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%DFNJURXQG��$UWHULDO�FRPSOLDQFH�LV�UHODWHG�WR�OHIW�YHQWULFXODU�K\SHUWURSK\�DQG�ULVN�IRU�FDUGLRYDVFXODU�GLVHDVH�HYHQWV��KRZHYHU��LWV�DVVRFLDWLRQ�
ZLWK�FRURQDU\�DUWHU\�VWHQRVLV�UHPDLQV�XQFHUWDLQ��:H�VRXJKW�WR�DVVHVV�WKH�UHODWLRQ�EHWZHHQ�ORZHU�H[WUHPLW\�DUWHULDO�FRPSOLDQFH�DQG�SUHVHQFH�RI�
DQJLRJUDSKLFDOO\�GHILQHG�FRURQDU\�DUWHU\�GLVHDVH��
0HWKRGV��/RZHU�H[WUHPLW\�DUWHULDO�FRPSOLDQFH�ZDV�PHDVXUHG�ZLWK�WKH�XVH�RI�D�QRQLQYDVLYH�DLU�SOHWK\VPRJUDSK\�WHFKQLTXH�LQ�����VXEMHFWV�
XQGHUJRLQJ�URXWLQH�GLDJQRVWLF�FRURQDU\�DQJLRJUDSK\��
5HVXOWV��0HDVXUHV�RI�FDOI�DUWHULDO�FRPSOLDQFH�ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�RQH�RU�PRUH�VWHQRVHV�!� ����FRPSDUHG�ZLWK�
QR�VWHQRVHV��HYHQ�DIWHU�DGMXVWPHQW�IRU�DJH��VH[��VPRNLQJ��GLDEHWHV��K\SHUWHQVLRQ��K\SHUFKROHVWHUROHPLD��DQG�REHVLW\��3� �������0HDVXUHV�RI�
WKLJK�DUWHULDO�FRPSOLDQFH�ZHUH�DOVR�ORZHU�LQ�VXEMHFWV�ZLWK�GLVHDVH��DOWKRXJK�WKLV�DVVRFLDWLRQ�GLG�QRW�UHDFK�VWDWLVWLFDO�VLJQLILFDQFH��3� �������
5HFHLYHU�RSHUDWRU�FXUYHV�LOOXVWUDWH�WKH�LQFUHPHQWDO�SUHGLFWLYH�DELOLW\�RI�FDOI�DUWHULDO�FRPSOLDQFH�RYHU�DQG�DERYH�DJH��VH[��DQG�FRQYHQWLRQDO�ULVN�
IDFWRUV��
&RQFOXVLRQV��/RZHU�H[WUHPLW\�DUWHULDO�FRPSOLDQFH�LV�DVVRFLDWHG�ZLWK�SUHVHQFH�RI�VLJQLILFDQW�FRURQDU\�VWHQRVHV�LQ�D�FDUGLDF�FDWKHWHUL]DWLRQ�
ODERUDWRU\�UHIHUUDO�SRSXODWLRQ��7KLV�REVHUYDWLRQ�OHQGV�VXSSRUW�IRU�DGGLWLRQDO�HIIRUWV�WR�GHWHUPLQH�WKH�XWLOLW\�RI�YDVFXODU�VWLIIQHVV�PHDVXUHV�LQ�ERWK�
FOLQLFDO�DQG�SUH�FOLQLFDO�SRSXODWLRQV�WR�JXLGH�WUHDWPHQW�DQG�SUHYHQWLRQ�HIIRUWV��

,QWURGXFWLRQ�

/RVV�RI�DUWHULDO�FRPSOLDQFH�KDV�EHHQ�VWXGLHG�DV�ERWK�D�FDXVH�DQG�D�FRQVHTXHQFH�RI�YDVFXODU�GLVHDVH�>�@�+RZHYHU��LWV�XWLOLW\�DV�DQ�LQGHSHQGHQW�
FDUGLRYDVFXODU�GLVHDVH�ULVN�IDFWRU�LV�QRW�\HW�ZHOO�HVWDEOLVKHG�>�@�$RUWLF�VWLIIQHVV�LV�DVVRFLDWHG�ZLWK�FDUGLRYDVFXODU�ULVN�IDFWRUV�>�@�DQG�LW�LV�DOVR�
DVVRFLDWHG�ZLWK�FDUGLRYDVFXODU�PRUELGLW\�DQG�PRUWDOLW\�LQ�ROGHU�VXEMHFWV>���@�DQG�LQ�SDWLHQWV�ZLWK�K\SHUWHQVLRQ�>���@�GLDEHWHV�>��@�HQG�VWDJH�UHQDO�
GLVHDVH�>��@�DQG�V\VWROLF�G\VIXQFWLRQ�>�����@�,Q�ORQJ�WHUP�IROORZ�XS�RI�D�JHQHUDO�SRSXODWLRQ�RI�)UHQFK�PHQ��SXOVH�SUHVVXUH��D�VXUURJDWH�PHDVXUH�RI�
DUWHULDO�VWLIIQHVV��ZDV�SUHGLFWLYH�RI�WRWDO�DQG�FDUGLRYDVFXODU�GHDWK�>��@�

,Q�DQLPDO�PRGHOV>��@�DQG�LQ�KXPDQV�>��@�DUWHULDO�VWLIIQHVV�FRUUHODWHV�ZLWK�DRUWLF�DWKHURVFOHURVLV�DW�QHFURSV\��+RZHYHU��WKHUH�DUH�UHODWLYHO\�IHZ�GDWD�
H[DPLQLQJ�WKH�UHODWLRQ�EHWZHHQ�PHDVXUHV�RI�DUWHULDO�VWLIIQHVV�DQG�DQJLRJUDSKLFDOO\�GHILQHG�FRURQDU\�GLVHDVH��,Q�RQH�VWXG\��DRUWLF�DQG�FDURWLG�
DUWHULDO�VWLIIQHVV�PHDVXUHG�E\�XOWUDVRXQG�ZDV�JUHDWHVW�LQ�WKRVH�ZLWK���YHVVHO�FRURQDU\�GLVHDVH�>��@�+RZHYHU��QR�DWWHPSW�ZDV�PDGH�WR�GHWHUPLQH�
LI�DUWHULDO�VWLIIQHVV�ZDV�SUHGLFWLYH�DIWHU�DGMXVWLQJ�IRU�RWKHU�FDUGLRYDVFXODU�ULVN�IDFWRUV��

7R�GHWHUPLQH�LI�DUWHULDO�VWLIIQHVV�LV�SUHGLFWLYH�RI�FRURQDU\�GLVHDVH�LQGHSHQGHQW�RI�RWKHU�FDUGLRYDVFXODU�GLVHDVH�ULVN�IDFWRUV��ZH�PHDVXUHG�ORZHU�
H[WUHPLW\�DUWHULDO�FRPSOLDQFH�LQ�D�JURXS�RI�����VXEMHFWV�XQGHUJRLQJ�FRURQDU\�DQJLRJUDSK\��

0HWKRGV�

3DWLHQWV�

7KH�VWXG\�SDUWLFLSDQWV�ZHUH�UHFUXLWHG�IURP�PHQ�DQG�ZRPHQ�UHIHUUHG�IRU�GLDJQRVWLF�FRURQDU\�DQJLRJUDSK\�DW�IRXU�GLIIHUHQW�PHGLFDO�FHQWHUV��$OO�
VXEMHFWV�EHWZHHQ����DQG����\HDUV�RI�DJH�ZLWK�DQ�HMHFWLRQ�IUDFWLRQ�RI�!����ZKR�JDYH�ZULWWHQ�LQIRUPHG�FRQVHQW�ZHUH�HOLJLEOH��([FOXVLRQ�FULWHULD�
LQFOXGHG�SUHYLRXV�FRURQDU\�E\SDVV��FDURWLG��RU�ORZHU�H[WUHPLW\�DUWHULDO�VXUJHU\��VLJQLILFDQW�YDOYXODU�KHDUW�GLVHDVH��XQFRQWUROOHG�K\SHUWHQVLRQ�RU�
K\SRWHQVLRQ��XQVWDEOH�DQJLQD��P\RFDUGLDO�LQIDUFWLRQ��FHUHEURYDVFXODU�DFFLGHQW��RU�WUDQVLHQW�LVFKHPLF�HYHQW�ZLWKLQ����GD\V�EHIRUH�VWXG\�HQWU\��RU�LI�
WKH�VWXG\�SK\VLFLDQ�FRQVLGHUHG�WKH�VXEMHFW�D�VXERSWLPDO�SDUWLFLSDQW�IRU�RWKHU�UHDVRQV��

,Q�SKDVH�,�RI�WKH�VWXG\������SDWLHQWV�ZHUH�UHFUXLWHG�IURP�WZR�VLWHV��1RUWK�&DUROLQD�%DSWLVW�+RVSLWDO��:LQVWRQ�6DOHP��1&��DQG�8QLYHUVLW\�+RVSLWDO�



*URQLQJHQ��*URQLQJHQ��7KH�1HWKHUODQGV���$Q�DGGLWLRQDO�����SDWLHQWV�UHFUXLWHG�IURP�IRXU�VLWHV��1RUWK�&DUROLQD�%DSWLVW�+RVSLWDO��8QLYHUVLW\�
+RVSLWDO�*URQLQJHQ��8QLYHUVLW\�RI�0LDPL�>0LDPL��)/@��DQG�8QLYHUVLW\�+RVSLWDO�/HLGHQ��/HLGHQ��7KH�1HWKHUODQGV��FRPSULVHG�SKDVH�,,�RI�WKH�VWXG\��
3KDVH�,,,��FRQGXFWHG�H[FOXVLYHO\�DW�WKH�8QLYHUVLW\�RI�0LDPL��LQYROYHG�����SDWLHQWV��7KH�����VXEMHFWV�ZLWK�FRPSOHWH�DUWHULDO�FRPSOLDQFH��
DQJLRJUDSKLF��DQG�FDUGLRYDVFXODU�ULVN�IDFWRU�GDWD�ZHUH�LQFOXGHG�IRU�WKHVH�DQDO\VHV��

$UWHULDO�&RPSOLDQFH�

&DUGLDF�F\FOH�GHSHQGHQW�FKDQJHV�LQ�ORFDO�DUWHULDO�YROXPH�LQ�WKH�WKLJK�DQG�FDOI�ZHUH�PHDVXUHG�ZLWK�WKH�XVH�RI�DLU�SOHWK\VPRJUDSK\��
0HDVXUHPHQWV�ZHUH�UHSHDWHG�DW����GLIIHUHQW�FXII�SUHVVXUHV�UDQJLQJ�IURP����PP�+J�WR�����PP�+J��GHVLJQHG�WR�VSDQ�WKH�UDQJH�RI�GLDVWROLF�
SUHVVXUH��7KH�PD[LPXP�FKDQJH�LQ�DUWHULDO�YROXPH�WKDW�RFFXUUHG�DW�WKH�FXII�SUHVVXUH�FORVHVW�WR�EXW�VWLOO�DERYH�GLDVWROLF�SUHVVXUH�ZDV�XVHG�WR�
JHQHUDWH�DQ�HVWLPDWH�RI�FRPSOLDQFH�XQELDVHG�E\�ORDG�FRQGLWLRQV�LQ�WKH�DUWHU\��7KLV�PD[LPXP�YROXPH�FKDQJH�SHU�XQLW�FKDQJH�LQ�SXOVH�SUHVVXUH�
ZDV�QRUPDOL]HG�WR�D����PP�+J�SXOVH�SUHVVXUH�WR�SURYLGH�D�VWDQGDUGL]HG�PHDVXUH�RI�FRPSOLDQFH��0D[9�����5HJXODWLRQ�RI�FXII�SUHVVXUHV�DQG�
UHFRUGLQJ�RI�YROXPH�FKDQJHV�ZHUH�PDGH�ZLWK�WKH�XVH�RI�DQ�LQWHUQDOO\�DQG�H[WHUQDOO\�FDOLEUDWHG�DLU�SOHWK\VPRJUDSKLF�GHYLFH�DQG�3&�EDVHG�
FRPSXWHU�LQWHUIDFH��9DVRJUDP��1HZ�<RUN��1<���

5HSURGXFLELOLW\�

7R�HVWLPDWH�WKH�ELRORJLFDO�DQG�PHDVXUHPHQW�YDULDELOLW\�LQ�FDOI�0D[9���DQG�WKLJK�0D[9����KHDOWK\�VXEMHFWV�ZHUH�VWXGLHG�WZLFH�RQ�WKH�VDPH�GD\��
VHSDUDWHG�E\����PLQXWHV��DQG�RQFH�PRUH�RQ�D�GLIIHUHQW�GD\��VHSDUDWHG�E\�!� ��GD\V��)RU�DOO�VXEMHFWV��FDOI�0D[9���PHDVXUHPHQWV�UDQJHG�IURP���
WR���P/��ZLWK�DQ�LQWUDVXEMHFW�VWDQGDUG�GHYLDWLRQ�RI������P/��ZKLFK�ZDV�����RI�WKH�XQGHUO\LQJ�PHDQ�DFURVV�DOO�VXEMHFWV��7KH�PDFKLQH�WR�PDFKLQH�
VWDQGDUG�GHYLDWLRQ�ZDV��������VXJJHVWLQJ�VWURQJ�UHSHDWDELOLW\�DFURVV�PDFKLQHV��)RU�DOO�VXEMHFWV��WKLJK�0D[9���PHDVXUHPHQWV�UDQJHG�IURP�����WR�
����P/��ZLWK�DQ�LQWUDVXEMHFW�VWDQGDUG�GHYLDWLRQ�RI������P/��ZKLFK�ZDV�DJDLQ�a����RI�WKH�XQGHUO\LQJ�PHDQ�DFURVV�DOO�VXEMHFWV��7KH�PDFKLQH�WR�
PDFKLQH�VWDQGDUG�GHYLDWLRQ�WKLJK�0D[9���ZDV��������

&RURQDU\�$QJLRJUDSK\�

&RURQDU\�DQJLRJUDPV�LQ�SKDVHV�,�DQG�,,�ZHUH�DQDO\]HG�E\�PHDQV�RI�SUHYLRXVO\�YDOLGDWHG�TXDQWLWDWLYH�FRURQDU\�DQJLRJUDSK\�WHFKQLTXHV�>�����@�7KH�
V\VWHPV�GHWHUPLQHG�PLQLPXP�GLDPHWHU��SHUFHQW�GLDPHWHU�VWHQRVLV��DYHUDJH�GLDPHWHU��DQG�UHIHUHQFH�GLDPHWHU�IRU�HDFK�RI����VWDQGDUGL]HG�
VHJPHQWV�RI�WKH�FRURQDU\�WUHH��&HUWLILHG�WHFKQLFLDQV�ZKR�ZHUH�EOLQGHG�WR�FRPSOLDQFH�PHDVXUHV�LQWHUSUHWHG�WKH�ILOPV�DW�HDFK�VLWH��,Q�SKDVH�,,,��
VWHQRVHV�ZHUH�GLDJUDPPHG�RYHU�WKH�VDPH����FRURQDU\�VHJPHQWV��EXW�DPRXQW�RI�RFFOXVLRQ�ZDV�GHWHUPLQHG�YLVXDOO\�E\�WUDLQHG�REVHUYHUV��)RU�
WKH�SXUSRVH�RI�WKLV�DQDO\VLV��VXEMHFWV�ZHUH�FODVVLILHG�DV�KDYLQJ�FRURQDU\�DUWHU\�GLVHDVH�LI�WKH\�KDG�RQH�RU�PRUH�HSLFDUGLDO�FRURQDU\�VHJPHQWV�
ZLWK�!� ����VWHQRVLV��EDVHG�RQ�TXDQWLWDWLYH�FRURQDU\�DQJLRJUDSK\�RU�H[SHUW�YLVXDO�DVVHVVPHQW��

&OLQLFDO�5LVN�)DFWRUV�

,QIRUPDWLRQ�RQ�SDWLHQWV
�FDUGLDF�ULVN�IDFWRUV�DQG�GHPRJUDSKLF�GDWD�ZHUH�FROOHFWHG�WKURXJK�WKH�XVH�RI�VWDQGDUGL]HG�TXHVWLRQQDLUHV��'HPRJUDSKLF�
GDWD�LQFOXGHG�SDWLHQW�VH[��PDOH�RU�IHPDOH��DQG�SDWLHQW�DJH��\HDUV���&DUGLRYDVFXODU�ULVN�IDFWRUV�RI�LQWHUHVW�LQFOXGHG�WKH�IROORZLQJ�ELQDU\��\HV�QR��
YDULDEOHV��WREDFFR�XVH��FXUUHQW�RU�SUHYLRXV���GLDEHWHV��GLHW��RUDO��RU�LQVXOLQ�FRQWUROOHG���K\SHUOLSLGHPLD��DQ\�GRFXPHQWHG�EORRG�OLSLG�DEQRUPDOLW\���
K\SHUWHQVLRQ��LQGLFDWHG�E\�SUHVFULEHG�DQWLK\SHUWHQVLYHV���DQG�SUHVHQFH�RI�REHVLW\��!� ����DERYH�LGHDO�ZHLJKW���

6WDWLVWLFDO�$QDO\VLV�

7KH�0DQWHO�+DHQW]HO� ��WHVW�DQG�ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZHUH�XVHG�WR�DVVHVV�WKH�DVVRFLDWLRQ�EHWZHHQ�LQGLYLGXDO�FDUGLRYDVFXODU�ULVN�IDFWRUV�RU�
PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH�DQG�SUHVHQFH�RU�DEVHQFH�RI�VLJQLILFDQW�FRURQDU\�VWHQRVHV��7KH�RGGV�UDWLR�IRU�WKH�GLFKRWRPRXV�ULVN�IDFWRUV�
UHSUHVHQWV�WKH�UHODWLYH�LQFUHDVH�LQ�RGGV�RI�KDYLQJ�FRURQDU\�DUWHU\�GLVHDVH�ZKHQ�WKH�ULVN�IDFWRU�LV�SUHVHQW�FRPSDUHG�ZLWK�ZKHQ�WKH�IDFWRU�LV�
DEVHQW��)RU�WKH�FRQWLQXRXV�YDULDEOHV�RI�FDOI�0D[9���DQG�WKLJK�0D[9����WKH�RGGV�UDWLR�FRUUHVSRQGV�WR�WKH�UHODWLYH�LQFUHDVH�LQ�RGGV�RI�GLVHDVH�
DVVRFLDWHG�ZLWK�D���XQLW�LQFUHDVH��URXJKO\�����WR������LQ�WKH�PHDVXUH�RI�DUWHULDO�FRPSOLDQFH��0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZHUH�XVHG�
WR�H[DPLQH�WKH�DVVRFLDWLRQ�RI�FRURQDU\�VWHQRVLV�ZLWK�WKH�PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH�DIWHU�DGMXVWLQJ�IRU�DJH��VH[��DQG�FDUGLRYDVFXODU�ULVN�
IDFWRUV��

5HFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF��52&��FXUYHV�ZHUH�SURGXFHG�WR�DVVHVV�WKH�DELOLW\�RI�FRPELQDWLRQV�RI�ULVN�IDFWRUV�DQG�DUWHULDO�FRPSOLDQFH�WR�
SUHGLFW�GLVHDVH�VWDWXV�DV�PHDVXUHG�E\�FRURQDU\�DQJLRJUDSK\��7KHVH�FXUYHV�SORW�WKH�SHUFHQWDJH�RI�WUXH�SRVLWLYHV�DJDLQVW�WKH�SHUFHQWDJH�RI�IDOVH�
SRVLWLYHV��DV�SUHGLFWHG�E\�WKH�ORJLVWLF�PRGHO�IRU�D�UDQJH�RI�FXW�SRLQWV�WDNHQ�DFURVV�WKH�FRQWLQXRXV�PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH��:H�XVHG�WKH�
DUHD�XQGHU�WKHVH�52&�FXUYHV�DFURVV�GLIIHUHQW�SUHGLFWLYH�PRGHOV�WR�FRPSDUH�WKH�DELOLW\�RI�WKH�PRGHOV�WR�GLVFULPLQDWH�SUHGLFWHG�GLVHDVH�ULVN��

7KHVH�DQDO\VHV�ZHUH�GHVLJQHG�WR�DVVHVV�DQG�GHVFULEH�WKH�UHODWLRQV�DPRQJ�WKH�PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH�DQG�DQJLRJUDSKLFDOO\�GHILQHG�
GLVHDVH��$V�VXFK��QRPLQDO���VLGHG�3�YDOXHV�DUH�SUHVHQWHG�IRU�GHVFULSWLYH�SXUSRVHV�RQO\��

5HVXOWV�

2I�WKH�����SDWLHQWV�FRQVLGHUHG�LQ�WKLV�DQDO\VLV������ZHUH�PHQ������KDG�D�KLVWRU\�RI�WREDFFR�XVH������KDG�D�KLVWRU\�RI�K\SHUWHQVLRQ������KDG�D�
KLVWRU\�RI�GLDEHWHV������KDG�D�KLVWRU\�RI�K\SHUOLSLGHPLD��DQG�����ZHUH�REHVH��7DEOH�,���6LJQLILFDQW�FRURQDU\�GLVHDVH��RQH�RU�PRUH�OHVLRQV�ZLWK�
!� ����VWHQRVLV��ZDV�SUHVHQW�LQ�����VXEMHFWV��������6L[WHHQ�SHUFHQW�RI�WKH�VXEMHFWV�KDG���YHVVHO�GLVHDVH��7KH�PHDQ�WKLJK�0D[9���ZDV�����P/�
�UDQJH������WR�����P/���7KH�PHDQ�FDOI�0D[9���ZDV�����P/��UDQJH������WR�����P/���

7KH�UHVXOWV�RI�WKH�ULVN�IDFWRU�VSHFLILF�ORJLVWLF�UHJUHVVLRQ�PRGHOV�DUH�SUHVHQWHG�LQ�7DEOH�,,��$PRQJ�WKH�FDUGLRYDVFXODU�ULVN�IDFWRUV��K\SHUOLSLGHPLD�



DQG�VPRNLQJ�ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�SUHVHQFH�RI�VLJQLILFDQW�FRURQDU\�DUWHU\�GLVHDVH��3���������DQG�WKHUH�ZDV�D�QRQVLJQLILFDQW�WUHQG�
WRZDUG�JUHDWHU�GLVHDVH�SUHYDOHQFH�DPRQJ�GLDEHWLFV�DV�ZHOO��3� �������7KHUH�ZDV�D�VWHSZLVH�UHGXFWLRQ�LQ�SUHYDOHQFH�RI�VLJQLILFDQW�FRURQDU\�
GLVHDVH�DFURVV�TXDUWLOHV�RI�FDOI�0D[9����3� �������)LJXUH�����EXW�QRW�WKLJK�0D[9����3� �����GDWD�QRW�VKRZQ���$IWHU�DGMXVWLQJ�IRU�RWKHU�
FDUGLRYDVFXODU�ULVN�IDFWRUV��D���XQLW�LQFUHDVH�LQ�FDOI�0D[9���RU�WKLJK�0D[9���ZHUH�HDFK�DVVRFLDWHG�ZLWK�D�����UHGXFWLRQ�LQ�RGGV�RI�KDYLQJ�D�
VLJQLILFDQW�FRURQDU\�VWHQRVLV��3� �����DQG�������UHVSHFWLYHO\���%HFDXVH�WKLJK�0D[9���DQG�FDOI�0D[9���DUH�KLJKO\�FRUUHODWHG��UHOLDEOH�HVWLPDWHV�RI�
WKHLU�MRLQW�HIIHFW�FRXOG�QRW�EH�GHYHORSHG�LQ�D�VLQJOH�PRGHO��

�

)LJXUH����'LVWULEXWLRQ�RI�VLJQLILFDQW�FRURQDU\�DUWHU\�GLVHDVH����RU�PRUH�!� ����FRURQDU\�VWHQRVHV��DFURVV�TXDUWLOHV�RI�FDOI�
0D[9����3�YDOXH�LV�IRU�WKH�0DQWHO�+DHQV]HO� ��WHVW��

3UHGLFWLYH�$ELOLW\�RI�$UWHULDO�&RPSOLDQFH�

%DVHG�RQ�WKH�DUHD�XQGHU�WKH�FXUYH��$8&��HVWLPDWHV�JHQHUDWHG�IURP�WKH�52&�DQDO\VHV��7DEOH�,,,���FDOI�0D[9���PHDVXUHPHQW�E\�LWVHOI�SHUIRUPHG�
URXJKO\�WKH�VDPH�DV�WKH�FRPELQDWLRQ�RI�WKH�ILYH�FDUGLRYDVFXODU�ULVN�IDFWRUV�ZKHQ�SUHGLFWLQJ�FRURQDU\�DUWHU\�GLVHDVH��+RZHYHU��LW�SURYLGHV�D�VPDOO�
EXW�VLJQLILFDQW�LQFUHDVH�LQ�SUHGLFWLRQ�RI�VLJQLILFDQW�FRURQDU\�DUWHU\�GLVHDVH�QRW�IRXQG�LQ�WKH�FOLQLFDO�ULVN�IDFWRUV��DV�VHHQ�E\�WKH�PRGHVW�LQFUHDVH�
�IURP�������WR��������LQ�WKH�$8&�EHWZHHQ�WKH�PRGHO�FRQWDLQLQJ�RQO\�WKH���ULVN�IDFWRUV�FRPSDUHG�ZLWK�WKH�PRGHO�FRQWDLQLQJ�ERWK�WKH�ULVN�IDFWRUV�
DQG�FDOI�0D[9����)LJXUH�����7KLJK�0D[9���ZDV�DOVR�DVVRFLDWHG�ZLWK�D�VPDOO�LQFUHDVH�LQ�$8&��EXW�WKLV�LQFUHDVH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��3�
 �������)LJXUH�����



�

)LJXUH����5HFHLYHU�RSHUDWRU�FXUYHV�FRPSDULQJ�SUHGLFWLYH�DELOLW\�RI���FDUGLRYDVFXODU�ULVN�IDFWRUV��GLDEHWHV��
K\SHUFKROHVWHUROHPLD��K\SHUWHQVLRQ��REHVLW\��DQG�VPRNLQJ���FDOI�0D[9����DQG�WKHLU�FRPELQDWLRQ�WR�SUHGLFW�WKH�SUHVHQFH�RI�RQH�
RU�PRUH�VLJQLILFDQW�FRURQDU\�VWHQRVHV��$UHD�XQGHU�WKH�FXUYH�IRU�FDOI�0D[9���SOXV�DJH��VH[��DQG�WKH���FDUGLRYDVFXODU�ULVN�IDFWRUV�
ZDV�VLJQLILFDQWO\�JUHDWHU�WKDQ�WKH�PRGHO�ZLWK�DJH��VH[��DQG�WKH���IDFWRUV�DORQH��3� �������

�

)LJXUH����5HFHLYHU�RSHUDWRU�FXUYHV�FRPSDULQJ�SUHGLFWLYH�DELOLW\�RI���FDUGLRYDVFXODU�ULVN�IDFWRUV��GLDEHWHV��



K\SHUFKROHVWHUROHPLD��K\SHUWHQVLRQ��REHVLW\��DQG�VPRNLQJ���WKLJK�0D[9����DQG�WKHLU�FRPELQDWLRQ�WR�SUHGLFW�WKH�SUHVHQFH�RI�RQH�
RU�PRUH�VLJQLILFDQW�FRURQDU\�VWHQRVHV��$UHD�XQGHU�WKH�FXUYH�IRU�WKLJK�0D[9���SOXV�DJH��VH[��DQG�WKH���FDUGLRYDVFXODU�ULVN�
IDFWRUV�ZDV�JUHDWHU�WKDQ�WKH�PRGHO�ZLWK�DJH��VH[��DQG�WKH���IDFWRUV�DORQH��DOWKRXJK�WKLV�GLIIHUHQFH�GLG�QRW�UHDFK�VWDWLVWLFDO�
VLJQLILFDQFH��3� �������

'LVFXVVLRQ�

5HFHQWO\��WKH�1DWLRQDO�&KROHVWHURO�(GXFDWLRQ�3URJUDP�$GXOW�7UHDWPHQW�3DQHO�LVVXHG�UHYLVHG�JXLGHOLQHV�FRQFHUQLQJ�VWUDWHJLHV�IRU�WUHDWPHQW�RI�
G\VOLSLGHPLD�IRU�WKH�SUHYHQWLRQ�RI�FDUGLRYDVFXODU�GLVHDVH��$73�,,,��>��@�7KHVH�QHZ�JXLGHOLQHV�IRFXV�RQ�UHFRJQLWLRQ�RI�WKH�PHWDEROLF�V\QGURPH�DQG�
GLDEHWHV�DV�HQWLWLHV�LQ�QHHG�RI�PRUH�DJJUHVVLYH�WUHDWPHQW��%DVHG�RQ�WKHVH�JXLGHOLQHV��PLOOLRQV�PRUH�LQGLYLGXDOV�PD\�EH�FRQVLGHUHG�HOLJLEOH�IRU�
GUXJ�WKHUDS\��1HYHUWKHOHVV��D�FULWLFDO�DSSUDLVDO�RI�UHFHQW�FOLQLFDO�WULDOV�RI�OLSLG�ORZHULQJ�IRU�SULPDU\�DQG�VHFRQGDU\�SUHYHQWLRQ�LQGLFDWHV�WKDW�D�ODUJH�
SHUFHQWDJH�RI�FDUGLRYDVFXODU�HYHQWV�ZLOO�VWLOO�RFFXU�LQ�VXEMHFWV�ZKR�GR�QRW�PHHW�$73,,,�FULWHULD�IRU�GUXJ�WUHDWPHQW�>��@�)XUWKHUPRUH��WKH�
$)&$36�7H[&$36�UHVXOWV�LQGLFDWH�WKDW�HYHQ�KHDOWK\�VXEMHFWV�ZLWK�QRUPDO�WRWDO�FKROHVWHURO�EXW�EHORZ�DYHUDJH�+'/�FKROHVWHURO�FDQ�EHQHILW�IURP�
VWDWLQ�WKHUDS\�>��@�8QIRUWXQDWHO\��LI�VWDWLQ�XVH�ZHUH�H[WHQGHG�WR�DOO�86�VXEMHFWV�ZKR�PHW�HOLJLELOLW\�FULWHULD�IRU�$)&$36�7H[&$36��WKH�VRFLHWDO�FRVW�
ZRXOG�EH�SURKLELWLYH��7KHUHIRUH��D�FRQVLGHUDEOH�FKDOOHQJH�IRU�SK\VLFLDQV�LV�WR�LGHQWLI\�VXEMHFWV�ZKR�GR�QRW�\HW�PHHW�$73�,,,�FULWHULD�IRU�GUXJ�
WKHUDS\�EXW�ZRXOG�QHYHUWKHOHVV�EHQHILW�IURP�PRUH�DJJUHVVLYH�WUHDWPHQW��

9DULRXV�FRPSHWLQJ�WHFKQRORJLHV�RIIHU�SURPLVH�WR�LGHQWLI\�QRQ�$73�,,,�HOLJLEOH�KLJK�ULVN�VXEMHFWV��&HUWDLQ�ELRFKHPLFDO�PDUNHUV��LQFOXGLQJ�&�
UHDFWLYH�SURWHLQ�>��@�SRVVLEO\�KRPRF\VWHLQH>�����@�RU�VPDOO��GHQVH�/'/�SDUWLFOHV>�����@��PD\�SURYLGH�DGGLWLRQDO�FDUGLRYDVFXODU�ULVN�GLVFULPLQDWLRQ�
DPRQJ�RWKHUZLVH�DSSDUHQWO\�KHDOWK\�VXEMHFWV��&RPSXWHUL]HG�WRPRJUDSKLF�VFDQQLQJ�WR�GHWHFW�FRURQDU\�FDOFLXP>�����@�RU�XOWUDVRXQG>��@�WR�GHWHFW�
LQWLPD�PHGLD�WKLFNHQLQJ�RI�WKH�FDURWLG�DUWHULHV�DUH�RWKHU�VWUDWHJLHV�XQGHU�FRQVLGHUDWLRQ��$�WKLUG�FODVV�RI�WHFKQRORJ\�LQYROYHV�PHDVXUHPHQW�RI�
YDVFXODU�VWLIIQHVV�DV�DQ�LQGLFDWRU�RI�HDUO\�RU�SUHFOLQLFDO�GLVHDVH��

7KHUH�DUH�VHYHUDO�UHDVRQV�WR�FRQVLGHU�YDVFXODU�VWLIIQHVV��HVSHFLDOO\�LQ�WKH�SHULSKHUDO�DUWHULHV��DV�DQ�LGHDO�WRRO�WR�LGHQWLI\�KLJK�ULVN�LQGLYLGXDOV�RU�
LQGLYLGXDOV�ZLWK�HDUO\�GLVHDVH��)LUVW��WKHUH�DUH�VLPSOH��QRQLQYDVLYH��DQG�LQH[SHQVLYH�VWUDWHJLHV�WR�PHDVXUH�YDVFXODU�VWLIIQHVV�WKDW�FRXOG�HDVLO\�EH�
XVHG�LQ�SULPDU\�FDUH�VHWWLQJV²SUHFLVHO\�ZKHUH�SUHYHQWLRQ�HIIRUWV�ZRXOG�EH�PD[LPDOO\�HIIHFWLYH��7KH�GHYLFH�XVHG�LQ�WKH�FXUUHQW�VWXG\�LV�D�VPDOO��
SRUWDEOH��IXOO\�DXWRPDWHG��FRPSXWHU�DVVLVWHG�GHYLFH��DQG�WHVWLQJ�WDNHV�a���PLQXWHV�WR�FRPSOHWH��6HFRQG��HYLGHQFH�VXJJHVWV�WKDW�SHULSKHUDO�
YDVFXODU�DWKHURVFOHURVLV��HVSHFLDOO\�LQ�WKH�GLVWDO�DRUWD��PD\�RFFXU�ORQJ�EHIRUH�WKH�GHYHORSPHQW�RI�RFFOXVLYH�FRURQDU\�GLVHDVH�>��@�7KLUG��
QXPHURXV�VWXGLHV�KDYH�VKRZQ�FRUUHODWLRQV�EHWZHHQ�PHDVXUHV�RI�YDVFXODU�VWLIIQHVV�DQG�FDUGLRYDVFXODU�HYHQWV�>����@�,Q�DGGLWLRQ��GHFUHDVHG�
FHQWUDO�DRUWLF�FRPSOLDQFH�FDXVHV�V\VWROLF�K\SHUWHQVLRQ��OHIW�YHQWULFXODU�K\SHUWURSK\��DQG�GLDVWROLF�G\VIXQFWLRQ>��@�WKDW�WRJHWKHU�DUH�UHVSRQVLEOH�IRU�
QHDUO\�KDOI�WKH�FDVHV�RI�FRQJHVWLYH�KHDUW�IDLOXUH�LQ�WKLV�FRXQWU\��1HYHUWKHOHVV��WKH�FXUUHQW�GDWD�GHPRQVWUDWLQJ�WKH�YDOXH�RI�PHDVXUHV�RI�YDVFXODU�
VWLIIQHVV�DV�D�SUHGLFWRU�RI�H[LVWLQJ�GLVHDVH�DUH�OLPLWHG�E\�VPDOO�VWXGLHV��LPSUHFLVH�PHDVXUHV�RI�FRPSOLDQFH��DQG�D�IDLOXUH�WR�GHPRQVWUDWH�DQ�
LQFUHPHQWDO�YDOXH�RI�WKH�PHDVXUH�RI�YDVFXODU�VWLIIQHVV�EH\RQG�FRQYHQWLRQDO�FDUGLRYDVFXODU�ULVN�IDFWRUV��

,Q�WKH�FXUUHQW�VWXG\��ORZHU�H[WUHPLW\�DUWHULDO�FRPSOLDQFH�PHDVXUHG�ZLWK�DQ�DXWRPDWHG�DLU�SOHWK\VPRJUDSK\�WHFKQLTXH�ZDV�LQGHSHQGHQWO\�
DVVRFLDWHG�ZLWK�SUHVHQFH�RI�FRURQDU\�GLVHDVH�PHDVXUHG�E\�DQJLRJUDSK\��7KLV�DVVRFLDWLRQ�UHPDLQHG�VLJQLILFDQW�HYHQ�DIWHU�DFFRXQWLQJ�IRU�
K\SHUFKROHVWHUROHPLD�DQG�RWKHU�FDUGLRYDVFXODU�ULVN�IDFWRUV��7KH�LQFUHPHQWDO�YDOXH�RI�WKLV�VLPSOH�WHVW�EH\RQG�FRQYHQWLRQDO�ULVN�IDFWRUV�ZDV�IXUWKHU�
LOOXVWUDWHG�E\�H[DPLQDWLRQ�RI�WKH�52&�FXUYHV��7KHVH�GDWD�DUH�FRQVLVWHQW�ZLWK�HDUOLHU�ZRUN�GHPRQVWUDWLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKHVH�PHDVXUHV�
DQG�DFFXPXODWLRQ�RI�DRUWLF�DWKHURVFOHURVLV�LQ�D�QRQKXPDQ�SULPDWH�PRGHO�RI�YDVFXODU�GLVHDVH�>��@�

2XU�VDPSOH�VL]H�ZDV�PRGHVW��WKHUHE\�OLPLWLQJ�WKH�SUHFLVLRQ�RI�RXU�HVWLPDWHV�RI�WKH�VWUHQJWK�RI�WKH�DVVRFLDWLRQ��)XUWKHUPRUH��WKH�GDWD�ZHUH�
FROOHFWHG�IURP�D�FOLQLFDO�FDWKHWHUL]DWLRQ�ODERUDWRU\�UHIHUUDO�FRKRUW��ZKLFK�FRXOG�KDYH�LQWURGXFHG�VHOHFWLRQ�ELDV�ZLWK�XQSUHGLFWDEOH�HIIHFWV�RQ�WKH�
UHVXOWV��$VVHVVPHQW�RI�H[WHQW�RI�GLVHDVH�PD\�KDYH�YDULHG�DPRQJ�WKH�SDUWLFLSDWLQJ�FHQWHUV��,Q���RI�WKH���FHQWHUV��DQJLRJUDPV�ZHUH�DQDO\]HG�E\�
PHDQV�RI�VWDQGDUGL]HG�TXDQWLWDWLYH�FRURQDU\�DQJLRJUDSK\�WHFKQLTXHV��+RZHYHU��LQ�WKH�IRXUWK�FHQWHU��RQO\�YLVXDO�HVWLPDWHV�RI�GLVHDVH�ZHUH�
DYDLODEOH��7KLV�KHWHURJHQHLW\�LQ�FODVVLILFDWLRQ�RI�WKH�RXWFRPH�PD\�KDYH�LQWURGXFHG�DGGLWLRQDO�YDULDQFH��PDNLQJ�LW�PRUH�GLIILFXOW�WR�GHWHFW�DQ�
DVVRFLDWLRQ��7KH�IDFW�WKDW�DQ�DVVRFLDWLRQ�ZDV�HYLGHQW�GHVSLWH�WKLV�OLPLWDWLRQ�OHQGV�FUHGHQFH�WR�WKH�YDOLGLW\�RI�WKH�ILQGLQJ��)LQDOO\��QR�GDWD�DUH�
DYDLODEOH�RQ�WKH�VXEVHTXHQW�FOLQLFDO�RXWFRPHV�LQ�WKHVH�VXEMHFWV��0RUH�GDWD�DUH�QHHGHG�OLQNLQJ�WKHVH�PHDVXUHV�WR�IXWXUH�ULVN�RI�GLVHDVH�HYHQWV��

7KLV�VWXG\�LQGLFDWHV�WKDW�ORZHU�H[WUHPLW\�DUWHULDO�FRPSOLDQFH�LV�VLJQLILFDQWO\�LQYHUVHO\�DVVRFLDWHG�ZLWK�FRURQDU\�GLVHDVH�LQGHSHQGHQW�RI�
FRQYHQWLRQDO�FDUGLRYDVFXODU�ULVN�IDFWRUV�LQ�D�FDUGLDF�FDWKHWHUL]DWLRQ�ODERUDWRU\�UHIHUUDO�FRKRUW��7KHVH�GDWD�SURYLGH�SURRI�RI�SULQFLSOH�WKDW�
SHULSKHUDO�PHDVXUHV�RI�YDVFXODU�VWLIIQHVV�PD\�EH�DQRWKHU�LQGLFDWRU�RI�H[WHQW�RI�FRURQDU\�GLVHDVH�DQG�VXJJHVW�WKDW�DGGLWLRQDO�HIIRUWV�DUH�
ZDUUDQWHG�WR�H[DPLQH�WKH�SRWHQWLDO�XWLOLW\�RI�VXFK�PHDVXUHG�LQ�SUHFOLQLFDO�DQG�FOLQLFDO�SRSXODWLRQV�WR�KHOS�JXLGH�WUHDWPHQW�GHFLVLRQV�IRU�SULPDU\�
DQG�VHFRQGDU\�SUHYHQWLRQ�RI�FRURQDU\�KHDUW�GLVHDVH��

7DEOHV�

7DEOH�,��'HPRJUDSKLFV��FDUGLRYDVFXODU�ULVN�IDFWRUV��DQG�PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH�LQ�VXEMHFWV�ZLWK�DQG�
ZLWKRXW�FRURQDU\�DUWHU\�GLVHDVH��&$'��
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XVLQJ�PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH
�
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GRFXPHQWHG�HOHYDWHG�EORRG�OLSLGV���K\SHUWHQVLRQ��LQGLFDWHG�E\�SUHVFULEHG�DQWLK\SHUWHQVLYHV���DQG�REHVLW\�VWDWXV��!� ����
DERYH�LGHDO�ZHLJKW���25��2GG�UDWLR��
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7DEOH�,,,��$UHD�XQGHU�WKH�52&�FXUYH��$8&��IURP�ORJLVWLF�UHJUHVVLRQ�PRGHOV�SUHGLFWLQJ�FRURQDU\�DUWHU\�GLVHDVH�XVLQJ�
PHDVXUHV�RI�DUWHULDO�FRPSOLDQFH�DQG�FDUGLRYDVFXODU�ULVN�IDFWRUV
��DIWHU�DGMXVWLQJ�IRU�DJH�DQG�VH[��
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5LVN�IDFWRUV�LQFOXGH�WREDFFR�XVH��FXUUHQW�RU�SUHYLRXV���GLDEHWHV��GLHW��RUDO��RU�LQVXOLQ�FRQWUROOHG���K\SHUOLSLGHPLD��DQ\�
GRFXPHQWHG�HOHYDWHG�EORRG�OLSLGV���K\SHUWHQVLRQ��LQGLFDWHG�E\�SUHVFULEHG�DQWLK\SHUWHQVLYHV���DQG�REHVLW\�VWDWXV��!� ����
DERYH�LGHDO�ZHLJKW���

�
5HIHUHQFHV�

�� %UDPZHOO�-&��+LOO�$9��7KH�YHORFLW\�RI�WKH�SXOVH�ZDYH�LQ�PDQ��/DQFHW������������������
�� *XLGHOLQHV�6XEFRPPLWWHH�������:RUOG�+HDOWK�2UJDQL]DWLRQ�,QWHUQDWLRQDO�6RFLHW\�RI�+\SHUWHQVLRQ�JXLGHOLQHV�IRU�PDQDJHPHQW�RI�

K\SHUWHQVLRQ��-�+\SHUWHQV�������������������
�� /HKPDQQ�('��+RSNLQV�.'��5DZHVK�$��HW�DO��5HODWLRQ�EHWZHHQ�QXPEHU�RI�FDUGLRYDVFXODU�ULVN�IDFWRUV��HYHQWV�DQG�QRQLQYDVLYH�'RSSOHU�

XOWUDVRXQG�DVVHVVPHQWV�RI�DRUWLF�FRPSOLDQFH��+\SHUWHQVLRQ�������������������
�� &KDH�&8��3IHIIHU�0$��*O\QQ�5-��HW�DO��,QFUHDVHG�SXOVH�SUHVVXUH�DQG�ULVN�RI�KHDUW�IDLOXUH�LQ�WKH�HOGHUO\��-$0$��������������������
�� )UDQNOLQ�66��*XVWLQ�:�,9��:RQJ�1'��HW�DO��+HPRG\QDPLF�SDWWHUQV�RI�DJH�UHODWHG�FKDQJHV�LQ�EORRG�SUHVVXUH��WKH�)UDPLQJKDP�+HDUW�

6WXG\��&LUFXODWLRQ�������������������
�� $EHUQDWK\�-��%RUKDQL�1��+DZNLQV�&��6\VWROLF�EORRG�SUHVVXUH�DV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�PRUWDOLW\�LQ�WKH�+\SHUWHQVLRQ�'HWHFWLRQ�DQG�

)ROORZ�8S�3URJUDP��$P�-�3UHY�0HG������������������
�� 0DGKDYDQ�6��2RL�:/��&RKHQ�+��HW�DO��5HODWLRQ�RI�SXOVH�SUHVVXUH�DQG�EORRG�SUHVVXUH�UHGXFWLRQ�WR�WKH�LQFLGHQFH�RI�P\RFDUGLDO�LQIDUFWLRQ��

+\SHUWHQVLRQ�������������������
�� 'H6LPRQH�*��5RPDQ�0-��.RUHQ�0-��HW�DO��6WURNH�YROXPH�SXOVH�SUHVVXUH�UDWLR�DQG�FDUGLRYDVFXODU�ULVN�LQ�DUWHULDO�K\SHUWHQVLRQ��

&$'�ULVN�IDFWRUV����
������ ������� �������
���+\SHUWHQVLRQ ������� �������
���'LDEHWHV ������� �������
���(OHYDWHG�OLSLGV ������� �������
���2EHVH ������� �������
$UWHULDO�FRPSOLDQFH
���&DOI�PD[�9����PHDQ���6'���P/� ��������� ���������
���7KLJK�PD[�9����PHDQ���6'���P/� ��������� ���������
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+\SHUWHQVLRQ�������������������
�� /DXUHQW�6��%RXWRX\ULH�3��$VPDU�5��HW�DO��$RUWLF�VWLIIQHVV�LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�DOO�FDXVH�DQG�FDUGLRYDVFXODU�PRUWDOLW\�LQ�

K\SHUWHQVLYH�SDWLHQWV��+\SHUWHQVLRQ���������������������
��� /HKPDQQ�('��5LOH\�:$��&ODUNVRQ�3��HW�DO��1RQ�LQYDVLYH�DVVHVVPHQW�RI�FDUGLRYDVFXODU�GLVHDVH�LQ�GLDEHWHV�PHOOLWXV��/DQFHW����������,�

��������
��� %ODFKHU�-��*XHULQ�$3��3DQQLHU�%��HW�DO��,PSDFW�RI�DRUWLF�VWLIIQHVV�RQ�VXUYLYDO�LQ�HQG�VWDJH�UHQDO�GLVHDVH��&LUFXODWLRQ���������������������
��� 0LWFKHOO�*)��0R\H�/$��%UDXQZDOG�(��HW�DO��6SK\JPRPDQRPHWULFDOO\�GHWHUPLQHG�SXOVH�SUHVVXUH�LV�D�SRZHUIXO�LQGHSHQGHQW�SUHGLFWRU�RI�

UHFXUUHQW�HYHQWV�DIWHU�P\RFDUGLDO�LQIDUFWLRQ�LQ�SDWLHQWV�ZLWK�LPSDLUHG�OHIW�YHQWULFXODU�IXQFWLRQ��&LUFXODWLRQ���������������������
��� 'RPDQVNL�0-��0LWFKHOO�*)��1RUPDQ�-(��HW�DO��,QGHSHQGHQW�SURJQRVWLF�LQIRUPDWLRQ�SURYLGHG�E\�VSK\JPRPDQRPHWULFDOO\�GHWHUPLQHG�

SXOVH�SUHVVXUH�DQG�PHDQ�DUWHULDO�SUHVVXUH�LQ�SDWLHQWV�ZLWK�OHIW�YHQWULFXODU�G\VIXQFWLRQ��-�$P�&ROO�&DUGLRO�������������������
��� %HQHWRV�$��6DIDU�0��5XGQLFKL�$��HW�DO��3XOVH�SUHVVXUH��D�SUHGLFWRU�RI�ORQJ�WHUP�FDUGLRYDVFXODU�PRUWDOLW\�LQ�D�)UHQFK�PDOH�SRSXODWLRQ��

+\SHUWHQVLRQ���������������������
��� )DUUDU�'-��%RQG�0*��5LOH\�:$��HW�DO��$QDWRPLF�FRUUHODWHV�RI�DRUWLF�SXOVH�ZDYH�YHORFLW\�DQG�FDURWLG�DUWHU\�HODVWLFLW\�GXULQJ�

DWKHURVFOHURVLV�SURJUHVVLRQ�DQG�UHJUHVVLRQ�LQ�PRQNH\V��&LUFXODWLRQ���������������������
��� :DGD�7��.RGDLUD�.��)XMLVKLUR�.��&RUUHODWLRQ�RI�XOWUDVRXQG�PHDVXUHG�FRPPRQ�FDURWLG�DUWHU\�VWLIIQHVV�ZLWK�SDWKRORJLFDO�ILQGLQJV��

$UWHULRVFOHU�7KURPE�������������������
��� +LUDL�7��6DVD\DPD�6��.DZDVDNL�7��HW�DO��6WLIIQHVV�RI�V\VWHPLF�DUWHULHV�LQ�SDWLHQWV�ZLWK�P\RFDUGLDO�LQIDUFWLRQ��D�QRQLQYDVLYH�PHWKRG�WR�

SUHGLFW�VHYHULW\�RI�FRURQDU\�DWKHURVFOHURVLV��&LUFXODWLRQ�����������������
��� /HXQJ�:+��6DQGHUV�:��$OGHUPDQ�(/��&RURQDU\�DUWHU\�TXDQWLWDWLRQ�DQG�GDWD�PDQDJHPHQW�V\VWHP�IRU�SDLUHG�FLQHDQJLRJUDPV��&DWKHW�

&DUGLRYDVF�'LDJQ�������������������
��� 5HLEHU�-+&��YRQ�/DQG�&'��.RQLQJ�*��HW�DO��&RPSDULVRQ�RI�DFFXUDF\�DQG�SUHFLVLRQ�RI�TXDQWLWDWLYH�FRURQDU\�DUWHULDO�DQDO\VLV�EHWZHHQ�

FLQHILOP�DQG�GLJLWDO�V\VWHPV��,Q�3URJUHVV�LQ�TXDQWLWDWLYH�FRURQDU\�DUWHULRJUDSK\��HGV�5HLEHU�-+&�DQG�6HUUX\V�3:��.OXZHU�$FDGHPLF�
3XEOLVKHUV��'RUGUHFKW��7KH�1HWKHUODQGV���������������

��� 5HLEHU�-+&��6FKLHPDQFN�/5��YDQ�GHU�=ZHW�30-��HW�DO��6WDWH�RI�WKH�DUW�LQ�TXDQWLWDWLYH�FRURQDU\�DUWHULRJUDSK\�DV�RI�������,Q�
&DUGLRYDVFXODU�LPDJLQJ��HGV�5HLEHU�-+&�DQG�YDQ�GHU�:DOO�((��.OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW��7KH�1HWKHUODQGV���������������

��� ([SHUW�3DQHO�RQ�'HWHFWLRQ�(��DQG�7UHDWPHQW�RI�+LJK�%ORRG�&KROHVWHURO�LQ�$GXOWV��([HFXWLYH�6XPPDU\�RI�WKH�7KLUG�5HSRUW�RI�WKH�1DWLRQDO�
&KROHVWHURO�(GXFDWLRQ�3URJUDP��1&(3��([SHUW�3DQHO�RQ�'HWHFWLRQ��(YDOXDWLRQ��DQG�7UHDWPHQW�RI�+LJK�%ORRG�&KROHVWHURO�LQ�$GXOWV�
�$GXOW�7UHDWPHQW�3DQHO�,,,���-$0$��������������������

��� /OR\G�-RQHV�'0��2
'RQQHOO�&-��G
$JRVWLQR�5%��HW�DO��$SSOLFDELOLW\�RI�FKROHVWHURO�ORZHULQJ�SULPDU\�SUHYHQWLRQ�WULDOV�WR�D�JHQHUDO�
SRSXODWLRQ��WKH�)UDPLQJKDP�+HDUW�6WXG\��$UFK�,QWHUQ�0HG��������������������

��� 'RZQV�-5��&OHDUILHOG�0��:HLV�6��HW�DO��3ULPDU\�SUHYHQWLRQ�RI�DFXWH�FRURQDU\�HYHQWV�ZLWK�ORYDVWDWLQ�LQ�PHQ�DQG�ZRPHQ�ZLWK�DYHUDJH�
FKROHVWHURO�OHYHOV��-$0$����������������������

��� 5LGNHU�30��5LIDL�1��&OHDUILHOG�0��HW�DO��0HDVXUHPHQW�RI�&�UHDFWLYH�SURWHLQ�IRU�WKH�WDUJHWLQJ�RI�VWDWLQ�WKHUDS\�LQ�WKH�SULPDU\�SUHYHQWLRQ�RI�
DFXWH�FRURQDU\�HYHQWV��1�(QJO�-�0HG����������������������

��� 5LGNHU�30��0DQVRQ�-(��%XULQJ�-(��HW�DO��+RPRF\VWHLQH�DQG�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH�DPRQJ�SRVWPHQRSDXVDO�ZRPHQ��-$0$�
���������������������

��� 1\JDUG�2��1RUGUHKDXJ�-(��5HIVXP�+��HW�DO��3ODVPD�KRPRF\VWHLQH�OHYHOV�DQG�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�FRURQDU\�DUWHU\�GLVHDVH��1�(QJO�-�
0HG��������������������

��� 6WDPSIHU�0-��.UDXVV�50��0D�-��HW�DO��$�SURVSHFWLYH�VWXG\�RI�WULJO\FHULGH�OHYHO��ORZ�GHQVLW\�OLSRSURWHLQ�SDUWLFOH�GLDPHWHU��DQG�ULVN�RI�
P\RFDUGLDO�LQIDUFWLRQ��-$0$��������������������

��� *DUGQHU�&'��)RUWPDQQ�63��.UDXVV�50��$VVRFLDWLRQ�RI�VPDOO�ORZ�GHQVLW\�OLSRSURWHLQ�SDUWLFOHV�ZLWK�WKH�LQFLGHQFH�RI�FRURQDU\�DUWHU\�
GLVHDVH�LQ�PHQ�DQG�ZRPHQ��-$0$��������������������

��� :H[OHU�/��%UXQGDJH�%+��&URXVH�-��HW�DO��&RURQDU\�DUWHU\�FDOFLILFDWLRQ��3DWKRSK\VLRORJ\��HSLGHPLRORJ\��LPDJLQJ�PHWKRGV�DQG�FOLQLFDO�
LPSOLFDWLRQV��D�VWDWHPHQW�IRU�KHDOWK�SURIHVVLRQDOV�IURP�WKH�$PHULFDQ�+HDUW�$VVRFLDWLRQ��&LUFXODWLRQ���������������������

��� %XGRII�0-��*HRUJLRX�'��%URG\�$��HW�DO��8OWUDIDVW�FRPSXWHG�WRPRJUDSK\�DV�D�GLDJQRVWLF�PRGDOLW\�LQ�WKH�GHWHFWLRQ�RI�FRURQDU\�GLVHDVH��D�
PXOWLFHQWHU�VWXG\��&LUFXODWLRQ�������������������

��� 2
/HDU\�'+��3RODN�-)��.URQPDO�5$��HW�DO��&DURWLG�DUWHU\�LQWLPD�DQG�PHGLD�WKLFNQHVV�DV�D�ULVN�IDFWRU�IRU�P\RFDUGLDO�LQIDUFWLRQ�DQG�VWURNH�
LQ�ROGHU�DGXOWV��1�(QJO�-�0HG������������������

��� 6WURQJ�-3��0DOFRP�*7��0F0DKDQ�&$��HW�DO��3UHYDOHQFH�DQG�H[WHQW�RI�DWKHURVFOHURVLV�LQ�DGROHVFHQWV�DQG�\RXQJ�DGXOWV��LPSOLFDWLRQV�IRU�
SUHYHQWLRQ�IURP�WKH�3DWKRELRORJLFDO�'HWHUPLQDQWV�RI�$WKHURVFOHURVLV�LQ�<RXWK�VWXG\��-$0$��������������������

��� /HY\�'��*DUULVRQ�5-��6DYDJH�''��HW�DO��3URJQRVWLF�LPSOLFDWLRQV�RI�HFKRFDUGLRJUDSKLFDOO\�GHWHUPLQHG�OHIW�YHQWULFXODU�PDVV�LQ�WKH�
)UDPLQJKDP�+HDUW�6WXG\��1�(QJO�-�0HG���������������������

$FNQRZOHGJHPHQWV�

:H�WKDQN�0XKDPPHG�$VKUDI��0'��IRU�UHFUXLWLQJ�SDWLHQWV�DW�WKH�0LDPL�VLWH�DQG�+HQU\�7��%DKQVRQ�IRU�OLWHUDWXUH�UHYLHZ�DQG�UHVHDUFK��

)XQGLQJ�,QIRUPDWLRQ�

6XSSRUWHG�LQ�SDUW�E\�D�JUDQW�IURP�9DVRFRU��,QF��&KDUOHVWRQ��6&��

5HSULQW�$GGUHVV�

'DYLG�0��+HUULQJWRQ��0'��0+6��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�&DUGLRORJ\��:DNH�)RUHVW�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0HGLFDO�&HQWHU�%OYG��
:LQVWRQ�6DOHP��1&�������������86$���(PDLO��GKHUULQJ#ZIXEPF�HGX�

�
�
'DYLG�0��+HUULQJWRQ��0'��0+6�D�.DUHQ�.HVOHU��3K'�E�-�+�&��5HLEHU��3K'�F�:DUUHQ�'DYLV��0'�G�:��9LUJLO�%URZQ��0'�G�5RQDOG�+HOPV��
3K'�E�6WHSKHQ�0��0DOORQ��0'�H�DQG�-HIIUH\�5DLQHV��3K'H�
�
D'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�&DUGLRORJ\��:DNH�)RUHVW�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��:LQVWRQ�6DOHP��1&��86$��E5KR��,QF��&KDSHO�+LOO��1&��
86$��F'HSDUWPHQW�RI�5DGLRORJ\��/HLGHQ�8QLYHUVLW\�0HGLFDO�&HQWHU��/HLGHQ��7KH�1HWKHUODQGV��G'LYLVLRQ�RI�$WKHURVFOHURVLV�DQG�/LSLG�0HWDEROLVP��



(PRU\�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$WODQWD��*D��86$��H&DUGLDF�&DWKHWHUL]DWLRQ�/DERUDWRU\��8QLYHUVLW\�RI�0LDPL�-DFNVRQ�0HPRULDO�+RVSLWDO��
0LDPL��)OD��86$��


