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6DPHQYDWWLQJ
'LW� UDSSRUW� JHHIW�HHQ�RYHU]LFKW� YDQ�GH� DFWXHOH�SUHYDOHQWLH�YDQ� DOOHUJLVFKH� DDQGRHQLQJHQ� HQODDW� ]LHQ� GDW� DOOHUJLH� HHQ� EHODQJULMNH� ULVLFRIDFWRU� LV� YDQ� DVWPD�� 2YHUJHYRHOLJKHLG� YRRUDOOHUJHQHQ�� LQ� KHW� ELM]RQGHU� KXLVVWRIPLMW�� LV� JHDVVRFLHHUG�PHW� HHQ� YHUKRRJG� ULVLFR� YRRU� GHODWHUH�RQWZLNNHOLQJ�YDQ�DVWPD��'DDUQDDVW�JHHIW�KHW�UDSSRUW�HHQ�RYHU]LFKW�YDQ�GH�YHUVFKLOOHQGHGHWHUPLQDQWHQ� YDQ� DWRSLVFKH� ]LHNWHEHHOGHQ�� ]RDOV� JHQHWLVFKH�� RPJHYLQJV�� HQ� OHHIVWLMOIDFWRUHQ��7RW�VORW�ZRUGW�HHQ�DDQWDO�ELRPDUNHUV�JHSUHVHQWHHUG��GLH�JHEUXLNW�NXQQHQ�ZRUGHQ�GHLQFLGHQWLH� YDQ� UHHGV� RQWZLNNHOGH� DWRSLVFKH� ]LHNWHV� YHUGHU� WH� RQGHU]RHNHQ� LQHSLGHPLRORJLVFKH� VWXGLHV�� 'H� DIJHORSHQ� ��� WRW� ��� MDDU� LV� GH� SUHYDOHQWLH� YDQ� DVWPD� PHWRQJHYHHU� ���� SHU� WLHQ� MDDU� WRHJHQRPHQ�� ,Q� GH]HOIGH� SHULRGH� QDP� GH� SUHYDOHQWLH� YDQKRRLNRRUWV�HYHQHHQV�VQHO�WRH��'H�JHQHWLVFKH�DFKWHUJURQG�VSHHOW�HHQ�EHODQJULMNH�URO�ELM�DWRSLH�DDQJH]LHQ�KHW� ULVLFR�RP�DWRSLVFK� WH� ]LMQ����� LV� DOV� HHQ�YDQ�GH�RXGHUV� DWRSLVFK� LV�� HQ����LQGLHQ�EHLGH�RXGHUV� DWRSLVFK� ]LMQ��2PJHYLQJV�� HQ� OHHIVWLMOIDFWRUHQ�� ]RDOV� LQIHFWLHV� RS� MRQJHOHHIWLMG� HQ� EORRWVWHOOLQJ� DDQ� OXFKWYHURQWUHLQLJLQJ� NXQQHQ� JHGHHOWHOLMN� YHUDQWZRRUGHOLMN� ]LMQYRRU�GH�ZDDUJHQRPHQ�VWLMJLQJ�LQ�GH�SUHYDOHQWLH�YDQ�DOOHUJLVFKH�DDQGRHQLQJHQ�,Q� 1HGHUODQG� LV� GH� SUHYDOHQWLH� HQ� GH� LQFLGHQWLH� YRRU� DVWPD� LQ� NLQGHUHQ� HQ� YROZDVVHQHQRQJHYHHU� JHOLMN� PHW� DQGHUH� ZHVWHUVH� (XURSHVH� ODQGHQ�� ZDDUELM� GH� SUHYDOHQWLH� YDQ� DOOHUJLHYRRU�OXFKWZHJDOOHUJHQHQ�LQ�NLQGHUHQ�WXVVHQ���HQ����MDDU�LQPLGGHOV�LV�JHVWHJHQ�QDDU�����2S�RPJHYLQJV��HQ� OHHIVWLMOIDFWRUHQ�]LMQ� LQ�SULQFLSH� LQWHUYHQWLHV� WH�SOHJHQ��+HW� LV�HFKWHU�YDQEHODQJ�RP�GH�DDQOHJ�YDQ�HHQ�NLQG�RP�RYHUJHYRHOLJ�WH�ZRUGHQ�LQ�GH�YURHJH�IDVH�YDQ�]LMQ�RIKDDU� OHYHQ� WH� YRRUVSHOOHQ�� RPGDW� SUHYHQWLHYH� PDDWUHJHOHQ� PLQGHU� HIIHFWLHI� ]LMQ� QDGDW� GHVHQVLELOLVDWLH�UHHGV�LV�RSJHWUHGHQ��'LW�LOOXVWUHHUW�GXLGHOLMN�GH�KRJH�EHKRHIWH�DDQ�µPDUNHUV¶��GLHKHW�KRJH�ULVLFR�RS�WRHNRPVWLJH�VHQVLELOLVDWLH�LQ�MRQJH�NLQGHUHQ�RS�EHWURXZEDUH�ZLM]H�NXQQHQYRRUVSHOOHQ�� 2QODQJV� NZDPHQ� ZH� QDDU� DDQOHLGLQJ� YDQ� UHVXOWDWHQ� XLW� HHQ� FURVV�VHFWLRQHOHHSLGHPLRORJLVFKH�VWXGLH�WRW�GH�FRQFOXVLH��GDW�HHQ�UHODWLHI�KRJH�FRQFHQWUDWLH�DDQ�XLWJHDGHPG12�RS�MRQJH�OHHIWLMG�YDQ�YRRUVSHOOHQGH�ZDDUGH�]RX�NXQQHQ�]LMQ�YRRU�HHQ�ULVLFR�YRRU�DOOHUJLHRS� ODWHUH� OHHIWLMG�� 'H]H� ZDDUQHPLQJ� GLHQW� WH� ZRUGHQ� EHYHVWLJG� LQ� HHQ� ORQJLWXGLQDOHHSLGHPLRORJLVFKH�VWXGLH�
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6XPPDU\
7KH�SUHVHQW�UHSRUW�UHYLHZV�WKH�DFWXDO�SUHYDOHQFH�RI�DOOHUJLF�GLVHDVHV�DQG�RXWOLQHV�WKDW�DOOHUJ\LV�DQ�LPSRUWDQW�ULVN�IDFWRU�IRU�DVWKPD��+\SHUVHQVLWLYLW\�WR�DOOHUJHQV��LQ�SDUWLFXODU�KRXVH�GXVWPLWH�� LV� DVVRFLDWHG�ZLWK� DQ� LQFUHDVHG� ULVN� IRU� ODWHU�GHYHORSPHQW�RI� DVWKPD�� ,Q� DGGLWLRQ�� WKHUHSRUW� JLYHV� DQ� RYHUYLHZ� RI� WKH� YDULRXV� GHWHUPLQDQWV� RI� DWRSLF� GLVHDVHV�� VXFK� DV� JHQHWLF�HQYLURQPHQWDO�DQG�OLIHVW\OH�IDFWRUV��)LQDOO\��D�QXPEHU�RI�ELRPDUNHUV�LV�SUHVHQWHG�ZKLFK�FDQEH�DSSOLHG�WR�IXUWKHU�LQYHVWLJDWH�LQ�HSLGHPLRORJLFDO�VWXGLHV�WKH�LQFLGHQFH�RI�HVWDEOLVKHG�DWRSLFGLVHDVHV��2YHU�WKH�SDVW����WR����\HDUV�WKH�SUHYDOHQFH�RI�DVWKPD�KDV�LQFUHDVHG�E\�VRPH����HYHU\� WHQ� \HDUV�� ,Q� WKH� VDPH� SHULRG� WKH� SUHYDOHQFH� RI� KD\� IHYHU� KDV� LQFUHDVHG� UDSLGO\�*HQHWLFV�SOD\�DQ�LPSRUWDQW�UROH�LQ�DWRS\��FRQVLGHULQJ�WKDW�WKH�ULVN�WR�EH�DWRSLF�LV�����LI�RQHSDUHQW� LV�DWRSLF�DQG�����ZKHQ�ERWK�SDUHQWV�DUH�DWRSLF��(QYLURQPHQWDO�DQG� OLIHVW\OH� IDFWRUVVXFK�DV�FKLOGKRRG� LQIHFWLRQV�DQG�H[SRVXUH� WR�DLU�SROOXWLRQ��PD\�EH�SDUWLDOO\� UHVSRQVLEOH� IRUWKH�REVHUYHG�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�DOOHUJLF�GLVHDVH�,Q�WKH�1HWKHUODQGV��WKH�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�DVWKPD�LQ�FKLOGUHQ�DQG�DGXOWV�VHHPV�WREH�VLPLODU�FRPSDUHG�WR�RWKHU�:HVWHUQ�(XURSHDQ�FRXQWULHV��E\�ZKLFK�WKH�SUHYDOHQFH�RI�DOOHUJ\WR�DHURDOOHUJHQV� LQ�FKLOGUHQ� DJHG��� WR���� \HDUV�KDV� UHFHQWO\�EHHQ� VKRZQ� WR�EH� LQFUHDVHG� WR����(QYLURQPHQWDO�DQG�OLIHVW\OH�IDFWRUV�DUH�LQ�SULQFLSOH�VXEMHFW�WR�LQWHUYHQWLRQ��EXW�LW�LV�LPSRUWDQWWR�SUHGLFW�LQ�WKH�HDUO\�VWDJH�RI�LWV�OLIH�WKDW�D�FKLOG�LV�SURQH�WR�EHFRPH�K\SHUVHQVLWLYH��EHFDXVHSUHYHQWLYH�PHDVXUHV� DUH� OHVV� HIILFLHQW� DIWHU� VHQVLWLVDWLRQ� KDV� EHFRPH� DSSDUHQW�� 7KLV� FOHDUO\LOOXVWUDWHV�WKH�XUJHQW�QHHG�IRU�PDUNHUV�WKDW�UHOLDEO\�SUHGLFW�D�KLJK�ULVN�IRU�IXWXUH�VHQVLWLVDWLRQLQ�\RXQJ�FKLOGUHQ��5HFHQWO\��ZH�FRQFOXGHG�IURP�D�FURVV�VHFWLRQDO�HSLGHPLRORJLFDO�VWXG\�WKDWD UHODWLYHO\� KLJK� OHYHO� RI� H[KDOHG� 12� DW� \RXQJ� DJH� PLJKW� EH� D� VXLWDEOH� SUHGLFWRU� RI� DQLQFUHDVHG� ULVN� WR� GHYHORS� DOOHUJ\� ODWHU� LQ� OLIH�� 7KLV� REVHUYDWLRQ� QHHGV� FRQILUPDWLRQ� LQ� DORQJLWXGLQDO�HSLGHPLRORJLFDO�VWXG\�
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���,QWURGXFWLRQ
����7LPH�WUHQGV�RI�DOOHUJLF�GLVHDVH
%HWZHHQ�����DQG�����PLOOLRQ�SHRSOH�DURXQG�WKH�JOREH�VXIIHU�IURP�DVWKPD�DQG�WKLV�QXPEHU�LVVWLOO�ULVLQJ�>�@��:RUOG�ZLGH��GHDWKV�IURP�WKLV�FRQGLWLRQ�KDYH�UHDFKHG�QXPEHUV�RI�RYHU��������DQQXDOO\�>�@��([SHUWV�DUH�VWUXJJOLQJ�WR�XQGHUVWDQG�ZK\�WKH�ZRUOG�ZLGH�SUHYDOHQFH�UDWHV�DUH�RQ� DYHUDJH�� ULVLQJ� E\� ���� HYHU\� GHFDGH�� 6LPLODUO\� WKH� SUHYDOHQFH� RI� KD\� IHYHU� LQFUHDVHGUDSLGO\�RYHU� WKH�SDVW�GHFDGHV�DQG�LV�VWLOO� LQFUHDVLQJ�� ,W� LV�HVWLPDWHG�WKDW�URXJKO\�����RI�WKHSRSXODWLRQ�LV�QRZ�DWRSLF�>�@�
����'HILQLWLRQV�XVHG
$WRS\�LV�D�JHQHWLFDOO\�GHWHUPLQHG�FRQGLWLRQ�RI�LQGLYLGXDOV�WKDW�PDNHV�WKHP�SURQH�WR�GHYHORSDOOHUJ\��$WRS\�GRHV��KRZHYHU��QRW�QHFHVVDULO\�LPSO\�WKH�SUHVHQFH�RI�V\PSWRPV�EXW�DQ�DWRSLFFRQVWLWXWLRQ� LV� VWURQJO\� DVVRFLDWHG� ZLWK� DOOHUJLF� GLVHDVH� VXFK� DV� DVWKPD�� KD\� IHYHU� DQGHF]HPD�� ,Q� WKLV� FRQWH[W�� DOOHUJ\� UHIHUV� WR� WKH� LPPHGLDWH� �W\SH� ,�� ,J(�PHGLDWHG�K\SHUVHQVLWLYLW\�WR�HQYLURQPHQWDO�DQWLJHQV��$VWKPD�LV�GHILQHG�DV�D�FOLQLFDO�V\QGURPH�WKDW� LVFKDUDFWHULVHG� E\� DLUZD\� LQIODPPDWLRQ�� YDULDELOLW\� RI� OXQJ� IXQFWLRQ� DQG� DLUZD\VUHVSRQVLYHQHVV��%URQFKLDO� DVWKPD�ZLWK�RU�ZLWKRXW� DOOHUJ\�RU� DWRS\� FDQ�EH�GLVWLQJXLVKHG�E\,J(�DQWLERGLHV�WR�DOOHUJHQV�
����0DUNHUV�RI�DOOHUJLF�GLVHDVH
$ SRVLWLYH� VNLQ� SULFN� WHVW� WR� KRXVH� GXVW� PLWH� RU� LQFUHDVHG� VSHFLILF� ,J(� WLWUHV� LQGLFDWH� WKHSUHVHQFH�RI�W\SH� ,�K\SHUVHQVLWLYLW\�ZKLFK�UHSUHVHQWV�DQ�LQFUHDVHG�ULVN�IRU� ODWHU�GHYHORSPHQWRI�DVWKPD��$V�VXFK�FOLQLFDO�DVVHVVPHQW�RI�W\SH�,�K\SHUVHQVLWLYLW\�FDQ�SUHGLFW�ZKHWKHU�D�FKLOGLV�DW�ULVN�WR�GHYHORS�DVWKPD��7KLV�FOHDUO\�LOOXVWUDWHV�WKH�XUJHQW�QHHG�IRU�D�UHOLDEOH�PDUNHU�WKDWSUHGLFWV�LQ�D�FKLOG�DQ�LQFUHDVHG�ULVN�IRU�IXWXUH�VHQVLWLVDWLRQ�
5HFHQWO\��ZH�PHDVXUHG� H[KDOHG�12� LQ� YDULRXV� JURXSV� RI� VFKRRO� FKLOGUHQ��2XU� SUHOLPLQDU\UHVXOWV�IURP�D�FURVV�VHFWLRQDO�VWXG\�LQ���������VFKRRO�FKLOGUHQ��DJHG������\HDUV��VKRZHG�WKDW����RI�WKH�FKLOGUHQ�H[KDOLQJ�D�KLJK�FRQFHQWUDWLRQ�RI�12�ZHUH�DOOHUJLF��SRVLWLYH�VNLQ�WHVW�RUVSHFLILF�DQWLERGLHV�WR�DOOHUJHQV�
����6FRSH�RI�WKH�SUHVHQW�UHYLHZ
7KH�SXUSRVH�RI�WKH�SUHVHQW�SDSHU�LV�WR�GHVFULEH�ULVLQJ�WUHQGV�LQ�WKH�SUHYDOHQFH�RI�DVWKPD�DQGDOOHUJ\� DQG� QRW� WR� UHYLHZ� HSLGHPLRORJ\� RI� DOOHUJLF� GLVHDVHV� LQ� IXOO� GHSWK�� /LNH� WKH� RWKHUUHYLHZV�FRYHULQJ�WKLV�WRSLF��WKLV�VXUYH\�LV�KLQGHUHG�E\�PHWKRGRORJLFDO�SUREOHPV�LQ�GHILQLQJFKLOGKRRG� DVWKPD� DQG� ZKHH]LQJ� LOOQHVVHV� >�@� ZKLFK� PD\� SDUWO\� H[SODLQ� WKH� ZRUOG�ZLGHYDULDWLRQ� LQ� WKH� SUHYDOHQFH� RI� FKLOGKRRG� DVWKPD� DQG� DOOHUJLF� FRQGLWLRQV�� 7KH� GLVFXVVLRQUHPDLQV�RSHQ�ZKHWKHU� WR�XVH�V\PSWRPV�RI�DVWKPD�VXFK�DV�ZKHH]H�RU�VKRUWQHVV�RI�EUHDWK��DGRFWRU
V� GLDJQRVLV� RI� DVWKPD�� RU� VRPH� FRPELQDWLRQ� RI� V\PSWRPV� DQG� DLUZD\� K\SHU�UHVSRQVLYHQHVV� WR�HVWLPDWH� WKH�SUHYDOHQFH�RI� WKLV�GLVHDVH��)RU� LQVWDQFH�� VWXGLHV� WKDW�XVH� WKHSUHVHQFH� RI� ZKHH]LQJ� DV� DQ� LQGLFDWRU� RI� DVWKPD� PD\� RYHUHVWLPDWH� WKH� SUHYDOHQFH� RI� WKHGLVHDVH�EHFDXVH�RI�WKH�SRRU�VSHFLILFLW\�RI�ZKHH]LQJ�V\PSWRPV�IRU�DVWKPD��1RWH�WKDW�LQ�VRPH
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ODQJXDJHV� WKHUH� LV� QR� WHUP� IRU� 
ZKHH]H
� >�@�� ,W� LV� HYLGHQW� WKDW� VXFK� GLIIHUHQFHV� LQ� VFLHQWLILFGHVLJQV�WURXEOHV�FRPSDULVRQ�RI�WKH�PDQ\�UHSRUWV�DYDLODEOH�RQ�WKLV�LWHP�
)XUWKHUPRUH�� ZH� GLVFXVV� WKH� 7� KHOSHU� EDODQFH� DV� D� WKHRUHWLFDO� EDVLV� IRU� DWRS\�� ZH� JLYHLQIRUPDWLRQ� DERXW� WKH� JHQHWLF� EDFNJURXQG� RI� DWRS\� DQG� UHYLHZ� ULVN� IDFWRUV� RI� DWRSLFGLVRUGHUV�
)LQDOO\��ZH� GLVFXVV� HDUO\� ELRPDUNHUV� RI� DOOHUJLF� GLVRUGHUV� LQ� FKLOGUHQ� LQFOXGLQJ� D� SRWHQWLDOSUHGLFWRU�RI�DQ�LQFUHDVHG�ULVN�WR�GHYHORS�DOOHUJ\�ODWHU�LQ�OLIH�
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���3UHYDOHQFH�RI�DVWKPD*
0DUNHG�UHJLRQDO�YDULDWLRQ�LQ�WKH�SUHYDOHQFH�RI�DVWKPD�H[LVWV��)RU�H[DPSOH�D�UHODWLYHO\�KLJKSUHYDOHQFH�LV�REVHUYHG�LQ�(QJOLVK�VSHDNLQJ�FRXQWULHV��,Q�8�6��WKH�SUHYDOHQFH�LQFUHDVHG�IURP�����LQ������WR������LQ�������&RPELQHG�SUHYDOHQFH�RI�GLDJQRVHG�DQG�XQGLDJQRVHG�DVWKPDDPRQJ� LQQHU� FLW\� FKLOGUHQ�ZHUH��������DW��� WR� ��� \HDUV� RI� DJH� LQ�'HWURLW� DQG�6DQ�'LHJR�$QQXDO� +HDOWK� ,QWHUYLHZ� 6XUYH\V� KDYH� GLVFORVHG� LQFUHDVHV� LQ� VHOI�UHSRUWHG� SUHYDOHQFH� RIDVWKPD�LQ�WKH�8QLWHG�6WDWHV�IURP������SHU�������LQ������WR������LQ���������>���@��5DWHV�KDYHEHHQ�KLJKHU�IRU�EODFNV�WKDQ�ZKLWHV��LQFUHDVLQJ�IURP������SHU�������LQ������IRU�EODFNV�WR�����LQ������������FRPSDUHG�ZLWK� LQFUHDVHV� IRU�ZKLWHV� IURP������ WR������� ,QFUHDVHV� DFURVV� WLPHKDYH� RFFXUUHG� LQ� DOO� DJH� JURXSV�� EXW� WKH� JUHDWHVW� SURSRUWLRQDWH� LQFUHDVH� KDV� RFFXUUHG� LQFKLOGUHQ�OHVV�WKDQ���\HDUV�RI�DJH�ZLWK�D������LQFUHDVH�IURP������SHU�������LQ������WR������LQ����������>�@��)RU�FKLOGUHQ���WR����\HDUV�RI�DJH��SUHYDOHQFH�LQFUHDVHG�IURP������SHU�������LQ�����WR������LQ������������DQ�LQFUHDVH�RI������,QFUHDVHV�LQ�SUHYDOHQFH�RFFXUUHG�LQ�DOO�IRXUUHJLRQV�RI�WKH�FRXQWU\�
$FFRUGLQJ� WR� WKH� 8&%� ,QVWLWXWH� RI� $OOHUJ\� LQ� %HOJLXP�� ZKLFK� UHFHQWO\� UHYLHZHG� WKHSUHYDOHQFH�RI�DOOHUJLF�GLVHDVH��DVWKPD�KDV�GRXEOHG�LQ�WHQ�\HDUV�LQ�:HVWHUQ�(XURSH�DV�D�ZKROH>�@��$URXQG����RI�WKH�6ZLVV�SRSXODWLRQ�VXIIHUV�IURP�DVWKPD�QRZ�DV�DJDLQVW�RQO\����VRPH������ \HDUV� DJR� >�@�� ,Q�*HUPDQ\�� WKHUH� DUH� DQ� HVWLPDWHG� ��PLOOLRQ� DVWKPDWLFV�� DQG� LQ� 7KH1HWKHUODQGV�WKH�HVWLPDWHG�QXPEHU�RI�DVWKPDWLFV�LV�����PLOOLRQ�>�@��,Q�WKH�1HWKHUODQGV��UHFHQWILJXUHV� RQ� WKH� SUHYDOHQFH� DQG� LQFLGHQFH� RI� DVWKPD� FDQ� EH� GHULYHG� IURP� WKUHH� VWXGLHV��2QHVWXG\�IURP������XVHG�GRFWRU�GLDJQRVHG�DVWKPD�ZKLOH�WKH�RWKHU� WZR�VWXGLHV��IURP������DQG������ VFRUHG� DVWKPD� V\PSWRPV� LQ� DQ� HSLGHPLRORJLFDO� SRSXODWLRQ�EDVHG� VWXG\� YLDTXHVWLRQQDLUHV��%DVHG� RQ� GRFWRU� GLDJQRVHG� DVWKPD� WKH� SUHYDOHQFH� DQG� LQFLGHQFH�ZDV� ����DQG ������ UHVSHFWLYHO\�� ZKLOH� WKH� SUHYDOHQFH� IRU� DVWKPD� DV� DVVHVVHG� E\� TXHVWLRQDLUHV� ZDVDERXW�����>�@�
,Q�(QJOLVK�VSHDNLQJ�FRXQWULHV� WKH� LQFLGHQFH�RI�DOOHUJLF�GLVHDVHV�DSSHDUV� WR�EH�PXFK�KLJKHU�)RU� H[DPSOH� LQ� WKH� 8�.�� WKH� SUHYDOHQFH� RI� GLDJQRVHG� DVWKPD� DQG� V\PSWRPV� VWURQJO\VXJJHVWLYH�RI�DVWKPD�LQ�FKLOGUHQ�KDV�LQFUHDVHG�GXULQJ�WKH�ODVW�GHFDGHV�DW�D�UDWH�RI����D�\HDU>�@�� ,Q� (QJODQG� DJDLQ�� %XUU� DQG� FROOHDJXHV� >�@� UHSHDWHG� H[HUFLVH� SURYRFDWLRQ� WHVWV� LQVFKRROFKLOGUHQ� LQ������DQG�������7KH\� UHSRUWHG� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH�SUHYDOHQFH�RIZKHH]H� DQG� KLVWRU\� RI� DVWKPD� DV�ZHOO� DV� D� GRXEOLQJ� LQ� WKH� SUHYDOHQFH� RI� EURQFKLDO� K\SHU�UHVSRQVLYHQHVV� RYHU� WKLV� WLPH� SHULRG��2YHUDOO�� WKH� UHVXOWV� RI� WKH� H[HUFLVH� SURYRFDWLRQ� WHVWVVXJJHVWHG�WKDW�ERWK�PLOG�DQG�VHYHUH�DVWKPD�KDG�EHFRPH�PRUH�FRPPRQ��,QFUHDVHV�RI�D�VLPLODUPDJQLWXGH� KDYH� EHHQ� REVHUYHG� LQ� 6ZHGHQ�� $XVWUDOLD�� 6ZLW]HUODQG�� 1RUZD\�� 8�6��� 1HZ=HDODQG� DQG� 7DLSHL� >�@�� ,Q� -DSDQ� WKHUH� DUH� DERXW� �� PLOOLRQ� DVWKPDWLFV� RI� ZKRP� ��� KDYHVHYHUH�DQG�����KDYH�PRGHUDWH�DVWKPD�DQG�LQ�$XVWUDOLD������RI�WKH�FKLOGUHQ�XQGHU�WKH�DJH�RI���LV�DIIHFWHG�>�@��7KH�VXUYH\V�E\�3HDW�DQG�FROOHDJXHV�LQ�$XVWUDOLD�>�@�VKRZHG�WKDW��EHVLGHV�DGRXEOLQJ� LQ� WKH� SUHYDOHQFH� RI�ZKHH]H� LQ� WKH� SDVW� ���PRQWKV�� DLUZD\� K\SHU�UHVSRQVLYHQHVVLQFUHDVHG�����WR���IROG�LQ������\HDU�ROG�VFKRROFKLOGUHQ�RYHU�WKH�\HDUV���������

* 7KH�SDUDJUDSKV�RQ�SUHYDOHQFHV�DQG�DWRS\�DV�ULVN�IDFWRU�DUH�PDLQO\�EDVHG�RQ�UHYLHZV�E\�3URI��YRQ�0XWLXV��7KH�ULVLQJ�WUHQGVLQ�DVWKPD�DQG�DOOHUJLF�GLVHDVH��&OLQ��([S��$OOHUJ\�����VXSSO�����������������DQG�'U��6O\��&KDQJLQJ�SUHYDOHQFH�RI�DOOHUJLFUKLQLWLV�DQG�DVWKPD��$QQ��$OOHUJ\�$VWKPD�,PPXQRO���������������������
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,Q�GHYHORSLQJ�FRXQWULHV�WKH�LQFLGHQFH�RI�WKH�GLVHDVH�YDULHV�JUHDWO\��,QGLD�KDV�DQ�HVWLPDWHG�������PLOOLRQ�DVWKPDWLFV��URXJK�HVWLPDWHV�LQGLFDWH�D�SUHYDOHQFH�RI�EHWZHHQ�����DQG�����LQ������\HDU�ROG�FKLOGUHQ���LQ�WKH�:HVWHUQ�3DFLILF�5HJLRQ�RI�:+2��WKH�LQFLGHQFH�YDULHV�IURP�RYHU����DPRQJ�FKLOGUHQ�LQ�WKH�&DUROLQH�,VODQGV�WR�YLUWXDOO\�]HUR�LQ�3DSXD�1HZ�*XLQHD��,Q�%UD]LO�&RVWD�5LFD��3DQDPD��3HUX�DQG�8UXJXD\��SUHYDOHQFH�RI�DVWKPD�V\PSWRPV� LQ�FKLOGUHQ�YDULHVIURP ���� WR� ����� ,Q� .HQ\D�� LW� DSSURDFKHV� ���� >�@�� 9DQ� 1LHNHUN� DQG� FR�ZRUNHUV� >�@DVVHVVHG�EURQFKLDO�UHVSRQVLYHQHVV�WR�H[HUFLVH�FKDOOHQJH�WHVWV�LQ�����\HDU�ROG�EODFN�FKLOGUHQ�LQDQ XUEDQ� DQG� UXUDO� DUHD� LQ�6RXWK�$IULFD�� ,Q� WKH� XUEDQ� SRSXODWLRQ� WKH� SUHYDOHQFH� RI� DLUZD\K\SHU�UHVSRQVLYHQHVV� ZDV� ������ ZKHUHDV� DPRQJ� ���� FKLOGUHQ� LQ� UXUDO� 7UDQVNHL� RQO\� RQHVXEMHFW�KDG�D�VLJQLILFDQW�GURS�LQ�)(9� DIWHU�H[HUFLVH�FKDOOHQJH�
,W�LV�FRQFOXGHG�WKDW��GHVSLWH�WKH�XVH�RI�GLIIHUHQW�GHILQLWLRQV�RI�WKH�GLVHDVH�DQG�GLIIHUHQW�VWXG\GHVLJQV��PRVW�VWXGLHV�FRQFOXGH�WKDW�WKH�SUHYDOHQFH�RI�FKLOGKRRG�DVWKPD�KDV�UDSLGO\�LQFUHDVHGGXULQJ�WKH�ODVW�GHFDGHV�
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���3UHYDOHQFH�RI�DOOHUJ\*
0RVW� RI� WKH� VXUYH\V� WKDW� KDYH� VKRZQ� LQFUHDVHG� SUHYDOHQFH� RI� DVWKPD� KDYH� DOVR� VKRZQLQFUHDVHG�SUHYDOHQFH�RI�RWKHU� DOOHUJLF�GLVHDVHV�� VXFK� DV� KD\� IHYHU� DQG� HF]HPD�� ,Q� WKH�8�.�WKUHH�ELUWK�FRKRUWV�LQ�������������DQG������KDYH�VKRZQ�D�PDUNHG�LQFUHDVH�LQ�WKH�SUHYDOHQFHRI�HF]HPD������������DQG��������UHVSHFWLYHO\��>�@�
$Q�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�KD\�IHYHU��PHDVXUHG�E\�VNLQ�WHVW�RU�VSHFLILF�,J(��DQG�DWRSLFHF]HPD�KDV�EHHQ�UHSRUWHG�LQ�(QJODQG�DQG�6FRWODQG�>����@��$XVWUDOLD�>�@��1HZ�=HDODQG�>��@DQG 6ZHGHQ�>��@��)RU�H[DPSOH��1LQDQ�DQG�FROOHDJXHV�>��@�LQ�6FRWODQG�VWXGLHG�VFKRROFKLOGUHQ�����\HDUV�RI�DJH�LQ������������DQG�������7KH�SUHYDOHQFH�RI�KD\�IHYHU�LQFUHDVHG�IURP�����WR�������DQG�������LQ�WKH�WKLUG�VXUYH\��ZKHUHDV�WKH�SUHYDOHQFH�RI�DWRSLF�HF]HPD�URVH�HYHQPRUH� VWURQJO\�� ����� LQ� ������ ������ LQ� ����� DQG� ������ LQ� ������ ,Q� D� UHFHQW� VWXG\� LQ� WKH1HWKHUODQGV������RI������FKLOGUHQ�DW�D�DJH�RI������\U��SURYHG�WR�EH�VNLQ�SULFN�WHVW�SRVLWLYHDQG �����Q �����RI�WKHVH�FKLOGUHQ�VKRZHG�LQFUHDVHG�,J(�DQWLERG\�WLWUHV�WR�DHURDOOHUJHQV�>�@�
8QIRUWXQDWHO\��YHU\�OLWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�FKDQJHV�RYHU�WLPH�RI�REMHFWLYH�PDUNHUVDVVRFLDWHG�ZLWK� KD\� IHYHU� VXFK� DV� DWRSLF� VHQVLWLVDWLRQ� >��@��1DNDJRPL� DQG� FROOHDJXHV� >��@PHDVXUHG�VSHFLILF�VHUXP�,J(�DQWLERGLHV�WR�D�SDQHO�RI����LQKDODQW�DQG�IRRG�DOOHUJHQV�LQ����VFKRROJLUOV�������\HDUV�RI�DJH�LQ������������������DQG������LQ�-DSDQ��7KHVH�DXWKRUV�GHPRQ�VWUDWHG� LQ� D�SUHOLPLQDU\� UHSRUW� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH�SUHYDOHQFH� RI� DWRS\�� L�H�� RQH� RUPRUH�SRVLWLYH�UHDFWLRQV�IURP�������LQ�������������LQ�������������LQ�������������LQ������,Q� WKH�VDPH�FRKRUW� WKLV�JURXS� >��@� ODWHU� VKRZHG�DQ� LQFUHDVHG�SUHYDOHQFH�RI� HOHYDWHG�VHUXP,J(� DQG� ,J*�� DQWLERGLHV�� +RZHYHU�� 3HDW� DQG� FROOHDJXHV� >�@� GLG� QRW� ILQG� LQ� $XVWUDOLD� DQLQFUHDVH�LQ�VNLQ�WHVW�UHDFWLYLW\�WR�D�SDQHO�RI�DHURDOOHUJHQV��DOWKRXJK�WKH�SUHYDOHQFH�RI�DVWKPDDQG DLUZD\�K\SHU�UHVSRQVLYHQHVV�KDG�LQFUHDVHG�RYHU�WLPH�
6HYHUDO� UHFHQW� VXUYH\V� SHUIRUPHG� DIWHU� WKH� UHXQLILFDWLRQ� RI�:HVW� DQG� (DVW� *HUPDQ\� KDYHGRFXPHQWHG�ODUJH�GLIIHUHQFHV�LQ�WKH�SUHYDOHQFH�RI�KD\�IHYHU��DWRSLF�VHQVLWLVDWLRQ��DVWKPD�DQGDLUZD\� K\SHU�UHVSRQVLYHQHVV� LQ� FKLOGUHQ� DQG� DGXOWV� EHWZHHQ� (DVW� DQG�:HVW� (XURSH� >����������@�� ,Q� 6ZHGHQ� DQG� :HVW� *HUPDQ\� WKH� SUHYDOHQFH� RI� DWRSLF� GLVHDVHV� LQ� FKLOGUHQ� ZDVVLJQLILFDQWO\�KLJKHU�WKDQ�LQ�WKH�HDVWHUQ�DUHDV�RI�3RODQG��WKH�%DOWLF�6WDWHV�DQG�(DVW�*HUPDQ\�7KH�IUHTXHQF\�RI�DWRSLF�VHQVLWLVDWLRQ�PHDVXUHG�E\�VNLQ�SULFN�WHVWV�LQ�(DVW�*HUPDQ\�FKLOGUHQZDV DERXW� KDOI� WKH� SURSRUWLRQ� RI� FKLOGUHQ� OLYLQJ� LQ� :HVW� (XURSH� >����@�� $FFRUGLQJO\�VLJQLILFDQWO\� IHZHU� FKLOGUHQ� OLYLQJ� LQ� (DVW� *HUPDQ\� ZHUH� K\SHU�UHVSRQVLYH� WR� D� FROG� DLUK\SHUYHQWLODWLRQ�FKDOOHQJH�WKDQ�WKHLU�SHHUV�LQ�WKH�:HVW��6LPLODUO\��DPRQJ�DGXOWV�OLYLQJ�LQ�WKHHDVWHUQ� DQG� ZHVWHUQ� SDUW� RI� *HUPDQ\� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� SUHYDOHQFH� RI� DVWKPD�DLUZD\�K\SHU�UHVSRQVLYHQHVV�DQG�DWRS\�ZHUH�IRXQG�>�����@�
6LQFH� WKH� UHXQLILFDWLRQ� RI� :HVW� DQG� (DVW� *HUPDQ\� OLIH� VW\OH� DQG� OLYLQJ� FRQGLWLRQV� KDYHFKDQJHG� LQ� WKH� HDVWHUQ� SDUW� RI�*HUPDQ\�� ,I�ZHVWHUQ� OLIH� VW\OH� LV� LQGHHG� DVVRFLDWHG�ZLWK� DQLQFUHDVH� LQ� WKH� PDQLIHVWDWLRQ� RI� DWRSLF� GLVHDVHV� WKHQ� LQFUHDVHV� LQ� WKH� SUHYDOHQFH� RI� WKHVHFRQGLWLRQV�VKRXOG�RFFXU�LQ�WKHVH�DUHDV��,Q�FKLOGUHQ�ZKR�ZHUH�EURXJKW�XS�LQ�WKHLU�ILUVW���\HDUVRI� OLIH� LQ� WKH� *HUPDQ� 'HPRFUDWLF� 5HSXEOLF� �*'5�� DQG� H[SRVHG� WR� ZHVWHUQLVHG� OLYLQJ
* 7KH�SDUDJUDSKV�RQ�SUHYDOHQFHV�DQG�DWRS\�DV�ULVN�IDFWRU�DUH�PDLQO\�EDVHG�RQ�UHYLHZV�E\�3URI��YRQ�0XWLXV��7KH�ULVLQJ�WUHQGVLQ�DVWKPD�DQG�DOOHUJLF�GLVHDVH��&OLQ��([S��$OOHUJ\�����VXSSO�����������������DQG�'U��6O\��&KDQJLQJ�SUHYDOHQFH�RI�DOOHUJLFUKLQLWLV�DQG�DVWKPD��$QQ��$OOHUJ\�$VWKPD�,PPXQRO��������������������
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FRQGLWLRQV�DIWHU�WKHLU�WKLUG�ELUWKGD\�ZKHQ�*HUPDQ\�ZDV�UHXQLILHG��WKH�SUHYDOHQFH�RI�KD\�IHYHU������YV��������DQG�DWRSLF�VHQVLWLVDWLRQ��������YV���������VLJQLILFDQWO\�LQFUHDVHG�RYHU�WKH\HDUV������������������ZKHUHDV�WKH�SUHYDOHQFH�RI�DVWKPD�DQG�DLUZD\�K\SHU�UHVSRQVLYHQHVVUHPDLQHG�YLUWXDOO\�XQFKDQJHG�>�����@�
$SSDUHQWO\��LPSRUWDQW�GLIIHUHQFHV�LQ�WKH�GHYHORSPHQW�RI�FKLOGKRRG�DVWKPD�YHUVXV�KD\�IHYHUH[LVW��$WRSLF�GLVHDVHV�GHYHORSV�DW�YDULRXV�DJHV�EXW�FKLOGKRRG�DVWKPD�VWDUWV�EHIRUH�WKH�DJH�RIHLJKW� LQ�PRVW�DIIHFWHG�VXEMHFWV��ZKHUHDV� WKH� LQFLGHQFH�RI�KD\� IHYHU� JHQHUDOO\�SHDNV� DURXQGDGROHVFHQFH�>�����@��6LPLODU�GHYHORSPHQWDO�FKDUDFWHULVWLFV�KDYH�EHHQ�VKRZQ�IRU�WKH�SURFHVVRI�VSHFLILF�,J(�DQWLERG\�SURGXFWLRQ��IRRG�DOOHUJLHV�EHLQJ�WKH�PRVW�FRPPRQ�W\SH�RI�DOOHUJ\�LQWKH� ILUVW� \HDUV� RI� OLIH� DQG� VHQVLWLVDWLRQ� WR� PLWHV� DQG� SROOHQ� GHYHORSLQJ� WKHUHDIWHU� >�����@�5HDOLVLQJ� WKDW� WKH� FKLOGUHQ� LQ� WKH� *'5� ZHUH� H[SRVHG� WR� ZHVWHUQ� OLIH� VW\OH� DQG� OLYLQJFRQGLWLRQV� IURP� WKUHH� \HDUV� RI� DJH�� IDFWRUV� RSHUDWLQJ� LQ� WKH� YHU\� ILUVW� \HDUV� RI� OLIH�PD\� EHSDUWLFXODUO\� LPSRUWDQW� IRU� WKH� RQVHW� RI� FKLOGKRRG� DVWKPD� ODWHU� LQ� WKHLU� OLIH��9DULRXV� IDFWRUVKDYH� EHHQ� SURSRVHG� VXFK� DV� VLE�VKLS� VL]H�� DWWHQGLQJ� NLQGHUJDUWHQ�� QXWULWLRQDO� KDELWV�� WKHVRFLR�HFRQRPLF� VWDWXV� DQG� TXDOLW\� RI� KRXVLQJ� FRQGLWLRQV�� ,W� LV� WKHUHIRUH� VXJJHVWHG� WKDWHQYLURQPHQWDO�IDFWRUV�RFFXUULQJ�EH\RQG�LQIDQF\�GHWHUPLQH�WKH�H[SUHVVLRQ�RI�WKLV�LOOQHVV�
,Q�WKLV�UHVSHFW�LW� LV�IXUWKHU�RI� LQWHUHVW� WKDW�IDUPHU¶V�FKLOGUHQ�ZKLFK�FRPH�PRUH�IUHTXHQWO\�LQFRQWDFW�ZLWK�LQIHFWLRXV�PDWHULDOV�VKRZ�D�ORZHU�SUHYDOHQFH�RI�DOOHUJLF�GLVHDVH�WKDQ�FKLOGUHQ�RIQRQ�IDUPLQJ� IDPLOLHV� >��@��7KH�KLJKHU�SUHYDOHQFH�RI� DOOHUJLF�GLVHDVHV�ZLWK� XUEDQ� UHVLGHQFHUDWKHU� WKDQ�ZLWK� UXUDO� UHVLGHQFH� GXULQJ� WKH� ILUVW� �� \HDUV� RI� OLIH� LV� FRQILUPHG�E\� VRPH� >��@�2WKHUV�KRZHYHU��REVHUYH�D�KLJKHU�SHUFHQWDJH�RI�VHQVLWLVDWLRQ�WR�SROOHQ�EXW�QRW�WR�SHW�DOOHUJHQVLQ�FKLOGUHQ�OLYLQJ�LQ�UXUDO�DUHD�DV�FRPSDUHG�WR�WKRVH�OLYLQJ�LV�DQ�XUEDQ�DUHD�>��@�
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���5LVN�IDFWRUV�RI�DWRSLF�GLVRUGHUV
����7KH�7K��7K��EDODQFH�DV�D�WKHRUHWLFDO�EDVLV�RI�DWRSLF�GLVRUGHUV
7 FHOOV�SOD\�D�FHQWUDO�UROH�LQ�WKH�VSHFLILF�LPPXQH�UHVSRQVH�DV�ERWK�UHJXODWRUV��7�KHOSHU�FHOOV�DV HIIHFWRUV�FHOOV� �7�F\WRWR[LF��RI� WKH� LPPXQH�IXQFWLRQV��)URP�WKHVH�� WKH�7�KHOSHU�FHOOV�DUHFRQVLGHUHG� DV� WKH� PRVW� LPSRUWDQW� LQ� DWRS\�� 7KHVH� 7� KHOSHU� FHOOV� FDQ� EH� GLYLGHG� LQWR� WZRVXESRSXODWLRQV��QDPHO\�7�KHOSHU����7K���DQG�7�KHOSHU����7K����$�QXPEHU�RI�IDFWRUV�DIIHFW�WKHGLIIHUHQWLDWLRQ�RI�WKH�QDLYH�7�KHOSHU�FHOO�SUHFXUVRUV�LQWR�D�7K��RU�7K���FHOO��7KHVH�LQFOXGH�WKHDIILQLW\�RI�WKH�7�KHOSHU�FHOO�UHFHSWRU�IRU�DOOHUJHQV�DQG�WKH�SUHVHQFH�RI�F\WRNLQHV��7K� FHOOV�DUHLQYROYHG� LQ�FHOO�PHGLDWHG� LPPXQLW\� �FRQWURO�RI� LQYDGLQJ�PLFUR�RUJDQLVPV���ZKLOH�7K� FHOOVGRPLQDWH�SDUDVLWLF�LQIHFWLRQV�DQG�DOOHUJ\�>��@��7KH�EDODQFH�EHWZHHQ�WKH�WZR�VXEVHWV�RI�7�FHOOV�7K� DQG�7K� FHOOV��LV�SLYRWDO�IRU�DOOHUJLF�VHQVLWLVDWLRQ��7�KHOSHU�VXEVHWV�FDQ�EH�GLVWLQJXLVKHGE\� WKHLU� F\WRNLQH�SURILOHV��7K� FHOOV�SURGXFH�PDLQO\� ,/��� DQG� ,)1�g DQG�7K� FHOOV� SURGXFH
PDLQO\�,/����,/����,/�����DQG�,/�����7KH�F\WRNLQHV�,)1�g DQG�,/���PD\�DOVR�LQGXFH�D�VKLIW�LQWKH EDODQFH� EHWZHHQ� 7K� DQG� 7K� UHVSRQVHV� >��@�� 9LD� WKH� UHOHDVH� RI� FHUWDLQ� F\WRNLQHV� WKH
VXEVHWV�PD\�PXWXDOO\�PRGXODWH�WKH�UHVSRQVH��)RU�LQVWDQFH��UHOHDVH�RI�,)1�g E\ 7K� FHOOV�ZLOOLQKLELW�WKH�7K� UHVSRQVH�DQG�ZLOO�UHFUXLW�F\WRWR[LF�O\PSKRF\WHV�DQG�PDFURSKDJHV��UHOHDVH�RI,/����E\�7K� FHOOV�ZLOO�LQKLELW�WKH�7K� UHVSRQVH�DQG�LQLWLDWH�SURGXFWLRQ�RI�,J(�DQG�,J�D�DQGWKH UHFUXLWPHQW�RI�PDVW�FHOOV�DQG�HRVLQRSKLOV�
'XULQJ� SUHJQDQF\� IRHWDO� LPPXQLW\� LV� GRPLQDWHG� E\� KXPRUDO� �7K��� UHVSRQVLYHQHVV� >�����@ZKLFK� LV�SUHVHUYHG� LQ�HDUO\� LQIDQF\��/DWHU��YLUDO� DQG�EDFWHULDO� LQIHFWLRQV� DGHTXDWHO\� UHSODFHWKH 7K� SKHQRW\SH� RI� WKH� FKLOG� WR� D� 7K� SKHQRW\SH�� ,W� KDV� EHHQ� VXJJHVWHG� WKDW� EHVLGHVFKLOGKRRG� LQIHFWLRQV�� DLU� SROOXWLRQ� KDV� LPPXQH�UHJXODWRU\� DFWLRQV� ZKLFK� PD\� DIIHFW� WKH7K��7K� EDODQFH��7KH�HVWDEOLVKPHQW�RI�D�7K��7K� EDODQFH�GXULQJ�HDUO\�FKLOGKRRG�DQG�WKH�ILQDOWXQLQJ�DW�DQ�DJH�RI�����\HDUV�>��@�LPSOLHV�WKDW�YHU\�\RXQJ�FKLOGUHQ�DUH�QRWDEO\�YXOQHUDEOH�WRHQYLURQPHQWDO� DQG� OLIH�VW\OH� VWUHVVRUV� DIIHFWLQJ� WKH� 7K��7K� EDODQFH�� $W� ROGHU� DJH� VXEMHFWVUHPDLQ�� KRZHYHU�� VHQVLWLYH� WR� D� VKLIW� LQ� WKH� EDODQFH� E\� VXFK� IDFWRUV��12� �QLWULF�PRQR[LGH�DOVR� DIIHFWV� WKH�7K��7K� EDODQFH� E\� LQKLELWLQJ�7K��� EXW� QRW�7K� FHOOV� >��@��$V� D� UHVXOW��12SURPRWHV�DOOHUJ\�
����$OOHUJ\�DV�ULVN�IDFWRU�IRU�DVWKPD*
([SRVXUH�� HVSHFLDOO\� LQ� LQIDQF\�� WR� LQGRRU� DOOHUJHQV� �VXFK� DV� KRXVH� GXVW� PLWHV�� FDWV� DQGFRFNURDFKHV�� UHSUHVHQWV� D�PDMRU� ULVN� IDFWRU� IRU�GHYHORSLQJ� DVWKPD�� LQGLFDWLQJ� DOOHUJ\� DV� DQHVWDEOLVKHG�ULVN�IDFWRU�IRU�DVWKPD�
$ QXPEHU�RI�VWXGLHV�VKRZHG�D�KLJKO\�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�SUHYDOHQFH�RI�DVWKPDDQG VHUXP�,J(�FRQFHQWUDWLRQ�>�����@��7KHUH�ZDV�QR�DVWKPD� LQ�VXEMHFWV�ZLWK� WKH� ORZHVW� ,J(OHYHOV��$OOHUJ\�SULFN�WHVWLQJ�RI�D�VDPSOH�RI�WKH�8�6��ZKLWH�FLYLOLDQ�SRSXODWLRQ��������VXEMHFWV� WR� ��� \HDUV� RI� DJH�� LQ� ���������� VKRZHG� VLJQLILFDQW� DVVRFLDWLRQV� EHWZHHQ� DVWKPD� DQGUHDFWLYLW\� WR� KRXVH� GXVW�PLWH� �+'0��'HUPDWRSKDJRLGHV�SWHURQ\VVLQXV� DQG�$OWHUQDULD� >��@ZKLOH�DOOHUJLF�UKLQLWLV�ZDV�DVVRFLDWHG�ZLWK�UHDFWLYLW\�WR�UDJZHHG�DQG�U\HJUDVV�
* 7KH�SDUDJUDSKV�RQ�SUHYDOHQFHV�DQG�DWRS\�DV�ULVN�IDFWRU�DUH�PDLQO\�EDVHG�RQ�UHYLHZV�E\�3URI��YRQ�0XWLXV��7KH�ULVLQJ�WUHQGVLQ�DVWKPD�DQG�DOOHUJLF�GLVHDVH��&OLQ��([S��$OOHUJ\�����VXSSO�����������������DQG�'U��6O\��&KDQJLQJ�SUHYDOHQFH�RI�DOOHUJLFUKLQLWLV�DQG�DVWKPD��$QQ��$OOHUJ\�$VWKPD�,PPXQRO�������������������
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$OOHUJ\� VNLQ� WHVWLQJ� ZLWK� ��� LQKDODQW� DOOHUJHQV� LQ� ���� $XVWUDOLDQ� VFKRROFKLOGUHQ� LQ� �����ZKHQ�WKH\�ZHUH���WR����\HDUV�RI�DJH��DQG�DJDLQ���DQG���\HDUV�ODWHU�VKRZHG�LQFUHDVHV�LQ�SUHY�DOHQFH�RI�DW�OHDVW�RQH�SRVLWLYH�VNLQ�WHVW�IURP�����WR�����>��@��$OOHUJ\�DW���WR����\HDUV�RI�DJHZDV D�ULVN�IDFWRU�IRU�DVWKPD��ZKHH]LQJ��DQG�EURQFKLDO�K\SHU�UHVSRQVLYHQHVV�
$ SURVSHFWLYH�VWXG\�RI����%ULWLVK�FKLOGUHQ�DW�ULVN�IRU�DOOHUJ\�EHFDXVH�RI�D�SDUHQW�ZLWK�DVWKPDRU�KD\�IHYHU��LGHQWLILHG�KLJK�H[SRVXUH�WR�+'0�LQ�HDUO\�FKLOGKRRG�DV�D�ULVN�IDFWRU�IRU�DVWKPD>��@� $QDO\VLV�RI�KRXVH�GXVW�VDPSOHV�FROOHFWHG�LQ�WKH�KRPHV�RI�WKH�FKLOGUHQ�ZKHQ�WKH\�ZHUH��WR���\HDUV�RI�DJH�VKRZHG�QR�FKLOG�H[SRVHG�WR�OHVV�WKDQ����J�+'0�DOOHUJHQ�SHU�JUDP�RI�GXVWKDG�EHFRPH�VHQVLWLVHG�E\����\HDUV�RI�DJH��$OO�EXW�RQH�RI�WKH�FKLOGUHQ�ZLWK�FXUUHQW�DVWKPD�DW��� \HDUV� RI� DJH� KDG� EHHQ� H[SRVHG� DW� �� \HDU� RI� DJH� WR� PRUH� WKDQ� ��� �J� KRXVH� GXVW� PLWHDOOHUJHQ�SHU�JUDP�RI�GXVW��ZKLFK�FRQIHUUHG�D�UHODWLYH�ULVN�RI�DVWKPD�RI�����
$ VWXGLHV�RI�������FKLOGUHQ���WR����\HDUV�RI�DJH�LQ�$XVWUDOLD�VKRZHG�VLJQLILFDQW�DVVRFLDWLRQVRI�ZKHH]LQJ�ZLWKLQ�WKH�SUHYLRXV�\HDU�DQG�KD\�IHYHU�ZLWK�DW�OHDVW�RQH�SRVLWLYH�SULFN�WHVW�WR�DJURXS�RI����DHURDOOHUJHQV�>��@��6HQVLWLYLW\�WR�+'0�KDG�WKH�VWURQJHVW�LQGHSHQGHQW�DVVRFLDWLRQZLWK�FXUUHQW�DVWKPD��EURQFKLDO�K\SHU�UHVSRQVLYHQHVV�DQG�ZKHH]LQJ�ZLWKLQ�WKH�SUHYLRXV�\HDU��5LVN� RI� DVWKPD� DOVR� KDV� EHHQ� DVVRFLDWHG� SULPDULO\� ZLWK� VHQVLWLVDWLRQ� WR� +'0� DQG� FDW� LQ���\HDU�ROG�FKLOGUHQ�LQ�1HZ�=HDODQG�>��@��$OOHUJ\�SULFN�WHVWLQJ�RI�����FKLOGUHQ���WR����\HDUVRI� DJH� UHFUXLWHG� IURP� D� JHQHUDO� SDHGLDWULF� SUDFWLFH� LQ� 8�6�� LGHQWLILHG� $OWHUQDULD� WHQXLVVHQVLWLVDWLRQ�DV�D� ULVN�IDFWRU� IRU� UHFXUUHQW�ZKHH]LQJ�>��@��/RJLVWLF� UHJUHVVLRQ�DOVR� LGHQWLILHGFDW DOOHUJHQ�DQG�'��IDULQDH�DV ULVN�IDFWRUV�
$FFRUGLQJO\�� DOOHUJ\� LV� D� ULVN� IDFWRU� IRU� DVWKPD�� EXW� WKH� VSHFLILF� DOOHUJHQV� RI� LPSRUWDQFHGHSHQG�XSRQ�LQWHQVLW\�DQG�SUREDEO\�GXUDWLRQ�RI�H[SRVXUH��,QWHUPLWWHQW�H[SRVXUH�WR�D�VHDVRQDODOOHUJHQ�PD\�QRW�HOLFLW�DLUZD\�LQIODPPDWLRQ�RI�VXIILFLHQW�GXUDWLRQ�WR�FDXVH�DVWKPD�>��@�
����*HQHWLF�EDFNJURXQG+

$W� SUHVHQW� URXJKO\� ���� RI� WKH� :HVWHUQ� SRSXODWLRQ� LV� DWRSLF�� 3UHGLVSRVLWLRQ� RI� DWRSLFFRQVWLWXWLRQ�LV�FRQVLGHUDEOH��,I�RQH�SDUHQW�LV�DWRSLF�WKH�ULVN�WR�EH�DOOHUJLF�LV������ZKHQ�ERWKSDUHQWV�DUH�DWRSLF�WKH�ULVN�LV������*HQRPH�ZLGH�VHDUFKHV�KDYH�VKRZQ�WKDW�PDQ\�JHQHWLF�ORFLSUHGLVSRVH�WR�DVWKPD�DQG�WR�GDWH��WKUHH�RI�VXFK�VHDUFKHV�ZHUH�GHVFULEHG�>�����@�ZLWK�GLIIHUHQWUHVXOWV�� ([SODQDWLRQV� IRU� WKHVH� GLIIHUHQFHV� LQFOXGH� D� YDULHW\� LQ� SKHQRW\SH� DQG� WKH� XVH� RIGLIIHUHQW�HWKQLF�JURXSV��*HQHWLF�LQIOXHQFHV�SUREDEO\�IDOO�LQWR�WZR�W\SHV��7KH�ILUVW�LV�WKH�DELOLW\RI� WKH� VXVFHSWLEOH� LQGLYLGXDO� WR� UHFRJQLVH� D�FRPPRQ�HQYLURQPHQWDO�DOOHUJHQ� DV� IRUHLJQ� DQGLQLWLDWH� WKH� DOOHUJLF� LPPXQH� UHVSRQVH�� 7KH� VHFRQG� VHW� RI� JHQHWLF� LQIOXHQFHV� UHJXODWHV� WKHRYHUDOO�F\WRNLQH�UHVSRQVH��/LQNDJH�RI�DWRS\� WR�YDULRXV�FKURPRVRPHV� LV� UHSRUWHG��7RWDO� ,J(FRQFHQWUDWLRQ��WKH�SURGXFWLRQ�RI�VSHFLILF�,J(��DQG�EURQFKLDO�K\SHUDFWLYLW\�DUH�WR�VRPH�GHJUHHXQGHU�JHQHWLF�FRQWURO��7KH�UHJXODWLRQ�RI� WRWDO� ,J(�FRQFHQWUDWLRQ�KDV�EHHQ�UHODWHG� WR�VSHFLILFUHJLRQV� RQ� FKURPRVRPHV� �� DQG� ��� LQ� $IULFDQ� $PHULFDQV� >��@� DQG� RQ� FKURPRVRPH� ��� LQ&DXFDVLDQV� DQG�$IUR�&DUULELDQV� >��@�� )XUWKHUPRUH�� SRO\PRUSKLVPV� RI�PDQ\� JHQHV�� FRGLQJSUHGRPLQDQWO\� IRU�F\WRNLQHV��EXW�DOVR�FHOO�VXUIDFH�UHFHSWRUV��KDYH�EHHQ� LPSOLFDWHG� WR�SOD\�DUROH� �³FDQGLGDWH�JHQHV´���&RPELQLQJ�FKURPRVRPDO� UHJLRQV�RI� LQWHUHVW�ZLWK�FDQGLGDWH�JHQHV
+ *HQHWLF�EDFNJURXQG�LQIRUPDWLRQ�LV�PDLQO\�EDVHG�RQ�WKH�SXEOLFDWLRQV�E\�'��-DUYLV�DQG�3��%XUQH\�LQ�&OLQLFDO�5HYLHZ������
��������������DQG�WKH�(GLWRULDO�ZULWWHQ�E\�-�-��&RJVZHOO�LQ�&OLQLFDO��DQG�([SHULPHQWDO�$OOHUJ\����������������
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WKDW�UHVLGH�LQ�WKRVH�UHJLRQV�UHVXOWV�LQ�³SRVLWLRQDO�FDQGLGDWHV´��8QUDYHOOLQJ�WKH�JHQHWLF�EDVLV�RIDVWKPD�LV�PDGH�PRUH�GLIILFXOW�E\�WKH�ODFN�RI�D�VLQJOH�FOLQLFDO�SKHQRW\SH��7KXV��WKH�GHILQLWLRQRI�WKH�GLVHDVH�SKHQRW\SHV�LV�YHU\�LPSRUWDQW�LQ�WKH�VWXG\�RI�DVWKPD��,QWHUPHGLDWH�SKHQRW\SHVDUH XVHG�WKDW�DOORZ�REMHFWLYH�PHDVXUHV�RI�TXDQWLWDWLYH�WUDLWV�XQGHUO\LQJ�WKH�GLVHDVH��7KHVH�DUHPRUH�DPHQDEOH�WR�REMHFWLYH�PHDVXUHPHQW�WKDQ�FOLQLFDOO\�GLDJQRVHG�DVWKPD��6XEMHFW�VHOHFWLRQLV�DOVR�LPSRUWDQW�WR�SURGXFH�YDOLG�FRQFOXVLRQV�
����(DUO\�LQIHFWLRQV
7KH�SUHGLVSRVLWLRQ�RI�DVWKPD�GHYHORSV�HDUO\�LQ�OLIH�DQG�FKLOGKRRG�DVWKPD�KDV�LWV�RQVHW�EHIRUHVL[� \HDUV� RI� DJH� >��@�� 7KH� DFWXDO� GHYHORSPHQW� RI� DVWKPD� LV� VHHQ� EHWZHHQ� �� DQG� ��� \HDUVZKLFK�GHFOLQHV�EH\RQG���\HDUV�RI�DJH�>��@��'XULQJ�SUHJQDQF\�IRHWDO�LPPXQLW\�LV�GRPLQDWHGE\�KXPRUDO��7K���UHVSRQVLYHQHVV�>�����@�ZKLFK�LV�SUHVHUYHG�LQ�HDUO\�LQIDQF\��&RQVHTXHQWO\LQIDQF\�LV�FKDUDFWHULVHG�E\�DQ�LQFUHDVHG�VXVFHSWLELOLW\�WR�DOOHUJ\��,QIHFWLRQV��ZKLFK�SURPRWH�D7K� SKHQRW\SH��VHHP�WR�DIIRUG�SURWHFWLRQ�DJDLQVW�WKH�GHYHORSPHQW�RI�DVWKPD�DQG�DOOHUJ\�>��@�)RU�H[DPSOH��\RXQJ�DGXOWV�ZKR�KDG�PHDVOHV�LQ�FKLOGKRRG�ZHUH�VLJQLILFDQWO\�OHVV�OLNHO\�WR�EHDWRSLF�WKDQ�WKRVH�ZKR�KDG�EHHQ�YDFFLQDWHG�DQG�RU�KDG�QR�PHDVOHV�>�����@��2WKHU� LQIHFWLRQV�LQYROYLQJ� D� 7K� UHVSRQVH�� ZLWK� PLFUR�RUJDQLVPV� OLNH� %RUGHWHOOD� SHUWXVVLV� >��@�� /LVWHULDPRQRF\WRJHQHV� >��@��0\FREDFWHULXP� ERYLV� >��@� DOVR� VXSSUHVV� WKH� 7K� UHVSRQVH� DQG� WKXVUHGXFH�WKH�SURJUHVVLRQ�RI�DOOHUJ\�DVWKPD��%RUGHWHOOD�SHUWXVVLV�KDV��KRZHYHU��DOVR�EHHQ�VKRZQWR DFW�DV�DQ�DGMXYDQW�RI�,J(�SURGXFWLRQ�>��@��2WKHU�LQIHFWLRQV��OLNH�UHVSLUDWRU\�V\QF\WLDO�YLUXV�569���EUXFHOORVLV�� UKLQRYLUXV�DQG�$VSHUJLOOXV� IXPLJDWXV� LQIHFWLRQ� >��@� UDWKHU� LQGXFH� D�7K�UHVSRQVH�DQG�PD\� WKXV� LQFUHDVH� WKH�SUHYDOHQFH�RI� DOOHUJLF�GLVRUGHUV��)RU� \RXQJ�DGXOWV�ZKRKDG PHDVOHV�DQG�569�LQ�FKLOGKRRG�LV�LW�VWLOO�XQGHU�GHEDWH�ZKHWKHU�VXFK�LQIHFWLRQV�SURPRWH�RUGHFUHDVH�DOOHUJ\�>��������@��,Q�VXPPDU\��LQIHFWLRQV�VWLPXODWLQJ�WKH�7K� RU�7K� UHVSRQVH�PD\VXSSUHVV�UHVSHFWLYHO\�VWLPXODWH�WKH�GHYHORSPHQW�RI�DOOHUJ\�DQG�DVWKPD�
����([SRVXUH�WR�DLU�SROOXWLRQ
$ YDULHW\� RI� HSLGHPLRORJLFDO� VWXGLHV� KDV� VKRZQ� DVVRFLDWLRQV� EHWZHHQ� H[SRVXUH� WR� DLUSROOXWLRQ� DQG� LPSDLUHG� OXQJ� IXQFWLRQ�� LQIODPPDWRU\� UHDFWLRQV� DQG� LQFUHDVHG� SUHYDOHQFH� RIDOOHUJ\�>�����@�� ,W� UHPDLQV�XQFOHDU�KRZ�VXEMHFWV�PD\�EHFRPH�VHQVLWLVHG� WR�DOOHUJHQV�YLD� DLUSROOXWLRQ��,W�LV��KRZHYHU��DVVXPHG�WKDW�DLU�SROOXWLRQ�DORQH�GRHV�QRW�LQGXFH�DOOHUJLF�V\PSWRPV�EXW� VXEMHFWV�PD\�EH�PRUH�YXOQHUDEOH� WR� FRPELQHG�H[SRVXUH�RI� DOOHUJHQV� DQG� SROOXWDQWV� IRUUHVSRQGLQJ�WR�DOOHUJHQV�
,QGHHG��FRPELQHG�H[SRVXUH�RI�DQLPDOV� WR�RYDOEXPLQ�RU�SROOHQ�SOXV�GLHVHO�H[KDXVW�SDUWLFOHV�'(3��RU�H[SRVXUH�WR�KRXVH�GXVW�PLWH�DQG�12� OHDGV�WR�LQFUHDVHG�DQWLJHQ�VSHFLILF�,J(�WLWUHVDV FRPSDUHG� WR� VWLPXODWLRQ�ZLWK� WKH� DOOHUJHQ� DORQH�� LQGLFDWLQJ� WKH� DGMXYDQW� DFWLYLW\� RI� DLUSROOXWLQJ� FRPSRQHQWV� >��@�� 6WXGLHV� LQ� KHDOWK\� VXEMHFWV� VKRZ� D� VLJQLILFDQW� LQFUHDVH� LQ� WRWDO,J(��EXW�QRW�,J*��,J$�DQG�,J0�IROORZLQJ�QDVDO�FKDOOHQJH�ZLWK�'(3�>��@��6XEMHFWV�VXIIHULQJIURP KD\�IHYHU� UHVSRQGHG�ZLWK�D�KLJKHU�SROOHQ�VSHFLILF� ,J(� WLWUH� LQGXFHG�E\� FR�VWLPXODWLRQZLWK� '(3�� 3DUWLFOHV� DQG� LUULWDWLQJ� JDVHV� LQFUHDVH� WKH� SURGXFWLRQ� RI� WKH� SUR�LQIODPPDWRU\F\WRNLQHV� ,/��� DQG� ,/��� DQG� LQGXFLEOH�12�V\QWKDVH� �L126�� LQ� QDVDO� ODYDJH� IOXLG� >��@� DQGEURQFKLDO�HSLWKHOLDO�FHOOV�LQ�YLWUR�>�����@�
:H REVHUYHG� WKDW� VXEMHFWV� H[SRVHG� WR� LQFUHDVHG� WUDIILF� HPLVVLRQ�H[KDOHG� ODUJHU� DPRXQWV�RI12� �6WHHUHQEHUJ� HW� DO��� VXEPLWWHG� IRU� SXEOLFDWLRQ��� $V� VXFK�� DLU� SROOXWLRQ� PD\� WULJJHU
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F\WRNLQH�DQG�12�UHOHDVH�ZKDW�PD\�QRW�RQO\�LQGXFH�LQIODPPDWRU\�HIIHFWV��EXW�DOVR�DIIHFW�WKH7K��7K� EDODQFH�LQ�IDYRXU�RI�WKH�7K� UHVSRQVH��SUHGLVSRVLQJ�IRU�DQ�DOOHUJLF�VWDWH�,Q�FRQFOXVLRQ��GXH�WR�WKH�PDWXUDWLRQ�VWHSV�RI�WKH�LPPXQH�V\VWHP�GXULQJ�WKH�ILUVW�\HDUV�DIWHUELUWK�ZH�KDYH� WR� UHFRJQLVH� D�YXOQHUDEOH�SHULRG� LQ�ZKLFK� WKH� LPPXQH�V\VWHP� LV� VHQVLWLYH� WRHQYLURQPHQWDO�DQG�OLIH�VW\OH�VWUHVV��,QIHFWLRQV�DQG�DLU�SROOXWLRQ�DUH�OLNHO\�WR�KDYH�D�SURIRXQGLPSDFW�RQ�WKH�LPPXQH�V\VWHP�GXULQJ�PDWXUDWLRQ�
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���(DUO\�ELRPDUNHUV�RI�DOOHUJLF�GLVRUGHUV�LQ�FKLOGUHQ�

&XUUHQW� XQGHUVWDQGLQJ� RI� WKH� LPPXQRORJLFDO� PHFKDQLVPV� RI� LQIODPPDWLRQ� KDV� OHG� WR� WKHLGHQWLILFDWLRQ�RI�D�QXPEHU�RI�ELRPDUNHUV��VXPPDULVHG�EHORZ��WKDW�FDQ�EH�XVHG�WR�HYDOXDWH�WKHSUHVHQFH� DQG� VHYHULW\� RI� HVWDEOLVKHG� DOOHUJLF� LQIODPPDWLRQ��:LWK� WKH� H[FHSWLRQ� RI� µIDPLO\KLVWRU\¶�WKHVH�PDUNHUV�GR�QRW�SUHGLFW�WKH�SUHGLVSRVLWLRQ�WR�EHFRPH�VHQVLWLVHG�WR�DOOHUJHQV��,Q�DVXEVHTXHQW� VHFWLRQ� �SDUDJUDSK� ����� H[KDOHG� 12� LV� SURSRVHG� DV� SXWDWLYH� HDUO\� PDUNHU� RIVHQVLWLVDWLRQ�
����)DPLO\�KLVWRU\
,W�KDV�ORQJ�EHHQ�UHFRJQLVHG�WKDW�D�IDPLO\�KLVWRU\�RI�DVWKPD�DQG�RU�DOOHUJ\�LQ�\RXQJ�FKLOGUHQ�LVVWURQJO\�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�GHYHORSPHQW�RI�DOOHUJLF�GLVHDVHV��8QIRUWXQDWHO\�WKH�YDOXH�RI�HYHQ�D�FDUHIXOO\�REWDLQHG�IDPLO\�KLVWRU\�DV�D�SUHGLFWLYH�PDUNHU�LV�OLPLWHG�EHFDXVHRI� ORZ� VSHFLILFLW\�� ,W� LV� DOVR�RIWHQ�GLIILFXOW� WR� REWDLQ� D� UHOLDEOH� IDPLO\� KLVWRU\� >��@��'HVSLWHWKHVH� VKRUWFRPLQJV�� IDPLO\� KLVWRU\� RI� DWRS\� LV� XVHG� ZLGHO\� WR� SUHGLFW� WKH� ULVN� LQ� FOLQLFDOVHWWLQJV�DQG�DV�D�VFUHHQLQJ�WHVW�WR�LGHQWLI\�DW�ULVN�FKLOGUHQ�LQ�VWXGLHV�
����:KHH]LQJ
7KH�QDWXUH�� RXWFRPH�DQG� VLJQLILFDQFH�RI�ZKHH]LQJ�GXULQJ� LQIDQF\� UHPDLQ�XQFOHDU��0RVW� RIWKH�FKLOGUHQ�ZLWK�LQIDQWLOH�ZKHH]LQJ�DUH�QRW�V\PSWRPDWLF�LQ�ODWHU�FKLOGKRRG�>�����@��0DUWLQH]HW�DO��>��@ KDYH�GHPRQVWUDWHG�WZR�W\SHV�RI�LQIDQWLOH�ZKHH]HUV��6RPH�DUH�RQO\�WUDQVLHQW�HDUO\OLIH� ZKHH]HUV�� ZKLOH� RWKHUV�� QDPHG� SHUVLVWHQW� ZKHH]HUV�� DUH� DW� D� KLJK� ULVN� RI� GHYHORSLQJDVWKPD�
����,J(�LQ�FRUG�EORRG
7KH� PHDVXUHPHQW� RI� FRUG� EORRG� WRWDO� ,J(� LV� D� XVHIXO� VFUHHQLQJ� WHVW� >��@�� DQG� WKLV� ZDVDGYRFDWHG�LQ�SUHYHQWLRQ�SURJUDPPHV�>��@��$�UDLVHG�FRUG�EORRG�WRWDO�,J(�LV�D�KLJKO\�VSHFLILFSUHGLFWRU�IRU�WKH�HDUO\�RQVHW�RI�DOOHUJLF�GLVHDVH�DQG�HYHQ�KLJKHU�LQ�FRPELQDWLRQ�ZLWK�D�IDPLO\KLVWRU\�RI�DWRS\��6RPH�VWXGLHV�VKRZ��KRZHYHU��WKDW�HOHYDWHG�FRUG�,J(�ZDV�QR�JRRG�SUHGLFWRURI�FOLQLFDO�DVWKPD�RU�DOOHUJLF�UKLQLWLV��DV�DVVHVVHG�DW�WKH�DJH�RI���>�����@�
����6NLQ�SULFN�WHVW
6HQVLWLVDWLRQ��DV�DVVHVVHG�E\�SRVLWLYH�VNLQ�SULFN�WHVWV�RU�SUHVHQFH�RI�VSHFLILF�,J(�DQWLERGLHV�PD\�KHUDOG�WKH�GHYHORSPHQW�RI�FOLQLFDO�GLVHDVH��7KH�SUHVHQFH�RI�SRVLWLYH�VNLQ�SULFN�WHVWV� WRKRXVH�GXVW�PLWH�LQGLFDWHV�>��@�LQFUHDVHG�ULVN�IRU�ODWHU�GHYHORSPHQW�RI�DVWKPD�

� 7KH�SDUDJUDSK�RQ�HDUO\�ELRPDUNHUV�LV�PDLQO\�EDVHG�RQ�DQ�(GLWRULDO�E\�$UVKDG�DQG�1DQDEKD\��&OLQ��([S��$OOHUJ\������������������� ��
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����%URQFKRODYHRODU�ODYDJH��%$/�
8VLQJ� ILEUH� RSWLF� EURQFKRVFRS\� LQ� DGXOWV�� HRVLQRSKLOLF� LQIODPPDWLRQ� LQ� WKH� DLUZD\V� FDQ� EHGHPRQVWUDWHG�HYHQ�LQ�PLOG�DVWKPDWLFV�>��@�EXW�%$/�FDQ��KRZHYHU��QRW�EH�XVHG�IRU�VFUHHQLQJLQIDQW�ZKHH]HUV�
����1DVDO�ODYDJH
,Q� FRQWUDVW� WR� %$/�� QDVDO� ODYDJH� LV� D� QRQ�LQYDVLYH� WHFKQLTXH� WR� VWXG\� HIIHFWV� RI� DOOHUJHQSURYRFDWLRQ�DQG�DLU�SROOXWLRQ�LQ�FKLOGUHQ�DQG�DGXOWV��,QIODPPDWRU\�UHVSRQVHV�FDQ�EH�PHDVXUHGE\�WKH�QXPEHU�RI�LQIODPPDWRU\�FHOOV�DQG�LPPXQH�PRGXODWLQJ�SURWHLQV�H�J��(&3��032�� ,/�DQG ,/��>�����@�
����(RVLQRSKLOLF�IDFWRUV
(RVLQRSKLOV�SOD\� D� FHQWUDO� UROH� LQ� DOOHUJLF� LQIODPPDWLRQ��0HGLDWRUV� UHOHDVHG� IURP� DFWLYDWHGHRVLQRSKLOV� LQFOXGLQJ� HRVLQRSKLO� FDWLRQLF� SURWHLQ� �(&3��� HRVLQRSKLO� SHUR[LGDVH� �(32�� DQGHRVLQRSKLO�SURWHLQ�;��(3;��FDQ�EH�GHWHFWHG�LQ�VHUXP�RI�SDWLHQWV�ZLWK�DVWKPD��0HDVXUHPHQWRI�WKHVH�PHGLDWRUV�PD\�SURYH�WR�EH�XVHIXO�WR�LGHQWLI\�
WUXH�DVWKPD
�>��@��1RWH�WKDW�VHUXP�(&3LV�DOVR�UDLVHG�LQ�DWRSLF�HF]HPD�>��@�
����([KDOHG�QLWULF�R[LGH��12�
,QFUHDVHG�H[KDOHG�12�OHYHOV�DUH�REVHUYHG�LQ�SDWLHQWV�ZLWK�DOOHUJLF�DVWKPD��DLUZD\�LQIHFWLRQV�DQG DOOHUJLF�UKLQLWLV�>��@��,Q�D�SUHOLPLQDU\�VWXG\�ZH�REVHUYHG�WKDW�VFKRRO�FKLOGUHQ�H[SRVHG�WRLQFUHDVHG� WUDIILF� HPLVVLRQ� H[KDOHG� ODUJHU� DPRXQWV� RI�12� �6WHHUHQEHUJ� HW� DO��� VXEPLWWHG� IRUSXEOLFDWLRQ���2WKHU�VWXGLHV�VKRZHG� WKDW�DWRSLF�VXEMHFWV�H[KDOHG�KLJKHU�DPRXQWV�RI�12� WKDQFRQWUROV�>��@��7KLV�VKRZV�WKDW�H[KDOHG�12�LV�D�ELRPDUNHU�RI�HVWDEOLVKHG�DOOHUJ\�DQG�EURQFKLDODVWKPD��7KH�SRWHQWLDO�RI�H[KDOHG�12�WR�VHUYH�DV�DQ�HDUO\�PDUNHU�RI�VHQVLWLVDWLRQ�LV�GHVFULEHGLQ�VHFWLRQ�����
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���([KDOHG�12�DV�SRWHQWLDO�ELRPDUNHU
%HORZ�LQ�SDUDJUDSK�����WR������WKH�OLWHUDWXUH�RI�H[KDOHG�12�LQ�UHVSLUDWRU\�DOOHUJ\�DQG�DVWKPDLQGLFDWHV� WKDW�H[KDOHG�12�PD\�EH�XVHG�DV�PDUNHU�RI�HVWDEOLVKHG�DOOHUJLF�GLVHDVH�� LQFOXGLQJDVWKPD��,Q�WKH�ILQDO�SDUDJUDSK��SDUDJUDSK������LW�LV�RXWOLQHG�WKDW�H[KDOHG�12�KDV�WKH�SRWHQF\WR� VHUYH� DV� D� SURJQRVWLF�PDUNHU� RI� DOOHUJLF� GLVHDVH� DW� D� VWDJH� ZKHQ� WKH� GLVHDVH� LV� QRW� \HWFOLQLFDOO\�RYHUW�
����(Q]\PDWLF�JHQHUDWLRQ�RI�HQGRJHQRXV�12
12�LV�V\QWKHVLVHG�IURP�/�DUJLQLQH�E\�12�V\QWKDVH��126���7KUHH�126�LVR�W\SHV�KDYH�EHHQGHVFULEHG��FRQVWLWXWLYH�126��F126���LQGXFLEOH�126��L126��DQG�QHXURQDO�126��Q126��� ,QWKH�OXQJV�12�IXQFWLRQV�DV�D�EURQFKRGLODWRU�DQG�SDUWLFLSDWHV�DV�WR[LF�DJHQW�DQG�PRGXODWRU�RIWKH� LPPXQH�V\VWHP��6R��GHSHQGLQJ�RQ� LWV�FRQFHQWUDWLRQ�DQG�VLWH�RI� UHOHDVH�12�UHWDLQV�ERWKEHQHILFLDO� DQG� DGYHUVH� HIIHFWV�� 8QGHU� SK\VLRORJLFDO� FRQGLWLRQV� 12� LV� SURGXFHG� LQ� DLUZD\HSLWKHOLXP� E\� F126�� EXW� XQGHU� LQIODPPDWRU\� FRQGLWLRQV� KLJK� FRQFHQWUDWLRQV� RI� 12� DUHSURGXFHG�E\�L126�>��@��12�LV�DOVR�SURGXFHG�E\�OXQJ�PDFURSKDJHV��VWLPXODWHG�QHXWURSKLOV�PDVW� FHOOV�� ILEUREODVWV� DQG� 7�O\PSKRF\WHV� >��@�� &RUWLFRVWHURLGV� LQKLELW� WKH� LQIODPPDWRU\SURFHVV� YLD� LQKLELWLRQ� RI� L126�LQGXFWLRQ� >�����@�� )LQDOO\�� KLJK� FRQFHQWUDWLRQV� RI� 12� DUHSURGXFHG�LQ�WKH�QRVH�E\�L126�>��@�
�����([KDOHG�12�DQG�OXQJ�GLVHDVH
12�SURGXFHG�LQ�WKH�OXQJ�LV�SDUWO\�H[KDOHG�DQG�FDQ�EH�PHDVXUHG�LQ�KXPDQV�DQG�DQLPDOV�>�����@�� 0HDVXUHPHQW� RI� H[KDOHG� 12� RIIHUV� D� QRQ�LQYDVLYH� PHWKRG� WR� PRQLWRU� DLUZD\LQIODPPDWLRQ�� 7KH� PHWKRG� LWVHOI� LV� VLPSOH� DQG� FDQ� EH� UHSHDWHGO\� SHUIRUPHG� �WKRXJK� QRWHDVLO\��LQ�FKLOGUHQ�DQG�SDWLHQWV�ZLWK�DLUZD\�REVWUXFWLRQ�>�����@��,QFUHDVHG�FRQFHQWUDWLRQV�RIH[KDOHG�12� DUH� REVHUYHG� LQ� DVWKPDWLF� SDWLHQWV� >�����@�� DLUZD\� LQIHFWLRQV� >�����@�� DOOHUJLFUKLQLWLV�DQG�EURQFKLHFWDVLV�>��@��,Q�FRQWUDVW�WR�DVWKPD��H[KDOHG�12�LV�QRW�LQFUHDVHG�LQ�SDWLHQWVZLWK�&23'�DQG�F\VWLF� ILEURVLV� >�����@��5DWKHU�D�GHFUHDVH� LQ�H[KDOHG�12� LV�QRWHG� LQ�F\VWLFILEURVLV� >��@� DQG� .DUWDJHQHU¶V� V\QGURPH� >��@�� 9DULDEOH� UHVXOWV� ZHUH� REVHUYHG� LQ� &23'�SDWLHQWV�>��@�WKRXJK�H[KDOHG�12�ZDV�JHQHUDOO\�GHFUHDVHG�>�����@��&LJDUHWWH�VPRNLQJ�LQGXFHVD ODUJH�GHFUHDVH� LQ� H[KDOHG�12� >��@� �EXW�QRW�RI�QDVDO�12� >���@���%HWZHHQ� DVWKPDWLFV� DQGQRQ�DVWKPDWLFV�WKHUH�LV�QR�GLIIHUHQFH�LQ�QDVDO�12�FRQFHQWUDWLRQV�>���@��7KXV��H[KDOHG�12�LV�QR�VSHFLILF�ELRPDUNHU�IRU�DVWKPD��EXW�IRU�LQIODPPDWRU\�GLVHDVH�LQ�JHQHUDO�
�����([KDOHG�12�DQG�LQGXFWLRQ�RI�L126
7UHDWPHQW�RI�SDWLHQWV�ZLWK�DOOHUJLF�DVWKPD�EXW�QRW�KHDOWK\�VXEMHFWV�ZLWK�JOXFRFRUWLFRLGV�>�������@�DQG�LQKLELWRUV�RI�L126�>�������@�LQGXFHV�D�GHFUHDVH�LQ�H[KDOHG�12�>��@��7KLV�VXJJHVWV�WKDW� WKH�12� LQ� DOOHUJLF� DVWKPDWLF� SDWLHQWV� LV�PDLQO\� SURGXFHG� E\� L126� DQG� LQ� FRQWUROV� E\F126� >�����@�� ,QGHHG�� DVWKPDWLFV� VKRZ� LQFUHDVHG� H[SUHVVLRQ� RI� L126� LQ� WKH� DLUZD\HSLWKHOLXP�IRU�ZKLFK�SUHVXPDEO\�SUR�LQIODPPDWRU\�F\WRNLQHV�DUH�UHVSRQVLEOH�>���@�
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�����7KH�HDUO\�DQG�ODWH�DVWKPDWLF�UHVSRQVH
(QGRJHQRXV�12�LV� LQYROYHG�DQG�VHHPV�WR�LQKLELW� WKH�UHJXODWLRQ�RI�KLVWDPLQH��DQG�DOOHUJHQ�LQGXFHG�EURQFKRFRQVWULFWLRQ�>�������@��)ROORZLQJ�H[SRVXUH�RI�DVWKPDWLFV� WR�DOOHUJHQV� WKHUHLV�D�SURJUHVVLYH�LQFUHDVH�LQ�H[KDOHG�12�GXULQJ�WKH�ODWH��EXW�QRW�WKH�HDUO\�UHVSRQVH�>������@�$WRSLF� DVWKPDWLF� FKLOGUHQ� KDYH� KLJKHU� H[KDOHG�12� ���� SSE�� WKDQ� QRQ�DWRSLF� DVWKPDWLFV� ��SSE��� DWRSLF� QRQ�DVWKPDWLF� FKLOGUHQ� ��� SSE�� RU� QRQ�DWRSLF� QRQ�DVWKPDWLF� FKLOGUHQ� ��� SSE�>���@� ZKLFK� LV� LQ� DJUHHPHQW� ZLWK� UHVXOWV� RI� /DQ]� HW� DO�� >���@� ZKR� VKRZ� QR� GLIIHUHQFH� LQH[KDOHG�12� EHWZHHQ� DWRSLF� QRQ�DVWKPDWLFV� DQG� FRQWUROV�� 2Q� WKH� RWKHU� KDQG�$GLVHK� HW� DO�VKRZHG�LQ�DGXOWV�WKDW�H[KDOHG�12�ZDV���WLPHV�KLJKHU�LQ�V\PSWRPDWLF�DWRSLF�VXEMHFWV�WKDQ�LQDV\PSWRPDWLF� VXEMHFWV� ���� YV�� �� SSE�� ZKLOH� QDVDO� 12� ZDV� LQFUHDVHG�� DV� ZHOO�� LQ� DWRSLFVXEMHFWV� >���@�� 7KH� ODWWHU� ILQGLQJ� LV� LQ� DJUHHPHQW� ZLWK� RXU� RZQ� VWXGLHV� VKRZLQJ� KLJKHUFRQFHQWUDWLRQV� RI� H[KDOHG�12� LQ� DV\PSWRPDWLF� DWRSLF� LQGLYLGXDOV� FRPSDUHG� WR� QRQ�DWRSLFFRQWUROV�>��@��,Q�DGGLWLRQ��SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW�FKLOGUHQ�ZLWK�KLJK�VSHFLILF�,J(�WLWUHVWR� KRXVH� GXVW� PLWH� KDYH� VLJQLILFDQWO\� KLJKHU� H[KDOHG� 12� OHYHOV� FRPSDUHG� WR� QRQ�DWRSLFFKLOGUHQ��YDQ�$PVWHUGDP��LQ�SUHSDUDWLRQ��
�����$OOHUJLF�UKLQLWLV
([KDOHG� 12� LQ� SDWLHQWV� ZLWK� V\PSWRPDWLF� DOOHUJLF� UKLQLWLV� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� LQFRQWUROV�DQG�LV�GHFUHDVHG�E\�WUHDWPHQW�ZLWK�VWHURLGV�>���@��&KLOGUHQ�ZLWK�DOOHUJLF�UKLQLWLV�KDYHKLJKHU�QDVDO�12� WKDQ�QRQ�DWRSLF� FRQWUROV�� ,Q� WKLV� VWXG\�FRUWLFRVWHURLGV�GHFUHDVHG�QDVDO�12DQG WKHUH�ZDV�QR�GLIIHUHQFH� LQ�H[KDOHG�12�EHWZHHQ�SDWLHQWV� DQG� FRQWUROV�� ,W� LV� UHPDUNDEOHWKDW�RQH�KRXU�DIWHU�QDVDO�FKDOOHQJH�ZLWK�DOOHUJHQV�QDVDO�12�KDG�GHFUHDVHG�DJDLQ��VLJQLILFDQWFRUUHODWLRQ�ZLWK�LQFUHDVHG�UKLQLWLV�V\PSWRPV��>�������@�
�����12�DV�DQ�HDUO\�SUHGLFWRU�RI�VHQVLWLVDWLRQ
:H� UHFHQWO\� SHUIRUPHG� YDULRXV� VWXGLHV� LQ� VFKRRO� FKLOGUHQ� XVLQJ� H[KDOHG� 12� DV� SXWDWLYHELRPDUNHU�RI�DGYHUVH�HIIHFWV�>���@��2XU�SUHOLPLQDU\�UHVXOWV�IURP�D�FURVV�VHFWLRQDO�VWXG\�VKRZD ODUJH�YDULDWLRQ�LQ�WKH�OHYHO�RI�H[KDOHG�12��$�KLJK�OHYHO�RI�H[KDOHG�12�ZDV�GHILQHG�DV�DQH[KDOHG�12�YDOXH�H[FHHGLQJ�DW�OHDVW�WZR�WLPHV�WKH�VWDQGDUG�GHYLDWLRQ�WKH�PHDQ�12�OHYHO�RIWKH�QRQ�DWRSLF�FKLOGUHQ��!�PHDQ����[�VWDQGDUG�GHYLDWLRQ��
,QWHUHVWLQJO\�� WKH�PDMRU�SDUW�������RI� WKH�FKLOGUHQ�ZLWK�KLJK�H[KDOHG�12�VKRZHG�UHODWLYHO\KLJK�VSHFLILF�,J(�DQWLERGLHV�WLWUHV�WR�DHUR�DOOHUJHQV�RU�ZHUH�SRVLWLYH�LQ�WKH�VNLQ�SULFN�WHVW��L�H����� RI� FKLOGUHQ� ZLWK� KLJK� H[KDOHG� 12� ZHUH� VHYHUHO\� DOOHUJLF�� $OOHUJLF� FKLOGUHQ� ZLWK� DUHODWLYHO\� ORZ� DQWLERG\� WLWUH� JHQHUDOO\� VKRZHG� QR� KLJK� H[KDOHG� 12� OHYHO�� RQO\� ���� RIDOOHUJLF�FKLOGUHQ� �DV�DVVHVVHG�YLD�SRVLWLYH� VNLQ�SULFN� WHVW�RU� HOHYDWHG� DQWLERG\� WLWUH�� VKRZHGKLJK�H[KDOHG�12��7KLV�LPSOLHV�WKDW�D�KLJK�H[KDOHG�12�OHYHO�LV�D�UHOLDEOH�PDUNHU�RI�D�VHYHUH�EXW�QRW�RI�D�PLOG��VWDWH�RI�DOOHUJLF�SXOPRQDU\�GLVHDVH��7KH�VNLQ�SULFN�WHVW�RU�VHURORJLFDO�,J(WLWUH�DVVD\�UHPDLQV�WKH�VXSHULRU�DSSURDFK�WR�GHWHUPLQH�DQ�DOOHUJLF�VWDWXV�
+RZHYHU�� WKH� VDPH� VWXG\� VKRZV� WKDW������RI� WKH� FKLOGUHQ� VKRZHG� D� KLJK� OHYHO� RI� H[KDOHG12�� EXW� QR� VLJQV� RI� DOOHUJ\� �QHJDWLYH� VNLQ� SULFN� WHVW�� DQG� ORZ� VSHFLILF� ,J(�WLWUH� WRDHURDOOHUJHQV��� ,Q�DGGLWLRQ��PRVW�RI� WKH�\RXQJ�FKLOGUHQ��DERXW���\UV��ZLWK�KLJK�H[KDOHG�12VKRZHG�ORZ�VSHFLILF�,J(�WLWUHV�WR�KRXVH�GXVW�PLWH��+'0���ZKHUHDV�ROGHU�FKLOGUHQ��DERXW���\UV��� ZLWK� KLJK� H[KDOHG� 12� IUHTXHQWO\� VKRZHG� KLJK VSHFLILF� WLWUHV� WR� +'0�� $FFRUGLQJO\�LQFUHDVHG�SXOPRQDU\�12�SURGXFWLRQ�PD\�SUHFHGH�DFWXDO�VHQVLWLVDWLRQ�DQG�RXWFRPH�RI�DOOHUJLF
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GLVHDVH�DQG�V\PSWRPV��,W�LV� WKHUHIRUH�K\SRWKHVLVHG�WKDW� LQFUHDVHG�H[KDOHG�12�DW�\RXQJ�DJH�QRW GXH� WR� HVWDEOLVKHG� DOOHUJ\��PD\� EH� D� SUHGLFWLYH�PDUNHU� RI� DOOHUJLF� GLVHDVH� WR� EHFRPHPDQLIHVW�LQ�IROORZLQJ��IRXU��\HDUV�
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$FNQRZOHGJHPHQW
:H�DUH�JUDWHIXO�WR�,U��3�+��)LVFKHU�IRU�KLV�DGYLFH�DQG�FULWLFDO�UHDGLQJ�RI�WKH�PDQXVFULSW�
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5HIHUHQFHV
� �� :+2�)DFW�VKHHW�1R������%URQFKLDO�DVWKPD��-DQXDU\�������
� �� YRQ�0XWLXV�(��0DUWLQH]�)'��)ULW]VFK�&��1LFRODL�7��5RHOO�*��7KLHPDQQ�++��3UHYDOHQFHRI DVWKPD�DQG�DWRS\� LQ� WZR�DUHDV�RI�:HVW�DQG�(DVW�*HUPDQ\��$P�-�5HVSLU�&ULW�&DUH0HG�������������3W������������
� �� 0DQQLQR�'5��5RPD�'0��3HUWURZVNL�&$��6XUYHLOODQFH�IRU�DVWKPD�8QLWHG�6WDWHV�������������66��������������00:5�
� �� :HLW]PDQ�0��*RUWPDNHU�6/��6RERO�$0��3HUULQ� -0��5HFHQW� WUHQGV� LQ� WKH� SUHYDOHQFHDQG VHYHULW\�RI�FKLOGKRRG�DVWKPD��-$0$�������������������������
� �� 6PLW� +$�� %HDXPRQW� 0�� 'H� PRUELGLWHLW� YDQ� DVWPD� HQ� &23'� LQ� 1HWHUODQG�� HHQLQYHQWDULVHUHQG�RQGHU]RHN�WHQ�EHKRHYH�YDQ�GH�EHOHLGVRQGHUVWHXQLQJ�YDQ�KHW�1HGHUODQGV$VWPD�)RQGV��5,90�������������-DQXDUL������
� �� -DUYLV�'��%XUQH\�3��$%&�RI�DOOHUJLHV��7KH�HSLGHPLRORJ\�RI�DOOHUJLF�GLVHDVH��%0-������������������������
� �� %XUU�0/��%XWODQG�%.��.LQJ�6��9DXJKDQ�:LOOLDPV�(��&KDQJHV� LQ�DVWKPD�SUHYDOHQFH�WZR VXUYH\V����\HDUV�DSDUW��$UFK�'LV�&KLOG������������������������
� �� 3HDW�-.��YDQ�GHQ�%HUJ�5+��*UHHQ�:)��0HOOLV�&0��/HHGHU�65��:RROFRFN�$-��&KDQJLQJSUHYDOHQFH�RI�DVWKPD�LQ�$XVWUDOLDQ�FKLOGUHQ��%0-���������������������������
� ��� 9DQ�1LHNHUN�&+��:HLQEHUJ�(*��6KRUH�6&��+HHVH�+9��9DQ�6FKDONZ\N�-��3UHYDOHQFH�RIDVWKPD�� D� FRPSDUDWLYH� VWXG\� RI� XUEDQ� DQG� UXUDO� ;KRVD� FKLOGUHQ�� &OLQ� $OOHUJ\� ������������������
��� *HUJHQ� 3-��0XOODOO\� ',�� (YDQV�5���1DWLRQDO� VXUYH\� RI� SUHYDOHQFH� RI� DVWKPD� DPRQJFKLOGUHQ�LQ�WKH�8QLWHG�6WDWHV�������WR�������3HGLDWULFV�����������������
��� %DUU\�'0��%XUU�0/��/LPE�(6��3UHYDOHQFH�RI� DVWKPD�DPRQJ���� \HDU�ROG� FKLOGUHQ� LQ1HZ�=HDODQG�DQG�6RXWK�:DOHV��D�FRPSDUDWLYH�VXUYH\��7KRUD[���������������������
��� $EHUJ�1��$VWKPD�DQG�DOOHUJLF� UKLQLWLV� LQ�6ZHGLVK�FRQVFULSWV��&OLQ�([S�$OOHUJ\�������������������
��� 1LQDQ� 7.��5XVVHOO�*�� 5HVSLUDWRU\� V\PSWRPV� DQG� DWRS\� LQ� $EHUGHHQ� VFKRROFKLOGUHQ�HYLGHQFH�IURP�WZR�VXUYH\V����\HDUV�DSDUW��%0-�������������������������
��� 1DNDJRPL�7�� ,WD\D�+��7RPLQDJD�7��<DPDNL�0��+LVDPDWVX�6��1DNDJRPL�2�� ,V� DWRS\LQFUHDVLQJ"��/DQFHW�������������������������



5,90�UHSRUW����������� SDJH����RI���

��� 1LFRODL�7��%HOODFK�%��0XWLXV�(9��7KHIHOG�:��+RIIPHLVWHU�+��,QFUHDVHG�SUHYDOHQFH�RIVHQVLWL]DWLRQ�DJDLQVW�DHURDOOHUJHQV�LQ�DGXOWV�LQ�:HVW�FRPSDUHG�ZLWK�(DVW�*HUPDQ\��&OLQ([S�$OOHUJ\����������������������
��� 1RZDN�'��+HLQULFK�-��-RUUHV�5��:DVVPHU�*��%HUJHU�-��%HFN�(��%RF]RU�6��&ODXVVHQ�0�:LFKPDQQ� +(�� 0DJQXVVHQ� +�� 3UHYDOHQFH� RI� UHVSLUDWRU\� V\PSWRPV�� EURQFKLDOK\SHUUHVSRQVLYHQHVV� DQG� DWRS\� DPRQJ� DGXOWV�� ZHVW� DQG� HDVW� *HUPDQ\�� (XU� 5HVSLU� -�����������������������
�� YRQ�0XWLXV�(��7+H�ULVLQJ�WUHQGV�LQ�DVWKPD�DQG�DOOHJLF�GLVHDVH��&OLQ�([S�$OOHUJ\�������� �VXSSO����������
��� 1DNDJDZD� 7�� 1DNDJRPL� 7�� +LVDPDWVX� 6�� ,WD\D� +�� 1DNDJRPL� 2�� 0L]XVKLPD� <�,QFUHDVHG� SUHYDOHQFH� RI� HOHYDWHG� VHUXP� ,J(� DQG� ,**�� DQWLERGLHV� LQ� VWXGHQWV� RYHU� DGHFDGH��-�$OOHUJ\�&OLQ�,PPXQRO������������������
��� YRQ�0XWLXV�(��)ULW]VFK�&��:HLODQG�6.��5ROO�*��0DJQXVVHQ�+��3UHYDOHQFH�RI� DVWKPDDQG DOOHUJLF� GLVRUGHUV� DPRQJ� FKLOGUHQ� LQ� XQLWHG� *HUPDQ\�� D� GHVFULSWLYH� FRPSDULVRQ�%0-���������������������������
���� 0DUWLQH]�)'��:ULJKW�$/��7DXVVLJ�/0��+ROEHUJ�&-��+DORQHQ�0��0RUJDQ�:-��$VWKPDDQG ZKHH]LQJ� LQ� WKH� ILUVW� VL[� \HDUV� RI� OLIH�� 7KH�*URXS�+HDOWK�0HGLFDO�$VVRFLDWHV��1(QJO�-�0HG����������������������
���� 6FKDFKWHU� -�� +LJJLQV� 0:�� 0HGLDQ� DJH� DW� RQVHW� RI� DVWKPD� DQG� DOOHUJLF� UKLQLWLV� LQ7HFXPVHK��0LFKLJDQ��-�$OOHUJ\�&OLQ�,PPXQRO���������������������
���� %RFN� 6$�� 6DPSVRQ� +$�� )RRG� DOOHUJ\� LQ� LQIDQF\�� 3HGLDWU� &OLQ� 1RUWK� $P� ���������������������
���� +DDKWHOD� 7�� +HLVNDOD� 0�� 6XRQLHPL� ,�� $OOHUJLF� GLVRUGHUV� DQG� LPPHGLDWH� VNLQ� WHVWUHDFWLYLW\�LQ�)LQQLVK�DGROHVFHQWV��$OOHUJ\���������������������
��� %UDXQ�)DUODQGHU�&��*DVVQHU�0��*UL]H�/��1HX�8��6HQQKDXVHU�)+��9DURQLHU�+6��9XLOOH-&��:XWKULFK�%��3UHYDOHQFH�RI�KD\�IHYHU�DQG�DOOHUJLF�VHQVLWL]DWLRQ�LQ�IDUPHU¶V�FKLOGUHQDQG WKHLU�SHHUV� OLYLQJ� LQ� WKH�VDPH� UXUDO�FRPPXQLW\��6&$532/� WHDP��6ZLVV� VWXG\�RQ&KLOGKRRG�$OOHUJ\�DQG�5HVSLUDWRU\�6\PSWRPV�ZLWK�5HVSHFW�WR�$LU�3ROOXWLRQ��&OLQ�([S$OOHUJ\���������������������
��� 1LOVVRQ� /�� &DVWRU� 2�� /RIPDQ� 2�� 0DJQXVVHQ� $�� .MHOOPDQ� 1,�� $OOHUJLF� GLVHDVH� LQWHHQDJHUV�LQ�UHODWLRQ�WR�XUEDQ�RU�UXUDO�UHVLGHQFH�DW�YDULRXV�VWDJHV�RI�FKLOGKRRG��$OOHUJ\��������������������
��� &ULPL�3��%RLGL�0��0LQDOH�3��7D]]HU�&��=DQUGL�6��&LSUDQGL�*��'LIIHUHQFHV�LQ�SUHYDOHQFHRI DOOHUJLF�VHQVLWL]DWLRQ�LQ�XUEDQ�DQG�UXUDO�VFKRRO�FKLOGUHQ��$QQ�$OOHUJ\�$VWKPD�DQG,PPXQRO��������������������
���� &RIIPDQ� 5/�� 6H\PRXU� %:�� /HEPDQ� '$�� +LUDNL� ''�� &KULVWLDQVHQ� -$�� 6KUDGHU� %�&KHUZLQVNL�+0��6DYHONRXO�+)��)LQNHOPDQ�)'��%RQG�0:��HW�DO��7KH�UROH�RI�KHOSHU�7
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FHOO� SURGXFWV� LQ� PRXVH� %� FHOO� GLIIHUHQWLDWLRQ� DQG� LVRW\SH� UHJXODWLRQ�� ,PPXQRO� 5HY���������������
���� 6DOOXVWR� )�� /HQLJ�'��0DFND\�&5�� /DQ]DYHFFKLD�$�� )OH[LEOH� SURJUDPV� RI� FKHPRNLQHUHFHSWRU� H[SUHVVLRQ� RQ� KXPDQ� SRODUL]HG� 7� KHOSHU� �� DQG� �� O\PSKRF\WHV�� -� ([S�0HG���������������������
���� 3UHVFRWW� 6/�� 0DFDXEDV� &�� +ROW� %-�� 6PDOODFRPEH� 7%�� /RK� 5�� 6O\� 3'�� +ROW� 3*�7UDQVSODFHQWDO� SULPLQJ� RI� WKH� KXPDQ� LPPXQH� V\VWHP� WR� HQYLURQPHQWDO� DOOHUJHQV�XQLYHUVDO� VNHZLQJ� RI� LQLWLDO� 7� FHOO� UHVSRQVHV� WRZDUG� WKH� 7K�� F\WRNLQH� SURILOH�� -,PPXQRO�������������������������
���� <DEXKDUD�$��0DFDXEDV�&��3UHVFRWW�6/��9HQDLOOH�7-��+ROW�%-��+DEUH�:��6O\�3'��+ROW3*�� 7+��SRODUL]HG� LPPXQRORJLFDO� PHPRU\� WR� LQKDODQW� DOOHUJHQV� LQ� DWRSLFV� LVHVWDEOLVKHG�GXULQJ� LQIDQF\�DQG�HDUO\�FKLOGKRRG��&OLQ�([S�$OOHUJ\������������������������
���� /HZLV�6$��,QIHFWLRQV�LQ�DVWKPD�DQG�DOOHUJ\��7KRUD[����������������������
���� %DUQHV�3-��1LWULF�R[LGH�DQG�DLUZD\�GLVHDVH��$QQ�0HG���������������������
���� %XUURZV�%��0DUWLQH]�)'��+DORQHQ�0��%DUEHH�5$��&OLQH�0*��$VVRFLDWLRQ�RI� DVWKPDZLWK� VHUXP� ,J(� OHYHOV� DQG� VNLQ�WHVW� UHDFWLYLW\� WR� DOOHUJHQV�� 1� (QJO� -� 0HG� ��������������������
���� 6XQ\HU�-��$QWR�-0��&DVWHOOVDJXH�-��6RULDQR�-%��5RFD�-��7RWDO�VHUXP�,J(�LV�DVVRFLDWHGZLWK�DVWKPD�LQGHSHQGHQWO\�RI�VSHFLILF�,J(�OHYHOV��7KH�6SDQLVK�*URXS�RI�WKH�(XURSHDQ6WXG\�RI�$VWKPD��(XU�5HVSLU�-����������������������
���� 6HDUV�05��%XUURZV�%��)ODQQHU\�(0��+HUELVRQ�*3��+HZLWW�&-��+ROGDZD\�0'��5HODWLRQEHWZHHQ� DLUZD\� UHVSRQVLYHQHVV� DQG� VHUXP� ,J(� LQ� FKLOGUHQ� ZLWK� DVWKPD� DQG� LQDSSDUHQWO\�QRUPDO�FKLOGUHQ��1�(QJO�-�0HG�������������������������
���� *HUJHQ� 3-�� 7XUNHOWDXE� 3&�� 7KH� DVVRFLDWLRQ� RI� LQGLYLGXDO� DOOHUJHQ� UHDFWLYLW\� ZLWKUHVSLUDWRU\� GLVHDVH� LQ� D� QDWLRQDO� VDPSOH�� GDWD� IURP� WKH� VHFRQG� 1DWLRQDO� +HDOWK� DQG1XWULWLRQ�([DPLQDWLRQ�6XUYH\�����������1+$1(6�,,���-�$OOHUJ\�&OLQ�,PPXQRO�����������3W������������
���� 3HDW� -.�� :RROFRFN� $-�� 6HQVLWLYLW\� WR� FRPPRQ� DOOHUJHQV�� UHODWLRQ� WR� UHVSLUDWRU\V\PSWRPV�DQG�EURQFKLDO�K\SHU�UHVSRQVLYHQHVV�LQ�FKLOGUHQ�IURP�WKUHH�GLIIHUHQW�FOLPDWLFDUHDV�RI�$XVWUDOLD��&OLQ�([S�$OOHUJ\���������������������
���� 6SRULN� 5�� +ROJDWH� 67�� 3ODWWV� 0LOOV� 7$�� &RJVZHOO� --�� ([SRVXUH� WR� KRXVH�GXVW� PLWHDOOHUJHQ��'HU�S�,��DQG�WKH�GHYHORSPHQW�RI�DVWKPD�LQ�FKLOGKRRG��$�SURVSHFWLYH�VWXG\��1(QJO�-�0HG����������������������
���� 6HDUV� 05�� +HUELVRQ� *3�� +ROGDZD\� 0'�� +HZLWW� &-�� )ODQQHU\� (0�� 6LOYD� 3$�� 7KHUHODWLYH� ULVNV� RI� VHQVLWLYLW\� WR� JUDVV� SROOHQ�� KRXVH� GXVW� PLWH� DQG� FDW� GDQGHU� LQ� WKHGHYHORSPHQW�RI�FKLOGKRRG�DVWKPD��&OLQ�([S�$OOHUJ\���������������������
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���� +HQGHUVRQ� ):�� +HQU\�00�� ,YLQV� 66�� 0RUULV� 5�� 1HHEH� (&�� /HX� 6<�� 6WHZDUW� 3:�&RUUHODWHV� RI� UHFXUUHQW� ZKHH]LQJ� LQ� VFKRRO�DJH� FKLOGUHQ�� 7KH� 3K\VLFLDQV� RI� 5DOHLJK3HGLDWULF�$VVRFLDWHV��$P�-�5HVSLU�&ULW�&DUH�0HG������������������������
���� 6DDULQHQ� 80�� .DMRVDDUL� 0�� %DFNPDQ� $�� 6LLPHV� 0$�� 3URORQJHG� EUHDVW�IHHGLQJ� DVSURSK\OD[LV�IRU�DWRSLF�GLVHDVH��/DQFHW�����������������������
���� 'DQLHOV�6(��%KDWWDFKDUU\D�6��-DPHV�$��/HDYHV�1,��<RXQJ�$��+LOO�05��)DX[�-$��5\DQ*)�� OH�6RXHI�31��/DWKURS�*0��0XVN�$:��&RRNVRQ�:2��$�JHQRPH�ZLGH�VHDUFK� IRUTXDQWLWDWLYH�WUDLW�ORFL�XQGHUO\LQJ�DVWKPD��1DWXUH�������������������������
���� +L]DZD�1��)UHLGKRII�/5��(KUOLFK�(��&KLX�<)��'XII\�'/��6FKRX�&��'XQVWRQ�*0��%HDW\7+��0DUVK�'*��%DUQHV�.&��+XDQJ�6.��*HQHWLF�LQIOXHQFHV�RI�FKURPRVRPHV��T���T��DQG ��T���RQ�VSHFLILF�,J(�UHVSRQVLYHQHVV�WR�FRPPRQ�LQKDOHG�DOOHUJHQV�DPRQJ�$IULFDQ$PHULFDQ�IDPLOLHV��&ROODERUDWLYH�6WXG\�RQ�WKH�*HQHWLFV�RI�$VWKPD��&6*$���-�$OOHUJ\&OLQ�,PPXQRO����������������������
���� %DUQHV�.&��1HHO\� -'��'XII\�'/��)UHLGKRII� /5��%UHD]HDOH�'5��6FKRX�&��1DLGX�53�/HYHWW� 31�� 5HQDXOW� %��.XFKHUODSDWL� 5�� ,R]]LQR� 6�� (KUOLFK� (�� %HDW\� 7+��0DUVK� '*�/LQNDJH�RI�DVWKPD�DQG�WRWDO�VHUXP�,J(�FRQFHQWUDWLRQ�WR�PDUNHUV�RQ�FKURPRVRPH���T�HYLGHQFH� IURP�$IUR�&DULEEHDQ�DQG�&DXFDVLDQ�SRSXODWLRQV��*HQRPLFV�������������������
��� :HLVV�67��(QYLURQPHQWDO�ULVN�IDFWRUV�LQ�FKLOGKRRG�DVWKPD��&OLQ�([S�$OOHUJ\����������������
���� +ROW� 3*�� 6O\� 3'�� %MRUNVWHQ� %�� $WRSLF� YHUVXV� LQIHFWLRXV� GLVHDVHV� LQ� FKLOGKRRG�� DTXHVWLRQ�RI�EDODQFH"�3HGLDWU�$OOHUJ\�,PPXQRO������������������
���� /DFRXU� 0�� $FXWH� LQIHFWLRQV� LQ� DWRSLF� GHUPDWLWLV�� D� FOXH� IRU� D� SDWKRJHQLF� UROH� RI� D7K��7K��LPEDODQFH"�'HUPDWRORJ\����������������������
���� 6KDKHHQ�62��$DE\�3��+DOO�$-��%DUNHU�'-��+H\HV�&%��6KLHOO�$:��*RXGLDE\�$��&HOOPHGLDWHG�LPPXQLW\�DIWHU�PHDVOHV�LQ�*XLQHD�%LVVDX��KLVWRULFDO�FRKRUW�VWXG\��%0-������������������������
���� 0LOOV�.+��%DUQDUG�$��:DWNLQV� -��5HGKHDG�.��&HOO�PHGLDWHG� LPPXQLW\� WR� %RUGHWHOODSHUWXVVLV�� UROH� RI� 7K�� FHOOV� LQ� EDFWHULDO� FOHDUDQFH� LQ� D� PXULQH� UHVSLUDWRU\� LQIHFWLRQPRGHO��,QIHFW�,PPXQ���������������������
���� <HXQJ�93��*LHQL�56��8PHWVX�'7��'H.UX\II�5+��+HDW�NLOOHG�/LVWHULD�PRQRF\WRJHQHVDV DQ�DGMXYDQW�FRQYHUWV�HVWDEOLVKHG�PXULQH�7K��GRPLQDWHG�LPPXQH�UHVSRQVHV�LQWR�7K��GRPLQDWHG�UHVSRQVHV��-�,PPXQRO������������������������
���� 6FKDUWRQ�70��6FRWW�3��1DWXUDO�NLOOHU�FHOOV�DUH�D�VRXUFH�RI�LQWHUIHURQ�JDPPD�WKDW�GULYHVGLIIHUHQWLDWLRQ�RI�&'���7�FHOO�VXEVHWV�DQG�LQGXFHV�HDUO\�UHVLVWDQFH�WR�/HLVKPDQLD�PDMRULQ�PLFH��-�([S�0HG����������������������
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��� 6DPRUH�0+��6LEHU�*5��3HUWXVVLV�WR[LQ�HQKDQFHG�,J*��DQG�,J(��UHVSRQVHV�WR�SULPDU\WHWDQXV� LPPXQL]DWLRQ� DUH� PHGLDWHG� E\� LQWHUOHXNLQ��� DQG� SHUVLVW� GXULQJ� VHFRQGDU\UHVSRQVHV�WR�WHWDQXV�DORQH��9DFFLQH����������������������
���� .XUXS� 93�� 6H\PRXU� %:�� &KRL� +�� &RIIPDQ� 5/�� 3DUWLFXODWH� $VSHUJLOOXV� IXPLJDWXVDQWLJHQV� HOLFLW� D� 7+�� UHVSRQVH� LQ� %$/%�F� PLFH�� -� $OOHUJ\� &OLQ� ,PPXQRO� ���������������������
���� *HUQ�-(��:HLVV�67��3URWHFWLRQ�DJDLQVW�DWRSLF�GLVHDVHV�E\�PHDVOHV���$�UDVK�FRQFOXVLRQ"-DPD�-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ����������������������
���� +HDOWK� HIIHFWV� RI� RXWGRRU� DLU� SROOXWLRQ�� &RPPLWWHH� RI� WKH� (QYLURQPHQWDO� DQG2FFXSDWLRQDO�+HDOWK�$VVHPEO\� RI� WKH�$PHULFDQ� 7KRUDFLF� 6RFLHW\��$P� -� 5HVSLU� &ULW&DUH�0HG�������������������
���� 6FKDIHU�7��5LQJ�-��(SLGHPLRORJ\�RI�DOOHUJLF�GLVHDVHV��$OOHUJ\�������������6XSSO��������
���� 0DHMLPD�.��7DPXUD�.��7DQLJXFKL�<��1DJDVH�6��7DQDND�+��&RPSDULVRQ�RI�WKH�HIIHFWV�RIYDULRXV� ILQH� SDUWLFOHV� RQ� ,J(� DQWLERG\� SURGXFWLRQ� LQ� PLFH� LQKDOLQJ� -DSDQHVH� FHGDUSROOHQ�DOOHUJHQV��-�7R[LFRO�(QYLURQ�+HDOWK���������������������
���� 'LD]�6DQFKH]�'��7VLHQ�$�� )OHPLQJ� -�� 6D[RQ�$��&RPELQHG� GLHVHO� H[KDXVW� SDUWLFXODWHDQG UDJZHHG� DOOHUJHQ� FKDOOHQJH� PDUNHGO\� HQKDQFHV� KXPDQ� LQ� YLYR� QDVDO� UDJZHHG�VSHFLILF�,J(�DQG�VNHZV�F\WRNLQH�SURGXFWLRQ�WR�D�7�KHOSHU�FHOO���W\SH�SDWWHUQ��-�,PPXQRO�����������������������
���� +LOWHUPDQQ�7-�� GH�%UXLMQH�&5�� 6WRON� -�� =ZLQGHUPDQ�$+�� 6SLHNVPD�)7�� 5RHPHU�:�6WHHUHQEHUJ�3$��)LVFKHU� 3+�� YDQ�%UHH� /��+LHPVWUD� 36�� (IIHFWV� RI� SKRWRFKHPLFDO� DLUSROOXWLRQ�DQG�DOOHUJHQ�H[SRVXUH�RQ�XSSHU� UHVSLUDWRU\�WUDFW� LQIODPPDWLRQ�LQ�DVWKPDWLFV�$P�-�5HVSLU�&ULW�&DUH�0HG������������������������
���� 'HYOLQ�5%��0F.LQQRQ�.3��1RDK�7�� %HFNHU� 6��.RUHQ�+6��2]RQH�LQGXFHG� UHOHDVH� RIF\WRNLQHV� DQG� ILEURQHFWLQ� E\� DOYHRODU�PDFURSKDJHV� DQG� DLUZD\� HSLWKHOLDO� FHOOV��$P� -3K\VLRO�������������3W����/������
���� 6WHHUHQEHUJ� 3$�� =RQQHQEHUJ� -$�� 'RUPDQV� -$�� -RRQ� 31��:RXWHUV� ,0�� YDQ� %UHH� /�6FKHHSHUV�37��YDQ�/RYHUHQ�+��'LHVHO�H[KDXVW�SDUWLFOHV�LQGXFHG�UHOHDVH�RI�LQWHUOHXNLQ��DQG ��E\��SULPHG��KXPDQ�EURQFKLDO�HSLWKHOLDO�FHOOV��%($6��%��LQ�YLWUR��([S�/XQJ�5HV�������������������
���� 5REELQV�5$��%DUQHV�3-��6SULQJDOO�'5��:DUUHQ�-%��.ZRQ�2-��%XWWHU\�/'��:LOVRQ�$-�*HOOHU� '$�� 3RODN� -0�� ([SUHVVLRQ� RI� LQGXFLEOH� QLWULF� R[LGH� LQ� KXPDQ� OXQJ� HSLWKHOLDOFHOOV��%LRFKHP�%LRSK\V�5HV�&RPPXQ����������������������
���� %MRUNVWHQ� %�� (SLGHPLRORJ\� RI� SROOXWLRQ�LQGXFHG� DLUZD\� GLVHDVH� LQ� 6FDQGLQDYLD� DQG(DVWHUQ�(XURSH��$OOHUJ\�������������6XSSO��������
���� /HZLV�6��5LFKDUGV�'��%\QQHU�-��%XWOHU�1��%ULWWRQ�-��3URVSHFWLYH�VWXG\�RI�ULVN�IDFWRUV�IRUHDUO\�DQG�SHUVLVWHQW�ZKHH]LQJ�LQ�FKLOGKRRG��(XU�5HVSLU�-��������������������
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���� .MHOOPDQ�1,��&URQHU�6��&RUG�EORRG�,J(�GHWHUPLQDWLRQ�IRU�DOOHUJ\�SUHGLFWLRQ��D�IROORZ�XS WR�VHYHQ�\HDUV�RI�DJH�LQ�������FKLOGUHQ��$QQ�$OOHUJ\���������������������
���� +MDOWH� .�� &URQHU� 6�� .MHOOPDQ� 1,�� &RVW�HIIHFWLYHQHVV� RI� QHRQDWDO� ,J(�VFUHHQLQJ� IRUDWRSLF�DOOHUJ\�EHIRUH���\HDUV�RI�DJH��$OOHUJ\��������������������
��� +LGH�':��$UVKDG�6+��7ZLVHOWRQ�5��6WHYHQV�0��&RUG�VHUXP�,J(��DQ�LQVHQVLWLYH�PHWKRGIRU SUHGLFWLRQ�RI�DWRS\��&OLQ�([S�$OOHUJ\���������������������
���� 5XL]�5*��5LFKDUGV�'��.HPHQ\�'0��3ULFH�-)��1HRQDWDO� ,J(��D�SRRU� VFUHHQ� IRU� DWRSLFGLVHDVH��&OLQ�([S�$OOHUJ\���������������������
���� 'HODFRXUW� &�� /DEEH� '�� 9DVVDXOW� $�� %UXQHW� /DQJRW� '�� GH� %OLF� -�� 6FKHLQPDQQ� 3�6HQVLWL]DWLRQ�WR�LQKDODQW�DOOHUJHQV�LQ�ZKHH]LQJ�LQIDQWV�LV�SUHGLFWLYH�RI�WKH�GHYHORSPHQWRI LQIDQWLOH�DVWKPD��$OOHUJ\����������������������
���� .D\�$%��$VWKPD�DQG�LQIODPPDWLRQ��-�$OOHUJ\�&OLQ�,PPXQRO���������������������
���� 6WHHUHQEHUJ�3$��)LVFKHU�3+��*PHOLJ�0H\OLQJ�)��:LOOLJKDJHQ�-��*HHUVH�(��YDQ�GH�9OLHW+��$PHOLQJ�&��%RLQN�$%��'RUPDQV�-$��YDQ�%UHH�/��YDQ�/RYHUHQ�+��1DVDO� ODYDJH�DVWRRO IRU� KHDOWK� HIIHFW� DVVHVVPHQW� RI� SKRWRFKHPLFDO� DLU� SROOXWLRQ�� +XP� ([S� 7R[LFRO��������������������
���� 1RDK�7/��+HQGHUVRQ�):��+HQU\�00��3HGHQ�'%��'HYOLQ�5%��1DVDO�ODYDJH�F\WRNLQHVLQ� QRUPDO�� DOOHUJLF�� DQG� DVWKPDWLF� VFKRRO�DJH� FKLOGUHQ�� $P� -� 5HVSLU� &ULW� &DUH�0HG������������3W������������
���� /RGUXS�&DUOVHQ�.&��+DOYRUVHQ�5��$KOVWHGW�6��&DUOVHQ�.+��(RVLQRSKLO�FDWLRQLF�SURWHLQDQG WLGDO�IORZ�YROXPH�ORRSV�LQ�FKLOGUHQ�����\HDUV�RI�DJH��(XU�5HVSLU�-����������������������
���� .ULVWMDQVVRQ�6��6KLPL]X�7��6WUDQQHJDUG�,/��:HQQHUJUHQ�*��(RVLQRSKLO�FDWLRQLF�SURWHLQ�P\HORSHUR[LGDVH� DQG� WU\SWDVH� LQ� FKLOGUHQ� ZLWK� DVWKPD� DQG� DWRSLF� GHUPDWLWLV�� 3HGLDWU$OOHUJ\�,PPXQRO���������������������
���� .KDULWRQRY� 6$�� 5REELQV� 5$�� <DWHV� '�� .HDWLQJV� 9�� %DUQHV� 3-�� $FXWH� DQG� FKURQLFHIIHFWV�RI�FLJDUHWWH�VPRNLQJ�RQ�H[KDOHG�QLWULF�R[LGH��$P�-�5HVSLU�&ULW�&DUH�0HG����������������������
��� YDQ�$PVWHUGDP�-*&��+ROODQGHU�$��6QHOGHU�-%��)LVFKHU�3+��YDQ�/RYHUHQ�+��9RV�-*�2SSHUKXL]HQ�$��6WHHUHQEHUJ�3$�� ,QFUHDVHG� H[KDOHG� QLWULF� R[LGH� LQ� DWRSLF� LQGLYLGXDOVYHUVXV�FRQWURO�VXEMHFWV��1LWULF�2[LGH���������������������
��� 0RQFDGD� 6�� 3DOPHU� 50�� +LJJV� ($�� 1LWULF� R[LGH�� SK\VLRORJ\�� SDWKRSK\VLRORJ\�� DQGSKDUPDFRORJ\��3KDUPDFRO�5HY����������������������
���� 7UDFH\�:5��;XH�&��.OLQJKRIHU�9��%DUORZ� -�� 3ROORFN� -6�� )RUVWHUPDQQ�8�� -RKQV�5$�,PPXQRFKHPLFDO� GHWHFWLRQ� RI� LQGXFLEOH� 12� V\QWKDVH� LQ� KXPDQ� OXQJ�� $P� -� 3K\VLRO������������3W�����/��������
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���� 'L� 5RVD� 0�� 5DGRPVNL� 0�� &DUQXFFLR� 5�� 0RQFDGD� 6�� *OXFRFRUWLFRLGV� LQKLELW� WKHLQGXFWLRQ� RI� QLWULF� R[LGH� V\QWKDVH� LQ� PDFURSKDJHV�� %LRFKHP� %LRSK\V� 5HV� &RPPXQ�����������������������
���� %DUQHV�3-��.KDULWRQRY�6$��([KDOHG�QLWULF�R[LGH��D�QHZ�OXQJ�IXQFWLRQ�WHVW��7KRUD[��������������������
���� *XVWDIVVRQ�/(��/HRQH�$0��3HUVVRQ�0*��:LNOXQG�13��0RQFDGD�6��(QGRJHQRXV�QLWULFR[LGH� LV� SUHVHQW� LQ� WKH� H[KDOHG� DLU� RI� UDEELWV�� JXLQHD� SLJV� DQG� KXPDQV�� %LRFKHP%LRSK\V�5HV�&RPPXQ����������������������
���� 'LOORQ�:&��+DPSO�9��6KXOW]�3-��5XELQV�-%��$UFKHU�6/��2ULJLQV�RI�EUHDWK�QLWULF�R[LGHLQ�KXPDQV��&KHVW����������������������
���� /HRQH�$0��*XVWDIVVRQ�/(��)UDQFLV�3/��3HUVVRQ�0*��:LNOXQG�13��0RQFDGD�6��1LWULFR[LGH� LV�SUHVHQW� LQ� H[KDOHG�EUHDWK� LQ�KXPDQV��GLUHFW�*&��06� FRQILUPDWLRQ��%LRFKHP%LRSK\V�5HV�&RPPXQ����������������������
���� 7VXMLQR� ,�� 0L\DPRWR� .�� 1LVKLPXUD� 0�� 6KLQDQR� +�� 0DNLWD� +�� 6DLWR� 6�� 1DNDQR� 7�.DZDNDPL� <�� 3URGXFWLRQ� RI� QLWULF� R[LGH� �12�� LQ� LQWUDWKRUDFLF� DLUZD\V� RI� QRUPDOKXPDQV��$P�-�5HVSLU�&ULW�&DUH�0HG������������������������
���� .KDULWRQRY� 6$��$OYLQJ�.�� %DUQHV� 3-�� ([KDOHG� DQG� QDVDO� QLWULF� R[LGH�PHDVXUHPHQWV�UHFRPPHQGDWLRQV��7KH�(XURSHDQ�5HVSLUDWRU\�6RFLHW\�7DVN�)RUFH��(XU�5HVSLU� -����������������������
���� .KDULWRQRY�6$��<DWHV�'��6SULQJDOO�'5��%XWWHU\�/�� 3RODN� -��5REELQV�5$��%DUQHV�3-�([KDOHG�QLWULF�R[LGH�LV�LQFUHDVHG�LQ�DVWKPD��&KHVW�������������6XSSO�����6����6�
���� +DPLG� 4�� 6SULQJDOO� '5�� 5LYHURV� 0RUHQR� 9�� &KDQH]� 3�� +RZDUWK� 3�� 5HGLQJWRQ� $�%RXVTXHW� -�� *RGDUG� 3�� +ROJDWH� 6�� 3RODN� -0�� ,QGXFWLRQ� RI� QLWULF� R[LGH� V\QWKDVH� LQDVWKPD��/DQFHW��������������������������������
���� .KDULWRQRY�6$��<DWHV�'��5REELQV�5$��/RJDQ�6LQFODLU�5��6KLQHERXUQH�($��%DUQHV�3-�,QFUHDVHG�QLWULF�R[LGH�LQ�H[KDOHG�DLU�RI�DVWKPDWLF�SDWLHQWV��/DQFHW�������������������������
���� /XQGEHUJ�-2��1RUGYDOO�6/��:HLW]EHUJ�(��.ROOEHUJ�+��$OYLQJ�.��([KDOHG�QLWULF�R[LGH�LQSDHGLDWULF�DVWKPD�DQG�F\VWLF�ILEURVLV��$UFK�'LV�&KLOG���������������������
���� 0DVVDUR�$)��*DVWRQ�%��.LWD�'��)DQWD�&��6WDPOHU�-6��'UD]HQ�-0��([SLUHG�QLWULF�R[LGHOHYHOV�GXULQJ�WUHDWPHQW�RI�DFXWH�DVWKPD��$P�-�5HVSLU�&ULW�&DUH�0HG����������������������
���� 3HUVVRQ�0*��=HWWHUVWURP�2��$JUHQLXV�9�� ,KUH�(��*XVWDIVVRQ�/(��6LQJOH�EUHDWK� QLWULFR[LGH�PHDVXUHPHQWV� LQ�DVWKPDWLF�SDWLHQWV� DQG� VPRNHUV��/DQFHW�������������������������
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���� .KDULWRQRY� 6$��<DWHV�'�� %DUQHV� 3-�� ,QFUHDVHG� QLWULF� R[LGH� LQ� H[KDOHG� DLU� RI� QRUPDOKXPDQ� VXEMHFWV�ZLWK� XSSHU� UHVSLUDWRU\� WUDFW� LQIHFWLRQV�� (XU� 5HVSLU� -� ������ �������������
���� GH� *RXZ� +:�� *UXQEHUJ� .�� 6FKRW� 5�� .URHV� $&�� 'LFN� (&�� 6WHUN� 3-�� 5HODWLRQVKLSEHWZHHQ�H[KDOHG�QLWULF�R[LGH� DQG�DLUZD\�K\SHUUHVSRQVLYHQHVV� IROORZLQJ� H[SHULPHQWDOUKLQRYLUXV�LQIHFWLRQ�LQ�DVWKPDWLF�VXEMHFWV��(XU�5HVSLU�-���������������������
���� .KDULWRQRY� 6$��:HOOV�$8��2
&RQQRU� %-��&ROH� 3-��+DQVHOO�'0�� /RJDQ� 6LQFODLU� 5%�%DUQHV�3-��(OHYDWHG�OHYHOV�RI�H[KDOHG�QLWULF�R[LGH�LQ�EURQFKLHFWDVLV��$P�-�5HVSLU�&ULW&DUH�0HG������������������������
���� 'RWVFK� -�� 'HPLUDNFD� 6�� 7HUEUDFN� +*�� +XOV� *�� 5DVFKHU�:�� .XKO� 3*�� $LUZD\� QLWULFR[LGH� LQ� DVWKPDWLF� FKLOGUHQ� DQG� SDWLHQWV� ZLWK� F\VWLF� ILEURVLV�� (XU� 5HVSLU� -� ���������������������
���� /XQGEHUJ� -2��:HLW]EHUJ�(��1RUGYDOO� 6/��.X\OHQVWLHUQD�5�� /XQGEHUJ� -0��$OYLQJ�.�3ULPDULO\�QDVDO� RULJLQ� RI� H[KDOHG� QLWULF� R[LGH� DQG� DEVHQFH� LQ�.DUWDJHQHU
V� V\QGURPH�(XU�5HVSLU�-����������������������
���� 0D]LDN�:��/RXNLGHV�6��&XOSLWW�6��6XOOLYDQ�3��.KDULWRQRY�6$��%DUQHV�3-��([KDOHG�QLWULFR[LGH� LQ� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH�� $P� -� 5HVSLU� &ULW� &DUH� 0HG� �����������3W�������������
���� &OLQL�(��%LDQFKL�/��3DJDQL�0��$PEURVLQR�1��(QGRJHQRXV�QLWULF�R[LGH�LQ�SDWLHQWV�ZLWKVWDEOH�&23'��FRUUHODWHV�ZLWK�VHYHULW\�RI�GLVHDVH��7KRUD[����������������������
��� 5XWJHUV�65��3RVWPD�'6��9DQ�GHU�0DUN�7K:��.RHWHU�*+��1LWULF�R[LGH�LQ�H[KDOHG�DLU�LQ&23'��(XU�5HVSLU�-�����6XSSO���������V�������
���� 5REELQV�5$��)ORUHDQL�$$��9RQ�(VVHQ�6*��6LVVRQ�-+��+LOO�*(��5XELQVWHLQ�,��7RZQOH\5*��0HDVXUHPHQW�RI� H[KDOHG�QLWULF�R[LGH�E\� WKUHH�GLIIHUHQW� WHFKQLTXHV��$P�-�5HVSLU&ULW�&DUH�0HG������������������������
����� <DWHV�'+��.KDULWRQRY�6$��5REELQV�5$��7KRPDV�36��%DUQHV�3-��(IIHFW�RI�D�QLWULF�R[LGHV\QWKDVH�LQKLELWRU�DQG�D�JOXFRFRUWLFRVWHURLG�RQ�H[KDOHG�QLWULF�R[LGH��$P�-�5HVSLU�&ULW&DUH�0HG����������������������
����� .KDULWRQRY�6$��<DWHV�'+��%DUQHV�3-��,QKDOHG�JOXFRFRUWLFRLGV�GHFUHDVH�QLWULF�R[LGH�LQH[KDOHG�DLU�RI�DVWKPDWLF�SDWLHQWV��$P�-�5HVSLU�&ULW�&DUH�0HG����������������������
����� .KDULWRQRY� 6$�� <DWHV� '+�� &KXQJ� .)�� %DUQHV� 3-�� &KDQJHV� LQ� WKH� GRVH� RI� LQKDOHGVWHURLG� DIIHFW� H[KDOHG� QLWULF� R[LGH� OHYHOV� LQ� DVWKPDWLF� SDWLHQWV�� (XU� 5HVSLU� -� ������������������
����� <DWHV� '+�� .KDULWRQRY� 6$�� 7KRPDV� 36�� %DUQHV� 3-�� (QGRJHQRXV� QLWULF� R[LGH� LVGHFUHDVHG�LQ�DVWKPDWLF�SDWLHQWV�E\�DQ�LQKLELWRU�RI�LQGXFLEOH�QLWULF�R[LGH�V\QWKDVH��$P�-5HVSLU�&ULW�&DUH�0HG����������������������
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����� .KDULWRQRY� 6$�� %DUQHV� 3-�� 1LWULF� R[LGH� LQ� H[KDOHG� DLU� LV� D� QHZ� PDUNHU� RI� DLUZD\LQIODPPDWLRQ��0RQDOGL�$UFK�&KHVW�'LV���������������������
����� 5REELQV�5$��6SULQJDOO�'5��:DUUHQ�-%��.ZRQ�2-��%XWWHU\�/'��:LOVRQ�$-��$GFRFN�,0�5LYHURV� 0RUHQR� 9�� 0RQFDGD� 6�� 3RODN� -�� HW� DO�� ,QGXFLEOH� QLWULF� R[LGH� V\QWKDVH� LVLQFUHDVHG�LQ�PXULQH�OXQJ�HSLWKHOLDO�FHOOV�E\�F\WRNLQH�VWLPXODWLRQ��%LRFKHP�%LRSK\V�5HV&RPPXQ����������������������
����� 6FKXLOLQJ�0��=XLGKRI�$%��%RQRXYULH�0$��9HQHPD�1��=DDJVPD�-��0HXUV�+��5ROH�RIQLWULF� R[LGH� LQ� WKH� GHYHORSPHQW� DQG� SDUWLDO� UHYHUVDO� RI� DOOHUJHQ�LQGXFHG� DLUZD\K\SHUUHDFWLYLW\� LQ� FRQVFLRXV�� XQUHVWUDLQHG� JXLQHD�SLJV�� %U� -� 3KDUPDFRO� ����������������������
����� 3HUVVRQ� 0*�� )ULEHUJ� 6*�� +HGTYLVW� 3�� *XVWDIVVRQ� /(�� (QGRJHQRXV� QLWULF� R[LGHFRXQWHUDFWV�DQWLJHQ�LQGXFHG�EURQFKRFRQVWULFWLRQ��(XU�-�3KDUPDFRO��������������5����
����� .KDULWRQRY� 6$��2
&RQQRU�%-�� (YDQV�'-��%DUQHV� 3-��$OOHUJHQ�LQGXFHG� ODWH� DVWKPDWLFUHDFWLRQV�DUH�DVVRFLDWHG�ZLWK�HOHYDWLRQ�RI�H[KDOHG�QLWULF�R[LGH��$P�-�5HVSLU�&ULW�&DUH0HG������������������������
����� )UDQN�7/��$GLVHVK�$��3LFNHULQJ�$&��0RUULVRQ�-)-��:ULJKW�7��)UDQFLV�+��)OHWFKHU�$�)UDQN� 3,�� +DQQDIRUG� 3�� 5HODWLRQVKLS� EHWZHHQ� H[KDOHG� QLWULF� R[LGH� DQG� FKLOGKRRGDVWKPD��$P�-�5HVSLU�&ULW�&DUH�0HG������������������������
����� /DQ]�0-�� /HXQJ�'<��:KLWH� &:�� &RPSDULVRQ� RI� H[KDOHG� QLWULF� R[LGH� WR� VSLURPHWU\GXULQJ�HPHUJHQF\�WUHDWPHQW�RI�DVWKPD�H[DFHUEDWLRQV�ZLWK�JOXFRFRUWLFRLGV�LQ�FKLOGUHQ�$QQ�$OOHUJ\�$VWKPD�,PPXQRO���������������������
����� $GLVHVK�/$��.KDULWRQRY�6$��<DWHV�'+��6QDVKHOO�'&��1HZPDQ7D\ORU�$-��%DUQHV�3-�([KDOHG� DQG� QDVDO� QLWULF� R[LGH� LV� LQFUHDVHG� LQ� ODERUDWRU\� DQLPDO� DOOHUJ\�� &OLQ� ([S$OOHUJ\���������������������
���� 0DUWLQ�8��%U\GHQ�.��'HYR\�0��+RZDUWK� 3�� ,QFUHDVHG� OHYHOV� RI� H[KDOHG� QLWULF� R[LGHGXULQJ� QDVDO� DQG� RUDO� EUHDWKLQJ� LQ� VXEMHFWV� ZLWK� VHDVRQDO� UKLQLWLV�� -� $OOHUJ\� &OLQ,PPXQRO���������������������
���� %DUDOGL�(��$]]ROLQ�10��'DULR�&��&DUUD�6��2QJDUR�5��%LEDQ�3��=DFFKHOOR�)��(IIHFW�RIDWPRVSKHULF�QLWULF�R[LGH��12��RQ�PHDVXUHPHQWV�RI�H[KDOHG�12�LQ�DVWKPDWLF�FKLOGUHQ�3HGLDWU�3XOPRQRO�������������������
���� $UQDO�-)��'LGLHU�$��5DPL�-��0
5LQL�&��&KDUOHW�-3��6HUUDQR�(��%HVRPEHV�-3��1DVDO�QLWULFR[LGH�LV�LQFUHDVHG�LQ�DOOHUJLF�UKLQLWLV��&OLQ�([S�$OOHUJ\����������������������
���� .KDULWRQRY�6$��5DMDNXODVLQJDP�.��2
&RQQRU�%��'XUKDP�65��%DUQHV�3-��1DVDO�QLWULFR[LGH�LV� LQFUHDVHG�LQ�SDWLHQWV�ZLWK�DVWKPD�DQG�DOOHUJLF� UKLQLWLV�DQG�PD\�EH�PRGXODWHGE\�QDVDO�JOXFRFRUWLFRLGV��-�$OOHUJ\�&OLQ�,PPXQRO�����������������
���� 6WHHUHQEHUJ�3$��1LHUNHQV�6��YDQ�/RYHUHQ�+��YDQ�$PVWHUGDP�-*&��$�VLPSOH�PHWKRG�WR�VDPSOHH[KDOHG� 12� QRW� FRQWDPLQDWHG� E\� DPELHQW� 12� IURP� FKLOGUHQ� DQG� DGXOWV� LQ� HSLGHPLRORJLFDOVWXGLHV��1LWULF�2[LGH���������������������
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$SSHQGL[�� 0DLOLQJ�OLVW
� �� 'U��+�-��6FKQHLGHU��'LUHFWHXU�*HQHUDDO�9RONVJH]RQGKHLG
� �� 3URI�'U��-�+��.LQJPD��+RRIGLQVSHFWHXU�,QVSHFWLH�YRRU�GH�9RONVJH]RQGKHLG
� �� 'U��-�-�/��3LHWHUV��,QVSHFWLH�YRRU�GH�*H]RQGKHLGV]RUJ
� �� 9RRU]LWWHU�YDQ�GH�*H]RQGKHLGVUDDG
� �� 0�6�$��+DG\��**�	�*'�8WUHFKW
� �� 'HSRW�YDQ�1HGHUODQGVH�3XEOLNDWLHV�HQ�1HGHUODQGVH�%LEOLRJUDILH
� �� 'LUHFWLH�5,90
� �� 3URI�'U�,U�'�.URPKRXW��GLUHFWHXU�VHFWRU��
� �� 'U�,U�*�GH�0LN��GLUHFWHXU�VHFWRU����
��� ,U��3�+�)LVFKHU��/%0
��� 'UV��-�-��6PLW��/3,
��� 'U��3�$��6WHHUHQEHUJ��DXWHXU
��� 'U��+��YDQ�/RYHUHQ��DXWHXU
��� 'U��5�-��9DQGHEULHO��DXWHXU
��� 3URI�'U��-�*��9RV��DXWHXU
��� 'U��$��2SSHUKXL]HQ��DXWHXU
��� 'U��-�*�&��YDQ�$PVWHUGDP��DXWHXU
��� 6%'�9RRUOLFKWLQJ�	�3XEOLF�5HODWLRQV
��� %XUHDX�5DSSRUWHQUHJLVWUDWLH
��� %LEOLRWKHHN�5,90
������ %XUHDX�5DSSRUWHQEHKHHU
������ 5HVHUYH�H[HPSODUHQ


