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6DPHQYDWWLQJ
'H� EHVWH�PDQLHU� RP� LQ� KHW� SURHIGLHU� HIIHFWHQ� RS� KHW� LPPXXQV\VWHHP� YDVW� WH� VWHOOHQ�� LV� GHEHVWXGHULQJ� YDQ� HIIHFWHQ� RS� DQWLJHHQ� VSHFLILHNH� LPPXXQUHVSRQVHQ�� ELMYRRUEHHOG� QDVHQVLELOLVDWLH�PHW�7�FHO�DIKDQNHOLMNH�DQWLJHQHQ��:DDUVFKLMQOLMN�JDDW�GLW�RRN�RS�YRRU�KHW�WHVWHQYDQ� HIIHFWHQ� LQ� GH� EHYRONLQJ�� 2P� GLH� UHGHQ� LV� JHVXJJHUHHUG� DQWLOLFKDDP� UHVSRQVHQ� QDYDFFLQDWLH� DOV� XLWOHHVV\VWHHP� WH� JHEUXLNHQ�� 1DDVW� RPJHYLQJVIDFWRUHQ� ZRUGHQYDFFLQDWLHUHVSRQVHQ�EHwQYORHG�GRRU�DQGHUH� IDFWRUHQ��(pQ� IDFWRU�GLH�YDQ� JURWH� LQYORHG� LV�� LVKHW�YDFFLQ�]HOI�HQ�GH�SURFHGXUH�RP�WH�YDFFLQHUHQ��'DDUQDDVW�LV�GH�LQWULQVLHNH�FDSDFLWHLW�YDQ�GHUHFLSLsQW� RP� WH� UHDJHUHQ� YDQ� EHODQJ�� GLW� ZRUGW� EHSDDOG� GRRU� JHQHWLVFKH� IDFWRUHQ� HQ� GHOHHIWLMG��'DDUQDDVW�]LMQ�SV\FKRORJLVFKH�VWUHVV��YRHGLQJ�HQ�]LHNWH� �ZDDURQGHU� LQIHFWLH]LHNWHQ�YDQ�EHODQJ�
+HW� YRRUOLJJHQGH� UDSSRUW� JHHIW� HHQ� RYHU]LFKW� YDQ� GH� OLWHUDWXXU� RYHU� LQYORHGHQ� RSYDFFLQDWLHUHVSRQVHQ�� +HW� EOLMNW� GDW� YRRU� ZDW� EHWUHIW� H[RJHQH� IDFWRUHQ� HU� GXLGHOLMNDDQZLM]LQJHQ�]LMQ�GDW�URNHQ��YRHGLQJ��SV\FKRORJLVFKH�VWUHVV�HQ�EHSDDOGH�LQIHFWLH]LHNWHQ�HHQHIIHFW�RS�YDFFLQDWLHUHVSRQVHQ�KHEEHQ��PDDU�GDW�KHW�PRHLOLMN�LV�YDVW�WH�VWHOOHQ�ZDW�KHW�UHODWLHYHEHODQJ� HUYDQ� LV�� %HNHQG� LV� GDW� JHQHWLVFKH� IDFWRUHQ� VRPPLJH� LQGLYLGXHQ� YRRU� VRPPLJHYDFFLQV� RQJHYRHOLJ� PDNHQ�� (HQ� DOJHPHQH� FRQFOXVLH� LV� GDW� LQ� HSLGHPLRORJLVFKH� VWXGLHV�ZDDUELM� QDGHOLJH� HIIHFWHQ� YDQ� EORRWVWHOOLQJ� DDQ� RPJHYLQJVIDFWRUHQ� RS� KHW� LPPXXQV\VWHHPZRUGHQ�EHVWXGHHUG�� HQ�ZDDUELM� YDFFLQDWLHWLWHUV�ZRUGHQ� JHEUXLNW�� GLH� DGGLWLRQHOH� IDFWRUHQ� LQDDQPHUNLQJ� JHQRPHQ� GLHQHQ� WH� ZRUGHQ�� ,QGLHQ� YRRU� GH]H� DGGLWLRQHOH� IDFWRUHQ� ZRUGWJHFRUULJHHUG�� NDQ� HHQ� VWXGLH� ZDDUELM� DVVRFLDWLH� ZRUGW� JHYRQGHQ� YDQ� HHQ� YHUPLQGHUGHYDFFLQDWLHUHVSRQV� PHW� EORRWVWHOOLQJ� DDQ� HHQ� RPJHYLQJVIDFWRU� LQGLFHUHQ� GDW� KHWLPPXXQV\VWHHP�VXE�RSWLPDDO�IXQFWLRQHHUW��+HW�LV�QLHW�ZDDUVFKLMQOLMN�GDW�HHQ�GHUJHOLMN�HIIHFW]DO�LQKRXGHQ�GDW�EHVFKHUPLQJ�ZDDUYRRU�GH�YDFFLQDWLH�ZDV�EHGRHOG�ZRUGW�DDQJHWDVW��$OOHHQ�LQGLH� JHYDOOHQ� ZDDUELM� LQGLYLGXHQ� HHQ� PDWLJH� UHVSRQV� YHUWRQHQ�� ]RXGHQ� QDGHOLJH� HIIHFWHQZHOOLFKW� WRW� HHQ�NOLQLVFKH� VLJQLILFDQWH� DIQDPH�YDQ�EHVFKHUPLQJ�NXQQHQ� OHLGHQ��0HHU� LQ�KHWDOJHPHHQ�]RX�NXQQHQ�ZRUGHQ�YDVWJHVWHOG�GDW�HHQ�DIQDPH�LQ�YDFFLQDWLHUHVSRQV�DDQ�NDQ�JHYHQGDW� HU� HHQ� YHUPLQGHUGH�ZHHUVWDQG� ]RX� NXQQHQ� EHVWDDQ� WHJHQ� SDWKRJHQHQ�ZDDUWHJHQ� QLHW� LVJHYDFFLQHHUG�
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6XPPDU\
7KH�PRVW�DGHTXDWH�ZD\�WR�DVVHVV�HIIHFWV�RI�HQYLURQPHQWDO�H[SRVXUHV�RQ�WKH�LPPXQH�V\VWHPXVLQJ� ODERUDWRU\� DQLPDOV� LV� WR� VWXG\� HIIHFWV� RQ� DQWLJHQ�VSHFLILF� LPPXQH� UHVSRQVHV�� VXFK� DVDIWHU� VHQVLWL]DWLRQ� WR� 7� FHOO� GHSHQGHQW� DQWLJHQV�� 0RVW� OLNHO\�� WKLV� DOVR� DSSOLHV� IRU� WHVWLQJHIIHFWV� LQ� WKH� KXPDQ� SRSXODWLRQ�� )RU� WKLV� UHDVRQ� LW� KDV� EHHQ� VXJJHVWHG� WR� XWLOL]H� DQWLERG\UHVSRQVHV� WR� YDFFLQDWLRQ� DV� UHDGRXW�� ,Q� DGGLWLRQ� WR� HQYLURQPHQWDO� IDFWRUV�� YDFFLQDWLRQUHVSRQVHV�PD\�EH�LQIOXHQFHG�E\�D�YDULHW\�RI�RWKHU�IDFWRUV��2QH�IDFWRU�LV�WKH�YDFFLQH�LWVHOI��DQGWKH�YDFFLQDWLRQ�SURFHGXUH�� ,Q�DGGLWLRQ�� WKH�LQWULQVLF�FDSDFLW\�RI� WKH�UHFLSLHQW� WR� UHVSRQG� WR�DYDFFLQH� LV� LPSRUWDQW�� ZKLFK� LV� GHWHUPLQHG� E\� JHQHWLF� IDFWRUV� DQG� DJH�� $OVR� SV\FKRORJLFDOVWUHVV��QXWULWLRQ��DQG��LQIHFWLRXV��GLVHDVHV�DUH�OLNHO\�WR�KDYH�DQ�LPSDFW�
7KH� SUHVHQW� UHSRUW� UHYLHZV� WKH� OLWHUDWXUH�� ,W� DSSHDUV� WKDW� ZLWK� UHJDUG� WR� H[RJHQRXV� IDFWRUV�WKHUH� LV� JRRG� HYLGHQFH� WKDW� VPRNLQJ�� IRRG�� SV\FKRORJLFDO� VWUHVV�� DQG� FHUWDLQ� LQIHFWLRXVGLVHDVHV�KDYH�DQ�LPSDFW�RQ�YDFFLQDWLRQ� WLWHUV��DOWKRXJK� LW� LV�GLIILFXOW� WR�VWDWH� WKH�PDJQLWXGH�*HQHWLF� IDFWRUV� UHQGHU� FHUWDLQ� LQGLYLGXDOV� QRQ�UHVSRQVLYH� WR� YDFFLQDWLRQ�� ,Q� JHQHUDO�� WKHFRQFOXVLRQ� LV� WKDW� LQ�HSLGHPLRORJLFDO�VWXGLHV�RI� DGYHUVH�HIIHFWV�RI� H[SRVXUH� WR�DJHQWV� LQ� WKHHQYLURQPHQW�� LQ�ZKLFK�YDFFLQDWLRQ� WLWHUV� DUH�XVHG�� WKHVH� DGGLWLRQDO� IDFWRUV�QHHG� WR�EH� WDNHQLQWR� FRQVLGHUDWLRQ�� 3URYLGHG� WKDW� WKHVH� IDFWRUV� DUH� FRUUHFWHG� IRU�� D� VWXG\� WKDW� VKRZV� DQDVVRFLDWLRQ�RI�H[SRVXUH�WR�D�JLYHQ�DJHQW�ZLWK�GLPLQLVKHG�YDFFLQDWLRQ�UHVSRQVHV�PD\�LQGLFDWH�DVXERSWLPDO� IXQFWLRQ� RI� WKH� LPPXQH� V\VWHP�� DQG� FOLQLFDOO\� UHOHYDQW� GLPLQLVKHG� LPPXQHUHVSRQVH�� ,W� LV� TXLWH� XQOLNHO\� WKDW� HQYLURQPHQWDO� H[SRVXUHV� WKDW� DIIHFW� UHVSRQVHV� WRYDFFLQDWLRQ��PD\� LQ� IDFW� DEURJDWH�SURWHFWLRQ� WR� WKH� VSHFLILF�SDWKRJHQ� IRU�ZKLFK� YDFFLQDWLRQZDV� PHDQW�� 2QO\� LQ� WKRVH� FDVHV�� ZKHUH� LQGLYLGXDOV� KDYH� D� SRRU� UHVSRQVH� WR� WKH� YDFFLQH�H[RJHQRXV� IDFWRUV� PD\� SHUKDSV� KDYH� D� FOLQLFDOO\� VLJQLILFDQW� LQIOXHQFH� RQ� UHVLVWDQFH� WR� WKHVSHFLILF�SDWKRJHQ�IRU�ZKLFK�WKH�YDFFLQDWLRQ�ZDV�PHDQW��$Q�H[SRVXUH�DVVRFLDWHG�LQKLELWLRQ�RID YDFFLQDWLRQ�UHVSRQVH�PD\��KRZHYHU��VLJQLI\�D�GHFUHDVHG�KRVW�UHVLVWDQFH�WR�SDWKRJHQV�DJDLQVWZKLFK�QR�YDFFLQDWLRQ�KDG�EHHQ�SHUIRUPHG�
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��� ,QWURGXFWLRQ
$QWLERG\� UHVSRQVHV� WR� YDFFLQDWLRQ� DUH� LQIOXHQFHG� E\� D� YDULHW\� RI� HQGRJHQRXV� IDFWRUVLQFOXGLQJ�JHQHWLFV��JHQGHU��DJH��DQG�H[RJHQRXV�IDFWRUV�VXFK�DV�VWUHVV��QXWULWLRQ�DQG�LQIHFWLRXVGLVHDVHV�� 7KHVH� IDFWRUV� QHHG� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� LQ� FOLQLFDO� DQG� HSLGHPLRORJLFDOVWXGLHV�ZKHUH�WKH�DQWLERG\�UHVSRQVH�LV� WKH�ELRPDUNHU� WR�EH�DVVHVVHG�� IRU�H[DPSOH�ZKHQ�RQHZDQWV� WR� DVVHVV� LQ� LPPXQRWR[LFRORJ\� LQYHVWLJDWLRQV� HIIHFWV� RI� H[SRVXUH� WR� HQYLURQPHQWDODJHQWV�
6WXGLHV� LQ� ODERUDWRU\� DQLPDOV� KDYH� VKRZQ� WKDW� PDQ\� HQYLURQPHQWDO� FKHPLFDOV� H[HUWLPPXQRWR[LF� DFWLYLW\� DV� LQGLFDWHG� E\� DOWHUHG� LPPXQH� IXQFWLRQV�� LQFOXGLQJ� HIIHFWV� RQUHVLVWDQFH� WR� H[SHULPHQWDO� LQIHFWLRQV� �UHYLHZHG� E\� ,3&6�� ������� (IIHFWV� RI� HQYLURQPHQWDOH[SRVXUHV�RQ�LPPXQH�IXQFWLRQV�KDYH�DOVR�EHHQ�VKRZQ�LQ�KXPDQV��,3&6���������\HW��LW�LV�OHVVZHOO� NQRZQ� ZKHWKHU� LPPXQRWR[LFLW\� LQGXFHG� E\� HQYLURQPHQWDO� FKHPLFDOV� ZLOO� KDYH� VXFKVHYHUH�FRQVHTXHQFHV�IRU�UHVLVWDQFH�WR�LQIHFWLRQV��,W�KDV�EHHQ�VXJJHVWHG�WKDW�ZKHUH�H[SRVXUH�WRHQYLURQPHQWDO� LPPXQRWR[LFDQWV� PD\� LQGXFH� VXEWOHU� LPPXQRVXSSUHVVLRQ�� FRQVHTXHQFHV� RIWKLV�VXSSUHVVLRQ�PD\�H[SUHVV�WKHPVHOYHV�LQ�LQFUHDVHG�LQFLGHQFHV�RI�FRPPRQ�LQIHFWLRQV�� OLNHLQIOXHQ]D�DQG�FRPPRQ�FROG��,3&6�������
,Q� H[SHULPHQWDO� VWXGLHV� LQ� URGHQWV�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH� DQWLERG\� UHVSRQVH� WR� VKHHSHU\WKURF\WHV� LV� WKH�PRVW� DGHTXDWH� LQGLFDWRU� IRU� LPPXQRWR[LFLW\� �/XVWHU� HW� DO��� ������ ������7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�KXPRUDO�LPPXQH�UHVSRQVH�WR�VKHHS�HU\WKURF\WHV�LQYROYHV�PDMRUFRPSRQHQWV�RI� WKH� LPPXQH� V\VWHP�� VXFK�DV�GHJUDGDWLRQ�RI� WKH� HU\WKURF\WHV� E\� SKDJRF\WHV�DQWLJHQ� SUHVHQWDWLRQ�� FHOOXODU� LPPXQH� IXQFWLRQV� UHVXOWLQJ� LQ� KHOSHU� DFWLYLW\�� DQG� ILQDOO\SURGXFWLRQ�RI�VSHFLILF�DQWLERGLHV��,Q�DGGLWLRQ��LW�ZDV�VKRZQ�WKDW�DOWHUDWLRQV�LQ�WKH�UHVSRQVH�WRVKHHS�HU\WKURF\WHV�FRUUHODWHG�ZHOO�ZLWK�UHVLVWDQFH� WR�H[SHULPHQWDO� LQIHFWLRXV�DJHQWV� LQ� WKHVHDQLPDO�VWXGLHV��/XVWHU�HW�DO���������
7KLV�LPPXQH�IXQFWLRQ�WHVW�ZDV�DOVR�DSSOLHG�LQ�QRQ�KXPDQ�SULPDWHV��L�H��H[SRVXUH�WR�3&%V�RIIHPDOH� UKHVXV� PRQNH\V� �0DFDFD� PXODWWD�� UHGXFHG� WKH� DQWLERG\� UHVSRQVH� WR� VKHHSHU\WKURF\WHV��LQ�FRQMXQFWLRQ�ZLWK�HIIHFWV�RQ�VHYHUDO�RWKHU�LPPXQRORJLF�SDUDPHWHUV��$UQROG�HWDO���������
)RU� REYLRXV� UHDVRQV� LW� LV� QRW� SRVVLEOH� WR� XVH� DQWLERG\� WLWHUV� WR� VKHHS� HU\WKURF\WHV� WR� VWXG\LPPXQRWR[LFLW\� LQ� KXPDQ� SRSXODWLRQV�� ,W� ZDV� WKHUHIRUH� VXJJHVWHG� WR� HVWDEOLVK� HIIHFWV� RILPPXQRWR[LF�H[SRVXUHV�RQ�WKH�VSHFLILF�LPPXQH�UHVSRQVH�WR�LQIHFWLRXV�DJHQWV��L�H��WR�YDFFLQHV�LQVWHDG� �<X� HW� DO��� ������ 9DQ� /RYHUHQ� HW� DO�� ������� 'HSHQGLQJ� RQ� WKH� YDFFLQH�� PDMRUFRPSRQHQWV�RI�WKH�LPPXQH�V\VWHP�PD\�EH�LQYROYHG�LQ�WKH�XOWLPDWH�KXPRUDO�UHVSRQVH�WR�WKHYDFFLQH�WKDW�PD\�EH�LQGXFHG��,W�LV�QRW�SRVVLEOH�IRU�DOO�YDFFLQDWLRQ�UHVSRQVHV�WR�H[WUDSRODWH�WKHYLJRU� RI� WKH� DQWLERG\� UHVSRQVH�ZLWK� SURWHFWLRQ�� ,GHDOO\�� YDFFLQDWLRQ� LV� SHUIRUPHG� LQ� VXFK� DZD\� WKDW� WKRVH� YDULDWLRQV� LQ� WKH� UHVSRQVH� GR� QRW� UHVXOW� LQ� DOWHUHG� SURWHFWLRQ�� DOEHLW� WKDWSURWHFWLRQ� LV� QRW� DOZD\V� DFKLHYHG� LQ� HYHU\� LQGLYLGXDO� YDFFLQDWHG�� (IIHFWV� RI� H[SRVXUH� WRLPPXQRWR[LFDQWV� RQ� YDFFLQDWLRQ� WLWHUV�� LI� DQG� ZKHQ� WKH\� DUH� REVHUYHG�� ZLOO� WKHUHIRUH� QRWQHFHVVDULO\� LQGLFDWH� D� GHFUHDVHG� SURWHFWLRQ� RI� LQGLYLGXDOV� WR� WKH� SDWKRJHQ� DW� ZKLFK� WKHYDFFLQDWLRQ� LV�DLPHG��5DWKHU�� WKLV�PD\�VHUYH�DV�D�PRGHO�RI�HIIHFWV�RI�H[SRVXUHV�RQ� LPPXQHUHVSRQVHV�WR��RWKHU��LQIHFWLRXV�DJHQWV�UHTXLUHG�IRU�SURSHU�UHVLVWDQFH�WR��RWKHU��LQIHFWLRQV�
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��� ,QIOXHQFH�RI�HQYLURQPHQWDO�H[SRVXUHV�RQ�UHVLVWDQFHWR�LQIHFWLRXV�GLVHDVHV�DQG�YDFFLQDWLRQ�WLWHUV
3DWLHQWV� VXIIHULQJ� IURP� LPPXQH� GHILFLHQF\� GHYHORS�PRUH� IUHTXHQW�� PRUH� VHYHUH�� DQG� RIWHQDW\SLFDO� LQIHFWLRQV�� GHSHQGLQJ� RQ� WKH� W\SH� RI� WKH� GHILFLHQF\�� &RPSOLFDWLRQV� RI� VHYHUHLPPXQRGHILFLHQF\� LQFOXGH� EDFWHULDO�� YLUDO�� IXQJDO�� DQG� SDUDVLWLF� LQIHFWLRQV�� 7KH� UHVSLUDWRU\WUDFW� LV� D� SULPDU\� WDUJHW� IRU� LQIHFWLRXV� SDWKRJHQV�� HVSHFLDOO\� LQ� LPPXQRVXSSUHVVHG� SDWLHQWV�)RU�LQVWDQFH��LQIHFWLRXV�FRPSOLFDWLRQV�KDYH�EHHQ�FRPPRQO\�GHVFULEHG�LQ�SDWLHQWV�WUHDWHG�ZLWKYDULRXV� F\WRWR[LF� GUXJV� IRU� FDQFHU� WUHDWPHQW� DQG� ZLWK� LPPXQRVXSSUHVVDQWV�� VXFK� DVF\FORVSRULQ� $�� IRU� WKH� SUHYHQWLRQ� RI� DOORJUDIW� UHMHFWLRQ� RU� WKH� WUHDWPHQW� RI� DXWRLPPXQHGLVRUGHUV��.LP��������'HVFRWHV�DQG�9LDO��������
$OVR��VXFK�FRQVHTXHQFHV�RI�HQYLURQPHQWDO�H[SRVXUHV�KDYH�EHHQ�GRFXPHQWHG�LQ�WKH�OLWHUDWXUH�)RU� LQVWDQFH�� FKLOGUHQ�ERUQ� LQ�EHWZHHQ� -XO\� ����� DQG� -XQH� ������ WR�PRWKHUV� WKDW� KDG� EHHQH[SRVHG� WR� WR[LF� OHYHOV� RI� SRO\FKORULQDWHG� ELSKHQ\OV� �3&%V�� DQG� GLEHQ]RIXUDQV� �3&')V�WKURXJK�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�ULFH�EUDQ�RLO�LQ�����������VKRZHG�KLJKHU�IUHTXHQFLHVRI�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV��<X�HW�DO���������
([SRVXUH� WR�RUJDQRFKORULQHV�RI� ,QXLW�PRWKHUV� LQ�1DQXYLN� �$UFWLF�4XHEHF�� WKURXJK� WKH� IRRGFKDLQ�KDV�EHHQ�UHSRUWHG�WR�LQFUHDVH�WKH�LQFLGHQFH�RI�RWLWLV�PHGLD� LQ� WKHLU�EUHDVW� IHG�FKLOGUHQ�'HZDLOO\��REVHUYDWLRQV�WR�EH�SXEOLVKHG���$�UHODWLYH�ULVN�IDFWRU�RI���LQ�RQH�\HDU�ROG�LQIDQWV�LQWKH�KLJKHVW�WHUWLOH�RI�H[SRVXUH�DV�FRPSDUHG�ZLWK�FKLOGUHQ�LQ�WKH�ORZHVW�WHUWLOH�ZDV�FDOFXODWHG�
$Q�HIIHFW�RI��EDFNJURXQG�H[SRVXUH�WR�SRO\FKORULQDWHG�ELSKHQ\OV�DQG�GLR[LQV�RQ�WKH�SUHYDOHQFHRI� RWLWLV� PHGLD� ZDV� DOVR� UHSRUWHG� LQ� D� JURXS� RI� WRGGOHUV� LQ� WKH� 1HWKHUODQGV� �:HLVJODVV�.XSHUXV��REVHUYDWLRQV�WR�EH�SXEOLVKHG���,Q�WKLV�VWXG\�DW����PRQWKV�RI�DJH�DQ�DVVRFLDWLRQ�ZLWKWKH�FXPXODWLYH�H[SRVXUH�GXULQJ� WKHVH����PRQWKV� �RGGV�UDWLR�������ZLWK�FRQILGHQFH� OLPLWV�RI������������ZDV�REVHUYHG�� ,Q� DGGLWLRQ��DQ�DVVRFLDWLRQ�RI� WKH�SUHYDOHQFH�RI� FKLFNHQSR[�ZLWKPDWHUQDO�H[SRVXUH�ZDV�REVHUYHG�ZLWK� DQ�RGGV� UDWLR�RI������ �DQG�FRQILGHQFH� OLPLWV�RI������������
,W� LV� UHPDUNDEOH� WR� QRWH� WKDW�� LI� YDFFLQDWLRQ� WLWHUV� DUH� FRQVLGHUHG� WR� EH� YDOXDEOH� IRU� WKHGHWHFWLRQ�RI� LPPXQRWR[LFLW\� LQ�KXPDQV�� WKH�QXPEHU�RI� VWXGLHV� WKDW� KDYH� XVHG� WKLV� UHDG� RXWV\VWHP� LV� VPDOO�� (YHQ� IRU� FRQWUROOHG� PHGLFLQDO� LPPXQRVXSSUHVVLRQ�� IRU� LQVWDQFH� E\LPPXQRVXSSUHVVDQWV� DV� F\FORVSRULQ�� VXFK� VWXGLHV� DUH� VFDUFH�� ,Q� D� VWXG\� RI� KXPDQ� DQWLERG\SURGXFWLRQ� DV� D� UHVSRQVH� WR� WUHDWPHQW� ZLWK� PXULQH� PRQRFORQDO� DQWLERGLHV�� GHFUHDVHG� DQWL�PRXVH� DQWLERG\� SURGXFWLRQ� ZDV� VKRZQ� DIWHU� F\FORVSRULQ� WUHDWPHQW� �:HLGHQ� HW� DO��� ������$IWHU� WUHDWPHQW� IRU� DFXWH� OHXNHPLD� FKLOGUHQ� KDG� UHGXFHG� DQWLERG\� UHVSRQVHV� WR� '7�,39YDFFLQDWLRQ��9DQ�GHU�'RHV�HW�DO����������$OVR�SRVW�WUDQVSODQW��RUJDQV��ERQH�PDUURZ��LPPXQHVXSSUHVVLRQ�KDV�EHHQ�VKRZQ�WR� OHDG� WR�D� ORQJ�SHULRG�RI�K\SRUHVSRQVLYHQHVV� WR�YDFFLQDWLRQV�*HUULWVHQ�������%DOORQL�������+X]O\�������
2QH�VWXG\�WKDW�GRHV�QRW�LQYROYH�KXPDQV��EXW�LQ�VWHDG�D�VHPL�ILHOG�VWXG\�LQ�VHDOV��WKDW�LQFOXGHGYDFFLQDWLRQ��ZDV� SXEOLVKHG� E\�'H� 6ZDUW� HW� DO��� ������ 7KHVH� DXWKRUV� IHG� FDSWLYH� VHDOV�ZLWKKHUULQJ� IURP� WKH�%DOWLF� 6HD�� RU� IURP� WKH�$WODQWLF�2FHDQ��7KH� UHODWLYH� FRQWDPLQDWLRQ� RI� WKHKHUULQJ�E\�SRO\KDORJHQDWHG�K\GURFDUERQV��QRWDEO\�SRO\FKORULQDWHG�ELSKHQ\OV��ZDV����IROG�LQWKH�%DOWLF�FRPSDUHG�WR�WKH�$WODQWLF�KHUULQJ�� ,Q�VHDOV� WKDW�ZHUH�IHG�ZLWK�WKH�%DOWLF�KHUULQJ��DVLJQLILFDQWO\�GHFUHDVHG�VSHFLILF�DQWLERG\�UHVSRQVH�WR�RYDOEXPLQ�ZDV�REVHUYHG�
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,Q�D�VWXG\�SHUIRUPHG�LQ������E\�5HLJHUW�DQG�*UDEHU��WKH�VSHFLILF�DQWLERG\�UHVSRQVH�WR�WHWDQXVWR[RLG�ZDV�VWXGLHG� LQ���� FKLOGUHQ�����RI�ZKLFK�ZHUH� H[SRVHG� WR� OHDG� DW� FRQFHQWUDWLRQV� WKDWLQGXFHG� PHWDEROLF� LPSDLUPHQW�� 7KH� DQWLERG\� UHVSRQVHV� DSSHDUHG� XQDIIHFWHG�� 1R� RWKHULPPXQH� SDUDPHWHUV� ZHUH� LQFOXGHG� LQ� WKDW� VWXG\�� VR� LW� LV� XQFOHDU� ZKHWKHU� LPPXQRWR[LFLW\RFFXUUHG�LQ�WKHVH�FKLOGUHQ��DOEHLW�WKDW�OHDG�FHUWDLQO\�KDV�EHHQ�LGHQWLILHG�DV�DQ�LPPXQRWR[LFDQW�/DZUHQFH��������
2QH� H[DPSOH� RI� HIIHFWV� RQ� DQWLERG\� UHVSRQVHV� LQ� KXPDQV� LV� SRVHG� E\� VPRNLQJ�� ,QFUHDVHGVSHFLILF� VHUXP� ,J$� DQG� ,J*� UHVSRQVHV� WR� &KODP\GLD� SQHXPRQLDH� ZHUH� REVHUYHG� E\� 9RQ+HUW]HQ� HW� DO�� �����D�E��� 2EYLRXVO\�� WKHVH� UHVSRQVHV� ZHUH� WR� WKH� QDWXUDO� LQIHFWLRQ� E\� WKHSDWKRJHQ�DQG�QRW�D�YDFFLQ��+HQFH��DOWHUDWLRQV�LQ�VSHFLILF�DQWLERG\�WLWHUV��FDXVHG�E\�VPRNLQJ�PD\�EH�D�UHIOHFWLRQ�RI�HIIHFWV�RI�WKH�FRXUVH�RI�WKH�LQIHFWLRQ�DQG�WKH�VXEVHTXHQW�DQWLERG\�WLWHUV�UDWKHU� WKDQ� D� UHIOHFWLRQ� RI� D� GLUHFW� LQIOXHQFH� RI� VPRNLQJ� RQ� WKH� LPPXQH� UHVSRQVH� WR&KODP\GLD�� +RZHYHU�� LQ� RWKHU� VWXGLHV�� VPRNLQJ� KDV� EHHQ� VKRZQ� WR� LQWHUDFW� ZLWK� VSHFLILFDQWLERG\�SURGXFWLRQ�� 6PRNLQJ� KDV� EHHQ� LPSOLFDWHG� LQ� VXE�RSWLPDO� UHVSRQVHV� WR� YDFFLQDWLRQZLWK�KHSDWLWLV�%��:RRG�HW�DO���������5RRPH�HW�DO����������,Q�FRQWUDVW��HOHYDWHG�DQWLERG\�WLWHUVWR�LQIOXHQ]D�YDFFLQDWLRQ�ZHUH�DOVR�QRWHG�LQ�VPRNHUV��0DQFLQL�HW�DO���������
$ ILQDO�H[DPSOH�RI�VWXGLHV�RQ�HIIHFWV�RI�HQYLURQPHQWDO�H[SRVXUHV�RQ�VSHFLILF�DQWLERG\�WLWHUVDIWHU� YDFFLQDWLRQ� LV� WKH� VWXGLHV� SHUIRUPHG� LQ� WKH� 1HWKHUODQGV� E\� WKH� JURXS� RI� :HLVJODV�.XSHUXV� �:HLVJODV�.XSHUXV� HW� DO�� ������ :HLVJODV�.XSHUXV�� WR� EH� SXEOLVKHG�� 6DV�� WR� EHSXEOLVKHG��� 7KH� UHVHDUFKHUV� REVHUYHG� ORZHU� DQWLERG\� UHVSRQVHV� WR� PHDVOHV� DQG� UXEHOOD� LQVRPH� EUHDVW�IHG� LQIDQWV��$W� ���PRQWKV� RI� DJH�� WKHUH�ZDV� D� VWDWLVWLFDOO\� VLJQLILFDQW� QHJDWLYHFRUUHODWLRQ� RI� DQWLERG\� WLWHUV� WR� PHDVOHV� YDFFLQDWLRQ� ZLWK� WKH� H[SRVXUH� WR� SRO\FKORULQDWHGELSKHQ\OV�DQG�GLR[LQV�DV�GHWHUPLQHG�LQ�FRUG�EORRG��6SHDUPDQ
V�5KR�±�������DQG�D�VWDWLVWLFDOO\VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ�RI�DQWLERG\� WLWHUV� WR� UXEHOOD�ZLWK�PDWHUQDO�H[SRVXUH� WR� WKHVHFRPSRXQGV��6SHDUPDQ
V�5KR�±�������+RZHYHU��DIWHU�FRUUHFWLRQ�IRU�JHQGHU��HDUO\�IHHGLQJ�W\SH�IRUPXOD�IHG� RU� EUHDVW� IHG��� GXUDWLRQ� RI� EUHDVW� IHHGLQJ� GXULQJ� LQIDQF\�� WREDFFR� VPRNLQJ� E\RQH� RU� ERWK� RI� WKH� SDUHQWV�� IDPLO\� KLVWRU\� RI� DWRS\�� DQG� GD\� FDUH� RU� QXUVHU\� DWWHQGDQFH�GHILQLWLYH�FRQFOXVLRQV�FRXOG�QRW�EH�GUDZQ�VLQFH�RWKHU�FRQIRXQGHUV�PD\�KDYH�EHHQ�UHOHYDQW�
,Q�D�VWXG\�SHUIRUPHG�E\�7HUPRUVKXL]HQ�HW�DO�� ��������DQ�DVVRFLDWLRQ�RI�VHDVRQ�ZLWK�VSHFLILFDQWLERG\� OHYHOV�DIWHU�KHSDWLWLV�%�YDFFLQDWLRQ�ZDV� �HVWDEOLVKHG� LQ�KHDOWK�FDUH� VWXGHQWV�� ,Q� WKHFRXUVH� RI� WKH� YDFFLQDWLRQ� SURFHGXUH�� LQYROYLQJ�PXOWLSOH� YDFFLQDWLRQV�� KLJKHU� DQWLERG\� WLWHUVZHUH� REVHUYHG� IURP� WKH� WLPH�RI� WKH� VHFRQG� YDFFLQDWLRQ� RQZDUG��ZKHQ� WKH� ILUVW� DQG� VHFRQGYDFFLQDWLRQ�ZHUH�DSSOLHG�LQ�D�ZLQWHU�SHULRG�DV�FRPSDUHG�WR�WKH�VXPPHU��$W�WKH�FRPSOHWLRQ�RIWKH�YDFFLQDWLRQ�UHJLPHQ��VLPLODU�OHYHOV�RI�DQWLERGLHV�ZHUH�UHDFKHG�LQ�ERWK�VWXG\�JURXSV��7KLVILQGLQJ�ZDV�LQ�DFFRUG�ZLWK�WKH�ZRUNLQJ�K\SRWKHVLV�RI�WKH�DXWKRUV��L�H��DQ�LPPXQRVXSSUHVVLYHHIIHFW� RI� XOWUDYLROHW� UDGLDWLRQ� H[SRVXUH� H[SUHVVHG� DV� GLPLQLVKHG� DQWLERG\� WLWHUV� DIWHUYDFFLQDWLRQ�� XOWUDYLROHW� UDGLDWLRQ� H[SRVXUH� REYLRXVO\� EHLQJ� KLJKHVW� LQ� WKH� VXPPHU�� <HW�� DGHILQLWLYH� FRQFOXVLRQ� RQ� WKH� FDXVDO� UHODWLRQVKLS� FDQQRW� EH� GUDZQ� IURP� WKLV� VWXG\�� DV� RWKHUIDFWRUV� PD\� KDYH� KDG� DQ� LQIOXHQFH� RQ� WKH� YDFFLQDWLRQ� WLWHUV�� IRU� ZKLFK� QR� FRUUHFWLRQ� ZDVSHUIRUPHG�
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��� 9DULDELOLW\�LQ�YDFFLQDWLRQ�WLWHUV�GXH�WR�WKHYDFFLQDWLRQ
$ QXPEHU�RI�IDFWRUV�WKDW�UHODWHG�WR�WKH�ZD\�YDFFLQDWLRQ�LV�FDUULHG�RXW�GHWHUPLQH�WKH�TXDOLWDWLYHDQG�TXDQWLWDWLYH�LPPXQH�UHVSRQVH�WR�WKH�YDFFLQH�
���� 1XPEHU� RI� YDFFLQH� GRVHV� �LQ� WKH� FDVH� RI� QRQ�UHSOLFDWLQJYDFFLQHV�
,Q�VLQJOH�LQGLYLGXDOV�DQG�LQ�WKH�SRSXODWLRQ�WKH��DYHUDJH��FRQFHQWUDWLRQ�RI�DQWLERGLHV�GHSHQGVRQ� WKH� QXPEHU� RI� YDFFLQH� DGPLQLVWUDWLRQV�� 0RUH� YDFFLQH� JHQHUDOO\� JLYHV� KLJKHU� DQWLERG\OHYHOV�� DV� UHYLHZHG� E\� +DOVH\� DQG� *DODVND� �������� DQG� WKHUHDIWHU� FRQILUPHG� LQ� QXPHURXVVWXGLHV��(3,��������
����6SDFLQJ�RI�GRVHV
,Q�LQIDQW�YDFFLQDWLRQ�VFKHGXOHV�WKDW�KDYH�ORQJHU�LQWHUYDOV�EHWZHHQ�GRVHV��WKH�SRVW�YDFFLQDWLRQDQWLERG\� WLWHUV� DUH� XVXDOO\� KLJKHU� WKDQ� LQ� VKRUW�VSDFHG� YDFFLQDWLRQ� VHULHV�� 6KRUW� VSDFHGYDFFLQDWLRQ�VHULHV�KRZHYHU�LQGXFH�SURWHFWLRQ�HDUOLHU��+DOVH\�DQG�*DOD]ND��������%RR\�HW�DO��������(3,��������
����9DFFLQH�FRQFHQWUDWLRQ
0RVW�YDFFLQHV�DYDLODEOH�DUH� IRUPXODWHG� WR�FRQWDLQ�DQ�RSWLPDO�FRQFHQWUDWLRQ��6RPH�YDFFLQHVUHVXOW�LQ�D�EHWWHU�SULPLQJ�DQG�D�KLJKHU�DQWLERG\�UHVSRQVH�ZKHQ�D�KLJKHU�GRVH�LV�JLYHQ��6DON�HWDO���������(3,��������� ,Q�SUDFWLFH�WKLV� LV�EH�RQO\�UHOHYDQW�IRU�YDFFLQHV�WKDW�DUH�DYDLODEOH�LQ�DUDQJH� RI� FRQFHQWUDWLRQV� �GHSHQGLQJ� RQ� WKH� LQGLFDWLRQV��� VXFK� DV� KHSDWLWLV�$� DQG� KHSDWLWLV�%YDFFLQHV�
����.LQHWLFV�RI�WKH�LPPXQH�UHVSRQVH
$ ILUVW�GRVH�RI�DQ�LQDFWLYDWHG�YDFFLQH�RIWHQ�GRHV�QRW� LQGXFH�D�GHWHFWDEOH�DQWLERG\� UHVSRQVH�\HW� LV�DFWLYH� LQ�SULPLQJ�%�� DQG�7�PHPRU\� FHOOV��7KHUH� LV� D�YLJRURXV� UHSRQVH� WR� VXEVHTXHQWERRVWHU�GRVHV��VHFRQGDU\��LPPXQH�UHVSRQVH���3HDN�OHYHOV�RI�DQWLERGLHV�DUH�IRXQG�����PRQWKVDIWHU� WKH� ERRVWHU� YDFFLQDWLRQ�� WKHQ� WKH� OHYHOV� GHFOLQH�� $� QH[W� GRVH� XVXDOO\� LQGXFHV� D� SHDNUHVSRQVH�DJDLQ��DQG�WKH�IROORZLQJ�GHFOLQH�ZLOO�HQG�DW�D�KLJKHU�EDVH�OHYHO�
+HQFH�� WKH� YDFFLQH�� YDFFLQDWLRQ� URXWH�� DQG� WLPH� SRLQW� GXULQJ� RU� DIWHU� FRPSOHWLRQ� RI� WKHYDFFLQDWLRQ�SURFHGXUH�ZLOO� KDYH� LPSDFWV� RQ� WKH� YDFFLQDWLRQ� WLWHUV��7KHUHIRUH�� LI� YDFFLQDWLRQWLWHUV�DUH�XVHG�DV�D�UHDG�RXW�LQ�HSLGHPLRORJLFDO�VWXGLHV��LW�LV�RI�LPSRUWDQFH�WR�VWDQGDUGL]H�WKHVH�
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��� 6RFLR�JHRJUDSKLF�LPSDFW
,Q� VRPH�YDFFLQH� VWXGLHV�XVLQJ� WKH� VDPH� ORWV�RI� YDFFLQHV� DQG� VFKHGXOHV� WKH� UHVSRQVH� LQ� RQHJURXS�LV�KLJKHU�WKDQ�LQ�WKH�RWKHU�JURXS��H�J��LQ�7XUNLVK�YV��%HOJLDQ�LQIDQWV��LQ�$SHOGRRUQ�YV�5RWWHUGDP� LQIDQWV��� VXJJHVWLQJ� WKDW� JHQHWLF� DQG�RU� HQYLURQPHQWDO� IDFWRUV� DIIHFW� FLUFXODWLQJDQWLERG\�OHYHOV�IROORZLQJ�LPPXQL]DWLRQ��/DEDGLH�HW�DO���������+RSSHQEURXZHUV�HW�DO���������
6LPLODU�GLIIHUHQFHV�KDYH�EHHQ�IRXQG�LQ�PHDVOHV�DQWLERG\�VHURSUHYDOHQFHV�DPRQJ�LPPXQL]HG,QXLW�� ,QQX�� DQG� &DXFDVLDQ� VXEMHFWV�� +HUH� WRR�� WKH� KLJKHU� PHDVOHV�VHURSRVLWLYH� UDWH� IRXQGDPRQJ� QDWLYH� FRPSDUHG� WR� QRQ�QDWLYH� &DQDGLDQ� FKLOGUHQ� PD\� SRLQW� DW� JHQHWLF� DV� ZHOO� DVHQYLURQPHQWDO�IDFWRUV��3RODQG�HW�DO����������LQ�DGGLWLRQ�WR�GLIIHUHQFHV�LQ�QDWXUDO�LQIHFWLRQV�WKDWPD\�KDYH�RFFXUUHG�LQ�WKHVH�SRSXODWLRQV�



5,90�UHSRUW����������� SDJH����RI���

��� *HQHWLFDOO\�GHWHUPLQHG�YDULDELOLW\�LQ�YDFFLQDWLRQUHVSRQVHV
7ZR�H[DPSOHV�RI�JHQHWLFDOO\�GHWHUPLQHG�YDULDELOLW\� LQ�YDFFLQDWLRQ�UHVSRQVHV�KDYH�VSUXQJ�WRDWWHQWLRQ�LQ�WKH�OLWHUDWXUH�

����0HDVOHV
7KH� UHODWLRQVKLS� RI� WKH� KXPDQ� OHXNRF\WH� DQWLJHQ� �+/$�� DQG� WUDQVSRUWHU� DVVRFLDWHG� ZLWKDQWLJHQ� SURFHVVLQJ� �7$3�� JHQRW\SH�ZLWK� DQWLERG\� UHVSRQVH� WR�PHDVOHV� YLUXV� YDFFLQDWLRQ� LVVKRZQ� LQ� 7DEOH� ��� *HQHUDOO\�� QRQ�UHVSRQGHUV� �15�� VKRZ� KLJKHU� KRPR]\JRVLW\� UDWHV�5HJDUGLQJ� +/$� FODVV� ,,�� 15� VKRZ� D� KLJKHU� '5� KRPR]\JRVLW\� UDWH� DQG� H[FHVV� '5��'5%�
���� DQG�'4$�
���� ZKHUHDV� K\SHU�UHVSRQGHUV� �+5�� VKRZ� H[FHVV� '5���� '5%�
���DQG�'4$�
���
5HJDUGLQJ�+/$�FODVV� ,�� DQ� DVVRFLDWLRQ�RI�%��DQG�%���ZLWK� UHVSRQVH�ZDV� IRXQG��ZLWK�D�%�DOOHOH�GRVH�UHVSRQVH��ZKHUHDV�DQ�LQYHUVH�DVVRFLDWLRQ�ZDV�IRXQG�ZLWK�%����%����DQG�&��15�DUH�PRUH�OLNHO\�WR�EH�KRPR]\JRXV�DW�DPLQR�DFLG�SRVLWLRQ�����RI�7$3��

����+HSDWLWLV�%
7KH�UHODWLRQVKLS�RI�WKH�+/$�DQG�FRPSOHPHQW�JHQRW\SH�ZLWK�DQWLERG\�UHVSRQVH�WR�KHSDWLWLV�%VXUIDFH� DQWLJHQ� �+%V$J�� YDFFLQDWLRQ� LV� VKRZQ� LQ� 7DEOH� ��� 15� VKRZHG� LQFUHDVHGKRPR]\JRVLW\� RI� WKH� H[WHQGHG� KDSORW\SH� %��6&���'5��� ZKHUH� 6&��� LV� D� IRXU�JHQHFRPSOHPHQW� KDSORW\SH�� 5HJDUGLQJ� +/$� FODVV� ,,�� 15� VKRZ� DQ� LQFUHDVHG� IUHTXHQF\� RI%Z���'5��'5Z���'4Z���RI�'5%�
�����'4$�
�����'4%�
������RI�'3%
������DQG�RI'4%�
�����'4$�
�����'5%�
������ ,Q� DGGLWLRQ�� DQ� LQFUHDVHG� IUHTXHQF\� RI� '5%��'5%�
������
������
������
������DQG�
������'4$���'4%���'3$���'3$�
������'3%��DQG�'3%�
������ ������ DQG� �����ZDV� VHHQ� IRU�15��+5� VKRZHG� DQ� LQFUHDVHG� IUHTXHQF\� RI'4%�
�����'4$�
�����'5���DQG�RI�'4%�
�����'4$�
�����'5%�
������ ,Q� DGGLWLRQ�DQ�LQFUHDVHG�IUHTXHQF\�RI�'5%�
�������
������DQG�
������'4$�
������
������
������DQG
����� '4%�
������
�������DQG�
������DQG�'3%�
�����ZDV�VHHQ�IRU�+5�
5HJDUGLQJ� +/$� FODVV� ,�� 15� VKRZHG� DQ� LQFUHDVHG� IUHTXHQF\� RI� $�� %�� DQG$
�����$
�����%���%����+5�VKRZHG�DQ�LQFUHDVHG�IUHTXHQF\�RI�%���%��
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7DEOH����6XPPDU\�5HODWLRQVKLS�EHWZHHQ�+/$�RU�7$3�DQG�DQWLERG\�UHVSRQVH�WR�PHDVOHV�YLUXVYDFFLQH�
+\SHU�UHVSRQGHU 1RQ�UHVSRQGHUKLJKHU�'5�KRPR]\JRVLW\�UDWH� �3RODQG�HW�DO��������

KLJKHU�KRPR]\JRVLW\�UDWH� �+D\QH\�HW�DO��������
KLJKHU�KRPR]\JRVLW\�UDWH� �3RODQG�HW�DO��������

H[FHVV�'5�� H[FHVV�'5�� �3RODQG�HW�DO��������H[FHVV�'5%�
�� H[FHVV�'5%�
��� �+D\QH\�HW�DO��������H[FHVV�'4$�
�� H[FHVV�'4$�
��� �+D\QH\�HW�DO��������DVVRFLDWLRQ�ZLWK�%���%�� DVVRFLDWLRQ�ZLWK�%����%����&�� �3RODQG�HW�DO��������%��DOOHOH�GRVH�UHVSRQVH� �3RODQG�HW�DO��������
PRUH�OLNHO\�7$3����KRPR]\JRXV� �+D\QH\�HW�DO��������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
�����K\SHU�UHVSRQGHUV��+5�����QRQUHVSRQGHUV��15���������YV���������3� ��������
�����+5����15�������YV���������3 ������
������+5�����15��S �������GLIIHUHQW�+/$�%�DOOHOH�GLVWULEXWLRQ��3� �������
�����+5����15��GLIIHUHQW�'5�DOOHOH�IUHTXHQFLHV��3� �������
��1 ����� ������ YV�� ����� �S ������ DQG� ����� YV�� ������ �3�  � �������� UHVSHFWLYHO\� IRU� +5� YV�� 15�GLIIHUHQW�'5%��DOOHOH�GLVWULEXWLRQ��3� �������
���� +5����15��3� � ������ DQG�3� � ������� UHVSHFWLYHO\�� GLIIHUHQW� DOOHOH� IUHTXHQF\� GLVWULEXWLRQ� �3� �����
������+5�����15��DOOHOH�RGGV�UDWLRV�������3� ���������������3� ���������� �3� ��������������3� ��������DQG�������3� ���������UHVSHFWLYHO\
������+5�����15��3���������
�����+5����15��RGGV�UDWLR������3� �������
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7DEOH����5HODWLRQVKLS�EHWZHHQ�+/$�DQG�DQWLERG\�UHVSRQVH�WR�+%V$J�YDFFLQH�
+\SHU�UHVSRQGHU 1RQ�UHVSRQGHU�+\SR�UHVSRQGHU&DXFDVLDQV %���6&����'5��KRPR]\JRVLW\� �$OSHU�HW�DO��������
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��� $JH�DQG�YDFFLQDWLRQ�UHVSRQVHV
���� 9DFFLQDWLRQ�UHVSRQVH�LQ�FKLOGKRRG
$JH� LV� DQ� LPSRUWDQW� GHWHUPLQDQW� IRU� WKH� LPPXQH� UHVSRQVH�� ,Q� LQIDQWV� PDWXUDWLRQ� RI� WKHLPPXQH� V\VWHP� FRQWLQXHV� DIWHU� ELUWK�� 1HRQDWHV� DUH� QRW� DEOH� WR� UHVSRQG� WR� PRVWSRO\VDFFKDULGH�DQWLJHQV��FKLOGUHQ�DIWHU� WKH�DJH�RI� WZR�\HDUV�GR�EHWWHU��$OVR� WKH� UHVSRQVH� WRSURWHLQ�DQWLJHQV�FRQWLQXHV�WR�IXUWKHU�PDWXUDWH�GXULQJ� WKH�ILUVW� \HDUV�RI� OLIH� �(3,���������)RUWKLV� UHDVRQ�� LQIDQWV� UHFHLYH� IRXU� YDFFLQDWLRQV� DV� D� EDVLF� LPPXQL]DWLRQ� ZLWK� '7�,39�GLSKWKHULD��WHWDQXV��DQG�LQDFWLYDWHG�SROLR�YDFFLQH���ZKLOH�DGXOWV�QHHG�RQO\�WKUHH�IRU�D�VLPLODUHIIHFW��&LUFXODWLQJ�DQWLERGLHV��IURP�PDWHUQDO�RULJLQ��RU�IURP�DQWLERGLHV�DGPLQLVWHUHG��LPSDLUWKH�YDFFLQDWLRQ�UHVSRQVH��SRVVLEO\�E\�QHXWUDOL]DWLRQ�RI�YDFFLQH�DQWLJHQV��RU�E\�D�VXSSUHVVRUPHFKDQLVP� WKDW� GRZQ�UHJXODWHV� WKH� DQWLERG\� IRUPDWLRQ� ZKHQ� VXIILFLHQW� DQWLERGLHV� DUHSUHVHQW��+RZHYHU��FLUFXODWLQJ�DQWLERGLHV�DSSHDU�QRW�WR�SUHYHQW�WKH�DQWLERG\�UHVSRQVHV�ODWHU�LQOLIH��+DOVH\�DQG�*DOD]ND��������6XQGHUPDQ�HW�DO����������,QWHUSUHWDWLRQ�RI�DQWLERG\�OHYHOV�DVD SDUDPHWHU�IRU�WKH�HIIHFW�RI�H[WHUQDO�IDFWRUV�RQ�LPPXQH�UHVSRQVHV�QHHGV�FRQVLGHUDWLRQ�RI�WKLVIDFWRU�WRR�

���� 9DFFLQDWLRQ�UHVSRQVHV�LQ�WKH�HOGHUO\
8VLQJ� WKH� 6(1,(85�SURWRFRO� �/LJWKDUW� HW� DO�� ������� VWXGLHV� LQ� ZHOO�FKDUDFWHUL]HG� KHDOWK\HOGHUO\� �!� ��� \U��� SRSXODWLRQV� �LQFOXGLQJ� KLVWRU\� RI� LOOQHVV�� LQIHFWLRQV�� GUXJ� LQWDNH�� DQGODERUDWRU\�YDOXHV��KDYH�EHHQ�SHUIRUPHG��DQG�VKRZ�WKDW�WKH�VHUXP�OHYHOV�RI�,J*��,J0�DQG�,J$LQFUHDVH� ZLWK� DJH�� DV� ZHOO� DV� WKH� QXPEHU� RI� EHQLJQ� PRQRFORQDO� JDPPDSDWKLHV� DQG� WKHQXPEHU� RI� DXWR�DQWLERGLHV�� 7KH� QXPEHU� RI� O\PSKRF\WHV� DQG� WKHLU� SUROLIHUDWLYH� DFWLYLW\� LVGHFUHDVHG�ZKLOH�WKH�QXPEHU�RI�QHXWURSKLOV�LQFUHDVHG�ZLWK�DJLQJ��0RQRF\WHV��EDVRSKLOV��DQGHRVLQRSKLOV�DUH�ZLWKRXW�FKDQJHV�GXULQJ� OLIH�EXW�PRQRF\WH� IXQFWLRQ�ZDV� LQFUHDVHG� LQ�HOGHUO\LQGLYLGXDOV��5LQN�HW�DO���������5LQN�DQG�6H\IDUWK��������
$V� D� FRQVHTXHQFH� RI� DJH�UHODWHG� DOWHUDWLRQV� LQ� WKH� LPPXQH� V\VWHP�� HOGHUO\� PD\� KDYH� DQLPSDLUHG�UHVSRQVH�WR�SULPDU\�DV�ZHOO�DV�VHFRQGDU\�LPPXQL]DWLRQ��6WHLQ��������
:KLOH�WKH�HIILFDF\�RI�LQIOXHQ]D�YDFFLQH�KDV�EHHQ�HVWLPDWHG�WR�EH��������LQ�\RXQJ�DGXOWV��LW�LVORZHU�LQ�HOGHUO\�QXUVLQJ�KRPH�SDWLHQWV��*UDYHQVWHLQ�HW�DO���������*URVV�HW�DO��������%UDQGULVVHW� DO�� ������ 3KDLU� HW� DO�� ������ )DJLROR� HW� DO�� ������� 7KH� GLPLQLVKHG� HIILFDF\� KDV� EHHQDWWULEXWHG� WR� ORZHU� UDWHV� RI� SURWHFWLYH� DQWLERG\� UHVSRQVHV� DJDLQVW� WKH� LQIOXHQ]D� VWUDLQV�+DHPDJJOXWLQLQ� LQKLELWLRQ� �+,�� DQWLERG\� WLWHUV� RI�!� ��� DUH� JHQHUDOO\� FRQVLGHUHG� SURWHFWLYH�<HW��VHYHUDO�VWXGLHV�LQGLFDWH�WKDW�DW�OHDVW�����RI�WKH�HOGHUO\�GR�QRW�GHYHORS�+,�$E�WLWHUV�DIWHUYDFFLQDWLRQ��.HUHQ�HW�DO��������*URVV�HW�DO��������%H\HU�HW�DO��������
)ROORZLQJ� YDFFLQDWLRQ� HOGHUO\� KHDOWK\� VXEMHFWV� VKRZHG� UHGXFHG� SURGXFWLRQ� RI� DQWL�WHWDQXVWR[RLG�DQWLERG\��FRPSDUHG�ZLWK� \RXQJ�DGXOWV��0RUHRYHU� WKH� WLWHUV�RI� HOGHUO\�GHFOLQHG�E\��PRQWK�WR�EDVHOLQH�YDOXHV�ZKHUHDV�LQ�\RXQJ�DGXOWV�WLWHUV�SHUVLVWHG�IRU�XS�WR�RQH�\HDU��%XUQV�HWDO�� �������$� UHFHQW� VWXG\� GHPRQVWUDWHV� WKDW� ���� RI� D� SRSXODWLRQ� RI� 6(1,(85�FRPSDWLEOH$XVWULDQV� ZHUH� QRW� SURWHFWHG� DJDLQVW� WHWDQXV� �6WHJHU� HW� DO�� ������� )LIW\� SHUFHQW� RI� WKHVHLQGLYLGXDOV�KDG�EHHQ�YDFFLQDWHG�ZLWKLQ�WKH�ODVW�WHQ�\HDUV��DQG�����ZLWKLQ�WKH�ODVW�ILYH�\HDUV�
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(VSHFLDOO\�LQ�WKH�HOGHUO\��GHFUHDVLQJ�HIIHFWLYHQHVV��6KHOO\�HW�DO��������ZLWK�LQFUHDVLQJ�GHOD\VLQFH�YDFFLQDWLRQ�KDV�EHHQ�UHSRUWHG�IRU�SQHXPRFRFFDO�YDFFLQH��6DQNLODPSL�HW�DO���������7KHRYHUDOO�DQWLERG\�UHVSRQVH�DPRQJ�HOGHUO\�KDV�EHHQ�GHWHUPLQHG�WR�EH�ORZHU�DIWHU�UH�YDFFLQDWLRQWKDQ�IROORZLQJ�SULPDU\�YDFFLQDWLRQ��0XIVRQ�HW�DO��������
9DFFLQDWLRQ� SURFHGXUHV� LQ� WKH� HOGHUO\� JHQHUDOO\� FRPSULVH� UHSHDW� YDFFLQHV�� WKH� YDFFLQDWLRQUHVSRQVH�WR�WKHVH�PD\�EH�OHVV�DGHTXDWH�WR�XVH�LQ�VWXGLHV�RI�HIIHFWV�RI�HQYLURQPHQWDO�H[SRVXUHVRQ�WKH�LPPXQH�V\VWHP�
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��� (IIHFW�RI�FKURQLF�SV\FKRORJLFDO�VWUHVV�RQ�WKHYDFFLQDWLRQ�UHVSRQVH
1HJDWLYHO\� H[SHULHQFHG� FKURQLF� VWUHVV� GLPLQLVKHV� WKH� HIILFDF\� RI� WKH� LPPXQH� V\VWHP� WRSURWHFW� WKH�KRVW� DJDLQVW� LQIHFWLRQV��&KURQLF� VWUHVV� OHDGV� WR� D�GHFUHDVH� LQ�QDWXUDO� NLOOHU� �1.�FHOO� QXPEHU� DQG� DFWLYLW\�� GHFUHDVHG� O\PSKRF\WH� UHVSRQVH� WR� PLWRJHQV�� DQG� DQ� LQFUHDVH� LQ&'��&'��UDWLR��DQG�LQFUHDVHV�LQ�YLUXV�LQIHFWLRQV�DQG�DQWLERG\�WLWHU�WR�ODWHQW�YLUXVHV�
,Q�DGGLWLRQ��WKH�LPSDLUPHQW�RI�WKH�LPPXQH�UHVSRQVH�OHDGV�WR�D�SRRUHU�UHVSRQVH�RI�WKH�LPPXQHV\VWHP� WR� YDFFLQHV�� 7KH� VWXG\� RI� WKH� UHVSRQVH� RI� LQGLYLGXDOV� WR� YDFFLQHV� LV� SUHIHUHQWLDOO\SHUIRUPHG�E\�XVLQJ�GH�QRYR�DQWLJHQV��DV� WKHVH�DUH�QRW�DIIHFWHG�E\�SUHYLRXV�HYHQWV��9DULRXVJURXSV� VWXGLHG� WKH� HIIHFW� RI� FKURQLF� SV\FKRORJLFDO� VWUHVV� RQ� WKH� DQWLERG\� �$E�� UHVSRQVH� WRYDULRXV�YDFFLQHV�DQG�YDULDEOH�UHVXOWV�ZHUH�REWDLQHG��FI��7$%/(�����*HQHUDOO\��KLJK�OHYHOV�RIQHJDWLYH� H[SHULHQFHG� VWUHVV� �OLIH� HYHQWV�� DFDGHPLF� H[DPV�� GDLO\� VWUHVV�� DQG� KDVVOHV�� DQGDQ[LHW\�DSSHDU�WR�UHGXFH�WKH�DQWLERG\�UHVSRQVH�WR�D�SULPDU\�RU�VHFRQGDU\�LPPXQL]DWLRQ�ZLWKD YDFFLQH�
7DEOH����(IIHFW�RI�VWUHVV�VWLPXOL�LQ�YDFFLQDWLRQ�VWXGLHV�
9DFFLQH 6WUHVVRU 2EVHUYDWLRQ 1 5HIHUHQFH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
+HS��% ORQHOLQHVV��KDVVOHV ORZHU�$E�UHVSRQVH �� -DEDDLM������
+HS��% GDLO\�VWUHVV��QHXURWLVP QR�HIIHFW�RQ�$E�UHVSRQVH �� -DEDDLM������
+HS��% OLIH�HYHQWV��VWUHVV�DQ[LHW\ KLJKHU�SHDN�$%�UHVSRQVH �� 3HWU\������
+HS��%� H[DP�VWUHVV��VRFLDO�VXSSRUW GHOD\HG�$E�UHVSRQVH � �� *ODVHU������
,QIOXHQ]D DO]KHLPHU�FDUHJLYLQJ ORZHU�$E�UHVSRQVH �� � .LHFROW�*ODVHU������
,QIOXHQ]D GHSUHVVLRQ�FDUHJLYLQJ ORZHU�,J*�$E�UHVSRQVH ��� 9HGKDUD������
./+ OLIH�HYHQWV��GDLO\�VWHUVV ORZHU�,J*�$E�UHVSRQVH �� 6Q\GHU������

7KH�JURXS�RI�-DEDDLM��-DEDDLM�HW�DO��������SHUIRUPHG�D�VWXG\�LQ�VWUHVVHG�VXEMHFWV��FKDUDFWHUL]HGE\� ORQHOLQHVV�� GDLO\� KDVVOHV�� SV\FKRQHXURWLF� FRPSODLQWV�� DQG� FRSLQJ� VW\OH�� 6XEMHFWV� ZHUHYDFFLQDWHG�DQG�DQWLERG\�WLWHUV�GHWHUPLQHG�VHYHQ�PRQWKV�ODWHU��+LJK�VWUHVV�VFRUH�GHULYHG�IURPWKH�PRQWK�RI�WKH�VHFRQG�DVVHVVPHQW�ZDV�DVVRFLDWHG�ZLWK�D�ORZHU�$E�UHVSRQVH�WR�WKH�YDFFLQHEXW�LQ�D�ODWHU�VLPLODU�VWXG\��XVLQJ�D�KLJKHU�GRVH�RI�WKH�VDPH�YDFFLQH��QR�HIIHFWV�ZHUH�REVHUYHGDW�DQ\�WLPHSRLQW��-DEDDLM�HW�DO��������
3HWU\�HW�DO���������YDFFLQDWHG����VHURQHJDWLYH�VXEMHFWV�ZLWK�D�VLPLODU�YDFFLQH�WKUHH�WLPHV�DQGGHWHUPLQHG� DQWLERG\� WLWHUV� WKUHH� PRQWKV� DIWHU� WKH� WKLUG� GRVH� L�H�� LQ� WKH� ERRVWHU� SKDVH� RILPPXQL]DWLRQ��7KH\�VKRZHG� WKDW�KLJKHU� OHYHOV�RI�QHJDWLYHO\� H[SHULHQFHG� VWUHVV�� GHSUHVVLRQ�LUDVFLELOLW\�� DQG� DQ[LHW\� GXULQJ� WKH� ��PRQWK� SHULRG� IROORZLQJ� WKH� ILUVW� YDFFLQDWLRQ� ZHUHDVVRFLDWHG�ZLWK�KLJKHU�SHDN�DQWLERG\�WLWHUV�
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.LHFROW�*ODVHU�HW�DO���������VKRZHG�DQ�LPSDLUHG�UHVSRQVH�LQ�$O]KHLPHU
V�FDUHJLYHUV��FKURQLFVWUHVV��WR�LQIOXHQ]D�YDFFLQDWLRQ�UHODWLYH�WR�PDWFKHG�FRQWUROV��2QH�PRQWK�DIWHU�YDFFLQDWLRQ����RI� WKH� FRQWURO� VXEMHFWV�� DQG� RQO\� ���� RI� WKH� FDUHJLYHUV� LQGXFHG� D� IRXU�IROG� LQFUHDVH� LQDQWLERG\�UHVSRQVH�
6LPLODU�UHVXOWV�ZHUH�UHFHQWO\�REVHUYHG�LQ�FDUHJLYHUV�RI�GHPHQWLD�SDWLHQWV�UHFHLYLQJ�D�WULYDOHQWLQIOXHQ]D�YDFFLQH��9HGKDUD�HW�DO���������0HDQ�VFRUHV�RI�HPRWLRQDO�GLVWUHVV�ZHUH�VLJQLILFDQWO\KLJKHU� LQ� FDUHJLYHUV� WKDQ� LQ� FRQWUROV�� ,Q� ��� RI� ��� FRQWUROV� ������ DQG� LQ� RQO\� �� RI� ��� FDUHJLYHUV�������D�IRXU�IROG�LQFUHDVH�LQ�DW�OHDVW�RQH�RI�WKH�,J*�VXEFODVV�WLWHUV�ZDV�REVHUYHG�
*ODVHU� HW� DO�� ������� VWXGLHG� WKH� HIIHFWV� RI� VWUHVV� RQ� WKH� DQWLERG\� UHVSRQVH� WR� KHSDWLWLV� %YDFFLQH�JLYHQ� WKUHH� WLPHV� WR�KHDOWK\�VWXGHQWV��7KH��HDUO\�� VHURFRQYHUWRUV�ZHUH� VLJQLILFDQWO\OHVV� DQ[LRXV� DQG� OHVV� VWUHVVHG� WKDQ� �ODWH�� VHURFRQYHUWRUV� LQGLFDWLQJ� WKDW� VWUHVV� GHOD\HG� WKHKXPRUDO�LPPXQH�UHVSRQVH�WR�KHSDWLWLV�%�YDFFLQDWLRQ�
6Q\GHU�HW�DO���������LQYHVWLJDWHG�WKH�HIIHFW�RI�VWUHVV�DQG�SV\FKRVRFLDO�IDFWRUV�RQ�WKH�DQWLERG\UHVSRQVH�WR�YDFFLQDWLRQ�ZLWK�./+�DQWLJHQ��NH\KROH�OLPSHW�KHPRF\DQLQ���$QWLERG\�WLWHUV�ZHUHPHDVXUHG� �� DQG� ��ZHHNV� DIWHU� LPPXQL]DWLRQ� DQG� � VKRZHG� WKDW� VXEMHFW� ZLWK�PRUH� VWUHVVIXOHYHQWV� WHQGHG� WR� KDYH� ORZHU� EDVHOLQH� DQG� ��ZHHN� SRVW�LPPXQL]DWLRQ� ,J*� OHYHOV�3V\FKRORJLFDO� GLVWUHVV� VFRUHV� FRUUHODWHG� QHJDWLYHO\� DQG� SV\FKRORJLFDO� ZHOO�EHLQJ� VFRUHVSRVLWLYHO\�ZLWK�,J*�OHYHOV��7KRVH�ZKR�UHSRUWHG�³JRRG´�WHQGHG�WR�KDYH�KLJKHU�,J*�OHYHOV�DW��ZHHNV�SRVW�LPPXQL]DWLRQ�
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��� 1XWULWLRQ�DQG�HIILFDF\�RI�YDFFLQDWLRQ
���� 0DOQXWULWLRQ
,W�KDV�EHHQ�VKRZQ�WKDW�LPPXQH�UHVSRQVHV�FDQ�EH�DIIHFWHG�LQ�\RXQJ�FKLOGUHQ��GHSHQGLQJ�RQ�WKHVHYHULW\� RI� SURWHLQ� GHILFLHQF\�� 8QGHU� H[WUHPH� PDOQXWULWLRQ� FRQGLWLRQV� VXFK� DV� PDUDVPLF�VHYHUH� FDORULF� GHILFLHQF\�� DQG� NZDVKLRUNRU� �VHYHUH� SURWHLQ� GHILFLHQF\�� LPSDLUPHQW� RIYDFFLQDWLRQ�ZDV�IRXQG�IRU�\HOORZ�IHYHU��VPDOOSR[��$QRQ\PRXV���������WXEHUFXORVLV��DQG�SROLR�6LQKD� HW� DO��� ������ $GHLJD� HW� DO��� ������� 1R� LPSDLUPHQW� RI� WKH� LPPXQH� UHVSRQVH� WR� WKHYDFFLQDWLRQ�ZDV� IRXQG� XQGHU�PLOG� DQG�PRGHUDWH� FRQGLWLRQV� RI�PDOQXWULWLRQ� RQ� YDFFLQDWLRQDJDLQVW� WXEHUFXORVLV�� PHDVOHV� �,IHNXQLJZH� HW� DO��� ������ 0RQMRXU� HW� DO��� ������ VPDOOSR[�$QRQ\PRXV�� ������ ,IHNXQLJZH� HW� DO��� ������� \HOORZ� IHYHU� �$QRQ\PRXV�� ������� GLSKWKHULD�WHWDQXV��DQG�SHUWXVVLV��.LHOPDQQ�HW�DO���������
0DOQXWULWLRQ�FDXVHG�E\�DQRUH[LD�QHUYRVD�RU�EXOLPLD�QHUYRVD�ZDV�DVVRFLDWHG�ZLWK�GLVWXUEDQFHVLQ� WKH� LPPXQH�V\VWHP��0DUFRV�HW�DO�������D��E���$�JHQHUDO�GHFUHDVH� LQ� O\PSKRF\WH� VXEVHWV�H[FHSW� IRU�&'����FHOOV� �%�FHOOV�� LV� GHVFULEHG� IRU� DQRUH[LD� DQG�EXOLPLD� QHUYRVD� SDWLHQWV�� ,QDGGLWLRQ� LPSDLUPHQW� IRU� WKH� FHOO�PHGLDWHG� UHVSRQVH� �'7+�� ZDV� IRXQG� LQ� DQRUH[LD� QHUYRVDSDWLHQWV��0DUFRV�HW�DO�������D���,W�LV�QRWHZRUWK\�WKDW�DQRUH[LD�QHUYRVD�SDWLHQWV�DUH�QRW�SURQH�WRLQIHFWLRQV��*ROOD�HW�DO���������&DVRQ�HW�DO���������6FKDWWQHU�HW�DO���������

���� %UHDVW�IHHGLQJ�YHUVXV�IRUPXOD�IHHGLQJ
%UHDVW� DQG� DUWLILFLDO�PLON� DUH� WKH�PDMRU� QXWULWLRQ� GXULQJ� WKH� ILUVW� \HDU� RI� OLIH�� 7KH� HIIHFW� RIEUHDVW�PLON�DQG�IRXU� W\SHV�RI�DUWLILFLDO� IHHG�RQ� WKH�HIIHFW�RI�YDFFLQDWLRQ�ZDV�VWXGLHG�� ,W�ZDVIRXQG�WKDW�EDELHV�IHG�RQ�EUHDVW�PLON�RU�KLJK��SURWHLQ�FRZ�PLON�KDG�DQ�DGHTXDWH�DQG�VXVWDLQHGUHVSRQVHV�� WKRVH�IHG�RQ� IRUPXOD� WKDW�ZHUH� UHODWLYHO\� ORZ�RQ�SURWHLQV� DQG�FDUERK\GUDWHV�KDGKLJK�EXW�WHPSRUDU\�UHVSRQVHV�DQG�WKRVH�IHG�RQ�ORZ�SURWHLQ�FRZ�PLON�RU�WKH�VR\�EDVHG�IRUPXODKDG� SRRU� UHVSRQVHV� �/HVRXUG�� ������� %HVLGHV� SURWHLQ� FRQWHQW� RI� WKH� W\SH� RI� IHHGLQJ�FRQWDPLQDQWV�LQ�WKH�IHHGLQJ�PD\�DOVR�KDYH�KDG�DQ�LQIOXHQFH�

���� )RRG�FRQVWLWXHQWV
,W� LV� NQRZQ� WKDW� WKH� SUHVHQFH� RU� WKH� DEVHQFH� RI� FHUWDLQ� FRQVWLWXHQWV� LQ� QXWULWLRQ� FDQ� DIIHFWLPPXQH� UHVSRQVHV� �3DQXVK� DQG� 'HODIXHQWH�� ������ 0LGGOHWRQ� DQG� .DQGDVZDPL�� �����%HQGLFK�� ������.HOO\� DQG� EHQGLFK�� �������$GGLWLRQ� RI� YLWDPLQV�&� DQG� (� WR� IRRG� KDV� EHHQVKRZQ� WR� VWLPXODWH� LPPXQH� UHVSRQVHV�� ZKLOH� VXSSUHVVHG� LPPXQH� UHVSRQVHV� KDYH� EHHQREVHUYHG� DVVRFLDWHG� ZLWK� GHILFLHQF\� RI� YLWDPLQV� $�� %�� DQG� (�� $OWHUDWLRQV� RI� LPPXQHUHVSRQVHV�DUH�DOVR�IRXQG�E\�LURQ�DQG�]LQF�GHILFLHQF\��7KHVH�WUDFH�PHWDOV�DUH�HVVHQWLDO�IRU�WKHGHYHORSPHQW� DQG� PDLQWHQDQFH� RI� WKH� FHOO� PHGLDWHG� �LURQ� DQG� ]LQF�� DQG� KXPRUDO� UHVSRQVH�LURQ���,Q�JHQHUDO��LW�DSSHDUV�WKDW�FHOO�PHGLDWHG�DQG�QRQVSHFLILF�LPPXQLW\�DUH�PRUH�VHQVLWLYHIRU QXWULWLRQ�GHILFLHQF\�WKDQ�KXPRUDO�LPPXQLW\��6FULPVKDZ�DQG�VDQ*LRYDQQL��������
7RGD\�� WKHUH� LV� D� JURZLQJ� LQWHUHVW� LQ� GLHWV� VSHFLILFDOO\� GHVLJQHG� WR� SURPRWH� KHDOWK� RI� WKHFRQVXPHU�� 3URELRWLFV� VXFK� DV� ODFWLF� DFLG� EDFWHULD� FDQ� WUDQVLHQWO\� FRORQL]H� WKH� LQWHVWLQH� DQG
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H[HUW�EHQHILFLDO�HIIHFWV�RQ�WKH�LPPXQH�V\VWHP��6FKLIIULQ�HW�DO����������)LVK�RLO��ZKLFK�LV�ULFK�LQHLFRVDSHQWDQRLF�DQG�GRFRVDKH[DHQRLF�DFLG��DIIHFWV� FHOO�PHGLDWHG� DQG� WKH�KXPRUDO� UHVSRQVHVLQ� ERWK� KXPDQV� DQG� H[SHULPHQWDO� DQLPDOV�� VRPH� VWLPXODWHG� DQG� RWKHUV� GRZQ� UHJXODWHG�9LUHOOD�HW�DO���������&DOGHU��������
,Q� HOGHUO\� WKH� HIIHFW� RI� LPPXQRVHQHVFHQFH� LV� VXSHULPSRVHG� RQ� WKH� GHYHORSPHQW� RIPDOQXWULWLRQ��5DQGRPL]HG�FRQWUROOHG�VWXGLHV�KDYH�VKRZQ� WKDW� VXSSOHPHQWDWLRQ�RI�YLWDPLQ�(IRU ��PRQWKV� LPSURYHG�FHUWDLQ� FOLQLFDOO\� UHOHYDQW� LQGH[HV�RI� WKH� FHOO�PHGLDWHG� LPPXQLW\� LQKHDOWK\� HOGHUO\�� 'HOD\HG�W\SH� K\SHUVHQVLWLYH� DQG� DQWLERG\� WLWHUV� WR� KHSDWLWLV� %� ZHUHVLJQLILFDQWO\� LQFUHDVHG��DV�ZHUH�DQWLERG\� WLWHUV� WR� WHWDQXV�YDFFLQDWLRQ��/HVRXUG�������������0H\GDQL� HW� DO��� ������� ,Q� D� VWXG\� RI� LQIOXHQ]D� YDFFLQDWLRQ� LQ� WKH� HOGHUO\� ZLWK� ORZ� VHUXPDOEXPLQ� OHYHOV� D� YHU\� SRRU� DQWLERG\� UHVSRQVH� WR� WKH� LQIOXHQ]D� YDFFLQDWLRQ� ZDV� LQGXFHG��/HVRXUG�� ������ ZKLOH� LQ� DQRWKHU� VWXG\� QR GLIIHUHQFH� ZDV� REVHUYHG� EHWZHHQ� HOGHUO\� DQG\RXQJ�DGXOWV��3R]]HWWR�HW�DO���������
,Q�FRQFOXVLRQ�� WKH�GDWD� LQGLFDWH� WKDW�QXWULWLRQDO�VWDWXV�DV�ZHOO�DV� LQGLYLGXDO�QXWULWLHQWV� LQ� WKHIRRG FDQ� DIIHFW� YDFFLQDWLRQ� WLWHUV�� DQG� VKRXOG� WKHUHIRUH� EH� D� FRQFHUQ� LQ� WKH� GHVLJQ� RIHSLGHPLRORJLFDO�VWXGLHV�RI�HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�RQ�WKH�LPPXQH�V\VWHP�
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��� 7KH�LQIOXHQFH�RI�LQIHFWLRXV�GLVHDVHV�RQ�WKH�LPPXQHUHVSRQVH�WR�YDFFLQDWLRQ
1XPHURXV�LQIODPPDWRU\�DQG�LPPXQH�UHDFWLRQV�WKDW�RFFXU�LQ�UHVSRQVH�WR�LQIHFWLRQ��PLJKW��LQWKHRU\��DIIHFW� WKH�RXWFRPH�RI�D�YDFFLQDWLRQ�JLYHQ�LQ� WKH�FRXUVH�RI� WKDW� LQIHFWLRQ��3DWKRJHQVPD\� DIIHFW� WKH� LPPXQH� UHVSRQVH� IROORZLQJ� YDFFLQDWLRQ� E\� LQIHFWLQJ� &'��� 7K� FHOOV� DQGPDFURSKDJHV��7KLV�KDV�EHHQ�GRFXPHQWHG�IRU�YLUXVHV��KXPDQ�LPPXQRGHILFLHQF\�YLUXV��+,9��PHDVOHV� YLUXV�� HQWHURYLUXVHV��� EDFWHULD� �6WUHSWRFRFFL� DQG� 6WDSK\ORFRFFL�� DQG� SDUDVLWHV�/HLVKPDQLD��3ODVPRGLXP�� 7KH\�PD\� IXUWKHU� LQIOXHQFH� WKH� LPPXQH� V\VWHP�E\� VWLPXODWLQJWKH� SURGXFWLRQ� RI� F\WRNLQHV�� ZKLFK� LQ� WXUQ� PD\� DIIHFW� WKH� QDWXUH� DQG� PDJQLWXGH� RI� WKHLPPXQH�UHVSRQVH�IROORZLQJ�YDFFLQDWLRQ��%UHQDQ�DQG�=LQNHUQDJHO�������.RWZDO�HW�DO�������

���� ,QIOXHQFH� RI� LPPXQRVXSSUHVVLYH� LQIHFWLRQV� RQ� WKHYDFFLQDWLRQ�UHVSRQVH
+,9�� PHDVOHV� YLUXV�� VRPH� EDFWHULD� �6DOPRQHOOD� DQG� KHOPLQWKHV� �6FKLVWRVRPD�1HPDWRVSLURLGHV� H[HUW�ZHOO�GRFXPHQWHG� LPPXQRVXSSUHVVLYH� HIIHFWV�� ,Q� DGGLWLRQ�� LW� LV�ZHOONQRZQ�WKDW�+,9�LQIHFWHG�SHUVRQV�PD\�KDYH�D�SRRU�UHVSRQVH�XSRQ�YDFFLQDWLRQ�DJDLQVW�PHDVOHVYLUXV�� KHSDWLWLV�$� DQG�%� YLUXV� �%RXFKDXG� DQG�0RXDV� ������ 7LO]H\� HW� DO�� ������ /RNH� HW� DO������$USDGL�HW�DO�������
,QIHFWLRQ�ZLWK�3ODVPRGLXP�VSS��KDV�VHYHUDO�HIIHFWV�RQ�WKH�IXQFWLRQ�RI�LPPXQH�FHOOV�DQG�KDVEHHQ�GRFXPHQWHG�WR�LQKLELW�WKH�DQWLERG\�UHVSRQVH�WR�WHWDQXV�WR[RLG��'LHW]�������
0HDVOHV� YLUXV� LV� FOHDUO\� LPPXQRVXSSUHVVLYH�� ,W� LQWHUIHUHV� ZLWK� WKH� IXQFWLRQ� RI� DQWLJHQ�SUHVHQWLQJ� FHOO� DV� PRQRF\WHV� DQG� GHQGULWLF� FHOOV�� 7KLV� PD\� OHDG� WR� GHILFLHQFLHV� LQ� ,/���SURGXFWLRQ� DQG� 7� FHOO� SUROLIHUDWLRQ� �.DUS� HW� DO� ������ %HOO� HW� DO� ������ )XJLHU�9LYLHU� HW� DO�������'HVSLWH�WKHVH�ZHOO�GRFXPHQWHG�LPPXQRVXSSUHVVLYH�HIIHFWV�RI�PHDVOHV�YLUXV��WKH�HIIHFWRI�PHDVOHV�YLUXV�LQIHFWLRQ�RQ�FRQFXUUHQW�YDFFLQDWLRQ�LV�QRW�GRFXPHQWHG�
&KURQLF� FDUULHUV� RI� KHSDWLWLV� %� YLUXV� KDYH� D� GLVWXUEHG� 7� KHOSHU� FHOO� IXQFWLRQ�� ZKLFK� LVDVVRFLDWHG�ZLWK�D�UHGXFHG�UHFDOO�UHVSRQVH�WR�ZKROH�WHWDQXV�WR[RLG��/LYLQJVWRQ�HW�DO��������7KHHIIHFW�RI�FKURQLF�KHSDWLWLV�%�YLUXV�FDUULHUVKLS�RQ�SULPDU\�YDFFLQDWLRQV�LV�XQNQRZQ�
7KH� VDPH� LV� WUXH� IRU� KHOPLQWK� DQG� EDFWHULDO� LQIHFWLRQV�� 6DOPRQHOOD� 6FKLVWRVRPD�� DQG1HPDWRVSLURLGHV�PD\�LQIOXHQFH�WKH�IXQFWLRQ�RI�%�DQG�7�FHOOV��$FWRU�HW�DO�������DO�5DPDGL�HWDO� ������ 3ULWFKDUG� HW� DO� ������� <HW� WKHLU� LQIOXHQFH� RQ� WKH� YDFFLQDWLRQ� UHVSRQVH� LV� QRWGRFXPHQWHG�

���� ,QIOXHQFH� RI� QRQ�LPPXQRVXSSUHVVLYH� DQG� QRQ�VSHFLILHGLQIHFWLRQV�RQ�WKH�YDFFLQDWLRQ�UHVSRQVH
2UDO� SROLRYLUXV� YDFFLQH� �239��� D� OLYH� DWWHQXDWHG� SROLRYLUXV�� LQWHUIHUHV� ZLWK� WKH� DQWLERG\UHVSRQVH�WR�D�URWDYLUXV�YDFFLQH��+RZHYHU��WKH�HIIHFW�ZDV�VPDOO�DQG�FRXOG�EH�FLUFXPYHQWHG�E\D KLJKHU�GRVH�RI�YDFFLQH��5HQQHOV�������
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$ QXPEHU� RI� VWXGLHV� KDYH� EHHQ� GLUHFWHG� RQ� WKH� TXHVWLRQ�ZKHWKHU� QRQ�VSHFLILHG� LQIHFWLRQV�PDQLIHVWHG� E\� V\PSWRPV� VXFK� DV� GLDUUKHD�� UKLQRUUKRHD�� FRXJKLQJ�� IHYHU�� UDVK�� RU� D� IHEULOHXSSHU� UHVSLUDWRU\� WUDFW� LQIHFWLRQ��QHJDWLYHO\�DIIHFW� WKH�YDFFLQDWLRQ� UHVSRQVH� DJDLQVW�PXPSV�PHDVOHV��UXEHOOD��DQG�SROLRYLUXV��2QH�VWXG\�GHVFULEHG�D�QHJDWLYH�HIIHFW��0LJDVHQD�HW�DO�������ZKLOH� VHYHQ� RWKHU� VWXGLHV� UHSRUWHG� QR� RU� RQO\� PLQLPDO�� FOLQLFDOO\� LQVLJQLILFDQW� LQIOXHQFH�)DGHQ�DQG�'XII\�������6FRWW�HW�DO�������+DOVH\�HW�DO�������&LOOD�HW�DO�������(GPRQVRQ�HW�DO������5DWQDP�HW�DO��������'HQQHK\�HW�DO�������

���� 6SHFLILF�LQWHUDFWLRQ�ZLWK�FURVV�UHDFWLQJ�SDWKRJHQV
,QIHFWLRQ�ZLWK�PLFURRUJDQLVPV�WKDW�DUH�FORVHO\�UHODWHG�WR�YDFFLQH�FRPSRQHQWV�PD\�LQWHUIHUHZLWK� WKH�YDFFLQDWLRQ�UHVSRQVH� WR�VXFK�FRPSRQHQWV�� IRU�H[DPSOH�EHFDXVH� WKH\�FURVV�UHDFW�RUOLPLW� WKH� UHSOLFDWLRQ� RI� YDFFLQH� YLUXV�� 6DELQ� 239� W\SH� ��� IRU� H[DPSOH�� LQWHUIHUHV� ZLWK� WKHYDFFLQDWLRQ�UHVSRQVH�WR�6DELQ�W\SH����0DOGRQD�HW�DO��������1RQ�SROLRHQWHURYLUXVHV�PD\�DOVRLQWHUIHUH�ZLWK�WKH�YDFFLQDWLRQ�UHVSRQVH�WR�239��,Q�FRQWUDVW��QRQ�VSHFLILF�HQWHULF�LQIHFWLRQ�GLGQRW�LQWHUIHUH�ZLWK�239�YDFFLQDWLRQ��7ULNL�HW�DO�������
,Q� FRQFOXVLRQ�� DOWKRXJK� VRPH� LQIHFWLRQV� PD\� H[HUW� ZHOO�GRFXPHQWHG� LPPXQRVXSSUHVVLYHHIIHFWV� LQ� HLWKHU� KXPDQV� RU� ODERUDWRU\� DQLPDOV�� WKHLU� LQIOXHQFH� RQ� WKH� YDFFLQDWLRQ� UHVSRQVHDSSHDUV� RQO\� SRRUO\� GRFXPHQWHG�� 7KH� LQIOXHQFH� RI� ZHOO�NQRZQ� LPPXQRVXSSUHVVLYHLQIHFWLRQV��VXFK�DV�PHDVOHV�YLUXV�DQG�+,9��DSSHDUV�OLPLWHG�LQ�ZHOO�GHYHORSHG�FRXQWULHV�VXFKDV�WKH�1HWKHUODQGV��EHFDXVH�WKHLU�LQFLGHQFH�LV�YHU\�ORZ��&OLQLFDO�PHDVOHV�YLUXV�LQIHFWLRQ�LQ�WKH1HWKHUODQGV�LV�OLPLWHG�WR�SHUVRQV�ZKR�UHIXVH�YDFFLQDWLRQ�RQ�UHOLJLRXV�JURXQGV��7KH�LQIOXHQFHRI� QRQ�VSHFLILHG� FKLOGKRRG� LQIHFWLRQV� RQ� WKH� YDFFLQDWLRQ� UHVSRQVH� KDV� EHHQ� HYDOXDWHG� LQVHYHUDO�VWXGLHV��7KHVH�LQIHFWLRQV�DSSHDU�WR�KDYH�QR�RU�RQO\�D�OLPLWHG�QHJDWLYH�LQIOXHQFH�RQ�WKHUHVSRQVH�WR�YDFFLQDWLRQ�
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���� 'LVFXVVLRQ�DQG�FRQFOXGLQJ�UHPDUNV
7KH� OLWHUDWXUH� WR�GDWH� LQGLFDWHV� WKDW�PDQ\� LQIOXHQFHV�RQ� WKH�UHVSRQVH� WR�D�YDFFLQDWLRQ�H[LVW�DQG�WKDW�WKHVH�WKHUHIRUH�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�WKH�GHVLJQ�RI�HSLGHPLRORJLFDOVWXGLHV� DLPHG�DW� DVVHVVLQJ� WKH� HIIHFW� RI� HQYLURQPHQWDO� H[SRVXUHV� RQ�ZKLFK� WKH� UHVSRQVH� WRYDFFLQDWLRQ�LV�HPSOR\HG�DV�D�UHDG�RXW�RI�WKH�IXQFWLRQ�RI�WKH�LPPXQH�V\VWHP��,Q�RWKHU�ZRUGV�WKHVH�LQIOXHQFHV�QHHG�WR�EH�FDUHIXOO\�FRQWUROOHG�IRU�
,W�LV�QHFHVVDU\�WR�NQRZ�WKH�LQWHU��DQG�LQWUD�SHUVRQ�YDULDELOLW\�LQ�WKH�SRSXODWLRQ�UHJDUGLQJ�WKHUHVSRQVHV�WR�WKH�FKRVHQ�YDFFLQH��VR�WKDW�WKH�UHTXLUHG�VWXG\�JURXS�VL]H�FDQ�EH�GHWHUPLQHG�
,W� DSSHDUV� WKDW� WKH�YDFFLQH� LWVHOI�� WKH�YDFFLQDWLRQ� URXWH��ERRVWHU�YDFFLQDWLRQ�� DQG� WLPH�SRLQWGXULQJ�RU�DIWHU�FRPSOHWLRQ�RI�WKH�YDFFLQDWLRQ�SURFHGXUH�KDYH�LPSDFWV�RQ�WKH�YDFFLQDWLRQ�WLWHUVWKDW�ZLOO�EH�REVHUYHG��7KHUHIRUH��LI�YDFFLQDWLRQ�WLWHUV�DUH�XVHG�DV�D�UHDG�RXW�LQ�HSLGHPLRORJLFDOVWXGLHV��LW�LV�RI�LPSRUWDQFH�WR�VWDQGDUGL]H�WKHVH��0RUHRYHU��LQVLJKW�LQ�WKH�LQWHUYDO�EHWZHHQ�WKHFRPPHQFHPHQW�RI� WKH�H[SRVXUH� WKDW� LV�EHLQJ�VWXGLHG��DQG� WKH�HIIHFW�RQ� WKH� LPPXQH�V\VWHPWKDW�LV�H[SHFWHG��KRXUV��GD\V��PRQWKV��\HDUV��ZLOO�KHOS�WR�GHVLJQ�WKH�VWXG\�
7KH� GDWD� LQGLFDWH� WKDW� JHQHWLFV�� DJH�� SV\FKRORJLFDO� VWUHVV�� VPRNLQJ�� QXWULWLRQ�� DQG� FHUWDLQLQIHFWLRXV� GLVHDVHV� WKDW� DUH� QRW� QHFHVVDULO\� GLUHFWO\� DQWLJHQLFDOO\� UHODWHG� WR� WKH� YDFFLQH� DOOPD\�KDYH�DQ�LQIOXHQFH�RQ�YDFFLQDWLRQ�WLWHUV��DQG�VKRXOG�EH�FRQVLGHUHG�DV�FRQIRXQGHUV��$OVR�JHRJUDSKLF� GLIIHUHQFHV� KDYH� EHHQ� QRWHG��ZKLFK�PD\� KDYH� VHYHUDO� FDXVHV�� DPRQJ� RWKHUV� RIVRFLR�HFRQRPLF� RU� FXOWXUDO� QDWXUH�� /LWWOH� LQIRUPDWLRQ� LV� DYDLODEOH� RQ� WKH� TXDQWLWDWLYHUHOHYDQFH�RI� DOO� WKHVH�FRQIRXQGHUV�� DQG� WKHUHIRUH� VWXGLHV�QHHG� WR�EH�GHVLJQHG�VR� WKDW� HLWKHUWKHVH� FRQIRXQGHUV� DUH� H[FOXGHG�� RU� WKDW� LW� LV� SRVVLEOH� WR� FRUUHFW� IRU� WKHVH� LQIOXHQFHV�� ,W� LVREYLRXV�WKDW�VXFK�LQIOXHQFHV�KDYH�GLIIHUHQWLDO�UHOHYDQFH�LQ�GLIIHUHQW�SRSXODWLRQV��VXFK�DV�H�J�HOGHUO\�YV��FKLOGUHQ��RU�SRSXODWLRQV�LQ�ZHDOWK\�VRFLHWLHV�YV��XQGHUGHYHORSHG�UHJLRQV�
$FFRUGLQJ� WKH� H[WHQVLYH� DQLPDO� VWXGLHV� UHSRUWHG� E\� /XVWHU� HW� DO� ������� ������ WKH� DQWLJHQ�VSHFLILF�UHVSRQVH�WR�7�FHOO�GHSHQGHQW�DQWLJHQV��VKHHS�HU\WKURF\WHV��FRUUHODWHV�ZHOO�ZLWK�KRVWUHVLVWDQFH�WR�LQIHFWLRXV�GLVHDVHV��,W�LV�TXLWH�OLNHO\�WKDW�WKLV�DSSOLHV�IRU�KXPDQV�DV�ZHOO��,Q�WKRVHFDVHV� ZKHUH� UHGXFHG� DQWLERG\� WLWHUV� WR� D� JLYHQ� YDFFLQDWLRQ� DUH� REVHUYHG�� WKDW� FDQQRW� EHDWWULEXWHG�WR�DQ\�RWKHU�GHWHUPLQDQW�WKDQ�WKH�HQYLURQPHQWDO�LPPXQRVXSSUHVVLYH�DJHQW�WKDW�RQHVWXGLHV�� LW� LV� OLNHO\� WKDW� UHVLVWDQFH� WR� LQIHFWLRQV� LQ� WKH� SRSXODWLRQ� GXH� WR� WKLV� H[SRVXUH� LVQHJDWLYHO\�LQIOXHQFHG��2EYLRXVO\��WKHUH�LV�D�FHUWDLQ�UHVHUYH�FDSDFLW\��DQG�QRW�HYHU\�FKDQJH�LQIXQFWLRQ�RI�WKH�LPPXQH�V\VWHP�ZLOO�OHDG�WR�D�GHFUHDVHG�UHVLVWDQFH�LQ�KHDOWK\�LQGLYLGXDOV��<HW�VLQFH�LQ�WKH�HQWLUH�SRSXODWLRQ�D�KLJK�SUHYDOHQFH�RI�GLIIHUHQW�W\SHV�RI�LQIHFWLRXV�GLVHDVHV��VXFKDV�FRPPRQ�FROGV��JDVWURHQWHULWLV��HWF�LV�HYLGHQW��IXUWKHU�VXSSUHVVLRQ�RI�LPPXQH�UHVSRQVHV�LQLQIHFWHG� LQGLYLGXDOV� LV� OLNHO\� WR� KDYH� DQ� LPSDFW�� 7KHVH� LPSDFWV� PD\� EH� H[SUHVVHG� DVSURORQJHG� GXUDWLRQ� RU� PRUH� VHYHUH� GLVHDVH� GXH� WR� WKH� LQIHFWLRQ�� 6XFK� HIIHFWV� PD\� JRXQQRWLFHG��VLQFH�WKH\�PD\�RQO\�OHDG�WR�PRUH�RI�WKH�VDPH�V\PSWRPV��7KH\�PD\�DFWXDOO\�QRW�EHYHU\� VLJQLILFDQW� IRU� WKH� LQGLYLGXDO� SDWLHQW�� %XW� GXH� WR� WKH� KLJK� SUHYDOHQFH� RI� PDQ\� UDWKHULQQRFHQW�LQIHFWLRQV��VXFK�HIIHFWV�PD\�RQ�D�SRSXODWLRQ�EDVLV�EH�YHU\�VLJQLILFDQW�
:LWK�UHVSHFW� WR�WKH�HIILFDF\�RI�YDFFLQDWLRQ� LQ� WHUPV�RI�SURWHFWLRQ�� LW�QHHGV� WR�EH�PHQWLRQHGWKDW�LW�LV�QRW�DOZD\V�SRVVLEOH�WR�GHGXFW�IURP�WKH�YDFFLQDWLRQ�WLWHU�WKH�OHYHO�RI�SURWHFWLRQ�WKDW�LVJDLQHG��,W�LV�WKHUHIRUH�OLNHZLVH�QRW�SRVVLEOH�WR�GHGXFW�IURP�HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�DV
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WKH\�PD\�EH� HQFRXQWHUHG��ZKHWKHU� WKHVH� HIIHFWV� KDPSHU� SURWHFWLRQ� DJDLQVW� WKH� SDWKRJHQ� DWZKLFK�WKH�YDFFLQDWLRQ�LV�DLPHG�
$QWLERG\�UHVSRQVH�DIWHU�KHSDWLWLV�%�LPPXQL]DWLRQ��KRZHYHU��SUHGLFWV�VXVFHSWLELOLW\�WR�GLVHDVHRQ�H[SRVXUH��+DGOHU�HW�DO���������0F0DKRQ�DQG�:DLQZULJKW���������7KLV�LV�DOVR�WUXH�IRU�SRVW�LPPXQL]DWLRQ� PHDVOHV� DQWLERG\� UHVSRQVHV� DQG� IRU� SRVW�LPPXQL]DWLRQ� SROLR� DQWLERG\UHVSRQVHV��5HVSRQVHV�LQ�WKH�³ORZ�SRVLWLYH´�UDQJH�GR�QRW�SURWHFW�DJDLQVW�FOLQLFDO�PHDVOHV�ZKHQVXEMHFWV�DUH�H[SRVHG� WR� WKH�ZLOG�PHDVOHV�YLUXV��ZKHUHDV�KLJK� OHYHOV�DUH�SURWHFWLYH� �&KHQ�HWDO��� ������� $� VWURQJ� FRUUHODWLRQ� H[LVWV� EHWZHHQ� ORZ� DQWLERG\� OHYHOV� DIWHU� D� VLQJOH� GRVH� RI�PHDVOHV�� YDFFLQH� DQG� KLJK� VXVFHSWLELOLW\� WR� LQIHFWLRQ� ZLWK� H[SRVXUH� �'HVHGD�7RXV� HW� DO�������� 6R� DQ\� LQVXOW� WR� UHVSRQVHV� WR� WKHVH� YDFFLQHV� WKDW� UHVXOW� LQ� WLWHUV� EHQHDWK� D� FHUWDLQWKUHVKROG�ZLOO�EH�LQGLFDWLYH�RI�HIIHFWV�HYHQ�IRU�WKH�SURWHFWLRQ�DW�ZKLFK�WKH�YDFFLQH�LV�DLPHG��,WLV��KRZHYHU��XQOLNHO\�WKDW�VXFK�FRQGLWLRQV�ZLOO�UHDGLO\�EH�HQFRXQWHUHG��)RU�WKH�PDMRULW\�RI�WKHSRSXODWLRQ��YDFFLQDWLRQ�LV�SHUIRUPHG�VR�� WKDW�PRGHVW�RU�HYHQ�UHODWLYHO\�ELJ�YDULDWLRQV�LQ�WKHUHVSRQVH�GR�QRW� UHVXOW� LQ� DOWHUHG� SURWHFWLRQ�� DOEHLW� WKDW� QRW� HYHU\� LQGLYLGXDO�ZLOO� DOZD\V� EHSURWHFWHG��7KLV�LV�FRUURERUDWHG�E\�WKH�ILQGLQJV�LQ�GHYHORSLQJ�FRXQWULHV�LQ�ZKLFK�PDOQXWULWLRQRI� FKLOGUHQ� VKRZV� LPSDLUHG� UHVSRQVHV� DIWHU� YDFFLQDWLRQ�� ZKHUHDV� WKHVH� DOWHUDWLRQV� GR� QRWFDXVH�WKH�JHQHUDO�IDLOXUH�RI�YDFFLQDWLRQ�VWUDWHJLHV� �HYHQ� WKRXJK� LW�VKRXOG�EH�PHQWLRQHG� WKDWVRPHWLPHV� SUREOHPV� ZLWK� YDFFLQDWLRQ� WR� PHDVOHV� DUH� HQFRXQWHUHG� WKDW� DUH� DVVRFLDWHG� WRYLWDPLQ�$�GHILFLHQF\���2QH�PD\� H[SHFW�� WKDW� LQGLYLGXDOV�ZLWK� D� UHVSRQVH� WR� D� YDFFLQH� WKDWOHDGV�WR�ERUGHUOLQH�SURWHFWLRQ��PD\�EH�VXEMHFW�WR�H[SHULHQFLQJ�D�FOLQLFDOO\�VLJQLILFDQW�QHJDWLYHFRQVHTXHQFH� RI� GLPLQLVKHG� YDFFLQDWLRQ� UHVSRQVH� LI� HQYLURQPHQWDO� H[SRVXUH� WKDW� DIIHFWVYDFFLQDWLRQ�UHVSRQVHV�RFFXUV�
,Q� FRQFOXVLRQ� LW� FDQ� EH� VWDWHG� WKDW� YDFFLQDWLRQ� WLWHUV� PD\� EH� DSSOLHG� WR� VWXG\� HIIHFWV� RIH[SRVXUHV�WR�HQYLURQPHQWDO�IDFWRUV��SURYLGHG�WKDW�FRQIRXQGHUV�DUH�DGHTXDWHO\�FRQWUROOHG�IRU�9DULDELOLW\�LQ�WKH�UHVSRQVH�WR�YDFFLQDWLRQ�DUH�OLNHO\�WR�EH�VPDOOHVW�LQ�WKH�FDVH�RI�YDFFLQDWLRQWR� DQ� DQWLJHQ� WR� ZKLFK� QR� SULRU� H[SRVXUH�� HLWKHU� QDWXUDOO\� RU� E\� SULRU� YDFFLQDWLRQ� KDVRFFXUUHG��ZKLFK�PD\� DSSO\� HVSHFLDOO\� WR� YDFFLQDWLRQ� LQ� FKLOGUHQ�� ,Q� DGGLWLRQ�� FRQIRXQGHUVVXFK�DV�VWUHVV�RU�VPRNLQJ�PD\�DOVR�EH�OHVV�HYLGHQW�LQ�FKLOGUHQ��)RU�WKLV�UHDVRQ��YDFFLQDWLRQ�LQFKLOGUHQ�PD\�SURYH�WR�EH�PRVW�DGHTXDWH�WR�VWXG\�LPPXQH�HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�
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$FNQRZOHGJHPHQWV
7KH�DXWKRUV�WKDQN�GU�LU��(��/HEUHW��GUV��-��6PLW��GUV��)��7HUPRUVKXL]HQ��PZ��GU��$��:LMJD�DQGSURI�GU��%��YDQ�GHU�=HLMVW�IRU�FULWLFDOO\�UHYLHZLQJ�WKH�PDQXVFULSW�DQG�WKHLU�FRPPHQWV�
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5HIHUHQFHV
$FWRU� -.�� 6KLUDL�0�� .XOOEHUJ�0&�� %XOOHU� 50�� 6KHU� $�� %HU]RIVN\� -$�� +HOPLQWK� LQIHFWLRQUHVXOWV�LQ�GHFUHDVHG�YLUXV�VSHFLILF�&'���F\WRWR[LF�7�FHOO�DQG�7K��F\WRNLQH�UHVSRQVHV�DV�ZHOODV�GHOD\HG�YLUXV�FOHDUDQFH��31$6�������������������
$GHLJD� $$�� $NLQRVKR� 52�� 2Q\HZXFKH� -�� (YDOXDWLRQ� RI� LPPXQH� UHVSRQVH� LQ� LQIDQWV� ZLWKGLIIHUHQW�QXWULWLRQDO�VWDWXV��YDFFLQDWHG�DJDLQVW�WXEHUFXORVLV��PHDVOHV�DQG�SROLRP\HOLWLV��-�7URS3HGLDWU�������������������
$OSHU� &$�� .UXVNDOO� 06��0DUFXV�%DJOH\� '�� &UDYHQ� '(�� .DW]� $-�� %ULQN� 6-�� 'LHQVWDJ� -/�$ZGHK� =�<XQLV� (-��*HQHWLF� SUHGLFWLRQ� RI� QRQUHVSRQVH� WR� KHSDWLWLV�%� YDFFLQH��1HZ�(QJO� -0HG��������������������
$O�5DPDGL� %.�� *UHHQH� -0�� 0HLVVOHU� --�� (LVHQVWHLQ� 7.�� ,PPXQRVXSSUHVVLRQ� LQGXFHG� E\DWWHQXDWHG�6DOPRQHOOD��HIIHFW�RI�/36�UHVSRQVLYHQHVV�RQ�GHYHORSPHQW�RI�VXSSUHVVLRQ��0LFURE3DWKRJ�������������������
$QRQ\PRXV�� (IIHFWV� RI� PDOQXWULWLRQ� RQ� VPDOOSR[� DQG� \HOORZ� IHYHU� YDFFLQDWLRQ�� 1XWU� 5HY������������������
$UQROG�'/��%U\FH�)��.DSULQVNL�.��)HUQLH�-06��7U\SKRQDV�+��7UXHORYH�-��0F*XLUH�3)��%XUQV'��7DQQHU�-5��6WDSOH\�5��=DZLG]ND�==��%DVIRUG�'��7R[LFRORJLFDO�FRQVHTXHQFHV�RI�DUDFRORU����� LQJHVWLRQ� E\� IHPDOH� UKHVXV� �0DFDFD� PXODWWD�� PRQNH\V�� 3DUW� �%�� 3UHEUHHGLQJ� SKDVH�FOLQLFDO�DQG�DQDO\WLFDO�ODERUDWRU\�ILQGLQJV��)G�&KHP�7R[LF�������������������
$USDGL� 60�� 0DUNRZLW]� /(�� %DXJKPDQ� $/�� 6KDK� .�� $GDP� +�� :L]QLD� $�� /DPEHUW� *�'RERV]\FNL� -�� +HDWK� -/�� %HOOLQL� :-�� 0HDVOHV� DQWLERG\� LQ� YDFFLQDWHG� KXPDQLPPXQRGHILFLHQF\�YLUXV�W\SH���LQIHFWHG�FKLOGUHQ��3HGLDWULFV�������������������
%DOORQL�$��$VVDHO�%0��*KLR�/��3HGUD]]L�&��1HEELD�*��*ULGHOOL�%��0HODGD�%��3DQXFFLR�$��)RWL0�� %DUEL� 0�� /XUDVFKL� &�� ,PPXQLW\� WR� SROLRP\HOLWLV�� GLSKWKHULD� DQG� WHWDQXV� LQ� SHGLDWULFSDWLHQWV�EHIRUH�DQG�DIWHU�UHQDO�RU�OLYHU�WUDQVSODQWDWLRQ��9DFFLQH���������������������
%HOO� $)�� %XUQV� -%�� )XMLQDPL� 56�� 0HDVOHV� YLUXV� LQIHFWLRQ� RI� KXPDQ� 7� FHOOV� PRGXODWHVF\WRNLQH�JHQHUDWLRQ�DQG�,/���UHFHSWRU�DOSKD�FKDLQ�H[SUHVVLRQ��9LURORJ\��������������������
%HJJ�17�� ,PPXQRSURSK\OD[LV�DW�H[WUHPHV�RI�DJH��-�$QWLPLFURE�&KHPRWKHU����������6XSSO$����������
%HQGLFK�$��$QWLR[LGDQW�YLWDPLQV�DQG�KXPDQ� LPPXQH�UHVSRQVHV��9LWDP�+RUP�����������������
%H\HU�:(��3DODFKH�$0��%DOMHW�0��0DVXUHO�1��$QWLERG\�LQGXFWLRQ�E\�LQIOXHQ]D�YDFFLQHV�LQWKH�HOGHUO\��D�UHYLHZ�RI�WKH�OLWHUDWXUH��9DFFLQH������������������
%KDVNDUDP�3��0HDVOHV�DQG�PDOQXWULWLRQ��,QGLDQ�-�0HG�5HV��������������������



5,90�UHSRUW����������� SDJH����RI���

%RR\� 5�� $LWNHQ� 6-�� 7D\ORU� 6� HW� DO�� ,PPXQRJHQLFLW\� RI� FRPELQHG� GLSKWKHULD�� WHWDQXV�� DQGSHUWXVVLV�YDFFLQH�JLYHQ�DW�������DQG���PRQWKV�YHUVXV�������DQG���PRQWKV�RI�DJH��/DQFHW�������������������
%UDQGULVV� 0:�� %HWWV� 5)�� 0DWKXU� 8�� 'RXJODV� 5*�� 5HVSRQVHV� RI� HOGHUO\� VXEMHFWV� WRPRQRYDOHQW� $�8665���� �+�1��� DQG� 7ULYDOHQW� $�8665���� �+�1���$�7(;$6���� �+�1���%�+RQJ�.RQJ����YDFFLQHV��$P�5HY�5HVSLU�'LV��������������������
%UHQDQ�0��=LQNHUQDJHO�50��,QIOXHQFH�RI�RQH�YLUXV�LQIHFWLRQ�RQ�D�VHFRQG�FRQFXUUHQW�SULPDU\LQ�YLYR�DQWLYLUDO�F\WRWR[LF�7�FHOO�UHVSRQVH��,QIHFW�,PPXQ�������������������
%RXFKDXG� 2�� 0RXDV� +�� 9DFFLQDWLRQ� DQG� V\VWHPLF� GLVHDVHV�� 9DFFLQDWLRQV� DQGLPPXQRVXSSUHVVLRQ���$QQ�0HG�,QW��������������������
%XUQV� ($�� /XP� /*�� /
+RPPHGLHX� *�� *RRGZLQ� -6�� 6SHFLILF� KXPRUDO� LPPXQLW\� LQ� WKHHOGHUO\��LQ�YLYR�DQG�LQ�YLWUR�UHVSRQVH�WR�YDFFLQDWLRQ��-�*HURQWRO������������%����%����
&DLOODW�=XFPDQ�6��*LPHQH]�-�-��:DPEHUJXH�)��$OERX]H�*��/HENLUL�%��1DUHW�&��0R\QRW�$�-XQJHUV�3��%DFK�-�)��'LVWLQFW�+/$�FODVV�,,�DOOHOHV�GHWHUPLQH�DQWLERG\�UHVSRQVH�WR�YDFFLQDWLRQZLWK�KHSDWLWLV�%�VXUIDFH�DQWLJHQ��.LGQH\�,QW���������������������
&DOGHU�3&��Q���SRO\XQVDWXUDWHG�IDWW\�DFLGV�DQG�F\WRNLQH�SURGXFWLRQ�LQ�KHDOWK�DQG�GLVHDVH��$QQ1XWU�0HWDE�������������������
&DVRQ�-��$LQOH\�&&��:ROVWHQFURIW�5$��1RUWRQ�.5��7KRPSVRQ�53��&HOO�PHGLDWHG�LPPXQLW\LQ�DQRUH[LD�QHUYRVD��&OLQ�([S�,PPXQRO�������������������
&DVWOH�6��8\HPXUD�.��:RQJ�:��0RGOLQ�5��(IIURV�5��(YLGHQFH�RI�HQKDQFHG�W\SH���LPPXQHUHVSRQVH� DQG� LPSDLUHG� XSUHJXODWLRQ� RI� D� W\SH� �� UHVSRQVH� LQ� IUDLO� HOGHUO\� QXUVLQJ� KRPHUHVLGHQWV��0HFK�$JHLQJ�'HY����������������
&URVVOH\�.%��3HWHUVRQ�3.��,QIHFWLRQV�LQ�WKH�HOGHUO\��&OLQ�,QIHFW�'LV�������������������
'HQQHK\� 3+�� 6DUDFHQ� &/�� 3HWHU� *�� 6HURFRQYHUVLRQ� UDWHV� WR� FRPELQHG� PHDVOHV�PXPSV�UXEHOOD�YDULFHOOD� YDFFLQH� RI� FKLOGUHQ�ZLWK� XSSHU� UHVSLUDWRU\� WUDFW� LQIHFWLRQ�� 3HGLDWULFV� �����������������
'HVFRWHV�-��9LDO�7��&\WRUHGXFWLYH�GUXJV��,Q��'HDQ�-+��/XVWHU�0,��0XQVRQ�$(��:KLWH�.��HGV��,PPXQRWR[LFRORJ\�DQG�,PPXQRSKDUPDFRORJ\���QG�(G��5DYHQ�3UHVV��1�<��������SS���������
'HVHGD�7RXV�-��&KHUU\�-'��6SHQFHU�0-��:HOOLYHU�5&��%R\HU�.0��'XGOH\�-3��=DKUDGQLN�-0�.UDXVH�3-��:DOEHUJK�(:��0HDVOHV�UHYDFFLQDWLRQ��SHUVLVWHQFH�DQG�GHJUHH�RI�DQWLERG\�WLWHU�E\W\SH�RI�LPPXQH�UHVSRQVH��$P�-�'LV�&KLOG�������������������
'HVRPEHUH� ,��:LOOHPV�$��/HURX[�5RXOV�*��5HVSRQVH� WR�KHSDWLWLV�%�YDFFLQH��PXOWLSOH�+/$JHQHV�DUH�LQYROYHG��7LVVXH�$QWLJHQV�������������������
'H� 6ZDUW� 5/�� 5RVV� 36�� 7LPPHUPDQ� ++�� 9RV� +:�� 5HLMQGHUV� 3-+�� 9RV� -*�� 2VWHUKDXV$'0(�� ,PSDLUHG� FHOOXODU� LPPXQH� UHVSRQVH� LQ� KDUERXU� VHDOV� �3KRFD� YLWXOLQD�� IHGHQYLURQPHQWDOO\�FRQWDPLQDWHG�KHUULQJ��&OLQ�([SHULPHQW�,PPXQRO���������������������
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'LHW]�9��*DOD]ND�$��9DQ�/RRQ�)��&RFKL�6��)DFWRUV�DIIHFWLQJ�WKH�LPPXQRJHQLFLW\�DQG�SRWHQF\RI� WHWDQXV� WR[RLG�� LPSOLFDWLRQV� IRU� WKH� HOLPLQDWLRQ� RI� QHRQDWDO� DQG� QRQ�QHRQDWDO� WHWDQXV� DVSXEOLF�KHDOWK�SUREOHPV��%XOO�:+2P�����������������
'RQGL�(��)LQFR�2��0DQWRYDQL�9��0HOH�/��5XEHUWR�*��&XFFLD�0��,QYROYHPHQW�RI�+/$�DQG�&�LQ�WKH�QRQ�UHVSRQVLYHQHVV�WR�KHSDWLWLV�%�YDFFLQH��)XQG�&OLQ�,PPXQRO�����������������
(GPRQVRQ�0%��'DYLV�-3��+RSIHQVSHUJHU�'-��%HUJ�-/�3D\WRQ�/$��0HDVOHV�YDFFLQDWLRQ�GXULQJWKH�UHVSLUDWRU\�YLUXV�VHDVRQ�DQG�ULVN�RI�YDFFLQH�IDLOXUH��3HGLDWULFV�������������������
0F0DKRQ�%-��:DLQZULJKW�5%��3URWHFWLYH�HIILFDF\�RI�KHSDWLWLV�%�YDFFLQHV�LQ�LQIDQWV��FKLOGUHQDQG�DGXOWV�� ,Q��(OOLV��5�� �(G���+HSDWLWLV�%�YDFFLQHV� LQ�FOLQLFDO�SUDFWLFH�0DUFHO�'HNNHU��1�<�������SS���������
(3,� �([SDQGHG� 3URJUDPPH� RQ� ,PPXQL]DWLRQ���:RUOG� +HDOWK� 2UJDQL]DWLRQ�� ,PPXQRORJLFDOEDVLV�IRU�LPPXQL]DWLRQ�����*HQHUDO�,PPXQRORJ\��:+2�(3,�*(1��������*HQqYH������
)DJLROR� 8�� $PDGRUL� $�� &R]]L� (�� %HQGR� 5��� /DPD�0�� 'RXJODV� $�� 3DOX� *�� +XPRUDO� DQGFHOOXODU�LPPXQH�UHVSRQVH�WR�LQIOXHQ]D�YLUXV�YDFFLQDWLRQ�LQ�DJHG�KXPDQV��$JLQJ�0LODQR�����������������
)DGHQ� +�� 'XII\� /�� (IIHFW� RI� FRQFXUUHQW� YLUDO� LQIHFWLRQ� RQ� V\VWHPLF� DQG� ORFDO� DQWLERG\UHVSRQVHV�WR�OLYH�DWWHQXDWHG�DQG�HQKDQFHG�SRWHQF\�LQDFWLYDWHG�SROLRYLUXV�YDFFLQHV��$P�-�'LV&KLOG����������������������
)XJLHU�9LYLHU� ,��6HUYHW�'HOSUDW�&��5LYDLOOHU��3��5LVVVRDQ�0&��/LX�<-��5DERXUGLQ�&RPEH�&�0HDVOHV� YLUXV� VXSSUHVVHV� FHOO�PHGLDWHG� LPPXQLW\� E\� LQWHUIHULQJ� ZLWK� WKH� VXUYLYDO� DQGIXQFWLRQV�RI�GHQGULWLF�DQG�7�FHOOV��-�([S�0HG��������������������
*HUULWVHQ�(-$��9DQ�7RO�0-'��9DQ�
W�9HHU�0%��:HOV�-0$��.KRXZ�,06/��7RXZ�&5��-RO�YDQGHU� =LMGHQ� &0�� +HUPDQV� -�� 5�PNH� +&�� 5DGO� -�� 9RVVHQ� -0�� &ORQDO� G\VUHJXODWLRQ� RI� WKHDQWLERG\�UHVSRQVH�WR�WHWDQXV�WR[RLG�DIWHU�ERQH�PDUURZ�WUDQVSODQWDWLRQ��%ORRG���������������������
*ODVHU� 5�� .LHFROW� *ODVHU� -.�� %RQQHDX� 5+�� 0DODUNH\� :�� .HQQHG\� 6�� +XJKHV� -�� 6WUHVV�LQGXFHG�PRGXODWLRQ�RI�WKH�LPPXQH�UHVSRQVH�WR�UHFRPELQDQW�KHSDWLWLV�%�YDFFLQH��3V\FKRVRP0HG�����������������
*ROOD�-$��/DUVRQ�/$��$QGHUVRQ�&)��/XFDV�$5��:LOVRQ�:5��7RPDVL�7%��$Q�LPPXQRORJLFDODVVHVVPHQW�RI�SDWLHQWV�ZLWK�DQRUH[LD�QHUYRVD��$P�-�&OLQ�1XWU���������������������
*UDYHQVWHLQ�6��0LOOHU�%$��'ULQND�3��3UHYHQWLRQ�DQG�FRQWURO�RI�LQIOXHQ]D�$�RXWEUHDNV�LQ�ORQJ�WHUP�FDUH�IDFLOLWLHV��,QIHFW�&RQWURO�+RVS�(SLGHPLRO�����������������
*URVV� 3$�� 4XLQQDQ�*9��:HNVOHU�0(�� *DHUODQ� 3)�� 'HQQLQJ� &5�� ,PPXQL]DWLRQ� RI� HOGHUO\SHRSOH�ZLWK�KLJK�GRVHV�RI�LQIOXHQ]D�YDFFLQH��-�$P�*HULDWU�6RF�������������������
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*URVV�3$��+HUPRJHQHV�$:��6DFNV�+6��/DX�-��/HYDQGRZVNL�5$��7KH�HIILFDF\�RI� LQIOXHQ]DYDFFLQH� LQ� HOGHUO\� SHUVRQV�� $� PHWD�DQDO\VLV� DQG� UHYLHZ� RI� WKH� OLWHUDWXUH�� $QQ� ,QWHUQ� 0HG�������������������
+DGOHU�6&��)UDQFLV�'3��0D\QDUG�-(��7KRPVRQ�6(��-XGVRQ�)1��&KHQEHUJ�')��2VWURZ�'*�2¶0DOOH\�30��3HQOH\�.$��$OWPDQ�1/��/RQJ�WHUP�LPPXQRJHQLFLW\�DQG�HIILFDF\�RI�KHSDWLWLV% YDFFLQH�LQ�KRPRVH[XDO�PDQ��1HZ�(QJO�-�0HG�������������������
+DOVH\�1��*DOD]ND�$��7KH�HIILFDF\�RI�'37�DQG�RUDO�SROLRP\HOLRWLV� LPPXQL]DWLRQ�VFKHGXOHVLQLWLDWHG�IURP�ELUWK�WR����ZHHNV�RI�DJH��%XOO�:+2��������������������D�
+DOVH\�1$��%RXORV�5��0RGH�)��$QGUH�-��%RZPDQ�/��<DHJHU�5*��7RXUHDX�6��5RKGH�-��%RXORV&��5HVSRQVH�WR�PHDVOHV�YDFFLQH�LQ�+DLWLDQ�LQIDQWV���WR����PRQWKV�ROG��,QIOXHQFH�RI�PDWHUQDODQWLERGLHV��PDOQXWULULRQ��DQG�FRQFXUUHQW�LOOQHVVHV��1�(QJ�-�0HG�����E���������������
+D\QH\�06��3RODQG�*$�� -DFREVRQ�50�� 6FKDLG�'-�� /LSVN\� --�� 7KH� LQIOXHQFH� RI� WKH�+/$�'5%�
���DOOHOH�RQ�PHDVOHV�YDFFLQH�UHVSRQVH��-�,QYHVW�0HG�������������������
+D\QH\�06��3RODQG�*$��'LPDQOLJ�3��6FKDLG�'-��-DFREVRQ�50��/LSVN\�--��3RO\PRUSKLVPV�RIWKH�7$3��JHQH�PD\�LQIOXHQFH�DQWLERG\�UHVSRQVH�WR�OLYH�PHDVOHV�YDFFLQH�YLUXV��9DFFLQH��������������
+D\QH\� 06�� 3RODQG� *$�� -DFREVRQ� 50�� 5DEH� '�� 6FKDLG� '-�� -DFREVHQ� 6-�� /LSVN\� --�5HODWLRQVKLS�RI�+/$�'4$��DOOHOHV�DQG�KXPRUDO�DQWLERG\�IROORZLQJ�PHDVOHV�YDFFLQDWLRQ��,QW- ,QIHFW�'LV������������������
+|KOHU�7��0H\HU�&8��1RWJKL�$��6WUDGPDQQ�%HOOLQJKDXVHQ��%��6FKQHLGHU�30��6WDUNH�5��=HSS)��6lQJHU�5��&OHPHQV�5��0H\HU� ]XP�%�VFKHQIHOGH�.+��5LWWQHU�&��7KH� LQIOXHQFH� RI�PDMRU
KLVWRFRPRSDWLELOLW\� FRPSOH[� FODVV� ,,� JHQHV� DQG� 7�FHOO� 9b UHSHUWRLUH� RQ� UHVSRQVH� WRLPPXQL]DWLRQ�ZLWK�+%V$J��+XP�,PPXQRO�������������������
+X]O\� '�� 1HLIHU� 6�� 5HLQNH� 3�� 6FKURGHU� .�� 6FKRQIHOG� &�� +RIPDQQ� 7�� %LHQ]OH� 8�� 5RXWLQHLPPXQL]DWLRQV�LQ�DGXOW�UHQDO�WUDQVSODQW�UHFLSLHQWV��7UDQVSODQWDWLRQ�������������������
,IHNZXQLJZH�$(��*UDVVHW�1��*ODVV�5��)RVWHU�6��,PPXQH�UHVSRQVHV�WR�PHDVOHV�DQG�VPDOOSR[YDFFLQDWLRQV�LQ�PDOQRXULVKHG�FKLOGUHQ��$P�-�&OLQ�1XWU�������������������
,3&6�� (QYLURQPHQWDO� +HDOWK� &ULWHULD� ����� 3ULQFLSOHV� DQG� PHWKRGV� IRU� DVVHVVLQJ� GLUHFWLPPXQRWR[LFLW\�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�FKHPLFDOV��:+2��*HQHYD������
-DEDDLM� /�� *URVKHLGH� 30�� +HLMWLQN� 5$�� 'XLYHQYRRUGHQ� +-�� %DOOLHX[� 5(�� 9LQJHUKRHWV� $-�,QIOXHQFH� RI� SHUFHLYHG� SV\FKRORJLFDO� VWUHVV� DQG� GLVWUHVV� RQ� DQWLERG\� UHVSRQVH� WR� ORZ� GRVHU'1$�KHSDWLWLV�%�YDFFLQH��-�3V\FKRVRP�5HV��������������������
-DEDDLM� /�� 9DQ� +DWWXP� -�� 9LQJHUKRHWV� --�� 2RVWYHHQ� )*�� 'XLYHQYRRUGHQ� +-�� %DOOLHX[� 5(�0RGXODWLRQ�RI� LPPXQH�UHVSRQVH�WR� U'1$�KHSDWLWLV�%�YDFFLQDWLRQ�E\�SV\FKRORJLFDO�VWUHVV��-3V\FKRVRP�5HV�������������������
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.DUS�&/��:\VRFND�0��:DKO�/0��$KHDUQ�-0��&XRPR�3-��6KHUU\�%��7ULQFKLHUL�*��*ULIILQ�'(�0HFKDQLVP�RI�VXSSUHVVLRQ�RI�FHOO�PHGLDWHG� LPPXQLW\�E\�PHDVOHV�YLUXV��6FLHQFH�������������������

.HOOH\�'6��%HQGLFK�$��(VVHQWLDO�QXWULHQWV�DQG�LPPXQRORJLF�IXQFWLRQV��$P�-�&OLQ�1XWU�������������6����6�

.HUHQ�*��6HJHY�6��0RUDJ�$��=DND\�5RQHV�=��%DU]LODL�$��5XELQVWHLQ�(��)DLOXUH�RI� LQIOXHQ]DYDFFLQDWLRQ�LQ�WKH�DJHG��-�0HG�9LURO�����������������

.LHFROW�*ODVHU�-.��*ODVHU�5��*UDYHQVWHLQ�6��0DODUNH\�:%��6KHULGDQ�-��&KURQLF�VWUHVV�DOWHUVWKH� LPPXQH� UHVSRQVH� WR� LQIOXHQ]D�YLUXV�YDFFLQH� LQ�ROGHU� DGXOWV��3URF�1DWO�$FDG�6FL�8�6�$���������������������

.LHOPDQQ�$$��8EHURL�,6��&KDQGUD�5.��0HKUD�9/��7KH�HIIHFW�RI�QXWULWLRQDO�VWDWXV�RQ�LPPXQHFDSDFLW\� DQG� LPPXQH� UHVSRQVHV� LQ� SUHVFKRRO� FKLOGUHQ� LQ� D� UXUDO� FRPPXQLW\� LQ� ,QGLD�� %XOO:RUOG�+HDOWK�2UJDQ�������������������

.LP�-+��,QIHFWLRQ�DQG�F\FORVSRULQ��5HY�,QIHFW�'LV�������������������

.RWZDO�*-��0LFURRUJDQLVPV�DQG�WKHLU�LQWHUDFWLRQ�ZLWK�WKH�LPPXQH�V\VWHP��-�/HXN�%LRO������������������
/DEDGLH�-��6XQGHUPDQQ�/&��5�PNH�+&�DQG� WKH�'37�,39�+LE�YDFFLQH� VWXG\� JURXS��0XOWL�FHQWHU�VWXG\�RQ�WKH�VLPXOWDQHRXV�DGPLQLVWUDWLRQ�RI�'37�,39�DQG�+LE�353�7�YDFFLQHV��3DUW���,PPXQRJHQLFLW\��5,90�5HSRUW������������0DUFK�������%LOWKRYHQ�
/DEULH� )�� %HODQJHU� $�� &XVDQ� /�� *RPH]� -/�� &DQGDV� %�� 0DUNHG� GHFOLQH� LQ� VHUXPFRQFHQWUDWLRQV� RI� DGUHQDO� &��� VH[� VWHURLG� SUHFXUVRUV� DQG� FRQMXJDWHG� DQGURJHQ� PHWDEROLWHVGXULQJ�DJLQJ��-�&OLQ�(QGRFULQRO�0HWDE���������������������
/DQJ|�:DUHQVM|� $�� &DUGHOO� .�� /LQGEORP� %�� +DSORW\SHV� FRPSULVLQJ� VXEW\SHV� RI� WKH'4%�
��� DOOHOH� GLUHFW� WKH� DQWLERG\� UHVSRQVH� DIWHU� LPPXQLVDWLRQ� ZLWK� KHSDWLWLV� %� VXUIDFHDQWLJHQ��7LVVXH�$QWLJHQV�������������������
/DZUHQFH�'+��,PPXQRWR[LFLW\�RI�KHDY\�PHWDOV��,Q��'HDQ�-+��/XVWHU�0,��0XQVRQ�$(��$PRV+��HGV���,PPXQRWR[LFRORJ\�DQG�,PPXQRSKDUPDFRORJ\��5DYHQ�3UHVV��1HZ�<RUN�������S�����
/HVRXUG�%��3URWHLQ� XQGHUQXWULWLRQ� DV� WKH�PDMRU� FDXVH� RI� GHFUHDVHG� LPPXQH� IXQFWLRQ� LQ� WKHHOGHUO\��FOLQLFDO�DQG�IXQFWLRQDO�LPSOLFDWLRQV��1XWU�5HY�����������6������
/HVRXUG�%0��1XWULWLRQ�DQG�LPPXQLW\�LQ�WKH�HOGHUO\��PRGLILFDWLRQ�RI�LPPXQH�UHVSRQVHV�ZLWKQXWULWLRQDO�WUHDWPHQWV��$P�-�&OLQ�1XWU��������������6����6�
/LJWKDUW� *-�� &RUEHUDQG� -;�� )RXUQLHU� &�� *DODQDXG� 3�� +LMPDQV� :�� .HQQHV� %�� 0XOOHU+HUPHOLQN�+.��6WHLQPDQQ�**��$GPLVVLRQ�FULWHULD�IRU�LPPXQRJHURQWRORJLFDO�VWXGLHV�LQ�PDQ�WKH�6(1,(85�SURWRFRO��0HFK�$JHLQJ�'HY�����������������
/LYLQJVWRQ�%'��$OH[DQGHU�-��&ULPL�&��2VHURII�&��&HOLV�(��'DO\�.��*XLGRWWL�/*��&KLVDUL�)9�)LNHV�-��&KHVQXW�5:��6HWWH�$��$OWHUHG�KHOSHU�7�O\PSKRF\WH�IXQFWLRQ�DVVRFLDWHG�ZLWK�FKURQLF
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KHSDWLWLV� %� YLUXV� LQIHFWLRQ� DQG� LWV� UROH� LQ� UHVSRQVH� WR� WKHUDSHXWLF� YDFFLQDWLRQ� LQ� KXPDQV�� -,PPXQRO����������������������
/RNH�5+��0XUUD\�/\RQ�,0��&ROHPDQ�-&��(YDQV�%$��=XFNHUPDQ�$-��'LPLQLVKHG�UHVSRQVH�WRUHFRPELQDQW�KHSDWLWLV�%�YDFFLQH�LQ�KRPRVH[XDO�PHQ�ZLWK�+,9�DQWLERG\��DQ�LQGLFDWRU�RI�SRRUSURJQRVLV��-�0HG�9LURO�������������������
/RULD�50��$QWLJOXFRFRUWLFRLG� IXQFWLRQ� RI� DQGURVWHQHWULRO�� 3V\FKRQHXURHQGRFULQRORJ\� ��������6XSSO�����6����6����
/RXDJLH� +�� 'HODQJKH� -�� 'HVRPEHUH� ,�� 'H� %X\]HUH� 0�� +DXVHU� 3�� /HURX[�5RHOV� *�+DSWRJORELQ�SRO\PRUSKLVP�DQG� WKH� LPPXQH�UHVSRQVH�DIWHU�KHSDWLWLV�%�YDFFLQDWLRQ��9DFFLQH��������������������
/XVWHU� 0,�� 3RWLHU� &�� 3DLW� '*�� :KLWH� ./�� *HQQLQJV� &�� 0XQVRQ� $(�� 5RVHQWKDO� *-�� 5LVNDVVHVVPHQW�LQ�LPPXQRWR[LFRORJ\��,��6HQVLWLYLW\�DQG�SUHGLFWDELOLW\�RI�LPPXQH�WHVWV��)XQG�$SSO7R[LFRO�������������������
/XVWHU�0,��3RWLHU�&��3DLW�'*��5RVHQWKDO�*-��&RPPHQW�&(��&RUVLQL�(��%OD\ORFN�%/��3ROORFN3�� .RXFKL�� <�� &UDLJ� 0XQVRQ� $(�� :KLWH� ./�� 5LVN� DVVHVVPHQW� LQ� LPPXQRWR[LFRORJ\�� ,,�5HODWLRQVKLS�EHWZHHQ�LPPXQH�DQG�KRVW�UHVLVWDQFH�WHVWV��)XQG�$SSO�7R[LFRO�����������������
0DOGRQD�<$��3HQD�&UX]�9��GH�/X]�6DQFKH]�0��/RJDQ�/��%ODQGRQ�6��&DQWZHOO�0)��0DWVXL60�� 0LOODQ�9HODVFR� )�� 9DOGHVSLQR� -/�� 6HSXOYHGD� -�� +RVW� DQG� YLUDO� IDFWRUV� DIIHFWLQJ� WKHGHFUHDVHG�LPPXQRJHQLFLW\�RI�6DELQ�W\SH���YDFFLQH�DIWHU�DGPLQLVWUDWLRQ�RI�WULYDOHQW�RUDO�SROLRYDFFLQH�WRW�UXUDO�0D\DQ�FKLOGUHQ��,QI�'LV��������������������
0DQFLQL� '$�� 0HQGRQFD� 50�� 0HQGRQFD� 5=�� 'R� 3UDGR� -$�� 'H� $QGUDGH� &0�� ,PPXQHUHVSRQVH� WRYDFFLQH� DJDLQVW� LQIOXHQ]D� LQ� VPRNHUV�� QRQ�VPRNHUV�� DQG�� LQ� LQGLYLGXDOV� KROGLQJUHVSLUDWRU\�FRPSOLFDWLRQV��%ROO�&KLP�)DUP������������������
0DUFRV�$��9DUHOD�3��7RUR�2��/RSH]�9LGULHUR� ,��1RYD�(��0DGUXJD�'��&DVDV� -��0RUDQGH�*�,QWHUDFWLRQ�EHWZHHQ�QXWULWLRQ�DQG�LPPXQLW\�LQ�DQRUH[LD�QHUYRVD��D���\�IROORZ�XS�VWXG\��$P�-&OLQ�1XWU��������������6����6�
0DUFRV�$��9DUHOD�3��7RUR�2��1RYD�(��/RSH]�9LGULHUR�,��0RUDQGH�*��(YDOXDWLRQ�RI�QXWULWLRQDOVWDWXV� E\� LPPXQRORJLF� DVVHVVPHQW� LQ� EXOLPLD� QHUYRVD�� LQIOXHQFH� RI� ERG\� PDVV� LQGH[� DQGYRPLWLQJ�HSLVRGHV��$P�-�&OLQ�1XWU��������������6����6�
0DUULH�7-��3QHXPRQLD��%DLOOLHUHV��&OLQ�,QIHFW�'LV����������������
0DUWLQHWWL�0��&XFFLD�0��'DLHOOL�&��$PEURVHOOL�)��*DWWL�&��3L]]RFKHUR�&��%HOORQL�&��2UVROLQL3�� 6DOYDQHVFKL� /�� $QWL�+%9� QHRQDWDO� LPPXQL]DWLRQ� ZLWK� UHFRPELQDQW� YDFFLQH�� 3DUW� ,,�0ROHFXODU�EDVLV�RI�WKH�LPSDLUHG�DOORUHDFWLYLW\��9DFFLQH�������������������
0F'HUPRWW�$%��=XFNHUPDQ�-1��6DELQ�&$��0DUVK�6*(��0DGULJDO�-$��&RQWULEXWLRQ�RI�KXPDQOHXNRF\WH�DQWLJHQV�WR�WKH�DQWLERG\�UHVSRQVH�WR�KHSDWLWLV�%�YDFFLQDWLRQ��7LVVXH�$QWLJHQV���������������
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0H\GDQL�61��0H\GDQL�0��%OXPEHUJ�-%��/HND�/6��6LEHU�*��/RVHZVNL�5��7KRPVRQ�&��3HGURVD0&��'LDPRQG�5'��6WROODU�%'��9LWDPLQ�(�VXSSOHPHQWDWLRQ�DQG�LQ�YLYR�LPPXQH�UHVSRQVH�LQKHDOWK\�HOGHUO\�VXEMHFWV��$�UDQGRPL]HG�FRQWUROOHG�WULDO��-$0$����������������������
0LGGOHWRQ� (�� .DQGDVZDPL� &�� (IIHFWV� RI� IODYRQRLGV� RQ� LPPXQH� DQG� LQIODPPDWRU\� FHOOIXQFWLRQV��%LRFKHP�3KDUPDFRO����������������������
0LJDVHQD� 6�� 6LPDVDWKLHQ� 6�� 6DPDNRVHV� 5�� 3LWLVXWWLWKDP� 3�� +HDWK� -�� %HOOLQL�:�� %HQQHWW� -�$GYHUVH� LPSDFW� RI� LQIHFWLRQV� RQ� DQWLERG\� UHVSRQVHV� WR�PHDVOHV� YDFFLQDWLRQ��9DFFLQH� �����������������
0LOOHU�$(��6HOHFWLYH� GHFOLQH� LQ� FHOOXODU� LPPXQH� UHVSRQVH� WR� YDULFHOOD�]RVWHU� LQ� WKH� HOGHUO\�1HXURORJ\�������������������
0LQHWD�0��7DQLPXUD�0��7DQD�7��<VVHO�+��.DVKLZDJL�6�� 6DVD]XNL�7��&RQWULEXWLRQ� RI�+/$FODVV� ,� DQG� FODVV� ,,� DOOHOHV� WR� WKH� UHJXODWLRQ� RI� DQWLERG\� SURGXFWLRQ� WR� KHSDWLWLV� %� VXUIDFHDQWLJHQ�LQ�KXPDQV��,QW�,PPXQRO������������������
0RQMRXU�/��%RXUGLOORQ�)��)URPHQW�$��&ODXGLR�5LEHUR�'��)DEUH�0��+DVWDQJ�&��*HQWLOLQL�0�(IILFDF\� RI� PHDVOHV� YDFFLQDWLRQ� LQ� \RXQJ� PDOQRXULVKHG� $IULFDQ� FKLOGUHQ@� &RQWULEXWLRQ� DO
HWXGH�GH�O
HIILFDFLWH�GH�OD�YDFFLQDWLRQ�DQWLURXJHROHXVH�FKH]�OH�MHXQH�HQIDQW�$IULFDLQ�PDOQXWUL�%XOO�6RF�3DWKRO�([RW�)LOLDOHV�������������������
0XIVRQ� 0$�� +XJKH\� ')�� 7XUQHU� &(�� 6FKLIIPDQ� *�� 5HYDFFLQDWLRQ� ZLWK� SQHXPRFRFFDOYDFFLQH�RI�HOGHUO\�SHUVRQV���\HDUV�DIWHU�SULPDU\�YDFFLQDWLRQ��9DFFLQH������������������
3DGJHWW�'$��6KHULGDQ�-)��/RULD�50��6WHURLG�KRUPRQH�UHJXODWLRQ�RI�D�SRO\FORQDO�7+��LPPXQHUHVSRQVH���$QQ�1�<��$FDG�6FL��������������������
3DQXVK�56��'HODIXHQWH�-&��9LWDPLQV�DQG�LPPXQRFRPSHWHQFH��:RUOG�5HY�1XWU�'LHW�����������������
3DYORY� (3��+DUPDQ� 60�� &KURXVRV� *3�� /RULDX[�'/�� %ODFNPDQ�05�� 5HVSRQVHV� RI� SODVPDDGUHQRFRUWLFRWURSLQ�� FRUWLVRO�� DQG� GHK\GURHSLDQGURVWHURQH� WR� RYLQH� FRUWLFRWURSLQ�UHOHDVLQJKRUPRQH�LQ�KHDOWK\�DJLQJ�PHQ��-�&OLQ�(QGRFULQRO�0HWDE�������������������
3HWU\�/-��:HHPV�/%��/LYLQJVWRQH�-1��5HODWLRQVKLS�RI�VWUHVV��GLVWUHVV��DQG� WKH� LPPXQRORJLFUHVSRQVH�WR�D�UHFRPELQDQW�KHSDWLWLV�%�YDFFLQH��-�)DP�3UDFW�������������������
3KDLU� -��.DXIIPDQ�&$��%MRUQVRQ�$GDPV� /�� /LQQHPDQQ� &�� )DLOXUH� WR� UHVSRQG� WR� LQIOXHQ]DYDFFLQH�LQ�WKH�DJHG��FRUUHODWLRQ�ZLWK�%�FHOO�QXPEHU�DQG�IXQFWLRQ��-�/DE�&OLQ�0HG������������������
3RODQG� *$�� +D\QH\� 06�� 6FKDLG� '-�� -DFREVRQ� 50�� /LSVN\� --�� &ODVV� ,,� +/$�'5KRPR]\JRFLW\�LV�DVVRFLDWHG�ZLWK�QRQ�UHVSRQVH�WR�PHDVOHV�YDFFLQH�LQ�8�6��FKLOGUHQ��)$6(%�-���������$����
3RODQG�*$��-DFREVRQ�50��6FKDLG�'��0RRUH�6%��-DFREVHQ�6-��7KH�DVVRFLDWLRQ�EHWZHHQ�+/$FODVV� ,� DOOHOHV� DQG� PHDVOHV� YDFFLQH�LQGXFHG� DQWLERG\� UHVSRQVH�� HYLGHQFH� RI� D� VLJQLILFDQWDVVRFLDWLRQ��9DFFLQH���������������������
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3RODQG�*$��-DFREVRQ�50��&ROERXUQH�6$��7KDPS\�$0��/LSVN\� --��:ROODQ�3&��5REHUWV�3�-DFREVRQ� 6-�� 0HDVOHV� DQWLERG\� VHURSUHYDOHQFH� UDWHV� DPRQJ� LPPXQL]HG� ,QXLW�� ,QQX�� DQG&DXFDVLDQ�VXEMHFWV��9DFFLQH���������������������
3R]]HWWR�%��2GHOLQ�0)��%LHQYHQX�-��'HID\ROOH�0��$\PDUG�0��,V�WKHUH�D�UHODWLRQVKLS�EHWZHHQPDOQXWULWLRQ�� LQIODPPDWLRQ�� DQG� SRVW�YDFFLQDO� DQWLERG\� UHVSRQVH� WR� LQIOXHQ]D� YLUXVHV� LQ� WKHHOGHUO\"�-�0HG�9LURO�����������������
3ULWFKDUG� ',�� $OL� 10�� %HKQNH� -0�� $QDO\VLV� RI� WKH� PHFKDQLVP� RI� LPPXQRGHSUHVVLRQIROORZLQJ� KHWHURORJRXV� DQWLJHQLF� VWLPXODWLRQ� GXULQJ� FRQFXUUHQW� LQIHFWLRQ� ZLWK1HPDWRVSLURLGHV�GXELXV��,PPXQRORJ\������������������
5DWQDP�6��:HVW�5��*DGDJ�9��0HDVOHV�DQG� UXEHOOD�DQWLERG\�UHVSRQVH�DIWHU�PHDVOHV�PXPSV�UXEHOOD�YDFFLQDWLRQ�LQ�FKLOGUHQ�ZLWK�DIHEULOH�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQ��-�3HGLDWU�������������������
5HLJHUW� -5��*UDEHU� &'�� (YDOXDWLRQ� RI� WKH� KXPRUDO� LPPXQH� UHVSRQVH� RI� FKLOGUHQ�ZLWK� ORZOHYHO�OHDG�H[SRVXUH��%XOO��(QYLURQP��&RQWDP��7R[LFRO�������������������
5HQQHOV�0%��,QIOXHQFH�RI�EUHDVW�IHHGLQJ�DQG�RUDO�SROLRYLUXV�YDFFLQH�RQ�WKH�LPPXQRJHQLFLW\DQG�HIILFDF\�RI�URWDYLUXV�YDFFLQHV��-�,QI�'LV������������6��������
5LQN�/��&DNPDQ�,��.LUFKQHU�+��$OWHUHG�F\WRNLQH�SURGXFWLRQ�LQ�WKH�HOGHUO\��0HFK�$JHLQJ�'HY�������������������
5LQN� /�� 6H\IDUWK�0��&KDUDFWHULVWLFV� RI� LPPXQRORJLF� WHVW� YDOXHV� LQ� WKH� HOGHUO\�� =� *HURQWRO*HULDWU�������������������
5RRPH� $-�� :DOVK� 6-�� &DUWWHU� 0/�� +DGOHU� -/�� +HSDWLWLV� %� YDFFLQH� UHVSRQVHLYHQHVV� LQ&RQQHFWLFXW�SXEOLF�VDIHW\�SHUVRQHO��-$0$����������������������
6DON�-��&RKHQ�+��)LOODVWUH�&��6WRHFNHO�3��5H\�-�/��6FKOXPEHUJHU�0��1LFRODV�$��9DQ�6WHHQLV*��9DQ�:H]HO�$/��7ULDX�5��6DOLRX�3��%DUU\�/)��0RUHDX�-�3��0pULHX[�&��.LOOHG�SROLRYLUXVDQWLJHQ�WLWUDWLRQV�LQ�KXPDQV��'HYHORS�%LRO�6WDQG�������������������
6DQNLODPSL�8��,VRDKR�5��%ORLJX�$��.LYHOD�6/��/HLQRQHQ�0��(IIHFW�RI�DJH��VH[�DQG�VPRNLQJKDELWV�RQ�SQHXPRFRFFDO�DQWLERGLHV�LQ�DQ�HOGHUO\�SRSXODWLRQ�� ,QW�-�(SLGHPLRO�������������������
6DSVH� $�7�� &RUWLVRO�� KLJK� FRUWLVRO� GLVHDVHV� DQG� DQWL�FRUWLVRO� WKHUDS\�3V\FKRQHXURHQGRFULQRORJ\����������6XSSO�����6��6���
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