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ZKHUH�VN LV�WKH�VKDUH�RI�LQSXW�N LQ�WKH�YDOXH�RI�WRWDO�RXWSXW��VN  �SN ;N ��S< <���8QGHU�WKH�QHRFODVVLFDO� DVVXPSWLRQV�� WKH� REVHUYHG� VKDUH� RI� ODERU� �DQG� RWKHU� LQSXWV�� LV� DQ� H[DFW�PHDVXUH�RI�WKH�RXWSXW�HODVWLFLW\�RI�ODERU��DQG�RWKHU�LQSXWV���
$�VLPLODU�GHYHORSPHQW�DOORZV�WR�FRPSXWH�WKH�µGXDO¶�UHVLGXDO�DV�IROORZV�
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7KH� VWXGLHV� ZKLFK� DQDO\]H� WKH� UROH� RI� 5	'� LQYHVWPHQW� H[WHQG� 6RORZ¶V� JURZWK�DFFRXQWLQJ�IUDPHZRUN�WR�LQFOXGH�DQ�DFFXPXODWHG�VWRFN�RI�5	'�DV�DQ�DGGLWLRQDO�LQSXW��7KH� VWDQGDUG�PHWKRGRORJ\� LV� ILUVWO\� WR� DSSO\� WKH� JURZWK�DFFRXQWLQJ� IUDPHZRUN� WR� WKH�LQSXWV� RI� FDSLWDO� DQG� ODERU� �DQG� VRPHWLPHV� WR� LQWHUPHGLDWH� LQSXWV� DQG� HQHUJ\�FRQVXPSWLRQ�� LQ� RUGHU� WR� FDOFXODWH� WKH�7)3*�� JHQHUDOO\� WKURXJK� WKH� SULPDO� DSSURDFK��7KLV�REVHUYHG�7)3* LV� WKHQ�FRQVLGHUHG�DV�EHLQJ�D� IXQFWLRQ�RI�5	'�LQYHVWPHQWV� �WKH�RZQ� HIIRUWV� WR� LPSURYH� WKH�OHYHO� RI� NQRZOHGJH��� H[RJHQRXV� WHFKQLFDO� SURJUHVV�� DQG� D�UDQGRP�LQIOXHQFH��7KH�IROORZLQJ�V\VWHP�RI�HTXDWLRQ�LV�JHQHUDOO\�UHIHUUHG�WR�LQ�RUGHU�WR�HYDOXDWH�WKH�FRQWULEXWLRQ�RI�UHVHDUFK�WR�RXWSXW�JURZWK�
< 7)3 ) / . � � �7)3 * 5 2 � � �5 Z ,W K W K5 ¦ �



6WDWH�RI�WKH�DUW ��
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ZKHUH�X LV�D�UDQGRP�WHUP��O LV�WKH�UDWH�RI�GLVHPERGLHG�WHFKQLFDO�FKDQJH�DQG�D��E��DQG�JDUH� WKH� RXWSXW� HODVWLFLWLHV� ZLWK� UHVSHFW� WR� ODERU�� FDSLWDO� DQG� 5	'� FDSLWDO� VWRFN��UHVSHFWLYHO\�� 7KH� HVWLPDWLRQ� RI� WKHVH� SDUDPHWHUV� PD\� EH� GRQH� E\� WDNLQJ� HLWKHU� WKH�QDWXUDO�ORJDULWKP�RI�HTXDWLRQ�������
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8QGHU�WKLV�VSHFLILFDWLRQ��WKH�DVVXPSWLRQ�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�UHTXLUHV�WKDW�E  ����D��� ,W� IXUWKHU� LPSOLFLWO\�DVVXPHV� WKDW� WKHUH� LV�QR� LQWHUDFWLRQ�EHWZHHQ� ODERU�DQG�FDSLWDO��:H�ZLOO�FRPH�EDFN�ODWHU�RQ�WKHVH�SDUWLFXODU�WRSLFV��,W�LV�ZRUWK�QRWLFLQJ�WKDW�LQ�WKH�µOHYHO¶�VSHFLILFDWLRQ� ������ H[RJHQRXV� WHFKQLFDO� FKDQJH� LV� HVWLPDWHG� WKURXJK� D� WLPH� WUHQG��
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7KH� VWXGLHV�ZKLFK� UHO\� RQ� WKH�JURZWK�DFFRXQWLQJ� IUDPHZRUN� FRQYHQWLRQDOO\�GHULYH� DQ�LQGH[�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK��7)3*��IURP�HTXDWLRQ�������DV�IROORZV�
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$V� VKRZQ� LQ� WKH� DERYH� GLVFXVVLRQ�� WKH� FRPSXWDWLRQ� RI� WKLV� WRWDO� IDFWRU� SURGXFWLYLW\�JURZWK�LQGH[�UHTXLUHV�WKH�DVVXPSWLRQ�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�ZLWK�UHVSHFW�WR�ODERU�DQG� FDSLWDO� DQG� IDLU� SD\PHQW� RI� WKHVH� WUDGLWLRQDO� LQSXWV� �L�H��� D� SHUIHFW� FRPSHWLWLRQ�HQYLURQPHQW��� ,Q�RWKHU�ZRUGV�� WKH�RXWSXW�HODVWLFLWLHV�ZLWK� UHVSHFW� WR� ODERU� �FDSLWDO��DUH�DVVXPHG�WR�EH�HTXDO�WR�WKH�ODERU��FDSLWDO��FRVWV�VKDUH�LQ�WRWDO�RXWSXW��
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%HFDXVH�RI� WKHVH�DVVXPSWLRQV�� WKH�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�HTXDWLRQ�������LV�RQ�WKH�RQH�KDQG�PRUH�UHVWULFWHG�WKDQ�HTXDWLRQ��������2Q�WKH�RWKHU�KDQG��LW�KDV�WKH�HPSLULFDO�DGYDQWDJH� RI� DOORZLQJ� WKH� RXWSXW� HODVWLFLWLHV�ZLWK� UHVSHFW� WR� ODERU� DQG� FDSLWDO� WR� YDU\�DFURVV�LQGXVWULHV��,Q�WKLV�UHVSHFW��HTXDWLRQ�������LV�OHVV�UHVWULFWLYH�WKDQ�HTXDWLRQ��������,Q�WKH� ODWWHU�� WKH� LQGXVWULHV� KDYH� WKH� VDPH� SURGXFWLRQ� IXQFWLRQ� FRHIILFLHQWV�� ZKLFK� LV�XQOLNHO\� WR�EH�WKH�FDVH�LQ�DFWXDO�IDFW��,Q�WKH�IRUPHU��HDFK�LQGXVWU\�KDV�LWV�RZQ��D�SULRUL�
� 6HH�*ULOLFKHV�DQG�0DLUHVVH������E��������IRU�D�GLVFXVVLRQ�RQ�WKHVH�GLIIHUHQFHV�
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LPSRVHG�� ODERU� DQG� FDSLWDO� FRHIILFLHQWV�� $� VHFRQG� DGYDQWDJH� RI� HTXDWLRQ� ������ RYHU�HTXDWLRQ� ������ DULVHV� LQ� WKH� WLPH� VHULHV� DSSURDFK� WKHUH� LV� QR� ULVN� RI� FROOLQHDULW\� ELDV�EHWZHHQ�WKH�IL[HG�FDSLWDO�VWRFN�RU�ODERU�DQG�WKH�5	'�FDSLWDO�VWRFN��$�WKLUG�DGYDQWDJH�RI�WKH�7)3* DSSURDFK�RYHU�WKH�JURZWK�UDWH�VSHFLILFDWLRQ�LV�WKDW�LW�GRHV�QRW�VXIIHU�IURP�DQ\�SRWHQWLDO�VLPXOWDQHLW\�ELDV�EHWZHHQ�RXWSXW�RQ�WKH�RQH�KDQG��DQG�FDSLWDO�DQG�ODERU�RQ�WKH�RWKHU��,Q�WKH�ODWWHU�HTXDWLRQ�D�VLPXOWDQHRXV�UHODWLRQVKLS�EHWZHHQ�RXWSXW�DQG�ODERU�ZRXOG�FKDOOHQJH�WKH�H[RJHQHLW\�DVVXPSWLRQ�UHTXLUHG�IRU�WKH�HFRQRPHWULF�HVWLPDWLRQV��
%\�GHILQLWLRQ��WKH�RXWSXW�HODVWLFLW\�RI�5	'�FDSLWDO�VWRFN�LV�JLYHQ�E\�
J ww U  �<5 5< 5< � �����
WKDW� LV�� WKH�PDUJLQDO�SURGXFW�RI�5	'��RU� WKH�UDWH�RI� UHWXUQ� WR�5	'��PXOWLSOLHG�E\�WKH�UDWLR� RI� UHVHDUFK� FDSLWDO� WR� SURGXFWLRQ�� (TXDWLRQ� ������ IRUFHV� WKH� RXWSXW� HODVWLFLW\� RI�5	'�FDSLWDO�VWRFN�J WR�EH�HTXDO�DFURVV�LQGXVWULHV��FDXVLQJ�WKH�UDWHV�RI�UHWXUQ�WR�5	'�WR�EH� GLIIHUHQW�� +RZHYHU��*ULOLFKHV� ������� ������ DQG�*ULOLFKHV� DQG�/LFKWHQEHUJ� �����D��DUJXH�WKDW�WKH�UDWHV�RI�UHWXUQ�WR�5	'�VKRXOG�EH�HTXDO�DFURVV�LQGXVWULHV�LQ�FDSLWDO�PDUNHW�HTXLOLEULXP��7KH�DVVXPSWLRQ�RI�D�FRPPRQ�RXWSXW�HODVWLFLW\�RI�5	'�LV�ERWKHUVRPH�ZKHQ�HVWLPDWHG� DFURVV� LQGXVWULHV�ZKLFK� DUH� FKDUDFWHUL]HG� E\� ORQJ�WHUP� GLIIHUHQFHV� LQ� 5	'�LQWHQVLWLHV��&RQVHTXHQWO\��HTXDWLRQ�������PD\�EH�JHQHUDOL]HG�DV�IROORZV�
7)3* 5< XL L L L

L L � �O U ' � �����
' 5 LQGLFDWLQJ�WKH�LQFUHPHQW�RI�WKH�5	'�FDSLWDO�VWRFN��RU�QHW�LQYHVWPHQWV�LQ�5	'��,I�LW�LV�DVVXPHG�WKDW�WKH�GHSUHFLDWLRQ�UDWH�RI�5	'�LQYHVWPHQWV�LV�FORVH�WR�]HUR��WKH�QHW�5	'�LQYHVWPHQW�' 5 FRUUHVSRQGV�WR�WKH�JURVV�5	'�LQYHVWPHQW�,5��7KHUH�LV�D�PDLQ�GLIIHUHQFH�EHWZHHQ�HTXDWLRQV�������DQG��������7KH�IRUPHU�DVVXPHV�D�FRQVWDQW�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW� WR� 5	'� �J�� DQG�� FRQVHTXHQWO\�� WKH� UDWHV� RI� UHWXUQ� WR� 5	'� �U�� DUH� LQYHUVHO\�FRUUHODWHG�WR�WKH�5	'�LQWHQVLWLHV��&RQYHUVHO\��LQ�WKH�ODWWHU WKH�UDWH�RI�UHWXUQ�WR�5	'�LV�FRQVWDQW� DFURVV� LQGXVWULHV� DQG� WKH� HODVWLFLWLHV� DUH� SURSRUWLRQDO� WR� WKH�5	'� LQWHQVLWLHV��
� *ULOLFKHV�DQG�0DLUHVVH��������UHFDOO�WKH�FULWLFDO�SRLQW�PDGH�E\�0DUVKDN�DQG�$QGUHZV��������DQG�RWKHUV�LQ�UHDFWLRQ�WR�WKH�HVWLPDWLRQ�RI�WKH�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ��,Q�EULHI��WKH\�VWDWH�WKDW�RQH�FDQQRW�UHDOO\� WUHDW� WKH� ULJKW�KDQG� VLGH� YDULDEOHV� DV� µLQGHSHQGHQW¶� YDULDEOHV� DQG� SURFHHG� ZLWK� HVWLPDWLRQ� E\�RUGLQDU\� OHDVW� VTXDUHV� DV� VWLOO� GRQH� E\� PRVW� DSSOLHG� SUDFWLWLRQHUV�,Q� RUGHU� WR� FLUFXPYHQW� WKH� SRWHQWLDO�VLPXOWDQHLW\�ELDV�EHWZHHQ�RXWSXW DQG�ODERU��*ULOLFKHV�DQG�0DLUHVVH��������SXW�IRUZDUG�D�V\VWHP�RI�WZR�VHPLUHGXFHG� IRUP� HTXDWLRQV� LQ� RUGHU� WR� HVWLPDWH� VLPXOWDQHRXVO\� RXWSXW� DQG� ODERU� �WKH� OHIW�KDQG� VLGH�YDULDEOHV��RQ�IL[HG�FDSLWDO�VWRFN�DQG�WKH�5	'�FDSLWDO�VWRFN��WKH�ULJKW�KDQG�VLGH�YDULDEOHV��
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(TXDWLRQ�������DOVR�GLIIHUV�IURP�HTXDWLRQ�������E\�HVWDEOLVKLQJ�D�GLUHFW�UHODWLRQ�EHWZHHQ�WKH�SURGXFWLYLW\�JURZWK DQG�WKH�OHYHO RI�WKH�QHW�5	'�LQWHQVLW\��LQVWHDG�RI�WKH�JURZWK RI�WKH�5	'�FDSLWDO�VWRFN�DV�LQ�HTXDWLRQ���������
7KH�SDUDPHWHU�U LV�RIWHQ�LQWHUSUHWHG�DV�EHLQJ�WKH�UDWH�RI�UHWXUQ�WR�5	'��,Q�IDFW��WKH�H[DFW�PHDQLQJ� RI� WKLV� SDUDPHWHU� GHSHQGV� PDLQO\� RQ� KRZ� 5	'� LQWHQVLW\� DQG� RXWSXW� DUH�PHDVXUHG��,W�PD\�EH�TXDOLILHG�DV�µQHW¶�RU�µJURVV¶��µH[FHVV¶��DQG��DV�IDU�DV�LQGXVWU\�OHYHO�GDWD� DUH�XVHG�� µVRFLDO¶� RU� µLQWHUQDO¶� UDWH� RI� UHWXUQ� WR�5	'�� ,I�RQH� WDNHV� LQWR�DFFRXQW� D�QRQ�]HUR�GHSUHFLDWLRQ�UDWH�RI�5	'�FDSLWDO�LW�LV�D�µQHW¶�UDWH�RI�UHWXUQ��ZKHUHDV�LI�D�]HUR�GHSUHFLDWLRQ�UDWH�LV�DVVXPHG��LW�LV�D�µJURVV¶�UDWH�RI�UHWXUQ��,Q�PRVW�VWXGLHV�WKH�HVWLPDWHG�UDWH�RI�UHWXUQ�WR�5	'�LV�FDOOHG�µH[FHVV¶�EHFDXVH�WKH�GDWD�RQ�ODERU�DQG�IL[HG�FDSLWDO�DUH�QRW�FRUUHFWHG�IRU�GRXEOH�FRXQWLQJ��L�H���WKH�HPSOR\PHQW�DQG WKH�IL[HG�FDSLWDO�GHYRWHG�WR�UHVHDUFK� DFWLYLWLHV��� )LQDOO\�� LW� LV� D� VRFLDO� UHWXUQ� DW� WKH� LQGXVWU\� OHYHO� EHFDXVH� LW� DOVR�LQFOXGHV�WKH�SRWHQWLDO�LQWUD�LQGXVWU\�5	'�H[WHUQDOLWLHV�EHWZHHQ�WKH�ILUPV�EHORQJLQJ�WR�D�SDUWLFXODU� LQGXVWU\�� ,W� LV� FRPSXWHG� IURP� WKH� DJJUHJDWLRQ� RI� RXWSXW� DQG� 5	'�H[SHQGLWXUHV�DFURVV�ILUPV��1RWH�WKDW�WKH�WHUP�µVRFLDO¶�LV�QRW�IXOO\�DSSURSULDWH�EHFDXVH�LW�GRHV�QRW� LQFOXGH� WKH�SRWHQWLDO� LQWHU� LQGXVWU\�5	'�VSLOORYHUV��)RU� WKLV� UHDVRQ� WKH� WHUP�µLQWHUQDO¶� �WR� WKH� LQGXVWU\��PLJKW� EH� D� PRUH� DSSURSULDWH� TXDOLILFDWLRQ� DW� WKH� LQGXVWU\�OHYHO�
$QRWKHU� DWWUDFWLYH� IHDWXUH� RI� HTXDWLRQ� ������ LV� WKDW�� XQGHU� WKH� K\SRWKHVLV� RI� QR�GHSUHFLDWLRQ�� LW� UHTXLUHV� RQO\� 5	'� LQWHQVLW\� WR� EH� FRPSXWHG� IURP�5	'� LQYHVWPHQWV��7KDW� LV�� LW� GRHV� QRW� UHTXLUH� WR� EXLOG� DQ� 5	'� FDSLWDO� VWRFN�� 7KLV� H[SODLQV� ZK\� D�VXEVWDQWLDO�QXPEHU�RI�SDSHUV�KDYH�DGRSWHG�HTXDWLRQ��������ZLWK�D�]HUR�GHSUHFLDWLRQ�UDWH��LQVWHDG�RI�HTXDWLRQ�������
�������7KH�GXDO�DSSURDFK
7KH�VWXGLHV�ZKLFK� IROORZ� WKH�GXDO�DSSURDFK�DUH�PXFK�PRUH� UHFHQW� DQG� OHVV�QXPHURXV�WKDQ�WKH�RQHV�UHO\LQJ�RQ�WKH�SULPDO�DSSURDFK��7KH�IRUPHU�ILUVWO\�DSSHDUHG�LQ�WKH�HLJKWLHV�ZLWK�%HUQVWHLQ� ������� DW� WKH�PLFUR� OHYHO�� %HUQVWHLQ� DQG�1DGLUL� ������� DW� WKH� LQGXVWU\�OHYHO��DQG�0RKQHQ�DQG�1DGLUL��������DW� WKH�PDFUR�OHYHO��7KH�ODWWHU�DSSURDFK�KDV�EHHQ�H[WHQVLYHO\�XVHG�VLQFH�WKH�VL[WLHV��WKH�SLRQHHUV�EHLQJ�0DQVILHOG��������DW�WKH�ILUP�OHYHO��/HRQDUG� ������� DW� WKH� LQGXVWU\� OHYHO�� DQG� *ULOLFKHV� ������� DW� WKH� UHJLRQDO� OHYHO�� 7KH�VSHFLILFDWLRQV�UHODWHG�WR�WKH�GXDO�DSSURDFK�DUH�PRUH�GLYHUVLILHG�WKDQ�WKH�RQHV�UHODWHG�WR�
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WKH�SULPDO�DSSURDFK� �VHH� WKH� VXUYH\�E\�0DLUHVVH�DQG�0RKQHQ� ���������)LUVW�� WKHUH�DUH�YDULRXV�D�SULRUL DVVXPSWLRQV�DERXW�ZKLFK�LQSXWV�DUH�YDULDEOH�DQG�ZKLFK�RQHV�DUH�TXDVL�IL[HG��DQG�ZKLFK�LQSXWV�DUH�FRQVLGHUHG�DV�HQGRJHQRXV��6HFRQG��D�FKRLFH�KDV�WR�EH�PDGH�EHWZHHQ� WHPSRUDU\� HTXLOLEULXP� DQG� D� G\QDPLF� PRGHO�� 7KLUG�� DXWRQRPRXV� �RU�GLVHPERGLHG�� WHFKQLFDO� SURJUHVV� LV� JHQHUDOO\� H[FOXGHG� IURP� WKH� GXDO� VSHFLILFDWLRQ� LQ�RUGHU�WR�DYRLG�FROOLQHDULW\�EHWZHHQ�WKH�WLPH�WUHQG�DQG�RWKHU�YDULDEOHV�
:H�KDYH�VHHQ�DW� WKH�EHJLQQLQJ�RI� WKLV�VXEVHFWLRQ� WKDW��XQGHU� WKH�VWDQGDUG�QHRFODVVLFDO�DVVXPSWLRQV�� WKH� UHVLGXDO� FRPSXWHG� IURP� WKH� SULPDO� DSSURDFK�ZDV� VLPLODU� WR� WKH� RQH�FRPSXWHG�WKURXJK�WKH�GXDO�DSSURDFK��$OO�WKH�VWXGLHV�UHO\LQJ�RQ�WKH�GXDO�DSSURDFK�UHOD[�PRVW�RI� WKHVH�DVVXPSWLRQV�DQG�DOORZ�IRU� LPSHUIHFW�FRPSHWLWLRQ��DGMXVWPHQW�FRVWV��DQG�LQWHUDFWLRQ� EHWZHHQ� WKH� FODVVLFDO� LQSXWV�� 7KDW� LV�� WKH\� DGRSW� PXFK� PRUH� IOH[LEOH�IXQFWLRQDO�IRUPV� WKDQ�WKH�VWXGLHV�UHO\LQJ�RQ�WKH�SULPDO�DSSURDFK��7KH�PDLQ�GUDZEDFNV�RI� WKHVH VWXGLHV�DUH��L� WKH�VWUXFWXUH�RI� WKH�GDWD�VHW� LV�JHQHUDOO\�FRPSRVHG�E\�D� OLPLWHG�QXPEHU�RI�LQGXVWULHV�RYHU�D�ORQJ�WLPH�SHULRG���LL� LW�UHTXLUHV�UHOLDEOH�GDWD�RQ�IDFWRU�SULFHV�ZKLFK� DUH� EDUHO\� DYDLODEOH� DW� WKH� LQGXVWU\� OHYHO�� �LLL� WKH� FRPSXWDWLRQ� RI� FRVW� EDVHG�VKDUHV�� )RU� LQVWDQFH�� WKH� FRPSXWDWLRQ� RI� WKH� FRVW� VKDUH� UHODWHG� WR� IL[HG� FDSLWDO� VWRFN�UHTXLUHV� WKH�FRQVWUXFWLRQ�RI�DQ�DSSURSULDWH� UHQWDO�SULFH� IRU�FDSLWDO�ZKLFK� LV�GLIILFXOW� WR�REWDLQ�IRU�FRXQWULHV�RWKHU�WKDQ�WKH�86��FI��1HXVVHU���������
�����5HYLHZ�RI�WKH�OLWHUDWXUH
7KH� LQYHVWLJDWLRQV� ZKLFK� DVVHVV� HFRQRPHWULFDOO\� WKH� UHODWLRQVKLS� EHWZHHQ� 5	'� DQG�SURGXFWLYLW\� FDQ� EH� FODVVLILHG� DFFRUGLQJ� WR� �L� WKH� XQGHUO\LQJ� WKHRUHWLFDO� DSSURDFK��SULPDO�RU�GXDO�� �LL� WKH�DJJUHJDWLRQ�OHYHO�RI�WKHLU�GDWD��ILUPV��LQGXVWULHV��RU�FRXQWULHV���DQG� �LLL� WKH� VWUXFWXUH� RI� WKH� GDWD� VHW� �WLPH� VHULHV�� FURVV�VHFWLRQ�� RU� SDQHO� GDWD��� 7KLV�VXEVHFWLRQ�LV�GHYRWHG�WR�D�UHYLHZ�RI�WKH�OLWHUDWXUH�DQG�DWWHPSW�WR�SURYLGH�VRPH�DQVZHU�WRZDUGV�WKH�ILYH�IROORZLQJ�TXHVWLRQV��
�� :KDW� DUH� WKH�PDLQ� VSHFLILFDWLRQV� WKDW� KDYH� EHHQ� XVHG� DQG� KRZ�PXFK� GR� WKH\�DIIHFW�WKH�UHVXOWV��SULPDO�YV GXDO��7)3 YV ODERU�SURGXFWLYLW\��HODVWLFLW\�YV UDWH�RI�UHWXUQ�"��� :KDW�DUH�WKH�LPSOLFDWLRQV�RI�XVLQJ�D�FURVV�VHFWLRQ�GDWD�VHW�LQVWHDG�RI�SDQHO�GDWD"�� $UH WKH�UHVXOWV�UREXVW�WR�WKH�RXWSXW�SUR[\��VDOHV�YV YDOXH�DGGHG�"
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�� $UH�WKH�UHVXOWV�VHQVLWLYH�WR�WKH�LQFOXVLRQ�RI�RWKHU�IDFWRUV�DQG�WR�WKH�WLPH�SHULRG�FRQVLGHUHG"�� 'RHV�WKH�UDWH�RI�UHWXUQ�WR�5	'�YDU\�DFURVV�FRXQWULHV"
6LQFH�ZH�LQWHQG�WR�XVH�GDWD�DW� WKH�LQGXVWU\�OHYHO��ZH�VKDOO�FRQFHQWUDWH�RQ�WKH�ZRUNV�DW�WKH�VDPH�OHYHO�LQVWHDG�RI�VXPPDUL]LQJ�WKH�HQWLUH�OLWHUDWXUH��7KLV�IRFXV�RQ�D�PRUH�OLPLWHG�QXPEHU�RI�VWXGLHV�DOORZV�WR�H[WHQG�WKH�VFRSH�RI�DQDO\VLV�RI�H[LVWLQJ�VXUYH\V�LQ�WKH�VHQVH�WKDW�VSHFLILFDWLRQV��GDWD�VWUXFWXUH�DQG�WKH�HQVXLQJ�K\SRWKHVHV�RI�HDFK�DQDO\VLV�DUH�WR�EH�VXPPDUL]HG�� 1HYHUWKHOHVV�� RXU� DQDO\VLV� LV� WR� EH� FRPSOHPHQWHG� E\� VRPH� LQIRUPDWLYH�UHVXOWV�REWDLQHG�WKURXJK�PLFUR�DQG�PDFUR�VWXGLHV��7KH�IRUPHU�DUH�PXFK�PRUH�QXPHURXV�WKDQ� LQGXVWU\�OHYHO� VWXGLHV�� ZKHUHDV� WKH� ODWWHU� DUH� EHVW� VXLWHG� IRU� LQWHUQDWLRQDO�FRPSDULVRQV��5HFHQW� VXUYH\V�RI� WKH� OLWHUDWXUH�DW�DOO�DJJUHJDWLRQ� OHYHOV�DUH�SUHVHQWHG�LQ�&DSURQ��������DQG�0DLUHVVH�DQG�0RKQHQ���������������0DLUHVVH�DQG�6DVVHQRX��������SURYLGH�D�VXUYH\�RQ�WKH�LQYHVWLJDWLRQV�GHDOLQJ�H[FOXVLYHO\�ZLWK�ILUP�GDWD�
7DEOH�����VXPPDUL]HV�WKH�UHVXOWV�RI�WKH�HPSLULFDO�VWXGLHV�DW�WKH�LQGXVWU\�OHYHO��7KH�ILUVW�FROXPQ� SUHVHQW� WKH� DXWKRUV�� WKH� VHFRQG� DQG� WKH� WKLUG� RQHV� GHVFULEH� WKH� GDWD� VHW� �H�J���FRXQWU\�RI�RULJLQ��QXPEHU�RI� LQGXVWULHV�� WLPH�SHULRGV���7KH�IRXUWK�FROXPQ�VKRZV�RWKHU�H[SODQDWRU\� YDULDEOHV� WKDW� DUH� VRPHWLPHV� DGGHG� LQ� WKH� SURGXFWLRQ� IXQFWLRQ� ZLWK� WKHLU�LPSDFW��ZKHQ�DYDLODEOH��RQ�RXWSXW�JURZWK�EHWZHHQ�SDUHQWKHVHV��$�VXEVWDQWLDO�QXPEHU�RI�SDSHUV��FKDUDFWHUL]HG�E\�DQ�µ6¶��DOVR�HVWLPDWH�WKH�UDWH�RI�UHWXUQ�WR�H[WHUQDO�5	'�ZKLFK�PHDVXUH� WKH� VSLOORYHU� HIIHFWV� RI� WKH� 5	'� LPSOHPHQWHG� LQ� RWKHU� LQGXVWULHV�� 7KHVH�H[WHUQDOLWLHV�DUH�WKH�VXEMHFW�RI�&KDSWHU���DQG�DUH�QRW�DQDO\]HG�LQ�WKLV�FKDSWHU��
7KH�FROXPQV�GHQRPLQDWHG�µ4¶�DQG�µ6WU¶�LQGLFDWH�UHVSHFWLYHO\�WKH�SUR[\�XVHG�IRU�RXWSXW�JURZWK�� WRWDO�VDOHV�RU�YDOXH�DGGHG��9$��� DQG�WKH�VWUXFWXUH�RI�WKH�GDWD�VHW�� FURVV�VHFWLRQ��&�6���� WLPH� VHULHV� �7�6��� RU� SDQHO� GDWD� �3DQHO�� ��� 7KH� FROXPQ� HQWLWOHG� µ0RGHO¶�FKDUDFWHUL]HV� WKH� VSHFLILFDWLRQ XQGHUO\LQJ� WKH� HVWLPDWHG� UDWHV� RI� UHWXUQ� WR� 5	'�� ,W�LQGLFDWHV� WKH� OHIW�KDQG� VLGH� YDULDEOHV� � H�J��� WRWDO� IDFWRU� SURGXFWLYLW\� �7)3��� ODERU�SURGXFWLYLW\� �/3��� RU� RXWSXW� �4�� � DQG� WKH�PDLQ� ULJKW�KDQG� VLGH� YDULDEOH� � H�J��� 5	'�LQWHQVLW\� �,5�� IRU� WKH� HVWLPDWLRQ� RI� UDWHV� RI� UHWXUQ�� RU� 5	'� FDSLWDO� VWRFN� �5�� IRU� WKH�HVWLPDWLRQ�RI�RXWSXW�HODVWLFLWLHV����7KH� ODVW� WZR�FROXPQV�SUHVHQW� WKH�GHSUHFLDWLRQ� UDWHV�XVHG� WR� FRPSXWH� WKH� 5	'� FDSLWDO� VWRFNV� DQG� WKH� HVWLPDWHG� UDWHV� RI� UHWXUQ� WR� 5	'��:KHQ�DXWKRUV�HVWLPDWH�GLUHFWO\�HODVWLFLWLHV�DQG�GR�QRW�FRQYHUW�WKHP�LQWR�UDWHV�RI�UHWXUQ��FI��HTXDWLRQ���������HODVWLFLWLHV�DUH�UHSRUWHG�LQ�WKH�ODVW�FROXPQ��)LQDOO\��DPRQJ�WKH�PDQ\�HVWLPDWHV�WKDW�DUH�VRPHWLPHV�UHSRUWHG�LQ�SDUWLFXODU�VWXGLHV��RQO\�WKH�PRVW�UHSUHVHQWDWLYH�RQHV� DUH� UHSRUWHG� LQ� 7DEOH� ����� 7KH� VWXGLHV� UHO\LQJ� RQ� D� FURVV�VHFWLRQDO� GDWD� VHW� DUH�
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SUHVHQWHG� FKURQRORJLFDOO\� LQ� WKH� ILUVW� SDUW� RI� WKH� WDEOH�� DQG� WKH� SDQHO� GDWD� VWXGLHV� DUH�UHSRUWHG�LQ�WKH�VHFRQG�SDUW�
�������)LYH�VWDUWLQJ�FKRLFHV
�L� 6SHFLILFDWLRQV
$OO� WKH� VWXGLHV SUHVHQWHG� LQ� 7DEOH� ���� UHO\� RQ� WKH� SULPDO� DSSURDFK� ZLWK� WKH� &REE�'RXJODV� SURGXFWLRQ� IXQFWLRQ�� 0RVW� RI� WKHP� DVVXPH� FRQVWDQW� UHWXUQV� WR� VFDOH� ZLWK�UHVSHFW�WR�ODERU�DQG�IL[HG�FDSLWDO��7KH�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'�UDQJH�IURP�]HUR�WR������� ,W�VHHPV�WKDW�WKH�FKRLFH�EHWZHHQ�D�7)3 VSHFLILFDWLRQ�DQG�D�ODERU�SURGXFWLYLW\�VSHFLILFDWLRQ� GRHV� QRW� DIIHFW� VLJQLILFDQWO\� WKH� UHVXOWV�� 2GDJLUL� ������� XVLQJ� D� FURVV�VHFWLRQ�RI�-DSDQHVH�LQGXVWULHV�DQG�*ULOLFKHV��������XVLQJ�D�SDQHO�RI�86�LQGXVWULHV�VKRZ�WKDW�WKH�HVWLPDWHG�LPSDFW�RI�5	'�RQ�RXWSXW�JURZWK�GRHV�QRW�YDU\�VLJQLILFDQWO\�IURP�RQH�VSHFLILFDWLRQ�WR�WKH�RWKHU��7KH�LQYHVWLJDWLRQV�IDYRULQJ�WKH�GXDO�DSSURDFK�DW�WKH�LQGXVWU\�OHYHO�DUH�UHSRUWHG�LQ�WKH�DSSHQGL[��7DEOH�$������7KH�HVWLPDWHG�UDWHV�RI�UHWXUQ�YDU\�IURP���� WR ���� DQG� DUH� WKHUHIRUH� FRPSDWLEOH� ZLWK� WKH� UDQJH� REWDLQHG� WKURXJK� WKH� PRUH�QXPHURXV�ZRUNV�EDVHG�RQ�WKH�SULPDO�DSSURDFK�
�LL� (ODVWLFLW\�YV UDWH�RI�UHWXUQ
$QRWKHU� LPSRUWDQW� FKRLFH� KDV� WR� EH� PDGH� UHJDUGLQJ� WKH� HVWLPDWLRQ� RI� HODVWLFLWLHV� RU�PDUJLQDO�LPSDFWV �H�J���UDWHV�RI�UHWXUQ���$V�SUHYLRXVO\�PHQWLRQHG��WKH�FKRLFH�GHSHQGV�RQ�ZKLFK�RI�WKH�WZR�LV�OLNHO\�WR�EH�VWDEOH�DFURVV�LQGXVWULHV�RU�WLPH��5HFDOO�DOVR�WKDW��XQGHU�D�]HUR� GHSUHFLDWLRQ� UDWH� K\SRWKHVLV� �ZKLFK� LV� DUJXDEO\� GXELRXV��� WKH� UDWH� RI� UHWXUQ�VSHFLILFDWLRQ�GRHV�QRW�UHTXLUH�WKH�FRPSXWDWLRQ�RI�5	'�FDSLWDO�VWRFNV��7KH�PHDVXUHPHQW�RI� WKHVH� VWRFNV� QHHGV� ORQJ� WLPH� VHULHV� RQ� 5	'� LQYHVWPHQWV�� ZKLFK� DUH� QRW� DOZD\V�DYDLODEOH��7KLV�LV�SUREDEO\�ZK\�PRVW�VWXGLHV�SUHVHQWHG�LQ�7DEOH�����XVH�WKH�FRQVWDQW�UDWH�RI�UHWXUQ�VSHFLILFDWLRQ�

� +RZHYHU��LI�ZH�H[FOXGH�0DQVILHOG���������������ZKR�GLIIHUHQWLDWHV�EHWZHHQ�EDVLF�DQG�DSSOLHG�5	'��WKH�UDQJH�JRHV�IURP�]HUR�WR�����
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7DEOH�����,QWHUQDO�UDWH�RI�UHWXUQ�WR�5	'��DW�WKH�LQGXVWU\�OHYHO�� VXUYH\�RI�H[LVWLQJ�HVWLPDWHV�� 3ULPDO
$XWKRUV 'DWDEDVH SHULRG 2WKHU�� 4 6WU� 0RGHO�� GG� U ������&URVV�VHFWLRQDO�VWXGLHV
/HRQDUG������� 86$�����LQG� ������� (GXF��OHYHO ��� 6DOHV &�6� ' 4���,5 �� �
*OREHUPDQ������� &DQDGD�����LQG� ������� &� �����)$ ��� 6DOHV &�6� ' 4���,5 �� ��
*ULOLFKHV������� 86$�����LQG� ������� '+7 ��� 9�$� &�6� ' 7)3���,5 �� ��
7HUOHFN\M������������D�E� 86$�����LQG� ������� 6��*29 �����8 ��� 9�$�6DOHV &�6� ' 7)3���,5 �� ������
0DQVILHOG������� 86$�����LQG� ������� 6��8 �����%�$ 9�$� &�6� ' 7)3���,5 �� ���
6YHLNDXVNDV������� 86$������LQG� ������� 6��'L 6DOHV &�6� ' 7)3���,5 �� �����
6FKHUHU������D� 86$�����LQG� �������������� 6 6DOHV &�6� ' /3��,5 �� ����
*ULOLFKHV�DQG�0DLUHVVH������D� 86$�����LQG�)UDQFH�����LQG� ������� 7ZR�VXESHULRGV��'W 6DOHV &6 ' 7)3���,5 �� ����
*ULOLFKHV�DQG�/LFKWHQEHUJ������D� 86$�����LQG� ������� QRQH 6DOHV &�6� ' 7)3���,5 �� �
*ULOLFKHV�DQG�/LFKWHQEHUJ������E� 86$������LQG� ���������������������

6 6DOHV &�6� ' 7)3���,5 �� ������
2GDJLUL������� -DSDQ�����LQG� �������������� 6��8 ��� 9�$� &�6� ' 7)3��,5' /3��,5 ���� ��
0DQVILHOG������� -DSDQ�����LQG� ������� QRQH%�$ 9�$� &�6� ' 7)3���,5 �� ����
+DQHO������� 4XpEHF�����LQG� ������� 6����VXESHULRGV 9�$� &�6� ' /3��,5 �� ��
6WHUODFFKLQL������� 8�.������LQG� ������� 6 6DOHV &�6�� ' 7)3���,5 �� �����
*RWR�DQG�6X]XNL������� -DSDQ�����LQG� ������� 6 9�$� &�6� ' 7)3���,5 �� �����
*ULOLFKHV������D� 86$������LQG� ������� 8W 6DOHV &�6� ' 7)3���,5 �� ��
6DNXUDL�HW�DO� ������ ���FRXQWULHV����LQG �������������� 6��'W����VXESHULRGV 6DOHV &�6� '7)3��,5 �� ����������
YDQ�0HLMO������� )UDQFH������LQG� ������� 6��8W 9�$�6DOHV &�6� '7)3��,5 �� ��������
9XRU\������� )LQODQG������LQG� ������� 6��'W����VXESHULRGV 9�$� &�6� '7)3��,5 ZHLJ� ����
:ROII������� 86$�����LQG� ������� 6��'W����VXESHULRGV 6DOHV &�6� '7)3��,5 �� �����
9HUVSDJHQ������� ��FRXQWULHV�����LQG� ������� 6 9�$� &�6� ' 7)3���,5 �� �
�� &�� �LQGH[�RI�LQGXVWU\�FRQFHQWUDWLRQ��)$� �SHUFHQWDJH�RI�DVVHWV�KHOG�E\�IRUHLJQ�FRUSRUDWLRQV�LQ�HDFK�LQGXVWU\��'+7� �GXPP\�YDULDEOH� IRU� 5	'� LQWHQVLW\� !����� 6�  � LQWHU� LQGXVWU\� � RU� LQWHUQDWLRQDO� 5	'� VSLOORYHU� YDULDEOHV��*29�  � SHUFHQW DJH� RI� VDOHV� WR�JRYHUQPHQW�� 8�  � XQLRQ�PHPEHUV� DV� D� SHUFHQWDJH� RI� ZRUNHUV�� 'W�  � WLPH� GXPPLHV� IRU� VXESHULRGV�� 'L�  � LQGXVWU\� GXPPLHV� ��,QGLFDWHV�WKH�HPSLULFDO�PRGHO�XVHG�WR�HVWLPDWH�WKH�UDWH�RI�UHWXUQ�WR�5	'��DOO�YDULDEOHV�DUH�LQ�ORJDULWKP�� ' LQGLFDWHV�JURZWK�UDWHV��7)3� �WRWDO�IDFWRU�SURGXFWLYLW\��/3� �ODERU��SURGXFWLYLW\��4� �RXWSXW��5� �5	'�FDSLWDO�VWRFN��,5� �5	'�LQWHQVLW\�� �� G LQGLFDWHV�WKH�DVVXPHG�5	'�GHSUHFLDWLRQ�UDWH�
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7DEOH�������FRQWLQXHG�,QWHUQDO�UDWH�RI�UHWXUQ�WR�5	'��DW�WKH�LQGXVWU\�OHYHO�� VXUYH\�RI�H[LVWLQJ�HVWLPDWHV�� 3ULPDO
$XWKRUV 'DWDEDVH SHULRG 2WKHU�� 4 6WU� 0RGHO�� GG� U ������3DQHO�GDWD�VWXGLHV
*ULOLFKHV������� 86$�����LQG� ������� 'W��'L��.DJH�HODVWLFLW\ 6DOHV 3DQHO 7)3��5/3��5 �� ����
1DGLUL������� 86$�����LQG���GXUDEOHV�LQG���QRQ�GXUDEOHV�LQG�

������� QRQH 9�$� 3DQHO 4��5 ��� ������
*ULOLFKHV�DQG�/LFKWHQEHUJ������D� 86$�����LQG� ������� 'W��'L��.DJH��8WHODVWLFLW\ 6DOHV 3DQHO 7)3��5 �� �
6X]XNL������� -DSDQ����LQG� ������� 'L��7U ��� 9�$� 3DQHO /3��5)
 ��� ��
$GDPV������� 86$�����LQG� ������� 6��'L 6DOHV 3DQHO ' 7)3���,5 ��� ����
<DPDGD�HW�DO�������� -DSDQ�����LQG� ������� 6��3\��3NHODVWLFLW\ 9�$� 3DQHO /3��5 �� ����� ��
0RKQHQ�DQG�'XFKDUPH������� &DQDGD�����LQG� ������� 6 6DOHV 3DQHO ' 7)3�� ,5 �� �����
/HY\�DQG�7HUOHFN\M������� 86$��7HOHFRP� ������� 3�*��HODVWLFLW\ 6DOHV 7�6� 4��5 �� ��
�� 3\�� LQGH[�RI�RXWSXW�SULFHV��3N�� LQGH[�RI�FDSLWDO�SULFHV��6� �LQWHU�LQGXVWU\��RU�LQWHUQDWLRQDO�5	'�VSLOORYHU�YDULDEOHV��'W� �WLPH�GXPPLHV��'L� �LQGXVWU\�GXPPLHV��7U� �WUHQG��.DJH� �DJH�RI�IL[HG�FDSLWDO���3�*� �WKH�DXWKRU�V��GLIIHUHQWLDWH�V��EHWZHHQ�JRYHUQPHQW�5	'� DQG� SULYDWH� 5	'�� WKH� UDWH� RI� UHWXUQ� WR� WKH� ODWWHU� LV� UHSRUWHG�� 
� 6X]XNL� XVHV� DV� LQGHSHQGHQW� YDULDEOH� WKH� VXP� RI� 5	'�LQYHVWPHQWV� DQG� IRUHLJQ� WHFKQRORJ\�SD\PHQWV�� �� ,QGLFDWHV� WKH� HPSLULFDO�PRGHO� XVHG� WR� HVWLPDWH� WKH� UDWH� RI� UHWXUQ� WR�5	'�� DOO�YDULDEOHV�DUH�LQ�ORJDULWKP��' LQGLFDWHV�JURZWK�UDWHV��7)3� �WRWDO�IDFWRU�SURGXFWLYLW\��/3� �ODERU��SURGXFWLYLW\��4� �RXWSXW��5� �5	'�FDSLWDO�VWRFN��,5� �5	' LQWHQVLW\���� G LQGLFDWHV�WKH�DVVXPHG�5	'�GHSUHFLDWLRQ�UDWH�
,Q�JHQHUDO��RQH�PD\�LQIHU�WKDW�WKH�HVWLPDWHV�RI�WKH�UDWHV�RI�UHWXUQ�WR�5	'�DUH�FRQVLVWHQW�ZLWK� WKRVH� GHULYHG� IURP� HODVWLFLWLHV� �WKH� IRXUWK� FROXPQ� LQ� 7DEOH� ���� DQG� 7DEOH� $����GHWHUPLQH�ZKHWKHU�WKH�SDUDPHWHUV�DUH�HODVWLFLWLHV���
0LFUR�OHYHO� VWXGLHV� DUH� PRUH� LQIRUPDWLYH� DERXW� WKLV� LVVXH�� *ULOLFKHV� DQG� 0DLUHVVH������D�� GR� QRW� ILQG� HYLGHQFH� RI� D� VWDWLVWLFDOO\� VLJQLILFDQW� UHODWLRQVKLS� EHWZHHQ�7)3JURZWK�DQG�WKH�JURZWK�LQ�WKH�5	'�FDSLWDO�VWRFN�DFURVV�86�DQG�)UHQFK�ILUPV��+RZHYHU��ZKHQ� WKH�7)3 JURZWK� LV� UHJUHVVHG� RQ�5	'� LQWHQVLW\�� WKH� UHODWLRQVKLS� LV� SRVLWLYH� DQG�VLJQLILFDQW��,Q�RWKHU�ZRUGV��LW�VHHPV�WKDW�VLJQLILFDQW�SDUDPHWHUV�DUH�REWDLQHG�RQO\�XQGHU�WKH� DVVXPSWLRQ�RI� FRQVWDQW� UDWH�RI� UHWXUQ��&UpSRQ�DQG�0DLUHVVH� ������� ILQG�RXW� WKDW�D�JUHDW�KHWHURJHQHLW\�LQ�WKH�RXWSXW�HODVWLFLWLHV�RI�5	'��FRPSXWHG�DW�WKH�ILUP�OHYHO��DFURVV�LQGXVWULHV� PD\� DSSHDU�� DQG� WKH\� WHQG� WR� LQFUHDVH� ZLWK� WKH� 5	'� LQWHQVLW\�� 7KLV�KHWHURJHQHLW\� DFURVV� LQGXVWULHV� LV� DOO� WKH�PRUH� FRQILUPHG�E\� WKH�SDSHUV� UHO\LQJ�RQ� WKH�GXDO�DSSURDFK�DW�WKH�LQGXVWU\�OHYHO��)RU�LQVWDQFH��2GDJLUL�DQG�.LQXNDZD��������HVWLPDWH�HODVWLFLWLHV� WKDW� UDQJH� IURP� QHJDWLYH� WR� SRVLWLYH� YDOXHV� DFURVV� LQGXVWULHV�� 7KLV� KLJK�YDULDELOLW\� DFURVV� LQGXVWULHV� OHDGV� 0DLUHVVH� DQG�0RKQHQ� ������� WR� VXJJHVW� WKDW� WKH�DVVXPSWLRQ�RI�FRQVWDQW�UDWHV�RI�UHWXUQ�WR�5	'�LV�SHUKDSV�QRW�XQUHDVRQDEOH��,Q�DQ\�FDVH��
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WKH� DXWKRUV� SRVLW� WKDW� WKH� WZR� DOWHUQDWLYH� DSSURDFKHV� DUH�� RQ� DYHUDJH�� FRPSDWLEOH��)XUWKHU��+DOO�DQG�0DLUHVVH��������SUHVHQW�VRPH�UHVXOWV�VXJJHVWLQJ�WKDW�LW�LV�SDUWLFXODUO\�WKH�FDVH�ZLWK�WLPH�VHULHV�
�LLL� &URVV�VHFWLRQ�YV WLPH�VHULHV
$Q�DGGLWLRQDO�VRXUFH�RI�KHWHURJHQHLW\�LQ�WKH�HVWLPDWLRQ�RI�UDWHV�RI�UHWXUQ�WR�5	'�UHODWHV�WR� WKH� FURVV�VHFWLRQDO�RU� WHPSRUDO� VWUXFWXUH�RI� WKH�GDWD� VHW��7KH� ILUVW�SDUW�RI�7DEOH�����SUHVHQWV� WKH�VWXGLHV�IDYRULQJ�WKH�FURVV�VHFWLRQ�DQG�WKH�VHFRQG�SDUW�WKRVH�H[SORLWLQJ�WKH�WLPH� VHULHV��$JDLQ��PRVW� DXWKRUV� UHO\� RQ� WKH� IRUPHU� GLPHQVLRQ�� SUREDEO\� WR� DYRLG� WKH�FRQVWUXFWLRQ�RI�5	'�FDSLWDO�VWRFNV�DQG�DOVR�EHFDXVH�RI�WKH�ODFN�RI�GDWD�FRQFHUQLQJ�ORQJ�WHUP�5	'�LQYHVWPHQWV�VHULHV��'RHV�WKH�XVH�RI�WLPH�VHULHV�DIIHFW�WKH�HVWLPDWHG�LPSDFW�RI�5	'�RQ�RXWSXW�JURZWK"
$Q�LPSRUWDQW�SRLQW�LV�WKDW�WKH�VSHFLILFDWLRQV�XVHG�E\�SDQHO�GDWD�VWXGLHV�DUH�PXFK�PRUH�KHWHURJHQHRXV�WKDQ�WKH�RQHV�XVHG�LQ�FURVV�VHFWLRQ�VWXGLHV��7KH�IRUPHU�WDNH�PRUH�RIWHQ�WKH�YDULDEOHV�LQ�OHYHO�WKDQ�LQ�JURZWK�UDWHV��FRPSXWH�VRPHWLPHV�5	'�FDSLWDO�VWRFNV�ZLWK�SRVLWLYH�GHSUHFLDWLRQ�UDWHV��DQG�DUH�PRUH�LQFOLQHG�WR�HVWLPDWH�HODVWLFLWLHV�LQVWHDG�RI�UDWHV�RI� UHWXUQ�� $OO� FURVV�VHFWLRQDO� HVWLPDWHV� UHO\� RQ� WKH� ]HUR� GHSUHFLDWLRQ� UDWH� K\SRWKHVLV�ZKLFK�DOORZV�WR�XVH�JURVV�� LQVWHDG�RI�QHW�� 5	'�LQYHVWPHQWV�DQG�WKHUHIRUH�\LHOGV�JURVV�H[FHVV�LQWHUQDO�UDWHV�RI�UHWXUQ�WR�5	'��
2XU� FRQFHUQ� KHUH� LV� WR� VHH�ZKHWKHU� FURVV�VHFWLRQ� LQYHVWLJDWLRQV� \LHOG� KLJKHU� RU� ORZHU�UDWHV� RI� UHWXUQ� WR� 5	'� WKDQ� SDQHO� GDWD� VWXGLHV�� 7KH� HVWLPDWHV� LQ� WKH� FURVV�VHFWLRQDO�VWXGLHV�UDQJH�IURP����WR�����DQG�LQ�WKH�SDQHO�GDWD�VWXGLHV�IURP����WR������)XUWKHU��LI�6X]XNL�������¶V�HVWLPDWH�LV�ZLWKGUDZQ�IURP�WKH�ODWWHU�EHFDXVH�RI�WKH�IRUHLJQ�WHFKQRORJ\�SD\PHQWV� WKDW� DUH� DGGHG� WR�5	'� LQYHVWPHQWV� �ZKLFK�PHDQV� WKDW� WKH�SDUDPHWHU� SDUWO\�LQFOXGHV�WKH�UHWXUQV�IURP�IRUHLJQ�5	'���WKH�UDQJH�JRHV�IURP����WR������,W�LV�DOVR�ZRUWK�QRWLFLQJ�WKDW�RXW�RI�WKH�VL[�UHPDLQLQJ�SDQHO�GDWD�VWXGLHV��WKUHH�DUH�DVVRFLDWHG�WR�D�UHWXUQ�WR�5	'�ORZHU�WKDQ�����:H�PD\�WKHUHIRUH�LQIHU�WKDW�HVWLPDWHV�IURP�WLPH�VHULHV�GDWD�DUH�JHQHUDOO\�ORZHU�WKDQ�HVWLPDWHV�IURP�FURVV�VHFWLRQ�GDWD�
,Q�KLV�VXUYH\�RI�PLFUR�OHYHO�VWXGLHV��&DSURQ��������REVHUYHV�WKDW�HVWLPDWHV�LQ�WKH�WLPH�GLPHQVLRQ� SURYLGH� PRUH� FRQWURYHUVLDO� UHVXOWV� WKDQ� FURVV�VHFWLRQ� VWXGLHV�� :LWK� SDQHO�GDWD��D�ODUJH�QXPEHU�RI�FRHIILFLHQWV�DUH�QRQ�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��7KH�DXWKRU�HYDOXDWHV��DFURVV����SDUDPHWHUV�WDNHQ�LQ�PLFUR�OHYHO�VWXGLHV��DQ DYHUDJH�RXWSXW�HODVWLFLW\�RI�5	'�HVWLPDWHG�WKURXJK�FURVV�VHFWLRQ�VXSHULRU�WR����WKDQ�WKRVH�REWDLQHG�IURP�WLPH�
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VHULHV� DQDO\VHV�� 5HFHQW� PLFUR�OHYHO� VWXGLHV� E\� +DOO� DQG�0DLUHVVH� �������ZLWK� )UHQFK�ILUPV�DQG�+DUKRII��������ZLWK�*HUPDQ�ILUPV�FRQILUP�WKDW�FURVV�VHFWLRQDO�HVWLPDWHV�DUH�JHQHUDOO\� KLJKHU� WKDQ� WHPSRUDO� HVWLPDWHV�� ZKLFK� DUH� VRPHWLPHV� QRQ� VLJQLILFDQWO\�GLIIHUHQW� IURP�]HUR��)LQDOO\��RXU�RZQ�HVWLPDWHV�� VLPLODU� WR� WKH�RQHV�RI�&DSURQ� ��������KDYH� EHHQ� UXQ� ZLWK� WKH� LQIRUPDWLRQ� SURYLGHG� LQ� 7DEOH� ����� 7KH� UHVXOWV�� ZKLFK� DUH�SUHVHQWHG�LQ�7DEOH�$����RI�WKH�DSSHQGL[��VKRZ�WKDW�WKH�HPSLULFDO�VWXGLHV�EDVHG�RQ�SDQHO�GDWD� REWDLQ� DQ� DYHUDJH� UDWH� RI� UHWXUQ� RI� �����ZKHUHDV� FURVV� VHFWLRQ� VWXGLHV� \LHOG� DQ�DYHUDJH�UDWH�RI�UHWXUQ�RI�����
7LPH�VHULHV�HVWLPDWHV�PLJKW�EH�UHODWLYHO\�ORZHU�IRU�VHYHUDO�SRWHQWLDO�UHDVRQV���L� ZURQJ�ODJV� PD\� EH� DVVRFLDWHG� WR� WKH� 5	'� FDSLWDO� VWRFN�� �LL� KLJK� FROOLQHDULW\� PD\� DSSHDU�EHWZHHQ� WKH�5	'�YDULDEOH� DQG� WKH� WLPH� WUHQG� UHIOHFWLQJ� H[RJHQRXV� WHFKQLFDO� FKDQJH���LLL� WKHUH�PD\�EH�PHDVXUHPHQW�HUURUV�LQ�YDULDEOHV�RU�LPSRUWDQW�YDULDEOHV�PLVVLQJ��VXFK�DV� WKH� UDWH� RI� XWLOL]DWLRQ� RI� IL[HG� FDSLWDO�� �LY� WKHUH� PD\� EH� VRPH� VLPXOWDQHLW\� ELDV�EHWZHHQ�RXWSXW�JURZWK�DQG�5	'��DQG��Y� WKH�WHPSRUDO�YDULDELOLW\�RI�5	'�LQYHVWPHQWV�DQG�RI�5	'�FDSLWDO�VWRFN�LV�UHODWLYHO\�ORZ�DV�FRPSDUHG�WR�WKH�YDULDELOLW\�DFURVV�ILUPV�RU�LQGXVWULHV� �ZLWK� 5	'� FDSLWDO� VWRFNV�� WKH� WHPSRUDO� YDULDELOLW\� LV� DOVR� UHGXFHG� E\�FRQVWUXFWLRQ��� +RZHYHU� LW� LV� ZRUWK� QRWLFLQJ� WKDW� DQ� LPSRUWDQW� DGYDQWDJH� RI� WHPSRUDO�VWXGLHV�RYHU�FURVV� VHFWLRQDO� VWXGLHV� LV� WKDW� WKH� IRUPHU�DUH�QRW�DIIHFWHG�E\� WKH�SRWHQWLDO�ELDV�GXH�WR�RPLWWHG�YDULDEOHV�VXFK�DV�WKH�FKDUDFWHULVWLFV�RI�ILUPV�RU�LQGXVWULHV��SURYLGHG�LQGXVWU\�DQG�RU�ILUP�IL[HG�HIIHFWV�DUH�WDNHQ�LQWR�DFFRXQW��,Q�WKLV�UHVSHFW��1HOVRQ��������FULWLFL]HV� WKH� LQWHUSUHWDWLRQ� RI� WKH� HPSLULFDO� UHVXOWV� FRQWDLQHG� LQ� FURVV�VHFWLRQ� VWXGLHV��+H�DUJXHV�WKDW�5	'�LQWHQVLW\�LV�QRW�H[RJHQRXV��LQ�IDFW��LW�LV�GHWHUPLQHG�E\�WHFKQRORJLFDO�RSSRUWXQLWLHV�DQG�DSSURSULDELOLW\�FRQGLWLRQV�VSHFLILF�WR�HDFK�LQGXVWULHV��7KH�LQFOXVLRQ�RI�LQGXVWU\�GXPPLHV�DOORZ�WR�FRQWURO�IRU�WKHVH�IDFWRUV�LQ�SDQHO�GDWD�LQYHVWLJDWLRQV�
�LY� 7RWDO�VDOHV�YV YDOXH�DGGHG
$ERXW�KDOI�RI�WKH�LQYHVWLJDWLRQV�LQ�7DEOH�����XVH�WRWDO�VDOHV�WR�SUR[\�RXWSXW�DQG�WKH�RWKHU�KDOI�YDOXH�DGGHG��,Q�JHQHUDO�WKH�VHFRQG�SUR[\�LV�XVHG�ZKHQ�GDWD�RQ�LQWHUPHGLDWH�LQSXWV�LV�QRW�DYDLODEOH��$W� WKH� ILUP� OHYHO��*ULOLFKHV�DQG�0DLUHVVH� �������GHPRQVWUDWH� WKDW� WKH�RPLVVLRQ� RI� LQWHUPHGLDWH� LQSXWV� LQ� WKH� VDOHV� UHJUHVVLRQ� \LHOGV� DQ� XSZDUG� ELDV� LQ� WKH�5	'�HODVWLFLW\�EHFDXVH�LQWHUPHGLDWH�LQSXWV�DUH�FRUUHODWHG�ZLWK�5	'��,W�VHHPV�WKDW�HYHQ�LI�RQH�FRQWUROV�IRU�PDWHULDOV��WKH�FKRLFH�PD\�KDYH�D�VXEVWDQWLDO�LPSDFW�RQ�WKH�HVWLPDWHG�UDWHV�RI�UHWXUQ��
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&DSURQ� ������� HVWLPDWHV� WKDW� DFURVV� ��� HVWLPDWHV� RI� �� FURVV�VHFWLRQ� VWXGLHV� DW� WKH�LQGXVWU\�OHYHO��WKH�DYHUDJH�UDWH�RI�UHWXUQ�WR�LQGXVWULDO�5	'�LV�HTXDO�WR�����ZKHQ�WRWDO�VDOHV� DUH� XVHG� DQG� WR� ���� RWKHUZLVH�� &DSURQ� SUHVHQWV� VLPLODU� ILJXUHV� IRU�PLFUR�OHYHO�ZRUNV��7KLV� WHQGV�WR�VKRZ�WKDW� WKH�VWXGLHV�EDVHG�RQ�YDOXH�DGGHG�DV�D�SUR[\�IRU�RXWSXW�\LHOG�VRPHZKDW�VPDOOHU�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'�
+RZHYHU�� WKH�H[LVWLQJ�HVWLPDWHV�SUHVHQWHG�LQ�7DEOH�����GR�QRW�UHDOO\�FRQILUP�&DSURQ¶V�ILQGLQJV��7KLV� LV� VXSSRUWHG�E\� WKUHH�REVHUYDWLRQV��)LUVW��ZLWK�YDOXH�DGGHG�� WKH� UDWHV�RI�UHWXUQ� WR�5	'�YDU\� IURP���� WR������ZKHUHDV�ZLWK� WRWDO� VDOHV�� WKH\�YDU\� IURP���� WR������ 6HFRQG�� 7KH� UHVXOWV� WKDW� DUH� SUHVHQWHG� LQ� 7DEOH� $���� FOHDUO\� LQGLFDWH� WKDW� WKH�DYHUDJH�UHWXUQ�WR�5	'�LV�DERXW������DQG�GRHV�QRW�FKDQJH�VLJQLILFDQWO\�ZLWK�WKH�RXWSXW�SUR[\�XVHG��
7KH�WKLUG�REVHUYDWLRQ�LV�WKDW�D�IHZ DXWKRUV�HYDOXDWH�WKH�FRQVHTXHQFHV�RI�XVLQJ�WRWDO�VDOHV�LQVWHDG� RI� YDOXH� DGGHG�� ZLWKLQ� D� JLYHQ� HPSLULFDO� IUDPH�� 7HUOHFN\M� ������� VKRZV� WKDW�ZLWK�WKH�WZR�IDFWRU��L�H���ZLWK�YDOXH�DGGHG��7)3 JURZWK��WKH�HVWLPDWHG�UHWXUQ�WR�5	'�LV�VLJQLILFDQW�DQG�HTXDO�WR������ZKHUHDV�ZLWK�WKH�WKUHH�IDFWRU�7)3 JURZWK��WKH�UHWXUQ�IDOOV�WR������EXW�WKH�GLIIHUHQFH�LV�LQVLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��7KH�UHVXOWV�SURYLGHG�E\�:ROII�DQG�1DGLUL��������VXJJHVW�WKDW�WKH�7)3 JURZWK�HVWLPDWHG�ZLWK�VDOHV��L�H���WDNLQJ�LQWR�DFFRXQW�LQWHUPHGLDWH�SURGXFWV��LV�DERXW�RQH�KDOI�RI�WKH�7)3 JURZWK�FRPSXWHG�ZLWK�YDOXH�DGGHG��YDQ�0HLMO���������XVLQJ�D�FURVV�VHFWLRQ�RI�)UHQFK�LQGXVWULHV��REWDLQV�D�UDWH�RI�UHWXUQ�WR�5	'�HTXDO�WR�����ZLWK�WRWDO�VDOHV�DQG�WR�����ZLWK�YDOXH�DGGHG��7KDW�LV��LQ�WKH� OLJKW RI� WKHVH� WKUHH� SDSHUV� DQG� RI� WKH� UHVXOWV� SUHVHQWHG� LQ�7DEOH������ZH�DUH�PRUH�LQFOLQHG� WR� VXSSRUW� WKH� LGHD� WKDW� WKH� XVH� RI� YDOXH� DGGHG� LQ� WKH� FRPSXWDWLRQ� RI�SURGXFWLYLW\�\LHOGV�LGHQWLFDO�RU�VRPHZKDW�KLJKHU�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'�WKDQ�XVLQJ�WRWDO�VDOHV�
�Y� 2WKHU�YDULDEOHV�DQG�GLIIHUHQW�WLPH�SHULRGV
7KH� LQFOXVLRQ� RI� RWKHU� YDULDEOHV� LQWR� WKH� HPSLULFDO� PRGHOV� JHQHUDOO\� FRQWULEXWHV� WR�GHFUHDVH�WKH�RUGHU�RI�PDJQLWXGH�RI�WKH�HVWLPDWHG�LPSDFW�RI�5	'�RQ�RXWSXW�JURZWK��)RU�LQVWDQFH��LQWHU�LQGXVWU\�5	'�VSLOORYHUV�YDULDEOHV��WKH�XWLOL]DWLRQ�UDWH�RI�IL[HG�FDSLWDO��WKH�VKDUH�RI�XQLRQ�PHPEHUV�LQ�ODERU�IRUFHV��WLPH�GXPPLHV��RU�WUHQG��DQG�LQGXVWU\�GXPPLHV�LQ� SDQHO� GDWD� VWXGLHV�� KDYH� PRVW� RIWHQ� D� GRZQZDUG� HIIHFW� RQ� WKH� UDWH� RI� UHWXUQ� �RU�HODVWLFLW\�� WR� 5	'� ZKHQ� WKH\� DUH� LQWURGXFHG� LQWR� WKH� HPSLULFDO� VSHFLILFDWLRQ��
� ,QFOXGLQJ�0DQVILHOG���������WKLV�UDQJH�JRHV�IURP�]HUR�WR������
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&RQFHUQLQJ�WKH�LQWHULQGXVWU\�VSLOORYHU�HIIHFWV��7DEOH�$����LQ�WKH�DSSHQGL[�VXJJHVWV�WKDW�WKH�LQFOXVLRQ�RI�H[WHUQDO�5	'�LQWR�WKH�HPSLULFDO�PRGHO�UHGXFHV�WKH�HVWLPDWHG�UHWXUQ�WR�5	'�IURP�����WR�����
7KHUH GRHV�QRW�VHHP�WR�EH�D�QRWLFHDEOH�FKDQJH�LQ�WKH�HVWLPDWHV�ZLWK�UHVSHFW�WR�WKH�SHULRG�FRQVLGHUHG� �VHH�7DEOH�$������+RZHYHU��*ULOLFKHV�DQG�/LFKWHQEHUJ� �����D������E��DQG�6FKHUHU������D���DPRQJ�RWKHUV��DOO�WR�DPSO\�GHPRQVWUDWH�WKDW�WKH�UDWH�RI�UHWXUQ�WR�5	'�YDU\� ZLWK� WKH� WLPH� SHULRGV� FRQVLGHUHG�� 7KH� JHQHUDO� FRPPLWPHQW� LV� WKDW� WKH� 5	'�SURGXFWLYLW\�UHODWLRQVKLS�KDV�FKDQJHG�RYHU�WLPH��HVSHFLDOO\�GXULQJ�WKH�VHYHQWLHV�ZKHUH�LW�KDV� VKDUSO\� IDOOHQ�� 6LQFH� WKHQ�� WKHUH� LV� VRPH� HYLGHQFH� VXSSRUWLQJ� WKH� LGHD� WKDW� WKH�UHODWLRQVKLS� KDV� UHFRYHUHG�� /LFKWHQEHUJ� DQG� 6LHJHO� �������� 6FKHUHU� �������� DQG� +DOO�������� ILQG� WKDW� WKH�5	'�FRHIILFLHQWV� FRPH�FORVH� WR�GLVDSSHDULQJ� LQ� WKH� ODWH���¶V�DQG�WKH�HDUO\���¶V�EXW�UHFRYHU�SURPLQHQWO\�LQ�WKH�PLG� WR�WKH�ODWH�HLJKWLHV�
1RWZLWKVWDQGLQJ� WKH� H[LVWLQJ� HPSLULFDO� HYLGHQFH� DERXW� WKH� IODJUDQW� FKDQJLQJ�UHODWLRQVKLS� EHWZHHQ� 5	'� DQG� SURGXFWLYLW\� JURZWK� RYHU� WKH� \HDUV�� *ULOLFKHV� �������VXJJHVWV� DQRWKHU� VWRU\�� +H� DUJXHV�� ZLWK� VRPH� VWURQJ� HPSLULFDO� HYLGHQFH� IRU� 86�LQGXVWULHV��WKDW�7)3 JURZWK�PLJKW�EH�ZURQJO\�PHDVXUHG�GXH�WR�XQUHOLDEOH�SULFH�LQGH[HV�LQ� KLJK�WHFK� LQGXVWULHV�� :KHQ� WKH� SULFH� LQGH[HV� RI� WKUHH� LQGXVWULHV� RXW� RI� ���� DUH�DGMXVWHG��*ULOLFKHV�REWDLQV�QR�FKDQJH�DW�DOO�LQ�WKH�HVWLPDWHG�UHWXUQ�WR�5	'�
�������,QWHUQDWLRQDO�FRPSDUDELOLW\
7KH� PDMRU� LPSOLFDWLRQ� HQVXLQJ� IURP� WKH� ILYH� SUHFHGLQJ� LVVXHV� LV� WKDW� WKH� HVWLPDWHG�LPSDFWV�RI�5	'�RQ�SURGXFWLYLW\�JURZWK�DUH�EDUHO\�FRPSDUDEOH�DFURVV�VWXGLHV��HYHQ�IRU�D�FRXQWU\�RI�UHIHUHQFH��7KH�GLIIHUHQW�VSHFLILFDWLRQV��RXWSXW�SUR[LHV��VWUXFWXUHV�RI�GDWDEDVH�DQG WLPH�SHULRGV�SUHYHQW� DQ\� VHULRXV� LQWHUQDWLRQDO�FRPSDULVRQ��7KH�RQO\�ZD\� WR�JHW� D�YDOXDEOH�LQVLJKW�LQWR�SRWHQWLDO�LQWHUQDWLRQDO�GLIIHUHQFHV�LQ�WKH�UDWHV�RI�UHWXUQ�WR�5	'�LV�WR�UHIHU�WR�WKH�VWXGLHV�ZKLFK�HYDOXDWH��ZLWKLQ�DQ�KRPRJHQRXV�HPSLULFDO�IUDPHZRUN��WKH�LPSDFW�RI�5	'�DFWLYLWLHV�IRU�GLIIHUHQW�FRXQWULHV��*ULOLFKHV�DQG�0DLUHVVH������D��LV�WKH�RQO\� VWXG\� DW� WKH� VHFWRULDO� OHYHO� WKDW� DOORZV� IRU� DQ� LQWHUQDWLRQDO� FRPSDULVRQ�� 7KHLU�UHVXOWV��HVWLPDWHG�DFURVV����LQGXVWULHV�LQ�)UDQFH�DQG�LQ�WKH�86��VXJJHVW�WKDW�WKH�UDWH�RI�UHWXUQ� WR� 5	'� LV� VXEVWDQWLDOO\� KLJKHU�� WKRXJK� QRQ� VLJQLILFDQWO\� GLIIHUHQW�� LQ� )UDQFH������� WKDQ� LQ� WKH� 86� ������� 7KHUH� LV� REYLRXVO\� D� QHHG� IRU� PRUH� KRPRJHQRXV�LQWHUQDWLRQDO�FRPSDULVRQ�DW�WKH�LQGXVWU\�OHYHO��
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7KH� SDSHUV� WKDW� DOORZ� IRU� LQWHUQDWLRQDO� FRPSDULVRQV� DUH�PXFK�PRUH� QXPHURXV� DW� WKH�PDFUR�OHYHO�DQG�WR�D�VRPHZKDW�OHVVHU�H[WHQW�DW�WKH�ILUP�OHYHO��7KH\�DUH�VXPPDUL]HG�LQ�7DEOH������*ULOLFKHV�DQG�0DLUHVVH�DOVR������D��SUHVHQW�)UHQFK�86�HVWLPDWHV�DW�WKH�PLFUR�OHYHO�� 6LPLODUO\� WR� WKHLU� HVWLPDWHV� DW� WKH� LQGXVWU\� OHYHO�� )UHQFK� ILUPV� VHHP� WR� KDYH� D�KLJKHU�UDWH�RI�UHWXUQ�WR�5	'�������WKDQ�WKHLU�$PHULFDQ�FRXQWHUSDUWV��������+RZHYHU��WKHVH� UHVXOWV� KDYH� WR� EH� WDNHQ� FDXWLRXVO\� EHFDXVH� WKHLU� )UHQFK� VDPSOH� LV� PXFK� OHVV�QXPHURXV� DQG�PRUH� UHVHDUFK� LQWHQVLYH� WKDQ� WKH�86� VDPSOH��7KH� DQDO\VLV� E\�+DOO� DQG�0DLUHVVH��������LV�SHUKDSV�PRUH�UREXVW�ZLWK�UHVSHFW�WR�D�SRWHQWLDO�µVHOHFWLRQ¶�ELDV��WKH\�UHO\� RQ� SDQHO� GDWD� RYHU� WKH� SHULRG� ���������� FRPSULVLQJ�PRUH� WKDQ� RQH� WKRXVDQG� RI�ILUPV� LQ�ERWK�)UDQFH� DQG� WKH�86��7KHLU� UHVXOWV� EDVHG�RQ�HLWKHU�ZLWKLQ� HVWLPDWHV� �ZLWK�ILUP� GXPPLHV�� RU� ILUVW� GLIIHUHQFHV� HVWLPDWHV� �JURZWK� UDWHV�� VKRZ� WKDW� WKH� RXWSXW�HODVWLFLW\� RI� 5	'� LV� SRVLWLYH� DQG� VLJQLILFDQW� IRU� WKH�86� ILUPV� ���� WR� ������ EXW� QRQ�VLJQLILFDQW�IRU�WKH�)UHQFK�ILUPV�
*ULOLFKHV�DQG�0DLUHVVH��������FRPSDUH�WKH�UDWH�RI�UHWXUQ�WR�5	'�IRU�86�DQG�-DSDQHVH�ILUPV�� :LWKRXW� LQGXVWU\� GXPPLHV� DQG� ZLWK� FRQVWDQW� UHWXUQV� WR� VFDOH� LPSRVHG� WKHLU�UHVXOWV� VKRZ�D� VOLJKWO\�KLJKHU� UDWH�RI� UHWXUQ� WR�5	'�DPRQJ� WKH� -DSDQHVH� ILUPV� ������WKDQ�DPRQJ�WKH�86�ILUPV��������+RZHYHU��ZKHQ�LQGXVWU\�GXPPLHV�DQG�RU�IUHH�UHWXUQV�WR�VFDOH�DUH�LQFOXGHG��WKH�HVWLPDWHG�UDWH�RI�UHWXUQ�WR�5	'�EHFRPHV�LQVLJQLILFDQW�LQ�-DSDQ�ZKHUHDV� LW� LV� DERXW� ���� IRU� WKH�86� ILUPV��&DSURQ� DQG�&LQFHUD� ������� REWDLQ� VLPLODU�RXWSXW� HODVWLFLWLHV ZLWK� UHVSHFW� WR� 5	'� IRU� 86� DQG� -DSDQHVH� ILUPV� ������� EXW� D�UHODWLYHO\�ZHDNHU�LPSDFW�IRU�(XURSHDQ�ILUPV�������
0DFUR� OHYHO�VWXGLHV�KDYH� WKH�DGYDQWDJH�RI�EHLQJ�µIUHH¶�RI�DQ\�VHOHFWLRQ�ELDV��7KH\�DUH�SUHVHQWHG� LQ�WKH�VHFRQG�SDUW�RI�7DEOH������5HFDOO� WKDW� WKH�HVWLPDWHG�UHWXUQV� WR�5	'�LQ�WKHVH�VWXGLHV�DUH�µVRFLDO¶�LQ�WKH�VHQVH�WKDW�WKH\�LQFRUSRUDWH�ERWK�LQWUD� DQG�LQWHU�LQGXVWU\�VSLOORYHUV��,Q�WKLV�UHVSHFW��WKH�PDFUR�OHYHO�HVWLPDWHV�VKRXOG�EH�KLJKHU�WKDQ�WKH�PLFUR� RU�LQGXVWU\�OHYHO� HVWLPDWHV��$OO� WKHVH�ZRUNV�FRQYHUJH� WRZDUGV� WKH� UHFRJQLWLRQ� WKDW� -DSDQ�KDV� WKH� KLJKHVW� UDWH� RI� UHWXUQ� WR� 5	'� DQG� LV� FORVHO\� IROORZHG� E\�*HUPDQ\��7KH�86�VWDQGV�LQ�DQ�LQWHUPHGLDWH�SRVLWLRQ�DQG�)UDQFH�DQG�WKH�8.�DUH�ERWK�FKDUDFWHUL]HG�E\�WKH�ORZHVW�LPSDFW�RI�5	'��

� 1DGLUL� DQG�.LP� ������� LV� WKH� RQO\� VWXG\�� RXW� RI� WKH� VHYHQ�PDFUR�OHYHO� LQYHVWLJDWLRQV�� WKDW� SUHVHQWV� D�VOLJKWO\�GLIIHUHQW�SLFWXUH��7KH�UDWHV�RI�UHWXUQ�WR�5	'�DUH�YHU\�VLPLODU�DFURVV�FRXQWULHV������LQ�,WDO\������LQ�-DSDQ��*HUPDQ\��)UDQFH��DQG�&DQDGD��DQG�����LQ�WKH�8.�DQG�WKH�86�
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7DEOH�����,QWHUQDWLRQDO�FRPSDULVRQ�VWXGLHV�� PLFUR�DQG�PDFUR�OHYHO�
$XWKRUV 'DWDEDVH SHULRG 2WKHU�� 4 GG U ���)LUP�OHYHO
*ULOLFKHV�DQG�0DLUHVVH������D� ����)UHQFK�ILUPV����86�ILUPV ������� &DSLWDO��'F��&�6�QR�PDWHULDOV 3ULPDO��'/3��WRWDO�VDOHV��QR�LQWHUP��LQSXWV��,5 �� ����
*ULOLFKHV�DQG�0DLUHVVH������� �����-DSDQHVH�ILUPV����86�ILUPV ������� &DSLWDO��&�6� 3ULPDO��'/3��WRWDO�VDOHV�QR�LQWHUP��LQSXWV��,5 �� ����
+DOO�DQG�0DLUHVVH������� �����)UHQFK�ILUPV�����86�ILUPV

)UHQFK�ILUPV86�ILUPV
������� /DERU��FDSLWDO��'I���3DQHO��QR�PDWHULDOV

)LUVW�GLIIHUHQFH
3ULPDO��4��WRWDO�VDOHV��QR�LQWHUP��LQSXWV��5��HODVWLFLWLHV

��� ���
��

&DSURQ�DQG�&LQFHUD������� ����86�ILUPV����-DSDQHVH�ILUPV����(XURSHDQ�ILUPV
������� &DSLWDO���/DERU��6��SDQHO 3ULPDO��4��WRWDO�VDOHV���5��HODVWLFLWLHV ��� �������������

&RXQWU\�OHYHO
6RHWH�DQG�3DWHO������� 86$-DSDQ)UDQFH*HUPDQ\8.

������� 7U��'F��QR�FDSLWDO7LPH�VHULHV 3ULPDO��/3��5��HODVWLFLW\ ��� ��������
0RKQHQ�DQG�1DGLUL������� 86$-DSDQ*HUPDQ\)UDQFH

������� .�DQG�5�IL[HG�7LPH�VHULHV 'XDO��&RVW�IXQFWLRQHODVWLFLWLHV� ��� ��������
0RKQHQ��1DGLUL��DQG�3UXFKD������� 86$-DSDQ*HUPDQ\

������� .�DQG�5�IL[HG7LPH�VHULHV 'XDO��&RVW�IXQFWLRQ ��� ������
*XHOOHF������� 86$-DSDQ*HUPDQ\)UDQFH8.

������� 7LPH�VHULHV 3ULPDO��WRWDO�IDFWRU�SURGXFWLYLW\ ��� ���������
0RKQHQ������� 86$-DSDQ)UDQFH*HUPDQ\8.

������� 6��.�DQG�5�IL[HG7LPH�VHULHV 'XDO��&RVW�IXQFWLRQ ��� ��������
%HUQVWHLQ�DQG�0RKQHQ������� 86$-DSDQ ������� 6��.�DQG�5�IL[HG7LPH�VHULHV 'XDO��&RVW�IXQFWLRQ ��� ����
1DGLUL�DQG�.LP������� 86$-DSDQ*HUPDQ\)UDQFH8.,WDO\&DQDGD

������� .�DQG�5�IL[HG��6�WLPH�VHULHV 'XDO��&RVW�IXQFWLRQ�UDWHV�RI�UHWXUQ ��� ��������������
���FI��7DEOH�����IRU�WKH�GHILQLWLRQ�RI�WKH�DEEUHYLDWLRQV�
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�������,Q�D�QXWVKHOO
7KH�0RVW�LPSRUWDQW�ILQGLQJV�ZKLFK�VRUW�RXW�RI�WKLV�VXUYH\�DUH�
�L� 7KH�HVWLPDWHG� LQWHUQDO�JURVV� H[FHVV� UDWHV�RI� UHWXUQ�DW� WKH� LQGXVWU\� OHYHO�UDQJH�IURP���� WR������PRVW�RI� WKHP�EHLQJ�VLJQLILFDQWO\�GLIIHUHQW� IURP�]HUR��DQG� WKHLU�DYHUDJH� LV�����
�LL� 7KH�YDULRXV�VSHFLILFDWLRQV��H�J���SULPDO�RU�GXDO�DSSURDFK��ODERU�SURGXFWLYLW\�RU�WRWDO�IDFWRU�SURGXFWLYLW\��\LHOG�FRPSDUDEOH�HVWLPDWHV�RI�WKH�UDWHV�RI�UHWXUQ�WR�5	'�
�LLL� 7KH�HVWLPDWHV�EDVHG�RQ�SDQHO�GDWD��H�J���ZLWK�D�WHPSRUDO�GLPHQVLRQ��DUH�ORZHU�WKDQ�WKRVH� EDVHG� RQ� FURVV�VHFWLRQ� GDWD�� +RZHYHU�� WKH� IRUPHU� KDYH� WKH� DGYDQWDJH� RI� EHLQJ�PXFK� OHVV� VXEMHFW� WR� SRWHQWLDO� ELDV� HQVXLQJ� IURP� LPSRUWDQW� RPLWWHG� YDULDEOHV� VXFK� DV�WHFKQRORJLFDO�RSSRUWXQLW\�DQG�DSSURSULDELOLW\�FRQGLWLRQV�
�LY� 7KH� UDWHV� RI� UHWXUQ� WR� 5	'� GHULYHG� IURP� WKH� HVWLPDWLRQ� RI� RXWSXW� HODVWLFLWLHV� RI�5	'�DUH� OLNHO\� WR�EH� ORZHU� WKDQ� WKH� UDWHV�RI� UHWXUQ�GLUHFWO\� HVWLPDWHG��+RZHYHU��ERWK�W\SHV�RI�HVWLPDWHV�DUH�IXOO\�FRPSDWLEOH�DQG�WKLV�FRPSDWLELOLW\�LPSURYHV�ZLWKLQ�SDQHO�GDWD�IUDPHZRUNV��
�Y� 8VLQJ�YDOXH�DGGHG�LQVWHDG�RI�WRWDO�VDOHV�DV�D�SUR[\�IRU�RXWSXW�\LHOGV�VOLJKWO\�KLJKHU�HVWLPDWHV�RI�WKH�UDWH�RI�UHWXUQ�WR�5	'��,Q�DQ\�FDVH��LI�GDWD�RQ�LQWHUPHGLDWH�LQSXWV�LV�QRW�DYDLODEOH��YDOXH�DGGHG�KDV�WR�EH�XVHG��
�YL� 7KH�HVWLPDWHG�UDWH�RI�UHWXUQ�WR�5	'�GHFUHDVHV�ZKHQ�RWKHU�YDULDEOHV�DUH�LQFOXGHG�LQ�WKH� PRGHO� �VXFK� DV� WLPH� GXPPLHV�� WLPH� WUHQG�� WKH� XWLOL]DWLRQ� UDWH� RI� SURGXFWLRQ�FDSDFLWLHV��DOORZLQJ�IRU�UHWXUQV�WR�VFDOH�DQG�LQFOXGLQJ�H[WHUQDO�5	'��DQG�LV�VHQVLWLYH�WR�WKH�SHULRG�FRQVLGHUHG��
�YLL�� ,QWHUQDWLRQDO� FRPSDULVRQV� DUH�KLQGHUHG�E\� WKHVH�YDULRXV� VRXUFHV�RI�KHWHURJHQHLW\�DFURVV� VWXGLHV�� +RZHYHU�� WKH� VWXGLHV� ZKLFK� DGRSW� D� VLPLODU� HPSLULFDO� IUDPHZRUN� IRU�GLIIHUHQW� FRXQWULHV�� ERWK� DW� WKH� PDFUR� DQG� WKH� PLFUR� OHYHO�� FRQYHUJH� WRZDUGV WKH�REVHUYDWLRQ�WKDW�-DSDQ�LV�DVVRFLDWHG�WR�WKH�KLJKHVW�UDWH�RI�UHWXUQ�WR�5	'�DQG�LV�FORVHO\�
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IROORZHG� E\� *HUPDQ\�� 7KH� 86� VWDQGV� LQ� DQ� LQWHUPHGLDWH� SRVLWLRQ� DQG� WKH� 8.� DQG�)UDQFH�DUH�ERWK�FKDUDFWHUL]HG�E\�D�ORZHU�UHWXUQ�
�����7HFKQLFDO�DQG�FRQFHSWXDO�LVVXHV�LQ�PHDVXULQJ�WKH�UDWH�RI�UHWXUQ�WR�5	'
2QFH�D�FKRLFH�KDV�EHHQ�PDGH�FRQFHUQLQJ�WKH�VWUXFWXUH�RI�WKH�GDWD�VHW��WKH�RXWSXW�SUR[\��DQG�WKH�HPSLULFDO�VSHFLILFDWLRQ��WKHUH�DUH�VWLOO�P\ULDG�RI�PHDVXUHPHQW�LVVXHV�FRQFHUQLQJ�WKH�RSHUDWLRQDO�FRQVWUXFWLRQ�RI� WKH�YDULRXV�YDULDEOHV��7KHVH�LVVXHV�DUH�GLVFXVVHG�LQ�WKH�SUHVHQW�VXEVHFWLRQ��
7KH� PDLQ� HPSLULFDO� PRGHO� WKDW� LV� WR� EH� HVWLPDWHG� LQ� WKH� QH[W� FKDSWHU� LV� WKH� RQH�FKDUDFWHUL]HG�E\�HTXDWLRQ��������7KURXJK�WKLV�PRGHO��WKH�REMHFWLYH�LV�WR�HVWLPDWH�GLUHFWO\�WKH�UDWH RI�UHWXUQ�WR�5	'�E\�UHJUHVVLQJ�D�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�LQGH[��L�H���WKH�µUHVLGXDO¶�� RQ� WKH� 5	'� LQWHQVLW\� DFURVV� ��� LQGXVWULHV� IURP� ����� WR� ����� �FRPSXWHG�IURP�QHW�5	'�LQYHVWPHQWV���,Q�ZKDW�IROORZV�ZH�ILUVW�GLVFXVV�ILYH�LVVXHV�UHODWHG�WR�WKH�PHDVXUHPHQW�RI� WRWDO� IDFWRU� SURGXFWLYLW\�JURZWK�� WKH�K\SRWKHVLV� RI� FRQVWDQW� UHWXUQV� WR�VFDOH��WKH�K\SRWKHVLV�RI�SHUIHFW�FRPSHWLWLRQ��WKH�PHDVXUHPHQW�RI�LQSXW�VKDUHV��WKH�GRXEOH�FRXQWLQJ�DQG�H[SHQVLQJ�RI�FDSLWDO�DQG�ODERU�GHYRWHG�WR�UHVHDUFK�DFWLYLWLHV��DQG�WKH�UDWH�RI� XWLOL]DWLRQ� RI� SURGXFWLRQ� FDSDFLWLHV�� 7KHQ�� IRXU� LVVXHV� DUH� WDFNOHG� FRQFHUQLQJ� WKH�PHDVXUHPHQW� RI� WKH� PDLQ� LQGLFDWRU� RI� NQRZOHGJH�� WKH� FRPSXWDWLRQ� RI� 5	'� FDSLWDO�VWRFNV��GHSUHFLDWLRQ�UDWHV��ODJV��DQG�EHQFKPDUN�YDOXHV���DQG�WKH�SULFHV�GHIODWRU�RI�5	'�LQYHVWPHQW� VHULHV�� )LQDOO\�� VRPH� HFRQRPHWULF� LVVXHV� DUH� WDFNOHG�� 7KH\� FRQFHUQ� WKH�LQFOXVLRQ� RI� WLPH� DQG� LQGXVWU\� GXPPLHV�� WKH� SRWHQWLDO� SUHVHQFH� RI� VLPXOWDQHLW\�ELDVHV�EHWZHHQ�RXWSXW�DQG�5	'��DQG�WKH�SRWHQWLDO�SUHVHQFH�RI�LQIOXHQWLDO�REVHUYDWLRQV�
�������7KH�PHDVXUHPHQW�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK
�L��7)3�� 5HWXUQV�WR�VFDOH
7KH� K\SRWKHVLV� RI� FRQVWDQW� UHWXUQV� WR� VFDOH� LV� RQH� RI� WKH� PRVW� FRQWURYHUVLDO� LVVXHV�DVVRFLDWHG� WR� WKH� HVWLPDWLRQ� RI� WKH� FRQWULEXWLRQ� RI� 5	'� WR� RXWSXW� JURZWK�� 7KLV�
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FRQWURYHUV\�� ZKLFK�RULJLQDOO\�DSSHDUHG� LQ� WKH�HDUO\�VL[WLHV�� LV�GXH�WR�WKH�IDFW� WKDW� LW� LV�HPSLULFDOO\�GLIILFXOW� WR�GHWHUPLQH�ZKHWKHU�DQ�LPSURYHPHQW�RI�SURGXFWLYLW\�LV�WKH�UHVXOW�RI�LQFUHDVLQJ�UHWXUQV�WR�VFDOH�RU�ZKHWKHU�LW�LV�WKH�UHVXOW�RI�WHFKQLFDO�FKDQJH��)XUWKHU��WKLV�GUDZEDFN� LV� ZRUVHQHG� E\� WKH� UHFRJQLWLRQ� WKDW� RQH� RI� WKH� IRUFHV� ZKLFK� DOORZ� IRU�HFRQRPLHV� RI� VFDOH� LV� WHFKQRORJLFDO� SURJUHVV� LWVHOI�� /HY\� DQG� 7HUOHFN\M� ������¶V�DOJHEUDLF�UHSUHVHQWDWLRQ�JLYHV�D�JRRG�SLFWXUH�RI�WKLV�LVVXH��/HW�XV�DVVXPH�WKDW�ZH�KDYH�GDWD�RQ�RXWSXW��<���ODERU��/���DQG�FDSLWDO��.���7KH�SURGXFWLRQ�IXQFWLRQ��WHFKQLFDO�FKDQJH��DQG� HFRQRPLHV�RI� VFDOH�KDYH� WR�EH� HVWLPDWHG� IURP�<��/�� DQG�.�� ,I� WHFKQLFDO� FKDQJH� LV�QHXWUDO� �RXWSXW� DXJPHQWLQJ�� IURP� WLPH� �� WR� WLPH� ��� WKHQ� DW� WLPH� �� DQG� DW� WLPH� ��ZH�ZRXOG�REVHUYH�
7LPH��� <� �I��/��.� 7LPH��� $�<� �$�I��/��.�������$�!���
7KH� VDPH� LQSXWV� LQ� WKH� VHFRQG� SHULRG� ZRXOG� SURGXFH� PRUH� RXWSXW� WKDQ� LQ� WKH� ILUVW�SHULRG�� 1RZ�� LI� ZH� FRQVLGHU� D� VLWXDWLRQ� ZLWK� UHWXUQV� WR� VFDOH�� DQG� LI� WKH� SURGXFWLRQ�IXQFWLRQ�LV�KRPRJHQRXV�RI�GHJUHH�V WKHQ��DV�LQ�WKH�SUHFHGLQJ�H[DPSOH�DQG�LI�LQSXWV�DUH�LQFUHDVHG�LQ�SURSRUWLRQ�F DW�WLPH���
7LPH��� <� �I��/��.� 7LPH���� FV <� �I��F/��F.��
7KHUH� DUH� HFRQRPLHV� RI� VFDOH� LI�V !� ��� GLVHFRQRPLHV� RI� VFDOH� LI�V �� ��� DQG� FRQVWDQWUHWXUQV�WR�VFDOH�LI�V  ����$VVXPH�WKDW�RXWSXW�ULVHV�IURP�< WR�$< IURP�WLPH���WR�WLPH����DQG� / DQG� . LQFUHDVH� WR� F/ DQG� F.�� 7KLV� REVHUYDWLRQ� FRXOG� EH� LQWHUSUHWHG� DV� SXUH�HFRQRPLHV� RI� VFDOH� RI� GHJUHH� V�� ZKHUH� V ZRXOG� EH� IRXQG� E\� VROYLQJ� WKH� IROORZLQJ�HTXDWLRQ��FV  �$��+RZHYHU��NHHSLQJ�WKHVH�QRWDWLRQV��WKH�IDFWRU�V FRXOG�DOVR�EH�H[SUHVVHG�DV�WKH�SURGXFW�RI�FRQVWDQW�UHWXUQV�WR�VFDOH��F���DQG�WHFKQLFDO�SURJUHVV�DPRXQWLQJ�WR�FV����
F� FV�� <� �$<��
$QG�DOWHUQDWLYHO\��LW�FRXOG�DOVR�EH�LQWHUSUHWHG�DV�WKH�SURGXFW RI�DQ\�VFDOH�HIIHFW�[��F[��DQG�WHFKQLFDO�SURJUHVV�RI�DPRXQW�FV�[�
F[ FV�[ <� �$<��

� ,W�LV�DOVR�FDOOHG�WKH�6RORZ�6WLJOHU�FRQWURYHUV\��VHH�6RORZ��������DQG�6WLJOHU��������
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7KLV� VLPSOLILHG� H[DPSOH� LOOXVWUDWHV� IDLUO\� ZHOO� WKDW� ZLWK� DQ� KRPRWKHWLF� SURGXFWLRQ�IXQFWLRQ�� SURGXFWLYLW\� JURZWK� PD\� EH� GXH� HLWKHU� WR� LQFUHDVLQJ� UHWXUQV� WR� VFDOH�� RU�WHFKQLFDO�SURJUHVV��RU�ERWK��)XUWKHU��LI�LQFUHDVLQJ�UHWXUQV�WR�VFDOH�DUH�SDUWO\�WKH�UHVXOW�RI�WHFKQLFDO� SURJUHVV�� LW� PD\� EH� HPSLULFDOO\� GLIILFXOW� WR� FOHDUO\� GLVWLQJXLVK� WHFKQLFDO�SURJUHVV��HFRQRPLHV�RI�VFDOH�GXH�WR�WHFKQLFDO�SURJUHVV��DQG�HFRQRPLHV�RI�VFDOH�GXH�WR�DQ�LQFUHDVH�LQ�LQSXWV��,Q�DQ\�FDVH��LW�VHHPV�WKDW�QRW�DOORZLQJ�IRU�µIUHH¶�UHWXUQV�WR�VFDOH�PLJKW�\LHOG� D� ELDVHG� HYDOXDWLRQ� RI� WHFKQLFDO� FKDQJH� DQG� RI� WKH� H[WHQW� WR� ZKLFK� 5	'�FRQWULEXWHV� WR� LW�� *ULOLFKHV� DQG� 5LQJVWDG� ������� DUJXH� WKDW�� HYHQ�ZLWK� IUHH� UHWXUQV� WR�VFDOH�� D� &REE�'RXJODV� W\SH� SURGXFWLRQ� IXQFWLRQ� PLJKW� VWLOO� EH� XVHG� WR� HYDOXDWH� WKH�LPSDFW�RI�5	'�RQ�RXWSXW�JURZWK��
/HY\�DQG�7HUOHFN\M��������ILQG�WKDW�RQH�FDQQRW�UHMHFW�WKH�K\SRWKHVLV�RI�FRQVWDQW�UHWXUQV�WR�VFDOH� IRU� WKH�86� WHOHFRPPXQLFDWLRQ� LQGXVWU\�� 7KLV� LV�DQ�LQWHUHVWLQJ�UHVXOW�VLQFH�ZH�ZRXOG�D�SULRUL H[SHFW� LQFUHDVLQJ� UHWXUQV� WR� VFDOH� LQ� WKDW�SDUWLFXODU� LQGXVWU\��+RZHYHU��WKH�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'�WXUQ�RXW�WR�EH�YHU\�VHQVLWLYH�WR�ZKHWKHU�/HY\�DQG�7HUOHFN\M�LPSRVH�WKH�FRQVWDQW�UHWXUQV�WR�VFDOH�DVVXPSWLRQ�RU�QRW�
7KH�DQDO\VHV�ZKLFK�HVWLPDWH�WKH�LPSDFW�RI�5	'�RQ�D�WRWDO�IDFWRU�SURGXFWLYLW\�LQGH[�GR�QRW��LQ�JHQHUDO��WHVW�IRU�LQFUHDVLQJ�RU�GHFUHDVLQJ�UHWXUQV�WR�VFDOH��7KRVH�ZKLFK�UHO\�RQ�D�&REE�'RXJODV� SURGXFWLRQ� IXQFWLRQ� DQG� HVWLPDWH WKH� RXWSXW� HODVWLFLWLHV�ZLWK� UHVSHFW� WR�ODERU� DQG� IL[HG� FDSLWDO�PDNH� VRPHWLPHV� WKLV� WHVW��$PRQJ� DOO� WKH� LQYHVWLJDWLRQV� DW� WKH�LQGXVWU\�OHYHO�SUHVHQWHG�LQ�7DEOH�����RQO\�1DGLUL���������*ULOLFKHV���������DQG�YDQ�0HLMO��������WHVW�ZKHWKHU�UHOD[LQJ�WKH�K\SRWKHVLV�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�KDV�DQ�LPSRUWDQW�HIIHFW� RQ� WKH� HVWLPDWHG� UDWHV�RI� UHWXUQ� WR�GLUHFW�5	'�� 1DGLUL� ��������ZLWK�HOHYHQ�86�PDQXIDFWXULQJ� LQGXVWULHV��FDQQRW�UHMHFW� WKH�K\SRWKHVLV�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�ZLWK�UHVSHFW� WR� ODERU�DQG�FDSLWDO��DQG� WKH�HVWLPDWHG�RXWSXW�HODVWLFLW\�RI�5	'�LV� VWDEOH�ZLWK�UHVSHFW� WR� WKH�DOORZDQFH� IRU� IUHH� UHWXUQV� WR� VFDOH��7KLV� VWDELOLW\�RI� WKH�HVWLPDWHV� LV�QRW�FRQILUPHG�E\�*ULOLFKHV���������ZKR�QRWLFHV�WKDW�WKH�HVWLPDWHG�RXWSXW�HODVWLFLW\�RI�5	'�IDOOV� ZKHQ� IUHH� UHWXUQV� WR� VFDOH� DUH� DOORZHG� E\� LQFOXGLQJ� WRWDO�PDQ�KRXUV� DPRQJ� WKH�ULJKW�KDQG�VLGH�YDULDEOHV��YDQ�0HLMO��������REWDLQV�WKH�RSSRVLWH�UHVXOWV��:KHQ�WKH�DXWKRU�VXSSUHVV�WKH�FRQVWDQW�UHWXUQV�WR�VFDOH�FRQVWUDLQW�� ZKLFK�DUH�LQ�IDFW�GHFUHDVLQJ�UHWXUQV�WR�VFDOH���� WKH�HVWLPDWHG�UDWH�RI�UHWXUQ�WR�5	'�LV�KLJKHU�WKDQ�ZLWK�WKH�FRQVWDQW�UHWXUQV�WR�VFDOH�
� 7KLV� LQGXVWU\� LV� SDUWLFXODUO\� ZHOO� VXLWHG� IRU� WKDW� NLQG� RI� DQDO\VLV�� SDUWO\� EHFDXVH� WKH� RXWSXW� RI� WKLV�LQGXVWU\�LV�UDWKHU�KRPRJHQRXV�DQG�SDUWO\�EHFDXVH�D�FRQVLGHUDEOH�DPRXQW�RI�GDWD�RQ�RXWSXWV�DQG�LQSXWV�LV�DYDLODEOH�DQG�RI�JRRG�TXDOLW\�� <DPDGD�HW�DO� �������DOVR�DOORZ�IRU�IUHH�UHWXUQV�WR�VFDOH�EXW�GR�QRW�FRPSDUH�WKHLU�UHVXOWV�ZLWK�D�FRQVWDQW�UHWXUQV�WR�VFDOH�DVVXPSWLRQ�
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$W�WKH�PLFUR�OHYHO��*ULOLFKHV�DQG�0DLUHVVH��������HVWLPDWH�VKDUS�GLPLQLVKLQJ�UHWXUQV�WR�VFDOH�DFURVV�-DSDQHVH�ILUPV�DQG��WR�D�OHVVHU�H[WHQW��DFURVV�86�ILUPV��)XUWKHUPRUH��LQ�ERWK�FRXQWULHV��WKH�DOORZDQFH�IRU�IUHH�UHWXUQV�WR�VFDOH�LPSOLHV�PXFK�ORZHU�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'��ZKLFK�DUH�HYHQ�QRQ�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�IRU�-DSDQHVH�ILUPV��+DOO�DQG�0DLUHVVH� ��������XVLQJ�D�SDQHO�GDWD�RI�)UHQFK� ILUPV�� DOVR�GLVSOD\�GHFUHDVLQJ�UHWXUQV� WR� VFDOH� �WKRXJK�QRW� DOZD\V� VLJQLILFDQWO\�GLIIHUHQW� IURP�]HUR�� DQG�D�QRWLFHDEOH�VHQVLWLYLW\� RI� WKH� HVWLPDWHG� LPSDFW� RI� 5	'� RQ� RXWSXW� JURZWK� ZLWK� UHVSHFW� WR� WKH�DGRSWLRQ�RI�WKH�FRQVWDQW�UHWXUQV�WR�VFDOH�K\SRWKHVLV�RU�QRW�
7KH� JHQHUDO� SURFHGXUH� RI� HVWLPDWLQJ� UHWXUQV� WR� VFDOH� LV� WR� DVVXPH� WKDW� WKH\� DUH� VWDEOH�DFURVV� LQGXVWULHV� RU� ILUPV�� +RZHYHU�� WKH� HYDOXDWLRQ� IRU� SDUWLFXODU� LQGXVWULHV�� RYHU� D�VXIILFLHQWO\� ODUJH� WLPH� VSDQ�� VKRXOG�PRVW� SUREDEO\� JLYH� D� EHWWHU� DSSUR[LPDWLRQ� RI� WKH�UHWXUQV� WR� VFDOH� SUHYDLOLQJ� LQ� HDFK� LQGXVWU\�� ,Q� IDFW�� VXFK� HPSLULFDO� HYLGHQFH� RQ�HFRQRPLHV�RI�VFDOH�LV�UDWKHU�VFDUFH��/HY\�DQG�7HUOHFN\M��������PDNH�WKH�WHVW�IRU�WKH�86�WHOHFRPPXQLFDWLRQ�LQGXVWU\��ZKLFK�LV�FKDUDFWHUL]HG�E\�FRQVWDQW�UHWXUQV�WR�VFDOH��%HDVRQ�DQG�:HLQVWHLQ� ������� HYDOXDWH� D� VFDOH� SDUDPHWHU� IRU� ��� -DSDQHVH� LQGXVWULHV� RYHU� WKH�SHULRG������������7KH\�FDQ�QRW�UHMHFW�WKH�K\SRWKHVLV�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�IRU�DQ\�VHFWRUV�� HYHQ� IRU� WKH� IHZ� RQHV�ZKLFK� H[KLELW� DSSDUHQWO\� GLPLQLVKLQJ� UHWXUQV� WR� VFDOH��6LPLODUO\��1DNDPXUD� ������� HVWLPDWHV� FRQVWDQW� VFDOH�SDUDPHWHUV� XVLQJ� D� FRVW� IXQFWLRQ�DSSURDFK�IRU�IRXU�PHGLXP�WR�KLJK�WHFK�-DSDQHVH�LQGXVWULHV�
:KDW� FDQ�ZH�FRQFOXGH� DERXW� WKLV� µUHWXUQV� WR� VFDOH¶� LVVXH"�7KH� DOJHEUDLF� GHYHORSPHQW�GHPRQVWUDWHV�WKDW�LW�PLJKW�EH�GLIILFXOW�WR�GLVWLQJXLVK�HPSLULFDOO\�WKH�HIIHFW�RI�LQFUHDVLQJ�UHWXUQV� WR� VFDOH� IURP� WKH� HIIHFWV� RI� WHFKQLFDO� SURJUHVV�� $QG� WKLV� GLVWLQFWLRQ� PLJKW�EHFRPH�HYHQ�PRUH�SX]]OLQJ�LI�LQFUHDVLQJ�UHWXUQV�WR�VFDOH�DUH�FRQVLGHUHG�WR�EH�SDUWO\�GXH�WR�WHFKQLFDO�FKDQJH�� (PSLULFDO�ZRUNV�DW�WKH�ILUP�RU�LQGXVWU\�OHYHOV�JHQHUDOO\�UHDFK�WKH�FRQFOXVLRQ�WKDW�WKHUH�DUH�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�DQG�WKDW�UHOD[LQJ�WKH�K\SRWKHVLV�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�UHGXFHV�WKH�HVWLPDWHG�LPSDFW�RI�5	'��RU�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�5	'���7KH\�FRQILUP�LQ�VRPH�UHVSHFWV�WKDW�WKHUH�LV�D�FORVH�OLQN�EHWZHHQ�WKH� WZR� IRUFHV� DW� ZRUN�� <HW�� VRPH� VLQJOH� LQGXVWU\� VWXGLHV� GR� QRW� UHMHFW� WKH� FRQVWDQW�UHWXUQV�WR�VFDOH�K\SRWKHVLV��DQG�WKHUHIRUH�YDOLGDWH�WKH�PDMRULW\�RI�VWXGLHV�DW�WKH�ILUP�DQGLQGXVWU\�OHYHO�WKDW�H[SOLFLWO\�UHO\�RQ�WKLV�DSSDUHQWO\�QRW�WRR�UHVWULFWLYH�K\SRWKHVLV�
� ,QWXLWLYHO\��LQFUHDVLQJ�UHWXUQV�WR�VFDOH�PD\�EH�GXH�DOVR�WR�WHFKQRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�SURGXFWLRQ�SURFHVV�WKDW�ZRXOG�PDNH�ILUPV�RU� LQGXVWULHV�PRUH�SURGXFWLYH�ZLWK� ODUJHU�RXWSXW� OHYHOV�� LQGHSHQGHQWO\�RI�WHFKQLFDO�FKDQJH�
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,Q�DQ\�FDVH��ZH�ZRXOG�OLNH�WR�WHVW�ZKHWKHU�LQFUHDVLQJ�RU�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�DUH�DW�ZRUN�DQG�ZKHWKHU�WKH\�DIIHFW�RXU�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'��,Q�WKH�SUHVHQFH�RI�QRQ�FRQVWDQW�UHWXUQV�WR�VFDOH��WKH�VFDOH�SDUDPHWHU�EHLQJ������HVF���ZLWK�HVF GLIIHUHQW�IURP�]HUR��� WKH� µWUXH¶� WRWDO� IDFWRU� SURGXFWLYLW\� LQGH[� �7)3
�� ZRXOG� EH� GLIIHUHQW� IURP� WKH�µREVHUYHG¶�7)3�

> @ > @7)3 </ . </ . / . 7)3 / .VF VF
VF VF
 �� �  �  �� � � � � �D H D H D D H H�

7KHUHIRUH��LQ�WHUPV�RI�JURZWK�UDWHV��DQG�IURP�HTXDWLRQ�������
7)3* << // .. // .. 7)3* // ..VF VF
 � � � � � � � � � � � � � � � �ª¬« º¼»  � �ª¬« º¼»D D H H�
,Q�RWKHU�ZRUGV��GHSHQGLQJ�RQ�WKH�VFDOH�SDUDPHWHUV��WKH�REVHUYHG�7)3* PLJKW�EH�ELDVHG�GRZQZDUG�RU�XSZDUG��6LQFH�ZH�KDYH�QR�LQIRUPDWLRQ�DERXW�WKH�OLNHO\�VLJQ�DQG�DPSOLWXGH�RI�H��LW�KDV�WR�EH�HVWLPDWHG�HPSLULFDOO\��(TXDWLRQ�������KDV�WR�LQFOXGH�WKH�VXP�RI�WKH�UDWHV�RI�JURZWK�RI�ODERU�DQG�FDSLWDO�DPRQJ�WKH�ULJKW�KDQG�VLGH�YDULDEOHV�LQ�RUGHU�WR�WHVW�IRU�WKH�SRWHQWLDO�SUHVHQFH�RI�LQFUHDVLQJ�RU�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�
7)3* 5< // .. XL L L

L
VF L

L
L
L L � � �ª¬« º¼» �O U H' � � � ������

�LL� 7)3�� 3HUIHFW�FRPSHWLWLRQ
$QRWKHU� VRXUFH� RI�PLVPHDVXUHPHQW�RI�7)3* PD\�EH� DW�ZRUN� LI�PDUNHW� SRZHU�H[LVWV��7KLV� LVVXH� LV� FORVHO\� OLQNHG� WR� WKH� SUHYLRXV� RQH� EHFDXVH� WKH� K\SRWKHVLV� RI� SHUIHFW�FRPSHWLWLRQ� LV� LQFRQVLVWHQW� ZLWK� LQFUHDVLQJ� UHWXUQV� WR� VFDOH�� :LWK� PDUNHW� SRZHU�� WKH�RXWSXW� SULFH� �S<��� RU�PDUJLQDO� UHYHQXH��ZRXOG� EH� DERYH� WKH�PDUJLQDO� FRVW� �0&���+DOO�������� DQG� 0RUULVRQ� ������� VKRZ� WKDW� WKH� PDUNXS� UDWLR� EHWZHHQ� S< DQG� 0& LV�GHWHUPLQHG�E\�WKH�GHPDQG�HODVWLFLW\��WDNLQJ�WKH�DQQRWDWLRQV�RI�HTXDWLRQV�������WR��������
S0& SS < S < SS S << <

< <
<

< < 3< � �  � �  �� � � � OQ � OQ �w w w w W� �� �
ZKHUH�W3< LV�WKH�LQYHUVH�GHPDQG�HODVWLFLW\�RI�SULFHV�IDFLQJ�WKH�ILUPV��,Q�RWKHU�ZRUGV��LQ�WKH�FDVH�RI�LPSHUIHFW�FRPSHWLWLRQ��WRWDO�FRVW��&��LV�ORZHU�WKDQ�WRWDO�UHYHQXH��S< ��<� �
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� �� �  W 3< <
&S < �

DQG�WKH�LQSXW�VKDUH�DGMXVWPHQW�LQ�WKH�YDOXH�RI�WRWDO�RXWSXW��VN��EHFRPHV�D�IXQFWLRQ�RI�WKH�LQSXW�VKDUH�LQ�WRWDO�FRVWV��ZN��DQG�RI�WKH�GHPDQG�HODVWLFLW\�RI�SULFHV�� �V ZN N 3< �� W �
7KH�PDUNXS� FRUUHFWLRQ� RI� WKH� SULPDO�PHDVXUH� RI� WRWDO� IDFWRU� SURGXFWLYLW\� JURZWK� �VHH�HTXDWLRQ������LV
W W W W<WSF N 3< N

NN <W 3< N N
NN

<< Z ;; Z ;; � � ª¬« º¼»  � � ª¬« º¼»¦ ¦� � � � ��
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5HFDOO� WKDW� �D L LQ� HTXDWLRQ� ������� LV� WKH� HYDOXDWLRQ� RI� V�/��� WKH� VKDUH� RI ODERU�FRPSHQVDWLRQ�LQ�YDOXH�DGGHG��
�LLL��7)3�� 0HDVXUHPHQW�RI�LQSXW�VKDUHV
$�WKLUG�SRWHQWLDO�SUREOHP�LV�WKDW�WKH�HYDOXDWLRQ�RI�WKH�LQSXW�VKDUHV�LQ�YDOXH�DGGHG�PLJKW�EH�VOLJKWO\�ELDVHG���HYHQ�LQ�WKH�FDVH�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�DQG�SHUIHFW�FRPSHWLWLRQ��,Q�WKH�FDVH�RI�VXFK�VWDWLVWLFDO�LPSHUIHFWLRQV��WKH�µWUXH¶�7)3
 ZRXOG�EH�VOLJKWO\�GLIIHUHQW�IURP�WKH�REVHUYHG�7)3�
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�LY��7)3�� 'RXEOH�FRXQWLQJ�DQG�H[SHQVLQJ�RI�5	'�H[SHQGLWXUHV
7KH�GRXEOH�FRXQWLQJ�RI�5	'�SHUVRQQHO�DQG�IL[HG�FDSLWDO�GHYRWHG�WR�UHVHDUFK�DFWLYLWLHV�LV�D�SUREOHP�WKDW�PD\�VWD\�ZLWK�XV�WKURXJKRXW�WKH�QH[W�FKDSWHUV��,GHDOO\��ZH�ZRXOG�OLNH�WR� GLVWLQJXLVK� EHWZHHQ� FDSLWDO� DQG ODERU� XVHG� WR� SURGXFH� FXUUHQW� µRXWSXW¶�� DQG� FDSLWDO�DQG� ODERU�XVHG� LQ� UHVHDUFK�DFWLYLWLHV� �H�J��� WKH�SURGXFWLRQ�RI� IXWXUH�NQRZOHGJH�DQG� WKH�PDLQWHQDQFH� RI� WKH� FXUUHQW� VWRFN��� ,Q� IDFW� LW� LV� XVXDOO\� LPSRVVLEOH� WR� REVHUYH� WKHVH�GLIIHUHQW� LQSXW� FRPSRQHQWV� DQG LQYHVWLJDWRUV� DUH� WKHUHIRUH� IRUFHG� WR� XVH� DJJUHJDWH�YDOXHV�IRU�FDSLWDO�DQG�ODERU�LQ�WKHLU�HPSLULFDO�HYDOXDWLRQ��
5HO\LQJ�RQ�YDULDEOHV�ZKLFK�DUH�QRW�FRUUHFWHG� IRU�GRXEOH�FRXQWLQJ�RI�5	'�PHDQV� WKDW�WKH� HVWLPDWHG� UDWH� RI� UHWXUQ� WR� 5	'� LV� DQ� µH[FHVV¶� UHWXUQ� WR� 5	'�� ,I� WKH� PDUJLQDO�SURGXFWLYLW\�RI�FDSLWDO�DQG�5	'�FDSLWDO�ZHUH�VLPLODU��ZH�ZRXOG�H[SHFW�DQ�HVWLPDWLRQ�RI�U HTXDO�WR�]HUR��%\�WKH�VDPH�WRNHQ��LI�WKH�PDUJLQDO�SURGXFWLYLW\�RI�5	'�FDSLWDO�LV�����KLJKHU� WKDQ� WKH� PDUJLQDO� SURGXFWLYLW\� RI� SURGXFWLRQ� FDSLWDO�� ZH� ZRXOG� H[SHFW� WKH�HVWLPDWHG�U WR�EH�FORVH�WR�����,Q�RWKHU�ZRUGV�WKH�H[FHVV�UDWH�RI�UHWXUQ�WR�5	'�UHIOHFW�WKH� H[WHQW� WR� ZKLFK� 5	'� LQSXWV� DUH� FKDUDFWHUL]HG� E\� DQ�µDERYH� DQG� EH\RQG� QRUPDO�UHPXQHUDWLRQ¶ �FI�� *ULOLFKHV� ������ WR� WUDGLWLRQDO� LQSXWV�� 7KH� FRQYHQWLRQDO� YLHZ� LV� WR�LQWHUSUHW�WKH�FRPSXWHG�H[FHVV�UDWH�RI�UHWXUQ�WR�5	'�DV�HLWKHU�D�ULVN�SUHPLXP�RU�D�VXSUD�QRUPDO�UDWH�RI�SURILW�RQ�5	'�LQYHVWPHQWV�
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7KH� EUDFNHWHG� WHUP� UHSUHVHQWV� WKH� H[WHQW� WR� ZKLFK� WKH� REVHUYHG� UHVLGXDO� LV� ELDVHG�GRZQZDUG� ZKHQ� QRW� FRUUHFWHG� IRU� WKH� GRXEOH� FRXQWLQJ� RI� ODERU DQG� FDSLWDO� XVHG� IRU�UHVHDUFK� DFWLYLWLHV��7KLV� H[FHVV� UHWXUQ�ELDV� H[LVWV� SURYLGHG�5	'�LQSXWV�GR�QRW� UHPDLQ�FRQVWDQW�RYHU�WLPH��,I�WKH�JURZWK�UDWH�RI�UHVHDUFK�LQSXW�LV�YHU\�VPDOO��RQH�PLJKW�H[SHFW�WKH� UHDO� UDWH� RI� UHWXUQ� WR� 5	'� WR� EH� FORVH� WR� WKH� HVWLPDWHG µH[FHVV¶� UDWH� RI� UHWXUQ� WR�5	'��
6FKDQNHUPDQ� DOVR� VXVSHFWV� WKDW� YDOXH� DGGHG� �<�� PLJKW� EH� LPSURSHUO\� PHDVXUHG�� +H�DUJXHV�WKDW�FXUUHQW�5	'�LV�W\SLFDOO\�H[SHQVHG�� H�J���VXEWUDFWHG�IURP�JURVV�RXWSXW�DV�DQ�LQWHUPHGLDWH�LQSXW��LQGXFLQJ�WKDW�WKH�PHDVXUHG�YDOXH DGGHG�LV�WRR�VPDOO�E\�WKH�DPRXQW�RI�5	'�LQYHVWPHQWV��<� �<< � ,5 ��,Q�JURZWK�UDWH�WHUPV��WKLV�HTXDOLW\�EHFRPHV�
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7KH�ODVW�WHUP�FKDUDFWHUL]HV�WKH�µH[SHQVLQJ�ELDV¶��ZKLFK�FDQ�EH�SRVLWLYH�RU�QHJDWLYH�DQG�PD\� WKHUHIRUH� HLWKHU� FRXQWHUYDLO� RU� LQWHQVLI\� WKH� ELDV� GXH� WR� GRXEOH� FRXQWLQJ�� *URVV�YDOXH� DGGHG� LV� XVHG� LQ� HTXDWLRQ� �������� ZKLFK� LV� GHILQHG� WR� LQFOXGH� GHSUHFLDWLRQ� RQ�WUDGLWLRQDO�IL[HG�FDSLWDO�DQG�5	'�FDSLWDO�VWRFN��,Q�WKH�FDVH�RI�QHW�YDOXH�DGGHG�� H�J���QHW�RI�GHSUHFLDWLRQ� �G��RQ�5	'�FDSLWDO� �5�� � WKH�PHDVXUHG�YDOXH�DGGHG� LV� WRR�KLJK�E\� WKH�GHSUHFLDWHG�5	'��<� �<< � ,5 ��G 5��,Q�WKLV�FDVH��WKH�H[SHQVLQJ�ELDV�EHFRPHV
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ZKHUH�I  �5�< LV� WKH�5	'�FDSLWDO� VWRFN� LQWHQVLW\��7KH�PDLQ� LPSOLFDWLRQ�RI�HTXDWLRQV��������DQG��������LV�WKDW�WKH�µH[FHVV�UHWXUQ¶�LQWHUSUHWDWLRQ�LV�FRQFHSWXDOO\�LQFRUUHFW�DV�IDU�DV�RQH�DOORZV�IRU�GRXEOH�H[SHQVLQJ��'HSHQGLQJ�RQ�WKH�JURZWK�UDWHV�RI�5	'�LQYHVWPHQW��5	'�FDSLWDO� VWRFN��DQG�FRUUHFWHG�YDOXH�DGGHG�� WKH�VLJQ�DQG� WKH�DPSOLWXGH�RI� WKH� WRWDO�ELDV�LV�QRW�D�SULRUL SUHGLFWDEOH��6FKDQNHUPDQ�������¶V�HVWLPDWHV�LPSOHPHQWHG�DW�WKH�86�PLFUR� OHYHO� GR�� KRZHYHU�� YDOLGDWH� WKH� H[FHVV� UHWXUQ� LQWHUSUHWDWLRQ�� +H� ILQGV� WKDW� WKH�H[SHQVLQJ� ELDV� LV� GRZQZDUG� DQG� UHLQIRUFHV� WKH� GRXEOH� FRXQWLQJ� ELDV�� 7KH� GRZQZDUG�ELDV� VHHPV� WR�EH� VHQVLWLYH� WR� WKH� WHFKQRORJLFDO� LQWHQVLW\�RI� WKH�ILUP¶V� LQGXVWU\�DQG� WKH�GHJUHH RI� JRYHUQPHQW� LQWHUYHQWLRQLVP�� $FURVV� WKH� ILUPV� LQ� WKH� &KHPLFDOV�� 0RWRU�YHKLFOHV��DQG�3HWUROHXP�UHILQHULHV�LQGXVWULHV��WKH�ELDV�LV�HTXDO�WR�DERXW������ZKHUHDV�LW�UDLVHV�WR�DERXW������LQ�WKH�LQGXVWULHV�RI�(OHFWURQLF�HTXLSPHQW�DQG�$LUFUDIW�
&XQpR� DQG�0DLUHVVH� ������� DUJXH� WKDW� WKH� GRXEOH� FRXQWLQJ� ELDV� LV�PRUH� OLNHO\� WR� EH�SUHVHQW�LQ�WKH�FURVV�VHFWLRQDO�GLPHQVLRQ��,Q�WKH�WHPSRUDO�GLPHQVLRQ�� H�J���ZLWKLQ�RU�ILUVW�GLIIHUHQFH�HVWLPDWHV�� LW�VKRXOG�YDQLVK�LI�WKH�UDWLRV�RI�UHVHDUFK�ODERU�WR�WUDGLWLRQDO�ODERU��/5�/<��DQG�RI�UHVHDUFK�IL[HG�FDSLWDO�WR�WUDGLWLRQDO�IL[HG�FDSLWDO�VWRFN��.5�.<��DUH�VWDEOH�RYHU� WLPH��7KHLU� HFRQRPHWULF� UHVXOWV��EDVHG�RQ�D�GDWDEDVH�RI�)UHQFK�ILUPV��FRQILUP�LW��WKH�WRWDO�HVWLPDWHV�DUH�PXFK�PRUH�ELDVHG�WKDQ�WKH�ZLWKLQ�HVWLPDWHV�
6FKDQNHUPDQ ������� GRHV� QRW� XVH� D� JURZWK� UDWH� VSHFLILFDWLRQ�� VXFK� DV� LQ� HTXDWLRQV��������� �������� DQG� �������� EXW� UDWKHU� D� FURVV�VHFWLRQDO� IUDPHZRUN� ZLWK� WKH� YDULDEOHV�H[SUHVVHG� LQ� µOHYHOV¶��2QH�PD\� WKHUHIRUH�ZRQGHU� LI� WKH� H[FHVV� UHWXUQ� LQWHUSUHWDWLRQ� LV�VWLOO�YDOLG�XQGHU�D�VSHFLILFDWLRQ�LQ�JURZWK�UDWHV��0DLUHVVH�DQG�+DOO���������XVLQJ�D�SDQHO�RI� )UHQFK� ILUPV�� ILQG� RXW� WKDW� FRUUHFWLQJ� YDOXH� DGGHG� DQG� ODERU� IRU� GRXEOH� FRXQWLQJ�UDLVHV�WKH�5	'�FDSLWDO�HODVWLFLW\�E\�DERXW�����LQ�WKH�FURVV�VHFWLRQ�GLPHQVLRQ������LQ�WKH�ZLWKLQ�GLPHQVLRQ��EXW�QRW�DW�DOO�ZKHQ�XVLQJ�ILUVW�GLIIHUHQFHV��RU�JURZWK�UDWHV���+DOO�DQG�0DLUHVVH� �������� DOVR� UHO\LQJ� RQ� D� GDWD� VHW� RI� )UHQFK� ILUPV�� REWDLQ� VOLJKWO\� GLIIHUHQW�UHVXOWV�� 6LQFH� ERWK� WRWDO� DQG� ZLWKLQ� HVWLPDWHV� DUH� VLJQLILFDQWO\� ELDVHG� E\� WKH� GRXEOH�FRXQWLQJ� RI� ODERU� DQG� IL[HG� FDSLWDO�� WKH\� GR� QRW� FRUURERUDWH� &XQpR� DQG� 0DLUHVVH¶V��������UHVXOWV��+RZHYHU��WKH\�ILQG�WKDW�WKH�ELDV�GXH�WR�GRXEOH�FRXQWLQJ�GLVDSSHDUV�LQ�D�ILUVW�GLIIHUHQFH�IRUPXODWLRQ�
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UHVSHFWLYHO\�
�Y��7)3�� 7KH�UDWH�RI�XWLOL]DWLRQ�RI�SURGXFWLRQ�FDSDFLWLHV�DQG�ODERU�KRDUGLQJ
7KH�PHDVXUH�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�WKDW�LV�WR�EH�XVHG�LV�JHQHUDOO\�FRQVLGHUHG��FI��*ULOLFKHV� �������� WR� EH� DIIHFWHG� E\� VKRUW�WHUP� IOXFWXDWLRQV� LQ� FDSDFLW\� XWLOL]DWLRQ��6RPH�DGMXVWPHQWV�VKRXOG�EH�PDGH�IRU�LW�LQ�RUGHU�WR�JHW�D�FRUUHFW�PHDVXUH�RI�WKH�VKLIW�LQ�WHFKQLFDO�FKDQJH��<HW��VXFK�DGMXVWPHQW�LV�PRVW�RI�WKH�WLPH�LPSRVVLEOH�WR�LPSOHPHQW��GXH�WR�WKH�ODFN�RI�UHOLDEOH�LQGLFDWRUV�DW�WKH�LQGXVWU\��RU�ILUP��OHYHO��$OWKRXJK�XWLOL]DWLRQ�UDWHV�FRPPRQO\� UHODWH� WR� WKH� XVH� RI� IL[HG� FDSLWDO� DQG� HTXLSPHQW�� D� VLPLODU� SKHQRPHQRQ�DSSHDU� ZLWK� WKH� XWLOL]DWLRQ� UDWH� RI� HPSOR\HHV�� RU� ODERU� KRDUGLQJ�� 0DGGLVRQ� �������VXJJHVWV� WKDW� LQ� QRUPDO� FLUFXPVWDQFHV� RQH� ZRXOG� QRW� H[SHFW� ODERU� KRDUGLQJ� WR� EH�VLJQLILFDQW�LQ�DGYDQFHG�FDSLWDOLVW�HFRQRPLHV�EHFDXVH�PDUNHW�IRUFHV�ZRXOG�FDXVH�ZRUNHUV�WR�EH�ODLG�RII�LI�WKH\�FHDVHG�WR�EH�SURGXFWLYH��� 7KH�RQO\�FRXQWU\�LQ�ZKLFK�ODERU�KRDUGLQJ�PLJKW� KDYH� DQ� LQIOXHQFH� RQ� WKH� SURGXFWLYLW\� PHDVXUHV� LV� -DSDQ�� 7KLV� LV� SHUKDSV� DQ�DGGLWLRQDO� H[SODQDWLRQ� RI� WKH� GLPLQLVKLQJ� UHWXUQV� WR� VFDOH� HVWLPDWHG� E\�*ULOLFKHV� DQG�0DLUHVVH��������ZLWK�D�FURVV�VHFWLRQ�RI�-DSDQHVH�ILUPV��7KH�DXWKRUV�DWWULEXWH�LW�SDUWO\�WR�WKHLU�LQDELOLW\�WR�SURSHUO\�DFFRXQW�IRU�WKH�SUREOHP�RI�YDU\LQJ�FDSDFLW\�XWLOL]DWLRQ�
�� $FFRUGLQJ� WR�0DGGLVRQ� �������� RQO\� -DSDQ�PD\� KDYH� EHHQ� VXEMHFW� WR� D� VXEVWDQWLDO� ODERU� KRDUGLQJ�EHFDXVH� �L� D� UHODWLYHO\� KLJK� UDWLR� RI� HPSOR\HG�SHUVRQV� DUH� VHOI� HPSOR\HG�RU� IDPLO\�ZRUNHUV�� DQG��LL� D�VLJQLILFDQW� SRUWLRQ� RI� ZDJH� DQG� VDODU\� HDUQHUV� KDYH� OLIHWLPH� MRE� VHFXULW\�� 7KH� ILUVW� UHDVRQ� KDV� EHHQ�VXEVWDQWLDOO\� UHGXFHG�RYHU� WKH�SDVW� IRUW\� \HDUV�� ,Q� ����� WKLV� SURSRUWLRQ� LQ� -DSDQ�ZDV� ���SHUFHQW�DQG� LQ������LW�ZDV����SHUFHQW��ZKHUHDV�LQ�WKH�86�LW�ZDV�UHVSHFWLYHO\����DQG���SHUFHQW�
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,W�PD\�EH� WKDW�ZLWKLQ�D�SDQHO�GDWD� IUDPHZRUN��XQVWDEOH�XWLOL]DWLRQ�FDSDFLWLHV�DUH�PRUH�OLNHO\� WR� \LHOG� DEQRUPDO�PHDVXUHV� RI� WRWDO� IDFWRU� SURGXFWLYLW\��0XFK� RI� WKH� VKRUW�UXQ�GHYLDWLRQV� IURP� WKH� ORQJ�UXQ� WUHQG�RI�SURGXFWLYLW\�PD\�EH�SULPDULO\�DWWULEXWDEOH� WR� WKH�IOXFWXDWLRQV� LQ� WKH� OHYHO� RI� FDSDFLW\� XWLOL]DWLRQ�� +RZHYHU�� WKH� IHZ� DWWHPSWV� LQ� WKH�HPSLULFDO�OLWHUDWXUH�WR�FRUUHFW�IRU�VXFK�IOXFWXDWLRQV�GR�QRW�REVHUYH�DQ\�QRWLFHDEOH�FKDQJH�LQ�WKH�HVWLPDWHG�LPSDFW�RI��5	'�RQ�RXWSXW�JURZWK��
*ULOLFKHV��������QRWLFHV� WKDW�DOORZLQJ�IRU�GLIIHUHQWLDO�HQHUJ\�LQWHQVLW\��RIWHQ�XVHG�DV�D�SUR[\� IRU� XWLOL]DWLRQ� UDWHV�� RU� DGGLQJ� FDSDFLW\� XWLOL]DWLRQ� PHDVXUHV�� OHDGV� WR� QR�DSSUHFLDEOH�LPSURYHPHQW�RU�PRGLILFDWLRQ�RI�WKH�HVWLPDWHG�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�5	'�FDSLWDO�VWRFN��6LPLODUO\��WKH�RXWSXW�HODVWLFLW\�RI�5	'�FDSLWDO�VWRFN��HVWLPDWHG�DW�WKH�86�LQGXVWU\�OHYHO�E\�*ULOLFKHV�DQG�/LFKWHQEHUJ������D���LV�LQYDULDQW�WR�WKH�LQFOXVLRQ�RI� FDSDFLW\� XWLOL]DWLRQ� SUR[LHV��� DQG� WKHVH� YDULDEOHV� GR� QRW� FRQWULEXWH� WR� LPSURYH� WKH�RYHUDOO� ILW�RI� WKH� UHJUHVVLRQ� UHVXOWV��$� IHZ�RWKHU�HPSLULFDO�ZRUNV� WDNH� LQWR�DFFRXQW� DQ�LQGLFDWRU� RI� XWLOL]DWLRQ� FDSDFLW\� EXW� GR� QRW� UHSRUW� WKH� HVWLPDWLRQ� UHVXOWV� ZKHQ� WKH�LQGLFDWRU� LV� QRW� LQFOXGHG� DPRQJ� WKH� UHJUHVVRUV��'ROODU� DQG�:ROII� ������� XVH� FDSDFLW\�XWLOL]DWLRQ� LQGLFHV� WR� DGMXVW� WKHLU�PDFURHFRQRPLF�7)3 PHDVXUHV�� 7KH\�QRWLFH� WKDW� WKH�FRUUHFWHG�7)3 PHDVXUH�LV�DOPRVW�LGHQWLFDO�WR�XQDGMXVWHG�7)3�
:LWK� WLPH�VHULHV�FURVV� VHFWLRQV�RI� LQGXVWULHV��D�YHU\�SDUWLDO�VROXWLRQ�DGRSWHG� WR� UHGXFH�WKH� SURGXFWLYLW\ VZLQJV� LQGXFHG� E\� IOXFWXDWLQJ� XWLOL]DWLRQ� FDSDFLWLHV� LV� WR� FRPSXWH� D�PRYLQJ�DYHUDJH�RI��WKH�WUDGLWLRQDO�PHDVXUH�RI�SURGXFWLYLW\��)RU�LQVWDQFH��$GDPV��������ZLWK� D� SDQHO� FRPSRVHG� RI� ���86� LQGXVWULHV� RYHU� D� ��� \HDUV� SHULRG�� DQG�0RKQHQ� DQG�'XFKDUPH��������ZLWK�D�SDQHO�RI����&DQDGLDQ�LQGXVWULHV�RYHU�D����\HDUV�SHULRG��XVH�D�ILYH�\HDUV�PRYLQJ�DYHUDJH�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�DV�GHSHQGHQW�YDULDEOH�
�������0HDVXUHPHQW�RI�5	'�FDSLWDO�VWRFN
7KHUH�DUH�IRXU�QRWHZRUWK\�SRLQWV�WR�EH�GUDZQ�XQGHUO\LQJ�WKH�FRPSXWDWLRQ�SURFHGXUH�RI�5	'�FDSLWDO� VWRFN��)LUVW�� D�FHUWDLQ� OHQJWK�RI� WLPH� LV�QHHGHG�EHWZHHQ� WKH� WLPH� WKDW� WKH�LQYHVWPHQW� LQ� UHVHDUFK� LV� PDGH� DQG� WKH� WLPH� WKDW� WKH� SURGXFWV� HPERG\LQJ� WKH� QHZ�WHFKQRORJ\� LV� VROG� DQG� FRQWULEXWH� WR� LPSURYH� WKH� SURGXFWLYLW\� RI DQ� LQGXVWU\��6HFRQG��
�� :KHQ�FDSDFLW\�XWLOL]DWLRQ�LQGH[HV�DUH�QRW�DYDLODEOH��WKH�PRVW�ZLGHO\�XVHG�SUR[LHV�DUH�WKH�DJH�RI�FDSLWDO��WKH�DYHUDJH�DQQXDO�KRXUV�RI�ZRUN��DQG�WKH�HQHUJ\�LQWHQVLW\��RU�FRQVXPSWLRQ���7KH�ILUVW�SUR[\�LV�DOVR�XVHG�DV�DQ�LQGLFDWRU�RI�UHWXUQV�WR�VFDOH��FI��*ULOLFKHV���������
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LQYHVWPHQWV� LQ�5	'�PD\�GHSUHFLDWH� DQG�EHFRPH�REVROHWH��7KLUG�� WKH�EHQFKPDUN�\HDU�KDV�WR�EH�HYDOXDWHG��)RXUWK��DQ�DSSURSULDWH�5	'�SULFH�LQGH[�KDV�WR�EH�XVHG�LQ�RUGHU�WR�GHIODWH�WKH�5	'�LQYHVWPHQW�VHULHV�
7KH�PDLQ�LPSOLFDWLRQ�RI�WKH�SUHVHQFH�RI�ODJV�DQG�GHSUHFLDWLRQ�UDWHV�LV�WKDW�WKH�QHW�LPSDFW�RI� UHVHDUFK� DFWLYLWLHV� LV� VPDOOHU� WKDQ�ZRXOG� DSSHDU� DW� ILUVW� VLJKW��'HVSLWH� WKH� IDFW� WKDW�UHVHDUFK�DFWLYLWLHV�LQGXELWDEO\�VXIIHU�IURP�GHSUHFLDWLRQ�DQG�ODJV��D�VLJQLILFDQW�QXPEHU�RI�HPSLULFDO� VWXGLHV� KDYH� ODUJHO\� LJQRUHG� WKHVH� IDFWRUV� EHFDXVH� RI� WKH� GLIILFXOWLHV� LQ�GHWHUPLQLQJ�WKHP��7KH�UDWLRQDOH�XVXDOO\�JLYHQ�IRU�LJQRULQJ�GHSUHFLDWLRQ�LV�WKDW�LW�VKRXOG�EH�UHODWLYHO\�VPDOO�LQ�D�FRQWH[W�RI�KLJK�JURZWK�UDWHV�RI�5	'�H[SHQGLWXUHV�
7KH� IROORZLQJ� HTXDWLRQ� VKRZV� KRZ� D� NQRZOHGJH� FDSLWDO� VWRFN��5�� FDQ� EH� µIRUPDOO\¶�REWDLQHG�E\�DOORZLQJ�IRU�ERWK�GHSUHFLDWLRQ�RI�UHVHDUFK�DQG�D�JHVWDWLRQ�ODJ�
5 Z ,W K W K5 ¦ � �
ZKHUH� ,5 LV� WKH� JURVV� LQYHVWPHQW� LQ�5	'�DQG�ZK UHIOHFWV� WKH� DVVXPHG�5	'� ODJV� DQG�REVROHVFHQFH� VFKHPHV�� 6LQFH� WKHUH� LV� QR� LQIRUPDWLRQ� WR� VSHFLI\� WKH� ODJ� VWUXFWXUH� DQG�REVROHVFHQFH� VFKHPH�� LW� LV� FRPPRQO\� DVVXPHG� WKDW� WKH� ODJ� VWUXFWXUH� LV� FRQVWDQW� RYHU�WLPH�DQG�WKDW�WKH�REVROHVFHQFH�VFKHPH�LV�OLQHDU��7KHUHIRUH��WKH�FRQVWUXFWLRQ�RI�WKH�5	'�FDSLWDO�VWRFN�PD\�EH�LPSOHPHQWHG�WKURXJK�WKH�SHUSHWXDO�LQYHQWRU\�PHWKRG�

� �5 , 5W W5 W � �� �T G� � � ������
ZKHUH�T LV�WKH�DYHUDJH�ODJ�RSHUDWRU��DQG�G WKH�DVVXPHG�GHSUHFLDWLRQ�UDWH��$VVXPLQJ�WKDW�WKH�JURZWK�UDWH�RI�,5��J��KDV�EHHQ�VWDEOH�DORQJ�D�VXIILFLHQWO\�ODUJH�SHULRG��WKH�EHQFKPDUN�5	'�FDSLWDO�VWRFN�5� FDQ�EH�REWDLQHG�DV�IROORZV���
5 , JJ5� � � ���T G ������
7KHVH� ODJV�� GHSUHFLDWLRQ� UDWHV�� DQG�EHQFKPDUN� LVVXHV� DUH� ODUJHO\� LJQRUHG� LQ� WKH�ZKROH�HPSLULFDO� OLWHUDWXUH�� 0RVW� LQYHVWLJDWRUV� SUHIHU� WR� UHO\ RQ� D� VSHFLILFDWLRQ� LGHQWLFDO� WR�HTXDWLRQ��������ZLWK�WKH�QR�GHSUHFLDWLRQ�UDWH�K\SRWKHVLV�DQG�RU�QR�RU�IHZ�ODJV��DYRLGLQJ�WKH�DSSDUHQW�GLIILFXOWLHV�DVVRFLDWHG�WR�WKH�FRQVWUXFWLRQ�RI�DQ�XQDPELJXRXV�PHDVXUH�RI�5��
�� 7KLV�PHWKRG�LV�GHVFULEHG�LQ�DSSHQGL[�$����
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7KH� QH[W� WKUHH� SRLQWV� HQWHU� PRUH� FORVHO\� LQWR WKHVH� WKUHH� LVVXHV� ZLWK� UHVSHFW� WR� WKH�H[LVWLQJ�OLWHUDWXUH��DQG�WR�WKHLU�HPSLULFDO�LPSOLFDWLRQV�
�L� 7KH�GHSUHFLDWLRQ�UDWH�
:H�KDYH�VHHQ�WKDW�WKH�PRVW�FRPPRQ�SUDFWLFH�LQ�HPSLULFDO�VWXGLHV�LV�WR�LPSRVH�WKH�]HUR�GHSUHFLDWLRQ�UDWH�K\SRWKHVLV��7KLV�LV�SDUWLFXODUO\�WUXH�ZLWK�WKH�FURVV�VHFWLRQV��DV�FDQ�EH�VHHQ�LQ�7DEOH������7KH�]HUR�GHSUHFLDWLRQ�SURFHGXUH�LV�D�ILUVW�EHVW�SUDFWLFH�ZKHQ�WKHUH�LV�QR�DYDLODEOH�5	'�LQYHVWPHQW�ILJXUHV�RYHU�D�VXIILFLHQWO\�ORQJ�SHULRG��2QFH�WKH�WHPSRUDO�GLPHQVLRQ� LV� LQYHVWLJDWHG�� WKH�]HUR� GHSUHFLDWLRQ� LV� VWLOO� XVHG� EXW� DSSDUHQWO\� OHVV� RIWHQ�WKDQ� WKH� DUELWUDULO\� FKRVHQ� ���SHUFHQW� GHSUHFLDWLRQ� UDWH�� FRQVWDQW� DFURVV� LQGXVWULHV� �FI��WKH�GHSUHFLDWLRQ�UDWHV�XVHG�E\�WKH�HPSLULFDO�VWXGLHV�VXUYH\HG�LQ�7DEOH������7DEOH������DQG�7DEOH�$�����
$V�QRWLFHG�E\�0DLUHVVH�DQG�6DVVHQRX��������IRRWQRWHV����DQG�����DQG�&DSURQ��������S���������� WKH� HVWLPDWHV� RI� 5	'� HODVWLFLWLHV� �J LQ� HTXDWLRQ� �����PD\� EH� FRQVLGHUHG� DV�D�SULRUL PXFK�PRUH� UREXVW� WKDQ� WKH�HVWLPDWHV�RI� UDWHV�RI� UHWXUQ� �U LQ�HTXDWLRQ������ZLWK�UHVSHFW� WR� WKH� UDWHV� RI� REVROHVFHQFH� RI� 5	'�� 7KLV� FDQ� EH� GHPRQVWUDWHG� DV� IROORZV��$VVXPLQJ�D�FRQVWDQW�UDWH�RI�JURZWK�RI�5	'�LQYHVWPHQWV��WKH�5	'�FDSLWDO�VWRFN�LQ�HDFK�\HDU�FRXOG�EH�H[SUHVVHG�DV�LQ�WKH�EHQFKPDUN�HTXDWLRQ��������
5 , JJW W5 � ��� G ������
6LQFH� WKH�VHFRQG�WHUP�LQ� WKH�ULJKW�KDQG�VLGH�RI�HTXDWLRQ� ������� LV�FRQVWDQW��HVWLPDWLQJ�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�5	'�LQYHVWPHQWV�RU�5	'�FDSLWDO�VWRFN�ZRXOG�\LHOG�VLPLODU�UHVXOWV��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�FRQVWDQW�WHUP�ZRXOG�EH DVVLPLODWHG�E\�WKH�LQWHUFHSW�ZKHQ�RQH�WDNHV�WKH�ORJDULWKPLF�PRGHO�RU�LW�ZRXOG�GLVDSSHDU�LQ�WKH�JURZWK�UDWHV�PRGHO�FKDUDFWHUL]HG�E\�HTXDWLRQ��������$V�ORQJ�DV�WKH�JURZWK�UDWH�RI�5	'�LQYHVWPHQW�LV�VWDEOH� RYHU� WLPH�� RQH� FDQ� XVH� LQGLIIHUHQWO\� WKH� 5	'� FDSLWDO�VWRFN� RU� WKH� JURVV� 5	'�LQYHVWPHQWV� LQ� RUGHU� WR� HVWLPDWH� WKH� RXWSXW� HODVWLFLW\� RI� 5	'�� 7KH� VWRU\� LV� GLIIHUHQW�ZKHQ� WKH� IRFXV� LV� RQ� WKH� GLUHFW� HVWLPDWLRQ� RI� WKH� UDWH� RI� UHWXUQ� WR� 5	'�� +HUH� WKH�DVVXPSWLRQ� DERXW� WKH� UDWH� RI� REVROHVFHQFH� LV� FUXFLDO� EHFDXVH�� DFFRUGLQJ� WR� HTXDWLRQ��������ZH�QHHG�WR�FRPSXWH�WKH�QHW�5	'�LQWHQVLW\��ZKLFK�KDV�DV�QXPHUDWRU
' 5 5 5 , 5W W W W5 W �  �� �� �G �



6WDWH�RI�WKH�DUW ��
:LWK� WKH� VDPH�DVVXPSWLRQ�RI� D� VWDEOH�JURZWK� UDWH� RI�5	'�LQYHVWPHQWV�� WKLV�HTXDWLRQ�EHFRPHV�
' 5 , JJW W5 � G ������
7KHUHIRUH��WKH�XVH�RI�JURVV�LQVWHDG�RI�QHW�5	'�LQYHVWPHQW�OHDGV�WR�WKH�XQGHUHVWLPDWLRQ�RI�WKH�UHWXUQ�WR�5	'�DV�IDU�DV�WKH�ODVW�WHUP�RI�HTXDWLRQ��������LV�VPDOOHU�WKDQ�RQH��ZKLFK�LV� WKH� FDVH�ZKHQ� WKH� UDWH� RI� REVROHVFHQFH� LV� SRVLWLYH�� 7KLV� UHVXOW� LV� LQWHUHVWLQJ� LQ� WKH�VHQVH�WKDW�LW�GRHV�QRW�FRUURERUDWH�WKH�FRQYHQWLRQDO�H[SHFWDWLRQ�WKDW�WKH�HVWLPDWHG�QHW�UDWH�RI�UHWXUQ�WR�5	'�VKRXOG�EH�VPDOOHU�WKDQ�WKH�JURVV�UHWXUQ��DQG�WKDW�WKLV�GLIIHUHQFH�VKRXOG�EH� URXJKO\� HTXDO� WR� WKH� DVVXPHG�GHSUHFLDWLRQ� UDWH�� )RU� LQVWDQFH�� LI� WKH JURZWK� UDWH� RI�5	'�LQYHVWPHQWV�DQG�WKH�UDWH�RI�REVROHVFHQFH�RI�NQRZOHGJH�DUH�HTXDO�WR����DQG������UHVSHFWLYHO\��WKHQ�WKH�QHW�5	'�LV�HTXDO�WR�RQH�TXDUWHU�RI�WKH�JURVV�5	'��7KHUHIRUH��RQH�ZRXOG�H[SHFW�WKH�HVWLPDWHG�QHW�UDWH�RI�UHWXUQ�WR�5	'�WR�EH�KLJKHU��QRW�ORZHU��WKDQ�WKH�HVWLPDWHG�JURVV� UHWXUQ��E\�D�IDFWRU�RI����2Q�WKH�RWKHU�KDQG�� LI� WKH�JURZWK�UDWH�RI�5	'�LQYHVWPHQW�LV�QHJDWLYH��DQG�LI�WKH�GHSUHFLDWLRQ�UDWH�LV�VPDOOHU�WKDQ�WKH�DEVROXWH�YDOXH�RI�J��XVLQJ�JURVV�LQVWHDG�RI�QHW�5	'�LQYHVWPHQW�ZRXOG�\LHOG�DQ�RYHUHVWLPDWH�RI�WKH�UHWXUQ�WR�5	'�
(TXDWLRQ� ������ FOHDUO\� LQGLFDWHV� WKDW� WKH� UHOHYDQW� FRQFHSW� IRU�'5 LV� WKH� QHW� 5	'�H[SHQGLWXUHV�� QRW� WKH� JURVV�� $QG� WKH� DERYH� GLVFXVVLRQ� VKRZV� WKDW� XVLQJ� JURVV� 5	'�LQYHVWPHQWV� LQVWHDG� RI� QHW� PLJKW� \LHOG� ELDVHG� HVWLPDWHV� RI WKH� QHW� UHWXUQ� WR� 5	'��+RZHYHU��LI�QHW�5	'�LQYHVWPHQWV�DUH�WR�EH�XVHG��RQH�KDYH�WR�PDNH�DQ�H[SOLFLW�FKRLFH�DERXW� WKH�GHSUHFLDWLRQ�RI�5	'�FDSLWDO��2QH�PD\�WKHUHIRUH�ZRQGHU�LI� WKH�REVROHVFHQFH�UDWH�LV�UHDOO\�GLIIHUHQW�IURP�]HUR�DQG��LQ�WKH�DIILUPDWLYH��ZKDW LV�LWV�OLNHO\�DPSOLWXGH�
5	'�FDSLWDO�VWRFN�GHSUHFLDWHV�EHFDXVH�WKH�FUHDWHG�NQRZOHGJH�LV�IRUJRWWHQ�DQG�WKHUHIRUH�XVHOHVV� ZLWKRXW� FRQWLQXHG� HIIRUWV� DW� H[HUFLVLQJ�� UHWULHYLQJ� DQG� WUDQVPLWWLQJ� LW�� ,Q�DGGLWLRQ��VRPH�RI�WKH�QHZHU�LQYHQWLRQV�UHQGHU�REVROHWH�D�VLJQLILFDQW�VKDUH�RI�SUHYLRXVO\�DFTXLUHG� NQRZOHGJH��$QRWKHU� IRUFH� WKDW� IRVWHUV� WKH� UDWH� RI� GHSUHFLDWLRQ� RI� UHVHDUFK� LV�UHODWHG� WR� WKH� DSSURSULDELOLW\� FRQGLWLRQV�� 7KH� PRUH� NQRZOHGJH� GLIIXVH� WRZDUGV�FRPSHWLQJ� ILUPV�� WKH� ZHDNHU� WKH� DSSURSULDELOLW\� RI� WKH� LQYHQWLRQ� DQG� WKH� KLJKHU� LWV�GHSUHFLDWLRQ�UDWH��
3DNHV� DQG� 6FKDQNHUPDQ� �������� UHIHUULQJ� WR� WKH� GLIIHUHQW� FDXVHV� WKDW� PD\� UHQGHU�NQRZOHGJH�REVROHWH��DUJXH�WKDW�WKH�GHSUHFLDWLRQ�UDWH�RI�5	'�VKRXOG�EH�KLJKHU�WKDQ�WKDW�
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RI�IL[HG�FDSLWDO��)URP�DQ�HFRQRPHWULF�DQDO\VLV�RI�SDWHQW�UHQHZDO�GDWD�RI�ILYH�(XURSHDQ�FRXQWULHV�� WKH\�HVWLPDWH� D� ����DYHUDJH� UDWH�RI�REVROHVFHQFH�RI�5	'�ZKLFK�PD\�YDU\�IURP�����WR������)RFXVLQJ�RQ�)UHQFK�SDWHQW�GDWD��3DNHV�DQG�6FKDQNHUPDQ��������ILQG�D� ���� GHSUHFLDWLRQ� UDWH�� 6WLOO� ZLWK� SDWHQW� UHQHZDO� GDWD�� %RVZRUWK� ������� HYDOXDWHV� D�����WR�����UDQJH�IRU�UDWH�RI�REVROHVFHQFH�RI�5	'�FDSLWDO�LQ�WKH�8.��6FKDQNHUPDQ�DQG�3DNHV� ������� H[WHQG� WKHLU� DQDO\VLV� JHRJUDSKLFDOO\� DQG� ILQG� D� ORZ� GHSUHFLDWLRQ� UDWH� LQ�)UDQFH� ������� FORVHO\� IROORZHG�E\�*HUPDQ\� �������7KH�8.� LV�DVVRFLDWHG� WR�D�KLJKHU�UDWH�RI�REVROHVFHQFH�HTXDO�WR������6FKDQNHUPDQ��������SURYLGHV�IXUWKHU�HYLGHQFH�IURP�SDWHQW�JUDQWHG�LQ�)UDQFH�WKDW�WKH�GHSUHFLDWLRQ�UDWHV�RI�NQRZOHGJH�YDU\�DFURVV�LQGXVWULHV��7KH� DXWKRU� HYDOXDWHV� D� ��� GHSUHFLDWLRQ� UDWH� IRU� WKH� 'UXJV� LQGXVWU\�� ��� LQ� WKH�&KHPLFDOV������LQ�0DFKLQHU\��DQG�����LQ�(OHFWURQLFV��$OWKRXJK�WKHVH�UHVXOWV�FRQILUP�WKDW�5	'�FDSLWDO�VWRFN�GHSUHFLDWHV��LW�VKRXOG�EH�QRWLFHG�WKDW�D�QXPEHU�RI�SUREOHPV�H[LVW�ZLWK�WKH�SDWHQW�UHQHZDO�GDWD�DSSURDFK�
)LUVW��LW�LV�DVVXPHG�WKDW�ILUPV�WU\�WR�PD[LPL]H�WKH�QHW�SURILW�RI�HDFK�SDWHQW��7KLV�NLQG�RI�PD[LPL]DWLRQ�H[HUFLVH�LV�LQ�IDFW�FRVWO\��ERWK�LQ�WHUPV�RI�WLPH�DQG�LQIRUPDWLRQ�UHTXLUHG�IRU� LW�� DQG� PD\� EH� GLIILFXOW� WR� LPSOHPHQW� LQ� WKH� ODUJH� FRUSRUDWLRQV� WKDW� KROG� PDQ\�SDWHQWV�� 6HFRQG�� VRPH� SDWHQW� KROGHUV�PLJKW� EH� KLJKO\� ULVN� DYHUVH�� FKRRVLQJ� WR� UHQHZ�PRVW�RI�WKHLU�SDWHQWV��7KLUG��WKH�UDWH�RI�REVROHVFHQFH�GHULYHG�IURP�SDWHQW�UHQHZDO�GDWD�PD\�XQGHUHVWLPDWH� WKH�UHDO�UDWH�LI�SDWHQWV�DUH�UHQHZHG�HYHQ�WKRXJK�WKH\�KDYH�QR�PRUH�HFRQRPLF�YDOXH��)RXUWK��*RWR�DQG�6X]XNL��������HQFRXQWHU�DQRWKHU�SUREOHP�ZLWK�SDWHQW�UHQHZDO�GDWD�HQVXLQJ�IURP�WKH�QDWXUH�RI�WKH�SDWHQW�KROGHU��,QGLYLGXDO�SDWHQW�KROGHUV�WHQG�WR� DEDQGRQ� WKHLU� SDWHQWV� PRUH� IUHTXHQWO\� WKDQ� FRUSRUDWLRQV�� 7KLV� GLIIHUHQFH� LQ� WKH�FRPSRVLWLRQ� RI� SDWHQW� KROGHUV� EHWZHHQ� LQGXVWULHV� �LQGLYLGXDOV� YV FRUSRUDWLRQV�� LV�UHIOHFWHG� LQ� WKH� UDWH�RI�REVROHVFHQFH�RI�5	'�FDSLWDO� DFURVV� LQGXVWULHV��)LIWK�� WKHUH�DUH�RWKHU� ZD\V� RI� DSSURSULDWLQJ� WKH� EHQHILW� RI� UHVHDUFK� DFWLYLWLHV�� VXFK� DV� KHDG� VWDUW� DQG�VHFUHF\��ZKLFK�PHDQV�WKDW�SDWHQW�GDWD�FRYHU�RQO\�D�VKDUH�RI�LQGXVWULDO�LQQRYDWLRQV�
*RWR� DQG�6X]XNL� �������RSW� IRU� WKH� DQDO\VLV� RI� WKH� -DSDQHVH�6FLHQFH� DQG�7HFKQRORJ\�$JHQF\¶V� VXUYH\�RI� WKH� µOLIH� VSDQ¶�RI� WHFKQRORJ\� LQ�RUGHU� WR�GHULYH�GHSUHFLDWLRQ� UDWHV��7KLV�VXUYH\�EDVHG�TXHVWLRQQDLUH�JLYHV� WKH�DYHUDJH�OHQJWK�RI�WLPH�GXULQJ�ZKLFK�SDWHQWV�JHQHUDWH�UR\DOW\�UHYHQXHV��DQG�RU�GXULQJ�ZKLFK�WKH�SURGXFW�HPERGLHG�E\�WKH�WHFKQRORJ\�JHQHUDWHV�SURILWV��7DNLQJ�WKH�LQYHUVH�RI�WKLV�DYHUDJH�µOLIH�VSDQ¶��*RWR�DQG�6X]XNL�REWDLQ�DQ� HVWLPDWLRQ� RI� WKH� UDWH� RI� REVROHVFHQFH� RI� 5	'� FDSLWDO�� ,W� WXUQV� RXW� IURP� WKHLU�SURFHGXUH�WKDW�WKH�\HDUO\�GHSUHFLDWLRQ�UDWH�RI�5	'�YDULHV�VXEVWDQWLDOO\�DFURVV�LQGXVWULHV��IURP� ��� IRU� WKH� IRRG� LQGXVWU\� WR� ���� IRU� SUHFLVLRQ� PDFKLQHU\�� 7KH� GHSUHFLDWLRQ LV�JHQHUDOO\�KLJKHU�IRU�WKH�LQGXVWULHV�LQ�ZKLFK�WHFKQRORJ\�LV�DGYDQFLQJ�UDSLGO\�



6WDWH�RI�WKH�DUW ��

7R�ZKDW�H[WHQW�GRHV�WKH�FKRLFH�RI�DQ�5	'�GHSUHFLDWLRQ�UDWH�DIIHFW�WKH�HVWLPDWHG�UDWH�RI�UHWXUQ�WR�5	'�LQ�HPSLULFDO�VWXGLHV"�7U\LQJ�WR�JLYH�DQ�DQVZHU�WR�WKLV�TXHVWLRQ�PD\�EH�DQ�DOWHUQDWLYH�ZD\�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�WKH�GHSUHFLDWLRQ�RI�5	'��6HYHUDO�DXWKRUV�FKRRVH� WKHLU� 5	'� FDSLWDO� VWRFN� WKURXJK� D� VHQVLWLYLW\� DQDO\VLV� RI� WKHLU� HFRQRPHWULF�UHVXOWV�ZLWK�UHVSHFW�WR�YDULDWLRQV�LQ�WKH�GHSUHFLDWLRQ�UDWH��,W�VKRXOG�EH�QRWLFHG��KRZHYHU��WKDW� WKHLU� FRQFOXVLRQV� GLYHUJH� GHSHQGLQJ� RQ� WKH� SDUDPHWHU� RI� LQWHUHVW�� H�J��� RXWSXW�HODVWLFLWLHV�RU� UDWHV�RI� UHWXUQ� WR�5	'����7KLV�FDQ�EH�DQWLFLSDWHG� IURP�HTXDWLRQV� �������DQG��������
8VLQJ� D� FURVV�VHFWLRQ� RI� 86� LQGXVWULHV�� *ULOLFKHV� DQG� /LFKWHQEHUJ� �����D�� WHVW� IRU�GLIIHUHQW�5	'�GHSUHFLDWLRQ�UDWHV�DQG�WKHLU�GDWD�IDYRU�WKH�K\SRWKHVLV�RI�QR�GHSUHFLDWLRQ�RI� 5	'� FDSLWDO�� 8QGHU� WKH� ��� GHSUHFLDWLRQ� UDWH� K\SRWKHVLV� WKHLU� HFRQRPHWULF� UHVXOWV�SURYLGH� ERWK� WKH� KLJKHVW�5� DQG� W�VWDWLVWLF� RQ� SULYDWH� 5	'� LQWHQVLW\�� %RWK� RI� WKHVH�VWDWLVWLFV� GHFOLQH� PRQRWRQLFDOO\� DV� WKH� DVVXPHG� GHSUHFLDWLRQ� ULVHV�� <HW�� WKH� HVWLPDWHG�UDWHV�RI� UHWXUQ� WR�SULYDWH�5	'�VKDUSO\� LQFUHDVH�DV� WKH�DVVXPHG�GHSUHFLDWLRQ� UDWH�JRHV�IURP����WR����������DQG������IRU�WKH�WKUHH�VXESHULRGV�VWXGLHG�E\�WKH�DXWKRUV��
,Q� KLV� SDQHO� GDWD� VWXG\� RI� 86� LQGXVWULHV�� *ULOLFKHV� ������� DGRSWV� WKH� ]HUR� SHUFHQW�GHSUHFLDWLRQ�K\SRWKHVLV��+RZHYHU��DV�RSSRVHG�WR�*ULOLFKHV�DQG�/LFKWHQEHUJ������D���KLV�H[SHULPHQWV� ZLWK� WKH� GHSUHFLDWLRQ� UDWHV� RI� ���� ���� DQG� ��� SHUFHQW� OHDG� ODUJHO\� WR� WKH�VDPH�UHVXOWV��+H�QRWLFHV� WKDW� WKH�GDWD�FDQ�KDUGO\�GLVWLQJXLVK�EHWZHHQ�WKHP��VKRZLQJ�D�VOLJKW� SUHIHUHQFH� IRU� �� RU� ���� �FI�� *ULOLFKHV� �������� IRRWQRWH� ��� S�� ������ 7KLV� ZHDN�VHQVLWLYHQHVV� WR� WKH� GHSUHFLDWLRQ� UDWH� LV� PRVW� SUREDEO\� GXH� WR� WKH� IDFW� WKH� DXWKRU�HVWLPDWHV�RXWSXW�HODVWLFLWLHV�RI�5	'�LQVWHDG�RI�UDWHV�RI�UHWXUQ��$OVR�XVLQJ�D�SDQHO�GDWD�RI�86�LQGXVWULHV��$GDPV��������REWDLQV�D�EHVW�ILW�IRU�D�����UDWH�RI�REVROHVFHQFH�
:KDW� FDQ� EH� OHDUQHG� IURP� PLFUR�OHYHO� LQYHVWLJDWLRQV"� +DOO� DQG� 0DLUHVVH� �������FRQFOXGH� IURP� WKHLU� DQDO\VLV� RI� D� SDQHO� RI� )UHQFK� ILUPV� WKDW� D� ����GHSUHFLDWLRQ� UDWH�PLJKW�SHUIRUP�VOLJKWO\�EHWWHU�WKDQ�WKH�����GHSUHFLDWLRQ�UDWH��DQG�WKH�KLJKHU�GHSUHFLDWLRQ�UDWH�\LHOG�D�VOLJKWO\�ORZHU�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�5	'��IRU�WKH�ZLWKLQ�DQG�ILUVW�GLIIHUHQFHG�HVWLPDWHV���1RQHWKHOHVV��WKH�GLIIHUHQFHV�DUH�QRW�VLJQLILFDQW�HQRXJK�WR�LQGXFH�D�GHILQLWLYH�FRQFOXVLRQ��7KH\�DOVR�HVWLPDWH�WKH�UDWHV�RI�UHWXUQ�WR�5	'�DQG�REVHUYH�WKDW�WKHUH� LV� QR� GLIIHUHQFHV� EHWZHHQ� WKH� HVWLPDWHG� JURVV� DQG� QHW� UDWHV� RI� UHWXUQ� WR� 5	'��&XQpR�DQG�0DLUHVVH� �������DQG�*ULOLFKHV�DQG�0DLUHVVH� ��������ZLWK�SDQHOV�RI�)UHQFK�DQG�86�ILUPV��UHVSHFWLYHO\��SURGXFH�VWDEOH�HVWLPDWHV�RI�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR� 5	'� FDSLWDO�� ZKDWHYHU� WKH� GHSUHFLDWLRQ� UDWH� ����� ����� RU� ������ 7KHVH� ZRUNV�
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FRQILUP� WKH� LGHD� VXJJHVWHG� E\� HTXDWLRQV� ������� DQG� ������� WKDW� WKH� HVWLPDWHV� RI�HODVWLFLWLHV�DUH�PRUH�UREXVW�� H�J��� OHVV�VHQVLWLYH�WR� WKH�K\SRWKHVL]HG�GHSUHFLDWLRQ�UDWH��WKDQ�WKH�HVWLPDWHV�RI�UDWHV�RI�UHWXUQ�
*RWR� DQG� 6X]XNL� ������� REWDLQ� ODUJH� GLIIHUHQFHV� LQ� WKH� HVWLPDWHG� UDWHV� RI� UHWXUQ��GHSHQGLQJ�RQ�ZKHWKHU�QHW�RU�JURVV�5	'�LQWHQVLWLHV�DUH�XVHG��7KHVH�GLIIHUHQFHV�FDQQRW�DOZD\V� EH� H[SODLQHG� E\� WKH� GHSUHFLDWLRQ� UDWH� RI� 5	'�� )RU� LQVWDQFH�� WKH� ILUPV� LQ� WKH�VHFWRU� RI� 2UJDQLF� FKHPLFDOV� DUH� DVVRFLDWHG� WR� D� QHW� UDWH� RI� UHWXUQ� WR� 5	'� RI� �����ZKHUHDV�WKHLU�JURVV�UDWH�RI�UHWXUQ�LI�HTXDO�WR������7KH�UHYHUVH�LV�WUXH�LQ�RWKHU�LQGXVWULHV��VXFK�DV�'UXJV�DQG�PHGLFLQHV��ZKHUH�WKH�JURVV�UDWH�RI�UHWXUQ�WR�5	'�������LV�DERYH�WKH�QHW�UDWH�RI�UHWXUQ��������7KHUHIRUH��DV�VXJJHVWHG�E\�HTXDWLRQ���������QHW�UDWHV�RI�UHWXUQ�WR�5	'�FDQ�QRW�EH�GHGXFHG�IURP�WKHLU�JURVV�FRXQWHUSDUW��DQG�WKH�DVVXPHG�GHSUHFLDWLRQ�UDWH� VXEVWDQWLDOO\� DIIHFWV� WKH� HVWLPDWHG� SDUDPHWHU�� ,Q� RWKHU� ZRUGV�� GLVUHJDUGLQJ� 5	'�GHSUHFLDWLRQ�LQ�WKH�PHDVXUHPHQW�RI�5	'�LQWHQVLW\�PD\�KDYH�VHULRXV�LPSOLFDWLRQV�RQ�WKH�HVWLPDWHG�UHWXUQV�WR�5	'�
�LL� 7KH�ODJV�
6HYHUDO� ODJ� LVVXHV� DUH� LQYROYHG� LQ� WKH�5	'�SURGXFWLYLW\� QH[XV��7KH\� UHIOHFW� WKH� WLPH�VSDQ� EHWZHHQ� 5	'� LQYHVWPHQWV� DQG� LQYHQWLRQ�� EHWZHHQ� LQYHQWLRQ� DQG� GHYHORSPHQW��DQG� EHWZHHQ� GHYHORSPHQW� DQG� FRPPHUFLDOL]DWLRQ� RU� SURGXFWLRQ�� 7KHVH� WKUHH� ODJV� DUH�VRPHWLPHV�JHQHUDOL]HG�WR�WZR�PDLQ�FRPSRQHQWV��WKH�µJHVWDWLRQ�ODJ¶�� H�J���WKH�PHDQ�ODJ�EHWZHHQ�SURMHFW�LQFHSWLRQ�DQG�FRPSOHWLRQ�� DQG�WKH�µDSSOLFDWLRQ�ODJ¶�� H�J���WKH�PHDQ�ODJ�IURP� SURMHFW� FRPSOHWLRQ� WR� FRPPHUFLDO� DSSOLFDWLRQ����'HSHQGLQJ� RQ� WKH� QDWXUH� RI� WKH�UHVHDUFK�LPSOHPHQWHG�E\�ILUPV�� WKH�ZKROH�ODJ�PD\�YDU\�VXEVWDQWLDOO\��*ULOLFKHV��������VXJJHVWV� WKDW� IRU� EDVLF� UHVHDUFK� WKH� DYHUDJH� ODJ� DSSHDUV� WR� EH�DURXQG� �� WR� �� \HDUV��ZKHUHDV� IRU� WKH�EXON�RI� LQGXVWULDO� UHVHDUFK��DSSOLHG�DQG�GHYHORSPHQW�� WKH� ODJ� LV�PXFK�VKRUWHU��DERXW�WZR�WR�WKUHH�\HDUV��EXW�VWLOO�VLJQLILFDQW�
6LPLODUO\�WR�WKH�]HUR�GHSUHFLDWLRQ�K\SRWKHVLV��WKH�VKRUWQHVV�RI�WKH�DYDLODEOH�WLPH�VHULHV�FRQFHUQLQJ� 5	'� LQYHVWPHQWV� RIWHQ� IRUFHV� LQYHVWLJDWRUV� WR� LJQRUH� WKH� ODJ� LVVXH� ZKHQ�HVWLPDWLQJ� WKH� LPSDFW� RI� UHVHDUFK� DFWLYLWLHV� RQ� RXWSXW� JURZWK�� 7KH� PRVW� FRPPRQ�K\SRWKHVLV� LV�RQH�RI�VPDOO�RU�QR�ODJ��'LIIHUHQW� W\SHV�RI�DQDO\VHV�SURYLGH�HYLGHQFH�WKDW�WKH� ODJ� EHWZHHQ�5	'�H[SHQGLWXUHV� DQG� SURGXFWLYLW\� JURZWK�PD\� EH� RI� VHYHUDO� \HDUV��6RPH� VWXGLHV� UHO\�RQ� µTXHVWLRQQDLUH¶� WR� ILUPV��ZKLOH�RWKHUV�SUHIHU� WR� UHO\�RQ�D�EHVW� ILW�DSSUR[LPDWLRQ�RI�WKH�ODJ�VWUXFWXUH�
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3DNHV�DQG�6FKDQNHUPDQ��������VXPPDUL]H� WKH�PHDQ�5	'�ODJ�FDOFXODWHG�E\�5DSRSRUW��������DQG�:DJQHU� ��������7KH\�REWDLQ�ODJV�ZKLFK�YDU\�EHWZHHQ�RQH�DQG�WKUHH�\HDUV��DFFRUGLQJ� WR� WKH� LQGXVWU\� FRQVLGHUHG��0RUH�SDUWLFXODUO\�� WKH�DYHUDJH� ODJV�HYDOXDWHG�E\�5DSRSRUW� LV� HTXDO� WR� ���� LQ� WKH� &KHPLFDO� LQGXVWU\�� ���� LQ� 0DFKLQHU\�� DQG� ���� LQ�(OHFWURQLFV�� 7KH� FRUUHVSRQGLQJ� ILJXUHV� SUHVHQWHG� E\�:DJQHU� DUH� ���� IRU� WKH�'XUDEOHV�LQGXVWULHV�DQG����� IRU� WKH�1RQGXUDEOHV� LQGXVWULHV��*RWR�DQG�6X]XNL� ������� UHO\�RQ� WKH�VXUYH\� RI� 5	'� DFWLYLWLHV� RI� PDMRU� ILUPV� LPSOHPHQWHG� E\� WKH� -DSDQHVH (FRQRPLF�3ODQQLQJ�$JHQF\��$FFRUGLQJ�WR�WKHP��WKH�OHQJWK�RI�5	'�ODJ�LV�WZR�\HDUV�IRU�(OHFWULFDO�PDFKLQHU\��(OHFWURQLFV�DQG�FRPSRQHQWV��DQG�0HWDO�SURGXFWV�� ILYH�\HDUV� IRU�'UXJV�DQG�PHGLFLQHV��DQG�WKUHH�\HDUV�IRU�WKH�UHPDLQLQJ�LQGXVWULHV��([FHSW�IRU�WKH�'UXJV�LQGXVWU\��WKHVH� ILJXUHV� DUH� EURDGO\� VLPLODU� WR� WKRVH� GHULYHG� IURP�5DSRSRUW� ������� DQG�:DJQHU��������
7KH� VWXGLHV� ZKLFK� UHO\� RQ� D� EHVW� ILWWLQJ� VWUDWHJ\� � H�J��� PLQLPL]DWLRQ� RI� WKH� VXP� RI�VTXDUHG�UHVLGXDOV�RU�PD[LPL]DWLRQ�RI�WKH�5�VTXDUHG�� JHQHUDOO\�ILQG KLJKHU�ODJV��%UDQFK��������ILQGV�RXW�WKDW�WKH�ODJV�EHWZHHQ�WKH�QXPEHU�RI�SDWHQWV�JUDQWHG�WR�86�ILUPV��ZLWK�DQ�DSSOLFDWLRQ�ODJ�RI���\HDUV��DQG�VDOHV�JURZWK�YDU\�IURP���WR���\HDUV��GHSHQGLQJ�RQ�WKH�LQGXVWULHV��5DYHQVFUDIW�DQG�6FKHUHU��������XVH�GDWD�QRW�DW�WKH�ILUP�OHYHO�EXW�UDWKHU�DW�WKH�OHYHO� RI� LQGLYLGXDO� µEXVLQHVV¶�� IURP� ��� XQLWV� VHOOLQJ� D� GLVWLQFW� VHW� RI� SURGXFWV� WR� DQ�LGHQWLILDEOH� JURXS� RI� FXVWRPHUV� DQG� LQ� FRPSHWLWLRQ� ZLWK� D� ZHOO�GHILQHG� VHW� RI�FRPSHWLWRUV��7KH\�ILQG�VWURQJ�HYLGHQFH�WKDW�WKH�ODJ�VWUXFWXUH�LV�URXJKO\�EHOO�VKDSHG��ZLWK�D�PHDQ�ODJ�RI�IRXU�WR�VL[�\HDUV�EHIRUH�5	'�DFWLYLWLHV�EHJLQ�WR�JHQHUDWH�SURILWV��
$GDPV� ������� ZLWK� HLJKWHHQ� 86� LQGXVWULHV� ILQGV� WKDW� WKH� EHVW� ILWWLQJ� ODJV� RQ� RZQ�NQRZOHGJH�FDSLWDO�VWRFN�DQG�RQ�NQRZOHGJH�VSLOORYHUV�DUH��UHVSHFWLYHO\�����DQG����\HDUV��<HW� WKHVH�ODJV�DUH�DVVRFLDWHG�PDLQO\�WR�WKH�EDVLF�UHVHDUFK�HPDQDWLQJ�IURP�XQLYHUVLWLHV��WKH� VWRFN� RI�NQRZOHGJH� LV� GHULYHG� IURP�DUWLFOHV� FRXQW�GDWD�RI� VFLHQWLILF� SDSHUV��7KHVH�ODJV� DUH�PXFK� ORQJHU� WKDQ� WKH� ODJV� HVWLPDWHG�ZLWK� 5	'� H[SHQGLWXUHV� DW� WKH� LQGXVWU\�OHYHO��7KLV� LV� GXH� WR� D� VWURQJ� RULHQWDWLRQ� RI� LQGXVWULDO�5	'� WRZDUGV� DSSOLHG� UHVHDUFK��ZKLFK� LV�NQRZQ� WR�EH�DVVRFLDWHG� WR�PXFK�VKRUWHU� ODJV��0RKQHQ�DQG�'XFKDUPH� �������ILQG�DQ�RSWLPDO�ODJ�RI�WKUHH�WR�VL[�\HDUV�IRU�WKH�5	'�FDSLWDO�VWRFN�DW�WKH�LQGXVWU\�OHYHO�LQ�&DQDGD�
,Q� FURVV� VHFWLRQ� VWXGLHV�� SURGXFWLYLW\� JURZWK� UDWH� LV� DYHUDJHG�RYHU� D�SHULRG�RI� VHYHUDO�\HDUV��DQG� WKH�5	'�LQWHQVLW\� LV�FRPSXWHG�JHQHUDOO\�IRU� WKH�EHJLQQLQJ�RI� WKH�SHULRG�RU�IRU�RQH�RI�WKH�ILUVW�\HDUV��6LQFH�LQWHU�LQGXVWU\�GLIIHUHQFHV�LQ�5	'�LQWHQVLW\�DUH�UHODWLYHO\�VWDEOH�RYHU�WLPH�IRU�ERWK�LQGXVWULHV�DQG�ILUPV��WKH�DVVXPHG�ODJ�KDV�QR�JUHDW�LPSRUWDQFH�
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LQ� WKHVH�LQYHVWLJDWLRQV��)RU� LQVWDQFH��DV�REVHUYHG�E\�0DQVILHOG���������WKH�FRHIILFLHQWV�RI�FRUUHODWLRQ�EHWZHHQ�DQ�LQGXVWU\¶V�UDWLR�RI�5	'�H[SHQGLWXUHV�WR�YDOXH�DGGHG�LQ������DQG�LWV�UDWLR�LQ������LV�DERYH�����
$PRQJ� WKH� WKUHH� PHWKRGV� DGRSWHG� LQ� WKH� OLWHUDWXUH� � L�H��� SDWHQW� UHQHZDO� GDWD��TXHVWLRQQDLUH�VWXGLHV��DQG�EHVW�ILWWLQJ�VWUDWHJ\�� WKH�ILUVW�DQG�WKH�VHFRQG�RQHV�VHHP�WR�EH�PRUH�DSSURSULDWH�IRU�RXU� LQGXVWU\�OHYHO�DQDO\VLV��,QGHHG�� WKH�EHVW�ILWWLQJ�VWUDWHJ\�PLJKW�QRW�EH�VXLWDEOH�IRU�VXFK�DQ�DJJUHJDWLRQ�OHYHO��*ULOLFKHV��������UHFRPPHQGV�DVVXPLQJ�D�SDUWLFXODU� IRUP� D� SULRUL�� DV� ZH� VKRXOG� ³ ���QRW� H[SHFW� WKH� GDWD� WR� DQVZHU� VXFK� ILQH�TXHVWLRQ� ´��1HYHUWKHOHVV��ZH�VKDOO�UHIHU�LQ�WKH�QH[W�FKDSWHU�ERWK�WR�WKH�LQGXVWU\�VSHFLILF�ODJV�SURYLGHG�E\�WKH�-DSDQHVH�(FRQRPLF�3ODQQLQJ�$JHQF\��DQG�WR�D�EHVW�ILWWLQJ�VWUDWHJ\�LQ�RUGHU�WR�JHW�D�FOHDU�LQVLJKW�LQWR�WKLV�ODJ�LVVXH�
�LLL� 7KH�EHQFKPDUN�VWRFN�
%HQFKPDUN�ILJXUHV�IRU�5	'�FDSLWDO�VWRFNV�DUH�QRW�DYDLODEOH�HLWKHU�DW�WKH�PDFUR�OHYHO�RU�WKH�LQGXVWU\�OHYHO��6RPH�DXWKRUV�WDNH�WKH�ILUVW�REVHUYDWLRQ�RQ�5	'�LQYHVWPHQWV�DV� WKH�EHQFKPDUN�� ZKHUHDV� RWKHUV� PXOWLSO\� LW� E\� D� FRQVWDQW� DFURVV ILUPV� RU� LQGXVWULHV� �IRU�LQVWDQFH��WKH�DVVXPSWLRQ�RI�D�����GHSUHFLDWLRQ�UDWH�DQG�D����DQQXDO�UDWH�RI�JURZWK�RI�5	'�LQYHVWPHQWV�ZRXOG�LPSO\�WKH�PXOWLSOLFDWLRQ�RI�WKH�5	'�H[SHQGLWXUHV�LQ�WKH�ILUVW�\HDU�E\�D�IDFWRU�RI���LQ�RUGHU�WR�JHW�WKH�EHQFKPDUN�VWRFN���$�PRUH�DFFXUDWH�DSSURDFK�LV�WR�UHO\�PRUH�IRUPDOO\�RQ�IRUPXOD��������DQG�WR�WU\�WR�KDYH�D�JRRG�DSSUR[LPDWLRQ�RI�WKH�DQQXDO�JURZWK�UDWH�RI�5	'�LQYHVWPHQWV�GXULQJ�D�VXIILFLHQWO\�ORQJ�SHULRG�SUHFHGLQJ�WKH�EHQFKPDUN�\HDU��
6LQFH� WKLV�NLQG�RI�GDWD� LV� JHQHUDOO\�VFDUFH�� DXWKRUV� DSSUR[LPDWH� WKH�5	'�JURZWK� UDWH�ZLWK� HLWKHU� WKH� H[�SRVW� JURZWK� UDWHV� RI� 5	'�� RU� WKH� JURZWK� UDWH� RI� IL[HG� FDSLWDO� �RU�RXWSXW�� SULRU� WR� WKH� VWXGLHG�SHULRG�� RU� WKH�RXWSXW�JURZWK� UDWH��)HZ�VWXGLHV� WHVW� IRU� WKH�VHQVLWLYHQHVV� RI� WKHLU� UHVXOWV� WR�WKH� SURFHGXUH� XVHG� WR� FRPSXWH� WKH� EHQFKPDUN� VWRFN��8VLQJ�D�SDQHO�RI�)UHQFK�ILUPV�+DOO�DQG�0DLUHVVH��������REWDLQ�D�VOLJKWO\�KLJKHU�RXWSXW�HODVWLFLW\�ZKHQ�WKH�NQRZOHGJH�FDSLWDO�LV�FRQVWUXFWHG�IURP�D�ORQJHU�KLVWRU\�RI�5	'�
�LY� 5	'�DQG�RXWSXW�� 3ULFH�LQGH[HV
7KH� HIIHFW� RI�5	'�RQ� RXWSXW� JURZWK�PLJKW� EH� ELDVHG� GRZQZDUG� GXH� WR� HUURUV� LQ� WKH�SURGXFHU�SULFHV�XVHG�WR�GHIODWH�YDOXH�DGGHG�RU�WRWDO�VDOHV��$FFRUGLQJ�WR�*ULOLFKHV���������SURGXFW� TXDOLW\� LQ� KLJK�WHFKQRORJ\� LQGXVWULHV� ULVHV� IDVWHU� WKDQ� HOVHZKHUH� DQG� VXFK�
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TXDOLW\� LPSURYHPHQWV� PD\� EH� VZHSW� XS� E\� LPSURSHU� SULFHV� LQGH[HV�� ,Q� IDFW�� 5	'�LQWHQVLYH�JRRGV�DUH�OLNHO\�WR�EH�XQGHUHVWLPDWHG�DQG�WKHLU�SULFHV�RYHUHVWLPDWHG��)XUWKHU��$GDPV��������DUJXHV�WKDW�RXWSXW�SULFHV�PD\�EH�DQ�LQFRUUHFW�ZHLJKW�ZKHQ�YDOXH�DGGHG�LV�XVHG� DV� RXWSXW� SUR[\� LQ� WKH�SURGXFWLRQ� IXQFWLRQ��*ULOLFKHV� �����D��SUHVHQWV� D� VWULNLQJ�LOOXVWUDWLRQ� RI� WKH� LPSOLFDWLRQV� HQVXLQJ� WKH� XVH� RI� PRUH� UHOLDEOH� GHIODWRUV�� :KHQ�DGMXVWLQJ� WKH�RXWSXW�SULFH� LQGH[HV�IRU� WKUHH�RXW�RI����� LQGXVWULHV� WKH�HVWLPDWHG�UDWH�RIUHWXUQ�WR�5	'�LQFUHDVHV�IURP����WR�����IRU�WKH�SHULRG����������� %\�ZLWKGUDZLQJ�WKH�FRPSXWHU� LQGXVWU\� IURP� WKLV� VDPSOH�� WKH� SULFH� DGMXVWPHQW� IRU� WZR� LQGXVWULHV� LQFUHDVHV�WKH�HVWLPDWHG�UHWXUQ�WR�5	'�IURP����WR�����
8VLQJ�SDQHO�GDWD��0DLUHVVH�DQG�0RKQHQ��������VXJJHVW�WKDW�TXDOLW\�LPSURYHPHQWV�PD\�EH�FDSWXUHG�E\� WLPH�DQG� LQGXVWU\�GXPPLHV�� HVSHFLDOO\� LQ� WKH�DEVHQFH�RI� UHOLDEOH�� L�H���DGMXVWHG�IRU�TXDOLW\�� SULFH� LQGH[HV��+RZHYHU��ZKHQ�WLPH�GXPPLHV�DUH�LQWURGXFHG�LQWR�WKH�HPSLULFDO�PRGHO��RQH�JHQHUDOO\�JHWV�ORZHU�HVWLPDWHV�RI�WKH�UDWH�RI�UHWXUQ�WR�5	'��QRW�KLJKHU�� DV� FRXOG� EH� H[SHFWHG� ZKHQ� DGMXVWLQJ� SULFHV� IRU� TXDOLW\� LPSURYHPHQWV�� 7KLV�H[SODLQV� ZK\� *ULOLFKHV� ������� VWDWHV� WKDW� WKH� UHVXOWV� RI� WKH� SURGXFWLRQ� IXQFWLRQ�HVWLPDWLRQ�VKRXOG�EH�YLHZHG�HVVHQWLDOO\�DV�ORZHU�ERXQG�HVWLPDWHV�RI�WKH�FRQWULEXWLRQ�RI�5	'�WR�WKH�VRFLDO�RXWSXW�
7KH�UDWH�RI�LQIODWLRQ�LQ�5	'�LV�DOVR�YHU\�GLIILFXOW�WR�PHDVXUH��)RU�WKH�ODFN�RI�DQ\WKLQJ�EHWWHU�� WKH� PRVW� ZLGHO\� XVHG� 5	'� GHIODWRU� LQ� HPSLULFDO� VWXGLHV� LV� WKH� *'3� GHIODWRU��+RZHYHU��D�SURSHU�5	'�GHIODWRU� IRU�5	'�RXWOD\V�ZRXOG�KDYH� WR� UHIOHFW� WKH�SULFHV�RI�WKH�GLIIHUHQW� FRPSRQHQWV�RI�5	'��LQWHUPHGLDWH� LQSXWV�� ODERU�FRPSHQVDWLRQ��DQG� IL[HG�FDSLWDO��� /LWWOH� LV� NQRZQ� DERXW� WKH� H[WHQW� WR� ZKLFK� UHDO� 5	'� GHIODWRUV� LQ� YDULRXV�LQGXVWULHV�ZRXOG�GLIIHU� IURP� WKH�*'3�GHIODWRU��0DQVILHOG��5RPHR�DQG�6ZLW]HU� �������HVWLPDWH� LQGXVWU\� VSHFLILF� 5	'� GHIODWRUV� IURP� D� GHWDLOHG� GDWD� VHW� REWDLQHG� IRU� DERXW�RQH�QLQWK� RI� DOO� FRPSDQ\�ILQDQFHG� 5	'� LQ� WKH� 86�� ,Q� WKHLU� DQDO\VLV�� WKH� LQGXVWU\�VSHFLILF� 5	'� SULFH� LQGH[� LV� D� /DVSH\UHV� LQGH[� RI� SULFH� FRPSRQHQWV� RI� 5	'�� 7KHLU�UHVXOW� VKRZ� WKDW� WKH�*'3� GHIODWRU� XQGHUHVWLPDWHV� WKH� UDWH� RI� SULFH� LQFUHDVH� IRU�5	'�LQSXWV�GXULQJ�WKH�SHULRG�����������LQ�PRVW�RI�WKH�HLJKW�LQGXVWULDO�VHFWRUV�VWXGLHG��
-DQNRZVNL� �������� XVLQJ� D� VLPLODU� PHWKRGRORJ\�� HYDOXDWHV� WKH� 5	'� GHIODWRUV� RI� ���PDQXIDFWXULQJ� LQGXVWULHV� RYHU� WKH� SHULRG� ����������� )URP� GDWD� RQ� ILYH� GLIIHUHQW�
�� 7KH�7)3 JURZWK�LQ�WKH�FRPSXWHU�LQGXVWU\� LV�GRZQZDUGO\�DGMXVWHG�E\�GHIODWLQJ�PDWHULDO��PDLQO\�RWKHU�FRPSXWHU�FRPSRQHQWV�DQG�VHPLFRQGXFWRUV��SXUFKDVHV�LQ�WKLV�LQGXVWU\�E\�WKH�VDPH�RXWSXW�SULFH�LQGH[��7KH�7)3 JURZWK� LQ� WKH� VHPLFRQGXFWRUV� �HOHFWURQLF� FRPSRQHQWV�� LV� XSZDUGO\� DGMXVWHG� ZLWK� D� VLPLODU�WUDQVIRUPDWLRQ�� 7KH� JURZWK� RI�7)3 LQ� WKH� SKDUPDFHXWLFDO� LQGXVWU\� LV� XSZDUGO\� DGMXVWHG� WR� UHIOHFW� WKH�H[FOXVLRQ�RI�SULFH�GHFOLQHV�GXH�WR�WKH�LQWURGXFWLRQ�RI�JHQHULFV�LQ�WKH�PHDVXUHPHQW�SURFHGXUHV�
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UHVHDUFK�LQSXWV��-DQNRZVNL�SURYLGHV�VRPH�HYLGHQFH�WKDW��DW�WKH�DJJUHJDWH�OHYHO��WKH�*'3�GHIODWRUV� DUH� UHDVRQDEOH� DSSUR[LPDWLRQV RI� LQIODWLRQDU\� FKDQJHV� LQ� 5	'� LQSXW� FRVWV��7KHUHIRUH��DQ� LQGH[�VSHFLILF� WR�5	'�GRHV�QRW�DSSHDU�DEVROXWHO\�HVVHQWLDO� IRU�GHULYLQJ�DFFHSWDEOH� HVWLPDWHV�� +RZHYHU�� RQ� DQ� LQGXVWU\�VSHFLILF� EDVLV�� EURDG�EDVHG� *'3�GHIODWRUV�PD\�EH�PXFK�OHVV�DSSURSULDWH�IRU�FDOFXODWLQJ�UHDO�5	'�H[SHQGLWXUHV��
7KH� LVVXH� WKDW�DULVHV�ZKHQ�HVWLPDWLQJ� WKH�UHWXUQ� WR�5	'�DW� WKH� LQGXVWU\� RU�FRPSDQ\�OHYHOV�� LV� WR� GHWHUPLQH� ZKHWKHU� WKH� HVWLPDWHV� DUH� VHQVLWLYH� WR� WKH� XVH� RI� DQ� LQGXVWU\�VSHFLILF� 5	'� GHIODWRU�� +DUKRII� �������� XVLQJ� D� SDQHO� FRPSRVHG� E\� *HUPDQ� ILUPV��UHSRUWV� WKDW� KLV� UHVXOWV� DUH� ZHDNO\� VHQVLWLYH� WR� WKH� DGRSWLRQ� RI� VHFWRU�VSHFLILF� YVDJJUHJDWH�5	'�LQYHVWPHQW�GHIODWRU��6LQFH�WKHUH�DUH�QR�SXEOLVKHG�5	'�GHIODWRUV�DW�WKH�LQGXVWU\�OHYHO� WR�RXU�NQRZOHGJH��WKH�XVH�RI�*'3�GHIODWRUV��ZKLFK�DUH�KLJKO\�VLPLODU�WR�GLIIHUHQW� W\SHV� RI� DJJUHJDWH� 5	'� GHIODWRUV�� VHHP� WR� EH� UHOLDEOH� WR� GHIODWH� WKH� 5	'�LQYHVWPHQW� VHULHV�� 'XH� WR� WKH� ODFN� RI� GDWD� IRU� RWKHU� FRXQWULHV�� ZH� VKDOO� WHVW� RQO\� IRU�-DSDQ�ZKHWKHU�XVLQJ�DQ�DJJUHJDWH�5	'�GHIODWRU�DIIHFWV� WKH�HVWLPDWHG�UDWH�RI� UHWXUQ� WR�5	'�DW�WKH�LQGXVWU\�OHYHO�
�������7UDGH�DQG�7)3�JURZWK
$QRWKHU�IDFWRU�WKDW�PD\�IRVWHU�WKH�UDWH�RI�WHFKQRORJLFDO�FKDQJH��DQG�KHQFH�SURGXFWLYLW\�JURZWK�� LV� UHODWHG� WR� H[SRUW� SHUIRUPDQFH�� 7KLV� LGHD�� NQRZQ� DV� WKH� H[SRUW�OHG� JURZWKK\SRWKHVLV�� VXJJHVWV� WKDW� FRXQWULHV� RU� LQGXVWULHV� ZKLFK� GR� ZHOO� LQ� WKHLU� H[SRUW�SHUIRUPDQFH�DUH� OLNHO\� WR�GR�ZHOO� LQ� WKHLU�SURGXFWLYLW\�SHUIRUPDQFH��7KH�TXHVWLRQ� WKDW�DULVHV�LV�WR�GHWHUPLQH�WKH�QDWXUH�RI�WKLV�SDUWLFXODU�OLQN��$�VWURQJ�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�DJJUHJDWHV�PLJKW�UHIOHFW�HLWKHU�D�JURZWK�DFFRXQWLQJ�LGHQWLW\�� H[SRUWV�DV�FRPSRQHQW�RI�RXWSXW�� RU�D�UHDO�FDXVDO�OLQN��7KH�NH\�LVVXH�KHUH�ZRXOG�EH�WR�GHWHUPLQH�ZKHWKHU�WKH�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'�ZRXOG�EH�DIIHFWHG�LI�H[SRUWV�ZHUH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�HPSLULFDO�PRGHO�
,Q� WKH� ILUVW� FDVH�� VLQFH� H[SRUWV� LV� SDUW� RI� RXWSXW�� D� VKDUS� LQFUHDVH� PLJKW� DOORZ� IRU�LQFUHDVLQJ�UHWXUQV� WR�VFDOH� LQWHUQDO� WR�WKH�LQGXVWU\��ZKLFK�ZRXOG�EH�LQFRUSRUDWHG�LQ�WKH�REVHUYHG� WRWDO� IDFWRU� SURGXFWLYLW\� LQGH[�� )RU� LQVWDQFH��0DGGLVRQ� ������� DVVXPHV� WKDW�IRUHLJQ�WUDGH�SURGXFHG�WHQ�SHUFHQW�RI�HFRQRPLHV�RI�VFDOH�RYHU�WKH�SHULRG���������DW�WKH�DJJUHJDWH�OHYHO�RI�VL[�ODUJH�HFRQRPLHV��7KH�VHFRQG�FDVH�LV�PRUH�LQWHUHVWLQJ�VLQFH�LW�VHHV�H[SRUW�SHUIRUPDQFH�DV�KDYLQJ�D�VWLPXODWLQJ� LQIOXHQFH�RQ� WKH� LQGXVWU\�FRQVLGHUHG��7KLV�
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LQIOXHQFH� PD\� EH� FKDUDFWHUL]HG� WKURXJK� WHFKQRORJLFDO� VSLOORYHUV� DV� ZHOO� DV� RWKHU��H[WHUQDOLWLHV�� (QWHULQJ� LQWR� LQWHUQDWLRQDO� FRPSHWLWLRQ� FDOOV� IRU� DQ� LPSURYHG� HIILFLHQF\��SURYLGHV�LQFHQWLYHV�IRU�LQQRYDWLRQV��DQG�VSXUV�VSHFLDOL]DWLRQ�ZKLFK��LQ�WXUQ��JLYHV�ULVH�WR�H[WHUQDO�HFRQRPLHV�RI�VFDOH��7KH�UHFHQW� WKHRUHWLFDO� OLWHUDWXUH�RQ�LQWHUQDWLRQDO�WUDGH�KDV�SDUWLFXODUO\�IRFXVHG�RQ�WKLV�UHODWLRQVKLS�EHWZHHQ�SURGXFWLYLW\�DQG�H[SRUWV��
0DULQ¶V� ������� VXUYH\� RQ� WKLV� OLWHUDWXUH� VKRZV� WKDW� WKH� OLQN� EHWZHHQ� WKHVH� WZR�DJJUHJDWHV� LV�TXLWH�DPELJXRXV��,Q� WKH�µQHZ¶�WUDGH� WKHRU\�WHFKQLFDO�HIILFLHQF\�DQG�WUDGH�VHHP�WR�EH�WKH�FHQWUDO�OLQN��+RZHYHU�WKH�OLNHO\�HIIHFW�RI�WUDGH�RQ�WHFKQRORJLFDO�JURZWK�LV�VWLOO�QRW�FRQFOXVLYH��GHSHQGLQJ�PRVWO\�RQ�WKH�K\SRWKHVHV�RI�GHSDUWXUH��7KH�WUDGH�HIIHFW�DSSHDUV� WR� GHSHQG� RQ� WKH� W\SH� RI� FRPSHWLWLRQ� DVVXPHG� LQ� WKH� GRPHVWLF� HFRQRP\��RQ�ZKHWKHU�HQWU\�DQG�H[LW�DUH�IULFWLRQOHVV��DQG�RQ�ZKHWKHU�WKH�PDUNHW�VWUXFWXUH�LV�VHQVLWLYH�WR�WUDGH�GLVWXUEDQFHV��0DULQ�SRVLWV�WKDW�H[SRUWV�DUH�OLNHO\�WR�DIIHFW�SURGXFWLYLW\�JURZWK��EXW� WKH� VLJQ� RI� WKH� FDXVDO� LPSDFW� LV� DPELJXRXV�� +H� DOVR� DUJXHV� WKDW�ZKHWKHU� H[SRUWV�ZRXOG�FDXVH�SURGXFWLYLW\�JDLQV�RU�ORVVHV�FDQ��LQ�WKH�HQG��RQO\�EH�GHFLGHG�HPSLULFDOO\��E\�OHWWLQJ� WKH� GDWD� µVSHDN¶� E\� LWVHOI�� DQG� ZLWKRXW� LPSRVLQJ� WRR� PDQ\� WKHRU\�LQGXFHG�UHVWULFWLRQV�
,Q� RUGHU� WR� H[SORUH� WKH� FRPRYHPHQW� RI� H[SRUWV� DQG� SURGXFWLYLW\� LQ� WKH� 86�� WKH� 8.��*HUPDQ\� DQG� -DSDQ��0DULQ� ������� XVHV� TXDUWHUO\� REVHUYDWLRQV� RYHU� WKH� SHULRG� ����������� +LV� FDXVDOLW\� WHVWV� FRQILUP� WKDW� H[SRUWV� FDXVH� ODERU� SURGXFWLYLW\� LQ� DOO� IRXU�FRXQWULHV�� LQGXFLQJ� WKDW� SDVW� LQIRUPDWLRQ� RQ� H[SRUWV� FDQ� LPSURYH� WKH� IRUHFDVW� RI�SURGXFWLYLW\��+RZHYHU��KH�UHFRJQL]HV�WKDW�WKH�FXPXODWHG�TXDQWLWDWLYH�LPSDFW��RI�ODJJHG�H[SRUWV� VHHPV� WR� EH� QHJOLJLEOH� DQG� UDQJH� IURP������� DQG� �����ZLWK� SRVLWLYH� VLJQV� IRU�*HUPDQ\�DQG�QHJDWLYH�VLJQV�IRU�WKH�WKUHH�RWKHU�FRXQWULHV��)XUWKHU��H[SRUWV�ODJJHG�VL[�WR�HLJKW�TXDUWHUV�KDYH�VWLOO�DQ�LPSDFW�RQ�DFWXDO�SURGXFWLYLW\�PHDVXUH��PHDQLQJ�WKDW�H[SRUWV�PD\�DIIHFW�SURGXFWLYLW\�JURZWK�ZLWK�D�WZR�\HDUV�ODJ��,Q�WKH�OLJKW�RI�0DULQ¶V�UHVXOWV��ZH�VKDOO�WHVW�ZKHWKHU�WZR�\HDUV�ODJJHG�H[SRUWV�DIIHFW�WKH�HVWLPDWHG�UHWXUQV�WR�5	'�
�������(FRQRPHWULF�LVVXHV
7KUHH�HFRQRPHWULF�LVVXHV�DUH�WR�EH�GLVFXVVHG��7KH�ILUVW�RQH�UHODWHV�WR�WKH�HQGRJHQHLW\�RI�5	'��WKH�VHFRQG�RQH�WR�WKH�LQFOXVLRQ�RI�LQGXVWU\�DQG�WLPH�GXPPLHV�LQWR�WKH�PRGHO��DQG�WKH�WKLUG�RQH�WR�WKH�SRWHQWLDO�SUHVHQFH�RI�KLJKO\�LQIOXHQWLDO�REVHUYDWLRQV�
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�L� 7KH�HQGRJHQHLW\�RI�5	'�
$�SUREOHP�WKDW�PD\�DSSHDU�LQ�WKH�HVWLPDWLRQ�SURFHGXUHV�LV�WKH�µVLPXOWDQHLW\¶�SUREOHP��,I�5	'�LV�FKRVHQ�RQ�WKH�EDVLV�RI�HFRQRPLF�LQFHQWLYHV��LW�LV�OLNHO\�WR�EH�LQIOXHQFHG�E\�WKH�IRUFHV�DIIHFWLQJ�RXWSXW��IL[HG�LQYHVWPHQWV�DQG�ODERU��� ,Q�SUDFWLFH��WKH�ELDV�DVVRFLDWHG�WR�VLPXOWDQHLW\� DUH� PRUH� OLNHO\� WR� DSSHDU� ZKHQ� WKH� NQRZOHGJH� YDULDEOH� LV� SUR[LHG� E\�FRQWHPSRUDQHRXV�5	'�LQYHVWPHQWV�RU�FRQWHPSRUDQHRXV�5	'�FDSLWDO�VWRFN��$V�IDU�DV�D�VXEVWDQWLDO�QXPEHU�RI�ODJV�DUH�WDNHQ�LQWR�DFFRXQW��WKH�VLPXOWDQHLW\�EHWZHHQ�5	'�FDSLWDO�VWRFN�DQG�RXWSXW�VKRXOG�YDQLVK��,Q�RWKHU�ZRUGV��DVVXPLQJ�VRPH�ODJV�EHWZHHQ�WKH�WLPH�RI�WKH�5	'�LQYHVWPHQW�DQG�WKH�WLPH�RI�LWV�SRWHQWLDO�HIIHFW�RQ�RXWSXW�JURZWK�VXIILFHV�WR�UXOH�RXW�WKH�HIIHFW�RI�RXWSXW�RQ�5	'�LQYHVWPHQWV�
�LL� ,QGXVWU\�DQG�WLPH�GXPPLHV�
,Q�JHQHUDO��WKH�SURGXFWLYLW\�JURZWK�RI LQGXVWULHV�PD\�GLIIHU�IRU�UHDVRQV�QRW�LQFRUSRUDWHG�LQ� 5	'�YDULDEOHV� �VXFK� DV�PDUNHW� VWUXFWXUH�� DSSURSULDELOLW\� FRQGLWLRQV�� LQGXVWU\� VL]H��WHFKQRORJLFDO� RSSRUWXQLW\�� JRYHUQPHQW� LQWHUYHQWLRQ��� 7KHVH� GLIIHUHQFHV� DPRQJ�LQGXVWULHV�� SURYLGHG� WKH\� DUH� VWDEOH� RYHU� WLPH�� PD\� EH� HQGRJHQL]HG� E\� LQGXVWU\�GXPPLHV�� ,I�D�PRGHO�VLPLODU� WR�HTXDWLRQV� ������DQG�������KDV� WR�EH�HVWLPDWHG�� LQGXVWU\�GXPPLHV�DUH�GHHPHG�WR�FDSWXUH�GLVHPERGLHG�WHFKQLFDO�FKDQJH�VSHFLILF�WR�HDFK�LQGXVWU\��2QH�FDQ�VHH� LQ�7DEOH����� WKDW� WKUHH�RXW�RI� WKH�VHYHQ�SDQHO�GDWD�VWXGLHV�DW� WKH� LQGXVWU\�OHYHO� GR� QRW� DOORZ� IRU� LQGXVWU\�VSHFLILF� LQWHUFHSWV�� :H� VKDOO� WHVW� LQ� WKH� QH[W� FKDSWHU�ZKHWKHU� WKH� SUHVHQFH� RI� LQGXVWU\� GXPPLHV� LQWR� WKH� UHJUHVVLRQ� HTXDWLRQ� DIIHFWV� WKH�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'�
0RKQHQ� DQG� 'XFKDUPH� ������� REVHUYH� WKDW� ZKHQ� WKH\� LQWURGXFH� LQGXVWU\� GXPPLHV�DPRQJ� WKH� ULJKW�KDQG� VLGH� YDULDEOHV� LQ� RUGHU� WR� WDNH� LQWR� DFFRXQW� WKH� SRWHQWLDO�GLIIHUHQFHV� EHWZHHQ� LQGXVWULHV� LQ� WKH� LPSDFW� RI� GLVHPERGLHG� WHFKQLFDO� FKDQJH�� WKH�HVWLPDWHG� UDWH� RI� UHWXUQ� WR� 5	'� JHWV� VPDOOHU� DQG� OHVV� VLJQLILFDQW�� $FFRUGLQJ� WR� WKH�DXWKRUV��WKLV�UHGXFWLRQ�RI�WKH�HVWLPDWHG�LPSDFW�RI�5	'�PLJKW�EH�DQ�LQGLFDWLRQ�WKDW�WKH�WHFKQRORJLFDO� RSSRUWXQLWLHV� VSHFLILF� WR� HDFK� LQGXVWU\� DUH� GLIILFXOW� WR� EH� GLVWLQJXLVKHG�IURP�WKHLU�UDWH�RI�UHWXUQ�WR�5	'�
�� 5HFDOO�WKDW�RQH�RI�WKH�UHDVRQV�XQGHUO\LQJ�RXU�FKRLFH�RI�WKH�WRWDO�IDFWRU�SURGXFWLYLW\�DSSURDFK�LQVWHDG�RI�WKH�WUDGLWLRQDO�SURGXFWLRQ�IXQFWLRQ�LV�UHODWHG�WR�SRWHQWLDO�VLPXOWDQHLW\�ELDV�DPRQJ�RXWSXW��FDSLWDO��DQG�ODERU�LQ�WKH�ODWWHU�VSHFLILFDWLRQ��+DOO�DQG�0DLUHVVH��������XVH�LQSXW�PHDVXUHV�IURP�WKH�EHJLQQLQJ�RI�WKH�\HDU��L�H��� ODJJHG� RQH� \HDU� � WR� PLWLJDWH� WKH� HIIHFW� RI� VLPXOWDQHLW\� EHWZHHQ� IDFWRU� FKRLFH� DQG� RXWSXW�� EXW�UHFRJQL]H�WKDW�VLPXOWDQHLW\�FDQ�VWLOO�EH�D�SUREOHP�
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7KH� LQWURGXFWLRQ�RI� WLPH�GXPPLHV� IRU� HDFK�\HDU� LQ� WKH� HVWLPDWLRQ�DUH�GHHPHG� WR� WDNH�LQWR�DFFRXQW�FKDQJHV�RYHU�WLPH�LQ�WKH�UDWH�RI�SURGXFWLYLW\�JURZWK�ZKLFK�DUH�FRPPRQ�WR�DOO� LQGXVWULHV�� $OWKRXJK� WKHVH� WLPH� GXPPLHV� DUH� JHQHUDOO\� XVHG� WR� SLFN� H[RJHQRXV�VKRFNV��WKHLU�SUHVHQFH�PD\�DOVR�KDYH�D�GRZQZDUG�HIIHFW�RQ�WKH�HVWLPDWHG�UDWH�RI�UHWXUQ�WR�5	'��,W�LV�ZRUWK�QRWLFLQJ�WKDW�WKH�LQWURGXFWLRQ�RI�WLPH�GXPPLHV�LV�D�ZHOO�HVWDEOLVKHG�SUDFWLFH� LQ� PLFUR�OHYHO� ZRUNV� EXW� LV� PXFK� OHVV� IUHTXHQW� DPRQJ� LQGXVWU\�OHYHO�LQYHVWLJDWLRQV��2XW�RI�VHYHQ�SDQHO�GDWD�DQDO\VHV�SUHVHQWHG�LQ�7DEOH������RQO\�WZR�LQFOXGH�WLPH� GXPPLHV� DPRQJ� WKH� ULJKW�KDQG� VLGH� YDULDEOHV� �QDPHO\�� *ULOLFKHV� ������� DQG�*ULOLFKHV�DQG�/LFKWHQEHUJ������D���DQG�6X]XNL��������LQFOXGHV�D�WLPH�WUHQG��8VLQJ�WLPH�GXPPLHV� �LQVWHDG� RI� D� WUHQG�� DOORZV� WKH� WLPH� HIIHFWV� WR� YDU\� RYHU� WLPH� DQG� UHGXFHV�SRWHQWLDO�PXOWLFROOLQHDULW\�SUREOHPV�ZLWK�WKH�RWKHU�ULJKW�KDQG�VLGH�YDULDEOHV�
�LLL� 2XWOLHUV�DQG�LQIOXHQWLDO�GDWD�SRLQWV�
$Q�DGGLWLRQDO�LPSRUWDQW�LVVXH�ZKHQ�PHDVXULQJ�WKH�UDWH�RI�UHWXUQ�WR�5	'�LV�UHODWHG�WR�WKH�GHILQLWLRQ� RI� WKH� VDPSOH� IURP�ZKLFK� WKH� HVWLPDWHV� DUH� GHULYHG�� ,Q� ERWK� LQGXVWU\� DQG�ILUP�OHYHO� LQYHVWLJDWLRQV�� WKH� SUHVHQFH� RU� WKH� DEVHQFH� RI� RXWOLHUV� DQG� LQIOXHQWLDO� GDWD�SRLQWV�PLJKW�GUDVWLFDOO\�PRGLI\�WKH�HVWLPDWHG�SDUDPHWHUV��1HYHUWKHOHVV��YHU\�IHZ�VWXGLHV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�5	'�DFWLYLWLHV�DQG�RXWSXW�JURZWK��DW�WKH�ILUP� DQG�LQGXVWU\�OHYHOV��WHVW�IRU�WKH�SUHVHQFH�RI�VXFK�µGLUW\¶�RU�DEHUUDQW�REVHUYDWLRQV���
0LFUR�OHYHO�VWXGLHV�JHQHUDOO\�DGRSW�DQ�DUELWUDU\�GDWD�FOHDQLQJ�SURFHGXUH�EHIRUH�WXUQLQJ�WR� WKH� HVWLPDWLRQ� RI� SDUDPHWHUV�� 7KH� REVHUYDWLRQV�� L�H��� WKH� ILUPV� � IRU� ZKLFK� VRPH�YDULDEOHV�KDYH�VXVSLFLRXV�YDOXHV�DFFRUGLQJ�WR�VRPH�FULWHULD�DUH�VLPSO\�HUDVHG�IURP�WKH�VDPSOH��� 7R�RXU�NQRZOHGJH��/LFKWHQEHUJ�DQG�6LHJHO��������LV�WKH�RQO\�ILUP�OHYHO�SDSHU�ZKLFK�DWWHPSWV�WR�WHVW�WKH�VHQVLWLYLW\�RI�WKH�HVWLPDWHV�WR�WKH�SUHVHQFH�RI�SRWHQWLDO�RXWOLHUV�DQG� LQIOXHQWLDO� GDWD� SRLQWV�� 7KH� DXWKRUV� WHVW� WKH� VHQVLWLYLW\� RI� WKHLU� UHVXOWV� XVLQJ� WZR�PHWKRGV��HVWLPDWLRQ�E\�OHDVW�DEVROXWH�GHYLDWLRQ�DQG�GHOHWLRQ�RI�LQIOXHQWLDO�RXWOLHUV��
�� 9HUVSDJHQ��������WHVWV�IRU�WKH�SUHVHQFH�RI�RXWOLHUV�LQ�WKH�H[SODQDWRU\�YDULDEOHV��QRWLFLQJ�WKDW�WKH�UHVXOWV�DUH�TXLWH�VHQVLWLYH�WR�WKH�VXSSUHVVLRQ�RI�WKHVH�RXWO\LQJ�REVHUYDWLRQV��� )RU� LQVWDQFH�� WKH� FULWHULD� XVHG� E\�+DOO� DQG�0DLUHVVH� ������� LQ� RUGHU� WR� µFOHDQ¶� WKHLU� GDWD� VHW� DUH�� WR�UHPRYH�DQ\�REVHUYDWLRQ�IRU�ZKLFK��L� YDOXH�DGGHG� LV�]HUR�RU�QHJDWLYH���LL� WKH�YDOXH�DGGHG�E\�ZRUNHU� LV�RXWVLGH� RI� WKUHH� WLPHV� WKH� LQWHUTXDUWLOH� UDQJH� DERYH�RU� EHORZ� WKH�PHGLDQ���LLL� WKH�JURZWK� UDWH�RI� YDOXH�DGGHG� LV� OHVV� WKDQ�PLQXV� ���� RU� JUHDWHU� WKDQ� ����� �DQG� VLPLODUO\�ZLWK� ODERU�� IL[HG� FDSLWDO� DQG�5	'�FDSLWDO����LY� WKH�LQSXWV�GHYRWHG�WR�UHVHDUFK�DFWLYLWLHV�DFFRXQW�IRU�PRUH� WKDQ�����RI�WKH�WRWDO�LQSXWV��7KH�UHPRYLQJ�FULWHULD�XVHG�E\�&DSURQ�DQG�&LQFHUD��������GHOHWH�WKH�REVHUYDWLRQV�IRU�ZKLFK��L� 5	'�LQWHQVLW\�LV� OHVV� WKDQ� ����� RU� JUHDWHU� WKDQ� ������LL� DQG� �LLL� VLPLODU� WR� WKH FRUUHVSRQGLQJ� FULWHULD� RI� +DOO� DQG�0DLUHVVH��������EXW�ZLWK�VOLJKWO\�GLIIHUHQW�WKUHVKROGV��0DLUHVVH�DQG�+DOO��������XVHG�RQO\�RQH�FULWHULRQ��ZKLFK�LV�VLPLODU�WR��LLL� �
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7KH� OHDVW� DEVROXWH� GHYLDWLRQ� HVWLPDWRU� LV� D� µERXQGHG� LQIOXHQFH¶� HVWLPDWRU� ZKLFK�PLQLPL]HV�WKH�VXP�RI�DEVROXWH�GHYLDWLRQV�RI�REVHUYDWLRQV�IURP�WKHLU�PHDQV��� 6LQFH�WKH�VXP� RI� WKH� DEVROXWH�� LQVWHDG� RI� VTXDUHG�� GHYLDWLRQV� LV� PLQLPL]HG�� WKLV� DOWHUQDWLYH�HVWLPDWRU� UHGXFHV� WKH� LPSDFW� WKDW� LQIOXHQWLDO�REVHUYDWLRQV�KDYH�RQ�WKH�ILWWHG�UHJUHVVLRQ�IXQFWLRQ�� 2XWO\LQJ� REVHUYDWLRQV� DUH� GHWHFWHG� WKURXJK� WKH� &RRN� ������¶V� LQIOXHQFH�VWDWLVWLF� WKDW�PHDVXUHV�FKDQJH� LQ� WKH�HVWLPDWHG�SDUDPHWHUV�YHFWRU� WKDW� UHVXOWV� LI� WKH�LWK�REVHUYDWLRQ� LV� GHOHWHG�� 8VLQJ� D� GDWD� VHW� FRPSRVHG� E\� ����� 86� ILUPV� RYHU� WKUHH�VXESHULRGV��WKH\�ILQG�WKDW�ZLWK�WKH�OHDVW�DEVROXWH�GHYLDWLRQ�HVWLPDWRU�WKH�UDWH�RI�UHWXUQ�WR�WRWDO�5	'�LV�������ORZHU WKDQ�WKHLU�RULJLQDO�OHDVW�VTXDUHV�HVWLPDWHV��7KH�SRLQW�HVWLPDWH�RI�WKH�VDPH�SDUDPHWHU�GHFOLQHV�E\������ZKHQ�RXWOLHUV�DUH�GLVFDUGHG�
6LPLODUO\� WR� WKHLU�PLFUR�OHYHO�FRXQWHUSDUWV�� LQGXVWU\�OHYHO� LQYHVWLJDWLRQV�EDUHO\� WHVW� IRU�WKH�SUHVHQFH�RI�LQIOXHQWLDO�GDWD�SRLQWV��6R�IDU��WKH�RQO\�DWWHPSW�WR�WHVW�IRU�WKH�SUHVHQFH�RI�RXWOLHUV�DW�WKH�LQGXVWU\�OHYHO�KDV�EHHQ�PDGH�E\�5HLVV���������7KH�DXWKRU�UH�H[DPLQHV�WKH�DQDO\VLV� RI� *ULOLFKHV� DQG� /LFKWHQEHUJ� �����D�� E\� ORRNLQJ� IRU� SRWHQWLDOO\� DEHUUDQW�LQGXVWULHV�� 8VLQJ� D� FURVV�VHFWLRQDO� GDWD� VHW� RI� ��� LQGXVWULHV�� 5HLVV� LGHQWLILHV� IRXU�SRWHQWLDO�RXWOLHUV��7KH�UDWHV�RI�UHWXUQ�WR�SULYDWH�5	'�WXUQV�RXW�WR�EH�VOLJKWO\�VHQVLWLYH�WR�WKH�GHOHWLRQ�RI�WKHVH�IRXU�LQGXVWULHV��GHFUHDVLQJ�IURP�����LQ�WKH�IXOO�VDPSOH�WR�����LQ�WKH� ³FOHDQ´�VDPSOH��)RU�JRYHUQPHQW�5	'�� WKH�FKDQJH� LV�PRUH� UHPDUNDEOH�� ,Q� WKH� IXOO�VDPSOH��WKH�UHWXUQ�WR�5	'�VXEVLGLHV�LV�QRQ�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�������EXW�LW�VKDUSO\�LQFUHDVHV�WR�D�VLJQLILFDQW�����ZKHQ�WKH�RXWO\LQJ�LQGXVWULHV�DUH�GLVFDUGHG�
*ULOLFKHV������D��DQG�+DQHO� �������VKRZ�WKDW� WKHLU�RZQ�FURVV�VHFWLRQ�HVWLPDWHV�DW� WKH�LQGXVWU\�OHYHO�DUH�VWURQJO\�VHQVLWLYH�WR�WKH�UHPRYDO�RI�WKH�FRPSXWHU�LQGXVWU\��:KHQ�WKH�RXWO\LQJ� FRPSXWHU� LQGXVWU\� LV� UHPRYHG�� WKH� HVWLPDWHG� UDWHV� RI� UHWXUQ� WR� 5	'� IDOO�VLJQLILFDQWO\�LQ�ERWK�VWXGLHV��7KLV�GURS�LV�PRVW�SUREDEO\�GXH�WR�WKH�RXWSXW�SULFH�LQGH[HV�XVHG�WR�GHIODWH�VDOHV�RU�YDOXH�DGGHG��,QGHHG��LQ�*ULOLFKHV������D���ZKHQ�WKH�GHIODWRU�LV�DGMXVWHG� IRU� WKUHH� LQGXVWULHV� �LQFOXGLQJ�FRPSXWHUV��RXW�RI������ WKH�HVWLPDWHV�DUH�PXFK�OHVV�VHQVLWLYH�WR�WKH�ZLWKGUDZDO�RI�WKH�FRPSXWHU�LQGXVWU\�IURP�WKH�GDWD�VHW��,V�LW�ULJKW�WR�WUHDW�WKH�FRPSXWHU�LQGXVWU\��RU�DQ\�RWKHU�LQGXVWULHV��DV�DQ�RXWOLHU�DQG�H[FOXGH�LW�IURP�WKH�HVWLPDWHV"� *ULOLFKHV¶V� �����D�� H[SHULPHQW� KLQWV� WKDW� WKH� UHVXOWV� GHULYHG� IURP� WKH�H[FOXVLRQ� SURFHGXUH� DUH� GLIIHUHQW� IURP� WKRVH� GHULYHG� IURP� WKH� SULFH�DGMXVWPHQW�SURFHGXUH��ZKLFK� DUH� FORVHU� WR� UHDOLW\��+RZHYHU�� DOWKRXJK� LW� LV� GLIILFXOW� LQ� SUDFWLFH� WR�LPSURYH�WKH�PHDVXUHPHQW�RI� WKH�RXWO\LQJ�REVHUYDWLRQV��WKH�ZLWKGUDZDO�RI�RXWOLHUVPD\�
�� $V�QRWHG�E\�/LFKWHQEHUJ�DQG�6LHJHO��������IRRWQRWH������WKH�VWDQGDUG�HUURUV�IRU�WKHSDUDPHWHU�HVWLPDWHV�WKURXJK�WKLV�UREXVW�HVWLPDWRU�ZHUH�XQNQRZQ�EHIRUH�WKH�QLQHWLHV��WKH�VWDWLVWLFDO�SURSHUWLHV�RI�WKH�VDPSOLQJ�GLVWULEXWLRQ�RI�WKLV�HVWLPDWRU�ZHUH�QRW�ZHOO�GHILQHG�
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SURYLGH� D� JRRG� LQVLJKW� LQWR� WKHLU� LQIOXHQFH� RQ� WKH� HVWLPDWHG� SDUDPHWHUV�� ,Q� DQ\� FDVH��ORRNLQJ� IRU� RXWOLHUV� DOORZV� WR� GHWHUPLQH� WKH� LQGXVWULHV� RU� WKH� REVHUYDWLRQV� IRU� ZKLFK�WKHUH�DUH�PHDVXUHPHQW�SUREOHPV�RU�XQH[SHFWHG�EHKDYLRUV��
3DQHO� GDWD� VWXGLHV� RI LQGXVWULHV� GR� QRW� WHVW� IRU� WKH� SUHVHQFH� RI� RXWO\LQJ� REVHUYDWLRQV��*ULOLFKHV��������LV� WKH�RQO\�HPSLULFDO�DQDO\VLV�DPRQJ�WKH�VL[�SDQHO�GDWD�LQYHVWLJDWLRQV�SUHVHQWHG�LQ�7DEOH�����LQ�ZKLFK�WKHUH�LV�VRPH�VHQVLWLYHQHVV�DQDO\VLV�UHJDUGLQJ�RXWO\LQJ�LQGXVWULHV�� $OWKRXJK� KH� GRHV� QRW� UHSRUW� DQ\� DOWHUQDWLYH� UHVXOWV�� *ULOLFKHV� QRWLFHV� WKDW�GLVFDUGLQJ�LQGXVWULHV�ZKRVH�SULFH�GHIODWRUV�DUH�RI�GXELRXV�TXDOLW\�OHG�WR�QR�DSSUHFLDEOH�LPSURYHPHQW�� 7KLV� LV� QRW� VXUSULVLQJ� VLQFH� KLV� UHJUHVVLRQ� HTXDWLRQ� LQFOXGHV� LQGXVWU\�GXPPLHV�ZKLFK� SDUWLDOO\� LQFRUSRUDWH� LQWHU� LQGXVWU\� GLIIHUHQFHV� LQ� WKH� TXDOLW\� RI� SULFH�GHIODWRUV��7KDW�LV��LQ�WKH�FDVH�RI�D�SDQHO�GDWD�DQDO\VLV�RI�LQGXVWULHV��DQG�SURYLGHG�WKDW�WKH�LQWHU� LQGXVWU\� GLIIHUHQFHV� LQ� TXDOLW\�PHDVXUHPHQW� DUH� VWDEOH� RYHU� WKH� VWXGLHG� SHULRG� �H�J��� SURYLGHG� WKH\�PD\� EH� HQGRJHQL]HG� E\� WKH� LQGXVWU\�VSHFLILF� LQWHUFHSWV�� RQH�PD\�H[SHFW�WKDW�QR�LQGXVWU\�ZRXOG�DSSHDU�DV�DQ�RXWOLHU�
+RZHYHU�� RQH�PD\�ZRQGHU�ZKHWKHU� VRPH� REVHUYDWLRQV�� IRU� D� JLYHQ� \HDU� DQG� D� JLYHQ�LQGXVWU\��KDYH�D�VWURQJ� LQIOXHQFH�RQ�WKH�HVWLPDWHG�SDUDPHWHUV��0RUH�JHQHUDOO\��DUH�RXU�HVWLPDWHV� OLNHO\� WR� EH� ELDVHG� E\� VRPH� NLQGV� RI� PRGHO� IDLOXUH"� ,Q� RUGHU� WR� SURYLGH� D�SURSHU� DQVZHU� WR� WKLV� TXHVWLRQ�� RQH� KDV� ILUVW� WR� GHILQH� WKH� SRWHQWLDO� VRXUFHV� RI�PRGHO�IDLOXUH�� 7KHUH� DUH� WZR� PDLQ� FDWHJRULHV� RI� PRGHO� IDLOXUH� WKDW� PLJKW� EH� VHULRXV�� JURVV�HUURUV� DQG� PLVVSHFLILFDWLRQ�� :KHUHDV� WKH� IRUPHU� UHVXOWV� IURP� NH\SXQFK� HUURUV��LQKHUHQWO\�ORZ�SUHFLVLRQ�QXPEHUV�DQG�LPSURSHUO\�PHDVXUHG�GDWD��WKH�ODWWHU�GHULYHV�IURP�WKH� IDFW� WKDW� WKH�PRGHO� LWVHOI� LV�QRW�D�JRRG�DSSUR[LPDWLRQ�� ,Q�RFFXUUHQFH�� WKHUH�FDQ�EH�VRPH�RPLWWHG�H[SODQDWRU\�YDULDEOHV�WKDW�FRXOG�EH�OLVWHG�DORQJ�ZLWK�5	'�FDSLWDO�VWRFN�LQ�RUGHU� WR� H[SODLQ� WRWDO� IDFWRU� SURGXFWLYLW\� JURZWK�� ,Q� RXU� FDVH�� WKHVH� WZR� VRXUFHV� DUH�FORVHO\� LQWHU�UHODWHG� VLQFH� WKH� PHDVXUHG� WRWDO� IDFWRU� SURGXFWLYLW\� UHOLHV� RQ� VRPH�UHVWULFWLYH�K\SRWKHVHV��)RU�LQVWDQFH��ODUJH�VZLQJV�LQ�FDSDFLW\�XWLOL]DWLRQ�UDWHV��LPSURSHU�GHIODWRUV�� DQG� VWURQJ�\HDU�WR�\HDU� IOXFWXDWLRQV� LQ� LQSXWV�RU� VDOHV�DUH�DPRQJ� WKH� IDFWRUV�WKDW� PD\� UHVXOW� LQ� VKDUS� IOXFWXDWLRQV� RI� WKH� REVHUYHG� \HDU�WR�\HDU� WRWDO� IDFWRU�SURGXFWLYLW\�JURZWK�ZKLFK�ZRXOG�QRW�UHIOHFW�WKH�DFWXDO�HYROXWLRQ�RI�WHFKQLFDO�FKDQJH���7KH� FRPELQHG� LQIOXHQFH� RI� WKH� QLQH� SUHYLRXVO\� GLVFXVVHG� WHFKQLFDO� DQG� FRQFHSWXDO�LVVXHV�VXJJHVWV� WKDW�RXU�HPSLULFDO VSHFLILFDWLRQ�PD\�EH�VXEMHFW� WR�VRPH�NLQG�RI�PRGHO�IDLOXUH�
�� :DJH�ULJLGLW\�FRPELQHG�ZLWK�IOXFWXDWLRQV�LQ�YDOXH�DGGHG�PLJKW�UHVXOW�LQKLJKO\�YRODWLOH�VKDUHV�RI�YDOXH�DGGHG�IRU�FDSLWDO�DQG�ODERU��HVSHFLDOO\�LQ�WKH�VKRUW�UXQ�
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:KDW� REVHUYDWLRQV�� RU� ZKDW� W\SHV� RI� GDWD� SRLQWV� PXVW� EH� GRZQZHLJKWHG� LQ� RUGHU� WR�SURYLGH� VRPH� SURWHFWLRQ� DJDLQVW� PRGHO� IDLOXUH"� %HOVOH\� HW� DO� ������� UHFDOO� WKDW� D�FRPPRQ� SUDFWLFH� LQ� DSSOLHG� HFRQRPHWULFV� LV� WR� DVVRFLDWH� GXPPLHV� WR� WKH� ODUJHVW�UHVLGXDOV� ZKLFK� FRUUHVSRQG� WR� XQXVXDO� HYHQWV�� 7KLV� SURFHGXUH� LV� DSSUR[LPDWHO\�HTXLYDOHQW� WR� GHOHWLQJ� WKHVH� SDUWLFXODU� REVHUYDWLRQV�� DQG� WKH� UHVXOWLQJ� GLVWULEXWLRQ� RI�UHVLGXDOV�ZLOO�WKHQ�DSSHDU�WR�EH�PXFK�EHWWHU�EHKDYHG��,Q�RXU�FDVH�RI�SURGXFWLYLW\�JURZWK�DQDO\VLV�� VLQFH� LW� LV� LPSUDFWLFDO� WR� PRGHO� UHDOLW\� LQ� LWV� IXOO� FRPSOH[LW\�� WKLV� NLQG� RI�GXPP\�YDULDEOH� SURFHGXUH� LV� XVHG� LQ�RUGHU� WR�SUHYHQW� FRQWDPLQDWLRQ�RI� WKH� HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�5	'��)RUPDOO\��WKH�FRPPRQ�SUDFWLFH�LQ�DSSOLHG�H[SHULPHQWV�LV�WR�
�L� UXQ�DQ�2/6�UHJUHVVLRQ��LL� H[DPLQH�WKH�REVHUYDWLRQV�ZLWK�ODUJH�UHVLGXDOV�DQG�GHWHUPLQH�ZKHWKHU�WKH\�VKRXOG�EH�WUHDWHG�VHSDUDWHO\�IURP�WKH�EXON�RI�WKH�GDWD��DQG�LLL� UHUXQ�2/6�UHJUHVVLRQ�ZLWK�WKH�REVHUYDWLRQV�GHOHWHG�RU�GXPP\�YDULDEOHV�DGGHG�
$FFRUGLQJ� WR� .UDVNHU� HW� DO� ������� WKH� REVHUYDWLRQV� WKDW� PD\� GUDVWLFDOO\� FKDQJH� WKH�HVWLPDWHG�SDUDPHWHUV�DUH�QRW�RQO\�WKH�RQHV�ZKLFK�KDYH�ODUJH�UHVLGXDOV��EXW�PD\�DOVR�EH�WKH� RQHV� ZLWK� µH[WUHPH¶�; �H[SODQDWRU\� YDULDEOHV�� URZV�� RU� ERWK� ODUJH� UHVLGXDOV� DQG�H[WUHPH�; YDOXHV��7KH\�FRQYLQFLQJO\�DUJXH� WKDW� LQ� WKH�SUHVHQFH�RI�RXWOLHUV�DPRQJ� WKH�GDWD�VHW��WKH�HVWLPDWHV�PLJKW�EH�WRWDOO\�PLVOHDGLQJ�� L�H���WKH�EHKDYLRU�RI�WKH�EXON�RI�WKH�GDWD� ZRXOG� EH� PLVUHSUHVHQWHG� � DQG� ZRUVH� \HW�� WKH� RXWO\LQJ� GDWD� SRLQWV� ZRXOG� QRW�QHFHVVDULO\�EH�FKDUDFWHUL]HG�E\�ODUJH�UHVLGXDOV�DQG�PLJKW�WKHUHIRUH�JR�XQQRWLFHG��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�E\�WU\LQJ�WR�ILW�DOO�WKH�GDWD�ZHOO��XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH�PRGHO�LV�FRUUHFW��OHDVW�VTXDUHV�IUHTXHQWO\�KLGH�WKH�WUXH�QDWXUH�RI�WKH�GDWD�
,Q�ZKDW�IROORZV��ZH�SUHVHQW�GLIIHUHQW�µLQIOXHQFH¶�VWDWLVWLFV�WKDW�DOORZ�WR�WHVW�ZKHWKHU�WKH�GDWD� VHW�FRQWDLQV�RXWO\LQJ�REVHUYDWLRQV��7KHVH�YDULRXV�GLDJQRVWLF� WRROV�DLP�DW� ORFDWLQJ�HUURUV� RU� UHSRUWLQJ� OHJLWLPDWH H[WUHPH� GDWD� WKDW� DUH� OLNHO\� WR� LQIOXHQFH� JUHDWO\� WKH�HVWLPDWHG�PRGHO��$�ILUVW�SRVVLEOH�LQGLFDWRU��(�����ZRXOG�UHO\�µRQO\¶�RQ�D�FUXGH�DQDO\VLV�RI� WKH� HUURU� WHUP�� 7KH� RXWO\LQJ� REVHUYDWLRQV� ZRXOG� EH� WKRVH� ZKRVH� HUURU� WHUPV� DUH�VLWXDWHG�LQ�WKH�����UDQJH�IURP WKH�ORZHVW��H�J���QHJDWLYH��DQG�WKH�KLJKHVW��H�J���SRVLWLYH��HUURU�WHUPV�
$QRWKHU� ZD\� WR� FKDUDFWHUL]H� RXWO\LQJ� REVHUYDWLRQV� LV� WR� GHWHUPLQH� ZKHWKHU� WKHUH� DUH�LQIOXHQWLDO�;�GDWD��� ,Q�WKLV�FDVH�WKH�OHYHUDJH SRLQWV�DUH�GHWHUPLQHG�H[FOXVLYHO\�IURP�WKH�
�� 6HH�.UDVNHU�HW� DO� ������� IRU� PRUH� LQIRUPDWLRQ� RQ� WKLV� GLDJQRVWLF� WHVW� �+$7�� DV�ZHOO� DV� RQ� WKH� WZR�VXEVHTXHQW�WHVWV��(,6��DQG�',))��
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DQDO\VLV�RI�WKH�H[SODQDWRU\�YDULDEOHV��7KH�LQGLFDWRU��+$7�� LV�GHULYHG�IURP�WKH�GLDJRQDO�HOHPHQWV�KL RI� WKH�+$7�PDWUL[��+� �;� �;7 ;��� ;7��6LQFH�+ LV�D�SURMHFWLRQ�PDWUL[�� LWV�GLDJRQDO�HOHPHQWV�DUH�LQFOXGHG�LQWR�WKH�UDQJH�>����@�DQG�WKHLU�VXP�RYHU�DOO�REVHUYDWLRQV�Q��LV�HTXDO�WR�WKH�QXPEHU�RI�H[SODQDWRU\�YDULDEOHV��S���7KHUHIRUH��D�SHUIHFWO\�EDODQFHG�;�PDWUL[� � L�H��� ZLWK� HTXDO� OHYHUDJH� IRU� DOO� REVHUYDWLRQV�� LV� RQH� IRU� ZKLFK�KL  � S�Q��%HOVOH\�HW�DO� �������GHPRQVWUDWH�WKDW�WKH�REVHUYDWLRQV�IRU�ZKLFK�KL H[FHHGV���S�Q FDQ�EH�FRQVLGHUHG�DV�SRWHQWLDOO\�LQIOXHQWLDO�
7KH�VWXGHQWL]HG�UHVLGXDOV��(,6��FRUUHVSRQG�WR�WKH�UHVLGXDOV��HL��VFDOHG�E\�KL DQG�V�L���WKH�VDPSOH� VWDQGDUG� GHYLDWLRQ� H[FOXGLQJ� WKH� LWK� URZ�� VR� WKDW� WKH� GHQRPLQDWRU� LV�VWRFKDVWLFDOO\� LQGHSHQGHQW�RI� WKH�QXPHUDWRU��(,6L  �HL �� V�L�� ���KL������7KH�REVHUYDWLRQV�IRU� ZKLFK� WKH� VWXGHQWL]HG� UHVLGXDO� H[FHHGV� ���� PD\� EH� FRQVLGHUHG� SRWHQWLDO� RXWOLHUV��$OWKRXJK� WKHVH� UHVLGXDOV� DUH� VFDOHG�� WKH\� PLJKW� OHDG� WR� DQ� LQDGHTXDWH� GLDJQRVWLF�� ,Q�SUDFWLFH��WKH\�FDQ�EH�DXJPHQWHG�E\�OHYHUDJH�LQIRUPDWLRQ�GHULYHG�IURP�WKH�+$7 PDWUL[��
7KH� ODVW� GLDJQRVWLF� WRRO��',))�� FRPELQHV� WKH� LQIRUPDWLRQ� LQFRUSRUDWHG� LQ� ERWK� WKH�VWXGHQWL]HG�UHVLGXDOV�DQG�WKH�ULJKW�KDQG�VLGH�YDULDEOHV��7KLV�LQGLFDWRU�LV�FRPSXWHG�IURP�WKH�REVHUYHG�LQIOXHQFH�RI�D�SDUWLFXODU�REVHUYDWLRQ�RQ�UHJUHVVLRQ�HVWLPDWHV�E\�FRPSDULQJ�RUGLQDU\� OHDVW� VTXDUHV� EDVHG� RQ� WKH� IXOO� GDWD� VHW� ZLWK� HVWLPDWHV� REWDLQHG� ZKHQ� RQH�REVHUYDWLRQ� DW� D� WLPH� KDV� EHHQ� GHOHWHG�� 7KH� KDW� PDWUL[� GLDJRQDO� DQG� WKH� VWXGHQWL]HG�UHVLGXDOV� DUH� FRPELQHG� DV� IROORZV�� ',))L  � �KL �� ���KL����� (,6L�� ,W� HQVXHV� IURP� WKH�FRPSXWDWLRQ�RI�WKH�',)) VWDWLVWLF�WKDW�WKH�LWK�REVHUYDWLRQ�ZLOO�KDYH�QR�LQIOXHQFH�HYHQ�LI�(,6 LV� ODUJH� SURYLGHG�KL LV� VPDOO�� )XUWKHUPRUH�� ODUJH� OHYHUDJH� SRLQWV�PD\� EH� D�PDMRU�VRXUFH�RI� LQIOXHQFH�RQ� WKH� ILW� HYHQ�ZKHQ� WKH� VWXGHQWL]HG� UHVLGXDO� LV� VPDOO��7KH�KLJKO\�LQIOXHQWLDO�GDWD�SRLQWV�DUH�WKRVH�IRU�ZKLFK�',)) LV�DERYH�WKH�YDOXH�RI����S�Q������
,I� KLJKO\� LQIOXHQWLDO� REVHUYDWLRQV� DUH� GHWHFWHG�� KRZ� VKRXOG� WKH\� EH� WUHDWHG"� 7KH�DSSURSULDWH� UHPHGLHV� LQFOXGH�� EXW� DUH� QRW� UHVWULFWHG� WR�� ERXQGHG�LQIOXHQFH� HVWLPDWLRQV�DQG�PRUH�SDUWLFXODUO\�WKH�XVH�RI�GXPP\�YDULDEOHV�DFFRUGLQJ�WR�WKH�WKUHH�VWHS�SURFHGXUH�GHVFULEHG� DERYH�� 4XRWLQJ� .UDVNHU� HW� DO� �������� WKH� ',)) GLDJQRVWLF� WRRO� LV� PRUH�DSSURSULDWH� WKDQ� WKH�(�� RU�(,6 GLDJQRVWLFV�� 7KH� DXWKRUV� DUJXH� WKDW� XVLQJ� D� GXPP\�YDULDEOH�RU�ZLWKGUDZLQJ�WKH�REVHUYDWLRQV�WKDW�DUH�FOHDUO\�KLJKO\�LQIOXHQWLDO�LV�DSSURSULDWH�IRU�UHODWLYHO\�VPDOO�VDPSOHV��1R�UHDO�SD\RII�IRU�XVLQJ�D�PRUH�IRUPDO�SURFHGXUH�PLJKW�EH�H[SHFWHG�� +RZHYHU�� LI� WKH� YDOXHV� RI� WKH� RXWO\LQJ� REVHUYDWLRQV� DUH� FRUUHFW�� WKHQ� WKHLU�GHOHWLRQ� RU� WKHLU� FRUUHVSRQGLQJ� GXPP\� YDULDEOH� PLJKW� HOLPLQDWH� YLWDO� LQIRUPDWLRQ��1RQHWKHOHVV��LI�WKH�PDLQ�LQWHUHVW�LV�WR�FDWFK�WKH�EHKDYLRU�RI�WKH�EXON�RI�WKH�REVHUYDWLRQV��GRZQZHLJKWLQJ�D�YHU\�VPDOO�VKDUH�RI�WKH�GDWD�VHW�LV�VWLOO�D�UHOLDEOH�SUDFWLFH�
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7KHUH�DUH�WZR�PDLQ�RWKHU�W\SHV�RI�UREXVW�HVWLPDWLRQV�WKDW�PD\�EH�XVHG�WR�FRSH�ZLWK�YHU\�ODUJH�REVHUYHG�UHVLGXDOV�� OHDVW�DEVROXWH�GHYLDWLRQ��/$'��DQG�JHQHUDOL]HG�OHDVW�VTXDUHV��/$'� LV� DQ� HVWLPDWRU� WKDW� PLQLPL]HV� WKH� VXP� RI� WKH� DEVROXWH� YDOXHV� UDWKHU� WKDQ� WKH�VTXDUH�RI� HUURUV�� ,Q�SUDFWLFH�� LW� UHGXFHV� WKH�HIIHFW�RI�HJUHJLRXV�HUURUV��5HIHUULQJ� WR� WKH�VXUYH\�RI�7D\ORU� �������� WKLV� HVWLPDWRU� KDV�KLVWRULFDOO\�QHYHU� DWWUDFWHG�PXFK�DWWHQWLRQ�DQG� LWV� GLVWULEXWLRQ� WKHRU\� KDV� UHPDLQHG� D� SUREOHP�� $V� PHQWLRQHG� E\� .UDVNHU�HW� DO��������� UHVLVWDQW� HVWLPDWLRQ� WKURXJK� /$'� KDV� UHPDLQHG� SHULSKHUDO� WR� PDLQVWUHDP�HFRQRPHWULF� ZRUN� EHFDXVH� RI� FRPSXWDWLRQDO� FRVWV� DV� ZHOO� DV� WKH� DEVHQFH� RI� ZLGHO\�DYDLODEOH�FRGH�GHVLJQHG�IRU�WKLV�SXUSRVH��DQG�RYHUDOO��EHFDXVH�RI�WKH�ODFN�RI�FRQYLQFLQJ�WKHRUHWLFDO� VXSSRUW��1RZDGD\V�� WKH� VWDWLVWLFDO�SURSHUWLHV�DUH�EHWWHU�GHILQHG� �VHH�3ROODUG��������DQG�3KLOOLSV���������EXW�WKH�OHDVW�DEVROXWH�GHYLDWLRQ�HVWLPDWRU�LV�VWLOO�EDUHO\�XVHG�LQ�WKH�W\SH�RI�VWXGLHV�ZH�VXUYH\�
7KH� JHQHUDOL]HG� OHDVW� VTXDUHV� DOORZV� IRU� KHWHURVFHGDVWLFLW\�� DQG� ZKHQ� FRPSXWHG� E\�ZHLJKWHG� OHDVW� VTXDUHV� �WKH� ZHLJKWV� EHLQJ� GHULYHG� IURP� WKH� RUGLQDU\� OHDVW� VTXDUHV¶�UHVLGXDOV���PD\�EH�FRQWUDVWHG�WR�WKH�ERXQGHG�LQIOXHQFH�HVWLPDWHV�UHODWHG�WR�WKH�DQDO\VLV�RI� WKH� UHVLGXDOV� � H�J��� WKH� (�� DQG� (,6 GLDJQRVWLFV�� 7KH� PDLQ� GLIIHUHQFH� EHWZHHQ�ZHLJKWHG� OHDVW� VTXDUHV� DQG� /$'�� DQG� WKH� ERXQGHG�LQIOXHQFH� VWDWLVWLF�',))�� LV� WKDW�µRQO\¶�ODUJH�HUURU�YDULDQFHV�DUH�GRZQZHLJKWHG�ZLWK�WKH�IRUPHU��ZKLOH�KLJKO\�LQIOXHQWLDO�REVHUYDWLRQV�DUH�GRZQZHLJKWHG�ZLWK�WKH�ODWWHU��7KDW�LV��LI�WKH�GDWD�VHW�LV�DFWXDOO\�LQIHFWHG�E\�YHU\�LQIOXHQWLDO�REVHUYDWLRQV��RQO\�WKH�',)) SURFHGXUH�ZRXOG�DOORZ�WR�GRZQZHLJKW�WKHLU�HIIHFWV�RQ�WKH�HVWLPDWHG�SDUDPHWHUV�
�����&RQFOXGLQJ�VXPPDU\
7KHUH�DUH�PDQ\�ZD\V�RI�HVWLPDWLQJ�WKH�UDWH�RI�UHWXUQ�WR�5	'��7KH�ILUVW�VWHS�ZH�KDYH�WR�EULGJH� LV� WR� VHOHFW� DQ� HPSLULFDO�PRGHO� DPRQJ� WKH� H[LVWLQJ�SRVVLELOLWLHV�� ,Q� WKH� OLJKW�RI�PRVW� VWXGLHV� LQ� WKLV� ILHOG�� WKH� WRWDO� IDFWRU� SURGXFWLYLW\� JURZWK� IUDPHZRUN LV� FKRVHQ��$OWKRXJK� VWLOO� ZLGHO\� XVHG�� WKLV� HPSLULFDO� DSSURDFK� LV� VXEMHFW� WR� VHULHV� RI� FULWLFLVPV�UHODWHG� WR� WKH� LPSOLFLW� K\SRWKHVHV� WKDW� KDYH� WR� EH� LPSRVHG� DQG� WR� QXPHURXV�PHDVXUHPHQW�LVVXHV�
$� FULWLFDO� VXUYH\� RI� WKH� OLWHUDWXUH� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� 5	'� LQYHVWPHQWV� DQG�HFRQRPLF� SHUIRUPDQFHV� RI� PDQXIDFWXULQJ� LQGXVWULHV� SHUPLWV� WR� SXW� WKH� HPSLULFDO�



6WDWH�RI�WKH�DUW ��
DQDO\VLV�RI�&KDSWHU���LQ�FRQWH[W�DQG�WR�FODULI\�VRPH�LVVXHV�UHODWHG�WR�WKH�VWUXFWXUH�RI�WKH�GDWD�VHW�DQG�WKH�SUR[\�XVHG�IRU�RXWSXW�JURZWK��)LYH�LPSRUWDQW�REVHUYDWLRQV�HPHUJH�IURP�WKLV�DQDO\WLFDO�VXUYH\��7KH\�DUH�PDLQO\�UHODWHG�WR�WKH�DGYDQWDJH�RI�XVLQJ�SDQHO�GDWD��WR�WKH� FKRLFH� RI� WKH� SDUDPHWHU� WR� EH� HVWLPDWHG� �L�H��� HODVWLFLW\� RU� UDWH� RI� UHWXUQ��� WR� WKH�RXWSXW�SUR[\� �L�H��� WRWDO� VDOHV�RU�YDOXH� DGGHG��� WR� VOLJKW�PRGLILFDWLRQV�RI� WKH�HPSLULFDO�PRGHO��DQG�WR�WKH�SUREOHPV�RI�LQWHUQDWLRQDO�FRPSDUDELOLW\�
7KH� EURDG� HQYLURQPHQW� RI� WKH� HPSLULFDO� DQDO\VLV� EHLQJ� VHW� ZLWK� UHVSHFW� WR� WKHVH�XQDYRLGDEOH�SUHOLPLQDU\�FKRLFHV��ZH�JHW�WR�WKH�KHDUW�RI�WKH�PDWWHU��7KHUH�DUH�P\ULDGV�RI�WHFKQLFDO� DQG� FRQFHSWXDO� LVVXHV� WKDW� KDYH� WR� EH� FODULILHG�� 7KH\� DUH� UHODWHG� WR� WKH�PHDVXUHPHQW� RI� WRWDO� IDFWRU� SURGXFWLYLW\� JURZWK�� 5	'� FDSLWDO� VWRFN�� DQG� WR� WKH�UHODWLRQVKLS� EHWZHHQ� WKHP�� &RQFHUQLQJ� WKH� WRWDO� IDFWRU� SURGXFWLYLW\� LQGLFDWRU�� WKH�K\SRWKHVHV�RI�SHUIHFW�FRPSHWLWLRQ��FRQVWDQW�UHWXUQV�WR�VFDOH��D�ZURQJ�HYDOXDWLRQ�RI�ODERU�FRVW�VKDUHV��WKH�GRXEOH�FRXQWLQJ�RI�FDSLWDO�DQG�ODERU�GHYRWHG�WR�UHVHDUFK�DFWLYLWLHV��DQG�WKH�IDLOXUH�WR�WDNH�LQWR�DFFRXQW�WKH�XWLOL]DWLRQ�UDWH�RI�SURGXFWLRQ�FDSDFLWLHV�PLJKW�OHDG�WR�ELDVHG� HVWLPDWHV� RI� WKH� UHWXUQ� WR�5	'��&RQFHUQLQJ� WKH�PHDVXUHPHQW� RI�5	'�FDSLWDO�VWRFNV��ZURQJ�ODJ�VWUXFWXUH��5	'�GHSUHFLDWLRQ�UDWHV��DQG�5	'�GHIODWRU�PLJKW�DOVR�OHDG�WR� ELDVHG� HVWLPDWHV� RI� WKH� LPSDFW� RI� 5	'�� )LQDOO\�� IRU� HVWLPDWLRQ� SXUSRVHV�� LW� LV�LPSRUWDQW�WR�HQVXUH�WKH�H[RJHQHLW\�RI�WKH�5	'�YDULDEOH��WR�DOORZ�IRU�LQGXVWU\�DQG�WLPH�GXPPLHV�DQG�WR�FRQWURO�IRU�RXWO\LQJ�REVHUYDWLRQV�
6HYHUDO� WHVWV� DUH� VXJJHVWHG� LQ� RUGHU� WR� HQVXUH� WKH� UREXVWQHVV� RI� WKH� HVWLPDWHG� UDWH� RI�UHWXUQ�WR�5	'��6RPH�RI WKHP�DUH�WULYLDO�EXW�PLJKW�EH�FUXFLDO��VXFK�DV�LQFOXGLQJ�LQGXVWU\�DQG�WLPH�GXPPLHV�LQWR�WKH�UHJUHVVLRQ�HTXDWLRQ��2WKHUV�DUH� OHVV�WULYLDO�EXW�EDUHO\�XVHG��VXFK�DV�DOORZLQJ� IRU� IUHH� UHWXUQV� WR�VFDOH��FRUUHFWLQJ� IRU� WKH�GRXEOH�FRXQWLQJ�RI�5	'��DQG� UHO\LQJ� RQ D� EHVW� ILWWLQJ� VWUDWHJ\� WR� GHWHUPLQH� WKH� PRVW� DSSURSULDWH� 5	'�GHSUHFLDWLRQ� UDWHV� DQG� ODJ�� )LQDOO\�� YDULRXV� WHVWV� PLJKW� EH� VHHQ� DV� SLRQHHULQJ� ZLWK�UHVSHFW� WR� WKH� SUHVHQW� VWDWH� RI� WKH� DUW�� VXFK� DV� WHVWLQJ� IRU� SHUIHFW� FRPSHWLWLRQ�� XVLQJ�LQGXVWU\�VSHFLILF� 5	' GHSUHFLDWLRQ� UDWHV� DQG� ODJ�� DQG� PLWLJDWLQJ� WKH� LQIOXHQFH� RI�RXWO\LQJ�REVHUYDWLRQV�
7KH� QH[W� FKDSWHU� LV� GHYRWHG� WR� WKH� HPSLULFDO� DQDO\VLV� DQG� WHVWV� WKH� UREXVWQHVV� RI� WKH�HVWLPDWHG�UDWHV�RI�UHWXUQ�WR�WKHVH�YDULRXV�PHDVXUHPHQW�LVVXHV�


