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6DPHQYDWWLQJ
+HW� LV� QRJ� RQGXLGHOLMN� RI� ]RQOLFKW�� HQ� LQ� KHW� ELM]RQGHU� XOWUDYLROHW� %�� VFKDGHOLMN� LV� YRRUFHOOXODLUH� LPPXQLWHLW� LQ� SHUVRQHQ� GLH�PHW�+,9� ]LMQ� JHwQIHFWHHUG�� OHLGHQG� WRW� HHQ� YHUVQHOGHSURJUHVVLH� YDQ� $,'6�� :LM� KHEEHQ� ELM� +,9�� KRPRVH[XHOH� GHHOQHPHUV� LQ� GH� ³$PVWHUGDP&RKRUW�6WXG\´�GH�PDWH�YDQ�89%�EORRWVWHOOLQJ�YDVWJHVWHOG�JHGXUHQGH�GH�SHULRGH�YDQ������WRW������ GRRU� PLGGHO� YDQ� HHQ� UHWURVSHFWLHYH� TXHVWLRQQDLUH�� (HQ� WZHHWDO� PDWHQ� ZHUG� GDDUELMJHKDQWHHUG�� HHQ� FXPXODWLHYH� PDDW� �KHW� WRWDDO� DDQ� 89%� RSJHORSHQ� JHGXUHQGH� GH� JHKHOHSHULRGH�� HQ� HHQ� NRUWH� WHUPLMQ� PDDW� �GH� EORRWVWHOOLQJ� JHGXUHQGH� KHW� DDQJHJHYHQ� WLMGYDN��*HEUXLNPDNHQG�YDQ�GH�QRQ�SDUDPHWULVFKH�0DQQ�:KLWQH\�WHVW�HQ�UHJUHVVLH�DQDO\VH�ZHUG�GHDVVRFLDWLH�WXVVHQ�GH�WRWDOH�89%�EORRWVWHOOLQJ�GLH�ZHUG�RSJHORSHQ�JHGXUHQGH�WZHH�MDDU�HQ�KHWYHUORRS� YDQ� GH� YROJHQGH� LPPXQRORJLVFKH� SDUDPHWHUV� EHVWXGHHUG�� &'��� 7 FHO� DDQWDOOHQ�&'��&'��UDWLR��HQ�7�FHO�UHDFWLYLWHLW�QD�VWLPXODWLH�PHW�DQWL�&'��DQWLOLFKDPHQ��9RRUWV�ZHUG�GHNRUWH� WHUPLMQ� DVVRFLDWLH� WXVVHQ� 89%� EORRWVWHOOLQJ� SHU� SHULRGH� HQ� GH� LPPXQRORJLVFKHSDUDPHWHUV�EHVWXGHHUG��JHEUXLNPDNHQG�YDQ�HHQ�OLQHDLU�PL[HG�HIIHFW�PRGHO��/0(���0HW�JHHQYDQ� EHLGH� EHQDGHULQJHQ� ZDV� KHW� PRJHOLMN� HHQ� VLJQLILFDQW� HIIHFW� YDQ� EORRWVWHOOLQJ� RS� GH]HSDUDPHWHUV� DDQ� WH� WRQHQ�� ,Q� GH� EHQDGHULQJ� PHW� GH� NRUWH� WHUPLMQ� EORRWVWHOOLQJ� ZDV� HHQWUHQGPDWLJ� HIIHFW� WH�]LHQ��+HW� LV� QLHW� DDQQHPHOLMN�GDW�GLW� JHULQJH� HIIHFW� NOLQLVFKH� UHOHYDQWLHYRRU�GH�LQGLYLGXHQ�LQ�KHW�RQGHU]RHNVFRKRUW�KHHIW��PDDU�KHW�JHHIW�ZHO�DDQ�GDW�HU�PRJHOLMN�HHQHIIHFW�YDQ�89�LQ�HHQ�JURWHUH�RQGHU]RHNVJURHS�YDVWJHVWHOG�]RX�NXQQHQ�ZRUGHQ�
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6XPPDU\
:KHWKHU�VXQOLJKW��HVSHFLDOO\�XOWUDYLROHW�%�UDGLDWLRQ��89%��H[SRVXUH�LV�KDUPIXO�WR�WKH�FHOOXODULPPXQLW\� RI� +,9� LQIHFWHG� LQGLYLGXDOV� DQG� ZKHWKHU� LW� LV� DVVRFLDWHG� ZLWK� DQ� DFFHOHUDWHGSURJUHVVLRQ�WRZDUG�$,'6�LV�VWLOO�XQGHU�GHEDWH��$PRQJ�+,9��KRPRVH[XDO�SDUWLFLSDQWV�RI�WKH$PVWHUGDP�&RKRUW�6WXG\��WKH�GHJUHH�RI�H[SRVXUH�WR�89%�ZDV�DVVHVVHG�RYHU�D�SHULRG�IURP����� XQWLO� ����� E\� PHDQV� RI� D� UHWURVSHFWLYH� TXHVWLRQQDLUH�� 7ZR� 89%� PHDVXUHV� ZHUHFDOFXODWHG�� D� FXPXODWLYH� PHDVXUH� �WKH� WRWDO� DPRXQW� RI� 89%� H[SRVXUH� UHFHLYHG� RYHU� WZR\HDUV��DQG�D�VKRUW�WHUP�PHDVXUH��WKH�DPRXQW�RI�89%�H[SRVXUH�SHU�VWDWHG�SHULRG���8VLQJ�ERWKWKH�QRQSDUDPHWULF�0DQQ�:KLWQH\�WHVW�DQG�UREXVW�UHJUHVVLRQ��WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�WRWDODPRXQW� RI� 89%� UHFHLYHG� LQ� WKH� WZR�\HDU� LQWHUYDO� DQG� WKH� VORSHV� RI� WKH� IROORZLQJLPPXQRORJLFDO� SDUDPHWHUV� ZHUH� VWXGLHG�� &'��� 7 FHOO� FRXQW�� &'��&'�� UDWLR� DQG� 7� FHOOUHDFWLYLW\� DIWHU� VWLPXODWLRQ� ZLWK� &'�� DQWLERGLHV�� 6HFRQGO\�� WKH� VKRUW�WHUP� DVVRFLDWLRQEHWZHHQ� 89%� H[SRVXUH� SHU� SHULRG� DQG� WKH� LPPXQRORJLFDO� SDUDPHWHUV� ZHUH� VWXGLHG� ZLWKOLQHDU�PL[HG�HIIHFW�PRGHOV��/0(��� ,Q� WKH�VWXG\�JURXS�ZLWK�D�PHGLDQ�&'�� 7 FHOO�FRXQW�RI��� [� ����O�� QR� DVVRFLDWLRQ� FRXOG� EH� HVWDEOLVKHG� EHWZHHQ� 89%� H[SRVXUH�� DQG� WKHLPPXQRORJLFDO�SDUDPHWHUV��$PRQJ�+,9�LQIHFWHG�LQGLYLGXDOV��QR�LQGLFDWLRQV�FRXOG�EH�IRXQGEHWZHHQ�WKH�WZR�\HDU�FXPXODWLYH�89%�H[SRVXUH�DQG�PDUNHUV�RI�FHOOXODU�LPPXQLW\��8VLQJ�WKHOLQHDU�PL[HG�HIIHFWV�PRGHO�IRU�ORQJLWXGLQDO�GDWD��D�VOLJKW�WUHQG�LQ�ORZHU�YDOXHV�RI�PDUNHUV�RIFHOOXODU�LPPXQLW\�DIWHU�KLJKHU�VKRUW�WHUP�89%�H[SRVXUH�ZDV�QRWHG�� ,W� LV�TXLWH�XQOLNHO\�WKDWWKLV�VPDOO�HIIHFW�KDV�FOLQLFDO�VLJQLILFDQFH� IRU� WKH� LQGLYLGXDOV�RI� WKH�VWXG\�FRKRUW��\HW� LW�PD\LQGLFDWH�WKDW�DQ�HIIHFW�RI�89�PLJKW�KDYH�EHHQ�HVWDEOLVKHG�LQ�D�ODUJHU�FRKRUW�
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���,QWURGXFWLRQ
'HVSLWH� WKH� JUHDW�QXPEHU�RI�SXEOLFDWLRQV�RQ� WKH�KDUPIXO� HIIHFWV� RI�8OWUDYLROHW�5DGLDWLRQ�%�89%���DV�LV�SUHVHQW�LQ�VXQOLJKW��RQ�WKH�FHOOXODU�LPPXQLW\�LQ�+,9�LQIHFWHG�VXEMHFWV��WKLV�LVVXHLV�VWLOO�D�PDWWHU�RI�GHEDWH��,W�LV�HYLGHQW�IURP�H[�YLYR�LQ�YLWUR�UHVHDUFK�WKDW�89%�KDV�D�QHJDWLYHHIIHFW�RQ�WKH�QXPEHU�DQG�IXQFWLRQ�RI�SHULSKHUDO�7�FHOOV��/DQJHUKDQV�FHOOV� >���@�DQG�FRQWDFWK\SHUVHQVLWLYLW\�UHVSRQVH�>�@��DQG� WKDW�89%�LV�FDSDEOH�RI�+,9�UHDFWLYDWLRQ� LQ�YLWUR� >�@��$QLPSRUWDQW� LQGLFDWLRQ� WKDW� 89%� VXSSUHVVHV� KXPDQ� LPPXQH� UHVSRQVLYHQHVV� ZDV� WKH� ILQGLQJWKDW�H[SRVXUH�RI�KXPDQ�VNLQ�WR�VXE�HU\WKHPDO�GRVHV�RI�89%�IROORZHG�E\�WKH�DSSOLFDWLRQ�RI�DFRQWDFW�VHQVLWL]HU�WR�WKH�LUUDGLDWHG�VLWH�UHVXOWV�LQ�D�GHFUHDVHG�K\SHUVHQVLWLYLW\��&+6��UHVSRQVH>�@�� ,W�ZDV� VKRZQ� WKDW� VXFK� VXSSUHVVLRQ�ZDV� DOVR� LQGXFHG�ZKHQ�ZKROH� ERG\� UDGLDWLRQ�ZDVDSSOLHG��HYHQ�WKRXJK�WKH�VLWH�RI�DSSOLFDWLRQ�RI�WKH�FRQWDFW�VHQVLWL]HU�ZDV�VKLHOGHG�IURP�89%UDGLDWLRQ��7KLV�LV�DQ�LQGLFDWLRQ�WKDW�WKH�HIIHFWV�RI�89%�RQ�WKH�VNLQ�LPPXQH�V\VWHP�GR�QRW�VWD\FRQILQHG� ORFDOO\�� ,W�ZDV�GHPRQVWUDWHG� WKDW� VNLQ� W\SH�KDV�QR� LQIOXHQFH�RQ� SRWHQWLDO� RI�89%HIIHFWV�� %ODFN� YROXQWHHUV� ZHUH� DV� HTXDOO\� VXVFHSWLEOH� DV� &DXFDVLDQV� WR� 89%�LQGXFHGVXSSUHVVLRQ� RI� &+6� >�@�� )XUWKHUPRUH�� EHFDXVH� D� GHFUHDVH� LQ� WKH� &'�� 7 FHOO� FRXQW� DQG&'��&'��UDWLR� KDV� EHHQ� GHVFULEHG� DPRQJ� KHDOWK\� VXEMHFWV� DIWHU� QRQ�H[SHULPHQWDO� 89%H[SRVXUH�>�@��ZH�K\SRWKHVLVHG�WKDW�+,9�LQIHFWHG�VXEMHFWV�DUH�SRVVLEO\�PRUH�YXOQHUDEOH�WR�WKHLPPXQR�VXSSUHVVLYH�HIIHFWV�RI�89%�>��@��7KLV�LV�HVSHFLDOO\�UHOHYDQW�EHFDXVH�LW�LV�QRZDGD\VSRVVLEOH�WR�WUHDW�.DSRVL¶V�VDUFRPD�ZLWK�SKRWR�G\QDPLF�WKHUDS\�>��@�
7KH�DLP�RI�WKLV�XQLTXHO\�GHVLJQHG�VWXG\�WKHUHIRUH�ZDV�WR�LQYHVWLJDWH�WKH�DVVRFLDWLRQ�EHWZHHQQRQ�H[SHULPHQWDO�DQG�GD\�WR�GD\�89%�H[SRVXUH�DQG�WKH�FHOOXODU� LPPXQLW\�RI�+,9�LQIHFWHGVXEMHFWV��)RU�WKH�DVVHVVPHQW�RI� WKH�H[SRVXUH�WR�89%��ZH�GHVLJQHG�D�WZR�\HDU�UHWURVSHFWLYHTXHVWLRQQDLUH�� 7KLV� TXHVWLRQQDLUH� HQDEOHG� XV� WR� HVWLPDWH� ERWK� VKRUW�WHUP� DQG� FXPXODWLYHH[SRVXUH�WR�89%��6XEVHTXHQWO\��ZH�LQYHVWLJDWHG�ZKHWKHU� WKHUH�ZDV�DQ�DVVRFLDWLRQ�EHWZHHQWKH FDOFXODWHG�H[SRVXUH�WR�89%�DQG�WKH�LPPXQRORJLFDO�DVVHVVPHQWV�GHWHUPLQHG�LQ�WKH�WZR�\HDU�WLPH�LQWHUYDO�
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���0DWHULDO�DQG�PHWKRGV
����6WXG\�JURXS
6LQFH�2FWREHU������+,9�VHURQHJDWLYH�DQG�VHURSRVLWLYH�KRPRVH[XDO�PHQ�KDYH�EHHQ�HQUROOHGLQ� WKH� $PVWHUGDP� &RKRUW� VWXG\� RQ� WKH� QDWXUDO� KLVWRU\� RI� +,9� DQG� $,'6� >��@�� $OO� +,9VHURSRVLWLYH�SDUWLFLSDQWV�ZHUH� VHHQ�DW� WKUHH�PRQWKO\� YLVLWV�� DW�ZKLFK� D�PHGLFDO� KLVWRU\�ZDVWDNHQ�� D� SK\VLFDO� H[DPLQDWLRQ�ZDV� GRQH� DQG� EORRG�ZDV� GUDZQ� IRU� YDULRXV� YLURORJLFDO� DQGLPPXQRORJLFDO�WHVWV�

����([SRVXUH�DVVHVVPHQW
,Q� WKH� SHULRG� IURP� -DQXDU\� XQWLO� $SULO� ������ TXHVWLRQQDLUHV� ZHUH� KDQGHG� RXW� WR� DOOSDUWLFLSDQWV�ZKR�YLVLWHG�RXU�VWXG\�VLWH��7KH�VHOI�DGPLQLVWHUHG�TXHVWLRQQDLUH�ZDV�GHVLJQHG�WRDVVHVV�WKH�H[SRVXUH�RI�VXQOLJKW�DQG�DUWLILFLDO�89%�VRXUFHV�LQ�WKH�WZR�SUHFHGLQJ�\HDUV�>��@��$PRUH� GHWDLOHG� H[SODQDWLRQ� RI� WKH� H[SRVXUH� DVVHVVPHQW� XVHG� LV� GHVFULEHG� HOVHZKHUH� >��@�6XQOLJKW� H[SRVXUH� ZDV� H[SUHVVHG� DV� WKH� GDLO\� QXPEHU� RI� KRXUV� RXWGRRUV� UHSRUWHG� GXULQJ�KROLGD\��RFFXSDWLRQDO��DQG�OHLVXUH�DVVRFLDWHG�DFWLYLWLHV�� ,Q�DGGLWLRQ��VHOI�UHSRUWHG�GDWD�RQ�WKHFRYHUDJH� E\� FORWKLQJ�� WKH� VRUW� RI� DFWLYLWLHV� �H�J�� VZLPPLQJ�� VDLOLQJ��� WKH� FRXQWULHV� RIGHVWLQDWLRQ�DQG� WKH� VHDVRQ�HQDEOHG�XV� WR�ZHLJKW�HDFK� UHSRUWHG�KRXU� IRU� WKH� HIIHFWV�RI� WKHVHIDFWRUV� RQ� WKH� 89%� GRVH� UHFHLYHG�� 7KH� ZHLJKWLQJ� IDFWRUV� IRU� WKH� HIIHFWV� RI� FORWKLQJ� DQGDFWLYLW\�ZHUH�GHULYHG�IURP�OLWHUDWXUH��:HLJKWLQJ�IDFWRUV�IRU�WKH�HIIHFW�RI� ODWLWXGH�DQG�VHDVRQZHUH FDOFXODWHG� RQ� WKH� EDVLV� RI� GDWD� RQ� HQYLURQPHQWDO� LUUDGLDQFHV� REWDLQHG� IURP� WKH/DERUDWRU\� RI� 5DGLDWLRQ� 5HVHDUFK� RI� WKH� 5,90� >�����@�� ([SRVXUH� GXH� WR� WKH� XVH� RI� DVRODULXP�ZDV�HVWLPDWHG�E\�DVVXPLQJ�WKDW�HDFK�YLVLW�WR�WKH�VRODULXP�LV�HTXLYDOHQW�WR�RQH�0('� ���-�P� DW�ZDYHOHQJWK�����QP��>��@�
7KH�GDWD�IURP�WKH�TXHVWLRQQDLUH�HQDEOHG�XV�WR�DVVHVV�WKH�H[SRVXUH�WR�89%�ERWK�FXPXODWLYH��RYHU�WKH�WZR�SUHFHGLQJ�\HDUV���DQG�VHSDUDWHO\�IRU�GLIIHUHQW�SHULRGV�VXFK�DV�KROLGD\�SHULRGV�LQVXQQ\� FRXQWULHV�� 7KLV� ODWWHU� 89%� PHDVXUH� LV� HVSHFLDOO\� XVHIXO� LQ� VWXG\LQJ� WKH� VKRUW�WHUPHIIHFWV�RI�89%�RQ�WKH�LPPXQH�V\VWHP�DQG�WKH�SRVVLEOH�PHFKDQLVPV�RI�DGDSWDWLRQ��%HFDXVHWKH LPSDFW�RI�VXQVFUHHQ�XVH�DQG�VNLQ�W\SH�RQ�WKH�FHOOXODU�LPPXQLW\�LV�TXHVWLRQDEOH��WKH\�ZHUHQRW� LQFOXGHG� LQ� WKH� H[SRVXUH� DVVHVVPHQW� >����@�� 6XEVHTXHQWO\��ZH� H[DPLQHG�ZKHWKHU� WKHUHZDV�DQ�DVVRFLDWLRQ�EHWZHHQ�WKRVH�89%�PHDVXUHV�DQG�&'�� 7 FHOO�FRXQW��&'��&'��UDWLR�DQG7 FHOO�UHDFWLYLW\�DIWHU�VWLPXODWLRQ�ZLWK�&'��DQWLERGLHV��&'��0$E���&'��0$E�LV�NQRZQ�WREH D�VHQVLWLYH�PDUNHU�WKDW�FDQ�EH�LPSDLUHG�HDUO\�LQ�WKH�+,9���LQIHFWLRQ�FRXUVH�>�����@�

����6WDWLVWLFV
'LIIHUHQW�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�FDWHJRULFDO�DV�ZHOO�DV�FRQWLQXRXV�89%�GDWD��:LWKWKH�OHDVW�VTXDUH�OLQHDU�UHJUHVVLRQ�WHFKQLTXH��LQGLYLGXDO�VORSHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�GDWDRI� WKH� LPPXQRORJLFDO� DVVHVVPHQWV� JDWKHUHG� LQ� WKH� WZR�\HDU� WLPH� LQWHUYDO�� 7KH� 0DQQ�:KLWQH\�8�WHVW�ZDV�XVHG�WR�FRPSDUH�WKH�LQGLYLGXDO�VORSHV�RI�VXEMHFWV�ZLWK�D�ORZ�YHUVXV�KLJK
FXPXODWLYH� 89%� H[SRVXUH� �� ��� SHUFHQWLOH��� 6HFRQGO\�� D� UREXVW� 0�HVWLPDWHV� UHJUHVVLRQDQDO\VLV�ZDV�SHUIRUPHG��7KLV� WHFKQLTXH�FDQ�EH�XVHG�LI� WKH�GDWD�GR�QRW�VDWLVI\�WKH�QRUPDOLW\
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FRQGLWLRQV� RU� LI� WKH� GDWD� FRQWDLQ� VLJQLILFDQW� RXWOLHUV� >��@�� ,Q� WKLV� DQDO\VLV�� ZH� H[DPLQHGZKHWKHU�WKHUH�ZDV�D�OLQHDU�FRUUHODWLRQ�EHWZHHQ�WKH�FRQWLQXRXV�FXPXODWLYH�89%�PHDVXUHV�DQGWKH� LQGLYLGXDO� VORSHV� RI� WKH� LPPXQRORJLFDO� DVVHVVPHQWV�� 6XEMHFWV� ZKR� KDG� VWDUWHG� ZLWK+LJKO\�$FWLYH�$QWL5HWURYLUDO�7UHDWPHQW��+$$57��ZHUH�H[FOXGHG�IURP�WKRVH�WZR�DQDO\VHV�,Q�WKH�WKLUG�DQDO\VLV��E\�PHDQV�RI�D� OLQHDU�PL[HG�HIIHFW�PRGHO� �/0(��IRU� ORQJLWXGLQDO�GDWD�WKH� VKRUW�WHUP� 89%� HIIHFW� RQ� WKH� LPPXQRORJLFDO� SDUDPHWHUV� ZDV� H[DPLQHG� >��@�� ,Q� WKHEDVHOLQH�PRGHO��ZH�ILUVW�LQYHVWLJDWHG�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�LPPXQRORJLFDO�SDUDPHWHUVDQG� FDOHQGDU� WLPH�� ,Q� DQ� H[WHQGHG� PRGHO�� WKH� VKRUW�WHUP� FXPXODWLYH� 89%� H[SRVXUH� SHUSHULRG�ZDV� DGGHG�� 7KH� HIIHFW� RI� 89%� H[SRVXUH� RQ� WKH�PDUNHUV� RI� FHOOXODU� LPPXQLW\� ZDVHYDOXDWHG�E\�H[DPLQLQJ�ZKHWKHU�WKHUH�ZDV�DQ�DVVRFLDWLRQ�EHWZHHQ�WKH�VKRUW�WHUP�FXPXODWLYH89%�H[SRVXUH�UHFHLYHG�GXULQJ�SHULRGV�RI�RQH�ZHHN��WZR�ZHHNV�RU�WKUHH�PRQWKV�SULRU�WR�WKHLPPXQRORJLFDO� DVVHVVPHQW�� DQG� WKH� RXWFRPH� RI� WKH� LPPXQRORJLFDO� WHVW�� ,Q� WKH� FDVH� RI� DVXSSUHVVLYH�89%�HIIHFW�D�QHJDWLYH�GHYLDWLRQ�LV�VHHQ�RI�WKH�TXDUWLOH�LQWHUFHSW��FRPSDUHG�ZLWKWKH�EDVHOLQH�LQWHUFHSW��ILJXUH�����,Q�WKH�FDVH�RI�D�EHQHILFLDO�HIIHFW��D�SRVLWLYH�GHYLDWLRQ�LV�VHHQ�)XUWKHUPRUH�� LQ� WKLV�H[WHQGHG�PRGHO��89%�H[SRVXUH�ZDV� FDWHJRULVHG� LQ�TXDUWLOHV��+$$57XVDJH�ZDV�LQFOXGHG�LQ�WKH�PRGHO�DV�D�WLPH�GHSHQGHQW�FR�YDULDEOH�

����/DERUDWRU\�PHWKRGV
$OO�VHURORJLFDO�WHVWV�ZHUH�FDUULHG�RXW�LQ�IUHVK�VHUD��7�FHOO�VXEVHWV�ZHUH�WHVWHG�XVLQJ�IUHVK�FHOOV�&'�� DQG�&'�� 7 FHOOV�ZHUH�HQXPHUDWHG�E\�D�GLUHFW�LPPXQRIOXRUHVFHQW�WHFKQLTXH�XVLQJPRQRFORQDO�DQWLERGLHV�DQG�D�IORZF\WRPHWULF�V\VWHP��7R�PHDVXUH�7�FHOO�UHDFWLYLW\��IUHVK�FHOOVZHUH VWLPXODWHG�LQ�D�ZKROH�FXOWXUH�V\VWHP�ZLWK�&'��0$E��5HDFWLYLW\�ZDV�H[SUHVVHG�DV�WKHSHUFHQWDJH�RI�PHGLDQ�UHVSRQVHV�GHWHFWHG�LQ�FRQFXUUHQWO\�UXQQLQJ�FXOWXUHV�RI�ILYH�KHDOWK\FRQWUROV�



5,90�UHSRUW����������� SDJH���RI���

���5HVXOWV
����%DVHOLQH�FKDUDFWHULVWLFV�RI�89%�H[SRVXUH
2I�WKH�����TXHVWLRQQDLUHV�KDQGHG�RXW�WR�+,9�SRVLWLYH�KRPRVH[XDO�PHQ�LQ�WKH�SHULRG�-DQXDU\�����XQWLO�0D\����������ZHUH�UHWXUQHG��������2QH�VXEMHFW�ZDV�H[FOXGHG�IURP�WKH�DQDO\VLVEHFDXVH� KH� UHWXUQHG� WKH� TXHVWLRQQDLUH� HPSW\�� 2I� WKH� UHPDLQLQJ� ��� +,9� LQIHFWHGDV\PSWRPDWLF� VXEMHFWV�� QLQH� KDG� UHFHQWO\� VWDUWHG� ZLWK� +$$57�� 7KH� PHGLDQ� &'�� 7 FHOOFRXQW��GHWHUPLQHG�DW�WKH�EHJLQQLQJ�RI�WKH�TXHVWLRQQDLUH�SHULRG��ZDV�����[�����O��LQWHU�TXDUWLOHUDQJH��,45�������������7KH�PHGLDQ�QXPEHU�RI�YLVLWV�DQG�FRQVHTXHQWO\�WKH�QXPEHU�RI�VHULDOLPPXQRORJLFDO�GHWHUPLQDWLRQV�ZDV����,45���������ZLWK�D�PHGLDQ�VWXG\�LQWHUYDO�RI�����\HDUV�,45������������7KH�PHGLDQ�QXPEHU�RI�ZHLJKWHG�KRXUV�RI�89%�H[SRVXUH�RYHU�WZR�\HDUV�ZDV�����KRXUV� �,45������������RU�����KRXUV�SHU�GD\� �,45������������0DQ\�RI� WKH�SDUWLFLSDQWVUHSRUWHG�KROLGD\�SHULRGV� LQ�VRXWKHUQ�VXQQ\�FRXQWULHV��6HDVRQDO� IOXFWXDWLRQV�DOVR� VKRZHG�XSYHU\�FOHDUO\�LQ�WKH�DQVZHUV�WR�WKH�TXHVWLRQQDLUH��GDWD�QRW�VKRZQ���%\�-DQXDU\�������RQH�\HDUDIWHU� FRPSOHWLQJ� WKH� TXHVWLRQQDLUH�� RQO\� RQH� SHUVRQ� RXW� RI� WKH� ��� XQWUHDWHG� +,9� LQIHFWHGLQGLYLGXDOV�LQ�RXU�VWXG\�KDG�GHYHORSHG�$,'6��&DQGLGD�RHVRSKDJLWLV��

����5HVXOWV�XVLQJ�WKH�FXPXODWLYH�89%�PHDVXUH
,Q� QRQH� RI� WKH� WZR� DQDO\VHV� XVLQJ� WKH� FXPXODWLYH� 89%� PHDVXUH� FRXOG� DQ� DVVRFLDWLRQ� EHIRXQG�EHWZHHQ�89%�H[SRVXUH�DQG�WKH�LQGLYLGXDO�VORSHV�RI�WKH�LPPXQRORJLFDO�PDUNHUV��WDEOH�D��

����5HVXOWV�XVLQJ�WKH�VKRUW�WHUP�89%�PHDVXUH
,Q� WKH� WZR� \HDUV� SUHFHGLQJ� WKH� ILQDOLVDWLRQ� RI� WKH� TXHVWLRQQDLUH�� ���� LPPXQRORJLFDODVVHVVPHQWV� ZHUH� FDUULHG� RXW�� ,Q� WKH� EDVHOLQH� PRGHO�� FRQWDLQLQJ� RQO\� WKH� LPPXQRORJLFDOPDUNHUV�DQG�FDOHQGDU�WLPH��ERWK�&'�� 7 FHOOV�DQG�7�FHOO�UHDFWLYLW\�JUDGXDOO\�GHFUHDVHG�RYHUFDOHQGDU�WLPH��������FHOOV�[�����O��\HDU�DQG�������\HDU��UHVSHFWLYHO\���ZKHUHDV�&'��&'��UDWLRYHU\� VORZO\� LQFUHDVHG� ����\HDU��� $OWKRXJK� LQGLFDWLRQV� ZHUH� IRXQG� LQ� PRVW� RI� WKH� 89%TXDUWLOH�DQDO\VHV�RI�D�QHJDWLYH�GHYLDWLRQ�IURP�WKH�EDVHOLQH�PRGHO�ZLWKRXW�89%��QRQH�RI�WKHVHILQGLQJV� ZHUH� VLJQLILFDQW�� ,Q� DOO� WKH� DQDO\VHV�� KRZHYHU�� D� VLJQLILFDQW� UHODWLRQ� ZDV� IRXQGEHWZHHQ�WKH�LPPXQRORJLFDO�SDUDPHWHUV�DQG�+$$57�XVDJH��,Q�WDEOH��E�RQO\�WKH�GDWD�IURP�WKHDQDO\VLV�RI�WKH�WKUHH�PRQWKO\�SHULRGV�DUH�VKRZQ�
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7DEOH��D��5HVXOWV�RI�WKH�QRQ�SDUDPHWULF�DQG�UREXVW�OLQHDU�PRGHO��XVLQJ�WKH�FXPXODWLYH�89%PHDVXUH�REWDLQHG�IURP����+,9�LQIHFWHG�LQGLYLGXDOV�
3DUDPHWHUV 1RQ�SDUDPHWULF�WHVW 5REXVW�OLQHDU�PRGHO

S YDOXH 6ORSH ���&,� S YDOXH
&'�� ���� ������ ������WR����� ����
&'��&'� ���� �����Á �������WR������ ����
$&'� ���� �����
 �������WR����� ����
������FRQILGHQFH�LQWHUYDO��� XQLW�����FHOOV�\HDU��Á XQLW����\HDU�
 XQLW����\HDU

7DEOH��E��5HVXOWV�ORQJLWXGLQDO�DQDO\VLV��ZLWK�WKH�GHJUHH�RI�&'�� 7 FHOO��&'��&'��UDWLR��DQG7 FHOO�UHDFWLYLW\�FKDQJH��GHWHUPLQHG�LQ�WKH�WKUHH�PRQWKV�SULRU�WR�WKH�LPPXQRORJLFDODVVHVVPHQW��SHU�TXDUWLOH�89%�H[SRVXUH�
�������� ,QWHUYDO�LPPXQRORJLFDO�DVVHVVPHQW�DQG�WLPH�H[SRVXUH��WKUHHPRQWKV

89%�H[SRVXUH��QXPEHU�RI�KRXUV�DIWHU�ZHLJKWLQJ�&'�� 7 FHOO�FRXQW� &'����UDWLRÁ 7 FHOO�UHDFWLYLW\
GHYLDWLRQ� S YDOXH���� GHYLDWLRQ� S YDOXH���� 'HYLDWLRQ� S YDOXH����89%�TXDUWLOHV������KRXUV � � � � � ����������KRXUV ����� ���� ������ ���� ����� ��������������KRXUV ������ ���� ������ ���� ������ �������������KRXUV ������ ���� ������ ���� ������ ����+$$57# ���� ���� ���� ���� ���� ����
Á�&'��FHOOV��IRXUWK�URRW�WUDQVIRUPHG��Á&'����UDWLR��WKLUG�URRW�WUDQVIRUPHG��
�7 FHOO�UHDFWLYLW\�DIWHUVWLPXODWLRQ�ZLWK�&'��DQWLERGLHV��ILIWK�URRW�WUDQVIRUPHG���� GHYLDWLRQ�RI�WKH�LQWHUFHSW�IURP�EDVHOLQH�����RYHUDOO�VWDWLVWLFV�����������RYHUDOO�VWDWLVWLFV�����������RYHUDOO�VWDWLVWLFV�������� 89%�H[SRVXUH�GLYLGHG�LQIRXU�89%�H[SRVXUH�TXDUWLOHV��ZLWK�WKH�ORZHVW�TXDUWLOH�DV�UHIHUHQFH��� XQLW��WUDQVIRUPHG�LPPXQRORJLFDOPDUNHU�SHU�\HDU��# +$$57��+LJKO\�$FWLYH�$QWL5HWURYLUDOH�7UHDWPHQW�
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7KH� VKRULPPXQRORILUVW�TXDUWOLQHV��$GGUHFHLYHG�GDOVR�UHSUH
7KH�EROG�SHUVRQ�EHLV�XVHG�DV
6XEVHTXHRWKHU� ZRLPPXQRORHIIHFW��L�HDVVHVVPHQ
4XDUWLOH�WZR
GDU�WLPH

JXUH����6FKHPDWLF�UHSU

W�WHUP� FXPXODWLYH� 89JLFDO�DVVHVVPHQW�ZDV�GLYLOH�DV�UHIHUHQFH��7KH�WLPLWLRQDOO\��EHFDXVH�WKH�VKXULQJ��IRU�H[DPSOH��WKUHHVHQW�WKH�GLIIHUHQW�89%�TX
OLQH� UHSUHVHQWV� WKH�GHYHORQJLQJ�DOZD\V�WR�WKH�ORZ�D�UHIHUHQFH�
QWO\�� ZH� H[DPLQHG� ZKHWUGV�� ZKHWKHU� 89%� H[SJLFDO�PDUNHU� �D�QHJDWLYH��D�SRVLWLYH�GHYLDWLRQ�IURPWV��SHUVRQV�ZHUH�DEOH�WR�V
4XDUWLOH�WKUHH
HVHQWDWLRQ�RI�WKH�XVHG�P

%� H[SRVXUH� UHFHLYHG�� ILGHG�LQ�IRXU�HTXDO�SDUWV�DHV�RI�WKH�LPPXQRORJLFDO�DRUW�WHUP�FXPXODWLYH�H[SRV�PRQWKV��SULRU�WR�WKH�LPPDUWLOHV�
ORSPHQW�RI� WKH� LPPXQRORHVW�H[SRVXUH�FDWHJRU\��7K

KHU� 89%� H[SRVXUH� ZDV� DRVXUH� ZDV� FDSDEOH� RI� FD�GHYLDWLRQ�RI� WKH� LQWHUFHS�LQWHUFHSW���'HSHQGLQJ�RQZLWFK�EHWZHHQ�WKH�GLIIHUH
4XDUWLOH�IRXU
%ROG�OLQH��%DVHOLQH�PRGHO
'HYLDWLRQV�IURP�EDVHOLQH��SHU�TXDUWLOH
L[HG�HIIHFWV�PRGHO�

RU� H[DPSOH�� WKUHH� PRQWKV� EHIRUH� DQFFRUGLQJ�WR�WKH�TXDUWLOHV��ZLWK�WKH�ORZHVWVVHVVPHQWV�DUH�UHSUHVHQWHG�E\�WKH�GRWWHGXUH�LV�GHILQHG�DV�WKH�WRWDO�89%�H[SRVXUHXQRORJLFDO�DVVHVVPHQW��WKRVH�GRWWHG�OLQHV

JLFDO� SDUDPHWHU� RYHU� FDOHQGDU� WLPH� IRU� DH�ILUVW�TXDUWLOH�LV�QRW�SUHVHQWHG�EHFDXVH�LW

VVRFLDWHG� ZLWK� D� FKDQJH� RI� LQWHUFHSW�� ,QXVLQJ� D� WHPSRUDU\� VXSSUHVVLRQ� RI� WKHW� IURP� WKH�EDVHOLQH�PRGHO��RU� D�SRVLWLYH�WKH�LQGLYLGXDO�QXPEHU�RI�LPPXQRORJLFDOQW�TXDUWLOHV�PRUH�WKDQ�RQFH�
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���'LVFXVVLRQ
,Q� WKH�:HVWHUQ�:RUOG�� D� WDQQHG� VNLQ� LV� FRQVLGHUHG� DV� D� VLJQ�RI� JRRG�KHDOWK� DQG� SURVSHULW\>��@��7KLV��KRZHYHU��LV�RQO\�RQH�VLGH�RI�WKH�FRLQ��'XH�WR�WKH�FKDQJH�LQ�VXQ�VHHNLQJ�EHKDYLRXULQ�WKH�:HVWHUQ�:RUOG��D�VKDUS�ULVH�LQ�WKH�LQFLGHQFH�RI�89%�DVVRFLDWHG�VNLQ�FDQFHUV�VXFK�DV�QRQ�� PHODQRPDV�� LV� VHHQ� >�����@�� ,Q� DGGLWLRQ�� LQ� D� JUHDW� QXPEHU� RI� H[� YLYR� LQ� YLWUR� DQGDQLPDO� VWXGLHV� KDUPIXO� 89%� HIIHFWV� DUH� GHVFULEHG� LQ� WKH� YDULRXV� FRPSDUWPHQWV� RI� WKHLPPXQH�V\VWHP��,Q�RXU�VWXG\��KRZHYHU��ZH�SULPDULO\�IRFXVVHG�RQ�DV\PSWRPDWLF�+,9�LQIHFWHGLQGLYLGXDOV� WR� GHWHUPLQH� ZKHWKHU� WKHUH� ZHUH� LQGLFDWLRQV� RI� 89%� LQGXFHG� LPPXQRORJLFDOLPSDLUPHQWV��$GGLWLRQDOO\��ZH� LQYHVWLJDWHG�ZKHWKHU� WKLV� LQIOXHQFHG� WKH� SURJUHVVLRQ� UDWH� WRFOLQLFDO�$,'6��$PRQJ�+,9�LQIHFWHG�LQGLYLGXDOV��QR�LQGLFDWLRQV�FRXOG�EH�IRXQG�EHWZHHQ�WKHWZR� \HDU� FXPXODWLYH� 89%� H[SRVXUH� DQG� PDUNHUV� RI� FHOOXODU� LPPXQLW\�� 8VLQJ� WKH� OLQHDUPL[HG�HIIHFWV�PRGHO�IRU�ORQJLWXGLQDO�GDWD��D�VOLJKW�WUHQG�LQ�ORZHU�YDOXHV�RI�PDUNHUV�RI�FHOOXODULPPXQLW\�DIWHU�KLJKHU�VKRUW�WHUP�89%�H[SRVXUH�ZDV�QRWHG�
7KHUH�LV�D�GLVFUHSDQF\�EHWZHHQ�WKH�UHVXOWV�IRXQG�LQ�WKH��H[�YLYR��LQ�YLWUR�DQLPDO�DQG�FOLQLFDOOLWHUDWXUH��,Q�FRQWUDVW�WR�FOLQLFDO�VWXGLHV��LQ�D�JUHDW�QXPEHU�RI�LQ�YLWUR�DQG�DQLPDO�VWXGLHV�FOHDULQGLFDWLRQV�ZHUH�IRXQG�IRU�DQ�89%�DVVRFLDWHG�LPPXQH�PRGXODWHG�HIIHFW�DQG�+,9�DFWLYDWLRQ�,Q�D�UHFHQW�UHYLHZ�RI�$NDUDSKDQLK�HW�DO��>��@��KRZHYHU��ZKLFK�GHVFULEHG�WKH�UHVXOWV�RI�HOHYHQFOLQLFDO� 89%� VWXGLHV� DPRQJ� +,9� LQIHFWHG� LQGLYLGXDOV�� DQ� 89%� DVVRFLDWHG� &'�� 7 FHOOGHFOLQH�FRXOG�EH�HVWDEOLVKHG�LQ�RQH�VWXG\�RQO\�>��@�
%\�DVVHVVLQJ�LQGLYLGXDO�H[SRVXUH�LQ�WKLV�ZD\��GLIIHUHQW�VRXUFHV�RI�LQDFFXUDF\�PD\�KDYH�EHHQLQWURGXFHG�� )LUVW�� WKH� H[SRVXUH� DVVHVVPHQW� EDVHG� RQ� D� UHWURVSHFWLYH� TXHVWLRQQDLUH� UHOLHVKHDYLO\�RQ�WKH�UHFDOO�DQG�UHSRUWLQJ�RI�WKH�SDUWLFLSDQW��WKHUHE\�DOZD\V�LQWURGXFLQJ�D�ELDV��2QWKH RWKHU� KDQG�� LW� LV� NQRZQ� WKDW� WKH� KLJKHVW� H[SRVXUH� SHU� GD\� LV� UHFHLYHG� GXULQJ� KROLGD\V�$VVXPLQJ�WKDW�LW�LV�HDVLHU�WR�KDYH�D�PRUH�DFFXUDWH�UHPHPEUDQFH�RI�D�VSHFLDO�DQG�MR\IXO�HYHQWVXFK�DV�D�KROLGD\��ERWK�ZLWK� UHVSHFW� WR� JHRJUDSKLFDO� ORFDWLRQ� DQG� VHDVRQ�� WKH�TXHVWLRQQDLUHFDQ� EH� FRQVLGHUHG� VXIILFLHQW� IRU� LGHQWLILFDWLRQ� RI� VKRUW� SHULRGV� ZLWK� KLJK� H[SRVXUH� >��@�)LQDOO\��LW�PXVW�EH�HPSKDVL]HG�WKDW�GXH�WR�WKH�VPDOO�VDPSOH�VL]H��VXEWOH�89%�HIIHFW�FDQ�KDYHEHHQ�PLVVHG�
,Q� VXPPDU\�� DOWKRXJK� ZH� ZHUH� FDSDEOH� RI� GHWHFWLQJ� SHULRGV� RI� KLJK� 89%� H[SRVXUHDFFXUDWHO\��LQ�DJUHHPHQW�ZLWK�D�FOLQLFDO�VWXG\�RI�E\�6DDK�HW�DO��>��@��LQ�QHLWKHU�RI�WKH�DQDO\VHVZH ZHUH� DEOH� WR� GHWHFW� VWDWLVWLFDOO\� VLJQLILFDQWO\� HIIHFWV� RQ� PDUNHUV� RI� FHOOXODU� LPPXQLW\DPRQJ�+,9�LQIHFWHG�KRPRVH[XDO� LQGLYLGXDOV�� ,Q�WKH� UHSHDWHG�PHDVXUHPHQW�DQDO\VLV�D�VOLJKWWUHQG WRZDUGV�ORZHU�YDOXHV�RI�PDUNHUV�RI�FHOOXODU� LPPXQLW\�DIWHU�VKRUW� WHUP�89%�H[SRVXUHZDV� QRWHG�� ,W� LV� TXLWH� XQOLNHO\� WKDW� VXFK� D� VPDOO� HIIHFW� KDV� FOLQLFDO� VLJQLILFDQFH� IRU� WKHLQGLYLGXDOV�RI�WKH�VWXG\�FRKRUW��\HW�LW�PD\�LQGLFDWH�WKDW�D�VXEWOH�HIIHFW�RI�DPELHQW�89%�H[LVWV�&RUQILUPDWLRQ�RI�WKLV�QRWLRQ�UHTXLUHV�D�ODUJHU�FRKRUW��:H�DUH�FXUUHQWO\�LQYHVWLJDWLQJ�VHDVRQDOLQIOXHQFHV�RQ�PDUNHUV�RI�FHOOXODU�LPPXQLW\�LQ�WKH�HQWLUH�FRKRUW�RI�+,9�SRVLWLYH�LQGLYLGXDOV�IURP�ZKLFK�WKH�SDUWLFLSDQWV�RI�WKH�VWXG\�GHVFULEHG�KHUH�ZHUH�UHFUXLWHG�
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$FNQRZOHGJHPHQWV
7KLV� VWXG\�ZDV� SHUIRUPHG� DV� SDUW� RI� WKH�$PVWHUGDP�&RKRUW� VWXGLHV� RQ�+,9� LQIHFWLRQ� DQG$,'6��D�FROODERUDWLRQ�EHWZHHQ�WKH�0XQLFLSDO�+HDOWK�6HUYLFH��7KH�$FDGHPLF�0HGLFDO�&HQWHU�WKH�&/%��6DQJXLQ�%ORRG�6XSSO\�)RXQGDWLRQ� DQG�/DERUDWRU\� IRU�([SHULPHQWDO� DQG�&OLQLFDO,PPXQRORJ\��$PVWHUGDP��7KH�1HWKHUODQGV��:H� WKDQN�'U��+��6ODSHU� DQG�'U�� -��0DWWKLMVHQIURP WKH�/DERUDWRU\�RI�5DGLDWLRQ�5HVHDUFK�RI�WKH�5,90�IRU�WKHLU�DVVLVWDQFH��'U��5HQp�.HHWIRU KLV�DVVLVWDQFH�ZLWK�WKH�GHVLJQ�RI�WKH�VWXG\��*LOOLDQ�&RZLH�IRU�KHU�HGLWRULDO�VXSSRUW�DQG�1HO$OEUHFKW�DQG�0DUMD�'HNNHU�IRU�WKH�GDLO\�RUJDQLVDWLRQ�RI�WKH�FRKRUW�VWXG\��0RVW�RI�DOO�ZH�DUHLQGHEWHG�WR�WKH�PHQ�LQ�WKH�FRKRUW�IRU�SDUWLFLSDWLQJ�VR�ZLOOLQJO\�IRU�VR�ORQJ�
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5HIHUHQFHV
� ��� 7DNDVKLPD� $�� 89%�'HSHQGHQW� PRGXODWLRQ� RI� (SLGHUPDO� &\WRNLQH� QHWZRUN�� UROHV� LQ89%�LQGXFHG� GHSOHWLRQ� RI� /DQJHUKDQV� FHOOV� DQG� 'HQGULWLF� (SLGHUPDO� 7� FHOOV�� -'HUPDWRORJ\�������������������
� ���6WHLQ�%��.UDPHU�0��5DKPVGRUI�+-��3RQWD�+��+HUUOLFK�3��89�LQGXFHG�WUDQVFULSWLRQ�IURPWKH�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�W\SH����+,9����ORQJ�UHSHDW�DQG�89�LQGXFHG�VHFUHWLRQRI DQ�H[WUDFHOOXODU�IDFWRU�WKDW�LQGXFHV�+,9���WUDQVFULSWLRQ�LQ�QRQ�LUUDGLDWHG�FHOOV��-�9LURO������������������������
� ���7VFKDFKOHU�(��*URK�9��3RSRYLF�0��HW�DO��(SLGHUPDO�/DQJHUKDQV�FHOOV���D�WDUJHW�IRU�+7/9�,,,�/$9�LQIHFWLRQ���-�,QYHVWLJDWLYH�'HUPDWRO����������������������
� ���0XOOHU�+��.RMRXKDURII�*��%HUJHU�6��HW�DO��'LVWULEXWLRQ�DQG�LQIHFWLRQ�RI�/DQJHUKDQV�FHOOVLQ�WKH�VNLQ�RI�+,9�LQIHFWHG�KHDOWK\�VXEMHFWV�DQG�$,'6�SDWLHQWV��5HV�9LURO������������������
� ���'H�)DER�(&��1RRQDQ�)3��0HFKDQLVP�RI�,PPXQH�VXSSUHVVLRQ�E\�XOWUDYLROHW�LUUDGLDWLRQ�LQYLYR��-�([S�0HG�������������������
� ���.XPDU�6��2UVLQ�0-��/HH�-&��0F'RQQHOO�3&��'HERXFN�&��<RXQJ�35��$FWLYDWLRQ�RI� WKH+,9��� /RQJ� 7HUPLQDO� UHSHDW� E\� F\WRNLQHV� DQG� HQYLURQPHQWDO� VWUHVV� UHTXLUHV� DQ� DFWLYH&6%3�S���0$3�NLQDVH��-�%LRORJLFDO�&KHPLVWU\����������������������������
� ���&RRSHU�.'��2EHUKHOPDQ�/��+DPLOWRQ�7$��HW�DO��89�H[SRVXUH�UHGXFHV�LPPXQLVDWLRQ�UDWHVDQG�SURPRWHV� WROHUDQFH� WR�HSLFXWDQHRXV�DQWLJHQ� LQ�KXPDQV�� UHODWLRQVKLS� WR�GRVH��&'�D�'5��HSLGHUPDO�PDFURSKDJH�LQGXFWLRQ��DQG�/DQJHUKDQV�FHOO�GHSOHWLRQ��6FLHQFH��������������������
� ���9HUPHHU�0��6FKPLHGHU�*-��<RVKLNDZD�7��HW�DO��(IIHFWV�RI�XOWUDYLROHW�%�OLJKW�RQ�FXWDQHRXVLPPXQH�UHVSRQVHV�RI�KXPDQV�ZLWK�GHHSO\�SLJPHQWHG�VNLQ��-� LQYHVW�'HUPDWRO������������������
� ��� )DONHQEDFK� $�� 6HGOPH\HU� $�� 7UDYHO� WR� VXQQ\� FRXQWULHV� LV� DVVRFLDWHG� ZLWK� FKDQJHV� LQLPPXQRORJLFDO�SDUDPHWHUV��3KRWRGHUPDWRO�3KRWRLPPXQRO�������������������
����+HUVH\�3��+DUDQ�*��+DVLF�(��(GZDUGV�$��$OWHUDWLRQ�RI�7� FHOO� VXEVHWV� DQG� LQGXFWLRQ�RIVXSUHVVRU�7�&HOO�DFWLYLW\�LQ�QRUPDO�VXEMHFWV�DIWHU�H[SRVXUH�WR�VXQOLJKW��-�LPPXQRO��������������������
���� %HUQVWHLQ� =3�� :LOVRQ� ,%�� 2VHURII� $5�� HW� DO�� 3KRWRIULQ� SKRWR�G\QDPLF� WKHUDS\� IRUWUHDWPHQW�RI�$,'6�UHODWHG�FXWDQHRXV�NDSRVL
V�VDUFRPD��$,'6���������������������
����GH�:ROI�)��/DQJH�-0$��+RXZHOLQJ�-70��1XPEHUV�RI�&'���FHOOV�DQG�WKH�OHYHO�RI�FRUHDQWLJHQV�RI�DQG�DQWLERGLHV�WR�WKH�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�DV�SUHGLFWRUV�RI�$,'6DPRQJ�VHURSRVLWLYH�KRPRVH[XDO�PHQ��-�,QIHFW�'LV��������������������
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���� +HUVH\� 3�� +DVLF� (�� (GZDUGV� $�� ,PPXQRORJLFDO� HIIHFWV� RI� VRODULXP� H[SRVXUH�� /DQFHW������,����������
���� 7HUPRUVKXL]HQ� )�� *DUVVHQ� -�� 0DDV� --�� HW� DO�� 89%� DQG� LQIHFWLRXV� GLVHDVHV�� ([SRVXUHDVVHVVPHQW� E\� PHDQV� RI� D� UHWURVSHFWLYH� TXHVWLRQQDLUH� IRU� DQ� HSLGHPLRORJLFDO� VWXG\�5,90�UHSRUW�������������������%LOWKRYHQ�
����+HUOLK\�(��*LHV�3+��5R\�&��-RQHV�0��3HUVRQDO�GRVLPHWU\�RI�VRODU�UDGLDWLRQ�IRU�GLIIHUHQWRXWGRRU�DFWLYLWLHV��3KRWRFKHP�3KRWRELRO����������������������
����3HDUO�'.��6FRWW�(/��7KH�DQDWRPLFDO�GLVWULEXWLRQ�RI�VNLQ�FDQFHUV�� ,QW�-�(SLGHPLRO������������������
����6ODSHU�+��5HLQHQ�+$-0��%RUGHZLMN�-$��6FKODPDQQ�(��(IIHFWLYH�8OWUDYLROHW�UDGLDWLRQ�LQWKH�1HWKHUODQGV��5,90�UHSRUW������������������%LOWKRYHQ�
���� 6ODSHU� +�� (JJLQN� *-�� � %ORRWVWHOOLQJ� DDQ� XOWUDYLROHWWH� VWUDOLQJ�� (HQ� DQDO\VH� YDQ� KHWSUREOHHPYHOG��5,90�UHSRUW������������������%LOWKRYHQ�
����*DVSDUUR�)3��$� UHYLHZ�RI� VXQVFUHHQ�VDIHW\�DQG�HIILFDF\��3KRWRGHUPDWRO�3KRWRLPPXQRO���������������������
���� 5RRV� 07/�� 0LHGHPD� )�� .RRW� 0�� HW� DO�� 7� FHOO� IXQFWLRQ� LQ� YLWUR� LV� DQ� LQGHSHQGHQWSURJUHVVLRQ�PDUNHU�IRU�$,'6�LQ�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�LQIHFWHG�DV\PSWRPDWLFVXEMHFWV��-�,QIHFW�'LV�����������������������
���� 6FKHOOHNHQV� 37$�� .RRW� 0�� 5RRV� 07/�� 7HUVPHWWH� 0�� 0LHGHPD� )�� ,PPXQRORJLF� DQGYLURORJLF�PDUNHUV�GHWHUPLQLQJ�SURJUHVVLRQ�WR�$,'6��-�$FTXLU�,PPXQH�'HILF�6\QGU�+XP5HWURYLURO�����������VXSSO�����6���6��
���� $QRQ\PRXV�� 6�SOXV� JXLGH� WR� VWDWLVWLFV�� 6HDWWOH�� :DVKLQJWRQ�� 0DWKVRIW�� ������ 5REXVWVWDWLVWLFV��S����������
���� 9HQDEOHV� :1�� 5LSOH\� %'�� 0RGHUQ� $SSOLHG� VWDWLVWLFV� ZLWK� 6�3OXV�� 6HFRQG� HG�� �����5DQGRP�DQG�0L[HG�(IIHFWV��S����������
����)OHJJ�3-��3RWHQWLDO�ULVN�RI�XOWUDYLROHW�UDGLDWLRQ�LQ�+,9�LQIHFWLRQ��,QW�-�67'�$,'6�������������
����YDQ�/HHU�(0��&RHEHUJK�-::��YDQ�/HHXZHQ�)(��7UHQGV� LQ�NDQNHULQFLGHQWLH� HQ� VWHUIWHGRRU�NDQNHU�LQ�1HGHUODQG�JRHG�HQ�VOHFKW�QLHXZV��1HG�7LMGVFKU�*HQHHVNG�������������������������
����0LOOHU�'/��:HLQVWRFN�0$��1RQ�PHODQRPD�VNLQ�FDQFHU�LQ�WKH�8QLWHG�6WDWHV��-�$P�$FDG'HUPDWRO�������������������
���� +DOO� +,�� 0D\� '6�� /HZ� 5$�� .RK� +.�� 6XQ� SURWHFWLRQ� EHKDYLRXUV� RI� WKH� 86� ZKLWHSRSXODWLRQ��3UHY�0HG�������������������
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����$NDUDSKDQLK�5��/LP�+:��+,9��89�DQG�,PPXQRVXSSUHVVLRQ��3KRWRGHUPDWRO3KRWRLPPXQRO�����������������
����5DQNL�$��3XVND�3��0DWWLQHQ�6��/DJHUVWHGW�$��.URKQ�.��(IIHFW�RI�389$�RQ�,PPXQRORJLFDQG�YLURORJLF�ILQGLQJV�LQ�+,9�LQIHFWHG�3DWLHQWV��-�$P�$FDG�'HUPDWRO�������������������
���� %UDQGHQEHUJ� <�� 6MRUGHQ� 32�� 5RVGDKO� ,�� $VVHVVPHQW� RI� VXQ�UHODWHG� EHKDYLRXU� LQLQGLYLGXDOV� ZLWK� G\VSODVWLF� QDHYXV� V\QGURPH�� D� FRPSDULVRQ� EHWZHHQ� GLDU\� UHFRUGLQJVDQG�TXHVWLRQQDLUH�UHVSRQVHV��0HODQRPD�5HVHDUFK���������������������
����6DDK�$-��+RUQ�7'��+RRYHU�'5��HW�DO��6RODU�XOWUDYLROHW�UDGLDWLRQ�H[SRVXUH�GRHV�QRW�DSSHDUWR�H[DFHUEDWH�+,9�LQIHFWLRQ�LQ�KRPRVH[XDO�PHQ��$,'6�������������������������
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