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1HXURSHSWLGH��13��H[WUDFWLRQ,Q�ODERUDWRU\�WKH�FUDQLXP�ZDV�RSHQHG��WKH�EUDLQ�ZDV�SODFHG�LQWR�UHIULJHUDWRU��±�� �&��IRU��±��KRXUV�DQG�WKHUHDIWHU�WKH�FRUWH[�ZDV�SUHSDUDWHG��7KH�H[WUDFWLRQ�RI�13�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG��.DUXV�HW�DO����������6KRUWO\�� FRROHG� FHUHEUDO� OREH� FRUWH[� FURZQ� DQG�SDULHWDO� OREH�GH[WUD�ZHUH� VHSDUDWHO\� FKRSSHG�XS� LQ� WKH�SUHVHQFH�RI�����IROG�YROXPH�RI�FROG�SKRVSKDWH�EXIIHU�S+������DQG�ZHUH�JURXQG�XS�ILYH�PLQXWHV�LQ�D�EOHQGRU�RQ�LFH��6XSHUQDWDQWV�ZHUH�VHSDUDWHG�E\�FHQWULIXJLQJ�WKH�PL[WXUH�E\����� J�IRU�WHQ�PLQ��7R�WKH�VXSHUQDWDQWV���IROG�YROXPH�RI�FROG�DFHWRQH�ZDV�DGGHG��3URGXFHG�SUHFLSLWDWHG�H[WUDFWV�ZHUH�GULHG�DQG�ZHLJKHG��7KH�PDLQ�IUDFWLRQV�ZHUH�VHSDUDWHG�IURP�WKH�H[WUDFWV��7KH�FKHPLFDO�FKDUDFWHUL]DWLRQ�RI�H[WUDFWV�DQG�LVRODWHG�SHSWLGHV�ZDV�GRQH�XVLQJ�VSHFWURSKRWRPHWULFDO� VWXGLHV� �6KLPDG]X� /WG��� 89�������� ,()� �%LR�5DG� /WG���� 6'6�3$*(� �+LPLILO� /WG���� HWF��3HSWLGH�FRQWHQW�ZDV�PHDVXUHG��DQG�IRU�IXUWKHU�VWXG\�WKH�� PJ�PO�VROXWLRQV�RI�&&E��FHUHEUDO�FURZQ�PDLQ�IUDFWLRQ��DQG�3OG��SDULHWDO�OREH�GH[WUD�PDLQ�IUDFWLRQ��QHXURSHSWLGHV�ZHUH�PDGH�LQ�DERYH�GHVFULEHG�SKRVSKDWH�EXIIHU��7KH�ZRUNLQJ� VROXWLRQV� ZLWK� FRQFHQWUDWLRQ� DERXW� ��� QJ�PO� 13V� ZHUH� PDGH� EHIRUH� WKH� DQLPDO� WULDOV�� $OO� LQMHFWHG�VROXWLRQV�ZHUH�VWHULOL]HG�([SHULPHQWDO�GHVLJQ0LFH� ZHUH� VLPXOWDQHRXVO\� FKDOOHQJHG� RQ� WKH� ILUVW� H[SHULPHQWDO� GD\� ZLWK� ��� PO� RI� YDFFLQH�LQWUDSHULWRQHDOO\��13�VROXWLRQ� LQ�SKRVSKDWH�EXIIHU�S+�����ZDV� LQMHFWHG�VXEFXWDQHRXVO\��GRVH��� QJ��a��� QJ�J��SHU�PRXVH��0LFH�ZHUH�EOHHGHG�WKURXJK�GHFDSLWDWLRQ�DFFRUGLQJO\�LQ�H[SHULPHQW����7DEOH ���RQ���������DQG����GD\��,Q�H[SHULPHQW����7DEOH����RQ������������DQG����GD\��7KH�DJJOXWLQLQH�WLWUHV�RI�EORRG�VHUD�ZHUH�DVVHVVHG�WULYLDOO\�DQG�WKH�± ORJ�ZDV�FDOFXODWHG�6WDWLVWLFDO�DQDO\]H�ZDV�GRQH�XVLQJ�6<67$7��5HVXOWV1HXURSHSWLGH�&&E�H[SHULHQFHG�D�SRVLWLYH�HIIHFW�RQO\�RQ�WKH��WK GD\�RI�H[SHULPHQW��7DEOH�����
7DEOH��� $JJOXWLQLQH�WLWUHV���ORJ��LQ�&&E�FKDOOHQJHG�DQG�YDFFLQDWHG�PLFH7DEHO��� $JOXWLQLLQLGH�WLLWHU���ORJ��&&E�PDQXVWDWXG�MD�YDNWVLQHHULWXG�KLLUWHO�1HXURSHSWLGH�PDQLSXODWLRQ�1HXURSHSWLLG �VW GD\ �WK GD\ �WK GD\ ��VW GD\
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Q �� 6W'HY � ���� ���� ����&&E 0HDQ.HVNPLQH � ���� ���� ����
Q �� 6W'HY � ���� ���� ����5HPDUNV��9DFFLQH�DQG�&&E�ZHUH�LQMHFWHG�VLPXOWDQHRXVO\�RQ�WKH��VW GD\

,Q�H[SHULPHQW����7DEOH ���3OG�SRVVHVVHG�PDUNHGO\�VWURQJHU�LPPXQRVWLPXODWRU\�HIIHFW�LQ�WKH�HDUO\�SKDVH�RI�DQWLERG\�V\QWKHVLV��7KXV�WKH�LQIOXHQFH�RI�3OG�ZDV�REVHUYHG�RQ������DQG����GD\��
7DEOH��� $JJOXWLQLQH�WLWUHV���ORJ��LQ�3OG�FKDOOHQJHG�DQG�YDFFLQDWHG�PLFH7DEHO����$JOXWLQLLQLGH�WLLWHU���ORJ� 3OG�PDQXVWDWXG�MD�YDNWVLQHHULWXG�KLLUWHO1HXURSHSWLGH�PDQLSXODWLRQ1HXURSHSWLLG �VW GD\ �UG GD\ �WK �WK GD\ ��WK
1RQH.RQWUROO 0HDQ.HVNPLQH � ���� ���� ���� ����
Q �� 6W'HY � ���� ���� ���� ����3OG 0HDQ.HVNPLQH � � ���� ���� ����
Q �� 6W'HY � � ���� ���� ����5HPDUNV��9DFFLQH�DQG�3OG�ZHUH�LQMHFWHG�VLPXOWDQHRXVO\�RQ�WKH��VW GD\

7KDW�PHDQV��WKDW�WKLV�W\SH�RI�LPPXQRVWLPXODQWV�DV�QHXURSHSWLGHV�PD\�KDYH�D�FXUDWLYH�VLJQLILFDQFH�LQ�WKH�SUDFWLFH�DV�D�VXSSOHPHQWDO�UHPHG\��HVSHFLDOO\�LQ�WKH�FDVH�WKH�H[WUDFHOOXODU�SDWKRJHQV��



3RUFLQH�EUDLQ�FRUWH[�QHXURSHSWLGHV�HQKDQFH�WKH�HDUO\�SKDVH�RI�DQWLERG\�V\QWKHVLV�LQ�WKH�YDFFLQDWHG�PRXVH ���
'LVFXVVLRQ7KH�GDWD�PHQWLRQHG�DERYH�LQGLFDWH�WKDW�13��HVSHFLDOO\�3OG�KDG�DQ�LPPXQRVWLPXODQW�DFWLYLW\��VWLPXODWLQJ�WKH� HDUO\� LPPXQH� UHVSRQVH� �DQWLERG\� V\QWKHVLV��� ,W� LV� ZRUWK� WR� UHPHPEHU� WKDW� LQ� WKH� SUHOLPLQDU\� LQIHFWLRQ�H[SHULPHQWV�&&E�SURYHG�WR�EH�WKH�VWURQJHVW�13�FRQFHUQLQJ�LWV�LPPXQRSURWHFWLYH�DFWLYLW\��.DUXV�HW�DO����������LQ�VSLWH�RI�QRZ�GHPRQVWUDWHG�ORZ�LPPXQRVWLPXODWRU\�DFWLYLW\��FRPSDULQJ�ZLWK�WKH�HIIHFW�RI�3OG��,W�LV�DFFHSWHG�WKDW�DQWLPLFURELDO�SHSWLGHV�HIIHFW�WKH�LQQDWH�LPPXQLW\��%RPDQ��������=DVORII���������:H�KDYH�GHPRQVWUDWHG�HDUOLHU�WKDW�WKH�LPPXQRSURWHFWLYH�HIIHFW�RI�13��)OG��UHYHDO�PDLQO\�GXULQJ�WKH�ILUVW�ILYH�GD\V�DIWHU�H[SHULPHQWDO�LQIHFWLRQ�ZLWK�6� W\SKLPXULXP��.DUXV�HW�DO���������.XPDU�HW�DO����������%XW�WKH�UHVXOWV�RI WKLV�VWXG\�GHPRQVWUDWH�WKDW�13�LQIOXHQFH� SRVLWLYHO\� DOVR� WKH� ILUVW� SKDVH� RI� DGDSWLYH� LPPXQLW\�± WKH� HDUO\� DQWLERG\� V\QWKHVLV�� 7KXV� LW�PD\� EH�SRVVLEOH� WR� VSHDN� DERXW� WKHUDSHXWLF� HIIHFW� RI� YDFFLQDWLRQ��2XU� HDUOLHU� ILQGLQJV� �.XPDU� HW� DO��� ������ DIILUP� WKH�SRVLWLRQ�RI�%RPDQ��������DQG�=DVORII��������WKDW�DQWLPLFURELDO�SHSWLGHV�DFW�RQ�WKH�LQQDWH�LPPXQLW\��+RZHYHU�LW�LV�QRW�\HW�FOHDU�ZKLFK�IDFWRU�RI�LQQDWH�LPPXQLW\�FDXVHV�WKH�VWLPXODWLRQ�RI�HDUO\�DQWLERG\�V\QWKHVLV��)HDURQ��������)HDURQ��/RFNVOH\���������7KH�H[LVWHQFH�RI�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�LQQDWH�RU�DFTXLUHG�LPPXQLW\�ZDUUDQWHG�E\�WKH� IXQFWLRQ� RI� PDFURSKDJHV� RU� GHQGULWLF� FHOOV� �3DOXFKND�� %DQFKHUHDX�� ������ RU� ERWK�� LW� KDV� \HW� QRW� WR� EH�DQVZHUHG�� +RZHYHU�� LW� PD\� EH� SRVVLEOH� WKDW� LW� KDV� WR� GR� ZLWK� RWKHU� LPPXQRORJLFDO� IDFWRUV�� 7KH� QHZHVW�H[SHULPHQWV�VKRZ��<LQJZX�;X�HW�DO���������WKDW�7ROO�OLNH�UHFHSWRUV�DQG�VRPH�YHFWRUV�DUH�LQWHJUDO�WR�ERWK�LQQDWH�DQG�DGDSWLYH�LPPXQLW\��&RQFHUQLQJ�WKH�LPPXQRSURWHFWLYH�HIIHFW�RI�)OG�ZH�KDYH�LQ�RXU�HDUOLHU�VWXGLHV��.XPDU�HW�DO���������IRXQG�WKH�SURWHFWLYH�LQGH[�RI�)OG�LQ�PLFH�GXULQJ��±��GD\V�DIWHU�WKH�DUWLILFLDO�LQIHFWLRQ�ZDV�������ZKLOH�WRWDO�SURWHFWLYH�LQGH[���±���GD\V�SRVW�LQIHFWLRQ��ZDV�RQO\�����±������7KXV�WKH�PDLQ�HIIHFW�RI�)OG�LV�OLPLWHG�ZLWK�WKH� ILUVW� ILYH�GD\V�DIWHU� WKH� LQIHFWLRQ��7KXV� WKH�QHXURSHSWLGHV� LQIOXHQFH�PDLQO\� WKH� LQQDWH� LPPXQLW\��$V� LW�ZDV�PHQWLRQHG� DERYH�� 13� LQGXFHV� WKH� DQWLERG\� V\QWKHVLV� LQ� LWV� HDUO\� SHULRG�� 7KXV� RQH� PD\� VXSSRVH� WKDW� WKH�SRWHQWLDWLRQ�RI�WKH�YDFFLQDWLRQ��RU�YDFFLQH��ZLWK�LPPXQRVWLPXODQWV�OLNH�)O�PD\�KDYH�D�SUDFWLFDO�VHQVH�± QDPHO\�LQ�WKH�SURSK\ODFWLFV�DQG�WUHDWPHQW�RI�\RXQJ�DQLPDOV��&RQFOXVLRQ,W� LV� SRVVLEOH� WR� SRWHQWLDWH� WKH� YDFFLQDWLRQ� SURFHVV� ZLWK� SRUFLQH� FHUHEUDO� FRUWH[� QHXURSHSWLGHV� LQ� WKH�SXUSRVH�RI�FRPSHQVDWLQJ�WKH�ORZ�UDWH�RI�DQWLERG\�V\QWKHVLV�LQ�LWV�ODJ�SKDVH��EHWZHHQ��±��GD\V��$FNQRZOHGJPHQW7KLV�VWXG\�ZDV�VXSSRUWHG�E\�WKH�(VWRQLDQ�6FLHQFH�)RXQGDWLRQ��*UDQW�1R��������5HIHUHQFHV%ODORFN -� (���HG��1HXURLPPXQRHQGRFULQRORJ\���UG HGLWLRQ��.DUJHU��%DVHO�HW�DO������������ SS�%RPDQ� +� *� 3HSWLGH�DQWLELRWLFV�DQG�WKHLU�UROH�LQ�LQQDWH�LPPXQLW\��$QQX�5HY�,PPXQ������������������)HDURQ� '�7��6HHNLQJ�ZLVGRP�LQ�LQQDWH�LPPXQLW\��1DWXUH���������������������������)HDURQ� '�7��� /RFNVOH\� 5� 0�� 7KH� LQVWUXFWLYH� UROH� RI� LQQDWH� LPPXQLW\� LQ� WKH� DFTXLUHG LPPXQH� UHVSRQVH��6FLHQFH�������������������������+LFNV� 7�$���0F*ORQH� -�-���:KLVQDQW� &� 6���.DWWHVK� +� *���1RUPDQ� 5�/��%HKDYLRUDO��HQGRFULQH�� LPPXQH��DQG�SHUIRUPDQFH�PHDVXUHV�IRU�SLJV�H[SRVHG�WR�DFXWH�VWUHVV��-�$QLPDO�6FL�������������������������.DUXV� $���3DYHO� h���.XPDU� -��7KH�LVRODWLRQ�RI�QHXURSHSWLGH�IUDFWLRQV�IURP�SLJ�EUDLQ�FRUWH[�DQG�K\SRWKDODPXV�SOXV� K\SRSK\VLV�� %RRN� RI� $EVWUDFWV� ��WK� $QQX�0HHWLQJ� (XURSHDQ� $VVRF� $QLP� 3URGXFWLRQ�� :DUVDZ��3RODQG��������$XJXVW��������9DQ�$UHQGRQN��HG��LQ�FKLHI���:DJHQLQJHQ�3HUV��:DJHQLQJHQ�����������.RYDUX� +���.RYDUX� )��� =L]NRYVN\� 9���9HOHN� -�� 'HYHORSPHQWDO� FKDQJHV� RI� WULPHULF�*73�ELQGLQJ� SURWHLQV� LQ�SRUFLQH�EUDLQ�DQG�LPPXQH�V\VWHPV��$FWD�9HWHULQDULD�%UQR����������������������.XPDU� -��� .DUXV� $��� 6FKDWWVFKQHLGHU� 7��� .XPDU� 0��$��� .DOMR� $��� 3DYHO� h�� 2Q� LPPXQRSURWHFWLYH� HIIHFW� RI�FHUHEUDO�QHXURSHSWLGHV��%RRN�RI�DEVWUDFWV���WK $QQX�0HHWLQJ�(XURSHDQ�$VVRF�$QLP�3URGXFWLRQ��=XULFK��6ZLW]HUODQG��������$XJXVW�������:DJHQLQJHQ�����������.XPDU� -��� .DUXV� $��� 6FKDWWVFKQHLGHU� 7��� .XPDU� 0��$��� 3DYHO� h�� 3RUFLQH�%UDLQ� &RUWH[� 3HSWLGHV� DQG�0RXVH�5HVLVWDQFH��%RRN�RI�DEVWUDFWV���VW $QQXDO�0HHWLQJ�(XURSHDQ�$VVRF�$QLP�3URGXFWLRQ��7KH�+DJXH��7KH�1HWKHUODQGV��������$XJXVW�����������0F&DQQ� 6�0��� 6WHUQEHUJ� (� 0��� /LSWRQ� -� 0��� &KURXVRV� *� 3��� *ROG� 3� :��� 6PLWK &� &��� HGV��1HXURLPPXQRPRGXODWLRQ��0ROHFXODU� DVSHFWV�� LQWHJUDWLYH� V\VWHPV�� DQG� FOLQLFDO� DGYDQFHV��$QQDOV� RI� WKH�1HZ�<RUN�$FDGHP\�RI�6FLHQFHV���������������� SS�1LOVVRQ� &� /��$QDO\VLV�RI� WLVVXHV� WKDW� UHIOHFW� FHQWUDO�QHUYRXV� V\VWHP�GLVHDVH�E\�PDVV� VSHFWURPHWU\�� ,QVW��&OLQ��1HXURVFLHQFH�� 'HSW�� 3V\FKLDWU\� DQG� 1HXURFKHPLVWU\�� *|WHERUJ� 8QLYHUVLW\�� *|WHERUJ�� 6ZHGHQ�� �������� SS�
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