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6XPPDU\�DQG�,QWURGXFWLRQ

6XPPDU\

7KLV�UHYLHZ�VXPPDUL]HV�FXUUHQW�NQRZOHGJH�RQ�YLWDPLQ�'�VWDWXV�LQ�WKH�HOGHUO\�ZLWK�VSHFLDO�DWWHQWLRQ�WR�GHILQLWLRQ�DQG�SUHYDOHQFH�RI�YLWDPLQ�'�LQVXIILFLHQF\�DQG�GHILFLHQF\�
UHODWLRQVKLSV�EHWZHHQ�YLWDPLQ�'�VWDWXV�DQG�YDULRXV�GLVHDVHV�FRPPRQ�LQ�WKH�HOGHUO\��DQG�WKH�HIIHFWV�RI�LQWHUYHQWLRQ�ZLWK�YLWDPLQ�'�RU�YLWDPLQ�'�DQG�FDOFLXP��,QGLYLGXDO�YLWDPLQ�'
VWDWXV�LV�XVXDOO\�HVWLPDWHG�E\�PHDVXULQJ�SODVPD����K\GUR[\YLWDPLQ�'����2+'��OHYHOV��+RZHYHU��UHIHUHQFH�YDOXHV�IURP�QRUPDO�SRSXODWLRQV�DUH�QRW�DSSOLFDEOH�IRU�WKH�GHILQLWLRQ�RI
YLWDPLQ�'�LQVXIILFLHQF\�RU�GHILFLHQF\��,QVWHDG�YLWDPLQ�'�LQVXIILFLHQF\�LV�GHILQHG�DV�WKH�ORZHVW�WKUHVKROG�YDOXH�IRU�SODVPD���2+'��DURXQG����QPRO�O��WKDW�SUHYHQWV�VHFRQGDU\
K\SHUSDUDWK\URLGLVP��LQFUHDVHG�ERQH�WXUQRYHU��ERQH�PLQHUDO�ORVV��RU�VHDVRQDO�YDULDWLRQV�LQ�SODVPD�37+��9LWDPLQ�'�GHILFLHQF\�LV�GHILQHG�DV�YDOXHV�EHORZ����QPRO�O��8VLQJ�WKHVH
GHILQLWLRQV�YLWDPLQ�'�GHILFLHQF\�LV�FRPPRQ�DPRQJ�FRPPXQLW\�GZHOOLQJ�HOGHUO\�LQ�WKH�GHYHORSHG�FRXQWULHV�DW�KLJKHU�ODWLWXGHV�DQG�YHU\�FRPPRQ�DPRQJ�LQVWLWXWLRQDOL]HG�HOGHUO\�
JHULDWULF�SDWLHQWV�DQG�SDWLHQWV�ZLWK�KLS�IUDFWXUHV��9LWDPLQ�'�GHILFLHQF\�LV�DQ�HVWDEOLVKHG�ULVN�IDFWRU�IRU�RVWHRSRURVLV��IDOOV�DQG�IUDFWXUHV��&OLQLFDO�WULDOV�KDYH�GHPRQVWUDWHG�WKDW����
,8����� J��SHU�GD\�RI�YLWDPLQ�'�LQ�FRPELQDWLRQ�ZLWK������PJ�FDOFLXP�HIIHFWLYHO\�UHGXFHV�WKH�ULVN�RI�IDOOV�DQG�IUDFWXUHV�LQ�LQVWLWXWLRQDOL]HG�SDWLHQWV��)XUWKHUPRUH������,8����� J��SHU
GD\�LQ�FRPELQDWLRQ�ZLWK������PJ�FDOFLXP�RU���������,8�RUDOO\�HYHU\�IRXUWK�PRQWK�ZLWKRXW�FDOFLXP�UHGXFHV�IUDFWXUH�ULVN�LQ�LQGLYLGXDOV�RYHU����\HDUV�RI�DJH�OLYLQJ�DW�KRPH��<HDUO\
LQMHFWLRQV�RI�YLWDPLQ�'�VHHP�WR�KDYH�QR�HIIHFW�RQ�IUDFWXUH�ULVN�SUREDEO\�EHFDXVH�RI�UHGXFHG�ELRDYDLODELOLW\��6LPXODWLRQ�VWXGLHV�VXJJHVW�WKDW�IRUWLILFDWLRQ�RI�IRRG�FDQQRW�SURYLGH
VXIILFLHQW�YLWDPLQ�'�WR�WKH�HOGHUO\�ZLWKRXW�H[FHHGLQJ�SUHVHQW�FRQYHQWLRQDO�VDIHW\�OHYHOV�IRU�FKLOGUHQ��$�FRPELQDWLRQ�RI�IRUWLILFDWLRQ�DQG�LQGLYLGXDO�VXSSOHPHQWDWLRQ�LV�SURSRVHG��,W�LV
DUJXHG�WKDW�DOO�RIILFLDO�SURJUDPV�VKRXOG�EH�HYDOXDWHG�VFLHQWLILFDOO\��(SLGHPLRORJLFDO�VWXGLHV�VXJJHVW�WKDW�YLWDPLQ�'�LQVXIILFLHQF\�LV�UHODWHG�WR�D�QXPEHU�RI�RWKHU�GLVRUGHUV�IUHTXHQWO\
REVHUYHG�DPRQJ�WKH�HOGHUO\��VXFK�DV�EUHDVW��SURVWDWH�DQG�FRORQ�FDQFHUV��W\SH���GLDEHWHV��DQG�FDUGLRYDVFXODU�GLVRUGHUV�LQFOXGLQJ�K\SHUWHQVLRQ��+RZHYHU��DSDUW�IURP
K\SHUWHQVLRQ��FDXVDOLW\�KDV�QRW�EHHQ�HVWDEOLVKHG�WKURXJK�UDQGRPL]HG�LQWHUYHQWLRQ�VWXGLHV��,W�VHHPV�WKDW�����,8����� J��YLWDPLQ�'�SHU�GD\�LQ�FRPELQDWLRQ�ZLWK�FDOFLXP�UHGXFHV
V\VWROLF�EORRG�SUHVVXUH�LQ�HOGHUO\�ZRPHQ�

,QWURGXFWLRQ

6WULFWO\�VSHDNLQJ��YLWDPLQ�'�LV�QRW�D�YLWDPLQ�EHFDXVH�LW�LV�SURGXFHG�LQ�DGHTXDWH�TXDQWLWLHV�LQ�WKH�VNLQ�GHSHQGLQJ�RQ�VXIILFLHQW�VXQ�>XOWUDYLROHW�%��89%�@�H[SRVXUH�DQG�H[SRVHG�VNLQ
VXUIDFH�>�@�7KH�GHUPDO�SURGXFWLRQ�LV�UHJXODWHG�VR�WKDW�LQDFWLYH�PHWDEROLWHV��WDFK\VWHURO�DQG�OXPLVWHURO��DUH�SURGXFHG�DW�WLPHV�RI�H[FHVV�89%�H[SRVXUH��9LWDPLQ�'���LV��E\�LWVHOI�
VHQVLWLYH�WR�LUUDGLDWLRQ�DQG�LV�WKHUHE\�LQDFWLYDWHG�WR�VXSUDVWHURO���DQG���DQG�WR�����WUDQV�YLWDPLQ�'���)XUWKHUPRUH��YLWDPLQ�'�SURGXFWLRQ�GHSHQGV�RQ�VNLQ�SLJPHQWDWLRQ�>���@�ERWK
QDWXUDO�DQG�FDXVHG�E\�VXQEXUQ��WKH�ODWWHU�FUHDWLQJ�D�W\SH�RI�QHJDWLYH�IHHGEDFN�ORRS��+HQFH��YLWDPLQ�'�VKRXOG�SUREDEO\�EH�FRQVLGHUHG�D�KRUPRQH�SURGXFHG�LQ�WKH�VNLQ�DQG
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PHWDEROL]HG�WR�PRUH�DFWLYH�FRPSRXQGV�LQ�SHULSKHUDO�WLVVXH�LQ�WKH�VDPH�ZD\�DV�WK\UR[LQH�LV�FRQYHUWHG�WR�WULLRGRWK\URQLQH�LQ�OLYHU��NLGQH\�DQG�RWKHU�WLVVXHV��,Q�WKH�OLYHU�YLWDPLQ�'�LV
K\GUR[\ODWHG�WR����K\GUR[\YLWDPLQ�'����2+'��>�@�ZKLFK�LV�IXUWKHU�� �K\GUR[\ODWHG�WR������2+��'�LQ�WKH�NLGQH\����5HFHQW�VWXGLHV�KDYH�GLVFORVHG�WKDW�EHIRUH�WKH���K\GUR[\ODWLRQ�
��2+'�DQG�YLWDPLQ�'�ELQGLQJ�SURWHLQ��'%3��DUH�ILOWHUHG�LQ�WKH�NLGQH\�DQG�UHDEVRUEHG�LQ�WKH�SUR[LPDO�UHQDO�WXEXOHV�E\�PHJDOLQFXELOLQ�UHFHSWRUV�>�@�7KH�UHQDO�K\GUR[\ODWLRQ�LV
FORVHO\�UHJXODWHG��EHLQJ�HQKDQFHG�E\�37+��K\SRFDOFDHPLD�DQG�K\SRSKRVSKDWDHPLD�DQG�LQKLELWHG�E\������2+��'�LWVHOI�>�@������2+��'�UHJXODWHV�JHQH�WUDQVFULSWLRQ�WKURXJK�D
QXFOHDU�KLJK�DIILQLW\�YLWDPLQ�'�UHFHSWRU��9'5�>���@�DQG�LQLWLDWLRQ�RI�UDSLG�FHOOXODU�UHVSRQVHV�WKURXJK�D�SXWDWLYH�SODVPD�PHPEUDQH�DVVRFLDWHG�UHFHSWRU�PHPEUDQH�>��@�7KH
UHFHSWRUV�DUH�ORFDWHG�LQ�FODVVLFDO�WDUJHW�RUJDQV�VXFK�DV�WKH�LQWHVWLQH��ERQH��NLGQH\�DQG�SDUDWK\URLG��DV�ZHOO�DV�LQ�PDQ\�RWKHU�WLVVXHV�DQG�FHOO�W\SHV����LQFOXGLQJ�WKH�LPPXQH
V\VWHP�>��@�9LWDPLQ�'�LV�GHSRVLWHG�LQ�DGLSRVH�WLVVXH��EXW�WKH�GHSRW�LV�QRW�ODUJH�HQRXJK�RU�VXIILFLHQWO\�UHJXODWHG�WR�SUHYHQW�VHDVRQDO�YDULDWLRQV�LQ�SODVPD�FRQFHQWUDWLRQV�RI���2+'
DQG�37+��)LJ�����>�����@

:KHQ�YLWDPLQ�'�OHYHOV�DUH�ORZ��FRPSHQVDWRU\�VHFRQGDU\�K\SHUSDUDWK\URLGLVP�LQFUHDVHV�WKH�UHQDO�FRQYHUVLRQ�RI���2+'�DQG�WKHUHE\�PDLQWDLQV�QRUPDO�RU�VOLJKWO\�LQFUHDVHG
SODVPD�OHYHOV�RI������2+��'�XQWLO�WKH�YLWDPLQ�'�GHILFLHQF\�LV�VHYHUH�HQRXJK��IUDQN�RVWHRPDODFLD��WR�UHGXFH�WKH�OHYHO�RI�WKLV�PHWDEROLWH�>��@�/RZ�SODVPD���2+'�DQG�VHFRQGDU\
K\SHUSDUDWK\URLGLVP�DUH�WKHUHIRUH�WKH�ELRFKHPLFDO�KDOOPDUNV�IRU�LQVXIILFLHQW�YLWDPLQ�'�VWDWXV�>�����@�)XUWKHUPRUH��UHFHQW�UHVHDUFK�KDV�GHPRQVWUDWHG�WKDW�YDULRXV�QRUPDO�KXPDQ
WLVVXHV�DQG�FHOO�OLQHV�SRVVHVV���2+'�� �K\GUR[\ODVH�DFWLYLW\�DQG�KDYH�WKH�FDSDFLW\�WR�FRQYHUW���2+'�GLUHFWO\�WR������2+��'�WR�VDWLVI\�ORFDO�QHHGV�LQ�D�SDUDFULQH�ZD\�>�����@
7KLV�SURGXFWLRQ�SUREDEO\�GHSHQGV�RQ�WKH�DYDLODELOLW\�RI�FLUFXODWLQJ���2+'��LQGLFDWLQJ�WKH�ELRORJLFDO�LPSRUWDQFH�RI�VXIILFLHQW�SODVPD�OHYHOV�RI�WKLV�YLWDPLQ�'�PHWDEROLWH�

+XPDQV�KDYH�D�FRQVLGHUDEOH�DELOLW\�WR�DGDSW�WR�DOWHUHG�OLYLQJ�FRQGLWLRQV�HLWKHU�WKURXJK�D�VORZ�JHQHWLF�VHOHFWLRQ�RU�IDVWHU�WKURXJK�DOWHUHG�OLIHVW\OH��GLHW��LQFOXGLQJ�IRRG�IRUWLILFDWLRQ�
RU�SKDUPDFRORJLFDO�LQWHUYHQWLRQ��7KH�QDNHG�DSH�ZDV�SUREDEO\��OLNH�WKH�QRQKXPDQ�SULPDWHV��ZHOO�DGDSWHG�WR�LWV�VXQ�ULFK�WURSLFDO�HQYLURQPHQW����)ROORZLQJ�WKH�H[RGXV�IURP�$IULFD�
WKH�QRUWKHUQ�ODWLWXGHV�ZHUH�LQKDELWHG�E\�IDLU�VNLQQHG�SHRSOH�ZLWK�DQ�LQFUHDVHG�DELOLW\�WR�PDNH�XVH�RI�WKH�OLPLWHG�DPRXQW�RI�89%�GHVSLWH�WKH�QHHG�IRU�FORWKLQJ��%\�FRQWUDVW�
GDUN�VNLQQHG�UHFHQW�LPPLJUDQWV�IURP�3DOHVWLQH��3DNLVWDQ�DQG�,QGLD�WR�1RUWKHUQ�(XURSH�PD\�GHYHORS�VHYHUH�YLWDPLQ�'�GHILFLHQF\�ZLWK�SUR[LPDO�P\RSDWK\�EHFDXVH�RI�WKH�OLPLWHG
HIIHFW�RI�VXQVKLQH�DQG�D�ORZ�GLHWDU\�YLWDPLQ�'�LQWDNH�>�����@�7KLV�SUREOHP�KDV�WULJJHUHG�SKDUPDFRORJLFDO�VXEVWLWXWLRQ�SURJUDPV�ZLWK�OLPLWHG�HIIHFW�>�����@�%\�FRQWUDVW��PRGHUDWHO\
SLJPHQWHG�,QXLWV�GXULQJ�WKHLU�PLJUDWLRQ�WRZDUGV�WKH�3RODU�UHJLRQV�WKURXJK�PLOOHQQLXPV�KDYH�DGDSWHG�WR�D�OLIH�ZLWK�VSDUVH�VRODU�H[SRVXUH�WKURXJK�D�GLHW�RI�IDWW\�ILVK�DQG�EOXEEHU
ZLWK�D�KLJK�FRQWHQW�RI�DQLPDO�YLWDPLQ�'��)XUWKHUPRUH��WKH\�KDYH�JHQHWLFDOO\�GHYHORSHG�DQ�HQKDQFHG�UHQDO�FRQYHUVLRQ�RI���2+'�WR������2+��'��LPSURYLQJ�WKH�XVH�RI�DYDLODEOH
YLWDPLQ�'�>��@�%\�FRQWUDVW��$VLDQ�,QGLDQV�KDYH�GHYHORSHG��RU�PDLQWDLQHG��DQ�LQFUHDVHG�UHQDO�������2+��'�K\GUR[\ODVH�DFWLYLW\�IDFLOLWDWLQJ�WKH�SURGXFWLRQ�RI�WKH�LQDFWLYH
������2+��'�DW�WKH�H[SHQVH�RI������2+��'�>��@

7KH�HOGHUO\�SRSXODWLRQV�RI�(XURSH��WKH�86$�DQG�$XVWUDOLD��KRZHYHU��SUHVHQW�VSHFLDO�SUREOHPV�>��������@�:LWK�LQFUHDVLQJ�DJH��VRODU�H[SRVXUH�LV�XVXDOO\�OLPLWHG�EHFDXVH�RI
FKDQJHV�LQ�OLIHVW\OH�IDFWRUV�VXFK�DV�FORWKLQJ�DQG�RXWGRRU�DFWLYLW\��'LHW�PD\�DOVR�EHFRPH�OHVV�YDULHG��ZLWK�D�ORZHU�QDWXUDO�YLWDPLQ�'�FRQWHQW��0RVW�LPSRUWDQWO\��KRZHYHU��WKH�GHUPDO
SURGXFWLRQ�RI�YLWDPLQ�'�IROORZLQJ�D�VWDQGDUG�H[SRVXUH�WR�89%�OLJKW�GHFUHDVHV�ZLWK�DJH�EHFDXVH�RI�DWURSKLF�VNLQ�FKDQJHV�ZLWK�D�UHGXFHG�DPRXQW�RI�LWV�SUHFXUVRU�>����@�)LQDOO\��WKH
UHQDO�SURGXFWLRQ�RI������2+��'�GHFUHDVHV�EHFDXVH�RI�GLPLQLVKLQJ�UHQDO�IXQFWLRQ�ZLWK�DJH�>��@�7KHVH�FKDQJHV�LQ�YLWDPLQ�'�PHWDEROLVP�UHQGHU�WKH�DJHLQJ�SRSXODWLRQ�LQ�JHQHUDO�DW
ULVN�RI�YLWDPLQ�'�GHILFLHQF\��HVSHFLDOO\�LQ�ZLQWHU�VHDVRQV�DQG�ZKHQ�OLYLQJ�LQGRRU�DQG�DW�KLJKHU�ODWLWXGHV�>��@�7KLV�GHILFLHQF\�PD\�OHDG�WR�VHYHUH�FRQVHTXHQFHV�LQ�WHUPV�RI�IDOOV�
RVWHRSRURVLV�DQG�IUDFWXUHV�

,Q�WKLV�UHYLHZ�,�GHVFULEH�YLWDPLQ�'�UHODWHG�SUREOHPV�DPRQJ�WKH�HOGHUO\��HVVHQWLDOO\�IRFXVLQJ�RQ�WKH�GHILQLWLRQ�DQG�SUHYDOHQFH�RI�YLWDPLQ�'�GHILFLHQF\�DQG�WKH�HIIHFWV�RI�YLWDPLQ�'�RQ
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ULVNV�RI�IDOOLQJ��RVWHRSRURVLV�DQG�IUDFWXUHV��,�KDYH�FRQFHQWUDWHG�RQ�UDQGRPL]HG�FRQWUROOHG�VWXGLHV�GHPRQVWUDWLQJ�FDXVDOLW\�EHWZHHQ�YLWDPLQ�'�DQG�RXWFRPH�HYHQWV��+RZHYHU��,
KDYH�DOVR�LQFOXGHG�HSLGHPLRORJLFDO�VWXGLHV�RQ�FDQFHU�ULVN�DQG�DVVRFLDWLRQV�ZLWK�RWKHU�FRPPRQ�GLVHDVHV�DPRQJ�WKH�HOGHUO\��VXFK�DV�W\SH���GLDEHWHV�DQG�FDUGLRYDVFXODU�GLVHDVH��,
KDYH�GHOLEHUDWHO\�H[FOXGHG�WKH�SRWHQWLDO�IDYRUDEOH�LQIOXHQFH�RI�89%�UDGLDWLRQ�DQG�YLWDPLQ�'�VWDWXV�RU�VXSSOHPHQWDWLRQ�RQ�WKH�RFFXUUHQFH�RI�RWKHU�GLVRUGHUV�VXFK�DV
SQHXPRQLD�>��@�WXEHUFXORVLV�>��@�SHULRGRQWDO�GLVHDVH�>��@�W\SH���GLDEHWHV�>�����@�UKHXPDWRLG�DUWKULWLV�>��@�LQIODPPDWRU\�ERZHO�GLVRUGHUV>�����@�DQG�PXOWLSOH�VFOHURVLV�>�����@�DV
WKHVH�GLVRUGHUV�DUH�QRW�VSHFLILF�IRU�WKH�HOGHUO\�

)RU�WKH�SUHVHQW�QDUUDWLYH�UHYLHZ�,�KDYH�VHDUFKHG�3XE0HG�����������DQG�(0%$6(����������XVLQJ�WKH�0(6+�WHUPV�
FDOFLIHGLRO
��
FDOFLWULRO
�DQG�
9LWDPLQ�'
�LQ�FRPELQDWLRQ�ZLWK

RVWHRSRURVLV
��
IUDFWXUHV
��
IDOOV
��
FDQFHU
��
GLDEHWHV
��
K\SHUWHQVLRQ
�DQG�
FDUGLRYDVFXODU�GLVHDVH
�WR�-XO\�������,�KDYH�VFUHHQHG�DOO�WKH�DEVWUDFWV�DQG�LQFOXGHG�WKRVH�RI�LQWHUHVW��,�KDYH
DOVR�VFUHHQHG�UHIHUHQFH�OLVWV�RI�UHYLHZ�SDSHUV�FRYHULQJ�WKH�SHULRG���������IRU�PRUH�SDSHUV�RI�LQWHUHVW�

$VVHVVPHQW�RI�9LWDPLQ�'�6WDWXV

,QGLYLGXDO�YLWDPLQ�'�VWDWXV�LV�XVXDOO\�HVWLPDWHG�E\�PHDVXULQJ�SODVPD���2+'�OHYHOV��7KH�ELRORJLFDOO\�PRVW�DFWLYH�YLWDPLQ�'�PHWDEROLWH��� ����2+��'��LV�LQDSSOLFDEOH�WR�WKLV
SXUSRVH�IRU�VHYHUDO�UHDVRQV���D��SODVPD�OHYHOV�RI�� ����2+��'��EXW�QRW���2+'��DUH�PDLQWDLQHG�QRUPDO�RU�HYHQ�HOHYDWHG�LQ�PLOG�WR�PRGHUDWH�RVWHRPDODFLD�GXH�WR�VHFRQGDU\
K\SHUSDUDWK\URLGLVP�>�����@��E��SODVPD�OHYHOV�DUH�PRUH�WKDQ�����WLPHV�KLJKHU�IRU���2+'�WKDQ�IRU�� ����2+��'��DQG��F��PRVW�SHULSKHUDO�WLVVXHV��LQFOXGLQJ�ERQH�FHOOV��KDYH�WKH
FDSDFLW\�WR�FRQYHUW�FLUFXODWLQJ���2+'�WR�� ����2+��'�DQG�WKHUHE\�FRYHU�ORFDO�QHHGV�>�����@

+RZHYHU��VHYHUDO�SUREOHPV�DUH�LQHYLWDEO\�FRQQHFWHG�ZLWK�WKH�XVH�RI�SODVPD���2+'�WR�DVVHVV�YLWDPLQ�'�VWDWXV��7KH�ILUVW�SUREOHP�LV�ZKHWKHU�ZH�KDYH�WR�GHILQH�YLWDPLQ�'
GHILFLHQF\�RU�LQVXIILFLHQF\�EDVHG�RQ�D�UHIHUHQFH�UDQJH�IURP�D�QRUPDO�SRSXODWLRQ�RU�ZKHWKHU�D�SUHGHILQHG�FXW�RII�RU�WKUHVKROG�YDOXH�VKRXOG�EH�XVHG��7KH�XVH�RI�WKH�ORZHU�UHIHUHQFH
YDOXH�IURP�D�
QRUPDO
�SRSXODWLRQ�KDV�VHYHUDO�XQPDQDJHDEOH�FRQVHTXHQFHV�EHFDXVH�SODVPD���2+'�GHSHQGV�RQ�XQFKDQJHDEOH�HFRORJLFDO�IDFWRUV��VHDVRQ��ORFDO�ZHDWKHU
FRQGLWLRQV�DQG�ODWLWXGH���PRGLILDEOH�LQGLYLGXDO�OLIHVW\OH�IDFWRUV��FORWKLQJ��GLHWDU\�KDELWV��VXQEDWKLQJ�KDELWV��HWF����DQG�XQPRGLILDEOH�LQGLYLGXDO�IDFWRUV��UDFH��SLJPHQWDWLRQ��VNLQ
WKLFNQHVV�DQG�DJH���)LJXUH���LOOXVWUDWHV�WKH�VHDVRQDO�YDULDWLRQV�LQ�VXQ�KRXUV�DQG�EDVHOLQH�SODVPD�OHYHOV�RI���2+'�DQG�37+�LQ�DURXQG�����SHULPHQRSDXVDO�'DQLVK�ZRPHQ�IURP
WKH�'DQLVK�2VWHRSRURVLV�3UHYHQWLRQ�6WXG\�>��@�$�]HQLWK�LQ�SODVPD���2+'�LV�REYLRXV�LQ�ODWH�VXPPHU�DURXQG���WR���PRQWKV�DIWHU�WKH�PD[LPXP�VRODU�UDGLDWLRQ��ZLWK�D�QDGLU�LQ�ODWH
ZLQWHU��3ODVPD�37+�PLUURUV�WKHVH�FKDQJHV�ZLWK�SHDN�YDOXHV�LQ�ODWH�ZLQWHU�GXH�WR�VHFRQGDU\�K\SHUSDUDWK\URLGLVP�DQG�ORZ�YDOXHV�LQ�ODWH�VXPPHU��7KLV�VHFRQGDU\
K\SHUSDUDWK\URLGLVP�GXULQJ�ZLQWHU�LV�SUREDEO\�D�ULVN�IDFWRU�IRU�ERQH�ORVV�DQG�ODWHU�IUDFWXUHV�>��@�+HQFH��QRUPDO�UHIHUHQFH�YDOXHV�VKRXOG�EH�EDVHG�DW�OHDVW�RQ�VXPPHU�YDOXHV�
+RZHYHU��WKLV�FRQVLGHUDWLRQ�GRHV�QRW�FRUUHFW�IRU�WKH�RWKHU�UHDVRQV�OHDGLQJ�WR�ORZ�SODVPD���2+'�PHQWLRQHG�DERYH�
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)LJXUH�����9DULDWLRQV�LQ�VXQ�H[SRVXUH��XSSHU�SDQHO��VXQ�KRXUV�SHU�PRQWK� ���RYHU���\HDUV�FRPSDUHG�ZLWK��ORZHU�SDQHO��YDULDWLRQV�LQ�SODVPD���2+'��QPRO�O ��DQG�SODVPD
37+��QPRO��O�î�������� ���LQ�'DQLVK�SHULPHQRSDXVDO�ZRPHQ��'DQLVK�2VWHRSRURVLV�3UHYHQWLRQ�6WXG\�>��@

9LWDPLQ�'�GHILFLHQF\�ZDV�GHILQHG�SUHYLRXVO\�E\�WKH�RFFXUUHQFH�RI�IUDQN�RVWHRPDODFLD��RU�ULFNHWV��ZLWK�REYLRXV�FOLQLFDO�V\PSWRPV��+RZHYHU��DW�SUHVHQW��WKH�ULVN�RI�VHFRQGDU\
K\SHUSDUDWK\URLGLVP�FUHDWHV�WKH�EDVLV�IRU�WKH�WHUP�YLWDPLQ�'�LQVXIILFLHQF\��DV�WKLV�PDLQO\�DV\PSWRPDWLF�FRQGLWLRQ�HQKDQFHV�WKH�ULVN�RI�RVWHRSRURVLV�DQG�VNHOHWDO�IUDFWXUHV��,I
SODVPD�37+�LQ�WKH�VDPH�SRSXODWLRQ�LV�GHSLFWHG�DV�D�IXQFWLRQ�RI�SODVPD���2+'��)LJ������LW�LV�REYLRXV�WKDW�HOHYDWHG�37+�RFFXUV�ZLWK�LQFUHDVLQJ�IUHTXHQF\�DV�WKH�SODVPD���2+'

9LWDPLQ�'�DQG�WKH�(OGHUO\��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW

��RI��� ���������������$0



IDOOV�ZLWK�D�WKUHVKROG�OHYHO�RI�DURXQG����QPRO�O��6HYHUDO�FURVV�VHFWLRQDO�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�WR�HVWDEOLVK�WKLV�WKUHVKROG�LQ�GLIIHUHQW�SRSXODWLRQV�EDVHG�RQ�DQ�LQFUHDVHG�ULVN
RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP��KLJK�ERQH�WXUQRYHU�RU�ORZ�ERQH�PLQHUDO�GHQVLW\��%0'�>�����@���7DEOH������6WXGLHV�KDYH�DOVR�HVWDEOLVKHG�WKH�ORZHVW�SODVPD���2+'�WKDW
HQVXUHV�WKDW�SODVPD�37+�ZLOO�QRW�EH�IXUWKHU�UHGXFHG�IROORZLQJ�D�YLWDPLQ�'�DQG�FDOFLXP�FKDOOHQJH�>��@�RU�WKDW�VHDVRQDO�YDULDWLRQV�LQ�SODVPD�37+�DUH�DEROLVKHG>��@���7DEOH�����
*HQHUDOO\��WKH�DGYHUVH�HIIHFWV�RI�ORZ�SODVPD���2+'�EHJLQ�WR�DFFXPXODWH�DW�OHYHOV�EHORZ����QPRO�O��DOWKRXJK�VRPH�VWXGLHV�KDYH�VXJJHVWHG�KLJKHU�WKUHVKROG�OHYHOV��%DVHG�RQ
WKHVH�ILQGLQJV��/LSV>��@�KDV�VXJJHVWHG�WKDW���2+'�OHYHOV�EHWZHHQ����DQG����QPRO�O�FRQVWLWXWH�YLWDPLQ�'�LQVXIILFLHQF\��ZKHUHDV�OHYHOV�EHORZ����QPRO�O�LQGLFDWH�UHJXODU�YLWDPLQ�'
GHILFLHQF\��/HYHOV�EHWZHHQ����DQG����QPRO�O�PD\�FDXVH�SUR[LPDO�P\RSDWK\>��@�RU�LQFUHDVHG�ERQH�WXUQRYHU�HVWLPDWHG�E\�KLVWRPRUSKRPHWU\��ZKHUHDV�OHYHOV�EHORZ�������QPRO�O
DUH�W\SLFDO�ILQGLQJV�LQ�IUDQN�RVWHRPDODFLD�>��@

7DEOH����7KUHVKROG�9DOXHV�IRU�9LWDPLQ�'�,QVXIILFLHQF\�%DVHG�RQ�'LIIHUHQW�2XWFRPHV�DQG�6WXG\�7\SHV��$�&RPPRQ�7KUHVKROG�9DOXH�RI���
QPRO��O�+DV�%HHQ�3URSRVHG�IRU�9LWDPLQ�'�,QVXIILFLHQF\��:KHUHDV�9LWDPLQ�'�'HILFLHQF\�LV�&KDUDFWHUL]HG�E\�9DOXHV������QPRO��O>��@

7DEOH����7KUHVKROG�9DOXHV�IRU�9LWDPLQ�'�,QVXIILFLHQF\�%DVHG�RQ�'LIIHUHQW�2XWFRPHV�DQG�6WXG\�7\SHV��$�&RPPRQ�7KUHVKROG�9DOXH�RI���
QPRO��O�+DV�%HHQ�3URSRVHG�IRU�9LWDPLQ�'�,QVXIILFLHQF\��:KHUHDV�9LWDPLQ�'�'HILFLHQF\�LV�&KDUDFWHUL]HG�E\�9DOXHV������QPRO��O>��@

9LWDPLQ�'�DQG�WKH�(OGHUO\��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW
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)LJXUH�����6HFRQGDU\�K\SHUSDUDWK\URLGLVP�ZLWK�GHFOLQLQJ�SODVPD���2+'�OHYHOV�LQ�'DQLVKSHULPHQRSDXVDO�ZRPHQ��'DQLVK�2VWHRSRURVLV�3UHYHQWLRQ�6WXG\�>��@�,Q�WKLV�FDVH
WKH�WKUHVKROG�YDOXH�ZDV�FORVH�WR����QPRO�O��DUURZ���7KH�EURNHQ�OLQH�LQGLFDWHV�WKH�XSSHU�QRUPDO�UDQJH�IRU�SODVPD�37+�

$�VHFRQG�SUREOHP�LV�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�PHWKRGV�XVHG�IRU�GHWHUPLQDWLRQ�RI�SODVPD���2+'�>�����@�7KH�DQDO\VHV�QHHG�WR�EH�FURVV�FDOLEUDWHG�DQG�VWDQGDUGL]HG�>��@
)XUWKHUPRUH��WKH�LQIOXHQFH�RI�FRQFHQWUDWLRQV�DQG�SKHQRW\SHV�RI�YLWDPLQ�'�ELQGLQJ�SURWHLQ��'%3��RU�JURXS�VSHFLILF�FRPSRQHQW��&*��RQ�SODVPD���2+'�DQG�ELRORJLFDO�HIIHFWV
QHHGV�WR�EH�H[SORUHG�

$�WKLUG�SUREOHP�LV�WKH�SUHGLFWLYH�YDOXH�RI�D�SRLQW�PHDVXUHPHQW�RI�SODVPD���2+'�IRU�WKH�SUHYLRXV�DQG�IXWXUH�YLWDPLQ�'�VWDWXV�DW�WKH�LQGLYLGXDO�OHYHO��5HVHDUFK�RQ�WKLV�WRSLF�LV
ODFNLQJ��EXW�PRVW�OLNHO\�SODVPD���2+'�OHYHOV�RIWHQ�UHIOHFW�UHFHQW�HYHQWV�VXFK�DV�WKH�HIIHFW�RI�WKH�VHDVRQ��LQGRRU�RXWGRRU�DFWLYLWLHV�DQG�KROLGD\V�VSHQW�LQ�PRUH�VXQOLW�JHRJUDSKLFDO
DUHDV�WKDQ�WKH�DYHUDJH�YLWDPLQ�'�VWDWXV�IRU�WKH�LQGLYLGXDO�SHUVRQ��+RZHYHU��ZLWK�LQFUHDVLQJ�DJH�ZKHUH�GHUPDO�YLWDPLQ�'�SURGXFWLRQ�GHFUHDVHV�>����@�SODVPD���2+'�PD\�UHIOHFW
PRUH�VWDEOH�OLIHVW\OH�IDFWRUV�VXFK�DV�DYHUDJH�YLWDPLQ�'�LQWDNH�DQG�YLWDPLQ�'�VXSSOHPHQWDWLRQ��7KHVH�FRQVLGHUDWLRQV�PLJKW�LQGLFDWH�WKDW�SODVPD���2+'�PHDVXUHPHQWV�DUH
VXLWDEOH�IRU�HVWLPDWLQJ�WKH�DYHUDJH�YLWDPLQ�'�VWDWXV�LQ�SRSXODWLRQV�RU�VXEVHWV�RI�SRSXODWLRQV�EXW�DUH�OHVV�XVHIXO�DW�WKH�LQGLYLGXDO�OHYHO��+RZHYHU��DW�WKH�LQGLYLGXDO�OHYHO
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PHDVXUHPHQWV�DUH�ZHOO�MXVWLILHG�WR�FRQILUP�D�VXVSLFLRQ�RI�YLWDPLQ�'�UHODWHG�RVWHRPDODFLD�RU�SUR[LPDO�P\RSDWK\�

$V�DUJXPHQW�IRU�D�UHODWLYHO\�KLJK�WKUHVKROG�OHYHO��LW�FDQ�EH�DOOHJHG�WKDW�SODVPD���2+'�LV�JHQHUDOO\�ORZHU�LQ�SHRSOH�ZKR�KDYH�H[SHULHQFHG�D�IUDFWXUH�WKDQ�LQ�FRQWUROV�>�����@
)XUWKHUPRUH��LQGLYLGXDOV�ZLWK�D���2+'�OHYHO�OHVV�WKDQ����QPRO�O�KDYH�D�IRXU�WLPHV�LQFUHDVHG�IUDFWXUH�ULVN�RYHU���\HDUV�>��@�7KLV�ULVN�LV�LQFUHDVHG����WLPHV�LQ�SDWLHQWV�ZLWK
RVWHRSRURVLV�>��@�)LQDOO\��VXSSOHPHQWDWLRQ�E\������� J�GD\�RI�YLWDPLQ�'�UHGXFHV�WKH�ULVN�RI�IDOOV�DQG�IUDFWXUHV�GHVSLWH�RQO\�PRGHUDWH�LQFUHDVHV�LQ�SODVPD���2+'�IURP�DURXQG���
WR����QPRO�O�

9LWDPLQ�'�6WDWXV�$PRQJ�WKH�(OGHUO\

'HVSLWH�WKH�GHVFULEHG�OLPLWDWLRQV��SODVPD���2+'�PHDVXUHPHQWV�DUH�DW�SUHVHQW�FRQVLGHUHG�WKH�EHVW�PHWKRG�IRU�GHVFULELQJ�YLWDPLQ�'�VWDWXV�LQ�YDULRXV�ULVN�JURXSV��LQFOXGLQJ�HOGHUO\
SHRSOH�OLYLQJ�DW�KRPH�DQG�WKRVH�LQ�VKHOWHUHG�KRPHV�IRU�WKH�HOGHUO\�RU�QXUVLQJ�KRPHV��LQ�RUGHU�WR�HVWDEOLVK�WKH�QHHG�IRU�VXSSOHPHQWDWLRQ�RU�GLHWDU\�IRUWLILFDWLRQ��/LSV�>��@�UHFHQWO\
SHUIRUPHG�D�GHWDLOHG�VXUYH\�RI���2+'�OHYHOV�LQ�YDULRXV�SRSXODWLRQV�LQ�(XURSH��WKH�86$��$XVWUDOLD�DQG�RWKHU�FRXQWULHV��'LIIHUHQW�WKUHVKROG�OHYHOV�XVHG�LQ�WKH�UHIHUUHG�SDSHUV
KDPSHU�DVVHVVPHQW�RI�WKH�SUHYDOHQFH�RI�YLWDPLQ�'�LQVXIILFLHQF\�DQG�GHILFLHQF\��+RZHYHU��LW�VHHPV�WKDW�YLWDPLQ�'�LQVXIILFLHQF\�LV�D�IUHTXHQW�ILQGLQJ�DPRQJ�FRPPXQLW\�GZHOOLQJ
HOGHUO\��LUUHVSHFWLYH�RI�ODWLWXGH��DQG�DQ�DOPRVW�XQLYHUVDO�ILQGLQJ�DPRQJ�LQVWLWXWLRQDOL]HG�HOGHUO\��7KH�86$�LV�DQ�H[FHSWLRQ��SUREDEO\�EHFDXVH�RI�WKH�OLEHUDO�IRUWLILFDWLRQ�ZLWK�YLWDPLQ�'
LQ�WKDW�FRXQWU\��+RZHYHU��LQ�SDWLHQWV�ZLWK�KLS�IUDFWXUH��YLWDPLQ�'�VWDWXV�ZDV�DOVR�SRRU�DPRQJ�$PHULFDQV��$YHUDJH�SODVPD���2+'�OHYHOV�YDULHG�IURP����WR����QPRO�O�LQ�FRPPXQLW\�
GZHOOLQJ�HOGHUO\�SRSXODWLRQV�IURP�(XURSH�FRPSDUHG�ZLWK�OHYHOV�EHWZHHQ����DQG����QPRO�O�DPRQJ�WKH�HOGHUO\�IURP�WKH�86$��3DWLHQWV�OLYLQJ�LQ�QXUVLQJ�KRPHV�DQG�LQ�KRPHV�IRU�WKH
HOGHUO\�KDG�SODVPD���2+'�OHYHOV�RI������QPRO�O�LQ�(XURSH�FRPSDUHG�ZLWK�������QPRO�O�LQ�WKH�86$�DQG�������QPRO�O�LQ�$XVWUDOLD��*HULDWULF�SDWLHQWV�KDG�PHDQ�OHYHOV�RI��Â����
QPRO�O�LQ�(XURSH�FRPSDUHG�ZLWK�������QPRO�O�LQ�WKH�86$��,Q�KLS�IUDFWXUH�SDWLHQWV��DYHUDJH�YDOXHV�YDULHG�IURP����WR����QPRO�O�LQ�(XURSH��FRPSDUHG�ZLWK����QPRO�O�LQ�WKH�86$�DQG���
QPRO�O�LQ�$XVWUDOLD��,Q�'HQPDUN�����RI�SRVWPHQRSDXVDO�ZRPHQ�KDYH�YLWDPLQ�'�GHILFLHQF\�DQG�����KDYH�LQVXIILFLHQF\�>��@�����RI�HOGHUO\�RYHU����\HDUV�KDYH�YLWDPLQ�'
LQVXIILFLHQF\�>��@�����RI�QXUVLQJ�KRPH�UHVLGHQWV�KDYH�VHYHUH�YLWDPLQ�'�GHILFLHQF\�������QPRO�O��>��@�����RI�KLS�IUDFWXUH�FDVHV�KDYH�YLWDPLQ�'�LQVXIILFLHQF\������KDYH�YLWDPLQ�'
GHILFLHQF\�DQG����KDYH�VHYHUH�YLWDPLQ�'�GHILFLHQF\�>��@

+LVWRORJLFDO�DQG�KLVWRPRUSKRPHWULF�LQYHVWLJDWLRQV�KDYH�GLVFORVHG�WKDW��������RI�DOO�SDWLHQWV�ZLWK�KLS�IUDFWXUHV�KDYH�VOLJKW�RVWHRPDODFLD�>�����@�+LS�IUDFWXUH�SDWLHQWV�DOVR�VKRZ�D
KLJKHU�SUHYDOHQFH�RI�ORZ�SODVPD����2+'�FRQFHQWUDWLRQV�WKDQ�WKHLU�DJH�PDWFKHG�FRQWUROV�>�����@

9LWDPLQ�'��)DOOV�DQG�)UDFWXUHV

2VWHRSRURWLF�SDWLHQWV�DUH�FKDUDFWHUL]HG�E\�UHGXFHG�PXVFOH�PDVV�DQG�PXVFOH�VWUHQJWK��LQGLFDWLQJ�WKDW�WKH�ORVV�RI�ERQH�DQG�PXVFOH�PDVV�LV�FRQJUXHQW�>��@�0RUHRYHU��HOGHUO\�ZLWK
ORZ�LQWDNH�RI�FDOFLXP�DQG�YLWDPLQ�'��ZLWK�UHGXFHG�FXWDQHRXV�SURGXFWLRQ�RI�YLWDPLQ�'�RU�GHFUHDVHG�UHQDO�SURGXFWLRQ�RI�FDOFLWULRO�>�����2+��'@�PD\�EH�SDUWLFXODUO\�SUHGLVSRVHG�WR
IDOOV�GXH�WR�SUR[LPDO�P\RSDWK\�FDXVHG�E\�YLWDPLQ�'�GHILFLHQF\�DQG�VHFRQGDU\�K\SHUSDUDWK\URLGLVP�>��������@�6HYHUDO�VWXGLHV�KDYH�GLVFORVHG�D�FRQQHFWLRQ�EHWZHHQ�YLWDPLQ�'
VWDWXV�DQG�PXVFOH�IXQFWLRQ�LQ�WKH�HOGHUO\��DPRQJ�ZRPHQ�ZLWK�SRVWPHQRSDXVDO�RVWHRSRURVLV�DQG�DPRQJ�GDUN�VNLQQHG�LPPLJUDQWV�ZLWK�YLWDPLQ�'�GHILFLHQF\�>�����������@�6RPH
VWXGLHV�KDYH�UHYHDOHG�LQFUHDVHG�VZD\>��@�DQG�DIIHFWHG�SV\FKRPRWRU�IXQFWLRQ�>��@�ZLWK�LQFUHDVHG�ULVN�RI�IDOOLQJ�DPRQJ�YLWDPLQ�'�GHILFLHQW�HOGHUO\��$�FURVV�VHFWLRQDO�VWXG\>��@�KDV
GRFXPHQWHG�WKDW�WKH�ULVN�RI�IDOOV�DPRQJ�HOGHUO\�LQVWLWXWLRQDOL]HG�$XVWUDOLDQ�UHVLGHQWV�GHSHQGV�RQ�YLWDPLQ�'�VWDWXV�DQG�WKH�GHJUHH�RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP��7UHDWPHQW
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ZLWK�� �K\GUR[\ODWHG�YLWDPLQ�'�PHWDEROLWHV�DQG�FDOFLXP�LPSURYHG�ELRFKHPLFDO�HYLGHQFH�RI�RVWHRSRURVLV�UHODWHG�P\RSDWK\�LQ�RQH�VWXG\�>��@�EXW�QRW�PXVFOH�VWUHQJWK�LQ�DQRWKHU�>��@

9LWDPLQ�'�H[HUWV�D�GLUHFW�DFWLRQ�RQ�VNHOHWDO�PXVFOH�IXQFWLRQ�>�����@�7KH�VNHOHWDO�PXVFOHV�H[SUHVV�QXFOHDU�9'5��ZKLFK�SURPRWHV�YLWDPLQ�'�GLUHFWHG�SURWHLQ�V\QWKHVLV�>�����@
9LWDPLQ�'�VWLPXODWHV�PXVFOH�FHOO�XSWDNH�RI�LQRUJDQLF�SKRVSKDWH��ZKLFK�LV�LPSRUWDQW�IRU�WKH�SURGXFWLRQ�RI�HQHUJ\�ULFK�SKRVSKDWH�FRPSRXQGV�VXFK�DV�$73�DQG�FUHDWLQH�SKRVSKDWH�
YLWDO�IRU�PXVFOH�FRQWUDFWLRQ�>�����@�,Q�DGGLWLRQ��VSHFLILF�9'5V�ORFDOL]HG�WR�WKH�FHOO�PHPEUDQH�DUH�HVVHQWLDO�IRU�WKH�GLVWULEXWLRQ�DQG�UHJXODWLRQ�RI�LQWUDFHOOXODU�FDOFLXP�>�����@�9LWDPLQ
'�GHILFLHQF\�LV�IROORZHG�E\�VHFRQGDU\�K\SHUSDUDWK\URLGLVP��ZKLFK�E\�LWVHOI�PD\�H[HUW�D�QHJDWLYH�LQIOXHQFH�RQ�PXVFOH�IXQFWLRQ�>�����@�,Q�UDWV��H[FHVV�37+�LQFUHDVHV�PXVFXODU
SURWHLQ�FDWDEROLVP��DQG�UHGXFHV�WKH�DPRXQW�RI�W\SH���PXVFOH�ILEUHV��WKH�LQWUDFHOOXODU�HQHUJ\�ULFK�SKRVSKDWH�FRPSRXQGV��DQG�WKH�PLWRFKRQGULDO�R[\JHQ�XSWDNH�>��@

,W�VHHPV�WKDW�YLWDPLQ�'�GHILFLHQF\�FDXVHV�LPSDLUHG�PXVFOH�IXQFWLRQ�DQG�PXVFOH�ZHDNQHVV��ZKLFK�DUH��KRZHYHU��UHYHUVLEOH�IROORZLQJ�YLWDPLQ�'�VXSSOHPHQWDWLRQ�>��@�7KLV�UHGXFHG
PXVFOH�IXQFWLRQ�LV�GLVDGYDQWDJHRXV�LQ�FRQQHFWLRQ�ZLWK�WKH�VNHOHWDO�FRQVHTXHQFHV�RI�YLWDPLQ�'�GHILFLHQF\��OHDGLQJ�WR�DQ�LQFUHDVHG�ULVN�RI�IDOOV�DPRQJ�WKH�HOGHUO\�ZLWK�UHGXFHG
ELRPHFKDQLFDO�FRPSHWHQFH�RI�WKH�VNHOHWRQ�

7KH�(IIHFW�RI�9LWDPLQ�'�6XSSOHPHQWDWLRQ�RQ�WKH�5LVN�RI�)DOOLQJ

,QWHUYHQWLRQ�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�LQ�LQVWLWXWLRQDOL]HG�KLJK�ULVN�SDWLHQWV�DQG�LQ�UHVLGHQWLDO�HOGHUO\�SRSXODWLRQV���7DEOH������9LWDPLQ�'�DORQH�ZLWKRXW�FDOFLXP�KDV�QR�VLJQLILFDQW
HIIHFW�RQ�WKH�ULVN�RI�IDOOLQJ���7DEOH�����>�����@�+RZHYHU����ZHHNV�RI�YLWDPLQ�'��WUHDWPHQW�ZLWK�����,8����� J��SHU�GD\�FRPELQHG�ZLWK������PJ�FDOFLXP�LV�UHSRUWHG�WR�UHGXFH
VHFRQGDU\�K\SHUSDUDWK\URLGLVP��ERG\�VZD\�DQG�QXPEHU�RI�IDOOV�DIWHU���\HDU�LQ�HOGHUO\�DPEXODWRU\�ZRPHQ�>��@�7KH�QXPEHU�RI�IDOOHUV�ZDV�QRW�UHGXFHG���7DEOH������,Q�D�GRXEOH�EOLQG
UDQGRPL]HG�VWXG\�>��@�����RWKHUZLVH�XQVHOHFWHG�HOGHUO\�ZRPHQ�DJHG�EHWZHHQ����DQG����\HDUV��PHDQ����\HDUV��LQ�D�JHULDWULF�GHSDUWPHQW�ZHUH�WUHDWHG�ZLWK�����,8����� J��YLWDPLQ
'���������PJ�FDOFLXP�GDLO\���Q� �����RU������PJ�FDOFLXP�GDLO\���Q� �����DQG�IROORZHG�IRU����ZHHNV��3ODVPD���2+'�LQFUHDVHG�������3����Â������DQG�SODVPD�37+�GHFUHDVHG
�����3� ��Â�����LQ�WKH�JURXS�UHFHLYLQJ�YLWDPLQ�'��0XVFOH�IXQFWLRQ�LPSURYHG�VLJQLILFDQWO\�LQ�WKLV�JURXS���3����Â�����7KH�QXUVLQJ�VWDII�UHJLVWHUHG�IDOOV��$Q�LQWHQWLRQ�WR�WUHDW�DQDO\VLV
XVLQJ�D�3RLVVRQ�UHJUHVVLRQ�PRGHO�WR�DGMXVW�IRU�EDVHOLQH�FRYDULDWHV�GLVFORVHG�WKDW�FDOFLXP�DQG�YLWDPLQ�'�FRPSDUHG�ZLWK�FDOFLXP�DORQH�UHGXFHG�WKH�ULVN�RI�IDOOLQJ�E\����>���
FRQILGHQFH�LQWHUYDO��&O����������3����Â��@��,QGLYLGXDOV�ZLWK�UHSHDWHG�IDOOV�KDG�WKH�JUHDWHVW�EHQHILW�RI�WKH�WUHDWPHQW��+RZHYHU��WKH�FUXGH�QXPEHU�RI�IDOOHUV�ZDV�QRW�UHGXFHG�E\�WKH
WUHDWPHQW���7DEOH�����

7DEOH����(IIHFW�RI�9LWDPLQ�'�$ORQH�RU�LQ�&RPELQDWLRQ�:LWK�2UDO�&DOFLXP�RQ�3ODVPD���2+'�DQG�5LVN�RI�)DOOV��&RQWUROOHG�&OLQLFDO�7ULDOV����� J
RI�9LWDPLQ�'�(TXDOV�����,8�
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7DEOH����(IIHFW�RI�9LWDPLQ�'�$ORQH�RU�LQ�&RPELQDWLRQ�:LWK�2UDO�&DOFLXP�RQ�3ODVPD���2+'�DQG�5LVN�RI�)DOOV��&RQWUROOHG�&OLQLFDO�7ULDOV����� J
RI�9LWDPLQ�'�(TXDOV�����,8�

7DEOH����(IIHFW�RI�9LWDPLQ�'�$ORQH�RU�LQ�&RPELQDWLRQ�:LWK�2UDO�&DOFLXP�RQ�3ODVPD���2+'�DQG�5LVN�RI�)DOOV��&RQWUROOHG�&OLQLFDO�7ULDOV����� J
RI�9LWDPLQ�'�(TXDOV�����,8�
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)LJXUH�����(IIHFW�RI�DQ�RIIHU�RI�����,8����� J��RI�YLWDPLQ�'�DQG������PJ�RI�FDOFLXP�SHU�GD\�WR������KRPH�OLYLQJ�ZRPHQ�DJHG�RYHU����\HDUV�RQ�WKH�RFFXUUHQFH�RI�VHYHUH�IDOOV
OHDGLQJ�WR�KRVSLWDO�FRQWDFW��5DQGHUV�&LW\��'HQPDUN����������55� ��Â���	�3�������Â����,QWHQWLRQ�WR�SUHYHQW�DQDO\VLV��WDNHQ�IURP�/DUVHQ�>��@�ZLWK�SHUPLVVLRQ��

,Q�D�UDQGRPL]HG��FRQWUROOHG�VWXG\�>��@�����ZRPHQ�ZHUH�UHFUXLWHG�IROORZLQJ�VXUJHU\�IRU�KLS�IUDFWXUH�DQG�DVVLJQHG�WR�D�VLQJOH�LQMHFWLRQ�RI���������,8������� J��'���LQMHFWLRQ�RI
YLWDPLQ�'���������PJ�&D�GD\������,8����� J��RUDO�'��SOXV������PJ�&D�GD\�RU�QR�WUHDWPHQW�DQG�IROORZHG�IRU���\HDU��7KH�UHODWLYH�ULVN�RI�IDOOLQJ�ZDV�UHGXFHG�E\����������&O
��������3����Â����LQ�WKH�JURXSV�VXSSOHPHQWHG�ZLWK�YLWDPLQ�'�FRPSDUHG�ZLWK�FRQWUROV�

$�UHFHQW�PHWD�DQDO\VLV�RQ�WKH�HIIHFW�RI�YLWDPLQ�'�RQ�IDOOV>��@�FRQFOXGHG�WKDW�YLWDPLQ�'�VXSSOHPHQWDWLRQ�UHGXFHV�WKH�ULVN�RI�IDOOV�DPRQJ�DPEXODWRU\�RU�LQVWLWXWLRQDOL]HG�ROGHU
LQGLYLGXDOV�ZLWK�VWDEOH�KHDOWK�E\�PRUH�WKDQ������SRROHG�25��Â��������&O��Â���Â�����+RZHYHU��WKLV�DQDO\VLV�DOVR�LQFOXGHG�VWXGLHV�XVLQJ�� �K\GUR[\ODWHG�YLWDPLQ�'�PHWDEROLWHV�

9LWDPLQ�'��%RQH�7LVVXH�DQG�)UDFWXUH�5LVN

9LWDPLQ�'�DQG�FDOFLXP�GHILFLHQF\�UHVXOWV�LQ�VHFRQGDU\�K\SHUSDUDWK\URLGLVP��LQFUHDVHG�ERQH�WXUQRYHU��DFFHOHUDWHG�ERQH�ORVV�DQG�DQ�LQFUHDVHG�ULVN�RI�ORZ�HQHUJ\�IUDFWXUHV�GXH�WR
VHQLOH��W\SH����RVWHRSRURVLV�>�����@�,Q�FURVV�VHFWLRQDO�VWXGLHV�ERQH�WXUQRYHU�LQFUHDVHV�DW�SODVPD���2+'�OHYHOV�EHORZ����QPRO�O>��@�DQG�KLS�%0'�GHFUHDVHV�DW�YDOXHV�EHORZ���
QPRO�O�>��@�7KH�HIIHFW�RI�YLWDPLQ�'�VXSSOHPHQWDWLRQ�RQ�%0'�LV�UHYHUVLEOH�DQG�GLVDSSHDUV�FRPSOHWHO\�DIWHU���\HDUV�>�����@�$�ODUJH�(XURSHDQ�FDVHFRQWURO�VWXG\�VKRZHG�WKDW�WKH�ULVN
RI�KLS�IUDFWXUHV�ZDV�DVVRFLDWHG�ZLWK�UHGXFHG�VXQ�H[SRVXUH�DQG�GHFUHDVHG�FDOFLXP�LQWDNH�IURP�PLON�>��@�6HYHUDO�VWXGLHV�KDYH�GLVFORVHG�PRGHUDWH�WR�VHYHUH�YLWDPLQ�'�GHILFLHQF\
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DPRQJ�SDWLHQWV�ZLWK�KLS�IUDFWXUHV�>�����������@�(YHQ�LI�PRGHUDWH�YLWDPLQ�'�LQVXIILFLHQF\�FDQ�EH�ZLWKRXW�VKRUW�WHUP�FOLQLFDO�V\PSWRPV��LW�FRXOG�EH�LPSRUWDQW�WR�FRUUHFW�LW�DV�WKH
VNHOHWDO�FRQVHTXHQFHV�LQ�WKH�ORQJ�WHUP�PLJKW�EH�D�UHGXFHG�ELRPHFKDQLFDO�FRPSHWHQFH�ZLWK�LQFUHDVHG�IUDFWXUH�ULVN�

7KH�(IIHFW�RI�9LWDPLQ�'�DQG�&DOFLXP�6XSSOHPHQWDWLRQ�RQ�)UDFWXUH�5LVN

7KH�SURWHFWLYH�HIIHFW�PD\�GHSHQG�RQ�ZKHWKHU�YLWDPLQ�'�LV�JLYHQ�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�FDOFLXP�DV�VXSSUHVVLRQ�RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP�VHHPV�WR�EH�RI�PDMRU
LPSRUWDQFH�IRU�ERWK�PXVFOH�DQG�VNHOHWDO�KHDOWK��7KH�GHJUHH�RI�SUH�H[LVWLQJ�YLWDPLQ�'�GHILFLHQF\�PD\�DOVR�EH�RI�LPSRUWDQFH��7KLV�GHILFLHQF\�VHHPV�WR�EH�PRUH�FRPPRQ�DPRQJ
LQVWLWXWLRQDOL]HG�LQGLYLGXDOV�WKDQ�DPRQJ�KRPH�OLYLQJ�HOGHUO\�>��@�7DEOH���VXPPDUL]HV�WKH�ILQGLQJV�LQ�DYDLODEOH�FRQWUROOHG�FOLQLFDO�VWXGLHV�

,QVWLWXWLRQDOL]HG�(OGHUO\

6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�YLWDPLQ�'�DQG�FDOFLXP�VXSSOHPHQWDWLRQ�UHGXFHV�WKH�ULVN�RI�KLS�IUDFWXUHV�DQG�RWKHU�SHULSKHUDO�IUDFWXUHV��&KDSX\�HW�DO���>��@�REVHUYHG�LQ�D
UDQGRPL]HG�GRXEOH�EOLQG�VWXG\�WKDW�����,8����� J��RI�YLWDPLQ�'�SHU�GD\�FRPELQHG�ZLWK������PJ�FDOFLXP�DIWHU����PRQWKV�UHGXFHG�WKH�ULVN�RI�KLS�IUDFWXUHV�E\������55� ��Â�������
&O��Â����Â����DQG�WKH�ULVN�RI�SHULSKHUDO�IUDFWXUHV�E\������55� ��Â��������&O��Â����Â����DPRQJ�DPEXODWRU\�LQVWLWXWLRQDOL]HG�HOGHUO\��$IWHU���\HDUV�RI�WUHDWPHQW�WKH�HIIHFW�RQ�KLS
IUDFWXUHV��55� ��Â��������&O��Â����Â����DQG�RQ�DOO�SHULSKHUDO�IUDFWXUHV��55� ��Â��������&O��Â����Â����ZDV�VOLJKWO\�ZHDNHQHG�EXW�VWLOO�VLJQLILFDQW�>��@�$�UHODWLYH�ORZ�FRPSOHWLRQ�UDWH
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PD\�FRQWULEXWH�WR�WKH�PRGHVW�UHVSRQVH��7KH�UHVXOWV�ZHUH�ODWHU�FRQILUPHG�LQ�D�QHZ�GRXEOH�EOLQG����\HDU��PXOWLFHQWUH�VWXG\�LQFOXGLQJ�����DPEXODWRU\�LQVWLWXWLRQDOL]HG�LQGLYLGXDOV�>��@
7KH�DFWLYH�WUHDWPHQW�UHGXFHG�WKH�ULVN�RI�KLS�IUDFWXUHV�E\������EXW�WKH�UHVXOW�ZDV�LQVLJQLILFDQW��55� ��Â��������&O��Â����Â����EHFDXVH�RI�WKH�OLPLWHG�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH
VWXG\��*LOOHVSLH�HW�DO��>��@�FRQFOXGHG�LQ�D�&RFKUDQH�DQDO\VLV�WKDW�WUHDWPHQW�ZLWK�YLWDPLQ�'��DQG�FDOFLXP�LQ�ZHDN��HOGHUO\��LQVWLWXWLRQDOL]HG�LQGLYLGXDOV�UHGXFHG�WKH�ULVN�RI�IUDFWXUHV�

7KH�HIIHFW�RI�YLWDPLQ�'�DORQH�ZDV�HYDOXDWHG�LQ�D���\HDU��1RUZHJLDQ��GRXEOH�EOLQG��UDQGRPL]HG�VWXG\��ZKHUH�UHVLGHQWV�UHFHLYHG�HLWKHU�FRG�OLYHU�RLO�FRQWDLQLQJ���� J�YLWDPLQ�'�SHU
GD\�RU�FRG�OLYHU�RLO�ZLWK�WKH�YLWDPLQ�'�UHPRYHG�>���@�7KHUH�ZDV�QR�GLIIHUHQFH�LQ�IUDFWXUH�RFFXUUHQFH�EHWZHHQ�WKH�JURXSV��55� ��Â��������&���Â����Â�����%\�FRQWUDVW��+HLNLQKHLPR
HW�DO��>���@�REVHUYHG�LQ�D�TXDVL�UDQGRPL]HG��RSHQ�VWXG\�WKDW�LQMHFWLRQ�DW�WKH�VWDUW�RI�WKH�ZLQWHU�VHDVRQ�RI�����������������,8�RI�YLWDPLQ�'�LQ�WKH�HOGHUO\�LQ�)LQODQG�UHGXFHG�WKH�ULVN
RI�SHULSKHUDO�IUDFWXUHV�E\��������

5HVLGHQWV�/LYLQJ�DW�+RPH

$�'XWFK�VWXG\�LQFOXGLQJ������LQGLYLGXDOV�IROORZHG�IRU���\HDUV��ZKHUH�WKH�YLWDPLQ�'�JURXS�UHFHLYHG���� J�GD\�ZLWKRXW�FDOFLXP��GLVFORVHG�QR�HIIHFW�RQ�IUDFWXUH�ULVN�>���@�%\�FRQWUDVW�
D��Â��\HDU�SUDJPDWLF�LQWHUYHQWLRQ�VWXG\>���@�LQFOXGLQJ������KRPH�OLYLQJ�'DQHV�DJHG�RYHU����\HDUV�VKRZHG�WKDW�DQ�RIIHU�RI���� J�YLWDPLQ�'�SHU�GD\�FRPELQHG�ZLWK������PJ
FDOFLXP�LQ�DQ�LQWHQWLRQ�WR�SUHYHQW�DQDO\VLV�UHGXFHG�WKH�ULVN�RI�RVWHRSRURWLF�IUDFWXUHV�E\������55� ��Â�����Â����Â�����3����Â�����LQ�ERWK�JHQGHUV��)LJ������7KH�UHGXFWLRQ�ZDV�DOVR
VLJQLILFDQW�DPRQJ�WKH�IHPDOHV���3����Â����
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)LJXUH�����(IIHFW�RI�DQ�RIIHU�RI�����,8����� J��RI�YLWDPLQ�'�DQG������PJ�RI�FDOFLXP�GDLO\�WR������KRPH�OLYLQJ�HOGHUO\�DJHG�RYHU����\HDUV�RQ�WKH�RFFXUUHQFH�RI�RVWHRSRURWLF
IUDFWXUHV��5DQGHUV�&LW\��'HQPDUN�����������55� ��Â���3����Â�����,QWHQWLRQ�WR�SUHYHQW�DQDO\VLV��WDNHQ�IURP�/DUVHQ�>��@�ZLWK�SHUPLVVLRQ��

7KH�HIIHFW�RI�YLWDPLQ�'�DORQH�ZLWKRXW�FDOFLXP�ZDV�IXUWKHU�HYDOXDWHG�LQ�D�UDQGRPL]HG��GRXEOH�EOLQG����\HDU�LQYHVWLJDWLRQ�LQ�WKH�8.�>��@�7KH�VWXG\�FRPSDUHG���������,8�RUDO�YLWDPLQ
'��FKROHFDOFLIHURO��JLYHQ�HYHU\�IRXUWK�PRQWK�>DSSUR[LPDWHO\�����,8����� J��SHU�GD\@�ZLWK�LGHQWLFDO�SODFHER��7KH�VWXG\�LQFOXGHG������KRPH�OLYLQJ�LQGLYLGXDOV�������PDOHV�DQG����
ZRPHQ��DJHG�EHWZHHQ����DQG����\HDUV��$IWHU���\HDUV�WKH�ULVN�DPRQJ�WKH�DFWLYHO\�WUHDWHG�RI�DOO�IUDFWXUHV�ZDV�UHGXFHG�E\������55� ��Â��������&O��Â����Â����DQG�RI�RVWHRSRURWLF
IUDFWXUHV�E\������55� ��Â��������&O��Â����Â�����7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�PRUWDOLW\�EHWZHHQ�WKH�JURXSV��55� ��Â��������&O��Â����Â����

3UHOLPLQDU\�GDWD�IURP�DQRWKHU�LQYHVWLJDWLRQ�LQ�WKH�8.�LQFOXGLQJ�PRUH�WKDQ������KRPH�OLYLQJ�HOGHUO\�DJHG�RYHU����\HDUV�FRXOG�QRW�GRFXPHQW�DQ\�HIIHFW�RQ�IUDFWXUH�RFFXUUHQFH�RI
\HDUO\�LQMHFWLRQV�RI���������,8�YLWDPLQ�'�>���@�7KH�ODFN�RI�HIIHFW�PD\�EH�FDXVHG�E\�OLPLWHG�ELRDYDLODELOLW\�RI�YLWDPLQ�'�XVLQJ�WKLV�URXWH�RI�DGPLQLVWUDWLRQ�

9LWDPLQ�'�DQG�&DQFHU

6HYHUDO�GLIIHUHQW�FDQFHU�FHOOV�LQFOXGLQJ�EUHDVW��FRORQ�DQG�SURVWDWH�FDQFHU�FHOOV�DQG�OHXNDHPLF�FHOOV�H[SUHVV�9'5�DQG�FDOFLWULRO�>�����2+��'@�KDV�DQ�LQKLELWRU\�HIIHFW�RQ�WKHVH
FHOOV�>�@�7KH�HIIHFW�PHFKDQLVPV�KDYH�QRW�EHHQ�IXOO\�HOXFLGDWHG�EXW�LQFOXGH�UHJXODWLRQ�RI�WKH�FHOO�F\FOH��VWLPXODWLRQ�RI�GLIIHUHQWLDWLRQ��LPSDLUPHQW�RI�JURZWK�VWLPXOL��LQKLELWLRQ�RI
DQJLRJHQHVLV�DQG�LQFUHDVHG�DSRSWRVLV�RI�PDOLJQDQW�FHOOV�>�������@�7KH�XVH�RI������2+��'�DV�DGMXYDQW�WUHDWPHQW�IRU�PDOLJQDQW�GLVHDVHV�LV�KDPSHUHG�E\�WKH�K\SHUFDOFDHPLF
HIIHFW�RI�WKH�FRPSRXQG�ZKHQ�XVHG�LQ�KLJKHU�GRVHV��9LWDPLQ�'�DQDORJXHV�KDYH�UHFHQWO\�EHHQ�GHYHORSHG�WKDW�FRQVHUYH�WKH�DQWLSUROLIHUDWLYH�HIIHFW�ZLWK�D�UHGXFHG�K\SHUFDOFDHPLF
HIIHFW�>���@�6RPH�RI�WKHVH�DQDORJXHV�DUH�EHLQJ�DVVHVVHG�LQ�SKDVH�,,�DQG�SKDVH�,,,�FOLQLFDO�VWXGLHV�LQ�YDULRXV�PDOLJQDQW�GLVHDVHV�>�������@

+RZHYHU��WKH�PDLQ�HIIHFW�RI�YLWDPLQ�'�DQG�LWV�PHWDEROLWHV�LQ�UHODWLRQ�WR�PDOLJQDQW�GLVRUGHUV�PD\�EH�WR�SUHYHQW�WKH�GHYHORSPHQW�RI�PDOLJQDQF\��(SLGHPLRORJLFDO�VWXGLHV�KDYH
GLVFORVHG�WKDW�WKH�PRUWDOLW\�RI�D�QXPEHU�RI�PDOLJQDQW�GLVHDVHV�LV�UHGXFHG�ZLWK�LQFUHDVLQJ�89%�UDGLDWLRQ�LQWHQVLW\��7KH�YDULDWLRQ�LQ�89%�H[SRVXUH�PD\�EH�UHODWHG�WR�XUEDQL]DWLRQ�RU
WR�WKH�ODWLWXGH�RI�UHVLGHQFH�>��������7KH�WUDFHDEOH�DVVRFLDWLRQV�DUH�SUHVHQW�DIWHU�DGMXVWPHQW�IRU�VHYHUDO�RWKHU�NQRZQ�ULVN�IDFWRUV>��@�DQG�VXSSRUW�D�SURWHFWLYH�HIIHFW�RI��XWDQHRXV
YLWDPLQ�'�SURGXFWLRQ�FDXVHG�E\�89%�LUUDGLDWLRQ��*UDQW�����UHSRUWHG�FRQVLGHUDEOH�SUHPDWXUH�PRUWDOLW\�DPRQJ�ZKLWH�$PHULFDQV��DSSUR[LPDWHO\���������\HDU��UHODWHG�WR�LQVXIILFLHQW
89%�LUUDGLDWLRQ��7KH�LQFUHDVHG�PRUWDOLW\�ZDV�FDXVHG�E\�DQ�LQFUHDVHG�RFFXUUHQFH�RI�EUHDVW��FRORQ��UHFWXP��SURVWDWH��RHVRSKDJXV��VWRPDFK��NLGQH\��EODGGHU�DQG�RYDULDQ�FDQFHU
DQG�O\PSKRPD��6LPLODU�UHVXOWV�KDYH�EHHQ�REVHUYHG�LQ�(XURSH�>���@�RU�EUHDVW�FDQFHU�LQ�WKH�8665>���@�DQG�IRU�SURVWDWH�FDQFHU�LQ�VHYHUDO�FRXQWULHV�PDLQO\�LQKDELWHG�E\
&DXFDVLDQV�>���@�7DEOH���VSHFLILHV�ILQGLQJV�LQ�WKUHH�RI�WKH�PRVW�FRPPRQ�FDQFHU�IRUPV�DPRQJ�WKH�HOGHUO\��FRORQ��SURVWDWH�DQG�EUHDVW�FDQFHU�

7DEOH����(SLGHPLRORJLFDO�6WXGLHV�5HODWLQJ�&DQFHU�5LVN�WR�9LWDPLQ�'�6WDWXV�DQG�6XQ�([SRVXUH����� J�RI�9LWDPLQ�'�(TXDOV�����,8�����QJ�PO
RI����2+'�(TXDOV����QPRO�O�
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&RORQ�&DQFHU

%RWK�QRUPDO�DQG�PDOLJQDQW�FRORQ�WLVVXH�DQG�FXOWXUHG�WUDQVIRUPHG�FRORQ�FHOOV�H[SUHVV���K\GUR[\ODVH�DFWLYLW\�DQG�FDQ�WKHUHE\�WUDQVIRUP���2+'�WR������2+��'�>������@�,Q�SDWLHQWV
ZLWK�DQ�LQFUHDVHG�ULVN�RI�FRORQ�FDQFHU����2+'�UHGXFHV�WKH�SUROLIHUDWLRQ�RI�FRORQ�HSLWKHOLXP�FHOOV�>���@�,Q�D�FRKRUW�VWXG\�LQFOXGLQJ������PDOHV�DQG�ZLWK�D�IROORZ�XS�WLPH�RI���
\HDUV�>���@�YLWDPLQ�'�LQWDNH�ZDV�UHGXFHG���3����Â����LQ����LQFLGHQW�FDVHV�RI�FRORUHFWDO�FDQFHU���Â��� J������NFDO��FRPSDUHG�ZLWK������FRQWUROV���Â��� J������NFDO��DQG�WKH
DEVROXWH�ULVN�RI�FRORUHFWDO�FDQFHU�GHFUHDVHG���3����Â����IURP�WKH�ORZHVW�LQWDNH�TXDUWLOH���Â�����WR�WKH�KLJKHVW���Â������$Q�LQWDNH�RI�PRUH�WKDQ��Â��� J�GD\�RI�YLWDPLQ�'�UHGXFHG
WKH�ULVN�RI�FRORQ�FDQFHU�E\�PRUH�WKDQ�����>���@�,Q�D�QHVWHG�FDVHFRQWURO�VWXG\�EDVHG�RQ�D�FRKRUW�RI��������LQGLYLGXDOV������SODVPD���2+'�RI���Â�����QPRO�O�ZDV�DVVRFLDWHG�ZLWK
D�����GHFUHDVH���3����Â����DQG�YDOXHV�RI���Â������QPRO�O�ZLWK�D�����GHFUHDVH���3����Â����LQ�ULVN�RI�FRORQ�FDQFHU�FRPSDUHG�ZLWK�YDOXHV�����Â��QPRO�O�>���@�+RZHYHU��WKH�ULVN�ZDV
RQO\�UHGXFHG�E\������16��DW�OHYHOV�!�����QPRO�O��3ODVPD�OHYHOV�PRUH�WKDQ����QPRO�O�ZHUH�DVVRFLDWHG�ZLWK�D�����GHFUHDVH�LQ�FRORQ�FDQFHU�ULVN�>���@�7KLV�ILQGLQJ�ZDV�VXSSRUWHG
E\�D�ODUJH�$PHULFDQ�FRKRUW�VWXG\�WKDW�GHPRQVWUDWHG�WKDW�D�KLJK�LQWDNH�RI�YLWDPLQ�'�IURP�GLHW�DQG�PXOWLYLWDPLQV�>L�H��!�����,8����Â�� J��SHU�GD\@�ZDV�DVVRFLDWHG�ZLWK�D����
GHFUHDVH�LQ�ULVN�RI�FRORUHFWDO�FDQFHU�DPRQJ�PDOHV�FRPSDUHG�ZLWK��Â��� J�GD\�>���@
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3URVWDWH�&DQFHU

%RWK�QRUPDO�DQG�FXOWXUHG�PDOLJQDQW�SURVWDWH�FHOOV�H[SUHVV���K\GUR[\ODVH��ZKLFK�IDFLOLWDWHV�ORFDO������2+��'�SURGXFWLRQ�>�������@�$FFRUGLQJO\��ERWK���2+'�DQG������2+��'
LQKLELW�GLYLVLRQ�DQG�JURZWK�RI�SURVWDWH�FDQFHU�FHOOV�>�����������@�,Q�HSLGHPLRORJLFDO�VWXGLHV��9'5�JHQH�SRO\PRUSKLVP�LQIOXHQFHV�WKH�ULVN�RI�GHYHORSLQJ�SURVWDWH�FDQFHU�>���@�$
)LQLVK�QHVWHG�FDVHFRQWURO�VWXG\��FDVHV���FRQWUROV� ��������EDVHG�RQ�D�FRKRUW�RI��������PDOHV�UHYHDOHG��DIWHU����\HDUV�RI�REVHUYDWLRQ������SDWLHQWV�ZLWK�SURVWDWH�FDQFHU��0DOHV�ZLWK
SODVPD���2+'�DW�LQFOXVLRQ�EHORZ����QPRO�O��PHGLDQ�OHYHO��KDG�D�����LQFUHDVHG�ULVN�RI�SURVWDWH�FDQFHU�FRPSDUHG�ZLWK�WKRVH�ZLWK�KLJKHU�EDVHOLQH�OHYHOV������)RU�\RXQJHU�PDOHV
������\HDUV��WKH�ULVN�ZDV�LQFUHDVHG�E\�������LQ�DGGLWLRQ�WR�DQ�LQFUHDVHG�ULVN�RI�KDYLQJ�PHWDVWDWLF�GLVHDVH��25� ��Â����$�VXEVHTXHQW�6FDQGLQDYLDQ�VWXG\�FRPSDULQJ�����SURVWDWH
FDQFHU�SDWLHQWV�ZLWK������FRQWUROV�LQ�D�FRKRUW�RI�PRUH�WKDQ���������PDOHV�VKRZHG�WKDW�ERWK�ORZ�������QPRO�O��DQG�KLJK��!����QPRO�O��SODVPD���2+'�OHYHOV�ZHUH�DVVRFLDWHG�ZLWK
DQ�LQFUHDVHG�FDQFHU�ULVN�>���@�7KLV�LQWHUHVWLQJ�REVHUYDWLRQ�ZDV�WHQWDWLYHO\�H[SODLQHG�E\�WKH�VXJJHVWLRQ�WKDW�YHU\�KLJK���2+'�FRQFHQWUDWLRQV�ORFDOO\�PD\�DFFHOHUDWH�WKH
LQDFWLYDWLRQ�RI������2+��'�E\�WXPRXU�SURGXFHG����K\GUR[\ODVH�

%UHDVW�&DQFHU

%UHDVW�WLVVXH�H[SUHVVHV�9'5�DQG�ERWK�YLWDPLQ�'�VWDWXV�DQG�JHQHWLF�YDULDWLRQV�LQ�9'5�FDQ�DIIHFW�WKH�ULVN�RI�GHYHORSLQJ�EUHDVW�FDQFHU�>���@������2+��'�LQFUHDVHV�WKH
GLIIHUHQWLDWLRQ�RI�KXPDQ�EUHDVW�FDQFHU�FHOO�OLQHV�>�������@�)XUWKHUPRUH��SUHFOLQLFDO�VWXGLHV�VXJJHVW�WKDW�YLWDPLQ�'�GHULYDWHV�FDQ�UHGXFH�EUHDVW�FDQFHU�GHYHORSPHQW�LQ�H[SHULPHQWDO
DQLPDOV�

,Q�D�FRKRUW�VWXG\�LQFOXGLQJ������ZKLWH�ZRPHQ������QHZ�FDVHV�RI�EUHDVW�FDQFHU�ZHUH�LGHQWLILHG�EHWZHHQ������DQG������>���@�6HYHUDO�PHDVXUHV�RI�KLJK�VXQ�H[SRVXUH�DQG�GLHWDU\
YLWDPLQ�'�ZHUH�DVVRFLDWHG�ZLWK�D��������UHGXFWLRQ�LQ�EUHDVW�FDQFHU�ULVN��7KH�HIIHFW�ZDV�PRVW�SURQRXQFHG�LQ�DUHDV�ZLWK�KLJK�VXQ�H[SRVXUH��$QRWKHU�ODUJH�FRKRUW�VWXG\�EDVHG�RQ
WKH�1XUVHV�+HDOWK�6WXG\�SRSXODWLRQ>���@�GHPRQVWUDWHG�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�D�KLJK�YLWDPLQ�'�LQWDNH��!�����,8�GD\�RU���Â�� J�GD\��DQG�D�����UHGXFHG�ULVN�RI�EUHDVW
FDQFHU�DPRQJ�SUHPHQRSDXVDO�ZRPHQ�

9LWDPLQ�'�DQG�7\SH���'LDEHWHV

6HYHUDO�ODUJH�VFDOH�FRKRUW�DQG�FDVHFRQWURO�VWXGLHV�KDYH�VKRZQ�WKDW�YLWDPLQ�'�VXSSOHPHQWDWLRQ�GXULQJ�FKLOGKRRG�UHGXFHG�WKH�ULVN�RI�ODWHU�W\SH���GLDEHWHV�>��������@�+RZHYHU��D
QXPEHU�RI�VWXGLHV�KDYH�DOVR�GLVFORVHG�DQ�DVVRFLDWLRQ�EHWZHHQ�YLWDPLQ�'�GHILFLHQF\�DQG�W\SH���GLDEHWHV��7KH�SDWKRJHQHWLF�PHFKDQLVP�FRXOG�EH�DQ�HIIHFW�RQ�LQVXOLQ�VHQVLWLYLW\��RQ
�FHOO�IXQFWLRQ��RU�RQ�ERWK��7KH�SDQFUHDWLF� �FHOOV�H[SUHVV�9'5�>�@�,Q�D�FRKRUW�RI�����KLJK�ULVN�SDWLHQWV�UHIHUUHG�IRU�GLDJQRVWLF�FRURQDU\�DQJLRJUDSK\��WKH�ULVN�RI�W\SH���GLDEHWHV
GHSHQGHG�RQ�9'5�SRO\PRUSKLVP�EHLQJ�KLJKHVW�LQ�SDWLHQWV�ZLWK�WKH�%%�JHQRW\SH��25� ��Â��������&O��Â����Â����>���@�)XUWKHUPRUH��YLWDPLQ�'�GHILFLHQF\�LQKLELWV�LQVXOLQ
VHFUHWLRQ>�������@�DQG�PRGXODWHV�OLSRO\VLV�>���@�9LWDPLQ�'�VXSSOHPHQWDWLRQ�LPSURYHV�LQVXOLQ�VHFUHWLRQ�DQG�JOXFRVH�WROHUDQFH�LQ�YLWDPLQ�'�GHILFLHQW�DQLPDOV>�������@�DQG�LQ
KXPDQV�>���@�3ODVPD���2+'�OHYHOV�DUH�UHSRUWHG�WR�EH�GHFUHDVHG�LQ�W\SH���EXW�QRW�LQ�W\SH���GLDEHWHV�>�������@�,Q�D�ODUJH�FURVV�VHFWLRQDO�VWXG\�IURP�1HZ�=HDODQG�LQFOXGLQJ�����
LQGLYLGXDOV�DJHG�������\HDUV����2+'��OHYHOV�ZHUH�GHFUHDVHG�LQ�LQGLYLGXDOV�ZLWK�UHFHQWO\�GLDJQRVHG�LPSDLUHG�JOXFRVH�WROHUDQFH��,*7��DQG�W\SH���GLDEHWHV�DIWHU�DGMXVWPHQW�IRU
REHVLW\��VH[��DJH��HWKQLFLW\�DQG�VHDVRQ�>���@�*O\FDHPLF�FRQWURO�LQ�W\SH���GLDEHWHV�GHSHQGV�RQ�WKH�VHDVRQ��ZLWK�WKH�ORZHVW�KDHPRJORELQ�$�F��+E$�F��OHYHOV�GXULQJ�VXPPHU�>���@
,Q�KHDOWK\�DGXOWV�89%�LUUDGLDWLRQ�LQFUHDVHV�SODVPD������2+��'�DQG�LQVXOLQ�VHFUHWLRQ�>���@�,Q�DGGLWLRQ��WUHDWPHQW�ZLWK������,8����Â�� J��YLWDPLQ�'��GDLO\�IRU���PRQWK�LQ����SDWLHQWV
ZLWK�W\SH���GLDEHWHV�LQFUHDVHG�SODVPD���2+'�E\�����DQG�WKH�ILUVW�SKDVH�RI�WKH�LQVXOLQ�VHFUHWLRQ�E\������HYDOXDWHG�E\�DQ�LQWUDYHQRXV�JOXFRVH�WROHUDQFH�WHVW��,9*77��>���@�7KH
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GHFUHDVH�LQ�LQVXOLQ�UHVLVWDQFH����Â����ZDV�LQVLJQLILFDQW��$�UHFHQW�VWXG\�LQ�JOXFRVH�WROHUDQW�VXEMHFWV�UHYHDOHG�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�SODVPD���2+'�DQG�LQVXOLQ�VHQVLWLYLW\
DQG�D�QHJDWLYH�HIIHFW�RI�K\SRYLWDPLQRVLV�'�RQ� �FHOO�IXQFWLRQ�DV�DVVHVVHG�E\�WKH�K\SHUJO\FDHPLF�FODPS�WHFKQLTXH�>���@�+HQFH��LW�VHHPV�WKDW�VXEMHFWV�ZLWK�K\SRYLWDPLQRVLV�'�DUH
DW�KLJKHU�ULVN�RI�LQVXOLQ�UHVLVWDQFH�DQG�WKH�PHWDEROLF�V\QGURPH��,W�LV�XQFOHDU�ZKDW�LQIOXHQFH�DOWHUHG�YLWDPLQ�'�VWDWXV�PD\�KDYH�IRU�WKH�LQFUHDVHG�IUDFWXUH�ULVN�REVHUYHG�LQ�W\SH��
DQG�DOVR�LQ�W\SH���GLDEHWHV�>���@

9LWDPLQ�'�DQG�&DUGLRYDVFXODU�'LVHDVH

$WKHURVFOHURVLV�DQG�,VFKDHPLF�&DUGLRYDVFXODU�'LVHDVH

9'5�KDV�DOVR�EHHQ�GHPRQVWUDWHG�LQ�KHDUW�PXVFOH�FHOOV>�@�DQG������2+��'�PD\�SOD\�D�UROH�LQ�WKH�PDLQWHQDQFH�RI�YHQWULFXODU�SXPS�IXQFWLRQ�>���@�3DWLHQWV�ZLWK�KHDUW�IDLOXUH�KDYH
ORZHU�SODVPD�OHYHOV�RI���2+'�DQG������2+��'�WKDQ�FRQWUROV�>���@�7KHUH�LV�JURZLQJ�HYLGHQFH�WKDW�DWKHURVFOHURVLV�PD\�EH�YLHZHG�DV�D�FKURQLF�LQIODPPDWRU\�GLVHDVH�WKDW�LQYROYHV
WXPRXU�QHFURVLV�IDFWRU�DOSKD��71)� ��DQG�LQWHUOHXNLQ����,/�����$FWLYH�YLWDPLQ�'�>�����2+��'@�FDQ�VXSSUHVV�WKHVH�F\WRNLQHV�LQ�YLYR�DQG�71)� �LV�LQYHUVHO\�UHODWHG�WR�SODVPD
��2+'�LQ�YLYR��>���@�(SLGHPLRORJLFDO�VWXGLHV�LQGLFDWH�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�SODVPD���2+'�DQG�WKH�RFFXUUHQFH�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$0,��>���@�DQG�WKH�ULVN
RI�FRURQDU\�KHDUW�GLVHDVH�KDV�EHHQ�DVVRFLDWHG�ZLWK�9'5�SRO\PRUSKLVP�>���@�,Q�WKH�8.�DQ�LQFUHDVHG�FDUGLRYDVFXODU�PRUELGLW\�LV�DVVRFLDWHG�ZLWK�ORZ�SODVPD���2+'
FRQFHQWUDWLRQV�LQ�ZLQWHU�>�������@

(VVHQWLDO�+\SHUWHQVLRQ

0HDQ�V\VWROLF�DQG�GLDVWROLF�EORRG�SUHVVXUH��%3��DQG�WKH�SUHYDOHQFH�RI�K\SHUWHQVLRQ�YDU\�WKURXJKRXW�WKH�ZRUOG�ZLWK�D�OLQHDU�ULVH�LQ�%3�ZLWK�ODWLWXGH�>���@�6LPLODUO\��%3�LV�KLJKHU�LQ
ZLQWHU�WKDQ�LQ�VXPPHU�DQG�YDULHV�ZLWK�VNLQ�SLJPHQWDWLRQ��([SRVXUH�WR�89%�OLJKW�PD\�FRQWULEXWH�WR�WKHVH�GLIIHUHQFHV�>���@�,Q�HVVHQWLDO�K\SHUWHQVLRQ��W\SLFDO�FKDQJHV�DUH�REVHUYHG
LQ�FDOFLXP�KRPHRVWDVLV�ZLWK�GHFUHDVHG�LQWHVWLQDO�FDOFLXP�DEVRUSWLRQ��HQKDQFHG�UHQDO�H[FUHWLRQ��UHGXFHG�SODVPD�FRQFHQWUDWLRQV�DQG�LQFUHDVHG�LQWUDFHOOXODU�FRQFHQWUDWLRQV�RI
FDOFLXP�DQG�K\SHUSDUDWK\URLGLVP�>�������@�6RPH�RI�WKHVH�DOWHUDWLRQV�GHSHQG�RQ�LQWUDFHOOXODU�DGHQ\O�F\FOHDVH��ZKLFK�LV�LQIOXHQFHG�E\������2+��'�>�������@�'LDVWROLF�%3�LV
ZHDNO\�LQYHUVHO\�FRUUHODWHG�WR�SODVPD���2+'�>���@�$�GDLO\�VXSSOHPHQW�RI��� J������,8��RI�YLWDPLQ�'�KDV�QR�HIIHFW�RQ�%3�LQ�QRUPRWHQVLYH�LQGLYLGXDOV�>�������@�EXW���� J������,8�
SHU�GD\�LQ�FRPELQDWLRQ�ZLWK������PJ�FDOFLXP�VLJQLILFDQWO\�GHFUHDVHV�V\VWROLF�%3�E\��Â���LQ�ZRPHQ�DJHG����\HDUV�RU�ROGHU�ZLWK�YLWDPLQ�'�LQVXIILFLHQF\�RU�GHILFLHQF\�>��@
)XUWKHUPRUH��VHYHUDO�LQYHVWLJDWLRQV�KDYH�GHPRQVWUDWHG�D�%3�ORZHULQJ�HIIHFW�RI��Â���� J������2+��'�RU�89%��EXW�QRW�89$��LQ�K\SHUWHQVLYH�SDWLHQWV�>�������@

3RVVLELOLWLHV�IRU�3UHYHQWLRQ

7KHUH�DUH�VHYHUDO�ZD\V�WR�LPSURYH�YLWDPLQ�'�VWDWXV�DPRQJ�WKH�HOGHUO\��IRUWLILFDWLRQ�RI�IRRG��\HDUO\�YLWDPLQ�'�LQMHFWLRQV�DQG�WDEOHWV�ZLWK�YLWDPLQ�'��DQG�FDOFLXP���9LJRURXV�H[SRVXUH
WR�VXQVKLQH�LV�FRQWURYHUVLDO�EHFDXVH�RI�WKH�ULVN�RI�VNLQ�FDQFHU�DQG�LV�OHVV�HIIHFWLYH�DPRQJ�WKH�HOGHUO\>����@�DQG�GXULQJ�ZLQWHU�DW�KLJKHU�ODWLWXGHV�

)RUWLILFDWLRQ�RI�)RRG�:LWK�9LWDPLQ�'

)RUWLILFDWLRQ�LV�XVHG�LQ�PDQ\�GHYHORSHG�FRXQWULHV�>���@�,Q�SDUWLFXODU��PDUJDULQH��YHJHWDEOH�RLO�DQG�PLON�DUH�IRUWLILHG�LQ�(XURSH��ZKHUHDV�HQULFKPHQW�RI�IORXU��FRUQIODNHV�DQG�MXLFH�LV
XVHG�LQ�WKH�86$��)RUWLILFDWLRQ�RI�EUHDG��RWKHU�FHUHDOV�DQG�PDUJDULQH�LV�IRFXVHG�RQ�WKH�HOGHUO\��ZKHUHDV�IRUWLILFDWLRQ�RI�EUHDG�DQG�RLO�LV�IRFXVHG�RQ�GDUN�VNLQQHG�LPPLJUDQWV�IURP�
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IRU�H[DPSOH��WKH�1HDU�(DVW��3DNLVWDQ�RU�,QGLD��)RUWLILFDWLRQ�RI�VHYHUDO�W\SHV�RI�IRRG�HQVXUHV�D�PRUH�HTXDO�GLVSHUVLRQ�LQ�WKH�SRSXODWLRQ�LQGHSHQGHQW�RI�HDWLQJ�KDELWV��,QDGYHUWHQW
RYHUIRUWLILFDWLRQ�RI�PLON�E\�D�KRPH�GHOLYHU\�GDLU\�IURP������WR������OHDGLQJ�WR�D�VXVSHFWHG�RXWEUHDN�RI�K\SHUYLWDPLQRVLV�'�DVVRFLDWHG�ZLWK�VHYHUH�LOOQHVV�DQG�GHDWK�KDV�EHHQ
GHVFULEHG�LQ�WKH�86$�>���@�+RZHYHU��PRUH�GHWDLOHG�VWXGLHV�UHYHDOHG�WKDW�WKH�SUHYDOHQFH�RI�LQFUHDVHG�SODVPD���2+'�DQG�FDOFLXP�OHYHOV�ZDV�QR�JUHDWHU�WKDQ�H[SHFWHG��DQG�GDWD
LQGLFDWHG�QRUPDO�UHQDO�IXQFWLRQ�>���@�,W�ZDV�FRQFOXGHG�WKDW�PRVW�SHRSOH�H[SRVHG�WR�H[FHVV�YLWDPLQ�'�H[KLELWHG�QR�PHDVXUDEOH�DGYHUVH�FOLQLFDO�HIIHFWV��+RZHYHU��WKH�HSLVRGH
KLJKOLJKWV�WKH�QHHG�IRU�PRQLWRULQJ�DQ\�IRUWLILFDWLRQ�SURFHVV>���@�DQG�WR�VSUHDG�IRUWLILFDWLRQ�RYHU�D�YDULHW\�RI�IRRG�LWHPV�

$Q�DGHTXDWH�IRUWLILFDWLRQ�SURJUDP�VKRXOG�VHFXUH�D�VXSSO\�RI�DERXW���� J�YLWDPLQ�'������,8��SHU�GD\�WR�WKH�HOGHUO\��%UHDG�DQG�HGLEOH�IDWV��EXWWHU��RLO�DQG�PDUJDULQH��ZRXOG�EH
REYLRXV�IRRG�LWHPV�WR�HQULFK�WR�UHDFK�WKLV�SRSXODWLRQ�JURXS��6LPXODWLRQ�LQ�'HQPDUN�XVLQJ�LQIRUPDWLRQ�RQ�GLHWDU\�IRRG�LQWDNH�LQ�YDULRXV�'DQLVK�SRSXODWLRQV�ZLWK�DQ�DYHUDJH
EDVHOLQH�GLHWDU\�YLWDPLQ�'�LQWDNH�RI��Â��� J�GD\�VKRZV�WKDW�HQULFKPHQW�RI�HGLEOH�IDW�E\���� J�YLWDPLQ�'�����J�RU�RI�EUHDG�DQG�FHUHDOV�E\���� J�YLWDPLQ�'�����J�ZLOO�HQVXUH�WKDW
KDOI�RI�WKH�HOGHUO\�SRSXODWLRQ�JHWV���� J�GD\�IURP�GLHW�DQG�IRUWLILFDWLRQ�FRPELQHG�>���@�)RUWLILFDWLRQ�ZLWK�D�FRPELQDWLRQ�RI���� J�YLWDPLQ�'�����J�IDW�DQG��� J�����J�FHUHDOV�ZLOO�JLYH
WKH�VDPH�UHVXOW��7KLV�VWUDWHJ\�LQGLFDWHV�WKDW�����RI�WKH�HOGHUO\�ZLOO�JHW���� J�GD\�RI�YLWDPLQ�'�DQG����ZLOO�JHW�DW�OHDVW���� J�GD\��1RQH�RI�WKH�HOGHUO\�ZLOO�JHW�PRUH�WKDQ���� J�GD\�
D�OHYHO�FRQVLGHUHG�VDIH�IRU�WKLV�JURXS�E\�WKH�(XURSHDQ�&RPPLVVLRQ
V�6FLHQWLILF�&RPPLWWHH�RQ�)RRG�>���@�+RZHYHU��IRU�FKLOGUHQ�EHWZHHQ���DQG����\HDUV�ROG��VXFK�D�IRUWLILFDWLRQ
ZLOO�VXSSO\������ J�GD\�RI�YLWDPLQ�'��EXW�DW�WKH�VDPH�WLPH�����ZLOO�JHW�DQ�RUDO�YLWDPLQ�'�LQWDNH�FORVH�WR�RU�DERYH�WKH���� J�GD\�WKDW�LV�FRQVLGHUHG�VDIH�>���@�)RUWLILFDWLRQ�RI�EUHDG
DQG�FHUHDOV�E\���� J�����J�ZLOO�UHVXOW�LQ�D�GDLO\�LQWDNH�DERYH���� J�GD\�IRU����RI�WKH�FKLOGUHQ�DQG�D�FRPELQDWLRQ�RI�HGLEOH�IDW�ZLWK���� J�����J�DQG�EUHDG�DQG�FHUHDOV�ZLWK��
J�����J�ZLOO�UHVXOW�LQ�DQ�LQWDNH�RI�PRUH�WKDQ���� J�GD\�LQ�����7KHVH�VLPXODWLRQV�LQGLFDWH�WKDW�IRUWLILFDWLRQ�ZLWK�YLWDPLQ�'�WR�HQVXUH�DQ�DGHTXDWH�LQWDNH�E\�WKH�HOGHUO\�ZLOO�UHVXOW�LQ
GLHWDU\�LQWDNHV�DPRQJ�FKLOGUHQ�WKDW�DUH�FRQVLGHUHG�ULVN\�E\�WKH�DXWKRULWLHV��+RZHYHU��WKHVH�FRQVLGHUDWLRQV�GR�QRW�H[FOXGH�D�OHVV�DPELWLRXV�IRUWLILFDWLRQ�SURJUDPPH�DLPHG�DW
PHHWLQJ�WKH�FRPPRQ�UHFRPPHQGDWLRQV�RI�DW�OHDVW������ J�GD\�DPRQJ�\RXQJHU�DGXOWV�

,W�VKRXOG�EH�HPSKDVL]HG�WKDW�WKHUH�DUH�QR�FRQWUROOHG�LQWHUYHQWLRQ�VWXGLHV�GHPRQVWUDWLQJ�WKH�HIIHFW�RI�IRUWLILFDWLRQ�RQ�IDOOV��ORZ�HQHUJ\�IUDFWXUHV��PDOLJQDQW�GLVRUGHUV��LQIHFWLRXV�DQG
DXWRLPPXQH�GLVRUGHUV�RU�FDUGLRYDVFXODU�GLVRUGHUV��+RZHYHU��LW�LV�NQRZQ�WKDW�SODVPD���2+'�LV�UHODWHG�WR�GLHWDU\�YLWDPLQ�'>���@�DQG�WKDW�WKH�ULVN�RI�KLS�IUDFWXUHV�DQG�UHGXFHG
PXVFOH�IXQFWLRQ�GHSHQGV�RQ�SODVPD���2+'�>��@

<HDUO\�,QMHFWLRQV�:LWK�9LWDPLQ�'

$W�KLJKHU�ODWLWXGHV�\HDUO\�LQMHFWLRQV�LQ�ODWH�DXWXPQ�FRXOG�SUHYHQW�WKH�IDOO�LQ�SODVPD���2+'�GXULQJ�ZLQWHU��)URP�D�SUDFWLFDO�SRLQW�RI�YLHZ�WKHVH�LQMHFWLRQV�FRXOG�EH�JLYHQ�WRJHWKHU
ZLWK�WKH�\HDUO\�LQIOXHQ]D�YDFFLQDWLRQ�VHFXULQJ�D�UHDVRQDEOH�FRPSOLDQFH��$�)LQQLVK�LQYHVWLJDWLRQ�DPRQJ�WKH�HOGHUO\�GHPRQVWUDWHG�WKDW�D�\HDUO\�LQMHFWLRQ�RI��Â���PJ����������,(��RI
YLWDPLQ�'�FRXOG�SUHYHQW��������RI�SHULSKHUDO�IUDFWXUHV�>���@�+RZHYHU��D�UHFHQW�8.�VWXG\�LQFOXGLQJ�PRUH�WKDQ������HOGHUO\�SDUWLFLSDQWV�FRXOG�QRW�GHPRQVWUDWH�DQ\�HIIHFW�RQ
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��-RKQHOO��2���*XOOEHUJ��%���.DQLV��-�$���$OODQGHU��(���(OIIRUV��/���'HTXHFNHU��-���'LOVHQ��*���*HQQDUL��&���YDV�/RSH]��$��	�/\ULWLV��*���������5LVN�IDFWRUV�IRU�KLS�IUDFWXUH�LQ���
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(XURSHDQ�ZRPHQ��WKH�0('26�VWXG\��0HGLWHUUDQHDQ�2VWHRSRURVLV�6WXG\��-RXUQDO�RI�%RQH�DQG�0LQHUDO�5HVHDUFK���������������
&RRSHU��&���0F/DUHQ��0���:RRG��3�-���&RXOWRQ��/��	�.DQLV��-�$���������,QGLFHV�RI�FDOFLXP�PHWDEROLVP�LQ�ZRPHQ�ZLWK�KLS�IUDFWXUHV��%RQH�DQG�0LQHUDO���������������
��%RRQHQ��6���9DQGHUVFKXHUHQ��'���&KHQJ��;�*���9HUEHNH��*���'HTXHFNHU��-���*HXVHQV��3���%URRV��3��	�%RXLOORQ��5���������$JH�UHODWHG��W\SH�,,��IHPRUDO�QHFN�RVWHRSRURVLV
LQ�PHQ��ELRFKHPLFDO�HYLGHQFH�IRU�ERWK�K\SRYLWDPLQRVLV�'�DQG�DQGURJHQ�GHILFLHQF\�LQGXFHG�ERQH�UHVRUSWLRQ��-RXUQDO�RI�%RQH�DQG�0LQHUDO�5HVHDUFK���������������

���

&KDSX\��0�&���$UORW��0�(���'XERHXI��)���%UXQ��-���&URX]HW��%���$UQRXG��6���'HOPDV��3�'��	�0HXQLHU��3�-���������9LWDPLQ�'��DQG�FDOFLXP�WR�SUHYHQW�KLS�IUDFWXUHV�LQ�HOGHUO\
ZRPHQ��1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH����������������

���

&KDSX\��0�&���$UORW��0�(���'HOPDV��3�'��	�0HXQLHU��3�-���������(IIHFW�RI�FDOFLXP�DQG�FKROHFDOFLIHURO�WUHDWPHQW�IRU�WKUHH�\HDUV�RQ�KLS�IUDFWXUHV�LQ�HOGHUO\�ZRPHQ��%ULWLVK
0HGLFDO�-RXUQDO����������������

���

&KDSX\��0�&���3DPSKLOH��5���3DULV��(���.HPSI��&���6FKOLFWLQJ��0���$UQDXG��6���*DUQHUR��3��	�0HXQLHU��3�-���������&RPELQHG�FDOFLXP�DQG�YLWDPLQ�'��VXSSOHPHQWDWLRQ�LQ
HOGHUO\�ZRPHQ��FRQILUPDWLRQ�RI�UHYHUVDO�RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP�DQG�KLS�IUDFWXUH�ULVN��WKH�'HFDO\RV�,,�VWXG\��2VWHRSRURVLV�,QWHUQDWLRQDO�������������

���

*LOOHVSLH��:�-���$YHQHOO��$���+HQU\��'�$���2
&RQQHOO��'�/��	�5REHUWVRQ��-���������9LWDPLQ�'�DQG�YLWDPLQ�'�DQDORJXHV�IRU�SUHYHQWLQJ�IUDFWXUHV�DVVRFLDWHG�ZLWK�LQYROXWLRQDO
DQG�SRVW�PHQRSDXVDO�RVWHRSRURVLV��&RFKUDQH�5HYLHZ��,��7KH�&RFKUDQH�/LEUDU\��LVVXH����8SGDWH�6RIWZDUH��2[IRUG�

���

0H\HU��+�(���6PHGVKDXJ��*�%���.YDDYLN��(���)DOFK��-�$���7YHUGDO��$��	�3HGHUVHQ��-�,���������&DQ�YLWDPLQ�'�VXSSOHPHQWDWLRQ�UHGXFH�WKH�ULVN�RI�IUDFWXUH�LQ�WKH�HOGHUO\"�$
UDQGRPLVHG�FRQWUROOHG�WULDO��-RXUQDO�RI�%RQH�DQG�0LQHUDO�5HVHDUFK�������������

����

+HLNLQKHLPR��5�-���,QNRYDDUD��-�$���+DUMX��(�-���+DDYLVWR��0�9���.DDUHOD��5�+���.DWDMD��-�0���.RNNR��$�0���.ROKR��/�$��	�5DMDOD��6�$���������$QQXDO�LQMHFWLRQ�RI�YLWDPLQ�'�DQG
IUDFWXUHV�RI�DJHG�ERQHV��&DOFLILHG�7LVVXH�,QWHUQDWLRQDO�������������

����

/LSV��3���*UDDIPDQV��:�&���2RPV��0�(���%H]HPHU��3�'��	�%RXWHU��/�0���������9LWDPLQ�'�VXSSOHPHQWDWLRQ�DQG�IUDFWXUH�LQFLGHQFH�LQ�HOGHUO\�SHUVRQV��$QQDOV�RI�,QWHUQDO
0HGLFLQH��������������

����

/DUVHQ��(�5���0RVHNLOGH��/��	�)ROGVSDQJ��$���������9LWDPLQ�'�DQG�FDOFLXP�VXSSOHPHQWDWLRQ�SUHYHQWV�RVWHRSRURWLF�IUDFWXUHV�LQ�HOGHUO\�FRPPXQLW\�GZHOOLQJ�UHVLGHQWV��D
SUDJPDWLF�SRSXODWLRQ�EDVHG���\HDU�LQWHUYHQWLRQ�VWXG\��-RXUQDO�RI�%RQH�DQG�0LQHUDO�5HVHDUFK�������������

����

6PLWK��+���$QGHUVRQ��)���5DSKDHO��+���&UR]LHU��6��	�&RRSHU��&���������(IIHFW�RI�DQQXDO�LQWUDPXVFXODU�YLWDPLQ�'�VXSSOHPHQWDWLRQ�RQ�IUDFWXUH�ULVN��SRSXODWLRQ�EDVHG�
UDQGRPLVHG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO��2VWHRSRURVLV�,QWHUQDWLRQDO������6���$EVWUDFW��

����

9DQ�GHQ�%HPG��*�-��	�&KDQJ��*�7���������9LWDPLQ�'�DQG�YLWDPLQ�'�DQDORJXHV�LQ�FDQFHU�WUHDWPHQW��&XUUHQW�'UXJ�7DUJHWV��������������
.ULVKQDQ��$�9���3HHKO��'�0��	�)HOGPDQ��'���������,QKLELWLRQ�RI�SURVWDWH�FDQFHU�JURZWK�E\�YLWDPLQ�'��UHJXODWLRQ�RI�WDUJHW�JHQH�H[SUHVVLRQ��-RXUQDO�RI�&HOOXODU�%LRFKHPLVWU\�
�����������

����

=LWWHUPDQQ��$���������9LWDPLQ�'�LQ�SUHYHQWLYH�PHGLFLQH��DUH�ZH�LJQRULQJ�WKH�HYLGHQFH"�%ULWLVK�-RXUQDO�RI�1XWULWLRQ�����������������
3LQHWWH��.�9���<HH��<�.���$PHJDG]LH��%�<��	�1DJSDO��6���������9LWDPLQ�'�UHFHSWRU�DV�D�GUXJ�GLVFRYHU\�WDUJHW��0LQL�5HYLHZV�LQ�0HGLFLQDO�&KHPLVWU\����������������
*X\WRQ��.�=���.HQVOHU��7�:��	�3RVQHU��*�+���������9LWDPLQ�'�DQG�YLWDPLQ�'�DQDORJV�DV�FDQFHU�FKHPRSUHYHQWLYH�DJHQWV��1XWULWLRQ�5HYLHZV�����������������
*DUODQG��&�)��	�*DUODQG��)�&���������'R�VXQOLJKW�DQG�YLWDPLQ�'�UHGXFH�WKH�OLNHOLKRRG�RI�FRORQ�FDQFHU"�,QWHUQDWLRQDO�-RXUQDO�RI�(SLGHPLRORJ\����������������
*DUODQG��)�&���*DUODQG��&�)���*RUKDP��(�'��	�<RXQJ��-�)���������*HRJUDSKLF�YDULDWLRQ�LQ�EUHDVW�FDQFHU�PRUWDOLW\�LQ�WKH�8QLWHG�6WDWHV��D�K\SRWKHVLV�LQYROYLQJ�H[SRVXUH�WR
VRODU�UDGLDWLRQ��3UHYHQWLYH�0HGLFLQH�������������

����
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/LSNLQ��0���1HZPDUN��+���%RRQH��&�:��	�.HOORII��*�-���������&DOFLXP��YLWDPLQ�'�DQG�FRORQ�FDQFHU��&DQFHU�5HVHDUFK�������������������
*DUODQG��&�)���*DUODQG��)�&��	�*RUKDP��(�'���������&DOFLXP�DQG�YLWDPLQ�'��7KHLU�SRWHQWLDO�UROHV�LQ�FRORQ�DQG�EUHDVW�FDQFHU�SUHYHQWLRQ��$QQDOV�RI�WKH�1HZ�<RUN�$FDGHP\
RI�6FLHQFHV��������������

����

+DQFKHWWH��&�/��	�6FKZDUW]��*�*���������*HRJUDSKLF�SDWWHUQV�RI�SURVWDWH�FDQFHU�PRUWDOLW\��(YLGHQFH�IRU�D�SURWHFWLYH�HIIHFW�RI�XOWUDYLROHW�UDGLDWLRQ��&DQFHU�������������������
)UHHGPDQ��'�0���'RVHPHFL��0��	�0F*O\QQ��.���������6XQOLJKW�DQG�PRUWDOLW\�IURP�EUHDVW��RYDULDQ��FRORQ��SURVWDWH�DQG�QRQ�PHODQRPD�VNLQ�FDQFHU��D�FRPSRVLWH�GHDWK
FHUWLILFDWH�EDVHG�FDVH�FRQWURO�VWXG\��-RXUQDO�RI�2FFXSDWLRQDO�DQG�(QYLURQPHQWDO�0HGLFLQH�������������

����

*UDQW��:�%���������$Q�HVWLPDWH�RI�SUHPDWXUH�FDQFHU�PRUWDOLW\�LQ�WKH�86�GXH�WR�LQDGHTXDWH�GRVHV�RI�XOWUDYLROHW�VRODU�UDGLDWLRQ��&DQFHU�������������������
*UDQW��:�%���������$Q�HFRORJLF�VWXG\�RQ�GLHWDU\�DQG�VRODU�XOWUDYLROHW�%�OLQNV�WR�EUHDVW�FDUFLQRPD�PRUWDOLW\�UDWHV��&DQFHU�����������������
*UDQW��:�%���������(FRORJLF�VWXGLHV�RI�VRODU�89�%�UDGLDWLRQ�DQG�FDQFHU�PRUWDOLW\��5HFHQW�5HVXOWV�LQ�&DQFHU�5HVHDUFK������������������
*UDQW��:�%���������$�PXOWLFRXQWU\�HFRORJLF�VWXG\�RI�ULVN�DQG�ULVN�UHGXFWLRQ�IDFWRUV�IRU�SURVWDWH�FDQFHU�PRUWDOLW\��(XURSHDQ�8URORJ\�����������������
*RUKDP��(�'���*DUODQG��)��	�*DUODQG��&���������6XQOLJKW�DQG�EUHDVW�FDQFHU�LQFLGHQFH�LQ�8665��,QWHUQDWLRQDO�-RXUQDO�RI�(SLGHPLRORJ\�����������������
&URVV��+�6���3HWHUOLN��0���5HGG\��*�6��	�6FKXVWHU��,���������9LWDPLQ�'�PHWDEROLVP�LQ�KXPDQ�FRORQDGHQRFDUFLQRPD�GHULYHG�&DFR���FHOOV��H[SUHVVLRQ�RI����K\GUR[\YLWDPLQ
'���DOID�K\GUR[\ODVH�DFWLYLW\�DQG�UHJXODWLRQ�RI�VLGH�FKDLQ�PHWDEROLVP��-RXUQDO�RI�6WHURLG�%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\�����������

����

+ROW��3�5���$UEHU��1��	�2
&RQQRU��-���������6HUXP����K\GUR[\YLWDPLQ�'��LQKLELWV�SUROLIHUDWLRQ�RI�FRORQLF�HSLWKHOLDO�FHOOV�LQ�VXEMHFWV�DW�KLJK�ULVN�IRU�FRORQ�QHRSODVLD�
*DVWURHQWHURORJ\�������$����

����

*DUODQG��&���6KHNHOOH��5�%���%DUUHWW�&RQQRU��(���&ULTXL��0�+���5RVVRI��$�+��	�2JOHVE\��3���������'LHWDU\�YLWDPLQ�'�DQG�FDOFLXP�DQG�ULVN�RI�FRORUHFWDO�FDQFHU��D����\HDU
SURVSHFWLYH�VWXG\�LQ�PDQ��/DQFHW������������

����

*DUODQG��&�)���*DUODQG��)�&��	�*RUKDP��(�'���������&DQ�FRORQ�FDQFHU�LQFLGHQFH�DQG�GHDWK�UDWHV�EH�UHGXFHG�ZLWK�FDOFLXP�DQG�YLWDPLQ�'"�$PHULFDQ�-RXUQDO�RI�&OLQLFDO
1XWULWLRQ���������6���6�

����

*DUODQG��&�)���&RPVWRFN��*�:���*DUODQG��)�&���+HOVLQJ��.�-���6KDZ��(�.��	�*RUKDP��(�'���������6HUXP����K\GUR[\YLWDPLQ�'�DQG�FRORQ�FDQFHU��HLJKW�\HDU�SURVSHFWLYH
VWXG\��/DQFHW��������������

����

0F&XORXJK��0�/���5REHUWVRQ��$�6���5RGULJXH]��&���-DFREV��$�-���&KDR��$���-RQDV��&���&DOOH��(�(���:LOOHWW��:�&��	�7KXQ��0�-���������&DOFLXP��YLWDPLQ�'��GLHWDU\�SURGXFWV�
DQG�ULVN�RI�FRORUHFWDO�FDQFHU�LQ�WKH�FDQFHU�SUHYHQWLRQ�VWXG\�,,�QXWULWLRQ�FRKRUW��8QLWHG�6WDWHV���&DQFHU�&DXVHV�DQG�&RQWURO����������

����

6FKZDUW]��*�*���:KLWODWFK��/�:���&KHQ��7�&���/RNHVZDU��%�/��	�+ROLFN��0�)���������+XPDQ�SURVWDWH�FHOOV�V\QWKHVL]H������GLK\GUR[\YLWDPLQ�'��IURP����K\GUR[\YLWDPLQ�'��
&DQFHU�(SLGHPLRORJ\��%LRPDUNHUV�DQG�3UHYHQWLRQ������������

����

:KLWODWFK��/�:���<RXQJ��0�9���6FKZDUW]��*�*���)ODQDJDQ��-�1���%XUQVWHLQ��.�/���/RNHVKZDU��%�/���5LFK��(�6���+ROLFN��0�)��	�&KHQ��7�&������������+\GUR[\YLWDPLQ
'�� �K\GUR[\ODVH�DFWLYLW\�LV�GLPLQLVKHG�LQ�KXPDQ�SURVWDWH�FDQFHU�FHOOV�DQG�LV�HQKDQFHG�E\�JHQH�WUDQVIHU��-RXUQDO�RI�6WHURLG�%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\�����
�������

����

&KHQ��7�&���:DQJ��/���:KLWODWFK��/�:���)ODQDJDQ��-�1��	�+ROLFN��0�)���������3URVWDWLF����K\GUR[\YLWDPLQ�'��DOID�K\GUR[\ODVH�DQG�LWV�LPSOLFDWLRQ�LQ�SURVWDWH�FDQFHU�
-RXUQDO�RI�&HOOXODU�%LRFKHPLVWU\�������������

����

%DUHWWR��$�0���6FKZDUW]��*�*���:RRGUXII��5��	�&UDPHU��6�'������������+\GUR[\YLWDPLQ�'��WKH�SURKRUPRQH�RI������GLK\GUR[\YLWDPLQ�'��LQKLELWV�WKH�SUROLIHUDWLRQ�RI�SULPDU\����
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SURVWDWLF�HSLWKHOLDO�FHOOV��&DQFHU�(SLGHPLRORJ\��%LRPDUNHUV�DQG�3UHYHQWLRQ�������������
3HHKO��'�0���.ULVKQDQ��$�9��	�)HOGPDQ��'���������3DWKZD\V�PHGLDWLQJ�WKH�JURZWK�LQKLELWRU\�DFWLRQV�RI�YLWDPLQ�'�LQ�SURVWDWLF�FDQFHU��-RXUQDO�RI�1XWULWLRQ������
����6����6�

����

7D\ORU��-�$���+LUYRQHQ��$���:DWVRQ��0���3LWWPDQ��*���0RKOHU��-�/��	�%HOO��'�$���������$VVRFLDWLRQ�RI�SURVWDWH�FDQFHU�ZLWK�YLWDPLQ�'�UHFHSWRU�JHQH�SRO\PRUSKLVP��&DQFHU
5HVHDUFK���������������

����

$KRQHQ��0�+���7HQNDQHQ��/���7HSSR��/���+DNDPD��0��	�7XRLPDD��3���������3URVWDWH�FDQFHU�ULVN�DQG�SUHGLDJQRVWLF�VHUXP����K\GUR[\YLWDPLQ�'�OHYHOV��)LQODQG���&DQFHU
&DXVHV�DQG�&RQWURO�������������

����

7XRKLPDD��3���7HQNDQHQ��/���$KRQHQ��0���/XPPH��6���-HOOXP��(���+DOOPDQV��*���6WDWLQ��3���+DUYHL��6���+DNXOLQHQ��7���/XRVWDULQHQ��7���'LOOQHU��-���/HKWLQHQ��0��	�+DNDPD��0�
�������%RWK�KLJK�DQG�ORZ�OHYHOV�RI�EORRG�YLWDPLQ�'�DUH�DVVRFLDWHG�ZLWK�D�KLJKHU�SURVWDWH�FDQFHU�ULVN��D�ORQJLWXGLQDO�QHVWHG�FDVHFRQWURO�VWXG\�LQ�WKH�1RUGLF�FRXQWULHV�
,QWHUQDWLRQDO�-RXUQDO�RI�&DQFHU��������������

����

:HOVK��-���:LHW]NH��-�$���=LQVHU��*�0���%\UQH��%���6PLWK��.��	�1DUYDH]��&�-���������9LWDPLQ�'���UHFHSWRU�DV�D�WDUJHW�IRU�EUHDVW�FDQFHU�SUHYHQWLRQ��-RXUQDO�RI�1XWULWLRQ������
����6����6�

����

.RJD��0���(LVPDQ��-�$��	�6XWKHUODQG��5�/���������5HJXODWLRQ�RI�HSLGHUPDO�JURZWK�IDFWRU�UHFHSWRU�OHYHO�E\������GLK\GUR[\YLWDPLQ�'��LQ�KXPDQ�EUHDVW�FDQFHU�FHOOV��&DQFHU
5HVHDUFK���������������

����

)UDSSDUW��/���)DOHWWH��1���/HIHEUH��0�)���%UHPRQG��$���9DX]HOOH��-�/��	�6DH]��6���������,Q�YLWUR�VWXG\�RI�HIIHFWV�RI������GLK\GUR[\�YLWDPLQ�'��RQ�WKH�PRUSKRORJ\�RI�KXPDQ
EUHDVW�FDQFHU�FHOO�OLQH�%�7�����'LIIHUHQWLDWLRQ�����������

����

-RKQ��(�0���6FKZDUW]��*�*���'UHRQ��'�0��	�.RR��-���������9LWDPLQ�'�DQG�EUHDVW�FDQFHU�ULVN��WKH�1+$1(6�,�HSLGHPLRORJLFDO�IROORZ�XS�VWXG\�����������WR�������1DWLRQDO
KHDOWK�DQG�QXWULWLRQ�H[DPLQDWLRQ�VWXG\��&DQFHU�(SLGHPLRORJ\��%LRPDUNHUV�DQG�3UHYHQWLRQ������������

����

6KLQ��0�+���+ROPHV��0�'���+DQNLQVRQ��6�(���:X��.���&ROGLW]��*�$��	�:LOOHW��:�&���������,QWDNH�RI�GLHWDU\�SURGXFWV��FDOFLXP��DQG�YLWDPLQ�'�DQG�ULVN�RI�EUHDVW�FDQFHU��-RXUQDO
RI�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH���������������

����

2UWOHSS��-�5���/DXVFKHU��-���+RIIPDQQ��5���+DQUDWK��3��	�-RRVW��+�*���������7KH�YLWDPLQ�'�UHFHSWRU�JHQH�YDULDQW�LV�DVVRFLDWHG�ZLWK�WKH�SUHYDOHQFH�RI�W\SH���GLDEHWHV
PHOOLWXV�DQG�FRURQDU\�DUWHU\�GLVHDVH��'LDEHWLF�0HGLFLQH�������������

����

1RUPDQ��$�:���)UDQNHO��%�-���+HOGW��$�0��	�*URGVN\��*�0���������9LWDPLQ�'�GHILFLHQF\�LQKLELWV�SDQFUHDWLF�VHFUHWLRQ�RI�LQVXOLQ��6FLHQFH������������������
%RXFKHU��%�-���������,QDGHTXDWH�YLWDPLQ�'�VWDWXV��GRHV�LW�FRQWULEXWH�WR�WKH�GLVRUGHUV�FRPSULVLQJ�V\QGURPH�
;
"�%ULWLVK�-RXUQDO�RI�1XWULWLRQ�����������������
=HPPHO��0�%���+DQJ��6���*UHHU��%���'LULHQ]R��'��	�=HPHO��3�&���������5HJXODWLRQ�RI�DGLSRVLW\�E\�GLHWDU\�FDOFLXP��7KH�)$6(%�-RXUQDO�������������������
1\RPED��%�/���%RXLOORQ��5��	�'H0RRU��3���������,QIOXHQFH�RI�YLWDPLQ�'�VWDWXV�RQ�LQVXOLQ�VHFUHWLRQ�DQG�JOXFRVH�WROHUDQFH�LQ�WKH�UDEELW��(QGRFULQRORJ\������������������
&DGH��&��	�1RUPDQ��$�:���������9LWDPLQ�'��LPSURYHV�LPSDLUHG�JOXFRVH�WROHUDQFH�DQG�LQVXOLQ�VHFUHWLRQ�LQ�WKH�YLWDPLQ�'�GHILFLHQW�UDW�LQ�YLYR��(QGRFULQRORJ\����������������
*HGLN��2��	�$NDOLQ��6���������(IIHFWV�RI�YLWDPLQ�'�GHILFLHQF\�DQG�UHSOHWLRQ�RQ�LQVXOLQ�DQG�JOXFDJRQV�VHFUHWLRQ�LQ�PDQ��'LDEHWRORJLD�����������������
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&DUQHYDOH��9���5RPDJQROL��(��	�'
(UDVPR��(���������6NHOHWDO�LQYROYHPHQW�LQ�SDWLHQWV�ZLWK�GLDEHWHV�PHOOLWXV��'LDEHWHV�0HWDEROLVP�5HVHDUFK�DQG�5HYLHZV�����������������
6LPSVRQ��5�8��	�:HLVKDDU��5�(���������,QYROYHPHQW�RI������GLK\GUR[\YLWDPLQ�'��LQ�UHJXODWLQJ�P\RFDUGLDO�PHWDEROLVP��SK\VLRORJLFDO�DQG�SDWKRORJLFDO�DFWLRQV��&HOO
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5HSULQW�$GGUHVV
&RUUHVSRQGHQFH��3URIHVVRU�/HLI�0RVHNLOGH��0HGLFLQVN�(QGRNULQRORJLVN�$IGHOLQJ�&��$DUKXV�8QLYHUVLWHWVKRVSLWDO��$DUKXV�6\JHKXV��7DJH�+DQVHQV*DGH����'.������$DUKXV�&�
'HQPDUN��7HO������������������(�PDLO��2YO��OP#DV�DDD�GN
&OLQ�(QGRFULQRO�����������������������������%ODFNZHOO�3XEOLVKLQJ
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