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� &ODVVLF�UHIHUHQFHV�LQ�WKLV�OLWHUDWXUH�LQFOXGH�*ULOLFKHV��������������DQG�*ULOLFKHV�DQG�/LFKWHQEHUJ��������� 2WKHU�PRUH�UHFHQW�VXUYH\V�PD\�EH�IRXQG�LQ�1DGLUL���������0RKQHQ��������DQG�&DPHURQ��������� 6HH�IRU�H[DPSOH�&RH�DQG�+HOSPDQ���������%HUVWHLQ��������DQG�%HUVWHLQ�DQG�0RKHQ���������DPRQJ�RWKHUV�
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$GGLWLRQDOO\��ZKLOH�VRPH�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�LPSDFW�RI�5	'�DFWLYLWLHV�XSRQ�SURGXFWLYLW\�LQ�WKH�FRQWH[W�RI�VWDWLF�HFRQRPHWULF�PRGHOV���WKH�G\QDPLF�HYLGHQFH�LV�PRUH�OLPLWHG��WKH�H[FHSWLRQV�EHLQJ�)UDQW]HQ���������/RV�DQG�9HUVSDJHQ���������DQG�*XHOOHF�DQG�3RWWHOVEHUJKH���������+RZHYHU��ZKHUH�G\QDPLF�PRGHOV�DUH�UHTXLUHG��ZKLFK�ZLOO�EH�WKH�UXOH�ZLWK�QRQ�VWDWLRQDU\�VHULHV��DQG�WKH�VHULHV�XQGHU�VWXG\� DUH� QR� H[FHSWLRQ��� VWDQGDUG� SRROHG�PRGHOV� DUH� QRW� VLPSO\� LQHIILFLHQW� EXW�PD\� DOVR�EH�KLJKO\�LQFRQVLVWHQW���3HVDUDQ�DQG�6PLWK���������$�FRQWULEXWLRQ�RI�WKH�SUHVHQW�VWXG\�LV�WR�SURYLGH�DGGLWLRQDO�LQVLJKWV� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� SURGXFWLYH� NQRZOHGJH� DQG� SURGXFWLYLW\� LQ�8.�PDQXIDFWXULQJ�VHFWRUV� HPSOR\LQJ� D� G\QDPLF� KHWHURJHQHRXV� HUURU� FRUUHFWLRQ� �(&0�� SDQHO�PRGHO�� 6SHFLILFDOO\�� WKH�(&0�VWDWLVWLFDO�IUDPHZRUN�LV�DWWUDFWLYH�LQ�WKDW�LV�FRPSDWLEOH�ZLWK�ORQJ�UXQ�HTXLOLEULXP�EHKDYLRXU�DQG�WKH�FRQFHSW�RI�FRLQWHJUDWLRQ��0RUHRYHU��WKH�(&0�LQ�WKH�SDQHO�GDWD�VHWWLQJ�FDQ�EH�HVWLPDWHG�E\�XVLQJ�
� 7KHUH� LV� D� ORQJ� OLWHUDWXUH� WKDW� DUJXHV� DJDLQVW� WKH� XVH� RI� YDOXH� DGGHG� IRU� SURGXFWLYLW\� PHDVXUHPHQW� RQ�YDULRXV�JURXQGV��VHH�%DLO\�������DQG�%DVX�DQG�)HUQDOG������� 4XRWLQJ�+DUULV��������S������³ORQJ�UXQ�PRGHOV�DUH�RIWHQ�WHUPHG�µVWDWLF�PRGHOV¶��EXW�WKHUH�LV�QR�QHFHVVLW\�DFWXDOO\�WR�DFKLHYH�HTXLOLEULXP�DW�DQ\�SRLQW�LQ�WLPH«�$OO�WKDW�LV�UHTXLUHG�LV�WKDW�HFRQRPLF�IRUFHV�PRYH�WKH�V\VWHP�WRZDUG�WKH�HTXLOLEULXP�GHILQHG�E\�WKH�ORQJ�UXQ�UHODWLRQVKLS�SRVLWHG«7KXV��ZKDW�PDWWHUV�LV�WKH�LGHD�RI�D�VWHDG\�VWDWH�UHODWLRQVKLS�EHWZHHQ�YDULDEOHV�ZKLFK�DUH�HYROYLQJ�RYHU�WLPH�´
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7KH� UHVW� RI� WKLV� SDSHU� LV� RUJDQLVHG� DV� IROORZV�� 7KH� QH[W� VHFWLRQ� GHVFULEHV� SUHYLRXV� VWXGLHV� RQ� WKH�LPSDFW�RI�SURGXFWLYH�NQRZOHGJH�XSRQ�SURGXFWLYLW\��SDUWLFXODUO\�WKRVH�IRFXVHG�RQ�WKH�8.�HFRQRP\��6HFWLRQ� �� GHVFULEHV� WKH� HPSLULFDO� PRGHO� UHODWLQJ� SURGXFWLYLW\� WR� WKH� LQQRYDWLRQ� DQG� VSLOORYHUV�YDULDEOHV�� 6HFWLRQ� �� JLYHV� DQ� RYHUYLHZ� RI� WKH� GDWD� DQG� FKDUDFWHULVWLFV� RI� WKH� VHFWRUV� XQGHU�FRQVLGHUDWLRQ�� 7KH� PDLQ� HPSLULFDO� ILQGLQJV� DUH� SUHVHQWHG� LQ� VHFWLRQ� ��� 0RUH� SUHFLVHO\�� VRPH�HFRQRPHWULF�LVVXHV�DUH�SXW�IRUZDUG�ZLWK�UHVSHFW�WR�WKH�VWDWLRQDULW\�RI�WKH�VHULHV�DQG�WKH�HFRQRPHWULF�HVWLPDWLRQ�PHWKRG��7KH�HFRQRPHWULF�UHVXOWV�DUH�SUHVHQWHG�DORQJ�ZLWK�FRPSDULVRQV�ZLWK�WKRVH�UHVXOWV�UHSRUWHG�LQ�UHODWHG�HPSLULFDO�VWXGLHV��)LQDOO\��VHFWLRQ���RIIHUV�VRPH�FRQFOXVLYH�UHPDUNV�

�� 35(9,286�678',(6�21�352'8&7,9(�.12:/('*(�,1�5(/$7,21�72�)$&725�352'8&7,9,7<
7KH� OLWHUDWXUH� RQ� WKH� LPSDFW� RI� SURGXFWLYH� NQRZOHGJH� RQ� IDFWRU� SURGXFWLYLW\� DQG� WKH� SUHVHQFH� RI�VSLOORYHUV�LV�ODUJH�DQG�GLYHUVH�LQ�WHUPV�RI�DSSURDFKHV�IROORZHG�DQG�TXHVWLRQV�DGGUHVVHG��$V�6DNXUDL�HW�DO�������� SRLQW�RXW��FRPSDULVRQV�DFURVV�GLIIHUHQW�VWXGLHV�PD\�EH�PLVOHDGLQJ�RU�PHDQLQJOHVV��JLYHQ�WKDW�VWXGLHV�QRW�RQO\�GLIIHU�LQ�WKH�GDWD�DQG�PHWKRGRORJLHV�XVHG�EXW�DOVR�LQ�WHUPV�RI�PHDVXUHPHQW���,Q�VSLWH�RI�WKLV�FDXWLRXV�QRWH��WKH�PDMRULW\�RI�VWXGLHV�LQ�WKLV�WUDGLWLRQ�IRXQG�WKDW�5	'�VSHQGLQJ��PHDVXUHG�LQ�D�YDULHW\�RI�ZD\V��FRQWULEXWHG�VLJQLILFDQWO\�WR�SURGXFWLYLW\�JURZWK��,Q�WKLV�UHJDUG��1DGLUL������� LQGLFDWHV�WKDW��IRU�LQGXVWU\�GDWD��WKH�HVWLPDWHG�HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW�WR�5	'�LV�XVXDOO\�IRXQG�WR�EH�EHWZHHQ������DQG�������ZKLOH�UDWHV�RI�UHWXUQ�WR�5	'�UDQJH�EHWZHHQ����DQG����SHU�FHQW�
$OWKRXJK�PRVW�HPSLULFDO�ZRUN�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�NQRZOHGJH�DQG�SURGXFWLYLW\�KDV EHHQ�IRU�WKH� 8QLWHG� 6WDWHV�� 7DEOH� �� VXPPDULVHV� WKH� UHVXOWV� RI� D� QXPEHU� RI� VWXGLHV� IRU� WKH� 8.� HFRQRP\��'HVSLWH� WKH� VKRUWFRPLQJV� DQG�GLIIHUHQFHV� LQ� DSSURDFK�� WKH�PDMRULW\� RI� WKH�VHOHFWHG�VWXGLHV� WHQG� WR�ILQG�D�VWURQJ�DQG�HQGXULQJ�OLQN�EHWZHHQ�RZQ�5	'�DFWLYLWLHV�DQG�RXWSXW��RU�SURGXFWLYLW\��,QGHHG��WKH�DYHUDJH�HVWLPDWHG�HODVWLFLW\�RI�5	'�VWRFN�RQ�RXWSXW��SHUIRUPHG�RQ�WKH�EDVLV�RI�WKH�HVWLPDWHV�LQ�7DEOH�
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/HVV�H[WHQVLYH� LV� WKH� OLWHUDWXUH�GHDOLQJ�ZLWK�QDWLRQDO�DQG� LQWHUQDWLRQDO�VSLOORYHUV� LQ� WKH�8.�FRQWH[W��5HVXOWV� DUH� PL[HG� GHSHQGLQJ� RQ� WKH� ZHLJKWV� FRQVLGHUHG� WR� REWDLQ� WKH� LQWHU�LQGXVWU\� DQG� IRUHLJQ�NQRZOHGJH� FDSLWDO� VWRFNV�� ZLWK� WKH� EDODQFH� LQ� IDYRXU� RI� WKH� UHFRJQLWLRQ� RI� WKHLU� H[LVWHQFH��1HYHUWKHOHVV��ZKHQ�VLJQLILFDQW��WKH�HVWLPDWHV�SUHVHQWHG�LQ�7DEOH���VXJJHVW�WKDW�LQWHUQDWLRQDO�VSLOORYHUV�FRQWULEXWH� WR� SURGXFWLYLW\� JURZWK� VLJQLILFDQWO\� OHVV� WKDQ� GRPHVWLF� LQWHU�LQGXVWU\� VSLOORYHUV��
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&RQVHTXHQWO\�� WKHVH� UHVXOWV� LPSO\� WKDW� 5	'� VSLOORYHUV� IRU� WKH� 8.� HFRQRP\� DUH� SULPDULO\� LQWUD�QDWLRQDO�LQ�VFRSH�
6LQFH� *ULOLFKHV·� ������ DUWLFOH�� WKHUH� LV� D� FOHDU� FRQFHSWXDO� GLVWLQFWLRQ� EHWZHHQ� UHQW� RU� ´SHFXQLDU\µ�VSLOORYHUV�DQG�NQRZOHGJH�VSLOORYHUV��7KH�IRUPHUV�DULVH�EHFDXVH�WKH�SULFHV�RI�LQWHUPHGLDWH�LQSXWV�DUH�QRW� IXOO\�DGMXVWHG� IRU�TXDOLW\� LPSURYHPHQWV�UHVXOWLQJ�IURP�5	'�LQYHVWPHQWV� LQ�RWKHU� LQGXVWULHV�RU�FRXQWULHV� )RU� H[DPSOH�� TXRWLQJ� /RV� DQG�9HUVSDJHQ� ������� S�� ������ ´D� QHZ� SHUVRQDO� FRPSXWHU� WKDW� FDQ�SHUIRUP�FHUWDLQ�FDOFXODWLRQV�WZLFH�DV�IDVW�DV�WKH�H[LVWLQJ�RQHV��ZLOO�RIWHQ�EH�VROG�DW�D�SULFH�EHWZHHQ�RQFH�DQG�WZLFH�WKH�SULFH�RI�WKH�H[LVWLQJ�PDFKLQHV��$V�DQ�LPPHGLDWH�FRQVHTXHQFH��WKH�SULFH�SHU�HIILFLHQF\�XQLW�KDV�IDOOHQ��DQG�WKH�SURGXFWLYLW\�RI�WKH�ILUPV�RU�LQGXVWULHV�XVLQJ�WKH�QHZ�FRPSXWHU�ZLOO�ULVH�µ 3DUW�RI�WKH�HIIHFW�RI�UHQW�VSLOORYHUV�LV�LQ�IDFW�GXH�WR�PLV�PHDVXUHPHQW�� LI�SULFHV� FRXOG� DFFXUDWHO\� UHIOHFW�TXDOLW\� LPSURYHPHQWV�� SURGXFWLYLW\� JURZWK�FRXOG�EH�DWWULEXWHG�PRUH�SUHFLVHO\�WR�LWV�RULJLQDO�VRXUFH��6WXGLHV�HVWLPDWLQJ�WKH�LPSDFW�RQ�SURGXFWLYLW\�RI�WKH�VR�FDOOHG�LQGLUHFW�5	'�HPERGLHG�LQ�WUDGHG�LQSXWV��H�J��&RH�DQG�+HOSPDQ������� JHQHUDOO\�FRQFHQWUDWH�RQ�WKLV�LQWHUSUHWDWLRQ�RI�VSLOORYHUV�
7KH� VHFRQG� W\SH� RI� 5	'� H[WHUQDOLW\� LV� NQRZOHGJH� VSLOORYHU� WKDW� FDQ� EH� GHILQHG� DV� WKH� SRWHQWLDO�EHQHILWV�IRU�D�JLYHQ�LQGXVWU\�GXH�WR�WKH�UHVHDUFK�HIIRUWV�RI�RWKHU�LQGXVWULHV��7KLV�NLQG�RI�VSLOORYHUV�LV�UHODWHG�WR�WKH�GLIIXVLRQ�DQG�LPSHUIHFW�DSSURSULDELOLW\�RI�WKH�NQRZOHGJH�DVVRFLDWHG�ZLWK�DQ�LQQRYDWLRQ��ZKLFK�SDUWO\�SRVVHV�WKH�FKDUDFWHULVWLFV�RI�D�SXEOLF�JRRG��QRQ�ULYDO�DQG�QRQ�H[FOXGDEOH����'XH�WR�WKLV�SURSHUW\�WKH�EHQHILWV�RI�5	'�VSUHDG�EH\RQG�WKH�OLPLWV�RI�WKH�RULJLQDO�SHUIRUPHU��FRQWULEXWLQJ�WR�WKH�LQQRYDWLRQ�SURFHVV�RI�RWKHU�LQGXVWULHV�RU�FRXQWULHV��.QRZOHGJH�VSLOORYHUV�DUH�JHQHUDOO\�FKDUDFWHULVHG�E\�WKH�WUDQVIHU�RI�WHFKQRORJ\�WKDW�PD\�RFFXU�YLD�GLIIHUHQW�FKDQQHOV��IRUHLJQ�GLUHFW�LQYHVWPHQW��IRUHLJQ�WHFKQRORJ\� SD\PHQWV��� DQG� LQWHUQDWLRQDO�5	'�FROODERUDWLRQ�� DPRQJ�RWKHUV�� 6LQFH� WKHVH� NQRZOHGJH�VSLOORYHU�FKDQQHOV� DUH�RIWHQ�DVVRFLDWHG�ZLWK� DQ�HFRQRPLF� WUDQVDFWLRQ�� WKH�H[WHQW� WR�ZKLFK� WKH\�DOVR�UHIOHFW�VRPH�UHQW�VSLOORYHU�LV�QRW�VR�REYLRXV�
&HUWDLQO\�� LI� WKH�GLVWLQFWLRQ�EHWZHHQ� WKH� WZR�VSLOORYHU�FRQFHSWV� LV�FOHDU� IURP�WKH�DQDO\WLFDO�SRLQW�RI�YLHZ�� LW�DSSHDUV�PRUH�DPELJXRXV�RQFH�DQ�HPSLULFDO�DQDO\VLV� LV�WR�EH�LPSOHPHQWHG��7KH�DPELJXLW\� LV�GXH�WR�WKH�IDFW� WKDW�LW� LV�GLIILFXOW�WR�GLVVRFLDWH�HPSLULFDOO\�UHQW�VSLOORYHUV�IURP�NQRZOHGJH�VSLOORYHUV��5HQW�VSLOORYHUV�DUH�DSSUR[LPDWHG�WKURXJK�HFRQRPLF� WUDQVDFWLRQV��ZKLFK�PD\�DOVR�EH�DVVRFLDWHG�²RU�LPSO\� VRPH�NQRZOHGJH� WUDQVIHUV��$GGLWLRQDOO\��TXRWLQJ�&LQFHUD� DQG�YDQ�3RWWHOVEHUJKH� �������S�� ��´WKH�WZR�W\SHV�RI�5	'�VSLOORYHUV�PLJKW�QRW�EH�FRPELQHG�EXW�WKHLU�UHVSHFWLYH�SURILOHV�DFURVV�LQGXVWULHV�PLJKW�EH�VLPLODU��
� 1RQ ULYDOU\�PHDQV� WKDW� WKH� FRVWV� UHTXLUHG� WR� UHSURGXFH� DQ� LQQRYDWLRQ� RQFH� LW� LV�PDGH� LV� QHJOLJLEOH�ZLWK�UHVSHFW�WR�WKH�RULJLQDO�LQYHVWPHQW�LQYROYHG�WR�GLVFRYHU�LW�VR�WKDW�WKH�WHFKQRORJ\�FDQ�EH�VHHQ�DV�D�SXEOLF�JRRG��3DUWLDO�H[FOXGDELOLW\�PHDQV� WKDW� WKH�RZQHU�RI�DQ�LQQRYDWLRQ�FDQQRW�H[FOXGH�RWKHUV�IURP�REWDLQLQJ�D�SDUW�RI�WKH�EHQHILWV�IUHH�RI�FKDUJH�
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7KHUHIRUH��VLQFH�HDFK�W\SH�RI�5	'�VSLOORYHU�LV�HVWLPDWHG�XQGHU�D�FRPPRQ�HFRQRPHWULF�SURFHGXUH��VHULRXV�FROOLQHDULW\�ELDV�PLJKW� HPHUJH�µ� ,W� LV�GXH� WR� WKHVH� DUJXPHQWV� WKDW� LQ� WKH�SUHVHQW� VWXG\�ZH�SUHIHU� WR� UHO\�RQ�D�EURDGHU�FRQFHSW�RI�5	'�VSLOORYHU��LQVWHDG�RI�DWWHPSWLQJ�WR�GLVWLQJXLVK�UHQW� IURP�NQRZOHGJH�VSLOORYHUV�
$QRWKHU�LPSRUWDQW� LVVXH LQ�WKLV� OLWHUDWXUH�LV�WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�SULYDWH��RU�´RZQµ��´GLUHFWµ��DQG�WKH�VRFLDO��RU�´LQGLUHFWµ��´H[WHUQDOµ��UDWH�RI�UHWXUQ�WR�5	'��7KH�IRUPHU�UHODWHV�WR�WKH�EHQHILWV�WKDW�FDQ� EH� DSSURSULDWHG� E\� WKH� RULJLQDO� 5	'� SHUIRUPHU�� 7KH� ODWWHU� UHIHUV� WR� WKH� WRWDO� EHQHILWV� IURP�UHVHDUFK�DFWLYLWLHV��L�H��WKH�UHWXUQV�WKDW�UHYHUW�WR�WKH�LQGXVWU\�RU�VHFWRU�LQ�ZKLFK�WKH�5	'�SHUIRUPHU�LV�ORFDWHG� LQ� RU� WR� VRFLHW\� DW� ODUJH�� 7KH� EDVLF� PHWKRGRORJ\� XVHG� WR� HYDOXDWH� VRFLDO� UHWXUQV� WR� 5	'�FRQVLVWV� LQ� HVWLPDWLQJ� D� SURGXFWLRQ� IXQFWLRQ�²L�H��� WKH�SULPDO� DSSURDFK� RU� D� FRVW� IXQFWLRQ���ZKLFK�LQFRUSRUDWHV�RQH�RU�PRUH�YDULDEOHV�SUR[\LQJ�DQ�RXWVLGH��RU�H[WHUQDO��5	'�FDSLWDO�VWRFN��7KH�NH\�LVVXH�LV�WKHQ�WR�GHWHUPLQH�KRZ�WKLV�RXWVLGH�5	'�FDSLWDO�VWRFN��WKH�SRRO�RI�H[WHUQDO�NQRZOHGJH��KDV�WR�EH�DJJUHJDWHG�
,Q�WKH�OLWHUDWXUH�RQ�5	'�VSLOORYHUV�D�YDULHW\�RI�GLIIHUHQW�ZHLJKWV�KDYH�EHHQ�XVHG�WR�REWDLQ�D�PHDVXUH�RI� WKH� DJJUHJDWHG� H[WHUQDO� 5	'� VWRFN� �VHH�0RKQHQ�� ������ IRU� D� UHYLHZ��� $� ILUVW� JURXS� RI� VWXGLHV�DQDO\VHV�WKH�LQIOXHQFHV�RI�5	'�VSLOORYHUV�E\�WUHDWLQJ�WKHP�DV�DQ�XQZHLJKWHG�VXP�RI�5	'�RI�DOO�RWKHU�ILUPV�� LQGXVWULHV� RU� FRXQWULHV� �%HUVWHLQ�� ������ DQG� /HYLQ�� ������� $� VHFRQG� JURXS� WUHDWV� WKH� 5	'�VSLOORYHU� YDULDEOH� DV� D� ZHLJKWHG� VXP� RI� DOO� H[WHUQDO� 5	'� �&RH� DQG�+HOSPDQ�� ������ 6DNXUDL�� HW� DO���������7KLV�VHFRQG�DSSURDFK�FDQ�EH�DGGLWLRQDOO\�VXEGLYLGHG�DFFRUGLQJ�WR�WKH�SUR[LPLW\�PHDVXUH�XVHG�WR� FRQVWUXFW� WKH� ZHLJKWV�� 7KLV� SUR[LPLW\� FDQ� EH� EDVHG� RQ� WKH� LQWHU�LQGXVWU\� IORZV� RI� JRRGV� DQG�VHUYLFHV�� FDSLWDO� JRRGV�� 5	'� SHUVRQQHO�� SDWHQWV�� LQQRYDWLRQV�� FLWDWLRQV� RU� 5	'� FR�RSHUDWLRQ�DJUHHPHQWV��$QRWKHU�VHW�RI�PHDVXUHV�RI�SUR[LPLW\�LV�WKH�GLVWDQFH�EHWZHHQ�SRVLWLRQ�YHFWRUV�LQ�GLIIHUHQW�VSDFHV��%HUQVWHLQ���������VXFK�DV�SDWHQW�FODVVHV��TXDOLILFDWLRQV�RI�5	'�SHUVRQQHO��OLQHV�RI�EXVLQHVV RU�W\SHV�RI�5	'��,Q�WKH�SUHVHQW�VWXG\��LQWHU�LQGXVWU\�VSLOORYHUV�DUH�HVWLPDWHG�XVLQJ�5	'�H[SHQGLWXUHV��LQSXW�RXWSXW�VWDWLVWLFV�DQG�ELODWHUDO�LPSRUW�WUDQVDFWLRQV�

�� 7+(�352'8&7,21�)81&7,21�)5$0(:25.�$1'�7+(�0($685(0(17�2)�5	'�&$3,7$/�672&.
7KLV�VHFWLRQ�DLPV�DW�UHYLHZLQJ�WKH�SURGXFWLRQ�IXQFWLRQ�IUDPHZRUN�DV�D�PRGHO�WR�VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ� SURGXFWLYLW\� DQG� NQRZOHGJH� FDSLWDO�� &KDQJHV� LQ� 7)3� FDQ� EH� H[SODLQHG� E\� PDQ\� IDFWRUV��LQQRYDWLYH�DFWLYLWLHV�RU�SURGXFWLYH�NQRZOHGJH��VFDOH�HFRQRPLHV��FKDQJHV�LQ�WKH�TXDOLW\�RI�ODERXU�DQG�
� )RUHLJQ�WHFKQRORJ\�SD\PHQWV�LQFOXGH�UR\DOWLHV��OLFHQVLQJ�IHHV�DQG�SDWHQW�VDOHV�
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FDSLWDO��RUJDQLVDWLRQDO�FKDQJH��HWF��$PRQJ�WKHVH�XQGHUO\LQJ�IDFWRUV��WKLV�VWXG\�IRFXVHV�RQ�WKH�UROH�RI�SURGXFWLYH�NQRZOHGJH��SUR[LHG�E\�WKH�5	'�FDSLWDO�VWRFN��DQG�5	'�HPERGLHG�LQ�SURGXFWV�SXUFKDVHG�DV� LQSXWV� LQWR�SURGXFWLRQ� LQ� H[SODLQLQJ� LQGXVWU\·V�7)3��3DUWLFXODU� DWWHQWLRQ� LV�SDLG� WR� WKH� HPSLULFDO�PHDVXUHPHQW�RI�NQRZOHGJH�FDSLWDO�DQG�5	'�VSLOORYHUV�
���� 7KH�PRGHO

7KH� PRGHO� XVHG� IRU� WKH� DQDO\VLV� RI� WKH� UROH� RI� SURGXFWLYH� NQRZOHGJH� LV� EXLOW� RQ� WKH� WUDGLWLRQDO�SURGXFWLRQ�IXQFWLRQ�DSSURDFK� �*ULOLFKHV���������ZKHUH�D�PHDVXUH�RI�LQQRYDWLYH�HIIRUW�LV�LQFOXGHG�DV�RQH� RI� WKH� SURGXFWLRQ� IDFWRUV��� 8QOLNH� PRVW� RI� WKH� HPSLULFDO� HYLGHQFH� RQ� WKH� FRQWULEXWLRQ� RI�LQQRYDWLYH� DFWLYLW\� WR� SURGXFWLYLW\�� WKLV� VWXG\� GRHV� QRW� UHO\� RQ� QRQ�SDUDPHWULF� PHDVXUHV� RI� 7)3�GHULYHG� IURP� WKH� WUDGLWLRQDO� DSSURDFK� VXJJHVWHG� E\� 6RORZ� ��������$FFRUGLQJ� WR� WKLV�PHWKRGRORJ\��PHDVXUHV� RI� 7)3� DUH� EDVHG� RQ� DVVXPSWLRQV� WKDW� DUH� GLIILFXOW� WR� DFFHSW� DV�PDLQWDLQHG� K\SRWKHVHV��SDUWLFXODUO\�SHUIHFW�FRPSHWLWLRQ�DQG�ORQJ�UXQ�HTXLOLEULXP��+RZHYHU��HYLGHQFH�VXJJHVW�WKH�LPSRUWDQFH�RI�WKH�UROH�RI�PDUNHW�SRZHU��+DOO������� DQG�RI�DFFRXQWLQJ�IRU�GHYLDWLRQV�IURP�ORQJ�UXQ�HTXLOLEULXP�LQ� PHDVXULQJ� SURGXFWLYLW\� �%HUQGW� DQG� )XVV�� ������ %HUQVWHLQ� DQG� 1DGLUL�� ������� &HUWDLQO\�� LI� WKH�K\SRWKHVHV�PDLQWDLQHG�E\� WKH� JURZWK� DFFRXQWLQJ� DSSURDFK�DUH� QRW� VDWLVILHG� WKH�XVH�RI� WKH�´6RORZ�UHVLGXDOµ�DV�D�SUR[\�RI�WHFKQLFDO�FKDQJH�FDQ�OHDG�WR�PLVOHDGLQJ� LQWHUSUHWDWLRQV RI�WKH�UROH�SOD\HG�E\�SURGXFWLYLW\�DQG�LWV�XOWLPDWH�GHWHUPLQDQWV�
7R�IRUPXODWH� WKH�UHODWLRQVKLS�EHWZHHQ�7)3�DQG�FXPXODWLYH�SURGXFWLYH�NQRZOHGJH��WKLV�VWXG\�SDUWO\�ERUURZV�IURP�%HUQGW�DQG�)XVV������� DQG�+DUULJDQ������� DQG�SURFHHGV�E\�DVVXPLQJ�WKDW�WKH�DFWXDO�OHYHO�RI�SURGXFWLRQ��<��LV�WKH�SURGXFW�RI�SRWHQWLDO�RU�FDSDFLW\�RXWSXW��<
���DQG�DQ�LQGH[�RI�WKH�OHYHO�RI�FDSDFLW\�XWLOLVDWLRQ��8���,Q�WKLV�ZD\��FDSDFLW\�XWLOLVDWLRQ�LV�GHILQHG�E\�KRZ�IDU�DFWXDO��REVHUYHG��RXWSXW�LV� IURP� WKHLU� DSSURSULDWHO\� GHILQHG� SRWHQWLDO� YDOXH�� 7KH� VSHFLILFDWLRQ� KDV� WKH� IHDWXUH� WKDW� FDSDFLW\�XWLOLVDWLRQ�LV�IXOO\�XWLOL]HG��������ZKHQ�8� ����YDOXH�WKDW�LV�DFKLHYHG�LQ�WKH�VWHDG\�VWDWH���


LWLW LW< < 8 G ���
� ,W�VKRXOG�EH�QRWHG�WKDW��EHVLGHV�WKH�³SULPDO´�DSSURDFK��DQRWKHU�ZD\�WR�VWXG\�WKH�FRQWULEXWLRQ�RI�5	'�KDV�IROORZHG� LQ� WKH� OLWHUDWXUH�� 7KLV� UHIHUV� WR� WKH� ³GXDO´� DSSURDFK� ZKLFK� XVXDOO\� UHVWV� RQ� D� UHSUHVHQWDWLRQ� RI�WHFKQRORJ\� E\� D� FRVW� IXQFWLRQ� DQG� IURP� ZKLFK� D� V\VWHP� RI� IDFWRU� GHPDQG� HTXDWLRQV� LV� WKHQ� HVWLPDWHG��$PRQJ� RWKHUV�� 0RKQHQ�� HW DO�� �������� %HUQVWHLQ� DQG� 1DGLUL� �������� DQG� 1DGLUL� DQG� .LP� ������ KDYH�LPSOHPHQWHG�WKH�GXDO�DSSURDFK�� 6HH�&XQHR�DQG�0DLUHVVH���������-DIIH���������*ULOLFKHV�DQG�0DLUHVVH���������*ULOLFKHV���������������DQG�+DOO�DQG�0DLUHVVH���������DPRQJ�RWKHUV�
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7R� PRGHO� WKLV�� SRWHQWLDO� RXWSXW� FDQ� EH� ZULWWHQ� XVLQJ� D� FRQYHQWLRQDO� &REE� 'RXJODV� SURGXFWLRQ�IXQFWLRQ�� EHLQJ� WKH� UHVXOW� RI� D� FRPELQDWLRQ� RI� WZR� VHSDUDEOH� IXQFWLRQV�� WKH� WHFKQLFDO� SURJUHVV�IXQFWLRQ��$LW��DQG�D�WUDGLWLRQDO�LQSXW�IXQFWLRQ��)LW�����ZKLFK�GHSHQGV�RQ�SULPDU\�LQSXWV��ODERXU��/L��DQG�SK\VLFDO�FDSLWDO�VWRFN��.LW���DV�ZHOO�DV�RQ�LQWHUPHGLDWH�LQSXWV��0LW���

 � � � � 4/ 4. 40LW LW LW LW LW LW LW LW LW< $ ) / . 0 $ / . 0H H H  ���

)ROORZLQJ�%DVX�DQG�)HUQDOG���������WKH�OHYHO�RI�FDSDFLW\�XWLOLVDWLRQ��8��FDQ�EH�FRQVLGHUHG�D�IXQFWLRQ�RI� WKH�QRQ�REVHUYHG� LQWHQVLW\�ZLWK�ZKLFK� ODERXU�DQG�FDSLWDO� DUH�XVHG��QDPHO\� ODERXU�HIIRUW��(��DQG�FDSLWDO�XWLOLVDWLRQ��=��'XH�WR�VKRUW�UXQ�IL[LWLHV�RI�FDSLWDO�DQG�EHFDXVH�RI�ODERXU�KRDUGLQJ��SURGXFHUV�GR�QRW� YDU\� LQSXWV� LQ� WKH� VKRUW� UXQ� SURSRUWLRQDWHO\� ZLWK� RXWSXWV�� OHDGLQJ� WR� F\FOLFDO� PRYHPHQWV� LQ�FDSDFLW\�XWLOLVDWLRQ�DQG�PHDVXUHG�7)3�
� � � 4/ 4.LW LW LW LW LW8 * = ( ( =H H  ���

6XEVWLWXWLQJ�H[SUHVVLRQ�����DQG�����LQWR�����DQG�UH�DUUDQJLQJ�JLYHV��
� � � � � � � � � � �4/ 4. 40 4/ 4. 40LW LW LW LW LW LW LW LW LW LW LW LW LW LW LW LW LW LW< $ ) / . 0 * = ( $ / ( . = 0 $ / . 0 8H H H H H H ]   ���

5HJDUGLQJ�HTXDWLRQ� ����RQH�FDQ�HVWDEOLVK� WKUHH� LPSRUWDQW�GLIIHUHQFHV�ZLWK� UHVSHFW� WR� WKH�WUDGLWLRQDO�DSSURDFK� WR� VWXG\� WKH� FRQWULEXWLRQ� RI� SURGXFWLYH� NQRZOHGJH� WR� SURGXFWLYLW\�� )LUVWO\�� WKLV� UHVHDUFK�IRFXVHV�RQ�WKH�XVH�RI�JURVV�RXWSXW�LQVWHDG�RI�WKH�FRPPRQO\�XVHG�YDOXH�DGGHG�DV�D�PHDVXUH�RI�UHDO�RXWSXW���� 6HFRQGO\�� ZKLOH� PRVW� RI� WKH� HPSLULFDO� HYLGHQFH� LQ� WKLV� WUDGLWLRQ� KDV� EHHQ� FRQGXFWHG�DVVXPLQJ�WKDW�LQGXVWULHV�DUH�DW�WKHLU�SRWHQWLDO�SURGXFWLRQ�OHYHO�DW�DQ\�PRPHQW�LQ�WLPH��<W  �<W
���LQ�WKLV�VWXG\� ZH� DUJXH� WKDW� SURGXFHUV� DGMXVW� WRZDUG� WKHLU� SRWHQWLDO� OHYHO� WKURXJK� VXFFHVVLYH� VKRUW� UXQ� RU�WHPSRUDU\�GLVHTXLOLEULD��<W ��<W
���4XRWLQJ�%HUQVWHLQ�DQG�0RKQHQ��������S��������´PLVWDNHQO\�DVVXPLQJ�WKDW� SURGXFHUV� DUH� DW� WKHLU� ORQJ� UXQ� GHVLUHG�«>LQSXW� GHPDQG� OHYHOV@� FDQ� OHDG� WR� VLJQLILFDQW� ELDVHV� LQ�PHDVXUHG�SURGXFWLYLW\� JURZWK� UDWHV� DQG�ELDVHV� LQ� DFFRXQWLQJ� IRU� WKH� YDULRXV�GHWHUPLQDQWV� RI�SURGXFWLYLW\� JURZWK�µ�)LQDOO\��ZH�SURFHHG� ZLWKRXW� DVVXPLQJ� SHUIHFW� FRPSHWLWLRQ� LQ� RXWSXW� PDUNHWV�� RU� LQ� RWKHU� ZRUGV�� ZLWKRXW�
�� 7KH�SDUDPHWHU�/ LQ�HTXDWLRQ�����LV�WKH�HODVWLFLW\�RI�FDSDFLW\�XWLOLVDWLRQ�ZLWK�UHVSHFW�WR�WKH�EXVLQHVV�F\FOH��VHH�+DUULJDQ���������,Q�WKH�VWHDG\�VWDWH�8 ���WKHUHIRUH�< <
 LQGHSHQGHQWO\�RI�WKH�YDOXH�RI�/��� 7KHUH�LV�DQ�H[WHQVLYH�OLWHUDWXUH�WKDW�VKRZV�WKH LQDGHTXDF\�DQG�WKH�UHVXOWLQJ�ELDVHV�RI�XVLQJ�YDOXH�DGGHG�IRU�SURGXFWLYLW\�PHDVXUHPHQW��VHH�%DVX�DQG�)HUQDOG��������



�

LPSRVLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� SURGXFWLRQ� HODVWLFLWLHV� DQG� LQFRPH� VKDUHV� DV� LQ� WKH� JURZWK�DFFRXQWLQJ�DSSURDFK��
7DNLQJ�ORJV�LQ������DQG�DIWHU�DVVXPLQJ�FRQVWDQW�UHWXUQV�WR�VFDOH�LQ�WKH�WUDGLWLRQDO�LQSXW�IXQFWLRQ�)W����RQH�FDQ�UHDUUDQJH�WR�\LHOG��ZKHUH�ORZHU�FDVH�OHWWHUV�GHQRWH�WKH�YDULDEOHV�LQ�WHUPV�RI��SK\VLFDO�FDSLWDO�VWRFN��

� �OQ OQ OQ OQ OQ4 / 4 0L LW L LW L LW L LWW\ $ O P 8H H ] � � � ���
$GGLWLRQDOO\�� WKH�7)3�SDUDPHWHU�� OQ$LW�� LV�PRGHOOHG�E\� D� FRPELQDWLRQ�RI� D� VHFWRU� VSHFLILF� LQWHUFHSW��DOORZLQJ� GLVHPERGLHG� SURGXFWLYLW\� WR� YDU\� DFURVV� VHFWRUV�� D� WLPH� WUHQG� �EHLQJ� « WKH� UDWH� RI�GLVHPERGLHG�WHFKQLFDO�FKDQJH���DQG�FXPXODWLYH�SURGXFWLYH�NQRZOHGJH��5LW��
OQ OQLW L L L LW LW$ W 5K O [ Q � � � ���
7KH�VXEVFULSWV�L DQG�W GHQRWH�WKH�LQGXVWU\�DQG�WKH�SHULRG��\HDU��UHVSHFWLYHO\��$GGLWLRQDOO\��­LW LV�D�ZKLWH�QRLVH�UHVLGXDO�DQG�[ UHSUHVHQWV�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�SURGXFWLYH�NQRZOHGJH�
&RPELQLQJ�HTXDWLRQ�����DQG�����RQH�FDQ�REWDLQ�WKH�ORQJ�UXQ��VWDWLRQDU\��IRUP�RI�WKH�PRGHO����ZKLFK�LV�UHSUHVHQWHG�DV�IROORZV����

� �OQ OQ OQ OQ OQ4 / 4 0LW L L LW LW L LW L LW LW\ W O P 8 5K O H H G [ Q � � � � � � ���
$OWKRXJK� HTXDWLRQ� ���� LV� XVXDOO\� FRQVLGHUHG� VXLWDEOH� IRU� HVWLPDWLRQ�� VRPH�SUREOHPV� DULVH� IURP� WKH�DSSOLFDWLRQ�RI�VWDQGDUG�UHJUHVVLRQ�WHFKQLTXHV��7KHVH�GLIILFXOWLHV�RFFXU�ZKHQ�XQLW�URRWV�DUH�SUHVHQW�LQ�WKH� GDWD� �DQG� WKH� VHULHV� XQGHU� H[DP� DUH� QR� H[FHSWLRQ��� :KHQ� GHDOLQJ� ZLWK� QRQ�VWDWLRQDU\� GDWD��HTXLOLEULXP�LV�V\QRQ\PRXV�ZLWK� WKH�FRQFHSW�RI�FRLQWHJUDWLRQ��(QJOH�DQG�*UDQJHU���������)DLOXUH�WR�HVWDEOLVK� FRLQWHJUDWLRQ�RIWHQ� OHDGV� WR� VSXULRXV� UHJUHVVLRQV�ZKLFK�GR�QRW� UHIOHFW� ORQJ� UXQ�HFRQRPLF�UHODWLRQVKLSV�EXW��UDWKHU��UHIOHFW�WKH�FRPPRQ�WUHQGV�FRQWDLQHG�LQ�PRVW�QRQ�VWDWLRQDU\�VHULHV���)RU�WKLV�UHDVRQ��WKHUH�LV�D�QHHG�WR�XVH�WKH�DSSURSULDWH�PRGHOOLQJ�SURFHGXUH��'HWUHQGLQJ�LV�QRW�DSSURSULDWH�DQG�
�� 1RWH�WKDW�E\�FRQVWUXFWLRQ��WKH�FDSDFLW\�XWLOLVDWLRQ�PHDVXUH��8��KDV�D�PHDQ�RU�VWHDG\�VWDWH�YDOXH�RI�RQH��VHH�7DEOH�$���LQ�WKH�DSSHQGL[���� 7KH� DOWHUQDWLYH� DSSURDFK� IROORZHG� E\� PRVW� RI� WKH� HPSLULFDO� HYLGHQFH� ZRXOG� EH� WR� XVH� 7)3� DV� WKH�GHSHQGHQW� YDULDEOH�� ZKLFK� LQYROYHV� WKH� LPSOLFLW� DVVXPSWLRQ� RI� SHUIHFW� FRPSHWLWLRQ�� 7KLV� DPRXQWV� WR�LQIHUULQJ�WKH�RXWSXW�HODVWLFLWLHV��DV�WKH�LQSXW�UHYHQXH�VKDUHV��IURP�WKH�GDWD��ZKLFK�LQ�WKLV�VWXG\�ZH�SUHIHU�WR�DYRLG�



��

VLPSO\�GLIIHUHQFLQJ�WKH�YDULDEOHV�LV�QRW�D�VROXWLRQ�VLQFH�WKLV�WKHQ�UHPRYHV�DQ\�LQIRUPDWLRQ�DERXW�WKH�ORQJ�UXQ�
$Q�DOWHUQDWLYH�SURFHGXUH�IRU�REWDLQLQJ PHDQLQJIXO�HVWLPDWHV�RI�WKH�ORQJ�UXQ�HODVWLFLWLHV�RI�7)3�ZLWK�UHVSHFW� WR� WKH� LQQRYDWLYH� YDULDEOHV� LV� WR� HVWLPDWH� WKH� FRUUHVSRQGLQJ� HUURU� FRUUHFWLRQ� IRUPXODWLRQ��(&0��WR�HTXDWLRQ������7KH�(&0�VWDWLVWLFDO�IUDPHZRUN�LV�DWWUDFWLYH�LQ�WKDW�LW�LV�FORVHO\�ERXQG�XS�ZLWK�WKH�FRQFHSW�RI�FRLQWHJUDWLRQ��WKXV�SURYLGLQJ�D�XVHIXO�DQG�PHDQLQJIXO�OLQN�EHWZHHQ�WKH�ORQJ�UXQ�DQG�VKRUW�UXQ�DSSURDFK�WR�HFRQRPHWULF�PRGHOOLQJ��ZLWK�GLVHTXLOLEULXP�DV�D�SURFHVV�RI�DGMXVWPHQW�WR�WKH�ORQJ�UXQ�PRGHO�
7KXV��WKH�EDVLF�HTXDWLRQ�WR�EH HVWLPDWHG��DGDSWHG�IURP������ LV�WKH�IROORZLQJ�HUURU�FRUUHFWLRQ�PRGHO��WKDW�DOORZV�RQH�WR�VHSDUDWH�VKRUW�WHUP�IURP�ORQJ�WHUP�HIIHFWV�

� ��
� �� � �� � �� � ��

OQ OQ OQ OQ OQOQ OQ OQ OQLW / LW 0 LW & LW 5 LW L L W
OL L W PL L W FL L W UL L W L L LW

\ O P 8 5 \O P 8 5 WD D D D TE E E E K O Q�
� � � �

'  ' � ' � ' � ' � �� � � � � � � ���
,Q� HTXDWLRQ� ����� WKH� ORQJ� UXQ� HODVWLFLW\� RI� RXWSXW�ZLWK� UHVSHFW� WR�� VD\� SURGXFWLYH� NQRZOHGJH� �5�� LQ�LQGXVWU\�L��LV���¢UL�¨L���
7KHUH� DUH� WZR� LPPHGLDWH� SUDFWLFDO� FKDOOHQJHV� WR� LPSOHPHQW� DQ� HTXDWLRQ� OLNH� ���� RU� ����� WKHUH� DUH�QHLWKHU� GLUHFW�PHDVXUHV� RI� WKH� FDSDFLW\� XWLOLVDWLRQ� WHUP�QRU� REVHUYDEOH�PHDVXUHV� RI� WKH�SURGXFWLYH�NQRZOHGJH�VWRFN��,Q�RUGHU�WR�SUR[\�FDSDFLW\�XWLOLVDWLRQ����GDWD�RQ�GHYLDWLRQV�IURP�WKH�KRXUV�WUHQG�IRU�HDFK� LQGXVWU\� DUH� XVHG� WR� FRQVWUXFW� WKH� UHVSHFWLYH� LQGLFHV��2Q� WKH� RWKHU� KDQG�� IROORZLQJ� SUHYLRXV�OLWHUDWXUH��VHH�.HOOHU���������WKH�SUHVHQW�VWXG\�PRGHOV�5 DV�D�IXQFWLRQ�RI�WKH�RZQ�LQGXVWU\�5	'�VWRFN��EDVHG�RQ�WKH�VXP�RI�SDVW�5	'�VSHQGLQJ��DQG�WKH�GRPHVWLF�DQG�IRUHLJQ�HPERGLHG�5	'�VWRFN�

����� (PSLULFDO� PHDVXUHPHQW� RI� SURGXFWLYH� NQRZOHGJH�� LQWHU�LQGXVWU\� DQG�LQWHUQDWLRQDO�5	'�6SLOORYHUV�
D��,QQRYDWLRQ�YDULDEOHV
&RPSUHKHQVLYH�DWWHPSWV�WR�GHVFULEH�WKH WHFKQRORJLFDO�SHUIRUPDQFH�RI�FRXQWULHV�� LQGXVWULHV�RU�ILUPV�KDYH�XVXDOO\�UHOLHG�RQ�D�YDULHW\�RI�SDUWLDO�LQGLFDWRUV�RI�LQQRYDWLYH�HIIRUW��5	'�H[SHQGLWXUHV��SDWHQWV��
�� $�PRUH� UHILQHG� WUHDWPHQW�RI� FDSDFLW\�XWLOLVDWLRQ�ZRXOG�GHILQH�FDSDFLW\�DV� WKH�PLQLPXP�RI� WKH�VKRUW� UXQ�DYHUDJH�FRVW�FXUYH��KRZHYHU�WKH�GDWD�UHTXLUHG�IRU�VXFK�DQ�DGMXVWPHQW�LV�QRW�DYDLODEOH��6HH�0RUULVRQ��������



��

UR\DOWLHV�RU�LQQRYDWLRQ�VXUYH\V��DPRQJ�RWKHUV���:KLOH�WKHUH�LV�QR�VLQJOH��SHUIHFW�PHDVXUH�RI�LQQRYDWLYH�HIIRUW�RU�SURGXFWLYH�NQRZOHGJH��IROORZLQJ�SUHYLRXV�VWXGLHV�ZH�DUJXH�WKDW�DQ�DSSURSULDWH�LQGLFDWRU�RI�VXFFHVVIXO�LQQRYDWLRQV��DQG�RI�LQFUHDVH�LQ�WKH�VWRFN�RI�NQRZOHGJH��LV�DQ�LQFUHDVH�LQ�NQRZOHGJH�FDSLWDO�WKURXJK�QHZ�LQYHVWPHQW�LQ�5	'��������
$V DQ\�RWKHU�FDSLWDO�VWRFN�YDULDEOH�WKH�FRQVWUXFWLRQ�RI�WKH�5	'�VWRFN�LV�QRW�GHYRLG�RI�SUREOHPV�VXFK�DV�WKH�FKRLFH�RI�DQ�DSSURSULDWH�GHSUHFLDWLRQ�UDWH��ODJ�VWUXFWXUH��EDVH�YDOXH�DQG�GHIODWRUV��$OWKRXJK��WKH�DSSURDFK�IROORZHG�LQ�WKLV�UHVHDUFK�RQ�WKH�FRQVWUXFWLRQ�RI�WKH�5	'�VWRFN�LV�GLVFXVVHG�DW�OHQJWK�LQ�WKH�DSSHQGL[��VRPH�FRPPHQWV�PD\�EH�LQ�SODFH��,Q�WKH�SUHVHQW�VWXG\��WKH�5	'�RU�NQRZOHGJH�FDSLWDO�VWRFN�LV�FRPSXWHG�XVLQJ�WKH�ZHOO�NQRZQ�SHUSHWXDO�LQYHQWRU\�PHWKRG��7KLV�PHWKRG�DVVXPHV�WKDW�WKH�FXUUHQW�VWDWH�RI�NQRZOHGJH�LV�D�UHVXOW�RI�SUHVHQW�DQG�SDVW�5	'�H[SHQGLWXUHV�GLVFRXQWHG�E\�D�FHUWDLQ�UDWH�RI�GHSUHFLDWLRQ��VHH�$SSHQGL[�$��
7ZR�RWKHU�UHQRZQHG�LVVXHV�HQFRXQWHUHG�ZKHQ�HVWLPDWLQJ�WKH�FRQWULEXWLRQ�RI�5	'�UHPDLQHG�WR�EH�PHQWLRQHG��7KH� ILUVW�SUREOHP� LV� WKH�´GRXEOH�FRXQWLQJµ�RI�5	'��7KLV�GRXEOH�FRXQWLQJ�DULVHV�VLQFH�FRQYHQWLRQDO� LQSXWV� JHQHUDOO\� LQFOXGH� WKH� FRPSRQHQWV� RI� 5	'� H[SHQGLWXUHV�� $V� VKRZQ� E\�6FDKQNHUPDQ������� DQG�0DLUHVVH�DQG�+DOO�������� WKLV�GRXEOH�FRXQWLQJ�UHIOHFWV� LWVHOI� LQ�GRZQZDUG�HVWLPDWHV�RI�5	'�HODVWLFLWLHV�DQG�UDWHV�RI�UHWXUQV����$V�D�FRQVHTXHQFH��ZKHQ�WKH�LQSXW�IDFWRUV�DUH�QRW�FOHDQHG�IURP�WKHLU�5	'�FRPSRQHQWV��WKH�UDWH�RI�UHWXUQ�WR�5	'�KDV�WR�EH�LQWHUSUHWHG�DV�DQ�H[FHVV�UDWH��7KH�VHFRQG�LVVXH�LV�UHODWHG�WR�WKH�ZD\�FXUUHQW�DQG�SDVW�YDOXHV�RI�5	'�LQYHVWPHQWV�KDYH�WR�EH�GHIODWHG� ZKHQ� PHDVXULQJ� WKH� 5	'� FDSLWDO�� 6RPH� DXWKRUV� KDYH� SDLG� DWWHQWLRQ� WR� WKLV� LVVXH� E\�
�� ,QGXVWULHV� SHUIRUP� 5	'� WR� GHVLJQ� QHZ� RU� EHWWHU� SURGXFWV� ZKLFK� ZLOO� SURYLGH� PRUH� YDOXH� SHU� XQLW� RI�UHVRXUFHV�XVHG��RU�QHZ�SURFHVV�ZKLFK�ZLOO�UHGXFH�WKH�UHVRXUFH�UHTXLUHPHQWV�RI�H[LVWLQJ�SURGXFWV��*ULOLFKHV�DQG� /LFKWHPEHUJ�� ������� 7R� WKH� H[WHQW� WKDW� 7)3� PHDVXUHV� DUH� DSSURSULDWH� LQGLFDWRUV� RI� WHFKQRORJLFDO�SURJUHVV��5	'�DFWLYLWLHV�PD\�FRQWULEXWH�WR�H[SDQGLQJ�RU�VKLIWLQJ�WKH�SURGXFWLRQ�SRVVLELOLW\�IURQWLHU�LQ�5	'�FRQGXFWLQJ�LQGXVWULHV��$W�WKH�VDPH�WLPH��VRPH�LQGXVWULHV�WKDW�PLJKW�EH�OHVV�5	'�LQWHQVLYH�FDQ�REWDLQ�ODUJH�SURGXFWLYLW\� EHQHILWV� VLPSO\� E\� DFTXLULQJ� TXDOLW\� LPSURYHG� LQSXWV� RU� FDSLWDO� JRRGV� LQWR� WKHLU� SURGXFWLRQ�SURFHVV��L�H��HPERGLHG�5	'���� &ULWLFLVPV�WR�WKH�ZLGH�XVH�RI�5	'�VSHQGLQJ�DUH�SUHVHQW�LQ�WKH�OLWHUDWXUH��3DYLWW�DQG�3DWHO������� DUJXH�WKDW�H[SHQGLWXUHV� RQ� 5	'� PD\� EH� DQ� LQDGHTXDWH� PHDVXUH� RI� ERWK� WKH� LQSXWV� LQWR� DQG� WKH� RXWSXWV� LQWR� WKH�LQQRYDWLYH� SURFHVV�� 5	'� H[SHQGLWXUH� LV� DQ� LQSXW� PHDVXUH�� PXFK� RI� ZKLFK� ZLOO� QRW� UHVXOW� LQ� LQQRYDWLYH�RXWSXW�� 6WHUODFFKLQQL� ������� SRLQWV� RXW� WKDW� 5	'� H[SHQGLWXUH� GR� QRW� UHSUHVHQW� VDWLVIDFWRU\� LQGLFDWRU� RI�WHFKQRORJLFDO� FKDQJH� DV� WKH\� DFFRXQW� SULPDULO\� IRU� SDWWHUQV� RI� SURGXFWLRQ� �RU� SHUIRUPDQFH�� UDWKHU� WKDQ�SDWWHUQV�RI�XVH��RU�GLIIXVLRQ��RI�WHFKQRORJLFDO�LQQRYDWLRQ�DPRQJ�LQGXVWULHV��� 4XRWLQJ�0DLUHVVH� DQG�+DOO� ������� S�� ����³&RQFHSWXDOO\�� WKH� YDOXH� DGGHG�� ODERU�� DQG� FDSLWDO�PHDVXUHV�XVHG� WR� HVWLPDWH� >WKH� SURGXFWLYLW\� HTXDWLRQ@� VKRXOG� EH� SXUJHG� RI� WKH� FRQWULEXWLRQ� RI� 5	'� PDWHULDOV��SK\VLFDO�FDSLWDO�XVHG�LQ�5	'�ODERUDWRULHV��DQG�5	'�SHUVRQQHO��VLQFH�WKHVH�LQSXWV�GR�QRW�SURGXFH�FXUUHQW�RXWSXW��EXW�DUH�XVHG�WR�LQFUHDVH�WKH�VWRFN�RI�5	'�FDSLWDO��,I�WKLV�LV�QRW�GRQH��WKH�FURVV�VHFWLRQ�HVWLPDWHV�>���@�ZLOO�QRW�QHFHVVDULO\�EH�LQFRUUHFW��EXW�WKH�PHDVXUHG�5	'�FRHIILFLHQW�ZLOO�EH�VRPH�NLQG�RI�µH[FHVV¶�HODVWLFLW\�RI RXWSXW�WR�5	'�UDWKHU�WKDQ�D�WRWDO�HODVWLFLW\��L�H��WKH�LQFUHPHQWDO�SURGXFWLYLW\�RI�5	'�UDWKHU�WKDQ�D�WRWDO�HODVWLFLW\�´



��

FRQVWUXFWLQJ� ¶FRXQSRXQG·� DQG� ¶WZR�GLJLW� OHYHO·�SULFH� LQGH[HV����EXW� LQ�JHQHUDO�� WKHUH� VHHPV�WR�EH�QR�VXEVWDQWLDO�GLIIHUHQFHV�LQ�WKH�UHVXOWV�DFFRUGLQJ�WR�ZKHWKHU�WKHVH�SULFH�LQGH[HV�RU�WKH�*'3�GHIODWRU�DUH�XVHG�
E� ,QWHU�LQGXVWU\�6SLOORYHUV
0RGHOOLQJ� WKH� HFRQRPLF� HIIHFWV� RI� 5	'� VSLOOLQJ� RYHU� IURP� RQH� LQGXVWU\� WR� DQRWKHU� UDLVHV� WZR�HPSLULFDO� LVVXHV��7KH�ILUVW�FRQFHUQV� WKH�PRUH�JHQHUDO�TXHVWLRQ�RI�KRZ�WR�PHDVXUH�VSLOORYHUV�DQG� WR�LQWHUSUHW� WKHLU� H[LVWLQJ�PHDVXUHV�ZKLOH� WKH�VHFRQG� LV� UHODWHG�WR�WKH�VSHFLILFDWLRQ�RI� WKH�WUDQVPLVVLRQ�PHFKDQLVP��7KH�PHWKRGRORJ\�RQ�FRQVWUXFWLQJ�GRPHVWLF�HPERGLHG�5	'�LQGLFDWRUV�IROORZHG�LQ�WKLV�VWXG\�EXLOGV�RQ�WKH�VHPLQDO�ZRUN�RI�7HUOHFN\M������� ZKLFK�XVHG�LQSXW�RXWSXW�GDWD�WR�PHDVXUH�LQWHU�VHFWRUDO�IORZV�RI�WHFKQRORJLHV��7KLV�W\SH�RI�WHFKQRORJ\�IORZ�LQGLFDWRU�IRFXVHV�RQ�5	'�HPERGLHG�LQ�SURGXFWV�SXUFKDVHG�E\�DQ�LQGXVWU\��7KH�FRQFHSW�RI�´5	'�HPERGLPHQWµ�UHOLHV�RQ�WKH�IDFW�WKDW�PDUNHW�FRPPRGLW\� IORZV� DPRQJ� LQGXVWULHV� FDQ� EH� UHJDUGHG� DV� WKH� FKDQQHO� IRU� WKH� WUDQVIHU� RI� WHFKQRORJ\�GHYHORSHG�E\�VXSSO\LQJ�LQGXVWULHV��
,Q� FRQWUDVW� WR� RWKHU� SUHYLRXV� ZRUN� ZKLFK GLUHFWO\� XVHV� LQSXW�RXWSXW� WDEOHV� WR� FDSWXUH� 5	'� LQ�SXUFKDVHG�SURGXFWV��WKH�FXUUHQW�5	'�HPERGLPHQW�LQGLFDWRUV�KDYH�EHHQ�IRUPXODWHG�LQ�WKH�EDVLV�RI�D�/HRQWLHI�LQYHUVH��DQG�PRUH�SUHFLVHO\��LQ�WKH�EDVLV�RI�WKH�RXWSXW�PXOWLSOLHUV����WDNLQJ�LQWR�DFFRXQW�WKH�FXPXODWLYH� QDWXUH� RI� LQWHU�LQGXVWULDO� 5	'� IORZV�� 7KH�PHULW� RI� WKH� /HRQWLHI� LQYHUVH�PRGHO� LV� WKDW�HQDEOHV�WKH�PHDVXUHPHQW�RI�VHFRQG�URXQG�5	'�JDLQV�IRU�D�VSHFLILF�LQGXVWU\�RI�5	'�SHUIRUPHG�E\�LQGXVWULHV�HOVHZKHUH����6XFK�PXOWLSOLHU�HIIHFWV�LQ�5	'�HPERGLPHQW�HVWLPDWHV�FDQ�EH�LPSRUWDQW��7KXV��WKH�SUR[\�IRU�GRPHVWLF��LQWUDQDWLRQDO��LQWHU�LQGXVWU\�VSLOORYHUV��,5'L��LV�FRPSXWHG�DV�

L ML MM L,5' 5'Zz ¦ ��M���L ���

�� %HUQVWHLQ������� KDV�FRQVWUXFWHG�IRU�&DQDGD�D�'LYLVLD�SULFH�LQGH[�WKDW�LQFRUSRUDWHV�WKH�SULFHV�RI�GLIIHUHQW�FRPSRQHQWV� RI� 5	'�� ZKLOH� &DPHURQ� ������� KDYH� FRQVLGHUHG� GLYLVLD� SULFH� LQGLFHV� IRU� WKH� 8.� EXVLQHVV�HQWHUSULVH�5	'���� 7KHVH� RXWSXW�PXOWLSOLHUV� �0LOOHU� DQG�%ODLU�� ������ S�� ���� DUH� OHVV� WKDQ� RU� HTXDO� WR� WUDGLWLRQDO� /HRQWLHI�PXOWLSOLHUV� GHILQHG� E\� ILQDO� GHPDQG�� :KLOH� WKH� XVH� RI� WKH� /HRQWLHI� PXOWLSOLHUV� FDQQRW� DYRLG� WKH� GRXEOH�FRXQWLQJ�RI� WKH�5	'�HPERGLPHQW�RI� LQGXVWU\� L E\� WKH�H[WHQG�RI� LQFUHDVH� LQ� LQGXVWU\� L¶V�RXWSXW�GXULQJ�WKH�SURSDJDWLRQ�� WKH� XVH� RI� VXFK� DGMXVWHG� PXOWLSOLHUV� HQDEOHV� WR� H[DFWO\� GHILQH� WRWDO� 5	'� HPERGLPHQWV� RI�LQGXVWU\�L E\�WKH�VLPSOH�VXP�RI�GLUHFW�5	'�DQG�LQGLUHFW�5	'�HPERGLHG�LQ�WKH�SXUFKDVHG�SURGXFWV��� 7KH�VWUXFWXUH�RI�WKH�RXWSXW�WR�RXWSXW�/HRQWLHI�LQYHUVH�LV�VKRZQ�LQ�WKH�DSSHQGL[�LQ�7DEOH�$����7KH�LQGXVWU\�UDZ�GDWD�PDWUL[�LV�DJJUHJDWHG�XS�WR�WKH��
��LQGXVWU\�FODVVLILFDWLRQ�XVHG�LQ�WKLV�VWXG\�
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+HUH�5'M LV�WKH�5	'�FDSLWDO�VWRFN�RI� LQGXVWU\� M DQG�¹LM LV�WKH��M�� L��HOHPHQW�RI�WKH�RXWSXW�WR�RXWSXW�/HRQWLHI�LQYHUVH�
F���,QWHUQDWLRQDO�5	'�6SLOORYHUV
,W� KDV� DOUHDG\� EHHQ� PHQWLRQHG� WKDW� ZLWKLQ� WKH� OLWHUDWXUH� RQ� 5	'� VSLOORYHUV�� LQWHUQDWLRQDO� 5	'�VSLOORYHUV�VHHP�WR�EH�RI�LQFUHDVLQJ�LQWHUHVW��ZLWK�D�QXPEHU�RI�UHFHQW�VWXGLHV�H[SORULQJ�WKLV�GLPHQVLRQ��1HYHUWKHOHVV�� UHVXOWV� DUH�PL[HG� GHSHQGLQJ� RQ� WKH� FRXQWU\� DQG�RU� WKH� WUDQVIHU� FKDQQHO� FRQVLGHUHG��ZLWK�WKH�EDODQFH�WHQGLQJ�WR�WLOW�WRZDUGV�WKH�UHFRJQLWLRQ�RI�WKHLU�H[LVWHQFH��LI�QRW�DJUHHPHQW�RQ�WKHLU�GLUHFWLRQ� RU� DFWXDO�PDJQLWXGH�� )RU� H[DPSOH��&RH� DQG�+HOSPDQ� ������� DQG�%HUQVWHLQ� DQG�0RKQHQ�������� ILQG� VWURQJ� DQG� VLJQLILFDQW� HYLGHQFH� RI� LQWHU�FRXQWU\� VSLOORYHUV�� ZKLOH� 6RHWH� DQG�9HUVSDJHQ�������ILQG�QR�HYLGHQFH�IRU�HPERGLHG�5	'�VSLOORYHUV��EXW�VRPH�HYLGHQFH�IRU�WKH�GLVHPERGLHG�NLQG��5HFHQWO\�� KRZHYHU�� &RH� DQG� +HOSPDQ·V� ������� UHVXOWV� KDYH� FRPH� WR� XQGHU� VRPH� FULWLFLVP��.HOOHU������� SURYLGHV� HYLGHQFH� WKDW� IRUHLJQ�5	'�VWRFNV�ZHLJKWHG�E\� UDQGRPO\� JHQHUDWHG� WUDGH�PDWULFHV�SHUIRUP�QHDUO\�DV�ZHOO�DV�UHJUHVVRUV�DV�WKH�WUXH�IRUHLJQ�5'�VWRFNV��ZKLFK�TXHVWLRQV�ZKHWKHU�DQ\�RI�&RH� DQG� +HOSPDQ·V� UHVXOWV� FDQ� EH� LQWHUSUHWHG� DV� LQGLFDWLQJ� D� OLQN� EHWZHHQ� NQRZOHGJH� IORZV� DQG�LPSRUWV�� 2Q� WKH� RWKHU� KDQG�� .DR� HW� DO ������ DSSO\LQJ� SDQHO� FRLQWHJUDWLRQ� PHWKRGV� WR� &RH� DQG�+HOSPDQ·V�HVWLPDWLRQ�FRQFOXGH� WKDW� WKH�HYLGHQFH�RI� WKH� UHODWLRQVKLS�EHWZHHQ� LPSRUWV� DQG� UHVHDUFK�VSLOORYHUV�LV�ZHDN�
,Q�WKH�SUHVHQW�UHVHDUFK�� WKH�FRQWULEXWLRQ�RI�IRUHLJQ�5	'�WR�WKH�GRPHVWLF�NQRZOHGJH�VWRFN�LQ�HDFK�VHFWRU�LV�PRGHOOHG�E\�XWLOLVLQJ�ELODWHUDO�LPSRUW�VKDUHV�DV�ZHLJKWV�DV�LQ�PDQ\�SUHFHGLQJ�HPSLULFDO�VWXGLHV��&RH�DQG�+HOSPDQ��������� DORQJVLGH�WKH�LPSRUW�WUDQVDFWLRQ�PDWUL[�IURP�WKH�8.������,QSXW�2XWSXW�7DEOHV��.HOOHU���������7KH�IRFXV�LV�RQ�WKH�LQGLUHFW�EHQHILWV�HPDQDWLQJ�IURP�WKH�LPSRUW�RI�JRRGV�DQG�VHUYLFHV�SURFHHGLQJ�IURP�WKH�VDPH DQG�RWKHU�LQGXVWULHV�WKDW�KDYH�EHHQ�GHYHORSHG�E\�WUDGH�SDUWQHUV��/HW�PLN EH�WKH�ELODWHUDO�LPSRUW�VKDUH�IURP�FRXQWU\�N�IRU�LQGXVWU\�L DQG�¡LM GHQRWH�WKH�LPSRUW�VKDUH�RI�WKH� M LQWHUPHGLDWH� LQSXW� WKDW� JR� WR� WKH� L LQGXVWU\��7KH� SRRO� RI� IRUHLJQ�5	'��GHQRWHG�E\�)5'L�� LV�GHILQHG�DV�

NL LM LN LM N)5' P 5'D ¦¦ ��� L� ����

�� $OWKRXJK�LQIRUPDWLYH��WKHUH�H[LVW�FOHDUO\�OLPLWDWLRQV�WR�WKLV�DSSURDFK��7KH�DVVXPSWLRQ�WKDW�WKH�VSLOORYHU�RI�5	'� VWRFN� LV� SURSRUWLRQDO� WR� LPSRUW� IORZV� LV� D� VWURQJ� RQH��2WKHU� FKDQQHOV� RI� WHFKQRORJ\� WUDQVPLVVLRQ� DV�IRUHLJQ�GLUHFW�LQYHVWPHQW��OLFHQVHV��WUDGH�LQ�KLJK�WHFK�SURGXFWV�DQG�FR�RSHUDWLRQ�LQ�UHVHDUFK�DQG�H[FKDQJH�RI�LQIRUPDWLRQ�PLJKW�EH�LPSRUWDQW�DV�ZHOO�
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ZKHUH�5'NL LV�WKH�VWRFN�RI�FDSLWDO�5	'�LQ�WKH�L LQGXVWU\�LQ�FRXQWU\�N�
6LQFH�WKH�LQWHUHVW� LQ�WKH�SUHVHQW�UHVHDUFK�OLHV�QRW�RQO\�LQ�WKH�LPSDFW�RI�SHUIRUPHG�5	'�EXW�DOVR�LQ�WKDW�HPERGLHG�5	'�DFTXLUHG�IURP�WKH�SXUFKDVHG�RI�GRPHVWLF�DQG�LPSRUWHG�LQWHUPHGLDWH�LQSXWV��DQ�H[SUHVVLRQ�IRU�7)3�DQDORJRXV�WR�����FDQ�EH�ZULWWHQ�DV�
OQ OQ OQ OQLW LW LWLW L 5' ,5' )5' LW$ W 5' ,5' )5'K O [ [ [ Q � � � � � ����
(TXDWLRQ������DOORZV�RQH�WR�DQVZHU�KRZ�DQG�WR�ZKDW�H[WHQW�HPERGLHG�5	'�IURP�RWKHU�LQGXVWULHV�RU�IURP�DEURDG�FDQ�DIIHFW�SURGXFWLYLW\� LQ� WKH�XVHU� LQGXVWULHV��,Q� WKLV�H[SUHVVLRQ�SURGXFWLYH�NQRZOHGJH��5��UHSUHVHQWHG�LQ�HTXDWLRQ�����LV�IXQFWLRQ�RI�FXPXODWLYH�5	'�LQ�WKH�LQGXVWU\�LWVHOI��GHQRWHG�5'L��DV�ZHOO�DV�WR�5	'�LQ�RWKHU�LQGXVWULHV�DQG�WUDGH�SDUWQHUV��GHQRWHG�,5'� )5'� UHVSHFWLYHO\��
�� &+$5$&7(5,6$7,21�2)�6(&7256�$1'�'$7$
7KLV�VHFWLRQ�GLVFXVVHV�EULHIO\�VRPH�IHDWXUHV�RI�WKH�GDWD�DQG�FKDUDFWHULVWLFV�RI�WKH�HLJKW�PDQXIDFWXULQJ�VHFWRUV�FRQVLGHUHG����6XPPDU\�VWDWLVWLFV�RI�WKH�GDWD�DUH�SUHVHQWHG�LQ�7DEOH�$���LQ�$SSHQGL[�$�
���� 'DWD
7KH�SUHVHQW�HPSLULFDO�DQDO\VLV� LV�FRQGXFWHG�RQ�D�EDODQFHG�SDQHO�RI��� WZR�GLJLW�8.�PDQXIDFWXULQJ�LQGXVWULHV�RYHU�WKH�SHULRG������������)RU�WKHVH�LQGXVWULHV�ZH�FRQVWUXFW�GLUHFW�5	'�VWRFNV��LQGLUHFW�GRPHVWLF�5	'�VWRFNV��DQG�IRUHLJQ�5	'�VWRFNV�FRPELQLQJ�GDWD�RQ�5	'�H[SHQGLWXUHV��LQSXW�RXWSXW�WUDQVDFWLRQV�DQG�ELODWHUDO� WUDGH�GDWD��7KH�WUDGH�SDUWQHUV�FRQVLGHUHG�DUH��&DQDGD��)UDQFH��*HUPDQ\��,UHODQG�� ,WDO\�� -DSDQ��1HWKHUODQGV�� 6SDLQ�� DQG�8QLWHG�6WDWHV��ZKLFK� UHSUHVHQW� WR� D� JUHDW�GHJUHH� WKH�PRVW� LPSRUWDQW�VRXUFH�RI� LPSRUWV�IRU�WKH�8.��,Q�DGGLWLRQ��WKLV�GDWD�VHW�HQFRPSDVVHV�PRVW�RI�WKH�ZRUOG·V�LQQRYDWLYH�DFWLYLW\��DV�PHDVXUHG�E\�5	'��GXULQJ�WKLV�SHULRG��LQ�������WKH�5	'�FRQGXFWHG�LQ�WKH�VDPSOH�DFFRXQWHG�WR�DW�OHDVW�����RI�WKH�2(&'�EXVLQHVV�5	'�LQ�WKH�PDQXIDFWXULQJ�VHFWRU��

�� 7KHVH�LQGXVWULHV�DUH������)%7�)RRG��EHYHUDJHV��DQG�WREDFFR������7/�7H[WLOHV�DQG�OHDWKHU������::3�:RRG�DQG�ZRRG�SURGXFWV������333�3DSHU��SDSHU�SURGXFWV�DQG�SULQWLQJ�� ����&+�&KHPLFDOV� PDQ�PDGH� ILEUHV��DQG�UXEEHU�DQG�SODVWLF�SURGXFWV������100�1RQ�PHWDOOLF�PLQHUDO�SURGXFWV������%00�%DVLF�PHWDO�DQG�IDEULFDWHG�PHWDO�SURGXFWV��DQG�����027�0DFKLQHU\��RSWLFDO�DQG�WUDQVSRUW�HTXLSPHQW�
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)ROORZLQJ�6KDQNHUPDQ� �������� GDWD�RQ� ODERXU�� SK\VLFDO� FDSLWDO VWRFN�DQG� LQWHUPHGLDWH� LQSXWV�KDYH�EHHQ� DGMXVWHG� IRU� 5	'� GRXEOH� FRXQWLQJ�� ,Q� $SSHQGL[� $� GHWDLOV� DERXW� GDWD� VRXUFHV� DQG� WKH�FRQVWUXFWLRQ�RI�YDULDEOHV�IRU�HVWLPDWLRQ�SXUSRVHV�DUH�SURYLGHG��
���� ,QGXVWU\�&KDUDFWHULVDWLRQ
,Q�7DEOH���VRPH�IHDWXUHV�RI�WKH�GDWD�IRU�WKH�HLJKW�PDQXIDFWXULQJ�LQGXVWULHV�DUH�KLJKOLJKWHG��7KH�ILUVW�FROXPQ�RI� WKH� WDEOH� VKRZV� WKH�JURVV�5	'� LQWHQVLW\�²L�H�� WKH� UDWLR�RI� UHDO�5	'�LQYHVWPHQW� WR� UHDO�JURVV� RXWSXW� E\� LQGXVWU\� DYHUDJHG� RYHU� WKH� SHULRG� ����������� 7KHVH� LQGXVWU\�VSHFLILF� ILJXUHV�UHJDUGLQJ� JURVV� 5	'� LQWHQVLW\� UHIOHFW� WR� D� ODUJH� H[WHQW� WKH� GHJUHH� RI� WHFKQRORJLFDO� RSSRUWXQLW\�DVVRFLDWHG�ZLWK�HDFK�VHFWRU��2Q�DYHUDJH��WKH�8.�PDQXIDFWXULQJ�VHFWRUV�GHYRWHG������RI�JURVV�RXWSXW�WR� UHVHDUFK� DFWLYLWLHV�� ZLWK� LQGXVWULHV� OLNH� &KHPLFDOV� DQG� 0DFKLQHU\� GHYRWLQJ� ������ DQG� ������UHVSHFWLYHO\��+RZHYHU��UHODWLYHO\�OLWWOH�5	'�ZDV�FRQGXFWHG�LQ�WKH�ZRRG��SDSHU�DQG�WH[WLOH�LQGXVWULHV�

7DEOH���6HFWRUDO�VWDWLVWLFV�LQ������������ �����
,QGXVWU\ 6\PERO 5	'�,QWHQVLW\P 6HFWRUDO�5	'6WRFN

'RPHVWLF(PERGLHG5	'
)RUHLJQ�5	'�6WRFN��� �� ��5' 5' �� ��

,5' ,5' �� ��
)5' )5')RRG��%HYHUDJHV�	�7REDFFR� )%7 ���� ���� ���� ����7H[WLOH�	�/HDWKHU�� 7/ ���� ���� ���� ����:RRG�DQG�:RRG�3URGXFWV� ::3 ���� ���� ���� ����3DSHU�DQG�3DSHU�3URGXFWV� 333 ���� ���� ���� ����&KHPLFDOV��PDQ�PDGH�ILEUHV��UXEEHU�	�SODVWLF�SURGXFWV� &+ ���� ���� ���� ����

2WKHU�1RQ�0HWDOOLF�0LQHUDO�3URGXFWV� 100 ���� ���� ���� ����0DQXIDFWXUH�RI�%DVLF�0HWDOV�	�)DEULFDWHG�0HWDO�3URGXFWV %)0 ���� ���� ���� ����
0DFKLQHU\��2SWLFDO�(TXLSPHQW�	�7UDQVSRUW�(TXLSPHQW� 027 ���� ���� ���� ����
$YHUDJH ���� ���� ���� ����6RXUFHV� 5	'�'DWD� DUH� IURP�$1%(5'� �2(&'���2WKHU� GDWD� DUH� IURP�WKH�&HQVXV� RI� 3URGXFWLRQ� �216���8.������LQSXW�RXWSXW�GDWD��2(&'��DQG�ELODWHUDO�WUDGH��2(&'��P ��5DWLR�RI�UHDO�5	'�LQYHVWPHQW�RYHU�JURVV�RXWSXW��<HDUO\�DYHUDJH�LQ�SHUFHQWDJH�����WHUPV�
�� 6KDQNHUPDQ��������SRLQWHG�RXW�WKDW�WKH�ODERXU�DQG�FDSLWDO FRPSRQHQW�RI�5	'�DUH�GRXEOH�FRXQWHG�LQ�7)3�UHJUHVVLRQV��EHFDXVH�WKH\�DSSHDU�RQFH�LQ�WKH�WUDGLWLRQDO�PHDVXUHV�RI�ODERXU�DQG�FDSLWDO�DQG�RQFH�DJDLQ�LQ�WKH�5	'�H[SHQGLWXUH�LQSXW��+H�DOVR�QRWHV�WKDW�DQRWKHU�ELDV�DFFRXQWV�EHFDXVH�FXUUHQW�5	'�VSHQGLQJ�LV�XVXDOO\�FRPPLWWHG�DV�DQ�H[SHQVH�E\�ILUPV��DQG�LV�WKHUHIRUH�WUHDWHG�DV�DQ�LQWHUPHGLDWH�JRRG�LQ�WKH�QDWLRQDO�DFFRXQWV�
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$OWKRXJK�RQ�DYHUDJH�WKH�VHFWRUDO�5	'�VWRFN�H[SHULHQFHG�DQ�LQFUHDVH�RI�DERXW�����RYHU�WKH�VDPSOH�SHULRG��WKLV�SHUIRUPDQFH�ZDV�QRW�XQLIRUP�DFURVV�WKH�VHYHUDO�LQGXVWULHV��%HWZHHQ������DQG������WKH�VHFWRUDO� 5	'� VWRFNV� LQFUHDVHG� RQO\� IRU� WKH� IRRG�� WKH� PDFKLQHU\� LQGXVWU\� DQG�� DERYH� DOO�� IRU� WKH�FKHPLFDO�LQGXVWU\�ZKLOH�GHFUHDVHG�IRU�WKH�UHVW�RI�LQGXVWULHV�FRQVLGHUHG��HVSHFLDOO\�IRU�WKH�WH[WLOHV��2Q�WKH�RWKHU�KDQG��WKH�LQGLUHFW�GRPHVWLF�5	'�VWRFN�LQFUHDVHG�VXEVWDQWLDOO\�HYHU\ZKHUH��ZLWK�D�UHODWLYHO\�PRUH� KRPRJHQHRXV� SDWWHUQ�� $GGLWLRQDOO\�� FKDQJHV� RYHU� WLPH� LQ� WKH� IRUHLJQ� 5	'� VWRFN� ZHUH�VRPHZKDW�PRUH�SURQRXQFHG�DOWKRXJK�YHU\�VLPLODU�DFURVV�LQGXVWULHV��ZLWK�DQ�DYHUDJH�LQFUHDVHG�RI����SHU�FHQW�

�� (03,5,&$/�),1',1*6
7KH� PDMRU� ILQGLQJV� DUH� SUHVHQWHG� LQ� WKLV� VHFWLRQ�� +RZHYHU�� EHIRUH� WXUQLQJ� WR� WKH� UHVXOWV� VRPH�HFRQRPHWULF� LVVXHV�PXVW�EH�GLVFXVVHG��3DUWLFXODUO\��WKLV�VHFWLRQ�VXPPDULVHV�WKH�QRQ�VWDWLRQDU\�SDQHO�GDWD�WHVWV�IRU�XQLW�URRWV�DQG�FRLQWHJUDWLRQ�� WRJHWKHU�ZLWK�WKH�HFRQRPHWULF�HVWLPDWLRQ�PHWKRGV�LQ�WKH�FRQWH[W�RI�G\QDPLF�KHWHURJHQHRXV�SDQHO�PRGHOV�WKDW�DUH�XVHG�LQ�WKLV�SDSHU�
�����(FRQRPHWULF�,VVXHV

D� 3DQHO�8QLW�URRWV�DQG�&RLQWHJUDWLRQ�WHVWV
7KH�PDLQ�SXUSRVH�RI�WKH�SUHVHQW VWXG\�LV�WR�HVWLPDWH�WKH�ORQJ�UXQ�UHODWLRQVKLS�EHWZHHQ�SURGXFWLYLW\�DQG�GRPHVWLF�SOXV�IRUHLJQ�5	'�FDSLWDO�VWRFN�LQ�WKH�8.�PDQXIDFWXULQJ�VHFWRUV��,I�DOO�WKH�YDULDEOHV�LQ�WKH�PRGHO�DUH�VWDWLRQDU\��WKHQ�WUDGLWLRQDO�HVWLPDWLRQ�PHWKRGV�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKHP��,I��KRZHYHU��DW�OHDVW�RQH�RI�WKH�VHULHV�LV�GHWHUPLQHG�WR�EH�QRQ�VWDWLRQDU\�WKHQ�WKH�ORQJ�UXQ� HODVWLFLWLHV� LQ� HTXDWLRQ� ���� FDQQRW� EH� FRQVLVWHQWO\� HVWLPDWHG� XQOHVV� WKH� VHULHV� DUH� FRLQWHJUDWHG��RWKHUZLVH� WKHUH� H[LVWV� WKH� ULVN� RI� HVWLPDWLQJ� D� VSXULRXV� UHJUHVVLRQ���� 7KHUHIRUH�� WKH� ILUVW� VWHS� LQ�
�� 7KH�DQDO\VLV�RI�XQLW�URRWV�DQG�FRLQWHJUDWLRQ� LQ�SDQHO�GDWD�KDV�EHHQ�IUXLWIXO�DUHD�RI�VWXG\� LQ�UHFHQW�\HDUV��ZLWK�/HYLQ�DQG�/LQ������������� DQG�4XDK������� EHLQJ�WKH�VHPLQDO�FRQWULEXWLRQV��6HH�%DQHUMHH������� DQG�0DGGDOD�DQG�:X������� IRU�D�VXUYH\��� ,I�FRLQWHJUDWLRQ�FDQ�QRW�EH�DFFHSWHG�WKHQ�RQH�HQFRXQWHUV�WKH�SUREOHP�RI�HVWLPDWLQJ�D�VSXULRXV�UHJUHVVLRQ��$V�GLVFXVVHG�LQ�*UDQJHU�DQG�1HZEROG������� D�VSXULRXV�UHJUHVVLRQ�RI�WZR�LQGHSHQGHQW�QRQ�VWDWLRQDU\�VHULHV�ZLOO� WHQG� WR� VKRZ� D� VLJQLILFDQW� UHODWLRQVKLS� ZKHQ� QRQH� H[LVWV�� 7KLV� SUREOHP� JHQHUDOO\� LQFUHDVHV� ZLWK� WKH�VDPSOH� VL]H�� ,Q� WKH� DEVHQFH� RI� D� FRLQWHJUDWLRQ� UHODWLRQVKLS�� WKH� VSHFLILFDWLRQ� LV� VSXULRXV�� $� VSXULRXV�UHJUHVVLRQ� KDV� WKH� IROORZLQJ� FKDUDFWHULVWLFV�� �D�� HVWLPDWHV� DUH� QRW� FRQVLVWHQW� DQG� FRQYHUJH� WR� UDQGRP�YDULDEOHV�� QRW� FRQVWDQW�� �E�� W� DQG� )� VWDWLVWLFV� GR� QRW� KDYH� VWDQGDUG� GLVWULEXWLRQ�� VR� WKH� XVXDO� VWDWLVWLFDO�



��

GHWHUPLQLQJ� D� SRWHQWLDOO\� FRLQWHJUDWHG� UHODWLRQVKLS� LV� WR� WHVW� ZKHWKHU� WKH� YDULDEOHV� LQYROYHG� DUH�VWDWLRQDU\�RU�QRQ�VWDWLRQDU\��L�H��ZKHWKHU�LQGLYLGXDO�VHULHV�FRQWDLQ�XQLW�URRWV��
$PRQJ�WKH�YDULRXV�WHVWV�SURSRVHG�LQ�WKH�OLWHUDWXUH��WKH�,P��3HVDUDQ�DQG�6KLQ������� �,36��SDQHO�XQLW�URRW�WHVW�LV�VXLWDEOH�KHUH��7KH�SRZHU�RI�WKH�SDQHO�XQLW�URRW�WHVWV�LV�VXEVWDQWLDOO\�JUHDWHU�WKDQ�WKH�WHVW�IRU�D�VLQJOH�WLPH�VHULHV�LQ�WKH�VHQVH�WKDW�WKH�IDLOXUH�WR�UHMHFW�D�XQLW�URRW�RFFXUV�PXFK�OHVV�IUHTXHQWO\��7KH�,36�W�EDU�WHVW�LV�EDVHG�RQ�DQ DYHUDJH�RI�WKH�LQGLYLGXDO�LQGXVWU\�DXJPHQWHG�'LFNH\�)XOOHU��$')��WHVWV�ZKLOH� DOORZLQJ� IRU� KHWHURJHQHRXV� FRHIILFLHQWV� XQGHU� WKH� DOWHUQDWLYH� K\SRWKHVLV� DQG� GLIIHUHQW� VHULDO�FRUUHODWLRQ�SDWWHUQV�DFURVV�JURXSV��8QGHU�WKH�QXOO�K\SRWKHVLV�DOO�JURXSV�H[KLELW�D�XQLW�URRW�ZKLOH�XQGHU�WKH�DOWHUQDWLYH�WKLV�LV�QRW�WKH�FDVH�IRU�VRPH�L��$�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�WKH�WHVW�FDQ�EH�IRXQG�LQ�%DOWDJL� DQG� .DR� �������� 7DEOH� %���� LQ� WKH� $SSHQGL[� SUHVHQWV� WKH� UHVXOWV� RI� WKH� XQLW�URRW� WHVWV��)ROORZLQJ�WKH�SURFHGXUH�VXJJHVWHG�E\�,P� HW�DO� �������DQG�DSSO\LQJ�WKH� W�EDU�WHVW� WR�WKH�YDULDEOHV� LQ�OHYHOV�ZH�REWDLQ�WHVW�VWDWLVWLFV�EHORZ�WKH�FULWLFDO�YDOXH�WR�UHMHFW�WKH�K\SRWKHVLV�RI�D�XQLW�URRW��EDVHG�RQ�DQ�$')�UHJUHVVLRQ�ZLWK�RQH�DQG�WZR�ODJV� 7KHUHIRUH�WKH�QXOO�RI�QRQ�VWDWLRQDULW\�FDQQRW�EH�UHMHFWHG�DW�WKH���SHU�FHQW�OHYHO��VXJJHVWLQJ�WKDW�DOO�YDULDEOHV�LQ�OHYHOV�DUH�JHQHUDWHG�E\�D�QRQ�VWDWLRQDU\�VWRFKDVWLF�SURFHVV��)XUWKHUPRUH��7DEOH�%����UHSRUWV�WKDW�WKH�W�EDU�WHVW�FDQ�UHMHFW�WKH�QXOO�RI�XQLW�URRW�IRU�WKH�ILUVW�GLIIHUHQFH�YDULDEOHV��H[FHSW�IRU�WKH�LQWUD�LQGXVWU\�5	'�FDSLWDO�VWRFN�
:KLOH� D� QXPEHU� RI� FRLQWHJUDWLRQ� WHVWV� DUH� GRFXPHQWHG� LQ� WKH� WLPH� VHULHV� OLWHUDWXUH�� WKHUH� DUH� IHZ�FRLQWHJUDWLRQ� WHVWV� GHYHORSHG� LQ� SDQHO� GDWD��+HUH�� WKH� FRLQWHJUDWLRQ� WHVWV� SURSRVHG� E\�.DR� ������3HGURQL� ������� DQG� 3HGURQL� ������� DUH� XVHG� WR� WHVW� ZKHWKHU� ORQJ� UXQ� UHODWLRQVKLS� H[LVWV� LQ� WKH�HVWLPDWHG�SDQHO�HTXDWLRQV��7KH�ILUVW�WZR�SDQHO�FRLQWHJUDWLRQ�WHVWV�DVVXPH�WKDW�WKH�FRLQWHJUDWLQJ�YHFWRU��VORSH� FRHIILFLHQWV�� LV� WKH� VDPH� DFURVV� LQGXVWULHV�� ZKHUHDV� 3HGURQL·V� ������� WHVW� DOORZV� IRU�KHWHURJHQHRXV�VORSH�FRHIILFLHQWV��7KH�QXOO�K\SRWKHVLV�IRU�WKH�SDQHO�FRLQWHJUDWLRQ�WHVWV�RI�.DR��������DQG�3HGURQL������������� LV�WKDW�WKH�HVWLPDWHG�HTXDWLRQV�DUH�QRW�FRLQWHJUDWHG��
7DEOH� %��� LQ� WKH� $SSHQGL[� UHSRUWV� FRLQWHJUDWLRQ� WHVW� UHVXOWV� XVLQJ� WKH� ´KRPRJHQHRXVµ� SDQHO�FRLQWHJUDWLRQ� WHVWV� RI�.DR� ������� DQG� 3HGURQL� �������� DVVXPLQJ� VORSH� FRHIILFLHQWV� EHLQJ� WKH� VDPH�DFURVV�DOO�XQLWV��.DR��������SUHVHQWV�WZR�W\SHV�RI�FRLQWHJUDWLRQ�WHVWV�LQ�SDQHO�GDWD��WKH�'LFNH\�)XOOHU��')��DQG�DXJPHQWHG�'LFNH\�)XOOHU��$')��W\SHV��%XLOGLQJ�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�UHJUHVVRUV�DUH�VWULFWO\�H[RJHQRXV��3HGURQL���������RQ�WKH�RWKHU�KDQG��SURYLGHV�D�SRROHG�3KLOOLSV�DQG�3HUURQ�W\SH�WHVW��7KH�UHVLGXDOV�REWDLQHG�IURP�WKH�VWDWLF�IL[HG�HIIHFW�RU�ORQJ�UXQ�FRLQWHJUDWLQJ�HTXDWLRQ�SUHVHQWHG�LQ WKH�QH[W�VHFWLRQ��7DEOH����DUH�XVHG�WR�WHVW�ZKHWKHU�WKH�HVWLPDWHG�HTXDWLRQ�LV�FRLQWHJUDWHG�RU�QRW��)RU�WKH�PRGHOV�ZLWKRXW�WUHQG�DQG�FRPPRQ�WUHQG�WKH�QXOO�RI�FRLQWHJUDWLRQ�LV�UHMHFWHG�DW�����OHYHO�RU�KLJKHU��
LQIHUHQFH� LV� LQYDOLG�� F�� 5� PD\� QRW� WHQG� WR� ��� 7KXV� FDXWLRQ� LV� VXJJHVWHG� ZKHQ� LQWHUSUHWLQJ� UHVXOWV� IURP�



��

ZLWK�WKH�H[FHSWLRQ�RI�WKH�')WS WHVW�VWDWLVWLF��2Q�WKH�RWKHU�KDQG��IRU�WKH�PRGHO�ZLWK�LQGXVWU\�VSHFLILF�WLPH�WUHQGV�DOO� WHVW� VWDWLVWLFV�DUH� VLJQLILFDQW�� VR� WKDW� WKH�QXOO�RI�QR�FRLQWHJUDWLRQ� LV�VWURQJO\�UHMHFWHG��7KHUHIRUH��WKH�FRLQWHJUDWLRQ�UHODWLRQVKLS�DPRQJ�YDULDEOHV�IRU�DOO�HTXDWLRQV�LV�VWURQJO\�VXSSRUWHG��
2Q�WKH�RWKHU�KDQG��WKH�3HGURQL��������WHVWV�DOORZ�IRU�KHWHURJHQHLW\�DPRQJ�LQGLYLGXDO�PHPEHUV�RI�WKH�SDQHO��LQFOXGLQJ�KHWHURJHQHLW\�LQ�ERWK�WKH�ORQJ�UXQ�FRLQWHJUDWLQJ�YHFWRUV�DQG�WKH�G\QDPLFV��,Q�WKHVH�WHVWV�� WKH� QXOO� K\SRWKHVLV� LV� WKDW� IRU� HDFK� PHPEHU� RI� WKH� SDQHO� WKH� YDULDEOHV� LQYROYHG� DUH� QRW�FRLQWHJUDWHG�DQG�WKH�DOWHUQDWLYH�WKDW�IRU�HDFK�PHPEHU�RI�WKH�SDQHO�WKHUH�H[LVWV�D�VLQJOH�FRLQWHJUDWLQJ�YHFWRU��0RUHRYHU��WKLV�YHFWRU�QHHG�QRW�EH�WKH�VDPH�LQ�DOO�FDVHV��3HGURQL��������SURSRVHV�VHYHQ�WHVWV���2I WKHVH�WHVWV��IRXU�DUH�EDVHG�RQ�SRROLQJ�DORQJ�WKH�ZLWKLQ�GLPHQVLRQ��SDQHO�VWDWLVWLFV���DQG�WKUHH�DUH�EDVHG�RQ�SRROLQJ�DORQJ�WKH�EHWZHHQ�GLPHQVLRQ��JURXS�PHDQ�VWDWLVWLFV���%RWK�FDVHV�SUHVHQW�WKH�SDQHO�YHUVLRQ�RI�WKH�3KLOOLSV�DQG�3HUURQ�U DQG�W�VWDWLVWLFV��DV�ZHOO�DV�DQ�$')�W\SH�WHVW��
7KH� UHVXOWV� REWDLQHG�ZLWK� 3HGURQL·V� ������� KHWHURJHQHRXV�SDQHO� FRLQWHJUDWLRQ� WHVWV� DUH� UHSRUWHG� LQ�7DEOH�%���LQ�WKH�$SSHQGL[��)RU�WKH�PRGHO�ZLWK�LQGXVWU\�VSHFLILF�WLPH�WUHQGV�DOPRVW�DOO�WHVW�VWDWLVWLFV�UHMHFW� WKH� QXOO� RI� QR� FRLQWHJUDWLRQ�� WKH� H[FHSWLRQ� EHLQJ� WKH� SDQHO�Y�� WKH� SDQHO�U DQG� WKH� JURXS�UVWDWLVWLFV��+RZHYHU��LQ�VPDOO�SDQHOV��7� ������3HGURQL������� VKRZV��WKDW�LQ�WHUPV�RI�SRZHU��WKH�JURXS�$') VWDWLVWLF�JHQHUDOO\�SHUIRUPV�EHVW��IROORZHG�E\�WKH�SDQHO�$')�VWDWLVWLF��ZKLOH�WKH�SDQHO�Y DQG�WKH�JURXS�U VWDWLVWLFV�GR�SRRUO\��

E���(FRQRPHWULF�(VWLPDWLRQ�0HWKRG
7KH�HPSLULFDO�DQDO\VLV�RI�WKH�(&0�LQ�HTXDWLRQ ����DERYH�JHQHUDOO\�LQYROYHV�D�V\VWHP�RI�17 HTXDWLRQV��1 LQGXVWULHV� DQG�7 WLPH�REVHUYDWLRQV�� WKDW� FDQ�EH� H[DPLQHG� LQ� GLIIHUHQW�ZD\V�� 7KH� FKRLFH� RI� WKH�HFRQRPHWULF�DSSURDFK�SDUWLDOO\�GHSHQGV�XSRQ�WKH�VL]H�RI�1 DQG�7 DQG�WKH�TXDOLW\�RI�GDWD�DFURVV�WKHVH�WZR�GLPHQVLRQV��,Q�WKH�W\SH�RI�GDWD�VHW�ZH�DUH�FRQVLGHULQJ�7 LV�VXIILFLHQWO\�ODUJH�WR�DOORZ�LQGLYLGXDO�LQGXVWU\�HVWLPDWLRQ��1HYHUWKHOHVV��ZH�PD\�VWLOO�EH�DEOH�WR�H[SORLW�WKH�FURVV�VHFWLRQ�GLPHQVLRQ�RI�WKH�GDWD�WR�VRPH�H[WHQW��$V�VWDWLF�PRGHOV�DUH�UDUHO\�DGHTXDWH�IRU�W\SLFDO�WLPH�VHULHV��G\QDPLF�PRGHOV�DUH�XVXDOO\�PRUH� DSSURSULDWH��7KH�VPDOO�7 SUREOHPV�ZLWK�G\QDPLF�SDQHOV�� DUH�QRW�UHOHYDQW�KHUH�DV� WKH�IL[HG�HIIHFWV� SUREOHP� IURP� WKH� LQLWLDO� FRQGLWLRQV� GHFOLQHV� UDSLGO\� DV�7 ULVHV�� %XW� LQVWHDG�� WKHUH� DUH�SURIRXQG�SUREOHPV�WKDW�UHVXOW�IURP�KHWHURJHQHLW\�LQ�WKH�PRGHO�SDUDPHWHUV�WKDW�HPHUJH�DV�VRRQ�DV�D�ODJJHG�GHSHQGHQW�YDULDEOH�LV�LQWURGXFHG��3HVDUDQ�DQG�6PLWK��������

VSXULRXV�HVWLPDWHG�UHJUHVVLRQV��� $UHOODQR�DQG�%RQG��������



��

7KH�SULPDU\�GLIIHUHQFH�EHWZHHQ WKH�YDULRXV�SDQHO�GDWD�PRGHOV� LV� WKH�GHJUHH� WR�ZKLFK� WKH\� LPSRVH�KRPRJHQHLW\� DFURVV� WKH� LQGXVWULHV� ZLWK� UHVSHFW� WR� YDULDQFHV�� VKRUW� RU� ORQJ�UXQ� UHJUHVVLRQ� VORSH�FRHIILFLHQWV�DQG�LQWHUFHSWV��,Q�WKLV�VHFWLRQ�ZH�FRQVLGHU�IRXU�VSHFLILFDWLRQV�DFFRUGLQJ�WR�WKH�GLPHQVLRQV�RI� RXU� SDQHO�� WKH� 0HDQ� *URXS� �0*��� WKH� 30*� �3HVDUDQ�� 6KLQ� DQG� 6PLWK�� ������� WKH�VHHPLQJO\�XQUHODWHG�UHJUHVVLRQ�HTXDWLRQ��685��DQG�WKH�'\QDPLF�)L[HG�(IIHFW�PRGHO��')(���7KH�IRXU�PRGHOV�DUH�QHVWHG�ZLWKLQ�WKH�VSHFLILFDWLRQ�����ZLWK�WKH�UHVWULFWLRQ�HLWKHU�RQ�WKH�G\QDPLF�VSHFLILFDWLRQ�RU� WKH�KRPRJHQHLW\� RI� HUURU�YDULDQFHV� DQG��RU� WKH� HTXDOLW\�RI� VKRUW�RU� ORQJ� UXQ� VORSH� FRHIILFLHQWV�DFURVV�WKH�LQGXVWULHV��
7KH� PRVW� UHVWULFWLYH� SURFHGXUH� LV� WKH� G\QDPLF� IL[HG�HIIHFW� �')(��� ,QVWUXPHQWDO� YDULDEOHV� �H�J��$UHOODQR� DQG� %RQG�� ������ $UHOODQR� DQG� %RYHU�� ����� DUH� JHQHUDOO\� DSSOLHG� WR� RYHUFRPH� WKH� XVXDO�VPDOO�VDPSOH GRZQZDUG� ODJJHG� GHSHQGHQW� YDULDEOH� ELDV� �VHH�1LFNHOO�� �������+RZHYHU�� 3HVDUDQ� DQG�6PLWK� ������� VKRZ� WKDW�� XQOLNH� LQ� VWDWLF� PRGHOV�� SRROHG� G\QDPLF� KHWHURJHQHRXV� PRGHOV� JHQHUDWH�HVWLPDWHV� WKDW� DUH� LQFRQVLVWHQW� HYHQ� LQ� ODUJH� VDPSOHV�� 7KH� ')(� VSHFLILFDWLRQ� JHQHUDOO\� LPSRVHV�KRPRJHQHLW\�RI�DOO�VORSH�FRHIILFLHQWV��DOORZLQJ�RQO\�WKH�LQWHUFHSWV�WR�YDU\�DFURVV�LQGXVWULHV��,Q�RWKHU�ZRUGV�� ')(� LPSRVHV� �1�����N� �� �� UHVWULFWLRQV� RQ� WKH� XQUHVWULFWHG� PRGHO� LQ� HTXDWLRQ ����� L�H� NORQJ�UXQ� FRHIILFLHQWV�� N VKRUW�UXQ� FRHIILFLHQWV� SOXV� WKH� FRQYHUJHQFH� FRHIILFLHQW� DQG� WKH� FRPPRQ�YDULDQFH�� 7KH� YDOLGLW\� RI� ')(�� LQ� SDUWLFXODU�� GHSHQGV� FULWLFDOO\� RQ� WKH� DVVXPSWLRQV� RI� FRPPRQ�WHFKQRORJ\� DQG� FRPPRQ� FRQYHUJHQFH� SDUDPHWHU� WKDW� LQ� WXUQ� UHTXLUHV�ERWK� FRPPRQ� WHFKQRORJLFDOFKDQJH�DQG�LQSXW�IDFWRU�JURZWK�DFURVV�LQGXVWULHV��� 3HVDUDQ�DQG�6PLWK��������VXJJHVW�WKDW��XQGHU�VORSH�KHWHURJHQHLW\��WKH�FRQYHUJHQFH�HVWLPDWHV�DUH�DIIHFWHG�E\�D�KHWHURJHQHLW\�ELDV�
7KH�OHDVW�UHVWULFWLYH�SURFHGXUH�LV�WKH�0*��7KLV�LPSRVHV�QR�KRPRJHQHLW\�DQG�LV�FDOFXODWHG�DV�WKH�PHDQ��DFURVV� WKH� LQGLYLGXDO� JURXSV�� HVWLPDWHV�RI� WKH� ORQJ� UXQ�� WKH� VKRUW� UXQ�DQG� DGMXVWPHQW� FRHIILFLHQWV��H�J� (YDQV��������/HH�HW DO����������,Q�SDUWLFXODU��WKHUH�DUH�1��N����� SDUDPHWHUV�WR�EH�HVWLPDWHG��HDFK�HTXDWLRQ�KDV��N FRHIILFLHQWV� RQ� WKH� H[RJHQRXV� UHJUHVVRUV�� DQ� LQWHUFHSW�� D� FRHIILFLHQW�RQ� WKH� ODJJHG�GHSHQGHQW�YDULDEOH�DQG�D�YDULDQFH��7KH�VPDOO�VDPSOH�GRZQZDUG�ELDV�LQ�WKH�FRHIILFLHQW�RI�WKH�ODJJHG�GHSHQGHQW� YDULDEOH� UHPDLQV��0RUHRYHU��ZKLOH� FRQVLVWHQW�� WKLV� HVWLPDWRU� LV� OLNHO\� WR� EH� LQHIILFLHQW� LQ�VPDOO� JURXS� VDPSOHV�� DV� LV� WKH� FDVH� KHUH�� ZKHUH� DQ\� LQGXVWU\� RXWOLHU� FRXOG� VHYHUHO\� LQIOXHQFH� WKH�DYHUDJHV�RI�WKH�LQGXVWU\�FRHIILFLHQWV�
�� ,QVWUXPHQWDO�YDULDEOH�HVWLPDWRUV�VXJJHVWHG�E\�$UHOODQR�DQG�%RQG��������DUH�SDUWLFXODUO\�VXLWHG�IRU�GHDOLQJ�ZLWK�G\QDPLF�SDQHO�GDWD�ZKHQ�1 LV�ODUJH�DQG�7 UHODWLYHO\�VPDOO��$V�VKRZQ�E\��1LFNHOO������� WKH�GRZQZDUG�ODJJHG�GHSHQGHQW�YDULDEOH�ELDV�GHSHQGV�RQ���7 DQG�LW� LV� OHVV�RI�D�FRQFHUQ�ZKHQ�7 LV� ODUJH�DQG�RI�WKH�VDPH�RUGHU� RI� PDJQLWXGH� RI� 1�� ,Q� WKLV� ODWWHU� FDVH�� KHWHURJHQHLW\� RI� LQGLYLGXDOV� �LQGXVWULHV�� LV� D� PRUH� VHULRXV�SUREOHP�DQG�LPSRVLQJ�KRPRJHQHLW\�RI�DOO��VKRUW�DQG�ORQJ�UXQ��SDUDPHWHUV�ULVN�OHDGLQJ�WR�LQFRQVLVWHQW�UHVXOWV��VHH�/HH�HW DO���������
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7KH� LQWHUPHGLDWH� FKRLFHV� EHWZHHQ� LPSRVLQJ� KRPRJHQHLW\� RQ� DOO� VORSH� FRHIILFLHQWV� �')(�� DQG�LPSRVLQJ� QR� UHVWULFWLRQV� �0*�� DUH� WKH� 6HHPLQJO\� 8QUHODWHG� 5HJUHVVLRQ� �685�� DSSURDFK� DQG� WKH�SRROHG�PHDQ� JURXS� �30*���2Q�RQH�KDQG�� WKH�=HOOQHU·V� 685 PHWKRG��ZKLFK� LV� D� IRUP�RI� IHDVLEOH�*/6�� LPSRVHV�KRPRJHQHLW\�RQ�WKH�ORQJ�UXQ�FRHIILFLHQWV�DQG�WKH�VSHHG�RI�FRQYHUJHQFH�ZKLOH�DOORZV�WKH�VKRUW�UXQ�FRHIILFLHQWV�WR�GLIIHU�DFURVV�LQGXVWULHV��7KH�685 DSSURDFK�UHTXLUHV�WKH�HVWLPDWLRQ�RI�1NFRHIILFLHQWV�SOXV�ó1�1����HOHPHQWV�RI�WKH�FRYDULDQFH�PDWUL[��2Q�WKH�RWKHU�KDQG��7KH�30*�DOORZV�VKRUW�UXQ� FRHIILFLHQWV�� WKH� VSHHG� RI� DGMXVWPHQW� DQG� HUURU� YDULDQFHV� WR� GLIIHU� DFURVV� LQGXVWULHV�� EXW�LPSRVHV�KRPRJHQHLW\�RQ�ORQJ�UXQ�FRHIILFLHQWV��,Q�RWKHU�ZRUGV��WKH�30*�LPSRVHV��1���N UHVWULFWLRQV�RQ�WKH�XQUHVWULFWHG�PRGHO�VKRZQ�LQ�HTXDWLRQ ����
*LYHQ� WKH� DFFHVV� WR� FRPPRQ� WHFKQRORJLHV�� DQG� WKH� LQWHQVH� WUDGH� UHODWLRQV� EHWZHHQ�PDQXIDFWXULQJ�LQGXVWULHV�� WKH� DVVXPSWLRQ� RI� FRPPRQ� ORQJ�UXQ� SURGXFWLRQ� IXQFWLRQ� SDUDPHWHUV� LV� UHDVRQDEOH�� %\�FRQWUDVW�� LW�PLJKW�EH�PRUH�GLIILFXOW�WR�DVVXPH�KRPRJHQHLW\�RI�VSHHG�RI�FRQYHUJHQFH��DV�LQ�WKH�685DSSURDFK�� DQG��VKRUW�WHUP�G\QDPLFV�DV�LQ�WKH�G\QDPLF�IL[HG�HIIHFWV�VSHFLILFDWLRQ��8QGHU�WKH�ORQJ�UXQ�VORSH�KRPRJHQHLW\�WKH�30*�HVWLPDWRU�LQFUHDVHV�WKH�HIILFLHQF\�RI�WKH�HVWLPDWHV�ZLWK�UHVSHFW�WR�PHDQ�JURXS�HVWLPDWRUV��3HVDUDQ�HW DO����������)RUPDOO\��FRQGLWLRQDO�RQ�WKH�H[LVWHQFH�RI�D�FRQYHUJHQFH�WR�D�VWHDG\� VWDWH� SDWK�� WKH� ORQJ�UXQ� KRPRJHQHLW\� K\SRWKHVLV� SHUPLWV� WKH� GLUHFW� LGHQWLILFDWLRQ� RI� WKH�SDUDPHWHUV�RI�IDFWRUV�DIIHFWLQJ�VWHDG\�VWDWH�SDWK�RI�RXWSXW�SHU FDSLWDO��¢L��IL  �TL��VHH�EHORZ���,Q�RWKHU�ZRUGV�� ZLWK� WKH� 30*� SURFHGXUH�� WKH� IROORZLQJ� UHVWULFWHG� YHUVLRQ� RI� HTXDWLRQ ���� LV� HVWLPDWHG� RQ�SRROHG�FURVV�LQGXVWU\�WLPH�VHULHV�GDWD�
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7KH�K\SRWKHVLV�RI�KRPRJHQHLW\�RI�WKH�ORQJ�UXQ�SDUDPHWHUV�FDQQRW�EH�DVVXPHG�D�SULRUL DQG�LV�WHVWHG�HPSLULFDOO\�LQ�DOO�VSHFLILFDWLRQV��,Q�SDUWLFXODU��LQ�WKH�QH[W�VHFWLRQ��WKH�+DXVPDQ�WHVW��+DXVPDQ������� LV�XVHG�IRU�WKLV�SXUSRVH��XQGHU�WKH�QXOO�K\SRWKHVLV��WKH�GLIIHUHQFH�LQ�WKH�HVWLPDWHG�FRHIILFLHQWV�EHWZHHQ�WKH�0*�DQG�WKH�30*�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DQG�30*�LV�PRUH�HIILFLHQW��1HYHUWKHOHVV��LI�WKH�KRPRJHQHLW\� DVVXPSWLRQ� LV� QRW� YDOLG�� WKHQ� SRROLQJ� WKH� FURVV�VHFWLRQ� LQIRUPDWLRQ� PLJKW� VWLOO� KDYH�VRPH�PHULWV�VLQFH�LW�\LHOGV�WR�PRUH�HIILFLHQW�HVWLPDWHV�WKDQ�UXQQLQJ�LQGHSHQGHQW�UHJUHVVLRQV�IRU�HDFK�JURXS� DQG� WKHQ� FRPSXWLQJ� DQ� DYHUDJH� RI� WKH� HVWLPDWHG� FRHIILFLHQWV�� WKH�0*�HVWLPDWRU��0RUHRYHU��
�� 685 LV�JHQHUDOO\�FRQFHUQHG�ZLWK�OLQHDU�FURVV�HTXDWLRQ�UHVWULFWLRQV��ZKHUHDV�FRPPRQ�ORQJ�UXQ�FRHIILFLHQWV�DQG� LGLRV\QFUDWLF� VSHHG�RI� DGMXVWPHQW� LQ�HTXDWLRQ �����DERYH� LPSO\�QRQ�OLQHDU� UHVWULFWLRQV�DFURVV�GLIIHUHQW�LQGXVWU\�HTXDWLRQV�
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ZKHQ�1 LV�VPDOO�DV�LV�WKH�FDVH�KHUH��WKH�30*�HVWLPDWRU�LV�OHVV�VHQVLWLYH�WR�RXWOLHUV�VLQFH�LW�ZHLJKWV�WKH�LQGLYLGXDO�XQUHVWULFWHG�FRXQWU\�FRHIILFLHQWV�DFFRUGLQJ�WR�WKHLU�SUHFLVLRQ��3HVDUDQ��6KLQ�	�6PLWK��������IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ��

�����(FRQRPHWULF�5HVXOWV
7KH�ILUVW�UHVXOWV�SUHVHQWHG�DUH�EDVHG�RQ�WKH�FRPPRQO\�XVHG�VWDWLF�HTXDWLRQ�������LQ�ZKLFK�DQ�LGHQWLFDO�IRUP�RI� WKH� ORQJ� UXQ�SURGXFWLRQ� IXQFWLRQ� LV� DVVXPHG� IRU� DOO� LQGXVWULHV��$V� VXFK�PRGHO�PLVVHV� WKH�G\QDPLFV� RI� WKH� OLQNDJHV� EHWZHHQ� WKH� YDULDEOHV�� WKH� SXUSRVH� LV� SULPDU\� WR� ORRN� IRU� VLPSOH�� VWDWLF�UHODWLRQVKLSV��7KH�SRROHG�2/6�HVWLPDWHV�ZLWK�KHWHURVNHGDVWLF�FRQVLVWHQW�VWDQGDUG�HUURUV�DUH�UHSRUWHG�LQ�7DEOH����LQGXVWU\�IL[HG�HIIHFWV�DUH�LQFOXGHG�EXW�QRW�UHSRUWHG��DOWKRXJK�WKHVH�DUH�KLJKO\�VLJQLILFDQW�LQ�DOO UHJUHVVLRQV���7KHVH�UHVXOWV�DUH�UHSRUWHG�SDUWO\�WR�LOOXVWUDWH�KRZ�PLVOHDGLQJ�WKH\�PD\�EH�

� �OQ OQ OQ OQ OQ OQ OQLW LW LW4 / 0 /LW L LW UG LUG IUG LW\ W O P 8 5' ,5' )5'K O H H G [ [ [ Q � � � � � � � � ����
7KH�HVWLPDWHV�RI�HTXDWLRQ������DUH�UHSRUWHG�IRU�WKUHH�DOWHUQDWLYH�FDVHV��ILUVW��FROXPQ����WKH�WLPH�WUHQG�LV�H[FOXGHG�IURP�WKH UHJUHVVLRQ��ZKLFK�LV�WKH�IRUP�PRVW�FRPPRQO\�XVHG�LQ�WKHVH�VWXGLHV��VHFRQG��D�FRPPRQ�WUHQG�DFURVV�LQGXVWULHV�LV�DVVXPHG��DQG�ILQDOO\��FROXPQ����LW�LV�DOORZHG�IRU�VSHFLILF�LQGXVWU\�WLPH� WUHQGV�� ,Q�JHQHUDO�� IRU� WKH� ILUVW� WZR�UHJUHVVLRQV� WKH�HVWLPDWHG�FRHIILFLHQWV�DUH� VLPLODU��ZLWK� WKH�H[SHFWHG�VLJQ�DQG�VWDWLVWLFDOO\�VLJQLILFDQW��DOWKRXJK�WKH�VL]H�RI�WKH�FRHIILFLHQW�RQ�WKH�ODERXU�HODVWLFLW\�LV�JUHDWHU� WKDQ� H[SHFWHG�� DFFRUGLQJ� WR� WKH� DYHUDJH� ODERXU� UHYHQXH� VKDUH�� ,Q� SDUWLFXODU�� WKH� LPSDFW� RI�GRPHVWLF� 5	'� XSRQ� SURGXFWLYLW\� LV� SRVLWLYH� DQG� VLJQLILFDQW� DQG�� LQWHU�LQGXVWU\� DQG� IRUHLJQ� 5	'�VSLOORYHUV�DSSHDU�DOVR�SRVLWLYH�DQG�VWDWLVWLFDOO\�VLJQLILFDQW���
,Q�FROXPQ����D�VSHFLILF�WLPH�WUHQG�IRU�HDFK�LQGXVWU\�LV�DOORZHG��ZKLFK�LV�WKH�RSWLRQ�XVHG�LQ�WKH�30*�HVWLPDWRU��0RUHRYHU�� WKH�QXOO�K\SRWKHVLV�RI�D�FRPPRQ�WUHQG� LV� UHMHFWHG� �)�������� ������� >3URE�� ������@���,Q�JHQHUDO��DOWKRXJK�WKH�SRLQW�HVWLPDWHV�DUH�UDWKHU�GLIIHUHQW��WKH�FRHIILFLHQW�HVWLPDWHV�NHHS�WKH�VLJQ� DQG� VLJQLILFDQFH�� H[FHSW� IRU� WKH� LPSDFW� RI� RZQ� GRPHVWLF� 5	' HIIRUWV�� 1HYHUWKHOHVV�� WKH�GLVWULEXWLRQ�RI�WKH�HVWLPDWRUV�RI�WKH�FRLQWHJUDWLQJ�YHFWRU�SURYLGHG�E\�VXFK�VWDWLF�UHJUHVVLRQ�LV�JHQHUDOO\�QRQ�QRUPDO� �.DR� HW� DO�� ������ DQG� VR� LQIHUHQFH� FDQQRW� EH� GUDZQ� DERXW� WKH� VLJQLILFDQFH� RI� WKH�LQGLYLGXDO�SDUDPHWHUV�E\�XVLQJ�VWDQGDUG�´Wµ�WHVW�
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7DEOH���8.�VHFWRUDO�7)3�VWDWLF�UHJUHVVLRQV5HJUHVVLRQ�QXPEHU� � �9DULDEOH 2/6 2/6 2/6/DERXU�SHU�FDSLWDO OQ�O�W �����l������� �����l������� �����l�������,QWHUPHGLDWHV�SHU�FDSLWDO OQ�P�W �����l������� �����l������� �����l�������&DSDFLW\�XWLOLVDWLRQ OQ�&8�W �����P������� �����l������� �����l�������2ZQ�GRPHVWLF�5	'� OQ5'W �����l������� �����l������� ������������'RPHVWLF�LQWUD�LQGXVWU\�5	' OQ,5'W �����l������� �����l������� �����l�������)RUHLJQ�5	' OQ)5'W �����l������� �����l������� �����l�������7LPH�WUHQG W ������������� ������������
,QGXVWU\�VSHFLILF�GXPPLHV ¥ ¥ ¥5REXVW�6HV ¥ ¥ ¥5� ����� ����� �����V�H ����� ����� �����// ������ ������ ������1REV ��� ��� ���6LJQLILFDQFH�)( )������� �����>����@ )������� �����>����@ )������� �����>����@
1RWHV� 6DPSOH�SHULRG�LV��������������VHFWRUV��,QGXVWU\�VSHFLILF�GXPPLHV�DUH�LQFOXGHG��'HSHQGHQW�YDULDEOH�LV�ORJ�<�.����+HWHURVFHGDWLFLW\�&RQVLVWHQW�6WDQGDUG�HUURUV�DUH�JLYHQ�LQ�SDUHQWKHVHV�XQGHU�WKH�HVWLPDWHV��lDQG�P GHQRWHV�VWDWLVWLFDO�VLJQLILFDQFH�DW�WKH����DQG����OHYHO��UHVSHFWLYHO\��
(VWLPDWLRQ�RI�WKH�KHWHURJHQHRXV�G\QDPLF�SDQHO
7KH�LQYHVWLJDWLRQ�RI�WKH�GDWD�SURSHUWLHV�LQ�WKH�SUHYLRXV�VHFWLRQ�LPSO\�WKDW�DQ�HVWLPDWLRQ�RI HTXDWLRQ�����ZLWK�YDULDEOHV�H[SUHVVHG� LQ� ORJ� OHYHOV�SURYLGHV�UHOLDEOH� LQIHUHQFHV�DERXW� WKH� ORQJ�DQG�VKRUW�WHUP�LQIOXHQFHV� RI� WKH� 5	'� HIIRUWV� XSRQ� SURGXFWLYLW\�� 'HYLDWLRQV� IURP� WKH� ORQJ� UXQ� UHODWLRQVKLS� DUH�SRVVLEOH� LQ�WKH�VKRUW�UXQ��7KHUH�DUH�YDULRXV�UHDVRQV�IRU�VXFK�GHYLDWLRQV�� LQFOXGLQJ�DGMXVWPHQW�FRVWV���7DEOH� �� UHSRUWV� WKH� UHVXOWV� IURP� WKH� G\QDPLF� KHWHURJHQHRXV� SDQHO� HVWLPDWLRQ� RI� WKH� HPSLULFDO�VSHFLILFDWLRQ� SURYLGHG� E\� HTXDWLRQ� ����� IRU� �� 8.�PDQXIDFWXULQJ� VHFWRUV��:H� HVWLPDWH� D� FRPPRQ�DXWRUHJUHVVLYH�GLVWULEXWHG�ODJ��$5'/��PRGHO�IRU�HDFK�LQGXVWU\�ZKHUH�WKH�ODJ�OHQJWK�LV�VHOHFWHG�WR�EH���IRU�DOO�YDULDEOHV�



��

$V� GLVFXVVHG� DERYH�� UHVXOWV� DUH� DOVR� OLNHO\� WR� YDU\� VLJQLILFDQWO\� ZLWK� UHVSHFW� WR� WKH� HVWLPDWLRQ�PHWKRG� L�H� IURP�WKH�OHDVW�UHVWULFWLYH��EXW�SRWHQWLDOO\�QRW�HIILFLHQW�0*��WR�WKH�30*����685 DQG�WR�WKH�PRVW� UHVWULFWLYH�')(��ZKLFK�RQO\�DOORZV� LQWHUFHSWV� WR�YDU\� DFURVV�FRXQWULHV��7DEOH ��UHSRUWV�UHVXOWV�XVLQJ� WKHVH� IRXU�DSSURDFKHV� WR�VSHFLILFDWLRQV�ZLWK� DQG�ZLWKRXW�D�FRXQWU\�VSHFLILF� OLQHDU�WLPH�WUHQG��$OWKRXJK� WKH� UHSRUWHG� ´SRROHGµ� WLPH� WUHQG� DSSHDUV� QRQ�VLJQLILFDQW�� LQ� WKH� LQGXVWU\� VSHFLILF�UHJUHVVLRQV�WKLV�LV�VLJQLILFDQW�IRU�ILYH�RI�WKH�HLJKW�LQGXVWULHV�FRQVLGHUHG��$GGLWLRQDOO\��WKH�HTXDWLRQ�ZLWK�WKH�OLQHDU�WLPH�WUHQG�DSSHDUV�WR�EH�PRUH�UREXVW�WR�WKH�GLIIHUHQW�VSHFLILFDWLRQV��7KHUHIRUH��IURP�QRZ�RQ��ZH�RQO\�IRFXV�RQ�WKH�UHVXOWV�IURP�WKH�VHFRQG�SDQHO� LQ�ZKLFK�WKH�LQGXVWU\�VSHFLILF�WLPH�WUHQG�LV�LQFOXGHG��ZKLFK� DOORZV� IRU� GLIIHUHQW� UDWHV�RI� GLVHPERGLHG� WHFKQLFDO� FKDQJH� DFURVV� LQGXVWULHV� LQ� WKH�ORQJ�UXQ��
7KH� QH[W� VWHS� LV� WR� WHVW� IRU� KRPRJHQHLW\� LQ� WKH� VSHHG� RI� FRQYHUJHQFH� DQG� VKRUW�WHUP� G\QDPLFV��L�H� IURP� 30*� WR� WKH�')(�PRGHO�� 7KH� ODWWHU� \LHOG� D�PXFK� ORZHU� VSHHG� RI� FRQYHUJHQFH� GXH� WR� D�GRZQZDUG�ELDV�LQ�G\QDPLF�KHWHURJHQHRXV�SDQHO�GDWD��0RUHRYHU��UHVWULFWLQJ�WKH�VKRUW�WHUP�G\QDPLFV�DIIHFWV�WKH�VLJQ�DQG�VLJQLILFDQFH�RI�WKH�ORQJ�UXQ�FRHIILFLHQWV���7KH�')( LV�DOVR�VHQVLWLYH�WR�SDQHOV�ZLWK�VPDOO� JURXSV� DQG� VHHPV�RYHUO\� UHVWULFWLYH�� ,Q� ERWK� FDVHV��PRYLQJ� IURP�0*� WR�30*��L�H� LPSRVLQJ�ORQJ�UXQ�KRPRJHQHLW\�WR�DOO�EXW�WKH�WLPH�WUHQG��UHGXFHV�WKH�VWDQGDUG�HUURUV�DQG�UHGXFHV�VLJQLILFDQWO\�WKH�PHDVXUHG�VSHHG�RI�FRQYHUJHQFH��ZLWK� LPSDFW�RQ�WKH�VL]H�DQG�WKH�VWDWLVWLFDO�VLJQLILFDQFH��EXW�QRW�WKH�VLJQ��RI�WKH�HVWLPDWHG�ORQJ�UXQ�FRHIILFLHQWV�
6R�ZH�ZDQW�WR�WHVW�IRU�KRPRJHQHLW\�RI�WKH�SDUDPHWHUV�LQ�WKH�PRGHO��3HVDUDQ��6KLQ�DQG�6PLWK�DUJXH�WKDW� LQ� SDQHOV�� RPLWWHG�JURXS� VSHFLILF� IDFWRUV� RU�PHDVXUHPHQW� HUURUV� DUH� OLNHO\� WR� VHYHUHO\� ELDV� WKH�LQGLYLGXDO�LQGXVWU\�HVWLPDWHV��7KLV�PD\�H[SODLQ�ZK\�LV�D�FRPPRQSODFH�LQ�HPSLULFDO�SDQHO�WR�UHSRUW�D�IDLOXUH�RI�WKH�SRRODELOLW\�WHVW��1HYHUWKHOHVV��WKH�LQGLYLGXDO�+DXVPDQ�WHVW�GRHV�QRW�UHMHFW�SRRODELOLW\�RI�WKH�ORQJ�UXQ�SDUDPHWHU��7KLV�PHDQV�WKDW�WKH�HIILFLHQW�HVWLPDWHV�RI�WKH�FRPPRQ�ORQJ�UXQ�SDUDPHWHUV�DUH�JLYHQ�E\�WKH�30*�PHWKRG��7KH�LQHIILFLHQW�0*�HVWLPDWHV�GLIIHU�IURP�WKH�30*�HVWLPDWHV�EXW�DUH�DOVR�PXFK�ZRUVH�GHWHUPLQHG��UHIOHFWLQJ�WKH�LQHIILFLHQF\�RI�WKH�0*�IRU�WKLV�GDWDVHW�
0RUHRYHU��LI�WKH�IRFXV�RI�WKH�DQDO\VLV�LV�RQ�WKH�DYHUDJH��DFURVV�LQGXVWULHV��HODVWLFLWLHV��WKHQ�WKH�30*�HVWLPDWHV�DUH�SUREDEO\�SUHIHUDEOH�WR�WKH�0*�HVWLPDWHV�RQ�WKH�JURXQGV�RI�WKHLU�EHWWHU�SUHFLVLRQ�DQG�WKH�IDFW� WKDW� WKH\� DUH� OHVV� VHQVLWLYH� WR� RXWOLHU� HVWLPDWHV�� HVSHFLDOO\� LQ� VPDOO� JURXS� VDPSOHV�� 8QGHU� WKH�DVVXPSWLRQ� WKDW� WKH� ORQJ�UXQ� HODVWLFLWLHV� DUH� LGHQWLFDO� DFURVV� LQGXVWULHV� EXW� DOORZLQJ� WKH� VKRUW� UXQ�
�� 7KLV� LV� LPSOHPHQWHG� LQ� D� *$866� SURFHGXUH�� GRZQORDGDEOH� DV� -$6$�(;(�� PDGH� DYDLODEOH� DW�+DVKHP�3HVDUDQ
V�ZHEVLWH���7KLV�VRIWZDUH�LV�XVHG�LQ�HVWLPDWLRQ��EHLQJ�JUDWHIXO�WR�WKH�DXWKRUV�IRU�PDNLQJ�LW�DYDLODEOH�



��

HODVWLFLWLHV� WR�YDU\� �30*��� WKHUH� LV� VLJQLILFDQW�VXSSRUW� IRU� WKH�K\SRWKHVLV� WKDW�RZQ�5	'�VWRFN�DQG�LQWUD�LQGXVWU\�5	'�FDSLWDO�VWRFN�DUH�OLQNHG�WR�SURGXFWLYLW\�LQ�WKH�8.�PDQXIDFWXULQJ�LQGXVWU\�
7DEOH���$OWHUQDWLYH�(VWLPDWHV�RI�WKH�$5'/�PRGHO

Dependent variable : ¨ log y Without time trend With time trend

Mean 
Group
(MG)

Pooled 
Mean 
Group
(PMG)

h-
test

SUR
Dynamic 

Fixed 
Effect

Mean 
Group
(MG)

Pooled 
Mean 
Group
(PMG)

h-
test

SUR
Dynamic 

Fixed 
Effect

Convergence Coefficient

logY -0.748 ***
(0.14)

-0.286 **
(0.13))

-0.128 ***
(0.03)

-0.094 ***
(0.03)

-0.820 ***
(0.14)

-0.464 ***
(0.08)

-0.476 ***
(0.05)

-0.093 ***
(0.03)

Long-Run Coefficients

log m 0.321*
(0.17)

0.645 ***
(0.05)

4.16 0.356 *
(0.20)

0.296
(0.24)

0.443 **
(0.18)

0.642 ***
(0.06)

1.34 0.530 ***
(0.05)

0.322
(0.22)

log l 0.449 ***
(0.15)

0.343 ***
(0.05)

0.58 0.703 ***
(0.16)

0.656 ***
(0.19)

0.315 *
(0.19)

0.231 ***
(0.07)

0.23 0.379 ***
(0.06)

0.621 ***
(0.18)

log CU 13.161 ***
(3.74)

3.687 **
(1.76)

8.27 -3.241
(8.02)

-5.044
(9.20)

13.447 ***
(4.01)

8.918 ***
(1.78)

1.59 5.605 ***
(1.97)

-6.400
(10.24)

log RD 0.039
(0.27)

0.081 *
(0.05)

0.02 0.303 ***
(0.07)

0.282 ***
(0.10)

0.310 
(0.39)

0.331 ***
(0.11)

0.00 0.315 **
(0.13)

0.281 ***
(0.10)

log IRD 0.526
(0.39)

0.622 ***
(0.16)

0.08 2.327 ***
(0.36)

2.498 ***
(0.60)

0.421
(0.41)

0.942 ***
(0.14)

1.87 1.078 ***
(0.16)

2.553 ***
(0.62)

log FRD -0.001
(0.07)

-0.123 **
(0.06)

32.3 -0.237
(0.17)

-0.266
(0.19)

-0.008
(0.06)

-0.048
(0.05)

2.40 0.009
(0.07)

-0.162
(0.24)

Time trend -0.002
(0.01)

-0.003
(0.00)

-0.001
(0.00)

-0.001
(0.00)

Short Run coefficients

¨�log m 0.508 ***
(0.13)

0.571 ***
(0.12)

0.539 ***
(0.03)

0.625 ***
(0.05)

0.553 ***
(0.13)

0.602 ***
(0.08)

0.563 ***
(0.03)

0.626 ***
(0.04)¨ log l 0.259 **

(0.11)
0.224 ***
(0.08)

0.212 ***
(0.05)

0.259 ***
(0.08)

0.205 **
(0.11)

0.236 ***
(0.06)

0.268 ***
(0.05)

0.260 ***
(0.05)¨ log CU 6.808 ***

(1.98)
4.944 ***
(1.44)

5.112 ***
(1.28)

3.554 ***
(1.85)

7.460 ***
(1.98)

4.045 ***
(0.81)

3.844 ***
(1.11)

3.506 **
(1.32)¨ log RD -0.553

(0.37)
-0.422 ***
(0.17)

-0.278
(0.14)

-0.356 ***
(0.17)

-0.396
(0.37)

-0.305
(0.26)

-0.133
(0.13)

-0.342 **
(0.16)¨ log IRD -0.225

(0.64)
-0.687
(0.44)

-0.645 ***
(0.26))

-0.290 
(0.43)

-0.142
(0.64)

-0.963 ***
(0.31)

-1.060 ***
(0.26)

-0.283
(0.24)¨ log FRD -0.012

(0.05)
-0.017
(0.02)

-0.010
(0.04)

-0.048
(0.02)

-0.009
(0.05)

-0.009
(0.01)

0.016
(0.04)

-0.041
(0.04)

No. of industries           8
No. of obs.                  216 
Log Likelihood            659.9

8
216

576.4

8
216

596.9

8
216

510.8

8
216

667.5

8
216

597.8

8
216

630.8

8
216

510.9$OO� HTXDWLRQV� LQFOXGH� D� FRQVWDQW� LQGXVWU\�VSHFLILF� WHUP�� 6WDQGDUG� HUURUV� DUH� LQ� EUDFNHWV�� 7KH� VWDQGDUG� HUURUV� RI� WKH� 685� ORQJ� UXQ�HVWLPDWHG�FRHIILFLHQWV�DUH�FDOFXODWHG�IURP�WKH�HVWLPDWHG�YDULDQFH�FRYDULDQFH�PDWUL[�RI�WKH�UHVSHFWLYH�SDUDPHWHU�HVWLPDWHV��VHH�*UHHQH�������S������������7KH�UHVW�RI�ORQJ�UXQ�HVWLPDWHG�VWDQGDUG�HUURUV�DUH�JLYHQ�E\�WKH�-$6$�SURJUDP�
��VLJQLILFDQW�DW������OHYHO��

�DW����OHYHO��


�DW�����OHYHO��7KH�-RLQW�+DXVPDQ�WHVW�VWDWLVWLF�LV�LQGHWHUPLQDWH�LI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDULDQFH�FRYDULDQFH�PDWULFHV�RI�WKH�0*�DQG�30*�HVWLPDWRUV�LV�QRW�SRVLWLYH�GHILQLWH��VHH�3HVDUDQ�HW�DO���������IRU�PRUH�GHWDLOV���7KH�XQUHVWULFWHG�VKRUW�UXQ�FRHIILFLHQW�HVWLPDWHV�DUH�WKH�0*�HVWLPDWHV�XQGHU�WKH�UHVWULFWLRQ�RI�ORQJ�UXQ�KRPRJHQHLW\���
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685 HVWLPDWHV�DUH�UHSRUWHG�DORQJVLGH�30*�HVWLPDWHV��7KH�GLIIHUHQFH�EHWZHHQ�ERWK�PHWKRGV�GHSHQGV�RQ�GLIIHUHQW�DVVXPSWLRQV�RQ�WKH�VSHHG�RI�DGMXVWPHQW�DQG�FURVV�VHFWLRQ�FRUUHODWLRQ�RI�WKH�HUURUV�WHUPV��:KLOH� 685 LPSRVHV� KRPRJHQHLW\� RQ� WKH� VSHHG� RI� DGMXVWPHQW�� WKH� 30*� DOORZV� IRU� LGLRV\QFUDWLF�FRQYHUJHQFH�FRHIILFLHQWV��ZKLFK�LPSO\�LPSRVLQJ�QRQ�OLQHDU�UHVWULFWLRQV�DFURVV�WKH�LQGXVWU\�HTXDWLRQV��QRW�SRVVLEOH�LQ�685���7KH�30*�HVWLPDWHV�RI�WKH�VSHHG�RI�FRQYHUJHQFH�FRHIILFLHQW�GLIIHU�FRQVLGHUDEO\�DFURVV�LQGXVWULHV��ZLWK�WKHVH�YDU\LQJ�IURP����������LQ�WKH�SDSHU�LQGXVWU\�WR����������LQ�WKH�EDVLF�PHWDO�LQGXVWU\��7KHVH�GLIIHUHQFHV�JLYH�VXSSRUW�WR�WKH�30*�HVWLPDWHV�
$GGLWLRQDOO\�� 685 HVWLPDWLRQ� LV� DSSURSULDWH� RQ� WKH� DVVXPSWLRQ�RI� FRQWHPSRUDQHRXV�FRUUHODWLRQ�RIGLVWXUEDQFHV�� ,Q� IDFW�� WKH� %UHXVFK�3DJDQ� /0� WHVW� EDVHG� RQ� HTXDWLRQV� ZLWK� KRPRJHQRXV� VSHHG� RI�FRQYHUJHQFH� FRHIILFLHQWV� HVWDEOLVKHV� WKH� SUHVHQFH� RI� QRQ�GLDJRQDO� HUURU� FRYDULDQFH� PDWULFHV�FRQILUPLQJ�WKH�DSSURSULDWH�RI�685 HVWLPDWLRQ�XQGHU�WKH�KRPRJHQHLW\�FRQYHUJHQFH�UHVWULFWLRQ��30*��RQ�WKH�RWKHU�KDQG��DVVXPHV�WKDW�WKH�HUURU�WHUP�LV�LQGHSHQGHQWO\�GLVWULEXWHG�DFURVV� W DQG� L��DOWKRXJK�YDULDQFHV�PD\�EH�KHWHURJHQHRXV� DFURVV��7KH� FURVV�VHFWLRQDO� LQGHSHQGHQFH� DVVXPSWLRQ�RI� WKH� HUURU�WHUP� LV� UDWKHU� VWURQJ� DQG� UHVWULFWLYH�� )RU� H[DPSOH�� LW� LV� QRW� KDUG� WR� LPDJLQH� VKRFNV� WKDW� DIIHFW� DOO�LQGXVWULHV�DW�WKH�VDPH�WLPH��+RZHYHU��WKLV�DVVXPSWLRQ�LV�VWDQGDUG�LQ�WKH�G\QDPLF�SDQHO�OLWHUDWXUH��
'HVSLWH�WKHVH�FRPPHQWV��WKH�UHVXOWV�XQGHU�ERWK�DSSURDFKHV�DSSHDU�TXLWH�VLPLODU�LQ�WHUPV�RI�VL]H��VLJQ�DQG�VLJQLILFDQFH�RI� WKH�SRLQW�HVWLPDWHV�� DOWKRXJK� WKH�30*�VHHP�HFRQRPLFDOO\�PRUH�SODXVLEOH�� �:H�UHO\�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�30*�WR�FRPPHQW�WKH�UHVXOWV��RQ�WKH�DVVXPSWLRQ�RI�WKH�H[LVWHQFH�RI�GLIIHUHQW�FRQYHUJHQFH�FRHIILFLHQWV�DFURVV�LQGXVWULHV��7KH�30*�HVWLPDWHV�LQGLFDWH�WKDW�WKH�ORQJ�UXQ�HODVWLFLWLHV� RI� RXWSXW� ZLWK� UHVSHFW� WR� LQSXWV� DUH� FORVH� WR� WKH� UHVSHFWLYH� DYHUDJH� UHYHQXH� VKDUHV��$GGLWLRQDOO\��WKH�ORQJ�UXQ�LPSDFW�RI�RZQ�5	'�HIIRUWV�RQ�SURGXFWLYLW\�LV�SRVLWLYH�DQG�VLJQLILFDQW��
7KH�LPSDFW�RI�LQWUD�PDQXIDFWXULQJ�5	'�XSRQ�SURGXFWLYLW\�LV�SRVLWLYH�DQG�VLJQLILFDQW��7KLV�HIIHFW�LV�UREXVW�WR�VSHFLILFDWLRQ�FKDQJHV��2XU�UHVXOWV�VXJJHVW�WKDW��DW�OHDVW�LQWHUQDOO\��WKHUH�LV�HYLGHQFH�WKDW�WKH�8.�PDQXIDFWXULQJ�VRFLDO�UDWH�RI�UHWXUQ�WR�5	'�LV�KLJKHU�WKDQ�WKH�SULYDWH�UDWH�RI�UHWXUQ�DW�LQGXVWU\�OHYHO��&RQYHUVHO\��WKH�HVWLPDWHG�HIIHFW�RQ�7)3�RI�WKH�IRUHLJQ�5	'�VWRFN�YDULDEOH�LV�QHJDWLYH��DOWKRXJK�QRW� VLJQLILFDQW� DW� VWDQGDUG� OHYHOV�� 7KLV� LQVLJQLILFDQW� HIIHFW� LV� FRQVLVWHQW� DFURVV� WKH�PDMRULW\� RI� WKH�DOWHUQDWLYH�VSHFLILFDWLRQV�HVWLPDWHG�DV�D�WHVW�RI�UREXVWQHVV��7KH�RQO\�H[FHSWLRQ�WR�WKLV��LV�ZKHQ�D�VWDWLF�PRGHO�LV�HVWLPDWHG��ZKDW�LW�LV�LQGLFDWLYH�WKDW�WKH�G\QDPLF�FOHDUO\�PDWWHUV��3RVVLEOH�H[SODQDWLRQV�WR�WKLV�ILQGLQJ�DUH�JLYHQ�LQ�WKH�QH[W�VHFWLRQ�
,W FRXOG�EH�DUJXHG�WKDW��LQ�VPDOO�LQGXVWU\�VDPSOHV��RQH�LQGLYLGXDO�LQGXVWU\�FRXOG�VLJQLILFDQWO\�DIIHFW�WKH�HVWLPDWHG�SDUDPHWHUV��HYHQ�ZKHQ�WKH�+DXVPDQ�WHVWV�GR�QRW�UHMHFW�WKH�DVVXPSWLRQ�RI�FRPPRQ�ORQJ�
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UXQ� FRHIILFLHQWV�� $� VHQVLWLYLW\� DQDO\VLV� ZDV� WKXV� SHUIRUPHG� RQ� WKH� SUHIHUUHG� VSHFLILFDWLRQ��FRUUHVSRQGLQJ�WR�30*�HVWLPDWHV�ZLWK�VSHFLILF�WLPH�WUHQGV�UHSRUWHG�LQ�7DEOH����LQ�RUGHU�WR�DVVHV�WKH�UREXVWQHVV�RI�WKH�UHVXOWV�WR�YDULDWLRQV�RI�LQGXVWU\�FRYHUDJH��E\�HOLPLQDWLQJ�RQH�LQGXVWU\�DW�D�WLPH�DQG�UH�UXQQLQJ� WKH� 30*� HVWLPDWLRQ� SURFHGXUH�� )LJ� &��� WR� &��� LQ� WKH� $SSHQGL[� UHSRUWV� UHVXOWV� RI�VHQVLWLYLW\�DQDO\VLV�RQ�WKH� ORQJ�UXQ�FRHIILFLHQWV�RI� ODERXU�� LQWHUPHGLDWH� LQSXWV��RZQ�5	'�DQG�LQWHU�LQGXVWU\�5	'�VSLOORYHUV��7DNLQJ�LQWR�DFFRXQW�WKH�ZLGWK�RI�WKH�FRQILGHQFH�LQWHUYDOV��WKHVH�HVWLPDWHV�VHHP� VXIILFLHQWO\� VWDEOH� WR� H[FOXVLRQ� RI� LQGXVWULHV� IURP� WKH� VDPSOH�� 3RLQW� HVWLPDWHV� UHPDLQ� LQ� WKH�ERXQG�RI�WKH�FRQILGHQFH�LQWHUYDOV�RI�WKH�EDVHOLQH�HVWLPDWH��0DLQ��
7DEOH� �� UHSRUWV� WKH� HVWLPDWHG� ORQJ� UXQ� HODVWLFLWLHV� RI� RXWSXW� ZLWK� UHVSHFW� WR� WKH� LQSXW� IDFWRUV�LQWHUPHGLDWH�LQSXWV�DQG�ODERXU�DQG�WR�WKH�RZQ�5	'�FDSLWDO�VWRFN��7KH�HVWLPDWHG�ORQJ�UXQ�HODVWLFLW\�RI�RZQ�5	'� LV�������� 6XFK�HODVWLFLW\� LV� LQ� OLQH�ZLWK� HVWLPDWHV� UHSRUWHG� LQ� WKH� OLWHUDWXUH� �VHH�7DEOH�����DOWKRXJK�LW�LV�LQ�WKH�KLJK�UDQJH�

7DEOH���30*�ORQJ�UXQ�LQSXW�HODVWLFLWLHV�,QWHUPHGLDWH�LQSXWV /DERXU 2ZQ�GRPHVWLF�5	'&RHIILFLHQW ����� ����� �����6WG��(UU� ������ ������ ������6RXUFH��&RHIILFLHQW�HVWLPDWHV�DQG�VWDQGDUG�HUURUV�IURP�7DEOH��
2Q�WKH�RWKHU�KDQG��WKH�30*�VKRUW�UXQ�FRHIILFLHQWV�DUH�QRW�UHVWULFWHG�WR�EH�WKH�VDPH�DFURVV�LQGXVWULHV��VR� WKHUH� LV� QR� SRROHG� HVWLPDWH� IRU� HDFK� FRHIILFLHQW��1HYHUWKHOHVV�� RQH� FDQ� VWLOO� DQDO\VH� WKH� DYHUDJH�VKRUW�UXQ�HIIHFW�E\�FRQVLGHULQJ�WKH�PHDQ�RI�WKH�FRUUHVSRQGLQJ�FRHIILFLHQWV�DFURVV LQGXVWULHV��ZKLFK�LV�UHSRUWHG�LQ�7DEOH����
,W� ZDV� IRXQG� WKDW� WKH� DYHUDJH� VKRUW�UXQ� UHODWLRQVKLS� EHWZHHQ� RZQ� VHFWRUDO�5	'�DQG� SURGXFWLYLW\�JURZWK� LV� QHJDWLYH�� DOWKRXJK� QRQ�VLJQLILFDQW�� ,Q� SDUWLFXODU�� WKH� LQGXVWULHV� IRU� ZKLFK� WKH� VKRUW� UXQ�FRHIILFLHQW� ZDV� IRXQG� SRVLWLYH� ZHUH� WKH� ZRRG� DQG� PDFKLQHU\�� RSWLFDO� DQG� WUDQVSRUW� HTXLSPHQW�LQGXVWULHV��ZKLOH�ZDV�IRXQG�QHJDWLYH�IRU�WKH�RWKHUV��SDUWLFXODUO\��IRU�WKH�FKHPLFDO�LQGXVWU\�
'XH� WR� WKH�ZD\� LQ�ZKLFK�5	'� VWRFNV� DUH� GHILQHG�� WKH� VKRUW� UXQ� LPSDFW�RI�5	'�RQ�SURGXFWLYLW\�JURZWK� PDLQO\� UHIOHFWV� WKH� HIIHFW� RI� 5	'� LQYHVWPHQW� FRVWV� DW� WKH� EHJLQQLQJ� RI� WKH� SHULRG� XSRQ�FKDQJHV� LQ� FXUUHQW� RXWSXW� DQG� SURGXFWLYLW\�� ,Q� WKH� VKRUW� UXQ�� LW� VHHPV� SODXVLEOH� WR� DVVXPH� WKDW�LQYHVWPHQWV�LQ�5	'�GR�QRW�OHDG�QHFHVVDULO\�WR�VXFFHVVIXO�LQQRYDWLRQV�DQG�WKDW�LQGXVWULHV�PD\�ILQDQFH�ODUJH�SDUWV�RI�WKHLU�5	'�H[SHQGLWXUHV�E\�VHWWLQJ�KLJKHU�SULFHV��7KLV�LV�SDUWLFXODUO\�WUXH�IRU�LQGXVWULHV��
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OLNH� FKHPLFDOV�� ZKHUH� LQQRYDWLRQ� SURFHVVHV� WHQG� WR� EH� SURGXFW� RULHQWDWHG� LQVWHDG� RI� SURFHVV�RULHQWDWHG��,Q�WKLV�FDVH��DGGLWLRQDOO\��GRZQVWUHDP�LQGXVWULHV�ZLOO�EH�IDFHG�ZLWK�KLJKHU�SULFHV�IURP�WKHLU�LQSXWV��7KXV�QHJDWLYH�H[WHUQDOLWLHV�DUH�OLNHO\�WR�RFFXU��DV�LW�LV�IRXQG�LQ�RXU�UHVXOWV��2QO\�LQ�PDUNHWV�ZLWK�VWURQJ�FRPSHWLWLRQ�DQG�UHODWLYHO\�ZHDN�SURGXFW�GLIIHUHQWLDWLRQ��LQGXVWULHV�FRXOG�DUJXDEO\�GHFLGH�WR�OHW�5	'� FRVWV� HURGH� WKHLU� SURILW� PDUJLQV�� H[SHFWLQJ� WKDW� WKHLU� 5	'� SURMHFWV� \LHOG� WKHP� IXWXUH�LQQRYDWLRQ��
7DEOH���30*�VKRUW�UXQ�JURZWK�HIIHFWV�,QGXVWU\ 5' ,5')%7 ������ ������7/ ������ ������:33 ����� ������333 ������ ������&+ ������ ������100 ������ ������%00 ������ �����027 ����� ������$YHUDJH ������ ������6RXUFH� 5HVXOWV�IURP�7DEOH���

$� IHZ� IXUWKHU� UHPDUNV� RQ� WKH� HFRQRPHWULF� SURFHGXUH� DUH� LQ� RUGHU��7KH� FRHIILFLHQWV� RQ� WKH� ODJJHG�GHSHQGHQW� YDULDEOHV� DUH� VXEMHFW� WR� WKH� IDPLOLDU� VPDOO� VDPSOH� �VPDOO�7�� GRZQZDUG� ELDV� �RQH�ZRXOG�H[SHFW�DW�OHDVW�VKRUW�UXQ�HODVWLFLWLHV�WR�GLIIHU�IURP�DYHUDJH�UHYHQXH�VKDUHV��LQGLFDWLQJ�WKH�SUHVHQFH�RI�PDUN�XSV��� 6LQFH� WKLV�GRZQZDUG�ELDV� LV� LQ� WKH� VDPH�GLUHFWLRQ� IRU�HDFK�JURXS��DYHUDJLQJ�RU�SRROLQJ�GRHV�QRW�UHPRYH�WKH�ELDV��.LYLHW�DQG�3KLOOLSV������� KDYH�SURSRVHG�D�SURFHGXUH�WR�UHPRYH�WKLV�ELDV��ZKLFK� DSSOLHV� WR� WKH� VKRUW� UXQ� FRHIILFLHQWV�� 6LQFH� WKH� ORQJ� UXQ� FRHIILFLHQWV� DUH� QRQ�OLQHDU�WUDQVIRUPDWLRQV�RI�WKH�VKRUW�UXQ�FRHIILFLHQWV�VXFK�ELDV�FRUUHFWLRQV�FDQ�OHDYH�WKH�ORQJ�UXQ�FRHIILFLHQWV�ELDVHG��:H�DUH�QRW�DZDUH�RI�DQ\�SURFHGXUH�LQ�WKH�OLWHUDWXUH�WKDW�KDV�UHVROYHG�WKLV�SUREOHP�
&RPPHQWV�RQ�UHVXOWV�DQG�FRPSDULVRQV�ZLWK�SUHYLRXV�VWXGLHV
5REXVW� HYLGHQFH� ZDV� IRXQG� RI� D� SRVLWLYH� DQG� VLJQLILFDQW� OLQN� EHWZHHQ� LQGXVWU\·V� 5	'� HIIRUW� DQGSURGXFWLYLW\�� 3DUWLFXODUO\�� WKH� ORQJ� UXQ� RXWSXW� HODVWLFLW\� ZLWK� UHVSHFW� WR� RZQ� VHFWRUDO� 5	'� ZDV�HVWLPDWHV� WR� EH� ������� 6XFK� HODVWLFLW\� LV� LQ� OLQH� ZLWK� SUHYLRXV� VWXGLHV�� 1DGLUL� �������� IRU� LQVWDQFH��
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UHSRUWV�HODVWLFLWLHV�DW�WKH�LQGXVWU\�OHYHO�RI���WR������ZKLOH�&DPHURQ���������LQ�D�PRUH�FRPSDUDEOH�VHW�XS��ILQGV�DQ�HODVWLFLW\�RI�����IRU�WKH�8.�PDQXIDFWXULQJ�VHFWRU�
2QH�RI�WKH PDLQ�TXHVWLRQV�LQ�WKH�LQWURGXFWLRQ�ZDV�WKH�UHODWLYH�LPSRUWDQFH�RI�GRPHVWLF�YHUVXV�IRUHLJQ�VSLOORYHUV��LV�GRPHVWLF�RU�LQWHUQDWLRQDO�5	'�WKH�GULYLQJ�IRUFH�EHKLQG�8.�PDQXIDFWXULQJ�SURGXFWLYLW\�JURZWK"��� 7KH� UHVXOWV� UHSRUWHG� DERYH� VXJJHVW� WKDW� GRPHVWLF� VSLOORYHUV� VHHP� WR� RYHUZKHOP� IRUHLJQ�VSLOORYHUV��7KH�ILQGLQJV�WKDW�GRPHVWLF�VSLOORYHUV�DUH�LPSRUWDQW�FRQILUPV�UHVXOWV�IRXQG�HOVHZKHUH��VHH�H�J��6WHUODFFKLQL���������.HOOHU���������DQG�0F9LFDU���������1DGLUL·V��������RYHUYLHZ�UHSRUWV�ILQGLQJV�IRU�WKH�GRPHVWLF�VSLOORYHU�HODVWLFLWLHV�UDQJLQJ�IURP�����WR�����
2QH� RI� WKH� VWULNLQJ� IHDWXUHV� RI� WKH� UHSRUWHG� UHVXOWV�� KRZHYHU�� LV� WKH� IUHTXHQF\�ZLWK�ZKLFK� IRUHLJQ�VSLOORYHUV� DUH� HVWLPDWHG� WR�KDYH� D�QHJDWLYH� LPSDFW�RQ� LQQRYDWLYH�RXWSXW�� WKRXJK� LQ�PDQ\� FDVHV� WKH�FRHIILFLHQWV� DUH� QRW� VLJQLILFDQW� DW� VWDQGDUG� OHYHOV�� 7KLV� HIIHFW� LV� FRQVLVWHQW� DFURVV� WKH� PDMRULW\� RI�DOWHUQDWLYH� VSHFLILFDWLRQV� DV� D� WHVW� RI� UREXVWQHVV��+RZHYHU�� WKLV� UHVXOW� RI� QHJDWLYH�RU� QR� VLJQLILFDQW�LPSDFW�RI�IRUHLJQ�VSLOORYHUV�XSRQ�SURGXFWLYLW\�LV�QRW�DW�RGGV�ZLWK�ILQGLQJV�IURP�RWKHU�UHODWHG�VWXGLHV��H�J��$LWNHQ�DQG�+DUULVRQ��������%UDQVWHWWHU������� DQG�0F9LFDU�������
%UDQVWHWWHU��������HQFRXQWHUV�QHJDWLYH�DQG�QRQ�VLJQLILFDQW�IRUHLJQ�WHFKQRORJ\�VSLOORYHUV�DQG�SURYLGHV�WKUHH� SRWHQWLDO� H[SODQDWLRQV� IRU� WKLV� ILQGLQJ�� 7KH� ILUVW� H[SODQDWLRQ� SRLQWV� RXW� DW� GDWD� LQDFFXUDFLHV��ZKLFK�VKRXOGQ·W�EH�GLVFDUGHG��$Q�DOWHUQDWLYH�DUJXPHQW��VXSSRUWHG�DV�ZHOO�E\�0RKQHQ���������LV�WKDW�WKLV�ILQGLQJ�LV�DQ�DUWHIDFW�RI�WKH�GDWD��GULYHQ�E\�PXOWLFROOLQHDULW\�SUREOHPV�EHWZHHQ�WKH�YDULRXV�5	'�PHDVXUHV� FRPELQHG�ZLWK� D� ORZ�QXPEHU�RI�REVHUYDWLRQV�� ,Q� IDFW� WKH�GRPHVWLF� DQG� IRUHLJQ�VSLOORYHU�WHUPV�DUH�KLJKO\�FRUUHODWHG�ZLWK�RQH�DQRWKHU��%HFDXVH�WKHUH�LV�OLWWOH�LQGHSHQGHQFH�YDULDWLRQ�LQ�WKH�WZR�VHULHV��UHJUHVVLRQV�FRXOG�LQ�SULQFLSOH��SURGXFH�FRHIILFLHQWV�ZLWK�WKH�´ZURQJ�VLJQµ��DV�RIWHQ�KDSSHQV�LQ�WKH�FDVH�RI�VHYHUH�PXOWLFROOLQHDULWX\�
)LQDOO\�� WKH� WKLUG� DUJXPHQW�� DQG� PRVW� LQWXLWLYHO\� DSSHDOLQJ�� UHIHUV� WR� WKH� GRPLQDQFH� RI� D� QHJDWLYH�FRPSHWLWLRQ� HIIHFW� RYHU� DQ\� SRVLWLYH� WHFKQRORJLFDO� VSLOORYHUV�� � ,Q� WKLV� VHQVH�� $LWNHQ� DQG� +DUULVRQ��������GHVFULEH�KRZ�D�PDUNHW�VWHDOLQJ�HIIHFW�PLJKW�GULYH�GRPHVWLF�LQGXVWULHV�IXUWKHU�XS�WKHLU�DYHUDJH�FRVW�FXUYHV�DV�WKH\�UHGXFH�RXWSXW�LQ�UHVSRQVH�WR�FRPSHWLWLRQ�IURP�WKH�WHFKQRORJLFDO�VXSHULRU�IRUHLJQ�VHFWRU��ZKLFK�FRXOG�WKUHDWHQ�RU�HYHQ�LQWHUUXSW�WKH�JURZWK�RI�QDWLRQDO�HFRQRPLHV�
4XRWLQJ�0RKQHQ��������S������´,Q�D�ZRUOG�RI�FHUWDLQW\�DQG�IUHH�GLVSRVDO��5	'�VSLOORYHUV�DUH�H[SHFWHG�WR�KDYH�EHQHILFLDO�HIIHFWV��VLQFH�LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�ILUPV�GR�QRW�DGRSW�QHZ�LGHDV�ZKLFK�UHGXFH�WKHLU�SURILWV��+RZHYHU��RQH�FDQ�UDLVH�D�QXPEHU�RI�DUJXPHQWV�FODLPLQJ�WKDW�5	'�FDQ�KDYH�GHWULPHQWDO�HIIHFWV�RQ�SURILW��SURGXFWLYLW\�JURZWK�RU�
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ZHOIDUH��)RU�VWUDWHJLF�UHDVRQV��ILUPV�PD\�IHHO�REOLJHG�WR�HQWHU�DQ�5	'�UDFH�ZLWKRXW�QHFHVVDULO\�EHQHILWLQJ�IURP�LW��5	'�VSLOORYHUV� FDQ� LQFUHDVH�RU�GHFUHDVH� WKH�SULFH� WKDW�D�SURGXFHU� FDQ�FKDUJH� IRU�KLV�SURGXFW��GHSHQGLQJ�RQ�ZKHWKHU� WKH�QHZ�SURGXFW�IURP�RXWVLGH�5	'�LV�VXEVWLWXWDEOH�RU�FRPSOHPHQWDU\�WR�WKH�ILUP·V�RZQ�SURGXFW��1HZ�SURGXFWV�FDQ�GLVSODFH�ROG�RQHV�� 7KLV� SURFHVV� RI� FUHDWLYH� GHVWUXFWLRQ� FDQ� EH� KDUPIXO� LI� LQQRYDWRUV� GR� QRW� KDYH� WLPH� WR� UHFRYHU� WKHLU� 5	'�LQYHVWPHQWV��)LUPV >LQGXVWULHV@ PD\�KDYH�WR�LQFXU�KHDY\�DGMXVWPHQW�FRVWV�WR�OHDUQ�WKH�QHZ�WHFKQRORJLHV�µ
,Q�-DIIH·V�RSLQLRQ��������S������ WRR��´IURP�D�SXUHO\�WHFKQRORJLFDO�SRLQW�RI�YLHZ��5	'�VSLOORYHUV�FRQVWLWXWH�DQ�XQDPELJXRXV� SRVLWLYH� H[WHUQDOLW\�� 8QIRUWXQDWHO\�� ZH� FDQ� RQO\� REVHUYH� YDULRXV� HFRQRPLF� PDQLIHVWDWLRQV� RI� WKH� ILUP·V�5	'�VXFFHVV��)RU�WKLV�UHDVRQ��WKH�SRVLWLYH�WHFKQRORJLFDOO\�H[WHUQDOLW\�LV�SRWHQWLDOO\�FRQIRXQGHG�ZLWK�D�QHJDWLYH�HIIHFW�RI�RWKHU·V�UHVHDUFK�GXH� WR� FRPSHWLWLRQµ��7KH�DXWKRU�FRQWLQXHV�E\�VWDWLQJ�WKDW�LW� LV�QRW�SRVVLEOH�ZLWK�DYDLODEOH�GDWD��WR�GLVWLQJXLVK�EHWZHHQ�WKHVH�WZR�HIIHFWV�EXW�LQ�KLV�VWXG\��KH�ILQGV�HYLGHQFH�WKDW�ERWK�DUH�SUHVHQW�
�� &21&/86,216�
7KH� SXUSRVH� RI� WKLV� SDSHU� ZDV� WR� VWXG\� WKH� LPSDFW� RI� SURGXFWLYH� NQRZOHGJH� XSRQ� LQGXVWU\·V�HFRQRPLF�SHUIRUPDQFH�DV�PHDVXUHG�E\�WRWDO�IDFWRU�SURGXFWLYLW\��0RUH�VSHFLILFDOO\��WKH�VWUHVV�ZDV�SXW�RQ WKH�ORQJ�UXQ�UHODWLRQVKLS�EHWZHHQ�LQQRYDWLYH�HIIRUWV�DQG�SURGXFWLYLW\�DQG�WKH�QDWXUH�RI�WKH�5	'�VSLOORYHUV�DFFUXLQJ�WR�D�SDQHO�RI�HLJKW�8.�PDQXIDFWXULQJ�LQGXVWULHV�RYHU�WKH�SHULRG������WR������
7KH�RXWOLQHV�RI�WKH�SURGXFWLRQ�IXQFWLRQ�IUDPHZRUN�QHFHVVDU\�WR�SHUIRUP�WKLV�VWXG\�ZHUH�VXPPDUL]HG�LQ�VHFWLRQ����,Q�FRQWUDVW�WR�RWKHU�HPSLULFDO�VWXGLHV�LQ�WKLV�WUDGLWLRQ��WKLV�VWXG\�IRFXVHG�RQ�JURVV�RXWSXW�DV� PHDVXUH� RI� UHDO� RXWSXW� DQG� DOORZHG� IRU� LPSHUIHFW� FRPSHWLWLRQ� DQG� WHPSRUDU\� GLVHTXLOLEULD�� ,Q�SDUWLFXODU��DQ�(&0�ZDV�DGRSWHG�IRU�HVWLPDWLQJ�WKH� ORQJ�UXQ�SDUDPHWHUV� LQ�D�SRROHG�IUDPHZRUN��$V�PHQWLRQHG��WKH�(&0�VWDWLVWLFDO�IUDPHZRUN�LV�DWWUDFWLYH�LQ�WKDW�LV�FORVHO\�ERXQG�XS�ZLWK�WKH�FRQFHSW�RI�FRLQWHJUDWLRQ�� WKXV� SURYLGLQJ� D� XVHIXO� D� PHDQLQJIXO� OLQN� EHWZHHQ� WKH� ORQJ� UXQ� DQG� WKH� VKRUW� UXQ�DSSURDFK�WR�HFRQRPHWULF�PRGHOOLQJ�ZKHQ�VHULHV�DUH�QRQ�VWDWLRQDU\��,Q�IDFW��LQGLYLGXDO�DQG�SDQHO�WHVWV�IRU�RUGHU�RI� LQWHJUDWLRQ�UHYHDO� WKDW� WKH�FRUH�YDULDEOHV�DUH�QRQ�VWDWLRQDU\��7KXV�IRU�HVWLPDWLRQ�WR�EH�YDOLG�� WKH� GDWD� PXVW� DOVR� VDWLVI\� WHVWV� IRU� WKH� H[LVWHQFH� RI� ORQJ�UXQ� UHODWLRQVKLSV�� 7KH� WHVW� IRU�FRLQWHJUDWLRQ�XVLQJ�.DR·V�DQG�3HGURQL
V�UHVLGXDO�EDVHG�SDQHO�XQLW�URRW�WHVWV�VKRZV�HYLGHQFH�IRU�WKH�H[LVWHQFH� RI� FRLQWHJUDWLQJ� UHODWLRQVKLSV� LQ� WKH� SDQHO� PHPEHUV�� $QRWKHU� DGYDQWDJH� RI� WKH� (&0�IUDPHZRUN� LQ� WKH�SDQHO�GDWD� VHWWLQJ� LV� WKDW� LW� FDQ�EH�HVWLPDWHG�E\�XVLQJ� WKH�30*�HVWLPDWRU��ZKLFK�DOORZV�VKRUW�WHUP�DGMXVWPHQWV�DQG�FRQYHUJHQFH�VSHHGV�WR�YDU\�DFURVV�LQGXVWULHV��DQG�LPSRVHV�FURVV�LQGXVWU\� KRPRJHQHLW\� UHVWULFWLRQV� RQ� WKH� ORQJ� UXQ�� 7KLV� UHVWULFWHG� SRRODELOLW\� ZDV� WHVWHG� IRU� E\�LQGLYLGXDO�+DXVPDQ�WHVWV��ZKLFK�FRXOGQ·W�UHMHFW�SRROLQJ�RI�WKH�ORQJ�UXQ�FRHIILFLHQWV��
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7KH� UHVXOWV� RI� WKH� HPSLULFDO� DQDO\VLV� LQGLFDWHG� WKDW� WKHUH� LV� D� SRVLWLYH� DQG� VLJQLILFDQW� OLQN� EHWZHHQ�LQGXVWU\·V�5	'�DFWLYLWLHV�DQG�SURGXFWLYLW\�LQ�WKH�ORQJ�UXQ��3DUWLFXODUO\��WKH�HVWLPDWHG�ORQJ�UXQ�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�RZQ�5	'�LV��������,Q�DGGLWLRQ��UREXVW�HYLGHQFH�ZDV�IRXQG�RI�SRVLWLYH�DQG�VLJQLILFDQW�GRPHVWLF�5	'�VSLOORYHUV� 7KHVH�UHVXOWV�FHUWDLQO\�VXSSRUW�WKH�YLHZ�WKDW�SULYDWH�5	'�KDV�SXEOLF�JRRG�DVSHFWV�DQG�WKDW�WKH�SULYDWH�PDUJLQDO�SURGXFW�RI�LQYHVWPHQW�LQ�5	'�PD\�EH�FRQVLGHUDEO\�ORZHU�WKDQ�WKH�VRFLDO�PDUJLQDO�SURGXFW�DW�WKH�LQGXVWU\�OHYHO��7KH�SUHVHQFH�RI�VSLOORYHU�HIIHFWV�PHDQV�WKDW� WKH�PDUNHW�ZLOO� WHQG� WR� XQGHU�LQYHVW� LQ� LQQRYDWLRQ��7KLV� SURYLGHV� D� UDWLRQDOH� IRU�*RYHUQPHQW�LQWHUYHQWLRQ�WR�VKDUSHQ�LQFHQWLYHV�IRU�ILUPV�WR�LQFUHDVH�WKH�OHYHO�RI�SULYDWHO\�IXQGHG�5	'���
2Q�WKH�RWKHU�KDQG��WKH�UHVXOWV�VKRZHG�WKDW�LQWHUQDWLRQDO�VSLOORYHUV�GR�QRW�VLJQLILFDQWO\�FRQWULEXWH�WR�7)3� LQ� 8.�PDQXIDFWXULQJ� VHFWRUV�� 7KLV� ILQGLQJ� VXJJHVWV� WKDW� 5	'� H[WHUQDOLWLHV� DUH� SULPDULO\� DQ�LQWUDQDWLRQDO�SKHQRPHQRQ��ZKLFK�PD\�VHUYH�DV�D�ZDUQLQJ�DJDLQVW�XQGHU�HVWLPDWLQJ�WKH�LPSRUWDQFH�RI�GRPHVWLF� WHFKQRORJLFDO� HIIRUWV� DQG� RYHU� HVWLPDWLQJ� WKH� SRWHQWLDO� FRQWULEXWLRQ� RI� LQWHUQDWLRQDO�VSLOORYHUV�

�� ³7KH� 8.¶V� VWURQJHVW� LQQRYDWLYH� LQGXVWULHV� DUH� JOREDO� OHDGHUV�� EXW� WRR� PDQ\� RI� RXU� VHFWRUV� DUH�VLJQLILFDQWO\� ODJJLQJ� EHKLQG� LQWHUQDWLRQDO� LQYHVWPHQW� OHYHOV� LQ� 5	'�� ,Q� ������ WKH� *RYHUQPHQW� VWDUWHG� WR�WDFNOH� WKLV�� WKURXJK�LQWURGXFLQJ�WD[� LQFHQWLYHV� IRU�5	'�DPRQJ�VPDOOHU� WHFKQRORJ\�EDVHG�ILUPV��7KLV�\HDU��WKH� *RYHUQPHQW� KDV� ZLGHQHG� WKHVH� ILVFDO� UHIRUPV� WR� HQFRPSDVV� DOO�8.�EDVHG� EXVLQHVV� 5	'�´� �'7,� DQG�+07��������
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$SSHQGL[�$��'DWD�GHILQLWLRQ�DQG�6RXUFHV
*URVV�2XWSXW��$Q�DQQXDO�VHULHV�RI�QRPLQDO�JURVV�RXWSXW�LV�SXEOLVKHG�LQ�WKH�&HQVXV�IURP�������,W�LV�GHILQHG�DV� VDOHV�DQG�ZRUN�GRQH�SOXV� WKH� LQFUHDVH�GXULQJ� WKH�\HDU�RI�VWRFN�RI�ZRUN� LQ�SURJUHVV�DQG�JRRGV�RQ�KDQG�IRU�VDOH��8S�WR�DQG�LQFOXGLQJ�������WKH�&HQVXV�LV�FODVVLILHG�LQ�DFFRUGDQFH�ZLWK�WKH������6,&�� LQ� VXEVHTXHQW� \HDUV�� LW� LV� FODVVLILHG� LQ� DFFRUGDQFH� ZLWK� WKH� ����� 6,&� XQWLO� ������ ZKHQ� LW� LV�SXEOLVKHG�DFFRUGLQJ�WR�D������6,&��:H�UHFODVVLILHG�WKH�GDWD�SULRU�WR������DQG������LQ�WHUPV�RI������6,&�� $GGLWLRQDOO\�� IROORZLQJ� �2XOWRQ� DQG�2
0DKRQ\�� ����� PHWKRGRORJ\�� JURVV� RXWSXW� ILJXUHV� DUH�DGMXVWHG�IRU�VWRFN�DSSUHFLDWLRQ�
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$� SRLQW� WKDW� GHVHUYHV� VSHFLDO� PHQWLRQ� ZKHQ� GHILQLQJ� WKH� YDULDEOHV� IRU� WKLV� NLQG� RI VWXG\� LV� WKH�FRQYHQLHQFH� RI� DGMXVWLQJ� WKH� YDULDEOHV� IRU� GRXEOH� FRXQWLQJ� �6FKDQNHUPDQ�� ������� $Q� HVWLPDWH� RI�PDWHULDO� DQG� HTXLSPHQW� H[SHQGLWXUHV� RQ� 5	'� KDV� EHHQ� VXEWUDFWHG� IRUP� WKH� QRPLQDO� ILJXUHV� RQ�LQWHUPHGLDWH� LQSXWV� WR� DYRLG� WKH� H[SHQVLQJ� ELDV�� 3DUWLFXODUO\�� WKLV� HVWLPDWH� LV� FRQVWUXFWHG�XVLQJ� WKH�SHUFHQWDJH� RI� PDWHULDO� DQG� HTXLSPHQW� H[SHQGLWXUH� RQ� 5	'� RYHU� WRWDO� H[SHQGLWXUH� RQ� 5	'� �VHH�
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7DEOH�$�����IRU������GDWD��216���XQGHU�WKH�DVVXPSWLRQ�WKDW�WKLV�VKDUH�EHKDYHV�VWDEOH�RYHU�WKH�VDPSOH�SHULRG�
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��RI�PDWHULDOV�	�HTXLSPHQW�H[SHQGLWXUH�RQ�5	'RYHU�WRWDO�H[SHQGLWXUH�RQ�5	' ���� ���� ��� ���� ���� ���� ���� ����
6RXUFH��'DWD�VXSSOLHG�E\�WKH�216�
6WRFN� RI� 5	'� 7KH� PHDVXUH� RI� GRPHVWLF� SURGXFWLYH� NQRZOHGJH� LV� EDVHG� RQ� GDWD� RI� 8.� 5	'�H[SHQGLWXUH�IURP�WKH�2(&'�GDWD�VHW��$1%(5'���7KHVH�GDWD�KDYH�EHHQ�WUDQVIRUPHG�LQ�UHDO�WHUPV�XVLQJ�WKH�8.�*'3�GHIODWRU������ ����� 7R�FRQVWUXFW�WKH�VWRFN�RI�5	'�IRU�WKH�LQGXVWU\��D�SHUSHWXDO�LQYHQWRU\�PHWKRG�LV�IROORZHG�OLNH�WKH�FRPPRQO\�XVHG�IRU�WKH�SK\VLFDO�FDSLWDO��VHH�+DOO�DQG�0DLUHVVH��������� 7KLV�PHWKRG� VSHFLILHV� WKH� FDSLWDO� IRU� HDFK�SHULRG� DV� WKH� VXP�RI� WKH� FDSLWDO� RI� WKH�SUHYLRXV�SHULRG� PLQXV� WKH� GHSUHFLDWHG� FDSLWDO� DQG� SOXV� WKH� LQYHVWPHQW� RI� WKH� SUHYLRXV� SHULRG�� 7KXV�� WKH�HTXDWLRQ�GHILQLQJ�5	'�FDSLWDO�VWRFN�LV�WKH�IROORZLQJ�
5'W  ����G�5'W�� �%W�� �$���
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:KHUH�5'W LV�WKH�SHULRG�FDSLWDO�VWRFN�DQG�%W LV�UHDO�5	'�H[SHQGLWXUHV�GXULQJ�WKH�SHULRG��2XU�EDVH�DVVXPSWLRQV�DUH�WKRVH�ZKLFK�KDYH�EHHQ�PRVW�IUHTXHQWO\�XVHG�SUHYLRXVO\�LQ�WKLV�W\SH�RI�HVWLPDWLRQ��:H�DVVXPH�D�GHSUHFLDWLRQ�UDWH�� �G��RI����SHUFHQW��&DPHURQ���������D�SUH�VDPSOH�JURZWK�UDWH��J��RI�WKH�LQGXVWU\�DYHUDJH�JURZWK�UDWH�LQ�UHDO�5	'�H[SHQGLWXUHV�GXULQJ�WKH�RYHUDOO�SHULRG����DQG�ZH�VWDUW�WKH�SHUSHWXDO�LQYHQWRU\�PHWKRG�ZLWK�WKH�HDUOLHVW�\HDU�RI�5	'�GDWD�DYDLODEOH��7KH�NQRZOHGJH�FDSLWDO�DW�WKH�EHJLQQLQJ�RI�WKH�ILUVW�\HDU�LV�GHILQHG�E\�WKH�IROORZLQJ�HTXDWLRQ�
5'�  %����J�G� �$���
,QWHU�LQGXVWU\�5	'�VWRFN� 3DUWLFXODUO\��IROORZLQJ�6FKHUHU��������DQG�&DPHURQ��������D�WHFKQRORJ\�IORZV� PDWUL[� EDVHG� XSRQ� WKH� ����� 8.� LQSXW�RXWSXW� WDEOH� RI� LQWHUPHGLDWH� JRRGV� �WKH� ¶/HRQWLHI�LQYHUVH·�� LV� FRQVWUXFWHG� WR�ZHLJKW� WKH� UHDO�%(5'�H[SHQGLWXUHV�RI� WKH�RWKHU� LQGXVWULHV�� 6D\� WKDW�ZH�KDYH�D���
���PDWUL[�: RI�WKH�SURSRUWLRQ�RI�LQWHUPHGLDWH�JRRGV�SURGXFHG�E\���LQGXVWULHV��M  �������DQG�VROG� WR� WKH� VDPH� �� LQGXVWULHV� �L  � ������ 7KHQ� D� W\SLFDO� HOHPHQW� RI� WKH� PDWUL[� ZML UHSUHVHQWV� WKH�SURSRUWLRQ�RI�WKH�LQWHUPHGLDWH�JRRGV�SXUFKDVHG�E\�LQGXVWU\�L�WKDW�DUH�SURGXFHG�E\�LQGXVWU\�M��:H�VHW�WKH�GLDJRQDO�RI�WKH�PDWUL[�WR����VLQFH�WKH�HIIHFW�RI�5	'�ZLWKLQ�HDFK�LQGXVWU\�LV�FDSWXUHG�VHSDUDWHO\���
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7KH�UHVXOWLQJ���
���PDWUL[�: �7DEOH�$���� LV�WKHQ�PXOWLSO\�E\�WKH���
���YHFWRU�%��ZKLFK�FRQWDLQV�WKH�UHDO� %(5'� VSHQGLQJ� RI� HDFK� RI� WKH� �� LQGXVWULHV�� 7KLV� JLYHV� XV� D� ��
��� YHFWRU�:%� LQ� ZKLFK� HDFK�
�� &KDQJHV� LQ�WKH�UDWH�RI�GHSUHFLDWLRQ�GR�QRW�JHQHUDOO\�DOWHU�WKH�UHVXOWV�VXEVWDQWLDOO\��VHH��IRU� LQVWDQFH��&RH�DQG�+HOSPDQ���������� 7KH�SUH�VDPSOH� JURZWK� UDWH� LV� DSSUR[LPDWHO\� WKH�PHDQ� JURZWK� UDWH� IRU� WKH� LQGXVWU\��ZKLFK� ZH� REVHUYH�GXULQJ� WKH�ZKROH� SHULRG�FRQVLGHUHG�� ,Q�DQ\�FDVH�� WKH�SUHFLVH�FKRLFH�RI�JURZWK� UDWHV�DIIHFWV�RQO\� WKH� LQLWLDO�VWRFN�DQG�GHFOLQHV�LWV�LPSRUWDQFH�DV�WLPH�SDVVHV��XQOLNH�WKH�FKRLFH�RI�GHSUHFLDWLRQ�UDWH
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HOHPHQW�LV�WKH�DPRXQW�RI�%(5'�LPSRUWHG�IURP�RWKHU�LQGXVWULHV�E\�LQGXVWU\�L��7KLV�FDQ�EH�FXPXODWHG�LQWR� D� VWRFN� LQ� WKH� VDPH�ZD\� DV� IRU�%(5'� LQ� HDFK� LQGXVWU\� WR�JLYH� D� FDSLWDO� VWRFN�RI�XVHG�%(5'�LQGXVWULHV��L  ��������7KLV�VWRFN�LV�UHSUHVHQWHG�E\ ,5'LW�
)RUHLJQ�5	'�VWRFN� 7KH�IRUHLJQ�UHVHDUFK�DQG�GHYHORSPHQW�FDSLWDO�VWRFN�LV�D�ELODWHUDO�LPSRUW�VKDUH�ZHLJKWHG�DYHUDJH�RI�WKH�GRPHVWLF�UHVHDUFK�DQG GHYHORSPHQW�FDSLWDO�VWRFNV�RI�HDFK�FRXQWU\
V�WUDGLQJ�SDUWQHUV�� 7KH� 5	'� H[SHQGLWXUH� GDWD� IRU� WKH� WUDGLQJ� SDUWQHUV� ZDV� FROOHFWHG� IURP� WKH� $1%(5'��2(&'��GDWDEDVH��7R�FDOFXODWH�WKH�5	'�VWRFN��QRPLQDO�H[SHQGLWXUHV�ZHUH�GHIODWHG�E\�WKH�UHVSHFWLYH�FRXQWU\� *'3� GHIODWRU� ����� ����� DQG� FRQYHUWHG� WR� FRQVWDQW� SULFH� VWHUOLQ� IORZV� XVLQJ� ����� 333�H[FKDQJH�UDWHV��5	'�VWRFNV�IRU�HDFK�LQGXVWU\�DQG�FRXQWU\�ZHUH�FDOFXODWHG�IURP�WKHVH�H[SHQGLWXUHV�IROORZLQJ�HTXDWLRQV� �$����DQG� �$�����7KH�ELODWHUDO� LPSRUW� VKDUHV�ZHUH�FDOFXODWHG IRU�HDFK�\HDU�IURP�����������EDVHG�RQ�WKH�GDWD�IURP WKH�67$1�ELODWHUDO�7UDGH�'DWDEDVH��SURYLGHG�E\�WKH�2(&'��7KLV�LV�DYDLODEOH�IRU�&DQDGD��'HQPDUN��)UDQFH��*HUPDQ\��,UHODQG��,WDO\��-DSDQ��7KH�1HWKHUODQGV��6SDLQ�DQG�7KH�8QLWHG�6WDWHV��7KH�DYDLODEOH�OHQJWK�RI�WLPH�VHULHV�LV������WR������
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$SSHQGL[�%��3DQHO�8QLW�5RRW�DQG�&RLQWHJUDWLRQ�WHVWV
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 GHQRWH�VWDWLVWLFDO�VLJQLILFDQFH�DW�WKH�����OHYHO��WKH����OHYHO��DQG�WKH����OHYHO��UHVSHFWLYHO\�
7DEOH�%���&RLQWHJUDWLRQ�WHVWV�EDVHG�RQ�UHVXOWV�IURP�7DEOH���1R�WUHQG &RPPRQ�WUHQG 'LIIHUHQW�WUHQGV7HVW 3URE 7HVW 3URE 7HVW 3URE.DR��������')±
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 DQG� ')W±
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7DEOH�%���3HGURQL·V��������&RLQWHJUDWLRQ�WHVWV�IRU�KHWHURJHQHRXV�SDQHOV1R�WUHQG 'LIIHUHQW�WUHQGV
3DQHO�Y�VWDW�� ������ ������3DQHO�UU�VWDW� ����� �����3DQHO�UUUU�VWDW� ������ ������
3DQHO�$')�VWDW� ������
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*URXS�UU�VWDW� ����� �����*URXS�UUUU�VWDW� ������ ������
*URXS�$')�VWDW� ������
 ������
1RWH� 7KH�FRLQWHJUDWLRQ�WHVWV�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�QR�FRLQWHJUDWLRQ�DERYH�WKH�YDOXH� ²����� ����� SUREDELOLW\� WKUHVKROG��� 2QH� H[FHSWLRQ� LV� WKH� SDQHO� Y�VWDWLF� ZKLFK�GLYHUJHV� WR� SRVLWLYH� LQILQLWH� XQGHU� WKH� DOWHUQDWLYH� K\SRWKHVLV�� VR� UHMHFWLRQ� RI� WKH� QXOO�UHTXLUHV�YDOXHV�ODUJHU�WKDQ�������7KH�FDOFXODWLRQV�RI�WKH�SDQHO�VWDWLVWLFV�ZHUH�FDUULHG�RXW�LQ�5$76�����XVLQJ�DQ�DOJRULWKP�SURYLGHG�E\�3HGURQL��7KH�QXPEHU�RI� ODJ�WUXQFDWLRQV�XVHG�LQ�WKH�FDOFXODWLRQ�RI�DOO�3HGURQL�VWDWLVWLFV�LV���
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5HIHUHQFHV
$LWNHQ��%�� DQG�$��+DUULVRQ� �������� �'R�'RPHVWLF� )LUPV�%HQHILW� IURP�)RUHLJQ�'LUHFW� ,QYHVWPHQW"�(YLGHQFH�IURP�3DQHO�'DWD���$PHULFDQ�(FRQRPLF�5HYLHZ��������������
$UHOODQR��0��DQG�6��%RQG����������6RPH�7HVWV�RI�6SHFLILFDWLRQ�IRU3DQHO�'DWD��0RQWH�&DUOR�(YLGHQFH�DQG�DQ�$SSOLFDWLRQ�WR�(PSOR\PHQW�(TXDWLRQV���5HYLHZ�RI�(FRQRPLF�6WXGLHV��������������
$UHOODQR�� 0�� DQG� 2�� %RYHU� �������� �$QRWKHU� /RRN� DW� WKH� ,QVWUXPHQWDO� 9DULDEOHV� (VWLPDWLRQ� RI� (UURU�&RPSRQHQW�0RGHOV���-RXUQDO�RI�(FRQRPHWULFV������������
$WHOOD��9��DQG�%��4XLQWLHUL����������'R�5	'�([SHQGLWXUHV�5HDOO\�0DWWHU�IRU�7)3"��$SSOLHG�(FRQRPLFV����������������
%DOWDJL��%��DQG�&��.DR���������1RQVWDWLRQDU\�3DQHOV��&RLQWHJUDWLRQ�LQ�3DQHOV�DQG�'\QDPLF�3DQHOV��$�6XUYH\���LQ�1RQVWDWLRQDU\ 3DQHOV��3DQHO�&RLQWHJUDWLRQ��DQG�'\QDPLF�3DQHOV��HG��E\�%��%DOWDJL��$GYDQFHV�LQ�(FRQRPHWULFV�������
%DQHUMHH��$�� ���������3DQHO�'DWD�8QLW�5RRWV�DQG�&RLQWHJUDWLRQ��$Q�2YHUYLHZ���2[IRUG�%XOOHWLQ� RI�(FRQRPLFV� DQG�6WDWLVWLFV��6\PSRVLXP�RQ�3DQHO�'DWD�8QLW�5RRWV�DQG�&RLQWHJUDWLRQ���������������
%DVX��6��DQG�-��*��)HUQDOG����������5HWXUQV�WR�6FDOH�LQ�8�6��3URGXFWLRQ��(VWLPDWHV�DQG�,PSOLFDWLRQV���-RXUQDO�RI�3ROLWLFDO�(FRQRP\���������������
%HUQGW�� (�� 5�� DQG�0�� )XVV� �������� �3URGXFWLYLW\� 0HDVXUHPHQW� ZLWK� $GMXVWPHQWV� IRU� 9DULDWLRQV� LQ� &DSDFLW\�8WLOL]DWLRQ�DQG�2WKHU�)RUPV�RI�7HPSRUDU\�(TXLOLEULD���-RXUQDO�RI�(FRQRPHWULFV�����������
%HUQGW�� (�� 5�� DQG� 0�� )XVV� �������� �(FRQRPLF� &DSDFLW\� 8WLOL]DWLRQ� DQG� 3URGXFWLYLW\� 0HDVXUHPHQW� IRU�0XOWLSURGXFW�)LUPV�ZLWK�0XOWLSOH�4XDVL�)L[HG� ,QSXWV���1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��:RUNLQJ�3DSHU�1R��������&DPEULGJH��0$�
%HUQVWHLQ�� -�� ,�� �������� �3ULFH� ,QGH[HV� DQG� IRU�&DQDGLDQ� ,QGXVWULDO�5HVHDUFK�DQG�'HYHORSPHQW�([SHQGLWXUHV���6WDWLVWLFV�RI�&DQDGD��0LQLVWHU�RI�6XSSO\�DQG�6HUYLFHV��2WWDZD�
%HUQVWHLQ�� -�� ,�� �������� �,QWHULQGXVWU\� 5	'� 6SLOORYHUV� IRU� (OHFWULFDO� DQG� (OHFWURQLF� 3URGXFWV�� 7KH� &DQDGLDQ�&DVH���(FRQRPLF�6\VWHPV�5HVHDUFK�����������
%HUQVWHLQ�� -�� ,�� DQG� 3�� 0RKQHQ� �������� �,QWHUQDWLRQDO� 5	'� 6SLOORYHUV� EHWZHHQ� 8�6�� $QG� -DSDQHVH� 5	',QWHQVLYH�6HFWRUV���-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV��������������
%HUQVWHLQ��-��,��DQG�0��1DGLUL� ���������3URGXFW�'HPDQG��3URGXFWLRQ�&RVW��DQG�,QWHULQGXVWU\�5	'�6SLOORYHUV���1%(5�
%UDQVWHWWHU�� /�� �������� �$UH�.QRZOHGJH�6SLOORYHUV� ,QWHUQDWLRQDO�RU� ,QWUDQDWLRQDO� LQ�6FRSH"� �0LFURHFRQRPHWULF�(YLGHQFH�IURP�WKH�8QLWHG��6WDWHV�DQG�-DSDQ���-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV������������
&DPHURQ��*����������,QQRYDWLRQ�DQG�(FRQRPLF�*URZWK��'�3KLO��7KHVLV��8QLYHUVLW\�RI�2[IRUG�



��

&DPHURQ�� *�� �������� �,QQRYDWLRQ� DQG� (FRQRPLF� *URZWK� LQ� 8.� 0DQXIDFWXULQJ��� 2[IRUG� ,QVWLWXWH� RI�(FRQRPLFV�DQG�6WDWLVWLFV��'LVFXVVLRQ�3DSHU�1R�����
&DPHURQ��*�� DQG�-��0XHOOEDXHU� ��������.QRZOHGJH�� ,QFUHDVLQJ�5HWXUQV�DQG�WKH�8.�3URGXFWLRQ�)XQFWLRQ��� LQ�6RXUFHV�RI�3URGXFWLYLW\�*URZWK��HG��E\�'��*�0D\HV��1,(65��&DPEULGJH�8QLYHUVLW\�3UHVV����������
&LQFHUD��0�� DQG�%�� Y�� 3RWWHOVEHUJKH� �������� �,QWHUQDWLRQDO� 5	'� 6SLOORYHUV�� $� 6XUYH\���&DKLHUV�(FRQRPLTXHV� GH�%UX[HOOHV������
&RH��'��7��DQG�(��+HOSPDQ����������,QWHUQDWLRQDO�5	'�6SLOORYHUV���(XURSHDQ�(FRQRPLF�5HYLHZ��������������
&XQHR��3��DQG�-��0DLUHVVH���������3URGXFWLYLW\�DQG�5	'�DW�WKH�)LUP�/HYHO�LQ�)UHQFK�0DQXIDFWXULQJ���LQ�5	'��3DWHQWV�DQG�3URGXFWLYLW\��HG��E\�=��*ULOLFKHV��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�
'7,�	�+07���������,QYHVWLQJ�LQ�,QQRYDWLRQ��$ 6WUDWHJ\�IRU�6FLHQFH��(QJLQHHULQJ�DQG�7HFKQRORJ\��+0�7UHDVXU\�
(QJOH��5��)��DQG�&��:��-��*UDQJHU����������&RLQWHJUDWLRQ�DQG�(UURU�&RUUHFWLRQ��5HSUHVHQWDWLRQ��(VWLPDWLRQ�DQG�7HVWLQJ���(FRQRPHWULFD��������������
(YDQV��3�����������+RZ�)DVW�'R�(FRQRPLHV�&RQYHUJH���7KH�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV��������������
)UDQW]HQ��'�� �������� �5	'�(IIRUWV�� ,QWHUQDWLRQDO�7HFKQRORJ\�6SLOORYHUV� DQG� WKH�(YROXWLRQ�RI�3URGXFWLYLW\� LQ�,QGXVWULDO�&RXQWULHV���$SSOLHG�(FRQRPLFV����������������
*HURVNL��3��$�����������,QQRYDWLRQ�DQG�WKH�6HFWRUDO�6RXUFHV�RI�8.�3URGXFWLYLW\�*URZWK���7KH�(FRQRPLF�-RXUQDO�����������������
*UDQJHU�� &��:�� -�� DQG� 3��1HZEROG� �������� �6SXULRXV� 5HJUHVVLRQV� LQ� (FRQRPHWULFV���-RXUQDO� RI�(FRQRPHWULFV�� �����������
*ULOLFKHV�� =�� �������� �,VVXHV� LQ� $VVHVVLQJ�WKH� &RQWULEXWLRQ� RI� 5HVHDUFK� DQG� 'HYHORSPHQW� WR� 3URGXFWLYLW\�*URZWK���%HOO�-RXUQDO�RI�(FRQRPLFV�������������
*ULOLFKHV��=�����������5	'�DQG�WKH�3URGXFWLYLW\�6ORZGRZQ���$PHULFDQ�(FRQRPLF�5HYLHZ��������������
*ULOLFKHV��=�����������3URGXFWLYLW\��5	'��DQG�%DVLF�5HVHDUFK�DW�WKH�)LUP�/HYHO�LQ�WKH�����
V���$PHULFDQ�(FRQRPLF�5HYLHZ��������������
*ULOLFKHV��=�����������7KH�6HDUFK�IRU�5	'�6SLOORYHUV���6FDQGLQDYLDQ�-RXUQDO�RI�(FRQRPLFV������������
*ULOLFKHV��=����������5	'�DQG�3URGXFWLYLW\��(FRQRPHWULF�5HVXOWV�DQG�0HDVXUHPHQW�,VVXHV���LQ�+DQGERRN�RI�WKH�(FRQRPLFV�RI�,QQRYDWLRQ�DQG�7HFKQRORJLFDO�&KDQJH��HG��E\�3��6WRQHPDQ��2[IRUG��%ODFNZHOO�3XEOLVKHU�/WG���������
*ULOLFKHV��=��DQG�)��/LFKWHQEHUJ� ��������5	'�DQG�3URGXFWLYLW\�*URZWK�DW�WKH�,QGXVWU\�/HYHO��,V�7KHUH�6WLOO�D�5HODWLRQVKLS���LQ�5	'��3DWHQWV��DQG�3URGXFWLYLW\��HG��E\�=��*ULOLFKHV��1%(5�DQG�&KLFDJR�8QLYHUVLW\�3UHVV�
*ULOLFKHV��=��DQG�-��0DLUHVVH���������3URGXFWLYLW\�DQG�5	'�DW�WKH�)LUP�/HYHO���LQ�5	'��3DWHQWV�DQG�3URGXFWLYLW\��HG��E\�=��*ULOLFKHV��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�
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*URVVPDQ��*��0��DQG�(��+HOSPDQ���������,QQRYDWLRQ�DQG�*URZWK�LQ�WKH�*OREDO�(FRQRP\��&DPEULGJH��0DVVDFKXVHWWV��7KH�0,7�SUHVV�
*XHOOHF�� '�� DQG� %�� YDQ� 3RWWHOVEHUJKH� GH� OD� 3RWWHULH� �������� �5	'� DQG� 3URGXFWLYLW\� *URZWK�� 3DQHO� 'DWD�$QDQO\VLV�RI ���2(&'�&RXQWULHV���2(&'�(FRQRPLF�6WXGLHV����
+DOO�� %�� +�� DQG� -�� 0DLUHVVH� �������� �([SORULQJ� WKH� 5HODWLRQVKLS� EHWZHHQ� 5	'� DQG� 3URGXFWLYLW\� LQ� )UHQFK�0DQXIDFWXULQJ�)LUPV���-RXUQDO�RI�(FRQRPHWULFV��������������
+DOO��5��(�����������7KH�5HODWLRQ�EHWZHHQ�3ULFH�DQG�0DUJLQDO�&RVW�LQ�8�6��,QGXVWU\���-RXUQDO�RI�3ROLWLFDO�(FRQRP\��������������
+DUULJDQ�� -�� �������� �(VWLPDWLRQ� RI� &URVV�&RXQWU\� 'LIIHUHQFHV� LQ� ,QGXVWU\� 3URGXFWLRQ� )XQFWLRQV���-RXUQDO� RI�,QWHUQDWLRQDO�(FRQRPLFV��������������
+DUULV��5����������8VLQJ�&RLQWHJUDWLRQ�$QDO\VLV�LQ�(FRQRPHWULF�0RGHOOLQJ��3UHQWLFH�+DOO��+DUYHVWHU�:KHDWVKHDI�
+DXVPDQ��-��$�����������6SHFLILFDWLRQ�7HVWV�LQ�(FRQRPHWULFV���(FRQRPHWULFD����������������
+XEHUW��)��DQG�1��3DLQ����������,QZDUG�,QYHVWPHQW�DQG�7HFKQLFDO�3URJUHVV�LQ�WKH�8.0DQXIDFWXULQJ�6HFWRU���2(&'��(FRQRPLFV�'HSDUWPHQW�
,P�� .�� 6��� 0�� +�� 3HVDUDQ�� DQG� <�� 6KLQ� �������� �7HVWLQJ� IRU� 8QLW� 5RRWV� LQ� +HWHURJHQHRXV� 3DQHOV��� 0LPHR��'HSDUWPHQW�RI�$SSOLHG�(FRQRPLFV��8QLYHUVLW\�RI�&DPEULGJH�
-DIIH��$��%�����������7HFKQRORJLFDO�2SSRUWXQLW\�DQG�6SLOORYHUV�RI�5	'���$PHULFDQ�(FRQRPLF�5HYLHZ���������������
.DR�� &�� �������� �6SXULRXV� 5HJUHVVLRQ� DQG� 5HVLGXDO�%DVHG� 7HVWV� IRU� &RLQWHJUDWLRQ� LQ� 3DQHO� 'DWD���-RXUQDO� RI�(FRQRPHWULFV�����������
.DR��&���0��+��&KLDQJ��DQG�%��&KHQ����������,QWHUQDWLRQDO�5	'�6SLOORYHUV��$Q�$SSOLFDWLRQ�RI�(VWLPDWLRQ�DQG�,QIHUHQFH�LQ�3DQHO�&RLQWHJUDWLRQ���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV��6\PSRVLXP�RQ�3DQHO�'DWD�8QLW�5RRWV�DQG�&RLQWHJUDWLRQ��������������
.HOOHU�� :�� �������� �7HFKQRORJ\� )ORZV� EHWZHHQ� ,QGXVWULHV�� ,GHQWLILFDWLRQ� DQG� 3URGXFWLYLW\� (IIHFWV���(FRQRPLF�6\VWHPV�5HVHDUFK�������������
.HOOHU��:�� �������� �$UH� ,QWHUQDWLRQDO�5	'�6SLOORYHUV�7UDGH�5HODWHG"�� �$QDO\]LQJ�6SLOORYHUV� DPRQJ�5DQGRPO\�0DWFKHG�7UDGH�3DUWQHUV���(XURSHDQ�(FRQRPLF�5HYLHZ����������������
.LYLHW��-��)��DQG�*��'��$��3KLOOLSV����������$OWHUQDWLYH�%LDV�$SSUR[LPDWLRQV�ZLWK�D�/DJJHG�'HSHQGHQW�9DULDEOH���(FRQRPHWULF�7KHRU\�����������
/HH�� .��� 0�� +�� 3HVDUDQ�� DQG� 5�� 6PLWK� �������� �*URZWK� DQG� &RQYHUJHQFH� LQ� D� 0XOWL�&RXQWU\� (PSLULFDO�6WRFKDVWLF�6RORZ�0RGHO���-RXUQDO�RI�$SSOLHG�(FRQRPHWULFV��������������
/HYLQ�� $�� DQG� &�� )�� /LQ� �������� �8QLW� 5RRW� 7HVWV� LQ� 3DQHO�'DWD�� $V\PSWRWLF� DQG� )LQLWH� 6DPSOH� 3URSHUWLHV���'HSDUWPHQW�RI�(FRQRPLFV��8QLYHUVLW\�RI�&DOLIRUQLD�



��

/HYLQ��$��DQG�&��)��/LQ����������8QLW�5RRW�7HVWVLQ�3DQHO�'DWD��1HZ�5HVXOWV���'HSDUWPHQW�RI�(FRQRPLFV��8QLYHUVLW\�RI�&DOLIRUQLD�
/HYLQ��5��&�����������$SSURSULDELOLW\��5	'�6SHQGLQJ�DQG�7HFKQRORJLFDO�3HUIRUPDQFH��$PHULFDQ�(FRQRPLF�5HYLHZ��������������
/RV�� %�� DQG� %�� 9HUVSDJHQ� �������� �5	'� 6SLOORYHUV� DQG 3URGXFWLYLW\�� (YLGHQFH� )RUP� 8V� 0DQXIDFWXULQJ�0LFURGDWD���(PSLULFDO�(FRQRPLFV��������������
0DGGDOD��*��6��DQG�6��:X����������$�&RPSDUDWLYH�6WXG\�RI�8QLW�5RRW�7HVWV�ZLWK�3DQHO�'DWD�DQG�D�1HZ�6LPSOH�7HVW���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV��6\PSRVLXP�RQ�3DQHO�'DWD�8QLW�5RRWV�DQG�&RLQWHJUDWLRQ��������������
0DLUHVVH��-��DQG�%��+��+DOO���������(VWLPDWLQJ�WKH�3URGXFWLYLW\�RI�5HVHDUFK�DQG�'HYHORSPHQW��$Q�([SORUDWLRQ�RI�*00�0HWKRGV�8VLQJ�'DWD�RQ�)UHQFK�	�8QLWHG�6WDWHV�0DQXIDFWXULQJ�)LUPV���LQ�,QWHUQDWLRQDO�3URGXFWLYLW\�'LIIHUHQFHV��0HDVXUHPHQW�DQG�([SODQDWLRQV��HG��E\�%��Y��$UN�DQG�.��:DJQHU��$PVWHUGDP��(OVHYLHU�6FLHQFH�
0F9LFDU��'�����������6SLOORYHUV�DQG�)RUHLJQ�'LUHFW�,QYHVWPHQW�LQ�8.�0DQXIDFWXULQJ���$SSOLHG�(FRQRPLFV�/HWWHUV�������������
0LOOHU��5��(��DQG�3��'��%ODLU� ��������,QSXW�2XWSXW�$QDO\VLV��)RXQGDWLRQV�DQG�([WHQVLRQV��1HZ�-HUVH\��3UHQWLFH�+DOO��,QF�
0RKQHQ��3�����������5	'�([WHUQDOLWLHV�DQG�3URGXFWLYLW\�*URZWK���67,�5HYLHZ������������
0RKQHQ�� 3���0��1DGLUL�� DQG� ,�� 3UXFKD� �������� �5	'��3URGXFWLRQ� 6WUXFWXUH� DQG�5DWHV� RI�5HWXUQ� LQ� WKH�8�6���-DSDQHVH�DQG�*HUPDQ�0DQXIDFWXULQJ�6HFWRUV��$�1RQ�6HSDUDEOH�'\QDPLF�)DFWRU�'HPDQG�0RGHO���(XURSHDQ�(FRQRPLF�5HYLHZ��������������
1DGLUL��0��,�����������,QQRYDWLRQV�DQG�7HFKQRORJLFDO�6SLOORYHUV���1%(5��:RUNLQJ�3DSHU�1R�������
1DGLUL�� 0�� ,�� DQG� 6�� .LP� �������� �,QWHUQDWLRQDO� 5	'� 6SLOORYHUV�� 7UDGH� DQG� 3URGXFWLYLW\� LQ� 0DMRU� 2(&'�&RXQWULHV���1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��:RUNLQJ�3DSHU�1R��������&DPEULGJH��0DVVDFKXVHWWV�
1LFNHOO��6�����������%LDVHV�LQ�'\QDPLF�0RGHOV�ZLWK�)L[HG�(IIHFWV���(FRQRPHWULFD����������������
2
0DKRQ\��0����������%ULWDLQ
V�5HODWLYH�3URGXFWLYLW\�3HUIRUPDQFH������������/RQGRQ��1,(65�
2
0DKRQ\�� 0�� DQG�.��:DJQHU� ��������$QJOR� *HUPDQ� 3URGXFWLYLW\� 3HUIRUPDQFH�� ������������ LQ� ,QWHUQDWLRQDO�3URGXFWLYLW\�'LIIHUHQFHV��0HDVXUHPHQW�DQG�([SODQDWLRQ��HG��E\�.��:DJQHU�DQG�%��Y��$UN��$PVWHUGDP��(OVHYLHU����������
2XOWRQ��1�� DQG�0��2
0DKRQ\� ��������3URGXFWLYLW\� DQG�*URZWK��$�6WXG\� RI�%ULWLVK� ,QGXVWU\�������������&DPEULGJH�8QLYHUVLW\�3UHVV�
3DYLWW��.�� DQG�3��3DWHO� �������� �7KH�,QWHUQDWLRQDO�'LVWULEXWLRQ�DQG�'HWHUPLQDQWV�RI�7HFKQRORJLFDO�$FWLYLWLHV���2[IRUG�5HYLHZ�RI�(FRQRPLF�3ROLF\�����������
3HGURQL��3�����������3DQHO�&RLQWHJUDWLRQ��$V\PSWRWLF�DQG�)LQLWH�6DPSOH�3URSHUWLHV�RI�3RROHG�7LPH�6HULHV�7HVWV�ZLWK�DQ�$SSOLFDWLRQ�WR�WKH�333�+\SRWKHVLV���,QGLDQD�8QLYHUVLW\�



��

3HGURQL��3�����������3DQHO�&RLQWHJUDWLRQ��$V\PSWRWLF�DQG�)LQLWH�6DPSOH�3URSHUWLHV�RI�3RROHG�7LPHV�6HULHV�7HVWV�ZLWK�DQ�$SSOLFDWLRQ�WR�WKH�333�+\SRWKHVLV��1HZ�5HVXOWV���PLPHR��,QGLDQD�8QLYHUVLW\�
3HGURQL��3�����������&ULWLFDO�9DOXHV�IRU�&RLQWHJUDWLRQ�7HVWV�LQ�+HWHURJHQHRXV�3DQHOV�ZLWK�0XOWLSOH�5HJUHVVRUV���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV��6\PSRVLXP�RQ�3DQHO�'DWD�8QLW�5RRWV�DQG�&RLQWHJUDWLRQ��������������
3HVDUDQ��0�� +��� <�� 6KLQ�� DQG� 5�� 6PLWK� �������� �3RROHG� 0HDQ� *URXS� (VWLPDWLRQ� RI�'\QDPLF�+HWHURJHQRXV�3DQHOV���-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��������������
3HVDUDQ��0��+��DQG�5��6PLWK����������(VWLPDWLQJ�/RQJ�5XQ�5HODWLRQVKLSV�IURP�'\QDPLF�+HWHURJHQRXV�3DQHOV���-RXUQDO�RI�(FRQRPHWULFV�������������
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