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.H\ZRUGV��5LVN�0DQDJHPHQW��+LVWRULFDO�6LPXODWLRQ��&RSXOD�)XQFWLRQV
���)LQDQFLDO�'HULYDWLYHV�0DQDJHPHQW��WKH�&KDOOHQJH�WR�6WDWLVWLFV
6WDUWLQJ�ZLWK�WKH���V��WKH�SUREOHP�RI�ULVN�HYDOXDWLRQ�DQG�ULVN�PDQDJHPHQW�KDV�EHFRPH�RQH�RI�WKH�FRUH�WRSLFV�RI�GLVFXVVLRQ�DPRQJ�DFDGHPLFV��SUDFWLWLRQHUV�DQG�UHJXODWRUV��7KLV�IRFXV�KDV�EHHQ�PDLQO\�PRWLYDWHG�E\ WKH�UDGLFDO�FKDQJH�WKDW�WKH�LQWHUPHGLDWLRQ�EXVLQHVV�KDV�XQGHUJRQH�RYHU�WKH�ODVW�GHFDGHV��1RZDGD\V��WKH�EDQNLQJ�EXVLQHVV�KDV�SURJUHVVLYHO\�VKLIWHG� LWV� IRFXV� IURP� WKH� LQWHUPHGLDWLRQ� RI� IXQGV� WR� WKH� LQWHUPHGLDWLRQ� RI� ULVNV�� 7KH�PDLQ�HQJLQH�EH\LQG�WKLV�FKDQJH LV�UHSUHVHQWHG�E\�WKH�JURZLQJ�LQYROYHPHQW�RI�ILQDQFLDO�LQWHUPHGLDULHV� LQ� WKH�GHULYDWLYH�PDUNHWV� �IRUZDUG�� IXWXUHV� DQG�RSWLRQV��ZLWK�PRUH� DQG�PRUH�VRSKLVWLFDWHG�IHDWXUHV���7KHVH�DUH�QRW�RQO\�XVHG�IRU�WKH�PDQDJHPHQW�RI�SURSULHWDU\�SRUWIROLRV�EXW�DOVR�WR�EXLOG�QHZ�ILQDQFLDO�SURGXFWV�IRU�WKH�LQWHUPHGLDWLRQ�EXVLQHVV��VXFK�DV� LQ� WKH� VR� FDOOHG� VWUXFWXUHG� ILQDQFH� PDUNHW�� 7KH� PRVW� UHFHQW� LQQRYDWLRQV� LQ� WKH�GHULYDWLYHV� PDUNHW� KDYH� DOVR� FKDQJHG� WKH� WUDGLWLRQDO� LQWHUPHGLDWLRQ� EXVLQHVV� E\�HQDEOLQJ�WKH�EDQNV�WR�PRGLI\�WKHLU�FUHGLW�ULVN�EXUGHQ�E\�WUDQVIHUULQJ�DOO�RU�SDUW�RI�LW�WR�WKH�PDUNHW�RU�RWKHU�LQVWLWXWLRQV��LW�LV�DOO�WKH�PRUH�FRPPRQ�SUDFWLFH�IRU�EDQNV�WR�UHVRUW�WR�WRROV�VXFK�DV�VHFXULWLVDWLRQ�DQG�FUHGLW�GHULYDWLYHV�WR�EX\�DQG�VHOO�³SURWHFWLRQ´�RQ�FUHGLW�SRUWIROLRV��7KHVH� LQQRYDWLRQV� KDYH� DOVR� FUHDWHG� QHZ� NLQGV� RI� ILQDQFLDO� LQWHUPHGLDULHV�ZKLFK� VSHFLDOLVH� LQ� WKH� XVH� RI� GHULYDWLYHV� IRU� WKH� ³\LHOG� HQKDQFHPHQW´� RI� LQYHVWPHQW�VWUDWHJLHV�� WKH� PDLQ� H[DPSOH� LV� JLYHQ� E\� WKH� VR� FDOOHG� KHGJH� IXQGV�� :KLOH� LW� LV� IDU�EH\RQG�WKLV�DQDO\VLV� WR�JLYH�DQ�DFFRXQW�RI� WKH�XVH�RI�GHULYDWLYHV�LQ�ILQDQFH�� LW�PD\�EH�XVHIXO�WR�JLYH�D�V\QWKHWLF�DVVHVVPHQW�RI�KRZ�WKLV�EXVLQHVV�FDOOV�IRU�D�GHHS�LQYROYHPHQW�RI� VWDWLVWLFDO� WHFKQLTXHV� DQG� UHVRXUFHV��:LWKRXW�JHWWLQJ� LQWR� WKH� GHWDLOV� DV� WR� KRZ�� IRU�H[DPSOH��D�KHGJH�IXQG�ZRUNV��ZH�PD\�JLYH�D�V\QWKHWLF�YLHZ�RI�LWV�RSHUDWLRQ�E\�VWDWLQJ�
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WKDW�LW�LV�XVLQJ�GHULYDWLYHV�WR�GHVLJQ�D�SURSHU�SUREDELOLW\�GLVWULEXWLRQ�IRU�LWV�UHWXUQV��6R��LI� RQH�ZRXOG� OLNH� GLVHQWDQJOH� WKH� UROH� RI� ILQDQFLDO� HQJLQHHUV� DQG� WKH� VWDWLVWLFLDQV� LQ� D�ILQDQFLDO� LQVWLWXWLRQ�� KH� FRXOG� VD\� WKDW� WKH� IRUPHU� SULFH� GHULYDWLYHV� DQG� XVH� WKHP� WR�GHVLJQ�D�VSHFLILF�SUREDELOLW\�GLVWULEXWLRQ��ZKLOH�WKH�ODWWHU�SURYLGH�D�UHSUHVHQWDWLRQ�RI�WKH�GLVWULEXWLRQ�� ZHOO� EH\RQG� WKH� VWDQGDUG� FODVVLFDO� DVVXPSWLRQ� RI� QRUPDOLW\�� ,W� PXVW� EH�FOHDU�WKDW�QRQ�QRUPDOLW\�RI�WKH�GLVWULEXWLRQ�LV�QR�ORQJHU�DQ�HPSLULFDO�LVVXH��EXW�LW�LV�DQ�LQYHVWPHQW� LQVWUXPHQW� XVHG� LQ� WKH� PDUNHW�� 7KH� ZRUOG� RI� ILQDQFH� LV� WKHQ� VHHNLQJ��SDUWLFXODUO\�IURP�VWDWLVWLFV��WRROV�WR�FRSH�ZLWK�QRQ�QRUPDO�GLVWULEXWLRQV��RSHQ�TXHVWLRQV��WKDW�ZH�DGGUHVV�LQ�WKLV�SDSHU��UHIHU� WR�HVWLPDWLRQ�DQG�VLPXODWLRQ�VWUDWHJLHV��SDUWLFXODUO\�IRU�WKH�HYDOXDWLRQ�RI�ULVN��DQG�WKH�LVVXH�RI�UHSUHVHQWLQJ�GHSHQGHQFH�EHWZHHQ�QRQ�QRUPDO�YDULDEOHV��7KH�ZRUVW�QLJKWPDUH�RI�DQ\�WUDGHU�LV�WKH�MRLQW�PRYHPHQW��LQ�IURQW�RI�FKDQJLQJ�PDUNHW� FRQGLWLRQV�� RI� WKH� ZLGH� YDULHW\� RI� RSWLRQV� KHOG� LQ� KLV� SRUWIROLR�� 6LQFH� VXFK�SRVLWLRQV��DV�WKHLU�SD\RIIV��DUH�LQWULQVLFDOO\�QRQ�OLQHDU��OLQHDU�FRUUHODWLRQ�GRHV�QRW�VHHP�WR�EH� D�ZHOO� VXLWHG� VWDWLVWLFV� WR� UHSUHVHQW� WKH� FRPRYHPHQW� DPRQJ� WKHLU� YDOXHV��5HFHQW�OLWHUDWXUH� LQ� PDWKHPDWLFDO� ILQDQFH� VSRWV� LQ� FRSXOD� IXQFWLRQV� WKHRU\� D� SURPLVLQJ�WHFKQLTXH�WKDW�VWDWLVWLFV�FDQ�SURYLGH�WR�RYHUFRPH��RU�DW�OHDVW�WR�DGGUHVV��WKHVH�SUREOHPV��7KH� UHDVRQ� IRU� WKLV� LQWHUHVW� UHVWV� RQ� WKH� IDFW� WKDW� FRSXOD� IXQFWLRQV� SURYLGH� D� XVHIXO�RSSRUWXQLW\� WR� VHSDUDWH� WKH� SUREOHP� RI� PXOWLYDULDWH� GLVWULEXWLRQ� UHSUHVHQWDWLRQ� LQ� WKH�VSHFLILFDWLRQ�RI�WKH�PDUJLQDOV�DQG�WKH�GHSHQGHQFH�VWUXFWXUH��7KH� LQWHUHVW� LQ� SUREDELOLW\� GLVWULEXWLRQV� LV� WKHQ� WKH� FRRPRQ� JURXQG� RI� ZRUN� RI�VWDWLVWLFLDQV��ILQDQFLDO�HQJLQHHUV�DQG�ULVN�PDQDJHUV��%HFDXVH�RI�WKH�XVH�GHULYDWLYHV�� WKH�WDVN� KDV� JURZQ�PRUH� FRPSOH[��ZHOO� EH\RQG� WKH� LQWHUHVW� LQ�PHDQ� DQG� YDULDQFH� RI� WKH�HDUOLHU�WLPHV��ZKHQ�RQO\�OLQHDU�SURGXFWV�ZHUH�XVHG�LQ�WKH�LQYHVWPHQW�VWUDWHJLHV�DQG�WKH�DVVXPSWLRQ�RI�JDXVVLDQ�GLVWULEXWLRQ�RI�DVVHW�UHWXUQV�ZDV�WDNHQ�IRU�JUDQWHG��DW�OHDVW�DV�D�JRRG�DSSUR[LPDWLRQ��$V�IRU�ULVN�PDQDJHPHQW��WKH�SUDFWLFH�RI�GHULYDWLYHV�WUDGLQJ�KDV�OHDG�WR�WKH�FRQVWUXFWLRQ�RI�QHZ�WRROV�IRU�WKH�HYDOXDWLRQ�DQG�PHDVXUHPHQW�RI�ULVN��6LQFH�WKH�EHJLQQLQJ�RI�WKH���V��D� QHZ� PHDVXUH�� FDOOHG� 9DOXH�DW�5LVN�� KDV� JDWKHUHG� PRPHQWXP� DQG� LV� QRZDGD\V� WKH�PRVW�ZLGHO\�XVHG�WRRO��7HFKQLFDOO\�VSHDNLQJ��9DOXH�DW�5LVN�LV�VLPSO\�D�SHUFHQWLOH�RI�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�UHWXUQV�RYHU�D�JLYHQ�SHULRG��,Q�RWKHU�ZRUGV��DVVXPLQJ�RQH�LV�ERXQG� WR� KROG� D� SRUWIROLR� IRU� D� JLYHQ� SHULRG�� 9DOXH�DW�5LVN� JLYHV� D�PHDVXUH� RI� KRZ�PXFK�YDOXH�KH�FDQ�ORVH�RYHU�WKDW� WLPH�DW�D�JLYHQ�SUREDELOLW\� OHYHO��7KH�OHQJWK�RI� WLPH�RQH�LV�DVVXPHG�WR�KROG�WKH�SRUWIROLR�LV�NQRZQ�DV�WKH�³XQZLQGLQJ�SHULRG´�DQG�UHIOHFWV�WKH�LGHD�WKDW�RQH�QHHGV�VRPH�WLPH�WR�XQEXQGOH�KLV�SRVLWLRQ�DQG�JHW�RXW�IURP�WKH�PDUNHW��VR��WKH�XQZLQGLQJ�SHULRG�LV�PHDQW�WR�DFFRXQW�IRU�WKH�OLPLWHG�OLTXLGLW\�RI�WKH�PDUNHW��L�H��WKH�GLIILFXOW\�WR�ILQG�FRXQWHUSDUWLHV�WR�ZKLFK�RQH�FRXOG�VHOO�WKH�SRVLWLRQ��,Q�WKLV�UHVSHFW��WKLV�PHDVXUH� LV� GLUHFWO\� GHULYHG� IURP� WKH� GHULYDWLYHV� PDUNHW�� DQG� LQ� SDUWLFXODU� WKRVH� IRU�IXWXUHV��ZKHUH�EURNHUV�UHTXLUH�FXVWRPHUV�WR�GHSRVLW�WKH�FDVK�HTXLYDOHQW�RI�D�SHUFHQWDJH�RI�WKH�YDOXH�RI�WKH�SRVLWLRQ��NQRZQ�DV�PDUJLQ��WR�KDYH�WLPH�WR�FORVH�WKH�SRVLWLRQ�LV�WKH�PDUNHW�PRYHV�DJDLQVW�LW��,Q�WHFKQLFDO�WHUPV��9DOXH�DW�ULVN��9D5��LV�GHILQHG�DV
3URE�9�W� � 9�W��d � 9D5��{ D ���

ZKHUH� 9 LV� WKH� YDOXH� RI� WKH� SRVLWLRQ�� W � W� LV� WKH� XQZLQGLQJ� SHULRG� DQG� D LV� WKH�SUREDELOLW\�OHYHO�7KH�9DOXH�DW�5LVN� FRQFHSW�KDV� UHFHQWO\� EHHQ�FULWLFLVHG�RQ� WKH� JURXQGV� WKDW� LW�PD\��DW�OHDVW� LQ�SULQFLSOH�� OHDG�WR�TXHVWLRQDEOH� UHVXOWV��0RUH�H[SOLFLWHO\��LW�FDQ�KDSSHQ�WKDW� WKH�9DOXH�DW�5LVN�ILJXUH�IRU�D�SRUWIROLR�LV�JUHDWHU�WKDQ�WKH�VXP�RI�WKH�9DOXH�DW�5LVN�ILJXUHV�
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RI� WKH�SRUWIROLR� FRPSRQHQWV��ZKLOH�RQH�ZRXOG� LQGHHG�H[SHFW� WKH� IRUPHU� WR�EH�ZHDNO\�VPDOOHU�WKDQ�WKH�ODWWHU�EHFDXVH�RI�WKH�GLYHUVLILFDWLRQ�HIIHFW��,Q�WHFKQLFDO�WHUPV��9DOXH�DW�5LVN�LV�QRW�D�VXE�DGGLWLYH�PHDVXUH��D�FRQGLWLRQ�ZKLFK�IHDWXUHV�DPRQJ�WKH�UHTXLUHPHQWV��D[LRPV�� WKDW� GHVFULEH� D� ³FRKHUHQW´� ULVN� PHDVXUH�� DFFRUGLQJ� WR� WKH� GHILQLWLRQ� LQ� WKH�SDSHU� E\� $UW]QHU��'HOEDHQ� DQG� (OEHU� �������� $� ODUJH� OLWHUDWXUH� KDV� EHHQ� JURZLQJ� WR�SURYLGH� QHZ� PHDVXUHV� DEOH� WR� RYHUFRPH� WKLV� IODZ�� DPRQJ� WKHVH�� WKH� PRVW� VHULRXV�FKDOOHQJH�WR�9DOXH�DW�5LVN�VHHPV�WR�EH�UHSUHVHQWHG�E\�WKH�VR�FDOOHG�([SHFWHG�6KRUWIDOO��(6��PHDVXUH��ZKLFK�FRXOG�EH�GHILQHG�DV
(6 {(>9�W� � 9�W�« 9�W� � 9�W��d � 9D5@ ���

7KH� H[SHFWHG� VKRUWIDOO� PHDVXUH� UHSUHVHQWV� WKH� H[SHFWHG� ORVV�� FRQGLWLRQDO� RQ� WKH� ORVV�EHLQJ�JUHDWHU�WKDQ�WKH�SHUFHQWLOH�UHSUHVHQWLQJ�WKH�9DOXH�DW�5LVN��,W�LV�LPPHGLDWH�WR�VHH�WKDW� WKLV�PHDVXUH�LV�PRUH�DFFXUDWH� WKDQ�9DOXH�DW�5LVN��EHFDXVH� LW�GLUHFWO\� UHIHUV� WR� WKH�ORVV�RI�YDOXH��LQ�IDFW��ZH�PD\�WKLQN�RI�WZR�SRUWIROLRV�ZLWK�WKH�VDPH�9DOXH�DW�5LVN�EXW�GLIIHUHQW�H[SHFWHG�VKRUWIDOO�ILJXUHV��LQ�ZKLFK�FDVH�RQH�ZRXOG�QDWXUDOO\�FKRRVH�WKH�ORZHU�RQH��2Q�WRS�RI�WKDW��XQOLNH�9DOXH�DW�5LVN��H[SHFWHG�VKRUWIDOO�PD\�EH�SURYHG�WR�EH�VXE�DGGLWLYH� DQG�PD\� EH� XVHG� DV� D� FRQVWUDLQW� LQ� D� SRUWIROLR� SUREOHP�RSWLPLVDWLRQ�ZLWKRXW�PDNLQJ� WKH� SUREOHP� LWVHOI� XQWUDFWDEOH�� DV� LW� KDSSHQV� ZLWK� 9DOXH�DW�5LVN� FRQVWUDLQWV��'HVSLWH�WKHVH�DGYDQWDJHV��KRZHYHU��H[SHFWHG�VKRUWIDOO�KDV�QRW�\HW�VXEVWLWXWHG 9DOXH�DW�5LVN�DV�WKH�PRVW�ZLGHO\�XVHG�PHDVXUH�RI�ULVN��DQG�LW�VWLOO�SOD\V�D�ODUJHO\�VHFRQGDU\�UROH�LQ� WKH� ULVN� PDQDJHPHQW� SUDFWLFH�� 7KHUH� DUH� PDQ\� UHDVRQV� IRU� WKLV�� ZHOO� EH\RQG� WKH�QDWXUDO�VOXJJLVKQHVV�RI�WHFKQRORJ\�FKDQJHV��:KLOH�JHWWLQJ�LQWR�WKH�GHWDLOV RI�GLVFXVVLRQ�ZRXOG�LQYROYH�D�ODUJH�GLJUHVVLRQ�LQ�WKH�ILHOG�RI�ILQDQFLDO�PDWKHPDWLFV��ZKLFK�LV�EH\RQG�RXU�VFRSH�KHUH��LW�FRXOG�EH�XVHIXO�WR�QRWLFH�WKDW�WKH�DGYDQWDJHV�RI�WKH�H[SHFWHG�VKRUWIDOO�PHDVXUH� ZRXOG� QRW� EH� VXEVWDQWLDO� LQ� D� PDUNHW� LQ� ZKLFK� WKH� UHWXUQV� DQG� ORVVHV� DUH�QRUPDOO\� GLVWULEXWHG�� LQGHHG�� LQ� WKLV� FDVH�� DV� LQ� WKH� PRUH� JHQHUDO� FDVH� RI� HOOLSWLF�GLVWULEXWLRQV�� WKH�9DOXH�DW�5LVN�PHDVXUH� LWVHOI�PD\� EH� SURYHG� WR� EH� VXE�DGGLWLYH�� OLNH�WKH� H[SHFWHG� ORVV��8QGHU� JDXVVLDQ� UHWXUQV�� WKHQ�� ERWK�PHDVXUHV� DUH IRXQG� WR� JLYH� WKH�VDPH� ULVN�PDQDJHPHQW� GLUHFWLRQV�� ,W� LV� QRW� WKH� VDPH� IRU� PRUH� FRPSOH[� GLVWULEXWLRQV��WKDW�FDQ�EH� LQGXFHG�RQ� WKH�UHWXUQV�DQG� ORVVHV�E\� WKH�SUHVHQFH�RI� � ³RSWLRQDOLW\´�LQ� WKH�SRUWIROLR��LW�LV�WKH�FDVH�RI�WKH�VWUXFWXUHG�ILQDQFH�SURGXFWV��EXW�DOVR�RI�DQ\�SURGXFW�ZLWK�FUHGLW�ULVN��,W�LV�LQWXLWLYH��DOVR�WR�D�UHDGHU�QHZ�WR�WKH�YHU\�EDVLF�FRQFHSWV�RI�ILQDQFH��WKDW�WKH�SUHVHQFH�RI�FUHGLW�ULVN��ZKLFK�PHDQV�D�SRVVLELOLW\�WR�ORVH�ZKROH�RU�SDUW�RI�WKH�FDSLWDO�LQYHVWHG�� DIIHFWV� WKH� GLVWULEXWLRQ� RU� UHWXUQV� E\�PDNLQJ� LW� VXEVWDQWLDOO\� VNHZHG� WRZDUG�ORVVHV�� 7KH� JURZLQJ� DWWHQWLRQ� WR� FUHGLW� ULVN� SURYLGHV� WKLV� HIIHFW� ZLWK� D� SHUYDVLYH�UHOHYDQFH�WKURXJKRXW�PRVW�RI� WKH�RSHUDWLRQV�RI� WKH� LQWHUPHGLDULHV��DQG�LW�ZLOO�SRVVLEO\�OHDG� WR� IXUWKHU� FRQIURQWDWLRQ� EHWZHHQ� WKH� 9DOXH�DW�5LVN� ILJXUH� DQG� QHZ�ERUQ�FKDOOHQJHUV�� VXFK� DV� H[SHFWHG� VKRUWIDOO�� $JDLQ�� KRZHYHU�� WKH� WKHRU\� RI� SUREDELOLW\�GLVWULEXWLRQV�� EH\RQG� WKH� VWDQGDUG� JDXVVLDQ� RQH�� ZLOO� UHSUHVHQW� WKH� PDLQ� WRSLF� RI� WKH�IXWXUH�
���)DW�WDLOV�LQ�RQH�GLPHQVLRQ��VLPXODWLRQ�WHFKQLTXHV
7KH�SUREOHP�RI�QRQ�JDXVVLDQ�GLVWULEXWLRQ�RI�UHWXUQV�KDV�SRVHG�LQWHUHVWLQJ�TXHVWLRQV�WR�VWDWLVWLFLDQV�DQG�TXDQWLWDWLYH�DQDO\VWV� LQ�JHQHUDO��2QH�RI� WKH�PRVW� IUHTXHQWO\�GLVFXVVHG�LVVXH�LQ�EDQNV�LV�WKH�TXHVWLRQ�RI�OHSWRFXUWRVLV��L�H��WKH�³IDW�WDLOV́ �SUREOHP��2Q�WRS�RI�WKDW��
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VWDWLVWLFV�KDV�DOVR�VSUHDG�WR�WKH�WUDGHUV¶�MDUJRQ��ZKHUH�LV�QRZ�FRPPRQ�WR�HDU�WHUPV�OLNH�³WUDGLQJ� WKH� VNHZ´�� $V� IDU� DV� ULVN� PDQDJHPHQW� DSSOLFDWLRQV� DUH� FRQFHUQHG�� ZH� FDQ�GLVWLQJXLVK�WKUHH�EDVLF�LVVXHV��7KH�ILUVW�LV�KRZ�WR�UHGXFH�WKH�GLPHQVLRQ�RI�WKH�SUREOHP�LQ�RUGHU� WR� DGGUHVV� WKH�TXHVWLRQ�RI�QRQ�QRUPDOLW\�ZLWK�PRUH�SRZHUIXO� WRROV��7KH� VHFRQG�LVVXH�KDV�WR�GR�ZLWK�WKH�NLQG�RI�LQIRUPDWLRQ�DQG�WKH�GDWD�WR�EH�XVHG�IRU�WKH�FRQVWUXFWLRQ�RI� WKH� ULVN� PHDVXUH�� 7KH� ODVW� FUXFLDO� WRSLF� LV� ZKLFK� VWDWLVWLFDO� PRGHO� WR� XVH� LQ�VXEVWLWXWLRQ�IRU�WKH�QRUPDO�RQH��$FURVV�DOO�RI�WKHVH�FKRLFHV��WKH�ZRUN�RI�D�ULVN�PDQDJHU�PD\�EH�VHHQ�PRUH�DV�DQ�DUW�WKDQ�D�VFLHQFH��DQG�WKH�VXFFHVV�RI�VHWWLQJ�XS�DQ�HIIHFWLYH�ULVN�PDQDJHPHQW�XQLW�LV�OLQNHG�WR�WKH�ZD\�LQ�ZKLFK WKHVH�FKRLFHV�DUH�EOHQGHG�'DWD� FRPSUHVVLRQ� WHFKQLTXHV �� $V� IDU� DV� WKH� QHHG� WR� UHGXFH� WKH� GLPHQVLRQ� RI� WKH�DQDO\VLV�LV�FRQFHUQHG��ZH�PD\�GLVWLQJXLVK�WKUHH�GLIIHUHQW�VWUDWHJLHV��7KH�ILUVW��ZKLFK�LV�ZLGHO\�XVHG�LQ�KLVWRULFDO�VLPXODWLRQ�DSSOLFDWLRQV��LV�WR�XVH�WKH�DFWXDO�SRUWIROLR�RI�D�GHVN�RU�DQ�LQWHUPHGLDU\�LQVWLWXWLRQ�DV�WKH�WRRO�WR�UHGXFH�WKH�GLPHQVLRQDOLW\�RI�WKH�SUREOHP��,Q�SODLQ�ZRUGV��WKH�SRUWIROLR�LV�UH�HYDOXDWHG�XVLQJ�D�VDPSOH�RI�GDWD�GUDZQ�IURP�SDVW�KLVWRU\�DQG� WKH� WLPH� VHULHV� RI� WKH� UHWXUQV� WKDW� LV REWDLQHG� LV� WKHQ� HYDOXDWHG� XVLQJ� DGYDQFHG�WHFKQLTXHV�WKDW�DUH�DYDLODEOH�IRU�XQL�YDULDWH�SUREOHPV��7KH�VHFRQG�FKRLFH�LV�WR�VHOHFW�D�OLPLWHG� QXPEHU� RI� UHOHYDQW� ULVN� IDFWRUV�� VXFK� DV� WKH� VWRFN� PDUNHW� RU� WKH� IRUHLJQ�H[FKDQJH�� ZLWK� UHVSHFW� WR� ZKLFK� D� PDWUL[� RI VHQVLWLYLWLHV�� RU� IDFWRU� ORDGLQJV�� LV�SHULRGLFDOO\�HVWLPDWHG��7KH�VLPXODWLRQ�LV�WKHQ�SHUIRUPHG�RQ�WKH�WLPH�VHULHV�RI�WKHVH�ULVN�IDFWRUV� � DQG� WKH� HIIHFW� RQ� WKH�YDOXH�RI� WKH�SRVLWLRQV� LV� UHFRQVWUXFWHG�XVLQJ� WKH� IDFWRU�ORDGLQJV��7KH�WKLUG�ZD\�WR�JR�LV�WR�UHVRUW��WR�WKH�WUDGLWLRQDO�GDWD�FRPSUHVVLRQ�WHFKQLTXHV�SURYLGHG� E\� VWDWLVWLFV�� VXFK� DV� SULQFLSDO� FRPSRQHQWV� DQG� IDFWRU� DQDO\VLV�� 2EYLRXVO\��ZKLFK� LV� WKH� ULJKW� PHWKRG� WR� XVH� FUXFLDOO\� GHSHQGV� RQ� WKH� DSSOLFDWLRQ�� RQ� RQH� KDQG��XVLQJ�WKH�DFWXDO�SRUWIROLR�DV�D�GDWD�FRPSUHVVLRQ�WRRO�HQDEOHV�WR�XVH�WKH�PRVW�DGYDQFHG�WHFKQLTXHV� WR� DQDO\VH� WKH� GLVWULEXWLRQ� RI� UHWXUQV�� DW� WKH� FRVW� RI� UH�UXQQLQJ� WKH� ZKROH�SURFHGXUH� DQ\� WLPH� WKDW� WKH� SRUWIROLR� LV� UHDOORFDWHG�� RQ� WKH� RWKHU� KDQG�� XVLQJ� PRUH�VWDQGDUG�VWDWLVWLFDO�GDWD�FRPSUHVVLRQ�WHFKQLTXHV�FRXOG�VHSDUDWH�WKH�WLPH�RI�VSHFLILFDWLRQ�RI� WKH� PRGHO� IURP� WKDW� RI� UHDOORFDWLRQ� RI� WKH� SRUWIROLR�� DW� WKH� FRVW� RI� VLPSOLI\LQJ�DVVXPSWLRQV�FRQFHUQLQJ�WKH�GHSHQGHQFH�VWUXFWXUH�DPRQJ�WKH�ULVN�IDFWRUV��,I�ILQDOO\�RQH�XVHV�REVHUYHG�ULVN�IDFWRUV�LQ�WKH�DQDO\VLV��KH�FRXOG�H[WUDFW�PRUH�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�VRXUFHV�RI�ULVN��WR�WKH�JUHDW�DGYDQWDJH�RI�WKH�KHGJLQJ�GHFLVLRQ�PDNLQJ�SURFHVV��6R��FKRRVLQJ�D�VSHFLILF�GDWD�FRPSUHVVLRQ�VWUDWHJ\�PHDQV�VWULNLQJ�WKH�ULJKW�EDODQFH�EHWZHHQ�DOO�RI�WKHVH�SURV�DQG�FRQV�,PSOLFLW� DQG� +LVWRULFDO� ,QIRUPDWLRQ �� 7KH� VHFRQG� LVVXH� KDV� WR� GR� ZLWK� WKH� NLQG� RI�LQIRUPDWLRQ�RQH�ZDQWV�WR�XVH�LQ�ULVN�PDQDJHPHQW��7KLV�NLQG�RI�LVVXH�LV�TXLWH�SHFXOLDU�WR�ILQDQFLDO� DSSOLFDWLRQV�� DQG� LW� UHTXLUHV� VRPH� IDPLOLDULW\� ZLWK� TXDQWLWDWLYH� ILQDQFH�WHFKQLTXHV�WR�EH�JUDVSHG��7R�NHHS�WKLQJV�VLPSOH��LW�VXIILFHV�WR�VD\�WKDW�LQ�ILQDQFH�ZH�XVH�WZR� GLIIHUHQW� SUREDELOLW\� PHDVXUHV�� RQH�� ZKLFK� ZH� FDOO� ³REMHFWLYH´�� UHIHUV� WR� WKH�GLVWULEXWLRQ� RI� UHWXUQV� WKDW� FDQ� EH� REVHUYHG� DQG� HVWLPDWHG� IURP� WLPH� VHULHV� RI�PDUNHW�GDWD�� ZKLOH� WKH� RWKHU�� ZKLFK� ZH� FDOO� ³ULVN�QHXWUDO� PHDVXUH´� �RU� DOVR� HTXLYDOHQW�PDUWLQJDOH�PHDVXUH���HPHUJHV�GLUHFWO\�IURP�WKH�VSHFLILF�SULFLQJ�WHFKQLTXH�WKDW�UXOHV�RXW�DUELWUDJH� RSSRUWXQLWLHV� DQG� WKDW� LV� WKH� EDVLF� SULQFLSOH� RI�PRGHUQ� ILQDQFH� DSSOLFDWLRQV��/RRVHO\�VSHDNLQJ��XQGHU�WKH�³REMHFWLYH´�PHDVXUH�WKH�H[SHFWHG�UHWXUQ�RI�DQ\�DVVHW�LQ�WKH�HFRQRP\�PD\�EH�GHFRPSRVHG�LQ�D�ULVN�IUHH�SDUW�DQG�D�ULVN�SUHPLXP��0RUH�WHFKQLFDOO\��ZH�PD\�ZULWH
(>UL@� �UI ��OO¶VVL ���
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ZKHUH�UI� LV�WKH�ULVN IUHH�UDWH�DQG�OO¶VVL LV�WKH�LQQHU�SURGXFW�RI�WKH�YHFWRU�RI�PDUNHW�SULFHV�RI�WKH�ULVN�IDFWRUV��OO��DQG�WKH�VHQVLWLYLWLHV�RI�DQ\�DVVHW�L WR�WKHP��VVL���7KH�IDFW�WKDW�QR�DUELWUDJH�RSSRUWXQLWLHV�LV�DYDLODEOH�RQ�WKH�PDUNHW�LV�ZDUUDQWHG�E\�WKH�IDFW�WKDW�WKH�IDFWRUVPDUNHW� SULFHV� RI� ULVN� DUH� WKH� VDPH� DFURVV� DOO� RI� WKH� �L  � ����«1 DVVHWV� WUDGHG� LQ� WKH�HFRQRP\��8QGHU�WKH�ULVN�QHXWUDO�SUREDELOLW\�PHDVXUH�4 ZH�KDYH��LQVWHDG
(4>UL@� �UI ���

DQG�DOO�RI�WKH�ULVN\�DVVHWV�\LHOG�WKH�ULVN�IUHH�UDWH��7KH�ODWWHU�SUREDELOLW\�VSDFH�LV�ZLGHO\�XVHG� LQ� ILQDQFH� WR� SULFH� GHULYDWLYHV�� 7KLV� EULHI� GLJUHVVLRQ� OHDGV� XV� VWUDLJKW� WR� RXU�SUREOHP�� ,I�ZH� DUH� LQWHUHVWHG� LQ� HVWLPDWLQJ� WKH� SUREDELOLW\� GLVWULEXWLRQ� RI� UHWXUQV��ZH�PD\� HLWKHU� FKRRVH� D� WLPH� VHULHV� RI� SULFHV� RI� WKH� DVVHW�� RU� D� FURVV�VHFWLRQ� RI� SULFHV� RI�GHULYDWLYHV�ZULWWHQ�RQ�LW��7R�EH�PRUH�SUHFLVH��WKHUH�DUH�WZR�TXHVWLRQV�LQYROYHG�KHUH��WKH�ILUVW� LV� ZKHWKHU� ULVN� VKRXOG� EH� HYDOXDWHG� XQGHU� WKH� REMHFWLYH� RU� WKH� ULVN�DGMXVWHG�PHDVXUH�� WKH� VHFRQG� LV� ZKLFK� LQIRUPDWLRQ� WR� XVH� WR� FDOLEUDWH� WKH� FKRVHQ� SUREDELOLW\�GLVWULEXWLRQ�� $V� IRU� WKH� IRUPHU� TXHVWLRQ�� D� GHWDLOHG� GLVFXVVLRQ� ZRXOG� FDOO� IRU� D� GHHS�XQGHUVWDQGLQJ�RI�WKH�ILQDQFLDO�LVVXHV�RI�DUELWUDJH�IUHH�SULFLQJ�DQG�ILUP�HYDOXDWLRQ��VR�ZH�GR�QRW�DGGUHVV�LW�KHUH��LW�VXIILFHV�WR�VD\�WKDW�WKH�YDVW�PDMRULW\��VD\�WKH�ZRUOG�H[FHSW�WKLV�DXWKRU��IROORZV�WKH�FRPPRQ�ZLVGRP�RI�XVLQJ�WKH�ULVN�DGMXVWHG�PHDVXUH�IRU�SULFLQJ�DQG�WKH�REMHFWLYH�SUREDELOLW\� IRU�ULVN�PDQDJHPHQW��$V�IRU� WKH�ODWWHU�TXHVWLRQ�� WKH�FKRLFH�LV�EHWZHHQ� WKH� DQDO\VLV� RI� WKH� WLPH� VHULHV� RI� UHWXUQV� DQG� WKH� DQDO\VLV� RI� WKH� FXUUHQW�GHULYDWLYHV� TXRWHV�� $JDLQ�� DQ\� FKRLFH� KDV� SURV� DQG� FRQV�� 8VLQJ� WLPH� VHULHV� DQDO\VLV�HQDEOHV�WR�FRYHU�D�ODUJH�QXPEHU�RI�PDUNHWV��EXW�LW�PD\�EH�IODZHG�E\�WKH�OLPLWHG�DELOLW\�WR�DFFRXQW�IRU�VWUXFWXUDO�EUHDNV��ZKLFK�LV�H[DFWO\�ZKDW�ULVN�PDQDJHUV�DUH�PRUH�LQWHUHVWHG�LQ�� DV� ZHOO� DV� DEUXSW� FKDQJHV� RI� WKH� VDPSOH� VSDFH� LWVHOI�� OLNH� LQ� WKH� VR�FDOOHG� SHVR�SUREOHP��2Q�WKH�RSSRVLWH��XVLQJ�LPSOLHG�LQIRUPDWLRQ�IURP�GHULYDWLYHV�RYHUFRPH�PRVW�RI�WKHVH� IODZV�� SURYLGLQJ� D� IRUZDUG� ORRNLQJ� HVWLPDWH� FRQVLVWHQW� ZLWK� PDUNHW� TXRWHV��KRZHYHU�� WKLV� FRPHV� DW� WKH� FRVW� RI� UHVWULFWLYH� DVVXPSWLRQV� WKDW�KDYH� WR�EH� LPSRVHG� WR�EDFN�RXW� WKH�REMHFWLYH�SUREDELOLW\� IURP�WKH� ULVN�QHXWUDO�RQH��D�SURFHGXUH�WKDW� LV�E\�QR�PHDQV�HDV\� WR�VHW�XS��,Q�IDFW��H[WUDFWLQJ�WKH�REMHFWLYH�SUREDELOLW\� IURP�WKH�ULVN�QHXWUDO�RQH�FDOOV�IRU�WKH�VSHFLILFDWLRQ�RI�WKH�G\QDPLFV�RI�PDUNHW�SULFHV�RI�ULVN��OO���ZKLFK�SXOOV�EDFN� WKH� SUREOHP� WR� D� WLPH� VHULHV� GLPHQVLRQ�� 0RUHRYHU�� REWDLQLQJ� UHOLDEOH� LPSOLHG�LQIRUPDWLRQ� IURP� GHULYDWLYHV� SULFHV� LV� SRVVLEOH� RQO\� IRU� YHU\� IHZ� ZHOO� GHYHORSHG�PDUNHWV��DQG�HYHQ�LQ�WKHVH�FDVHV�WKH�LQIRUPDWLRQ�REWDLQHG�PD\�FDUU\�VXEVWDQWLDO�³QRLVH´�GXH� WR� OLTXLGLW\� SUREOHPV� ZLWK� WKH� PDUNHW� DQG� WKH� FRUUHVSRQGLQJ� VLJQLILFDQFH� RI� WKH�SULFHV�XVHG�IRU�FDOLEUDWLRQ��2QFH�DJDLQ��VHWWLQJ�XS�WKH�ULJKW�V\VWHP�LV�D�PDWWHU�RI�FKRLFH�DQG�WKHUH�LV�QR�GRXEW�WKDW�DQ\�FRQWULEXWLRQ�RQ�QHZ�WHFKQLTXHV�WR�FRPSDUH�DQG�SRVVLEO\�FRPELQH�KLVWRULFDO�DQG� LPSOLHG� LQIRUPDWLRQ�ZRXOG�KDYH�D� UHOHYDQW� IDOO�RXW�RQ� WKH� ULVN�PDQDJHPHQW�SUDFWLFH�1HZ�0RGHOV�IRU�WKH�'LVWULEXWLRQ�RI�5HWXUQV ��7KH�WKLUG�LVVXH�LV�SDUWLFXODUO\�LQWHUHVWLQJ�IRU�VWDWLVWLFLDQV��DQG�KDV�WR�GR�ZLWK�WKH�VSHFLILFDWLRQ�DQG�HVWLPDWLRQ�RI�WKH�GLVWULEXWLRQV�RI�UHWXUQV��,Q�SULQFLSOH��ZH�PD\�WKLQN�RI�WKUHH�GLIIHUHQW�DSSURDFKHV�WR�WKH�SUREOHP��7KH�ILUVW� LV� WR� WU\� WR� VSHFLI\� D� QHZ� GLVWULEXWLRQ� IRU� WKH� UHWXUQV�� ZKLFK� FRXOG� EH� DEOH� WR�UHSUHVHQW� WKH� SUREDELOLW\� ODZ� EHWWHU� WKDQ� WKH� JDXVVLDQ� RQH�� 7KH� VHFRQG� LV� WR� WU\� WR�VLPXODWH� WKH� GLVWULEXWLRQ� XVLQJ� KLVWRULFDO� GDWD�� 7KH� WKLUG� LV� WR� UHO\ RQ� ZRUVW� FDVH�VFHQDULRV�IRU�WKH�GLVWULEXWLRQ��$V�IRU�WKH�QHHG�WR�VSHFLI\�D�QHZ�GLVWULEXWLRQ��RQH�FRXOG�IRU�H[DPSOH�UHVRUW�WR�D�6WXGHQW�W�GLVWULEXWLRQ��DV�SURSRVHG�E\�:LOVRQ��������LQ�D�PRGHO�ZLWK�HVWLPDWLRQ�ULVN�LQ�ZKLFK�WKH�
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DJHQWV�DUH�QRW�DVVXPHG�WR�NQRZ�H[DFWO\�WKH�YRODWLOLW\�DQG�FRUUHODWLRQ�RI�DVVHWV��EXW�RQO\�KDYH� D� SULRU� RQ� WKHLU� GLVWULEXWLRQ�� LI� WKH� SULRU� LV� LQYHUWHG�JDPPD� DQG� WKH� FRQGLWLRQDO�GLVWULEXWLRQ�RI�WKH�UHWXUQV�LV�JDXVVLDQ��6WXGHQW�W�GLVWULEXWLRQ�HPHUJHV�DV�WKH�ULJKW�FKRLFH��$QRWKHU�FKRLFH ZRXOG�EH�WR�ZRUN�ZLWK�IOH[LEOH�IXQFWLRQDO�IRUPV��$Q�H[DPSOH�LV�WKH�VR�FDOOHG� JHQHUDOLVHG� 3HDUVRQ� IDPLO\� �&REE�� &RSSVWHLQ� DQG� &KHQ�� ������� =HOOQHU� DQG�+LJKILHOG� �������VKRZ�WKDW� WKH�SUREDELOLW\�GLVWULEXWLRQV� LQ� WKLV� IDPLO\� DUH�REWDLQHG�E\�FKRRVLQJ� WKH� PD[LPDO� HQWURS\� GHQVLW\� XQGHU� FRQVWUDLQWV� RQ� WKH� ILUVW�N PRPHQWV� DQG�SURYLGH�DQ�DOJRULWKP�IRU�FRPSXWDWLRQ��EDVHG�RQ�DQ�H[SDQVLRQ�LQ�SRO\QRPLDO�WHUPV��,W�LV�LPSRUWDQW� WR�QRWLFH� WKDW� WKLV�FKRLFH�RI�H[SDQVLRQ� LQ�SRO\QRPLDOV�DURXQG�D�NH\�GHQVLW\�DOVR�FRUUHVSRQGV� WR�D�SULFLQJ�PRGHO� IRU� RSWLRQV��GXH� WR� -DUURZ�DQG�5XGG� �������� WKDW�FRXOG�EH�XVHG� WR� FDOLEUDWH� WKH�SUREDELOLW\� RQ�PDUNHW� TXRWHV� UDWKHU� WKDQ�RQ� WLPH� VHULHV�GDWD�� ,I� WKH� ODWWHU� URXWH� LV� IROORZHG� LQVWHDG�� *DOODQW� DQG� 7DXFKHQ� �������VHPLQRQSDUDPHWULF�DSSURDFK�SURYLGH�D�QDWXUDO�DQG�VXLWDEOH�H[WHQVLRQ�DOORZLQJ�IRU�PRUH�FRPSOH[�NH\�GHQVLWLHV��VXFK�DV�WKDW�RI�DQ�$5&+�PRGHO��7KLV�LV�QRW�WKH�RQO\�IOH[LEOH�IXQFWLRQDO�FKRLFH�SURYLGHG�DQG�XVHG��$QRWKHU�RSSRUWXQLW\�LV�WR�UHVRUW�WR�WKH�VR�FDOOHG�-RKQVRQ��������IDPLO\�RI�GLVWULEXWLRQV��DQG�LQ�SDUWLFXODU�WR�WKH�VXEVHW�RI�GLVWULEXWLRQ�REWDLQHG�E\�WUDQVODWLQJ�WKH�ORJ�QRUPDO�GLVWULEXWLRQ��$�)2575$1�DOJRULWKP� IRU� WKH� FDOLEUDWLRQ� RI� WKLV� PRGHO� LV� SURYLGHG� LQ� +LOO� HW� DO�� ������� �VHH� WKH�VRIWZDUH�LQFOXGHG�LQ�&KHUXELQL�DQG�'HOOD�/XQJD�������IRU�D� WUDQVODWLRQ�RI� WKH�FRGH�WR�9%$���7KH�LGHD�RI�ZRUNLQJ�ZLWK�D�IDPLO\�RI�GLVWULEXWLRQV�LQFOXGLQJ�WKH�ORJ�QRUPDO�RQH�LV�SDUWLFXODUO\�XVHIXO�IRU�DVVHW�SULFHV��DV�ZH�NQRZ�WKDW� WKLV�FRUUHVSRQGV�WR�D�JHRPHWULF�EURZQLDQ�PRWLRQ�G\QDPLFV�RI�WKH�SULFH��WKDW�LV�XVHG�LQ�WKH�PRVW�IDPRXV�RSWLRQ�SULFLQJ�PRGHO�� %ODFN� DQG� 6FKROHV� �������� 2I� FRXUVH� WKH� ORJ�QRUPDO� PRGHO� IRU� SULFHV�FRUUHVSRQGV�WR�QRUPDOO\�GLVWULEXWHG�UHWXUQV��EXW�D�SRVVLEOH�DGMXVWPHQW�WKDW�FDQ�EH�XVHG�WR�DFFRXQW�IRU�GHYLDWLRQV�IURP�QRUPDOLW\�LV�WUDQVODWLRQ�RI�WKH�ORJ�QRUPDO�GLVWULEXWLRQ��DV�SURSRVHG�E\�-RKQVRQ�KDOI�D�FHQWXU\�DJR��7KLV�SULFLQJ�WHFKQLTXH�LV�XVHG�LQ�PDQ\�RSWLRQ�SULFLQJ�VRIWZDUHV�DURXQG��DQG�WKLV�RI�FRXUVH�ZRXOG�JLYH�WKH�FKRLFH�RI�-RKQVRQ�IDPLO\�DQ�DGYDQWDJH�� 0RUHRYHU�� DORQJ� WKLV� ZD\�� UHFHQW� GHYHORSPHQWV� LQ� WKH� SULFLQJ� OLWHUDWXUH�FRXOG�EH�H[SORLWHG�WR�GHYHORS�WKH�ULVN�PDQDJHPHQW�FRXQWHUSDUW��IRU�H[DPSOH��%ULJR�DQG�0HUFXULR�������� UHVRUW� WR�D�PL[WXUH�RI� WUDQVODWHG�ORJ�QRUPDO�GLVWULEXWLRQV�WR�ILW�RSWLRQ�SULFHV��DOVR�UHFRYHULQJ�WKH�FRUUHVSRQGLQJ�FRQWLQXRXV�WLPH�G\QDPLFV������������,I�RQH�GRHV�QRW�ZDQW�WR�FRPPLW�KLPVHOI�WR�WKH�FKRLFH�RI�DQ\�SDUWLFXODU�IXQFWLRQDO�IRUP��HYHQ�DPRQJ�WKH�IOH[LEOH�RQHV��KH�FDQ�UHVRUW�WR�KLVWRULFDO�VLPXODWLRQ��8QGHU�WKH�VLPSOHVW�SRVVLEOH� DSSOLFDWLRQ�� WKH� KLVWRULFDO� VLPXODWLRQ� VWUXFWXUH� FRQVLVWV� RI� D� KLVWRJUDP�RI� WKH�SRUWIROLR� YDOXH�� VLPXODWHG� XVLQJ� SDVW� KLVWRU\� DV� WKH� VHW� RI� SRVVLEOH� VFHQDULRV�� (DUO\�HPSLULFDO�DQDO\VHV��PDLQO\�FRQGXFWHG�LQ�FHQWUDO�EDQNV��VHH�0DKRQH\�������DQG�-DFNVRQ�HW�DO��������IRXQG�WKDW�HYHQ WKLV�VLPSOH�SURFHGXUH� LPSURYHV�VXEVWDQWLDOO\� WKH�DFFXUDF\�RI� WKH�PHDVXUH�RYHU� WKH�DVVXPSWLRQ�RI�QRUPDO�UHWXUQV��2I�FRXUVH�� WKLV� WHFKQLTXHV�DOVR�UXQ�LQWR�VRPH�SUREOHPV��7KH�ILUVW�LV�GHSHQGHQFH�DPRQJ�WKH�REVHUYDWLRQV�DFURVV�WLPH��LI�UHWXUQV�DUH�QRW�L�L�G��WKH�VWUDLJKW�DSSOLFDWLRQ�RI�KLVWRULFDO�VLPXODWLRQ�FDQ�OHDG�WR�D�ELDVHG�PHDVXUH�RI�ULVN��7R�VROYH�WKLV�SUREOHP��%DURQH�$GHVL�HW�DO�������D�E��SURSRVH�WR�ILOWHU�GDWD�E\�XVLQJ�D�*$5&+�PRGHO�DQG�UHVRUW�WR�ERRWVWUDS�WHFKQLTXHV�ERWK�WR�IRUHFDVW�IXWXUH�YRODWLOLW\�DQG�WR�VLPXODWH�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RYHU�WKH�XQZLQGLQJ�SHULRG��$V�DQ�H[DPSOH��VD\�ZH�XVH�D�*$5&+������PRGHO�WR�ILOWHU�WKH�UHWXUQV��VR�WKDW�WKH\�DUH�DVVXPHG�WR�EH�JHQHUDWHG�E\�WKH�PRGHO
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����� �� ��  VEHDZV H ���
%DVHG�RQ�WKLV�PRGHO��WKH�WLPH�VHULHV�RI�UHVLGXDOV�HW DQG�HVWLPDWHG�YRODWLOLWLHV�VW DUH�XVHG�WR�FRQVWUXFW�WKH�VWDQGDUGLVHG�UHVLGXDOV��HW { HW�VW��$�ERRWVWUDS�VDPSOLQJ�LV�WKHQ�DSSOLHG�WR�VWDQGDUGLVHG� UHVLGXDOV�� ,I� WKH� XQZLQGLQJ� SHULRG� FRQVLVWV� RI� Q GD\V�� Q VWDQGDUGLVHG�UHVLGXDOV�DUH�GUDZQ�IURP�WKH�WLPH�VHULHV�IRU�HDFK�LWHUDWLRQ��7KH�ILUVW�LV�XVHG�WR�VLPXODWH�WKH�QH[W�SHULRG�VKRFN� ��� Ö ��  WW H] V ��ZKHUH �Ö �WV LV�WKH�YRODWLOLW\�IRUHFDVW��DQG�WR�IRUHFDVW�YRODWLOLW\�DW�WLPH�W �����DQG�VR�RQ�XQWLO�DOO�RI�WKH�Q VWDQGDUGLVHG�UHVLGXDOV�DUH�XVHG��7KH�SURFHVV�LV�UHSHDWHG�IRU�D�ODUJH�QXPEHU�RI�LWHUDWLRQV�DQG�WKH�GLVWULEXWLRQ�RI�YDOXHV�RI�WKH�SRUWIROLR�RYHU�Q GD\V�LV�ILQDOO\�WDEXODWHG��1RZDGD\V��WKLV�DOJRULWKP�UHSUHVHQWV�WKH�PRVW�DGYDQFHG�H[DPSOH�RI�KLVWRULFDO�VLPXODWLRQ�DSSOLFDWLRQ��1HYHUWKHOHVV��LW�VWLOO�LV�VXEMHFW�WR�VRPH�IODZV��7KH�ILUVW�LV�WKDW�WKH�FKDQFH�RI�JHWWLQJ�L�L�G��UHVLGXDOV�LV�GXH�WR�WKH�SDUWLFXODU�PRGHO�VSHFLILFDWLRQ�IRU�WKH�UHWXUQV�G\QDPLFV��7KH�VHFRQG�SUREOHP��ZKLFK�LV�FRPPRQ�WR�DOO�RI�WKH�KLVWRULFDO�VLPXODWLRQ�DSSOLFDWLRQV��LV�WKDW�WKH�VHW�RI�SRVVLEOH�VFHQDULRV�LV�OLPLWHG�E\�ZKDW�KDV�KDSSHQHG�RYHU�WKH�SDVW��WKLV�PDNHV�WKH�PRGHO��DQG�KLVWRULFDO�VLPXODWLRQ�LQ�JHQHUDO�� KDUGO\� DSSOLFDEOH� WR� SHULRGV� RI� VXGGHQ� VWUXFWXUDO� FKDQJHV� DQG� WR� HPHUJLQJ�PDUNHWV�WKDW�DUH�HQGRZHG�ZLWK�D�VKRUW�WLPH�VHULHV�RI�GDWD��7KLV�SUREOHP�LV�FRPPRQ�WR�ERWK�KLVWRULFDO�VLPXODWLRQ�DQG�VWUHVV�WHVWLQJ�WHFKQLTXHV�EDVHG�RQ�PDUNHW�HYHQWV��LQ�ERWK�FDVHV� WKH� VKRUWFRPLQJ� FRXOG� EH� RYHUFRPH� E\� UHVRUWLQJ� WR� 0RQWHFDUOR� WHFKQLTXHV� RU�PDFKLQH�OHDUQLQJ�DOJRULWKPV��JHQHWLF�DOJRULWKPV�DQG�WKH�OLNH���DLPHG�DW�ORRNLQJ�IRU�WKH�ZRUVW� SRVVLEOH� VFHQDULRV� RYHU� D� VHW� RI� VWDWHV� SRVVLELO\� ZLGHU� WKDQ� WKRVH� SURSRVHG� E\�KLVWRU\�7KH�LVVXH�RI�ORRNLQJ�IRU�WKH�ZRUVW�SRVVLEOH�VFHQDULR�OHDGV�XV�WR�WKH�WKLUG�VHW�RI�RSWLRQV��$�SRVVLEOH�LGHD�LV�WR�ORRN�DW�D�ODUJH�VHW�RI�SRVVLEOH�GLVWULEXWLRQV��DQG�WR�FRQFHQWUDWH�RQ�WKH� EHKDYLRU� RI� WKH� WDLOV��$� VWUHDP�RI� OLWHUDWXUH� LQ� VWDWLVWLFV�� NQRZQ� DV� H[WUHPH� YDOXH�WKHRU\��KDV�LQYHVWLJDWHG�WKLV�SUREOHP��)RU�PRVW�GLVWULEXWLRQV�WKH�GHQVLW\�RI�WKH�PLQLPXP�YDOXHV�DWWDLQHG�DUH�UHSUHVHQWHG�E\�
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ZKHUH�J�]��LV�NQRZQ�DV�*XPEHO�DQG�J�]��LV�WKH�)UpFKHW�GLVWULEXWLRQ��ZKLOH�SDUDPHWHUV�EDQG�D UHSUHVHQW� ORFDWLRQ� DQG� GLVSHUVLRQ�� ,W� FDQ� EH� QRWLFHG� WKDW� WKH� WZR� GLVWULEXWLRQV�GLIIHU� EHFDXVH� RI� WKH� SUHVHQFH� RI� D� SDUDPHWHU�W ZKLFK� UHSUHVHQWV� ³IDW�WDLOV´�� /RQJLQ��������SURSRVHV�WR�FDOLEUDWH�WKHVH�GLVWULEXWLRQV�RQ�WKH�WLPH�VHULHV�RI�SRUWIROLR�UHWXUQV��,Q�WKLV�ZD\��WKH�9DOXH�DW�5LVN�ILJXUH�LV�FDOLEUDWHG�XVLQJ�LQIRUPDWLRQ�RQ�WKH�WDLOV�RQO\�$V�D�ILQDO�NLQG�RI�DSSURDFK��RQH�FRXOG�FRQVLGHU�WR�DVVXPH�D�VHW�RI�SUREDELOLW\�PHDVXUHV��DQG� WR� DSSO\� ZRUVW� FDVH� DQDO\VLV� WR� WKH� FKRLFH� RI� WKH� GLVWULEXWLRQV� WKHPVHOYHV�� 7KLV�DSSURDFK� LV� LQGHHG� ZHOO� VXLWHG� WR� DGGUHVV� D� VHFRQG� GLPHQVLRQ� RI� ULVN� PDQDJHPHQW��ZKLFK�KDV� WR�GR�ZLWK�PDUNHW� OLTXLGLW\��7R� WDNH� WKH�VLPSOHVW� H[DPSOH�� FRQVLGHU�D�YHU\�LOOLTXLG�PDUNHW�RI�RSWLRQV�� TXRWLQJ� D�YHU\� ODUJH�ELG�DVN� VSUHDG� IRU� LPSOLHG�YRODWLOLWLHV�DQG�RSWLRQ�SULFHV��6D\�\RX�ZDQW�WR�H[WUDFW�WKH�SUREDELOLW\�GLVWULEXWLRQ�IURP�VXFK�SULFHV��ZKLFK�SULFH�ZRXOG�\RX�FRQVLGHU"�2I�FRXUVH��ELG�DQG�DVN�TXRWDWLRQV�ZRXOG�OHDG�\RX�WR�
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SUHWW\�GLIIHUHQW�DVVHVVPHQWV�RI� WKH�GLVWULEXWLRQ��*LYHQ�WKH�SRUWIROLR�� WKH�LGHD�LV� WR� ORRN�IRU� WKH� SUREDELOLW\� GLVWULEXWLRQ� WKDW� ZRXOG� JLYH� \RX� WKH� ORZHVW� YDOXH�� &KHUXELQL� DQG�'HOOD�/XQJD������E��DSSO\�WKLV�WHFKQLTXH�WR�WKH�HYDOXDWLRQ�RI�FUHGLW�ULVN��VKRZLQJ�WKDW�WKLV�DSSURDFK�FDQ�SURYLGH� D� UHDVRQDEOH� VROXWLRQ� WR� WKH�XQGHUSHUIRUPDQFH� RI� VWUXFWXUDO�FUHGLW�ULVN�PRGHOV��L�H��RSWLRQ EDVHG�PRGHOV�IRU�WKH�HYDOXDWLRQ�RI�FRUSRUDWH�VHFXULWLHV��,Q�IDFW��EHFDXVH�FUHGLW�ULVN�FDQ�EH�VHHQ��WKH�UHDGHU�QRW�IDPLOLDU�WR�FRUSRUDWH�ILQDQFH�ZRXOG�WDNH� RXU�ZRUG� IRU� LW�� DV� D� KLGGHQ� RSWLRQ�ZULWWHQ� RQ� WKH� DVVHW� EDODQFH� VKHHW� RI� D� ILUP��FUHGLW�ULVN�DSSOLFDWLRQV�SURYLGH�WKH�LGHDO�H[DPSOH�RI�H[WUHPHO\�LOOLTXLG�PDUNHWV��:H�KDYH�VHHQ�WKDW�DW�WKH�XQLYDULDWH�OHYHO�WKHUH�LV�D�ODUJH�FKRLFH�RI�WHFKQLTXHV�WKDW�FDQ�EH�DSSOLHG�WR�DQDOL]H�DQG�FDOLEUDWH�WKH�GLVWULEXWLRQ��9HU\�RIWHQ��KRZHYHU��ZH�DUH�LQWHUHVWHG�LQ� WKH�PHDVXUH�RI� WKH�GHSHQGHQFH� VWUXFWXUH� LQ� D�PXOWLYDULDWH�QRQ�QRUPDO� VHWWLQJ��7KLV�SUREOHP�JHWV� XV� WR� WKH� XVH� RI� FRSXOD� IXQFWLRQV��ZKLFK� UHSUHVHQWV� WKH� YHU\� IURQWLHU� RI�FXUUHQW�UHVHDUFK�LQ�ULVN�PDQDJHPHQW��
���7KH�0XOWLYDULDWH�6HWWLQJ��&RSXOD�)XQFWLRQV�
,W�LV QRW�DOZD\V�D�JRRG�LGHD��RU�LW�LV�QRW�DOZD\V�IHDVLEOH��WR�FRPSXWH�D�VLQJOH�WLPH�VHULHV�IRU� WKH� ZKROH� SRUWIROLR� RI� D� ILQDQFLDO� LQVWLWXWLRQ�� )RU� H[DPSOH�� 9DOXH�DW�5LVN� LV�FRPSXWHG� IRU� HDFK�RI� WKH�GLIIHUHQW�XQLWV�RI� WKH� LQWHUPHGLDU\��DQG� LW� VKRXOG�EH�XVHG� WR�DOORFDWH�WKH�RYHUDOO�FDSLWDO�DPRQJ�WKHP��,Q�WKLV�FDVH��ZH�DUH�REYLRXVO\�LQWHUHVWHG�LQ�WKH�GHSHQGHQFH� VWUXFWXUH� DPRQJ� WKH� GLIIHUHQW� EXVLQHVVHV�� LI� IRU� H[DPSOH� DOO� RI� WKH�EXVLQHVVHV� DUH� SHUIHFWO\� SRVLWLYHO\� GHSHQGHQW�� DGYHUVH� PDUNHW� FRQGLWLRQV� ZLOO� KDYH� D�VHULRXV� LPSDFW� RQ� WKH� LQVWLWXWLRQ� DV� D� ZKROH�� ZKLOH� LI� VRPH� RI� WKH� EXVLQHVVHV� DUH�QHJDWLYHO\�GHSHQGHQW��WKH\�FRXOG�VHUYH�DV�D�KHGJH�IRU�VRPH�RI�WKH�RWKHUV��VR�WKDW�ORVVHV�RQ� RQH� RI� WKHP� FRXOG� EH� EDODQFHG� DJDLQVW� E\� JDLQV� LQ� WKH� RWKHUV�� 7KH� VDPH� TXHVWLRQ�DULVHV�LI�ZH�ZDQW�WR�PDQDJH�D�SRUWIROLR�RI�ORDQV��RU�FRUSRUDWH�ERQGV��DJDLQ��LW�PDWWHUV�D�ORW�ZKHWKHU�ZH� OHQG�WR�D�VHW�RI�ERUURZHUV�ZKRVH�GHIDXOW�SUREDELOLWLHV�DUH� LQGHSHQGHQW�UDWKHU�WKDQ�SHUIHFWO\�GHSHQGHQW��)URP� WKH� ILQDQFLDO� WKHRU\� SRLQW� RI� YLHZ�� WKHVH� DUH WKH� VDPH� ROG� GLYHUVLILFDWLRQ� DQG�KHGJLQJ�DUJXPHQWV��ZKLFK�DUH�YHU\�HDV\� WR�KDQGOH� LQ�D�JDXVVLDQ�VHWWLQJ��7KH�WHFKQLFDO�TXHVWLRQ� LV� WKDW� WKH\� DUH�QRW� VR�HDV\� WR�KDQGOH� LQ� WKH�FDVH� LQ�ZKLFK� WKH� UHWXUQV�RI� WKH�GLIIHUHQW� SRUWIROLRV� DUH�QRW�QRUPDOO\� GLVWULEXWHG�� ,Q� WKH� H[DPSOH� DERYH�� WKLV� LV� H[DFWO\�WKH�FDVH�LI�WKH�GHVNV�LQYROYHG�LQ�RXU�FDSLWDO�DOORFDWLRQ�SUREOHP�PDNH�VXEVWDQWLDO�XVH�RI�RSWLRQV� LQ� WKHLU� LQYHVWPHQW� VWUDWHJLHV��7KLV� LV� DJDLQ� WKH� FDVH� LI�ZH�KDYH�D�SRUWIROLR�RI�FUHGLW�ULVNV��WKDW�IURP�WKH�ILQDQFLDO SRLQW�RI�YLHZ�LV�HTXLYDOHQW�WR�D�SRUWIROLR�RI�RSWLRQV��7KH� SUREOHPV� DERYH� KDYH� FDXVHG� WKH� UHVHDUFK� LQ� ULVN�PDQDJHPHQW� WR� GLVFRYHU� D� QHZ�WRRO�� ZKLFK� LV� ERUURZHG� IURP� VWDWLVWLFV�� DQG� WKDW� KDV� WKH� XQHDV\� QDPH� RI� ³FRSXOD´�IXQFWLRQV��)URP�D�PDWKHPDWLFDO�SRLQW RI�YLHZ��D�FRSXOD�IXQFWLRQ��&�X�Y�� LQ� WKH�VLPSOH�ELYDULDWH�VHWWLQJ��LV�GHILQHG�E\�WKUHH�UHTXLUHPHQWV��%RWK�WKH�GRPDLQ�RI��WKH�DUJXPHQWV��XDQG�Y��DQG�WKH�LPDJH�RI�WKH�FRSXOD�PXVW�EH�GHILQHG�LQ�WKH�FORVHG�XQLW�LQWHUYDO��,W�PXVW�EH�&���Y��  &�X���� �  � ���&���Y��  � Y DQG�&�X����  � Y�� ZH� VD\� WKDW� WKH� FRSXOD� IXQFWLRQ� LV�JURXQGHG��)LQDOO\��LW�PXVW�EH���LQFUHDVLQJ��LI�X� d X� DQG�Y� d Y� WKHQ�&�X��Y���� &�X��Y����&�X��Y���� &�X��Y���t ���7KH� LQWHUHVW� IRU� VWDWLVWLFV� LV�EDVHG�RQ� D� UHVXOW�NQRZQ�DV�6NODU�WKHRUHP��7KLV� UHVXOW� VWDWHV� WKDW� JLYHQ� D� MRLQW� GLVWULEXWLRQ� IXQFWRQ�)�[�\�� DQG�PDUJLQDO�GLVWULEXWLRQV�)��[��DQG�)��\��LW�LV�DOZD\V�SRVVLEOH�WR�GHILQH�D�FRSXOD�IXQFWLRQ�&�X�Y��VXFK�WKDW�)�[�\��  �&�)��[�� )��\���� 7KH� RSSRVLWH� UHVXOW� DOVR� KROGV�� JLYHQ� D� FRSXOD� IXQFWLRQ�
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&�X�Y��DQG�WZR�XQLYDULDWH�GLVWULEXWLRQV�)��[��DQG�)��\���LW�LV�SRVVLEOH�WR�FRQVWUXFW�D�MRLQW�GLVWULEXWLRQ�E\�VHWWLQJ�&�)��[�� )��\����7KH� DSSHDO�RI� WKH�PHWKRG� LV� LPPHGLDWHO\� FOHDU�� XVLQJ� FRSXOD� IXQFWLRQ� UHSUHVHQWDWLRQV�HQDEOHV�RQH�WR�DGGUHVV�WKH�LVVXH�RI�VSHFLILFDWLRQ�RI�PDUJLQDO�GLVWULEXWLRQV�DQG�WKH�MRLQW�GLVWULEXWLRQ� VHSDUDWHO\�� ,W� LV� FOHDU� WKDW�� RQFH� WKH� PDUJLQDO� GLVWULEXWLRQV� KDYH� EHHQ�VSHFLILHG�� WKH�FKRLFH�RI� WKH�FRSXOD�IXQFWLRQ�FRQWULEXWHV�WR�WKH�FRQVWUXFWLRQ�RI� WKH�MRLQW�GLVWULEXWLRQ� E\� VSHFLI\LQJ� WKH GHSHQGHQFH� VWUXFWXUH�� 7KH� VLPSOHVW� H[DPSOH� RI� FRSXOD�WKDW�ZH�PD\�WKLQN�RI�FRUUHVSRQGV�WR�WKH�LQGHSHQGHQFH�FDVH��DQG�LW�LV�WKH�SURGXFW�FRSXOD�&LQG�)��[�� )��\��� )��[� )��\���:KDW�DERXW� WKH�FDVHV�RI�SHUIHFW�SRVLWLYH�DQG�QHJDWLYH�GHSHQGHQFH"�:H�PD\� H[SORLW D� UHVXOW� GXH� WR� )UpFKHW�� FRQFHUQLQJ� WKH� ERXQGV� RI� MRLQW�SUREDELOLW\�GLVWULEXWLRQV�WR�REWDLQ
PD[>)��[�� )��\��± ���@�d &�)��[�� )��\�� d PLQ>)��[�� )��\�@ ���

&RSXOD�IXQFWLRQV�DUH� WKHQ�UHTXLUHG�WR�VWD\�EHWZHHQ�D� ORZHU�ERXQG�&PLQ�)��[�� )��\���{PD[>)��[�� )��\�� ± ���@� FRUUHVSRQGLQJ� WR� SHUIHFW� QHJDWLYH� GHSHQGHQFH� DQG� DQ� XSSHU�ERXQG� &PLQ�)��[�� )��\��� { PLQ>)��[�� )��\�@� FRUUHVSRQGLQJ� WR� SHUIHFWO\� SRVLWLYH�GHSHQGHQFH�� 6R�� WKH� FKRLFH� RI� FRSXOD� LV� GLUHFWO\� OLQNHG� WR� WKH� VSHFLILFDWLRQ� RI� WKH�GHSHQGHQFH�VWUXFWXUH�RI�WKH�YDULDEOHV��7KH�VLPSOHVW�ZD\�WR�EXLOG�D�FRSXOD�LV�WR�FRQVLGHU�D�PL[WXUH�RI�WKH�WKUHH�FDVHV�FRQVLGHUHG��VHWWLQJ
&�)�� )��  E &PLQ�)�� )��������± E ± D� &LQG�)�� )����D &PD[�)�� )�� ���

ZLWK�E��D t ��DQG�E ��D d ���7KLV�LV�NQRZQ�DV�WKH�)UpFKHW�IDPLO\�RI�FRSXODV��1RWLFH�WKDW�E\� VHWWLQJ� RQH� RI� WKH� WZR� SDUDPHWHU� WR� ]HUR� RU� WKHLU� VXP� WR� RQH� ZH� HQFRPSDVV� WKH�H[WUHPDO� DQG� WKH� SURGXFW� FRSXOD�� D� SURSULHW\� WKDW� LV� FDOOHG� FRPSUHKHQVLYHQHVV�� ,W� LV�LQWXLWLYH� � WR�JXHVV� WKDW� IRU�RWKHU�YDOXHV�RI� WKH�SDUDPHWHUV�ZH�PD\� UHSUHVHQW� LPSHUIHFW�GHSHQGHQFH�� ,QGHHG�� FRSXOD� IXQFWLRQV� FDQ� EH� GLUHFWO\� UHODWHG� WR� PHDVXUHV� RI�GHSHQGHQFH��%HIRUH� ORRNLQJ� DW� WKLV� UHODWLRQVKLS�� LW� LV� XVHIXO� WR� GLJUHVV� EULHIO\� RQ� WKH� GHSHQGHQFH�PHDVXUH�WKDW�LV�H[WHQVLYHO\�XVHG�LQ�WKH�PDUNHW�DQG�LQ�WKH�DSSOLHG�ZRUN�LQ�ILQDQFH��7KH�PHDVXUH� DOZD\V� XVHG� WR� UHSUHVHQW� FRPRYHPHQWV� EHWZHHQ� WKH� PDUNHWV� LV� WKH� OLQHDU�FRUUHODWLRQ� FRHIILFLHQW�� ,QGHHG�� XVLQJ� WKLV� PHDVXUH� PD\� UXQ� LQWR� SUREOHPV� LI� WKH�PDUJLQDO� GLVWULEXWLRQV� DUH� DOORZHG� WR� WDNH� YHU\� JHQHUDO� VKDSHV�� :KLOH� WKH� UHDGHU� LV�UHIHUUHG� WR�(PEUHFKWV�HW� DO�� ������� IRU�GHWDLOV�� WR�JHW�DQ� LGHD�RI� WKH�SUREOHP�FRQVLGHU�WKDW�WKH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�WKH�UHWXUQV�RI�RXU�WZR�GHVNV�PD\�EH�ZULWWHQ�DV�
� � � � � �> @³ ³f

f�
f
f� �  G[G\\)[)\[)UU ������

�� ����FRY� VVVVU ����
,I� WKH� UHWXUQV� IURP� WKH� WZR� GHVNV� DUH� SHUIHFWO\� GHSHQGHQW�� WKH� FRUUHODWLRQ� FDQ� EH�FDOFXODWHG�E\�VXEVWLWXWLQJ�WKH�XSSHU�)UpFKHW�ERXQG�LQ�WKH�HTXDWLRQ��WKH�SUREOHP�LV�WKDW�LW�PD\�ZHOO�EH�WKH�FDVH�WKDW�ZH�REWDLQ�D�FRUUHODWLRQ�ILJXUH�ORZHU�WKDQ����6R��XQGHU�DUELWUDU\�VKDSHV�IRU WKH�PDUJLQDO�GLVWULEXWLRQV��FRUUHVSRQGLQJ�WR�QRQ�OLQHDU�UHODWLRQVKLSV�EHWZHHQ�WKH�YDULDEOHV��WKH�FRUUHODWLRQ�PHDVXUH�PD\�QRW�VSDQ�WKH�ZKROH�UDQJH�IURP�±��WR������,W�LV�WR�EH�H[SHFWHG�WKDW�KHGJH�IXQGV�DQG�GHULYDWLYHV�GHVNV�ZLOO�VRRQHU�RU�ODWHU�KDYH�WR�VZLWFK�WR� QRQ�SDUDPHWULF� PHDVXUHV� RI� GHSHQGHQFH�� VXFK� DV� 6SHDUPDQ¶V�U6 DQG� .HQGDOO¶V� W��
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8QOLNH�OLQHDU�FRUUHODWLRQ�� WKHVH�PHDVXUHV�GR�QRW�GHSHQG�RQ�PDUJLQDO�GLVWULEXWLRQV��MXVW�OLNH� FRSXOD� IXQFWLRQV�GRQ¶W�� ,W� LV� QRW� VXUSULVLQJ�� WKHQ�� WKDW� WKHVH�PHDVXUHV� DUH�GLUHFWO\�UHODWHG�WR�FRSXOD�IXQFWLRQV��:H�KDYH�LQ�IDFW
� � � � �����

�
�
� � ³ ³ YXG&YX&W ����

IRU�.HQGDOO¶V�W DQG
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�
�
� ���� GXGYYX&6U ����

IRU� � 6SHDUPDQ¶V�U6�� ,W�PD\� EH� FKHFNHG� WKDW� E\� VXEVWLWXWLQJ� WKH� H[WUHPDO� FRSXODV� LQWR������ DQG� ����� ZH� REWDLQ� ±� DQG� �� �� LQ� WKH� FDVHV� RI� SHUIHFW� QHJDWLYH� DQG� SRVLWLYH�GHSHQGHQFH� UHVSHFWLYHO\�� :H� PD\� DOVR� HVWDEOLVK� D� UHODWLRQVKLS� EHWZHHQ� FRSXOD�SDUDPHWHUV� DQG� WKHVH� QRQ�SDUDPHWULF� VWDWLVWLFV�� ,Q� WKH� VLPSOH� H[DPSOH� RI� WKH� )UpFKHW�IDPLO\�SUHVHQWHG�DERYH��ZH�KDYH�LQ�IDFW� �� �� ���� DEDEW ����
EDU � 6 ����

7KLV�VXJJHVWV�D� ILUVW� VWUDWHJ\� IRU�HVWLPDWLRQ��E\�VHOHFWLQJ� WKH�SDUDPHWHUV� WR� ILW� WKH�QRQ�SDUDPHWULF� VWDWLVWLFV�� $QRWKHU� UHVXOW� WKDW� LV� XVHIXO� IRU� WKH� HVWLPDWLRQ� LV� WKDW� WKH� MRLQW�GHQVLW\� WXUQV�RXW�WR�EH�HTXDO�WR�WKH�SURGXFW�RI�WKH�FURVV�GHULYDWLYH�RI�WKH�FRSXOD�WLPHV�WKH�PDUJLQDO�GHQVLWLHV��ZKLFK�LV�YHU\�XVHIXO�WR�SHUIRUP�PD[LPXP�OLNHOLKRRG�HVWLPDWLRQ��)LQDOO\��LI�RQH�ZRXOG�OLNH�WR�FDOLEUDWH�WKH�PRGHO�DFFRUGLQJ� WR�WKH�EHKDYLRU� LQ�WKH�WDLOV��WKH�FRSXOD�IXQFWLRQ�FRXOG�EH�XVHG�WR�FDOLEUDWH�D�WDLO�GHSHQGHQFH�LQGH[�7KLV� QHZ� WHFKQLTXH� RI� FRSXOD� IXQFWLRQ� ORRNV� OLNH� RQH� RI� WKH�PRVW� SURPLVLQJ� OLQHV� RI�UHVHDUFK� LQ� ULVN�PDQDJHPHQW� DQG� LQ� WKH�PRGHOOLQJ�RI� ILQDQFLDO� WLPH� VHULHV� LQ� JHQHUDO��7KH�REYLRXV�DSSOLFDWLRQ�LQ�ULVN�PDQDJHPHQW�LV�WR�SURYLGH�D�YLHZ�RI�WKH�MRLQW�SUREDELOLW\�RI�ORVV��EH\RQG�WKH�FDSLWDO�DOORFDWHG�RQ�WKH�EDVLV�RI��9DOXH�DW�5LVN��RI�GLIIHUHQW�GHVNV�RU�OLQHV�RI�EXVLQHVV�RI� WKH�VDPH�ILQDQFLDO� LQVWLWXWLRQ�DV�VWXGLHG�LQ�&KHUXELQL�DQG /XFLDQR���������RU�RQ�WKH�SUREDELOLW\�GLVWULEXWLRQ�RI�WKH�VXP�RI�ORVVHV��DV�LQ�/XFLDQR�DQG�0DUHQD���������2WKHU� LQWHUHVWLQJ� DSSOLFDWLRQV� DUH� LQ� WKH� ILHOG� RI� FUHGLW� ULVN�PDQDJHPHQW� DQG�FUHGLW� GHULYDWLYHV� �/L�� ����� DQG� 6FKRQEXFKHU� DQG� 6FKXEHUW�� ������� 1HZ�UHVXOWV� DUH�REWDLQHG� LQ� WKH� ILHOG� RI� PXOWLYDULDWH� RSWLRQ� SULFLQJ� DQG� FUHGLW� ULVN� LQ� GHULYDWLYHV�WUDQVDFWLRQV� �&KHUXELQL� DQG� /XFLDQR� ������ ������� $V� IRU� WKH� VSHFLILFDWLRQ� RI� WKH�G\QDPLFV� RI� ILQDQFLDO� WLPH� VHULHV�� WKH� XVH� RI� FRSXOD� KDV� FRQWULEXWHG� WR�PRUH� IOH[LEOH�PRGHOV� IRU� WKH� G\QDPLFV� RI� GHSHQGHQFH� DFURVV� WLPH� VHULHV�� DV� LQ� WKH� DSSOLFDWLRQ� WR�IRUHLJQ� H[FKDQJH� SURYLGHG� E\� 3DWWRQ� �������� ZLWK� D� FRQGLWLRQDO� FRSXOD� PRGHO� DQG�PDUJLQDO�*$5&+� G\QDPLFV�� DV�ZHOO� DV� D�PRUH� JHQHUDO� VHWWLQJ� RI� GHSHQGHQFH� DFURVV�WLPH��DV�LQ�WKH�DSSOLFDWLRQ�SURYLGHG�E\�%RX\p�HW�DO����������
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