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7LLQD�.DUX
���,QWURGXFWLRQ,QWHUHVW�LQ�WKH�DFWLRQ�RI�89�UDGLDWLRQ��895��RQ�PDPPDOLDQ�FHOOV�VWHPPHG�LQLWLDOO\�IURPWKH� QHHG� WR� LQWHUSUHW� WKH� HIIHFWV� RI� WKLV� UDGLDWLRQ� RQ� KXPDQV�� 7KLV� LQWHUHVW� ZDV� D� IRFXV� DW)LQVHQ
V�/LJKW�,QVWLWXWH�LQ�&RSHQKDJHQ��ZKHUH�VRPH�RI�WKH�ILUVW�EDVLF�VWXGLHV�RQ�WKH�HIIHFWV�RI895�RQ�DQLPDO�FHOOV�ZHUH�FDUULHG�RXW�DW�WKH�EHJLQQLQJ�RI�WKH�FHQWXU\��*LHVH���������'XULQJUHFHQW� GHFDGHV�� LQYHVWLJDWLRQ� LQWR� 895�LQGXFHG� HIIHFWV� RQ� FHOOV� KDV� EHHQ� RQH� RI� WKH� PRVWDFWLYH� DQG� H[WHQVLYHO\� VWXGLHG� DUHDV� LQ� SKRWRELRORJ\�� )RU� UHYLHZ� VHH�� H�J��� 5DXWK� �������3DLQWHU���������3HDN�DQG�3HDN���������DQG�0RDQ�DQG�3HDN��������)RU�PRVW�ELRORJLFDO�HIIHFWV�RI�895��VXFK�DV�OHWKDOLW\��PXWDWLRQ��DQG�WUDQVIRUPDWLRQ��'1$LV�FRQVLGHUHG�WR�EH�WKH�PDLQ�WDUJHW��)RU�H[DPSOH��DFWLRQ�VSHFWUD�IRU�OHWKDOLW\�DQG�PXWDJHQLFLW\�ZKLFK�DUH�VLPLODU�IRU�ERWK�SURNDU\RWHV�DQG�HXNDU\RWHV��IROORZ�WKH�VSHFWUD�IRU�'1$�DEVRUSWLRQDQG� S\ULPLGLQH� GLPHU� LQGXFWLRQ� �5RWKPDQ� DQG� 6HWORZ�� ������ &RRKLOO�� ������ VHH� DOVR� )LJ���D��
7LLQD�.DUX�� /DVHU�7HFKQRORJ\�&HQWHU�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV���������0RVFRZ�5HJLRQ��7URLW]N��5XVVLD�(QYLURQPHQWDO�89�3KRWRELRORJ\� HGLWHG�E\�$QWRQ\�5��<RXQJ�HO�DL� 3OHQXP�3UHVV��1HZ�<RUN�������

���
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:LWK�WKH�DGYHQW�RI�ODVHUV��QHZ�89�5�VRXUFHV�HPLWWLQJ�SXOVHG�UDGLDWLRQ�ZLWK�YDULRXV�SXOVHGXUDWLRQV� DQG� SHDN� LQWHQVLWLHV� KDYH� EHFRPH� DYDLODEOH�� ,W� ZRXOG� EH� RI� LQWHUHVW� WR� FRPSDUHFHOOXODU� UHVSRQVHV� WR� FODVVLFDO� FRQWLQXRXV�ZDYH� �&:�� DQG� SXOVHG� 89� UDGLDWLRQ� IRU� WZRUHDVRQV��)LUVW��GXULQJ�HYROXWLRQ��FHOOV�KDYH�DGDSWHG�WR�&:��VRODU��UDGLDWLRQ��DQG�LW�LV�QRW�FOHDUD�SULRUL WKDW� WKHLU� UHVSRQVHV� WR�&:�UDGLDWLRQ�DQG�SXOVHG�895�DW� WKH� VDPH�ZDYHOHQJWKV� DUHH[DFWO\� VLPLODU�� 6HFRQG�� LQ� WKH� FDVH�RI� YHU\� VKRUW� DQG� LQWHQVH� ODVHU� SXOVHV�� LW� LV� SRVVLEOH� WRH[FLWH� VLQJOHW� DQG� WULSOHW� HOHFWURQLF� VWDWHV� �WZR�TXDQWXP� H[FLWDWLRQ�� RI� WKH� SKRWRDFFHSWRUPROHFXOH��)LJ��/�E�F���,W�LV�NQRZQ�IURP�H[SHULPHQWV�ZLWK�'1$�EDVHV�DQG�YLUXVHV��/HWRNKRY������� 1LNRJRV\DQ� DQG� /H�WRNKRY�� ������ 1LNRJRV\DQ�� ������ WKDW� WZR�TXDQWXP� H[FLWDWLRQSURGXFHV�SKRWRSURGXFWV�GLIIHUHQW�IURP�WKRVH�SURGXFHG�E\�VLQJOH�SKRWRQ�895�H[FLWDWLRQ�7KH�DLP�RI�RXU�H[SHULPHQWV��.DUX�HW�DO�� ����������������D�E������D�E��������.DUX�������.DUX� DQG�.DOHQGR�� ������ZDV� WR� ILQG� D�ZD\� WR� GDPDJH� TXLHVFHQW� �UHVWLQJ�� FHOOV�� 7KH� KLJKUHVLVWDQFH� RI� TXLHVFHQW� WXPRU� FHOOV� WR� YDULRXV� GDPDJLQJ� DJHQWV� �H�J��� LRQL]LQJ� UDGLDWLRQ�FKHPRWKHUDSHXWLF� GUXJV�� LV� RQH� RI� WKH� IDFWRUV� GHFUHDVLQJ� WKH� HIILFLHQF\� RI� WXPRU� WKHUDS\�%DVHUJD��������9DOHULRWH�DQG�YDQ�3XWWHQ��������=XEURG��������(SLIDQRYD�HW�DO����������7KHLQIRUPDWLRQ�DYDLODEOH�LQGLFDWHV�WKDW�FXOWXUHV�RI�WXPRU�FHOOV�LQ�WKH�SODWHDX�SKDVH�RI�JURZWK��DVLGHQWLILHG�E\�WKH�FRQWHQW�RI�FHOOXODU�VXESRSXODWLRQV��FDQ�VHUYH�DV�PRGHOV

)LJXUH� ��� ([FLWDWLRQ� VFKHPHV� RI� WKH� HOHFWURQLF� VWDWHV� RIQXFOHLF� DFLG� FRPSRQHQWV�� �D�� RQH�TXDQWXPH[FLWDWLRQ�RI�D�VLQJOHW�VWDWH�ZLWK� VXEVHTXHQW�FRQYHUVLRQ�WR�D�WULSOHW�VWDWH�ZLWK�UHOD[DWLRQ�WLPH� WLVF���E�WZR�TXDQWXP� H[FLWDWLRQ� YLD� LQWHUPHGLDWH� WULSOHW� �7�� VWDWHV�� DQG� �F�� WZR�TXDQWXP� H[FLWDWLRQ� YLDLQWHUPHGLDWH�VLQJOHW��6��VWDWHV�� W PDUNV�UHOD[DWLRQ�WLPHV�RI�UHVSHFWLYH�H[FLWHG�VWDWHV��DQG� V� DQG�V� DUHFURVV�VHFWLRQV�RI�DEVRUSWLRQ�RI�ILUVW�DQG�VHFRQG�SKRWRQV�



&RQWLQXRXV�ZDYH�DQG�3XOVHG�89�5HVSRQVHV
IRU�VROLG�WXPRUV��%DVHUJD��������+DKQ�DQG�/LWWOH��������+DKQ��������*UGLQD�HWDO�� ������7R�GDPDJH�FHOOV�� WZR� ODVHU�895�VRXUFHV� DQG� RQH� FRQYHQWLRQDO�895� VRXUFH�ZHUH� XVHG�VHH�GHWDLOV�LQ�)LJ������7KH�ZDYHOHQJWKV�RI�DOO�WKUHH�895�VRXUFHV�DUH�YHU\�FORVH�DQG�ILW�WR�WKHPD[LPXP�RI� WKH� ILUVW� DEVRUSWLRQ� EDQG� RI�'1$� �VHH� )LJ�� ��D� IRU� WKH� DEVRUSWLRQ� VSHFWUXP��3RZHUIXO�SLFRVHFRQG�SXOVHV��333��DW�����QP�FDQ�FDXVH�WZR�TXDQWXP�H[FLWDWLRQ�RI�'1$��)LJ���E�F���DQG�KLJK�UHSHWLWLRQ�UDWH�SXOVHV��+553��DW�����QP��DV�ZHOO�DV�&:�UDGLDWLRQ�DW�����QP�H[FLWH�'1$�E\�WKH�VLQJOH�TXDQWXP�PHFKDQLVP�IROORZLQJ�FODVVLFDO�ODZV�RI�SKRWRELRORJ\��)LJ�OD���7KH�DFWLRQ�RI�333�RQ�'1$�EDVHV��YLUXVHV��DQG

)LJXUH� ��� 3DUDPHWHUV� RI� 89� SXOVHV� XVHG� LQ� SUHVHQW� ZRUN�� 7KH� �WK� KDUPRQLF� RI� D� 1G ���<$*� ODVHUHPLWWLQJ� VLQJOH� SRZHUIXO� SLFRVHFRQG�SXOVHV� �333�� DW� ���� QP�� DQG� WKH��QG� KDUPRQLF� RI� D�&X�YDSRUODVHU� HPLWWLQJ� KLJK�UHSHWLWLRQ�UDWH� QDQRVHFRQG� SXOVHV� �+553�� DW� ������ QP�ZLWK� KLJK� SHDN� DQG� ORZDYHUDJH�LQWHQVLW\��,��ZHUH�WKH�ODVHU�895�VRXUFHV�XVHG��$�PHUFXU\�ODPS�ZLWK�D�PRQRFKURPDWRU�� O   ����QP��ZDV�WKH�FRQYHQWLRQDO�895�VRXUFH�XVHG��� ,SHDN  �SHDN�LQWHQVLW\��WSXLVH  �SXOVH�GXUDWLRQ��,DYHUDJH  DYHUDJH�LQWHQVLW\��
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EDFWHULD� �EXW� QRW� RQ� PDPPDOLDQ� FHOOV�� KDV� EHHQ� H[WHQVLYHO\� VWXGLHG� �1LNRJRV\DQ� DQG/HWRNKRY�������1LNRJRV\DQ��������6FKXOWH�)URKOLQGH�HW�DO�� �����&DGHW�DQG�9LJQ\���������/DVHU�VRXUFHV�HPLWWLQJ�+553�DUH�QHZ�WR�SKRWR�ELRORJLF�VWXGLHV�,Q� WKLV� FKDSWHU�� ,� ZLOO� GHVFULEH� WZR� ZD\V� WR� GDPDJH� SODWHDX�SKDVH� +H/D� FHOOV� �DVFRPSDUHG�WR�H[SRQHQWLDOO\�JURZLQJ�FHOOV��E\�SXOVHG�ODVHU�895��)LUVW��LW�ZLOO�EH�VKRZQ�WKDWFHUWDLQ�SXOVH�UDWHV�DQG�IOXHQFH�UDQJHV�RI�+553�HQKDQFH�FRORQ\�IRUPLQJ�DELOLW\�DQG�LQGXFHUHSOLFDWLYH�V\QWKHVLV�RI�'1$�LQ�D�VXESRSXODWLRQ�RI�SODWHDX�SKDVH�FHOOV��6HFRQG��WZR�LQWHQVHSLFRVHFRQG�SXOVHV�ZLWK�D����WR���V�LQWHUYDO�EHWZHHQ�WKHP�HQKDQFH�WKH�WUDQVSRUW�SURFHVVHV�RIFHOOXODU�PHPEUDQHV�ZLWKRXW�FDXVLQJ�DQ\� FKDQJHV� LQ� WKH�YLDELOLW\� RI�FHOOV�RU� LQ� WKH� UDWH�RI'1$�V\QWKHVLV�,W�LV�ZHOO�NQRZQ�WKDW�H[SRVXUH�WR�VRODU�UDGLDWLRQ�DQG�895�XQGHU�ODERUDWRU\ FRQGLWLRQVFDQ�LQGXFH�VNLQ�WXPRUV��5HFHQW�H[SHULPHQWDO�GDWD�VXJJHVW�WKDW�DQ�LQDSSURSULDWH�H[SUHVVLRQRISURWRRQFRJHQHV�GXH� WR�SRLQW�PXWDWLRQ�RU�JHQH�DPSOLILFDWLRQ��GHOHWLRQ��RU� UHDUUDQJHPHQWPD\� EH� LQYROYHG� LQ� 89� FDUFLQRJHQHVLV� �$QDQWKDVZDP\� DQG� 3LHUFHDOO�� ������� 7KHH[SHULPHQWDO� GDWD� RQ� 89�LQGXFHG� UHSOLFDWLYH� V\QWKHVLV� LQ� SODWHDX�SKDVH� +H/D� FHOOVSUHVHQWHG� KHUH� PD\� EH� RI� LQWHUHVW� WR� WKRVH� FRQFHUQHG� ZLWK� PHFKDQLVPV� RI� 89FDUFLQRJHQHVLV��GHVSLWH�WKH�IDFW�WKDW�D�+H/D�FXOWXUH�LV�LQ�LWVHOI�WUDQVIRUPHG�7KH� LQFUHDVH� LQ� WKH� SHUPHDELOLW\� RI� FHOOXODU� PHPEUDQHV� FDQ� SUREDEO\� EH� XVHG� WRLQWURGXFH�DOORJHQLF�PDWHULDO�RU�FKHPRWKHUDSHXWLF�DJHQWV�LQWR�TXLHVFHQW�FHOOV�
���,QGXFWLRQ�RI�5HSOLFDWLYH�'1$�6\QWKHVLV�LQ�3ODWHDX�3KDVH�&HOOV
�����%DVLF�,QIRUPDWLRQ�DERXW�&HOOV�DQG�([SHULPHQWDO�7HFKQLTXH+H/D�FHOO�FXOWXUHV�JURZQ�DV�PRQROD\HUV�XVLQJ�QXWULHQW�PHGLXP�����VXSSOHPHQWHG�ZLWK����ERYLQH� VHUXP�DQG�DQWLELRWLFV�ZHUH� LUUDGLDWHG���GD\V��H[SRQHQWLDOO\� JURZLQJ��RU� ORJ�SKDVH��FHOOV��RU����GD\V��SODWHDX�SKDVH�FHOOV��DIWHU� SODWLQJ��7KH� FHOOV�ZHUH� JURZQ�ZLWKRXWFKDQJLQJ� WKH�QXWULHQW�PHGLXP��XQIHG�FXOWXUH��DQG�ZLWKRXW�&2� VXSSO\��7KH�+H/D�FXOWXUHVSUHDG�ZHOO�DQG�GLG�QRW�IRUP�PXOWLOD\HUV��VHH�.DUX�HW�DO�� ������IRU�GHWDLOV���7KH� ODEHOLQJLQGH[� _� RI� WKH� ORJ�SKDVH� SRSXODWLRQ� ZDV� ������ �� ������ DQG� WKDW� RI� WKH� SODWHDX�SKDVHFXOWXUH�ZDV��������������7KH�PLWRWLF� LQGLFHV�RI� ORJ�SKDVH�DQG�SODWHDX�SKDVH�SRSXODWLRQVZHUH�������������DQG�������UHVSHFWLYHO\����������������������&XOWLYDWLRQ�RI�FHOOV�� UDGLRPHWULF� WHFKQLTXHV�RI�SXOVH�ODEHOLQJ�RU�FRQWLQXRXV�,� ODEHOLQJ�DQG�DXWRUDGLRJUDSK\�DUH�GHVFULEHG�LQ�GHWDLO�HOVHZKHUH��.DUX�HW DO���_
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����E�� ����D�F�� ������ ������� 7KHVH� PHWKRGV� DUH� UDWKHU� VWDQGDUG� DQG� IROORZ� WKHGHVFULSWLRQ�JLYHQ�E\�+DXVFKND��������7KHUH� DUH�� KRZHYHU�� WZR� PHWKRGRORJLFDO� SRLQWV� LQ� RXU� H[SHULPHQWV� ZKLFK� GLIIHUHGIURP� XVXDO� H[SHULPHQWDO� WHFKQLTXH�� )LUVW�� FHOOV� ZHUH� FXOWLYDWHG� DQG� LUUDGLDWHG� LQ� VSHFLDOFKDPEHUV�ZLWK�TXDUW]�ZLQGRZV�DOORZLQJ�LUUDGLDWLRQ�RI� WKH�PRQROD\HU�ZLWKRXW�UHPRYDO�RIWKH� QXWULHQW�PHGLXP� �)LJ�� ����8QGHU� WKHVH� FRQGLWLRQV�� FKDQJHV� LQ� WKH� SDUWLDO� SUHVVXUH� RIR[\JHQ�DQG�S+�MXPSV�LQ�WKH�QXWULHQW�PHGLXP�FRXOG�EH�DYRLGHG��6HFRQG��LQ�FRQWUDVW�WR�WKHFODVVLFDO�3XFN�WHFKQLTXH�IRU�HYDOXDWLRQ�RI�FORQRJHQLFLW\��L�H���LQGLYLGXDO�FHOOV��HLWKHU�LQ�VXV�SHQVLRQ�RU�DWWDFKHG�WR�VXEVWDWH��H[SRVHG�WR�UDGLDWLRQ�DQG�WKHQ�DOORZHG�WR� IRUP�FRORQLHV��ZH�LUUDGLDWHG�FRQIOXHQW�PRQROD\HUV�DQG�WKHQ�SODWHG�WKH�FHOOV�LQWR�D�IUHVK�QXWULHQW�PHGLXPWR�IRUP�FRORQLHV�

�����6SHFLILF�5HVSRQVHV�RI�3ODWHDX�3KDVH�&HOOV�WR�9DULRXV�6RXUFHV�RI�8950RQROD\HUV�RI�SODWHDX�SKDVH�+H/D�FHOOV�ZHUH� H[SRVHG� WR� KLJK�UHSHWLWLRQ�UDWH� SXOVHV�+553�� DW� ���� QP�� FRQWLQXRXV�ZDYH� �&:�� 895� DW� ���� QP�� RU� SRZHUIXO� SLFRVHFRQGSXOVHV� �333�� DW� ����QP� DW� YDULRXV� IOXHQFHV��$IWHU��� K� WKH� FHOOV�ZHUH� UHPRYHG� IURP� WKHFXOWXUH� FKDPEHU� LQ�PD[LPDO�PLOG� FRQGLWLRQV� �9HUVHQH� LQVWHDG�RI� WU\SVLQ�� WHPSHUDWXUH� DW���&���DQG�SODWHG�LQ�VFLQWLOODWLRQ�YLDOV��7ZR�H[SHULPHQWV�ZHUH�SHUIRUPHG��,Q�WKH�ILUVW�����FHOOV�ZHUH�SODWHG�LQWR�HYHU\�IODVN²FRQWURO��QRQLUUDGLDWHG��DQG�WHVW²DQG�LQFXEDWHG�IRU���GD\V��7KHQ� WKH� FRORQLHV�ZHUH� IL[HG�ZLWK�PHWK\OHQH� EOXH�� WKHLU� QXPEHUV� GHWHUPLQHG� DQGWKHLU� GLDPHWHUV�PHDVXUHG� XQGHU� D� KLJK�SRZHU� GLVVHFWLQJ�PLFURVFRSH��7KH� UHVXOWV� RI� WKLVH[SHULPHQW��ZKLFK�UHIOHFWV�WKH�FRORQ\�IRUPLQJ�DELOLW\�RI�SODWHG�FHOOV��DUH�SUHVHQWHG�LQ�)LJV��D�DQG����,Q�WKH�VHFRQG�H[SHULPHQW������FHOOV�ZHUH�DJDLQ�SODWHG�LQWR�HYHU\� IODVN��EXW� WKHQXPEHU� RI� FHOOV� LQ� WKUHH� VHSDUDWH� IODVNV� ZDV� GHWHUPLQHG� HYHU\� GD\�� 7KH� UHVXOW� RI� WKLVH[SHULPHQW��JURZWK�FXUYHV��LV�SUHVHQWHG�LQ�)LJ���E�

)LJXUH����&HOO�FXOWXUH�FKDPEHU�IRU�89�LUUDGLDWLRQ�RI�PRQROD\HUV���$��SRVLWLRQ�GXULQJ�LUUDGLDWLRQ ��%��SRVLWLRQ�GXULQJ�FXOWLYDWLRQ�
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)LJXUH����&RORQ\�IRUPDWLRQ�DQG�PXOWLSOLFDWLRQ�RI�+H/D�FHOOV�H[SRVHG�LQ�WKH�SODWHDX�SKDVH�RI�JURZWK�WRYDULRXV�895�VRXUFHV�DQG�SODWHG���K�DIWHU�LUUDGLDWLRQ�LQWR�IUHVK�PHGLXP��� '�� �&:���R�� �1G�<$*���x�� FRQWURO���~�� �&X�ODVHU���$��QXPEHU�RI�FRORQLHV�IRUPHG�DV�D�IXQFWLRQ�RI�IOXHQFH�DIWHU����GD\�LQFXEDWLRQSHULRG���%��JURZWK�FXUYHV�RI�FHOOV�JLYHQ�D�IOXHQFH�RI���-�P ���FHOOV�SHU�YLDO�FRXQWHG�GDLO\�



&RQWLQXRXV�ZDYH�DQG�3XOVHG�89�5HVSRQVHV�� ���

)LJXUH����'LVWULEXWLRQ�RI�FRORQLHV�E\�GLDPHWHU� �G� DIWHU�������QP�+553�DW�YDULRXV�IOXHQFHV��'DVKHGOLQHV�PDUN�WKH�GHSHQGHQFH�RI�WKH�SHUFHQWDJH�RI�ODUJH�������G�� ����PP��DQG�LQWHUPHGLDWH�VL]H��������G�� ����PP��FRORQLHV�RQ�WKH�IOXHQFH�
7KH�SHUFHQWDJH�RI�FORQRJHQLF�FHOOV�LQ�WKH�QRQLUUDGLDWHG�FXOWXUH�ZDV���������������$VFDQ� EH� VHHQ� LQ� )LJ�� �D�� LUUDGLDWLRQ�ZLWK�+553� DW� IOXHQFHV� IURP� ���� WR� �� -�P� FDXVHG� DQLQFUHDVH�LQ�WKH�QXPEHU�RI�FRORQLHV��$W�KLJKHU�IOXHQFHV��IURP����WR�����-�P����WKH�QXPEHU�RIFRORQLHV� GHFUHDVHG� DV� FRPSDUHG� WR� WKH� XQH[SRVHG� FRQWURO�� 8QGHU� WKH� VDPH� H[SHULPHQWDOFRQGLWLRQV��333�DQG�ORZ�LQWHQVLW\�&:�895�LQ�WKH�IOXHQFH�UDQJH�������-�P� GLG�QRW�FDXVHVWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�IURP�WKH�FRQWURO�OHYHO�$�FRPSDULVRQ�RI�WKH�JURZWK�FXUYHV�LQGLFDWHV�WKDW�333�DQG�&:�895�GLG�QRW�KDYH�PXFKHIIHFW�RQ�FHOO�JURZWK��)LJ���E���,UUDGLDWLRQ�ZLWK�+553�DW���-�P� FDXVHG�DQ�LQFUHDVH�LQ�FHOOSUROLIHUDWLRQ�GXULQJ�WKH�H[SRQHQWLDO�SKDVH�RI�JURZWK�DQG�WKH�IRUPDWLRQ�RI�D�SODWHDX�ZLWK�DKLJKHU�QXPEHU�RI�FHOOV�WKDQ�WKDW�RI�WKH�FRQWURO��)LJ���E��,QYHVWLJDWLRQ� RI� FRORQ\� VL]H� GLVWULEXWLRQV� DIWHU� LUUDGLDWLRQ� RI� SODWHDX�SKDVH� FHOOV� ZLWKYDULRXV� IOXHQFHV� RI� +553� �)LJ�� ��� LQGLFDWHG� WKDW� LQ� WKH� FXOWXUHV� H[SRVHG� WR� VWLPXODWLQJIOXHQFHV��������-�P���DV�VHHQ�LQ�)LJXUH��D���WKH�QXPEHU�RI�LQWHUPHGLDWH�VL]H���������G�� ���PP��DQG�ODUJH��������G�� ����PP��FRORQLHV�LQFUHDVHG��DQG�WKH�QXPEHU�RI�DERUWLYH��G�� ����PP�� DQG� VPDOO� ������ �� G� � ����� PP�� FRORQLHV� GHFUHDVHG�� $W� IOXHQFHV� DERYH� �� -�P��KRZHYHU��WKH�SHUFHQWDJH�RI�ODUJH�DQG�PHGLXP�VL]H�FRORQLHV�GHFUHDVHG��ZKHUHDV�WKH�DFWLRQRI�OLJKW�RQ�WKH�DERUWLYH�DQG�VPDOO�FRORQLHV�KDG�QR�HIIHFW�
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7KH�GDWD�SUHVHQWHG�LQ�)LJV����DQG���VXJJHVW�WKDW�DW�FHUWDLQ�ORZ�IOXHQFHV�������� -�P��� RI�+553�� LUUDGLDWLRQ� QRW� RQO\� UHVXOWV� LQ� DQ� LQFUHDVH� LQ� WKH� QXPEHU� RIFRORQLHV� EXW� DOVR� LQGXFHV� LQFUHDVHG� SUROLIHUDWLRQ� RI� D� VXESRSXODWLRQ� RI� WKHLUUDGLDWHG�FHOOV�

�����6SHFLILF�5HVSRQVHV�RI�3ODWHDX�3KDVH�&HOOV�WR�+LJK�5HSHWLWLRQ�5DWH�895
0HDVXUHPHQW�RI�>�+@WK\PLGLQH��D�'1$�SUHFXUVRU�� LQFRUSRUDWLRQ�LQWR�'1$LV� IUHTXHQWO\� GRQH� WR� HVWLPDWH� WKH� HIIHFWV� RI�'1$�GDPDJLQJ� DJHQWV��7KHUH� DUHWZR�GLIIHUHQW�ZD\V�WR�SHUIRUP�VXFK�PHDVXUHPHQWV�,Q�RQH�PHWKRG��WKH�UDGLRDFWLYH�SUHFXUVRU�LV�DGGHG�WR�FHOO�FXOWXUH�IRU�D�FHUWDLQWLPH� SHULRG�� H�J��� ���PLQ�� DIWHU�ZKLFK� WLPH� WKH� DPRXQW� RI� UDGLRDFWLYH�'1$� LVGHWHUPLQHG�� DOORZLQJ� FKDQJHV� LQ� '1$� V\QWKHVLV� UDWH� WR� EH� HYDOXDWHG�UDGLRPHWULF� SXOVH�ODEHOLQJ��� ,Q� WKH� VHFRQG�PHWKRG�� WKH� SXOVH�ODEHOHG� FHOOV� DUHIL[HG� DQG� GHYHORSHG� ZLWK� SKRWRJUDSKLF� HPXOVLRQ� �DXWRUDGLRJUDSK\��� 7KLVWHFKQLTXH�PDNHV�LW�SRVVLEOH�WR�FRXQW�WKH�QXPEHU�RI�'1$�V\QWKHVL]LQJ�FHOOV��DQGE\�GHWHUPLQLQJ�WKH�QXPEHU�RI�VLOYHU�JUDLQV�DERYH�HDFK�QXFOHXV�� WR�HYDOXDWH� WKHUDWH�RI�'1$�V\QWKHVLV�LQ�LQGLYLGXDO�FHOOV�)LJXUH� �� SUHVHQWV� WKH� IOXHQFH�GHSHQGHQW� FKDQJHV� LQ� '1$� V\QWKHVLV� UDWHPHDVXUHG� E\� UDGLRPHWULF� SXOVH�ODEHOLQJ� LQ� H[SRQHQWLDOO\� JURZLQJ� DQG� SODWHDX�SKDVH�+H/D�FHOOV�����K�DIWHU�H[SRVXUH�WR�+553��333��RU�&:�ORZ�LQWHQVLW\�895�$V�VHHQ�LQ�)LJ���D��WKH�ORJ�SKDVH�+H/D�FHOOV�UHVSRQGHG�WR�+553�DQG�&:�895LQ�D�VLPLODU�ZD\��'1$�V\QWKHVLV�ZDV�LQKLELWHG�E\�LQFUHDVLQJ�WKH�IOXHQFH��,Q�WKHFDVH�RI�333��VRPH�VWLPXODWLRQ�ZDV�REVHUYHG�LQ� WKH�IOXHQFH� UDQJH���������-�P��DQG�LQKLELWLRQ�RI�'1$�V\QWKHVLV�RFFXUUHG�DW�IOXHQFHV�KLJKHU�WKDQ����-�P��7KH�UHVSRQVHV�RI�WKH�SODWHDX�SKDVH�FHOOV��)LJ���E��ZHUH�GLIIHUHQW�IURP�WKRVHRI�ORJ�SKDVH�FHOOV��333�GLG�QRW�DIIHFW�'1$�V\QWKHVLV�LQ�WKH�IOXHQFH�UDQJH�XVHG�+553� DQG� &:� ORZ�LQWHQVLW\� 895� KDG� SURQRXQFHG� EXW� RSSRVLWH� HIIHFWV� RQ'1$�V\QWKHVLV�UDWH��&:�895�LQKLELWHG�'1$�V\QWKHVLV�LQ�D�IOXHQFH�GHSHQGHQWPDQQHU�� +553� VWLPXODWHG� LW� �RSWLPDO� IOXHQFHV� QHDU� ������ -�P���� DQG� QRLQKLELWLRQ�RI�'1$�V\QWKHVLV�ZDV�REVHUYHG�E\�LQFUHDVLQJ�WKH�IOXHQFH�RI+553�7KH�VWLPXODWLRQ�RI�'1$�V\QWKHVLV�E\�+553�ZDV�VSHFLILF�IRU�SODWHDX�SKDVHFHOOV��)LJ������,Q�WKLV�VHULHV�RI�H[SHULPHQWV��PHDVXUHPHQW�RI�'1$�V\QWKHVLV�UDWHDV�D�IXQFWLRQ�RI�WKH�IOXHQFH�RI�+553�ZDV�GRQH�RQ�WKH��WK����WK����WK��DQG���WKGD\V�RI�FXOWLYDWLRQ�RI� WKH�FHOOV�� ,Q�RWKHU�ZRUGV�� WKH�FHOOV�ZHUH� LUUDGLDWHG� DW� WKHHQG� RI� WKH� ORJ�SKDVH� DQG� DW� WKH� EHJLQQLQJ�� LQ� WKH�PLGGOH�� RU� DW� WKH� HQG� RI� WKHSODWHDX�SKDVH��DV�LOOXVWUDWHG�E\�WKH�VFKHPHV�RQ�WKH�ULJKW�RI�)LJ�����$V�VHHQ�LQ�)LJ����DOO�SODWHDX�SKDVH�FXOWXUHV����WK����WK��DQG���WK�GD\V�RI�FXOWLYDWLRQ��UHVSRQGHGWR�LUUDGLDWLRQ�ZLWK�LQFUHDVLQJ�>�+@WK\PLGLQH�LQFRU�
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)LJXUH����,QFRUSRUDWLRQ�RI�>�+@WK\PLGLQH�GXULQJ����PLQ�SXOVH�ODEHOLQJV�PHDVXUHG�����K�VWDUWLQJ� SRLQW� RI� WKH� SXOVH� ODEHO�� DIWHU� WKH� H[SRVXUH� RI� �$�� ORJ�SKDVH� RU� �%�� SODWHDX�SKDVH�+H/D�PRQROD\HUV�WR�+553�DW�����QP��333�DW�����QP��RU�&:�895�DW�����QP�&RQWURO�FHOOV�DUH�GHQRWHG�E\�WKH�VKDGHG�DUHD�
SRUDWLRQ�� 1R� LQKLELWLRQ� RI '1$ V\QWKHVLV� ZDV� REVHUYHG� DV� WKH� IOXHQFH� ZDVLQFUHDVHG�7KH�VWLPXODWLRQ�RI�'1$�V\QWKHVLV�DOVR�GHSHQGHG�RQ�WKH�SXOVH�UHSHWLWLRQ�UDWHRI�WKH�UDGLDWLRQ��)LJ������7ZR�EDQGV�RI�SXOVH�UHSHWLWLRQ�UDWHV��QHDU������N+]�DQG������ N+]�� ZLWK� PD[LPD� DW� ��� N+]� DQG� ��� N+]�� KDG� DQ� HIIHFW� RQ� '1$V\QWKHVLV��,Q�WKLV�H[SHULPHQW�ZH�XVHG�D�1G���<$*�ODVHU�HPLWWLQJ�DW�����QP��EXWWKH�SDUDPHWHUV�RI�WKH�SXOVHV��WKHLU�SHDNV��DYHUDJH�LQWHQVLWLHV�
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)LJXUH���� ,QFRUSRUDWLRQ�RI� >�+@WK\PLGLQH� LQWR�'1$�GXULQJ����PLQ�SXOVH� ODEHOLQJV�PHDVXUHG� ���� K�VWDUWLQJ�SRLQW�RI�WKH�SXOVH�ODEHO��DIWHU�WKH�H[SRVXUH�RI�SODWHDX�SKDVH�+H/D�FHOOV�WR�+553�DW�D�IOXHQFHRI���-�P� DV�D�IXQFWLRQ�RI�SXOVH�UHSHWLWLRQ�UDWH�
DQG�GXUDWLRQ��ZHUH�YHU\�FORVH� WR� WKH�UHVSHFWLYH�SDUDPHWHUV�RI� WKH��QG�KDUPRQLF�RI� WKH�&X�YDSRU�ODVHU�7KLV�UHVXOW� LQGLFDWHV�WKDW� WKH�DFWLRQ�RI�+553�RQ�SODWHDX�SKDVH�+H/D�FHOOV� LV�FRQQHFWHGZLWK�'1$�GDPDJH�VSHFLILF�DQG�FKDUDFWHULVWLF�RI�WKLV�W\SH�RI�UDGLDWLRQ�7KH�>�+@WK\PLGLQH�H[SHULPHQWV�GHVFULEHG�DERYH�ZHUH�SHUIRUPHG�����K�DIWHU�LUUDGLDWLRQ�RIWKH�FHOOV��7KH�NLQHWLFV�RI�>�+@WK\PLGLQH�LQFRUSRUDWLRQ�PHDVXUHG�E\�SXOVH�ODEHOLQJ�DW�YDULRXVWLPH� SRLQWV� DIWHU� LUUDGLDWLRQ� YDULHG� ZLWK� WKH� W\SH� RI� UDGLDWLRQ� XVHG� �)LJ�� �D�F��� $IWHULUUDGLDWLRQ�ZLWK�&:�895��)LJ���F���'1$�V\QWKHVLV�ZDV�LQKLELWHG�GXULQJ�WKH�ILUVW�KRXUV�DQGWKHQ�UHWXUQHG�WR�WKH�FRQWURO�OHYHO��$IWHU�LUUDGLDWLRQ�ZLWK�+553��'1$�V\QWKHVLV�UHPDLQHG�DWWKH�FRQWURO�OHYHO�LQ�WKH�ILUVW���K�RI�SRVWLUUDGLDWLRQ�DQG�WKHQ�LQFUHDVHG�UDSLGO\��)LJ���D��:H� DOVR�PHDVXUHG� >��&@XULGLQH� LQFRUSRUDWLRQ� LQWR�51$�DIWHU� ERWK� W\SHV�RI� LUUDGLDWLRQ�:LWK�&:�895��QR�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�ZHUH�IRXQG�LQ�WKH�ILUVW���K�DV�FRPSDUHGWR�WKH�QRQLUUDGLDWHG�FHOOV��.DUX�HW�DO�� ����E��
)LJXUH� ��� ,QFRUSRUDWLRQ� RI� >�+@WK\LQLGLQH� GXULQJ� ���PLQ� SXOVH� ODEHOLQJV� PHDVXUHG� ���� K� �VWDUWLQJSRLQW� RI� WKH� SXOVH� ODEHO�� DIWHU� WKH� H[SRVXUH� RI� +H/D� PRQROD\HUV� WR� +553� DW� GLIIHUHQW� GD\V� RIFXOWLYDWLRQ��7KH�VFKHPHV�RQ�WKH�ULJKW�LOOXVWUDWH�WKH�JURZWK�SKDVH�RI�WKH�SRSXODWLRQ�DW�WKH�PRPHQW�RILUUDGLDWLRQ��2UGLQDWH�LV�GHILQHG�DV�WKH�UDWLR�RI�H[SHULPHQWDO�DQG�FRQWURO�
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)LJXUH� ��� ,QFRUSRUDWLRQ� RI� �$�&�� >
�+@WK\PLGLQH� RU� �%�� >��&@XULGLQH� GXULQJ� ���PLQ� SXOVH� ODEHOLQJVPHDVXUHG�DW�GLIIHUHQW�WLPH�SRLQWV��WLPH�LQ�WKH�DEVFLVVD�PDUNV�WKH�EHJLQQLQJ�RI�WKH�SXOVH�ODEHOLQJ��DIWHUWKH�H[SRVXUH�RI�SODWHDX�SKDVH�+H/D�FHOOV�WR��D�E��+553�RU��F��&:�895�
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:KHQ�WKH�SODWHDX�SKDVH�FHOOV�ZHUH�LUUDGLDWHG�ZLWK�+553��>��&@XQGLQH�LQFRUSRUDWLRQ�LQFUHDVHG���PLQ�DIWHU�LUUDGLDWLRQ��WKHQ�UHWXUQHG�WR�WKH�FRQWURO�OHYHO��DQG�ODWHU�LQFUHDVHG�DJDLQ��)LJ���E��6LPLODU�NLQHWLF�FKDQJHV�LQ�51$�V\QWKHVLV�UDWH�KDYH�EHHQ�GHVFULEHG�IRU�FHOOV�RYHUFRPLQJ�WKH*R o 6�WUDQVLWLRQ��(SLIDQRYD���������7KH�GDWD�SUHVHQWHG�LQ�)LJ���E�DUH�FOHDUO\�LQVXIILFLHQW�WRDQVZHU�WKH�TXHVWLRQ�RI�ZKHWKHU�RU�QRW�WKH�LQFUHDVHG�51$�V\QWKHVLV�IRXQG�LQ�RXU�H[SHULPHQWV�)LJ���E��LV�FRQQHFWHG�ZLWK�DQ�DFWLYDWLRQ�RI�SUROLIHUDWLRQ�7KLV�VHULHV�RI�H[SHULPHQWV�VXJJHVWV�WKDW�WKH�LQFUHDVH�RI�>�+@WK\PLGLQH�LQFRUSRUDWLRQ�DIWHULUUDGLDWLRQ� ZLWK� +553� LV� D� VSHFLILF� UHVSRQVH� RI� SODWHDX�SKDVH� +H/D� FHOOV� XQGHU� RXUH[SHULPHQWDO�FRQGLWLRQV�
�����'RHV�+LJK�5HSHWLWLRQ�5DWH�895�,QGXFH�5HSOLFDWLYH�RU�5HSDUDWLYH�'1$�6\QWKHVLV"2QH� ZD\� WR� GLVWLQJXLVK� EHWZHHQ� UHSOLFDWLYH� DQG� UHSDUDWLYH� V\QWKHVLV� RI� '1$� LV� E\FRXQWLQJ�VLOYHU�JUDLQV�LQ�DXWRUDGLRJUDSKV��7KLV�PHWKRG�LV�XVHG�WR�GHWHUPLQH�WKH�SHUFHQWDJH�RI'1$�V\QWKHVL]LQJ�FHOOV��ODEHOLQJ�LQGH[���$OVR��E\�FRXQWLQJ�WKH�QXPEHU�RI�JUDLQV�DERYH�HYHU\QXFOHXV��WKH�SURSRUWLRQV�RI�UHSOLFDWLYH�DQG�UHSDUDWLYH�'1$�V\QWKHVLV�FDQ�EH�GHWHUPLQHG��FHOOVXQGHUJRLQJ� UHSOLFDWLYH� V\QWKHVLV� DUH� KHDYLO\� ODEHOHG�� FHOOV� XQGHUJRLQJ� UHSDUDWLYH� '1$V\QWKHVLV�DUH�RQO\�ZHDNO\�ODEHOHG��)LJXUH����SUHVHQWV� WKH� ODEHOLQJ� LQGH[�����K�DIWHU� LUUDGLDWLRQ�RI�SODWHDX�SKDVH�+H/D�FHOOVZLWK�+553�DW�YDULRXV� IOXHQFHV��7KH�QXPEHU�RI�FHOOV� LQFRUSRUDWLQJ� >�+@WK\PLGLQH� LQFUHDVHGDQG�H[FHHGHG�WKH�FRQWURO�OHYHO�E\�DERXW��

)LJXUH�����/DEHOLQJ�LQGH[��SHUFHQWDJH�RI�FHOOV�LQFRUSRUDWLQJ�> �+@WK\PLGLQH������K�DIWHU�WKH�H[SRVXUH�RISODWHDX�SKDVH�+H/D�FHOOV�WR�����QP�+553�DW�YDULRXV�IOXHQFHV��UDGLRDXWRJUDSKLF�PHDVXUHPHQWV��
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WLPHV� DW� IOXHQFHV� RI� ����� RU� ���� -�P��� $IWHU� LQFUHDVLQJ� WKH� IOXHQFH� ����� DQG� ��� -�P���� WKHQXPEHU� RI� '1$�V\QWKHVL]LQJ� FHOOV� GHFUHDVHG� DQG� GURSSHG� WR� QHDU� WKH� FRQWURO� OHYHO�� 7KHVWLPXODWLYH�IOXHQFHV�KHUH�������DQG�����-�P���FRLQFLGH�ZLWK� WKRVH�GHWHUPLQHG�E\�UDGLRPHWULFPHDVXUHPHQWV�RI�>�+@WK\PLGLQH�LQFRUSRUDWLRQ��)LJV���E�DQG����)LJXUH����VKRZV� WKH�GLVWULEXWLRQ�RI� VLOYHU� JUDLQV� DERYH� WKH�QXFOHL�RI�'1$�V\QWKHVL]LQJFHOOV��7KH�VKLIW�RI�WKH�FXPXODWLYH�FXUYHV�WR�WKH�OHIW�IURP�WKH�FRQWURO�FXUYH��LQWDFW�FHOOV��ZKHQWKH�FHOOV�ZHUH�LUUDGLDWHG�DW�����DQG����-�P���SRLQWV�WR�D�UHGXFHG�QXPEHU�RI�FHOOV�ZLWK�KHDYLO\ODEHOHG�QXFOHL�� L�H��� WR� VXSSUHVVLRQ�RI� UHSOLFDWLYH�'1$� V\QWKHVLV��:LWK� ORZHU� IOXHQFHV� �����DQG�����-�P����WKH�FXPXODWLYH�FXUYHV�VKLIW�WR�WKH�ULJKW�� L�H���WKHUH�LV�D�JUHDWHU�QXPEHU�RI�FHOOVZLWK�KHDYLO\�ODEHOHG�QXFOHL��ZKLFK�LQGLFDWHV�DFWLYDWLRQ�RI�UHSOLFDWLYH�'1$�V\QWKHVLV�:KHQ�WKH�FHOO�SRSXODWLRQ�LPPHGLDWHO\�DIWHU�WKH�LUUDGLDWLRQ�LV� WUHDWHG�ZLWK�>�+@WK\PLGLQHDQG�FRQWLQXRXVO\� LQFXEDWHG�ZLWK� LW� IRU� VHYHUDO�KRXUV�� WKH� IUDFWLRQ� LQLWLDOO\� ODEHOHG� UHSUHVHQWVFHOOV�LQ�WKH�6�SKDVH�DW�WKH�PRPHQW�RI�LUUDGLDWLRQ��ZKLOH�WKH�VXEVHTXHQW�LQFUHDVH�LQ�WKH�ODEHOLQJLQGH[��SHUFHQWDJH�RI�'1$�V\QWKHVL]LQJ�FHOOV��UHIOHFWV�WKH�IORZ�RI�FHOOV�LQWR�WKH�6�SKDVH�GXULQJWKH�LQWHUYDO�VWXGLHG��,W�LV�REYLRXV�IURP�)LJ����D�WKDW�WKH�SHUFHQWDJH�RI�ODEHOHG�FHOOV�LQFUHDVHGLQ� ERWK� FRQWURO� DQG� LUUDGLDWHG� FXOWXUHV�� KRZHYHU�� WKH� LUUDGLDWHG� FHOOV� XQGHUZHQW� D� UDSLGLQFUHDVH�LQ�WKH�QXPEHU�RI�ODEHOHG�FHOOV�GXULQJ�WKH�ILUVW�KRXU�DIWHU�WUHDWPHQW�

)LJXUH�����6LOYHU�JUDLQ�FRXQWV�LQ�FRQWURO�DQG�������QP�+553�LUUDGLDWHG�SODWHDX�SKDVH�+H/D�FHOOV�DIWHU���PLQ�SXOVH� ODEHOLQJ�ZLWK� >�+@WK\PLGLQH� �UDGLRDXWRJUDSKLF�PHDVXUHPHQWV���7KH�UH VSHFWLYH� ODEHOLQJLQGLFHV�DUH�VKRZQ�LQ�)LJ�����
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)LJXUH�����/DEHOLQJ�LQGH[��SHUFHQWDJH�RI�'1$�V\QWKHVL]LQJ�FHOOV��DIWHU�WKH�H[SRVXUH�RI�SODWHDX�SKDVH+H/D� FHOOV� WR� ����QP� +553� DW� �� -�P��� PHDVXUHG� E\� WKH� DXWRUDGLRJUDSKLF� FRQWLQXRXV�ODEHOLQJWHFKQLTXH�� �$�� SHUFHQWDJH� RI� ODEHOHG� FHOOV� LQ� LUUDGLDWHG� DQG� FRQWURO� FXOWXUHV�� DQG� �%�� SHUFHQWDJH� RIFHOOV�ZLWK�KLJKO\�ODEHOHG��FXUYHV���DQG����DQG�ZHDNO\�ODEHOHG�QXFOHL��FXUYHV���DQG����LQ�FRQWURO��FXUYHV��DQG����DQG�LUUDGLDWHG��FXUYHV���DQG����FXOWXUHV�
%\�FRXQWLQJ� WKH�QXPEHU�RI�VLOYHU�JUDLQV�DERYH�HYHU\�QXFOHXV� LW� LV�SRVVLEOH� WR�GUDZ�VRPHFRQFOXVLRQV�DERXW�WKH�UDWH�RI '1$ V\QWKHVLV��:H�GLYLGHG�WKH�FHOOV�LQWR�WKUHH�JURXSV��XQODEHOHGFHOOV��OHVV�WKDQ���JUDLQV�SHU�QXFOHXV���ZHDNO\�ODEHOHG�FHOOV����WR����JUDLQV���DQG�KHDYLO\�ODEHOHGFHOOV��PRUH�WKDQ����JUDLQV���7KH�WKLUG�JURXS�LQFOXGHV�+H/D�FHOOV�XQGHUJRLQJ�QRUPDO�UHSOLFDWLYHV\QWKHVLV�RI�'1$�DQG� WKH�VHFRQG�JURXS� LQFOXGHV� WKH�FHOOV�XQGHUJRLQJ� UHSDUDWLYH�V\QWKHVLV�RI'1$��3DULERN�DQG�6HP\RQRYD��������



���������������������������������������������������������������������������������������7LLQD�.DUX$V�VHHQ�LQ�)LJXUH���E��WKH�SHUFHQWDJH�RI�ODEHOHG�FHOOV�LQ�WKH�LUUDGLDWHG�FXOWXUHV�LQFUHDVHGPDLQO\�GXH�WR�WKH�QXPEHU�RI�ZHDNO\�ODEHOHG�FHOOV��FXUYH�����$�OHVVHU�LQFUHDVH�ZDV�VHHQ�LQ�WKHQXPEHU�RI�KHDYLO\�ODEHOHG��LUUDGLDWHG�FHOOV��FXUYH����7KH� GDWD� REWDLQHG� VKRZ� WKDW� >�+@WK\PLGLQH� LQFRUSRUDWLRQ� LQWR� '1$� RI� SODWHDX�SKDVH+H/D�FHOOV�DIWHU�LUUDGLDWLRQ�ZLWK�+553�LQ�D�FHUWDLQ�IOXHQFH�UDQJH��������-�P� �)LJV���E������D�DQG� DW� FHUWDLQ� SXOVH� UDWHV� �QHDU� ��� DQG� ��� N+]�� )LJ�� ��� LV� PDLQO\� GXH� WR� UHSDUDWLYH� '1$V\QWKHVLV� �)LJ�� ��E��� $� OHVVHU� >�+@WK\PLGLQH� XSWDNH� LV� DFFRPSOLVKHG� YLD� UHSOLFDWLYH� '1$V\QWKHVLV� �)LJV�� ��� DQG� ��E���8QGHU� RXU� H[SHULPHQWDO� FRQGLWLRQV��+553� LV� DEOH� WR� LQGXFHERWK�W\SHV�RI�'1$�V\QWKHVLV��UHSOLFDWLYH�DV�ZHOO�DV�UHSDUDWLYH�
�����,V�WKH�,QGXFWLRQ�RI�5HSOLFDWLYH�6\QWKHVLV�E\�'1$�'DPDJLQJ�$JHQWV�D�&RPPRQ�RU�D8QLTXH�3KHQRPHQRQ"$�VWUHDP�RI�OLWHUDWXUH�GDWD�VXJJHVW�WKDW�895�VXSSUHVVHV�UHSOLFDWLYH�V\QWKHVLV�RI�'1$�DQGLQGXFHV�UHSDUDWLYH�V\QWKHVLV�RI�'1$�LQ�FHOOXODU�FXOWXUHV�RI�PDPPDOLDQ�RULJLQ��IRU�UHYLHZ�VHH3DLQWHU�� ������ 5DXWK�� ������ 0RDQ� DQG� 3HDN�� ������� 0RVW� H[SHULPHQWDO� GDWD� FRQFHUQPDPPDOLDQ� FHOOV� LQ� WKH� H[SRQHQWLDO� SKDVH� RI� JURZWK� �ORJ� SKDVH��� $� IHZ� LQYHVWLJDWLRQV� RI895�HIIHFWV�RQ�SODWHDX�SKDVH�RU�JURZWK�DUUHVWHG�PDPPDOLDQ�FHOOV��/LWWOH��������+DKQ�������&KDQ�DQG�/LWWOH��������:HFKHOEDXP�HW�DO�� ������.DQWRU�HW�DO�� �����.DQWRU��������*LOO�DQG�&RRKLOO��������VXJJHVW�����WKDW�TXLHVFHQW�FHOOV�KDYH�H[WUHPH�UHVLVWDQFHWR� KLJK� GRVHV� RI� 895�� ���� WKDW� OHWKDO� DFWLRQ� RI� 895� LV� �DV� LQ� FDVH� RI� ORJ�SKDVH� FHOOV�FRQQHFWHG� ZLWK� S\ULPLGLQH� GLPHUV�� DQG� ���� WKDW� WKHUH� LV� D� PHFKDQLVP� RI� '1$� UHSDLU� LQSODWHDX�SKDVH�FHOOV�ZKLFK�LV�DEVHQW�RU�ZHDNO\�IXQFWLRQLQJ�LQ�ORJ�SKDVH�FHOOV��.DQWRU��������:H�IRXQG�WKDW�LUUDGLDWLRQ�ZLWK�+553�DW�����QP�LQGXFHG�UHSOLFDWLYH�'1$�V\QWKHVLV�LQ�DIUDFWLRQ��VXESRSXODWLRQ��RI�WKH�SODWHDX�SKDVH�+H/D�FXOWXUHV��)LJV����������7KH�FHOOV�LUUDGLDWHGDW� ORZ� IOXHQFHV� QRW� RQO\� UHWDLQHG� WKH� FDSDFLW\� IRU� IXUWKHU� JURZWK� EXW� WKHLU� SUROLIHUDWLYHFDSDFLW\�ZDV�VWLPXODWHG��)LJV��������$OWKRXJK�PRVW� VWXGLHV� LQGLFDWH� WKDW�'1$�GDPDJLQJ� DJHQWV� LQKLELW�'1$� UHSOLFDWLRQ�� DIHZ� SDSHUV� VXJJHVW� WKDW� VRPH� DJHQWV�� 895� LQFOXGHG�� PD\� DOVR� LQGXFH� RU� VWLPXODWH� '1$UHSOLFDWLRQ�� $� PDUNHG� LQGXFWLRQ� RI� '1$� UHSOLFDWLRQ� ZDV� REVHUYHG� LQ� FRQIOXHQW� GLSORLGILEUREODVW�FXOWXUHV�WUHDWHG�ZLWK�ORZ�IOXHQFHV�RI�895�������-�P���RU�ZLWK�FDUFLQRJHQLF�DJHQWV1�PHWK\O�1�QLWURVRXUHD� DQG�1�DFHWR[\���DFHW\ODPLQRIOXRUHQH� �&RKQ� HW� DO�� �������$QRWKHUFDUFLQRJHQLF� DJHQW�� 1�PHWK\O�1�QLWURVRTXDQLGLQH�� VWLPXODWHG� '1$� UHSOLFDWLRQ� LQ� D� SRVW�FRQIOXHQW� FXOWXUH� RI� 6\ULDQ� KDPVWHU� HPEU\R� FHOOV� �0LURQHVFX� HW� DO�� ������� *DPPDLUUDGLDWLRQ� LQGXFHG� UHSOLFDWLYH� V\QWKHVLV� RI�'1$� LQ� SODWHDX�SKDVH� +H/D� FXOWXUHV� �6\QV\QVDQG�6DHQNR��������
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7KH� DXWKRUV� RI� WKHVH� LQYHVWLJDWLRQV� ZHUH� LQWHUHVWHG� LQ� FKDQJHV� LQ� '1$� UHSOLFDWLRQRFFXUULQJ� DIWHU� WUHDWPHQW�ZLWK� FDUFLQRJHQV�� VXFK� FKDQJHV� FRQVLGHUHG� WR� EH� QHFHVVDU\� DW� WKHLQLWLDO� VWDJHV� RIFDUFLQRJHQHVLV�� 7KH� PRVW� LQWHUHVWLQJ� FRQFOXVLRQ� IURP� WKHVH� H[SHULPHQWV�0LURQHVFX� HW� DO�� ������ &RKQ� HW� DL� �����6\QV\QV� DQG� 6DHQNR�� ������ LV� WKDW� DOO� '1$�GDPDJLQJ� DJHQWV�� HDFK� RI� WKHP� SURGXFLQJ� D� GLIIHUHQW� VSHFWUXP� RI� GDPDJH� �DQG� GLIIHUHQWPXWDWLRQV��UHVSHFWLYHO\���LQGXFHG�UHSOLFDWLYH�'1$�V\QWKHVLV�LQ�D�IUDFWLRQ�RI�FHOOV�LQ�SODWHDX�SKDVH�FXOWXUHV�5HFHQWO\��3HDN�HW�DO� �������KDYH�GHPRQVWUDWHG�HQKDQFHG��DOPRVW���IROG��JHQH�H[SUHVVLRQIRU� SURWHLQ� NLQDVH� &� IROORZLQJ� EULHI� H[SRVXUH� RI� FXOWXUHG� KXPDQ� HSLWKHOLRLG� 3�� FHOOV� WRVXQOLJKW�� 7KH\� GHPRQVWUDWHG� WKDW� VRODU� UDGLDWLRQ� LQGXFHG� D� FHOOXODU� WUDQVFULSWLRQ� UHVSRQVHVLPLODU� WR� WKDW� IRXQG�DIWHU�DGPLQLVWUDWLRQ�RI� WXPRU�SURPRWLQJ�DJHQWV�DQG� LRQL]LQJ� UDGLDWLRQ�ZKLFK�VXJJHVWV�WKDW�VRODU�UDGLDWLRQ�PD\�IXQFWLRQ�DV�D�WXPRU�SURPRWRU��,W�KDV�EHHQ�VKRZQ�WKDW'1$�GDPDJH�LQGXFHV�FRPSOH[�PHFKDQLVPV�LQ�PDPPDOLDQ�FHOOV�DOORZLQJ�WKH�FHOOV�WR�KDQGOHRU�DFFRPPRGDWH�'1$� OHVLRQV��$W� WKH�PROHFXODU� OHYHO�� WKHVH�PHFKDQLVPV� LQFOXGH� HQKDQFHGH[SUHVVLRQ�RI�D�QXPEHU�RI�JHQHV��5RQDL�HW�DL� �������895�LV�NQRZQ�WR�DFWLYDWH�YLUDO�'1$VHTXHQFHV� LQ� WUDQVIRUPHG� FHOOV� DQG� WR� LQGXFH� GHOHWLRQ� RI� JURZWK� VXSSUHVVLRQ� JHQHV�$QDQWKDVZDP\�DQG�3LHUFHDOO��������$�QHZ�LQWHUHVW�LQWR�895�LQGXFHG�VWLPXODWLYH�SURFHVVHV�KDV�DULVHQ�UHFHQWO\�LQ�FRQQHFWLRQZLWK�WKH�ILQGLQJV�WKDW�����QP�895�RU�VXQOLJKW�FDQ�LQGXFH�D�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�+,9�� SURPRWHU� DQG� VWLPXODWH� JURZWK� RI� WKH� FRPSOHWH� YLUXV� LQ� KXPDQ� FHOOV� �9DOHULH� HW� DL�������=PXG]ND� DQG�%HHU�� �������895�VHQVLWLYH� VLWHV� LQ�51$� WUDQVFULSWV� RI� KHSDWLWLV� GHOWDYLUXV�DQG�SRWDWR�VSLQGOH�ILEHU�YLURLG�KDYH�EHHQ�IRXQG��%UDQFK�HW�DO�� �������,Q�WKHVH�FDVHV��WKH'1$�GDPDJH�ZDV�IRXQG�WR�EH�D�SUHUHTXLVLWH�IRU�895�LQGXFHG�DFWLYDWLRQ�RI�WKH�JHQHV�/DVW� EXW� QRW� OHDVW�� RQH� VKRXOG� UHPHPEHU� WKDW� D� QXPEHU� RI� UHSRUWV� DSSHDU� IURP� WLPH� WRWLPH�LQGLFDWLQJ�WKDW�895�VWLPXODWHV�FHOO�GLYLVLRQ��$OSDWRY�DQG�1DVWMXNRYD��������&DUOVRQ�HWDL� ������ :DOLFND� DQG� %HHU�� ������ 6DPRLORYD�� ������ $EEDV]DGH�� ������ %HOHQNLQD� HW� DO���������0RVW� RI� WKLV�ZRUN� KDV� EHHQ� GRQH�ZLWK�PLFURRUJDQLVPV�� H[FHSW� WKDW� RI�:DOLFND� DQG%HHU���������7ZR�VWUDLQV�RI�PXULQH�OHXNHPLF�O\PSKREODVWV��/�����<�6�DQG�/�����<�5��ZHUHH[SRVHG�WR�YDULRXV�IOXHQFHV�RI�����QP�895��UDQJLQJ�IURP�����WR������-�P���DQG�FXOWXUHG�IRUXS�WR����GD\V�DIWHU�LUUDGLDWLRQ��89�H[SRVXUH�VWLPXODWHG�JURZWK�LQ�DERXW�����RI�WKH�FXOWXUHV�JURZWK�VWDUWHG�LPPHGLDWHO\�DIWHU�SRVW�LUUDGLDWLRQ�JURZWK�GLVWXUEDQFHV�DQG�ODVWHG�VHYHUDO�WHQVRI�JHQHUDWLRQV��3UROLIHUDWLYH�DFWLYLW\�ZDV�PRUH�JUHDWO\�HQKDQFHG�IRU�/�����<�5�FHOOV��D�OHVV[�UD\�VHQVLWLYH� FXOWXUH�� WKDQ� IRU� WKH� /� �����6� VWUDLQ�� PD[LPDO� VKRUWHQLQJ� RI� WKH� PHDQGRXEOLQJ� WLPH� IRU� WKH�/� ����<�5� VWUDLQ�ZDV� �����ZKHUHDV� LW�ZDV� ���� IRU� /� �����6� FHOOV�:DOLFND�DQG�%HHU���������7KH�PRVW�LPSRUWDQW�UHVXOW�RI
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WKLV� LQYHVWLJDWLRQ�ZDV� WKDW� JURZWK� VWLPXODWLRQ� DOVR� RFFXUUHG� DW� ODWHU� VWDJHV� RI� SRVWH[SRVXUHGHYHORSPHQW��GHPRQVWUDWLQJ�895�LQGXFHG�KHULWDEOH�FKDQJHV�7DNHQ�WRJHWKHU�WKLV�UHVHDUFK�VXJJHVWV�WKDW�WKH�LQGXFWLRQ�RI�'1$�UHSOLFDWLRQ�E\�ORZ�GRVHVRI�GDPDJLQJ�DJHQWV�LV�QRW�D�XQLTXH�SKHQRPHQRQ��7KH�YDULRXV�GDPDJLQJ�SURFHVVHV�KDYH�VRPHFRPPRQ�TXDOLWDWLYH� DQG� TXDQWLWDWLYH� FKDUDFWHULVWLFV�� )LUVW�� WKH� YDULDWLRQ� RI� UHSOLFDWLYH�'1$V\QWKHVLV� LQ� SODWHDX�SKDVH� FHOOXODU� FXOWXUHV� ZLWK� IOXHQFH� RI� 895�� GRVH� RI� J�UDGLDWLRQ�� RUFRQFHQWUDWLRQ�RI� FDUFLQRJHQLF� FKHPLFDOV� LV� TXDOLWDWLYHO\� VLPLODU�� D� EHOO�VKDSHG� FXUYH�ZLWK� DUDWKHU�VKDUS�PD[LPXP��WKH�HIIHFW�UDSLGO\�GHFUHDVLQJ�WR�WKH�FRQWURO�OHYHO�DW�KLJKHU�GRVHV�RI�WKHDJHQWV� �0LURQHVFX� HW� DL� ������ .DUX� HW� DO�� ������ ����D�� &RKQ� HW� DO�� ������ 6DHQNR� DQG6\QV\QV�� ������ )LJV�� ��� ��� ����� 6LPLODU� EHOO�VKDSHG� IOXHQFH� GHSHQGHQFLHV� ZHUH� DOVRHVWDEOLVKHG�IRU�+,9���SURPRWHU�LQGXFWLRQ�LQ�+H/D�FHOOV�E\�895��=PXG]ND�DQG�%HHU��������$V�HVWDEOLVKHG�E\�&RKQ�HW�DO� ��������WKH�EHOO�VKDSHG�IOXHQFH�GHSHQGHQFH�RI�UHSOLFDWLYH�'1$V\QWKHVLV�ZDV�TXLWH�GLIIHUHQW�IURP�WKH�FXUYH�IRU�UHSDUDWLYH�'1$�V\QWKHVLV��5HSDUDWLYH�'1$V\QWKHVLV�FRQWLQXHG�WR�LQFUHDVH�XS�WR�D�IOXHQFH�RI����-�P��DQG�UHDFKHG�D�SODWHDX�EHWZHHQ���DQG����-�P��6HFRQG��RSWLPDO�895�IOXHQFHV����-�P���&RKQ�HW�DO�� ����������-�P���.DUX�HW�DO�� ����D�)LJV���E�� ��� DQG�PDJQLWXGHV�RI� HIIHFWV� ������&RKQ�HW�DO������������������.DUX�� ����������D�)LJ�����KDYH�EHHQ�IRXQG�WR�EH�YHU\�VLPLODU�7KLUG��UHSOLFDWLYH�V\QWKHVLV�RI�'1$�LV�LQGXFHG�RQO\�LQ�D�UHODWLYHO\�VPDOO�VXESRSXODWLRQ�RISODWHDX�SKDVH�FHOOV��&RKQ�HW�DO� �������HVWDEOLVKHG�WKLV�IUDFWLRQ�WR�EH�VV���LQ�SODWHDX�SKDVHFXOWXUHV�DQG�VDO����LQ�VHUXP�DUUHVWHG�FXOWXUHV��:H�GLG�QRW�SHUIRUP�GHWDLOHG�PHDVXUHPHQWV�EXW� DQ� DQDO\VLV� RI� DXWR�UDGLRJUDSKLF� GDWD� DQG� FORQH� VL]H� GLVWULEXWLRQV� DOORZV�XV� WR� HVWLPDWHWKLV� IUDFWLRQ� WR� EH� �������� &RKQ� HW� DO� ������� IRXQG� WKDW� WKH� QXPEHU� RI� PRUSKRORJLFDOWUDQVIRUPDQWV� FRUUHODWHG� ZLWK� WKH� SHUFHQWDJH� RI� FHOOV� LQ� WKH� FDUFLQRJHQ�UHVSRQVLYHVXESRSXODWLRQ�ZKLFK�LQFRUSRUDWHG�>�+@WK\PLGLQH�8QGHU� FHUWDLQ� H[SHULPHQWDO� FRQGLWLRQV�� WKH� VWLPXODWLRQ� RI� >�+@WK\PLGPH� LQFRUSRUDWLRQLQWR�SODWHDX�SKDVH�FHOOV�ZDV�D�VSHFLILF�FHOOXODU�UHVSRQVH�WR�+553��WKH�&:�895�DGPLQLVWHUHGDW� SUDFWLFDOO\� WKH� VDPH�ZDYHOHQJWK�� WKH� VDPH� IOXHQFH�� DQG� GXULQJ� WKH� VDPH� SRVWLUUDGLDWLRQSHULRG� KDG� QR� HIIHFW� �)LJ�� �E�� RU� ZDV� LQKLELWLYH� �)LJ�� �F��� ,Q� WKHVH� H[SHULPHQWV�� WKHPHDVXUHPHQWV�ZHUH�PDGH�GXULQJ� WKH�ILUVW���K�RI�SRVWLUUDGLDWLRQ��:LWK�+553�� WKH�ILUVW�SRLQWZLWK�LQFUHDVHG�>�+@WK\PLGLQH�LQFRUSRUDWLRQ�ZDV���K DIWHU�H[SRVXUH��)LJ���D���ZKLFK�LV�D�YHU\UDSLG�UHVSRQVH�RI�SODWHDX�SKDVH�FHOOV�FRPSDUHG�WR�WKH�UHVSRQVHV�RI�WKHVH�FHOOV�WR�895�DW����QP�DQG� WR�J�UDGLDWLRQ��:LWK�895�DW�����QP�� UHSOLFDWLYH�'1$�V\QWKHVLV� VWDUWHG� WR� LQFUHDVHRQO\� DIWHU� ��� K� DQG� ZDV� DW� D� PD[LPXP� ��� K� DIWHU� LUUDGLDWLRQ� �&RKQ� HW� DO�� ������� 7KHLQFRUSRUDWLRQ�RI� >�+@WK\PLGLQH�ZDV� LQKLELWHG�D� IHZ�KRXUV� DIWHU� LUUDGLDWLRQ� RI� SODWHDX�SKDVH+H/D�FHOOV�ZLWK�J�UDGLDWLRQ��DQG�VWLPXODWHG����K�DIWHU�H[SRVXUH��6\QV\QV�DQG�6DHQNR��������,W�LV�TXLWH�SRVVLEOH�WKDW�DIWHU�WKH�LQLWLDO�LQKLELWLRQ�ZKLFK�RFFXUV
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GXULQJ�WKH�ILUVW���KRXUV�DIWHU�LUUDGLDWLRQ�ZLWK�&:�895�DW�����QP�)LJ���E���WKHUH�ZLOO�EH�DQLQFUHDVH� LQ� >�+@WK\PLGLQH� LQFRUSRUDWLRQ�� 0HDVXUHPHQWV� WR� GHWHUPLQH� WKLV� ZHUH� QRWSHUIRUPHG�LQ�RXU�ZRUN��SULQFLSDOO\�EHFDXVH�WKHUH�DUH�QR�UHDVRQV�WR�EHOLHYH�WKDW�WKH�LQGXFWLRQRI�'1$�UHSOLFDWLYH�V\QWKHVLV�E\�+553�DW�����QP�LV�D�VSHFLILF�FHOOXODU�UHVSRQVH�DV�FRPSDUHGWR�&:�895�DW�����QP��0RUH�SUREDEO\��WKLV�UHVSRQVH�LV�VSHFLILF�IRU�SDUWLFXODU�H[SHULPHQWDOFRQGLWLRQV��DQG�RFFXUV�YHU\�VRRQ�DIWHU�H[SRVXUH�8SRQ�UHDFKLQJ�WKH�SODWHDX�SKDVH��SRSXODWLRQV�RI�QRUPDO�FHOOV�DFFXPXODWH�LQ�WKH�HDUO\�*�SKDVH�RI�WKH�FHOO�F\FOH��ZKLOH�PRVW�FHOOV�RI�WUDQVIRUPHG�OLQHV��+H/D�LQFOXGHG��DFFXPXODWH�LQ�DODWH�*@�SKDVH� �+LWWHOPDQ�DQG�3RWX���������6LPLODU�GLIIHUHQFHV� LQ� WKH�PRUSKRORJ\�RI� WKH�*LSKDVH�EHWZHHQ�FHOOV�IURP�QRUPDO�WLVVXHV�DQG�VROLG�WXPRUV�DUH�UHSRUWHG��*UGLQD�HW�DO�� ������,W�KDV�EHHQ�VKRZQ�LQ�FHOO�IXVLRQ�H[SHULPHQWV�WKDW�WKH�UDWH�RI�LQLWLDWLRQ�RI�UHSOLFDWLYH�'1$V\QWKHVLV� LQ� WKH� QXFOHL� RI� +H/D� FHOOV� LQ� WKH� *�� SKDVH� FDQ� EH� YHU\� UDSLG� �ZO��� K��� 89LUUDGLDWLRQ� RI� WKH� TXLHVFHQW� FHOOV� EHIRUH� IXVLRQ� LQGXFHG� GHFRQGHQVDWLRQ� RI� FKURPDWLQ� LQ� DIOXHQFH�GHSHQGHQW� PDQQHU� LQ� WKH� QXFOHL� RI� WKHVH� FHOOV� �5DR� DQG� 6PLWK�� ������'HFRQGHQVDWLRQ� RI� FKURPDWLQ� PXVW� RFFXU� EHIRUH� UHSDUDWLYH� �6FKRU� HW� DO�� ������ DQGUHSOLFDWLYH� �%DVHUJD�� ������ '1$� V\QWKHVLV� FDQ� WDNH� SODFH�� ,W� LV� TXLWH� SRVVLEOH� WKDW� DVXESRSXODWLRQ� RI� WKH� SODWHDX�SKDVH� FHOOV� DUUHVWHG� DW� D� ODWH� *� SKDVH� LV� UHVSRQVLEOH� IRU� WKHHIIHFWV� RI� +553� GHVFULEHG� LQ� WKLV� FKDSWHU�� 2QH� FDQ� VSHFXODWH� WKDW� LQ� WKLV� SDUWLFXODUVXESRSXODWLRQ�� WKH� GDPDJH� FDXVHG� E\� +553� LQGXFHV� D� FKURPDWLQ� WHPSODWH� FRQILJXUDWLRQSURPRWLQJ�WKH�EHJLQQLQJ�RI�UHSOLFDWLYH�'1$�V\QWKHVLV�
���7KH�(IIHFW�RI�3RZHUIXO�8OWUDVKRUW�3XOVHV�RQ�7UDQVSRUW�3URFHVVHV�LQ�WKH�0HPEUDQHVRI�3ODWHDX�3KDVH�&HOOV
�����'RHV�7ZR�4XDQWXP�([FLWDWLRQ�2FFXU�LQ�/LYLQJ�&HOOV"$V�H[SODLQHG�LQ�WKH�LQWURGXFWLRQ��333�FDQ�H[FLWH�DEVRUELQJ�PROHFXOHV�E\�D�WZR�TXDQWXPPHFKDQLVP��VHH�)LJV��OF�G���7KH�WZR�TXDQWXP�PHFKDQLVP�RI�H[FLWDWLRQ�RFFXUV�LQ�'1$�EDVHVLQ�VROXWLRQV�� LQ�YLUXVHV��DQG� LQ�EDFWHULD� �1LNRJRV\DQ�DQG�/HWRNKRY��������/HWRNKRY�������1LNRJRV\DQ�� ������� ,W� ZRXOG� EH� RI� LQWHUHVW� WR� HVWLPDWH� WKH� SUREDELOLW\� RI� WZR�TXDQWXPH[FLWDWLRQ�RI�'1$�PROHFXOHV�ZKHQ�PDPPDOLDQ�FHOOV�DUH�LUUDGLDWHG�E\�XOWUDVKRUW�SXOVHV�ZLWKO  �����QP�� ,I� WKH� WDUJHW� LV�D�'1$�PROHFXOH��FHOOV�ZLWK�D�KLJKHU�TXDQWLW\�RI�'1$�KDYH� DJUHDWHU�FKDQFH�RI�EHLQJ�GDPDJHG��,Q�RWKHU�ZRUGV��DV�WKH�RUJDQLVP�EHFRPHV�PRUH�FRPSOH[�WKH�QXPEHU�RI�'1$�EDVHV�LQFUHDVHV�DQG�WKH�IOXHQFH�QHHGHG�WR�FDXVH�GDPDJH�WR�DW�OHDVW�RQHEDVH�LQ�WKH�'1$�FKDLQ�GHFUHDVHV��7KLV�UHODWLRQVKLS��ZKLFK�LV�VKRZQ�LQ�)LJ������LV�DOVR
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)LJXUH� ���� '1$�GDPDJLQJ� IOXHQFH� �n�� RI� SLFRVHFRQG� 89� SXOVHV� �O  � ���� QP�� �VROLG� OLQH�� DV� DIXQFWLRQ�RI�WKH�QXPEHU�RI�'1$�EDVH�SDLUV�LQ�GLQXFOHRWLGHV��YLUXVHV��DQG�PDPPDOLDQ�FHOOV��7KH�GDVKHGOLQH�GHQRWHV�WKH�VDPH�W\SH�RI�GHSHQGHQFH�IRU� J�LUUDGLDWLRQ�
REVHUYHG�IRU�J�UDGLDWLRQ��.DSODQ�DQG�0RVHV���������,I�WKH�RUGLQDWH�UHSUHVHQWV�WKH�TXDQWLW\�RI'1$��QXPEHU�RI�EDVH�SDLUV��.S� DQG�WKH�DEVFLVVD��WKH�GRVH�RI�UDGLDWLRQ��'�� �D�GRVH�DW�ZKLFK���� RI� '1$� PROHFXOHV� DUH� GDPDJHG��� RQH� REVHUYHV� DQ� LQYHUVH� GHSHQGHQFH��.S a� ��'���EHWZHHQ�GDPDJH�DQG�GRVH��)LJ������
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/HW�XV�HVWLPDWH�WKH�PLQLPDO�GDPDJLQJ�IOXHQFH�IRU�+H/D�FHOOV�LUUDGLDWHG�ZLWK�89�333�DW����QP��)LJXUH���D�SUHVHQWV�WKH�FKDQJHV�LQ�'1$�V\QWKHVLV�UDWH�DIWHU�H[SRVLQJ�H[SRQHQWLDOO\JURZLQJ�+H/D�FHOOV�WR�333�DW�O  �����QP��>�+@WK\PLGLQH�LQFRUSRUDWLRQ�ZDV�IRXQG�WR�LQFUHDVHZLWK� IOXHQFHV� LQ� WKH� UDQJH�������� -�P���ZLWK� D�PD[LPXP�DW� �� -�P��� ,UUDGLDWLRQ�ZLWK�333� DW������QP

)LJXUH�����5DGLRDFWLYLW\�RI��$��'1$�DQG��%��ZKROH�FHOOV�PHDVXUHG�E\����PLQ�SXOVH�ODEHOLQJV�����K�VWDUWLQJ�SRLQW�RI�WKH�SXOVH�ODEHO��DIWHU�WKH�H[SRVXUH�RI�H[SRQHQWLDOO\�JURZLQJ�+H/D�FHOOV�WR�SRZHUIXOSLFRVHFRQG�89��O  �����QP��DQG�,5��LQIUDUHG���O  �������QP��GDVKHG�OLQH��SXOVHV��5 LV�GHILQHG�DV�WKHUDWLR�RI�UDGLRDFWLYLW\�YDOXHV�LQ�LUUDGLDWHG�DQG�FRQWURO�VDPSOHV�
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SURGXFHG�QR�FKDQJH�LQ�>�+@WK\PLGLQH�LQFRUSRUDWLRQ��)LJ����D���%HFDXVH�WKLV�ZDYHOHQJWK��O  ����� QP�� LV� QRW� DEVRUEHG� E\ '1$� RQH� FDQ� VXJJHVW� WKDW� WKH� HIIHFWV� DW� O  � ���� QP� DUHFRQQHFWHG�ZLWK� WKH� DEVRUSWLRQ� E\�'1$��0HPEUDQH� SHUPHDELOLW\� IRU� >�+@WK\PLGLQH� GLG� QRWGLIIHU�IURP�WKH�FRQWURO�OHYHO�ZLWK�IOXHQFHV�YDU\LQJ�IURP�����WR����-�P� �)LJ����E���7KH�WU\SDQEOXH�H[FOXVLYH�WHVW�VKRZHG�WKDW�WKH�FHOOV�ZHUH�YLDEOH�DIWHU�LUUDGLDWLRQ�7KHUH�LV�HYHU\�UHDVRQ�WR�EHOLHYH�WKDW�WKH�VWLPXODWLRQ�RI�>�+@WK\PLGLQH�LQFRUSRUDWLRQ�LQ�WKHIOXHQFH�UDQJH�EHWZHHQ�����DQG���-�P� �)LJXUH���D��LV�D�UHVSRQVH�WR�'1$�GDPDJH��+H/D�FHOOVKDYH�����;���� EDVH�SDLUV��7KH�EDFWHULRSKDJH�ODPEGD�FRQWDLQV������;���� EDVH�SDLUV��DQG�LWVGDPDJLQJ�IOXHQFH��RQ�WKH�EDVLV�RI�VXUYLYDO�FXUYHV��OLHV�EHWZHHQ����DQG���� -�P� �1LNRJRV\DQDQG�/HWRNKRY���������([SHULPHQWV�ZLWK�333�RQ�'1$�IUDJPHQWV�KDYH� VKRZQ� WKDW� WKH� OHWKDOIOXHQFH�IRU�QXFOHRWLGHV�LV����-�P� �1LNRJRV\DQ�DQG�/HWRNKRY���������6LQFH�WKH�GDPDJH�\LHOGDW�WKLV�IOXHQFH�LV�DERXW�����/HWRNKRY���������WKH�IOXHQFH�QHHGHG�IRU�JXDUDQWHHG�GDPDJH�RI�DGLQXFOHRWLGH�OLHV�LQ�WKH�UDQJH�������� -�P��)LJXUH����VKRZV�WKH�GHSHQGHQFH�RI�WKH�GDPDJLQJ�IOXHQFH�RI�333�RQ�WKH�QXPEHU�RI�EDVHSDLUV�� 7KLV� GHSHQGHQFH� LV� TXDGUDWLF�� .S a� ��n� DQG� WKXV� VXJJHVWV� D� WZR�TXDQWXP� GDPDJHPHFKDQLVP�LQ�GLQXFOHRWLGHV��EDFWHULRSKDJH�ODPEGD��DQG�+H/D�FHOOV�LUUDGLDWHG�ZLWK�333�DW����QP�
�����,UUDGLDWLRQ�ZLWK�7ZR�8OWUDVKRUW�3XOVHV�,QFUHDVHV�WKH�3HUPHDELOLW\�RI�0HPEUDQHV�RI�3ODWHDX�3KDVH�&HOOV1XFOHRVLGHV��SUHFXUVRUV�RI�'1$�DQG�51$�V\QWKHVLV��LQ�FRQFHQWUDWLRQV�OHVV�WKDQ���P0�DUHWDNHQ�XS�LQWR�PDPPDOLDQ�FHOOV�E\�PHDQV�RI�D�SDVVLYHO\�PHGLDWHG�WUDQVSRUW�PHFKDQLVP��DOVRNQRZQ�DV�IDFLOLWDWHG�GLIIXVLRQ �+RSZRRG�HO�DO�� �������7KH�QXFOHRVLGHV�WKDW�KDYH�HQWHUHG�WKHFHOO�DUH�SKRVSKRU\ODWHG�DW�RQFH�DQG�WKXV�ORVH�WKHLU�DELOLW\� WR�GLIIXVH�RXW� �6FKORWLVVHN��������6LQFH�>�+@WK\PLGLQH�LQFRUSRUDWLRQ�LQWR�WKH�'1$�RI�FHOOV�LUUDGLDWHG�ZLWK�333�GRHV�QRW�GLIIHUIURP� WKH� FRQWURO� OHYHO� �)LJ�� ���� FXUYH� ���� WKLV� VXJJHVWV� WKDW� DQ� LQFUHDVH� LQ� >�+@WK\PLGLQH�ODEHOHG� FHOOV� LV� GXH� WR� DQ� DOWHUDWLRQ� RI� GLIIXVLRQ� DQG�RU� WUDQVSRUW� SURSHUWLHV� RI� WKH� FHOOXODUPHPEUDQH�:KHQ�SODWHDX�SKDVH�+H/D�FHOOV�ZHUH�LUUDGLDWHG�ZLWK�WZR�89������QP��333��QR�LQFUHDVHLQ� >�+@WK\PLGLQH�XSWDNH�RFFXUUHG�ZKHQ� WKH� LQWHUYDO�EHWZHHQ� WKH� WZR�SXOVHV�ZDV�����V� �)LJ�����FXUYHV���DQG�����8SWDNH�LQFUHDVHG�DV�WKH�LQWHUYDO�EHWZHHQ�WKH�WZR�SXOVHV�LQFUHDVHG��DQG�DPD[LPDO�LQFUHDVH�RFFXUUHG�DW�D�SXOVH�LQWHUYDO�RI���WR���V��)XUWKHU�LQFUHDVH�LQ�WKH�SXOVH�LQWHUYDOIURP���WR�����V�FDXVHG�WKH�HIIHFW�WR�EH�UHGXFHG�WR�WKH�FRQWURO�OHYHO��>�+@WK\PLGLQH�XSWDNH�GLGQRW�GHSHQG�RQ�ZDYHOHQJWK��WKH�VDPH�HIIHFW�RFFXUUHG�DW�����������)LJ������FXUYHV���DQG����DQG������QP��.DUX���������,QFUHDVH�LQ�WKH�LQWHQVLW\�RI�WKH�SXOVHV��KRZHYHU��GHFUHDVHG�WKH�HIIHFW�FXUYHV���DQG���LQ�)LJ������
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)LJXUH�����&KDQJHV�LQ�WKH�SHUPHDELOLW\�RI�FHOOXODU�PHPEUDQHV�WR�>�+ @WK\PLGLQH�PHDVXUHG�����K�DIWHUH[SRVXUH�RI�SODWHDX�SKDVH�+H/D�PRQROD\HUV�WR�WZR�333�DW�����RU�����QP��DV�D�IXQFWLRQ�RI�WKH�WLPHEHWZHHQ�WKH�WZR�SXOVHV��'30� �GHFD\V�SHU�PLQXWH �
7KHVH� HIIHFWV� DUH� VSHFLILF� IRU� SODWHDX�SKDVH�+H/D�FHOOV�� 7KH�PHPEUDQH� SHUPHDELOLW\� RIFHOOV� LQ� WKH� H[SRQHQWLDO� SKDVH� RI� JURZWK� GLG� QRW� YDU\� IURP� WKH� FRQWURO� OHYHO� �.DUX� HO� DL�����D��7KH�UHVXOWV�REWDLQHG�IURP� LUUDGLDWLQJ� FHOOV�ZLWK� WZR 333 �)LJ������ HQDEOH�XV� WR�DVVXPHWKDW�WKH�ILUVW�SXOVH�LV�UHVSRQVLEOH�IRU�VRPH�FKDQJH�LQ� WKH�FHOO� WUDQVSRUW�V\VWHP�IRU� WK\PLGLQHZKLFK� PD\� EH� UHDOL]HG� ZLWKLQ� VHYHUDO� VHFRQGV� ZLWK� DQRWKHU� SXOVH� EXW� ZKLFK� LWVHOI� FDQQRWFDXVH�D�FKDQJH�LQ�PHPEUDQH�SHUPHDELOLW\��.DUX�HW�DO�� ����D���,I�WKH�VHFRQG�SXOVH�FRPHV�DWWKH�ULJKW�PRPHQW��D�FKDQJH� LQ� WKH� WUDQVSRUW�V\VWHP�RFFXUV�ZKLFK�DFFHOHUDWHV� WKH�SDVVDJH�RIQXFOHRVLGHV�WKURXJK�WKH�PHPEUDQH��,I�WKH�VHFRQG�SXOVH�DUULYHV�WRR�ODWH��ZKHQ�WKH�SUHSDUDWRU\UHDFWLRQV�FDXVHG�E\�WKH�ILUVW�SXOVH�KDYH�GHFD\HG��QR�FKDQJH�LQ�FHOO�PHPEUDQH�SHUPHDELOLW\�LVREVHUYHG�8VLQJ�D�SRZHUIXO��VLQJOH��QDQRVHFRQG�SXOVH��WKLUG�KDUPRQLF�RI�1G���<$*�ODVHU��O  ����QP���LW�LV�SRVVLEOH�WR�SHUIRUDWH�WKH�FHOO�PHPEUDQH�VR�WKDW�VRPH�DOORJHQLF�PDWHULDO�SHQHWUDWHVLQWR� WKH�FHOO� �7VXNDNRVKL�HW�DO����������7KH� WKUHVKROG� HQHUJ\� XVHG�ZDV�DERXW���P-�� DQG� WKHKROH� LQ� WKH�PHPEUDQH� FORVHG� DIWHU� D� VHFRQG�� ,W� VKRXOG� EH� HPSKDVL]HG� WKDW� WKH� IOXHQFH� DQGSXOVH�HQHUJLHV�XVHG� LQ�RXU�H[SHULPHQWV�ZHUH�HVVHQWLDOO\� OHVV� WKDQ� WKRVH�XVHG� LQ� WKH�ZRUN�RI7VXNDNRVKL�HW�DO� �������
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,W�LV�KDUGO\�SUREDEOH�WKDW�WKH�LQFUHDVHG�SHUPHDELOLW\�RI�WKH�FHOOXODU�PHPEUDQH�IRXQG�LQ�RXUH[SHULPHQWV� LV� GXH� WR� SXUHO\� PHFKDQLFDO� GHVWUXFWLRQ� RI� WKH� PHPEUDQH� VLQFH� ���� WKHUH� LV� DFRPSOH[�QRQOLQHDU�GHSHQGHQFH�RI�WKH�HIIHFW�RQ�WKH�WLPH�EHWZHHQ�WKH�WZR�SXOVHV��)LJ������FXUYHV����������WKH�HIIHFW�LV�UHGXFHG�DW�LQFUHDVHG�OLJKW�LQWHQVLWLHV��)LJ������FXUYHV���DQG�����DQG�����WKHLQFUHDVHG�SHUPHDELOLW\�ODVWV�IRU�KRXUV��DW�OHDVW�����K��.DUX��������2QH� SRVVLEOH� H[SODQDWLRQ� IRU� LQFUHDVHG� SHUPHDELOLW\� LV� WKDW� LUUDGLDWLRQ� UHVXOWV� LQ� VRPHFRQIRUPDWLRQDO�FKDQJHV�LQ�WKH�VWUXFWXUH�RI�WKH�WK\PLGLQH�WUDQVSRUW�V\VWHP��(YHQ�VOLJKW�FKDQJHVRI�WKLV�NLQG�PD\�EH�LPSRUWDQW�EHFDXVH�VRPH�FRPSRQHQWV�RI�WKH�WUDQVSRUW�V\VWHPV�RI�QXFOHRWLGHVDUH�DOORVWHULF�SURWHLQV��(LODP�DQG�&DEDQWFKLN��������3DUGHH�DQG�3DOPHU��������:KDW�PHFKDQLVPV�FRXOG�H[SODLQ�RXU� UHVXOWV"�$�SKRWRFKHPLFDO�PHFKDQLVPVHHPV�XQOLNHO\EHFDXVH�WKHUH�LV�QR�GHSHQGHQFH�RI�SHUPHDELOLW\�RQ�ZDYHOHQJWK��)LJ������ ,W�LV�SRVVLEOH�WKDW�WKHPRGXODWHG� WUDQVSRUW� IXQFWLRQV� DUH� FRQQHFWHG� ZLWK� ORFDO� KHDWLQJ�� 7KH� SHUPHDELOLW\� RIPHPEUDQHV�RIDVFLWH� WXPRU�FHOOV� IRU� IOXRUHVFHLQH� DQG� WU\SDQ�EOXH�ZDV� VKRZQ� WR� LQFUHDVH�ZLWKLQFUHDVLQJ� WHPSHUDWXUH��6WURP�HW�DO�� �������,Q�WKLV�H[SHULPHQW�� WXPRU�FHOOV�ZHUH� LQFXEDWHG�DWGLIIHUHQW� WHPSHUDWXUHV� IRU� KRXUV��7KLV� NLQG� RI� WRWDO� KHDWLQJ� LV� LPSRVVLEOH LQ� RXU� H[SHULPHQWVEHFDXVH�SXOVH�GXUDWLRQ�LV�RQO\���;������ V��7KH�WRWDO�LQFUHDVH�RI�WHPSHUDWXUH�ZLOO�QRW�H[FHHG������������&��.DUX��������'XH�WR�WKH�QRQKRPRJHQHLW\�RI�WKH�FHOOXODU�PHPEUDQH��LUUDGLDWLRQ�ZLWK�333�FDQ�FDXVH�ORFDOKHDWLQJ��7KH�SRVVLEOH�ORFDO� LQFUHDVH�RI� WHPSHUDWXUH�FDXVHG�E\�RQH�333�ZDV�HVWLPDWHG�WR�EH�|���&��.DUX���������7KLV�VKRUW�LQWHUYDO� LQFUHDVH� LV�VXIILFLHQW� IRU� FDXVLQJ� VRPH�FRQIRUPDWLRQDOFKDQJHV�LQ�WKH�PROHFXOHV�RI�WKH�FHOOXODU�PHPEUDQH�WUDQVSRUW�V\VWHP�

���&RQFOXGLQJ�5HPDUNV7ZR�FKDUDFWHULVWLF�UHVSRQVHV�RI�SODWHDX�SKDVH�+H/D�FHOOV�WR�SXOVHG�895�DUH�GHVFULEHG��DQLQFUHDVH�LQ�FHOOXODU�PHPEUDQH�SHUPHDELOLW\�WR�QXFOHRVLGHV�DIWHU�LUUDGLDWLRQ�RI�WKH�FHOOV�ZLWK�WZRXOWUDVKRUW� 89� SXOVHV�� DQG� WKH� LQGXFWLRQ� RI� UHSOLFDWLYH� '1$� V\QWKHVLV� LQ� D� FHOOXODUVXESRSXODWLRQ�DIWHU�LUUDGLDWLRQ�ZLWK�KLJK�UHSHWLWLRQ�UDWH�89�SXOVHV��7KH�ILUVW�HIIHFW�LV�DFWXDOO\�DVSHFLILF�UHVSRQVH�WR�SXOVHG�895�IRU�D�YHU\�VLPSOH�UHDVRQ�� WKH�SDUDPHWHUV�DIIRUGHG�E\�SXOVHG895�DUH�QRW�SRVVLEOH�ZLWK�RUGLQDU\�&:�895�VRXUFHV��,W�ZRXOG�EH�PRUH�FRUUHFW�WR�VD\�WKDW�WKLVHIIHFW�LV�ODVHU�VSHFLILF�:KHWKHU�LQGXFWLRQ�RI�UHSOLFDWLYH�'1$�V\QWKHVLV�E\�+553�DW�����QP�LV�D�VSHFLILF�FHOOXODUUHVSRQVH� WR� SXOVHG� 895� LV� QRW� SHUIHFWO\� XQGHUVWRRG�� ,W� LV� FHUWDLQO\� D� VSHFLILF� HIIHFW� XQGHUSDUWLFXODU�H[SHULPHQWDO�FRQGLWLRQV��DQG�RFFXUV�YHU\�VRRQ�DIWHU�H[SRVXUH��&:�895�DW�����QPPLJKW�KDYH�D�VLPLODU�HIIHFW�XQGHU�RWKHU�H[SHULPHQWDO�FRQGLWLRQV��H�J���ZLWK�ORQJHU�SRVWH[SRVXUHWLPHV��
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,W�LV�D�FRPPRQ�PLVFRQFHSWLRQ�WKDW�895�LV�SKRWRFKHPLFDOO\�PXFK�PRUH�DFWLYH�WKDQ�YLVLEOHOLJKW��6PLWK��������� ,W� LV�DOVR�EHOLHYHG�WKDW�895�KDV�PDLQO\�QHJDWLYH�HIIHFWV� �LQDFWLYDWLRQ�RIFHOOXODU�UHDFWLRQV��DQG�WKDW�ODVHU�UDGLDWLRQ�KDV�VSHFLDO�SURSHUWLHV�7KH� H[SHULPHQWV� GLVFXVVHG� LQ� WKLV� FKDSWHU� VXJJHVW� WKDW� 895� KDV� QRW� RQO\� QHJDWLYH� EXWSRVLWLYH�HIIHFWV��VWLPXODWLRQ�RI�FRORQ\�IRUPLQJ�DELOLW\� �)LJ���D���HQKDQFHPHQW�RI�SUROLIHUDWLRQ�)LJV���E������DQG�PRGXODWLRQ�RI�WUDQVSRUW�SURFHVVHV�LQ�FHOOXODU�PHPEUDQHV��)LJ�������$V�WR�WKHSKRWRFKHPLFDO�DFWLYLW\�RI�YLVLEOH�OLJKW��LW�LV�SRVVLEOH�WR�VWLPXODWH�'1$�V\QWKHVLV�ZLWK�WKLV�NLQGRI�UDGLDWLRQ�DV�ZHOO��)LJ����E��� ,Q�WKLV�FDVH��'1$�V\QWKHVLV�LV�WKH�ODVW�VWHS�LQ�D�ORQJ�FKDLQ�RISKRWRVLJQDO�WUDQVGXFWLRQ�DQG�DPSOLILFDWLRQ�UHDFWLRQV�WULJJHUHG�E\�WKH�DEVRUSWLRQ�RI�YLVLEOH�OLJKWLQ�PLWRFKRQGULD� �.DUX������� ������ ������� 7KLV� VFKHPH� IRUPV� WKH� EDVLV� IRU� ORZ�SRZHU� ODVHUWKHUDS\� ��ODVHU�ELRVWLPXODWLRQ����(IIHFWLQJ�'1$�V\QWKHVLV�LQ� WKLV�ZD\� LV�FRPSOHWHO\� GLIIHUHQWIURP�WKH�PHFKDQLVP�GLVFXVVHG�LQ�WKLV�FKDSWHU��DV�RQH�FDQ�VHH�IURP�D�FRPSDULVRQ�RI�)LJV����DDQG�E�0DQ\�SHRSOH�EHOLHYH� WKDW�SURSHUWLHV�RI� ODVHU� UDGLDWLRQ� VXFK� DV� FRKHUHQFH�� KLJK� LQWHQVLW\�DQG� PRQRFKURPDWLFLW\� PDNH� ODVHU� UDGLDWLRQ� XQXVXDO�� $Q� H[DPSOH� LV� WKH� VR�FDOOHG� ODVHUELRVWLPXODWLRQ�� D� SXUHO\� SKRWRELRORJLFDO� SKHQRPHQRQ�� WKH� HIIHFWV� RI� ZKLFK� GHSHQG� RQ� WKHZDYHOHQJWK� DQG� IOXHQFH� RI� WKH� OLJKW�XVHG� IRU� LUUDGLDWLRQ� �)LJ����E���EXW� QRW� RQ� LWV� FRKHUHQFH�.DUX���������,Q�WKLV�FDVH��ODVHUV� MXVW�KDYH�WKH�EHQHILW�RI�EHLQJ�D�FRQYHQLHQW��PRQRFKURPDWLFOLJKW�VRXUFH�/DVHUV� FDQ� SURYLGH� OLJKW� ZLWK� SDUDPHWHUV� WKDW� YDU\� JUHDWO\� IURP� WKRVH� RI� OLJKW� IURPRUGLQDU\�VRXUFHV��H�J���WKH�LQWHQVH��XOWUDVKRUW�SXOVHV�XVHG�LQ� WKH�H[SHULPHQWV�GLVFXVVHG�LQ� WKLVFKDSWHU� �6HFWLRQ� ���� %XW� HYHQ� KHUH��ZKHUH� WKH� SULPDU\� H[FLWDWLRQ�PHFKDQLVP� �WZR�TXDQWXPH[FLWDWLRQ��)LJ�� OF�G�� LV� HQWLUHO\� GLIIHUHQW� IURP� WKH� FODVVLFDO�RQH�TXDQWXP�H[FLWDWLRQ� �)LJ�� OD��WKH�ODZV�RI�FODVVLFDO�SKRWRELRORJ\�DUH�YDOLG��$V�DQ�H[DPSOH��)LJ�����LOOXVWUDWHV�WKH�OHWKDO�DFWLRQRI�333�DW�����DQG�����QP�RQ�SODWHDX�SKDVH�DQG�ORJ�SKDVH�+H/D�FHOOV��,W�LV�NQRZQ�WKDW�YLVLEOHOLJKW�LV�LQHIIHFWLYH�LQ�FDXVLQJ�OHWKDO�DQG�PXWDJHQLF�HIIHFWV��333�DW�����QP�NLOOV�ERWK�SODWHDX�SKDVH�DQG�ORJ�SKDVH�FHOOV��EXW�ZLWK�D�YHU\�ORZ�HIILFLHQF\�QRW�GLIIHULQJ�IURP�WKH�OHWKDO�DFWLRQ�RI&:� JUHHQ� OLJKW� �.DUX� HW� DO�� ������� 7KLV� ILQGLQJ� FRQILUPV� WKH� UXOH� NQRZQ� LQ� FODVVLFDOSKRWRELRORJ\�WKH�GDPDJH�LQIOLFWHG�E\�YLVLEOH� UDGLDWLRQ� LV�QRW� UHVSRQVLEOH� IRU� WKH�GHDWK�RI�FHOOV��RU� LQ�RWKHUZRUGV��HYHQ�LQWHQVH� ODVHU�SXOVHV�FDQQRW�EH�HIIHFWLYH�ZKHQ� WKH�ZDYHOHQJWK� LV�ZURQJ��3ODWHDX�SKDVH�FHOOV�KDYH�D�KLJKHU�UHVLVWDQFH�WKDQ�ORJ�SKDVH�FHOOV�WR�333�DW�����QP��)LJ�������7KH�VDPHLV� WUXH� IRU� SODWHDX�SKDVH� DQG� ORJ�SKDVH� FHOOV� H[SRVHG� WR�&:� ORZ�LQWHQVLW\� ����QP�895�� DVGLVFXVVHG� LQ� 6HFWLRQ� ����� 7KHVH� H[DPSOHV� RQO\� LOOXVWUDWH� VRPH� PLVFRQFHSWLRQV� DERXW� OLJKW�5HDGHUV�PD\�ILQG�EHWWHU�H[DPSOHV�LQ�WKHLU�VXUURXQGLQJV�
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)LJXUH�����7ZR�GLIIHUHQW�PHFKDQLVPV�IRU�H[HUWLQJ�HIIHFWV�RQ�'1$�V\QWKHVLV���$��SULPDU\�DFWLRQ�DIWHUDEVRUSWLRQ�RI�895�E\�'1$�IRUPV�WKH�EDVLV�IRU�OHWKDO�DQG�PXWDJHQLF�HIIHFWV��IURP�&RRKLOO��������DQG�%�� D�PHFKDQLVP�ZKHUHE\� YLVLEOH� OLJKW� LV� DEVRUEHG� E\�PLWRFKRQGULDO� SLJPHQWV�� DQG� VWLPXODWLRQ� RI'1$�V\QWKHVLV�RFFXUV�DV�D�ILQDO�VWHS�DIWHU�PDQ\�GDUN�UHDFWLRQV�LQ�D�FHOO��SKRWRVLJQDO�WUDQVGXFWLRQ�DQGDPSOLILFDWLRQ���7KLV�VFKHPH�IRUPV�D�EDVLV�IRU�ORZ�SRZHU�ODVHU�WKHUDS\��.DUX�������������������
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)LJXUH�����/HWKDO�DFWLRQ�RI�333�DW�����QP�RQ�����ORJ�SKDVH�DQG�����SODWHDX�SKDVH�+H/D�FHOOV�PHDVXUHGE\�WU\SDQ�EOXH�H[FOXVLYH�WHVW��7KH�LQVHUW�SUHVHQWV�WKH�VDPH�GDWD�IRU�����QP�333�
5HIHUHQFHV$EEDV]DGH��,��*���������$FWLRQ�RI�ORZ�GRVHV�RI895�RQ� (��FROL� LQ��0ROHFXODU�%LRSK\VLFV�RI�&HOOV�DQG&HOOXODU�3URFHVVHV� $]HUEDLMDQ�6WDWH�8QLYHUVLW\�3XEO���%DNX��SS���������LQ�5XVVLDQ��$OSDWRY��:��:��� DQG� 1DVWMXNRYD�� ��� .��� ������ 7KH� LQIOXHQFH� RI� GLIIHUHQW� TXDQWLWLHV� RI� XOWUD�YLROHWUDGLDWLRQ�RQ�WKH�GLYLVLRQ�UDWH�LQ�3DUDPHFLXP��3URWRSODVPD �����������$QDQWKDVZDP\��+�� 1��� DQG� 3LHUFHDOO��:�� (��� ������0ROHFXODU� PHFKDQLVPV� RI� XOWUDYLROHW� UDGLDWLRQFDUFLQRJHQHVLV��3KRWRFKHP��3KRWRELRO� �������������%DVHUJD��5���HG����������7KH�&HOO�&\FOH�DQG�&DQFHU�0DUFHO�'HNNHU��1HZ�<RUN�%DVHUJD��5���������0XOWLSOLFDWLRQ�DQG�'LYLVLRQ�RI�0DPPDOLDQ�&HOOV� 0DUFHO�'HNNHU��1HZ�<RUN�DQG%DVHO�%HOHQNLQD��1�� 6��� 6WUDNKRYVND\D��0��*��� DQG� )UDLNLQ��*��<D ��� ������$FWLYDWLRQ� HIIHFW� RI� 89� ODVHUUDGLDWLRQ�RQ�\HDVW�JURZWK��%LRIL]LND �����������%UDQFK��$��'���%HQHQILHOG��%��-���%DURQG\��%��0���:HOOV��)��9���*HULQ��-��/��� DQG�5REHUWVRQ��+��'��������$Q�XOWUDYLROHW�VHQVLWLYH�51$�VWUXFWXUDO�HOHPHQW�LQ�D�YLURLG�OLNH�GRPDLQ�RI�WKH�KHSDWLWLV�GHOWDYLUXV��6FLHQFH ������������&DGHW��-���DQG�9LJQ\��3���������7KH�SKRWRFKHPLVWU\�RI�QXFOHLF�DFLGV��LQ�� %LRRUJDQLF�3KRWRFKHPLVWU\�+��0RUULVRQ��HG����9RO�����:LOH\�,QWHUVFLHQFH��1HZ�<RUN��SS��������
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