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�����'LVLQIHFWLRQ� E\�SURGXFWV� �'%3V�� DUH� IRUPHG� E\� UHDFWLRQ� RI
FKHPLFDO� GLVLQIHFWDQWV� ZLWK� QDWXUDO� RUJDQLF� PDWWHU� LQ� VRXUFH
ZDWHU���$V�'%3V�DUH�W\SLFDOO\�SUHVHQW�DW�ORZ�OHYHOV��XJ�/�RU�OHVV�
LQ�GULQNLQJ�ZDWHU�� WKH\�DUH�IUHTXHQWO\�FRQFHQWUDWHG�E\�;$'�UHVLQ
DGVRUSWLRQ� �;$'�� IRU�HYDOXDWLRQ�RI�PXWDJHQLFLW\�� �;$'�UHVXOWV� LQ
DQ�RUJDQLF�PDWUL[���H�J��HWK\O�DFHWDWH��WKDW�PXVW�EH�UHPRYHG�DQG
WKH� UHPDLQLQJ� '%3V� UH�VXVSHQGHG� LQ� D� PHGLXP� VXLWDEOH� IRU
ELRORJLFDO� DVVD\V�� � � $OWKRXJK� UDUHO\� XVHG� IRU� WKLV� SXUSRVH�� DQ
DGYDQWDJH�RI�UHYHUVH�RVPRVLV�PHPEUDQH��52��FRQFHQWUDWLRQ�IRU
SUHSDUDWLRQ�RI�ZDWHU�FRQFHQWUDWH�VDPSOHV� IRU� LQ�YLYR�DQG� LQ�YLWUR
WR[LFRORJLFDO�HYDOXDWLRQ�LV�WKDW�LW�UHVXOWV�LQ�D�ZDWHU�PDWUL[����$V�SDUW
RI�D�SURMHFW� WR�HYDOXDWH�52�SUHSDUDWLRQ�RI�ZDWHU�FRQFHQWUDWHV��D
VRXUFH�ZDWHU� WKDW�KDG�EHHQ�VSLNHG�ZLWK�EURPLGH�DQG� LRGLGH�ZDV
GLVLQIHFWHG� HLWKHU� E\� FKORULQDWLRQ� �SRVW�FKORULQDWLRQ�� &/�� RU� E\
R]RQDWLRQ� �SUH�R]RQDWLRQ�SRVW�FKORULQDWLRQ�� 2=�&/�� SURFHVVHV
DQG�FRQFHQWUDWHG�HLWKHU�E\�52�RU�;$'�� �7KH�FRQFHQWUDWHV�ZHUH
DQDO\]HG� E\� DGYDQFHG� *&�06� WHFKQLTXHV� �KLJK� DQG� ORZ
UHVROXWLRQ� HOHFWURQ� LRQL]DWLRQ� DQG� FKHPLFDO� LRQL]DWLRQ� PDVV
VSHFWURPHWU\��� �0DQ\�'%3V�ZHUH� LGHQWLILHG� LQ� WKH�52� VDPSOHV�
LQFOXGLQJ�EURPLQDWHG�DQG� LRGLQDWHG�FRPSRXQGV��VXFK�DV�EURPR�
DQG� LRGR�WULKDORPHWKDQHV� DQG� �DFHWDOGHK\GHV�
KDORQLWURPHWKDQHV�� KDORSURSDQRQHV�� KDORQLWULOHV�� DQG
KDORDFHWDPLGHV�� � &RPSDULQJ�52� WR�;$'��52� UHVXOWHG� LQ� EHWWHU
UHFRYHU\� RI� KDOR�DFHWDOGHK\GHV�� KDOR�SURSDQRHV� � DQG� KDOR�
QLWURPHWKDQHV�� � $OWKRXJK�2=�&O� GLG� IRUP� D� QXPEHU� RI� KDORJHQ�
FRQWDLQLQJ� E\SURGXFWV�� WKH\�ZHUH� IHZHU� LQ� QXPEHU� DQG� ORZHU� LQ
FRQFHQWUDWLRQ� WKDQ� WKRVH� IRUPHG� E\� &/�� � 7KHVH� VDPH� 52� DQG
;$'� FRQFHQWUDWHV� ZHUH� HYDOXDWHG� IRU� PXWDJHQLFLW\� LQ� WKH
6DOPRQHOOD� DVVD\� E\�6FKHQN� HW� DO�� �SRVWHU�� WKLV�PHHWLQJ��� � 7KLV
DEVWUDFW�PD\�QRW�UHIOHFW�(3$�SROLF\�
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�����6WXGLHV�RI�PXWDJHQHVLV�KDYH� IRFXVHG�PDLQO\�RQ�PXWDWLRQV�DW
WKH� '1$� OHYHO�� � +RZHYHU�� RWKHU� SURFHVVHV�� VXFK� DV� '1$
PHWK\ODWLRQ� DQG� 51$� DQG� SURWHLQ� SURFHVVLQJ� DQG� HGLWLQJ�� FDQ
DOVR�PDOIXQFWLRQ� DQG� LQWHUIHUH� ZLWK� WKH� DFFXUDWH� IORZ� RI� JHQHWLF
LQIRUPDWLRQ�� � 7KH� IRFXV� RI� RXU� UHVHDUFK� LV� WR� FKDUDFWHUL]H� DQG
TXDQWLI\�HUURUV�RFFXUULQJ�GXULQJ�WKH�SURFHVV�RI�P51$�VSOLFLQJ� LQ
KXPDQV� DQG� WR� HYDOXDWH� WKH� PXWDJHQLF� SRWHQWLDO� RI� WUDQVFULSWV
ZLWK� VNLSSHG� H[RQV� RU� XQ�H[FLVHG� LQWURQV�� $EHUUDQWO\� VSOLFHG
PHVVDJHV� WKDW� JHW� WUDQVODWHG� FRXOG� SURGXFH� QRQ�IXQFWLRQDO
SURWHLQ� PXWDQWV� WKDW� PD\� FRPSHWH� LQ� D� GRPLQDQW� QHJDWLYH
IXQFWLRQ� ZLWK� WKH� FRUUHFWO\� VSOLFHG� VSHFLHV�� � )RU� H[DPSOH�
PLVWDNHV� LQ� WKH� VSOLFLQJ� RI� P51$� IRU� '1$� UHSOLFDWLRQ� RU� UHSDLU
HQ]\PHV��PD\�OHDG�WR�D�WUDQVLHQW�LQFUHDVH�LQ�PXWDWLRQ�IUHTXHQF\
WKDW� ZRXOG� FRQWULEXWH� WR� FHOO� VHQHVFHQFH� RU� QHRSODVLD�� � � ,Q� WKLV
FRPPXQLFDWLRQ� ZH� ZLOO� SUHVHQW� HYLGHQFH� RI� DEHUUDQW� VSOLFLQJ� RI
WKH� KSUW� DQG� SRO\PHUDVH� β� JHQHV� LQ� SULPDU\� KXPDQ� ILEUREODVWV
IURP�LQGLYLGXDOV�RI�YDULRXV�DJHV��:H�ZLOO�GLVFXVV�ZK\�RQO\�VRPH
H[RQV�DSSHDU� WR�EH�SURQH� WR�PLV�VSOLFLQJ�� WKH�HIIHFW�RI�DJLQJ�RQ
WKH�IUHTXHQF\�RI�DEHUUDQW�VSOLFLQJ��DQG�WKH�WUDQVODWLRQ�HIILFLHQF\�RI
DEHUUDQW�WUDQVFULSWV�
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%LRWHFKQRORJ\�5HVHDUFK�3URJUDP��/DZUHQFH�/LYHUPRUH�1DWLRQDO
/DERUDWRU\��/LYHUPRUH��&$���������*HQHWLFV�DQG�'HYHORSPHQWDO�%LRORJ\
3URJUDP��:HVW�9LUJLQLD�8QLYHUVLW\��0RUJDQWRZQ��:9���������6FKRRO�RI
3XEOLF�+HDOWK��8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��&$���������&DOLIRUQLD
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�����7KH�FXUUHQW�WUHQG�WRZDUGV�IDWKHULQJ�FKLOGUHQ�DW�ROGHU�DJHV�KDV
SURGXFHG�JURZLQJ�FRQFHUQ�RYHU�WKH�HIIHFWV�RI�DJH�RQ�PDOH�IHUWLOLW\
DQG�ULVN�RI� WUDQVPLWWLQJ�JHQHWLF�GDPDJH��3DWHUQDO�DJH�HIIHFWV�RQ
VHPHQ�TXDOLW\�DQG�VSHUP�FKURPRVRPDO�LQWHJULW\�ZHUH�GHWHUPLQHG
IRU� KHDOWK\� PHQ� DJHG� �����\� DIWHU� FRQWUROOLQJ� IRU� LGHQWLILHG
FRYDULDWHV� IURP� TXHVWLRQQDLUHV�� 1LQHW\�VHYHQ� QRQVPRNLQJ� PHQ
ZLWK�QR�NQRZQ� LQIHUWLOLW\�RU�PHGLFDO�SUREOHPV�ZHUH�HYDOXDWHG� IRU
VHPHQ�TXDOLW\�XVLQJ�FRQYHQWLRQDO�DQG�FRPSXWHU�DVVLVWHG�VHPHQ
DQDO\VLV� �&$6$��� 7KH�PXOWLFRORU� $&0�),6+� DVVD\� �6ORWHU� HW� DO�
������ ZDV� XVHG� WR� GHWHFW� VSHUP� ZLWK� EUHDNV�� GXSOLFDWLRQV�
GHOHWLRQV� RU� DQHXSORLG\� LQYROYLQJ� FKURPRVRPH� ��� 7KH� UHVXOWV
LQGLFDWH� WKDW� VHPHQ� TXDOLW\� JUDGXDOO\� GHFUHDVHV� ZLWK� DJH�� 7KH
JUHDWHVW�HIIHFW�ZDV�RQ�VSHUP�PRWLOLW\��3��������DIWHU�DGMXVWLQJ�IRU
D� SDVW� KLVWRU\� RI� XULQDU\� WUDFW� LQIHFWLRQV��� ZLWK� DJH�GHSHQGHQW
GHFOLQHV� LQ� DYHUDJH� SDWK� DQG� VWUDLJKW�OLQH� VSHUP� YHORFLWLHV
�3�������DV�ZHOO�DV�OLQHDULW\��3��������$&0�),6+�DQDO\VLV�RI�WKH
WHQ� ROGHVW� ������\��� QLQH� \RXQJHVW� ������\�� DQG� IRXU� UHIHUHQFH
GRQRUV� ������\�� UHYHDOHG�DQ� DYHUDJH� LQFUHDVH� RI� DERXW� ���SHU
\HDU� LQ� WKH� IUHTXHQF\�RI� VSHUP�FDUU\LQJ� VWUXFWXUDO� FKURPRVRPDO
DEQRUPDOLWLHV� �3����������+RZHYHU�� WKHUH�ZDV�QR�DJH�HIIHFW� RQ
WKH�IUHTXHQF\�RI�VSHUP�ZLWK�QXPHULFDO�DEQRUPDOLWLHV��$GGLWLRQDOO\�
SRRU� VHPHQ� TXDOLW\� ZDV� QRW� DVVRFLDWHG� ZLWK� LQFUHDVHG
IUHTXHQFLHV� RI� FKURPRVRPDO� DEQRUPDOLWLHV� LQ� VSHUP�� /LIHVW\OH
KDELWV��GLHW�DQG�HQYLURQPHQWDO�IDFWRUV�GLG�QRW�DSSHDU�WR�FRQIRXQG
WKH� HIIHFW� RI� DJH� RQ� FKURPRVRPDO� GDPDJH� LQ� VSHUP�� 7KHVH
ILQGLQJV� VXJJHVW� WKDW� ODWHU� IDWKHULQJ� PD\� EH� DVVRFLDWHG� ZLWK
LQFUHDVHG�ULVN�IRU�LQIHUWLOLW\�DQG�DEQRUPDO�UHSURGXFWLYH�RXWFRPHV�
>:RUN� ZDV� SHUIRUPHG� XQGHU� WKH� DXVSLFHV� RI� 86� '2(� E\� 8&�
//1/� FRQWUDFW� :������(1*����� DQG� IXQGLQJ� IURP� 1,(+6
6XSHUIXQG�3��(6������DQG�:98@
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+HDOWK�3UDJXH��6UREDURYD�VWU�������������3UDJXH�����&]HFK�5HSXEOLF�

�����7KH� PDMRU� JRDO� RI� WKH� SUHVHQW� VWXG\� LV� WR� HYDOXDWH� WKH
DVVRFLDWLRQ�EHWZHHQ�IUHTXHQF\�RI�GLIIHUHQW�W\SHV�RI�FKURPRVRPDO
DEHUUDWLRQV� GHWHUPLQHG� LQ� KXPDQ� SHULSKHUDO� EORRG� O\PSKRF\WHV
DQG� LQFLGHQFH� RI� FDQFHU� LQ� VXEMHFWV� RFFXSDWLRQDOO\� H[SRVHG� WR
GLIIHUHQW�FKHPLFDO�FODVWRJHQV��:H�DQDO\]HG�GDWD�RQ�WKH�KLVWRULFDO
FRKRUW� RI� ������� VXEMHFWV� ZKR� XQGHUZHQW� ������� F\WRJHQHWLF
DVVD\V�DQG�H[SHULHQFHG�����FDQFHU�FDVHV�DQG����FDUFLQRPD� LQ
VLWX�FDVHV�LQ�WKH�SHULRG�IURP�0D\������WR�0D\�������7KH�PHGLDQ
DJH� DW� ILUVW� F\WRJHQHWLF� DVVD\� ZDV� ��� \HDUV�� WKH� WRWDO� IROORZ�XS
WLPH�ZDV���������SHUVRQ�\HDUV��PHGLDQ�SHUFHQWDJH�RI� DEHUUDQW
FHOOV� ����8VLQJ� &R[� UHJUHVVLRQ� WR� PRGHO� WKH� DVVRFLDWLRQ� RI
LQWHUHVW�� ZH� KDYH� IRXQG� WKH� FRUUHODWLRQV� EHWZHHQ� FDQFHU� RI
O\PSKRLG� DQG� KHPDWRSRLHWLF� WLVVXHV� DQG� IUHT�� RI� FKURPRVRPH
EUHDNV� �+5� IRU� LQGLYLGXDOV� DVVLJQHG� LQWR� �UG� WHUFLO� RI� IUHT�� RI
FKURPRVRPH� EUHDNV� ����� ���&,� � ���������� S �������� WKH
DVVRFLDWLRQ� EHWZHHQ� OXQJ� FDQFHU� DQG� IUHT�� RI� FKURPDWLG
H[FKDQJHV��+5�IRU�VXEMHFWV�KDYLQJ�!���FKURPDWLG�H[FKDQJH�����
���&,� ��������� S �������� WKH� DVVRFLDWLRQ� EHWZHHQ� GLJHVWLYH
RUJDQV� FDQFHU� DQG� IUHT�� RI� DEHUUDQW� FHOOV� �+5� IRU� LQGLYLGXDOV
DVVLJQHG�LQWR��UG�WHUFLO�RI�IUHT��RI�DEHUUDQW�FHOOV���������&,������
�����S ��������DQG�WKH�DVVRFLDWLRQ�EHWZHHQ�PHODQRPD�DQG�RWKHU
VNLQ�FDQFHUV�DQG�IUHT��RI�FKURPRVRPH�EUHDNV��+5�IRU�LQGLYLGXDOV
DVVLJQHG�LQWR��UG�WHUFLO�RI�IUHT��RI�FKURPRVRPH�EUHDNV���������&,
����������S �������:H�KDYH�DOVR�REVHUYHG�VLJQLILFDQW�DVVRFLDWLRQ
EHWZHHQ�WRWDO�FDQFHU�LQFLGHQFH�DQG�IUHT��RI�DEHUUDQW�FHOOV��+5�IRU
LQGLYLGXDOV� DVVLJQHG� LQWR� �UG� WHUFLO� RI� IUHT�� RI� DEHUUDQW� FHOOV� ����
���&,���������� S ��������$FNQRZOHGJHPHQWV��6XSSRUWHG�E\� WKH
(&�� FRQWUDFW� 1R�� 4/.������������� DQG� E\� WKH� ,*$� RI� WKH
0LQLVWU\�RI�+HDOWK�RI�WKH�&]HFK�5HSXEOLF��JUDQW�1R���1-�������




