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7KH�SULPH�REMHFWLYH�RI�WKLV�SDSHU� LV�WR�H[SORUH�WKH�WLPH�SDWK�RI��DQG�GHWHUPLQDQWV�RI�FKDQJHV�LQ��WKH�SULFHV�RI�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV��KHUHLQDIWHU�0,,��LQ�8.�LQGXVWU\��ZKLFK�VHHP�WR�KDYH�PHULWHG�YHU\�OLWWOH�DWWHQWLRQ�LQ�ERWK�PDFURHFRQRPLF�DQG�PLFURHFRQRPLFV�OLWHUDWXUHV��$�VHDUFK�RI�WKH�VWDQGDUG�OLWHUDWXUH�GDWDEDVHV�KDV�QRW�WKURZQ�XS DQ\�UHFHQW�SXEOLFDWLRQV�LQ�WKLV�DUHD��<HW��IURP�&HQVXV�RI�3URGXFWLRQ�GDWD��LQ�8.�PDQXIDFWXULQJ�DV�D�ZKROH�LQ�������0,,�FRVWV�UHSUHVHQWHG�����RI�VDOHV��ZKHUHDV�ZDJHV��ZKLFK�DUH�PXFK�PRUH�FRPPRQO\�VWXGLHG��UHSUHVHQWHG�RQO\������
$OWKRXJK�WKH�UHODWLYH�LPSRUWDQFH�RI�0,,�FRVWV�LV�LQ�LWVHOI�VXIILFLHQW�MXVWLILFDWLRQ�WR�H[SORUH�WKHLU�SDWWHUQ�DQG�GHWHUPLQDWLRQ�IXUWKHU��WKHUH�DUH��LQWHU�DOLD��WKUHH�RWKHU�UHDVRQV�IRU�ORRNLQJ�DW�0,,�FRVWV�DQG�SULFHV�
�L� 2XOWRQ�DQG�2¶0DKRQ\��������KDYH�SUHYLRXVO\�LOOXVWUDWHG�WKDW�WKH�8.�HFRQRP\�LQ�UHFHQW�\HDUV�KDV�H[SHULHQFHG�QHJDWLYH�0,,�SURGXFWLYLW\�JURZWK��ZKHQ�RXWSXW�LV�PHDVXUHG�DV�UHDO�JURVV�VDOHV���7KLV�VXJJHVWV�WKDW�WR�VRPH�GHJUHH�WKH�REVHUYHG�KLVWRULFDOO\�KLJK�UDWHV�RI�ODERXU�SURGXFWLYLW\�JURZWK�PD\�UHIOHFW�PRYHPHQWV�LQ�WKH�UHODWLYH�SULFHV�RI�ODERXU�DQG�PDWHULDOV�
�LL� 2QH�PHFKDQLVP�E\�ZKLFK�LQIODWLRQ�FDQ�EH�WUDQVPLWWHG�DFURVV�FRXQWULHV�LV��WKURXJK�WKH�FRVWV�RI�0,,��$Q�HDUO\�SDSHU�E\�%HFNHUPDQ�DQG�-HQNLQVRQ��������LOOXVWUDWHV�KRZ�8.�LQIODWLRQ�PD\�EH�UHODWHG�WR�WKH�ZRUOG�SULFH RI�FRPPRGLWLHV��DQG�WKH�SULFH�RI�0,,�LQSXWV�ZLOO�UHIOHFW�VXFK�SULFHV�
�LLL� :LWK�WKH�VSDWH�RI�SULYDWLVDWLRQV�LQ�WKH�8.�LQ�WKH�ODWH�HLJKWLHV�DQG�WKH�QLQHWLHV��D�ODUJH�SDUW�RI�WKH�8.�HFRQRP\�ZDV�UHJXODWHG�E\��53,�± [��UXOHV��ZKHUH�[�LV�DSSURSULDWHO\�GHILQHG�DV�WKH�H[SHFWHG�UDWH�RI�UHGXFWLRQ��RYHU�WKH�SHULRG�RI�WKH�SULFH�UHJXODWLRQ��LQ�UHDO�PLQLPXP�XQLW�FRVWV�RI�SURGXFWLRQ��7R�PDNH�DQ\�VHQVH��WKH�PHDVXUH�RI�RXWSXW�WR�EH�DSSOLHG�LQ�WKH�53,�± [�IRUPXOD�LV�JURVV�RXWSXW�DQG�WKH�FRVWV�WR�EH�PHDVXUHG�PXVW�LQYROYH�0,,�FRVWV��7KXV�LQ�VHWWLQJ�[�UHJXODWRUV�PXVW�WDNH�DFFRXQW�RI�FKDQJHV�LQ�WKH�SULFH�DQG�FRVWV�RI�0,,�
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,Q�WKH�QH[W�VHFWLRQ�ZH�GLVFXVV�WKH�QDWXUH�RI�0,,�DQG�PHDVXUHV�RI�0,,�SULFHV��,Q�VHFWLRQ���WKH�WLPH�SURILOH�RI�WKH�LQGLFDWRUV�LV�DQDO\VHG��6HFWLRQ���FRQWDLQV VRPH�WKHRUHWLFDO�PRGHOOLQJ�RI�GHWHUPLQDQWV��VHFWLRQ���SUHVHQWV�HVWLPDWHV�RI�WKH�PRGHOV�DQG�GLVFXVVLRQ��7KH�SDSHU�FRQFOXGHV�LQ�VHFWLRQ����
�� 0,,�6758&785(6�$1'�35,&(6
����7KH�6WUXFWXUH�RI�0DWHULDO�DQG�,QWHUPHGLDWH�LQSXW�FRVWV
)URP�WKH�&HQVXV�RI�3URGXFWLRQ��WKUHH�PDLQ�W\SHV�RI�0,,�WR�PDQXIDFWXULQJ�FDQ�EH�LVRODWHG��PDWHULDOV�DQG�IXHOV�LQFOXGLQJ�LQWHUPHGLDWH�LQSXWV�DQG�VHPL� PDQXIDFWXUHG�SURGXFWV�ERXJKW�LQ��QRQ�LQGXVWULDO�VHUYLFHV�DQG�LQGXVWULDO�VHUYLFHV��ZLWK�UHODWLYH�VKDUHV�LQ�WRWDO�0,,�LQSXWV�LQ������DQG������DV�GHWDLOHG�LQ�7DEOH���
7DEOH����0,,�VKDUHV�LQ�WKH�WRWDO�FRVWV�RI�PDQXIDFWXULQJ�������� ����0DWHULDOV��IXHOV��DQG�LQWHUPHGLDWH�PDQXIDFWXUHG�SURGXFWV �� ��,QGXVWULDO�6HUYLFHV � �1RQ�,QGXVWULDO�6HUYLFHV � �7RWDO �� ��
6RXUFH��&HQVXV�RI�3URGXFWLRQ�������������3HUFHQWDJHV�DUH�UHODWLYH�WR�WRWDO�VDOHV�DQG�ZRUN�GRQH��FDSLWDO�FRVWV�EHLQJ�GHILQHG�DV�WRWDO�SURILWV��
$OWKRXJK�WKH GDWD�WKHUHLQ�GRHV�QRW�PDWFK�WKH�FHQVXV�GDWD�H[DFWO\��IXUWKHU�LQIRUPDWLRQ�RQ�WKH�QDWXUH�RI�0,,��HVSHFLDOO\�DV�UHJDUGV�LQWHUPHGLDWH��DV�RSSRVHG�WR�UDZ�PDWHULDO��LQSXWV��FDQ�EH�REWDLQHG�IURP�WKH�8.�,QSXW�2XWSXW�7DEOHV��VHH�7DEOH����

� :H�ZRXOG�HVSHFLDOO\�OLNH�WR�WKDQN�WKH�216�IRU�DOO�WKHLU�SDWLHQFH�ZLWK�RXU�UHTXHVWV�IRU�GDWD�DQG�WKH�HIILFLHQF\�ZLWK�ZKLFK�WKH\�ZHUH�PHW��2I�FRXUVH�DQ\�HUURUV�UHPDLQLQJ�LQ�WKH�SDSHU�DUH�RXU�UHVSRQVLELOLW\�DORQH�
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7DEOH����,QGXVWU\�VRXUFHV�RI�LQWHUPHGLDWH�LQSXWV�WR�PDQXIDFWXULQJ����RI�WRWDO�LQWHUPHGLDWH�LQSXW�SXUFKDVHV��� ���� ����$JULFXOWXUH'RPHVWLF � �,PSRUWV � �(QHUJ\'RPHVWLF � �,PSRUWV �0DQXIDFWXULQJ'RPHVWLF �� ��,PSRUWV �� ��'LVWULEXWLRQ'RPHVWLF � �7UDQVSRUW'RPHVWLF � �%XVLQHVV�DQG�2WKHU�VHUYLFHV'RPHVWLF � ��2WKHU � �
7RWDO�,PSRUWV �� ��
7RWDO ��� ���6RXUFHV��,QSXW�2XWSXW�7DEOHV�IRU�WKH�8.��������������2QO\�YDOXHV�JUHDWHU�WKDQ����LQFOXGHG�

7KLV�GDWD�FOHDUO\�LQGLFDWHV�WKDW�WKDW�WKH�PDMRULW\�RI�WKH�LQWHUPHGLDWH�LQSXWV�WR�PDQXIDFWXULQJ������LQ�������WKHPVHOYHV�RULJLQDWH�IURP�WKH�PDQXIDFWXULQJ�VHFWRU�ZLWK�DSSUR[LPDWHO\��LQ�����������RI�VXFK�LQSXWV�EHLQJ�LPSRUWHG��6HUYLFHV�LQ������UHSUHVHQW�����RI�LQSXWV��DQG�WKXV�MRLQWO\�WKH�WZR�FRPSULVH�����RI�WRWDO�LQWHUPHGLDWH�LQSXWV��
����7KH�3ULFH�,QGH[�IRU�PDWHULDO�DQG�IXHOV�
7KH�PDLQ�UHOHYDQW�SULFH�VHULHV�IRU�0,,�SURGXFHG�E\�WKH�216�LV�WKH�SURGXFHU�SULFH�LQGH[�IRU�PDWHULDO�DQG�IXHOV�LQ�PDQXIDFWXULQJ��3,0)��� ZLWK�VLPLODU�VHULHV�DOVR�EHLQJ�DYDLODEOH�IRU��VRPH��VXE�VHFWRUV�RI�PDQXIDFWXULQJ��7KLV�VHULHV�LV�SURGXFHG�LQ�ERWK�JURVV�DQG�QHW�IRUPV�ZKLFK��ZH�ODEHO�WKH�3,0)J�DQG�3,0)Q���7KH�JURVV�LQGH[�LV�GHVLJQHG�WR�UHIOHFW�WKH�FRVW�RI�DOO�0,,�WR�PDQXIDFWXULQJ�LQFOXGLQJ�LQSXWV�VRXUFHG�IURP�PDQXIDFWXULQJ��)RU�WKH�QHW�LQGH[��D�³ULQJ�IHQFH´�LV�SODFHG�DURXQG�WKH�PDQXIDFWXULQJ�VHFWRU�DQG�RQO\�WKH�FRVW�RI�WKRVH�LQSXWV�WKDW�FURVV�WKH�ULQJ�IHQFH�DUH�LQFOXGHG��WKXV�WKH�



�
QHW�VHULHV�GRHV�QRW�UHIOHFW�WKH�FRVW�RI�0,,�SURGXFHG LQ�WKH�GRPHVWLF�PDQXIDFWXULQJ�VHFWRU��7KH�JURVV�VHULHV�UHIOHFWV�WKH�FRVWV�RI�WRWDO�SXUFKDVHV�RI�PDWHULDOV�DQG�IXHOV�IURP�8.�SURGXFHUV��LQFOXGLQJ�WKRVH�LQ�PDQXIDFWXULQJ��SOXV�WRWDO�SXUFKDVHV�IURP�DEURDG��7KH�QHW�VHULHV�RQO\�UHIOHFWV�SXUFKDVHV�IURP�DEURDG�SOXV�SXUFKDVHV�RI�PDWHULDOV�DQG�IXHOV�IURP�8.�SURGXFHUV�RXWVLGH�WKH�PDQXIDFWXULQJ�VHFWRU��
7KH�JURVV�LQGH[�LV�PDGH�XS��IURP�������RI�����VHSDUDWH�FRPSRQHQWV��WKH�QHW�KDV�����ZLWK�ZHLJKWV�UHIOHFWLQJ�WKH�YDOXH�VKDUHV�RI�HDFK�LQSXW�DQG�LQSXW�SULFHV�HLWKHU�WDNHQ�IURP�WKH�RXWSXW�SULFHV�RI�VHFWRUV�VXSSO\LQJ�LQSXWV�RU�LPSRUW�SULFHV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�DFFRUGLQJ�WR�%XVLQHVV�0RQLWRU��00���%XVLQHVV�0RQLWRU��������DOO�LQGH[�QXPEHUV�DUH�FRPSLOHG�H[FOXVLYH�RI�9$7��EXW�H[FLVH�GXWLHV��RQ�FLJDUHWWHV��PDQXIDFWXUHG�WREDFFR�DQG�DOFRKROLF�OLTXRU��DUH�LQFOXGHG�DV�LV�WKH�GXW\�RQ�K\GURFDUERQ�RLOV��*LYHQ�WKDW�9$7�FDQ�EH�UHFODLPHG�E\�PDQXIDFWXULQJ�ILUPV�EXW�GXWLHV�DQG�RWKHU�WD[HV�RQ�IXHOV��LPSRUWV�DQG�RWKHU�LQSXWV�FDQQRW��WKLV�LV�DSSURSULDWH����
7KH�QHW�VHULHV�LV�DYDLODEOH PRQWKO\��QRQ�VHDVRQDOO\�DGMXVWHG��IURP���������WKH�JURVV�VHULHV�RQO\�IURP���������)RU�ODWHU�GDWHV��IURP�������WKH�QHW�VHULHV�LV�DOVR�DYDLODEOH�LQ�D�VHDVRQDOO\�DGMXVWHG�IRUP��7KH�JURVV�VHULHV�LV�RQO\�DYDLODEOH�ZLWKRXW�VHDVRQDO�DGMXVWPHQW��DQG�IRU�WKLV�UHDVRQ�RQO\�WKH�QRQ�VHDVRQDOO\�DGMXVWHG�VHULHV�DUH�FRQVLGHUHG�LQ�WKLV�VWXG\��7KH�VHULHV�KDYH�EHHQ�UH�EDVHG�DQG�UH�ZHLJKWHG�DW�ILYH�\HDU�LQWHUYDOV��$V�WKH�ZHLJKWV�DUH�RQO\�FKDQJHG�LQIUHTXHQWO\��DQ\�VXEVWLWXWLRQ�IURP�H[SHQVLYH�LQSXWV�WR�FKHDSHU�LQSXWV�E\�ILUPV�ZLOO�RQO\�EH�UHIOHFWHG�LQ�WKH�VHULHV�ZLWK�D�ODJ��7KH�VHULHV�PD\�WKXV�WHQG�WR�RYHUHVWLPDWH�WKH�SULFH�RI�LQSXWV��7KH�YLHZ�RI�WKH�216�LV�WKDW�DOWKRXJK�FHUWDLQ�FRPSURPLVHV�GXH�WR�GDWD�DYDLODELOLW\�KDYH�EHHQ�PDGH�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�VHULHV�WKH�FRPSURPLVHV DUH�QRW�WKRXJKW�WR�KDYH�VHULRXVO\�LPSDLUHG�WKH�HIILFDF\�RI�WKH�LQGH[�
7KH�PDLQ�FULWLFLVP�DQG�OLPLW�RI�WKH�DFFXUDF\�RI�WKH�3,0)�VHULHV�DV�D�PHDVXUH�RI�WKH�FRVWV�RI�0,,�LV�WKDW�LW�GRHV�QRW�UHIOHFW�WKH�FRVWV�RI�VHUYLFHV�ERXJKW�E\�LQGXVWU\��$V�VKRZQ�LQ�7DEOH ������± ����RI�WRWDO�LQSXW�FRVWV�DUH�WKH�FRVWV�RI�LQGXVWULDO�DQG�QRQ�LQGXVWULDO�VHUYLFHV�DQG�VXFK�FRVWV�DUH�QRW�UHIOHFWHG�LQ�HLWKHU�WKH�JURVV�RU�QHW�3,0)��,W�LV�WKXV�FOHDU�WKDW�WKH�3,0)�VHULHV��JURVV�RU�QHW��LV�QRW�D�SHUIHFW�PHDVXUH�RI��WKH�SULFHV�RI�DOO�0,,�WR�PDQXIDFWXULQJ��EXW�LW�LV�WKH�EHVW�DYDLODEOH��
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���7,0(�352),/(6�$1' 7,0(�6(5,(6�3523(57,(6�2)�7+(�35,&(6�2) 0,,
����*UDSKLFDO�UHSUHVHQWDWLRQV,Q�)LJXUH���ZH�SORW�WKH�JURVV�DQG�QHW�3,0)�VHULHV�IRU�WKH�SHULRG�IURP������± �����ZLWK�ERWK�EHLQJ�VHW�WR�D FRPPRQ�EDVH�RI�����LQ�������DQG�DOVR�WKH�5HWDLO�3ULFH�,QGH[��,Q�)LJXUH���ZH�SORW�WKH�QHW�3,0)�VHULHV�RYHU�WKH�SHULRG�IURP����� ± ������WKH�53,�DQG�WKH�UDWLR�RI�3,0)Q�WR�WKH�53,�ODEHOOHG�WKH�UHDO�QHW�3,0)�RU�53,0)Q��)URP�WKHVH�ILJXUHV�ZH�REVHUYH�WKDW�
�L� )RU WKH�SHULRG�IURP�-XQH������WKURXJK�WR�6SULQJ������WKH�QHW�DQG�JURVV�3,0)�VHULHV�WUDFN�HDFK�RWKHU�TXLWH�ZHOO�KRZHYHU��IURP�-DQXDU\������WR�)HEUXDU\������WKH�QHW�VHULHV�JURZV�IDVWHU�WKDQ�WKH�JURVV�ZKHUHDV�IURP�-DQXDU\������WKURXJK�WR������WKH�JURVV�IDOOV�PRUH�TXLFNO\�WKDQ�WKH�QHW��)LJXUH������7KH�UHVXOWV�RI�WKHVH�GLIIHUHQW�PRYHPHQWV�LV�WKDW�RYHU�WKH�ZKROH�REVHUYDWLRQ�SHULRG�WKH�JURVV�VHULHV�VKRZV�D�JUHDWHU�LQFUHDVH�WKDQ�GRHV�WKH�QHW�VHULHV��
�LL� 2YHU�WKH������± �����SHULRG�WKH�QHW�3,0)�JURZV�E\�D�IDFWRU�RI�HOHYHQ��KRZHYHU�PRVW�RI�WKLV�JURZWK�RFFXUV�LQ�WKH�SHULRG�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU�������6HH�)LJXUH�����3ULRU�WR������WKH�QHW�3,0)�VHULHV�VKRZV�D�JUDGXDO�UDWH�RI�LQFUHDVH�HVVHQWLDOO\�GRXEOLQJ�LQ����\HDUV���%HWZHHQ������DQG������WKH�3,0)Q�VHULHV�LQFUHDVHV�E\�D�IDFWRU�RI�����EHIRUH�IDOOLQJ�EDFN�DJDLQ�WR�UHIOHFW�UHODWLYH�FRQVWDQF\���ZLWK�IOXFWXDWLRQV��WKURXJK�WR������
�LLL� 8VLQJ�WKH�53,�DV�D�EHQFKPDUN�DJDLQVW�ZKLFK�PRYHPHQWV�LQ�WKH�3,0)�FDQ�EH�MXGJHG���ZH�REVHUYH�WKDW�SULRU�WR�-DQXDU\������WKH�3,0)Q�DQG�WKH�53,�HVVHQWLDOO\�PRYH�WRJHWKHU�DOWKRXJK�WKH�UHDO�QHW�3,0)��53,0)Q��VKRZV�D�JUDGXDO�GHFOLQH�EHWZHHQ�-DQXDU\������DQG�-XO\�������VHH�)LJXUH�����%HWZHHQ�-XO\������DQG�)HEUXDU\������3,0)Q�JURZV�IDVWHU�WKDQ�WKH�53,��IRU�WKH�UHPDLQLQJ�RI�WKH�SHULRG�XS�WR�������WKH 53,�JURZV�IDVWHU�WKDQ�WKH�3,0)Q��7KH�UHDO�3,0)Q�VKRZV�D�VWHS�XS�LQ�YDOXH�EHWZHHQ�$XJXVW������DQG�'HFHPEHU�������UHODWLYH�FRQVWDQF\�ZLWK�IOXFWXDWLRQV�EHWZHHQ������DQG�WKH�HQG�RI������
� :H�KDYH�LQ�IDFW�H[SORUHG�EXW�GR�QRW�UHSRUW�LQ�GHWDLO�XSRQ�WKH�FDXVDOLW\�EHWZHHQ�QHW�DQG�JURVV�3,0)��:H�ILQG�WKDW�WKH�QHW�VHULHV�*UDLQJHU�FDXVHV�WKH�JURVV�VHULHV��EXW�QRW�YLFH�YHUVD���DQG�WKDW�ZLWK�D�YDU\LQJ�
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DQG�WKHQ�D�GHFOLQLQJ�WUHQG�WKURXJK�WR�WKH�HQG�RI�WKH�GDWD�SHULRG��2YHU�WKH�ZKROH������± �����SHULRG�WKH�WUHQG�UDWH�RI�JURZWK�RI�WKH�UHDO�QHW�3,0)�KDV�EHHQ�QHJDWLYH��DSSUR[LPDWHO\�KDOYLQJ�RYHU�D����\HDU�SHULRG��

)LJXUH��� 3,0)�1HW���3,0)Q���*URVV��3,0)J��DQG�53,�������������EDVH����� ����
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����7LPH�VHULHV�SURSHUWLHV7KH� WLPH� VHULHV� SURSHUWLHV� RI� DOO� WKH� YDULDEOHV� XVHG� LQ� WKLV� DQDO\VLV� DUH�GLVFXVVHG� LQ�$SSHQGL[����7KHUH�ZH�VKRZ�WKDW��IRU�WKH�FRPPRQ�REVHUYDWLRQ�SHULRG�EHWZHHQ�-DQXDU\������ DQG� $XJXVW� ����� 3,0)Q� LV� VWDWLRQDU\� DURXQG� D� VWHS� PHDQ�� ZKLOH� 3,0)J� LV�VWDWLRQDU\�DURXQG�D�VWHS�PHDQ�DQG�DQ�XQGHUO\LQJ�VWHS�WUHQG�ZLWK�ERWK�VHULHV�VKRZLQJ�VLPLODU�VWUXFWXUDO�EUHDNV��L�H� �������������������������������������7KHUH�LV�QR�FOHDU�D�SULRUL MXVWLILFDWLRQ�DV�WR�ZK\�WKH�EUHDNV�RFFXU�HYHU\�ILYH�\HDUV�EXW�WKH�QHW�DQG�JURVV�3,0)�VHULHV�KDYH�EHHQ�UH�ZHLJKWHG�DQG�UH�EDVHG�DW�ILYH�\HDU�LQWHUYDOV��$V�WKH�GDWHV�DW�ZKLFK�WKLV�RFFXUUHG��������������������������������VHHP�WR�DSSUR[LPDWH�WKH�GDWHV�RI�WKH�VWUXFWXUDO�EUHDNV��WKLV�UH�ZHLJKWLQJ�DQG�UHEDVLQJ�LV�D�SULPH�FDQGLGDWH��
7KH� DQDO\VLV� RI� WKH� WLPH� VHULHV�SURSHUWLHV�RI� WKH�GDWD�XVHG� WKH�'+)��'LFNH\��+DV]D�DQG�)XOOHU��������DQG�WKH�2VERUQ���2VERUQ�HW�DO��������WHVWV�IRU�VHDVRQDO�LQWHJUDWLRQ�YHUVXV� GHWHUPLQLVWLF� VHDVRQDOLW\�� DQG� WKH� WUDGLWLRQDO� 'XUELQ�:DWVRQ� �6DUJDQ� DQG�%DUJDZD�� ������� 'LFNH\� )XOOHU� �������� $XJPHQWHG� � 'LFNH\� )XOOHU� �������� DQG�3KLOOLSV�DQG�3HUURQ�� �3KLOOLSV�DQG�3HUURQ������� WHVWV�RI�XQLW� URRWV�ZLWK�GHWHUPLQLVWLF�FRPSRQHQWV��7KH�IXOO�GHWDLOV�RI�WKH�WHVWV�FDQ�EH�IRXQG�LQ�WKH�$SSHQGL[��+HUH�ZH�UHSRUW�RQO\�RQ�WKH�JHQHUDOLVHG�YHUVLRQ�RI�WKH�3HUURQ�WHVW�IRU�VWUXFWXUDO�FKDQJH��3HUURQ��������WKDW� DOORZV� IRU� WKH� SUHVHQFH� RI� ERWK� DQ� $5� FRPSRQHQW� �VHH� $')� WHVW��� VWUXFWXUDO�EUHDNV�DQG�VHDVRQDOLW\��7KH UHVXOWV� VKRZ� WKDW� ERWK� QHW� DQG� JURVV� 3,0)� DUH� DIIHFWHG� E\� GHWHUPLQLVWLF�VHDVRQDOLW\��)JURVV �����������������)QHW �������������������$OORZLQJ�IRU�VWUXFWXUDO�
��7KH�JHQHUDOL]DWLRQ�RI�WKH�3HUURQ�WHVW��3HUURQ���������RI�VWUXFWXUDO�FKDQJH�WHVWV�WKH�SUHVHQFH�RI�VWUXFWXUDO�EUHDNV�LQ�WKH�VHULHV�XVLQJ�D�WUHQG��'7���D�3XOVH�GXPP\��'3��RU�D�/HYHO�GXPP\��'/��IRU�HDFK�VXVSHFWHG�EUHDN LQ�WKH�VHULHV�DQG D�GHWHUPLQLVWLF�VHDVRQDO��6'6M��KDV�EHHQ�VSHFLILHG�DV�IROORZ���'\W� �D� ��O� 6 L '/L ��6 L P�'3L� 6L WL'7L ��I \W�� �6L EL��'\W�L���6L�JL'6L ��HW,I�WKH�SURFHVV�LV�QRQ�VWDWLRQDU\�WKHQ�WKH�SXOVH�GXPP\��WDNLQJ�YDOXH���RQO\�ZKHQ�D�VKRFN�LV�LQWURGXFHG�LQWR� WKH� V\VWHP�DQG�]HUR�RWKHUZLVH��ZLOO� OHDG� WR�D�FKDQJH� LQ� WKH�PHDQ� RI� WKH�SURFHVV� �I ��DQG�D� ���O� ���� ,I� WKH� SURFHVV� LV� VWDWLRQDU\� RU� WUHQG� VWDWLRQDU\�� WKH� OHYHO� GXPP\� �GXPP\� WDNLQJ� YDOXH� ]HUR�EHIRUH� WKH�VWUXFWXUDO�FKDQJH�DQG�RQH�DIWHUZDUGV��ZLOO�H[SODLQ�D�RQH�WLPH�EUHDN�LQ�WKH�PHDQ�RI�D� WUHQG�VWDWLRQDU\�PRGHO��I����P� ����7KH�FKDQJH�LQ�WKH�WUHQG�RI�WKH�VHULHV�FDQ�EH�SLFNHG�XS�YLD�D�WUHQG�GXPP\��'7��IRU�HDFK�EUHDN��7KXV��WKH�VKLIW�LQ�WKH�PHDQ�ZLWKLQ�HDFK�RI�WKH�IRXU�SDUWLWLRQV�LV�FDSWXUHG�E\�D�OHYHO�GXPP\��YL]�'/�>WD��WE@� ��� LI��WD�W��WE ZKHUH���������>WD��WE@ >�����������@��>�����������@�>����������@�>����������@'/�>WD��WE@� ����� RWKHUZLVH�7KH�SXOVH�GXPP\��YL]�'3��W�  �������� LI��W� �W��� ZKHUH� W  �������������������������������'3���W� ����� RWKHUZLVH7KH�WUHQG�GXPP\��YL]�'7�>WD��WE@� �W� LI��WD�W��WE ZKHUH���������>WD��WE@ >�����������@��>�����������@�>����������@�>����������@'7�>WD��WE@� ����� RWKHUZLVH�



�
EUHDNV�� WKH� JURVV� 3,0)� VHULHV� LV� ,���� �IQ �������ZLWK� W ��������� DQG� EDVLFDOO\� WUHQG�VWDWLRQDU\� ZLWKLQ� HDFK� RI� WKH� IRXU� VXE�SHULRGV�� ����������� ����������� ��������������������(DFK�RI�WKH�IRXU�ILYH�\HDU�VXE�SHULRGV�DUH�FKDUDFWHUL]HG�E\�GLIIHUHQW�GULIW��'/M��DQG�JURZWK�UDWHV��'7���7KH�ILUVW�WZR�SHULRGV�KDYH�DOPRVW�WKH�VDPH�VORSH��'7�>���
��@� W� ������DQG�'7�>�����@ � W� �������DQG�ZLWK�VOLJKWO\�GLIIHUHQW�GULIWV��'/>�����@ � O�  �������DQG�'/� >�����@ � O� �������� VXJJHVWLQJ� WKDW� WKH� VHULHV�� LQ� WKHVH� WZR�SHULRGV��DUH�DIIHFWHG� E\� D� VLPLODU� XQGHUO\LQJ WUHQG�� 7KH� YDULDELOLW\� DORQJ� WKH� WUHQG� VWDWLRQDU\�SDUWLWLRQ� >���������@� LV� SLFNHG� XS� E\� D� SXOVH� GXPP\� �'3>-DQ� ����@ � S�  ��������LQGLFDWLQJ� WKDW� DQ\� VKRFN� KDG� D� VKRUW� PHPRU\� �L�H�� ZDV� WHPSRUDU\��ZLWK� WKH� VHULHV�DIWHU� WKH�VKRFN�UHYHUWLQJ� WRZDUGV� LWV�PHDQ�YDOXH��'XULQJ�WKH�WKLUG�SHULRG� WKH�JURZWK�UDWH�VORZV�GRZQ��'/�>�����@ � O�  ����������'7�>�����@� W�  �������ZKLOH�LQ�WKH�ODVW�SHULRG�WKHUH� LV�DQRWKHU� �FKDQJH� LQ� WKH�JURZWK� UDWH��ZKLFK�EHFRPHV�QHJDWLYH��'7>�����@��W�  ���������WKRXJK�QRW�VLJQLILFDQW�
7KH� UHVXOWV� IRU� WKH� QHW� YHUVLRQ� RI� 3,0)� FRQILUP� WKDW� WKH� VHULHV� LV� VWDWLRQDU\���3,0)QB����IJ ����������W� ����������+RZHYHU��WKH�VLJQLILFDQFH�RI�WKH�OHYHO�GXPPLHV�LQGLFDWHV� WKDW� WKH\� LPSDFW�XSRQ� WKH� VWUXFWXUH�RI�3,0)Q��7KH GULIW� LV� DW� LWV�PLQLPXP��������� 7KH� WUHQG�YDULDEOHV�DUH�QRW�VLJQLILFDQW�H[FHSW� LQ�RQH�FDVH��L�H���������������)URP�)LJXUH���D�VKRFN�WR�3,0)Q�LQ�WKH������± ���SHULRG�LV�DSSDUHQW�DQG�FRQILUPHG�E\� D� SXOVH� GXPP\�'3>-DQ� ����@�� )URP� WKH� FRPSDULVRQ� RI� WKH� UHVXOWV� IRU� WKH� QHW� DQG�JURVV� 3,0)�ZH� REVHUYH� WKDW� WKH� LPSDFW� RI� WKLV� GXPP\� LV�PXFK� JUHDWHU� IRU� WKH� QHW��WKDQ� WKH� JURVV� VHULHV� �P�B3,0)Q ������� DQG� P�B3,0)J �������� VXJJHVWLQJ� WKDW� WKH�SHUWXUEDWLRQ�RI�WKH�VKRFN�LV�SUREDEO\�WUDQVPLWWHG�ZLWK�ORZHU�LQWHQVLW\�IURP�3,0)Q�WR�3,0)J�
0RVW�RI�WKH�HPSLULFDO�OLWHUDWXUH��LQ�OLQH�ZLWK�1HOVRQ�DQG�3ORVVHU���������ZRXOG�SUHGLFW�WKDW�PRVW�SULFH�VHULHV�KDYH�DW�OHDVW�RQH�XQLW�URRW�GXH�WR�WKH�XQGHUO\LQJ�JURZWK�UDWH�RI�WKH�SULFH�VHULHV��+RZHYHU��DV�VXJJHVWHG�E\�3HUURQ��������WKLV�LV�QRW�DOZD\V�WKH�FDVH�LQ�WKH�SUHVHQFH�RI�VWUXFWXUDO�EUHDNV��7KLV�VHHPV�WR�EH�WKH�FDVH�IRU�WKH�3,0)�VHULHV���%XW�LW�LV�ZRUWK QRWLFLQJ�WKDW�GHVSLWH�ERWK�VHULHV�EHLQJ�VWDWLRQDU\�ZLWK�VWUXFWXUDO�FKDQJHV�� WKH�
� 3XOVH�GXPPLHV�VKRXOG�QRW�FDXVH�SHUPDQHQW FKDQJHV�LQ�VWDWLRQDU\�VHULHV��+RZHYHU��LW�LV�UHDVVXULQJ�WKDW�XVLQJ�D�JHQHUDOL]HG�YHUVLRQ�RI�WKH�3HUURQ�WHVW�IRU�VWUXFWXUDO�FKDQJH��3HUURQ���������D��LQ�WKH�SHULRG�



��
FRHIILFLHQW I�IRU� ERWK� YDULDEOHV� RYHU� WKH� ZKROH� SHULRG� LV� FORVH� WR� RQH� �UQHW ��������� �����DQG�UJURVV ���������� �������7KLV�PHDQV�WKDW�ERWK�YDULDEOHV�DUH�FORVH�WR�D�XQLW�URRW�DQG�WKXV�SDUWLFXODU�DWWHQWLRQ�LV�UHTXLUHG�LQ�ERWK�WKH�VWDWLVWLFDO� DQG�WKHRUHWLFDO�PRGHOLQJ�RI�WKH�3,0)�YDULDEOHV��
�������3,0)�DQG�0DQXIDFWXULQJ�RXWSXW
,Q�SULQFLSOH�WKH�SULFHV�RI�0,,�L�H��3,0)J�DQG�3,0)Q�ZLOO�EH�WKH�UHVXOW�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�GHPDQG�IRU�DQG�VXSSO\�RI�VXFK�LQSXWV��+RZHYHU�LI�WKH�VXSSO\�FXUYH�RI�LQSXWV�LV�IODW��WKHUH�LV�DQ�LQILQLWH�HODVWLFLW\�RI�VXSSO\��LQSXW�SULFHV�ZLOO�QRW�EH�DIIHFWHG�E\�FKDQJHV�LQ�WKH�OHYHO�RI�GHPDQG�IRU�WKH�LQSXWV��$Q�LQILQLWH�HODVWLFLW\�VXSSO\�FXUYH�ZRXOG�EH�FRQVLVWHQW�ZLWK�FRQVWDQW�UHWXUQV�WR�VFDOH�LQ�WKH�SURGXFWLRQ�RI�LQSXWV�DQG�HLWKHU�D�GHPDQG�LQYDULDQW�PDUN�XS�RU�SHUIHFW�FRPSHWLWLRQ��DQG�WKXV�PDUJLQDO�FRVW�SULFLQJ�ZLWK�D�FRQVWDQW�PDUN�XS�RI�]HUR���
)RU�WKH�PRGHOOLQJ�SURFHVV�EHORZ�LW�LV�LPSRUWDQW�WR�LQLWLDOO\�HVWDEOLVK�ZKHWKHU�RQH�FDQ�UHDVRQDEO\�DVVXPH�WKDW�WKH�SULFH�RI�LQSXWV�LV�QRW�DIIHFWHG�E\�WKH�GHPDQG�IRU�LQSXWV��7KH�GHPDQG�IRU�0,,�LV�D�GHULYHG�GHPDQG��ZLWK�WKH�GHPDQG�EHLQJ�D�IXQFWLRQ��IRU�JLYHQ�LQSXW�SULFHV��RI�PDQXIDFWXULQJ�RXWSXW��:H�KDYH�WKXV�XQGHUWDNHQ�VRPH�FDXVDOLW\�WHVWV�RI�WKH�UHODWLRQ�EHWZHHQ�WKH�SULFHV�RI�0,,�DQG�WKH�OHYHO�RI�PDQXIDFWXULQJ�RXWSXW��7KH�DUJXPHQW�LV�WKDW�LI�RXWSXW�³FDXVHV´�LQSXW�SULFHV�WKHQ�GHPDQG�ZLOO�EH�LPSDFWLQJ�XSRQ�VXFK�SULFHV��,I�KRZHYHU�LW�LV�IRXQG�WKDW�LQSXW�SULFHV�³FDXVH´�PDQXIDFWXULQJ�RXWSXW�WKHQ�RQH�PD\�LQIHU�WKDW�VXFK�SULFHV�DUH�QRW�DIIHFWHG�E\�GHPDQG��
0HDVXULQJ�RXWSXW�E\�WKH�LQGH[�RI�LQGXVWULDO�SURGXFWLRQ��PRQWKO\���QRQ�VHDVRQDOO\�DGMXVWHG��ODEHOOHG�287387��ZH�WHVW�IRU�WKH�SUHVHQFH�RI�VWRFKDVWLF�VHDVRQDOLW\�E\�WKH�'+)��'LFNH\�HW�DO�������DQG�WKH�2VERUQ�PRGLILFDWLRQ��2VERUQ�HW�DO�������PHWKRGV�IRU�WKH�SHULRG������������7KHVH�WHVWV�LQGLFDWH�WKDW�WKH�VHDVRQDOLW\�FDQ�EH�VLPSO\�SLFNHG�XS�E\�GHWHUPLQLVWLF�GXPPLHV�ZLWKRXW�WKH�QHHG�WR�VHDVRQDOO\�GLIIHUHQFH�WKH�YDULDEOH��'+)��W ��������DQG�2B'+)��W� �����������7KH�RUGHU�RI�WKH�QRQ�VHDVRQDO�
��������WKH�LPSDFW�RI�WKH�GULIW�LQ�WKH�LQWHUFHSW�LV�KLJKHU�WKDQ��WKH�SXOVH�GXPP\��E��WKH�RWKHU�SXOVH�GXPPLHV�DUH�QRW�VLJQLILFDQW���VHH�$SSHQGL[���7DEOH�$����� 0RQWH�&DUOR�VWXGLHV�LQGLFDWH�WKDW�ZKHQ�WKH�WUXH�GDWD�JHQHUDWLQJ�SURFHVV�LV�VWDWLRQDU\�EXW�KDV�D�URRW�FORVH�WR�XQLW��WKH�RQH�VWHS�DKHDG�IRUHFDVWV�IURP�D�GLIIHUHQFHG�PRGHO�DUH�XVXDOO\�VXSHULRU�WR�WKH�IRUHFDVWV�IURP�D�VWDWLRQDU\�PRGHO��+RZHYHU�WKH�ORQJ�WHUP�IRUHFDVWV�RI�D�PRGHO�ZLWK�D�GHWHUPLQLVWLF�WUHQG�ZLOO�EH�TXLWH�GLIIHUHQW�IURP�WKRVH�RI�WKH�RWKHU�PRGHOV��:��(QGHUV�������



��
FRPSRQHQW��LV�H[DPLQHG�XVLQJ�WKH�WUDGLWLRQDO�LQWHJUDWLRQ�RUGHU�WHVWV��3KLOOLSV�DQG�3HUURQ���������'LFNH\�)XOOHU��������DQG�$XJPHQWHG�'LFNH\�)XOOHU��������WHVWV��7KH\�DOO�VKRZ�WKDW�WKH�YDULDEOH�LV�VWDWLRQDU\�DURXQG�D�SRVLWLYH�WUHQG��LW�LV�DIIHFWHG�E\�GHWHUPLQLVWLF�VHDVRQDOLW\�DQG�LW�LV�FRUUHODWHG�XS�WR�ODJ�����33BW ��������')BW� �������DQG�$')BW�>��@� ���������7KH�WLPH�VHULHV�SURSHUWLHV�RI��WKH�3,0)�VHULHV�KDYH�EHHQ�HVWDEOLVKHG�DERYH���,Q�HVVHQFH��3,0)J�DQG�287387�VKRZ�VLPLODU�WLPH�VHULHV�SURSHUWLHV��EXW�WKH�QHW�3,0)�DQG�287387�GR�QRW��VHH�7DEOH����
7DEOH����7LPH�VHULHV�SURSHUWLHV�RI�3,0)Q��3,0)J�DQG�287387��GHWHUPLQLVWLF�FRPSRQHQWV9DULDEOH 'ULIW 7UHQG 6HDVRQDOLW\ PD[�''\W ODJ3,0)Q � � � �3,0)J � � � ��287387 � � � ��
7R� HVWDEOLVK� WKH� GLUHFWLRQ� RI� FDXVDOLW\� EHWZHHQ� 3,0)� DQG� 287387� ZH� XVH� WKH�*UDQJHU�FDXVDOLW\�GHILQLWLRQ�DQG�DSSO\�WKH�RULJLQDO�*UDQJHU�WHVW��*UDQJHU��������DQG�WKH� 6,06�WHVW� �*HZHNH�� 0HHVH� DQG� 'HQW� ������ DQG� �IROORZLQJ� (QGHUV�� ������ LQ�DGGLWLRQ� LQFOXGH� DPRQJ� WKH� ODJJHG� UHJUHVVRUV� WKH� FXUUHQW� YDOXHV� RI� [W� VR� DV� WR� DOVR�H[SORUH�VWURQJ�*UDQJHU�&DXVDOLW\��H[RJHQHLW\��YL]�+R��6M �EM ��\W $R'(7W���6DM\W�M ��6M � EM[W�M �HWZKHUH�'(7�LV�WKH�VHW�RI�GHWHUPLQLVWLF�FRPSRQHQWV���6LPLODU�WR�WKH�*UDQJHU�WHVW��LQ�WKLV�YDULDQW�H[RJHQHLW\�FDQ�EH�WHVWHG�YLD�WKH�VLJQLILFDQFH�RI�+R�6M �EM ���\�LV�H[RJHQRXV�WR�[��� �,I� WKLV�K\SRWKHVLV� LV� UHMHFWHG��ZKLOH� WKH�*UDQJHU� WHVW� LV�DFFHSWHG�WKHQ�[�GRHV�QRW�VWURQJO\�*UDQJHU�FDXVH�\��WKDW�LV�WKH�YDULDEOH�LV�QRW�FRPSOHWHO\�H[RJHQRXV�

� 0RQWKO\�ILJXUHV�ZHUH�JHQHUDWHG�E\�OLQHDU�LQWHUSRODWLRQ�RI�TXDUWHUO\�GDWD�



��
7DEOH����7HVWLQJ�WKH�FDXVDOLW\�EHWZHHQ�287387�DQG�3,0)��QHW�JURVV�
D��3,0)M �M QHW���JURVV��*UDQJHU�FDXVHV�287387

7HVW�>ODJV@ +R 3,0)Q�!�287387 3,0)J��!287387
*UDQJHU�±)�>��@ 6M �EM��3,0) � )�������� ������� D3 ������ )�������� ������ E3 ������6,06�±)�>�@ 6M �G W�M�287387 � )������� ������3 ������ )�������� ������3 �����
&21&/86,21 3,0)M !287387 3,0)�*UDQJHU�FDXVHV�287387 3,0)�*UDQJHU�FDXVHV�287387
([RJHQHLW\±)>��@ 6M �EM�3,0) � )��������� ������ D3 ������ )��������� ������E3 ������
&21&/86,21 287387 I�3,0)M� 287387�LV�QRW�H[RJHQRXV�WR�3,0) 287387�LV�QRW�H[RJHQRXV�WR�3,0)JD GHWHUPLQLVWLF�YDULDEOHV�LQ�WKH�ILQDO�PRGHO��'(7���VHDVRQDO�GXPPLHV���WUHQG��QR�LQWHUFHSW�E GHWHUPLQLVWLF�YDULDEOHV�LQ�WKH�ILQDO�PRGHO��'(7���VHDVRQDO�GXPPLHV��QR�WUHQG��QR�LQWHUFHSW�
E��287387�*UDQJHU�FDXVHV�3,0)M �M QHW��JURVV�

7HVW�>ODJV@ +R 287387��!�3,0)Q� 287387�!�3,0)J
*UDQJHU�±)�>�@ 6M �EM�3,0)Q � )������� ������F3 ������ )�������� ������H3 ������6,06�±)�>�@ 6M �G W�M�287387 � )������� ������3 ������ )������� ������3 �����
&21&/86,21 287387 !�3,0)M 287387�GRHV QRW *UDQJHU�FDXVH�3,0)287387�GRHV�QRW *UDQJHU�FDXVH�3,0)
([RJHQHLW\±)Q>��@��)J>�@ 6M �EM�3,0) � )�������� ������F�G3 ������ )������� ������H��I3 ������
&21&/86,21 3,0)M I�287387� 3,0)Q�H[RJHQRXV�WR�287387� 3,0)J�QRW H[RJHQRXV�WR�287387F��GHWHUPLQLVWLF�YDULDEOHV�LQ�WKH�ILQDO�PRGHO��'(7���LQWHUFHSW���VHDVRQDO�GXPPLHV��QR�WUHQG���SXOVH�GXPPLHV��'�����'�������G�� ([RJHQHLW\��WKH�VDPH�UHVXOWV�DUH�REWDLQ��HG�LI�ODJ�>�@�LV�XVHG�LQVWHDG�RI�ODJ�>��@��WKH�ODWWHU�ODJ�EHLQJ�VLJQLILFDQW�RQO\�DW��������)�������� �����������3 ������H��GHWHUPLQLVWLF�YDULDEOHV�LQ�WKH�ILQDO�PRGHO��'(7���LQWHUFHSW���VHDVRQDO�GXPPLHV��QR�WUHQG���SXOVH�GXPPLHV��'�����'�������I��([RJHQHLW\��WKH�VDPH�UHVXOWV�DUH�REWDLQHG�LI�ODJ�>�@�LV�XVHG�LQVWHDG�RI�ODJ�>�@��WKH�ODWWHU�ODJ�EHLQJ�VLJQLILFDQW�RQO\�IRU�28387�� )��������� ��������3 �������

7KH�HPSLULFDO�UHVXOWV�RI�WKH�WKUHH�WHVWV�IRU�WKH�VWURQJ�DQG�ZHDN�FDXVDOLW\�RI�3,0)Q��3,0)J�DQG�287387�DUH�VXPPDUL]HG�LQ�7DEOH��D�E��,Q�7DEOH���D��WKH�ILUVW�WZR�URZV�VKRZ�WKDW��WKH�QXOO�RI�QR�*UDQJHU�FDXVDOLW\��*UDQJHU�DQG�6,0�WHVW��FDQQRW�EH�DFFHSWHG�IRU�3,0)Q� !�287387�RU�IRU�3,0)J� !�287387��QRU��VHH�([RJHQHLW\�URZ���FDQ�WKH�K\SRWKHVLV�RI��H[RJHQHLW\��RU�QR�VWURQJ�FDXVDOLW\���EH�DFFHSWHG���,Q�VXPPDU\�7DEOH���D�VKRZV�WKDW�3,0)Q�J�ERWK�VWURQJO\�DQG�ZHDNO\�*UDQJHU�FDXVHV�287387��+RZHYHU���WKH�RSSRVLWH�LW�LV�QRW�WUXH��$V�VKRZQ�LQ�WKH�ILUVW�WZR�URZV�RI�7DEOH���E��



��
�*UDQJHU�DQG�6LPV�WHVWV���WKH�K\SRWKHVLV�RI�QRQ�FDXVDOLW\��287387z!3,0)Q���287387�z!3,0)J���FDQQRW�EH�UHMHFWHG�LQ�HLWKHU�RI�WKH�WZR�FDVHV��:KHWKHU�RQH�XVHV�JURVV�RU�QHW�3,0)��WKHLU�SDVW�UHDOL]DWLRQ�DUH LQGHSHQGHQW�RI�WKH�OHYHO�RI�RXWSXW�SURGXFHG���7KH�H[RJHQHLW\�WHVW���H[RJHQHLW\�URZ��LQGLFDWHV�WKDW�ZKLOH�3,0)Q�LV�H[RJHQRXV�WR�287387���3,0)J��LV�ZHDNO\�H[RJHQRXV�DQG�LW�LQWHUDFWV�ZLWK�FXUUHQW�OHYHOV�RI�287387��DOWKRXJK�ZKHQ�WKH�VDPSOH�VL]H�LV�UHVWULFWHG�WR������������WKLV�K\SRWKHVLV�FDQQRW�EH�DFFHSWHG��)������� �������>������@��� :H�FRQVLGHU�WKDW�WKHUH�LV�VXIILFLHQW�HYLGHQFH�WR�VXJJHVW�WKDW�3,0)��QHW�DQG�JURVV��DUH�QRW�FDXVHG�E\�PDQXIDFWXULQJ�RXWSXW�DQG�WKXV�ZH�FRQFOXGH�WKDW�VXFK�SULFHV�PD\�EH�PRGHOOHG�VROHO\�DV�FRVW�GHWHUPLQHG��

���02'(//,1*�7+(�35,&(6�2)�0,,������
*LYHQ�WKH�GHILQLWLRQ�RI�WKH�3,0)�VHULHV��FOHDUO\��GHWHUPLQDQWV�RI�FKDQJHV�LQ�3,0)�ZLOO�EH�WKH�UHVXOWV�RI�FKDQJHV�LQ�WKH�SULFHV�RI�WKH�LQSXWV�WKDW�DUH�XVHG�LQ�LWV�FDOFXODWLRQ��+RZHYHU�ZH�DUH�VHHNLQJ�D�UHODWLRQVKLS�WR�WKH�PRUH�EDVLF�GULYHUV�RI�0,,�SULFHV�L�H��WKH�H[RJHQRXV�GHWHUPLQDQWV�RI�WKH�SULFHV�RI�WKH�PDQ\�LQSXWV�LQFOXGHG�LQ�WKH�FDOFXODWLRQ�RI�3,0)��:H�WKXV�SURFHHG�E\��L��LGHQWLI\LQJ�WKRVH�H[RJHQRXV�IDFWRUV�WKDW�ZLOO�GULYH�WKH�YDULRXV�LQSXW�SULFHV�DQG��LL��DOORZLQJ�IRU�LQWHUDFWLRQV�EHWZHHQ�WKH�SULFHV�RI�RXWSXWV�IURP�WKH�SURGXFWLRQ�SURFHVV�LQ�GLIIHUHQW�VHFWRUV�DQG�WKH�SULFHV�RI�LQSXWV�WR�PDQXIDFWXULQJ��:H�SURFHHG�XSRQ�WKH�DVVXPSWLRQ�WKDW�WKH�VXSSO\�FXUYH�IRU�0,,�LV�IODW��WKHUH�LV�DQ�LQILQLWH�HODVWLFLW\�RI�VXSSO\��

� $V�D�IXUWKHU�FURVV�FKHFN�ZH�KDYH�H[SORUHG�WKH�UHODWLRQVKLS�EHWZHHQ�UHDO�QHW���JURVV�3,0)�DQG�RXWSXW��7KH�UHVXOW�LQGLFDWHV�WKDW�WKH�FRQFOXVLRQV�DUH�XQFKDQJHG���0RUHRYHU��JLYHQ�WKDW�WKH�3,0)�VHULHV�LV�ERUGHUOLQH�EHWZHHQ�D�UDQGRP�ZDON�DQG�D�ZKLWH�QRLVH�WKH�FDXVDOLW\�WHVW�KDV�EHHQ�FDUULHG�RXW�XVLQJ�3,0)�DW�GLIIHUHQFHV�UDWKHU�WKDQ�OHYHOV��$OVR�LQ�WKLV�FDVH�WKH�FRQFOXVLRQ�LV�XQFKDQJHG�� 7KLV�LVVXH�UHODWHV�WR�EXW�LV�QRW�TXLWH�WKH�VDPH�DV�WKH�LVVXH�DGGUHVVHG�E\�%ULWWRQ�/DUVHQ�DQG�6PDOO��������KHUHDIWHU�%/6���������7KHVH�DXWKRUV�H[SORUH�ZKHWKHU�IRU�WKH�HFRQRP\�DV�D�ZKROH�WKH�PDUN�XS�RI�SULFHV�RYHU�FRVWV�LV�SUR�RU�DQWL�F\FOLFDO��7KH\�ILQG�SURF\FOLFDOLW\��VHH�DOVR�6PDOO��������DQG�+DVNHO��0DUWLQ�DQG�6PDOO����������7KLV�ZRXOG�LPSO\�WKDW�LQ�SHULRGV�RI�KLJK�GHPDQG�SULFHV�ZLOO�EH�KLJKHU��JLYHQ�FRVWV���DQG�WKXV�WKH�SULFH�RI��GRPHVWLFDOO\�SURGXFHG��LQSXWV�ZRXOG�EH�KLJKHU�LQ�SHULRGV�RI�KLJK�GHPDQG��2XU�ILQGLQJ�GRHV�QRW�FRQILUP�WKLV�IRU�LQSXWV�DV�D�ZKROH�RI�ZKLFK�GRPHVWLFDOO\�SURGXFHG�LQSXWV�DUH�RQO\�D�SDUW��7KH�GLIIHUHQW�UHVXOWV�PD\�EH�GXH�WR�WKH�IDFW�WKDW�ZH�DUH�RQO\�FRQVLGHULQJ�PDQXIDFWXULQJ�DV�RSSRVHG�WR�WKH�HFRQRP\�DV�D�ZKROH��LW�PD\�EH�GXH�WR�WKH�IDFW�WKDW�E\�FRQVLGHULQJ�RQO\�PDQXIDFWXULQJ�ZH�KDYH�KDG�WR�PDNH�IHZHU�GDWD�DSSUR[LPDWLRQV�WKDQ�KDYH�%/6���������RU�LWPD\�EH�GXH�WR�RXU�FRQVLGHULQJ�DOO�LQSXWV�DQG�QRW�MXVW�GRPHVWLFDOO\�SURGXFHG�LQSXWV����



��
,W�LV�XVHIXO�WR�FRQVLGHU�WKDW�WKH�ODUJH�QXPEHU�RI�LQGLYLGXDO�0,,�LQSXWV�GHILQHG�LQ�WKH�3,0)�VHULHV�FDQ�EH�DJJUHJDWHG�LQ�WR�HLJKW�FDWHJRULHV�RI�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV��VHH�7DEOHV���DQG�����:H�ODEHO�WKHVH�LQSXWV�;� WR�;��ZLWK�SULFHV�3��WR�3��UHVSHFWLYHO\��7KH�LQSXWV�DUH��DUH�GRPHVWLFDOO\�DQG�RYHUVHDV�VRXUFHG��UDZ�PDWHULDOV��H�J��FUXGH�RLO�RU�FRDO���ODEHOOHG�LQSXWV���DQG����RWKHU�QRQ�VHUYLFH�LQWHUPHGLDWH�LQSXWV�SURGXFHG�RXWVLGH�PDQXIDFWXULQJ��H�J��HOHFWULFLW\�RU�PHDW��ODEHOOHG�LQSXWV���DQG����VHUYLFH�LQSXWV�IURP�KRPH�RU�RYHUVHDV��H�J��FRPSXWHU�DQG�WUDQVSRUW�VHUYLFHV��ODEHOOHG�LQSXWV���DQG����DQG�LQWHUPHGLDWH�LQSXWV�SURGXFHG�ZLWKLQ�PDQXIDFWXULQJ��DW�KRPH�RU�RYHUVHDV��ODEHOOHG�LQSXWV���DQG����,W�PD\�EH�QRWHG�WKDW��DV�ZH�KDYH�VKRZQ�DERYH��7DEOH�����LPSRUWHG�VHUYLFHV�DUH�VXIILFLHQWO\�VPDOO�WR�EH�LJQRUHG��DQG�LQ�DQ\�FDVH�WKH�JURVV�DQG�QHW�3,0)�VHULHV�GR�QRW�GLUHFWO\�LQFOXGH�VHUYLFH�SULFHV��:H�WKHQ�DUJXH�DV�IROORZV
�L� 7KH�SULFHV�RI�PDWHULDO�LQSXWV�DUH�GHWHUPLQHG�RQ�ZRUOG�PDUNHWV�DQG�WKHUH�LV�LQILQLWH�HODVWLFLW\�RI�VXSSO\�DW�ZRUOG�SULFHV��7KXV�WKH�SULFHV�LQ�VWHUOLQJ�RI�PDWHULDO�LQSXWV�VRXUFHG�IURP�KRPH�DQG�RYHUVHDV�DUH�FRQVLGHUHG�WR�EH�HTXDO�DQG�HVVHQWLDOO\�GHWHUPLQHG�E\�ZRUOG�FRPPRGLW\�SULFHV�DQG�SUHYDLOLQJ�H[FKDQJH�UDWHV��:H�WKXV�DOORZ�WKDW�3��W�� �3��W���
�LL� )RU�LQWHUPHGLDWH�LQSXWV�SURGXFHG�RXWVLGH�PDQXIDFWXULQJ��H�J��HOHFWULFLW\�RU�PHDW��ZH�VHSDUDWHO\�FRQVLGHU�WKRVH�SURGXFHG�DW�KRPH�DQG�RYHUVHDV�ZLWK�SULFHV�3��W��DQG�3��W��UHVSHFWLYHO\��)RU�VXFK�LQSXWV�SURGXFHG�RYHUVHDV�ZH�PDNH�D�VPDOO�FRXQWU\�DVVXPSWLRQ�DQG�DVVXPH�DQ�LQILQLWH�HODVWLFLW\�RI�VXSSO\�DW�FXUUHQW�SULFHV�ZLWK�FXUUHQW�SULFHV�EHLQJ�H[RJHQRXV�WR�WKH�FRVW�RI�0,,�WR�GRPHVWLF�PDQXIDFWXULQJ��7KXV�3��W��LV�WDNHQ�DV�H[RJHQRXV���)RU�VXFK�LQSXWV�SURGXFHG�GRPHVWLFDOO\�ZH�DVVXPH�FRQVWDQW UHWXUQV�WR�VFDOH�DQG�IL[HG�PDUN�XSV�DQG�WKXV�SULFHV�RI�VXFK�LQSXWV��3��W���ZLOO�EH�VROHO\�GHSHQGHQW�XSRQ�WKHLU�FRVWV�RI�SURGXFWLRQ��
�LLL� 6HUYLFH�LQSXWV��H�J��FRPSXWHU�DQG�WUDQVSRUW�VHUYLFHV���DUH�DOPRVW�ZKROO\�VRXUFHG�GRPHVWLFDOO\�DQG�WKXV�ZH�QHHG�QRW�GLVFXVV�LPSRUWV�RI�VHUYLFHV�WR�DQ\�
� $W�D�PRUH�EDVLF�OHYHO�VXFK�SULFHV�DQG�WKH�SULFHV�RI�LPSRUWHG�LQWHUPHGLDWH�LQSXWV�ZLOO�EH�D�IXQFWLRQ�RI�WKH�H[FKDQJH�UDWH��WKH�FRVW�RI�UDZ�PDWHULDO�LQSXWV�WR�RYHUVHDV�SURGXFHUV��RYHUVHDV�ZDJHV�DQG�FDSLWDO�FRVWV�DQG�WRWDO�IDFWRU�SURGXFWLYLW\��7)3��RYHUVHDV��EXW�WKLV�LV�D�QRW�D�WUDLO�WKDW�ZH�IROORZ�



��
H[WHQW��ZH�DVVXPH��DOWKRXJK�LW�KDV�QR�PDWHULDO�LPSDFW�WKDW�WKH�SULFH�RI�LPSRUWHG�VHUYLFHV��3��W��LV�JLYHQ�DQG�GHWHUPLQHG�H[RJHQRXVO\���7KH�SULFHV�RI�GRPHVWLFDOO\�SURGXFHG�VHUYLFHV�3��W��ZLOO�GHSHQG�XSRQ�WKH�FRVWV�RI�SURGXFLQJ�VHUYLFHV�DQG�SHUKDSV�WKH�GHPDQG�IRU�VHUYLFHV�EXW�E\�H[WHQGLQJ�WKH�DVVXPSWLRQ�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�WR�WKH�VHUYLFH�VHFWRU�ZH�PD\�SXW�GHPDQG�LVVXHV�WR�RQH�VLGH��

�LY� )RU�PDQXIDFWXUHG�LQWHUPHGLDWH�LQSXWV�LPSRUWHG�IURP�RYHUVHDV�ZH�PDNH�D�VPDOO�FRXQWU\�DVVXPSWLRQ�DQG�DVVXPH�DQ�LQILQLWH�HODVWLFLW\�RI�VXSSO\�DW�FXUUHQW�SULFHV�ZLWK�FXUUHQW�SULFHV�EHLQJ�H[RJHQRXV�WR�WKH�FRVW�RI�0,,�WR�GRPHVWLF�PDQXIDFWXULQJ��7KXV�3��W��LV�WDNHQ�DV�JLYHQ�DQG�H[RJHQRXV��)RU�VXFK�LQSXWV�VRXUFHG�GRPHVWLFDOO\�WKH�SULFH�3��W��ZLOO�EH�HTXDO�WR�WKH�QHW�RU�JURVV�SURGXFHU�SULFH�LQGH[�� LQ�PDQXIDFWXULQJ�GHSHQGLQJ�XSRQ�ZKHWKHU�ZH�DUH�ORRNLQJ�DW�QHW�RU�JURVV�UHODWLRQVKLSV��$W�D�VHFRQG�OHYHO�KRZHYHU��DVVXPLQJ�FRQVWDQW�UHWXUQV�WR�VFDOH��WKHVH�SULFHV�ZLOO�EH�D�IXQFWLRQ�RI�WKH�XQLW�FRVWV�RI�SURGXFWLRQ�LQ�PDQXIDFWXULQJ��
7KXV�RI�WKH�GHILQHG�HLJKW�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV��WKUHH�L�H��QXPEHUV������DQG�����GRPHVWLF�SURGXFHG�LQSXWV�RI�QRQ�PDQXIDFWXUHG�QRQ�VHUYLFH�SURGXFWV��VHUYLFHV��DQG�PDQXIDFWXUHG�SURGXFWV��DUH�DUJXHG�WR�KDYH�SULFHV�WKDW�DUH�GHWHUPLQHG�HQGRJHQRXVO\�ZLWKLQ�WKH�V\VWHP��$OO�RWKHU�SULFHV�DUH�FRQVLGHUHG�WR�EH�GHWHUPLQHG�H[RJHQRXVO\�
7KH�QHW�3,0)
7KH�QHW�SULFH�LQGH[�IRU�PDWHULDO�DQG�IXHOV��3,0)Q�LV�PHDVXUHG�DV
3,0)Q�W�� �V��W�3��W����V��W�3��W����V��W�3��W����V��W�3��W����V��W�3��W����� ���
ZKHUH�WKH�VL DUH�WKH�VKDUHV�RI�WKH�GLIIHUHQW�LQSXWV���«�������LQ�WRWDO��LQFOXGHG��0,,�FRVWV��1RWH�WKDW�3,0)Q�H[FOXGHV�VHUYLFHV�DQG�GRPHVWLFDOO\�SURGXFHG�PDQXIDFWXUHG�
�� -XVW�DV�WKHUH�DUH�QHW�DQG�JURVV�LQSXW�SULFH�VHULHV�VR�WKHUH�DUH�QHW�DQG�JURVV�RXWSXW�SULFH�VHULHV��7KH�QHW�SULFH�VHULHV�FRQVLGHUV�RQO\�WKH�SULFHV�RI�JRRG�WKDW�FURVV�WKH�PDQXIDFWXULQJ�ULQJ�IHQFH�ZKHUHDV�WKH�JURVV�VHULHV�DOVR�FRQVLGHUV�WKH�SULFHV�RI�PDQXIDFWXUHG�JRRGV�XVHG�LQ�PDQXIDFWXULQJ��2QH�VKRXOG�QRWH��D��WKDW�WKH�QHW�DQG�JURVV�RXWSXW�SULFH�VHULHV�WUDFN�HDFK�RWKHU�PXFK�PRUH�FORVHO\�WKDW�WKH�QHW�DQG�JURVV�LQSXW�



��
LQSXWV��7KH�VKDUHV�XVHG�LQ�WKH�FRQVWUXFWLRQ�DUH�UHFDOFXODWHG�HDFK�ILYH�\HDUV�DQG�DUH�WKXV�ZULWWHQ�DV�WLPH�GHSHQGHQW����2I��WKH�SULFHV�LQ�WKH�3,0)Q�H[SUHVVLRQ�3��W�� �3��W���3��W��DQG�3��W��KDYH�EHHQ�DUJXHG�WR�EH�JLYHQ�H[RJHQRXVO\�DQG�WKXV�LQ�WKH�FDOFXODWLRQ�RI�WKH�3,0)Q�RQO\�3��W��LV�OHIW�WR�EH�GHWHUPLQHG��
7R�PRGHO�WKH�GHWHUPLQDWLRQ�RI��3��W���GHILQH�&L�W��DV�WKH�XQLW�FRVW�RI�SURGXFLQJ�RXWSXW�L�LQ�WLPH�W��L� ���������,Q�VWHDG\�VWDWH�RXU�DVVXPSWLRQV�LPSO\�WKDW�3L�W�� �SL�W�&L�W���ZKHUH�SL�W��HTXDOV�RQH�SOXV�WKH�PDUN�XS��DQG�LV�DJDLQ�DOORZHG�WR�EH�WLPH�GHSHQGHQW�WR�FDSWXUH�DQ\�FKDQJHV�LQ�WKH�PDUN�XS�RYHU�WLPH��+RZHYHU�RXW�RI�VWHDG\�VWDWH�WKHUH�PD\�EH�ODJV�LQ�WKH�SULFLQJ�HTXDWLRQ��ZH�WKXV�ZULWH�IRU�HDFK��L��
3L�W�� ����� OL��SL �W��&L�W����OL 3L�W�� �� ���
7R�PRGHO�&L�W���L� ������RU����XQGHU�D�OLQHDU�SURGXFWLRQ�WHFKQRORJ\�� ZH�GHILQH�DLM��W��DV�LQSXW�M�SHU�XQLW�RI�RXWSXW�L��M� �������ZKLFK�LV�DJDLQ�DOORZHG�WR�EH�WLPH�GHSHQGHQW�WR�DOORZ�IRU�WHFKQRORJLFDO�FKDQJH��)RU�WKH�QHW�VFHQDULR DQG�RQ�DFFRXQW�RI�WKH�DUJXPHQWV�DERYH�ZH�DVVXPH�WKDW�D���W�� �D���W�� �D���W�� �D�� �W�� �D���W� �D���W�� ����:H�DOORZ�WKDW�ZDJH�UDWHV��:�W���DQG�FDSLWDO�FRVWV��LQWHUHVW�UDWHV��5�W���DUH�WKH�VDPH�IRU�DOO�VHFWRUV��WR�UHGXFH�WKH�QXPEHU�RI�SDUDPHWHUV�EHLQJ�FRQVLGHUHG���DQG�GHILQH��DL/�W��DQG�DL.�W��DV�LQSXWV�RI�/�DQG�.�UHVSHFWLYHO\�LQ�WKH�SURGXFWLRQ�RI�SURGXFW�L���7KLV�\LHOGV�WKDW�
&��W�� ��D���W����D���W��3��W����D���W�3��W����D���W�3��W����D���W�3��W����D���W�3��W����D�/�W�:�W����D�.�W�5�W� ���
&��W�� ��D���W����D���W��3��W����D���W�3��W����D���W�3��W����D���W�3��W����D���W�3��W����D�/�W�:�W� ��D�.�W�5�W�� ���
SULFH�VHULHV�DQG��E��WKDW�ERWK�RXWSXW�SULFH�VHULHV�UHIHU�RQO\�WR�SURGXFWV�VROG�RQ�WKH�KRPH�PDUNHW��([SRUW�VDOHV�DUH�H[FOXGHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�VHULHV��� ,Q�SULQFLSOH�WKHVH�VKDUHV�FRXOG�EH�FRQVLGHUHG�DV�HQGRJHQRXVO\�GHWHUPLQHG��KRZHYHU�IRU�WKH�VDNH�RI�VLPSOLFLW\�ZH�DVVXPH�WKDW�WKH\�DUH�H[RJHQRXV��� ,Q�WKH�DEVHQFH�RI�SULRU�NQRZOHGJH�RQ�WKH�QDWXUH�RI�WKH�SUHYDLOLQJ�SURGXFWLRQ�WHFKQRORJ\�LQ�WKH�HFRQRP\�IRU�ERWK�WKH�QHW�DQG�JURVV�3,0)�ZH�H[SORUHG�RQH�FDVH�ZKHUH�WKH WHFKQRORJ\�LV�OLQHDU�DQG�DQRWKHU�ZKHUH�WKH�SUHYDLOLQJ�WHFKQRORJ\�LQ�HDFK�VHFWRU�LV�&REE�'RXJODV�� LQ�HDFK�FDVH�DVVXPLQJ�FRQVWDQW�UHWXUQV�WR�VFDOH��+RZHYHU��DV�WKH�OLQHDU�DSSURDFK�LV�PRUH�VXLWDEOH�IRU�WKH�ZD\�WKDW�WKH�3,0)�



��
&��W�� ��D���W����D���W��3��W����D���W�3��W����D���W�3��W����D���W�3��W����D���W�3��W����D�/�W�:�W����D�.�W�5�W�� ���
6ROYLQJ�����± ����IRU�DQ�H[SUHVVLRQ�IRU�3��W��DV�D�IXQFWLRQ�RQO\�RI�H[RJHQRXVO\�GHWHUPLQHG�YDULDEOHV�RU�YDULDEOHV�SUHGHWHUPLQHG�LQ�WLPH�W�\LHOGV����
3��W�� �E��W�3��W����E��W�3��W����E��W�3��W����E��W�:�W����E��W�5�W����E�3��W�O����E��W�3��W������E��W�3��W��� ���
ZKHUH�WKH�HOHPHQWV�RI�WKH�SDUDPHWHU�YHFWRU�E�W� DUH�WLPH�GHSHQGHQW�FRPSOH[�FRPELQDWLRQV�RI�SUHYLRXVO\�GHILQHG�SDUDPHWHUV��6XEVWLWXWLQJ�IURP�����LQWR�����\LHOGV������
3,0)Q�W�� �E��W�3��W����E�3��W����E��W�:�W����E��W�5�W����E��W�3��W����E��W�3��W�O����E��W�3��W������E��W�3��W���� ���
:KLFK�ZH�UHZULWH�LQ�YHFWRU�IRUP�DV��
3,0)Q�W�� �EE�W�3�W� ���
*LYHQ�WKH�WLPH�GHSHQGHQF\�RI�WKH�SDUDPHWHU�YHFWRU�EE�W��ZH�DOORZ�WKDW
EE�W�� �EE ��]�W�� ���
ZKHUH�EE LV�D�YHFWRU�RI�WLPH�LQGHSHQGHQW�DYHUDJH�RU�EDVH�OHYHO�SDUDPHWHUV�DQG�]�W��LV�D�YHFWRU�RI�WKH�WLPH�YDU\LQJ�FRPSRQHQWV�RI�WKH SDUDPHWHUV��7KH�]�W��WHUP�UHIOHFWV�WKUHH�IDFWRUV��7KH�ILUVW�LV�WKH�FKDQJHV�LQ�WKH�ZHLJKWV�RI�WKH�216�3,0)�VHULHV��$V�WLPH�SURFHHGV�DQG�WKH�UHODWLYH�SURSRUWLRQ�RI�GLIIHUHQW�LQSXWV�LQ�WRWDO�LQSXW�FRVWV�FKDQJH�VR�WKH�216�UHEDVH�DQG�UHZHLJKW�WKHLU�VHULHV��(VVHQWLDOO\�WKH�ZHLJKWV�DUH�UHGXFHG�RQ�LQSXWV�WKDW�KDYH�UHGXFHG�VKDUHV�LQ�WRWDO�LQSXW�FRVWV��2YHU�WLPH�HOHPHQWV�RI�]�W��UHODWLQJ�WR�LQSXWV�ZKHUH�ZHLJKWV�DUH�LQFUHDVHG�ZLOO�EH�SRVLWLYH�ZKLOH�WKRVH�IRU�ZKLFK�ZHLJKWV�
VHULHV�DUH�GHVLJQHG�DQG�WKH�UHVXOWV�DFKLHYHG�DUH�LQ�OLQH�ZLWK�H[SHFWDWLRQV�ZH�UHSRUW�VROHO\�XSRQ�WKDW�DSSURDFK�
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DUH�GHFUHDVHG�WKH�HOHPHQWV�ZLOO�EH�QHJDWLYH��,I�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ�RI�DQ�LQSXW�LV�OHVV�WKDQ�XQLW\�WKHQ�DV�WKH�SULFH�RI�DQ�LQSXW�ULVHV�LWV�VKDUH�DQG�WKXV�LWV�ZHLJKW�ZLOO�IDOO��)RU�D�JLYHQ�VHULHV�RI�LQSXW�SULFHV�WKHUHIRUH�RQH�FDQ�H[SHFW�WKDW�UHZHLJKWLQJ�ZLOO�OHDG�WR�D�UHGXFHG�3,0)��
7KH�VHFRQG�IDFWRU�LV�WHFKQRORJLFDO�FKDQJH��2QH�ZRXOG�H[SHFW�WKDW�LQ�VHFWRUV���������L�H��WKH�GRPHVWLF�SURGXFWLRQ�RI�QRQ�PDQXIDFWXULQJ�QRQ�VHUYLFH�LQSXWV��WKH�GRPHVWLF�VHUYLFH�VHFWRU�DQG�GRPHVWLF�PDQXIDFWXULQJ�LWVHOI��WKDW�IRU�JLYHQ�LQSXW�SULFHV�WHFKQRORJLFDO�FKDQJH�ZRXOG�JHQHUDWH�ORZHU�RXWSXW�SULFHV�ZKLFK�GLUHFWO\�DQG�LQGLUHFWO\�ZRXOG�IHHG�LQWR�ORZHU�YDOXHV�IRU�3,0)��7KLV�ZLOO�LPSO\�QHJDWLYH�YDOXHV�IRU�WKH�UHOHYDQW�FRPSRQHQWV�RI�]�W��DQG�ZH�ZRXOG�H[SHFW�WKDW�GXH�WR�WHFKQRORJLFDO�FKDQJH�3,0)�ZLOO�IDOO�RYHU�WLPH�
7KH�WKLUG�IDFWRU�LQFRUSRUDWHG�LQ�]�W��LV�FKDQJHV�RYHU�WLPH�LQ�PDUN�XSV�LQ�GRPHVWLF�VHFWRUV�VXSSO\LQJ�WKH�PDQXIDFWXULQJ�VHFWRU��,I�WKH�PDUN�XS�LQFUHDVHV�WKH�UHOHYDQW�HOHPHQW�RI�]�W��ZLOO�LQFUHDVH��DQG�YLFH�YHUVD���,QFUHDVHV�LQ�PDUN�XSV�VKRXOG�\LHOG�D�KLJKHU 3,0)��6PDOO��������DQG�%ULWWRQ��/DUVHQ�DQG�6PDOO��������LOOXVWUDWH�WKDW�WKHUH�LV�FRQVLGHUDEOH�LQWHUWHPSRUDO�YDULDWLRQ�LQ�PDUN�XSV�LQ�8.�LQGXVWU\��:H�VKRXOG�QRWH�KRZHYHU�WKDW�ZH�KDYH�VKRZQ�WKDW�PDQXIDFWXULQJ�RXWSXW�GRHV�QRW�FDXVH�3,0)�DQG�DV�VXFK�LW�PD\�QRW�EH�WKH�FDVH�WKDW�F\FOLFDO�YDULDWLRQV�LQ�PDUN�XS�DUH�WKDW�LPSRUWDQW��KRZHYHU�D�V\VWHPDWLF�XSZDUG��RU�GRZQZDUG��WUHQG�LQ�PDUN�XS�PD\�ZHOO�LPSDFW�XSRQ�3,0)���
)RU�HPSLULFDO�SXUSRVHV�EHORZ��VXEVWLWXWLQJ�IURP�����LQWR������DQG�DOORZLQJ�WKDW�]�W�3�W� FDQ�EH�UHSUHVHQWHG�E\�D�WUHQG�WHUP�)�W���ZH�ZULWH�WKH�UHVXOWDQW�H[SUHVVLRQ�IRU��3,0)Q�W��DV�����
3,0)Q�W��� �EE�W�3�W�� �^EE ��]�W�`�3�W� �EE3�W����)�W����X�W� ����
ZKHUH�X�W��LV�DQ�HUURU�WHUP�WKDW�ZLOO�SLFN�XS��LQWHU�DOLD��DQ\�PLVVLQJ�LQSXW�SULFHV�QRW�FRYHUHG�E\�RXU�PRGHOOLQJ��JLYHQ�WKDW�RQO\�HLJKW�KDYH�EHHQ�FRQVLGHUHG�KHUH�DQG�WKH�
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3,0)Q�VHULHV�HQFRPSDVVHV������7KH�GHWDLO�RI�WKH�WUHQG�WHUP�LV�WR�EH�GLVFXVVHG��IXUWKHU�EHORZ�
7KH�SULFH�RI�UDZ�PDWHULDOV�LQ������3��W�� �3��W��� LV�VWLOO�WR�EH�VSHFLILHG��:H�DUJXH�WKDW�WKHVH� SULFHV� ZLOO� PDLQO\� UHIOHFW� DQG� EH� GHWHUPLQHG� E\� ZRUOG� RLO� DQG� FRPPRGLWLHV�SULFHV�FRUUHFWHG�IRU�FKDQJHV�LQ�H[FKDQJH�UDWHV�DQG�8.�GXWLHV�RQ�RLO��:H�WKXV�UHSODFH�3��W��E\�D�ZHLJKWHG�VXP��ZLWK�ZHLJKWV�WR�EH�GHWHUPLQHG�LQ�WKH�HVWLPDWLRQ�SURFHVV��RI��WKH�SULFH�RI�3ULPDU\�&RPPRGLWLHV��H[FOXGLQJ�2LO���DQG�WKH�SULFH�RI�FUXGH�SHWUROHXP LQ�GHYHORSLQJ� DQG� GHYHORSHG� FRXQWULHV�� DOORZLQJ� IRU� H[FKDQJH� UDWHV� DQG� GXWLHV� �VHH�$SSHQGL[�����$V� WKHUH�PD\�EH�ODJV�LQ� WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VWHUOLQJ�SULFHV�RI�UDZ�PDWHULDO� LQSXWV� DQG� WKHLU� GHWHUPLQDQWV�ZH�KDYH� H[SHULPHQWHG�ZLWK�GLIIHUHQW� ODJ�VWUXFWXUHV��:H�UHSRUW�UHVXOWV�EHORZ�KRZHYHU�WKDW�LQFOXGH�RQO\�FXUUHQW�DQG�RQH�SHULRG�ODJJHG�YDOXHV�
,QWURGXFLQJ�WKLV�YDULDWLRQ�LQ�WR�����\LHOGV�WKH�ILQDO HVWLPDWLQJ�HTXDWLRQ�����
3,0)Q�W�� �E�3��W����E�3��W����E�:�W����E�5�W����E�3FRPP�W� ��E�3RLOBH[BWD[�W����E��3FRPP��W��� ��E �3RLOBH[BWD[�W������E�3��W�O����E��3��W������E��3��W������)�W����X�W� ����

7KH�JURVV�3,0)
7KH�JURVV�SULFH�LQGH[�IRU�PDWHULDOV�DQG�IXHOV��3,0)J��LV�PHDVXUHG��DV�
3,0)J�W�� �V��W�3��W����V��W�3��W����V��W�3��W����V��W�3��W����V��W�3��W���V��W�3��W� ��¶�
ZKHUH�3��W��LV�WKH�*33,��L�H��WKH�JURVV�RXWSXW�SULFH�LQGH[�IRU�PDQXIDFWXULQJ��DQG�WKH�VKDUH�HVWLPDWHV�DUH�DSSURSULDWHO\�UHGHILQHG�DV�VKDUHV�RI�DOO�0,,�LQFOXGLQJ�GRPHVWLFDOO\�PDQXIDFWXUHG�LQSXWV��:RUNLQJ�ZLWK�JURVV�RXWSXW�WKH�UHVWULFWLRQ�WKDW�D���W�� ���ZKLFK�
�� :H�KDYH�DOVR�H[SHULPHQWHG�ZLWK�LQFOXGLQJ�WKH�SULFH�RI�PLQHUDOV���H[FOXGLQJ�RLO��EXW�WKLV�ZDV�UHGXQGDQW�
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ZDV�LPSRVHG�IRU�WKH�QHW�FDVH��LQ�QHW�WHUPV�GRPHVWLFDOO\�PDQXIDFWXUHG�LQSXWV�DUH�QRW�XVHG�LQ�PDQXIDFWXULQJ��KDV�WR�EH�OLIWHG��7KLV�OHDGV�WR�PRGLILFDWLRQV�RI������WR�����EXW�SDUWLFXODUO\�����ZKLFK�KDV�QRZ�WR�EH�ZULWWHQ�DV���¶�
&��W�� ��D���W����D���W��3��W����D���W�3��W����D���W�3��W����D���W�3��W����D���W�3��W����D���W�3��W����D�/�W�:�W����D�.�W�5�W�� ��¶�
ZKHUH�3��W��LV�DJDLQ�WKH�*33,��+RZHYHU�LQ�WKH�HTXLYDOHQW�YHUVLRQV�RI�����DQG������ZKLFK�ZH�GR�QRW�ZULWH�RXW�DJDLQ��DQG�ZKLFK�KDYH�QRW�FKDQJHG�IURP�WKH�RULJLQDO�YHUVLRQV��WKH�3� VHULHV�LV�LQ�IDFW�WKH�QHW�33,��L�H��WKH�SULFH�RI�RXWSXW�IURP�PDQXIDFWXULQJ�WKDW�FURVVHV�WKH�ULQJ�IHQFH���,Q�SULQFLSOH�ZH�VKRXOG�SURFHHG�GLVWLQJXLVKLQJ�FOHDUO\�EHWZHHQ�WKH�QHW�DQG�JURVV�33,��+RZHYHU��LQ�SUDFWLFH��ZH�REVHUYH�WKDW�LQ�WKH�GDWD�WKHUH�LV�QR�DSSDUHQW�GLYHUJHQFH�EHWZHHQ�WKH�QHW�DQG�JURVV�33,��:H�WKXV�DVVXPH�WKDW�WKH�SULFH�RI�PDQXIDFWXULQJ�RXWSXWV�XVHG�DV�PDQXIDFWXULQJ�LQSXWV�LV�WKH�VDPH�DV�PDQXIDFWXULQJ�RXWSXWV�WKDW�FURVV�WKH�ULQJ�IHQFH�DQG�WKDW�ZH�QHHG�RQO\�WR�ZRUN�ZLWK�RQH�VXFK�SULFH��ZKLFK�ZH�ZULWH�DV�3��W��
8VLQJ���¶��LQVWHDG�RI�����PDNHV�WKH�DOJHEUD�D�ELW�PRUH�H[WHQVLYH��EXW�VWLOO�\LHOGV�DQ�H[SUHVVLRQ�IRU�3��W��HTXLYDOHQW�WR������7KH�LQFOXVLRQ�RI��*33,� �3��W��LQ�WKH�H[SUHVVLRQ�IRU�WKH�3,0)J�DOVR�QHFHVVLWDWHV�WKH�GHULYDWLRQ�RI�DQ�H[SUHVVLRQ�IRU�3��W��HTXLYDOHQW�WR�WKDW�IRU�3��W��LQ������7KH�IRUP�ZLOO�KRZHYHU�EH�WKH�VDPH�DV�LQ����� 7KH�ILQDO�H[SUHVVLRQ�IRU�WKH�3,0)J�LV�WKXV�DV�LQ����¶�
3,0)J�W�� �E¶�3��W����E¶�3��W����E¶�:�W����E¶� 5�W����E¶�3FRPP�W� ��E¶�3RLOBH[BWD[�W����E¶�3FRPP��W��� �� E¶�3RLOBH[BWD[�W������E¶�3��W�O����E¶��3��W������E¶��3��W������)¶�W�����X¶�W�� ���¶�
&RPSDUHG�WR������ZH�FDQ�H[SHFW�D�ODUJHU�FRHIILFLHQW�XSRQ��3��W����LQ����¶��IRU�WKH�SULFHV�RI�KRPH�SURGXFHG�PDQXIDFWXUHG�LQSXWV�LPSDFW�QRW�RQO\�XSRQ�WKH�SULFHV�RI�RWKHU�LQSXWV�EXW�DOVR�GLUHFWO\�XSRQ�WKH�3,0)J�W��ZKHUHDV�WKH\�GR�QRW�LPSDFW�GLUHFWO\�RQ�3,0)Q�W���
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���(67,0$7,1*�7+(�35,&(�02'(/6
(TXDWLRQV������DQG����¶��KDYH�EHHQ�HVWLPDWHG�XVLQJ�PRQWKO\�GDWD�IRU�WKH�SHULRG�IURP������± ������$OWKRXJK�WKH�QHW�3,0)�HTXDWLRQ�FRXOG�KDYH�EHHQ�HVWLPDWHG�DOVR�XVLQJ�HDUOLHU� GDWD�� FRPSDUDELOLW\�ZDV� FRQVLGHUHG� YDOXDEOH� DQG�PRUHRYHU� SULRU� WR� ����� WKH�GHILQLWLRQ� RI� WKH� PDQXIDFWXULQJ� VHFWRU� LQ� 216� GDWD� LV� VRPHZKDW� GLIIHUHQW�� 7KH�GHILQLWLRQ� DQG� PHDVXUHPHQW� RI� DOO� YDULDEOHV� XVHG� LQ� WKLV� DQDO\VLV� DUH� GHWDLOHG� LQ�$SSHQGL[����
,Q�LQLWLDO�HVWLPDWHV�ZH�PRGHO�)�W���WKH�WUHQG�DV�OLQHDU�ZLWK�OHYHO�J� DQG�VORSH�J� ��L�H��
)�W� J���J�W� ����
:H�KDYH�DOVR�LQFOXGHG�LQ������DQG����¶��D�QXPEHU�RI�VHDVRQDO�GXPPLHV��6'6M��M �-DQ��)HE��0DU��«���:H�KDYH�VKRZQ�DERYH�WKDW�3,0)Q�DQG�3,0)J�DUH�QRW�VWDWLRQDU\�DQG�PD\�DOVR�EH�WUHQGHG��ZKLOH�PRVW�RI�WKH�LQGHSHQGHQW�YDULDEOHV��VHH�WKH�$SSHQGL[��DUH�XQLW� URRW��&RQVHTXHQWO\��2/6�HVWLPDWHV�RI� OHYHOV� HTXDWLRQ�PD\�ZHOO�EH� VSXULRXV�� ,Q�IDFW� HVWLPDWHV� RI� WKLV� NLQG� RYHU� WKH� ZKROH� VDPSOH� ZHUH� XQVDWLVIDFWRU\� ZLWK� KLJK�XQH[SODLQHG� UHVLGXDO� DXWRFRUUHODWLRQ� DQG� XQUHDOLVWLFDOO\� KLJK�5� �FORVH� WR� ����*LYHQ�WKDW�WKH�3,0)�VHULHV�DUH�FKDUDFWHULVHG�E\�IRXU�VWUXFWXUDO�FKDQJHV�LQ�WKH�GULIW�DV�VKRZQ�DERYH��WKH�PRGHO�ZDV�DOVR�HVWLPDWHG�LQ�OHYHOV�ZLWKLQ�HDFK�VXE�SHULRG�XVLQJ�2/6��7KLV�GLG�QRW�VROYH�WKH�UHVLGXDO�DXWRFRUUHODWLRQ�SUREOHP��&RQVHTXHQWO\������DQG����¶��KDYH�EHHQ� UH�VSHFLILHG� LQ� ILUVW� GLIIHUHQFH� IRUP� DQG� UH�HVWLPDWHG�� :LWK� WKH� )�W�� WHUP�UHSUHVHQWHG�E\������� LQ� WKH�ILUVW�GLIIHUHQFH�HTXDWLRQ�WKH�LQWHUFHSW�ZLOO�EH�HTXDO�WR�WKH�VORSH�RI�WKH�XQGHUO\LQJ�WUHQG��L�H��J���D�FRQVWDQW�
7KH�2/6�HVWLPDWHV�RI�ERWK�WKH�3,0)J�DQG�3,0)Q�GLIIHUHQFHG�PRGHOV�DSSOLHG�WR�WKH�ZKROH� GDWD� SHULRG� DUH� UHSRUWHG� LQ� 7DEOH� �� FROXPQV� �� DQG� �� UHVSHFWLYHO\�� 7KH�GLDJQRVWLF� LQGLFDWRUV� LOOXVWUDWH� WKDW� WKH� UHVLGXDOV� DUH� ZHOO� EHKDYHG� DQG� WKH� UHVLGXDO�DXWRFRUUHODWLRQ�LV�TXLWH�ORZ��':J ������':Q ������LQGLFDWLQJ�WKDW�WKH�PRGHO��GHVSLWH�VWUXFWXUDO�VKLIWV�LQ�WKH�3,0)�VHULHV��LV�UHOLDEOH�RYHU�WKH�ZKROH�GDWD�SHULRG��2QH�PRGHO�FDQ� WKXV�EH�XVHG� WR�HQFRPSDVV� WKH�ZKROH�GDWD� VHULHV��7KH�H[SODQDWRU\�SRZHU�RI� WKH�PRGHO�LV�YHU\�UHDVRQDEOH�IRU�D�ILUVW�GLIIHUHQFH�PRGHO��)RU�DOO�YDULDEOHV�RWKHU�WKDQ�WKH�LQWHUFHSW��ERWK�UHFXUVLYH�OHDVW�VTXDUHV�HVWLPDWHV�DQG�+DQVHQ�VWDWLVWLFV��+DQVHQ��������FRQILUP�WKH�FRQVWDQF\�RI�WKH�SDUDPHWHUV�RYHU�WLPH��7KH�SDUDPHWHU�LQVWDELOLW\�VWDWLVWLFV�
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��+DQVHQ��������IRU�WKH�LQWHUFHSW�DUH�+B'3,0)J ������DQG�+B'3,0)Q ����� ����7KLV�UHVXOW� LQGLFDWHV� WKDW� DOWKRXJK� 3,0)L� �L�  � JURVV�� QHW�� VKRZV� VWUXFWXUDO� EUHDNV�� WKRVH�EUHDNV�FDQ�EH�DGHTXDWHO\�H[SODLQHG�E\�WZR�IDFWRUV��WKH�ILUVW�EHLQJ�WKH�VWUXFWXUDO�EUHDNV�LQ� WKH� XQGHUO\LQJ� GDWD� JHQHUDWLQJ� SURFHVV� IRU� WKH� LQGHSHQGHQW� YDULDEOHV� �H�J��H[RJHQRXV� FKDQJHV� LQ� WKH� GROODU� SULFH� RI� RLO� RU� WKH� H[FKDQJH� UDWH�� DQG� WKH� VHFRQG�EHLQJ�FKDQJHV�LQ�WKH�VORSH�RI�WKH�WUHQG��L�H��WKH�FRQVWDQW��J����
2XU� HVWLPDWH� RI� J��� WKH� VORSH� RI� WKH� WUHQG� LV� VLJQLILFDQW� DQG� SRVLWLYH� �RQH� SRVVLEOH�WHFKQLFDO�UHDVRQ�IRU�ZKLFK�LV�WKDW�WKH�LQWHUFHSW�PD\�EH�SLFNLQJ�XS�WKH�YDULDELOLW\�RI�WKH���WK VHDVRQDO� GXPP\� RPLWWHG� WR� DYRLG� PXOWLFROOLQHDULW\� DPRQJ� WKH� UHJUHVVRUV���� LQ�ERWK�QHW�DQG�JURVV�PRGHOV��KRZHYHU�WKH�+DQVHQ�WHVW�LQGLFDWHV�WKDW��FRQWUDU\�WR�PRGHO�VWUXFWXUH��WKH�LQWHUFHSW�LV�QRQ�FRQVWDQW��7R�DGGUHVV�WKLV�QRQ�FRQVWDQF\�LVVXH�ZH�DOORZ�WKH� LQWHUFHSW� WR�EH�GLIIHUHQW� LQ� HDFK�RI� WKH� IRXU� FULWLFDO� VXE�SHULRGV� LGHQWLILHG�DERYH�>����������� ����������� ����������� ���������@�� 7KLV� LV� HTXLYDOHQW� WR� LQFOXGLQJ� D�VHULHV�RI�VWHS�YDULDEOHV�LQ�WKH�GLIIHUHQFHG�HVWLPDWLQJ�HTXDWLRQ��L�H��J��W�� ��J��������J�����
��� �� J�������� �� J��������� ,I� J�W�� FKDQJHV� OLQHDUO\� RYHU� WLPH� DW� D� FRQVWDQW� UDWH�� DOO� WKH�LQWHUFHSWV��J�L��ZLOO�EH�WKH�VDPH�DFURVV�VWUXFWXUDO�EUHDNV�RWKHUZLVH�RQH�ZRXOG�H[SHFW�WR�REVHUYH�DV�PDQ\�VLJQLILFDQW�VWHSV�LQ�'3,0)L�DV�FKDQJHV�LQ�WKH�RULJLQDO�VORSH��J�L���
7KH�HVWLPDWHV�RI�WKH�PRGHO�ZLWK�VWHS�GXPPLHV�IRU�WKH�VWUXFWXUDO�FKDQJH�LQ�WKH�OLQHDU�WUHQG DUH�UHSRUWHG�LQ�7DEOH���FROXPQV���DQG�����7KH�WHVW�RI�MRLQW�SDUDPHWHU�HTXDOLW\�RI�WKH�VWHSV�YDULDEOHV �+R��EV�����  EV����� EV����� EV�������FDQQRW�EH�DFFHSWHG�DW�WKH����VLJQLILFDQFH� OHYHO� �:DOG� WHVW� IRU� OLQHDU� UHVWULFWLRQV�� 5E�  � U�� '3,0)J�� /LQ5HV��)������� �������>������@�DQG��'3,0)Q���/LQ5HV� �)�������� ��������>������@��7KLV�FRQILUPV�WKH�LQVWDELOLW\�LQGLFDWHG�E\�WKH�+DQVHQ¶V�VWDWLVWLFV��LQGLFDWLQJ�WKDW��WKH�WUHQG�GRHV�QRW�KDYH�D�FRQVWDQW�JURZWK�UDWH�DQG�FRQVHTXHQWO\�LW�LV�QRW�OLQHDU��7KH�VXE�SHULRG�HVWLPDWHV�RI�J� DOVR�LQGLFDWH�WKDW�WKH�WUHQG�LV�QRW�PRQRWRQLF�

�� 7KLV�VWDWLVWLFV�LV�FDOFXODWHG�LQ�DEVHQFH�RI�GXPP\�YDULDEOHV�RYHU�WKH�XQUHVWULFWHG�PRGHO�ZLWK�LQWHUFHSW�DQG�QR�VWHS�YDULDEOHV��,WV�VLJQLILFDQFH�ZDV�DOVR�FRQILUPHG�E\�WKH�YLVXDO�LQVSHFWLRQ�RI�WKH�FRHIILFLHQW�VWDELOLW\�SORW�GHULYHG�IURP�UHFXUVLYH�OHDVW�VTXDUH�HVWLPDWHV��XVLQJ�3&*LYH���� ,Q�IDFW�ZKHQ�ERWK�WKH�LQWHUFHSW�DQG�WKH�VHDVRQDO�GXPPLHV�DUH�MRLQWO\�VSHFLILHG��LQ�RUGHU�WR�DYRLG�PXOWLFROOLQHDULW\� RQO\����VHDVRQDO�GXPP\�YDULDEOHV�DUH�LQFOXGHG�LQ�WKH�UKV�RI�WKH�PRGHO��7KH�HVWLPDWHV�RI�WKH�PRGHO ZLWK����VHDVRQDO�GXPP\�YDULDEOHV��ZLWKRXW�WKH�LQWHUFHSW��JLYHV�HVWLPDWHV�HTXLYDOHQW�WR�WKH�PRGHO�ZLWK�LQWHUFHSW�DQG����VHDVRQDO�GXPPLHV�
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*LYHQ�WKH�DSSDUHQW�QRQ�OLQHDULW\�LQ�WKH�WUHQG��D�SUHIHUUHG�PRGHOOLQJ�LV�WR�DOORZ�J�W��WR�DGMXVW�RYHU�WLPH�SLFNLQJ�XS�WKH�VWRFKDVWLF�PRYHPHQWV�LQ�WKH�VORSH��J����6PRRWKHG�HVWLPDWHV�RI�WKH�WUHQG�FDQ�WKHQ�EH�HVWLPDWHG�XVLQJ�WKH�VWUXFWXUDO�WLPH�VHULHV�DSSURDFK��2Q�WKH�EDVLV�RI�+DUYH\��������RQH�FDQ�DUJXH�WKDW�VXFK�DQ�DSSURDFK�LV�HTXLYDOHQW�WR�XVLQJ�D�VWRFKDVWLF�VSHFLILFDWLRQ�RI�WKH�3,0)�PRGHO�LQ�ZKLFK�WKH�SDUDPHWHUV�DUH�WLPH�YDU\LQJ�DQG�UH�HVWLPDWHG�HYHU\�WLPH�D�QHZ�REVHUYDWLRQ�LV�PDGH�DYDLODEOH��,Q�WKLV�DSSURDFK��J��W��LV�DOORZHG�WR�FKDQJH�RYHU�WLPH�DQG�LV�PRGHOOHG�E\�D�FRQWLQXRXV�IXQFWLRQ��QRW�QHFHVVDULO\�OLQHDU�DQG�QRW�QHFHVVDULO\�FRQVWDQW��
0DWKHPDWLFDOO\��WKH�GHWHUPLQLVWLF�VWHS�YDULDEOHV��J�L��LQ WKH�SUHYLRXV�PRGHO��W\SLFDO�RI�WKH�2/6�IL[HG�SDUDPHWHUV�DSSURDFK��LV�UHSODFHG�E\�D�G\QDPLF�VWUXFWXUDO�VSHFLILFDWLRQ�ZLWK�VWRFKDVWLF�GULIW�VSHFLILHG�DV�
'\W J��W����E';�W���H�W�J��W�  �J��W�����]W
ZKHUH� HW�DQG�]W DUH�DVVXPHG�WR�EH�,,'�YDULDEOHV���HWa1,'����V�H��DQG�]Wa1,'����V�]���8VLQJ�WKLV�VSHFLILFDWLRQ�VHDVRQDOLW\�HQWHUV�WKH�PRGHO�VHSDUDWHO\�DQG�FDQ�EH�LVRODWHG�IURP�WKH�LQWHUFHSW�
7KH�0/�HVWLPDWHV�IRU�WKLV�Q�VWUXFWXUDO�PRGHO�DUH�VXPPDULVHG�LQ�7DEOH���FROXPQV���DQG����7KH�GLDJQRVWLF�VWDWLVWLFV�IRU�ERWK�HVWLPDWHV�DUH�VDWLVIDFWRU\��7KH�QRQ�OLQHDU�VWRFKDVWLF�WUHQG���J��W���LV�VLJQLILFDQW�IRU�ERWK�3,0)Q�DQG�3,0)J���7KH�HVWLPDWHV�RI�WKH�'3,0)J�LQWHUFHSW�DW�WKH�HQG�RI�WKH�SHULRG�LV�E7 �������ZLWK�506( ������EXW�ZLWK�T�UDWLR� �����DQG�VJ� ���������7KH�PRGHO�GRHV�QRW�VKRZ�DQ\�UHVLGXDO�FRUUHODWLRQ��U��� �������DQG�U���� ���������7KH�UHVXOWDQW�VPRRWKHG�HVWLPDWHV�RI�J��W��DUH�UHSRUWHG�LQ�)LJXUH���VKRZLQJ�D�JHQHUDO�GRZQZDUG�SDWK����
�� 506( �5HVLGXDO�0HDQ�6TXDUH�(UURU�ZKLOH�T�UDWLR�VKRZV�WKH�SURSRUWLRQ�RI�UHVLGXDO�YDULDELOLW\�H[SODLQHG�E\�WKH�VWRFKDVWLF�VORSH�DQG�VJ��LV�WKH�HVWLPDWHG�VWDQGDUG�GHYLDWLRQ�RI�WKH�GLVWXUEDQFHV�L�H��LI�VJ� ��WKH�VWRFKDVWLF�FRPSRQHQW�FROODSVHV�WR�D�GHWHUPLQLVWLF�RQH���� ,W�LV�ZRUWK�QRWLQJ�DV�ZHOO�WKDW�ZH�KDYH�H[SHULPHQWHG�ZLWK�WKH�LQFOXVLRQ�RI�D�VWRFKDVWLF�WUHQG�LQ�WKH�GLIIHUHQFH�HTXDWLRQ DV�RSSRVHG�WR�WKH�OHYHOV�HTXDWLRQ�EXW�DV�LQ�WKH�GLIIHUHQFH�HTXDWLRQ�DOO�OHIW�DQG�ULJKW�KDQG�VLGH�YDULDEOH�DUH�VWDWLRQDU\��WKLV�LV�LQDSSURSULDWH�



��
)RU�WKH�3,0)Q�WKH�HVWLPDWHV�RI�WKH�WUHQG�DUH�YHU\�VLPLODU�WR�3,0)J�LQ�FKDUDFWHU��+RZHYHU�WKH�ILQDO�VWDWH�HVWLPDWH�RI�J��W���LV�E7 �������ZLWK�506(� �������LQGLFDWLQJ�WKDW�WKH�ILQDO�YDOXH�DW�WKH�HQG�RI�WKH�SHULRG�LV�QRW�VLJQLILFDQW��+RZHYHU��LQ�WKLV�VWUXFWXUDO�DSSURDFK�WKLV�YDOXH�GRHV�QRW�KDYH�WKH�VDPH�PHDQLQJ�DV�WKH�2/6�LQWHUFHSW��,Q�IDFW�WKH�HVWLPDWHG�VWDQGDUG�GHYLDWLRQ�RI�WKH�UHVLGXDOV�VKRZV�WKDW�V]W ������ZLWK�T�UDWLR�������LQGLFDWLQJ�WKDW�J��W��LV�QRW�FRQVWDQW�
)LJXUH����6PRRWKHG�HVWLPDWHV��VORSH�RI�WKH�VWRFKDVWLF�WUHQG��3,0)J�������������

:H�GLVFXVV�WKHVH�HVWLPDWHV�RI�WKH�WUHQG�LQ�PRUH�GHWDLO�EHORZ��+HUH�ZH�FRQFHQWUDWH�XSRQ�RWKHU�DVSHFWV�RI�WKH�UHVXOWV��7KH�WKUHH�GLIIHUHQW�VHWV�RI�HVWLPDWHV�SUHVHQWHG�LQ�7DEOH���JLYH�VLPLODU�LQGLFDWRUV�RI�WKH�PDLQ�GHWHUPLQLVWLF�IDFWRUV�WKDW�GULYH�3,0)Q�DQG�3,0)J��7KHVH�IDFWRUV�MRLQWO\�H[SODLQ�D�UHDVRQDEOH�SURSRUWLRQ�RI�WKH�WRWDO�YDULDELOLW\�RI�WKH�3,0)�VHULHV��7KH�UHVXOWV�LQGLFDWH�WKDW��DV�ZHOO�DV�WUHQG�HIIHFWV��WKH�VLJQLILFDQW�GULYHUV�RI�FKDQJHV�LQ�WKH�JURVV�LQGH[�DUH�RLO�SULFHV��ZLWKRXW�DQ\�ODJ���FRPPRGLW\�SULFHV��ZLWK�D�RQH�SHULRG�ODJ��WKH�SULFH�RI�LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV��UHSUHVHQWLQJ�ERWK�WKH�SULFH�RI�LPSRUWHG�QRQ�VHUYLFH�PDQXIDFWXUHG�LQSXWV�DQG�WKH�SULFHV�RI�LPSRUWHG�PDQXIDFWXUHV��DQG�WKH�SULFH�RI�GRPHVWLFDOO\�PDQXIDFWXUHG�RXWSXWV��ZLWK�D�RQH�SHULRG�ODJ��DOO�ZLWK�WKH�H[SHFWHG�SRVLWLYH�VLJQ��7KH�HDUQLQJV�YDULDEOH�LV�QRW�VLJQLILFDQW�EXW�KDV�WKH�FRUUHFW�VLJQ��7KH�FDSLWDO�FRVW�YDULDEOH�LV�QRW�VLJQLILFDQW��DQG�FDUULHV�WKH�ZURQJ�VLJQ��EXW�VXFK�FRVWV�DUH�QRWRULRXVO\�GLIILFXOW�WR�PHDVXUH��,Q�DGGLWLRQ�ZH�FDQ�ILQG�QR�LPSDFW�IURP�WKH�33,�IRU�DJULFXOWXUH�RU�WKH�SULFH�RI�GRPHVWLFDOO\�SURGXFHG�VHUYLFH�LQSXWV��,Q�HVVHQFH�WKHUHIRUH��DSDUW�IURP�WKH�33,�IRU�PDQXIDFWXULQJ��ZH�ILQG�WKDW�WKH�3,0)J�LV�GULYHQ�E\�SULFHV�WKDW��IRU�D�JLYHQ�H[FKDQJH�UDWH��DUH�HVVHQWLDOO\�GHWHUPLQHG�RXWVLGH�WKH�8.��H[FHSW�IRU�DQ\�8.�GXWLHV�LQFRUSRUDWHG�LQ�WKH�
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��
RLO�SULFH���3RVVLEOH�UHDVRQV�ZK\�GRPHVWLF�SULFH�IDFWRUV��WKH�33,�IRU�DJULFXOWXUH��WKH�SULFH�RI�GRPHVWLFDOO\�SURGXFHG�VHUYLFHV���ZDJHV�DQG�FDSLWDO�FRVWV��GR�QRW�SOD\�DQ\�VLJQLILFDQW�UROH�DUH�WKDW��L��WKH�ODJJHG�RXWSXW�SULFH�LV�SLFNLQJ�XS�WKH�HIIHFWV�RI��WKHVH�YDULDEOHV��LL��WKH\�PDNH�RQO\�D�PLQLPDO�FRQWULEXWLRQ�WR�PDQXIDFWXULQJ�FRVWV�DV�PHDVXUHG�E\�WKH�3,0)J��LLL��WKH�VWRFKDVWLF�WUHQG�LV�SLFNLQJ�XS�WKHLU�HIIHFW��,Q�WHUPV�RI�GHWHUPLQLVWLF�HIIHFWV�LW�LV�FOHDU�KRZHYHU�WKDW��DSDUW�IURP�WKH�ODJJHG�RXWSXW�SULFH��WKH�3,0)J�LV�ODUJHO\�GULYHQ�E\�H[WHUQDO�IDFWRUV�
,W�LV�RLO�DQG�FRPPRGLW\�SULFHV�EXW�ZLWK�D�VOLJKWO\�GLIIHUHQW�ODJ�VWUXFWXUH��FRPELQHG�ZLWK�WKH�SULFH�RI�LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV�WKDW�GULYHV�3,0)Q��(DUQLQJV��FDSLWDO�FRVWV��DQG�WKH�33,�IRU�DJULFXOWXUH�DUH�QRW�VLJQLILFDQW��,Q�WKH�HVWLPDWHV�ZLWK�D�VWRFKDVWLF�WUHQG��VHUYLFH�SULFHV�DUH�DOVR�VLJQLILFDQW�EXW�RI�WKH�ZURQJ�VLJQ��:H�QRWH�WKDW�IRU�QHW�3,0)�WKH�SULFH�RI�GRPHVWLF�PDQXIDFWXUHG�RXWSXWV�LV�QRW�VLJQLILFDQW�ZKHUHDV�LW�LV�VLJQLILFDQW�IRU�WKH�JURVV�3,0)��7KLV�LV�H[DFWO\�ZKDW�WKH�WKHRU\�EDVHG�XSRQ�WKH�GLIIHUHQW�GHILQLWLRQV�RI�QHW�DQG�JURVV�3,0)�DERYH�VXJJHVWHG��
(VVHQWLDOO\�WKHVH�UHVXOWV�LQGLFDWHV�WKDW�DSDUW�IURP�WKH�WUHQG�WHUP��WKH�3,0)�LV�PRVWO\�GULYHQ�E\�IOXFWXDWLRQV�LQ�WKH�SULFHV�RI�FRPPRGLWLHV��RLO�DQG�VHPL�PDQXIDFWXUHV�LPSRUWHG�IURP�DEURDG����7KH�JURVV�YHUVLRQ�DOVR�VKRZV�D�VLJQLILFDQW�LPSDFW�RI�WKH�ODJJHG�33,�RI�JURVV�RXWSXW��ZKLFK�PD\�UHSUHVHQW�D�IHHGEDFN�RI�3,0)Q�LQWR�3,0)J�

�� ,Q�FDVH�LW�EH�WKRXJKW�WKDW�DOO�ZH�KDYH�GRQH�KHUH�LV�WR�UHSURGXFH�WKH�ZHLJKWV�XVHG�LQ�WKH�216�FRQVWUXFWLRQ�RI�WKH�3,0)�VHULHV�LW�VKRXOG�EH�QRWHG��D��WKH�3,0)�FRQVWUXFWLRQV�GR�QRW�LQFOXGH�DQ\�ODJJHG�WHUPV��E��WKH�216�VHULHV�GRHV�QRW�DOORZ�IRU�D�VWRFKDVWLF�WUHQG�DQG��F��WKH�216�ZHLJKWV�DUH�RIWHQ�TXLWH�GLIIHUHQW�WR�RXU�SDUDPHWHU��H�J��RLO�LQ�WKH�3,0)J�VHULHV�FDUULHV�D��������ZHLJKW�RI��������FRPSDUHG�WR�RXU�FRHIILFLHQW�RI��������



��
7DEOH����0RGHO�(VWLPDWH���'3,0)J�DQG�'3,0)Q������������±��������

'3,0)J '3,0)Q� � � � � �2/6:LWK�LQWHUFHSW�ZLWK����VHDVRQDO�GXPPLHV�
2/6:LWK�VWHS�GXPP\�LQ�WKH�OHYHOV

67$036WRFKDVWLF�WUHQG��OHYHO�
2/6:LWK�LQWHUFHSW�ZLWK����VHDVRQDO�GXPPLHV�

2/6:LWK�VWHS�GXPP\�LQ�WKH�OHYHOV
67$036WRFKDVWLF�WUHQG��OHYHO�

J������� ������������� J������� �������������� �J�B����� ������������� � J�B����� � �������������� �J�B����� ������������� � *�B����� � ������������� �J�B����� ������������� � *�B����� � ������������� �J�B����� ������������� � *�B����� � ������������� �
6WRFKDVWLF�'ULIWJ�W � � ��������506(�������� 6WRFKDVWLF�GULIWJ�W � � �������506(��������
'($5 ������������� ������������� ������������� '($5 ������������� �������������� �������������
'NFRVW ������������� ��������������� �������������� 'NFRVW ������������ ������������� �������������'6(0, ������������� ������������� ������������� '6(0, ������������ ������������� �������������'RLOBH[BWD[ ������������� ������������� ������������� 'RLOBH[BWD[ ������������� ������������� �������������'RLOBH[BWD[���� ������������� ������������� ������������� 'RLOBH[BWD[����� ������������� ������������� �������������'FRPP ������������� ��������������� ��������������� 'FRPP ������������� ������������� �������������'FRPP���� ������������� ������������� ������������ 'FRPP����� ������������� ������������� �������������
'VHUYLFH����� ������������� ������������� ������������� 'VHUYLFH����� �������������� ��������������� ���������������'33,DJU����� �������������� ������������� ��������������� '33,DJU����� �������������� ��������������� ���������������'287J���� ������������� ������������� ������������� '287Q����� �������������� ��������������� ���������������6HDVRQDOLW\�:DOG�WHVW� )��������� ������ )��������� ������ &����� ������ 6HDVRQDOLW\�:DOG�WHVW� )�������� ����� )�������� ����� &������ ������
G����G���� ����������������������������� ���������������������������� ����������������������������� '����'����'����

���������������������������������������������
�������������������������������������������

���������������������������������������������6DPSOH�VL]H ��� ��� 7 ����Q ��� 6DPSOH�VL]H ��� ��� 7 ����Q ����)BWHVW )�������� ������ )��������� ������ � )�WHVW )�������� ����� )��������� ������ �
': ���� ���� ����� ': ���� ���� �����5�5�'�6 �������� �������� �������� 5�5�'�6 �������� �������� ��������1%��µ�¶�QRQ�VSHFLILHG��µ
¶�VLJQLILFDQW�DW������ )�&��7HVW �WHVW�RI�WKH�RYHUDOO�SDUDPHWHUV�VLJQLILFDQFH��VHDVRQDO�YDULDEOHV����IXOO�PRGHO���5�'�6 JRRGQHVV�RI�ILW�UHODWLYH�WR��VHDVRQDO�DQG�GLIIHUHQFHV

,Q�7DEOH���ZH�GHWDLO�WKH�UHVXOWDQW�HODVWLFLW\�HVWLPDWHV�EDVHG�XSRQ�WKH�VWRFKDVWLF�WUHQG�HVWLPDWHV�IRU�DOO YDULDEOHV�ZLWK�VLJQLILFDQW�FRHIILFLHQWV�RI�WKH�H[SHFWHG�VLJQ���,Q�WHUPV�RI�HODVWLFLWLHV�DW�VDPSOH�PHDQV��IRU�3,0)Q��LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV�DUH�TXDQWLWDWLYHO\�PRVW�VLJQLILFDQW��7DNLQJ�DFFRXQW�RI�ODJJHG�HIIHFWV��RLO�SULFHV�FDUU\�DQ�HODVWLFLW\�RI�������DQG�FRPPRGLW\�SULFHV�DQ�HODVWLFLW\�RI��������7KHVH�KRZHYHU�PD\�EH�XQGHUHVWLPDWHV��IRU�LW�PLJKW�DOVR�EH�WKH�FDVH�WKDW�FKDQJHV�LQ�RLO�DQG�FRPPRGLW\�SULFHV�PD\�IHHG�WKURXJK�WR�WKH�SULFHV�RI�LPSRUWHG�VHPL�PDQXIDFWXUHG�SURGXFWV�EXW�WKLV�LV�QRW�GHDOW�ZLWK�H[SOLFLWO\��
3,0)J�LV�SDUWLFXODUO\�VHQVLWLYH�WR�WKH�SULFH�RI�LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV��HODVWLFLW\��������DQG�WKH�SULFHV�RI�GRPHVWLFDOO\�SURGXFHG�PDQXIDFWXUHG�RXWSXW�



��
����������2LO�SULFHV�DQG�FRPPRGLW\�SULFHV�DOVR�LPSDFW�EXW�WKH�HODVWLFLWLHV�DUH�VPDOOHU�����������������+RZHYHU�ZLWK�3,0)J��WKH�ODJJHG�RXWSXW�SULFH�WHUP�PD\�EH�LQWHUSUHWHG�DV�D�SRVVLEOH�G\QDPLF�HIIHFW��$Q�LQFUHDVH�LQ�3,0)J�ZLOO�OHDG�WR�DQ�KLJKHU�RXWSXW�SULFH�ZKLFK�ZLOO�WKHQ�IHHG�LQ�WR�D�KLJKHU�3,0)��*LYHQ�WKDW�WKH�VDPSOH�PHDQ�RI�3,0)J�LV�������DQG�WKDW�RI�WKH�33,�LV�������D�FRHIILFLHQW�RI��������RQ�WKH�RXWSXW�SULFH�\LHOGV�D�PXOWLSOLHU�RI�������RQ�WKH�VKRUW�WHUP�HODVWLFLWLHV�WR�JHQHUDWH�ORQJ�WHUP�HODVWLFLWLHV�UHVXOWLQJ�LQ�HVWLPDWHV�RI��������RQ�LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV��������RQ�RLO�SULFHV�DQG�������RQ�FRPPRGLW\�SULFHV�����
2QH�PD\�DOVR�QRWH�WKDW�JLYHQ�WKH�FRQVWUXFWLRQ�RI�WKH�RLO�SULFH�YDULDEOH��RLO�H[�WD[���WKDW�WKH�HODVWLFLWLHV�RI�3,0)�WR�FKDQJHV�LQ�GXWLHV�LV�WKH�VDPH�DV�WKH�HODVWLFLWLHV�WR�FKDQJHV�LQ�WKH�SULFH�RI�RLO��7KH�HODVWLFLW\�RI�3,0)�WR�WKH�VWHUOLQJ�GROODU�H[FKDQJH�UDWH��JLYHQ�WKH�FRQVWUXFWLRQ�RI�WKH�SULFH�RI�FRPPRGLWLHV��WKH�SULFH�RI�RLO�DQG�WKH�SULFH�RI�LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV��PD\�EH�FDOFXODWHG�DV�WKH�VXP�RI�WKH�HODVWLFLWLHV�IRU�RLO�DQG�FRPPRGLWLHV�DQG�VHPL�PDQXIDFWXUHG�LQSXWV���L�H�������IRU�3,0)J�DQG�������IRU�3,0)Q��LQFOXGLQJ�ODJV���
7DEOH����(ODVWLFLW\�HVWLPDWHV

3,0*J 3,0)Q��������������� VDPSOH��PHDQDW�' VDPSOH�PHDQ�DW�OHYHOV
(VWLPDWHG&RHIILFLHQWEE

(ODVWLFLW\DW�PHDQV�RI�'
(ODVWLFLW\�DW�VDPSOH�PHDQV

(VWLPDWHG&RHIILFLHQWEE
(ODVWLFLW\PHDQ�' (ODVWLFLW\PHDQ�����OHYHOV'3,0)J ����� ������'3,0)Q ����� ������6WRFK��'ULIW�J�W� ���� ������ ����� ������ �����'6(0, ������� ������ ����� ����� ����� ����� ����� ����'RLOBH[BWD[ ������� ������ ����� ����� ����� ����� ����� �����'RLOBH[BWD[���� ������� ������ ����� ����� �����'FRPP ������ ������ ����� ����� �����'FRPP���� ������� ������ ����� ����� ����� ����� ����� �����'287J���� ������ ������ ����� ����� �����

,Q�)LJXUH����XVLQJ�WKH�VDPH�SDUDPHWHU�HVWLPDWHV�ZH�SUHVHQW�DQ�LPSDFW�DQDO\VLV�RI�WKH�YDULRXV�GHWHUPLQDQWV��H[FOXGLQJ�WKH�WUHQG�WHUP��RQ�WKH�OHYHO�RI�3,0)J�RYHU�WLPH��PHDVXUHG�DV�WKH�FRQWULEXWLRQ�RI�HDFK�FRPSRQHQW�WR�WKH�OHYHO�RI�3,0)J�DW�HDFK�SRLQW�LQ�WLPH��7KLV�LOOXVWUDWHV�WKH�ODUJHU�FRQWULEXWLRQ�RI�GRPHVWLFDOO\�SURGXFHG�RXWSXW�DQG�



��
LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV�WKDQ�WKH�RWKHU�WZR�IDFWRUV��WKH�IRUPHU�DOVR�WHQGLQJ�XSZDUG�RYHU�WLPH��7KH�FRQWULEXWLRQ�RI�FRPPRGLW\�SULFHV�LV�ORZHU�DQG�JHQHUDOO\�FRQVWDQW��7KH�LPSDFW�RI�RLO�SULFHV�LV�TXDQWLWDWLYHO\�VLPLODU�WR�WKDW�RI�FRPPRGLW\�SULFHV�EXW�LV�SDUWLFXODUO\�ODUJHU�EHWZHHQ������DQG�������ZLWK�D�WDNH�RII�DJDLQ�LQ�WKH�ODVW�IHZ�REVHUYDWLRQ�SHULRGV��2I�SDUWLFXODU�LQWHUHVW�KHUH�JLYHQ�LWV�UHFHQW�QDWXUH��LV�WKH�H[SODQDWLRQ�IRU�WKH�GRZQZDUG�SDWK�RI�3,0)�DIWHU�-XO\������DQG�LWV�FRQVHTXHQW�LQFUHDVH�DJDLQ�SRVW��-DQXDU\������DSSDUHQW�LQ�)LJXUH����)LJXUH���LOOXVWUDWHV�WKDW�WKH�GRZQZDUG�SUHVVXUH�FDPH�PDLQO\�IURP�ERWK�WKH�SULFH�RI�RLO�DQG�WKH�SULFH�RI�LPSRUWHG�VHPL�PDQXIDFWXUHV�ERWK�RI�ZKLFK�ZHUH�UHYHUVHG�IURP�������$V�ZH�VKDOO�VHH�EHORZ��WKHVH�IRUFHV�ZHUH�DOVR�EROVWHUHG�E\�VLPLODU�PRYHPHQWV�LQ�WKH�WUHQG�����
)LJXUH����,PSDFW�DQDO\VLV�RI�FRPSRQHQWV�XSRQ�WKH�OHYHO�RI�3,0)J�

/HJHQG��*URVV�2XWSXW��/5RXW���6HPLPDQXIDFWXUHG��/5VHPL���RLO��/5RLO��DQG��&RPPRGLWLHV��/5FRPP��SULFHV�
,Q�DGGLWLRQ�WR�LQSXW�SULFHV��WKH�VWRFKDVWLF�WUHQG�PDNHV�ERWK�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�H[SODQDWLRQ�RI�WKH�OHYHO�RI�3,0)�DQG�WR�FKDQJHV�LQ�3,0)�RYHU�WLPH��7R�LOOXVWUDWH�WKLV��ZH�KDYH�UH�HVWLPDWHG�WKH�PRGHO�IRU�3,0)J�DW�OHYHOV�UDWKHU�WKDQ�ILUVW�GLIIHUHQFHV��,Q�WKH�OHYHOV�HVWLPDWHV�WKH�VORSH�RI�WKH�WUHQG�LV�WKH�VDPH�DV�LQ�WKH�GLIIHUHQFH�HVWLPDWHV�DQG�WKH�FRHIILFLHQWV�DUH�TXLWH�UREXVW�LQ�ERWK�PRGHOV��)URP�WKH�OHYHOV�HTXDWLRQ�ZH�WKXV�IHHO�FRQILGHQW�WKDW�ZH�FDQ�UHFRYHU�HVWLPDWHV�RI�WKH�OHYHO�RI�WKH�
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/URXW /UVHPL /52LO /5&200



��
WUHQG��ZKLFK�RQH�FDQQRW�GR�IURP�WKH�HVWLPDWHV�LQ�GLIIHUHQFHV���7KH�UHVXOWLQJ�HVWLPDWH�LV�SORWWHG�DORQJVLGH�3,0)J�LQ�)LJXUH����$V�FDQ�EH�VHHQ�WKH�WUHQG�UHSUHVHQWV�DERXW�����RI�3,0)J�
7KH�WLPH�SURILOH�RI�WKH�WUHQG�LV�XSZDUG��XQWLO������DIWHU�ZKLFK�LW�GHFOLQHV��DW�OHDVW�XQWLO��������*LYHQ�WKH�FRQWULEXWLRQ�RI�WKH�WUHQG�WR�H[SODLQLQJ�WKH�OHYHO�DQG�DOVR�WKH�WLPH�SURILOH�REVHUYHG��ZH�KDYH�H[SORUHG�ZKHWKHU��LW�LV SRVVLEOH�WR�GHFRQVWUXFW�WKH�WUHQG�LQWR�PRUH�EDVLF�SDUWV��
)LJXUH����3,0)JURVV�DQG�WUHQG��OHYHOV�

)URP�HTXDWLRQ������WKH�WUHQG�LV�HTXDO�WR�]�W�3�W��ZKHUH 3�W��LV�WKH�YHFWRU�RI�LQSXW�SULFHV�DQG�]�W� LV�D�YHFWRU�RI�GHYLDWLRQV�RI�SDUDPHWHUV�IURP�WKHLU�DYHUDJH�RU�EDVH�YDOXHV��,W�ZDV�DUJXHG�WKDW�]�W��ZLOO�UHIOHFW�WHFKQRORJLFDO�FKDQJH���UHZHLJKWLQJ�RI�WKH�VHULHV�DQG�DOVR��GHPDQG�LQGHSHQGHQW��FKDQJHV�LQ�PDUN�XSV�LQ�LQGXVWULHV�VXSSO\LQJ�PDQXIDFWXULQJ�LQSXWV��,W�LV�DOVR�SRVVLEOH�WKDW�WKH�WUHQG�ZRXOG�SLFN�XS�RPLWWHG�LQSXWV�EXW�ZH�FRQVLGHUHG�WKDW�WKLV�HIIHFW�ZRXOG�EH�LQFOXGHG�LQWHU�DOLD�LQ�WKH�HUURU�WHUP��,W�ZDV�DUJXHG�WKDW�WHFKQRORJLFDO�FKDQJH�DQG�UHZHLJKWLQJ�ZRXOG�WHQG�WR�JHQHUDWH�D�GHFOLQLQJ�WUHQG�ZKHUHDV�LQFUHDVHV�LQ�PDUN�XSV�ZRXOG�VXJJHVW�DQ�XSZDUG�WUHQG�
:H�KDYH�XQGHUWDNHQ�D�QXPEHU�RI�H[SHULPHQWV�UHODWLQJ�WKH�HVWLPDWHG�WUHQG��RU�LWV�GLIIHUHQFH��WR�D�VHULHV�RI�YDULDEOHV�WKDW�PLJKW�UHIOHFW�WKHVH�DUJXPHQWV��,Q�SDUWLFXODU�ZH�KDYH�UHJUHVVHG�WKH�WUHQG�HLWKHU�LQGLYLGXDOO\�RU�LQ�FRPELQDWLRQ�RQ�
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3,0)J7UBOHYHO



��

�L��WKH�ZDJH�VKDUH LQ�WKH�ZKROH�HFRQRP\�DV�D�PHDVXUH�RI�DYHUDJH�PDUN�XSV��LL��WKH�OHYHO�DQG�RU�JURZWK�RI�*'3�WR�UHIOHFW�F\FOLFDO�SURGXFWLYLW\�HIIHFWV�LLL��D�VLPSOH�WLPH�WUHQG�WR�UHIOHFW�WHFKQRORJLFDO�FKDQJH�LY��YDULRXV�LQSXW�SULFHV�DQG�3,0)�LWVHOI�UHIOHFWLQJ�HTXDWLRQ�����
KRZHYHU�LQ�QR�FDVH�ZHUH�ZH�DEOH�WR�IXUWKHU�GHFRPSRVH�WKH�WUHQG��
2YHUDOO�ZH�WKXV�ILQG�WKDW�WKH�WZR�3,0)�VHULHV�DUH�GULYHQ�E\�D�VWRFKDVWLF�WUHQG��FRQWULEXWLQJ�DERXW�����WR�WKH�OHYHO��DQG�D�GHWHUPLQLVWLF�FRPSRQHQW�ODUJHO\�GULYHQ�E\�SULFHV�GHWHUPLQHG�RXWVLGH�WKH�8.��7KH�ORQJ�UXQ�HODVWLFLW\�HVWLPDWHV�VXJJHVW�WKDW�IRU�3,0)Q��3,0)J��WKH�HODVWLFLW\�RI�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXW�SULFHV�WR�WKH�GROODU�SULFH�RI�RLO�DQG�WR�8.�GXWLHV�RQ�RLO�LV����������������WR�WKH�GROODU�SULFHV�RU�UDZ�PDWHULDOV�RU�FRPPRGLWLHV�LV����������������WR�WKH�SULFH�RI�LPSRUWHG�VHPL�PDQXIDFWXUHV��LQ�VWHUOLQJ��LV���������������DQG�WR�WKH�GROODU�VWHUOLQJ�H[FKDQJH�UDWH�LV���������������
7KH�IDFW�WKDW�WKH�SULPH�GHWHUPLQDQWV�RI�WKH�GHWHUPLQLVWLF�FRPSRQHQW�DUH�H[WHUQDOO\�GHWHUPLQHG�LPSOLHV�WKDW�WKH�SULFHV�RI�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV�LQ�8.�PDQXIDFWXULQJ�DUH�ODUJHO\�RXWVLGH�WKH�FRQWURO�RI�JRYHUQPHQW��7KLV��DOOLHG�ZLWK�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�VWRFKDVWLF�GULIW�FRPSRQHQW��LPSOLHV�WKDW�WKH�SRVVLELOLW\�RI�IRUHFDVWLQJ�PRYHPHQWV�LQ�WKH�VHULHV�RYHU�WLPH�LV�YHU\�OLPLWHG�
�� &21&/86,216
,Q�WKLV�SDSHU�ZH�KDYH�H[SORUHG�WKH�SDWWHUQV�DQG�GHWHUPLQDQWV�RI�WKH�SULFHV�RU�UDZ�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV�LQ�WR�8.�PDQXIDFWXULQJ��'HVSLWH�WKHLU�UHODWLYH�LPSRUWDQFH�LQ�WRWDO�FRVWV�VXFK�LQSXWV�VHHP�WR�KDYH�EHHQ�UHODWLYHO\�LJQRUHG�LQ�WKH�H[LVWLQJ�OLWHUDWXUH��7KH�PDLQ�LQGLFDWRUV�RI�VXFK�SULFHV��FRVWV��DUH�WKH�SULFH�LQGH[HV�IRU�PDWHULDOV�DQG�IXHOV�LQ�JURVV�DQG�QHW�IRUPV��WKH�QHW�IRUP�HQFRPSDVVLQJ�RQO\�WKRVH�FRVWV�WKDW�DULVH�RXWVLGH�WKH�PDQXIDFWXULQJ�VHFWRU��DOWKRXJK�WKH�VHULHV�KDYH�WKHLU�OLPLWDWLRQV��,W�LV�VKRZQ�WKDW�WKH�3,0)�VHULHV�H[KLELW�FRQVLGHUDEOH�IOXFWXDWLRQ�RYHU�WLPH��KDYH�D�JURZWK�IDFWRU��QHW��EHWZHHQ������DQG������RI��HOHYHQ�LQ�QRPLQDO�WHUPV�EXW�IDOO�LQ�UHDO�WHUPV�RYHU�WKH�VDPH�SHULRG�E\�DERXW������7KH�DQDO\VLV�RI�WKH�WLPH�



��
VHULHV�SURSHUWLHV�RI�WKH�WZR�VHULHV�VKRZV�WKDW�3,0)Q�LV�VWDWLRQDU\�DURXQG�D�VWHS�PHDQ��ZKLOH�3,0)J�LV�VWDWLRQDU\�DURXQG�D�VWHS�PHDQ�DQG�DQ�XQGHUO\LQJ�VWHS�WUHQG�ZLWK�ERWK�VHULHV�VKRZLQJ�VLPLODU�VWUXFWXUDO�EUHDNV��L�H� �������� �����������������������������
,W�KDV�EHHQ�VKRZQ�WKDW�WKH�3,0)�VHULHV�DUH�LQGHSHQGHQW�RI�WKH�GHPDQG�IRU�LQSXWV�DQG�WKXV�FRVW�GHWHUPLQHG��$�PRGHO�RI�WKH�FRVW�RI�0,,�ZDV�GHYHORSHG�WKDW�HQGRJHQLVHG�WKH�SULFHV�RI�LQSXWV�SURGXFHG�ZLWKLQ�WKH�8.�LWVHOI��(VWLPDWHV�RI�WKLV�PRGHO�RQ�PRQWKO\�GDWD�EHWZHHQ������DQG������LOOXVWUDWHV�WKH�PDLQ�GULYHUV�RI�3,0)Q�DQG�3,0)J��WR�EH�D�VWRFKDVWLF�WUHQG��WKH�SULFHV�RI�LPSRUWHG�VHPL�PDQXIDFWXUHG�LQSXWV��RLO�SULFHV��LQFOXGLQJ�GXWLHV��DQG�FRPPRGLW\�SULFHV��WKH�ODWWHU�WKUHH�DOVR�UHIOHFWLQJ�H[FKDQJH�UDWHV��,Q�DGGLWLRQ�LW�ZDV�VKRZQ�WKDW�WKH�3,0)J�ZDV�DIIHFWHG�E\�ODJJHG�RXWSXW�SULFHV��,W�KDV�WKXV�EHHQ�IRXQG�WKDW�WKH�SULPH�GHWHUPLQDQWV�RI�WKH�GHWHUPLQLVWLF�FRPSRQHQW�DUH�H[WHUQDOO\�GHWHUPLQHG��LPSO\LQJ�WKDW�WKH�SULFHV�RI�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV�LQ�8.�PDQXIDFWXULQJ�DUH�ODUJHO\�RXWVLGH�WKH�FRQWURO�RI�JRYHUQPHQW��7KH�VWRFKDVWLF�WUHQG��UHIOHFWLQJ�WHFKQRORJLFDO�FKDQJH�LQ�GRPHVWLF�VHFWRUV�VXSSO\LQJ�0,,�WR�PDQXIDFWXULQJ��UH�ZHLJKWLQJ�RI�WKH�3,0)�VHULHV�DQG�FKDQJLQJ�PDUN�XSV��ODUJHO\�WUHQGHG�XSZDUGV�XQWLO�WKH�PLGGOH�RI�WKH�����¶V��DSDUW�IURP�D�VSHOO�LQ�WKH�PLG�����V��DIWHU�ZKLFK�LW�EHJDQ�WR�IDOO�XQWLO�������DIWHU�ZKLFK�LW�PRYHG�XSZDUGV�DJDLQ���:H�ZHUH�XQDEOH�WR�GHFRPSRVH�WKH�WUHQG�IXUWKHU���7KH�UHODWLYH�LPSRUWDQFH�RI�WKH�VWRFKDVWLF�WUHQG�FRPSRQHQW�DOOLHG�ZLWK�WKH�H[WHUQDO�GHWHUPLQDWLRQ�RI�WKH�GHWHUPLQLVWLF�FRPSRQHQW��LPSOLHV�WKDW�WKH�SRVVLELOLW\�RI�IRUHFDVWLQJ�PRYHPHQWV�LQ�WKH�SULFH�RI�PDWHULDO�DQG�LQWHUPHGLDWH�LQSXWV�RYHU�WLPH�LV�YHU\�OLPLWHG�



��
5()(5(1&(6
%HFNHUPDQ�:�DQG�7��-HQNLQVRQ��������µ:KDW�6WRSSHG�WKH�,QIODWLRQ"�8QHPSOR\PHQW�RU�&RPPRGLW\�3ULFHV"¶��7KH�(FRQRPLF�-RXUQDO��9RO������1R�������SS��������
%ULWWRQ�(����'��'��-��/DUVHQ�DQG�,��6PDOO��������µ,PSHUIHFW�&RPSHWLWLRQ�$QG�WKH�'\QDPLFV�RI�0DUN�XSV¶�:RUNLQJ�3DSHU�6HULHV�Q������%DQN�RI�(QJODQG
&��:��-��*UDQJHU��������µ,QYHVWLJDWLQJ�&DXVDO�5HODWLRQV��E\�(FRQRPHWULF�0RGHOV�DQG�&URVV�VSHFWUDO�0HWKRGV¶��(FRQRPHWULFD��9RO������Q������������
&KDUPH]D�:��:��DQG�'��)��'HDGPDQ���������1HZ�'LUHFWLRQV�LQ�(FRQRPHWULF�3UDFWLFH��(GZDUG�(OJDU�3XEOLVKLQJ�/LPLWHG��&KHOWHQKDP��8.�
'LFNH\�'��DQG�:��)XOOHU��������µ'LVWULEXWLRQ�)UHH�(VWLPDWHV�IRU�$XWRUHJUHVVLYH�7LPH�6HULHV�ZLWK�D�8QLW�5RRW¶�7KH�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��9RO������1R�������SS����������
'LFNH\�'��DQG�:��)XOOHU��������µ/LNHOLKRRG�5DWLR�6WDWLVWLFV�IRU�$XWRUHJUHVVLYH�7LPH�6HULHV�ZLWK�D�8QLW�5RRW¶�(FRQRPHWULFD��Q�����SS���������
'LFNH\�'��$���'��3��+DV]D�DQG�:��$��)XOOHU��������µ7HVWLQJ�IRU�8QLW�5RRWV�LQ�6HDVRQDO�7LPH�6HULHV��LQ�7KHRU\�DQG�0HWKRGV�¶��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��9RO������1R�������SS�����������
(QGHUV�:����������$SSOLHG�(FRQRPHWULF�7LPH�6HULHV��-RKQ�:LOH\�DQG�6RQV��LQF��1HZ�<RUN��86��
*HZHNH�-��0�5��DQG�:�'HQW��������&RPSDULQJ�$OWHUQDWLYH�7HVWV�RI�&DXVDOLW\�LQ�7HPSRUDO�6\VWHPV��$QDO\WLF�5HVXOWV�DQG�([SHULPHQWDO�(YLGHQFH¶���-RXUQDO�RI�(FRQRPHWULFV��Y����Q��������'RF�
+DQVHQ�%��(���������#7HVWLQJ�IRU�3DUDPHWHUV�,QVWDELOLW\�LQ�/LQHDU�0RGHOV¶�-RXUQDO�RI�3ROLF\�0RGHOOLQJ���Q�����SS���������
+DUYH\�$��&����������7LPH�6HULHV�0RGHOV��+DUYHVWHU�:KHDWVKHDI��/RQGRQ



��
+DVNHO�-���0DUWLQ�&���6PDOO�,���������µ3ULFH��0DUJLQDO�&RVW�DQG�WKH�%XVLQHVV�&\FOH¶��2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV� Y����Q���������'RF��
1HOVRQ�&��5��DQG�&��,��3ORVVHU��������µ7UHQGV�DQG�5DQGRP�:DONV�LQ�0DFURHFRQRPLF�7LPH�6HULHV� 6RPH�(YLGHQFH�DQG�,PSOLFDWLRQV��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV� Y����Q����������'RF�
2VERUQ�'��5���6PLWK��-��3��DQG�&��5��%LUFKHQKDOO��������µ6HDVRQDOLW\�DQG�WKH�2UGHU�RI�,QWHJUDWLRQ�IRU�&RQVXPSWLRQ¶��2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV���9RO�����Q���SS���������'RF�
2XOWRQ�1��DQG�2
0DKRQ\�0���������µ3URGXFWLYLW\�DQG�JURZWK��$�VWXG\�RI�%ULWLVK�LQGXVWU\�����������¶��1DWLRQDO�,QVWLWXWH�RI�(FRQRPLF�DQG�6RFLDO�5HVHDUFK�2FFDVLRQDO�3DSHUV��YRO������&DPEULGJH��1HZ�<RUN�DQG�0HOERXUQH��&DPEULGJH�8QLYHUVLW\�3UHVV��
3HUURQ�3��������¶�7KH�*UHDW�&UDVK��WKH�2LO�3ULFH�6KRFN��DQG�WKH�8QLW�5RRW�+\SRWKHVLV¶�(FRQRPHWULFD��9RO������1R�����SS������������
3KLOOLSV�3��DQG�3��3HUURQ��������7HVWLQJ�IRU�D�8QLW�URRW�LQ�7LPH�6HULHV�5HJUHVVLRQ��%LRPHWULFD��Q������SS��������
6DUJDQ�-��'��DQG�$��%DUJDZD��������µ7HVWLQJ�5HVLGXDOV�IURP�/HDVW�6TXDUHV�5HJUHVVLRQ�IRU�%HLQJ�*HQHUDWHG�E\�WKH�*DXVVLDQ�5DQGRP�:DON¶�(FRQRPHWULFD��9RO������1R������-DQ����������SS����������
6LPV�&��$��������µ0RQH\��,QFRPH��DQG�&DXVDOLW\¶�$PHULFDQ�(FRQRPLF�5HYLHZ��9RO������1R������SS����������
6PDOO�,���������µ7KH�&\FOLFDOLW\�RI�0DUN�XSV�DQG�3URILW�0DUJLQV��6RPH�(YLGHQFH�IRUP�0DQXIDFWXULQJ�DQG�6HUYLFHV¶��:RUNLQJ�3DSHU�Q������%DQN�RI�(QJODQG



��
$33(1',;����'(),1,7,21��0($685(0(17�$1'�6285&(6�2)�9$5,$%/(6
7KH�3,0)�VHULHV��3,0)Q�DQG�3,0)J��DUH�VRXUFHG�IURP�WKH�216�DQG�DUH�DYDLODEOH�IRU�GDWHV�DV�GLVFXVVHG� LQ� WKH� WH[W� DERYH��7KH� UHPDLQLQJ�YDULDEOHV�DUH�GHILQHG��PHDVXUHG�DQG�VRXUFHG�DV�IROORZV�
3��W�� �3��W���WKH�SULFHV�RI��UDZ�PDWHULDOV�
7KLV�VHULHV�LV�PDGH�XS�RI�D�ZHLJKWHG�VXP�RI��WKH�SULFHV�RI�FRPPRGLWLHV�DQG�WKH�SULFH�RI�RLO�ZLWK�ZHLJKWV�GHWHUPLQHG�LQ�WKH�HVWLPDWLRQ��%RWK�SULFHV�DUH�VRXUFHG�IURP�WKH�81�0RQWKO\�%XOOHWLQ LQ�GROODUV��7KH�FRQYHUVLRQ�LQWR�8.�VWHUOLQJ�LV�FDUULHG�RXW�XVLQJ�WKH�GROODU� VWHUOLQJ� H[FKDQJH� UDWH� �� H�W��� DYDLODEOH� IURP� 216�� ZKLOH� IRU� RLO� SULFHV� WKH�FRUUHFWLRQ�IRU�H[FLVH�GXWLHV�RQ�RLO� ��G�W��� LV�GRQH�XVLQJ�WKH�µ([FLVH�WD[�RQ�/LJKW�)XHO�2LO� IRU� ,QGXVWU\µ�� VRXUFHG� IURP� (QHUJ\� 3ULFHV� DQG� 7D[HV�� ,QWHUQDWLRQDO� (QHUJ\�$JHQF\��2(&'��7KH�ILQDO�VHULHV�XVHG DUH��IRU�FRPPRGLWLHV�
3FRPP 381BFRPP�H�W��
DQG�IRU�RLO
3RLOBH[BWD[  �>381BRLO��W��H�W�@�
>��G�W�@
7KHUH� DUH� RWKHU� VHULHV� DYDLODEOH� IURP�216� RQ� WKH� LPSRUW� SULFH� LQ� VWHUOLQJ� RI�%DVLF�0DWHULDOV� �%3(3�� DQG�RU� )XHOV� �%3(&��� 2XU� DQDO\VLV� RI� WKLV� GDWD� FRQILUPV� WKDW�IOXFWXDWLRQV� LQ�ZRUOG�SULFHV�RI�EDVLF�FRPPRGLWLHV�DQG�RLO��H[FKDQJH�UDWHV�DQG�GXWLHV�RQ�RLO�H[SODLQ�PRVW�RI�WKH�YDULDELOLW\�LQ�WKH�216�VHULHV��
3��W���WKH�SULFHV�RI�GRPHVWLFDOO\�SURGXFHG�QRQ�VHUYLFH��QRQ�PDQXIDFWXUHG�LQSXWV��
7KHVH�SULFHV�ZHUH�IURP�WKH�216��7KUHH�VHULHV�ZHUH�WULHG����D��WKH�33,�IRU�DJULFXOWXUH��%<(3�� � �E��53,� IRU� IXHO� DQG� OLJKW� �&+%*�� DQG� �F�� 3,0)� IRU� DJULFXOWXUH� �%<($���7KH�UHVXOWV�DERYH�UHSRUW�WKH�XVH�RI�WKH�ILUVW�RI�WKHVH�



��
3��W���WKH�SULFH�RI�SURGXFHG�LPSRUWHG�QRQ VHUYLFH��QRQ�PDQXIDFWXUHG�LQSXWV�
,Q�WKH�DEVHQFH�RI�DQ\�EHWWHU�PHDVXUH�WKLV�SULFH�LV�SUR[LHG�E\�WKH�LPSRUW�SULFHV�RI�VHPL�PDQXIDFWXUHG�SURGXFWV��%3('��LQ�VWHUOLQJ��VRXUFHG�IURP�216��
3��W���WKH�SULFH�RI�GRPHVWLFDOO\�SURGXFHG�VHUYLFH�LQSXWV��
7KH�3ULFH�,QGH[�IRU�6HUYLFHV�LV�JHQHUDWHG�XVLQJ�WKH�LPSOLFLW�GHIODWRU�V��RI�UHDO�VHUYLFH�9$��WKH�UDWLR�RI�*URVV�9DOXH�$GGHG�RI�7RWDO�6HUYLFHV�DW�&RQVWDQW�3ULFHV��*'46��DQG�&XUUHQW��473=��SULFHV��DYDLODEOH�RQO\�LQ�D�VHDVRQDOO\�DGMXVWHG�IRUP��7KLV�WLPH�VHULHV�LV�XQSXEOLVKHG�DQG�ZDV�SURYLGHG�E\�WKH�216���+RZHYHU��WKHUH�DUH�VRPH�UHVHUYDWLRQV�RQ�LWV�YDOLGLW\�DQG�LW�LV�XVHG�RQO\�DV�QR�EHWWHU�LQGLFDWRU�LV�DYDLODEOH�
3��W����WKH�SULFH�RI�GRPHVWLFDOO\�SURGXFHG�PDQXIDFWXUHG�LQSXWV�
7KLV� LV� PHDVXUHG� E\� WKH� QHW� �3//8�� RU� JURVV� �32.(�� 3URGXFHU� 3ULFH� ,QGH[� IRU�PDQXIDFWXULQJ� DV� DSSURSULDWH��:KLOH� WKH� IRUPHU� LV� DYDLODEOH� IURP�00��� WKH� ODWWHU�ZDV� SURYLGHG� E\� 3DXO� 6WRQHPDQ� ������������ EDVHG� RQ� GDWD� VXSSOLHG� HDUOLHU� E\� WKH�216�DQG�WKH�216�������������
3��W���WKH�SULFHV�RI�LPSRUWHG�PDQXIDFWXUHV�
7KUHH� SULFH� VHULHV� FRXOG� EH� XVHG� WR� PHDVXUH� WKH� SULFHV� RI� LPSRUWHG� PDQXIDFWXUHV��7KH\� DUH� DOO� VRXUFHG� IURP� WKH� 216� DQG� H[SUHVVHG� LQ� VWHUOLQJ� WKH\� DUH�� WKH� LPSRUW�SULFHV�RI��D��6HPL�0DQXIDFWXUHV���%3('���E�)LQLVKHG�0DQXIDFWXUHV��%3((���F��7RWDO�PDQXIDFWXUHV� �%3(6��� ,W� LV� XVH� RI� WKH� ILUVW� WKDW� LV� UHSRUWHG� DERYH�� 7KLV� SULFH� WKXV�UHSUHVHQWV� ERWK� WKH� SULFHV� RI� LPSRUWHG� PDQXIDFWXUHV� DQG� WKH� SULFH� RI� SURGXFHG�LPSRUWHG�QRQ�VHUYLFH��QRQ�PDQXIDFWXUHG�LQSXWV�
:�W���ZDJH�UDWHV��
+HUH�ZH�XVH� WKH�216� VXSSOLHG� LQGH[�RI� DYHUDJH� HDUQLQJV� �:KROH�(FRQRP\���2WKHU�VHULHV� VXFK�DV� � WKH�$YHUDJH�(DUQLQJV�,QGH[�*%��0DQXIDFWXULQJ� ,QGXVWULHV� �,QGXVWU\��



��
�������DQG�$YHUDJH�(DUQLQJV�,QGH[�*%��3URGXFWLRQ�,QGXVWULHV��,QGXVWU\���������ZHUH�DOVR�FRQVLGHUHG��+RZHYHU��WKHLU�XVH GRHV�QRW�VLJQLILFDQWO\�DIIHFW�WKH�UHVXOWV���
5�W���FDSLWDO�FRVWV��
+HUH�ZH�GHILQH�FDSLWDO�FRVWV�DV�WKH�UHDO�LQWHUHVW�UDWH�WLPHV�WKH�SULFH�RI�FDSLWDO�JRRGV��)RU� WKH�UHDO� LQWHUHVW� UDWH�ZH�WDNH�WKH�UDWH�RQ�WZHQW\�\HDU� WUHDVXU\�ERQGV��$-/;��DQG�VXEWUDFW� WKH UDWH� RI� JURZWK� RI� UHWDLO� SULFHV� �53,��� )RU� WKH� SULFH� RI� FDSLWDO� JRRGV�ZH�WDNH� WKH� TXDUWHUO\� LPSOLFLW� GHIODWRU� XVHG� WR� JHQHUDWH� WKH� 216� VHULHV� RQ� JURVV�LQYHVWPHQW� �7RWDO� *URVV� )L[HG� &DSLWDO� )RUPDWLRQ� 0RQWKO\� 'LJHVW� RI� 6WDWLVWLFV�� DW�FRQVWDQW�SULFHV��



��
$33(1',;����7,0(�6(5,(6�$1$/<6,6
,Q� WKLV� DSSHQGL[� ZH� GLVFXVV� WKH� WLPH� VHULHV� SURSHUWLHV� RI� WKH� YDULDEOHV� XVHG� DERYH��ZLWK� SDUWLFXODU� HPSKDVLV� XSRQ� 3,0)Q� DQG� 3,0)J�� RYHU� WKH� SHULRG� IURP� -DQXDU\�����± $XJXVW� ������ � � 'HDOLQJ� ZLWK� PRQWKO\� GDWD� WKH� WLPH� VHULHV� SURSHUWLHV� RI� DOO�YDULDEOHV� KDYH� EHHQ� HVWDEOLVKHG� XVLQJ� DG� KRF� WHVWV� IRU� WKH� SUHVHQFH� RI� VWRFKDVWLF�YHUVXV�GHWHUPLQLVWLF�VHDVRQDOLW\�DQG�WKH�RUGHU�RI�QRQ�VHDVRQDO�LQWHJUDWLRQ�LQ�RUGHU�WR�DFKLHYH�VWDWLRQDULW\��,�G���7KH\�DUH�
D��WKH�'+)��'LFNH\��+DV]D�DQG�)XOOHU��������DQG�WKH�2VERUQ���2VERUQ�HW�DO��������WR�WHVW�IRU�WKH�SUHVHQFH RI�VHDVRQDO�LQWHJUDWLRQ�YHUVXV�GHWHUPLQLVWLF�VHDVRQDOLW\��
E�� WUHQG�YHUVXV�GLIIHUHQFH�VWDWLRQDULW\� WHVW��1HOVRQ�DQG�3ORVVHU������DQG�'LFNH\�DQG�)XOOHU���������
F�� WKH� WUDGLWLRQDO� ,QWHJUDWLRQ� 'XUELQ�:DWVRQ� �6DUJDQ� DQG� %DUJDZD�� ������� 'LFNH\�)XOOHU� �������DQG� �$XJPHQWHG� �'LFNH\�)XOOHU� ������� WHVW�RI�XQLW� URRWV�GHWHUPLQLVWLF�FRPSRQHQWV��
G��WKH�3KLOOLSV�DQG�3HUURQ��������WHVW�WKDW�UHOD[HV�VRPH�RI�WKH�DVVXPSWLRQV�FRQFHUQLQJ�WKH�HUURU�SURFHVV�RI� WKH�')�DQG�$')�WHVW��LQ�WKDW�LW�KDV�D�JUHDWHU�SRZHU�WR�UHMHFW�WKH�QXOO�RI�D�XQLW�URRW�ZKHQ�XQQHFHVVDU\�QXLVDQFH�SDUDPHWHUV�DUH�VSHFLILHG�LQWR�WKH�PRGHO�
H��WKH�3HUURQ��������WHVW�RI�µDGGLWLYH�RXWOLHU¶�IRU�VWUXFWXUDO�EUHDNV�
�� 7KH�WHVWLQJ�SURFHGXUH�KHUH�XVHG�VSHFLILHV�D�JHQHUDO�PRGHO��\W �D��EW���U\W�����6�'V���HW��ZKHUH�WKH�SUHVHQFH�RI�D�WUHQG�DQG�D�GULIW�LV�LQYHVWLJDWHG�XVLQJ�WKH�)�VWDWLVWLFV�RQ�WKH�SDUDPHWHU�UHVWULFWLRQV�VR�WKDW�¾ LI��E ��DQG U ���WKHQ�\W LV�D�XQLW�URRW��QRQ�VWDWLRQDU\�DW�OHYHOV�EXW�VWDWLRQDU\�DW�GLIIHUHQFHV��'LIIHUHQFH�6WDWLRQDU\�3URFHVV�¾ LI��Ez��DQG U����WKHQ�\W LV�VWDWLRQDU\�DW�OHYHOV�EXW�ZLWK�VWDWLRQDU\�GHYLDWLRQV�DERXW�WKH�WUHQG��7UHQG�6WDWLRQDU\�3URFHVV�2WKHU�SRVVLELOLWLHV�DUH�WKDW�\W��LV LWVHOI�VWDWLRQDU\�ZLWKRXW�D�WUHQG��E ��DQG U������RU�XQLW�URRW�ZLWK�D�TXDGUDWLF�WUHQG��Ez��DQG U ����RU�LW�PLJKW�VKRZ�DQ�H[SORVLYH�SURFHVV��E ���DQG U!����KRZHYHU�WKH�ODWWHU�LV�KDUGO\�REVHUYDEOH�LQ�HFRQRPLF�VHULHV��7KLV�PHDQV�WKDW�LI�WKH�K\SRWKHVLV�RI�MRLQW�SDUDPHWHU�UHVWULFWLRQ��+R��E ��DQG U ���LV�UHWDLQHG�WKHQ�RQH�FDQ�UHDVRQDEO\�DVVXPH�WKDW�WKH�VHULHV�LV�D�'LIIHUHQFH�6WDWLRQDU\��'6��SURFHVV��L�H��XQLW�URRW�ZLWKRXW�D�WUHQG��,I�RQ�WKH�FRQWUDU\��LI�WKH�QXOO�FDQQRW�EH�UHWDLQHG��WKH�DOWHUQDWLYH�WKDW��WKH�PRGHO�LV�7UHQG�6WDWLRQDU\��76��PXVW�EH�DFFHSWHG����2WKHU�LQWHUPHGLDWH�FDVHV�FDQ�EH�WHVWHG�ORRNLQJ�DW�WKH�WHVW�VWDWLVWLF�RQ�HDFK�LQGLYLGXDO�UHVWULFWLRQ��'LFNH\�DQG�)XOOHU��������KDYH�SURYLGHG�WKH�FULWLFDO YDOXHV�RI�WKH�MRLQW�K\SRWKHVLV���)BWHVW��)� ��DV�ZHOO�DV�WKH�WDEXODWHG�YDOXHV�IRU�WKH�



��

I��JHQHUDOL]HG�3HUURQ�WHVW��������IRU�VWUXFWXUDO�EUHDNV�
7KH�UHVXOWV�IRU�3,0)J�DQG�3,0)Q�DUH�UHSRUWHG�LQ�7DEOH�$�
7DEOH�$���8QLW�URRW�WHVWV�RI�3,0)Q�DQG�3,0)J���VDPSOH���������������

WHVW�RI�VHDVRQDO�LQWHJUDWLRQ 7HVW�RI�QRQ�VHDVRQDO�LQWHJUDWLRQ
'+) 2VERUQ ,': 33 ') $')�>ODJV@�,QWHUFHSW &�6HDVRQDOLW\ &�6HDVRQDOLW\3,0)Q W] ������ G]R ������ G ���� = ������� W DR�J ������ W DR�J>�@ �������

3,0)J W] ������� G]R  ������ G ���� = ������� W DR�J ������� WDR�J>��@ ������
��D >����������@ ��������� �������� ��������D 7KHRUHWLFDO�YDOXHV�RI�WKH�WHVWV�DUH�RXWVRXUFHG�IURP��'+)��&KDUPH]D�DQG�'HDGPDQ���������'+)�2VERUQ��2VERUQ������')�DQG�$')��3&*LYH������33��'DYLGVRQ�DQG�0DF.LQQRQ����������

7KH� VWDWLVWLFV� LQ� FROXPQ� RQH� DQG� WZR� VKRZ� WKDW� WKH� K\SRWKHVLV� RI� D� VHDVRQDOO\�LQWHJUDWHG� SURFHVV� �L�H�� 6,��������� LV� UHMHFWHG� IRU� ERWK� WKH� QHW� DQG� JURVV� 3,0)� DQG�VHDVRQDOLW\�FDQ�EH�PRGHOHG�YLD�GXPP\�YDULDEOHV��
)RU�WKH�QHW�3,0)�DOO�WHVWV��E�G��UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�D�XQLW�URRW�LPSO\LQJ�WKDW�WKH� QHW� 3,0)� LV� VWDWLRQDU\� �UDQGRP� ZDON� ZLWK� GULIW��� 7KH� ')� DQG� $')� WHVW� DOVR�LQGLFDWH� WKH� SUHVHQFH� RI� D� GULIW� DQG� D� GHWHUPLQLVWLF� VHDVRQDO� FRPSRQHQW� LQ� WKH�VWDWLRQDU\� GDWD� JHQHUDWLQJ� SURFHVV�� $V� FDQ� VHHQ� LQ� )LJXUH� ��� WKH� VHULHV� JUDSKLFDOO\�VHHPV�WR�VKRZ�PHDQ�UHYHUVLRQ�ZLWK�IOXFWXDWLRQ�DURXQG�D�ORQJ�WHUP�PHDQ���
)RU� WKH�JURVV�YHUVLRQ�RI�3,0)�WKH�33� WHVWV� �ZLWK�D�VWUXFWXUDO�EUHDN��DQG�WKH�')�WHVW�UHMHFW� WKH� QXOO� K\SRWKHVLV� RI� D� XQLW� URRW� KRZHYHU� WKH� $')� GRHV� QRW� UHMHFW� WKLV�K\SRWKHVLV��3HUURQ��������VKRZV�WKDW�ZKHQ�WKHUH�H[LVW�VWUXFWXUDO�FKDQJHV�RU�ZKHQ�WKH�XQGHUO\LQJ� WUHQG� LV� QRQ� OLQHDU� WKH�$')� WHQGV� WR�ZURQJO\� DFFHSW� WKH�K\SRWKHVLV�RI�D�XQLW� URRW�� DV� LW� ZLOO� WHQG� WR� RYHUHVWLPDWH� WKH� XQLW� URRW� FRHIILFLHQW� LQ� RUGHU� WR�FRPSHQVDWH�IRU�WKH�UDQGRP�YDULDWLRQV�DURXQG�GLIIHUHQW�XQGHUO\LQJ�SHUPDQHQW�VKLIWV�LQ�WKH�VORSH�RU�DQG�WKH�GULIW� LQ� WKH�VHULHV�� �7R�WDNH�DFFRXQW�RI�WKHVH�VWUXFWXUDO�EUHDNV�LQ�WHVWLQJ�IRU�XQLW� URRWV��ZH�XVH� IRU� WKH�3,0)J�D�VSHFLILFDWLRQ�VLPLODU�ERWK�WR� WKH�$')�
LQGLYLGXDO�K\SRWKHVLV�LQ�WKH�SUHVHQFH�RI�D�GULIW��WUHQG�DQG�XQLW�URRW��W�WHVW��WM��EDVHG�XSRQ�WKH�



��
DQG�WKDW�SURSRVHG�E\�3HUURQ��VHH�3HUURQ �������WHVW�RI�µDGGLWLYH�RXWOLHU¶�IRU�VWUXFWXUDO�EUHDNV��� )XUWKHUPRUH� �� ZH� H[WHQG� WKH� WHVW� DOVR� WR� WKH� 3,0)Q� VHULHV� WR� LQYHVWLJDWH�VHDVRQDOLW\�DQG�ZKHWKHU�WKH�EUHDNV�DIIHFW�DOVR�WKH�QHW�VHULHV�
7KH� 3HUURQ� ������� WHVW� RI� µDGGLWLYH� RXWOLHU¶� �G��� KDV� EHHQ� XVHG� WR� LQYHVWLJDWH�VWDWLRQDULW\� LQ� SUHVHQFH� RI� YDULRXV� W\SHV� RI� VKRFNV�� ,Q� IDFW�� DQRWKHU� SUREOHP�DULVLQJ�ZKHQ�XVLQJ�WKH�'LFNH\�)XOOHU�W\SH�RI�WHVWV�LV�WKDW�LQ�WKH�SUHVHQFH�RI�D�VWUXFWXUDO�EUHDN�LQ� DQ� ,���� VHULHV�� WKH\� WHQG� WR� IDOVHO\� DFFHSW� WKH� QXOO� RI� D� XQLW� URRW� HYHQ�ZKHQ� WKH�SURFHVV�LV�VWDWLRQDU\�HDFK�VLGH�RI�WKH�VWUXFWXUDO�EUHDN�SRLQW��&KDUPH]D�DQG�'HDGPDQ��������� �7R�RYHUFRPH� WKLV� W\SH�RI�SUREOHPV�� WKH�RUGHU�RI� LQWHJUDWLRQ�RI�D�YDULDEOH� LV�WHVWHG�XQGHU� WKH�K\SRWKHVLV�RI�D�QRQ�VWDWLRQDU\�VWRFKDVWLF�SURFHVV�VXEMHFW� WR�D�VLQJOH�SXOVH� LQWHUYHQWLRQ� DW� D� NQRZQ� GDWH�� W E�� YHUVXV� D� VWDWLRQDU\� SURFHVV� VXEMHFW� WR� WKH�VDPH� VKRFN�ZLWK� D� SHUPDQHQW� HIIHFW� RQ� WKH�PHDQ� RI� WKH� SURFHVV�� )RUPDOO\� WKH� QXOO�K\SRWKHVLV� LV� WKDW�RI�D�QRQ�VWDWLRQDU\�SURFHVV�ZLWK�D�SXOVH�GXPP\� �'S �� LI� W E�DQG�'S ��RWKHUZLVH���L�H��+R���'\W� �P��I�'3�� \W�� ��HW� ZKLOH�WKH�DOWHUQDWLYH�LV�WKDW�RI�D�VWDWLRQDU\�SURFHVV�ZLWK�GULIW�DQG�VWHS�GXPP\��'6� ���LI�W�tE�DQG�R�RWKHUZLVH���L�H��+R��'\W� �P��Z'6�� HW����
$�PRUH�JHQHUDOLVHG� WHVW� WKDW� LQFRUSRUDWHV� �D�� � �G�� LV� WKH�JHQHUDOL]HG�3HUURQ� WHVW IRU�VWUXFWXUDO� FKDQJH� ZKHUH� WKH� LQWHJUDWLRQ� RUGHU�� WKH� SUHVHQFH� RI� � VWHS�OHYHO�SXOVH�GXPPLHV��WUHQG�VHDVRQDOLW\�LV�WHVWHG�VLPXOWDQHRXVO\�XVLQJ�WKH�IROORZLQJ�VSHFLILFDWLRQ�'\W� �D� ��O� 6 L '/L ��6 L P�'3L� 6L WL'7L ��I \W�� �6L EL��'\W�L���6L�JL'6L ��HW/HYHO�GXPPLHV�'/�>WD��WE@� ��� LI��WD�W��WE ZKHUH���������>WD��WE@ >�����������@��>�����������@�>����������@�>����������@'/�>WD��WE@� ����� RWKHUZLVH�
7KH�SXOVH�GXPPLHV�'3��W� �������� LI��W� �W��� ZKHUH� W  �������������������������������
VSHFLILFDWLRQ�'\W �D��E�W�U\W����� 6'V���HW ZLWK�DQG�ZLWKRXW�WKH�DXJPHQWHG�IRUP��� 7KH�WHVWLQJ�SURFHGXUH�VXJJHVWHG�E\�3HUURQ�WR�WHVW�WKH�76�YHUVXV�'6�K\SRWKHVLV��ZRXOG�ILUVW�HOLPLQDWH�WKH�VWHS�IURP�WKH�VHULHV�E\�FDOFXODWLQJ�WKH�2/6�UHVLGXDOV�IURP��HW  �\W ± PA��IA '3���7KHQ�ZRXOG�WHVW�WKH�VWDWLRQDULW\�RI�WKH�UHVLGXDOV��,Q�WKLV�ZD\�DFFHSWLQJ�WKH�VWDWLRQDULW\�RI�WKH�UHVLGXDOV�RQH�ZRXOG�DFFHSW�WKH�DOWHUQDWLYH�K\SRWKHVLV��,I�VWDWLRQDULW\�FDQQRW�EH�DFFHSWHG�WKHQ�WKHVH�UHVLGXDOV�DUH�XVHG�LQ�WKH�VHFRQG�VWHS�HTXDWLRQ�LQ�RUGHU�WR�WHVW�IRU�WKH�LQWHJUDWLRQ�RUGHU�RI�WKH�VHULHV��L�H��'HW  �G�'3���D�HW����]�W��7KH�UHJUHVVLRQ�HVWLPDWHV�RI�D VLJQLILFDQWO\�QHJDWLYH��OHDG�WR�WKH�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV�LQ�IDYRXU�RI�WKH�DOWHUQDWLYH�VWDWLRQDULW\�DVVXPSWLRQ��+D��'\W� �P��Z'6�� HW���7DEOHV�RI�WKUHVKROG�FULWLFDO�YDOXHV�DUH�UHSRUWHG�LQ�3HUURQ��������IRU�VHYHUDO�SURSRUWLRQV�RI�REVHUYDWLRQV�XS�WR�WKH�EUHDN�XS�SRLQW�RYHU�WKH�WRWDO�VDPSOH�VL]H�



��
'3���W� ����� RWKHUZLVH

7KH�WUHQG�GXPPLHV�'7�>WD��WE@� �W� LI��WD�W��WE ZKHUH���������>WD��WE@ >�����������@��>�����������@�>����������@�>����������@'7�>WD��WE@� ����� RWKHUZLVH�
7KH�DERYH�LQFRUSRUDWHV�WKH�K\SRWKHVLV�RI�GLIIHUHQFH�VWDWLRQDU\�YHUVXV�WUHQG�VWDWLRQDU\�SURFHVVHV��ZLWK�LPSXOVH�RU�VWHS�GXPPLHV��VWDWLRQDULW\�DURXQG�D�WUHQG�DQG�RU�ZLWK�VWHS�YDULDEOHV� DQG� QRQ� VWDWLRQDULW\� �ZLWK�ZLWKRXW� D� WUHQG�DQG�SXOVH�YDULDEOH��� �0RUHRYHU��JLYHQ� WKH� QRQ�PRQWKO\� QRQ�VHDVRQDOO\� DGMXVWHG� QDWXUH� RI� WKH� GDWD� WKH� HTXDWLRQ� KDV�EHHQ� VSHFLILHG� LQFOXGLQJ� DOVR� D� VHULHV� RI� VHDVRQDO� GXPPLHV� 6'L 6L� 6'L� ZKHUH� L� -DQXDU\��)HEUXDU\��HWF�
7KH�3KLOOLSV�DQG�3HUURQ�WHVW�IRU�VWUXFWXUDO�FKDQJHV�LQ�3,0)QHW�DQG�JURVV�DUH�UHSRUWHG�LQ�7DEOH�$��DQG�DUH�GLVFXVVHG�LQ�WKH�SDSHU�
7DEOH�$���$QDO\VLV�IRU�WKH�SUHVHQFH�RI�VWUXFWXUDO�EUHDNV�

9DULDEOH 3,0)J 3,0)Q&RHIILFLHQW W�YDOXH W�SURE &RHIILFLHQW W�YDOXH W�SURE
&RQVWDQW ������ ����� ������ ������ ����� �������'/'���� ������� ������ ������ ������� ������ ������'���� ������� ������ ������ ������� ������ ������'���� ������� ������ ������ ������� ������ ������

'77���� �������� ����� ������ ������ ����� ������7���� �������� ����� ������ ������ ����� ������7���� �������� ����� ������ ������ ����� ������7���� ���������� ������ ������ ������� ������ ������
3,0)B� ��������� ������ ������ ������� ������ ������

6L E,�'3,0)QW�, MRLQW�VLJQLILFDQFH�WHVW�ODJ>��@)�������� ������>������@ MRLQW�VLJQLILFDQFH�WHVW��ODJ>�@)������� ������>�����@6L JL6'�, -RLQW�VLJQLILFDQFH�WHVW�)>������� ��������������� -RLQW�VLJQLILFDQFH�WHVW�)�������� ���������������
'3'���� ������� ����� ������ ������ ����� ������'���� �������� ������ ������ ������ ����� ������'���� ������� ����� ������ ������ ����� ������127(��3,0)J��5�  ��������)�������� �������>�����@��V ��������': �����566 ��������1 ����REVHUYDWLRQV��3,0)Q� 5�� ��������)�������� ������>�����@�? V �������':� �������566 �������1 ����REVHUYDWLRQV�

,Q�VXPPDU\�WKH�DQDO\VLV�RI�WKH�WLPH�VHULHV�SURSHUWLHV�RI�WKH�VHULHV�KDV�KLJKOLJKWHG�WKDW�3,0)Q� LV� VWDWLRQDU\� DURXQG� D� VWHS� PHDQ�� ZKLOH� 3,0)J� LV� VWDWLRQDU\� DURXQG� D� VWHS�



��
PHDQ�DQG�DQ�XQGHUO\LQJ�VWHS�WUHQG�ZLWK�ERWK�VHULHV�VKRZLQJ�VLPLODU�VWUXFWXUDO�EUHDNV��L�H� ��������������������������������������
,Q�WKH�DQDO\VLV�RI�WKH�3,0)�VHULHV�WKH�PDLQ�YDULDEOHV�RI�LQWHUHVW��DJJUHJDWHG�LQ�WR�HLJKW�FDWHJRULHV� RI� PDWHULDO� DQG� LQWHUPHGLDWH� LQSXWV� �;� WR� ;�� ZLWK� SULFHV� 3�� WR� 3��UHVSHFWLYHO\���DUH�VXPPDULVHG�LQ�FROXPQ���DQG���LQ�7DEOH�$��EHORZ��
7KH�WLPH�VHULHV�DQDO\VLV�KDV�SRLQWHG�RXW�WKDW�WKH�UHJUHVVRUV��W\SLFDO�RI�SULFH�VHULHV���DUH�GLIIHUHQFH� VWDWLRQDU\�� 7KH� H[FHSWLRQ� LV� LPSRUWHG� VHPLPDQXIDFWXUHUV�� ZKLFK� LV�ERUGHUOLQH�EHWZHHQ�D� WUHQG�VWDWLRQDU\�DQG�GLIIHUHQFH�VWDWLRQDU\�SURFHVV�� WKH�XQLW�URRW�EHLQJ�YHU\�FORVH�WR�RQH��U �������
7KH�VHDVRQDO�GXPPLHV�DUH� VLJQLILFDQW� IRU� DOO� WKH�YDULDEOHV�ZLWK� WKH�H[FHSWLRQ�RI� WKH�FRVW�RI�LPSRUWHG�PLQHUDOV��DJULFXOWXUH�53,��WKH�SULFHV�RI�LPSRUWHG�VHPLPDQXIDFWXUHV��VHUYLFH� SULFHV� DQG� FDSLWDO� FRVW�� )LQDOO\� PRVW� RI� WKH� YDULDEOHV�� VLPLODU� WR� 3,0)�� DUH�VWDWLRQDU\�ZLWK�VWUXFWXUDO�EUHDNV�DW�WKH�IRXU�FULWLFDO�SRLQWV����������������������



��
7DEOH�$���$QDO\VLV�RI�WKH�VHDVRQDO��V��DQG�QRQ�VHDVRQDO��G��LQWHJUDWLRQ�RUGHU�RI�WKH�UHOHYDQW�YDULDEOHV
9$5,$%/( '(),1,7,21 7,0(�6(5,(6�3523(57,(6�
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	however in no case were we able to further decompose the trend.
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