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�� $JULFXOWXUH�LQ�7UDQVLWLRQ$JULFXOWXUDO�DFWLYLWLHV�GR�QRW�RQO\�PHHW�WKH�QHHGV�IRU�IRRG��EXW�SOD\�DOVR�D�FULWLFDOUROH�LQ�VXVWDLQDEOH�ODQG�XVH�SODQQLQJ��$JUL�HQYLURQPHQWDO�SROLF\�KDV�EHFRPH�D�IRFDOSRLQW�RI�SROLF\�FRQFHUQ�DQG�VFLHQWLILF�LQWHUHVW��VHH�H�J���.OHLMQ�HW�DO��������'DEEHUW�HWDO��������RU�:KLWE\��������)RU�H[DPSOH��WKH�(8�$JUL�HQYLURQPHQWDO�3URJUDPPHV�DLPWR�LQFRUSRUDWH�HQYLURQPHQWDO�YDOXHV�DQG�QDWXUH�FRQVHUYDWLRQ�H[SOLFLWO\�LQ�DJULFXOWXUDOSURGXFWLRQ� V\VWHPV�� H�J��� WKURXJK� ILQDQFLDO� LQFHQWLYHV� DQG� UHJXODWRU\� PHDVXUHV�&OHDUO\��WKLV�LV�QRW�DQ�HDV\�VWUDWHJ\�LQ�D�FRPSHWLWLYH�VHFWRU�ZKHUH�SURGXFWLYLW\� LV�WKHNH\�WR�VXFFHVV��%RWWOHQHFNV�LQ�VXFK�D�VXVWDLQDELOLW\�RULHQWHG�VWUDWHJ\�DUH�WKH�ORQJ�WLPHVFDOH� RI� HFRV\VWHPV� GHYHORSPHQW�� WKH� LQWHUDFWLRQ�ZLWK� QRQ�DJULFXOWXUDO� VHFWRUV�� DQGWKH� IUDJPHQWHG� QDWXUH� RI� DJULFXOWXUDO� SURGXFWLRQ�� ,Q� DSSOLHG� DJUL�HQYLURQPHQWDOUHVHDUFK�PXFK� DWWHQWLRQ� KDV� EHHQ� GHYRWHG� WR� WKH� GHVLJQ� RI� HQYLURQPHQWDO� SUHVVXUH�VWDWH� LQGLFDWRUV� �VXFK� DV� WKH� LPSOLFDWLRQV� RI� SHVWLFLGH� XVH� IRU� IRRG� TXDOLW\� DQGELRGLYHUVLW\��� 6XFK� LQIRUPDWLRQ�� DV� ZHOO� DV� DVVHVVPHQWV� RI� WKH� VRFLDO� UHYHQXHV� RIHQYLURQPHQWDO� SROLF\�� DUH� D� VLQH� TXD� QRQ IRU� D� EDODQFHG� DQG� VWUXFWXUDO� VXVWDLQDEOHGHYHORSPHQW�RI�DJULFXOWXUH��EXW�WKH�ODUJH�QXPEHU�RI�DFWRUV�SUHFOXGHV�DQ�XQDPELJXRXVUHVXOW� �FI�� DOVR� 'H� *URRW� HW� DO�� ������� 'HVSLWH� DOO� SROLF\� DQG� WUDGH� XQFHUWDLQWLHV�DJULFXOWXUDO� VXSSRUW� SROLFLHV� ±� HVSHFLDOO\� LQ� (XURSH� ±� KDYH� ZLWQHVVHG� D� VLJQLILFDQWWUDQVIRUPDWLRQ�IURP�WUDGLWLRQDO�SULFH�VXEVLGLHV�WR�LQFRPH�DQG�HQYLURQPHQWDO�VXEVLGLHV�VHH� H�J�� )UDQGVHQ� HW� DO�� ������� (VSHFLDOO\� WKH� QHHG� IRU� DQ� HQYLURQPHQWDOO\�EHQLJQDJULFXOWXUDO� SURGXFWLRQ� V\VWHP� KDV� SURPSWHG� WKH� GHYHORSPHQW� RI� DOWHUQDWLYHSHUVSHFWLYHV�DQG�VWUDWHJLHV�IRU�WKH�DJULFXOWXUDO�VHFWRU�7KH� SUHVHQW� SDSHU� ZLOO� LOOXVWUDWH� WKH� DERYH� PHQWLRQHG� UH�RULHQWDWLRQ� LQDJULFXOWXUDO� SROLF\� E\� DGGUHVVLQJ� WKH� LVVXH� RI� DJULFXOWXUDO� QLWUDWH� SROOXWLRQ� DQGVXEVHTXHQW� DEDWHPHQW� VWUDWHJLHV� E\� PHDQV� RI� FR�RSHUDWLYH� DJUHHPHQWV� EHWZHHQIDUPHUV�DQG�ZDWHU�VXSSO\�FRPSDQLHV��7KH�LQFUHDVHG�XWLOLVDWLRQ�RI�PDQXUH�DQG�RI�RWKHUQLWURJHQ�FRQWDLQLQJ� IHUWLOLVHUV� LQ� DJULFXOWXUDO� SURGXFWLRQ� LQ� WKH� SDVW� GHFDGHV� KDVFDXVHG� DQ� LQFUHDVLQJ� QLWUDWH� OHDFKLQJ�� ZKLFK� PD\� OHDG� WR� JURXQGZDWHU� SROOXWLRQ�HXWURSKLFDWLRQ�RI�VXUIDFH�ZDWHUV��RU�SROOXWLRQ�RI�QDWXUH�DUHDV��:H�ZLOO� IRFXV�KHUH� LQSDUWLFXODU�RQ�QLWUDWH�SROOXWLRQ�LQ�JURXQGZDWHU�XVHG�IRU�SURGXFLQJ�GULQNLQJ�ZDWHU�$ORQJ� ZLWK� WKHLU� PDQ\� QHJDWLYH� HIIHFWV� RQ� HFRV\VWHPV� DQG� ELRGLYHUVLW\�� KLJKQLWUDWH�OHYHOV�LQ�GULQNLQJ�ZDWHU�DUH�DVVXPHG�WR�FDXVH�WZR�NLQGV�RI�KHDOWK�SUREOHPV��WKHEOXH� EDE\� V\QGURPH� �R[\JHQ� VWDUYDWLRQ� LQ� ERWWOH�IHG� EDELHV�� DQG� VWRPDFK� FDQFHU�+DQOH\�������&KRZGKXU\�DQG�/DFHZHOO�������� ,Q�RUGHU�WR�SURWHFW�ZDWHU�DJDLQVW�WKHULVN�RI�WKHVH�GLVHDVHV��WKH�(XURSHDQ�&RPPLVVLRQ��(&��LQ�LWV�'ULQNLQJ�:DWHU�'LUHFWLYH�HVWDEOLVKHG� LQ� ������ DQG� WKH� :RUOG� +HDOWK� 2UJDQLVDWLRQ� KDYH� GHILQHG� D� OHJDOPD[LPXP�WKUHVKROG�RI����PJ�SHU�OLWUH��)XFKV��������:KHUHDV�VFLHQWLILF�HYLGHQFH�RQWKH� DFWXDO� H[LVWHQFH� RI� D� OLQN� EHWZHHQ� H[FHVVLYH� QLWUDWH� OHYHOV� DQG� WKH� DERYHPHQWLRQHG�GLVHDVHV�LV�VWLOO�FRQWURYHUVLDO��ZDWHU�FRQVXPHUV�PD\�LQGHHG�IDYRXU�SXUH�DQGXQWRXFKHG�JURXQGZDWHU�DV�D�VRXUFH�RI�GULQNLQJ�ZDWHU��+DQOH\�������7KH� UHVSRQVH� RQ� WKH� SURGXFHU� VLGH� KDV� LQWHU� DOLD� EHHQ� WR� IDYRXU� FR�RSHUDWLYH�YROXQWDU\��DJUHHPHQWV�UDWKHU� WKDQ�FRPPDQG�DQG�FRQWURO�SROLFLHV�� DV� WKH� ILUVW�SROLF\VWUDWHJ\� PD\� HQKDQFH� HFRQRPLF� HIILFLHQF\� DQG� HQYLURQPHQWDO� HIIHFWLYHQHVV� E\
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GHSOR\LQJ� WKH� VSHFLILF� NQRZOHGJH� EDVH� RI� ORFDO� VWDNHKROGHUV� LQ� WKH� DUHD� XQGHUFRQVLGHUDWLRQ��DV�ZHOO�DV�SROLF\�IOH[LELOLW\�E\�WDLORULQJ�HQYLURQPHQWDO�SROLF\�PHDVXUHVWR� ORFDO� FRQGLWLRQV�� 7KH� FR�RSHUDWLYH� DJUHHPHQWV� LQYHVWLJDWHG� LQ� WKLV� SDSHU� DUHEHWZHHQ�ZDWHU�VXSSO\�FRPSDQLHV�DQG�IDUPHUV�LQ�WKH�*HUPDQ�VWDWH�RI�%DYDULD��:DWHUVXSSO\� FRPSDQLHV� KDYH� WR� FRPSO\� ZLWK� WKH� DERYH� PHQWLRQHG� (XURSHDQ� 'ULQNLQJ:DWHU�'LUHFWLYH��(VSHFLDOO\�LQ�QLWUDWH�VHQVLWLYH�DUHDV�ZLWK�LQWHQVLYH�DJULFXOWXUH��ZDWHUVXSSO\�FRPSDQLHV� ILQG� LW�GLIILFXOW� WR�GHOLYHU�GULQNLQJ�ZDWHU�ZLWK� OHVV� WKDQ����PJ�RIQLWUDWH�SHU�OLWUH�ZLWKRXW�XVLQJ�WHFKQLFDO�PHDQV�WR�UHGXFH�WKH�QLWUDWH�FRQWHQW��:KHUHDVEOHQGLQJ� JURXQGZDWHU� IURP� FRQWDPLQDWHG� ZHOOV� ZLWK� ZDWHU� IURP� FOHDQ� ZHOOV� LV� DUHODWLYHO\�HDV\�RSWLRQ��SXULILFDWLRQ�E\�PHDQV�RI�DQ�LQVWDOODWLRQ�IRU�QLWUDWH�UHPRYDO�LV�DVRSKLVWLFDWHG�WHFKQLFDO�SURFHVV�LQYROYLQJ�FRQVLGHUDEOH�FRVW��$Q�LPSRUWDQW�PRWLYDWLRQIRU� ZDWHU� VXSSO\� FRPSDQLHV� WR� LQLWLDWH� FR�RSHUDWLYH� DJUHHPHQWV� ZLWK� IDUPHUV� LVWKHUHIRUH�WR�DYRLG�WKH�ULVN�RI�LQFXUULQJ�IXWXUH�SXULILFDWLRQ�FRVWV��.XNV��������ZKLFK�LVUHODWHG�WR�WKH�ZHOO�NQRZQ�&RDVH�WKHRUHP�7KH�ILUVW�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�DVVHVV�WKH�HQYLURQPHQWDO�HIIHFWLYHQHVV�RI�FR�RSHUDWLYH� DJUHHPHQWV� LQ� WKH� FRQWH[W� RI� WKH� UHJLRQDO� VHOI�RUJDQL]LQJ� SRWHQWLDO� RIIDUPHUV��7KLV�HIIHFWLYHQHVV�LV�PHDVXUHG�KHUH�LQ�WHUPV�RI�WKH�GHYHORSPHQW�RI�WKH�QLWUDWHOHYHO�LQ�JURXQGZDWHU��7KH�HIIHFW�RI�FR�RSHUDWLYH�DJUHHPHQWV�RQ�JURXQGZDWHU�TXDOLW\�LVSRVLWLYH�LI�WKH�QLWUDWH�OHYHO�VKRZV�D�GHFUHDVLQJ�RU��DW�OHDVW��D�VWDELOLVLQJ�WUHQG��:H�ZLOOXWLOLVH�URXJK�VHW�DQDO\VLV�LQ�RUGHU�WR�DVVHVV�WKH�HQYLURQPHQWDO�HIIHFWLYHQHVV�RI�WKH�FR�RSHUDWLYH�DJUHHPHQWV��5RXJK�VHW�DQDO\VLV� LV�D�QRQ�SDUDPHWULF�PHWKRG� IURP�DUWLILFLDOLQWHOOLJHQFH�WKDW�DVVLVWV�LQ�LGHQWLI\LQJ�UHJXODULWLHV�LQ�FODVVLILHG�GDWD�DQG�JHQHUDWLQJ�VR�FDOOHG�GHFLVLRQ�UXOHV�WKDW�PD\�EH�XVHG�IRU�SROLF\�HYDOXDWLRQ�DQG�DGYLFH�5RXJK� VHW� DQDO\VLV� LV�� KRZHYHU�� SODJXHG� E\� D� FRPELQDWLRQ� RI� PHWKRGRORJLFDOLVVXHV��7KH�ILUVW�LVVXH�WKDW�KDV�QRW�UHFHLYHG�PXFK�DWWHQWLRQ�LQ�DSSOLFDWLRQV�RI�URXJK�VHWDQDO\VLV� WR� HPSLULFDO� SROLF\� DVVHVVPHQW� GHDOV� ZLWK� WKH� FDWHJRULVDWLRQ� RI� WKH� GDWDUHTXLUHG�IRU�SHUIRUPLQJ�D� URXJK�VHW�DQDO\VLV��7KH�VHFRQG� LVVXH� LV� UHODWHG� WR� WKH� ILUVWLVVXH�DQG�LV�FRQFHUQHG�ZLWK�WKH�SRWHQWLDO�ORVV�RI�LQIRUPDWLRQ�GXH�WR�WKH�FDWHJRULVDWLRQRI� WKH�GDWD��7KH�VHFRQG�REMHFWLYH�� WKHUHIRUH��DGGV� WR� WKH�H[LVWLQJ� OLWHUDWXUH�RQ� URXJKVHW� DQDO\VLV� IRU� SROLF\� DVVHVVPHQW� E\� DGGUHVVLQJ� WKH� WZR� GHVFULEHG� PHWKRGRORJLFDOSUREOHPV�� 7KH� VXEVHTXHQW� DQDO\VLV� FRPSDUHV� D� VHW� RI� WKUHH� VWULFWO\�GHILQHGFDWHJRULVDWLRQ� PHWKRGV� �HTXDO�IUHTXHQF\� ELQQLQJ�� HTXDO�LQWHUYDO� ELQQLQJ� DQG� WKHHQWURS\�EDVHG�PHWKRG��DQG�DVVHVVHV� WKHLU� UHVSHFWLYH�HIIHFWV�RQ� WKH� ILQDO� UHVXOWV��7KHFRPSDULVRQ� EHWZHHQ� WKH� WKUHH� PHWKRGV� PD\� EH� UHJDUGHG� DV� D� VHQVLWLYLW\� DQDO\VLVFRQFHUQLQJ� WKH� FDWHJRULVDWLRQ� RI� WKH� GDWD� �� ,Q� RUGHU� WR� DGGUHVV� WKH� SRWHQWLDO� ORVV� RILQIRUPDWLRQ�� ZH� FRPSDUH� WKH� UHVXOWV� RI� WKH� URXJK� VHW� DQDO\VHV� EDVHG� RQ� WKH� WKUHHFDWHJRULVDWLRQ� PHWKRGV� ZLWK� WKH� UHVXOWV� RI� D� VSHFLILF� GLVFUHWH� FKRLFH� PHWKRG�� YL]�SURELW� DQDO\VLV�� ,Q� WKLV�FRPSDULVRQ��ZH�DUH�SDUWLFXODUO\� LQWHUHVWHG� LQ� WKH�GLUHFWLRQ� LQZKLFK� GLIIHUHQW� IDFWRUV� DIIHFW� WKH� HIIHFWLYHQHVV� RI� WKH� FR�RSHUDWLYH� DJUHHPHQWV�� L�H��WKH�GHYHORSPHQW�RI�WKH�QLWUDWH�OHYHO�LQ�JURXQGZDWHU�7KLV�SDSHU�LV�RUJDQLVHG�DV�IROORZV��6HFWLRQ���UHYLHZV�VRPH�LPSRUWDQW�HFRQRPLFDVSHFWV� RI� QLWUDWH� SROOXWLRQ��1H[W�� 6HFWLRQ� �� H[WHQGV� WKH� GLVFXVVLRQ� RQ� FR�RSHUDWLYHDJUHHPHQWV� E\� SURYLGLQJ� VRPH� HPSLULFDO� H[DPSOHV� DQG� GHVFULSWLRQV� RI� H[SHULHQFHV
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IURP�WKH�OLWHUDWXUH��SDUWLFXODUO\�IRFXVLQJ�RQ�FR�RSHUDWLYH�DJUHHPHQWV�EHWZHHQ�IDUPHUVDQG� ZDWHU� VXSSO\� FRPSDQLHV�� 6HFWLRQ� �� SURYLGHV� D� GHVFULSWLRQ� RI� WKH� GDWD� DQGLQIOXHQFLQJ�IDFWRUV� LQFOXGHG�LQ�WKH�DQDO\VLV��6HFWLRQ���SUHVHQWV� WKH�HPSLULFDO� UHVXOWV�7KH� SDSHU� FRQFOXGHV� ZLWK� D� GLVFXVVLRQ� DQG� FRQFOXVLRQV� LQ� 6HFWLRQ� ��� IROORZHG� E\$QQH[�$�SUHVHQWLQJ� D�FRQFLVH�GHVFULSWLRQ�RI� WKH�PHWKRGRORJ\�RI� URXJK� VHW� DQDO\VLVDQG� RI� WKH� WKUHH� FDWHJRULVDWLRQ� PHWKRGV�� DQG� $QQH[� %� RIIHULQJ� VHYHUDO� HPSLULFDOUHVXOWV�
��� (FRQRPLF�$VSHFWV�RI�1LWUDWH�3ROOXWLRQ�LQ�*URXQGZDWHU1LWUDWH� SROOXWLRQ� LQ� JURXQGZDWHU� LV� D� QHJDWLYH� H[WHUQDOLW\� RI� DJULFXOWXUDOSURGXFWLRQ��:DWHU�VXSSOLHUV�DQG�IDUPHUV�XVH�JURXQGZDWHU�UHVRXUFHV�LQ�GLIIHUHQW�ZD\V�:KHUHDV�ZDWHU� VXSSOLHUV� WDNH� JURXQGZDWHU� DV� LQSXW� IRU� SURGXFWLRQ�� IDUPHUV� XVH� WKHJURXQGZDWHU�EDVLQ�DV�D�ZDVWH�GLVSRVDO�IDFLOLW\��)RU�ERWK�RI�WKHVH�XVHV��JURXQGZDWHU�LVUHJDUGHG�DV�D�FRPPRQ�SURSHUW\�UHVRXUFH��LPSO\LQJ�WKDW�H[FOXVLYH�SURSHUW\�ULJKWV�DUHQRW� GHILQHG� �6LHEHUW� ������� $� FRQFHSW� WKDW� ZRXOG� SURSHUO\� DSSO\� WR� WKLV� SDUWLFXODUVLWXDWLRQ� LV� WKH� 3ROOXWHU� 3D\V� 3ULQFLSOH� �333�� DGYRFDWHG� E\� WKH�2(&'� �������� 7KH333�LV�DOVR�LQFOXGHG�LQ�WKH�(XURSHDQ�1LWUDWH�'LUHFWLYH�WKDW�VWDWHV�WKDW�³«WKH�FRVWV�RIPHDVXUHV�QHFHVVDU\�WR�FKDQJH�FXUUHQW�SUDFWLFHV�WR�UHGXFH�QLWUDWH�SROOXWLRQ�VKRXOG�EHERUQH�E\�DJULFXOWXUDO�RSHUDWRUV´��(XURSHDQ�&RPPLVVLRQ��������S�������+RZHYHU��WKHFXUUHQW�GLVWULEXWLRQ�RI�FRVWV�DQG�EHQHILWV�LQYROYHG�LQ�WKH�DEDWHPHQW�RI�QLWUDWH�SROOXWLRQDQG� LQ� WKH� HVWDEOLVKPHQW� RI� FR�RSHUDWLYH� DJUHHPHQWV� EHWZHHQ� ZDWHU� VXSSOLHUV� DQGIDUPHUV� LV� QRW� FRQVLVWHQW� ZLWK� WKH� 333�� &RVWV� IRU� SXULILFDWLRQ� DQG� FR�RSHUDWLYHDJUHHPHQWV�DUH�ERUQH�E\�ZDWHU�VXSSOLHUV�ZKR��XQGHU�*HUPDQ�OHJLVODWLRQ��FDQ�LQ� WXUQSDVV�RQ�WKHLU�FRVWV�WR�WKH�FRQVXPHU��,W�KDV�IUHTXHQWO\�EHHQ�REVHUYHG�WKDW�WKH�IDUPLQJVHFWRU�KDV�EHHQ�H[HPSWHG�IURP�WKH�333�DQG�KDV� LQVWHDG�EHHQ�VXEVLGLVHG� LQ�RUGHU� WRHQFRXUDJH�WKH�DGRSWLRQ�RI�HQYLURQPHQWDOO\�IULHQGO\�IDUPLQJ�SUDFWLFHV�IRU�UHGXFLQJ�WKHHPLVVLRQV� RI� KDUPIXO� VXEVWDQFHV� �+DQOH\� HW� DO�� ������� &OHDUO\�� D� VXEVLGLVDWLRQ� RIHQYLURQPHQWDOO\� IULHQGO\� IDUPLQJ� SUDFWLFHV� LPSOLHV� WKH� SURGXFWLRQ� RI� SRVLWLYHH[WHUQDOLWLHV�E\�IDUPHUV��QDPHO\�WKH�LPSURYHPHQW RI�HQYLURQPHQWDO�TXDOLW\�7ZR� LPSRUWDQW� UHDVRQV� IRU� WKLV�PLVPDWFK� EHWZHHQ� WKHRU\�� FODLPLQJ� WKDW� QLWUDWHSROOXWLRQ� LQ� JURXQGZDWHU� LV� DQ� H[WHUQDO� FRVW�� DQG� UHDOLW\�� LQGLFDWLQJ� WKDW� WKHLPSURYHPHQW RI� JURXQGZDWHU� TXDOLW\� PD\� EH� UHJDUGHG� DV� DQ� H[WHUQDO� EHQHILW�� DUHSRLQWHG� RXW� E\� 7REH\ DQG� 6PHWV� �������� )LUVW�� WKHUH� LV� WKH� SUREOHP� WKDW� WKHDJULFXOWXUDO�VHFWRU�LV�PDLQO\�FKDUDFWHULVHG�E\�QRQ�SRLQW�VRXUFH�SROOXWLRQ��,W�LV�GLIILFXOWWR�GHWHUPLQH�ZKR�DQG�ZKDW�NLQG�RI�DFWLYLW\�KDV�EHHQ�UHVSRQVLEOH� IRU�ZKLFK�VKDUH�RIWKH�WRWDO�SROOXWLRQ��)XUWKHUPRUH��WKH�VHYHULW\�RI�SROOXWLRQ�GRHV�QRW�GHSHQG�RQO\�RQ�WKHTXDQWLW\�RI�WKH�KDUPIXO�VXEVWDQFH�DSSOLHG��EXW�DOVR�RQ�WKH�WLPH�RI�DSSOLFDWLRQ��WKH�W\SHRI� FURS� WR�ZKLFK� LW� LV� DSSOLHG�� WKH�PHWKRG� RI� DSSOLFDWLRQ� DQG� WKH� FRPSOH[LW\� RI� WKHXQGHUO\LQJ� HFRV\VWHP�� VXFK� DV� WKH� VRLO� W\SH�� WKH� FOLPDWLF� FLUFXPVWDQFHV� RU� WKHK\GURORJLFDO�V\VWHP��6HFRQG��WKHUH� LV� WKH�DVSHFW�RI�FRPSHWLWLYHQHVV��$JULFXOWXUH� LV�DFODVVLFDO� FRPSHWLWLYH� VHFWRU� ZLWK� D� ODUJH� QXPEHU� RI� VPDOO� SURGXFHUV� ZKR� FDQQRWLQIOXHQFH� WKH� SURGXFHU� SULFH�� 7KLV� LPSOLHV� WKDW� SROOXWLRQ� DEDWHPHQW� FRVWV� FDQQRW� EHSDVVHG� RQ� WR� WKH� FRQVXPHU�� &RPSHWLWLYHQHVV� PD\� KHQFH� EH� DIIHFWHG�� 'LDNRVDYYDV
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�������VKRZV�LQ�D�VWXG\�FRQVLGHULQJ����FRXQWULHV�DQG����DJULFXOWXUDO�FRPPRGLWLHV�WKDWD� FRXQWU\¶V� QHW� H[SRUWV� WHQG� WR� IDOO� GXH� WR� HQYLURQPHQWDO� UHJXODWLRQ�� +RZHYHU�� WKHJHQHUDO�OLWHUDWXUH�RQ�LQWHUQDWLRQDO�WUDGH�GRHV�QRW�SURYLGH�XQDPELJXRXV�HYLGHQFH�RI�DQHJDWLYH�UHODWLRQVKLS�EHWZHHQ�HQYLURQPHQWDO�UHJXODWLRQV�DQG�FRPSHWLWLYHQHVV��0XODWXHW�DO��������&RVWV� LQYROYHG�LQ�VZLWFKLQJ�WR�HQYLURQPHQWDOO\� IULHQGOLHU� IDUPLQJ�PHWKRGV�PD\QRW�RQO\� LQFOXGH� FRVWV� IRU� DOWHUQDWLYH�PDFKLQHU\�� DGGLWLRQDO� ODQG�� RU�PDQXUH� VWRUDJHIDFLOLWLHV��EXW�DOVR� IRU� UHPHG\LQJ� IDUPHUV¶� ODFN�RI�NQRZOHGJH�RI�KRZ� WR� DSSO\� WKHVHPHWKRGV�� &RQYHQWLRQDO� DJULFXOWXUDO� SROLF\� KDV� VWLPXODWHG� IDUPHUV� WR� DGRSW� IDUPLQJPHWKRGV� WKDW� LQWHQVLI\�SURGXFWLRQ��7RWDO� DEDWHPHQW� FRVWV�PD\� LQGHHG�EH� XQEHDUDEOHIRU� IDPLO\� IDUPV� ZLWK� OLPLWHG� KXPDQ� DQG� ILQDQFLDO� UHVRXUFHV�� ZKLFK� DUH� QRW� RQO\VXEMHFW�WR�HQYLURQPHQWDO�SROLFLHV��EXW�DOVR�WR�RQJRLQJ�DJULFXOWXUDO�SROLF\�UHIRUPV��&R�RSHUDWLYH� DJUHHPHQWV�PD\�EH� D�SURSHU� LQVWUXPHQW� IRU� UDLVLQJ� IDUPHUV¶� DZDUHQHVV� RIHQYLURQPHQWDO� SUREOHPV�� E\� GLUHFWO\� LQYROYLQJ� WKHP� LQ� WKH� SROLF\� SURFHVV� DQG� IRUDVVLVWLQJ� IDUPHUV� LQ� DGRSWLQJ� DOWHUQDWLYH�SURGXFWLRQ�PHWKRGV��7KH� IROORZLQJ� VHFWLRQJLYHV�VRPH�H[DPSOHV�RI�FR�RSHUDWLYH�DJUHHPHQWV�
�� &R�RSHUDWLYH�$JUHHPHQWV�EHWZHHQ�)DUPHUV�DQG�:DWHU�6XSSOLHUV&R�RSHUDWLYH� RU� YROXQWDU\� DJUHHPHQWV� ZHUH� ILUVW� HVWDEOLVKHG� EHWZHHQJRYHUQPHQWDO� DJHQFLHV� DQG� WKH� LQGXVWULDO� VHFWRU� LQ� RUGHU� WR� UHDFK� FHUWDLQHQYLURQPHQWDO�JRDOV��VXFK�DV�WKH�UHGXFWLRQ�RI�&2����12;���DQG�62��HPLVVLRQ��RU�WKHUHGXFWLRQ�RI�&)&V� LQ� UHIULJHUDWRUV� DQG� VSUD\� FDQV��7KH� LQFUHDVLQJ� SRSXODULW\� RI� FR�RSHUDWLYH�DJUHHPHQWV�DV�VHOI�RUJDQL]LQJ�DUUDQJHPHQWV�FDQ�PDLQO\�EH�DVFULEHG�WR�WKHLUFRPPXQLFDWLYH� DQG� LQWHUDFWLYH� FKDUDFWHU�� *RYHUQPHQWDO� DJHQFLHV� DQG� WKH� SROOXWLQJLQGXVWULHV� QHJRWLDWH� IRU� WKH� PRVW� DSSURSULDWH� VROXWLRQV� WR� UHDFK� WKH� HQYLURQPHQWDOWDUJHW��PDLQO\� LQ�FRPELQDWLRQ�ZLWK�JRYHUQPHQWDO�VXEVLGLHV� IRU� WHFKQLFDO� LQQRYDWLRQV�6XQQHYnJ� ������� %HFDXVH� RI� WKH� MRLQW� UHVSRQVLELOLW\� FRQFHUQLQJ� WKH� FRQWHQW� RI� WKHDJUHHPHQW�� WKH� LQGXVWULDO� VHFWRU� LV� PRUH� OLNHO\� WR� DFFHSW� DQG� WR� EH� ZHOO� GLVSRVHGWRZDUGV�UHDFKLQJ�HQYLURQPHQWDO�JRDOV��)XUWKHUPRUH�� WKH�LQWHUDFWLYH�FKDUDFWHU�FUHDWHVPRUH�IOH[LELOLW\��ZKLFK�LQ�WXUQ�SURYLGHV�WKH�RSSRUWXQLW\�WR�ILQG�FRVW�HIIHFWLYH�VROXWLRQVWKDW� DUH� WDLORUHG� WR� WKH� ORFDO� FRQGLWLRQV�� DQG� UHGXFHV� WKH� WLPH� VSDQ� EHWZHHQIRUPXODWLRQ�RI�WKH�SROLF\�JRDO�DQG�SROLF\�LPSOHPHQWDWLRQ��6HJHUVRQ�DQG�0LFHOL�������6HJHUVRQ� DQG� 0LFHOL� ������� GLVWLQJXLVK� EHWZHHQ� WZR� W\SHV� RI� FR�RSHUDWLYHDJUHHPHQWV�� WKH� VWLFN� DSSURDFK� DQG� WKH� FDUURW� DSSURDFK�� ,Q� WKH� VWLFN� DSSURDFK�SDUWLFLSDWLRQ�LQ�WKH�FR�RSHUDWLYH�DJUHHPHQW�LV�VWLPXODWHG�E\�WKUHDWV�WR�LPSOHPHQW�PRUHVWULQJHQW� OHJLVODWLRQ� LI� WKH� HQYLURQPHQWDO� WDUJHW� DJUHHG� XSRQ� LV� QRW� UHDFKHG�� ,Q� WKHFDUURW�DSSURDFK��SDUWLFLSDWLRQ�LV�HQFRXUDJHG�E\�LQFHQWLYH�SD\PHQWV�VXFK�DV�VXEVLGLHVRU�FRVW�VKDULQJ�SURJUDPPHV�IRU�LQYHVWPHQWV�LQ�SROOXWLRQ�DEDWHPHQW�WHFKQRORJLHV�7KHUH�DUH�D�QXPEHU�RI�H[DPSOHV�RI�YROXQWDU\�HQYLURQPHQWDO�DJUHHPHQWV�EHWZHHQWKH�DJULFXOWXUDO�VHFWRU�DQG�JRYHUQPHQWV��2QH�RI�WKHP�LV�WKH�DJUL�HQYLURQPHQWDO�SROLF\SURJUDPPH�RI� WKH�(8��$QRWKHU�H[DPSOH� LV� WKH�&RQVHUYDWLRQ�5HVHUYH�3URJUDPPH�LQWKH�8QLWHG�6WDWHV��9ROXQWDU\�DJUHHPHQWV�EHWZHHQ�WKH�DJULFXOWXUDO�VHFWRU�DQG�DQRWKHUSULYDWH�VHFWRU��VXFK�DV�WKH�GULQNLQJ�ZDWHU�LQGXVWU\��DUH��KRZHYHU�� UDUH�� ,Q�IDFW��GLUHFW



�

DJUHHPHQWV� EHWZHHQ� IDUPHUV� DQG�ZDWHU� VXSSOLHUV� DUH� XQFRPPRQ� LQ� DOO�(8�0HPEHU6WDWHV�� 7KH\� FDQ�PDLQO\� EH� IRXQG� LQ�*HUPDQ\� DQG� WKH�1HWKHUODQGV� DQG� WR� D� OHVVHUH[WHQW�LQ�)UDQFH��*HUPDQ\��ZLWK�RYHU������KDV�WKH�ODUJHVW�QXPEHU�RI�DJUHHPHQWV��7KLVLV�PRUH�WKDQ�����RI�WKH�WRWDO�QXPEHU�RI�DJUHHPHQWV�LQ�WKH�(8��+RZHYHU��LQ�*HUPDQ\�WKH�GLVWULEXWLRQ�RI�FR�RSHUDWLYH�DJUHHPHQWV�LV�QRW�ZHOO�EDODQFHG��7KH\�FDQ�PDLQO\�EHIRXQG�LQ�IRXU�RI�WKH����%XQGHVOlQGHU��YL]��1RUWK�5KLQH�:HVWSKDOLD��%DYDULD��+HVVHQDQG�/RZHU�6D[RQ\��+HLQ]�HW�DO��������$SSDUHQWO\��D�QXPEHU�RI�IDFWRUV�FDQ�SURPRWH�RU�KDPSHU�WKH�HVWDEOLVKPHQW�RI�FR�RSHUDWLYH� DJUHHPHQWV� EHWZHHQ�ZDWHU� VXSSO\� FRPSDQLHV� DQG� IDUPHUV� LQ� WKH� (8�� $QLPSRUWDQW� SURPRWLQJ� IDFWRU� LV� WKDW� GULQNLQJ� ZDWHU� VWHPV� IURP� ZHOO�FRQWDLQHG� DQGFRPSDFW�JURXQGZDWHU�UHVRXUFHV��H�J���ZHOO�GHWHUPLQHG�JURXQGZDWHU�SURWHFWLRQ�]RQHV�7KLV�OLPLWV�WKH�VSDWLDO�GLVSHUVLRQ�RI�SROOXWLRQ�VXFK�WKDW�WKH�FDXVH�RI�WKH�SROOXWLRQ�FDQEH� GHWHUPLQHG� XQDPELJXRXVO\�� )XUWKHUPRUH�� WKH�ZDWHU� VXSSO\� FRPSDQLHV¶� DELOLW\� WRILQDQFH�WKH�FR�RSHUDWLYH�DJUHHPHQWV��WKH�ZLOOLQJQHVV�RI�WKH�IDUPHUV�WR�DGRSW�SROOXWLRQ�UHGXFLQJ�SUDFWLFHV�DQG�SXEOLF�SUHIHUHQFHV�IRU�SXUH�DQG�XQWUHDWHG�ZDWHU�DUH�VXSSRUWLQJIDFWRUV�IRU�WKH�HVWDEOLVKPHQW�RI�FR�RSHUDWLYH�DJUHHPHQWV��,PSRUWDQW�KDPSHULQJ�IDFWRUVDUH� D� UHOLDQFH� RQ� FRPPDQG�DQG�FRQWURO� PHDVXUHV� LQ� VRPH� FRXQWULHV� DQG� D� ODFN� RIHQIRUFHPHQW�RI�HQYLURQPHQWDO�OHJLVODWLRQ�LQ�RWKHU�FRXQWULHV��0RUHRYHU��WKH�H[LVWHQFHRI�RWKHU� ORFDO�� UHJLRQDO�RU�QDWLRQDO�DJUL�HQYLURQPHQWDO�SURJUDPPHV� LQ� VRPH�SDUWV�RIWKH�(8�PD\� FURZG� RXW� ORFDO� LQLWLDWLYHV� IURP�ZDWHU� VXSSO\� FRPSDQLHV� �+HLQ]� HW� DO�������([LVWLQJ� FR�RSHUDWLYH� DJUHHPHQWV� EHWZHHQ� IDUPHUV� DQG� ZDWHU� VXSSOLHUV� FDQQRWVWULFWO\�EH�FDWHJRULVHG�LQWR�RQH�RI�WKH�WZR�W\SHV�GLVWLQJXLVKHG�E\�6HJHUVRQ�DQG�0LFHOL�0RVW� RI� WKHP�DUH� D� FRPELQDWLRQ�RI�ERWK��ZKLFK�PHDQV�XVLQJ�EDFNJURXQG� WKUHDWV� RIVWURQJHU� OHJLVODWLRQ� DQG� SURYLGLQJ� LQFHQWLYH� SD\PHQWV� IRU� DSSO\LQJ� HQYLURQPHQWDOO\LPSURYHG� SUDFWLFHV�� ,Q� IDFW�� DV� LV� SRLQWHG� RXW� E\� :X� DQG� %DEFRFN� �������� FLWLQJ'DYLHV� HW� DO��� VXFFHVVIXO� YROXQWDU\� DJUHHPHQWV�PXVW� EH� EDVHG� RQ� D� SURSHU� VWDWXWRU\IUDPHZRUN� �L�H��� EDFNJURXQG� OHJLVODWLRQ��� QHHG� WR� KDYH� D� FOHDU� DQG� PHDVXUDEOHHQYLURQPHQWDO� WDUJHW� DQG� PXVW� SURYLGH� VXEVWDQWLDO� ILQDQFLDO� LQFHQWLYHV�� 7KHLPSRUWDQFH�RI�ILQDQFLDO�LQFHQWLYHV�LV�DOVR�XQGHUOLQHG�E\�$QGHUV�1RUWRQ�HW�DO���������ZKR� VWDWH�� UHIHUULQJ� WR� FRQYHQWLRQDO� ZLVGRP�� WKDW� IDUPHUV� ZRXOG� QRW� EH� ZLOOLQJ� WRYROXQWDULO\� DGRSW� SROOXWLRQ� DEDWHPHQW�PHWKRGV�ZLWKRXW� D� VXEVLG\� FRPSHQVDWLQJ� IRUWKH�FRVWV�RI�WKHVH�PHWKRGV�DQG�DQ\�UHYHQXH�ORVVHV��+RZHYHU��SRVLWLYH�LQFHQWLYHV�QHHGQRW�RQO\�EH�RI�ILQDQFLDO�QDWXUH��7KH\�PD\�DOVR�EH�SURYLGHG�LQ�WKH�IRUP�RI�SD\PHQWV�LQ�NLQG�� VXFK� DV� WHFKQLFDO� DVVLVWDQFH� DQG� WHDFKLQJ� SURJUDPPHV� RU� VXSHUYLVHG� VWXG\JURXSV�DQG�ZRUNVKRSV��ZKHUH�IDUPHUV�JHW�WKH�RSSRUWXQLW\�WR�DFTXDLQW�WKHPVHOYHV�ZLWKHQYLURQPHQWDOO\�VRXQG� IDUPLQJ�PHWKRGV��$Q� LPSRUWDQW�DVSHFW�RI�RUJDQLVHG� WHDFKLQJSURJUDPPHV�LV�WKDW�WKH\�LQFUHDVH�IDUPHUV¶�DZDUHQHVV�DQG�XQGHUVWDQGLQJ�RI�WKH�QLWUDWHSUREOHP��)DUPHUV�PLJKW�DFFHSW� WKDW�SROOXWLRQ�DEDWHPHQW�SUDFWLFHV�PD\�DOVR� LQFUHDVHRQ�IDUP�HQYLURQPHQWDO�TXDOLW\�� ,Q�VXFK�VHOI�RUJDQL]LQJ�VLWXDWLRQV�� IDUPHUV�PD\�HYHQEH�ZLOOLQJ�WR�DGRSW�SROOXWLRQ�DEDWHPHQW�SUDFWLFHV�ZLWKRXW�IXOO�FRPSHQVDWLRQ�IRU�FRVWVDQG�UHYHQXH�ORVVHV��$QGHUV�1RUWRQ�HW�DO��������
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7KHRUHWLFDO�HFRQRPLF�DQDO\VHV�RI�YROXQWDU\�DJUHHPHQWV�LQ�DJULFXOWXUH�KDYH�EHHQFDUULHG�RXW�E\�6HJHUVRQ DQG�0LFHOL �������DQG�:X DQG�%DEFRFN ��������6HJHUVRQ�DQG0LFHOL¶V� REMHFWLYH� ZDV� WR� ILQG� RXW� ZKHWKHU� YROXQWDU\� DJUHHPHQWV� OHDG� WR� HIILFLHQWHQYLURQPHQWDO�SURWHFWLRQ�DV�FRPSDUHG�WR�PDQGDWRU\�OHJLVODWLRQ��7KH\�VKRZ�WKDW�DORQJZLWK� EDFNJURXQG� WKUHDWV� DQG� ILQDQFLDO� LQFHQWLYHV�� WKH� VWUXFWXUH� RI� WKH� EDUJDLQLQJSRZHU�EHWZHHQ� WKH� UHJXODWRU� DQG� WKH� ILUP�SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� DJUHHPHQWDERXW� WKH� OHYHO� RI� DEDWHPHQW�� ,Q� SDUWLFXODU� FDVHV� ZKHUH� WKH� UHJXODWRU� KDV� DOO� RI� WKHEDUJDLQLQJ�SRZHU��WKH�HTXLOLEULXP�OHYHO�RI�DEDWHPHQW�XQGHU�WKH�YROXQWDU\�DJUHHPHQWPLJKW�EH� WKH� ILUVW�EHVW� OHYHO�� L�H��� KLJKHU� WKDQ� WKH� OHYHO� XQGHU�PDQGDWRU\� OHJLVODWLRQ�:X� DQG� %DEFRFN� ������� KDYH� DQDO\VHG� WKH� UHODWLYH� HIILFLHQF\� RI� YROXQWDU\SURJUDPPHV� FRPSDUHG� WR� PDQGDWRU\� SURJUDPPHV�� 7KH\� SRLQW� RXW� WKDW� LPSRUWDQWFRPSDUDWLYH� DGYDQWDJHV� RI� YROXQWDU\� SURJUDPPHV� DUH� WKH� UHGXFWLRQ� RI� HQIRUFHPHQWFRVWV� DQG� WKH� DYRLGDQFH� RI� GXSOLFDWH� SULYDWH� HIIRUW��$V� D� FRPSDUDWLYH� GLVDGYDQWDJH�WKH\�PHQWLRQ��WKDW�YROXQWDU\�SURJUDPPHV�PD\�LQYROYH�ODUJH�JRYHUQPHQW�H[SHQGLWXUHVWKDW�PD\�FDXVH�GHDGZHLJKW�VRFLDO�ORVVHV�7KH�SUHVHQW�SDSHU�GRHV�QRW�DWWHPSW�WR�SURYLGH�D�WKHRUHWLFDO�PDWKHPDWLFDO�DQDO\VLVRI�XQGHUO\LQJ� FRPSOH[� GHFLVLRQ� SURFHVVHV� RI� WKHVH� VHFWRUV�� ,W� IRFXVHV� LQVWHDG� RQ� DQHPSLULFDO� H[DPLQDWLRQ� RI� GDWD� FROOHFWHG� IRU� D� QXPEHU� RI� H[LVWLQJ� FR�RSHUDWLYHDJUHHPHQWV��7KH�PHWKRG�XVHG�LQ�WKLV�DQDO\VLV�LV�EDVHG�RQ�URXJK�VHW� WKHRU\��ZKLFK�LVFRQFLVHO\�H[SODLQHG�LQ�$QQH[�$�RI�WKLV�SDSHU�
��� 'DWD�DQG�$WWULEXWHV7KH� GDWD� XVHG� LQ� WKH� DQDO\VLV� VWHP� IURP� D� VXUYH\� WKDW� ZDV� KHOG� DPRQJ� ZDWHUVXSSO\� FRPSDQLHV� DQG� PXQLFLSDOLWLHV� LQ� %DYDULD�� *HUPDQ\�� DERXW� FR�RSHUDWLYHDJUHHPHQWV� ZLWK� IDUPHUV� LQ� WKH� \HDU� ������ 7KH� DGGUHVVHV� RI� WKH� ZDWHU� VXSSO\FRPSDQLHV� DQG� PXQLFLSDOLWLHV� WKDW� RIIHU� FR�RSHUDWLYH� DJUHHPHQWV� WR� IDUPHUV� ZHUHREWDLQHG�IURP�WKH�6WDWH�RI�%DYDULD��7KH�OLVW�RI�DGGUHVVHV�FRQWDLQHG�����ZDWHU�VXSSO\FRPSDQLHV� DQG�PXQLFLSDOLWLHV�� (DFK� RI� WKHP� UHFHLYHG� D� TXHVWLRQQDLUH�� DQG� ���ZHUHUHWXUQHG��+RZHYHU��EHFDXVH�RI�LQFRPSOHWH�DQVZHUV��DQG�PLVVLQJ�LQIRUPDWLRQ�ZH�XVHGWKH�GDWD�RI�RQO\� ���TXHVWLRQQDLUHV��7KH�DQDO\VLV� LV� KHQFH�EDVHG�RQ����REVHUYDWLRQV�7KH�IROORZLQJ�JLYHV�D�GHVFULSWLRQ�RI�WKH�DWWULEXWHV�WKDW�FKDUDFWHULVH�WKH�REVHUYDWLRQV�
'HFLVLRQ�DWWULEXWH�'HYHORSPHQW�RI�QLWUDWH�FRQWHQW�LQ�JURXQGZDWHU7KH� GHFLVLRQ� DWWULEXWH� ±� LQ� IDFW�� WKH� GHSHQGHQW� YDULDEOH� �� LV� WKH� GHYHORSPHQW� RI� WKHQLWUDWH� FRQWHQW� LQ� JURXQGZDWHU�� 7KLV� DWWULEXWH� LV� GHULYHG� IURP� WKH� TXHVWLRQ� LQ� WKHVXUYH\�DQVZHUHG�E\�WKH�ZDWHU�VXSSO\�FRPSDQLHV�DERXW�WKH�HIIHFWV�RI�WKH�FR�RSHUDWLYHDJUHHPHQW� RQ� GULQNLQJ� ZDWHU� TXDOLW\�� ,W� LV� FDWHJRULVHG� LQWR� WZR� FODVVHV�� &ODVV� �FRQWDLQV� DOO� WKRVH� FDVHV� LQ� ZKLFK�� DW� WKH� WLPH� RI� WKH� VXUYH\�� WKH� QLWUDWH� OHYHOV� LQ
� 7KH� VXUYH\� ZDV� SDUW� RI� WKH� (8� UHVHDUFK� SURMHFW� ³&R�RSHUDWLYH� DJUHHPHQWV� LQ� DJULFXOWXUH� DV� DQLQVWUXPHQW�WR�LPSURYH�WKH�HFRQRPLF�HIILFLHQF\�DQG�HQYLURQPHQWDO�HIIHFWLYHQHVV�RI�WKH�(XURSHDQ�8QLRQZDWHU�SROLF\´��+HLQ]�HW�DO���������
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JURXQGZDWHU� VKRZ� D� GHFUHDVLQJ� RU� DW� OHDVW� VWDELOLVLQJ� WUHQG�� RU�� LQ� RWKHU� ZRUGV�� LQZKLFK� WKH� FR�RSHUDWLYH� DJUHHPHQW� LQGLFDWHV� D� SRVLWLYH� HIIHFW�� &ODVV� �� FRQWDLQV� WKHFDVHV� WKDW� VWLOO� VKRZ� LQFUHDVLQJ� QLWUDWH� OHYHOV� DQG� FDVHV� ZKHUH� D� FKDQJH� LQ� WKHGHYHORSPHQW�RI�WKH�QLWUDWH�OHYHO�LV�QRW�\HW�UHFRJQLVDEOH��L�H���FDVHV�LQ�ZKLFK�WKH�HIIHFWRI�WKH�FR�RSHUDWLYH�DJUHHPHQW�LV�QHJDWLYH�
&RQGLWLRQ�DWWULEXWHV�7KH�ILUVW�VHW�RI�FRQGLWLRQ�DWWULEXWHV�FRQFHUQV�JLYHQ�H[WHUQDO�IHDWXUHV����<HDU�RI�IRXQGDWLRQ'HSHQGLQJ� RQ� JHRORJLFDO� FRQGLWLRQV�� UDLQZDWHU� QHHGV� D� FHUWDLQ� DPRXQW� RI� WLPH� WRSHUFRODWH� WKURXJK� WKH� VRLO� LQWR� WKH� JURXQGZDWHU� UHVHUYRLU�� 5HVLGXDOV� RI� QLWURJHQFRQWDLQLQJ�VXEVWDQFHV��VXFK�DV�PLQHUDO�IHUWLOLVHU�DQG�PDQXUH��DUH�WUDQVSRUWHG�LQWR�WKHJURXQGZDWHU�UHVHUYRLU�E\�WKH�SHUFRODWLQJ�UDLQZDWHU��7KH�HIIHFWV�RI�D�SROLF\�DLPLQJ�DWWKH�UHGXFWLRQ�RI�QLWURJHQ�VXUSOXVHV�PD\�KHQFH�EHFRPH�YLVLEOH�RQO\�DIWHU�D�QXPEHU�RI\HDUV�� 7KH� HDUOLHU� WKH� \HDU� RI� IRXQGDWLRQ� RI� WKH� FR�RSHUDWLYH� DJUHHPHQW�� WKH� PRUHOLNHO\�D�SRVLWLYH�SROLF\�HIIHFW����7RWDO�DUHD�XQGHU�FRQWUDFW7KH�VL]H�RI� WKH� WRWDO� DUHD�XQGHU� FRQWUDFW� LV� VXSSRVHG� WR�KDYH� D�SRVLWLYH� UHODWLRQVKLSZLWK�WKH�SROLF\�HIIHFW��$�ODUJHU�DUHD�XQGHU�FRQWUDFW� LPSOLHV�D� ODUJHU�FDWFKPHQW�EDVLQZKHUH�WKH�UHVWULFWLYH�PHDVXUHV�RI�WKH�FR�RSHUDWLYH�DJUHHPHQW�DSSO\����/DQG�XVH��DUDEOH$UDEOH�ODQG�ODFNV�SHUPDQHQW�DQG�FRPSOHWH�VRLO�FRYHU��ZKLFK�PHDQV�WKDW� UHVLGXDOV�RIQLWURJHQ�FRQWDLQLQJ�IHUWLOLVHU�DUH�ZDVKHG�RXW�PRUH�HDVLO\��$�KLJK�VKDUH�RI�DUDEOH�ODQGZRXOG�KHQFH�OLNHO\�EH�DVVRFLDWHG�ZLWK�D�QHJDWLYH�SROLF\�HIIHFW����1XPEHU�RI�SDUWLFLSDWLQJ�IDUPHUV7KLV�FRQGLWLRQ�DWWULEXWH�PD\�JLYH�DQ�LQGLFDWLRQ�RI�ZKHWKHU�WKH�QXPEHU�RI�SDUWLFLSDWLQJIDUPHUV�SOD\V�D�UROH�LQ�WKH�HIIHFW�RI�WKH�FR�RSHUDWLYH�DJUHHPHQW�

1H[W��ZH�ZLOO�SUHVHQW�SROLF\�DWWULEXWHV�WKDW�DUH�UHODWHG�WR� WKH�FRQWHQWV�RI� WKH�FR�RSHUDWLYH� DJUHHPHQWV�� &RQGLWLRQ� DWWULEXWHV� ���� ��� DQG� ��� GHVFULEH� WKH� UHVWULFWLRQVIDUPHUV�IDFH�ZKHQ�HQWHULQJ�LQWR�DQ�DJUHHPHQW��7KH�UHVWULFWLRQV�DUH�RUGHUHG�DFFRUGLQJWR�WKHLU�VHYHULW\��,W�VKRXOG�EH�PHQWLRQHG�WKDW�DOO�FR�RSHUDWLYH�DJUHHPHQWV�GHVFULEHG�E\WKH� ��� REVHUYDWLRQV� LQFOXGH� UHVWULFWLRQV� RQ� WKH� XVH� RI� PLQHUDO� IHUWLOLVHU� DQG� OLTXLGPDQXUH�� VXFK� DV� WKH� DPRXQW� DQG� WLPH�RI� DSSOLFDWLRQ��6XFK� UHVWULFWLRQV� DUH� WKHUHIRUHQRW�H[SOLFLWO\� IRUPXODWHG� DV� DQ� DWWULEXWH��&RQGLWLRQ� DWWULEXWHV���� DQG����GHVFULEH� WKHQXPEHU�RI�UHVWULFWLRQV�DQG�WKH�DPRXQW�RI�SD\PHQWV��UHVSHFWLYHO\����5HVWULFWLRQ����VHW�DVLGH7KLV�UHVWULFWLRQ�LPSOLHV� WKDW� IDUPHUV�DUH�VXSSRVHG� WR� WDNH��VRPH�� ODQG� ORFDWHG� LQ� WKHDUHD�XQGHU�FRQVLGHUDWLRQ�RXW�RI�SURGXFWLRQ��,W�LV�WKH�PRVW�VHYHUH�UHVWULFWLRQ�RIIHUHG�E\D�FR�RSHUDWLYH� DJUHHPHQW��7KLV� IDFWRU� LV� ELQDULO\� IRUPXODWHG�� ,W� WDNHV� 
\HV
� LI� WKH� FR�RSHUDWLYH�DJUHHPHQW�LQFOXGHV�VHW�DVLGHV�DQG�
QR
�LI�QRW�
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���5HVWULFWLRQ����SHUPDQHQW�JUDVVODQG7KLV� UHVWULFWLRQ� UHTXLUHV� IDUPHUV� WR� XVH� WKH� ODQG� XQGHU� DJUHHPHQW� DV� SHUPDQHQWJUDVVODQG�� ,W� LQFOXGHV� SURKLELWLQJ� WKH� FRQYHUVLRQ� RI� JUDVVODQG� LQWR� DUDEOH� ODQG� DQGPDQGDWLQJ� WKDW� DUDEOH� ODQG� EH� FRQYHUWHG� WR� JUDVVODQG�� 7KLV� IDFWRU� LV� DOVR� ELQDULO\IRUPXODWHG��,W�WDNHV�
\HV
�LI�SHUPDQHQW�JUDVVODQG�LV�LQFOXGHG�DV�D�UHVWULFWLRQ��DQG�
QR
�RWKHUZLVH����5HVWULFWLRQ����VRLO�FRYHU7KH�WKLUG�UHVWULFWLRQ�LPSRVHG�RQ�IDUPHUV�LV�WKH�PDLQWHQDQFH�RI�SHUPDQHQW�VRLO�FRYHU�7KLV� UHVWULFWLRQ� LQFOXGHV�PHDVXUHV� VXFK� DV� LQWHUFURSSLQJ� RU� WKH� FXOWLYDWLRQ� RI� FDWFKFURSV�� ,W� GRHV� QRW� SUHVFULEH� DFWXDO� FKDQJHV� LQ� DJULFXOWXUDO� ODQG� XVH�� EXW� GHPDQGVDGGLWLRQDO� HIIRUW� GXULQJ� WKH� PDLQ� FURS¶V� YHJHWDWLRQ� SHULRG�� 7KLV� DWWULEXWH� LV� DOVRELQDU\�� ,W� WDNHV� 
\HV
� LI� WKH� FR�RSHUDWLYH� DJUHHPHQW� LQFOXGHV� VRLO� FRYHU� DQG� 
QR
RWKHUZLVH����1XPEHU�RI�UHVWULFWLRQV6RPH�FR�RSHUDWLYH�DJUHHPHQWV� LQFOXGH�QR�RWKHU� UHVWULFWLRQV� WKDQ� WKH� JHQHUDO� RQH�RQIHUWLOLVDWLRQ��2WKHUV� LQFOXGH�RQH�� WZR�RU�DOO�RI� WKH� UHVWULFWLRQV�GHVFULEHG� LQ�FRQGLWLRQDWWULEXWHV��������DQG�����7KLV�DWWULEXWH�KHQFH�FRPSULVHV�IRXU�GLIIHUHQW�FDWHJRULHV���� QR�H[WUD�UHVWULFWLRQ������������ �RQH��WZR���WKUHH��DGGLWLRQDO�UHVWULFWLRQV��7KLV�FRQGLWLRQDWWULEXWH� PD\� DOVR� EH� UHJDUGHG� DV� DQ� LQGLFDWRU� RI� WKH� YDULDELOLW\� RU� SRVVLELOLW\� RIFKRLFHV�RIIHUHG�E\�WKH�FR�RSHUDWLYH�DJUHHPHQW��:H�K\SRWKHVLVH�WKDW�D�FRPELQDWLRQ�RIPRUH�UHVWULFWLRQV�KDV�D�SRVLWLYH�LQIOXHQFH�RQ�WKH�QLWUDWH�OHYHO�LQ�JURXQGZDWHU����([SHQVHV7KLV� IDFWRU�GHVFULEHV� WKH�H[SHQVHV� WKH�ZDWHU�VXSSO\�FRPSDQ\�KDV� WR�EHDU� WR� VXSSRUWWKH�FR�RSHUDWLYH�DJUHHPHQW��,W�LV�PHDVXUHG�LQ�H[SHQVHV�SHU�KHFWDUH���,W�DOVR�LQGLFDWHVWKH� FRPSHQVDWLRQ� SD\PHQWV� WKDW� IDUPHUV�ZLWK� ODQG� XQGHU� FR�RSHUDWLRQ� UHFHLYH�� ,W� LVK\SRWKHVLVHG�WKDW�KLJKHU�SD\PHQWV�LQGXFH�JUHDWHU�HIIRUWV�WR�UHGXFH�QLWUDWH�OHDNDJH�
7DEOH����&RQGLWLRQ�DWWULEXWHV�ZLWK�UDQJHV�DQG�H[SHFWHG�VLJQV

&RQGLWLRQ�DWWULEXWH 5DQJH ([SHFWHGVLJQ� <HDU�RI�IRXQGDWLRQ ����������� �� 7RWDO�DUHD�XQGHU�FRQWUDFW ��KD��������KD �� /DQG�XVH��DUDEOH�ODQG ����������� �� 1XPEHU�RI�SDUWLFLSDWLQJ�IDUPHUV ������ "� 5HVWULFWLRQ����6HW�DVLGH \HV�QR �� 5HVWULFWLRQ����3HUPDQHQW�JUDVVODQG \HV�QR �� 5HVWULFWLRQ����6RLO�&RYHU \HV�QR �� 1XPEHU�RI�UHVWULFWLRQV ����� �� ([SHQVHV�SHU��KHFWDUH ����������(XUR �
7DEOH� �� VXPPDULVHV� WKH� FRQGLWLRQ� DWWULEXWHV�� VKRZV� WKHLU� REVHUYHG� UDQJHV� RIYDOXHV�DQG�LQGLFDWHV�WKHLU�K\SRWKHVLVHG�DVVRFLDWLRQ�ZLWK�WKH�GHYHORSPHQW�RI�WKH�QLWUDWHOHYHO� LQ� JURXQGZDWHU�� 7KH� VLJQ�� VKRZQ� LQ� WKH� ODVW� FROXPQ� RI� 7DEOH� ��� LQGLFDWHV� WKHK\SRWKHVLVHG� GLUHFWLRQ� RI� WKH� HIIHFW�� L�H��� ³�´� IRU� D� GHFUHDVLQJ� QLWUDWH� OHYHO� LQJURXQGZDWHU� �D� SRVLWLYH� SROLF\� HIIHFW�� DQG� ³�´� IRU� DQ� LQFUHDVLQJ� QLWUDWH� OHYHO� LQJURXQGZDWHU��QHJDWLYH�SROLF\�HIIHFW���IRU�LQFUHDVLQJ�DWWULEXWH�YDOXHV�
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&RQGLWLRQ�DWWULEXWHV����������������DQG����DUH�FRQWLQXRXV�YDULDEOHV��7KHVH�YDULDEOHVQHHG�WR�EH�FODVVLILHG�DFFRUGLQJ�WR�WKH�WKUHH�FDWHJRULVDWLRQ�PHWKRGV�GHVFULEHG�LQ�$QQH[$��YL]��HTXDO�IUHTXHQF\�ELQQLQJ��HTXDO�LQWHUYDO�ELQQLQJ�DQG�HQWURS\�EDVHG�DSSURDFK��7DEOH���VKRZV�WKH�TXDOLWDWLYH�FODVVHV�DQG�WKH�UDQJHV�RI�WKH�ILYH�FRQGLWLRQ�DWWULEXWHV�IRUDOO�WKUHH�FDWHJRULVDWLRQ�PHWKRGV�
7DEOH����&ODVVHV�DQG�UDQJHV�RI�DWWULEXWHV�IRU�WKUHH�GLIIHUHQW�FDWHJRULVDWLRQ�PHWKRGV
4XDOLWDWLYH�FODVVHV�IRU�DWWULEXWHV (TXDO�IUHTXHQF\ELQQLQJ (TXDO�LQWHUYDOELQQLQJ (QWURS\�EDVHGFDWHJRULVDWLRQ� ��������� ���� ��������� ��� ��������� ���� ���������
 ��� ��������� ���� ��������� ���� ���������
 ���� ��������� ���� ��������� ����
���<HDU�RI�IRXQGDWLRQ

� ��������� ���� ���������

 ���� ��������� ���� ���� ���� ����� ���� ��� ���� ������ ���� ������� ��� ���� ���� ������� ���� �������� ��� ����� ���
���7RWDO�DUHD�XQGHUFRQWUDFW��KD�

� �������� ���� ��������� ��� ������� ����� ���� ���� ���� ��� ���� ���� ����� ���� ����� ��� ����� ���� ����� ���� ����� ���� ����� ����
���$UDEOH�ODQG�XVH����

� ������ ���� ������ ���� ������ ���� ���� ���� ���� ���� ��� ���� ����� ���� ����� ���� ���� ���� ����� ���� ����� ��� ����� ����
���1XPEHU�RISDUWLFLSDWLQJ�)DUPHUV

� ����� ���� ����� ��� ����� ���� ���� ���� ����� ���� ��� ���� ������ ���� ������� ��� ������ ���� ������� ���� ������� ��� ������ ����
���([SHQVHV��(XUR�SHUKHFWDUH�

� �������� ���� !����


 ��� �������� ���)LJXUHV�LQ�EUDFNHWV�DUH�WKH�QXPEHU�RI�REVHUYDWLRQV�LQ�D�FODVV�
��,Q�RUGHU�WR�NHHS�DOO�REVHUYDWLRQV�IURP������LQ�RQH�FODVV��WKH�FODVV�VL]HV�DUH�VOLJKWO\�GLIIHUHQW�

��7KH�WRWDO�UDQJH�RI�\HDUV�RI�IRXQGDWLRQ�FRPSULVHV����\HDUV��VXFK�WKDW�WKH�\HDUV�FDQQRW�EH�HTXDOO\GLYLGHG�DFURVV���FDWHJRULHV��:H�KHQFH�FRQVWUXFWHG�FDWHJRULHV�FRPSULVLQJ���DQG���\HDUV�UHVSHFWLYHO\�


�������ZDV�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKH�GHWHUPLQDWLRQ�RI�WKH�LQWHUYDOV�VLQFH�LW�ZRXOG�KDYH�OHG�WRHPSW\�FODVVHV��,W�LV��KRZHYHU��LQFOXGHG�LQ�WKH�QXPEHU�RI�REVHUYDWLRQV�IRU�WKLV�FDWHJRU\�
7DEOH���LQGLFDWHV�WKDW�WKH�FODVV�LQWHUYDOV�DV�ZHOO�DV�WKH�QXPEHU�RI�REVHUYDWLRQV�LQHDFK�FODVV�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�WKH�WKUHH�FDWHJRULVDWLRQ�PHWKRGV��%\�GHILQLWLRQ�HTXDO�IUHTXHQF\�ELQQLQJ�UHVXOWV�LQ�WKH�PRVW�HYHQ�GLVWULEXWLRQ�RI�REVHUYDWLRQV�RYHU�WKHIRXU� FODVVHV�� 7KH� RWKHU� WZR� FDWHJRULVDWLRQ� PHWKRGV� UHVXOW� LQ� UDWKHU� XQEDODQFHGGLVWULEXWLRQV�RI� WKH�REVHUYDWLRQV� DFURVV� WKH�GLIIHUHQW� FODVVHV��7KH� LQIRUPDWLRQ� LQ� WKHWDEOH�LV�LOOXVWUDWHG�LQ�WKH�IROORZLQJ�WZR�ILJXUHV��)LJXUH���VKRZV�WKH�GLVWULEXWLRQ�RI�WKHREVHUYDWLRQV� DFURVV� WKH� IRXU� FODVVHV� DFFRUGLQJ� WR� WKH� WKUHH� FDWHJRULVDWLRQ� PHWKRGV�)LJXUH� �� GHSLFWV� WKH� ELQ� ZLGWKV� RI� WKH� IRXU� FDWHJRULHV� RI� WKH� WKUHH� FDWHJRULVDWLRQPHWKRGV�

� :LWK�WKH�KHOS�RI�WKH�DJJORPHUDWLYH�KLHUDUFKLFDO�FOXVWHULQJ�SURFHGXUH��ZH�GHWHUPLQHG�WKDW�IRXU�LV� WKHPRVW� DSSURSULDWH� QXPEHU� RI� FODVVHV� IRU� PRVW� RI� WKH� FRQGLWLRQ� YDULDEOHV��$JJORPHUDWLYH� KLHUDUFKLFDOFOXVWHULQJ�LQGLFDWH�WKH�VWHSZLVH�FRPELQDWLRQ�RI�REMHFWV�LQWR�FOXVWHUV��VWDUWLQJ�ZLWK�D�VLWXDWLRQ�LQ�ZKLFKWKH�QXPEHU�RI�REMHFWV�LV�HTXDO�WR�WKH�QXPEHU�RI�FOXVWHUV��7KH�RSWLPDO�QXPEHU�RI�FOXVWHUV�LV�GHWHUPLQHGRQ�WKH�EDVLV�RI�D�VLPLODULW\�PHDVXUH�WKDW�PHDVXUHV�WKH�DYHUDJH�FOXVWHU�GLVWDQFH��IRU�GHWDLOHG�LQIRUPDWLRQRQ�FOXVWHULQJ�SURFHGXUHV��VHH�+DLU�HW�DO��������
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%\� GHILQLWLRQ�� HTXDO�LQWHUYDO� ELQQLQJ� UHVXOWV� LQ� HTXDO� ZLGWKV� RI� WKH� IRXUFDWHJRULHV��7KLV� LV� VKRZQ� LQ�)LJXUH����ZKLFK� LQGLFDWHV� WKDW� WKH�ELQ�ZLGWKV�GLIIHU� IRUHTXDO�IUHTXHQF\�ELQQLQJ�DQG� WKH�HQWURS\�EDVHG�PHWKRG��7KLV� LV� SDUWLFXODUO\�REYLRXVLQ�3DQHO��E��DQG��H���LQ�ZKLFK�WKH�IRXUWK�FDWHJRU\�KDV�WKH�ZLGHVW�LQWHUYDOV��,W�VKRXOG�EHQRWHG� WKDW� WKH� GLVWULEXWLRQ� RI� WKH� REVHUYDWLRQV� DFURVV� WKH� IRXU� FDWHJRULHV� �)LJXUH� ��PD\�LQIOXHQFH�WKH�SURFHGXUH RI�WKH�URXJK�VHW�DQDO\VLV��7KH�LQIOXHQFH�RI�GLIIHUHQFHV�LQELQ�ZLGWKV��)LJXUH����PD\�EHFRPH�PRUH�REYLRXV�LQ�WKH�LQWHUSUHWDWLRQ�RI��WKH�UHVXOWV�7KH�IROORZLQJ�VHFWLRQ�VKRZV�ZKHWKHU�WKH�GLIIHUHQW�FDWHJRULVDWLRQ�PHWKRGV�GR�LQGHHGKDYH�DQ�LQIOXHQFH�RQ�WKH�UHVXOWV�RI�WKH�URXJK�VHW�DQDO\VLV�

)LJXUH����'LVWULEXWLRQ�RI�WKH�REVHUYDWLRQV�DFURVV�WKH�IRXU�FODVVHV�DFFRUGLQJ�WR�WKH�WKUHH�FDWHJRULVDWLRQPHWKRGV��()��HTXDO�IUHTXHQF\�ELQQLQJ��()
��UHPLQG�UHPDUN
� LQ�7DEOH�����(,��HTXDO�LQWHUYDO�ELQQLQJ�(%��HQWURS\�EDVHG�PHWKRG�

)LJXUH� ��� %LQ� ZLGWKV� RI� WKH� WKUHH� FDWHJRULVDWLRQ� PHWKRGV� �()�� HTXDO�IUHTXHQF\�ELQQLQJ�� (,�� HTXDO�LQWHUYDO�ELQQLQJ��(,
�

�UHPLQG�UHPDUN�
��
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�� ,QWHUSUHWDWLRQ�RI�WKH�5HVXOWV7KH� ILUVW� TXHVWLRQ� WR� EH� DQVZHUHG� LV� ZKHWKHU� DOO� WKH� LQIRUPDWLRQ� DERXW� WKH� ��REVHUYDWLRQV�JLYHQ�E\�WKH�QLQH�FRQGLWLRQ�DWWULEXWHV� LV�QHFHVVDU\� IRU�D�FRQVLVWHQW� �µLI�WKHQ¶�� GHFLVLRQ� DOJRULWKP�� 7KLV� SURFHGXUH� UHIHUV� WR� WKH� FRPSRQHQW� RI� DWWULEXWHUHGXFWLRQ�GHVFULEHG�LQ�$QQH[�$��ZKLFK�UHVXOWV�LQ�WKH�LGHQWLILFDWLRQ�RI�PLQLPDO�VHWV�RUUHGXFWV��0LQLPDO�VHWV�FRQWDLQ�QR�UHGXQGDQW�LQIRUPDWLRQ��7KH\�UHSUHVHQW�D�UHGXFHG�VHWRI�DWWULEXWHV�WKDW�SURYLGH�WKH�VDPH�FODVVLILFDWLRQ�TXDOLW\�RI�WKH�GHFLVLRQ�DWWULEXWH�DV�WKHRULJLQDO� VHW� RI� FRQGLWLRQ� DWWULEXWHV�� 1LMNDPS� ������� SRLQWV� RXW� WKDW� D� WKHRUHWLFDOO\SHUIHFW�VROXWLRQ�ZRXOG�RFFXU�LI�WKH�DWWULEXWH�UHGXFWLRQ�UHVXOWV�LQ�RQO\�RQH�PLQLPDO�VHW�7KH� UHDVRQ� IRU� WKLV� LV� WKDW� WKH� IHZHU� SRVVLELOLWLHV� IRU� PLQLPDO� VHWV�� WKH� KLJKHU� WKHµSUHGLFWLYH�SRZHU¶�RI�WKH�LQIRUPDWLRQ��3DZODN�������7KH� DWWULEXWH� UHGXFWLRQ� EDVHG� RQ� WKH� WKUHH� FDWHJRULVDWLRQ� PHWKRGV� LGHQWLILHVGLIIHUHQW� QXPEHUV� RI� PLQLPDO� VHWV�� 2Q� WKH� EDVLV� RI� HTXDO�IUHTXHQF\� ELQQLQJ�� ��PLQLPDO�VHWV��LQFOXGLQJ�HLWKHU���RU���FRQGLWLRQ�DWWULEXWHV��FDQ�EH�IRXQG��7KH�DWWULEXWHUHGXFWLRQ�RQ�WKH�EDVLV�RI�HTXDO�LQWHUYDO�ELQQLQJ�DQG�WKH�HQWURS\�EDVHG�PHWKRG�UHVXOWVLQ� RQO\� �� PLQLPDO� VHWV�� HDFK� ZLWK� �� DQG� �� RU� �� FRQGLWLRQ� DWWULEXWHV� UHVSHFWLYHO\�&RQVLGHULQJ� WKH�DIRUHPHQWLRQHG�QRWLRQ�DERXW� WKH�QXPEHU�RI�PLQLPDO� VHWV�� LW� FDQ�EHFRQFOXGHG� WKDW�� RQ� WKH� EDVLV� RI� WKH� GDWD� FRQVLGHUHG� LQ� WKLV� DQDO\VLV� �� HTXDO�LQWHUYDOELQQLQJ�DQG�WKH�HQWURS\�EDVHG�PHWKRG�OHDG�WR�D�PRUH�VDWLVIDFWRU\�DWWULEXWH�UHGXFWLRQWKDQ�HTXDO�IUHTXHQF\�ELQQLQJ��,Q�RWKHU�ZRUGV��WKH�IRUPHU�WZR�FDWHJRULVDWLRQ�PHWKRGVVHHP�WR�KDYH�JUHDWHU�SUHGLFWLYH�SRZHU�ZLWK�UHJDUG�WR�WKH�FRQVLGHUHG�LQIRUPDWLRQ�WKDQWKH�ODWWHU�RQH��7KH�DFWXDO�PLQLPDO�VHWV�DUH�JLYHQ�LQ�$QQH[�%�2QH� LQWHUHVWLQJ� DQG� LQIRUPDWLYH� ZD\� RI� UHSUHVHQWLQJ� WKH� PLQLPDO� VHWV� LV� DIUHTXHQF\� WDEOH� WKDW� VKRZV� WKH� IUHTXHQFLHV� ZLWK� ZKLFK� WKH� GLIIHUHQW� FRQGLWLRQDWWULEXWHV�DSSHDU�LQ�WKH�PLQLPDO�VHWV��7KH�IUHTXHQF\�RI�DSSHDUDQFH�JLYHV�DQ�LQGLFDWLRQRI�WKH�LPSRUWDQFH�RI�VRPH�RI�WKH�FRQGLWLRQ�DWWULEXWHV�UHODWLYH�WR�RWKHUV��7KH�IUHTXHQF\WDEOH�LV�VKRZQ�LQ�7DEOH���
7DEOH����)UHTXHQF\�RI�DSSHDUDQFH�RI�FRQGLWLRQ�DWWULEXWHV�LQ�PLQLPDO�VHWV

(TXDO�IUHTXHQF\ELQQLQJ (TXDO�LQWHUYDOELQQLQJ (QWURS\�EDVHGFDWHJRULVDWLRQIUHTXHQF\ IUHTXHQF\ IUHTXHQF\
&RQGLWLRQ�DWWULEXWH

� � � � � ����<HDU�RI�IRXQGDWLRQ �� ��� � ��� � ������$UHD�XQGHU�FRQWUDFW � ����� �� �� �� �����$UDEOH�ODQG�XVH � ����� � ��� � ������1XPEHU�RI�SDUW��IDUPHUV � ����� � ��� � ������5HVWULFWLRQ����VHW�DVLGH � ����� �� �� � �����5HVWULFWLRQ����SHUP��JUDVVODQG � ����� � �� � �����5HVWULFWLRQ����VRLO�FRYHU � ����� �� �� � �����1XPEHU�RI�UHVWULFWLRQV � ����� � �� � �����([SHQVHV � ����� �� �� � ���
7DEOH���VKRZV�WKDW�WKH�UHODWLYH�IUHTXHQF\�RI�DSSHDUDQFH�RI�WKH�GLIIHUHQW�FRQGLWLRQDWWULEXWHV�YDULHV� �EHWZHHQ� WKH� WKUHH�FDWHJRULVDWLRQ�PHWKRGV��$V�GHILQHG� LQ�$QQH[�$�FRQGLWLRQ�DWWULEXWHV�WKDW�DSSHDU�LQ�DOO�PLQLPDO�VHWV��L�H���D�IUHTXHQF\�RI�������DUH�WKH
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FRUHV�� ZKLFK� KDYH� WKH� PRVW� H[SODQDWRU\� SRZHU� UHODWLYH� WR� WKH� RWKHU� FRQGLWLRQYDULDEOHV��7KH�FRQGLWLRQ�DWWULEXWH�µ\HDU�RI�IRXQGDWLRQ¶�DSSHDUV�WR�EH�D FRUH�DWWULEXWH�LQDOO� WKUHH� FDWHJRULVDWLRQ� PHWKRGV�� ,W� FDQ� WKXV� EH� FRQVLGHUHG� LPSRUWDQW� IRU� WKHFODVVLILFDWLRQ� RI� WKH� GHFLVLRQ� DWWULEXWH�� L�H��� WKH� GHYHORSPHQW� RI� WKH� QLWUDWH� OHYHO� LQJURXQGZDWHU�� DQG� LW� PD\� JLYH� DQ� LQGLFDWLRQ� RI� WKH� HQYLURQPHQWDO� VXFFHVV� RI� FR�RSHUDWLYH�DJUHHPHQWV�RYHU� WKH� ORQJ�VKRUW� WHUP��$ORQJ�ZLWK� µ\HDU�RI� IRXQGDWLRQ¶�� WKHFRQGLWLRQ� YDULDEOHV� µDUDEOH� ODQG� XVH¶� DQG� µQXPEHU� RI� SDUWLFLSDWLQJ� IDUPHUV¶� DUHLGHQWLILHG� DV� FRUHV� IRU� HTXDO�LQWHUYDO ELQQLQJ� DQG� WKH� HQWURS\�EDVHG� PHWKRG�)XUWKHUPRUH�� LW� LV� LQWHUHVWLQJ�WR�QRWH� WKDW�RQO\�RQH�SROLF\�DWWULEXWH� LV� LGHQWLILHG�DV�DFRUH�� QDPHO\� µH[SHQVHV� SHU� KHFWDUH¶� LQ� WKH� HQWURS\�EDVHG�PHWKRG�� $GGLWLRQDOO\�� DOORWKHU� SROLF\� DWWULEXWHV� VHHP� WR� EH� UHODWLYHO\� OHVV� LPSRUWDQW� WKDQ� WKH� UHPDLQLQJFRQGLWLRQ�DWWULEXWHV�LQ�DOO�WKUHH�FDWHJRULVDWLRQ�PHWKRGV�,Q� RUGHU� WR� DQVZHU� WKH� ILUVW� REMHFWLYH� RI� WKLV� SDSHU�� WKH� GHWHUPLQDWLRQ� RI� WKHHQYLURQPHQWDO� HIIHFWLYHQHVV� RI� WKH� FR�RSHUDWLYH� DJUHHPHQW��ZH� KDYH� � WR� ORRN� DW� WKHGLUHFWLRQ� LQ�ZKLFK� WKH� FRQGLWLRQ� DWWULEXWHV� LQIOXHQFH� WKH� GHYHORSPHQW� RI� WKH� QLWUDWHOHYHO� LQ�JURXQGZDWHU��7KH�GLUHFWLRQ�RI� WKH�LPSDFW�FDQ�EH�GHULYHG�RQ�WKH�EDVLV�RI� WKHGHFLVLRQ�UXOHV��LQ�WKH�IRUP�RI�³LI�WKHQ´��VWDWHPHQWV��7KH�UXOH�LQGXFWLRQ�EDVHG�RQ�HTXDO�IUHTXHQF\�ELQQLQJ��HTXDO�LQWHUYDO�ELQQLQJ�DQG�WKH�HQWURS\�EDVHG�PHWKRG�UHVXOWV�LQ��������DQG����GHFLVLRQ�UXOHV��UHVSHFWLYHO\��,W�PXVW��KRZHYHU��EH�QRWHG�WKDW�QRW�DOO�GHFLVLRQUXOHV�DUH�RI�HTXDO�TXDOLW\�DQG�KHQFH�HTXDOO\�LPSRUWDQW�DQG�UHOLDEOH��$�SDUDPHWHU�WKDWLQGLFDWHV� WKH�TXDOLW\�RI� WKH�GHFLVLRQ�UXOHV� LV� WKHLU�VWUHQJWK��6RPH�JHQHUDWHG�GHFLVLRQUXOHV�KDYH�D�YHU\�ORZ�VWUHQJWK��ZKLFK�LPSOLHV�WKDW�WKH\�DUH�RQO\�VXSSRUWHG�E\�D�VPDOOQXPEHU�RI�REVHUYDWLRQV�� ,Q�7DEOH����ZH� UHSRUW�RQO\� WKRVH�GHFLVLRQ� UXOHV� WKDW�KDYH�DVWUHQJWK�JUHDWHU� WKDQ���� LPSO\LQJ� WKDW� WKH� UXOHV�DUH�EDVHG�RQ� DW� OHDVW���REVHUYDWLRQV�7DEOH���UHSRUWV�WKH�DFWXDO�UDQJHV�RI�WKH�FDWHJRULHV�LQVWHDG�RI�WKHLU�ODEHOV�:KHQ� LQYHVWLJDWLQJ� WKH� GHFLVLRQ� UXOHV�� LW� LV� LPSRUWDQW� WR� FRQVLGHU� WKHFRPELQDWLRQ RI� DWWULEXWHV� LQ� WKH� UXOHV�� 7KH� GHFLVLRQ� UXOHV� WKDW� LQFOXGH� µ\HDU� RIIRXQGDWLRQ¶�GR�QRW�DOZD\V�VKRZ�XQDPELJXRXV�UHVXOWV��5HJDUGLQJ�µ\HDU�RI�IRXQGDWLRQ¶LQGLYLGXDOO\��RQH�PLJKW�FRQFOXGH�WKDW�WKH�DFWXDO�YDOXH�RI�WKLV�FRQGLWLRQ�DWWULEXWH�GRHVQRW� VHHP� WR�PDWWHU� VLQFH�D�SRVLWLYH�GHYHORSPHQW�RI� WKH�QLWUDWH� OHYHO� LQ� JURXQGZDWHUDSSHDUV�RYHU�WKH�ZKROH�UDQJH�RI�SRVVLEOH�IRXQGDWLRQ�\HDUV��+RZHYHU��LQ�FRPELQDWLRQZLWK�WKH�RWKHU�DWWULEXWHV��WKH�GLIIHUHQFHV�LQ�\HDU�RI�IRXQGDWLRQ�OHDG�WR�VRPH�LQWHUHVWLQJUHVXOWV�� )URP� D� WKHRUHWLFDO� SRLQW� RI� YLHZ�� HDUOLHU� \HDUV� RI� IRXQGDWLRQ� VKRXOG� PRUHOLNHO\�UHVXOW�LQ�SRVLWLYH�GHYHORSPHQWV�RI�WKH�QLWUDWH�OHYHO�LQ�JURXQGZDWHU��5XOH�D��VD\VWKDW�UHFHQWO\�HVWDEOLVKHG�FR�RSHUDWLYH�DJUHHPHQWV�PD\�OHDG�WR�SRVLWLYH�GHYHORSPHQWVRI� WKH� QLWUDWH� OHYHO� LI� WKH� DJUHHPHQW� LQFOXGHV� WKH� UHVWULFWLRQ� µSHUPDQHQW� JUDVVODQG¶�5XOH� D�� VD\V� WKDW� FR�RSHUDWLYH� DJUHHPHQWV� HVWDEOLVKHG� OHVV� WKDQ� WHQ� \HDUV� DJR� DOVRKDYH�D�SRVLWLYH�HIIHFW�RQ�JURXQGZDWHU�TXDOLW\�LI�DQ�DGGLWLRQDO�UHVWULFWLRQ��VRLO�FRYHU��LVLQFOXGHG�LQ�WKH�DJUHHPHQW��7KH�LPSOLFDWLRQ�RI�WKHVH�WZR�UXOHV�DUH�VXSSRUWHG�E\�5XOHE��� ZKLFK� VD\V� WKDW� UHFHQWO\� HVWDEOLVKHG� FR�RSHUDWLYH� DJUHHPHQWV� KDYH� D� SRVLWLYHLQIOXHQFH�RQ�JURXQGZDWHU�TXDOLW\�LI�WKH�DJUHHPHQWV�LQFOXGH�WZR�DGGLWLRQDO�UHVWULFWLRQV�
� $V�GHILQHG�LQ�6HFWLRQ����WKH�SROLF\�DWWULEXWHV�DUH�FRQGLWLRQ�DWWULEXWHV���������
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D��(TXDO�IUHTXHQF\�ELQQLQJD� ����� \HV SRV� �D� ����� QR SRV� �D� ����� ������ \HV SRV� �D� ����� � QHJ� �E��(TXDO�LQWHUYDO�ELQQLQJE� ����� QR SRV� �E� ����� � SRV� �E� ���� SRV� �E� � ���� SRV� �E� ����� � QHJ� �F��(QWURS\�EDVHG�PHWKRGF� ������� � SRV� �F� ����� SRV� �F� ������ SRV� �F� ���� \HV SRV� �F� ���� SRV� �F� ����� � ������ QHJ� �
WKRXJK� WKHVH�KDYH�QRW�EHHQ�H[SOLFLWO\�GHWHUPLQHG��5XOH�D�� LPSOLHV� WKDW�FR�RSHUDWLYHDJUHHPHQWV� WKDW� KDYH� EHHQ� LQ� RSHUDWLRQ� WKH� ORQJHVW� OHDG� WR� LPSURYHPHQWV� LQ� WKHJURXQGZDWHU�TXDOLW\�HYHQ�LI�WKH�DGGLWLRQDO�UHVWULFWLRQ�RQ�VRLO�FRYHU�LV�QRW�LQFOXGHG�LQWKH�DJUHHPHQW��7KLV� LQWHUSUHWDWLRQ�RI�5XOH�D��FRLQFLGHV�ZLWK� WKDW�RI�5XOH�E��DQG�� WRVRPH�H[WHQW��DOVR�ZLWK�WKDW�RI�5XOH�F���)XUWKHUPRUH��5XOHV�D���E��DQG�F��DOO�LQGLFDWHWKDW� FR�RSHUDWLYH� DJUHHPHQWV� HVWDEOLVKHG� OHVV� WKDQ� WHQ� \HDUV� DJR� DQG� ZLWKRXW� DQ\DGGLWLRQDO�UHVWULFWLRQV�GR�QRW�SRVLWLYHO\�LQIOXHQFH�JURXQGZDWHU�TXDOLW\�5HJDUGLQJ�WKH�SHUFHQWDJH�RI�DUDEOH� ODQG�XVH��DQRWKHU�FRQFOXVLRQ�FDQ�EH�GUDZQIURP�WKH�GHFLVLRQ�UXOHV��5XOHV�E��DQG�F��LQGLFDWH�WKDW�ORZHU�SHUFHQWDJHV�RI�DUDEOH�ODQGXVH�������DQG�������UHVSHFWLYHO\��KDYH�D�SRWHQWLDOO\�SRVLWLYH� UHODWLRQVKLS�ZLWK� WKHGHYHORSPHQW� RI� WKH� JURXQGZDWHU� TXDOLW\�� 7KLV� UHVXOW� LV� LQ� DFFRUGDQFH� ZLWK� WKHK\SRWKHVLVHG�VLWXDWLRQ�H[SODLQHG�LQ�6HFWLRQ����$QRWKHU� LQWHUHVWLQJ�UHVXOW� UHYHDOHG�E\5XOHV� E��� F�� DQG� F�� LV� WKDW� KLJKHU� SD\PHQWV� GR� QRW� QHFHVVDULO\� OHDG� WR� SRVLWLYHGHYHORSPHQWV�LQ�JURXQGZDWHU�TXDOLW\��KLJKHU�SD\PHQWV�DUH�VXSSRVHG�WR�LQGXFH�JUHDWHUHIIRUWV�RQ�SDUW�RI�IDUPHUV���+RZHYHU��RQ�WKH�EDVLV�RI� WKH� UHVXOWV�SUHVHQWHG�KHUH�� LW� LVWRR� HDUO\� WR� FRQFOXGH� WKDW� PRQH\� GRHV� QRW� PDWWHU� IRU� VWLPXODWLQJ� HQYLURQPHQWDOO\VRXQG�IDUPLQJ�PHWKRGV��)LQDOO\��WKH�GHFLVLRQ�UXOHV��D���F��DQG�F���GR�QRW�OHDG�WR�DQ\XQDPELJXRXV�FRQFOXVLRQ�DERXW�WKH�SRWHQWLDO�HIIHFW�RI�WKH�WRWDO�DUHD�XQGHU�FRQWUDFW�RQWKH�GHYHORSPHQW�RI�QLWUDWH�OHYHOV�LQ�JURXQGZDWHU�
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$QRWKHU�ZD\�RI�SUHVHQWLQJ�DQG�LQWHUSUHWLQJ�WKH�UHVXOWV�RI�WKH�UXOH�LQGXFWLRQ�LV�WRFRQVLGHU� HDFK� FRQGLWLRQ� DWWULEXWH� LQGLYLGXDOO\�� +HUH�� WKH� LQGLYLGXDO� FRQGLWLRQDWWULEXWHV� DUH� FRXQWHG� DFFRUGLQJ� WR� WKH� YDOXH� DW� ZKLFK� WKH\� DSSHDU� LQ� WKH� GHFLVLRQUXOHV�� ,Q� WKLV� FDVH�� DOO� GHFLVLRQ� UXOHV� DUH� WDNHQ� LQWR� DFFRXQW�� QRW� MXVW� WKH� RQHV� ZLWKVWUHQJWKV�JUHDWHU�WKDQ����7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���
7DEOH����)UHTXHQF\�RI�DSSHDUDQFH�RI�FRQGLWLRQ�DWWULEXWH�YDOXHV�LQ�WKH�GHFLVLRQ�UXOHV

(TXDO�IUHTXHQF\�ELQQLQJ HTXDO�LQWHUYDO�ELQQLQJ HQWURS\�EDVHG�PHWKRG���\HDU�RI�IRXQGDWLRQSRV� QHJ� SRV� QHJ� SRV� QHJ������ � � ����� � � ����� � ������ � � ����� � � ����� � ������ � � ����� � � ����� � ������ � � ����� � � ����� � ����WRWDO�DUHD�XQGHU�FRQWUDFWSRV� QHJ� SRV� QHJ� SRV� QHJ����� � � ����� � � ��� � ������� � � ������� � � ���� � �������� � � �������� � � ����� � ��������� � � ��������� � � ������� � ����DUDEOH�ODQG�XVHSRV� QHJ� SRV� QHJ� SRV� QHJ����� � � ���� � � ���� � ������ � � ����� � � ����� � ������ � � ����� � � ����� � ������� � � ������ � � ������ � ����QXPEHU�RI�SDUWLFLSDWLQJ�IDUPHUVSRV� QHJ� SRV� QHJ� SRV� QHJ����� � � ���� � � ��� � ������ � � ����� � � ���� � ������ � � ����� � � ����� � ������ � � ����� � � ����� � ����UHVWULFWLRQ���VHW�DVLGHSRV� QHJ� SRV� QHJ� SRV� QHJ�<HV � � \HV � � \HV � �1R � � QR � � QR � ����UHVWULFWLRQ����SHUPDQHQW�JUDVVODQGSRV� QHJ� SRV� QHJ� SRV� QHJ�<HV � � \HV � � \HV � �1R � � QR � � QR � ����UHVWULFWLRQ����VRLO�FRYHUSRV� QHJ� SRV� QHJ� SRV� QHJ�<HV � � \HV � � \HV � �1R � � QR � � QR � ����QXPEHU�RI�UHVWULFWLRQVSRV� QHJ� SRV� QHJ� SRV� QHJ�� � � � � � � � �� � � � � � � � �� � � � �� � � � �� � � � � � � � ����H[SHQVHV�SHU�KHFWDUHSRV� QHJ� SRV� QHJ� SRV� QHJ���� � � ���� � � �� � ������� � � ������� � � ������ � �������� � � ������� � � ������ � ��������� � � �������� � � �������� � �
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7DEOH���FDQ�EH�LQWHUSUHWHG�DV�IROORZV��&RQVLGHU�WKH�FRQGLWLRQ�DWWULEXWH�µ\HDU�RIIRXQGDWLRQ¶� IRU� WKH� HTXDO�IUHTXHQF\� ELQQLQJ� PHWKRG�� (LJKW� �IRXU�� REVHUYDWLRQVDSSHDULQJ�LQ�WKH�GHFLVLRQ�UXOHV�GHVFULEH�D�VLWXDWLRQ�LQ�ZKLFK�D�FR�RSHUDWLYH�DJUHHPHQWHVWDEOLVKHG� EHWZHHQ� ����� DQG� ����� ������ DQG� ������ LV� DVVRFLDWHG� ZLWK� D� SRVLWLYHGHYHORSPHQW�LQ�JURXQGZDWHU�TXDOLW\��7KH�VLWXDWLRQ�LQ�ZKLFK�D�FR�RSHUDWLYH�DJUHHPHQWLV� DVVRFLDWHG� ZLWK� D� QHJDWLYH� GHYHORSPHQW� LQ� JURXQGZDWHU� TXDOLW\� FDQ� EH� GHULYHGDFFRUGLQJO\�� 5HJDUGLQJ� WKH� µSRVLWLYH¶� VLWXDWLRQV� LQ� FRPSDULVRQ� ZLWK� WKH� µQHJDWLYH¶VLWXDWLRQV�� LW� PD\� EH� FRQFOXGHG� WKDW� XQGHU� HTXDO�IUHTXHQF\� ELQQLQJ�� WKH� FRQGLWLRQYDULDEOH� µ\HDU� RI� IRXQGDWLRQ¶� LQGLFDWHV� WKDW� ORQJHU� HVWDEOLVKHG� FR�RSHUDWLYHDJUHHPHQWV� DUH� PRUH� OLNHO\� WR� EH� DVVRFLDWHG� ZLWK� SRVLWLYH� GHYHORSPHQWV� LQJURXQGZDWHU� TXDOLW\�� +RZHYHU�� D� FRPSDULVRQ� EHWZHHQ� WKH� WKUHH� FDWHJRULVDWLRQPHWKRGV�VKRZV�WKDW�WKLV�UHVXOW�GRHV�QRW�DSSHDU�ZLWK�DOO�PHWKRGV��:KHUHDV�XQGHU� WKHHQWURS\�EDVHG� PHWKRG�� WKH� UHVXOWV� DSSURDFK� WKRVH� JLYHQ� IURP� HTXDO�IUHTXHQF\ELQQLQJ�� WKH� UHVXOWV� JHQHUDWHG� ZLWK� HTXDO�LQWHUYDO� ELQQLQJ� DUH� YHU\� GLIIHUHQW� IURPWKRVH�RI�WKH�RWKHU�WZR�PHWKRGV��7KH�VDPH�LV�WUXH�IRU�FRQGLWLRQ�DWWULEXWHV���������������DQG�����$SSUR[LPDWHO\�FRQIRUPLQJ�UHVXOWV�IURP�WKH�WKUHH��FDWHJRULVDWLRQ��PHWKRGV�FDQEH� REVHUYHG� IRU� FRQGLWLRQ� DWWULEXWHV� µDUDEOH� ODQG� XVH¶�� µUHVWULFWLRQ� ��� SHUPDQHQWJUDVVODQG¶�DQG�µQXPEHU�RI�UHVWULFWLRQV¶�7KH�UHVXOWV�IRU�µDUDEOH�ODQG�XVH¶�LQGLFDWH�D�WHQGHQF\�WR�DVVRFLDWH�ORZHU�VKDUHV�RIDUDEOH� ODQG� LQ� WRWDO� DJULFXOWXUDO� ODQG�ZLWK�SRVLWLYH�GHYHORSPHQWV� LQ� WKH� JURXQGZDWHUTXDOLW\�� 5HJDUGLQJ� WKH� DWWULEXWH� µUHVWULFWLRQ� ��� SHUPDQHQW� JUDVVODQG¶�� LW� PD\� EHFRQFOXGHG� WKDW� D� FR�RSHUDWLYH� DJUHHPHQW� LQFOXGLQJ� WKLV� UHVWULFWLRQ� LV�PRUH� OLNHO\� WRKDYH� D� SRVLWLYH� HIIHFW� RQ� JURXQGZDWHU� TXDOLW\�� )LQDOO\�� FRQFHUQLQJ� WKH� DWWULEXWHµQXPEHU�RI� UHVWULFWLRQV¶�� LW� VHHPV� WKDW�D� ODUJHU�QXPEHU�RI� UHVWULFWLRQV� LV�DGYLVDEOH� LQRUGHU�WR�REWDLQ�D�SRVLWLYH�HIIHFW�RQ�JURXQGZDWHU�TXDOLW\��7KH�UHVXOWV�RI�WKH�WKUHH�ODWWHULQGLFDWRUV�FRQILUP�WKH�K\SRWKHVLVHG�UHODWLRQVKLSV�JLYHQ�LQ�6HFWLRQ���)LQDOO\��LQ�RUGHU�WR�JDLQ�LQVLJKW�LQWR�WKH�SRWHQWLDO�ORVV�RI�LQIRUPDWLRQ�WKDW�UHVXOWVIURP�WKH�FDWHJRULVDWLRQ�RI� WKH�GDWD��ZH�ZDQW� WR�FRPSDUH� WKH� UHVXOWV�RI� WKH� URXJK�VHWDQDO\VLV� ZLWK� WKRVH� RI� D� VWDQGDUG� GLVFUHWH� FKRLFH� PHWKRG�� YL]�� SURELW� DQDO\VLV�� 7KHUHVXOWV�RI�WKH�SURELW�DQDO\VLV�DUH�VKRZQ�LQ�7DEOH���
7DEOH����5HVXOWV�RI�WKH�SURELW�PRGHOYDULDEOH
 &RHIILFLHQW S�YDOXH&RQVWDQW ������� ������ \HDU�RI�IRXQGDWLRQ ������ ������ WRWDO�DUHD�XQGHU�DJUHHPHQW ������ ������ DUDEOH�ODQG�XVH ������ ������ SDUWLFLSDWLQJ�IDUPHUV ����� ������ UHVWULFWLRQ����SHUP��JUDVVODQG ����� ������ UHVWULFWLRQ����VRLO�FRYHU ����� ������ QXPEHU�RI�UHVWULFWLRQV ������ ������ H[SHQVHV�SHU�KHFWDUH ����� �����/LNHOLKRRG�UDWLR�WHVW ������ �����1XPEHU�RI�REVHUYDWLRQV����
��%HFDXVH�RI�QHDU�FROOLQHDULW\�EHWZHHQ�WKH�FRQVWDQW�DQG�WKH�YDULDEOH�µUHVWULFWLRQ����VHW�DVLGH¶��ZH�KDGWR� H[FOXGH� WKLV� YDULDEOH� IURP� WKH� DQDO\VLV�� ZKLFK� SUHYHQWV� XV� IURP� FRPSDULQJ� LW� ZLWK� WKH� UHVXOWVREWDLQHG�LQ�WKH�URXJK�VHW�DQDO\VLV�
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7DEOH� �� VKRZV� WKDW� PRVW� RI� WKH� HVWLPDWHG� FRHIILFLHQWV� RI� WKH� H[SODQDWRU\YDULDEOHV� DUH� LQVLJQLILFDQW�� 7KLV� UHVXOW� LV�� KRZHYHU�� QRW� VXUSULVLQJ�� FRQVLGHULQJ� WKHUHODWLYHO\� ORZ�QXPEHU�RI�REVHUYDWLRQV� �GHJUHHV�RI� IUHHGRP�� IRU�D�SURELW�PRGHO��7KHRQO\� FRHIILFLHQW� WKDW� LV� VLJQLILFDQW� DW� D� ���SHUFHQW� OHYHO� EHORQJV� WR� WKH� YDULDEOHµQXPEHU� RI� SDUWLFLSDWLQJ� IDUPHUV¶�� &RHIILFLHQWV� WKDW� DSSURDFK� WKH� ���SHUFHQWVLJQLILFDQFH�OHYHO�EHORQJ�WR�WKH�YDULDEOHV�µWRWDO�DUHD�XQGHU�DJUHHPHQW¶�DQG�µUHVWULFWLRQ���SHUPDQHQW�JUDVVODQG¶��7KH�FRQGLWLRQ�DWWULEXWH�µQXPEHU�RI�SDUWLFLSDWLQJ�IDUPHUV¶�LQWKH�URXJK�VHW�DQDO\VLV�KDV�EHHQ�LGHQWLILHG�DV�D�FRUH�DWWULEXWH�IRU�HTXDO�LQWHUYDO�ELQQLQJDQG� WKH� HQWURS\�EDVHG� PHWKRG� �VHH� 7DEOH� ���� ,Q� WKH� PLQLPDO� VHWV� EDVHG� RQ� HTXDO�IUHTXHQF\�ELQQLQJ�� WKLV�DWWULEXWH�DSSHDUV�ZLWK�D� IUHTXHQF\�RI����SHUFHQW�� L�H��� LW�PD\DOVR� EH� FRQVLGHUHG� LPSRUWDQW� IRU� WKH� FODVVLILFDWLRQ� RI� WKH� GHFLVLRQ� DWWULEXWH�&RQFHUQLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI� WKH�YDULDEOH�DWWULEXWH�µQXPEHU�RI�SDUWLFLSDWLQJIDUPHUV¶�� WKH� UHVXOWV�RI� WKH� URXJK�VHW�DQDO\VLV�DQG�RI� WKH�SURELW� DQDO\VLV� DUH� VLPLODU�7KLV�DWWULEXWH�GRHV�QRW�DSSHDU�LQ�DQ\�RI�WKH�GHFLVLRQ�UXOHV�ZLWK�VWUHQJWKV�JUHDWHU�WKDQ���7KH�FRQGLWLRQ�DWWULEXWHV�µWRWDO�DUHD�XQGHU�DJUHHPHQW¶�DQG�µUHVWULFWLRQ����SHUPDQHQWJUDVVODQG¶�DUH�QRW�LGHQWLILHG�DV�FRUH�DWWULEXWHV�LQ�WKH�URXJK�VHW�DQDO\VLV��2Q�WKH�RWKHUKDQG��RWKHU�YDULDEOHV� WKDW�DSSHDU� WR�EH� LPSRUWDQW� LQ� WKH� URXJK� VHW� DQDO\VLV� �µ\HDU�RIIRXQGDWLRQ¶� DQG� µDUDEOH� ODQG� XVH¶�� GR� QRW� \LHOG� VLJQLILFDQW� UHVXOWV� LQ� WKH� SURELWDQDO\VLV�&OHDUO\�� WKH� UHODWLYHO\� ORZ� QXPEHU� RI� REVHUYDWLRQV� LQ� WKH� SURELW� PRGHO� PD\FDXVH�XV�H[SHFW�WKDW�WKH�FRHIILFLHQWV�ZLOO�KDYH�ORZ�VLJQLILFDQFH�OHYHOV��+RZHYHU��LW�LVVWLOO� LQWHUHVWLQJ� WR� LQYHVWLJDWH� WKH� GLUHFWLRQ� RI� WKH� HIIHFWV� LQ� WKH� SURELW� PRGHO� DQGZKHWKHU�WKH\�FRUUHVSRQG�WR�WKH�UHVXOWV�RI�WKH�URXJK�VHW�DQDO\VLV�� )RU�WKLV�H[HUFLVH��ZHFRPSDUH� WKH� UHVXOWV�RI� WKH�SURELW�DQDO\VLV�ZLWK� WKH� LQIRUPDWLRQ�SURYLGHG� LQ�7DEOH���7DEOH� �� JLYHV� DQ� LQGLFDWLRQ� RI� WKH� H[WHQW� WR� ZKLFK� WKH� GLUHFWLRQ� RI� WKH� HIIHFWVJHQHUDWHG�E\�WKH�WZR�W\SHV�RI�DQDO\VHV�FRUUHVSRQG�
7DEOH����&RUUHVSRQGHQFH�EHWZHHQ�UHVXOWV�RI�WKH�URXJK�VHW�DQDO\VLV�DQG�WKH�SURELW�PRGHODWWULEXWH�YDULDEOH
 HTXDO�IUHTXHQF\ HTXDO�LQWHUYDO HQWURS\�EDVHG� \HDU�RI�IRXQGDWLRQ � ��� �� DUHD�XQGHU�FRQWUDFW � � �� DUDEOH�ODQG�XVH � ��� �� SDUWLFLSDWLQJ�IDUPHUV ��� ��� �� 5HVWULFWLRQ����SHUP��*UDVVODQG � � �� 5HVWULFWLRQ����VRLO�FRYHU � � ���� QXPEHU�RI�UHVWULFWLRQV � � �� H[SHQVHV�SHU�KHFWDUH ��� � �
��5HPLQG�WKDW�ZH�FRXOG�QRW�LQFOXGH�DWWULEXWH���µUHVWULFWLRQ����VHW�DVLGH¶�LQ�WKH�SURELW�PRGHO
/HJHQG���� FRUUHVSRQGV�ZHOO��ERWK�DQDO\VHV�VKRZ�WKH�VDPH�GLUHFWLRQ�RI�WKH�HIIHFW������ FRPSDULVRQ�QRW�SRVVLEOH�EHFDXVH�LQIRUPDWLRQ�LQ�7DEOH�����GRHV�QRW�VKRZ�D�FOHDU�GLUHFWLRQ�RI�WKH�HIIHFW��� GRHV�QRW�FRUUHVSRQG��WKH�WZR�DQDO\VHV�VKRZ�GLIIHUHQW�GLUHFWLRQV�RI�WKH�HIIHFW�
� 1RWH�WKDW�WKH�FRHIILFLHQWV�RI�WKH�SURELW�DQDO\VLV�GR�QRW�VKRZ�WKH�PDUJLQDO�HIIHFWV�RI�WKH�YDULDEOHV��EXWRQO\�WKH�GLUHFWLRQ�RI�WKH�HIIHFW�
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$� ILUVW� LQVSHFWLRQ�RI�7DEOH��� VKRZV� WKDW� WKH� URXJK� VHW� UHVXOWV� EDVHG�RQ� HTXDO�IUHTXHQF\�ELQQLQJ� DQG� WKH� HQWURS\�EDVHG�PHWKRG�FRUUHVSRQG�EHWWHU� WR� WKH� UHVXOWV� RIWKH� SURELW� DQDO\VLV� WKDQ� WKH� URXJK� VHW� UHVXOWV� EDVHG� RQ� HTXDO�LQWHUYDO� ELQQLQJ�� ,W� LVVWULNLQJ� WKDW� RQO\� RQH� DWWULEXWH�YDULDEOH�� L�H��� µUHVWULFWLRQ� ��� SHUPDQHQW� JUDVVODQG¶�H[KLELWV� FRUUHVSRQGLQJ� UHVXOWV� IRU� DOO� WKUHH� FDWHJRULVDWLRQ� PHWKRGV�� 7KH� DWWULEXWHVµ\HDU�RI�IRXQGDWLRQ¶�DQG�µDUDEOH�ODQG�XVH¶�VKRZ�FRUUHVSRQGLQJ�UHVXOWV�IRU�WZR�RI�WKHWKUHH�FDWHJRULVDWLRQ�PHWKRGV�1H[W��ZH�DGGUHVV�WKH�VHFRQG�PHWKRGRORJLFDO�LVVXH�LQ�URXJK�VHW�DQDO\VLV�YL]��WKHSRWHQWLDO� ORVV�RI� LQIRUPDWLRQ��2Q� WKH�EDVLV� RI�RXU�GDWD� DQG� DVVXPLQJ� WKDW� WKH�SURELWDQDO\VLV� H[SORLWV� WKH�GDWD�EHWWHU�� VLQFH� LW�PDNHV� XVH� RI� WKH�ZKROH� UDQJH� RI� GDWD�� WKHIROORZLQJ� UHVXOWV� DUH� IRXQG�� 2I� WKH� YDULDEOHV� WKDW� DUH� �QHDUO\�� VLJQLILFDQW� DW� D� ���SHUFHQW� OHYHO� �µQXPEHU� RI� SDUWLFLSDWLQJ� IDUPHUV¶�� µWRWDO� DUHD� XQGHU� DJUHHPHQW¶� DQGµUHVWULFWLRQ����SHUPDQHQW�JUDVVODQG¶��RQO\�µUHVWULFWLRQ����SHUPDQHQW�JUDVVODQG¶�VKRZVXQDPELJXRXVO\� FRUUHVSRQGLQJ� UHVXOWV� IRU� DOO� WKUHH� FDWHJRULVDWLRQ� PHWKRGV�� )RU� WKHDWWULEXWH�µQXPEHU�RI�SDUWLFLSDWLQJ�IDUPHUV¶��RQO\�WKH�UHVXOW�EDVHG�RQ�WKH�HQWURS\�EDVHGPHWKRG� FRUUHVSRQGV� WR� WKDW� RI� WKH� SURELW� DQDO\VLV�� 2Q� WKH� EDVLV� RI� WKH� RWKHU� WZRFDWHJRULVDWLRQ�PHWKRGV�� QR� FOHDU� GLUHFWLRQ� RI� WKH� HIIHFW� FDQ� EH� GHWHUPLQHG�� )RU� WKHDWWULEXWH� µWRWDO� DUHD� XQGHU� DJUHHPHQW¶�� RQO\� WKH� UHVXOW� EDVHG� RQ� HTXDO�IUHTXHQF\ELQQLQJ�FRUUHVSRQGV�ZLWK�WKDW�RI�WKH�SURELW�DQDO\VLV��)XUWKHUPRUH��WKH�UHVXOWV�EDVHG�RQHTXDO�LQWHUYDO� ELQQLQJ� PRVW� RIWHQ� GR� QRW� VKRZ� D� FOHDU� GLUHFWLRQ� RI� WKH� HIIHFW�� 7RVXPPDULVH��LW�VHHPV�WKDW�WKH�FDWHJRULVDWLRQ�RI�WKH�GDWD�LQ�WKH�URXJK�VHW�DQDO\VLV�OHDGVWR�D� ORVV�RI� LQIRUPDWLRQ��ZKLFK�EHFRPHV�SDUWLFXODUO\�REYLRXV�LQ� WKH�UHVXOWV�EDVHG�RQHTXDO�LQWHUYDO� ELQQLQJ�� *LYHQ� WKH� ORVV� RI� LQIRUPDWLRQ�� WKH� UHVXOWV� DUH� ODUJHO\FRQVLVWHQW�
��� 'LVFXVVLRQ�DQG�&RQFOXVLRQV7KH�SUHVHQW�SDSHU�KDV�GHDOW�ZLWK�WZR�REMHFWLYHV��7KH�ILUVW�REMHFWLYH�ZDV�WR�DVVHVVWKH� HQYLURQPHQWDO� HIIHFWLYHQHVV� RI� FR�RSHUDWLYH� DJUHHPHQWV� E\� PHDQV� RI� URXJK� VHWDQDO\VLV��7KH�VHFRQG�REMHFWLYH�ZDV�WR�FRQWULEXWH�WR�WKH�H[LVWLQJ�OLWHUDWXUH�RQ�URXJK�VHWDQDO\VLV�IRU�SROLF\�DVVHVVPHQW�E\�DGGUHVVLQJ�WZR�PHWKRGRORJLFDO�LVVXHV��QDPHO\��WKHLQIOXHQFH�RI�GLIIHUHQW�FDWHJRULVDWLRQ�PHWKRGV�RQ�WKH�ILQDO�UHVXOWV�DQG�WKH�SRWHQWLDO�ORVVRI� LQIRUPDWLRQ� GXH� WR� WKH� FDWHJRULVDWLRQ� RI� WKH� GDWD�� /HW� XV� ILUVW� FRQFHQWUDWH� RQ� WKHVHFRQG�REMHFWLYH��5RXJK�VHW�DQDO\VLV� LV� DQ�DOWHUQDWLYH� WRRO� IRU� DQDO\VLQJ� FDWHJRULVHGGDWD�� $OWKRXJK� URXJK� VHW� DQDO\VLV� GRHV� QRW� OHDG� WR� WKH� GHWHUPLQDWLRQ� RI� VWURQJVWDWLVWLFDO�UHODWLRQVKLSV��LW�PD\�EH�DEOH�WR�GHWHUPLQH�IDFWRUV�WKDW�OHDG�WR�FHUWDLQ�YDOXHVRI�D�YDULDEOH�XQGHU�FRQVLGHUDWLRQ��LQ�WKLV�FDVH�WKH�SRVLWLYH�RU�QHJDWLYH�GHYHORSPHQW�RIWKH� QLWUDWH� OHYHO� LQ� JURXQGZDWHU�� 5RXJK� VHW� DQDO\VLV� KHQFH� JRHV� EH\RQG� D� VLPSOHQDUUDWLYH�GHVFULSWLRQ�RI�WKH�GDWD��EXW�LV�OHVV�ULJRURXV�WKDQ�SXUH�VWDWLVWLFDO�DQDO\VLV�2Q� WKH� EDVLV� RI� WKH� GDWD� DQDO\VHG� LQ� WKLV� SDSHU�� GLIIHUHQW� PHWKRGV� RI� GDWDFDWHJRULVDWLRQ� DSSHDU� WR� LQIOXHQFH� WKH� UHVXOWV� RI� WKH� URXJK� VHW� DQDO\VLV�� ,W� PXVW� EHHPSKDVLVHG� WKDW� WKH� µVDIHVW¶� PHWKRG� RI� GDWD� FDWHJRULVDWLRQ� LV� RQ� WKH� EDVLV� RI
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SUHGHWHUPLQHG��WKHRUHWLFDO�JURXQGV��7KLV�FRQGLWLRQ�LV��KRZHYHU��QRW�DOZD\V�JLYHQ��VRWKDW� RWKHU� FDWHJRULVDWLRQ� IUDPHZRUNV� QHHG� WR� EH� DSSOLHG�� 7KH� WKUHH� GLIIHUHQWFDWHJRULVDWLRQ�PHWKRGV�LQYHVWLJDWHG�LQ� WKLV�DQDO\VLV��HTXDO�IUHTXHQF\�ELQQLQJ��HTXDO�LQWHUYDO�ELQQLQJ�DQG�WKH�HQWURS\�EDVHG�PHWKRG��OHDG�WR�GLIIHUHQW�QXPEHUV�RI�PLQLPDOVHWV�� ZKLFK� WKHRUHWLFDOO\� LPSOLHV� GLIIHUHQFHV� LQ� WKH� LQIRUPDWLRQ¶V� SUHGLFWLYH� SRZHU�+RZHYHU�� DOWKRXJK� WKH� UXOH� LQGXFWLRQ� EDVHG� RQ� WKH� WKUHH� GLIIHUHQW� FDWHJRULVDWLRQPHWKRGV�OHDGV�WR�GLIIHUHQW�QXPEHUV�RI�GHFLVLRQ�UXOHV�ZLWK�VWUHQJWKV�JUHDWHU�WKDQ���DQGWR�GLIIHUHQW�FRPELQDWLRQV�RI�FRQGLWLRQ�DWWULEXWHV�ZLWKLQ�WKH�UXOHV��LW�GRHV�QRW�JHQHUDWHFRQWUDGLFWRU\� UHVXOWV� EHWZHHQ� WKH� UXOHV� EDVHG� RQ� WKH� WKUHH� PHWKRGV�� 5HJDUGLQJ� WKHIUHTXHQF\�RI�DSSHDUDQFH�RI�WKH�LQGLYLGXDO�FRQGLWLRQ�DWWULEXWHV�LQ�DOO�GHFLVLRQ�UXOHV��WKHURXJK� VHW� DQDO\VHV� EDVHG� RQ� WKH� WKUHH� FDWHJRULVDWLRQ� PHWKRGV� GR� QRW� VKRZFRUUHVSRQGLQJ�UHVXOWV�IRU�DOO�FRQGLWLRQ�DWWULEXWHV�,Q� FRPSDULQJ� WKH� URXJK� VHW� UHVXOWV� ZLWK� WKH� UHVXOWV� RI� WKH� SURELW� DQDO\VLV�� LWDSSHDUV� WKDW� WKH� URXJK� VHW� UHVXOWV� EDVHG� RQ� HTXDO�IUHTXHQF\� ELQQLQJ� �WKH� HQWURS\�EDVHG� PHWKRG�� FRUUHVSRQG� WR� D� OHVVHU� �VWURQJHU�� H[WHQW� WR� WKH� UHVXOWV� RI� WKH� SURELWDQDO\VLV��$VVXPLQJ�WKDW�WKH�SURELW�DQDO\VLV�EHWWHU�H[SORLWV�WKH�GDWD�VLQFH�LW�LQFOXGHV�DOOLQGLYLGXDO�REVHUYDWLRQV�� LW� VHHPV� WKDW�FDWHJRULVLQJ� WKH�GDWD� LQ� WKH� URXJK�VHW�DQDO\VLVOHDGV� WR� D� ORVV� RI� LQIRUPDWLRQ�� ,W� IXUWKHUPRUH� DSSHDUV� WKDW�� RQ� WKH� EDVLV� RI� WKH� GDWDDQDO\VHG��HTXDO�LQWHUYDO�ELQQLQJ�VHHPV�WR�HQWDLO�WKH�JUHDWHVW�ORVV�RI�LQIRUPDWLRQ�:LWK�UHVSHFW� WR� WKH� ILUVW�REMHFWLYH�� WKH� IROORZLQJ�FRQFOXVLRQ�PD\�EH�GUDZQ�RQWKH�EDVLV�RI�WKH�GDWD�LQYHVWLJDWHG�LQ�RXU�VWXG\���$�UHVXOW�WKDW�DSSHDUV�HTXDOO\�VWURQJ�IRUDOO�WKUHH�URXJK�VHW�DQDO\VHV�EDVHG�RQ�WKH�WKUHH�FDWHJRULVDWLRQ�PHWKRGV�DV�ZHOO�DV� WKHSURELW� DQDO\VLV� LQGLFDWHV� D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� WKH� DWWULEXWH�YDULDEOHµUHVWULFWLRQ����SHUPDQHQW�JUDVVODQG¶�DQG�WKH�GHYHORSPHQW�RI�JURXQGZDWHU�TXDOLW\��7KHUHVXOWV� IURP� WKH� GHFLVLRQ� UXOH� LQGXFWLRQ� RI� WKH� URXJK� VHW� DQDO\VLV� VKRZ� WKDW� WKLVDWWULEXWH�VHHPV�WR�EH�SDUWLFXODUO\�LPSRUWDQW�LQ�FRPELQDWLRQ�ZLWK�WKH�DWWULEXWH�µ\HDU�RIIRXQGDWLRQ¶��ZKLFK��DSSHDUV�WR�EH�DQ�LPSRUWDQW�DWWULEXWH�IRU�WKH�GHWHUPLQDWLRQ�RI� WKHGHYHORSPHQW�RI�WKH�QLWUDWH�FRQWHQW�RI�JURXQGZDWHU��µ<HDU�RI�IRXQGDWLRQ¶�LV�LGHQWLILHGDV�D�FRUH�DWWULEXWH�LQ�DOO�PLQLPDO�VHWV�DQG�LW�DSSHDUV�PRVW�IUHTXHQWO\�LQ�WKH�JHQHUDWHGGHFLVLRQ�UXOHV��2XU�LQWHUSUHWDWLRQ�RI�WKH�GHFLVLRQ�UXOHV�UHJDUGLQJ�µ\HDU�RI�IRXQGDWLRQ¶OHDGV� WR� WKH� IROORZLQJ� FRQFOXVLRQ�DERXW� WKH�SRWHQWLDO� ORQJ�VKRUW�WHUP� LPSDFWV�RI� FR�RSHUDWLYH� DJUHHPHQWV�� &R�RSHUDWLYH� DJUHHPHQWV� WKDW� ZHUH� HVWDEOLVKHG� WHQ� WR� ILIWHHQ\HDUV�DJR�VHHP�WR�KDYH�D�SRVLWLYH�LQIOXHQFH�RQ�JURXQGZDWHU�TXDOLW\�HYHQ�ZLWKRXW�DQ\DGGLWLRQDO� UHVWULFWLRQV�EXW� WKH�JHQHUDO�RQHV�RQ�IHUWLOLVHU�XVH�� VXFK� DV� WKH�DPRXQW�DQGWLPH� RI� DSSOLFDWLRQ�� )XUWKHUPRUH�� LI� WKH� DJUHHPHQWV� LQFOXGH� DGGLWLRQDO� UHVWULFWLRQVVXFK� DV� µSHUPDQHQW� JUDVVODQG¶� RU� µVRLO� FRYHU¶�� WKH\� PD\� KDYH� D� SRVLWLYH� HIIHFW� RQJURXQGZDWHU� TXDOLW\� HYHQ� LQ� WKH� VKRUWHU� WHUP�� L�H��� RYHU� OHVV� WKDQ� WHQ� RU� HYHQ� ILYH\HDUV��+RZHYHU��WKH�UXOHV�H[SOLFLWO\�SRLQW�RXW�WKDW�ZLWKRXW�DQ\�DGGLWLRQDO�UHVWULFWLRQV�D� VKRUW�WHUP� EHQHILFLDO� HIIHFW� IURP� WKH� FR�RSHUDWLYH� DJUHHPHQWV� LV� YHU\� XQOLNHO\�$QRWKHU�DWWULEXWH�YDULDEOH�WKDW�VKRZV�DQ�HTXDOO\�VWURQJ�HIIHFW�RQ�WKH�UHVXOWV�EDVHG�RQWZR�RI� WKH� WKUHH� FDWHJRULVDWLRQ�PHWKRGV�DQG� WKH�SURELW� DQDO\VLV� LV� µDUDEOH� ODQG�XVH¶�7KH� UHVXOWV� LQGLFDWH� WKDW� VPDOOHU� VKDUHV� RI� DUDEOH� ODQG� XVH� ZLWK� UHVSHFW� WR� WRWDO
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DJULFXOWXUDO� ODQG� XVH� DUH� PRUH� OLNHO\� WR� OHDG� WR� GHFUHDVLQJ� QLWUDWH� OHYHOV� LQJURXQGZDWHU��ZKLFK�LV�LQ�DFFRUGDQFH�ZLWK�WKH�K\SRWKHVLVHG�UHODWLRQVKLS�
5HIHUHQFHV$QGHUV�1RUWRQ��1���7�7��3KLSSV DQG� -�-�� )OHWFKHU� ��������5ROH� RI� YROXQWDU\� SURJUDPV� LQ� DJULFXOWXUDOQRQSRLQW SROOXWLRQ�SROLF\��&RQWHPSRUDU\�(FRQRPLF�3ROLF\ ��������������%DDLMHQV�� 6�� DQG� 3��1LMNDPS ��������0HWD�DQDO\WLF�PHWKRGV� IRU� FRPSDUDWLYH� DQG� H[SORUDWRU\� SROLF\UHVHDUFK�� DQ� DSSOLFDWLRQ� WR� WKH� DVVHVVPHQW� RI� UHJLRQDO� WRXULVW� PXOWLSOLHUV�� -RXUQDO� RI� 3ROLF\0RGHOLQJ ��������������%HUJK�� -�&�-�0�� YDQ� GHQ�� .�-�� %XWWRQ� DQG� 3�� 1LMNDPS� �������� 0HWD�$QDO\VLV� LQ� (QYLURQPHQWDO(FRQRPLFV��.OXZHU $FDGHPLF�3XEOLVKHUV��'RUGUHFKW�&KRZGKXU\�� 0�(�� DQG� 5�'�� /DFHZHOO �������� ,PSOLFDWLRQV� RI� DOWHUQDWLYH� SROLFLHV� RQ� QLWUDWHFRQWDPLQDWLRQ�RI�JURXQGZDWHU��-RXUQDO�RI�$JULFXOWXUDO�DQG�5HVRXUFH�(FRQRPLFV�������������'DEEHUW��6���$��'XEJDDUG��/��6ODQJHQ�DQG�0��:KLWE\��������HGV����7KH�(FRQRPLFV�RI�/DQGVFDSH�DQG:LOGOLIH�&RQVHUYDWLRQ��&$%�,QWHUQDWLRQDO��:DOOLQJIRUG�'LDNRVDYYDV�� '�� �������� 7KH� LPSDFW� RI� HQYLURQPHQWDO� SROLFLHV� RI� DJULFXOWXUDO� WUDGH�� -RXUQDO� RI,QWHUQDWLRQDO�'HYHORSPHQW ����������(XURSHDQ�&RPPXQLWLHV� ��������+DQGERRN� RQ� WKH� ,PSOHPHQWDWLRQ� RI� (&� (QYLURQPHQWDO� /HJLVODWLRQ�(&��%UXVVHOV�)D\\DG��8�0��DQG�.�%� ,UDQL ��������0XOWL�LQWHUYDO�GLVFUHWL]DWLRQ RI� FRQWLQXRXV�YDOXHG� DWWULEXWHV� IRUFODVVLILFDWLRQ�OHDUQLQJ��,QWHUQDWLRQDO�-RLQW�&RQIHUHQFHV�RQ�$UWLILFLDO�,QWHOOLJHQFH������������)UDQGVHQ��6�(���%��*HUVIHOW DQG�+�*��-HQVHQ���������7KH�,PSDFWV�RI�5HGHVLJQLQJ�(XURSHDQ�$JULFXOWXUDO6XSSRUW��5HYLHZ�RI�8UEDQ�DQG�5HJLRQDO�'HYHORSPHQW�6WXGLHV���������������)XFKV��&����������.RVWHQ GHU 9HUPHLGXQJ XQG (QWIHUQXQJ YRQ 1LWUDW LP *UXQGZDVVHU��$JUDUZLUWVFKDIW��������������*URRW��5�6� GH��0��:LOVRQ�DQG�5��%RXPDQV ���������$�7\SRORJ\�IRU�WKH�'HVFLWSLRQ��&ODVVLILFDWLRQ�DQG9DOXDWLRQ�RI�(FRV\VWHP�)XQFWLRQV��*RRGV�DQG�6HUYLFHV��(FRORJLFDO�(FRQRPLFV ��������������+DQOH\��1�� ��������7KH� HFRQRPLFV� RI� QLWUDWH� SROOXWLRQ��(XURSHDQ�5HYLHZ� RI� $JULFXOWXUDO� (FRQRPLFV��������������+DQOH\�� 1���+��.LUNSDWULFN�� ,�� 6LPSVRQ� DQG�'�5� 2JOHWKRUSH �������� 3ULQFLSOHV� IRU� WKH� SURYLVLRQ� RISXEOLF� JRRGV� IURP� DJULFXOWXUH�� PRGHOLQJ� PRRUODQG� FRQVHUYDWLRQ� LQ� 6FRWODQG�� /DQG� (FRQRPLFV��������������+HLQ]��,���)�0� %URXZHU��.��$QGUHZV�DQG�7��=DEHO ��������&R�RSHUDWLYH�DJUHHPHQWV�LQ�DJULFXOWXUH�WRLPSURYH� WKH� HFRQRPLF� HIILFLHQF\� DQG� HQYLURQPHQWDO� HIIHFWLYHQHVV� RI� WKH� (XURSHDQ� 8QLRQ� ZDWHUSROLF\�� )LQDO� 5HSRUW� (8� 3URMHFW� (19��&7��������� 8QLYHUVLW\� RI� 'RUWPXQG�� ,QVWLWXWH� IRU(QYLURQPHQWDO�5HVHDUFK��'RUWPXQG�.OHLMQ�� '��� )�� %HUHQGVH�� 5�6� 6PLW DQG� 1�� *LOOLVVHQ �������� $JUL�HQYLURQPHQWDO� 6FKHPHV� 'R� 1RW(IIHFWLYHO\�3URWHFW�%LRGLYHUVLW\�LQ�'XWFK�$JULFXOWXUDO�/DQGVFDSHV��1DWXUH ������������.RKDYL��5��DQG�0��6DKDPL ��������(UURU�EDVHG�GLVFUHWL]DWLRQ RI�FRQWLQXRXV�IHDWXUHV��,Q��(��6LPRXGLV��-�+DQ�DQG�8�0��)D\\DG��HGV����3URFHHGLQJV�RI� WKH�6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH'LVFRYHU\�DQG�'DWD�0LQLQJ��$$$,�3UHVV��0HQOR�3DUN��SS���������.XNV�� 6�0�0�� �������� &RQWURO� FDSDFLW\�� ,Q�� *�-�,�� 6FKUDPD� �HG���� 'ULQNLQJ� :DWHU� 6XSSO\� DQG$JULFXOWXUDO�3ROOXWLRQ��.OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW��SS����������0XODWX�� $��� 5�-�*�0�� )ORUD[ DQG� &�$�$�0�� :LWKDJHQ �������� (QYLURQPHQWDO� UHJXODWLRQ� DQGFRPSHWLWLYHQHVV��7,�������������7LQEHUJHQ ,QVWLWXWH��$PVWHUGDP�1LMNDPS�� 3�� �������� &ULWLFDO� 6XFFHVV� )DFWRUV� IRU� 6RLO� 5HPHGLDWLRQ� 3ROLF\�� D� 0HWD�DQDO\WLFDO&RPSDULVRQ�RI�'XWFK�([SHULHQFH��-RXUQDO�RI�(QYLURQPHQWDO�/DZ�DQG�3ROLF\���������2(&'���������7KH�3ROOXWHUV�3D\V�3ULQFLSOH��2(&'��3DULV�3DZODN�� =�� �������� 5RXJK� 6HWV�� 7KHRUHWLFDO� $VSHFWV� RI� 5HDVRQLQJ�$ERXW� 'DWD�� .OXZHU� $FDGHPLF3XEOLVKHUV��'RUGUHFKW�3UHGNL��%��DQG�6��:LON ��������5RXJK�VHW�EDVHG�GDWD�H[SORUDWLRQ�XVLQJ�526(�V\VWHP��,Q��=�:��5DV�DQG$��6NRZURQ��HGV����)RXQGDWLRQV�RI�,QWHOOLJHQW�6\VWHPV��/HFWXUH�1RWHV�LQ�$UWLILFLDO�,QWHOOLJHQFH��YRO�������6SULQJHU�9HUODJ��%HUOLQ��SS���������3UHGNL��%���5��6ORZLQVNL��-��6WHIDQRZVNL��5��6XVPDJD DQG�6��:LON ��������6RIWZDUH�LPSOHPHQWDWLRQ�RIWKH�URXJK�VHW� WKHRU\��,Q��/��3RONRZVNL�DQG�$��6NRZURQ��HGV����5RXJK�6HWV�DQG�&XUUHQW�7UHQGV� LQ$UWLILFLDO�,QWHOOLJHQFH��YRO�������6SULQJHU�9HUODJ��%HUOLQ��SS���������6HJHUVRQ�� .�� DQG� 7�-�� 0LFHOL �������� 9ROXQWDU\� HQYLURQPHQWDO� DJUHHPHQWV�� JRRG� RU� EDG� QHZV� IRUHQYLURQPHQWDO�SURWHFWLRQ��-RXUQDO�RI�(QYLURQPHQWDO�(FRQRPLFV�DQG�0DQDJHPHQW��������������6LHEHUW��+����������(FRQRPLFV�RI�WKH�(QYLURQPHQW��6SULQJHU�9HUODJ��%HUOLQ�
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6XQQHYnJ�� .�� �������� 9ROXQWDU\� DJUHHPHQWV� DQG� WKH� LQFHQWLYH� IRU� LQQRYDWLRQ�� (QYLURQPHQW� DQG3ODQQLQJ�&��*RYHUQPHQW�DQG�3ROLF\ ��������������7REH\�� -�$�� DQG�+��6PHWV ��������7KH�3ROOXWHU� 3D\V� 3ULQFLSOH� LQ� WKH� FRQWH[W� RI� DJULFXOWXUDO� DQG� WKHHQYLURQPHQW��7KH�:RUOG�(FRQRP\ �������������:KLWE\��0�� �������� 5HIOHFWLRQV� RQ� WKH�&RVWV� DQG�%HQHILWV� RI�$JUL�HQYULRQPHQW�6FKHPV��/DQGVFDSH5HVHDUFK �����������:LWWHQ�� ,�+�� DQG�(�� )UDQN� ��������'DWD�0LQLQJ�� 3UDFWLFDO�0DFKLQH� /HDUQLQJ� 7RROV� DQG� 7HFKQLTXHVZLWK�-DYD�,PSOHPHQWDWLRQ��0RUJDQ�.DXIPDQ��6DQ�)UDQFLVFR�:X�� -�-�� DQG�%�$� %DEFRFN ��������7KH� UHODWLYH�HIILFLHQF\�RI�YROXQWDU\�YV PDQGDWRU\� HQYLURQPHQWDOUHJXODWLRQV��-RXUQDO�RI�(QYLURQPHQWDO�(FRQRPLFV�DQG�0DQDJHPHQW��������������
$QQH[�$��0HWKRGRORJLFDO�)UDPHZRUN��5RXJK�6HW�$QDO\VLV5RXJK� VHW� DQDO\VLV� LV� D� PXOWLGLPHQVLRQDO� FODVVLILFDWLRQ� PHWKRG� IRU� FDWHJRULFDOGDWD��$V�ZLOO�EH�H[SODLQHG�LQ�6XEVHFWLRQ�$����WKHUH�DUH�WZR�FRPELQHG�PHWKRGRORJLFDOLVVXHV� LQKHUHQW� LQ� URXJK� VHW� DQDO\VLV�� 7KH� ILUVW� LVVXH� LV� FRQFHUQHG� ZLWK� WKHFDWHJRULVDWLRQ�RI�WKH�GDWD�UHTXLUHG�IRU�SHUIRUPLQJ�D�URXJK�VHW�DQDO\VLV�DQG�WKH�VHFRQGGHDOV�ZLWK�WKH�ORVV�RI�LQIRUPDWLRQ�WKDW�UHVXOWV�IURP�WKH�FDWHJRULVDWLRQ��6XEVHFWLRQ�$��FRQVLGHUV� WKH� LVVXH� RI� FDWHJRULVDWLRQ� DQG� GHVFULEHV� WKH� WKUHH� FDWHJRULVDWLRQ�PHWKRGVXVHG�LQ�WKH�URXJK�VHW�DQDO\VLV�GHSOR\HG�LQ�WKLV�SDSHU�
$����'HVFULSWLRQ�RI�URXJK�VHW�DQDO\VLV8QGHUVWDQGLQJ�WKH�IXQFWLRQLQJ�RI�URXJK�VHW�DQDO\VLV�UHTXLUHV�WKH�FODULILFDWLRQ�RI�DQXPEHU� RI� WHUPV� �3DZODN� ������9DQ� GHQ�%HUJK� HW� DO�� ������%DDLMHQV� DQG�1LMNDPS�������%URDGO\� VSHDNLQJ�� URXJK� VHW� DQDO\VLV� FRQVLVWV� RI� WKUHH�PDMRU� FRPSRQHQWV�� ��VRUWLQJ�� ��� DWWULEXWH� UHGXFWLRQ� DQG� ��� GHULYDWLRQ� RI� GHFLVLRQ� UXOHV�� )LUVW�� WKH� VRUWLQJSURFHGXUH� FDQ� FRQFLVHO\� EH� GHVFULEHG� DV� IROORZV�� 7KH� REVHUYDWLRQV� RU� FDVHV� WR� EHVRUWHG�IRUP�D�ILQLWH�VHW�RI�REMHFWV��[���FDOOHG�XQLYHUVH�8��(DFK�REMHFW�LV�FKDUDFWHULVHGDQG�LGHQWLILHG�E\�D�ILQLWH�VHW�RI�DWWULEXWHV�4��ZLWK�WKH�DWWULEXWHV�T WDNLQJ�RQ�GLIIHUHQWYDOXHV�LQ�WKHLU�GRPDLQ��7KH�GDWD�UHIHUULQJ�WR�WKH�REMHFWV�DQG�DWWULEXWHV�DUH�RUGHUHG�LQDQ�LQIRUPDWLRQ�WDEOH��2EMHFWV�FDQ�DOVR�EH�GHVFULEHG�LQ�WHUPV�RI�DQ\�VXEVHW�RI�DWWULEXWHV3�� 4��2EMHFWV� WKDW�DUH�GHVFULEHG�ZLWK� WKH�VDPH�DWWULEXWH�RU�VXEVHW�RI�DWWULEXWHV�DUHFDOOHG�3�LQGLVFHUQLEOH�� PHDQLQJ� WKDW� WKH\� IDOO� LQWR� WKH� VDPH� FODVV� �WKH� HTXLYDOHQFHFODVV�� ZLWK� UHVSHFW� WR� WKH� DWWULEXWHV� FRQFHUQHG�� L�H��� WKH\� FDQ� QR� ORQJHU� EHGLVWLQJXLVKHG�E\�GLIIHUHQW�DWWULEXWH�YDOXHV��7KH�HTXLYDOHQFH�FODVVHV�DUH�DOVR�FDOOHG�3�HOHPHQWDU\�VHWV��ZKLFK�LV�WKH�PRVW�SUHFLVH�FODVVLILFDWLRQ�SRVVLEOH��RQ�WKH�EDVLV�RI�WKHDYDLODEOH�LQIRUPDWLRQ�6HFRQG�� DWWULEXWH� UHGXFWLRQ� UHIHUV� WR� WKH� HOLPLQDWLRQ� RI� UHGXQGDQW� LQIRUPDWLRQ�ZKLFK�PHDQV�UHWULHYLQJ�D�PLQLPDO�VHW�RI�DWWULEXWHV�5 WKDW�VXSSOLHV�WKH�VDPH�TXDOLW\�RIFODVVLILFDWLRQ�DV� WKH�RULJLQDO�VHW�RI�DWWULEXWHV�3��7KH�PLQLPDO�VHWV�RI�DWWULEXWHV�5 DUHFDOOHG� UHGXFWV�� 7KH� PRVW� LPSRUWDQW� FKDUDFWHULVWLF� RI� D� UHGXFW� LV� WKDW� DGGLWLRQDODWWULEXWHV� GR� QRW� OHDG� WR� D� PRUH� DFFXUDWH� FODVVLILFDWLRQ� RI� WKH� REMHFWV�� ZKHUHDV� WKHHOLPLQDWLRQ�RI�DQ�DWWULEXWH�GRHV�OHDG�WR�D�OHVV�DFFXUDWH�FODVVLILFDWLRQ��,W�LV�LPSRUWDQW�WRQRWH�WKDW�DQ�LQIRUPDWLRQ�WDEOH�FDQ�KDYH�PRUH�WKDQ�RQH�UHGXFW��7KH�LQWHUVHFWLRQ�RI�DOOUHGXFWV��RU��LQ�RWKHU�ZRUGV��DQ�DWWULEXWH�WKDW�DSSHDUV�LQ�DOO�PLQLPDO�VHWV�LV�GHILQHG�DVWKH�FRUH��7KH�FRUH�FRQWDLQV� WKH�DWWULEXWHV� WKDW�DUH�PRVW� LPSRUWDQW� LQ� WKH� LQIRUPDWLRQWDEOH�DQG�WKDW�DUH�PRVW�UHOHYDQW�IRU�WKH�FODVVLILFDWLRQ�RI�WKH�REMHFWV�



��

7KLUG�� WKH�GHULYDWLRQ�RI�GHFLVLRQ� UXOHV� UHTXLUHV� WKH�SDUWLWLRQLQJ�RI� WKH� DWWULEXWHVLQWR� GHFLVLRQ� DQG� FRQGLWLRQ� DWWULEXWHV�� $� GHFLVLRQ� DWWULEXWH� LV� D� VLQJOH� DWWULEXWH� WKDWUHIOHFWV� WKH�SKHQRPHQRQ�WR�EH�VWXGLHG�� ,Q� IDFW�� WKH�GHFLVLRQ�DWWULEXWH� LV�DQDORJRXV� WRWKH� GHSHQGHQW� YDULDEOH� DQG� WKH� FRQGLWLRQ� DWWULEXWH� WR� WKH� LQGHSHQGHQW� YDULDEOHV� LQVWDQGDUG�UHJUHVVLRQ�DQDO\VLV��,W�LV��KRZHYHU��LPSRUWDQW�WR�PHQWLRQ�WKDW�WKH�UHODWLRQVKLSEHWZHHQ� WKH� GHFLVLRQ� DWWULEXWH� DQG� WKH� FRQGLWLRQ� DWWULEXWH� LV� QRW� WKH� VDPH� DV� WKRVHEHWZHHQ�WKH�GHSHQGHQW�DQG�WKH�LQGHSHQGHQW�YDULDEOHV�ZLWKLQ�D�UHJUHVVLRQ�IUDPHZRUN�:KHUHDV�WKH�HVWLPDWHG�UHODWLRQVKLS�EHWZHHQ�D�GHSHQGHQW�DQG�DQ�LQGHSHQGHQW�YDULDEOHLQGLFDWHV� D� SRWHQWLDO� FDXVDO� UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV�� WKH� UHODWLRQVKLSEHWZHHQ�D�GHFLVLRQ�DQG�D�FRQGLWLRQ�DWWULEXWH�LQGLFDWHV�WKH�IUHTXHQF\�DW�ZKLFK�D�FHUWDLQFDWHJRU\� RI� WKH� GHFLVLRQ� DWWULEXWH� RFFXUV� LQ� FHUWDLQ� FDWHJRULHV� RI� WKH� GHFLVLRQDWWULEXWHV��'HFLVLRQ�UXOHV�PD\�PRUH�DFFXUDWHO\�EH�GHVFULEHG�DV�FRQGLWLRQDO�VWDWHPHQWVWKDW�DUH�H[SUHVVHG� LQ� WKH� IRUP�RI�³LI�WKHQ´�VWDWHPHQWV��'HFLVLRQ� UXOHV�PD\�HLWKHU�EHH[DFW� RU� DSSUR[LPDWH�� $Q� H[DFW� UXOH� GHFODUHV� WKDW� D� SDUWLFXODU� FRPELQDWLRQ� RIFDWHJRULHV� RI� WKH� FRQGLWLRQ� DWWULEXWHV� UHVXOWV� LQ� RQO\� RQH� SDUWLFXODU� FDWHJRU\� RI� WKHGHFLVLRQ� DWWULEXWH�� $Q� DSSUR[LPDWH� UXOH� VWDWHV� WKDW� D� SDUWLFXODU� FRPELQDWLRQ� RIFDWHJRULHV�RI�WKH�FRQGLWLRQ�DWWULEXWHV�LPSOLHV�PRUH�WKDQ�RQH�FDWHJRU\�RI� WKH�GHFLVLRQDWWULEXWH��7KH�TXDOLW\�RI�WKH�GHFLVLRQ�UXOH�LV�LQGLFDWHG�E\�LWV�VWUHQJWK��7KH�VWUHQJWK�RI�DUXOH� UHSUHVHQWV� WKH�QXPEHU�RI�REVHUYDWLRQV�RU�FDVHV� WKDW�DUH� LQ�DFFRUGDQFH�ZLWK� WKDWUXOH�� 'HFLVLRQ� UXOHV� DUH� WKH� PRVW� UHOHYDQW� SDUW� RI� URXJK� VHW� DQDO\VLV�� EHFDXVH� WKH\LQGLFDWH� WKH� GLUHFWLRQ� LQ� ZKLFK� WKH� LQYHVWLJDWHG� FRQGLWLRQ� YDULDEOHV� LPSDFW� WKHFRQGLWLRQ�YDULDEOH�7KH� IROORZLQJ� VXEVHFWLRQ� LV� FRQFHUQHG� ZLWK� WKH� FDWHJRULVDWLRQ� RI� WKH� GDWDUHTXLUHG�WR�SHUIRUP�D�URXJK�VHW�DQDO\VLV�
$�� &DWHJRULVDWLRQ�RI�WKH�GDWD7KH�FDWHJRULVDWLRQ�RI�GDWD�LPSOLHV�WKH�WUDQVIRUPDWLRQ�RI�TXDQWLWDWLYH��FRQWLQXRXVGDWD� LQWR�FDWHJRULFDO� LQIRUPDWLRQ��7KH�SURFHVV�RI� WUDQVIRUPLQJ�D�FRQWLQXRXV�YDULDEOHLQWR�D�ILQLWH�QXPEHU�RI�LQWHUYDOV�LV�FDOOHG�GLVFUHWLVDWLRQ��DQG�LW�LV�UHJDUGHG�DV�RQH�RI�WKHPRVW�SUREOHPDWLF�LVVXHV�LQ�WD[RQRPLF�H[SHULPHQWV��9DQ�GHQ�%HUJK�HW�DO���������7KHPRVW� SRSXODU� FULWLFLVP� RI� GLVFUHWLVDWLRQ� FRQFHUQV� WKH� ORVV� RI� LQIRUPDWLRQ� LQYROYHG��7KH� FDWHJRULVDWLRQ� RI� D� FRQWLQXRXV� YDULDEOH� LV� QRW� FRQVLGHUHG� SUREOHPDWLF� LI� WKHGLVFUHWLVDWLRQ�RFFXUV�RQ�WKH�EDVLV�RI�XQGHUO\LQJ�WKHRUHWLFDO�IDFWRUV��8QIRUWXQDWHO\��WKLVFRQGLWLRQ� LV� QRW� IXOILOOHG� LQ� PDQ\� FDVHV�� 7KH� FDWHJRULVDWLRQ� RI� GDWD� LV� DOVR� FDOOHGELQQLQJ��$FFRUGLQJO\��FDWHJRULHV�DUH�DOVR�FDOOHG�ELQV�,Q� PRVW� RI� WKH� SUHYLRXVO\� SHUIRUPHG� URXJK� VHW� DQDO\VHV� LQ� HFRQRPLFV�� WKHFDWHJRULVDWLRQ� ZDV� SHUIRUPHG� LQ� D� UDWKHU� DG� KRF�PDQQHU�� ZKLFK�PHDQV� E\� YLVXDOO\LQVSHFWLQJ� WKH�GDWD� DQG� GLYLGLQJ� WKHP� LQWR�PRUH� RU� OHVV� HTXDOO\�VL]HG� FDWHJRULHV��$SRLQW�RI�FRQFHUQ�ZLWK�WKLV�W\SH�RI�FDWHJRULVDWLRQ�LV�WKDW� LW�GRHV�QRW� WDNH�LQWR�DFFRXQW
� .RKDYL�DQG�6DKDPL��������SRLQW�RXW�WKDW�GLVFUHWLVDWLRQ�PD\�DOVR�EH�YLHZHG�DV�D�IRUP�RI�NQRZOHGJHGLVFRYHU\��VLQFH�LW�PD\�EH�DEOH�WR�UHYHDO�FULWLFDO�YDOXHV�LQ�D�FRQWLQXRXV�GRPDLQ��7KLV��KRZHYHU��UHTXLUHVWKDW�SUHGHWHUPLQHG�FULWLFDO�YDOXHV�H[LVW��ZKLFK�LV�UDWKHU�XQFRPPRQ�LQ�WKH�HFRQRPLF�VFLHQFHV�
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WKH�HIIHFW�RI�WKH�GHWHUPLQHG�ELQ�ZLGWKV�DQG�LQWHUYDOV�RQ�WKH�ILQDO�UHVXOW��,Q�WKH�URXJKVHW� DQDO\VLV� LQ� WKLV� � SDSHU�� ZH� DSSO\� WKUHH� GLIIHUHQW� VWULFWO\� GHILQHG� FDWHJRULVDWLRQPHWKRGV�DQG�FRPSDUH�WKHP�ZLWK�UHVSHFW�WR�WKHLU�LQIOXHQFH�RQ�WKH�ILQDO�UHVXOWV�� ��7KHWKUHH� GLIIHUHQW� FDWHJRULVDWLRQ� PHWKRGV� DUH� D�� HTXDO�IUHTXHQF\� ELQQLQJ�� E�� HTXDO�LQWHUYDO� ELQQLQJ� DQG� F�� WKH� HQWURS\�EDVHG� PHWKRG�� 7KHVH� PHWKRGV� FDQ� EH� EULHIO\GHVFULEHG�DV�IROORZV�
D� (TXDO�IUHTXHQF\�ELQQLQJ&DWHJRULVDWLRQ�DFFRUGLQJ� WR�HTXDO�IUHTXHQF\�ELQQLQJ� LPSOLHV� DQ� HYHQ�GLVWULEXWLRQ�RIWKH�DWWULEXWH�YDOXHV�RYHU�D�SUHGHWHUPLQHG�QXPEHU�RI�ELQV��7KLV�W\SH�RI�ELQQLQJ�LV�DOVRNQRZQ�DV�KLVWRJUDP�HTXDOLVDWLRQ��:LWWHQ�DQG�)UDQN�������
E� (TXDO�LQWHUYDO�ELQQLQJ,Q� WKLV� FDWHJRULVDWLRQ� PHWKRG�� WKH� ELQ� ZLGWKV� DUH� HTXDOLVHG�� 7KH� ZKROH� UDQJH� RIDWWULEXWH� YDOXHV� LV� GLYLGHG� E\� WKH� QXPEHU� RI� ELQV�� VR� WKDW� HTXDO� ELQ� ZLGWKV� FDQ� EHFRQVWUXFWHG��7KH�DWWULEXWH�YDOXHV�DUH�WKHQ�VRUWHG�LQWR�WKH�UHVSHFWLYH�ELQV�
F� (QWURS\�EDVHG�PHWKRG(QWURS\�EDVHG�PHWKRGV�FUHDWH�FODVVHV�ZLWK�WKH�ORZHVW�SRVVLEOH� OHYHO�RI�HQWURS\�� L�H��FODVVHV�WKDW�JURXS�WKH�PRVW�VLPLODU�GDWD�WRJHWKHU��VR�WKDW�WKH�GDWD�DUH�UHSUHVHQWHG�LQ�WKHPRVW� FRPSDFW� DQG� RUJDQLVHG� ZD\�� ,Q� WKH� DQDO\VLV� LQ� WKLV� FKDSWHU�� HQWURS\�EDVHGFDWHJRULVDWLRQ�LV�FDUULHG�RXW�E\�WKH�URXJK�VHW�VRIWZDUH�SDFNDJH�526(�,,��3UHGNL�HW�DO������� 3UHGNLP� DQG� :LON� ������� ZKLFK� LQFRUSRUDWHV� HQWURS\�EDVHG� GLVFUHWLVDWLRQPHWKRGV�

7KH� OLWHUDWXUH� RQ� FDWHJRULVDWLRQ� PHWKRGV� DQG� GDWD� PLQLQJ� GHVFULEHV� HTXDO�IUHTXHQF\� DQG� HTXDO�LQWHUYDO� ELQQLQJ� DV� QDwYH� GLVFUHWLVDWLRQ� PHWKRGV�� VLQFH� WKHVHPHWKRGV�PD\�DJJUDYDWH�WKH�SUREOHP�RI�LQIRUPDWLRQ�ORVV��(QWURS\�EDVHG�FDWHJRULVDWLRQPHWKRGV�KDYH�EHHQ�SURYHQ�WR�EH�PRUH�UHOLDEOH��.RKDYL�DQG�6DKDPL�������)D\\DG�DQG,UDQL��������+RZHYHU��HVSHFLDOO\�LQ�WKH�FDVH�RI�UHODWLYHO\�VPDOO�GDWD�VHWV�ZLWK�D�OLPLWHGQXPEHU� RI� REVHUYDWLRQV�� WKH� HQWURS\�EDVHG� PHWKRGV� RIWHQ� UHVXOW� LQ� D� YHU\� XQHYHQGLVWULEXWLRQ� RI� REVHUYDWLRQV� DFURVV� WKH� GLIIHUHQW� FDWHJRULHV�� ZKLFK� LQ� WXUQ� PD\LQIOXHQFH� WKH� UHVXOWV� RI� WKH� URXJK� VHW� DQDO\VLV��6HFWLRQ���RI� WKLV� SDSHU� KDV� JLYHQ� DQRYHUYLHZ� RI� DFWXDO� ELQ�ZLGWKV� DQG� ELQ� VL]HV� IURP� WKH� WKUHH� GLIIHUHQW� FDWHJRULVDWLRQWHFKQLTXHV��ZKLOH�6HFWLRQ���KDV�GHVFULEHG�WKH�URXJK�VHW�UHVXOWV�
$SSHQGL[�%��0LQLPDO�6HWV�LQ�5RXJK�6HW�$QDO\VLV7KH�IROORZLQJ�PLQLPDO�VHWV�DUH�IRXQG�LQ�RXU�URXJK�VHW�DQDO\VLV�D��0LQLPDO�VHWV��UHGXFWV��EDVHG�RQ�HTXDO�IUHTXHQF\�ELQQLQJ���^SHUP�JUDVVODQG��VRLO�FRYHU��\HDU��DUHD��IDUPHUV`���^VHW�DVLGH��QXPEHU�RI�UHVWULFWLRQV��\HDU��DUHD��IDUPHUV`���^VRLO�FRYHU��QXPEHU�RI�UHVWULFWLRQV��\HDU��DUHD��IDUPHUV`���^VHW�DVLGH��SHUP�JUDVVODQG��\HDU��DUHD��DUDEOH`���^SHUP�JUDVVODQG��\HDU��DUHD��DUDEOH��H[SHQVHV`
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���^QXPEHU�RI�UHVWULFWLRQV��\HDU��DUHD��DUDEOH`���^SHUP�JUDVVODQG��\HDU��DUDEOH��IDUPHUV`���^QXPEHU�RI�UHVWULFWLRQV��\HDU��DUDEOH��IDUPHUV`���^SHUP�JUDVVODQG��VRLO�FRYHU��\HDU��H[SHQVHV��IDUPHUV`����^QXPEHU�RI�UHVWULFWLRQ��\HDU��H[SHQVHV��IDUPHUV`����^\HDU��DUDEOH��H[SHQVHV��IDUPHUV`
E��0LQLPDO�VHWV�EDVHG�RQ�HTXDO�LQWHUYDO�ELQQLQJ���^SHUP�JUDVVODQG��\HDU��DUDEOH��IDUPHUV`���^QXPEHU�RI�UHVWULFWLRQV��\HDU��DUDEOH��IDUPHUV`
F��0LQLPDO�VHWV�EDVHG�RQ�WKH�HQWURS\�EDVHG�PHWKRG���^\HDU��DUDEOH��VHW�DVLGH��SHUP�JUDVVODQG��VRLO�FRYHU��H[SHQVHV��IDUPHUV`���^\HDU��DUDEOH��H[SHQVHV��IDUPHUV��QXPEHU�RI�UHVWULFWLRQV
7KLV�LQIRUPDWLRQ�KDV�EHHQ�XVHG�LQ�WKH�LQWHUSUHWDWLRQ�RI�RXU�ILQGLQJV�LQ�6HFWLRQV���DQG��
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