
)RUPDWLRQ�RI�WKH�VSLQHO�VWUXFWXUH��$O$O�2��SKDVH�RQ�VDSSKLUH�VXUIDFH
1�6�6LGHOQLNRYD��0�$�5RP��$�<D�'DQ±NR�6�9�1L]KDQNRYVN\��8�9�6LULN��6�,�.ULYRQRJRY

,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH����/HQLQ�$YH���������.KDUNLY��8NUDLQH
5HFHLYHG�$SULO��������

$�SKHQRPHQRQ�RI�WUDQVIRUPDWLRQ�RI�VDSSKLUH�VXUIDFH�OD\HU�ZLWK�WKH�IRUPDWLRQ�RI�D�QHZFXELF�SKDVH�RI�VSLQHO��$O$O�2���VWUXFWXUH�DV�D�UHVXOW�RI�KLJK�WHPSHUDWXUH�UHGXFLQJ�DQQHDO �LQJ� KDV� EHHQ� UHYHDOHG�� 7KH� UHVXOW� RI� PLFURVFRSLF� LQYHVWLJDWLRQV� DQG� ;�UD\� GLIIUDFWLRQDQDO\VLV�RI�WKH�QHZ�SKDVH�OD\HU�RQ�VDSSKLUH�VXUIDFH�IRU�WZR�FU\VWDOORJUDSKLF�SODQHV�������DQG�����__����DUH�SUHVHQWHG���
|­ÓÈ¯�ÎËÓº� «mãËÓÒË� �¯ÈÓ°Áº¯äÈ�ÒÒ� ¹ºmË¯²Óº°�Óº�º� °ãº«� °È¹ÁÒ¯È� °� º­¯ÈÏºmÈÓÒËäÓºmº®� ÁÈÏ©� °� }�­Ò�Ë°}º®� °�¯�}��¯º®��¹ÒÓËãÒ� �$O$O�2��� m� ¯ËÏ�ã	�È�Ë� m©°º}º�Ëä¹Ë¯È���¯Óº�º�mº°°�ÈÓºmÒ�Ëã	Óº�º�º�ÎÒ�È���¯ÒmË�ËÓ©�¯ËÏ�ã	�È�©�äÒ}¯º°}º¹Ò�Ë°}Ò²�Ò°°ãË�º�mÈÓÒ®�Ò�¯ËÓ��ËÓºm°}º�º�ÁÈÏºmº�º�ÈÓÈãÒÏÈ�°ãº«�Óºmº®�ÁÈÏ©�ÓÈ�¹ºmË¯²Óº°�Ò�°È¹ÁÒ¯È��ã«�m�²�}¯Ò°�Èããº�¯ÈÁÒ�Ë°}Ò²�¹ãº°}º°�Ë®��������Ò�����__���

,W� KDV� EHHQ� VKRZQ� >�@� WKDW� VSHFLILF� GH �IHFWV� �WKH� OLJKW� VFDWWHULQJ� FHQWHUV�� DUHIRUPHG�XQGHU�FHUWDLQ�FRQGLWLRQV�LQ�VDSSKLUHFU\VWDOV� JURZQ� E\� KRUL]RQWDO� GLUHFWLRQDOFU\VWDOOL]DWLRQ� PHWKRG� �+'&�� LQ� WKH� PHGLDFRQWDLQHG� UHGXFLQJ� FRPSRQHQWV� �+��� &2�GXH� WR� D� VWRLFKLRPHWU\� GLVWXUEDQFH� RI� WKH$O�2� PHOW�� 7KHVH� GHIHFWV� DUH� RI� �� WR� �Ü��µP� VL]H� DQG� DUH� FKDUDFWHUL]HG� RIWHQ� E\RUWKRJRQDO� �SVHXGR�FXELF�� IDFHWLQJ�� WKXV�WKRVH� FDQ� EH� FRQVLGHUHG� DV� LQFOXVLRQV� RI� DSKDVH� GHSOHWHG� RI� R[\JHQ� �DGPLWWHGO\$O$O�2��� ZLWK� WKH� VWUXFWXUH� GLIIHUHQW� IURPWKDW� RI� αÜ$O�2��� 7RGD\�� WKHUH� DUH� QHLWKHUGLUHFW� GDWD� RQ� WKH� FRPSRVLWLRQ� DQG� VWUXF �WXUH� RI� WKHVH� GHIHFWV�� QRU� VXIILFLHQW� LQIRU �PDWLRQ� RQ� WKH� IRUPDWLRQ� SRVVLELOLW\� RI� WKH$O$O�2� SKDVH�DW�D�KLJK�GHJUHH�RI� $O�2� UH�GXFWLRQ��7KH�RQO\�H[FHSWLRQ�LV�WKH�ZRUN�>�@ZKHUH� WKH� LQYHVWLJDWLRQ� UHVXOWV� DUH� SUH �VHQWHG� RI� WKH� UHGXFWLRQ� SURGXFWV� RI� WKHKLJK�DOXPLQD� UDZ� PDWHULDO� IRU� HOHFWUR�FR �UXQGXP�E\�VROLG�FDUERQ��$Q�LVRWURSLF�SKDVHZDV� GLVFRYHUHG� LQ� WKH� UHGXFWLRQ� SURGXFWVKDYLQJ�IFF�VWUXFWXUH�RI�WKH�VSLQHO�W\SH�ZLWK

ODWWLFH� SDUDPHWHU� D  �������c�� LW�ZDV� LGHQ�WLILHG�DV�$O$O�2��6LQFH� LW� LV� DVVXPHG� WKDW� WKDW� WKH�PLFUR�LQFOXVLRQV� IRUPDWLRQ� LQ� VDSSKLUH� LV� GXH� WRWKH�PHOW� FULWLFDO� VXSHUVDWXUDWLRQ� LQ� R[\JHQYDFDQFLHV�� LW� LV� QHFHVVDU\� WR� GHWHUPLQH� DQRSSRUWXQLW\�RI�$O$O�2� SKDVH�IRUPDWLRQ�GXU�LQJ�$O�2� UHGXFWLRQ�ZLWK�D�JDVHRXV�UHGXFLQJDJHQW� �&2�� ZLWKRXW� FRQWDFW� ZLWK� FDUERQ�JUDSKLWH��� %HIRUH�� LW� KDV� EHHQ� HVWDEOLVKHGWKDW� WKH� PLFUR�LQFOXVLRQV� UHVXOWLQJ� IURPVROLG�SKDVH� UHDFWLRQV� DUH� QRW� IRUPHG� LQFU\VWDO� HYHQ� DW� QHDU�PHOWLQJ� WHPSHUDWXUHV>�@��,W�KDV�EHHQ�DVVXPHG�WKDW�DW�KLJK�VXSHU �VDWXUDWLRQ� GHJUHH� LQ� R[\JHQ� YDFDQFLHV�� WKHUHDFWLRQ� �$O�2� ��9R�± → �$O$O�2� FRXOGSURFHHG� LQ� D� WKLQ� VXUIDFH� OD\HU� FRQWDFWLQJLPPHGLDWHO\� ZLWK� UHGXFLQJ� PHGLD�� 7KHWUDQVIRUPDWLRQ�RI� WKLV� OD\HU�KDV�EHHQ�VWXG �LHG� GXULQJ� KLJK� WHPSHUDWXUH� DQQHDOLQJ� LQWKH� PHGLD� KDYLQJ� KLJK� UHGXFLQJ� SRWHQWLDO�7KH� UHVXOWV�RI� WKHVH� LQYHVWLJDWLRQV� DUH�SUH �VHQWHG�LQ�WKLV�ZRUN�7KH� SUHYLRXVO\� PDFKLQHG� SODQH�SDUDOOHOVDSSKLUH� VDPSOHV� ZLWK� FU\VWDOORJUDSKLF� RUL �

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

�� )XQFWLRQDO�PDWHULDOV�������������



HQWDWLRQ� SODQHV� ������� DQG� ����__��� RQ� WKHVXUIDFH� ZHUH� XVHG� LQ� WKH� H[SHULPHQWV�� 7KHH[SHULPHQWV� ZHUH� FDUULHG� RXW� LQ� D� IXUQDFHZLWK�FDUERQ�JUDSKLWH�KHDW�VFUHHQV�>�@��$IWHUSUHOLPLQDU\� YDFXXP� KHDW� WUHDWPHQW� DW����&�XQWLO�WKH�SUHVVXUH�UDQJH�RI������7RUU

ZDV� DWWDLQHG�� WKH� FKDPEHU� ZDV� ILOOHG� ZLWK$U XQWLO�WKH�SUHVVXUH�UDQJH�RI�WKH�����7RUU�DQG� VDPSOHV� ZHUH� KHDWHG� XS� WR� QHFHVVDU\WHPSHUDWXUH�� 7KH� VDPSOH� WHPSHUDWXUH� ZDVFRQWUROOHG� E\� D�: ������5H±: �������5HWKHUPRFRXSOH�� ZKLFK� SUHOLPLQDU\� ZDV� FDOL �EUDWHG� XVLQJ� UHIHUHQFH� SRLQWV�� 7KH� DQQHDO �LQJ�WLPH�ZDV���WR����K��'XULQJ�WKH�DQQHDO �LQJ��WKH�JDVHRXV�PHGLD�FRPSRVLWLRQ��&2 DQG+� FRQWHQW�� ZDV� PRQLWRUHG� XVLQJ� D� *$62 �&+520������ JDV� DQDO\]HU�� 7KH� VXUIDFHPRUSKRORJ\� FKDQJHV� DIWHU� WKH� DQQHDOLQJZHUH�LQYHVWLJDWHG�XVLQJ�D�0,.���RSWLFDO�PL �FURVFRSH�� 7KH� ;�UD\� LQYHVWLJDWLRQV� ZHUHGRQH� XVLQJ� D� '521����� GLIIUDFWURPHWHU� LQ&X.α��� UDGLDWLRQ��PRQRFKURPDWRU�������S\ �URFDUERQ����,W� ZDV� IRXQG� WKDW� KLJK� WHPSHUDWXUH� UH �GXFLQJ� DQQHDOLQJ� LQ� FHUWDLQ� FRQGLWLRQVFDXVHV�WKH�FKDQJHV�LQ�VDSSKLUH�VXUIDFH�PRU �SKRORJ\� �)LJ������� WKDW� DUH� QRW� W\SLFDO� RIWKH� HWFKLQJ� >�@�� ,Q� WKHVH�FDVHV��D� OD\HU�ZDVREVHUYHG� RQ� WKH� VDSSKLUH� VXUIDFH� GLIIHULQJLQ�SKDVH�FRPSRVLWLRQ��7KH�WKLFNQHVV�RI�SRO\ �FU\VWDOOLQH�]RQH�IRUPHG�RQ�WKH�VDSSKLUH�VXE �VWUDWH�ZDV�GHWHUPLQHG�DV� DQ�DSSUR[LPDWLRQRI� WKH� KRPRJHQHRXV� VFUHHQ� DWWHQXDWLQJ� WKHVLQJOH�FU\VWDO�UHIOHFWLRQ�>�@�DV�ZHOO�DV�IURPLQWHQVLW\� RI� LWV� LQKHUHQW� LQWHUIHUHQFH� OLQHVLQ� V\PPHWULFDO� %UDJJ� JHRPHWU\� >�@�� $V� DUXOH��WKH�W YDOXHV��HIIHFWLYH�WKLFNQHVV�RI�WKHSRO\FU\VWDOOLQH� ]RQH�� REWDLQHG� LQ� ERWK� JH �RPHWULHV� ZHUH� FRLQFLGHQW�� DOWKRXJK� LW� ZDV
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REVHUYHG�QRQ�XQLIRUPLW\�RI� W YDOXH�RYHU�WKHFU\VWDO�VXUIDFH�DUHD��,W�KDV�EHHQ�HVWDEOLVKHGWKDW� GHSHQGLQJ� RI� H[SHULPHQW� FRQGLWLRQV�WHPSHUDWXUH�� WKH� UHGXFLQJ�PHGLXP� FRPSR �VLWLRQ�� VXUIDFH� WUHDWPHQW� FRQGLWLRQV��� WKH� WYDOXH�YDULHV�IURP�����WR���� µP�;�UD\�SKDVH�DQDO\VLV�RI�WKH�VXUIDFH�OD\HUZDV�GRQH� LQ�θÜ�θ JHRPHWU\��,W�KDV�EHHQ�HV�WDEOLVKHG� WKDW�SRO\FU\VWDOOLQH�SKDVH� V\QWKH �VL]HG�RQ�VDSSKLUH�$O�2� VXEVWUDWH�EHORQJV�WRFXELF� V\QJRQ\�)G�P��$OO� LQWHUIHUHQFH� OLQHVRI� WKLV� ]RQH� VKRZQ� LQ� WKH� VFKHPDWLF�;�UD\GLIIUDFWLRQ� SDWWHUQ� �)LJ����� FRUUHVSRQG� WRVSLQHO� VWUXFWXUH� ZLWK� ODWWLFH� SHULRGDRa�����c�� ,I� WKH� LQWHQVLWLHV� RI� WKH� $O$O�2�SKDVH� LQWHUIHUHQFH� OLQHV� DUH� FORVH� WR� FDOFX �ODWHG� NLQHPDWLF� YDOXHV� �)LJ������ WKHQ� WKHDFXWH�����!�WH[WXUH�LV�REVHUYHG�RQ�WKH�VXU �IDFH� ����__��� �)LJ���E��F��G����7KH�DQDO\VLV�RI

θÜ�θ GLIIUDFWLRQ� SDWWHUQV� DOORZV� WR� GHWHU �PLQH�WKDW�WKH�SROH�GHQVLW\�3��� LV����WLPHVKLJKHU� WKDQ� FRUUHVSRQGLQJ� YDOXHV� IRU� LVR �WURSLF� SRO\FU\VWDO�� 7KH� QRUPDOL]DWLRQ� KDVEHHQ�FDUULHG�RXW�E\�0RUULV�PHWKRG�>�@�XVLQJWKLFNQHVV�W RI�WKH�OD\HU�IRUPLQJ�WKH�SDWWHUQ�7KH�HYDOXDWLRQV�RI�JDVHRXV�PHGLD�FRPSR �VLWLRQ� LQ� WKH� H[SHULPHQWV� �XVLQJ� *$=2�+520������JDV�DQDO\]HU��KDYH�VKRZQ�WKDWWKH� IUDFWLRQ� RI� UHGXFWLYH� FRPSRQHQW� �&2 �+��� LV� DERXW�������7KH� FRUUHVSRQGLQJ� FRQ �FHQWUDWLRQ� RI� R[\JHQ� YDFDQFLHV� LQ� WKHERXQGDU\�$O�2� OD\HU�PD\�DWWDLQ����� FPÜ�DQG�KLJKHU�>�@��6XFK�R[\JHQ�ORVV�IURP�$O�2�ODWWLFH� FDQQRW� UHVXOW� LQ� WKH� FRPSOHWH� WUDQV �IRUPDWLRQ� $O�2� OD\HU� LQ� $O$O�2� OD\HU�+RZHYHU�� LW� FDQ� EH� DVVXPHG� WKDW� WKH� KLJKYDFDQF\� FRQFHQWUDWLRQ� FDXVHV� QXFOHDWLRQ� RID� QHZ� SKDVH�� ZKLFK�� EHLQJ� FU\VWDOOL]HG� LQFXELF�V\QJRQ\��PD\�JURZ�LQ�SDUW�DW�WKH�H[ �SHQVH� RI� JDVHRXV� FRPSRQHQW� �$O�� $O2�$O�2��7KLV� DVVXPSWLRQ� LV� FRQILUPHG� LQGL �UHFWO\� E\� WKH� UHVXOWV� RI� H[SHULPHQWV� ZKHUHWKH� VDSSKLUH� VXUIDFH� ZDV� VFUHHQHG� LQ� SDUWDJDLQVW�WKH�JDV�LQIOXHQFH�GXULQJ�DQQHDOLQJ�,Q�WKLV�FDVH��WUDFHV�RI�WKHUPRFKHPLFDO�HWFK �LQJ�ZHUH�REVHUYHG�LQ�WKH�VFUHHQHG�DUHD��)LJ��D��� ZKLOH� QHZ� SKDVH� OD\HU� ZDV� IRUPHG� DWWKH� �RSHQ�� VXUIDFH� �)LJ���E��� ,Q� WKH� WUDQVL �WLRQ�DUHD��REMHFWV�FDQ�EH�REVHUYHG�FKDQJLQJIURP� HWFKLQJ� ILJXUHV� LQ� PRUSKRORJ\�� SHU �KDSV�WKRVH�PXVW�EH�WKH�LVODQGV�RI�QHZ�SKDVH�)LJ�����
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7KXV��WKH�WUDQVIRUPDWLRQ�SKHQRPHQRQ�RIVDSSKLUH� VXUIDFH� OD\HU�ZLWK� QHZ� SKDVH� IRU �PDWLRQ� KDYLQJ� FXELF� VSLQHO� $O$O�2� VWUXF�WXUHV�KDV�EHHQ�UHYHDOHG�DV�D�UHVXOW�RI�KLJK�WHPSHUDWXUH�UHGXFLQJ�DQQHDOLQJ��7KH�RSSRU �WXQLW\� RI� �$O$O�2��� SKDVH� IRUPDWLRQ� XQGHUKLJK� OHYHO� RI� VDSSKLUH� UHGXFLQJ� �αÜ$O�2��SURYHG� E\� H[SHULPHQWV� ZLWFKHV� LQ� IDYRU� RIWKH�EHIRUH�PHQWLRQHG�>�@�DVVXPSWLRQV�DERXWIRUPDWLRQ� FDXVHV� DQG� VWUXFWXUH� RI� OLJKWVFDWWHULQJ� FHQWHUV� LQ� VDSSKLUH�JURZQ� LQ� UH �GXFWLYH�JDVHRXV�PHGLD��3HUKDSV�WKH�IXUWKHUVWXG\�RI�WKDW�SKHQRPHQRQ�ZLOO�FRQWULEXWH�WRFRPSOHWH�FRPSUHKHQVLRQ�RI�GHIHFW�IRUPDWLRQGXULQJ� FU\VWDO� JURZWK�� ,Q� FRQFOXVLRQ�� LW� LVWR� QRWH� WKDW� LQYHVWLJDWLRQ� RI� WKH� UHYHDOHGSKHQRPHQRQ� DV� ZHOO� DV� WKH� � VWUXFWXUH� DQGSK\VLFDO� SURSHUWLHV� RI� $O$O�2� SKDVH� LV� RILQGHSHQGHQW�VFLHQWLILF�LQWHUHVW�
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