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$EVWUDFW��7KH� OLYH�DWWHQXDWHG�RUDO�SROLRYLUXV�YDFFLQH�239��XVHG�IRU�PDQ\�\HDUV�KDV�UHGXFHG�WKH� SROLRP\HOLWLV� FDVHV� WKURXJKRXW� WKH� ZRUOG� ZLGH�� 0RVW� 51$� YLUXVHV� KDYH� KLJKO\� PXWDEOH�JHQRPHV� DQG� SROLRYLUXVHV� DUH� DPRQJ� WKH� PRVW� UDSLGO\� HYROYLQJ� RI� DOO� 51$� YLUXVHV�� 0XWDWLRQV�QDWXUDOO\�RFFXUV�GXULQJ� WKHLU�UHSOLFDWLRQ� LQ�KXPDQ�LQWHVWLQH�DQG� LQ�UDUH�LQVWDQFHV�LW�FDQ�EH��EDFN��PXWDWLRQ� WR�EHFRPH� WR�QHRURYLUXODQW�YDFFLQH�DVVRFLDWHG�SDUDO\WLF�SROLRP\HOLWLV��� )RU�PDQ\�\HDUV�WKH� UROH� RI� VRPH� FULWLFDO� QXFOHRWLGHV� LQ� �CQRQ�FRGLQJ� UHJLRQ� LQ� YDFFLQH�DVVRFLDWHG� SDUDO\WLF�SROLRP\HOLWLV� ZDV� NQRZQ� � KRZHYHU� WKH� LQYHVWLJDWRUV� KDYH� IRFXVHG� RQ� � WKH� LPSRUWDQFH� RI� RWKHU�QXFOHRWLGHV� LQ� � FDSVLG� UHJLRQV� VXFK� DV� 93��7KHUHIRUH� �PXWDWLRQV� LQ� WKLV� UHJLRQ� RI� SROLRYLUXVHV�LVRODWHG� IURP�DFXWH�IODFFLG�SDUDO\VLV�FDVHV�ZHUH�DQDO\]HG�� ,Q� � ,UDQ�WKH�:+2�HUDGLFDWLRQ�SURJUDP�KDV�EHHQ�GRQH�VLQFH������DQG�DOO�DFXWH�IODFFLG�SDUDO\VLV�KDYH�EHHQ�VWXGLHG��'XULQJ�WKH�\HDUV�����������RXW�RI� � DOO�$)3� FDVHV����SDWLHQWV�ZHUH� IRXQG� WR�KDYH� UHVLGXDO�SDUDO\VLV� �DQG���YDFFLQH�OLNH�SROLRYLUXVHV� ZHUH� LVRODWHG� IURP� WKHVH� � SDWLHQWV� �8VLQJ� LFURQHXWUDOL]DWLRQ� WHVW� DQG� LQWUDW\SLF�GLIIHUHQWLDWLRQ�WHVWV��(/,6$��SUREH�K\EULGL]DWLRQ�DQG�57�3&5��7KUHH�LVRODWHV��QR������DQG����ZHUH�YDFFLQH�OLNH� SROLRYLUXVHV� W\SH��� 7KH� RWKHU� LVRODWHV� �QR��� DQG� ��� ZHUH� YDFFLQH�OLNH� SROLRYLUXVHV�W\SH���7KH�93��UHJLRQV�RI�WKHVH�LVRODWHV�ZHUH�VHTXHQFHG�DQG�DQDO\]HG�6HTXHQFH�DQDO\VLV�VKRZHG�WKDW���YDFFLQH�OLNH�SROLRYLUXVHV�W\SH��QR����������KDG��DQG���QXFOHRWLGH�VXEVWLWXWLRQV�LQ�93��UHJLRQ�LQ� FRPSDULVRQ� ZLWK� UHIHUHQFH� 6DELQ� VWUDLQ� � W\SH�� UHVSHFWLYHO\� DQG� LQ� YDFFLQH�OLNH� SROLRYLUXVHV�W\SH��QR������ WKHUH�ZDV�RQO\�RQH�QXFOHRWLGH�VXEVWLWXWLRQ� LQ� LVRODWH�� LQ� WKLV�UHJLRQ� LQ�FRPSDULVRQ�ZLWK�UHIHUHQFH�6DELQ�VWUDLQ�W\SH�����(UDGLFDWLRQ�RI�ZLOG�SROLRYLUXVHV�LV�QHDU�KRZHYHU�LW�LV�HVVHQWLDO�WR� LGHQWLI\� DQ\�PXWDWLRQV� LQ�DOO� WKUHH�6DELQ�VWUDLQV�DQG� LPSURYH�RXU�NQRZOHGJH�DERXW�PROHFXODU�SDWKRJHQHVLV�RI�WKHVH�YLUXVHV�.H\ZRUGV� x 9DFFLQH x OLNH�SROLRYLUXV��UHVLGXDO�SDUDO\VLV��9$33��9DFFLQH x DVVRFLDWHG�SDUDO\WLF�SROLRP\HOLWLV��$)3��$FXWH x IODFFLG�SDUDO\VLV�

,QWURGXFWLRQ
ROLRYLUXVHV������DQG���WKH�WKUHH�VHURW\SHV�RI�WKH (QWHURYLUXV�JHQXV�IURPWKH� 3LFRUQDYLULGDH� IDPLO\� DUH� WKH� PDLQ�FDXVDWLYH�DJHQWV�RI�SROLRP\HOLWLV�7KHVH� YLUXVHV� FRQVLVW� RI� LFRVDKHGULF� SDUWLFOHV�FRPSRVHG�RI����FRSLHV�RIHDFK�RI� IRXU�FDSVLG�SURWHLQV��93���93���93��DQG�

93�� VXUURXQGLQJ� WKH� YLUDO� JHQRPH�� ZKLFK� LV� D�VLQJOH� VWUDQGHG�51$�RI�SRVLWLYH�SRODULW\�RI�DERXW������QXFOHRWLGHV��:LPPHU�HW�DO�������7KH� 51$� PROHFXOH� FRQWDLQV� D� �c � QRQ� FRGLQJ�UHJLRQ���c � 1&5��RI�DERXW���� QXFOHRWLGHV�� D� VLQJOH� RSHQ� UHDGLQJ� IUDPH��25)� FRGLQJ� IRU� VWUXFWXUDO� DQG� QRQ� ± VWUXFWXUDO�SURWHLQV��DQG�D� �c QRQ�± FRGLQJ�UHJLRQ���c � 1&5��RI� DERXW� ��QXFOHRWLGHV� IROORZHG� E\� D� SRO\� �$�� ±WUDFW�� 7KH� HUURU� IUHTXHQF\� RI� WKLVJHQRPLF� 51$�GXULQJ�WKH�UHSOLFDWLRQ�E\�51$�SRO\PHUDVH�LV�KLJK��%DODQDQW� HW� DO�� ������� %HFDXVH� RI� WKLV� LQKHUHQW�
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&RUUHVSRQGLQJ� DXWKRU�� PDLOLQJ� DGGUHVV �� 3ROLR� 1DWLRQDO�/DERUDWRU\�� 'LYLVLRQ� RI� YLURORJ\�� 'HSDUWPHQW� RI� SDWKRELRORJ\��VFKRRO�RI�3XEOLF�+HDOWK��7HKUDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV�
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SURSHUW\�WKH�OLYH�DWWHQXDWHG�RUDO�SROLRYLUXV�YDFFLQH�XVHG� IRU� PRUH� WKDQ� IRXU� GHFDGHV� WR� LQWHUUXSW�SROLRYLUXV� WUDQVPLVVLRQ�DQG� WKH�YDFFLQH�RI� FKRLFH�IRU� GHYHORSLQJ� FRXQWULHV� LV� JHQHUDOO\� XQVWDEOH��)ULHGULFK� HW� DO�� ����� DQG�.HZ� HW� DO�� ������ZLWK�GLVDGYDQWDJHV� UDUHO\� FDXVLQJ� SROLRP\HOLWLV��)ULHGULFK� HW� DO� ������ DQG�.HZ� HW� DO�������������9DFFLQH� ± DVVRFLDWHG� SDUDO\WLF� SROLRP\HOLWLV��9$33�� LV� FOLQLFDOO\� XQGLVWLQJXLVKDEOH� IURP�SROLRP\HOLWLV� FDXVHG� E\�ZLOG� SROLRYLUXVHV��9$33�FDVHV� DUH� VSRUDGLF� DQG� RFFXU� LQ� ERWK� 239�UHFLSLHQWV�DQG�WKHLU�XQLPPXQL]HG�FRQWDFWV��,Q�IDFW��9$33� LV� D� GLUHFW� FOLQLFDO� FRQVHTXHQFH� RI� WKH�JHQHWLF�LQVWDELOLW\�RI�WKH�6DELQ�239�VWUDLQV�7KH� ZRUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� KDV�IRFXVHG� RQ� WKH� VXUYHLOODQFH� DQG� VSHFLPHQ� WHVWLQJ�RI� DFXWH� IODFFLG�SDUDO\VLV� �$)3��FDVHV� LQ� FKLOGUHQ�OHVV�WKDQ����\HDUV��$OH[DQGHU�HW�DO�������$\OZDUG�HW� DO������%DODQDQW� HW� DO������&HQWHU� IRU� 'LVHDVH�FRQWURO�DQG�SUHYHQWLRQ�������,Q� ,UDQ� PDVV� YDFFLQDWLRQV� LQ� 1DWLRQDO�,PPXQL]DWLRQ�'D\V��1,'��DQG�WKH$)3� FOLQLFDO� VXUYHLOODQFH� SURJUDPV� KDYH� EHHQ�VXFFHVVIXOO\�HVWDEOLVKHG�LQ�DFFRUGLQJ�WR�WKH�:+2�

SURJUDP� WKH� LPPXQL]DWLRQ�FRYHUDJH�ZDV������LQ������ �00:5�� '(&� ���� ������� 6XUYHLOODQFH� IRU�SROLRYLUXVHV�KDV�WZR�DUPV��L�'HWHFWLRQ� DQG� FOLQLFDO� LQYHVWLJDWLRQV� RI� $)3�FDVHV��LL�9LURORJLF� VWXGLHV�RI�SROLRYLUXVHV� LVRODWHG� IURP�WKHLU�VDPSOHV��(DFK�\HDU�DERXW����� ����$)3�FDVHV�ZHUH� LGHQWLILHG� DQG� OHVV� WKDQ� ���� RI� WKHP� � KDG�UHVLGXDO� SDUDO\VLV� DQG� �� 6DELQ�OLNH� SROLRYLUXVHV�ZHUH�LVRODWHG�IURP�WKHP��,Q�WKLV�VWXG\�ZH�GHVFULEH�WKH� JHQRPLF� DQDO\VLV� DFFRPSOLVKHG� RQ� WKHVH�LVRODWHV�� 0DWHULDOV�DQG�0HWKRGV
3DWLHQWV$OO�SDWLHQWV�ZHUH�$)3�FDVHV�ZLWK�UHVLGXDO�SDUDO\VLV���� 6DELQ� VWUDLQV� LVRODWHG� IURP� WKHP� DQG� GHILQLWH�GLDJQRVLV� RI� UHVLGXDO� SDUDO\VLV� ZDV� HVWDEOLVKHG�DFFRUGLQJ� WR� :+2� UHFRPPHQGDWLRQ�� $OO� SDWLHQWV�ZHUH� LPPXQRFRPSHWHQW� DQG� KDG� UHFHLYHG� WKUHH�GRVHV�RI�RUDO�SROLR�YDFFLQH��7DEOH���VXPPDUL]HG�WKH�VSHFLILFDWLRQV�RI�SDWLHQWV�

/DE�1R� $JH�P� SURYLQFH 6H[ /DVW9DFFLQDWLRQ�GDWH 2QVHW�GDWH 6SHFLPHQ�GDWH 
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39��6/39��6/39��6/39��6/39��6/7DEOH����6SHFLILFDWLRQV�RI� ILYH�DFXWH�IODFFLG�SDUDO\VLV�FDVHV�ZLWK� UHVLGXDO�SDUDO\VLV�GXULQJ�WKH�\HDUV������±�����DQG�WKH�UHVXOWV�RI�LQWUDW\SLF�GLIIHUHQWLDWLRQ�WHVWV�RI WKH�SROLRYLUXVHV�LVRODWHG�IUR�WKHP

6��6DELQ��VWUDLQ�SROLRYLUXV��6/��6DELQ�/LNH�SROLRYLUXV�
6SHFLPHQVWZR� VWRRO� VDPSOHV�ZHUH� WDNHQ�ZLWKLQ� ��K�RI� HDFK�RWKHU� QRW� ODWHU� WKDQ� ��� GD\V� DIWHU� WKH� RQVHW� RI�SDUDO\VLV��7KH�SDWLHQW
V�VSHFLPHQV�ZHUH�WUDQVSRUWHG�WR�RXU�ODERUDWRU\�LQ�FRRO�FRQGLWLRQV�LQ�FROG�ER[HV�����WR����F���DQG�VWRUHG�DW�� ���F�EHIRUH�LQRFXODWLRQ�RQ�WLVVXH�FXOWXUHV�
9LUXV�LVRODWLRQ�DQG�VHURW\SLQJIHFDO�VSHFLPHQV�ZHUH�SURFHVVHG�IRU�YLUXV�LVRODWLRQ�DQG� LGHQWLILFDWLRQ� RQ� 5'� �KXPDQ� HPEU\R�UKDEGRP\RVDUFRPD�� DQG� /��%� �PRXVH� /� FHOOV�H[SUHVVLQJ� WKH� KXPDQ� SROLRYLUXV� UHFHSWRU�� DQG�+HS� ± &LQ&LQQDWL� �HSLGHUPRLG� FDUFLQRPD�KXPDQ�/DU\Q[�� FHOO� OLQHV� ± UHFRPPHQGHG� E\� :+2��6SHFLPHQV�ZHUH� FRQVLGHUHG� SRVLWLYH� LI� F\WRSDWKLF�

HIIHFW�ZDV�GHWHFWHG�DIWHU���SDVVDJHV GXULQJ����GD\V�RI�LQRFXODWLRQ��WKHQ�LVRODWHG�YLUXVHV�ZHUH�W\SHG�E\�VHURQHXWUDOL]DWLRQ�RI�F\WRSDWKLF�HIIHFW�XVLQJ�SRROV�RI� DQWLVHUD� DJDLQVW� SROLRYLUXVHV� DQG� RWKHU�HQWHURYLUXVHV� DV� UHFRPPHQGHG� E\� :+2��PDQQXDO�������
,QWUDW\SLF�GLIIHUHQWLDWLRQ��,7'�,Q�RUGHU�WR�HVWDEOLVK�ZKHWKHU�WKH�SROLRYLUXV�LVRODWHV�ZHUH�RI�YDFFLQH�RU�ZLOG�RULJLQ��WKH\�ZHUH�WHVWHG�E\�WKUHH� PHWKRGV� UHFRPPHQGHG� E\� WKH� :+2� IRU�SROLR� VXUYHLOODQFH�� �,�� (Q]\PH� ± OLQNHG�LPPXQRVRUEDQW�DVVD\�SURSRVHG�E\�:+2�IRU�SROLR�VXUYHLOODQFH�� DOORZLQJ� GHWHFWLRQ� RI� DQWLJHQLF�GLIIHUHQFHV� EHWZHHQ� QRQ� ± 6DELQ� DQG� 6DELQ� ±GHULYHG� VWUDLQV� �LL�� D� K\EULGL]DWLRQ� DVVD\� XVLQJ�ULERSUREV�K\EULGL]LQJ�VSHFLILFDOO\�ZLWK�WKH�JHQRPH�



*HQRPLF�DQDO\VLV�RI�YDFFLQH�± OLNH�SROLRYLUXV�LVRODWHV�«
RI� YDFFLQH� ± UHODWHG� LVRODWHV� DQG�LLL�� D� UHYHUVH�WUDQVFULSWLRQ�± 3&5�DPSOLI\LQJ�WHVW�ZDV�SHUIRUPHG�WR� LGHQWLI\� HDFK� VHURW\SHV� �:RUOG� +HDOWK�2UJDQL]DWLRQ��������7KH�57�± 3&5�SURGXFWV�ZHUH�ORDGHG� RQ ����� JHO� $JDURV�� $OO� LVRODWHV� ZHUH�VWRUHG� DW� � ���&� LQ� PLFURFHQWULIXJH� WXEHV�FRQWDLQLQJ� �� ± ���PO� VXVSHQVLRQ� RI� /��%� FHOO�FXOWXUH�7KHVH� LVRODWHV� ZHUH� VHQW� WR� &HQWHU� IRU� 'LVHDVH�&RQWURO�DQG�SUHYHQWLRQ��&'&��WR�EH�VHTXHQFHG�
9LUXVHV6DELQ� VWUDLQV� RI� W\SHV� �� DQG� �� ZLWK� *HQ%DQN�DFFHVVLRQ�QXPEHUV�$\�������DQG�$\�������ZHUH�XVHG�DV�UHIHUHQFH�VHTXHQFHV�UHVSHFWLYHO\�
6HTXHQFH�$QDO\VLV1XFOHRWLGH� VHTXHQFH� GDWD� IURP� HDFK� LVRODWHV�ZDV�DQDO\]HG��XVLQJ�&OXVWDO�:�SURJUDP�5HVXOWV
8VLQJ�PLFURQXWUDOL]DWLRQ� WHVW�� �� LVRODWHV� �������DQG�����ZHUH�IRXQG�WR�EH�SROLRYLUXV�W\SH���DQG�WKH�WZR�RWKHUV����DQG����ZHUH�LGHQWLILHG�DV�SROLRYLUXV�W\SH����,Q� DOO� WKUHH� LQWUDW\SLF� GLIIHUHQWLDWLRQ� WHVWV� �(/,6$��SUREH� K\EULGL]DWLRQ�DQG�57±3&5��DOO�LVRODWHV�ZHUH�LGHQWLILHG�DV�6DELQ�VWUDLQV��7DEOH���VXPPDUL]HV�WKH�UHVXOWV� IURP� SULPDU\� WHVWV�� � ,VRODWH� �� KDG� ������LGHQWLW\�DQG�LVRODWHV����DQG����KDG�������LGHQWLW\�LQ�93� UHJLRQ�ZLWK�6DELQ�VWUDLQ����$\����������,VRODWH���KDG������LGHQWLW\�LQ�93� UHJLRQ�ZLWK�6DELQ�VWUDLQ�� �$<� �������� DQG� LVRODWH� �� KDG� ������ LGHQWLI\�ZLWK�WKLV�6DELQ�VWUDLQ�LQ�93��UHJLRQ��7KHUH�ZDV�RQO\�RQH�QXFOHRWLGH�VXEVWLWXWLRQ�LQ�93� UHJLRQ��$����*���LQ� LVRODWH� ��� ,Q� LVRODWHV� ��� DQG� ���� WZR� QXFOHRWLGH�VXEVWLWXWLRQV�ZHUH���IRXQG��7�����$��&�����7�DQG�7�����&��7����&�UHVSHFWLYHO\�,VRODWH���KDG�RQH�QXFOHRWLGH�VXEVWLWXWLRQ�&������7��7KH� UHVXOWV� RI� DOLJQPHQW� DQG� FKDUDFWHULVWLFV� RI�QXFOHRWLGH� VXEVWLWXWLRQV� LQ� 93� UHJLRQ� RI� HDFK�LVRODWH�ZHUH�VXPPDUL]HG�LQ�7DEOHV���DQG���

9LUXV�1R�173RVLWLRQ 
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$&&&7DEOH� ��� 3RVLWLRQ� DQG� WKH� W\SH� RI� QXFOHRWLGH� VXEVWLWXWLRQV� LQ� 93�� UHJLRQ� RI� HDFK� LVRODWHV� LQ� FRPSDULVRQ�ZLWK�UHIHUHQFH�6DELQ�VWUDLQ�W\SH���
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� *HQ%DQN� DFFHVVLRQ� QXPEHU� RI� UHIHUHQFH� 6DELQ�VWUDLQ�
9LUXV 1R�1XFOHRWLGH3RVLWLRQ 
$<������ � 

�

���� & 7 &
7DEOH� �� 3RVLWLRQ� DQG� WKH� W\SH� RI� QXFOHRWLGH�VXEVWLWXWLRQ� LQ� 93�� UHJLRQ� RI� LVRODWHV� �� DQG �� LQ�FRPSDULVRQ�ZLWK�UHIHUHQFH�6DELQ�VWUDLQ�W\SH���
�*HQ%DQN�DFFHVVLRQ�QXPEHU�RI�6DELQ�VWUDLQ�W\SH���

�,VRODWH���KDG������LGHQWLW\�LQ�93��UHJLRQ�ZLWK�6DELQ�VWUDLQ�W\SH���
&RPSDULVRQ� EHWZHHQ� DPLQR� DFLG� UHVLGXHV� LQ� 93��UHJLRQ� RI� HDFK� LVRODWH� DQG� UHIHUHQFH� YLUXVHV�UHVXOWHG� LQ� ILQGLQJ� DPLQR� DFLG� FKDQJHV� LQ� WKLV�UHJLRQ�� ,VRODWHV� ��� ��� DQG� ��� KDG�GLIIHUHQW� DPLQR�DFLG�UHVLGXHV�LQ�SRVLWLRQ�����RI�93��SURWHLQ��7DEOH���VKRZV�WKH�VXEVWLWXWLRQV�LQ�DPLQR�DFLG�UHVLGXHV�RI�LVRODWHV�������DQG����LQ�FRPSDULVRQ�ZLWK�UHIHUHQFH�YLUXV��$<��������,VRODWH� �� KDG� DQ� DPLQR� DFLG� VXEVWLWXWLRQ� ,�: 7��$<������� : ����� LQ� VL[WK� UHVLGXH� RI� 93��SURWHLQ�

9LUXV�1R� $0,12�$&,'
$<�����������
,VROHXFLQH9DOLQH7KUHRQLQH$VSDUJLQH7DEOH��� $PLQR�DFLG�VXEVWLWXWLRQ�LQ�SRVLWLRQ�����RI�93��SURWHLQ� LQ� LVRODWHV������DQG����LQ�FRPSDULVRQ�ZLWK�UHIHUHQFH�6DELQ�VWUDLQ�W\SH���
*HQHEDQN�DFFHVVLRQ�QXPEHU�RI�6DELQ�VWUDLQ�W\SH���'LVFXVVLRQ

0XWDWLRQV� RFFXU� ZLWKLQ� WKH� YLUDO� JHQRPH� RI� WKH�6DELQ�SROLRYLUXVHV�DV�SDUW�RI�WKH�QDWXUDO�UHSOLFDWLRQ�SURFHVV� �%DODQDQW� HW� DO������� )ULHGULFK�������� ,Q�UDUH� FLUFXPVWDQFHV� WKHVH� PXWDWLRQV�� PD\� UHVXOW� LQ�UHYHUVLRQ� WR� QHXURYLUXOHQFH� �'H�/�%�.�1RWWD\� HW�DO������.HZ� HW� DO� ������ DQG� ������� $FXWH�IODFFLG�SDUDO\VLV� FDQ� FDXVHG� E\� 6DELQ� ± OLNH� SROLRYLUXVHV�ZKLFK�GLIIHU�IURP�WKH�SDUHQWDO�6DELQ�VWUDLQV�E\�OHVV�WKDQ����LQ93��UHJLRQ��9DFFLQH�GHULYHG�SROLRYLUXVHV�ZKLFK�GLIIHU�IURP�WKH�SDUHQWDO�6DELQ�VWUDLQV�DW����WR����� RI� 93� QXFOHRWLGHV� DQG� E\� ZLOG� SROLRYLUXVHV�ZKLFK�GLIIHU�IURP�WKH�6DELQ�VWUDLQV�DW�!����LQ�93�
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