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7KH�)HGHUDO�5DGLDWLRQ�&RXQFLO��)5&��ZDV�IRUPHG�LQ�������WKURXJK�([HFXWLYH�2UGHU�������

$� GHFDGH� ODWHU� LWV� IXQFWLRQV� ZHUH� WUDQVIHUUHG� WR� WKH� $GPLQLVWUDWRU� RI� WKH� QHZO\� IRUPHG

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��DV�SDUW�RI�5HRUJDQL]DWLRQ�3ODQ�1R����RI��������8QGHU�WKHVH

DXWKRULWLHV� LW� LV� WKH� UHVSRQVLELOLW\�RI� WKH�$GPLQLVWUDWRU� WR�¦DGYLVH� WKH�3UHVLGHQW�ZLWK� UHVSHFW� WR

UDGLDWLRQ�PDWWHUV��GLUHFWO\�RU�LQGLUHFWO\�DIIHFWLQJ�KHDOWK��LQFOXGLQJ�JXLGDQFH�IRU�DOO�)HGHUDO�DJHQFLHV

LQ�WKH�IRUPXODWLRQ�RI�UDGLDWLRQ�VWDQGDUGV�DQG�LQ�WKH�HVWDEOLVKPHQW�DQG�H[HFXWLRQ�RI�SURJUDPV�RI

FRRSHUDWLRQ�ZLWK�6WDWHV�§��7KH�SXUSRVH�RI�WKLV�JXLGDQFH�WR�)HGHUDO�$JHQFLHV�LV�WR�HQVXUH�WKDW�WKH

UHJXODWLRQ�RI�H[SRVXUH� WR� LRQL]LQJ�UDGLDWLRQ� LV�DGHTXDWHO\�SURWHFWLYH�� UHIOHFWV� WKH�EHVW�DYDLODEOH

VFLHQWLILF�LQIRUPDWLRQ��DQG�LV�FDUULHG�RXW�LQ�D�FRQVLVWHQW�PDQQHU�

6LQFH�WKH�PLG�����V��(3$�KDV�LVVXHG�D�VHULHV�RI�)HGHUDO�JXLGDQFH�GRFXPHQWV�IRU�WKH�SXUSRVH

RI�SURYLGLQJ�WKH�)HGHUDO�DQG�6WDWH�DJHQFLHV�WHFKQLFDO�LQIRUPDWLRQ�WR�DVVLVW�WKHLU�LPSOHPHQWDWLRQ�RI

UDGLDWLRQ�SURWHFWLRQ�SURJUDPV���7KH�ILUVW�UHSRUW�LQ�WKLV�VHULHV��)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$�

����D���SUHVHQWHG�GHULYHG�FRQFHQWUDWLRQV�RI�UDGLRDFWLYLW\� LQ�DLU�DQG�ZDWHU�FRUUHVSRQGLQJ�WR� WKH

OLPLWLQJ�DQQXDO�GRVHV�UHFRPPHQGHG�IRU�ZRUNHUV�LQ��������7KDW�UHSRUW�ZDV�VXSHUVHGHG�LQ������E\

)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$���������ZKLFK�SURYLGHG�XSGDWHG�GRVH�FRHIILFLHQWV�IRU�LQWHUQDO

H[SRVXUH� RI�PHPEHUV� RI� WKH� JHQHUDO� SXEOLF� DQG� OLPLWLQJ� YDOXHV� RI� UDGLRQXFOLGH� LQWDNH� DQG� DLU

FRQFHQWUDWLRQV�IRU�LPSOHPHQWDWLRQ�RI�WKH������5DGLDWLRQ�3URWHFWLRQ�*XLGDQFH�IRU�2FFXSDWLRQDO

([SRVXUH��(3$����������)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$��������WDEXODWHG�GRVH�FRHIILFLHQWV

IRU�H[WHUQDO�H[SRVXUH�WR�UDGLRQXFOLGHV�LQ�DLU��ZDWHU��DQG�VRLO�

7KLV�UHSRUW���&DQFHU�5LVN�&RHIILFLHQWV�IRU�(QYLURQPHQWDO�([SRVXUH�WR�5DGLRQXFOLGHV��)HGHUDO

*XLGDQFH�5HSRUW�1R������SURYLGHV�QXPHULFDO�IDFWRUV�IRU�XVH�LQ�HVWLPDWLQJ�WKH�ULVN�RI�FDQFHU�IURP

ORZ�OHYHO�H[SRVXUH�WR�UDGLRQXFOLGHV�� �$�ULVN�FRHIILFLHQW�IRU�D�UDGLRQXFOLGH�WKDW�H[SRVHV�SHUVRQV

WKURXJK� D� JLYHQ� HQYLURQPHQWDO�PHGLXP� LV� DQ� HVWLPDWH� RI� WKH� SUREDELOLW\� RI� UDGLRJHQLF� FDQFHU

PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�DFWLYLW\�LQKDOHG�RU�LQJHVWHG��IRU�LQWHUQDO�H[SRVXUH��RU�SHU�XQLW�WLPH�

LQWHJUDWHG�DFWLYLW\�FRQFHQWUDWLRQ�LQ�DLU�RU�VRLO��IRU�H[WHUQDO�H[SRVXUH���$�ULVN�FRHIILFLHQW�PD\�EH

LQWHUSUHWHG�HLWKHU�DV�WKH�DYHUDJH�ULVN�SHU�XQLW�H[SRVXUH�IRU�SHUVRQV�H[SRVHG�WKURXJKRXW�OLIH�WR�D

FRQVWDQW�DFWLYLW\�FRQFHQWUDWLRQ�RI�D�UDGLRQXFOLGH�LQ�DQ�HQYLURQPHQWDO�PHGLXP��RU�DV�WKH�DYHUDJH�ULVN

SHU�XQLW�H[SRVXUH�IRU�SHUVRQV�H[SRVHG�IRU�D�EULHI�SHULRG�WR�WKH�UDGLRQXFOLGH�LQ�DQ�HQYLURQPHQWDO

PHGLXP��7KH�ULVN�FRHIILFLHQWV�JLYHQ�LQ�WKLV�GRFXPHQW�DSSO\�WR�SRSXODWLRQV�WKDW�DSSUR[LPDWH�WKH�DJH�

JHQGHU��DQG�PRUWDOLW\�H[SHULHQFH�FKDUDFWHUL]HG�E\�WKH���������8�6��GHFHQQLDO�OLIH�WDEOHV���7KHVH
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FRHIILFLHQWV�DUH�WDEXODWHG�XVLQJ�WKH�6,�XQLW�RI�DFWLYLW\��EHFTXHUHO���DV�DUH�WKH�GRVH�FRHIILFLHQWV�LQ

)HGHUDO�*XLGDQFH�5HSRUW�1R�����DQG�5HSRUW�1R�����

$Q�LQWHULP�YHUVLRQ�RI�WKLV�UHSRUW�ZDV�SXEOLVKHG�IRU�SXEOLF�FRPPHQW�LQ�-DQXDU\��������7KDW

YHUVLRQ� GHVFULEHG� WKH�PHWKRGRORJ\� XVHG� IRU� GHULYDWLRQ� RI� D� ULVN� FRHIILFLHQW� DQG� SURYLGHG� ULVN

FRHIILFLHQWV�IRU�H[SRVXUH� WR�DQ\�RI�DSSUR[LPDWHO\�����LPSRUWDQW� UDGLRQXFOLGHV� WKURXJK�YDULRXV

HQYLURQPHQWDO�PHGLD���7KLV�ILQDO�YHUVLRQ�LQFOXGHV�WKH�EDFNJURXQG�LQIRUPDWLRQ�JLYHQ�LQ�WKH�LQWHULP

YHUVLRQ��H[WHQGV�WKH�WDEXODWLRQ�RI�ULVN�FRHIILFLHQWV�WR�PRUH�WKDQ�����UDGLRQXFOLGHV��DQG�SURYLGHV

DGGLWLRQDO�GLVFXVVLRQ�RI� WKH� VRXUFHV� DQG�H[WHQW�RI�XQFHUWDLQW\� LQ� HVWLPDWHV�RI� FDQFHU� ULVN� IURP

H[SRVXUH�WR�UDGLRQXFOLGHV�

7KH�WDEXODWHG�ULVN�FRHIILFLHQWV�DUH�EDVHG�RQ�VWDWH�RI�WKH�DUW�PHWKRGV�DQG�PRGHOV�WKDW�WDNH�LQWR

DFFRXQW� DJH� DQG� JHQGHU� GHSHQGHQFH� RI� LQWDNH�� PHWDEROLVP�� GRVLPHWU\�� UDGLRJHQLF� ULVN�� DQG

FRPSHWLQJ�FDXVHV�RI�GHDWK�LQ�HVWLPDWLQJ�WKH�ULVNV�WR�KHDOWK�IURP�LQWHUQDO�RU�H[WHUQDO�H[SRVXUH�WR

UDGLRQXFOLGHV���$OWKRXJK�PDQ\�RI�WKH�ELRNLQHWLF�DQG�GRVLPHWULF�PRGHOV�XVHG�KHUH�DUH�XSGDWHV�RI

PRGHOV�XVHG�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R������WKH�SUHVHQW�UHSRUW�GRHV�QRW�UHSODFH�HLWKHU�WKDW

GRFXPHQW�RU�)HGHUDO�*XLGDQFH�5HSRUW�1R�����RU�DIIHFW�WKHLU�XVH�IRU�UDGLDWLRQ�SURWHFWLRQ�SXUSRVHV�

7KH�GRVH�FRHIILFLHQWV�JLYHQ�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����DQG�5HSRUW�1R�����FRQWLQXH�WR�EH

UHFRPPHQGHG� IRU� GHWHUPLQLQJ� FRQIRUPDQFH�ZLWK� WKH� UDGLDWLRQ� SURWHFWLRQ� JXLGDQFH� WR� )HGHUDO

DJHQFLHV�LVVXHG�E\�WKH�3UHVLGHQW�DQG�ZLOO�EH�XSGDWHG�LQ�WKH�IXWXUH�DV�ZDUUDQWHG���7KH�ULVN�FRHIILFLHQWV

WDEXODWHG�LQ�WKH�SUHVHQW�UHSRUW�KDYH�D�GLIIHUHQW�SXUSRVH�¥�WKH\�DUH�LQWHQGHG�IRU�XVH�LQ�DVVHVVLQJ�ULVNV

IURP�UDGLRQXFOLGH�H[SRVXUH��LQ�D�YDULHW\�RI�DSSOLFDWLRQV�UDQJLQJ�IURP�DQDO\VHV�RI�VSHFLILF�VLWHV�WR�WKH

JHQHUDO�DQDO\VHV�WKDW�VXSSRUW�UXOH�PDNLQJ���$OWKRXJK�WKH�DSSOLFDWLRQ�RI�WKHVH�ULVN�FRHIILFLHQWV�IRU

SXUSRVHV�VXFK�DV�FRVW�EHQHILW�DQDO\VLV��HQYLURQPHQWDO�LPSDFW�VWDWHPHQWV��(,6V���DQG�HQYLURQPHQWDO

DVVHVVPHQWV��($V��¥�HVSHFLDOO\�E\�)HGHUDO�DJHQFLHV�¥��LV�HQFRXUDJHG�WR�SURPRWH�FRQVLVWHQF\�LQ

ULVN�DVVHVVPHQW��VXFK�XVH�LV�GLVFUHWLRQDU\�

7KH�WDEXODWHG�ULVN�FRHIILFLHQWV�DUH�LQWHQGHG�PDLQO\�IRU�SURVSHFWLYH�DVVHVVPHQWV�RI�SRWHQWLDO

FDQFHU� ULVNV� IURP� ORQJ�WHUP� H[SRVXUH� WR� UDGLRQXFOLGHV� LQ� HQYLURQPHQWDO� PHGLD�� � :KLOH� LW� LV

UHFRJQL]HG� WKDW� WKH� WDEXODWLRQV�DUH�DOVR� OLNHO\� WR�EH�XVHG� LQ� UHWURVSHFWLYH�DQDO\VHV�RI� UDGLDWLRQ

H[SRVXUHV�RI�SRSXODWLRQV��LW�LV�HPSKDVL]HG�WKDW�VXFK�DQDO\VHV�VKRXOG�EH�OLPLWHG�WR�HVWLPDWLRQ�RI�WRWDO

RU�DYHUDJH� ULVNV� LQ� ODUJH�SRSXODWLRQV�� �7KH� ULVN�FRHIILFLHQWV�DUH�QRW� LQWHQGHG� IRU�DSSOLFDWLRQ� WR

VSHFLILF�LQGLYLGXDOV��DJHV��RU�JHQGHUV�DQG�VKRXOG�QRW�EH�XVHG�IRU�WKDW�SXUSRVH���$OVR��WKH�FRHIILFLHQWV

DUH�EDVHG�RQ�UDGLDWLRQ�ULVN�PRGHOV�GHYHORSHG�IRU�DSSOLFDWLRQ�HLWKHU�WR�ORZ�DFXWH�GRVHV�RU�ORZ�GRVH

UDWHV�DQG�VKRXOG�QRW�EH�DSSOLHG�WR�DFFLGHQW�FDVHV�LQYROYLQJ�KLJK�GRVHV�DQG�GRVH�UDWHV��HLWKHU�LQ

SURVSHFWLYH�RU�UHWURVSHFWLYH�DQDO\VHV�
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6RPH� ULVN� DVVHVVPHQW� SURFHGXUHV� DUH� HVWDEOLVKHG� DV� D�PDWWHU� RI� SROLF\�� DQG� DGGLWLRQDO

JXLGDQFH�PD\�EH�QHHGHG�EHIRUH�XVLQJ�WKHVH�ULVN�FRHIILFLHQWV�LQ�VXFK�SROLF\�PDWWHUV���)RU�H[DPSOH�

(3$�UHFRPPHQGV�WKDW�UDGLDWLRQ�ULVN�DVVHVVPHQWV�IRU�VLWHV�RQ�WKH�1DWLRQDO�3ULRULWLHV�/LVW�XQGHU�WKH

&RPSUHKHQVLYH�(QYLURQPHQWDO�5HVSRQVH��&RPSHQVDWLRQ��DQG�/LDELOLW\�$FW�EH�SHUIRUPHG�XVLQJ�WKH

+HDOWK�(IIHFWV�$VVHVVPHQW�6XPPDU\�7DEOHV��+($67���ZKLFK�DUH�SHULRGLFDOO\�XSGDWHG�WR�UHIOHFW�QHZ

LQIRUPDWLRQ��VXFK�DV�WKDW�FRQWDLQHG�LQ�WKLV�UHSRUW�

,Q�XVLQJ�)HGHUDO�*XLGDQFH�5HSRUW�1R������WKH�FDQFHU�ULVN�DVVRFLDWHG�ZLWK�D�UDGLRQXFOLGH

LQWDNH�RU�H[WHUQDO�H[SRVXUH�LV�FDOFXODWHG�DV�WKH�SURGXFW�RI�WKH�DSSURSULDWH�FDQFHU�ULVN�FRHIILFLHQW�DQG

WKH�FRUUHVSRQGLQJ�UDGLRQXFOLGH�LQWDNH�RU�H[SRVXUH���7KLV�FDOFXODWLRQ�SUHVXPHV�WKDW�ULVN�LV�GLUHFWO\

SURSRUWLRQDO�WR�LQWDNH�RU�H[SRVXUH��L�H��� LW�IROORZV�D�OLQHDU��QR�WKUHVKROG��/17��PRGHO�� �&XUUHQW

VFLHQWLILF�HYLGHQFH�GRHV�QRW�UXOH�RXW�WKH�SRVVLELOLW\�WKDW�WKH�FDOFXODWHG�ULVN�DW�HQYLURQPHQWDO�H[SRVXUH

OHYHOV�PD\�EH�RYHUHVWLPDWHV�RU�XQGHUHVWLPDWHV���+RZHYHU��VHYHUDO�UHFHQW�H[SHUW�SDQHOV��816&($5�

������ ������ 153%�� ������ 1&53�� ������ KDYH� FRQFOXGHG� WKDW� WKH� /17� PRGHO� LV� VXIILFLHQWO\

FRQVLVWHQW�ZLWK�FXUUHQW�LQIRUPDWLRQ�RQ�FDUFLQRJHQLF�HIIHFWV�RI�UDGLDWLRQ�WKDW�LWV�XVH�LV�VFLHQWLILFDOO\

MXVWLILDEOH�IRU�SXUSRVHV�RI�HVWLPDWLQJ�ULVNV�IURP�ORZ�GRVHV�RI�UDGLDWLRQ���$V�D�SUDFWLFDO�PDWWHU��WKH

/17� DSSURDFK� LV� XQLYHUVDOO\� XVHG� IRU� DVVHVVLQJ� WKH� ULVN� IURP� HQYLURQPHQWDO� H[SRVXUH� WR

UDGLRQXFOLGHV�DV�ZHOO�DV�RWKHU�FDUFLQRJHQV���:LWKLQ�WKH�/17�FRQWH[W��VRXUFHV�RI�XQFHUWDLQW\�LQ�WKH

UDGLRQXFOLGH�FDQFHU�ULVN�FRHIILFLHQWV�DUH�GLVFXVVHG�LQ�WKH�UHSRUW��DQG�MXGJPHQWV�RI�XQFHUWDLQW\�LQ�WKH

ULVN�FRHIILFLHQWV�DUH�JLYHQ�LQ�&KDSWHU���IRU�D�QXPEHU�RI�UDGLRQXFOLGHV���$V�QHZ�VFLHQWLILF�HYLGHQFH

EHFRPHV�DYDLODEOH��ZH�VKDOO�FRQVLGHU�LWV�HIIHFW�RQ�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�DQG�VKDOO

XSGDWH�WKH�UHSRUW�DV�QHHGHG�

7KH�ULVN�FRHIILFLHQWV�ZHUH�FDOFXODWHG�XVLQJ�WKH�'&$/��'RVH�DQG�5LVN�&DOFXODWLRQ��VRIWZDUH�

GHYHORSHG�DW�2DN�5LGJH�1DWLRQDO�/DERUDWRU\�IRU�WKH�(3$���'&$/�LV�D�FRPSUHKHQVLYH�V\VWHP�IRU

FDOFXODWLQJ�GRVH�DQG�ULVN�FRHIILFLHQWV�XVLQJ�DJH�GHSHQGHQW�PRGHOV���$�PDQXDO�GHVFULELQJ�WKH�'&$/

VRIWZDUH�DQG�WKH�TXDOLW\�DVVXUDQFH�SURFHGXUHV�IRU�WKLV�VRIWZDUH�ZLOO�EH�SXEOLVKHG�VHSDUDWHO\�

7KLV�UHSRUW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�WKH�FRQWULEXWLRQV�RI�WKH�PDQ\�LQYHVWLJDWRUV

ZKR�SURGXFHG�WKH�EXLOGLQJ�EORFNV�WKDW�SURYLGHG�WKH�EDVLV�IRU�WKH�UHVXOWV�SUHVHQWHG�KHUH���7KHVH

LQFOXGH���-HURPH�6��3XVNLQ�DQG�&KULVWRSKHU�%��1HOVRQ��ZKR�DVVHPEOHG�WKH�PRGHOV�IRU�DJH�GHSHQGHQW�

RUJDQ�VSHFLILF�FDQFHU�ULVNV��5LFKDUG�:��/HJJHWW�DQG�.HLWK�)��(FNHUPDQ��ZKR�GHYHORSHG�PDQ\�RI�WKH

DJH�VSHFLILF� ELRNLQHWLF� DQG� GRVLPHWULF� PRGHOV� SXEOLVKHG� E\� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ

5DGLRORJLFDO�3URWHFWLRQ�DQG�ZKR�SURYLGHG� WKH�EDVLV� IRU�FDOFXODWLRQ�RI�GRVHV� IURP� LQWHUQDO�DQG

H[WHUQDO�H[SRVXUH��DQG�5REHUW�$UPVWURQJ��ZKR�VXSSOLHG�SUH�SXEOLFDWLRQ�YDOXHV�IRU�WKH���������8�6�

GHFHQQLDO�OLIH�WDEOHV���7KH�PDMRU�HIIRUW�UHTXLUHG�WR�SUHSDUH�WKH�UHSRUW�LWVHOI�ZDV�FDUULHG�RXW�E\�.HLWK

)�� (FNHUPDQ�� 5LFKDUG�:�� /HJJHWW�� &KULVWRSKHU� %�� 1HOVRQ�� -HURPH� 6�� 3XVNLQ�� DQG�$OODQ� &�%�
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5LFKDUGVRQ���3UHSDUDWLRQ�RI�WKH�UHSRUW�ZDV�IXQGHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��WKH

8�6��'HSDUWPHQW�RI�(QHUJ\��'2(���DQG�WKH�8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��15&��

7HFKQLFDO�UHYLHZV�IRU�WKH�GUDIW�LQWHULP�YHUVLRQ�RI�WKH�UHSRUW�ZHUH�FRQWULEXWHG�E\�:LOOLDP�-�

%DLU��%HUQG�.DKQ��&KDUOHV�(��/DQG��-RKQ�5��0DXUR��DQG�$ODQ�3KLSSV����5HYLHZ�FRPPHQWV�RQ�WKH

LQWHULP�YHUVLRQ��(3$��������ZHUH�SURYLGHG�E\�)HGHUDO�DJHQFLHV��LQFOXGLQJ�15&�DQG�'2(���6WDWH

DJHQFLHV��DQG�PHPEHUV�RI�WKH�SXEOLF���7KH�(3$�6FLHQFH�$GYLVRU\�%RDUG��6$%��IRUPDOO\�UHYLHZHG

DQG�FRPPHQWHG�RQ�WKH�LQWHULP�UHSRUW���7KLV�ILQDO�YHUVLRQ�RI�)HGHUDO�*XLGDQFH�5HSRUW�1R�����UHIOHFWV

FRQVLGHUDWLRQ�RI�DOO�WKHVH�FRPPHQWV�

:H�JUDWHIXOO\�DFNQRZOHGJH�WKH�ZRUN�RI�WKH�DXWKRUV��WKH�DJHQFLHV�WKDW�FRQWULEXWHG�IXQGLQJ

IRU�WKLV�ZRUN��DQG�WKH�KHOSIXO�FRPPHQWV�RI�WKH�WHFKQLFDO�UHYLHZHUV��WKH�6FLHQFH�$GYLVRU\�%RDUG��DQG

WKH�SXEOLF���:H�ZRXOG�DSSUHFLDWH�QRWLFH�RI�DQ\�HUURUV�RU�VXJJHVWLRQV�IRU�LPSURYHPHQWV�VR�WKDW�WKH\

PD\�EH�WDNHQ�LQWR�DFFRXQW�LQ�IXWXUH�HGLWLRQV���<RX�PD\�DGGUHVV�FRPPHQWV�WR�0LFKDHO�$��%R\G�

5DGLDWLRQ�3URWHFWLRQ�'LYLVLRQ������-���8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&
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&�� 5HWHQWLRQ�RI� 7K�RQ�WUDEHFXODU�VXUIDFHV�IRU�WKUHH�DJHV�DW�LQMHFWLRQ��DV�SUHGLFWHG�E\�
���

WKH�XSGDWHG�PRGHO�IRU�WKRULXP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &��

&�� %LRNLQHWLF�PRGHO�IRU�WKRULXP�JLYHQ�LQ�,&53�3XEOLFDWLRQ��� � � � � � � � � � � � � � � � � � � � &���

&�� &RPSDULVRQ�RI�SUHGLFWLRQV�RI�,&53©V�XSGDWHG�DQG�SUHYLRXV�V\VWHPLF�ELRNLQHWLF

PRGHOV�IRU�WKRULXP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���

&�� $JH�VSHFLILF�6(�YDOXHV��KLJK�/(7��IRU� 7K � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���
���

&�� (VWLPDWHG�ZHLJKW�RI�UHG�PDUURZ�DV�D�IXQFWLRQ�RI�DJH � � � � � � � � � � � � � � � � � � � � � � � � � &���

&�� &RQWULEXWLRQV�RI� 7K�LQ�7UDEHFXODU�%RQH�6XUIDFH��7UDEHFXODU�%RQH�9ROXPH��DQG
���

5HG�0DUURZ�WR�WKH�KLJK�/(7�GRVH�UDWH�WR�5HG�0DUURZ�LQ�WKH�DGXOW � � � � � � � � &���

&�� (VWLPDWHG�GRVH�UDWHV�WR�5HG�0DUURZ�IROORZLQJ�DFXWH�LQJHVWLRQ�RI� 7K��IRU�WKUHH���

DJHV�DW�LQJHVWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���

&��� (VWLPDWHG�GRVH�UDWHV�WR�5HG�0DUURZ�IROORZLQJ�DFXWH�LQKDODWLRQ�RI�PRGHUDWHO\

VROXEOH� 7K��IRU�WKUHH�DJHV�DW�LQKDODWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���
���

&��� 5HODWLYH�ULVN�IXQFWLRQV����X��[���IRU�OHXNHPLD�LQ�PDOHV�IRU�WKUHH�DJHV�DW�LUUDGLDWLRQ � � &���

&��� $JH��DQG�JHQGHU�VSHFLILF�PRUWDOLW\�UDWHV�IRU�OHXNHPLD��EDVHG�RQ�8�6��GDWD�IRU

������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���

&��� *HQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQV�EDVHG�RQ�8�6��OLIH�WDEOHV�IRU�������� � � � � � � � � � &���

&��� *HQGHU�VSHFLILF�OLIHWLPH�ULVN�FRHIILFLHQW��/5&��IXQFWLRQV�IRU�UDGLRJHQLF�OHXNHPLD � � &���

&��� 'HULYHG�JHQGHU�VSHFLILF�ULVN�U ��[ ��RI�G\LQJ�IURP�OHXNHPLD�GXH�WR�LQJHVWLRQ�RI���%TD L

RI� 7K�LQ�IRRG�DW�DJH�[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���
���

L
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)LJXUH �������3DJH

&��� 'HULYHG�JHQGHU�VSHFLILF�ULVN�U ��[ ��RI�G\LQJ�IURP�OHXNHPLD�GXH�WR�LQKDODWLRQ�RID L

��%T�RI� 7K��7\SH�0��DW�DJH�[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &������
L

&��� *HQGHU�ZHLJKWHG�DYHUDJH�OLIHWLPH�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI� 7K�LQ�IRRG����

XVLQJ�XSGDWHG�DQG�SUHYLRXV�ELRNLQHWLF�PRGHOV�IRU�WKRULXP � � � � � � � � � � � � � � � &���

&��� *HQGHU�ZHLJKWHG�DYHUDJH�OLIHWLPH�ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�PRGHUDWHO\

VROXEOH� 7K��XVLQJ�XSGDWHG�DQG�SUHYLRXV�ELRNLQHWLF�PRGHOV�IRU�WKRULXP � � � &���
���

'�� 5HSRUWHG�KDOI�WLPHV�IRU�WKH�VKRUW�WHUP�UHWHQWLRQ�FRPSRQHQW�IRU�WULWLXP�WDNHQ�LQ�

PDLQO\�DV�+72�E\�DGXOW�KXPDQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '���

'�� 5HSRUWHG�ELRORJLFDO�KDOI�WLPHV�IRU�FHVLXP�LQ�DGXOW�PDOH�KXPDQV � � � � � � � � � � � � � � � '���

'�� (VWLPDWHG�HIIHFWV�RI�DJH�RQ�HIIHFWLYH�GRVH�IRU�SKRWRQV�XQLIRUPO\�GLVWULEXWHG�LQ

DQJOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '���

'�� 8QFHUWDLQW\�GLVWULEXWLRQV�DVVLJQHG�WR�WKH�''5()�LQ�UHFHQW�UHSRUWV � � � � � � � � � � � � � '���

'�� &RPSDULVRQ�RI�SUHGLFWLRQV�RI�FDQFHU�PRUWDOLW\�EDVHG�RQ�VLPSOLVWLF�HVWLPDWH�ZLWK

ULVN�FRHIILFLHQWV�IRU�LQWDNH�RI�UDGLRQXFOLGHV�LQ�WDS�ZDWHU � � � � � � � � � � � � � � � � '���

(�� &RPSDULVRQ�RI�JHQGHU�VSHFLILF�DJH�GLVWULEXWLRQV�LQ������8�6��SRSXODWLRQ�ZLWK

K\SRWKHWLFDO�VWDWLRQDU\�GLVWULEXWLRQV�EDVHG�RQ���������8�6��OLIH�WDEOH � � � � � � � (��
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6LQFH� WKH� PLG�����V�� D� VHULHV� RI� )HGHUDO� JXLGDQFH� GRFXPHQWV� KDV� EHHQ� LVVXHG� E\� WKH

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��IRU�WKH�SXUSRVH�RI�SURYLGLQJ�)HGHUDO�DQG�6WDWH�DJHQFLHV

ZLWK�WHFKQLFDO�LQIRUPDWLRQ�WR�DVVLVW�WKHLU�LPSOHPHQWDWLRQ�RI�UDGLDWLRQ�SURWHFWLRQ�SURJUDPV���3UHYLRXV

UHSRUWV�KDYH�GHDOW�ZLWK�QXPHULFDO�IDFWRUV��FDOOHG�¦GRVH�IDFWRUV§�RU�¦GRVH�FRHIILFLHQWV§��IRU�HVWLPDWLQJ

UDGLDWLRQ�GRVH�GXH�WR�H[SRVXUH�WR�UDGLRQXFOLGHV���7KH�SUHVHQW�UHSRUW�LV�LQWHQGHG�DV�WKH�ILUVW�RI�D�VHULHV

RI�GRFXPHQWV�WKDW�ZLOO�SURYLGH�QXPHULFDO�IDFWRUV��FDOOHG�¦ULVN�FRHIILFLHQWV§��IRU�HVWLPDWLQJ�ULVNV�WR

KHDOWK�IURP�H[SRVXUH�WR�UDGLRQXFOLGHV���7KHVH�UHSRUWV�ZLOO�DSSO\�VWDWH�RI�WKH�DUW�PHWKRGV�DQG�PRGHOV

WKDW�WDNH�LQWR�DFFRXQW�DJH�DQG�JHQGHU�GHSHQGHQFH�RI�LQWDNH��PHWDEROLVP��GRVLPHWU\��UDGLRJHQLF�ULVN�

DQG�FRPSHWLQJ�FDXVHV�RI�GHDWK�LQ�HVWLPDWLQJ�WKH�ULVNV�WR�KHDOWK�IURP�LQWHUQDO�RU�H[WHUQDO�H[SRVXUH

WR�UDGLRQXFOLGHV���7KH�SUHVHQW�UHSRUW�SURYLGHV�WDEXODWLRQV�RI�FDQFHU�ULVN�FRHIILFLHQWV�IRU�LQWHUQDO�RU

H[WHUQDO�H[SRVXUH�WR�DQ\�RI�PRUH�WKDQ�����UDGLRQXFOLGHV�WKURXJK�YDULRXV�HQYLURQPHQWDO�PHGLD�

6XEVHTXHQW�UHSRUWV�PD\�H[SDQG�WKH�H[SRVXUH�SDWKZD\V�DQG�KHDOWK�HQGSRLQWV�FRQVLGHUHG�

7KH�ULVN�FRHIILFLHQWV�GHYHORSHG�LQ�WKLV�UHSRUW�DSSO\�WR�DQ�DYHUDJH�PHPEHU�RI�WKH�SXEOLF��LQ

WKH�VHQVH�WKDW�HVWLPDWHV�RI�ULVN�DUH�DYHUDJHG�RYHU�WKH�DJH�DQG�JHQGHU�GLVWULEXWLRQV�RI�D�K\SRWKHWLFDO

FORVHG�¦VWDWLRQDU\§�SRSXODWLRQ�ZKRVH�VXUYLYDO�IXQFWLRQV�DQG�FDQFHU�PRUWDOLW\�UDWHV�DUH�EDVHG�RQ

UHFHQW�GDWD�IRU�WKH�8�6���6SHFLILFDOO\��WKH�WRWDO�PRUWDOLW\�UDWHV�LQ�WKLV�SRSXODWLRQ�DUH�GHILQHG�E\�WKH

��������8�6��GHFHQQLDO�OLIH�WDEOH��1&+6���������DQG�FDQFHU�PRUWDOLW\�UDWHV�DUH�GHILQHG�E\�8�6�

FDQFHU� PRUWDOLW\� GDWD� IRU� WKH� VDPH� SHULRG� �1&+6�� ������ ����D�� ����E��� � 7KLV� K\SRWKHWLFDO

SRSXODWLRQ�LV�UHIHUUHG�WR�DV�¦VWDWLRQDU\§�EHFDXVH�WKH�JHQGHU�VSHFLILF�ELUWK�UDWHV�DQG�VXUYLYDO�IXQFWLRQV

DUH�DVVXPHG�WR�UHPDLQ�LQYDULDQW�RYHU�WLPH�

)RU� D� JLYHQ� UDGLRQXFOLGH� DQG� H[SRVXUH�PRGH�� ERWK� D� ¦PRUWDOLW\� ULVN� FRHIILFLHQW§� DQG� D

¦PRUELGLW\�ULVN�FRHIILFLHQW§�DUH�SURYLGHG���$�PRUWDOLW\�ULVN�FRHIILFLHQW�LV�DQ�HVWLPDWH�RI�WKH�ULVN�WR

DQ� DYHUDJH� PHPEHU� RI� WKH� 8�6�� SRSXODWLRQ�� SHU� XQLW� DFWLYLW\� LQKDOHG� RU� LQJHVWHG� IRU� LQWHUQDO

H[SRVXUHV�RU�SHU�XQLW�WLPH�LQWHJUDWHG�DFWLYLW\�FRQFHQWUDWLRQ�LQ�DLU�RU�VRLO�IRU�H[WHUQDO�H[SRVXUHV��RI

G\LQJ� IURP�FDQFHU� DV� D� UHVXOW�RI� LQWDNH�RI� WKH� UDGLRQXFOLGH�RU� H[WHUQDO� H[SRVXUH� WR� LWV� HPLWWHG

UDGLDWLRQV�� �$�PRUELGLW\� ULVN� FRHIILFLHQW� LV� D� FRPSDUDEOH� HVWLPDWH� RI� WKH� DYHUDJH� WRWDO� ULVN� RI

H[SHULHQFLQJ�D�UDGLRJHQLF�FDQFHU��ZKHWKHU�RU�QRW�WKH�FDQFHU�LV�IDWDO��7KH�WHUP�¦ULVN�FRHIILFLHQW§�ZLWK

QR�PRGLILHU�VKRXOG�EH�LQWHUSUHWHG�WKURXJKRXW�WKLV�UHSRUW�DV�¦PRUWDOLW\�RU�PRUELGLW\�ULVN�FRHIILFLHQW§�

,W�LV�D�FRPPRQ�SUDFWLFH�WR�HVWLPDWH�WKH�FDQFHU�ULVN�IURP�LQWDNH�RI�D�UDGLRQXFOLGH�RU�H[WHUQDO

H[SRVXUH� WR� LWV� HPLWWHG� UDGLDWLRQV� DV� WKH� VLPSOH� SURGXFW� RI� D� ¦SUREDELOLW\� FRHIILFLHQW§� DQG� DQ

HVWLPDWHG�¦HIIHFWLYH�GRVH§�WR�D�W\SLFDO�DGXOW��VHH�WKH�*ORVVDU\�IRU�GHILQLWLRQV��� �)RU�H[DPSOH��D



�

¦QRPLQDO�FDQFHU�IDWDOLW\�SUREDELOLW\�FRHIILFLHQW§�RI������6Y �LV�JLYHQ�LQ�,&53�3XEOLFDWLRQ����������
��

IRU�DOO�FDQFHU�W\SHV�FRPELQHG����7KLV�YDOXH�LV�UHIHUUHG�WR�DV�QRPLQDO�EHFDXVH�RI�WKH�XQFHUWDLQWLHV

LQKHUHQW�LQ�UDGLDWLRQ�ULVN�HVWLPDWHV�DQG�EHFDXVH�LW�LV�EDVHG�RQ�DQ�LGHDOL]HG�SRSXODWLRQ�UHFHLYLQJ�D

XQLIRUP�GRVH�RYHU�WKH�ZKROH�ERG\���,W�LV�SRLQWHG�RXW�E\�WKH�,&53��������WKDW�VXFK�D�SUREDELOLW\

FRHIILFLHQW� PD\� EH� D� OHVV� DFFXUDWH� HVWLPDWRU� LQ� VLWXDWLRQV� ZKHUH� WKH� GLVWULEXWLRQ� RI� GRVH� LV

QRQXQLIRUP���7KHUH�DUH�DOVR�RWKHU�VLWXDWLRQV�LQ�ZKLFK�WKH�SURGXFW�RI�D�SUREDELOLW\�FRHIILFLHQW�DQG�WKH

HIIHFWLYH�GRVH�PD\�QRW�DFFXUDWHO\�UHSUHVHQW�WKH�ULVN�LPSOLHG�E\�FXUUHQW�ELRNLQHWLF��GRVLPHWULF��DQG

UDGLDWLRQ�ULVN�PRGHOV���)RU�H[DPSOH��VXFK�D�SURGXFW�PD\�XQGHUVWDWH�WKH�LPSOLHG�ULVN�IRU�LQWDNHV�RI

UDGLRQXFOLGHV�IRU�ZKLFK�WKHUH�LV�DQ�DSSDUHQWO\�PXOWLSOLFDWLYH�HIIHFW�GXULQJ�FKLOGKRRG�RI�HOHYDWHG

RUJDQ�GRVHV�DQG�HOHYDWHG�ULVN�SHU�XQLW�GRVH���6XFK�D�SURGXFW�PD\�RYHUVWDWH�WKH�ULVN�LPSOLHG�E\�FXUUHQW

PRGHOV�LQ�WKH�FDVH�RI�LQWDNH�RI�D�ORQJ�OLYHG��WHQDFLRXVO\�UHWDLQHG�UDGLRQXFOLGH�EHFDXVH�PXFK�RI�WKH

GRVH�PD\�EH�UHFHLYHG�GXULQJ�ODWH�DGXOWKRRG�ZKHQ�WKHUH�LV�D�UHODWLYHO\�KLJK�OLNHOLKRRG�RI�G\LQJ�IURP

D�FRPSHWLQJ�FDXVH�EHIRUH�D�UDGLRJHQLF�FDQFHU�FDQ�EH�H[SUHVVHG���)LQDOO\��WKH�ZHLJKWLQJ�IDFWRUV

FRPPRQO\�XVHG�WR�FDOFXODWH�HIIHFWLYH�GRVH�GR�QRW�UHIOHFW�WKH�PRVW�XS�WR�GDWH�NQRZOHGJH�RI�WKH

GLVWULEXWLRQ�RI�ULVN�DPRQJ�WKH�RUJDQV�DQG�WLVVXHV�RI�WKH�ERG\�

,Q�FRQWUDVW�WR�ULVN�HVWLPDWHV�EDVHG�RQ�WKH�SURGXFW�RI�D�SUREDELOLW\�FRHIILFLHQW�DQG�HIIHFWLYH

GRVH��IRU�LQWDNH�E\�WKH�DGXOW���WKH�ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�WKLV�GRFXPHQW�WDNH�LQWR�DFFRXQW�WKH

DJH� GHSHQGHQFH� RI� WKH� ELRORJLFDO� EHKDYLRU� DQG� LQWHUQDO� GRVLPHWU\� RI� LQJHVWHG� RU� LQKDOHG

UDGLRQXFOLGHV���$OVR��FRPSDUHG�ZLWK�ULVN�HVWLPDWHV�EDVHG�RQ�HIIHFWLYH�GRVH��WKH�ULVN�FRHIILFLHQWV�LQ

WKLV� GRFXPHQW� FKDUDFWHUL]H� PRUH� SUHFLVHO\� WKH� LPSOLFDWLRQV� RI� DJH� DQG� JHQGHU� GHSHQGHQFH� LQ

UDGLRJHQLF�ULVN�PRGHOV��8�6��FDQFHU�PRUWDOLW\�UDWHV��DQG�FRPSHWLQJ�ULVNV�IURP�QRQ�UDGLRJHQLF�FDXVHV

RI�GHDWK�LQ�WKH�8�6���)LQDOO\��WKHVH�ULVN�FRHIILFLHQWV�WDNH�LQWR�DFFRXQW�WKH�DJH�DQG�JHQGHU�GHSHQGHQFH

LQ� WKH� XVDJH� RI� FRQWDPLQDWHG� HQYLURQPHQWDO�PHGLD�� ZKLFK� LV� JHQHUDOO\� QRW� FRQVLGHUHG� LQ� ULVN

HVWLPDWHV�EDVHG�RQ�WKH�VLPSOH�SURGXFW�RI�D�QRPLQDO�SUREDELOLW\�FRHIILFLHQW�DQG�DQ�HVWLPDWHG�HIIHFWLYH

GRVH�

5DGLRQXFOLGHV�DQG�H[SRVXUH�VFHQDULRV�DGGUHVVHG�

5LVN�FRHIILFLHQWV�DUH�SURYLGHG�IRU�WKH�IROORZLQJ�PRGHV�RI�H[SRVXUH�WR�D�JLYHQ�UDGLRQXFOLGH�

LQKDODWLRQ�RI�DLU��LQJHVWLRQ�RI�IRRG��LQJHVWLRQ�RI�WDS�ZDWHU��H[WHUQDO�H[SRVXUH�IURP�VXEPHUVLRQ�LQ�DLU�

H[WHUQDO�H[SRVXUH�IURP�WKH�JURXQG�VXUIDFH��DQG�H[WHUQDO�H[SRVXUH�IURP�VRLO�FRQWDPLQDWHG�WR�DQ

LQILQLWH�GHSWK�

�:LWK�D�IHZ�H[FHSWLRQV�GHVFULEHG�LQ�&KDSWHU����WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH�H[WHUQDO

H[SRVXUH�VFHQDULRV�DUH�WKH�VDPH�DV�WKRVH�FRQVLGHUHG�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$�
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�������ZKLFK�WDEXODWHV�GRVH�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�WR�UDGLRQXFOLGHV�LQ�DLU��ZDWHU��DQG�VRLO�

(DFK�RI�WKH�UDGLRQXFOLGHV�FRQVLGHUHG�LQ�WKH�H[WHUQDO�H[SRVXUH�VFHQDULRV�HLWKHU�KDV�D�KDOI�OLIH�RI�DW

OHDVW����PLQ�RU�RFFXUV�LQ�WKH�GHFD\�FKDLQ�RI�VXFK�D�UDGLRQXFOLGH�

:LWK�D�IHZ�H[FHSWLRQV�GHVFULEHG�LQ�&KDSWHU����WKH�UDGLRQXFOLGHV�FRQVLGHUHG�LQ�WKH�LQWHUQDO

H[SRVXUH�VFHQDULRV�DUH� WKH�VDPH�DV� WKRVH�DGGUHVVHG� LQ�,&53�3XEOLFDWLRQ������������ZKLFK� LV�D

FRPSLODWLRQ�RI�WKH�,&53©V�DJH�GHSHQGHQW�GRVH�FRHIILFLHQWV�IRU�PHPEHUV�RI�WKH�SXEOLF�IURP�LQWDNH

RI�UDGLRQXFOLGHV���7KHVH�UDGLRQXFOLGHV�LQFOXGH�PRVW�EXW�QRW�DOO�RI�WKRVH�FRQVLGHUHG�LQ�WKH�H[WHUQDO

H[SRVXUH�VFHQDULRV���6SHFLILFDOO\��WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH�H[WHUQDO�H[SRVXUH�VFHQDULRV�EXW

QRW�LQ�WKH�LQWDNH�VFHQDULRV�DUH�WKRVH�ZLWK�KDOI�OLYHV�OHVV�WKDQ����PLQ�DQG�UDGLRLVRWRSHV�RI�UDGRQ�RU

RWKHU�QREOH�JDVHV���1HZ�PRGHOV�DQG�PHWKRGV�IRU�DVVHVVLQJ�WKH�ULVN�RI�H[SRVXUH�WR�UDGRQ�DQG�LWV

VKRUW�OLYHG�SURJHQ\�DUH�XQGHU�GHYHORSPHQW�

)RU�HDFK�RI�WKH�LQWHUQDO�H[SRVXUH�PRGHV��WKH�ULVN�FRHIILFLHQW�IRU�D�UDGLRQXFOLGH�LQFOXGHV�WKH

FRQWULEXWLRQ�WR�GRVH�IURP�SURGXFWLRQ�RI�GHFD\�FKDLQ�PHPEHUV�LQ�WKH�ERG\�DIWHU�LQWDNH�RI�WKH�SDUHQW

UDGLRQXFOLGH��UHJDUGOHVV�RI�WKH�KDOI�OLYHV�RI�WKH�GHFD\�FKDLQ�PHPEHUV���)RU�ERWK�LQWHUQDO�DQG�H[WHUQDO

H[SRVXUH��D�ULVN�FRHIILFLHQW�IRU�D�JLYHQ�UDGLRQXFOLGH�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKLV�LV�WKH�RQO\

UDGLRQXFOLGH�SUHVHQW�LQ�WKH�HQYLURQPHQWDO�PHGLXP���7KDW�LV��GRVHV�GXH�WR�GHFD\�FKDLQ�PHPEHUV

SURGXFHG�LQ�WKH�HQYLURQPHQW�SULRU�WR�LQWDNH�RI��RU�H[WHUQDO�H[SRVXUH�WR��WKH�UDGLRQXFOLGH�DUH�QRW

FRQVLGHUHG�� �+RZHYHU�� D� VHSDUDWH� ULVN�FRHIILFLHQW� LV�SURYLGHG� IRU� HDFK�GHFD\�FKDLQ�PHPEHU�RI

SRWHQWLDO� GRVLPHWULF� VLJQLILFDQFH�� � 7KLV� DOORZV� WKH� XVHU� WR� DVVHVV� WKH� ULVNV� IURP� LQJURZWK� RI

UDGLRQXFOLGHV�LQ�WKH�HQYLURQPHQW�

7KH�ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�WKLV�UHSRUW�DUH�DSSOLFDEOH�WR�HLWKHU�FKURQLF�RU�DFXWH�H[SRVXUH

WR�D�UDGLRQXFOLGH���7KDW�LV��D�ULVN�FRHIILFLHQW�PD\�EH�LQWHUSUHWHG�HLWKHU�DV�WKH�DYHUDJH�ULVN�SHU�XQLW

H[SRVXUH� WR�PHPEHUV�RI�D�SRSXODWLRQ�H[SRVHG� WKURXJKRXW� OLIH� WR�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�D

UDGLRQXFOLGH�LQ�DQ�HQYLURQPHQWDO�PHGLXP��RU�DV�WKH�DYHUDJH�ULVN�SHU�XQLW�H[SRVXUH�WR�PHPEHUV�RI

D�SRSXODWLRQ�DFXWHO\�H[SRVHG�WR�WKH�UDGLRQXFOLGH�LQ�WKH�HQYLURQPHQWDO�PHGLXP���)RU�SXUSRVHV�RI

FRPSXWLQJ�WKH�ULVN�FRHIILFLHQWV��LW�ZDV�DVVXPHG�WKDW�WKH�FRQFHQWUDWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�WKH

HQYLURQPHQWDO�PHGLXP�UHPDLQV�FRQVWDQW�DQG�WKDW�DOO�SHUVRQV�LQ�WKH�SRSXODWLRQ�DUH�H[SRVHG�WR�WKDW

HQYLURQPHQWDO�PHGLXP�WKURXJKRXW�WKHLU�OLIHWLPHV�

$SSOLFDELOLW\�WR�WKH�FXUUHQW�8�6��SRSXODWLRQ

7KH�ULVN�FRHIILFLHQWV�DUH�EDVHG�RQ�H[SRVXUH�RI�D�K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ�ZLWK

VXUYLYDO�IXQFWLRQV�DQG�FDQFHU�PRUWDOLW\�UDWHV�VLPLODU�WR�WKRVH�RI�WKH�FXUUHQW�8�6��SRSXODWLRQ��EXW�ZLWK

VWHDG\�VWDWH�JHQGHU�DQG�DJH�GLVWULEXWLRQV�EDVHG�RQ�WKHVH�VXUYLYDO�IXQFWLRQV�DQG�IL[HG�JHQGHU�VSHFLILF



&DQFHU ULVN FRHIILFLHQWV

IURP HSLGHPLRORJLF VWXGLHV�

H�J�� $�ERPE VXUYLYRUV

$JH�VSHFLILF ELRNLQHWLF

DQG GRVLPHWULF PHWKRGV

�� /LIHWLPH ULVN SHU XQLW

DEVRUEHG GRVH DW HDFK DJH

�� $EVRUEHG GRVH UDWH DV D

IXQFWLRQ RI WLPH IROORZLQJ D

XQLW DFWLYLW\ LQWDNH DW HDFK DJH

�� /LIHWLPH ULVN SHU XQLW

DFWLYLW\ LQWDNH DW HDFK DJH

�� /LIHWLPH FDQFHU ULVN IRU D

FRQVWDQW DFWLYLW\ FRQFHQWUDWLRQ

LQ HQYLURQPHQWDO PHGLXP

�� 5LVN FRHIILFLHQW� $YHUDJH

OLIHWLPH FDQFHU ULVN

SHU XQLW DFWLYLW\ LQWDNH

8�6� DJH� DQG JHQGHU�

VSHFLILF XVDJH GDWD IRU

HQYLURQPHQWDO PHGLXP

5LVN PRGHO FRHIILFLHQWV

WUDQVSRUWHG WR 8�6� SRSXODWLRQ

8�6� YLWDO VWDWLVWLFV

DQG FDQFHU PRUWDOLW\ GDWD

�

)LJ� ���� &RPSRQHQWV RI WKH ULVN FRHIILFLHQW FRPSXWDWLRQ�

7KH QXPEHUV LGHQWLI\ NH\ VWHSV GHVFULEHG LQ WKH WH[W�

ELUWK�UDWHV���'XH�WR�XQFHUWDLQW\�LQ�WKH�IXWXUH�FRPSRVLWLRQ�RI�WKH�8�6��SRSXODWLRQ��WKH�XVH�RI�VXFK�D

VWDWLRQDU\�SRSXODWLRQ�LV�DSSURSULDWH�IRU�FRQVLGHUDWLRQ�RI�ORQJ�WHUP��FKURQLF�H[SRVXUHV���%HFDXVH�WKH

JHQGHU�VSHFLILF�DJH�GLVWULEXWLRQV�LQ�WKH�FXUUHQW�8�6��SRSXODWLRQ�GLIIHU�FRQVLGHUDEO\�IURP�WKRVH�RI�WKH

K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ��KRZHYHU��WKH�TXHVWLRQ�DULVHV�DV�WR�WKH�DSSOLFDELOLW\�RI�WKHVH�ULVN

FRHIILFLHQWV�WR�VKRUW�WHUP�H[SRVXUHV�RI�WKH�8�6��SRSXODWLRQ�WKDW�PLJKW�RFFXU�LQ�WKH�QHDU�IXWXUH���7KLV

TXHVWLRQ�LV�DGGUHVVHG�LQ�$SSHQGL[�(��ZKHUH�WKH�WDEXODWHG�ULVN�FRHIILFLHQWV�DUH�FRPSDUHG�ZLWK�YDOXHV

FDOFXODWHG�IRU�VKRUW�WHUP�H[SRVXUH�RI�D�K\SRWKHWLFDO�SRSXODWLRQ�ZLWK�WKH�DJH�DQG�JHQGHU�GLVWULEXWLRQV

RI�WKH������8�6��SRSXODWLRQ���$V�LV�WKH�FDVH�IRU�WKH�K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ��WRWDO�PRUWDOLW\

UDWHV�LQ�WKH�K\SRWKHWLFDO������SRSXODWLRQ�GXULQJ�DQG�DIWHU�H[SRVXUH�DUH�DVVXPHG�WR�EH�WKRVH�JLYHQ

LQ�WKH���������8�6��GHFHQQLDO�OLIH�WDEOH��DQG�FDQFHU�PRUWDOLW\�UDWHV�DUH�WDNHQ�WR�EH�WKRVH�JLYHQ�E\

8�6��FDQFHU�PRUWDOLW\�GDWD�IRU�WKH�VDPH�SHULRG���7KH�FRPSDULVRQ�UHYHDOV�RQO\�VPDOO�GLIIHUHQFHV�LQ

ULVN�FRHIILFLHQWV�IRU�WKH�WZR�SRSXODWLRQV�

&RPSXWDWLRQ�RI�WKH�ULVN�FRHIILFLHQWV�IRU�LQWHUQDO�H[SRVXUH�

$�VFKHPDWLF�RI�WKH�PHWKRG�RI

FRPSXWDWLRQ� RI� D� ULVN� FRHIILFLHQW� LV

VKRZQ� LQ� )LJ�� ���� IRU� WKH� FDVH� RI

LQWHUQDO� H[SRVXUH� WR� D� UDGLRQXFOLGH�

7KH�PDLQ�VWHSV�LQ�WKH�FRPSXWDWLRQ�DUH

VKRZQ�LQ�WKH��QXPEHUHG�ER[HV�LQ�WKH

ILJXUH�DQG�DUH�VXPPDUL]HG�EHORZ�

����/LIHWLPH�ULVN�SHU�XQLW�DEVRUEHG

GRVH�DW�HDFK�DJH

)RU�HDFK�RI����FDQFHU�VLWHV�LQ

WKH� ERG\�� UDGLDWLRQ� ULVN� PRGHOV� DUH

XVHG� WR� FDOFXODWH� JHQGHU�VSHFLILF

YDOXHV� IRU� WKH� OLIHWLPH� ULVN�SHU� XQLW

DEVRUEHG�GRVH�UHFHLYHG�DW�HDFK�DJH�

7KH� DJH�� DQG� JHQGHU�VSHFLILF

UDGLDWLRQ�ULVN�PRGHOV�DUH�GHVFULEHG�LQ

&KDSWHU���� �7KHVH�PRGHOV�DUH� WDNHQ



�

IURP�D�UHFHQW�(3$�UHSRUW��(3$��������WKDW�SURYLGHV�D�PHWKRGRORJ\�IRU�FDOFXODWLRQ�RI�UDGLRJHQLF

FDQFHU�ULVNV�EDVHG�RQ�D�FULWLFDO�UHYLHZ�RI�GDWD�RQ�WKH�-DSDQHVH�DWRPLF�ERPE�VXUYLYRUV�DQG�RWKHU

VWXG\�JURXSV�DQG�PHWKRGV�RI�WUDQVSRUWLQJ�UDGLDWLRQ�ULVN�HVWLPDWHV�DFURVV�SRSXODWLRQV���3DUDPHWHU

YDOXHV�JLYHQ�LQ�WKDW�(3$�UHSRUW�KDYH�EHHQ�PRGLILHG�LQ�VRPH�FDVHV�WR�UHIOHFW�XSGDWHG�YLWDO�VWDWLVWLFV

DQG�FDQFHU�PRUWDOLW\�GDWD�IRU�WKH�8�6��DQG�WR�DFKLHYH�JUHDWHU�FRQVLVWHQF\�LQ�WKH�DVVXPSWLRQV�PDGH

LQ�WKLV�UHSRUW�IRU�GLIIHUHQW�DJH�JURXSV�DQG�JHQGHUV�

7KH�FDQFHU�VLWHV�FRQVLGHUHG�DUH�HVRSKDJXV��VWRPDFK��FRORQ��OLYHU��OXQJ��ERQH��VNLQ��EUHDVW�

RYDU\��EODGGHU��NLGQH\��WK\URLG��UHG�PDUURZ��OHXNHPLD���DQG�UHVLGXDO��DOO�UHPDLQLQJ�FDQFHU�VLWHV

FRPELQHG����$Q�DEVROXWH�ULVN�PRGHO�LV�DSSOLHG�WR�ERQH��VNLQ��DQG�WK\URLG��WKDW�LV��LW�LV�DVVXPHG�IRU

WKHVH�VLWHV�WKDW�WKH�UDGLRJHQLF�FDQFHU�ULVN�LV�LQGHSHQGHQW�RI�WKH�EDVHOLQH�FDQFHU�PRUWDOLW\�UDWH��WKH

FDQFHU�PRUWDOLW\�UDWH�IRU�WKDW�VLWH�LQ�DQ�XQH[SRVHG�SRSXODWLRQ����)RU�WKH�RWKHU�FDQFHU�VLWHV��D�UHODWLYH

ULVN�PRGHO�LV�XVHG��WKDW�LV��LW�LV�DVVXPHG�WKDW�WKH�OLNHOLKRRG�RI�D�UDGLRJHQLF�FDQFHU�LV�SURSRUWLRQDO�WR

LWV�EDVHOLQH�FDQFHU�PRUWDOLW\�UDWH���7KH�EDVHOLQH�FDQFHU�PRUWDOLW\�UDWHV�DUH�FDOFXODWHG�IURP�8�6��FDQFHU

PRUWDOLW\�GDWD�IRU����������1&+6������������D������E��

7KH�FRPSXWDWLRQ�RI�JHQGHU��DQG�FDQFHU�VLWH�VSHFLILF�YDOXHV�IRU�WKH�OLIHWLPH�ULVN�SHU�XQLW

DEVRUEHG�GRVH�LQYROYHV�DQ�LQWHJUDWLRQ�RYHU�DJH��EHJLQQLQJ�DW�WKH�DJH�DW�ZKLFK�WKH�GRVH�LV�UHFHLYHG�

RI�WKH�SURGXFW�RI�WKH�DJH�VSHFLILF�ULVN�PRGHO�FRHIILFLHQW��WLPHV�WKH�EDVHOLQH�PRUWDOLW\�UDWH�RI�WKH

FDQFHU�LQ�WKH�FDVH�RI�D�UHODWLYH�ULVN�PRGHO��DQG�WKH�VXUYLYDO�IXQFWLRQ���7KH�VXUYLYDO�IXQFWLRQ�DFFRXQWV

IRU�WKH�SRVVLELOLW\�WKDW�WKH�H[SRVHG�SHUVRQ�PD\�GLH�IURP�D�FRPSHWLQJ�FDXVH�EHIRUH�D�UDGLRJHQLF

FDQFHU�LV�H[SUHVVHG���7KH�FRPSXWDWLRQ�LV�GHVFULEHG�LQ�GHWDLO�LQ�&KDSWHU���

7KH�HVWLPDWHV�RI�OLIHWLPH�ULVN�SHU�XQLW�DEVRUEHG�GRVH�DUH�LQGHSHQGHQW�RI�WKH�UDGLRQXFOLGH�DQG

H[SRVXUH�SDWKZD\���7KH\�DUH�FDOFXODWHG�RQO\�RQFH�DQG�DUH�XVHG�DV�LQSXW�IRU�WKH�FDOFXODWLRQ�RI�HDFK

ULVN�FRHIILFLHQW�

����$EVRUEHG�GRVH�UDWHV�DV�D�IXQFWLRQ�RI�WLPH�SRVW�DFXWH�LQWDNH�DW�HDFK�DJH�

$JH�VSHFLILF� ELRNLQHWLF�PRGHOV� DUH� XVHG� WR� FDOFXODWH� WKH� WLPH�GHSHQGHQW� LQYHQWRULHV� RI

DFWLYLW\�LQ�YDULRXV�UHJLRQV�RI�WKH�ERG\�IROORZLQJ�DFXWH�LQWDNH�RI�D�XQLW�DFWLYLW\�RI�WKH�UDGLRQXFOLGH�

)RU�D�JLYHQ�UDGLRQXFOLGH�DQG�LQWDNH�PRGH��WKLV�FDOFXODWLRQ�LV�SHUIRUPHG�IRU�HDFK�RI�VL[�¦EDVLF§�DJHV

DW�LQWDNH���LQIDQF\������GD\V�������������DQG����\HDUV��DQG�PDWXULW\��XVXDOO\����\HDUV��EXW����\HDUV�LQ

WKH� ELRNLQHWLF�PRGHOV� IRU� VRPH� HOHPHQWV��� � 7KH� ELRNLQHWLF�PRGHOV� XVHG� LQ� WKLV� GRFXPHQW� DUH

GHVFULEHG�LQ�&KDSWHU�����:LWK�D�IHZ�H[FHSWLRQV�GHVFULEHG�LQ�WKDW�FKDSWHU��WKHVH�ELRNLQHWLF�PRGHOV�DUH

WKH�VDPH�DV� WKRVH�DSSOLHG�E\�WKH�,&53�LQ�LWV�GHYHORSPHQW�RI�DJH�VSHFLILF�GRVH�FRHIILFLHQWV�IRU



�

LQKDODWLRQ�RU�LQJHVWLRQ�RI�UDGLRQXFOLGHV�E\��PHPEHUV�RI�WKH�SXEOLF��,&53������������������D������E�

������

$JH�VSHFLILF�GRVLPHWULF�PRGHOV�DUH�XVHG�WR�FRQYHUW�WKH�FDOFXODWHG�WLPH�GHSHQGHQW�UHJLRQDO

DFWLYLWLHV�LQ�WKH�ERG\�WR�DEVRUEHG�GRVH�UDWHV��SHU�XQLW�LQWDNH��WR�UDGLRVHQVLWLYH�WLVVXHV�DV�D�IXQFWLRQ

RI�DJH�DW�LQWDNH�DQG�WLPH�DIWHU�LQWDNH���$EVRUEHG�GRVH�UDWHV�IRU�LQWDNH�DJHV�LQWHUPHGLDWH�WR�WKH�VL[

EDVLF�DJHV�DW�LQWDNH��LQIDQF\������������DQG����\HDUV��DQG�PDWXULW\��DUH�GHWHUPLQHG�E\�LQWHUSRODWLRQ�

7KH�GRVLPHWULF�PRGHOV�XVHG�LQ�WKLV�GRFXPHQW�DUH�WKH�PRGHOV�XVHG�LQ�WKH�,&53©V�VHULHV�RI�GRFXPHQWV

RQ�DJH�VSHFLILF�GRVHV�WR�PHPEHUV�RI�WKH�SXEOLF�IURP�LQWDNH�RI�UDGLRQXFOLGHV��,&53�������������

����D������E����������7KHVH�PRGHOV�DUH�GHVFULEHG�LQ�&KDSWHU���

����/LIHWLPH�FDQFHU�ULVN�SHU�XQLW�LQWDNH�DW�HDFK�DJH�

)RU� HDFK� FDQFHU� VLWH�� WKH�JHQGHU�VSHFLILF�YDOXHV�RI� OLIHWLPH� ULVN�SHU�XQLW� DEVRUEHG�GRVH

UHFHLYHG�DW�HDFK�DJH��GHULYHG�LQ�WKH�ILUVW�VWHS��DUH�XVHG�WR�FRQYHUW�WKH�FDOFXODWHG�DEVRUEHG�GRVH�UDWHV

WR�OLIHWLPH�FDQFHU�ULVNV��IRU�WKH�FDVH�RI�DFXWH�LQWDNH�RI�RQH�XQLW�RI�DFWLYLW\�DW�HDFK�DJH�[ �� �7KLV
L

FDOFXODWLRQ�LQYROYHV�LQWHJUDWLRQ�RYHU�DJH�RI�WKH�SURGXFW�RI�WKH�DEVRUEHG�GRVH�UDWH�DW�DJH�[�IRU�D�XQLW

LQWDNH�DW�DJH�[ �� WKH�OLIHWLPH�ULVN�SHU�XQLW�DEVRUEHG�GRVH�UHFHLYHG�DW�DJH�[��DQG�WKH�YDOXH�RI�WKH
L

VXUYLYDO�IXQFWLRQ�DW�DJH�[�GLYLGHG�E\�WKH�YDOXH�DW�DJH�[ ���7KH�VXUYLYDO�IXQFWLRQ�LV�XVHG�WR�DFFRXQW�IRU
L

WKH�SUREDELOLW\�WKDW�D�SHUVRQ�H[SRVHG�DW�DJH�[ �LV�VWLOO�DOLYH�DW�DJH�[�WR�UHFHLYH�WKH�DEVRUEHG�GRVH���,W
L

LV�DVVXPHG�WKDW�WKH�UDGLDWLRQ�GRVH�LV�VXIILFLHQWO\�ORZ�WKDW�WKH�VXUYLYDO�IXQFWLRQ�LV�QRW�VLJQLILFDQWO\

DIIHFWHG�E\�WKH�QXPEHU�RI�UDGLRJHQLF�FDQFHU�GHDWKV�DW�DQ\�DJH���7KH�FDOFXODWLRQ�LV�GHVFULEHG�LQ

&KDSWHU���

����/LIHWLPH�FDQFHU�ULVN�IRU�FKURQLF�LQWDNH

7KH�ULVN�FRHIILFLHQWV�LQ�WKLV�GRFXPHQW�DUH�DSSOLFDEOH�WR�HLWKHU�FKURQLF�RU�DFXWH�H[SRVXUHV�

+RZHYHU��IRU�SXUSRVHV�RI�FRPSXWLQJ�D�ULVN�FRHIILFLHQW��LW�LV�DVVXPHG�WKDW�WKH�FRQFHQWUDWLRQ�RI�WKH

UDGLRQXFOLGH�LQ�WKH�HQYLURQPHQWDO�PHGLXP�UHPDLQV�FRQVWDQW�DQG�WKDW�DOO�SHUVRQV�LQ�WKH�SRSXODWLRQ

DUH�H[SRVHG�WR�WKDW�HQYLURQPHQWDO�PHGLXP�WKURXJKRXW�WKHLU�OLIHWLPHV�

7KH� XVDJH�RI� HQYLURQPHQWDO�PHGLD�PD\�YDU\� FRQVLGHUDEO\�ZLWK� DJH� DQG�JHQGHU�� � 6XFK

YDULDWLRQ� LV� WDNHQ� LQWR� DFFRXQW� LQ� WKH� FDOFXODWLRQ� RI� ULVN� FRHIILFLHQWV� IRU� WKH� LQWHUQDO� H[SRVXUH

VFHQDULRV���7KH�DJH��DQG�JHQGHU�VSHFLILF�PRGHOV�RI�XVDJH�RI�HQYLURQPHQWDO�PHGLD��DLU��IRRG��RU�WDS

ZDWHU��DUH�GHVFULEHG�LQ�&KDSWHU�����'DLO\�LQJHVWLRQ�RI�D�JLYHQ�UDGLRQXFOLGH�LQ�IRRG�LV�DVVXPHG�WR�EH

SURSRUWLRQDO�WR�DJH��DQG�JHQGHU�VSHFLILF�GDLO\�HQHUJ\�LQWDNH���)RU�UDGLRLVRWRSHV�RI�LRGLQH��DOWHUQDWH



�

ULVN�FRHIILFLHQWV�DUH�FDOFXODWHG�IRU�IRRG�XQGHU�WKH�DVVXPSWLRQ�WKDW�GDLO\�LQJHVWLRQ�LV�SURSRUWLRQDO�WR

DJH��DQG�JHQGHU�VSHFLILF�GDLO\�XVDJH�RI�FRZ©V�PLON���7KH�DJH��DQG�JHQGHU�VSHFLILF�YHQWLODWLRQ�UDWHV

DSSOLHG�KHUH�DUH�UHIHUHQFH�YDOXHV�JLYHQ�E\�WKH�,&53���$JH��DQG�JHQGHU�VSHFLILF�XVDJH�UDWHV�IRU�WDS

ZDWHU��IRRG�HQHUJ\��DQG�FRZ©V�PLON�DUH�DYHUDJH�YDOXHV�HVWLPDWHG�IURP�UHFHQW�GDWD�IRU�WKH�8�6��

)RU�HDFK�FDQFHU�VLWH�DQG�HDFK�JHQGHU��WKH�OLIHWLPH�FDQFHU�ULVN�IRU�FKURQLF�H[SRVXUH�LV�REWDLQHG

E\�LQWHJUDWLRQ�RYHU�DJH�[�RI�WKH�SURGXFW�RI�WKH�OLIHWLPH�FDQFHU�ULVN�SHU�XQLW�LQWDNH�DW�DJH�[�DQG�WKH

H[SHFWHG�LQWDNH�RI�WKH�HQYLURQPHQWDO�PHGLXP�DW�DJH�[���7KH�H[SHFWHG�LQWDNH�DW�D�JLYHQ�DJH�LV�WKH

SURGXFW�RI�WKH�XVDJH�UDWH�RI�WKH�PHGLXP�DQG�WKH�YDOXH�RI�WKH�VXUYLYDO�IXQFWLRQ�DW�WKDW�DJH�

����$YHUDJH�OLIHWLPH�FDQFHU�ULVN�SHU�XQLW�DFWLYLW\�LQWDNH

%HFDXVH�D�ULVN�FRHIILFLHQW�LV�WKH�HVWLPDWHG�UDGLRJHQLF�FDQFHU�ULVN�SHU�XQLW�DFWLYLW\�LQWDNH��WKH

FDOFXODWHG�OLIHWLPH�FDQFHU�ULVN�IURP�FKURQLF�LQWDNH�RI�WKH�HQYLURQPHQWDO�PHGLXP�PXVW�EH�GLYLGHG

E\�WKH�H[SHFWHG�OLIHWLPH�LQWDNH���7KH�H[SHFWHG�OLIHWLPH�LQWDNH�LV�JLYHQ�E\�WKH�LQWHJUDO�RYHU�DJH�RI�WKH

SURGXFW�RI�WKH�XVDJH�UDWH�DQG�WKH�VXUYLYDO�IXQFWLRQ�

7KHUHIRUH��LQ�WKH�FDOFXODWLRQ�RI�D�JHQGHU��DQG�FDQFHU�VLWH�VSHFLILF�ULVN�FRHIILFLHQW��XVDJH�RI

WKH�HQYLURQPHQWDO�PHGLXP�DSSHDUV�ERWK�LQ�WKH�QXPHUDWRU��VHH�6WHS����DQG�WKH�GHQRPLQDWRU���7KLV

PDNHV�WKH�ULVN�FRHIILFLHQW�LQGHSHQGHQW�RI�WKH�FRQFHQWUDWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�WKH�PHGLXP�DQG

RI�WKH�SRSXODWLRQ�DYHUDJHG�XVDJH�UDWH�RI�WKH�PHGLXP�EXW�GRHV�QRW�GLPLQLVK�WKH�LPSRUWDQFH�RI�WKH

XVDJH�UDWH�LQ�WKH�GHULYDWLRQ�RI�WKH�ULVN�FRHIILFLHQW���)RU�H[DPSOH��WKH�ULVN�FRHIILFLHQW�IRU�D�JLYHQ

UDGLRQXFOLGH�LQ�IRRG�PD\�GLIIHU�FRQVLGHUDEO\�IURP�WKH�FRHIILFLHQW�IRU�WKH�VDPH�UDGLRQXFOLGH�LQ�WDS

ZDWHU�EHFDXVH�WKH�DVVXPHG�DJH�VSHFLILF�SDWWHUQV�RI�FRQVXPSWLRQ�DUH�VXEVWDQWLDOO\�GLIIHUHQW�IRU�IRRG

DQG�WDS�ZDWHU�

([FHSW�IRU�WKH�FDOFXODWLRQV�RI�WKH�WLPH�GHSHQGHQW�RUJDQ�DFWLYLWLHV�DQG�DEVRUEHG�GRVH�UDWHV�

HDFK�RI�WKH�VWHSV�GHVFULEHG�DERYH�LV�SHUIRUPHG�VHSDUDWHO\�IRU�HDFK�JHQGHU�DQG�HDFK�FDQFHU�VLWH���$

WRWDO�ULVN�FRHIILFLHQW�LV�GHULYHG�E\�ILUVW�DGGLQJ�WKH�ULVN�HVWLPDWHV�IRU�WKH�GLIIHUHQW�FDQFHU�VLWHV�LQ�HDFK

JHQGHU� DQG� WKHQ� FDOFXODWLQJ� D�ZHLJKWHG�PHDQ� RI� WKH� FRHIILFLHQWV� IRU�PDOHV� DQG� IHPDOHV�� � 7KH

ZHLJKWHG�PHDQ�RI�FRHIILFLHQWV�IRU�PDOHV�DQG�IHPDOHV�UHIOHFWV�WKH�JHQGHU�UDWLR�DW�ELUWK��WKH�JHQGHU�

VSHFLILF�ULVN�SHU�XQLW�LQWDNH�DW�HDFK�DJH��DQG�WKH�JHQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQ�DW�HDFK�DJH�

&RPSXWDWLRQ�RI�WKH�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�

7KH�FRPSXWDWLRQ�RI�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�VFHQDULRV�LV�VLPLODU�WR�WKDW�IRU

LQWHUQDO�H[SRVXUH�VFHQDULRV�EXW� LQYROYHV�IHZHU�VWHSV�EHFDXVH� WKH�DEVRUEHG�GRVH�UDWHV�DUH� WDNHQ
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GLUHFWO\�IURP�)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$����������7KH�PHWKRGV�DQG�PRGHOV�XVHG�LQ�WKDW

UHSRUW�DUH�VXPPDUL]HG�LQ�&KDSWHU�����$V�LQ�WKH�LQWHUQDO�H[SRVXUH�VFHQDULRV��LW�LV�DVVXPHG�WKDW�WKH

FRQFHQWUDWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�WKH�HQYLURQPHQWDO�PHGLXP�UHPDLQV�FRQVWDQW�DQG�WKDW�DOO�SHUVRQV

LQ�WKH�SRSXODWLRQ�DUH�H[SRVHG�WR�WKDW�HQYLURQPHQWDO�PHGLXP�WKURXJKRXW�WKHLU�OLIHWLPHV��

7KH�H[WHUQDO�GRVH�UDWHV�XVHG�LQ�WKH�FDOFXODWLRQ�ZHUH�EDVHG�RQ�D�UHIHUHQFH�DGXOW��VWDQGLQJ

RXWVLGH�ZLWK�QR�VKLHOGLQJ��(3$����������$OWKRXJK�WKHUH�LV�H[SHFWHG�WR�EH�VRPH�YDULDWLRQ�ZLWK�DJH

LQ� RUJDQ� GRVH� UDWHV� IURP� XQLIRUP� H[WHUQDO� H[SRVXUH� �XVXDOO\� OHVV� WKDQ� ������ FRPSUHKHQVLYH

WDEXODWLRQV�RI�DJH�VSHFLILF�RUJDQ�GRVH�UDWHV�GXH�WR�H[WHUQDO�H[SRVXUH�DUH�QRW�\HW�DYDLODEOH���,Q�WKH

SUHVHQW�GRFXPHQW��WKH�GRVH�UDWHV�FDOFXODWHG�IRU�WKH�DGXOW�DUH�DSSOLHG�WR�DOO�DJHV��DQG�QR�DGMXVWPHQWV

DUH�PDGH�WR�DFFRXQW�IRU�SRWHQWLDO�UHGXFWLRQ�LQ�GRVH�UDWHV�GXH�WR�VKLHOGLQJ�E\�EXLOGLQJV�GXULQJ�WLPH

VSHQW�LQGRRUV�

+RZ�WR�DSSO\�D�ULVN�FRHIILFLHQW

7KH�ULVN�FRHIILFLHQWV�LQ�WKLV�UHSRUW�PD\�EH�XVHG�WR�DVVHVV�SHU�FDSLWD��SRSXODWLRQ�DYHUDJHG�

ULVN�GXH�WR�WKH�DFXWH�H[SRVXUH�RI�D�SRSXODWLRQ�RU��HTXLYDOHQWO\��WR�DVVHVV�WKH�ULVN�GXH�WR�WKH�FKURQLF

OLIHWLPH�H[SRVXUH�RI�DQ�DYHUDJH�LQGLYLGXDO�WR�D�FRQVWDQW�HQYLURQPHQWDO�FRQFHQWUDWLRQ���7KH\�DOVR�PD\

EH�XVHG�WR�DVVHVV�WKH�SHU�FDSLWD�OLIHWLPH�ULVN�LQ�D�SRSXODWLRQ�IURP�D�OLIHWLPH�H[SRVXUH�WR�D�WLPH

YDU\LQJ� HQYLURQPHQWDO� UDGLRQXFOLGH� H[SRVXUH� �RU� LQWDNH�� UDWH�� XVLQJ� WKH� SURGXFW� RI� WKH� ULVN

FRHIILFLHQW�DQG�WKH�OLIHWLPH�H[SRVXUH��RU�LQWDNH��GXH�WR�WKDW�WLPH�YDU\LQJ�UDWH�

$�ULVN�FRHIILFLHQW��U��LV�VSHFLILF�WR�WKH�UDGLRQXFOLGH��WKH�HQYLURQPHQWDO�PHGLXP��DQG�WKH�PRGH

RI�H[SRVXUH�WKURXJK�WKDW�PHGLXP���)RU�D�JLYHQ�H[SRVXUH�VFHQDULR��WKH�FRPSXWDWLRQ�RI�OLIHWLPH�FDQFHU

ULVN�� 5�� DVVRFLDWHG� ZLWK� LQWDNH� RI�� RU� H[WHUQDO� H[SRVXUH� WR�� D� JLYHQ� UDGLRQXFOLGH� LQYROYHV

PXOWLSOLFDWLRQ�RI�WKH�DSSOLFDEOH�ULVN�FRHIILFLHQW�U�E\�WKH�SHU�FDSLWD�DFWLYLW\�LQWDNH�,�RU�H[WHUQDO

H[SRVXUH�;���7KXV��5� �U�#�,�IRU�LQWDNH�E\�LQKDODWLRQ�RU�LQJHVWLRQ�DQG�5� �U�#�;�IRU�H[WHUQDO�H[SRVXUH�

ZKHUH� ,� LV� WKH� DFWLYLW\� LQKDOHG� RU� LQJHVWHG� SHU� FDSLWD� DQG� ;� LV� WKH� WLPH�LQWHJUDWHG� DFWLYLW\

FRQFHQWUDWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�DLU��RQ�WKH�JURXQG�VXUIDFH��RU�ZLWKLQ�WKH�VRLO�

)RU�H[WHUQDO�H[SRVXUH��HVWLPDWLRQ�RI�WKH�WLPH�LQWHJUDWHG�DFWLYLW\�FRQFHQWUDWLRQ�;�UHTXLUHV

LQIRUPDWLRQ�RQ�WKH�FRQVWDQW�RU�WLPH�GHSHQGHQW�FRQFHQWUDWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�WKH�PHGLXP�DQG

WKH�OHQJWK�RI�WKH�H[SRVXUH�SHULRG���)RU�DQ�LQWHUQDO�H[SRVXUH�VFHQDULR��HVWLPDWLRQ�RI�WKH�SHU�FDSLWD

DFWLYLW\�LQWDNH�,�RI�WKH�UDGLRQXFOLGH�UHTXLUHV�WKH�VDPH�LQIRUPDWLRQ��SOXV�DQ�HVWLPDWH�RI�WKH�DYHUDJH

XVDJH�UDWH�RI�WKH�PHGLXP�E\�PHPEHUV�RI�WKH�SRSXODWLRQ�GXULQJ�WKH�H[SRVXUH�SHULRG���7KH�XVHU�PD\

DSSO\�WKH�SHU�FDSLWD�XVDJH�UDWH�RI�DLU��IRRG��RU�WDS�ZDWHU�JLYHQ�LQ�&KDSWHU����VHH�WKH�¦FRPELQHG

OLIHWLPH�DYHUDJH§�XVDJH�UDWHV�LQ�7DEOH������RU��EHFDXVH�WKH�ULVN�FRHIILFLHQWV�DUH�LQGHSHQGHQW�RI�WKH
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DYHUDJH�XVDJH�UDWH�RI�WKH�PHGLXP��PD\�DSSO\�DQ�DYHUDJH�XVDJH�UDWH�EHWWHU�VXLWHG�WR�WKH�H[SRVXUH

VFHQDULR���)RU�H[DPSOH��LI�WKH�H[SRVXUH�VFHQDULR�LQYROYHV�DFXWH�LQKDODWLRQ�RI�D�UDGLRQXFOLGH�LQ�D

UDSLGO\�SDVVLQJ�FORXG��WKH�DYHUDJH�LQKDODWLRQ�UDWH�LQ�WKH�H[SRVHG�SRSXODWLRQ�GXULQJ�WKH�H[SRVXUH

SHULRG�PD\� GLIIHU� IURP� WKH� ���K� DYHUDJH� UDWH� JLYHQ� LQ�&KDSWHU� ��� �+RZHYHU�� WKH� DVVXPSWLRQV

GHVFULEHG�LQ�&KDSWHU���FRQFHUQLQJ�UHODWLYH�DJH��DQG�JHQGHU�VSHFLILF�XVDJH�RI�WKH�HQYLURQPHQWDO

PHGLD�DUH�LQKHUHQW�LQ�WKH�ULVN�FRHIILFLHQWV�IRU�LQWHUQDO�H[SRVXUH�DQG�KHQFH�FDQQRW�EH�FKDQJHG�E\�WKH

XVHU�

7R� HQVXUH� FRQVLVWHQW� ULVN� FDOFXODWLRQV�� WKH� ULVN� FRHIILFLHQWV� JLYHQ� LQ� WKLV� GRFXPHQW

�&KDSWHU����DUH�WDEXODWHG�WR�WKUHH�ILJXUHV���1R�LQGLFDWLRQ�RI�WKH�OHYHO�RI�XQFHUWDLQW\�LV�LQWHQGHG�RU

VKRXOG� EH� LQIHUUHG� IURP� WKLV� SUDFWLFH�� � $� FDOFXODWHG� ULVN� VKRXOG� EH� URXQGHG� DSSURSULDWHO\�

$SSHQGL[�)�SURYLGHV�VDPSOH�FDOFXODWLRQV�WKDW�LOOXVWUDWH�KRZ�WKH�WDEXODWHG�ULVN�FRHIILFLHQWV�PD\�EH

DSSOLHG�WR�GLIIHUHQW�W\SHV�RI�H[SRVXUH�

/LPLWDWLRQV�RQ�XVH�RI�WKH�ULVN�FRHIILFLHQWV

$QDO\VHV� LQYROYLQJ� WKH� ULVN� FRHIILFLHQWV� WDEXODWHG� LQ� WKLV� UHSRUW� VKRXOG� EH� OLPLWHG� WR

HVWLPDWLRQ�RI�SURVSHFWLYH�ULVNV�LQ�K\SRWKHWLFDO�RU�ODUJH�H[LVWLQJ�SRSXODWLRQV��RU�UHWURVSHFWLYH�DQDO\VHV

RI�ULVNV�WR�ODUJH�DFWXDO�SRSXODWLRQV���7KH�WDEXODWLRQV�DUH�QRW�LQWHQGHG�IRU�DSSOLFDWLRQ�WR�VSHFLILF

LQGLYLGXDOV�DQG�VKRXOG�QRW�EH�XVHG�IRU�WKDW�SXUSRVH�

,Q� FRQWUDVW� WR� VLWXDWLRQV� LQYROYLQJ� UHSUHVHQWDWLYH� SRSXODWLRQ� VDPSOHV�� WKH� FRHIILFLHQWV

WDEXODWHG�LQ�WKLV�UHSRUW�PD\�QRW�EH�DSSURSULDWH�IRU�DVVHVVLQJ�WKH�ULVN�WR�DQ�DYHUDJH�LQGLYLGXDO�LQ�DQ

DJH�VSHFLILF� FRKRUW� GXH� WR� FKURQLF� H[SRVXUH� WR� DQ� HQYLURQPHQWDO� FRQFHQWUDWLRQ� WKDW� YDULHV

VXEVWDQWLDOO\�RYHU�WKH�OLIH�RI�WKH�FRKRUW�� �,Q�VXFK�VSHFLDO�FDVHV�� WKH�WLPH�YDU\LQJ�HQYLURQPHQWDO

FRQFHQWUDWLRQ�PXVW�EH�LQFRUSRUDWHG�H[SOLFLWO\�LQWR�WKH�FDOFXODWLRQV�GHVFULEHG�LQ�&KDSWHU�����6XFK

DSSOLFDWLRQV�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�UHSRUW�

7KH�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�VFHQDULRV�DUH�EDVHG�RQ�HVWLPDWHG�GRVH�UDWHV�IRU

D�UHIHUHQFH�DGXOW�PDOH��VWDQGLQJ�RXWGRRUV�ZLWK�QR�VKLHOGLQJ��(3$����������$FWLYLW\�GLVWULEXWLRQV�LQ

DLU��RQ�WKH�JURXQG�VXUIDFH��RU�LQ�VRLO�DUH�DVVXPHG�WR�EH�RI�DQ�LQILQLWH�H[WHQW���,W�LV�OHIW�WR�WKH�XVHU�WR

GHFLGH�ZKHWKHU�D�UHGXFWLRQ�IDFWRU�LV�DSSURSULDWH�IRU�D�JLYHQ�DSSOLFDWLRQ�WR�DFFRXQW�IRU�WKH�ILQLWH

QDWXUH�RI� WKH�DFWLYLW\�GLVWULEXWLRQ� LQ� WKH�HQYLURQPHQW�� VKLHOGLQJ�E\�EXLOGLQJV�GXULQJ� WLPH�VSHQW

LQGRRUV��RU�RWKHU�IDFWRUV�HQFRXQWHUHG�LQ�WKH�UHDO�ZRUOG�

7KH�ULVN�FRHIILFLHQWV�DUH�EDVHG�RQ�UDGLDWLRQ�ULVN�PRGHOV�GHYHORSHG�IRU�DSSOLFDWLRQ�HLWKHU�WR

ORZ�GRVHV��GHILQHG�DV�DFXWH�DEVRUEHG�GRVHV�OHVV�WKDQ�����*\��RU�WR�ORZ�GRVH�UDWHV��GHILQHG�DV�GRVH

UDWHV� OHVV�WKDQ�����P*\�PLQ ��(3$��������� �7KH�DVVXPSWLRQ�LV�PDGH�WKDW�WKH�DEVRUEHG�GRVH�LV��
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VXIILFLHQWO\�ORZ�WKDW�WKH�VXUYLYDO�IXQFWLRQ�LV�QRW�VLJQLILFDQWO\�DIIHFWHG�E\�WKH�QXPEHU�RI�UDGLRJHQLF

FDQFHU�GHDWKV�DW�DQ\�DJH���7KXV��WKHVH�ULVN�FRHIILFLHQWV�VKRXOG�EH�DSSOLHG�ZLWK�FDUH�WR�FDVHV�LQYROYLQJ

ODUJH�FXPXODWLYH�ULVNV��HLWKHU�LQ�SURVSHFWLYH�RU�UHWURVSHFWLYH�DQDO\VHV�

8QFHUWDLQWLHV�DVVRFLDWHG�ZLWK�ULVN�FRHIILFLHQWV

7KH� ULVN� FRHIILFLHQWV� WDEXODWHG� LQ� WKLV� GRFXPHQW� DUH� GHULYHG� IURP�PRGHOV� UHSUHVHQWLQJ

FKDUDFWHULVWLFV�RI�WKH�8�6��SRSXODWLRQ��WKH�ELRORJLFDO�EHKDYLRU�RI�HOHPHQWV�LQ�WKH�KXPDQ�ERG\��WKH

GRVHV�WR�UDGLRVHQVLWLYH�WLVVXHV�IURP�UDGLDWLRQ�RULJLQDWLQJ�HLWKHU�LQVLGH�WKH�ERG\�RU�LQ�DQ�H[WHUQDO

PHGLXP��DQG�WKH�OLIHWLPH�FDQFHU�ULVN�SHU�XQLW�GRVH�WR�WKHVH�WLVVXHV���7KH�PRGHOV�UHSUHVHQWLQJ�WKH�8�6�

SRSXODWLRQ��LQFOXGLQJ�LWV�XVDJH�RI�DLU��IRRG��DQG�ZDWHU��DUH�EDVHG�RQ�UHDVRQDEO\�GHWDLOHG�LQIRUPDWLRQ�

7KH�ELRNLQHWLF��GRVLPHWULF��DQG�UDGLDWLRQ�ULVN�PRGHOV�JHQHUDOO\�KDYH�EHHQ�GHULYHG�IURP�PXFK�OHVV

GHWDLOHG�DQG�VRPHWLPHV�LQFRQVLVWHQW�GDWD�EDVHV�DQG�LQ�PDQ\�FDVHV�KDYH�VXEVWDQWLDO�XQFHUWDLQWLHV

DVVRFLDWHG�ZLWK�WKHLU�SUHGLFWLRQV���7KHVH�XQFHUWDLQWLHV�DUH�SURSDJDWHG�LQ�WKH�GHULYDWLRQ�RI�D�ULVN

FRHIILFLHQW��ZLWK�WKH�UHVXOW�WKDW�D�ULVN�FRHIILFLHQW�LV�DQ�XQFHUWDLQ�UHSUHVHQWDWLRQ�RI�WKH�FDQFHU�ULVN�SHU

XQLW�LQWDNH�RI��RU�H[WHUQDO�H[SRVXUH�WR��D�UDGLRQXFOLGH�

7KH�OHYHO�RI�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�D�JLYHQ�ULVN�FRHIILFLHQW�PD\�YDU\�FRQVLGHUDEO\�IURP

RQH�DSSOLFDWLRQ�WR�DQRWKHU���)RU�H[DPSOH��WKH�XQFHUWDLQW\�DVVLJQHG�WR�DQ�LQKDODWLRQ�ULVN�FRHIILFLHQW

IRU�D� UDGLRQXFOLGH�PD\�GHSHQG�VWURQJO\�RQ� WKH�DYDLODELOLW\�RI� LQIRUPDWLRQ�RQ� WKH�FKHPLFDO�DQG

SK\VLFDO�IRUP�RI�WKH�LQKDOHG�UDGLRQXFOLGH�EHFDXVH�WKH�DFFXUDF\�RI�WKH�HVWLPDWHG�GRVHV�WR�WKH�OXQJV

DQG�RWKHU�UDGLRVHQVLWLYH�WLVVXHV�RIWHQ�GHSHQGV�VWURQJO\�RQ�VXFK�LQIRUPDWLRQ���$V�D�VHFRQG�H[DPSOH�

D�ULVN�FRHIILFLHQW�WKDW�LV�FRQVLGHUHG�WR�EH�D�UHDVRQDEO\�UHOLDEOH�SUHGLFWRU�IRU�D�UHODWLYHO\�KLJK��DFXWH

H[WHUQDO�H[SRVXUH�WR�D�UDGLRQXFOLGH�PD\�EH�DSSUHFLDEO\�OHVV�FHUWDLQ�IRU�D�ORZHU��SURORQJHG�H[SRVXUH

GXH�WR�XQFHUWDLQW\�LQ�WKH�VKDSH�RI�WKH�GRVH�UHVSRQVH�FXUYH�DW�ORZ�GRVH�DQG�GRVH�UDWH�

2Q�WKH�RWKHU�KDQG��HDFK�ULVN�FRHIILFLHQW�LQYROYHV�LPSRUWDQW�XQFHUWDLQWLHV��VWHPPLQJ�IURP

OLPLWDWLRQV� LQ� WKH�XQGHUO\LQJ�ELRNLQHWLF�� GRVLPHWULF�� DQG� UDGLDWLRQ� ULVN�PRGHOV�� WKDW� DUH� ODUJHO\

LQGHSHQGHQW� RI� WKH� H[SRVXUH� VFHQDULR�� � )RU� H[DPSOH�� WKHUH� DUH� LPSRUWDQW� JDSV� LQ� FXUUHQW

XQGHUVWDQGLQJ�RI�WKH�W\SLFDO�ELRORJLFDO�EHKDYLRU�RI�PDQ\�UDGLRQXFOLGHV���$OVR��WKHUH�DUH�VXEVWDQWLDO

XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�LQWHUSUHWDWLRQ�RI�DYDLODEOH�HSLGHPLRORJLFDO�GDWD�IRU�UDGLRJHQLF�FDQFHU

DQG� H[WUDSRODWLRQ�RI� WKDW� GDWD� WR�RWKHU�SRSXODWLRQV� DQG�RWKHU� UDGLDWLRQ� W\SHV�� UHJDUGOHVV�RI� WKH

DVVXPSWLRQV�XVHG�WR�H[WUDSRODWH�IURP�KLJK�WR�ORZ�GRVH�DQG�GRVH�UDWH�

,Q�&KDSWHU����VHOHFWHG�ULVN�FRHIILFLHQWV�DUH�DVVLJQHG�WR�¦XQFHUWDLQW\�FDWHJRULHV§�WKDW�UHSUHVHQW

GLIIHUHQW�OHYHOV�RI�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�HVWLPDWHV�RI�FDQFHU�PRUWDOLW\�GXH�WR�LQWDNH�RI��RU

H[WHUQDO�H[SRVXUH�WR��UDGLRQXFOLGHV���(VVHQWLDOO\��DQ�XQFHUWDLQW\�FDWHJRU\�LV�LQWHQGHG�WR�UHIOHFW�WKH
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SUHFLVLRQ�ZLWK�ZKLFK�DQ�HVWLPDWH�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�FDQ�EH�PDGH�IRU�DQ�LGHDO�SRSXODWLRQ

DQG�H[SRVXUH�VFHQDULR��DVVXPLQJ�WKDW�WKH�SUREDELOLW\�RI�LQGXFLQJ�D�UDGLRJHQLF�FDQFHU�LV�SURSRUWLRQDO

WR�DEVRUEHG�GRVH���7KXV��DQ�XQFHUWDLQW\�FDWHJRU\�GRHV�QRW�UHIOHFW�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH

XVH�RI�D�OLQHDU��QR�WKUHVKROG�PRGHO�IRU�HVWLPDWLQJ�UDGLRJHQLF�FDQFHU�DW�ORZ�GRVHV��DEVRUEHG�GRVH�DV

D�PHDVXUH�RI�UDGLRJHQLF�FDQFHU�ULVN��RU�LGHDOL]HG�UHSUHVHQWDWLRQV�RI�WKH�SRSXODWLRQ�DQG�H[SRVXUH��7KH

VHOHFWLRQ�RI�DQ�XQFHUWDLQW\�FDWHJRU\�IRU�D�JLYHQ�ULVN�FRHIILFLHQW�ZDV�EDVHG�RQ�VXEMHFWLYH�MXGJPHQWV

E\�WKH�DXWKRUV�RI�WKLV�UHSRUW�EXW�ZDV�JXLGHG�E\�DQ�DQDO\VLV�RI�WKH�VHQVLWLYLW\�RI�WKH�ULVN�FRHIILFLHQW

WR�PDMRU�XQFHUWDLQWLHV�LQ�WKH�XQGHUO\LQJ�ELRNLQHWLF��GRVLPHWULF��DQG�UDGLDWLRQ�ULVN�PRGHOV��

$SSHQGL[�'�SURYLGHV�D�JHQHUDO�GLVFXVVLRQ�RI�FXUUHQW�XQGHUVWDQGLQJ�RI�WKH�ELRORJLFDO�EHKDYLRU

RI� UDGLRQXFOLGHV� LQ� WKH� KXPDQ� ERG\�� FRQYHUVLRQ� IURP� LQWHUQDOO\� RU� H[WHUQDOO\� GLVWULEXWHG

UDGLRDFWLYLW\� WR�DEVRUEHG�GRVH� WR� WLVVXHV��DQG�H[WUDSRODWLRQ� IURP� WLVVXH�GRVH� WR�FDQFHU� ULVN�� �$

V\VWHPDWLF� SURFHGXUH� LV� SURSRVHG� IRU� GHULYLQJ� TXDQWLWDWLYH� VWDWHPHQWV� RI� XQFHUWDLQW\� IRU� ULVN

FRHIILFLHQWV�LQ�WKH�IRUP�RI��¦QRPLQDO�XQFHUWDLQW\�LQWHUYDOV§���7KH�WHUP�¦QRPLQDO§�LV�XVHG�WR�UHIOHFW

WKH�IDFW�WKDW�WKH�XQFHUWDLQW\�LQWHUYDO�IRU�D�ULVN�FRHIILFLHQW�ZRXOG�EH�EDVHG�RQ�D�IL[HG�VHW�RI�W\SLFDOO\

GRPLQDQW�VRXUFHV�RI�XQFHUWDLQW\�LQ�UDGLRJHQLF�FDQFHU�ULVN�HVWLPDWHV��DQ�LGHDOL]HG�SRSXODWLRQ�DQG

H[SRVXUH� VFHQDULR�� DQG� WKH� DVVXPSWLRQ� WKDW� WKH� SUREDELOLW\� RI� LQGXFLQJ� D� UDGLRJHQLF� FDQFHU� LV

SURSRUWLRQDO�WR�DEVRUEHG�GRVH�

$�PDMRU�VRXUFH�RI�XQFHUWDLQW\��DQG�FRQWURYHUV\��LQ�UDGLRJHQLF�FDQFHU�ULVN�HVWLPDWLRQ�LV�WKH

XVH�RI�D�OLQHDU��QR�WKUHVKROG�PRGHO�WR�FDOFXODWH�ULVNV�IRU�ORZ��DFXWH�GRVHV�RU�ORZ�GRVH�UDWHV���7KH

XQFHUWDLQW\�LQ�WKH�FDQFHU�ULVN�SHU�XQLW�GRVH�DW�ORZ�GRVH�DQG�GRVH�UDWH�LV�GLIILFXOW�WR�TXDQWLI\�DQG�FDQ

RQO\�EH�FKDUDFWHUL]HG�WKURXJK�D�EURDG�H[DPLQDWLRQ�DQG�V\QWKHVLV�RI�GLYHUVH�VRXUFHV�RI�LQIRUPDWLRQ

IURP�PROHFXODU��FHOOXODU��DQLPDO��DQG�KXPDQ�VWXGLHV�

$UJXPHQWV�IRU�DQG�DJDLQVW�WKH�H[LVWHQFH�RI�DQ�HIIHFWLYH�WKUHVKROG�IRU�UDGLRJHQLF�FDQFHU�KDYH

EHHQ�PDGH�RQ�WKH�EDVLV�RI�HSLGHPLRORJLFDO�GDWD��EXW�FRQFOXVLRQV�DSSHDU�WR�GHSHQG�RQ�WKH�SRSXODWLRQ

DQG�FDQFHU�W\SH�FRQVLGHUHG�DQG�WKH�DVVXPSWLRQV�XQGHUO\LQJ�WKH�DQDO\VLV���,W�LV�GRXEWIXO�WKDW�KXPDQ

HSLGHPLRORJLFDO�GDWD�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�H[LVWHQFH�RU�DEVHQFH�RI�D�WKUHVKROG�IRU�UDGLRJHQLF

FDQFHU��GXH�WR�WKH�VWDWLVWLFDO�XQFHUWDLQWLHV�LQKHUHQW�LQ�VXFK�GDWD���0ROHFXODU��FHOOXODU��DQG�DQLPDO

VWXGLHV�FDQ�IXUQLVK�LPSRUWDQW�LQIRUPDWLRQ�EXW��VR�IDU��KDYH�QRW�SURYLGHG�GHILQLWLYH�HYLGHQFH�UHJDUGLQJ

WKH�H[LVWHQFH�RI�WKUHVKROGV�IRU�UDGLRJHQLF�FDQFHUV�LQ�PDQ�

&DUFLQRJHQHVLV�LV�XQGHUVWRRG�WR�EH�D�PXOWLVWDJH�SURFHVV�LQ�ZKLFK�D�VLQJOH�FHOO�JLYHV�ULVH�WR

D�WXPRU��ZLWK�PXWDWLRQ�RI�'1$�UHTXLUHG�LQ�RQH�RU�PRUH�RI�WKH�VWHSV�OHDGLQJ�WR�PDOLJQDQF\���6LQFH

FDQFHU�LV�D�FRPPRQ�GLVHDVH��WKH�EDFNJURXQG�UDWHV�IRU�HDFK�RI�WKHVH�VWHSV�PXVW�EH�JUHDWHU�WKDQ�]HUR�

DQG�DQ\�ILOWUDWLRQ�PHFKDQLVP�IRU�UHPRYLQJ�SUHFDQFHURXV�FHOOV�PXVW�EH�LPSHUIHFW���7UDYHUVDO�RI�D

VLQJOH�LRQL]LQJ�WUDFN�WKURXJK�D�FHOO�DSSHDUV�WR�EH�FDSDEOH�RI�FDXVLQJ�'1$�GDPDJH�WKDW�FDQQRW�DOZD\V
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EH�IDLWKIXOO\�UHSDLUHG���8QWLO�WKHUH�LV�PRUH�GHILQLWLYH�LQIRUPDWLRQ�RQ�WKH�HIIHFWV�RI�UDGLDWLRQ�DW�ORZ

GRVHV�DQG�GRVH�UDWHV��LW�VHHPV�UHDVRQDEOH�WR�DVVXPH�WKDW�DQ\�H[SRVXUH�WKDW�LQFUHDVHV�WKH�UDWH�RI

PXWDWLRQ�RI�'1$�KDV�D�QRQ]HUR�SUREDELOLW\�RI�FDXVLQJ�FDQFHU��(3$��������

,Q�UHFHQW�\HDUV��YDULRXV�H[SHUW�SDQHOV�KDYH�FRQFOXGHG�WKDW�XVH�RI�D�OLQHDU��QR�WKUHVKROG�PRGHO

LV�UHDVRQDEO\�FRQVLVWHQW�ZLWK�PXFK�RI�WKH�DYDLODEOH�LQIRUPDWLRQ�RQ�FDUFLQRJHQLF�HIIHFWV�RI�UDGLDWLRQ

DQG� LV� VFLHQWLILFDOO\� MXVWLILDEOH� IRU� SXUSRVHV� RI� HVWLPDWLQJ� ULVNV� IURP� ORZ� GRVHV� RI� UDGLDWLRQ

�816&($5��������������153%��������1&53����������1HYHUWKHOHVV��FXUUHQW�VFLHQWLILF�HYLGHQFH

GRHV�QRW�UXOH�RXW�WKH�SRVVLELOLW\�WKDW�WKH�UHVXOWLQJ�ULVN�FDOFXODWHG�DW�HQYLURQPHQWDO�H[SRVXUH�OHYHOV

PD\�EH�VXEVWDQWLDOO\�RYHU��RU�XQGHUHVWLPDWHG�RU�HYHQ�WKDW�WKHUH�PD\�EH�D�QHW�EHQHILFLDO�HIIHFW�RI�ORZ

GRVH�UDGLDWLRQ��/XFNH\��������-DZRURZVNL��������*ROGPDQ��������� �&OHDUO\��IXUWKHU�HIIRUWV�DUH

QHHGHG�WR�FODULI\�WKH�GRVH�UHVSRQVH�UHODWLRQVKLS�IRU�ORZ�GRVH�DQG�GRVH�UDWHV�

(YLGHQFH�WKDW�ORZ�GRVH�UDGLDWLRQ�PD\�LQGXFH�RU�DFWLYDWH�FHOOXODU�'1$�UHSDLU�PHFKDQLVPV

WKURXJK�DQ�DGDSWLYH�UHVSRQVH�RU�VRPH�VWLPXODWRU\�PHFKDQLVP�KDV�OHG�WR�VSHFXODWLRQ�WKDW�ORZ�GRVHV

PD\�EH�SURWHFWLYH�DJDLQVW�FDQFHU���7KH�VWLPXODWRU\�HIIHFWV�VHHQ�WR�GDWH�KDYH�EHHQ�VKRUW�WHUP�DQG�PD\

QRW�SURYLGH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�FDQFHU�ULVN��3XVNLQ����������$�GHWDLOHG�UHYLHZ�RI�SRVVLEOH

UDGLDWLRQ�LQGXFHG�DGDSWLYH�UHVSRQVHV�FDQ�EH�IRXQG�LQ�WKH�816&($5��������UHSRUW���$W�WKLV�WLPH�

WRR�OLWWOH�LV�NQRZQ�DERXW�WKH�DGDSWLYH�UHVSRQVH�WR�LQIOXHQFH�(3$©V�HVWLPDWHV�RI�ULVN�DW�ORZ�GRVHV�

$OWKRXJK�WKH�ULVN�FRHIILFLHQWV�LQ�WKLV�GRFXPHQW�DUH�EDVHG�RQ�D�OLQHDU��QR�WKUHVKROG�PRGHO�

WKHLU�GHULYDWLRQ� LQFOXGHV�D�GRVH�DQG�GRVH�UDWH�HIIHFWLYHQHVV� IDFWRU� �''5()�� WR�DFFRXQW� IRU� WKH

DSSDUHQW�GHFUHDVH�LQ�FDQFHU�ULVN�RI�ORZ�/(7�UDGLDWLRQ�DW�ORZ�GRVH�RU�GRVH�UDWH�FRPSDUHG�ZLWK�WKH

REVHUYHG�ULVNV�GXH�WR�D�PXFK�KLJKHU�DFXWH�GRVH��1&53����������5HSRUWHG�YDOXHV�RI�WKH�''5()

JHQHUDOO\�KDYH�EHHQ�EDVHG�RQ�FRPSDULVRQV�RI�UDGLRJHQLF�HIIHFWV�DW�KLJK�DQG�PRGHUDWHO\�ORZ�GRVHV

RU�GRVH�UDWHV���'LIIHUHQFHV�LQ�UHSRUWHG�''5()V�PXVW�EH�FRQVLGHUHG�ZKHQ�DVVHVVLQJ�WKH�XQFHUWDLQW\

DVVRFLDWHG�ZLWK�DSSOLFDWLRQ�RI�D�ULVN�FRHIILFLHQW��EXW�FRQVLGHUDWLRQ�RI�VXFK�GLIIHUHQFHV�GRHV�QRW

DGGUHVV�WKH�XQFHUWDLQW\�LQ�WKH�OLQHDU��QR�WKUHVKROG�K\SRWKHVLV��SHU�VH�

6RIWZDUH�XVHG�WR�FRPSXWH�WKH�ULVN�FRHIILFLHQWV

$OO� FRPSXWDWLRQV� RI� GRVH� DQG� ULVN� ZHUH� SHUIRUPHG� XVLQJ� WKH� '&$/� �'26(

&$/&8/$7,21�� VRIWZDUH� �(FNHUPDQ� HW� DO��� ������� � '&$/� LV� D� FRPSUHKHQVLYH� ELRNLQHWLFV�

GRVLPHWU\��DQG�ULVN�FRPSXWDWLRQDO�V\VWHP�GHVLJQHG�WR�VHUYH�FXUUHQW�QHHGV�LQ�UDGLDWLRQ�GRVLPHWU\�DQG

ULVN�DQDO\VLV���,W�SHUIRUPV�ELRNLQHWLF�DQG�GRVLPHWULF�FDOFXODWLRQV�IRU�DFXWH�LQWDNH�RI�D�UDGLRQXFOLGH

E\�LQKDODWLRQ��LQJHVWLRQ��RU�LQMHFWLRQ�LQWR�EORRG�DW�D�XVHU�VSHFLILHG�DJH���'&$/�FRXSOHV�WKH�JHQHUDWHG
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DEVRUEHG�GRVH�UDWHV�ZLWK�UDGLDWLRQ�ULVN�HVWLPDWRUV�DQG�PRUWDOLW\�GDWD�WR�SUHGLFW�RUJDQ�VSHFLILF�ULVN

RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�IURP�LQWDNH�RI�D�UDGLRQXFOLGH�

'&$/�KDV�EHHQ�H[WHQVLYHO\�WHVWHG�DQG�KDV�EHHQ�FRPSDUHG�ZLWK�VHYHUDO�ZLGHO\�XVHG�VROYHUV

IRU�ELRNLQHWLF�PRGHOV�DQG�V\VWHPV�RI�GLIIHUHQWLDO�HTXDWLRQV���'&$/�ZDV�XVHG�E\�D�WDVN�JURXS�RI�WKH

,&53�WR�GHULYH�RU�FKHFN�WKH�GRVH�FRHIILFLHQWV�JLYHQ�LQ�LWV�VHULHV�RI�GRFXPHQWV�RQ�DJH�VSHFLILF�GRVHV

WR�PHPEHUV�RI�WKH�SXEOLF�IURP�LQWDNH�RI�UDGLRQXFOLGHV��,&53������������������D������E��������

2UJDQL]DWLRQ�RI�WKH�UHSRUW

5LVN�FRHIILFLHQWV�IRU�LQWDNH�RI��RU�H[WHUQDO�H[SRVXUH�WR��HQYLURQPHQWDO�UDGLRQXFOLGHV�DUH

WDEXODWHG�LQ�&KDSWHU�����7KH�WDEOHV�RI�ULVN�FRHIILFLHQWV�DUH�IROORZHG�E\�D�VXPPDU\�RI�VXEMHFWLYH

MXGJPHQWV�FRQFHUQLQJ�WKH�H[WHQW�RI�XQFHUWDLQWLHV�LQ�ULVN�FRHIILFLHQWV�IRU�VHOHFWHG�UDGLRQXFOLGHV�DQG

H[SRVXUH�PRGHV�

7KH�DVVXPSWLRQV�DQG�PRGHOV�XVHG�WR�GHULYH�WKH�ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�&KDSWHU���DUH

GHVFULEHG�LQ�&KDSWHUV���WKURXJK�����7KH�H[SRVXUH�VFHQDULRV��LQFOXGLQJ�DVVXPSWLRQV�FRQFHUQLQJ�WKH

YLWDO� VWDWLVWLFV� RI� WKH� H[SRVHG� SRSXODWLRQ� DQG� WKH� DJH�� DQG� JHQGHU�VSHFLILF� XVDJH� UDWHV� RI

HQYLURQPHQWDO�PHGLD�E\�WKH�SRSXODWLRQ��DUH�GHVFULEHG�LQ�&KDSWHU�����%LRNLQHWLF�PRGHOV��GRVLPHWULF

PRGHOV�IRU�LQWHUQDO�H[SRVXUH��GRVLPHWULF�PRGHOV�IRU�H[WHUQDO�H[SRVXUH��DQG�UDGLDWLRQ�ULVN�PRGHOV�DUH

GHVFULEHG�LQ�&KDSWHUV����������DQG����UHVSHFWLYHO\�

6RPH� DGGLWLRQDO� GHWDLOV� FRQFHUQLQJ� WKH� PRGHOV� XVHG� LQ� WKH� FDOFXODWLRQV� DUH� JLYHQ� LQ

$SSHQGLFHV�$�DQG�%��$SSHQGL[�&�SURYLGHV�D�GHWDLOHG�LOOXVWUDWLRQ�RI�WKH�PRGHOV�DQG�FRPSXWDWLRQDO

VWHSV�LQYROYHG�LQ�WKH�GHULYDWLRQ�RI�D�ULVN�FRHIILFLHQW�IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI�D�UDGLRQXFOLGH�

7KH�VRXUFHV�RI�XQFHUWDLQW\�LQ�WKH�ELRNLQHWLF��GRVLPHWULF��DQG�UDGLDWLRQ�ULVN�PRGHOV�DUH�GLVFXVVHG�LQ

$SSHQGL[�'�� �$SSHQGL[�(� FRPSDUHV� WKH� WDEXODWHG� ULVN� FRHIILFLHQWV�ZLWK� YDOXHV� FDOFXODWHG� IRU

VKRUW�WHUP�H[SRVXUH�RI�D�QRQ�VWDWLRQDU\�SRSXODWLRQ�ZLWK�DJH�DQG�JHQGHU�GLVWULEXWLRQV�VLPLODU�WR�WKRVH

RI�WKH�FXUUHQW�8�6��SRSXODWLRQ���$SSHQGL[�)�SURYLGHV�VHYHUDO�VDPSOH�FDOFXODWLRQV�WKDW�LOOXVWUDWH�KRZ

WKH�WDEXODWHG�ULVN�FRHIILFLHQWV�PD\�EH�DSSOLHG�WR�GLIIHUHQW�W\SHV�RI�H[SRVXUH���$SSHQGL[�*�SURYLGHV

D�VXPPDU\�RI�LQIRUPDWLRQ�RQ�WKH�QXFOHDU�GHFD\�FKDUDFWHULVWLFV�RI�HDFK�UDGLRQXFOLGH�DQG�JLYHV�GHWDLOV

RI�LWV�GHFD\�FKDLQ�ZKHQ�LQGLFDWHG���$�JORVVDU\�RI�WHUPV�LV�SURYLGHG�DW�WKH�HQG�RI�WKH�DSSHQGLFHV�

�
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&+$37(5�����7$%8/$7,216�2)�5,6.�&2()),&,(176

7KH�ULVN�FRHIILFLHQWV�WDEXODWHG�KHUH�DUH�EDVHG�RQ�D�K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ�ZLWK

WRWDO�PRUWDOLW\�UDWHV�GHILQHG�E\�WKH���������8�6��GHFHQQLDO�OLIH�WDEOH��1&+6��������DQG�FDQFHU

PRUWDOLW\�UDWHV�GHILQHG�E\�8�6��FDQFHU�PRUWDOLW\�GDWD�IRU�WKH�VDPH�SHULRG��1&+6������������D�

����E��� �7KHVH�FRHIILFLHQWV�PD\�EH� LQWHUSUHWHG� LQ� WHUPV�RI�HLWKHU�DFXWH�RU�FKURQLF�H[SRVXUH� WR

HQYLURQPHQWDO�UDGLRQXFOLGHV�� �7KDW� LV��D�ULVN�FRHIILFLHQW�PD\�EH�LQWHUSUHWHG�DV� WKH�ULVN�SHU�XQLW

H[SRVXUH�IRU�D�W\SLFDO�SHUVRQ�H[SRVHG�WKURXJKRXW�OLIH�WR�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�D�UDGLRQXFOLGH

LQ�DQ�HQYLURQPHQWDO�PHGLXP��RU�DV�WKH�DYHUDJH�ULVN�SHU�XQLW�H[SRVXUH�WR�PHPEHUV�RI�D�VWDWLRQDU\

SRSXODWLRQ�WKDW�H[SHULHQFHV�DQ�DFXWH�H[SRVXUH�WR�WKDW�UDGLRQXFOLGH�LQ�WKDW�HQYLURQPHQWDO�PHGLXP�

5LVN�FRHIILFLHQWV�DUH�WDEXODWHG�IRU�WKH�IROORZLQJ�PRGHV�RI�H[SRVXUH�

�� LQKDODWLRQ�RI�D�UDGLRQXFOLGH�LQ�DLU��7DEOH������

�� LQJHVWLRQ�RI�D�UDGLRQXFOLGH�LQ�WDS�ZDWHU��7DEOH����D��

�� LQJHVWLRQ�RI� D� UDGLRQXFOLGH� LQ� IRRG� �7DEOH� ���D�� DQ� DOWHUQDWH� VHW� RI� ULVN� FRHIILFLHQWV� IRU

UDGLRLVRWRSHV�RI�LRGLQH�LQ�IRRG�LV�JLYHQ�LQ�7DEOH����E��

�� H[WHUQDO�H[SRVXUH�WR�UDGLDWLRQ�IURP�D�UDGLRQXFOLGH�LQ�DLU��7DEOH������

�� H[WHUQDO�H[SRVXUH�WR�UDGLDWLRQ�IURP�D�UDGLRQXFOLGH�RQ�WKH�JURXQG�VXUIDFH��7DEOH������

�� H[WHUQDO�H[SRVXUH�WR�UDGLDWLRQ�IURP�D�UDGLRQXFOLGH�LQ�VRLO��DVVXPLQJ�FRQWDPLQDWLRQ�WR�DQ

LQILQLWH�GHSWK��7DEOH������

6XEMHFWLYH� MXGJPHQWV� FRQFHUQLQJ� WKH� H[WHQW� RI� WKH� XQFHUWDLQWLHV� DVVRFLDWHG� ZLWK� VHOHFWHG� ULVN

FRHIILFLHQWV�DUH�VXPPDUL]HG�LQ�7DEOH�������

$�ULVN�FRHIILFLHQW�IRU�D�JLYHQ�UDGLRQXFOLGH�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKLV�LV�WKH�RQO\

UDGLRQXFOLGH�SUHVHQW�LQ�WKH�HQYLURQPHQWDO�PHGLXP���,Q�SDUWLFXODU��JURZWK�RI�FKDLQ�PHPEHUV�LQ�WKH

HQYLURQPHQWDO�PHGLXP�LV�QRW�FRQVLGHUHG���)RU�HDFK�UDGLRQXFOLGH�DGGUHVVHG��KRZHYHU��D�VHSDUDWH�ULVN

FRHIILFLHQW� LV�SURYLGHG�IRU�HDFK�VXEVHTXHQW�PHPEHU�RI� WKH�FKDLQ�WKDW� LV�RI�SRWHQWLDO�GRVLPHWULF

VLJQLILFDQFH���$OVR��LQ�WKH�GHULYDWLRQ�RI��ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RU�LQJHVWLRQ�RI�D�UDGLRQXFOLGH�

LQJURZWK�RI�FKDLQ�PHPEHUV�LQVLGH�WKH�ERG\�LV�FRQVLGHUHG�

:LWK�D�IHZ�H[FHSWLRQV�GHVFULEHG�LQ�&KDSWHU����WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH�LQWHUQDO

H[SRVXUH�VFHQDULRV�DUH�WKH�VDPH�DV�WKRVH�FRQVLGHUHG�LQ�,&53�3XEOLFDWLRQ������������ZKLFK�LV�D

FRPSLODWLRQ�RI�WKH�,&53©V�DJH�GHSHQGHQW�GRVH�FRHIILFLHQWV�IRU�PHPEHUV�RI�WKH�SXEOLF�IURP�LQWDNH

RI�UDGLRQXFOLGHV���:LWK�D�IHZ�H[FHSWLRQV�GHVFULEHG�LQ�&KDSWHU����WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH

H[WHUQDO�H[SRVXUH�VFHQDULRV�DUH�WKH�VDPH�DV�WKRVH�FRQVLGHUHG�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R����

�(3$���������ZKLFK�WDEXODWHV�GRVH�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�WR�UDGLRQXFOLGHV�LQ�DLU��ZDWHU�
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DQG�VRLO���6RPH�RI�WKH�UDGLRQXFOLGHV�DGGUHVVHG�KHUH�PD\�EH�RI�OLWWOH�SUDFWLFDO�LPSRUWDQFH�ZLWK�UHJDUG

WR�UDGLRJHQLF�FDQFHU�ULVN�IURP�HQYLURQPHQWDO�H[SRVXUH�

)RU�VRPH�RI�WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�7DEOH������LQKDODWLRQ��RU����D��LQJHVWLRQ�RI�WDS

ZDWHU�RU�IRRG���WKH�K\SRWKHWLFDO�UDGLRJHQLF�FDQFHU�ULVN�PD\�EH�RI�OHVV�FRQFHUQ�WKDQ�RWKHU�SRWHQWLDO

WR[LFRORJLFDO� KD]DUGV�� � )RU� H[DPSOH�� IRU� LQJHVWLRQ� RI� VROXEOH� IRUPV� RI� 8�� WKH� SRVVLELOLW\� RI���

FKHPLFDOO\� LQGXFHG� GDPDJH� WR� WKH� NLGQH\V� PD\� EH� D� PRUH� LPSRUWDQW� FRQVLGHUDWLRQ� WKDQ� WKH

K\SRWKHWLFDO� UDGLRJHQLF� FDQFHU� ULVN� �FI�� :UHQQ� HW� DO��� ������� 7KH� UHIHUHQFH� LQIRUPDWLRQ� IRU

DVVHVVPHQW�RI�QRQ�UDGLRORJLFDO�ULVNV�IURP�LQWDNH�RI�UDGLRQXFOLGHV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�UHSRUW�

,Q�D�IHZ�FDVHV��WKH�KDOI�OLIH�RI�D�UDGLRQXFOLGH�LV�VXIILFLHQWO\�ORQJ�WKDW�WKH�PDVV�LQWDNH�RI�WKH

HOHPHQW�EHFRPHV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�D�SURVSHFWLYH�ULVN�DVVHVVPHQW��LQ�WKDW�DQ�H[WUHPHO\

VPDOO�UDGLRJHQLF�FDQFHU�ULVN�ZRXOG�UHVXOW�IURP�WKH�PDVV�RI�WKH�UDGLRQXFOLGH�WKDW�PLJKW�EH�LQKDOHG

RU�LQJHVWHG�XQGHU�DQ\�SODXVLEOH�HQYLURQPHQWDO�H[SRVXUH�VFHQDULR��7KH�PDVV�SHU�XQLW�DFWLYLW\�RI�D

UDGLRQXFOLGH��NJ�%T ��FDQ�EH�FDOFXODWHG�IURP�WKH�H[SUHVVLRQ��P� ������Õ�� �$�7 ��ZKHUH�$�LV�WKH�� ���
���

DWRPLF� PDVV� QXPEHU� DQG� 7 � LV� WKH� UDGLRQXFOLGH©V� KDOI�OLIH� LQ� \HDUV�� � $V� DQ� LOOXVWUDWLRQ�� WKH���

UDGLRORJLFDO�KDOI�OLIH�RI� ,Q�LV����Õ�� �\��DQG�WKH�PDVV�SHU�XQLW�DFWLYLW\�RI� ,Q�LV�����Õ�� �Õ������� ��� �����

Õ����Õ�� �NJ�%T  ����Õ�� �NJ�%T ��WKDW�LV����%T�RI� ,Q�KDV�D�PDVV�RI����J�
�� �� �� �� ���

)RU�UDGLRLVRWRSHV�RI�HOHPHQWV�WKDW�DUH�XQGHU�WLJKW�KRPHRVWDWLF�FRQWURO�E\�WKH�KXPDQ�ERG\�

WKH� LQKDODWLRQ�RU� LQJHVWLRQ� ULVN�FRHIILFLHQWV�JLYHQ� LQ� WKLV�GRFXPHQW�PD\�QRW�EH�DSSURSULDWH� IRU

DSSOLFDWLRQ�WR�VRPH�H[SRVXUH�VFHQDULRV���)RU�H[DPSOH��WKH�LQJHVWLRQ�ULVN�FRHIILFLHQW�IRU� .�ZRXOG��

QRW�EH�DSSURSULDWH�IRU�DSSOLFDWLRQ�WR� LQJHVWLRQ�RI� .�LQ�FRQMXQFWLRQ�ZLWK�DQ�HOHYDWHG�LQWDNH�RI��

QDWXUDO� SRWDVVLXP�� �7KLV� LV� EHFDXVH� WKH� ELRNLQHWLF�PRGHO� IRU� SRWDVVLXP�XVHG� LQ� WKLV� GRFXPHQW

UHSUHVHQWV�WKH�UHODWLYHO\�VORZ�UHPRYDO�RI�SRWDVVLXP��ELRORJLFDO�KDOI�WLPH�RI����G��WKDW�LV�HVWLPDWHG

WR�RFFXU�IRU�W\SLFDO�LQWDNHV�RI�SRWDVVLXP��ZKHUHDV�DQ�HOHYDWHG�LQWDNH�RI�SRWDVVLXP�ZRXOG�UHVXOW�LQ

H[FUHWLRQ�RI�D�QHDUO\�HTXDO�PDVV�RI�QDWXUDO�SRWDVVLXP��DQG�KHQFH�RI� .��RYHU�D�VKRUW�SHULRG���

5LVN�FRHIILFLHQWV�IRU�LQKDODWLRQ

5LVN� FRHIILFLHQWV� IRU� LQKDODWLRQ� RI� UDGLRQXFOLGHV� LQ� DLU� DUH� JLYHQ� LQ� 7DEOH� ����� � 7KHVH

FRHIILFLHQWV�DUH�H[SUHVVHG�DV�WKH�ULVN�RI�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�DFWLYLW\�LQWDNH��%T ��
��

7KH�LQWDNH�UDWH�RI�D�UDGLRQXFOLGH�LQ�DLU�LV�DVVXPHG�WR�GHSHQG�RQ�DJH�DQG�JHQGHU���7KH�DJH�

DQG�JHQGHU�VSHFLILF�LQKDODWLRQ�UDWHV�XVHG�LQ�WKLV�UHSRUW�DUH�JLYHQ�LQ�&KDSWHU����7DEOH�����

7KH�IRUP�RI�WKH�LQKDOHG�PDWHULDO�LV�FODVVLILHG�LQ�WHUPV�RI�WKH�UDWH�RI�DEVRUSWLRQ�IURP�WKH�OXQJV

WR�EORRG��XVLQJ�WKH�FODVVLILFDWLRQ�VFKHPH�RI�,&53�3XEOLFDWLRQ�����,&53������D����7\SH�)��7\SH�0�

DQG�7\SH�6�UHSUHVHQW��UHVSHFWLYHO\��IDVW��PHGLXP��DQG�VORZ�UDWHV�RI�DEVRUSWLRQ�RI�PDWHULDO�LQKDOHG
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LQ�SDUWLFXODWH�IRUP���0DWHULDO�VSHFLILF�GHSRVLWLRQ�DQG�DEVRUSWLRQ�PRGHOV�DUH�XVHG�IRU�YDSRUV�DQG

JDVHV��,&53������E��

,&53�3XEOLFDWLRQ���������D��FULWLFDOO\�UHYLHZV�LQKDODWLRQ�GDWD�IRU����HOHPHQWV�DQG�SURYLGHV

GRVH�FRHIILFLHQWV�IRU�PHPEHUV�RI�WKH�SXEOLF�IRU�HQYLURQPHQWDOO\�LPSRUWDQW�UDGLRLVRWRSHV�RI�WKRVH

HOHPHQWV���,Q�WKDW�GRFXPHQW��LQKDODWLRQ�GRVH�FRHIILFLHQWV�IRU�D�UDGLRQXFOLGH�DUH�SURYLGHG�IRU�DOO�WKUHH

DEVRUSWLRQ�W\SHV��DQG�D�GHIDXOW�W\SH�LV�UHFRPPHQGHG�IRU�VLWXDWLRQV�ZKHUH�QR�VSHFLILF�LQIRUPDWLRQ�LV

DYDLODEOH���,&53�3XEOLFDWLRQ������������ZKLFK�LV�D�FRPSLODWLRQ�RI�LQJHVWLRQ�DQG�LQKDODWLRQ�GRVH

FRHIILFLHQWV� IRU� PHPEHUV� RI� WKH� SXEOLF�� OLVWV� WKH� HIIHFWLYH� GRVH� FRHIILFLHQWV� JLYHQ� LQ� ,&53

3XEOLFDWLRQ����DQG�SURYLGHV�FRHIILFLHQWV�IRU����DGGLWLRQDO�HOHPHQWV���)RU�HDFK�RI�WKHVH����HOHPHQWV�

DWWHQWLRQ�LV�UHVWULFWHG�LQ�,&53�3XEOLFDWLRQ����WR�WKRVH�DEVRUSWLRQ�W\SHV�FRQVLGHUHG�LQ�DQ�HDUOLHU

GRFXPHQW�RQ�RFFXSDWLRQDO�LQWDNHV�RI�UDGLRQXFOLGHV��,&53������D����7KH�DEVRUSWLRQ�W\SHV�DGGUHVVHG

LQ�,&53�3XEOLFDWLRQ����DUH�VXPPDUL]HG�LQ�7DEOH�����RI�WKLV�UHSRUW�

7KH�LQIRUPDWLRQ�XQGHUO\LQJ�WKH�VHOHFWLRQ�RI�DQ�DSSURSULDWH�DEVRUSWLRQ�W\SH�IRU�D�UDGLRQXFOLGH

XVXDOO\�LV�YHU\�OLPLWHG���,Q�PDQ\�FDVHV��WKH�VHOHFWLRQ�PXVW�EH�EDVHG�RQ�RFFXSDWLRQDO�UDWKHU�WKDQ

HQYLURQPHQWDO�H[SHULHQFH���'XH�WR�WKH�XQFHUWDLQW\�LQ�WKH�IRUP�RI�D�UDGLRQXFOLGH�OLNHO\�WR�EH�LQKDOHG

E\�PHPEHUV�RI�WKH�SXEOLF��LQKDODWLRQ�ULVN�FRHIILFLHQWV�IRU�D�UDGLRQXFOLGH�DUH�SURYLGHG�KHUH�IRU�DOO

WKUHH�DEVRUSWLRQ�W\SHV�� �,Q�FDVHV�ZKHUH�D�GHIDXOW�DEVRUSWLRQ�W\SH�LV�UHFRPPHQGHG�E\�WKH�,&53

�����D���������WKDW�W\SH�LV�LGHQWLILHG�LQ�WKH�WDEOH�RI�LQKDODWLRQ�ULVN�FRHIILFLHQWV��7DEOH������

,QKDODWLRQ�RI�D� UDGLRQXFOLGH� LQ� WKH� IRUP�RI�D�YDSRU�RU�JDV�KDV�DOVR�EHHQ�FRQVLGHUHG�IRU

VHOHFWHG�FDVHV���,Q�SDUWLFXODU��ULVN�FRHIILFLHQWV�DUH�SURYLGHG�IRU�WULWLXP�DV�D�YDSRU��+72��RU�JDV��+7��

FDUERQ�LQ�JDVHRXV�IRUP�DV�FDUERQ�PRQR[LGH��&2��RU�FDUERQ�GLR[LGH��&2 ���VXOIXU�DV�D�YDSRU��62
� �

RU�&6 ���QLFNHO�DV�D�YDSRU��UXWKHQLXP�DV�D�YDSRU��5X2 ���LRGLQH�DV�D�YDSRU�RU�JDV��PHWK\O�LRGLGH�
� �

&+ ,���WHOOXULXP�DV�D�YDSRU��DQG�PHUFXU\�DV�D�YDSRU�
�

5LVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�UDGLRQXFOLGHV�LQ�SDUWLFXODWH�IRUP�DUH�EDVHG�RQ�DQ�DVVXPHG

DFWLYLW\�PHGLDQ�DHURG\QDPLF�GLDPHWHU��$0$'��RI����P���7KLV�SDUWLFOH�VL]H�LV�UHFRPPHQGHG�E\�WKH

,&53�IRU�FRQVLGHUDWLRQ�RI�HQYLURQPHQWDO�H[SRVXUHV�LQ�WKH�DEVHQFH�RI�VSHFLILF�LQIRUPDWLRQ�DERXW�WKH

SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�DHURVRO��,&53������D��

5LVN�FRHIILFLHQWV�IRU�LQJHVWLRQ

6HSDUDWH� ULVN�FRHIILFLHQWV�DUH�FDOFXODWHG� IRU� LQJHVWLRQ�RI� UDGLRQXFOLGHV� LQ� WDS�ZDWHU�DQG

LQJHVWLRQ�RI�UDGLRQXFOLGHV�LQ�IRRG���%RWK�VHWV�RI�FRHIILFLHQWV�DUH�JLYHQ�LQ�7DEOH����D���7KHVH�ULVN

FRHIILFLHQWV�DUH�H[SUHVVHG�DV�WKH�ULVN�RI�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�DFWLYLW\�LQWDNH��%T ��
��



��

7KH�DJH��DQG�JHQGHU�VSHFLILF�XVDJH�UDWHV�IRU�WDS�ZDWHU�DUH�JLYHQ�LQ�&KDSWHU����7DEOH�������7DS

ZDWHU�XVDJH�LV�GHILQHG�DV�ZDWHU�GUXQN�GLUHFWO\�DV�D�EHYHUDJH�DQG�ZDWHU�DGGHG�WR�IRRGV�DQG�EHYHUDJHV

GXULQJ�SUHSDUDWLRQ���,W�GRHV�QRW�LQFOXGH�ZDWHU�WKDW�LV�LQWULQVLF�LQ�IRRGV�DV�SXUFKDVHG�

)RRG�XVDJH�LV�GHILQHG�DV�WKH�WRWDO�GLHWDU\�LQWDNH��H[FOXGLQJ�WDS�ZDWHU���7KH�ULVN�FRHIILFLHQWV

IRU� IRRG� LQ�7DEOH� ���D� DUH� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH� LQWDNH� UDWH� RI� WKH� UDGLRQXFOLGH� LV

SURSRUWLRQDO�WR�IRRG�HQHUJ\�XVDJH��NFDO�G ����$JH��DQG�JHQGHU�VSHFLILF�YDOXHV�IRU�GDLO\�XVDJH�RI�WRWDO
��

IRRG�HQHUJ\�DUH�JLYHQ�LQ�&KDSWHU����7DEOH�����

7KH�DVVHVVPHQW�RI� WKH�LQWDNH�RI�D�UDGLRQXFOLGH�LQ�IRRG�W\SLFDOO\� LV�EDVHG�RQ�LWV�DFWLYLW\

FRQFHQWUDWLRQ� LQ� IRRG� �IRU�H[DPSOH��%T�NJ ��DQG�DQ�DYHUDJH�XVDJH� UDWH� �NJ�G ��� �7KH� UHODWLRQ
�� ��

EHWZHHQ�IRRG�HQHUJ\�XVDJH�DQG�IRRG�PDVV�XVDJH�LV�GLVFXVVHG�LQ�&KDSWHU���

7KH�ELRNLQHWLF�PRGHO�XVHG�WR�GHULYH�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI�UDGLRFDUERQ�ZDV�EDVHG

RQ�EDODQFH�FRQVLGHUDWLRQV�LQYROYLQJ�GDLO\�LQWDNH�DQG�WRWDO�ERG\�FRQWHQW�RI�FDUERQ�DQG�ZDV�GHVLJQHG

PDLQO\�IRU�GRVLPHWU\�RI� &�ODEHOHG�PHWDEROLWHV��,&53����������������2EVHUYDWLRQV�RI�WKH�VKRUW��DQG��

LQWHUPHGLDWH�WHUP�EHKDYLRU�RI�UDGLRFDUERQ�LQ�KXPDQ�VXEMHFWV�DQG�ODERUDWRU\�DQLPDOV�LQGLFDWH�WKDW

WKLV�PRGHO�PD\�\LHOG�VXEVWDQWLDO�RYHUHVWLPDWHV�RI�WLVVXH�GRVHV�IURP�LQJHVWLRQ�RI�VRPH�FRPPRQO\

HQFRXQWHUHG�IRUPV�RI�UDGLRFDUERQ���)RU�H[DPSOH��WKH�PRGHO�PD\�RYHUHVWLPDWH�GRVHV�IURP�LQJHVWLRQ

RI� &�ODEHOHG�ELFDUERQDWH�E\�DQ�RUGHU�RI�PDJQLWXGH�RU�PRUH���

7DEOH����E�JLYHV�D�VHFRQG�VHW�RI�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI�UDGLRLVRWRSHV�RI�LRGLQH�LQ

IRRG��EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�LQWDNH�RI�UDGLRLRGLQH�LV�SURSRUWLRQDO�WR�LQWDNH�RI�PLON���$JH��DQG

JHQGHU�VSHFLILF�YDOXHV�IRU�WKH�DVVXPHG�GDLO\�LQWDNH�RI�FRZ©V�PLON�DUH�JLYHQ�LQ�&KDSWHU����7DEOH�����

5LVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH

5LVN�FRHIILFLHQWV�DUH�SURYLGHG�LQ�7DEOH�����IRU�HDFK�RI�WKUHH�H[WHUQDO�H[SRVXUH�VFHQDULRV�

H[WHUQDO�H[SRVXUH�IURP�VXEPHUVLRQ�LQ�FRQWDPLQDWHG�DLU��H[WHUQDO�H[SRVXUH�IURP�FRQWDPLQDWLRQ�RQ

WKH�JURXQG�VXUIDFH�� DQG�H[WHUQDO�H[SRVXUH� IURP�VRLO� FRQWDPLQDWHG� WR�DQ� LQILQLWH�GHSWK�� �$� ULVN

FRHIILFLHQW�IRU�D�JLYHQ�UDGLRQXFOLGH�LV�H[SUHVVHG�DV�WKH�SUREDELOLW\�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�RU

PRUELGLW\�SHU�XQLW�WLPH�LQWHJUDWHG�DFWLYLW\�FRQFHQWUDWLRQ�LQ�DLU��RQ�WKH�JURXQG�VXUIDFH��RU�LQ�VRLO��7KH

FRHIILFLHQWV�IRU�VXEPHUVLRQ�LQ�DLU�DUH�JLYHQ�LQ�XQLWV�RI�P �%T �V ��WKRVH�IRU�H[SRVXUH�WR�UDGLDWLRQ
� �� ��

IURP�WKH�JURXQG�VXUIDFH�DUH�JLYHQ�LQ�XQLWV�RI�P �%T �V ��DQG�WKRVH�IRU�H[SRVXUH�WR�UDGLDWLRQ�IURP
� �� ��

VRLO�FRQWDPLQDWHG�WR�DQ�LQILQLWH�GHSWK�DUH�JLYHQ�LQ�XQLWV�RI�NJ�%T �V �
�� ��

7KH� ULVN�FRHIILFLHQWV� LQ�7DEOH�����DUH�EDVHG�RQ�H[WHUQDO�GRVH� UDWHV� WDEXODWHG� LQ�)HGHUDO

*XLGDQFH�5HSRUW�1R������(3$����������7KRVH�GRVH�UDWHV�ZHUH�FDOFXODWHG�IRU�D�UHIHUHQFH�DGXOW�PDOH�

VWDQGLQJ�RXWGRRUV�ZLWK�QR�VKLHOGLQJ���$FWLYLW\�GLVWULEXWLRQV�LQ�DLU��RQ�WKH�JURXQG�VXUIDFH��RU�LQ�VRLO



��

ZHUH�DVVXPHG�WR�EH�RI�DQ�LQILQLWH�H[WHQW���,Q�WKLV�UHSRUW��QR�DGMXVWPHQWV�DUH�PDGH�WR�DFFRXQW�IRU

SRWHQWLDO�GLIIHUHQFHV�ZLWK�DJH�DQG�JHQGHU�LQ�WKH�H[WHUQDO�GRVHV�UHFHLYHG��SRWHQWLDO�UHGXFWLRQ�LQ�GRVH

GXH� WR� VKLHOGLQJ� E\� EXLOGLQJV� GXULQJ� WLPH� VSHQW� LQGRRUV�� RU� WKH� ILQLWH� QDWXUH� RI� WKH� DFWLYLW\

GLVWULEXWLRQ�LQ�WKH�HQYLURQPHQW�

$GMXVWPHQWV�IRU�FXUUHQW�DJH�DQG�JHQGHU�GLVWULEXWLRQV�LQ�WKH�8�6�

7KH�ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�WKLV�FKDSWHU�ZHUH�GHYHORSHG�IRU�D�VWDWLRQDU\�SRSXODWLRQ�ZLWK

JHQGHU�DQG�DJH�GLVWULEXWLRQV�WKDW�ZRXOG�HYHQWXDOO\�RFFXU�LQ�D�FORVHG�SRSXODWLRQ�ZLWK�PDOH�WR�IHPDOH

ELUWK�UDWLRV�LQGLFDWHG�E\�UHFHQW�8�6��GDWD�DQG�ZLWK�WLPH�LQYDULDQW�VXUYLYDO�IXQFWLRQV�GHILQHG�E\�WKH

��������8�6��GHFHQQLDO�OLIH�WDEOHV���'XH�WR�WKH�XQFHUWDLQW\�LQ�WKH�IXWXUH�FRPSRVLWLRQ�RI�WKH�8�6�

SRSXODWLRQ��WKH�XVH�RI�D�VWDWLRQDU\�SRSXODWLRQ�EDVHG�RQ�UHFHQW�8�6��YLWDO�VWDWLVWLFV�LV�MXGJHG�WR�EH

DSSURSULDWH�IRU�FRQVLGHUDWLRQ�RI�ORQJ�WHUP��FKURQLF�H[SRVXUHV�WR�WKH�8�6��SRSXODWLRQ���%HFDXVH�WKH

JHQGHU�VSHFLILF�DJH�GLVWULEXWLRQV�LQ�WKH�FXUUHQW�8�6��SRSXODWLRQ�GLIIHU�FRQVLGHUDEO\�IURP�WKRVH�RI�WKH

K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ��KRZHYHU��WKH�TXHVWLRQ�DULVHV�DV�WR�WKH�DSSOLFDELOLW\�RI�WKHVH�ULVN

FRHIILFLHQWV�WR�VKRUW�WHUP�H[SRVXUHV�RI�WKH�8�6��SRSXODWLRQ�WKDW�PLJKW�RFFXU�LQ�WKH�QHDU�IXWXUH���,Q

$SSHQGL[�(��ULVN�FRHIILFLHQWV�IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�DUH�FRPSDUHG�ZLWK�FRHIILFLHQWV�GHULYHG

IRU��VKRUW�WHUP�H[SRVXUH�RI�D�SRSXODWLRQ�ZLWK�JHQGHU�DQG�DJH�GLVWULEXWLRQV�EDVHG�RQ�WKH������8�6�

SRSXODWLRQ�� EXW� ZLWK� WKH� VDPH� VXUYLYDO� IXQFWLRQV� DQG� FDQFHU� PRUWDOLW\� UDWHV� DV� WKH� VWDWLRQDU\

SRSXODWLRQ�� �7KH� FRPSDULVRQV� VKRZ� WKDW� WKH� ULVN� FRHIILFLHQWV� IRU� WKH� VWDWLRQDU\� SRSXODWLRQ� DUH

UHDVRQDEO\�JRRG�DSSUR[LPDWLRQV�RI�WKH�FRUUHVSRQGLQJ�ULVN�FRHIILFLHQWV�IRU�VKRUW�WHUP�H[SRVXUH�RI

WKH������8�6��SRSXODWLRQ�DQG�WKDW��IRU�D�JLYHQ�H[SRVXUH�VFHQDULR��WKH�UDWLR�RI�ULVN�FRHIILFLHQWV�IRU�WKH

WZR�SRSXODWLRQV�YDULHV� OLWWOH� IURP�RQH�UDGLRQXFOLGH� WR�DQRWKHU�� �6FDOLQJ�IDFWRUV�DUH�SURYLGHG� LQ

$SSHQGL[�(�IRU�FRQYHUVLRQ�RI�ULVN�FRHIILFLHQWV�IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�WR�PRUH�SUHFLVH�ULVN

FRHIILFLHQWV�IRU�D�K\SRWKHWLFDO�VKRUW�WHUP�H[SRVXUH�WR�WKH������8�6��SRSXODWLRQ�





��

7R H[SUHVV D ULVN FRHIILFLHQW LQ FRQYHQWLRQDO XQLWV ��&L �� PXOWLSO\ E\ ���Õ�� %T �&L �
�� � ��

7R H[SUHVV D ULVN FRHIILFLHQW LQ WHUPV RI D FRQVWDQW DFWLYLW\ FRQFHQWUDWLRQ LQ DLU �%T P �� PXOWLSO\
��

WKH FRHIILFLHQW E\ ����Õ�� 8 � ZKHUH 8 LV WKH OLIHWLPH DYHUDJH LQKDODWLRQ UDWH �IRU H[DPSOH�
�

$ $

���� P G LQ 7DEOH ���� DQG ����Õ�� G LV WKH DYHUDJH OLIH VSDQ� 1RWH WKDW WKH UHODWLYH DJH� DQG
� �� �

JHQGHU�VSHFLILF LQKDODWLRQ UDWHV LQGLFDWHG LQ 7DEOH ��� DUH LQKHUHQW LQ WKH ULVN FRHIILFLHQW�

7DEOH�������0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�

([SODQDWLRQ�RI�(QWULHV

5LVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�UDGLRQXFOLGHV�DUH�H[SUHVVHG�DV�WKH�SUREDELOLW\�RI�UDGLRJHQLF

FDQFHU�PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�LQWDNH��ZKHUH�WKH�LQWDNH�LV�DYHUDJHG�RYHU�DOO�DJHV�DQG�ERWK

JHQGHUV���7KH�IRUP�RI�DQ�LQKDOHG�UDGLRQXFOLGH�LV�FODVVLILHG�LQ�WHUPV�RI�WKH�UDWH�RI�DEVRUSWLRQ�IURP

WKH�OXQJV�WR�EORRG��XVLQJ�WKH�FODVVLILFDWLRQ�VFKHPH�RI�,&53�3XEOLFDWLRQ�����,&53������D����)RU�HDFK

UDGLRQXFOLGH��VHSDUDWH�ULVN�FRHIILFLHQWV�DUH�SURYLGHG�IRU�SDUWLFXODWH�DHURVROV�RI�7\SH�)��7\SH�0��DQG

7\SH�6�UHSUHVHQWLQJ��UHVSHFWLYHO\��IDVW��PHGLXP��DQG�VORZ�DEVRUSWLRQ�WR�EORRG���)RU�VRPH�HOHPHQWV�

WKH�,&53�UHFRPPHQGV�D�GHIDXOW�DEVRUSWLRQ�W\SH�IRU�SDUWLFXODWH�DHURVROV�ZKHQ�QR�VSHFLILF�LQIRUPDWLRQ

LV�DYDLODEOH��7DEOH��������$�GHIDXOW�W\SH�IRU�DQ�HOHPHQW�LV�LQGLFDWHG�E\�DQ�DVWHULVN���5LVN�FRHIILFLHQWV

DUH�DOVR�SURYLGHG�IRU� WULWLXP�DV�D�YDSRU��+72��RU�JDV��+7���FDUERQ�LQ�JDVHRXV�IRUP�DV�FDUERQ

PRQR[LGH� �&2�� RU� FDUERQ� GLR[LGH� �&2 ��� VXOIXU� DV� D� YDSRU� �62 � RU� &6 ��� QLFNHO� DV� D� YDSRU�
� � �

UXWKHQLXP�DV�D�YDSRU��5X2 ���LRGLQH�DV�D�YDSRU�RU�JDV��PHWK\O�LRGLGH��&+ ,���WHOOXULXP�DV�D�YDSRU�
� �

DQG�PHUFXU\�DV�D�YDSRU���7KH�I ��JDVWURLQWHVWLQDO�XSWDNH��YDOXHV�VKRZQ�DUH�WKH�YDOXHV�IRU�WKH�DGXOW�

DQG�PD\�GLIIHU�IURP�WKH�YDOXHV�DSSOLHG�WR�LQIDQWV�DQG�FKLOGUHQ��VHH�&KDSWHU����

(QWULHV�XQGHU�WKH�KHDGLQJ�¦&KDLQ§�LQGLFDWH�ZKHWKHU�WKH�UDGLRQXFOLGH�LV�LQ�WKH�VDPH�GHFD\

FKDLQ�DV�RWKHU�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH�WDEOH��VHH�$SSHQGL[�*�IRU�GHWDLOV�FRQFHUQLQJ�GHFD\

FKDLQV����$Q�HQWU\�¦<§��\HV��XQGHU�WKH�VXEKHDGLQJ�¦3§��SDUHQW��LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�WKH

SDUHQW�RI�D�GHFD\�FKDLQ�FRQWDLQLQJ�DW�OHDVW�RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH���$Q�HQWU\�¦<§��XQGHU

WKH�VXEKHDGLQJ�¦'§��GDXJKWHU��LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�IRUPHG�LQ�WKH�GHFD\�FKDLQ�RI�DW�OHDVW

RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH���7KHVH�HQWULHV�DUH�LQFOXGHG�DV�DQ�DLG�LQ�WKH�HVWLPDWLRQ�RI�FDQFHU

ULVN�IURP�LQWDNH�RI�GHFD\�FKDLQ�PHPEHUV�WKDW�IRUP�LQ�WKH�HQYLURQPHQW���7KH�ULVN�FRHIILFLHQW�IRU

LQWDNH�RI�D�UDGLRQXFOLGH�DOUHDG\�LQFOXGHV�WKH�FRQWULEXWLRQ�WR�GRVH�IURP�SURGXFWLRQ�RI�GHFD\�FKDLQ

PHPEHUV�LQ�WKH�ERG\�DIWHU�LQWDNH�RI�WKH�SDUHQW�

7R�IDFLOLWDWH�DSSOLFDWLRQ�RI�WKH�ULVN�FRHIILFLHQWV��LQFOXGLQJ�FRQYHUVLRQ�WR�RWKHU�XQLWV��WKH

FRHIILFLHQWV�DUH�WDEXODWHG�WR�WKUHH�ILJXUHV���1R�LQGLFDWLRQ�RI�WKH�OHYHO�RI�XQFHUWDLQW\�LV�LQWHQGHG�RU

VKRXOG�EH�LQIHUUHG�IURP�WKLV�SUDFWLFH���&DOFXODWHG�ULVNV�VKRXOG�EH�URXQGHG�DSSURSULDWHO\�



��

7DEOH������0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�
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7R H[SUHVV D ULVN FRHIILFLHQW LQ FRQYHQWLRQDO XQLWV ��&L �� PXOWLSO\ E\ ���Õ�� %T �&L �
�� � ��

7R H[SUHVV D ULVN FRHIILFLHQW IRU LQWDNH RI WDS ZDWHU LQ WHUPV RI D FRQVWDQW DFWLYLW\ FRQFHQWUDWLRQ
LQ WDS ZDWHU �%T / �� PXOWLSO\ WKH FRHIILFLHQW E\ ����Õ�� 8 � ZKHUH 8 LV WKH OLIHWLPH DYHUDJH

�� �

: :

UDWH RI LQJHVWLRQ RI WDS ZDWHU �IRU H[DPSOH� ���� / G LQ 7DEOH ���� DQG ����Õ�� G LV WKH
�� �

DYHUDJH OLIH VSDQ� 7R H[SUHVV D ULVN FRHIILFLHQW IRU LQWDNH RI IRRG LQ WHUPV RI D FRQVWDQW DFWLYLW\
FRQFHQWUDWLRQ LQ IRRG �%T NJ �� PXOWLSO\ E\ ����Õ�� 8 � ZKHUH 8 LV WKH OLIHWLPH DYHUDJH LQWDNH

�� �

) )

UDWH RI IRRG LQ WHUPV RI PDVV �IRU H[DPSOH� ��� NJ G � VXJJHVWHG LQ &KDSWHU ��� DQG ����Õ��
�� �

G LV WKH DYHUDJH OLIH VSDQ� 7R H[SUHVV D ULVN FRHIILFLHQW LQ WHUPV RI DFWLYLW\ SHU XQLW HQHUJ\ �%T
NFDO �� PXOWLSO\ E\ ����Õ�� 8 � ZKHUH 8 LV WKH OLIHWLPH DYHUDJH LQWDNH UDWH RI IRRG HQHUJ\ �IRU

�� �

( (

H[DPSOH� ���� NFDO G LQ 7DEOH ����� 1RWH WKDW WKH UHODWLYH DJH� DQG JHQGHU�VSHFLILF LQWDNH
��

UDWHV RI WDS ZDWHU RU IRRG LQGLFDWHG LQ 7DEOH ��� DUH LQKHUHQW LQ WKH ULVN FRHIILFLHQWV�

7DEOH����D���0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI�WDS�ZDWHU�DQG�IRRG�

([SODQDWLRQ�RI�(QWULHV

5LVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI�UDGLRQXFOLGHV�LQ�WDS�ZDWHU�RU�IRRG�DUH�H[SUHVVHG�DV�WKH

SUREDELOLW\�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�LQWDNH��ZKHUH�WKH�LQWDNH�LV�DYHUDJHG

RYHU� DOO� DJHV� DQG� ERWK� JHQGHUV�� � $� ULVN� FRHIILFLHQW� IRU� LQJHVWLRQ� DSSOLHV� WR� DOO� IRUPV� RI� WKH

UDGLRQXFOLGH��H[FHSW�WKDW�VHSDUDWH�ULVN�FRHIILFLHQWV�DUH�JLYHQ�IRU� +�DV�WULWLDWHG�ZDWHU�DQG�RUJDQLFDOO\�

ERXQG� WULWLXP�� DQG� IRU� LQRUJDQLF� DQG� RUJDQLF� IRUPV� RI� UDGLRLVRWRSHV� RI� VXOIXU�� PHUFXU\�� DQG

SRORQLXP���7KH�LQGLFDWHG��I �YDOXHV�DSSO\�WR�WKH�DGXOW�DQG��DV�H[SODLQHG�LQ�&KDSWHU����PD\�GLIIHU�IURP
�

YDOXHV�IRU�LQIDQWV�DQG�FKLOGUHQ�

7KH�HQWULHV�XQGHU�WKH�KHDGLQJ�¦&KDLQ§�LQGLFDWH�ZKHWKHU�WKH�UDGLRQXFOLGH�LV�LQ�WKH�VDPH�GHFD\

FKDLQ�DV�RWKHU�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH�WDEOH��VHH�$SSHQGL[�*�IRU�GHWDLOV�FRQFHUQLQJ�GHFD\

FKDLQV����$Q�HQWU\�¦<§��\HV��XQGHU�WKH�VXEKHDGLQJ�¦3§��SDUHQW��LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�WKH

SDUHQW�RI�D�GHFD\�FKDLQ�FRQWDLQLQJ�DW�OHDVW�RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH���$Q�HQWU\�¦<§��XQGHU

WKH�VXEKHDGLQJ�¦'§��GDXJKWHU��LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�IRUPHG�LQ�WKH�GHFD\�FKDLQ�RI�DW�OHDVW

RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH���7KHVH�HQWULHV�DUH�LQFOXGHG�DV�DQ�DLG�LQ�WKH�HVWLPDWLRQ�RI�FDQFHU

ULVN�IURP�LQWDNH�RI�GHFD\�FKDLQ�PHPEHUV�WKDW�IRUP�LQ�WKH�HQYLURQPHQW���7KH�ULVN�FRHIILFLHQW�IRU

LQWDNH�RI�D�UDGLRQXFOLGH�DOUHDG\�LQFOXGHV�WKH�FRQWULEXWLRQ�WR�GRVH�IURP�SURGXFWLRQ�RI�GHFD\�FKDLQ

PHPEHUV�LQ�WKH�ERG\�DIWHU�LQWDNH�RI�WKH�SDUHQW�

7R�IDFLOLWDWH�DSSOLFDWLRQ�RI�WKH�ULVN�FRHIILFLHQWV��LQFOXGLQJ�FRQYHUVLRQ�WR�RWKHU�XQLWV��WKH

FRHIILFLHQWV� DUH� WDEXODWHG� WR� WKUHH� GHFLPDO� SODFHV��1R� LQGLFDWLRQ� RI� WKH� OHYHO� RI� XQFHUWDLQW\� LV

LQWHQGHG�RU�VKRXOG�EH�LQIHUUHG�IURP�WKLV�SUDFWLFH���$�FDOFXODWHG�ULVN�VKRXOG�EH�URXQGHG�DSSURSULDWHO\�
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&RSSHU

&X��� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
&X��� ����� K � � ��� ����(��� ����(��� ����(��� ����(���
&X��� ������ K � � ��� ����(��� ����(��� ����(��� ����(���
&X��� ����� K � � ��� ����(��� ����(��� ����(��� ����(���
=LQF

=Q��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
=Q��� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
=Q��� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
=Q��� �� P � < ��� ����(��� ����(��� ����(��� ����(���
=Q���P ����� K < � ��� ����(��� ����(��� ����(��� ����(���
=Q���P ���� K � � ��� ����(��� ����(��� ����(��� ����(���
=Q��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
*DOOLXP

*D��� ���� P < � ����� ����(��� ����(��� ����(��� ����(���
*D��� ���� K � < ����� ����(��� ����(��� ����(��� ����(���
*D��� ����� K � < ����� ����(��� ����(��� ����(��� ����(���
*D��� ���� P � < ����� ����(��� ����(��� ����(��� ����(���
*D��� ����� P � � ����� ����(��� ����(��� ����(��� ����(���
*D��� ���� K � < ����� ����(��� ����(��� ����(��� ����(���
*D��� ���� K � � ����� ����(��� ����(��� ����(��� ����(���
*HUPDQLXP

*H��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
*H��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
*H��� ��� G < � ��� ����(��� ����(��� ����(��� ����(���
*H��� ����� K � < ��� ����(��� ����(��� ����(��� ����(���
*H��� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
*H��� ����� P � � ��� ����(��� ����(��� ����(��� ����(���
*H��� ����� K < � ��� ����(��� ����(��� ����(��� ����(���
*H��� �� P < � ��� ����(��� ����(��� ����(��� ����(���
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$UVHQLF

$V��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
$V��� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
$V��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
$V��� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
$V��� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
$V��� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
$V��� ����� K � � ��� ����(��� ����(��� ����(��� ����(���
$V��� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
$V��� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
6HOHQLXP

6H��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
6H��� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
6H���P �� P < � ��� ����(��� ����(��� ����(��� ����(���
6H��� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
6H��� ����� \ � � ��� ����(��� ����(��� ����(��� ����(���
6H��� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
6H���P ����� P < � ��� ����(��� ����(��� ����(��� ����(���
6H��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
%URPLQH

%U��� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
%U���P ���� P � � ��� ����(��� ����(��� ����(��� ����(���
%U��� �� P < � ��� ����(��� ����(��� ����(��� ����(���
%U��� ���� K � � ��� ����(��� ����(��� ����(��� ����(���
%U��� �� K � � ��� ����(��� ����(��� ����(��� ����(���
%U��� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
%U���P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
%U��� ����� K � � ��� ����(��� ����(��� ����(��� ����(���
%U��� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
%U��� ����� P � � ��� ����(��� ����(��� ����(��� ����(���
5XELGLXP

5E��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
5E��� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
5E���P �� P < � ��� ����(��� ����(��� ����(��� ����(���
5E���P ��� K � � ��� ����(��� ����(��� ����(��� ����(���
5E��� ���� G < < ��� ����(��� ����(��� ����(��� ����(���
5E��� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
5E��� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
5E��� ���(�� \ � < ��� ����(��� ����(��� ����(��� ����(���
5E��� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
5E��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
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6WURQWLXP
6U��� ��� P < � ��� ����(��� ����(��� ����(��� ����(���
6U��� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
6U��� ���� G < � ��� ����(��� ����(��� ����(��� ����(���
6U��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
6U��� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
6U���P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
6U���P ����� K < < ��� ����(��� ����(��� ����(��� ����(���
6U��� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
6U��� ����� \ < � ��� ����(��� ����(��� ����(��� ����(���
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6U��� ��� K < � ��� ����(��� ����(��� ����(��� ����(���
6U��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
<WWULXP

<��� ����� K � < ������ ����(��� ����(��� ����(��� ����(���
<���P �� P < � ������ ����(��� ����(��� ����(��� ����(���
<��� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
<��� ������ G � < ������ ����(��� ����(��� ����(��� ����(���
<��� ���� K � < ������ ����(��� ����(��� ����(��� ����(���
<���P ���� K < � ������ ����(��� ����(��� ����(��� ����(���
<��� ����� G � < ������ ����(��� ����(��� ����(��� ����(���
<���P ����� P < < ������ ����(��� ����(��� ����(��� ����(���
<��� ���� K � < ������ ����(��� ����(��� ����(��� ����(���
<��� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
<��� ���� P � � ������ ����(��� ����(��� ����(��� ����(���
<��� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
=LUFRQLXP

=U��� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
=U��� ���� G < < ���� ����(��� ����(��� ����(��� ����(���
=U��� ����� K � < ���� ����(��� ����(��� ����(��� ����(���
=U��� ����(� \ < < ���� ����(��� ����(��� ����(��� ����(���
=U��� ����� G < < ���� ����(��� ����(��� ����(��� ����(���
=U��� ����� K < � ���� ����(��� ����(��� ����(��� ����(���
1LRELXP

1E��� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
1E���E ��� P < � ���� ����(��� ����(��� ����(��� ����(���
1E���D �� P < � ���� ����(��� ����(��� ����(��� ����(���
1E��� ����� K � < ���� ����(��� ����(��� ����(��� ����(���
1E���P ���� \ � < ���� ����(��� ����(��� ����(��� ����(���
1E��� ����(� \ � � ���� ����(��� ����(��� ����(��� ����(���
1E��� ����� G � < ���� ����(��� ����(��� ����(��� ����(���
1E���P ���� K < < ���� ����(��� ����(��� ����(��� ����(���
1E��� ����� K � � ���� ����(��� ����(��� ����(��� ����(���
1E��� ���� P � < ���� ����(��� ����(��� ����(��� ����(���
1E��� ���� P � � ���� ����(��� ����(��� ����(��� ����(���
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0RO\EGHQXP

0R��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
0R��� ���(� \ < < ��� ����(��� ����(��� ����(��� ����(���
0R���P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
0R��� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
0R���� ����� P < � ��� ����(��� ����(��� ����(��� ����(���
7HFKQHWLXP

7F��� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
7F���P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
7F��� ��� P � � ��� ����(��� ����(��� ����(��� ����(���
7F���P �� P � < ��� ����(��� ����(��� ����(��� ����(���
7F��� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
7F���P �� G < � ��� ����(��� ����(��� ����(��� ����(���
7F��� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
7F���P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
7F��� ���(� \ � < ��� ����(��� ����(��� ����(��� ����(���
7F���P �� G < < ��� ����(��� ����(��� ����(��� ����(���
7F��� ���(� \ � � ��� ����(��� ����(��� ����(��� ����(���
7F��� ����(� \ � < ��� ����(��� ����(��� ����(��� ����(���
7F���P ���� K < < ��� ����(��� ����(��� ����(��� ����(���
7F���� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
7F���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
5XWKHQLXP

5X��� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
5X��� ��� G < � ���� ����(��� ����(��� ����(��� ����(���
5X���� ����� G < � ���� ����(��� ����(��� ����(��� ����(���
5X���� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
5X���� ����� G < � ���� ����(��� ����(��� ����(��� ����(���
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5KRGLXP

5K��� �� G � � ���� ����(��� ����(��� ����(��� ����(���
5K���P ��� K � � ���� ����(��� ����(��� ����(��� ����(���
5K���� ���� K � < ���� ����(��� ����(��� ����(��� ����(���
5K���� ��� \ � < ���� ����(��� ����(��� ����(��� ����(���
5K����P ���� G < < ���� ����(��� ����(��� ����(��� ����(���
5K���� ��� \ � < ���� ����(��� ����(��� ����(��� ����(���
5K����P ��� G < � ���� ����(��� ����(��� ����(��� ����(���
5K����P ����� P � < ���� ����(��� ����(��� ����(��� ����(���
5K���� ����� K � < ���� ����(��� ����(��� ����(��� ����(���
5K����P ��� P � � ���� ����(��� ����(��� ����(��� ����(���
5K���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
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3DOODGLXP

3G���� ���� G < � ����� ����(��� ����(��� ����(��� ����(���
3G���� ���� K < � ����� ����(��� ����(��� ����(��� ����(���
3G���� ����� G < < ����� ����(��� ����(��� ����(��� ����(���
3G���� ���(� \ � < ����� ����(��� ����(��� ����(��� ����(���
3G���� ������ K � � ����� ����(��� ����(��� ����(��� ����(���
6LOYHU

$J���� ���� P � � ���� ����(��� ����(��� ����(��� ����(���
$J���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
$J���� ���� P � < ���� ����(��� ����(��� ����(��� ����(���
$J����P ���� P < � ���� ����(��� ����(��� ����(��� ����(���
$J���� ���� G � � ���� ����(��� ����(��� ����(��� ����(���
$J���� ����� P � � ���� ����(��� ����(��� ����(��� ����(���
$J����P ���� G � � ���� ����(��� ����(��� ����(��� ����(���
$J����P ��� \ < � ���� ����(��� ����(��� ����(��� ����(���
$J����P ����� G < � ���� ����(��� ����(��� ����(��� ����(���
$J���� ���� G � � ���� ����(��� ����(��� ����(��� ����(���
$J���� ���� K � � ���� ����(��� ����(��� ����(��� ����(���
$J���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
&DGPLXP

&G���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
&G���� ���� K � � ���� ����(��� ����(��� ����(��� ����(���
&G���� ��� G � < ���� ����(��� ����(��� ����(��� ����(���
&G���� ���(�� \ � � ���� ����(��� ����(��� ����(��� ����(���
&G����P ���� \ � � ���� ����(��� ����(��� ����(��� ����(���
&G���� ����� K < < ���� ����(��� ����(��� ����(��� ����(���
&G����P ���� G < < ���� ����(��� ����(��� ����(��� ����(���
&G���� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
&G����P ���� K < � ���� ����(��� ����(��� ����(��� ����(���
,QGLXP

,Q���� ��� K < � ���� ����(��� ����(��� ����(��� ����(���
,Q����E ��� K � � ���� ����(��� ����(��� ����(��� ����(���
,Q����D ���� P � < ���� ����(��� ����(��� ����(��� ����(���
,Q���� ���� G � < ���� ����(��� ����(��� ����(��� ����(���
,Q���� ���� P � � ���� ����(��� ����(��� ����(��� ����(���
,Q����P ����� K � < ���� ����(��� ����(��� ����(��� ����(���
,Q����P ����� G < � ���� ����(��� ����(��� ����(��� ����(���
,Q���� ���(�� \ � < ���� ����(��� ����(��� ����(��� ����(���
,Q����P ����� K < < ���� ����(��� ����(��� ����(��� ����(���
,Q����P ����� P � � ���� ����(��� ����(��� ����(��� ����(���
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,QGLXP� FRQWLQXHG

,Q���� ���� P < < ���� ����(��� ����(��� ����(��� ����(���
,Q����P ����� P < < ���� ����(��� ����(��� ����(��� ����(���
,Q����P ���� P < � ���� ����(��� ����(��� ����(��� ����(���
7LQ

6Q���� ��� K < � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ����� G < � ���� ����(��� ����(��� ����(��� ����(���
6Q����P ����� G � < ���� ����(��� ����(��� ����(��� ����(���
6Q����P ����� G � < ���� ����(��� ����(��� ����(��� ����(���
6Q���� ����� K � < ���� ����(��� ����(��� ����(��� ����(���
6Q����P �� \ < � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ����� G � � ���� ����(��� ����(��� ����(��� ����(���
6Q����P ����� P � � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ���� G < � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ���(� \ < � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
6Q���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
$QWLPRQ\

6E���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
6E����P ���� P � � ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� K � � ��� ����(��� ����(��� ����(��� ����(���
6E����P ���� K � � ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� K � � ��� ����(��� ����(��� ����(��� ����(���
6E����E ���� G � � ��� ����(��� ����(��� ����(��� ����(���
6E����D ����� P � � ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� G � � ��� ����(��� ����(��� ����(��� ����(���
6E���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
6E����Q ���� P < � ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� \ < < ��� ����(��� ����(��� ����(��� ����(���

D

6E���� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
6E����P ���� P < < ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� G < < ��� ����(��� ����(��� ����(��� ����(���
6E����E ���� K � � ��� ����(��� ����(��� ����(��� ����(���
6E����D ���� P � < ��� ����(��� ����(��� ����(��� ����(���
6E���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
6E���� �� P � � ��� ����(��� ����(��� ����(��� ����(���
6E���� �� P < � ��� ����(��� ����(��� ����(��� ����(���
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7HOOXULXP

7H���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
7H���� �� G � < ��� ����(��� ����(��� ����(��� ����(���
7H����P ��� G < � ��� ����(��� ����(��� ����(��� ����(���
7H���� �(�� \ � < ��� ����(��� ����(��� ����(��� ����(���
7H����P ����� G < < ��� ����(��� ����(��� ����(��� ����(���
7H����P �� G � < ��� ����(��� ����(��� ����(��� ����(���
7H���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
7H����P ��� G < < ��� ����(��� ����(��� ����(��� ����(���
7H���� ���� P < < ��� ����(��� ����(��� ����(��� ����(���
7H����P ���� G < < ��� ����(��� ����(��� ����(��� ����(���
7H���� ���� P < < ��� ����(��� ����(��� ����(��� ����(���
7H����P �� K < < ��� ����(��� ����(��� ����(��� ����(���
7H���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
7H���� ����� P < < ��� ����(��� ����(��� ����(��� ����(���
7H����P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
7H���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
,RGLQH

,���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
,����P �� P � � ��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
,���� ���� G � � ��� ����(��� ����(��� ����(��� ����(���
,���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
,���� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
,���� ����� P � � ��� ����(��� ����(��� ����(��� ����(���
,���� ����(� \ � < ��� ����(��� ����(��� ����(��� ����(���
,���� ����� K � � ��� ����(��� ����(��� ����(��� ����(���
,���� ���� G < < ��� ����(��� ����(��� ����(��� ����(���

D

,���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
,����P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
,���� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
&HVLXP

&V���� �� P < � ��� ����(��� ����(��� ����(��� ����(���
&V���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
&V���� ����� K � � ��� ����(��� ����(��� ����(��� ����(���
&V���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
&V���� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
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&HVLXP� FRQWLQXHG

&V���� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
&V���� ����� \ � < ��� ����(��� ����(��� ����(��� ����(���
&V����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
&V���� ���(� \ � < ��� ����(��� ����(��� ����(��� ����(���
&V����P �� P < � ��� ����(��� ����(��� ����(��� ����(���
&V���� ���� G � � ��� ����(��� ����(��� ����(��� ����(���
&V���� ���� \ < � ��� ����(��� ����(��� ����(��� ����(���

D

&V���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
%DULXP

%D���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
%D���� ���� G < � ��� ����(��� ����(��� ����(��� ����(���
%D���� ���� G < < ��� ����(��� ����(��� ����(��� ����(���
%D����P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
%D���� ����� \ � < ��� ����(��� ����(��� ����(��� ����(���
%D����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
%D����P ���� K � � ��� ����(��� ����(��� ����(��� ����(���
%D���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
%D���� ����� G < � ��� ����(��� ����(��� ����(��� ����(���
%D���� ����� P < � ��� ����(��� ����(��� ����(��� ����(���
%D���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
/DQWKDQXP

/D���� �� P < � ������ ����(��� ����(��� ����(��� ����(���
/D���� ��� K � � ������ ����(��� ����(��� ����(��� ����(���
/D���� ���� K � < ������ ����(��� ����(��� ����(��� ����(���
/D���� �(� \ � < ������ ����(��� ����(��� ����(��� ����(���
/D���� ����(�� \ � � ������ ����(��� ����(��� ����(��� ����(���
/D���� ������ K � < ������ ����(��� ����(��� ����(��� ����(���
/D���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
/D���� ���� P � < ������ ����(��� ����(��� ����(��� ����(���
/D���� ����� P < � ������ ����(��� ����(��� ����(��� ����(���
&HULXP

&H���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
&H���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
&H���� ��� K < < ������ ����(��� ����(��� ����(��� ����(���
&H����P ���� K < � ������ ����(��� ����(��� ����(��� ����(���
&H���� ������ G � < ������ ����(��� ����(��� ����(��� ����(���
&H���� ������ G � < ������ ����(��� ����(��� ����(��� ����(���
&H���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
&H���� ����� G < � ������ ����(��� ����(��� ����(��� ����(���
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3UDVHRG\PLXP

3U���� ���� P � < ������ ����(��� ����(��� ����(��� ����(���
3U���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
3U����P ��� K � � ������ ����(��� ����(��� ����(��� ����(���
3U���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
3U���� ����� K � < ������ ����(��� ����(��� ����(��� ����(���
3U����P ���� P < � ������ ����(��� ����(��� ����(��� ����(���
3U���� ����� G � < ������ ����(��� ����(��� ����(��� ����(���
3U���� ����� P � < ������ ����(��� ����(��� ����(��� ����(���
3U���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
3U���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
1HRG\PLXP

1G���� ����� P < � ������ ����(��� ����(��� ����(��� ����(���
1G���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
1G���� ���� P < < ������ ����(��� ����(��� ����(��� ����(���
1G����P ��� K < � ������ ����(��� ����(��� ����(��� ����(���
1G���� ���� K � < ������ ����(��� ����(��� ����(��� ����(���
1G���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
1G���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
1G���� ����� P < � ������ ����(��� ����(��� ����(��� ����(���
3URPHWKLXP

3P���� ����� P < < ������ ����(��� ����(��� ����(��� ����(���
3P���� ��� G � < ������ ����(��� ����(��� ����(��� ����(���
3P���� ��� G � < ������ ����(��� ����(��� ����(��� ����(���
3P���� ���� \ � < ������ ����(��� ����(��� ����(��� ����(���
3P���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
3P���� ������ \ < < ������ ����(��� ����(��� ����(��� ����(���
3P���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
3P����P ���� G < � ������ ����(��� ����(��� ����(��� ����(���
3P���� ����� K � < ������ ����(��� ����(��� ����(��� ����(���
3P���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
3P���� ����� K < < ������ ����(��� ����(��� ����(��� ����(���
6DPDULXP

6P���� ���� P < < ������ ����(��� ����(��� ����(��� ����(���
6P����P ���� P < � ������ ����(��� ����(��� ����(��� ����(���
6P���� ����� P < � ������ ����(��� ����(��� ����(��� ����(���
6P���� ��� G < < ������ ����(��� ����(��� ����(��� ����(���
6P���� ����(� \ � < ������ ����(��� ����(��� ����(��� ����(���
6P���� ����(�� \ � < ������ ����(��� ����(��� ����(��� ����(���
6P���� �� \ � < ������ ����(��� ����(��� ����(��� ����(���
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6DPDULXP� FRQWLQXHG

6P���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
6P���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
6P���� ��� K < � ������ ����(��� ����(��� ����(��� ����(���
(XURSLXP

(X���� ���� G < < ������ ����(��� ����(��� ����(��� ����(���
(X���� ���� G < < ������ ����(��� ����(��� ����(��� ����(���
(X���� �� G < < ������ ����(��� ����(��� ����(��� ����(���
(X���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
(X���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
(X����E ���� \ � � ������ ����(��� ����(��� ����(��� ����(���
(X����D ����� K � � ������ ����(��� ����(��� ����(��� ����(���
(X���� ����� \ < � ������ ����(��� ����(��� ����(��� ����(���
(X����P ���� K < � ������ ����(��� ����(��� ����(��� ����(���
(X���� ��� \ � � ������ ����(��� ����(��� ����(��� ����(���
(X���� ���� \ � < ������ ����(��� ����(��� ����(��� ����(���
(X���� ����� G � < ������ ����(��� ����(��� ����(��� ����(���
(X���� ����� K � � ������ ����(��� ����(��� ����(��� ����(���
(X���� ���� P � � ������ ����(��� ����(��� ����(��� ����(���
*DGROLQLXP

*G���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
*G���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
*G���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
*G���� �� \ � � ������ ����(��� ����(��� ����(��� ����(���
*G���� ��� G < < ������ ����(��� ����(��� ����(��� ����(���
*G���� ��� G < < ������ ����(��� ����(��� ����(��� ����(���
*G���� ����(�� \ � < ������ ����(��� ����(��� ����(��� ����(���
*G���� ��� G � < ������ ����(��� ����(��� ����(��� ����(���
*G���� ����� K � � ������ ����(��� ����(��� ����(��� ����(���
7HUELXP

7E���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
7E����P ���� K < � ������ ����(��� ����(��� ����(��� ����(���
7E����Q ��� K < � ������ ����(��� ����(��� ����(��� ����(���
7E���� ��� \ � < ������ ����(��� ����(��� ����(��� ����(���
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7E���� ��� \ � � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� G � � ������ ����(��� ����(��� ����(��� ����(���
7E���� ���� G � � ������ ����(��� ����(��� ����(��� ����(���
'\VSURVLXP

'\���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
'\���� ��� K < < ������ ����(��� ����(��� ����(��� ����(���
'\���� ����� G � < ������ ����(��� ����(��� ����(��� ����(���
'\���� ����� K � � ������ ����(��� ����(��� ����(��� ����(���
'\���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
+ROPLXP

+R���� �� P < � ������ ����(��� ����(��� ����(��� ����(���
+R���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
+R���� �� P < � ������ ����(��� ����(��� ����(��� ����(���
+R���� ��� K � < ������ ����(��� ����(��� ����(��� ����(���
+R���� �� P � < ������ ����(��� ����(��� ����(��� ����(���
+R����P �� P < � ������ ����(��� ����(��� ����(��� ����(���
+R���� �� P � < ������ ����(��� ����(��� ����(��� ����(���
+R����P ���� P < � ������ ����(��� ����(��� ����(��� ����(���
+R���� ����� K � < ������ ����(��� ����(��� ����(��� ����(���
+R����P ����(� \ � � ������ ����(��� ����(��� ����(��� ����(���
+R���� ��� K � � ������ ����(��� ����(��� ����(��� ����(���
(UELXP

(U���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
(U���� ����� K � � ������ ����(��� ����(��� ����(��� ����(���
(U���� ��� G � � ������ ����(��� ����(��� ����(��� ����(���
(U���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
(U���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
7KXOLXP

7P���� ���� P � < ������ ����(��� ����(��� ����(��� ����(���
7P���� ���� K � < ������ ����(��� ����(��� ����(��� ����(���
7P���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
7P���� ����� G � � ������ ����(��� ����(��� ����(��� ����(���
7P���� ���� \ � < ������ ����(��� ����(��� ����(��� ����(���
7P���� ���� K � < ������ ����(��� ����(��� ����(��� ����(���
7P���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
7P���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
<WWHUELXP

<E���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
<E���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
<E���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
<E���� ����� G � < ������ ����(��� ����(��� ����(��� ����(���
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<E���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
<E���� ��� K < � ������ ����(��� ����(��� ����(��� ����(���
<E���� �� P < � ������ ����(��� ����(��� ����(��� ����(���
/XWHWLXP

/X���� ����� K < � ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� G � � ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� \ � < ������ ����(��� ����(��� ����(��� ����(���
/X����P ��� G < � ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� \ � < ������ ����(��� ����(��� ����(��� ����(���
/X���� ����(�� \ � � ������ ����(��� ����(��� ����(��� ����(���
/X����P ���� K � � ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� G � < ������ ����(��� ����(��� ����(��� ����(���
/X����P ����� G < � ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� P � < ������ ����(��� ����(��� ����(��� ����(���
/X����P ���� P � � ������ ����(��� ����(��� ����(��� ����(���
/X���� ���� K � � ������ ����(��� ����(��� ����(��� ����(���
+DIQLXP

+I���� ����� K < � ����� ����(��� ����(��� ����(��� ����(���
+I���� ���� \ < < ����� ����(��� ����(��� ����(��� ����(���
+I���� ���� K < < ����� ����(��� ����(��� ����(��� ����(���
+I���� �� G � < ����� ����(��� ����(��� ����(��� ����(���
+I����P ���� P � � ����� ����(��� ����(��� ����(��� ����(���
+I����P �� \ � � ����� ����(��� ����(��� ����(��� ����(���
+I����P ���� G � � ����� ����(��� ����(��� ����(��� ����(���
+I����P ��� K � � ����� ����(��� ����(��� ����(��� ����(���
+I���� ���� G � � ����� ����(��� ����(��� ����(��� ����(���
+I���� �(� \ < < ����� ����(��� ����(��� ����(��� ����(���
+I����P ���� P < � ����� ����(��� ����(��� ����(��� ����(���
+I���� �� P < � ����� ����(��� ����(��� ����(��� ����(���
+I���� ���� K < � ����� ����(��� ����(��� ����(��� ����(���
7DQWDOXP

7D���� ���� P < � ����� ����(��� ����(��� ����(��� ����(���
7D���� ���� K < � ����� ����(��� ����(��� ����(��� ����(���
7D���� ��� K � � ����� ����(��� ����(��� ����(��� ����(���
7D���� ���� K < � ����� ����(��� ����(��� ����(��� ����(���
7D���� ���� K � < ����� ����(��� ����(��� ����(��� ����(���
7D���� ���� K � < ����� ����(��� ����(��� ����(��� ����(���
7D����E ��� K � � ����� ����(��� ����(��� ����(��� ����(���
7D���� ����� G � < ����� ����(��� ����(��� ����(��� ����(���
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7D���� ���(�� \ � � ����� ����(��� ����(��� ����(��� ����(���
7D����P ��� K � � ����� ����(��� ����(��� ����(��� ����(���
7D���� ����� G � < ����� ����(��� ����(��� ����(��� ����(���
7D����P ����� P < � ����� ����(��� ����(��� ����(��� ����(���
7D���� ��� G � < ����� ����(��� ����(��� ����(��� ����(���
7D���� ��� K � < ����� ����(��� ����(��� ����(��� ����(���
7D���� �� P < � ����� ����(��� ����(��� ����(��� ����(���
7D���� ���� P � � ����� ����(��� ����(��� ����(��� ����(���
7XQJVWHQ

:���� ��� K < � ��� ����(��� ����(��� ����(��� ����(���
:���� ��� P < < ��� ����(��� ����(��� ����(��� ����(���
:���� ���� G < < ��� ����(��� ����(��� ����(��� ����(���
:���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
:���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
:���� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
:���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
:���� ���� G < � ��� ����(��� ����(��� ����(��� ����(���
5KHQLXP

5H���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
5H���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
5H���� �� K < < ��� ����(��� ����(��� ����(��� ����(���
5H����E ���� K � � ��� ����(��� ����(��� ����(��� ����(���
5H����D ���� K � < ��� ����(��� ����(��� ����(��� ����(���
5H���� ���� G � < ��� ����(��� ����(��� ����(��� ����(���
5H����P ��� G < � ��� ����(��� ����(��� ����(��� ����(���
5H���� ����� K � < ��� ����(��� ����(��� ����(��� ����(���
5H����P ���(� \ < � ��� ����(��� ����(��� ����(��� ����(���
5H���� �(�� \ � < ��� ����(��� ����(��� ����(��� ����(���
5H���� ����� K � < ��� ����(��� ����(��� ����(��� ����(���
5H����P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
5H���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
2VPLXP

2V���� �� P < � ���� ����(��� ����(��� ����(��� ����(���
2V���� ��� P < � ���� ����(��� ����(��� ����(��� ����(���
2V���� �� K < < ���� ����(��� ����(��� ����(��� ����(���
2V���� �� G � < ���� ����(��� ����(��� ����(��� ����(���
2V����P ��� K � < ���� ����(��� ����(��� ����(��� ����(���
2V���� ���� G � < ���� ����(��� ����(��� ����(��� ����(���
2V����P ����� K < � ���� ����(��� ����(��� ����(��� ����(���
2V���� ���� K � � ���� ����(��� ����(��� ����(��� ����(���
2V���� ��� \ < � ���� ����(��� ����(��� ����(��� ����(���
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,ULGLXP

,U���� �� P < � ���� ����(��� ����(��� ����(��� ����(���
,U���� ���� K � � ���� ����(��� ����(��� ����(��� ����(���
,U���� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
,U����D ���� K � � ���� ����(��� ����(��� ����(��� ����(���
,U����E ���� K � < ���� ����(��� ����(��� ����(��� ����(���
,U���� ���� K � � ���� ����(��� ����(��� ����(��� ����(���
,U���� ���� K � < ���� ����(��� ����(��� ����(��� ����(���
,U���� ���� G < < ���� ����(��� ����(��� ����(��� ����(���
,U���� ���� G � < ���� ����(��� ����(��� ����(��� ����(���
,U����Q ��� K < � ���� ����(��� ����(��� ����(��� ����(���
,U����P ��� K < < ���� ����(��� ����(��� ����(��� ����(���
,U���� ����� G � < ���� ����(��� ����(��� ����(��� ����(���
,U����P ���� \ < � ���� ����(��� ����(��� ����(��� ����(���
,U���� ����� K � < ���� ����(��� ����(��� ����(��� ����(���
,U����P ��� G � � ���� ����(��� ����(��� ����(��� ����(���
,U���� ��� K � < ���� ����(��� ����(��� ����(��� ����(���
,U����P ��� K < � ���� ����(��� ����(��� ����(��� ����(���
3ODWLQXP

3W���� ��� K < � ���� ����(��� ����(��� ����(��� ����(���
3W���� ���� G < � ���� ����(��� ����(��� ����(��� ����(���
3W���� ����� K < � ���� ����(��� ����(��� ����(��� ����(���
3W���� ��� G � � ���� ����(��� ����(��� ����(��� ����(���
3W���� �� \ � < ���� ����(��� ����(��� ����(��� ����(���
3W����P ���� G < � ���� ����(��� ����(��� ����(��� ����(���
3W����P ���� G � � ���� ����(��� ����(��� ����(��� ����(���
3W���� ���� K � < ���� ����(��� ����(��� ����(��� ����(���
3W����P ���� P < � ���� ����(��� ����(��� ����(��� ����(���
3W���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
3W���� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
*ROG

$X���� ����� K < < ��� ����(��� ����(��� ����(��� ����(���
$X���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
$X���� ��� G � < ��� ����(��� ����(��� ����(��� ����(���
$X���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
$X����P ���� G < � ��� ����(��� ����(��� ����(��� ����(���
$X���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
$X���� ���� P � < ��� ����(��� ����(��� ����(��� ����(���
$X����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
$X���� ���� P � � ��� ����(��� ����(��� ����(��� ����(���
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0HUFXU\ �LQRUJDQLF�

+J���� ��� K < < ���� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ���� ����(��� ����(��� ����(��� ����(���
+J���� ��� \ < < ���� ����(��� ����(��� ����(��� ����(���
+J���� ��� K < < ���� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ���� ����(��� ����(��� ����(��� ����(���
+J���� ���� K � < ���� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ���� ����(��� ����(��� ����(��� ����(���
+J����P ���� P � � ���� ����(��� ����(��� ����(��� ����(���
+J���� ����� G � � ���� ����(��� ����(��� ����(��� ����(���
0HUFXU\ �PHWK\O�

+J���� ��� K < < ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
+J���� ��� \ < < ��� ����(��� ����(��� ����(��� ����(���
+J���� ��� K < < ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
+J���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� P � � ��� ����(��� ����(��� ����(��� ����(���
+J���� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
0HUFXU\ �RUJDQLF�

+J���� ��� K < < ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
+J���� ��� \ < < ��� ����(��� ����(��� ����(��� ����(���
+J���� ��� K < < ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
+J���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
+J����P ���� P � � ��� ����(��� ����(��� ����(��� ����(���
+J���� ����� G � � ��� ����(��� ����(��� ����(��� ����(���
7KDOOLXP

7O���� �� P < � ��� ����(��� ����(��� ����(��� ����(���
7O����P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
7O���� ��� K � < ��� ����(��� ����(��� ����(��� ����(���
7O����P ���� K < � ��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K � < ��� ����(��� ����(��� ����(��� ����(���
7O���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
7O���� ����� G � < ��� ����(��� ����(��� ����(��� ����(���
7O���� ����� \ � � ��� ����(��� ����(��� ����(��� ����(���
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/HDG

3E����P ���� P < � ��� ����(��� ����(��� ����(��� ����(���
3E���� ��� K < � ��� ����(��� ����(��� ����(��� ����(���
3E���� �� P < � ��� ����(��� ����(��� ����(��� ����(���
3E���� ���� K < < ��� ����(��� ����(��� ����(��� ����(���
3E���� ��� K < < ��� ����(��� ����(��� ����(��� ����(���
3E���� �(� \ < < ��� ����(��� ����(��� ����(��� ����(���
3E����P ���� K < < ��� ����(��� ����(��� ����(��� ����(���
3E���� ����� K � < ��� ����(��� ����(��� ����(��� ����(���
3E���� ����(� \ � < ��� ����(��� ����(��� ����(��� ����(���
3E���� ����� K � < ��� ����(��� ����(��� ����(��� ����(���
3E���� ���� \ < < ��� ����(��� ����(��� ����(��� ����(���
3E���� ���� P < < ��� ����(��� ����(��� ����(��� ����(���
3E���� ����� K < < ��� ����(��� ����(��� ����(��� ����(���
3E���� ���� P < < ��� ����(��� ����(��� ����(��� ����(���
%LVPXWK

%L���� ���� P < � ���� ����(��� ����(��� ����(��� ����(���
%L���� ��� P < � ���� ����(��� ����(��� ����(��� ����(���
%L���� ���� K < � ���� ����(��� ����(��� ����(��� ����(���
%L���� ����� K < < ���� ����(��� ����(��� ����(��� ����(���
%L���� ����� G < < ���� ����(��� ����(��� ����(��� ����(���
%L���� ����� G � � ���� ����(��� ����(��� ����(��� ����(���
%L���� �� \ � < ���� ����(��� ����(��� ����(��� ����(���
%L���� ����� G < < ���� ����(��� ����(��� ����(��� ����(���
%L����P ���(� \ < � ���� ����(��� ����(��� ����(��� ����(���
%L���� ����� P < < ���� ����(��� ����(��� ����(��� ����(���
%L���� ����� P < < ���� ����(��� ����(��� ����(��� ����(���
%L���� ���� P < < ���� ����(��� ����(��� ����(��� ����(���
3RORQLXP �RUJDQLF�

3R���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
3R���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
3R���� ��� P < < ��� ����(��� ����(��� ����(��� ����(���
3R���� ������ G � < ��� ����(��� ����(��� ����(��� ����(���
3RORQLXP �LQRUJDQLF�

3R���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
3R���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
3R���� ��� P < � ��� ����(��� ����(��� ����(��� ����(���
3R���� ������ G � � ��� ����(��� ����(��� ����(��� ����(���
$VWDWLQH

$W���� ���� K < � ��� ����(��� ����(��� ����(��� ����(���
$W���� ����� K < � ��� ����(��� ����(��� ����(��� ����(���
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)UDQFLXP

)U���� ���� P < < ��� ����(��� ����(��� ����(��� ����(���
)U���� ���� P < < ��� ����(��� ����(��� ����(��� ����(���
5DGLXP

5D���� ������ G < < ��� ����(��� ����(��� ����(��� ����(���
5D���� ���� G < < ��� ����(��� ����(��� ����(��� ����(���
5D���� ���� G < < ��� ����(��� ����(��� ����(��� ����(���
5D���� ���� \ < < ��� ����(��� ����(��� ����(��� ����(���

D

5D���� ���� P < � ��� ����(��� ����(��� ����(��� ����(���
5D���� ���� \ < < ��� ����(��� ����(��� ����(��� ����(���
$FWLQLXP

$F���� ��� K < < ������ ����(��� ����(��� ����(��� ����(���
$F���� ���� G < < ������ ����(��� ����(��� ����(��� ����(���
$F���� �� K < < ������ ����(��� ����(��� ����(��� ����(���
$F���� ������ \ < < ������ ����(��� ����(��� ����(��� ����(���
$F���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
7KRULXP

7K���� ���� P < < ������ ����(��� ����(��� ����(��� ����(���
7K���� ������ G < < ������ ����(��� ����(��� ����(��� ����(���
7K���� ������ \ < < ������ ����(��� ����(��� ����(��� ����(���
7K���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
7K���� ���(� \ < < ������ ����(��� ����(��� ����(��� ����(���
7K���� ����� K < < ������ ����(��� ����(��� ����(��� ����(���
7K���� ����(�� \ < < ������ ����(��� ����(��� ����(��� ����(���

D

7K���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
3URWDFWLQLXP

3D���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
3D���� �� K < � ������ ����(��� ����(��� ����(��� ����(���
3D���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
3D���� �����(� \ < < ������ ����(��� ����(��� ����(��� ����(���
3D���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
3D���� ���� G < < ������ ����(��� ����(��� ����(��� ����(���
3D���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
8UDQLXP

8���� ���� G < < ���� ����(��� ����(��� ����(��� ����(���
8���� ��� G < < ���� ����(��� ����(��� ����(��� ����(���
8���� �� \ < < ���� ����(��� ����(��� ����(��� ����(���
8���� �����(� \ < < ���� ����(��� ����(��� ����(��� ����(���
8���� �����(� \ < < ���� ����(��� ����(��� ����(��� ����(���

D

8���� �����(� \ < < ���� ����(��� ����(��� ����(��� ����(���
8���� ������(� \ < < ���� ����(��� ����(��� ����(��� ����(���
8���� ���� G < < ���� ����(��� ����(��� ����(��� ����(���
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8UDQLXP� FRQWLQXHG

8���� �����(� \ < < ���� ����(��� ����(��� ����(��� ����(���
8���� ����� P < � ���� ����(��� ����(��� ����(��� ����(���
8���� ���� K < < ���� ����(��� ����(��� ����(��� ����(���
1HSWXQLXP

1S���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
1S���� ���� P < < ������ ����(��� ����(��� ����(��� ����(���
1S���� ��� G < < ������ ����(��� ����(��� ����(��� ����(���
1S���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
1S����D ���(� \ < � ������ ����(��� ����(��� ����(��� ����(���
1S����E ���� K < < ������ ����(��� ����(��� ����(��� ����(���
1S���� ����(� \ < < ������ ����(��� ����(��� ����(��� ����(���
1S���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
1S���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
1S���� �� P < � ������ ����(��� ����(��� ����(��� ����(���
3OXWRQLXP

3X���� ��� K < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
3X���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ���� G < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���

D

3X���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
3X���� �����(� \ < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ����� K < < ������ ����(��� ����(��� ����(��� ����(���
3X���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
3X���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
$PHULFLXP

$P���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
$P���� �� P < < ������ ����(��� ����(��� ����(��� ����(���
$P���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
$P���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
$P���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���
$P���� ����� K < < ������ ����(��� ����(��� ����(��� ����(���
$P����P ��� \ < � ������ ����(��� ����(��� ����(��� ����(���
$P���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
$P���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
$P����P �� P < � ������ ����(��� ����(��� ����(��� ����(���
$P���� ���� K < < ������ ����(��� ����(��� ����(��� ����(���
$P���� �� P < � ������ ����(��� ����(��� ����(��� ����(���
$P����P ���� P < < ������ ����(��� ����(��� ����(��� ����(���



���

7DEOH����D��FRQWLQXHG

7DS :DWHU ,QWDNHV 'LHWDU\ ,QWDNHV
&KDLQ 0RUWDOLW\ 0RUELGLW\ 0RUWDOLW\ 0RUELGLW\

1XFOLGH 7 3 ' I �%T � �%T � �%T � �%T ���� �
�� �� �� ��

&XULXP

&P���� ��� K < � ������ ����(��� ����(��� ����(��� ����(���
&P���� �� G < < ������ ����(��� ����(��� ����(��� ����(���
&P���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
&P���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
&P���� ���� \ < � ������ ����(��� ����(��� ����(��� ����(���
&P���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���
&P���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
&P���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
&P���� ����(� \ < < ������ ����(��� ����(��� ����(��� ����(���
&P���� ����� P < < ������ ����(��� ����(��� ����(��� ����(���
%HUNHOLXP

%N���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
%N���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
%N���� ���� \ < < ������ ����(��� ����(��� ����(��� ����(���
%N���� ��� G < < ������ ����(��� ����(��� ����(��� ����(���
%N���� ����� K < < ������ ����(��� ����(��� ����(��� ����(���
&DOLIRUQLXP

&I���� ���� P < � ������ ����(��� ����(��� ����(��� ����(���
&I���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
&I���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
&I���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���
&I���� ����� \ < < ������ ����(��� ����(��� ����(��� ����(���
&I���� ��� \ < < ������ ����(��� ����(��� ����(��� ����(���
&I���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
(LQVWHLQLXP

(V���� ��� K < � ������ ����(��� ����(��� ����(��� ����(���
(V���� �� K < � ������ ����(��� ����(��� ����(��� ����(���
(V���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
(V���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
(V����P ���� K < � ������ ����(��� ����(��� ����(��� ����(���
)HUPLXP

)P���� ���� K < � ������ ����(��� ����(��� ����(��� ����(���
)P���� ���� G < � ������ ����(��� ����(��� ����(��� ����(���
)P���� ����� K < < ������ ����(��� ����(��� ����(��� ����(���
)P���� ����� K < � ������ ����(��� ����(��� ����(��� ����(���
)P���� ����� G < < ������ ����(��� ����(��� ����(��� ����(���
0HQGHOHYLXP

0G���� ��� K < � ������ ����(��� ����(��� ����(��� ����(���
0G���� �� G < � ������ ����(��� ����(��� ����(��� ����(���

7KH XQFHUWDLQW\ LQ WKH ULVN FRHIILFLHQW IRU WKLV UDGLRQXFOLGH LV DGGUHVVHG LQ 7DEOH ����
D

E
5LVN FRHIILFLHQWV DUH EDVHG RQ D ELRNLQHWLF PRGHO GHVLJQHG PDLQO\ IRU &�ODEHOHG PHWDEROLWHV DQG��

PD\ VXEVWDQWLDOO\ RYHUHVWLPDWH ULVN IURP LQJHVWLRQ RI VRPH IRUPV RI & �VHH S� ������



���

7R H[SUHVV D ULVN FRHIILFLHQW LQ FRQYHQWLRQDO XQLWV ��&L �� PXOWLSO\ E\ ���Õ�� %T �&L �
�� � ��

7R H[SUHVV D ULVN FRHIILFLHQW LQ WHUPV RI D FRQVWDQW DFWLYLW\ FRQFHQWUDWLRQ LQ PLON �%T / �� PXOWLSO\
��

WKH FRHIILFLHQW E\ ����Õ�� 8 � ZKHUH 8 LV WKH OLIHWLPH DYHUDJH UDWH RI LQJHVWLRQ RI PLON �IRU
�

0 0

H[DPSOH� ����� / G LQ 7DEOH ���� DQG ����Õ�� G LV WKH DYHUDJH OLIH VSDQ� 1RWH WKDW WKH UHODWLYH
�� �

DJH� DQG JHQGHU�VSHFLILF HQHUJ\ LQWDNH UDWHV VSHFLILHG LQ 7DEOH ��� DUH LQKHUHQW LQ WKH ULVN
FRHIILFLHQW�

7DEOH����E��0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU

LQJHVWLRQ�RI�LRGLQH�LQ�IRRG��EDVHG�RQ�XVDJH�RI�FRZ©V�PLON�

([SODQDWLRQ�RI�(QWULHV

7KLV�WDEOH�SURYLGHV�DGGLWLRQDO�ULVN�FRHIILFLHQWV�IRU�LQWDNH�RI�UDGLRLVRWRSHV�RI�LRGLQH�LQ�GLHW�

,Q�WKLV�WDEXODWLRQ��WKH�UDWH�RI�LQWDNH�RI�D�UDGLRLVRWRSH�RI�LRGLQH�LV�DVVXPHG�WR�EH�SURSRUWLRQDO�WR�WKH

LQJHVWLRQ�UDWH�RI�FRZ©V�PLON�

5LVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI�UDGLRLVRWRSHV�RI�LRGLQH�LQ�FRZ©V�PLON�DUH�H[SUHVVHG�DV�WKH

SUREDELOLW\�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�LQWDNH��ZKHUH�WKH�LQWDNH�LV�DYHUDJHG

RYHU�DOO�DJHV�DQG�ERWK�JHQGHUV�

7R�IDFLOLWDWH�DSSOLFDWLRQ�RI�WKH�ULVN�FRHIILFLHQWV��LQFOXGLQJ�FRQYHUVLRQ�WR�RWKHU�XQLWV��WKH

FRHIILFLHQWV� DUH� WDEXODWHG� WR� WKUHH�GHFLPDO�SODFHV�� �1R� LQGLFDWLRQ�RI� WKH� OHYHO�RI�XQFHUWDLQW\� LV

LQWHQGHG�RU�VKRXOG�EH�LQIHUUHG�IURP�WKLV�SUDFWLFH���$�FDOFXODWHG�ULVN�VKRXOG�EH�URXQGHG�DSSURSULDWHO\�



���

7DEOH����E���0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU

LQJHVWLRQ�RI�LRGLQH�LQ�IRRG��EDVHG�RQ�XVDJH�RI�FRZ©V�PLON�

0RUWDOLW\ 0RUELGLW\0RUWDOLW\ 0RUELGLW\
,VRWRSH 7,VRWRSH 7 II �%T�%T � �%T� �%T �������� ��

���� ����

,���� ���� P ���(��� ����(��� ����(���
,����P �� P ���(��� ����(��� ����(���
,���� ���� K ���(��� ����(��� ����(���
,���� ���� K ���(��� ����(��� ����(���
,���� ���� G ���(��� ����(��� ����(���
,���� ����� G ���(��� ����(��� ����(���
,���� ����� G ���(��� ����(��� ����(���
,���� ����� P ���(��� ����(��� ����(���
,���� ����(� \ ���(��� ����(��� ����(���
,���� ����� K ���(��� ����(��� ����(���
,���� ���� G ���(��� ����(��� ����(���

D

,���� ���� K ���(��� ����(��� ����(���
,����P ���� P ���(��� ����(��� ����(���
,���� ���� K ���(��� ����(��� ����(���
,���� ���� P ���(��� ����(��� ����(���
,���� ���� K ���(��� ����(��� ����(���

7KH XQFHUWDLQW\ LQ WKH ULVN FRHIILFLHQW IRU WKLV UDGLRQXFOLGH LV
D

DGGUHVVHG LQ 7DEOH ����



���

7R H[SUHVV D ULVN FRHIILFLHQW LQ WHUPV RI D FRQVWDQW DFWLYLW\ FRQFHQWUDWLRQ RI WKH UDGLRQXFOLGH LQ
WKH HQYLURQPHQWDO PHGLXP� PXOWLSO\ WKH FRHIILFLHQW E\ ����Õ�� V�

�

7R H[SUHVV D ULVN FRHIILFLHQW LQ FRQYHQWLRQDO XQLWV RI DFWLYLW\� PXOWLSO\ WKH FRHIILFLHQW E\
���Õ�� %T �&L �

� ��

7R H[SUHVV D ULVN FRHIILFLHQW LQ WLPH XQLWV RI \HDU �\�� PXOWLSO\ WKH FRHIILFLHQW E\ ����Õ�� V \ �
� ��

7R H[SUHVV D ULVN FRHIILFLHQW IRU VXEPHUVLRQ LQ YROXPH XQLWV RI FP � PXOWLSO\ WKH FRHIILFLHQW E\
�

�Õ�� FP P �
� � ��

7R H[SUHVV D ULVN FRHIILFLHQW IRU JURXQG SODQH LQ DUHD XQLWV RI FP � PXOWLSO\ WKH FRHIILFLHQW E\
�

�Õ�� FP P �
� � ��

7R H[SUHVV D ULVN FRHIILFLHQW IRU VRLO LQ PDVV XQLWV RI J� PXOWLSO\ WKH FRHIILFLHQW E\ �Õ�� J NJ �
� ��

7DEOH�������0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV

IRU�H[WHUQDO�H[SRVXUH�IURP�HQYLURQPHQWDO�PHGLD�

([SODQDWLRQ�RI�(QWULHV

5LVN�FRHIILFLHQWV�DUH�SURYLGHG�IRU�HDFK�RI�WKUHH�H[WHUQDO�H[SRVXUH�VFHQDULRV���VXEPHUVLRQ�LQ

FRQWDPLQDWHG�DLU�� H[SRVXUH� IURP�FRQWDPLQDWLRQ�RQ� WKH�JURXQG� VXUIDFH�� DQG�H[SRVXUH� IURP�VRLO

FRQWDPLQDWHG�WR�DQ�LQILQLWH�GHSWK���,W�LV�DVVXPHG�WKDW�WKH�FRQWDPLQDWHG�JURXQG�VXUIDFH�LV�DQ�LQILQLWH

SODQH� DQG� WKH� FRQWDPLQDWHG� DLU� RU� VRLO� RFFXSLHV� DQ� LQILQLWH� KDOI�VSDFH�� � 5LVN� FRHIILFLHQWV� DUH

H[SUHVVHG�DV�WKH�SUREDELOLW\�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�WLPH�LQWHJUDWHG

DFWLYLW\�FRQFHQWUDWLRQ�LQ�DLU��RQ�WKH�JURXQG�VXUIDFH��RU�LQ�VRLO���7KHVH�ULVN�FRHIILFLHQWV�DUH�EDVHG�RQ

WKH�GRVLPHWULF�GDWD�RI�)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$��������

$�ULVN�FRHIILFLHQW�IRU�D�UDGLRQXFOLGH�GRHV�QRW�LQFOXGH�DQ\�FRQWULEXWLRQ�WR�GRVH�IURP�FKDLQ

PHPEHUV� WKDW� IRUP� LQ� WKH� HQYLURQPHQWDO�PHGLXP�� � 7R� DOORZ� WKH� XVHU� WR� DVVHVV� WKH� ULVNV� IURP

LQJURZWK�RI�UDGLRQXFOLGHV��D�VHSDUDWH�ULVN�FRHIILFLHQW�LV�SURYLGHG�IRU�HDFK�GHFD\�FKDLQ�PHPEHU�RI

SRWHQWLDO�GRVLPHWULF�VLJQLILFDQFH��DQG�HQWULHV�DUH�SURYLGHG�XQGHU�WKH�KHDGLQJ�¦&KDLQ§�WR�LQGLFDWH

ZKHWKHU�D�UDGLRQXFOLGH�LV�LQ�WKH�VDPH�FKDLQ�DV�RWKHU�UDGLRQXFOLGHV�OLVWHG�LQ�WKH�WDEOH���$Q�HQWU\�¦<§

�\HV��XQGHU�WKH�VXEKHDGLQJ�¦3§��SDUHQW��LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�WKH�SDUHQW�RI�D�GHFD\�FKDLQ

FRQWDLQLQJ�DW�OHDVW�RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH��DQG�¦<§�XQGHU�WKH�VXEKHDGLQJ�¦'§��GDXJKWHU�

LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�LQ�WKH�GHFD\�FKDLQ�RI�DW�OHDVW�RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH�

�� 7R�IDFLOLWDWH�DSSOLFDWLRQ�RI�WKH�ULVN�FRHIILFLHQWV��LQFOXGLQJ�FRQYHUVLRQ�WR�RWKHU�XQLWV��WKH

FRHIILFLHQWV� DUH� WDEXODWHG� WR� WKUHH�GHFLPDO�SODFHV�� �1R� LQGLFDWLRQ�RI� WKH� OHYHO�RI�XQFHUWDLQW\� LV

LQWHQGHG�RU�VKRXOG�EH�LQIHUUHG�IURP�WKLV�SUDFWLFH���$�FDOFXODWHG�ULVN�VKRXOG�EH�URXQGHG�DSSURSULDWHO\�



���

7DEOH������0RUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV

IRU�H[WHUQDO�H[SRVXUH�IURP�HQYLURQPHQWDO�PHGLD�

0RUWDOLW\ 0RUELGLW\
*URXQG *URXQG

&KDLQ 6XEPHUVLRQ 3ODQH 6RLO 6XEPHUVLRQ 3ODQH 6RLO
1XFOLGH 7 3 ' �P �%T�V� �P �%T�V� �NJ�%T�V� �P �%T�V� �P �%T�V� �NJ�%T�V����

� � � �

+\GURJHQ

+�� ����� \ � � ���� ���� ���� ���� ���� ����
D

%HU\OOLXP

%H�� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%H��� ���(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&DUERQ

&��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&��� ���� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1LWURJHQ

1��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2[\JHQ

2��� ������ V � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)OXRULQH

)��� ������ P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1HRQ

1H��� ����� V � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6RGLXP

1D��� ����� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1D��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0DJQHVLXP

0J��� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$OXPLQXP

$O��� ����(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$O��� ����� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6LOLFRQ

6L��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6L��� ��� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3KRVSKRUXV

3��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3��� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6XOIXU

6��� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&KORULQH

&O��� ����(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&O��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&O��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$UJRQ

$U��� ����� G � � ���� ���� ���� ���� ���� ����
$U��� ��� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$U��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3RWDVVLXP

.��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.��� ����(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���



���

7DEOH������FRQWLQXHG

0RUWDOLW\ 0RUELGLW\
*URXQG *URXQG

&KDLQ 6XEPHUVLRQ 3ODQH 6RLO 6XEPHUVLRQ 3ODQH 6RLO
1XFOLGH 7 3 ' �P �%T�V� �P �%T�V� �NJ�%T�V� �P �%T�V� �P �%T�V� �NJ�%T�V����

� � � �

3RWDVVLXP� FRQWLQXHG

.��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.��� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.��� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&DOFLXP

&D��� ���(� \ � � ���� ���� ���� ���� ���� ����
&D��� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&D��� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&D��� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6FDQGLXP

6F��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6F��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6F���P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6F��� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6F��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6F��� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6F��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7LWDQLXP

7L��� ���� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7L��� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
9DQDGLXP

9��� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
9��� ������ G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
9��� ��� G � < ���� ���� ���� ���� ���� ����
&KURPLXP

&U��� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&U��� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&U��� ������ G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0DQJDQHVH

0Q��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0Q��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0Q���P ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0Q��� ���(� \ � � ���� ���� ���� ���� ���� ����
0Q��� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0Q��� ������ K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,URQ

)H��� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)H��� ��� \ � < ���� ���� ���� ���� ���� ����
)H��� ������ G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)H��� �(� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&REDOW

&R��� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&R��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&R��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&R��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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&REDOW� FRQWLQXHG

&R���P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&R��� ����� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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&R���P ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&R��� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&R���P ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1LFNHO

1L��� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1L��� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1L��� ���(� \ � � ���� ���� ���� ���� ���� ����
1L��� �� \ � � ���� ���� ���� ���� ���� ����
1L��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1L��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&RSSHU

&X��� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&X��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&X��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&X��� ������ K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&X��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&X��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=LQF

=Q��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=Q��� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=Q��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=Q��� �� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=Q���P ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=Q���P ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=Q��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*DOOLXP

*D��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*D��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*D��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*D��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*D��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*D��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*D��� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*HUPDQLXP

*H��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� ��� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*H��� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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$UVHQLF

$V��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$V��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6HOHQLXP

6H��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H��� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H���P �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H���P ����� V � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H��� ����� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H���P ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6H��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%URPLQH

%U��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U���P ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� �� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U���P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%U��� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
.U\SWRQ

.U��� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ���(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U���P �� V < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U���P ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ����� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U���P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

.U��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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5XELGLXP

5E��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� �� V � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E���P �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ��� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E���P ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ���(�� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5E��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6WURQWLXP

6U��� ��� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U���P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U���P ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ����� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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6U��� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6U��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<WWULXP

<��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<���P �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ������ G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

<���P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<���P ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=LUFRQLXP

=U��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=U��� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=U��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=U��� ����(� \ < < ���� ���� ���� ���� ���� ����
=U��� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
=U��� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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1LRELXP

1E��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E���E ��� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E���D �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E��� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E���P ���� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E��� ����(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E��� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E���P ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E��� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E��� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E���P �� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1E��� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0RO\EGHQXP

0R��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0R��� ���(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0R���P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0R��� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0R���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7HFKQHWLXP

7F��� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F��� ��� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���P �� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F��� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���P �� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F��� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F��� ���(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���P �� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F��� ���(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F��� ����(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���P ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7F���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5XWKHQLXP

5X��� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5X��� ��� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5X���� ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5X���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5X���� ����� G < � ���� ���� ���� ���� ���� ����
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5KRGLXP

5K��� �� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K���P ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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5K���� ��� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K����P ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K���� ��� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K����P ��� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K����P ����� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K���� ���� V � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

5K����P ��� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5K���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3DOODGLXP

3G���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3G���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3G���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3G���� ���(� \ � < ���� ���� ���� ���� ���� ����
3G���� ������ K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6LOYHU

$J���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J����P ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J����P ��� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J����P ���� V � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� V � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J����P ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$J���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&DGPLXP

&G���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G���� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G���� ���(�� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G����P ���� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G����P ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&G����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,QGLXP

,Q���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����E ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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,QGLXP� FRQWLQXHG

,Q����D ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����P ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q���� ���� V � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����P ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q���� ���(�� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����P ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����P ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����P ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q���� ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,Q����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7LQ

6Q���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q����P ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q����P �� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q����P ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q����P ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ���(� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6Q���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$QWLPRQ\

6E���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����P ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����P ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����E ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����D ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����Q ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����P �� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

6E���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����P ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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6E����E ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E����D ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� �� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6E���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7HOOXULXP

7H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� �� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P ��� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� �(�� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P �� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P �� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7H���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,RGLQH

,���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,����P �� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ����� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ����(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

,���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;HQRQ

;H���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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;H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H����P ��� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H����P ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H����P ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H����P ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
;H���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&HVLXP

&V���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ��� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ����� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V����P �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&V���� ���� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

&V���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%DULXP

%D���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D���� ����� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D����P ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D����P ����� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

%D���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D���� ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%D���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/DQWKDQXP

/D���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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/DQWKDQXP� FRQWLQXHG

/D���� �(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ����(�� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ������ K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/D���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&HULXP

&H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H���� ������ G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H���� ������ G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&H���� ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3UDVHRG\PLXP

3U���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U����P ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U����P ���� P < � ���� ���� ���� ���� ���� ����
3U���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ����� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U����P ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3U���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1HRG\PLXP

1G���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G����P ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G����P ���� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1G���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3URPHWKLXP

3P���� ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ���� V � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ���� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���



���

7DEOH������FRQWLQXHG

0RUWDOLW\ 0RUELGLW\
*URXQG *URXQG

&KDLQ 6XEPHUVLRQ 3ODQH 6RLO 6XEPHUVLRQ 3ODQH 6RLO
1XFOLGH 7 3 ' �P �%T�V� �P �%T�V� �NJ�%T�V� �P �%T�V� �P �%T�V� �NJ�%T�V����

� � � �

3URPHWKLXP� FRQWLQXHG

3P���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ������ \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P����P ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3P���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6DPDULXP

6P���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P���� ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P���� ����(� \ � < ���� ���� ���� ���� ���� ����
6P���� ����(�� \ � < ���� ���� ���� ���� ���� ����
6P���� �� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
6P���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(XURSLXP

(X���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� �� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X����E ���� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X����D ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ����� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ��� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ���� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(X���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*DGROLQLXP

*G���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*G���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*G���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*G���� �� \ � � ���� ���� ���� ���� ���� ����
*G���� ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*G���� ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*G���� ����(�� \ � < ���� ���� ���� ���� ���� ����
*G���� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*G���� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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7HUELXP

7E���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E����Q ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ��� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ��� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7E���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
'\VSURVLXP

'\���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
'\���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
'\���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
'\���� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
'\���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+ROPLXP

+R���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� ��� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� �� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R����P �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� �� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R����P ����(� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+R���� ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(UELXP

(U���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(U���� ����� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(U���� ��� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(U���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(U���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7KXOLXP

7P���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7P���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7P���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7P���� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7P���� ���� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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7KXOLXP� FRQWLQXHG

7P���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7P���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7P���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<WWHUELXP

<E���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<E���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<E���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<E���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<E���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<E���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
<E���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/XWHWLXP

/X���� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X����P ��� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ����(�� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X����P ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X����P ����� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X����P ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/X���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+DIQLXP

+I���� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� �� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I����P ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I����P �� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I����P ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I����P ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� �(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+I���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7DQWDOXP

7D���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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7DQWDOXP� FRQWLQXHG

7D���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D����E ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D����D ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ���(�� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D����P ��� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D����P ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ��� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7D���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7XQJVWHQ

:���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
:���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5KHQLXP

5H���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� �� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H����E ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H����D ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H����P ��� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H����P ���(� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� �(�� \ � < ���� ���� ���� ���� ���� ����
5H���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5H���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2VPLXP

2V���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V���� ��� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V���� �� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V���� �� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V����P ��� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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2VPLXP� FRQWLQXHG

2V����P ��� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V����P ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
2V���� ��� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,ULGLXP

,U���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����D ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����E ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ���� K � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ���� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����Q ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����P ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����P ���� V � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����P ���� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����P ��� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U���� ��� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
,U����P ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3ODWLQXP

3W���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� ��� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� �� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W����P ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W����P ���� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3W���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
*ROG

$X���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X���� ��� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X����P ���� V < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X����P ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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*ROG� FRQWLQXHG

$X���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$X���� ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0HUFXU\

+J���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J���� ��� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J����P ���� P � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
+J���� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7KDOOLXP

7O���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ��� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ����� G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ����� \ � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7O���� ���� P � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

7O���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
/HDG

3E����P ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� �(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E����P ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ����(� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ����� K � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3E���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D
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%LVPXWK

%L���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ��� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ����� G � � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� �� \ � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L����P ���(� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%L���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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3RORQLXP

3R���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ������ G � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ����� V � < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ����� XV � < ���� ���� ���� ���� ���� ����
3R���� ��� XV < < ���� ���� ���� ���� ���� ����
3R���� ����� XV < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� �������� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ���� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3R���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$VWDWLQH

$W���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$W���� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$W���� ���� PV < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$W���� ���� PV < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$W���� ������ V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$W���� � V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5DGRQ

5Q���� �� PV < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5Q���� ���� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5Q���� ���� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5Q���� ������ G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)UDQFLXP

)U���� �� PV < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)U���� ���� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)U���� ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)U���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)U���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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� � � �

5DGLXP

5D���� ���� V < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5D���� ������ G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5D���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5D���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5D���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

5D���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
5D���� ���� \ < < ���� ���� ���� ���� ���� ����
$FWLQLXP

$F���� ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$F���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$F���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$F���� �� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$F���� ������ \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$F���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

7KRULXP

7K���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7K���� ������ G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7K���� ������ \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7K���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7K���� ���(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7K���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
7K���� ����(�� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

7K���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3URWDFWLQLXP

3D���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D���� �� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D���� �����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3D����P ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8UDQLXP

8���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� �� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� �����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� �����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

8���� �����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� ������(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� �����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� ����� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
8���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
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&KDLQ 6XEPHUVLRQ 3ODQH 6RLO 6XEPHUVLRQ 3ODQH 6RLO
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� � � �

1HSWXQLXP

1S���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S����D ���(� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S����E ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� ����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
1S����P ��� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3OXWRQLXP

3X���� ��� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ���� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

D

3X���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� �����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
3X���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$PHULFLXP

$P���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� �� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P����P ��� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P����P �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� ���� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P���� �� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
$P����P ���� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&XULXP

&P���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� �� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���



���

7DEOH������FRQWLQXHG

0RUWDOLW\ 0RUELGLW\
*URXQG *URXQG

&KDLQ 6XEPHUVLRQ 3ODQH 6RLO 6XEPHUVLRQ 3ODQH 6RLO
1XFOLGH 7 3 ' �P �%T�V� �P �%T�V� �NJ�%T�V� �P �%T�V� �P �%T�V� �NJ�%T�V����

� � � �

&XULXP� FRQWLQXHG

&P���� ���� \ < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ����(� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&P���� ����� P < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%HUNHOLXP

%N���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%N���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%N���� ���� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%N���� ��� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
%N���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&DOLIRUQLXP

&I���� ���� P < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&I���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&I���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&I���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&I���� ����� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&I���� ��� \ < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
&I���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(LQVWHLQLXP

(V���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(V���� �� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(V���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(V���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
(V����P ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)HUPLXP

)P���� ���� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)P���� ���� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)P���� ����� K < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)P���� ����� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
)P���� ����� G < < ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0HQGHOHYLXP

0G���� ��� K < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���
0G���� �� G < � ����(��� ����(��� ����(��� ����(��� ����(��� ����(���

7KH XQFHUWDLQW\ LQ WKH ULVN FRHIILFLHQW IRU WKLV UDGLRQXFOLGH LQ VRLO LV DGGUHVVHG LQ 7DEOH ����
D



���

7DEOH�������8QFHUWDLQW\�FDWHJRULHV�IRU�VHOHFWHG�ULVN�FRHIILFLHQWV�

([SODQDWLRQ�RI�HQWULHV

7KLV�WDEOH�JLYHV�VXEMHFWLYH�MXGJPHQWV�FRQFHUQLQJ�WKH�SUHFLVLRQ�ZLWK�ZKLFK�ULVN�FRHIILFLHQWV

IRU� VHOHFWHG� UDGLRQXFOLGHV�DUH�GHWHUPLQHG�E\�FXUUHQW� LQIRUPDWLRQ�RQ� WKH�ELRORJLFDO�EHKDYLRU�RI

UDGLRQXFOLGHV�LQ�WKH�KXPDQ�ERG\��FRQYHUVLRQ�IURP�LQWHUQDOO\�RU�H[WHUQDOO\�GLVWULEXWHG��UDGLRDFWLYLW\

WR�DEVRUEHG�GRVHV�WR�WLVVXHV��DQG�H[WUDSRODWLRQ�IURP�WLVVXH�GRVH�WR�FDQFHU�ULVN����7KHVH�MXGJPHQWV

ZHUH�PDGH�E\�WKH�DXWKRUV�RI�WKLV�UHSRUW�DQG�ZHUH�EDVHG�RQ�WKH�UHVXOWV�RI�D�VHQVLWLYLW\�DQDO\VLV�LQ

ZKLFK�YDULRXV�FRPELQDWLRQV�RI�VXEVWDQWLDOO\�GLIIHUHQW�EXW�HTXDOO\�SODXVLEOH�ELRNLQHWLF�DQG�GRVLPHWULF

PRGHOV�DQG�UDGLDWLRQ�ULVN�PRGHO�FRHIILFLHQWV�ZHUH�XVHG�WR�JHQHUDWH�DOWHUQDWLYH�ULVN�FRHIILFLHQWV���7KH

DQDO\VLV� GLG� QRW� LQFOXGH� FRQVLGHUDWLRQ�RI� XQFHUWDLQWLHV� DVVRFLDWHG�ZLWK� WKH� XVH� RI� D� OLQHDU�� QR�

WKUHVKROG�PRGHO� IRU�HVWLPDWLQJ� UDGLRJHQLF�FDQFHU�DW� ORZ�GRVHV��DEVRUEHG�GRVH�DV�D�PHDVXUH�RI

UDGLRJHQLF�FDQFHU�ULVN��RU�LGHDOL]HG�UHSUHVHQWDWLRQV�RI�WKH�SRSXODWLRQ�DQG�H[SRVXUH�

-XGJPHQWV�DUH�JLYHQ�LQ�WHUPV�RI�UHODWLYHO\�EURDG��VHPL�TXDQWLWDWLYH�¦XQFHUWDLQW\�FDWHJRULHV§

LGHQWLILHG� E\� OHWWHUV� $�(�� ZLWK� &DWHJRU\� $� UHSUHVHQWLQJ� WKH� PRVW� QDUURZO\� GHWHUPLQHG� ULVN

FRHIILFLHQWV��&DWHJRU\�(�UHSUHVHQWLQJ�WKH�OHDVW�ZHOO�FKDUDFWHUL]HG�FRHIILFLHQWV��DQG�&DWHJRULHV�%��&�

DQG�'�UHSUHVHQWLQJ�LQWHUPHGLDWH��GHFOLQLQJ�OHYHOV�RI�XQFHUWDLQW\���7KH�XQFHUWDLQW\�LQ�D�ULVN�FRHIILFLHQW

ZDV�ILUVW�FKDUDFWHUL]HG�LQ�WHUPV�RI�UHDVRQDEOH�ORZHU�DQG�XSSHU�ERXQGV��;�DQG�<��DV�MXGJHG�IURP�WKH

UHVXOWV�RI�WKH�VHQVLWLYLW\�DQDO\VLV���7KH�YDOXHV�;�DQG�<�ZHUH�WKHQ�XVHG�WR�DVVLJQ�WKH�ULVN�FRHIILFLHQW

WR�RQH�RI�WKH�ILYH�FDWHJRULHV�$�(�DV�LQGLFDWHG�E\�WKH�IROORZLQJ�WDEOH�

8QFHUWDLQW\�FDWHJRU\ 'HILQLWLRQ
D

$ �<�;�����

% �<�;�a���

& �<�;�a���

' �<�;�a����

( �<�;��!����

$�GHULYHG�YDOXH�<�;�LQ�WKH�UDQJH���������������RU��������ZDV�FRQVLGHUHG�WR
D

EH�DSSUR[LPDWHO\���������RU������UHVSHFWLYHO\�



���

&DWHJRU\�$�LV�LQWHQGHG�WR�UHSUHVHQW�WKRVH�FDVHV�LQ�ZKLFK�WKH�ULVN�FRHIILFLHQW�LV�¦HVWDEOLVKHG§

ZLWKLQ� D� IDFWRU� RI� ��� LQ� WKH� VHQVH� WKDW� DSSOLFDWLRQ�RI� DQ\� UHDVRQDEOH� DOWHUQDWLYH� ELRNLQHWLF� DQG

GRVLPHWULF�PRGHOV��ULVN�PRGHO�FRHIILFLHQWV��EDVHG�RQ�D�OLQHDU��QR�WKUHVKROG�PRGHO���GRVH�DQG�GRVH

UDWH� HIIHFWLYHQHVV� IDFWRU� �''5()��� DQG� UHODWLYH� UDGLRELRORJLFDO� HIIHFWLYHQHVV� �5%(�� IRU� DOSKD

SDUWLFOHV�ZRXOG�EH�H[SHFWHG�WR�FKDQJH�WKH�ULVN�FRHIILFLHQW�E\�OHVV�WKDQ�D�IDFWRU�RI�����&DWHJRULHV�%�

&��DQG�'�DUH�LQWHQGHG�WR�UHSUHVHQW�FDVHV�LQ�ZKLFK�WKH�ULVN�FRHIILFLHQW�LV�HVWDEOLVKHG�ZLWKLQ�D�IDFWRU

RI�URXJKO\�������DQG�����UHVSHFWLYHO\���&DWHJRU\�(�LV�LQWHQGHG�WR�UHSUHVHQW�FDVHV�LQ�ZKLFK�WKH�ULVN

FRHIILFLHQW�FRXOG�FKDQJH�E\�PRUH�WKDQ�D�IDFWRU�RI����LI�SODXVLEOH�DOWHUQDWLYH�PRGHOV�ZHUH�XVHG�LQ�WKH

GHULYDWLRQ���7KH�IDFWRUV����������DQG����LQGLFDWHG�DERYH�DUH�URXQGHG�VTXDUH�URRWV�RI�WKH�YDOXHV��������

����DQG�����VKRZQ�LQ�WKH�VHFRQG�FROXPQ�RI�WKH�WDEOH���7KH�LQWHUSUHWDWLRQ�LV�WKDW�DOO�YDOXHV�LQ�WKH

LQWHUYDO�IURP�;�WR�<�DUH�ZLWKLQ�D�IDFWRU�RI�URXJKO\��<�;� �RI�WKH�ULVN�FRHIILFLHQW��SURYLGHG�WKH�ULVN���

FRHIILFLHQW� LV�QHDU� WKH�JHRPHWULF�PHDQ�RI�;�DQG�<�� �$OWKRXJK�D� ULVN�FRHIILFLHQW� LV�QRW� DOZD\V

FHQWUDOO\�ORFDWHG�LQ�LWV�DVVLJQHG�XQFHUWDLQW\�LQWHUYDO��HLWKHU�DV�D�JHRPHWULF�PHDQ�RU�DQ�DULWKPHWLF

PHDQ��WKLV�SURYLGHV�D�FRQYHQLHQW��FRQFLVH��XQLIRUP�ZD\�RI�VXPPDUL]LQJ��WKH�DXWKRUV©�VXEMHFWLYH

MXGJPHQWV�

)RU� SXUSRVHV� RI� WKH� VHQVLWLYLW\� DQDO\VLV�� LW�ZDV� QHFHVVDU\� WR�PDNH�JHQHUDO� DVVXPSWLRQV

FRQFHUQLQJ�WKH�W\SH�RI�LQIRUPDWLRQ�WKDW�PD\�EH�DYDLODEOH�IRU�DVVHVVPHQW�RI�D�JLYHQ�H[SRVXUH���)RU

FRQVLGHUDWLRQ�RI�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ��LW�ZDV�DVVXPHG�WKDW�WKH�UDGLRQXFOLGH�LV�NQRZQ�WR�EH

LQFRUSRUDWHG�LQ�IRRG���)RU�FRQVLGHUDWLRQ�RI�ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�SDUWLFXODWHV��LW�ZDV

DVVXPHG�WKDW�WKH�SDUWLFOH�VL]H�LV�NQRZQ�WR�EH�DSSUR[LPDWHO\����P��$0$'��DQG�WKDW�WKH�DEVRUSWLRQ

W\SH�LQGLFDWHG�LQ�WKH�WDEOH�LV�NQRZQ�LQ�WKH�VHQVH�WKDW�WKHUH�LV�VXIILFLHQW�JHQHUDO�LQIRUPDWLRQ�RQ�WKH

IRUP�RI�WKH�LQKDOHG�UDGLRQXFOLGH�WR�HVWDEOLVK�ZLWK�UHDVRQDEOH�FRQILGHQFH�WKDW�WKLV�LV�WKH�PRVW�QHDUO\

DFFXUDWH�DEVRUSWLRQ�W\SH��VHH�$SSHQGL[�'����)RU�H[DPSOH��LW�PD\�EH�NQRZQ�WKDW�WKH�UDGLRQXFOLGH�LV

LQ�D�UHDGLO\�VROXEOH�IRUP�LQGLFDWLYH�RI�¦7\SH�)§�PDWHULDO�RU�D�KLJKO\�LQVROXEOH�IRUP�LQGLFDWLYH�RI

¦7\SH�6§�PDWHULDO�� � ,W�ZDV�FRQVLGHUHG�LQ� WKH�DQDO\VLV��KRZHYHU�� WKDW�D�JLYHQ�DEVRUSWLRQ�W\SH�LV

LQWHQGHG�WR�UHSUHVHQW�D�UHODWLYHO\�ZLGH�UDQJH�RI�DEVRUSWLRQ�UDWHV��,&53������E��DQG�WKDW�WKH�DFWXDO

DEVRUSWLRQ�UDWH�FRXOG�EH�VXEVWDQWLDOO\�GLIIHUHQW�IURP�WKH�EDVHOLQH�SDUDPHWHU�YDOXHV�VSHFLILHG�E\�WKH

,&53�IRU�WKDW�DEVRUSWLRQ�W\SH���)RU�FRQVLGHUDWLRQ�RI�LQKDOHG�JDVHV�RU�YDSRUV��LW�ZDV�DVVXPHG�WKDW

GHSRVLWLRQ�LV�FRPSOHWH�DQG�WKDW�DEVRUSWLRQ�WR�EORRG�LV�UDSLG�DQG�FRPSOHWH�

7KH�ODVW�FROXPQ�RI�7DEOH�����VXPPDUL]HV�WKH�DXWKRUV©�FRQFOXVLRQV�UHJDUGLQJ�WKH�UHODWLYH

FRQWULEXWLRQV�RI�YDULRXV�VRXUFHV�WR�WKH�XQFHUWDLQW\�LQ�WKH�ULVN�FRHIILFLHQW���,Q�WKLV�FROXPQ��WKH�WHUP

¦%LRNLQHWLFV§�UHIHUV�WR�WKH�ELRORJLFDO�EHKDYLRU�RI�WKH�SDUHQW�UDGLRQXFOLGH�DQG�DQ\�UDGLRDFWLYH�SURJHQ\

LQ�WKH�KXPDQ�ERG\�DIWHU�DFXWH�GHSRVLWLRQ�LQ�WKH�VWRPDFK�RU�UHVSLUDWRU\�WUDFW��¦'RVLPHWU\§�UHIHUV�WR

FRQYHUVLRQ�RI�DFWLYLW\�GLVWULEXWHG�LQ�WKH�KXPDQ�ERG\�RU�WKH�HQYLURQPHQW��LQ�WKH�FDVH�RI�H[WHUQDO



���

H[SRVXUH��WR�DEVRUEHG�GRVH�WR�WLVVXHV��¦'HSRVLWLRQ§�UHIHUV�WR�IUDFWLRQDO�GHSRVLWLRQ�RI�LQKDOHG�PDWHULDO

LQ� WKH� UHVSLUDWRU\� WUDFW�� DQG� � ¦5LVN�PRGHO§� UHIHUV� WR� WKH� ULVN�PRGHO� DV�GHVFULEHG� LQ�&KDSWHU���

LQFOXGLQJ�WKH�ULVN�PRGHO�FRHIILFLHQWV��50&V���''5()�IRU�ORZ�/(7�UDGLDWLRQ��DQG�5%(�IRU�KLJK�

/(7�UDGLDWLRQ���7KH�DEVHQFH�RI�RQH�RI�WKH�IRXU�PDLQ�VRXUFHV��%LRNLQHWLFV��'RVLPHWU\��'HSRVLWLRQ�

RU�5LVN�PRGHO��LQGLFDWHV�WKDW�WKH�VRXUFH�ZDV�MXGJHG�WR�EH�RQO\�D�PLQRU�FRQWULEXWRU�WR�WKH�XQFHUWDLQW\

LQ�WKH�ULVN�FRHIILFLHQW��RU�ZDV�QRW�DSSOLFDEOH�WR�WKH�JLYHQ�FRHIILFLHQW��VXFK�DV�'HSRVLWLRQ�IRU�DQ

LQJHVWHG� UDGLRQXFOLGH� RU�%LRNLQHWLFV� IRU� H[WHUQDO� H[SRVXUH��� �$OWKRXJK� VRPH�RI� WKH� VRXUFHV� RI

XQFHUWDLQW\� DGGUHVVHG� KHUH� DUH� DVVXPHG� WR� EH� LQGHSHQGHQW� RI� WKH� UDGLRQXFOLGH� �H�J��� IUDFWLRQDO

GHSRVLWLRQ�LQ�WKH�UHVSLUDWRU\�WUDFW���WKH�UHODWLYH�FRQWULEXWLRQV�RI�WKHVH�VRXUFHV�WR�WKH�WRWDO�XQFHUWDLQW\

PD\� FKDQJH� IURP� RQH� UDGLRQXFOLGH� WR� DQRWKHU� GXH� WR� GLIIHUHQFHV� LQ� UDGLRQXFOLGH�GHSHQGHQW

XQFHUWDLQWLHV�VXFK�DV�ELRNLQHWLF�RU�GRVLPHWULF�HVWLPDWHV�

,Q�WKH�ODVW�FROXPQ�RI�WKH�WDEOH��WKH�QRWDWLRQ�¦6��a�6�§�IRU�VRXUFHV�RI�XQFHUWDLQW\�6��DQG�6�

�IRU�H[DPSOH��¦5LVN�PRGHO�a�%LRNLQHWLFV§��LQGLFDWHV�WKDW�6��DQG�6��FRQWULEXWH�FRPSDUDEO\�WR�WKH

WRWDO� XQFHUWDLQW\�� DQG� � ¦6�� !� 6�§� LQGLFDWHV� WKDW� 6�� LV� D� PRUH� LPSRUWDQW� FRQWULEXWRU� WKDQ� 6��

¦'RPLQDQW�VLWHV§�UHIHUV�WR�D�VPDOO�QXPEHU�RI�FDQFHU�VLWHV�WKDW�GRPLQDWH�WKH�SURMHFWHG�FDQFHU�ULVN�DV

ZHOO�DV�WKH�XQFHUWDLQW\�LQ�WKDW�SURMHFWLRQ�IRU�WKH�JLYHQ�UDGLRQXFOLGH�DQG�H[SRVXUH�PRGH���7KH�QRWDWLRQ

¦&��!!�&�§�IRU�GRPLQDQW�FDQFHU�VLWHV�&��DQG�&��LQGLFDWHV�WKDW�&��LV�SURMHFWHG�WR�EH�D�FRQVLGHUDEO\

PRUH�LPSRUWDQW�FDQFHU�VLWH�WKDQ�&��XQGHU�PRVW�SODXVLEOH�DOWHUQDWLYH�PRGHOV���7KH�DEEUHYLDWLRQV�5:�

0:��DQG�1:�LQ�SDUHQWKHVHV�IROORZLQJ�DQ�RUJDQ�LQGLFDWH�WKDW�WKH�ULVN�PRGHO�FRHIILFLHQW�IRU�WKDW

RUJDQ� LV� MXGJHG� WR� EH� UHDVRQDEO\� ZHOO� HVWDEOLVKHG�� PRGHUDWHO\� ZHOO� HVWDEOLVKHG�� RU� QRW� ZHOO

HVWDEOLVKHG��UHVSHFWLYHO\�



���

7DEOH�������8QFHUWDLQW\�FDWHJRULHV�IRU�VHOHFWHG�ULVN�FRHIILFLHQWV�

&DVH &DWHJRU\ 0DLQ VRXUFHV RI XQFHUWDLQW\ DQG FRPPHQWV

,QKDODWLRQ �
D

+�� �+72 YDSRU� $ 5LVN PRGHO ! %LRNLQHWLFV� 5DSLG DQG QHDUO\ FRPSOHWH DEVRUSWLRQ H[SHFWHG�

$EVRUEHG WULWLXP NQRZQ WR EH IDLUO\ XQLIRUPO\ GLVWULEXWHG� 6\VWHPLF ELRNLQHWLFV ZHOO

XQGHUVWRRG H[FHSW IRU ORQJ�WHUP FRPSRQHQW WKDW FRQWULEXWHV OLWWOH WR GRVH�

3URMHFWHG FDQFHU ULVN GLVWULEXWHG RYHU VHYHUDO WLVVXHV ZLWK ULVN PRGHO FRHIILFLHQWV

� 50&V� KDYLQJ YDU\LQJ GHJUHHV RI XQFHUWDLQW\�

&R���� 7\SH 0 & %LRNLQHWLFV a 5LVN PRGHO ! 'HSRVLWLRQ� 'RPLQDQW VLWHV DUH OXQJ �0:� !! FRORQ

�0:�� /XQJ GRVH YDULHV FRQVLGHUDEO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH

DVVRFLDWHG ZLWK 7\SH 0� 7\SLFDO *, XSWDNH PRGHUDWHO\ ZHOO HVWDEOLVKHG� :KROH�

ERG\ UHWHQWLRQ RI DEVRUEHG FREDOW UHDVRQDEO\ ZHOO NQRZQ EXW GLVWULEXWLRQ OHVV ZHOO

FKDUDFWHUL]HG�

6U���� 7\SH 0 ' %LRNLQHWLFV a 5LVN PRGHO ! 'HSRVLWLRQ� 'RPLQDQW VLWHV DUH OXQJ �0:� !! OHXNHPLD

�5:�� /XQJ GRVH YDULHV ZLGHO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH

DVVRFLDWHG ZLWK 7\SH 0� *, XSWDNH DQG VNHOHWDO ELRNLQHWLFV UHDVRQDEO\ ZHOO

FKDUDFWHUL]HG� 3RWHQWLDO PLJUDWLRQ RI < LQWURGXFHV VRPH XQFHUWDLQW\�
��

5X����� 7\SH 0 ' %LRNLQHWLFV a 5LVN PRGHO ! 'HSRVLWLRQ� 'RPLQDQW VLWHV DUH OXQJ �0:� !! FRORQ

�0:�� /XQJ GRVH YDULHV FRQVLGHUDEO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH

DVVRFLDWHG ZLWK 7\SH 0� *, XSWDNH DQG V\VWHPLF ELRNLQHWLFV XQGHUVWRRG RQO\

EURDGO\� EXW ULVN HVWLPDWH UHODWLYHO\ LQVHQVLWLYH WR DVVRFLDWHG XQFHUWDLQWLHV�

6E����� 7\SH 0 ' %LRNLQHWLFV a 5LVN PRGHO ! 'HSRVLWLRQ� 'RPLQDQW VLWHV DUH OXQJ �0:� !! FRORQ

�0:�� /XQJ GRVH YDULHV FRQVLGHUDEO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH

DVVRFLDWHG ZLWK 7\SH 0� *, XSWDNH DQG V\VWHPLF ELRNLQHWLFV QRW ZHOO HVWDEOLVKHG�

EXW ULVN HVWLPDWH UHODWLYHO\ LQVHQVLWLYH WR DVVRFLDWHG XQFHUWDLQWLHV�

,���� �9DSRU� & 5LVN PRGHO ! %LRNLQHWLFV� 5DSLG DQG QHDUO\ FRPSOHWH DEVRUSWLRQ H[SHFWHG�

'RPLQDQW VLWH LV WK\URLG �1:�� 7\SLFDO WK\URLGDO XSWDNH DQG KDOI�WLPH FDQQRW EH

FORVHO\ GHWHUPLQHG GXH WR VFDWWHU LQ UHSRUWHG GDWD� 5LVN HVWLPDWH LQVHQVLWLYH WR

KDOI�WLPH LQ WK\URLG EXW VHQVLWLYH WR IUDFWLRQDO XSWDNH E\ WK\URLG�

&V����� 7\SH ) % 5LVN PRGHO a %LRNLQHWLFV ! 'HSRVLWLRQ� 'DWD LQGLFDWH KLJK DEVRUSWLRQ DQG IDLUO\

XQLIRUP GLVWULEXWLRQ RI DEVRUEHG FHVLXP� 6\VWHPLF ELRNLQHWLFV RI FHVLXP ZHOO

HVWDEOLVKHG E\ GDWD IRU PDQ� EXW SRWHQWLDOO\ UDSLG PLJUDWLRQ RI %D IURP &V
���P ���

\LHOGV PRGHUDWH XQFHUWDLQW\ LQ GRVH WR VRPH WLVVXHV� 1R GRPLQDQW FDQFHU VLWHV�

5D����� 7\SH 0 ( 5LVN PRGHO ! %LRNLQHWLFV ! 'HSRVLWLRQ� 'RPLQDQW VLWH LV OXQJ �0:�� *, XSWDNH DQG

V\VWHPLF ELRNLQHWLFV RI UDGLXP UHDVRQDEO\ ZHOO XQGHUVWRRG� 5LVN HVWLPDWH

PRGHUDWHO\ VHQVLWLYH WR XQFHUWDLQWLHV LQ EHKDYLRU RI FKDLQ PHPEHUV SURGXFHG LQ WKH

ERG\�



���

7DEOH������FRQWLQXHG

&DVH &DWHJRU\ 0DLQ VRXUFHV RI XQFHUWDLQW\ DQG FRPPHQWV

,QKDODWLRQ� FRQWLQXHG

7K����� 7\SH 6 ' 5LVN PRGHO ! %LRNLQHWLFV ! 'HSRVLWLRQ� 'RPLQDQW VLWH LV OXQJ �0:�� /XQJ GRVH

VHQVLWLYH WR XQFHUWDLQW\ LQ ULVN DSSRUWLRQPHQW IDFWRUV IRU OXQJ UHJLRQV� /XQJ GRVH

YDULHV PRGHUDWHO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH DVVRFLDWHG ZLWK 7\SH

6� 5LVN HVWLPDWH LQVHQVLWLYH WR XQFHUWDLQWLHV LQ ELRNLQHWLFV� GRVH� 50&V IRU

V\VWHPLF WLVVXHV�

8����� 7\SH 0 ' 5LVN PRGHO ! %LRNLQHWLFV ! 'HSRVLWLRQ� 'RPLQDQW VLWH LV OXQJ �0:�� /XQJ GRVH

YDULHV ZLGHO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH DVVRFLDWHG ZLWK 7\SH 0�

5LVN HVWLPDWH QRW KLJKO\ VHQVLWLYH WR XQFHUWDLQWLHV LQ ELRNLQHWLFV� GRVH� 50&V IRU

V\VWHPLF WLVVXHV�

3X����� 7\SH 0 & 5LVN PRGHO ! 'HSRVLWLRQ ! %LRNLQHWLFV� 'RPLQDQW VLWHV DUH OXQJ �0:� a OLYHU �1:�

! ERQH �1:�� /XQJ GRVH YDULHV ZLGHO\ DV DEVRUSWLRQ UDWH YDULHV ZLWKLQ WKH UDQJH

DVVRFLDWHG ZLWK 7\SH 0� ,QLWLDO GLVWULEXWLRQ EHWZHHQ OLYHU DQG VNHOHWRQ LV XQFHUWDLQ

EXW KDV OLWWOH HIIHFW RQ ULVN HVWLPDWH� /RQJ�WHUP V\VWHPLF GLVWULEXWLRQ DQG UHWHQWLRQ

UHDVRQDEO\ ZHOO HVWDEOLVKHG� 5HVLGHQFH WLPH RQ ERQH VXUIDFHV NQRZQ ZLWKLQ EURDG

ERXQGV�

,QJHVWLRQ�

+�� �+72� $ 5LVN PRGHO ! %LRNLQHWLFV ! 'RVLPHWU\� .QRZQ WKDW *, XSWDNH LV YLUWXDOO\ FRPSOHWH

DQG DEVRUEHG DFWLYLW\ LV IDLUO\ XQLIRUPO\ GLVWULEXWHG� 6\VWHPLF ELRNLQHWLFV ZHOO

XQGHUVWRRG H[FHSW IRU ORQJ�WHUP FRPSRQHQW WKDW FRQWULEXWHV OLWWOH WR GRVH�

'RVLPHWU\ IRU FRORQ DV WDUJHW DQG FRORQ FRQWHQWV DV VRXUFH QRW ZHOO HVWDEOLVKHG�

1R GRPLQDQW FDQFHU VLWHV�

&R��� % %LRNLQHWLFV a 5LVN PRGHO� 'RPLQDQW VLWH LV FRORQ �0:� GXH WR GRVH IURP

XQDEVRUEHG DFWLYLW\� 7\SLFDO *, XSWDNH PRGHUDWHO\ ZHOO HVWDEOLVKHG� :KROH�ERG\

UHWHQWLRQ UHDVRQDEO\ ZHOO NQRZQ EXW GLVWULEXWLRQ OHVV ZHOO FKDUDFWHUL]HG�

%LRNLQHWLFV RI LQJHVWHG HQYLURQPHQWDO IRUPV PD\ GLIIHU IURP IRUPV XVHG LQ

ELRNLQHWLF VWXGLHV�

6U��� % %LRNLQHWLFV a 5LVN PRGHO� 'RPLQDQW VLWHV DUH OHXNHPLD �5:� !! FRORQ �0:�� *,

XSWDNH DQG VNHOHWDO ELRNLQHWLFV UHDVRQDEO\ ZHOO FKDUDFWHUL]HG� 6RPH LQIRUPDWLRQ

DYDLODEOH RQ PLJUDWLRQ RI < IURP 6U� ULVN HVWLPDWH IRU OHXNHPLD UHODWLYHO\
�� ��

LQVHQVLWLYH WR UHPDLQLQJ XQFHUWDLQWLHV FRQFHUQLQJ <�
��

5X���� % 5LVN PRGHO ! %LRNLQHWLFV� 'RPLQDQW VLWH LV FRORQ �0:� GXH WR GRVH IURP

XQDEVRUEHG DFWLYLW\� *, XSWDNH DQG V\VWHPLF ELRNLQHWLFV RI 5X� 5K NQRZQ
��� ���

RQO\ EURDGO\� EXW ULVN HVWLPDWH UHODWLYHO\ LQVHQVLWLYH WR DVVRFLDWHG XQFHUWDLQWLHV�



���

7DEOH������FRQWLQXHG

&DVH &DWHJRU\ 0DLQ VRXUFHV RI XQFHUWDLQW\ DQG FRPPHQWV

,QJHVWLRQ� FRQWLQXHG

6E���� % 5LVN PRGHO ! 'RVLPHWU\ ! %LRNLQHWLFV� 'RPLQDQW VLWHV DUH FRORQ �0:� !!

OHXNHPLD �5:�� 'RVLPHWU\ IRU FRORQ DV WDUJHW DQG FRORQ FRQWHQWV DV VRXUFH QRW

ZHOO HVWDEOLVKHG� *, XSWDNH DQG V\VWHPLF ELRNLQHWLFV SRRUO\ HVWDEOLVKHG� EXW ULVN

HVWLPDWH UHODWLYHO\ LQVHQVLWLYH WR DVVRFLDWHG XQFHUWDLQWLHV�

,���� & 5LVN PRGHO ! %LRNLQHWLFV� 'RPLQDQW VLWH LV WK\URLG �1:�� 7\SLFDO WK\URLGDO XSWDNH

DQG KDOI�WLPH FDQQRW EH FORVHO\ GHWHUPLQHG GXH WR VFDWWHU LQ UHSRUWHG GDWD� 5LVN

HVWLPDWH LQVHQVLWLYH WR KDOI�WLPH LQ WK\URLG EXW VHQVLWLYH WR IUDFWLRQDO XSWDNH E\

WK\URLG�

&V���� $ 5LVN PRGHO ! %LRNLQHWLFV� .QRZQ WKDW *, XSWDNH YLUWXDOO\ FRPSOHWH DQG DEVRUEHG

FHVLXP IDLUO\ XQLIRUPO\ GLVWULEXWHG� 6\VWHPLF ELRNLQHWLFV RI FHVLXP ZHOO

HVWDEOLVKHG� EXW SRWHQWLDOO\ UDSLG PLJUDWLRQ RI %D IURP &V \LHOGV PRGHUDWH
���P ���

XQFHUWDLQW\ LQ GRVH WR VRPH WLVVXHV� 1R GRPLQDQW FDQFHU VLWHV�

5D���� & 5LVN PRGHO ! %LRNLQHWLFV ! 'RVLPHWU\� 'RPLQDQW VLWHV DUH ERQH �1:� a FRORQ

�0:�� *, XSWDNH DQG V\VWHPLF ELRNLQHWLFV RI UDGLXP UHDVRQDEO\ ZHOO XQGHUVWRRG�

5LVN HVWLPDWH PRGHUDWHO\ VHQVLWLYH WR XQFHUWDLQWLHV UHJDUGLQJ PLJUDWLRQ RI FKDLQ

PHPEHUV IURP SDUHQW� 'RVLPHWU\ IRU FRORQ DV WDUJHW DQG FRORQ FRQWHQWV DV VRXUFH

QRW ZHOO HVWDEOLVKHG IRU WKLV FKDLQ�

7K���� ( 5LVN PRGHO ! %LRNLQHWLFV ! 'RVLPHWU\� 'RPLQDQW VLWHV DUH ERQH �1:� a FRORQ

�0:� ! OLYHU �1:�� 7\SLFDO *, XSWDNH DSSDUHQWO\ ORZ EXW QRW NQRZQ ZLWK PXFK

SUHFLVLRQ� 6\VWHPLF ELRNLQHWLFV RI SDUHQW UHDVRQDEO\ ZHOO XQGHUVWRRG EXW GRVH

DULVHV PDLQO\ IURP LQJURZLQJ FKDLQ PHPEHUV� ZKRVH EHKDYLRU LV RQO\ EURDGO\

XQGHUVWRRG� 'RVLPHWU\ IRU FRORQ DV WDUJHW DQG FRORQ FRQWHQWV DV VRXUFH QRW ZHOO

HVWDEOLVKHG IRU WKLV FKDLQ�

8���� & 5LVN PRGHO ! %LRNLQHWLFV a 'RVLPHWU\� 'RPLQDQW VLWHV DUH FRORQ �0:� ! NLGQH\

�1:�� *, XSWDNH PRGHUDWHO\ ZHOO HVWDEOLVKHG� 6KRUW�WHUP V\VWHPLF ELRNLQHWLFV

XQGHUVWRRG EXW OHVV NQRZQ DERXW ORQJ�WHUP UHWHQWLRQ LQ VNHOHWRQ DQG VRIW WLVVXHV�

'RVLPHWU\ IRU FRORQ DV WDUJHW DQG FRORQ FRQWHQWV DV VRXUFH QRW ZHOO HVWDEOLVKHG�

3X���� ( 5LVN PRGHO ! %LRNLQHWLFV a 'RVLPHWU\� 'RPLQDQW VLWHV DUH OLYHU �1:� ! FRORQ �0:�

a ERQH �1:�� 7\SLFDO *, XSWDNH NQRZQ WR EH ORZ EXW QRW GHWHUPLQHG ZLWK PXFK

SUHFLVLRQ� ,QLWLDO GLVWULEXWLRQ EHWZHHQ OLYHU DQG VNHOHWRQ XQFHUWDLQ EXW KDV OLWWOH

HIIHFW RQ ULVN HVWLPDWH� /RQJ�WHUP GLVWULEXWLRQ UHDVRQDEO\ ZHOO HVWDEOLVKHG�

5HVLGHQFH WLPH RQ ERQH VXUIDFHV NQRZQ RQO\ ZLWKLQ EURDG ERXQGV� 'RVLPHWU\ IRU

FRORQ DV WDUJHW DQG FRORQ FRQWHQWV DV VRXUFH QRW ZHOO HVWDEOLVKHG�



���

7DEOH������FRQWLQXHG

&DVH &DWHJRU\ 0DLQ VRXUFHV RI XQFHUWDLQW\ DQG FRPPHQWV

([WHUQDO H[SRVXUH

�6RLO�
E

+�� 1�$
F

&R��� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ���� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
G � ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�

6U��� ( 'RVLPHWU\ ! 5LVN PRGHO� %HWD HPLWWHU ¤  ����� 0H9� WLVVXH DEVRUEHG GRVH

H[FOXGLQJ VNLQ UDQJHV RYHU D IDFWRU RI �� 1R GRPLQDQW VLWHV� 8QFHUWDLQW\ LQ

EUHPVVWUDKOXQJ \LHOG DQG LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\ SKRWRQV�

�<���� ( 'RVLPHWU\ ! 5LVN PRGHO� 1R GRPLQDQW VLWHV� %HWD HPLWWHU ¤  ���� 0H9�

WLVVXH DEVRUEHG GRVH �H[FOXGLQJ VNLQ� UDQJH RYHU D IDFWRU RI �� 8QFHUWDLQW\ LQ

EUHPVVWUDKOXQJ \LHOG DQG LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\ SKRWRQV�

5X���� 1�$
H F

�5K����� % 5LVN PRGHO a 'RVLPHWU\� %HWD HPLWWHU ¤  ���� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV H[FHSW VNLQ
� ��

UHFHLYH VLPLODU DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV� 8QFHUWDLQW\ LQ WUDQVSRUW RI�

DQG GRVH IURP� ORZ HQHUJ\ SKRWRQV�

6E���� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ����� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
� ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�

,���� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ����� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
� ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�

&V���� ( 'RVLPHWU\ ! 5LVN PRGHO� 1R GRPLQDQW VLWHV� %HWD HPLWWHU ¤  ���� 0H9�
H

WLVVXH DEVRUEHG GRVHV H[FOXGLQJ VNLQ UDQJH RYHU D IDFWRU RI �� 8QFHUWDLQW\ LQ

EUHPVVWUDKOXQJ \LHOG DQG LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\ SKRWRQV�

�%D����P� $ 5LVN PRGHO ! 'RVLPHWU\� ,VRPHULF WUDQVLWLRQ� PHDQ SKRWRQ HQHUJ\ ���� 0H9 ¤

NHUPD FRQV WDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU DEVRUEHG
� ��

GRVHV� 1R GRPLQDQW VLWHV�

5D���� & 'RVLPHWU\ a 5LVN PRGHO� $OSKD HPLWWHU� PHDQ SKRWRQ HQHUJ\ ���� 0H9 ¤ NHUPD
H

FRQVWDQW  ����(��� *\ P �%T�V� � 7LVVXH DEVRUEHG GRVHV UDQJH RYHU D IDFWRU
� ��

RI �� 1R GRPLQDQW VLWHV� 8QFHUWDLQW\ LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\

SKRWRQV�

�3E����� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ���� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
� ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�



���

7DEOH������FRQWLQXHG

&DVH &DWHJRU\ 0DLQ VRXUFHV RI XQFHUWDLQW\ DQG FRPPHQWV

([WHUQDO H[SRVXUH� FRQWLQXHG

�%L����� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ���� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
� ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�

7K���� ' 'RVLPHWU\ ! 5LVN PRGHO� $OSKD HPLWWHU� PHDQ SKRWRQ HQHUJ\ ���� NH9 ¤ NHUPD
H

FRQVWDQW  ����(��� *\ P �%T�V� � 7LVVXH DEVRUEHG GRVHV UDQJH RYHU D IDFWRU
� ��

RI �� 1R GRPLQDQW VLWHV� 8QFHUWDLQW\ LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\

SKRWRQV�

�$F����� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ���� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
� ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�

�7O����� $ 5LVN PRGHO ! 'RVLPHWU\� %HWD HPLWWHU ¤  ���� 0H9� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � $OO WLVVXHV UHFHLYH VLPLODU
� ��

DEVRUEHG GRVHV� 1R GRPLQDQW VLWHV�

8���� ' 'RVLPHWU\ ! 5LVN PRGHO� 1R GRPLQDQW VLWHV� $OSKD HPLWWHU� PHDQ SKRWRQ HQHUJ\

���� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � 7LVVXH DEVRUEHG GRVHV
� ��

UDQJH RYHU D IDFWRU ! ��� 8QFHUWDLQW\ LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\

SKRWRQV�

3X���� ( 'RVLPHWU\ ! 5LVN PRGHO� 1R GRPLQDQW VLWHV� $OSKD HPLWWHU� PHDQ SKRWRQ HQHUJ\

����� 0H9 ¤ NHUPD FRQVWDQW  ����(��� *\ P �%T�V� � 7LVVXH DEVRUEHG GRVHV
� ��

UDQJH RYHU D IDFWRU ! ��� 8QFHUWDLQW\ LQ WUDQVSRUW RI� DQG GRVH IURP� ORZ HQHUJ\

SKRWRQV�

7KH DEVRUSWLRQ W\SH DGGUHVVHG IRU D JLYHQ UDGLRQXFOLGH LQ SDUWLFXODWH IRUP LV WKH GHIDXOW W\SH UHFRPPHQGHG
D

LQ ,&53 3XEOLFDWLRQ �� �������

)RU H[WHUQDO H[SRVXUH� WKH UDGLRQXFOLGHV LQ SDUHQWKHVHV IROORZLQJ WKH SDUHQW UDGLRQXFOLGH 6U���� 5X�����
E

&V����� 5D����� RU 7K���� DUH WKH PRVW LPSRUWDQW UDGLRDFWLYH SURJHQ\ RI WKDW SDUHQW UDGLRQXFOLGH SUHVHQW

LQ WKH HQYLURQPHQW DW VHFXODU HTXLOLEULXP�

&DWHJRULHV $�( DUH EDVHG RQ TXRWLHQWV RI PD[LPXP DQG PLQLPXP SODXVLEOH YDOXHV DQG DUH QRW DSSOLFDEOH
F

�1�$� WR UDGLRQXFOLGHV IRU ZKLFK HVWLPDWHG H[WHUQDO GRVH �(3$� ����� LV ]HUR�

6KRUW IRU DLU NHUPD�UDWH FRQVWDQW �VHH *ORVVDU\��
G

,Q PRVW VLWXDWLRQV� WKH FDQFHU ULVN IURP H[WHUQDO H[SRVXUH WR WKLV UDGLRQXFOLGH LV OLNHO\ WR EH QHJOLJLEOH
H

FRPSDUHG ZLWK WKH ULVN IURP H[WHUQDO H[SRVXUH WR LWV UDGLRDFWLYH SURJHQ\�
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7KH�ULVN�FRHIILFLHQWV�GHYHORSHG�LQ�WKLV�UHSRUW�DUH�JHQGHU�DYHUDJHG�YDOXHV�EDVHG�RQ�ELRNLQHWLF�

GRVLPHWULF��DQG�UDGLDWLRQ�ULVN�PRGHOV�WKDW�UHSUHVHQW�W\SLFDO�RU�¦UHIHUHQFH§�PDOH�DQG�IHPDOH�PHPEHUV

RI�WKH�8�6��SRSXODWLRQ��IURP�LQIDQF\�WKURXJK�ROG�DJH���$OWKRXJK�WKH�FRHIILFLHQWV�PD\�EH�LQWHUSUHWHG

LQ�WHUPV�RI�HLWKHU�DFXWH�RU�FKURQLF�H[SRVXUH��FRPSXWDWLRQV�DUH�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKHVH

SHUVRQV�DUH�H[SRVHG�WKURXJKRXW�OLIH��EHJLQQLQJ�DW�ELUWK��WR�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�D�UDGLRQXFOLGH

LQ�D�JLYHQ�HQYLURQPHQWDO�PHGLXP���,Q�XWHUR�H[SRVXUHV�DUH�QRW�FRQVLGHUHG�LQ�WKLV�GRFXPHQW�

&KDUDFWHULVWLFV�RI�WKH�H[SRVHG�SRSXODWLRQ

7KH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�UHIHUHQFH�PDOH�DQG�UHIHUHQFH�IHPDOH�DW�GLIIHUHQW�DJHV�DUH

GHVFULEHG�LQ�UHSRUWV�E\�&ULVW\�DQG�(FNHUPDQ����������������7KH�YLWDO�VWDWLVWLFV�IRU�WKHVH�UHIHUHQFH

SHUVRQV�DUH�EDVHG�RQ�WKH���������8�6��GHFHQQLDO�OLIH�WDEOH��1&+6��������DQG�8�6��FDQFHU�PRUWDOLW\

GDWD�IRU�WKH�VDPH�SHULRG��1&+6������������D������E����7KDW�LV��LW�LV�DVVXPHG�WKDW�WKH�H[SRVHG�PDOH

DQG�IHPDOH�DUH�VXEMHFW�WR�WKH�ULVN�RI�G\LQJ�IURP�D�FRPSHWLQJ�FDXVH��DQ\�FDXVH�RWKHU�WKDQ�D�FDQFHU

SURGXFHG�E\�WKH�UDGLDWLRQ�H[SRVXUH�K\SRWKHVL]HG�KHUH��LQGLFDWHG�E\�WKH���������8�6��GHFHQQLDO�OLIH

WDEOH�DQG�DUH�VXEMHFW�WR�WKH�ULVN�RI�H[SHULHQFLQJ�RU�G\LQJ�IURP�FDQFHU�DW�D�VSHFLILF�VLWH�LQGLFDWHG�E\

8�6��FDQFHU�PRUWDOLW\�GDWD�IRU�WKH�VDPH�SHULRG���*HQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQV��IUDFWLRQV�RI�OLYH�

ERUQ�LQGLYLGXDOV�VXUYLYLQJ�WR�GLIIHUHQW�DJHV��IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�DUH�VKRZQ�LQ�)LJ������

0HWKRGV�RI�H[WHQGLQJ�RU�VPRRWKLQJ�WKH�8�6��YLWDO�VWDWLVWLFV�IRU�XVH�LQ�WKLV�UHSRUW�DUH�GHVFULEHG�LQ

$SSHQGL[�$��

*URZWK�RI�GHFD\�FKDLQ�PHPEHUV

)RU�HDFK�RI�WKH�LQWHUQDO�H[SRVXUH�VFHQDULRV��WKH�ULVN�FRHIILFLHQW�IRU�D�UDGLRQXFOLGH�LQFOXGHV

WKH�FRQWULEXWLRQ�WR�GRVH�IURP�SURGXFWLRQ�RI�GHFD\�FKDLQ�PHPEHUV�LQ�WKH�ERG\�DIWHU�LQWDNH�RI�WKH

SDUHQW� UDGLRQXFOLGH�� � +RZHYHU�� IRU� HLWKHU� DQ� LQWHUQDO� RU� H[WHUQDO� H[SRVXUH� VFHQDULR�� WKH� ULVN

FRHIILFLHQW�IRU�D�JLYHQ�UDGLRQXFOLGH�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKLV�LV�WKH�RQO\�UDGLRQXFOLGH

SUHVHQW� LQ� WKH� HQYLURQPHQWDO� PHGLXP�� *URZWK� RI� FKDLQ� PHPEHUV� LQ� WKH� HQYLURQPHQW� LV� QRW

FRQVLGHUHG�EHFDXVH�WKLV�ZRXOG�UHTXLUH�WKH�DVVXPSWLRQ�RI�D�WHPSRUDO�SDWWHUQ�RI�FRQWDPLQDWLRQ�DQG

HQYLURQPHQWDO�EHKDYLRU�RI�GHFD\�FKDLQ�PHPEHUV�DQG�WKXV�ZRXOG�OLPLW�WKH�DSSOLFDELOLW\�RI�WKH�ULVN

FRHIILFLHQWV���)RU�HDFK�UDGLRQXFOLGH�DGGUHVVHG�LQ�WKLV�UHSRUW��KRZHYHU��D�VHSDUDWH�ULVN�FRHIILFLHQW�LV



���

)LJ� ���� *HQGHU�VSHFLILF VXUYLYDO IXQFWLRQV IRU WKH VWDWLRQDU\ SRSXODWLRQ�

SURYLGHG�IRU�DQ\�VXEVHTXHQW�FKDLQ�PHPEHU�WKDW�LV�RI�SRWHQWLDO�GRVLPHWULF�VLJQLILFDQFH��7KLV�HQDEOHV

WKH�XVHU�WR�DVVHVV�WKH�ULVNV�IURP�LQJURZWK�RI�UDGLRQXFOLGHV�LQ�WKH�HQYLURQPHQW�

,QKDODWLRQ�RI�UDGLRQXFOLGHV

5LVN�FRHIILFLHQWV��%T ��IRU�LQKDODWLRQ�RI�UDGLRQXFOLGHV�LQ�DLU�DUH�H[SUHVVHG�DV�ULVN�RI�FDQFHU
��

PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�DFWLYLW\�LQWDNH���7KH�DJH��DQG�JHQGHU�VSHFLILF�LQKDODWLRQ�UDWHV�XVHG

LQ�WKLV�UHSRUW��7DEOH������)LJ�������DUH�WDNHQ�IURP�,&53�3XEOLFDWLRQ���������D����7KHVH�LQKDODWLRQ

UDWHV�DUH�EDVHG�RQ�EUHDWKLQJ�UDWHV�PHDVXUHG�GXULQJ�SHULRGV�RI�UHVW��OLJKW�DFWLYLW\��RU�KHDY\�DFWLYLW\�

7KH�DYHUDJH����K�YHQWLODWLRQ�UDWH�LV�HVWLPDWHG�DV�D�WLPH�ZHLJKWHG�DYHUDJH�RI�YHQWLODWLRQ�UDWHV�IRU�UHVW

SHULRGV�DQG�SHULRGV�RI�OLJKW�DQG�KHDY\�DFWLYLW\�

5HFHQWO\�� /D\WRQ� ������� SURSRVHG� D� GLIIHUHQW� DSSURDFK� IRU� WKH� HVWLPDWLRQ� RI� DYHUDJH

LQKDODWLRQ�UDWHV�DW�GLIIHUHQW�DJHV���(VWLPDWHV�DUH�EDVHG�RQ�W\SLFDO�R[\JHQ�FRQVXPSWLRQ�DVVRFLDWHG

ZLWK�HQHUJ\�H[SHQGLWXUH�DQG�DUH�GHULYHG�XVLQJ�WKH�HTXDWLRQ�9 � �(�Õ�+�Õ�94��ZKHUH�9 �LV�WKH
( (

YHQWLODWLRQ�UDWH��/�PLQ ���(�LV�WKH�DYHUDJH�UDWH�RI�HQHUJ\�H[SHQGLWXUH��NLORMRXOHV�PLQ ���+�LV�WKH
�� ��

YROXPH�RI�R[\JHQ��DW�VWDQGDUG�WHPSHUDWXUH�DQG�SUHVVXUH��FRQVXPHG�LQ�WKH�SURGXFWLRQ�RI���NLORMRXOH



���

7DEOH�������$JH��DQG�JHQGHU�VSHFLILF�XVDJH�UDWHV�RI�HQYLURQPHQWDO�PHGLD��IRU�VHOHFWHG�DJHV�
D

$LU 7DS ZDWHU )RRG HQHUJ\ &RZ©V PLON
E

�P G � �/ G � �NFDO G � �/ G �� ��

F
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/LIHWLPH ���� ���� ���� ���� ���� ���� ����� �����
DYHUDJH

&RPELQHG
OLIHWLPH ���� ���� ���� �����
DYHUDJH

I

J

$OO YDOXHV DUH EDVHG RQ HVWLPDWHG DYHUDJHV IRU WKH 8�6� SRSXODWLRQ IRU WKH LQGLFDWHG DJH� $JHV UHIHU WR ELUWKGD\V� H�J��
D

DJH � \ LQGLFDWHV WKH ILIWK ELUWKGD\� 'DWD UHSRUWHG IRU DJH LQWHUYDOV ZHUH FRQYHUWHG WR SRLQW HVWLPDWHV E\ SUHVHUYLQJ WKH

WRWDO LQWDNH LQ HDFK LQWHUYDO XVLQJ D FXELF VSOLQH ILWWLQJ PHWKRG �)ULWVFK DQG &DUOVRQ� ������ )LWWHG FXUYHV ZHUH

VPRRWKHG XVLQJ D ��SRLQW PRYLQJ DYHUDJH� 7KH OLVWHG XVDJH UDWHV DUH WKH YDOXHV XVHG LQ WKH FDOFXODWLRQ DQG DUH JHQHUDOO\

PRUH SUHFLVH WKDQ WKH GDWD ZRXOG VXSSRUW�

)URP 7DEOHV %���$ DQG %���% RI ,&53 3XEOLFDWLRQ ��� ����D�
E

%DVHG RQ VXUYH\ GDWD RI WKH 8�6� 'HSDUWPHQW RI $JULFXOWXUH �(UVKRZ DQG &DQWRU� ������ ,QFOXGHV GULQNLQJ ZDWHU�
F

ZDWHU DGGHG WR EHYHUDJHV� DQG ZDWHU DGGHG WR IRRGV GXULQJ SUHSDUDWLRQ� EXW QRW ZDWHU LQWULQVLF LQ IRRG DV SXUFKDVHG�

%DVHG RQ GDWD IURP WKH 7KLUG 1DWLRQDO +HDOWK DQG 1XWULWLRQ ([DPLQDWLRQ 6XUYH\ �0F'RZHOO HW DO�� ������
G

8VHG LQ RQH RI WZR VFHQDULRV IRU LQJHVWLRQ RI UDGLRLVRWRSHV RI LRGLQH LQ GLHW� 7KH RWKHU VFHQDULR DVVXPHV WKDW LRGLQH
H

LQWDNH LV SURSRUWLRQDO WR IRRG HQHUJ\ XVDJH� 0LON XVDJH LV EDVHG RQ GDWD IURP (3$ UHSRUW ������������ �����E��

%DVHG RQ WKH PDOH�WR�IHPDOH UDWLR DW ELUWK� WKH JHQGHU�VSHFLILF VXUYLYDO IXQFWLRQ� DQG WKH JHQGHU�VSHFLILF XVDJH IXQFWLRQ�
I

)RU D W\SLFDO 8�6� GLHW� HTXLYDOHQW WR D OLIHWLPH DYHUDJH LQWDNH RI DERXW ��� NJ IRRG G �VHH WH[W��J ��



���

)LJ� ���� $JH� DQG JHQGHU�VSHFLILF XVDJH UDWHV XVHG WR GHULYH ULVN FRHIILFLHQWV IRU LQKDODWLRQ�

LQJHVWLRQ RI ZDWHU� LQJHVWLRQ RI IRRG �HQHUJ\ LQWDNH�� DQG LQJHVWLRQ RI PLON�

RI�HQHUJ\��DQG�94�LV�WKH�YHQWLODWRU\�HTXLYDOHQW��UDWLR�RI�YHQWLODWLRQ�UDWH�WR�R[\JHQ�XSWDNH�UDWH����7KH

YDOXH�+�KDV�EHHQ�GHWHUPLQHG�ZLWKLQ�QDUURZ�ERXQGV��DQG�WKH�DYHUDJH�GDLO\�HQHUJ\�H[SHQGLWXUH�(�DW

D�JLYHQ�DJH�LQ�WKH�8�6��SRSXODWLRQ�FDQ�EH�HVWLPDWHG�UHDVRQDEO\�ZHOO�RQ�WKH�EDVLV�RI�GDWD�IURP�IRRG

FRQVXPSWLRQ�VXUYH\V�ZKHQ�ELDVHV�LQ�WKH�GDWD�DUH�WDNHQ�LQWR�DFFRXQW��7KH�PDLQ�XQFHUWDLQW\�LQ�WKLV

PHWKRG�OLHV�LQ�WKH�YHQWLODWRU\�HTXLYDOHQW��94���/D\WRQ�FRQFOXGHG�WKDW�94�LV�QHDUO\�LQGHSHQGHQW�RI

WKH�YHQWLODWLRQ�UDWH�DQG�SURSRVHG�WKH�YDOXH�94� ����IRU�DOO�DJHV�DQG�DFWLYLW\�OHYHOV�DQG�IRU�ERWK

JHQGHUV���7KLV�YDOXH�LV�EDVHG�RQ�GDWD�IRU�DGXOW�KXPDQV��DOPRVW�DOO�PDOH�VXEMHFWV��D�ODUJH�SRUWLRQ�RI

ZKLFK�ZHUH�KLJKO\�WUDLQHG�DWKOHWHV��DQG�GDWD�IURP�WZR�VWXGLHV�RQ�QHZERUQV���/LWWOH�LQIRUPDWLRQ�LV

DYDLODEOH�IRU�DGXOW�IHPDOHV��EXW�UHVXOWV�RI�D�VWXG\�RQ�FKLOGUHQ�RI�DJH������\��=DSOHWDO�HW�DO���������JLYH



7KH SUREOHP DOVR DULVHV WKDW IUDFWLRQDO GHSRVLWLRQ LQ GLIIHUHQW UHJLRQV RI WKH UHVSLUDWRU\ WUDFW GHSHQGV RQ
�

WKH WLGDO YROXPH DQG UHVSLUDWRU\ IUHTXHQF\ DVVRFLDWHG ZLWK WKH YDULRXV GDLO\ DFWLYLWLHV �,&53� ����D�� /D\WRQ©V

PHWKRG GRHV QRW DGGUHVV WKHVH LQGLYLGXDO FRPSRQHQWV RI WKH LQKDODWLRQ UDWH� DQG LW LV QRW HYLGHQW KRZ WKHVH WZR

SDUDPHWHUV VKRXOG EH DGMXVWHG IRU DSSOLFDWLRQ RI /D\WRQ©V HVWLPDWHV RI GDLO\ DLU LQWDNH�

���

D�PHDQ�YDOXH�IRU�94�RI�DERXW����DQG�VXJJHVW�D�VOLJKW�LQFUHDVH�ZLWK�DJH��IURP�DERXW����DW�DJH���\�WR

DERXW����DW�DJH����\���%HFDXVH�UHOLDEOH�DJH��DQG�JHQGHU�GHSHQGHQW�FHQWUDO�YDOXHV�IRU�94�KDYH�QRW

EHHQ�HVWDEOLVKHG��WKH�,&53©V�UHFRPPHQGHG�DJH��DQG�JHQGHU�VSHFLILF�LQKDODWLRQ�UDWHV��UDWKHU�WKDQ

UDWHV�GHULYHG�IURP�/D\WRQ©V�PHWKRG��DUH�DSSOLHG�LQ�WKH�SUHVHQW�VWXG\��

5LVN� FRHIILFLHQWV� IRU� LQKDODWLRQ� DUH� EDVHG� RQ� DQ� DFWLYLW\�PHGLDQ� DHURG\QDPLF� GLDPHWHU

�$0$'�� RI� �� �P�� � 7KLV� SDUWLFOH� VL]H� LV� UHFRPPHQGHG� E\� WKH� ,&53� IRU� FRQVLGHUDWLRQ� RI

HQYLURQPHQWDO�H[SRVXUHV�LQ�WKH�DEVHQFH�RI�VSHFLILF�LQIRUPDWLRQ�DERXW�WKH�SK\VLFDO�FKDUDFWHULVWLFV

RI�WKH�DHURVRO��,&53������D���

7KH�IRUP�RI�WKH�LQKDOHG�PDWHULDO�LV�FODVVLILHG�LQ�WHUPV�RI�WKH�UDWH�RI�DEVRUSWLRQ�IURP�WKH�OXQJV

WR�EORRG��XVLQJ�WKH�FODVVLILFDWLRQ�VFKHPH�RI�,&53�3XEOLFDWLRQ�����,&53������D����7\SH�)��7\SH�0�

DQG�7\SH�6�UHSUHVHQW�IDVW��PHGLXP��DQG�VORZ�UDWHV��UHVSHFWLYHO\��RI�DEVRUSWLRQ�RI�PDWHULDO�LQKDOHG

LQ� SDUWLFXODWH� IRUP�� �$OWKRXJK� WKH� ,&53� UHFRPPHQGV�GHIDXOW� DEVRUSWLRQ� W\SHV�RI�PDQ\�RI� WKH

UDGLRQXFOLGHV�FRQVLGHUHG�LQ�WKLV�GRFXPHQW��WKH�LQIRUPDWLRQ�XQGHUO\LQJ�WKH�VHOHFWLRQ�RI�DQ�DEVRUSWLRQ

W\SH� LV� RIWHQ� YHU\� OLPLWHG� DQG� LQ� PDQ\� FDVHV� UHIOHFWV� RFFXSDWLRQDO� UDWKHU� WKDQ� HQYLURQPHQWDO

H[SHULHQFH���'XH�WR�WKH�XQFHUWDLQWLHV�LQ�WKH�IRUP�RI�D�UDGLRQXFOLGH�OLNHO\�WR�EH�LQKDOHG�E\�PHPEHUV

RI�WKH�SXEOLF��ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�D�UDGLRQXFOLGH�LQ�SDUWLFXODWH�IRUP�DUH�GHULYHG�IRU�DOO

WKUHH�DEVRUSWLRQ�W\SHV�

,QKDODWLRQ�RI�D�UDGLRQXFOLGH�LQ�WKH�IRUP�RI�D�YDSRU�RU�JDV�LV�DOVR�FRQVLGHUHG�IRU�VHOHFWHG�FDVHV�

,Q�SDUWLFXODU��ULVN�FRHIILFLHQWV�DUH�SURYLGHG�IRU�LQKDODWLRQ�RI�WULWLXP�DV�D�YDSRU��+72��RU�JDV��+7��

FDUERQ�LQ�JDVHRXV�IRUP�DV�FDUERQ�PRQR[LGH��&2��RU�FDUERQ�GLR[LGH��&2 ���VXOIXU�DV�D�YDSRU��62
� �

RU�&6 ���QLFNHO�DV�D�YDSRU��UXWKHQLXP�DV�D�YDSRU��5X2 ���LRGLQH�DV�D�YDSRU�RU�JDV��PHWK\O�LRGLGH�
� �

&+ ,���WHOOXULXP�DV�D�YDSRU��DQG�PHUFXU\�DV�D�YDSRU���0DWHULDO�VSHFLILF�GHSRVLWLRQ�DQG�DEVRUSWLRQ
�

PRGHOV�DUH�XVHG�IRU�YDSRUV�DQG�JDVHV��,&53������E����

,QWDNH�RI�UDGLRQXFOLGHV�LQ�IRRG

5LVN�FRHIILFLHQWV��%T ��IRU�LQJHVWLRQ�RI�UDGLRQXFOLGHV�LQ�IRRG�DUH�H[SUHVVHG�DV�ULVN�RI�FDQFHU
��

PRUWDOLW\�RU�PRUELGLW\�SHU�XQLW�DFWLYLW\�LQWDNH���7KH�LQWDNH�UDWH�RI�D�UDGLRQXFOLGH�LQ�IRRG�LV�DVVXPHG

WR�EH�SURSRUWLRQDO�WR�IRRG�HQHUJ\�XVDJH��NFDO�SHU�GD\����$JH��DQG�JHQGHU�VSHFLILF�YDOXHV�IRU�IRRG



���

HQHUJ\� XVDJH� �7DEOH� ����� DUH� EDVHG� RQ� GDWD� IURP� WKH� 7KLUG� 1DWLRQDO� +HDOWK� DQG� 1XWULWLRQ

([DPLQDWLRQ�6XUYH\��1+$1(6�,,,���3KDVH�������������0F'RZHOO�HW�DO���������

)RRG�XVDJH�LV�XVXDOO\�H[SUHVVHG�LQ�WHUPV�RI�PDVV�UDWKHU�WKDQ�HQHUJ\���%DVHG�RQ�D��������

IRRG�LQWDNH�VXUYH\�E\�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH��WKH�OLIHWLPH�DYHUDJH�LQWDNH�UDWH�RI�IRRG

LV�DSSUR[LPDWHO\�����NJ�SHU�GD\��:LOVRQ�HW�DO������������7KLV�YDOXH�DQG�WKH�OLIHWLPH�DYHUDJH�HQHUJ\

LQWDNH�RI������NFDO�SHU�GD\�JLYHQ�LQ�7DEOH�����LPSO\�DQ�DYHUDJH�HQHUJ\�GHQVLW\�IRU�WKH�8�6��GLHW�RI

DERXW������NFDO�SHU�NJ�IRRG�

)RU�UDGLRLRGLQH��D�VHFRQG�VHW�RI�ULVN�FRHIILFLHQWV�LV�GHULYHG�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH

LQWDNH�UDWH�LV�SURSRUWLRQDO�WR�XVDJH�RI�FRZ©V�PLON��W\SLFDOO\�WKH�GRPLQDQW�VRXUFH�RI�UDGLRLRGLQH�LQ

GLHW��816&($5����������$JH��DQG�JHQGHU�VSHFLILF�YDOXHV�IRU�DYHUDJH�GDLO\�XVDJH�RI�FRZ©V�PLON

�7DEOH������DUH�EDVHG�RQ�GDWD�WDEXODWHG�E\�WKH�(3$��(3$������E��

)RU� +�LQ�GLHW��VHSDUDWH�ULVN�FRHIILFLHQWV�DUH�JLYHQ�IRU�WULWLDWHG�ZDWHU�DQG�RUJDQLFDOO\�ERXQG�

WULWLXP�EHFDXVH�GLIIHUHQW�V\VWHPLF�ELRNLQHWLF�PRGHOV�DUH�DSSOLHG�WR�WKHVH�GLIIHUHQW�IRUPV�RI� +��

6LPLODUO\��VHSDUDWH�ULVN�FRHIILFLHQWV�DUH�JLYHQ�IRU�LQRUJDQLF�DQG�RUJDQLF�IRUPV�RI�UDGLRLVRWRSHV�RI

VXOIXU��PHUFXU\��DQG�SRORQLXP�EHFDXVH�GLIIHUHQW�V\VWHPLF�ELRNLQHWLF�PRGHOV�DQG�RU�I �YDOXHV�DUH�XVHG�

IRU�WKH�GLIIHUHQW�IRUPV�

,QWDNH�RI�UDGLRQXFOLGHV�LQ�WDS�ZDWHU

5LVN�FRHIILFLHQWV��%T ��IRU�LQJHVWLRQ�RI�UDGLRQXFOLGHV�LQ�WDS�ZDWHU�DUH�H[SUHVVHG�DV�ULVN�RI
��

FDQFHU�PRUWDOLW\� RU�PRUELGLW\� SHU� XQLW� DFWLYLW\� LQWDNH�� �$JH�VSHFLILF� XVDJH� UDWHV� IRU� WDS�ZDWHU

�7DEOH������DUH�EDVHG�RQ�UHVXOWV�RI�WKH�����������1DWLRQZLGH�)RRG�&RQVXPSWLRQ�6XUYH\�RI�WKH�8�6�

'HSDUWPHQW�RI�$JULFXOWXUH�DV�DQDO\]HG�E\�(UVKRZ�DQG�&DQWRU����������7KH�GDWD�IRU�XVDJH�RI�WDS

ZDWHU�LQ�7DEOH�����LQFOXGH�GULQNLQJ�ZDWHU��ZDWHU�DGGHG�WR�EHYHUDJHV��DQG�ZDWHU�DGGHG�WR�IRRGV�GXULQJ

SUHSDUDWLRQ�EXW�GR�QRW�LQFOXGH�XVDJH�RI�ZDWHU�LQWULQVLF�LQ�IRRG�DV�SXUFKDVHG���7KH�UHSRUWHG�GDWD�IRU

WDS�ZDWHU�XVDJH��(UVKRZ�DQG�&DQWRU��������ZHUH�QRW�GLYLGHG�E\�JHQGHU���*HQGHU�VSHFLILF�YDOXHV

ZHUH�GHULYHG�E\�DVVXPLQJ��EHIRUH�WKH�LQWDNH�UDWH�FXUYHV�ZHUH�VPRRWKHG��WKDW�WKH�PDOH�WR�IHPDOH

LQWDNH�UDWH�UDWLR�DW�D�JLYHQ�DJH�LV�WKH�VDPH�DV�WKDW�REVHUYHG�IRU�IRRG�HQHUJ\�LQWDNH��0F'RZHOO�HW�DO��

������

$V�LV�WKH�FDVH�IRU�LQWDNH�LQ�IRRG��VHSDUDWH�ULVN�FRHIILFLHQWV�IRU�WDS�ZDWHU�XVDJH�DUH�JLYHQ�IRU

WULWLDWHG�ZDWHU�DQG�RUJDQLFDOO\�ERXQG�WULWLXP��DQG�IRU�LQRUJDQLF�DQG�RUJDQLF�IRUPV�RI�UDGLRLVRWRSHV

RI�VXOIXU��PHUFXU\��DQG�SRORQLXP�



���

([WHUQDO�H[SRVXUH�WR�UDGLRQXFOLGHV�LQ�DLU

5LVN�FRHIILFLHQWV��P �%T �V ��IRU�VXEPHUVLRQ�DUH�H[SUHVVHG�DV�ULVN�RI�FDQFHU�PRUWDOLW\�RU� �� ��

PRUELGLW\�SHU�XQLW�LQWHJUDWHG�H[SRVXUH�WR�D�UDGLRQXFOLGH�LQ�DLU���7KH�H[WHUQDO�GRVH�UDWHV�XVHG�LQ�WKH

FDOFXODWLRQV��(3$��������ZHUH�FDOFXODWHG�IRU�D�UHIHUHQFH�DGXOW�PDOH��VWDQGLQJ�RXWGRRUV�ZLWK�QR

VKLHOGLQJ���1R�DGMXVWPHQWV�DUH�PDGH�LQ�WKLV�H[SRVXUH�VFHQDULR�WR�DFFRXQW�IRU�SRWHQWLDO�GLIIHUHQFHV

ZLWK�DJH�DQG�JHQGHU�LQ�WKH�H[WHUQDO�GRVHV�UHFHLYHG�RU�IRU�SRWHQWLDO�UHGXFWLRQ�LQ�GRVH�GXH�WR�VKLHOGLQJ

E\�EXLOGLQJV�GXULQJ�WLPH�VSHQW�LQGRRUV��

([WHUQDO�H[SRVXUH�WR�UDGLRQXFOLGHV�LQ�VRLO

5LVN�FRHIILFLHQWV�DUH�WDEXODWHG�IRU�WZR�GLIIHUHQW�VFHQDULRV�IRU�H[SRVXUH�WR�FRQWDPLQDWHG�VRLO�

�����H[WHUQDO�H[SRVXUH�WR�UDGLDWLRQV�IURP�WKH�JURXQG�VXUIDFH��DQG�����H[WHUQDO�H[SRVXUH�WR�UDGLDWLRQV

IURP�VRLO�FRQWDPLQDWHG�WR�DQ�LQILQLWH�GHSWK���,Q�ERWK�FDVHV�WKH�FRQWDPLQDWLRQ�LV�DVVXPHG�WR�EH�RI

LQILQLWH�ODWHUDO�H[WHQW���7KH�ULVN�FRHIILFLHQWV�DUH�H[SUHVVHG�DV�ULVN�RI�FDQFHU�PRUWDOLW\�RU�PRUELGLW\

SHU�XQLW�LQWHJUDWHG�H[SRVXUH�WR�D�UDGLRQXFOLGH���7KH�XQLWV�DUH�P �%T �V IRU�FRQWDPLQDWHG�JURXQG� �� ��

VXUIDFH�DQG�NJ�%T �V �IRU�VRLO�FRQWDPLQDWHG�WR�DQ�LQILQLWH�GHSWK�
�� ��

7KH�WDEXODWLRQV�RI�GRVH�FRHIILFLHQWV�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$��������IRU

FDVHV�RI�H[WHUQDO�H[SRVXUH�WR�UDGLDWLRQV�IURP�FRQWDPLQDWHG�VRLO�ZHUH�FDOFXODWHG�IRU�D�UHIHUHQFH�DGXOW

VWDQGLQJ�RQ�WKH�FRQWDPLQDWHG�VRLO���1R�DGMXVWPHQWV�DUH�PDGH�LQ�WKLV�H[SRVXUH�VFHQDULR�WR�DFFRXQW

IRU�SRWHQWLDO�GLIIHUHQFHV�ZLWK�DJH�LQ�WKH�H[WHUQDO�GRVHV�UHFHLYHG�RU�IRU�SRWHQWLDO�UHGXFWLRQ�LQ�GRVH�GXH

WR�VKLHOGLQJ�E\�EXLOGLQJV�GXULQJ�WLPH�VSHQW�LQGRRUV��

5HFRPPHQGDWLRQV�FRQFHUQLQJ�FOHDQXS�RI�FRQWDPLQDWHG�VRLO�DUH�VRPHWLPHV�EDVHG�RQ�WKH

UDGLRQXFOLGH�FRQFHQWUDWLRQ�LQ�VRLO�WR�D�GHSWK�RI����FP��15&����������$V�LQGLFDWHG�E\�WKH�WDEXODWLRQV

RI�GRVH�FRHIILFLHQWV�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R������GRVH�UDWHV�IURP�VRLO�FRQWDPLQDWHG�WR�D�GHSWK

RI����FP�JHQHUDOO\�GLIIHU�E\�RQO\�������IURP�GRVH�UDWHV�IURP�VRLO�FRQWDPLQDWHG�WR�DQ�LQILQLWH�GHSWK

�WKDW�LV��WR�VHYHUDO�PHWHUV�EHORZ�WKH�VXUIDFH��GXH�WR�VKLHOGLQJ�SURYLGHG�E\�WKH�WRS����FP�RI�VRLO

DJDLQVW� UDGLDWLRQV�HPLWWHG�DW� ORZHU�GHSWKV� �(3$��������� �%HFDXVH� ULVN�FRHIILFLHQWV� IRU�H[WHUQDO

H[SRVXUH�WR�VRLO�FRQWDPLQDWHG�WR����FP�ZRXOG�GLIIHU�RQO\�VOLJKWO\�IURP�WKRVH�IRU�FRQWDPLQDWLRQ�WR

DQ�LQILQLWH�GHSWK��LW�ZRXOG�QRW�EH�XVHIXO�WR�SURYLGH�WDEXODWLRQV�RI�ULVN�FRHIILFLHQWV�IRU�ERWK�VLWXDWLRQV�





���

&+$37(5�����%,2.,1(7,&�02'(/6�)25�5$',218&/,'(6

,Q�WKH�GRVH�FRPSXWDWLRQ�VFKHPH�RI�WKH�,&53��LQIRUPDWLRQ�RQ�WKH�EHKDYLRU�RI�UDGLRQXFOLGHV

LQ�WKH�ERG\�LV�FRQGHQVHG�LQWR�WKUHH�PDLQ�W\SHV�RI�ELRNLQHWLF�PRGHOV���D�UHVSLUDWRU\�WUDFW�PRGHO��D

JDVWURLQWHVWLQDO�WUDFW�PRGHO��DQG�HOHPHQW�VSHFLILF�V\VWHPLF�PRGHOV���7KH�JHQHULF�UHVSLUDWRU\�WUDFW

PRGHO�LV�XVHG�WR�GHVFULEH�WKH�GHSRVLWLRQ�DQG�UHWHQWLRQ�RI�LQKDOHG�PDWHULDO�LQ�WKH�UHVSLUDWRU\�WUDFW�DQG

LWV�VXEVHTXHQW�FOHDUDQFH�WR�EORRG�RU�WR�WKH�JDVWURLQWHVWLQDO�WUDFW���7KH�JHQHULF�JDVWURLQWHVWLQDO�WUDFW

PRGHO�LV�XVHG�WR�GHVFULEH�WKH�PRYHPHQW�RI�VZDOORZHG�RU�HQGRJHQRXVO\�VHFUHWHG�PDWHULDO�WKURXJK

WKH�VWRPDFK�DQG�LQWHVWLQHV��DQG��WRJHWKHU�ZLWK�HOHPHQW�VSHFLILF�JDVWURLQWHVWLQDO�DEVRUSWLRQ�IUDFWLRQV

�I �YDOXHV���WR�GHVFULEH�WKH�UDWH�DQG�H[WHQW�RI�DEVRUSWLRQ�RI�UDGLRQXFOLGHV�IURP�WKH�VPDOO�LQWHVWLQH�WR
�

EORRG�� � (OHPHQW�VSHFLILF� V\VWHPLF� ELRNLQHWLF� PRGHOV� DUH� XVHG� WR� GHVFULEH� WKH� WLPH�GHSHQGHQW

GLVWULEXWLRQ�DQG�H[FUHWLRQ�RI�UDGLRQXFOLGHV�DIWHU�WKHLU�DEVRUSWLRQ�LQWR�EORRG�

7KH�PRGHO�RI�WKH�UHVSLUDWRU\�WUDFW

7KH� ,&53�UHFHQWO\� LQWURGXFHG�D�QHZ�UHVSLUDWRU\� WUDFW�PRGHO� WKDW� LQYROYHV�FRQVLGHUDEO\

JUHDWHU�GHWDLO�DQG�SK\VLRORJLFDO�UHDOLVP�WKDQ�SUHYLRXV�PRGHOV�RI� WKH�UHVSLUDWRU\�V\VWHP��,&53�

����D����7KH�PRGHO�VWUXFWXUH�LV�VKRZQ�LQ�)LJ��������7KH�PRGHO�GLYLGHV�WKH�UHVSLUDWRU\�V\VWHP�LQWR

H[WUDWKRUDFLF��(7��DQG�WKRUDFLF�UHJLRQV���7KH�DLUZD\V�RI�WKH�(7�UHJLRQ�DUH�IXUWKHU�GLYLGHG�LQWR�WZR

FDWHJRULHV���WKH�DQWHULRU�QDVDO�SDVVDJHV��LQ�ZKLFK�GHSRVLWV�DUH�UHPRYHG�E\�H[WULQVLF�PHDQV�VXFK�DV

QRVH�EORZLQJ��DQG�WKH�SRVWHULRU�QDVDO�SDVVDJHV�LQFOXGLQJ�WKH�QDVRSKDU\Q[��RURSKDU\Q[��DQG�WKH

ODU\Q[�� IURP� ZKLFK� GHSRVLWV� DUH� VZDOORZHG�� � 7KH� DLUZD\V� RI� WKH� WKRUD[� LQFOXGH� WKH� EURQFKL

�FRPSDUWPHQWV� ODEHOHG� %% ��� EURQFKLROHV� �FRPSDUWPHQWV� ODEHOHG� EE ��� DQG� DOYHRODU� UHJLRQ
L L

�FRPSDUWPHQWV�ODEHOHG�$, ����0DWHULDO�GHSRVLWHG�LQ�WKH�WKRUDFLF�DLUZD\V�PD\�EH�FOHDUHG�LQWR�EORRG
L

E\�DEVRUSWLRQ��WR�WKH�*,�WUDFW�E\�PHFKDQLFDO�SURFHVVHV��WKDW�LV��WUDQVSRUWHG�XSZDUG�DQG�VZDOORZHG��

DQG�WR�WKH�UHJLRQDO�O\PSK�QRGHV�YLD�O\PSKDWLF�FKDQQHOV�

7KH�QXPEHU�RI�FRPSDUWPHQWV�LQ�HDFK�UHJLRQ�ZDV�FKRVHQ�WR�DOORZ�GXSOLFDWLRQ�RI�WKH�GLIIHUHQW

NLQHWLF�SKDVHV�REVHUYHG�LQ�KXPDQV�RU�ODERUDWRU\�DQLPDOV���,Q�)LJ�������SDUWLFOH�WUDQVSRUW�UDWHV�VKRZQ

EHVLGH�WKH�DUURZV�DUH�UHIHUHQFH�YDOXHV�LQ�XQLWV�RI�G ���)RU�H[DPSOH��SDUWLFOH�WUDQVSRUW�IURP�EE �WR�%%��
� �

LV�DVVXPHG�WR�RFFXU�DW�D�IUDFWLRQDO�UDWH�RI���G ��DQG�SDUWLFOH�WUDQVSRUW�IURP�(7 �WR�WKH�JDVWURLQWHVWLQDO��

�

WUDFW�LV�DVVXPHG�WR�RFFXU�DW�D�IUDFWLRQDO�UDWH�RI�����G ���

)RU�DQ�LQKDOHG�FRPSRXQG��WKH�PHFKDQLFDO�FOHDUDQFHV�RI�SDUWLFOHV�LQGLFDWHG�LQ�)LJ������DUH�LQ

DGGLWLRQ�WR�GLVVROXWLRQ�UDWHV�DQG�DEVRUSWLRQ�WR�EORRG��ZKLFK�GHSHQG�RQ�WKH�HOHPHQW�DQG�WKH�FKHPLFDO



���

)LJ� ���� 6WUXFWXUH RI WKH ,&53©V UHVSLUDWRU\ WUDFW PRGHO �,&53�

����D�� ([FHSW IRU WUDQVIHU IURP (7 WR HQYLURQPHQW� HDFK RI WKH
�

LQGLFDWHG PHFKDQLFDO FOHDUDQFHV RI SDUWLFOHV LV LQ DGGLWLRQ WR

GLVVROXWLRQ DQG DEVRUSWLRQ WR EORRG� $EEUHYLDWLRQV� $,  DOYHRODU

LQWHUVWLWLXP� %%  EURQFKL� EE  EURQFKLROHV� (7  H[WUDWKRUDFLF�

/1  O\PSK QRGHV� 6(4  VHTXHVWHUHG� DQG 7+  WKRUDFLF�

DQG� SK\VLFDO� IRUP� LQ� ZKLFK� LW� LV� LQKDOHG�� � $OWKRXJK� WKH� PRGHO� SHUPLWV� FRQVLGHUDWLRQ� RI

FRPSRXQG�VSHFLILF�GLVVROXWLRQ� UDWHV�� D�SDUWLFXODWH� LV�JHQHUDOO\� DVVLJQHG� WR�RQH�RI� WKUHH�GHIDXOW

DEVRUSWLRQ�W\SHV���7\SH�)��IDVW�GLVVROXWLRQ�DQG�D�KLJK�OHYHO�RI�DEVRUSWLRQ�WR�EORRG���7\SH�0��DQ

LQWHUPHGLDWH�UDWH�RI�GLVVROXWLRQ�DQG�DQ�LQWHUPHGLDWH�OHYHO�RI�DEVRUSWLRQ�WR�EORRG���DQG�7\SH�6��VORZ

GLVVROXWLRQ�DQG�D�ORZ�OHYHO�RI�DEVRUSWLRQ�WR�EORRG����7KH�IUDFWLRQDO�UDWH�RI�DEVRUSWLRQ��G ��DVVLJQHG
��

WR�WKH�GHIDXOW�W\SHV�DUH

ZKHUH�W�LV�WLPH��GD\V��VLQFH�GHSRVLWLRQ�



���

7KH� DEVRUSWLRQ� W\SHV� IRU� SDUWLFXODWH� IRUPV� RI� DQ� HOHPHQW� FRQVLGHUHG� LQ� WKH� ,&53©V

FRPSLODWLRQ�RI�GRVH�FRHIILFLHQWV�IRU�PHPEHUV�RI�WKH�SXEOLF��,&53��������DUH�OLVWHG�LQ�7DEOH�������)RU

HDFK�RI�WKH����HOHPHQWV�WKDW�ZHUH�FULWLFDOO\�UHYLHZHG�ZLWK�UHJDUG�WR�IRUPV�OLNHO\�WR�EH�LQKDOHG�E\

PHPEHUV� RI� WKH� SXEOLF� �,&53�� ����D��� WKH� ,&53� UHFRPPHQGHG� D� GHIDXOW� DEVRUSWLRQ� W\SH� IRU

DSSOLFDWLRQ�ZKHQ�QR�VSHFLILF�LQIRUPDWLRQ�LV�DYDLODEOH���7KH�GHIDXOW�W\SHV�DUH�LGHQWLILHG�LQ�7DEOH�����

7KH�LQIRUPDWLRQ�XQGHUO\LQJ�WKH�VHOHFWLRQ�RI�DQ�DEVRUSWLRQ�W\SH�LV�RIWHQ�YHU\�OLPLWHG���,Q�PDQ\

FDVHV��VHOHFWLRQ�PXVW�EH�EDVHG�RQ�RFFXSDWLRQDO�UDWKHU�WKDQ�HQYLURQPHQWDO�H[SHULHQFH���'XH�WR�WKH

XQFHUWDLQWLHV� LQ� WKH� IRUP�RI�D� UDGLRQXFOLGH� OLNHO\� WR�EH� LQKDOHG�E\�PHPEHUV�RI� WKH�SXEOLF�� ULVN

FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�SDUWLFXODWH�DHURVROV�DUH�SURYLGHG�LQ�WKH�SUHVHQW�GRFXPHQW�IRU�DOO�WKUHH

DEVRUSWLRQ� W\SHV�� � :KHUH� DSSURSULDWH�� ULVN� FRHIILFLHQWV� DUH� DOVR� SURYLGHG� IRU� LQKDODWLRQ� RI

UDGLRQXFOLGHV�LQ�WKH�IRUP�RI�D�JDV�RU�YDSRU�

7KH�PRGHO�RI�WKH�JDVWURLQWHVWLQDO�WUDFW

7KH�PRGHO�RI�WKH�JDVWURLQWHVWLQDO��*,��WUDFW�DSSOLHG�LQ�WKLV�UHSRUW�ZDV�RULJLQDOO\�GHYHORSHG

IRU�DSSOLFDWLRQ�WR�RFFXSDWLRQDO�LQWDNHV�RI�UDGLRQXFOLGHV��,&53��������EXW�KDV�DOVR�EHHQ�DSSOLHG�WR

HQYLURQPHQWDO�LQWDNHV�RI�UDGLRQXFOLGHV�E\�PHPEHUV�RI�WKH�SXEOLF��,&53������������������D������E��

7KH�PRGHO��VKRZQ�LQ�)LJ�������GLYLGHV�WKH�*,�WUDFW�LQWR�IRXU�VHJPHQWV�RU�FRPSDUWPHQWV���VWRPDFK

�6W���VPDOO�LQWHVWLQH��6,���XSSHU�ODUJH�LQWHVWLQH��8/,���DQG�ORZHU�ODUJH�LQWHVWLQH��//,���DQG�GHSLFWV

ILUVW�RUGHU�WUDQVIHU�RI�PDWHULDO�IURP�RQH�VHJPHQW�WR�WKH�QH[W���0DWHULDO�LV�DVVXPHG�WR�WUDQVIHU�IURP

6W�WR�6,�DW�WKH�IUDFWLRQDO�UDWH�RI����G ��IURP�6,�WR�8/,�DW���G ��IURP�8/,�WR�//,�DW�����G ��DQG�IURP�� �� ��

//,�WR�WKH�FRPSDUWPHQW�)HFHV�DW���G ���

$EVRUSWLRQ� RI� LQJHVWHG� PDWHULDO� WR� EORRG� JHQHUDOO\� LV� DVVXPHG� WR� RFFXU� RQO\� LQ� 6,�

$EVRUSWLRQ�WR�EORRG�LV�GHVFULEHG�LQ�WHUPV�RI�D�IUDFWLRQ�I ���,Q�WKH�DEVHQFH�RI�UDGLRDFWLYH�GHFD\��WKH
�

IUDFWLRQ�I �RI�LQJHVWHG�PDWHULDO�PRYHV�IURP�6,�WR�%/22'�DQG�WKH�IUDFWLRQ���I �PRYHV�IURP�6,�WR�8/,
� �

DQG�HYHQWXDOO\�LV�H[FUHWHG�LQ�IHFHV���7KH�WUDQVIHU�FRHIILFLHQW�IURP�6,�WR�%/22'�LV��I �����I ��G �
� �

��

:LWK� WZR�PRGLILFDWLRQV� H[SODLQHG� EHORZ� �VHH� WKH� GLVFXVVLRQV� UHJDUGLQJ� FKURPLXP� DQG

SRORQLXP���WKH�I �YDOXHV�XVHG�LQ�WKLV�UHSRUW�DUH�WKRVH�DSSOLHG�LQ�,&53�3XEOLFDWLRQ������������ZKLFK
�

LV�D�FRPSLODWLRQ�RI�WKH�,&53©V�LQJHVWLRQ�DQG�LQKDODWLRQ�GRVH�FRHIILFLHQWV�IRU�PHPEHUV�RI�WKH�SXEOLF�

9DOXHV�IRU�WKH�DGXOW�DUH�JLYHQ�LQ�&KDSWHU����LQ�WKH�WDEXODWLRQV�RI�ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ

�7DEOHV������DQG�LQJHVWLRQ�RI�WDS�ZDWHU�RU�IRRG��7DEOH����D����0RGLILFDWLRQV�RI�WKH�I �YDOXHV�IRU�DGXOWV
�

IRU�DSSOLFDWLRQ�WR�LQIDQWV�DQG��LQ�VRPH�FDVHV��FKLOGUHQ�DUH�VXPPDUL]HG�EHORZ�

)RU����RI�WKH�HOHPHQWV�FRQVLGHUHG�LQ�WKLV�UHSRUW��I �YDOXHV�IRU�LQJHVWLRQ�ZHUH�GHYHORSHG
�

VSHFLILFDOO\�IRU�PHPEHUV�RI�WKH�SXEOLF��DV�GHVFULEHG�LQ�WKH�,&53©V�VHULHV�RI�GRFXPHQWV�RQ�GRVHV�WR



���

7DEOH�������$EVRUSWLRQ�W\SHV�FRQVLGHUHG�LQ�,&53�3XEOLFDWLRQ�����������IRU�SDUWLFXODWH�DHURVROV�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/XQJ DEVRUSWLRQ /XQJ DEVRUSWLRQ /XQJ DEVRUSWLRQ

(OHPHQW W\SH�V� (OHPHQW W\SH�V� (OHPHQW W\SH�V�
D D D

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+\GURJHQ )� 0 � 6 =LUFRQLXP )� 0 � 6 /XWHWLXP 0� 6
E E F

%HU\OOLXP 0� 6 1LRELXP )� 0 � 6 +DIQLXP )� 0
F E F

&DUERQ )� 0 � 6 0RO\EGHQXP )� 0 � 6 7DQWDOXP 0� 6
E E F

)OXRULQH )� 0� 6 7HFKQHWLXP )� 0 � 6 7XQJVWHQ )
F E F

6RGLXP ) 5XWKHQLXP )� 0 � 6 5KHQLXP )� 0
F E F

0DJQHVLXP )� 0 5KRGLXP )� 0� 6 2VPLXP )� 0� 6
F F F

$OXPLQXP )� 0 3DOODGLXP )� 0� 6 ,ULGLXP )� 0� 6
F F F

6LOLFRQ )� 0� 6 6LOYHU )� 0 � 6 3ODWLQXP )
F E F

3KRVSKRURXV )� 0 &DGPLXP )� 0� 6 *ROG )� 0� 6
F F F

6XOIXU )� 0 � 6 ,QGLXP )� 0 0HUFXU\ )� 0
E F F

&KORULQH )� 0 7LQ )� 0 7KDOOLXP )
F F F

3RWDVVLXP ) $QWLPRQ\ )� 0 �6 /HDG )� 0 � 6
F E E

&DOFLXP )� 0 � 6 7HOOXULXP )� 0 � 6 %LVPXWK )� 0
E E F

6FDQGLXP 6 ,RGLQH ) � 0� 6 3RORQLXP )� 0 � 6
F E E

7LWDQLXP )� 0� 6 &HVLXP ) � 0� 6 $VWDWLQH )� 0
F E F

9DQDGLXP )� 0 %DULXP )� 0 � 6 )UDQFLXP )
F E F

&KURPLXP )� 0� 6 /DQWKDQXP )� 0 5DGLXP )� 0 � 6
F F E

0DQJDQHVH )� 0 &HULXP )� 0 � 6 $FWLQLXP )� 0� 6
F E F

,URQ )� 0 � 6 3UDVHRG\PLXP 0� 6 7KRULXP )� 0� 6
E F E

&REDOW )� 0 � 6 1HRG\PLXP 0� 6 3URWDFWLQLXP 0� 6
E F F

1LFNHO )� 0 � 6 3URPHWKLXP 0� 6 8UDQLXP )� 0 � 6
E F E

&RSSHU )� 0� 6 6DPDULXP 0 1HSWXQLXP )� 0 � 6
F F E

=LQF )� 0 � 6 (XURSLXP 0 3OXWRQLXP )� 0 � 6
E F E

*DOOLXP )� 0 *DGROLQLXP )� 0 $PHULFLXP )� 0 � 6
F F E

*HUPDQLXP )� 0 7HUELXP 0 &XULXP )� 0 � 6
F F E

$UVHQLF 0 '\VSURVLXP 0 %HUNHOLXP 0
F F F

6HOHQLXP ) � 0� 6 +ROPLXP 0 &DOLIRUQLXP 0
E F F

%URPLQH )� 0 (UELXP 0 (LQVWHLQLXP 0
F F F

5XELGLXP ) 7KXOLXP 0 )HUPLXP 0
F F F

6WURQWLXP )� 0 � 6 <WWHUELXP 0� 6 0HQGHOHYLXP 0
E F F

<WWULXP 0� 6
F

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$EVRUSWLRQ W\SHV GHILQHG LQ ,&53 3XEOLFDWLRQ �� �����D�� ) LV IDVW� 0 LV PRGHUDWH� DQG 6 LV VORZ DEVRUSWLRQ�
D

5HFRPPHQGHG GHIDXOW DEVRUSWLRQ W\SH ZKHQ QR VSHFLILF LQIRUPDWLRQ LV DYDLODEOH �,&53� ����E� ������
E

,QKDODWLRQ GDWD IRU WKLV HOHPHQW ZHUH QRW FULWLFDOO\ UHYLHZHG LQ WKH ,&53 GRFXPHQW RQ LQKDODWLRQ GRVH FRHIILFLHQWV IRU
F

PHPEHUV RI WKH SXEOLF �,&53� ����E�� 7KH OLVWHG DEVRUSWLRQ W\SHV DUH EDVHG RQ OXQJ FOHDUDQFH FDWHJRULHV DVVLJQHG LQ

HDUOLHU ,&53 GRFXPHQWV RQ RFFXSDWLRQDO H[SRVXUH�



���

)LJ� ���� 0RGHO RI WUDQVLW RI PDWHULDO WKURXJK

WKH JDVWURLQWHVWLQDO WUDFW �,&53� ������

PHPEHUV� RI� WKH� SXEOLF� IURP� LQWDNH� RI

UDGLRQXFOLGHV� �,&53�� ������ ������ ����D�

����E����7KHVH�HOHPHQWV�DUH�K\GURJHQ��FDUERQ�

VXOIXU�� FDOFLXP�� LURQ�� FREDOW�� QLFNHO�� ]LQF�

VHOHQLXP�� VWURQWLXP�� ]LUFRQLXP�� QLRELXP�

PRO\EGHQXP�� WHFKQHWLXP�� UXWKHQLXP�� VLOYHU�

DQWLPRQ\��WHOOXULXP��LRGLQH��FHVLXP��EDULXP�

FHULXP�� OHDG�� SRORQLXP�� UDGLXP�� WKRULXP�

XUDQLXP�� QHSWXQLXP�� SOXWRQLXP�� DPHULFLXP�

DQG�FXULXP���)RU�PRVW�RI�WKHVH�HOHPHQWV��WKH

IROORZLQJ�UXOHV�ZHUH�DSSOLHG�E\�WKH�,&53�LQ

WKH�DVVLJQPHQW�RI�DJH�VSHFLILF�I �YDOXHV��EDVHG
�

RQ�SDWWHUQV�RI�FKDQJHV�ZLWK�DJH�LQGLFDWHG�E\

WKH�FROOHFWLYH�H[SHULPHQWDO�DQG�HQYLURQPHQWDO

GDWD�

����7KH�I �YDOXH�IRU�DGXOWV�LV�DVVLJQHG�WR�DJHV����\�
�

�����,I�I �IRU�DGXOWV�LV���������WKHQ�I �IRU�LQIDQWV�LV����WLPHV�WKH�YDOXH�IRU�DGXOWV�
� �

�����,I�I �IRU�DGXOWV�LV�LQ�WKH�UDQJH�����������WKHQ�I �IRU�LQIDQWV�LV���WLPHV�WKH�YDOXH�IRU�DGXOWV�
� �

�����,I�I �IRU�DGXOWV�LV�JUHDWHU�WKDQ�������WKHQ�FRPSOHWH�DEVRUSWLRQ�LV�DVVXPHG�IRU�WKH�LQIDQW�
�

7KHVH� UXOHV�ZHUH�QRW� DSSOLHG�E\� WKH� ,&53� WR� LQJHVWHG� FDOFLXP�� LURQ�� FREDOW�� VWURQWLXP�

EDULXP��OHDG��RU�UDGLXP��,&53�����������D������E����)RU�WKHVH�VHYHQ�HOHPHQWV��VHSDUDWH�I �YDOXHV
�

ZHUH�DVVLJQHG�WR�LQIDQWV��FKLOGUHQ�RI�DJHV������\��DQG�DGXOWV��UHVSHFWLYHO\��EDVHG�RQ�LQGLFDWLRQV�WKDW

JDVWURLQWHVWLQDO�DEVRUSWLRQ�RI�WKHVH�HOHPHQWV�LV�HOHYDWHG�LQ�\RXQJ�FKLOGUHQ�DQG�DGROHVFHQWV�DV�ZHOO

DV�LQIDQWV���)RU�FDOFLXP�DQG�VWURQWLXP��WKH�I �YDOXHV�DSSOLHG�WR�WKHVH�WKUHH�DJH�JURXSV�DUH����������
�

DQG������UHVSHFWLYHO\��IRU�EDULXP�DQG�UDGLXP��WKH�YDOXHV�DUH�����������DQG������UHVSHFWLYHO\��IRU�LURQ�

WKH�YDOXHV�DUH�����������DQG������UHVSHFWLYHO\��IRU�FREDOW��WKH�YDOXHV�DUH�����������DQG������UHVSHFWLYHO\�

DQG�IRU�OHDG��WKH�YDOXHV�DUH�����������DQG������UHVSHFWLYHO\�

)RU�HOHPHQWV�QRW�DGGUHVVHG�LQ�WKH�,&53©V�VHULHV�RI�GRFXPHQWV�RQ�GRVHV�WR�PHPEHUV�RI�WKH

SXEOLF��WKH�I �YDOXHV�IRU�LQJHVWLRQ�E\�WKH�DGXOW�XVHG�LQ�,&53�3XEOLFDWLRQ�����������DQG�LQ�WKH�SUHVHQW
�

GRFXPHQW�ZHUH� WDNHQ� IURP� ,&53�3XEOLFDWLRQ���� ������������� ������ DQG� ,&53�3XEOLFDWLRQ���

�����E��RQ�RFFXSDWLRQDO�H[SRVXUHV���7KH�I �YDOXHV�IRU�WKH�DGXOW�ZHUH�H[WHQGHG�WR�RWKHU�DJH�JURXSV
�

XVLQJ�5XOHV���������JLYHQ�DERYH��ZLWK�WKUHH�H[FHSWLRQV���IRU�SDOODGLXP��YDOXHV�RI��������DQG������DUH

DSSOLHG�WR�WKH�DGXOW�DQG�LQIDQW��UHVSHFWLYHO\��IRU�EHU\OOLXP��YDOXHV�RI��������DQG������DUH�DSSOLHG�WR



���

WKH�DGXOW�DQG�LQIDQW��UHVSHFWLYHO\��DQG�IRU�KDIQLXP��YDOXHV�RI��������DQG������DUH�DSSOLHG�WR�WKH�DGXOW

DQG�LQIDQW��UHVSHFWLYHO\��,&53�3XEOLFDWLRQ������������

,Q�,&53�3XEOLFDWLRQ�����WZR�GLIIHUHQW�VHWV�RI�DJH�GHSHQGHQW�I �YDOXHV�DUH�FRQVLGHUHG�IRU
�

UDGLRLVRWRSHV�RI�FKURPLXP���%HFDXVH�FKURPLXP�LV�QRW�DGGUHVVHG�LQ�WKH�,&53�GRFXPHQWV�RQ�LQWDNH

RI�UDGLRQXFOLGHV�E\�PHPEHUV�RI�WKH�SXEOLF��I �YDOXHV�IRU�LQJHVWLRQ�RI�FKURPLXP�E\�WKH�DGXOW�ZHUH
�

FDUULHG�RYHU�IURP�,&53�GRFXPHQWV�RQ�RFFXSDWLRQDO�LQWDNHV�DQG�H[WHQGHG�WR�\RXQJHU�DJH�JURXSV

XVLQJ�WKH�UXOHV�OLVWHG�DERYH���7KH�GLIIHUHQW�I �YDOXHV�IRU�WKH�DGXOW������DQG�������UHIOHFW�H[SHFWHG
�

GLIIHUHQFHV� LQ� DEVRUSWLRQ� RI� KH[DYDOHQW� FRPSRXQGV� DQG� WULYDOHQW� FRPSRXQGV�� UHVSHFWLYHO\�� RI

FKURPLXP�HQFRXQWHUHG�LQ�WKH�ZRUN�SODFH���7KH�SUHVHQW�GRFXPHQW�FRQVLGHUV�RQO\�WKH�VHW�RI�DJH�

VSHFLILF�I �YDOXHV�IURP�,&53�3XEOLFDWLRQ����WKDW�DSSOLHV�WR�KH[DYDOHQW�FKURPLXP�EHFDXVH�WKLV�VHHPV
�

DSSURSULDWH�IRU�FRQVLGHUDWLRQ�RI�HQYLURQPHQWDO�FKURPLXP�

7KH�VHW�RI�DJH�VSHFLILF�I �YDOXHV�IRU�SRORQLXP�XVHG�LQ�,&53�3XEOLFDWLRQ����LV�WDNHQ�IURP
�

,&53�3XEOLFDWLRQ�����������RQ�HQYLURQPHQWDO�LQWDNH�RI�UDGLRQXFOLGHV�E\�PHPEHUV�RI�WKH�SXEOLF�DQG

LV�EDVHG�RQ�GDWD�IRU�LQJHVWLRQ�RI�RUJDQLFDOO\�ERXQG�SRORQLXP���7KH�DXWKRUV�RI�,&53�3XEOLFDWLRQ���

SRLQW�RXW�WKDW�JDVWURLQWHVWLQDO�DEVRUSWLRQ�RI�LQRUJDQLF�IRUPV�RI�SRORQLXP�DSSHDUV�WR�EH�PXFK�ORZHU

WKDQ�WKDW�RI�SRORQLXP�WKDW�LV�ELRORJLFDOO\�LQFRUSRUDWHG�LQWR�IRRG���%HFDXVH�WKHUH�DUH�VLWXDWLRQV�LQ

ZKLFK�HQYLURQPHQWDO�SRORQLXP�VHHPV�PRUH�OLNHO\�WR�EH�LQ�LQRUJDQLF�WKDQ�RUJDQLF�IRUP��IRU�H[DPSOH�

LQ� WDS� ZDWHU��� VHSDUDWH� VHWV� RI� DJH�VSHFLILF� I � YDOXHV� IRU� LQRUJDQLF� DQG� RUJDQLF� SRORQLXP� DUH
�

FRQVLGHUHG�LQ�WKLV�UHSRUW���)RU�SRORQLXP�LQJHVWHG�LQ�LQRUJDQLF�IRUP��WKH�I �YDOXH�IRU�WKH�DGXOW�LV�WDNHQ
�

DV������,&53�����������E����%DVHG�RQ�5XOHV���������OLVWHG�DERYH��WKLV�YDOXH�LV�DSSOLHG�WR�DJHV����\�

DQG�WKH�YDOXH�����LV�DSSOLHG�WR�LQIDQWV���

,Q� WKH� FDOFXODWLRQ�RI�GRVHV� IURP� LQKDODWLRQ�RI� UDGLRQXFOLGHV�� DOORZDQFH� LV�PDGH� IRU� WKH

DEVRUSWLRQ�RI�PDWHULDO�SDVVLQJ�WKURXJK�WKH�JDVWURLQWHVWLQDO�WUDFW�DIWHU�FOHDUDQFH�IURP�WKH�UHVSLUDWRU\

WUDFW���+RZHYHU��LW�LV�FRQVLGHUHG�WKDW�UDGLRQXFOLGHV�FOHDUHG�IURP�WKH�UHVSLUDWRU\�WUDFW�PD\�W\SLFDOO\

EH�SUHVHQW�DV�PLQRU�FRQVWLWXHQWV�RI�WKH�LQKDOHG�SDUWLFOHV�DQG�WKDW�DEVRUSWLRQ�IURP�WKH�JDVWURLQWHVWLQDO

WUDFW� PD\� GHSHQG� RQ� GLVVROXWLRQ� RI� WKH� SDUWLFOH� PDWUL[� DV� ZHOO� DV� WKH� HOHPHQWDO� IRUP� RI� WKH

UDGLRQXFOLGH��,&53���������,Q�,&53�3XEOLFDWLRQ����DQG�KHQFH�LQ�WKH�SUHVHQW�GRFXPHQW��WKH�HOHPHQW�

VSHFLILF�I �YDOXHV�DSSOLHG�WR�LQJHVWLRQ�JHQHUDOO\�DUH�DSSOLHG�WR�LQKDODWLRQ�RI�7\SH�)�FRPSRXQGV��WKH
�

PRVW�LPSRUWDQW�H[FHSWLRQ�LV�SRORQLXP��IRU�ZKLFK�DQ�I �YDOXH�RI�����LV�DSSOLHG�WR�LQJHVWLRQ�LQ�IRRG
�

DQG�D�YDOXH�RI�����LV�DSSOLHG�WR�SRORQLXP�LQKDOHG�DV�D�7\SH�)�FRPSRXQG��LQ�,&53�3XEOLFDWLRQ����DV

ZHOO�DV�LQ�WKH�SUHVHQW�UHSRUW����)RU�LQKDOHG�PDWHULDO�RI�7\SH�0�RU�6��D�GHIDXOW�I �YDOXH�RI�����RU������
�

UHVSHFWLYHO\��LV�DSSOLHG�XQOHVV�D�ORZHU�I �YDOXH�IRU�WKDW�DEVRUSWLRQ�W\SH��RU�D�PRUH�VROXEOH�W\SH��ZDV
�

XVHG�LQ�WKH�,&53©V�PRVW�UHFHQW�GRFXPHQW�RQ�RFFXSDWLRQDO�H[SRVXUHV��,&53�3XEOLFDWLRQ���������E��

,Q�WKH�ODWWHU�FDVH��WKH�ORZHU�I �YDOXH�LV�DSSOLHG�
�
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7KH�I �YDOXHV�DV�ZHOO�DV�RWKHU�ELRNLQHWLF�SDUDPHWHU�YDOXHV�IRU�¦LQIDQW§�DSSO\�WR�DJHV������
�

GD\V���%LRNLQHWLF�SDUDPHWHU�YDOXHV�DUH�DVVXPHG�WR�YDU\�ZLWK�DJH�XS�WR�DJH����\�IRU�VRPH�HOHPHQWV

�H�J���LURQ��FHVLXP��DQG�LRGLQH��DQG�XS�WR�DJH����\�IRU�RWKHUV��H�J���FDOFLXP��UDGLXP��DQG�SOXWRQLXP�

DQG�WR�EH�FRQVWDQW�WKHUHDIWHU���3DUDPHWHU�YDOXHV�IRU�DJHV�QRW�H[SOLFLWO\�DGGUHVVHG�LQ�D�ELRNLQHWLF

PRGHO�DUH�GHWHUPLQHG�E\�OLQHDU�LQWHUSRODWLRQ�ZLWK�DJH�EHWZHHQ�SDUDPHWHU�YDOXHV�IRU�WKH�QHDUHVW�DJHV�

6\VWHPLF�ELRNLQHWLF�PRGHOV

:LWK�WZR�H[FHSWLRQV�GHVFULEHG�EHORZ��WKH�V\VWHPLF�ELRNLQHWLF�PRGHOV�XVHG�LQ�WKLV�UHSRUW�DUH

WKRVH�DSSOLHG�LQ�,&53�3XEOLFDWLRQ�������������7KH�V\VWHPLF�ELRNLQHWLF�PRGHOV�IRU����RI�WKH�HOHPHQWV

FRQVLGHUHG�KHUH�ZHUH�GHYHORSHG�VSHFLILFDOO\�IRU�PHPEHUV�RI�WKH�SXEOLF�DQG��LQ�PDQ\�FDVHV��LQYROYH

SDUDPHWHU� YDOXHV� WKDW� YDU\�ZLWK� DJH� �,&53�� ������ ������ ����D�� ����E��� � 7KH�PRGHOV� IRU� WKH

UHPDLQLQJ�HOHPHQWV�ZHUH�RULJLQDOO\�LQWHQGHG�IRU�DSSOLFDWLRQ�WR�DGXOWV�H[SRVHG�LQ�WKH�ZRUN�SODFH

�,&53������������������D������E��EXW�DUH�DSSOLHG�LQ�,&53�3XEOLFDWLRQ����DQG�LQ�WKH�SUHVHQW�UHSRUW

WR�DOO�DJH�JURXSV���7KH����HOHPHQWV�IRU�ZKLFK�V\VWHPLF�ELRNLQHWLF�PRGHOV�ZHUH�GHYHORSHG�VSHFLILFDOO\

IRU�PHPEHUV�RI�WKH�SXEOLF�DUH�OLVWHG�DERYH�LQ�WKH�GLVFXVVLRQ�RI�I �YDOXHV�
�

,Q�,&53�3XEOLFDWLRQ������������D�JHQHULF�PRGHO�VWUXFWXUH��VHH�$SSHQGL[�&�RI�WKLV�UHSRUW��ZDV

DSSOLHG�WR�WKH�¦SOXWRQLXP�OLNH§�RU�¦ERQH�VXUIDFH�VHHNLQJ§�DFWLQLGH�HOHPHQWV�WKRULXP��QHSWXQLXP�

SOXWRQLXP��DPHULFLXP��DQG�FXULXP���7KLV�PRGHO�VWUXFWXUH��LQWURGXFHG�LQ�,&53�3XEOLFDWLRQ�����������

GHVFULEHV�D�JUDGXDO�WUDQVORFDWLRQ�RI�DFWLYLW\�IURP�ERQH�VXUIDFH�WR�ERQH�YROXPH�DQG�PDUURZ�DV�D

UHVXOW�RI�ERQH�UHVWUXFWXULQJ��DQG�LW�H[SOLFLWO\�GHSLFWV�UHF\FOLQJ�RI�DFWLYLW\�WKDW�UHWXUQV�WR�EORRG�IURP

ERQH�DQG�VRIW�WLVVXHV���%\�FRQWUDVW��WKH�PRGHOV�DSSOLHG�LQ�,&53�3XEOLFDWLRQ�����������WR�RWKHU�ERQH�

VXUIDFH�VHHNLQJ�DFWLQLGH�HOHPHQWV� �,&53�������������������DVVLJQ�DOO� VNHOHWDO�DFWLYLW\� WR�ERQH

VXUIDFH�DQG�GHSLFW�RQH�GLUHFWLRQDO�IORZ�RI�PDWHULDO�IURP�EORRG�WR�RUJDQV�WR�H[FUHWD���,Q�WKLV�UHSRUW�

WKH�JHQHULF�PRGHO�VWUXFWXUH�LQWURGXFHG�LQ�,&53�3XEOLFDWLRQ����LV�H[WHQGHG�WR�WKH�DFWLQLGH�HOHPHQWV

DFWLQLXP�DQG�SURWDFWLQLXP���6SHFLILFDOO\��SDUDPHWHU�YDOXHV�IRU�DPHULFLXP�DUH�DVVLJQHG�WR�DFWLQLXP

DQG�SDUDPHWHU�YDOXHV�IRU�WKRULXP�DUH�DVVLJQHG�WR�SURWDFWLQLXP��GXH�PDLQO\�WR�VLPLODULWLHV�LQ�WKH

ELRNLQHWLFV�RI�WKHVH�HOHPHQW�SDLUV�LQ�ODERUDWRU\�DQLPDOV��'XUELQ��������7D\ORU��������5DOVWRQ�HW�DO��

��������([WHUQDO�PHDVXUHPHQWV�DV�ZHOO�DV�ELRDVVD\�PHDVXUHPHQWV�RQ�D�ZRUNHU�DFFLGHQWDOO\�H[SRVHG

WR�LVRWRSHV�RI�DFWLQLXP�DQG�SURWDFWLQLXP�DOVR�SURYLGH�VRPH�VXSSRUW�IRU�WKH�PRGHOV�VHOHFWHG�KHUH�IRU

WKHVH�WZR�HOHPHQWV��1HZWRQ�DQG�%URZQ��������

7KH�DERYH�GLVFXVVLRQ�UHJDUGLQJ�PRGHOV�IRU�DFWLQLGH�HOHPHQWV�LOOXVWUDWHV�WZR�GLIIHUHQW�W\SHV

RI�V\VWHPLF�ELRNLQHWLF�PRGHOV�FXUUHQWO\�DSSOLHG�E\�WKH�,&53���7KHVH�DUH�UHIHUUHG�WR�KHUH�DV�¦UHWHQWLRQ

PRGHOV§�DQG�¦SK\VLRORJLFDOO\�EDVHG�PRGHOV§�



���

)LJ� ���� 6WUXFWXUH RI WKH ,&53©V ELRNLQHWLF

PRGHO IRU ]LUFRQLXP �,&53� ������

$�UHWHQWLRQ�PRGHO�LV�QRW�LQWHQGHG�WR�GHSLFW�DFWXDO�SDWKV�RI�PRYHPHQW�RI�D�UDGLRQXFOLGH�LQ�WKH

ERG\���5DWKHU��LW�LV�D�PDWKHPDWLFDOO\�FRQYHQLHQW�UHSUHVHQWDWLRQ�RI�WKH�HVWLPDWHG�LQYHQWRULHV�RI�WKH

UDGLRQXFOLGH�LQ�LWV�PDMRU�UHSRVLWRULHV�DV�D�IXQFWLRQ�RI�WLPH�DIWHU�LWV�LQLWLDO�HQWU\�LQWR�EORRG��7KH�LQLWLDO

GLVWULEXWLRQ�RI�DFWLYLW\�OHDYLQJ�EORRG�LV�UHSUHVHQWHG�E\�FRPSDUWPHQW�VSHFLILF�GHSRVLWLRQ�IUDFWLRQV�

DQG� VXEVHTXHQW� WLPH�GHSHQGHQW� LQYHQWRULHV� LQ� WKH� FRPSDUWPHQWV� DUH� GHVFULEHG� LQ� WHUPV� RI

FRPSDUWPHQW�VSHFLILF�ELRORJLFDO� UHPRYDO�KDOI�WLPHV�� �0DWHULDO� OHDYLQJ�D� WLVVXH�FRPSDUWPHQW� LV

DVVXPHG�HLWKHU�WR�PRYH�GLUHFWO\�WR�H[FUHWLRQ�RU�WR�PRYH�WR�H[FUHWLRQ�YLD�DQ�H[FUHWLRQ�SDWKZD\�VXFK

DV�WKH�FRQWHQWV�RI�WKH�XULQDU\�EODGGHU�RU�WKH�JDVWURLQWHVWLQDO�WUDFW�

$Q� H[DPSOH� RI� WKH� W\SH� RI� UHWHQWLRQ

PRGHOV� XVHG� E\� WKH� ,&53� LV� WKH� PRGHO� IRU

]LUFRQLXP� RULJLQDOO\� GHVFULEHG� LQ� ,&53

3XEOLFDWLRQ� ��� ������� DQG� XSGDWHG� LQ� ,&53

3XEOLFDWLRQV� ��� ������� DQG���� �������� �7KH

VWUXFWXUH�RI� WKLV�PRGHO� LV�VKRZQ�LQ�)LJ������

3DUDPHWHU� YDOXHV� ZHUH� EDVHG� ODUJHO\� RQ

REVHUYDWLRQV�RI�WKH�EHKDYLRU�RI�]LUFRQLXP�LQ

UDWV� DQG�PLFH�� � )RU� DOO� DJH� JURXSV�� ���� RI

]LUFRQLXP�OHDYLQJ�EORRG�LV�DVVXPHG�WR�GHSRVLW

RQ�ERQH�VXUIDFHV�DQG�WKH�UHPDLQGHU�LV�DVVXPHG

WR�EH�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�UHVW�RI�WKH

ERG\�� UHIHUUHG� WR� DV�2WKHU�� � )RU� WKH� DGXOW�

]LUFRQLXP� LV� DVVXPHG� WR� EH� UHPRYHG� WR

H[FUHWLRQ� ZLWK� D� ELRORJLFDO� KDOI�WLPH� RI� ������� GD\V�� � ,Q� WKH� DEVHQFH� RI� DJH�VSHFLILF� GDWD� RQ

]LUFRQLXP�LQ�KXPDQV��WKH�UHPRYDO�KDOI�WLPH�IURP�ERQH�LQ�FKLOGUHQ�LV�DVVXPHG�WR�EH�SURSRUWLRQDO�WR

WKH�ERQH� WXUQRYHU�UDWH��ZKLFK�LV�FRQVLGHUDEO\�JUHDWHU� LQ�FKLOGUHQ�WKDQ�LQ�DGXOWV��IRU�H[DPSOH��D

UHPRYDO�KDOI�WLPH�IURP�ERQH�WR�H[FUHWLRQ�SDWKZD\V�RI������GD\V�LV�DSSOLHG�WR�WKH����\HDU�ROG�FKLOG�

)RU�DOO�DJH�JURXSV��]LUFRQLXP�LV�DVVXPHG�WR�EH�UHPRYHG�IURP�2WKHU�WR�H[FUHWLRQ�SDWKZD\V�ZLWK�D

ELRORJLFDO�KDOI�WLPH�RI���GD\V���2I�]LUFRQLXP�JRLQJ�WR�H[FUHWD��ILYH�VL[WKV�LV�DVVLJQHG�WR�WKH�XULQDU\

EODGGHU�FRQWHQWV�DQG�RQH�VL[WK�LV�DVVLJQHG�WR�WKH�FRQWHQWV�RI�WKH�XSSHU�ODUJH�LQWHVWLQH���*HQHULF

PRGHOV�DUH�XVHG�WR�GHVFULEH�UHPRYDO�IURP�WKH�FRQWHQWV�RI�WKH�XULQDU\�EODGGHU�DQG�WKH�JDVWURLQWHVWLQDO

WUDFW�WR�H[FUHWLRQ��,&53��������

,Q�WKH�,&53©V�GRFXPHQWV�RQ�DJH�GHSHQGHQW�GRVLPHWU\��,&53������������������D������E�

�������SK\VLRORJLFDOO\�EDVHG�PRGHOV�ZHUH�XVHG�IRU�UDGLRLVRWRSHV�RI�FDOFLXP��LURQ��VWURQWLXP��LRGLQH�

EDULXP��OHDG��UDGLXP��WKRULXP��XUDQLXP��QHSWXQLXP��SOXWRQLXP��DPHULFLXP��DQG�FXULXP���7KH�PRGHO



���

)LJ� ���� 6WUXFWXUH RI WKH ,&53©V ELRNLQHWLF

PRGHO IRU LRGLQH �,&53� ������

IUDPHZRUNV� DSSOLHG� WR� WKHVH� HOHPHQWV� GHSLFW� ORVV� RI�PDWHULDO� E\� VSHFLILF� H[FUHWLRQ� SDWKZD\V�

IHHGEDFN�RI�PDWHULDO�IURP�RUJDQV�WR�EORRG�SODVPD��DQG�FHUWDLQ�SK\VLRORJLFDO�SURFHVVHV�WKDW�DUH

NQRZQ�WR�LQIOXHQFH�WKH�GLVWULEXWLRQ�DQG�WUDQVORFDWLRQ�RI�WKH�HOHPHQWV�LQ�WKH�ERG\���&OHDUO\��WKH�GHJUHH

RI�ELRORJLFDO�UHDOLVP�LQFRUSRUDWHG�LQWR�HDFK�RI�WKH�PRGHOV�LV�OLPLWHG�E\�SUDFWLFDO�FRQVLGHUDWLRQV

UHJDUGLQJ�WKH�DPRXQW�DQG�TXDOLW\�RI�LQIRUPDWLRQ�DYDLODEOH�WR�GHWHUPLQH�DFWXDO�SDWKV�RI�PRYHPHQW

DQG�SDUDPHWHU�YDOXHV�IRU�VSHFLILF�HOHPHQWV�

7KH� PRGHO� IRU� LRGLQH� �)LJ�� ����� LV

HVVHQWLDOO\� WKH� VDPH� DV� WKDW� XVHG� LQ� ,&53

3XEOLFDWLRQ������������H[FHSW�WKDW�SDUDPHWHU

YDOXHV�ZHUH�H[WHQGHG�WR�SUH�DGXOW�DJHV��7KH

PRGHO�VWUXFWXUH�LV�UHODWLYHO\�VLPSOH�FRPSDUHG

ZLWK�WKH�RWKHU�SK\VLRORJLFDOO\�EDVHG�PRGHOV

XVHG� LQ� WKH� ,&53� 3XEOLFDWLRQ� ��� VHULHV�

$FFRUGLQJ�WR�WKLV�PRGHO��LRGLQH�HQWHULQJ�EORRG

LV�WDNHQ�XS�E\�WKH�WK\URLG�RU�H[FUHWHG�LQ�XULQH�

,W� OHDYHV� WKH� WK\URLG� LQ� RUJDQLF� IRUP�DQG� LV

PHWDEROL]HG�E\� WKH� WLVVXHV� LQ� WKH�UHVW�RI� WKH

ERG\�� � $� SRUWLRQ� RI� LRGLQH� OHDYLQJ� WKHVH

WLVVXHV�LV�H[FUHWHG�LQ�IHFHV�DQG�WKH�UHPDLQGHU

LV�UHWXUQHG�WR�EORRG�LQ�LQRUJDQLF�IRUP�DQG�EHKDYHV�WKH�VDPH�DV�WKH�RULJLQDO�LQSXW�WR�EORRG�

7KH�PRGHO�VWUXFWXUH�IRU�LURQ�LV�VKRZQ�LQ�)LJ��������7KH�PRGHO�GHVFULEHV�WKUHH�PDLQ�DVSHFWV

RI�LURQ�PHWDEROLVP�������WKH�KHPRJORELQ�F\FOH��LQFOXGLQJ�XSWDNH�RI�WUDQVIHUULQ�ERXQG�LURQ�E\�WKH

HU\WKURLG�PDUURZ�IRU�LQFRUSRUDWLRQ�LQWR�KHPRJORELQ��VXEVHTXHQW�DSSHDUDQFH�RI�LURQ�LQ�UHG�EORRG

FHOOV��XSWDNH�RI�ROG�DQG�GDPDJHG�UHG�EORRG�FHOOV�E\�WKH�UHWLFXORHQGRWKHOLDO�V\VWHP��DQG�HYHQWXDO

UHWXUQ�RI�LURQ�WR�SODVPD������UHPRYDO�RI�WUDQVIHUULQ�ERXQG�LURQ�IURP�SODVPD�WR�WKH�H[WUDYDVFXODU

VSDFHV�DQG�UHWXUQ�WR�SODVPD�YLD�WKH�O\PSKDWLF�V\VWHP��DQG�����XSWDNH�DQG�UHWHQWLRQ�RI�LURQ�E\�WKH

SDUHQFK\PDO�WLVVXHV���7KH�VRIW�WLVVXHV�LQFOXGH�D�SRRO�RI�H[WUDYDVFXODU�LURQ�WKDW�H[FKDQJHV�UDSLGO\

ZLWK�SODVPD�LURQ���6WRUDJH�LURQ�LV�GLYLGHG�DPRQJ�OLYHU��VSOHHQ��UHG�PDUURZ��DQG�RWKHU�VRIW�WLVVXHV�

'HVWUXFWLRQ�RI�UHG�EORRG�FHOOV�LV�YLHZHG�DV�RFFXUULQJ�LQ�WKH�UHG�PDUURZ���7KH�OLYHU�LV�YLHZHG�DV

FRQVLVWLQJ�RI�WZR�SRROV���D�WUDQVLW�SRRO�UHSUHVHQWLQJ�SDUHQFK\PDO�WLVVXHV�WKDW�H[FKDQJH�LURQ�ZLWK

SODVPD��DQG�D�VWRUDJH�SRRO�DVVRFLDWHG�ZLWK�WKH�UHWLFXORHQGRWKHOLDO�V\VWHP���([FUHWLRQ�RI�LURQ�LV

GHSLFWHG�DV�RFFXUULQJ�WKURXJK�H[IROLDWLRQ�RI�VNLQ��ORVVHV�RI�SODVPD�LURQ�LQ�XULQH��DQG�OHDNDJH�RI�UHG

EORRG�FHOOV�LQWR�WKH�LQWHVWLQHV�DQG�VXEVHTXHQW�UHPRYDO�LQ�IHFHV�



���

)LJ� ���� 6WUXFWXUH RI WKH ,&53©V ELRNLQHWLF PRGHO IRU LURQ �,&53� ����D��

7KH�,&53©V�SK\VLRORJLFDOO\�EDVHG�PRGHOV�IRU�ERQH�VHHNLQJ�HOHPHQWV�ZHUH�GHYHORSHG�ZLWKLQ

RQH� RI� WZR�JHQHULF�PRGHO� IUDPHZRUNV� �/HJJHWW� ����D�� ����E�� ,&53�� ������� RQH�GHVLJQHG� IRU

DSSOLFDWLRQ�WR�D�FODVV�RI��FDOFLXP�OLNH��RU�ERQH�YROXPH�VHHNLQJ�HOHPHQWV�VXFK�DV�VWURQWLXP��UDGLXP�

DQG� OHDG� �)LJ�� ������ DQG�� DV� GHVFULEHG� HDUOLHU�� WKH� RWKHU� GHVLJQHG� IRU� DSSOLFDWLRQ� WR� D� FODVV� RI

�SOXWRQLXP�OLNH��RU�ERQH�VXUIDFH�VHHNLQJ�HOHPHQWV�VXFK�DV�DPHULFLXP��QHSWXQLXP��DQG�WKRULXP��VHH

$SSHQGL[�&����,Q�FRQWUDVW�WR�WKH�WUHDWPHQW�RI�ERQH�VHHNLQJ�UDGLRQXFOLGHV�LQ�,&53�3XEOLFDWLRQ���

��������WKH�QHZ�ERQH�PRGHOV�DFFRXQW�IRU�WKH�IDFWV�WKDW�ERQH�VXUIDFH�VHHNHUV�DUH�EXULHG�WR�D�ODUJH

H[WHQW�LQ�ERQH�YROXPH��ERQH�YROXPH�VHHNHUV�PD\�KDYH�D�VLJQLILFDQW�UHVLGHQFH�WLPH�RQ�ERQH�VXUIDFHV�

DQG�HOHPHQWV�IURP�ERWK�JURXSV�PD\�EH�UHF\FOHG�WR�WLVVXHV�WR�D�VLJQLILFDQW�H[WHQW�DIWHU�UHPRYDO�IURP

WKHLU�LQLWLDO�UHSRVLWRULHV�WR�EORRG�SODVPD���7KH�SK\VLRORJLFDOO\�EDVHG�V\VWHPLF�ELRNLQHWLF�PRGHO�IRU

WKRULXP��ZKLFK�LV�W\SLFDO�RI�ERQH�VXUIDFH�VHHNHUV��LV�GHVFULEHG�LQ�GHWDLO�LQ�$SSHQGL[�&�



���

)LJ� ���� 7KH ,&53©V JHQHULF PRGHO VWUXFWXUH IRU FDOFLXP�OLNH HOHPHQWV

�,&53� ������ $EEUHYLDWLRQV� 5%&  UHG EORRG FHOOV� (;&+  H[FKDQJHDEOH

ERQH YROXPH� 121(;&+  QRQH[FKDQJHDEOH ERQH YROXPH�

7UHDWPHQW�RI�GHFD\�FKDLQ�PHPEHUV�IRUPHG�LQ�WKH�ERG\

$VVXPSWLRQV�FRQFHUQLQJ�WKH�EHKDYLRU�RI�GHFD\�FKDLQ�PHPEHUV�IRUPHG�LQ�YLYR�DUH�FRQVLVWHQW

ZLWK�WKRVH�XVHG�LQ�WKH�,&53©V�VHULHV�RQ�DJH�GHSHQGHQW�GRVHV�IURP�LQWDNH�RI�UDGLRQXFOLGHV��,&53�

����������������D������E��������RU��IRU�HOHPHQWV�QRW�DGGUHVVHG�LQ�WKDW�GRFXPHQW��DVVXPSWLRQV�XVHG

LQ�,&53�3XEOLFDWLRQ�������������������������������,Q�PRVW�FDVHV��GHFD\�FKDLQ�PHPEHUV�SURGXFHG

LQ�YLYR�DUH�DVVLJQHG�WKH�V\VWHPLF�ELRNLQHWLF�PRGHO�RI�WKH�SDUHQW��WKDW�LV��WKH�UDGLRQXFOLGH�WDNHQ�LQWR

WKH�ERG\����+RZHYHU��WKH�IROORZLQJ�H[FHSWLRQV�DUH�PDGH��

����,RGLQH�SURGXFHG�IURP�GHFD\�RI�WHOOXULXP�LV�DVVXPHG�WR�EH�WUDQVORFDWHG�DW�D�IUDFWLRQDO�UDWH

RI������G � WR� WKH� WUDQVIHU�FRPSDUWPHQW� LQ� LQRUJDQLF� IRUP�DQG� WKHQ� WR� IROORZ� WKH� VDPH
��

NLQHWLFV�DV�LRGLQH�LQWURGXFHG�LQWR�WKH�WUDQVIHU�FRPSDUWPHQW�DV�D�SDUHQW�UDGLRQXFOLGH�



���

����,I�WKH�SDUHQW�LV�DQ�LVRWRSH�RI�OHDG��UDGLXP��DFWLQLXP��WKRULXP��SURWDFWLQLXP��RU�XUDQLXP�

WKHQ�D�UDGLRQXFOLGH�RWKHU� WKDQ�D�QREOH�JDV�IRUPHG�LQ�VRIW� WLVVXHV�RU�RQ�ERQH�VXUIDFHV� LV

DVVLJQHG�WKH�FKDUDFWHULVWLF�ELRNLQHWLFV�RI�WKDW�UDGLRQXFOLGH���7KDW�LV��D�UDGLRQXFOLGH�ERUQ

HLWKHU�LQ�VRIW�WLVVXHV�RU�RQ�ERQH�VXUIDFHV�LV�DVVXPHG�WR�KDYH�WKH�VDPH�ELRNLQHWLFV�DV�LI�WKH

UDGLRQXFOLGH�KDG�EHHQ�WDNHQ�LQ�DV�D�SDUHQW�UDGLRQXFOLGH���$�UDGLRQXFOLGH�RWKHU�WKDQ�D�QREOH

JDV�IRUPHG�LQ�ERQH�YROXPH�LV�DVVLJQHG�WKH�ELRNLQHWLFV�RI�WKH�SDUHQW���1REOH�JDVHV�SURGXFHG

LQ� VRIW� WLVVXHV�DQG�ERQH�VXUIDFHV�DUH�DVVXPHG� WR�PLJUDWH� IURP� WKH�ERG\�ZLWK�D� WUDQVIHU

FRHIILFLHQW�RI�����G ���1REOH�JDVHV�SURGXFHG�LQ�H[FKDQJHDEOH�DQG�QRQ�H[FKDQJHDEOH�ERQH��

YROXPH�DUH�DVVXPHG�WR�PLJUDWH�IURP�WKH�ERG\�DW�UDWHV�RI�����G �DQG������G ��UHVSHFWLYHO\��� ��

$SSHQGL[�&�GHVFULEHV�LQ�GHWDLO�WKH�WUHDWPHQW�RI�GHFD\�FKDLQ�PHPEHUV�SURGXFHG�LQ�WKH�ERG\

DIWHU�DEVRUSWLRQ�RI�WKH�SDUHQW�UDGLRQXFOLGH�� 7K��WR�EORRG����

5DGLRQXFOLGHV�SURGXFHG�LQ�WKH�UHVSLUDWRU\�WUDFW�DUH�DVVXPHG�WR�KDYH�WKH�VDPH�NLQHWLFV�DV�WKH

SDUHQW� UDGLRQXFOLGH�ZKLOH� LQ� WKH� UHVSLUDWRU\� WUDFW�� �7KH� UDWH�RI�GLVVROXWLRQ�RI� WKH�FDUULHU�RI� WKH

UDGLRQXFOLGH�LV�DVVXPHG�WR�FRQWURO�WKH�UDWH�RI�PLJUDWLRQ�RI�LQKDOHG�UDGLRQXFOLGHV�DQG�WKHLU�UDGLRDFWLYH

SURJHQ\���$Q�H[FHSWLRQ�LV�PDGH�IRU� 5Q��ZKLFK�LV�DVVXPHG�WR�HVFDSH�IURP�WKH�ERG\�DW�D�IUDFWLRQDO���

UDWH�RI�����G �DIWHU�LWV�SURGXFWLRQ�LQ�DQ\�VHJPHQW�RI�WKH�UHVSLUDWRU\�WUDFW�
��

&KDLQ�PHPEHUV�SURGXFHG�LQ��RU�PLJUDWLQJ�WR��WKH�JDVWURLQWHVWLQDO�WUDFW�DIWHU�LQWDNH�RI�WKH

SDUHQW�UDGLRQXFOLGH�DUH�DVVLJQHG�WKH�JDVWURLQWHVWLQDO�DEVRUSWLRQ�IUDFWLRQ��I ��RI�WKH�SDUHQW�LQ�PRVW
�

FDVHV���)RU�FRQVLVWHQF\�ZLWK�WKH�WUHDWPHQW�RI�WKH�V\VWHPLF�ELRNLQHWLFV�RI�UDGLRQXFOLGHV�IRUPHG�LQ

YLYR��H[FHSWLRQV�DUH�PDGH�LI�WKH�SDUHQW�UDGLRQXFOLGH�LV�DQ�LVRWRSH�RI�OHDG��UDGLXP��DFWLQLXP��WKRULXP�

SURWDFWLQLXP��RU�XUDQLXP���,Q�WKHVH�FDVHV��IUDFWLRQDO�DEVRUSWLRQ�RI�D�FKDLQ�PHPEHU�SURGXFHG�LQ�YLYR

LV�DVVXPHG�WR�EH�WKH�VDPH�DV�LI�WKDW�FKDLQ�PHPEHU�KDG�EHHQ�WDNHQ�LQ�DV�D�SDUHQW�UDGLRQXFOLGH�

6ROXWLRQ�RI�WKH�ELRNLQHWLF�PRGHOV

7KH�VROYHU�XVHG�LQ�WKH�'&$/�FRPSXWDWLRQDO�V\VWHP��(FNHUPDQ�HW�DO���������WR�WUDFN�WKH

WLPH�GHSHQGHQW�GLVWULEXWLRQ�RI�DFWLYLW\�RI�WKH�SDUHQW�DQG�WKH�GHFD\�FKDLQ�PHPEHUV�LQ�WKH�ERG\�LV

GHVFULEHG�E\�/HJJHWW�HW�DO���������
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&+$37(5�����'26,0(75,&�02'(/6�)25�,17(51$/�(0,77(56�

7KH�GRVLPHWULF�PHWKRGRORJ\�XVHG�LQ�WKLV�UHSRUW�LV�WKDW�RI�WKH�,&53�DQG�LV�JHQHUDOO\�FRQVLVWHQW

ZLWK�WKH�VFKHPD�RI�WKH�0HGLFDO�,QWHUQDO�5DGLDWLRQ�'RVH�&RPPLWWHH��0,5'��RI�WKH�8�6��6RFLHW\�RI

1XFOHDU�0HGLFLQH��/RHYLQJHU�HW�DO�����������7KH�PHWKRGRORJ\�FRQVLGHUV�WZR�VHWV�RI�DQDWRPLFDO

UHJLRQV�ZLWKLQ�WKH�ERG\���$�VHW�RI�¦VRXUFH�UHJLRQV§�LV�XVHG�WR�VSHFLI\�WKH�ORFDWLRQ�RI�UDGLRDFWLYLW\

ZLWKLQ�WKH�ERG\���$�VHW�RI�¦WDUJHW�UHJLRQV§�FRQVLVWV�RI�WKRVH�RUJDQV�DQG�WLVVXHV�IRU�ZKLFK�WKH�UDGLDWLRQ

GRVH�PD\�EH�FDOFXODWHG�

%RWK� WKH� ,&53� DQG�0,5'� FRQVLGHU� WKH�PHDQ� DEVRUEHG� GRVH� WR� D� WDUJHW� UHJLRQ� DV� WKH

IXQGDPHQWDO�GRVLPHWULF�TXDQWLW\���7KH�SULQFLSDO�ELRORJLFDO�HIIHFW�RI�LQWHUHVW�LQ�UDGLDWLRQ�SURWHFWLRQ�

FDQFHU�LQGXFWLRQ��LV�FHOOXODU�LQ�RULJLQ��DQG�WKH�PHDQ�GRVH�LQ�D�WDUJHW�LV�UHOHYDQW�WR�WKH�H[WHQW�WKDW�GRVH

LV�UHSUHVHQWDWLYH�RI� WKH�GRVH�WR� WKH�FHOOV�DW�ULVN�� �7KH�FHOOV�DW�ULVN�DUH�DVVXPHG�WR�EH�XQLIRUPO\

GLVWULEXWHG�LQ�WKH�WDUJHW�UHJLRQ���7KXV��WKH�PHDQ�GRVH�LV�DVVXPHG�WR�EH�WKH�UHOHYDQW�TXDQWLW\�

7KH�VRXUFH�UHJLRQV�VHOHFWHG�IRU�D�JLYHQ�DSSOLFDWLRQ�FRQVLVW�RI�H[SOLFLWO\�LGHQWLILHG�DQDWRPLFDO

UHJLRQV� DQG� DQ� LPSOLFLW� UHJLRQ�� UHIHUUHG� WR� DV�2WKHU�� GHILQHG� DV� WKH� FRPSOHPHQW� RI� WKH� VHW� RI

H[SOLFLWO\�LGHQWLILHG�UHJLRQV���7KH�UDGLRDFWLYLW\�LQ�HDFK�VRXUFH�UHJLRQ�LV�DVVXPHG�WR�EH�XQLIRUPO\

GLVWULEXWHG���)RU�PRVW�UHJLRQV�WKH�GLVWULEXWLRQ�LV�E\�YROXPH��EXW�IRU�PLQHUDO�ERQH�UHJLRQV�DQG�WKH

DLUZD\V�RI�WKH�UHVSLUDWRU\�WUDFW�WKH�GLVWULEXWLRQ�PD\�EH�E\�VXUIDFH�DUHD���)RU�DOO�WDUJHW�UHJLRQV��WKH

UHOHYDQW�TXDQWLW\�LV�WKH�PHDQ�HQHUJ\�DEVRUEHG�LQ�WKH�WDUJHW�YROXPH�DYHUDJHG�RYHU�WKH�PDVV�RI�WKH

WDUJHW�

$�IXOO�OLVW�RI�VRXUFH�DQG�WDUJHW�UHJLRQV�FXUUHQWO\�XVHG�E\�WKH�,&53�LV�JLYHQ�LQ�7DEOH�������7KH

QDPHV�RI�PRVW�VRXUFH�RU�WDUJHW�UHJLRQV�DGHTXDWHO\�LGHQWLI\�WKH�DVVRFLDWHG�RUJDQV�RU�WLVVXHV�RI�WKH

ERG\��EXW�DGGLWLRQDO�H[SODQDWLRQ�LV�QHHGHG�IRU�VRPH�UHJLRQV��VXFK�DV�%RG\�7LVVXHV��2WKHU��DQG�%RQH

6XUIDFH���7KHVH�DQG�RWKHU�VSHFLDO�VRXUFH�DQG�WDUJHW�UHJLRQV�DUH�GHILQHG�LQ�$SSHQGL[�%�

7KH�HVRSKDJXV�LV�D�UDGLRVHQVLWLYH�WLVVXH�EXW�KDV�QRW�\HW�EHHQ�LQFRUSRUDWHG�H[SOLFLWO\�LQWR�WKH

PDWKHPDWLFDO�SKDQWRP�XVHG�IRU�LQWHUQDO�GRVLPHWULF�FDOFXODWLRQV���$W�SUHVHQW��WKH�GRVH�FDOFXODWHG�IRU

WKH�WDUJHW�UHJLRQ�7K\PXV�LV�XVHG�DV�D�VXUURJDWH�IRU�WKH�GRVH�WR�WKH�HVRSKDJXV�

$JH�GHSHQGHQW�PDVVHV�RI�VRXUFH�DQG�WDUJHW�UHJLRQV

:LWK�WKH�H[FHSWLRQ�RI�8ULQDU\�%ODGGHU�&RQWHQWV��PDVVHV�RI�VRXUFH�DQG�WDUJHW�UHJLRQV�LQ

FKLOGUHQ�DUH�WDNHQ�IURP�WKH�SKDQWRP�VHULHV�RI�&ULVW\�DQG�(FNHUPDQ���������DQG�YDOXHV�IRU�WKH�DGXOW
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7DEOH�������6RXUFH�DQG�WDUJHW�RUJDQV�XVHG�LQ�LQWHUQDO�GRVLPHWU\�PHWKRGRORJ\�

2UJDQ RU 7LVVXH 6RXUFH 5HJLRQ 7DUJHW

5HJLRQ

$GUHQDOV <HV <HV

%ORRG <HV 1R

%UDLQ <HV <HV

%UHDVWV <HV <HV

*DOO %ODGGHU &RQWHQWV <HV 1R

*DOO %ODGGHU :DOO <HV <HV

+HDUW &RQWHQWV <HV 1R

+HDUW :DOO <HV <HV

.LGQH\V <HV <HV

/LYHU <HV <HV

0XVFOH <HV <HV

2YDULHV <HV <HV

3DQFUHDV <HV <HV

6NLQ <HV <HV

6SOHHQ <HV <HV

7HVWHV <HV <HV

7K\PXV <HV <HV

7K\URLG <HV <HV

8ULQDU\ %ODGGHU &RQWHQWV <HV 1R

8ULQDU\ %ODGGHU :DOO <HV <HV

8WHUXV <HV <HV

%RG\ 7LVVXHV <HV 1R

6RIW 7LVVXHV RI %RG\ 7LVVXHV <HV 1R

2WKHU <HV 1R
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7DEOH������FRQWLQXHG

2UJDQ RU 7LVVXH 6RXUFH 5HJLRQ 7DUJHW
5HJLRQ

6NHOHWRQ�

%RQH 6XUIDFH 1R <HV
&RUWLFDO %RQH 6XUIDFH <HV 1R
&RUWLFDO %RQH 9ROXPH <HV 1R
7UDEHFXODU %RQH 6XUIDFH <HV 1R
7UDEHFXODU %RQH 9ROXPH <HV 1R
5HG 0DUURZ <HV <HV

*DVWURLQWHVWLQDO 7UDFW�

6WRPDFK &RQWHQWV <HV 1R
6WRPDFK :DOO <HV <HV
6PDOO ,QWHVWLQH &RQWHQWV <HV 1R
6PDOO ,QWHVWLQH :DOO <HV <HV
8SSHU /DUJH ,QWHVWLQH &RQWHQWV <HV 1R
8SSHU /DUJH ,QWHVWLQH :DOO <HV <HV
/RZHU /DUJH ,QWHVWLQH &RQWHQWV <HV 1R
/RZHU /DUJH ,QWHVWLQH :DOO <HV <HV

5HVSLUDWRU\ 7UDFW�

([WUDWKRUDFLF 5HJLRQ � ³³ 6XUIDFH <HV 1R

([WUDWKRUDFLF 5HJLRQ � ³³ %DVDO &HOOV

([WUDWKRUDFLF 5HJLRQ � ³³ 6XUIDFH

([WUDWKRUDFLF 5HJLRQ � ³³ %RXQG

([WUDWKRUDFLF 5HJLRQ � ³³ 6HTXHVWHUHG

([WUDWKRUDFLF 5HJLRQ � ³³ %DVDO &HOOV

/\PSK 1RGHV ³³ ([WUDWKRUDFLF 5HJLRQ

%URQFKLDO 5HJLRQ ³³ *HO �)DVW 0XFXV�

%URQFKLDO 5HJLRQ ³³ 6RO �6ORZ 0XFXV�

%URQFKLDO 5HJLRQ ³³ %RXQG

%URQFKLDO 5HJLRQ ³³ 6HTXHVWHUHG

%URQFKLDO 5HJLRQ ³³ %DVDO &HOOV

%URQFKLDO 5HJLRQ ³³ 6HFUHWRU\ &HOOV

%URQFKLRODU 5HJLRQ ³³ *HO �)DVW 0XFXV�

%URQFKLRODU 5HJLRQ ³³ 6RO �6ORZ 0XFXV�

%URQFKLRODU 5HJLRQ ³³ %RXQG

%URQFKLRODU 5HJLRQ ³³ 6HTXHVWHUHG

%URQFKLRODU 5HJLRQ ³³ 6HFUHWRU\ &HOOV

$OYHRODU�,QWHUVWLWLDO 5HJLRQ
/\PSK 1RGHV ³³ 7KRUDFLF 5HJLRQ

1R <HV
<HV 1R
<HV 1R
<HV 1R
1R <HV
<HV <HV
<HV 1R
<HV 1R
<HV 1R
<HV 1R
1R <HV
1R <HV
<HV 1R
<HV 1R
<HV 1R
<HV 1R
1R <HV
<HV <HV
<HV <HV
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PDOH�DUH�WDNHQ�IURP�WKH�5HIHUHQFH�0DQ�GRFXPHQW��,&53�3XEOLFDWLRQ�������������0DVVHV�RI�8ULQDU\

%ODGGHU�&RQWHQWV�DUH�EDVHG�RQ�GDWD�DVVHPEOHG�IRU�WKH�UHYLVLRQ�RI�5HIHUHQFH�0DQ�DQG�DUH�LQWHQGHG

WR�UHSUHVHQW�WKH�FRQWHQWV�RI�WKH�EODGGHU�DYHUDJHG�RYHU�WKH�ILOOLQJ�DQG�YRLGLQJ�F\FOHV��&ULVW\�DQG

(FNHUPDQ��������

)RU�WKH�DGXOW�IHPDOH��UHJLRQDO�PDVVHV�DUH�PRVWO\�UHIHUHQFH�YDOXHV�IURP�,&53�3XEOLFDWLRQ���

�������EXW��ZKHUH�QRQH�DUH�JLYHQ��DUH�VFDOHG�IURP�WKRVH�IRU�WKH�UHIHUHQFH�DGXOW�PDOH���0DVVHV�IRU�WKH

WDUJHW�UHJLRQ�%RQH�6XUIDFH�RU�IRU�VRXUFH�UHJLRQV�ZLWKLQ�PLQHUDO�ERQH�RI�WKH�DGXOW�IHPDOH�DUH�WDNHQ

DV�����RI�WKH�YDOXHV�IRU�PDOHV���)RU�8ULQDU\�%ODGGHU�&RQWHQWV�DQG�8ULQDU\�%ODGGHU�:DOO��YDOXHV

IRU�WKH����\�ROG�PDOH�DUH�DSSOLHG�WR�WKH�DGXOW�IHPDOH����

$JH�VSHFLILF�PDVVHV�RI�VRXUFH�DQG�WDUJHW�UHJLRQV�DUH�OLVWHG�LQ�$SSHQGL[�%��

'RVLPHWULF�TXDQWLWLHV

7KH�PHDQ�HQHUJ\�DEVRUEHG�LQ�WKH�WDUJHW�UHJLRQ�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�UDGLDWLRQV�HPLWWHG

LQ�WKH�VRXUFH�UHJLRQV��WKH�VSDWLDO�UHODWLRQVKLSV�EHWZHHQ�WKH�VRXUFH�DQG�WDUJHW�UHJLRQV��DQG�WKH�QDWXUH

RI� WKH� WLVVXHV� EHWZHHQ� WKH� UHJLRQV�� � 7KH� GHWDLOV� RI� WKHVH� FRQVLGHUDWLRQV� DUH� HPERGLHG� LQ� D

UDGLRQXFOLGH�VSHFLILF�FRHIILFLHQW�FDOOHG�WKH�VSHFLILF�HQHUJ\�RU�6(�

)RU�DQ\�UDGLRQXFOLGH��VRXUFH�RUJDQ�6��DQG�WDUJHW�RUJDQ�7�� WKH�VSHFLILF�HQHUJ\�DW�DJH�W� LV

GHILQHG�DV

ZKHUH�< �LV�WKH�\LHOG�RI�UDGLDWLRQV�RI�W\SH�L�SHU�QXFOHDU�WUDQVIRUPDWLRQ��( �LV�WKH�DYHUDJH�RU�XQLTXHL L

HQHUJ\�RI�UDGLDWLRQ�W\SH�L��$) ��7�6�W��LV�WKH�IUDFWLRQ�RI�HQHUJ\�HPLWWHG�LQ�VRXUFH�UHJLRQ�6�WKDW�LVL

DEVRUEHG�ZLWKLQ�WDUJHW�UHJLRQ�7�DW�DJH�W��DQG�0 �W��LV�WKH�PDVV�RI�WDUJHW�UHJLRQ�7�DW�DJH�W���7KH�DJH7

GHSHQGHQFH�LQ�6(�DULVHV�IURP�WKH�DJH�GHSHQGHQFH�RI�WKH�DEVRUEHG�IUDFWLRQ�DQG�WKH�PDVV�RI�WKH�WDUJHW

UHJLRQ���7KH�TXDQWLW\�$) ��7�6�W��LV�FDOOHG�WKH�DEVRUEHG�IUDFWLRQ��$)���DQG�ZKHQ�GLYLGHG�E\�WKH�PDVVL

RI�WKH�WDUJHW�UHJLRQ��0 ��LV�FDOOHG�WKH�VSHFLILF�DEVRUEHG�IUDFWLRQ��6$)��7

:KHWKHU�RQH�LV�LQWHUHVWHG�LQ�HTXLYDOHQW�GRVH�WR�D�UHJLRQ��HIIHFWLYH�GRVH��RU�DVVHVVPHQW�RI�ULVN�

WKH�EDVLF�TXDQWLW\�WR�EH�FRPSXWHG�LV�WKH�DEVRUEHG�GRVH�UDWH�DW�YDULRXV�WLPHV���7KH�GRVH�UDWH�LQ�WDUJHW

UHJLRQ�7�LQFOXGHV�FRQWULEXWLRQV�IURP�HDFK�UDGLRQXFOLGH�LQ�WKH�ERG\�DQG�IURP�HDFK�UHJLRQ�LQ�ZKLFK

UDGLRQXFOLGHV�DUH�SUHVHQW���7KH�DEVRUEHG�GRVH�UDWH�DW�DJH�W�LQ�UHJLRQ�7�RI�DQ�LQGLYLGXDO�RI�DJH�W �DW�

WKH�WLPH�RI�LQWDNH�� �W�W ���FDQ�EH�H[SUHVVHG�DV7 �
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ZKHUH�T �W��LV�WKH�DFWLYLW\�RI�UDGLRQXFOLGH�M�SUHVHQW�LQ�VRXUFH�UHJLRQ�6�DW�DJH�W��6(�7�6�W� �LV�WKH6�M M

VSHFLILF�HQHUJ\�GHSRVLWHG�LQ�WDUJHW�UHJLRQ�7�SHU�QXFOHDU�WUDQVIRUPDWLRQ�RI�UDGLRQXFOLGH�M�LQ�VRXUFH

UHJLRQ�6�DW�DJH�W��DQG�F�LV�DQ\�QXPHULFDO�FRQVWDQW�UHTXLUHG�E\�WKH�XQLWV�RI�T�DQG�6(�

7KH�IROORZLQJ�VKRUWKDQG�WHUPLQRORJ\�LV�VRPHWLPHV�XVHG���SKRWRQV��IRU�[�UDGLDWLRQ��JDPPD

UDGLDWLRQ��DQG�DQQLKLODWLRQ�TXDQWD���HOHFWURQV��IRU����SDUWLFOHV�����SDUWLFOHV��LQWHUQDO�FRQYHUVLRQ

HOHFWURQV��DQG�$XJHU�HOHFWURQV��DQG��DOSKDV��IRU�DOSKD�SDUWLFOHV�DQG�DOSKD�UHFRLO�QXFOHL�

1XFOHDU�GHFD\�GDWD

,Q�(T�������WKHUH�DUH�WZR�WHUPV�IURP�WKH�QXFOHDU�GHFD\�GDWD��< �LV�WKH�\LHOG�RI�UDGLDWLRQV�RIL

W\SH�L�SHU�QXFOHDU�WUDQVIRUPDWLRQ��DQG�( �LV�WKH�DYHUDJH�RU�XQLTXH�HQHUJ\�RI�UDGLDWLRQ�W\SH�L���7KHL

UDGLDWLRQV�WKDW�FRQWULEXWH�WKH�RYHUZKHOPLQJ�PDMRULW\�RI�WKH�HQHUJ\�SHU�QXFOHDU�WUDQVIRUPDWLRQ�DUH

WDEXODWHG�LQ�,&53�3XEOLFDWLRQ�����������DQG�LQ�D�0,5'�SXEOLFDWLRQ��:HEHU�HW�DO���������

7KH�GHFD\�GDWD�ILOHV�LQ�WKH�'&$/�FRPSXWDWLRQDO�V\VWHP�LQFOXGH�WKH�EHWD�VSHFWUD��(FNHUPDQ

HW�DO�����������7KH�EHWD�VSHFWUD�ILOHV�DUH�XVHG�LQ�WKH�GRVLPHWU\�IRU�WKH�,&53©V�QHZ�UHVSLUDWRU\�WUDFW

PRGHO���)RU�RWKHU�RUJDQV��RQO\�WKH�DYHUDJH�HQHUJ\�RI�HDFK�EHWD�WUDQVLWLRQ�LV�XVHG�

7KH�QXFOHDU�GHFD\�GDWD�ILOHV�LQFOXGH�WKH�NLQHWLF�HQHUJLHV�RI�HDFK�HPLWWHG�DOSKD�SDUWLFOH�EXW

QRW�WKH�FRUUHVSRQGLQJ�NLQHWLF�HQHUJLHV�RI�WKH�UHFRLOLQJ�QXFOHXV���7KH�UHFRLO�HQHUJ\�( �IRU�DQ�DOSKDU

WUDQVLWLRQ�LV�FRPSXWHG�DV

ZKHUH� �LV�WKH�NLQHWLF�HQHUJ\�RI�WKH�DOSKD�SDUWLFOH��$�LV�WKH�PDVV�QXPEHU�RI�WKH�QXFOLGH��DQG�������

LV�WKH�DWRPLF�PDVV�RI�DQ�DOSKD�SDUWLFOH�

6SHFLILF�DEVRUEHG�IUDFWLRQV�IRU�SKRWRQV�

3KRWRQ�6$)V�DUH�GHULYHG�IURP�UDGLDWLRQ�WUDQVSRUW�FDOFXODWLRQV�LQ�DQWKURSRPRUSKLF�SKDQWRPV

UHSUHVHQWLQJ�QHZERUQ����\����\�����\�����\�ROG�PDOH��DQG�DGXOW�PDOH��ZLWK�EUHDVWV��RYDULHV��DQG�XWHUXV
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)LJ� ���� ,OOXVWUDWLRQ RI SKDQWRPV XVHG WR GHULYH DJH�GHSHQGHQW

VSHFLILF DEVRUEHG IUDFWLRQV IRU SKRWRQV�

DGGHG����7KHVH�SKDQWRPV�DUH�LOOXVWUDWHG�LQ�)LJ��������,Q�WKLV�UHSRUW��WKH�VSHFLILF�DEVRUEHG�IUDFWLRQV�IRU

WKH�DGXOW�PDOH�DUH�DOVR�DSSOLHG�WR�WKH�DGXOW�IHPDOH�

7KH�VSHFLILF�DEVRUEHG�IUDFWLRQV�DUH�WDEXODWHG�IRU����HQHUJLHV�EHWZHHQ����NH9�DQG���0H9�

6$)V�DW�LQWHUPHGLDWH�HQHUJLHV�DUH�FDOFXODWHG�E\�LQWHUSRODWLQJ�OLQHDUO\�EHWZHHQ�HQHUJLHV���3KRWRQV�RI

HQHUJ\�EHORZ����NH9�DUH�WUHDWHG�DV�QRQSHQHWUDWLQJ�UDGLDWLRQV�IRU�PRVW�UHJLRQV�DQG�DUH�FRQVLGHUHG

WR�EH�DEVRUEHG�LQ�WKH�VRXUFH�UHJLRQ���)RU�ERQH�GRVLPHWU\�DQG�IRU�VRXUFHV�LQ�WKH�FRQWHQWV�RI�ZDOOHG

RUJDQV��H�J���VWRPDFK���WKH�GRVLPHWU\�IRU�SKRWRQV�LV�DQDORJRXV�WR�WKDW�GHVFULEHG�EHORZ�IRU�HOHFWURQV�

7KH�PRVW�FRPPRQO\�DSSOLHG�PHWKRG�RI�FRPSXWLQJ�VSHFLILF�DEVRUEHG�IUDFWLRQV�IRU�SKRWRQ

HPLVVLRQV�LV�WKH�0RQWH�&DUOR�PHWKRG��ZKLFK�LV�D�FRPSXWHU�VLPXODWLRQ�RI�SKRWRQ�LQWHUDFWLRQV�ZLWKLQ

WDUJHW�RUJDQV�DIWHU�HPLVVLRQ�IURP�D�VRXUFH�RUJDQ���7KLV�PHWKRG�LV�FDUULHG�RXW�IRU�DOO�FRPELQDWLRQV

RI�VRXUFH�DQG�WDUJHW�RUJDQV�DQG�IRU�VHYHUDO�SKRWRQ�HQHUJLHV���7KH�ERG\�LV�UHSUHVHQWHG�E\�DQ�LGHDOL]HG

SKDQWRP� LQ�ZKLFK� WKH� LQWHUQDO� RUJDQV� DUH� DVVLJQHG�PDVVHV�� VKDSHV�� SRVLWLRQV�� DQG� DWWHQXDWLRQ

FRHIILFLHQWV�EDVHG�RQ�WKHLU�FKHPLFDO�FRPSRVLWLRQ���+\SRWKHWLFDO�LQWHUDFWLRQV�RI�QXPHURXV�SKRWRQV

HPDQDWLQJ�LQ�UDQGRPO\�FKRVHQ�GLUHFWLRQV�IURP�SRLQWV�LQ�WKH�VRXUFH�RUJDQ�DUH�UHFRUGHG�DV�WKH�SKRWRQ

WUDYHOV�WKURXJK�WLVVXHV�DQG�HVFDSHV�IURP�WKH�ERG\�RU�ORVHV�LWV�HQHUJ\���7KLV�DSSURDFK�FDQ�UHVXOW�LQ

VLJQLILFDQW�VWDWLVWLFDO�HUURUV�LQ�VLWXDWLRQV�ZKHUH�IHZ�LQWHUDFWLRQV�DUH�H[SHFWHG�WR�RFFXU��VXFK�DV�FDVHV
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LQYROYLQJ�ORZ�LQLWLDO�HQHUJLHV�RU�WDUJHW�RUJDQV�WKDW�DUH�UHODWLYHO\�VPDOO�RU�UHPRWH�IURP�LPSRUWDQW

VRXUFHV�RI�DFWLYLW\�

$Q�DOWHUQDWH�PHWKRG�RI�HVWLPDWLQJ�VSHFLILF�DEVRUEHG�IUDFWLRQV�IRU�SKRWRQ�HPLVVLRQV�LQYROYHV

LQWHJUDWLRQ�RI�D�SRLQW�VRXUFH�NHUQHO�1�[���ZKHUH�[�LV�WKH�GLVWDQFH�IURP�WKH�SRLQW�VRXUFH���7KH�IXQFWLRQ

1�LV�FRPSRVHG�RI�LQYHUVH�VTXDUH�DQG�H[SRQHQWLDO�DWWHQXDWLRQ�IDFWRUV�WKDW�UHIOHFW�WKH�ORVV�RI�HQHUJ\

IURP�SKRWRQ�LQWHUDFWLRQV�DQG�D�EXLOGXS�IDFWRU�WKDW�UHIOHFWV�WKH�FRQWULEXWLRQ�RI�VFDWWHUHG�SKRWRQV�WR

GRVH���7KH�SRLQW�VRXUFH�NHUQHO�PHWKRG�WHFKQLFDOO\�LV�YDOLG�RQO\�IRU�D�KRPRJHQHRXV��XQERXQGHG

PHGLXP�DQG�PD\�LQYROYH�VXEVWDQWLDO�HUURUV��D�IDFWRU�RI�WZR�RU�PRUH��LQ�FDVHV�LQYROYLQJ�VLJQLILFDQW

YDULDWLRQV�LQ�FRPSRVLWLRQ�RU�GHQVLW\�RI�ERG\�WLVVXH�RU�VPDOOHU�HUURUV��XS�WR�DERXW������LQ�FDVHV

ZKHUH�WDUJHW�RUJDQV�RU�LPSRUWDQW�VRXUFHV�RI�DFWLYLW\�OLH�QHDU�D�ERXQGDU\�RI�WKH�ERG\�

0D[LPDO� GLIIHUHQFHV� EHWZHHQ� WKH� 0RQWH� &DUOR� DQG� FODVVLFDO� SRLQW�NHUQHO� PHWKRG� DUH

H[SHFWHG�WR�RFFXU�IRU�ZLGHO\�VHSDUDWHG�RUJDQ�SDLUV�DQG�IRU�ODUJH�FRHIILFLHQWV�RI�YDULDWLRQ�IRU�WKH

0RQWH�&DUOR�HVWLPDWHV���$�FRPSDULVRQ�RI�WKH�WZR�PHWKRGV�ZDV�PDGH�IRU�VXFK�VLWXDWLRQV�LQ�SKDQWRPV

UHSUHVHQWLQJ�FKLOGUHQ�RI�DJHV������\��&ULVW\�DQG�(FNHUPDQ����������7KH�UHVXOWV�RI�WKLV�FRPSDULVRQ

LQGLFDWH�WKDW�WKH�WZR�DSSURDFKHV�DJUHH�ZLWKLQ�D�IDFWRU�RI�WZR�DW�DOO�HQHUJLHV�DQG�ZLWKLQ�DERXW����

DW�HQHUJLHV�JUHDWHU�WKDQ�����NH9���7KH�ODUJHVW�GLIIHUHQFHV�EHWZHHQ�WKH�PHWKRGV�RFFXU�DW�YHU\�ORZ

HQHUJLHV�����NH9�RU�OHVV��DQG�DW�HQHUJLHV�QHDU�����NH9���7KH�GLVDJUHHPHQW�DW����NH9�RU�OHVV�SUREDEO\

UHVXOWV�IURP�VRPH�FRPELQDWLRQ�RI�SRRU�VWDWLVWLFV�IRU�WKH�0RQWH�&DUOR�YDOXHV�DQG�SRRU�GDWD�XQGHUO\LQJ

WKH�SRLQW�VRXUFH�NHUQHO�DW�WKHVH�HQHUJLHV���7KH�GLVDJUHHPHQW�DW�HQHUJ\�OHYHOV�QHDU�����NH9�SUREDEO\

LV�GXH�ODUJHO\�WR�WKH�LQDELOLW\�RI�WKH�SRLQW�VRXUFH�NHUQHO�PHWKRG�WR�DFFRXQW�SURSHUO\�IRU�WKH�HIIHFWV

RI� VFDWWHULQJ�� � &RPSDULVRQV� RI� WKH�0RQWH� &DUOR� DQG� SRLQW�NHUQHO�PHWKRGV� KDYH� EHHQ� XVHG� WR

GHWHUPLQH�FRUUHFWLRQ�IDFWRUV�IRU�YDOXHV�JHQHUDWHG�E\�WKH�SRLQW�NHUQHO�PHWKRG��&ULVW\�DQG�(FNHUPDQ�

��������,W�DSSHDUV�WKDW�HUURUV�LQ�HVWLPDWHV�RI�SKRWRQ�DEVRUEHG�IUDFWLRQV�FDQ�EH�PLQLPL]HG�LQ�PRVW

VLWXDWLRQV� E\� DSSO\LQJ� D�ZHLJKWHG� DYHUDJH� RI� WKH� VSHFLILF� DEVRUEHG� IUDFWLRQ�6$)�7�6�� DQG� WKH

UHFLSURFDO�6$)�7�6��SURGXFHG�E\�WKH�0RQWH�&DUOR�PHWKRG���,Q�FDVHV�ZKHUH�WKH�0RQWH�&DUOR�YDOXHV

DUH�VWDWLVWLFDOO\�XQUHOLDEOH��KRZHYHU��D�EHWWHU�HVWLPDWH�PD\�EH�REWDLQHG�E\�DSSO\LQJ�WKH�FRUUHFWHG

SRLQW�NHUQHO�PHWKRG�

$EVRUEHG�IUDFWLRQV�IRU�EHWD�SDUWLFOHV�DQG�GLVFUHWH�HOHFWURQV

7KH�NLQHWLF�HQHUJ\�RI�EHWD�SDUWLFOHV�RU�GLVFUHWH�HOHFWURQV�LV�DVVXPHG�WR�EH�DEVRUEHG�HQWLUHO\

LQ�WKH�VRXUFH�UHJLRQ��H[FHSW�ZKHQ�WKH�VRXUFH�LV�LQ�WKH�FRQWHQWV�RI�D�ZDOOHG�RUJDQ�RU�LQ�FHUWDLQ�UHJLRQV

RI�WKH�UHVSLUDWRU\�WUDFW�RU�VNHOHWRQ���7KXV��IRU�VROLG�UHJLRQV�
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ZKHUH�%7��%RG\�7LVVXHV��LQGLFDWHV�WKH�V\VWHPLF�WLVVXHV�RI�WKH�ERG\���,I�WKH�VRXUFH�UHJLRQ�LV�%RG\

7LVVXHV�RI�PDVV�0 ��WKHQ�WKH�IUDFWLRQ�RI�WKH�DFWLYLW\�LQ�%RG\�7LVVXHV�SUHVHQW�LQ�WKH�WDUJHW�UHJLRQ�LV%7

0 �0 ��WR�ZKLFK�DQ�DEVRUEHG�IUDFWLRQ�RI���LV�DSSOLHG�7 %7

)RU�FRQWHQWV�RI�ZDOOHG�RUJDQV��LW�LV�DVVXPHG�WKDW�WKH�GRVH�WR�WKH�ZDOO�LV�WKH�GRVH�DW�WKH�VXUIDFH

RI�D�KDOI�VSDFH��RU�KDOI�WKH�HTXLOLEULXP�GRVH�WR�WKH�FRQWHQWV���7KXV��WKH�VSHFLILF�DEVRUEHG�IUDFWLRQ�LV

ZKHUH�0 �LV�WKH�PDVV�RI�WKH�FRQWHQWV�RI�WKH�ZDOOHG�RUJDQ�FRQW

,Q�WKH�UHVSLUDWRU\�WUDFW��WKHUH�DUH�QDUURZ�OD\HUV�RI�UDGLRVHQVLWLYH�EDVDO�DQG�VHFUHWRU\�FHOOV�LQ

WKH� HSLWKHOLXP�� � 7KHVH� DUH� LUUDGLDWHG� WR� VRPH� H[WHQW� E\� EHWD� SDUWLFOHV� DQG� GLVFUHWH� HOHFWURQV

HPDQDWLQJ�IURP�QHDUE\��VRXUFH�RUJDQV§��LQFOXGLQJ�WKH�JHO�OD\HU��WKH�VRO�OD\HU��DQG�RWKHU�LGHQWLILHG

FRPSDUWPHQWV�ZLWKLQ�WKH�HSLWKHOLXP�

7KH�VNHOHWRQ�LV�JHQHUDOO\�UHSUHVHQWHG�DV�D�XQLIRUP�PL[WXUH�RI�LWV�FRPSRQHQW�WLVVXHV���FRUWLFDO

ERQH��WUDEHFXODU�ERQH��IDWW\�PDUURZ��UHG�PDUURZ��DQG�FRQQHFWLYH�WLVVXHV���7LVVXHV�RI�LQWHUHVW�IRU

GRVLPHWULF�SXUSRVHV�DUH�WKH�UHG�PDUURZ��ZKLFK�OLHV�ZLWKLQ�WKH�JHQHUDOO\�WLQ\�FDYLWLHV�RI�WUDEHFXODU

ERQH��DQG�RVWHRJHQLF�FHOOV�DGMDFHQW�WR�WKH�VXUIDFHV�RI�ERWK�FRUWLFDO�DQG�WUDEHFXODU�ERQH���)RU�WKH�UHG

PDUURZ�WKH�SHUWLQHQW�GRVH�LV�DVVXPHG�WR�EH�WKH�DYHUDJH�GRVH�WR�WKH�PDUURZ�VSDFH�ZLWKLQ�WUDEHFXODU

ERQH���)RU�WKH�RVWHRJHQLF�WLVVXH��WKH�,&53�UHFRPPHQGV�WKDW�WKH�HTXLYDOHQW�GRVH�EH�FDOFXODWHG�DV�DQ

DYHUDJH�RYHU�WLVVXHV�XS�WR�D�GLVWDQFH�RI�����P�IURP�WKH�UHOHYDQW�ERQH�VXUIDFH�

$SSHQGL[�%�OLVWV�DEVRUEHG�IUDFWLRQV�IRU�EHWD�HPLWWHUV�IRU�FDVHV�LQ�ZKLFK�WKH�VRXUFH�RUJDQ�DQG

WDUJHW�RUJDQ�DUH�ERWK�LQ�ERQH��,&53����������7KH�YDOXHV�DUH�DVVXPHG�WR�EH�LQGHSHQGHQW�RI�DJH�

$EVRUEHG�IUDFWLRQV�IRU�DOSKD�SDUWLFOHV�DQG�UHFRLO�QXFOHL

)RU�DOSKD�SDUWLFOHV�DQG�DOSKD�UHFRLO�QXFOHL��WKH�UDGLDWLRQ�LV�DVVXPHG�WR�EH�DEVRUEHG�HQWLUHO\

LQ�WKH�VRXUFH�UHJLRQ��H[FHSW�ZKHQ�WKH�VRXUFH�LV�LQ�SDUW�RI�WKH�VNHOHWRQ�RU�ZKHQ�WKH�VRXUFH�LV�LQ�WKH

FRQWHQWV�RI�D�ZDOOHG�RUJDQ���(TXDWLRQ�����DSSOLHV�WR�DOO�VROLG�UHJLRQV�

7KH�DVVXPSWLRQV�RI�,&53�3XEOLFDWLRQ�����������������������DUH�DSSOLHG�WR�FRQWHQWV�RI�ZDOOHG

RUJDQV���7KDW�LV��IRU�DSSOLFDWLRQ�WR�DOSKD�SDUWLFOHV��WKH�ULJKW�VLGH�RI�(T������LV�PXOWLSOLHG�E\������WR
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DFFRXQW�IRU�WKH�UHGXFHG�DOSKD�GRVH�WR�UDGLRVHQVLWLYH�FHOOV�LQ�WKH�ZDOO��DQG�DQ�DEVRUEHG�IUDFWLRQ�RI

]HUR� LV� DSSOLHG� WR� DOSKD� UHFRLO� QXFOHL�� � 7KH� YDOXH� ����� LV� QRW� EDVHG� RQ� FDOFXODWLRQV� RI� HQHUJ\

GHSRVLWLRQ�EXW�LV�D�FDXWLRXVO\�KLJK�YDOXH�EDVHG�RQ�FRPSDUDWLYH�VWXGLHV�RI�UDGLRJHQLF�HIIHFWV�IURP

DOSKD�DQG�EHWD�HPLWWHUV�LQ�WKH�JDVWURLQWHVWLQDO�WUDFWV�RI�UDWV�

,I�DQ�DOSKD�HPLWWHU�LV�XQLIRUPO\�GLVWULEXWHG�RQ�WKH�VXUIDFH�RI�WUDEHFXODU�ERQH�WKHQ��E\�VLPSOH

JHRPHWULF� FRQVLGHUDWLRQV�� WKH� DEVRUEHG� IUDFWLRQ� LQ� WKH� PDUURZ� VSDFH� LV� RQH� KDOI�� � /DFNLQJ

LQIRUPDWLRQ�RQ�WKH�ORFDWLRQ�RI�WKH�KHPDWRSRLHWLF�VWHP�FHOOV��WKH�,&53�DVVXPHV�WKDW�WKH�FHOOV�DUH

XQLIRUPO\�GLVWULEXWHG�ZLWKLQ�WKH�PDUURZ�VSDFH�

)RU�DQ�DOSKD�HPLWWHU�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�PLQHUDO�RI�WUDEHFXODU�ERQH��WKH�DEVRUEHG

IUDFWLRQ�LQ� WKH�UHG�PDUURZ�GHSHQGV�RQ�WKH�HQHUJ\�RI�WKH�DOSKD�SDUWLFOH�� �&DOFXODWLRQV�IRU�DOSKD

HPLWWHUV�UDQJLQJ�LQ�HQHUJ\�IURP���WR���0H9�LQGLFDWH�WKDW�WKH�DEVRUEHG�IUDFWLRQ�LQ�WKH�PDUURZ�VSDFH

UDQJHV�EHWZHHQ�������DQG��������ZKLFK�EUDFNHW�WKH�YDOXH�RI������UHFRPPHQGHG�E\�WKH�,&53�

)RU�DQ�DOSKD�HPLWWHU�XQLIRUPO\�GLVWULEXWHG�LQ�ERQH�PLQHUDO��HVWLPDWHV�RI�WKH�DEVRUEHG�IUDFWLRQ

LQ�ERQH�VXUIDFH�UDQJHV�IURP�OHVV�WKDQ������WR�PRUH�WKDQ�������GHSHQGLQJ�RQ�WKH�HQHUJ\�RI�WKH�DOSKD

SDUWLFOH���7KH�QRPLQDO�YDOXH�UHFRPPHQGHG�E\�WKH�,&53�LV�������

$SSHQGL[�%�OLVWV�DEVRUEHG�IUDFWLRQV�IRU�DOSKD�HPLWWHUV�IRU�FDVHV�LQ�ZKLFK�WKH�VRXUFH�DQG

WDUJHW�RUJDQ�DUH�ERWK�LQ�ERQH��,&53����������7KH�YDOXHV�DUH�DVVXPHG�WR�EH�LQGHSHQGHQW�RI�DJH���)RU

D�VRXUFH�LQ�D�ERQH�VXUIDFH�RU�ERQH�YROXPH�FRPSDUWPHQW�DQG�D�WDUJHW�FRQVLVWLQJ�HLWKHU�RI�%RQH

6XUIDFH�RU�5HG�0DUURZ��WKHUH�LV�DVVXPHG�WR�EH�QR�FRQWULEXWLRQ�WR�6(�IURP�DOSKD�UHFRLOV�

6SRQWDQHRXV�ILVVLRQ

6SRQWDQHRXV�ILVVLRQ�RFFXUV�LQ�WKH�GHFD\�RI�VRPH�LVRWRSHV�RI�XUDQLXP��SOXWRQLXP��FXULXP�

EHUNHOLXP�� FDOLIRUQLXP�� DQG� HLQVWHLQLXP�DQG� UHVXOWV� LQ� WKH� HPLVVLRQ�RI�SKRWRQV�� HOHFWURQV�� DQG

QHXWURQV��DV�ZHOO�DV�ILVVLRQ�IUDJPHQWV���6SRQWDQHRXV�ILVVLRQ�SURGXFWV�KDYH�QRW�\HW�EHHQ�LQFRUSRUDWHG

LQWR�WKH�LQWHUQDO�GRVLPHWU\�PHWKRGRORJ\���7KHUHIRUH��UDGLRQXFOLGHV�IRU�ZKLFK�VSRQWDQHRXV�ILVVLRQ

LV� DQ� LPSRUWDQW� WUDQVIRUPDWLRQ� SURFHVV�� LQFOXGLQJ� 3X�� &P�� &P�� &I�� DQG� &I�� DUH� QRW��� ��� ��� ��� ���

DGGUHVVHG�LQ�WKLV�UHSRUW�

&RPSXWDWLRQ�RI�6(

:LWKLQ�WKH�'&$/�FRPSXWDWLRQDO�V\VWHP��(FNHUPDQ�HW�DO����������WKH�6(V�DUH�FRPSXWHG�E\

WKH�PRGXOH�6((&$/��&ULVW\�DQG�(FNHUPDQ����������7KHVH�6(�FDOFXODWLRQV�DUH�EDVHG�RQ�QXFOHDU

GHFD\�GDWD�ILOHV��OLEUDULHV�RI�VSHFLILF�DEVRUEHG�IUDFWLRQV�IRU�QRQ�SHQHWUDWLQJ�UDGLDWLRQV�DQG�SKRWRQV�
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DQG�DJH�VSHFLILF�RUJDQ�PDVVHV���7KH�QXFOHDU�GHFD\�GDWD�ILOHV�DQG�VSHFLILF�DEVRUEHG�IUDFWLRQV�DUH�WKRVH

FXUUHQWO\�XVHG�E\�WKH�,&53��&ULVW\�DQG�(FNHUPDQ���������������2UJDQ�PDVVHV�IRU�DGXOWV�DUH�WDNHQ

IURP�,&53�3XEOLFDWLRQ������������ �)RU�FKLOGUHQ��DJH�VSHFLILF�RUJDQ�PDVVHV�DUH� WDNHQ�IURP�WKH

SKDQWRPV�RI�&ULVW\�DQG�(FNHUPDQ���������ZKLFK�DUH�EDVHG�RQ�GDWD�IURP�,&53�3XEOLFDWLRQ����
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&+$37(5�����'26,0(75,&�02'(/6�)25�(;7(51$/�(;32685(6

7KUHH�H[WHUQDO�H[SRVXUH�VFHQDULRV�DUH�FRQVLGHUHG�LQ�WKLV�UHSRUW���VXEPHUVLRQ�LQ�D�VHPL�LQILQLWH

FORXG��H[SRVXUH�WR�JURXQG�VXUIDFH�FRQWDPLQDWLRQ��DQG�H[SRVXUH�WR�VRLO�FRQWDPLQDWHG�WR�DQ�LQILQLWH

GHSWK���3HUVRQV�DUH�DVVXPHG�WR�EH�H[SRVHG�WKURXJKRXW�WKHLU�OLIHWLPHV�WR�D�XQLW�FRQFHQWUDWLRQ�RI�WKH

UDGLRQXFOLGH�LQ�DLU��RQ�WKH�JURXQG�VXUIDFH��RU�LQ�VRLO�

'RVH�UDWH�FRHIILFLHQWV�IURP�H[WHUQDO�H[SRVXUH�DUH�WDNHQ�IURP�)HGHUDO�*XLGDQFH�5HSRUW�1R����

�(3$���������ZKLFK� WDEXODWHV� FRHIILFLHQWV� IRU� H[WHUQDO� H[SRVXUH� WR�SKRWRQV�DQG�HOHFWURQV��7KH

FRHIILFLHQWV�DUH�EDVHG�RQ�VWDWH�RI�WKH�DUW�PHWKRGV�IRU�FDOFXODWLQJ�WKH�HQHUJ\�DQG�DQJXODU�GLVWULEXWLRQ

RI�WKH�UDGLDWLRQV�LQFLGHQW�XSRQ�WKH�ERG\�DQG�WKH�WUDQVSRUW�RI�WKHVH�UDGLDWLRQV�ZLWKLQ�WKH�ERG\�

7DEXODWLRQV�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����DUH�IRU�D�UHIHUHQFH�DGXOW��DV�GHILQHG�LQ�,&53

3XEOLFDWLRQ� ��� �������� � &DOFXODWLRQV�ZHUH� EDVHG� RQ� WKH� ���NJ� SKDQWRP� RI� &ULVW\� �&ULVW\� DQG

(FNHUPDQ���������ZLWK�WZR�PRGLILFDWLRQV���WKH�KHDG�UHJLRQ�ZDV�PDGH�PRUH�UHDOLVWLF�E\�LQFOXGLQJ�D

QHFN�DQG�VKRUWHQLQJ�WKH�ULJKW�HOOLSWLFDO�F\OLQGHU�FRPSULVLQJ�WKH�ORZHU�SRUWLRQ�RI�WKH�KHDG��DQG�D

PRGHO�RI�WKH�HVRSKDJXV�ZDV�DGGHG�

$OWKRXJK�WKHUH�LV�H[SHFWHG�WR�EH�VRPH�DJH�GHSHQGHQFH�LQ�RUJDQ�GRVH�UDWHV�IURP�H[WHUQDO

H[SRVXUHV��FRPSUHKHQVLYH�WDEXODWLRQV�RI�DJH�VSHFLILF�H[WHUQDO�GRVH�FRHIILFLHQWV�DUH�QRW�\HW�DYDLODEOH�

7KHUHIRUH��WKH�WDEXODWLRQV�IRU�WKH�UHIHUHQFH�DGXOW�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����DUH�DSSOLHG�WR

DOO�DJH�JURXSV���$V�GLVFXVVHG�LQ�$SSHQGL[�'�WR�WKLV�UHSRUW��WKH�DSSOLFDWLRQ�RI�WKHVH�H[WHUQDO�GRVH

FRHIILFLHQWV�WR�RWKHU�DJH�JURXSV�DSSHDUV�WR�UHVXOW�LQ�UHODWLYHO\�VPDOO�HUURUV��XVXDOO\�������LQ�PRVW

FDVHV���,Q�H[WUHPH�FDVHV��VXFK�DV�IRU�H[WHUQDO�LUUDGLDWLRQ�RI�GHHS�RUJDQV��H�J���RYDULHV�RU�FRORQ��RI

LQIDQWV�DW�HQHUJLHV�OHVV�WKDQ�����NH9�HQHUJLHV�����WR���IROG�HUURUV�PD\�DULVH���,Q�DSSOLFDWLRQV�RI�WKH

GHULYHG�ULVN�FRHIILFLHQWV��KRZHYHU��HUURUV�DULVLQJ�IURP�DSSOLFDWLRQ�RI�DJH�LQGHSHQGHQW�H[WHUQDO�GRVH

UDWHV� DUH� OLNHO\� WR� EH� QHJOLJLEOH� FRPSDUHG�ZLWK� HUURUV� DVVRFLDWHG�ZLWK� WKH� VLPSOLILHG� H[SRVXUH

VFHQDULRV�XVHG�KHUH��H�J���FRQVWDQW�SODFHPHQW�DQG�SRVLWLRQ��QR�VKLHOGLQJ��DQG�LQILQLWH�RU�VHPL�LQILQLWH

VRXUFH�UHJLRQV����6LPSOLILHG�H[SRVXUH�VFHQDULRV�DUH�XVHG�EHFDXVH�LW�LV�QRW�IHDVLEOH�WR�GHYHORS�DQ

H[WHUQDO� GRVLPHWULF�PHWKRGRORJ\� WKDW� DSSOLHV� WR� DUELWUDU\� GLVWULEXWLRQV� RI� FRQWDPLQDWLRQ� RU� WR

GLIIHUHQFHV�LQ�OLIH�VW\OHV�

,QWHUSUHWDWLRQ�RI�GRVH�FRHIILFLHQWV�IURP�)HGHUDO�*XLGDQFH�5HSRUW�1R�����

'RVH�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�UHODWH�WKH�GRVH�WR�RUJDQV�DQG�WLVVXHV�RI�WKH�ERG\�WR

WKH�FRQFHQWUDWLRQ�RI�UDGLRQXFOLGHV�LQ�HQYLURQPHQWDO�PHGLD���7KH�WHUP�¦H[WHUQDO�H[SRVXUH§�LV�XVHG
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WR�LQGLFDWH�WKDW�WKH�UDGLDWLRQV�RULJLQDWH�RXWVLGH�WKH�ERG\���7KH�UDGLDWLRQV�RI�FRQFHUQ�DUH�WKRVH�WKDW

DUH�VXIILFLHQWO\�SHQHWUDWLQJ�WR�WUDYHUVH�WKH�RYHUO\LQJ�WLVVXHV�RI�WKH�ERG\�DQG�WKXV�DUH�OLPLWHG�WR

SKRWRQV��LQFOXGLQJ�EUHPVVWUDKOXQJ��DQG�HOHFWURQV�

%HFDXVH�LW�LV�QRW�IHDVLEOH�WR�GHYHORS�DQ�H[WHUQDO�GRVLPHWULF�PHWKRGRORJ\�WKDW�DSSOLHV�WR

DUELWUDU\�GLVWULEXWLRQV�RI�UDGLRQXFOLGHV�LQ�HQYLURQPHQWDO�PHGLD��LW�KDV�EHFRPH�FRPPRQ�SUDFWLFH�WR

FRQVLGHU�VLPSOLILHG�DQG�LGHDOL]HG�H[SRVXUH�JHRPHWULHV���,Q�SDUWLFXODU��D�VHPL�LQILQLWH�VRXUFH�UHJLRQ

JHQHUDOO\�LV�DVVXPHG�IRU�VXEPHUVLRQ�LQ�FRQWDPLQDWHG�DLU��DQG�DQ�LQILQLWH�VRXUFH�UHJLRQ�JHQHUDOO\�LV

DVVXPHG�IRU�H[SRVXUH�WR�FRQWDPLQDWHG�VRLO�

,I�RQH�DVVXPHV�DQ�LQILQLWH�RU�VHPL�LQILQLWH�VRXUFH�UHJLRQ�ZLWK�D�XQLIRUP�FRQFHQWUDWLRQ�&�W�

RI�D�UDGLRQXFOLGH�DW�WLPH�W��WKHQ�WKH�HTXLYDOHQW�GRVH�LQ�WLVVXH�7��+ ��FDQ�EH�H[SUHVVHG�DV7

ZKHUH�K �GHQRWHV�WKH�WLPH�LQGHSHQGHQW�GRVH�FRHIILFLHQW�IRU�H[WHUQDO�H[SRVXUH���7KH�FRHIILFLHQW�K7 7

UHSUHVHQWV�WKH�GRVH�WR�WLVVXH�7�RI�WKH�ERG\�SHU�XQLW�WLPH�LQWHJUDWHG�H[SRVXUH��LQWHJUDWHG�FRQFHQWUDWLRQ

RI�WKH�UDGLRQXFOLGH����7KDW�LV�

$OWHUQDWLYHO\��RQH�PD\�LQWHUSUHW�K �DV�UHSUHVHQWLQJ�WKH�LQVWDQWDQHRXV�GRVH�UDWH�LQ�RUJDQ�7�SHU�XQLW7

DFWLYLW\�FRQFHQWUDWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�WKH�HQYLURQPHQW���)XUWKHUPRUH��VLQFH�RQO\�ORZ�/(7

UDGLDWLRQV�DUH�FRQVLGHUHG�LQ�WKH�GHULYDWLRQ�RI�H[WHUQDO�GRVH�FRHIILFLHQWV��HTXLYDOHQW�DQG�DEVRUEHG

GRVHV�DUH�QXPHULFDOO\�HTXDO�

,Q�)HGHUDO�*XLGDQFH�5HSRUW�1R������K �LV�LQWHUSUHWHG�DV�WKH�GRVH�SHU�XQLW�WLPH�LQWHJUDWHG7

H[SRVXUH���,Q�WKLV�UHSRUW��KRZHYHU��K �LV�LQWHUSUHWHG�DV�D�GRVH�UDWH�EHFDXVH�GRVH�UDWHV�DUH�UHTXLUHG�DV7

LQSXW�LQWR�WKH�UDGLDWLRQ�ULVN�PHWKRGRORJ\�DSSOLHG�KHUH�

1XFOHDU�GDWD�ILOHV�XVHG

7KH�HQHUJLHV�DQG�LQWHQVLWLHV�RI�WKH�UDGLDWLRQV�HPLWWHG�LQ�VSRQWDQHRXV�QXFOHDU�WUDQVIRUPDWLRQV

RI� UDGLRQXFOLGHV� KDYH� EHHQ� UHSRUWHG� LQ� 3XEOLFDWLRQ� ��� RI� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ

5DGLRORJLFDO�3URWHFWLRQ��,&53����������7KDW�SXEOLFDWLRQ�LV�D�UHSRUW�RI�WKH�7DVN�*URXS�RQ�'RVH

&DOFXODWLRQV�RI�,&53�&RPPLWWHH���DQG�ZDV�DVVHPEOHG�DW�2DN�5LGJH�1DWLRQDO�/DERUDWRU\��251/�
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GXULQJ�WKH�SUHSDUDWLRQ�RI�,&53�3XEOLFDWLRQ�����,&53��������� �7KH�QXFOHDU�GHFD\�GDWD�RI�,&53

3XEOLFDWLRQ����DUH�EDVHG�RQ�WKH�(YDOXDWHG�1XFOHDU�6WUXFWXUH�'DWD�)LOHV��(16')���(ZEDQN�DQG

6FKPRUDN��������RI�WKH�'HSDUWPHQW�RI�(QHUJ\
V�1XFOHDU�'DWD�3URMHFW�DV�SURFHVVHG�E\�WKH�(',675

FRGH��'LOOPDQ����������7KH�SURFHVVHG�GDWD�ILOHV�UHWDLQHG�LQ�WKH�,&53�251/�GRVLPHWULF�GDWD�EDVH

LQFOXGH�IXOO�WDEXODWLRQV�RI�WKH�DYHUDJH�RU�XQLTXH�HQHUJLHV�DQG�LQWHQVLWLHV�RI�WKH�UDGLDWLRQV�DQG�DOVR

WKH�EHWD�VSHFWUD��(FNHUPDQ�HW�DO�����������7KH�GRVH�FRHIILFLHQWV�IRU�H[WHUQDO�LUUDGLDWLRQ�JLYHQ�LQ

)HGHUDO�*XLGDQFH�5HSRUW�1R�����DUH�EDVHG�RQ�WKHVH�GDWD�ILOHV�

5DGLDWLRQV�FRQVLGHUHG

)RU�H[WHUQDO�H[SRVXUHV��WKH�UDGLDWLRQV�RI�FRQFHUQ�DUH�WKRVH�WKDW�DUH�VXIILFLHQWO\�SHQHWUDWLQJ

WR�WUDYHUVH�WKH�RYHUO\LQJ�WLVVXHV�RI�WKH�ERG\�DQG�GHSRVLW�LRQL]LQJ�HQHUJ\�LQ�UDGLRVHQVLWLYH�RUJDQV�DQG

WLVVXHV�� � 3KRWRQV� DQG� HOHFWURQV� DUH� WKH� PRVW� LPSRUWDQW� SHQHWUDWLQJ� UDGLDWLRQV� SURGXFHG� E\

UDGLRQXFOLGHV�LQ�WKH�HQYLURQPHQW�

6RPH�UDGLRQXFOLGHV�SURGXFH�EUHPVVWUDKOXQJ�WKDW�LV�VXIILFLHQWO\�SHQHWUDWLQJ�WR�EH�RI�SRWHQWLDO

LPSRUWDQFH� LQ� WKH�HVWLPDWLRQ�RI�H[WHUQDO�GRVH�� �%UHPVVWUDKOXQJ�� IURP�WKH�*HUPDQ�IRU�¦EUDNLQJ

UDGLDWLRQ§��LV�SURGXFHG�ZKHQ�GHFHOHUDWLRQ�RI�HOHFWURQV�LQ�D�PHGLXP�UHVXOWV�LQ�FRQYHUVLRQ�RI�D�VPDOO

IUDFWLRQ�RI�WKHLU�LQLWLDO�NLQHWLF�HQHUJ\�LQWR�HQHUJ\�LQ�WKH�IRUP�RI�SKRWRQV���%UHPVVWUDKOXQJ�HQHUJ\�LV

GLVWULEXWHG�IURP�]HUR�XS�WR�WKH�LQLWLDO�HOHFWURQ�HQHUJ\���7KH�EUHPVVWUDKOXQJ�\LHOG�LV�VPDOO��DERXW

�����DW�����0H9�LQ�WLVVXH��EXW�IRU�SXUH�EHWD�HPLWWHUV�LV�VRPHWLPHV�WKH�RQO\�VRXUFH�RI�UDGLDWLRQ�RI

VXIILFLHQWO\�SHQHWUDWLQJ�QDWXUH�WR�LUUDGLDWH�VRPH�UDGLRVHQVLWLYH�WLVVXHV�

7KH�W\SHV�RI�UDGLDWLRQV�FRQVLGHUHG�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����DUH�SKRWRQV��LQFOXGLQJ

EUHPVVWUDKOXQJ��DQG�HOHFWURQV���7KH�HQHUJ\�VSHFWUXP�RI�HPLWWHG�UDGLDWLRQV�FDQ�EH�FKDUDFWHUL]HG�DV

HLWKHU�����GLVFUHWH�HPLVVLRQV�RI�D�XQLTXH�HQHUJ\��H�J��JDPPD�UDGLDWLRQ���DQG�����FRQWLQXRXV�HQHUJ\

GLVWULEXWLRQ�RI�HOHFWURQV�DV�LQ�WKH�FDVH�RI�EHWD�SDUWLFOHV�DQG�EUHPVVWUDKOXQJ��7KH�EHWD�VSHFWUD�DUH�XVHG

LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����WR�HYDOXDWH�WKH�FRQWULEXWLRQ�RI�WKH�EHWD�SDUWLFOHV�WR�WKH�VNLQ�GRVH

DQG�WR�GHWHUPLQH�WKH�\LHOG�RI�EUHPVVWUDKOXQJ�

6SRQWDQHRXV�ILVVLRQ�RFFXUV�LQ�WKH�GHFD\�RI�VHYHUDO�UDGLRQXFOLGHV�LQ�WKH�DFWLQLGH�VHULHV�DQG

UHVXOWV�LQ�WKH�HPLVVLRQ�RI�SKRWRQV��HOHFWURQV��DQG�QHXWURQV��DV�ZHOO�DV�ILVVLRQ�IUDJPHQWV���+RZHYHU�

VSRQWDQHRXV�ILVVLRQ�LV�DQ�LPSRUWDQW�GHFD\�PRGH�IRU�RQO\�D�IHZ�UDGLRQXFOLGHV��LQFOXGLQJ� 3X�� &P���� ���

&P�� &I��DQG� &I���)RU�WKHVH�FDVHV��WKH�GRVH�FRHIILFLHQWV�JLYHQ�LQ�)HGHUDO�*XLGDQFH�5HSRUW��� ��� ���

1R�����PD\�XQGHUHVWLPDWH�WUXH�GRVHV�FRQVLGHUDEO\�GXH�WR�QHJOHFW�RI�WKH�FRQWULEXWLRQ�WR�GRVH�IURP

VSRQWDQHRXV�ILVVLRQ���7KHVH�ILYH�UDGLRQXFOLGHV�DUH�QRW�DGGUHVVHG�LQ�WKLV�UHSRUW��HLWKHU�LQ�WKH�H[WHUQDO

RU�WKH�LQWHUQDO�H[SRVXUH�VFHQDULRV�



���

(IIHFWV�RI�LQGRRU�UHVLGHQFH

7KH�GRVH�FRHIILFLHQWV�IRU�DLU�VXEPHUVLRQ�DQG�H[SRVXUH�WR�FRQWDPLQDWHG�VRLO�DUH�WDNHQ�IURP

)HGHUDO� *XLGDQFH� 5HSRUW� 1R�� ��� �(3$�� ������� � 7KHVH� GRVH� FRHIILFLHQWV� DVVXPH� WKDW� H[SRVHG

LQGLYLGXDOV�VSHQG�DOO�RI�WKH�WLPH�RXWGRRUV���'HSHQGLQJ�RQ�VXFK�IDFWRUV�DV�SKRWRQ�HQHUJ\��W\SH�RI

VWUXFWXUH��IUDFWLRQ�RI�WLPH�VSHQW�LQGRRUV��DQG�GHJUHH�RI�GLVHTXLOLEULXP�LQ�WKH�FRQFHQWUDWLRQ�RI�D

UDGLRQXFOLGH�LQ�LQGRRU�DQG�RXWGRRU�DLU��WKHUH�FRXOG�EH�D�VXEVWDQWLDO�UHGXFWLRQ�LQ�WKH�HTXLYDOHQW�GRVH

IURP�H[WHUQDO�H[SRVXUHV�GXULQJ�LQGRRU�UHVLGHQFH�GXH�WR�VKLHOGLQJ�E\�VWUXFWXUHV�

)RU�QREOH�JDV�UDGLRQXFOLGHV��DLU�VXEPHUVLRQ�LV�WKH�RQO\�H[WHUQDO�H[SRVXUH�PRGH�RI�FRQFHUQ�

7KH�HIIHFWV�RI�LQGRRU�UHVLGHQFH�RQ�HTXLYDOHQW�GRVHV�WR�VNLQ�GXH�WR�HOHFWURQV�VKRXOG�EH�QHJOLJLEOH

GXULQJ�FKURQLF�UHOHDVHV��XQOHVV�WKH�UDQJH�RI�WKH�HPLWWHG�HOHFWURQV�LQ�DLU�LV�VRPHZKDW�JUHDWHU�WKDQ�WKH

LQWHULRU�GLPHQVLRQV�RI�EXLOGLQJ�URRPV��EHFDXVH�WKH�LQGRRU�DQG�RXWGRRU�DLU�FRQFHQWUDWLRQV�IRU�QREOH

JDVHV�ZLOO�EH�DERXW�WKH�VDPH�

$�UDGLRQXFOLGH�LQGHSHQGHQW�GRVH�UHGXFWLRQ�IDFWRU�LV�VRPHWLPHV�DSSOLHG�WR�H[WHUQDO�GRVH

FRHIILFLHQWV�WR�DFFRXQW�IRU�WKH�HIIHFWV�RI�LQGRRU�UHVLGHQFH��H�J���15&�����������+RZHYHU��WKH�DYHUDJH

UHGXFWLRQ�LQ�H[WHUQDO�GRVH�GXH�WR�LQGRRU�UHVLGHQFH�GHSHQGV�RQ�WKH�UDGLRQXFOLGH�DV�ZHOO�DV�RWKHU

IDFWRUV�LQGLFDWHG�DERYH�DQG�JHQHUDOO\�FDQQRW�EH�TXDQWLILHG�ZLWK�PXFK�FHUWDLQW\���,Q�WKH�SUHVHQW

GRFXPHQW��WKH�H[WHUQDO�GRVH�FRHIILFLHQWV�JLYHQ�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����DUH�QRW�UHGXFHG

WR�DFFRXQW�IRU�WKH�HIIHFWV�RI�LQGRRU�UHVLGHQFH�



���

&+$37(5�����5$',2*(1,&�&$1&(5�5,6.�02'(/6

&DOFXODWLRQV�RI�UDGLRJHQLF�ULVN�DUH�EDVHG�RQ�ULVN�SURMHFWLRQ�PRGHOV�IRU�VSHFLILF�FDQFHU�VLWHV�

7KH�DJH��DQG�JHQGHU�VSHFLILF�UDGLDWLRQ�ULVN�PRGHOV�XVHG�LQ�WKLV�UHSRUW�DUH�WDNHQ�IURP�D�UHFHQW�(3$

UHSRUW��(3$��������WKDW�SURYLGHV�D�PHWKRGRORJ\�IRU�FDOFXODWLRQ�RI�UDGLRJHQLF�FDQFHU�ULVNV�EDVHG�RQ

D�FULWLFDO�UHYLHZ�RI�GDWD�RQ�WKH�-DSDQHVH�DWRPLF�ERPE�VXUYLYRUV�DQG�RWKHU�VWXG\�JURXSV���3DUDPHWHU

YDOXHV�LQ�WKH�PRGHOV�KDYH�EHHQ�PRGLILHG�LQ�VRPH�FDVHV�LQ�WKH�SUHVHQW�UHSRUW�WR�UHIOHFW�WKH�XVH�RI

XSGDWHG�YLWDO�VWDWLVWLFV�IRU�WKH�8�6��DQG�WR�DFKLHYH�JUHDWHU�FRQVLVWHQF\�LQ�WKH�DVVXPSWLRQV�PDGH�IRU

GLIIHUHQW�DJH�JURXSV�DQG�JHQGHUV�� �7KH�IROORZLQJ�DJH�DW�H[SRVXUH�JURXSV�DUH�FRQVLGHUHG� LQ� WKH

PRGHOV�����������������������������DQG�����\�

7\SHV�RI�ULVN�SURMHFWLRQ�PRGHOV�

2QH�RI�WZR�EDVLF�W\SHV�RI�UDGLRJHQLF�FDQFHU�ULVN�SURMHFWLRQ�PRGHOV�LV�XVHG�IRU�D�JLYHQ�FDQFHU

VLWH�� �DQ�DEVROXWH� ULVN�PRGHO�RU�D� UHODWLYH� ULVN�PRGHO�� �$Q�DEVROXWH� ULVN�PRGHO� LV�EDVHG�RQ� WKH

DVVXPSWLRQ�WKDW�WKH�DJH�VSHFLILF�H[FHVV�IRUFH�RI�PRUWDOLW\�RU�PRUELGLW\��WKDW�LV��WKH�PRUWDOLW\�RU

PRUELGLW\�UDWH�IRU�D�JLYHQ�FDQFHU�W\SH��GXH�WR�D�UDGLDWLRQ�GRVH�LV�LQGHSHQGHQW�RI�FDQFHU�PRUWDOLW\�RU

PRUELGLW\� UDWHV� LQ� WKH� SRSXODWLRQ�� � $� UHODWLYH� ULVN�PRGHO� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH

DJH�VSHFLILF�H[FHVV�IRUFH�RI�PRUWDOLW\�RU�PRUELGLW\�GXH�WR�D�UDGLDWLRQ�GRVH�LV�WKH�SURGXFW�RI�DQ

H[SRVXUH�DJH�VSHFLILF�UHODWLYH�ULVN�FRHIILFLHQW�DQG�EDVHOLQH�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�UDWH���,Q�WKLV

UHSRUW��ULVN�PRGHOV�IRU�ERQH��VNLQ��DQG�WK\URLG�FDQFHU�DUH�EDVHG�RQ�DQ�DEVROXWH�ULVN�K\SRWKHVLV��DQG

ULVN�PRGHOV�IRU�RWKHU�VLWHV�DUH�EDVHG�RQ�D�UHODWLYH�ULVN�K\SRWKHVLV�

,Q�WKH�DEVROXWH�ULVN�PRGHOV�XVHG�LQ�WKLV�UHSRUW��WKH�DEVROXWH�ULVN���[�[ ��DW�DJH�[�GXH�WR�D�XQLW
H

DEVRUEHG�GRVH�UHFHLYHG�DW�DQ�HDUOLHU�DJH�[ ��[ ���[��LV�FDOFXODWHG�DV
H H

��[�[ �� ���[ ����W���������������������������������������������������������������
H H

ZKHUH�

��[ ��LV�D�QRQ�QHJDWLYH�QXPEHU��FDOOHG�D�¦ULVN�PRGHO�FRHIILFLHQW§��WKDW�GHSHQGV�RQ�JHQGHU�DV
H

ZHOO�DV�DJH�DW�H[SRVXUH��DQG

��W��LV�HLWKHU���RU����GHSHQGLQJ�RQ�WKH�WLPH�VLQFH�H[SRVXUH��W� �[���[ �
H



���

�������������

7KH�IXQFWLRQ���GHILQHV�WKH�SRWHQWLDO�OHYHO�RI�ULVN�RI�G\LQJ�IURP�RU�H[SHULHQFLQJ�D�JLYHQ�W\SH�RI

FDQFHU�DW�DQ\�JLYHQ�DJH��DQG�KHQFH�WLPH��DIWHU�WKH�GRVH�LV�UHFHLYHG��DQG���GHILQHV�WKH�SODWHDX�SHULRG�

WKDW�LV��WKH�WLPH�SHULRG�GXULQJ�ZKLFK�WKH�ULVN�LV�H[SUHVVHG�

,Q�WKH�UHODWLYH�ULVN�PRGHOV�XVHG�LQ�WKLV�UHSRUW����[�[ ��LV�FDOFXODWHG�DV���[�[ �� ���[��Õ���[�[ ��
H H H

ZKHUH���[��LV�WKH�EDVHOLQH�IRUFH�RI�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�DW�DJH�[�DQG���[�[ ��LV�WKH�UHODWLYH
H

ULVN�DW�DJH�[�GXH�WR�D�XQLW�DEVRUEHG�GRVH�UHFHLYHG�DW�DJH�[ ��[ ���[�����[�[ ��LV�FDOFXODWHG�DV
H H H

��[�[ �� ���[ ����W�[ �� ���������������������
H H H

ZKHUH

W� �[���[ �
H

��[ ��LV�D�QRQ�QHJDWLYH�QXPEHU��FDOOHG�D�¦ULVN�PRGHO�FRHIILFLHQW§��WKDW�GHSHQGV�RQ�JHQGHU�DV
H

ZHOO�DV�DJH�DW�H[SRVXUH��DQG

��W�[ ��LV�WKH�UHODWLYH�PDJQLWXGH�RI�WKH�UHVSRQVH�DW�GLIIHUHQW�WLPHV�DIWHU�H[SRVXUH�DW�DJH�[ ��
H H

)RU�DOO�FDQFHUV�H[FHSW�OHXNHPLD��LW�LV�DVVXPHG�WKDW���LV�LQGHSHQGHQW�RI�WKH�H[SRVXUH�DJH�[
H

DQG� KDV� D� YDOXH� RI� HLWKHU� �� RU� ��� GHSHQGLQJ� RQ� WKH� WLPH� VLQFH� H[SRVXUH�� W�  � [� �� [ �� � 7KH
H

WLPH�VLQFH�H[SRVXUH�UHVSRQVH�IXQFWLRQ���W�[ ��IRU�HLWKHU�FKURQLF�JUDQXORF\WLF�OHXNHPLD�RU�IRU�DFXWHH

OHXNHPLD�LV�JLYHQ�E\���W�[ �� ���LI�W����\�DQG���W�[ �� �1�W�!�[ ��) ��LI�W�!���\��ZKHUH
H H H

�

,Q�WKLV�H[SUHVVLRQ��WKH�IXQFWLRQ�!�[ ��DQG�WKH�YDOXH�) �GHSHQG�RQ�WKH�W\SH�RI�OHXNHPLD���)RU�FKURQLFH

�

JUDQXORF\WLF�OHXNHPLD��!�[ �� ������DQG�) � �������)RU�DFXWH�OHXNHPLD��!�[ �� �������������[ ��H

�

H H

������[ �DQG�) � �������(3$����������7KH�WRWDO�OHXNHPLD�WLPH�VLQFH�UHVSRQVH�IXQFWLRQ�LV�D�ZHLJKWHG
H

� �

PHDQ�RI�WKH�UHVSRQVH�IXQFWLRQ�IRU�FKURQLF�JUDQXORF\WLF�OHXNHPLD��ZKLFK�LV�JLYHQ�D�ZHLJKW�RI������

DQG�WKH�UHVSRQVH�IXQFWLRQ�IRU�DFXWH�OHXNHPLD��ZKLFK�LV�JLYHQ�D�ZHLJKW�RI�������(3$��������

7KH�IXQFWLRQ���LQ�(T������WLPHV�WKH�EDVHOLQH�IRUFH�RI�FDQFHU�PRUWDOLW\�RU�PRUELGLW\����[���DW

D�JLYHQ�DJH�GHILQHV�WKH�SRWHQWLDO�OHYHO�RI�ULVN�RI�G\LQJ�IURP�RU�H[SHULHQFLQJ�D�JLYHQ�W\SH�RI�FDQFHU

DW�WKDW�DJH��DQG���GHILQHV�WKH�SHULRG�GXULQJ�ZKLFK�WKH�ULVN�LV�H[SUHVVHG�DQG��LQ�WKH�FDVH�RI�OHXNHPLD�

WKH�FKDQJHV�LQ�WKH�OHYHO�RI�UHVSRQVH�GXULQJ�WKDW�SHULRG���%HFDXVH�WKH�WLPH�VLQFH�UHVSRQVH�IXQFWLRQ

IRU�OHXNHPLD�LV�VFDOHG�GLIIHUHQWO\�IURP�WKH�WLPH�VLQFH�UHVSRQVH�IXQFWLRQV�IRU�RWKHU�FDQFHUV�DQG�KDV

D�PD[LPXP�YDOXH�PXFK�OHVV�WKDQ����WKH�ULVN�PRGHO�FRHIILFLHQWV��DJH��DQG�JHQGHU�VSHFLILF�YDOXHV�RI

���IRU�OHXNHPLD�DUH�QRW�GLUHFWO\�FRPSDUDEOH�ZLWK�WKH�ULVN�PRGHO�FRHIILFLHQWV�IRU�RWKHU�FDQFHUV�



���

7KH�WHUP�¦ULVN�FRHIILFLHQW§�XVHG�LQ�WKH�(3$�UHSRUW�RQ�UDGLDWLRQ�ULVN�PRGHOV��(3$��������KDV

EHHQ�UHSODFHG�KHUH�ZLWK�WKH�WHUP�¦ULVN�PRGHO�FRHIILFLHQW§�WR�DYRLG�FRQIXVLRQ�ZLWK�WKH�UDGLRQXFOLGH

ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�&KDSWHU�����7KH�ULVN�FRHIILFLHQWV�JLYHQ�LQ�&KDSWHU���UHIHU�WR�ULVN�SHU�XQLW

LQWDNH�RU�H[WHUQDO�H[SRVXUH�WR�D�VSHFLILF�UDGLRQXFOLGH�LQ�D�VSHFLILF�HQYLURQPHQWDO�PHGLXP�

(SLGHPLRORJLFDO�VWXGLHV�XVHG�LQ�WKH�GHYHORSPHQW�RI�ULVN�PRGHOV

7KH�ULVN�PRGHO�FRHIILFLHQWV�JLYHQ�LQ�WKH�(3$�UHSRUW��(3$��������ZHUH�EDVHG�LQ�ODUJH�SDUW�RQ

LQIRUPDWLRQ�IURP�WKH�5DGLDWLRQ�(IIHFWV�5HVHDUFK�)RXQGDWLRQ��5(5)��/LIH�6SDQ�6WXG\��/66��FRKRUW

RI�+LURVKLPD�DQG�1DJDVDNL�DWRPLF�ERPE�VXUYLYRUV��6KLPL]X�HW�DO�����������������7KH�/66�KDV�WKH

DGYDQWDJHV�WKDW�LW�LQFOXGHV�D�ODUJH��UHODWLYHO\�KHDOWK\�SRSXODWLRQ�DW�WKH�WLPH�RI�H[SRVXUH��D�ZLGH�UDQJH

RI�UHDVRQDEO\�ZHOO�HVWDEOLVKHG�GRVHV�WR�LQGLYLGXDO�VXEMHFWV��DOWKRXJK�VRPH�LPSRUWDQW�GRVLPHWULF

LVVXHV�UHPDLQ���D�ODUJH��ZHOO�PDWFKHG�FRQWURO�JURXS��WKDW�LV��SHRSOH�ZKR�ZHUH�SUHVHQW�LQ�+LURVKLPD

RU�1DJDVDNL�DW�WKH�WLPH�RI�ERPELQJ�EXW�ZKR�UHFHLYHG�RQO\�VPDOO�GRVHV�RI�UDGLDWLRQ���DQG�D�GHWDLOHG�

ORQJ�WHUP�HSLGHPLRORJLFDO�IROORZ�XS���$�VWDWLVWLFDOO\�VLJQLILFDQW�H[FHVV�FDQFHU�PRUWDOLW\�DVVRFLDWHG

ZLWK� UDGLDWLRQ� KDV� EHHQ� IRXQG� DPRQJ� WKH� ERPE� VXUYLYRUV� IRU� WKH� IROORZLQJ� W\SHV� RI� FDQFHU�

OHXNHPLD��HVRSKDJXV��VWRPDFK��FRORQ��OLYHU��OXQJ��EUHDVW��RYDU\��XULQDU\�WUDFW��DQG�PXOWLSOH�P\HORPD�

5HVXOWV�RI�RWKHU�HSLGHPLRORJLFDO�VWXGLHV�RQ�UDGLDWLRQ�H[SRVHG�SRSXODWLRQV�ZHUH�XVHG�IRU

GHYHORSPHQW�RI�ULVN�PRGHOV�IRU�D�IHZ�VLWHV�IRU�ZKLFK�WKH�$�ERPE�VXUYLYRU�GR�QRW�DSSHDU�WR�SURYLGH

EHVW�DYDLODEOH�LQIRUPDWLRQ�RQ�UDGLRJHQLF�ULVN���)RU�H[DPSOH��ULVN�PRGHOV�IRU�WKH�WK\URLG�DQG�EUHDVW

ZHUH�EDVHG�SULPDULO\�RQ�UHVXOWV�RI�HSLGHPLRORJLFDO�VWXGLHV�RI�PHGLFDO�H[SRVXUHV�RI�WKHVH�RUJDQV�

)RU� WZR�RWKHU� VLWHV�� ERQH� DQG� OLYHU�� ORZ�/(7� ULVN� HVWLPDWHV�ZHUH� H[WUDSRODWHG� IURP� UHVXOWV� RI

HSLGHPLRORJLFDO� VWXGLHV� RI� KXPDQV� H[SRVHG� WR� 5D� DQG� WKRURWUDVW�� UHVSHFWLYHO\� �(3$�� ������
���

WRJHWKHU�ZLWK�GDWD�RQ�FRPSDUDWLYH�ELRORJLFDO�HIIHFWLYHQHVV�RI�DOSKD�DQG� ORZ�/(7�UDGLDWLRQV� LQ

ODERUDWRU\�DQLPDOV���7KHUH�DUH�DGGLWLRQDO�LPSRUWDQW�HSLGHPLRORJLFDO�VWXGLHV�RI�SHUVRQV�H[SRVHG�HLWKHU

WR�ORZ�/(7�RU�KLJK�/(7�UDGLDWLRQ��EXW�UHVXOWV�RI�WKHVH�DGGLWLRQDO�VWXGLHV�ZHUH�XVHG�PDLQO\�IRU

FRPSDULVRQ�ZLWK�UHVXOWV�IRU�WKH�$�ERPE�VXUYLYRUV�

0RGLILFDWLRQ�RI�HSLGHPLRORJLFDO�GDWD�IRU�DSSOLFDWLRQ�WR�ORZ�GRVHV�DQG�GRVH�UDWHV

$OO�RI� WKH�HSLGHPLRORJLFDO�VWXGLHV�XVHG�LQ�WKH�GHYHORSPHQW�RI�WKH�UDGLDWLRQ�ULVN�PRGHOV

LQYROYH�VXEMHFWV�ZKR�H[SHULHQFHG�KLJK�UDGLDWLRQ�GRVHV�GHOLYHUHG�LQ�D�UHODWLYHO\�VKRUW�WLPH���$YDLODEOH

HYLGHQFH�LQGLFDWHV��WKDW�WKH�UHVSRQVH�SHU�XQLW�GRVH�DW�ORZ�GRVHV�DQG�ORZ�GRVH�UDWHV�IURP�ORZ�/(7



���

UDGLDWLRQ�PD\�EH�RYHUHVWLPDWHG�LI�RQH�H[WUDSRODWHV�IURP�REVHUYDWLRQV�PDGH�DW�KLJK��DFXWHO\�GHOLYHUHG

GRVHV��1&53����������7KH�GHJUHH�RI�RYHUHVWLPDWLRQ�LV�FRPPRQO\�H[SUHVVHG�LQ�WHUPV�RI�D�GRVH�DQG

GRVH�UDWH�HIIHFWLYHQHVV�IDFWRU��''5()����)RU�H[DPSOH��D�''5()�RI���PHDQV�WKDW�WKH�ULVN�SHU�XQLW

GRVH�REVHUYHG�DW�KLJK�DFXWH�GRVHV�VKRXOG�EH�GLYLGHG�E\���EHIRUH�EHLQJ�DSSOLHG�WR�ORZ�GRVHV�RU�ORZ

GRVH�UDWHV���¦/RZ�GRVH§�DQG�¦ORZ�GRVH�UDWH§�DUH�GHILQHG�KHUH�LQ�WHUPV�RI�WKH�UDQJH�RI�DSSOLFDELOLW\

RI�D�''5()�RI����¦ORZ�GRVH§�LV�GHILQHG�DV������*\�DQG�¦ORZ�GRVH�UDWH§�LV�GHILQHG�DV������P*\

PLQ ��816&($5��������(3$����������)RU�FRPSDULVRQ��WKH�,&53��������XVHG�D�''5()�RI���LQ�WKH��

FDOFXODWLRQ�RI�SUREDELOLW\�FRHIILFLHQWV�IRU�DOO�HTXLYDOHQW�GRVHV�EHORZ�����*\�DQG�IURP�KLJKHU�GRVHV

UHVXOWLQJ�IURP�DEVRUEHG�GRVH�UDWHV�OHVV�WKDQ�����*\�K ��DERXW�����P*\�PLQ ��
�� ��

,Q�WKH�(3$�UHSRUW�RQ�UDGLDWLRQ�ULVN�PRGHOV��(3$��������DQG�KHQFH�LQ�WKH�SUHVHQW�UHSRUW�

ORZ�/(7�UDGLRJHQLF�FDQFHU�ULVNV�IRU�VLWHV�RWKHU�WKDQ�WKH�EUHDVWV�DUH�DVVXPHG�WR�EH�UHGXFHG�E\�D

''5()� RI� �� DW� ORZ� GRVHV� DQG� ORZ� GRVH� UDWHV� FRPSDUHG� WR� ULVNV� DW� KLJK� DFXWH� GRVH� H[SRVXUH

FRQGLWLRQV���7KH�''5()�DVVXPHG�IRU�EUHDVW�FDQFHU�LV�����5LVNV�IURP�KLJK�/(7��DOSKD�SDUWLFOH�

UDGLDWLRQ�DUH�DVVXPHG�WR�LQFUHDVH�OLQHDUO\�ZLWK�GRVH�DQG�WR�EH�LQGHSHQGHQW�RI�GRVH�UDWH�

5HODWLYH�ELRORJLFDO�HIIHFWLYHQHVV�IDFWRUV�IRU�DOSKD�SDUWLFOHV

([FHSW�IRU�EUHDVW�FDQFHU�DQG�OHXNHPLD��WKH�(3$�KDV�IROORZHG�WKH�,&53©V�UHFRPPHQGDWLRQ

�,&53��������DQG�DVVXPHG�WKDW�WKH�UHODWLYH�ELRORJLFDO�HIIHFWLYHQHVV��5%(��IRU�DOSKD�SDUWLFOHV�LV����

LQ�FRPSDULVRQ�WR�ORZ�/(7�UDGLDWLRQ�DW�ORZ�GRVHV�DQG�GRVH�UDWHV��(3$����������)RU�OHXNHPLD��DQ

HIIHFWLYH�DOSKD�SDUWLFOH�5%(�RI���LV�XVHG���)RU�EUHDVW�FDQFHU��DQ�DOSKD�SDUWLFOH�5%(�RI����LV�XVHG�

:KHUH�FRPSDULVRQ�ZDV�PDGH�LQ�WKH�(3$�UHSRUW��(3$��������DJDLQVW�DFXWH�KLJK�GRVHV�RI

ORZ�/(7�UDGLDWLRQ��D�YDOXH�RI����ZDV�DVVXPHG�IRU�WKH�DOSKD�SDUWLFOH�5%(���7KLV�LV�FRQVLVWHQW�ZLWK

WKH�5%(�RI����UHODWLYH�WR�DFXWH��ORZ�GRVH��ORZ�/(7�UDGLDWLRQ��JLYHQ�WKH�DVVXPSWLRQ�RI�D�''5()�RI

��IRU�ORZ�/(7�UDGLDWLRQ�DW�ORZ�GRVHV�DQG�GRVH�UDWHV�

5LVN�PRGHO�FRHIILFLHQWV�IRU�VSHFLILF�RUJDQV

$JH��DQG�JHQGHU�VSHFLILF�ULVN�PRGHO�FRHIILFLHQWV�XVHG�LQ�WKLV�UHSRUW�DUH�VXPPDUL]HG�LQ�7DEOH

����IRU�FDQFHUV�RWKHU�WKDQ�OHXNHPLD�DQG�LQ�7DEOH�����IRU�OHXNHPLD���5LVN�PRGHO�FRHIILFLHQWV�IRU

HVRSKDJXV��VWRPDFK��FRORQ��OXQJ��RYDU\��EODGGHU��OHXNHPLD��DQG�¦UHVLGXDO§�DUH�EDVHG�RQ�XSGDWHG

LQIRUPDWLRQ�RQ�WKH�-DSDQHVH�DWRPLF�ERPE�VXUYLYRUV�DQG�DUH�GHULYHG�XVLQJ�D�VOLJKWO\�PRGLILHG�YHUVLRQ

RI�D�PRGHO�RI�/DQG�DQG�6LQFODLU����������7KH�ULVN�PRGHO�FRHIILFLHQWV�IRU�WKHVH�VLWHV�DUH�REWDLQHG�E\

WDNLQJ�WKH�JHRPHWULF�PHDQ�RI�PRGHO�FRHIILFLHQWV�GHULYHG�IURP�WZR�HTXDOO\�SODXVLEOH�PHWKRGV�XVHG



���

7DEOH�������5HYLVHG�PRUWDOLW\�ULVN�PRGHO�FRHIILFLHQWV �IRU�FDQFHUV�RWKHU�WKDQ
D�E

OHXNHPLD��EDVHG�RQ�WKH�(3$�UDGLDWLRQ�ULVN�PHWKRGRORJ\��(3$��������

&DQFHU W\SH W\SH

5LVN $JH JURXS �[ �
PRGHO

F

H

��� \ ����� \ ����� \ ����� \ ��� \

0DOH�
(VRSKDJXV 5 ������ ������ ������ ������ ������
6WRPDFK 5 ����� ����� ����� ������ ������
&RORQ 5 ����� ����� ������ ������ �������
/LYHU 5 ������ ������ ������ ������ ������
/XQJ 5 ������ ������ ������ ������ ������
%RQH $ ������� ������� ������� ������� �������
6NLQ $ ������� ������� ������� ������� �������
%UHDVW 5 ��� ��� ��� ��� ���
2YDU\ 5 ��� ��� ��� ��� ���
%ODGGHU 5 ����� ����� ����� ����� �����
.LGQH\ 5 ������ ������ ������ ������ ������
7K\URLG $ ������ ������ ������� ������� �������
5HVLGXDO 5 ������ ������ ������ ������ �������

)HPDOH�
(VRSKDJXV 5 ����� ����� ����� ����� �����
6WRPDFK 5 ����� ����� ����� ������ ������
&RORQ 5 ����� ����� ������ ������ ������
/LYHU 5 ������ ������ ������ ������ ������
/XQJ 5 ����� ����� ������ ������ ������
%RQH $ ������� ������� ������� ������� �������
6NLQ $ ������� ������� ������� ������� �������
%UHDVW 5 ������ ������ ������ ������ ������
2YDU\ 5 ������ ������ ������ ������ ������
%ODGGHU 5 ����� ����� ����� ����� �����
.LGQH\ 5 ������ ������ ������ ������ ������
7K\URLG $ ������ ������ ������ ������ ������
5HVLGXDO 5 ����� ����� ������ ������ ������

7KH WDEXODWHG ULVN PRGHO FRHIILFLHQWV DUH WKH SUHFLVH YDOXHV GHULYHG IURP WKH HSLGHPLRORJLFDO GDWD DQG XVHG LQ WKH
D

FDOFXODWLRQV� 7KH XVH RI IRXU VLJQLILFDQW GLJLWV VKRXOG QRW EH LQWHUSUHWHG DV LQGLFDWLQJ D ORZ OHYHO RI XQFHUWDLQW\ LQ WKH

ULVN PRGHO FRHIILFLHQWV�

$JH�VSHFLILF ULVNPRGHO FRHIILFLHQWV ZHUH XVHG WR GHULYH FRPSRVLWH ULVN FRHIILFLHQWV UHSUHVHQWLQJ DYHUDJHV RYHU DOO DJHV�
E

$SSOLFDWLRQ RI WKHVH ULVN PRGHO FRHIILFLHQWV WR D VSHFLILF DJH JURXS LV QRW UHFRPPHQGHG GXH WR WKH KLJK VDPSOLQJ

YDULDELOLW\ LQ WKH XQGHUO\LQJ HSLGHPLRORJLFDO GDWD IRU VRPH DJH JURXSV�

$ LQGLFDWHV WKDW DQ DEVROXWH ULVN PRGHO LV XVHG �FRHIILFLHQW XQLWV� �� *\ \ �� DQG 5 LQGLFDWHV WKDW D UHODWLYH ULVN
F �� �� ��

PRGHO LV XVHG �*\ �� ��[ � LV JLYHQ IRU DEVROXWH ULVN PRGHO �(T� ���� DQG ��[ � IRU D UHODWLYH ULVN PRGHO �(T� �����
��

H H
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7DEOH�������5HYLVHG�PRUWDOLW\�ULVN�PRGHO�FRHIILFLHQWV��*\ ��IRU�OHXNHPLD�
��

EDVHG�RQ�WKH�(3$�UDGLDWLRQ�ULVN�PHWKRGRORJ\��(3$��������
D

*HQGHU

$JH JURXS �[ �
H

��� \ ����� \ ����� \ ����� \ ��� \

0DOH ����� ����� ����� ����� �����

)HPDOH� ���� ����� ����� ����� �����

$ UHODWLYH ULVN PRGHO LV XVHG �FRHIILFLHQW XQLWV� *\ �� 5LVN PRGHO FRHIILFLHQWV IRU OHXNHPLD DUH QRW GLUHFWO\ FRPSDUDEOH
D ��

WR WKRVH IRU RWKHU W\SHV RI FDQFHU �7DEOH ���� GXH WR GLIIHUHQFHV LQ WKH VFDOHV RI WKH WLPH�VLQFH�H[SRVXUH UHVSRQVH

IXQFWLRQV IRU OHXNHPLD DQG RWKHU FDQFHUV �VHH WKH GLVFXVVLRQ IROORZLQJ (T� �����

E\�/DQG�DQG�6LQFODLU�IRU�WUDQVSRUWLQJ�ULVN�IURP�RQH�SRSXODWLRQ�WR�DQRWKHU���%RWK�PHWKRGV�DVVXPH�D

FRQVWDQW�H[FHVV�UHODWLYH�ULVN�FRHIILFLHQW�EHJLQQLQJ����\�DIWHU�DQ�H[SRVXUH�DQG�FRQWLQXLQJ�WKURXJKRXW

WKH�UHVW�RI�OLIH�IRU�HDFK�FDQFHU�VLWH��H[FOXGLQJ�OHXNHPLD���2QH�PHWKRG��PXOWLSOLFDWLYH��DVVXPHV�WKDW

WKH�UHODWLYH�ULVN�HVWLPDWRU�LV�WKH�VDPH�DFURVV�SRSXODWLRQV���7KH�RWKHU��1,+��IRU�1DWLRQDO�,QVWLWXWHV�RI

+HDOWK��DVVXPHV�WKDW�WKH�UHODWLYH�ULVN�PRGHO�FRHIILFLHQWV�IRU�WKH�WDUJHW�SRSXODWLRQ�VKRXOG�\LHOG�WKH

VDPH�ULVNV�DV�WKRVH�FDOFXODWHG�ZLWK�WKH�DGGLWLYH�ULVN�PRGHO�FRHIILFLHQWV�IURP�WKH�RULJLQDO�SRSXODWLRQ

RYHU�WKH�SHULRG�RI�HSLGHPLRORJLFDO�IROORZ�XS��H[FOXGLQJ�WKH�PLQLPDO�ODWHQF\�SHULRG���7KHVH�H[FHVV

UHODWLYH�ULVN�PRGHO�FRHIILFLHQWV�DUH�WKHQ�XVHG�WR�SURMHFW�WKH�ULVN�RYHU�WKH�UHPDLQLQJ�\HDUV�RI�OLIH���7KH

GDWD�FRQVLGHUHG�LQ�GHULYLQJ�ULVN�PRGHO�FRHIILFLHQWV�FRQVLVWHG�RI�FDQFHUV�REVHUYHG�������\�DIWHU

H[SRVXUH�IRU�VROLG�WXPRUV�DQG������\�DIWHU�H[SRVXUH�IRU�OHXNHPLD�

$V�GHVFULEHG�EHORZ��VRPH�PRGLILFDWLRQV�LQ�WKH�PHWKRG�RI�FDOFXODWLRQ�RI�WKH�1,+�PRGHO

FRHIILFLHQWV�KDYH�EHHQ�PDGH�WR�UHPRYH�LQFRQVLVWHQFLHV�LQ�WKH�GHULYHG�FRHIILFLHQWV���6RPH�EXW�QRW�DOO

RI�WKHVH�FKDQJHV�ZHUH�PDGH�LQ�WKH�(3$�UHSRUW�RQ�UDGLDWLRQ�ULVN�PRGHOV��(3$����������WKHUHIRUH�

VRPH�RI�WKH�ULVN�FRHIILFLHQWV�LQ�7DEOHV�����DQG�����GLIIHU�IURP�YDOXHV�JLYHQ�LQ�WKDW�UHSRUW�

$Q�H[DPLQDWLRQ�RI�WKH�FRHIILFLHQWV�IRU�WKH�DGGLWLYH�DQG�PXOWLSOLFDWLYH�PRGHOV�RI�/DQG�DQG

6LQFODLU��������UHYHDOV�WKDW�LQ�VHYHUDO�LQVWDQFHV�GDWD�IRU�H[SRVXUHV�RI�WZR�RU�PRUH�DJH�JURXSV�ZHUH

FRPELQHG�WR�FDOFXODWH�D�VLQJOH�ULVN�FRHIILFLHQW���,Q�VXFK�FDVHV��D�VLQJOH�1,+�PRGHO�FRHIILFLHQW�KDV

EHHQ�FDOFXODWHG�IRU�XVH�LQ�WKH�SUHVHQW�UHSRUW�E\�FRPELQLQJ�WKH�ULVNV�FDOFXODWHG�IRU�WKH�FRUUHVSRQGLQJ

JURXSV���7KLV�ZDV�GRQH�LQ�WKH�(3$�UHSRUW��(3$��������IRU�PRGHO�FRHIILFLHQWV�IRU�OXQJ�DQG�FRORQ

FDQFHU�IRU�WZR�H[SRVXUH�DJH�JURXSV������\�DQG�������\���DQG�WKH�VDPH�SULQFLSOH�KDV�EHHQ�H[WHQGHG

LQ�WKH�SUHVHQW�UHSRUW�WR�WKH�FRHIILFLHQWV�IRU�HVRSKDJXV��RYDU\��DQG�EODGGHU�FDQFHU���)RU�WKHVH�WKUHH

VLWHV�� WKH� DJH�JURXS�VSHFLILF� DGGLWLYH� FRHIILFLHQWV� RI� /DQG� DQG� 6LQFODLU� ZHUH� EDVHG� RQ� D

VLQJOH�FRHIILFLHQW�PXOWLSOLFDWLYH�ULVN�PRGHO���)RU�WKH�SUHVHQW�UHSRUW��DQ�1,+�PRGHO�H[FHVV�UHODWLYH



���

ULVN� FRHIILFLHQW� KDV� EHHQ� FDOFXODWHG� FRUUHVSRQGLQJ� WR� WKH� FRPELQHG� ULVN� IRU� H[SRVXUH� IRU� DOO

DJH�JURXSV��H[SUHVVHG�������\HDUV�DIWHU�H[SRVXUH�IRU�WKH�DGGLWLYH�ULVN�PRGHO�

(3$��������QRWHG�LQFRQVLVWHQFLHV�EHWZHHQ�DJHV�DQG�EHWZHHQ�JHQGHUV�LQ�WKH�DGGLWLYH�DQG

PXOWLSOLFDWLYH�ULVN�PRGHOV�RI�/DQG�DQG�6LQFODLU��������ZLWK�UHJDUG�WR�FRHIILFLHQWV�IRU�WKH�UHVLGXDO

VLWH� IRU� DJH�JURXSV�����\� DQG�������\�� � �7KHVH� LQFRQVLVWHQFLHV�PD\�EH� WKH� UHVXOW� RI� XQFHUWDLQ

GLIIHUHQFHV�EHWZHHQ�WKH�WRWDO�REVHUYHG�H[FHVV�FDQFHUV�DQG�WKH�VXP�RI�WKRVH�DWWULEXWHG�WR�VSHFLILF

VLWHV���,Q�WKH�(3$�UHSRUW��(3$���������ULVN�PRGHO�FRHIILFLHQWV�IRU�WKH�UHVLGXDO�VLWH�IRU�DJH�JURXS

������\�ZHUH�DSSOLHG�WR�DJH�JURXS�����\���)RU�WKH�SUHVHQW�UHSRUW��WKH�DGGLWLYH�PRGHO�ULVNV�IRU�WKHVH

WZR�DJH�JURXSV�KDYH�EHHQ�FRPELQHG�WR�FDOFXODWH�JHQGHU�VSHFLILF��VLQJOH�FRHIILFLHQWV�IRU�WKH�1,+�ULVN

PRGHO���6LQJOH�ULVN�FRHIILFLHQWV�HTXLYDOHQW�WR�WKH�ULVNV�SURMHFWHG�E\�WKH�PXOWLSOLFDWLYH�PRGHO�IRU

������\�IROORZLQJ�H[SRVXUH�RI�WKRVH�LQ�WKLV�DJH�JURXS�ZHUH�DOVR�FDOFXODWHG���7KHVH�YDOXHV�ZHUH�XVHG

WR�FDOFXODWH�JHQGHU�VSHFLILF�ULVN�PRGHO�FRHIILFLHQWV�IRU�WKHVH�WZR�DJH�JURXSV�IRU�WKH�(3$�ULVN�PRGHO�

)RU�NLGQH\��WKH�/66�GDWD�DUH�VXJJHVWLYH�RI�D�UDGLRJHQLF�ULVN�EXW�WKH�QXPEHU�RI�H[FHVV�FDQFHUV

LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW���7KH�H[LVWHQFH�RI�D�UDGLRJHQLF�NLGQH\�FDQFHU�ULVN�LV�LQGLFDWHG�E\�DQ

HSLGHPLRORJLFDO�VWXG\�RI�VXEMHFWV�UHFHLYLQJ�UDGLDWLRQ�WUHDWPHQWV�IRU�FHUYLFDO�FDQFHU��1$6�������

%RLFH�HW�DO�����������*LYHQ�WKH�LPSRUWDQFH�RI�WKH�NLGQH\�DV�D�SRVVLEOH�WDUJHW�RUJDQ�IRU�XUDQLXP�DQG

VRPH�RWKHU�UDGLRQXFOLGHV��WKH�(3$��������KDV�GHYHORSHG�D�ULVN�PRGHO�IRU�WKLV�VLWH�EDVHG�RQ�WKH�/66

GDWD���$�FRQVWDQW�UHODWLYH�ULVN�PRGHO�LQGHSHQGHQW�RI�DJH�DW�H[SRVXUH�DQG�VH[�LV�XVHG��DQG�D����\

ODWHQF\�SHULRG�LV�DVVXPHG�

5LVN�PRGHO�FRHIILFLHQWV�IRU�WKH�OLYHU�DUH�EDVHG�RQ�HSLGHPLRORJLFDO�GDWD�RQ�SDWLHQWV�LQMHFWHG

ZLWK�7KRURWUDVW��DQ�[�UD\�FRQWUDVW�PHGLXP�FRQWDLQLQJ�LVRWRSHV�RI�WKRULXP��1$6����������������7R

GHYHORS�ULVN�PRGHO�FRHIILFLHQWV�IRU�KLJK�GRVH��ORZ�/(7�UDGLDWLRQ��DQ�5%(�RI����LV�DVVXPHG�IRU�DOSKD

SDUWLFOHV���$�FRQVWDQW�UHODWLYH�ULVN�PRGHO�LQGHSHQGHQW�RI�DJH�DW�H[SRVXUH�DQG�VH[�LV�XVHG��DQG�D����\

ODWHQF\�SHULRG�LV�DVVXPHG�

(VWLPDWHV�RI�VNLQ�FDQFHU�ULVNV�DUH�KLJKO\�XQFHUWDLQ��EXW�WKH�PRUWDOLW\�ULVN�LV�NQRZQ�WR�EH

UHODWLYHO\�ORZ���)RU�DFXWH�H[SRVXUHV��WKH�(3$�KDV�DGRSWHG�WKH�PRUWDOLW\�ULVN�HVWLPDWH�JLYHQ�LQ�,&53

3XEOLFDWLRQ�����������EXW��LQ�FRQWUDVW�WR�,&53��KDV�DSSOLHG�D�''5()�RI���LQ�HVWLPDWLQJ�WKH�VNLQ

FDQFHU�ULVN�DW�ORZ�GRVHV�DQG�GRVH�UDWHV���1RQ�IDWDO�VNLQ�FDQFHUV��ZKLFK�UHSUHVHQW�SHUKDSV��������RI

EDVDO�FHOO�FDUFLQRPDV�DQG�DERXW�����RI�VTXDPRXV�FHOO�FDUFLQRPDV��DUH�H[FOXGHG�IURP�WKH�ULVN�PRGHO

FRHIILFLHQWV���$����\�ODWHQF\�SHULRG�LV�DVVXPHG�

7K\URLG� ULVN� HVWLPDWHV� DUH� EDVHG� RQ� 1&53� 5HSRUW� ��� �1&53�� ������� � 7KH� 1XFOHDU

5HJXODWRU\�&RPPLVVLRQ��15&��DQG�WKH�,&53�KDYH�DOVR�DGRSWHG�WKLV�DSSURDFK��15&�������������

,&53����������7KH�PRUWDOLW\�ULVN�LV�DVVXPHG�WR�EH�RQH�WHQWK�WKH�PRUELGLW\�ULVN���7KH�HVWLPDWHG

PRUELGLW\��DQG��PRUWDOLW\��ULVNV��DUH��HDFK��UHGXFHG��E\��D��IDFWRU��RI�����LQ��WKH�FDVH�RI�H[SRVXUHV�WR



���

�LRGLQH������������DQG��������7KLV�UHGXFWLRQ�LQFOXGHV�WKH�HIIHFW�RI�ORZHUHG�GRVH�UDWH�RQ�WKH�ULVN��DV

ZHOO�DV�RWKHU�SRVVLEOH�IDFWRUV���+HQFH��WKH�''5()�RI���DSSOLHG�WR�RUJDQ�VSHFLILF�ULVN�HVWLPDWHV�LV�QRW

DSSOLHG�LQ� WKH�FDVH�RI�H[SRVXUH�WR�WKHVH�UDGLRQXFOLGHV�� �$�ODWHQF\�SHULRG�RI���\�LV�DVVXPHG�IRU

UDGLRJHQLF�WK\URLG�FDQFHUV�

$V�D�EDVLV�IRU�HVWLPDWLQJ�UDGLDWLRQ�LQGXFHG�ERQH�VDUFRPDV��WKH�(3$�KDV�DGRSWHG�%(,5�,9
V

ULVN�HVWLPDWH�EDVHG�RQ�DOSKD�LUUDGLDWLRQ�E\� 5D��1$6����������+RZHYHU��WKLV�ULVN�HVWLPDWH�UHIHUV�WR���

DYHUDJH� VNHOHWDO�GRVH� DQG�KDV�SUHYLRXVO\�EHHQ�DSSOLHG� LQFRUUHFWO\� DV� HQGRVWHDO� FHOO�GRVH�� �)RU

H[DPSOH��ERQH�FDQFHU�ULVN�DSSHDUV�WR�EH�VXEVWDQWLDOO\�RYHUHVWLPDWHG�LQ�,&53�3XEOLFDWLRQ����������

GXH�WR�D�FRQIXVLRQ�EHWZHHQ�HQGRVWHDO�DQG�DYHUDJH�VNHOHWDO�GRVHV��3XVNLQ�HW�DO�����������%HFDXVH�WKH

ERQH�VHHNHU� 5D�GHFD\V�TXLFNO\��WKH�HQGRVWHDO�GRVH�IURP�LQMHFWHG 5D�LV�HVWLPDWHG�WR�EH�DQ�RUGHU��� ���

RI�PDJQLWXGH�KLJKHU�WKDQ�WKH�DYHUDJH�VNHOHWDO�GRVH���7KXV��D�ULVN�PRGHO�FRHIILFLHQW�GHULYHG�LQ�WHUPV

RI�DYHUDJH�VNHOHWDO�GRVH��LI�DSSOLHG�WR�DYHUDJH�HQGRVWHDO�GRVH��ZRXOG�RYHUHVWLPDWH�WKH�UDGLDWLRQ�

UHODWHG�ULVN�RI�ERQH�FDQFHU���5LVN�PRGHO�FRHIILFLHQWV�IRU�KLJK�GRVH��ORZ�/(7�UDGLDWLRQ�DUH�GHULYHG

E\� GLYLGLQJ� YDOXHV� EDVHG� RQ� DOSKD� LUUDGLDWLRQ� E\� D� IDFWRU� RI� ��� DQG� UHGXFLQJ� WKH� ULVN�PRGHO

FRHIILFLHQWV�E\�DQRWKHU�����WR�DFFRXQW�IRU�WKH�IDFW�WKDW�DERXW�����RI�ERQH�VDUFRPDV�DUH�IDWDO�

)ROORZLQJ�%(,5�,,,��1$6���������D�FRQVWDQW�DEVROXWH�ULVN�PRGHO�LV�XVHG�WR�SURMHFW�ULVN��ZLWK�DQ

H[SUHVVLRQ�SHULRG�H[WHQGLQJ�IURP���WR����\�DIWHU�H[SRVXUH�

)RU�EUHDVW�FDQFHU��WKH�(3$�KDV�DGRSWHG�D�PRGHO�RI�*LOEHUW�GHYHORSHG�IRU�WKH�8�6��1XFOHDU

5HJXODWRU\�&RPPLVVLRQ� �15&�� ������ ������ DQG� EDVHG� RQ� GDWD� IRU� SHUVRQV� UHFHLYLQJ�PHGLFDO

H[SRVXUHV�WR�UDGLDWLRQ���$�PDMRU�LVVXH�ZLWK�UHJDUG�WR�EUHDVW�FDQFHU�LV�LQ�WKH�WUDQVSRUW�RI�ULVN�IURP

-DSDQ�WR�WKH�8�6���ZKHUH�WKH�EDVHOLQH�UDWHV�DUH�PXFK�KLJKHU���7KH�PRGHO�RI�*LOEHUW�IRU�EUHDVW�FDQFHU

DYRLGV�WKLV�SUREOHP�EHFDXVH�LW�LV�EDVHG�RQ�1RUWK�$PHULFDQ�GDWD�

6LWH�VSHFLILF�FDQFHU�PRUWDOLW\�ULVN�HVWLPDWHV�IURP�ORZ�GRVH��ORZ�/(7�XQLIRUP�LUUDGLDWLRQ�RI

WKH�ZKROH�ERG\��EDVHG�RQ�WKH�ULVN�PRGHO�FRHIILFLHQWV�LQ�7DEOHV�����DQG������DUH�JLYHQ�LQ�7DEOH�����

7KHVH�HVWLPDWHV�DUH�DJH�DYHUDJHG�YDOXHV�IRU�WKH�K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ�GHVFULEHG�LQ

&KDSWHU�����7KH�PHWKRG�RI�FRPSXWDWLRQ�LV�GHVFULEHG�LQ�D�ODWHU�VHFWLRQ�

$VVRFLDWLRQ�RI�FDQFHU�W\SH�ZLWK�GRVH�ORFDWLRQ

7KH�GRVH�ORFDWLRQV�DVVRFLDWHG�ZLWK�WKH�GLIIHUHQW�FDQFHU�W\SHV�DUH�VKRZQ�LQ�7DEOH�������:KHQ

PRUH� WKDQ� RQH� GRVH� ORFDWLRQ� LV� DVVRFLDWHG�ZLWK� D� JLYHQ� FDQFHU� W\SH�� ULVNV� DUH� FDOFXODWHG� IRU� D

ZHLJKWHG�PHDQ�RI�WKH�GRVHV�DW�WKHVH�ORFDWLRQV�XVLQJ�WKH�ZHLJKWV�VKRZQ�LQ�WKH�WDEOH���)RU�VSHFLILF

FDQFHU�W\SHV��WKH�DVVRFLDWLRQ�RI�FDQFHU�W\SH�ZLWK�GRVH�ORFDWLRQ�IROORZV�UHFRPPHQGDWLRQV�LQ�,&53



���

7DEOH� ����� � $JH�DYHUDJHG� VLWH�VSHFLILF� FDQFHU�PRUWDOLW\� ULVN� HVWLPDWHV� �FDQFHU

GHDWKV�SHU�SHUVRQ�*\��IURP�ORZ�GRVH��ORZ�/(7�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ERG\�

6LWH 0DOHV )HPDOHV JHQGHUV
&RPELQHG

(VRSKDJXV ����Õ�� ����Õ�� ����Õ��
�� �� ��

6WRPDFK ����Õ�� ����Õ�� ����Õ��
�� �� ��

&RORQ ����Õ�� ����Õ�� ����Õ��
�� �� ��

/LYHU ����Õ�� ����Õ�� ����Õ��
�� �� ��

/XQJ ����Õ�� ����Õ�� ����Õ��
�� �� ��

%RQH ����Õ�� ����Õ�� ����Õ��
�� �� ��

6NLQ ����Õ�� ����Õ�� ����Õ��
�� �� ��

%UHDVW ����Õ�� ����Õ��¥
�� ��

2YDU\ ����Õ�� ����Õ��¥
�� ��

%ODGGHU ����Õ�� ����Õ�� ����Õ��
�� �� ��

.LGQH\ ����Õ�� ����Õ�� ����Õ��
�� �� ��

7K\URLG ����Õ�� ����Õ�� ����Õ��
�� �� ��

/HXNHPLD ����Õ�� ����Õ�� ����Õ��
�� �� ��

5HVLGXDO ����Õ�� ����Õ�� ����Õ��
D �� �� ��

7RWDO ����Õ�� ����Õ�� ����Õ��
�� �� ��

5HVLGXDO LV D FRPSRVLWH RI DOO UDGLRJHQLF FDQFHUV WKDW DUH QRW H[SOLFLWO\ LGHQWLILHG E\ VLWH LQ WKH PRGHO�
D

3XEOLFDWLRQ������������H[FHSW�WKDW�WKH�ZHLJKWV�DVVLJQHG�WR�UHJLRQV�ZLWKLQ�WKH�FRORQ�DQG�OXQJ�DUH

EDVHG�RQ�PRUH�UHFHQW�UHFRPPHQGDWLRQV�LQ�,&53�3XEOLFDWLRQ���������D��DQG������������UHVSHFWLYHO\�

7KH�UHVLGXDO�FDQFHU�FDWHJRU\�UHSUHVHQWV�D�FRPSRVLWH�RI�SULPDU\�DQG�VHFRQGDU\�FDQFHUV�WKDW�DUH�QRW

RWKHUZLVH�FRQVLGHUHG�LQ�WKH�PRGHO���7KH�WKUHH�GRVH�ORFDWLRQV�DVVRFLDWHG�ZLWK�WKHVH�FDQFHUV��VNHOHWDO

PXVFOH��SDQFUHDV��DQG�DGUHQDOV��ZHUH�FKRVHQ�WR�EH�JHQHUDOO\�UHSUHVHQWDWLYH�RI�GRVHV�WR�VRIW�WLVVXHV

DQG�DUH�QRW�FRQVLGHUHG�WR�EH�WKH�VLWHV�ZKHUH�DOO�UHVLGXDO�QHRSODVPV�RULJLQDWH�



���

7DEOH�������'RVH�UHJLRQV�DVVRFLDWHG�ZLWK�FDQFHU�W\SHV�

&DQFHU W\SH 'RVH UHJLRQ :HLJKWLQJ IDFWRU

(VRSKDJXV (VRSKDJXV ���
D

6WRPDFK 6WRPDFK :DOO ���

&RORQ 8SSHU /DUJH ,QWHVWLQH :DOO �����

/RZHU /DUJH ,QWHVWLQH :DOO �����

/LYHU /LYHU ���

/XQJ %URQFKLDO 5HJLRQ ³³ %DVDO &HOOV ������

%URQFKLDO 5HJLRQ ³³ 6HFUHWRU\ &HOOV

%URQFKLRODU 5HJLRQ ³³ 6HFUHWRU\ &HOOV

$OYHRODU�,QWHUVWLWLDO 5HJLRQ

������

������

������

%RQH %RQH 6XUIDFH ���

6NLQ 6NLQ ���

%UHDVW %UHDVWV ���

2YDU\ 2YDULHV ���

%ODGGHU 8ULQDU\ %ODGGHU :DOO ���

.LGQH\ .LGQH\ ���

7K\URLG 7K\URLG ���

/HXNHPLD 5HG 0DUURZ ���

5HVLGXDO 0XVFOH ������

3DQFUHDV ������

$GUHQDOV ������

)RU LQWDNHV RI UDGLRQXFOLGHV� WKH HVWLPDWHG GRVH WR WKH WK\PXV LV DSSOLHG WR WKH HVRSKDJXV� ZKLFK LV QRW
D

UHSUHVHQWHG H[SOLFLWO\ LQ WKH PDWKHPDWLFDO SKDQWRPV XVHG IRU LQWHUQDO GRVLPHWULF FDOFXODWLRQV� 7KH

HVRSKDJXV LV UHSUHVHQWHG H[SOLFLWO\ LQ WKH SKDQWRP XVHG IRU H[WHUQDO GRVH FDOFXODWLRQV �(3$� ������

5HODWLRQ�EHWZHHQ�FDQFHU�PRUWDOLW\�DQG�PRUELGLW\

7R�REWDLQ�HVWLPDWHV�RI�UDGLDWLRQ�LQGXFHG�FDQFHU�PRUELGLW\��HDFK�VLWH�VSHFLILF�PRUWDOLW\�ULVN

HVWLPDWH�LV�GLYLGHG�E\�LWV�UHVSHFWLYH�OHWKDOLW\�IUDFWLRQ��WKDW�LV��WKH�IUDFWLRQ�RI�UDGLRJHQLF�FDQFHUV�DW

WKDW�VLWH�ZKLFK�DUH�IDWDO���$VLGH�IURP�WK\URLG�FDQFHU��WKH�OHWKDOLW\�IUDFWLRQ�LV�JHQHUDOO\�DVVXPHG�WR�



���

7DEOH�������/HWKDOLW\�GDWD�IRU�FDQFHUV�E\�VLWH�LQ�DGXOWV�D

&DQFHU VLWH /HWKDOLW\ IUDFWLRQ N

(VRSKDJXV ����

6WRPDFK ����

&RORQ ����

/LYHU ����

/XQJ ����

%RQH ����

6NLQ �����
E

%UHDVW ����

2YDU\ ����

%ODGGHU ����

.LGQH\ ����

7K\URLG ����

/HXNHPLD �DFXWH� ����

5HVLGXDO ����

/HWKDOLW\ IUDFWLRQV �PRUWDOLW\�WR�PRUELGLW\ UDWLRV� DUH IURP7DEOHV %���
D

DQG %��� RI ,&53 3XEOLFDWLRQ �� �,&53� ������

$W OHDVW ��� RI VNLQ FDQFHUV DUH EDVDO FHOO FDUFLQRPDV �a�����
E

OHWKDOLW\� DQG WKH UHPDLQGHU DUH VTXDPRXV FHOO FDUFLQRPDV �a��

OHWKDOLW\�� 7KH PRUELGLW\ HVWLPDWHV IRU VNLQ FDQFHU JLYHQ LQ WKLV UHSRUW

UHIOHFW RQO\ IDWDO FDVHV DQG RPLW WKH PXFK ODUJHU QXPEHU RI QRQIDWDO

FDVHV� PRVW RI ZKLFK DUH HDVLO\ FXUDEOH DQG UHVXOW LQ OLWWOH WUDXPD IRU WKH

SDWLHQW �,&53� ������ /HIW XQWUHDWHG� KRZHYHU� QRQ�IDWDO VNLQ FDQFHUV

PD\ UHTXLUH LQWHQVLYH PHGLFDO WUHDWPHQW RU EH GLVILJXULQJ�

EH�WKH�VDPH�IRU�UDGLRJHQLF�FDQFHUV�DV�IRU�WKH�WRWDOLW\�RI�RWKHU�FDQFHUV�DW�WKDW�VLWH���$�OLVW�RI�OHWKDOLW\

IUDFWLRQV�UHFRPPHQGHG�LQ�,&53�3XEOLFDWLRQ�����������DQG�DGRSWHG�E\�WKH�(3$��������LV�UHSURGXFHG

LQ�7DEOH�����

6LWH�VSHFLILF�FDQFHU�PRUELGLW\�ULVN�HVWLPDWHV�IURP�ORZ�GRVH��ORZ�/(7�XQLIRUP�LUUDGLDWLRQ

RI�WKH�ZKROH�ERG\��EDVHG�RQ�WKH�GDWD�LQ�7DEOHV������DUH�JLYHQ�LQ�7DEOH�������7KHVH�HVWLPDWHV�DUH�DJH�
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7DEOH������ �$JH�DYHUDJHG�VLWH�VSHFLILF�FDQFHU�PRUELGLW\�ULVN�HVWLPDWHV��FDQFHU

FDVHV�SHU�SHUVRQ�*\��IURP�ORZ�GRVH��ORZ�/(7�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ERG\�

6LWH 0DOH )HPDOH JHQGHUV
&RPELQHG

(VRSKDJXV ����Õ�� ����Õ�� ����Õ��
�� �� ��

6WRPDFK ����Õ�� ����Õ�� ����Õ��
�� �� ��

&RORQ ����Õ�� ����Õ�� ����Õ��
�� �� ��

/LYHU ����Õ�� ����Õ�� ����Õ��
�� �� ��
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�� �� ��

%RQH ����Õ�� ����Õ�� ����Õ��
�� �� ��

6NLQ
D

����Õ�� ����Õ��
�� �� ����Õ��

��

%UHDVW ¥� ����Õ�� ����Õ��
�� ��

2YDU\ ¥ ����Õ�� ����Õ��
�� ��

%ODGGHU ����Õ�� ����Õ�� ����Õ��
�� �� ��

.LGQH\ ����Õ�� ����Õ�� ����Õ��
�� �� ��

7K\URLG ����Õ�� ����Õ�� ����Õ��
�� �� ��

/HXNHPLD ����Õ�� ����Õ�� ����Õ��
�� �� ��

5HVLGXDO ����Õ�� ����Õ�� ����Õ��
E �� �� ��

7RWDO ����Õ�� ����Õ�� ����Õ��
�� �� ��

6NLQ FDQFHU PRUELGLW\ ULVN FRHIILFLHQWV LQFOXGH IDWDO FDQFHU ULVNV RQO\� 6HH WH[W�
D

5HVLGXDO LV D FRPSRVLWH RI DOO UDGLRJHQLF FDQFHUV WKDW DUH QRW H[SOLFLWO\ LGHQWLILHG E\ VLWH LQ WKH PRGHO�
E

DYHUDJHG�YDOXHV�IRU�WKH�K\SRWKHWLFDO�VWDWLRQDU\�SRSXODWLRQ�GHVFULEHG�LQ�&KDSWHU�����7KH�PHWKRG�RI

FRPSXWDWLRQ�LV�GHVFULEHG�LQ�D�ODWHU�VHFWLRQ�

%DVHG�RQ�WKH�PHWKRGV�RI�WKLV�UHSRUW��VNLQ�LV�SURMHFWHG�WR�FRQWULEXWH�PRVW�RI�WKH�QRQIDWDO

FDQFHUV�LQGXFHG�E\�XQLIRUP�ZKROH�ERG\�LUUDGLDWLRQ���$W�OHDVW�����RI�DOO�VNLQ�FDQFHUV�DUH�EDVDO�FHOO

FDUFLQRPDV�DQG�WKH�UHPDLQGHU�DUH�VTXDPRXV�FHOO�FDUFLQRPDV���$SSUR[LPDWHO\��������RI�WKH�IRUPHU

DQG�����RI�WKH�ODWWHU�DUH�QRQ�IDWDO���7KH�PRUELGLW\�HVWLPDWHV�IRU�VNLQ�FDQFHU�JLYHQ�LQ�WKH�SUHVHQW

UHSRUW�UHIOHFW�RQO\�IDWDO�FDVHV�



���

7UHDWPHQW�RI�GLVFRQWLQXLWLHV�LQ�ULVN�PRGHO�FRHIILFLHQWV

7KH�UDGLRJHQLF�FDQFHU�PRGHOV�GHVFULEHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV�DUH�GLVFRQWLQXRXV�DW�VRPH

WLPHV����)RU�H[DPSOH��WKH�IXQFWLRQ���W��WKDW�GHVFULEHV�WKH�SHULRG�RI�H[SUHVVLRQ�RI�ULVN�IRU�VROLG�FDQFHUV

W\SLFDOO\�KDV�D�YDOXH�RI�]HUR�IRU�WLPHV�EHWZHHQ�H[SRVXUH�DQG����\�DIWHU�H[SRVXUH�EXW�VXGGHQO\�MXPSV

WR�D�YDOXH�RI���VWDUWLQJ�DW����\�DIWHU�H[SRVXUH�

7R�FDOFXODWH�D�ULVN�FRHIILFLHQW�IRU�D�JLYHQ�UDGLRQXFOLGH�DQG�HQYLURQPHQWDO�PHGLXP��LW�LV

QHFHVVDU\�WR�LQWHJUDWH�IXQFWLRQV�WKDW�LQFOXGH�VXFK�GLVFRQWLQXRXV�ULVN�PRGHO�IXQFWLRQV�DV�IDFWRUV���7KH

LQWHJUDWLRQ� LV� DFFRPSOLVKHG�E\� ILWWLQJ� D� VPRRWKO\�YDU\LQJ� VSOLQH� IXQFWLRQ� WR� WKH� LQWHJUDQG� DQG

SHUIRUPLQJ�D�VWUDLJKWIRUZDUG�LQWHJUDWLRQ�RI�WKH�VSOLQH�IXQFWLRQ���7KH�GLIILFXOW\�DULVHV�WKDW�WKH�LQWHJUDO

RI�WKH�VSOLQH�IXQFWLRQ�PD\�LQFOXGH�XQLQWHQGHG�FRQWULEXWLRQV�WR�WKH�ULVN���)RU�H[DPSOH��VXSSRVH�WKDW

WKH�IXQFWLRQ�WR�EH�LQWHJUDWHG��WKH�LQWHJUDQG��LQFOXGHV�WKH�IXQFWLRQ���W��GHVFULEHG�DERYH�DV�D�IDFWRU�

DQG�VXSSRVH�WKH�LQWHJUDQG�LV�HYDOXDWHG�DW�RQH�\HDU�LQFUHPHQWV���)LWWLQJ�D�VSOLQH�WR�WKH�LQWHJUDQG

SURYLGHV�D�FRQWLQXRXV�WUDQVLWLRQ�IURP�WKH�YDOXH�DW���\�WR�WKH�YDOXH�DW����\�EXW�LQFOXGHV�DQ�XQLQWHQGHG

FRQWULEXWLRQ�IURP�WKLV�LQWHUYDO���7KH�SUREOHP�LV�UHVROYHG�E\�UHSODFLQJ�WKH�YDOXH�RI�WKH�GLVFRQWLQXRXV

IXQFWLRQ�DW�WKH�GLVFRQWLQXLW\�ZLWK�WKH�DYHUDJH�RI�WKH�YDOXHV�LPPHGLDWHO\�DERYH�DQG�EHORZ�LW���)RU�WKLV

FDVH��WKH�YDOXH�RI�WKH�IXQFWLRQ���W��DW�W� ���\�LV�FKDQJHG�IURP���WR������������� ������

&RPSXWDWLRQ�RI�UDGLRQXFOLGH�ULVN�FRHIILFLHQWV

7KH�FDOFXODWLRQV�RI�UDGLRJHQLF�ULVN�LQ�WKLV�UHSRUW�DFFRXQW�IRU�WKH�SRVVLELOLW\�WKDW�DQ�H[SRVHG

SHUVRQ�ZKR�PD\�KDYH�HYHQWXDOO\�GLHG�IURP��RU�GHYHORSHG��D�UDGLRJHQLF�FDQFHU�ZLOO�GLH�DW�DQ�HDUOLHU

DJH�IURP�D�FRPSHWLQJ�FDXVH�RI�GHDWK���,W�LV�DVVXPHG�WKDW�WKH�VXUYLYDO�IXQFWLRQ�LV�QRW�VLJQLILFDQWO\

DIIHFWHG�E\�WKH�H[SRVXUHV�EHLQJ�DVVHVVHG��WKDW�LV��WKDW�WKH�QXPEHU�RI�UDGLRJHQLF�FDQFHU�GHDWKV�DW�DQ\

DJH�LV�VPDOO�FRPSDUHG�ZLWK�WKH�QXPEHU�RI�GHDWKV�DW�WKDW�DJH�IURP�FRPSHWLQJ�FDXVHV���7KHUHIRUH��WKH

ULVN� FRHIILFLHQWV� WDEXODWHG� LQ� WKLV� GRFXPHQW� VKRXOG� QRW� EH� DSSOLHG� WR� H[SRVXUH� OHYHOV� WKDW� DUH

VXIILFLHQWO\�KLJK�WR�FDXVH�D�VXEVWDQWLDO�LQFUHDVH�LQ�WKH�PRUWDOLW\�UDWH�DW�DQ\�DJH�

7KH�DJH�VSHFLILF�FDQFHU�ULVN�DWWULEXWDEOH�WR�D�XQLW�LQWDNH�RI�D�UDGLRQXFOLGH�LV�FDOFXODWHG�IURP

WKH�DEVRUEHG�GRVH�UDWH�GXH�WR�D�XQLW�LQWDNH�RI�WKH�UDGLRQXFOLGH�DQG�WKH�DJH�VSHFLILF�ULVN�SHU�XQLW�GRVH

PRGHO�FRHIILFLHQWV���7KH�FDOFXODWLRQ�LV�VSHFLILF�IRU�HDFK�FDQFHU�DQG�DVVRFLDWHG�DEVRUEHG�GRVH�VLWH�LQ

WKH�ULVN�PRGHO���7KH�FRPSOHWH�FDOFXODWLRQ�PD\�LQYROYH�WKH�VXP�RI�FRQWULEXWLRQV�IURP�PRUH�WKDQ�RQH

WDUJHW�WLVVXH�DQG�IURP�ERWK�ORZ�DQG�KLJK�/(7�DEVRUEHG�GRVHV�

7KH�DJH�VSHFLILF�OLIHWLPH�ULVN�FRHIILFLHQW��/5&���U�[���LV�WKH�ULVN�SHU�XQLW�DEVRUEHG�GRVH�RI�D

VXEVHTXHQW�FDQFHU�GHDWK��*\ ��GXH�WR�UDGLDWLRQ�UHFHLYHG�DW�DJH�[���,Q�WKH�(3$�UHSRUW�RQ�UDGLDWLRQ�ULVN��
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�������������

�������������
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PRGHOV��(3$���������U�[��LV�UHIHUUHG�WR�DV�DQ�DWWULEXWDEOH�OLIHWLPH�ULVN��$/5��FRHIILFLHQW��EXW�WKH

WHUPLQRORJ\�KDV�EHHQ�FKDQJHG�IRU�XVH�LQ�WKLV�UHSRUW�EHFDXVH�WKH�WHUP�DWWULEXWDEOH�ULVN�LV�GHILQHG

GLIIHUHQWO\�E\�GLIIHUHQW�DXWKRUV�

)RU�DQ�DEVROXWH�ULVN�PRGHO��WKH�/5&�IRU�D�JLYHQ�FRQWULEXWLRQ�LV

ZKHUH���LV�WKH�ULVN�PRGHO�FRHIILFLHQW�LQ�(T���������GHILQHV�WKH�SODWHDX�SHULRG��(T��������DQG�6�LV�WKH

VXUYLYDO�IXQFWLRQ��WKDW�LV��WKH�IUDFWLRQ�RI�OLYH�ERUQ�LQGLYLGXDOV�LQ�DQ�XQH[SRVHG�SRSXODWLRQ�H[SHFWHG

WR�VXUYLYH�WR�D�JLYHQ�DJH���6���� ����DQG�6�GHFUHDVHV�PRQRWRQLFDOO\�IRU�LQFUHDVLQJ�YDOXHV�RI�[���6�[�

LV�REWDLQHG�E\�D�VSOLQH�ILW�WR�GHFHQQLDO�OLIH�WDEOH�YDOXHV�WR�SURYLGH�D�FRQWLQXRXV�IXQFWLRQ�RI�[�

6LPLODUO\��IRU�D�UHODWLYH�ULVN�PRGHO�

ZKHUH���]�[��LV�WKH�UHODWLYH�ULVN�DW�DJH�]�GXH�WR�D�GRVH�UHFHLYHG�DW�DJH�[�DQG���]��LV�WKH�EDVHOLQH�IRUFH

RI�PRUWDOLW\�DW�DJH�]�IRU�WKH�JLYHQ�FDQFHU�W\SH�

)ROORZLQJ�D�XQLW�LQWDNH�RI�D�UDGLRQXFOLGH�DW�DJH�[ ��WKH�DEVRUEHG�GRVH�UDWH� �[��WR�D�JLYHQL

WDUJHW�WLVVXH�YDULHV�FRQWLQXRXVO\�ZLWK�DJH�[����[ ���7KH�FDQFHU�ULVN�U �[ ��UHVXOWLQJ�IURP�D�XQLW�LQWDNHL D L

RI�D�UDGLRQXFOLGH�DW�DJH�[ �LV�FDOFXODWHG�IURP�WKH�FRQWLQXRXVO\�YDU\LQJ�DEVRUEHG�GRVH�UDWH� �[��DVL

IROORZV�

ZKHUH�U�[��LV�WKH�FDQFHU�ULVN�GXH�WR�D�XQLW�DEVRUEHG�GRVH��*\ ��DW�WKH�VLWH�DW�DJH�[���7KH�DEVRUEHG�GRVH��

UDWH�LV�WKH�DEVRUEHG�GRVH�UDWH�IRU�ORZ�/(7�UDGLDWLRQ��SOXV�WKH�SURGXFW�RI�WKH�KLJK�/(7�DEVRUEHG�GRVH

UDWH�DQG�WKH�5%(�DSSOLFDEOH�WR�WKH�FDQFHU�W\SH�
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$JH�VSHFLILF�PDOH�DQG�IHPDOH�ULVN�FRHIILFLHQWV�DUH�FRPELQHG�E\�FDOFXODWLQJ�D�ZHLJKWHG�PHDQ�

ZKHUH

U �[ ��LV�WKH�FRPELQHG�FDQFHU�ULVN�FRHIILFLHQW�IRU�D�XQLW�LQWDNH�RI�DFWLYLW\�DW�DJH�[ �D L L

�����LV�WKH�SUHVXPHG�VH[�UDWLR�DW�ELUWK��PDOH�WR�IHPDOH���

U �[ ��LV�WKH�PDOH�ULVN�SHU�XQLW�DFWLYLW\�DW�DJH�[ �PD L L

U �[ ��LV�WKH�IHPDOH�ULVN�SHU�XQLW�DFWLYLW\�DW�DJH�[ �ID L L

6 �[ ��LV�WKH�PDOH�VXUYLYDO�IXQFWLRQ�DW�DJH�[ �P L L

6 �[ ��LV�WKH�IHPDOH�VXUYLYDO�IXQFWLRQ�DW�DJH�[ �DQGI L L�

X �[ ��DQG�X �[ ��DUH�WKH�XVDJH�UDWHV��VHH�&KDSWHU����RI�WKH�FRQWDPLQDWHG�PHGLXP�IRU�PDOHV�DQGP L I L

IHPDOHV��UHVSHFWLYHO\�

7KLV� IRUPXODWLRQ�ZHLJKWV� HDFK� VH[�VSHFLILF� ULVN� FRHIILFLHQW� E\� WKH� SURSRUWLRQ� RI� WKDW� VH[� LQ� D

VWDWLRQDU\�FRPELQHG�SRSXODWLRQ�DW�WKH�GHVLUHG�DJH�RI�LQWDNH�

7KH�DYHUDJH�OLIHWLPH�ULVN�FRHIILFLHQW�IRU�D�UDGLRQXFOLGH�LQWDNH�SUHVXPHV�WKDW�WKH�LQWDNH�UDWH

LV�SURSRUWLRQDO�WR�D�FRQVWDQW�HQYLURQPHQWDO�FRQFHQWUDWLRQ��H�J���WKH�UDGLRQXFOLGH�FRQFHQWUDWLRQ�LQ�DLU��

+RZHYHU��XVDJH��H�J���WKH�EUHDWKLQJ�UDWH��LV�DOVR�DJH�DQG�JHQGHU�VSHFLILF�DQG�WKHUHIRUH�PXVW�EH

LQFOXGHG�LQ�WKH�DYHUDJLQJ�SURFHVV���'HILQLQJ�WKH�DYHUDJH�OLIHWLPH�ULVN�DV�WKH�TXRWLHQW�RI�WKH�H[SHFWHG

OLIHWLPH� ULVN� DQG� WKH� H[SHFWHG� OLIHWLPH� LQWDNH� IURP� H[SRVXUH� WR� D� FRQVWDQW� HQYLURQPHQWDO

FRQFHQWUDWLRQ�\LHOGV

7KH�UDGLRQXFOLGH�FRQFHQWUDWLRQ�LQ�WKH�HQYLURQPHQWDO�PHGLXP�GRHV�QRW�DSSHDU�LQ�WKH�H[SUHVVLRQ

EHFDXVH�LW�LV�D�FRPPRQ�IDFWRU�LQ�WKH�QXPHUDWRU�DQG�GHQRPLQDWRU�
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7KH� DERYH� GHVFULSWLRQ� DSSOLHV� WR� D� VWDWLRQDU\� SRSXODWLRQ� WKDW� LV� VXEMHFW� WR� IL[HG

JHQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQV�DQG�IL[HG�FDQFHU�PRUWDOLW\�UDWHV���,Q�VXFK�D�SRSXODWLRQ��WKH�DJH

GLVWULEXWLRQ�RI�D�JLYHQ�JHQGHU�LV�SURSRUWLRQDO�WR�WKH�VXUYLYDO�IXQFWLRQ�IRU�WKDW�JHQGHU���7KH�GHULYHG

ULVN�FRHIILFLHQWV�PD\�EH�LQWHUSUHWHG�HLWKHU�DV�ULVN�SHU�XQLW�H[SRVXUH�WR�D� W\SLFDO�PHPEHU�RI� WKH

SRSXODWLRQ�H[SRVHG�WKURXJKRXW�OLIH�WR�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�D�UDGLRQXFOLGH�LQ�DQ�HQYLURQPHQWDO

PHGLXP��RU�DV�DYHUDJH�ULVN�SHU�XQLW�H[SRVXUH�WR�PHPEHUV�RI�WKH�SRSXODWLRQ�GXH�WR�DFXWH�H[SRVXUH

WR�WKDW�UDGLRQXFOLGH�LQ�WKDW�HQYLURQPHQWDO�PHGLXP���$V�GLVFXVVHG�LQ�$SSHQGL[�(��D�VLPLODU�DQDO\VLV

PD\�EH�DSSOLHG�WR�WKH�FDVH�RI�DFXWH�H[SRVXUH�RI�D�SRSXODWLRQ�ZLWK�DQ�DUELWUDU\�DJH�GLVWULEXWLRQ��LI�LW

LV�DVVXPHG�WKDW�WKH�H[SRVHG�SRSXODWLRQ�LV�VXEMHFW�WR�IL[HG�JHQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQV�DQG

IL[HG�FDQFHU�PRUWDOLW\�UDWHV�DW�DOO�WLPHV�DIWHU�WKH�H[SRVXUH���,Q�WKLV�FDVH��WKH�VXUYLYDO�IXQFWLRQ�6�[�

LQ�(T������LV�UHSODFHG�E\�D�IXQFWLRQ�3�[��UHSUHVHQWLQJ�WKH�DJH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�DW�WKH

WLPH�RI�DFXWH�H[SRVXUH�

/LIHWLPH�ULVNV�IRU�H[WHUQDO�UDGLRQXFOLGH�H[SRVXUHV�DUH�FDOFXODWHG�LQ�D�PDQQHU�VLPLODU�WR�WKDW

IRU�UDGLRQXFOLGH�LQWDNHV���6LQFH�WKH�H[WHUQDO�H[SRVXUH�LV�QRW�FRQVLGHUHG�WR�EH�DJH�GHSHQGHQW��WKH

FDOFXODWLRQ�LV�VLPSOHU���*LYHQ�WKH�DJH�VSHFLILF�FDQFHU�ULVN�SHU�XQLW�GRVH��U�[���DQG�WKH�FRUUHVSRQGLQJ

GRVH�SHU�XQLW�H[SRVXUH�FRHIILFLHQW��G ��WKH�OLIHWLPH�ULVN�LV�VLPSO\H

IRU�DQ�H[WHUQDO�H[SRVXUH�DW�DJH�[���$JH�VSHFLILF�PDOH�DQG�IHPDOH�ULVN�FRHIILFLHQWV�DUH�FRPELQHG�E\

FDOFXODWLQJ�D�ZHLJKWHG�PHDQ�DV�LQ�(T�������EXW�ZLWK�WKH�XVDJH�UDWHV�X �[ ��DQG�X �[ ��UHPRYHG�IURPP L I L

WKDW�HTXDWLRQ���)RU�OLIHWLPH�H[WHUQDO�H[SRVXUH�DW�D�FRQVWDQW�H[SRVXUH�UDWH��G ��WKH�DYHUDJH�OLIHWLPH�ULVNH

LV�

ZKHUH�U �[��LV�JLYHQ�LQ�(T������DQG�6�[��LV�WKH�JHQGHU�ZHLJKWHG�VXUYLYDO�IXQFWLRQ���7KLV�HTXDWLRQ
H

DSSOLHV�WR�D�VSHFLILF�FDQFHU�VLWH���7KH�WRWDO�ULVN�LV�WKH�VXP�RYHU�DOO�FDQFHU�VLWHV�
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7KH�OLIH�WDEOHV�XVHG�LQ�WKLV�UHSRUW�DUH�EDVHG�RQ�GDWD�SUHSDUHG�E\�WKH�1DWLRQDO�&HQWHU�IRU

+HDOWK�6WDWLVWLFV�IRU�WKH�8�6��'HFHQQLDO�/LIH�7DEOHV�IRU����������1&+6����������7KH�GDWD�DUH�JLYHQ

LQ�WHUPV�RI�T�[���WKH�SUREDELOLW\�RI�GHDWK�LQ�WKH�DJH�LQWHUYDO�EHJLQQLQJ�DW�DJH�[��1&+6��������7DEOHV

��DQG������)RU�HDFK�JHQGHU��WDEXODWLRQV�DUH�IRU�DJH�LQWHUYDOV�IURP�����������������DQG��������GD\V��DQG

IURP�����WKURXJK���������\�LQ�RQH�\HDU�LQFUHPHQWV���)RU�SXUSRVHV�RI�WKLV�UHSRUW��WKHVH�YDOXHV�RI�T�[�

ZHUH�H[WHQGHG�LQ�RQH�\HDU�LQWHUYDOV�WR�DJHV�����\�DQG�DERYH�XVLQJ�WKH�VDPH�PHWKRGV�WKDW�KDG�EHHQ

XVHG�WR�FDOFXODWH�WKH�YDOXHV�IRU�DJHV�����WR�����\��%HOO�HW�DO�����������%ULHIO\��LW�LV�DVVXPHG�WKDW�IRU

[�!�����\��T�[��IRU�PDOHV�LV�WKH�PLQLPXP�RI������T�[����DQG������DQG�T�[��IRU�IHPDOHV�LV�WKH�PLQLPXP

RI������T�[����DQG�WKH�YDOXH�T�[��IRU�PDOHV���7KH�FRPSOHWHG�VHW�RI�YDOXHV�RI�T�[��ZHUH�WKHQ�XVHG�WR

FDOFXODWHG�6�[���WKH�SUREDELOLW\�RI�VXUYLYDO�WR�DJH�[�>WKDW�LV��6�[�� ����T�[�����6�[���@�DQG�H�[���WKH(

H[SHFWHG�OLIH�WLPH�UHPDLQLQJ�DW�DJH�[���9DOXHV�RI�6�[��DQG�H�[��IRU�D�FRPELQHG�SRSXODWLRQ�ZHUH(

FDOFXODWHG�IRU�D�PDOH�WR�IHPDOH�OLYH�ELUWK�UDWLR�RI���������7KH�GHULYHG�YDOXHV�RI�6�[��DQG�H�[��DUH(

VKRZQ�LQ�7DEOH�$���

)RU�FRQVLVWHQF\�ZLWK�WKH�VXUYLYDO�GDWD��DJH��DQG�JHQGHU�VSHFLILF�FDQFHU�PRUWDOLW\�UDWHV��IRUFH

RI�PRUWDOLW\��ZHUH�FDOFXODWHG�XVLQJ�1&+6�GDWD�IRU�UHSRUWHG�GHDWKV�GXULQJ����������1&+6�������

����D������E�����%HFDXVH�RI�WKH�VPDOO�QXPEHUV�RI�GHDWKV�IRU�VSHFLILF�FDQFHU�VLWHV�DW�VRPH�DJHV�

UHDVRQDEO\�VPRRWK�IRUFH�RI�PRUWDOLW\�FXUYHV�FDQQRW�EH�REWDLQHG�E\�VLPSO\�ILWWLQJ�WKH�GHDWK�GDWD�LQ

RQH�\HDU�LQWHUYDOV���7KH�PHWKRG�XVHG�KHUH�FRPELQHV�WKH�RQH�\HDU�LQWHUYDO�GHDWK�GDWD��VWDUWLQJ�ZLWK

WKH�ILUVW�DJH�ZLWK�DW�OHDVW�RQH�GHDWK��LQWR�LQWHUYDOV�RI�RQH�RU�PRUH�\HDUV�WKDW�FRQWDLQ�DW�OHDVW�ILYH

GHDWKV���$ERYH�DJH����\��WKH�RQH�\HDU�LQWHUYDOV�DUH�FRPELQHG�LQWR�D�VLQJOH�JURXS�HQGLQJ�DW�WKH�ODVW

DJH�ZLWK�DQ\�UHSRUWHG�GHDWKV���&XPXODWLYH�GHDWKV��H[SUHVVHG�DV�D�IUDFWLRQ�RI�WKH�WRWDO�QXPEHU�RI

GHDWKV�LQ�WKH�LQWHUYDO�LQ�D�VWDWLRQDU\�SRSXODWLRQ�GHILQHG�E\�WKH�JHQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQV�

DUH�FDOFXODWHG�DW�WKH�HQG�RI�HDFK�DJH�LQWHUYDO���$�WKLUG�RUGHU�KHUPLWH�SRO\QRPLDO�VSOLQH��)ULWVFK�DQG

&DUOVRQ��������LV�WKHQ�ILWWHG�WR�WKHVH�YDOXHV���7KH�¦IRUFH�RI�PRUWDOLW\§�DVVRFLDWHG�ZLWK�D�JLYHQ�FDQFHU

VLWH�DQG�DJH�LV�FDOFXODWHG�DV�WKH�TXRWLHQW�RI�WKH�ILUVW�GHULYDWLYH��ZLWK�UHVSHFW�WR�DJH��RI�WKH�VSOLQH�ILW

WR�WKH�FXPXODWLYH�GHDWKV�DQG�WKH�YDOXH�RI�WKH�VXUYLYDO�IXQFWLRQ�DW�WKDW�DJH�

7KH�IRUFH�RI�PRUWDOLW\�HVWLPDWH�DW�WKH�PD[LPXP�UHSRUWHG�DJH�LV�DSSOLHG�WR�VXEVHTXHQW�DJHV�

DQG�D�YDOXH�RI�]HUR�LV�DSSOLHG�WR�DJHV�EHORZ�WKH�PLQLPXP�UHSRUWHG�DJH���)LQDOO\��WKH�FDOFXODWHG�IRUFH

RI� PRUWDOLW\� GDWD� DUH� VPRRWKHG� E\� FRQYROXWLRQ� ZLWK� D� JDXVVLDQ� UHVSRQVH� IXQFWLRQ� ZLWK� D

IXOO�ZLGWK�KDOI�PD[LPXP�YDOXH�RI���\HDUV����$OWKRXJK�WKH�UHSRUWHG�GHDWK�GDWD�DUH�GLVFUHWH�YDOXHV�IRU

RQH�\HDU�LQWHUYDOV��WKH�GHULYHG�IRUFHV�RI�PRUWDOLW\�DUH�FRQWLQXRXV�IXQFWLRQV�RI�DJH�
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7DEOH�$����*HQGHU��DQG�DJH�VSHFLILF�YDOXHV�IRU�WKH�VXUYLYDO�IXQFWLRQ��6�[��

DQG�WKH�H[SHFWHG�UHPDLQLQJ�OLIHWLPH��H�[���XVHG�LQ�WKLV�UHSRUW��(
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&RPELQHG 0DOH )HPDOH &RPELQHG 0DOH )HPDOH

� ������ ������ ������ ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����
� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����
�� ������(��� ������(��� ������(��� ����� ����� �����



$��

7DEOH�$����FRQWLQXHG

$JH �\�
6�[� H �[�(

&RPELQHG 0DOH )HPDOH &RPELQHG 0DOH )HPDOH

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ����� �����

�� ������(��� ������(��� ������(��� ����� ���� �����

�� ������(��� ������(��� ������(��� ����� ���� �����

�� ������(��� ������(��� ������(��� ����� ���� �����

�� ������(��� ������(��� ������(��� ���� ���� �����

�� ������(��� ������(��� ������(��� ���� ���� �����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

�� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����

��� ������(��� ������(��� ������(��� ���� ���� ����





%��

$33(1',;�%���$'',7,21$/�'(7$,/6�2)�7+(�'26,0(75,&�02'(/6

'HILQLWLRQV�RI�VSHFLDO�VRXUFH�DQG�WDUJHW�UHJLRQV

7KH�VRXUFH�UHJLRQ�%RG\�7LVVXHV��IRUPHUO\�FDOOHG�:KROH�%RG\��FRQVLVWV�RI�WKH�HQWLUH�ERG\�

PLQXV�WKH�FRQWHQWV�RI�WKH�JDVWURLQWHVWLQDO��*,��WUDFW��WKH�XULQDU\�EODGGHU��WKH�JDOO�EODGGHU��DQG�WKH

KHDUW���7KXV��%RG\�7LVVXHV�FRQVLVWV�HVVHQWLDOO\�RI�WKH��OLYLQJ�WLVVXHV��RI�WKH�ERG\���7KH�VRXUFH�UHJLRQ

%ORRG�LV�DVVXPHG�WR�EH�XQLIRUPO\�GLVWULEXWHG�LQ�%RG\�7LVVXHV�

7KH�VRXUFH�UHJLRQ�6RIW�7LVVXHV�UHSUHVHQWV�%RG\�7LVVXHV�PLQXV�FRUWLFDO�DQG�WUDEHFXODU�ERQH�

7KLV�VRXUFH�UHJLRQ�LV�XVHG�WR�GHVFULEH�WKH�GLVWULEXWLRQ�RI�VRPH�UDGLRQXFOLGHV�WKDW�DUH�GLVWULEXWHG

WKURXJKRXW�WKH�VRIW�WLVVXHV�RI�WKH�ERG\�EXW�KDYH�OLWWOH�GHSRVLWLRQ�LQ�PLQHUDO�ERQH�

7KH�WDUJHW�UHJLRQ�KLVWRULFDOO\�UHIHUUHG�WR�DV�%RQH�6XUIDFH�UHSUHVHQWV�UDGLRVHQVLWLYH�HQGRVWHDO

WLVVXH�WKDW�DFWXDOO\�LV�QHLWKHU�ERQH�LQ�LWV�FRPSRVLWLRQ�QRU�D�VXUIDFH�RI�ERQH���7KLV�WDUJHW�UHJLRQ�LV

GHILQHG�DV�WKH�YROXPH�RI�VRIW�WLVVXH�ZLWKLQ����)P�RI�WKH�HQGRVWHDO�VXUIDFH�RI�ERQH���7KH�WDUJHW�UHJLRQ

%RQH�6XUIDFH�VKRXOG�QRW�EH�FRQIXVHG�ZLWK�WKH�VRXUFH�UHJLRQV�&RUWLFDO�%RQH�6XUIDFH�DQG�7UDEHFXODU

%RQH�6XUIDFH��ZKLFK�UHIHU�WR�UDGLRDFWLYLW\�DVVXPHG�WR�EH�DVVRFLDWHG�ZLWK�LQILQLWHO\�WKLQ�VXUIDFHV�RI

FRUWLFDO�DQG�WUDEHFXODU�ERQH��UHVSHFWLYHO\�

:LWKLQ�PLQHUDO�ERQH��DFWLYLW\�PD\�EH�GLVWULEXWHG�ZLWKLQ�WKH�YROXPH�RI�FRUWLFDO�RU�WUDEHFXODU

ERQH�DV�ZHOO�DV�RQ�WKH�VXUIDFHV�RI�PLQHUDO�ERQH���7KH�IRXU�VRXUFH�UHJLRQV�&RUWLFDO�%RQH�6XUIDFH�

&RUWLFDO�%RQH�9ROXPH��7UDEHFXODU�%RQH�6XUIDFH��DQG�7UDEHFXODU�%RQH�9ROXPH�DUH�QRW�XVHG�DV�WDUJHW

UHJLRQV�EHFDXVH�PLQHUDO�ERQH�LV�QRW�UDGLRVHQVLWLYH�

)ROORZLQJ�ORQJ�WHUP�XVDJH�LQ�UDGLDWLRQ�GRVLPHWU\��WKH�VRXUFH�RU�WDUJHW�UHJLRQ�5HG�0DUURZ

LV� LGHQWLILHG�ZLWK� WKH�KHPDWRSRLHWLFDOO\�DFWLYH�PDUURZ�� �7KH�SHUFHQWDJH�RI�DFWLYH�PDUURZ�FHOOV

�FHOOXODULW\��ZLWKLQ�D�YROXPH�RI�PDUURZ�YDULHV�IURP�VLWH�WR�VLWH�LQ�WKH�VNHOHWRQ���7KH�DJH�VSHFLILF

GLVWULEXWLRQ�RI�PDUURZ�ZLWKLQ�WKH�ERG\�DQG�UHODWLYH�FHOOXODULW\�DW�GLIIHUHQW�VLWHV�KDYH�EHHQ�WDNHQ�LQWR

DFFRXQW�LQ�WKH�GRVLPHWU\�

)RU�D�JLYHQ�ELRNLQHWLF�PRGHO��WKH�VRXUFH�UHJLRQ�2WKHU�FRQVLVWV�RI�%RG\�7LVVXHV��PLQXV�WKH

VRXUFH�RUJDQV�LGHQWLILHG�H[SOLFLWO\�LQ�WKH�ELRNLQHWLF�PRGHO���7KH�FRQWULEXWLRQ�RI�UDGLDWLRQV�HPLWWHG

LQ�2WKHU�WR�WKH�HQHUJ\�GHSRVLWLRQ�LQ�D�WDUJHW�UHJLRQ�7�LV�GHULYHG�E\�DVVXPLQJ�WKDW�WKH�UDGLRDFWLYLW\

LV�GLVWULEXWHG�XQLIRUPO\�E\�PDVV�LQ�2WKHU�

2QO\� VRXUFH� UHJLRQV� WKDW� DUH� UHJDUGHG�DV� ¦YROXPH�VRXUFHV§� �WKDW� LV�� WKDW�KDYH�QRQ�]HUR

YROXPH��PD\�EH�FRQVLGHUHG�DV�SDUW�RI�2WKHU���%HFDXVH�WKH�VRXUFH�UHJLRQV�&RUWLFDO�%RQH�6XUIDFH�DQG

7UDEHFXODU�%RQH�6XUIDFH�DUH�FRQVLGHUHG�DV�LQILQLWHO\�WKLQ�VXUIDFHV�RI�ERQH��WKH\�DUH�QRW�YROXPH
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VRXUFHV�DQG�KHQFH�FDQQRW�EH�SDUW�RI�2WKHU���+RZHYHU��&RUWLFDO�%RQH�9ROXPH�DQG�7UDEHFXODU�%RQH

9ROXPH�DUH�YROXPH�VRXUFHV�DQG�PD\�EH�SDUW�RI�2WKHU���,I�QR�VRXUFH�UHJLRQV�LQ�WKH�YROXPH�RI�PLQHUDO

ERQH� RU� RQ� LWV� VXUIDFHV� DUH� H[SOLFLWO\� LGHQWLILHG� LQ� WKH� ELRNLQHWLF� PRGHO�� WKHQ�2WKHU� LQFOXGHV

UDGLRDFWLYLW\�XQLIRUPO\�GLVWULEXWHG�E\�PDVV�LQ�&RUWLFDO�%RQH�9ROXPH�DQG�7UDEHFXODU�%RQH�9ROXPH�

,I�DQ\�VRXUFH�UHJLRQ�LQ�WKH�YROXPH�RU�RQ�WKH�VXUIDFHV�RI�PLQHUDO�ERQH�LV�H[SOLFLWO\�LGHQWLILHG�LQ�WKH

ELRNLQHWLF�PRGHO��WKHQ�2WKHU�GRHV�QRW�LQFOXGH�DQ\�DFWLYLW\�LQ�PLQHUDO�ERQH��WKDW�LV��QHLWKHU�&RUWLFDO

%RQH�9ROXPH�QRU�7UDEHFXODU�%RQH�9ROXPH���7KH�HQWLUH�PLQHUDO�ERQH��&RUWLFDO�%RQH�9ROXPH�SOXV

7UDEHFXODU�%RQH�9ROXPH��LV�HLWKHU�LQFOXGHG�LQ�2WKHU�RU�WKH�HQWLUH�PLQHUDO�ERQH�LV�H[FOXGHG���,W�LV

QHYHU�VHSDUDWHG���5HG�0DUURZ�ZLOO�DOZD\V�EH�SDUW�RI�2WKHU�XQOHVV�LW�LV�H[SOLFLWO\�LGHQWLILHG�DV�D

VRXUFH�UHJLRQ�LQ�WKH�ELRNLQHWLF�PRGHO�

7KH�HVRSKDJXV�LV�D�UDGLRVHQVLWLYH�WLVVXH�EXW�KDV�QRW�\HW�EHHQ�LQFRUSRUDWHG�H[SOLFLWO\�LQWR�WKH

PDWKHPDWLFDO�SKDQWRP�XVHG�IRU�LQWHUQDO�GRVLPHWULF�FDOFXODWLRQV���$W�SUHVHQW��WKH�GRVH�FDOFXODWHG�IRU

WKH�WDUJHW�UHJLRQ�7K\PXV�LV�XVHG�DV�D�VXUURJDWH�IRU�WKH�GRVH�WR�WKH�HVRSKDJXV�

$JH�GHSHQGHQW�PDVVHV�RI�VRXUFH�DQG�WDUJHW�UHJLRQV

$JH�VSHFLILF�PDVVHV�RI�VRXUFH�DQG�WDUJHW�UHJLRQV�DUH�JLYHQ�LQ�7DEOH�%�����:LWK�WKH�H[FHSWLRQ

RI�8ULQDU\�%ODGGHU�&RQWHQWV��YDOXHV�IRU�FKLOGUHQ�DUH�WDNHQ�IURP�WKH�SKDQWRP�VHULHV�RI�&ULVW\�DQG

(FNHUPDQ���������DQG�WKRVH�IRU�WKH�DGXOW�PDOH�DUH�WDNHQ�IURP�,&53�3XEOLFDWLRQ����RQ�5HIHUHQFH

0DQ��,&53��������� �0DVVHV�RI�8ULQDU\�%ODGGHU�&RQWHQWV�DUH�EDVHG�RQ�GDWD�DVVHPEOHG�IRU� WKH

UHYLVLRQ�RI�5HIHUHQFH�0DQ�DQG�UHSUHVHQW�DYHUDJH�FRQWHQWV��&ULVW\�DQG�(FNHUPDQ��������

)RU�WKH�DGXOW�IHPDOH��UHJLRQDO�PDVVHV�DUH�PRVWO\�UHIHUHQFH�YDOXHV�IURP�,&53�3XEOLFDWLRQ���

�������EXW��ZKHUH�QRQH�DUH�JLYHQ��DUH�VFDOHG�IURP�WKRVH�IRU�WKH�UHIHUHQFH�DGXOW�PDOH���0DVVHV�IRU�WKH

WDUJHW�UHJLRQ�%RQH�6XUIDFH�RU�IRU�VRXUFH�UHJLRQV�ZLWKLQ�PLQHUDO�ERQH�RI�WKH�DGXOW�IHPDOH�DUH�WDNHQ

DV�����RI�WKH�YDOXHV�IRU�PDOHV���)RU�8ULQDU\�%ODGGHU�&RQWHQWV�DQG�8ULQDU\�%ODGGHU�:DOO��YDOXHV

IRU�WKH����\�ROG�PDOH�DUH�DSSOLHG�WR�WKH�DGXOW�IHPDOH��

$EVRUEHG�IUDFWLRQV�IRU�UDGLRVHQVLWLYH�WLVVXHV�LQ�ERQH

)RU�HOHFWURQV��WKH�UDGLDWLRQ�LV�XVXDOO\�DVVXPHG�WR�EH�DEVRUEHG�HQWLUHO\�LQ�WKH�VRXUFH�UHJLRQ�

([FHSWLRQV�DUH�PDGH�IRU�DOSKD�DQG�EHWD�HPLWWHUV�ZKHQ�WKH�VRXUFH�DQG�WDUJHW�UHJLRQV�DUH�SDUWV�RI�WKH

VNHOHWRQ���7KH�DEVRUEHG�IUDFWLRQV�LQ�7DEOH�%���DUH�WDNHQ�IURP�,&53�3XEOLFDWLRQ�����3DUW����������

DQG�DUH�DSSOLHG�WR�DOO�DJHV�
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7DEOH�%�����$JH�VSHFLILF�PDVVHV��J��RI�VRXUFH�DQG�WDUJHW�RUJDQV�

2UJDQ 1HZERUQ � \ � \ �� \ �� \ IHPDOH PDOH
$GXOW $GXOW

D D

$GUHQDOV ���� ���� ���� ���� ���� ���� ����

%UDLQ ���� ���� ���� ���� ���� ���� ����

%UHDVWV ����� ����� ���� ���� ��� ��� D

*DOOEODGGHU &RQWHQWV ���� ���� ���� ���� ���� ���� ����

*DOOEODGGHU :DOO ����� ����� ���� ���� ���� ���� ����

/RZHU /DUJH ,QWHVWLQH &RQWHQWV ���� ���� ���� ���� ��� ��� ���

/RZHU /DUJH ,QWHVWLQH :DOO ���� ���� ���� ���� ��� ��� ���

6PDOO ,QWHVWLQH &RQWHQWV ���� ���� ��� ��� ��� ��� ���

6PDOO ,QWHVWLQH :DOO ���� ���� ��� ��� ��� ��� ���

6WRPDFK &RQWHQWV ���� ���� ���� ��� ��� ��� ���

6WRPDFK :DOO ���� ���� ���� ���� ��� ��� ���

8SSHU /DUJH ,QWHVWLQH &RQWHQWV ���� ���� ���� ���� ��� ��� ���

8SSHU /DUJH ,QWHVWLQH :DOO ���� ���� ���� ���� ��� ��� ���

+HDUW &RQWHQWV ���� ���� ��� ��� ��� ��� ���

+HDUW :DOO ���� ���� ���� ��� ��� ��� ���

.LGQH\V ���� ���� ��� ��� ��� ��� ���

/LYHU ��� ��� ��� ��� ���� ���� ����

0XVFOH ��� ���� ���� ������ ������ ������ ������

2YDULHV ����� ����� ���� ���� ���� ���� D

3DQFUHDV ���� ���� ���� ���� ���� ���� ���

5HG 0DUURZ ���� ��� ��� ��� ���� ���� ����

&RUWLFDO %RQH 9ROXPH ��� ��� ��� ���� ���� ���� ����

7UDEHFXODU %RQH 9ROXPH ���� ���� ��� ��� ��� ��� ����

%RQH 6XUIDFH ���� ���� ���� ���� ��� ���� ���

6NLQ ��� ��� ��� ��� ���� ���� ����

6SOHHQ ���� ���� ���� ���� ��� ��� ���

7HVWHV ����� ���� ���� ���� ���� ��� ����

7K\PXV ���� ���� ���� ���� ���� ���� ����

7K\URLG ���� ���� ���� ���� ���� ���� ����

8ULQDU\ %ODGGHU &RQWHQWV ���� ���� ���� ���� ���� ���� ���
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7DEOH�%����FRQWLQXHG

2UJDQ 1HZERUQ � \ � \ �� \ �� \ IHPDOH PDOH
$GXOW $GXOW

D D

8ULQDU\ %ODGGHU :DOO ���� ���� ���� ���� ���� ���� ����

8WHUXV ���� ���� ���� ���� ���� ���� ����

%RG\ 7LVVXHV ������ ������ ������ ������ ������ ������ ������

([WUDWKRUDFLF � � %DVDO &HOOV ������� ������� ������� ������ ������ ������ ������

([WUDWKRUDFLF � � %DVDO &HOOV ������ ������ ����� ����� ����� ����� �����

/\PSK 1RGHV � ([WUDWKRUDFLF ����� ���� ���� ���� ���� ���� ����

%URQFKLDO � %DVDO &HOOV ������ ����� ����� ����� ����� ����� �����

%URQFKLDO � 6HFUHWRU\ &HOOV ����� ����� ����� ����� ����� ����� �����

%URQFKLRODU � 6HFUHWRU\ &HOOV ����� ����� ����� ���� ���� ���� ����

$OYHRODU�,QWHUVWLWLDO ���� ��� ��� ��� ��� ��� ����

/\PSK 1RGHV � 7KRUDFLF ����� ���� ���� ���� ���� ���� ����

,Q WKLV UHSRUW� GRVLPHWULF FDOFXODWLRQV DUH QRW SHUIRUPHG VHSDUDWHO\ IRU DGXOW PDOHV DQG IHPDOHV EXW DUH EDVHG RQ D
D

UHIHUHQFH DGXOW IRUPHG E\ DGGLQJ WKH EUHDVWV� RYDULHV� DQG XWHUXV RI WKH DGXOW IHPDOH SKDQWRP WR WKH DGXOW PDOH SKDQWRP�

7DEOH�%������$EVRUEHG�IUDFWLRQV�IRU�DOSKD�DQG�EHWD�HPLWWHUV�LQ�ERQH��,&53��������������

6RXUFH 5HJLRQ 7DUJHW 5HJLRQ ��HPLWWHU HQHUJ\ � ��� 0H9 HQHUJ\ � ��� 0H9
��HPLWWHU� DYHUDJH ��HPLWWHU� DYHUDJH

&RUWLFDO %RQH 6XUIDFH 5HG 0DUURZ ��� ��� ���

&RUWLFDO %RQH 9ROXPH 5HG 0DUURZ ��� ��� ���

7UDEHFXODU %RQH 6XUIDFH 5HG 0DUURZ ��� ��� ���

7UDEHFXODU %RQH 9ROXPH 5HG 0DUURZ ���� ���� ����

&RUWLFDO %RQH 6XUIDFH %RQH 6XUIDFH ���� ���� �����

&RUWLFDO %RQH 9ROXPH %RQH 6XUIDFH ���� ����� �����

7UDEHFXODU %RQH 6XUIDFH %RQH 6XUIDFH ���� ���� �����

7UDEHFXODU %RQH 9ROXPH %RQH 6XUIDFH ����� ����� �����

5HG 0DUURZ 5HG 0DUURZ � � �

5HG 0DUURZ %RQH 6XUIDFH �IUDFWLRQ HQGRVWHDO WLVVXH DVVRFLDWHG ZLWK 5HG 0DUURZ�
& �PDVV RI HQGRVWHDO WLVVXH� ª �PDVV RI 5HG 0DUURZ�D

7KLV HTXDWLRQ FRUUHVSRQGV WR WKH DVVXPSWLRQ WKDW WKH VSHFLILF DEVRUEHG IUDFWLRQ LQ HQGRVWHDO WLVVXH LV WKH VDPH DV WKDW
D

LQ 5HG 0DUURZ LWVHOI� 7KH IUDFWLRQ RI HQGRVWHDO WLVVXH LQ ZKROH VNHOHWRQ DVVRFLDWHG ZLWK 5HG 0DUURZ LV DVVXPHG WR EH

���� ����� ����� ����� ����� DQG ��� IRU DJHV QHZERUQ� ��\� ��\� ���\� ���\� DQG DGXOW� UHVSHFWLYHO\� $GXOW YDOXH LV IURP

,&53 3XEOLFDWLRQ ��� DQG RWKHU YDOXHV DUH IURP &ULVW\ DQG (FNHUPDQ �������
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7KLV�DSSHQGL[�SURYLGHV�D�GHWDLOHG�H[DPSOH�WR�LOOXVWUDWH�WKH�PRGHOV�DQG�FRPSXWDWLRQDO�VWHSV

LQYROYHG�LQ� WKH�GHULYDWLRQ�RI�D�ULVN�FRHIILFLHQW�IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI�D�UDGLRQXFOLGH�� �$

VHFRQGDU\�SXUSRVH�LV�WR�LOOXVWUDWH�VRPH�UHFHQW�FKDQJHV�LQ�WKH�,&53©V�ELRNLQHWLF�DQG�GRVLPHWULF

PRGHOV��,&53������������������D������D������E�

7KH� UDGLRQXFOLGH� VHOHFWHG� IRU� GHWDLOHG� FRQVLGHUDWLRQ� LV� 7K� EHFDXVH� WKLV� UDGLRQXFOLGH
���

UHSUHVHQWV�QHDUO\�DOO�RI�WKH�GLIIHUHQW�W\SHV�RI�FKDQJHV�WKDW�KDYH�EHHQ�PDGH�UHFHQWO\�LQ�WKH�,&53©V

ELRNLQHWLF�DQG�GRVLPHWULF�PRGHOV���)RU�H[DPSOH��DJH�GHSHQGHQW�I �YDOXHV�KDYH�EHHQ�LQWURGXFHG�IRU
�

WKRULXP�DQG�WKH�I �YDOXH�IRU�WKH�DGXOW�KDV�EHHQ�FKDQJHG��,&53������D���D�QHZ��DJH�VSHFLILF�V\VWHPLF
�

ELRNLQHWLF� PRGHO� KDV� EHHQ� DGRSWHG� IRU� WKRULXP� �,&53�� ����D��� WKH� WUHDWPHQW� RI� LQJURZLQJ

UDGLRDFWLYH�SURJHQ\�RI� 7K�DQG�RWKHU�WKRULXP�LVRWRSHV�KDV�EHHQ�UHYLVHG��,&53������D���DQG�D�QHZ
���

PRGHO�RI�WKH�ELRNLQHWLFV�RI�LQKDOHG�UDGLRQXFOLGHV��LQFOXGLQJ� 7K��KDV�EHHQ�DGRSWHG��,&53������D��
���

7R�NHHS�WKH�DQDO\VLV�WR�D�UHDVRQDEOH�OHQJWK��WKH�GLVFXVVLRQ�IRFXVHV�RQ�HVWLPDWLQJ�WKH�ULVN��SHU

XQLW�LQWDNH�RI� 7K��RI�G\LQJ�IURP�D�VLQJOH�FDQFHU�W\SH���/HXNHPLD�LV�FRQVLGHUHG�EHFDXVH�RI�WKH
���

UHODWLYHO\�KLJK�GHJUHH�RI�VRSKLVWLFDWLRQ�DQG�GHWDLO�SURYLGHG�LQ�WKH�ULVN�PRGHO�IRU�WKLV�W\SH�RI�FDQFHU�

%HFDXVH�UDGLRJHQLF�OHXNHPLD�LV�DVVXPHG�WR�DULVH�IURP�LUUDGLDWLRQ�RI�WKH�ERQH�PDUURZ��GLVFXVVLRQ

RI�WKH�GRVLPHWULF�PRGHOV�IRFXVHV�RQ�WKLV�WLVVXH�

*DVWURLQWHVWLQDO�WUDFW�PRGHO�DQG�I �YDOXHV
�

7KH�,&53©V�PRGHO�IRU�WUDQVLW�RI�PDWHULDO�WKURXJK�WKH�JDVWURLQWHVWLQDO�WUDFW�LV�GHVFULEHG�LQ

&KDSWHU�����7KLV�PRGHO�KDV�QRW�EHHQ�FKDQJHG�VLQFH�LWV�DSSHDUDQFH�LQ�,&53�3XEOLFDWLRQ�����������

+RZHYHU��DSSOLFDWLRQV�RI�WKH�PRGHO�KDYH�FKDQJHG�LQ�UHFHQW�,&53�SXEOLFDWLRQV�LQ�WKH�IROORZLQJ�ZD\V�

WKH�PRGHO�LV�QRZ�DSSOLHG�WR�DOO�DJH�JURXSV��VRPH�RI�WKH�,&53©V�XSGDWHG�V\VWHPLF�ELRNLQHWLF�PRGHOV

GHSLFW� VHFUHWLRQ� RI� DFWLYLW\� IURP� WKH� V\VWHPLF� WLVVXHV� DQG� IOXLGV� LQWR� FRPSDUWPHQWV� RI� WKH

JDVWURLQWHVWLQDO�WUDFW�PRGHO��QHZ�I �YDOXHV�KDYH�EHHQ�DGRSWHG�IRU�VHYHUDO�HOHPHQWV��IRU�DSSOLFDWLRQ
�

WR�HQYLURQPHQWDO�LQWDNHV�E\�WKH�DGXOW��DQG�DJH�VSHFLILF�I �YDOXHV�KDYH�EHHQ�DGRSWHG�IRU�VHYHUDO
�

HOHPHQWV��IRU�DSSOLFDWLRQ�WR�HQYLURQPHQWDO�LQWDNHV�

,Q�,&53�3XEOLFDWLRQ���������D���DQ�I �YDOXH�RI��Õ�� �LV�UHFRPPHQGHG�IRU�FDOFXODWLRQ�RI
�

��

GRVHV�IURP�LQJHVWLRQ�RI�HQYLURQPHQWDO�WKRULXP�E\�SHUVRQV�RI�DJH����\���7KLV�I �YDOXH��ZKLFK�LV����
�

WLPHV�WKH�YDOXH�UHFRPPHQGHG�LQ�,&53�3XEOLFDWLRQ�����������IRU�FRQVLGHUDWLRQ�RI�RFFXSDWLRQDO



&��

H[SRVXUHV� WR� WKRULXP�� LV�EDVHG�RQ�H[SHULPHQWDO�GDWD�RQ�JDVWURLQWHVWLQDO�DEVRUSWLRQ�RI� WKRULXP�

QHSWXQLXP��SOXWRQLXP��DPHULFLXP��DQG�FXULXP�LQ�KXPDQ�VXEMHFWV���2Q�WKH�EDVLV�RI�H[SHULPHQWDO

UHVXOWV� LQGLFDWLQJ�WKDW�JDVWURLQWHVWLQDO�DEVRUSWLRQ�RI�DFWLQLGH�HOHPHQWV� W\SLFDOO\� LV�VHYHUDO� WLPHV

KLJKHU�LQ�QHZERUQ�WKDQ�DGXOW�DQLPDOV��DQ�I �YDOXH�RI��Õ�� �LV�DVVLJQHG�WR�LQIDQWV��,&53������D��
�

��

5HVSLUDWRU\�WUDFW�PRGHO

7KH�,&53©V�QHZ�UHVSLUDWRU\�WUDFW�PRGHO�LV�GHVFULEHG�LQ�&KDSWHU�����7KH�SUHVHQW�GLVFXVVLRQ

IRFXVHV�RQ�SUHGLFWLRQV�RI� WKH�PRGHO� IRU� WKUHH�K\SRWKHWLFDO� IRUPV� �DEVRUSWLRQ� W\SHV��RI� LQKDOHG

WKRULXP��LQFOXGLQJ�WKH�GLVWULEXWLRQ�RI�WKRULXP�LQ�WKH�UHVSLUDWRU\�WUDFW��LWV�DEVRUSWLRQ�WR�EORRG��DQG

LWV�PRYHPHQW�IURP�WKH�UHVSLUDWRU\�WUDFW�WR�H[FUHWD��DV�D�IXQFWLRQ�RI�WLPH�DIWHU�LQKDODWLRQ�

$OWKRXJK� WKH� UHVSLUDWRU\� WUDFW� PRGHO� ZDV� GHVLJQHG� WR� DOORZ� FRQVLGHUDWLRQ� RI

FRPSRXQG�VSHFLILF�NLQHWLFV��SDUDPHWHU�YDOXHV�KDYH�EHHQ�GHYHORSHG�IRU�RQO\�D�IHZ�JHQHUDO�VLWXDWLRQV�

,Q�FXUUHQW�DSSOLFDWLRQV�RI�WKH�PRGHO��D�JLYHQ�FRPSRXQG�RI�DQ�HOHPHQW�XVXDOO\�LV�DVVLJQHG�WR�RQH�RI

WKUHH�GHIDXOW�DEVRUSWLRQ�W\SHV���7\SH�)��UHSUHVHQWLQJ�IDVW�GLVVROXWLRQ�DQG�D�KLJK�OHYHO�RI�DEVRUSWLRQ

WR�EORRG��7\SH�0��UHSUHVHQWLQJ�DQ�LQWHUPHGLDWH�UDWH�RI�GLVVROXWLRQ�DQG�DQ�LQWHUPHGLDWH�OHYHO�RI

DEVRUSWLRQ�WR�EORRG��DQG�7\SH�6��UHSUHVHQWLQJ�VORZ�GLVVROXWLRQ�DQG�D�ORZ�OHYHO�RI�DEVRUSWLRQ�WR

EORRG���,GHDOO\��WKH�XVHU�EDVHV�DQ�DEVRUSWLRQ�W\SH�RQ�GDWD�RQ�WKH�IRUP�RI�PDWHULDO�H[SHFWHG�WR�EH

HQFRXQWHUHG���,Q�SUDFWLFH��WKH�IRUP�RI�WKH�LQKDOHG�PDWHULDO�RIWHQ�FDQQRW�EH�FKDUDFWHUL]HG�ZLWK�PXFK

FRQILGHQFH�

3UHGLFWLRQV� RI� WKH� IDWH� RI� LQKDOHG� 7K� RI�7\SH�)��0�� RU� 6� EDVHG� RQ� WKH� ,&53©V� QHZ
���

UHVSLUDWRU\�WUDFW�PRGHO�DUH�VKRZQ�RQ�WKH�OHIW�VLGH�RI�)LJ��&�����7KH�DVVXPHG�SDUWLFOH�VL]H�LV����P

�$0$'����%HFDXVH�LW�LV�DVVXPHG�LQ�WKH�PRGHO�WKDW�WKH�EHKDYLRU�RI�PDWHULDO�LQ�WKH�UHVSLUDWRU\�WUDFW

GHSHQGV� RQO\� RQ� SDUWLFOH� VL]H� DQG� DEVRUSWLRQ� W\SH�� WKH� SUHGLFWLRQV� DSSO\� WR� DOO� ORQJ�OLYHG

UDGLRQXFOLGHV�ZKRVH�JDVWURLQWHVWLQDO�DEVRUSWLRQ�LV�QHJOLJLEOH�FRPSDUHG�ZLWK�WKH�LQGLFDWHG�OHYHOV�RI

DEVRUSWLRQ�IURP�WKH�UHVSLUDWRU\�WUDFW�WR�EORRG���)RU�VKRUW�OLYHG�UDGLRQXFOLGHV��WKH�FXUYHV�IRU�WKH

H[WUDWKRUDFLF��(7 ���DOYHRODU�LQWHUVWLWLDO��$, ���EURQFKLDO��%%���DQG�EURQFKLROH��EE��UHJLRQV�PD\

GHFOLQH�IDVWHU�DQG�WKRVH�IRU�*DVWURLQWHVWLQDO��*, ��H[FUHWLRQ��1DVDO�H[FUHWLRQ��DQG�$EVRUSWLRQ�PD\

KDYH�ORZHU�PD[LPXP�YDOXHV�WKDQ�WKH�FXUYHV�VKRZQ�LQ�)LJ��&���GXH�WR�UDGLRDFWLYH�GHFD\�LQ�WKH

UHVSLUDWRU\� WUDFW�� � +HUH��*,� H[FUHWLRQ� UHSUHVHQWV� WKH� FXPXODWLYH� DFWLYLW\� WUDQVIHUUHG� IURP� WKH

UHVSLUDWRU\�WUDFW�WR�WKH�*,�7UDFW��DQG�1DVDO�H[FUHWLRQ�UHIHUV�WR�UHPRYDO�RI�PDWHULDO�IURP�WKH�(7�UHJLRQ

GLUHFWO\�WR�WKH�HQYLURQPHQW�E\�VXFK�PHFKDQLVPV�DV�QRVH�EORZLQJ�



&��

)LJ� &��� 3UHGLFWLRQV RI WKH ,&53©V XSGDWHG �,&53� ����D� DQG SUHYLRXV �,&53� ����� UHVSLUDWRU\ WUDFW

PRGHOV� IRU LQKDODWLRQ RI 7K LQ VROXEOH� PRGHUDWHO\ VROXEOH� RU LQVROXEOH ���P �$0$'� SDUWLFOHV�
���



&��

7KH�WKUHH�DEVRUSWLRQ�W\SHV��)��0��DQG�6��FRUUHVSRQG�URXJKO\�WR�WKH�WKUHH�OXQJ�FOHDUDQFH

FODVVHV�'��GD\V���:��ZHHNV���DQG�<��\HDUV��XVHG�LQ�WKH�,&53©V�SUHYLRXV�UHVSLUDWRU\�WUDFW�PRGHO

�,&53�� ������� � 3UHGLFWLRQV� RI� WKH� SUHYLRXV�PRGHO� IRU� LQKDOHG� 7K� RI� SDUWLFOH� VL]H� ���P�DQG
���

FOHDUDQFH� FODVVHV� '��:�� DQG� <� DUH� VKRZQ� RQ� WKH� ULJKW� VLGH� RI� )LJ�� &��� IRU� FRPSDULVRQ� ZLWK

SUHGLFWLRQV�RI�WKH�QHZ�PRGHO���$OWKRXJK�WKHUH�LV�QRW�DQ�H[DFW�FRUUHVSRQGHQFH�EHWZHHQ�WKH�GLIIHUHQW

UHJLRQV�RI�WKH�WZR�PRGHOV��WKH�QDVDO�SKDU\QJHDO��13��UHJLRQ�PD\�EH�FRPSDUHG�ZLWK�WKH�(7�UHJLRQ�

WKH�WUDFKHREURQFKLDO��7%��UHJLRQ�ZLWK�WKH�EURQFKL��%%��SOXV�EURQFKLROHV��EE���DQG�WKH�SXOPRQDU\

�3��UHJLRQ�ZLWK�WKH�DOYHRODU�LQWHUVWLWLDO��$, ��UHJLRQ�RI�WKH�QHZ�PRGHO���&RPSDUHG�ZLWK�WKH�QHZ

PRGHO��WKH�SUHYLRXV�PRGHO�SUHGLFWV�KLJKHU�WRWDO�GHSRVLWLRQ�LQ�WKH�UHVSLUDWRU\�WUDFW��JUHDWHU�GHSRVLWLRQ

LQ�WKH�ORZHU�OXQJV��IDVWHU�UHPRYDO�IURP�WKH�H[WUDWKRUDFLF�UHJLRQV��DQG�JUHDWHU�DEVRUSWLRQ�WR�EORRG�

%LRNLQHWLFV�RI�DEVRUEHG�WKRULXP

6WUXFWXUH�RI�WKH�V\VWHPLF�ELRNLQHWLF�PRGHO�IRU�WKRULXP

$�QHZ�ELRNLQHWLF�PRGHO�IRU�WKRULXP�ZDV�LQWURGXFHG�LQ�,&53�3XEOLFDWLRQ�����,&53������D��

7KH�PRGHO�LV�GHYHORSHG�ZLWKLQ�D�JHQHULF�PRGHO�IUDPHZRUN�DGRSWHG�E\�WKH�,&53�IRU�DSSOLFDWLRQ�WR

D� FODVV� RI� �ERQH�VXUIDFH�VHHNLQJ�� UDGLRQXFOLGHV� �)LJ�� &����� � 7R� WKLV� SRLQW�� WKH� JHQHULF� PRGHO

IUDPHZRUN�KDV�EHHQ�DSSOLHG�E\�WKH�,&53�WR�WKRULXP��SOXWRQLXP��DPHULFLXP��FXULXP��DQG�QHSWXQLXP�

:KLOH�WKH�PRGHO�VWUXFWXUH�LV�JHQHULF��PDQ\�RI�WKH�WUDQVIHU�FRHIILFLHQWV�DUH�QRW���6RPH�WUDQVIHU

FRHIILFLHQWV� DVVRFLDWHG�ZLWK� FRPSDUWPHQWV�ZLWKLQ� WKH� VNHOHWRQ� DUH� H[SUHVVHG� LQ� WHUPV� RI� ERQH

UHPRGHOLQJ�UDWHV�DQG�WKXV�DUH�LQGHSHQGHQW�RI�WKH�ERQH�VXUIDFH�VHHNHU��EXW�HOHPHQW�VSHFLILF�WUDQVIHU

FRHIILFLHQWV�DUH�UHTXLUHG�IRU�PRVW�RI�WKH�SDWKV�VKRZQ�LQ�)LJ��&���

7KH�JHQHULF�PRGHO�VWUXFWXUH�GLYLGHV�V\VWHPLF�WLVVXHV�DQG�IOXLGV�LQWR�VL[�PDLQ�SDUWV���%/22'�

6.(/(721��/,9(5��.,'1(<6��*21$'6��DQG�27+(5�62)7�7,668(6���%/22'�DQG�*21$'6

DUH�WUHDWHG�DV�XQLIRUPO\�PL[HG�SRROV��EXW�HDFK�RI�WKH�RWKHU�PDMRU�SDUWV�LV�IXUWKHU�GLYLGHG�LQWR�D

PLQLPDO� QXPEHU� RI� FRPSDUWPHQWV� QHHGHG� WR� H[SODLQ� DYDLODEOH� ELRNLQHWLF� GDWD� RQ� WKRULXP� DQG

FKHPLFDOO\�VLPLODU�HOHPHQWV�

6.(/(721�LV�GLYLGHG�LQWR�FRUWLFDO�DQG�WUDEHFXODU�IUDFWLRQV��DQG�HDFK�RI�WKHVH�LV�VXEGLYLGHG

LQWR�IUDFWLRQV�DVVRFLDWHG�ZLWK�ERQH�VXUIDFH��ERQH�YROXPH��DQG�ERQH�PDUURZ�� �$FWLYLW\�HQWHULQJ

6.(/(721�LQLWLDOO\�GHSRVLWV�LQ�FRPSDUWPHQWV�RI�ERQH�VXUIDFH�EXW�LV�WUDQVIHUUHG�JUDGXDOO\�WR�ERQH

PDUURZ�E\�ERQH�UHVRUSWLRQ�RU�WR�FRPSDUWPHQWV�RI�ERQH�YROXPH�E\�ERQH�IRUPDWLRQ���$FWLYLW\�LQ�ERQH

YROXPH�FRPSDUWPHQWV�LV�WUDQVIHUUHG�JUDGXDOO\�WR�ERQH�PDUURZ�FRPSDUWPHQWV�E\�UHVRUSWLRQ���$FWLYLW\



&��

)LJ� &��� 7KH ,&53©V JHQHULF IUDPHZRUN IRU PRGHOLQJ WKH V\VWHPLF ELRNLQHWLFV RI

D FODVV RI ERQH�VXUIDFH�VHHNLQJ HOHPHQWV� LQFOXGLQJ WKRULXP�

PRYHV� IURP� ERQH� PDUURZ� FRPSDUWPHQWV� WR�%/22'� RYHU� D� IHZ� PRQWKV� DQG� LV� VXEVHTXHQWO\

UHGLVWULEXWHG�LQ�WKH�VDPH�SDWWHUQ�DV�WKH�RULJLQDO�LQSXW�WR�EORRG�

/,9(5�LV�YLHZHG�DV�FRQVLVWLQJ�RI�WZR�FRPSDUWPHQWV��FDOOHG�/,9(5���DQG�/,9(5�����/,9(5��

UHSUHVHQWV�UHODWLYHO\�VKRUW�WHUP�UHWHQWLRQ�DQG�/,9(5���UHSUHVHQWV�UHODWLYHO\�ORQJ�WHUP�UHWHQWLRQ�LQ

WKH�OLYHU���$FWLYLW\�HQWHULQJ�WKH�OLYHU�LV�DVVLJQHG�WR�/,9(5�����$FWLYLW\�UHPRYHG�IURP�/,9(5���E\

ELRORJLFDO�SURFHVVHV�LV�GLYLGHG�DPRQJ�EORRG��/,9(5����DQG�WKH�FRQWHQWV�RI�WKH�*,�WUDFW���$FWLYLW\

OHDYLQJ�/,9(5���LV�DVVLJQHG�WR�EORRG�

.,'1(<6�FRQVLVWV�RI�WZR�FRPSDUWPHQWV��RQH�WKDW�ORVHV�DFWLYLW\�WR�XULQH�DQG�DQRWKHU�WKDW

UHWXUQV�DFWLYLW\�WR�EORRG���85,1$5<�%/$''(5�&217(176�LV�FRQVLGHUHG�DV�D�VHSDUDWH�SRRO�WKDW

UHFHLYHV�DOO�PDWHULDO�GHVWLQHG�IRU�XULQDU\�H[FUHWLRQ�



&��

&RPSDUWPHQW�67��LV�D�VRIW�WLVVXH�SRRO�WKDW�LQFOXGHV�WKH�H[WUDFHOOXODU�IOXLGV�DQG�H[FKDQJHV

PDWHULDO�ZLWK�EORRG�RYHU�D�SHULRG�RI�KRXUV�RU�GD\V����6RIW�WLVVXH�FRPSDUWPHQWV�67��DQG�67��UHSUHVHQW

LQWHUPHGLDWH�WHUP�UHWHQWLRQ��XS�WR�D�IHZ�\HDUV��DQG�WHQDFLRXV�UHWHQWLRQ��PDQ\�\HDUV���UHVSHFWLYHO\�

LQ�WKH�PDVVLYH�VRIW�WLVVXHV��IRU�H[DPSOH��PXVFOH��VNLQ��DQG�VXEFXWDQHRXV�IDW���

3DUDPHWHU�YDOXHV�IRU�WKH�V\VWHPLF�PRGHO�IRU�WKRULXP

0RYHPHQW�RI�PDWHULDO�LQ�WKH�ERG\�LV�GHSLFWHG�DV�D�V\VWHP�RI�ILUVW�RUGHU�SURFHVVHV���3DUDPHWHU

YDOXHV�DUH�H[SUHVVHG�DV�WUDQVIHU�FRHIILFLHQWV��IUDFWLRQDO�WUDQVIHU�SHU�GD\��EHWZHHQ�FRPSDUWPHQWV�

$JH�VSHFLILF�WUDQVIHU�FRHIILFLHQWV�IRU�WKRULXP�DUH�OLVWHG�LQ�7DEOH�&���IRU�WKH�VL[�DJHV�FRQVLGHUHG�LQ

WKH�,&53�VHULHV�RQ�DJH�GHSHQGHQW�GRVLPHWU\��,&53������������������D������E����������5DWHV�IRU

LQWHUPHGLDWH�DJHV�DUH�REWDLQHG�E\�LQWHUSRODWLQJ�OLQHDUO\�ZLWK�DJH�EHWZHHQ�WKH�OLVWHG�YDOXHV���)RU

H[DPSOH��D�JLYHQ�WUDQVIHU�FRHIILFLHQW�IRU�DJH���\�LV�FDOFXODWHG�DV������WLPHV�WKH�UDWH�JLYHQ�IRU�DJH���\

SOXV������WLPHV�WKH�UDWH�JLYHQ�IRU�DJH���\���)RU�FRQVLGHUDWLRQ�RI�WKH�ELRNLQHWLFV�RI�WKRULXP��WKH�DJH

RI�WKH�PDWXUH�DGXOW�LV�DVVXPHG�WR�EH�����\�

7UDQVIHU�FRHIILFLHQWV�IRU�WKH�DGXOW�ZHUH�EDVHG�ODUJHO\�RQ�H[SHULPHQWDO��RFFXSDWLRQDO��DQG

HQYLURQPHQWDO�GDWD�RQ� WKH�EHKDYLRU�RI� WKRULXP�LQ�KXPDQV��EXW� LW�ZDV�QHFHVVDU\� WR�XVH�GDWD�RQ

ODERUDWRU\�DQLPDOV�WR�ILOO�JDSV�LQ�WKH�GDWD�EDVH�IRU�PDQ���)RU�H[DPSOH��WKH�PRGHO�ZDV�UHTXLUHG�WR�EH

FRQVLVWHQW�ZLWK�GDWD�RQ�HDUO\�UHWHQWLRQ��H[FUHWLRQ��DQG�EORRG�FOHDUDQFH�RI�WKRULXP�LQ�KHDOWK\��HOGHUO\

KXPDQ�VXEMHFWV�ZKR�UHFHLYHG�UDGLRWKRULXP�E\�LQWUDYHQRXV�LQMHFWLRQ��0DOHWVNRV�HW�DO���������������

EXW��WKH�HDUO\�GLVWULEXWLRQ�RI�WKRULXP�LQ�WKH�ERG\�ZDV�EDVHG�PDLQO\�RQ�H[SHULPHQWDO�GDWD�RQ�WKH�HDUO\

GLVWULEXWLRQ�RI�WKRULXP�LQ�EHDJOHV��6WRYHU�HW�DO���������LQ�WKH�DEVHQFH�RI�VXFK�LQIRUPDWLRQ�IRU�KXPDQ

VXEMHFWV���3DUDPHWHU�YDOXHV�FRQWUROOLQJ�SUHGLFWLRQV�RI�WKH�ORQJ�WHUP�GLVWULEXWLRQ�DQG�UHWHQWLRQ�RI

WKRULXP�ZHUH�GHYHORSHG�PDLQO\�RQ�WKH�EDVLV�RI�ELRDVVD\�RU�DXWRSV\�PHDVXUHPHQWV�RQ�RFFXSDWLRQDOO\

RU�HQYLURQPHQWDOO\�H[SRVHG�KXPDQV��5XQGR��������1HZWRQ�HW�DO���������:UHQQ�HW�DO���������6LQJK

HW� DO��� ������ ,EUDKLP� HW� DO��� ������ 'DQJ� HW� DO��� ������� WRJHWKHU� ZLWK� FRQVLGHUDWLRQ� RI� ERQH

UHVWUXFWXULQJ�UDWHV�LQ�KXPDQV��,&53������F��

'XH�WR�WKH�SDXFLW\�RI�DJH�VSHFLILF�GDWD�RQ�WKH�ELRNLQHWLFV�RI�WKRULXP��GHIDXOW�DVVXPSWLRQV

FRQFHUQLQJ�WKH�UHODWLYH�NLQHWLFV�RI�ERQH�VHHNHUV�LQ�FKLOGUHQ�DQG�DGXOWV�ZHUH�XVHG�LQ�,&53�3XEOLFDWLRQ

��������D��WR�H[WHQG�SDUDPHWHU�YDOXHV�IURP�DGXOWV�WR�FKLOGUHQ���7KHVH�DVVXPSWLRQV�DUH�EDVHG�RQ

QXPHURXV�REVHUYDWLRQV�RI�WKH�DJH�VSHFLILF�ELRNLQHWLFV�RI�YDULRXV�ERQH�VHHNHUV�LQ�ODERUDWRU\�DQLPDOV

DQG��WR�D�OHVVHU�H[WHQW��KXPDQ�VXEMHFWV��/HJJHWW������D������E��,&53������������E����,W�LV�SRVWXODWHG

WKDW�GLIIHUHQFHV�ZLWK�DJH�LQ�WKH�ELRNLQHWLFV�RI�D�ERQH�VHHNLQJ�UDGLRQXFOLGH�LV�GHWHUPLQHG�ODUJHO\�E\

WKUHH�IDFWRUV�������LQFUHDVHG�IUDFWLRQDO�WUDQVIHU�IURP�SODVPD�WR�ERQH�LQ�FKLOGUHQ�LQ�DVVRFLDWLRQ�ZLWK



&��

7DEOH�&�����$JH�VSHFLILF�WUDQVIHU�FRHIILFLHQWV��G ��LQ�WKH�V\VWHPLF��

ELRNLQHWLF�PRGHO�IRU�WKRULXP��,&53������D��

$JH �\�

,QIDQW

3DWKZD\ ���� G� � \ � \ �� \ �� \ $GXOW
D

%ORRG WR /LYHU � ������ ������ ������ ������ ������ ������
%ORRG WR &RUW 6XUI ������ ������ ������ ������ ������ ������
%ORRG WR 7UDE 6XUI ������ ������ ������ ������ ������ ������
%ORRG WR 8%& ������ ������ ������ ������ ������ ������
%ORRG WR 8ULQDU\ 3DWK ������ ������ ������ ������ ������ ������
%ORRG WR 2.7 ������ ������ ������ ������ ������ ������
%ORRG WR /, &RQWHQWV ������� ������� ������� ������� ������� �������
%ORRG WR 7HVWHV �������� �������� �������� �������� ������� �������
%ORRG WR 2YDULHV �������� �������� �������� ������� ������� �������
%ORRG WR 67� ����� ����� ����� ����� ����� �����
%ORRG WR 67� ����� ����� ����� ����� ����� �����
%ORRG WR 67� ������ ������ ������ ������ ������ ������
67� WR %ORRG ����� ����� ����� ����� ����� �����
8ULQDU\ 3DWK WR 8%& ������ ������ ������ ������ ������ ������
2.7 WR %ORRG ������� ������� ������� ������� ������� �������
67� WR %ORRG ������� ������� ������� ������� ������� �������
67� WR %ORRG �������� �������� �������� �������� �������� ��������
7UDE 6XUI WR 7UDE 9RO ������� ������� ������� ������� �������� ��������
7UDE 6XUI WR %RQH 0DUURZ ������� ������� ������� ������� �������� ��������
&RUW 6XUI WR &RUW 9RO ������� ������� ������� �������� �������� ���������
&RUW 6XUI WR %RQH 0DUURZ ������� ������� ������� �������� �������� ���������
7UDE 9RO WR %RQH 0DUURZ ������� ������� ������� ������� �������� ��������
&RUW 9RO WR %RQH 0DUURZ ������� ������� ������� �������� �������� ���������
%RQH 0DUURZ WR %ORRG ������ ������ ������ ������ ������ ������
/LYHU � WR /LYHU � ������� ������� ������� ������� ������� �������
/LYHU � WR 6, &RQWHQWV �������� �������� �������� �������� �������� ��������
/LYHU � WR %ORRG �������� �������� �������� �������� �������� ��������
/LYHU � WR %ORRG �������� �������� �������� �������� �������� ��������
7HVWHV�2YDULHV WR %ORRG ������� ������� ������� ������� ������� �������

&RUW  &RUWLFDO� 7UDE  7UDEHFXODU� 6XUI  6XUIDFH� 9RO  9ROXPH� 8%&  8ULQDU\ %ODGGHU &RQWHQWV� 2.7
D

 2WKHU .LGQH\ 7LVVXH� /,  /DUJH ,QWHVWLQH� 6,  6PDOO ,QWHVWLQH�

HOHYDWHG�ERQH�IRUPDWLRQ�UDWHV�LQ�WKH�PDWXULQJ�VNHOHWRQ������GHFUHDVHG�IUDFWLRQDO�WUDQVIHU�IURP�SODVPD

WR�VRIW�WLVVXHV�DQG�H[FUHWD�LQ�FKLOGUHQ�GXH�WR�UHODWLYHO\�JUHDWHU�FRPSHWLWLRQ�IURP�LPPDWXUH�ERQH��DQG

����DQ�HOHYDWHG�UDWH�RI�WUDQVIHU�IURP�ERQH�WR�SODVPD�LQ�FKLOGUHQ�GXH�WR�DQ�HOHYDWHG�UDWH�RI�ERQH

WXUQRYHU���)RU�DFWLQLGH�HOHPHQWV��WKH�DGGLWLRQDO�DVVXPSWLRQ�LV�PDGH�WKDW�IUDFWLRQDO�GHSRVLWLRQ�LQ�WKH

JRQDGV�DW�D�JLYHQ�DJH�GHSHQGV�RQ�WKH�PDVV�RI�WKH�JRQDGV�DW�WKDW�DJH���([FHSW�ZKHUH�WKHUH�LV�HYLGHQFH

WR�WKH�FRQWUDU\��UHPRYDO�KDOI�WLPHV�IURP�VRIW�WLVVXHV��ERQH�VXUIDFHV��DQG�H[FKDQJHDEOH�ERQH�YROXPH

DUH�DVVXPHG�WR�EH�LQGHSHQGHQW�RI�DJH�



&��

)LJ� &��� 5HWHQWLRQ RI 7K RQ WUDEHFXODU VXUIDFHV
���

IRU WKUHH DJHV DW LQMHFWLRQ� DV SUHGLFWHG E\ WKH

XSGDWHG PRGHO IRU WKRULXP �,&53� ����D��

,Q�WKH�PRGHO�IRU�WKRULXP��WKH�GHSRVLWLRQ�IUDFWLRQ�RQ�DOO�ERQH�VXUIDFHV�FRPELQHG�LV�VHW�DW����

IRU�DJHV�����\�FRPSDUHG�ZLWK�����IRU�DGXOWV��DQG�WKH�GHSRVLWLRQ�IUDFWLRQV�LQ�VRIW�WLVVXHV�DQG�H[FUHWLRQ

SDWKZD\V�DUH�UHGXFHG�E\�RQH�WKLUG�IRU�DSSOLFDWLRQ�WR�DJHV�����\�WR�PDLQWDLQ�PDVV�EDODQFH���2I

JUHDWHU� LPSRUWDQFH�IRU�GRVH�HVWLPDWHV�IRU� WKRULXP�LVRWRSHV� LQ�FKLOGUHQ��KRZHYHU�� LV� WKH�JHQHULF

DVVXPSWLRQ�WKDW�WKH�UHPRYDO�UDWH�RI�WKRULXP�IURP�ERQH�VXUIDFHV��LWV�UDWH�RI�EXULDO�LQ�ERQH�YROXPH�

DQG�LWV�UDWH�RI�UHPRYDO�IURP�ERQH�YROXPH�WR�EORRG��YLD�ERQH�PDUURZ��DUH�DOO�GLUHFWO\�UHODWHG�WR�WKH

ERQH�UHPRGHOLQJ�UDWH��ZKLFK�LV�HVWLPDWHG�WR�EH�VHYHUDO�IROG�KLJKHU�LQ�FKLOGUHQ�WKDQ�LQ�DGXOWV���)RU

H[DPSOH��,&53�3XEOLFDWLRQ���������F��JLYHV�UHIHUHQFH�YDOXHV�IRU�WKH�UHPRGHOLQJ�UDWH�RI�WUDEHFXODU

ERQH�RI�PRUH�WKDQ������\ �IRU�DJHV����\������\ �IRU�DJH����\��DQG�DQ�DYHUDJH�RI�����\ �IRU�DJHV�� �� ��

����\�

3UHGLFWHG�GLIIHUHQFHV�ZLWK�DJH�LQ�WKH�V\VWHPLF�ELRNLQHWLFV�RI�WKRULXP

3UHGLFWHG�GLIIHUHQFHV�ZLWK�DJH� LQ� WKH

ELRNLQHWLFV�RI� WKRULXP�DUH� LOOXVWUDWHG� LQ�)LJ�

&����ZKLFK�VKRZV� WKH�HVWLPDWHG� UHWHQWLRQ�RI

7K�RQ�WUDEHFXODU�VXUIDFHV�DV�D�IXQFWLRQ�RI
���

WLPH�DIWHU�LQWUDYHQRXV�LQMHFWLRQ�DW�HDFK�RI�WKUHH

LQMHFWLRQ�DJHV���LQIDQF\������G���DJH����\��DQG

DJH� ��� \�� � 7KH�PRGHO� SUHGLFWV� WKDW� WKHUH� LV

JUHDWHU� GHSRVLWLRQ� RQ� WUDEHFXODU� VXUIDFHV� LQ

FKLOGUHQ�WKDQ�DGXOWV�EXW�WKDW�WKH�ERQH�VXUIDFH

DFWLYLW\�GHFOLQHV�DW�D�FRQVLGHUDEO\�KLJKHU�UDWH

LQ�FKLOGUHQ�WKDQ�LQ�DGXOWV�GXH�WR�HOHYDWHG�ERQH

WXUQRYHU�UDWHV�LQ�FKLOGUHQ���3DUW�RI�WKH�DFWLYLW\

UHPRYHG�IURP�ERQH�VXUIDFHV�LV�DVVXPHG�WR�EH

EXULHG� LQ� ERQH� YROXPH�� � 7KH� UHPDLQGHU� LV

DVVXPHG�WR�EH�UHPRYHG�WR�ERQH�PDUURZ�DQG

WKHQ�WR�EORRG��DIWHU�ZKLFK�D�VPDOO�IUDFWLRQ�LV�H[FUHWHG�DQG�WKH�UHPDLQGHU�LV�UHF\FOHG�WR�ERQH�VXUIDFHV

DQG�VRIW�WLVVXHV���$FWLYLW\�LQ�ERQH�YROXPH�LV�DOVR�DVVXPHG�WR�EH�UHF\FOHG�LQ�WKH�VDPH�PDQQHU�DIWHU

LWV�JUDGXDO�UHOHDVH�GXH�WR�ERQH�UHPRGHOLQJ�

7DEOH�&���JLYHV�PRGHO�SUHGLFWLRQV�RI�WKH����\�LQWHJUDWHG�DFWLYLW\�RI� 7K�LQ�GLIIHUHQW�UHJLRQV
���

RI�WKH�ERG\�DIWHU�LQMHFWLRQ�RI�D�XQLW�DFWLYLW\�RI� 7K�LQWR�EORRG�DW�DJH�����G��LQIDQW������\��RU����\�
���

7KH�LQGLFDWHG�GLIIHUHQFHV�ZLWK�DJH�DW�LQMHFWLRQ�UHVXOW�IURP�VRPH�FRPELQDWLRQ�RI�WKUHH�DVVXPSWLRQV�

HOHYDWHG�XSWDNH�RI�WKRULXP�E\�LPPDWXUH�ERQH��DQ�HOHYDWHG�UDWH�RI�UHPRGHOLQJ�RI�LPPDWXUH�ERQH��DQG



&��

7DEOH�&�����3UHGLFWLRQV�RI����\�LQWHJUDWHG�DFWLYLW\�RI� 7K��QXFOHDU�WUDQVIRUPDWLRQV
���

SHU�%T�LQMHFWHG���IROORZLQJ�LQMHFWLRQ�LQWR�EORRG�DW�DJH�����G�����\��RU����\�

&RPSDUWPHQW
$JH DW LQMHFWLRQ

��� G �� \ �� \

7UDEHFXODU VXUIDFHV ���Õ�� ���Õ�� ���Õ��
� � �

&RUWLFDO VXUIDFHV ���Õ�� ���Õ�� ���Õ��
� � �

7UDEHFXODU YROXPH ���Õ�� ���Õ�� ���Õ��
� � �

&RUWLFDO YROXPH ���Õ�� ���Õ�� ���Õ��
� � �

5HG PDUURZ ���Õ�� ���Õ�� ���Õ��
� � �

/LYHU ���Õ�� ���Õ�� ���Õ��
� � �

.LGQH\V ���Õ�� ���Õ�� ���Õ��
� � �

7HVWHV ���Õ�� ���Õ�� ���Õ��
� � �

2YDULHV ���Õ�� ���Õ�� ���Õ��
� � �

DQ�DJH�LQGHSHQGHQW�UHPRYDO�KDOI�WLPH�IRU�VRIW� WLVVXHV�� �)RU�H[DPSOH��FXPXODWLYH�DFWLYLW\�LQ�UHG

PDUURZ�GHFUHDVHV�ZLWK� DJH� DW� LQMHFWLRQ��PDLQO\� DV� D� UHVXOW� RI� UDSLG� UHF\FOLQJ�RI� DFWLYLW\� IURP

WUDEHFXODU�ERQH�WR�UHG�PDUURZ�LQ�FKLOGUHQ�DQG�DQ�DJH�LQGHSHQGHQW�UHPRYDO�KDOI�WLPH�IURP�ERQH

PDUURZ���)RU�JRQDGV��HOHYDWHG�IHHGEDFN�RI�DFWLYLW\�IURP�ERQH�DW�\RXQJHU�DJHV�LV�RIIVHW�E\�UHODWLYHO\

ORZ�GHSRVLWLRQ�LQ�WKH�JRQDGV��UHVXOWLQJ�LQ�OLWWOH�FKDQJH�ZLWK�DJH�DW�LQMHFWLRQ�LQ�FXPXODWLYH�DFWLYLW\�

7UHDWPHQW�RI� 7K�FKDLQ�PHPEHUV�SURGXFHG�LQ�V\VWHPLF�WLVVXHV�
���

,Q�,&53�3XEOLFDWLRQ������������GHFD\�FKDLQ�PHPEHUV�SURGXFHG�LQ�WKH�ERG\�DIWHU�LQWDNH�RI

D�SDUHQW�UDGLRQXFOLGH�JHQHUDOO\�ZHUH�DVVLJQHG�WKH�ELRNLQHWLF�PRGHO�RI�WKH�SDUHQW��WKLV�LV�WKH�VR�FDOOHG

DVVXPSWLRQ� RI� ¦VKDUHG� NLQHWLFV§� RI� GHFD\� FKDLQ�PHPEHUV�� � ,Q� D� VXEVHTXHQW� FULWLFDO� UHYLHZ� RI

H[SHULPHQWDO�GDWD�RQ�WKH�IDWH�RI�UDGLRQXFOLGHV�IRUPHG�LQ�YLYR��LW�ZDV�VXJJHVWHG�WKDW�WKH�IROORZLQJ

DVVXPSWLRQ�RI��LQGHSHQGHQW�NLQHWLFV��RI�FKDLQ�PHPEHUV�PD\�EH�PRUH�UHDOLVWLF�WKDQ�WKH�DVVXPSWLRQ

RI�VKDUHG�NLQHWLFV�LQ�PRVW�FDVHV��/HJJHWW�HW�DO���������������D�UDGLRQXFOLGH�ERUQ�LQ�VRIW�WLVVXHV�RU�RQ

ERQH�VXUIDFHV�EHKDYHV�DV�LI�WDNHQ�LQWR�WKH�ERG\�DV�D�SDUHQW�UDGLRQXFOLGH������D�UDGLRQXFOLGH�ERUQ�LQ

ERQH�YROXPH�KDV�WKH�VDPH�NLQHWLFV�DV�WKH�SDUHQW�XQWLO�UHPRYHG�IURP�ERQH�YROXPH�DQG�WKHQ�EHKDYHV

DV�LI�WDNHQ�LQWR�WKH�ERG\�DV�D�SDUHQW�UDGLRQXFOLGH�

7KHUH�LV�VRPH�H[SHULPHQWDO�HYLGHQFH�WR�VXSSRUW�WKH�DVVXPSWLRQ�RI�LQGHSHQGHQW�NLQHWLFV�IRU

WKRULXP�FKDLQV��/HJJHWW�HW�DO�����������)RU�H[DPSOH��DFWLYLW\�UDWLRV� 5D� 7K�LQ�WLVVXHV�DQG�H[FUHWD
��� ���



&���

RI�EHDJOHV�LQMHFWHG�ZLWK� 7K�DUH�FRQVLVWHQW�ZLWK�WKH�DVVXPSWLRQ�WKDW� 5D�ERUQ�RQ�ERQH�VXUIDFHV
��� ���

PLJUDWHG�IURP� 7K�RYHU�D�SHULRG�RI�GD\V�DQG�WKHQ�EHKDYHG�DV�LI�LQMHFWHG�GLUHFWO\�LQWR�EORRG��9DQ
���

'LOOD�DQG�6WRYHU��������9DQ�'LOOD�HW�DO���������6WRYHU�HW�DO�������D������E����7LPH�GHSHQGHQW�DFWLYLW\

UDWLRV�RI�VXEVHTXHQW�PHPEHUV�RI�WKH� 7K�FKDLQ�DOVR�VXJJHVW�UHGLVWULEXWLRQ�FRQVLVWHQW�ZLWK�WKH
���

FKDUDFWHULVWLF�ELRNLQHWLF�PRGHOV�RI�LQGLYLGXDO�PHPEHUV��DOWKRXJK�WKH�H[WHQW�RI�PLJUDWLRQ�RI�WKHVH

FKDLQ�PHPEHUV�DQG�KHQFH�WKH�LQWHUSUHWDWLRQ�RI�WKH�GDWD�DUH�OLPLWHG�E\�WKH�VKRUW�KDOI�OLYHV�RI�WKH�FKDLQ

PHPEHUV��6WRYHU�HW�DO�������D������E��

7KH�DVVXPSWLRQ�RI�LQGHSHQGHQW�NLQHWLFV�ZDV�DSSOLHG�LQ�,&53�3XEOLFDWLRQ���������D��WR�FKDLQ

PHPEHUV� SURGXFHG� LQ� YLYR� DIWHU� DEVRUSWLRQ� RI� WKRULXP� LVRWRSHV� WR� EORRG�� H[FHSW� WKDW� VRPH

VLPSOLI\LQJ�DVVXPSWLRQV�ZHUH�PDGH�LQ�FDVHV�ZKHUH�WKHUH�ZDV�OLWWOH�GLIIHUHQFH��LQ�HIIHFW��EHWZHHQ�WKH

DVVXPSWLRQV�RI�VKDUHG�DQG�LQGHSHQGHQW�NLQHWLFV���3DUDPHWHU�YDOXHV�IRU�LQGLYLGXDO�FKDLQ�PHPEHUV�FDQ

EH�IRXQG�LQ�$SSHQGL[�&�RI�,&53�3XEOLFDWLRQ�����,&53������E����7KH�PRGHOV�IRU�PHPEHUV�RI�YDULRXV

WKRULXP�FKDLQV�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�

�� 5DGLXP�LVRWRSHV� IRUPHG� LQ�YLYR�DUH�DVVXPHG� WR� IROORZ�WKH�PRGHO� IRU� UDGLXP�DV�D�SDUHQW

�/HJJHWW������D��,&53����������7KLV�UHTXLUHV�WKDW�WKH�PRGHO�VWUXFWXUH�IRU�WKRULXP��)LJ��&���

EH�H[SDQGHG�WR�LQFOXGH�FRPSDUWPHQWV�WKDW�DUH�LQ�WKH�UDGLXP�PRGHO��VHH�&KDSWHU����)LJ������

EXW�QRW�LQ�WKH�WKRULXP�PRGHO����)RU�H[DPSOH��HDFK�ERQH�YROXPH�FRPSDUWPHQW�LQ�WKH�WKRULXP

PRGHO�PXVW�EH�GLYLGHG�LQWR�H[FKDQJHDEOH�DQG�QRQH[FKDQJHDEOH�ERQH�YROXPH�FRPSDUWPHQWV

WR�GHVFULEH�WKH�EHKDYLRU�RI�UDGLXP�DIWHU�LWV�PRYHPHQW�IURP�SODVPD�WR�ERQH�VXUIDFHV�WR�ERQH

YROXPH���$FFRUGLQJ�WR�WKH�UDGLXP�PRGHO��ERQH�FRQWDLQV�DERXW������VRIW�WLVVXHV�DERXW�����

DQG�H[FUHWD�SOXV�H[FUHWLRQ�SDWKZD\V��PDLQO\�LQWHVWLQDO�FRQWHQWV��DERXW�����RI�WKH�LQMHFWHG

DPRXQW�DW���G�DIWHU�LQMHFWLRQ�RI�ORQJ�OLYHG�UDGLXP�LQWR�EORRG�RI�DQ�DGXOW���0RVW�UDGLXP�DWRPV

HQWHULQJ�ERQH�RU�VRIW�WLVVXHV�UHWXUQ�WR�SODVPD�ZLWKLQ�D�IHZ�GD\V���%\�����G�DIWHU�LQMHFWLRQ��ERQH

UHWDLQV�OHVV�WKDQ����DQG�VRIW�WLVVXHV�OHVV�WKDQ����RI�WKH�LQMHFWHG�DPRXQW��WKH�UHVW�KDYLQJ�EHHQ

ORVW�LQ�H[FUHWD�

�� 5DGRQ�SURGXFHG�LQ�VRIW�WLVVXHV�RU�ERQH�VXUIDFHV�LV�DVVXPHG�WR�EH�UHPRYHG�WR�SODVPD�DW�D

IUDFWLRQDO�UDWH�RI�����G ���5DGRQ�SURGXFHG�LQ�WKH�H[FKDQJHDEOH�DQG�QRQH[FKDQJHDEOH�ERQH��

YROXPH� FRPSDUWPHQWV� LV� DVVXPHG� WR� PLJUDWH� WR� SODVPD� DW� UDWHV� RI� ���� DQG� ����� G ���

UHVSHFWLYHO\���5DGRQ�HQWHULQJ�SODVPD�LV�DVVXPHG�WR�EH�UHPRYHG�IURP�WKH�ERG\�E\�H[KDODWLRQ

DW�D�IUDFWLRQDO�UDWH�RI���PLQ ���

�� /HDG�LVRWRSHV�IRUPHG�LQ�YLYR�DUH�DVVXPHG�WR�IROORZ�WKH�PRGHO�IRU�OHDG�DV�D�SDUHQW��/HJJHWW�

������ ,&53�� �������7KHUHIRUH�� WKH�PRGHO� VWUXFWXUH� XVHG� WR� DGGUHVV� D� WKRULXP�FKDLQ� WKDW

LQFOXGHV� OHDG� DV� D� GDXJKWHU� PXVW� LQFOXGH� FRPSDUWPHQWV� VXFK� DV� UHG� EORRG� FHOOV� DQG

H[FKDQJHDEOH�DQG�QRQH[FKDQJHDEOH�ERQH�YROXPH�WKDW�DUH�LQ�WKH�OHDG�PRGHO��)LJ�������EXW�DUH



&���

QRW�LGHQWLILHG�VHSDUDWHO\�LQ�WKH�WKRULXP�PRGHO���$FFRUGLQJ�WR�WKH�OHDG�PRGHO��WKH�DSSUR[LPDWH

FRQWHQWV�RI�YDULRXV�UHJLRQV�DW���G�DIWHU�LQMHFWLRQ�RI�ORQJ�OLYHG�OHDG�LQWR�EORRG�RI�DQ�DGXOW�DUH

DV�IROORZV���UHG�EORRG�FHOOV�������RI�WKH�LQMHFWHG�DPRXQW���ERQH�������OLYHU�������NLGQH\V�

����RWKHU�VRIW�WLVVXHV������DQG�H[FUHWD�SOXV�H[FUHWLRQ�SDWKZD\V�������2YHU�WKH�QH[W�IHZ�ZHHNV

WKHUH�LV�D�JUDGXDO�VKLIW�RI�OHDG�IURP�UHG�EORRG�FHOOV�WR�ERQH��VRIW�WLVVXHV��DQG�H[FUHWD���$IWHU����

G��WKH�SUHGLFWHG�FRQWHQWV�RI�WKH�UHJLRQV�DUH�DV�IROORZV���UHG�EORRG�FHOOV������RI�WKH�LQMHFWHG

DPRXQW���ERQH�������OLYHU������NLGQH\V������RWKHU�VRIW�WLVVXHV������DQG�H[FUHWD������

�� 7KH�PRGHO�IRU�SRORQLXP�DV�D�GHFD\�FKDLQ�PHPEHU�LV�EDVHG�RQ�WKH�QRQ�UHF\FOLQJ�PRGHO�IRU

SRORQLXP�DV�D�SDUHQW�JLYHQ�LQ�,&53�3XEOLFDWLRQ������������EXW�WKH�ODWWHU�PRGHO�LV�FRQYHUWHG

LQWR�D�UHF\FOLQJ�PRGHO�WR�ILW�LQWR�WKH�IUDPHZRUN�XVHG�IRU�WKRULXP��UDGLXP��DQG�OHDG���5HPRYDO

RI�SRORQLXP�IURP�DOO�WLVVXHV�H[FHSW�ERQH�YROXPH�LV�DVVXPHG�WR�RFFXU�DW�D��IUDFWLRQDO�UDWH�RI

����G ��ZLWK�DFWLYLW\�JRLQJ�WR�SODVPD���5HPRYDO�IURP�ERQH�YROXPH�WR�SODVPD�LV�DVVXPHG�WR��

RFFXU� DW� WKH� UDWH� RI� ERQH� WXUQRYHU�� � 2I� SRORQLXP� UHDFKLQJ� SODVPD�� ���� JRHV� WR� WKH

JDVWURLQWHVWLQDO�WUDFW�FRQWHQWV�DQG�VXEVHTXHQWO\�WR�IHFHV�DQG����JRHV�WR�WKH�XULQDU\�EODGGHU

FRQWHQWV�DQG�WKHQ�WR�XULQH���7KH�XQH[FUHWHG�DPRXQW�LV�GLYLGHG�DV�IROORZV�������WR�OLYHU�����

WR�NLGQH\V�����WR�VSOHHQ������WR�UHG�PDUURZ��DQG�����WR�RWKHU�WLVVXHV�

�� %LVPXWK�LV�DVVXPHG�WR�EH�UHPRYHG�IURP�DOO�WLVVXHV�H[FHSW�ERQH�YROXPH�DW�D�IUDFWLRQDO�UDWH�RI

������G ��ZLWK�DFWLYLW\�JRLQJ�WR�SODVPD���)URP�SODVPD������JRHV�WR�XULQH�����WR�IHFHV�YLD�WKH��

LQWHVWLQHV������WR�WKH�NLGQH\V�����WR�WKH�OLYHU��DQG�����WR�RWKHU�WLVVXHV�

�� ,VRWRSHV�RI�WKDOOLXP�DSSHDULQJ�LQ�LPSRUWDQW�WKRULXP�FKDLQV�DUH�VKRUW�OLYHG�DQG�DUH�DVVXPHG

WR�GHFD\�DW�WKHLU�SRLQW�RI�RULJLQ��DQG�LVRWRSHV�RI�DFWLQLXP��SURWDFWLQLXP��DQG�WKRULXP�SURGXFHG

LQ�YLYR�DUH�DVVLJQHG�WKH�PRGHO�IRU�WKRULXP�

7KH�WUHDWPHQW�RI�GHFD\�FKDLQ�PHPEHUV�LV�D�SDUWLFXODUO\�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�WKH�LQWHUQDO

GRVLPHWU\�RI� 7K�GXH�WR�WKH�IDFW�WKDW�WKH�UDGLRDFWLYH�SURJHQ\�RI� 7K�HPLW�VXEVWDQWLDOO\�PRUH�DOSKD
��� ���

HQHUJ\�WKDQ�WKH�SDUHQW�RYHU�D�SHULRG�RI�D�IHZ�\HDUV���7KH�HVWLPDWHG�DOSKD�DFWLYLW\�RI�WKH�WRWDO�FKDLQ

LV�UHGXFHG�VXEVWDQWLDOO\�LI�LW�LV�DVVXPHG��DV�LQGLFDWHG�E\�DYDLODEOH�H[SHULPHQWDO�GDWD��WKDW� 5D�DQG���

VXEVHTXHQW�FKDLQ�PHPEHUV�PLJUDWH�RYHU�D�SHULRG�RI�KRXUV�RU�GD\V�IURP�VLWHV�RI�SURGXFWLRQ�RQ�ERQH

VXUIDFHV�DQG�LQ�VRIW�WLVVXHV�DQG�WKHQ�EHKDYH�DV�LI�LQMHFWHG�GLUHFWO\�LQWR�EORRG��7DEOH�&����

&RPSDULVRQ�RI�XSGDWHG�DQG�SUHYLRXV�V\VWHPLF�PRGHOV�IRU�WKRULXP

7KH�,&53©V�QHZ�V\VWHPLF�ELRNLQHWLF�PRGHO�IRU�WKRULXP�GLIIHUV�VXEVWDQWLDOO\�IURP�LWV�SUHYLRXV

PRGHO��,&53��������ZLWK�UHJDUG�WR�EDVLV��VWUXFWXUH��DQG�SUHGLFWLRQV���7KH�SUHYLRXV�PRGHO�FRQVLVWV

RI�WKUHH�WLVVXH�FRPSDUWPHQWV�IHG�E\�D�WUDQVIHU�FRPSDUWPHQW��)LJ��&������2Q�WKH�EDVLV�RI�REVHUYDWLRQV



&���

)LJ� &��� %LRNLQHWLF PRGHO IRU WKRULXP

JLYHQ LQ ,&53 3XEOLFDWLRQ �� �������

7DEOH�&�����&RPSDULVRQ�RI�HVWLPDWHG����\�LQWHJUDWHG�DFWLYLWLHV�RI� 7K�DQG�LWV���

GHFD\�FKDLQ�PHPEHUV��DVVXPLQJ��$��LQGHSHQGHQW�RU��%��VKDUHG�NLQHWLFV�RI

GHFD\�FKDLQ�PHPEHUV��IRU�WKH�FDVH�RI�LQMHFWLRQ�RI� 7K�LQWR�EORRG�RI�DQ�DGXOW ���� D

5DGLRQXFOLGH

5DWLR RI LQWHJUDWHG DFWLYLWLHV� $�%

&RUWLFDO 7UDEHFXODU &RUWLFDO 7UDEHFXODU 5HG

ERQH ERQH ERQH ERQH ERQH 7HVWHV

VXUIDFH VXUIDFH YROXPH YROXPH PDUURZ /LYHU �

RYDULHV

7K ��� ��� ��� ��� ��� ��� ������

5D� $F ����� ����� ��� ��� ���� ���� ������� ���

7K ���� ���� ��� ��� ��� ���� �������

5D WKURXJK 7O a����� a���� a��� a��� a��� a���� a������� ���

7KH ELRNLQHWLF PRGHO IRU WKRULXP JLYHQ LQ ,&53 3XEOLFDWLRQ �� �,&53� ����D� LV DSSOLHG WR 7K� )RU WKH FDVH RI
D ���

LQGHSHQGHQW NLQHWLFV� WKH PRGHOV DQG DVVXPSWLRQV RI ,&53 3XEOLFDWLRQ �� DUH DSSOLHG WR WKH UDGLRDFWLYH SURJHQ\ RI

7K�
���

RI�WKH�IDWH�RI� 7K�LQ�EHDJOHV��6WRYHU�HW�DO��
���

�������LW�LV�DVVXPHG�LQ�WKDW�PRGHO�WKDW�DFWLYLW\

OHDYHV� WKH� WUDQVIHU� FRPSDUWPHQW� ZLWK� D

KDOI�WLPH� RI� ���� G�� ZLWK� ���� GHSRVLWLQJ� RQ

ERQH�VXUIDFHV�����GHSRVLWLQJ�LQ�WKH�OLYHU�����

GHSRVLWLQJ�LQ�RWKHU�VRIW�WLVVXHV��DQG�����ORVW�LQ

H[FUHWD�� �7KRULXP�LV�DVVXPHG�WR�EH�UHPRYHG

IURP� ERQH� VXUIDFHV� WR� H[FUHWLRQ� ZLWK� D

ELRORJLFDO�KDOI�WLPH�RI������G�DQG�IURP�OLYHU

DQG� RWKHU� VRIW� WLVVXHV� WR� H[FUHWLRQ� ZLWK� D

ELRORJLFDO�KDOI�WLPH�RI�����G���7KH�DVVXPSWLRQ

WKDW�VNHOHWDO�GHSRVLWV�UHPDLQ�RQ�ERQH�VXUIDFHV

XQWLO�UHPRYHG�WR�H[FUHWLRQ�LV�JHQHUDOO\�DSSOLHG

LQ�,&53�3XEOLFDWLRQ����WR�DFWLQLGH�HOHPHQWV�

&RPSDUHG�ZLWK�WKH�PRGHO�RI�,&53�3XEOLFDWLRQ�����WKH�QHZ�PRGHO�SUHGLFWV�FRQVLGHUDEO\

ORQJHU�UHWHQWLRQ�RI�WKRULXP�LQ�WKH�VNHOHWRQ��OLYHU��DQG�RWKHU�VRIW�WLVVXHV��DQG�FRQVHTXHQWO\�PXFK

ORQJHU�UHWHQWLRQ�LQ�WKH�WRWDO�ERG\�RI�WKH�DGXOW���)RU�H[DPSOH��WKH�PRGHO�RI�3XEOLFDWLRQ����SUHGLFWV�WKDW



&���

DERXW�����RI�DQ�DPRXQW�LQMHFWHG�LQWR�EORRG�DW�WLPH�]HUR�ZLOO�EH�H[FUHWHG�LQ��������GD\V��FRPSDUHG

ZLWK�D�SUHGLFWLRQ�RI�DERXW�����EDVHG�RQ�WKH�QHZ�PRGHO��)LJ��&����

,Q�WKH�PRGHO�RI�,&53�3XEOLFDWLRQ�����WKH�WLPH�GHSHQGHQW�FRQFHQWUDWLRQ�RI�WKRULXP�LQ�NLGQH\V

DQG�JRQDGV�LV�DVVXPHG�WR�EH�WKH�VDPH�DV�WKDW�LQ�DOO�VRIW�WLVVXHV�RWKHU�WKDQ�OLYHU���,Q�WKH�QHZ�PRGHO�

WKH�NLGQH\V�DQG�JRQDGV�DUH�DGGUHVVHG�VHSDUDWHO\�IURP�RWKHU�VRIW�WLVVXHV�DQG�DUH�GHSLFWHG�DV�UHODWLYHO\

LPSRUWDQW�UHSRVLWRULHV�IRU�WKRULXP���7KLV�LV�GHPRQVWUDWHG�LQ�7DEOH�&����ZKHUH�FRPSDULVRQV�DUH�PDGH

RI�WKH�XSGDWHG�DQG�SUHYLRXV�PRGHOV�DV�SUHGLFWRUV�RI�WKH����\�FXPXODWLYH�DFWLYLW\�RI� 7K�DQG� 5D
��� ���

LQ�VHOHFWHG�RUJDQV�RI�DQ�DFXWHO\�H[SRVHG�DGXOW���7KUHH�W\SHV�RI�DFXWH�LQWDNH�DUH�FRQVLGHUHG�LQ�WKLV

WDEOH���LQMHFWLRQ�RI� 7K�LQWR�EORRG��LQJHVWLRQ�RI� 7K��DQG�LQKDODWLRQ�RI�D�PRGHUDWHO\�VROXEOH�IRUP
��� ���

RI� 7K��7\SH�0�RU�FODVV�:��UHVSHFWLYHO\��LQ�WKH�XSGDWHG�DQG�SUHYLRXV�UHVSLUDWRU\�WUDFW�PRGHOV��
���

7KH�DVVXPSWLRQ�RI�LQGHSHQGHQW�NLQHWLFV�RI�GHFD\�FKDLQ�PHPEHUV�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH

XSGDWHG�V\VWHPLF�PRGHO��DQG�WKH�DVVXPSWLRQ�RI�VKDUHG�NLQHWLFV�LV�XVHG�ZLWK�WKH�V\VWHPLF�PRGHO�RI

,&53�3XEOLFDWLRQ����

�

&RQYHUVLRQ�RI�DFWLYLW\�WR�HVWLPDWHV�RI�GRVH�UDWHV�WR�WLVVXHV

6(�YDOXHV

7KH�GRVH�UDWH�WR�D�WDUJHW�UHJLRQ�7�GXH�WR�DFWLYLW\�LQ�D�VRXUFH�UHJLRQ�6�GHSHQGV�RQ�WKH�DPRXQW

RI�DFWLYLW\�LQ�6��WKH�QDWXUH�RI�WKH�UDGLDWLRQV�HPLWWHG�LQ�WKH�VRXUFH�UHJLRQ��WKH�VSDWLDO�UHODWLRQVKLSV

EHWZHHQ�WKH�VRXUFH�DQG�WDUJHW�UHJLRQV��WKH�QDWXUH�RI�WKH�WLVVXHV�O\LQJ�EHWZHHQ�WKH�VRXUFH�DQG�WDUJHW

UHJLRQV�� DQG� WKH�PDVV�RI�7�� �$V�GLVFXVVHG� LQ�&KDSWHU���� WKH�GHWDLOV�RI� WKHVH�FRQVLGHUDWLRQV�DUH

HPERGLHG�LQ�D�FRHIILFLHQW�FDOOHG�WKH�VSHFLILF�HQHUJ\�RU�6(�

7KH�,&53©V�XSGDWHG�6(�YDOXHV�IRU�WKH�DGXOW�PDOH�JHQHUDOO\�GR�QRW�GLIIHU�VXEVWDQWLDOO\�IURP

WKRVH�DSSOLHG�WR�5HIHUHQFH�0DQ�LQ�,&53�3XEOLFDWLRQ������������EXW�WKHUH�DUH�QRWDEOH�H[FHSWLRQV�

7KH�PRVW�LPSRUWDQW�H[FHSWLRQ�LV�IRU�WKH�OXQJ�DV�D�WDUJHW�UHJLRQ���,Q�,&53�3XEOLFDWLRQ�����WKH�GRVH

WR�WKH�OXQJ�LV�DQ�DYHUDJH�GRVH�RYHU�WKH�HQWLUH�OXQJ�WLVVXH���,Q�,&53�3XEOLFDWLRQ���������D���WKH�GRVH

WR�WKH�OXQJ�LV�UHGHILQHG�DV�D�ZHLJKWHG�DYHUDJH�RI�GRVHV�WR�VHQVLWLYH�FHOOV�RI�WKH�EURQFKL��EURQFKLROHV�

DQG�DOYHRODU�LQWHUVWLWLXP��ZLWK�WKH�UHODWLYHO\�VPDOO�PDVV�RI�FHOOV�RI�WKH�EURQFKL�DQG�EURQFKLROHV

UHFHLYLQJ�JUHDWHU�ZHLJKW�SHU�XQLW�PDVV�WKDW�WKH�UHODWLYHO\�ODUJH�PDVV�RI�WKH�DOYHRODU�LQWHUVWLWLXP���7KH

WZR�GHILQLWLRQV�RI�OXQJ�GRVH�FDQ�UHVXOW�LQ�VXEVWDQWLDOO\�GLIIHUHQW�HVWLPDWHV�IRU�VRPH�UDGLRQXFOLGHV�WKDW

HPLW�PDLQO\�QRQ�SHQHWUDWLQJ�UDGLDWLRQV���7KLV�LV�EHFDXVH�WKH�QHZ�GHILQLWLRQ�DVVLJQV�PXFK�JUHDWHU

LPSRUWDQFH�WR�WKH�JHQHUDOO\�VPDOO�IUDFWLRQ�RI�WKH�WRWDO�DFWLYLW\�LQ�WKH�OXQJV�WKDW�LV�DVVRFLDWHG�ZLWK�WKH

UDGLRVHQVLWLYH�FHOOV�RI�WKH�EURQFKL�DQG�EURQFKLROHV���)RU�H[DPSOH��IRU�WKH�FDVH�RI�DFXWH�LQKDODWLRQ�RI



&���

)LJ� &��� &RPSDULVRQ RI SUHGLFWLRQV RI ,&53©V XSGDWHG �,&53� ����D�

DQG SUHYLRXV �,&53� ����� V\VWHPLF ELRNLQHWLF PRGHOV IRU WKRULXP�

D�PRGHUDWHO\�VROXEOH�IRUP�RI� 7K��7\SH�0��E\�DQ�DGXOW��WKH�HVWLPDWHG�DFWLYLW\�RI�DOO�FKDLQ�PHPEHUV
���

LQ�WKH�DOYHRODU�LQWHUVWLWLXP��UHJLRQ�$,��DW����G�DIWHU�LQKDODWLRQ�LV�DERXW�D�IDFWRU�RI����JUHDWHU�WKDQ�WKDW

LQ�WKH�EURQFKLROHV��UHJLRQ�EE��)LJ���������<HW�WKH�HVWLPDWHG�GRVH�UDWH�WR�EURQFKLRODU�VHFUHWRU\�FHOOV

IURP�KLJK�/(7�UDGLDWLRQ�DW�WKDW�WLPH�LV�QHDUO\�WZLFH�DV�JUHDW�DV�WKDW�WR�$,�DV�D�UHVXOW�RI�WKH�VPDOO�PDVV

DVVLJQHG�WR�WKH�EURQFKLRODU�VHFUHWRU\�FHOOV�

)RU�SXUSRVHV�RI�FDOFXODWLQJ�UDGLRJHQLF�ULVN�WR�PHPEHUV�RI�WKH�SXEOLF��DQ�LPSRUWDQW�DGYDQFH

LQ�LQWHUQDO�GRVLPHWU\�LQ�UHFHQW�\HDUV�KDV�EHHQ�WKH�LQWURGXFWLRQ�RI�DJH�VSHFLILF�6(�YDOXHV���6(�YDOXHV

IRU�PRVW�SDLUV�RI�VRXUFH�DQG�WDUJHW�RUJDQV�YDU\�VXEVWDQWLDOO\�ZLWK�DJH�GXH�WR�FKDQJHV�ZLWK�DJH�LQ�WKH



&���

)LJ� &��� $JH�VSHFLILF 6( YDOXHV �KLJK�/(7� IRU

7K� 50  5HG 0DUURZ� 76  7UDEHFXODU
���

%RQH 6XUIDFH� 79  7UDEHFXODU %RQH 9ROXPH�

7DEOH�&�����&RPSDULVRQ�RI�,&53©V�XSGDWHG��,&53������D��DQG�SUHYLRXV��,&53�������

PRGHOV�DV�SUHGLFWRUV�RI����\�LQWHJUDWHG�DFWLYLW\�DIWHU�DFXWH�LQWDNH�RI� 7K�E\�DQ�DGXOW����

&RPSDUWPHQW

5DWLR RI LQWHJUDWHG DFWLYLWLHV �XSGDWHG PRGHOV � SUHYLRXV PRGHOV�

,QMHFWLRQ ,QJHVWLRQ ,QKDODWLRQ

7K 5D 7K 5D 7K 5D
��� ��� D ��� ��� D ��� ��� D

7UDEHFXODU VXUIDFHV ���� ������ ��� ������ ���� ������

&RUWLFDO VXUIDFHV ��� ������ ��� ������ ��� ������

/LYHU �� ��� �� ��� ��� ���

.LGQH\V ��� ��� ��� �� �� ���

*RQDGV �� ��� ��� �� �� ���

2WKHU V\VWHPLF DFWLYLW\ �� �� �� ��� �� ��

5HIHUV WR 5D SURGXFHG LQ WKH ERG\ DIWHU LQWDNH RI 7K�
D ��� ���

PDVVHV�RI�WDUJHW�RUJDQV�DQG��LQ�VRPH�FDVHV��LQ

WKH�UHODWLYH�JHRPHWULHV�RI�WKH�VRXUFH�DQG�WDUJHW

RUJDQV�GXULQJ�JURZWK�

&KDQJHV�ZLWK�DJH�LQ�6(�YDOXHV�IRU� 7K
���

DUH�LOOXVWUDWHG�LQ�)LJ��&���IRU�WKH�UHG�PDUURZ�DV

D� WDUJHW� RUJDQ� DQG� IRU� HDFK� RI� WKUHH� VRXUFH

RUJDQV�� � 7UDEHFXODU� %RQH� 6XUIDFH� �76 ���5HG

0DUURZ� �50 ��� DQG�7UDEHFXODU�%RQH�9ROXPH

�79 ��� � � ,Q�)LJ��&����6(�7�6 �� LQGLFDWHV� WKH�6(

YDOXH� IRU� WDUJHW� RUJDQ�7� DQG� VRXUFH� RUJDQ�6�

7KH� LQGLFDWHG� 6(� YDOXHV� DUH� IRU� KLJK�/(7

�DOSKD�� UDGLDWLRQ�� ZKLFK� LV� WKH� GRPLQDQW

UDGLDWLRQ�W\SH�IRU� 7K��7KH�GHFUHDVH�ZLWK�DJH
���

LQ�WKH�6(�YDOXHV�UHVXOW�IURP�DQ�LQFUHDVH�ZLWK�DJH

LQ�WKH�PDVV�RI�5HG�0DUURZ��)LJ��&����



&���

)LJ� &��� (VWLPDWHG ZHLJKW RI UHG

PDUURZ DV D IXQFWLRQ RI DJH�

�&���

8VH�RI�6(�YDOXHV�WR�FDOFXODWH�GRVH�UDWHV

7KH�FDOFXODWLRQ�RI�GRVH�UDWHV�LV�LOOXVWUDWHG

IRU�WKH�FDVH�RI�KLJK�/(7��DOSKD��LUUDGLDWLRQ�RI

5HG�0DUURZ� IURP� LQWHUQDOO\� GHSRVLWHG� 7K�
���

'XH�WR�WKH�VKRUW�UDQJH�RI�WKH�DOSKD�SDUWLFOHV��WKH

FRQWULEXWLQJ�VRXUFH�RUJDQV�LQ�WKLV�FDVH�DUH�WKRVH

LQ�LQWLPDWH�FRQWDFW�ZLWK�5HG�0DUURZ��QDPHO\�

5HG� 0DUURZ�� 7UDEHFXODU� %RQH� 6XUIDFH�� DQG

7UDEHFXODU�%RQH�9ROXPH�

5HFDOO�WKDW�IRU�D�JLYHQ�W\SH�RI�UDGLDWLRQ�

WKH�DEVRUEHG�GRVH�UDWH�� �W���DW�DJH�W�LQ�WDUJHW7

UHJLRQ�7�FDQ�EH�H[SUHVVHG�DV�

ZKHUH�T �W��LV�WKH�DFWLYLW\�RI�UDGLRQXFOLGH�M�SUHVHQW�LQ�VRXUFH�UHJLRQ�6�DW�DJH�W�DQG�6(�7�6�W� �LV�WKH6�M M

VSHFLILF�HQHUJ\�GHSRVLWHG�LQ�WDUJHW�UHJLRQ�7�SHU�QXFOHDU�WUDQVIRUPDWLRQ�RI�UDGLRQXFOLGH�M�LQ�VRXUFH

UHJLRQ�6�DW�DJH�W���7KHUHIRUH��WKH�KLJK�/(7�GRVH�UDWH� �W��WR�5HG�0DUURZ�IURP� 7K��H[FOXGLQJ50

���

UDGLRDFWLYH�SURJHQ\��DW�DJH�W�GXH�WR�LQWDNH�RI� 7K�DW�DJH�W �LV�WKH�VXP
���

�

� �W��� ��T �W��6(�50�50�W����T �W��6(�50�76�W�50 50 76

��T �W��6(�50�79�W�� �&���79

ZKHUH�WKH�WKUHH�6(�YDOXHV�DUH�DV�LQGLFDWHG��ZLWK�VKRUWHQHG�QRWDWLRQ��LQ�)LJ��&�����$V�SUHGLFWHG�E\�WKH

ELRNLQHWLF�DQG�GRVLPHWULF�PRGHOV�XVHG�KHUH��WKH�ULJKW�VLGH�RI�(T��&���XVXDOO\�LV�GRPLQDWHG�E\�WKH

WHUP� LQYROYLQJ�7UDEHFXODU�%RQH�6XUIDFH� DV�D� VRXUFH�RUJDQ� �VHFRQG� WHUP��� �$OWKRXJK�DOO� DOSKD

SDUWLFOHV�HPLWWHG�LQ�5HG�0DUURZ�DUH�DVVXPHG�WR�EH�DEVRUEHG�E\�5HG�0DUURZ��WKH�FRQWULEXWLRQ�WR

�W��IURP�5HG�0DUURZ�W\SLFDOO\�LV�PXFK�VPDOOHU�WKDQ�WKH�FRQWULEXWLRQ�IURP�7UDEHFXODU�%RQH50

6XUIDFH�IRU�WKH�FDVH�RI� 7K�EHFDXVH�WKH�SUHGLFWHG�QXPEHU�RI�WKRULXP�DWRPV�FRQWDLQHG�LQ�5HG
���



&���

)LJ� &��� &RQWULEXWLRQV RI 7K LQ 7UDEHFXODU %RQH
���

6XUIDFH� 7UDEHFXODU %RQH 9ROXPH� DQG 5HG 0DUURZ WR

WKH KLJK�/(7 GRVH UDWH WR 5HG 0DUURZ LQ WKH DGXOW�

)LJ� &��� (VWLPDWHG GRVH UDWHV WR 5HG 0DUURZ

IROORZLQJ DFXWH LQJHVWLRQ RI 7K�
���

IRU WKUHH DJHV DW LQJHVWLRQ�

)LJ� &���� (VWLPDWHG GRVH UDWHV WR 5HG 0DUURZ

IROORZLQJ DFXWH LQKDODWLRQ RI PRGHUDWHO\ VROXEOH

7K� IRU WKUHH DJHV DW LQKDODWLRQ�
���

0DUURZ� DW� D� JLYHQ� WLPH� W\SLFDOO\� LV� PXFK

VPDOOHU� WKDQ� WKH� QXPEHU� RI� WKRULXP� DWRPV� LQ

7UDEHFXODU� %RQH� 6XUIDFH�� � $OWKRXJK� WKH

SUHGLFWHG� QXPEHU� RI� WKRULXP� DWRPV� LQ

7UDEHFXODU�%RQH�9ROXPH�PD\�EH�ODUJHU�WKDQ�WKDW

LQ�7UDEHFXODU�%RQH�6XUIDFH�DW�VRPH�DJHV��WKH

FRQWULEXWLRQ� WR �W�� IURP� 7UDEHFXODU� %RQH50

9ROXPH� �WKLUG� WHUP� LQ� (T�� &���� W\SLFDOO\� LV

VPDOOHU�WKDQ�WKH�FRQWULEXWLRQ�IURP�7UDEHFXODU

%RQH� 6XUIDFH� EHFDXVH� 6(�50�79�W�� LV�PXFK

VPDOOHU� WKDQ� 6(�50�76�W�� �)LJ�� &����� 7KH

UHODWLRQVKLS�EHWZHHQ�WKH�WKUHH�WHUPV�RQ�WKH�ULJKW

VLGH�RI�(T��&���DV�D�IXQFWLRQ�RI�WLPH�DIWHU�DFXWH

LQMHFWLRQ�RI� 7K�LV�LOOXVWUDWHG�LQ�)LJ��&���IRU
���

WKH�DGXOW�� � ,W� LV�HPSKDVL]HG� WKDW� WKH�FXUYHV� LQ

)LJ��&���UHSUHVHQW�RQO\�WKH�FRQWULEXWLRQ�RI�WKH

SDUHQW�� 7K��WR�WKH�KLJK�/(7�GRVH�UDWH�WR�5HG
���

0DUURZ���7KH�WRWDO�KLJK�/(7�GRVH�UDWH�WR�5HG

0DUURZ�ZLOO�DOVR�LQFOXGH�FRQWULEXWLRQV�IURP�WKH

UDGLRDFWLYH�SURJHQ\�RI� 7K�FRQWDLQHG� LQ� WKH
���

5HG� 0DUURZ�� 7UDEHFXODU� %RQH� 6XUIDFH�� DQG

7UDEHFXODU�%RQH�9ROXPH�

&DOFXODWHG�KLJK�/(7�GRVH�UDWHV�WR�5HG

0DUURZ� IRU� WKH� FDVHV� RI� DFXWH� LQJHVWLRQ� DQG

DFXWH�LQKDODWLRQ�RI���%T�RI� 7K�DUH�VKRZQ�LQ
���

)LJV��&���DQG�&�����UHVSHFWLYHO\��IRU�WKUHH�DJHV

DW�LQWDNH���LQIDQF\������G������\��DQG����\���7KH

GRVH� UDWHV� LQGLFDWHG� LQ� WKHVH� ILJXUHV� LQFOXGH

FRQWULEXWLRQV�IURP�UDGLRDFWLYH�SURJHQ\�RI� 7K
���

DV�ZHOO�DV�IURP�WKH�SDUHQW�UDGLRQXFOLGH���'XH�WR

PLJUDWLRQ� RI� 5D� DQG� VXEVHTXHQW� FKDLQ
���

PHPEHUV�IURP�WKH�SDUHQW��KRZHYHU�� 7K�LV�WKH
���

PDMRU�FRQWULEXWRU�WR�WKH�LQGLFDWHG�GRVH�UDWHV�



&���

��������&���

&RQYHUVLRQ�RI�GRVH�UDWHV�WR�HVWLPDWHV�RI�UDGLRJHQLF�FDQFHUV

7KH�DJH�VSHFLILF�FDQFHU�ULVN�DWWULEXWDEOH�WR�D�XQLW�LQWDNH�RI�D�UDGLRQXFOLGH�LV�FDOFXODWHG�IURP

WKH�DEVRUEHG�GRVH�UDWH�GXH�WR�D�XQLW�LQWDNH�RI�WKH�UDGLRQXFOLGH�DQG�WKH�DJH�VSHFLILF�ULVN�SHU�XQLW�GRVH

PRGHO�FRHIILFLHQWV���7KH�FDOFXODWLRQ�LV�VSHFLILF�IRU�HDFK�FDQFHU�DQG�DVVRFLDWHG�DEVRUEHG�GRVH�VLWH�LQ

WKH�ULVN�PRGHO���7KH�FRPSOHWH�FDOFXODWLRQ�IRU�HDFK�FDQFHU�DQG�DVVRFLDWHG�GRVH�VLWH�PD\�LQYROYH�WKH

VXP�RI�FRQWULEXWLRQV�IURP�PRUH�WKDQ�RQH�WDUJHW�WLVVXH�DQG�IURP�ERWK�ORZ�DQG�KLJK�/(7�DEVRUEHG

GRVHV�

,Q�WKH�IROORZLQJ��DWWHQWLRQ�LV�IRFXVHG�RQ�WKH�SUREOHP�RI�HVWLPDWLQJ�WKH�ULVN�RI�G\LQJ�IURP

UDGLRJHQLF�OHXNHPLD�IROORZLQJ�LQWDNH�RI� 7K���7KDW�LV��WKH�SUREOHP�LV�RQH�RI�GHULYLQJ�D�PRUWDOLW\
���

ULVN�FRHIILFLHQW�IRU�OHXNHPLD�IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI� 7K���,Q�WKLV�FDVH��WKH�WDUJHW�RUJDQ�RI
���

LQWHUHVW�LV�UHG�PDUURZ���7KH�ULVN�PRGHO�XVHG�LQ�WKLV�UHSRUW�IRU�OHXNHPLD�LV�D�UHODWLYH�ULVN�PRGHO��ZLWK

DJH��DQG�JHQGHU�VSHFLILF�ULVN�PRGHO�FRHIILFLHQWV�

5HFDOO�WKDW�WKH�DJH�VSHFLILF�OLIHWLPH�ULVN�FRHIILFLHQW��/5&���U�[���LV�WKH�ULVN�SHU�XQLW�GRVH�RI

D�VXEVHTXHQW�FDQFHU�GHDWK��*\ ��GXH�WR�UDGLDWLRQ�UHFHLYHG�DW�DJH�[���)RU�D�UHODWLYH�ULVN�PRGHO��WKH��

/5&�IRU�D�JLYHQ�FRQWULEXWLRQ�LV

ZKHUH���X�[��LV�WKH�UHODWLYH�ULVN�DW�DJH�X�GXH�WR�D�GRVH�UHFHLYHG�DW�DJH�[����X��LV�WKH�IRUFH�RI�PRUWDOLW\

DW�DJH�X�IRU�WKH�JLYHQ�FDQFHU�W\SH��DQG�6�[��LV�WKH�VXUYLYDO�IXQFWLRQ���%HFDXVH�WKH�/5&�IRU�D�JLYHQ

FDQFHU� W\SH� LV� LQGHSHQGHQW� RI� WKH� UDGLRQXFOLGH� DQG� H[SRVXUH� VFHQDULR�� WKH� /5&V� QHHG� QRW� EH

UHFDOFXODWHG�LQ�HDFK�GHULYDWLRQ�RI�D�UDGLRQXFOLGH�ULVN�FRHIILFLHQW�EXW�FDQ�EH�FDOFXODWHG�RQFH��VWRUHG�

DQG�XVHG�DV�LQSXW�GDWD�LQ�WKH�FDOFXODWLRQ�RI�DOO�UDGLRQXFOLGH�ULVN�FRHIILFLHQWV��

7KH� H[FHVV� UHODWLYH� ULVN����X�[��� LV� WKH� SURGXFW� RI� D� ULVN�PRGHO� FRHIILFLHQW����[��� DQG� D

WLPH�VLQFH�H[SRVXUH� UHVSRQVH� IXQFWLRQ����W�[��� WKDW� GHILQHV� WKH� SHULRG� GXULQJ�ZKLFK� WKH� ULVN� LV

H[SUHVVHG�DQG��LQ�WKH�UDGLRJHQLF�ULVN�PRGHO�IRU�OHXNHPLD��FKDQJHV�ZLWK�WLPH�LQ�WKH�OHYHO�RI�UHVSRQVH

GXULQJ�WKDW�SHULRG���7KH�DJH��DQG�JHQGHU�VSHFLILF�ULVN�PRGHO�FRHIILFLHQWV���[��IRU�OHXNHPLD�DUH�JLYHQ

LQ�7DEOH������DQG� WKH� WLPH�VLQFH�H[SRVXUH� UHVSRQVH�IXQFWLRQ���W�[�� IRU� OHXNHPLD� LV�GHVFULEHG� LQ

(T������DQG�WKH�WH[W�DFFRPSDQ\LQJ�WKDW�HTXDWLRQ�



&���

)LJ� &���� 5HODWLYH ULVN IXQFWLRQV� ��X�[�� IRU

OHXNHPLD LQ PDOHV IRU WKUHH DJHV DW LUUDGLDWLRQ�

)LJ� &���� $JH� DQG JHQGHU�VSHFLILF PRUWDOLW\

UDWHV IRU OHXNHPLD� EDVHG RQ 8�6� GDWD IRU

������� �1&+6� ����� ����D� ����E��

�����&���

5HODWLYH� ULVN� IXQFWLRQV� ��X�[�� IRU

UDGLRJHQLF�OHXNHPLD�LQ�PDOHV�DUH�VKRZQ�LQ�)LJ�

&����IRU�WKUHH�DJHV�DW�LUUDGLDWLRQ���LQIDQF\�����

G������\��DQG����\���7KH�IXQFWLRQV�IRU�IHPDOHV

DUH� VLPLODU� WR� WKRVH� IRU� PDOHV� EXW� DUH� QRW

LGHQWLFDO�EHFDXVH�WKH�ULVN�PRGHO�FRHIILFLHQWV�

��[���GLIIHU�VOLJKWO\�IRU�WKH�WZR�JHQGHUV��7DEOH

�����

7KH�JHQGHU�VSHFLILF�IRUFH�RI�PRUWDOLW\

IXQFWLRQV�IRU�OHXNHPLD�DUH�VKRZQ�LQ�)LJ��&���

�1&+6�� ������ ����D�� ����E��� DQG� WKH

JHQGHU�VSHFLILF� VXUYLYDO� IXQFWLRQV� 6�[�� �DOO

FDXVHV� RI� GHDWK�� DUH� VKRZQ� LQ� )LJ�� &���

�1&+6��������� �7KH�/5&� IXQFWLRQV� U�[�� IRU

UDGLRJHQLF� OHXNHPLD� LQ� PDOHV� DQG� IHPDOHV�

FDOFXODWHG� E\� LQWHJUDWLQJ� WKH� SURGXFW� RI� WKH

IXQFWLRQV���X�[�����X���DQG�6�[��IURP�DJH�[�WR

LQILQLW\��DJH�����\���DUH�VKRZQ�LQ�)LJ��&����

7KH� VKDUS� FKDQJHV� LQ� GLUHFWLRQ� LQ� WKH� /5&

IXQFWLRQV� DW� VRPH� DJHV� VWHP� PDLQO\� IURP

MXPSV�LQ�WKH�ULVN�PRGHO�FRHIILFLHQWV���[��IRU

OHXNHPLD�DW�WKRVH�DJHV��7DEOH������

7KH�/5&� IXQFWLRQ� U�[�� LV� EDVHG�RQ� D

XQLW�GRVH�UHFHLYHG�DW�DJH�[���)ROORZLQJ�LQWDNH

RI�D�UDGLRQXFOLGH�DW�DJH�[ ��WKH�DEVRUEHG�GRVHL

UDWH� �[�� WR� D� JLYHQ� WDUJHW� WLVVXH� YDULHV

FRQWLQXRXVO\�ZLWK�DJH�[���[ ���7KH�FDQFHU�ULVN�U �[ ��UHVXOWLQJ�IURP�D�XQLW�LQWDNH�RI�D�UDGLRQXFOLGH�DWL D L

DJH�[ �LV�FDOFXODWHG�IURP�WKH�FRQWLQXRXVO\�YDU\LQJ�DEVRUEHG�GRVH�UDWH� �[��XVLQJ�WKH�HTXDWLRQ�L



&���

)LJ� &���� *HQGHU�VSHFLILF VXUYLYDO IXQFWLRQV EDVHG

RQ 8�6� OLIH WDEOHV IRU ������� �1&+6� ������

)LJ� &���� *HQGHU�VSHFLILF OLIHWLPH ULVN FRHIILFLHQW

�/5&� IXQFWLRQV IRU UDGLRJHQLF OHXNHPLD�

ZKHUH� U�[�� LV� WKH� FDQFHU� ULVN� GXH� WR� D� XQLW

DEVRUEHG�GRVH��*\ ��DW�WKH�VLWH�DW�DJH�[���7KH��

IXQFWLRQV� 6�[�� DQG� U�[�� LQ� WKH� LQWHJUDQG� DUH

VKRZQ� LQ�)LJV��&����DQG�&����� UHVSHFWLYHO\�

7KH�GRVH�UDWH�IXQFWLRQ� �[��LQ�WKH�LQWHJUDQG�LV

LOOXVWUDWHG� LQ�)LJ��&��� IRU� LQJHVWLRQ�RI� 7K
���

DQG�LQ�)LJ��&����IRU�LQKDODWLRQ�RI�PRGHUDWHO\

VROXEOH� 7K�DW�DJH�����G�����\��RU����\�
���

'HULYHG�JHQGHU�VSHFLILF�ULVNV�U �[ ��RID L

G\LQJ�IURP�UDGLRJHQLF�OHXNHPLD�GXH�WR�DFXWH

LQJHVWLRQ�RI� 7K�DUH�VKRZQ�LQ�)LJ��&����IRU
���

LQJHVWLRQ� DJHV� IURP� ELUWK� WKURXJK� ROG� DJH�

0RGHO� SUHGLFWLRQV� IRU� WKH� FDVH� RI� DFXWH

LQKDODWLRQ� RI� 7K� DUH� VKRZQ� LQ� )LJ�� &����
���

7KH�GHULYHG�YDOXHV�U �[ ��IRU�PDOHV�DQG�IHPDOHVD L

DUH�FRPELQHG�LQWR�D�ULVN�HVWLPDWH�IRU�WKH�WRWDO

SRSXODWLRQ�RI�DJH�[ �E\�FDOFXODWLQJ�D�ZHLJKWHG
L

PHDQ�WKDW�DFFRXQWV�IRU�WKH�SURSRUWLRQ�RI�HDFK

VH[�LQ�D�VWDWLRQDU\�FRPELQHG�SRSXODWLRQ�DW�WKH

GHVLUHG�DJH�RI�LQWDNH��VHH�&KDSWHU����(T�������

)RU�D�JLYHQ�JHQGHU��WKH�DYHUDJH�OLIHWLPH

OHXNHPLD� ULVN� FRHIILFLHQW� IRU� LQJHVWLRQ� RU

LQKDODWLRQ� RI� 7K� LV� FDOFXODWHG� IURP� WKH
���

GHULYHG�DJH��DQG�JHQGHU�VSHFLILF�YDOXHV��U �[��D

%HFDXVH�U �[��LV�EDVHG�RQ�DFXWH�LQWDNH�RI���%TD

RI� 7K�DW�DJH�[��U �[��PXVW�EH�VFDOHG�E\��WKDW
���

D

LV�� PXOWLSOLHG� E\�� WKH� DJH�VSHFLILF� LQWDNH� UDWH�� &� X�[��� ZKHUH� &� LV� WKH� FRQVWDQW� UDGLRQXFOLGH

FRQFHQWUDWLRQ�LQ�WKH�HQYLURQPHQWDO�PHGLXP�DQG�X�[��LV�WKH�XVDJH�UDWH�DW�DJH�[�DV�VSHFLILHG�LQ�WKH

XVDJH�VFHQDULR��7KH�SURGXFW�X�[��U �[��PXVW�EH�IXUWKHU�VFDOHG�E\�WKH�YDOXH�RI�WKH�VXUYLYDO�IXQFWLRQ�DWD

[��6�[���WR�DFFRXQW�IRU�WKH�SRVVLELOLW\�WKDW�WKH�H[SRVHG�SHUVRQ�ZLOO�GLH�IURP�D�FRPSHWLQJ�FDXVH�EHIRUH

UHDFKLQJ�DJH�[���7KHUHIRUH��IRU�D�JLYHQ�JHQGHU��WKH�HVWLPDWHG�ULVN�RI�G\LQJ�IURP�OHXNHPLD�GXH�WR

OLIHWLPH�LQWDNH�RI� 7K�LV�WKH�LQWHJUDO�RYHU�DJH�IURP�ELUWK�WR�WKH�PD[LPXP�SRVVLEOH�YDOXH�RI�[
���

�DVVXPHG�KHUH�WR�EH�����\��RI�WKH�SURGXFW�&��X�[��U �[��6�[����%HFDXVH�D�ULVN�FRHIILFLHQW�LV�H[SUHVVHGD

DV�D�ULVN�SHU�XQLW�LQWDNH���WKH�LQWHJUDO�RI��&�X�[��U �[��6�[��PXVW�EH�GLYLGHG�E\�WKH�SUREDEOH�OLIHWLPHD



&���

)LJ� &���� 'HULYHG JHQGHU�VSHFLILF ULVN U �[ �
D L

RI G\LQJ IURP OHXNHPLD GXH WR LQJHVWLRQ

RI � %T RI 7K LQ IRRG DW DJH [
���

L�

)LJ� &���� 'HULYHG JHQGHU�VSHFLILF ULVN U �[ �
D L

RI G\LQJ IURP OHXNHPLD GXH WR LQKDODWLRQ

RI � %T RI 7K �7\SH 0� DW DJH [
���

L�

����� �����&���

LQWDNH�RI� 7K���%HFDXVH�WKH�SUREDEOH�LQWDNH�UDWH�DW�DJH�[�LV�&X�[��WLPHV�WKH�SUREDELOLW\�6�[��RI
���

VXUYLYLQJ�WR�DJH�[�� WKH�SUREDEOH� OLIHWLPH�LQWDNH�RI� 7K�LV� WKH�LQWHJUDO�RYHU�DJH�RI� WKH�SURGXFW
���

&�X�[��6�[���7KHUHIRUH��IRU�D�JLYHQ�JHQGHU��WKH�DYHUDJH�OLIHWLPH�OHXNHPLD�ULVN�FRHIILFLHQW�IRU�LQJHVWLRQ

RU�LQKDODWLRQ�RI� 7K�LV�JLYHQ�E\�
���

7KH� UDGLRQXFOLGH�FRQFHQWUDWLRQ� LQ� WKH�HQYLURQPHQWDO�PHGLXP��&��GLVDSSHDUV� IURP� WKH�HTXDWLRQ

EHFDXVH�LW�LV�D�IDFWRU�LQ�ERWK�QXPHUDWRU�DQG�GHQRPLQDWRU�

*HQGHU�ZHLJKWHG�DYHUDJH�OLIHWLPH�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�RI� 7K�DUH�LQGLFDWHG�LQ�WKH
���

EDU�JUDSK�LQ�)LJ��&�����DQG�ULVN�FRHIILFLHQWV�IRU�LQKDODWLRQ�RI�D�PRGHUDWHO\�VROXEOH�IRUP�RI� 7K�DUH
���

LQGLFDWHG�LQ�WKH�EDU�JUDSK�LQ�)LJ��&������7KHVH�WZR�ILJXUHV�VKRZ�WKH�UHODWLYH�FRQWULEXWLRQV�RI�VRPH

FDQFHU�VSHFLILF�ULVN�FRHIILFLHQWV��LQFOXGLQJ�WKDW�IRU�OHXNHPLD��WR�WKH�WRWDO�FRPELQHG�ULVN�FRHIILFLHQW

IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI� 7K���6KRZQ�IRU�FRPSDULVRQ�DUH�ULVN�FRHIILFLHQWV�IRU� 7K�EDVHG�RQ
��� ���

WKH�ULVN�PHWKRGRORJ\�GHVFULEHG�LQ�WKLV�UHSRUW�EXW�XVLQJ�WKH�ELRNLQHWLF�PRGHOV�DQG�DVVXPSWLRQV�RI

,&53�3XEOLFDWLRQ������������



&���

)LJ� &���� *HQGHU�ZHLJKWHG DYHUDJH OLIHWLPH

ULVN FRHIILFLHQWV IRU LQJHVWLRQ RI 7K LQ IRRG�
���

XVLQJ XSGDWHG �,&53� ����D� DQG SUHYLRXV

�,&53� ����� ELRNLQHWLF PRGHOV IRU WKRULXP�

)LJ� &���� *HQGHU�ZHLJKWHG DYHUDJH OLIHWLPH ULVN

FRHIILFLHQWV IRU LQKDODWLRQ RI PRGHUDWHO\ VROXEOH

7K� XVLQJ XSGDWHG �,&53� ����D� DQG SUHYLRXV
���

�,&53� ����� ELRNLQHWLF PRGHOV IRU WKRULXP�

&RPSDULVRQ�ZLWK�ULVN�HVWLPDWHV�EDVHG�RQ�HIIHFWLYH�GRVH

$V�D�PHDVXUH�RI�WKH�ULVN�IURP�LQWDNH�RI�UDGLRQXFOLGHV��WKH�,&53�XVHV�D�TXDQWLW\�FDOOHG�WKH

HIIHFWLYH� GRVH�� � 7KH� HIIHFWLYH� GRVH� LV� D� ZHLJKWHG� VXP� RI� HTXLYDOHQW� GRVHV� �WKDW� LV�� LQWHJUDWHG

HTXLYDOHQW�GRVH�UDWHV��WR�UDGLRVHQVLWLYH�WLVVXHV��ZLWK�WLVVXH�ZHLJKWLQJ�IDFWRUV�UHSUHVHQWLQJ�WKH�UHODWLYH

FRQWULEXWLRQ�RI�HDFK�WLVVXH�WR�WKH�WRWDO�GHWULPHQW�IRU�WKH�FDVH�RI�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ZKROH

ERG\���7KH�HIIHFWLYH�GRVH�LV�EDVHG�RQ�DQ�LQWHJUDWLRQ�SHULRG�RI����\HDUV�IRU�LQWDNH�E\�DGXOWV�DQG�WR�DJH

���\HDUV�IRU�LQWDNH�E\�FKLOGUHQ�

7KH� ,&53� UHODWHV� WKH� HIIHFWLYH� GRVH� WR� WKH� SUREDELOLW\� RI� D� IDWDO� FDQFHU� WKURXJK� D

PXOWLSOLFDWLYH�IDFWRU�FDOOHG�D�¦QRPLQDO�IDWDOLW\�SUREDELOLW\�FRHIILFLHQW§���7KLV�FRHIILFLHQW�LV�UHIHUUHG

WR�DV�¦QRPLQDO§�EHFDXVH�RI�WKH�XQFHUWDLQWLHV�LQKHUHQW�LQ�UDGLDWLRQ�ULVN�HVWLPDWHV�DQG�EHFDXVH�WKH

,&53©V�HVWLPDWHG�UHODWLRQ�RI�HIIHFWLYH�GRVH�DQG�IDWDO�FDQFHUV�LV�EDVHG�RQ�DQ�LGHDOL]HG�SRSXODWLRQ

UHFHLYLQJ�D�XQLIRUP�HTXLYDOHQW�GRVH�RYHU�WKH�ZKROH�ERG\���$�QRPLQDO�IDWDOLW\�SUREDELOLW\�FRHIILFLHQW

RI������6Y �LV�JLYHQ�LQ�,&53�3XEOLFDWLRQ�����������IRU�DOO�FDQFHU�W\SHV�FRPELQHG���$FFRUGLQJ�WR
��

,&53�3XEOLFDWLRQ�����¦,I�WKH�HTXLYDOHQW�GRVH�LV�IDLUO\�XQLIRUP�RYHU�WKH�ZKROH�ERG\��LW�LV�SRVVLEOH�WR

REWDLQ�WKH�SUREDELOLW\�RI�IDWDO�FDQFHU�DVVRFLDWHG�ZLWK�WKDW�HIIHFWLYH�GRVH�IURP�WKH�QRPLQDO�IDWDOLW\

SUREDELOLW\�FRHIILFLHQW���,I�WKH�GLVWULEXWLRQ�RI�HTXLYDOHQW�GRVH�LV�QRQ�XQLIRUP��WKLV�XVH�RI�WKH�QRPLQDO

FRHIILFLHQW�ZLOO�EH�OHVV�DFFXUDWH�EHFDXVH�WKH�WLVVXH�ZHLJKWLQJ�IDFWRUV�LQFOXGH�DOORZDQFHV�IRU�QRQ�IDWDO

DQG�KHUHGLWDU\�FRQGLWLRQV�§��$QRWKHU�GLIILFXOW\�ZLWK�WKH�HIIHFWLYH�GRVH�DV�D�PHDVXUH�RI�ULVN�LV�WKDW



&���

LW�FDQQRW�DFFXUDWHO\�UHIOHFW�WKH�FRQWULEXWLRQ�RI�FRPSHWLQJ�ULVNV�IRU�WKH�PDQ\�GLIIHUHQW�WHPSRUDO

SDWWHUQV�RI�GRVH�UDWHV�WR�WLVVXHV�WKDW�RFFXU�IRU�YDULRXV�ORQJ�OLYHG��WHQDFLRXVO\�UHWDLQHG�UDGLRQXFOLGHV�

'HVSLWH�VXFK�OLPLWDWLRQV�LQ�WKH�HIIHFWLYH�GRVH�� LW� LV�FRPPRQ�SUDFWLFH�WR�XVH�WKH�QRPLQDO

IDWDOLW\�SUREDELOLW\�FRHIILFLHQW�WR�FRQYHUW�HIIHFWLYH�GRVHV�IURP�LQWHUQDOO\�GHSRVLWHG�UDGLRQXFOLGHV�WR

HVWLPDWHV�RI�IDWDO�UDGLRJHQLF�FDQFHUV���7KH�HIIHFWLYH�GRVH�LV�WDNHQ�E\�VRPH�DQDO\VWV�DV�WKH�HIIHFWLYH

GRVH�HTXLYDOHQW�RI�,&53�3XEOLFDWLRQ�����������������������������DV�WDEXODWHG�LQ�)HGHUDO�*XLGDQFH

5HSRUW�1R�� ��� �������� DQG� LV� WDNHQ� E\� RWKHUV� IURP� WDEXODWLRQV� LQ� WKH� ,&53©V� UHFHQW� VHULHV� RI

GRFXPHQWV� RQ� GRVHV� WR� WKH� SXEOLF� IURP� LQWDNH� RI� UDGLRQXFOLGHV� �VHH� VXPPDU\� UHSRUW�� ,&53

3XEOLFDWLRQ�������������%HFDXVH�WKH�ODWWHU�GRFXPHQWV�SURYLGH�WKH�HIIHFWLYH�GRVH�DV�D�IXQFWLRQ�RI�DJH

DW�DFXWH�LQWDNH��WKH�HIIHFWLYH�GRVH�PD\�EH�UHSUHVHQWHG�E\�D�ZHLJKWHG�DYHUDJH�RI�DJH�VSHFLILF�HIIHFWLYH

GRVHV��ZKHUH�WKH�ZHLJKWV�UHIOHFW�DVVXPHG�OHYHOV�RI�LQWDNH�DW�GLIIHUHQW�DJHV���%HFDXVH�VXFK�ZHLJKWHG

HIIHFWLYH�GRVHV�W\SLFDOO\�GLIIHU�E\������IURP�WKH�HIIHFWLYH�GRVH�IRU�LQWDNH�E\�WKH�DGXOW��WKH�ODWWHU�LV

JHQHUDOO\�DSSOLHG�

&DQFHU�PRUWDOLW\�ULVN�IRU�LQJHVWLRQ�RI� 7K�LQ�IRRG�DQG�IRU�LQKDODWLRQ�RI�D�PRGHUDWHO\�VROXEOH
���

IRUP��7\SH�0��RI� 7K�RI�SDUWLFOH�VL]H����P��$0$'���DV�GHULYHG�E\�WKH�PHWKRGV�RI�WKLV�UHSRUW��DUH
���

FRPSDUHG�LQ�7DEOH�&���ZLWK�HVWLPDWHV�GHULYHG�IURP�WKH�HIIHFWLYH�GRVH��(��WKDW�LV��DV�H�Õ������6Y ��
��

7ZR�GLIIHUHQW�HVWLPDWHV�RI�HIIHFWLYH�GRVH�DUH�FRQVLGHUHG��RQH�GHULYHG�XVLQJ�WKH�FRPPLWWHG�HIIHFWLYH

GRVH� FRHIILFLHQW� IURP�)HGHUDO�*XLGDQFH�5HSRUW�1R����� ������� DQG� WKH�RWKHU�GHULYHG�XVLQJ� WKH

HIIHFWLYH�GRVH�FRHIILFLHQW�IURP�,&53�3XEOLFDWLRQ�������������7KH�ODWWHU�GRFXPHQW�LV�D�FRPSLODWLRQ

RI�DJH�GHSHQGHQW�GRVHV�WR�PHPEHUV�RI�WKH�SXEOLF�EDVHG�RQ�WKH�,&53©V�PRVW�UHFHQW�ELRNLQHWLF�DQG

GRVLPHWULF� PRGHOV�� � %RWK� HVWLPDWHV� DUH� EDVHG� RQ� DQ� LQWDNH� RI� �� %T�� � 7KH� WZR� HVWLPDWHV� DUH

DEEUHYLDWHG�DV������6Y �Õ�(�)*5����DQG������6Y �Õ�(�,&53�����UHVSHFWLYHO\���)RU�VLPSOLFLW\�
�� ��

(�,&53����LV�WDNHQ�WR�EH�WKH�HIIHFWLYH�GRVH�IRU�LQWDNH�E\�WKH�DGXOW�

)RU�WKH�FDVH�RI�LQJHVWLRQ�RI� 7K�LQ�IRRG�������6Y �Õ�(�)*5����LV�DERXW�WKUHH�IROG�KLJKHU
��� ��

WKDQ������6Y �Õ�(�,&53�����DQG����IROG�KLJKHU�WKDQ�WKH�ULVN�EDVHG�RQ�WKH�FRHIILFLHQW�GHULYHG�KHUH
��

�7DEOH�&������7KH�GLVFUHSDQFLHV�EHWZHHQ������6Y �Õ�(�)*5����DQG������6Y �Õ�(�,&53����UHVXOW
�� ��

LQ�SDUW�IURP�GLIIHUHQFHV�LQ�WKH�QHZ�DQG�SUHYLRXV�ELRNLQHWLF�PRGHOV�IRU�WKRULXP��GLVFXVVHG�HDUOLHU��

DQG� LQ� SDUW� IURP� UHFHQW� FKDQJHV� LQ� WKH� ,&53©V� WLVVXH� ZHLJKWLQJ� IDFWRUV� �,&53�� ������� � 7KH

GLVFUHSDQFLHV�EHWZHHQ������6Y �Õ�(�,&53����DQG�WKH�ULVN�FRHIILFLHQW�DUH�WKH�QHW�UHVXOW�RI�D�YDULHW\
��

RI�IDFWRUV��LQFOXGLQJ�WKH�OLPLWDWLRQV�RI�WKH�HIIHFWLYH�GRVH�DV�D�PHDVXUH�RI�ULVN�IRU�QRQ�XQLIRUPO\

GLVWULEXWHG� UDGLRQXFOLGHV� VXFK� DV� 7K� DQG� LWV� UDGLRDFWLYH� SURJHQ\�� GLIIHUHQFHV� EHWZHHQ� WKH
���

KLJK�/(7�5%(V�IRU�OHXNHPLD�DQG�EUHDVW�FDQFHU�XVHG�LQ�WKH�SUHVHQW�PHWKRGRORJ\�DQG�WKRVH�XVHG�E\

WKH�,&53��DQG�WKH�IDLOXUH�RI�WKH�HIIHFWLYH�GRVH�WR�DFFRXQW�DGHTXDWHO\�IRU�FRPSHWLQJ�ULVNV�ZKHQ�WKH

RUJDQ�GRVHV�DUH�UHFHLYHG�RYHU�VHYHUDO�GHFDGHV�



&���

7DEOH�&�����&RPSDULVRQ�RI�FDQFHU�PRUWDOLW\�ULVN�FRHIILFLHQWV�ZLWK�ULVN�HVWLPDWHV�EDVHG�RQ

HIIHFWLYH�GRVH��IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI� 7K�
���

0HWKRG

,QJHVWLRQ RI 7K 7\SH 0� � �P
���

,QKDODWLRQ RI 7K�
���

&DQFHU PRUWDOLW\ GHULYHG LQ WKLV &DQFHU PRUWDOLW\ GHULYHG LQ WKLV
ULVN �%T � UHSRUW ULVN �%T � UHSRUW

��

0XOWLSOH RI YDOXH 0XOWLSOH RI YDOXH

��

���� 6Y Õ (�)*5��� ����(��� �� ����(��� ��
�� D

���� 6Y Õ (�,&53��� ����(��� ��� ����(��� ���
�� E

7KLV UHSRUW ����(��� ����(���
³³ ³³

(�)*5��� LV WKH HIIHFWLYH GRVH JLYHQ LQ )HGHUDO *XLGDQFH 5HSRUW 1R� �� ������� ZKLFK LV EDVHG RQ PRGHOV DQG
D

PHWKRGV RI ,&53 3XEOLFDWLRQ �� �������

(�,&53��� LV WKH HIIHFWLYH GRVH IRU LQWDNH E\ WKH DGXOW� EDVHG RQ PRGHOV DQG PHWKRGV RI WKH ,&53©V UHFHQW VHULHV RI
E

GRFXPHQWV RQ DJH�GHSHQGHQW GRVLPHWU\ �,&53� ����� ����� ����D� ����E� ������ 8VH RI LQWDNH�ZHLJKWHG DYHUDJH RI

DJH�GHSHQGHQW HIIHFWLYH GRVHV W\SLFDOO\ \LHOGV ���� GLIIHUHQFH IURP LQGLFDWHG YDOXHV IRU FRPPRQO\ XVHG DJH�VSHFLILF

LQWDNH VFHQDULRV�

7KH�GLVFUHSDQFLHV�LQ�WKH�WKUHH�PHWKRGV�RI�HVWLPDWLRQ�RI�IDWDO�FDQFHUV�DUH�HYHQ�JUHDWHU�IRU�WKH

FDVH�RI�LQKDODWLRQ�RI�PRGHUDWHO\�VROXEOH� 7K��IRU�ZKLFK������6Y �Õ�(�)*5����LV����IROG�KLJKHU
��� ��

WKDQ������6Y �Õ�(�,&53����DQG�DERXW����IROG�KLJKHU�WKDQ�WKH�ULVN�FRHIILFLHQW���7KH�UHDVRQV�IRU�WKHVH
��

GLVFUHSDQFLHV�DUH�HVVHQWLDOO\�WKH�VDPH�DV�WKRVH�GHVFULEHG�DERYH�IRU�WKH�LQJHVWLRQ�FDVH���7KH�PDLQ

UHDVRQ�WKDW�UHODWLYH�GLIIHUHQFHV�EHWZHHQ������6Y �Õ�(�)*5����DQG�WKH�RWKHU�WZR�HVWLPDWHV�DUH
��

VPDOOHU�LQ�WKH�LQJHVWLRQ�FDVH�WKDQ�LQ�WKH�LQKDODWLRQ�FDVH�LV�WKDW�WKH�QHZ��KLJKHU�I �YDOXHV�IRU�WKRULXP
�

RIIVHW�SDUW�RI�WKH�UHGXFWLRQ�LQ�WKH�HVWLPDWH�RI�HIIHFWLYH�GRVH�IRU�LQJHVWLRQ�RI� 7K�LPSOLHG�E\�RWKHU
���

UHFHQW� FKDQJHV� LQ� WKH�ELRNLQHWLF�PRGHOV�DQG� WLVVXH�ZHLJKWLQJ� IDFWRUV�� �%\�FRQWUDVW�ZLWK�PRGHO

UHYLVLRQV�FRQFHUQLQJ�WKH�OHYHO�RI�DEVRUSWLRQ�RI�LQJHVWHG�WKRULXP��WKH�QHZ�UHVSLUDWRU\�WUDFW�PRGHO

SUHGLFWV�VOLJKWO\�ORZHU�DEVRUSWLRQ�RI�LQKDOHG�PDWHULDO�WR�EORRG�WKDQ�GRHV�WKH�SUHYLRXV�UHVSLUDWRU\�WUDFW

PRGHO�
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$33(1',;�'���81&(57$,17,(6�,1�(67,0$7(6�2)�&$1&(5�5,6.

)520�(19,5210(17$/�(;32685(�72�5$',218&/,'(6

3XUSRVHV�RI�WKLV�DSSHQGL[

&KDUDFWHUL]DWLRQ�RI�WKH�XQFHUWDLQWLHV�LQ�HVWLPDWHV�RI�FDQFHU�ULVN�IURP�HQYLURQPHQWDO�H[SRVXUH

WR�UDGLRQXFOLGHV�LV�D�FRPSOH[�SUREOHP�WKDW�KDV�UHFHLYHG�OLWWOH�DWWHQWLRQ�LQ�WKH�OLWHUDWXUH���7KH�SUREOHP

LV�SDUWLFXODUO\�FRPSOLFDWHG�IRU�LQWHUQDOO\�GHSRVLWHG�UDGLRQXFOLGHV�EHFDXVH�HDFK�UDGLRQXFOLGH�SUHVHQWV

D�XQLTXH�FRPELQDWLRQ�RI�LVVXHV�DVVRFLDWHG�ZLWK�GHSRVLWLRQ�DQG�UHWHQWLRQ�LQ�WKH�UHVSLUDWRU\�WUDFW��WKH

UDWH�DQG�OHYHO�RI�DEVRUSWLRQ�IURP�WKH�UHVSLUDWRU\�RU�JDVWURLQWHVWLQDO�WUDFW�WR�EORRG��WKH�WLPH�GHSHQGHQW

GLVWULEXWLRQ�DQG�UHWHQWLRQ�RI�WKH�SDUHQW�UDGLRQXFOLGH�DQG�DQ\�UDGLRDFWLYH�SURJHQ\�LQ�V\VWHPLF�WLVVXHV�

DQG�WKH�W\SHV�DQG�HQHUJLHV�RI�HPLWWHG�UDGLDWLRQV���&RQFOXVLRQV�GUDZQ�IRU�D�JLYHQ�UDGLRQXFOLGH�PD\

QRW�DSSO\�WR�RWKHU�UDGLRLVRWRSHV�RI�WKH�VDPH�HOHPHQW�GXH�WR�GLIIHUHQFHV�LQ�WKH�W\SHV�RI�UDGLDWLRQ

HPLWWHG�DQG�GLIIHUHQFHV�LQ�UDGLRORJLFDO�KDOI�OLYHV�WKDW�PD\�UHVXOW�LQ�FKDQJHV�LQ�WKH�WLPH�IUDPH�RYHU

ZKLFK� WKH� GRVH� LV� UHFHLYHG�� � &RQFOXVLRQV� GUDZQ� IRU� LQWDNH� RI� D� FHUWDLQ� FKHPLFDO� IRUP� RI� D

UDGLRQXFOLGH�PD\�QRW�DSSO\�WR�RWKHU�FKHPLFDO�IRUPV�GXH�WR�GLIIHUHQFHV�LQ�UHWHQWLRQ�SURSHUWLHV�LQ�WKH

UHVSLUDWRU\�WUDFW�RU�LQ�WKH�OHYHO�RI�DEVRUSWLRQ�WR�EORRG�IURP�WKH�UHVSLUDWRU\�RU�JDVWURLQWHVWLQDO�WUDFW�

)RU�VXFK�UHDVRQV��D�UHODWLYHO\�FRPSOHWH�DQG�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�WKH�XQFHUWDLQWLHV�LQ

ULVN� FRHIILFLHQWV� IRU� D� FRPSUHKHQVLYH� VHW� RI� UDGLRQXFOLGHV� LV� QRW� D� IHDVLEOH� WDVN�� � ,Q� IDFW�� WKH

¦XQFHUWDLQW\�LQ�D�ULVN�FRHIILFLHQW§�LV�QRW�D�ZHOO�GHILQHG�FRQFHSW�EHFDXVH�WKH�OHYHO�RI�FRQILGHQFH�WKDW

FDQ�EH�SODFHG�LQ�D�ULVN�FRHIILFLHQW�PD\�YDU\�FRQVLGHUDEO\�IURP�RQH�DSSOLFDWLRQ�WR�DQRWKHU���)RU

H[DPSOH��WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�DQ�LQKDODWLRQ�ULVN�FRHIILFLHQW�IRU�D�UDGLRQXFOLGH�PD\�GHSHQG

VWURQJO\�RQ� WKH� OHYHO�RI� LQIRUPDWLRQ�FRQFHUQLQJ� WKH�SK\VLFDO�DQG�FKHPLFDO� IRUP�RI� WKH� LQKDOHG

UDGLRQXFOLGH�EHFDXVH�WKH�GRVH�WR�OXQJV�DQG�RWKHU�UDGLRVHQVLWLYH�WLVVXHV�GHSHQGV�VWURQJO\�RQ�WKH�IRUP

RI�WKH�UDGLRQXFOLGH���$OVR��D�ULVN�FRHIILFLHQW�WKDW�LV�FRQVLGHUHG�WR�EH�D�UHDVRQDEO\�UHOLDEOH�SUHGLFWRU

IRU�D�UHODWLYHO\�KLJK��DFXWH�H[WHUQDO�H[SRVXUH�WR�D�UDGLRQXFOLGH�PD\�EH�DSSUHFLDEO\�OHVV�FHUWDLQ�IRU

D�ORZHU��SURORQJHG�H[SRVXUH�GXH�WR�XQFHUWDLQW\�LQ�WKH�VKDSH�RI�WKH�GRVH�UHVSRQVH�FXUYH�DW�ORZ�GRVHV�

7KH�SXUSRVHV�RI�WKLV�DSSHQGL[�DUH�WR�GLVFXVV�WKH�VRXUFHV�DQG�H[WHQW�RI�XQFHUWDLQWLHV�LQ�WKH

ELRNLQHWLF��GRVLPHWULF��DQG� UDGLDWLRQ� ULVN�PRGHOV�XVHG� LQ� WKLV� UHSRUW�DQG� WR�H[DPLQH�KRZ� WKHVH

XQFHUWDLQWLHV�PD\�EH�SURSDJDWHG�LQ�WKH�FDOFXODWLRQ�RI�ULVN�FRHIILFLHQWV���$�V\VWHPDWLF�SURFHGXUH�LV

SURSRVHG�IRU�GHWHUPLQLQJ�QRPLQDO�XQFHUWDLQW\�LQWHUYDOV�IRU�ULVN�FRHIILFLHQWV���7KHVH�LQWHUYDOV�DUH

UHIHUUHG�WR�DV�QRPLQDO�EHFDXVH�WKH\�DUH�LQWHQGHG�WR�UHIOHFW�RQO\�PDMRU�XQFHUWDLQWLHV�WKDW�DUH�ODUJHO\

LQGHSHQGHQW�RI�WKH�H[SRVXUH�VFHQDULR���7KH\�GR�QRW�UHIOHFW�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI

D�OLQHDU��QR�WKUHVKROG�PRGHO�IRU�UDGLRJHQLF�FDQFHU��H[FHSW�IRU�FRQVLGHUDWLRQ�RI�WKH�GLIIHUHQFHV�LQ�WKH
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UHSRUWHG�GRVH�DQG�GRVH�UDWH�HIIHFWLYHQHVV�IDFWRUV���DEVRUEHG�GRVH�DV�D�PHDVXUH�RI�UDGLRJHQLF�FDQFHU

ULVN��RU�LGHDOL]HG�UHSUHVHQWDWLRQV�RI�WKH�SRSXODWLRQ�DQG�H[SRVXUH���(VVHQWLDOO\��D�QRPLQDO�XQFHUWDLQW\

LQWHUYDO�LV�LQWHQGHG�WR�UHIOHFW�WKH�SUHFLVLRQ�ZLWK�ZKLFK�DQ�HVWLPDWH�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�FDQ

EH�PDGH�IRU�DQ�LGHDO�SRSXODWLRQ�DQG�H[SRVXUH�VFHQDULR��DVVXPLQJ�WKDW�WKH�SUREDELOLW\�RI�LQGXFLQJ�D

UDGLRJHQLF�FDQFHU�LV�SURSRUWLRQDO�WR�DEVRUEHG�GRVH�

*HQHUDO�VRXUFHV�RI�XQFHUWDLQW\�LQ�ELRNLQHWLF�HVWLPDWHV

8QFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�VWUXFWXUH�RI�D�ELRNLQHWLF�PRGHO

7KH� FRQILGHQFH� WKDW� FDQ�EH� SODFHG� LQ� SUHGLFWLRQV� RI� D� ELRNLQHWLF�PRGHO� IRU� DQ� HOHPHQW

GHSHQGV� QRW� RQO\� RQ� XQFHUWDLQWLHV� DVVRFLDWHG�ZLWK� SDUDPHWHU� YDOXHV� RI� WKH�PRGHO� EXW� DOVR� RQ

XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�PRGHO�VWUXFWXUH���6XFK�XQFHUWDLQWLHV�PD\�DULVH�EHFDXVH�WKH�VWUXFWXUH

SURYLGHV�DQ�RYHUVLPSOLILHG�UHSUHVHQWDWLRQ�RI�WKH�NQRZQ�SURFHVVHV��EHFDXVH�XQNQRZQ�SURFHVVHV�KDYH

EHHQ� RPLWWHG� IURP� WKH� PRGHO�� RU� EHFDXVH� SDUW� RU� DOO� RI� WKH� PRGHO� IRUPXODWLRQ� LV� EDVHG� RQ

PDWKHPDWLFDO� FRQYHQLHQFH� UDWKHU� WKDQ�FRQVLGHUDWLRQ�RI�SURFHVVHV�� �6RPH�FRPELQDWLRQ�RI� WKHVH

OLPLWDWLRQV�LQ�PRGHO�VWUXFWXUH�LV�DVVRFLDWHG�ZLWK�HDFK�RI�WKH�ELRNLQHWLF�PRGHOV�XVHG�LQ�WKLV�GRFXPHQW�

7KHVH�OLPLWDWLRQV�KDPSHU�WKH�DVVLJQPHQW�RI�PHDQLQJIXO�XQFHUWDLQW\�VWDWHPHQWV�WR�WKH�SDUDPHWHU

YDOXHV�RI�D�PRGHO�EHFDXVH�WKH\�FDVW�GRXEW�RQ�WKH�SK\VLFDO�LQWHUSUHWDWLRQ�RI�WKH�SDUDPHWHU�YDOXHV���)RU

SXUSRVHV�RI�DVVHVVLQJ�WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�SUHGLFWLRQV�RI�D�ELRNLQHWLF�PRGHO�IRU�DQ

HOHPHQW��LW�LV�RIWHQ�PRUH�LOOXPLQDWLQJ�WR�H[DPLQH�WKH�UDQJH�RI�YDOXHV�JHQHUDWHG�E\�D�OLPLWHG�QXPEHU

RI�DOWHUQDWLYH�PRGHOLQJ�DSSURDFKHV�WKDQ�WR�SURGXFH�ODUJH�QXPEHUV�RI�SUHGLFWLRQV�EDVHG�RQ�YDULDWLRQ

RI�SDUDPHWHU�YDOXHV�ZLWKLQ�D�IL[HG�EXW�XQFHUWDLQ�PRGHO�VWUXFWXUH�

7\SHV�RI�LQIRUPDWLRQ�XVHG�WR�FRQVWUXFW�ELRNLQHWLF�PRGHOV�IRU�HOHPHQWV

5HJDUGOHVV� RI� WKH�PRGHO� IRUPXODWLRQ� RU�PRGHOLQJ� DSSURDFK�� D� ELRNLQHWLF�PRGHO� IRU� DQ

HOHPHQW�XVXDOO\�LV�EDVHG�RQ�VRPH�FRPELQDWLRQ�RI�WKH�IROORZLQJ�VRXUFHV�RI�LQIRUPDWLRQ�

+����GLUHFW�LQIRUPDWLRQ�RQ�KXPDQV��L�H���TXDQWLWDWLYH�PHDVXUHPHQWV�RI�WKH�HOHPHQW�LQ�KXPDQ

VXEMHFWV��

+����REVHUYDWLRQV�RI�WKH�EHKDYLRU�RI�FKHPLFDOO\�VLPLODU�HOHPHQWV�LQ�KXPDQ�VXEMHFWV�

$����REVHUYDWLRQV�RI�WKH�EHKDYLRU�RI�WKH�HOHPHQW�LQ�QRQ�KXPDQ�VSHFLHV�

$����REVHUYDWLRQV�RI�WKH�EHKDYLRU�RI�RQH�RU�PRUH�FKHPLFDOO\�VLPLODU�HOHPHQWV�LQ�QRQ�KXPDQ

VSHFLHV�
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'DWD�W\SHV�+���$���DQG�$��VHUYH�DV�VXUURJDWHV�IRU�+���ZKLFK�LV�WKH�SUHIHUUHG�W\SH�RI�LQIRUPDWLRQ�RQ

ZKLFK�WR�EDVH�D�ELRNLQHWLF�PRGHO��

7KH�VRXUFHV�+���+���$���DQG�$��DUH�VRPHWLPHV�VXSSOHPHQWHG�ZLWK�YDULRXV�RWKHU�W\SHV�RI

LQIRUPDWLRQ� RU� FRQVWUDLQWV�� VXFK� DV� TXDQWLWDWLYH� SK\VLRORJLFDO� LQIRUPDWLRQ� �H�J��� UDWHV� RI� ERQH

UHVWUXFWXULQJ��� FRQVLGHUDWLRQV� RI� PDVV� EDODQFH�� SUHGLFWLRQV� RI� WKHRUHWLFDO� PRGHOV� EDVHG� RQ

IXQGDPHQWDO�SK\VLFDO��FKHPLFDO��DQG�PDWKHPDWLFDO�SULQFLSOHV��H�J���D�WKHRUHWLFDO�PRGHO�RI�GHSRVLWLRQ

RI� LQKDOHG� SDUWLFOHV� LQ� WKH� GLIIHUHQW� VHJPHQWV� RI� WKH� OXQJ��� H[SHULPHQWDO� GDWD� GHULYHG� ZLWK

DQDWRPLFDOO\�UHDOLVWLF�SK\VLFDO�PRGHOV��H�J���KROORZ�FDVWV�RI�SRUWLRQV�RI�WKH�UHVSLUDWRU\�WUDFW�XVHG�WR

PHDVXUH� GHSRVLWLRQ� RI� LQKDOHG� SDUWLFOHV��� DQG� LQ� YLWUR� GDWD� �H�J��� GLVVROXWLRQ� RI� FRPSRXQGV� LQ

VLPXODWHG� OXQJ� IOXLG��� � $PRQJ� WKHVH� VXSSOHPHQWDO� VRXUFHV� RI� LQIRUPDWLRQ�� PDVV� EDODQFH� DQG

TXDQWLWDWLYH�SK\VLRORJLFDO�GDWD��3��KDYH�SDUWLFXODUO\�ZLGH�XVH�

6RXUFHV�RI�XQFHUWDLQW\�LQ�DSSOLFDWLRQV�RI�KXPDQ�GDWD

&OHDUO\�LW�LV�GHVLUDEOH�WR�EDVH�D�ELRNLQHWLF�PRGHO�IRU�DQ�HOHPHQW�RQ�REVHUYDWLRQV�RI�WKH�WLPH�

GHSHQGHQW�GLVWULEXWLRQ�DQG�H[FUHWLRQ�RI�WKDW�HOHPHQW�LQ�KXPDQ�VXEMHFWV���+��GDWD�����6RPH�GHJUHH

RI� WKLV� W\SH�RI�GLUHFW� LQIRUPDWLRQ� LV�DYDLODEOH� IRU�PRVW�HVVHQWLDO� HOHPHQWV�� DV�ZHOO� DV� IRU� VRPH

LPSRUWDQW�QRQ�HVVHQWLDO�HOHPHQWV��VXFK�DV�FHVLXP��OHDG��UDGLXP��XUDQLXP��DPHULFLXP��DQG�SOXWRQLXP�

'HSHQGLQJ�RQ� WKH�GHJUHH�RI�ELRORJLFDO�UHDOLVP�LQ�WKH�PRGHO�IRUPXODWLRQ�� LW�PD\�EH�SRVVLEOH� WR

VXSSOHPHQW� HOHPHQW�VSHFLILF� LQIRUPDWLRQ� IRU� KXPDQ� VXEMHFWV� ZLWK� TXDQWLWDWLYH� SK\VLRORJLFDO

LQIRUPDWLRQ�RQ�WKH�LPSRUWDQW�SURFHVVHV�FRQWUROOLQJ�WKH�ELRNLQHWLFV�RI�WKH�HOHPHQW�RI�LQWHUHVW���)RU

H[DPSOH��LQ�,&53�3XEOLFDWLRQ��������������������D���DQG���������E���ORQJ�WHUP�UHPRYDO�RI�FHUWDLQ

UDGLRQXFOLGHV�IURP�ERQH�YROXPH�LV�LGHQWLILHG�ZLWK�ERQH�WXUQRYHU�

$OWKRXJK�LW�LV�WKH�SUHIHUUHG�W\SH�RI�LQIRUPDWLRQ�IRU�SXUSRVHV�RI�PRGHO�FRQVWUXFWLRQ��+��GDWD

RIWHQ�KDYH�RQH�RU�PRUH�RI�WKH�IROORZLQJ�OLPLWDWLRQV���VPDOO�VWXG\�JURXSV��FRXSOHG�ZLWK�SRWHQWLDOO\

ODUJH�LQWHU�VXEMHFW�YDULDELOLW\�LQ�WKH�ELRNLQHWLFV�RI�DQ�HOHPHQW��VKRUW�REVHUYDWLRQ�SHULRGV��FRXSOHG

ZLWK�SRWHQWLDOO\�ODUJH�LQWUD�VXEMHFW�YDULDELOLW\��XVH�RI�XQKHDOWK\�VXEMHFWV�ZKRVH�GLVHDVHV�PD\�DOWHU

WKH�ELRNLQHWLFV�RI�WKH�HOHPHQW��SDXFLW\�RI�REVHUYDWLRQV�IRU�ZRPHQ�DQG�FKLOGUHQ��FROOHFWLRQ�RI�VPDOO�

SRWHQWLDOO\� QRQ�UHSUHVHQWDWLYH� VDPSOHV� RI� WLVVXH�� LQDFFXUDFLHV� LQ� PHDVXUHPHQW� WHFKQLTXHV�

XQFHUWDLQW\� LQ� WKH� SDWWHUQ� RU� OHYHO� RI� LQWDNH� RI� WKH� HOHPHQW�� DW\SLFDO� VWXG\� FRQGLWLRQV�� DQG

LQFRQVLVWHQF\�LQ�UHSRUWHG�YDOXHV���,Q�VRPH�FDVHV��LQFRQVLVWHQF\�LQ�UHSRUWHG�YDOXHV�PD\�SURYLGH�VRPH

RI�WKH�EHVW�HYLGHQFH�RI�WKH�XQFHUWDLQ�QDWXUH�RI�WKH�GDWD�

$Q�LPSRUWDQW�WRRO�LQ�WKH�GHYHORSPHQW�RI�ELRNLQHWLF�PRGHOV�IRU�UDGLRQXFOLGHV�KDV�EHHQ�WKH

XVH��RI��UHIHUHQFH��RUJDQ�FRQWHQWV�RI�VWDEOH�HOHPHQWV��DV�HVWLPDWHG�IURP�DXWRSV\�PHDVXUHPHQWV�RQ
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VXEMHFWV� FKURQLFDOO\� H[SRVHG� DW� HQYLURQPHQWDO� OHYHOV� RU� DW� HOHYDWHG� OHYHOV� HQFRXQWHUHG� LQ

RFFXSDWLRQDO�H[SRVXUHV��,&53����������6XFK�GDWD�DUH�FRPPRQO\�XVHG�WR�DGMXVW�SDUDPHWHU�YDOXHV�RI

ELRNLQHWLF�PRGHOV�RU�LQWURGXFH�QHZ�PRGHO�FRPSRQHQWV�WR�DFKLHYH�EDODQFH�EHWZHHQ�UHSRUWHG�YDOXHV

RI�LQWDNH��WRWDO�ERG\�FRQWHQW��DQG�H[FUHWLRQ�RI�VWDEOH�HOHPHQWV���6XFK�EDODQFH�FRQVLGHUDWLRQV�FDQ

SURYLGH� XVHIXO� FRQVWUDLQWV� RQ�PRGHO� SDUDPHWHUV�� SURYLGHG� WKH� GDWD� KDYH� EHHQ� FROOHFWHG� XQGHU

FDUHIXOO\�FRQWUROOHG�FRQGLWLRQV���+RZHYHU��VXFK�EDODQFH�FRQVLGHUDWLRQV�RIWHQ�KDYH�EHHQ�EDVHG�RQ�GDWD

IURP�GLVSDUDWH�VRXUFHV�RI�LQIRUPDWLRQ�DQG�XQUHOLDEOH�PHDVXUHPHQW�WHFKQLTXHV�DQG�LQ�VRPH�FDVHV�PD\

KDYH�OHG�WR�HUURQHRXV�PRGHOV�RU�SDUDPHWHU�YDOXHV�

$�FRQILGHQFH�VWDWHPHQW�EDVHG�RQ�+��GDWD�ZRXOG�UHIOHFW�D�YDULHW\�RI�IDFWRUV��VXFK�DV�WKH

UHOLDELOLW\� RI� WKH� PHDVXUHPHQW� WHFKQLTXH�V��� WKH� QXPEHU� DQG� VWDWH� RI� KHDOWK� RI� WKH� VXEMHFWV�

UHSUHVHQWDWLYHQHVV�RI�WKH�VXEMHFWV�DQG�ELRORJLFDO�VDPSOHV��FRQVLVWHQF\�LQ�GDWD�IURP�GLIIHUHQW�VWXGLHV�

NQRZOHGJH�FRQFHUQLQJ�WKH�OHYHO�DQG�SDWWHUQ�RI�LQWDNH��DQG�WKH�UHOHYDQFH�RI�WKH�LQIRUPDWLRQ�WR�WKH

VLWXDWLRQ�EHLQJ�PRGHOHG���)RU�H[DPSOH��KLJK�FRQILGHQFH�XVXDOO\�ZRXOG�QRW�EH�SODFHG�LQ�D�SDUDPHWHU

YDOXH�EDVHG�RQ�+��GDWD�IRU�DQ\�RQH�RI�WKH�IROORZLQJ�VWXG\�SRSXODWLRQV���VHYHUDO�VHULRXVO\�LOO�VXEMHFWV

ZLWK�NQRZQ�LQWDNHV��VHYHUDO��KHDOWK\�VXEMHFWV�ZLWK�SRRUO\�FKDUDFWHUL]HG�LQWDNHV��RU�RQH�KHDOWK\

VXEMHFW�ZLWK�NQRZQ�LQWDNH�

8QFHUWDLQW\�LQ�LQWHUVSHFLHV�H[WUDSRODWLRQ�RI�ELRNLQHWLF�GDWD

,QWHUVSHFLHV�H[WUDSRODWLRQ�RI�ELRNLQHWLF�GDWD�LV�EDVHG�RQ�WKH�FRQFHSW�RI�D�JHQHUDO�ELRORJLFDO

UHJXODULW\� DFURVV� WKH� GLIIHUHQW� VSHFLHV� ZLWK� UHJDUG� WR� FHOOXODU� VWUXFWXUH�� RUJDQ� VWUXFWXUH�� DQG

ELRFKHPLVWU\���0DPPDOLDQ�VSHFLHV��ZLWK�FHOO�VWUXFWXUH��RUJDQ�VWUXFWXUH��ELRFKHPLVWU\��DQG�ERG\

WHPSHUDWXUH�UHJXODWLRQ�SDUWLFXODUO\�FORVH�WR�WKRVH�RI�PDQ��DUH�H[SHFWHG�WR�SURYLGH�EHWWHU�DQDORJLHV

WR�PDQ�WKDW�GR�QRQ�PDPPDOLDQ�VSHFLHV�ZLWK�UHJDUG�WR�ELRNLQHWLFV�RI�FRQWDPLQDQWV�

'HVSLWH�WKH�EURDG�VWUXFWXUDO��IXQFWLRQDO��DQG�ELRFKHPLFDO�VLPLODULWLHV�DPRQJ�PDPPDOLDQ

VSHFLHV�� LQWHUVSHFLHV� H[WUDSRODWLRQ� RI� ELRNLQHWLF� GDWD� KDV� SURYHQ� WR� EH� DQ� XQFHUWDLQ� SURFHVV�

6LPLODULWLHV�DFURVV�VSHFLHV�RIWHQ�DUH�PRUH�RI�D�TXDOLWDWLYH�WKDQ�TXDQWLWDWLYH�QDWXUH��LQ�WKDW�WZR�VSHFLHV

WKDW� KDQGOH� DQ� LQWHUQDOO\� GHSRVLWHG� UDGLRQXFOLGH� LQ� WKH� VDPH� TXDOLWDWLYH� PDQQHU� PD\� H[KLELW

GLVVLPLODU� NLQHWLFV� ZLWK� UHJDUG� WR� WKDW� VXEVWDQFH�� � 0RUHRYHU�� WKHUH� DUH� LPSRUWDQW� VWUXFWXUDO�

IXQFWLRQDO��DQG�ELRFKHPLFDO�GLIIHUHQFHV�DPRQJ�WKH�PDPPDOLDQ�VSHFLHV��LQFOXGLQJ�GLIIHUHQFHV�LQ

VSHFLDOL]HG�RUJDQV��KHSDWLF�ELOH�IRUPDWLRQ�DQG�FRPSRVLWLRQ��OHYHO�RI�ELOLDU\�VHFUHWLRQ��XULQH�YROXPH

DQG�DFLGLW\��WKH�DPRXQW�RI�IDW�LQ�WKH�ERG\��WKH�PDJQLWXGH�RI�DEVRUSWLRQ�RU�VHFUHWLRQ�LQ�YDULRXV�UHJLRQV

RI�WKH�GLJHVWLYH�WUDFW��W\SHV�RI�EDFWHULD�LQ�WKH�GLJHVWLYH�WUDFW��DQG�PLFURVWUXFWXUH�DQG�SDWWHUQV�RI

UHPRGHOLQJ�RI�ERQHV�
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,Q� JHQHUDO�� WKH� FKRLFH� RI� DQ� DQLPDO� PRGHO� ZLOO� GHSHQG� VWURQJO\� RQ� WKH� SURFHVVHV� DQG

VXEV\VWHPV�RI� WKH�ERG\� WKRXJKW� WR�EH�PRVW� LPSRUWDQW� LQ� WKH�ELRNLQHWLFV�RI� WKH� UDGLRQXFOLGH� LQ

KXPDQV�� EHFDXVH� D� JLYHQ� VSHFLHV�PD\� UHVHPEOH� KXPDQV� ZLWK� UHJDUG� WR� FHUWDLQ� SURFHVVHV� DQG

VXEV\VWHPV�DQG�QRW�RWKHUV���)RU�H[DPSOH��GDWD�RQ�PRQNH\V�RU�EDERRQV�PD\�EH�JLYHQ�UHODWLYHO\�KLJK

ZHLJKW�IRU�SXUSRVHV�RI�PRGHOLQJ�WKH�GLVWULEXWLRQ�RI�D�UDGLRQXFOLGH�LQ�WKH�VNHOHWRQ�GXH�WR�WKH�FORVH

VLPLODULWLHV� LQ� WKH� VNHOHWRQV�RI�QRQ�KXPDQ�SULPDWHV� DQG�KXPDQV�� �'DWD�RQ�GRJV�PD\�EH�JLYHQ

UHODWLYHO\�KLJK�ZHLJKW�IRU�SXUSRVHV�RI�PRGHOLQJ�WKH�UDWH�RI�ORVV�RI�D�UDGLRQXFOLGH�IURP�WKH�OLYHU�GXH

WR�EURDG�TXDQWLWDWLYH�VLPLODULWLHV�EHWZHHQ�GRJV�DQG�KXPDQV�ZLWK�UHJDUG�WR�KHSDWLF�KDQGOLQJ�RI�PDQ\

UDGLRQXFOLGHV���%HFDXVH�WKH�VNHOHWRQ�RI�WKH�GRJ�VKRZV�PDQ\�TXDOLWDWLYH�VLPLODULWLHV�WR�WKDW�RI�PDQ�

GDWD�IRU�GRJV�PLJKW�EH�JLYHQ�UHODWLYHO\�KLJK�ZHLJKW�IRU�SXUSRVHV�RI�PRGHOLQJ�WKH�ELRNLQHWLFV�RI

UDGLRQXFOLGHV�WKDW�VKRZ�FRQVLGHUDEOH�H[FKDQJH�EHWZHHQ�WKH�VNHOHWRQ�DQG�OLYHU�

$�SK\VLRORJLFDOO\�EDVHG�PRGHO�SURYLGHV�WKH�SURSHU�VHWWLQJ�LQ�ZKLFK�WR�H[WUDSRODWH�GDWD�IURP

ODERUDWRU\� DQLPDOV� WR� PDQ�� LQ� WKDW� LW� KHOSV� WR� IRFXV� LQWHUVSHFLHV� FRPSDULVRQV� RQ� VSHFLILF

SK\VLRORJLFDO�SURFHVVHV�DQG�VSHFLILF�VXEV\VWHPV�RI�WKH�ERG\�IRU�ZKLFK�H[WUDSRODWLRQ�PD\�EH�YDOLG�

HYHQ�LI�ZKROH�ERG\�H[WUDSRODWLRQV�DUH�LQYDOLG���'HSHQGLQJ�RQ�WKH�SURFHVV�EHLQJ�PRGHOHG��LW�PD\�EH

SUHIHUDEOH�WR�OLPLW�DWWHQWLRQ�WR�GDWD�IRU�D�VLQJOH�VSHFLHV�RU�VPDOO�QXPEHU�RI�VSHFLHV��RU�WR�DSSHDO�WR

DYHUDJH�RU�VFDOHG�GDWD�IRU�D�FROOHFWLRQ�RI�VSHFLHV�

7KH�GHJUHH�RI�FRQILGHQFH�WKDW�FDQ�EH�SODFHG�LQ�D�PRGHO�YDOXH�EDVHG�RQ�DQLPDO�GDWD�GHSHQGV

RQ�WKH�TXDOLW\�DQG�FRPSOHWHQHVV�RI�WKH�GDWD�DQG�WKH�H[SHFWHG�VWUHQJWK�RI�WKH�DQLPDO�DQDORJ\�IRU�WKH

JLYHQ�VLWXDWLRQ���7KXV��RQH�PXVW�FRQVLGHU�SRWHQWLDO�H[SHULPHQWDO�DQG�VWDWLVWLFDO�SUREOHPV�LQ�WKH�GDWD

DV�ZHOO�DV�WKH�ORJLFDO�EDVLV�IRU�H[WUDSRODWLRQ�RI�WKRVH�SDUWLFXODU�GDWD�WR�KXPDQV���5HODWLYHO\�KLJK

FRQILGHQFH�PLJKW�EH�SODFHG�LQ�D�PRGHO�YDOXH�EDVHG�RQ�DQLPDO�GDWD�LI�IDLUO\�H[WHQVLYH�LQWHUVSHFLHV

FRPSDULVRQV�KDYH�EHHQ�PDGH�DQG�LQFOXGH�REVHUYDWLRQV�RQ�WKH�VSHFLHV�H[SHFWHG�WR�EH�PRVW�KXPDQ�

OLNH��XVXDOO\�QRQ�KXPDQ�SULPDWHV��GRJV��DQG�RU�SLJV��EXW�WKLV�YDULHV�ZLWK�WKH�TXDQWLW\�RI�LQWHUHVW��

WKHVH�FRPSDULVRQV�VXJJHVW�D�VWURQJ�EDVLV�IRU�LQWHUVSHFLHV�H[WUDSRODWLRQ��HLWKHU�EHFDXVH�WKH�GDWD�DUH

VSHFLHV�LQYDULDQW�RU�EHFDXVH�WKH�SK\VLRORJLFDO�SURFHVVHV�JRYHUQLQJ�WKH�ELRNLQHWLFV�RI�WKH�HOHPHQW�LQ

GLIIHUHQW�VSHFLHV�KDYH�EHHQ�UHDVRQDEO\�ZHOO�HVWDEOLVKHG��WKH�PRGHO�VWUXFWXUH�DOORZV�PHDQLQJIXO

H[WUDSRODWLRQ�WR�PDQ��XVXDOO\�RQ�WKH�EDVLV�RI�SK\VLRORJLFDO�SURFHVVHV��DQG�VXFK�SURFHVVHV�KDYH�EHHQ

ZHOO�TXDQWLILHG�LQ�KXPDQV��L�H���WKH�FHQWUDO�YDOXH�IRU�KXPDQV�KDV�EHHQ�UHDVRQDEO\�ZHOO�HVWDEOLVKHG��

$�IDLUO\�ZLGH�XQFHUWDLQW\�LQWHUYDO�LV�LQGLFDWHG�LI�GDWD�DUH�DYDLODEOH�RQO\�IRU�VSHFLHV�WKDW�IUHTXHQWO\

H[KLELW� TXDOLWDWLYH� GLIIHUHQFHV� IURP� PDQ� �H�J��� LI� GDWD� ZHUH� DYDLODEOH� RQO\� IRU� UDWV�� RU� LI� QR

PHDQLQJIXO�EDVLV�IRU�H[WUDSRODWLRQ�WR�PDQ�KDV�EHHQ�HVWDEOLVKHG�ZLWK�UHJDUG�WR�WKH�TXDQWLW\�RI�LQWHUHVW�

:KDWHYHU�WKH�TXDOLW\�RI�WKH�DQLPDO�GDWD��WKH�XQFHUWDLQW\�LQWHUYDO�VKRXOG�UHIOHFW�WKH�IDFW�WKDW�VRPH

FRQILGHQFH�LQ�WKH�SUHGLFWLYH�VWUHQJWK�RI�WKH�GDWD�LV�ORVW�ZKHQ�WKH�GDWD�DUH�H[WUDSRODWHG�DFURVV�VSHFLHV�
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8QFHUWDLQW\�LQ�LQWHU�HOHPHQW�H[WUDSRODWLRQ�RI�ELRNLQHWLF�GDWD

%LRNLQHWLF� PRGHOV� IRU� HOHPHQWV� RIWHQ� DUH� FRQVWUXFWHG� SDUWO\� RU� ZKROO\� IURP� GDWD� IRU

FKHPLFDOO\�VLPLODU�HOHPHQWV��RQ�WKH�EDVLV�RI�HPSLULFDO�HYLGHQFH�WKDW�FKHPLFDO�DQDORJXHV�RIWHQ�H[KLELW

FORVH�SK\VLRORJLFDO� VLPLODULWLHV�� �)RU� H[DPSOH�� WKH� DONDOLQH� HDUWK� HOHPHQWV�� FDOFLXP�� VWURQWLXP�

EDULXP��DQG�UDGLXP��H[KLELW�PDQ\�SK\VLRORJLFDO�DV�ZHOO�DV�FKHPLFDO�VLPLODULWLHV��,&53�����������D��

DQG�WKH�DONDOL�PHWDOV�UXELGLXP�DQG�FHVLXP�FORVHO\�IROORZ�WKH�PRYHPHQW�RI�WKHLU�FKHPLFDO�DQDORJXH�

SRWDVVLXP�

7KHUH� DUH�� KRZHYHU�� FRXQWHUH[DPSOHV� WR� WKH� SUHPLVH� WKDW� FKHPLFDO� DQDORJXHV� DUH� DOVR

SK\VLRORJLFDO�DQDORJXHV���)RU�H[DPSOH��WKH�DONDOL�PHWDOV�SRWDVVLXP�DQG�VRGLXP�VKDUH�FORVH�SK\VLFDO

DQG�FKHPLFDO�VLPLODULWLHV�EXW�H[KLELW�GLDPHWULFDOO\�RSSRVLWH�EHKDYLRUV�LQ�WKH�ERG\��ZLWK�SRWDVVLXP

EHLQJ�SULPDULO\�DQ�LQWUDFHOOXODU�HOHPHQW�DQG�VRGLXP�EHLQJ�SULPDULO\�DQ�H[WUDFHOOXODU�HOHPHQW��

0RUHRYHU��FKHPLFDOO\�VLPLODU�HOHPHQWV�WKDW�EHKDYH�LQ�D�TXDOLWDWLYHO\�VLPLODU�IDVKLRQ�LQ�WKH

ERG\�PD\�H[KLELW�TXLWH�GLIIHUHQW�NLQHWLFV���)RU�H[DPSOH��FHVLXP�DSSHDUV�WR�IROORZ�WKH�EHKDYLRU�RI

SRWDVVLXP�LQ�WKH�ERG\�LQ�D�TXDOLWDWLYH�VHQVH�EXW�LV�GLVWULEXWHG�VRPHZKDW�GLIIHUHQWO\�IURP�SRWDVVLXP

DW�HDUO\�WLPHV�DIWHU�LQWDNH�DQG�H[KLELWV�D�VXEVWDQWLDOO\�ORQJHU�ZKROH�ERG\�UHWHQWLRQ�WLPH�

7KH�OHYHO�RI�FRQILGHQFH�WKDW�FDQ�EH�SODFHG�LQ�D�PRGHO�YDOXH�EDVHG�RQ�KXPDQ�GDWD�IRU�D

FKHPLFDOO\�VLPLODU�HOHPHQW�GHSHQGV�RQ�WKH�TXDOLW\�DQG�FRPSOHWHQHVV�RI�WKH�GDWD�IRU�WKH�DQDORJXH�

DV�ZHOO�DV�WKH�H[SHFWHG�VWUHQJWK�RI�WKH�DQDORJ\�IRU�WKH�JLYHQ�VLWXDWLRQ���:KDWHYHU�WKH�TXDOLW\�RI�WKH

GDWD�IRU�WKH�FKHPLFDO�DQDORJXH��WKH�FRQILGHQFH�LQWHUYDO�VKRXOG�UHIOHFW�WKH�IDFW�WKDW�VRPH�FRQILGHQFH

LQ�WKH�SUHGLFWLYH�VWUHQJWK�RI�WKH�GDWD�LV�ORVW�ZKHQ�WKH�GDWD�DUH�H[WUDSRODWHG�DFURVV�HOHPHQWV�

7KH�VWUHQJWK�RI�WKH�FKHPLFDO�DQDORJ\�IRU�D�JLYHQ�HOHPHQW�GHSHQGV�ODUJHO\�RQ�WKH�H[WHQW�WR

ZKLFK�WKH�FKHPLFDOO\�VLPLODU�HOHPHQWV�KDYH�DOVR�EHHQ�IRXQG�WR�EH�SK\VLRORJLFDOO\�VLPLODU���7KDW�LV�

WKH�DQDORJ\�ZRXOG�EH�FRQVLGHUHG�VWURQJ�IRU�D�SDLU�RI�HOHPHQWV�LI�D�UHODWLYHO\�ODUJH�VHW�RI�H[SHULPHQWDO

GDWD�LQGLFDWH�WKDW�WKHVH�HOHPHQWV�KDYH�HVVHQWLDOO\�WKH�VDPH�TXDOLWDWLYH�EHKDYLRU�LQ�WKH�ERG\�DQG�WKHLU

TXDQWLWDWLYH�EHKDYLRU�HLWKHU�LV�VLPLODU�RU�GLIIHUV�LQ�D�SUHGLFWDEOH�IDVKLRQ���,Q�YLHZ�RI�FRXQWHUH[DPSOHV

WR�WKH�SUHPLVH�WKDW�FKHPLFDOO\�VLPLODU�HOHPHQWV�DUH�QHFHVVDULO\�SK\VLRORJLFDOO\�VLPLODU��WKH�FKHPLFDO

DQDORJ\�GRHV�QRW�SURYLGH�KLJK�FRQILGHQFH�LI�WKH�HOHPHQWV�LQ�TXHVWLRQ�KDYH�QRW�EHHQ�FRPSDUHG�LQ

DQLPDOV�RU�PDQ�

,I�D�FKHPLFDO�DQDORJXH�KDV�EHHQ�VKRZQ�WR�EH�D�JRRG�SK\VLRORJLFDO�DQDORJXH��WKHQ�DSSOLFDWLRQ

RI�KXPDQ�GDWD�RQ�WKH�FKHPLFDO�DQDORJXH��+��GDWD��PD\�EH�SUHIHUDEOH�WR�DSSOLFDWLRQ�RI�DQLPDO�GDWD

RQ�WKH�HOHPHQW�RI�LQWHUHVW��$��GDWD����)RU�H[DPSOH��IRU�SXUSRVHV�RI�FRQVWUXFWLQJ�RU�HYDOXDWLQJ�D

ELRNLQHWLF�PRGHO�IRU�DPHULFLXP�LQ�KXPDQV��XVH�RI�TXDQWLWDWLYH�KXPDQ�GDWD�RQ�WKH�SK\VLRORJLFDO

DQDORJXH�FXULXP�VHHPV�SUHIHUDEOH�WR�XVH�RI�WKH�EHVW�TXDQWLWDWLYH�DQLPDO�GDWD�RQ�DPHULFLXP���6LPLODU
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VWDWHPHQWV�FDQ�EH�PDGH�IRU�UDGLXP�DQG�EDULXP��UXELGLXP�DQG�SRWDVVLXP��RU�RWKHU�SDLUV�RI�FORVH

SK\VLRORJLFDO�DQDORJXHV���2Q�WKH�RWKHU�KDQG��LI�WZR�FKHPLFDOO\�VLPLODU�HOHPHQWV�VKRZ�RQO\�EURDG

SK\VLRORJLFDO�VLPLODULWLHV��WKH�DQLPDO�DQDORJ\�PD\�EH�SUHIHUUHG�WR�WKH�FKHPLFDO�DQDORJ\��SDUWLFXODUO\

LI�HOHPHQW�VSHFLILF�GDWD�DUH�DYDLODEOH�IRU�D�YDULHW\�RI�DQLPDO�VSHFLHV���,Q�JHQHUDO��ORZHU�FRQILGHQFH

ZRXOG�EH�SODFHG�LQ�DQLPDO�GDWD�IRU�D�FKHPLFDO�DQDORJXH�WKDQ�LQ�DQLPDO�GDWD�IRU�WKH�HOHPHQW�RI

LQWHUHVW�

8QFHUWDLQW\�LQ�FHQWUDO�HVWLPDWHV�VWHPPLQJ�IURP�YDULDELOLW\�LQ�WKH�SRSXODWLRQ

,Q�WKLV�UHSRUW��¦XQFHUWDLQW\§�UHIHUV�WR�ODFN�RI�NQRZOHGJH�RI�D�FHQWUDO�YDOXH�IRU�D�SRSXODWLRQ�

DQG� ¦YDULDELOLW\§� UHIHUV� WR�TXDQWLWDWLYH�GLIIHUHQFHV�EHWZHHQ�GLIIHUHQW�PHPEHUV�RI� D�SRSXODWLRQ�

$OWKRXJK�XQFHUWDLQW\�DQG�YDULDELOLW\�DUH�GLVWLQFW�FRQFHSWV��WKH�YDULDELOLW\�LQ�ELRNLQHWLF�FKDUDFWHULVWLFV

ZLWKLQ�D�SRSXODWLRQ�LV�RIWHQ�DQ�LPSRUWDQW�IDFWRU�FRQWULEXWLQJ�WR�WKH�XQFHUWDLQW\�LQ�D�FHQWUDO�HVWLPDWH

RI�D�ELRNLQHWLF�TXDQWLW\���7KLV�LV�EHFDXVH�VXFK�YDULDELOLW\�FRPSOLFDWHV�WKH�SUREOHP�RI�LGHQWLI\LQJ�WKH

FHQWUDO�WHQGHQF\�RI�WKHVH�FKDUDFWHULVWLFV�LQ�WKH�SRSXODWLRQ�GXH�WR�WKH�VPDOO�QXPEHU�RI�REVHUYDWLRQV

JHQHUDOO\�DYDLODEOH�DQG�WKH�IDFW�WKDW�VXEMHFWV�XVXDOO\�DUH�QRW�UDQGRPO\�VHOHFWHG�

9DULDELOLW\� LQ� WKH�ELRNLQHWLFV�RI� UDGLRQXFOLGHV��SKDUPDFHXWLFDOV��RU� FKHPLFDOV� LQ�KXPDQ

SRSXODWLRQV�DSSHDUV�WR�UHVXOW�IURP�PDQ\�GLIIHUHQW�SK\VLRORJLFDO�IDFWRUV�RU�PRGXODWLQJ�KRVW�IDFWRUV

RI�DQ�HQYLURQPHQWDO�QDWXUH��LQFOXGLQJ�DJH��JHQGHU��SUHJQDQF\��ODFWDWLRQ��H[HUFLVH��GLVHDVH��VWUHVV�

VPRNLQJ��DQG�GLHW���/DUJH�LQWHU�LQGLYLGXDO�ELRNLQHWLF�YDULDWLRQV�VRPHWLPHV�SHUVLVW�LQ�WKH�DEVHQFH�RI

DSSUHFLDEOH� HQYLURQPHQWDO� GLIIHUHQFHV� DQG� VXJJHVW� WKDW� WKHVH� YDULDWLRQV� PD\� EH� JHQHWLFDOO\

FRQWUROOHG���,Q�UHDO�ZRUOG�VLWXDWLRQV��JHQHWLF�DQG�HQYLURQPHQWDO�IDFWRUV�PD\�LQWHUDFW�G\QDPLFDOO\�

SURGXFLQJ�VL]DEOH�YDULDWLRQV�LQ�WKH�EHKDYLRU�RI�VXEVWDQFHV�WDNHQ�LQWR�WKH�KXPDQ�ERG\�

([DPSOHV�RI�GDWD�VRXUFHV�IRU�VRPH�VSHFLILF�ELRNLQHWLF�PRGHOV

0RGHO�RI�WKH�UHVSLUDWRU\�WUDFW

7KH�UHVSLUDWRU\�WUDFW�PRGHO�XVHG�LQ�WKLV�UHSRUW�LV�GHVFULEHG�LQ�&KDSWHU�����7KH�PRGHO�GHSLFWV

DLU�LQWDNH��YHQWLODWLRQ���GHSRVLWLRQ�RI�DLUERUQH�PDWHULDO�LQ�FRPSDUWPHQWV�ZLWKLQ�WKH�H[WUDWKRUDFLF

�(7��DQG�WKRUDFLF�UHJLRQV�RI�WKH�UHVSLUDWRU\�WUDFW��DQG�FOHDUDQFH�RI�PDWHULDO�IURP�WKHVH�FRPSDUWPHQWV

E\�PHFKDQLFDO�SURFHVVHV�DQG�DEVRUSWLRQ�WR�EORRG���7KH�DLUZD\V�RI�WKH�(7�UHJLRQ�DUH�GLYLGHG�LQWR�WKH

DQWHULRU�QDVDO�SDVVDJHV��LQ�ZKLFK�GHSRVLWV�DUH�UHPRYHG�E\�H[WULQVLF�PHDQV�VXFK�DV�QRVH�EORZLQJ��DQG

WKH��SRVWHULRU��QDVDO�SDVVDJHV�LQFOXGLQJ�WKH�QDVRSKDU\Q[��RURSKDU\Q[��DQG�WKH�ODU\Q[��IURP�ZKLFK
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GHSRVLWV�DUH�VZDOORZHG���7KH�DLUZD\V�RI�WKH�WKRUD[�LQFOXGH�WKH�EURQFKL��EURQFKLROHV��DQG�DOYHRODU

UHJLRQ���0DWHULDO�GHSRVLWHG�LQ�WKH�WKRUDFLF�DLUZD\V�PD\�EH�FOHDUHG�LQWR�EORRG�E\�DEVRUSWLRQ��WR�WKH

JDVWURLQWHVWLQDO�WUDFW�E\�PHFKDQLFDO�SURFHVVHV��WKDW�LV��WUDQVSRUWHG�XSZDUG�DQG�VZDOORZHG���DQG�WR

WKH�UHJLRQDO�O\PSK�QRGHV�YLD�O\PSKDWLF�FKDQQHOV���7KH�UDWHV�RI�PRYHPHQW�E\�PHFKDQLFDO�SURFHVVHV

DUH�EDVHG�RQ�GLIIHUHQW�NLQHWLF�SKDVHV�REVHUYHG�LQ�KXPDQV�RU�ODERUDWRU\�DQLPDOV���7KH�PHFKDQLFDO

FOHDUDQFHV�DUH�WKH�VDPH�IRU�DOO�UDGLRQXFOLGHV��EXW�WKH�UDWH�RI�DEVRUSWLRQ�WR�EORRG�GHSHQGV�RQ�WKH

GLVVROXWLRQ�UDWH�RI�WKH�LQKDOHG�PDWHULDO��ZKLFK�LQ�WXUQ�GHSHQGV�RQ�WKH�FKHPLFDO�DQG�SK\VLFDO�IRUP�LQ

ZKLFK�D�UDGLRQXFOLGH�LV�LQKDOHG���$OWKRXJK�WKH�PRGHO�SHUPLWV�FRQVLGHUDWLRQ�RI�FRPSRXQG�VSHFLILF

GLVVROXWLRQ�UDWHV��D�SDUWLFXODWH�LV�JHQHUDOO\�DVVLJQHG�WR�RQH�RI�WKUHH�GHIDXOW�DEVRUSWLRQ�W\SHV���7\SH�)

�IDVW�GLVVROXWLRQ�DQG�KLJK�DEVRUSWLRQ�WR�EORRG���7\SH�0��DQ�LQWHUPHGLDWH�UDWH�RI�GLVVROXWLRQ�DQG

LQWHUPHGLDWH�DEVRUSWLRQ�WR�EORRG���DQG�7\SH�6��VORZ�GLVVROXWLRQ�DQG�ORZ�DEVRUSWLRQ�WR�EORRG��

0RVW�SDUDPHWHU�YDOXHV�RI�WKH�UHVSLUDWRU\�WUDFW�PRGHO�DUH�EDVHG�RQ�GDWD�IURP�KXPDQ�VWXGLHV�

EXW�GDWD�GHULYHG�IURP�ODERUDWRU\�DQLPDOV�DQG�LQ�YLWUR�VWXGLHV�DUH�RIWHQ�XVHG�WR�DVVLJQ�DQ�DEVRUSWLRQ

W\SH�WR�D�JLYHQ�IRUP�RI�D�UDGLRQXFOLGH���6RPH�RI�WKH�SDUDPHWHU�YDOXHV�RI�WKH�UHVSLUDWRU\�WUDFW�PRGHO

DUH��LQGHSHQGHQW�RI�WKH�FKHPLFDO�SURSHUWLHV�RI�WKH�LQKDOHG�PDWHULDO��H�J���WRWDO�DQG�UHJLRQDO�GHSRVLWLRQ

IUDFWLRQV����,Q�VXFK�FDVHV��+��GDWD�DUH�DV�YDOXDEOH�DV�+��GDWD��DQG�$��GDWD�DUH�DV�YDOXDEOH�DV�$��GDWD�

8QFHUWDLQWLHV�LQ�WKH�LQWHJUDWHG�DFWLYLW\�RI�DQ�LQKDOHG�UDGLRQXFOLGH�DQG�WKH�GLVWULEXWLRQ�RI�WKDW

DFWLYLW\�LQ�WKH�UHVSLUDWRU\�WUDFW�DULVH�IURP�LQFRPSOHWH�NQRZOHGJH�RI�WKH�YHQWLODWLRQ�UDWH��WRWDO�DQG

UHJLRQDO�GHSRVLWLRQ�RI� LQKDOHG�PDWHULDO�� WKH� UDWH�RI�PXFRFLOLDU\�FOHDUDQFH�RI�SDUWLFOHV� IURP� WKH

WUDFKHREURQFKLDO�UHJLRQ��WKH�H[WHQW�RI�ORQJ�WHUP�UHWHQWLRQ�RI�PDWHULDO�LQ�WKH�DLUZD\�ZDOOV�LQ�WKH

WUDFKHREURQFKLDO�UHJLRQ��WKH�UHWHQWLRQ�WLPH�IRU�LQVROXEOH�SDUWLFOHV�LQ�WKH�DOYHRODU�UHJLRQ��WKH�UDWH�RI

GLVVROXWLRQ�RI�SDUWLFOHV�DQG�DEVRUSWLRQ�RI�WKH�UDGLRQXFOLGH�WR�EORRG��WKH�UDWH�RI�PRYHPHQW�RI�PDWHULDO

WR�WKH�O\PSK�QRGHV��DQG�WKH�UHWHQWLRQ�WLPH�RI�PDWHULDO�LQ�WKH�O\PSK�QRGHV���6RPH�RI�WKHVH�TXDQWLWLHV

KDYH� EHHQ� VWXGLHG� H[WHQVLYHO\� LQ� KXPDQ� VXEMHFWV� DQG� DUH� NQRZQ�ZLWKLQ� QDUURZ� ERXQGV�� � )RU

H[DPSOH��WKH�DYHUDJH�YHQWLODWLRQ�UDWH�PD\�EH�NQRZQ�ZLWKLQ�DERXW����������7RWDO�GHSRVLWLRQ�LQ�WKH

UHVSLUDWRU\� WUDFW� DQG� LQ� VSHFLILF� UHJLRQV� RI� WKH� WUDFW� KDYH� QRW� EHHQ� GHWHUPLQHG�ZLWK� VXFK� KLJK

SUHFLVLRQ��DOWKRXJK�WKHUH�DUH�IDLUO\�H[WHQVLYH�KXPDQ�GDWD�IRU�VRPH�UDQJHV�RI�SDUWLFOHV�VL]H��H�J���IRU

SDUWLFOH�VL]HV�QHDU����P�$0$'����:LWK�UHJDUG�WR�HVWLPDWHV�RI�GRVH�RU�FDQFHU�ULVN��WKH�XQFHUWDLQW\

LQ�WRWDO�GHSRVLWLRQ�LQ�WKH�UHVSLUDWRU\�WUDFW�WHQGV�WR�EH�PRUH�LPSRUWDQW�WKDQ�XQFHUWDLQWLHV�LQ�UHJLRQDO

GHSRVLWLRQ�IUDFWLRQV�EHFDXVH�WKH�ODWWHU�WHQG�WR�RIIVHW�RQH�DQRWKHU�WR�VRPH�H[WHQW�LQ�HVWLPDWHV�RI�GRVH

WR�WKH�OXQJV�RU�V\VWHPLF�RUJDQV���.QRZOHGJH�RI�PHFKDQLFDO�FOHDUDQFH�UDWHV�YDULHV�ZLWK�WKH�UHJLRQ�DQG

WLPH�IUDPH�FRQVLGHUHG���)RU�H[DPSOH��WKH�DXWKRUV�RI�,&53�3XEOLFDWLRQ���������D��FRQFOXGHG�WKDW�WKH

PHDQ�FOHDUDQFH�UDWH�IURP�WKH�DOYHRODU�LQWHUVWLWLDO�UHJLRQ�XS�WR�����G�PD\�EH�NQRZQ�ZLWKLQ�DERXW

������WKH��UDWH�DW���������G�ZLWKLQ�D�IDFWRU�RI����DQG�WKH�ORQJ�WHUP�UHPRYDO�UDWH�IURP�WKH�DOYHRODU



'��

LQWHUVWLWLXP�WR�WKH�EURQFKLROHV���������G ��FRUUHVSRQGLQJ�WR�D�KDOI�WLPH�RI�DOPRVW������G��ZLWKLQ�D��

IDFWRU�RI�����3DUWLFOH�FOHDUDQFH�IURP�WKH�WUDFKHREURQFKLDO�UHJLRQ�KDV�QRW�EHHQ�FKDUDFWHUL]HG�ZLWK

PXFK�SUHFLVLRQ��EXW�WKHUH�LV�FRQYLQFLQJ�HYLGHQFH�WKDW�PRVW�RI�WKH�GHSRVLW�ZLOO�FOHDU�LQ�VHYHUDO�KRXUV�

7KH�OXQJ�GRVH�LV�GHILQHG�DV�D�ZHLJKWHG�DYHUDJH�RI�WKH�GRVHV�WR�WKUHH�UDGLRVHQVLWLYH�UHJLRQV

RI�WKH�OXQJV���WKH�EURQFKLDO�UHJLRQ��%%���WKH�EURQFKLRODU�UHJLRQ��EE���DQG�WKH�DOYHRODU�LQWHUVWLWLDO��$,�

UHJLRQ�� �7KH� ,&53� �����D�� UHFRPPHQGV� WKH�XVH�RI� HTXDO�ZHLJKWV��RU�GHWULPHQW� DSSRUWLRQPHQW

IDFWRUV��IRU�WKHVH�WKUHH�UHJLRQV�EXW�SRLQWV�RXW�WKH�SRVVLELOLW\��LQ�YLHZ�RI�WKH�UHJLRQDO�GLVWULEXWLRQ�RI

VSRQWDQHRXV�OXQJ�FDQFHUV�LQ�WKH�JHQHUDO�QRQ�VPRNLQJ�SRSXODWLRQ��WKDW�XQLIRUP�LUUDGLDWLRQ�RI�WKH

OXQJV�PD\�EH�PRUH�OLNHO\�WR�OHDG�WR�WKH�LQGXFWLRQ�RI�FDQFHU�LQ�WKH�EURQFKLDO�UHJLRQ�WKDQ�LQ�WKH

DOYHRODU�DQG�EURQFKLRODU�UHJLRQV���(VWLPDWHV�RI�OXQJ�GRVH�DUH�UHODWLYHO\�LQVHQVLWLYH�WR�WKH�FKRLFH�RI

UHJLRQDO�DSSRUWLRQPHQW�IDFWRUV�IRU�UDGLRQXFOLGHV�WKDW�HPLW�SHQHWUDWLQJ�UDGLDWLRQ�EHFDXVH�WKH�WKUHH

UHJLRQV�DUH�LQ�FORVH�SUR[LPLW\�WR�RQH�DQRWKHU��EXW�HVWLPDWHV�GHSHQG�VWURQJO\�RQ�WKH�FKRLFH�RI�UHJLRQDO

DSSRUWLRQPHQW�IDFWRUV�IRU�VRPH�UDGLRQXFOLGHV�WKDW�HPLW�PDLQO\�DOSKD�RU�ORZ�HQHUJ\�EHWD�SDUWLFOHV�

,Q�PDQ\�FDVHV��D�PDMRU�XQFHUWDLQW\�LQ�WKH�HVWLPDWHG�GRVHV�WR�OXQJV�DV�ZHOO�DV�V\VWHPLF�WLVVXHV

LV�WKH�UDWH�RI�DEVRUSWLRQ�WR�EORRG���7KLV�UDWH�GHSHQGV�VWURQJO\�RQ�WKH�SK\VLFRFKHPLFDO�IRUP�RI�WKH

UDGLRQXFOLGH���7KH�IRUP�RI�DQ�DLUERUQH�SDUWLFXODWH�XVXDOO\�LV�QRW�NQRZQ�ZLWK�PXFK�FHUWDLQW\�DQG��LI

NQRZQ��PD\�QRW�EH�XQDPELJXRXVO\�DVVRFLDWHG�ZLWK�D�JLYHQ�DEVRUSWLRQ�W\SH��7\SH�)��0��RU�6��RQ�WKH

EDVLV�RI�DYDLODEOH�VWXGLHV���(YHQ�LI�WKHUH�LV�VXIILFLHQW�LQIRUPDWLRQ�WR�DVVLJQ�WKH�LQKDOHG�PDWHULDO�WR�D

JHQHUDO�DEVRUSWLRQ�W\SH��HDFK�W\SH�UHSUHVHQWV�D�ZLGH�UDQJH�RI�DEVRUSWLRQ�UDWHV�WR�EORRG���$FFRUGLQJ

WR�UHFRPPHQGDWLRQV�RI� WKH�,&53������E���D�PDWHULDO�ZRXOG�EH�DVVLJQHG�WR�7\SH�)�LI�DYDLODEOH

LQIRUPDWLRQ�VXJJHVWV�WKDW�WKH�UDWH�RI�DEVRUSWLRQ�WR�EORRG�LV�������G �RU�JUHDWHU��WR�7\SH�6�LI�WKH��

DEVRUSWLRQ�UDWH�LV�������G �RU�OHVV��DQG�WR�7\SH�0�LV�WKH�DEVRUSWLRQ�UDWH�LV�EHWZHHQ�������G �DQG�� ��

������G ���'HSHQGLQJ�RQ�WKH�KDOI�OLIH�RI�WKH�UDGLRQXFOLGH��WKH�UDQJH�RI�DEVRUSWLRQ�UDWHV�IRU�DQ\�JLYHQ��

DEVRUSWLRQ�W\SH�FRXOG�FRUUHVSRQG�WR�D�ZLGH�UDQJH�RI�SRWHQWLDO�GRVHV�WR�WKH�OXQJ�RU�V\VWHPLF�RUJDQV�

$OWKRXJK� WKH� ,&53� UHFRPPHQGV� WKDW� PDWHULDO�VSHFLILF� UDWHV� RI� DEVRUSWLRQ� VKRXOG� EH� DSSOLHG

ZKHQHYHU�UHOLDEOH�GDWD�H[LVW�IRU�KXPDQ�VXEMHFWV�RU�ODERUDWRU\�DQLPDOV��VXFK�GDWD�VHOGRP�H[LVW�

*DVWURLQWHVWLQDO�WUDFW�PRGHO�DQG�I �YDOXHV
�

7KH�,&53©V�FXUUHQW�PRGHO�RI�WUDQVLW�RI�PDWHULDO�WKURXJK�WKH�VHJPHQWV�RI�WKH�JDVWURLQWHVWLQDO

WUDFW�LV�GHVFULEHG��LQ�&KDSWHU�����7KH�PRGHO�GLYLGHV�WKH�FRQWHQWV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�LQWR�IRXU

VHJPHQWV���VWRPDFK��VPDOO�LQWHVWLQH��XSSHU�ODUJH�LQWHVWLQH��DQG�ORZHU�ODUJH�LQWHVWLQH���7UDQVLW�RI

PDWHULDO� WKURXJK� WKH� JDVWURLQWHVWLQDO� WUDFW� DQG� DEVRUSWLRQ� WR� EORRG� DUH� GHVFULEHG� E\� ILUVW�RUGHU

NLQHWLFV����$EVRUSWLRQ�LV�DVVXPHG�WR�RFFXU�LQ�WKH�VPDOO�LQWHVWLQH�DQG�LV�UHSUHVHQWHG�E\�DQ�HOHPHQW�
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VSHFLILF�XSWDNH�IUDFWLRQ��FDOOHG�DQ�I �YDOXH��WKDW�LV�FRQYHUWHG�WR�D�WUDQVIHU�FRHIILFLHQW�IURP�WKH�VPDOO�

LQWHVWLQH�FRQWHQWV�WR�EORRG���7KH�WUDQVIHU�FRHIILFLHQWV�IRU�PRYHPHQW�RI�LQWHVWLQDO�FRQWHQWV�DUH�HTXDO

WR�WKH�UHFLSURFDO�RI�WKH�PHDQ�UHVLGHQFH�WLPHV��WDNHQ�WR�EH���K�IRU�WKH�VWRPDFK����K�IRU�WKH�VPDOO

LQWHVWLQH�����K�IRU�WKH�XSSHU�ODUJH�LQWHVWLQH�DQG����K�IRU�WKH�ORZHU�ODUJH�LQWHVWLQH���7KH�PRGHO�ZDV

RULJLQDOO\�LQWHQGHG�IRU�DSSOLFDWLRQ�WR�UDGLDWLRQ�ZRUNHUV�EXW�LV�EURDGO\�FRQVLVWHQW�ZLWK�GDWD�IRU�ZRPHQ

DQG�FKLOGUHQ��1&53����������0RUHRYHU��WKH�WUDQVLW�WLPHV�XVHG�LQ�WKH�,&53
V�PRGHO�VHHP�UHDVRQDEO\

FRQVLVWHQW�ZLWK�QHZHU�GDWD���,W�DSSHDUV�WKDW�LQFRPSOHWH�NQRZOHGJH�RI�W\SLFDO�WUDQVLW�WLPHV�WKURXJK

WKH�JDVWURLQWHVWLQDO�WUDFW��RU�LQDFFXUDWH�UHSUHVHQWDWLRQ�RI�WKHVH�WUDQVLW�WLPHV�LQ�WKH�,&53©V�PRGHO��GR

QRW�FRQWULEXWH�JUHDWO\�WR�XQFHUWDLQWLHV�LQ�FDQFHU�ULVN�HVWLPDWHV�IRU�LQWDNH�RI�UDGLRQXFOLGHV�

7KH�XQFHUWDLQW\�LQ�IUDFWLRQDO�XSWDNH�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW�WR�EORRG��I �YDOXH��YDULHV�

FRQVLGHUDEO\�IURP�RQH�HOHPHQW�WR�DQRWKHU���,Q�D�UHODWLYH�VHQVH��WKDW�LV��ZKHQ�H[SUHVVHG�DV�D�PXOWLSOH

RI�WKH�,&53©V�YDOXH���XQFHUWDLQWLHV�LQ�WKH�I �YDOXHV�DUH�VPDOOHVW�IRU�HOHPHQWV�WKDW�DUH�NQRZQ�WR�EH�

QHDUO\�FRPSOHWHO\�DEVRUEHG��LQFOXGLQJ�K\GURJHQ��DV�WULWLXP���FDUERQ��VRGLXP��FKORULQH��SRWDVVLXP�

EURPLQH�� UXELGLXP�� PRO\EGHQXP�� LRGLQH�� FHVLXP�� WKDOOLXP�� IOXRULQH�� VXOIXU�� DQG� JHUPDQLXP�

$YHUDJH� XSWDNH� IURP� WKH� JDVWURLQWHVWLQDO� WUDFW� LV� DOVR� UHDVRQDEO\� ZHOO� HVWDEOLVKHG� IRU� VHYHUDO

IUHTXHQWO\�VWXGLHG�HOHPHQWV�ZKRVH�DEVRUSWLRQ�LV�LQFRPSOHWH�EXW�UHSUHVHQWV�DW�OHDVW�D�IHZ�SHUFHQW�RI

LQWDNH��VXFK�DV�FRSSHU��]LQF��PDJQHVLXP��WHFKQHWLXP��DUVHQLF��FDOFLXP��VWURQWLXP��EDULXP��UDGLXP�

OHDG��LURQ��PDQJDQHVH��FREDOW��DQG�XUDQLXP���5HODWLYH�XQFHUWDLQWLHV�JHQHUDOO\�DUH�JUHDWHU�IRU�WKH

UHPDLQLQJ�HOHPHQWV��XVXDOO\�GXH�WR�VRPH�FRPELQDWLRQ�RI��WKH�IROORZLQJ�SUREOHPV������WKHUH�LV�OLWWOH

GLUHFW�LQIRUPDWLRQ�RQ�PDQ��H�J���UXWKHQLXP��VLOYHU��DOXPLQXP���WKHUH�DUH�VXEVWDQWLDO�LQFRQVLVWHQFLHV

LQ�UHSRUWHG�DEVRUSWLRQ�IUDFWLRQV��H�J���EHU\OOLXP��DQWLPRQ\��VLOLFRQ���DQG�����DEVRUSWLRQ�LV�WRR�ORZ�WR

EH� GHWHUPLQHG�ZLWK�PXFK� SUHFLVLRQ� XQGHU�PRVW� FRQGLWLRQV� �H�J���PRVW� DFWLQLGH� DQG� ODQWKDQLGH

HOHPHQWV����$EVRUSWLRQ�RI�D�IHZ�SRRUO\�DEVRUEHG�HOHPHQWV�VXFK�DV�WKRULXP��SOXWRQLXP��DPHULFLXP�

DQG�FXULXP�KDV�EHHQ�VWXGLHG�XQGHU�FRQWUROOHG�FRQGLWLRQV�LQ�KXPDQ�VXEMHFWV��DQG�DYHUDJH�XSWDNH�LQ

WKH�DGXOW�PD\�EH�HVWDEOLVKHG�ZLWKLQ�D�IDFWRU�RI�DERXW���IRU�WKHVH�HOHPHQWV���5HODWLYH�XQFHUWDLQWLHV

PD\�EH�JUHDWHVW�IRU�VHYHUDO�HOHPHQWV�ZKRVH�DEVRUSWLRQ�KDV�QRW�EHHQ�VWXGLHG�LQ�PDQ�EXW�IRU�ZKLFK

$��GDWD�RU�RWKHU�LQGLUHFW�HYLGHQFH�LQGLFDWHV�DEVRUSWLRQ�RQ�WKH�RUGHU�RI�DW�PRVW�D�IHZ�KXQGUHGWKV�RI

D�SHUFHQW�� VXFK�DV�VDPDULXP��JDGROLQLXP��G\VSURVLXP��HUELXP�� WKXOLXP��DFWLQLXP��\WWULXP��DQG

VFDQGLXP���7KH�I �YDOXHV�IRU�WKHVH�HOHPHQWV�DUH��DW�EHVW��RUGHU�RI�PDJQLWXGH�HVWLPDWHV���

6\VWHPLF�ELRNLQHWLF�PRGHOV�IRU�SDUHQW�UDGLRQXFOLGHV

7KH�TXDQWLW\�DQG�TXDOLW\�RI�LQIRUPDWLRQ�DYDLODEOH�WR�PRGHO�WKH�WLPH�GHSHQGHQW�GLVWULEXWLRQ

RI��DQ��HOHPHQW�DIWHU�LWV�DEVRUSWLRQ�WR�EORRG�YDULHV�FRQVLGHUDEO\�IURP�RQH�HOHPHQW�WR�DQRWKHU���)RU
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)LJ� '��� 5HSRUWHG KDOI�WLPHV IRU WKH VKRUW�WHUP

UHWHQWLRQ FRPSRQHQW IRU WULWLXP WDNHQ LQ PDLQO\ DV

+72 E\ DGXOW KXPDQV �DIWHU /HJJHWW HW DO� ������

VHYHUDO� HVVHQWLDO� HOHPHQWV� DQG� D� IHZ� QRQ�HVVHQWLDO� HOHPHQWV� VXFK� DV� FHVLXP� DQG� VWURQWLXP�� D

UHDVRQDEO\�GHWDLOHG�ELRNLQHWLF�GDWD�EDVH�KDV�EHHQ�GHULYHG�IURP�VWXGLHV�LQYROYLQJ�KXPDQ�VXEMHFWV

�+�����)RU�VRPH�RWKHU�HOHPHQWV��VXFK�DV�]LUFRQLXP��KDIQLXP��DQWLPRQ\��DQG�FHULXP��GHYHORSPHQW

RI�D�V\VWHPLF�ELRNLQHWLF�PRGHO�PXVW�EH�EDVHG�DOPRVW�HQWLUHO\�RQ�VXUURJDWH�LQIRUPDWLRQ�VXFK�DV�$�

DQG�$��GDWD���,QIRUPDWLRQ�IRU�PRVW�HOHPHQWV�IDOOV�VRPHZKHUH�EHWZHHQ�WKHVH�H[WUHPHV��LQ�WKDW�WKH

V\VWHPLF�ELRNLQHWLFV�KDV�EHHQ�VWXGLHG�WR�D�OLPLWHG�H[WHQW�LQ�KXPDQ�VXEMHFWV��DQG�VRPH�VXSSOHPHQWDU\

LQIRUPDWLRQ�LV�DYDLODEOH�LQ�WKH�IRUP�RI�$���+���DQG�RU�$��GDWD�

7KH�IROORZLQJ�SDUDJUDSKV�VXPPDUL]H�DYDLODEOH�LQIRUPDWLRQ�RQ�WKH�V\VWHPLF�ELRNLQHWLFV�RI

HDFK�RI�HOHYHQ�HOHPHQWV���K\GURJHQ��DV�WULWLDWHG�ZDWHU���FREDOW��VWURQWLXP��UXWKHQLXP��DQWLPRQ\�

LRGLQH�� FHVLXP�� UDGLXP�� WKRULXP�� XUDQLXP�� DQG� SOXWRQLXP�� � 7KHVH� HOHPHQWV� ZHUH� FKRVHQ� IRU

FRQVLGHUDWLRQ�EHFDXVH�RI�WKHLU�HQYLURQPHQWDO�LPSRUWDQFH�DQG�EHFDXVH�WKH\�LOOXVWUDWH�GLIIHUHQW�OHYHOV

RI�NQRZOHGJH�RI� WKH� V\VWHPLF�ELRNLQHWLFV�RI� HOHPHQWV� LQ� WKH�KXPDQ�ERG\�� �7KH�GLVFXVVLRQV�RI

WULWLXP��FREDOW��VWURQWLXP��UXWKHQLXP��DQWLPRQ\��FHVLXP��UDGLXP��DQG�WKRULXP�ZHUH�WDNHQ�IURP�D

SDSHU�E\�/HJJHWW�HW�DO����������WKH�GLVFXVVLRQ�RI�LRGLQH�ZDV�H[WUDFWHG�IURP�UHYLHZV�E\�'XQQLQJ�DQG

6FKZDU]��������DQG�,&53���������DQG�GLVFXVVLRQV�RI�WKRULXP�DQG�XUDQLXP�ZHUH�H[WUDFWHG�IURP

UHYLHZV�E\�/HJJHWW��������������

7ULWLXP��DV�WULWLDWHG�ZDWHU��+72����7KHUH�LV�D�ODUJH�GDWD�EDVH�RQ�ZKROH�ERG\�UHWHQWLRQ�RI

WULWLXP�LQ�DGXOW�KXPDQV�H[SRVHG�WR�+72��+��GDWD���DQG�WKHUH�KDYH�EHHQ�VHYHUDO�GHWDLOHG�VWXGLHV�RI

WKH�EHKDYLRU�RI�+72�LQ�ODERUDWRU\�DQLPDOV��$�

GDWD��� � ,W� KDV�EHHQ� HVWDEOLVKHG� WKDW� WULWLXP� LV

IDLUO\�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�ERG\�DQG�WKDW

UHWHQWLRQ�FDQ�EH�GHVFULEHG�DV�D�VXP�RI�WZR�RU

WKUHH�H[SRQHQWLDO�WHUPV���7KH�GRPLQDQW��VKRUW�

WHUP� FRPSRQHQW� FORVHO\� DSSUR[LPDWHV� WKH

WXUQRYHU� RI� ERG\�ZDWHU�� DQG� WKH� ORQJHU�WHUP

FRPSRQHQWV�� DFFRXQWLQJ� IRU� RQO\� D� VPDOO

SHUFHQWDJH�RI�WKH�FXPXODWLYH�DFWLYLW\��DSSHDU�WR

UHSUHVHQW� RWKHU� IRUPV� RI� PROHFXODUO\� ERXQG

WULWLXP���7KH�FRQVLVWHQF\�LQ�UHSRUWHG�PHDQV�RI

WKH�VKRUW�WHUP�KDOI�WLPH�LQ�ODUJHO\�DGXOW�PDOH

VWXG\�JURXSV��)LJ��'����LQGLFDWH�WKDW�WKH�W\SLFDO

VKRUW�WHUP�KDOI�WLPH��¥��DQG�KHQFH�WKH�W\SLFDO

FXPXODWLYH���DFWLYLW\��¥��LV���UHDVRQDEO\���ZHOO
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HVWDEOLVKHG�IRU�WKLV�SRUWLRQ�RI�WKH�SRSXODWLRQ���7KH�HTXLYDOHQFH�RI�WKH�VKRUW�WHUP�FRPSRQHQW�ZLWK

WKH�WXUQRYHU�RI�ERG\�ZDWHU��DV�VXSSRUWHG�E\�REVHUYDWLRQV�RQ�DGXOW�PDOH�KXPDQV�DQG�ODERUDWRU\

DQLPDOV�RI�YDULRXV�DJHV��SURYLGHV�D�PHDQV�RI�H[WHQGLQJ�WKH�PRGHO�WR�FKLOGUHQ�DQG�DGXOW�IHPDOHV�ZLWK

VRPH�FRQILGHQFH���7KXV��D�FRPELQDWLRQ�RI�WKUHH�GLIIHUHQW�W\SHV�RI�GDWD��+���3��DQG�$���OHDGV�WR

UHDVRQDEO\�KLJK�FRQILGHQFH�LQ�DJH��DQG�JHQGHU�VSHFLILF�HVWLPDWHV�RI�FXPXODWLYH�DFWLYLW\�RI�WULWLXP

LQ�WKH�ERG\�DIWHU�LQWDNH�RI�+72�

&REDOW�� �:KROH�ERG\� UHWHQWLRQ� RI� LQRUJDQLF� FREDOW� E\� WKH� DGXOW� FDQ� EH� HVWLPDWHG�ZLWK

UHDVRQDEO\�KLJK�FRQILGHQFH�IURP�+��GDWD��EXW�FRQVLGHUDEOH�XQFHUWDLQWLHV�UHPDLQ�ZLWK�UHJDUG�WR�WKH

WLPH�GHSHQGHQW�GLVWULEXWLRQ�LQ�WKH�KXPDQ�ERG\���,QIRUPDWLRQ�RQ�WKH�LQWHUQDO�GLVWULEXWLRQ�RI�FREDOW

FRPHV�PDLQO\�IURP�VWXGLHV�RQ�ODERUDWRU\�DQLPDOV��$��GDWD���DQG�WKHVH�GDWD�FDQQRW�EH�H[WUDSRODWHG

WR�KXPDQV�ZLWK�KLJK�FRQILGHQFH�EHFDXVH�RI�DSSDUHQW�VSHFLHV�GLIIHUHQFHV�LQ�WKH�EHKDYLRU�RI�FREDOW�

)RU�H[DPSOH��WKH�ORQJ�WHUP�UHWHQWLRQ�FRPSRQHQW�LV�FRQVLGHUDEO\�ODUJHU�LQ�KXPDQ�VXEMHFWV�WKDQ�RWKHU

VWXGLHG�VSHFLHV��DQG�WKH�GLIIHUHQFH�FDQQRW�EH�H[SODLQHG�E\�PHWDEROLF�UDWH�RU�ERG\�VL]H���/LPLWHG

FRPSDULVRQV�RI�GDWD�IRU�PDQ�DQG�ODERUDWRU\�DQLPDOV�VXJJHVW�WKDW�WKH�OLYHU�PD\�EH�D�PRUH�LPSRUWDQW

ORQJ�WHUP�UHSRVLWRU\�IRU�FREDOW�LQ�KXPDQV�WKDQ�LQ�RWKHU�VWXGLHG�VSHFLHV���'HYHORSPHQW�RI�D�ELRNLQHWLF

PRGHO� LV� FRPSOLFDWHG� E\� WKH� IDFW� WKDW� HQYLURQPHQWDO� FREDOW� PD\� KDYH� VXEVWDQWLDOO\� GLIIHUHQW

ELRNLQHWLF�SURSHUWLHV�IURP�WKH�LQRUJDQLF�IRUPV�RI�FREDOW�JHQHUDOO\�XVHG�LQ�H[SHULPHQWDO�VWXGLHV���$JH�

VSHFLILF�GDWD�IRU�FREDOW�DUH�DYDLODEOH�RQO\�IRU�UDWV��ZKLFK�LV�QRW�D�SUHIHUUHG�VSHFLHV�IRU�DJH�VSHFLILF

PRGHOLQJ�

6WURQWLXP���5HODWLYHO\�SOHQWLIXO�+��GDWD�H[LVW�IRU�VWURQWLXP��EXW�WKH�KHWHURJHQHLW\�RI�WKHVH

GDWD�FRPSOLFDWHV�WKH�PRGHOLQJ�SURFHVV���$�ODUJH�GDWD�EDVH�UHODWHG�WR�WKH�WUDQVIHU�RI� 6U�IURP�IRRG
��

DQG�PLON�WR�WKH�KXPDQ�VNHOHWRQ�ZDV�GHYHORSHG�LQ�WKH�����V�DQG�����V��EXW�LQWHUSUHWDWLRQ�RI�WKHVH

HQYLURQPHQWDO�+��GDWD�LV�FRPSOLFDWHG�E\�WKH�IDFWV�WKDW�PHDVXUHG�VNHOHWDO�EXUGHQV�ZHUH�DFFXPXODWHG

RYHU�DQ�H[WHQGHG�SHULRG�DQG�IUDFWLRQDO�XSWDNH�RI� 6U�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW�DW�D�JLYHQ�DJH
��

LV�QRW�NQRZQ�ZLWK�PXFK�SUHFLVLRQ���0RUH�HDVLO\�LQWHUSUHWHG�DJH�VSHFLILF�+��GDWD�RQ�WKH�V\VWHPLF

ELRNLQHWLFV�DUH�DYDLODEOH�IURP�FRQWUROOHG�+��VWXGLHV��EXW�VXFK�GDWD�DUH�OLPLWHG�IRU�FKLOGUHQ���$JH�

VSHFLILF�GDWD�RQ�UHWHQWLRQ�RI�VWURQWLXP�LQ�EHDJOHV��$���KHOS�WR�FODULI\�WKH�EHKDYLRU�RI�VWURQWLXP�DW

HDUO\�WLPHV�DIWHU�LQWDNH�DV�ZHOO�DV�UHODWLYH�SDWWHUQV�RI�EXLOGXS�DQG�GHFOLQH�RI�VWURQWLXP�LQ�ERQH�DW

GLIIHUHQW� VWDJHV�RI�ERQH�GHYHORSPHQW�� �%HFDXVH� VWURQWLXP� LV�D�FORVH�SK\VLRORJLFDO�DQDORJXH�RI

FDOFLXP��GDWD�IURP�FRQWUROOHG�VWXGLHV�RI�FDOFLXP�LQ�KXPDQV��+���SURYLGH�VXSSRUWLQJ�LQIRUPDWLRQ�IRU

VHOHFWLRQ�RI�DJH�VSHFLILF�SDUDPHWHU�YDOXHV�IRU�VWURQWLXP���7KH�XVH�RI�D�ELRORJLFDOO\�PHDQLQJIXO�PRGHO

IUDPHZRUN��DOORZV�WKH�VWURQWLXP�GDWD�WR�EH�VXSHULPSRVHG�RQ�LQIRUPDWLRQ�FRQFHUQLQJ�DGGLWLRQ�DQG
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WXUQRYHU�RI�VNHOHWDO�FDOFLXP�DQG�UHVWUXFWXULQJ�RI�ERQH��W\SH�3�GDWD����7KH�FROOHFWLYH�GDWD�SURYLGH�KLJK

FRQILGHQFH� LQ�PRGHO� SUHGLFWLRQV� RI� FXPXODWLYH� DFWLYLW\� LQ� ERQH� RI� DGXOWV� DQG� UHDVRQDEO\� KLJK

FRQILGHQFH�IRU�FKLOGUHQ���2YHUDOO��WKH�V\VWHPLF�ELRNLQHWLFV�RI�VWURQWLXP�LV�UHDVRQDEO\�ZHOO�XQGHUVWRRG

EXW�FDQQRW�EH�HVWLPDWHG�DV�DFFXUDWHO\�DV�WKDW�RI�FHVLXP�RU�WULWLXP��IRU�H[DPSOH�

5XWKHQLXP���7KH�V\VWHPLF�ELRNLQHWLFV�RI�UXWKHQLXP�LV�VOLJKWO\�OHVV�ZHOO�XQGHUVWRRG�WKDQ�WKDW

RI�FREDOW��IRU�H[DPSOH���.QRZOHGJH�RI�WKH�V\VWHPLF�ELRNLQHWLFV�RI�UXWKHQLXP�FRPHV�PDLQO\�IURP�$�

GDWD��LQFOXGLQJ�VWXGLHV�RQ�PLFH��UDWV��JXLQHD�SLJV��UDEELWV��FDWV��GRJV��DQG�PRQNH\V���5HSRUWHG�ORQJ�

WHUP�UHWHQWLRQ�KDOI�WLPHV�UDQJH�IURP�DERXW�����G�WR�DERXW������G�DQG�VKRZ�QR�WUHQG�ZLWK�ERG\�PDVV�

+��GDWD�FRQVLVW�PDLQO\�RI�ZKROH�ERG\�UHWHQWLRQ�PHDVXUHPHQWV�RQ�RQH�KHDOWK\�KXPDQ�VXEMHFW�ZKR

LQJHVWHG�GLIIHUHQW�FKHPLFDO�IRUPV�RI� 5X�RU� 5X�RQ�GLIIHUHQW�RFFDVLRQV���7KH�HVWLPDWHG�ORQJ�WHUP��� ���

KDOI�WLPH�LQ�WKLV�VXEMHFW�LV�ZLWKLQ�WKH�EURDG�UDQJH�RI�YDOXHV�LQGLFDWHG�E\�WKH�DQLPDO�GDWD���'DWD�RQ

WKH� V\VWHPLF� GLVWULEXWLRQ� RI� UXWKHQLXP� FRPHV� PDLQO\� IURP� VWXGLHV� RQ� URGHQWV� DQG� VXJJHVW� D

VRPHZKDW�XQLIRUP�GLVWULEXWLRQ��WKH�PDLQ�H[FHSWLRQ�EHLQJ�DQ�HOHYDWHG�FRQFHQWUDWLRQ�LQ�WKH�NLGQH\V

LQ�WKH�HDUO\�ZHHNV�DIWHU�LQMHFWLRQ���,QIRUPDWLRQ�RQ�DJH�UHODWHG�FKDQJHV�LQ�WKH�ELRNLQHWLFV�RI�UXWKHQLXP

LV�DYDLODEOH�RQO\�IRU�URGHQWV��$���

$QWLPRQ\���'HVSLWH�WKH�DYDLODELOLW\�RI�$��GDWD�IRU�VHYHUDO�VSHFLHV�DV�ZHOO�DV�VRPH�VFDWWHUHG

+��GDWD��RQO\�RUGHU�RI�PDJQLWXGH�HVWLPDWHV�FDQ�EH�PDGH�IRU�WKH�FXPXODWLYH�DFWLYLW\�RI�DEVRUEHG

6E�LQ�PRVW�RUJDQV���$��GDWD�DUH�DYDLODEOH�IURP�VWXGLHV�RQ�PDWXUH�PLFH��UDWV��KDPVWHUV��UDEELWV�
���

FRZV��GRJV��DQG�PRQNH\V��DQG�VRPH�DJH�VSHFLILF�GDWD�DUH�DYDLODEOH�IRU�UDWV���+��GDWD�FRPH�IURP

PHDVXUHPHQWV�RI�H[FUHWLRQ� IROORZLQJ�DFFLGHQWDO�RU�FRQWUROOHG�H[SRVXUH� WR�DQWLPRQ\�DQG�D� IHZ

DXWRSV\�PHDVXUHPHQWV�LQ�RFFXSDWLRQDOO\�RU�HQYLURQPHQWDOO\�H[SRVHG�SHUVRQV���%RWK�WKH�$��DQG�+�

GDWD�DUH�FRPSOLFDWHG�E\�D�VL]DEOH�YDULDELOLW\�ZLWK�FKHPLFDO�IRUP�RI�DQWLPRQ\�DGPLQLVWHUHG�DQG�ZLWK

URXWH�RI�H[SRVXUH�� �7KH�$��GDWD�DUH� IXUWKHU�ZHDNHQHG�E\�D�VSHFLHV�GHSHQGHQFH� LQ� WKH� LQWHUQDO

GLVWULEXWLRQ�RI�DQWLPRQ\���7KH�+��GDWD�DUH�VXVSHFW�GXH�WR�WKH�TXHVWLRQDEOH�UHOLDELOLW\�RI�UHSRUWHG

PHDVXUHPHQWV�RI�ORZ�OHYHO�HQYLURQPHQWDO�DQWLPRQ\�LQ�IRRG�DQG�KXPDQ�WLVVXHV���+��GDWD�DUH�RI�OLWWOH

XVH�EHFDXVH�WKH�QHDUHVW�QHLJKERUV�LQ�WKH�SHULRGLF�FKDUW��DUVHQLF�DQG�ELVPXWK��GR�QRW�DSSHDU�WR�EH

FORVH�SK\VLRORJLFDO�DQDORJXHV�RI�DQWLPRQ\�

,RGLQH��7KH�V\VWHPLF�ELRNLQHWLFV�RI�LRGLQH�LV�ZHOO�XQGHUVWRRG�LQ�D�TXDOLWDWLYH�VHQVH��EXW�LW

LV�GLIILFXOW�WR�GHILQH�¦W\SLFDO§�V\VWHPLF�ELRNLQHWLFV�RI�WKLV�HOHPHQW���7KHUH�LV�D�ODUJH�ERG\�RI�DJH�

VSHFLILF�GDWD��RQ�XSWDNH�DQG�UHWHQWLRQ�RI�LRGLQH�E\�WKH�KXPDQ�WK\URLG����5HSRUWHG�WK\URLGDO�XSWDNH
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7DEOH�'�����6XPPDU\�RI�UHSRUWHG�GDWD�RQ�XSWDNH�DQG�UHWHQWLRQ�RI�LRGLQH�E\

�WKH�KXPDQ�WK\URLG��'XQQLQJ�DQG�6FKZDU]��������

$JH �\�

8SWDNH E\ WK\URLG ��� $SSDUHQW ELRORJLFDO 7 �G�
���

1 0HGLDQ 0HDQ 5DQJH 1 0HGLDQ 0HDQ 5DQJH

1HZERUQ �� �� �� ���� � �� �� ����

����� �� �� �� ����� � �� �� ����

���� ��� �� �� ����� �� �� �� ������

!�� ��� �� �� ���� �� �� �� ������

IUDFWLRQV�DQG�ELRORJLFDO�KDOI�WLPHV�DUH�KLJKO\�YDULDEOH��SUREDEO\�GXH�LQ�ODUJH�SDUW�WR�D�KLJK�LQWHU�

VXEMHFW�YDULDELOLW\�LQ�WKH�ELRNLQHWLFV�RI�LRGLQH�UHVXOWLQJ�IURP�D�VWURQJ�GHSHQGHQFH�RQ�WKH�OHYHO�RI

VWDEOH�LRGLQH�LQ�WKH�WK\URLG���7KH�VFDWWHU�LQ�UHSRUWHG�YDOXHV�LV�DQ�LPSRUWDQW�VRXUFH�RI�XQFHUWDLQW\�LQ

W\SLFDO�WK\URLGDO�XSWDNH�IUDFWLRQV�DQG�KDOI�WLPHV�IRU�LRGLQH�EHFDXVH�LW�FRPSOLFDWHV�WKH�SUREOHP�RI

LGHQWLI\LQJ� WKH� FHQWUDO� WHQGHQF\� RI� WKHVH� YDOXHV� LQ� WKH� SRSXODWLRQ�� � ,Q� DQ� LQYHVWLJDWLRQ� RI� WKH

LPSUHFLVLRQ�LQ�DJH�VSHFLILF�HVWLPDWHV�RI�GRVH�WR�WKH�WK\URLG�IURP�LQWDNH�RI� ,��'XQQLQJ�DQG�6FKZDU]���

�������H[DPLQHG�WKH�YDULDWLRQ�LQ�UHSRUWHG�DJH�VSHFLILF�YDOXHV�IRU�XSWDNH�DQG�UHWHQWLRQ�RI�LRGLQH�E\

WKH�WK\URLG����0HGLDQV�DQG�UDQJHV�RI�WKH�FROOHFWHG�YDOXHV�DUH�VXPPDUL]HG�LQ�7DEOH�'�����)RU�HDFK�DJH

JURXS��ZLGH�UDQJHV�RI�UHSRUWHG�YDOXHV�ZHUH�IRXQG�IRU�HDFK�SDUDPHWHU���3DUWLFXODUO\�H[WHQVLYH�GDWD

ZHUH�IRXQG�IRU�WKH�ELRORJLFDO�KDOI�WLPH�LQ�WKH�DGXOWV�����IROG�GLIIHUHQFH�EHWZHHQ�PD[LPXP�DQG

PLQLPXP�YDOXHV�� DQG�XSWDNH� LQ� WKH� QHZERUQ� ����IROG� GLIIHUHQFH��� � )RU� ,�� XQFHUWDLQW\� LQ� WKH���

ELRORJLFDO�KDOI�WLPH�LQ�WKH�WK\URLG�LV�QRW�DQ�LPSRUWDQW�VRXUFH�RI�XQFHUWDLQW\�LQ�WKH�LQWHJUDWHG�DFWLYLW\

LQ�WKH�WK\URLG��EHFDXVH�WKH�HVWLPDWHG�ORZHU�ERXQG�RI�WKH�UHWHQWLRQ�WLPH�LV�ORQJ�FRPSDUHG�ZLWK�WKH

UDGLRORJLFDO�KDOI�OLIH�RI� ,���$�PRUH�LPSRUWDQW�FRQVLGHUDWLRQ�LV�WKH�OHYHO�RI�WK\URLGDO�XSWDNH�RI���

DEVRUEHG� ,��ZKLFK�PD\�EH�LQFUHDVHG�VXEVWDQWLDOO\�LQ�SHUVRQV�ZLWK�ORZ�LQWDNH�RI�LRGLQH�LQ�IRRG����

&HVLXP��:LWK�UHJDUG�WR�V\VWHPLF�ELRNLQHWLFV��FHVLXP�LV�DPRQJ�WKH�EHVW�XQGHUVWRRG�HOHPHQWV�

7KHUH�LV�DQ�HQRUPRXV�OLWHUDWXUH�RQ�WKH�ELRORJLFDO�EHKDYLRU�RI�FHVLXP�LQ�KXPDQ�VXEMHFWV�H[SRVHG

XQGHU�QDWXUDO�RU�FRQWUROOHG�FRQGLWLRQV�� �7KHVH�+��GDWD� LQGLFDWH� WKDW�FHVLXP�LV� IDLUO\�XQLIRUPO\

GLVWULEXWHG�LQ�WKH�ERG\�DQG�WKDW�ZKROH�ERG\�UHWHQWLRQ�FDQ�EH�DSSUR[LPDWHG�UHDVRQDEO\�ZHOO�E\�D

VLQJOH�ELRORJLFDO�KDOI�WLPH��DOWKRXJK�RQH�RU�WZR�DGGLWLRQDO�VKRUW�WHUP�KDOI�WLPHV�KDYH�EHHQ�LGHQWLILHG

LQ�VHYHUDO�VWXGLHV���7KH�FRQVLVWHQF\�RI�UHSRUWHG�PHDQ�KDOI�WLPHV�IRU�JURXSV�RI�KHDOWK\�DGXOW�PDOHV
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)LJ� '��� 5HSRUWHG ELRORJLFDO KDOI�WLPHV IRU FHVLXP

LQ DGXOW PDOH KXPDQV �IURP /HJJHWW HW DO�� ������

IURP� GLIIHUHQW� UHJLRQV� RI� WKH�ZRUOG� OHDGV� WR

KLJK�FRQILGHQFH�LQ�D�FHQWUDO�HVWLPDWH�IRU�WKLV

SRUWLRQ� RI� WKH� SRSXODWLRQ� �)LJ�� '����

&RPSDUDWLYH�GDWD�IRU�KHDOWK\�DGXOW�PDOHV�DQG

IHPDOHV� UHYHDO� WKDW� WKH� PHDQ� KDOI�WLPH� IRU

IHPDOHV�LV�FRQVLVWHQWO\��������ORZHU�WKDQ�WKDW

IRU�PDOHV���7KH�SDWWHUQ�RI�FKDQJH�ZLWK�DJH�LQ

WKH� UHWHQWLRQ�KDOI�WLPH�GXULQJ�JURZWK� LV� DOVR

ZHOO�HVWDEOLVKHG���7KXV��WKHUH�LV�VXIILFLHQW�KLJK�

TXDOLW\� +�� GDWD� RQ� FHVLXP� WR� FKDUDFWHUL]H

W\SLFDO�ZKROH�ERG\� UHWHQWLRQ�RI� WKLV� HOHPHQW

ZLWKLQ�QDUURZ�ERXQGV��IRU�FKLOGUHQ�DV�ZHOO�DV

IRU�DGXOWV�RI�ERWK�JHQGHUV�

5DGLXP��7KH�V\VWHPLF�ELRNLQHWLFV�RI�UDGLXP�LV�VOLJKWO\�OHVV�ZHOO�XQGHUVWRRG�WKDQ�WKDW�RI

VWURQWLXP�� IRU� H[DPSOH�� � $� UHODWLYHO\� ODUJH� EXW� LQFRPSOHWH� +�� GDWD� EDVH� IRU� UDGLXP� FDQ� EH

VXSSOHPHQWHG�ZLWK�YDULRXV�W\SHV�RI�VXUURJDWH�GDWD�IRU�SXUSRVHV�RI�FRQVWUXFWLQJ�D�V\VWHPLF�ELRNLQHWLF

PRGHO���0HDVXUHPHQWV�RI�ZKROH�ERG\�UHWHQWLRQ�RI�UDGLXP�DUH�DYDLODEOH�IRU�PDQ\�KXPDQ�VXEMHFWV�

EXW�WKH�GDWD�DUH�VFDWWHUHG�DQG�PDQ\�RI�WKH�VXEMHFWV�ZHUH�XQKHDOWK\��HOGHUO\��RU�UHFHLYHG�UHODWLYHO\

KLJK�GRVHV�WKDW�PD\�KDYH�DIIHFWHG�WKH�ERQH�WXUQRYHU�UDWH���:KROH�ERG\�UHWHQWLRQ�GDWD�IRU�UDGLXP�FDQ

EH�VXSSOHPHQWHG�ZLWK�+��GDWD� IURP�FRQWUROOHG�VWXGLHV�RQ� LWV�FORVH�FKHPLFDO�DQG�SK\VLRORJLFDO

DQDORJXH�� EDULXP�� �7KH� V\VWHPLF�GLVWULEXWLRQ�RI� UDGLXP�DW� WLPHV� VRRQ� DIWHU� H[SRVXUH� KDV� EHHQ

GHWHUPLQHG�LQ�D�IHZ�VHULRXVO\�LOO�KXPDQ�VXEMHFWV�DQG�FDQ�DOVR�EH�HVWLPDWHG�IURP�$��GDWD��DOWKRXJK

VSHFLHV�GLIIHUHQFHV�LQ�HQGRJHQRXV�IHFDO�H[FUHWLRQ�RI�UDGLXP�PXVW�EH�WDNHQ�LQWR�DFFRXQW���/LPLWHG

DJH�VSHFLILF�+��GDWD�IRU�UDGLXP�LQGLFDWH�WKDW�UHWHQWLRQ�DW�HDUO\�WLPHV�DIWHU�LQMHFWLRQ�LV�SURSRUWLRQDO

WR�WKH�UDWH�RI�DGGLWLRQ�RI�FDOFLXP�WR�WKH�VNHOHWRQ��DQG�WKLV�LV�VXSSRUWHG�E\�$��DQG�+��GDWD���$YDLODEOH

+���+���DQG�$��GDWD�IRU�UDGLXP�FDQ�EH�VXSHULPSRVHG�RQ�D�ELRORJLFDOO\�PHDQLQJIXO�PRGHO�RI�FDOFLXP

DGGLWLRQ� DQG� WXUQRYHU� DQG� ERQH� UHVWUXFWXULQJ� �VHH� )LJ�� ���� RI� WKH�PDLQ� WH[W��� � 7KH� FRPELQHG

LQIRUPDWLRQ�FDQ�EH�XVHG�WR�FKDUDFWHUL]H�WKH�ELRORJLFDO�EHKDYLRU�RI�UDGLXP�LQ�PDQ�LQ�UHDVRQDEOH

GHWDLO��DOWKRXJK�WKH�VXUURJDWH�LQIRUPDWLRQ�SURYLGHV�OHVV�FRQILGHQFH�WKDQ�HTXDOO\�GHWDLOHG�+��GDWD

ZRXOG�SURYLGH�

7KRULXP�� � 7KH� ELRNLQHWLFV� RI� WKRULXP� LV� UHDVRQDEO\� ZHOO� XQGHUVWRRG� RQ� WKH� EDVLV� RI

H[WHQVLYH�GDWD�RQ�EHDJOHV�DQG�RWKHU�ODERUDWRU\�DQLPDOV��$����WRJHWKHU�ZLWK�OLPLWHG�GDWD�RQ�KXPDQ

VXEMHFWV��+�����)RU�VRPH�RI�WKH�PRVW�LPSRUWDQW�LVRWRSHV�RI�WKRULXP��KRZHYHU��WLVVXH�GRVHV�DUH�GXH
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PDLQO\�WR�UDGLRDFWLYH�SURJHQ\�SURGXFHG�LQ�WKH�ERG\��DQG�WKH�ELRNLQHWLFV�RI�LQJURZLQJ�FKDLQ�PHPEHUV

LV�JHQHUDOO\�OHVV�ZHOO�XQGHUVWRRG�WKDQ�WKH�ELRNLQHWLFV�RI�WKH�WKRULXP�SDUHQW���8VHIXO�+��GDWD�RQ

WKRULXP�DV�D�SDUHQW�FRPH�IURP�D�FRQWUROOHG�VWXG\� LQYROYLQJ�HOGHUO\�KXPDQ�VXEMHFWV�� ORQJ�WHUP

PHDVXUHPHQWV�RI� 7K�RU� 7K�LQ�WKH�ERGLHV�DQG�H[FUHWD�RI�RFFXSDWLRQDOO\�H[SRVHG�SHUVRQV��DQG��� ���

PHDVXUHPHQWV�RI�WKRULXP�LVRWRSHV�LQ�DXWRSV\�VDPSOHV�IURP�QRQ�RFFXSDWLRQDOO\�H[SRVHG�VXEMHFWV�

$GGLWLRQDOO\��WKHUH�KDYH�DOVR�EHHQ�VHYHUDO�VWXGLHV�RI�WKH�ELRNLQHWLFV�RI�WKRULXP�LVRWRSHV�LQ�ODERUDWRU\

DQLPDOV��LQFOXGLQJ�D�SDUWLFXODUO\�GHWDLOHG�VWXG\�RQ�GRJV���7KH�DQLPDO�VWXGLHV�DOVR�SURYLGH�VRPH

LQIRUPDWLRQ�RQ�WKH�PLJUDWLRQ�RI�FKDLQ�PHPEHUV�IURP� 7K�RU� 7K��IRU�H[DPSOH���7KH�FROOHFWLYH�+���� ���

DQG�$��GDWD�HVWDEOLVK�WKDW�WKRULXP�LV�FOHDUHG�YHU\�VORZO\�IURP�WKH�ERG\�DQG�KDV�D�PXFK�KLJKHU

DIILQLW\�IRU�ERQH�WKDQ�IRU�RWKHU�WLVVXHV���,W�LV�UHDVRQDEO\�ZHOO�HVWDEOLVKHG�WKDW�WKRULXP�GHSRVLWV�RQ

ERQH�VXUIDFHV�DQG�LV�UHPRYHG�E\�ERQH�UHVWUXFWXULQJ�SURFHVVHV�RYHU�D�SHULRG�RI�\HDUV��7KHUH�LV�OLWWOH

GLUHFW�LQIRUPDWLRQ�RQ�FKDQJHV�ZLWK�DJH�LQ�WKH�ELRNLQHWLFV�RI�WKRULXP��EXW�LW�LV�H[SHFWHG�WKDW�WKH

WXUQRYHU�RI�VNHOHWDO�WKRULXP�ZLOO�EH�HOHYDWHG�DW�\RXQJHU�DJHV�GXH�WR�D�KLJK�UDWH�RI�ERQH�UHVWUXFWXULQJ�

5HVXOWV�RI�VWXGLHV�RQ�ODERUDWRU\�DQLPDOV�VXJJHVW�WKDW�PHPEHUV�RI�WKH� 7K�RU� 7K�FKDLQV�SURGXFHG��� ���

LQ�VRIW�WLVVXHV�DQG�RQ�ERQH�VXUIDFHV�PLJUDWH�IURP�WKH�SDUHQW�DQG�EHKDYH�DV�LI�LQMHFWHG�LQWR�EORRG���

8UDQLXP���&ROOHFWLYH�+��DQG�$��GDWD�SURYLGH�D�UHDVRQDEO\�JRRG�SLFWXUH�RI�WKH�EHKDYLRU�RI

XUDQLXP�LQ�WKH�KXPDQ�ERG\�GXULQJ�WKH�ILUVW�IHZ�PRQWKV�DIWHU�LWV�HQWU\�LQWR�EORRG�EXW�FDQQRW�EH�XVHG

WR�FKDUDFWHUL]H�WKH�ORQJ�WHUP�UHWHQWLRQ�RI�XUDQLXP�LQ�ERQH�DQG�VRIW�WLVVXHV�ZLWK�PXFK�FHUWDLQW\���7KH

PRVW�GLUHFW�LQIRUPDWLRQ�RQ�WKH�ELRNLQHWLFV�RI�XUDQLXP��SDUWLFXODUO\�LWV�UDWH�RI�XULQDU\�H[FUHWLRQ�DV�D

IXQFWLRQ�RI�WLPH�DIWHU�LQMHFWLRQ��FRPHV�IURP�WKUHH�VWXGLHV�RQ�KXPDQ�VXEMHFWV�ZKR�ZHUH�LQWUDYHQRXVO\

LQMHFWHG�ZLWK�XUDQLXP�LVRWRSHV�DQG�IROORZHG�IRU�SHULRGV�YDU\LQJ�IURP�D�IHZ�GD\V�WR�����\�DIWHU

LQMHFWLRQ���,Q�RQH�RI�WKHVH�VWXGLHV��VHYHUDO�ERQH�ELRSV\�VDPSOHV�ZHUH�WDNHQ�GXULQJ�WKH�ILUVW�GD\�RU�WZR

DIWHU�LQMHFWLRQ��DQG�DXWRSV\�VDPSOHV�RI�ERQH�DQG�VRIW�WLVVXHV�ZHUH�FROOHFWHG�DW�WLPHV�XS�WR�����\�DIWHU

LQMHFWLRQ��EXW�WKH�XVHIXOQHVV�RI�WKHVH�SRVWPRUWHP�GDWD�LV�OLPLWHG�E\�WKH�SRRU�SK\VLFDO�FRQGLWLRQV�RI

WKH�VXEMHFWV�DW�WKH�WLPH�RI�DGPLQLVWUDWLRQ�RI�XUDQLXP���%HVW�DYDLODEOH�LQIRUPDWLRQ�RQ�WKH�ORQJ�WHUP

GLVWULEXWLRQ�RI�XUDQLXP�LQ�WKH�KXPDQ�ERG\�FRPHV�IURP�SRVWPRUWHP�PHDVXUHPHQWV�RI�XUDQLXP�LQ

WLVVXHV�RI�RFFXSDWLRQDOO\�DQG�HQYLURQPHQWDOO\�H[SRVHG�VXEMHFWV��EXW�WKH�XVHIXOQHVV�RI�WKHVH�GDWD�LV

OLPLWHG�E\� WKH�VPDOO�QXPEHUV�RI�VXEMHFWV�� WKH�VPDOO�VDPSOHV�RI� WLVVXH�FROOHFWHG� LQ�PRVW� �FDVHV�

XQFHUWDLQ�H[SRVXUH�KLVWRULHV��DQG�WHFKQLFDO�GLIILFXOWLHV�LQ�PHDVXULQJ�WKH�W\SLFDOO\�ORZ�FRQFHQWUDWLRQV

RI�XUDQLXP�LQ�WLVVXHV�RI�HQYLURQPHQWDOO\�H[SRVHG�VXEMHFWV���9DULRXV�DVSHFWV�RI�WKH�ELRNLQHWLFV�RI

XUDQLXP�KDYH�EHHQ�H[DPLQHG�LQ�EDERRQV��GRJV��UDEELWV��UDWV��PLFH��PRQNH\V��VKHHS��DQG�RWKHU�DQLPDO

VSHFLHV��$��GDWD���7KH�DQLPDO�VWXGLHV�\LHOG�PXFK�LQIRUPDWLRQ�QRW�SURYLGHG�E\�WKH�KXPDQ�VWXGLHV�

LQFOXGLQJ�VRPH�LQGLFDWLRQ�RI�FKDQJHV�ZLWK�DJH�LQ�WKH�ELRNLQHWLFV�RI�XUDQLXP�
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3OXWRQLXP����$OWKRXJK�WKHUH�KDYH�EHHQ�PDQ\�VWXGLHV�RI�WKH�ELRORJLFDO�EHKDYLRU�RI�SOXWRQLXP

LQ�KXPDQ�VXEMHFWV�H[SRVHG�HLWKHU�RFFXSDWLRQDOO\�RU�XQGHU�FRQWUROOHG�FRQGLWLRQV��WKHVH�+��GDWD�GR

QRW�IXOO\�FKDUDFWHUL]H�WKH�UHODWLYHO\�FRPSOH[�EHKDYLRU�RI�SOXWRQLXP�LQ�WKH�ERG\���7KH�UDWH�RI�XULQDU\

H[FUHWLRQ�RI�SOXWRQLXP�DV�D�IXQFWLRQ�RI�WLPH�DIWHU�LQWDNH�LV�QRZ�UHDVRQDEO\�ZHOO�HVWDEOLVKHG�IURP�+�

GDWD��DQG�WKHUH�LV�VRPH�LQIRUPDWLRQ�RQ�WKH�WLPH�GHSHQGHQW�XULQDU\�WR�IHFDO�H[FUHWLRQ�UDWLR���5HFHQWO\

UHSRUWHG�LQMHFWLRQ�GDWD�IRU�KHDOWK\�YROXQWHHUV�VXJJHVW�D�JHQGHU�GHSHQGHQFH�LQ�WKH�UDWH�RI�H[FUHWLRQ

RI� SOXWRQLXP� LQ� DGXOWV�� �+�� DV�ZHOO� DV�$�� GDWD� LQGLFDWH� WKDW�PRVW� RI� WKH� ERG\
V� SOXWRQLXP� LV

VHTXHVWHUHG�LQ�VNHOHWRQ�DQG�OLYHU�DW�DOO�WLPHV�DIWHU�H[SRVXUH���+��GDWD�RQ�WKH�GLYLVLRQ�EHWZHHQ�OLYHU

DQG�VNHOHWRQ�VRRQ�DIWHU�H[SRVXUH�DUH�FRQWUDGLFWRU\��ZLWK�JHQHUDOO\�VPDOO�VDPSOHV�RI�DXWRSV\�GDWD

IURP�XQKHDOWK\�VXEMHFWV�LQGLFDWLQJ�WKDW�VNHOHWRQ�FRQWDLQV�PRUH�WKDQ�OLYHU�DQG�H[WHUQDO�PHDVXUHPHQWV

RQ�KHDOWK\�VXEMHFWV�VXJJHVWLQJ�WKH�RSSRVLWH���0RVW�EXW�QRW�DOO�$��GDWD�LQGLFDWH�JUHDWHU�LQLWLDO�XSWDNH

LQ�WKH�VNHOHWRQ�WKDQ�WKH�OLYHU��7KH�ORQJ�WHUP�GLYLVLRQ�EHWZHHQ�OLYHU�DQG�VNHOHWRQ�LV�UHDVRQDEO\�ZHOO

HVWDEOLVKHG�E\�+��GDWD��7KH�TXDOLWDWLYH�EHKDYLRU�RI�SOXWRQLXP�DIWHU�GHSRVLWLRQ�RQ�ERQH�VXUIDFHV�

LQFOXGLQJ� EXULDO� LQ� ERQH� YROXPH� DQG� UHPRYDO� WR� ERQH�PDUURZ� RU� SODVPD�� LV� XQGHUVWRRG� IURP

REVHUYDWLRQV�RI�SOXWRQLXP�DQG�UHODWHG�HOHPHQWV�LQ�ODERUDWRU\�DQLPDOV��$���$���DQG��WR�D�OHVVHU

H[WHQW��KXPDQV��+���+�����+RZHYHU��WKH�UDWHV�RI�UHPRYDO�RI�SOXWRQLXP�IURP�ERQH�VXUIDFHV�DQG�EXULDO

LQ�ERQH�YROXPH�DUH�QRW�ZHOO�HVWDEOLVKHG�DQG�DUH�LPSRUWDQW�VRXUFHV�RI�XQFHUWDLQW\�LQ�HVWLPDWHV�RI

FXPXODWLYH�DFWLYLW\�RI�LVRWRSHV�RI�SOXWRQLXP�RQ�ERQH�VXUIDFH���3UHGLFWLRQV�RI�XSWDNH�DQG�UHWHQWLRQ

RI�SOXWRQLXP�E\�WKH�JRQDGV�PXVW�EH�EDVHG�ODUJHO\�RQ�$��GDWD���,QIRUPDWLRQ�RQ�FKDQJHV�ZLWK�DJH�LQ

WKH�ELRNLQHWLFV�RI�SOXWRQLXP�DQG�UHODWHG�HOHPHQWV�FRPHV�IURP�VWXGLHV�RQ�GRJV�DQG�RWKHU�ODERUDWRU\

DQLPDOV�� �7KHVH�$��DQG�$��GDWD� LQGLFDWH� WKDW� IUDFWLRQDO�GHSRVLWLRQ�RI�DFWLQLGH�HOHPHQWV� LQ� WKH

VNHOHWRQ�LV�PXFK�JUHDWHU�LQ�LPPDWXUH�WKDQ�PDWXUH�DQLPDOV�

0RGHOV�IRU�UDGLRQXFOLGHV�SURGXFHG�LQ�WKH�ERG\�E\�UDGLRDFWLYH�GHFD\

'RVH�DQG�ULVN�HVWLPDWHV�IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI�D�UDGLRQXFOLGH�DUH�VRPHWLPHV�VWURQJO\

LQIOXHQFHG�E\�DVVXPSWLRQV�FRQFHUQLQJ�WKH�ELRNLQHWLFV�RI�UDGLRDFWLYH�FKDLQ�PHPEHUV�SURGXFHG�LQ�WKH

ERG\�� �)RU�H[DPSOH�� ULVN�FRHIILFLHQWV�IRU� LQKDODWLRQ�RU� LQJHVWLRQ�RI� )H�� 3E��RU� 7K�GHSHQG�� ��� ���

VWURQJO\�RQ�DVVXPSWLRQV�FRQFHUQLQJ�WKH�H[WHQW�RI�PLJUDWLRQ�RI�FKDLQ�PHPEHUV�IURP�WKH�SDUHQW�

EHFDXVH�WKH�SDUHQW�UHSUHVHQWV�RQO\�D�VPDOO�SRUWLRQ�RI�WKH�WRWDO�HQHUJ\�RI�WKH�FKDLQ�LQ�HDFK�FDVH���)RU

3E�� 7K��DQG�VHYHUDO�RWKHU�LPSRUWDQW�UDGLRQXFOLGHV��VRPH�LQIRUPDWLRQ�RQ�WKH�IDWH�RI�LQJURZLQJ��� ���

UDGLRDFWLYH�SURJHQ\�LV�DYDLODEOH�IURP�REVHUYDWLRQV�RQ�ODERUDWRU\�DQLPDOV�DQG�RFFXSDWLRQDOO\�H[SRVHG

VXEMHFWV��/HJJHWW�HW�DO�����������)RU� )H�DQG�PDQ\�RWKHU�UDGLRQXFOLGHV��KRZHYHU��ODFN�RI�LQIRUPDWLRQ��

RQ�WKH�ELRORJLFDO�IDWH�RI�UDGLRDFWLYH�SURJHQ\�UHSUHVHQWV�D�PDMRU�VRXUFH�RI�XQFHUWDLQW\�LQ�FDQFHU�ULVN
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HVWLPDWHV���7KH�,&53©V�DVVXPSWLRQV�FRQFHUQLQJ�WKH�EHKDYLRU�RI�GHFD\�FKDLQ�PHPEHUV�SURGXFHG�LQ

WKH�ERG\�DUH�GLVFXVVHG�LQ�&KDSWHU���RI�WKLV�UHSRUW�

8QFHUWDLQWLHV�LQ�LQWHUQDO�GRVLPHWULF�PRGHOV

6SHFLILF�HQHUJ\��6(��IRU�SKRWRQV

7KHUH�DUH�WZR�SULQFLSDO�FRPSXWDWLRQDO�SURFHGXUHV�DYDLODEOH�IRU�HVWLPDWLQJ�VSHFLILF�DEVRUEHG

IUDFWLRQV��6$)��IRU�SKRWRQ�HPLVVLRQV���WKH�0RQWH�&DUOR�PHWKRG�RI�VLPXODWLRQ�RI�UDGLDWLRQ�WUDQVSRUW

DQG� WKH� SRLQW�VRXUFH� NHUQHO� PHWKRG�� � %RWK� RI� WKHVH� PHWKRGV� PD\� LQYROYH� QRQ�WULYLDO� HUURUV�

GHSHQGLQJ� RQ� WKH� SKRWRQ� HQHUJ\� DQG� WKH� RUJDQV� XQGHU� FRQVLGHUDWLRQ�� � $Q� H[DPLQDWLRQ� RI� WKH

DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKHVH�WZR�YHU\�GLIIHUHQW�PHWKRGV��WRJHWKHU�ZLWK�D�FRPSDULVRQ�RI

SUHGLFWLRQV�RI�WKH�WZR�PHWKRGV�IRU�YDULRXV�VLWXDWLRQV��SURYLGHV�LQVLJKW�LQWR�WKH�XQFHUWDLQWLHV�LQ�6(V

IRU�SKRWRQV�DQG�ZD\V�WR�PLQLPL]H�WKRVH�XQFHUWDLQWLHV�

7KH�0RQWH�&DUOR�PHWKRG�LV�D�FRPSXWHUL]HG�DSSURDFK�IRU�HVWLPDWLQJ�WKH�SUREDELOLW\�RI�D

SKRWRQ�LQWHUDFWLRQ�ZLWKLQ�WDUJHW�RUJDQ�7�DIWHU�HPLVVLRQ�IURP�VRXUFH�RUJDQ�6���7KLV�PHWKRG�LV�FDUULHG

RXW�IRU�DOO�FRPELQDWLRQV�RI�VRXUFH�DQG�WDUJHW�RUJDQV�DQG�IRU�VHYHUDO�SKRWRQ�HQHUJLHV���7KH�ERG\�LV

UHSUHVHQWHG�E\�DQ�LGHDOL]HG�SKDQWRP�LQ�ZKLFK�WKH�LQWHUQDO�RUJDQV�DUH�DVVLJQHG�PDVVHV��VKDSHV�

SRVLWLRQV�� DQG� DWWHQXDWLRQ� FRHIILFLHQWV� EDVHG� RQ� WKHLU� FKHPLFDO� FRPSRVLWLRQ�� � +\SRWKHWLFDO

LQWHUDFWLRQV�RI�QXPHURXV�SKRWRQV�HPDQDWLQJ�LQ�UDQGRPO\�FKRVHQ�GLUHFWLRQV�IURP�SRLQWV�LQ�WKH�VRXUFH

RUJDQ�DUH�UHFRUGHG�DV�WKH�SKRWRQ�WUDYHOV�WKURXJK�WLVVXHV�DQG�HVFDSHV�IURP�WKH�ERG\�RU�ORVHV�LWV

HQHUJ\���7KLV�DSSURDFK�FDQ�SURGXFH�VLJQLILFDQW�VWDWLVWLFDO�HUURUV�LQ�VLWXDWLRQV�ZKHUH�IHZ�LQWHUDFWLRQV

DUH�H[SHFWHG�WR�RFFXU��VXFK�DV�FDVHV�LQYROYLQJ�ORZ�LQLWLDO�HQHUJLHV�RU�WDUJHW�RUJDQV�WKDW�DUH�UHODWLYHO\

VPDOO�RU�UHPRWH�IURP�LPSRUWDQW�VRXUFHV�RI�DFWLYLW\�

7KH� VHFRQG� SURFHGXUH� IRU� HVWLPDWLQJ� VSHFLILF� DEVRUEHG� IUDFWLRQV� IRU� SKRWRQ� HPLVVLRQV

LQYROYHV�LQWHJUDWLRQ�RI�D�SRLQW�VRXUFH�NHUQHO�1�[���ZKHUH�[�LV�WKH�GLVWDQFH�IURP�WKH�SRLQW�VRXUFH���7KH

IXQFWLRQ�1�LV�FRPSRVHG�RI�LQYHUVH�VTXDUH�DQG�H[SRQHQWLDO�DWWHQXDWLRQ�IDFWRUV�WKDW�UHIOHFW�WKH�ORVV�RI

HQHUJ\� IURP�SKRWRQ� LQWHUDFWLRQV�DQG�D�EXLOGXS�IDFWRU� WKDW� UHIOHFWV� WKH�FRQWULEXWLRQ�RI�VFDWWHUHG

SKRWRQV�WR�GRVH���7KH�SRLQW�VRXUFH�NHUQHO�PHWKRG�WHFKQLFDOO\�LV�YDOLG�RQO\�IRU�D�KRPRJHQHRXV�

XQERXQGHG�PHGLXP�DQG�PD\�\LHOG�HUURUV�RI�D�IDFWRU�RI�WZR�RU�PRUH�LQ�FDVHV�LQYROYLQJ�VLJQLILFDQW

YDULDWLRQV�LQ�FRPSRVLWLRQ�RU�GHQVLW\�RI�ERG\�WLVVXH�RU�VPDOOHU�HUURUV��XS�WR�DERXW������LQ�FDVHV

ZKHUH�WDUJHW�RUJDQV�RU�LPSRUWDQW�VRXUFHV�RI�DFWLYLW\�OLH�QHDU�D�ERXQGDU\�RI�WKH�ERG\�

5HVXOWV�RI�&ULVW\�DQG�(FNHUPDQ�������� LQGLFDWH� WKDW� WKH�VSHFLILF�DEVRUEHG� IUDFWLRQV� IRU

SKRWRQV�YDU\�VXEVWDQWLDOO\�ZLWK�DJH�IRU�VRPH�HQHUJLHV��VRXUFH�RUJDQV��DQG�WDUJHW�RUJDQV���$V�D�UXOH�
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XQFHUWDLQWLHV�LQ�6$)V�DUH�JUHDWHU�IRU�FKLOGUHQ�WKDQ�DGXOWV�GXH�WR�JUHDWHU�XQFHUWDLQWLHV�FRQFHUQLQJ

W\SLFDO�VL]HV�DQG�VKDSHV�RI�RUJDQV�RI�FKLOGUHQ�

0D[LPDO� GLIIHUHQFHV� EHWZHHQ� WKH�0RQWH� &DUOR� DQG� FODVVLFDO� SRLQW�NHUQHO� PHWKRGV� DUH

H[SHFWHG�WR�RFFXU�IRU�ZLGHO\�VHSDUDWHG�RUJDQ�SDLUV�DQG�IRU�ODUJH�FRHIILFLHQWV�RI�YDULDWLRQ�IRU�WKH

0RQWH�&DUOR�HVWLPDWHV���$�FRPSDULVRQ�RI�WKH�WZR�PHWKRGV�ZDV�PDGH�IRU�VXFK�VLWXDWLRQV�LQ�SKDQWRPV

UHSUHVHQWLQJ�FKLOGUHQ�RI�DJHV������\��&ULVW\�DQG�(FNHUPDQ����������7KH�UHVXOWV�RI�WKLV�FRPSDULVRQ

LQGLFDWH�WKDW�WKH�WZR�DSSURDFKHV�DJUHH�ZLWKLQ�D�IDFWRU�RI�WZR�DW�DOO�HQHUJLHV�DQG�ZLWKLQ�DERXW����

DW�HQHUJLHV�JUHDWHU�WKDQ�����NH9���7KH�ODUJHVW�GLIIHUHQFHV�EHWZHHQ�WKH�PHWKRGV�RFFXU�DW�YHU\�ORZ

HQHUJLHV�����NH9�RU�OHVV��DQG�DW�HQHUJLHV�QHDU�����NH9���7KH�GLVDJUHHPHQW�DW����NH9�RU�OHVV�SUREDEO\

UHVXOWV�IURP�VRPH�FRPELQDWLRQ�RI�SRRU�VWDWLVWLFV�IRU�WKH�0RQWH�&DUOR�YDOXHV�DQG�SRRU�GDWD�XQGHUO\LQJ

WKH�SRLQW�VRXUFH�NHUQHO�DW�WKHVH�HQHUJLHV���7KH�GLVDJUHHPHQW�DW�HQHUJ\�OHYHOV�QHDU�����NH9�SUREDEO\

LV�GXH�ODUJHO\�WR�WKH�LQDELOLW\�RI�WKH�SRLQW�VRXUFH�NHUQHO�PHWKRG�WR�DFFRXQW�SURSHUO\�IRU�WKH�HIIHFWV

RI� VFDWWHULQJ�� � &RPSDULVRQV� RI� WKH�0RQWH� &DUOR� DQG� SRLQW�NHUQHO�PHWKRGV� KDYH� EHHQ� XVHG� WR

GHWHUPLQH�FRUUHFWLRQ�IDFWRUV�IRU�YDOXHV�JHQHUDWHG�E\�WKH�SRLQW�NHUQHO�PHWKRG��&ULVW\�DQG�(FNHUPDQ�

��������,W�DSSHDUV�WKDW��IRU�PRVW�VLWXDWLRQV��XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�SKRWRQ�DEVRUEHG�IUDFWLRQV

FDQ�EH�PLQLPL]HG�E\�DSSO\LQJ�D�ZHLJKWHG�DYHUDJH�RI�WKH�VSHFLILF�DEVRUEHG�IUDFWLRQ�6$)�7�6��DQG�WKH

UHFLSURFDO�6$)�7�6��SURGXFHG�E\�WKH�0RQWH�&DUOR�PHWKRG���,Q�FDVHV�ZKHUH�WKH�0RQWH�&DUOR�YDOXHV

DUH�VWDWLVWLFDOO\�XQUHOLDEOH��KRZHYHU��LW�LV�SUHIHUDEOH�WR�DSSO\�WKH�FRUUHFWHG�SRLQW�NHUQHO�PHWKRG�

6(V�IRU�EHWD�SDUWLFOHV�DQG�GLVFUHWH�HOHFWURQV

%HWD�SDUWLFOHV� DQG�GLVFUHWH� HOHFWURQV�XVXDOO\� DUH�QRW� VXIILFLHQWO\� HQHUJHWLF� WR� FRQWULEXWH

VLJQLILFDQWO\�WR�FURVV�LUUDGLDWLRQ�GRVHV�RI�WDUJHWV�VHSDUDWHG�IURP�D�VRXUFH�RUJDQ���7KXV��IRU�WKHVH

UDGLDWLRQ�W\SHV�LW�LV�JHQHUDOO\�DVVXPHG�WKDW�6$)�6�6��LV�WKH�LQYHUVH�RI�WKH�PDVV�RI�RUJDQ�6��DQG�LI

VRXUFH�6�DQG�WDUJHW�7�DUH�VHSDUDWHG��6$)�7�6�� �����([FHSWLRQV�RFFXU�ZKHQ�WKH�VRXUFH�DQG�WDUJHW�DUH

LQ�FORVH�SUR[LPLW\��ZKLFK�FDQ�RFFXU�LQ�WKH�UHVSLUDWRU\�WUDFW�RU�LQ�WKH�VNHOHWRQ�

,Q�WKH�UHVSLUDWRU\�WUDFW��WKHUH�DUH�QDUURZ�OD\HUV�RI�UDGLRVHQVLWLYH�EDVDO�DQG�VHFUHWRU\�FHOOV�LQ

WKH� HSLWKHOLXP�� � 7KHVH� DUH� LUUDGLDWHG� WR� VRPH� H[WHQW� E\� EHWD� SDUWLFOHV� DQG� GLVFUHWH� HOHFWURQV

HPDQDWLQJ�IURP�QHDUE\��VRXUFH�RUJDQV���LQFOXGLQJ�WKH�JHO�OD\HU��WKH�VRO�OD\HU��DQG�RWKHU�LGHQWLILHG

FRPSDUWPHQWV�ZLWKLQ�WKH�HSLWKHOLXP�

7KH�VNHOHWRQ�LV�JHQHUDOO\�UHSUHVHQWHG�DV�D�XQLIRUP�PL[WXUH�RI�LWV�FRPSRQHQW�WLVVXHV���FRUWLFDO

ERQH��WUDEHFXODU�ERQH��IDWW\�PDUURZ��UHG�PDUURZ��DQG�FRQQHFWLYH�WLVVXHV���7LVVXHV�RI�LQWHUHVW�IRU

GRVLPHWULF�SXUSRVHV�DUH�WKH�UHG�PDUURZ��ZKLFK�OLHV�ZLWKLQ�WKH�JHQHUDOO\�WLQ\�FDYLWLHV�RI�WUDEHFXODU
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ERQH��DQG�RVWHRJHQLF�FHOOV�DGMDFHQW�WR�WKH�VXUIDFHV�RI�ERWK�FRUWLFDO�DQG�WUDEHFXODU�ERQH���)RU�WKH�UHG

PDUURZ�WKH�SHUWLQHQW�GRVH�LV�DVVXPHG�WR�EH�WKH�DYHUDJH�GRVH�WR�WKH�PDUURZ�VSDFH�ZLWKLQ�WUDEHFXODU

ERQH���)RU�WKH�RVWHRJHQLF�WLVVXH��WKH�,&53�UHFRPPHQGV�WKDW�WKH�HTXLYDOHQW�GRVH�EH�FDOFXODWHG�DV�DQ

DYHUDJH�RYHU�WLVVXHV�XS�WR�D�GLVWDQFH�RI�����P�IURP�WKH�UHOHYDQW�ERQH�VXUIDFH�

,Q�WKH�YLFLQLW\�RI�GLVFRQWLQXLWLHV�LQ�WLVVXH�FRPSRVLWLRQV�VXFK�DV�WKDW�EHWZHHQ�ERQH�PLQHUDO

DQG�VRIW�WLVVXHV��WKH�DVVXPSWLRQ�WKDW�WKH�VNHOHWRQ�LV�D�XQLIRUP�PL[WXUH�RI�LWV�FRPSRQHQW�WLVVXHV�FDQ

OHDG�WR�VL]DEOH�HUURUV�LQ�HVWLPDWHV�RI�GRVH�IURP�EHWD�SDUWLFOHV�DQG�GLVFUHWH�HOHFWURQV��DV�ZHOO�DV

SKRWRQV���)RU�H[DPSOH��QHJOHFW�RI�HQHUJ\�WUDQVIHUUHG�WR�HOHFWURQV�E\�SKRWRQ�LQWHUDFWLRQV�LQ�WKHVH

UHJLRQV�FDQ�UHVXOW�LQ�RYHUHVWLPDWHV�RI�GRVH�WR�ERQH�PDUURZ�E\�DV�PXFK�DV����������IRU�SKRWRQ

HQHUJLHV�OHVV�WKDQ�����NH9���6LPLODUO\��FRQYHQWLRQDO�PHWKRGV�IRU�WUHDWLQJ�EHWD�HPLVVLRQV�LQ�WKH

VNHOHWRQ�PD\�VXEVWDQWLDOO\�RYHUHVWLPDWH�WKH�GRVH�WR�VRIW�WLVVXHV�RI�WKH�VNHOHWRQ���:LWK�UHJDUG�WR�WKH

,&53
V�6(�YDOXHV��WKLV�SUREOHP�ZDV�UHFHQWO\�DGGUHVVHG�IRU�SKRWRQV��&ULVW\�DQG�(FNHUPDQ��������

EXW�FRQYHQWLRQDO�PHWKRGV�DUH�VWLOO�XVHG�IRU�WUHDWPHQW�RI�EHWD�HPLVVLRQV�

6(V�IRU�DOSKD�SDUWLFOHV

7KH�HQHUJ\�RI�DOSKD�SDUWLFOHV�DQG�WKHLU�DVVRFLDWHG�UHFRLO�QXFOHL�LV�JHQHUDOO\�DVVXPHG�WR�EH

DEVRUEHG�LQ�WKH�VRXUFH�RUJDQ���7KHUHIRUH��IRU�DOSKD�SDUWLFOHV��6$)�6�6��LV�WDNHQ�WR�EH�WKH�LQYHUVH�RI

WKH�PDVV�RI�WKH�VRXUFH�RUJDQ�6��DQG�6$)�7�6�� ���LI�6�DQG�7�DUH�VHSDUDWHG�

,I�DQ�DOSKD�HPLWWHU�LV�XQLIRUPO\�GLVWULEXWHG�RQ�WKH�VXUIDFH�RI�WUDEHFXODU�ERQH�WKHQ��E\�VLPSOH

JHRPHWULF�FRQVLGHUDWLRQV��WKH�DEVRUEHG�IUDFWLRQ�LQ�WKH�PDUURZ�VSDFH�LV�������/DFNLQJ�LQIRUPDWLRQ�RQ

WKH� ORFDWLRQ� RI� WKH� KHPDWRSRLHWLF� VWHP� FHOOV�� WKH� ,&53� DVVXPHV� WKDW� WKH� FHOOV� DUH� XQLIRUPO\

GLVWULEXWHG�ZLWKLQ�WKH�PDUURZ�VSDFH���,I�WKH�VHQVLWLYH�FHOOV�ZHUH�ORFDWHG�PRUH�WKDQ�����P�IURP�WKH

ERQH�PLQHUDO�VXUIDFH��WKH�UHOHYDQW�DEVRUEHG�IUDFWLRQ�ZRXOG�EH�UHGXFHG�WR�����������IRU�DQ�DOSKD

HPLWWHU�ZLWK�HQHUJ\�LQ�WKH�UDQJH�����0H9�

)RU�DQ�DOSKD�HPLWWHU�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�PLQHUDO�RI�WUDEHFXODU�ERQH��WKH�DEVRUEHG

IUDFWLRQ�LQ� WKH�UHG�PDUURZ�GHSHQGV�RQ�WKH�HQHUJ\�RI�WKH�DOSKD�SDUWLFOH�� �&DOFXODWLRQV�IRU�DOSKD

HPLWWHUV�UDQJLQJ�LQ�HQHUJ\�IURP���WR���0H9�LQGLFDWH�WKDW�WKH�DEVRUEHG�IUDFWLRQ�LQ�WKH�PDUURZ�VSDFH

UDQJHV�EHWZHHQ�������DQG��������ZKLFK�EUDFNHW�WKH�YDOXH�RI������UHFRPPHQGHG�E\�WKH�,&53���,I�WKH

VHQVLWLYH�FHOOV�ZHUH�ORFDWHG�PRUH�WKDQ�����P�IURP�WKH�ERQH�PLQHUDO�VXUIDFH��WKH�UHOHYDQW�DEVRUEHG

IUDFWLRQ�ZRXOG�EH�UHGXFHG�WR���������������7KXV��GRVH�HVWLPDWHV�WR�VNHOHWDO�WLVVXHV�IRU�DOSKD�HPLWWHUV

DUH�VHQVLWLYH�WR�DVVXPSWLRQV�UHJDUGLQJ�WKH�VSDWLDO�UHODWLRQVKLS�EHWZHHQ�WKH�VRXUFH�DQG�WDUJHW�UHJLRQV�

,W�VHHPV�OLNHO\�WKDW�WKH�,&53©V�QRPLQDO�6(�YDOXHV�IRU�DOSKD�HPLVVLRQV�IURP�ERQH�VXUIDFH�RU�YROXPH

PD\�RYHUHVWLPDWH�WKH�GRVH�WR�UHG�PDUURZ�E\�D�IDFWRU�RI���RU�PRUH�LQ�PDQ\�FDVHV�
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)RU�DQ�DOSKD�HPLWWHU�XQLIRUPO\�GLVWULEXWHG�LQ�ERQH�PLQHUDO��HVWLPDWHV�RI�WKH�DEVRUEHG�IUDFWLRQ

LQ�ERQH�VXUIDFH�UDQJHV�IURP�OHVV�WKDQ������WR�PRUH�WKDQ�������GHSHQGLQJ�RQ�WKH�HQHUJ\�RI�WKH�DOSKD

SDUWLFOH���7KH�QRPLQDO�YDOXH�UHFRPPHQGHG�E\�WKH�,&53�LV�������

6SHFLDO�GRVLPHWULF�SUREOHPV�SUHVHQWHG�E\�ZDOOHG�RUJDQV

7KH�VR�FDOOHG��ZDOOHG�RUJDQV��RI�WKH�ERG\�DUH�WKH�SDUWV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�DQG�WKH

EODGGHU�LQ�ZKLFK�WKH�UDGLRQXFOLGH�PD\�EH�SUHVHQW�LQ�WKH�FRQWHQWV�RI�WKH�RUJDQ���,Q�WKH�FDVH�RI�EHWD

UDGLDWLRQ��LW�LV�DVVXPHG�WKDW�WKH�GRVH�WR�WKH�ZDOO�RI�WKH�RUJDQ�LV�HTXLYDOHQW�WR�WKH�GRVH�DW�WKH�VXUIDFH

RI�WKH�FRQWHQWV���)RU�EHWD�SDUWLFOHV�RI�ORZ�HQHUJ\��WKLV�DSSURDFK�VHHPV�OLNHO\�WR�RYHUHVWLPDWH�WKH�GRVH

WR�WKH�ZDOO�DQG�WR�WKH�FHOOV�DVVRFLDWHG�ZLWK�PDLQWDLQLQJ�WKH�HSLWKHOLDO�OLQLQJ�RI�WKH�ZDOO��3RVWRQ�HW�DO�

����D������E����)RU�DOSKD�UDGLDWLRQV�WKH�GRVH�WR�WKH�ZDOO�LV�WDNHQ�DV����RI�WKH�GRVH�DW�WKH�VXUIDFH�RI

WKH�FRQWHQWV���7KLV�YDOXH�LV�QRW�EDVHG�RQ�FDOFXODWLRQV�RI�HQHUJ\�GHSRVLWLRQ�EXW�LV�D�FDXWLRXVO\�KLJK

YDOXH�EDVHG�RQ�DQ�DFXWH�WR[LFLW\�VWXG\�RQ�UDWV��6XOOLYDQ�HW�DO�����������,Q�WKDW�VWXG\��WKH�/' �IRU
��

LQJHVWHG� <�ZDV�HVWLPDWHG�DV�DERXW����*\�ZKLOH�D�PRUH�WKDQ�����IROG�JUHDWHU�GRVH�WR�WKH�PXFRVDO
��

VXUIDFH�IURP� 3X�KDG�QR�HIIHFW����$OWKRXJK�WKHUH�PD\�EH�HVVHQWLDOO\�QR�GRVH�WR�UDGLRVHQVLWLYH�FHOOV
���

RI�ZDOOHG�RUJDQV�IURP�DOSKD�SDUWLFOHV�LQ�WKH�RUJDQ�FRQWHQWV��WKH�FDXWLRXV�DVVXPSWLRQ�LQGLFDWHG�DERYH

FRQWLQXHV�WR�EH�XVHG�GXH�WR�FRQFHUQV�WKDW�VRPH�UDGLRQXFOLGHV�PD\�EH�UHWDLQHG�LQ�WKH�ZDOOV�RI�WKHVH

RUJDQV�WR�D�JUHDWHU�H[WHQW�WKDQ�FRPPRQO\�PRGHOHG���$OVR��IRU�WKH�LQWHVWLQHV��FRQVLGHUDEOH�GLIILFXOWLHV

DUH�HQFRXQWHUHG�LQ�GHILQLQJ�WKH�DSSURSULDWH�JHRPHWU\�RI�WKH�FRQYROXWHG�ZDOO�DQG�WKH�FRQWHQWV�RI�WKLV

RUJDQ�

8QFHUWDLQWLHV�LQ�H[WHUQDO�GRVLPHWULF�PRGHOV

7UDQVSRUW�RI�UDGLDWLRQ�IURP�WKH�HQYLURQPHQWDO�VRXUFH�WR�KXPDQV

,Q�)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$���������WKH�SUREOHP�RI�HVWLPDWLQJ�H[WHUQDO�GRVH

UDWHV�IURP�FRQWDPLQDWHG�DLU��VRLO��RU�JURXQG�VXUIDFHV�ZDV�GLYLGHG�LQWR�WZR�VWHSV�������WKH�FDOFXODWLRQ

RI�WKH�UDGLDWLRQ�ILHOG�LQFLGHQW�RQ�WKH�VXUIDFH�RI�WKH�ERG\�DQG�����FDOFXODWLRQ�RI�RUJDQ�GRVH�UDWHV�GXH

WR�D�ERG\�VXUIDFH�VRXUFH���7KH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�VHFRQG�VWHS�DUH�HVVHQWLDOO\�WKH�VDPH

DV�WKRVH�GLVFXVVHG�DERYH�ZLWK�UHJDUG�WR�LQWHUQDO�UDGLDWLRQ�VRXUFHV�

7KH�PHWKRG�RI�FDOFXODWLRQ�RI�WKH�H[WHUQDO�UDGLDWLRQ�ILHOG�ZDV�FKHFNHG�DV�IDU�DV�SUDFWLFDO

DJDLQVW�RWKHU�WKHRUHWLFDO�PHWKRGV�RU�H[SHULPHQWDOO\�GHWHUPLQHG�YDOXHV��(3$����������7KH�UHVXOWV�RI

WKH�FRPSDULVRQV�VXJJHVW�WKDW�WKH�H[WHUQDO�UDGLDWLRQ�ILHOGV�FDQ�EH�GHWHUPLQHG�ZLWK�UHDVRQDEO\�KLJK



'���

DFFXUDF\��DW�OHDVW�IRU�WKH�LGHDOL]HG�JHRPHWULHV�JHQHUDOO\�FRQVLGHUHG���)RU�H[DPSOH��GHULYHG�YDOXHV�IRU

WKH�FDVH�RI�D�FRQWDPLQDWHG�JURXQG�VRXUFH�ZHUH�FKHFNHG�E\�FRPSDULQJ� WKH�HQHUJ\�DQG�DQJXODU

GHSHQGHQFH� RI� WKH� DLU� NHUPD� DERYH� D� �����0H9�SODQH� VRXUFH� DW� WKH� DLU�JURXQG� LQWHUIDFH�ZLWK

FDOFXODWLRQV�RI�%HFN�DQG�GH�3ODTXH��������EDVHG�RQ�DQRWKHU�PHWKRG�DQG�ZLWK�WKH�FDOFXODWLRQV�DQG

PHDVXUHPHQWV�JLYHQ�LQ�WKH�6KLHOGLQJ�%HQFKPDUN�3UREOHPV�UHSRUW��*DUUHWW����������$JUHHPHQW�ZDV

ZLWKLQ�D�IHZ�SHUFHQW�LQ�ERWK�FDVHV�

7KH�JUHDWHVW�XQFHUWDLQWLHV�LQ�WKH�PRGHOHG�H[WHUQDO�UDGLDWLRQ�ILHOGV�DV�SUHGLFWRUV�RI�UHDO�ZRUOG

VLWXDWLRQV� JHQHUDOO\� DULVH� IURP� RYHUVLPSOLILFDWLRQV� LQ� WKH� H[SRVXUH� VFHQDULRV� UDWKHU� WKDQ� IURP

LQDGHTXDFLHV� LQ� WKH� GRVLPHWULF�PRGHOV� SHU� VH�� � )RU� H[DPSOH�� WKHUH�ZLOO� RIWHQ� EH� FRQVLGHUDEOH

GLIIHUHQFHV�EHWZHHQ�WKH�VLPSOLILHG��LQILQLWH�H[SRVXUH�JHRPHWULHV�DQG�UHDO��ILQLWH�H[SRVXUH�JHRPHWULHV�

$Q�LPSRUWDQW�H[DPSOH�LV�H[SRVXUH�WR�FRQWDPLQDWHG�JURXQG�VXUIDFH��IRU�ZKLFK�WKH�VRXUFH�UHJLRQ�LV

DVVXPHG�WR�EH�D�VPRRWK�SODQH���,Q�WKH�UHDO�ZRUOG��H[WHUQDO�GRVH�UDWHV�IURP�VRXUFHV�RQ�WKH�JURXQG

VXUIDFH�JHQHUDOO\�DUH�UHGXFHG�E\�VKLHOGLQJ�SURYLGHG�E\�¦JURXQG�URXJKQHVV§��LQFOXGLQJ�LUUHJXODULWLHV

LQ�WKH�WHUUDLQ�DQG�VXUIDFH�YHJHWDWLRQ���'RVH�UHGXFWLRQ�IDFWRUV�IRU�D�SKRWRQ�VSHFWUXP�UHSUHVHQWDWLYH

RI�IDOORXW�IROORZLQJ�UHOHDVHV�IURP�QXFOHDU�UHDFWRUV�DUH�JLYHQ�E\�%XUVRQ�DQG�3URILR����������7KH

UHFRPPHQGHG�YDOXHV�UDQJH�IURP�HVVHQWLDOO\�XQLW\�IRU�SDYHG�DUHDV�WR�DERXW�����IRU�D�GHHSO\�SORZHG

ILHOG��DQG�D�UHSUHVHQWDWLYH�YDOXH�LV�DERXW�������6XFK�GRVH�UHGXFWLRQ�IDFWRUV�IRU�JURXQG�URXJKQHVV

VKRXOG�RYHUHVWLPDWH�HTXLYDOHQW�GRVHV�GXH�WR�H[WHUQDO�H[SRVXUH�WR�FRQWDPLQDWHG�JURXQG�VXUIDFHV�LI

WKH�UDGLRQXFOLGHV�HPLW�PRVWO\�ORZ�HQHUJ\�SKRWRQV��.RFKHU��������

7KH�GRVH�FRHIILFLHQWV�IRU�DLU�VXEPHUVLRQ�DQG�H[SRVXUH�WR�FRQWDPLQDWHG�VRLO�DVVXPH�WKDW

H[SRVHG�LQGLYLGXDOV�VSHQG�DOO�RI�WKH�WLPH�RXWGRRUV�DQG�KDYH�QR�VKLHOGLQJ�IURP�WKH�UDGLDWLRQ��(3$�

��������)RU�WKH�W\SLFDO�DGXOW�PDOH�FRQVLGHUHG�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R������RQH�RI�WKH�ODUJHVW

XQFHUWDLQWLHV�LQ�WKH�H[WHUQDO�GRVH�UDWHV�DV�DSSOLHG�LQ�WKH�SUHVHQW�UHSRUW�LV�WKH�TXHVWLRQ�RI�ZKHWKHU�D

XQLIRUP�UHGXFWLRQ�IDFWRU��RU�SRVVLEO\�UDGLRQXFOLGH�VSHFLILF�UHGXFWLRQ�IDFWRUV��VKRXOG�EH�XVHG�WR

DFFRXQW�IRU�VKLHOGLQJ�GXULQJ�LQGRRU�UHVLGHQFH���,Q�WKH�SUHVHQW�GRFXPHQW��QR�UHGXFWLRQ�IDFWRUV�DUH

DSSOLHG���7KLV�DSSURDFK�PD\�EH�DSSURSULDWH�IRU�VRPH�UDGLRQXFOLGHV��H�J���IRU�VRPH�UDGLRLVRWRSHV�RI

QREOH� JDVHV�� EXW� SUREDEO\� OHDGV� WR� D� VXEVWDQWLDO� RYHUHVWLPDWH� RI� DFWXDO� GRVH� UDWHV� IRU� H[WHUQDO

H[SRVXUHV�LQ�PDQ\�FDVHV���,W�LV�OHIW�WR�WKH�XVHU�WR�GHFLGH�ZKHWKHU�D�UHGXFWLRQ�IDFWRU�LV�DSSURSULDWH�IRU

D�JLYHQ�DSSOLFDWLRQ�

)RU�DFXWH�UHOHDVHV�RI�UDGLRQXFOLGHV�LQWR�WKH�DWPRVSKHUH��WKH�UHODWLRQVKLS�EHWZHHQ�LQGRRU�DQG

RXWGRRU�DLUERUQH�FRQFHQWUDWLRQV�RI�UDGLRQXFOLGHV�ZLOO�YDU\�ZLWK�WLPH�GXULQJ�DQG�DIWHU�D�UHOHDVH�DQG

ZLOO�DOVR�GHSHQG�VWURQJO\�RQ�WKH�DLU�H[FKDQJH�UDWH�LQVLGH�D�EXLOGLQJ��:DOODFH����������)RU�VXFK

UHOHDVHV��D�IL[HG�UHGXFWLRQ�RI�H[WHUQDO�GRVH�UDWHV�WR�DFFRXQW�IRU�LQGRRU�UHVLGHQFH�ZRXOG�QRW�DSSHDU

WR�EH�DSSURSULDWH�
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)LJ� '��� (VWLPDWHG HIIHFWV RI DJH RQ HIIHFWLYH GRVH
IRU SKRWRQV XQLIRUPO\ GLVWULEXWHG LQ DQJOH�

(IIHFWV�RI�DJH�DQG�JHQGHU

7KH�GRVH�FRHIILFLHQWV�WDEXODWHG�LQ�)HGHUDO�*XLGDQFH�5HSRUW�1R�����ZHUH�FDOFXODWHG�IRU�DQ

DQWKURSRPRUSKLF�PRGHO�RI�WKH�DGXOW�ERG\�GHULYHG�E\�&ULVW\��&ULVW\�DQG�(FNHUPDQ��������IURP�,&53

5HIHUHQFH�0DQ�GDWD��,&53����������)RU�DOO�FDOFXODWLRQV��WKH�SKDQWRP�LV�XSULJKW�DW�WKH�DLU�JURXQG

LQWHUIDFH���7KH�SKDQWRP�LV�D�KHUPDSKURGLWH�RI�GHVLJQ�VLPLODU�WR�WKDW�XVHG�LQ�WKH�GRVLPHWULF�HYDOXDWLRQ

RI�,&53�3XEOLFDWLRQ�����3DUW����������

$JH��DQG�JHQGHU�VSHFLILF�DVSHFWV�RI�H[WHUQDO�GRVH�KDYH�EHHQ�FRQVLGHUHG�E\�'UH[OHU�HW�DO�

�������DQG�3HWRXVVL�HW�DO�����������/LPLWHG�FDOFXODWLRQV�LQGLFDWH�WKDW�WKH�GRVH�WR�RUJDQV�RI�WKH�ERG\

IURP�H[WHUQDO�UDGLDWLRQ�LQFUHDVHV�ZLWK�GHFUHDVLQJ�ERG\�VL]H���7KLV�HIIHFW�LV�PRUH�SURQRXQFHG�DW�ORZ

SKRWRQ�HQHUJ\�WKDQ�DW�KLJK�HQHUJ\�DQG�LV�DOVR�PRUH�SURQRXQFHG�IRU�RUJDQV�ORFDWHG�GHHS�LQ�WKH�ERG\

WKDQ�IRU�PRUH�VKDOORZ�RUJDQV�ZLWK�OHVV�VKLHOGLQJ�E\�RYHUO\LQJ�WLVVXHV�

&DOFXODWHG�HIIHFWV�RI�DJH�RQ�WKH

HIIHFWLYH� GRVH� SHU� XQLW� SKRWRQ� IOXHQFH

DUH�LQGLFDWHG�LQ�)LJ��'���IRU�WKH�FDVH�RI

SKRWRQV�XQLIRUPO\�GLVWULEXWHG� LQ�DQJOH

�LVRWURSLF� ILHOG��� � (VWLPDWHV� IRU

LQWHUPHGLDWH�DJHV�IDOO�EHWZHHQ�WKH�FXUYHV

IRU�WKH�DGXOW�DQG�LQIDQW���6LPLODU�HIIHFWV

RI�DJH�ZHUH�FDOFXODWHG�IRU�WKH�FDVH�RI�D

EURDG�SDUDOOHO�KRUL]RQWDO�EHDP�XQLIRUPO\

GLVWULEXWHG�DERXW�WKH�SKDQWRP��URWDWLRQDO

QRUPDO� EHDP��� � 7KH� LVRWURSLF� ILHOG

FRUUHVSRQGV� WR� D� SKRWRQ� VRXUFH

XQLIRUPO\� GLVWULEXWHG� LQ� WKH� DLU

�VXEPHUVLRQ��DQG�WKH�URWDWLRQDO�QRUPDO

EHDP�LV�VLPLODU�WR�WKH�VLWXDWLRQ�LQ�ZKLFK

WKH�SKRWRQ�VRXUFH�LV�GLVWULEXWHG�RQ�WKH

JURXQG� VXUIDFH�� � )RU� ERWK� FDVHV�� WKH

GHSHQGHQFH�RI�WKH�HIIHFWLYH�GRVH�RQ�DJH�LQFUHDVHV�DW�ORZ�SKRWRQ�HQHUJLHV�DQG�H[FHHGV�D�IDFWRU�RI�WZR

DW�HQHUJLHV�OHVV�WKDQ�DERXW�������0H9���,W�LV�IRU�ORZ�SKRWRQ�HQHUJLHV�WKDW�WKH�UHGXFWLRQ�LQ�GRVH�E\

VKLHOGLQJ� E\� VWUXFWXUHV� GXULQJ� LQGRRU� UHVLGHQFH� EHFRPHV� LQFUHDVLQJO\� HIIHFWLYH�� �8QFHUWDLQWLHV

DVVRFLDWHG�ZLWK�WKH�XVH�RI�DJH�LQGHSHQGHQW�H[WHUQDO�GRVH�UDWHV�DSSHDU�WR�EH�RYHUVKDGRZHG�LQ�PRVW

FDVHV�E\�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�VKLHOGLQJ�DQG�H[SRVXUH�JHRPHWULHV�
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8QFHUWDLQWLHV�LQ�ULVN�PRGHO�FRHIILFLHQWV

6DPSOLQJ�YDULDELOLW\

(SLGHPLRORJLF�GDWD�RQ�DQ�LUUDGLDWHG�SRSXODWLRQ�JHQHUDOO\�FDQ�EH�RUJDQL]HG�DQG�PRGHOHG�LQ

PDQ\�GLIIHUHQW�ZD\V���)RU�H[DPSOH��FKRLFHV�FDQ�EH�PDGH�UHJDUGLQJ�WKH�JURXSLQJ�RI�FDQFHU�VLWHV��WKH

H[WHQW� RI� GLYLVLRQ� RI� WKH� VWXG\� SRSXODWLRQ� E\� DJH� DQG� JHQGHU�� WKH� PDWKHPDWLFDO� IRUP� RI� WKH

GRVH�UHVSRQVH��DQG�WKH�JHQHUDO�IRUP�RI�WKH�DJH�DQG�WHPSRUDO�GHSHQGHQFH���$OWKRXJK�LQWHUHVWLQJ

IHDWXUHV�RI�WKH�GDWD�PD\�EH�UHYHDOHG�E\�FRQVLGHULQJ�VPDOO�VXEJURXSV��WKHUH�LV�D�FRQFRPLWDQW�LQFUHDVH

LQ�VWDWLVWLFDO�YDULDELOLW\�WKDW�PD\�SUHFOXGH�DQ\�PHDQLQJIXO�LPSURYHPHQW�LQ�WKH�PRGHO�

)RU�WKH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�/LIH�6SDQ�6WXG\��/66��GDWD��WKH�GHDWKV�DQG�SHUVRQ�\HDUV�RI

VXUYLYDO�ZHUH�DJJUHJDWHG�E\�FLW\��JHQGHU��VL[�DJH�JURXSV��VHYHQ�IROORZ�XS�LQWHUYDOV��DQG����UDGLDWLRQ

GRVH�LQWHUYDOV��6KLPL]X�HW�DO����������6LWH�VSHFLILF�ULVN�FRHIILFLHQWV�ZHUH�FDOFXODWHG�ZLWK�D�PD[LPXP

OLNHOLKRRG�HVWLPDWLRQ�PHWKRG�WKDW�DVVXPHV�WKDW�WKH�QXPEHUV�RI�GHDWKV�LQ�HDFK�JURXS�DUH�LQGHSHQGHQW

3RLVVRQ� YDULDWHV�� �%DVHG� RQ� WKLV� DQDO\VLV�� 6KLPL]X� DQG� FRZRUNHUV� GHULYHG� H[FHVV� UHODWLYH� ULVN

HVWLPDWHV�ZLWK�DVVRFLDWHG�����FRQILGHQFH�LQWHUYDOV���$�%���IRU�D�QXPEHU�RI�FDQFHU�VLWHV�� �7KHLU

DQDO\VLV�LQGLFDWHV�WKDW�VDPSOLQJ�YDULDELOLW\�FRXOG�OHDG�WR�VL]DEOH�HUURUV�LQ�HVWLPDWHV�RI�H[FHVV�UHODWLYH

ULVN��SDUWLFXODUO\�IRU�VLWHV�VKRZLQJ�UHODWLYHO\�VPDOO�QXPEHUV�RI�H[FHVV�FDQFHU�GHDWKV���)RU�H[DPSOH�

WKH�DQDO\VLV�LQGLFDWHV�D�TXRWLHQW�%�$�RI�DERXW���IRU�VWRPDFK�RU�OXQJ����IRU�EUHDVW��FRORQ��RU�XULQDU\

WUDFW����IRU�RYDU\��DQG����IRU�HVRSKDJXV����)RU�OHXNHPLD�DQG�FRPELQHG�FDQFHUV�H[FOXGLQJ�OHXNHPLD�

%�$�LV�DERXW�����DQG������UHVSHFWLYHO\���7KH�LPSOLFDWLRQV�RI�WKH�UHVXOWV�RI�6KLPL]X�DQG�FRZRUNHUV

ZLWK�UHJDUG�WR�VDPSOLQJ�HUURUV�DUH�GLVFXVVHG�LQ�JUHDWHU�GHWDLO�LQ�D�UHFHQW�(3$�UHSRUW�RQ�XQFHUWDLQWLHV

LQ�HVWLPDWHV�RI�UDGLRJHQLF�FDQFHU�ULVN��(3$��������

'LDJQRVWLF�PLVFODVVLILFDWLRQ

7ZR�W\SHV�RI�GLDJQRVWLF�PLVFODVVLILFDWLRQ�RI�FDQFHU�FDQ�RFFXU��FODVVLILFDWLRQ�RI�FDQFHUV�DV

QRQ�FDQFHU� FDVHV� �GHWHFWLRQ� HUURU�� DQG� HUURQHRXV� FODVVLILFDWLRQ� RI� QRQ�FDQFHU� FDVHV� DV� FDQFHU

�FRQILUPDWLRQ�HUURU����'HWHFWLRQ�HUURUV�OHDG�WR�DQ�XQGHUHVWLPDWH�RI�WKH�H[FHVV�DEVROXWH�ULVN�EXW�GR�QRW

DIIHFW�WKH�HVWLPDWHG�H[FHVV�UHODWLYH�ULVN���&RQILUPDWLRQ�HUURUV�OHDG�WR�DQ�XQGHUHVWLPDWH�RI�WKH�H[FHVV

UHODWLYH�ULVN�EXW�GR�QRW�DIIHFW�WKH�H[FHVV�DEVROXWH�ULVN��1&53��������(3$���������

%DVHG�RQ�UHVXOWV�IURP�DQ�5(5)�DXWRSV\�VWXG\��6SRVWR�DQG�FRZRUNHUV��������HVWLPDWHG�WKDW�

GXH�WR�GLDJQRVWLF�PLVFODVVLILFDWLRQ�EHWZHHQ�FDQFHU�DQG�QRQFDQFHU�FDXVHV�RI�GHDWK��WKH�HVWLPDWHG

H[FHVV�UHODWLYH�ULVN�RI�LQGXFHG�FDQFHUV�LQ�WKH�/66�SRSXODWLRQ�VKRXOG�EH�FRUUHFWHG�XSZDUG�E\�����
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)ROORZLQJ�WKH�DSSURDFK�RXWOLQHG�E\�6SRVWR�DQG�FRZRUNHUV��3LHUFH�HW�DO���������HVWLPDWHG�WKDW�WKH

H[FHVV�DEVROXWH�ULVN�HVWLPDWH�VKRXOG�EH�DGMXVWHG�XSZDUG�E\�DERXW�����WR�UHIOHFW�HUURUV�LQ�GLDJQRVWLF

PLVFODVVLILFDWLRQ����+RZHYHU��PLVFODVVLILFDWLRQ�HUURUV�YDU\�FRQVLGHUDEO\�E\�FDQFHU�VLWH��ERWK�ZLWK

UHVSHFW�WR�SURSHU�LGHQWLILFDWLRQ�RI�FDQFHU�DV�WKH�FDXVH�RI�GHDWK�DQG�ZLWK�UHVSHFW�WR�WKH�SULPDU\�VLWH

�(3$��������

(UURUV�LQ�GRVLPHWU\�

,Q� HSLGHPLRORJLFDO� VWXGLHV� RI� LUUDGLDWHG� SRSXODWLRQV�� RUJDQ� GRVHV� JHQHUDOO\� FDQQRW� EH

GHWHUPLQHG�ZLWK�KLJK�DFFXUDF\���)RU�LQWHUQDOO\�H[SRVHG�VXEMHFWV��WKH�OHYHO�RU�SDWWHUQ�RI�LQWDNH�PD\

QRW�EH�ZHOO�HVWDEOLVKHG��DQG�WKHUH�LV�DOZD\V�LQFRPSOHWH�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�WLPH�GHSHQGHQW

GLVWULEXWLRQ�DQG�H[FUHWLRQ�RI�WKH�LQWHUQDOO\�GHSRVLWHG�UDGLRQXFOLGH�V��DQG�DQ\�UDGLRDFWLYH�SURJHQ\

RI�WKRVH�UDGLRQXFOLGHV�SURGXFHG�LQ�YLYR��)RU�H[WHUQDOO\�H[SRVHG�VXEMHFWV��XQFHUWDLQWLHV�LQ�RUJDQ�GRVHV

PD\�DULVH�EHFDXVH�WKH�UDGLDWLRQ�VRXUFH�RU�WKH�SRVLWLRQ��VKLHOGLQJ��RU�H[SRVXUH�WLPHV�RI�WKH�VXEMHFWV

DUH�QRW�ZHOO�HVWDEOLVKHG�

5DQGRP�HUURUV�LQ�WKH�LQGLYLGXDO�GRVH�HVWLPDWHV�IRU�WKH�DWRPLF�ERPE�VXUYLYRU�SRSXODWLRQ�KDYH

EHHQ�HVWLPDWHG�DV���������-DEORQ��������3LHUFH�HW�DO���������3LHUFH�DQG�9DHWK����������7KHVH�UDQGRP

HUURUV� DUH� OLNHO\� WR� UHVXOW� LQ� DQ�RYHUHVWLPDWH�RI� WKH�DYHUDJH�GRVH� LQ� WKH�KLJK�GRVH�JURXSV�DQG�

DVVXPLQJ�D�OLQHDU�GRVH�UHVSRQVH�IXQFWLRQ��D�VOLJKW�XQGHUHVWLPDWH�RI�WKH�GRVH�UHVSRQVH��3LHUFH�HW�DO��

������3LHUFH�DQG�9DHWK����������0RUH�VLJQLILFDQWO\��SHUKDSV��WKH�VKDSH�RI�WKH�GRVH�UHVSRQVH�ZLOO�EH

GLVWRUWHG�WRZDUGV�D�FRQYH[��GRZQZDUG��FXUYDWXUH��KHQFH��D�WUXH�OLQHDU�TXDGUDWLF�GHSHQGHQFH�PD\

EH�GLVWRUWHG�WR�ORRN�OLQHDU��3LHUFH�DQG�9DHWK��������

0HDVXUHPHQWV�RI�QHXWURQ�DFWLYDWLRQ�SURGXFWV�LQ�+LURVKLPD�LQGLFDWH�WKDW�QHXWURQ�GRVHV�IRU

+LURVKLPD�VXUYLYRUV�PD\�KDYH�EHHQ�XQGHUHVWLPDWHG�DQG�WKDW�WKH�UHODWLYH�PDJQLWXGH�RI�WKH�HUURU

LQFUHDVHG�ZLWK�GLVWDQFH� IURP� WKH�HSLFHQWHU� �6WUDXPH�HW�DO���������� � ,I�QHXWURQ�GRVHV�KDYH�EHHQ

XQGHUHVWLPDWHG��WKHQ�D�ODUJHU�IUDFWLRQ�RI�WKH�UDGLRJHQLF�FDQFHUV�ZRXOG�EH�DWWULEXWDEOH�WR�QHXWURQV�

DQG�WKH�HVWLPDWH�RI�ULVN�IURP�JDPPD�UD\V�VKRXOG�EH�UHGXFHG���8VLQJ�WKH�WHQWDWLYHO\�UHYLVHG�HVWLPDWHV

RI�QHXWURQ�IOX[�GHULYHG�E\�6WUDXPH�DQG�FRZRUNHUV��3UHVWRQ�HW�DO���������KDYH�FDOFXODWHG�WKDW�WKH

HVWLPDWHG�ULVN�IURP�JDPPD�UD\V�IRU�DOO�FDQFHUV�RWKHU�WKDQ�OHXNHPLD�FRXOG�EH�DV�PXFK�DV�����WRR

KLJK��ZLWK�WKH�FDOFXODWHG�RYHUHVWLPDWH�GHSHQGLQJ�RQ�WKH�QHXWURQ�5%(�DVVXPHG�

$Q�1&53�FRPPLWWHH�LGHQWLILHG�WKUHH�DGGLWLRQDO�VRXUFHV�RI�XQFHUWDLQW\�UHODWLQJ�WR�WKH�FXUUHQW

GRVLPHWU\�IRU�WKH�-DSDQHVH�DWRPLF�ERPE�VXUYLYRUV������ELDV�LQ�JDPPD�UD\�HVWLPDWHV������XQFHUWDLQW\

LQ� WKH�FKDUDFWHUL]DWLRQ�RI� UDGLDWLRQ�VKLHOGLQJ�E\�EXLOGLQJV��DQG�����XQFHUWDLQW\� LQ�QHXWURQ�5%(

�1&53����������$OWRJHWKHU��WKH�GRVLPHWULF�XQFHUWDLQWLHV�ZHUH�MXGJHG�WR�UHVXOW�LQ�URXJKO\�D����

RYHUHVWLPDWH�RI�ULVN�PRGHO�FRHIILFLHQWV�IRU�FRPELQHG�FDQFHUV�RWKHU�WKDQ�OHXNHPLD�
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8QFHUWDLQWLHV�LQ�WKH�HIIHFWV�RI�UDGLDWLRQ�DW�ORZ�GRVH�DQG�GRVH�UDWH

)RU�SXUSRVHV�RI�UDGLDWLRQ�SURWHFWLRQ��LW�LV�JHQHUDOO\�DVVXPHG�WKDW�WKH�SUREDELOLW\�RI�LQGXFLQJ

UDGLRJHQLF�FDQFHUV�LQ�D�KXPDQ�SRSXODWLRQ�LV�SURSRUWLRQDO�WR�WKH�UDGLDWLRQ�GRVH�UHFHLYHG��HYHQ�IRU

H[WUHPHO\� ORZ� GRVHV� DQG� GRVH� UDWHV�� � 7KLV� ¦OLQHDU�� QR�WKUHVKROG§�PRGHO� LV� D�PDMRU� VRXUFH� RI

XQFHUWDLQW\��DQG�FRQWURYHUV\��LQ�UDGLRJHQLF�FDQFHU�ULVN�HVWLPDWLRQ�

&DUFLQRJHQHVLV�LV�XQGHUVWRRG�WR�EH�D�PXOWLVWDJH�SURFHVV�LQ�ZKLFK�D�VLQJOH�FHOO�JLYHV�ULVH�WR

D�WXPRU��ZLWK�PXWDWLRQ�RI�'1$�UHTXLUHG�LQ�RQH�RU�PRUH�RI�WKH�VWHSV�OHDGLQJ�WR�PDOLJQDQF\���6LQFH

FDQFHU�LV�D�FRPPRQ�GLVHDVH��WKH�EDFNJURXQG�UDWHV�IRU�HDFK�RI�WKHVH�VWHSV�PXVW�EH�JUHDWHU�WKDQ�]HUR�

DQG�DQ\�ILOWUDWLRQ�PHFKDQLVP�IRU�UHPRYLQJ�SUHFDQFHURXV�FHOOV�PXVW�EH�LPSHUIHFW���7UDYHUVDO�RI�D

VLQJOH�LRQL]LQJ�WUDFN�WKURXJK�D�FHOO�DSSHDUV�WR�EH�FDSDEOH�RI�FDXVLQJ�'1$�GDPDJH�WKDW�FDQQRW�DOZD\V

EH�IDLWKIXOO\�UHSDLUHG���7KXV��LW�VHHPV�UHDVRQDEOH�WR�DVVXPH�WKDW�DQ\�H[SRVXUH�WKDW�LQFUHDVHV�WKH�UDWH

RI�PXWDWLRQ�RI�'1$�KDV�D�QRQ]HUR�SUREDELOLW\�RI�FDXVLQJ�FDQFHU��(3$����������2Q�WKH�RWKHU�KDQG�

VFLHQWLILF�HYLGHQFH�GRHV�QRW�UXOH�RXW�WKH�SRVVLELOLW\�WKDW�WKH�ULVN�SHU�XQLW�GRVH�LV�HIIHFWLYHO\�]HUR�DW

HQYLURQPHQWDO�H[SRVXUH�OHYHOV�RU�WKDW�WKHUH�PD\�EH�D�QHW�EHQHILFLDO�HIIHFW�RI�ORZ�GRVH�UDGLDWLRQ

�/XFNH\�������-DZRURZVNL�������*ROGPDQ�������

$UJXPHQWV�IRU�DQG�DJDLQVW�WKH�H[LVWHQFH�RI�DQ�HIIHFWLYH�WKUHVKROG�IRU�UDGLDWLRQ�HIIHFWV�KDYH

EHHQ�PDGH�RQ�WKH�EDVLV�RI�HSLGHPLRORJLFDO�GDWD��EXW�FRQFOXVLRQV�DSSHDU�WR�GHSHQG�RQ�WKH�SRSXODWLRQ

DQG�FDQFHU�W\SH�FRQVLGHUHG��WKH�QDWXUH�RI�WKH�H[SRVXUH��DQG�WKH�DVVXPSWLRQV�XQGHUO\LQJ�WKH�DQDO\VLV�

,W�LV�GRXEWIXO�WKDW�KXPDQ�HSLGHPLRORJLFDO�GDWD�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�H[LVWHQFH�RU�DEVHQFH�RI

D�WKUHVKROG�IRU�UDGLRJHQLF�FDQFHU��GXH�WR�WKH�VWDWLVWLFDO�XQFHUWDLQWLHV�LQKHUHQW�LQ�VXFK�GDWD���'DWD�IRU

ODERUDWRU\�DQLPDOV�FDQ�IXUQLVK�LPSRUWDQW�LQIRUPDWLRQ�EXW�FDQQRW�FRQILUP�RU�UHIXWH�WKH�H[LVWHQFH�RI

WKUHVKROGV�IRU�UDGLRJHQLF�FDQFHU�LQ�PDQ�

(YLGHQFH�WKDW�ORZ�GRVH�UDGLDWLRQ�PD\�LQGXFH�RU�DFWLYDWH�FHOOXODU�'1$�UHSDLU�PHFKDQLVPV

WKURXJK�DQ�DGDSWLYH�UHVSRQVH�RU�VRPH�VWLPXODWRU\�PHFKDQLVP�KDV�OHG�WR�VSHFXODWLRQ�WKDW�ORZ�GRVHV

PD\�EH�SURWHFWLYH�DJDLQVW�FDQFHU���7KH�VWLPXODWRU\�HIIHFWV�VHHQ�WR�GDWH�KDYH�EHHQ�VKRUW�WHUP�DQG�PD\

QRW�SURYLGH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�FDQFHU�ULVN��3XVNLQ���������$�GHWDLOHG�UHYLHZ�RI�SRVVLEOH

UDGLDWLRQ�LQGXFHG�DGDSWLYH�UHVSRQVHV�FDQ�EH�IRXQG�LQ�WKH�816&($5��������UHSRUW�

3ULPDULO\�RQ�WKH�EDVLV�RI�ODERUDWRU\�VWXGLHV�RI�FHOOV��SODQWV��DQG�DQLPDOV��WKH�DXWKRUV�RI�1&53

5HSRUW�����1&53��������DGYRFDWHG�D�OLQHDU�TXDGUDWLF�GRVH�UHVSRQVH�IRU�DFXWH�GRVHV�XS�WR�DERXW

������*\��DERYH�ZKLFK�WKH�GRVH�UHVSRQVH�EHJLQV�WR�WXUQ�RYHU�GXH�WR�FHOO�NLOOLQJ���$W�ORZ�GRVHV��WKH

TXDGUDWLF�WHUP�LV�QHJOLJLEOH�FRPSDUHG�ZLWK�WKH�OLQHDU�WHUP�

$�WKHRUHWLFDO�IUDPHZRUN�IRU�WKH�OLQHDU�TXDGUDWLF�GRVH�UHVSRQVH�PRGHO�KDV�EHHQ�GHYHORSHG

E\�.HOOHUHU�DQG�5RVVL����������,Q�WKLV�WKHRU\�RI��GXDO�UDGLDWLRQ�DFWLRQ���HYHQWV�OHDGLQJ�WR��OHVLRQV�

RU��SHUPDQHQW��FKDQJHV�LQ�FHOOXODU�'1$�UHTXLUH�WKH�IRUPDWLRQ�RI�LQWHUDFWLQJ�SDLUV�RI��VXEOHVLRQV��
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7KH�LQWHUDFWLQJ�SDLUV�FDQ�EH�SURGXFHG�E\�D�VLQJOH�WUDFN��WUDYHUVLQJ�SDUWLFOH��RU�E\�WZR�WUDFNV��JLYLQJ

ULVH��UHVSHFWLYHO\��WR�D�OLQHDU�DQG�D�TXDGUDWLF�WHUP�LQ�WKH�GRVH�UHVSRQVH�UHODWLRQVKLS���$FFRUGLQJ�WR

WKH�WKHRU\��D�VXEOHVLRQ�PD\�EH�UHSDLUHG�EHIRUH�LW�FDQ�LQWHUDFW�WR�IRUP�D�OHVLRQ��ZLWK�WKH�SUREDELOLW\

RI�VXFK�UHSDLU�LQFUHDVLQJ�ZLWK�WLPH���$V�WKH�GRVH�UDWH�LV�UHGXFHG��WKH�IRUPDWLRQ�RI�OHVLRQV�IURP

VXEOHVLRQV�FDXVHG�E\�VHSDUDWH�WUDFNV�EHFRPHV�OHVV�LPSRUWDQW��DQG�WKH�PDJQLWXGH�RI�WKH�TXDGUDWLF

WHUP�GHFUHDVHV���7KH�WKHRU\�SUHGLFWV�WKDW�DW�VXIILFLHQWO\�ORZ�GRVHV�RU�GRVH�UDWHV��WKH�UHVSRQVH�VKRXOG

EH�OLQHDU�DQG��LQ�HLWKHU�OLPLW��VKRXOG�KDYH�WKH�VDPH�VORSH�

7KH�GXDO�DFWLRQ�WKHRU\�KDV�EHHQ�FKDOOHQJHG�RQ�H[SHULPHQWDO�JURXQGV��DQG�REVHUYHG�YDULDWLRQV

LQ�UHVSRQVH�ZLWK�GRVH��GRVH�UDWH��DQG�/(7�FDQ�DOVR�EH�H[SODLQHG�E\�RWKHU�SODXVLEOH�WKHRULHV���)RU

H[DPSOH��WKH�GDWD�DUH�FRQVLVWHQW�ZLWK�D�PHFKDQLVP�LQYROYLQJ�RQO\�VLQJOH�OHVLRQV�DQG�D��VDWXUDEOH�

UHSDLU�SURFHVV�WKDW�GHFUHDVHV�LQ�HIIHFWLYHQHVV�DW�KLJK�GRVH�UDWHV�RQ�WKH�PLFURVFRSLF�VFDOH��*RRGKHDG�

��������2QH�SURSHUW\�RI�VXFK�D�WKHRU\�LV�WKDW��LQ�SULQFLSOH��WKH�HIIHFWLYHQHVV�RI�UHSDLU�¥�DQG�WKHUHIRUH

WKH�VKDSH�RI�WKH�GRVH�UHVSRQVH�FXUYH�¥�FDQ�YDU\�ZLGHO\�ZLWK�FHOO�W\SH��RUJDQ�V\VWHP��DQG�VSHFLHV�

+HQFH��UHVXOWV�REWDLQHG�RQ�ODERUDWRU\�DQLPDOV�PLJKW�QRW�EH�HQWLUHO\�DSSOLFDEOH�WR�KXPDQV�

$FFRUGLQJ�WR�HLWKHU�WKH�GXDO�DFWLRQ�WKHRU\�RU�WKH�VDWXUDEOH�UHSDLU�WKHRU\��WKH�GRVH�UHVSRQVH

VKRXOG�EH�OLQHDU�DW�ORZ�GRVHV�RU�ORZ�GRVH�UDWHV��DQG�ZLWK�HTXDO�VORSHV���$W�KLJKHU�GRVHV�DQG�GRVH

UDWHV��PXOWLSOH�WUDFN�HYHQWV�EHFRPH�LPSRUWDQW��DQG�WKH�GRVH�UHVSRQVH�VKRXOG�EHQG�XSZDUG���$V�D

UHVXOW�� WKH� UHVSRQVH� SHU� XQLW� GRVH� DW� ORZ� GRVHV� DQG� GRVH� UDWHV� ZLOO� EH� RYHUHVWLPDWHG� LI� RQH

H[WUDSRODWHV�OLQHDUO\�IURP�REVHUYDWLRQV�PDGH�DW�KLJK��DFXWHO\�GHOLYHUHG�GRVHV��1&53��������

$�OLQHDU�GRVH�UHVSRQVH�EHORZ�DERXW�����*\�LV�FRQVLVWHQW�ZLWK�DQ�DVVXPSWLRQ�RI�PD[LPDO

'1$�UHSDLU�LQ�WKDW�GRVH�UDQJH���5HSDLU�RI�UDGLDWLRQ�LQGXFHG�'1$�GDPDJH�KDV�EHHQ�IRXQG�WR�EH

ODUJHO\�FRPSOHWH�ZLWKLQ�D�IHZ�KRXUV�RI�DQ�DFXWH�H[SRVXUH��:KHHOHU�DQG�:LHURZVNL��������8OOULFK

HW�DO�����������7KLV�VXJJHVWV�WKDW�PD[LPDO�UHSDLU�SHUVLVWV�DW�KLJKHU�GRVHV��SURYLGHG�WKH�GRVH�UHFHLYHG

ZLWKLQ�DQ\�WLPH�VSDQ�RI�D�IHZ�KRXUV�GRHV�QRW�H[FHHG�����*\���)XUWKHU�SURWUDFWLRQ�VKRXOG�KDYH�OLWWOH

RU�QR�HIIHFW�RQ�WKH�ULVN�RI�FDQFHU�LQGXFWLRQ���7KXV��WKH�FXUUHQW�PHFKDQLVWLF�H[SODQDWLRQV�VXJJHVW�WKDW

WKH�GRVH�DQG�GRVH�UDWH�HIIHFWLYHQHVV�IDFWRU��''5()��LV�FRQVWDQW�DW�DQ\�GRVH�EHORZ�DERXW�����*\�DQG

IRU� KLJKHU� GRVHV� UHFHLYHG� DW� D� ORZ� GRVH� UDWH�� � (3$� ������� DGRSWHG� WKH� UHFRPPHQGDWLRQ� RI

816&($5��������WKDW�DQ�KRXUO\�DYHUDJHG�GRVH�UDWH�OHVV�WKDQ�����P*\�PLQ �PD\�EH�UHJDUGHG�DV
��

ORZ�LQ�WKLV�FRQWH[W�

8QWLO�UHFHQWO\��LW�DSSHDUHG�WKDW�WKH�/66�GDWD�FRXOG�QRW�EH�H[SODLQHG�E\�D�OLQHDU�TXDGUDWLF

PRGHO�EHFDXVH�WKHUH�ZHUH�LQFRQVLVWHQFLHV�IRU�VROLG�WXPRUV�RU�OHXNHPLD�DQG�DOVR�LQFRQVLVWHQFLHV

EHWZHHQ�PRGHOV� GHYHORSHG� VHSDUDWHO\� IRU�+LURVKLPD� DQG�1DJDVDNL�� �:LWK� WKH� UHYLVHG� �'6���

GRVLPHWU\��KRZHYHU��WKHVH�LQFRQVLVWHQFLHV�ZHUH�ODUJHO\�UHPRYHG��6KLPL]X�HW�DO���������1$6��������

7KH�GDWD�IURP�WKH�WZR�FLWLHV�DUH�QRZ�LQ�UHDVRQDEOH�DJUHHPHQW���7KH�FRPELQHG�OHXNHPLD�GDWD�FDQ�EH

ILWWHG�E\�D�OLQHDU�TXDGUDWLF�GRVH�UHVSRQVH�IXQFWLRQ��ZLWK�WKH�VORSH�RI�WKH�IXQFWLRQ�DW�ORZ�GRVHV�EHLQJ
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)LJ� '��� 8QFHUWDLQW\ GLVWULEXWLRQV DVVLJQHG WR WKH

''5() LQ UHFHQW UHSRUWV �1&53� ����� (3$� ������

DERXW�KDOI�WKDW�REWDLQHG�E\�D�OLQHDU�ILW�WR�WKH�GDWD���2Q�WKH�RWKHU�KDQG��WKH�GDWD�IRU�VROLG�WXPRUV�DUH

UHDVRQDEO\� FRQVLVWHQW�ZLWK� D� OLQHDU�GRVH� UHVSRQVH� IURP� ORZ�GRVHV�XS� WR� DERXW���*\�� �8VLQJ� D

OLQHDU�TXDGUDWLF�PRGHO�WR�ILW�WKH�GDWD�UHGXFHV�WKH�OLQHDU�WHUP�E\��DW�PRVW��D�IDFWRU�RI���FRPSDUHG�WR

D�VLPSOH�OLQHDU�PRGHO���,QWHUSUHWDWLRQ�RI�WKHVH�UHVXOWV�RQ�WKH�EDVLV�RI�WKH�PRGHO�XVHG�LQ�1&53���

�������LQGLFDWHV�D�EHVW�HVWLPDWH�RI�WKH�''5()�RI�DERXW���IRU�OHXNHPLD�DQG���IRU�VROLG�WXPRUV��DQG

DQ�XSSHU�ERXQG�RI�DERXW���IRU�VROLG�WXPRUV���(UURUV�LQ�GRVH�HVWLPDWLRQ�PD\�LQWURGXFH�D�QHJDWLYH�ELDV

LQ�WKH�GRVH�VTXDUHG�GHSHQGHQFH�RI�WKH�UHVSRQVH���7KLV�KDV�D�UHODWLYHO\�PLQRU�HIIHFW�RQ�WKH�EHVW

HVWLPDWH�RI�WKH�''5()�EXW�FRXOG�LQFUHDVH�WKH�XSSHU�ERXQG�WR�DERXW���RU�����:KHQ�FRPSDUHG�ZLWK

REVHUYHG�OXQJ�FDQFHU�ULVNV�LQ�WKH�DWRPLF�ERPE�VXUYLYRUV��UHVXOWV�RI�FOLQLFDO�VWXGLHV�VXJJHVW�WKDW�WKH

''5()�FRXOG�EH�ODUJH�IRU�OXQJ�FDQFHU�LQGXFWLRQ��+RZH��������

5HVXOWV�IRU�VROLG�WXPRUV�LQ�KXPDQV�GLIIHU�IURP�WKRVH�REWDLQHG�WKURXJK�ODERUDWRU\�VWXGLHV�

LQFOXGLQJ�VWXGLHV�RI�UDGLDWLRQ�LQGXFHG�WXPRULJHQHVLV�LQ�PLFH�DQG�UDWV�� �0RVW�ODERUDWRU\�VWXGLHV

VXJJHVW�D�''5()�RI�DERXW���RU����DQG�VRPHWLPHV�KLJKHU��GHSHQGLQJ�RQ�WKH�HQG�SRLQW�

7DNHQ� WRJHWKHU�� FXUUHQW� VFLHQWLILF

GDWD� DUH�JHQHUDOO\� LQGLFDWLYH�RI� D�''5()

EHWZHHQ���DQG���IRU�KXPDQ�FDQFHU�LQGXFWLRQ�

H[FHSW�IRU�D�SRVVLEO\�KLJKHU�YDOXH�IRU�OXQJ�

7KH�DXWKRUV�RI�(3$��������FRQFOXGHG�WKDW�D

YDOXH�RI�����SURYLGHV� D� UHDVRQDEOH� FHQWUDO

HVWLPDWH���7KH�$JHQF\
V�5DGLDWLRQ�$GYLVRU\

&RPPLWWHH� DJUHHG� �WKDW� WKLV� FKRLFH� LV

UHDVRQDEOH� DQG� ���� FRQVLVWHQW� ZLWK� FXUUHQW

VFLHQWLILF� MXGJPHQW�� �/RHKU� DQG�1\JDDUG�

������� �$�''5()�RI� �� KDV� UHFHQWO\� EHHQ

DGRSWHG�E\�WKH�,&53���������DV�ZHOO�DV�E\

RWKHU�RUJDQL]DWLRQV��1&53��������&,553&�

������� �7KH� DXWKRUV� RI�1&53�5HSRUW� ���

������� DVVLJQHG� D� SLHFHZLVH� OLQHDU

XQFHUWDLQW\�GLVWULEXWLRQ�WR�WKH�''5()�E\�DVVXPLQJ�WKDW���LV�WKH�PRVW�OLNHO\�YDOXH����LV�RQH�TXDUWHU

DV�OLNHO\�DV������LV�KDOI�DV�OLNHO\�DV����DQG�D�YDOXH�OHVV�WKDQ���RU�JUHDWHU�WKDQ���LV�XQOLNHO\��)LJ��'����

7KH�DXWKRUV�RI�D�UHFHQW�(3$�UHSRUW��(3$��������PDGH�VLPLODU�DVVXPSWLRQV�IRU�YDOXHV�EHWZHHQ���DQG

��EXW�SODFHG�PRUH�ZHLJKW�RQ�YDOXHV�FORVH�WR���DQG�DVVLJQHG�D�QRQ�]HUR�SUREDELOLW\�WR�DOO�YDOXHV

JUHDWHU�WKDQ����)LJ��'����
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8QFHUWDLQWLHV�LQ�WKH�5%(�IRU�DOSKD�SDUWLFOHV

5DGLRELRORJLFDO�GDWD�LQGLFDWH�WKDW�KLJK�/(7�DOSKD�UDGLDWLRQ�KDV�D�ODUJHU�ELRORJLFDO�HIIHFW�WKDQ

DQ�HTXDO�DEVRUEHG�GRVH�RI� ORZ�/(7�UDGLDWLRQ�� �+RZHYHU�� UDQJHV�RI�HVWLPDWHG�YDOXHV� IRU�DOSKD

SDUWLFOH�5%(�DUH�ZLGH��GHSHQGLQJ�RQ�ERWK�WKH�ELRORJLFDO�V\VWHP�DQG�WKH�REVHUYHG�HQGSRLQW���7KH

XQFHUWDLQW\�LQ�WKH�5%(�HVWLPDWH�IURP�DQ�LQGLYLGXDO�VWXG\�LV�DOVR�XVXDOO\�ODUJH��SULPDULO\�GXH�WR�WKH

XQFHUWDLQW\� LQ� H[WUDSRODWLRQ� RI� ORZ�/(7� GDWD� WR� ORZ� GRVHV�� � $W� UHODWLYHO\� KLJK� GRVHV�� WKH

HIIHFWLYHQHVV�RI�DOSKD�HPLWWHUV�KDV�EHHQ�IRXQG�WR�EH����WR����WLPHV�WKDW�RI�EHWD�HPLWWHUV�IRU�WKH

LQGXFWLRQ�RI�ERQH�VDUFRPDV��OLYHU�FKURPRVRPH�DEHUUDWLRQV��DQG�OXQJ�FDQFHUV��1&53����������6LQFH

WKH�/(7�RI�VHFRQGDU\�SURWRQV�SURGXFHG�E\�ILVVLRQ�QHXWURQV�LQ�OLYLQJ�WLVVXH�LV�FRPSDUDEOH�WR�WKDW�IRU

DOSKD�SDUWLFOHV��GDWD�RQ�WKH�5%(�RI�ILVVLRQ�QHXWURQV�SURYLGHV�DQFLOODU\�LQIRUPDWLRQ�UHOHYDQW�WR�WKH

HVWLPDWLRQ�RI�DOSKD�SDUWLFOH�5%(���:KHUH�WKH�GRVH�UHVSRQVH�GDWD�RQ�FDUFLQRJHQLF�HQGSRLQWV�DUH

DGHTXDWH�WR�GHULYH�DQ�HVWLPDWH��ILVVLRQ�QHXWURQV�KDYH�EHHQ�IRXQG�WR�KDYH�DQ�5%(�EHWZHHQ���DQG���

WLPHV� WKDW�RI� ORZ�GRVH�JDPPD�UD\V��1&53��������� �2YHUDOO��H[SHULPHQWDO�GDWD�IRU�VROLG� WXPRU

LQGXFWLRQ�ZLWK�DOSKD�SDUWLFOHV�DQG�ILVVLRQ�QHXWURQV�VXJJHVW�D�FHQWUDO�YDOXH�RI�DERXW�������DQG�D�UDQJH

RI�URXJKO\���WR����IRU�WKH�5%(�UHODWLYH�WR�ORZ�GRVH��ORZ�/(7�UDGLDWLRQ��1&53��������15&�&(&�

������

7KH� GDWD� DUH� JHQHUDOO\� VXJJHVWLYH� RI� D� OLQHDU� QR�WKUHVKROG�GRVH� UHVSRQVH� IRU� KLJK�/(7

UDGLDWLRQ��H[FHSW�IRU�D�SRVVLEOH�IDOO�RII�LQ�HIIHFWLYHQHVV�DW�KLJK�GRVHV���8QGHU�VRPH�FRQGLWLRQV�WKH

HIIHFWV�RI�KLJK�/(7�UDGLDWLRQ�DSSHDU�WR�LQFUHDVH�ZLWK�IUDFWLRQDWLRQ�RU�ZLWK�D�GHFUHDVH�LQ�GRVH�UDWH�

6LWH�VSHFLILF�FDQFHU�ULVN�HVWLPDWHV�IRU�KLJK�/(7�UDGLDWLRQ��QHXWURQV�RU�DOSKD�SDUWLFOHV��DUH

RIWHQ�FDOFXODWHG�XVLQJ�KXPDQ�HSLGHPLRORJLFDO�GDWD�RQ�ORZ�/(7�UDGLDWLRQ��H�J���IURP�WKH�/66��DQG

ODERUDWRU\�GDWD�RQ�WKH�UHODWLYH�ELRORJLFDO�HIIHFWLYHQHVV��5%(��RI�WKH�KLJK�/(7�UDGLDWLRQ�FRPSDUHG

WR�D�UHIHUHQFH�ORZ�/(7�UDGLDWLRQ��1&53����������6LQFH�WKH�GRVH�UHVSRQVH�UHODWLRQVKLS�REWDLQHG�IRU

ORZ�/(7�UDGLDWLRQ�W\SLFDOO\�LV�OLQHDU�RU�FRQFDYH�XSZDUG�ZKLOH�WKDW�IRU�KLJK�/(7�UDGLDWLRQ�LV�OLQHDU

RU�FRQFDYH�GRZQZDUG��WKH�5%(�LV�GRVH�GHSHQGHQW���7KH�SUHVHQW�UHSRUW�LV�FRQFHUQHG�ZLWK�ULVNV�DW

UHODWLYHO\�ORZ�GRVHV�DQG�GRVH�UDWHV��ZKHUH�WKH�DFXWH�KLJK�GRVH�ULVN�IRU�ORZ�/(7�UDGLDWLRQ�LV�UHGXFHG

E\�WKH�''5()���7KH�GRVH�UHVSRQVHV�IRU�ERWK�ORZ�DQG�KLJK�/(7�UDGLDWLRQV�DUH�DVVXPHG�WR�EH�OLQHDU

LQ�WKLV�UDQJH��DQG�WKH�5%(�WDNHV�RQ�D�FRQVWDQW��PD[LPXP��YDOXH��5%( �0

:LWK�WKH�H[FHSWLRQ�RI�UDGLDWLRQ�LQGXFHG�EUHDVW�FDQFHU�DQG�OHXNHPLD��WKH�DXWKRUV�RI�WKH�(3$

UHSRUW��(3$��������IROORZHG�WKH�,&53©V�UHFRPPHQGDWLRQ��,&53�������DQG�DVVXPHG�WKDW�WKH�5%(

IRU�DOSKD�SDUWLFOHV�LV�����LQ�FRPSDULVRQ�WR�ORZ�/(7�UDGLDWLRQ�DW�ORZ�GRVHV�DQG�GRVH�UDWHV���:KHUH

WKH�FRPSDULVRQ�ZDV�PDGH�DJDLQVW�DFXWH�KLJK�GRVHV�RI�ORZ�/(7�UDGLDWLRQ��KRZHYHU��D�YDOXH�RI����ZDV
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DVVXPHG�IRU�WKH�DOSKD�SDUWLFOH�5%(���7KXV�WKH�ORZ�/(7�UDGLDWLRQ�''5()�RI���XVHG�IRU�WKHVH�FDQFHUV

ZDV�LQFRUSRUDWHG�LPSOLFLWO\�LQWR�WKH�5%(�YDOXH�IRU�DOSKD�UDGLDWLRQ�

)RU�EUHDVW�FDQFHU�LQGXFWLRQ��D�''5()�RI���ZDV�DGRSWHG���,W�ZDV�DVVXPHG�ZDV�WKDW�WKH�DFXWH

KLJK�GRVH�5%(�RI����LV�DOVR�DSSOLFDEOH�WR�EUHDVW�FDQFHU�DW�ORZ�GRVHV�DQG�GRVH�UDWHV�

7KHUH�LV�HYLGHQFH�WKDW�DOSKD�SDUWLFOH�OHXNHPLD�ULVNV�HVWLPDWHG�RQ�WKH�EDVLV�RI�DQ�5%(�RI���

DUH� WRR� KLJK� �(3$�� ������ ������� � )RU� WKLV� UHDVRQ�� DQ� DOSKD� SDUWLFOH� OHXNHPLD� ULVN� HVWLPDWH� RI

���Õ�� �*\ �ZDV�HPSOR\HG��FRQVLVWHQW�ZLWK�WKH�DYDLODEOH�KLJK�/(7�HSLGHPLRORJLFDO�GDWD��1$6�
�� ��

������(3$����������4XDQWLWDWLYHO\��WKLV�ZRXOG�FRUUHVSRQG�WR�DQ�5%(�RI���IRU�WKLV�VLWH��UHODWLYH�WR�ORZ

GRVH��ORZ�/(7�UDGLDWLRQ����7KLV�VKRXOG�QRW�EH�LQWHUSUHWHG�DV�LPSO\LQJ�WKDW�DOSKD�UDGLDWLRQ�LV�QR�PRUH

FDUFLQRJHQLF�WKDQ�ORZ�/(7�UDGLDWLRQ�LQ�LQGXFLQJ�OHXNHPLD���$W�OHDVW�LQ�SDUW��WKH�ORZHU�WKDQ�H[SHFWHG

OHXNHPLD�ULVN�SURGXFHG�E\�DOSKD�HPLWWHUV�PD\�UHVXOW�IURP�D�QRQXQLIRUP�GLVWULEXWLRQ�RI�GRVH�ZLWKLQ

WKH� ERQH� PDUURZ�� � 7KDW� LV�� DYHUDJH� GRVHV� WR� VHQVLWLYH� WDUJHW� FHOOV� RI� ERQH� PDUURZ� PD\� EH

VXEVWDQWLDOO\�ORZHU�WKDQ�FDOFXODWHG�DYHUDJH�PDUURZ�GRVHV��WR�DQ�H[WHQW�WKDW�PD\�YDU\�IURP�RQH�DOSKD�

HPLWWLQJ�UDGLRQXFOLGH�WR�DQRWKHU���7KH�5%(�RI���IRU�DOSKD�SDUWLFOHV�LV�UHJDUGHG�DV�DQ��HIIHFWLYH�5%(�

WKDW�UHIOHFWV�IDFWRUV�RWKHU�WKDQ�MXVW�WKH�UHODWLYH�ELRORJLFDO�VHQVLWLYLW\�WR�KLJK��DQG�ORZ�/(7�UDGLDWLRQV�

8QFHUWDLQWLHV�LQ�WUDQVSRUWLQJ�ULVN�HVWLPDWHV�DFURVV�SRSXODWLRQV

� �%DVHOLQH�UDWHV�IRU�VSHFLILF�FDQFHU�W\SHV�YDU\�IURP�SRSXODWLRQ�WR�SRSXODWLRQ�DQG�DOVR�YDU\

RYHU�WLPH�ZLWKLQ�D�SRSXODWLRQ���)RU�H[DPSOH��VWRPDFK�FDQFHU�UDWHV�DUH�VXEVWDQWLDOO\�KLJKHU�LQ�-DSDQ

WKDQ�LQ�WKH�8�6���ZKLOH�WKH�UHYHUVH�LV�WUXH�IRU�OXQJ��FRORQ��DQG�EUHDVW�FDQFHU���0RUHRYHU��WKH�PRUELGLW\

UDWHV� IRU� OXQJ�DQG�EUHDVW� FDQFHU�KDYH�EHHQ� LQFUHDVLQJ� LQ�ERWK�SRSXODWLRQV�GXULQJ� UHFHQW�\HDUV�

'HVSLWH�WKH�REVHUYHG�URXJK�SURSRUWLRQDOLW\�EHWZHHQ�UDGLDWLRQ�ULVN�DQG�EDVHOLQH�FDQFHU�UDWHV�E\�DJH�

LW�VKRXOG�QRW�EH�LQIHUUHG�WKDW�H[FHVV�UHODWLYH�ULVN�ZLOO�EH�WKH�VDPH�DV�RQH�JRHV�IURP�RQH�SRSXODWLRQ

WR�DQRWKHU�

,QIRUPDWLRQ�RQ�KRZ�WR�WUDQVSRUW�ULVN�HVWLPDWHV�DFURVV�SRSXODWLRQV�LV�OLPLWHG�E\�WKH�TXDOLW\

RI�GDWD�DYDLODEOH�RQ�LUUDGLDWHG�SRSXODWLRQV�RWKHU�WKDQ�WKH�DWRPLF�ERPE�VXUYLYRUV���7ZR�FDQFHU�W\SHV

IRU�ZKLFK�FRPSDUDWLYH�GDWD�H[LVW�DUH�WK\URLG�DQG�EUHDVW���'DWD�RQ�WKH�WK\URLG�VXJJHVW�WKDW�WKH�ULVN

LQFUHDVHV�ZLWK�WKH�EDVHOLQH�UDWH��EXW�WKLV�GRHV�QRW�DSSHDU�WR�EH�WUXH�IRU�EUHDVW���6RPH�LQVLJKW�LQWR�WKH

SUREOHP�PLJKW�EH�JDLQHG�E\�ORRNLQJ�DW�VXEJURXSV�RI�DQ�LUUDGLDWHG�SRSXODWLRQ���)RU�H[DPSOH��OXQJ

FDQFHU�UDWHV�LQ�-DSDQHVH�PDOHV�DUH�VHYHUDO�WLPHV�KLJKHU�WKDQ�LQ�-DSDQHVH�IHPDOHV��SUHVXPDEO\�GXH

LQ�SDUW�WR�WKH�KLJKHU�VPRNLQJ�UDWH�LQ�PDOHV���1HYHUWKHOHVV��WKH�H[FHVV�DEVROXWH�ULVN�IRU�OXQJ�FDQFHU

DWWULEXWDEOH�WR�UDGLDWLRQ�GRHV�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�WKH�PDOH�DQG�IHPDOH�ERPE�VXUYLYRUV�

7KLV�VXJJHVWV�WKDW��IRU�OXQJ�FDQFHU��DEVROXWH�ULVN�PD\�EH�PRUH�WUDQVSRUWDEOH�WKDQ�UHODWLYH�ULVN�
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/DQG� DQG� 6LQFODLU� ������� SUHVHQW� WZR� UHODWLYH� ULVN�PRGHOV�� GLIIHULQJ� LQ� WKH�PHWKRG� RI

WUDQVSRUWLQJ�ULVN�HVWLPDWHV�IURP�WKH�/66�SRSXODWLRQ�WR�RWKHU�SRSXODWLRQV���%RWK�PRGHOV�DVVXPH�D

FRQVWDQW�H[FHVV�UHODWLYH�ULVN�FRHIILFLHQW�EHJLQQLQJ����\�DIWHU�DQ�H[SRVXUH�DQG�FRQWLQXLQJ�WKURXJKRXW

WKH�UHVW�RI�OLIH�IRU�HDFK�FDQFHU�VLWH��H[FOXGLQJ�OHXNHPLD���2QH�PRGHO��PXOWLSOLFDWLYH��DVVXPHV�WKDW

WKH�UHODWLYH�ULVN�FRHIILFLHQW�LV�WKH�VDPH�DFURVV�SRSXODWLRQV���7KH�RWKHU��1,+��IRU�1DWLRQDO�,QVWLWXWHV

RI�+HDOWK��DVVXPHV�WKDW�WKH�UHODWLYH�ULVN�PRGHO�FRHIILFLHQWV�IRU�WKH�WDUJHW�SRSXODWLRQ�VKRXOG�\LHOG�WKH

VDPH�ULVNV�DV�WKRVH�FDOFXODWHG�ZLWK�WKH�DGGLWLYH�ULVN�PRGHO�FRHIILFLHQWV�IURP�WKH�RULJLQDO�SRSXODWLRQ

RYHU�WKH�SHULRG�RI�HSLGHPLRORJLFDO�IROORZ�XS��H[FOXGLQJ�WKH�PLQLPDO�ODWHQF\�SHULRG���7KHVH�H[FHVV

UHODWLYH�ULVN�PRGHO�FRHIILFLHQWV�DUH�WKHQ�XVHG�WR�SURMHFW�WKH�ULVN�RYHU�WKH�UHPDLQLQJ�\HDUV�RI�OLIH�

3URMHFWLRQV�PDGH�IRU�WKH�8�6��XVLQJ�WKH�1,+�PRGHO�DUH�PXFK�OHVV�VHQVLWLYH�WR�GLIIHUHQFHV�LQ�VLWH

VSHFLILF�EDVHOLQH�UDWHV�EHWZHHQ�-DSDQ�DQG�WKH�8�6��WKDQ�DUH�WKRVH�XVLQJ�WKH�PXOWLSOLFDWLYH�PRGHO�

'DWD�RQ�1RUWK�$PHULFDQ�ZRPHQ�LUUDGLDWHG�IRU�PHGLFDO�SXUSRVHV�LQGLFDWH�DERXW�WKH�VDPH�ULVN

RI�UDGLRJHQLF�EUHDVW�FDQFHU�SHU�XQLW�GRVH�DV�WKH�/66�GDWD��GHVSLWH�WKH�VXEVWDQWLDOO\�KLJKHU�EUHDVW

FDQFHU�UDWHV�IRXQG�LQ�WKH�8�6��RU�&DQDGD��FRPSDUHG�WR�-DSDQ���)RU�EUHDVW�FDQFHU��WKHUHIRUH��WKH�1,+

PRGHO� SURMHFWLRQ� DJUHHV� ZLWK� REVHUYDWLRQ� EHWWHU� WKDQ� WKH� PXOWLSOLFDWLYH� PRGHO� SURMHFWLRQ�

&RPSDUDWLYH�GDWD�RQ�RWKHU�UDGLDWLRQ�LQGXFHG�FDQFHUV�DUH�JHQHUDOO\�ODFNLQJ�RU�DUH�WRR�ZHDN�WR�GUDZ

DQ\�FRQFOXVLRQV�UHJDUGLQJ�WKH�WUDQVSRUWDWLRQ�RI�ULVN�HVWLPDWHV�IURP�WKH�/66�SRSXODWLRQ�WR�WKH�8�6�

SRSXODWLRQ�

%RWK� WUDQVSRUWDWLRQ�PRGHOV� KDYH� D� GHJUHH� RI� ELRORJLFDO� SODXVLELOLW\�� � )RU� H[DPSOH�� WKH

PXOWLSOLFDWLYH�PRGHO�LV�FRQVLVWHQW�ZLWK�WKH�K\SRWKHVLV�WKDW�UDGLDWLRQ�DFWV�DV�DQ�¦LQLWLDWRU§�ZKLOH�WKH

IDFWRUV�UHVSRQVLEOH�IRU�GLIIHUHQFHV�LQ�EDVHOLQH�UDWHV�DFW�DV�¦SURPRWHUV§�RI�FDQFHU���$OWHUQDWLYHO\��LI

ERWK�UDGLDWLRQ�DQG�WKHVH�IDFWRUV�DFW�LQGHSHQGHQWO\�EXW�DW�WKH�VDPH�VWDJH�LQ�WKH�FDUFLQRJHQHVLV�SURFHVV�

WKHLU�HIIHFWV�VKRXOG�EH�DGGLWLYH�DQG�UDGLDWLRQ�ULVNV�VKRXOG�EH�VLPLODU�EHWZHHQ�SRSXODWLRQV�GHVSLWH

GLIIHUHQFHV�LQ�EDVHOLQH�UDWHV���,W�VHHPV�OLNHO\�WKDW�WKH�DFWXDO�VLWXDWLRQ�LV�PRUH�FRPSOH[�WKDQ�HLWKHU�RI

WKHVH�DOWHUQDWLYHV�DQG�WKDW�VRPH�PL[WXUH�RI�PXOWLSOLFDWLYH�DQG�DGGLWLYH�HIIHFWV�RI�UDGLDWLRQ�DQG�QRQ�

UDGLRJHQLF�FDUFLQRJHQV�PD\�EH�LQYROYHG�

*LYHQ�WKH�XQFHUWDLQW\�LQ�WKH�WUDQVSRUWDWLRQ�RI�ULVN�DFURVV�SRSXODWLRQV��WKH�(3$�UHFRPPHQGV

WKH�XVH�RI�JHRPHWULF�PHDQV�RI�WKH�DJH��DQG�VLWH�VSHFLILF�ULVN�PRGHO�FRHIILFLHQWV�GHULYHG�IURP�WKH

PXOWLSOLFDWLYH�DQG�1,+�PRGHOV�RI�/DQG�DQG�6LQFODLU��(3$����������7KH�XVH�RI�D�JHRPHWULF�PHDQ

FRHIILFLHQW�WHQGV�WR�GH�HPSKDVL]H�H[WUHPH�YDOXHV�WKDW�PD\�UHIOHFW�ODUJH�H[WUDSRODWLRQV�EDVHG�RQ�D�IHZ

H[FHVV�FDQFHUV�REVHUYHG�DPRQJ�WKRVH�H[SRVHG�DV�FKLOGUHQ�
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8QFHUWDLQWLHV�LQ�DJH�DQG�WLPH�GHSHQGHQFH�RI�ULVN�SHU�XQLW�GRVH

,QIRUPDWLRQ�RQ�WKH�YDULDWLRQ�RI�ULVN�RI�VLWH�VSHFLILF�UDGLRJHQLF�FDQFHUV�DPRQJ�WKH�DWRPLF

ERPE�VXUYLYRUV�ZLWK�DJH�DQG�WLPH�LV�OLPLWHG�E\�VDPSOLQJ�XQFHUWDLQWLHV�DQG�E\�WKH�LQFRPSOHWH�SHULRG

RI�HSLGHPLRORJLFDO�IROORZ�XS���)RU�D�JLYHQ�DJH�DW�WLPH�RI�WKH�ERPE��WKH�H[FHVV�VROLG�WXPRU�PRUWDOLW\

KDV�JHQHUDOO\�EHHQ�IRXQG�WR�LQFUHDVH�ZLWK�WKH�DJH�DW�GHDWK��URXJKO\�LQ�SURSRUWLRQ�WR�WKH�DJH�VSHFLILF

EDVHOLQH�UDWH�IRU�WKH�VLWH�RI�LQWHUHVW���&RQVHTXHQWO\��PRGHOV�IRU�PRVW�WXPRU�VLWHV�DUH�QRZ�JHQHUDOO\

IUDPHG�LQ�WHUPV�RI�UHODWLYH�ULVN�

)RU� WKH�SHULRG�RI� HSLGHPLRORJLFDO� IROORZ�XS�� WKH�KLJKHVW� UHODWLYH� ULVNV� DUH� IRXQG� LQ� WKH

\RXQJHVW�H[SRVXUH�FDWHJRULHV���+RZHYHU��WKH�OLIHWLPH�ULVNV�RI�VROLG�WXPRUV�GXH�WR�H[SRVXUHV�EHIRUH

DJH����\�UHPDLQ�KLJKO\�XQFHUWDLQ���,QGLYLGXDOV�H[SRVHG�DV�FKLOGUHQ�DUH�RQO\�QRZ�HQWHULQJ�WKH�\HDUV

RI�OLIH�ZKHUH�WKH�ULVN�RI�FDQFHU�LV�FRQFHQWUDWHG��DQG�WKH�REVHUYHG�H[FHVV�HIIHFWV�UHSUHVHQW�D�VPDOO

QXPEHU�RI�FDQFHU�GHDWKV�� �+HQFH�� WKH�VDPSOLQJ�HUURU�IRU�PRVW� W\SHV�RI�FDQFHUV� LV� ODUJH�IRU� WKH

\RXQJHU�DJH�FRKRUWV���0RUHRYHU��LW�LV�QRW�NQRZQ�ZKHWKHU�REVHUYHG�KLJK�UHODWLYH�ULVNV�ZLOO�SHUVLVW�

7KHRUHWLFDO�FRQVLGHUDWLRQV��DULVLQJ�IURP�FDUFLQRJHQHVLV�PRGHOLQJ��VXJJHVW�WKDW�WKH�UHODWLYH�ULVNV�PD\

GHFUHDVH�RYHU�WLPH���5HFHQW�HSLGHPLRORJLFDO�HYLGHQFH�LQGLFDWHV�VXFK�D�WHPSRUDO�IDOO�RII�LQ�JURXSV

LUUDGLDWHG�DV�FKLOGUHQ��816&($5��������/LWWOH�HW�DO���������

,Q�DVVLJQLQJ�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WHPSRUDO�SURMHFWLRQ��WKUHH�FODVVHV�RI�FDQFHU�VLWHV

VKRXOG�EH�FRQVLGHUHG��(3$����������

����6LWHV�IRU�ZKLFK�IROORZ�XS�LV�HVVHQWLDOO\�FRPSOHWH��ZLWK�UHODWLYHO\�IHZ�DGGLWLRQDO�UDGLDWLRQ

LQGXFHG�FDQFHUV�H[SHFWHG���)RU�WKLV�JURXS��ZKLFK�PLJKW�LQFOXGH�ERQH�VDUFRPDV�DQG�OHXNHPLD�

WKH�XQFHUWDLQW\�LQ�OLIHWLPH�ULVN�DVVRFLDWHG�ZLWK�WHPSRUDO�SURMHFWLRQ�RXWVLGH�WKH�SHULRG�RI

IROORZ�XS�ZRXOG�EH�VPDOO�

����6LWHV�IRU�ZKLFK�D�FRQVWDQW�UHODWLYH�ULVN�PRGHO�KDV�EHHQ�XVHG�WR�SURMHFW�ULVN�EH\RQG�WKH

SHULRG�RI�IROORZ�XS��EXW�IRU�ZKLFK�WKH�ULVN�FRHIILFLHQWV�DUH�GHSHQGHQW�RQ�WKH�DJH�DW�H[SRVXUH�

7KLV�JURXS�LQFOXGHV�VWRPDFK��FRORQ��OXQJ��EUHDVW��WK\URLG��DQG�UHVLGXDO�FDQFHUV���0RVW�RI�WKH

SURMHFWHG�OLIHWLPH�ULVN�IRU�WKHVH�VLWHV�LV�DVVRFLDWHG�ZLWK�H[SRVXUHV�EHIRUH�DJH����\���7KH

FRQWULEXWLRQ�RI�FKLOGKRRG�H[SRVXUHV�LV�KLJKO\�XQFHUWDLQ�LQ�YLHZ�RI�WKH�VWDWLVWLFDO�OLPLWDWLRQV

DQG�SRVVLEOH�GHFUHDVHV�LQ�UHODWLYH�ULVN�ZLWK�WLPH�DIWHU�H[SRVXUH���)RU�WKLV�JURXS�RI�VLWHV��WKH

PRGHO�FRXOG�RYHUHVWLPDWH�FDQFHU�ULVN�E\�DV�PXFK�DV�D�IDFWRU�RI�������EXW�VHHPV�XQOLNHO\�WR

XQGHUHVWLPDWH�ULVN�

����6LWHV�IRU�ZKLFK�D�FRQVWDQW�UHODWLYH�ULVN�SURMHFWLRQ�KDV�EHHQ�XVHG�EXW�IRU�ZKLFK�WKH�ULVN

FRHIILFLHQW� UHIOHFWV� D� VLQJOH� DJH�DYHUDJHG� YDOXH�� �7KLV� JURXS� LQFOXGHV� HVRSKDJXV�� OLYHU�

EODGGHU��NLGQH\��RYDU\��DQG�VNLQ���7KH�GDWD�DYDLODEOH�RQ�WKHVH�VLWHV�DUH�JHQHUDOO\�VNHWFK\�DQG
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KHDYLO\�ZHLJKWHG�WRZDUGV�DGXOW�H[SRVXUHV���,W�LV�SODXVLEOH�WKDW�FKLOGKRRG�H[SRVXUHV�PD\

FRQYH\�D�KLJKHU�ULVN�WKDQ�DGXOW�H[SRVXUHV�IRU�WKHVH�VLWHV��DV�WKH\�DSSHDU�WR�GR�IRU�RWKHU�VLWHV�

&RQVHTXHQWO\��WKH�PRGHO�XVHG�WR�SURMHFW�ULVN�PD\�WHQG�WR�XQGHUVWDWH�WKH�SRSXODWLRQ�ULVN�LQ

WKLV�FDVH���7\SLFDOO\��WKH�UHODWLYH�ULVNV�IRU�FKLOGKRRG�H[SRVXUHV�DUH�IRXQG�WR�EH���WR���WLPHV

WKH�DYHUDJH�IRU�DGXOWV��6KLPL]X�HW�DO����������,I�ULVNV�IRU�FKLOGKRRG�H[SRVXUHV�DUH�VLPLODUO\

HOHYDWHG�IRU�WKH�VLWHV�LQ�TXHVWLRQ��WKH�SRSXODWLRQ�ULVNV�ZRXOG�EH�LQFUHDVHG�E\�URXJKO\�����

2Q�WKH�RWKHU�KDQG��D�IDOO�RII�RI�����RU�PRUH�LQ�UHODWLYH�ULVN�FRQFHLYDEO\�FRXOG�RFFXU�IRU

WKHVH�VLWHV�HYHQ�LQ�WKH�FDVH�RI�DGXOW�H[SRVXUHV�

8QFHUWDLQWLHV�LQ�VLWH�VSHFLILF�FDQFHU�PRUELGLW\�ULVN�HVWLPDWHV

7KH� FDQFHU� OHWKDOLW\� IUDFWLRQV� XVHG� LQ� WKLV� UHSRUW� �VHH� &KDSWHU� ��� UHIOHFW� RQO\� FDQFHUV

DSSHDULQJ� LQ� DGXOWV�� �(YHQ� IRU�DGXOWV�� WKH� VHOHFWLRQ�RI� WKHVH�YDOXHV� UHOLHG� LQ�SDUW�RQ� VXEMHFWLYH

MXGJPHQW�EHFDXVH�WKHUH�LV�QR�FRPSOHWHO\�UHOLDEOH�ZD\�WR�GHWHUPLQH�ORQJ�WHUP�VXUYLYDO�EDVHG�RQ

FXUUHQW��RU�IXWXUH��WUHDWPHQW�PRGDOLWLHV���0RUHRYHU��OHWKDOLW\�IUDFWLRQV�GHULYHG�IRU�DGXOWV�PD\�QRW

DOZD\V�EH�DSSURSULDWH�IRU�FKLOGUHQ�

,W� DSSHDUV� WKDW� OHXNHPLD� LV� QRZ� RIWHQ� FXUDEOH� LQ� FKLOGUHQ�� � +RZHYHU�� PRVW� UDGLRJHQLF

OHXNHPLDV�LQ�WKH�DWRPLF�ERPE�VXUYLYRUV�RFFXUUHG�EHIRUH�VXFFHVVIXO�WUHDWPHQW�EHFDPH�DYDLODEOH�

+HQFH��WKH�OHXNHPLD�PRUWDOLW\�ULVNV�GHULYHG�IURP�WKH�-DSDQHVH�PD\�PRUH�SURSHUO\�UHIOHFW�PRUELGLW\

WKDQ�PRUWDOLW\�IRU�FKLOGUHQ�

,PSUHFLVLRQ�LQ�ULVN�PRGHO�FRHIILFLHQWV�DV�LQGLFDWHG�E\�GLIIHUHQFHV�LQ�H[SHUW�MXGJPHQWV

7KH�8�6��15&�DQG�WKH�&RPPLVVLRQ�RI�(XURSHDQ�&RPPXQLWLHV��&(&��UHFHQWO\�FRQGXFWHG

D� MRLQW� VWXG\� DLPHG� DW� FKDUDFWHUL]LQJ� WKH� XQFHUWDLQWLHV� LQ� SUHGLFWLRQV� RI� WKH� FRQVHTXHQFHV� RI

DFFLGHQWDO�UHOHDVHV�RI�UDGLRQXFOLGHV�LQWR�WKH�HQYLURQPHQW��15&�&(&�����������������$V�SDUW�RI�WKH

H[HUFLVH��H[SHUWV�RQ�KHDOWK�HIIHFWV�RI�UDGLDWLRQ�ZHUH�DVNHG�WR�SURYLGH����������DQG�����TXDQWLOHV

RI�VXEMHFWLYH�SUREDELOLW\�GLVWULEXWLRQV�IRU�WKH�WRWDO�QXPEHU�RI�UDGLDWLRQ�LQGXFHG�FDQFHU�GHDWKV�DQG

IRU�WKH�QXPEHUV�RI�WLVVXH�VSHFLILF�FDQFHU�GHDWKV�RYHU�D�OLIHWLPH�LQ�D�W\SLFDO�SRSXODWLRQ�RI�����PLOOLRQ

SHUVRQV��HDFK�UHFHLYLQJ�D�ZKROH�ERG\�GRVH�RI���*\�ORZ�/(7�UDGLDWLRQ�DW�D�XQLIRUP�UDWH�RYHU���PLQ�

0HGLDQ�YDOXHV�SURYLGHG�E\�WKH�QLQH�H[SHUWV�DUH�JLYHQ�LQ�7DEOH�'�����&RPSDULVRQ�RI�WKH

FRQFOXVLRQV�RI�WKH�GLIIHUHQW�H[SHUWV�SURYLGHV�VRPH�LQGLFDWLRQ�RI�WKH�SUHFLVLRQ�ZLWK�ZKLFK�ULVN�PRGHO

FRHIILFLHQWV� FDQ� EH� GHWHUPLQHG� RQ� WKH� EDVLV� RI� FXUUHQW� HSLGHPLRORJLFDO� DQG� UDGLRELRORJLFDO

LQIRUPDWLRQ���5HDVRQDEO\�FRQVLVWHQW�FHQWUDO�HVWLPDWHV�ZHUH�PDGH�E\�WKH�QLQH�H[SHUWV�IRU�OHXNHPLD

DQG�FRORQ��IRU�H[DPSOH��EXW�WKHUH�ZDV�OHVV�DJUHHPHQW�IRU�OLYHU��VWRPDFK��ERQH��VNLQ��DQG�WK\URLG�
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7DEOH�'�����$JH�DYHUDJHG�VLWH�VSHFLILF�FDQFHU�PRUELGLW\�ULVN�HVWLPDWHV��FDQFHU�FDVHV�SHU

SHUVRQ�*\�Õ�� ��IURP�ORZ�/(7�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ERG\�DW�KLJK�GRVH�DQG�GRVH�UDWH���

DV�HVWLPDWHG�E\�QLQH�H[SHUWV�RQ�KHDOWK�HIIHFWV�RI�UDGLDWLRQ��15&�&(&��������

&DQFHU VLWH

([SHUW

$ % & ' ( ) * + ,

&RORQ ���� ���� ��� ����� ���� ��� ��� ��� ����

6WRPDFK ���� ���� ���� ����� ����� ��� ���� ��� �����

/LYHU ���� ����� ����� ����� ����� ��� ����� ���� �����

/XQJ ���� ��� ��� ����� ����� ��� ��� ��� ����

%RQH ����� ��� ��� ����� ����� ���� ����� ��� �����

6NLQ ����� ����� ���� ����� ����� ���� ������ ����� �����

%UHDVW ���� ��� ��� ����� ����� ���� ���� ��� �����

7K\URLG ���� ����� ���� ����� ����� ���� ����� ���� �����

/HXNHPLD ���� ��� ��� ����� ����� ���� ���� ��� ���

$OO FDQFHUV ���� ��� ���� ����� ����� ���� ��� ��� ����

3URSRVHG�SURFHGXUH�IRU�DVVLJQLQJ�QRPLQDO�XQFHUWDLQW\�LQWHUYDOV�WR�ULVN�FRHIILFLHQWV

$�VWDQGDUG�PHWKRG�RI�DVVHVVLQJ�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�D�PRGHO�SUHGLFWLRQ�LV�WR

LQYHVWLJDWH�WKH�HIIHFW�RI�SURSDJDWLRQ�RI�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�FRPSRQHQWV�RI�WKH�PRGHO�WKDW

FRUUHVSRQG�WR�REVHUYDEOH�SKHQRPHQD���,W�LV�GLIILFXOW�WR�DSSO\�VXFK�DQ�DSSURDFK�WR�WKH�FRPSXWDWLRQDO

PRGHO�XVHG�LQ�WKLV�UHSRUW��VHH�&KDSWHU����EHFDXVH�RI�LWV�UHODWLYHO\�FRPSOH[�IRUPXODWLRQ�LQYROYLQJ

QXPHURXV�SDUDPHWHUV�WKDW�GHSHQG�RQ�WLPH��DJH��DQG�JHQGHU���,W�LV�SRVVLEOH��KRZHYHU��WR�IRUPXODWH�D

VLPSOHU�PRGHO�ZKRVH�SUHGLFWLRQV�DUH�FRQVLVWHQWO\�FORVH�WR�WKH�ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�&KDSWHU��

DQG�ZKRVH�FRPSRQHQWV�DUH�HDVLHU�WR�DVVHVV���)RU�LQKDODWLRQ�RU�LQJHVWLRQ�RI�D�UDGLRQXFOLGH��WKH�VLPSOHU

PRGHO�LV

&DQFHU�0RUWDOLW\�5LVN�� ������G ���''5() �����' �Õ�5%( ��5 � �'���L L L L L

ZKHUH�G �DQG�' �DUH��UHVSHFWLYHO\��ORZ��DQG�KLJK�/(7�LQWHJUDWHG�DEVRUEHG�GRVHV�IRU�WLVVXH�L��DVVXPLQJL L

DFXWH�LQWDNH�RI�WKH�UDGLRQXFOLGH�E\�DQ�DYHUDJH�DGXOW��5 �LV�WKH�DJH��DQG�JHQGHU�DYHUDJHG�VLWH�VSHFLILFL

FDQFHU�PRUWDOLW\�ULVN�HVWLPDWH�IRU�WLVVXH�L�IRU�ORZ�/(7�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ERG\�DW�KLJK�GRVH
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)LJ� '��� &RPSDULVRQ RI SUHGLFWLRQV RI FDQFHU

PRUWDOLW\ EDVHG RQ VLPSOLVWLF HVWLPDWH ZLWK ULVN

FRHIILFLHQWV IRU LQWDNH RI UDGLRQXFOLGHV LQ WDS ZDWHU�

DQG�GRVH�UDWH��''5() �LV�WKH�GRVH�DQG�GRVH�UDWH�HIIHFWLYHQHVV�IDFWRU�IRU�WLVVXH�L��DQG�5%( �LV�WKHL L

KLJK�/(7�UHODWLYH�ELRORJLFDO�HIIHFWLYHQHVV�DVVXPHG�IRU�WLVVXH�L���7KH�ULVN�HVWLPDWHV�5 �LQ�(T��'��L

KDYH�QRW�EHHQ�UHGXFHG�E\�D�''5()��EHFDXVH�WKH�''5()�LV�FRQVLGHUHG�LQ�WKLV�HTXDWLRQ�DV�D�VHSDUDWH�

XQFHUWDLQ�FRPSRQHQW�RI�WKH�ULVN�PRGHO���7KXV��WKH�KLJK�/(7��5%( �YDOXHV�LQ�WKH�HTXDWLRQ�DUH�UHODWLYHL

WR�D�KLJK�GRVH�DQG�GRVH�UDWH�ULVN��WKDW�LV��WKH�QRPLQDO�5%(�YDOXHV�DUH�����IRU�OHXNHPLD�DQG����IRU�DOO

RWKHU�WLVVXHV�LQFOXGLQJ�EUHDVW���$Q�LQWHJUDWLRQ�SHULRG�RI����\�ZDV�FKRVHQ�RQ�WKH�EDVLV�RI�HPSLULFDO

FRQVLGHUDWLRQV��LQ�WKDW�VXEVWDQWLDOO\�VKRUWHU�SHULRGV�ZHUH�IRXQG�WR�XQGHUHVWLPDWH�ULVN�FRHIILFLHQWV�IRU

VRPH�WHQDFLRXVO\�UHWDLQHG�UDGLRQXFOLGHV�DQG�VXEVWDQWLDOO\�ORQJHU�SHULRGV�ZHUH�IRXQG�WR�RYHUHVWLPDWH

WKH�FDQFHU�ULVN�IURP�GRVHV�UHFHLYHG�ODWH�LQ�OLIH���)RU�H[WHUQDO�H[SRVXUH�VFHQDULRV��WKH�ULJKW�VLGH�RI

(T��'���UHGXFHV�WR����G ���''5() ��Õ�5 �EHFDXVH�WKH�GRVH�LV�GXH�HQWLUHO\�WR�ORZ�/(7�UDGLDWLRQ�L L L

)RU� WKH� H[WHUQDO� H[SRVXUH� VFHQDULRV

FRQVLGHUHG�LQ�WKLV�UHSRUW��LW�FDQ�EH�VKRZQ�WKDW

FDQFHU� ULVN� HVWLPDWHV� EDVHG� RQ� (T�� '��� DUH

QHDUO\�LGHQWLFDO�WR�WKH�ULVN�FRHIILFLHQWV�JLYHQ�LQ

&KDSWHU���� �$V� LOOXVWUDWHG� LQ�)LJ��'���IRU� WKH

FDVH�RI�LQWDNH�RI�WDS�ZDWHU��SUHGLFWLRQV�RI�WKH

VLPSOLVWLF� PRGHO� UHSUHVHQWHG� E\� (T�� '��

SURYLGH� D� UHDVRQDEOH� DSSUR[LPDWLRQ� WR� ULVN

FRHIILFLHQWV� IRU� LQWDNH� RI� UDGLRQXFOLGHV�

DOWKRXJK�VRPH�V\VWHPDWLF�GLIIHUHQFHV�PD\�DULVH

IRU� D� JLYHQ� PRGH� RI� LQWDNH�� � ,Q� )LJ�� '���

FRPSDULVRQV�DUH�LQ�WHUPV�RI�WKH�TXRWLHQW�$�%�

ZKHUH�$�LV�WKH�FDQFHU�PRUWDOLW\�ULVN�IRU�DFXWH

LQJHVWLRQ�RI�D�UDGLRQXFOLGH�E\�DQ�DYHUDJH�DGXOW

DV�SUHGLFWHG�E\�(T��'����DQG�%�LV�WKH�ULVN�FRHIILFLHQW�IRU�WKDW�UDGLRQXFOLGH�LQJHVWHG�LQ�GULQNLQJ�ZDWHU�

DV�JLYHQ�LQ�7DEOH����D�

'XH�WR�WKH�JHQHUDO�DJUHHPHQW�RI�SUHGLFWLRQV�RI�(T��'���DQG�WKH�FRPSXWDWLRQDO�PRGHO�XVHG

WR�JHQHUDWH�WKH�ULVN�FRHIILFLHQWV�LQ�&KDSWHU����WKH�XQFHUWDLQW\�DQDO\VLV�PD\�EH�EDVHG�RQ�WKH�VLPSOHU

PRGHO� UHSUHVHQWHG� E\� (T�� '���� � ,Q� WKHRU\�� XQFHUWDLQW\� GLVWULEXWLRQV� FRXOG� EH� DVVLJQHG� WR� WKH

SDUDPHWHU�YDOXHV�5 ��5%( ��''5() ��G ��DQG�' ��DQG�UDQGRP�VLPXODWLRQ�WHFKQLTXHV�FRXOG�EH�DSSOLHGL L L L L

WR�WKH�PRGHO�UHSUHVHQWHG�E\�(T��'���WR�JHQHUDWH�D�UDQJH�RI�SRVVLEOH�YDOXHV�RI�HDFK�ULVN�FRHIILFLHQW�

(YHQ�ZLWK�WKLV�VLPSOHU�PRGHO��D�IXOO�VFDOH�SDUDPHWHU�XQFHUWDLQW\�DQDO\VLV�IRU�HDFK�RI�WKH�ULVN

FRHIILFLHQWV�WDEXODWHG�LQ�&KDSWHU���LV�QRW�D�IHDVLEOH�WDVN��GXH�WR�WKH�ODUJH�QXPEHU�RI�UDGLRQXFOLGHV

DQG�H[SRVXUH�PRGHV�DGGUHVVHG�DQG�WKH�ODFN�RI�SXEOLVKHG�H[SHUW�MXGJPHQWV�RQ�XQFHUWDLQWLHV�LQ�WLVVXH
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GRVH�HVWLPDWHV�IRU�UDGLRQXFOLGHV���,W�VHHPV�SRVVLEOH��KRZHYHU��WR�JHQHUDWH�D�QRPLQDO�XQFHUWDLQW\

LQWHUYDO� IRU�HDFK�ULVN�FRHIILFLHQW� WDEXODWHG� LQ�&KDSWHU���RQ� WKH�EDVLV�RI�UHVXOWV�RI�D�V\VWHPDWLF�

FRPSXWHUL]HG�DQDO\VLV�RI�WKH�VHQVLWLYLW\�RI�SUHGLFWLRQV�RI�(T��'���WR�GRPLQDQW�XQFHUWDLQWLHV�LQ�WKH

XQGHUO\LQJ�ELRNLQHWLF��GRVLPHWULF��DQG�UDGLDWLRQ�ULVN�PRGHOV���$VVLJQPHQW�RI�XQFHUWDLQWLHV�WR�WKH

YDOXHV�5 �FRXOG�EH�EDVHG�� IRU�H[DPSOH��RQ�D� UHFHQW�H[SHUW�HOLFLWDWLRQ�H[HUFLVH�GHVFULEHG�HDUOLHUL

�15&�&(&���������XQFHUWDLQW\�GLVWULEXWLRQV�IRU�WKH�WKH�YDOXHV�''5() �FRXOG�EH�SDWWHUQHG�DIWHU�WKHL

WLVVXH�LQGHSHQGHQW�XQFHUWDLQW\�GLVWULEXWLRQ�IRU�WKH�''5()�JLYHQ�LQ�UHFHQW�UHSRUWV�E\�WKH�1&53

�������DQG�(3$���������VHH�)LJ��'�����DQG�XQFHUWDLQWLHV�LQ�WKH�DOSKD�5%(V�FRXOG�EH�DVVHVVHG�RQ�WKH

EDVLV�RI�WKH�UDQJH�RI�YDOXHV�GHWHUPLQHG�LQ�H[SHULPHQWDO�DQG�HSLGHPLRORJLFDO�VWXGLHV��DV�VXPPDUL]HG

HDUOLHU�LQ�WKLV�DSSHQGL[���7KH�PRVW�GLIILFXOW�DQG�WLPH�FRQVXPLQJ�SDUW�RI�WKH�H[HUFLVH�ZRXOG�EH�WKH

FKDUDFWHUL]DWLRQ� RI� XQFHUWDLQWLHV� LQ� WKH� WLVVXH�VSHFLILF� GRVH� HVWLPDWHV� G � DQG�' � EHFDXVH� WKHVHL L

XQFHUWDLQWLHV� GHSHQG� VWURQJO\� RQ� WKH� UDGLRQXFOLGH� DV� ZHOO� DV� WKH� H[SRVXUH�PRGH� DQG� EHFDXVH

XQFHUWDLQWLHV�LQ�WLVVXH�GRVH�HVWLPDWHV�KDYH�UDUHO\�EHHQ�DGGUHVVHG�LQ�WKH�OLWHUDWXUH���'HULYDWLRQ�RI

XQFHUWDLQW\�LQWHUYDOV�IRU�WKH�YDOXHV�G �DQG�' �ZRXOG�UHTXLUH�D�VHSDUDWH�VHQVLWLYLW\�DQDO\VLV�LQ�ZKLFKL L

WKH�W\SLFDOO\�GRPLQDQW�FRPSRQHQWV�RI�WKH�,&53©V�GRVLPHWULF�VFKHPH�DUH�YDULHG�ZLWKLQ�SODXVLEOH

UDQJHV�RI�YDOXHV��DV�GHWHUPLQHG�E\�H[SHUWV�RQ�WKH�ELRNLQHWLFV�DQG�GRVLPHWU\�RI�UDGLRQXFOLGHV�

,Q�PDQ\�FDVHV��LW�ZRXOG�VXIILFH�WR�IRFXV�DWWHQWLRQ�RQ�D�VPDOO�QXPEHU�RI�WKH�WHUPV�LQ�(T��'���

7KLV�LV�EHFDXVH�WKHUH�LV�D�VPDOO�VHW�RI�VLWHV�LQ�WKH�ERG\�WKDW�JHQHUDOO\�GRPLQDWH�FDQFHU�ULVN�HVWLPDWHV

GXH�WR�WKHLU�UHODWLYHO\�KLJK�UDGLRVHQVLWLYLW\�DQG�WKHLU�LPSRUWDQFH�DV�VLWHV�RI�GHSRVLWLRQ��WUDQVIHU��RU

UHWHQWLRQ�RI�UDGLRQXFOLGHV��DQG�RQH�RU�WZR�RI�WKHVH�VLWHV�RIWHQ�GRPLQDWH�WKH�ULVN�HVWLPDWH�DV�ZHOO�DV

WKH�XQFHUWDLQW\�LQ�WKDW�HVWLPDWH�IRU�DQ\�JLYHQ�UDGLRQXFOLGH���7KH�W\SLFDOO\�GRPLQDQW�VLWHV�PD\�EH

GLYLGHG� LQWR� WZR�JURXSV�� �¦SRUWDO�RI�HQWU\§�VLWHV��PHDQLQJ�VLWHV�RI�GHSRVLWLRQ�RU� WUDQVIHU� LQ� WKH

UHVSLUDWRU\�WUDFW�DQG�JDVWURLQWHVWLQDO�WUDFW��DQG�VWRUDJH�VLWHV��PHDQLQJ�VLWHV�RI�UHODWLYHO\�ORQJ�WHUP

UHWHQWLRQ�

7KH�OXQJ�IDOOV�LQWR�ERWK�JURXSV�EHFDXVH�LW�LV�D�VLWH�RI�WUDQVIHU�RI�DFWLYLW\�IURP�WKH�HQYLURQPHQW

LQWR�WKH�V\VWHPLF�FLUFXODWLRQ��DQG�LW�PD\�UHWDLQ�UHODWLYHO\�LQVROXEOH�IRUPV�RI�VRPH�UDGLRQXFOLGHV�IRU

PRQWKV�RU�\HDUV���/XQJ�FDQFHU�LV�SURMHFWHG�WR�EH�WKH�GRPLQDQW�FDQFHU�W\SH�LQ�D�VXEVWDQWLDO�SRUWLRQ

RI�FDVHV�LQYROYLQJ�LQKDODWLRQ�RI�UDGLRQXFOLGHV�LQ�PRGHUDWHO\�VROXEOH�RU�LQVROXEOH�IRUP���,Q�WHUPV�RI

WKH�GHIDXOW�DEVRUSWLRQ�W\SHV�XVHG�E\�WKH�,&53��WKLV�ZRXOG�FRUUHVSRQG�WR�7\SH�0�RU�7\SH�6�PDWHULDO�

)RU�H[DPSOH��IRU�LQKDODWLRQ�RI�7\SH�6�PDWHULDO��OXQJ�FDQFHU�LV�SURMHFWHG�WR�UHSUHVHQW����������RI

WKH�WRWDO�FDQFHUV�IRU�HDFK�RI�DERXW�ILYH�VL[WKV�RI�WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�7DEOH������ �)RU

UDGLRQXFOLGHV�LQKDOHG�LQ�UHODWLYHO\�VROXEOH�IRUP��WKH�SURMHFWHG�QXPEHU�RI�GHDWKV�IURP�OXQJ�FDQFHU

LV�RIWHQ�VXEVWDQWLDOO\�OHVV�WKDQ�WKDW�IRU�RWKHU�W\SHV�RI�FDQFHU�

&RORQ�FDQFHU�LV�SURMHFWHG�WR�EH�WKH�GRPLQDQW�FDQFHU�W\SH�IRU�PDQ\�LQJHVWHG�UDGLRQXFOLGHV�

)RU��H[DPSOH���IRU��GLHWDU\��LQWDNH��FRORQ�FDQFHU�UHSUHVHQWV����������RI�WKH�WRWDO�SURMHFWHG�FDQFHU
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PRUWDOLW\�IRU�QHDUO\�WZR�WKLUGV�RI�WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�7DEOH����D���&RORQ�FDQFHU�PD\�DOVR

UHSUHVHQW�D�VXEVWDQWLDO�SRUWLRQ�RI�WKH�WRWDO�SURMHFWHG�FDQFHUV�IRU�UDGLRQXFOLGHV�LQKDOHG�LQ�UHODWLYHO\

VROXEOH�IRUP��7\SH�)����$OWKRXJK�WKHUH�DUH�YDULRXV�FRPELQDWLRQV�RI�IDFWRUV�WKDW�UHVXOW�LQ�D�ODUJH

QXPEHU�RI�GHFD\V�LQ�WKH�FRORQ�FRPSDUHG�ZLWK�RWKHU�WLVVXHV��WKLV�PRVW�RIWHQ�RFFXUV�IRU�UDGLRQXFOLGHV

ZLWK�D�ORZ�JDVWURLQWHVWLQDO�DEVRUSWLRQ�IUDFWLRQ�DQG�D�KDOI�OLIH�RI�D�\HDU�RU�OHVV�

6WRPDFK�FDQFHU�PD\�UHSUHVHQW�D�VXEVWDQWLDO�SRUWLRQ�RI�WKH�WRWDO�SURMHFWHG�FDQFHUV�IRU�FDVHV

LQYROYLQJ�LQJHVWLRQ�RI�UDGLRQXFOLGHV�ZLWK�KDOI�OLYHV�RI�DW�PRVW�D�IHZ�KRXUV�GXH�WR�WKH�UHODWLYHO\�ODUJH

SRUWLRQ�RI�QXFOHDU�WUDQVIRUPDWLRQV�LQ�WKH�ERG\�WKDW�RFFXU�LQ�WKH�VWRPDFK���)RU�H[DPSOH��IRU�GLHWDU\

LQWDNH��VWRPDFK�FDQFHU� UHSUHVHQWV�DW� OHDVW�KDOI�RI� WKH� WRWDO�SURMHFWHG�FDQFHU�PRUWDOLW\� IRU�DERXW

RQH�VL[WK�RI�WKH�UDGLRQXFOLGHV�DGGUHVVHG�LQ�7DEOH����D���+RZHYHU��WKHVH�VKRUW�OLYHG�UDGLRQXFOLGHV

JHQHUDOO\�DUH�RI�OLPLWHG�LPSRUWDQFH�ZLWK�UHJDUG�WR�HQYLURQPHQWDO�H[SRVXUH�DVVHVVPHQWV�

&HUWDLQ�V\VWHPLF�VWRUDJH�VLWHV�PD\�UHSUHVHQW�D�ODUJH�SRUWLRQ�RI�WKH�WRWDO�SURMHFWHG�FDQFHU�ULVN

IRU� LQKDOHG�PDWHULDO�RI�7\SH�)�RU�IRU� LQJHVWHG�UDGLRQXFOLGHV� WKDW�DUH�UHDGLO\�DEVRUEHG�IURP�WKH

JDVWURLQWHVWLQDO�WUDFW���)RU�H[DPSOH��WK\URLG�FDQFHU�LV�SURMHFWHG�WR�EH�WKH�GRPLQDQW�FDQFHU�W\SH�IRU

LQKDODWLRQ�RU�LQJHVWLRQ�RI�PDQ\�IRUPV�RI�UDGLRLRGLQH��DQG�OHXNHPLD�LV�SURMHFWHG�WR�EH�WKH�GRPLQDQW

FDQFHU�W\SH�IRU�LQWDNH�RI�VRPH�UHODWLYHO\�ZHOO�DEVRUEHG�UDGLRQXFOLGHV�WKDW�DFFXPXODWH�WR�D�ODUJH

H[WHQW�LQ�ERQH��IRU�H[DPSOH�� &D�� 6U��RU�ERQH�PDUURZ��IRU�H[DPSOH�� )H���� �� ��

6\VWHPLF�RUJDQV�PD\�DOVR�UHSUHVHQW�PRVW�RI�WKH�SURMHFWHG�FDQFHU�ULVN�LQ�FDVHV�LQ�ZKLFK�DQ

LQJHVWHG�UDGLRQXFOLGH�LV�SRRUO\�DEVRUEHG�EXW� LV� ORQJ�OLYHG�DQG�WHQDFLRXVO\�UHWDLQHG�LQ�V\VWHPLF

WLVVXHV���7KLV�RFFXUV�PRVW�RIWHQ�IRU�DFWLQLGH�HOHPHQWV��IRU�ZKLFK�OLYHU�DQG�ERQH�PD\�EH�LPSRUWDQW

FDQFHU�VLWHV�

([FHSWLRQV�WR�WKH�DERYH�JHQHUDOL]DWLRQV�RFFXU�IRU�VHYHUDO�UDGLRQXFOLGHV�WKDW�VKRZ�ERWK�KLJK

DEVRUSWLRQ�WR�EORRG�DQG�IDLUO\�XQLIRUP�GLVWULEXWLRQ�DPRQJ�WLVVXHV��IRU�H[DPSOH�� +�RU� &V����)RU� ���

VXFK�FDVHV��WKH�SURMHFWHG�FDQFHU�ULVN�LV�IDLUO\�XQLIRUPO\�GLVWULEXWHG�DPRQJ�VHYHUDO�WLVVXHV�
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$�ULVN�FRHIILFLHQW�JLYHQ�LQ�&KDSWHU���PD\�EH�LQWHUSUHWHG�LQ�WHUPV�RI�HLWKHU�FKURQLF�RU�DFXWH

�VKRUW�WHUP��H[SRVXUHV���7KDW�LV��D�FRHIILFLHQW�PD\�EH�YLHZHG�DV�WKH�DYHUDJH�ULVN�SHU�XQLW�H[SRVXUH

WR�SHUVRQV�H[SRVHG�WKURXJKRXW�OLIH�WR�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�D�UDGLRQXFOLGH�LQ�DQ�HQYLURQPHQWDO

PHGLXP��RU�DV�WKH�DYHUDJH�ULVN�SHU�XQLW�H[SRVXUH�LQ�SRSXODWLRQV�H[SRVHG�RYHU�D�VKRUW�SHULRG�RI�WLPH

WR�WKH�UDGLRQXFOLGH�LQ�WKH�HQYLURQPHQWDO�PHGLXP��

7KH�DVVXPHG�JHQGHU�DQG�DJH�GLVWULEXWLRQV�LQ�WKH�H[SRVHG�SRSXODWLRQ�DUH�WKRVH�WKDW�ZRXOG

HYHQWXDOO\�RFFXU�LQ�D�FORVHG��VWHDG\�VWDWH�SRSXODWLRQ�ZLWK�PDOH�WR�IHPDOH�ELUWK�UDWLRV�FKDUDFWHULVWLF

RI�UHFHQW�8�6��GDWD�DQG�ZLWK�WLPH�LQYDULDQW�VXUYLYDO�IXQFWLRQV�GHILQHG�E\�WKH���������8�6��GHFHQQLDO

OLIH�WDEOHV���%HFDXVH�RI�WKH�XQFHUWDLQW\�LQ�WKH�IXWXUH�FRPSRVLWLRQ�RI�WKH�8�6��SRSXODWLRQ��WKH�XVH�RI

D�VWDWLRQDU\�RU�VWHDG\�VWDWH�SRSXODWLRQ�EDVHG�RQ�UHFHQW�8�6��YLWDO�VWDWLVWLFV�LV�MXGJHG�WR�EH�DSSURSULDWH

IRU� FRQVLGHUDWLRQ�RI� ORQJ�WHUP��FKURQLF�H[SRVXUHV� WR� WKH�8�6��SRSXODWLRQ�� �+RZHYHU�� WKHVH�DJH

GLVWULEXWLRQV�GLIIHU�VXEVWDQWLDOO\�IURP�WKRVH�RI�WKH�FXUUHQW�8�6��SRSXODWLRQ��)LJ��(������+HQFH��WKH

TXHVWLRQ�DULVHV�DV�WR�WKH�DSSOLFDELOLW\�RI�WKH�ULVN�FRHIILFLHQWV�WR�VKRUW�WHUP�H[SRVXUHV�RI�WKH�8�6�

SRSXODWLRQ�WKDW�PLJKW�RFFXU�LQ�WKH�QHDU�IXWXUH�

7KH�SXUSRVH�RI�WKLV�DSSHQGL[�LV�WR�FRPSDUH�WKH�ULVN�FRHIILFLHQWV�WDEXODWHG�LQ�&KDSWHU���ZLWK

FRHIILFLHQWV�GHULYHG�IRU�D�VKRUW�WHUP�H[SRVXUH�RI�D�K\SRWKHWLFDO�SRSXODWLRQ�ZLWK�GHPRJUDSKLFV�EDVHG

RQ�WKH�FXUUHQW�8�6��SRSXODWLRQ�DQG��RQ�WKH�EDVLV�RI�WKLV�FRPSDULVRQ��GHYHORS�VFDOLQJ�IDFWRUV�IRU

FRQYHUVLRQ�RI�ULVN�FRHIILFLHQWV�EHWZHHQ�WKH�VWHDG\�VWDWH�DQG�FXUUHQW�SRSXODWLRQV���$V�LV�WKH�FDVH�IRU

WKH�VWDWLRQDU\�SRSXODWLRQ�FRQVLGHUHG�LQ�WKH�PDLQ�ERG\�RI�WKH�UHSRUW��WRWDO�PRUWDOLW\�UDWHV�LQ�WKLV

K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ�DUH�GHILQHG�E\�WKH���������8�6��GHFHQQLDO�OLIH�WDEOH��DQG�FDQFHU

PRUWDOLW\�UDWHV�DUH�GHILQHG�E\�8�6��FDQFHU�PRUWDOLW\�UDWHV�IRU�WKH�VDPH�SHULRG���,Q�FRQWUDVW�WR�WKH

VWDWLRQDU\�SRSXODWLRQ��KRZHYHU��LW�LV�DVVXPHG�WKDW�WKH�JHQGHU�VSHFLILF�DJH�GLVWULEXWLRQ�DW�WKH�WLPH�RI

H[SRVXUH�LV�WKH�VDPH�DV�WKDW�RI�WKH�8�6��SRSXODWLRQ�RI�������8�6��%XUHDX�RI�WKH�&HQVXV��3RSXODWLRQ

'LYLVLRQ��������

&RPSXWDWLRQ�RI�ULVN�FRHIILFLHQWV�IRU�WKH�K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ

6KRUW�WHUP� H[SRVXUHV� DUH� WUHDWHG� LQ� WKH� FDOFXODWLRQV� DV� LQVWDQWDQHRXV� H[SRVXUHV�� � )RU

H[DPSOH�� LQ� WKH� VROXWLRQ� RI� WKH� ELRNLQHWLF�PRGHOV�� LQJHVWLRQ� RU� LQKDODWLRQ� RI� D� UDGLRQXFOLGH� LV

UHSUHVHQWHG�DV�DQ�LQLWLDO�DFWLYLW\�LQ�WKH�VWRPDFK�FRPSDUWPHQW�RU�LQ�DSSURSULDWH�FRPSDUWPHQWV�RI�WKH
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)LJ� (��� &RPSDULVRQ RI JHQGHU�VSHFLILF DJH�GLVWULEXWLRQV LQ ���� 8�6�

SRSXODWLRQ ZLWK K\SRWKHWLFDO VWDWLRQDU\ �VV� IRU VWHDG\�VWDWH� GLVWULEXWLRQV

EDVHG RQ ������� 8�6� OLIH WDEOH� 1RUPDOL]HG WR YDOXHV IRU DJH � \ LQ ����

8�6� SRSXODWLRQ� 0  PDOHV� )  IHPDOHV� $YHUDJH DJH� 0������  ���� \�

0�VV�  ���� \� )������  ���� \� )�VV�  ���� \� $YHUDJH OLIH H[SHFWDQF\�

0������  ���� \� 0�VV�  ���� \� )������  ���� \� )�VV�  ���� \�

��������(���

UHVSLUDWRU\�WUDFW��UHVSHFWLYHO\���+RZHYHU��WKH�GHULYHG�ULVN�FRHIILFLHQWV�DUH�DSSOLFDEOH�WR�DQ\�VKRUW�WHUP

H[SRVXUH�SHULRG��H�J���VHYHUDO�GD\V��ZHHNV��RU�PRQWKV��RYHU�ZKLFK�WKHUH�DUH�RQO\�VPDOO�FKDQJHV�LQ

WKH�JHQGHU�DQG�DJH�GLVWULEXWLRQV�LQ�WKH�SRSXODWLRQ���7KH�FRHIILFLHQWV�IRU�WKH�K\SRWKHWLFDO�FXUUHQW

SRSXODWLRQ�VKRXOG�QRW�EH�DSSOLHG�WR�H[SRVXUH�SHULRGV�ORQJHU�WKDQ�D�IHZ�\HDUV�EHFDXVH�RI�VXEVWDQWLDO

FKDQJHV�LQ�WKH�DJH�GLVWULEXWLRQ�RYHU�ORQJ�SHULRGV�

$V�GHVFULEHG�LQ�&KDSWHU����WKH�DYHUDJH�OLIHWLPH�ULVN�FRHIILFLHQW�� ��IRU�FRQWLQXRXV�LQWDNH�RI

D�UDGLRQXFOLGH�LV�FDOFXODWHG�IURP�WKH�DJH��DQG�JHQGHU�VSHFLILF�FDQFHU�ULVN�FRHIILFLHQW��U �[���E\�WKHD

HTXDWLRQ�
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ZKHUH�X�[��LV�WKH�JHQGHU�ZHLJKWHG�XVDJH�UDWH��DQG�6�[��LV�WKH�JHQGHU�ZHLJKWHG�VXUYLYDO�IXQFWLRQ���7KLV

HTXDWLRQ�ZDV�GHULYHG�IRU�D�VWDWLRQDU\�SRSXODWLRQ�WKDW�LV�VXEMHFW�WR�IL[HG�JHQGHU�VSHFLILF�VXUYLYDO

IXQFWLRQV�DQG�FDQFHU�PRUWDOLW\�UDWHV���,Q�VXFK�D�SRSXODWLRQ��WKH�DJH�GLVWULEXWLRQ�RI�D�JLYHQ�JHQGHU�LV

SURSRUWLRQDO�WR�WKH�VXUYLYDO�IXQFWLRQ�6�[��IRU�WKDW�JHQGHU���7KH�GHULYHG�ULVN�FRHIILFLHQWV�PD\�EH

LQWHUSUHWHG�HLWKHU�LQ�WHUPV�RI�OLIHWLPH�H[SRVXUH�RU�DFXWH�H[SRVXUH�RI�WKLV�SRSXODWLRQ�WR�D�UDGLRQXFOLGH�

$�VLPLODU�DQDO\VLV�PD\�EH�DSSOLHG�WR�WKH�FDVH�RI�DFXWH�H[SRVXUH�RI�D�SRSXODWLRQ�ZLWK�DQ

DUELWUDU\� DJH� GLVWULEXWLRQ�� LI� LW� LV� DVVXPHG� WKDW� WKH� H[SRVHG� SRSXODWLRQ� LV� VXEMHFW� WR� IL[HG

JHQGHU�VSHFLILF�VXUYLYDO�IXQFWLRQV�DQG�IL[HG�FDQFHU�PRUWDOLW\�UDWHV�DW�DOO�WLPHV�DIWHU�WKH�H[SRVXUH�

,Q�WKLV�FDVH��WKH�UHODWLYH�DJH�GLVWULEXWLRQ��6�[���LQ�(T��(���LV�UHSODFHG�E\�D�IXQFWLRQ�3�[��UHSUHVHQWLQJ

WKH�DJH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�DW�WKH�WLPH�RI�DFXWH�H[SRVXUH���7KLV�FKDQJH�LV�QHHGHG�EHFDXVH

XVDJH�RI�DQ�HQYLURQPHQWDO�PHGLXP�E\�PHPEHUV�RI�DJH�[�LQ�WKH�K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ�LV

SURSRUWLRQDO�WR�X�[�3�[��UDWKHU�WKDQ�X�[�6�[����7KH�HTXDWLRQ�IRU�WKH�FXUUHQW�SRSXODWLRQ�FRUUHVSRQGLQJ

WR�(T��(���IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�LV�WKHQ�

,Q�DSSOLFDWLRQV�RI� ULVN�FRHIILFLHQWV�� LW� LV� VRPHWLPHV�QHFHVVDU\� WR�HVWLPDWH� WKH�DYHUDJH�XVDJH�RI

HQYLURQPHQWDO�PHGLD�E\� WKH�SRSXODWLRQ��VHH�$SSHQGL[�)��� �$YHUDJH�GDLO\�XVDJH�YDOXHV� IRU� WKH

K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ�DUH�JLYHQ�LQ�7DEOH�(���IRU�WKH�IRXU�HQYLURQPHQWDO�PHGLD�FRQVLGHUHG

7DEOH�(�����$YHUDJH�GDLO\�XVDJH�RI�HQYLURQPHQWDO�PHGLD�E\�WKH�WZR�K\SRWKHWLFDO�SRSXODWLRQV�

0HGLXP

0DOHV )HPDOHV &RPELQHG

6WDWLRQDU\ &XUUHQW 6WDWLRQDU\ &XUUHQW 6WDWLRQDU\ &XUUHQW

$LU �P � ���� ���� ���� ���� ���� ����
�

7DS ZDWHU �/� ���� ���� ���� ���� ���� ����

'LHW �NFDO� ���� ���� ���� ���� ���� ����

&RZ©V PLON �/� ����� ����� ����� ����� ����� �����
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LQ�WKH�LQWHUQDO�H[SRVXUH�VFHQDULRV���&RUUHVSRQGLQJ�YDOXHV�IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�DUH�SURYLGHG

IRU�FRPSDULVRQ�

/LIHWLPH�ULVNV�IRU�DFXWH�H[WHUQDO�H[SRVXUHV�DUH�FDOFXODWHG�LQ�D�PDQQHU�VLPLODU�WR�WKDW�IRU

UDGLRQXFOLGH� LQWDNHV�� � 6LQFH� WKH� H[WHUQDO� H[SRVXUH� LV� QRW� FRQVLGHUHG� WR� EH� DJH� GHSHQGHQW�� WKH

FDOFXODWLRQ�LV�VLPSOHU���$V�GHVFULEHG�LQ�&KDSWHU����WKH�DYHUDJH�OLIHWLPH�ULVN�� ��WR�PHPEHUV�RI�D

VWDWLRQDU\� SRSXODWLRQ� IURP�H[WHUQDO� H[SRVXUH� DW� D� FRQVWDQW� H[SRVXUH� UDWH� FDQ�EH� FDOFXODWHG�E\

UHPRYLQJ�WKH�XVDJH�IXQFWLRQ�IURP�(T��(�����7KDW�LV��

ZKHUH�U �[��LV�WKH�FDQFHU�ULVN�FRHIILFLHQW�DW�DJH�[�DQG�6�[��LV�WKH�VXUYLYDO�IXQFWLRQ�DQG�KHQFH�WKH
H

UHODWLYH�DJH�GLVWULEXWLRQ�LQ�WKH�VWDWLRQDU\�SRSXODWLRQ���)RU�WKH�K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ��WKH

UHODWLYH�DJH�GLVWULEXWLRQ��6�[���LV�UHSODFHG�E\�WKH�IXQFWLRQ�3�[��UHSUHVHQWLQJ�WKH�DJH�GLVWULEXWLRQ�RI

WKH�SRSXODWLRQ�DW�WKH�WLPH�RI�DFXWH�H[SRVXUH���7KLV�FKDQJH�LV�QHHGHG�EHFDXVH�WKH�WRWDO�H[SRVXUH�WR

PHPEHUV�RI�WKH�FXUUHQW�SRSXODWLRQ�RI�DJH�[�LV�SURSRUWLRQDO�WR�3�[��UDWKHU�WKDQ�6�[����7KH�HTXDWLRQ�IRU

WKH�FXUUHQW�SRSXODWLRQ�FRUUHVSRQGLQJ�WR�(T��(���IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�LV�WKHQ�

&RPSDULVRQ�RI�FRHIILFLHQWV�IRU�WKH�FXUUHQW�DQG�VWDWLRQDU\�SRSXODWLRQV

)RU� HDFK� W\SH� RI� H[SRVXUH� FRQVLGHUHG� LQ� WKH�PDLQ� WH[W�� ULVN� FRHIILFLHQWV� IRU� VKRUW�WHUP

H[SRVXUH�RI�WKH�K\SRWKHWLFDO�FXUUHQW��������SRSXODWLRQ�ZHUH�GHULYHG�IRU�PRUH�WKDQ�����UDGLRQXFOLGHV

UHSUHVHQWLQJ�D�ZLGH�UDQJH�RI�KDOI�OLYHV�� UDGLDWLRQ� W\SHV��DQG�HQHUJLHV�� �7KHVH�FRHIILFLHQWV�ZHUH

FRPSDUHG�ZLWK�WKH�YDOXHV�WDEXODWHG�LQ�&KDSWHU�����5LVN�FRHIILFLHQWV�IRU�WKH�FXUUHQW�SRSXODWLRQ�ZHUH

FRQVLVWHQWO\��JUHDWHU��WKDQ��WKH��FRUUHVSRQGLQJ��FRHIILFLHQWV��IRU��WKH��VWDWLRQDU\��SRSXODWLRQ��ZLWK�D
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PD[LPXP� GLIIHUHQFH� RI� ����� �7DEOH� (����� � )RU� D� JLYHQ� H[SRVXUH� VFHQDULR�� WKH� UDWLRV� RI� ULVN

FRHIILFLHQWV�IRU�WKH�FXUUHQW�DQG�VWDWLRQDU\�SRSXODWLRQV�GLG�QRW�GHSHQG�VWURQJO\�RQ�WKH�UDGLRQXFOLGH�

$OO�UDWLRV�IHOO�ZLWKLQ�����DQG�PRVW�IHOO�ZLWKLQ�����RI�WKH�PHDQ�UDWLR��7DEOH�(����

7KHUHIRUH��WKH�ULVN�FRHIILFLHQWV�IRU�WKH�VWDWLRQDU\�SRSXODWLRQ�DSSHDU�WR�EH�UHDVRQDEO\�JRRG

DSSUR[LPDWLRQV� RI� WKH� FRUUHVSRQGLQJ� ULVN� FRHIILFLHQWV� IRU� VKRUW�WHUP� H[SRVXUH� RI� WKH� FXUUHQW

SRSXODWLRQ���$�FORVHU�DSSUR[LPDWLRQ�PD\�EH�REWDLQHG�E\�VFDOLQJ�WKH�FRHIILFLHQWV�IRU�WKH�VWDWLRQDU\

SRSXODWLRQ�E\�WKH�H[SRVXUH�VSHFLILF�PHDQ�UDWLR�JLYHQ�LQ�7DEOH�(�����)RU�H[DPSOH��IRU�FRQVLGHUDWLRQ

RI�VKRUW�WHUP�LQKDODWLRQ�RI�D�UDGLRQXFOLGH�E\�WKH�FXUUHQW�SRSXODWLRQ��WKH�ULVN�FRHIILFLHQW�JLYHQ�LQ

7DEOH�����VKRXOG�EH�PXOWLSOLHG�E\�������WKH�PHDQ�UDWLR�RI�LQKDODWLRQ�ULVN�FRHIILFLHQWV�IRU�WKH�FXUUHQW

DQG�VWDWLRQDU\�SRSXODWLRQV��7DEOH�(����

7DEOH�(�����&RPSDULVRQ�RI�ULVN�FRHIILFLHQWV�IRU�WKH�WZR�K\SRWKHWLFDO�SRSXODWLRQV�

(QYLURQPHQWDO PHGLXP

5DWLR RI ULVN FRHIILFLHQWV IRU DFXWH H[SRVXUH
FXUUHQW SRSXODWLRQ � VWDWLRQDU\ SRSXODWLRQ

0HDQ 6WDQGDUG 5DQJH
GHYLDWLRQ

$LU �LQKDODWLRQ� ���� ����� ���������

7DS ZDWHU �LQJHVWLRQ� ���� ����� ���������

)RRG �LQJHVWLRQ� ���� ����� ���������

0LON �LQJHVWLRQ RI UDGLRLRGLQH� ���� ����� ���������

([WHUQDO H[SRVXUH E\ VXEPHUVLRQ ���� ����� ���������
LQ FRQWDPLQDWHG DLU

([WHUQDO H[SRVXUH WR FRQWDPLQDWHG ���� ����� ���������
JURXQG SODQH

([WHUQDO H[SRVXUH WR VRLO FRQWDPLQDWHG WR ���� ����� ���������
LQILQLWH GHSWK





)��

$33(1',;�)���6$03/(�&$/&8/$7,216

7KLV�DSSHQGL[�SURYLGHV�VHYHUDO�VDPSOH�FDOFXODWLRQV�WKDW�LOOXVWUDWH�KRZ�WKH�WDEXODWHG�ULVN

FRHIILFLHQWV�PD\�EH� DSSOLHG� WR�GLIIHUHQW� W\SHV�RI� H[SRVXUH�� �7KH� VLPSOLVWLF� H[SRVXUH� VFHQDULRV

FRQVLGHUHG�KHUH�ZHUH�VHOHFWHG�IRU�GLGDFWLF�SXUSRVHV�DQG�DUH�QRW�LQWHQGHG�WR�VXJJHVW�RU�HQGRUVH

DVVXPSWLRQV�UHJDUGLQJ�WKH�EHKDYLRU�RI�UDGLRQXFOLGHV�LQ�WKH�HQYLURQPHQW�

7KH�ULVN�FRHIILFLHQWV�LQ�WKLV�UHSRUW�UHSUHVHQW�HVWLPDWHG�UDGLRJHQLF�FDQFHU�ULVN��HLWKHU�WR�D

VWDWLRQDU\�SRSXODWLRQ�GHILQHG�E\�WKH���������8�6��GHFHQQLDO�OLIH�WDEOHV��VHH�&KDSWHU����RU��ZKHQ

VFDOHG� DV� GHVFULEHG� LQ�$SSHQGL[�(�� WR� D� K\SRWKHWLFDO� FXUUHQW� SRSXODWLRQ�ZLWK� JHQGHU� DQG� DJH

GLVWULEXWLRQV� EDVHG� RQ� WKH� WRWDO� 8�6�� SRSXODWLRQ� LQ� ������ � 5LVN� FRHIILFLHQWV� IRU� WKH� VWDWLRQDU\

SRSXODWLRQ�DUH�LQWHQGHG�PDLQO\�WR�DSSO\�WR�OLIHWLPH�H[SRVXUHV�WR�UDGLRQXFOLGHV�EXW��DV�H[SODLQHG�LQ

&KDSWHUV���DQG����PD\�DOVR�EH�LQWHUSUHWHG�LQ�WHUPV�RI�DFXWH�H[SRVXUHV���%HFDXVH�ULVN�FRHIILFLHQWV�IRU

WKH�K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ�UHIOHFW�DFWXDO�DJH�DQG�JHQGHU�GLVWULEXWLRQV�LQ�WKH�8�6��SRSXODWLRQ

LQ�������WKHVH�FRHIILFLHQWV�PD\�EH�DSSURSULDWH�IRU�FRQVLGHUDWLRQ�RI�VKRUW�WHUP�H[SRVXUHV����\�RU�OHVV�

WR�WKH�FXUUHQW�8�6��SRSXODWLRQ�RU�WR�D�UHSUHVHQWDWLYH�VXESRSXODWLRQ�

)RU�D�VHOHFWHG�H[SRVXUH�VFHQDULR��WKH�FRPSXWDWLRQ�RI�ULVN�5�LQYROYHV�PXOWLSOLFDWLRQ�RI�WKH

DSSOLFDEOH�ULVN�FRHIILFLHQW�U�E\�WKH�SHU�FDSLWD�LQWDNH�,�RU��H[WHUQDO��H[SRVXUH�;�IRU�H[WHUQDO�H[SRVXUH�

7KDW�LV��5� �U�#�,�IRU�LQWDNH�E\�LQKDODWLRQ�RU�LQJHVWLRQ�DQG�5� �U�#�;�IRU�H[WHUQDO�H[SRVXUHV��ZKHUH�,

LV� WKH� DFWLYLW\� LQKDOHG�RU� LQJHVWHG�SHU�FDSLWD� DQG�;� LV� WKH� WLPH�LQWHJUDWHG�FRQFHQWUDWLRQ�RI� WKH

UDGLRQXFOLGH�LQ�DLU��RQ�WKH�JURXQG�VXUIDFH��RU�ZLWKLQ�WKH�VRLO���$�ULVN�FRHIILFLHQW�U�LV�VSHFLILF�WR�WKH

UDGLRQXFOLGH�DQG�WKH�PRGH�RI�H[SRVXUH�RU�LQWDNH���8VDJH�UDWHV�IRU�WKH�H[DPSOHV�LQ�WKLV�DSSHQGL[�DUH

WDNHQ�IURP�7DEOH�(���

6RPH�UDGLRQXFOLGHV�FRQVLGHUHG�LQ�WKLV�UHSRUW�IRUP�UDGLRDFWLYH�SURJHQ\��RU�GDXJKWHU�SURGXFWV�

ZKHQ�XQGHUJRLQJ�UDGLRDFWLYH�GHFD\���$�VHULHV�RI�UDGLRQXFOLGHV�IRUPHG�E\�VXFFHVVLYH�UDGLRDFWLYH

GHFD\V�LV�UHIHUUHG�WR�DV�D�GHFD\�FKDLQ��DQG�WKH�ILUVW�PHPEHU�RI�WKH�FKDLQ�LV�UHIHUUHG�WR�DV�WKH�SDUHQW�

$�ULVN�FRHIILFLHQW�JLYHQ�LQ�WKLV�GRFXPHQW�GRHV�QRW�LQFOXGH�WKH�FRQWULEXWLRQ�WR�GRVH�IURP�H[SRVXUH

RU�LQWDNH�RI�RWKHU�UDGLRQXFOLGHV�WKDW�PLJKW�EH�SUHVHQW�DV�GDXJKWHU�SURGXFWV�LQ�WKH�HQYLURQPHQW�

+RZHYHU��IRU�HDFK�UDGLRQXFOLGH�FRQVLGHUHG�LQ�WKLV�GRFXPHQW��VHSDUDWH�ULVN�FRHIILFLHQWV�DUH�SURYLGHG

IRU�DOO�UDGLRDFWLYH�SURJHQ\�WKDW�DUH�FRQVLGHUHG�WR�EH�RI�SRWHQWLDO�GRVLPHWULF�VLJQLILFDQFH���7KXV��WKH

XVHU�PD\�FRPELQH�ULVN�FRHIILFLHQWV�IRU�GLIIHUHQW�PHPEHUV�RI�D�UDGLRQXFOLGH�FKDLQ�WR�GHULYH�D�ULVN

FRHIILFLHQW�WKDW�UHIOHFWV�JURZWK�RI�UDGLRDFWLYH�SURJHQ\�LQ�WKH�HQYLURQPHQW�RYHU�D�XVHU�VHOHFWHG�WLPH

SHULRG�



)��

)RU�H[DPSOH��ZKHQ�FRQVLGHULQJ�H[WHUQDO�H[SRVXUH�WR� &V�RQ�WKH�JURXQG�VXUIDFH��LW�VKRXOG
���

EH� DVVXPHG� WKDW� LWV� VKRUW�OLYHG� UDGLRDFWLYH� GDXJKWHU�� %D� �7 �  � ������P�� LV� DOVR� SUHVHQW�
���P

���

$OWKRXJK�WKH�ULVN�FRHIILFLHQW�IRU�H[WHUQDO�H[SRVXUH�WR� &V�RQ�WKH�JURXQG�VXUIDFH�GRHV�QRW�FRQVLGHU
���

WKH�SUHVHQFH�RI� %D��D�VHSDUDWH�ULVN�FRHIILFLHQW�LV�SURYLGHG�IRU�H[WHUQDO�H[SRVXUH�WR� %D�RQ�WKH
���P ���P

JURXQG�VXUIDFH���$V�LOOXVWUDWHG�ODWHU�LQ�WKLV�DSSHQGL[��DQ�HVWLPDWH�RI�WKH�ULVN�IURP�WKH�PL[WXUH�RI

&V�DQG� %D�SUHVHQW�RQ�WKH�JURXQG�VXUIDFH�PD\�EH�REWDLQHG�DV�D�OLQHDU�FRPELQDWLRQ�RI�WKH
��� ���P

VHSDUDWH�ULVN�FRHIILFLHQWV�IRU�WKH�WZR�UDGLRQXFOLGHV�

)RU�LQWDNH�RI�D�UHODWLYHO\�ORQJ�OLYHG�UDGLRQXFOLGH��WKH�FRQWULEXWLRQ�WR�GRVH�IURP�LQWDNH�RI�LWV

VKRUW�OLYHG�UDGLRDFWLYH�SURJHQ\��GHILQHG�KHUH�DV�UDGLRDFWLYH�SURJHQ\�ZLWK�D�KDOI�OLIH�VKRUWHU�WKDQ���K�

SUHVHQW�LQ�WKH�HQYLURQPHQW�XVXDOO\�LV�LQVLJQLILFDQW�FRPSDUHG�ZLWK�WKH�GRVH�IURP�WKH�SDUHQW���)RU�WKLV

UHDVRQ��VHSDUDWH�ULVN�FRHIILFLHQWV�IRU�LQJHVWLRQ�DQG�LQKDODWLRQ�DUH�QRW�JLYHQ�IRU�VKRUW�OLYHG�UDGLRDFWLYH

SURJHQ\�RI� WKH� UDGLRQXFOLGHV�FRQVLGHUHG� LQ� WKH� LQWHUQDO�H[SRVXUH� VFHQDULRV�� �)RU�H[DPSOH�� ULVN

FRHIILFLHQWV�DUH�JLYHQ�IRU�LQJHVWLRQ�DQG�LQKDODWLRQ�RI� &V�EXW�QRW�IRU�LQJHVWLRQ�RU�LQKDODWLRQ�RI
���

%D�
���P

2Q� WKH� RWKHU� KDQG�� DIWHU� LQWDNH� RI� D� SDUHQW� UDGLRQXFOLGH�� WKH� SURGXFWLRQ� DQG� GHFD\� RI

VKRUW�OLYHG�UDGLRDFWLYH�SURJHQ\�LQ�WKH�ERG\�PD\�FRQWULEXWH�VLJQLILFDQWO\�WR�WLVVXH�GRVHV���)RU�WKLV

UHDVRQ��ULVN�FRHIILFLHQWV�IRU�LQJHVWHG�RU�LQKDOHG�UDGLRQXFOLGHV�LQFOXGH�DOO�FRQWULEXWLRQV�WR�GRVH�IURP

JURZWK�RI�FKDLQ�PHPEHUV�LQ�WKH�ERG\�

([DPSOH�����6XSSRVH�WKH�FRQFHQWUDWLRQ�RI� .U�LQ�WKH�DWPRVSKHUH�LQ�WKH�HQYLURQV�RI�D�IXHO
��

UHSURFHVVLQJ�SODQW�LV��� �%T�P ���&RPSXWH�WKH�DYHUDJH�FDQFHU�ULVN��PRUWDOLW\�DQG�PRUELGLW\�
� ��

DVVRFLDWHG�ZLWK� OLIHWLPH� H[WHUQDO� H[SRVXUH� WR� WKLV� OHYHO� RI� DLUERUQH� DFWLYLW\�� DVVXPLQJ� QR

VKLHOGLQJ�E\�VWUXFWXUHV�

)URP�7DEOH������WKH�PRUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�WR� .U
��

LQ�DLU��VXEPHUVLRQ��DUH�����Õ�� �DQG�����Õ�� �P �%T �V �� �7KH�\HDUV�RI� OLIH� OLYHG��WKH�OLIH
��� ��� � �� ��

H[SHFWDQF\�DW�ELUWK��LQ�WKH�VWDWLRQDU\�SRSXODWLRQ�LV�DERXW������\��7DEOH�$������7KH�OLIHWLPH�H[SRVXUH

UHVXOWLQJ�IURP�WKLV�DLUERUQH�FRQFHQWUDWLRQ�LV�

7KHUHIRUH��WKH�HVWLPDWHG�OLIHWLPH�ULVNV�IURP�WKH�H[WHUQDO�H[SRVXUH�DUH



)��

([DPSOH���� �$V�LQ�([DPSOH����VXSSRVH�WKH�FRQFHQWUDWLRQ�RI� .U�LQ�WKH�DWPRVSKHUH�LQ�WKH
��

HQYLURQV� RI� D� IXHO� UHSURFHVVLQJ� SODQW� LV� �� � %T� P �� � &RPSXWH� WKH� DYHUDJH� FDQFHU� ULVN
� ��

�PRUWDOLW\�DQG�PRUELGLW\��DVVRFLDWHG�ZLWK�D�RQH�\HDU������Õ�� �V��H[WHUQDO�H[SRVXUH�WR�WKLV
�

OHYHO�RI�DLUERUQH�DFWLYLW\��DVVXPLQJ�QR�VKLHOGLQJ�E\�VWUXFWXUHV�DQG�WKDW�WKH�DJH�GLVWULEXWLRQ�RI

WKH�SRSXODWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH������8�6��SRSXODWLRQ�

%HFDXVH�WKH�DJH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH������8�6��SRSXODWLRQ�

ULVN�FRHIILFLHQWV� IRU� WKH�VWDWLRQDU\�SRSXODWLRQ�JLYHQ� LQ�7DEOH�����ZLOO�EH�VFDOHG�DV� LQGLFDWHG� LQ

$SSHQGL[�(�IRU�DSSOLFDWLRQ�WR�WKH�K\SRWKHWLFDO�FXUUHQW�SRSXODWLRQ���)URP�7DEOH�����WKH�PRUWDOLW\�DQG

PRUELGLW\� ULVN� FRHIILFLHQWV� IRU� H[WHUQDO� H[SRVXUH� WR� .U� LQ� DLU� DUH� ����Õ�� � DQG� ����Õ��
�� ��� ���

P �%T �V ��UHVSHFWLYHO\����)URP�7DEOH�(����WKH�VFDOLQJ�IDFWRU��PHDQ�UDWLR�RI�ULVN�FRHIILFLHQWV�IRU
� �� ��

K\SRWKHWLFDO� FXUUHQW� DQG� VWDWLRQDU\�SRSXODWLRQV�� IRU� WKLV� H[SRVXUH� VFHQDULR� LV� ������7KH� VFDOHG

PRUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�WR� .U�LQ�DLU�DUH�����Õ�� �DQG
�� ���

����Õ�� �P �%T �V ��UHVSHFWLYHO\���7KH�H[SRVXUH��WLPH�LQWHJUDWHG�FRQFHQWUDWLRQ��LV�
��� � �� ��

7KH�HVWLPDWHG�OLIHWLPH�ULVNV�WR�WKH�SRSXODWLRQ�DV�D�FRQVHTXHQFH�RI�WKH���\�H[WHUQDO�H[SRVXUH�DUH



)��

([DPSOH�����6XSSRVH�WKH�JURXQG�VXUIDFH�ZDV�XQLIRUPO\�FRQWDPLQDWHG�DW�WLPH�]HUR�ZLWK� &V
���

DW� D� OHYHO� RI� �� %T�P �� � $VVXPH� WKDW� UDGLRDFWLYH� GHFD\� LV� WKH� RQO\�PHFKDQLVP� E\�ZKLFK
��

FRQWDPLQDWLRQ�LV�UHGXFHG����5HGXFWLRQ�RI�WKH�WLPH�LQWHJUDWHG�H[SRVXUH�GXH�WR�ZHDWKHULQJ�LV

LJQRUHG� KHUH� IRU� VLPSOLFLW\��� � &RPSXWH� WKH� DYHUDJH� OLIHWLPH� FDQFHU� ULVN� �PRUWDOLW\� DQG

PRUELGLW\�� UHVXOWLQJ� IURP� H[WHUQDO� H[SRVXUHV� GXULQJ� WKH� ILUVW� \HDU� IROORZLQJ� WKH� LQLWLDO

GHSRVLWLRQ�� DVVXPLQJ� QR� VKLHOGLQJ� DQG� DVVXPLQJ� WKDW� WKH� DJH� GLVWULEXWLRQ� RI� WKH� H[SRVHG

SRSXODWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH������8�6��SRSXODWLRQ�

&HVLXP����� �7 �  � ��� \�� IRUPV� %D� �7 �  � ������P�� LQ� ������ RI� LWV� GHFD\V� �VHH
��� ���

���P

7DEOH�*������'XH�WR�WKH�VKRUW�KDOI�OLIH�RI� %D��WKH�FRQFHQWUDWLRQ�RI� %D�RQ�WKH�JURXQG�VXUIDFH
���P ���P

ZLOO�UHDFK������%T�P ��������#���%T�P ��ZLWKLQ�D�KDOI�KRXU�DIWHU�WLPH�]HUR�DQG�ZLOO�GHFOLQH�ZLWK�WKH
�� ��

KDOI�OLIH�RI� &V�
���

)URP�7DEOH�����WKH�PRUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH�WR� &V
���

GLVWULEXWHG� RQ� WKH� JURXQG� VXUIDFH� DUH� ����Õ�� � DQG� ����Õ�� �P %T � V �� � )RU� %D� WKH
��� ��� � �� �� ���P

FRUUHVSRQGLQJ�FRHIILFLHQWV�DUH�����Õ�� �DQG�����Õ�� �P %T �V ��UHVSHFWLYHO\���)URP�7DEOH�(���
��� ��� � �� ��

WKH�VFDOLQJ�IDFWRU��PHDQ�UDWLR�RI�ULVN�FRHIILFLHQWV�IRU�K\SRWKHWLFDO�FXUUHQW�DQG�VWDWLRQDU\�SRSXODWLRQV�

IRU� H[WHUQDO� H[SRVXUH� IURP� JURXQG� VXUIDFH� FRQWDPLQDWLRQ� LV� ������ � 7KH� VFDOHG� PRUWDOLW\� DQG

PRUELGLW\�ULVN�FRHIILFLHQWV�IRU� &V�DUH�����Õ�� �DQG�����Õ�� �P %T �V ��UHVSHFWLYHO\��DQG�WKH
��� ��� ��� � �� ��

VFDOHG�YDOXHV�IRU� %D�DUH�����Õ�� �DQG�����Õ�� �P %T �V ��UHVSHFWLYHO\���7KH�H[SRVXUHV
���P ��� ��� � �� ��

�WLPH�LQWHJUDWHG�FRQFHQWUDWLRQ��IRU�HDFK�UDGLRQXFOLGH�GXULQJ�WKH�ILUVW�\HDU�DUH�

7KH�OLIHWLPH�ULVNV�UHVXOWLQJ�IURP�H[WHUQDO�H[SRVXUHV�GXULQJ�WKH�ILUVW�\HDU�DUH



)��

7KH�UDGLDWLRQV�HPLWWHG�E\� %D�DUH�WKH�PDLQ�FRQWULEXWRUV�WR�ULVN�
���P

�

([DPSOH���� �$VVXPH�WKDW�PHDVXUHPHQWV�RI�WKH�SKRWRQ�UDGLDWLRQ�ILHOG�LQGLFDWH�DQ�DYHUDJH

H[SRVXUH�UDWH�RI����5�K�DQG�WKDW�QR� LQIRUPDWLRQ� LV�DYDLODEOH�UHJDUGLQJ� WKH�HQHUJ\�RI� WKH

UDGLDWLRQ� RU� LWV� RULJLQ�� � &RPSXWH� WKH� DYHUDJH� OLIHWLPH� ULVN� WR� D� SRSXODWLRQ� OLYLQJ� LQ� WKLV

UDGLDWLRQ�ILHOG��DVVXPLQJ�QR�VKLHOGLQJ�E\�VWUXFWXUHV�

$OWKRXJK�GHILQHG�GLIIHUHQWO\��WKH�TXDQWLWLHV�H[SRVXUH�DQG�DLU�NHUPD�PD\�EH�FRQVLGHUHG�WR�EH

HTXLYDOHQW�IRU�PRVW�SUDFWLFDO�SXUSRVHV���7KDW�LV��DQ�H[SRVXUH�RI���URHQWJHQ��5��FRUUHVSRQGV�WR�DQ�DLU

NHUPD�RI������*\�

7KH�UHODWLRQ�EHWZHHQ�HIIHFWLYH�GRVH�DQG�DLU�NHUPD�GHSHQGV�RQ�WKH�HQYLURQPHQWDO�PHGLXP

LQYROYHG��WKH�GLVWULEXWLRQ�RI�WKH�UDGLRQXFOLGH�LQ�WKH�PHGLXP��DQG�WKH�DJH�RI�WKH�H[SRVHG�LQGLYLGXDO�

)RU�QDWXUDOO\�RFFXUULQJ�UDGLRQXFOLGHV�GLVWULEXWHG�XQLIRUPO\�LQ�WKH�VRLO���6DLWR�HW�DO���������HVWLPDWHG

HIIHFWLYH�GRVH�SHU�XQLW�DLU�NHUPD�DW���P�IRU�GLIIHUHQW�DJH�JURXSV�DV�WDEXODWHG�EHORZ���)RU�WKH�SXUSRVH

RI�HVWLPDWLQJ�ULVN�WR�D�ODUJH�SRSXODWLRQ��LW�LV�UHDVRQDEOH�WR�XVH�WKHLU�YDOXH�IRU�WKH�DGXOW��ZKLFK�LV

DSSUR[LPDWHO\�����6Y�*\ ���)RU�LQIDQWV�DQG�VPDOO�FKLOGUHQ��UHGXFHG�VHOI�VKLHOGLQJ�RI�WKH�ERG\�UHVXOWV
��

LQ�YDOXHV�FORVHU�WR�����,Q�WKH�DEVHQFH�RI�LQIRUPDWLRQ�RQ�WKH�H[SRVXUH�VRXUFH��WKH�YDOXH�����6Y�*\
��

ZLOO�EH�XVHG�KHUH�



)��

(IIHFWLYH�GRVH�SHU�DLU�NHUPD��6Y�*\ �
��

$JH 8�VHULHV 7K�VHULHV .
��� ��� ��

$GXOW ����� ����� �����

&KLOG ����� ����� �����

,QIDQW ����� ����� �����

7DEOH�����JLYHV�D�PRUWDOLW\�ULVN�RI�����Õ�� �*\ �IRU�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ERG\�E\
�� ��

ORZ�/(7�UDGLDWLRQ��$VVXPLQJ�WKH�DYHUDJH�OLIHWLPH�LV������\��7DEOH�$�����WKH�H[SHFWHG�OLIHWLPH�GRVH

GXH�WR�WKLV�UDGLDWLRQ�ILHOG�LV

DQG�WKH�PRUWDOLW\�ULVN�LV�HVWLPDWHG�DV

([DPSOH�����&DOFXODWH�WKH�DYHUDJH�OLIHWLPH�ULVN�WR�WKH�VWDWLRQDU\�SRSXODWLRQ�DVVRFLDWHG�ZLWK

LQJHVWLRQ�RI� 3E�DQG�LWV�UDGLRDFWLYH�SURJHQ\��DVVXPLQJ�WKDW�WKH�SHU�FDSLWD�GLHWDU\�LQWDNH�UDWHV
���

RI� 3E�DQG� 3R�DUH�����DQG�����S&L�G ��UHVSHFWLYHO\��
��� ��� ��

/HDG�����GHFD\V�WR� %L��7 � �������G���ZKLFK�GHFD\V�WR� 3R��7 � �������G����%HFDXVH
��� ���

��� ���

RI�WKH�UHODWLYHO\�VKRUW�KDOI�OLIH�RI� %L��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW� %L�LV�LQ�HTXLOLEULXP�ZLWK
��� ���

3E�LQ�GLHW�
���

)URP�7DEOH�$����WKH�DYHUDJH�OLIH�H[SHFWDQF\�LV��������G�������\����7KHUHIRUH��OLIHWLPH�LQWDNHV

RI� 3E�� %L��DQG� 3R�LQ�WKH�GLHW�DUH�HVWLPDWHG�WR�EH
��� ��� ���



)��

7KH�IROORZLQJ�PRUWDOLW\�DQG�PRUELGLW\�ULVN�FRHIILFLHQWV�IRU� 3E�� %L��DQG� 3R�LQ�GLHW�DUH�WDNHQ
��� ��� ���

IURP�7DEOH����D��� 3E������Õ�� �DQG�����Õ�� ��UHVSHFWLYHO\�� %L������Õ�� �DQG�����Õ�� �
��� �� �� ��� ��� ���

UHVSHFWLYHO\��DQG� 3R������Õ�� �DQG�����Õ�� ��UHVSHFWLYHO\���7KH�HVWLPDWHG�ULVNV�DUH
��� �� ��

1RWH�WKDW� %L�PDNHV�DQ�LQVLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�WRWDO�ULVN�DQG�WKDW� 3R�DFFRXQWV�IRU�DERXW
��� ���

WZR�WKLUGV�RI�WKH�ULVN�

([DPSOH���� �$VVXPH�D�FRQFHQWUDWLRQ�RI� WULWLXP�LQ�WDS�ZDWHU�RI����S&L�/ �� �&RPSXWH�WKH
��

DYHUDJH� OLIHWLPH� ULVN� �PRUWDOLW\� DQG�PRUELGLW\�� DVVRFLDWHG� ZLWK� XVH� RI� WDS� ZDWHU� DW� WKLV

FRQFHQWUDWLRQ��DVVXPLQJ�WKDW�DOO�WULWLXP�LQ�WDS�ZDWHU�LV�LQ�WKH�IRUP�RI�WULWLDWHG�ZDWHU�

7KH�DYHUDJH�LQWDNH�RI�WDS�ZDWHU�LV������/�G ��7DEOH�(�����DQG�WKH�DYHUDJH�OLIH�H[SHFWDQF\�LV
��

�������G�������\��7DEOH�$�����JLYLQJ�D�OLIHWLPH�LQWDNH�RI�WDS�ZDWHU�RI����Õ�� �/���)URP�7DEOH����D�
�

WKH�PRUWDOLW\�DQG�PRUELGLW\�FRHIILFLHQWV�IRU� +��DV�WULWLDWHG�ZDWHU��LQ�WDS�ZDWHU�DUH�����Õ�� �DQG
� ���

����Õ�� �%T ��UHVSHFWLYHO\���7KHUHIRUH��WKH�HVWLPDWHG�ULVNV�DUH
��� ��



)��

([DPSOH�����6XSSRVH�WKHUH�LV�D�VKRUW�WHUP�UHOHDVH�RI����P&L�RI� ,�DV�D�YDSRU�IURP�D�UHDFWRU
���

DQG�WKDW�REVHUYHG�DWPRVSKHULF�FRQGLWLRQV�LQGLFDWH�DQ�DWPRVSKHULF�GLVSHUVLRQ�IDFWRU�RI�DERXW

�Õ�� �V�P �IRU�D�QHDUE\�SRSXODWLRQ���&RPSXWH�WKH�ULVN�DVVRFLDWHG�ZLWK�LQKDODWLRQ�RI� ,�DV
�� �� ���

WKH�FORXG�SDVVHV�RYHU�WKH�SRSXODWLRQ��DVVXPLQJ�WKDW�WKH�DJH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�LV

VLPLODU�WR�WKDW�RI�WKH�VWDWLRQDU\�SRSXODWLRQ�FRQVLGHUHG�LQ�WKH�PDLQ�WH[W�

7KH�WLPH�LQWHJUDWHG�DLUERUQH�FRQFHQWUDWLRQ�LQ�WKH�FORXG�LV�

7KH� DYHUDJH� LQKDODWLRQ� LQWDNH� UDWH� LV� ����� P � G � �7DEOH� (����� � 7KH� PRUWDOLW\� DQG� PRUELGLW\
� ��

FRHIILFLHQWV�IRU� LQKDODWLRQ�RI� ,� LQ�YDSRU�IRUP�DUH�����Õ�� �DQG�����Õ�� �%T ��7DEOH������
��� ��� �� ��

7KHUHIRUH��WKH�HVWLPDWHG�ULVNV�DUH
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7KH�ULVN�FRHIILFLHQWV�LQ�7DEOHV���������DUH�OLVWHG�E\�UDGLRQXFOLGH���,Q�WKRVH�WDEOHV��WKH�HQWULHV

LQ�WKH�FROXPQ�ZLWK�WKH�KHDGLQJ��¦&KDLQ§�LQGLFDWH�ZKHWKHU�WKH�UDGLRQXFOLGH�LV�LQ�WKH�VDPH�GHFD\�FKDLQ

DV�RWKHU�UDGLRQXFOLGHV�DGGUHVVHG�LQ�WKH�WDEOH���$Q�HQWU\�¦<§��IRU�¦\HV§��XQGHU�WKH�VXEKHDGLQJ�¦3§��IRU

¦SDUHQW§��LQGLFDWHV�WKDW�WKH�UDGLRQXFOLGH�LV�WKH�SDUHQW�RI�D�GHFD\�FKDLQ�FRQWDLQLQJ�DW�OHDVW�RQH�RWKHU

UDGLRQXFOLGH�LQ�WKH�WDEOH���$Q�HQWU\�¦<§��XQGHU�WKH�VXEKHDGLQJ�¦'§��IRU�¦GDXJKWHU§��LQGLFDWHV�WKDW

WKH�UDGLRQXFOLGH�LV�IRUPHG�LQ�WKH�GHFD\�FKDLQ�RI�DW�OHDVW�RQH�RWKHU�UDGLRQXFOLGH�LQ�WKH�WDEOH���,Q�WKH

FRPSLODWLRQ�RI�WKLV�LQIRUPDWLRQ��QR�FRQVLGHUDWLRQ�ZDV�JLYHQ�WR�WKH�UDGLRORJLFDO�VLJQLILFDQFH�RI�HLWKHU

WKH�GDXJKWHUV�RU�WKH�SRVVLEOH�SDUHQWV�RI�WKH�UDGLRQXFOLGH���7KLV�DSSHQGL[�SURYLGHV�D�VXPPDU\�RI

LQIRUPDWLRQ�RQ�WKH�QXFOHDU�GHFD\�FKDUDFWHULVWLFV�RI�HDFK�UDGLRQXFOLGH�DQG�JLYHV�GHWDLOV�RI�LWV�GHFD\

FKDLQ�ZKHQ� LQGLFDWHG�� � 7DEOH�*��� RI� WKLV� DSSHQGL[�ZDV� DGDSWHG� IURP�$SSHQGL[�$� RI� )HGHUDO

*XLGDQFH�5HSRUW�1R������(3$���������

,Q�VRPH�LQVWDQFHV�D�UDGLRQXFOLGH�LV�QRW�XQLTXHO\�LGHQWLILHG�E\�LWV�DWRPLF�QXPEHU��RU�FKHPLFDO

V\PERO��DQG�PDVV�QXPEHU���1XFOHL�RI�WKH�VDPH�DWRPLF�DQG�PDVV�QXPEHUV��EXW�ZLWK�GLVWLQJXLVKDEOH

QXFOHDU�SURSHUWLHV��DUH�UHIHUUHG�WR�DV�LVRPHUV���,GHQWLILFDWLRQ�RI�DQ�LVRPHU�UHTXLUHV�UHIHUHQFH�WR�LWV

SK\VLFDO�KDOI�OLIH���7KH�QXFOLGH�GHVLJQDWLRQV�RI�7DEOHV����������LQYROYH�VRPH�QRQVWDQGDUG�QRWDWLRQ

QHHGHG�WR�UHIHUHQFH�LVRPHUV�WR�GDWD�LQ�7DEOH�*���RI�WKLV�DSSHQGL[�

7R�GLIIHUHQWLDWH�LVRPHUV��ZKHQ�QHLWKHU�LVRPHU�KDV�EHHQ�GHVLJQDWHG�DV�D�PHWDVWDEOH�VWDWH��DQ

�D��DQG��E��KDYH�EHHQ�DGGHG�WR�WKH�FKHPLFDO�V\PERO�DQG�PDVV�QXPEHU�QRWDWLRQ���)RU�H[DPSOH��WKH

HQWU\�1E���D� LQ�7DEOH�*��� LQGLFDWHV� WKH� LVRPHU�RI� 1E�ZLWK�KDOI�OLIH����P�� �7KH� �D�� DQG� �E���

QRWDWLRQV�ZHUH�DUELWUDULO\�DVVLJQHG�WR�WKH� 1E�LVRPHUV���7R�LGHQWLI\�PXOWLSOH�PHWDVWDEOH�VWDWHV��WKH��

�P��QRWDWLRQ�RI�RQH�LVRPHU�LV�VKRZQ�DV��Q����)RU�H[DPSOH��6E����P�LQ�7DEOH�*���UHIHUV�WR�WKH

PHWDVWDEOH� VWDWH�ZLWK�D�KDOI�OLIH�RI���� V�� DQG�6E����Q� UHIHUV� WR� WKH� VWDWH�ZLWK�KDOI�OLIH������P�

$GGLWLRQDO� H[DPSOHV� FDQ� EH� VHHQ� LQ� HQWULHV� RI�7DEOHV� ����� ���� DQG�7DEOH�*��� IRU� LQGLXP� �,Q��

HXURSLXP��(X���WHUELXP��7E���UKHQLXP��5H���LULGLXP��,U���DQG�QHSWXQLXP��1S��

7DEOH�*���FRQWDLQV�WKH�IROORZLQJ�LQIRUPDWLRQ��LQWHQGHG�WR�DLG�LQ�WKH�SURSHU�XVH�RI�WKH�ULVN

FRHIILFLHQWV�WDEXODWHG�LQ�WKLV�UHSRUW���7KH�SK\VLFDO�KDOI�OLIH�RI�WKH�UDGLRQXFOLGHV�LV�JLYHQ�LQ�WKH�VHFRQG

FROXPQ�RI�WKH�WDEOH���7KH�WLPH�XQLWV�DUH�DEEUHYLDWHG�DV�IROORZV���\�IRU�\HDU��G�IRU�GD\��K�IRU�KRXU��P

IRU�PLQXWH�� V� IRU� VHFRQG��PV� IRU�PLOOLVHFRQG�� DQG��V� IRU�PLFURVHFRQG�� �7KH�PRGHV� RI� QXFOHDU

WUDQVIRUPDWLRQ�DSSOLFDEOH�WR�WKH�UDGLRQXFOLGH�DUH�JLYHQ�LQ�WKH�FROXPQ�KHDGHG��'HFD\�0RGH����7KH

PRGHV�DUH�DEEUHYLDWHG�DV�IROORZV���%��IRU�EHWD�PLQXV�GHFD\��%��IRU�EHWD�SOXV�GHFD\��(&�IRU�HOHFWURQ

FDSWXUH��$�IRU�DOSKD�GHFD\��,7�IRU�LVRPHULF�WUDQVLWLRQ��DQG�6)�IRU�VSRQWDQHRXV�ILVVLRQ���7KH�QXFOHDU



7KH WRWDO HQHUJ\ RI UDGLDWLRQ W\SH 5� ( � LV FRPSXWHG DV
�

7�5

ZKHUH \ LV WKH PHDQ QXPEHU RI UDGLDWLRQV RI W\SH 5 HPLWWHG SHU QXFOHDU WUDQVIRUPDWLRQ ZLWK XQLTXH RU PHDQ HQHUJ\L�5

( � 7KH TXDQWLW\ VKRXOG QRW EH FRQIXVHG ZLWK WKH PHDQ HQHUJ\ RI UDGLDWLRQ W\SH 5� ZKLFK LVL�5
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WUDQVIRUPDWLRQV� RI� D� UDGLRQXFOLGH� �WKH� SDUHQW�� PD\� IRUP� D� QXFOHXV� ZKLFK� LV� DOVR� UDGLRDFWLYH

�UDGLRDFWLYH�GHFD\�SURGXFW����7KH�HQWULHV�LQ�WKH�FROXPQV�KHDGHG�E\��5DGLRDFWLYH�'HFD\�3URGXFWV�DQG

)UDFWLRQDO�<LHOG��LGHQWLI\�UDGLRDFWLYH�QXFOHL�IRUPHG�E\�QXFOHDU�WUDQVIRUPDWLRQV�RI�WKH�UDGLRQXFOLGH

DQG�JLYH�WKH�IUDFWLRQ�RI�WKH�SDUHQW
V�WUDQVIRUPDWLRQV�IRUPLQJ�HDFK�GHFD\�SURGXFW��WKH�EUDQFKLQJ

IUDFWLRQ����1R�DWWHPSW�LV�PDGH�WR�LGHQWLI\�WKH�UDGLRDFWLYH�QXFOHL�IRUPHG�E\�VSRQWDQHRXV�ILVVLRQ���7KH

QRWDWLRQ��6)��VLPSO\�LQGLFDWHV�WKH�DFFRPSDQ\LQJ�EUDQFKLQJ�IUDFWLRQ�RI�VSRQWDQHRXV�ILVVLRQ���7KH

WKUHH�FROXPQV�RQ�WKH�H[WUHPH�ULJKW�JLYH�WKH�WRWDO�HQHUJ\�SHU�QXFOHDU�WUDQVIRUPDWLRQ�RI�HPLWWHG�DOSKD

SDUWLFOHV��HOHFWURQV��DQG�SKRWRQV ���7KH�HQWU\�IRU�DOSKD�SDUWLFOHV�UHSUHVHQWV�WKH�NLQHWLF�HQHUJ\�RI�WKH�

DOSKD�SDUWLFOHV�DQG�GRHV�QRW�LQFOXGH�WKH�UHFRLO�HQHUJ\�RI�WKH�QHZO\�IRUPHG�QXFOHXV���7KH�HQWU\�IRU

HOHFWURQV�LQFOXGHV�WKH�NLQHWLF�HQHUJ\�RI�DOO�EHWD�SDUWLFOHV��QHJDWURQ�RU�SRVLWURQ���LQWHUQDO�FRQYHUVLRQ

HOHFWURQV��DQG�$XJHU�HOHFWURQV�HPLWWHG�LQ�WKH�QXFOHDU�WUDQVIRUPDWLRQV���6LPLODUO\��WKH�SKRWRQ�HQWU\

HQFRPSDVVHV�JDPPD�UD\V��[�UD\V��DQG�DQQLKLODWLRQ�SKRWRQV���,I�WKH�QXFOHDU�WUDQVIRUPDWLRQV�RI�WKH

UDGLRQXFOLGH�GR�QRW�UHVXOW�LQ�HPLVVLRQ�RI�D�SDUWLFXODU�UDGLDWLRQ��WKHQ�D�GDVK�������LV�VKRZQ�LQ�WKH

DSSURSULDWH�FROXPQ���,I�UDGLDWLRQV�RI�D�SDUWLFXODU�W\SH�DUH�HPLWWHG��EXW�WKH�WRWDO�HQHUJ\�SHU�QXFOHDU

WUDQVIRUPDWLRQ�LV�OHVV�WKDQ���NH9��WKHQ�WKH�V\PERO�����DSSHDUV�LQ�WKH�FROXPQ�

� 7KH�ULVN�FRHIILFLHQWV�IRU�LQWDNHV�RI�UDGLRQXFOLGHV�E\�LQKDODWLRQ�DQG�LQJHVWLRQ��7DEOHV�����

���D��DQG����E��DUH�EDVHG�RQ�WKH�UDGLDWLRQV�HPLWWHG�E\�WKH�LQGLFDWHG�UDGLRQXFOLGH�DQG�DOO�LWV�GHFD\

SURGXFWV�IRUPHG�ZLWKLQ�WKH�ERG\�IROORZLQJ�WKH�LQWDNH��7KH�ULVN�FRHIILFLHQWV�IRU�H[WHUQDO�H[SRVXUH

WR�UDGLRQXFOLGHV�LQ�WKH�HQYLURQPHQW��7DEOH������DUH�EDVHG�RQ�WKH�UDGLDWLRQV�HPLWWHG�E\�WKH�LQGLFDWHG

UDGLRQXFOLGH� DQG� GR� QRW� LQFOXGH� FRQVLGHUDWLRQ� RI� WKH� UDGLDWLRQV� HPLWWHG� E\� UDGLRDFWLYH� GHFD\

SURGXFWV���5DGLRDFWLYH�GHFD\�SURGXFWV�RI�D�UDGLRQXFOLGH�DUH�LGHQWLILHG�LQ�7DEOH�*�����)RU�H[DPSOH�

WKH�HQWULHV�IRU� &H�LQ�7DEOH�*���LQGLFDWH�WKDW� &H�KDV�D�KDOI�OLIH�RI�������G�DQG�IRUPV� 3U�LQ��� ��� ���

�������RI�LWV�WUDQVIRUPDWLRQV�DQG� 3U�LQ�������RI�LWV�WUDQVIRUPDWLRQV���7KH�HQWULHV�IRU� 3U����P ���P

ZKLFK�KDV�D�KDOI�OLIH�RI�����P��LQGLFDWH�WKDW�LW�GHFD\V��LQ�������RI�LWV�WUDQVIRUPDWLRQV��E\�LQWHUQDO



*��
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WUDQVLWLRQ�WR� 3U��WKH�UHPDLQLQJ�WUDQVIRUPDWLRQV�IRUP�WKH�VWDEOH�QXFOHXV� 1G���7UDQVIRUPDWLRQ�RI��� ���

3U��ZKLFK�KDV�D�KDOI�OLIH�RI�������P��DOVR�IRUPV�WKH�VWDEOH�QXFOHXV� 1G���%\�UHSHDWHG�HQWU\�LQWR��� ���

7DEOH� *���� RQH� FDQ� IROORZ� WKH� VHULDO� QXFOHDU� WUDQVIRUPDWLRQV� �GHFD\� FKDLQ�� DVVRFLDWHG� ZLWK� D

UDGLRQXFOLGH���)RU�QXFOLGHV�ZLWK�PXOWLSOH�PRGHV�RI�QXFOHDU�WUDQVIRUPDWLRQ��WKH�EUDQFK�IRUPHG�E\

HDFK�PRGH�PXVW�EH�WUDFHG���,Q�VRPH�LQVWDQFHV�WKH�EUDQFKHV�PD\�FRQYHUJH���7KH�EUDQFKLQJ�IUDFWLRQV

PD\�QRW�DOZD\V�DGG�WR�RQH�EHFDXVH�RQO\�WKRVH�EUDQFKHV�OHDGLQJ�WR�UDGLRDFWLYH�GHFD\�SURGXFWV�DUH

WDEXODWHG�

7KH�VHULDO�WUDQVIRUPDWLRQ�E\�UDGLRDFWLYH�GHFD\�RI�HDFK�PHPEHU�RI�D�UDGLRDFWLYH�VHULHV�LV

GHVFULEHG�E\�WKH�%DWHPDQ�HTXDWLRQV��(3$����������$VVXPH�WKDW�DW�WLPH�]HUR�WKH�DFWLYLW\�RI�WKH�SDUHQW

QXFOLGH��LV� ��DQG�WKDW�RI�DOO�GDXJKWHUV�LV�]HUR���7KH�DFWLYLW\�DW�WLPH�W�RI�D�FKDLQ�PHPEHU�L��L� ������

�����FDQ�EH�H[SUHVVHG�DV�

ZKHUH

GHQRWHV�WKH�IUDFWLRQ�RI�WKH�QXFOHDU�WUDQVIRUPDWLRQV�RI�FKDLQ�PHPEHU�M�IRUPLQJ�PHPEHU�M���

DQG� �LV�WKH�GHFD\�FRQVWDQW�IRU�QXFOLGH�L�� ����,I�WKH�SDUHQW�LV�ORQJ�OLYHG�UHODWLYH

WR�WKH�GDXJKWHUV��WKHQ�DW�WLPHV�W��VXFK�WKDW� �WKH�DFWLYLW\�RI�WKH�GDXJKWHUV��L� ��WR�Q��FDQ�EH

DSSUR[LPDWHG�DV�

8QGHU�WKHVH�FRQGLWLRQV�WKH�DFWLYLW\�RI�WKH�GHFD\�SURGXFWV�LV�LQ�VHFXODU�HTXLOLEULXP�ZLWK�WKH�SDUHQW
V

DFWLYLW\���)RU�H[DPSOH��DSSOLFDWLRQ�RI�(T��*���WR� &V�DQG�LWV�GDXJKWHU� %D�LQGLFDWHV�WKDW�WKH��� ���P

DFWLYLW\�RI� %D�DW�WLPH�W�LV���P
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ZKHUH�������LV� WKH�IUDFWLRQ�RI� WKH� &V�QXFOHDU� WUDQVIRUPDWLRQV�IRUPLQJ� %D��DV� LQGLFDWHG� LQ��� ���P

7DEOH�*�����,I�D�GHFD\�FKDLQ�PHPEHU�LV�QRW�VKRUW�OLYHG�UHODWLYH�WR�WKH�SDUHQW��WKHQ�LW�LV�QHFHVVDU\�WR

DSSO\�(T��*�����,Q�PDQ\�LQVWDQFHV��WKH�PDWKHPDWLFDO�PRGHOV�GHVFULELQJ�WKH�IDWH�RI�UDGLRQXFOLGHV�LQ

WKH�HQYLURQPHQW��IRU�H[DPSOH��WKHLU�GLVSHUVLRQ�IROORZLQJ�UHOHDVH�WR�WKH�DWPRVSKHUH��LQFOXGHV�DQ

HYDOXDWLRQ�RI�WKH�JURZWK�RI�GHFD\�FKDLQ�PHPEHUV���7KH�LQIRUPDWLRQ�LQ�7DEOH�*���VKRXOG�EH�XVHIXO

WR�WKRVH�LPSOHPHQWLQJ�VXFK�PRGHOV�



*��

7DEOH�*�����6XPPDU\�LQIRUPDWLRQ�RQ�WKH�QXFOHDU�WUDQVIRUPDWLRQ�RI�UDGLRQXFOLGHV

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

+\GURJHQ
+�� �����\ %� � ����� �

%HU\OOLXP
%H�� ����G (& � � �����
%H��� ���(�\ %� � ����� �

&DUERQ
&��� �����P (&%� � ����� �����
&��� ����\ %� � ����� �

1LWURJHQ
1��� �����P (&%� � ����� �����

2[\JHQ
2��� ������V (&%� � ����� �����

)OXRULQH
)��� ������P (&%� � ����� �����

1HRQ
1H��� �����V (&%� � ����� �����

6RGLXP
1D��� �����\ (&%� � ����� �����
1D��� �����K %� � ����� �����

0DJQHVLXP
0J��� �����K %� $O��� �����(��� � ����� �����

$OXPLQXP
$O��� ����(�\ (&%� � ����� �����
$O��� �����P %� � ����� �����

6LOLFRQ
6L��� �����P %� � ����� �
6L��� ���\ %� 3��� �����(��� � ����� �

3KRVSKRUXV
3��� �����P (&%� � ����� �����
3��� �����G %� � ����� �
3��� ����G %� � ����� �

6XOIXU
6��� �����G %� � ����� �

&KORULQH
&O��� ����(�\ (&%�%� � ����� �
&O��� �����P %� � ����� �����
&O��� ����P %� $U��� �����(��� � ����� �����

$UJRQ
$U��� �����G (& � ����� �
$U��� ���\ %� � ����� �
$U��� �����K %� � ����� �����

3RWDVVLXP
.��� �����P (&%� � ����� �����
.��� ����(�\ %�(& � ����� �����
.��� �����K %� � ����� �����
.��� ����K %� � ����� �����
.��� �����P %� � ����� �����
.��� ��P %� &D��� �����(��� � ����� �����

&DOFLXP
&D��� ���(�\ (& � ����� �
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7DEOH�*����FRQWLQXHG

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

&DOFLXP� FRQWLQXHG
&D��� ���G %� � ����� �
&D��� ����G %� 6F��� �����(��� � ����� �����
&D��� �����P %� 6F��� �����(��� � ����� �����

6FDQGLXP
6F��� �����K (&%� � ����� �����
6F���P ����K (&,7 6F��� �����(��� � ����� �����
6F��� �����K (&%� � ����� �����
6F��� �����G %� � ����� �����
6F��� �����G %� � ����� �����
6F��� ����K %� � ����� �����
6F��� ����P %� � ����� �����

7LWDQLXP
7L��� ����\ (& 6F��� �����(��� � ����� �����
7L��� ����K (&%� � ����� �����

9DQDGLXP
9��� ����P (&%� � ����� �����
9��� ������G (&%� � ����� �����
9��� ���G (& � ����� �

&KURPLXP
&U��� �����K (&%� 9��� �����(��� � ����� �����
&U��� �����P (&%� 9��� �����(��� � ����� �����
&U��� ������G (& � ����� �����

0DQJDQHVH
0Q��� ����P (&%� &U��� �����(��� � ����� �����
0Q���P ����P (&%�,7 0Q��� �����(��� � ����� �����
0Q��� �����G (&%� � ����� �����
0Q��� ���(�\ (& � ����� �����
0Q��� �����G (& � ����� �����
0Q��� ������K %� � ����� �����

,URQ
)H��� �����K (&%� 0Q���P �����(��� � ����� �����
)H��� ���\ (& � ����� �����
)H��� ������G %� � ����� �����
)H��� �(�\ %� &R���P �����(��� � ����� �

&REDOW
&R��� �����K (&%� )H��� �����(��� � ����� �����
&R��� �����G (&%� � ����� �����
&R��� �����G (& � ����� �����
&R���P ����K ,7 &R��� �����(��� � ����� �����
&R��� �����G (&%� � ����� �����
&R���P �����P ,7%� &R��� �����(��� � ����� �����
&R��� �����\ %� � ����� �����
&R��� ����K %� � ����� �����
&R���P �����P %� � ����� �����

1LFNHO
1L��� ����G (& &R��� �����(��� � ����� �����
1L��� �����K (&%� &R��� �����(��� � ����� �����
1L��� ���(�\ (& � ����� �����
1L��� ��\ %� � ����� �
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1LFNHO� FRQWLQXHG
1L��� �����K %� � ����� �����
1L��� ����K %� &X��� �����(��� � ����� �

&RSSHU
&X��� ����P (&%� � ����� �����
&X��� �����K (&%� � ����� �����
&X��� ����P (&%� � ����� �����
&X��� ������K %�(&%� � ����� �����
&X��� ����P %� � ����� �����
&X��� �����K %� � ����� �����

=LQF
=Q��� ����K (&%� &X��� �����(��� � ����� �����
=Q��� ����P (&%� � ����� �����
=Q��� �����G (&%� � ����� �����
=Q���P �����K ,7%� =Q��� �����(��� � ����� �����
=Q��� ��P %� � ����� �
=Q���P ����K %� � ����� �����
=Q��� ����K %� *D��� �����(��� � ����� �����

*DOOLXP
*D��� ����P (&%� =Q��� �����(��� � ����� �����
*D��� ����K (&%� � ����� �����
*D��� �����K (& � ����� �����
*D��� ����P (&%� � ����� �����
*D��� �����P %�(& � ����� �����
*D��� ����K %� � ����� �����
*D��� ����K %� � ����� �����

*HUPDQLXP
*H��� ����K (&%� *D��� �����(��� � ����� �����
*H��� ����P (&%� *D��� �����(��� � ����� �����
*H��� ���G (& *D��� �����(��� � ����� �����
*H��� �����K (&%� � ����� �����
*H��� ����G (& � ����� �����
*H��� �����P %� � ����� �����
*H��� �����K %� $V��� �����(��� � ����� �����
*H��� ��P %� $V��� �����(��� � ����� �����

$UVHQLF
$V��� ����P (&%� *H��� �����(��� � ����� �����
$V��� ����P (&%� � ����� �����
$V��� ����K (&%� *H��� �����(��� � ����� �����
$V��� ����K (&%� � ����� �����
$V��� �����G (& � ����� �����
$V��� �����G %�(&%� � ����� �����
$V��� �����K %� � ����� �����
$V��� ����K %� � ����� �����
$V��� ����P %� � ����� �����

6HOHQLXP
6H��� ����P (&%� $V��� �����(��� � ����� �����
6H���P ��P (&%�,7 $V��� �����(��� 6H��� �����(��� � ����� �����
6H��� ����K (&%� $V��� �����(��� � ����� �����
6H��� �����G (& � ����� �����
6H���P �����V ,7 � ����� �����



*��

7DEOH�*����FRQWLQXHG

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

6HOHQLXP� FRQWLQXHG
6H��� �����\ %� � ����� �
6H���P �����P ,7%� 6H��� �����(��� � ����� �����
6H��� ����P %� � ����� �����
6H��� ����P %� %U��� �����(��� � ����� �����

%URPLQH
%U���P ����P (&%� � ����� �����
%U��� ����P (&%� � ����� �����
%U��� ��P (&%� 6H��� �����(��� � ����� �����
%U��� ����K (&%� � ����� �����
%U��� ��K (&%� � ����� �����
%U���P ����K ,7 %U��� �����(��� � ����� �����
%U��� ����P %�(&%� � ����� �����
%U��� �����K %� � ����� �����
%U��� ����K %� .U���P �����(��� � ����� �����
%U��� �����P %� � ����� �����

.U\SWRQ

.U��� �����P (&%� %U��� �����(��� � ����� �����

.U��� ����K (& %U��� �����(��� � ����� �����

.U��� ����P (&%� %U��� �����(��� � ����� �����

.U��� �����K (&%� � ����� �����

.U���P ��V ,7 .U��� �����(��� � ����� �����

.U��� ���(�\ (& � ����� �����

.U���P ����K ,7 � ����� �����

.U���P ����K ,7%� .U��� �����(��� � ����� �����

.U��� �����\ %� � ����� �����

.U��� ����P %� 5E��� �����(��� � ����� �����

.U��� ����K %� 5E��� �����(��� � ����� �����

5XELGLXP
5E��� ����P (&%� .U��� �����(��� � ����� �����
5E��� ��V (&%� � ����� �����
5E���P ��P ,7 5E��� �����(��� � ����� �����
5E��� ����K (&%� .U��� �����(��� � ����� �����
5E���P ���K (&%� � ����� �����
5E��� ���P (&%� � ����� �����
5E��� ����G (& .U���P �����(��� � ����� �����
5E��� �����G (&%�%� � ����� �����
5E��� �����G %� � ����� �����
5E��� ���(��\ %� � ����� �
5E��� ����P %� � ����� �����
5E��� ����P %� 6U��� �����(��� � ����� �����

6WURQWLXP
6U��� ���P (& 5E��� �����(��� � ����� �����
6U��� ����P (&%� 5E��� �����(��� � ����� �����
6U��� ��G (& 5E��� �����(��� � ����� �����
6U��� ����K (&%� 5E��� �����(��� � ����� �����
6U���P ����P ,7(& 6U��� �����(��� � ����� �����
6U��� �����G (& � ����� �����
6U���P �����K (&,7 5E��� �����(��� � ����� �����
6U��� ����G %� � ����� �
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6WURQWLXP� FRQWLQXHG
6U��� �����\ %� <��� �����(��� � ����� �
6U��� ���K %� <���P �����(��� <��� �����(��� � ����� �����
6U��� ����K %� <��� �����(��� � ����� �����

<WWULXP
<���P ��P (&%�,7 <��� �����(��� � ����� �����
<��� �����K (&%� � ����� �����
<��� ����K (&%� 6U���P �����(��� � ����� �����
<��� ������G (&%� � ����� �����
<���P ����K ,7 <��� �����(��� � ����� �����
<��� ����K %� � ����� �
<���P �����P ,7 <��� �����(��� � ����� �����
<��� �����G %� � ����� �����
<��� ����K %� � ����� �����
<��� ����K %� =U��� �����(��� � ����� �����
<��� ����P %� � ����� �����
<��� ����P %� =U��� �����(��� � ����� �����

=LUFRQLXP
=U��� ����K (& <��� �����(��� � ����� �����
=U��� ����G (& <��� �����(��� � ����� �����
=U��� �����K (&%� � ����� �����
=U��� ����(�\ %� 1E���P �����(��� � ����� �
=U��� �����G %� 1E���P �����(��� 1E��� �����(��� � ����� �����
=U��� �����K %� 1E���P �����(��� 1E��� �����(��� � ����� �����

1LRELXP
1E��� ����P (&%� =U��� �����(��� � ����� �����
1E���E ���P (&%� =U��� �����(��� � ����� �����
1E���D ��P (&%� =U��� �����(��� � ����� �����
1E��� �����K (&%� � ����� �����
1E���P ����\ ,7 � ����� �����
1E��� ����(�\ %� � ����� �����
1E���P ����K ,7 1E��� �����(��� � ����� �����
1E��� �����G %� � ����� �����
1E��� �����K %� � ����� �����
1E���P ��V ,7 1E��� �����(��� � ����� �����
1E��� ����P %� � ����� �����
1E��� ����P %� � ����� �����

0RO\EGHQXP
0R��� ����K (&%� 1E��� �����(��� � ����� �����
0R���P ����K ,7 0R��� �����(��� � ����� �����
0R��� ���(�\ (& 1E���P �����(��� � ����� �����
0R��� ����K %� 7F���P �����(��� 7F��� �����(��� � ����� �����
0R���� �����P %� 7F���� �����(��� � ����� �����

7HFKQHWLXP
7F���P ����P ,7(& 0R��� �����(��� 7F��� �����(��� � ����� �����
7F��� ����K (& 0R��� �����(��� � ����� �����
7F���P ��P (&%� � ����� �����
7F��� ���P (&%� � ����� �����
7F���P ��G (&%�,7 7F��� �����(��� � ����� �����
7F��� ��K (& � ����� �����
7F���P ����P ,7(& 7F��� �����(��� � ����� �����
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7HFKQHWLXP� FRQWLQXHG
7F��� ����G (& � ����� �����
7F���P ��G ,7 7F��� �����(��� � ����� �����
7F��� ���(�\ (& � ����� �����
7F��� ���(�\ %� � ����� �����
7F���P ����K ,7 7F��� �����(��� � ����� �����
7F��� ����(�\ %� � ����� �
7F���� ����P %� � ����� �����
7F���� ����P %� � ����� �����

5XWKHQLXP
5X��� ����P (& 7F���P �����(��� � ����� �����
5X��� ���G (& 7F���P �����(��� 7F��� �����(��� � ����� �����
5X���� �����G %� 5K����P �����(��� � ����� �����
5X���� ����K %� 5K���� �����(��� � ����� �����
5X���� �����G %� 5K���� �����(��� � ����� �

5KRGLXP
5K���P ���K (&%� � ����� �����
5K��� ��G (&%� � ����� �����
5K���� ����K (&%� � ����� �����
5K����P ����G (&,7 5K���� �����(��� � ����� �����
5K���� ���\ (& � ����� �����
5K����P ���G (&%�,7%� 5K���� �����(��� � ����� �����
5K���� ���\ (&%� � ����� �����
5K����P �����P ,7 � ����� �����
5K���� �����K %� � ����� �����
5K����P ���P %� � ����� �����
5K���� ����V %� � ����� �����
5K���� ����P %� 3G���� �����(��� � ����� �����

3DOODGLXP
3G���� ����G (& 5K���� �����(��� � ����� �����
3G���� ����K (&%� 5K����P �����(��� 5K���� �����(��� � ����� �����
3G���� �����G (& 5K����P �����(��� � ����� �����
3G���� ���(�\ %� � ����� �
3G���� ������K %� � ����� �����

6LOYHU
$J���� ����P (&%� � ����� �����
$J���� ����P (&%� 3G���� �����(��� � ����� �����
$J����P ����P (&%�,7 $J���� �����(��� � ����� �����
$J���� ����P (&%� � ����� �����
$J���� ����G (&%� � ����� �����
$J����P ����G (& � ����� �����
$J���� �����P (&%� � ����� �����
$J����P ���\ (&,7 $J���� �����(��� � ����� �����
$J���� ����P (&%�%� � ����� �����
$J����P ����V ,7 � ����� �����
$J����P �����G ,7%� $J���� �����(��� � ����� �����
$J���� ����V %�(& � ����� �����
$J���� ����G %� � ����� �����
$J���� ����K %� � ����� �����
$J���� ����P %� &G����P �����(��� &G���� �����(��� � ����� �����
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&DGPLXP
&G���� ����P (&%� $J���� �����(��� � ����� �����
&G���� ����K (&%� � ����� �����
&G���� ���G (& � ����� �����
&G����P ����\ %� � ����� �
&G���� ���(��\ %� � ����� �
&G����P ����G %� ,Q���� �����(��� � ����� �����
&G���� �����K %� ,Q����P �����(��� � ����� �����
&G����P ����K %� ,Q����P �����(��� ,Q���� �����(��� � ����� �����
&G���� ����K %� ,Q����P �����(��� ,Q���� �����(��� � ����� �����

,QGLXP
,Q���� ���K (&%� &G���� �����(��� � ����� �����
,Q����E ���K (&%� � ����� �����
,Q����D ����P (&%� � ����� �����
,Q���� ����G (& � ����� �����
,Q���� ����P %�(&%� � ����� �����
,Q����P �����K ,7 � ����� �����
,Q����P �����G (&,7 ,Q���� �����(��� � ����� �����
,Q���� ����V %�(&%� � ����� �����
,Q����P �����K ,7%� ,Q���� �����(��� � ����� �����
,Q���� ���(��\ %� � ����� �
,Q����P �����P %� � ����� �����
,Q����P �����P %�,7 ,Q���� �����(��� � ����� �����
,Q���� ����P %� 6Q����P �����(��� � ����� �����
,Q����P ����P %�,7 ,Q���� �����(��� � ����� �����
,Q���� ���P %� 6Q����P �����(��� � ����� �����

7LQ
6Q���� ���K (& ,Q����D �����(��� � ����� �����
6Q���� ����P (&%� ,Q���� �����(��� � ����� �����
6Q���� �����G (& ,Q����P �����(��� � ����� �����
6Q����P �����G ,7 � ����� �����
6Q����P �����G ,7 � ����� �����
6Q����P ��\ %�,7 6Q���� �����(��� � ����� �����
6Q���� �����K %� � ����� �
6Q����P �����P %� � ����� �����
6Q���� �����G %� � ����� �����
6Q���� ����G %� 6E���� �����(��� � ����� �����
6Q���� ���(�\ %� 6E����P �����(��� � ����� �����
6Q���� ����K %� 6E���� �����(��� � ����� �����
6Q���� ����P %� 6E����D �����(��� � ����� �����

$QWLPRQ\
6E���� ����P (&%� � ����� �����
6E����P ����P (&%� � ����� �����
6E���� ����P (&%� � ����� �����
6E���� ����K (&%� � ����� �����
6E����P ����K (&%� � ����� �����
6E���� ����K (& � ����� �����
6E����E ����G (& � ����� �����
6E����D �����P (&%� � ����� �����
6E���� ����G (&%� � ����� �����
6E����Q ����P ,7 6E����P �����(��� � ����� �
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$QWLPRQ\� FRQWLQXHG
6E����P ��V ,7%� 6E���� �����(��� � ����� �����
6E���� �����G %� � ����� �����
6E���� ����\ %� 7H����P �����(��� � ����� �����
6E����P ����P ,7%� 6E���� �����(��� � ����� �����
6E���� ����G %� � ����� �����
6E���� ����G %� 7H����P �����(��� 7H���� �����(��� � ����� �����
6E����E ����K %� � ����� �����
6E����D ����P %� � ����� �����
6E���� ����K %� 7H����P �����(��� 7H���� �����(��� � ����� �����
6E���� ��P %� � ����� �����
6E���� ��P %� 7H����P �����(��� 7H���� �����(��� � ����� �����

7HOOXULXP
7H���� ����K (& 6E���� �����(��� � ����� �����
7H����P ���G (&,7 7H���� �����(��� � ����� �����
7H���� ��G (& � ����� �����
7H����P �����G ,7 7H���� �����(��� � ����� �����
7H���� �(��\ (& � ����� �����
7H����P ��G ,7 � ����� �����
7H����P ���G ,7%� 7H���� �����(��� � ����� �����
7H���� ����K %� � ����� �����
7H����P ����G ,7%� ,���� �����(��� 7H���� �����(��� � ����� �����
7H���� ����P %� ,���� �����(��� � ����� �����
7H����P ��K ,7%� ,���� �����(��� 7H���� �����(��� � ����� �����
7H���� ����P %� ,���� �����(��� � ����� �����
7H���� ����K %� ,���� �����(��� � ����� �����
7H����P ����P ,7%� ,���� �����(��� 7H���� �����(��� � ����� �����
7H���� �����P %� ,���� �����(��� � ����� �����
7H���� ����P %� ,���� �����(��� � ����� �����

,RGLQH
,����P ��P (&%� � ����� �����
,���� ����P (&%� � ����� �����
,���� ����K (&%� 7H���� �����(��� � ����� �����
,���� ����P (&%� � ����� �����
,���� ����K (& 7H����P �����(��� 7H���� �����(��� � ����� �����
,���� ����G (&%� � ����� �����
,���� �����G (& � ����� �����
,���� �����G (&%�%� � ����� �����
,���� �����P (&%�%� � ����� �����
,���� ����(�\ %� � ����� �����
,���� �����K %� � ����� �����
,���� ����G %� ;H����P �����(��� � ����� �����
,����P ����P ,7%� ,���� �����(��� � ����� �����
,���� ����K %� � ����� �����
,���� ����K %� ;H����P �����(��� ;H���� �����(��� � ����� �����
,���� ����P %� � ����� �����
,���� ����K %� ;H����P �����(��� ;H���� �����(��� � ����� �����

;HQRQ
;H���� ��P (&%� ,���� �����(��� � ����� �����
;H���� ����P (&%� ,���� �����(��� � ����� �����
;H���� ����K (& ,���� �����(��� � ����� �����
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;HQRQ� FRQWLQXHG
;H���� ����K (&%� ,���� �����(��� � ����� �����
;H���� ����K (&%� ,���� �����(��� � ����� �����
;H���� �����G (& � ����� �����
;H����P ���G ,7 � ����� �����
;H����P ����G ,7 � ����� �����
;H����P �����G ,7 ;H���� �����(��� � ����� �����
;H���� �����G %� � ����� �����
;H����P �����P ,7%� &V���� �����(��� ;H���� �����(��� � ����� �����
;H���� ����K %� &V���� �����(��� � ����� �����
;H���� �����P %� &V���� �����(��� � ����� �����

&HVLXP
&V���� ��P (&%� ;H���� �����(��� � ����� �����
&V���� ����P (&%� � ����� �����
&V���� ����K (&%� ;H���� �����(��� � ����� �����
&V���� ���P (&%� � ����� �����
&V���� �����K (&%� � ����� �����
&V���� ����P (&%� � ����� �����
&V���� ����G (& � ����� �����
&V���� �����G (&%�%� � ����� �����
&V����P ����K ,7 &V���� �����(��� � ����� �����
&V���� �����\ (&%� � ����� �����
&V����P ��P ,7 &V���� �����(��� � ����� �����
&V���� ���(�\ %� � ����� �
&V���� ����G %� � ����� �����
&V���� ����\ %� %D����P �����(��� � ����� �
&V���� ����P %� � ����� �����

%DULXP
%D���� ����P (&%� &V���� �����(��� � ����� �����
%D���� ����G (& &V���� �����(��� � ����� �����
%D����P ����P ,7 %D���� �����(��� � ����� �����
%D���� ����G (&%� &V���� �����(��� � ����� �����
%D����P ����K ,7 %D���� �����(��� � ����� �����
%D���� �����\ (& � ����� �����
%D����P ����K ,7 � ����� �����
%D����P �����P ,7 � ����� �����
%D���� ����P %� � ����� �����
%D���� �����G %� /D���� �����(��� � ����� �����
%D���� �����P %� /D���� �����(��� � ����� �����
%D���� ����P %� /D���� �����(��� � ����� �����

/DQWKDQXP
/D���� ��P (&%� %D���� �����(��� � ����� �����
/D���� ���K (&%� � ����� �����
/D���� ����P (&%� � ����� �����
/D���� ����K (&%� � ����� �����
/D���� �(�\ (& � ����� �����
/D���� ����(��\ %�(& � ����� �����
/D���� ������K %� � ����� �����
/D���� ����K %� &H���� �����(��� � ����� �����
/D���� ����P %� � ����� �����
/D���� �����P %� &H���� �����(��� � ����� �����
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&HULXP
&H���� ����K (& /D���� �����(��� � ����� �����
&H���� ����K (&%� /D���� �����(��� � ����� �����
&H����P ����K (&,7 /D���� �����(��� &H���� �����(��� � ����� �����
&H���� ���K (& /D���� �����(��� � ����� �����
&H���� ������G (& � ����� �����
&H���� ������G %� � ����� �����
&H���� ����K %� 3U���� �����(��� � ����� �����
&H���� �����G %� 3U����P �����(��� 3U���� �����(��� � ����� �����

3UDVHRG\PLXP
3U���� ����P (&%� � ����� �����
3U���� ����P (&%� &H���� �����(��� � ����� �����
3U����P ���K (&%� � ����� �����
3U���� ����P (&%� � ����� �����
3U���� ����K (&%� &H���� �����(��� � ����� �����
3U����P ����P ,7 3U���� �����(��� � ����� �
3U���� �����K %�(& � ����� �����
3U���� �����G %� � ����� �
3U����P ���P ,7%� 3U���� �����(��� � ����� �����
3U���� �����P %� � ����� �����
3U���� ����K %� � ����� �����
3U���� ����P %� 1G���� �����(��� � ����� �����

1HRG\PLXP
1G���� �����P (&%� 3U���� �����(��� � ����� �����
1G���� ����K (& 3U���� �����(��� � ����� �����
1G����P ���K (&%�,7 3U���� �����(��� 1G���� �����(��� � ����� �����
1G���� ����P (&%� 3U���� �����(��� � ����� �����
1G����P ����V (&,7 1G���� �����(��� � ����� �����
1G���� ����K (&%� � ����� �����
1G���� �����G %� 3P���� �����(��� � ����� �����
1G���� ����K %� 3P���� �����(��� � ����� �����
1G���� �����P %� 3P���� �����(��� � ����� �����

3URPHWKLXP
3P���� �����P (&%� 1G����P �����(��� 1G���� �����(��� � ����� �����
3P���� ����V (&%� � ����� �����
3P���� ���G (& � ����� �����
3P���� ���G (& � ����� �����
3P���� ����\ (& � ����� �����
3P���� ����G %�(& 6P���� �����(��� � ����� �����
3P���� ������\ %� 6P���� �����(��� � ����� �
3P����P ����G %�,7 3P���� �����(��� � ����� �����
3P���� ����G %� � ����� �����
3P���� �����K %� � ����� �����
3P���� ����K %� � ����� �����
3P���� �����K %� 6P���� �����(��� � ����� �����

6DPDULXP
6P����P ����P ,7(&%� 3P���� �����(��� 6P���� �����(��� � ����� �����
6P���� ����P (&%� 3P���� �����(��� � ����� �����
6P���� �����P (&%� 3P���� �����(��� � ����� �����
6P���� ���G (& 3P���� �����(��� � ����� �����
6P���� ����(�\ $ ����� � �
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6DPDULXP� FRQWLQXHG
6P���� ����(��\ $ ����� � �
6P���� ��\ %� � ����� �
6P���� ����K %� � ����� �����
6P���� ����P %� (X���� �����(��� � ����� �����
6P���� ���K %� (X���� �����(��� � ����� �����
(XURSLXP
(X���� ����G (&%� 6P���� �����(��� � ����� �����
(X���� ����G (&%� 6P���� �����(��� � ����� �����
(X���� ��G $ (&%� 3P���� �����(��� 6P���� �����(��� � ����� �����
(X���� ����G $ (&%� 3P���� �����(��� � ����� �����
(X���� ����G (& � ����� �����
(X����E ����\ (& � ����� �����
(X����D �����K %�(&%� � ����� �����
(X����P ����K (&%�%� *G���� �����(��� � ����� �����
(X���� �����\ %�(&%� *G���� �����(��� � ����� �����
(X���� ���\ (&%� � ����� �����
(X���� ����\ %� � ����� �����
(X���� �����G %� � ����� �����
(X���� �����K %� � ����� �����
(X���� ����P %� � ����� �����
*DGROLQLXP
*G���� ����P (&%� (X���� �����(��� � ����� �����
*G���� ����G (& (X���� �����(��� � ����� �����
*G���� ����K (&%� (X���� �����(��� � ����� �����
*G���� ��\ $ ����� � �
*G���� ���G (& (X���� �����(��� � ����� �����
*G���� ���G $ (& 6P���� �����(��� � ����� �����
*G���� ����(��\ $ ����� � �
*G���� ���G (& � ����� �����
*G���� �����K %� � ����� �����
7HUELXP
7E���� ����K (&%� *G���� �����(��� � ����� �����
7E���� ����K (&%�$ (X���� �����(��� *G���� �����(��� ����� ����� �����
7E���� ����K (&%� � ����� �����
7E���� ����K (&%�$ (X���� �����(��� *G���� �����(��� � ����� �����
7E���� ����G (&%� *G���� �����(��� � ����� �����
7E���� ����K (&%� � ����� �����
7E���� ����G (& � ����� �����
7E����P ����K ,7 7E���� �����(��� � ����� �����
7E����Q ���K ,7 7E���� �����(��� � ����� �����
7E���� ����G (& � ����� �����
7E���� ���\ (& � ����� �����
7E���� ���\ %�(& � ����� �����
7E���� ����G %� � ����� �����
7E���� ����G %� � ����� �����
'\VSURVLXP
'\���� ����K (&%� 7E���� �����(��� � ����� �����
'\���� ���K (& 7E���� �����(��� � ����� �����
'\���� �����G (& � ����� �����
'\���� �����K %� � ����� �����
'\���� ����K %� +R���� �����(��� � ����� �����



*���

7DEOH�*����FRQWLQXHG

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

+ROPLXP
+R���� ��P (&%� '\���� �����(��� � ����� �����
+R���� ����P (&%� '\���� �����(��� � ����� �����
+R���� ��P (&%� '\���� �����(��� � ����� �����
+R���� ���K (& � ����� �����
+R����P ��P ,7(& +R���� �����(��� � ����� �����
+R���� ��P (&%� � ����� �����
+R����P ����P ,7 +R���� �����(��� � ����� �����
+R���� ��P (&%� � ����� �����
+R����P ����(�\ %� � ����� �����
+R���� �����K %� � ����� �����
+R���� ���K %� � ����� �����

(UELXP
(U���� ����K (&%� +R���� �����(��� � ����� �����
(U���� �����K (& � ����� �����
(U���� ���G %� � ����� �
(U���� ����K %� 7P���� �����(��� � ����� �����
(U���� ����K %� 7P���� �����(��� � ����� �����

7KXOLXP
7P���� ����P (&%� � ����� �����
7P���� ����K (&%� � ����� �����
7P���� ����G (& � ����� �����
7P���� �����G (&%� � ����� �����
7P���� ����\ %� � ����� �
7P���� ����K %� � ����� �����
7P���� ����K %� � ����� �����
7P���� ����P %� <E���� �����(��� � ����� �����

<WWHUELXP
<E���� ����P (& 7P���� �����(��� � ����� �����
<E���� ����K (& 7P���� �����(��� � ����� �����
<E���� ����P (&%� 7P���� �����(��� � ����� �����
<E���� �����G (& � ����� �����
<E���� ����G %� � ����� �����
<E���� ���K %� /X���� �����(��� � ����� �����
<E���� ��P %� /X���� �����(��� � ����� �����

/XWHWLXP
/X���� �����K (&%� <E���� �����(��� � ����� �����
/X���� ����G (&%� � ����� �����
/X���� ����G (& � ����� �����
/X���� ����G (&%� � ����� �����
/X���� ����\ (& � ����� �����
/X����P ���G (&,7 /X���� �����(��� � ����� �����
/X���� ����\ (&%� � ����� �����
/X����P ����K %� � ����� �����
/X���� ����(��\ %� � ����� �����
/X����P �����G %�,7 /X���� �����(��� � ����� �����
/X���� ����G %� � ����� �����
/X����P ����P %� � ����� �����
/X���� ����P %� � ����� �����
/X���� ����K %� � ����� �����



*���

7DEOH�*����FRQWLQXHG

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

+DIQLXP
+I���� �����K (& /X���� �����(��� � ����� �����
+I���� ����\ (& /X���� �����(��� � ����� �����
+I���� ����K (&%� /X���� �����(��� � ����� �����
+I���� ��G (& � ����� �����
+I����P ����P ,7 � ����� �����
+I����P ��\ ,7 � ����� �����
+I����P ����G ,7 � ����� �����
+I����P ���K ,7 � ����� �����
+I���� ����G %� � ����� �����
+I����P ����P ,7%� 7D���� �����(��� +I���� �����(��� � ����� �����
+I���� �(�\ %� 7D���� �����(��� � ����� �����
+I���� ��P %� 7D���� �����(��� � ����� �����
+I���� ����K %� 7D���� �����(��� � ����� �����

7DQWDOXP
7D���� ����P (&%� +I���� �����(��� � ����� �����
7D���� ����K (&%� +I���� �����(��� � ����� �����
7D���� ���K (&%� � ����� �����
7D���� ����K (&%� +I���� �����(��� � ����� �����
7D���� ����K (&%� � ����� �����
7D���� ����K (& � ����� �����
7D����E ���K (& � ����� �����
7D����D ����P (& � ����� �����
7D���� �����G (& � ����� �����
7D����P ���K (&%� � ����� �����
7D���� ���(��\ (& � ����� �����
7D����P �����P ,7 7D���� �����(��� � ����� �����
7D���� �����G %� � ����� �����
7D���� ���G %� � ����� �����
7D���� ���K %� � ����� �����
7D���� ��P %� :���� �����(��� � ����� �����
7D���� ����P %� � ����� �����

7XQJVWHQ
:���� ���K (& 7D���� �����(��� � ����� �����
:���� ���P (&%� 7D���� �����(��� � ����� �����
:���� ����G (& 7D����D �����(��� � ����� �����
:���� ����P (& 7D���� �����(��� � ����� �����
:���� �����G (& � ����� �����
:���� ����G %� � ����� �
:���� ����K %� 5H���� �����(��� � ����� �����
:���� ����G %� 5H���� �����(��� � ����� �����

5KHQLXP
5H���� ����P (&%� :���� �����(��� � ����� �����
5H���� ����P (&%� :���� �����(��� � ����� �����
5H���� ����P (&%� � ����� �����
5H���� ��K (&%� :���� �����(��� � ����� �����
5H����E ����K (& � ����� �����
5H����D ����K (&%� � ����� �����
5H����P ���G ,7(& 5H���� �����(��� � ����� �����
5H���� ����G (& � ����� �����
5H����P ���(�\ ,7 5H���� �����(��� � ����� �����
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5KHQLXP� FRQWLQXHG
5H���� �����K %�(& � ����� �����
5H���� �(��\ %� � � �
5H����P ����P ,7 5H���� �����(��� � ����� �����
5H���� �����K %� � ����� �����
5H���� ����K %� 2V����P �����(��� � ����� �����

2VPLXP
2V���� ��P (&%� 5H���� �����(��� � ����� �����
2V���� ���P (&%� 5H���� �����(��� � ����� �����
2V���� ��K (& 5H����D �����(��� � ����� �����
2V���� ��G (& � ����� �����
2V����P ���K ,7 � ����� �����
2V����P ���P ,7 � ����� �����
2V����P �����K ,7 2V���� �����(��� � ����� �����
2V���� ����G %� � ����� �����
2V���� ����K %� � ����� �����
2V���� ���\ %� ,U���� �����(��� � ����� �����

,ULGLXP
,U���� ��P (&%� 2V���� �����(��� � ����� �����
,U���� ����K (&%� � ����� �����
,U���� ����K (&%� 2V���� �����(��� � ����� �����
,U����D ����K (&%� � ����� �����
,U����E ����K (&%� � ����� �����
,U���� ����K (& � ����� �����
,U���� ����K (&%� � ����� �����
,U���� ����G (& 2V����P �����(��� � ����� �����
,U����Q ���K ,7(& ,U����P �����(��� � ����� �����
,U����P ���K ,7 ,U���� �����(��� � ����� �����
,U���� ����G (& � ����� �����
,U����P ����V ,7 � ����� �����
,U����P ���\ ,7 ,U���� �����(��� � � �����
,U���� �����G %�(& � ����� �����
,U����P ���G %� � ����� �����
,U���� �����K %� � ����� �����
,U����P ���K ,7%� ,U���� �����(��� � ����� �����
,U���� ���K %� � ����� �����

3ODWLQXP
3W���� ���K $ (& 2V���� �����(��� ,U����E �����(��� � ����� �����
3W���� ����G (& ,U���� �����(��� � ����� �����
3W���� �����K (&%� ,U���� �����(��� � ����� �����
3W���� ���G (& � ����� �����
3W����P ����G ,7 3W���� �����(��� � ����� �����
3W���� ��\ (& � ����� �����
3W����P ����G ,7 � ����� �����
3W����P ����P %�,7 3W���� �����(��� � ����� �����
3W���� ����K %� � ����� �����
3W���� ����P %� $X���� �����(��� � ����� �����
3W���� ����K %� $X���� �����(��� � ����� �����

*ROG
$X���� �����K (& 3W���� �����(��� � ����� �����
$X���� ����K (&%� � ����� �����
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*ROG� FRQWLQXHG
$X����P ����V ,7 $X���� �����(��� � ����� �����
$X���� ���G (& � ����� �����
$X����P ����G ,7 $X���� �����(��� � ����� �����
$X���� �����G %� � ����� �����
$X���� �����G %� � ����� �����
$X����P ����K %�,7 $X���� �����(��� � ����� �����
$X���� ����P %� � ����� �����
$X���� ����P %� � ����� �����

0HUFXU\
+J����P ����K (&%�,7 $X���� �����(��� +J���� �����(��� � ����� �����
+J���� ���K (&%� $X���� �����(��� � ����� �����
+J���� ���\ (& $X���� �����(��� � ����� �����
+J����P ����K ,7(& $X���� �����(��� +J���� �����(��� � ����� �����
+J���� ���K (& $X���� �����(��� � ����� �����
+J����P ����K (&,7 +J���� �����(��� � ����� �����
+J���� ����K (& � ����� �����
+J����P ����P ,7 � ����� �����
+J���� �����G %� � ����� �����

7KDOOLXP
7O����P ����P (&%� +J���� �����(��� � ����� �����
7O���� ��P (& +J���� �����(��� � ����� �����
7O���� ����K (&%� +J���� �����(��� � ����� �����
7O���� ����K (&%� +J���� �����(��� � ����� �����
7O����P ����K (&%�,7 7O���� �����(��� � ����� �����
7O���� ���K (&%� � ����� �����
7O���� ����K (&%� � ����� �����
7O���� ����K (&%� � ����� �����
7O���� �����G (& � ����� �����
7O���� �����G (&%� � ����� �����
7O���� �����\ (&%� � ����� �����
7O���� ����P %� � ����� �
7O���� ����P %� � ����� �����
7O���� ����P %� � ����� �����
7O���� ����P %� 3E���� �����(��� � ����� �����

/HDG
3E����P ����P (&%� 7O���� �����(��� � ����� �����
3E���� ���K (& 7O���� �����(��� � ����� �����
3E���� ��P (&%� 7O���� �����(��� � ����� �����
3E���� ����K (& 7O���� �����(��� � ����� �����
3E���� ���K (&%� 7O���� �����(��� � ����� �����
3E����P ����K ,7(& 7O���� �����(��� 3E���� �����(��� � ����� �����
3E���� �(�\ (& 7O���� �����(��� � ����� �����
3E���� �����K (& � ����� �����
3E���� ����(�\ (& � ����� �����
3E���� �����K %� � ����� �
3E���� ����\ %� %L���� �����(��� � ����� �����
3E���� ����P %� %L���� �����(��� � ����� �����
3E���� �����K %� %L���� �����(��� � ����� �����
3E���� ����P %� %L���� �����(��� � ����� �����
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%LVPXWK
%L���� ����P (&%� 3E���� �����(��� � ����� �����
%L���� ���P (& 3E���� �����(��� � ����� �����
%L���� ����K (&%� 3E����P �����(��� 3E���� �����(��� � ����� �����
%L���� �����K (&%� 3E���� �����(��� � ����� �����
%L���� �����G (&%� 3E���� �����(��� � ����� �����
%L���� �����G (& � ����� �����
%L���� ��\ (&%� � ����� �����
%L����P ���(�\ $ 7O���� �����(��� ����� ����� �����
%L���� �����G %� 3R���� �����(��� � ����� �
%L���� ����P $ %� 7O���� �����(��� 3R���� �����(��� ����� ����� �����
%L���� �����P %�$ 7O���� �����(��� 3R���� �����(��� ����� ����� �����
%L���� �����P %�$ 7O���� �����(��� 3R���� �����(��� ����� ����� �����
%L���� ����P %� 3R���� �����(��� � ����� �����

3RORQLXP
3R���� ����P (&%� %L���� �����(��� � ����� �����
3R���� ����K $ (&%� 3E���� �����(��� %L���� �����(��� ����� ����� �����
3R���� ���P (&%� %L���� �����(��� � ����� �����
3R���� ������G $ ����� � �
3R���� �����V $ ����� � �����
3R���� ������V$ ����� � �
3R���� ����V$ 3E���� �����(��� ����� � �
3R���� ������V$ 3E���� �����(��� ����� � �
3R���� �������V $ 3E���� �����(��� ����� � �
3R���� ����V $ 3E���� �����(��� ����� � �
3R���� ����P $ %� 3E���� �����(��� $W���� �����(��� ����� � �

$VWDWLQH
$W���� ����K (&$ %L���� �����(��� 3R���� �����(��� ����� ����� �����
$W���� �����K (&$ %L���� �����(��� 3R���� �����(��� ����� ����� �����
$W���� ����PV$ %L���� �����(��� ����� � �
$W���� ����PV$ %L���� �����(��� ����� � �����
$W���� ������V $ %L���� �����(��� ����� � �
$W���� �V $ %L���� �����(��� ����� ����� �����

5DGRQ
5Q���� ��PV$ 3R���� �����(��� ����� � �
5Q���� ����V $ 3R���� �����(��� ����� ����� �����
5Q���� ����V $ 3R���� �����(��� ����� � �
5Q���� ������G $ 3R���� �����(��� ����� � �

)UDQFLXP
)U���� ��PV$ $W���� �����(��� ����� � �����
)U���� ����V $ $W���� �����(��� ����� ����� �����
)U���� ���P $ $W���� �����(��� ����� ����� �����
)U���� ����P %� 5D���� �����(��� � ����� �
)U���� ����P %� 5D���� �����(��� � ����� �����

5DGLXP
5D���� ����V $ 5Q���� �����(��� ����� � �����
5D���� ������G $ 5Q���� �����(��� ����� ����� �����
5D���� ����G $ 5Q���� �����(��� ����� ����� �����
5D���� ����G %� $F���� �����(��� � ����� �����
5D���� ����\ $ 5Q���� �����(��� ����� ����� �����



*���

7DEOH�*����FRQWLQXHG

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

5DGLXP� FRQWLQXHG
5D���� ����P %� $F���� �����(��� � ����� �����
5D���� ����\ %� $F���� �����(��� � ����� �

$FWLQLXP
$F���� ���P $ )U���� �����(��� ����� ����� �����
$F���� ���K $ (& )U���� �����(��� 5D���� �����(��� ����� ����� �����
$F���� ����G $ )U���� �����(��� ����� ����� �����
$F���� ��K $ %�(& 7K���� �����(��� 5D���� �����(��� )U���� �����(��� � ����� �����
$F���� ������\ %�$ )U���� �����(��� 7K���� �����(��� ����� ����� �
$F���� ����K %� 7K���� �����(��� � ����� �����

7KRULXP
7K���� ����P $ 5D���� �����(��� ����� ����� �����
7K���� ������G $ 5D���� �����(��� ����� ����� �����
7K���� ������\ $ 5D���� �����(��� ����� ����� �����
7K���� ����\ $ 5D���� �����(��� ����� ����� �����
7K���� ���(�\ $ 5D���� �����(��� ����� ����� �����
7K���� �����K %� 3D���� �����(��� � ����� �����
7K���� �����(��\ $ 5D���� �����(��� ����� ����� �����
7K���� �����G %� 3D����P �����(��� 3D���� �����(��� � ����� �����

3URWDFWLQLXP
3D���� ����P (&$ $F���� �����(��� 7K���� �����(��� ����� ����� �����
3D���� ��K $ (&%� $F���� �����(��� 7K���� �����(��� ����� ����� �����
3D���� ����G $ (&%� 8���� �����(��� 7K���� �����(��� $F���� �����(��� � ����� �����
3D���� �����(�\ $ $F���� �����(��� ����� ����� �����
3D���� ����G %� 8���� �����(��� � ����� �����
3D���� ����G %� 8���� �����(��� � ����� �����
3D����P ����P %�,7 8���� �����(��� 3D���� �����(��� � ����� �����
3D���� ����K %� 8���� �����(��� � ����� �����

8UDQLXP
8���� ����G $ 7K���� �����(��� ����� ����� �����
8���� ���G (&$ 7K���� �����(��� 3D���� �����(��� � ����� �����
8���� ��\ $ 7K���� �����(��� ����� ����� �����
8���� �����(�\ $ 7K���� �����(��� ����� ����� �����
8���� �����(�\ $ 7K���� �����(��� ����� ����� �����
8���� �����(�\ $ 7K���� �����(��� ����� ����� �����
8���� ������(�\ $ 7K���� �����(��� ����� ����� �����
8���� ����G %� 1S���� �����(��� � ����� �����
8���� �����(�\ 6)$ 7K���� �����(��� 6) �����(��� ����� ����� �����
8���� �����P %� 1S���� �����(��� � ����� �����
8���� ����K %� 1S����P �����(��� � ����� �����

1HSWXQLXP
1S���� ����P (&%� 8���� �����(��� � ����� �����
1S���� ����P (& 8���� �����(��� � ����� �����
1S���� ���G (&%� 8���� �����(��� � ����� �����
1S���� �����G (&$ 3D���� �����(��� 8���� �����(��� � ����� �����
1S����D ���(�\ (&%� 3X���� �����(��� 8���� �����(��� � ����� �����
1S����E ����K %�(& 3X���� �����(��� 8���� �����(��� � ����� �����
1S���� ����(�\ $ 3D���� �����(��� ����� ����� �����
1S���� �����G %� 3X���� �����(��� � ����� �����
1S���� �����G %� 3X���� �����(��� � ����� �����
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1HSWXQLXP� FRQWLQXHG
1S����P ���P %� 3X���� �����(��� � ����� �����
1S���� ��P %� 3X���� �����(��� � ����� �����

3OXWRQLXP
3X���� ���K $ (& 8���� �����(��� 1S���� �����(��� ����� ����� �����
3X���� ����P (&$ 8���� �����(��� 1S���� �����(��� � ����� �����
3X���� �����\ 6)$ 8���� �����(��� 6) �����(��� ����� ����� �����
3X���� ����G $ (& 8���� �����(��� 1S���� �����(��� � ����� �����
3X���� �����\ 6)$ 8���� �����(��� 6) �����(��� ����� ����� �����
3X���� �����\ $ 8���� �����(��� ����� ����� �
3X���� ����\ 6)$ 8���� �����(��� 6) �����(��� ����� ����� �����
3X���� ����\ $ %� 8���� �����(��� $P���� �����(��� � ����� �
3X���� �����(�\ 6)$ 8���� �����(��� 6) �����(��� ����� ����� �����
3X���� �����K %� $P���� �����(��� � ����� �����
3X���� ����(�\ 6)$ 8���� �����(��� 6) �����(��� ����� ����� �����
3X���� ����K %� $P���� �����(��� � ����� �����
3X���� �����G %� $P����P �����(��� � ����� �����

$PHULFLXP
$P���� ����P $ (& 1S���� �����(��� 3X���� �����(��� ����� ����� �����
$P���� ��P (&$ 1S���� �����(��� 3X���� �����(��� � ����� �����
$P���� ����K $ (& 1S���� �����(��� 3X���� �����(��� � ����� �����
$P���� ����K $ (& 1S����E �����(��� 3X���� �����(��� � ����� �����
$P���� �����\ $ 1S���� �����(��� ����� ����� �����
$P����P ���\ $ ,7 1S���� �����(��� $P���� �����(��� ����� ����� �����
$P���� �����K (&%� &P���� �����(��� 3X���� �����(��� � ����� �����
$P���� ����\ $ 1S���� �����(��� ����� ����� �����
$P����P ��P %� &P���� �����(��� � ����� �����
$P���� ����K %� &P���� �����(��� � ����� �����
$P���� ����K %� &P���� �����(��� � ����� �����
$P����P ����P %� &P���� �����(��� � ����� �����
$P���� ��P %� &P���� �����(��� � ����� �����

&XULXP
&P���� ���K (&$ 3X���� �����(��� $P���� �����(��� ����� ����� �����
&P���� ��G $ 3X���� �����(��� ����� ����� �����
&P���� ����G $ (& 3X���� �����(��� $P���� �����(��� ����� ����� �����
&P���� �����G 6)$ 3X���� �����(��� 6) �����(��� ����� ����� �����
&P���� ����\ $ (& 3X���� �����(��� $P���� �����(��� ����� ����� �����
&P���� �����\ 6)$ 3X���� �����(��� 6) �����(��� ����� ����� �����
&P���� ����\ $ 3X���� �����(��� ����� ����� �����
&P���� ����\ 6)$ 3X���� �����(��� 6) �����(��� ����� ����� �����
&P���� ����(�\ $ 3X���� �����(��� ����� ����� �����
&P���� ����(�\ 6)$ 3X���� �����(��� 6) �����(��� ����� ����� �����
&P���� �����P %� %N���� �����(��� � ����� �����
&P���� ����\ 6)$ %� 3X���� �����(��� %N���� �����(��� 6) �����(��� ����� ����� �

%HUNHOLXP
%N���� ����G $ (& $P���� �����(��� &P���� �����(��� ����� ����� �����
%N���� ����G (& &P���� �����(��� � ����� �����
%N���� ����\ $ $P���� �����(��� ����� ����� �����
%N���� ���G 6)%�$ $P���� �����(��� &I���� �����(��� 6) �����(��� � ����� �
%N���� �����K %� &I���� �����(��� � ����� �����
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7DEOH�*����FRQWLQXHG

5DGLRDFWLYH 'HFD\ 3URGXFWV DQG )UDFWLRQDO <LHOG

'HFD\ (QHUJ\ �0H9 QW ���

1XFOLGH 7 0RGH 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ 1XFOLGH )UDFWLRQ $OSKD (OHFW 3KRWRQõ

&DOLIRUQLXP
&I���� ����P $ &P���� �����(��� ����� ����� �����
&I���� ����K 6)$ &P���� �����(��� 6) �����(��� ����� ����� �����
&I���� �����G 6)$ &P���� �����(��� 6) �����(��� ����� ����� �����
&I���� �����\ $ 6) &P���� �����(��� 6) �����(��� ����� ����� �����
&I���� �����\ 6)$ &P���� �����(��� 6) �����(��� ����� ����� �����
&I���� ���\ $ &P���� �����(��� ����� ����� �����
&I���� �����\ 6)$ &P���� �����(��� 6) �����(��� ����� ����� �����
&I���� �����G %�$ &P���� �����(��� (V���� �����(��� ����� ����� �
&I���� ����G 6)$ &P���� �����(��� 6) �����(��� ����� � �

(LQVWHLQLXP
(V���� ���K (& &I���� �����(��� � ����� �����
(V���� ��K (&$ %N���� �����(��� &I���� �����(��� ����� ����� �����
(V���� �����G 6)$ %N���� �����(��� 6) �����(��� ����� ����� �����
(V����P ����K $ %� %N���� �����(��� )P���� �����(��� ����� ����� �����
(V���� �����G $ %N���� �����(��� ����� ����� �����

)HUPLXP
)P���� ����K $ &I���� �����(��� ����� ����� �����
)P���� ����G (&$ &I���� �����(��� (V���� �����(��� ����� ����� �����
)P���� �����K $ &I���� �����(��� ����� ����� �����
)P���� �����K $ &I���� �����(��� ����� ����� �����
)P���� �����G $ &I���� �����(��� ����� ����� �����

0HQGHOHYLXP
0G���� ���K $ (& (V���� �����(��� )P���� �����(��� ����� ����� �����
0G���� ��G $ (V���� �����(��� ����� ����� �����





*/��

*/266$5<

$EVROXWH�ULVN�K\SRWKHVLV���7KH�DVVXPSWLRQ�WKDW�WKH�H[FHVV�ULVN�IURP�UDGLDWLRQ�H[SRVXUH�DGGV�WR�WKH

XQGHUO\LQJ��EDVHOLQH��ULVN�E\�DQ�LQFUHPHQW�GHSHQGHQW�RQ�GRVH�EXW�LQGHSHQGHQW�RI�WKH�XQGHUO\LQJ�ULVN�

$EVRUEHG�GRVH��'���7KH�PLFURVFRSLF�TXDQWLW\�LV�WKH�GLIIHUHQWLDO�G���GP��ZKHUH�G���LV�WKH�PHDQ�HQHUJ\

LPSDUWHG�E\�LRQL]LQJ�UDGLDWLRQ�WR�PDWWHU�RI�PDVV�GP���7KH�PDFURVFRSLF�TXDQWLW\�XVHG�LQ�LQWHUQDO

GRVLPHWU\�LV�WLVVXH�DYHUDJHG��WKDW�LV��WKH�DEVRUEHG�GRVH�WR�D�WLVVXH�LV�WKH�WRWDO�HQHUJ\�DEVRUEHG�E\�WKH

WLVVXH��GLYLGHG�E\�WKH�PDVV�RI�WKH�WLVVXH���7KH�VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�DEVRUEHG�GRVH��-�NJ �
��

LV�JUD\��*\����7KH�FRQYHQWLRQDO�XQLW�RI�DEVRUEHG�GRVH�LV�WKH�UDG�����UDG�� �������*\�

$EVRUSWLRQ�W\SH���,Q�WKH�,&53©V�UHVSLUDWRU\�WUDFW�PRGHO�LQWURGXFHG�LQ�������D�FODVVLILFDWLRQ�VFKHPH

IRU�LQKDOHG�PDWHULDO�DFFRUGLQJ�WR�LWV�UDWH�RI�DEVRUSWLRQ�IURP�WKH�GHHS�OXQJV�WR�EORRG���7KUHH�PDLQ

DEVRUSWLRQ�W\SHV�DUH�FRQVLGHUHG���7\SH�)��IDVW�UDWH���7\SH�0��PRGHUDWH�UDWH���DQG�7\SH�6��VORZ�UDWH��

$EVRUEHG�IUDFWLRQ��$)����7KH�IUDFWLRQ�RI�HQHUJ\�HPLWWHG�DV�D�VSHFLILHG�UDGLDWLRQ�W\SH�LQ�D�VSHFLILHG

VRXUFH�UHJLRQ�WKDW�LV�DEVRUEHG�LQ�D�VSHFLILHG�WDUJHW�UHJLRQ�

$FWLYLW\���7KH�TXDQWLW\�RI�D�UDGLRDFWLYH�QXFOLGH�SUHVHQW�DW�D�SDUWLFXODU�WLPH��H[SUHVVHG�LQ�WHUPV�RI

WKH�PHDQ� UDWH� RI� QXFOHDU� WUDQVIRUPDWLRQV�� 7KH� VSHFLDO� QDPH� IRU� WKH� 6,� XQLW� RI� DFWLYLW\� �V �� LV
��

EHFTXHUHO��%T����7KH�FRQYHQWLRQDO�XQLW�RI�DFWLYLW\�LV�WKH�FXULH��&L������&L�� ����Õ�� �%T�
��

$FWLYLW\�0HGLDQ�$HURG\QDPLF�'LDPHWHU��$0$'���7KH�GLDPHWHU�RI�D�XQLW�GHQVLW\�VSKHUH�ZLWK�WKH

VDPH�WHUPLQDO�VHWWOLQJ�YHORFLW\�LQ�DLU�DV�WKDW�RI�DQ�DHURVRO�SDUWLFOH�ZKRVH�DFWLYLW\�LV�WKH�PHGLDQ�IRU

WKH�HQWLUH�DHURVR�

$FXWH�H[SRVXUH���)RU�SXUSRVHV�RI�FRPSXWLQJ�ULVN�FRHIILFLHQWV��DQ�LQVWDQWDQHRXV�H[SRVXUH���)RU

SUDFWLFDO�DSSOLFDWLRQV�RI�ULVN�FRHIILFLHQWV��DQ\�UHODWLYHO\�VKRUW�WHUP�H[SRVXUH�SHULRG�RYHU�ZKLFK�WKHUH

DUH� QXPHULFDOO\� WULYLDO� FKDQJHV� LQ� WKH� ERG\�PDVV�� ELRNLQHWLF� SDUDPHWHUV�� XVDJH� IXQFWLRQV�� DQG

PRUWDOLW\�UDWHV�RI�DOO��RU�QHDUO\�DOO��PHPEHUV�RI�WKH�SRSXODWLRQ�

$LU�NHUPD�UDWH�FRQVWDQW��)RU�D�UDGLRQXFOLGH�HPLWWLQJ�SKRWRQV��WKH�DLU�NHUPD�UDWH�DW���P�LQ�YDFXXP

IURP�D�SRLQW�VRXUFH�RI�WKH�QXFOLGH�RI�XQLW�DFWLYLW\���7KH�XQLW�LV�P �*\��%T�V� �
� ��
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$OSKD�SDUWLFOH���7ZR�QHXWURQV�DQG�WZR�SURWRQV�ERXQG�DV�D�VLQJOH�SDUWLFOH��KHOLXP�QXFOHXV���HPLWWHG

IURP�WKH�QXFOHXV�RI�FHUWDLQ�UDGLRQXFOLGHV�GXULQJ�QXFOHDU�WUDQVIRUPDWLRQV�

%DVHOLQH�FDQFHU�UDWH���7KH�REVHUYHG�FDQFHU�PRUWDOLW\��RU�PRUELGLW\��UDWH�LQ�D�SRSXODWLRQ�LQ�WKH

DEVHQFH�RI�WKH�VSHFLILF�UDGLDWLRQ�H[SRVXUH�EHLQJ�VWXGLHG�

%HFTXHUHO��%T���7KH�VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�DFWLYLW\�����%T� ���V �
��

%HWD�SDUWLFOH���$�SDUWLFOH�KDYLQJ�WKH�FKDUJH�DQG�PDVV�RI�DQ�HOHFWURQ��HPLWWHG�IURP�WKH�QXFOHXV�RI

FHUWDLQ�UDGLRQXFOLGHV��

%LRNLQHWLF�PRGHO���$�PDWKHPDWLFDO�GHVFULSWLRQ�RI�WKH�WLPH�GHSHQGHQW�GLVWULEXWLRQ�DQG�WUDQVORFDWLRQ

RI�D�VXEVWDQFH�LQ�WKH�ERG\�

%RG\�7LVVXHV��%7����7KH�HQWLUH�ERG\��PLQXV�WKH�FRQWHQWV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW��WKH�XULQDU\

EODGGHU��WKH�JDOO�EODGGHU��DQG�WKH�KHDUW���)RUPHUO\�FDOOHG�:KROH�%RG\��:%��

%RQH�6XUIDFH���7KH�VRIW�WLVVXHV�ZLWKLQ����)P�RI�WKH�HQGRVWHDO��LQWHULRU��VXUIDFHV�RI�ERQH�

%UHPVVWUDKOXQJ��(OHFWURPDJQHWLF�UDGLDWLRQ�SURGXFHG�ZKHQ�GHFHOHUDWLRQ�RI�HOHFWURQV�LQ�D�PHGLXP

UHVXOWV�LQ�FRQYHUVLRQ�RI�D�IUDFWLRQ�RI�WKHLU�LQLWLDO�NLQHWLF�HQHUJ\�LQWR�SKRWRQV�

&KDLQ�PHPEHUV��7KH�VHTXHQFH�RI�UDGLRQXFOLGHV�IRUPHG�E\�VXFFHVVLYH�QXFOHDU�WUDQVIRUPDWLRQV�

EHJLQQLQJ�ZLWK�D�UDGLRQXFOLGH�UHIHUUHG�WR�DV�WKH�SDUHQW�

&KURQLF�H[SRVXUH���,Q�WKLV�UHSRUW��SURWUDFWHG�H[SRVXUH�WR�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�D�UDGLRQXFOLGH

LQ�D�JLYHQ�HQYLURQPHQWDO�PHGLXP�

&RPPLWWHG�HTXLYDOHQW�GRVH���7KH�WLPH�LQWHJUDO�RI�WKH�HTXLYDOHQW�GRVH�UDWH�

&RPPLWWHG�HIIHFWLYH�GRVH�� �6RPHWLPHV�VKRUWHQHG� WR�¦HIIHFWLYH�GRVH§�� WKH� WLPH� LQWHJUDO�RI� WKH

HIIHFWLYH�GRVH�UDWH�

&RPSHWLQJ�FDXVH�RI�GHDWK���$Q\�FDXVH�RI�GHDWK�RWKHU�WKDQ�UDGLRJHQLF�FDQFHUV�DWWULEXWHG�WR�WKH

UDGLRQXFOLGH�LQWDNH�RU�H[WHUQDO�UDGLDWLRQ�H[SRVXUH�XQGHU�FRQVLGHUDWLRQ�
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&RUWLFDO�ERQH��FRPSDFW�ERQH���%RQH�ZLWK�D�VXUIDFH�WR�YROXPH�UDWLR�OHVV�WKDQ����FP �FP �� ��

&XULH��&L���7KH�FRQYHQWLRQDO�XQLW�RI�DFWLYLW\�����&L� ����Õ�� %T���

'DXJKWHU� UDGLRQXFOLGH�� � $� UDGLRQXFOLGH� IRUPHG� E\� WKH� QXFOHDU� WUDQVIRUPDWLRQ� RI� DQRWKHU

UDGLRQXFOLGH�UHIHUUHG�WR��LQ�WKLV�FRQWH[W��DV�LWV�SDUHQW�

'&$/��$FURQ\P� IRU�'26(�&$/&8/$7,21�6\VWHP�� WKH� VRIWZDUH� XVHG� WR� FRPSXWH� WKH� ULVN

FRHIILFLHQWV�WDEXODWHG�LQ�WKLV�GRFXPHQW�

''5()���$�IDFWRU�XVHG�WR�DFFRXQW�IRU�DQ�DSSDUHQW�GHFUHDVH�RI�WKH�ULVN�RI�FDQFHU�SHU�XQLW�GRVH�DW�ORZ

GRVHV�RU�ORZ�GRVH�UDWHV�IRU�PRVW�FDQFHU�VLWHV�FRPSDUHG�ZLWK�REVHUYDWLRQV�PDGH�DW�KLJK��DFXWHO\

GHOLYHUHG�GRVHV�

'RVH�FRHIILFLHQW��GRVH�IDFWRU��7KH�FRPPLWWHG�HTXLYDOHQW�GRVH�WR�D�WLVVXH��RU�WKH�FRPPLWWHG�HIIHFWLYH

GRVH��SHU�XQLW�LQWDNH�RI�D�UDGLRQXFOLGH�

'2(���8�6��'HSDUWPHQW�RI�(QHUJ\�

(IIHFWLYH�GRVH��(����7KH�VXP�RYHU�VSHFLILHG�WLVVXHV�RI�WKH�SURGXFWV�RI�WKH�HTXLYDOHQW�GRVH�LQ�D�WLVVXH

RU�RUJDQ��7��DQG�WKH�ZHLJKWLQJ�IDFWRU�IRU�WKDW�WLVVXH��Z ��WKDW�LV�� ��/RZHU�FDVH�H�LV7

XVHG�LQ�,&53�GRFXPHQWV�WR�GHQRWH�DQ�HIIHFWLYH�GRVH�FRHIILFLHQW��WKDW�LV��HIIHFWLYH�GRVH�SHU�XQLW�LQWDNH

RI�D�UDGLRQXFOLGH�DW�D�JLYHQ�DJH���7KH�VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�HIIHFWLYH�GRVH��-�NJ ��LV�VLHYHUW
��

�6Y����7KH�FRQYHQWLRQDO�XQLW�RI�HIIHFWLYH�GRVH�LV�WKH�UHP�����UHP� ������6Y�

(3$���8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�

(TXLYDOHQW�GRVH��+���7KH�SURGXFW�RI�WKH�DEVRUEHG�GRVH��'��DQG�WKH�UDGLDWLRQ�ZHLJKWLQJ�IDFWRU��Z ��5

/RZHU�FDVH�K�LV�XVHG�LQ�,&53�GRFXPHQWV�WR�GHQRWH�D�GRVH�FRHIILFLHQW��WKDW�LV��D�FRPPLWWHG�HTXLYDOHQW

GRVH�SHU�XQLW�LQWDNH�RI�D�UDGLRQXFOLGH�DW�D�JLYHQ�DJH���7KH�VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�HTXLYDOHQW

GRVH��-�NJ ��LV�VLHYHUW��6Y����7KH�FRQYHQWLRQDO�XQLW�RI�HTXLYDOHQW�GRVH�LV�WKH�UHP�����UHP� ������6Y�
��

([WHUQDO�H[SRVXUH���([SRVXUH�WR�UDGLDWLRQV�HPLWWHG�E\�UDGLRQXFOLGHV�RXWVLGH�WKH�ERG\�
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I ��7KH�IUDFWLRQ�RI�D�UDGLRQXFOLGH�UHDFKLQJ�WKH�VWRPDFK�WKDW�ZRXOG�EH�DEVRUEHG�WR�EORRG�GXULQJ
�

SDVVDJH�WKURXJK�WKH�JDVWURLQWHVWLQDO�WUDFW�ZLWKRXW�UDGLRORJLFDO�GHFD\�

)HGHUDO�*XLGDQFH���3ULQFLSOHV��SROLFLHV��DQG�QXPHULFDO�SULPDU\�JXLGHV��DSSURYHG�E\�WKH�3UHVLGHQW

XSRQ�UHFRPPHQGDWLRQ�RI�WKH�$GPLQLVWUDWRU�RI�(3$��IRU�XVH�E\�)HGHUDO�DJHQFLHV�DV�WKH�EDVLV�IRU

GHYHORSLQJ�DQG�LPSOHPHQWLQJ�UHJXODWRU\�VWDQGDUGV�

)RUFH�RI�PRUWDOLW\���7KH�DJH��DQG�JHQGHU�VSHFLILF�PRUWDOLW\��RU�KD]DUG��UDWH�FRHIILFLHQW�����\ ���IRU
��

D�FDXVH�RI�GHDWK���7KH�SUREDELOLW\�WKDW�DQ�LQGLYLGXDO�DOLYH�DW�DJH�[�ZLOO�GLH�RI�WKDW�FDXVH�EHIRUH

DWWDLQLQJ�DJH�[���G[�LV�HTXDO�WR��G[�

�

)5&�� 7KH� IRUPHU� 8�6�� )HGHUDO� 5DGLDWLRQ� &RXQFLO�� ZKRVH� IXQFWLRQV� QRZ� UHVLGH� ZLWK� WKH

$GPLQLVWUDWRU�RI�(3$�

*DPPD�UDGLDWLRQ��JDPPD�UD\V���6KRUW�ZDYHOHQJWK�HOHFWURPDJQHWLF�UDGLDWLRQ�RI�QXFOHDU�RULJLQ�

VLPLODU�WR�[�UD\V�EXW�XVXDOO\�RI�KLJKHU�HQHUJ\�

*DVWURLQWHVWLQDO�WUDFW�PRGHO���$�PRGHO�RI�WKH�WUDQVORFDWLRQ�RI�VZDOORZHG�PDWHULDO�WKURXJK�WKH

VWRPDFK�DQG�LQWHVWLQHV�

*UD\��*\���7KH�VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�DEVRUEHG�GRVH�����*\� ���-�NJ ���

+DOI�WLPH�� ELRORJLFDO�� � 7LPH� UHTXLUHG� IRU� WKH� TXDQWLW\� RI� D� UDGLRQXFOLGH� LQ� D� FRPSDUWPHQW

UHSUHVHQWLQJ�DOO�RU�D�SRUWLRQ�RI�WKH�ERG\�WR�GLPLQLVK�E\�����ZLWKRXW�UDGLRORJLFDO�GHFD\�RU�DQ\

DGGLWLRQDO�LQSXW�WR�WKH�FRPSDUWPHQW��

+DOI�OLIH��UDGLRDFWLYH���7LPH�UHTXLUHG�IRU�D�UDGLRQXFOLGH�WR�ORVH�����RI�LWV�DFWLYLW\�E\�VSRQWDQHRXV

QXFOHDU�WUDQVIRUPDWLRQV��UDGLRORJLFDO�GHFD\��

+72���7ULWLDWHG�ZDWHU�

,&53���,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ�
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,QGHSHQGHQW�NLQHWLFV�RI�GHFD\�FKDLQ�PHPEHUV���7KH�DVVXPSWLRQ�WKDW�HDFK�GHFD\�FKDLQ�PHPEHU

SURGXFHG�LQ�WKH�ERG\�PD\�KDYH�ELRNLQHWLF�EHKDYLRU�WKDW�LV�GLIIHUHQW�IURP�WKDW�RI�WKH�UDGLRQXFOLGH

WDNHQ�LQWR�WKH�ERG\�

,QWHUQDO�H[SRVXUH���([SRVXUH�WR�UDGLDWLRQV�HPLWWHG�E\�UDGLRQXFOLGHV�GLVWULEXWHG�ZLWKLQ�WKH�ERG\�

,RQL]LQJ�UDGLDWLRQ��$Q\�UDGLDWLRQ�FDSDEOH�RI�UHPRYLQJ�HOHFWURQV�IURP�DWRPV�RU�PROHFXOHV��WKHUHE\

SURGXFLQJ�LRQV�

,Q�XWHUR�H[SRVXUH���5DGLDWLRQ�H[SRVXUH�UHFHLYHG�LQ�WKH�ZRPE��WKDW�LV��EHIRUH�ELUWK�

,Q�YLYR���,Q�WKH�OLYLQJ�RUJDQLVP�

,�6���,QRUJDQLF�VXOIXU�

,VRWRSHV���1XFOLGHV�WKDW�KDYH�WKH�VDPH�QXPEHU�RI�SURWRQV�LQ�WKHLU�QXFOHL�DQG�KHQFH�WKH�VDPH�DWRPLF

QXPEHU�EXW�GLIIHU�LQ�WKH�QXPEHU�RI�QHXWURQV�DQG�WKHUHIRUH�LQ�PDVV�QXPEHU�

.HUPD���7KH�NLQHWLF�HQHUJ\�WUDQVIHUUHG�WR�FKDUJHG�SDUWLFOHV�SHU�XQLW�PDVV�RI�LUUDGLDWHG�PHGLXP�ZKHQ

LQGLUHFWO\�LRQL]LQJ��XQFKDUJHG��SDUWLFOHV�VXFK�DV�SKRWRQV�RU�QHXWURQV�WUDYHUVH�WKH�PHGLXP���7KH

VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�NHUPD��-�NJ ��LV�JUD\��*\��
��

/(7���$YHUDJH�DPRXQW�RI�HQHUJ\�ORVW�SHU�XQLW�WUDFN�OHQJWK�RI�DQ�LRQL]LQJ�FKDUJHG�SDUWLFOH���/RZ�/(7

UHIHUV�WR�UDGLDWLRQ�FKDUDFWHULVWLF�RI�OLJKW�FKDUJHG�SDUWLFOHV�VXFK�DV�HOHFWURQV�SURGXFHG�E\�[�UD\V�DQG

JDPPD�UD\V�ZKHUH�WKH�GLVWDQFH�EHWZHHQ�LRQL]LQJ�HYHQWV�LV�ODUJH�RQ�WKH�VFDOH�RI�D�FHOOXODU�QXFOHXV�

+LJK�/(7�UHIHUV�WR�UDGLDWLRQ�FKDUDFWHULVWLF�RI�KHDY\�FKDUJHG�SDUWLFOHV�VXFK�DV�SURWRQV�DQG�DOSKD

SDUWLFOHV�ZKHUH�WKH�GLVWDQFH�EHWZHHQ�LRQL]LQJ�HYHQWV�LV�VPDOO�RQ�WKH�VFDOH�RI�D�FHOOXODU�QXFOHXV�

/HWKDOLW\�IUDFWLRQ���7KH�IUDFWLRQ�RI�UDGLRJHQLF�FDQFHUV�RI�D�JLYHQ�W\SH�WKDW�DUH�IDWDO�

/LIH�7DEOH���$�WDEOH�VKRZLQJ�WKH�QXPEHU�RI�SHUVRQV�ZKR��IRU�D�JLYHQ�QXPEHU�RI�OLYH�ERUQ��VXUYLYH

WR�VXFFHVVLYHO\�KLJKHU�DJHV�

/LIHWLPH�ULVN�FRHIILFLHQW� �/5&��� �7KH� ULVN�SHU�XQLW�GRVH�RI�D� VXEVHTXHQW�FDQFHU�GHDWK�GXH� WR

UDGLDWLRQ�UHFHLYHG�DW�D�JLYHQ�DJH�



*/��

/LQHDU�PRGHO��/LQHDU�GRVH�HIIHFW�UHODWLRQVKLS���$�PRGHO�GHVFULELQJ�D�UDGLRJHQLF�HIIHFW�DV�D�OLQHDU

IXQFWLRQ�RI�GRVH��

/LQHDU�TXDGUDWLF�PRGHO��/LQHDU�TXDGUDWLF� GRVH�HIIHFW� UHODWLRQVKLS�� �$�PRGHO� GHVFULELQJ� D

UDGLRJHQLF�HIIHFW�DV�D�TXDGUDWLF�IXQFWLRQ�RI�GRVH��'� �WKDW� LV��DV�D#'���E#' ��ZKHUH�D�DQG�E�DUH�

FRQVWDQWV��

/RZ�GRVH�UDWH��,Q�WKLV�UHSRUW��DQ�KRXUO\�DYHUDJHG�DEVRUEHG�GRVH�UDWH�OHVV�WKDQ�����P*\�PLQ ���

/RZ�GRVH��,Q�WKLV�UHSRUW��DQ�DFXWH�DEVRUEHG�GRVH�OHVV�WKDQ�����*\�

0LQLPDO�ODWHQF\�SHULRG�� �7KH�PLQLPDO�WLPH�IROORZLQJ�D�UDGLDWLRQ�GRVH�EHIRUH�H[SUHVVLRQ�RI�D

UDGLRJHQLF�FDQFHU�

0RUWDOLW\�UDWH��7KH�DJH��DQG�JHQGHU�VSHFLILF�RU�WRWDO�UDWH�DW�ZKLFK�SHRSOH�GLH�IURP�D�VSHFLILHG�FDXVH

RI�GHDWK��RU�DOO�FDXVHV�FRPELQHG�

0,5'��0HGLFDO�,QWHUQDO�5DGLDWLRQ�'RVH��D�FRPPLWWHH�RI�WKH�6RFLHW\�RI�1XFOHDU�0HGLFLQH�

0RUELGLW\���7KH�DJH��DQG�JHQGHU�VSHFLILF�RU�WRWDO�LQFLGHQFH�RI�D�VSHFLILHG�GLVHDVH�LQ�WKH�SRSXODWLRQ�

0XOWLSOLFDWLYH�WUDQVSRUW�PRGHO���7KH�DVVXPSWLRQ�WKDW�WKH�H[FHVV�UHODWLYH�ULVN�FRHIILFLHQW�IRU�D

UDGLRJHQLF�FDQFHU�LV�WKH�VDPH�DFURVV�SRSXODWLRQV�

1&+6���8�6��1DWLRQDO�&HQWHU�IRU�+HDOWK�6WDWLVWLFV�

1&53��8�6��1DWLRQDO�&RXQFLO�RQ�5DGLDWLRQ�3URWHFWLRQ�DQG�0HDVXUHPHQWV�

1HXWURQ���8QFKDUJHG�VXEDWRPLF�SDUWLFOH�FDSDEOH�RI�SURGXFLQJ�LRQL]DWLRQ�LQ�PDWWHU�E\�FROOLVLRQ�ZLWK

SURWRQV�DQG�WKURXJK�QXFOHDU�UHDFWLRQV�

1+$1(6�,,,���$�QDWLRQDO�GLHWDU\��KHDOWK��DQG�QXWULWLRQ�VXUYH\�FRQGXFWHG�E\�WKH�1DWLRQDO�&HQWHU�IRU

+HDOWK�6WDWLVWLFV��1&+6��GXULQJ�WKH�SHULRG�����������



*/��

1,+���8��6��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�

1,+�WUDQVSRUW�PRGHO�� �7KH�DVVXPSWLRQ� WKDW� WKH� UHODWLYH� ULVN�PRGHO�FRHIILFLHQWV� IRU� WKH� WDUJHW

SRSXODWLRQ�VKRXOG�\LHOG�WKH�VDPH�ULVNV�DV�WKRVH�FDOFXODWHG�ZLWK�WKH�DGGLWLYH�ULVN�PRGHO�FRHIILFLHQWV

IURP�WKH�RULJLQDO�SRSXODWLRQ�RYHU�WKH�SHULRG�RI�HSLGHPLRORJLFDO�IROORZ�XS��H[FOXGLQJ�WKH�PLQLPDO

ODWHQF\�SHULRG�

1RPLQDO�XQFHUWDLQW\��$�ORZHU�ERXQG�RQ�WKH�XQFHUWDLQW\�LQ�D�JLYHQ�TXDQWLW\��EDVHG�RQ�FRQVLGHUDWLRQ

RI�VHOHFWHG�VRXUFHV�RI�XQFHUWDLQW\���$V�DSSOLHG�LQ�WKLV�GRFXPHQW�WR�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK

D�ULVN�FRHIILFLHQW��WKH�WHUP�¦QRPLQDO§�UHIOHFWV�WKH�IDFW�WKDW�WKH�VWDWHPHQW�RI�XQFHUWDLQW\�LV�EDVHG�RQ

DQ�LGHDOL]HG�SRSXODWLRQ�DQG�H[SRVXUH�VFHQDULR�DQG�GRHV�QRW�LQFOXGH�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK

WKH�DVVXPSWLRQ�WKDW�WKH�SUREDELOLW\�RI�LQGXFLQJ�D�UDGLRJHQLF�FDQFHU�LV�SURSRUWLRQDO�WR�DEVRUEHG�GRVH�

15&���8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ�

1XFOHDU� WUDQVIRUPDWLRQ��7KH� VSRQWDQHRXV� WUDQVIRUPDWLRQ�RI�RQH� UDGLRQXFOLGH� LQWR�D�GLIIHUHQW

QXFOLGH�RU�LQWR�D�GLIIHUHQW�HQHUJ\�VWDWH�RI�WKH�VDPH�QXFOLGH�

2%7���2UJDQLFDOO\�ERXQG�WULWLXP�

2%6���2UJDQLFDOO\�ERXQG�VXOIXU�

2WKHU���,Q�LQWHUQDO�UDGLDWLRQ�GRVLPHWU\��DQ�LPSOLFLW�VRXUFH�UHJLRQ��GHILQHG�DV�WKH�FRPSOHPHQW�RI�WKH

VHW�RI�H[SOLFLWO\�LGHQWLILHG�UHJLRQV��WKDW�LV��%RG\�7LVVXHV�PLQXV�WKH�H[SOLFLW�VRXUFH�RUJDQV�LGHQWLILHG

LQ�WKH�ELRNLQHWLF�PRGHO�

3DUHQW� UDGLRQXFOLGH�� �7KH� ILUVW�PHPEHU�RI� D� FKDLQ�RI� UDGLRQXFOLGHV�� � ,Q� DQ� LQWHUQDO� H[SRVXUH

VFHQDULR��WKH�UDGLRQXFOLGH�DVVXPHG�WR�EH�WDNHQ�LQWR�WKH�ERG\�

3HU�FDSLWD���$YHUDJHG�RYHU�WKH�SRSXODWLRQ�

3KDQWRP���$�PDWKHPDWLFDO�PRGHO�RI�WKH�KXPDQ�ERG\��XVHG�LQ�UDGLDWLRQ�GRVLPHWU\�WR�GHULYH�VSHFLILF

DEVRUEHG�IUDFWLRQV�IRU�SHQHWUDWLQJ�UDGLDWLRQV�



*/��

3ODWHDX�SHULRG��7KH�WLPH�SHULRG�IROORZLQJ�D�UDGLDWLRQ�GRVH�GXULQJ�ZKLFK�UDGLRJHQLF�FDQFHUV�DUH

OLNHO\�WR�RFFXU�

3UREDELOLW\�FRHIILFLHQW��IRU�UDGLRORJLFDO�ULVN���$�PXOWLSOLFDWLYH�IDFWRU�XVHG�WR�FRQYHUW�D�PHDVXUH

RI�FXPXODWLYH�GRVH�WR�D�SUREDELOLW\�RI�D�GHWULPHQWDO�HIIHFW�RI�UDGLDWLRQ���$V�XVHG�E\�WKH�,&53��DQ

HVWLPDWH�RI�WKH�UDGLDWLRQ�ULVN�SHU�XQLW�HIIHFWLYH�GRVH��$�SUREDELOLW\�FRHIILFLHQW�LV�JHQHUDOO\�EDVHG�RQ

DQ�LGHDOL]HG�SRSXODWLRQ�UHFHLYLQJ�D�XQLIRUP�GRVH�RYHU�WKH�ZKROH�ERG\�

5DG��7KH�FRQYHQWLRQDO�XQLW�IRU�DEVRUEHG�GRVH�RI�LRQL]LQJ�UDGLDWLRQ����UDG� ������*\�

5DGLDWLRQ�ULVN�PRGHO���$�PDWKHPDWLFDO�PRGHO�XVHG�WR�HVWLPDWH�WKH�SUREDELOLW\�RI�H[SHULHQFLQJ�D

UDGLRJHQLF�FDQFHU�DV�D�IXQFWLRQ�RI�WLPH�DIWHU�D�UDGLDWLRQ�GRVH�LV�UHFHLYHG�

5DGLDWLRQ�ZHLJKWLQJ�IDFWRU��Z ���7KH�SULQFLSDO�PRGLI\LQJ�IDFWRU�HPSOR\HG�LQ�GHULYLQJ�HTXLYDOHQW
5

GRVH��+��IURP�DEVRUEHG�GRVH��'��FKRVHQ�WR�DFFRXQW�IRU�WKH�UHODWLYH�ELRORJLFDO�HIIHFWLYHQHVV��5%(�

RI�WKH�UDGLDWLRQ�LQ�TXHVWLRQ��EXW�WR�EH�LQGHSHQGHQW�RI�WKH�WLVVXH�RU�RUJDQ�XQGHU�FRQVLGHUDWLRQ��DQG�RI

WKH�ELRORJLFDO�HQGSRLQW�

5DGLRLVRWRSH���$�UDGLRDFWLYH�DWRPLF�VSHFLHV�RI�DQ�HOHPHQW�ZLWK�WKH�VDPH�DWRPLF�QXPEHU�DQG�XVXDOO\

LGHQWLFDO�FKHPLFDO�SURSHUWLHV�

5DGLRQXFOLGH���$�UDGLRDFWLYH�VSHFLHV�RI�DWRP�FKDUDFWHUL]HG�E\�WKH�QXPEHU�RI�SURWRQV�DQG�QHXWURQV

LQ�LWV�QXFOHXV�

5%(���7KH�UHODWLYH�ELRORJLFDO�HIIHFWLYHQHVV�RI�D�JLYHQ�W\SH�RI�UDGLDWLRQ�LQ�SURGXFLQJ�D�VSHFLILHG

ELRORJLFDO�HIIHFW��FRPSDUHG�ZLWK�����N9�[�UD\V�

5HIHUHQFH�0DQ��$� K\SRWKHWLFDO� DYHUDJH� DGXOW� SHUVRQ� ZLWK� WKH� DQDWRPLFDO� DQG� SK\VLRORJLFDO

FKDUDFWHULVWLFV�GHILQHG�LQ�WKH�UHSRUW�RI�WKH�,&53�7DVN�*URXS�RQ�5HIHUHQFH�0DQ��,&53�3XEOLFDWLRQ

����

5HODWLYH�ULVN�K\SRWKHVLV���7KH�DVVXPSWLRQ�WKDW�WKH�DJH�VSHFLILF�IRUFH�RI�PRUWDOLW\�RU�PRUELGLW\�GXH

WR�D�UDGLDWLRQ�GRVH�LV�WKH�SURGXFW�RI�DQ�H[SRVXUH�DJH�VSHFLILF�H[FHVV�UHODWLYH�ULVN�FRHIILFLHQW�DQG�WKH

FRUUHVSRQGLQJ�EDVHOLQH�FDQFHU�PRUWDOLW\�RU�PRUELGLW\�UDWH�



*/��

5HP���7KH�FRQYHQWLRQDO�XQLW�RI�HTXLYDOHQW�GRVH�����UHP� ������6Y�

5(5)�� � 5DGLDWLRQ� (IIHFWV� 5HVHDUFK� )RXQGDWLRQ�� D� EL�QDWLRQDOO\� IXQGHG� -DSDQHVH� IRXQGDWLRQ

FKDUWHUHG�E\�WKH�-DSDQHVH�:HOIDUH�0LQLVWU\�XQGHU�DQ�DJUHHPHQW�EHWZHHQ�WKH�8�6��DQG�-DSDQ�

5HVLGXDO�FDQFHUV���$�FRPSRVLWH�RI�DOO�SULPDU\�DQG�VHFRQGDU\�FDQFHUV�QRW�H[SOLFLWO\�LGHQWLILHG�LQ�D

UDGLRJHQLF�ULVN�PRGHO�

5HVSLUDWRU\�WUDFW�PRGHO���$�PRGHO�RI�WKH�GHSRVLWLRQ��UHWHQWLRQ��DQG�WUDQVORFDWLRQ�RI�SDUWLFOHV�LQ�WKH

UHVSLUDWRU\�WUDFW�

5LVN�PRGHO�FRHIILFLHQW���$Q�DJH��DQG�JHQGHU�VSHFLILF�PXOWLSOLFDWLYH�IDFWRU�DSSHDULQJ�LQ�D�UDGLRJHQLF

ULVN�PRGHO�DQG�LQGLFDWLQJ�WKH�PDJQLWXGH�RI�WKH�ULVN�RI�G\LQJ�IURP�RU�H[SHULHQFLQJ�D�JLYHQ�W\SH�RI

FDQFHU�DW�DQ\�JLYHQ�WLPH�DIWHU�WKH�GRVH�LV�UHFHLYHG�

5LVN�FRHIILFLHQW���)RU�D�JLYHQ�UDGLRQXFOLGH��HQYLURQPHQWDO�PHGLXP��DQG�PRGH�RI�H[SRVXUH��WKH

HVWLPDWHG�SUREDELOLW\�RI�UDGLRJHQLF�FDQFHU�PRUWDOLW\�RU�PRUELGLW\��SHU�XQLW�DFWLYLW\�LQWDNH�IRU�LQWHUQDO

H[SRVXUHV�RU�SHU�XQLW�H[SRVXUH�IRU�H[WHUQDO�H[SRVXUHV�

6((&$/���$�FRPSXWHU�FRGH�XVHG�WR�FDOFXODWH�DJH�GHSHQGHQW�VSHFLILF�HQHUJLHV�EDVHG�RQ�VWDQGDUG

QXFOHDU�GHFD\�GDWD�ILOHV��OLEUDULHV�RI�VSHFLILF�DEVRUEHG�IUDFWLRQV�IRU�SKRWRQV�DQG�QRQ�SHQHWUDWLQJ

UDGLDWLRQV��DQG�RUJDQ�PDVVHV�RI�UHIHUHQFH�KXPDQV�RI�GLIIHUHQW�DJHV�

6KDUHG�NLQHWLFV�RI�GHFD\�FKDLQ�PHPEHUV���7KH�DVVXPSWLRQ�WKDW�GHFD\�FKDLQ�PHPEHUV�SURGXFHG

LQ�WKH�ERG\�KDYH�WKH�VDPH�ELRNLQHWLF�EHKDYLRU�DV�WKH�UDGLRQXFOLGH�WDNHQ�LQWR�WKH�ERG\�

6KLHOGLQJ���0DWHULDO�EHWZHHQ�D�UDGLDWLRQ�VRXUFH�DQG�D�SRWHQWLDOO\�H[SRVHG�SHUVRQ�WKDW�UHGXFHV�WKH

UDGLDWLRQ�ILHOG�LQFLGHQW�RQ�WKH�H[SRVHG�SHUVRQ�

6KRUW�OLYHG�UDGLRQXFOLGH���,Q�WKLV�UHSRUW��D�UDGLRQXFOLGH�KDYLQJ�D�KDOI�OLIH�OHVV�WKDQ���K�

6LHYHUW��6Y����7KH�VSHFLDO�QDPH�IRU�WKH�6,�XQLW�RI�HTXLYDOHQW�GRVH�����6Y� ���-�NJ �
��

6RIW�7LVVXHV���%RG\�7LVVXHV�PLQXV�FRUWLFDO�DQG�WUDEHFXODU�ERQH�



*/���

6RXUFH�RUJDQ��VRXUFH�UHJLRQ��VRXUFH�WLVVXH��6����$Q\�WLVVXH�RU�RUJDQ�RI�WKH�ERG\��RU�WKH�FRQWHQWV

RI�DQ\�RUJDQ��ZKLFK�FRQWDLQV�D�VXIILFLHQW�DPRXQW�RI�D�UDGLRQXFOLGH�WR�LUUDGLDWH�D�WDUJHW�WLVVXH��7�

VLJQLILFDQWO\�

6SHFLILF�HQHUJ\�6(�7�6� ��7KH�HQHUJ\�SHU�XQLW�PDVV�RI�WDUJHW�WLVVXH��7���GHSRVLWHG�LQ�WKDW�WLVVXH�DV
5

D�FRQVHTXHQFH�RI�WKH�HPLVVLRQ�RI�D�VSHFLILHG�UDGLDWLRQ��5��SHU�QXFOHDU�WUDQVIRUPDWLRQ�RI�D�VSHFLILHG

UDGLRQXFOLGH�RFFXUULQJ�LQ�D�VRXUFH�WLVVXH��6��

6WDWLRQDU\� SRSXODWLRQ�� 6WHDG\�VWDWH� SRSXODWLRQ�� � $� K\SRWKHWLFDO� FORVHG� SRSXODWLRQ� ZKRVH

JHQGHU�VSHFLILF�ELUWK�UDWHV�DQG�VXUYLYDO�IXQFWLRQV�UHPDLQ�LQYDULDQW�RYHU�WLPH�

6XEPHUVLRQ���([WHUQDO�H[SRVXUH�WR�D�UDGLRQXFOLGH�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�DLU�VXUURXQGLQJ�WKH

H[SRVHG�SHUVRQ�

6XUIDFH�VHHNLQJ�UDGLRQXFOLGHV���5DGLRQXFOLGHV�WKDW�GHSRVLW�RQ�DQG�UHPDLQ�IRU�D�FRQVLGHUDEOH�SHULRG

RQ�WKH�VXUIDFH�RI�ERQH�VWUXFWXUH�

6XUYLYDO�IXQFWLRQ���7KH�IUDFWLRQ�6�[��RI�OLYH�ERUQ�LQGLYLGXDOV�LQ�DQ�XQH[SRVHG�SRSXODWLRQ�H[SHFWHG

WR�VXUYLYH�WR�DJH�[�

6\VWHPLF�ELRNLQHWLF�PRGHO���$�PRGHO�GHVFULELQJ�WKH�GLVWULEXWLRQ�DQG�WUDQVORFDWLRQ�RI�D�VXEVWDQFH

DIWHU�LWV�DEVRUSWLRQ�RU�LQMHFWLRQ�LQWR�WKH�V\VWHPLF�FLUFXODWLRQ�

7DS�ZDWHU���'ULQNLQJ�ZDWHU��ZDWHU�DGGHG�WR�EHYHUDJHV��DQG�ZDWHU�DGGHG�WR�IRRGV�GXULQJ�SUHSDUDWLRQ

EXW�QRW�LQFOXGLQJ�ZDWHU�LQWULQVLF�LQ�IRRG�DV�SXUFKDVHG�

7DUJHW�RUJDQ��WDUJHW�UHJLRQ��WDUJHW�WLVVXH��7����$Q\�WLVVXH�RU�RUJDQ�RI�WKH�ERG\�LQ�ZKLFK�UDGLDWLRQ

LV�DEVRUEHG�

7KUHVKROG�K\SRWKHVLV��7KH�DVVXPSWLRQ�WKDW�QR�UDGLDWLRQ�LQMXU\�RFFXUV�EHORZ�D�VSHFLILHG�GRVH�

7LPH�VLQFH�H[SRVXUH��76(��IXQFWLRQ���$�IXQFWLRQ�WKDW�GHILQHV�WKH�SHULRG�GXULQJ�ZKLFK�UDGLRJHQLF

ULVN�LV�H[SUHVVHG�DQG�DQ\�FKDQJHV�LQ�WKH�OHYHO�RI�UHVSRQVH�GXULQJ�WKDW�SHULRG�



*/���

7LVVXH� �RUJDQ��ZHLJKWLQJ�IDFWRU��Z ��� �$�IDFWRU� LQGLFDWLQJ� WKH� UHODWLYH� OHYHO�RI� ULVN�RI�FDQFHU
7

LQGXFWLRQ�RU�KHUHGLW\�GHIHFWV�IURP�LUUDGLDWLRQ�RI�D�JLYHQ�WLVVXH�RU�RUJDQ��XVHG�LQ�FDOFXODWLRQ�RI

HIIHFWLYH�GRVH�DQG�FRPPLWWHG�HIIHFWLYH�GRVH�

7UDEHFXODU�ERQH��FDQFHOORXV�ERQH���%RQH�ZLWK�D�VXUIDFH�WR�YROXPH�UDWLR�JUHDWHU�WKDQ����FP FP �� ��

7UDQVSRUWDWLRQ� RI� ULVN� HVWLPDWHV�� � ([WUDSRODWLRQ� RI� UDGLRJHQLF� GRVH�UHVSRQVH� GDWD� IURP� RQH

SRSXODWLRQ�WR�DQRWKHU�

7UDQVIHU�FRHIILFLHQW���,Q�WKH�FRQWH[W�RI�D�FRPSDUWPHQWDO�PRGHO��IUDFWLRQDO�IORZ�SHU�XQLW�WLPH�IURP

RQH�FRPSDUWPHQW�WR�DQRWKHU�

7LPH�VLQFH�UHVSRQVH�IXQFWLRQ��$�IXQFWLRQ�GHVFULELQJ�WKH�OLNHO\�SDWWHUQ�RI�UHVSRQVH�DV�D�IXQFWLRQ

RI�WLPH�DIWHU�LUUDGLDWLRQ�RI�D�ODUJH�SRSXODWLRQ�

8VDJH�UDWH���7KH�DJH��DQG�JHQGHU�VSHFLILF�DYHUDJH�LQWDNH�UDWH�RI�D�VSHFLILHG�HQYLURQPHQWDO�PHGLXP

�DLU��IRRG�HQHUJ\��WDS�ZDWHU��RU�PLON���

9ROXPH�VHHNLQJ�UDGLRQXFOLGHV���5DGLRQXFOLGHV�WKDW�HQWHU�ERQH�DQG�H[FKDQJH�ZLWK�ERQH�PLQHUDO

RYHU�WKH�HQWLUH�PDVV�RI�ERQH�

9ROXPH�VRXUFH���5HODWLYH�WR�D�JLYHQ�ELRNLQHWLF�PRGHO��D�VRXUFH�UHJLRQ�WKDW�KDV�QRQ�]HUR�YROXPH�

[�UDGLDWLRQ��[�UD\V�� �3HQHWUDWLQJ�HOHFWURPDJQHWLF�UDGLDWLRQ��XVXDOO\�SURGXFHG�E\�ERPEDUGLQJ�D

PHWDOOLF�WDUJHW�ZLWK�IDVW�HOHFWURQV�LQ�D�KLJK�YDFXXP��RU�HPLWWHG�GXULQJ�UHDUUDQJHPHQW�RI�WKH�HOHFWURQV

DERXW�WKH�QXFOHXV�IROORZLQJ�QXFOHDU�WUDQVIRUPDWLRQ�RI�D�UDGLRQXFOLGH�
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5()(5(1&(6

+��%HFN�DQG�*��GH�3ODQTXH����������7KH�5DGLDWLRQ�)LHOG�LQ�$LU�'XH�WR�'LVWULEXWHG�*DPPD�5D\

6RXUFHV�LQ�WKH�*URXQG��+$6/������+HDOWK�DQG�6DIHW\�/DERUDWRU\��1<��

)��&��%HOO��$��+��:DGH��DQG�6��&��*RVV����������/LIH�7DEOHV�IRU�WKH�8QLWHG�6WDWHV�6RFLDO�6HFXULW\

$UHD������������$FWXDULDO�6WXG\�1R������66$�3XE��1R������������8�6��'HSDUWPHQW�RI�+HDOWK�DQG

+XPDQ�6HUYLFHV��6RFLDO�6HFXULW\�$GPLQLVWUDWLRQ��2IILFH�RI�WKH�$FWXDU\��5RRP������$OWPH\HU�%OGJ��

%DOWLPRUH��0'��������

-��'��%RLFH��-U���*��(QJKROP��5��$��.OHLQHUPDQ��0��%OHWWQHU��0��6WRYDOO��+��/LVFR��:��&��0RORQH\�

'��)��$XVWLQ��$��%RVFK��'��/��&RRNIDLU��(��7��.UHPHQW]��+��%��/DWRXUHWWH��-��$��0HUULOO��/��-��3HWHUV�

0��'��6FKXO]��+��+��6WRUP��(��%MRUNKROP��)��3HWWHUVVRQ��&��0��-��%HOO��0��3��&ROHPDQ��3��)UDVHU�

)��(��1HDO��3��3ULRU��1��:��&KRL��7��*��+LVORS��0��.RFK��1��.UHLJHU��'��5REE��'��7REVRQ��'��+�

7KRPVRQ��+��/RFKPXOOHU��'��9��)RXUQLHU��5��)ULVFKNRUQ��.��(��.MRUVWDG��$��5LPSHOD��0��+��3HMRYLF�

9��3��.LUQ��+��6WDQNXVRYD��)��%HUULQR��.��6RLJXUGVVRQ��*��%��+XWFKLVRQ��DQG�%��0DF0DKRQ��������

¦5DGLDWLRQ�GRVH�DQG�VHFRQG�FDQFHU�ULVN�LQ�SDWLHQWV�WUHDWHG�IRU�FDQFHU�RI�WKH�FHUYL[§��5DGLDW��5HV������

�����

=��*��%XUVRQ�DQG�$��(��3URILR����������¦6WUXFWXUH�6KLHOGLQJ�LQ�5HDFWRU�$FFLGHQWV§��+HDOWK�3K\V�����

��������

&,553&����������&RPPLWWHH�RQ�,QWHUDJHQF\�5DGLDWLRQ�5HVHDUFK�DQG�3ROLF\�&RRUGLQDWLRQ��2IILFH

RI� 6FLHQFH� DQG� 7HFKQRORJ\� 3ROLF\�� ¦8VH� RI�%(,5�9� DQG�816&($5� ����� LQ�5DGLDWLRQ�5LVN

$VVHVVPHQW§���$YDLODEOH�DV�25$8����)����WKURXJK�17,6��6SULQJILHOG��9$��������

0��&ULVW\�DQG�.��)��(FNHUPDQ����������6SHFLILF�$EVRUEHG�)UDFWLRQV�RI�(QHUJ\�DW�9DULRXV�$JHV�IURP

,QWHUQDO�3KRWRQ�6RXUFHV��251/�70������9�����2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��

0��&ULVW\�DQG�.��)��(FNHUPDQ����������6((&$/��3URJUDP�WR�&DOFXODWH�$JH�'HSHQGHQW�6SHFLILF

(IIHFWLYH�(QHUJLHV��251/�70��������2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��
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+��6��'DQJ��'��'��-DLVZDO��.��%��6��0XUWK\��5��&��6KDUPD��3��3��9��-��1DPELDU��DQG�&��0��6XQWD

���������¦5HOHYDQFH�RI�,&53�0HWDEROLF�0RGHO�RI�7KRULXP�LQ�%LR�$VVD\�0RQLWRULQJ§��-��5DGLRDQDO�

1XFO��&KHP��$UWLFOHV������������

/��7��'LOOPDQ����������(',675¥$�&RPSXWHU�3URJUDP�WR�2EWDLQ�D�1XFOHDU�'HFD\�'DWD�%DVH�IRU

5DGLDWLRQ�'RVLPHWU\��251/�70�������2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��

*��'UH[OHU��+��(FNHUO��DQG�0��=DQNO����������¦2Q�WKH�,QIOXHQFH�RI�WKH�([SRVXUH�0RGHO�RQ�2UJDQ

'RVHV§��5DGLDW��3URW��'RVLP��������������

'��(��'XQQLQJ�DQG�*��6FKZDU]����������¦9DULDELOLW\�RI�KXPDQ�WK\URLG�FKDUDFWHULVWLFV�DQG�HVWLPDWHV

RI�GRVH�IURP�LQJHVWHG� ,§��+HDOWK�3K\V�����������������

3��:��'XUELQ��������� �¦0HWDEROLF�&KDUDFWHULVWLFV�:LWKLQ�D�&KHPLFDO�)DPLO\§��+HDOWK�3K\V����

��������

.��)��(FNHUPDQ��5��:��/HJJHWW��DQG�0��&ULVW\���������8VHU�*XLGH�WR�WKH�'&$/�6\VWHP��251/�70

UHSRUW���7R�EH�SXEOLVKHG�

.��)��(FNHUPDQ��5��-��:HVWIDOO��-��&��5\PDQ��DQG�0��&ULVW\����������¦$YDLODELOLW\�RI�1XFOHDU�'HFD\

'DWD� LQ�(OHFWURQLF�)RUP�� ,QFOXGLQJ�%HWD�6SHFWUD�1RW�3UHYLRXVO\�3XEOLVKHG§��+HDOWK�3K\V�� ���

��������

(3$������D����7KH�5DGLRDFWLYLW\�&RQFHQWUDWLRQ�*XLGHV��)HGHUDO�*XLGDQFH�5HSRUW�1R������(3$

��������������2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��8��6��(QYLURQPHQWDO�3URWHFWLRQ

$JHQF\��:DVKLQJWRQ��'&��

(3$������E����$Q�(VWLPDWLRQ�RI�WKH�'DLO\�$YHUDJH�)RRG�,QWDNH�E\�$JH�DQG�6H[�IRU�8VH�LQ�$VVHVVLQJ

WKH� 5DGLRQXFOLGH� ,QWDNH� RI� ,QGLYLGXDOV� LQ� WKH� *HQHUDO� 3RSXODWLRQ�� (3$� ������������� �8�� 6�

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��

(3$����������8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��¦5DGLDWLRQ�3URWHFWLRQ�*XLGDQFH�WR�)HGHUDO

$JHQFLHV����IRU����2FFXSDWLRQDO����([SRVXUH�����$SSURYDO���RI���(QYLURQPHQWDO���3URWHFWLRQ���$JHQF\



5��

5HFRPPHQGDWLRQV§��LQ�WKH�)HGHUDO�5HJLVWHU����������������7XHVGD\��-DQXDU\������������2IILFH�RI

WKH� )HGHUDO�5HJLVWHU��1DWLRQDO�$UFKLYHV� DQG�5HFRUG�$GPLQLVWUDWLRQ��:DVKLQJWRQ��'&� �������

>&RUUHFWLRQV�SXEOLVKHG�LQ�WKH�)HGHUDO�5HJLVWHU�RI�)ULGD\��-DQXDU\����DQG�:HGQHVGD\��)HEUXDU\���

�����@

(3$����������/LPLWLQJ�9DOXHV�RI�5DGLRQXFOLGH�,QWDNH�DQG�$LU�&RQFHQWUDWLRQ�DQG�'RVH�&RQYHUVLRQ

)DFWRUV� IRU� ,QKDODWLRQ�� 6XEPHUVLRQ�� DQG� ,QJHVWLRQ�� )HGHUDO� *XLGDQFH� 5HSRUW� 1R�� ���

(3$�������������� �2DN� 5LGJH� 1DWLRQDO� /DERUDWRU\�� 2DN� 5LGJH�� 71�� 8�� 6�� (QYLURQPHQWDO

3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��

(3$� �������� � ¦)LQDO�'UDIW� IRU� WKH�'ULQNLQJ�:DWHU�&ULWHULD�'RFXPHQW� RQ�5DGLXP§��17,6�� 3%

����������3UHSDUHG�E\�/LIH�6\VWHPV��,QF���IRU�WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ�

'&���

(3$����������([WHUQDO�([SRVXUH�WR�5DGLRQXFOLGHV�LQ�$LU��:DWHU��DQG�6RLO��)HGHUDO�*XLGDQFH�5HSRUW

1R�������(3$�����5���������2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��8��6��(QYLURQPHQWDO

3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��

(3$� �������� �(VWLPDWLQJ� 5DGLRJHQLF�&DQFHU� 5LVNV�� (3$� ����5�������� �8�� 6�� (QYLURQPHQWDO

3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��

(3$��������� �+HDOWK�5LVNV� IURP�/RZ�/HYHO�(QYLURQPHQWDO�([SRVXUH�WR�5DGLRQXFOLGHV��)HGHUDO

*XLGDQFH�5HSRUW�1R�� ���¥�3DUW� ��� ,QWHULP�9HUVLRQ��(3$�����5�������� �2DN�5LGJH�1DWLRQDO

/DERUDWRU\��2DN�5LGJH��71��8��6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��

(3$� �������� � (VWLPDWLQJ� 5DGLRJHQLF� &DQFHU� 5LVNV�� $GGHQGXP�8QFHUWDLQW\� $QDO\VLV�� (3$

����5���������8��6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��

$��*��(UVKRZ�DQG�.��3��&DQWRU����������7RWDO�:DWHU�DQG�7DS�ZDWHU�,QWDNH�LQ�WKH�8QLWHG�6WDWHV�

3RSXODWLRQ�%DVHG� (VWLPDWHV� RI�4XDQWLWLHV� DQG� 6RXUFHV�� 2UGHU�1R�� ����0'�������� �1DWLRQDO

&DQFHU�,QVWLWXWH��%HWKHVGD��0'��

:��%��(ZEDQN�DQG�0��5��6FKPRUDN����������(YDOXDWHG�1XFOHDU�6WUXFWXUH�'DWD�)LOH��$�0DQXDO�IRU

3UHSDUDWLRQ�RI�'DWD�6HWV��251/������5���2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��
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&��:��*DUUHWW����������¦6KLHOGLQJ�%HQFKPDUN�3UREOHP�1R��������*DPPD�5D\�'RVH�DERYH�D�3ODQH

6RXUFH�RI� &R�RQ�DQ�$LU�*URXQG�,QWHUIDFH§���6KLHOGLQJ�%HQFKPDUN�3UREOHPV��$��(��3URILR��HG�����

251/�56,&�����2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��71��

0��*ROGPDQ����������¦&DQFHU�5LVN�DW�/RZ�OHYHO�([SRVXUH§��6FLHQFH����������������

'��7��*RRGKHDG����������¦$Q�$VVHVVPHQW�RI�WKH�5ROH�RI�0LFURGRVLPHWU\�LQ�5DGLRELRORJ\§��5DGLDW�

5HV������������

)��1��)ULWVFK�DQG�5��(��&DUOVRQ����������¦0RQRWRQH�3LHFHZLVH�&XELF�,QWHUSRODWLRQ§��6,$0�-��1XPHU�

$QDO��������������

*��5��+RZH���������¦/XQJ�&DQFHU�0RUWDOLW\�EHWZHHQ������DQG������DIWHU�([SRVXUH�WR�)UDFWLRQDWHG

0RGHUDWH�'RVH�5DWH� ,RQL]LQJ� 5DGLDWLRQ� LQ� WKH� &DQDGLDQ� )OXRURVFRS\� &RKRUW� 6WXG\� DQG� D

&RPSDULVRQ�ZLWK�/XQJ�&DQFHU�0RUWDOLW\�LQ�WKH�$WRPLF�%RPE�6XUYLYRUV�6WXG\§��5DGLDW��5HV������

��������

6��$�� ,EUDKLP��0��(��:UHQQ��1�� 3�� 6LQJK��1��&RKHQ�� DQG�*�� 6DFFRPDQQR� �������� � ¦7KRULXP

&RQFHQWUDWLRQ�LQ�+XPDQ�7LVVXHV�IURP�7ZR�8�6��3RSXODWLRQV§��+HDOWK�3K\V������6XSSO�������������

,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦5HSRUW�RI�WKH�7DVN�*URXS�RQ

5HIHUHQFH�0DQ§��,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV��2[IRUG���

,&53� �������� � ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO� 3URWHFWLRQ�� ¦/LPLWV� IRU� ,QWDNHV� E\

:RUNHUV§��,&53�3XEOLFDWLRQ�����3DUW����3HUJDPRQ�3UHVV��2[IRUG��

,&53� �������� � ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO� 3URWHFWLRQ�� ¦/LPLWV� IRU� ,QWDNHV� E\

:RUNHUV§��,&53�3XEOLFDWLRQ�����3DUW����3HUJDPRQ�3UHVV��2[IRUG��

,&53� �������� � ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO� 3URWHFWLRQ�� ¦/LPLWV� IRU� ,QWDNHV� E\

:RUNHUV§��,&53�3XEOLFDWLRQ�����3DUW����3HUJDPRQ�3UHVV��2[IRUG��

,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦5DGLRQXFOLGH�7UDQVIRUPDWLRQV

(QHUJ\�DQG�,QWHQVLW\�RI�(PLVVLRQV§��,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV��2[IRUG��
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,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦/LPLWV�IRU�,QWDNHV�E\�:RUNHUV�

$Q�$GGHQGXP§��,&53�3XEOLFDWLRQ�����3DUW����3HUJDPRQ�3UHVV��2[IRUG��

,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦$JH�'HSHQGHQW�'RVHV�WR

0HPEHUV�RI�WKH�3XEOLF�IURP�,QWDNH�RI�5DGLRQXFOLGHV��3DUW�����,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV�

2[IRUG��

,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦�����5HFRPPHQGDWLRQV�RI

WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ§��,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV�

2[IRUG��

,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦7KH�%LRORJLFDO�%DVLV�IRU�'RVH

/LPLWDWLRQ�LQ�WKH�6NLQ§��,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV��2[IRUG��

,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦$JH�'HSHQGHQW�'RVHV�WR

0HPEHUV�RI�WKH�3XEOLF�IURP�,QWDNH�RI�5DGLRQXFOLGHV��3DUW�����,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV�

2[IRUG��

,&53������D����,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦+XPDQ�5HVSLUDWRU\�7UDFW

0RGHO�IRU�5DGLRORJLFDO�3URWHFWLRQ§��,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV��2[IRUG��

,&53������E����,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦'RVH�&RHIILFLHQWV�IRU�,QWDNHV

RI�5DGLRQXFOLGHV�E\�:RUNHUV§��,&53�3XEOLFDWLRQ������3HUJDPRQ�3UHVV��2[IRUG��

,&53������D����,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦$JH�'HSHQGHQW�'RVHV�WR

0HPEHUV�RI�WKH�3XEOLF�IURP�,QWDNH�RI�5DGLRQXFOLGHV��3DUW�����,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV�

2[IRUG��

,&53������E����,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦$JH�'HSHQGHQW�'RVHV�WR

0HPEHUV�RI�WKH�3XEOLF�IURP�,QWDNH�RI�5DGLRQXFOLGHV��3DUW�����,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV�

2[IRUG��

,&53� �����F��� � ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ�5DGLRORJLFDO� 3URWHFWLRQ�� ¦%DVLF�$QDWRPLFDO� DQG

3K\VLRORJLFDO� 'DWD� IRU� 8VH� LQ� 5DGLRORJLFDO� 3URWHFWLRQ�� 7KH� 6NHOHWRQ§�� ,&53� 3XEOLFDWLRQ� ��

�3HUJDPRQ�3UHVV��2[IRUG��
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,&53����������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��¦$JH�'HSHQGHQW�'RVHV�WR

0HPEHUV�RI�WKH�3XEOLF�IURP�,QWDNH�RI�5DGLRQXFOLGHV��3DUW����&RPSLODWLRQ�RI�,QJHVWLRQ�DQG�,QKDODWLRQ

'RVH�&RHIILFLHQWV§��,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV��2[IRUG��

6��-DEORQ����������¦$WRPLF�%RPE�5DGLDWLRQ�'RVH�DW�$%&&��§��75��������$WRPLF�%RPE�&DVXDOW\

&RPPLVVLRQ��+LURVKLPD��

=�� -DZRURZVNL� �������� � ¦6WLPXODWLQJ�(IIHFWV� RI� ,RQL]LQJ�5DGLDWLRQ��1HZ� ,VVXH� IRU�5HJXODWRU\

3ROLF\§��5HJXO��7R[LFRO��DQG�3KDUPDFRO��������������

$��0��.HOOHUHU�DQG�+��0��5RVVL����������¦7KH�7KHRU\�RI�'XDO�5DGLDWLRQ�$FWLRQ§��&XUU��7RS��5DGLDW�

5HV��4XDUW������������

'��&��.RFKHU����������¦(IIHFWV�RI�,QGRRU�5HVLGHQFH�RQ�5DGLDWLRQ�'RVHV�IURP�5RXWLQH�5HOHDVHV�RI

5DGLRQXFOLGHV�WR�WKH�$WPRVSKHUH§��1XFO��7HFKQRO��������������

&��(��/DQG�DQG�:��.��6LQFODLU����������¦7KH�5HODWLYH�&RQWULEXWLRQV�RI�'LIIHUHQW�2UJDQ�6LWHV�WR�WKH

7RWDO� &DQFHU� 0RUWDOLW\� $VVRFLDWHG� ZLWK� /RZ�'RVH� 5DGLDWLRQ� ([SRVXUH§�� SS�� ������ RI� 5LVNV

$VVRFLDWHG�ZLWK�,RQLVLQJ�5DGLDWLRQV§��$QQDOV�RI�WKH�,&53�����1R�����3HUJDPRQ�3UHVV��2[IRUG��

'��:��/D\WRQ����������¦0HWDEROLFDOO\�&RQVLVWHQW�%UHDWKLQJ�5DWHV�IRU�8VH�LQ�'RVH�$VVHVVPHQWV§�

+HDOWK�3K\V������������

5��:��/HJJHWW������D����¦$�*HQHULF�$JH�6SHFLILF�%LRNLQHWLF�0RGHO�IRU�&DOFLXP�/LNH�(OHPHQWV§�

5DGLDW��3URW��'RVLP��������������

5��:��/HJJHWW������E����¦$�5HWHQWLRQ�([FUHWLRQ�0RGHO�IRU�$PHULFLXP�LQ�+XPDQV§��+HDOWK�3K\V�

������������

5��:��/HJJHWW����������¦%DVLV�DQG�LPSOLFDWLRQV�RI�WKH�,&53©V�QHZ�ELRNLQHWLF�PRGHO�IRU�WKRULXP§�

+HDOWK�3K\V��������������

5��:��/HJJHWW����������¦%DVLV�IRU�WKH�,&53
V�DJH�VSHFLILF�ELRNLQHWLF�PRGHO�IRU�XUDQLXP§��+HDOWK

3K\V��������������
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5��:��/HJJHWW��$��%RXYLOOH��DQG�.��)��(FNHUPDQ��������� �¦5HOLDELOLW\�RI� WKH� ,&53©V�6\VWHPLF

%LRNLQHWLF�0RGHOV§��5DGLDW��3URW��'RVLP��������������

5��:��/HJJHWW��'��(��'XQQLQJ��-U���DQG�.��)��(FNHUPDQ����������¦0RGHOOLQJ�WKH�%HKDYLRXU�RI�&KDLQV

RI�5DGLRQXFOLGHV�,QVLGH�WKH�%RG\§��5DGLDW��3URW��'RVLP������������

5�� :�� /HJJHWW�� .�� )�� (FNHUPDQ�� DQG� /�� 5�� :LOOLDPV� �������� � ¦$Q� (OHPHQWDU\� 0HWKRG� IRU

,PSOHPHQWLQJ�&RPSOH[�%LRNLQHWLF�0RGHOV§��+HDOWK�3K\V��������������

0��3��/LWWOH��0��0��+DZNLQV��5��(��6KRUH��0��:��&KDUOHV��DQG�1��*��+LOGUHWK� �������� �¦7LPH

9DULDWLRQV�LQ�WKH�5LVN�RI�&DQFHU�)ROORZLQJ�,UUDGLDWLRQ�LQ�&KLOGKRRG§��5DGLDW��5HV���������������

5��&��/RHKU�DQG�2��(��1\JDDUG����������¦(YDOXDWLRQ�RI�(3$
V�3URSRVHG�0HWKRGRORJ\�IRU�(VWLPDWLQJ

5DGLRJHQLF�&DQFHU�5LVNV§��/HWWHU�WR�:LOOLDP�.��5HLOO\��(3$�$GPLQLVWUDWRU�

5�� /RHYLQJHU�� 7�� )�� %XGLQJHU�� DQG� (�� (��:DWVRQ� �������� �0,5'� 3ULPHU� IRU� $EVRUEHG� 'RVH

&DOFXODWLRQV��6RFLHW\�RI�1XFOHDU�0HGLFLQH��1HZ�<RUN��1<��

7��'��/XFNH\����������5DGLDWLRQ�+RUPHVLV��&5&�3UHVV��%RFD�5DWRQ��)/��

&�� -�� 0DOHWVNRV�� $�� 7�� .HDQH�� 1�� &�� 7HOOHV�� DQG� 5�� '�� (YDQV� �������� � ¦7KH� 0HWDEROLVP� RI

,QWUDYHQRXVO\�$GPLQLVWHUHG�5DGLXP�DQG�7KRULXP�LQ�+XPDQ�%HLQJV�DQG�WKH�5HODWLYH�$EVRUSWLRQ

IURP�WKH�+XPDQ�*DVWURLQWHVWLQDO�7UDFW�RI�5DGLXP�DQG�7KRULXP�LQ�6LPXODWHG�5DGLXP�'LDO�3DLQWV§�

SS����������RI�5DGLXP�DQG�0HVRWKRULXP�3RLVRQLQJ�DQG�'RVLPHWU\�DQG�,QVWUXPHQWDWLRQ�7HFKQLTXHV

LQ�$SSOLHG�5DGLRDFWLYLW\��0,7��������0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0$��

&��-��0DOHWVNRV��$��7��.HDQH��1��&��7HOOHV��DQG�5��'��(YDQV����������¦5HWHQWLRQ�DQG�$EVRUSWLRQ�RI

5D�DQG� 7K�DQG�6RPH�'RVLPHWULF�&RQVLGHUDWLRQV�RI� 5D�LQ�+XPDQ�%HLQJV�§�SS��������RI���� ��� ���

'HOD\HG�(IIHFWV�RI�%RQH�6HHNLQJ�5DGLRQXFOLGHV� �&��:��0D\V��:��6��6��-HH��5��'��/OR\G��%��-�

6WRYHU��-��+��'RXJKHUW\��*��1��7D\ORU��HGV����8QLYHUVLW\�RI�8WDK�3UHVV��6DOW�/DNH�&LW\��87��

0��$��0F'RZHOO��5��'��%ULHIHO��.��$ODLPR��$��0��%LVFKRI��&��5��&DXJKPDQ��0��'��&DUUROO��&��0�

/RULD��DQG�&��/��-RKQVRQ����������(QHUJ\�DQG�0DFURQXWULHQW�,QWDNHV�RI�3HUVRQV�$JHV���0RQWKV�DQG

2YHU� LQ� WKH�8QLWHG�6WDWHV��7KLUG�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\��3KDVH���

���������$GYDQFH�'DWD������8��6��'HSW��RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��
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1$6����������7KH�(IIHFWV�RQ�3RSXODWLRQV�RI�([SRVXUH�WR�/RZ�/HYHOV�RI�,RQL]LQJ�5DGLDWLRQ��%(,5

,,,���1DWLRQDO�$FDGHP\�RI�6FLHQFHV��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'&��

1$6����������+HDOWK�5LVNV�RI�5DGRQ�DQG�2WKHU�,QWHUQDOO\�'HSRVLWHG�$OSKD�(PLWWHUV��%(,5�,9�

�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'&���

1$6����������+HDOWK�(IIHFWV�RI�([SRVXUH�WR�/RZ�/HYHOV�RI�,RQL]LQJ�5DGLDWLRQ��%(,5�9���1DWLRQDO

$FDGHP\�RI�6FLHQFHV��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'&��

1&+6����������9LWDO�6WDWLVWLFV�0RUWDOLW\�'DWD��'HWDLO��������17,6�RUGHU�QXPEHU�IRU�GDWDILOH�WDSHV�

3%�����������8��6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��1DWLRQDO

&HQWHU�IRU�+HDOWK�6WDWLVWLFV��+\DWWVYLOOH��0'���

1&+6������D����9LWDO�6WDWLVWLFV�0RUWDOLW\�'DWD��'HWDLO��������17,6�RUGHU�QXPEHU�IRU�GDWDILOH�WDSHV�

3%�����������8��6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��1DWLRQDO

&HQWHU�IRU�+HDOWK�6WDWLVWLFV��+\DWWVYLOOH��0'��

1&+6������E����9LWDO�6WDWLVWLFV�0RUWDOLW\�'DWD��'HWDLO��������17,6�RUGHU�QXPEHU�IRU�GDWDILOH�WDSHV�

3%�����������8��6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��1DWLRQDO

&HQWHU�IRU�+HDOWK�6WDWLVWLFV��+\DWWVYLOOH��0'���

1&+6����������8��6��'HFHQQLDO�/LIH�7DEOHV�IRU����������9RO�����1R������'++6��3+6����������

�1DWLRQDO�&HQWHU�IRU�+HDOWK�6WDWLVWLFV��8QLWHG�6WDWHV�/LIH�7DEOHV��3XEOLF�+HDOWK�6HUYLFH��:DVKLQJWRQ�

'&����2FWREHU��������

1&53����������,QIOXHQFH�RI�'RVH�DQG�,WV�'LVWULEXWLRQ�LQ�7LPH�RQ�'RVH�5HVSRQVH�5HODWLRQVKLSV�IRU

/RZ�/(7� 5DGLDWLRQV�� 1&53� 5HSRUW� ��� �1DWLRQDO� &RXQFLO� RQ� 5DGLDWLRQ� 3URWHFWLRQ� DQG

0HDVXUHPHQWV��%HWKHVGD��0'��

1&53����������,QGXFWLRQ�RI�7K\URLG�&DQFHU�E\�,RQL]LQJ�5DGLDWLRQ��1&53�5HSRUW�����1DWLRQDO

&RXQFLO�RQ�5DGLDWLRQ�3URWHFWLRQ�DQG�0HDVXUHPHQWV��%HWKHVGD��0'��

1&53����������7KH�5HODWLYH�%LRORJLFDO�(IIHFWLYHQHVV�RI�5DGLDWLRQV�RI�'LIIHUHQW�4XDOLW\��1&53

5HSRUW�1R�������1DWLRQDO�&RXQFLO�RQ�5DGLDWLRQ�3URWHFWLRQ�DQG�0HDVXUHPHQWV��%HWKHVGD��0'��
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1&53����������5LVN�(VWLPDWHV�IRU�5DGLDWLRQ�3URWHFWLRQ��1&53�5HSRUW�1R�������1DWLRQDO�&RXQFLO

RQ�5DGLDWLRQ�3URWHFWLRQ�DQG�0HDVXUHPHQWV��%HWKHVGD��0'��

1&53����������8QFHUWDLQWLHV�LQ�)DWDO�&DQFHU�5LVN�(VWLPDWHV�8VHG�LQ�5DGLDWLRQ�3URWHFWLRQ��1&53

5HSRUW�1R�������1DWLRQDO�&RXQFLO�RQ�5DGLDWLRQ�3URWHFWLRQ�DQG�0HDVXUHPHQWV��%HWKHVGD��0'��

1&53����������(YDOXDWLQJ�WKH�5HOLDELOLW\�RI�%LRNLQHWLF�DQG�'RVLPHWULF�0RGHOV�DQG�3DUDPHWHUV�8VHG

WR�$VVHVV�,QGLYLGXDO�'RVHV�IRU�5LVN�$VVHVVPHQW�3XUSRVHV��1&53�&RPPHQWDU\�1R������1DWLRQDO

&RXQFLO�RQ�5DGLDWLRQ�3URWHFWLRQ�DQG�0HDVXUHPHQWV��%HWKHVGD��0'��

'��1HZWRQ�DQG�'��$��%URZQ����������¦7KH�/RQJ�7HUP�5HWHQWLRQ�RI�6\VWHPLF�3URWDFWLQLXP�����DQG

$FWLQLXP�������+HDOWK�3K\V��������������

'�� 1HZWRQ�� -�� 5XQGR�� DQG� -�� '�� (DNLQV� �������� � ¦/RQJ�7HUP� 5HWHQWLRQ� RI� 7K� )ROORZLQJ���

$FFLGHQWDO�,QWDNH§��+HDOWK�3K\V��������������

15&����������¦5HJXODWRU\�*XLGH��������&DOFXODWLRQ�RI�$QQXDO�'RVHV�WR�0DQ�IURP�5RXWLQH�5HOHDVHV

RI�5HDFWRU�(IIOXHQWV�IRU�WKH�3XUSRVH�RI�(YDOXDWLQJ�&RPSOLDQFH�ZLWK����&)5�3DUW�����$SSHQGL[�,

�8��6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��:DVKLQJWRQ��'&��

15&����������¦&KDSWHU�����/DWH�6RPDWLF�(IIHFWV§���,Q���6��$EUDKDPVRQ��0��$��%HQGHU��%��%��%RHFNHU�

(��6��*LOEHUW��DQG�%��5��6FRWW��+HDOWK�(IIHFWV�0RGHOV�IRU�1XFOHDU�3RZHU�3ODQW�$FFLGHQW�&RQVHTXHQFH

$QDO\VLV��0RGLILFDWLRQV�RI�0RGHOV�5HVXOWLQJ�IURP�5HFHQW�5HSRUWV�RQ�+HDOWK�(IIHFWV�RI�,RQL]LQJ

5DGLDWLRQ�� /RZ� /(7� 5DGLDWLRQ�� 3DUW� ,,�� 6FLHQWLILF� %DVHV� IRU� +HDOWK� (IIHFWV� 0RGHOV�

185(*�&5�������5HY�����3DUW�,,��$GGHQGXP����/0)�������8��6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ�

:DVKLQJWRQ��'&��

15&���������¦&KDSWHU�����/DWH�6RPDWLF�(IIHFWV�§�,Q���6��$EUDKDPVRQ��0��$��%HQGHU��%��%��%RHFNHU�

(��6��*LOEHUW��DQG�%��5��6FRWW��+HDOWK�(IIHFWV�0RGHOV�IRU�1XFOHDU�3RZHU�3ODQW�$FFLGHQW�&RQVHTXHQFH

$QDO\VLV��0RGLILFDWLRQ�RI�0RGHOV�5HVXOWLQJ�IURP�$GGLWLRQ�RI�(IIHFWV�RI�([SRVXUH�WR�$OSKD�(PLWWLQJ

5DGLRQXFOLGHV��3DUW�,,��6FLHQWLILF�%DVHV�IRU�+HDOWK�(IIHFWV�0RGHOV��185(*�&5�������5HY�����3DUW

,,��$GGHQGXP����/0)�������8��6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��:DVKLQJWRQ��'&��
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15&�&(&����������3UREDELOLVWLF�$FFLGHQW�&RQVHTXHQFH�8QFHUWDLQW\�$QDO\VLV���/DWH�+HDOWK�(IIHFWV

8QFHUWDLQW\�$VVHVVPHQW��185(*�&5�������(85��������6$1'���������8�6��1XFOHDU�5HJXODWRU\

&RPPLVVLRQ��:DVKLQJWRQ��'&��2IILFH�IRU�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ��

15&�&(&� �������� � 3UREDELOLVWLF� $FFLGHQW� &RQVHTXHQFH� 8QFHUWDLQW\� $QDO\VLV�� 8QFHUWDLQW\

$VVHVVPHQW�IRU�,QWHUQDO�'RVLPHWU\��185(*�&5�������(85��������6$1'���������8�6��1XFOHDU

5HJXODWRU\�&RPPLVVLRQ��:DVKLQJWRQ��'&��2IILFH�IRU�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV�

/X[HPERXUJ��

153%����������1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG���(VWLPDWHV�RI�/DWH�5DGLDWLRQ�5LVNV�WR�WKH

8.�3RSXODWLRQ��'RFXPHQWV�RI�WKH�153%��������1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG��&KLOWRQ�

'LGFRW��8.��

1��3HWRXVVL��3��-DFRE��0��=DQNO��DQG�.��6DLWR����������¦2UJDQ�'RVHV�IRU�)RHWXVHV��%DELHV��&KLOGUHQ

DQG�$GXOWV�IURP�(QYLURQPHQWDO�*DPPD�5D\V§��5DGLDW��3URWHFW��'RVLP������������

'��$��3LHUFH��'��2��6WUDP��DQG�0��9DHWK����������¦$OORZLQJ�IRU�5DQGRP�(UURUV�LQ�5DGLDWLRQ�

([SRVXUH�(VWLPDWHV�IRU�WKH�$WRPLF�%RPE�6XUYLYRU�'DWD§��5DGLDW��5HV���������������

'��$��3LHUFH�DQG�0��9DHWK����������¦7KH�6KDSH�RI�WKH�&DQFHU�0RUWDOLW\�'RVH�UHVSRQVH�&XUYH�IRU

WKH�$�ERPE�6XUYLYRUV§��5DGLDW��5HV�������������

'��$��3LHUFH�<��6KLPL]X��'��/��3UHVWRQ��0��9DHWK��DQG�.��0DEXFKL���������¦6WXGLHV�RI�WKH�0RUWDOLW\

RI�$WRPLF�%RPE�6XUYLYRUV��5HSRUW�����3DUW�,��&DQFHU��������������5DGLDW��5HV������������

�

-��:�� 3RVWRQ�� -U��� .�$�� .RGLPHU��:�(�� %ROFK�� DQG� -�:�� 3RVWRQ�� 6U�� �����D��� ¦&DOFXODWLRQ� RI

$EVRUEHG�(QHUJ\�LQ�WKH�*DVWURLQWHVWLQDO�7UDFW§��+HDOWK�3K\V��������������

-��:��3RVWRQ��-U���.�$��.RGLPHU��:�(��%ROFK��DQG�-�:��3RVWRQ��6U�������E����¦$�5HYLVHG�0RGHO�IRU

WKH�&DOFXODWLRQ�RI�$EVRUEHG�(QHUJ\�LQ�WKH�*DVWURLQWHVWLQDO�7UDFW§��+HDOWK�3K\V����������������

'�/��3UHVWRQ��'��3LHUFH��DQG�0��9DHWK����������¦1HXWURQV�DQG�5DGLDWLRQ�5LVN��D�&RPPHQWDU\§�

5(5)�8SGDWH������
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-��6��3XVNLQ����������¦$UH�/RZ�'RVHV�RI�5DGLDWLRQ�3URWHFWLYH"§��SS����������RI�+HDOWK�(IIHFWV�RI

/RZ�'RVH�5DGLDWLRQ��&KDOOHQJHV�RI�WKH��� �&HQWXU\���%ULWLVK�1XFOHDU�(QHUJ\�6RFLHW\��/RQGRQ��VW

-��6��3XVNLQ��1��6��1HOVRQ��DQG�&��%��1HOVRQ����������¦%RQH�&DQFHU�5LVN�(VWLPDWHV§��+HDOWK�3K\V�

������������

/��*��5DOVWRQ��1��&RKHQ��0��+��%KDWWDFKDU\\D��5��3��/DUVHQ��/��$\UHV��5��'��2OGKDP��DQG�(��6�

0RUHWWL����������¦7KH�0HWDEROLVP�DQG�*DVWURLQWHVWLQDO�$EVRUSWLRQ�RI�1HSWXQLXP�DQG�3URWDFWLQLXP

LQ�$GXOW�%DERRQV§��6SHFLDWLRQ�RI�)LVVLRQ�DQG�$FWLYDWLRQ�3URGXFWV�LQ�WKH�(QYLURQPHQW��5��$��%XOPDQ

DQG�-��5��&RRSHU��HGV�����(OVHYLHU�$SSOLHG�6FLHQFH�3XEOLVKHUV��/RQGRQ��

-��5XQGR����������¦7ZR�&DVHV�RI�&KURQLF�2FFXSDWLRQDO�([SRVXUH�WR�5DGLRDFWLYH�0DWHULDOV§��SS�

��������RI�$VVHVVPHQW�RI�5DGLRDFWLYLW\�LQ�0DQ��9RO��,,��,$($��9LHQQD��

.��6DLWR��1��3HWRXVVL�+HQVV��DQG�0��=DQNHO���������¦&DOFXODWLRQ�RI� WKH�(IIHFWLYH�'RVH�DQG� LWV

9DULDWLRQ�IURP�(QYLURQPHQWDO�*DPPD�5D\�6RXUFHV§��+HDOWK�3K\V�����������������

<��6KLPL]X��+��.DWR��:��-��6FKXOO��'��/��3UHVWRQ��6��)XMLWD��DQG�'��$��3LHUFH����������¦6WXGLHV�RI�WKH

0RUWDOLW\�RI�$�%RPE�6XUYLYRUV�����0RUWDOLW\�������������&RPSDULVRQ�RI�5LVN�&RHIILFLHQWV�IRU

6LWH�6SHFLILF�&DQFHU�0RUWDOLW\�%DVHG�RQ�WKH�'6���DQG�7��'5�6KLHOGHG�.HUPD�DQG�2UJDQ�'RVHV§�

5DGLDW��5HV���������������

<��6KLPL]X��+��.DWR��DQG�:��-��6FKXOO����������¦6WXGLHV�RI�WKH�0RUWDOLW\�RI�$�%RPE�6XUYLYRUV����

0RUWDOLW\�������������3DUW����&DQFHU�0RUWDOLW\�%DVHG�RQ�WKH�5HYLVHG�'RVHV��'6���§��5DGLDW��5HV�

�������������

1��3��6LQJK��0��(��:UHQQ��DQG�6��$��,EUDKLP���������¦3OXWRQLXP�&RQFHQWUDWLRQ�LQ�+XPDQ�7LVVXHV�

&RPSDULVRQ�WR�7KRULXP§��+HDOWK�3K\V������6XSSO�������������

5�� 6SRVWR�� '�� /�� 3UHVWRQ�� <�� 6KLPL]X�� DQG� .�� 0DEXFKL� �������� � ¦7KH� (IIHFW� RI� 'LDJQRVWLF

0LVFODVVLILFDWLRQ�RQ�1RQ�&DQFHU�DQG�&DQFHU�0RUWDOLW\�'RVH�5HVSRQVH�LQ�$�%RPE�6XUYLYRUV§�

%LRPHWULFV�������������

%��-��6WRYHU��'��5��$WKHUWRQ��1��.HOOHU��DQG�'��6��%XVWHU����������¦0HWDEROLVP�RI�WKH�7K�����'HFD\

6HULHV�LQ�$GXOW�%HDJOH�'RJV§��5DGLDW��5HV���������������
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%��-��6WRYHU��'��5��$WKHUWRQ��'��6��%XVWHU��DQG�)��:��%UXHQJHU������D����¦7KH�7K�����'HFD\�6HULHV

LQ�$GXOW�%HDJOHV��5D������3E������DQG�%L�����LQ�6HOHFWHG�%RQHV�DQG�6RIW�7LVVXHV§��5DGLDW��5HV�����

��������

%��-��6WRYHU��'��5��$WKHUWRQ��'��6��%XVWHU��DQG�1��.HOOHU������E����¦7KH�7K�����'HFD\�6HULHV�LQ

$GXOW�%HDJOHV��5D������3E������DQG�%L�����LQ�%ORRG�DQG�([FUHWD§��5DGLDW��5HV��������������

7��6WUDXPH��6��'��(JEHUW��:��$��:RROVRQ��5��&��)LQNHO��3��:��.XELN��+��(��*RYH��3��6KDUPD��DQG

0��+RVKL����������¦1HXWURQ�'LVFUHSDQFLHV�LQ�WKH�'6���+LURVKLPD�'RVLPHWU\�6\VWHP§��+HDOWK�3K\V�

������������

0��)��6XOOLYDQ��3��/��+DFNHWW��/��$��*HRUJH�� DQG�5��&��7KRPSVRQ� �������� � ¦,UUDGLDWLRQ�RI� WKH

,QWHVWLQH�E\�5DGLRLVRWRSHV§��5DGLDW��5HV��������������

'��0��7D\ORU���������¦7KH�0HWDEROLVP�RI�$FWLQLXP�LQ�WKH�5DW§��+HDOWK�3K\V��������������

5�� /�� 8OOULFK�� 0�� &�� -HUQLJDQ�� /�� &�� 6DWWHUILHOG�� DQG� 1�� '�� %RZOHV� �������� � ¦5DGLDWLRQ

&DUFLQRJHQHVLV��7LPH�'RVH�5HODWLRQVKLSV§��5DGLDW��5HV���������������

816&($5����������,RQL]LQJ�5DGLDWLRQ��6RXUFHV�DQG�%LRORJLFDO�(IIHFWV��8QLWHG�1DWLRQV�6FLHQWLILF

&RPPLWWHH�RQ�WKH�(IIHFWV�RI�$WRPLF�5DGLDWLRQ��8QLWHG�1DWLRQV��1<��

816&($5����������6RXUFHV��(IIHFWV�DQG�5LVNV�RI�,RQL]LQJ�5DGLDWLRQ��8QLWHG�1DWLRQV�6FLHQWLILF

&RPPLWWHH�RQ�WKH�(IIHFWV�RI�$WRPLF�5DGLDWLRQ��8QLWHG�1DWLRQV��1<��

816&($5� ��������8QLWHG�1DWLRQV� 6FLHQWLILF�&RPPLWWHH� RQ� WKH�(IIHFWV� RI�$WRPLF�5DGLDWLRQ�

6RXUFHV�DQG�(IIHFWV�RI�,RQL]LQJ�5DGLDWLRQ�������5HSRUW�WR�WKH�*HQHUDO�$VVHPEO\��ZLWK�6FLHQWLILF

$QQH[HV��8QLWHG�1DWLRQV��1<��

816&($5��������� �8QLWHG�1DWLRQV�6FLHQWLILF�&RPPLWWHH�RQ� WKH�(IIHFWV�RI�$WRPLF�5DGLDWLRQ�

6RXUFHV�DQG�(IIHFWV�RI�,RQL]LQJ�5DGLDWLRQ�������5HSRUW�WR�WKH�*HQHUDO�$VVHPEO\��ZLWK�6FLHQWLILF

$QQH[HV��8QLWHG�1DWLRQV��1<��

8��6��%XUHDX�RI�WKH�&HQVXV�3RSXODWLRQ�'LYLVLRQ����������5HOHDVH�33/����8QLWHG�6WDWHV�3RSXODWLRQ

(VWLPDWHV��E\�$JH��6H[��5DFH��DQG�+LVSDQLF�2ULJLQ�������WR�������ZLWK�$VVRFLDWHG�8SGDWHG�7DEOHV
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IRU�5HFHQW�0RQWKV���3RSXODWLRQ�'LYLVLRQ��8��6��%XUHDX�RI�WKH�&HQVXV��:DVKLQJWRQ�'��&���������

$YDLODEOH�RQ�ZZZ�DW��KWWS�����ZZZ�FHQVXV�JRY���SRSXODWLRQ���HVWLPDWH�H[WUDFW���QDWLRQ���LQWILOH����W[W�

0��$��9DQ�'LOOD�DQG�%��-��6WRYHU� �������� �¦2Q� WKH�5ROH�RI�5DGLRWKRULXP��7K������ LQ�5DGLXP

3RLVRQLQJ§��5DGLRORJ\�������������

0��$��9DQ�'LOOD��%��-��6WRYHU��DQG�-��6��$UQROG����������¦2Q�WKH�5HWHQWLRQ�DQG�7UDQVORFDWLRQ�RI

5D������7K;��LQ�'RJV§��$P��-��5RHQWJHQRO��5DGLDW��7KHU��1XFO��0HG���������������

/��:DOODFH����������¦,QGRRU�3DUWLFOHV��$�5HYLHZ§��-��$LU�	�:DVWH�0DQDJH��$VVRF�������������

'��$��:HEHU��.��)��(FNHUPDQ��/��7��'LOOPDQ��DQG�-��&��5\PDQ����������0,5'��5DGLRQXFOLGH�'DWD

DQG�'HFD\�6FKHPHV��6RFLHW\�RI�1XFOHDU�0HGLFLQH��1HZ�<RUN��1<��

.��7��:KHHOHU�DQG�-��'��:LHURZVNL����������¦'1$�5HSDLU�.LQHWLFV�LQ�,UUDGLDWHG�8QGLIIHUHQWLDWHG

DQG�7HUPLQDOO\�'LIIHUHQWLDWHG�&HOOV§��5DGLDW��(QYLURQ��%LRSK\V������������

-��:��:LOVRQ��&��:��(QQV��-��'��*ROGPDQ��.��6��7LSSHWW��6��-��0LFNOH��/��(��&OHYHODQG��DQG�3��6�
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FGR-13 QUALITY ASSURANCE EFFORTS
K. F. Eckerman and R. W. Leggett

Oak Ridge National Laboratory

Introduction

This document briefly summarizes some of the quality assurance efforts undertaken with respect to
the computation of the cancer risk coefficients of  Federal Guidance Report 13.  The coefficients
were derived using the DCAL System software developed by ORNL for the Environmental
Protection Agency.   DCAL is an integration on personal computers of the dosimetric software and
numerical data bases developed at ORNL over the past twenty years.   The system has been one of
three computer codes used to produce the dosimetric data in recent publications of the International
Commission on Radiological Protection (ICRP) and hence its dosimetric aspects have been subject
to considerable QA efforts.  This report begins with a brief reflection on the QA aspects included in
the design of the  DCAL System and those followed in assembling the numerous data files that reside
within the system.  Following that discussion some numerical examples are presented, and the report
concludes with a detailed comparison of dosimetric and risk coefficients derived in various manners.

The DCAL System

DCAL is a software system for the computation of dose and risk coefficients associated with the
intake of and exposure to radionuclides. The system makes extensive use of data files to limit the
amount of information the user must provide, thus reducing the potential for input errors.  All data
files have been subjected to extensive review and verification not only by the authors but also by
others  who have used  various modules (e.g., SEECAL) and associated data files (e.g., nuclear decay
data).  To reduce the occurrence of  “user errors,” the system was designed in a manner that
minimizes the amount of information to be provided by the user.  For example, information on the
half-lives of the radionuclides, the identity of radioactive decay products (possible decay chains), the
masses of organs, etc. is provided by the system.  All such files are constructed so that they can be
“read” and, in many instances, the DCAL System contains utility routines to facilitate the resolution
of any questions or issues regarding the validity of data elements.  Where possible, the system
includes graphical presentation of the data and the results of the computation to enable visual
confirmation.  These features are necessary, but of course are not sufficient, to ensure quality. 

A schematic of the DCAL System is shown in Fig. 1. The software runs within a DOS “box”
provided by Windows 95/98/NT operating systems.  The numerical calculations are carried out within
the modules shown as  rectangles. These modules are written in FORTRAN.  A BASIC module
provides the interactive driver for the FORTRAN modules.  The system can be operated in both the
interactive and batch mode.
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 Fig. 1 Schematic of the DCAL System used in production of FGR-13.

DCAL’s Biokinetic Module

A detailed description of DCAL’s numerical solver for the biokinetic models (i.e., the system of
differential equations characterizing the biokinetic behavior) has been described by Leggett et al.
(1993).  This solver has been used at ORNL for more than 10 years and has been subjected to
hundreds of checks against other solvers.  The ORNL solver was selected because of its numerical
simplicity and its ability to handle the large systems of differential equations encountered in internal
dosimetry.  For example, more than 600 simultaneous differential equations are involved in addressing
the inhalation of Th-232 as Type S material when each decay product is assigned independent
kinetics.

Example 1.  This example illustrates the type of comparisons that have been made between the
DCAL solver and other solvers with regard to solving models with time-varying parameter values.
In this example, a comparison is made with a modification of a method developed by A. Birchall
(1989).  The model considered is the ICRP’s age-specific biokinetic model for americium as published
by Leggett (1992).  It is assumed that americium is injected into blood at age 1 y and that there is no
radiological decay. The modification of the Birchall method was necessary to consider changes with
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age in the biokinetics.  Results of the comparison are tabulated below.

Time After
Injection

(d)

Contents (Fraction of Injected Americium)

Liver Skeleton Gonads Urine Feces

DCAL
modified Birchall

1 0.08777
0.08778

0.6149
0.6150

2.262E-5
2.263E-5

0.06296
0.06297

0.004342
0.004344

DCAL
modified Birchall

10 0.09942
0.09942

0.7071
0.7072

2.590E-5
2.590E-5

0.08316
0.08316

0.01309
0.01309

DCAL
modified Birchall

100 0.09583
0.09586

0.7353
0.7356

2.754E-5
2.755E-5

0.1016
0.1016

0.01517
0.01517

DCAL
modified Birchall

1000 0.1379
0.1383

0.5330
0.5346

4.580E-5
4.595E-5

0.2255
0.2262

0.03816
0.03828

DCAL
modified Birchall

10,000 0.02621
0.02610

0.1949
0.1958

7.651E-5
7.650E-5

0.5506
0.5528

0.1174
0.1180

Example 2.   As a second example of the types of checks to which the DCAL solver has been
subjected, we consider a case in which there is ingrowth of radioactive progeny in the body.  Lee and
coworkers (1997) have published a biokinetic model for 232Th and radioactive progeny in adults.  The
model assumes independent kinetics of  228Ra produced by decay of  232Th in the body.  As a check
of the DCAL solver, four different methods were used to solve for the integrated activities of  232Th
and  228Ra in the main compartments of the Lee model: (1) DCAL; (2) derivation of analytical
solutions using the computer software for eigen-system analysis (Killough and Eckerman, 1984);  (3)
a computer algorithm based on a simplification of the eigen-analysis method (Birchall and James,
1989); and (4) Laplace transforms (as solved by Lee and coworkers).  Methods 2 - 4 are virtually
exact methods, but are slow and cumbersome to use and for practical purposes are limited in their
applicability to age-independent models with relatively small numbers of compartments.  In the
following table, results are rounded to three digits.   Before rounding, the differences in solutions by
the four methods were less than 0.3% in all cases.
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SE(T Z S) '
1.602 10&13

MT
j

i

yi Ei AF(T Z S)

Compartment DCAL DIFSOL Birchall Lee et al.

blood, 232Th 5.32E5 5.33E5 5.33E5 5.33E5

bone surf, 232Th 4.10E8 4.11E8 4.11E8 4.11E8

liver, 232Th 3.21E7 3.21E7 3.21E7 3.21E7

soft tissue, 232Th 1.28E8 1.29E8 1.29E8 1.29E8

blood, 228Ra 5.00E3 5.01E3 5.01E3 5.0103

soft tissue, 228Ra 6.04E5 6.05E5 6.05E5 6.05E5

liver, 228Ra 8.12E4 8.12E4 8.12E4 8.12E4

GI tract, 228Ra 2.06E5 2.07E5 2.07E5 2.07E5

bone surf, 228Ra 7.880E5 7.90E5 7.90E5 7.90E5

STa trab, 228Ra 1.38E6 1.38E6 1.38E6 1.38E6

LTa trab, 228Ra 2.03E5 2.03E5 2.03E5 2.03E5

ST cort, 228Ra 7.21E5 7.23E5 7.23E5 7.23E5

LT cort, 228Ra 1.48E6 1.48E6 1.48E6 1.48E6

a ST = short-term, LT = long-term

Dosimetric Module

Within DCAL the dosimetric aspects of internal emitters are embodied in the SEECAL module, which
has been described in an ORNL/TM report (Cristy and Eckerman 1993).  The current version of
SEECAL within the DCAL System directly accesses the nuclear decay data files.  SEECAL uses the
full set of nuclear decay data, including the beta spectra, and not just the abridged tabulations given
in ICRP Publication 38 (ICRP 1983).  The nuclear decay data files have been documented in an
ORNL/TM report (Eckerman et al. 1993) and a Health Physics paper (Eckerman et al. 1994).  The
results of hand calculations are compared below with the SEECAL’s output for some radonuclides
having relatively simple emissions.  The relevant formulation is
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SE(BS Z CB)S ' SE(BS Z TB)S '
1.6023 10&13 5.297 0.25

0.12

' 1.768 10&12 Gy/nt

SE(BS Z CB)V '
1.6023 10&13 5.297 0.01

0.12

' 7.072 10&12 Gy/nt

SE(BS Z TB)V '
1.6023 10&13 5.297 0.025

0.12

' 1.768 10&13 Gy/nt

where  is the number of radiation of unique or average energy (MeV) emitted per nuclearyi i Ei
transformation of the radionuclide,  and  is the fraction in energy of radiation i emitted inAF(T Z S)i
S that is absorbed in target tissue T of mass  (kg).  The constant is the number ofMT 1.602 10&13

joules per MeV.  Using the above units for energy and mass, the units of SE are Gy per Bq s.

Example 3.  Po-210 emits an alpha particle of kinetic energy 5.297 MeV.  Compute the SE for  bone
surface (BS) assuming Po is distributed either on the surface or within the volume of cortical bone
(CB) and trabecular bone (TB).  The mass of bone surface is 0.12 kg.  Also compute the SE for self
dose of the liver (mass 1.8 kg).  The absorbed fraction in the liver, , is one. TheAF(Liver ] Liver)
relevant AFs for bone surface are:

AF(BS CB)V = 0.01 AF(BS TB)V = 0.025Z Z
AF(BS CB)S = 0.25 AF(BS TB)S = 0.25.Z Z

From the above we have:

The 5.297 MeV noted above is the kinetic energy of the alpha particle.  The nuclei formed in the
alpha decay process shares the available energy by its recoil.  The mass of the recoiling nuclei is 4
mass units less than the parent nuclei since the alpha particle is the He nucleus.  The recoil energy is
assumed to be absorbed in the bone mineral and not available to irradiate bone surface.  However,
for self-dose the recoiling nucleus is considered.  The total kinetic energy T available for absorption
is given by:
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T ' 1 %
M"

A & 4
E"

SE(Liver Z Liver) '

1.6023 10&13 1 %
4.0026

206
5.297 1.0

1.8

' 4.806 10&13 Gy/nt
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Fig. 2. Structure of the ICRP’s respiratory
tract model.

where  is the mass of the alpha particle (4.0026 amu), is the kinetic energy of the alpha particle,M" E"
and A is the atomic number of the parent nuclei.  The SE for self dose of the liver is thus

The above numerical values correspond exactly to the Po-210 SEs  computed by SEECAL.  Many
other example calculations have been carried out.  DCAL provides the user with access to all the
numerical values used by SEECAL in calculating SE, thus enabling the user to verify SEECAL’s
values at any time.

Lung Model Formulation

Often the implementation of  submodels in DCAL is verified by formulating special calculations.  For
example, the implementation of the ICRP lung model (ICRP 1994) can be verified by examining the
total amount of inhaled material absorbed directly from the lung and that entering the gastrointestinal
tract. The lung model is shown in schematic form in Fig. 2.

Consider Type F materials which are characterized by
fast absorption; the absorption rate, , is 100 d-1 from8a
all compartments except ET1.  No absorption   occurs
from ET1.   The bold arrows in Fig. 2 denote the sites
(compartments) into which inhaled materials are
deposited, and the thin arrows denote the routes of
mechanical clearance of particles.  The numerical
values are the mechanical clearance rates, (d-1).8m
The fractional absorption to blood from a
compartment is .  The fraction8a / (8a % 8m)
transferred to the receiving compartment is, of course,
1 minus the fractional absorption, or  .8m / (8a % 8m)
For all compartments except ET2 and BB1, the
mechanical removal rates are insignificant relative to the absorption rate; that is, .8a / (8a % 8m) . 1

For the reference worker (aerosol AMAD of 5 µm) the deposition in the AI region is 5.319% and that
in the bb region is 1.103%.  These deposits will be absorbed from the lung.  The deposition in BBseq
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and BB2 (0.605%) will also be absorbed.   A fraction of the material deposited in BB1 (1.171%) is
absorbed from that compartment, (1.171 100) / (100 + 10) or 1.065%, and the remainder [(1.171 10)
/ (100 + 10)] is transferred to ET2, where the fraction 100/(100+100) of the transferred material is
absorbed; total absorption is thus 0.053%.  Absorption of material deposited in ET2 (39.89%) is
(39.89 100) / (100 + 100) or 19.945%.  The total absorption is thus 5.319 + 1.103 + 0.605 + 1.065
+ 0.053 + 19.945 or 28.09%. Material entering the GI-tract is largely that deposited in ET2 or
transferred to ET2 from BB1. Since the transfer rate into the GI-tract is equal to the absorption rate
(both 100 d-1) the transfer to the GI-tract is 19.945 + 0.053 or 20%.

DCAL can simulate the above by defining a special biokinetic model where the material in “Blood”
is removed to “Excreta” with an extremely small transfer coefficient (e.g., 1.0E-30).  This, in effect,
results in the “Blood” compartment acting as an integrator.   Similarly, changing the transfer
coefficient from the stomach to the small intestine in the kinetics of Type F material (ICRP66F.LNG)
to an extremely small value results in the “St Cont” acting as an integrator.  The results calculated
by DCAL (by the ACTACAL module) are in agreement with the above values.  The  DCAL’s results
for all absorption Types are:

Fate of Inhaled Activity in Reference Worker
 (AMAD = 5 µm)

Type To Blood (%)a To GI-Tract (%)a

F 28.1 20.0

M 6.1 42.0

S 0.6 47.5

a Percent of inhaled activity in absence of decay.

 

Checks on External Dose Estimates

Extensive QA efforts were undertaken during the calculations of the external dose coefficients that
were published in FGR-12.  As discussed in Chapter 2 of FGR-12, extensive comparisons were made
with published works, including ICRP Publication 53.  In addition, various investigators were
contacted to resolve any remaining numerical differences.  These investigators were included among
the external reviewers of FGR-12.  The computations of the cancer risk coefficients in FGR-13
directly accesses external dose coefficient files generated during the preparation of FGR-12.  That
is, no new calculations of external doses are undertaken in FGR-13.
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Fig. 4. Comparison of effective
dose coefficients for inhalation
intakes by a 1 y old.

Inhalation Dose Coefficient: 5 y old
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Fig. 5. Comparison of effective
dose coefficients for inhalation
intakes by a 5 y old.
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Inhalation Dose Coefficient: 10 y old

Fig.6. Comparison of effective
dose coefficients for inhalation
intakes by a 10 y old.

Inhalation Dose Coefficient: 15 y old
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Fig. 7. Comparison of effective
dose coefficients for inhalation
intakes by a 15 y old.

Inhalation Dose Coefficient: Adult
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Fig. 8. Comparison of effective
dose coefficients for inhalation
intakes by an adult.

Inhalation Dose Coefficient: Infant
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Fig. 3. Comparison of effective
dose coefficients for inhalation
intakes by an infant.

Checks on Internal Dose Estimates

1.  A large number of comparisons of integrated doses have been made by the ICRP dose calculation
task group (DOCAL) using three unrelated computer codes.

2.  As a further check, effective dose coefficients for acute exposure were generated for all
radionuclides considered in the internal exposure scenarios and were compared with coefficients from
the ICRP Dose Coefficient CD-ROM.  Some of these coefficients were derived using the DCAL
System but most were derived by the NRPB using a considerably different method of solution.
Effective dose coefficients were generated and checked for each of the six ages at exposure
considered by the ICRP:  infant (100 d), 1 y, 5 y, 10 y, 15 y, and mature adult (age 20 y or 25 y,
depending on the definition of mature adult in the specific biokinetic model applied).  These results
for inhalation intakes are shown graphically in Figs 3-6 and for ingestion in Figs 7-10.
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Ingestion Dose Coefficients: Infant
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Fig. 9. Comparison of effective
dose coefficients for ingestion
intakes by an infant.

Ingestion Dose Coefficients: 1 y old
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Fig.10. Comparison of effective
dose coefficients for ingestion
intakes by a 1 y old.

Ingestion Dose Cofficients: 5 y old
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Fig.11. Comparison of effective
dose coefficients for ingestion
intakes by a 5 y old.
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Ingestion Dose Coefficients: 10 y old

Fig.12. Comparison of effective
dose coefficients for ingestion
intakes by a 10 y old.

Ingestion Dose Coefficient: 15 y old
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Fig.13. Comparison of effective
dose coefficients for ingestion 
intakes by a 15 y old.

Ingestion Dose Coefficients: Adult
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Fig.14. Comparison of effective
dose coefficients for ingestion 
intakes by an adult.

Tabulated in Appendix A are comparisons of committed effective dose coefficients published by the
ICRP with values computed during the preparation of FGR-13.  Comparisons are made for each of
the six ages of acute intake considered in the FGR-13 calculations.  Comparisons are marked “ok”
if the difference is less than 5%.  In many cases it is not possible to make more precise comparisons
with the values published by the ICRP because the latter are rounded to two significant digits.

Checks on External Risk Coefficients

Table 6.2 of the Federal Guidance Report No. 13 draft document provides age-averaged site-specific
cancer mortality risk estimates (cancer deaths per person-Gy) from low-LET uniform irradiation of
the body.  This table was generated by C. B. Nelson at EPA, using a computer code other than
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Soil Exposures
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Fig. 17. Check of soil (volume
source) risk coefficients.

DCAL and subsequently verified by DCAL’s calculations.  Because the external dose rates used in
the external exposure scenarios are assumed to be independent of age and time, the external risk
coefficients given in the Federal Guidance Report No. 13 draft document should be the same as the

, where  is the age- and time-independent external dose rate for cancer site i and  is theji
di ri di ri

mortality risk estimate given in Table 6.2 for site i.  Comparison of an external risk coefficient
generated by DCAL with this sum provides a useful check on the DCAL-generated coefficient,
because the latter is calculated in the considerably more detailed fashion described in the draft
document, i.e., by calculating radiogenic risk on a year-by-year basis following the dose and
considering the likelihood of death from competing causes during each year based on the U.S. life
table.  The results of this comparison are shown graphically in Fig 15-17 and listed in Appendix B.

Checks on Internal Risk Coefficients
Table 6.2 of the draft FGR-13 cannot be used to check the risk coefficients for internal exposures in
a precise way because the internal doses are not constant with time and are not independent of age.
However, for radionuclides whose doses are delivered over a relatively short time following acute
intake, a check similar to that described above for the external risk module can be made for the
internal risk module of DCAL by considering the simpler situation in which the usage of
environmental media as well as the biokinetics and internal dosimetry are independent of age (use the
dose estimates for the adult). Results of such comparisons will be tabulated in the final QA report for
several radionuclides with relatively short retention times and/or radiological half-lives.  Results of
a few such comparisons are summarized below.

Example 4.  Ingestion of organically bound tritium by the adult results in a dose of about 4.2 x 10-11

Gy/Bq to all tissues.  Although H-3 is not a short-lived radionuclide, it is retained only briefly in the
body.   From Table 6.2 the age-averaged total cancer mortality risk estimate is 5.75% per Gy.  Thus,
an estimate of the risk is 4.2 x 10-11 x 5.75 x 10-2 or 2.4 x 10-12 Bq-1.  Table 7.2a of the draft of FGR-
13 indicates values of 2.09 and 2.66 x 10-12 for water and diet, respectively.

Example 5.  Inhalation of tritiated water vapor by the adult results in a dose of about 1.8 x 10-11
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Gy/Bq to all tissues.  Thus, the inhalation risks are estimated to be 1.8 x 10-11 x 5.75 x 10-2 or
1.0 x 10-12 Bq-1.  FGR-13's  Table 7.2a gives a value of 1.04 x 10-12 Bq-1.

Example 6.  From Table 6.2, the age-averaged thyroid cancer mortality estimate is 3.24 x 10-4 Gy-1.
For ingestion of 132I by the adult, the thyroid absorbed dose coefficient is 5.4 x 10-9 Gy/Bq.  The
estimated thyroid cancer risk for 132I is thus 5.4 x 10-9 x 3.24 x 10-4 or 1.7 x 10-12 Bq-1.  Comparison
cannot be made directly with the tabulated risk coefficient in Table 7.2a in this case because  much
of the decay of the short-lived 132I occurs outside the thyroid; for example, Table 7.2a indicates that
stomach cancer rather than thyroid cancer is the highest contributor (38.1%) to the risk coefficient
of 6.87 x 10-12  for ingestion of water.  The thyroid cancer risk estimates for 132I in the detailed CD-
ROM tables are 2.30 and 2.97 x 10-12 Bq-1 for water and diet, respectively, compared with the crude
estimate of 1.7 x 10-12 Bq-1.

Example 7.  For ingestion of 131I by the adult, the thyroid absorbed dose coefficient is 4.3 x 10-7

Gy/Bq.  From Table 6.2, the age-averaged thyroid cancer mortality estimate is 3.24 x 10-4 Gy-1.
Therefore, the estimated thyroid cancer risk for 131I is 4.3 x 10-7 x 3.24 x 10-4 / 1.5 or 9.3 x 10-11

Bq-1; note that 1.5 is the additional dose rate reduction factor applied to long-lived radioiodines.  The
total mortality for water intakes of  131I listed in Table 7.2a is 1.31 x 10-10 Bq-1 with thyroid cancer
being the highest contributor to the risk (93.2%). The thyroid cancer risk coefficient is 1.22 x 10-10

Bq-1 for water intakes.  For dietary intakes the total mortality listed in Table 7.2a is 1.85 x 10-10 Bq-1

with thyroid cancer being the highest contributor to the risk (93.7%); thus, the  thyroid cancer risk
coefficient is 1.73 x 10-10 Bq-1.

Further checks can be carried out for the following radionuclides:

Dose Coefficient (Sv/Bq)

Nuclide Tissue Ingestion Inhalation

Cs-137 All 1.3E-08 F: 4.6E-09

Tc-99m Colon 6.6E-11

Tc-99m Stomach F: 2.1E-11

I-135 Thyroid 6.0E-11 V: 1.5E-08

F: 5.7E-09

More detailed checking is possible for other radionuclides, but it can be best carried out by writing
small computer programs to read the ALR and dose rate files.  Such checking has being pursued at
ORNL.
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Appendix A

Comparison of Effective Dose Coefficients
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Comparison of age-specific effective dose coefficients for ingestion
generated during FGR-13 computations (for QA purposes only) with values
published by the ICRP.  Comparisons marked with an "ok" differ by less than
5% while those marked by "-->" differ by greater than 5%.  Comparisons
involving different f1s are enclosed in the bracket "<<<<".

                        FGR-13           ICRP
                ------------------   ------------------
           Age     f1     e(Sv/Bq)      f1     e(Sv/Bq)
ok  H-3      1  1.00000  1.186E-10   1.00000  1.200E-10
ok  H-3      2  1.00000  1.180E-10   1.00000  1.200E-10
ok  H-3      3  1.00000  7.265E-11   1.00000  7.200E-11
ok  H-3      4  1.00000  5.692E-11   1.00000  5.700E-11
ok  H-3      5  1.00000  4.170E-11   1.00000  4.200E-11
ok  H-3      6  1.00000  4.192E-11   1.00000  4.200E-11
ok  C-14     1  1.00000  1.435E-09   1.00000  1.400E-09
ok  C-14     2  1.00000  1.614E-09   1.00000  1.600E-09
ok  C-14     3  1.00000  9.953E-10   1.00000  9.900E-10
ok  C-14     4  1.00000  8.002E-10   1.00000  8.000E-10
ok  C-14     5  1.00000  5.761E-10   1.00000  5.700E-10
ok  C-14     6  1.00000  5.805E-10   1.00000  5.800E-10
ok  S-35     1  1.00000  1.274E-09   1.00000  1.300E-09
ok  S-35     2  1.00000  8.667E-10   1.00000  8.700E-10
ok  S-35     3  1.00000  4.437E-10   1.00000  4.400E-10
ok  S-35     4  1.00000  2.683E-10   1.00000  2.700E-10
ok  S-35     5  1.00000  1.627E-10   1.00000  1.600E-10
ok  S-35     6  1.00000  1.315E-10   1.00000  1.300E-10
ok  Ca-45    1  0.60000  1.121E-08   0.60000  1.100E-08
ok  Ca-45    2  0.40000  4.894E-09   0.40000  4.900E-09
ok  Ca-45    3  0.40000  2.571E-09   0.40000  2.600E-09
ok  Ca-45    4  0.40000  1.818E-09   0.40000  1.800E-09
ok  Ca-45    5  0.40000  1.313E-09   0.40000  1.300E-09
ok  Ca-45    6  0.30000  7.101E-10   0.30000  7.100E-10
ok  Ca-47    1  0.60000  1.271E-08   0.60000  1.300E-08
ok  Ca-47    2  0.40000  9.373E-09   0.40000  9.300E-09
ok  Ca-47    3  0.40000  4.898E-09   0.40000  4.900E-09
ok  Ca-47    4  0.40000  3.014E-09   0.40000  3.000E-09
ok  Ca-47    5  0.40000  1.841E-09   0.40000  1.800E-09
ok  Ca-47    6  0.30000  1.582E-09   0.30000  1.600E-09
ok  Sc-47    1  0.00100  6.054E-09   0.00100  6.100E-09
ok  Sc-47    2  0.00010  3.914E-09   0.00010  3.900E-09
ok  Sc-47    3  0.00010  1.974E-09   0.00010  2.000E-09
ok  Sc-47    4  0.00010  1.183E-09   0.00010  1.200E-09
ok  Sc-47    5  0.00010  6.806E-10   0.00010  6.800E-10
ok  Sc-47    6  0.00010  5.465E-10   0.00010  5.400E-10
ok  Fe-55    1  0.60000  7.487E-09   0.60000  7.500E-09
ok  Fe-55    2  0.20000  2.354E-09   0.20000  2.400E-09
ok  Fe-55    3  0.20000  1.744E-09   0.20000  1.700E-09
ok  Fe-55    4  0.20000  1.117E-09   0.20000  1.100E-09
ok  Fe-55    5  0.20000  7.704E-10   0.20000  7.700E-10
ok  Fe-55    6  0.10000  3.312E-10   0.10000  3.300E-10
ok  Fe-59    1  0.60000  3.931E-08   0.60000  3.900E-08
ok  Fe-59    2  0.20000  1.290E-08   0.20000  1.300E-08
ok  Fe-59    3  0.20000  7.495E-09   0.20000  7.500E-09
ok  Fe-59    4  0.20000  4.731E-09   0.20000  4.700E-09

ok  Fe-59    5  0.20000  3.071E-09   0.20000  3.100E-09
ok  Fe-59    6  0.10000  1.789E-09   0.10000  1.800E-09
ok  Co-57    1  0.60000  2.861E-09   0.60000  2.900E-09
ok  Co-57    2  0.30000  1.580E-09   0.30000  1.600E-09
ok  Co-57    3  0.30000  8.924E-10   0.30000  8.900E-10
ok  Co-57    4  0.30000  5.781E-10   0.30000  5.800E-10
ok  Co-57    5  0.30000  3.734E-10   0.30000  3.700E-10
ok  Co-57    6  0.10000  2.108E-10   0.10000  2.100E-10
ok  Co-58    1  0.60000  7.350E-09   0.60000  7.300E-09
ok  Co-58    2  0.30000  4.461E-09   0.30000  4.400E-09
ok  Co-58    3  0.30000  2.584E-09   0.30000  2.600E-09
ok  Co-58    4  0.30000  1.697E-09   0.30000  1.700E-09
ok  Co-58    5  0.30000  1.128E-09   0.30000  1.100E-09
ok  Co-58    6  0.10000  7.492E-10   0.10000  7.400E-10
ok  Co-60    1  0.60000  5.425E-08   0.60000  5.400E-08
ok  Co-60    2  0.30000  2.677E-08   0.30000  2.700E-08
ok  Co-60    3  0.30000  1.692E-08   0.30000  1.700E-08
ok  Co-60    4  0.30000  1.116E-08   0.30000  1.100E-08
ok  Co-60    5  0.30000  7.943E-09   0.30000  7.900E-09
ok  Co-60    6  0.10000  3.418E-09   0.10000  3.400E-09
ok  Ni-59    1  0.10000  6.347E-10   0.10000  6.400E-10
ok  Ni-59    2  0.05000  3.426E-10   0.05000  3.400E-10
ok  Ni-59    3  0.05000  1.874E-10   0.05000  1.900E-10
ok  Ni-59    4  0.05000  1.135E-10   0.05000  1.100E-10
ok  Ni-59    5  0.05000  7.265E-11   0.05000  7.300E-11
ok  Ni-59    6  0.05000  6.295E-11   0.05000  6.300E-11
ok  Ni-63    1  0.10000  1.545E-09   0.10000  1.600E-09
ok  Ni-63    2  0.05000  8.355E-10   0.05000  8.400E-10
ok  Ni-63    3  0.05000  4.562E-10   0.05000  4.600E-10
ok  Ni-63    4  0.05000  2.758E-10   0.05000  2.800E-10
ok  Ni-63    5  0.05000  1.758E-10   0.05000  1.800E-10
ok  Ni-63    6  0.05000  1.520E-10   0.05000  1.500E-10
ok  Zn-65    1  1.00000  3.633E-08   1.00000  3.600E-08
ok  Zn-65    2  0.50000  1.570E-08   0.50000  1.600E-08
ok  Zn-65    3  0.50000  9.757E-09   0.50000  9.700E-09
ok  Zn-65    4  0.50000  6.444E-09   0.50000  6.400E-09
ok  Zn-65    5  0.50000  4.527E-09   0.50000  4.500E-09
ok  Zn-65    6  0.50000  3.935E-09   0.50000  3.900E-09
ok  Se-75    1  1.00000  1.974E-08   1.00000  2.000E-08
ok  Se-75    2  0.80000  1.314E-08   0.80000  1.300E-08
ok  Se-75    3  0.80000  8.383E-09   0.80000  8.300E-09
ok  Se-75    4  0.80000  6.060E-09   0.80000  6.000E-09
ok  Se-75    5  0.80000  3.167E-09   0.80000  3.100E-09
ok  Se-75    6  0.80000  2.612E-09   0.80000  2.600E-09
ok  Se-79    1  1.00000  4.061E-08   1.00000  4.100E-08
ok  Se-79    2  0.80000  2.782E-08   0.80000  2.800E-08
ok  Se-79    3  0.80000  1.889E-08   0.80000  1.900E-08
ok  Se-79    4  0.80000  1.362E-08   0.80000  1.400E-08
ok  Se-79    5  0.80000  4.019E-09   0.80000  4.100E-09
ok  Se-79    6  0.80000  2.893E-09   0.80000  2.900E-09
ok  Sr-90    1  0.60000  2.271E-07   0.60000  2.300E-07
ok  Sr-90    2  0.40000  7.240E-08   0.40000  7.300E-08
ok  Sr-90    3  0.40000  4.685E-08   0.40000  4.700E-08
ok  Sr-90    4  0.40000  5.973E-08   0.40000  6.000E-08
ok  Sr-90    5  0.40000  7.892E-08   0.40000  8.000E-08
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ok  Sr-90    6  0.30000  2.767E-08   0.30000  2.800E-08
ok  Y-90     1  0.00100  3.127E-08   0.00100  3.100E-08
ok  Y-90     2  0.00010  2.003E-08   0.00010  2.000E-08
ok  Y-90     3  0.00010  9.968E-09   0.00010  1.000E-08
ok  Y-90     4  0.00010  5.904E-09   0.00010  5.900E-09
ok  Y-90     5  0.00010  3.344E-09   0.00010  3.300E-09
ok  Y-90     6  0.00010  2.687E-09   0.00010  2.700E-09
ok  Zr-95    1  0.02000  8.539E-09   0.02000  8.500E-09
ok  Zr-95    2  0.01000  5.659E-09   0.01000  5.600E-09
ok  Zr-95    3  0.01000  3.059E-09   0.01000  3.000E-09
ok  Zr-95    4  0.01000  1.931E-09   0.01000  1.900E-09
ok  Zr-95    5  0.01000  1.195E-09   0.01000  1.200E-09
ok  Zr-95    6  0.01000  9.612E-10   0.01000  9.500E-10
ok  Nb-94    1  0.02000  1.500E-08   0.02000  1.500E-08
ok  Nb-94    2  0.01000  9.766E-09   0.01000  9.700E-09
ok  Nb-94    3  0.01000  5.354E-09   0.01000  5.300E-09
ok  Nb-94    4  0.01000  3.433E-09   0.01000  3.400E-09
ok  Nb-94    5  0.01000  2.164E-09   0.01000  2.100E-09
ok  Nb-94    6  0.01000  1.737E-09   0.01000  1.700E-09
ok  Nb-95m   1  0.02000  6.384E-09   0.02000  6.400E-09
ok  Nb-95m   2  0.01000  4.125E-09   0.01000  4.100E-09
ok  Nb-95m   3  0.01000  2.070E-09   0.01000  2.100E-09
ok  Nb-95m   4  0.01000  1.235E-09   0.01000  1.200E-09
ok  Nb-95m   5  0.01000  7.071E-10   0.01000  7.100E-10
ok  Nb-95m   6  0.01000  5.662E-10   0.01000  5.600E-10
ok  Nb-95    1  0.02000  4.635E-09   0.02000  4.600E-09
ok  Nb-95    2  0.01000  3.202E-09   0.01000  3.200E-09
ok  Nb-95    3  0.01000  1.787E-09   0.01000  1.800E-09
--->Nb-95    4  0.01000  1.162E-09   0.01000  1.100E-09
ok  Nb-95    5  0.01000  7.438E-10   0.01000  7.400E-10
ok  Nb-95    6  0.01000  5.908E-10   0.01000  5.800E-10
ok  Mo-99    1  1.00000  5.458E-09   1.00000  5.500E-09
ok  Mo-99    2  1.00000  3.493E-09   1.00000  3.500E-09
ok  Mo-99    3  1.00000  1.768E-09   1.00000  1.800E-09
ok  Mo-99    4  1.00000  1.080E-09   1.00000  1.100E-09
ok  Mo-99    5  1.00000  7.597E-10   1.00000  7.600E-10
ok  Mo-99    6  1.00000  6.052E-10   1.00000  6.000E-10
ok  Tc-95m   1  1.00000  4.752E-09   1.00000  4.700E-09
ok  Tc-95m   2  0.50000  2.830E-09   0.50000  2.800E-09
ok  Tc-95m   3  0.50000  1.599E-09   0.50000  1.600E-09
ok  Tc-95m   4  0.50000  1.037E-09   0.50000  1.000E-09
ok  Tc-95m   5  0.50000  7.035E-10   0.50000  6.900E-10
ok  Tc-95m   6  0.50000  5.619E-10   0.50000  5.600E-10
ok  Tc-95    1  1.00000  1.005E-09   1.00000  9.900E-10
ok  Tc-95    2  0.50000  8.837E-10   0.50000  8.700E-10
ok  Tc-95    3  0.50000  5.143E-10   0.50000  5.000E-10
ok  Tc-95    4  0.50000  3.371E-10   0.50000  3.300E-10
ok  Tc-95    5  0.50000  2.293E-10   0.50000  2.300E-10
ok  Tc-95    6  0.50000  1.826E-10   0.50000  1.800E-10
ok  Tc-99m   1  1.00000  2.048E-10   1.00000  2.000E-10
ok  Tc-99m   2  0.50000  1.345E-10   0.50000  1.300E-10
ok  Tc-99m   3  0.50000  7.203E-11   0.50000  7.200E-11
ok  Tc-99m   4  0.50000  4.346E-11   0.50000  4.300E-11
ok  Tc-99m   5  0.50000  2.859E-11   0.50000  2.800E-11
ok  Tc-99m   6  0.50000  2.229E-11   0.50000  2.200E-11

ok  Tc-99    1  1.00000  1.033E-08   1.00000  1.000E-08
ok  Tc-99    2  0.50000  4.771E-09   0.50000  4.800E-09
ok  Tc-99    3  0.50000  2.303E-09   0.50000  2.300E-09
ok  Tc-99    4  0.50000  1.310E-09   0.50000  1.300E-09
ok  Tc-99    5  0.50000  8.236E-10   0.50000  8.200E-10
ok  Tc-99    6  0.50000  6.418E-10   0.50000  6.400E-10
ok  Ru-103   1  0.10000  7.092E-09   0.10000  7.100E-09
ok  Ru-103   2  0.05000  4.633E-09   0.05000  4.600E-09
ok  Ru-103   3  0.05000  2.444E-09   0.05000  2.400E-09
ok  Ru-103   4  0.05000  1.517E-09   0.05000  1.500E-09
ok  Ru-103   5  0.05000  9.177E-10   0.05000  9.200E-10
ok  Ru-103   6  0.05000  7.339E-10   0.05000  7.300E-10
ok  Ru-106   1  0.10000  8.389E-08   0.10000  8.400E-08
ok  Ru-106   2  0.05000  4.966E-08   0.05000  4.900E-08
ok  Ru-106   3  0.05000  2.519E-08   0.05000  2.500E-08
ok  Ru-106   4  0.05000  1.498E-08   0.05000  1.500E-08
ok  Ru-106   5  0.05000  8.639E-09   0.05000  8.600E-09
ok  Ru-106   6  0.05000  7.010E-09   0.05000  7.000E-09
ok  Ag-108m  1  0.10000  2.068E-08   0.10000  2.100E-08
ok  Ag-108m  2  0.05000  1.122E-08   0.05000  1.100E-08
ok  Ag-108m  3  0.05000  6.552E-09   0.05000  6.500E-09
ok  Ag-108m  4  0.05000  4.315E-09   0.05000  4.300E-09
ok  Ag-108m  5  0.05000  2.864E-09   0.05000  2.800E-09
ok  Ag-108m  6  0.05000  2.361E-09   0.05000  2.300E-09
ok  Ag-110m  1  0.10000  2.408E-08   0.10000  2.400E-08
ok  Ag-110m  2  0.05000  1.369E-08   0.05000  1.400E-08
ok  Ag-110m  3  0.05000  7.898E-09   0.05000  7.800E-09
ok  Ag-110m  4  0.05000  5.218E-09   0.05000  5.200E-09
ok  Ag-110m  5  0.05000  3.437E-09   0.05000  3.400E-09
ok  Ag-110m  6  0.05000  2.790E-09   0.05000  2.800E-09
ok  Sb-124   1  0.20000  2.454E-08   0.20000  2.500E-08
ok  Sb-124   2  0.10000  1.596E-08   0.10000  1.600E-08
ok  Sb-124   3  0.10000  8.406E-09   0.10000  8.400E-09
ok  Sb-124   4  0.10000  5.217E-09   0.10000  5.200E-09
ok  Sb-124   5  0.10000  3.171E-09   0.10000  3.200E-09
ok  Sb-124   6  0.10000  2.545E-09   0.10000  2.500E-09
ok  Sb-125   1  0.20000  1.074E-08   0.20000  1.100E-08
ok  Sb-125   2  0.10000  6.091E-09   0.10000  6.100E-09
ok  Sb-125   3  0.10000  3.401E-09   0.10000  3.400E-09
ok  Sb-125   4  0.10000  2.112E-09   0.10000  2.100E-09
ok  Sb-125   5  0.10000  1.355E-09   0.10000  1.400E-09
ok  Sb-125   6  0.10000  1.134E-09   0.10000  1.100E-09
ok  Sb-126   1  0.20000  1.999E-08   0.20000  2.000E-08
ok  Sb-126   2  0.10000  1.409E-08   0.10000  1.400E-08
ok  Sb-126   3  0.10000  7.699E-09   0.10000  7.600E-09
ok  Sb-126   4  0.10000  4.922E-09   0.10000  4.900E-09
ok  Sb-126   5  0.10000  3.092E-09   0.10000  3.100E-09
ok  Sb-126   6  0.10000  2.463E-09   0.10000  2.400E-09
ok  Sb-127   1  0.20000  1.676E-08   0.20000  1.700E-08
ok  Sb-127   2  0.10000  1.159E-08   0.10000  1.200E-08
ok  Sb-127   3  0.10000  5.913E-09   0.10000  5.900E-09
ok  Sb-127   4  0.10000  3.575E-09   0.10000  3.600E-09
ok  Sb-127   5  0.10000  2.087E-09   0.10000  2.100E-09
ok  Sb-127   6  0.10000  1.671E-09   0.10000  1.700E-09
ok  Te-125m  1  0.60000  1.285E-08   0.60000  1.300E-08
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ok  Te-125m  2  0.30000  6.332E-09   0.30000  6.300E-09
ok  Te-125m  3  0.30000  3.339E-09   0.30000  3.300E-09
ok  Te-125m  4  0.30000  1.861E-09   0.30000  1.900E-09
ok  Te-125m  5  0.30000  1.088E-09   0.30000  1.100E-09
ok  Te-125m  6  0.30000  8.715E-10   0.30000  8.700E-10
ok  Te-127m  1  0.60000  4.088E-08   0.60000  4.100E-08
ok  Te-127m  2  0.30000  1.840E-08   0.30000  1.800E-08
ok  Te-127m  3  0.30000  9.482E-09   0.30000  9.500E-09
ok  Te-127m  4  0.30000  5.167E-09   0.30000  5.200E-09
ok  Te-127m  5  0.30000  3.029E-09   0.30000  3.000E-09
ok  Te-127m  6  0.30000  2.340E-09   0.30000  2.300E-09
ok  Te-127   1  0.60000  1.510E-09   0.60000  1.500E-09
ok  Te-127   2  0.30000  1.246E-09   0.30000  1.200E-09
ok  Te-127   3  0.30000  6.184E-10   0.30000  6.200E-10
ok  Te-127   4  0.30000  3.643E-10   0.30000  3.600E-10
ok  Te-127   5  0.30000  2.116E-10   0.30000  2.100E-10
ok  Te-127   6  0.30000  1.687E-10   0.30000  1.700E-10
ok  I-123    1  1.00000  2.235E-09   1.00000  2.200E-09
ok  I-123    2  1.00000  1.973E-09   1.00000  1.900E-09
ok  I-123    3  1.00000  1.067E-09   1.00000  1.100E-09
ok  I-123    4  1.00000  5.019E-10   1.00000  4.900E-10
ok  I-123    5  1.00000  3.337E-10   1.00000  3.300E-10
ok  I-123    6  1.00000  2.177E-10   1.00000  2.100E-10
ok  I-125    1  1.00000  5.246E-08   1.00000  5.200E-08
ok  I-125    2  1.00000  5.790E-08   1.00000  5.700E-08
ok  I-125    3  1.00000  4.191E-08   1.00000  4.100E-08
ok  I-125    4  1.00000  3.175E-08   1.00000  3.100E-08
ok  I-125    5  1.00000  2.226E-08   1.00000  2.200E-08
ok  I-125    6  1.00000  1.539E-08   1.00000  1.500E-08
ok  I-129    1  1.00000  1.840E-07   1.00000  1.800E-07
ok  I-129    2  1.00000  2.153E-07   1.00000  2.200E-07
ok  I-129    3  1.00000  1.724E-07   1.00000  1.700E-07
ok  I-129    4  1.00000  1.880E-07   1.00000  1.900E-07
ok  I-129    5  1.00000  1.395E-07   1.00000  1.400E-07
ok  I-129    6  1.00000  1.057E-07   1.00000  1.100E-07
ok  I-131    1  1.00000  1.842E-07   1.00000  1.800E-07
ok  I-131    2  1.00000  1.790E-07   1.00000  1.800E-07
ok  I-131    3  1.00000  1.036E-07   1.00000  1.000E-07
ok  I-131    4  1.00000  5.237E-08   1.00000  5.200E-08
ok  I-131    5  1.00000  3.424E-08   1.00000  3.400E-08
ok  I-131    6  1.00000  2.175E-08   1.00000  2.200E-08
ok  I-132    1  1.00000  3.027E-09   1.00000  3.000E-09
ok  I-132    2  1.00000  2.388E-09   1.00000  2.400E-09
ok  I-132    3  1.00000  1.262E-09   1.00000  1.300E-09
ok  I-132    4  1.00000  6.221E-10   1.00000  6.200E-10
ok  I-132    5  1.00000  4.169E-10   1.00000  4.100E-10
ok  I-132    6  1.00000  2.870E-10   1.00000  2.900E-10
ok  I-133    1  1.00000  4.927E-08   1.00000  4.900E-08
ok  I-133    2  1.00000  4.397E-08   1.00000  4.400E-08
ok  I-133    3  1.00000  2.325E-08   1.00000  2.300E-08
--->I-133    4  1.00000  1.050E-08   1.00000  1.000E-08
ok  I-133    5  1.00000  6.794E-09   1.00000  6.800E-09
ok  I-133    6  1.00000  4.279E-09   1.00000  4.300E-09
ok  I-134    1  1.00000  1.125E-09   1.00000  1.100E-09
ok  I-134    2  1.00000  7.483E-10   1.00000  7.500E-10

ok  I-134    3  1.00000  3.875E-10   1.00000  3.900E-10
ok  I-134    4  1.00000  2.108E-10   1.00000  2.100E-10
ok  I-134    5  1.00000  1.443E-10   1.00000  1.400E-10
ok  I-134    6  1.00000  1.076E-10   1.00000  1.100E-10
ok  I-135    1  1.00000  1.036E-08   1.00000  1.000E-08
ok  I-135    2  1.00000  8.943E-09   1.00000  8.900E-09
ok  I-135    3  1.00000  4.741E-09   1.00000  4.700E-09
ok  I-135    4  1.00000  2.192E-09   1.00000  2.200E-09
ok  I-135    5  1.00000  1.440E-09   1.00000  1.400E-09
ok  I-135    6  1.00000  9.348E-10   1.00000  9.300E-10
ok  Cs-134   1  1.00000  2.579E-08   1.00000  2.600E-08
ok  Cs-134   2  1.00000  1.574E-08   1.00000  1.600E-08
ok  Cs-134   3  1.00000  1.318E-08   1.00000  1.300E-08
ok  Cs-134   4  1.00000  1.409E-08   1.00000  1.400E-08
ok  Cs-134   5  1.00000  1.897E-08   1.00000  1.900E-08
ok  Cs-134   6  1.00000  1.924E-08   1.00000  1.900E-08
ok  Cs-136   1  1.00000  1.454E-08   1.00000  1.500E-08
ok  Cs-136   2  1.00000  9.611E-09   1.00000  9.500E-09
ok  Cs-136   3  1.00000  6.121E-09   1.00000  6.100E-09
ok  Cs-136   4  1.00000  4.381E-09   1.00000  4.300E-09
ok  Cs-136   5  1.00000  3.437E-09   1.00000  3.400E-09
ok  Cs-136   6  1.00000  3.074E-09   1.00000  3.000E-09
ok  Cs-137   1  1.00000  2.105E-08   1.00000  2.100E-08
ok  Cs-137   2  1.00000  1.238E-08   1.00000  1.200E-08
ok  Cs-137   3  1.00000  9.685E-09   1.00000  9.600E-09
ok  Cs-137   4  1.00000  1.014E-08   1.00000  1.000E-08
ok  Cs-137   5  1.00000  1.337E-08   1.00000  1.300E-08
ok  Cs-137   6  1.00000  1.356E-08   1.00000  1.300E-08
ok  Ba-133   1  0.60000  2.134E-08   0.60000  2.200E-08
ok  Ba-133   2  0.30000  6.234E-09   0.30000  6.200E-09
ok  Ba-133   3  0.30000  3.879E-09   0.30000  3.900E-09
ok  Ba-133   4  0.30000  4.678E-09   0.30000  4.700E-09
ok  Ba-133   5  0.30000  7.235E-09   0.30000  7.300E-09
ok  Ba-133   6  0.20000  1.531E-09   0.20000  1.500E-09
ok  Ba-140   1  0.60000  3.183E-08   0.60000  3.200E-08
ok  Ba-140   2  0.30000  1.790E-08   0.30000  1.800E-08
ok  Ba-140   3  0.30000  9.181E-09   0.30000  9.200E-09
ok  Ba-140   4  0.30000  5.826E-09   0.30000  5.800E-09
ok  Ba-140   5  0.30000  3.719E-09   0.30000  3.700E-09
ok  Ba-140   6  0.20000  2.598E-09   0.20000  2.600E-09
<<<<La-140   1  0.01000  1.948E-08   0.00500  1.900E-08
<<<<La-140   2  0.00100  1.299E-08   0.00050  1.300E-08
<<<<La-140   3  0.00100  6.779E-09   0.00050  6.800E-09
<<<<La-140   4  0.00100  4.201E-09   0.00050  4.200E-09
<<<<La-140   5  0.00100  2.522E-09   0.00050  2.500E-09
<<<<La-140   6  0.00100  2.022E-09   0.00050  2.000E-09
ok  Ce-141   1  0.00500  8.121E-09   0.00500  8.100E-09
ok  Ce-141   2  0.00050  5.150E-09   0.00050  5.100E-09
ok  Ce-141   3  0.00050  2.591E-09   0.00050  2.600E-09
ok  Ce-141   4  0.00050  1.547E-09   0.00050  1.500E-09
ok  Ce-141   5  0.00050  8.855E-10   0.00050  8.800E-10
ok  Ce-141   6  0.00050  7.113E-10   0.00050  7.100E-10
ok  Ce-144   1  0.00500  6.618E-08   0.00500  6.600E-08
ok  Ce-144   2  0.00050  3.880E-08   0.00050  3.900E-08
ok  Ce-144   3  0.00050  1.937E-08   0.00050  1.900E-08
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ok  Ce-144   4  0.00050  1.149E-08   0.00050  1.100E-08
ok  Ce-144   5  0.00050  6.505E-09   0.00050  6.500E-09
ok  Ce-144   6  0.00050  5.234E-09   0.00050  5.200E-09
ok  Bi-210   1  0.10000  1.503E-08   0.10000  1.500E-08
ok  Bi-210   2  0.05000  9.721E-09   0.05000  9.700E-09
ok  Bi-210   3  0.05000  4.843E-09   0.05000  4.800E-09
ok  Bi-210   4  0.05000  2.869E-09   0.05000  2.900E-09
ok  Bi-210   5  0.05000  1.626E-09   0.05000  1.600E-09
ok  Bi-210   6  0.05000  1.307E-09   0.05000  1.300E-09
ok  Bi-212   1  0.10000  3.194E-09   0.10000  3.200E-09
ok  Bi-212   2  0.05000  1.778E-09   0.05000  1.800E-09
ok  Bi-212   3  0.05000  8.729E-10   0.05000  8.700E-10
ok  Bi-212   4  0.05000  5.046E-10   0.05000  5.000E-10
ok  Bi-212   5  0.05000  3.292E-10   0.05000  3.300E-10
ok  Bi-212   6  0.05000  2.591E-10   0.05000  2.600E-10
ok  Po-210   1  1.00000  2.603E-05   1.00000  2.600E-05
ok  Po-210   2  0.50000  8.798E-06   0.50000  8.800E-06
ok  Po-210   3  0.50000  4.374E-06   0.50000  4.400E-06
ok  Po-210   4  0.50000  2.588E-06   0.50000  2.600E-06
ok  Po-210   5  0.50000  1.571E-06   0.50000  1.600E-06
ok  Po-210   6  0.50000  1.209E-06   0.50000  1.200E-06
<<<<Ac-228   1  0.01000  8.956E-09   0.00500  7.400E-09
<<<<Ac-228   2  0.00100  2.952E-09   0.00050  2.800E-09
<<<<Ac-228   3  0.00100  1.536E-09   0.00050  1.400E-09
<<<<Ac-228   4  0.00100  9.319E-10   0.00050  8.700E-10
<<<<Ac-228   5  0.00100  5.729E-10   0.00050  5.300E-10
<<<<Ac-228   6  0.00100  4.682E-10   0.00050  4.300E-10
<<<<Pa-233   1  0.01000  9.888E-09   0.00500  9.600E-09
<<<<Pa-233   2  0.00100  6.234E-09   0.00050  6.200E-09
<<<<Pa-233   3  0.00100  3.159E-09   0.00050  3.200E-09
<<<<Pa-233   4  0.00100  1.900E-09   0.00050  1.900E-09
<<<<Pa-233   5  0.00100  1.098E-09   0.00050  1.100E-09
<<<<Pa-233   6  0.00100  8.793E-10   0.00050  8.700E-10
<<<<Pa-234   1  0.01000  5.065E-09   0.00500  5.000E-09
<<<<Pa-234   2  0.00100  3.321E-09   0.00050  3.200E-09
<<<<Pa-234   3  0.00100  1.734E-09   0.00050  1.700E-09
<<<<Pa-234   4  0.00100  1.071E-09   0.00050  1.000E-09
<<<<Pa-234   5  0.00100  6.546E-10   0.00050  6.400E-10
<<<<Pa-234   6  0.00100  5.235E-10   0.00050  5.100E-10
ok  Np-236L  1  0.00500  1.906E-07   0.00500  1.900E-07
ok  Np-236L  2  0.00050  2.473E-08   0.00050  2.400E-08
ok  Np-236L  3  0.00050  1.860E-08   0.00050  1.800E-08
ok  Np-236L  4  0.00050  1.780E-08   0.00050  1.800E-08
ok  Np-236L  5  0.00050  1.817E-08   0.00050  1.800E-08
ok  Np-236L  6  0.00050  1.739E-08   0.00050  1.700E-08
ok  Np-236S  1  0.00500  2.520E-09   0.00500  2.500E-09
ok  Np-236S  2  0.00050  1.316E-09   0.00050  1.300E-09
ok  Np-236S  3  0.00050  6.684E-10   0.00050  6.600E-10
ok  Np-236S  4  0.00050  4.024E-10   0.00050  3.900E-10
ok  Np-236S  5  0.00050  2.378E-10   0.00050  2.300E-10
ok  Np-236S  6  0.00050  1.937E-10   0.00050  1.900E-10
ok  Np-237   1  0.00500  1.997E-06   0.00500  2.000E-06
ok  Np-237   2  0.00050  2.118E-07   0.00050  2.100E-07
ok  Np-237   3  0.00050  1.427E-07   0.00050  1.400E-07
ok  Np-237   4  0.00050  1.146E-07   0.00050  1.100E-07

ok  Np-237   5  0.00050  1.083E-07   0.00050  1.100E-07
ok  Np-237   6  0.00050  1.070E-07   0.00050  1.100E-07
ok  Np-239   1  0.00500  8.893E-09   0.00500  8.900E-09
ok  Np-239   2  0.00050  5.754E-09   0.00050  5.700E-09
ok  Np-239   3  0.00050  2.898E-09   0.00050  2.900E-09
ok  Np-239   4  0.00050  1.734E-09   0.00050  1.700E-09
ok  Np-239   5  0.00050  9.967E-10   0.00050  1.000E-09
ok  Np-239   6  0.00050  7.986E-10   0.00050  8.000E-10
ok  Pu-236   1  0.00500  2.095E-06   0.00500  2.100E-06
ok  Pu-236   2  0.00050  2.158E-07   0.00050  2.200E-07
ok  Pu-236   3  0.00050  1.451E-07   0.00050  1.400E-07
ok  Pu-236   4  0.00050  1.038E-07   0.00050  1.000E-07
ok  Pu-236   5  0.00050  8.561E-08   0.00050  8.500E-08
ok  Pu-236   6  0.00050  8.694E-08   0.00050  8.400E-08
ok  Pu-238   1  0.00500  3.974E-06   0.00500  4.000E-06
ok  Pu-238   2  0.00050  3.998E-07   0.00050  4.000E-07
ok  Pu-238   3  0.00050  3.060E-07   0.00050  3.100E-07
ok  Pu-238   4  0.00050  2.443E-07   0.00050  2.400E-07
ok  Pu-238   5  0.00050  2.205E-07   0.00050  2.200E-07
ok  Pu-238   6  0.00050  2.280E-07   0.00050  2.200E-07
ok  Pu-239   1  0.00500  4.190E-06   0.00500  4.200E-06
ok  Pu-239   2  0.00050  4.217E-07   0.00050  4.200E-07
ok  Pu-239   3  0.00050  3.326E-07   0.00050  3.300E-07
ok  Pu-239   4  0.00050  2.710E-07   0.00050  2.700E-07
ok  Pu-239   5  0.00050  2.455E-07   0.00050  2.400E-07
ok  Pu-239   6  0.00050  2.507E-07   0.00050  2.500E-07
ok  Pu-240   1  0.00500  4.191E-06   0.00500  4.200E-06
ok  Pu-240   2  0.00050  4.219E-07   0.00050  4.200E-07
ok  Pu-240   3  0.00050  3.327E-07   0.00050  3.300E-07
ok  Pu-240   4  0.00050  2.710E-07   0.00050  2.700E-07
ok  Pu-240   5  0.00050  2.455E-07   0.00050  2.400E-07
ok  Pu-240   6  0.00050  2.507E-07   0.00050  2.500E-07
ok  Pu-241   1  0.00500  5.632E-08   0.00500  5.600E-08
ok  Pu-241   2  0.00050  5.802E-09   0.00050  5.700E-09
ok  Pu-241   3  0.00050  5.491E-09   0.00050  5.500E-09
ok  Pu-241   4  0.00050  5.053E-09   0.00050  5.100E-09
ok  Pu-241   5  0.00050  4.795E-09   0.00050  4.800E-09
ok  Pu-241   6  0.00050  4.746E-09   0.00050  4.800E-09
ok  Pu-242   1  0.00500  3.981E-06   0.00500  4.000E-06
ok  Pu-242   2  0.00050  4.008E-07   0.00050  4.000E-07
ok  Pu-242   3  0.00050  3.161E-07   0.00050  3.200E-07
ok  Pu-242   4  0.00050  2.576E-07   0.00050  2.600E-07
ok  Pu-242   5  0.00050  2.334E-07   0.00050  2.300E-07
ok  Pu-242   6  0.00050  2.383E-07   0.00050  2.400E-07
ok  Am-241   1  0.00500  3.725E-06   0.00500  3.700E-06
ok  Am-241   2  0.00050  3.752E-07   0.00050  3.700E-07
ok  Am-241   3  0.00050  2.741E-07   0.00050  2.700E-07
ok  Am-241   4  0.00050  2.223E-07   0.00050  2.200E-07
ok  Am-241   5  0.00050  2.043E-07   0.00050  2.000E-07
ok  Am-241   6  0.00050  2.040E-07   0.00050  2.000E-07
ok  Am-243   1  0.00500  3.658E-06   0.00500  3.600E-06
ok  Am-243   2  0.00050  3.699E-07   0.00050  3.700E-07
ok  Am-243   3  0.00050  2.715E-07   0.00050  2.700E-07
ok  Am-243   4  0.00050  2.211E-07   0.00050  2.200E-07
ok  Am-243   5  0.00050  2.033E-07   0.00050  2.000E-07
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ok  Am-243   6  0.00050  2.026E-07   0.00050  2.000E-07
ok  Cm-242   1  0.00500  5.846E-07   0.00500  5.900E-07
ok  Cm-242   2  0.00050  7.603E-08   0.00050  7.600E-08
ok  Cm-242   3  0.00050  3.932E-08   0.00050  3.900E-08
ok  Cm-242   4  0.00050  2.360E-08   0.00050  2.400E-08
ok  Cm-242   5  0.00050  1.460E-08   0.00050  1.500E-08
ok  Cm-242   6  0.00050  1.171E-08   0.00050  1.200E-08
ok  Cm-243   1  0.00500  3.218E-06   0.00500  3.200E-06
ok  Cm-243   2  0.00050  3.257E-07   0.00050  3.200E-07
ok  Cm-243   3  0.00050  2.204E-07   0.00050  2.200E-07
ok  Cm-243   4  0.00050  1.658E-07   0.00050  1.600E-07

ok  Cm-243   5  0.00050  1.467E-07   0.00050  1.400E-07
ok  Cm-243   6  0.00050  1.487E-07   0.00050  1.500E-07
ok  Cm-244   1  0.00500  2.929E-06   0.00500  2.900E-06
ok  Cm-244   2  0.00050  2.932E-07   0.00050  2.900E-07
ok  Cm-244   3  0.00050  1.925E-07   0.00050  1.900E-07
ok  Cm-244   4  0.00050  1.395E-07   0.00050  1.400E-07
ok  Cm-244   5  0.00050  1.206E-07   0.00050  1.200E-07
ok  Cm-244   6  0.00050  1.226E-07   0.00050  1.200E-07
-------------------------------------------------------
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Comparison of age-specific effective dose coefficients, e (Sv/Bq)
for inhalation intakes of radionuclides generated during FGR-13 computations
(for QA purposes only) with values published by the ICRP. Values marked with
"ok" differ by less than 5%.  If the values differ by more that 5% they
are marked by "-->".  If the difference resulted from use of a 
different f1 values the comparison is marked by "<<<<".

                         FGR-13                          ICRP
                   -------------------------    --------------------
              Age  AMAD Type / f1     e         Type / f1     e
ok  H-3       100  0.00 V 1.0E+00  6.347E-11    V 1.0E+00  6.400E-11
ok  H-3       365  0.00 V 1.0E+00  4.857E-11    V 1.0E+00  4.800E-11
ok  H-3      1825  0.00 V 1.0E+00  3.074E-11    V 1.0E+00  3.100E-11
ok  H-3      3650  0.00 V 1.0E+00  2.275E-11    V 1.0E+00  2.300E-11
ok  H-3      5475  0.00 V 1.0E+00  1.800E-11    V 1.0E+00  1.800E-11
ok  H-3      7300  0.00 V 1.0E+00  1.834E-11    V 1.0E+00  1.800E-11
ok  C-14      100  0.00 V 1.0E+00  1.877E-11    V 1.0E+00  1.900E-11
ok  C-14      365  0.00 V 1.0E+00  1.906E-11    V 1.0E+00  1.900E-11
ok  C-14     1825  0.00 V 1.0E+00  1.141E-11    V 1.0E+00  1.100E-11
ok  C-14     3650  0.00 V 1.0E+00  8.899E-12    V 1.0E+00  8.900E-11
ok  C-14     5475  0.00 V 1.0E+00  6.283E-12    V 1.0E+00  6.300E-11
ok  C-14     7300  0.00 V 1.0E+00  6.243E-12    V 1.0E+00  6.200E-10
ok  S-35      100  1.00 F 1.0E+00  5.433E-10    F 1.0E+00  5.500E-10
ok  S-35      365  1.00 F 8.0E-01  3.947E-10    F 8.0E-01  3.900E-10
ok  S-35     1825  1.00 F 8.0E-01  1.764E-10    F 8.0E-01  1.800E-10
ok  S-35     3650  1.00 F 8.0E-01  1.088E-10    F 8.0E-01  1.100E-10
ok  S-35     5475  1.00 F 8.0E-01  6.024E-11    F 8.0E-01  6.000E-11
ok  S-35     7300  1.00 F 8.0E-01  5.152E-11    F 8.0E-01  5.100E-11
ok  S-35      100  1.00 M 2.0E-01  5.862E-09    M 2.0E-01  5.900E-09
ok  S-35      365  1.00 M 1.0E-01  4.487E-09    M 1.0E-01  4.500E-09
ok  S-35     1825  1.00 M 1.0E-01  2.747E-09    M 1.0E-01  2.800E-09
ok  S-35     3650  1.00 M 1.0E-01  1.979E-09    M 1.0E-01  2.000E-09
ok  S-35     5475  1.00 M 1.0E-01  1.786E-09    M 1.0E-01  1.800E-09
ok  S-35     7300  1.00 M 1.0E-01  1.432E-09    M 1.0E-01  1.400E-09
ok  S-35      100  1.00 S 2.0E-02  7.638E-09    S 2.0E-02  7.700E-09
ok  S-35      365  1.00 S 1.0E-02  5.892E-09    S 1.0E-02  5.900E-09
ok  S-35     1825  1.00 S 1.0E-02  3.610E-09    S 1.0E-02  3.600E-09
ok  S-35     3650  1.00 S 1.0E-02  2.580E-09    S 1.0E-02  2.600E-09
ok  S-35     5475  1.00 S 1.0E-02  2.313E-09    S 1.0E-02  2.300E-09
ok  S-35     7300  1.00 S 1.0E-02  1.862E-09    S 1.0E-02  1.900E-09
ok  Ca-45     100  1.00 F 6.0E-01  5.616E-09    F 6.0E-01  5.700E-09
ok  Ca-45     365  1.00 F 4.0E-01  2.948E-09    F 4.0E-01  3.000E-09
ok  Ca-45    1825  1.00 F 4.0E-01  1.410E-09    F 4.0E-01  1.400E-09
ok  Ca-45    3650  1.00 F 4.0E-01  1.047E-09    F 4.0E-01  1.000E-09
ok  Ca-45    5475  1.00 F 4.0E-01  7.520E-10    F 4.0E-01  7.600E-10
ok  Ca-45    9125  1.00 F 3.0E-01  4.663E-10    F 3.0E-01  4.600E-10
ok  Ca-45     100  1.00 M 2.0E-01  1.189E-08    M 2.0E-01  1.200E-08
ok  Ca-45     365  1.00 M 1.0E-01  8.727E-09    M 1.0E-01  8.800E-09
ok  Ca-45    1825  1.00 M 1.0E-01  5.259E-09    M 1.0E-01  5.300E-09
ok  Ca-45    3650  1.00 M 1.0E-01  3.834E-09    M 1.0E-01  3.900E-09
ok  Ca-45    5475  1.00 M 1.0E-01  3.454E-09    M 1.0E-01  3.500E-09
ok  Ca-45    9125  1.00 M 1.0E-01  2.715E-09    M 1.0E-01  2.700E-09
ok  Ca-45     100  1.00 S 2.0E-02  1.464E-08    S 2.0E-02  1.500E-08
ok  Ca-45     365  1.00 S 1.0E-02  1.163E-08    S 1.0E-02  1.200E-08

ok  Ca-45    1825  1.00 S 1.0E-02  7.107E-09    S 1.0E-02  7.100E-09
ok  Ca-45    3650  1.00 S 1.0E-02  5.065E-09    S 1.0E-02  5.100E-09
ok  Ca-45    5475  1.00 S 1.0E-02  4.515E-09    S 1.0E-02  4.600E-09
ok  Ca-45    9125  1.00 S 1.0E-02  3.641E-09    S 1.0E-02  3.700E-09
ok  Ca-47     100  1.00 F 6.0E-01  4.874E-09    F 6.0E-01  4.900E-09
ok  Ca-47     365  1.00 F 4.0E-01  3.588E-09    F 4.0E-01  3.600E-09
ok  Ca-47    1825  1.00 F 4.0E-01  1.712E-09    F 4.0E-01  1.700E-09
ok  Ca-47    3650  1.00 F 4.0E-01  1.058E-09    F 4.0E-01  1.100E-09
ok  Ca-47    5475  1.00 F 4.0E-01  6.132E-10    F 4.0E-01  6.100E-10
ok  Ca-47    9125  1.00 F 3.0E-01  5.577E-10    F 3.0E-01  5.500E-10
ok  Ca-47     100  1.00 M 2.0E-01  1.035E-08    M 2.0E-01  1.000E-08
ok  Ca-47     365  1.00 M 1.0E-01  7.651E-09    M 1.0E-01  7.700E-09
ok  Ca-47    1825  1.00 M 1.0E-01  4.161E-09    M 1.0E-01  4.200E-09
ok  Ca-47    3650  1.00 M 1.0E-01  2.923E-09    M 1.0E-01  2.900E-09
ok  Ca-47    5475  1.00 M 1.0E-01  2.350E-09    M 1.0E-01  2.400E-09
ok  Ca-47    9125  1.00 M 1.0E-01  1.889E-09    M 1.0E-01  1.900E-09
ok  Ca-47     100  1.00 S 2.0E-02  1.160E-08    S 2.0E-02  1.200E-08
ok  Ca-47     365  1.00 S 1.0E-02  8.439E-09    S 1.0E-02  8.400E-09
ok  Ca-47    1825  1.00 S 1.0E-02  4.612E-09    S 1.0E-02  4.600E-09
ok  Ca-47    3650  1.00 S 1.0E-02  3.252E-09    S 1.0E-02  3.300E-09
ok  Ca-47    5475  1.00 S 1.0E-02  2.636E-09    S 1.0E-02  2.600E-09
ok  Ca-47    9125  1.00 S 1.0E-02  2.108E-09    S 1.0E-02  2.100E-09
ok  Sc-47     100  1.00 S 1.0E-03  3.931E-09    S 1.0E-03  3.900E-09
ok  Sc-47     365  1.00 S 1.0E-04  2.813E-09    S 1.0E-04  2.800E-09
ok  Sc-47    1825  1.00 S 1.0E-04  1.540E-09    S 1.0E-04  1.500E-09
ok  Sc-47    3650  1.00 S 1.0E-04  1.101E-09    S 1.0E-04  1.100E-09
ok  Sc-47    5475  1.00 S 1.0E-04  9.179E-10    S 1.0E-04  9.200E-10
ok  Sc-47    7300  1.00 S 1.0E-04  7.243E-10    S 1.0E-04  7.300E-10
ok  Fe-55     100  1.00 F 6.0E-01  4.120E-09    F 6.0E-01  4.100E-09
ok  Fe-55     365  1.00 F 2.0E-01  3.201E-09    F 2.0E-01  3.200E-09
ok  Fe-55    1825  1.00 F 2.0E-01  2.194E-09    F 2.0E-01  2.200E-09
ok  Fe-55    3650  1.00 F 2.0E-01  1.408E-09    F 2.0E-01  1.400E-09
ok  Fe-55    5475  1.00 F 2.0E-01  9.427E-10    F 2.0E-01  9.400E-10
ok  Fe-55    7300  1.00 F 1.0E-01  7.810E-10    F 1.0E-01  7.700E-10
ok  Fe-55     100  1.00 M 2.0E-01  1.908E-09    M 2.0E-01  1.900E-09
ok  Fe-55     365  1.00 M 1.0E-01  1.442E-09    M 1.0E-01  1.400E-09
ok  Fe-55    1825  1.00 M 1.0E-01  9.888E-10    M 1.0E-01  9.900E-10
ok  Fe-55    3650  1.00 M 1.0E-01  6.230E-10    M 1.0E-01  6.200E-10
ok  Fe-55    5475  1.00 M 1.0E-01  4.391E-10    M 1.0E-01  4.400E-10
ok  Fe-55    7300  1.00 M 1.0E-01  3.877E-10    M 1.0E-01  3.800E-10
ok  Fe-55     100  1.00 S 2.0E-02  9.904E-10    S 2.0E-02  1.000E-09
ok  Fe-55     365  1.00 S 1.0E-02  8.400E-10    S 1.0E-02  8.500E-10
ok  Fe-55    1825  1.00 S 1.0E-02  4.977E-10    S 1.0E-02  5.000E-10
ok  Fe-55    3650  1.00 S 1.0E-02  2.926E-10    S 1.0E-02  2.900E-10
ok  Fe-55    5475  1.00 S 1.0E-02  2.030E-10    S 1.0E-02  2.000E-10
ok  Fe-55    7300  1.00 S 1.0E-02  1.839E-10    S 1.0E-02  1.800E-10
ok  Fe-59     100  1.00 F 6.0E-01  2.042E-08    F 6.0E-01  2.000E-08
ok  Fe-59     365  1.00 F 2.0E-01  1.308E-08    F 2.0E-01  1.300E-08
ok  Fe-59    1825  1.00 F 2.0E-01  7.095E-09    F 2.0E-01  7.000E-09
--> Fe-59    3650  1.00 F 2.0E-01  4.433E-09    F 2.0E-01  4.200E-09
ok  Fe-59    5475  1.00 F 2.0E-01  2.652E-09    F 2.0E-01  2.600E-09
ok  Fe-59    7300  1.00 F 1.0E-01  2.226E-09    F 1.0E-01  2.200E-09
ok  Fe-59     100  1.00 M 2.0E-01  1.837E-08    M 2.0E-01  1.800E-08
ok  Fe-59     365  1.00 M 1.0E-01  1.327E-08    M 1.0E-01  1.300E-08
ok  Fe-59    1825  1.00 M 1.0E-01  7.863E-09    M 1.0E-01  7.900E-09
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ok  Fe-59    3650  1.00 M 1.0E-01  5.495E-09    M 1.0E-01  5.500E-09
ok  Fe-59    5475  1.00 M 1.0E-01  4.577E-09    M 1.0E-01  4.600E-09
ok  Fe-59    7300  1.00 M 1.0E-01  3.697E-09    M 1.0E-01  3.700E-09
ok  Fe-59     100  1.00 S 2.0E-02  1.712E-08    S 2.0E-02  1.700E-08
ok  Fe-59     365  1.00 S 1.0E-02  1.340E-08    S 1.0E-02  1.300E-08
ok  Fe-59    1825  1.00 S 1.0E-02  8.100E-09    S 1.0E-02  8.100E-09
ok  Fe-59    3650  1.00 S 1.0E-02  5.785E-09    S 1.0E-02  5.800E-09
ok  Fe-59    5475  1.00 S 1.0E-02  5.040E-09    S 1.0E-02  5.100E-09
ok  Fe-59    7300  1.00 S 1.0E-02  4.030E-09    S 1.0E-02  4.000E-09
ok  Co-57     100  1.00 F 6.0E-01  1.452E-09    F 6.0E-01  1.500E-09
ok  Co-57     365  1.00 F 3.0E-01  1.086E-09    F 3.0E-01  1.100E-09
ok  Co-57    1825  1.00 F 3.0E-01  5.657E-10    F 3.0E-01  5.600E-10
ok  Co-57    3650  1.00 F 3.0E-01  3.685E-10    F 3.0E-01  3.700E-10
ok  Co-57    5475  1.00 F 3.0E-01  2.300E-10    F 3.0E-01  2.300E-10
ok  Co-57    7300  1.00 F 1.0E-01  1.876E-10    F 1.0E-01  1.900E-10
ok  Co-57     100  1.00 M 2.0E-01  2.745E-09    M 2.0E-01  2.800E-09
ok  Co-57     365  1.00 M 1.0E-01  2.166E-09    M 1.0E-01  2.200E-09
ok  Co-57    1825  1.00 M 1.0E-01  1.265E-09    M 1.0E-01  1.300E-09
ok  Co-57    3650  1.00 M 1.0E-01  8.504E-10    M 1.0E-01  8.500E-10
ok  Co-57    5475  1.00 M 1.0E-01  6.674E-10    M 1.0E-01  6.700E-10
ok  Co-57    7300  1.00 M 1.0E-01  5.488E-10    M 1.0E-01  5.500E-10
ok  Co-57     100  1.00 S 2.0E-02  4.345E-09    S 2.0E-02  4.400E-09
ok  Co-57     365  1.00 S 1.0E-02  3.706E-09    S 1.0E-02  3.700E-09
ok  Co-57    1825  1.00 S 1.0E-02  2.270E-09    S 1.0E-02  2.300E-09
ok  Co-57    3650  1.00 S 1.0E-02  1.506E-09    S 1.0E-02  1.500E-09
ok  Co-57    5475  1.00 S 1.0E-02  1.191E-09    S 1.0E-02  1.200E-09
ok  Co-57    7300  1.00 S 1.0E-02  1.000E-09    S 1.0E-02  1.000E-09
ok  Co-58     100  1.00 F 6.0E-01  3.992E-09    F 6.0E-01  4.000E-09
ok  Co-58     365  1.00 F 3.0E-01  3.045E-09    F 3.0E-01  3.000E-09
ok  Co-58    1825  1.00 F 3.0E-01  1.607E-09    F 3.0E-01  1.600E-09
ok  Co-58    3650  1.00 F 3.0E-01  1.026E-09    F 3.0E-01  1.000E-09
ok  Co-58    5475  1.00 F 3.0E-01  6.418E-10    F 3.0E-01  6.400E-10
ok  Co-58    7300  1.00 F 1.0E-01  5.355E-10    F 1.0E-01  5.300E-10
ok  Co-58     100  1.00 M 2.0E-01  7.284E-09    M 2.0E-01  7.300E-09
ok  Co-58     365  1.00 M 1.0E-01  6.512E-09    M 1.0E-01  6.500E-09
ok  Co-58    1825  1.00 M 1.0E-01  3.485E-09    M 1.0E-01  3.500E-09
ok  Co-58    3650  1.00 M 1.0E-01  2.408E-09    M 1.0E-01  2.400E-09
ok  Co-58    5475  1.00 M 1.0E-01  1.958E-09    M 1.0E-01  2.000E-09
ok  Co-58    7300  1.00 M 1.0E-01  1.592E-09    M 1.0E-01  1.600E-09
ok  Co-58     100  1.00 S 2.0E-02  9.021E-09    S 2.0E-02  9.000E-09
ok  Co-58     365  1.00 S 1.0E-02  7.461E-09    S 1.0E-02  7.400E-09
ok  Co-58    1825  1.00 S 1.0E-02  4.566E-09    S 1.0E-02  4.500E-09
ok  Co-58    3650  1.00 S 1.0E-02  3.154E-09    S 1.0E-02  3.100E-09
ok  Co-58    5475  1.00 S 1.0E-02  2.603E-09    S 1.0E-02  2.600E-09
ok  Co-58    7300  1.00 S 1.0E-02  2.115E-09    S 1.0E-02  2.100E-09
ok  Co-60     100  1.00 F 6.0E-01  3.004E-08    F 6.0E-01  3.000E-08
ok  Co-60     365  1.00 F 3.0E-01  2.339E-08    F 3.0E-01  2.300E-08
ok  Co-60    1825  1.00 F 3.0E-01  1.360E-08    F 3.0E-01  1.400E-08
ok  Co-60    3650  1.00 F 3.0E-01  8.885E-09    F 3.0E-01  8.900E-09
ok  Co-60    5475  1.00 F 3.0E-01  6.087E-09    F 3.0E-01  6.100E-09
ok  Co-60    7300  1.00 F 1.0E-01  5.268E-09    F 1.0E-01  5.200E-09
ok  Co-60     100  1.00 M 2.0E-01  4.159E-08    M 2.0E-01  4.200E-08
ok  Co-60     365  1.00 M 1.0E-01  3.390E-08    M 1.0E-01  3.400E-08
ok  Co-60    1825  1.00 M 1.0E-01  2.130E-08    M 1.0E-01  2.100E-08
ok  Co-60    3650  1.00 M 1.0E-01  1.457E-08    M 1.0E-01  1.500E-08

ok  Co-60    5475  1.00 M 1.0E-01  1.207E-08    M 1.0E-01  1.200E-08
ok  Co-60    7300  1.00 M 1.0E-01  1.019E-08    M 1.0E-01  1.000E-08
ok  Co-60     100  1.00 S 2.0E-02  9.150E-08    S 2.0E-02  9.200E-08
ok  Co-60     365  1.00 S 1.0E-02  8.569E-08    S 1.0E-02  8.600E-08
ok  Co-60    1825  1.00 S 1.0E-02  5.883E-08    S 1.0E-02  5.900E-08
ok  Co-60    3650  1.00 S 1.0E-02  4.027E-08    S 1.0E-02  4.000E-08
ok  Co-60    5475  1.00 S 1.0E-02  3.418E-08    S 1.0E-02  3.400E-08
ok  Co-60    7300  1.00 S 1.0E-02  3.073E-08    S 1.0E-02  3.100E-08
ok  Ni-59     100  1.00 F 1.0E-01  9.535E-10    F 1.0E-01  9.600E-10
ok  Ni-59     365  1.00 F 5.0E-02  8.058E-10    F 5.0E-02  8.100E-10
ok  Ni-59    1825  1.00 F 5.0E-02  4.481E-10    F 5.0E-02  4.500E-10
ok  Ni-59    3650  1.00 F 5.0E-02  2.769E-10    F 5.0E-02  2.800E-10
ok  Ni-59    5475  1.00 F 5.0E-02  1.925E-10    F 5.0E-02  1.900E-10
ok  Ni-59    7300  1.00 F 5.0E-02  1.825E-10    F 5.0E-02  1.800E-10
ok  Ni-59     100  1.00 M 1.0E-01  7.782E-10    M 1.0E-01  7.900E-10
ok  Ni-59     365  1.00 M 5.0E-02  6.104E-10    M 5.0E-02  6.200E-10
ok  Ni-59    1825  1.00 M 5.0E-02  3.409E-10    M 5.0E-02  3.400E-10
ok  Ni-59    3650  1.00 M 5.0E-02  2.039E-10    M 5.0E-02  2.100E-10
ok  Ni-59    5475  1.00 M 5.0E-02  1.430E-10    M 5.0E-02  1.400E-10
ok  Ni-59    7300  1.00 M 5.0E-02  1.319E-10    M 5.0E-02  1.300E-10
ok  Ni-59     100  1.00 S 2.0E-02  1.647E-09    S 2.0E-02  1.700E-09
ok  Ni-59     365  1.00 S 1.0E-02  1.503E-09    S 1.0E-02  1.500E-09
ok  Ni-59    1825  1.00 S 1.0E-02  9.437E-10    S 1.0E-02  9.500E-10
ok  Ni-59    3650  1.00 S 1.0E-02  5.829E-10    S 1.0E-02  5.900E-10
ok  Ni-59    5475  1.00 S 1.0E-02  4.606E-10    S 1.0E-02  4.600E-10
ok  Ni-59    7300  1.00 S 1.0E-02  4.444E-10    S 1.0E-02  4.400E-10
ok  Ni-63     100  1.00 F 1.0E-01  2.303E-09    F 1.0E-01  2.300E-09
ok  Ni-63     365  1.00 F 5.0E-02  1.943E-09    F 5.0E-02  2.000E-09
ok  Ni-63    1825  1.00 F 5.0E-02  1.078E-09    F 5.0E-02  1.100E-09
ok  Ni-63    3650  1.00 F 5.0E-02  6.641E-10    F 5.0E-02  6.700E-10
ok  Ni-63    5475  1.00 F 5.0E-02  4.595E-10    F 5.0E-02  4.600E-10
ok  Ni-63    7300  1.00 F 5.0E-02  4.348E-10    F 5.0E-02  4.400E-10
ok  Ni-63     100  1.00 M 1.0E-01  2.476E-09    M 1.0E-01  2.500E-09
ok  Ni-63     365  1.00 M 5.0E-02  1.914E-09    M 5.0E-02  1.900E-09
ok  Ni-63    1825  1.00 M 5.0E-02  1.118E-09    M 5.0E-02  1.100E-09
ok  Ni-63    3650  1.00 M 5.0E-02  6.954E-10    M 5.0E-02  7.000E-10
ok  Ni-63    5475  1.00 M 5.0E-02  5.250E-10    M 5.0E-02  5.300E-10
ok  Ni-63    7300  1.00 M 5.0E-02  4.729E-10    M 5.0E-02  4.800E-10
ok  Ni-63     100  1.00 S 2.0E-02  4.743E-09    S 2.0E-02  4.800E-09
ok  Ni-63     365  1.00 S 1.0E-02  4.192E-09    S 1.0E-02  4.300E-09
ok  Ni-63    1825  1.00 S 1.0E-02  2.649E-09    S 1.0E-02  2.700E-09
ok  Ni-63    3650  1.00 S 1.0E-02  1.657E-09    S 1.0E-02  1.700E-09
ok  Ni-63    5475  1.00 S 1.0E-02  1.328E-09    S 1.0E-02  1.300E-09
ok  Ni-63    7300  1.00 S 1.0E-02  1.256E-09    S 1.0E-02  1.300E-09
ok  Zn-65     100  1.00 F 1.0E+00  1.462E-08    F 1.0E+00  1.500E-08
ok  Zn-65     365  1.00 F 5.0E-01  1.027E-08    F 5.0E-01  1.000E-08
ok  Zn-65    1825  1.00 F 5.0E-01  5.736E-09    F 5.0E-01  5.700E-09
ok  Zn-65    3650  1.00 F 5.0E-01  3.772E-09    F 5.0E-01  3.800E-09
ok  Zn-65    5475  1.00 F 5.0E-01  2.497E-09    F 5.0E-01  2.500E-09
ok  Zn-65    7300  1.00 F 5.0E-01  2.248E-09    F 5.0E-01  2.200E-09
ok  Zn-65     100  1.00 M 2.0E-01  8.525E-09    M 2.0E-01  8.500E-09
ok  Zn-65     365  1.00 M 1.0E-01  6.471E-09    M 1.0E-01  6.500E-09
ok  Zn-65    1825  1.00 M 1.0E-01  3.700E-09    M 1.0E-01  3.700E-09
ok  Zn-65    3650  1.00 M 1.0E-01  2.457E-09    M 1.0E-01  2.400E-09
ok  Zn-65    5475  1.00 M 1.0E-01  1.874E-09    M 1.0E-01  1.900E-09
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ok  Zn-65    7300  1.00 M 1.0E-01  1.617E-09    M 1.0E-01  1.600E-09
ok  Zn-65     100  1.00 S 2.0E-02  7.647E-09    S 2.0E-02  7.600E-09
ok  Zn-65     365  1.00 S 1.0E-02  6.757E-09    S 1.0E-02  6.700E-09
ok  Zn-65    1825  1.00 S 1.0E-02  4.389E-09    S 1.0E-02  4.400E-09
ok  Zn-65    3650  1.00 S 1.0E-02  2.951E-09    S 1.0E-02  2.900E-09
ok  Zn-65    5475  1.00 S 1.0E-02  2.386E-09    S 1.0E-02  2.400E-09
ok  Zn-65    7300  1.00 S 1.0E-02  2.007E-09    S 1.0E-02  2.000E-09
ok  Se-75     100  1.00 F 1.0E+00  7.725E-09    F 1.0E+00  7.800E-09
ok  Se-75     365  1.00 F 8.0E-01  5.995E-09    F 8.0E-01  6.000E-09
ok  Se-75    1825  1.00 F 8.0E-01  3.403E-09    F 8.0E-01  3.400E-09
ok  Se-75    3650  1.00 F 8.0E-01  2.473E-09    F 8.0E-01  2.500E-09
ok  Se-75    5475  1.00 F 8.0E-01  1.192E-09    F 8.0E-01  1.200E-09
ok  Se-75    7300  1.00 F 8.0E-01  1.021E-09    F 8.0E-01  1.000E-09
--> Se-75     100  1.00 M 2.0E-01  5.984E-09    M 2.0E-01  5.400E-09
ok  Se-75     365  1.00 M 1.0E-01  4.619E-09    M 1.0E-01  4.500E-09
ok  Se-75    1825  1.00 M 1.0E-01  2.532E-09    M 1.0E-01  2.500E-09
ok  Se-75    3650  1.00 M 1.0E-01  1.771E-09    M 1.0E-01  1.700E-09
ok  Se-75    5475  1.00 M 1.0E-01  1.286E-09    M 1.0E-01  1.300E-09
ok  Se-75    7300  1.00 M 1.0E-01  1.056E-09    M 1.0E-01  1.100E-09
ok  Se-79     100  1.00 F 1.0E+00  1.585E-08    F 1.0E+00  1.600E-08
ok  Se-79     365  1.00 F 8.0E-01  1.273E-08    F 8.0E-01  1.300E-08
ok  Se-79    1825  1.00 F 8.0E-01  7.699E-09    F 8.0E-01  7.700E-09
ok  Se-79    3650  1.00 F 8.0E-01  5.580E-09    F 8.0E-01  5.600E-09
ok  Se-79    5475  1.00 F 8.0E-01  1.523E-09    F 8.0E-01  1.500E-09
ok  Se-79    7300  1.00 F 8.0E-01  1.135E-09    F 8.0E-01  1.100E-09
ok  Se-79     100  1.00 M 2.0E-01  1.413E-08    M 2.0E-01  1.400E-08
ok  Se-79     365  1.00 M 1.0E-01  1.081E-08    M 1.0E-01  1.100E-08
ok  Se-79    1825  1.00 M 1.0E-01  6.845E-09    M 1.0E-01  6.900E-09
ok  Se-79    3650  1.00 M 1.0E-01  4.827E-09    M 1.0E-01  4.900E-09
ok  Se-79    5475  1.00 M 1.0E-01  3.297E-09    M 1.0E-01  3.300E-09
ok  Se-79    7300  1.00 M 1.0E-01  2.632E-09    M 1.0E-01  2.600E-09
ok  Sr-89     100  1.00 F 6.0E-01  1.527E-08    F 6.0E-01  1.500E-08
ok  Sr-89     365  1.00 F 4.0E-01  7.283E-09    F 4.0E-01  7.300E-09
ok  Sr-89    1825  1.00 F 4.0E-01  3.204E-09    F 4.0E-01  3.200E-09
ok  Sr-89    3650  1.00 F 4.0E-01  2.321E-09    F 4.0E-01  2.300E-09
ok  Sr-89    5475  1.00 F 4.0E-01  1.666E-09    F 4.0E-01  1.700E-09
ok  Sr-89    9125  1.00 F 3.0E-01  1.008E-09    F 3.0E-01  1.000E-09
ok  Sr-89     100  1.00 M 2.0E-01  3.271E-08    M 2.0E-01  3.300E-08
ok  Sr-89     365  1.00 M 1.0E-01  2.400E-08    M 1.0E-01  2.400E-08
ok  Sr-89    1825  1.00 M 1.0E-01  1.336E-08    M 1.0E-01  1.300E-08
ok  Sr-89    3650  1.00 M 1.0E-01  9.127E-09    M 1.0E-01  9.100E-09
ok  Sr-89    5475  1.00 M 1.0E-01  7.288E-09    M 1.0E-01  7.300E-09
ok  Sr-89    9125  1.00 M 1.0E-01  6.106E-09    M 1.0E-01  6.100E-09
ok  Sr-89     100  1.00 S 2.0E-02  3.884E-08    S 2.0E-02  3.900E-08
ok  Sr-89     365  1.00 S 1.0E-02  3.025E-08    S 1.0E-02  3.000E-08
ok  Sr-89    1825  1.00 S 1.0E-02  1.715E-08    S 1.0E-02  1.700E-08
ok  Sr-89    3650  1.00 S 1.0E-02  1.161E-08    S 1.0E-02  1.200E-08
ok  Sr-89    5475  1.00 S 1.0E-02  9.263E-09    S 1.0E-02  9.300E-09
ok  Sr-89    9125  1.00 S 1.0E-02  7.943E-09    S 1.0E-02  7.900E-09
ok  Sr-90     100  1.00 F 6.0E-01  1.229E-07    F 6.0E-01  1.200E-07
ok  Sr-90     365  1.00 F 4.0E-01  5.174E-08    F 4.0E-01  5.200E-08
ok  Sr-90    1825  1.00 F 4.0E-01  3.080E-08    F 4.0E-01  3.100E-08
ok  Sr-90    3650  1.00 F 4.0E-01  4.095E-08    F 4.0E-01  4.100E-08
ok  Sr-90    5475  1.00 F 4.0E-01  5.249E-08    F 4.0E-01  5.300E-08
ok  Sr-90    9125  1.00 F 3.0E-01  2.391E-08    F 3.0E-01  2.400E-08

ok  Sr-90     100  1.00 M 2.0E-01  1.479E-07    M 2.0E-01  1.500E-07
ok  Sr-90     365  1.00 M 1.0E-01  1.060E-07    M 1.0E-01  1.100E-07
ok  Sr-90    1825  1.00 M 1.0E-01  6.483E-08    M 1.0E-01  6.500E-08
ok  Sr-90    3650  1.00 M 1.0E-01  5.114E-08    M 1.0E-01  5.100E-08
ok  Sr-90    5475  1.00 M 1.0E-01  4.942E-08    M 1.0E-01  5.000E-08
ok  Sr-90    9125  1.00 M 1.0E-01  3.558E-08    M 1.0E-01  3.600E-08
ok  Sr-90     100  1.00 S 2.0E-02  4.138E-07    S 2.0E-02  4.200E-07
ok  Sr-90     365  1.00 S 1.0E-02  3.939E-07    S 1.0E-02  4.000E-07
ok  Sr-90    1825  1.00 S 1.0E-02  2.689E-07    S 1.0E-02  2.700E-07
ok  Sr-90    3650  1.00 S 1.0E-02  1.828E-07    S 1.0E-02  1.800E-07
ok  Sr-90    5475  1.00 S 1.0E-02  1.595E-07    S 1.0E-02  1.600E-07
ok  Sr-90    9125  1.00 S 1.0E-02  1.569E-07    S 1.0E-02  1.600E-07
ok  Y-90      100  1.00 M 1.0E-03  1.246E-08    M 1.0E-03  1.200E-08
ok  Y-90      365  1.00 M 1.0E-04  8.442E-09    M 1.0E-04  8.400E-09
ok  Y-90     1825  1.00 M 1.0E-04  4.004E-09    M 1.0E-04  4.000E-09
ok  Y-90     3650  1.00 M 1.0E-04  2.574E-09    M 1.0E-04  2.600E-09
ok  Y-90     5475  1.00 M 1.0E-04  1.654E-09    M 1.0E-04  1.700E-09
ok  Y-90     7300  1.00 M 1.0E-04  1.391E-09    M 1.0E-04  1.400E-09
ok  Y-90      100  1.00 S 1.0E-03  1.299E-08    S 1.0E-03  1.300E-08
ok  Y-90      365  1.00 S 1.0E-04  8.843E-09    S 1.0E-04  8.800E-09
ok  Y-90     1825  1.00 S 1.0E-04  4.227E-09    S 1.0E-04  4.200E-09
ok  Y-90     3650  1.00 S 1.0E-04  2.733E-09    S 1.0E-04  2.700E-09
ok  Y-90     5475  1.00 S 1.0E-04  1.779E-09    S 1.0E-04  1.800E-09
ok  Y-90     7300  1.00 S 1.0E-04  1.498E-09    S 1.0E-04  1.500E-09
ok  Zr-95     100  1.00 F 2.0E-02  1.202E-08    F 2.0E-02  1.200E-08
ok  Zr-95     365  1.00 F 2.0E-03  1.124E-08    F 2.0E-03  1.100E-08
ok  Zr-95    1825  1.00 F 2.0E-03  6.429E-09    F 2.0E-03  6.400E-09
ok  Zr-95    3650  1.00 F 2.0E-03  4.250E-09    F 2.0E-03  4.200E-09
ok  Zr-95    5475  1.00 F 2.0E-03  2.810E-09    F 2.0E-03  2.800E-09
ok  Zr-95    7300  1.00 F 2.0E-03  2.557E-09    F 2.0E-03  2.500E-09
ok  Zr-95     100  1.00 M 2.0E-02  1.956E-08    M 2.0E-02  2.000E-08
ok  Zr-95     365  1.00 M 2.0E-03  1.583E-08    M 2.0E-03  1.600E-08
ok  Zr-95    1825  1.00 M 2.0E-03  9.669E-09    M 2.0E-03  9.700E-09
ok  Zr-95    3650  1.00 M 2.0E-03  6.827E-09    M 2.0E-03  6.800E-09
ok  Zr-95    5475  1.00 M 2.0E-03  5.861E-09    M 2.0E-03  5.900E-09
ok  Zr-95    7300  1.00 M 2.0E-03  4.771E-09    M 2.0E-03  4.800E-09
ok  Zr-95     100  1.00 S 2.0E-02  2.377E-08    S 2.0E-02  2.400E-08
ok  Zr-95     365  1.00 S 2.0E-03  1.910E-08    S 2.0E-03  1.900E-08
ok  Zr-95    1825  1.00 S 2.0E-03  1.175E-08    S 2.0E-03  1.200E-08
ok  Zr-95    3650  1.00 S 2.0E-03  8.317E-09    S 2.0E-03  8.300E-09
ok  Zr-95    5475  1.00 S 2.0E-03  7.249E-09    S 2.0E-03  7.300E-09
ok  Zr-95    7300  1.00 S 2.0E-03  5.844E-09    S 2.0E-03  5.900E-09
ok  Nb-94     100  1.00 F 2.0E-02  3.151E-08    F 2.0E-02  3.100E-08
ok  Nb-94     365  1.00 F 1.0E-02  2.705E-08    F 1.0E-02  2.700E-08
ok  Nb-94    1825  1.00 F 1.0E-02  1.483E-08    F 1.0E-02  1.500E-08
ok  Nb-94    3650  1.00 F 1.0E-02  1.005E-08    F 1.0E-02  1.000E-08
ok  Nb-94    5475  1.00 F 1.0E-02  6.663E-09    F 1.0E-02  6.700E-09
ok  Nb-94    7300  1.00 F 1.0E-02  5.874E-09    F 1.0E-02  5.800E-09
ok  Nb-94     100  1.00 M 2.0E-02  4.317E-08    M 2.0E-02  4.300E-08
ok  Nb-94     365  1.00 M 1.0E-02  3.665E-08    M 1.0E-02  3.700E-08
ok  Nb-94    1825  1.00 M 1.0E-02  2.257E-08    M 1.0E-02  2.300E-08
ok  Nb-94    3650  1.00 M 1.0E-02  1.550E-08    M 1.0E-02  1.600E-08
ok  Nb-94    5475  1.00 M 1.0E-02  1.274E-08    M 1.0E-02  1.300E-08
ok  Nb-94    7300  1.00 M 1.0E-02  1.070E-08    M 1.0E-02  1.100E-08
ok  Nb-94     100  1.00 S 2.0E-02  1.229E-07    S 2.0E-02  1.200E-07
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ok  Nb-94     365  1.00 S 1.0E-02  1.172E-07    S 1.0E-02  1.200E-07
ok  Nb-94    1825  1.00 S 1.0E-02  8.261E-08    S 1.0E-02  8.300E-08
ok  Nb-94    3650  1.00 S 1.0E-02  5.805E-08    S 1.0E-02  5.800E-08
ok  Nb-94    5475  1.00 S 1.0E-02  5.148E-08    S 1.0E-02  5.200E-08
ok  Nb-94    7300  1.00 S 1.0E-02  4.877E-08    S 1.0E-02  4.800E-08
ok  Nb-95m    100  1.00 F 2.0E-02  2.324E-09    F 2.0E-02  2.300E-09
ok  Nb-95m    365  1.00 F 1.0E-02  1.557E-09    F 1.0E-02  1.600E-09
ok  Nb-95m   1825  1.00 F 1.0E-02  7.045E-10    F 1.0E-02  7.000E-10
ok  Nb-95m   3650  1.00 F 1.0E-02  4.245E-10    F 1.0E-02  4.200E-10
ok  Nb-95m   5475  1.00 F 1.0E-02  2.367E-10    F 1.0E-02  2.400E-10
ok  Nb-95m   7300  1.00 F 1.0E-02  1.987E-10    F 1.0E-02  2.000E-10
ok  Nb-95m    100  1.00 M 2.0E-02  4.262E-09    M 2.0E-02  4.300E-09
ok  Nb-95m    365  1.00 M 1.0E-02  3.075E-09    M 1.0E-02  3.100E-09
ok  Nb-95m   1825  1.00 M 1.0E-02  1.686E-09    M 1.0E-02  1.700E-09
ok  Nb-95m   3650  1.00 M 1.0E-02  1.196E-09    M 1.0E-02  1.200E-09
ok  Nb-95m   5475  1.00 M 1.0E-02  9.931E-10    M 1.0E-02  1.000E-09
ok  Nb-95m   7300  1.00 M 1.0E-02  7.833E-10    M 1.0E-02  7.900E-10
ok  Nb-95m    100  1.00 S 2.0E-02  4.614E-09    S 2.0E-02  4.600E-09
ok  Nb-95m    365  1.00 S 1.0E-02  3.354E-09    S 1.0E-02  3.400E-09
ok  Nb-95m   1825  1.00 S 1.0E-02  1.861E-09    S 1.0E-02  1.900E-09
ok  Nb-95m   3650  1.00 S 1.0E-02  1.328E-09    S 1.0E-02  1.300E-09
ok  Nb-95m   5475  1.00 S 1.0E-02  1.118E-09    S 1.0E-02  1.100E-09
ok  Nb-95m   7300  1.00 S 1.0E-02  8.806E-10    S 1.0E-02  8.800E-10
ok  Nb-95     100  1.00 F 2.0E-02  4.102E-09    F 2.0E-02  4.100E-09
ok  Nb-95     365  1.00 F 1.0E-02  3.067E-09    F 1.0E-02  3.000E-09
ok  Nb-95    1825  1.00 F 1.0E-02  1.604E-09    F 1.0E-02  1.600E-09
ok  Nb-95    3650  1.00 F 1.0E-02  1.191E-09    F 1.0E-02  1.200E-09
ok  Nb-95    5475  1.00 F 1.0E-02  7.562E-10    F 1.0E-02  7.500E-10
ok  Nb-95    7300  1.00 F 1.0E-02  5.804E-10    F 1.0E-02  5.700E-10
ok  Nb-95     100  1.00 M 2.0E-02  6.772E-09    M 2.0E-02  6.800E-09
ok  Nb-95     365  1.00 M 1.0E-02  5.225E-09    M 1.0E-02  5.200E-09
ok  Nb-95    1825  1.00 M 1.0E-02  3.143E-09    M 1.0E-02  3.100E-09
ok  Nb-95    3650  1.00 M 1.0E-02  2.201E-09    M 1.0E-02  2.200E-09
ok  Nb-95    5475  1.00 M 1.0E-02  1.847E-09    M 1.0E-02  1.800E-09
ok  Nb-95    7300  1.00 M 1.0E-02  1.495E-09    M 1.0E-02  1.500E-09
ok  Nb-95     100  1.00 S 2.0E-02  7.633E-09    S 2.0E-02  7.700E-09
ok  Nb-95     365  1.00 S 1.0E-02  5.933E-09    S 1.0E-02  5.900E-09
ok  Nb-95    1825  1.00 S 1.0E-02  3.616E-09    S 1.0E-02  3.600E-09
ok  Nb-95    3650  1.00 S 1.0E-02  2.547E-09    S 1.0E-02  2.500E-09
ok  Nb-95    5475  1.00 S 1.0E-02  2.171E-09    S 1.0E-02  2.200E-09
ok  Nb-95    7300  1.00 S 1.0E-02  1.751E-09    S 1.0E-02  1.800E-09
ok  Mo-99     100  1.00 F 1.0E+00  2.299E-09    F 1.0E+00  2.300E-09
ok  Mo-99     365  1.00 F 8.0E-01  1.717E-09    F 8.0E-01  1.700E-09
ok  Mo-99    1825  1.00 F 8.0E-01  7.690E-10    F 8.0E-01  7.700E-10
ok  Mo-99    3650  1.00 F 8.0E-01  4.753E-10    F 8.0E-01  4.700E-10
ok  Mo-99    5475  1.00 F 8.0E-01  2.655E-10    F 8.0E-01  2.600E-10
ok  Mo-99    7300  1.00 F 8.0E-01  2.218E-10    F 8.0E-01  2.200E-10
ok  Mo-99     100  1.00 M 2.0E-01  6.026E-09    M 2.0E-01  6.000E-09
ok  Mo-99     365  1.00 M 1.0E-01  4.358E-09    M 1.0E-01  4.300E-09
ok  Mo-99    1825  1.00 M 1.0E-01  2.208E-09    M 1.0E-01  2.200E-09
ok  Mo-99    3650  1.00 M 1.0E-01  1.499E-09    M 1.0E-01  1.500E-09
ok  Mo-99    5475  1.00 M 1.0E-01  1.105E-09    M 1.0E-01  1.100E-09
ok  Mo-99    7300  1.00 M 1.0E-01  8.943E-10    M 1.0E-01  8.900E-10
ok  Mo-99     100  1.00 S 2.0E-02  6.857E-09    S 2.0E-02  6.900E-09
ok  Mo-99     365  1.00 S 1.0E-02  4.794E-09    S 1.0E-02  4.800E-09

ok  Mo-99    1825  1.00 S 1.0E-02  2.436E-09    S 1.0E-02  2.400E-09
ok  Mo-99    3650  1.00 S 1.0E-02  1.657E-09    S 1.0E-02  1.700E-09
ok  Mo-99    5475  1.00 S 1.0E-02  1.227E-09    S 1.0E-02  1.200E-09
ok  Mo-99    7300  1.00 S 1.0E-02  9.919E-10    S 1.0E-02  9.900E-10
ok  Tc-95m    100  1.00 F 1.0E+00  2.461E-09    F 1.0E+00  2.400E-09
ok  Tc-95m    365  1.00 F 8.0E-01  1.865E-09    F 8.0E-01  1.800E-09
ok  Tc-95m   1825  1.00 F 8.0E-01  9.423E-10    F 8.0E-01  9.300E-10
ok  Tc-95m   3650  1.00 F 8.0E-01  5.819E-10    F 8.0E-01  5.700E-10
ok  Tc-95m   5475  1.00 F 8.0E-01  3.628E-10    F 8.0E-01  3.600E-10
ok  Tc-95m   7300  1.00 F 8.0E-01  2.959E-10    F 8.0E-01  2.900E-10
ok  Tc-95m    100  1.00 M 2.0E-01  4.940E-09    M 2.0E-01  4.900E-09
ok  Tc-95m    365  1.00 M 1.0E-01  4.028E-09    M 1.0E-01  4.000E-09
ok  Tc-95m   1825  1.00 M 1.0E-01  2.354E-09    M 1.0E-01  2.300E-09
ok  Tc-95m   3650  1.00 M 1.0E-01  1.564E-09    M 1.0E-01  1.500E-09
ok  Tc-95m   5475  1.00 M 1.0E-01  1.100E-09    M 1.0E-01  1.100E-09
ok  Tc-95m   7300  1.00 M 1.0E-01  8.890E-10    M 1.0E-01  8.800E-10
ok  Tc-95m    100  1.00 S 2.0E-02  6.034E-09    S 2.0E-02  6.000E-09
ok  Tc-95m    365  1.00 S 1.0E-02  5.054E-09    S 1.0E-02  5.000E-09
ok  Tc-95m   1825  1.00 S 1.0E-02  2.698E-09    S 1.0E-02  2.700E-09
ok  Tc-95m   3650  1.00 S 1.0E-02  1.838E-09    S 1.0E-02  1.800E-09
ok  Tc-95m   5475  1.00 S 1.0E-02  1.477E-09    S 1.0E-02  1.500E-09
ok  Tc-95m   7300  1.00 S 1.0E-02  1.195E-09    S 1.0E-02  1.200E-09
ok  Tc-95     100  1.00 F 1.0E+00  7.629E-10    F 1.0E+00  7.500E-10
ok  Tc-95     365  1.00 F 8.0E-01  6.449E-10    F 8.0E-01  6.300E-10
ok  Tc-95    1825  1.00 F 8.0E-01  3.365E-10    F 8.0E-01  3.300E-10
ok  Tc-95    3650  1.00 F 8.0E-01  2.008E-10    F 8.0E-01  2.000E-10
ok  Tc-95    5475  1.00 F 8.0E-01  1.228E-10    F 8.0E-01  1.200E-10
ok  Tc-95    7300  1.00 F 8.0E-01  9.738E-11    F 8.0E-01  9.600E-11
ok  Tc-95     100  1.00 M 2.0E-01  8.478E-10    M 2.0E-01  8.300E-10
ok  Tc-95     365  1.00 M 1.0E-01  7.053E-10    M 1.0E-01  6.900E-10
ok  Tc-95    1825  1.00 M 1.0E-01  3.666E-10    M 1.0E-01  3.600E-10
ok  Tc-95    3650  1.00 M 1.0E-01  2.269E-10    M 1.0E-01  2.200E-10
ok  Tc-95    5475  1.00 M 1.0E-01  1.359E-10    M 1.0E-01  1.300E-10
--> Tc-95    7300  1.00 M 1.0E-01  1.066E-10    M 1.0E-01  1.000E-10
ok  Tc-95     100  1.00 S 2.0E-02  8.703E-10    S 2.0E-02  8.500E-10
ok  Tc-95     365  1.00 S 1.0E-02  7.154E-10    S 1.0E-02  7.000E-10
ok  Tc-95    1825  1.00 S 1.0E-02  3.716E-10    S 1.0E-02  3.600E-10
ok  Tc-95    3650  1.00 S 1.0E-02  2.311E-10    S 1.0E-02  2.300E-10
ok  Tc-95    5475  1.00 S 1.0E-02  1.379E-10    S 1.0E-02  1.400E-10
ok  Tc-95    7300  1.00 S 1.0E-02  1.081E-10    S 1.0E-02  1.100E-10
ok  Tc-99m    100  1.00 F 1.0E+00  1.153E-10    F 1.0E+00  1.200E-10
ok  Tc-99m    365  1.00 F 8.0E-01  8.711E-11    F 8.0E-01  8.700E-11
ok  Tc-99m   1825  1.00 F 8.0E-01  4.133E-11    F 8.0E-01  4.100E-11
ok  Tc-99m   3650  1.00 F 8.0E-01  2.385E-11    F 8.0E-01  2.400E-11
ok  Tc-99m   5475  1.00 F 8.0E-01  1.461E-11    F 8.0E-01  1.500E-11
ok  Tc-99m   7300  1.00 F 8.0E-01  1.158E-11    F 8.0E-01  1.200E-11
ok  Tc-99m    100  1.00 M 2.0E-01  1.330E-10    M 2.0E-01  1.300E-10
ok  Tc-99m    365  1.00 M 1.0E-01  9.915E-11    M 1.0E-01  9.900E-11
ok  Tc-99m   1825  1.00 M 1.0E-01  5.105E-11    M 1.0E-01  5.100E-11
ok  Tc-99m   3650  1.00 M 1.0E-01  3.397E-11    M 1.0E-01  3.400E-11
ok  Tc-99m   5475  1.00 M 1.0E-01  2.401E-11    M 1.0E-01  2.400E-11
ok  Tc-99m   7300  1.00 M 1.0E-01  1.926E-11    M 1.0E-01  1.900E-11
ok  Tc-99m    100  1.00 S 2.0E-02  1.346E-10    S 2.0E-02  1.300E-10
ok  Tc-99m    365  1.00 S 1.0E-02  1.004E-10    S 1.0E-02  1.000E-10
ok  Tc-99m   1825  1.00 S 1.0E-02  5.212E-11    S 1.0E-02  5.200E-11
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ok  Tc-99m   3650  1.00 S 1.0E-02  3.512E-11    S 1.0E-02  3.500E-11
ok  Tc-99m   5475  1.00 S 1.0E-02  2.506E-11    S 1.0E-02  2.500E-11
ok  Tc-99m   7300  1.00 S 1.0E-02  2.013E-11    S 1.0E-02  2.000E-11
ok  Tc-99     100  1.00 F 1.0E+00  3.988E-09    F 1.0E+00  4.000E-09
ok  Tc-99     365  1.00 F 8.0E-01  2.478E-09    F 8.0E-01  2.500E-09
ok  Tc-99    1825  1.00 F 8.0E-01  1.046E-09    F 8.0E-01  1.000E-09
ok  Tc-99    3650  1.00 F 8.0E-01  5.879E-10    F 8.0E-01  5.900E-10
ok  Tc-99    5475  1.00 F 8.0E-01  3.586E-10    F 8.0E-01  3.600E-10
ok  Tc-99    7300  1.00 F 8.0E-01  2.860E-10    F 8.0E-01  2.900E-10
ok  Tc-99     100  1.00 M 2.0E-01  1.680E-08    M 2.0E-01  1.700E-08
ok  Tc-99     365  1.00 M 1.0E-01  1.321E-08    M 1.0E-01  1.300E-08
ok  Tc-99    1825  1.00 M 1.0E-01  7.944E-09    M 1.0E-01  8.000E-09
ok  Tc-99    3650  1.00 M 1.0E-01  5.633E-09    M 1.0E-01  5.700E-09
ok  Tc-99    5475  1.00 M 1.0E-01  4.998E-09    M 1.0E-01  5.000E-09
ok  Tc-99    7300  1.00 M 1.0E-01  4.026E-09    M 1.0E-01  4.000E-09
ok  Tc-99     100  1.00 S 2.0E-02  4.047E-08    S 2.0E-02  4.100E-08
ok  Tc-99     365  1.00 S 1.0E-02  3.650E-08    S 1.0E-02  3.700E-08
ok  Tc-99    1825  1.00 S 1.0E-02  2.405E-08    S 1.0E-02  2.400E-08
ok  Tc-99    3650  1.00 S 1.0E-02  1.644E-08    S 1.0E-02  1.700E-08
ok  Tc-99    5475  1.00 S 1.0E-02  1.452E-08    S 1.0E-02  1.500E-08
ok  Tc-99    7300  1.00 S 1.0E-02  1.334E-08    S 1.0E-02  1.300E-08
ok  Ru-103    100  1.00 F 1.0E-01  4.168E-09    F 1.0E-01  4.200E-09
ok  Ru-103    365  1.00 F 5.0E-02  3.041E-09    F 5.0E-02  3.000E-09
ok  Ru-103   1825  1.00 F 5.0E-02  1.487E-09    F 5.0E-02  1.500E-09
ok  Ru-103   3650  1.00 F 5.0E-02  9.303E-10    F 5.0E-02  9.300E-10
ok  Ru-103   5475  1.00 F 5.0E-02  5.562E-10    F 5.0E-02  5.600E-10
ok  Ru-103   7300  1.00 F 5.0E-02  4.776E-10    F 5.0E-02  4.800E-10
ok  Ru-103    100  1.00 M 1.0E-01  1.110E-08    M 1.0E-01  1.100E-08
ok  Ru-103    365  1.00 M 5.0E-02  8.350E-09    M 5.0E-02  8.400E-09
ok  Ru-103   1825  1.00 M 5.0E-02  4.990E-09    M 5.0E-02  5.000E-09
ok  Ru-103   3650  1.00 M 5.0E-02  3.502E-09    M 5.0E-02  3.500E-09
ok  Ru-103   5475  1.00 M 5.0E-02  2.993E-09    M 5.0E-02  3.000E-09
ok  Ru-103   7300  1.00 M 5.0E-02  2.431E-09    M 5.0E-02  2.400E-09
ok  Ru-103    100  1.00 S 2.0E-02  1.299E-08    S 2.0E-02  1.300E-08
ok  Ru-103    365  1.00 S 1.0E-02  9.900E-09    S 1.0E-02  1.000E-08
ok  Ru-103   1825  1.00 S 1.0E-02  5.982E-09    S 1.0E-02  6.000E-09
ok  Ru-103   3650  1.00 S 1.0E-02  4.210E-09    S 1.0E-02  4.200E-09
ok  Ru-103   5475  1.00 S 1.0E-02  3.633E-09    S 1.0E-02  3.700E-09
ok  Ru-103   7300  1.00 S 1.0E-02  2.949E-09    S 1.0E-02  3.000E-09
ok  Ru-106    100  1.00 F 1.0E-01  7.156E-08    F 1.0E-01  7.200E-08
ok  Ru-106    365  1.00 F 5.0E-02  5.358E-08    F 5.0E-02  5.400E-08
ok  Ru-106   1825  1.00 F 5.0E-02  2.613E-08    F 5.0E-02  2.600E-08
ok  Ru-106   3650  1.00 F 5.0E-02  1.563E-08    F 5.0E-02  1.600E-08
ok  Ru-106   5475  1.00 F 5.0E-02  9.172E-09    F 5.0E-02  9.200E-09
ok  Ru-106   7300  1.00 F 5.0E-02  7.951E-09    F 5.0E-02  7.900E-09
ok  Ru-106    100  1.00 M 1.0E-01  1.374E-07    M 1.0E-01  1.400E-07
ok  Ru-106    365  1.00 M 5.0E-02  1.108E-07    M 5.0E-02  1.100E-07
ok  Ru-106   1825  1.00 M 5.0E-02  6.341E-08    M 5.0E-02  6.400E-08
ok  Ru-106   3650  1.00 M 5.0E-02  4.100E-08    M 5.0E-02  4.100E-08
ok  Ru-106   5475  1.00 M 5.0E-02  3.066E-08    M 5.0E-02  3.100E-08
ok  Ru-106   7300  1.00 M 5.0E-02  2.789E-08    M 5.0E-02  2.800E-08
ok  Ru-106    100  1.00 S 2.0E-02  2.530E-07    S 2.0E-02  2.600E-07
ok  Ru-106    365  1.00 S 1.0E-02  2.231E-07    S 1.0E-02  2.300E-07
ok  Ru-106   1825  1.00 S 1.0E-02  1.382E-07    S 1.0E-02  1.400E-07
ok  Ru-106   3650  1.00 S 1.0E-02  9.000E-08    S 1.0E-02  9.100E-08

ok  Ru-106   5475  1.00 S 1.0E-02  7.019E-08    S 1.0E-02  7.100E-08
ok  Ru-106   7300  1.00 S 1.0E-02  6.602E-08    S 1.0E-02  6.600E-08
ok  Ag-108m   100  1.00 F 1.0E-01  3.467E-08    F 1.0E-01  3.400E-08
ok  Ag-108m   365  1.00 F 5.0E-02  2.827E-08    F 5.0E-02  2.800E-08
ok  Ag-108m  1825  1.00 F 5.0E-02  1.564E-08    F 5.0E-02  1.600E-08
ok  Ag-108m  3650  1.00 F 5.0E-02  1.033E-08    F 5.0E-02  1.000E-08
ok  Ag-108m  5475  1.00 F 5.0E-02  6.895E-09    F 5.0E-02  6.900E-09
ok  Ag-108m  7300  1.00 F 5.0E-02  6.144E-09    F 5.0E-02  6.100E-09
ok  Ag-108m   100  1.00 M 1.0E-01  3.285E-08    M 1.0E-01  3.300E-08
ok  Ag-108m   365  1.00 M 5.0E-02  2.722E-08    M 5.0E-02  2.700E-08
ok  Ag-108m  1825  1.00 M 5.0E-02  1.678E-08    M 5.0E-02  1.700E-08
ok  Ag-108m  3650  1.00 M 5.0E-02  1.118E-08    M 5.0E-02  1.100E-08
ok  Ag-108m  5475  1.00 M 5.0E-02  8.669E-09    M 5.0E-02  8.600E-09
ok  Ag-108m  7300  1.00 M 5.0E-02  7.530E-09    M 5.0E-02  7.400E-09
ok  Ag-108m   100  1.00 S 2.0E-02  8.924E-08    S 2.0E-02  8.900E-08
ok  Ag-108m   365  1.00 S 1.0E-02  8.714E-08    S 1.0E-02  8.700E-08
ok  Ag-108m  1825  1.00 S 1.0E-02  6.300E-08    S 1.0E-02  6.200E-08
ok  Ag-108m  3650  1.00 S 1.0E-02  4.463E-08    S 1.0E-02  4.400E-08
ok  Ag-108m  5475  1.00 S 1.0E-02  3.945E-08    S 1.0E-02  3.900E-08
ok  Ag-108m  7300  1.00 S 1.0E-02  3.783E-08    S 1.0E-02  3.700E-08
ok  Ag-110m   100  1.00 F 1.0E-01  3.507E-08    F 1.0E-01  3.500E-08
ok  Ag-110m   365  1.00 F 5.0E-02  2.777E-08    F 5.0E-02  2.800E-08
ok  Ag-110m  1825  1.00 F 5.0E-02  1.491E-08    F 5.0E-02  1.500E-08
ok  Ag-110m  3650  1.00 F 5.0E-02  9.794E-09    F 5.0E-02  9.700E-09
ok  Ag-110m  5475  1.00 F 5.0E-02  6.369E-09    F 5.0E-02  6.300E-09
ok  Ag-110m  7300  1.00 F 5.0E-02  5.544E-09    F 5.0E-02  5.500E-09
ok  Ag-110m   100  1.00 M 1.0E-01  3.540E-08    M 1.0E-01  3.500E-08
ok  Ag-110m   365  1.00 M 5.0E-02  2.849E-08    M 5.0E-02  2.800E-08
ok  Ag-110m  1825  1.00 M 5.0E-02  1.728E-08    M 5.0E-02  1.700E-08
ok  Ag-110m  3650  1.00 M 5.0E-02  1.165E-08    M 5.0E-02  1.200E-08
ok  Ag-110m  5475  1.00 M 5.0E-02  9.184E-09    M 5.0E-02  9.200E-09
ok  Ag-110m  7300  1.00 M 5.0E-02  7.706E-09    M 5.0E-02  7.600E-09
ok  Ag-110m   100  1.00 S 2.0E-02  4.643E-08    S 2.0E-02  4.600E-08
ok  Ag-110m   365  1.00 S 1.0E-02  4.080E-08    S 1.0E-02  4.100E-08
ok  Ag-110m  1825  1.00 S 1.0E-02  2.631E-08    S 1.0E-02  2.600E-08
ok  Ag-110m  3650  1.00 S 1.0E-02  1.785E-08    S 1.0E-02  1.800E-08
ok  Ag-110m  5475  1.00 S 1.0E-02  1.460E-08    S 1.0E-02  1.500E-08
ok  Ag-110m  7300  1.00 S 1.0E-02  1.234E-08    S 1.0E-02  1.200E-08
ok  Sb-124    100  1.00 F 2.0E-01  1.226E-08    F 2.0E-01  1.200E-08
ok  Sb-124    365  1.00 F 1.0E-01  8.783E-09    F 1.0E-01  8.800E-09
ok  Sb-124   1825  1.00 F 1.0E-01  4.282E-09    F 1.0E-01  4.300E-09
ok  Sb-124   3650  1.00 F 1.0E-01  2.635E-09    F 1.0E-01  2.600E-09
ok  Sb-124   5475  1.00 F 1.0E-01  1.563E-09    F 1.0E-01  1.600E-09
ok  Sb-124   7300  1.00 F 1.0E-01  1.307E-09    F 1.0E-01  1.300E-09
ok  Sb-124    100  1.00 M 2.0E-02  3.091E-08    M 2.0E-02  3.100E-08
ok  Sb-124    365  1.00 M 1.0E-02  2.422E-08    M 1.0E-02  2.400E-08
ok  Sb-124   1825  1.00 M 1.0E-02  1.396E-08    M 1.0E-02  1.400E-08
ok  Sb-124   3650  1.00 M 1.0E-02  9.554E-09    M 1.0E-02  9.600E-09
ok  Sb-124   5475  1.00 M 1.0E-02  7.710E-09    M 1.0E-02  7.700E-09
ok  Sb-124   7300  1.00 M 1.0E-02  6.434E-09    M 1.0E-02  6.400E-09
ok  Sb-124    100  1.00 S 2.0E-02  3.905E-08    S 2.0E-02  3.900E-08
ok  Sb-124    365  1.00 S 1.0E-02  3.126E-08    S 1.0E-02  3.100E-08
ok  Sb-124   1825  1.00 S 1.0E-02  1.832E-08    S 1.0E-02  1.800E-08
ok  Sb-124   3650  1.00 S 1.0E-02  1.254E-08    S 1.0E-02  1.300E-08
ok  Sb-124   5475  1.00 S 1.0E-02  1.020E-08    S 1.0E-02  1.000E-08
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ok  Sb-124   7300  1.00 S 1.0E-02  8.573E-09    S 1.0E-02  8.600E-09
ok  Sb-125    100  1.00 F 2.0E-01  8.645E-09    F 2.0E-01  8.700E-09
ok  Sb-125    365  1.00 F 1.0E-01  6.807E-09    F 1.0E-01  6.800E-09
ok  Sb-125   1825  1.00 F 1.0E-01  3.734E-09    F 1.0E-01  3.700E-09
ok  Sb-125   3650  1.00 F 1.0E-01  2.318E-09    F 1.0E-01  2.300E-09
ok  Sb-125   5475  1.00 F 1.0E-01  1.548E-09    F 1.0E-01  1.500E-09
ok  Sb-125   7300  1.00 F 1.0E-01  1.417E-09    F 1.0E-01  1.400E-09
ok  Sb-125    100  1.00 M 2.0E-02  1.999E-08    M 2.0E-02  2.000E-08
ok  Sb-125    365  1.00 M 1.0E-02  1.638E-08    M 1.0E-02  1.600E-08
ok  Sb-125   1825  1.00 M 1.0E-02  9.978E-09    M 1.0E-02  9.900E-09
ok  Sb-125   3650  1.00 M 1.0E-02  6.845E-09    M 1.0E-02  6.800E-09
ok  Sb-125   5475  1.00 M 1.0E-02  5.776E-09    M 1.0E-02  5.800E-09
ok  Sb-125   7300  1.00 M 1.0E-02  4.788E-09    M 1.0E-02  4.800E-09
ok  Sb-125    100  1.00 S 2.0E-02  4.222E-08    S 2.0E-02  4.200E-08
ok  Sb-125    365  1.00 S 1.0E-02  3.767E-08    S 1.0E-02  3.800E-08
ok  Sb-125   1825  1.00 S 1.0E-02  2.438E-08    S 1.0E-02  2.400E-08
ok  Sb-125   3650  1.00 S 1.0E-02  1.628E-08    S 1.0E-02  1.600E-08
ok  Sb-125   5475  1.00 S 1.0E-02  1.350E-08    S 1.0E-02  1.400E-08
ok  Sb-125   7300  1.00 S 1.0E-02  1.186E-08    S 1.0E-02  1.200E-08
ok  Sb-126    100  1.00 F 2.0E-01  8.803E-09    F 2.0E-01  8.800E-09
ok  Sb-126    365  1.00 F 1.0E-01  6.657E-09    F 1.0E-01  6.600E-09
ok  Sb-126   1825  1.00 F 1.0E-01  3.334E-09    F 1.0E-01  3.300E-09
ok  Sb-126   3650  1.00 F 1.0E-01  2.093E-09    F 1.0E-01  2.100E-09
ok  Sb-126   5475  1.00 F 1.0E-01  1.244E-09    F 1.0E-01  1.200E-09
ok  Sb-126   7300  1.00 F 1.0E-01  1.030E-09    F 1.0E-01  1.000E-09
ok  Sb-126    100  1.00 M 2.0E-02  1.747E-08    M 2.0E-02  1.700E-08
ok  Sb-126    365  1.00 M 1.0E-02  1.347E-08    M 1.0E-02  1.300E-08
ok  Sb-126   1825  1.00 M 1.0E-02  7.490E-09    M 1.0E-02  7.400E-09
ok  Sb-126   3650  1.00 M 1.0E-02  5.090E-09    M 1.0E-02  5.100E-09
ok  Sb-126   5475  1.00 M 1.0E-02  3.541E-09    M 1.0E-02  3.500E-09
ok  Sb-126   7300  1.00 M 1.0E-02  2.863E-09    M 1.0E-02  2.800E-09
ok  Sb-126    100  1.00 S 2.0E-02  1.899E-08    S 2.0E-02  1.900E-08
ok  Sb-126    365  1.00 S 1.0E-02  1.470E-08    S 1.0E-02  1.500E-08
ok  Sb-126   1825  1.00 S 1.0E-02  8.245E-09    S 1.0E-02  8.200E-09
ok  Sb-126   3650  1.00 S 1.0E-02  5.039E-09    S 1.0E-02  5.000E-09
ok  Sb-126   5475  1.00 S 1.0E-02  4.018E-09    S 1.0E-02  4.000E-09
ok  Sb-126   7300  1.00 S 1.0E-02  3.244E-09    S 1.0E-02  3.200E-09
ok  Sb-127    100  1.00 F 2.0E-01  5.066E-09    F 2.0E-01  5.100E-09
ok  Sb-127    365  1.00 F 1.0E-01  3.533E-09    F 1.0E-01  3.500E-09
ok  Sb-127   1825  1.00 F 1.0E-01  1.596E-09    F 1.0E-01  1.600E-09
ok  Sb-127   3650  1.00 F 1.0E-01  9.699E-10    F 1.0E-01  9.700E-10
ok  Sb-127   5475  1.00 F 1.0E-01  5.255E-10    F 1.0E-01  5.200E-10
ok  Sb-127   7300  1.00 F 1.0E-01  4.338E-10    F 1.0E-01  4.300E-10
ok  Sb-127    100  1.00 M 2.0E-02  1.031E-08    M 2.0E-02  1.000E-08
ok  Sb-127    365  1.00 M 1.0E-02  7.360E-09    M 1.0E-02  7.300E-09
ok  Sb-127   1825  1.00 M 1.0E-02  3.889E-09    M 1.0E-02  3.900E-09
ok  Sb-127   3650  1.00 M 1.0E-02  2.700E-09    M 1.0E-02  2.700E-09
ok  Sb-127   5475  1.00 M 1.0E-02  2.109E-09    M 1.0E-02  2.100E-09
ok  Sb-127   7300  1.00 M 1.0E-02  1.687E-09    M 1.0E-02  1.700E-09
ok  Sb-127    100  1.00 S 2.0E-02  1.110E-08    S 2.0E-02  1.100E-08
ok  Sb-127    365  1.00 S 1.0E-02  7.967E-09    S 1.0E-02  7.900E-09
ok  Sb-127   1825  1.00 S 1.0E-02  4.252E-09    S 1.0E-02  4.200E-09
ok  Sb-127   3650  1.00 S 1.0E-02  2.968E-09    S 1.0E-02  3.000E-09
ok  Sb-127   5475  1.00 S 1.0E-02  2.348E-09    S 1.0E-02  2.300E-09
ok  Sb-127   7300  1.00 S 1.0E-02  1.878E-09    S 1.0E-02  1.900E-09

ok  Te-125m   100  1.00 F 6.0E-01  6.195E-09    F 6.0E-01  6.200E-09
ok  Te-125m   365  1.00 F 3.0E-01  4.183E-09    F 3.0E-01  4.200E-09
ok  Te-125m  1825  1.00 F 3.0E-01  2.029E-09    F 3.0E-01  2.000E-09
ok  Te-125m  3650  1.00 F 3.0E-01  1.093E-09    F 3.0E-01  1.100E-09
ok  Te-125m  5475  1.00 F 3.0E-01  6.139E-10    F 3.0E-01  6.100E-10
ok  Te-125m  7300  1.00 F 3.0E-01  5.103E-10    F 3.0E-01  5.100E-10
ok  Te-125m   100  1.00 M 2.0E-01  1.444E-08    M 2.0E-01  1.500E-08
ok  Te-125m   365  1.00 M 1.0E-01  1.082E-08    M 1.0E-01  1.100E-08
ok  Te-125m  1825  1.00 M 1.0E-01  6.526E-09    M 1.0E-01  6.600E-09
ok  Te-125m  3650  1.00 M 1.0E-01  4.715E-09    M 1.0E-01  4.800E-09
ok  Te-125m  5475  1.00 M 1.0E-01  4.268E-09    M 1.0E-01  4.300E-09
ok  Te-125m  7300  1.00 M 1.0E-01  3.367E-09    M 1.0E-01  3.400E-09
ok  Te-125m   100  1.00 S 2.0E-02  1.643E-08    S 2.0E-02  1.700E-08
ok  Te-125m   365  1.00 S 1.0E-02  1.270E-08    S 1.0E-02  1.300E-08
ok  Te-125m  1825  1.00 S 1.0E-02  7.776E-09    S 1.0E-02  7.800E-09
ok  Te-125m  3650  1.00 S 1.0E-02  5.701E-09    S 1.0E-02  5.800E-09
ok  Te-125m  5475  1.00 S 1.0E-02  5.234E-09    S 1.0E-02  5.300E-09
ok  Te-125m  7300  1.00 S 1.0E-02  4.131E-09    S 1.0E-02  4.200E-09
ok  Te-127m   100  1.00 F 6.0E-01  2.081E-08    F 6.0E-01  2.100E-08
ok  Te-127m   365  1.00 F 3.0E-01  1.395E-08    F 3.0E-01  1.400E-08
ok  Te-127m  1825  1.00 F 3.0E-01  6.534E-09    F 3.0E-01  6.500E-09
ok  Te-127m  3650  1.00 F 3.0E-01  3.463E-09    F 3.0E-01  3.500E-09
ok  Te-127m  5475  1.00 F 3.0E-01  1.954E-09    F 3.0E-01  2.000E-09
ok  Te-127m  7300  1.00 F 3.0E-01  1.542E-09    F 3.0E-01  1.500E-09
ok  Te-127m   100  1.00 M 2.0E-01  3.505E-08    M 2.0E-01  3.500E-08
ok  Te-127m   365  1.00 M 1.0E-01  2.623E-08    M 1.0E-01  2.600E-08
ok  Te-127m  1825  1.00 M 1.0E-01  1.536E-08    M 1.0E-01  1.500E-08
ok  Te-127m  3650  1.00 M 1.0E-01  1.065E-08    M 1.0E-01  1.100E-08
ok  Te-127m  5475  1.00 M 1.0E-01  9.176E-09    M 1.0E-01  9.200E-09
ok  Te-127m  7300  1.00 M 1.0E-01  7.402E-09    M 1.0E-01  7.400E-09
ok  Te-127m   100  1.00 S 2.0E-02  4.080E-08    S 2.0E-02  4.100E-08
ok  Te-127m   365  1.00 S 1.0E-02  3.240E-08    S 1.0E-02  3.300E-08
ok  Te-127m  1825  1.00 S 1.0E-02  1.950E-08    S 1.0E-02  2.000E-08
ok  Te-127m  3650  1.00 S 1.0E-02  1.373E-08    S 1.0E-02  1.400E-08
ok  Te-127m  5475  1.00 S 1.0E-02  1.198E-08    S 1.0E-02  1.200E-08
ok  Te-127m  7300  1.00 S 1.0E-02  9.786E-09    S 1.0E-02  9.800E-09
ok  Te-127    100  1.00 F 6.0E-01  4.289E-10    F 6.0E-01  4.300E-10
ok  Te-127    365  1.00 F 3.0E-01  3.224E-10    F 3.0E-01  3.200E-10
ok  Te-127   1825  1.00 F 3.0E-01  1.374E-10    F 3.0E-01  1.400E-10
ok  Te-127   3650  1.00 F 3.0E-01  8.532E-11    F 3.0E-01  8.500E-11
ok  Te-127   5475  1.00 F 3.0E-01  4.564E-11    F 3.0E-01  4.500E-11
ok  Te-127   7300  1.00 F 3.0E-01  3.908E-11    F 3.0E-01  3.900E-11
ok  Te-127    100  1.00 M 2.0E-01  1.045E-09    M 2.0E-01  1.000E-09
ok  Te-127    365  1.00 M 1.0E-01  7.320E-10    M 1.0E-01  7.300E-10
ok  Te-127   1825  1.00 M 1.0E-01  3.564E-10    M 1.0E-01  3.600E-10
ok  Te-127   3650  1.00 M 1.0E-01  2.419E-10    M 1.0E-01  2.400E-10
ok  Te-127   5475  1.00 M 1.0E-01  1.587E-10    M 1.0E-01  1.600E-10
ok  Te-127   7300  1.00 M 1.0E-01  1.267E-10    M 1.0E-01  1.300E-10
ok  Te-127    100  1.00 S 2.0E-02  1.171E-09    S 2.0E-02  1.200E-09
ok  Te-127    365  1.00 S 1.0E-02  7.958E-10    S 1.0E-02  7.900E-10
ok  Te-127   1825  1.00 S 1.0E-02  3.883E-10    S 1.0E-02  3.900E-10
ok  Te-127   3650  1.00 S 1.0E-02  2.639E-10    S 1.0E-02  2.600E-10
ok  Te-127   5475  1.00 S 1.0E-02  1.747E-10    S 1.0E-02  1.700E-10
ok  Te-127   7300  1.00 S 1.0E-02  1.395E-10    S 1.0E-02  1.400E-10
ok  I-123     100  0.00 V 1.0E+00  2.061E-09    V 1.0E+00  2.100E-09
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ok  I-123     365  0.00 V 1.0E+00  1.835E-09    V 1.0E+00  1.800E-09
ok  I-123    1825  0.00 V 1.0E+00  9.948E-10    V 1.0E+00  1.000E-09
ok  I-123    3650  0.00 V 1.0E+00  4.677E-10    V 1.0E+00  4.700E-10
ok  I-123    5475  0.00 V 1.0E+00  3.111E-10    V 1.0E+00  3.200E-10
ok  I-123    7300  0.00 V 1.0E+00  2.031E-10    V 1.0E+00  2.100E-10
ok  I-123     100  1.00 F 1.0E+00  8.853E-10    F 1.0E+00  8.700E-10
ok  I-123     365  1.00 F 1.0E+00  8.029E-10    F 1.0E+00  7.900E-10
ok  I-123    1825  1.00 F 1.0E+00  3.841E-10    F 1.0E+00  3.800E-10
ok  I-123    3650  1.00 F 1.0E+00  1.812E-10    F 1.0E+00  1.800E-10
ok  I-123    5475  1.00 F 1.0E+00  1.112E-10    F 1.0E+00  1.100E-10
ok  I-123    7300  1.00 F 1.0E+00  7.502E-11    F 1.0E+00  7.400E-11
ok  I-123     100  1.00 M 2.0E-01  5.394E-10    M 2.0E-01  5.300E-10
ok  I-123     365  1.00 M 1.0E-01  3.944E-10    M 1.0E-01  3.900E-10
ok  I-123    1825  1.00 M 1.0E-01  1.988E-10    M 1.0E-01  2.000E-10
ok  I-123    3650  1.00 M 1.0E-01  1.225E-10    M 1.0E-01  1.200E-10
ok  I-123    5475  1.00 M 1.0E-01  8.275E-11    M 1.0E-01  8.200E-11
ok  I-123    7300  1.00 M 1.0E-01  6.428E-11    M 1.0E-01  6.400E-11
ok  I-125     100  0.00 V 1.0E+00  4.761E-08    V 1.0E+00  4.700E-08
ok  I-125     365  0.00 V 1.0E+00  5.256E-08    V 1.0E+00  5.200E-08
ok  I-125    1825  0.00 V 1.0E+00  3.805E-08    V 1.0E+00  3.700E-08
ok  I-125    3650  0.00 V 1.0E+00  2.884E-08    V 1.0E+00  2.800E-08
ok  I-125    5475  0.00 V 1.0E+00  2.022E-08    V 1.0E+00  2.000E-08
ok  I-125    7300  0.00 V 1.0E+00  1.398E-08    V 1.0E+00  1.400E-08
ok  I-125     100  1.00 F 1.0E+00  2.051E-08    F 1.0E+00  2.000E-08
ok  I-125     365  1.00 F 1.0E+00  2.313E-08    F 1.0E+00  2.300E-08
ok  I-125    1825  1.00 F 1.0E+00  1.479E-08    F 1.0E+00  1.500E-08
ok  I-125    3650  1.00 F 1.0E+00  1.127E-08    F 1.0E+00  1.100E-08
ok  I-125    5475  1.00 F 1.0E+00  7.281E-09    F 1.0E+00  7.200E-09
ok  I-125    7300  1.00 F 1.0E+00  5.223E-09    F 1.0E+00  5.100E-09
ok  I-125     100  1.00 M 2.0E-01  7.013E-09    M 2.0E-01  6.900E-09
ok  I-125     365  1.00 M 1.0E-01  5.684E-09    M 1.0E-01  5.600E-09
ok  I-125    1825  1.00 M 1.0E-01  3.670E-09    M 1.0E-01  3.600E-09
ok  I-125    3650  1.00 M 1.0E-01  2.691E-09    M 1.0E-01  2.600E-09
ok  I-125    5475  1.00 M 1.0E-01  1.870E-09    M 1.0E-01  1.800E-09
ok  I-125    7300  1.00 M 1.0E-01  1.381E-09    M 1.0E-01  1.400E-09
ok  I-129     100  0.00 V 1.0E+00  1.670E-07    V 1.0E+00  1.700E-07
ok  I-129     365  0.00 V 1.0E+00  1.954E-07    V 1.0E+00  2.000E-07
ok  I-129    1825  0.00 V 1.0E+00  1.566E-07    V 1.0E+00  1.600E-07
ok  I-129    3650  0.00 V 1.0E+00  1.707E-07    V 1.0E+00  1.700E-07
ok  I-129    5475  0.00 V 1.0E+00  1.266E-07    V 1.0E+00  1.300E-07
ok  I-129    7300  0.00 V 1.0E+00  9.601E-08    V 1.0E+00  9.600E-08
ok  I-129     100  1.00 F 1.0E+00  7.191E-08    F 1.0E+00  7.200E-08
ok  I-129     365  1.00 F 1.0E+00  8.599E-08    F 1.0E+00  8.600E-08
ok  I-129    1825  1.00 F 1.0E+00  6.087E-08    F 1.0E+00  6.100E-08
ok  I-129    3650  1.00 F 1.0E+00  6.671E-08    F 1.0E+00  6.700E-08
ok  I-129    5475  1.00 F 1.0E+00  4.560E-08    F 1.0E+00  4.600E-08
ok  I-129    7300  1.00 F 1.0E+00  3.587E-08    F 1.0E+00  3.600E-08
ok  I-129     100  1.00 M 2.0E-01  3.641E-08    M 2.0E-01  3.600E-08
ok  I-129     365  1.00 M 1.0E-01  3.244E-08    M 1.0E-01  3.300E-08
ok  I-129    1825  1.00 M 1.0E-01  2.414E-08    M 1.0E-01  2.400E-08
ok  I-129    3650  1.00 M 1.0E-01  2.382E-08    M 1.0E-01  2.400E-08
ok  I-129    5475  1.00 M 1.0E-01  1.852E-08    M 1.0E-01  1.900E-08
ok  I-129    7300  1.00 M 1.0E-01  1.500E-08    M 1.0E-01  1.500E-08
ok  I-131     100  0.00 V 1.0E+00  1.674E-07    V 1.0E+00  1.700E-07
ok  I-131     365  0.00 V 1.0E+00  1.628E-07    V 1.0E+00  1.600E-07

ok  I-131    1825  0.00 V 1.0E+00  9.421E-08    V 1.0E+00  9.400E-08
ok  I-131    3650  0.00 V 1.0E+00  4.765E-08    V 1.0E+00  4.800E-08
ok  I-131    5475  0.00 V 1.0E+00  3.116E-08    V 1.0E+00  3.100E-08
ok  I-131    7300  0.00 V 1.0E+00  1.979E-08    V 1.0E+00  2.000E-08
ok  I-131     100  1.00 F 1.0E+00  7.209E-08    F 1.0E+00  7.200E-08
ok  I-131     365  1.00 F 1.0E+00  7.159E-08    F 1.0E+00  7.200E-08
ok  I-131    1825  1.00 F 1.0E+00  3.661E-08    F 1.0E+00  3.700E-08
ok  I-131    3650  1.00 F 1.0E+00  1.861E-08    F 1.0E+00  1.900E-08
ok  I-131    5475  1.00 F 1.0E+00  1.121E-08    F 1.0E+00  1.100E-08
ok  I-131    7300  1.00 F 1.0E+00  7.389E-09    F 1.0E+00  7.400E-09
ok  I-131     100  1.00 M 2.0E-01  2.214E-08    M 2.0E-01  2.200E-08
ok  I-131     365  1.00 M 1.0E-01  1.544E-08    M 1.0E-01  1.500E-08
ok  I-131    1825  1.00 M 1.0E-01  8.186E-09    M 1.0E-01  8.200E-09
ok  I-131    3650  1.00 M 1.0E-01  4.738E-09    M 1.0E-01  4.700E-09
ok  I-131    5475  1.00 M 1.0E-01  3.365E-09    M 1.0E-01  3.400E-09
ok  I-131    7300  1.00 M 1.0E-01  2.437E-09    M 1.0E-01  2.400E-09
--> I-132     100  0.00 V 1.0E+00  2.578E-09    V 1.0E+00  2.800E-09
ok  I-132     365  0.00 V 1.0E+00  2.213E-09    V 1.0E+00  2.300E-09
--> I-132    1825  0.00 V 1.0E+00  1.187E-09    V 1.0E+00  1.300E-09
--> I-132    3650  0.00 V 1.0E+00  5.711E-10    V 1.0E+00  6.400E-10
--> I-132    5475  0.00 V 1.0E+00  3.808E-10    V 1.0E+00  4.300E-10
--> I-132    7300  0.00 V 1.0E+00  2.574E-10    V 1.0E+00  3.100E-10
ok  I-132     100  1.00 F 1.0E+00  1.127E-09    F 1.0E+00  1.100E-09
ok  I-132     365  1.00 F 1.0E+00  9.655E-10    F 1.0E+00  9.600E-10
ok  I-132    1825  1.00 F 1.0E+00  4.547E-10    F 1.0E+00  4.500E-10
ok  I-132    3650  1.00 F 1.0E+00  2.199E-10    F 1.0E+00  2.200E-10
ok  I-132    5475  1.00 F 1.0E+00  1.352E-10    F 1.0E+00  1.300E-10
ok  I-132    7300  1.00 F 1.0E+00  9.396E-11    F 1.0E+00  9.400E-11
ok  I-132     100  1.00 M 2.0E-01  9.977E-10    M 2.0E-01  9.900E-10
ok  I-132     365  1.00 M 1.0E-01  7.323E-10    M 1.0E-01  7.300E-10
ok  I-132    1825  1.00 M 1.0E-01  3.607E-10    M 1.0E-01  3.600E-10
ok  I-132    3650  1.00 M 1.0E-01  2.231E-10    M 1.0E-01  2.200E-10
ok  I-132    5475  1.00 M 1.0E-01  1.428E-10    M 1.0E-01  1.400E-10
ok  I-132    7300  1.00 M 1.0E-01  1.141E-10    M 1.0E-01  1.100E-10
ok  I-133     100  0.00 V 1.0E+00  4.519E-08    V 1.0E+00  4.500E-08
ok  I-133     365  0.00 V 1.0E+00  4.054E-08    V 1.0E+00  4.100E-08
ok  I-133    1825  0.00 V 1.0E+00  2.146E-08    V 1.0E+00  2.100E-08
ok  I-133    3650  0.00 V 1.0E+00  9.683E-09    V 1.0E+00  9.700E-09
ok  I-133    5475  0.00 V 1.0E+00  6.263E-09    V 1.0E+00  6.300E-09
ok  I-133    7300  0.00 V 1.0E+00  3.940E-09    V 1.0E+00  4.000E-09
ok  I-133     100  1.00 F 1.0E+00  1.941E-08    F 1.0E+00  1.900E-08
ok  I-133     365  1.00 F 1.0E+00  1.777E-08    F 1.0E+00  1.800E-08
ok  I-133    1825  1.00 F 1.0E+00  8.311E-09    F 1.0E+00  8.300E-09
ok  I-133    3650  1.00 F 1.0E+00  3.768E-09    F 1.0E+00  3.800E-09
ok  I-133    5475  1.00 F 1.0E+00  2.248E-09    F 1.0E+00  2.200E-09
ok  I-133    7300  1.00 F 1.0E+00  1.466E-09    F 1.0E+00  1.500E-09
ok  I-133     100  1.00 M 2.0E-01  6.587E-09    M 2.0E-01  6.600E-09
ok  I-133     365  1.00 M 1.0E-01  4.385E-09    M 1.0E-01  4.400E-09
ok  I-133    1825  1.00 M 1.0E-01  2.074E-09    M 1.0E-01  2.100E-09
ok  I-133    3650  1.00 M 1.0E-01  1.157E-09    M 1.0E-01  1.200E-09
ok  I-133    5475  1.00 M 1.0E-01  7.386E-10    M 1.0E-01  7.400E-10
ok  I-133    7300  1.00 M 1.0E-01  5.547E-10    M 1.0E-01  5.500E-10
--> I-134     100  0.00 V 1.0E+00  6.876E-10    V 1.0E+00  8.700E-10
--> I-134     365  0.00 V 1.0E+00  5.574E-10    V 1.0E+00  6.900E-10
--> I-134    1825  0.00 V 1.0E+00  3.026E-10    V 1.0E+00  3.900E-10
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--> I-134    3650  0.00 V 1.0E+00  1.594E-10    V 1.0E+00  2.200E-10
--> I-134    5475  0.00 V 1.0E+00  1.085E-10    V 1.0E+00  1.600E-10
--> I-134    7300  0.00 V 1.0E+00  7.966E-11    V 1.0E+00  1.500E-10
ok  I-134     100  1.00 F 1.0E+00  4.641E-10    F 1.0E+00  4.600E-10
ok  I-134     365  1.00 F 1.0E+00  3.707E-10    F 1.0E+00  3.700E-10
ok  I-134    1825  1.00 F 1.0E+00  1.781E-10    F 1.0E+00  1.800E-10
ok  I-134    3650  1.00 F 1.0E+00  9.750E-11    F 1.0E+00  9.700E-11
ok  I-134    5475  1.00 F 1.0E+00  5.933E-11    F 1.0E+00  5.900E-11
ok  I-134    7300  1.00 F 1.0E+00  4.521E-11    F 1.0E+00  4.500E-11
ok  I-134     100  1.00 M 2.0E-01  4.812E-10    M 2.0E-01  4.800E-10
ok  I-134     365  1.00 M 1.0E-01  3.454E-10    M 1.0E-01  3.400E-10
ok  I-134    1825  1.00 M 1.0E-01  1.682E-10    M 1.0E-01  1.700E-10
--> I-134    3650  1.00 M 1.0E-01  1.053E-10    M 1.0E-01  1.000E-10
ok  I-134    5475  1.00 M 1.0E-01  6.752E-11    M 1.0E-01  6.700E-11
ok  I-134    7300  1.00 M 1.0E-01  5.478E-11    M 1.0E-01  5.400E-11
ok  I-135     100  0.00 V 1.0E+00  9.554E-09    V 1.0E+00  9.700E-09
ok  I-135     365  0.00 V 1.0E+00  8.424E-09    V 1.0E+00  8.500E-09
ok  I-135    1825  0.00 V 1.0E+00  4.482E-09    V 1.0E+00  4.500E-09
ok  I-135    3650  0.00 V 1.0E+00  2.060E-09    V 1.0E+00  2.100E-09
ok  I-135    5475  0.00 V 1.0E+00  1.352E-09    V 1.0E+00  1.400E-09
--> I-135    7300  0.00 V 1.0E+00  8.737E-10    V 1.0E+00  9.200E-10
ok  I-135     100  1.00 F 1.0E+00  4.104E-09    F 1.0E+00  4.100E-09
ok  I-135     365  1.00 F 1.0E+00  3.675E-09    F 1.0E+00  3.700E-09
ok  I-135    1825  1.00 F 1.0E+00  1.726E-09    F 1.0E+00  1.700E-09
ok  I-135    3650  1.00 F 1.0E+00  7.974E-10    F 1.0E+00  7.900E-10
ok  I-135    5475  1.00 F 1.0E+00  4.828E-10    F 1.0E+00  4.800E-10
ok  I-135    7300  1.00 F 1.0E+00  3.229E-10    F 1.0E+00  3.200E-10
ok  I-135     100  1.00 M 2.0E-01  2.249E-09    M 2.0E-01  2.200E-09
ok  I-135     365  1.00 M 1.0E-01  1.614E-09    M 1.0E-01  1.600E-09
ok  I-135    1825  1.00 M 1.0E-01  7.875E-10    M 1.0E-01  7.800E-10
ok  I-135    3650  1.00 M 1.0E-01  4.732E-10    M 1.0E-01  4.700E-10
ok  I-135    5475  1.00 M 1.0E-01  3.017E-10    M 1.0E-01  3.000E-10
ok  I-135    7300  1.00 M 1.0E-01  2.369E-10    M 1.0E-01  2.400E-10
ok  Cs-134    100  1.00 F 1.0E+00  1.128E-08    F 1.0E+00  1.100E-08
ok  Cs-134    365  1.00 F 1.0E+00  7.378E-09    F 1.0E+00  7.300E-09
ok  Cs-134   1825  1.00 F 1.0E+00  5.234E-09    F 1.0E+00  5.200E-09
ok  Cs-134   3650  1.00 F 1.0E+00  5.342E-09    F 1.0E+00  5.300E-09
ok  Cs-134   5475  1.00 F 1.0E+00  6.368E-09    F 1.0E+00  6.300E-09
ok  Cs-134   7300  1.00 F 1.0E+00  6.685E-09    F 1.0E+00  6.600E-09
ok  Cs-134    100  1.00 M 2.0E-01  3.177E-08    M 2.0E-01  3.200E-08
ok  Cs-134    365  1.00 M 1.0E-01  2.581E-08    M 1.0E-01  2.600E-08
ok  Cs-134   1825  1.00 M 1.0E-01  1.616E-08    M 1.0E-01  1.600E-08
ok  Cs-134   3650  1.00 M 1.0E-01  1.166E-08    M 1.0E-01  1.200E-08
ok  Cs-134   5475  1.00 M 1.0E-01  1.051E-08    M 1.0E-01  1.100E-08
ok  Cs-134   7300  1.00 M 1.0E-01  9.172E-09    M 1.0E-01  9.100E-09
ok  Cs-136    100  1.00 F 1.0E+00  7.253E-09    F 1.0E+00  7.200E-09
ok  Cs-136    365  1.00 F 1.0E+00  5.260E-09    F 1.0E+00  5.200E-09
ok  Cs-136   1825  1.00 F 1.0E+00  2.913E-09    F 1.0E+00  2.900E-09
ok  Cs-136   3650  1.00 F 1.0E+00  1.989E-09    F 1.0E+00  2.000E-09
ok  Cs-136   5475  1.00 F 1.0E+00  1.376E-09    F 1.0E+00  1.400E-09
ok  Cs-136   7300  1.00 F 1.0E+00  1.232E-09    F 1.0E+00  1.200E-09
ok  Cs-136    100  1.00 M 2.0E-01  1.346E-08    M 2.0E-01  1.300E-08
ok  Cs-136    365  1.00 M 1.0E-01  1.036E-08    M 1.0E-01  1.000E-08
ok  Cs-136   1825  1.00 M 1.0E-01  5.992E-09    M 1.0E-01  5.900E-09
ok  Cs-136   3650  1.00 M 1.0E-01  3.733E-09    M 1.0E-01  3.700E-09

ok  Cs-136   5475  1.00 M 1.0E-01  3.141E-09    M 1.0E-01  3.100E-09
ok  Cs-136   7300  1.00 M 1.0E-01  2.512E-09    M 1.0E-01  2.500E-09
ok  Cs-137    100  1.00 F 1.0E+00  8.764E-09    F 1.0E+00  8.800E-09
ok  Cs-137    365  1.00 F 1.0E+00  5.421E-09    F 1.0E+00  5.400E-09
ok  Cs-137   1825  1.00 F 1.0E+00  3.663E-09    F 1.0E+00  3.600E-09
ok  Cs-137   3650  1.00 F 1.0E+00  3.747E-09    F 1.0E+00  3.700E-09
ok  Cs-137   5475  1.00 F 1.0E+00  4.458E-09    F 1.0E+00  4.400E-09
ok  Cs-137   7300  1.00 F 1.0E+00  4.673E-09    F 1.0E+00  4.600E-09
ok  Cs-137    100  1.00 M 2.0E-01  3.589E-08    M 2.0E-01  3.600E-08
ok  Cs-137    365  1.00 M 1.0E-01  2.909E-08    M 1.0E-01  2.900E-08
ok  Cs-137   1825  1.00 M 1.0E-01  1.777E-08    M 1.0E-01  1.800E-08
ok  Cs-137   3650  1.00 M 1.0E-01  1.264E-08    M 1.0E-01  1.300E-08
ok  Cs-137   5475  1.00 M 1.0E-01  1.118E-08    M 1.0E-01  1.100E-08
ok  Cs-137   7300  1.00 M 1.0E-01  9.690E-09    M 1.0E-01  9.700E-09
ok  Ba-133    100  1.00 F 6.0E-01  1.116E-08    F 6.0E-01  1.100E-08
ok  Ba-133    365  1.00 F 3.0E-01  4.485E-09    F 3.0E-01  4.500E-09
ok  Ba-133   1825  1.00 F 3.0E-01  2.640E-09    F 3.0E-01  2.600E-09
ok  Ba-133   3650  1.00 F 3.0E-01  3.687E-09    F 3.0E-01  3.700E-09
ok  Ba-133   5475  1.00 F 3.0E-01  5.955E-09    F 3.0E-01  6.000E-09
ok  Ba-133   9125  1.00 F 2.0E-01  1.522E-09    F 2.0E-01  1.500E-09
ok  Ba-133    100  1.00 M 2.0E-01  1.458E-08    M 2.0E-01  1.500E-08
ok  Ba-133    365  1.00 M 1.0E-01  1.027E-08    M 1.0E-01  1.000E-08
ok  Ba-133   1825  1.00 M 1.0E-01  6.401E-09    M 1.0E-01  6.400E-09
ok  Ba-133   3650  1.00 M 1.0E-01  5.099E-09    M 1.0E-01  5.100E-09
ok  Ba-133   5475  1.00 M 1.0E-01  5.401E-09    M 1.0E-01  5.400E-09
ok  Ba-133   9125  1.00 M 1.0E-01  3.145E-09    M 1.0E-01  3.100E-09
ok  Ba-133    100  1.00 S 2.0E-02  3.186E-08    S 2.0E-02  3.200E-08
ok  Ba-133    365  1.00 S 1.0E-02  2.927E-08    S 1.0E-02  2.900E-08
ok  Ba-133   1825  1.00 S 1.0E-02  1.986E-08    S 1.0E-02  2.000E-08
ok  Ba-133   3650  1.00 S 1.0E-02  1.346E-08    S 1.0E-02  1.300E-08
ok  Ba-133   5475  1.00 S 1.0E-02  1.135E-08    S 1.0E-02  1.100E-08
ok  Ba-133   9125  1.00 S 1.0E-02  1.031E-08    S 1.0E-02  1.000E-08
ok  Ba-140    100  1.00 F 6.0E-01  1.342E-08    F 6.0E-01  1.300E-08
ok  Ba-140    365  1.00 F 3.0E-01  7.830E-09    F 3.0E-01  7.800E-09
ok  Ba-140   1825  1.00 F 3.0E-01  3.570E-09    F 3.0E-01  3.600E-09
ok  Ba-140   3650  1.00 F 3.0E-01  2.413E-09    F 3.0E-01  2.400E-09
ok  Ba-140   5475  1.00 F 3.0E-01  1.589E-09    F 3.0E-01  1.600E-09
ok  Ba-140   9125  1.00 F 2.0E-01  1.031E-09    F 2.0E-01  1.000E-09
ok  Ba-140    100  1.00 M 2.0E-01  2.671E-08    M 2.0E-01  2.700E-08
ok  Ba-140    365  1.00 M 1.0E-01  1.959E-08    M 1.0E-01  2.000E-08
ok  Ba-140   1825  1.00 M 1.0E-01  1.099E-08    M 1.0E-01  1.100E-08
ok  Ba-140   3650  1.00 M 1.0E-01  7.663E-09    M 1.0E-01  7.600E-09
ok  Ba-140   5475  1.00 M 1.0E-01  6.270E-09    M 1.0E-01  6.200E-09
ok  Ba-140   9125  1.00 M 1.0E-01  5.073E-09    M 1.0E-01  5.100E-09
ok  Ba-140    100  1.00 S 2.0E-02  2.896E-08    S 2.0E-02  2.900E-08
ok  Ba-140    365  1.00 S 1.0E-02  2.182E-08    S 1.0E-02  2.200E-08
ok  Ba-140   1825  1.00 S 1.0E-02  1.241E-08    S 1.0E-02  1.200E-08
ok  Ba-140   3650  1.00 S 1.0E-02  8.653E-09    S 1.0E-02  8.600E-09
ok  Ba-140   5475  1.00 S 1.0E-02  7.146E-09    S 1.0E-02  7.100E-09
ok  Ba-140   9125  1.00 S 1.0E-02  5.837E-09    S 1.0E-02  5.800E-09
<<<<La-140    100  1.00 F 1.0E-02  5.777E-09    F 5.0E-03  5.800E-09
<<<<La-140    365  1.00 F 1.0E-03  4.209E-09    F 5.0E-04  5.800E-09
<<<<La-140   1825  1.00 F 1.0E-03  1.994E-09    F 5.0E-04  5.800E-09
<<<<La-140   3650  1.00 F 1.0E-03  1.240E-09    F 5.0E-04  5.800E-09
<<<<La-140   5475  1.00 F 1.0E-03  6.931E-10    F 5.0E-04  5.800E-09
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<<<<La-140   7300  1.00 F 1.0E-03  5.693E-10    F 5.0E-04  5.800E-09
<<<<La-140    100  1.00 M 1.0E-02  8.788E-09    M 5.0E-03  5.800E-09
<<<<La-140    365  1.00 M 1.0E-03  6.364E-09    M 5.0E-04  5.800E-09
<<<<La-140   1825  1.00 M 1.0E-03  3.149E-09    M 5.0E-04  5.800E-09
<<<<La-140   3650  1.00 M 1.0E-03  2.045E-09    M 5.0E-04  5.800E-09
<<<<La-140   5475  1.00 M 1.0E-03  1.320E-09    M 5.0E-04  5.800E-09
<<<<La-140   7300  1.00 M 1.0E-03  1.076E-09    M 5.0E-04  5.800E-09
<<<<Ce-141    100  1.00 F 1.0E-03  1.121E-08    F 5.0E-03  5.800E-09
ok  Ce-141    365  1.00 F 5.0E-04  7.259E-09    F 5.0E-04  7.300E-09
ok  Ce-141   1825  1.00 F 5.0E-04  3.531E-09    F 5.0E-04  3.500E-09
ok  Ce-141   3650  1.00 F 5.0E-04  1.970E-09    F 5.0E-04  2.000E-09
ok  Ce-141   5475  1.00 F 5.0E-04  1.154E-09    F 5.0E-04  1.200E-09
ok  Ce-141   7300  1.00 F 5.0E-04  9.382E-10    F 5.0E-04  9.300E-10
<<<<Ce-141    100  1.00 M 1.0E-03  1.427E-08    M 5.0E-03  9.300E-10
ok  Ce-141    365  1.00 M 5.0E-04  1.074E-08    M 5.0E-04  1.100E-08
ok  Ce-141   1825  1.00 M 5.0E-04  6.324E-09    M 5.0E-04  6.300E-09
ok  Ce-141   3650  1.00 M 5.0E-04  4.549E-09    M 5.0E-04  4.600E-09
ok  Ce-141   5475  1.00 M 5.0E-04  4.047E-09    M 5.0E-04  4.100E-09
ok  Ce-141   7300  1.00 M 5.0E-04  3.198E-09    M 5.0E-04  3.200E-09
<<<<Ce-141    100  1.00 S 1.0E-03  1.545E-08    S 5.0E-03  3.200E-09
ok  Ce-141    365  1.00 S 5.0E-04  1.186E-08    S 5.0E-04  1.200E-08
ok  Ce-141   1825  1.00 S 5.0E-04  7.108E-09    S 5.0E-04  7.100E-09
ok  Ce-141   3650  1.00 S 5.0E-04  5.219E-09    S 5.0E-04  5.300E-09
ok  Ce-141   5475  1.00 S 5.0E-04  4.741E-09    S 5.0E-04  4.800E-09
ok  Ce-141   7300  1.00 S 5.0E-04  3.746E-09    S 5.0E-04  3.800E-09
<<<<Ce-144    100  1.00 F 1.0E-03  3.573E-07    F 5.0E-03  3.800E-09
ok  Ce-144    365  1.00 F 5.0E-04  2.688E-07    F 5.0E-04  2.700E-07
ok  Ce-144   1825  1.00 F 5.0E-04  1.348E-07    F 5.0E-04  1.400E-07
ok  Ce-144   3650  1.00 F 5.0E-04  7.807E-08    F 5.0E-04  7.800E-08
ok  Ce-144   5475  1.00 F 5.0E-04  4.786E-08    F 5.0E-04  4.800E-08
ok  Ce-144   7300  1.00 F 5.0E-04  4.054E-08    F 5.0E-04  4.000E-08
<<<<Ce-144    100  1.00 M 1.0E-03  1.908E-07    M 5.0E-03  4.000E-08
ok  Ce-144    365  1.00 M 5.0E-04  1.554E-07    M 5.0E-04  1.600E-07
ok  Ce-144   1825  1.00 M 5.0E-04  8.805E-08    M 5.0E-04  8.800E-08
ok  Ce-144   3650  1.00 M 5.0E-04  5.494E-08    M 5.0E-04  5.500E-08
ok  Ce-144   5475  1.00 M 5.0E-04  4.073E-08    M 5.0E-04  4.100E-08
ok  Ce-144   7300  1.00 M 5.0E-04  3.602E-08    M 5.0E-04  3.600E-08
<<<<Ce-144    100  1.00 S 1.0E-03  2.107E-07    S 5.0E-03  3.600E-08
ok  Ce-144    365  1.00 S 5.0E-04  1.823E-07    S 5.0E-04  1.800E-07
ok  Ce-144   1825  1.00 S 5.0E-04  1.113E-07    S 5.0E-04  1.100E-07
ok  Ce-144   3650  1.00 S 5.0E-04  7.295E-08    S 5.0E-04  7.300E-08
ok  Ce-144   5475  1.00 S 5.0E-04  5.727E-08    S 5.0E-04  5.800E-08
ok  Ce-144   7300  1.00 S 5.0E-04  5.270E-08    S 5.0E-04  5.300E-08
ok  Bi-210    100  1.00 F 1.0E-01  1.059E-08    F 1.0E-01  1.100E-08
ok  Bi-210    365  1.00 F 5.0E-02  6.877E-09    F 5.0E-02  6.900E-09
ok  Bi-210   1825  1.00 F 5.0E-02  3.234E-09    F 5.0E-02  3.200E-09
ok  Bi-210   3650  1.00 F 5.0E-02  2.071E-09    F 5.0E-02  2.100E-09
ok  Bi-210   5475  1.00 F 5.0E-02  1.283E-09    F 5.0E-02  1.300E-09
ok  Bi-210   7300  1.00 F 5.0E-02  1.066E-09    F 5.0E-02  1.100E-09
ok  Bi-210    100  1.00 M 1.0E-01  3.851E-07    M 1.0E-01  3.900E-07
ok  Bi-210    365  1.00 M 5.0E-02  2.947E-07    M 5.0E-02  3.000E-07
ok  Bi-210   1825  1.00 M 5.0E-02  1.849E-07    M 5.0E-02  1.800E-07
ok  Bi-210   3650  1.00 M 5.0E-02  1.279E-07    M 5.0E-02  1.300E-07
ok  Bi-210   5475  1.00 M 5.0E-02  1.121E-07    M 5.0E-02  1.100E-07
ok  Bi-210   7300  1.00 M 5.0E-02  9.304E-08    M 5.0E-02  9.300E-08

ok  Bi-212    100  1.00 F 1.0E-01  6.611E-08    F 1.0E-01  6.500E-08
ok  Bi-212    365  1.00 F 5.0E-02  4.588E-08    F 5.0E-02  4.500E-08
ok  Bi-212   1825  1.00 F 5.0E-02  2.140E-08    F 5.0E-02  2.100E-08
ok  Bi-212   3650  1.00 F 5.0E-02  1.498E-08    F 5.0E-02  1.500E-08
--> Bi-212   5475  1.00 F 5.0E-02  1.054E-08    F 5.0E-02  1.000E-08
ok  Bi-212   7300  1.00 F 5.0E-02  9.164E-09    F 5.0E-02  9.100E-09
ok  Bi-212    100  1.00 M 1.0E-01  1.558E-07    M 1.0E-01  1.600E-07
ok  Bi-212    365  1.00 M 5.0E-02  1.118E-07    M 5.0E-02  1.100E-07
ok  Bi-212   1825  1.00 M 5.0E-02  6.084E-08    M 5.0E-02  6.000E-08
ok  Bi-212   3650  1.00 M 5.0E-02  4.450E-08    M 5.0E-02  4.400E-08
ok  Bi-212   5475  1.00 M 5.0E-02  3.786E-08    M 5.0E-02  3.800E-08
ok  Bi-212   7300  1.00 M 5.0E-02  3.096E-08    M 5.0E-02  3.100E-08
ok  Po-210    100  1.00 F 2.0E-01  7.364E-06    F 2.0E-01  7.400E-06
ok  Po-210    365  1.00 F 1.0E-01  4.823E-06    F 1.0E-01  4.800E-06
ok  Po-210   1825  1.00 F 1.0E-01  2.190E-06    F 1.0E-01  2.200E-06
ok  Po-210   3650  1.00 F 1.0E-01  1.293E-06    F 1.0E-01  1.300E-06
ok  Po-210   5475  1.00 F 1.0E-01  7.648E-07    F 1.0E-01  7.700E-07
ok  Po-210   7300  1.00 F 1.0E-01  6.092E-07    F 1.0E-01  6.100E-07
ok  Po-210    100  1.00 M 2.0E-01  1.499E-05    M 2.0E-01  1.500E-05
ok  Po-210    365  1.00 M 1.0E-01  1.085E-05    M 1.0E-01  1.100E-05
ok  Po-210   1825  1.00 M 1.0E-01  6.663E-06    M 1.0E-01  6.700E-06
ok  Po-210   3650  1.00 M 1.0E-01  4.567E-06    M 1.0E-01  4.600E-06
ok  Po-210   5475  1.00 M 1.0E-01  3.950E-06    M 1.0E-01  4.000E-06
ok  Po-210   7300  1.00 M 1.0E-01  3.270E-06    M 1.0E-01  3.300E-06
ok  Po-210    100  1.00 S 2.0E-02  1.782E-05    S 2.0E-02  1.800E-05
ok  Po-210    365  1.00 S 1.0E-02  1.374E-05    S 1.0E-02  1.400E-05
ok  Po-210   1825  1.00 S 1.0E-02  8.619E-06    S 1.0E-02  8.600E-06
ok  Po-210   3650  1.00 S 1.0E-02  5.902E-06    S 1.0E-02  5.900E-06
ok  Po-210   5475  1.00 S 1.0E-02  5.119E-06    S 1.0E-02  5.100E-06
ok  Po-210   7300  1.00 S 1.0E-02  4.265E-06    S 1.0E-02  4.300E-06
<<<<Ac-228    100  1.00 F 1.0E-02  1.278E-07    F 5.0E-03  4.300E-06
<<<<Ac-228    365  1.00 F 1.0E-03  1.080E-07    F 5.0E-04  4.300E-06
<<<<Ac-228   1825  1.00 F 1.0E-03  5.733E-08    F 5.0E-04  4.300E-06
<<<<Ac-228   3650  1.00 F 1.0E-03  3.476E-08    F 5.0E-04  4.300E-06
<<<<Ac-228   5475  1.00 F 1.0E-03  2.364E-08    F 5.0E-04  4.300E-06
<<<<Ac-228   9125  1.00 F 1.0E-03  2.203E-08    F 5.0E-04  4.300E-06
<<<<Ac-228    100  1.00 M 1.0E-02  6.882E-08    M 5.0E-03  4.300E-06
<<<<Ac-228    365  1.00 M 1.0E-03  5.723E-08    M 5.0E-04  4.300E-06
<<<<Ac-228   1825  1.00 M 1.0E-03  3.443E-08    M 5.0E-04  4.300E-06
<<<<Ac-228   3650  1.00 M 1.0E-03  2.251E-08    M 5.0E-04  4.300E-06
<<<<Ac-228   5475  1.00 M 1.0E-03  1.850E-08    M 5.0E-04  4.300E-06
<<<<Ac-228   9125  1.00 M 1.0E-03  1.624E-08    M 5.0E-04  4.300E-06
<<<<Ac-228    100  1.00 S 1.0E-02  6.371E-08    S 5.0E-03  4.300E-06
<<<<Ac-228    365  1.00 S 1.0E-03  5.209E-08    S 5.0E-04  4.300E-06
<<<<Ac-228   1825  1.00 S 1.0E-03  3.264E-08    S 5.0E-04  4.300E-06
<<<<Ac-228   3650  1.00 S 1.0E-03  2.188E-08    S 5.0E-04  4.300E-06
<<<<Ac-228   5475  1.00 S 1.0E-03  1.858E-08    S 5.0E-04  4.300E-06
<<<<Ac-228   9125  1.00 S 1.0E-03  1.571E-08    S 5.0E-04  4.300E-06
<<<<Pa-233    100  1.00 M 1.0E-02  1.545E-08    M 5.0E-03  4.300E-06
<<<<Pa-233    365  1.00 M 1.0E-03  1.151E-08    M 5.0E-04  4.300E-06
<<<<Pa-233   1825  1.00 M 1.0E-03  6.764E-09    M 5.0E-04  4.300E-06
<<<<Pa-233   3650  1.00 M 1.0E-03  4.819E-09    M 5.0E-04  4.300E-06
<<<<Pa-233   5475  1.00 M 1.0E-03  4.216E-09    M 5.0E-04  4.300E-06
<<<<Pa-233   9125  1.00 M 1.0E-03  3.349E-09    M 5.0E-04  4.300E-06
<<<<Pa-233    100  1.00 S 1.0E-02  1.663E-08    S 5.0E-03  4.300E-06
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<<<<Pa-233    365  1.00 S 1.0E-03  1.255E-08    S 5.0E-04  4.300E-06
<<<<Pa-233   1825  1.00 S 1.0E-03  7.497E-09    S 5.0E-04  4.300E-06
<<<<Pa-233   3650  1.00 S 1.0E-03  5.439E-09    S 5.0E-04  4.300E-06
<<<<Pa-233   5475  1.00 S 1.0E-03  4.865E-09    S 5.0E-04  4.300E-06
<<<<Pa-233   9125  1.00 S 1.0E-03  3.863E-09    S 5.0E-04  4.300E-06
<<<<Pa-234    100  1.00 M 1.0E-02  2.870E-09    M 5.0E-03  4.300E-06
<<<<Pa-234    365  1.00 M 1.0E-03  2.091E-09    M 5.0E-04  4.300E-06
<<<<Pa-234   1825  1.00 M 1.0E-03  1.059E-09    M 5.0E-04  4.300E-06
<<<<Pa-234   3650  1.00 M 1.0E-03  6.979E-10    M 5.0E-04  4.300E-06
<<<<Pa-234   5475  1.00 M 1.0E-03  4.837E-10    M 5.0E-04  4.300E-06
<<<<Pa-234   9125  1.00 M 1.0E-03  3.905E-10    M 5.0E-04  4.300E-06
<<<<Pa-234    100  1.00 S 1.0E-02  3.005E-09    S 5.0E-03  4.300E-06
<<<<Pa-234    365  1.00 S 1.0E-03  2.187E-09    S 5.0E-04  4.300E-06
<<<<Pa-234   1825  1.00 S 1.0E-03  1.113E-09    S 5.0E-04  4.300E-06
<<<<Pa-234   3650  1.00 S 1.0E-03  7.361E-10    S 5.0E-04  4.300E-06
<<<<Pa-234   5475  1.00 S 1.0E-03  5.154E-10    S 5.0E-04  4.300E-06
<<<<Pa-234   9125  1.00 S 1.0E-03  4.157E-10    S 5.0E-04  4.300E-06
ok  Np-236L   100  1.00 F 5.0E-03  9.122E-06    F 5.0E-03  8.900E-06
ok  Np-236L   365  1.00 F 5.0E-04  9.340E-06    F 5.0E-04  9.100E-06
ok  Np-236L  1825  1.00 F 5.0E-04  7.255E-06    F 5.0E-04  7.200E-06
ok  Np-236L  3650  1.00 F 5.0E-04  7.501E-06    F 5.0E-04  7.500E-06
ok  Np-236L  5475  1.00 F 5.0E-04  7.947E-06    F 5.0E-04  7.900E-06
ok  Np-236L  9125  1.00 F 5.0E-04  7.951E-06    F 5.0E-04  8.000E-06
ok  Np-236L   100  1.00 M 5.0E-03  3.066E-06    M 5.0E-03  3.000E-06
ok  Np-236L   365  1.00 M 5.0E-04  3.190E-06    M 5.0E-04  3.100E-06
ok  Np-236L  1825  1.00 M 5.0E-04  2.691E-06    M 5.0E-04  2.700E-06
ok  Np-236L  3650  1.00 M 5.0E-04  2.698E-06    M 5.0E-04  2.700E-06
ok  Np-236L  5475  1.00 M 5.0E-04  3.108E-06    M 5.0E-04  3.100E-06
ok  Np-236L  9125  1.00 M 5.0E-04  3.169E-06    M 5.0E-04  3.200E-06
ok  Np-236L   100  1.00 S 5.0E-03  1.618E-06    S 5.0E-03  1.600E-06
ok  Np-236L   365  1.00 S 5.0E-04  1.615E-06    S 5.0E-04  1.600E-06
ok  Np-236L  1825  1.00 S 5.0E-04  1.279E-06    S 5.0E-04  1.300E-06
ok  Np-236L  3650  1.00 S 5.0E-04  1.016E-06    S 5.0E-04  1.000E-06
ok  Np-236L  5475  1.00 S 5.0E-04  1.021E-06    S 5.0E-04  1.000E-06
ok  Np-236L  9125  1.00 S 5.0E-04  1.022E-06    S 5.0E-04  1.000E-06
ok  Np-236S   100  1.00 F 5.0E-03  2.837E-08    F 5.0E-03  2.800E-08
ok  Np-236S   365  1.00 F 5.0E-04  2.571E-08    F 5.0E-04  2.600E-08
ok  Np-236S  1825  1.00 F 5.0E-04  1.525E-08    F 5.0E-04  1.500E-08
ok  Np-236S  3650  1.00 F 5.0E-04  1.069E-08    F 5.0E-04  1.100E-08
ok  Np-236S  5475  1.00 F 5.0E-04  8.975E-09    F 5.0E-04  8.900E-09
ok  Np-236S  9125  1.00 F 5.0E-04  9.018E-09    F 5.0E-04  8.800E-09
ok  Np-236S   100  1.00 M 5.0E-03  1.620E-08    M 5.0E-03  1.600E-08
ok  Np-236S   365  1.00 M 5.0E-04  1.394E-08    M 5.0E-04  1.400E-08
ok  Np-236S  1825  1.00 M 5.0E-04  8.891E-09    M 5.0E-04  8.900E-09
ok  Np-236S  3650  1.00 M 5.0E-04  6.225E-09    M 5.0E-04  6.200E-09
ok  Np-236S  5475  1.00 M 5.0E-04  5.635E-09    M 5.0E-04  5.600E-09
ok  Np-236S  9125  1.00 M 5.0E-04  5.338E-09    M 5.0E-04  5.300E-09
ok  Np-236S   100  1.00 S 5.0E-03  1.592E-08    S 5.0E-03  1.600E-08
ok  Np-236S   365  1.00 S 5.0E-04  1.329E-08    S 5.0E-04  1.300E-08
ok  Np-236S  1825  1.00 S 5.0E-04  8.452E-09    S 5.0E-04  8.500E-09
ok  Np-236S  3650  1.00 S 5.0E-04  5.652E-09    S 5.0E-04  5.700E-09
ok  Np-236S  5475  1.00 S 5.0E-04  4.820E-09    S 5.0E-04  4.800E-09
ok  Np-236S  9125  1.00 S 5.0E-04  4.242E-09    S 5.0E-04  4.200E-09
ok  Np-237    100  1.00 F 5.0E-03  9.873E-05    F 5.0E-03  9.800E-05
ok  Np-237    365  1.00 F 5.0E-04  9.419E-05    F 5.0E-04  9.300E-05

ok  Np-237   1825  1.00 F 5.0E-04  6.085E-05    F 5.0E-04  6.000E-05
ok  Np-237   3650  1.00 F 5.0E-04  5.020E-05    F 5.0E-04  5.000E-05
ok  Np-237   5475  1.00 F 5.0E-04  4.823E-05    F 5.0E-04  4.700E-05
ok  Np-237   9125  1.00 F 5.0E-04  4.971E-05    F 5.0E-04  4.800E-05
ok  Np-237    100  1.00 M 5.0E-03  4.412E-05    M 5.0E-03  4.400E-05
ok  Np-237    365  1.00 M 5.0E-04  4.058E-05    M 5.0E-04  4.000E-05
ok  Np-237   1825  1.00 M 5.0E-04  2.798E-05    M 5.0E-04  2.800E-05
ok  Np-237   3650  1.00 M 5.0E-04  2.196E-05    M 5.0E-04  2.200E-05
ok  Np-237   5475  1.00 M 5.0E-04  2.225E-05    M 5.0E-04  2.200E-05
ok  Np-237   9125  1.00 M 5.0E-04  2.270E-05    M 5.0E-04  2.200E-05
ok  Np-237    100  1.00 S 5.0E-03  3.659E-05    S 5.0E-03  3.700E-05
ok  Np-237    365  1.00 S 5.0E-04  3.192E-05    S 5.0E-04  3.200E-05
ok  Np-237   1825  1.00 S 5.0E-04  2.129E-05    S 5.0E-04  2.100E-05
ok  Np-237   3650  1.00 S 5.0E-04  1.440E-05    S 5.0E-04  1.400E-05
ok  Np-237   5475  1.00 S 5.0E-04  1.265E-05    S 5.0E-04  1.300E-05
ok  Np-237   9125  1.00 S 5.0E-04  1.189E-05    S 5.0E-04  1.200E-05
ok  Np-239    100  1.00 F 5.0E-03  2.586E-09    F 5.0E-03  2.600E-09
--->Np-239    365  1.00 F 5.0E-04  1.767E-09    F 5.0E-04  1.400E-09
ok  Np-239   1825  1.00 F 5.0E-04  6.363E-10    F 5.0E-04  6.300E-10
ok  Np-239   3650  1.00 F 5.0E-04  3.860E-10    F 5.0E-04  3.800E-10
ok  Np-239   5475  1.00 F 5.0E-04  2.097E-10    F 5.0E-04  2.000E-10
ok  Np-239   9125  1.00 F 5.0E-04  1.736E-10    F 5.0E-04  1.700E-10
ok  Np-239    100  1.00 M 5.0E-03  5.864E-09    M 5.0E-03  5.800E-09
ok  Np-239    365  1.00 M 5.0E-04  4.179E-09    M 5.0E-04  4.200E-09
ok  Np-239   1825  1.00 M 5.0E-04  2.027E-09    M 5.0E-04  2.000E-09
ok  Np-239   3650  1.00 M 5.0E-04  1.433E-09    M 5.0E-04  1.400E-09
ok  Np-239   5475  1.00 M 5.0E-04  1.177E-09    M 5.0E-04  1.200E-09
ok  Np-239   9125  1.00 M 5.0E-04  9.333E-10    M 5.0E-04  9.300E-10
ok  Np-239    100  1.00 S 5.0E-03  5.643E-09    S 5.0E-03  5.600E-09
ok  Np-239    365  1.00 S 5.0E-04  4.009E-09    S 5.0E-04  4.000E-09
ok  Np-239   1825  1.00 S 5.0E-04  2.199E-09    S 5.0E-04  2.200E-09
ok  Np-239   3650  1.00 S 5.0E-04  1.562E-09    S 5.0E-04  1.600E-09
ok  Np-239   5475  1.00 S 5.0E-04  1.296E-09    S 5.0E-04  1.300E-09
ok  Np-239   9125  1.00 S 5.0E-04  1.026E-09    S 5.0E-04  1.000E-09
ok  Pu-236    100  1.00 F 5.0E-03  1.034E-04    F 5.0E-03  1.000E-04
ok  Pu-236    365  1.00 F 5.0E-04  9.436E-05    F 5.0E-04  9.500E-05
ok  Pu-236   1825  1.00 F 5.0E-04  6.112E-05    F 5.0E-04  6.100E-05
ok  Pu-236   3650  1.00 F 5.0E-04  4.458E-05    F 5.0E-04  4.400E-05
ok  Pu-236   5475  1.00 F 5.0E-04  3.732E-05    F 5.0E-04  3.700E-05
ok  Pu-236   9125  1.00 F 5.0E-04  3.981E-05    F 5.0E-04  3.800E-05
ok  Pu-236    100  1.00 M 5.0E-03  4.763E-05    M 5.0E-03  4.800E-05
ok  Pu-236    365  1.00 M 5.0E-04  4.253E-05    M 5.0E-04  4.300E-05
ok  Pu-236   1825  1.00 M 5.0E-04  2.913E-05    M 5.0E-04  2.900E-05
ok  Pu-236   3650  1.00 M 5.0E-04  2.092E-05    M 5.0E-04  2.100E-05
ok  Pu-236   5475  1.00 M 5.0E-04  1.917E-05    M 5.0E-04  1.900E-05
ok  Pu-236   9125  1.00 M 5.0E-04  1.955E-05    M 5.0E-04  1.900E-05
ok  Pu-236    100  1.00 S 1.0E-04  3.604E-05    S 1.0E-04  3.600E-05
ok  Pu-236    365  1.00 S 1.0E-05  3.083E-05    S 1.0E-05  3.100E-05
ok  Pu-236   1825  1.00 S 1.0E-05  2.002E-05    S 1.0E-05  2.000E-05
ok  Pu-236   3650  1.00 S 1.0E-05  1.351E-05    S 1.0E-05  1.400E-05
ok  Pu-236   5475  1.00 S 1.0E-05  1.171E-05    S 1.0E-05  1.200E-05
ok  Pu-236   9125  1.00 S 1.0E-05  1.047E-05    S 1.0E-05  1.000E-05
ok  Pu-238    100  1.00 F 5.0E-03  1.987E-04    F 5.0E-03  2.000E-04
ok  Pu-238    365  1.00 F 5.0E-04  1.910E-04    F 5.0E-04  1.900E-04
ok  Pu-238   1825  1.00 F 5.0E-04  1.384E-04    F 5.0E-04  1.400E-04
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ok  Pu-238   3650  1.00 F 5.0E-04  1.117E-04    F 5.0E-04  1.100E-04
ok  Pu-238   5475  1.00 F 5.0E-04  1.005E-04    F 5.0E-04  1.000E-04
ok  Pu-238   9125  1.00 F 5.0E-04  1.081E-04    F 5.0E-04  1.100E-04
ok  Pu-238    100  1.00 M 5.0E-03  7.771E-05    M 5.0E-03  7.800E-05
ok  Pu-238    365  1.00 M 5.0E-04  7.418E-05    M 5.0E-04  7.400E-05
ok  Pu-238   1825  1.00 M 5.0E-04  5.638E-05    M 5.0E-04  5.600E-05
ok  Pu-238   3650  1.00 M 5.0E-04  4.408E-05    M 5.0E-04  4.400E-05
ok  Pu-238   5475  1.00 M 5.0E-04  4.316E-05    M 5.0E-04  4.300E-05
ok  Pu-238   9125  1.00 M 5.0E-04  4.619E-05    M 5.0E-04  4.400E-05
ok  Pu-238    100  1.00 S 1.0E-04  4.456E-05    S 1.0E-04  4.500E-05
ok  Pu-238    365  1.00 S 1.0E-05  3.994E-05    S 1.0E-05  4.000E-05
ok  Pu-238   1825  1.00 S 1.0E-05  2.718E-05    S 1.0E-05  2.700E-05
ok  Pu-238   3650  1.00 S 1.0E-05  1.885E-05    S 1.0E-05  1.900E-05
ok  Pu-238   5475  1.00 S 1.0E-05  1.694E-05    S 1.0E-05  1.700E-05
ok  Pu-238   9125  1.00 S 1.0E-05  1.607E-05    S 1.0E-05  1.600E-05
ok  Pu-239    100  1.00 F 5.0E-03  2.097E-04    F 5.0E-03  2.100E-04
ok  Pu-239    365  1.00 F 5.0E-04  2.035E-04    F 5.0E-04  2.000E-04
ok  Pu-239   1825  1.00 F 5.0E-04  1.516E-04    F 5.0E-04  1.500E-04
ok  Pu-239   3650  1.00 F 5.0E-04  1.247E-04    F 5.0E-04  1.200E-04
ok  Pu-239   5475  1.00 F 5.0E-04  1.123E-04    F 5.0E-04  1.100E-04
ok  Pu-239   9125  1.00 F 5.0E-04  1.192E-04    F 5.0E-04  1.200E-04
ok  Pu-239    100  1.00 M 5.0E-03  8.002E-05    M 5.0E-03  8.000E-05
ok  Pu-239    365  1.00 M 5.0E-04  7.731E-05    M 5.0E-04  7.700E-05
ok  Pu-239   1825  1.00 M 5.0E-04  6.042E-05    M 5.0E-04  6.000E-05
ok  Pu-239   3650  1.00 M 5.0E-04  4.808E-05    M 5.0E-04  4.800E-05
ok  Pu-239   5475  1.00 M 5.0E-04  4.720E-05    M 5.0E-04  4.700E-05
ok  Pu-239   9125  1.00 M 5.0E-04  5.014E-05    M 5.0E-04  5.000E-05
ok  Pu-239    100  1.00 S 1.0E-04  4.270E-05    S 1.0E-04  4.300E-05
ok  Pu-239    365  1.00 S 1.0E-05  3.854E-05    S 1.0E-05  3.900E-05
ok  Pu-239   1825  1.00 S 1.0E-05  2.660E-05    S 1.0E-05  2.700E-05
ok  Pu-239   3650  1.00 S 1.0E-05  1.859E-05    S 1.0E-05  1.900E-05
ok  Pu-239   5475  1.00 S 1.0E-05  1.678E-05    S 1.0E-05  1.700E-05
ok  Pu-239   9125  1.00 S 1.0E-05  1.603E-05    S 1.0E-05  1.600E-05
ok  Pu-240    100  1.00 F 5.0E-03  2.098E-04    F 5.0E-03  2.100E-04
ok  Pu-240    365  1.00 F 5.0E-04  2.035E-04    F 5.0E-04  2.000E-04
ok  Pu-240   1825  1.00 F 5.0E-04  1.516E-04    F 5.0E-04  1.500E-04
ok  Pu-240   3650  1.00 F 5.0E-04  1.246E-04    F 5.0E-04  1.200E-04
ok  Pu-240   5475  1.00 F 5.0E-04  1.123E-04    F 5.0E-04  1.100E-04
ok  Pu-240   9125  1.00 F 5.0E-04  1.192E-04    F 5.0E-04  1.200E-04
ok  Pu-240    100  1.00 M 5.0E-03  8.008E-05    M 5.0E-03  8.000E-05
ok  Pu-240    365  1.00 M 5.0E-04  7.736E-05    M 5.0E-04  7.700E-05
ok  Pu-240   1825  1.00 M 5.0E-04  6.044E-05    M 5.0E-04  6.000E-05
ok  Pu-240   3650  1.00 M 5.0E-04  4.809E-05    M 5.0E-04  4.800E-05
ok  Pu-240   5475  1.00 M 5.0E-04  4.721E-05    M 5.0E-04  4.700E-05
ok  Pu-240   9125  1.00 M 5.0E-04  5.015E-05    M 5.0E-04  5.000E-05
ok  Pu-240    100  1.00 S 1.0E-04  4.277E-05    S 1.0E-04  4.300E-05
ok  Pu-240    365  1.00 S 1.0E-05  3.859E-05    S 1.0E-05  3.900E-05
ok  Pu-240   1825  1.00 S 1.0E-05  2.664E-05    S 1.0E-05  2.700E-05
ok  Pu-240   3650  1.00 S 1.0E-05  1.862E-05    S 1.0E-05  1.900E-05
ok  Pu-240   5475  1.00 S 1.0E-05  1.680E-05    S 1.0E-05  1.700E-05
ok  Pu-240   9125  1.00 S 1.0E-05  1.605E-05    S 1.0E-05  1.600E-05
ok  Pu-241    100  1.00 F 5.0E-03  2.839E-06    F 5.0E-03  2.800E-06
ok  Pu-241    365  1.00 F 5.0E-04  2.938E-06    F 5.0E-04  2.900E-06
ok  Pu-241   1825  1.00 F 5.0E-04  2.586E-06    F 5.0E-04  2.600E-06
ok  Pu-241   3650  1.00 F 5.0E-04  2.383E-06    F 5.0E-04  2.400E-06

ok  Pu-241   5475  1.00 F 5.0E-04  2.229E-06    F 5.0E-04  2.200E-06
ok  Pu-241   9125  1.00 F 5.0E-04  2.288E-06    F 5.0E-04  2.300E-06
ok  Pu-241    100  1.00 M 5.0E-03  9.196E-07    M 5.0E-03  9.100E-07
ok  Pu-241    365  1.00 M 5.0E-04  9.827E-07    M 5.0E-04  9.700E-07
ok  Pu-241   1825  1.00 M 5.0E-04  9.256E-07    M 5.0E-04  9.200E-07
ok  Pu-241   3650  1.00 M 5.0E-04  8.339E-07    M 5.0E-04  8.300E-07
ok  Pu-241   5475  1.00 M 5.0E-04  8.592E-07    M 5.0E-04  8.600E-07
ok  Pu-241   9125  1.00 M 5.0E-04  9.008E-07    M 5.0E-04  9.000E-07
ok  Pu-241    100  1.00 S 1.0E-04  2.220E-07    S 1.0E-04  2.200E-07
ok  Pu-241    365  1.00 S 1.0E-05  2.365E-07    S 1.0E-05  2.400E-07
ok  Pu-241   1825  1.00 S 1.0E-05  2.034E-07    S 1.0E-05  2.000E-07
ok  Pu-241   3650  1.00 S 1.0E-05  1.691E-07    S 1.0E-05  1.700E-07
ok  Pu-241   5475  1.00 S 1.0E-05  1.726E-07    S 1.0E-05  1.700E-07
ok  Pu-241   9125  1.00 S 1.0E-05  1.747E-07    S 1.0E-05  1.700E-07
ok  Pu-242    100  1.00 F 5.0E-03  1.993E-04    F 5.0E-03  2.000E-04
ok  Pu-242    365  1.00 F 5.0E-04  1.934E-04    F 5.0E-04  1.900E-04
ok  Pu-242   1825  1.00 F 5.0E-04  1.441E-04    F 5.0E-04  1.400E-04
ok  Pu-242   3650  1.00 F 5.0E-04  1.185E-04    F 5.0E-04  1.200E-04
ok  Pu-242   5475  1.00 F 5.0E-04  1.068E-04    F 5.0E-04  1.100E-04
ok  Pu-242   9125  1.00 F 5.0E-04  1.133E-04    F 5.0E-04  1.100E-04
ok  Pu-242    100  1.00 M 5.0E-03  7.581E-05    M 5.0E-03  7.600E-05
ok  Pu-242    365  1.00 M 5.0E-04  7.326E-05    M 5.0E-04  7.300E-05
ok  Pu-242   1825  1.00 M 5.0E-04  5.729E-05    M 5.0E-04  5.700E-05
ok  Pu-242   3650  1.00 M 5.0E-04  4.557E-05    M 5.0E-04  4.500E-05
ok  Pu-242   5475  1.00 M 5.0E-04  4.472E-05    M 5.0E-04  4.500E-05
ok  Pu-242   9125  1.00 M 5.0E-04  4.756E-05    M 5.0E-04  4.800E-05
ok  Pu-242    100  1.00 S 1.0E-04  4.016E-05    S 1.0E-04  4.000E-05
ok  Pu-242    365  1.00 S 1.0E-05  3.622E-05    S 1.0E-05  3.600E-05
ok  Pu-242   1825  1.00 S 1.0E-05  2.501E-05    S 1.0E-05  2.500E-05
ok  Pu-242   3650  1.00 S 1.0E-05  1.743E-05    S 1.0E-05  1.700E-05
ok  Pu-242   5475  1.00 S 1.0E-05  1.570E-05    S 1.0E-05  1.600E-05
ok  Pu-242   9125  1.00 S 1.0E-05  1.503E-05    S 1.0E-05  1.500E-05
ok  Am-241    100  1.00 F 5.0E-03  1.860E-04    F 5.0E-03  1.800E-04
ok  Am-241    365  1.00 F 5.0E-04  1.775E-04    F 5.0E-04  1.800E-04
ok  Am-241   1825  1.00 F 5.0E-04  1.228E-04    F 5.0E-04  1.200E-04
ok  Am-241   3650  1.00 F 5.0E-04  1.010E-04    F 5.0E-04  1.000E-04
ok  Am-241   5475  1.00 F 5.0E-04  9.278E-05    F 5.0E-04  9.200E-05
ok  Am-241   9125  1.00 F 5.0E-04  9.640E-05    F 5.0E-04  9.600E-05
ok  Am-241    100  1.00 M 5.0E-03  7.373E-05    M 5.0E-03  7.300E-05
ok  Am-241    365  1.00 M 5.0E-04  6.967E-05    M 5.0E-04  6.900E-05
ok  Am-241   1825  1.00 M 5.0E-04  5.106E-05    M 5.0E-04  5.100E-05
ok  Am-241   3650  1.00 M 5.0E-04  4.055E-05    M 5.0E-04  4.000E-05
ok  Am-241   5475  1.00 M 5.0E-04  4.027E-05    M 5.0E-04  4.000E-05
ok  Am-241   9125  1.00 M 5.0E-04  4.171E-05    M 5.0E-04  4.000E-05
ok  Am-241    100  1.00 S 5.0E-03  4.585E-05    S 5.0E-03  4.600E-05
ok  Am-241    365  1.00 S 5.0E-04  4.013E-05    S 5.0E-04  4.000E-05
ok  Am-241   1825  1.00 S 5.0E-04  2.725E-05    S 5.0E-04  2.700E-05
ok  Am-241   3650  1.00 S 5.0E-04  1.894E-05    S 5.0E-04  1.900E-05
ok  Am-241   5475  1.00 S 5.0E-04  1.702E-05    S 5.0E-04  1.700E-05
ok  Am-241   9125  1.00 S 5.0E-04  1.604E-05    S 5.0E-04  1.600E-05
ok  Am-243    100  1.00 F 5.0E-03  1.825E-04    F 5.0E-03  1.800E-04
ok  Am-243    365  1.00 F 5.0E-04  1.745E-04    F 5.0E-04  1.700E-04
ok  Am-243   1825  1.00 F 5.0E-04  1.214E-04    F 5.0E-04  1.200E-04
ok  Am-243   3650  1.00 F 5.0E-04  1.003E-04    F 5.0E-04  1.000E-04
ok  Am-243   5475  1.00 F 5.0E-04  9.230E-05    F 5.0E-04  9.100E-05
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ok  Am-243   9125  1.00 F 5.0E-04  9.569E-05    F 5.0E-04  9.600E-05
ok  Am-243    100  1.00 M 5.0E-03  7.185E-05    M 5.0E-03  7.200E-05
ok  Am-243    365  1.00 M 5.0E-04  6.805E-05    M 5.0E-04  6.800E-05
ok  Am-243   1825  1.00 M 5.0E-04  5.016E-05    M 5.0E-04  5.000E-05
ok  Am-243   3650  1.00 M 5.0E-04  3.999E-05    M 5.0E-04  4.000E-05
ok  Am-243   5475  1.00 M 5.0E-04  3.976E-05    M 5.0E-04  3.900E-05
ok  Am-243   9125  1.00 M 5.0E-04  4.118E-05    M 5.0E-04  4.100E-05
ok  Am-243    100  1.00 S 5.0E-03  4.403E-05    S 5.0E-03  4.400E-05
ok  Am-243    365  1.00 S 5.0E-04  3.856E-05    S 5.0E-04  3.900E-05
ok  Am-243   1825  1.00 S 5.0E-04  2.625E-05    S 5.0E-04  2.600E-05
ok  Am-243   3650  1.00 S 5.0E-04  1.824E-05    S 5.0E-04  1.800E-05
ok  Am-243   5475  1.00 S 5.0E-04  1.637E-05    S 5.0E-04  1.600E-05
ok  Am-243   9125  1.00 S 5.0E-04  1.548E-05    S 5.0E-04  1.500E-05
ok  Cm-242    100  1.00 F 5.0E-03  2.680E-05    F 5.0E-03  2.700E-05
ok  Cm-242    365  1.00 F 5.0E-04  2.070E-05    F 5.0E-04  2.100E-05
ok  Cm-242   1825  1.00 F 5.0E-04  1.016E-05    F 5.0E-04  1.000E-05
ok  Cm-242   3650  1.00 F 5.0E-04  6.137E-06    F 5.0E-04  6.100E-06
ok  Cm-242   5475  1.00 F 5.0E-04  3.995E-06    F 5.0E-04  4.000E-06
ok  Cm-242   9125  1.00 F 5.0E-04  3.308E-06    F 5.0E-04  3.300E-06
ok  Cm-242    100  1.00 M 5.0E-03  2.232E-05    M 5.0E-03  2.200E-05
ok  Cm-242    365  1.00 M 5.0E-04  1.749E-05    M 5.0E-04  1.800E-05
ok  Cm-242   1825  1.00 M 5.0E-04  1.061E-05    M 5.0E-04  1.100E-05
ok  Cm-242   3650  1.00 M 5.0E-04  7.302E-06    M 5.0E-04  7.300E-06
ok  Cm-242   5475  1.00 M 5.0E-04  6.341E-06    M 5.0E-04  6.400E-06
ok  Cm-242   9125  1.00 M 5.0E-04  5.200E-06    M 5.0E-04  5.200E-06
ok  Cm-242    100  1.00 S 5.0E-03  2.352E-05    S 5.0E-03  2.400E-05
ok  Cm-242    365  1.00 S 5.0E-04  1.843E-05    S 5.0E-04  1.900E-05
ok  Cm-242   1825  1.00 S 5.0E-04  1.158E-05    S 5.0E-04  1.200E-05
ok  Cm-242   3650  1.00 S 5.0E-04  8.125E-06    S 5.0E-04  8.100E-06
ok  Cm-242   5475  1.00 S 5.0E-04  7.233E-06    S 5.0E-04  7.300E-06
ok  Cm-242   9125  1.00 S 5.0E-04  5.922E-06    S 5.0E-04  5.900E-06
ok  Cm-243    100  1.00 F 5.0E-03  1.599E-04    F 5.0E-03  1.600E-04
ok  Cm-243    365  1.00 F 5.0E-04  1.493E-04    F 5.0E-04  1.500E-04
ok  Cm-243   1825  1.00 F 5.0E-04  9.599E-05    F 5.0E-04  9.500E-05
ok  Cm-243   3650  1.00 F 5.0E-04  7.340E-05    F 5.0E-04  7.300E-05

ok  Cm-243   5475  1.00 F 5.0E-04  6.548E-05    F 5.0E-04  6.500E-05
ok  Cm-243   9125  1.00 F 5.0E-04  6.938E-05    F 5.0E-04  6.700E-05
ok  Cm-243    100  1.00 M 5.0E-03  6.659E-05    M 5.0E-03  6.700E-05
ok  Cm-243    365  1.00 M 5.0E-04  6.135E-05    M 5.0E-04  6.100E-05
ok  Cm-243   1825  1.00 M 5.0E-04  4.214E-05    M 5.0E-04  4.200E-05
ok  Cm-243   3650  1.00 M 5.0E-04  3.145E-05    M 5.0E-04  3.100E-05
ok  Cm-243   5475  1.00 M 5.0E-04  3.033E-05    M 5.0E-04  3.000E-05
ok  Cm-243   9125  1.00 M 5.0E-04  3.150E-05    M 5.0E-04  3.100E-05
ok  Cm-243    100  1.00 S 5.0E-03  4.585E-05    S 5.0E-03  4.600E-05
ok  Cm-243    365  1.00 S 5.0E-04  3.970E-05    S 5.0E-04  4.000E-05
ok  Cm-243   1825  1.00 S 5.0E-04  2.626E-05    S 5.0E-04  2.600E-05
ok  Cm-243   3650  1.00 S 5.0E-04  1.785E-05    S 5.0E-04  1.800E-05
ok  Cm-243   5475  1.00 S 5.0E-04  1.578E-05    S 5.0E-04  1.600E-05
ok  Cm-243   9125  1.00 S 5.0E-04  1.462E-05    S 5.0E-04  1.400E-05
ok  Cm-244    100  1.00 F 5.0E-03  1.456E-04    F 5.0E-03  1.500E-04
ok  Cm-244    365  1.00 F 5.0E-04  1.346E-04    F 5.0E-04  1.300E-04
ok  Cm-244   1825  1.00 F 5.0E-04  8.371E-05    F 5.0E-04  8.300E-05
ok  Cm-244   3650  1.00 F 5.0E-04  6.154E-05    F 5.0E-04  6.100E-05
ok  Cm-244   5475  1.00 F 5.0E-04  5.364E-05    F 5.0E-04  5.300E-05
ok  Cm-244   9125  1.00 F 5.0E-04  5.702E-05    F 5.0E-04  5.600E-05
ok  Cm-244    100  1.00 M 5.0E-03  6.186E-05    M 5.0E-03  6.200E-05
ok  Cm-244    365  1.00 M 5.0E-04  5.636E-05    M 5.0E-04  5.600E-05
ok  Cm-244   1825  1.00 M 5.0E-04  3.767E-05    M 5.0E-04  3.700E-05
ok  Cm-244   3650  1.00 M 5.0E-04  2.724E-05    M 5.0E-04  2.700E-05
ok  Cm-244   5475  1.00 M 5.0E-04  2.572E-05    M 5.0E-04  2.600E-05
ok  Cm-244   9125  1.00 M 5.0E-04  2.659E-05    M 5.0E-04  2.600E-05
ok  Cm-244    100  1.00 S 5.0E-03  4.418E-05    S 5.0E-03  4.400E-05
ok  Cm-244    365  1.00 S 5.0E-04  3.805E-05    S 5.0E-04  3.800E-05
ok  Cm-244   1825  1.00 S 5.0E-04  2.491E-05    S 5.0E-04  2.500E-05
ok  Cm-244   3650  1.00 S 5.0E-04  1.674E-05    S 5.0E-04  1.700E-05
ok  Cm-244   5475  1.00 S 5.0E-04  1.464E-05    S 5.0E-04  1.500E-05
ok  Cm-244   9125  1.00 S 5.0E-04  1.345E-05    S 5.0E-04  1.300E-05
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Appendix B

Checks on external risk coefficients
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Checks on external risk coefficients

Results of the comparison are summarized in the following table in the form of ratios A : B , where
A is the risk coefficient for a given radionuclide and external exposure scenario as given in the Federal
Guidance 13 draft document, and B is the corresponding risk coefficient generated from Table 6.2.
Zero entries for a given radionuclide indicate that the external dose rate from that radionuclide is
assumed to be zero.

Radionuclide    Submersion  Ground plane    Soil
 H-3              .000         .000         .000
 C-14            1.009         .998        1.000
 S-35            1.008         .998        1.002
 Ar-37            .000         .000         .000
 Ar-39           1.007        1.008        1.003
 Ar-41           1.006        1.005        1.003
 Ca-45           1.011        1.000        1.000
 Ca-47           1.004        1.006        1.003
 Sc-47           1.004        1.004        1.000
 Fe-55            .000         .000         .000
 Fe-59           1.003        1.003        1.003
 Co-57           1.004        1.003        1.000
 Co-58           1.004        1.004        1.004
 Co-60           1.003        1.000        1.004
 Ni-59            .000         .000         .000
 Ni-63            .000         .000         .000
 Zn-65           1.007        1.003        1.000
 Se-75           1.002        1.005        1.004
 Se-79           1.008         .999        1.002
 Kr-74           1.004        1.003        1.003
 Kr-76           1.000        1.005        1.010
 Kr-77           1.004        1.004        1.004
 Kr-79           1.003        1.000        1.003
 Kr-81m          1.003        1.003        1.004
 Kr-81           1.000        1.003        1.008
 Kr-83m           .985         .991         .989
 Kr-85m          1.003        1.004        1.003
 Kr-85           1.004        1.005        1.003
 Kr-87           1.005        1.005        1.004
 Kr-88           1.004        1.003        1.003
 Br-74           1.000        1.000        1.000
 Br-76           1.004        1.000        1.004
 Br-77           1.003        1.000        1.003
 Rb-87           1.008        1.000        1.002
 Rb-88           1.006        1.003        1.000
 Sr-89           1.007        1.009        1.005
 Sr-90           1.008        1.008        1.004
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 Y-90            1.006        1.008        1.009
 Zr-95           1.000        1.003        1.000
 Nb-94           1.005        1.004        1.002
 Nb-95m          1.000        1.003        1.007
 Nb-95           1.000        1.005        1.005
 Mo-99           1.003        1.004        1.003
 Tc-95m          1.006        1.006        1.006
 Tc-95           1.005        1.005        1.000
 Tc-99m          1.004        1.003        1.004
 Tc-99           1.009        1.000        1.002
 Ru-103          1.000        1.004        1.000
 Ru-106           .000         .000         .000
 Rh-103m          .986         .990         .990
 Rh-106          1.004        1.008        1.004
 Ag-108m         1.003        1.004        1.002
 Ag-108          1.004        1.006        1.004
 Ag-110m         1.003        1.007        1.003
 Ag-110          1.004        1.006        1.000
 Sb-124          1.004        1.004        1.004
 Sb-125          1.010        1.004        1.000
 Sb-126          1.004        1.007        1.004
 Sb-127          1.000        1.003        1.000
 Te-121          1.000        1.003        1.000
 Te-123m         1.000        1.003        1.000
 Te-123           .993         .994         .993
 Te-125m          .993         .991         .995
 Te-127m          .996         .997         .993
 Te-127          1.000        1.003        1.008
 Te-129m         1.003        1.000        1.004
 Te-129          1.007        1.003        1.007
 Te-131m         1.003        1.004        1.003
 Te-131          1.010        1.004        1.000
 Te-132          1.002        1.009        1.002
 I-120           1.004        1.007        1.004
 I-121           1.003        1.005        1.004
 I-122           1.004        1.004        1.004
 I-123           1.003        1.002        1.003
 I-125            .993        1.000         .995
 I-129           1.000         .999         .997
 I-131           1.003        1.000        1.003
 I-132           1.003        1.000        1.003
 I-133           1.000        1.006        1.000
 I-134           1.003        1.000        1.004
 I-135           1.005        1.004        1.002
 Xe-120          1.003        1.005        1.001
 Xe-121          1.002        1.004        1.004
 Xe-122          1.000        1.000        1.000
 Xe-123          1.000        1.003        1.006
 Xe-125          1.002        1.000        1.004



34

 Xe-127          1.002        1.000        1.004
 Xe-129m         1.000        1.000        1.000
 Xe-131m         1.000        1.000        1.001
 Xe-133m         1.002        1.006        1.004
 Xe-133          1.002        1.000        1.003
 Xe-135m         1.010        1.004        1.009
 Xe-135          1.003        1.000        1.002
 Xe-138          1.003        1.004        1.003
 Cs-134          1.003        1.004        1.002
 Cs-135          1.009        1.000        1.000
 Cs-136          1.004        1.009        1.003
 Cs-137          1.008        1.008        1.003
 Cs-138          1.003        1.008        1.003
 Ce-141          1.000        1.003        1.000
 Ce-144          1.000        1.003        1.000
 Pr-144m         1.000        1.000        1.000
 Pr-144          1.000        1.006        1.000
 Ba-133          1.003        1.005        1.004
 Ba-137m         1.007        1.003        1.006
 Ba-140          1.002        1.003        1.002
 La-140          1.003        1.009        1.004
 Tl-207          1.000        1.008        1.003
 Tl-208          1.003        1.006        1.000
 Tl-209          1.004        1.010        1.003
 Pb-210          1.000        1.000        1.000
 Pb-211          1.008        1.003        1.000
 Pb-212          1.003        1.004        1.003
 Pb-214          1.003        1.008        1.003
 Bi-210          1.008        1.010        1.000
 Bi-211          1.009        1.000        1.009
 Bi-212          1.004        1.010        1.004
 Bi-214          1.005        1.004        1.002
 Po-210          1.000        1.004        1.004
 Po-211          1.005        1.005        1.005
 Po-212           .000         .000         .000
 Po-214          1.005        1.002        1.004
 Po-215          1.002        1.003        1.002
 Po-216          1.002        1.003        1.002
 Po-218          1.000        1.004        1.004
 Rn-218          1.005        1.005        1.005
 Rn-219          1.000        1.003        1.008
 Rn-220          1.003        1.000        1.001
 Rn-222          1.003        1.000        1.000
 Ra-224          1.004        1.004        1.005
 Ra-226          1.007        1.003        1.007
 Ra-228           .000         .000         .000
 Ac-228          1.004        1.004        1.004
 Pa-233          1.002        1.000        1.005
 Pa-234m         1.005        1.006        1.002
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 Pa-234          1.002        1.004        1.004
 Th-228          1.002        1.000        1.003
 Th-230          1.001        1.000        1.002
 Th-231          1.000        1.000        1.007
 Th-232           .997         .994        1.000
 Th-234          1.007        1.003        1.002
 U-232           1.000         .993        1.003
 U-233           1.001         .996        1.003
 U-234           1.000         .995        1.000
 U-235           1.003        1.004        1.003
 U-236            .994         .988         .999
 U-238            .990         .993         .996
 Np-236a         1.004        1.002        1.000
 Np-236b         1.000        1.004        1.003
 Np-237          1.002        1.008        1.003
 Np-239          1.003        1.004        1.003
 Pu-236           .990         .987         .997
 Pu-238           .985         .990         .995
 Pu-239          1.000         .990        1.000
 Pu-240           .993         .990         .995
 Pu-241          1.003        1.001        1.004
 Pu-242           .991         .988         .994
 Am-241          1.000        1.000        1.000
 Am-243          1.002        1.004        1.004
 Cm-242           .993         .987         .993
 Cm-243          1.004        1.003        1.004
 Cm-244           .984         .990         .988
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