH�GHSHQGHQW�EXW�JHQRW\SH�LQGHSHQGHQW�WKHWD�JDPPD�FR�PRGXODWLRQ�LQ�

PLGGOH�DJHG�$33�36��PLFH�FRUURERUDWHV�ILQGLQJV�LQ���PRQWK�ROG�$33�36��PLFH��*XUHYLFLXV�HW�DO���

������

��� $EQRUPDO�$(3V�LQ�PLGGOH�DJHG�$33�36��PLFH

%HVLGHV�LQFUHDVHG�FRUWLFDO�DQG�WKDODPLF�36'�SRZHU�RYHU�D�EURDG�IUHTXHQF\�UDQJH��RXU�SUHYLRXV�
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VWXG\�LQ�\RXQJ�DGXOW�$33�36��PLFH�UHYHDOHG�LQFUHDVHG�DPSOLWXGH�RI�DXGLWRU\�HYRNHG�SRWHQWLDOV�

�$(3V���ZKLFK�DOVR�VSHDNV�IRU�LQFUHDVHG�QHXURQDO�H[FLWDELOLW\�LQ�WKHVH PLFH��*XUHYLFLXV�HW�DO���

�������:H�ZHUH�LQWHUHVWHG�LQ�VHHLQJ�ZKHWKHU�WKLV�$(3�HQKDQFHPHQW�SHUVLVWV�XQWLO�PLGGOH�DJHV��,Q�

DGGLWLRQ��ZH�HPSOR\HG WKH�DXGLWRU\�JDWLQJ�SDUDGLJP ZLWK�SDLUHG�EULHI�WRQHV WR�DVVHVV�ORQJ�ODWHQF\�

LQKLELWLRQ�LQ�WKH�DXGLWRU\�FRUWH[��7\SLFDOO\��WKH�UHVSRQVH�WR�WKH�VHFRQG��WHVW��VWLPXOXV�LV�GUDPDWLFDOO\�

DWWHQXDWHG�FRPSDUHG�WR�WKH�ILUVW �FRQGLWLRQLQJ��RQH��ZLWK�D�PD[LPXP�UHGXFWLRQ DW���� PV�LQWHU�

VWLPXOXV�LQWHUYDO��%LFNIRUG�:LPHU�HW�DO��������� 6XFK�D ORQJ LQWHUYDO�OLNHO\�LQYROYHV VXVWDLQHG�

*$%$%�PHGLDWHG�PHFKDQLVPV��+HUVKPDQ�HW�DO��������� 7KH�FRUWLFDO�$(3V�RI�ERWK�$33�36��DQG�

:7�PLFH KDG�WZR�PDLQ�FRPSRQHQWV� 1��DQG�3���)LJ���$���7R�EHWWHU�HYDOXDWH�WKH�DJLQJ�UHODWHG�

FKDQJH�LQ�WKHVH�$(3V�SDUDPHWHU�EHWZHHQ�$33�36��DQG�:7�PLFH��ZH�UHDQDO\]HG�WKH�GDWD�IURP�

\RXQJ�DGXOW�PLFH��*XUHYLFLXV�HW�DO�������� WRJHWKHU�ZLWK�WKH�SUHVHQW�UHVXOWV��$V�WKH�36'�ZDV�

QRUPDOL]HG�WR�EH�HTXDO�EHWZHHQ�\RXQJ�DQG�DJHG�:7�PLFH��ZH�WRRN�WKH�VTXDUH��DPSOLWXGH�YV��

SRZHU��RI�WKLV�FRUUHFWLRQ�IDFWRU�WR�DGMXVW�WKH�$(3�DPSOLWXGHV��6LQFH�WKLV�LV�RQO\�DQ�HVWLPDWH�WKH�

DEVROXWH�SRZHU�GLIIHUHQFHV�FDQ�EH�RQO\�FRQVLGHUHG�VXJJHVWLYH��+RZHYHU��WKH�ODWHQF\�DQG�DXGLWRU\�

JDWLQJ��3��1��KDELWXDWLRQ��DUH�PHDVXUHV�WKDW�DUH�LQGHSHQGHQW�RI�WKH�DEVROXWH�SRZHU��DQG�WKXV�IXOO\�

FRPSDUDEOH�EHWZHHQ�WR�GDWD�VHWV��7KH�1��DPSOLWXGH�UHVSRQVH�WR�WKH�FRQGLWLRQLQJ�WRQH�GLG�QRW�VKRZ�

D�VLJQLILFDQW�JHQRW\SH�GLIIHUHQFH �)����  ������S� ��������EXW�WKH�3��DPSOLWXGH�WULJJHUHG�E\�WKH�

FRQGLWLRQDO�VWLPXOXV�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�$33�36� PLFH�WKDQ�LQ�:7�PLFH�LQGHSHQGHQW�RI�DJH�

�)����  �������S� ���������7KH�1��ODWHQF\�LQFUHDVHG�ZLWK�DJH�LQ�ERWK�:7�DQG�$33�36��PLFH��)����  �

������S����������EXW�WKDW�RI�3��UHPDLQHG�XQFKDQJHG��S� ������ )LJ���%���,Q�FRQWUDVW��DXGLWRU\�JDWLQJ

GLG�QRW�GLIIHU�EHWZHHQ�WKH�JHQRW\SHV �DOO�SV�!�������)LJ���&��

��� $FRXVWLF�DQG�VSRQWDQHRXV�VWDUWOHV�DUH�PRUH�FRPPRQ�LQ�\RXQJ�DGXOW�$33�36�PLFH�WKDQ�LQ�

ZLOG�W\SH�OLWWHUPDWHV�

$V�D�EHKDYLRUDO�PDQLIHVWDWLRQ�RI�UHDFWLYLW\�WR�SDLUHG�EULHI�WRQHV�ZH�WHVWHG�WKH�DFRXVWLF�VWDUWOH�

UHVSRQVHV�WR�D�����G%�ZKLWH�QRLVH�ZLWK�SUHSXOVHV�RI�YDU\LQJ�LQWHQVLW\�DW������DQG����PRQWKV�RI�DJH�

LQ�D�VHSDUDWH�FRKRUW�RI�PLFH��$W�DOO�DJHV��WKH�VWDUWOH�DPSOLWXGH�GHFUHDVHG�ZLWK�DQ�LQFUHDVLQJ�VRXQG�

OHYHO�RI�WKH�SUHSXOVH��)����  �����± ������S����������DQG�WKHUH�ZDV�QR�SUHSXOVH�VRXQG�OHYHO�[�JHQRW\SH�

LQWHUDFWLRQ��S�! �������,PSRUWDQWO\��WKH�DFRXVWLF�VWDUWOH�UHVSRQVH�ZDV�ODUJHU�LQ�$33�36��PLFH�WKDQ�LQ�

ZLOG�W\SH�OLWWHUPDWHV�DW���PRQWKV�RI�DJH��)����  �������S� ��������)LJ����$��DQG�DW���PRQWKV��)����  �

�����S� �������)LJ����%���EXW�QR�ORQJHU�DW����PRQWKV��)����  ������S  �������)LJ����&���
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7R�IXUWKHU�DVVHVV�ZKHWKHU�$33�36��PLFH�KDYH�VLJQV�RI�P\RFORQXV��ZH�UHFRUGHG�VSRQWDQHRXV�

VWDUWOHV�GXULQJ����PLQ�LQ�D�VRXQG�DWWHQXDWHG�FKDPEHU��7KHUH�ZDV�D�JHQHUDO�LQFUHDVH�LQ�WKH�

VXSUDWKUHVKROG�VWDUWOHV��)LJ����'��ZLWK�DJH��EXW�WKDW�FDQ�EH�ODUJHO\�DVFULEHG�WR�LQFUHDVH�LQ�ERG\�

ZHLJKW��)LJ����(���,PSRUWDQWO\��WKHUH�ZDV�D�PDLQ�HIIHFW�RI�JHQRW\SH��)����  �������S� ��������DQG�D�

VLJQLILFDQW�DJH�[�JHQRW\SH�LQWHUDFWLRQ �)����  ������S�����������VXFK�WKDW�$33�36��PLFH�VKRZ�PRUH�

VSRQWDQHRXV�VWDUWOHV�WKDQ�ZLOG�W\SH�OLWWHUPDWHV�DW���DQG���PRQWKV�RI�DJH�EXW�QR�ORQJHU�DW����PRQWKV�

RI�DJH��&ROOHFWLYHO\��WKHVH�ILQGLQJV�VXJJHVW�WKDW�ERWK�WKH�HQKDQFHG�VSRQWDQHRXV�PXVFOH�MHUNV�DQG�

VRXQG�SURYRNHG�EHKDYLRUDO�UHDFWLYLW\�RI�$33�36��PLFH�GHFOLQH�WRZDUG�QRUPDO�OHYHOV�E\����PRQWKV�

RI�DJH�

��� 6XGGHQ�GHDWKV�RI�$33�36��PLFH�VKRZ�D�SHDN�LQ�HDUO\�DGXOWKRRG

)LQDOO\��WR�VHH�ZKHWKHU�DJH�GHSHQGHQW�GHFOLQH�LQ�VWDUWOH�UHDFWLYLW\�DOVR�UHIOHFWV�VXGGHQ�GHDWKV LQ�

$33�36��PLFH��ZH�ZHQW�WKURXJK�WKH�UHFRUGV�RI�RXU�EUHHGLQJ�FRORQ\�IRU�����$336ZH�36�G(� PLFH�

WKDW�ZHUH�QRW�VDFULILFHG�IRU�VDPSOLQJ�EHIRUH�WKH�DJH�RI����PRQWKV��WKH�XVXDO�DJH�IRU�FRJQLWLYH�

WHVWLQJ���:H�IRXQG����UHFRUGV����������RI�VSRQWDQHRXV�SUHWHUP�GHDWKV��$V�LOOXVWUDWHG�LQ�

6XSSOHPHQWDU\�)LJXUH�6���WKH GLVWULEXWLRQ�RI�DJHV�DW�GHDWK�ZDV�VWURQJO\�VNHZHG��ZLWK�D�SHDN�DURXQG�

��PRQWKV�DQG�PHDQ�DW�����PRQWKV�RI�DJH��9HU\�IHZ�VXGGHQ�GHDWKV�ZHUH�REVHUYHG�DIWHU���PRQWKV�RI�

DJH��

���'LVFXVVLRQ

7KH�SUHVHQW�VWXG\�GHPRQVWUDWHG�WKDW�((*�/)3�VLJQDWXUHV�RI�LQFUHDVHG�FRUWLFDO H[FLWDELOLW\�IRXQG�LQ�

DP\ORLG�SODTXH�SURGXFLQJ�$33�36��PLFH�DW���PRQWKV�RI�DJH�SHUVLVWHG�EH\RQG�PLGGOH�DJH��

,QFUHDVHG�FRUWLFDO�SRZHU�LQ�KLJK�WKHWD��DOSKD�DQG�EHWD�IUHTXHQFLHV�ZHUH�HOHYDWHG�LQ�$33�36��

LQGHSHQGHQW�RI�DJH��ZKLOH�WKH�HOHYDWLRQ�LQ�ORZ�JDPPD�EDQG�IRXQG�LQ���PRQWK�ROG�$33�36��PLFH�

WHQGHG�WR�VXEVLGH�E\�������PRQWKV��,Q�ERWK�\RXQJ�DQG�PLGGOH�DJHG�$33�36��WKLV�LQFUHDVH�LQ�

FRUWLFDO�SRZHU�ZDV�DFFRPSDQLHG�E\�IUHTXHQW�VSLNH�ZDYH�GLVFKDUJHV �6:'V���ZKLFK�KDYH�EHHQ�
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ODUJHO\�RYHUORRNHG�LQ�HDUOLHU�((*�VWXGLHV�RQ�$33�WUDQVJHQLF�PLFH��LQFOXGLQJ�RXU�RZQ��*XUHYLFLXV�

HW�DO���������:DQJ�HW�DO��������� ,Q�DGGLWLRQ��WKH�KLSSRFDPSDO�/)3V�VKRZHG�VLJQLILFDQWO\�LQFUHDVHG�

SRZHU�DW������+]�LQ�PLGGOH�DJHG�$33�36��PLFH��ZKLFK�ZDV�QRW�VHHQ�DW���PRQWKV�RI�DJH��)XUWKHU��

DXJPHQWHG�DXGLWRU\�HYRNHG�SRWHQWLDO�VHHQ�LQ���PRQWK�ROG�$33�36��PLFH�ZHUH�DOVR�SUHVHQW�LQ�

PLGGOH�DJH�$33�36��PLFH��7KHVH�HOHFWURSK\VLRORJLFDO�VLJQDWXUHV�RI�PDLQWDLQHG�LQFUHDVHG�

H[FLWDELOLW\�LQ�IRUHEUDLQ�VWUXFWXUHV�ZLWK�DP\ORLG�SDWKRORJ\�LQ�$33�36��PLFH�DUH�LQ�VWULNLQJ�FRQWUDVW�

ZLWK�WKH�QRUPDOL]DWLRQ�RI�DFRXVWLF�DQG�VSRQWDQHRXV�VWDUWOHV��ZKLFK�DUH�PDLQO\�GHSHQGHQW�RQ�

EUDLQVWHP�FLUFXLWV��6ZHUGORZ�HW�DO���������

(VVHQWLDOO\� LQFUHDVHG�FRUWLFDO�((* SRZHU�IURP���+]�XS�WR�a���+]�WKDW�ZH�HDUOLHU�UHSRUWHG�LQ���

PRQWK�ROG�$336ZH�36�G(� PLFH��*XUHYLFLXV�HW�DO�������� ZDV VWLOO�SUHVHQW�DW�WKH�DJH�RI������

PRQWKV��2QO\�WKH�KLJK�JDPPD�����± ����+]��WHQGHG�WR�QRUPDOL]H�LQ�$33�36��PLFH�ZLWK�DJH��2Q�

WKH�RWKHU�KDQG��LQFUHDVHG�SRZHU�IURP����± ���+]�LQ�WKH�KLSSRFDPSXV�EHFDPH�VLJQLILFDQW�LQ�

$33�36��PLFH�FRPSDUHG�WR�:7�PLFH�RQO\�LQ�WKH�PLGGOH�DJHG�PLFH��7KLV�ZRXOG�FRUUHVSRQG�WR�WKH�

SURJUHVVLRQ�RI�DP\ORLG�SODTXH�SDWKRORJ\�WKDW��DV�LQ�WKH�FDVH�RI�KXPDQ�GLVHDVH��LQ�PRUH�DGYDQFHG�LQ�

WKH�IURQWDO�DQG�SDULHWDO�FRUWH[�WKDQ�LQ�WKH�KLSSRFDPSXV��0LQNHYLFLHQH�HW�DO����������2I QRWH��WKHUH�

ZDV�D�VSHFLILF�DXJPHQWDWLRQ�RI�FRUWLFDO�SRZHU DW��� ± �� +]�LQ�$33�36��PLFH DW�ERWK���DQG�������

PRQWKV�RI�DJH��7KLV�LQFUHDVH�LQ�EHWD�SRZHU�DSSHDUV�WR�EH�WKH�PRVW�FRQVLVWHQW�ILQGLQJ�LQ�$33�

WUDQVJHQLF�PLFH��*XUHYLFLXV�HW�DO���������-\RWL�HW�DO���������:DQJ�HW�DO��������� DQG�RQH�SUHYLRXV�

VWXG\�VXJJHVWHG�WKDW�EHWD SRZHU��UHFRUGHG�XS�WR����+]��PD\�LQFUHDVH�ZLWK�DJH��-\RWL�HW�DO����������$�

VHOHFWLYH�LQFUHDVH�LQ�FRUWLFDO�������+]�EHWD�RVFLOODWLRQ�LV�D�FKDUDFWHULVWLF�((*�FKDQJH�LQ�

KHPLSDUNLQVRQLDQ���2+'$�UDWV��6KDURWW�HW�DO�������� DQG�UDLVHV�WKH�TXHVWLRQ�ZKHWKHU�$33�

WUDQVJHQLF�PLFH�VKRZ�VWULDWDO�GRSDPLQH�GHSOHWLRQ�ZLWK�DJH��$W�OHDVW�DV�IDU�DV�WKH�$336ZH�36�G(�

PRXVH�LV�FRQFHUQHG� PLGGOH�DJHG�PLFH�RI�WKLV�OLQH�KDYH�QR�UHSRUWHG�GHFOLQH�LQ�VWULDWDO�GRSDPLQH�

FRQWHQWV�DQG�RQO\�PRGHVW�IXQFWLRQDO�LPSDLUPHQW�LQ�VWLPXODWHG�VWULDWDO�GRSDPLQH�UHOHDVH�

�.lUNNlLQHQ�HW�DO���������3HUH]�HW�DO����������)XUWKHU��WKH���2+'$�PRGHO�GLVSOD\V�LQFUHDVHG�EHWD�

SRZHU�RQO\�LQ�WKH�PRWRU�FRUWH[�ZKLOH�ZH�IRXQG�LW HYHQ�LQ�WKH�YLVXDO�FRUWH[��)LJ����� 2Q�WKH�RWKHU�

KDQG��D UHFHQW�VWXG\�HPSOR\LQJ RSWRJHQHWLFV�GHPRQVWUDWHG�WKDW�VSHFLILF�VWLPXODWLRQ�RI�VWULDWDO�

FKROLQHUJLF�LQWHUQHXURQV�LQ�\RXQJ�DGXOW�PLFH�UHVXOWV�LQ�LQFUHDVHG�SRZHU�RI�RVFLOODWLRQV�IURP���WR�

����+]�EXW�QRW�RI�ORZHU�IUHTXHQFLHV��.RQGDEROX�HW�DO����������'HVSLWH�VWULNLQJ�VLPLODULW\�WR�

REVHUYHG�LQFUHDVH�LQ�FRUWLFDO�SRZHU�LQ�$33�36���WKLV�PHFKDQLVPV�LV�GLIILFXOW�WR�UHFRQFLOH�ZLWK�

SUHYLRXV�VWXGLHV�LQ�$336ZH�36�G(� PLFH UHYHDOLQJ GHFUHDVHG�$&K UHOHDVH�LQ�VWULDWDO�VOLFHV�DOUHDG\�DW�

� PRQWKV�RI�DJH �0DFKRYi�HW�DO����������$�WKLUG�PHFKDQLVP�WKDW�KDV�EHHQ�GHVFULEHG�WR�LQFUHDVH�

FRUWLFDO�EHWD�RVFLOODWLRQV�LV PDQLSXODWLRQ�RI�*$%$�UHFHSWRUV��*$%$$ DQWDJRQLVWV LQFUHDVH�FRUWLFDO�
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EHWD�JDPPD�SRZHU �PD[LPXP�������+]��LQ�IUHHO\�PRYLQJ�UDWV��9DQ�/LHU�HW�DO����������,QGHHG��

DFXWH�DSSOLFDWLRQ�RI�$ȕ�KDV�EHHQ�VKRZQ�WR�LQKLELW�*$%$�QHXURWUDQVPLVVLRQ�E\�GRZQUHJXODWLRQ�RI�

*$%$$ UHFHSWRUV��8OULFK���������,Q�DGGLWLRQ��GLPLQLVKHG�GHQVLW\�RI�SHULVRPDWLF�*$%$HUJLF�

�W\SLFDOO\�*$%$$ VXEW\SH��QHWV�KDV�EHHQ�UHSRUWHG�DURXQG�FRUWLFDO�DP\ORLG�SODTXHV�LQ�

$336ZH�36�G(� PLFH �*DUFLD�0DULQ������� DQG�LQ�YLYR�LPDJLQJ�UHYHDOHG VSRQWDQHRXV�K\SHUDFWLYLW\�

RI�QHXURQV�DURXQG�DP\ORLG�SODTXHV�LQ�DQRWKHU�$33�36��PRXVH��%XVFKH�HW�DO�����������1R�VWXG\�VR�

IDU�KDV�VSHFLILFDOO\�VWXGLHG�FKDQJHV�LQ�*$%$% UHFHSWRUV�LQ�DP\ORLG�SODTXH�IRUPLQJ�PLFH��

+RZHYHU��WKH�SUHVHQW�ILQGLQJ�RI�LQWDFW�DXGLWRU\�JDWLQJ�LQ�PLGGOH�DJHG�$33�36��PLFH�GHVSLWH�

JHQHUDO�DXJPHQWDWLRQ�RI�$(3V�LV�FRQVLVWHQW�ZLWK�WKH�LGHD�RI�SUHVHUYHG�*$%$% VLJQDOLQJ�

�+HUVKPDQ�HW�DO�������� FRPELQHG�ZLWK�LPSDLUHG�VKRUW�ODWHQF\�LQKLELWLRQ�YLD�*$%$$ UHFHSWRUV����

7KH�SUHVHQW�VWXG\�UHYHDOHG�D�KLJK�SUHYDOHQFH�RI�6:'V�LQ�$33�36��PLFH�LQGHSHQGHQW�RI�DJH��6:'V�

KDYH�EHHQ�ZHOO�FKDUDFWHUL]HG�LQ�JHQHWLF�UDW�PRGHOV�RI�DEVHQFH�VHL]XUH��VXFK�DV�:LVWDU�GHULYHG�

LQEUHG�OLQHV�:$*�5LM��5XVVR�HW�DO�������� DQG�*$(56��'HSDXOLV�HW�DO��������� +RZHYHU��6:'�

GXUDWLRQ�LQ�WKH�PRGHOV�LV�W\SLFDOO\�PXFK�ORQJHU��RQ�DYHUDJH���V�IRU�:$*�5LM��/�WWMRKDQQ�HW�DO���

����� DQG����V�IRU�*$(56�UDWV��'HSDXOLV�HW�DO��������� WKDQ�ZKDW�ZH�IRXQG�LQ�WKH�$33�36��PLFH�

�����± ��V�� 7KLV�UDLVHV�WKH�TXHVWLRQ�ZKHWKHU�WKHVH�DUH�DIWHU�DOO�FRPSDUDEOH��1DPHO\������± ��V�VKRUW�

ERXWV�RI�PHGLXP�DPSOLWXGH�����+]�DFWLYLW\�KDYH�EHHQ�UHSRUWHG�WR�SUHFHGH�ORQJHU�DQG�PRUH�

SURPLQHQW�6:'V�LQ�*$(56�UDWV��3LQDXOW�HW�DO�����������)XUWKHU��:$*�5LM�UDWV�VKRZ WZR�W\SHV�

6:'V��%HVLGHV�WKH�DERXW���V�ORQJ�W\SLFDO�6:'V�WKDW�DUH�UHFRUGHG�ELODWHUDOO\�RYHU�WKH�HQWLUH�FRUWH[�

ZLWK�D�PD[LPXP�RYHU�WKH�VRPRWRPRWRU�FRUWH[��WKH\�DOVR�VKRZ�a����V�ORQJ�6:'V�RI�ORZHU�EDVLF�

IUHTXHQF\ �����± ��+]��RIWHQ�UHVWULFWHG�WR�RQO\�RQH�KHPLVSKHUH�DQG�SDULHWR�RFFLSLWDO�FRUWH[�

�0LG]LDQRYVNDLD�HW�DO����������

1HYHUWKHOHVV� H[FHSW�IRU�WKH�VKRUWHU�GXUDWLRQ��WKH�6:'V�ZH�KDYH�UHFRUGHG�LQ�$33�36��PLFH�ZHOO�

FRUUHVSRQG�WR�W\SLFDO�6:'V�LQ�WKH�UDW�PRGHOV�RI�DEVHQFH�HSLOHSV\��7KH�6:'V�DUH�SUHFHGHG�E\�

LQFUHDVHG�FRUWLFDO�SRZHU�LQ�WKHWD�DQG�EHWD�IUHTXHQFLHV�IRU�DERXW����V��WKH\�VKRZ�WKH W\SLFDO�VSLNH�

ZDYH�VWUXFWXUH�ZLWK�D�EDVLF�IUHTXHQF\�DW������+]�DQG�VXUIDFH�QHJDWLYH�VSLNHV��DQG�WKH\�DUH�DOZD\V�

ELODWHUDO�ZLWK�D�PD[LPXP�RYHU�WKH�IURQWDO�DQG�SDULHWDO�FRQYH[LW\�DQG�PXFK�OHVV�FOHDU�LQ�WKH�RFFLSLWDO�

FRUWH[�DQG�DEVHQW�LQ�WKH�PHGLDO�IURQWDO�FRUWH[��9HUJQHV�HW�DO����������)XUWKHU��WKH\�DUH�DFFRPSDQLHG�

E\�6:'V�LQ�WKH�3R�DQG�57��RXU�XQSXEOLVKHG�REVHUYDWLRQ��WKDODPLF�QXFOHL�WKDW�DUH�RSSRVLWH�LQ�

SRODULW\�DQG�V\QFKURQL]HG�WR�FRUWLFDO�6:'V��0RUHRYHU��WKH�DYHUDJH�GXUDWLRQ�RI�LQEUHG�PRXVH�OLQHV�

FRQVLGHUHG�PRGHOV�RI�DEVHQFH�VHL]XUHV�KDYH�DQ�DYHUDJH�GXUDWLRQ�RI�6:'V�EHWZHHQ�����± ��V��/HWWV�
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HW�DO����������&ROOHFWLYHO\��WKHVH�ILQGLQJV�VXJJHVW�WKDW�$33�36��PLFH�ZLWK�6:'V�VKDUH�D�ORW�RI�

VLPLODULW\�WR�HVWDEOLVKHG�URGHQW�PRGHOV�RI�DEVHQFH�VHL]XUHV�

6SRQWDQHRXV�VHL]XUHV�GHVFULEHG�LQ�DP\ORLG�SODTXH�IRUPLQJ�WUDQVJHQLF PLFH DUH�W\SLFDOO\�ORQJHU�WKDQ�

���V��IROORZHG�E\�SRVW�LFWDO�((*�VXSSUHVVLRQ��DQG�RIWHQ�DVVRFLDWHG�ZLWK�P\RFORQXV�RU�FRQYXOVLRQV�

�0LQNHYLFLHQH�HW�DO���������3DORS�HW�DO���������:HVWPDUN�HW�DO����������,Q�FRQWUDVW��FODVVLF�6:'V�

KDYH�EHHQ�TXDQWLILHG�RU�HYHQ�PHQWLRQHG�LQ�IHZ�UHSRUWV��1HYHUWKHOHVV��WKHVH�FRYHU�IRXU YHU\�GLIIHUHQW�

PRXVH�PRGHOV�FDUU\LQJ�$33�PXWDWLRQV��$336ZH�36�G(� �1\JDDUG�HW�DO���������=LOEHUWHU�HW�DO����������

$336ZH�,QG �+D]UD�HW�DO����������$33$UF �=L\DWGLQRYD�HW�DO����������DQG��[7J��$336ZH�36�0���9

�1\JDDUG�HW�DO����������DQG�WKHUHIRUH�FDQQRW�EH�MXVW�PDQLIHVWDWLRQ�RI�VRPH�PRXVH�OLQH�VSHFLILF�

IHDWXUH��

7KH�ILQGLQJ�RI�IUHTXHQW�6:'V�VSHFLILFDOO\�LQ�DP\ORLG�SODTXH�IRUPLQJ�PLFH�LV�LQWULJXLQJ�EHFDXVH�

WKH�XQGHUO\LQJ�FLUFXLWULHV�DQG�QHXURWUDQVPLVVLRQ�RI�6:'V�KDV�EHHQ�LQWHQVLYHO\�VWXGLHG�RYHU�WKH�SDVW�

WKUHH�GHFDGHV�DQG PD\�SURYLGH�D�FOXH�WR�WKH�OLQN�EHWZHHQ�DP\ORLG�SDWKRORJ\�DQG�6:'V��$OWKRXJK�

RSLQLRQV�DERXW�WKH�WULJJHU�VLWH�RI�6:'V�DUH�VWLOO�GLYLGHG��WKH�FXUUHQW�FRQVHQVXV�LV�WKDW�HVSHFLDOO\�WKH�

VRPDWRVHQVRU\�FRUWH[��93��3R��DQG�57�WKDODPLF�QXFOHL�DUH�LQWLPDWHO\�LQYROYHG�LQ�WKHVH�RVFLOODWLRQV�

�0HHUHQ�HW DO����������6RPDWRVHQVRU\�FRUWH[�LV�DPRQJ�WKH�VLWHV�RI�ILUVW�DP\ORLG�DFFXPXODWLRQ�LQ�WKH�

$336ZH�36�G(� PRXVH��*DUFLD�$OOR]D�HW�DO����������DQG�*$%$HUJLF�SHULVRPDWLF�QHWV�DUH�GLPLQLVKHG�

DURXQG�QHXURQV�QHDU�DP\ORLG�SODTXHV�LQ�WKHVH�PLFH��*DUFLD�0DULQ�HW�DO����������OHDGLQJ�WR�UHGXFHG

*$%$$HUJLF�LQKLELWLRQ�DV�IRXQG�LQ�:$*�5LM�UDWV��5XVVR�HW�DO����������2Q�WKH�RWKHU�KDQG��D�VLPLODU�

KHDY\�DP\ORLG�SODTXH�ORDG�LV�VHHQ�LQ�PHGLDO�IURQWDO�FRUWH[�WKDW�GLG�QRW�VKRZ�DQ\�6:'V�LQ�RXU�

PLFH��VXJJHVWLQJ�WKDW�LQFUHDVHG�ORFDO�FRUWLFDO�H[FLWDELOLW\�LV�QRW�VXIILFLHQW�WR�WULJJHU�DQ�6:'��

%HVLGHV�UHGXFHG�*$%$$ DFWLYLW\�LQ�WKH�FRUWH[��DQ�LPEDODQFH�EHWZHHQ�*$%$$ DQG�*$%$%

LQKLELWLRQ�LQ�WKH�WKDODPXV�KDV�EHHQ�VXJJHVWHG�WR�SOD\�D�NH\�UROH�LQ�WKH�JHQHUDWLRQ�RI�6:'V�

�%HHQKDNNHU�DQG�+XJXHQDUG��������5XVVR�HW�DO����������7KH�WKDODPXV�LV�QRW�WKH�SULPDU\�VLWH�IRU�

DP\ORLG�SODTXH�IRUPDWLRQ�LQ�DP\ORLG�SODTXH�IRUPLQJ�WUDQVJHQLF�PLFH��EXW�RXU�$33�36��GR�H[SUHVV

VFDWWHUHG�DP\ORLG�SODTXHV�LQ�WKH�WKDODPXV�IURP���PRQWKV�RQ��0LQNHYLFLHQH�HW�DO����������

$VWURJOLRVLV�DURXQG�WKH�SODTXHV�OLNHO\�UHOHDVH�*$%$�H[WUDV\QDSWLFDOO\�LQ�WKH�WKDODPXV�DV�VKRZQ�IRU�

KLSSRFDPSXV��-R�HW�DO����������DQG�H[WUDV\QDSWLF�*$%$�UHFHSWRUV�LQ�WKH�YHQWUREDVDO�WKDODPXV�DUH�

SUHGRPLQDQWO\�RI�WKH�*$%$%�W\SH��.XOLN�HW�DO����������)XUWKHU��VLQFH�*$%$% UHFHSWRU�DFWLYDWLRQ�DW�

UHWLFXODU�QHXURQV UHTXLUHV�D�VWURQJHU�LQSXW�WKDQ�*$%$$ UHFHSWRU�DFWLYDWLRQ��%HHQKDNNHU�DQG�

+XJXHQDUG�������� LQFUHDVHG�H[FLWDELOLW\�RI�FRUWLFR�WKDODPLF�SURMHFWLRQ�QHXURQV�GXH�WR�DGYDQFHG�

DP\ORLG�SODTXH�SDWKRORJ\�LQ�WKH�FRUWH[�PD\�WUDQVODWH�WR�DOWHUHG�*$%$$ YV��*$%$% EDODQFH�DW�
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UHWLFXODU�QXFOHXV���2Q�WKH�RWKHU�KDQG��D UHFHQW�VWXG\�IRXQG�LQ�WKH�$336ZH�,QG PRXVH�LPSDLUHG�FRUWLFDO�

LQSXW�VHOHFWLYHO\�WR�UHWLFXODWH�WKDODPLF�QXFOHXV��+D]UD�HW�DO����������GHPRQVWUDWLQJ�DQRWKHU�SRWHQWLDO�

VRXUFH�RI�LPEDODQFH�LQ�WKH�FRUWLFR�WKDODPLF�DQG�LQWUDWKDODPLF�FLUFXLWU\��6:'V�LQ�$33�36��PLFH�

DOVR�FORVHO\�UHVHPEOH�KLJK�DPSOLWXGH�((*�EXUVWV�IRXQG�LQ�DJHG�:LVWDU�UDWV��NQRZQ�DV�KLJK�YROWDJH�

VSLQGOHV�LQ�HDUOLHU�OLWHUDWXUH��%X]ViNL�HW�DO����������7KHVH�FDQ�EH�LQGXFHG�LQ�\RXQJ�DGXOW�UDWV�E\�

OHVLRQLQJ�WKH�FKROLQHUJLF�QXFOHXV�EDVDOLV��5LHNNLQHQ�HW�DO����������DQG�LQ�DJHG�UDWV�WUHDWPHQW�ZLWK�

FKROLQHVWHUDVH�LQKLELWRUV�UHGXFH�WKHLU�RFFXUUHQFH��5LHNNLQHQ�HW�DO����������7KH�$336ZH�36�G(�

PRXVH�VKRZV�VLJQLILFDQWO\�EOXQWHG�FRUWLFDO�FKROLQHUJLF�QHXURWUDQVPLVVLRQ�DOUHDG\�DW���PRQWKV�RI�

DJH�DQG�IXUWKHU�SURJUHVVLRQ�RI�WKH�LPSDLUPHQW�WR����PRQWKV��0DFKRYi�HW�DO����������ZKLFK�VXJJHVW�

WKDW�UHGXFHG�FKROLQHUJLF�WRQH�PD\�EH�RQH�RI�WKH�XQGHUO\LQJ�IDFWRU�IRU�6:'V��,Q�DGGLWLRQ��OHVLRQLQJ

WKH�DVFHQGLQJ�QRUDGUHQHUJLF�SDWKZD\V�WR�WKH�FRUWH[�LQGXFHV 6:'V�LQ�UDWV��5LHNNLQHQ�HW�DO����������

DQG�WKLV�FDQ�EH�UHYHUVHG�E\�Į��DGUHQRUHFHSWRU�DQWDJRQLVWV��-lNlOl�HW�DO�����������:KHWKHU�WKLV�HIIHFW�

LV�GLUHFW�RQ�6:'�JHQHUDWLRQ�RU�LQGLUHFW�WKURXJK�FKDQJLQJ�WKH�RYHUDOO�VWDWH�RI�YLJLODQFH�WR�IDYRU�

6:'�RFFXUUHQFH�UHPDLQV�RSHQ��EXW�LQWHUHVWLQJO\�$33VZH�36�G(��PLFH�VKRZ�D�GUDPDWLF�DJH�

GHSHQGHQW�GHFOLQH�LQ�WKH�FRUWLFDO�DQG�KLSSRFDPSDO�QRUDGUHQHUJLF�LQQHUYDWLRQ��ZKLFK�PD\�DOVR�

FRQWULEXWH�WR�6:'V� 7DNHQ�WRJHWKHU��VHYHUDO�FKDQJHV�DVVRFLDWHG�ZLWK�SURJUHVVLYH�DP\ORLG�

SDWKRORJ\�DQG�DJLQJ�UHQGHU�WKH�$33�36��VXVFHSWLEOH�IRU�6:'V DQG�DZDLW�IXUWKHU�VWXGLHV�WR�UHYHDO�

WKH�H[DFW�XQGHUO\LQJ�PHFKDQLVPV��

6LQFH�WKH�ILUVW�DWWHPSWV�WR�JHQHUDWH�DP\ORLG�SODTXH�SURGXFLQJ�PLFH��VXGGHQ�GHDWKV�RI�XQNQRZQ�

UHDVRQV�KDYH�SODJXHG�WKH�EUHHGLQJ�FRORQLHV�RI�$33�WUDQVJHQLF�PLFH��&DUOVRQ�HW�DO���������+VLDR�HW�

DO���������5REHUVRQ�HW�DO����������,W�ORRNV�OLNH�$ȕ�IRUPDWLRQ�SOD\V�D�NH\�UROH�LQ�HDUO\�PRUWDOLW\��VLQFH�

KXPDQ�ZLOG�W\SH�$33�RYHUH[SUHVVLRQ�LV�OHVV�OHWKDO�WKDQ�RYHUH[SUHVVLRQ�RI�$ȕ�SURGXFLQJ�PXWDQW�

$33�IRUPV��&DUOVRQ�HW�DO����������2Q�WKH�RWKHU�KDQG��WKH�HDUO\�PRUWDOLW\�LV�KLJKO\�GHSHQGHQW�RQ�WKH�

JHQHWLF�EDFNJURXQG��&DUOVRQ�HW�DO���������+VLDR�HW�DO����������DQG�FDQ�EH�DOOHYLDWHG E\�NQRFNLQJ�RXW�

PLFURWXEXOXV�DVVRFLDWHG�SURWHLQ�WDX�JHQH��5REHUVRQ�HW�DO����������2XU�EUHHGLQJ�FRORQ\�VWDWLVWLFV�

FOHDUO\�LQGLFDWH�WKDW�VXGGHQ�GHDWKV�SHDN�DW�����PRQWKV�RI�DJH�LQ�$336ZH�36�G(� PLFH��7KH�RQO\�

RWKHU�SXEOLVKHG�FRORQ\�VWDWLVWLFV�IRXQG�D�VLPLODU�SHDN�EHWZHHQ�����± ����PRQWKV�LQ�$336ZH�,QG �-����

PLFH��5REHUVRQ�HW�DO�������� DQG�QR�PRUWDOLW\�EHWZHHQ���DQG����PRQWKV�RI�DJH��,QWHUHVWLQJO\��

DP\ORLG�SODTXH�IRUPDWLRQ�EHJLQV�DURXQG���PRQWKV�RI�DJH�LQ�$336ZH�36�G(��PLFH�DQG�DW�����

PRQWKV�RI�DJH�LQ�$336Z�,QG �-����PLFH��0XFNH�HW�DO����������7KXV��WKH�PDMRULW\�RI�VXGGHQ�GHDWKV�

WDNHV�SODFH�EHIRUH�DP\ORLG�SODTXH�IRUPDWLRQ��,Q�SDUDOOHO�ZLWK�GHFUHDVLQJ�ULVN�RI�VXGGHQ�GHDWK��

VWDUWOH�UHVSRQVHV�WR�ORXG�VRXQG�RU�VSRQWDQHRXV�VWDUWOHV�WHQGHG�WR�GHFUHDVH�LQ�$33�36��PLFH�WR�WKH�
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OHYHOV�RI�WKHLU�ZLOG�W\SH�OLWWHUPDWHV��,W�LV�SRVVLEOH�WKDW�ERWK�VXGGHQ�GHDWKV�DQG�LQFUHDVHG�VWDUWOHV�

UHVSRQVLYHQHVV�UHIOHFW�D�EUDLQVWHP�OHYHO�SDWKRORJ\�DVVRFLDWHG�ZLWK�LQFUHDVHG�OHYHOV�RI�VROXEOH�$ȕ�

7R�FRQFOXGH��FRPSDULVRQ�RI�\RXQJ�DGXOW�DQG�PLGGOH�DJHG�$33�36��PLFH�GHPRQVWUDWH�WKDW�((*�

VLJQV�RI�FRUWLFDO�K\SHUH[FLWDELOLW\��LQFOXGLQJ�LQFUHDVHG�FRUWLFDO�SRZHU�RYHU���± ���+]��IUHTXHQW�

6:'V�DQG�HQKDQFH�DXGLWRU\�HYRNHG�SRWHQWLDOV FRPSDUHG�WR�ZLOG�W\SH�OLWWHUPDWHV�SHUVLVW�XQWLO�

PLGGOH�DJHV��,Q�FRQWUDVW��VXGGHQ�GHDWKV�DQG�HQKDQFHG�VWDUWOH�UHIOH[HV�JUDGXDOO\�GLVDSSHDU ZLWK�

DJLQJ��7KH�GLIIHUHQW�WLPH�FRXUVH�RI�WKHVH�WZR�SKHQRPHQD�UHODWHG�WR�QHXURQDO�K\SHUH[FLWDELOLW\�

VSHDNV�IRU�GLIIHUHQW�XQGHUO\LQJ�PHFKDQLVPV��)XUWKHU��WKH\�DUH�PHGLDWHG�E\�GLIIHUHQW�FLUFXLWULHV��

WKDODPR�FRUWLFDO�YV��EUDLQVWHP�QHWZRUNV��ZLWK�RQO\�WKH�WKDODPR�FRUWLFDO�FLUFXLWU\�VLJQLILFDQWO\�

DIIHFWHG�E\�DP\ORLG�SDWKRORJ\��6LQFH�WKH�FLUFXLWU\�XQGHUO\LQJ�6:'V�LV�OLPLWHG�WR�FHUWDLQ�WKDODPLF�

QXFOHL�DQG�QHRFRUWLFDO�DUHDV DQG�WKH�JHQHUDWLRQ�RI�6:'V�LV�UHODWLYHO\�ZHOO�FKDUDFWHUL]HG��6:'V�LQ�

$33�WUDQVJHQLF�PLFH�SUHVHQW�D�SURPLVLQJ�QHZ�PRGHO�WR�LQYHVWLJDWH�PROHFXODU�DQG�FHOOXODU�

PHFKDQLVPV�DVVRFLDWHG�ZLWK�DP\ORLG�SDWKRORJ\��,Q�DGGLWLRQ��VLQFH�WKH\�DUH�HDVLO\�UHFRUGHG�ZLWK�

RQO\�HSLGXUDO�HOHFWURGHV�DQG�UHPDLQ�FRQVWDQW�RYHU�PRQWKV�DFFRUGLQJ�WR�RXU�H[SHULHQFH��WKH\�SURYLGH�

DQ�RXWVWDQGLQJ�ELRPDUNHU�IRU�SUHFOLQLFDO�LQWHUYHQWLRQ�VWXGLHV��7KHUH�LV�OLPLWHG�HYLGHQFH�WKDW�WKH�KLJK�

QXPEHU�RI�6:'V�LQ�$33�WUDQVJHQLF�PLFH�DOVR�DVVRFLDWH ZLWK�PHPRU\�LPSDLUPHQW��1\JDDUG�HW�DO���

�������0RUH�GLUHFW�VWXGLHV�DUH�QHHGHG�WR�DVVHVV�WKH�UHODWLRQVKLS�EHWZHHQ�6:'V�DQG�PHPRU\�RU�

DWWHQWLRQDO�LPSDLUPHQW��EXW�LI�WKLV�UHODWLRQVKLS�KROGV�WUXH��6:'V�DUH�DOVR�LQWHUHVWLQJ�FDQGLGDWHV�IRU�

UDSLGO\�IOXFWXDWLQJ�FKDQJHV�LQ�FRJQLWLRQ�LQ�SDWLHQWV�ZLWK�$O]KHLPHU¶V�GLVHDVH�RU�/HZ\�ERG\�GLVHDVH�

$FNQRZOHGJHPHQWV

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�JUDQWV�IURP�WKH�IROORZLQJ�IRXQGDWLRQV��6LJULG�-XVHOLXV�)RXQGDWLRQ

�)LQODQG���2ODY�7KRQ�)RXQGDWLRQ �1RUZD\���)LQQLVK�&XOWXUDO�)RXQGDWLRQ�

'LVFORVXUH

1RQH RI�WKH�DXWKRUV�KDYH�FRQIOLFWLQJ�ILQDQFLDO�LQWHUHVW�UHODWHG�WR�WKH�PDQXVFULSW
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GHFLSKHU�WKH�QHXURQDO�DQG�QHWZRUN�PHFKDQLVPV�RI�JHQHUDOL]HG�LGLRSDWKLF�HSLOHSVLHV��-��1HXURVFL��
0HWKRGV��KWWSV���GRL�RUJ���������M�MQHXPHWK������������
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*DUFLD�$OOR]D��0���5REELQV��(�0���=KDQJ�1XQHV��6�;���3XUFHOO��6�0���%HWHQVN\��5�$���5DMX��6���3UDGD��&���
*UHHQEHUJ��6�0���%DFVNDL��%�-���)URVFK��0�3���������&KDUDFWHUL]DWLRQ�RI�DP\ORLG�GHSRVLWLRQ�LQ�WKH�
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*XUHYLFLXV��.���/LSSRQHQ��$���7DQLOD��+���������,QFUHDVHG�FRUWLFDO�DQG�WKDODPLF�H[FLWDELOLW\�LQ�IUHHO\�PRYLQJ�
$33VZH�36�G(��PLFH�PRGHOLQJ�HSLOHSWLF�DFWLYLW\�DVVRFLDWHG�ZLWK�DO]KHLPHU¶V�GLVHDVH��&HUHE��&RUWH[�
��������±������KWWSV���GRL�RUJ���������FHUFRU�EKV���
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:HVWPDUN��&�-���:HVWPDUN��3�5���0DOWHU��-�6���������$O]KHLPHU¶V�'LVHDVH�DQG�'RZQ�6\QGURPH�5RGHQW�
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�����������

=LOEHUWHU��0���,YDQRY��$���=L\DWGLQRYD��6���0XNKWDURY��0���0DONRY��$���$OSiU��$���7RUWRULHOOR��*���%RWWLQJ��
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)LJXUH�OHJHQGV

)LJXUH����6FKHPDWLF�GUDZLQJV��PRGLILHG�IURP�3D[LQRV�	�)UDQNOLQ������ �3D[LQRV�DQG�)UDQNOLQ��

�������VKRZLQJ�/)3�UHFRUGLQJ�VLWHV�LQ�VXSHUILFLDO��V)&��DQG�PHGLDO��P)&��IURQWDO�FRUWH[��SDULHWDO�

FRUWH[��3&���KLSSRFDPSXV��+&���WKDODPXV��7+���VXSHUILFLDO��V9&��DQG�GHHS��G9&��YLVXDO�FRUWH[��

7KH�V)&�DQG�3&�GHSLFW�VNXOO�VFUHZ�HOHFWURGHV��ZKLFK�LQ�UHDOLW\�ZHUH�ORFDWHG�RQ�WKH�RSSRVLWH�VLGH�

IURP�WKH�FRUUHVSRQGLQJ�ZLUH�HOHFWURGHV��7KH�KLVWRORJLFDO�VHFWLRQV�RI�WKH�FRUUHVSRQGLQJ�EUDLQ�

ORFDWLRQV�DUH�SURMHFWHG�WR�WKH�RSSRVLWH�KHPLVSKHUH�IRU�LOOXVWUDWLRQ�SXUSRVHG��$P\ORLG�SODTXHV�VKRZ�

XS�DV�GDUN�VSRWV�WKURXJKRXW�DOO�FRUWLFDO�OD\HUV��PRUH�OD\HU�VSHFLILFDOO\�LQ�WKH�KLSSRFDPSXV�DQG�RQO\�

DV�VFDWWHUHG�VSRWV�LQ�WKH�WKDODPXV��DQWL�KXPDQ�$ȕ�VWDLQLQJ���6FDOH�EDUV������ȝP��

)LJXUH����0HDQ�SRZHU�VSHFWUDO�GHQVLW\�RI�PLGGOH�DJHG�$33�36���7*��UHG�OLQHV��Q� ���� DQG�ZLOG�

W\SH��:7��EODFN�OLQHV��Q� �����PLFH�IURP���WR�����+]�LQ�GLIIHUHQW�EUDLQ�UHJLRQV�XQGHU�GLIIHUHQW�

EHKDYLRUDO�VWDWHV��$UWLIDFWV�DW�������DQG��������+]�ZHUH�UHPRYHG�E\�LQWHUSRODWLQJ�WZR�QHLJKERULQJ�

SRLQWV��)RU�EHWWHU�YLVXDOL]DWLRQ�WKH�VSHFWUXP�ZDV�ZKLWHQHG�E\�PXOWLSO\LQJ�ZLWK�WKH�VTXDUH�RI�

IUHTXHQF\��I����/LJKW�JUHHQ�VKDGLQJ�LQGLFDWHV���+]�IUHTXHQF\�ELQV�ZKHUH�$33�36��PLFH�

VLJQLILFDQWO\��S���������GLIIHU�IURP�:7�OLWWHUPDWHV��WZR�VDPSOH�W�WHVW�ZLWK�IDOVH�GLVFRYHU\�UDWH�

FRUUHFWLRQ���P)&� �ZLUH�HOHFWURGH LQ�PHGLDO�IURQWDO�FRUWH[��V)&� �VFUHZ�HOHFWURGH�DERYH�WKH�IURQWDO�

FRUWH[��3&� �VFUHZ�HOHFWURGH�DERYH�WKH�SDULHWDO�FRUWH[��'*� �ZLUH�HOHFWURGH�LQ�WKH�GHQWDWH�J\UXV��

7+� �ZLUH�HOHFWURGH�LQ�WKH�ODWHUDO�JHQLFXODWH�QXFOHXV�RI�WKH�WKDODPXV��V9&�DQG�G9&� �ZLUH�

HOHFWURGH�LQ�VXSHUILFLDO�YV��GHHS�OD\HUV�RI�YLVXDO�FRUWH[�

)LJXUH����0HDQ ���6(0��SRZHU�VSHFWUDO�GHQVLW\�RI���PRQWK�ROG�ZLOG�W\SH��:7��<��Q� ���DQG�

$33�36��PLFH��7*��<��Q� ������DQG���� WR����PRQWK�ROG ZLOG�W\SH��:7��2��Q� �����DQG�$33�36��

�7*��2��Q� �����PLFH�LQ�FRQYHQWLRQDO�IUHTXHQF\�EDQGV��GHOWD������+]���WKHWD������+]���DOSKD��������

+]���EHWD�����± ���+]���DQG�JDPPD�����± ����+]���7KH�\�D[LV�YDOXHV�UHSUHVHQW�SRZHU�ZLWKRXW�

ZKLWHQLQJ��+RZHYHU��WR�UHPRYH�SRVVLEOH�HUURU�GXH�WR�GLIIHUHQW�DPSOLILFDWLRQ��WKH YDOXHV�KDYH�EHHQ�

QRUPDOL]HG�VR�WKDW�WKH�JURXS�PHDQV�RI�\RXQJ�DQG�PLGGOH�DJHG�:7�PLFH�DUH�HTXDO��VLJQLILFDQW�

JHQRW\SH�HIIHFW��S���������VLJQLILFDQW�JHQRW\SH�HIIHFW��S������������ VLJQLILFDQW�DJH�[�JHQRW\SH�

LQWHUDFWLRQ��S���������WZR�ZD\�$129$�

)LJXUH �� 6SDWLDO�GLVWULEXWLRQ�RI�6:'�HYHQWV�LQ�$33�36��PLFH���$��$�W\SLFDO�6:'�UHFRUGHG�LQ�WKH�

IURQWDO�VXUIDFH�FKDQQHO�RQ�WKH�OHIW�KHPLVSKHUH��V)&��/���LV�KLJKOLJKWHG�ZLWK�UHG�FRORU��7KH�HYHQW�

DSSHDUV�VLPLODU�LQ�WKH�ULJKW�SDULHWDO�VXUIDFH�FKDQQHO��V3&��5���EXW�LV�QRW�GHWHFWHG�LQ�WKH�VXSHUILFLDO�
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OD\HUV�RI�YLVXDO�FRUWH[�RQ�WKH�OHIW��V9&��/����ULJKW�PHGLDO�IURQWDO�FRUWH[��P)&��5���RU�ULJKW�GHQWDWH�

J\UXV��'*��5�����%��$QRWKHU�6:'�RYHU�WKH�OHIW�IURQWDO�FRUWH[��7KH�WKDODPLF�FKDQQHO��3R�QXFOHXV��

RQ�WKH�VDPH�KHPLVSKHUH�VKRZV�V\QFKURQL]HG�VSLNLQJ�RI�RSSRVLWH�SRODULW\��ZKHUHDV�WKH�ULJKW�'*�

GRHV�QRW���&��'��FRUUHVSRQGLQJ�VSHFWUDO�GLVWULEXWLRQ�RI�SRZHU�GXULQJ�WKH�6:'�HYHQWV�PDUNHG�LQ�UHG�

FRORU�

)LJXUH�����$��([DPSOH�RI�WKH�FXVWRP�PDGH�XVHU�LQWHUIDFH�WR�DXJPHQW�GHWHFWLRQ�RI 6:'�HYHQWV��

5HFRUGLQJ�IURP�WKH�IURQWDO�VFUHZ�HOHFWURGH��V)& FKDQQHO���7RS��UDZ�((*�GDWD��EOXH�OLQH���ERWWRP��

GDWD�ILOWHUHG�EHWZHHQ������+]��EODFN�OLQH���LWV�HQYHORSH��UHG�OLQH��DQG�WKUHVKROG��GDVKHG�JUH\�OLQH��DW�

PHDQ���� 6'�LQ�WKLV�PRXVH���*UHHQ�DQG�UHG�ILOOHG�WULDQJOHV�LQGLFDWH�WKH�VWDUW�DQG�HQG�RI�WKH�6:'�

HYHQW��1RWH�WKH�KLJK�IUHTXHQF\�(0*�DUWHIDFW�RQ�WKH�UDZ�((*��UHG�WULDQJOH��DVVRFLDWHG�ZLWK�D�VPDOO�

KHDG�PRYHPHQW�ULJKW�DIWHU�WKH�6:'���%� 0HDQ���6(0��QXPEHU�RI�6:'V�DQG�WKHLU�PHDQ�GXUDWLRQ�

LQ�:7��JUD\�EODFN��DQG�$33�36���SLQN�UHG��\RXQJ��<��DQG�PLGGOH�DJHG��2��PLFH���VLJQLILFDQW�

JHQRW\SH�HIIHFW��S������������� VLJQLILFDQW�DJH�HIIHFW��S����������WZR�ZD\�$129$���&��&RPSDULVRQ�

RI�PHDQ�36'V�EHWZHHQ�UDZ��VROLG�OLQHV��DQG�6:'�GHSOHWHG�((*��GDVKHG�OLQHV��LQ�PLGGOH�DJHG�

PLFH�RI�ERWK�JHQRW\SHV��5HPRYDO�RI�6:'V�GLG�QRW�VLJQLILFDQWO\�LPSDFW�WKH�36'V�

)LJXUH����7HPSRUDO�GLVWULEXWLRQ�RI�SUH�6:'�������+]�������+]�DQG���� � �����+]�SRZHU�LQ�

$33�36� PLFH��7KH����V�HSRFK�EHIRUH�WKH�RQVHW�RI�HDFK�6:'�HYHQW�ZDV�GLYLGHG�LQWR����ELQV����V���

ELQ���DQG�WKHQ�SRZHU�RI�IUHTXHQF\�EDQGV�ZDV�FDOFXODWHG�IRU�HDFK�ELQ��3DLUHG�VDPSOHV�W�WHVW�ZDV�

DSSOLHG�WR�FRPSDUH�36'�PHDQV�EHWZHHQ�HDFK�SDLU�RI�QHLJKERULQJ�ELQV��DQG�WKH�����V�YV�������V�

SUHFHGLQJ�WKH�6:'V��3RZHU�DW�������+] GXULQJ�WKH�VHFRQG�KDOI�RI����V�HSRFK�SUHFHGLQJ�WKH�6:'�

ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�ILUVW�KDOI�ERWK�LQ�:7 �Q ����DQG�$33�36���Q �����JURXSV��ZKLOH�

����+]�SRZHU�LQFUHDVHG�RQO\�LQ�$33�36��PLFH��S���������SDLUHG�VDPSOHV�W�WHVW���,Q�DGGLWLRQ��WKH�

SRZHU�LQ�WKH���V�ELQ�LPPHGLDWHO\�SUHFHGLQJ�WKH�6:'�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�GXULQJ�WKH�

SUHFHGLQJ�ELQ�LQ������+]�DQG�FRPELQHG������������+]��SRZHU�EDQGV��S���������SDLUHG�VDPSOHV�W�

WHVW��

)LJXUH����&R�PRGXODWLRQ�EHWZHHQ�GHOWD�SKDVH�DQG�KLJK�JDPPD�DPSOLWXGH���$��$Q�H[DPSOH�RI�

ELFRKHUHQFH�SORW�UHIOHFWLQJ�LQWHUDFWLQJ�IUHTXHQF\�EDQGV�LQ�P)&�RI�D�:7�PRXVH�GXULQJ�15(0�

VOHHS��7KH�DUURZKHDG�SRLQWV�WR�����+]�WKDW�KDV�WKH�KLJKHVW�FR�PRGXODWLRQ�ZLWK�WKH�KLJK�JDPPD�

EDQG ��������+]����%��7RS��DQ�H[FHUSW�RI�((*�UHFRUGHG�IURP�WKH�P)&�HOHFWURGH�LQ�WKH�VDPH�

PRXVH��1RWH�WKH�SURPLQHQW�JDPPD�RVFLOODWLRQV�ULGLQJ�RQ�WKH�GHOWD�SHDNV��%RWWRP��ILOWHUHG�((*�WR�

VKRZ�WKH�V\QFKURQL]HG�GHOWD����� +]��DQG�JDPPD�������� +]��RVFLOODWLRQV���&��&RPSDULVRQ�
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EHWZHHQ�REVHUYHG�0,�IURP�RULJLQDO�GDWD�DQG�VXUURJDWH�0,�IURP�VKXIIOHG�GDWD��'XULQJ�ZDNLQJ�

LPPRELOLW\��:,��DQG�15(0�VOHHS�P)&�VKRZHG�VLJQLILFDQWO\�KLJKHU�REVHUYHG�0,�WKDQ�VXUURJDWH�0,�

�WKUHVKROG�VHW�DW�S  ������LQ�ERWK�:7�DQG�7*�PLFH��%HVLGHV��VLJQLILFDQW�FR�PRGXODWLRQ�ZDV�

GLVFRYHUHG�LQ�'*�GXULQJ�15(0�VOHHS���'��0,�FRPSDULVRQ�EHWZHHQ�:7�DQG�7*�PLFH�LQ�P)&�DQG�

'*��,Q�P)&��0,�GLIIHUHG�EHWZHHQ�EHKDYLRUDO�VWDWHV�EXW�QRW�EHWZHHQ�JHQRW\SHV��LQ�'*��WKH�

GLIIHUHQFH�LQ�0,�ZDV�ERWK�EHKDYLRU� DQG�JHQRW\SH�GHSHQGHQW��)RU�DOO�FDVHV��)ULHGPDQ¶V�WHVW�ZDV�

DSSOLHG����S �������S�������S�������S���������HUURU�EDUV�VKRZ�PHDQ�6(0��5HG�DVWHULVNV�

UHIHU�WR�VWDWH�GLIIHUHQFHV�LQ�7*�PLFH��EODFN�WR�VWDWH�GLIIHUHQFHV�LQ�:7�PLFH��DQG�EOXH�RQHV JHQRW\SH�

GLIIHUHQFHV��1V��:7�����7*����

)LJXUH����&R�PRGXODWLRQ�EHWZHHQ�WKHWD�SKDVH�DQG�JDPPD�DPSOLWXGH���$��$Q�H[DPSOH�RI�

ELFRKHUHQFH�SORW�VKRZLQJ�LQWHUDFWLQJ�IUHTXHQF\�EDQGV�LQ�'*�RI�D�7*�PRXVH�GXULQJ�PRYHPHQW�

�0RY���7KH�DUURZKHDG�SRLQWV�WR�����+]�WKDW KDV�KLJKHVW�LQWHUDFWLRQ�ZLWK�JDPPD�EDQG�����± ����

+]����%��7RS��((*�H[FHUSW�IURP�'*�RI�WKH�VDPH�PRXVH��1RWH�WKH�JDPPD�RVFLOODWLRQV�ULGLQJ�RQ�

WKHWD�WURXJKV��%RWWRP��ILOWHUHG�((*�WR�VKRZ�WKH�V\QFKURQL]HG�WKHWD ����� +]��DQG�JDPPD��������

+]��RVFLOODWLRQV����&��&RPSDULVRQ�EHWZHHQ�REVHUYHG�0,�IURP�RULJLQDO�GDWD�DQG�VXUURJDWH�0,�IURP�

VKXIIOHG�GDWD��0,V�LQ�P)&��'*��7+�DQG�G9&�ZHUH�KLJKHU�WKDQ�WKH�FKDQFH�OHYHO��VXUURJDWH�0,�

WKUHVKROG�DW�S  ��������'��0,�FRPSDULVRQ�EHWZHHQ�WKH�JHQRW\SHV�DQG�EHKDYLRUDO�VWDWHV�LQ�P)&��

'*��7+�DQG�G9&��,Q�'*�DQG�G9&��WKH�0,�ZDV�RQO\�EHKDYLRU�GHSHQGHQW��LQ�P)&�DQG�7+��QHLWKHU�

JHQRW\SH�QRU�EHKDYLRUDO�VWDWHV�GLIIHUHQWLDWHG�0,�OHYHOV��)RU�DOO�FDVHV��)ULHGPDQ¶V�WHVW�ZDV�DSSOLHG��

S�������S�������S��������HUURU�EDUV�VKRZ�PHDQ�6(0��5HG�DVWHULVNV�UHIHU�WR�VWDWH�

GLIIHUHQFHV�LQ�7*�PLFH��EODFN�WR�VWDWH�GLIIHUHQFHV�LQ�:7�PLFH��1V��:7�����7*����

)LJXUH����$XGLWRU\�HYRNHG�SRWHQWLDOV��$(3V��LQ�\RXQJ�DQG�PLGGOH�DJHG�$33�36��YV� :7�PLFH�LQ�

WKH�DXGLWRU\�JDWLQJ�SDUDGLJP���$��$YHUDJHG�FRUWLFDO�$(3V�LQ�:7�DQG�$33�36���7*� PLFH�

UHVSRQGLQJ�WR�FRQGLWLRQLQJ�VWLPXOXV��FRQG���DQG�WHVW�VWLPXOXV��WHVW���VKRZLQJ�D�FRQVLVWHQW�VXUIDFH�

QHJDWLYH�WURXJK��1���IROORZHG�E\�D�VXUIDFH�SRVLWLYH�SHDN��3����7KH�UHG�VKDGRZ�VKRZV�6(0�IRU�WKH�

UHVSRQVH WR�WKH�FRQGLWLRQLQJ�VWLPXOXV�DQG�WKH�EODFN�VKDGRZ�IRU�WKH�WHVW�VWLPXOXV��7KH�WRQH�RQVHW�

ZDV�DW�����PV��ILOOHG�WULDQJOH��IURP�WKH�VWDUW�RI�HDFK�VZHHS���%���$YHUDJHG�SHDN�1��DQG�3��

DPSOLWXGHV��DQG��%���ODWHQFLHV�IRU�\RXQJ��<��DQG�PLGGOH�DJHG��2��:7�DQG�$33�36��PLFH��

6LJQLILFDQFH�OHYHOV���VLJQLILFDQW�JHQRW\SH�GLIIHUHQFH��S � ��������� VLJQLILFDQW�DJH�GLIIHUHQFH �PD\�

EH�GXH�WR�GLIIHUHQW�DPSOLJLFDWLRQ���S����������WZR�ZD\�$129$� �&��$XGLWRU\�JDWLQJ��KDELWXDWLRQ�

RI�WKH�3��1��GLIIHUHQFH�EHWZHHQ�UHVSRQVHV�WR FRQGLWLRQHG�DQG�WHVW�WRQHV��LQ�\RXQJ��<��DQG�PLGGOH�
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DJHG��2��:7�DQG�$33�36��PLFH��1R�JHQRW\SH�RU�DJH�HIIHFW�RU�WKHLU�LQWHUDFWLRQ�ZDV�IRXQG� 1V��

:7�<�����7*��<������:7�2������7*��2�����

)LJXUH���� $FRXVWLF�DQG�VSRQWDQHRXV�VWDUWOH�UHDFWLYLW\�RI�$33�36��DQG ZLOG�W\SH�PLFH�IURP���WR����
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