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,W� KDV� EHHQ� REVHUYHG� WKDW� IUHVKO\�PLQHG� FRDO� IORDWV� EHWWHU� WKDQ� FRDO�ZKLFK� KDV� EHHQ� H[SRVHG� WR� WKH�
DWPRVSKHULF�R[\JHQ�� ,W� LV�ZHOO�NQRZQ�WKDW�KLJK�UDQN�FRDOV�DUH�JHQHUDOO\�PRUH�K\GURSKRELF�WKDQ�ORZ�UDQN�
FRDO�RU�R[LGLVHG�FRDO��1RQ�FRNLQJ�FRDO�RI�7DOFKHU�FRDO�ILHOG��,QGLD�KDV�YHU\�KLJK�DVK�FRQWHQW�DQG�LV�EHOLHYHG�
WR�EH�VXUIDFH�R[LGLVHG��7KLV�FRDO�FRQWDLQV�DURXQG��������DVK�UHVXOWLQJ�LQ�ORZ�JURVV�FDORULILF�YDOXH��7KLV�FRDO�
LV�YHU\�GLIILFXOW�WR�IORDW�HYHQ�DW�KLJKHU�FRQFHQWUDWLRQ�RI�FROOHFWRU�GXH�WR� LWV�R[LGLVHG�VXUIDFH�DQG�KLJK�DVK��
WKXV� UHQGHULQJ� OHVV�K\GURSKRELF� WR�DWWDLQ�FRPSOHWH�DLU�EXEEOHV�DWWDFKPHQW��7KH� LQYHVWLJDWLRQV�KDYH�EHHQ�
FDUULHG� RXW� WR� LPSURYH� WKH� IORDWDELOLW\� RI� WKLV� R[LGLVHG�� KLJK� DVK� QRQ�FRNLQJ� FRDO� E\� SUH�WUHDWLQJ� LW� ZLWK�
FKHPLFDO� UHDJHQWV�� $OLSKDWLF� DOFRKROV� ZHUH� VHOHFWHG� DV� SUHWUHDWPHQW� UHDJHQW� IRU� WKLV� W\SH� RI� FRDO� WR�
H[DPLQH�ZKHWKHU� IORDWDELOLW\�RI�FRDO� LQFUHDVHV��7KH�HIIHFW�RI�PHWKDQRO��HWKDQRO��EXWDQRO�DQG�RFWDQRO�ZHUH�
HYDOXDWHG� WR� GHWHUPLQH� DQ\� LPSURYHPHQW� LQ� WHUPV� RI� \LHOG� DQG� DVK� FRQWHQW�� ,Q� WKH� SUHVHQW� ZRUN�� WKH�
H[DPLQDWLRQ� RI� R[LGDWLRQ� SURSHUW\� RI� FRDO� E\� )7,5� VSHFWURVFRS\� UHYHDOHG� D� QRWDEOH� FKDQJH� LQ� WKH�
K\GURSKRELFLW\� LQGH[� RI� WKH� FRDO� GXH� WR� HWKDQRO� WUHDWPHQW�� (OHFWUR�NLQHWLFV� VWXG\� RI� PDFHUDOV� DQG� EXON�
VDPSOH�RI�FRDO�KDV�DOVR�EHHQ�FDUULHG�RXW�WR�FRQILUP�WKH�R[LGDWLRQ�RI�FRDO�VXUIDFH��

&RDO� IORWDWLRQ� GHSHQGV� RQ� FRDO� SHWURJUDSKLF� FRPSRVLWLRQ�� SDUWLFOH� VL]H� GLVWULEXWLRQ�� GHQVLW\� DQG� DVK�
FRQWHQW�DQG�DOVR�W\SH�RI�IORWDWLRQ�UHDJHQWV��7KH�IORWDWLRQ�FKDUDFWHULVWLFV�RI�QRQ�FRNLQJ�FRDO�ZLWK�UHVSHFW�WR�
PLQHUDORJLFDO�FKDUDFWHULVWLFV��IORWDWLRQ�UHDJHQWV�DQG�SURFHVV�YDULDEOHV�LQ�'HQYHU�'����VXE�DHUDWLRQ�IORWDWLRQ�
FHOO� KDYH�EHHQ�RSWLPLVHG��$V�FRDO� LV�XQGHU�QRQ�SRODU� VXEVWDQFHV��QRQ�SRODU�FROOHFWRU�GLHVHO�RLO� LV�XVHG� WR�
LQFUHDVH� WKH� FRQWDFW� DQJOH�� 6KRUW� FKDLQ� DOFRKRO�0,%&�DQG� VRGLXP� VLOLFDWH�KDYH�EHHQ�XVHG�DV� IURWKHU� DQG�
GLVSHUVDQW� UHVSHFWLYHO\�� 7KH� HIIHFW� RI� RWKHU� SURFHVV� SDUDPHWHUV� OLNH� S+�� FRQGLWLRQLQJ� WLPH� DQG� USP� RI�
LPSHOOHU�KDYH�DOVR�EHHQ�VWXGLHG��&RQVXPSWLRQ�RI�FKHPLFDO�UHDJHQWV�KDYH�EHHQ�IRXQG�WR�EH�KLJK�LQ�WKH�FDVH�
RI�QRQ�FRNLQJ�KLJK�DVK�FRDO�LQ�FRPSDULVRQ�ZLWK�FRNLQJ�FRDO�GXH�WR�ORZ�K\GURSKRELFLW\�RI�FRDO�VXUIDFH��KLJK�
DVK�FRQWHQW�DQG�ILQH�VL]H�RI�SDUWLFOHV���������6'8��$OO�ULJKWV�UHVHUYHG��
�
.H\ZRUGV��&RDO��)ORWDWLRQ��+\GURSKLOLFLW\�LQGH[��3RLQW�RI�]HUR�FKDUJH��)ORWDWLRQ�UHDJHQWV�
�
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�

7KH�PDMRULW\�RI�FRDO�UHVHUYHV�LQ�,QGLD�DUH�WKLFN�DQG�LQIHULRU�LQ�TXDOLW\��0RVW�RI�WKLFN�VHDPV�DUH�EDQGHG�LQ�
QDWXUH��7KH�FRDO\�PDWWHU�LQ�WKHVH�VHDPV�LV�DVVRFLDWHG�ZLWK�KLJK�DVK�DQG�WKH�TXDOLW\�EHFRPHV�ZRUVH�EHFDXVH�
RI� WKHVH�EDQGV��7KH�EDQGV� WKHPVHOYHV�DUH�XVXDOO\�FDUERQDFHRXV� LQ�QDWXUH�DQG�YHU\�UDUHO\�FRQVLVW�RI�SXUH�
VDQGVWRQHV��3UDVDG���������7KH�EDVLF�IDFW�UHODWLQJ�WR�WKLV�LVVXHV�LV�WKDW�WKH�,QGLDQ�FRDO�VHDPV�KDYH�EDVLFDOO\�
PXFK�KLJKHU� DVK� FRQWHQW� DV� FRPSDUHG� WR� WKH� FRDOV� REWDLQHG� LQWHUQDWLRQDOO\�� 7KH� FRDO� VHDPV� LQ� ,QGLD� DUH�
IRUPHG� LQ� JHRORJLFDO� GLIIHUHQW� VLWXDWLRQ� WKDQ� HOVHZKHUH�� 7KHUHIRUH�� LQKHUHQW� DVK� FRQWHQW� LQ� ,QGLDQ� FRDO� LV�
PXFK� KLJKHU�� 7KH� WRWDO� FRDO� UHVHUYHV� LQ� ,QGLD� LV� DERXW� ���� ELOOLRQ� WRQQHV� DQG� ������ FRPHV� XQGHU� WKH�
FDWHJRU\� RI� QRQ�FRNLQJ� FRDO� ZKLFK� FRQWDLQV� PRVWO\� ������� DVK�� +LJKHU� DVK� SHUFHQWDJH� REYLRXVO\� LV�
FRUUHODWHG�ZLWK�SRRU�FDORULILF�YDOXH��+RZHYHU��WKH�DGYDQWDJHV�RI�,QGLDQ�FRDO�DUH�ORZ�VXOSKXU��FKORULGH��LURQ�
SKRVSKRURXV� LQ�DVK� �� OHVV� WR[LF�HOHPHQWV��KLJK�DVK� IXVLRQ� WHPS��DQG� UHIUDFWRU\�QDWXUH�RI�DVK� �&KRZGKDU\��
�������
�
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'HSHQGLQJ�RQ� WKH�GLIIHUHQW�SK\VLFDO�DQG�FKHPLFDO�FKDQJHV�KDSSHQHG�GXULQJ� WKH�FRDOLILFDWLRQ�SURFHVV��
WKH� LQGLYLGXDO� FRDO� DWWDLQV� YDU\LQJ� GHJUHH� RI� K\GURSKRELFLW\� GHSHQGLQJ� RQ� LWV� RULJLQ�� UDQN� DQG� VXUIDFH�
R[LGDWLRQ��7KH�VXUIDFH�RI� WKH�FRDO�R[LGLHV�GHSHQGLQJ�RQ�ZHDWKHULQJ�FRQGLWLRQ�RI� WKH�QDWXUH�DQG�DOVR�FDQ�
RFFXU� LQ� WKH�VKRUW� WLPH�EHWZHHQ�PLQLQJ�DQG�XWLOLVDWLRQ� �*DFLD�HW�DO�� �������7KH�R[LGDWLRQ�RI�FRDO� VXUIDFH�
LQFUHDVHV� WKH� K\GURSKLOLFLW\� FKDUDFWHU� DQG� LW� DIIHFWV� RQ� FRDO� IORWDWLRQ� �/DVNRZVNL�� ������� 7KH� UDWH� RI�
R[LGDWLRQ�RI�ORZ�UDQN�FRDO�LV�PRUH�LQ�FRPSDULVRQ�ZLWK�KLJK�UDQN�FRDO���

0DQ\�LQYHVWLJDWRUV�KDYH�WULHG�WR�LPSURYH�WKH�IORDWDELOLW\�RI�R[LGLVHG�FRDO�LQ�YDULRXV�PHWKRGV�HLWKHU�E\�
GU\� RU� ZHW� SURFHVV� L�H��� WKHUPDOO\� FRQWUROOHG� DWPRVSKHUH� �QRQ�R[LGLVLQJ� JDVHRXV� HQYLURQPHQW�� DQG�
GLVVROYLQJ� WKH� R[LGLVHG� OD\HU� XVLQJ� YDULRXV� FKHPLFDOV� FDXVWLF� VRGD� RU� LQ� EHQ]\O� DOFRKRO� �<H�HW� DO�� ������
%URZQ��������/DVNRZVNL����������

&RDO� IORWDWLRQ� GHSHQGV� RQ� FRDO� SHWURJUDSKLF� FRPSRVLWLRQ�� SDUWLFOH� VL]H� GLVWULEXWLRQ�� GHQVLW\� DQG� DVK�
FRQWHQW��+ROXV]NR�HW�DO�� ������%HQVOH\�HW�DO�� �������:KHQ�DVK�FRQWHQW�LQFUHDVHV��WKH�EHKDYLRXU�RI�IORWDWLRQ�
RI�FRDO�FKDQJHV�GXH�WR�SUHVHQFH�RI�PLQHUDO�PDWWHU� LQ�WKH�FRDO�PDWUL[��%HQQHWW�HW�DO�� �������&RDO�IORWDWLRQ�
GHSHQGV�QRW�RQO\�RQ�WKH�PLQHUDO�PDWWHU�FRQWHQW�EXW�DOVR�RQ�WKH�PLQHUDORJLFDO�FRPSRVLWLRQ�RI�WKH�PLQHUDO�
PDWWHU�DVVRFLDWHG�ZLWK�FRDO��7KH�DGVRUSWLRQ�RI�IORWDWLRQ�UHDJHQWV�L�H���FROOHFWRU��IURWKHU��DFWLYDWRU��GHSUHVVDQW�
RU�PRGLILHU�WR�FKDQJH�WKH�K\GURSKRELFLW\�RI�WKH�VROLG�SOD\V�D�YLWDO�UROH�IRU�VHOHFWLYH�IORWDWLRQ��&ROOHFWRUV�DQG�
IURWKHUV� DUH� WKH� LPSRUWDQW� UHDJHQWV� ZKLFK� SULPDULO\� FRQWURO� IORWDWLRQ�� $FWLYDWRUV�� GHSUHVVDQWV� DQG� S+�
UHJXODWRUV�DUH�WKH�VHFRQGDU\�UHDJHQWV��LQ�WKH�IORWDWLRQ�RI�FRDO�ILQHV���

$V�FRDO� LV�XQGHU�QRQ�SRODU� VXEVWDQFHV��QRQ�SRODU�FROOHFWRUV�DUH�XVHG� WR� LQFUHDVH� WKH�FRQWDFW�DQJOH�� ,Q�
JHQHUDO�WKH�SHWUROHXP�SURGXFWV�OLNH�NHURVHQH�RU�IXHO�RLO�LV�XVHG�DV�D�FROOHFWRU�IRU�FRDO�IORWDWLRQ�DOO�RYHU�WKH�
ZRUOG�� 7KLV� QRQ�SRODU� FROOHFWRU� LV� ZDWHU� LQVROXEOH� RLO\� K\GUR� FDUERQ�� 7KH� PRGH� RI� DFWLRQ� RI� WKH� ZDWHU�
LQVROXEOH�RLO\�FROOHFWRU�LV�TXLWH�GLIIHUHQW�LQ�FDVH�RI�ZDWHU�VROXEOH�FROOHFWRU��,Q�WKLV�FDVH��WKH�FROOHFWRU�VSHFLHV�
FDQ�EH�WUDQVSRUWHG�WRZDUGV�PLQHUDO�SDUWLFOHV�RQO\�LQ�WKH�IRUP�RI�RLO�GURSOHWV�ZKLFK�VKRXOG�DWWDFK�WR�WKH�FRDO�
SDUWLFOHV�WR�IDFLOLWDWH�WKH�DWWDFKPHQW�RI�EXEEOHV�WR�FRDO�SDUWLFOHV��.ODVVHQ��������*OHPERWVNL����������

$ IURWKHU� KDV� D� QXPEHU� RI� IXQFWLRQV� LQ� IORWDWLRQ�� ILUVW�� LW� UHGXFHV� WKH� VXUIDFH� WHQVLRQ� RI� WKH� DLU�OLTXLG�
LQWHUIDFH� LQ� RUGHU� WKDW� D� VWDEOH� EXEEOHV� LV� SURGXFHG� LQ� WKH� V\VWHP�� VHFRQGO\�� LW� LQIOXHQFHV� WKH� NLQHWLFV� RI�
EXEEOH�SDUWLFOH�DGKHVLRQ��WKLUGO\��LW�WKLQV�WKH�OLTXLG�OD\HU�E\�LQWHUDFWLQJ�ZLWK�FROOHFWRU�PROHFXOHV�DQG�ILQDOO\�
VWDELOL]HV� WKH� EXEEOH�SDUWLFOH� DJJUHJDWHV� �6FKXOPDQ�HW� DO�� ������ /HMD�� ������� 7KH�PRVW� FRPPRQ� IURWKHUV�
XVHG� LQ� FRDO� IORWDWLRQ� DUH� WKH� VKRUW�FKDLQ� DOFRKROV� VXFK� DV� 0,%&� �0HWK\O� ,VR�%XW\O� &DUELQRO�� DOVR� FDOOHG�
PHWK\O�DP\O�DOFRKRO�RU���PHWK\O���SHQWDQRO���$QRWKHU�SRSXODU�FRPPHUFLDO�IURWKHU�LV�SLQH�RLO�ZKLFK�FRQWDLQV�
PRVWO\�D�WHUSLQHRO�DQG�LWV�LVRPHUV��6LQFH�SLQH�RLO�KDV�VRPH�FROOHFWLQJ�SURSHUWLHV�IRU�FRDO�DQG�LV�VRPH�ZKDW�
DGVRUEHG� RQ� WKH� FRDO� VXUIDFH�� WKH� TXDQWLW\� RI� SLQH� RLO� UHTXLUHG� IRU� DQ� HDVLO\� IORDWDEOH� FRDO� ZRXOG� EH�
VRPHZKDW�KLJKHU�WKDQ�WKDW�RI�0,%&��$SODQ���������

1RQ�HOHFWURO\WHV� DQG� VDOWV� RI� LQRUJDQLF� DFLGV� DUH� JHQHUDOO\� XVHG� DV� GHSUHVVDQW� LQ� FRDO� IORWDWLRQ�
�2]ED\RJOX���������)RU�S+�FRQWURO�OLPH�VRGD�DVK��FDXVWLF�VRGD�DQG�PLQHUDO�DFLGV�DUH�JHQHUDOO\�XVHG���

7KLV�SDSHU�UHSRUWV�WKH�UHVXOWV�RQ�WKH�VWXG\�WR�RSWLPLVH�WKH�RSHUDWLQJ�SURFHVV�YDULDEOHV�RI�WKH�IORWDWLRQ��
ZKLFK�PD\�EH�LPSOHPHQWHG�LQ�ODUJH�VFDOH�IORWDWLRQ�FHOO�WR�XWLOLVH�WKH�YDVW�UHVRXUFHV�RI�ORZ�UDQN�FRDO�LQ�,QGLD�
LQ�D�EHWWHU�ZD\��
�

���(;3(5,0(17$/�
�
�����0DWHULDO�
�

$ERXW���WRQQH�RI�UXQ�RI�PLQH�QRQ�FRNLQJ�FRDO�VDPSOH�IURP�-DJDQQDWK�PLQH��7DOFKHU�FRDO�ILHOG��,QGLD�ZDV�
FROOHFWHG�DQG�XVHG�IRU�WKLV�LQYHVWLJDWLRQ��7KH�DV�UHFHLYHG�VDPSOH�ZDV�FUXVKHG�WR����PP�XVLQJ�ODERUDWRU\�
%ODNH�MDZ�FUXVKHU�DQG�WKHQ�LW�ZDV�DJDLQ�FUXVKHG�WR�r�PP�VL]H�XVLQJ�ODERUDWRU\�UROO�FUXVKHU��7KH�UROO�FUXVKHU�
SURGXFW�ZDV�WKRURXJKO\�PL[HG�DQG�UHSUHVHQWDWLYH�VDPSOH�RI�DSSUR[LPDWHO\��NJ�HDFK�ZDV�SUHSDUHG��7KHQ�
HDFK�UHSUHVHQWDWLYH�VDPSOH�ZDV�JURXQG�E\�ODERUDWRU\�EDOO�PLOO���p[�pVL]H��WR�EHORZ�����P�LQ�FORVHG�FLUFXLW�
ZHW�JULQGLQJ�PHWKRG�DW������ORDG�DV�SHU�WKH�VWDQGDUG�PHWKRG��7KH�VWDQGDUG�%66�VLHYH�ZDV�XVHG�IRU�VL]H�
GLVWULEXWLRQ�RI�JURXQG�SURGXFW����������������������P�IUDFWLRQV�ZHUH�JHQHUDWHG�DQG�SUR[LPDWH�DQDO\VLV�RI�
HDFK�IUDFWLRQ�ZDV�FDUULHG�RXW��7KH�UHVXOWV�RI�WKHVH�VDPSOHV�DUH�JLYHQ�LQ�7DEOH�����
�
7DEOH���
6L]H�DQG�SUR[LPDWH�DQDO\VLV�RI�JURXQG�FRDO�VDPSOH�

6L]H���P� :HLJKW���� 0RLVWXUH���� 9��0����� $VK���� )��&�����
���������� ����� ����� ������ ������ ������
��������� ����� ����� ������ ������ ������

���� ����� ����� ������ ������ ������
)HHG� ������ ����� ������ ������ ������
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7KH�FKHPLFDO�DQDO\VLV�RI�DVK�IURP�FRDO�ZDV�FDUULHG�RXW�DQG�LV�JLYHQ�LQ�7DEOH����7KH�PLQHUDORJLFDO�DQDO\VLV�RI�
VLOLFD�SDUWLFOH� LQ�FRDO�ZDV�GRQH�E\� LPDJH�DQDO\VHU� WR�NQRZ�WKH� OLEHUDWLRQ�VL]H�RI�JURXQG�FRDO�DQG�GDWD� LV�
JLYHQ�LQ�7DEOH����&RPPHUFLDO�JUDGH�OLJKW�GLHVHO�RLO�ZDV�XVHG�DV�FROOHFWRU�ZKHUHDV�0,%&�VXSSOLHG�E\�1DWLRQDO�
2UJDQLF� &KHPLFDO� /WG�� %RPED\�� ,QGLD� DV� IURWKHU�� &RPPHUFLDO� JUDGH� VRGLXP� VLOLFDWH� ZDV� XVHG� DV� VLOLFD�
GHSUHVVDQW��$QDO\WLFDO�JUDGH�PHWKDQRO��HWKDQRO��EXWDQRO�DQG�RFWDQRO�ZHUH�XVHG�DV�UHDJHQWV�IRU�SUHWUHDWPHQW�
RI�FRDO��
�
7DEOH���
&KHPLFDO�DQDO\VLV�RI�DVK�IURP�URP�FRDO�

&RQVWLWXHQWV� 3HUFHQWDJH�
6L2� ������
$O�2� ������
)H�2� ������
7L2� �����
&D2� �����
0J2� �����
2WKHUV� �����

7DEOH���
0LQHUDORJLFDO�DQDO\VLV�RI�VLOLFD�SDUWLFOH�LQ�FRDO�

6L]H���P� 3HUFHQWDJH�
� ����� ������
�������� ������
�������� ������
�������� �����
�������� �����
�������� �����

�����3UHWUHDWPHQW�RI�R[LGLVHG�FRDO�
�

2[LGLVHG�QRQ�FRNLQJ�FRDO�ZDV�SUHWUHDWHG�ZLWK��IRXU�DOLSKDWLF�DOFRKROV�L�H���PHWKDQRO��HWKDQRO��EXWDQRO�DQG�
RFWDQRO�VHSDUDWHO\��7KHVH�VWXGLHV�ZHUH�FDUULHG�RXW�XVLQJ�'HQYHU�'����VXE�DHUDWLRQ�IORWDWLRQ�FHOO�ZLWK���OLWUH�
FDSDFLW\� RI� FHOO�� $ERXW� ��J� RI� FRDO� VDPSOH� ZDV� WDNHQ� LQ� HDFK� H[SHULPHQW� DQG� PDGH� ���� RI� VROLG�
FRQFHQWUDWLRQ�ZLWK�ZDWHU�� 7KHQ� LW�ZDV� WUHDWHG�ZLWK� VRGLXP�VLOLFDWH� IRU����PLQXWHV� DW�����USP� IRU� VLOLFD�
GLVSHUVLRQ� DQG� GHSUHVVLRQ�� 7KHQ� UHTXLUHG� GRVDJHV� RI� DOFRKRO�ZDV� DGGHG� DQG� DJLWDWHG� LQ� WKH� FHOO� IRU� ���
PLQXWHV��)RU�HDFK�DOFRKRO��VHSDUDWH�VWXGLHV�ZHUH�FDUULHG�RXW��7KHVH�SUHWUHDWHG�FRDOV�VOXUULHV�ZHUH�VXEMHFWHG�
WR�IORWDWLRQ�VWXG\��,Q�HDFK�FDVH�WKH�UHTXLUHG�DPRXQW�RI�GRVDJH�RI�FROOHFWRU�ZDV�DGGHG�DQG�FRQGLWLRQHG�IRU�
���PLQXWHV�� 7KH�DGGLWLRQDO�ZDWHU�ZDV�DGGHG� WR�EULQJ�GRZQ� WKH� VROLG�FRQFHQWUDWLRQ�XS� WR�����DQG� WKHQ�
IORWDWLRQ�ZDV�FDUULHG�RXW�DW�QDWXUDO�S+������DIWHU�DGGLQJ�WKH�UHTXLUHG�GRVDJH�RI�IURWKHU��2QH�EODQN�IORWDWLRQ�
WHVW�ZDV�FDUULHG�RXW�ZLWKRXW�XVLQJ�DQ\�DOFRKRO�IRU�SUHWUHDWPHQW�RI�FRDO�VXUIDFH��7KH�FRQFHQWUDWH�DQG�WDLOLQJV�
ZHUH�FROOHFWHG�VHSDUDWHO\��7KHVH�VDPSOHV�ZHUH�GULHG�DQG�ZHLJKHG�DQG�DQDO\VHG�IRU�DVK�DFFRUGLQJ�WR�$670�
PHWKRG��
�
�����)7,5�VWXG\�
�

7KH�VDPSOHV�XVHG�IRU�)7,5�DQDO\VLV�ZHUH�JURXQG�DQG�SHOOHWV�ZHUH�SUHSDUHG�XVLQJ�VSHFWURVFRSLF�JUDGH�
.%U�E\�VWDQGDUG�SURFHGXUH��'LIIHUHQW�VDPSOHV��YL]�� U�R�P��FRDO�� U�R�P�FRDO�SUHWUHDWHG�ZLWK�HWKDQRO�DQG�DOVR�
IORWDWLRQ� SURGXFW� REWDLQHG� ZLWK� SUHWUHDWHG� FRDO� ZHUH� VXEMHFWHG� WR� )7,5� VWXGLHV� LQ� RUGHU� WR� NQRZ� WKH�
R[LGDWLYH� SURSHUW\�� 0RGHO� )7,5������� VXSSOLHG� E\� -DSDQ� 6SHFWURVFRSLF� &R�� /WG�� �������� ,VKLNDZD�&+2��
+DFKLRML�FLW\��7RN\R��-DSDQ�ZDV�XVHG�IRU�WKLV�VWXG\���
�
�����(OHFWUR�NLQHWLFV�VWXG\�
�

(OHFWUR�NLQHWLFV� VWXG\�RI�PDFHUDOV� L�H��� YLWUDLQ�� GXUDLQ�DQG� IXVLDQ�DQG�EXON� VDPSOH�ZHUH�FDUULHG�RXW� IRU�
IXUWKHU�YHULILFDWLRQ�UHJDUGLQJ�WKH�R[LGDWLRQ�RI�FRDO�VXUIDFH��(OHFWUR�NLQHWLFV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�E\�
PHDVXULQJ�WKH�HOHFWURSKRUHWLF�PRELOLWLHV�RI�ILQH�FRDO�SDUWLFOHV�LQ�ZDWHU�VXVSHQVLRQ�E\�(OHFWURSKRUHWRPHWHU��
5DQN�%URWKHUV�/WG��&DPEULGJH��(QJODQG�XVLQJ�.&O�DV�HOHFWURO\WH��
�
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�����)ORWDWLRQ�WHVWV�
�

$V� WKH� UHVSRQVH�RI� HWK\O� DOFRKRO� WRZDUGV�GH�R[LGDWLRQ�RI� FRDO� VXUIDFH�ZDV�EHWWHU� LQ� FRPSDULVRQ�ZLWK�
RWKHU�DOLSKDWLF�DOFRKROV�� LW�ZDV�XVHG� LQ�DOO� IORWDWLRQ�H[SHULPHQWV�DV�SUHWUHDWPHQW�UHDJHQW� IRU�GH�R[LGDWLRQ��
$OO� IORWDWLRQ� WHVWV� ZHUH� FDUULHG� RXW� XVLQJ� ODERUDWRU\� 'HQYHU� '���� VXE�DHUDWLRQ� IORWDWLRQ� PDFKLQH�� 7KH�
YROXPH�FDSDFLW\�RI�WKH�FHOO�LV���/��$ERXW����J�RI�VDPSOH�ZDV�WDNHQ�LQ�HDFK�H[SHULPHQW��7KH�VDPSOH�ZDV�
PDGH� ���� VROLG� FRQFHQWUDWLRQ� ZLWK� ZDWHU� DQG� WUHDWHG� ZLWK� VRGLXP� VLOLFDWH� IRU� ERWK� GHSUHVVLRQ� DQG�
GLVSHUVLRQ� RI� VLOLFD� SDUWLFOHV�� 7KHQ� LW�ZDV� SUHWUHDWHG�ZLWK� UHTXLUHG� DPRXQW� RI� HWK\O� DOFRKRO�� 7KH� UHTXLUHG�
DPRXQW� RI� FROOHFWRU�ZDV� DGGHG� DQG� FRQGLWLRQHG�� 7KH� VROLGV� FRQFHQWUDWLRQ�ZDV�EURXJKW�GRZQ� WR�����E\�
DGGLQJ�DGGLWLRQDO�ZDWHU�LQ�WKH�FHOO��7KHQ�WKH�UHTXLUHG�DPRXQW�RI�IURWKHU�ZDV�DGGHG�DQG�FRQGLWLRQHG�IRU�WZR�
PLQXWHV�� 7KHQ� WKH� IORWDWLRQ�ZDV� FDUULHG� RXW� XVLQJ� WKH� LQGXFHG� DLU�� 7KH� H[SHULPHQWV�ZHUH� FDUULHG� RXW� DW�
GLIIHUHQW� RSHUDWLQJ� SDUDPHWHUV�� 7KH� IORWDWLRQ� FRQFHQWUDWH� DQG� WDLOLQJV� ZHUH� FROOHFWHG� VHSDUDWHO\� LQ� HDFK�
H[SHULPHQW�DQG�ERWK�ZHUH�GULHG��ZHLJKHG�DQG�DQDO\VHG�IRU�DVK�DFFRUGLQJ�WR�$670�VWDQGDUG��
�

���5(68/76�$1'�',6&866,21�
�

7KH�UHVXOWV�RI� WKH�IORWDWLRQ�VWXG\�XVLQJ�GLIIHUHQW�DOLSKDWLF�DOFRKRO�DV�SUHWUHDWPHQW�UHDJHQW�DUH�JLYHQ�LQ�
7DEOH����,W�KDV�EHHQ�REVHUYHG�WKDW�DOLSKDWLF�DOFRKROV�DUH�H[FHOOHQW�DFWLYH�DJHQW�WR�HQKDQFH�WKH�IORDWDELOLW\�RI�
R[LGLVHG�QRQ�FRNLQJ�FRDO��7KH�IORDWDELOLW\�RI�R[LGLVHG�QRQ�FRNLQJ�FRDO�FRXOG�EH�HQKDQFHG�GXH�WR�GLVVROXWLRQ�
RI�R[LGLVHG�OD\HU�E\�DOLSKDWLF�DOFRKRO��,W�KDV�DOVR�EHHQ�REVHUYHG�WKDW�HWKDQRO�JLYHV�EHWWHU�SUHWUHDWPHQW�HIIHFW�
WKDQ� RWKHU� DOFRKROV�� %\� SUHWUHDWPHQW� ZLWK� HWKDQRO�� WKH� IORWDWLRQ� WHVW� JLYHV� ������ DVK� DQG� ������
FRPEXVWLEOH� UHFRYHU\�� %DVHG� RQ� WKLV� WKH� RSWLPLVDWLRQ� VWXG\�� WKH� GRVDJH� RI� HWKDQRO�ZDV� FDUULHG� RXW�� 7KH�
UHVXOW�RI�WKLV�VWXG\�LV�UHSRUWHG�LQ�LQ�)LJXUH����,W�KDV�EHHQ�REVHUYHG�WKDW�WKH�UHTXLUHPHQW�RI�RQH�NJ�RI�HWKDQRO�
SHU�WRQQH�RI�U�R�P��FRDO� LV�VXIILFLHQW�ZLWK�UHVSHFW�WR�FRPEXVWLEOH�UHFRYHU\�DQG�DVK�FRQWHQW�RI�WKH�IORWDWLRQ�
FRQFHQWUDWH��
�
7DEOH���
&RPSDULVRQ�RI�IORWDWLRQ�UHVXOWV�XVLQJ�GLIIHUHQW�DOFRKROV�DV�SUHWUHDWHG�UHDJHQWV�
6O��1R�� $OFRKRO� 'HWDLOV� :HLJKW�

UHFRYHU\����
$VK���� )HHG�DVK���� &RPEXVWLEOH�

UHFRYHU\����
� 1LO� &RQF�� ����� ����� ������ ������

7DLOLQJV� ����� ����� � �
� 0HWKDQRO� &RQF�� ����� ����� ������ ������

7DLOLQJV� ����� ����� � �
� (WKDQRO� &RQF�� ����� ����� ������ ������

7DLOLQJV� ����� ����� � �
� %XWDQRO� &RQF�� ����� ����� ������ ������

7DLOLQJV� ����� ����� � �
� 2FWDQRO� &RQF�� ����� ����� ������ ������

7DLOLQJV� ����� ������ � �
0,%&�����PO�NJ���� 'LHVHO�RLO�����PO�NJ�� � 6RGLXP�VLOLFDWH�����J�NJ�
$OFRKRO�����PO�NJ�� 6ROLG�FRQFHQWUDWLRQ�LQ�WKH�VOXUU\���������� � 5SP�������
�

)7,5�VSHFWURVFRS\�KDV�HYRNHG�D�ORW�RI�LQWHUHVW�QRZ�D�GD\V�IRU�LWV�DELOLW\�WR�WKURZ�LQIRUPDWLRQ�UHJDUGLQJ�
WKH�VXUIDFH�FRQGLWLRQV�DQG�WKH�FKDUDFWHULVWLFV�RI�FRDO��<H�HW�DO�� ������=LPPHUPDQ��������)UXPNLQ��������
(QKDQFHPHQW�RI� IORDWDELOLW\� LQ�WKH�H[SHULPHQW�ZDV�H[SODLQHG�WKURXJK�)7,5�VWXG\��7KH�UHVXOWV�RI�WKLV�VWXG\�
DUH�VKRZQ�LQ�)LJXUH����,W� LV�HVWDEOLVKHG�WKDW�WKH�K\GURSKLOLFLW\�LQGH[�PD\�EH�H[SUHVVHG�LQ�WHUPV�RI�VXUIDFH�
IXQFWLRQDO�JURXSV�DV�IROORZV�<H�HW�DO��������<XK�HW�DO�� ������3DLQWHU���������
�

��&22+���� ���2+���
+\GURSKLOLFLW\�,QGH[� �� � � � � � � � � � � � � � � � � � � � � � � � ����� �5�+���� �$U�+��
�

:KHUH� ��&22+��� ��2+��� �5�+�� DQG� �$U�+�� DUH� WKH� YDOXHV� RI� WKH� DEVRUSWLRQ� LQWHQVLW\�� 8VLQJ� VXFK� D�
GHILQLWLRQ�WKH�YDOXH�RI�K\GURSKLOLFLW\�IURP�)7,5�VSHFWUD�KDV�EHHQ�FRPSXWHG�WR�EH�DV������������DQG������LQ�
FDVH�RI�U�R�P���HWKDQRO�WUHDWHG�DQG�IORDWHG�FRDO�UHVSHFWLYHO\��
�
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)LJXUH����(IIHFW�RI�HWKDQRO�
�

7KH� DURPDWLF� K\GURJHQ� �$U�+�� DQG� DOLSKDWLF� K\GURJHQ� �5�+�� VWUHWFKLQJ� IUHTXHQF\� PRGH�� JHQHUDOO\�
REVHUYHG�DURXQG�WKH�UHJLRQ�RI������WR�����FP��� DWWULEXWHV� WR� WKH�K\GURSKRELF�FKDUDFWHUV�RI� WKH�FRDO�� ,W�
KDV�EHHQ�REVHUYHG�IURP�)LJXUH���WKDW�WKH�LQWHQVLW\�RI�DEVRUSWLRQ��$U�+��5�+��RQ�U�R�P��FRDO�LV�OHVV�FRPSDUHG�
WR�HWKDQRO� WUHDWHG�DQG� IORDWHG�FRDO��7KH�K\GUR[\O�DQG�FDUER[\O�JURXSV�GHVFULELQJ� WKH�R[LGDWLYH�QDWXUH�RI�
FRDO� DUH� JHQHUDOO\� REVHUYHG� PXFK� PRUH� LQ� FDVH� RI� U�R�P�� FRDO� VKRZLQJ� SUHGRPLQDQFH� RI� WKHVH� R[\JHQ�
EHDULQJ� JURXSV�� 7KH� SHDN� LQWHQVLW\� LV� VHHQ� WR� EH� ORZ� LQ� FDVH� RI� �� DQG� �� VKRZLQJ� FHUWDLQ� H[WHQW� RI�
K\GURSKRELFLW\� DWWDLQPHQW� ZKLFK� KDV� EHHQ� VXEVHTXHQWO\� SURYHG� LQ� IORWDWLRQ� ZLWK� UHVSHFW� WR� JUDGH� DQG�
UHFRYHU\��
�

)LJXUH����)7,5�VSHFWUD�RI�EODQN�DQG�DOFRKRO�WUHDWHG�FRDO�
�
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6LQFH�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�FRDO�PDFHUDOV�GLIIHUV��WKH�YDULRXV�FRDO�PDFHUDOV�UHVSRQG�GLIIHUHQWO\�WR�
IORWDWLRQ�ZKHQ�FRDO�LV�VXEMHFWHG�WR�R[LGDWLRQ��,Q�JHQHUDO��WKH�YLWUDLQ�RI�XQ�R[LGLVHG�FRDO�VKRXOG�KDYH�SRLQW�RI�
]HUR�FKDUJH��3=&��DW�KLJKHU�S+�WKDQ�WKDW�RI�RWKHU�PDFHUDOV�GXH�WR�OHVV�PLQHUDO�FRQWHQW�LQ�WKH�FRDO�PDWUL[��
%HQQHWW� HW� DO�� ������� KDV� DOVR� UHSRUWHG� WKDW� WKH� JUDLQV� ZKLFK� FRQVLVWHG� HQWLUHO\� RI� YLWULQLWH�� FODULWH��
YLWULQHUWLQLWH�RU�WULPDFHULWH�KDYH�VLPLODU�IORWDELOLWLHV�SURYLGHG�WKDW�WKH\�KDYH�QR�YLVLEOH�PLQHUDO�PDWWHU��7KH�
UHVXOWV�RI�]HWD�SRWHQWLDO�VWXG\�LV�VKRZQ�LQ�)LJXUH����,W�KDV�EHHQ�REVHUYHG�WKDW�IURP�H[SHULPHQWDO�GDWD�WKDW�
YLWUDLQ�VKRZV�3=&�DW�ORZHU�S+�FRPSDUHG�WR�WKH�RWKHU�PDFHUDOV��LQGLFDWLQJ�WKDW�WKH�VXUIDFH�RI�WKH�FRDO�ZDV�
R[LGLVHG�DQG�DOO�VXFK�FRDO�KDV�EHHQ�XVHG�IRU�WKH�VXEVHTXHQW�H[SHULPHQWV��7KH�3=&�RI�EXON�VDPSOH�LV�IRXQG�
DW�S+������,W�KDV�EHHQ�UHSRUWHG�WKDW�ZKHQ�R[LGDWLRQ�WLPH�LQFUHDVHV��WKH�LVR�HOHFWULF�SRLQW�GHFUHDVHV�DQG�WKH�
QHJDWLYH� ]HWD� SRWHQWLDO� LQFUHDVHV�� 7KH� SRLQW� RI� ]HUR� FKDUJH� RI� QRQ�R[LGLVHG� FRDO� LV� PRUH� WKDQ� WKDW� RI�
R[LGLVHG�FRDO� �6DULND\D�HW�DO�� ������� ,Q�JHQHUDO�� WKH� UDWH�RI�R[LGDWLRQ�RI� ORZ�UDQN�FRDO� LV� IDVWHU� WKDQ�KLJK�
UDQN� FRDO�� :LWK� UHVSHFW� WR� SHWURJUDSKLF� FRPSRQHQW�� R[LGDWLRQ� LQFUHDVHV� LQ� WKH� RUGHU� RI� YLWUDLQ�� FODUDLQ��
GXUDLQ�DQG�IXVDLQ�LQ�FRDOV�RI�DOO�UDQNV��2]ED\RJOX���������
�
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)LJXUH����(OHFWURNLQHWLFV�RI�FRDO�PDFHUDOV�DQG�EXON�VDPSOH�

�
,W�LV�REVHUYHG�IURP�7DEOH���VKRZLQJ�WKH�VL]H�GLVWULEXWLRQ�RI�EDOO�PLOO�SURGXFW�WKDW�WKH�DVK�SHUFHQWDJH�LQ�

HDFK�IUDFWLRQ�LV�DOPRVW�VLPLODU�WR�HDFK�RWKHU��KHQFH�LW�LV�GLIILFXOW�WR�EHQHILFLDWH�E\�VLPSOH�FODVVLILFDWLRQ��7KH�
FKHPLFDO�DQDO\VLV�RI�DVK�IURP�FRDO�ZDV�FDUULHG�RXW�DQG�JLYHQ�LQ�7DEOH���DQG�LW�LQGLFDWHV�WKDW�WKH�VLOLFDWH�DQG�
DOXPLQD�FRPSRVLWH�FOD\�PLQHUDOV�DUH�PRUH�LQ�WKH�FRPSRVLWLRQ�RI�JDQJXH�PLQHUDOV��,W�KHOSV�WR�HVWLPDWH�WKH�
GRVDJH�RI�VRGLXP�VLOLFDWH�IRU�GLVSHUVLRQ�DQG�GHSUHVVLRQ��7KH�PLQHUDORJLFDO�DQDO\VLV�RI�VLOLFD�SDUWLFOHV�LQ�FRDO�
ZDV� GRQH� E\� LPDJH� DQDO\VHU� WR� NQRZ� WKH� OLEHUDWLRQ� VL]H� RI� JURXQG� FRDO� JLYHQ� LQ� 7DEOH����0RVW� RI� VLOLFD�
SDUWLFOHV�DUH�IUHH�IURP�FRDO�SDUWLFOHV�LQ�EHORZ����P���

7KH�HIIHFW�RI�FROOHFWRUV�RQ�FRDO� IORWDWLRQ�KDV�EHHQ� UHSRUWHG�E\�PDQ\�DXWKRUV� IRU�YDULRXV� W\SHV�RI�FRDO�
ZLWK�GLIIHUHQW�SHWURJUDSKLF�VWUXFWXUHV��.ODVVHQ��������9LDVRYD�HW�DO���������+RUVOH\�HW�DO�� ������2QOLQ�HW�DO��
������$SODQ���������7KH�HIIHFW�RI�GLHVHO�RLO�GRVDJH�RQ� IORWDWLRQ�SHUIRUPDQFH� LV� VKRZQ� LQ� )LJXUH���� ,W�KDV�
EHHQ�REVHUYHG�WKDW�WKH�UHVXOWV�RQ�WKH�HIIHFW�RI�FROOHFWRU�LQ�WKH�SUHVHQW�LQYHVWLJDWLRQ�DUH�LQ�DJUHHPHQW�ZLWK�
WKH� UHSRUWHG� E\� RWKHUV�� 7KH� VHOHFWLYLW\� LV� EHWWHU� DW� ORZHU� FROOHFWRU� GRVDJH� LQ� FRPSDULVRQ� ZLWK� KLJKHU�
GRVDJHV�� )URP� WKLV� GDWD�� ERWK� FRPEXVWLEOH� UHFRYHU\� DQG� JUDGH� RI� SURGXFW� DUH� PRUH� DFFHSWDEOH� DW� WKH�
FROOHFWRU�OHYHO�RI����PO�NJ�RI�FRDO��WKRXJK�FRPEXVWLEOH�UHFRYHU\�DW����PO�NJ�OHYHO�LV�PD[LPXP��EXW�WKH�DVK�
FRQWHQW�LV�KLJK��'HSHQGLQJ�RQ�WKH�UDQN�WKH�DPRXQW�RI�FROOHFWRU�FRQVXPSWLRQ�YDULHV�IURP��������NJ�WRQQH�
UDQJLQJ�IURP�WKH�KLJK�ELWXPLQRXV�FRDO�WR�R[LGLVHG�QRQ�FRNLQJ�FRDO��$SODQ���������,Q�WKLV�FDVH�WKH�DPRXQW�RI�
FROOHFWRU� GRVDJH� LV� KLJK� GXH� WR� DYHUDJH� VL]H� RI� SDUWLFOH� LV� OHVV� LQ� FRPSDULVRQ�ZLWK� QRUPDO� FRQYHQWLRQDO�
FRNLQJ�FRDO�IORWDWLRQ�DQG�DOVR�GXH�WR�WKH�KLJKHU�SHUFHQWDJH�RI�DVK��

)ORWDWLRQ�UHVXOWV�REWDLQHG�XVLQJ�0,%&�DV�IURWKHU�LV�VKRZQ�LQ�)LJXUH����7KH�HIIHFW�RI�IURWKHU�GRVDJH�VKRZV�
WKDW� FRPEXVWLEOH� UHFRYHU\� LQFUHDVHV� ZLWK� LQFUHDVLQJ� RI� IURWKHU� FRQFHQWUDWLRQ�� 7KH� IURWKHU� KDV� ORW� RI�
VLJQLILFDQW� HIIHFW� RQ� PHDQ� EXEEOH� VL]H� ZKLFK� SOD\V� DQ� LPSRUWDQW� UROH� LQ� GHWHUPLQLQJ� WKH� IORWDWLRQ�
SHUIRUPDQFH�DQG�WKH�EXEEOH�VL]H�EH�PDQLSXODWHG�E\�YDU\LQJ�IURWKHU�GRVDJH��%XW�WR�PDLQWDLQ�WKH�DFFHSWDEOH�
TXDOLW\� RI� SURGXFW�� WKH� IURWKHU� GRVDJH� RI� �PO�NJ� KDV� EHHQ�GHFLGHG� WR� KHOS� FRQVWDQW� IRU� WKH� H[SHULPHQWV�
ZKLFK�YDU\LQJ�RWKHU�SDUDPHWHUV��+LJKHU�FRQFHQWUDWLRQ�RI�IURWKHU�IRUPV�IRDP�W\SH�IURWK��ZKLFK�SUHYHQWV�WKH�
GUDLQDJH�RI�JDQJXH�SDUWLFOHV�WKURXJK�WKH�IURWK�EHG�DQG�LQFUHDVHV�WKH�DVK�FRQWHQW�RI�FRQFHQWUDWH��)RDP�W\SH�
IURWK�FRPHV�XQGHU�WLJKW�DQG�FORVH�NQLW�IURWK��ZKHUH�VPDOO�EXEEOHV�UHPDLQ�YHU\�FORVH�WR�HDFK�RWKHU�EXW�GR�QRW�
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FRDOHVFH�HDVLO\�WR�IRUP�ELJ�EXEEOHV�DQG�FROODSVH�WR�WKH�DWPRVSKHUH�DIWHU�D�SUHWW\�ORQJ�WLPH��ZKLFK�FDXVHV�
PRUH�HQWUDLQPHQW�RI�JDQJXH�PLQHUDOV�LQ�WKH�IURWK��%KDXPLN���������
�

)LJXUH����(IIHFW�RI�FROOHFWRU�
�

)LJXUH����(IIHFW�RI�IURWKHU�
�

$V� WKH� KLJK� DVK� FRDO� KDV� EHHQ� JURXQG� WR� EHORZ�����P� VL]H�� WKH� JHQHUDWLRQ� RI� VOLPH� LV� REYLRXV�� 7KH�
VOLPH�SDUWLFOHV�RI�DOXPLQD�VLOLFDWH�FOD\�DUH�PRVWO\�GRPLQDQW�LQ�WKLV�JDQJXH�PLQHUDOV�ZKLFK�VWURQJO\�DIIHFWV�
WKH�IORWDWLRQ�SHUIRUPDQFH�GXH�WR�VOLPH�FRDWLQJ�RI�FOD\�SDUWLFOHV�RQ�WKH�FRDO�VXUIDFH��-RZHWW�HW�DO�� �������7KH�
VOLPH�FOD\�SDUWLFOHV�DOVR�DIIHFW� WKH� IORWDWLRQ�RI�FRDUVH�SDUWLFOHV�DV�ZHOO�DV� LQFUHDVH� WKH�DVK�FRQWHQW� LQ� WKH�
IORWDWLRQ� FRQFHQWUDWH�� +RZHYHU�� FRDO� K\GURSKRELFLW\� FDQ� EH� UHVWRUHG� E\� VLPSO\� DGGLQJ� D� GLVSHUVDQW�� 7KH�
HIIHFW� RI� VRGLXP� VLOLFDWH� DV� GHSUHVVDQW� LV� VKRZQ� LQ� )LJXUH� ��� 7KLV� ILJXUH� VKRZV� WKDW� ERWK� FRPEXVWLEOH�
UHFRYHU\�DQG�JUDGH�DUH�EHWWHU�DFFHSWDEOH�DW�WKH�GRVDJH�RI����J�NJ�RI�GHSUHVVDQW�ZKHUHDV�WKH�JRRG�TXDOLW\�
RI� SURGXFW� FDQ� EH� REWDLQHG� DW� KLJKHU� UDWH� RI� GHSUHVVDQW�� %\� DGGLWLRQ� RI� GHSUHVVDQW�� QHJDWLYH� YDOXHV� RI�
HOHFWURNLQHWLF�SRWHQWLDO�LQFUHDVHV��ZKLFK�LV�HQRXJK�WR�SUHYHQW�FOD\�SDUWLFOHV�IURP�FRDJXODWLQJ�RQ�WR�WKH�FRDO�
VXUIDFH��$W�WKH�KLJKHU�GRVDJH�RI�GHSUHVVDQW�ZKLFK�FDXVHV�WKH�GHSUHVVLRQ�RI�ORFNHG�SDUWLFOHV�RI�VLOLFD�PLQHUDO�
DQG�FRDO��KHQFH�WKH�JUDGH�RI�FRQFHQWUDWH�LQFUHDVHV�DQG�VLPXOWDQHRXVO\�WKH�UHFRYHU\�GHFUHDVHV��7KHUHIRUH��
WKH�HIIHFW�RI�FOD\V�RQ�IORWDWLRQ�FDQ�EH�HOLPLQDWHG�E\�XVLQJ�GLVSHUVLQJ�DJHQWV��
�

i
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)LJXUH����(IIHFW�RI�GHSUHVVDQW�
�
7KH�HIIHFW�RI�LPSHOOHU�VSHHG�RQ�IORWDWLRQ�SHUIRUPDQFH�LV�VKRZQ�LQ�)LJXUH����)URP�WKHVH�UHVXOWV��WKHUH�LV�D�

PD[LPXP�UHFRYHU\�ZLWK�TXDOLW\�RI�SURGXFW�DW������UHYROXWLRQ�SHU�PLQXWH�RI�LPSHOOHU�VSHHG��7KH�HQWUDLQHG�
DLU� UDWH� LQFUHDVHV�ZLWK� UHYROXWLRQ�SHU�PLQXWH� OHDGLQJ� WR�JHQHUDWLRQ�RI� LQFUHDVHG� IURWK�YROXPH�DQG�KHQFH��
LQFUHDVHG� UHFRYHU\�� 7RR� ORZ� DJLWDWLRQ� JLYHV� LQHIILFLHQW� PL[LQJ� DQG� GLVSHUVLRQ� RI� RLO\� FROOHFWRU� DQG� SRRU�
SHUIRUPDQFH�RQ�FROOLVLRQ�EHWZHHQ�SDUWLFOH�DQG�EXEEOH��$SODQ���������([FHVVLYHO\�KLJK�VSHHG�FDQ�GHFUHDVH�
WKH�HIIHFWLYH�DLU�GLVSHUVLRQ��ZKLFK�PD\�GHFUHDVH�WKH�UHFRYHU\�RI�FRQFHQWUDWH��$SODQ����������
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)ORWDWLRQ�UHVXOWV�LQ�GLIIHUHQW�FRQGLWLRQLQJ�WLPH�LV�VKRZQ�LQ�)LJXUH����)RU�WKH�EHQHILWV�LQ�ERWK�FRPEXVWLEOH�

UHFRYHU\� DQG� TXDOLW\�� ��� PLQXWHV�� FRQGLWLRQLQJ� WLPH� JLYHV� EHWWHU� UHVXOWV� WKDQ� RWKHUV�� ,QLWLDOO\� ZLWK� DQ�
LQFUHDVHG�FRQGLWLRQLQJ�WLPH��WKH�GLVSHUVLRQ�RI�FROOHFWRU��GLHVHO�RLO��GURSOHWV�LQ�WKH�FRDO�ZDWHU�VOXUU\�LQFUHDVHV�
DQG� WKLV� KHOSV� LQ� D� EHWWHU� DWWDFKPHQW� RI� WKH� FROOHFWRU� ILOP� RQ� WKH� VXUIDFH� RI� WKH� SDUWLFOHV� E\� DGVRUSWLRQ�
PDNLQJ�LW�PRUH�K\GURSKRELF��$SODQ���������$V�WKH�FRQGLWLRQLQJ�WLPH�LV�IXUWKHU�LQFUHDVHG�VRPH�RI�WKH�ILQH�
PLQHUDO�PDWHULDO�PD\� DOVR� DGVRUE� WKH� RLO\� FROOHFWRU� RQ� WKHLU� VXUIDFH��ZKLFK�ZLOO�PDNH� WKHP�K\GURSKRELF�
�$SODQ����������
�
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7KH�HIIHFW�RI�WKH�S+�ZDV�VWXGLHG�DQG�LV�VKRZQ�LQ�)LJXUH����$W�S+������WKH�UHFRYHU\�DQG�DVK�SHUFHQWDJH�LV�

EHWWHU�� ,W� KDV� EHHQ� UHSRUWHG� WKDW� WKH� IORDWDELOLW\� RI� FRDO� LV� PD[LPXP�ZKHQ� S+� LV� EHWZHHQ� ���� DQG� ����
�=LPPHUPDQ�������� %RUGRQ��������� ,W� KDV� DOVR�EHHQ�REVHUYHG� LQ� WKLV�ZRUN� WKDW� WKH�SRLQW� RI� ]HUR� FKDUJH�
�3=&�� RI� R[LGLVHG� FRDO� LV� DW� S+������$IWHU� SUHWUHDWPHQW� RI� FRDO� VXUIDFH�ZLWK� HWKDQRO� EHIRUH� IORWDWLRQ�� LVR�
HOHFWULF�SRLQW�PLJKW�KDYH�VKLIWHG�WR�WKH�DONDOLQH�VLGH��DW�S+�����RI�WKH�VOXUU\��KHQFH�WKH�JUDGH�RI�FRQFHQWUDWH�
LV�EHWWHU�WKDQ�WKDW�REWDLQDEOH�DW�RWKHU�S+���
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7KH� UROH� RI� R[LGDWLRQ� RQ� K\GURSKLOLFLW\� LQGH[� FDQ� EH� YLVXDOL]HG� WKURXJK� WKH� PHDVXUHPHQW� RI�
K\GURSKLOLFLW\� LQGH[�XVLQJ�)7,5�GDWD�DQG�HOHFWUR�NLQHWLFV�VWXG\��7KH�IORDWDELOLW\�RI�FRDO�FRXOG�EH�HQKDQFHG�
XVLQJ�DOLSKDWLF�DOFRKROV��(WKDQRO�SUHWUHDWHG�IORWDWLRQ�UHVXOW�FDQ�JLYH� LQ�EHWWHU�SHUIRUPDQFH�ZLWK�UHVSHFW� WR�
JUDGH� DQG� UHFRYHU\�� GXH� WR� GLVVROXWLRQ� RI� WKH� R[LGL]HG� OD\HU� E\� DOFRKRO�� 7KH� FRQVXPSWLRQ� RI� FKHPLFDO�
UHDJHQWV�DUH�KLJK� LQ�FRPSDULVRQ�ZLWK�FRNLQJ�FRDO�GXH�WR� ORZ�K\GURSKRELFLW\�RI�R[LGLVHG�FRDO�VXUIDFH�DQG�
ILQH�VL]H�RI�SDUWLFOHV��
�



���

6�.��%LVZDO�DQG�'�.��$FKDUMHH���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�
9RO����1R���������������������SS����������
�

$&.12:/('*(0(176�
�

7KH�DXWKRUV�DUH�WKDQNIXO�WR�'U��9LEKXWL�1��0LVUD��'LUHFWRU��5HJLRQDO�5HVHDUFK�/DERUDWRU\��%KXEDQHVZDU�IRU�
SHUPLVVLRQ�WR�SXEOLVK�WKH�SDSHU��
�
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JUDLQV� LQ� FRDOV� RI� GLIIHULQJ� UDQN�� ,Q�� 3URFHHGLQJV� RI� WKH� �QG� $XVWUDOLDQ� &RDO� 3UHSDUDWLRQ� &RQIHUHQFH��
:KLWPRUH��5�/���(G����&RDO�3UHS��6RFLWLHV�RI�1HZ�6RXWK�:DOHV�DQG�4XHHQVODQG��������SS�����������
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%URZQ�� '�-��� &RDO� IORWDWLRQ�� ,Q�� )URWK� )ORWDWLRQ���WK�$QQLYHUVDU\�9ROXPH�� )XHUVWHQDX�� '�:�� �(G���$0,(��1HZ�
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%XUGRQ�� 5�*��� 6RPH� IDFWRUV� LQIOXHQFLQJ� WKH� UDWH� RI� IORWDWLRQ� RI� FRDO�� ,Q�� 3URFHHGLQJ� �WK ,QWHUQDWLRQDO� &RDO�
3UHSDUDWLRQ�&RQJUHVV��SDSHU�'����+DUURJDWH��*UHDW�%ULWDLQ��������SS�����������

&KRZGKDU\��6�.���,VVXHV�LQ�FRDO�WRGD\��-RXUQDO�RI�0LQHV��0HWDOV�DQG�)XHOV�����������������
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*DUFLD��$�%���0RLQHOR��6�5���0DUWLQH]�7DUD]RQD��0�5���7DVFRQ��-�0�'���,QIOXHQFH�RI�ZHDWKHULQJ�SURFHVV�RQ�WKH�

IORWDWLRQ�UHVSRQVH�RI�FRDO��)XHO�����������������������
*OHPERWVNL�� 9�$��� 'PLWULHYD�� *�0��� 6RURNLQ�� 0�0��� 1RQSRODU� IORWDWLRQ� DJHQWV�� ,VUHDO� 3URJUDP� IRU� VFLHQWLILF�

WUDQVODWLRQ��-HUXVDOHP��������
+ROXV]NR��0���/DVNRZVNL��-�6���&RDO�KHWHURJHQHLW\�DQG�LWV�HIIHFW�RQ�FRDO�IORDWDELOLW\�DV�GHULYHG�IURP�IORWDWLRQ�

WHVWV�LQ�PHWKDQRO�VROXWLRQV�� ,Q��3URFHVVLQJ�RI�+\GURSKRELF�0LQHUDOV�DQG�)LQH�&RDO�3URF����/DVNRZVNL�-�6���
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+RUVOH\��5�0���6PLWK��+�*���3ULQFLSOHV�RI�FRDO�IORWDWLRQ��)XHO����������������
-RZHWW��$���(,�6LQEDZD\��+���6PLWK��+�*���6OLPH�FRDWLQJ�RI�FRDO�LQ�IORWDWLRQ�SXOSV��)XHO�����������������
.ODVVHQ��9�,���&RDO� IORWDWLRQ��*RVJRULHNKL]GDW��0RVFRZ��������3K\VLFR�FKHPLFDO� IXQGDPHQWDOV�RI�WKH�DFWLRQ�

RI�QRQSRODU�FROOHFWRUV�LQ�IORWDWLRQ�RI�RUHV�DQG�FRDO��,]GDW��3ODNLVQ��,�1���(G����1DXND��0RVFRZ���������
/DVNRZVNL�� -�6���$� WH[W� ERRN�RI� FRDO� IORWDWLRQ�DQG� ILQH� FRDO�XWLOL]DWLRQ���VW� HGLWLRQ�� 7KH�8QLYHUVLW\�RI�%ULWLVK�

&ROXPELD��9DQFRXYHU�%�&���&DQDGD��������&KDSWHU����SS�������
/HMD�� -���0HFKDQLVPV�RI�FROOHFWRU�DGVRUSWLRQ�DQG�G\QDPLF�DWWDFKPHQW�RI�SDUWLFOHV�WR�DLU�EXEEOHV�DV�GHULYHG�
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