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5HWXUQV�WR�GHQVLW\�LQ�RSHUDWLRQV�RI�WKH�1HWKHUODQGV�5DLOZD\V�
(ULF�3HOV 9DQHVVD�(��'DQLHO 3LHW�5LHWYHOG
)UHH�8QLYHUVLW\��'HSDUWPHQW�RI�6SDWLDO�(FRQRPLFV'H�%RHOHODDQ������������+9�$PVWHUGDP

DEVWUDFW
5DLO�FRVW�IXQFWLRQ�DQDO\VLV�KDV�EHHQ�D�SRSXODU�WRSLF�LQ�WKH��HPSLULFDO��HFRQRPLFV�OLWHUDWXUH�RYHU�WKH�SDVWGHFDGHV��0RVW�VWXGLHV�ILQG�LQFUHDVLQJ�UHWXUQV�WR�GHQVLW\� IRU�UDLO�FRPSDQLHV��7KH�UHVXOWV�FDQ��KRZHYHU�EH� TXLWH� GLYHUVH��5HVXOWV� IRU� WKH�'XWFK�1DWLRQDO� 5DLOZD\� FRPSDQ\� �16��� IRU� LQVWDQFH�� LQGLFDWH� YHU\VWURQJ� LQFUHDVLQJ� UHWXUQV� WR� GHQVLW\� �$QGULNRSRXORV� DQG� /RL]LGHV�� ������ RU� GHFUHDVLQJ� UHWXUQV� WRGHQVLW\� �3UHVWRQ�� ������� 8VLQJ� WKH�� WR� RXU� NQRZOHGJH�� PRVW� FRPSUHKHQVLYH�GDWDVHW� IRU� WKH� 16�� WKLVSDSHU� HVWLPDWHV� D�WUDQVORJ� YDULDEOH� FRVW� IXQFWLRQ� IRU� WKH�16��:KLOH� WKH� UHWXUQV� WR� GHQVLW\� SDUDPHWHUVKRZV�LQFUHDVLQJ�UHWXUQV��OLNH�VR�PDQ\�RWKHU�SDSHUV��WKH�FDOFXODWHG�VWDQGDUG�HUURUV�VKRZV�WKDW�WKH�QXOOK\SRWKHVLV�RI�FRQVWDQW�UHWXUQV�PD\�QRW�EH�UHMHFWHG�
�� ,QWURGXFWLRQ,Q�GLVFXVVLRQV�RQ�D�SRVVLEOH�SULYDWL]DWLRQ�RI�SXEOLF�UDLOZD\V��NQRZOHGJH�RI�UHWXUQV�WRVFDOH� LV� LPSRUWDQW�� :KHQ� LQFUHDVLQJ� UHWXUQV� WR� VFDOH� DUH� SUHVHQW�� VWUDLJKWIRUZDUGPDUJLQDO�FRVW�SULFLQJ�OHDYHV��SULYDWH��UDLOZD\�RSHUDWRUV�ZLWK�D�ORVV��3XEOLF�SURYLVLRQRI�UDLO�VHUYLFHV�WKHQ�UHTXLUHV�D�VXEVLG\��RU�SULFHV��LQ�VXE�PDUNHWV��PXVW�EH�VHW�DERYHPDUJLQDO� FRVWV��:KHQ� UHWXUQV� WR� VFDOH� DUH� SUHVHQW��SULYDWL]DWLRQ� RI� D� SXEOLF� UDLOZD\PD\�OHDG�WR�WKH�FUHDWLRQ�RI�D��ORFDO��QDWXUDO�PRQRSRO\��ZKLFK�FDQQRW�FKDUJH�PDUJLQDOFRVWV�ZLWKRXW�LQFXUULQJ�ORVVHV��7KH�UHVXOWV�RI�ERWK�SULYDWL]DWLRQ�RI�SXEOLF�UDLOZD\V�DQGUHJXODWLRQ�RI�SULYDWH�UDLOZD\V�DUH�WKXV�GHSHQGHQW�RQ�WKH�SUHVHQFH�RI�UHWXUQV�WR�VFDOH�5DLO� FRVW� IXQFWLRQ� DQDO\VLV� KDV� EHHQ� D� SRSXODU� WRSLF� LQ� WKH� �HPSLULFDO�HFRQRPLFV�OLWHUDWXUH�RYHU�WKH�SDVW�GHFDGHV��:HOOLQJWRQ��������DOUHDG\�GLVFXVVHG�WKLVLVVXH��FLWHG�LQ�%RUWV���������2YHU� WKH�\HDUV� WKH�ERG\�RI� OLWHUDWXUH� LQFUHDVHG�VWHDGLO\�ILUVW�XVLQJ�OLQHDU�DQG�&REE�'RXJODV�W\SH�FRVW�IXQFWLRQV�RU�SURGXFWLRQ�IXQFWLRQV��DQGODWHU�XVLQJ�IOH[LEOH�IXQFWLRQDO�IRUPV��ZKLOH�DOVR�HIILFLHQF\�DQDO\VLV�JDLQHG�JURXQG�7KH� DEXQGDQFH� RI� OLWHUDWXUH� DOORZV� IRU� WKH� FRPSDULVRQ� RI� WKH� UHVXOWV� RIGLIIHUHQW� VWXGLHV��7KLV�PD\� OHDG� WR�FRQIXVLQJ� �HYHQ�FRQIOLFWLQJ��YLHZV�� IRU� H[DPSOH�GLIIHUHQW� VWXGLHV� FRQFOXGH� WKDW� WKH� RXWSXW� HODVWLFLW\� RI� FRVWV� IRU� WKH� 'XWFK� QDWLRQDO



�

UDLOZD\�FRPSDQ\� LV�YHU\� ORZ��VR� WKDW� WKH�FRPSDQ\�RSHUDWHV�XQGHU�VWURQJ� LQFUHDVLQJUHWXUQV�WR�VFDOH��RU�DERYH�RQH��LPSO\LQJ�GHFUHDVLQJ�UHWXUQV�WR�VFDOH���8VLQJ�WLPH�VHULHVWR� HVWLPDWH� D� ORQJ� UXQ�WUDQVORJ� FRVW� IXQFWLRQ�ZLWK� SDVVHQJHU�NLORPHWHUV� DQG� IUHLJKWNLORPHWHUV�DV�RXWSXWV�9DQ�2RVWVWURRP��������HVWLPDWHV�DQ�RXWSXW�HODVWLFLW\�RI������IRUWKH� 'XWFK� UDLOZD\� FRPSDQ\��$QGULNRSRXORV� DQG�/RL]LGHV� ������� XVH� FURVV� VHFWLRQGDWD� DQG� WKH� VXP� RI� IUHLJKW� DQG� SDVVHQJHU�NLORPHWHUV� DV� RXWSXWV�� DQG� HVWLPDWH� DQHODVWLFLW\�RI������IRU�WKH�VDPH�FRPSDQ\��3UHVWRQ��������UHSRUWV�WKDW�WKH�'XWFK�UDLOZD\FRPSDQ\�LV�RSHUDWLQJ�XQGHU�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�7KHUH�PD\�EH�YDULRXV�H[SODQDWLRQV�IRU�WKH�GLIIHUHQFH�LQ�ILQGLQJV��VXFK�DV�WKHFKRLFH� RI� WKH� VSHFLILF� RXWSXWV�� DQG� WKH� GLIIHUHQW� W\SHV� RI� GDWD� �OLPLWHG� WLPH� VHULHVYHUVXV� SRROHG� GDWD��� 0RUHRYHU�� DOWKRXJK� YDULRXV� VWXGLHV� UHSRUW� LQFUHDVLQJ� RUGHFUHDVLQJ�UHWXUQV��RQH�ZRXOG�W\SLFDOO\�QHHG�WKH�DVVRFLDWHG�VWDQGDUG�HUURU�WR�FRPH�WRD�ILQDO�FRQFOXVLRQ�,Q�WKLV�SDSHU��ZH�FDOLEUDWH�D�YDULDEOH�FRVW�IXQFWLRQ�RI�WKH�'XWFK�5DLOZD\V�IRUWKH�SHULRG������WR�������XVLQJ��WR�RXU�NQRZOHGJH��WKH�PRVW�H[WHQVLYH�FRVW�GDWD�IRU�WKH'XWFK�5DLOZD\V�DYDLODEOH��%DVHG�RQ�WKHVH�HVWLPDWLRQV��D�PHDVXUH�RI� UHWXUQV� WR�VFDOH�GHQVLW\��LV�FDOFXODWHG��WRJHWKHU�ZLWK�WKH�DVVRFLDWHG�VWDQGDUG�HUURU�7KH�VWUXFWXUH�RI� WKH�SDSHU� LV�DV� IROORZV��6HFWLRQ���FRQWDLQV�D�FRQFLVHUHYLHZ�RI� WKH� OLWHUDWXUH�RQ� UDLOZD\� FRVW� IXQFWLRQ� HVWLPDWLRQ��6HFWLRQ���GLVFXVVHV� WKHPHWKRGRORJ\�XVHG�LQ�WKLV�SDSHU��DQG�6HFWLRQ���GLVFXVVHV�WKH�GDWD��6HFWLRQ���FRQWDLQVWKH�HVWLPDWLRQ�UHVXOWV�DQG�6HFWLRQ���FRQFOXGHV�
�� /LWHUDWXUH�UHYLHZ
5DLO� FRVW� IXQFWLRQ� HVWLPDWLRQ� KDV� EHHQ� D� SRSXODU� WRSLF� LQ� WKH� DSSOLHG� HFRQRPLFVOLWHUDWXUH��(DUO\�H[DPSOHV� LQFOXGH�%RUWV� ��������� DQG�XVXDOO\� UHO\�RQ�VWDWLVWLFDO�FRVW�RXWSXW� UHODWLRQV� RU�&REE�'RXJODV� FRVW� IXQFWLRQV�� 6WDWLVWLFDO� FRVW�RXWSXW� UHODWLRQV� GRQRW� LQFOXGH� LQSXW� SULFHV� DV� H[SODQDWRU\� YDULDEOHV�� 7KLV� LPSOLHV� WKDW� WKHUH�PD\� EH� DPLVVLQJ�YDULDEOH�ELDV���$OVR��WKH�&REE�'RXJODV��DQG�RWKHU�LQIOH[LEOH�IXQFWLRQDO�IRUPV�KDYH�WKHLU�SUREOHPV��VXFK�IRUPV�SXW�D�SULRUL�UHVWULFWLRQV�RQ�WKH�SURGXFWLRQ�WHFKQRORJ\�DQG�PD\�WKHUHIRUH�EH�WRR�UHVWULFWLYH�
� (DUOLHU�SDSHUV�GDWH�EDFN�WR�WKH�HDUO\���WK FHQWXU\�RU�WKH�ODWH���WK FHQWXU\�� :KHQ�WKH�ILUP�GRHV�QRW�KDYH�D�FRVW�PLQLPL]LQJ�VWUDWHJ\�EXW�D�FRVW�IXQFWLRQ�LV�HVWLPDWHG�DV�LI�WKH�ILUPGRHV�KDYH�VXFK�D�VWUDWHJ\��WKH�HIIHFWV�ZLOO�EH�OHVV�VHYHUH��RQH�VLPSO\�LQFOXGHV�WRR�PDQ\�YDULDEOHV�
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6LQFH� WKH� ����V� IOH[LEOH� IXQFWLRQDO� IRUPV�� ZKLFK� GR� QRW� SXW� D� SULRULUHVWULFWLRQV�RQ�WKH�SURGXFWLRQ�WHFKQRORJ\��JDLQHG�SRSXODULW\���7KH�PRVW�FRPPRQ�IRUPLV� WKH� WUDQVORJ� VSHFLILFDWLRQ��ZKLFK�KDV� EHHQ� XVHG� LQ� D� QXPEHU� RI� UDLO� FRVW� IXQFWLRQVWXGLHV��7DEOH���FRQWDLQV�D�QXPEHU�RI�FRVW�IXQFWLRQ�HVWLPDWLRQV�IRU�8�6��UDLOURDGV��7KHUHSRUWHG� QXPEHUV� ZHUH� REWDLQHG� IURP� XQGHUO\LQJ� VWXGLHV�� RU� EDVHG� RQ� RZQFDOFXODWLRQV� XVLQJ� LQSXWV� IURP� XQGHUO\LQJ� VWXGLHV� �VHH� HTXDWLRQ� ������ EHFDXVH� WKHGHILQLWLRQ� RI� HFRQRPLHV� RI� VFDOH� DQG� GHQVLW\� YDULHV�� VRPH� UHDGMXVWPHQWV� ZHUHQHFHVVDU\� WR�PDNH� WKH� QXPEHUV� FRPSDUDEOH�� 7KH� JHQHUDO� SDWWHUQ� VKRZV� FRQVWDQW� WRVOLJKWO\�LQFUHDVLQJ�UHWXUQV�WR�VFDOH�DQG�LQFUHDVLQJ�UHWXUQV�WR�GHQVLW\��
7DEOH���DERXW�KHUH

)ULHGODHQGHU�DQG�6SDG\��������UHSRUW�VRPH�ILUPV�ZLWK�GHFUHDVLQJ�UHWXUQV�WR�GHQVLW\�7KH\�DWWULEXWH�WKLV�WR�WKH�IDFW�WKDW�D�VKRUW�UXQ�FRVW�IXQFWLRQ�LV�HVWLPDWHG��$�ILUP�IDFLQJVKRUW�UXQ�FDSLWDO�VKRUWDJH�PD\�IDFH�VKRUW�UXQ�GHFUHDVLQJ�UHWXUQV�WR�GHQVLW\�DQG�ORQJ�UXQ� LQFUHDVLQJ� UHWXUQV� WR� GHQVLW\��)ULHGODHQGHU� HW� DO�� ������� UHSRUW� VRPH� YHU\� KLJKYDOXHV� IRU� WKH� UHWXUQV� WR�GHQVLW\�SDUDPHWHU��+RZHYHU�� WKH� DVVRFLDWHG� VWDQGDUG� HUURUVDUH� YHU\� ODUJH� LQ� WKHVH� FDVHV�� JHQHUDOO\� VSHDNLQJ�� UHWXUQV� WR� VFDOH� SDUDPHWHUV� ZLWKYDOXHV� ODUJHU� WKDQ� IRXU� DSSHDU� WR�KDYH�YHU\�KLJK�VWDQGDUG�HUURUV��6PDOOHU�YDOXHV� IRUWKH� UHWXUQV� WR� VFDOH� SDUDPHWHU� DUH� LQ�PDQ\� FDVHV� VWDWLVWLFDOO\� GLIIHUHQW� IURP� ��� 7KHUDWKHU�KLJK�YDOXH�IRU�%UDXHWLJDP�HW�DO���������LV�EDVHG�RQ�FDOFXODWLRQV�XVLQJ�HTXDWLRQ����� DQG� QRW� UHSRUWHG� E\� %UDXHWLJDP�� 7KH� UHSRUWHG� RXWSXW� HODVWLFLW\� RI� FRVW� LV�KRZHYHU��UDWKHU�ORZ����������
7DEOH���DERXW�KHUH

� &DYHV� DQG�&KULVWHQVHQ� ������� GHILQH� WKH� IOH[LELOLW\� SURSHUW\� IRU� WKH� FDVH� RI� FRQVXPHU�EHKDYLRU� DVIROORZV�� ³)RU� DQ\� SDUWLFXODU� GDWD� SRLQW� �RQH� REVHUYDWLRQ� RQ� SULFHV� DQG� LQFRPH�� DQ\� VHW� RI� SULFH� DQGLQFRPH�HODVWLFLWLHV�FDQ�EH�DFKLHYHG�WKURXJK�DQ�DSSURSULDWH�VHW�RI�SDUDPHWHU�YDOXHV��$�QRQIOH[LEOH�IRUPLV�RQO\�FDSDEOH�RI�DFKLHYLQJ�D�VXEVHW�RI�WKH�IXOO�UDQJH�RI�SULFH�DQG�LQFRPH�HODVWLFLWLHV´��,Q�WKH�FDVH�RIFRVW��SURGXFWLRQ��IXQFWLRQV�� WKLV�PHDQV�WKDW�HODVWLFLWLHV�RI� IDFWRU�VXEVWLWXWLRQ�DUH�XQUHVWULFWHG��DQG�QRWQHFHVVDULO\�FRQVWDQW��� WKHUH�DUH�QR�D�SULRUL�FRQVWUDLQWV�RQ�WKH�ILUVW�DQG�VHFRQG�RUGHU�GHULYDWLYHV�RI� WKHFRVW�IXQFWLRQ�� *HQHUDOO\�VSHDNLQJ��UHWXUQV�WR�VFDOH�DUH�GHILQHG�DV���RYHU�WKH�VXP�RI�WKH�RXWSXW�HODVWLFLW\�RI�FRVW�DQGWKH�QHWZRUN�VL]H�HODVWLFLW\�RI�FRVW�DQG�UHWXUQV�WR�GHQVLW\�DUH�GHILQHG�DV���RYHU�WKH�RXWSXW�HODVWLFLW\�RIFRVW��3UHFLVH�GHILQLWLRQV�ZLOO�EH�SURYLGHG�ODWHU�
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7DEOH���EULHIO\�VXPPDUL]HV�FRVW�IXQFWLRQ�HVWLPDWLRQV�IRU�(XURSHDQ�FRXQWULHV�$W�ILUVW�VLJKW��WKH�YDULDQFH�LQ�WKH�UHWXUQV�WR�GHQVLW\�SDUDPHWHU�LV�PXFK�ODUJHU�FRPSDUHGWR� 8�6�� VWXGLHV�� 3UHVWRQ� ������� UHSRUWV� D� YHU\� KLJK� YDOXH� IRU� WKH� )LQQLVK� UDLOZD\FRPSDQ\��DQG�QRWHV�WKDW�WKLV�LV�D�UDLOZD\�FRPSDQ\�ZLWK�D�UHODWLYHO\�ORZ�WUDIILF�GHQVLW\SHU�NLORPHWHU�RI�OLQH��$OO�RWKHU�YDOXHV�DUH��KRZHYHU��EHORZ�WKH�YDOXH�RI����ZKLFK�PD\VWLOO�EH�D�OLWWOH�KLJK�FRPSDUHG�WR�WKH�8�6��QXPEHUV��$OVR�$QGULNRSRXORV�DQG�/Rw]LGHV������� SUHVHQW� YHU\� KLJK� UHWXUQV� WR� GHQVLW\� SDUDPHWHUV�� ,W� LV� QRW� HQWLUHO\� FOHDU�ZK\WKHVH� YDOXHV� DUH� VR� KLJK�� ,W� FRXOG� EH� D UHVXOW� RI� WKH� DJJUHJDWH� RXWSXW� PHDVXUH�NLORPHWHUV�SDVVHQJHUV�SOXV�NLORPHWHUV�IUHLJKW���)LOLSSLQL�DQG�0DJJL���������KRZHYHU�XVH�D�VLPLODU�RXWSXW�LQGLFDWRU�DQG�SUHVHQW�UHWXUQV�WR�VFDOH�DQG�GHQVLW\�SDUDPHWHUV�WKDWDUH�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV�WKH�DYHUDJH�YDOXHV�IRU�WKH�8�6��,W�FRXOG�DOVR�EHFDXVHG�E\�WKH�E\�WKH�VSHFLILFDWLRQ�RI�WKH�FRVW�IXQFWLRQ�LWVHOI��D�WLPH�VHULHV�HVWLPDWLRQIRU�VSHFLILF�(XURSHDQ�UDLOZD\�FRPSDQLHV�ZLWK�RQO\�D�IHZ�GHJUHHV�RI�IUHHGRP��2WKHU(XURSHDQ�VWXGLHV�SUHVHQW�UHVXOWV�WKDW�DUH�VLPLODU�WR�WKH�8�6��UHVXOWV��0F*HHKDQ�������DQG�YDQ�2RVWVWURRP��������SUHVHQW�YDOXHV�WKDW�VWLOO�DUH�D�OLWWOH�KLJK�FRPSDUHG�WR�PRVW8�6�� VWXGLHV�� 7KH\� DUH�� KRZHYHU�� FRPSDUDEOH� WR� VRPH� RI� WKH� YDOXHV� UHSRUWHG� E\)ULHGODHQGHU�HW�DO���������%RWK� VWXGLHV� RI�8�6�� DQG� (XURSHDQ� UDLOZD\V� WKXV� KLQW� DW� FRQVWDQW� UHWXUQV� WRVFDOH� DQG� LQFUHDVLQJ� UHWXUQV� WR� GHQVLW\�� DOWKRXJK� WKH� YDULDQFH� LQ� (XURSHDQ� VWXGLHVWHQGV� WR�EH� ODUJHU��2QH�H[SODQDWLRQ� FRXOG�EH� WKH�GLIIHUHQW� ³RULHQWDWLRQ´�RI�8�6�� DQG(XURSHDQ�UDLOZD\�FRPSDQLHV��$OWKRXJK�(XURSHDQ��DQG�8�6���FRPSDQLHV�PD\�DOUHDG\EH�TXLWH�GLYHUVH�EHWZHHQ�WKHPVHOYHV��SDVVHQJHU�WUDQVSRUW�LV�DUJXDEO\�PRUH�LPSRUWDQWIRU�(XURSHDQ�FRPSDQLHV��0RUHRYHU��LQVWLWXWLRQDO�VHWWLQJV�EHWZHHQ�(XURSHDQ�FRXQWULHVPD\�VLPSO\�EH�PRUH�KHWHURJHQHRXV��/RRNLQJ�DW�WKH�YDULRXV�VWXGLHV��ZH�VHH�WKDW�&DYHVHW� DO�� �������� &DYHV� HW� DO�� ������� DQG� &DYHV� HW� DO�� ������� XVH� VLPLODU� GDWD� DQGVSHFLILFDWLRQV��$OVR�%HUQGW�HW�DO�� �������DQG�)ULHGODHQGHU�HW�DO�� �������XVH� WKH�VDPHGDWD�DQG�VSHFLILFDWLRQV��2WKHU�DXWKRUV�XVLQJ�8�6��GDWD�PD\�XVH�GLIIHUHQW�GDWD��EXW�VWLOOXVH� FURVV�VHFWLRQV� RU� SRROHG� GDWD�� &DQWRV� ������� ������� XVLQJ� VLPLODU� GDWD� LQ� WZRVWXGLHV� ���� REVHUYDWLRQV� DUH� DGGHG� LQ� RQH� VWXG\�� DOUHDG\� ILQGV� PDUNHGO\� GLIIHUHQWUHWXUQV� WR� VFDOH�SDUDPHWHUV��$QGULNRSRXORV� DQG�/Rw]LGHV� ������� KDYH� D� VLPLODU� GDWDVWUXFWXUH��DOWKRXJK�IRU�GLIIHUHQW�\HDUV��EXW�ZLWK�D�GLIIHUHQW�VSHFLILFDWLRQ�DQG�GLIIHUHQWRXWSXWV� WKH\� REWDLQ� FRPSOHWHO\� GLIIHUHQW� UHVXOWV�� 2WKHU� DXWKRUV� HVWLPDWLQJ� FRVWIXQFWLRQV�IRU�(XURSHDQ�UDLOZD\�FRPSDQLHV�XVH�WLPH�VHULHV�RU�SRROHG�GDWD�
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+DUULV� ������� DUJXHV� WKDW� ³LQDSSURSULDWH�PHDVXUHV� RI� RXWSXW´� DUH� IUHTXHQWO\XVHG��XVXDOO\�JURVV�WRQ�PLOHV��$OWKRXJK�VXFK�DQ�RXWSXW�SURYLGHV�D�³FRPPRQ�PHDVXUHRI� WKH� RXWSXW� RI� SDVVHQJHUV� DQG� IUHLJKW´�� LW� DOVR� �ZURQJO\�� LQFOXGHV� WKH� ZHLJKW� RIHQJLQHV�DQG�FDUV��ZKLOH�IUHLJKW�DQG�SDVVHQJHUV�FDUULHG�DUH�WKH�WUXH�RXWSXW��0RUHRYHU�XVLQJ�JURVV�WRQ�PLOHV�RQH�LPSOLFLWO\�DVVXPHV�WKDW�RQH�WRQ�FDUULHG������PLOHV�DQG�����WRQV�FDUULHG���PLOH�DUH�HTXLYDOHQW��.HHOHU�DUJXHV�WKDW�RPLWWLQJ�WKH�DYHUDJH� OHQJWK�RIKDXO�LQ�WKH�VSHFLILFDWLRQ�OHDGV�WR�ELDVHG�HVWLPDWHV���$OVR��.HHOHU�DUJXHV�WKDW�WKHUH�LV�DSRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WUDIILF� GHQVLW\� DQG� WKH� SDVVHQJHU�IUHLJKW� VHUYLFH� UDWLR�6LPSO\� DGGLQJ� XS� SDVVHQJHU� DQG� IUHLJKW� JURVV� WRQ�PLOHV� LJQRUHV� WKLV� IDFW�� DQG�PD\OHDG� WR� ELDVHG� UHVXOWV�� )URP�7DEOHV� �� DQG� �� LW� LV� FOHDU� WKDW� �PDQ\�� GLIIHUHQW� RXWSXWVSHFLILFDWLRQV�DUH�XVHG��DQG�DOWKRXJK�WKLV�PRUH�WKDQ�OLNHO\�LQIOXHQFHV�WKH�UHVXOWV��LW�LVLPSRVVLEOH� WR� VD\� WKDW� ³RQH� SHUIRUPV� EHWWHU� WKDQ� WKH� RWKHU´�� 3UHVWRQ� ������VSHFLILFDOO\� FRQFHQWUDWHV� RQ� VXSSO\�RULHQWHG� �LQWHUPHGLDWH�� RXWSXW�PHDVXUH�� EHFDXVHILQDO� GHPDQG� UHODWHG� RXWSXW� PHDVXUHV� VXFK� DV� SDVVHQJHUNLORPHWHUV� DQG� IUHLJKWWRQNLORPHWHUV�DUH�LQIOXHQFHG�E\�H�J��IDUH�UHVWULFWLRQV�DQG�WKHUHIRUH�³SRRU�PHDVXUHV�RIPDQDJHULDO� DQG� RUJDQL]DWLRQDO� SHUIRUPDQFH´�� 7KH� ³FRUUHFW´� RXWSXW� PD\� WKXV� EHGHSHQGHQW�RQ�WKH�VWUXFWXUH��RSHUDWLQJ�HQYLURQPHQW�DQG�OHJDO�VWDWXV�RI�WKH�ILUP��,Q�WKLVSDSHU�� ZH� IROORZ� 3UHVWRQ� ������� EHFDXVH� WKH� 'XWFK� UDLOZD\� FRPSDQ\� LV� RSHUDWLQJXQGHU�VWULFW�IDUH�FRQWUROV�
�� 0HWKRGRORJ\
7UDQVORJ�7KH� DGYDQWDJH� LQ� HVWLPDWLQJ� D� IOH[LEOH� IXQFWLRQDO� IRUP� LV� WKDW� RQH� SXWV� QR� D�SULRULUHVWULFWLRQV�RQ�FRVW�HODVWLFLWLHV� �DV� LV� H�J�� WKH� FDVH�ZLWK� WKH�&REE�'RXJODV� IXQFWLRQ��0RUHRYHU��WKH�WUDQVORJ�PD\�EH�XVHG�DV�D�7D\ORU�VHULHV�DSSUR[LPDWLRQ�RI�DQ�XQNQRZQIXQFWLRQ�DW�D�FHUWDLQ�SRLQW��$URXQG�WKDW�SRLQW��WKH�ILUVW�DQG�VHFRQG�RUGHU�GHULYDWLYHV�RIWKH�WUDQVORJ�IXQFWLRQ�DQG�WKH�XQNQRZQ�IXQFWLRQ��DQG�WKH�GXDO�IXQFWLRQV���DUH�WKH�VDPH�7KH� PRVW� VLPSOH� WUDQVORJ� VSHFLILFDWLRQ� IRU� D� PLFUR�HFRQRPLF� FRVW� IXQFWLRQ� LV�VXEVFULSWV�GHQRWLQJ�LQGLYLGXDO�REVHUYDWLRQV�KDYH�EHHQ�RPLWWHG�WR�UHGXFH�QRWDWLRQ����
� .HHOHU��������UHSRUWV�WKDW�WKH�FRUUHODWLRQ�EHWZHHQ�GHQVLW\�DQG�DYHUDJH�OHQJWK�RI�KDXO�LV������� %ODFNRUE\�DQG�'LHZHUW�������� 7KH�XQGHUO\LQJ�DVVXPSWLRQ�LV� WKDW� WKHUH�H[LVWV�D� WUDQVIRUPDWLRQ�SURFHVV�ZLWK�D�VWULFWO\�FRQYH[� LQSXWVWUXFWXUH� IURP� ZKLFK� WKH� PD[LPXP� SRVVLEOH� DPRXQW� RI� RXWSXWV� LV� SURGXFHG�� 7KH� GXDO� WR� WKLVWUDQVIRUPDWLRQ�SURFHVV�LV�D�PXOWL�SURGXFW�FRVW�IXQFWLRQ�WKDW�PLQLPLVHV�WKH�FRVW�RI�DOO�LQSXWV�
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ZKHUH�&�LV�RSHUDWLRQDO�FRVW��<L LV�RXWSXW�L DQG�3M LV�WKH�SULFH�RI�LQSXW�M��. LV�WKH�TXDVL�IL[HG�LQSXW��ZKLFK�LV�LQFOXGHG�EHFDXVH�ZH�HVWLPDWH�D��VKRUW�UXQ��YDULDEOH�FRVW�IXQFWLRQ�&DYHV� HW� DO��� ������� :KHQ� WKH� TXDVL�IL[HG� IDFWRU� ZRXOG� QRW� EH� LQFOXGHG� LQ� WKHHVWLPDWLRQV�� WKH� SDUDPHWHU� HVWLPDWHV� ZRXOG� EH� ELDVHG��� 7KH� TXDVL�IL[HG� LQSXW� LVFRUUHFWHG�IRU�XVDJH��2XP�HW�DO���������2XP�DQG�=KDQJ��������7KH�SRLQW�RI�DSSUR[LPDWLRQ�LV�GHQRWHG�E\�VXSHUVFULSW�
��:KHQ�WKH�WUDQVORJ�LVLQWHUSUHWHG�DV�D�7D\ORU�VHULHV�H[SDQVLRQ��D� LV� WKH�YDOXH�RI� WKH�XQNQRZQ� IXQFWLRQ�DWWKH� SRLQW� RI� DSSUR[LPDWLRQ�� DQG� WKH� SDUDPHWHUV� DUH� WKH� ILUVW� DQG� VHFRQG�RUGHUGHULYDWLYHV�RI�WKH�XQNQRZQ�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�YDULRXV�YDULDEOHV��6\PPHWU\LPSOLHV� WKDW�GLM GML DQG� JLM JML�� 0RUHRYHU�� WKH� UHVWULFWLRQV� IRU� OLQHDU� KRPRJHQHLW\� LQIDFWRU�SULFHV�DUH�
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$VVXPLQJ� FRVW� PLQLPLVDWLRQ� DQG� DSSO\LQJ� 6KHSKDUG¶V� OHPPD� \LHOGV� WKHIROORZLQJ�VKDUH�HTXDWLRQV��ZKLFK�DUH�XVHIXO�LQ�WKH�HVWLPDWLRQ�SURFHGXUH�
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 Q�����M�OQOQOQOQOQOQ HOJUE ���
(VWLPDWLRQ�7KH�WZR�VWDQGDUG�PHWKRGV�XVHG�WR�HVWLPDWH�VLPXOWDQHRXVO\�DOO�WKH�HTXDWLRQV�RI�D�IXOO\VSHFLILHG�VWUXFWXUDO�PRGHO�DUH�WKUHH�VWDJH�OHDVW�VTXDUHV�DQG�IXOO�LQIRUPDWLRQ�PD[LPXPOLNHOLKRRG��7KH� WKUHH�VWDJH� OHDVW� VTXDUHV� HVWLPDWLRQ�PHWKRG� FRPELQHV� WKH� WZR�VWDJHOHDVW� VTXDUHV� DQG� =HOOQHU¶V� PHWKRG�� WKH� 685� �VHHPLQJO\� XQUHODWHG� UHJUHVVLRQV�=HOOQHU�� ������� WKLV� DOORZV� IRU� FRUUHFWLQJ� ERWK� VLPXOWDQHRXV� HTXDWLRQ� ELDV� DQGGLVWXUEDQFHV¶�FRUUHODWLRQ�EHWZHHQ�HTXDWLRQV�=HOOQHU�SURSRVHG�D�WZR�VWHS�PHWKRG�WR�HVWLPDWH�PRGHOV�LQ�ZKLFK�GLVWXUEDQFHVDUH� FRQWHPSRUDQHRXVO\� FRUUHODWHG� DW� D� FHUWDLQ� SRLQW� RI� WLPH�� 7KH� LQLWLDO� GLIILFXOW\ZKHQ�DSSO\LQJ�JHQHUDOLVHG�OHDVW�VTXDUHV��*/6����LV�WKDW�WKH�HOHPHQWV�RI�WKH�FRYDULDQFHPDWUL[� RI� WKH� GLVWXUEDQFH¶� WHUPV� DUH� XQNQRZQ�� 7R� DOOHYLDWH� WKLV� GLIILFXOW\��=HOOQHUSURSRVHG�WR�DSSO\�2/6�WR�HDFK�RI�WKH�HTXDWLRQV�LQ�D�ILUVW�VWHS��DQG�WKHQ�WR�GHGXFH�WKHYHFWRU�RI�WKH�UHVLGXDOV�HL��7KH�HOHPHQWV�RI�WKH�FRYDULDQFH�PDWUL[�DUH�FRPSXWHG�DV

L
LLLL NQ HHV � 
 ���

������

 ���� ML
MLLM NQNQ HHV �� ���

ZLWK� Q� WKH� QXPEHU� RI� HTXDWLRQV�� NL WKH� QXPEHU� RI� H[SODQDWRU\� YDULDEOHV� IRU� HDFKHTXDWLRQ�� DQG� VLL EHLQJ� WKH� GLDJRQDO� HOHPHQWV�� VLM EHLQJ� WKH� RWKHU� HOHPHQWV�� 7KHREWDLQHG� HVWLPDWLRQ� RI� WKH� FRYDULDQFH� PDWUL[� LV� WKHQ� HPSOR\HG� LQ� WKH� LQLWLDO� */6PHWKRGRORJ\�� ,W� UHVXOWV� LQ� WKH� IHDVLEOH� */6� HVWLPDWRU�� RU� 685� HVWLPDWRU��=HOOQHU¶VDSSURDFK�LV�WKH�VWDQGDUG�DSSURDFK�LQ�WKH�OLWHUDWXUH�IRU�WKH�MRLQW�HVWLPDWLRQ�RI�WUDQVORJFRVW�IXQFWLRQV�DQG�VKDUH�HTXDWLRQV�)RU� WKH� HVWLPDWLRQ� SURFHVV�� LW� LV� LPSRUWDQW� WR� UHDOL]H� WKDW� WKH� SRLQW� RIDSSUR[LPDWLRQ� LV� WKH� VDPH� IRU� DOO� REVHUYDWLRQV�� 7KLV� PHDQV� WKDW� WKH� SRLQW� RI
� :KHQ�ZH�GHULYH�D�YDULDEOH�FRVW�IXQFWLRQ��WKHUH�ZLOO�EH�D�IL[HG�IDFWRU�DV�DQ�DUJXPHQW�LQ�WKH�YDULDEOHFRVW�IXQFWLRQ��:KHQ�WKLV�IDFWRU�LV�QRW�LQFOXGHG��WKH�SDUDPHWHUV�ZRXOG�VXIIHU�IURP�D�³PLVVLQJ�YDULDEOH�ELDV´�� 7KH�*/6�LV�WR�EH�DSSOLHG�ZKHQ�GLVWXUEDQFHV�DUH�QRQ�VSKHULFDO�� : ��
� VXX( ��LW�FRQVLVWV�LQ�WKHDSSOLFDWLRQ�RI�2/6�LQFOXGLQJ�WKH�FRYDULDQFH�PDWUL[�LQ�WKH�VSHFLILFDWLRQ�RI�WKH�HVWLPDWRU
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VWDQGDUGL]DWLRQ�LV�QR�PRUH�WKDQ�DQ�DGMXVWPHQW�RI�VRPH�RI�WKH�SDUDPHWHUV��6SHFLILFDOO\�ZH�FDQ�UHZULWH�WKH�VKDUH�HTXDWLRQV�DV�
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7KH�LPSOLFDWLRQ�LV�WKDW�WKH�FRQVWDQWV�LQ�WKH�VKDUH�HTXDWLRQV�DUH�QRW�HTXDO�WR�EM XQOHVV

L<  

 MM .3   ���$W�DQ\�RWKHU�SRLQW��WKH�FRQVWDQWV�DUH�HVWLPDWHG�DV�WKH�ILUVW�5+6�WHUPVLQ�EUDFNHWV�LQ�HTXDWLRQV������EM FDQ�EH�FDOFXODWHG�IURP�WKHVH�FRQVWDQWV��7KLV�PHDQV�WKDWRQH� VKRXOG� FDOFXODWH� WKH� SURSHU� EM IRU� HDFK� LWHUDWLRQ� LQ� WKH� LWHUDWLYH� HVWLPDWLRQSURFHGXUH����,Q�WKLV�SDSHU��ZH�XVH�IXOO�LQIRUPDWLRQ�PD[LPXP�OLNHOLKRRG��ZKHUH�WKLV�LVQRW�DQ�LVVXH��6HH�$SSHQGL[�$�IRU�D�VLPLODU�GLVFXVVLRQ�RQ�WKH�FRVW�IXQFWLRQ�

5HWXUQV�WR�VFDOH�DQG�UHWXUQV�WR�GHQVLW\�+DUULV� �������� SRLQWV� RXW� WKDW� HFRQRPLHV� RI� VFDOH� DUH� D� SURSHUW\� RI� D� ORQJ�UXQ� FRVWIXQFWLRQ�� DYHUDJH� FRVWV� GHFUHDVH� DV� WKH� ILUP� VL]H� LQFUHDVHV�� ZKHUH� ILUP� VL]H� LVPHDVXUHG� LQ� RXWSXWV� DQG� QHWZRUN� VL]H�� )RU� �VKRUW�UXQ�� SULFLQJ� LVVXHV� �ZLWK� IL[HGQHWZRUNV�� HFRQRPLHV� RI� GHQVLW\� �NHHSLQJ� QHWZRUN� VL]H� IL[HG�� DUH� DUJXDEO\� PRUHLPSRUWDQW��+DUULV��������,W�LV��KRZHYHU��QRW�XQFRPPRQ�WR�GHWHUPLQH�ERWK�UHWXUQV�WR�GHQVLW\�DQG�UHWXUQVWR� VFDOH� IURP� D� VKRUW� UXQ� YDULDEOH� FRVW� IXQFWLRQ�� IRU� H[DPSOH�� &DYHV� HW� DO�� ������VSHFLI\� D� VKRUW�UXQ� YDULDEOH� FRVW� IXQFWLRQ� DQG� FDOFXODWH� UHWXUQV� WR� VFDOH� XVLQJ� WZRPHDVXUHV� LQFOXGLQJ� DQG� H[FOXGLQJ� QHWZRUN� FKDUDFWHULVWLFV�� )ROORZLQJ�3DQ]DU� DQG:LOOLJ���������LW�LV�FRPPRQ�WR�GHILQH�UHWXUQV�WR�VFDOH�DV���RYHU�WKH�VXP�RI�WKH�RXWSXWHODVWLFLWLHV�� ZKHUH� WKH� RXWSXW� HODVWLFLW\� LV� L<& OQ�OQ ww ���� :KHQ� WKH� H[SUHVVLRQ� LVODUJHU� WKDQ� ��� SRVLWLYH� UHWXUQV� WR� VFDOH� SUHYDLO���� ,Q� WKH� FDVH� RI� D� VKRUW�UXQ� FRVW
�� 8QOHVV�WKH�GDWD�DUH�VWDQGDUGL]HG�RQ�WKH�SRLQW�OQ��� ���� &KULVWHQVHQ� DQG�*UHHQH� ������� FDOFXODWH� WKH� UHWXUQV� WR� VFDOH�PHDVXUH� DV� ¦� M M<OQ&OQ� ww �
ZKLFK� LV� SRVLWLYH� ZKHQ� VFDOH� HFRQRPLHV� SUHYDLO� DQG� QHJDWLYH� ZKHQ� GLVHFRQRPLHV� SUHYDLO�� 7KLVGHILQLWLRQ�LV�DOVR�XVHG�LQ�WKH�WUDQVSRUW�HFRQRPLFV�OLWHUDWXUH�IRU�UHWXUQV�WR�GHQVLW\��,W�LV�VWUDLJKWIRUZDUG�WR³WUDQVODWH´�D�QXPEHU�FDOFXODWHG�IURP�RQH�GHILQLWLRQ�WR�D�QXPEHU�FDOFXODWHG�IURP�WKH�RWKHU�GHILQLWLRQ��� )URP�WKH�GXDO�SURGXFWLRQ�IXQFWLRQ�ZH�FRXOG�GHWHUPLQH�DQ�HODVWLFLW\�RI�VFDOH��7KLV�HODVWLFLW\�RI�VFDOHRQO\� HTXDOV� WKH� LQYHUVH� RI� WKH� RXWSXW� HODVWLFLW\� RI� WKH� FRVW� IXQFWLRQ�ZKHQ� WHFKQRORJ\� LV�KRPRWKHWLF�
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IXQFWLRQ���VKRUW�UXQ��UHWXUQV�WR�VFDOH�DUH����PLQXV�WKH�HODVWLFLW\�RI�FRVW�ZLWK�UHVSHFW�WRFDSLWDO��RYHU�WKH�VXP�RI�WKH�RXWSXW�HODVWLFLWLHV�,Q� WKH� WUDQVSRUW� HFRQRPLFV� OLWHUDWXUH�� WKLV� GHILQLWLRQ� LV� FRPPRQO\� XVHG� IRU�VKRUW�UXQ��UHWXUQV�WR�GHQVLW\��57'���VHH�H�J��&DYHV�HW�DO���������
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5HWXUQV� WR� VFDOH� DUH� XVXDOO\� FDOFXODWHG� DV� ���VXP� RI� RXWSXW� HODVWLFLWLHV� SOXV� WKHQHWZRUN�VL]H�HODVWLFLW\���$YDLODEOH�PLOHV�RI� WUDFN�DUH� IUHTXHQWO\�XVHG� LQ� WKH� UDLO� FRVWOLWHUDWXUH� DV� D�PHDVXUH� RI� QHWZRUN� VL]H�� VHH� H�J��%LW]DQ� �������� &DQWRV� ������� DQG&DYHV�HW�DO����������7KH�WKHRUHWLFDO�LQWHUSUHWDWLRQ�RI�576 PD\��KRZHYHU��EH�VRPHZKDWWHGLRXV�ZKHQ�WKH�QHWZRUN�VL]H�YDULDEOH�FDQQRW�EH�LQWHUSUHWHG�DV�DQ�RXWSXW��:KHQ�WKHRXWSXWV�DUH�SDVVHQJHU�NLORPHWHUV�RU�UHYHQXH�NLORPHWHUV��QHWZRUN�VL]H��QHWZRUN�OHQJWK�FRXOG�EH� VHHQ� DV� DQ� LQSXW��:H� WKHQ� FDOFXODWH�576 XVLQJ� WKH� HODVWLFLW\� RI� FRVWV�ZLWKUHVSHFW�WR�ERWK�RXWSXWV�DQG�DQ�LQSXW�3UHVWRQ� ������� DUJXHV� WKDW� PDQ\� UDLO� FRPSDQLHV� RSHUDWH�G�� LQ� D� UHJXODWHGHQYLURQPHQW�� DQG� KDYH� OLWWOH� FRQWURO� RYHU� WKH� ILQDO� �FRQVXPHU�� SULFHV�� 3UHVWRQWKHUHIRUH�XVHV�³OHQJWK�RI� OLQH´� DV�DQ�³LQWHUPHGLDWH´�RXWSXW�� VR� WKDW� WKH�QHWZRUN�VL]HYDULDEOH�KDV�DQ�LQWHUSUHWDWLRQ�DV�DQ�RXWSXW�DQG�WKH�FDOFXODWLRQ�RI�576 LV�VROHO\�EDVHGRQ� RXWSXWV�� $OWKRXJK� WKH�1HWKHUODQGV�5DLOZD\V� FRPSDQ\� DOVR� RSHUDWHV� XQGHU� VWULFWIDUH�FRQWUROV��VR�WKDW�D�PHDVXUH�RI�QHWZRUN�VL]H�FRXOG�EH�LQFOXGHG�DV�DQ��LQWHUPHGLDWH�RXWSXW�� LQ� RXU� FDVH� LW� ZDV� QRW� SRVVLEOH� WR� FDOLEUDWH� D� PHDQLQJIXO� FRVW� IXQFWLRQLQFOXGLQJ� D� PHDVXUH� RI� QHWZRUN� VL]H� GXH� WR� GDWD� OLPLWDWLRQV�� :H� WKHUHIRUH� GR� QRWFDOFXODWH�576�,Q�$SSHQGL[���ZH�VKRZ�WKDW�LW�GRHV�QRW�PDWWHU�IRU�WKH�FDOFXODWLRQ�RI�57' �RU576�� ZKLFK� SRLQW� RI� DSSUR[LPDWLRQ� LV� FKRVHQ�� (VWLPDWLQJ� RQH� FRVW� IXQFWLRQ� DQG
:KHQ�WHFKQRORJ\�LV�KRPRWKHWLF��SRVLWLYH�UHWXUQV�WR�VFDOH�ZLOO�VWLOO�SUHYDLO�ZKHQ�WKH�RXWSXW�HODVWLFLW\�RI
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FDOFXODWLQJ�57' IRU�DOO�VDPSOH�SRLQWV�\LHOGV�WKH�VDPH�UHVXOWV�DV�FDOFXODWLQJ�57' IURPFDOLEUDWHG�FRVW�IXQFWLRQV�VWDQGDUGL]HG�DW�HDFK�VDPSOH�SRLQW�
�� 'DWD�,Q� WKLV� VHFWLRQ�� WKH� GDWD� DUH� GHVFULEHG�� :H� VWDUW� ZLWK� D� FRQFLVH� GHVFULSWLRQ� RI� WKH1HWKHUODQGV�5DLOZD\�&RPSDQ\�
7KH�1HWKHUODQGV�5DLOZD\V��1HGHUODQGVH�6SRRUZHJHQ��16�(8� GLUHFWLYH� �������((&�� LPSOHPHQWHG� -DQXDU\� �� ������ UHFRPPHQGHG� ILQDQFLDOHTXLOLEULXP�� DXWRQRP\� DQG� FRPSHWLWLYHQHVV� IRU� (XURSHDQ� UDLOZD\V�� DQG� VWDWHG� WKDWWUDQVSRUW�VHUYLFHV�DQG�LQIUDVWUXFWXUH�H[SORLWDWLRQ�KDYH�WR�EH�GLVFULPLQDWHG��,QGHHG��LQ������ 1HWKHUODQGV� 5DLOZD\V� �16�� KDV� VSOLW� LQ� ILYH� VXE�VHFWLRQV�� 16�WUDYHOOHUV�� 16FDUJR��16� VWDWLRQV��16� UHDO� HVWDWH�� DQG�16� WUDIILF� FRQWURO� �9DQ�2RVWVWURRP�� ������'DWD� DIWHU� ����� DUH� GLIIHUHQW� IURP� WKRVH� EHIRUH� ������ 7R� NHHS� KRPRJHQHLW\� LQ� WKHWLPH�VHULHV�XVHG�LQ�WKH�DQDO\VLV��WKH�GDWDVHW�LV�WKHUHIRUH�QRW�H[SDQGHG�EH\RQG������7KH� 6WDWH�� H[FOXVLYH� RZQHU� RI� 16�� KDV� JUDGXDOO\� VWRSSHG� DQ\� ILQDQFLDOVXSSRUW���� DQG� 16� LV� QRZ� ILQDQFLDOO\� LQGHSHQGHQW�� $FWXDOO\�� 16¶� LQYHVWPHQWV� KDYHEHHQ�UHGXFHG�RYHU�WKH�\HDUV��WKH�FXUUHQW�YDOXH�RI�FDSLWDO�GHFUHDVHG�DW�D�YHU\�VORZ�SDFHRYHU�WKH�IRXU�FRQVLGHUHG�GHFDGHV��ZLWK�D�ODUJH�EUHDN�EHWZHHQ������DQG��������������ZKHQ�SDUW�RI�WKH�QHWZRUN�ZDV�SXW�RXW�RI�RSHUDWLRQ�
6XSSO\�DQG�GHPDQG7KH�VXSSO\�RI�SDVVHQJHU�WUDQVSRUW�VHUYLFHV�KDV�DOPRVW�WULSOHG�LQ�WKH�SDVW�IRUW\�\HDUV�ZKHQ�ERWK�WKH�QXPEHU�RI�DYDLODEOH�VHDWV�DQG�WKH�FRYHUHG�GLVWDQFHV�DUH�FRQVLGHUHG��VHH)LJXUH���)URP�WKH�����V��16�PDGH�LQFUHDVHG�WKH�IUHTXHQFLHV�RI�WUDLQV��YDQ�2RVWVWURRP��������ZKLFK�EHFRPHV�DSSDUHQW�LQ�)LJXUH����WKHUH�LV�D�VKDUS�LQFUHDVH�LQ�WKH�QXPEHU�RIVHDW�NLORPHWHUV�� 7KLV� LQFUHDVH� LV� RQO\� WHPSRUDU\�� DQG� VORZV� GRZQ� IROORZLQJ� WKH� RLOFULVLV��,Q�WKH�����V��WKHUH�ZDV�D�JURZWK�DJDLQ��ZLWK�D�UDSLG�LQFUHDVH�LQ�WKH�HDUO\�����V�
FRVW�LV�VPDOOHU�WKDQ����� 7KH�(XURSHDQ�,QGXVWULDO�5HODWLRQV�2EVHUYDWRU\��µ�&RPSDUDWLYH�VWXG\�RQ�LQGXVWULDO�UHODWLRQV�LQ�WKHUDLO�WUDQVSRUW�VHFWRU��WKH�1HWKHUODQGV¶��DQG�µ/HV�UHODWLRQV�LQGXVWULHOOHV�GDQV�OH�VHFWHXU�IHUURYLDLUH¶KWWS���ZZZ�HLUR�HXURIRXQG�LH���������ZRUG�QO������V�GRFKWWS���ZZZ�HLUR�HXURIRXQG�LH���������6WXG\�71�������6�KWPO
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)LJXUH���DERXW�KHUH
)LJXUH� �� VKRZV� WKDW� WKH� DFWXDO� GHPDQG� IRU� WUDQVSRUW� SDVVHQJHU� VHUYLFHV�WUDYHOOHU�NLORPHWUHV�� KDV� EHHQ� LQFUHDVLQJ� DW� D� UHODWLYHO\� VORZ� SDFH� XQWLO� WKH� ODWH����V�� WKHQ� JURZLQJ� VKDUSO\� DQG� VWDELOLVLQJ� DURXQG� ������ ZKHUHDV� WKH� VXSSO\FRQWLQXHG� WR� LQFUHDVH�� 7KH� VXGGHQ� LQFUHDVH� LQ� GHPDQG� LQ� WKH� HDUO\� ����V� ZDV� WKHFRQVHTXHQFH� RI� WKH� JRYHUQPHQW¶V� GHFLVLRQ� WR� JLYH� VWXGHQWV� IUHH� DFFHVV� WR� SXEOLFWUDQVSRUW��$V�D�PDWWHU�RI�IDFW��WKH�ORDG�IDFWRU��ZKLFK�ZDV�QRW�IDU�IURP�ILIW\�SHUFHQW�LQWKH� HDUO\� ����V�� KDV� GLPLQLVKHG� DSSUR[LPDWHO\� E\� WHQ� SHUFHQWDJH� SRLQWV� �)LJXUH� ���$JDLQ��IUHH�VWXGHQW�DFFHVV�WR�SXEOLF�WUDQVSRUW�LV�YLVLEOH�LQ������ZLWK�D�VXGGHQ�ULVH�LQWKH�ORDG�IDFWRU��7KH�ORDG�IDFWRU�GRHV��KRZHYHU��QRW�UHDFK�WKH�OHYHO�RI�WKH�HDUO\�����V�

)LJXUH���DERXW�KHUH
1HWZRUN8QWLO�WKH�HDUO\�����V��WKH�VL]H�RI�WKH�QHWZRUN�UHPDLQHG�VWHDG\��$IWHU�WKH�HDUO\�����V�WKH�QXPEHU�RI�VWDWLRQV� LQFUHDVHG� OLWWOH�E\� OLWWOH��ZKLOH�DW� WKH�VDPH� WLPH� WKH� OHQJWK�RIWKH�QHWZRUN�GHFUHDVHG�� LQ�D�VPDOOHU�VFDOH��KRZHYHU��8QSURILWDEOH� OLQHV�ZHUH�GHOHWHG�DQG� PRUH� VWDWLRQV� ZHUH� RSHQHG� DORQJ� ³WKLFN´� OLQHV�� 16� KDV� VWURQJO\� IRFXVHG� LWVDWWHQWLRQ�RQ�SDVVHQJHU�WUDQVSRUW��)UHLJKW�RSHUDWLRQV�DUH�OLPLWHG�

)LJXUH���DERXW�KHUH
7KH�GDWDVHW�7KH�GDWDVHW� FRQWDLQV�D� WLPH�VHULHV� IRU� WKH�'XWFK� UDLOZD\V� IRU� WKH�SHULRG�����������DQG� ZDV� H[WUDFWHG� IRU� D� JUHDW� SDUW� IURP� 9DQ�2RVWVWURRP� �������� 7KHVH� GDWD� ZHUHFRPELQHG�ZLWK�GDWD� IURP� WKH�RQOLQH�YHUVLRQ�RI�&%6�GDWD�EDVH�� DQG� IURP� WKH�\HDUO\SDSHU�YHUVLRQV�RI�WKH�&%6�UHYLHZ�1HGHUODQGVH�VSRRUZHJHQ��LQIUDVWUXFWXXU�HQ�UROOHQGPDWHULDDO�����GHFHPEHU��LQ�6WDWLVWLHN�YDQ�KHW�SHUVRRQYHUYRHU�,Q�WKH�VKRUW�UXQ�YDULDEOH�FRVW�IXQFWLRQ��ZH�LQFOXGH�WKH�IROORZLQJ�YDULDEOHV�7KH� RSHUDWLQJ� FRVWV RU� YDULDEOH� FRVWV XVHG� LQ� WKH� DQDO\VLV� EUHDN� GRZQ� LQWR� WKUHHFRPSRQHQWV��ODERXU�FRVWV��HQHUJ\�FRVWV�DQG�PDLQWHQDQFH�FRVWV��)LJXUH�����,QSXW�SULFHV�)LJXUH� ��� DUH� FRPSXWHG� DV� WKH� UDWLRV� EHWZHHQ� H[SHQGLWXUHV� DQG� FRUUHVSRQGLQJYROXPHV��)RU�WKH�SULFH�RI�ODERXU��SHUVRQQHO�H[SHQGLWXUHV�DUH�GLYLGHG�E\�WKH�QXPEHU�RI



��

HPSOR\HG�SHUVRQV��7KH�HQHUJ\�FRVW�LV�WKH�UDWLR�RI�HQHUJ\�H[SHQGLWXUHV�IRU�WUDFWLRQ�WRWKH� QHHG� IRU� HQHUJ\� LQ� NLORZDWW�KRXU�� )LQDOO\�� PDLQWHQDQFH� FRVWV� DUH� REWDLQHG� E\GLYLGLQJ�PDLQWHQDQFH�DQG�PDWHULDOV�H[SHQGLWXUHV�E\�WKH�VXP�RI� WKH�QXPEHU�RI� WUDLQ�NLORPHWUHV� JRRGV� DQG� WUDLQ�NLORPHWUHV� SDVVHQJHUV�� 7KH� JUHDWHU� SDUW� RI� WKH� RSHUDWLQJFRVWV�RI�WKH�'XWFK�UDLOZD\V�DUH�ODERXU�FRVWV��UHDFKLQJ�����RI�WRWDO�RSHUDWLQJ�FRVWV�LQWKH� ODWH�����V���/DERXU�EHFDPH�PRUH� DQG�PRUH� H[SHQVLYH�XQWLO� WKH�����V��7KH�FRVWVKDUHV�KDYH�EHHQ�FRPSXWHG�IURP�WKH�VXP�RI�WKHVH�WKUHH�LWHPV��&RVWV�DUH�GHIODWHG�E\GLYLGLQJ�LWV�LQLWLDO�YDOXH�E\�WKH�FRQVXPHU�SULFH�LQGH[��EDVH�����LQ������
)LJXUH���DERXW�KHUH

7KH�QXPEHU�RI�VHDW�NLORPHWUHV LV�WKH�RQO\�RXWSXW XVHG�LQ�WKH�FRVW�IXQFWLRQ��7KH16� JUDGXDOO\� UHGXFHG� WKH� QHWZRUN� OHQJWK� VROHO\� GHYRWHG� WR� IUHLJKW� WUDQVSRUW�0RUHRYHU�� WKH�QXPEHU�RI� IUHLJKW�WRQ�NLORPHWHUV� LV�VPDOO�FRPSDUHG� WR� WKH�QXPEHU�RISDVVHQJHU�NLORPHWHUV��,QFOXGLQJ�IUHLJKW�DV�DQ�RXWSXW�UHVXOWV�LQ�D�WKHRUHWLFDOO\�LQFRUUHFWVLJQ�IRU�WKH�ILUVW�RUGHU�SDUDPHWHU��2QH�RXWSXW��SDVVHQJHU�NLORPHWHUV��LV�WKHUHIRUH�XVHGLQ� WKH� UHSRUWHG� HVWLPDWLRQV�� 7KH� QXPEHU� RI� VWDWLRQV� ZDV� DOVR� FRQVLGHUHG� DV� DQ�LQWHUPHGLDWH��RXWSXW��EXW�DOVR�KDJ�DQ�LQFRUUHFW�VLJQ��7KH�QXPEHU�RI�VWDWLRQV�PD\�DOVREH�XVHG�DV�D�PHDVXUH�RI�QHWZRUN�VL]H��EXW�WKHQ�RQH�DOVR�ZRXOG�QRW�H[SHFW�D�QHJDWLYHVLJQ�� RU� DV� D� IL[HG� IDFWRU�� %XW� LQ� WKH� ODWWHU� FDVH�� RQH� ZRXOG� H[SHFW� WKH� QXPEHU� RIVWDWLRQV� WR� EH� LQFOXGHG� LQ� WKH� YDOXH� RI� FDSLWDO�� VR� WKDW� LW� LV� FRXQWHG� GRXEOH�� ,W� ZDVWKHUHIRUH�GURSSHG�IURP�WKH�HVWLPDWLRQV�DOO�WRJHWKHU�
)LJXUH���DERXW�KHUH

7KH�YDOXH�RI�FDSLWDO LV�XVHG�DV�D�TXDVL�IL[HG�IDFWRU��DQG�LV�VLPSO\�WKH�YDOXH�RIFDSLWDO�FRUUHFWHG�IRU�XVDJH�E\�DSSO\LQJ�WKH�ORDG�IDFWRU��7KH�ORDG�IDFWRU�LV�WKH�UDWLR�RISDVVHQJHU�NLORPHWUHV� WR� FDSDFLW\� VHDW�NLORPHWUHV�� 7KH� YDOXH� RI� FDSLWDO� LV� JLYHQ� LQFRQVWDQW�JXLOGHUV��DQG�LV�KLJKO\�FRUUHODWHG�ZLWK�WKH�WRWDO�QHWZRUN�OHQJWK�LQ�NLORPHWUHV�
)LJXUH���DERXW�KHUH

)LQDOO\��D�TXDGUDWLF WUHQG�ZDV�LQFOXGHG�WR�FDSWXUH�WHPSRUDO�HIIHFWV�
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�� (VWLPDWLRQ�UHVXOWV�
7KH�HVWLPDWLRQ�UHVXOWV�DUH�SUHVHQWHG� LQ�7DEOH����7KH�'XUELQ�:DWVRQ�VWDWLVWLF� IRU� WKHFRVW�IXQFWLRQ�LV�LQ�WKH�³VDIH�]RQH´��7KH�5� LV�YHU\�KLJK��ZKLFK�LV�GXH�WR�WKH�UHODWLYHO\ODUJH�QXPEHU�RI�VHFRQG�RUGHU�WHUPV�$OO�WKH�VTXDUHG�WHUPV�KDYH�SRVLWLYH�VLJQV��ZKLFK�LV�DFFRUGLQJ�WR�H[SHFWDWLRQV�WKH�FRVW�IXQFWLRQ�LV�JOREDOO\�LQFUHDVLQJ�LQ�LQSXW�SULFHV�DQG�RXWSXWV��DOO�RWKHU�YDULDEOHVKHOG�FRQVWDQW��)URP�WKH�VLJQ�RI�WKH�LQWHUDFWLRQ�WHUPV��LW�DSSHDUV�WKDW�ODERXU�DQG�HQHUJ\DUH� VXEVWLWXWHV�� 7KLV� PD\� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� VDPH� QXPEHU� RI� VHDW�NLORPHWHUV� FDQ� EH� REWDLQHG� E\� OHQJWKHQLQJ� WUDLQV�� NHHSLQJ� DOO� RWKHU� YDULDEOHV� IL[HG�OHVV� GULYHUV� DQG� PRUH� HQHUJ\� LV� QHHGHG�� DOWKRXJK� WKH� DPRXQW� RI� HQHUJ\� QHHGHG� LVSUREDEO\�QRW�GRXEOHG��0RUHRYHU��ODERXU� DQG�PDLQWHQDQFH�DSSHDU� WR�EH� VXEVWLWXWDEOHJRRGV� 7KH� WUHQG�YDULDEOH�KDV� D� VLJQLILFDQW� VHFRQG�RUGHU� FRHIILFLHQW�ZLWK� D�QHJDWLYHVLJQ��7KH�FRQVWDQW�UHSUHVHQWV�WKH�FRVW�IXQFWLRQ�YDOXH�DW�WKH�SRLQW�RI�DSSUR[LPDWLRQ��VRWKDW� WKH�QHJDWLYH�VLJQ�RI� WKH�VHFRQG�RUGHU� WHUP�LQGLFDWHV� WKDW� WKH�FRVW�HYDOXDWHG�DW�DJLYHQ�SRLQW��WKH�SRLQW�RI�DSSUR[LPDWLRQ��GHFUHDVHV�RYHU�WLPH��SURGXFWLYLW\�LQFUHDVHV�1RWH�WKDW�WKH�HVWLPDWHG�FRQVWDQW�FKDQJHV�ZKHQ�ZH�FKDQJH�WKH�SRLQW�RI�DSSUR[LPDWLRQ�7KH� LQWHUSUHWDWLRQ� RI� WKH� VHFRQG�RUGHU� WUHQG� WHUP� GRHV�� KRZHYHU�� QRW� FKDQJH�� $VRXWOLQHG�LQ�WKH�$SSHQGL[��WKH�SRLQW�RI�DSSUR[LPDWLRQ�LV�LUUHOHYDQW�LQ�WKH�GLVFXVVLRQ�RI57' ZKLFK�ZLOO�IROORZ��VHH�$SSHQGL[���IRU�GHWDLOV��7DEOH� �� DQG� )LJXUH� �� SUHVHQW� WKH� UHVXOWV� RQ� WKH� UHWXUQV�WR�GHQVLW\� FRPSXWHGIURP�WKH�HVWLPDWLRQ�UHVXOWV�LQ�WDEOH���

7DEOHV���DQG���DERXW�KHUH)LJXUH���DERXW�KHUH
8S�XQWLO������WKH�57'�FRHIILFLHQW�LV�IDLUO\�VWDEOH�DURXQG����VOLJKW�GHFUHDVLQJ�UHWXUQVWR�GHQVLW\�SUHYDLO��$IWHU������LQFUHDVLQJ�UHWXUQV�WR�GHQVLW\�SUHYDLO��7KLV�LV�FRQVLVWHQWZLWK� WKH� DERYH� PHQWLRQHG� VWUDWHJ\� FKDQJH� LQ� WKH� HDUO\� ����V� �GLVFXVVHG� E\� YDQ2RVWVWURRP�� �������$� GHPDQG� RULHQWHG� VWUDWHJ\�ZDV� UHSODFHG� E\� D� VXSSO\� RULHQWHGVWUDWHJ\��7KH�IUHTXHQF\�RI�VHUYLFH�ZDV�LQFUHDVHG��DOVR�RII�SHDN��KRSLQJ�WKDW�GHPDQGZRXOG�SLFN�XS��$V�D�UHVXOW��WKH�QXPEHU�RI�DYDLODEOH�VHDW�NLORPHWHUV�LQFUHDVHG��%HFDXVHWKLV� ZDV� D� ³QDWLRQ�ZLGH´� SROLF\�� PRUH� IUHTXHQW� WUDLQV� DXWRPDWLFDOO\� PHDQW� VKRUWHU



��

WUDLQV� �JLYHQ� WKH� QXPEHU� RI� FDUULDJHV��� 7KH� UHVXOWV� VKRZ� WKDW� ORZHU� FRVW� SHU� VHDW�NLORPHWHU� FRXOG� EH� REWDLQHG� E\� LQFUHDVLQJ� WKH� QXPEHU� RI� VHDWV� �E\� PDNLQJ� WUDLQVORQJHU� RU� LQWURGXFLQJ� GLIIHUHQW� WUDLQ� W\SHV��� 7KLV� LV� ZKDW� ZH� VHH� LQ� WKH� ODWH� ����V�ZKHQ� GRXEOH�GHFNHU� WUDLQV� ZHUH� LQWURGXFHG�� 7KH� ³ROG´� FDUULDJHV� �UHSODFHG� E\� WKHGRXEOH�GHFNHUV�� ZHUH� XVHG� WR� LQFUHDVH� WKH� OHQJWK� RI� RWKHU� WUDLQV�� VR� WKDW� WKH� WRWDOQXPEHU� RI� DYDLODEOH� VHDWV� LQFUHDVHG�� WKHUH� DUH� OHVV� RSSRUWXQLWLHV� WR� H[SORLW� GHQVLW\HFRQRPLHV�$� JHQHUDO� VLPLODU� SDWWHUQ� �LQFUHDVLQJ� WUHQG�� LQ� 57' LV� IRXQG� E\� YDQ2RVWVWURRP� �������� DOWKRXJK� LQ� YDQ�2RVWVWURRP¶V� FDVH� WKHUH� DUH� PRUH� IOXFWXDWLRQVDURXQG� WKH� JHQHUDO� WUHQG�� 2XU� VWXG\� WKXV� FRQILUPV� WKLV� LQFUHDVLQJ� WUHQG�� +RZHYHU�MXGJLQJ� E\� WKH� VWDQGDUG� HUURU� UHSRUWHG� LQ� 7DEOH� ��� WKH� YDOXH� �� IDOOV� LQVLGH� WKH� ���FRQILGHQFH� LQWHUYDO� IRU�57' IRU� HDFK� \HDU�� VR� WKDW� WKH� QXOO� K\SRWKHVLV� RI� FRQVWDQWUHWXUQV�WR�VFDOH�FDQQRW�EH�UHMHFWHG�LQ�HDFK�\HDU���9HU\� VWURQJ� LQFUHDVLQJ� UHWXUQV� WR�GHQVLW\�� DV� UHSRUWHG�E\�$QGULNRSRXORV� DQG/RL]LGHV� ������� IRU� WKH� 16�� DUH� QRW� HQFRXQWHUHG� LQ� WKLV� VWXG\�� /LNHZLVH�� 3UHVWRQ�������UHSRUWV�WKDW�57'�IRU�WKH�16�LV������LQ�������$OWKRXJK�ZH�ILQG�YDOXHV�IRU�57'LQ�WKDW�RUGHU�RI�PDJQLWXGH��ZH�FHUWDLQO\�GR�QRW�ILQG�LW�IRU�WKH�\HDU�������7KH�GLIIHUHQWUHVXOWV�PD\�EH�FRQWULEXWHG� WR� WKH� VHW�XS�RI� WKH�GLIIHUHQW� VWXGLHV��$QGULNRSRXORV� DQG/RL]LGHV��������XVH�D�GLIIHUHQW�RXWSXW�DQG�KDYH�D�UHODWLYHO\�VPDOO�QXPEHU�RI�GHJUHHVRI� IUHHGRP�� 3UHVWRQ� ������� XVHV� D� SRRO� RI� GLIIHUHQW� FRPSDQLHV�� VR� WKDW� WKHSHUIRUPDQFH� RI� WKH� 16� LV� MXGJHG� DJDLQVW� WKH� EHVW� SUDFWLFH� LQ� (XURSH�� UDWKHU� WKDQHYDOXDWHG�RYHU�WLPH��DV�LV�GRQH�LQ�WKLV�VWXG\�
�� &RQFOXVLRQ
3UHVWRQ� ������� GLVFXVVHV� WKH� ³WUDGLWLRQDO´� DQG� ³UHYLVLRQLVW´� YLHZ� RI� UDLOZD\HFRQRPLVWV� RQ� WKH� LVVXH� RI� WKH� HIIHFW� RI� ILUP� VL]H� RQ� FRVWV�� ,Q� VKRUW�� WKH� WUDGLWLRQDOYLHZ�LV� WKDW�³VL]H�PDWWHUV´�� WKH� UDLOZD\� LQGXVWU\� IDFHV�GHFOLQLQJ�DYHUDJH� FRVWV��$V�DUHVXOW�� PRVW� UDLOZD\� FRPSDQLHV� LQ� :HVWHUQ� (XURSH� DW� VRPH� SRLQW� LQ� WLPH� EHFDPH�VWDWH��PRQRSROLHV��EHFDXVH�LW�LV�FKHDSHU�WR�LQWHJUDWH�VPDOOHU�FRPSDQLHV��$FFRUGLQJ�WRWKH� UHYLVLRQLVW� YLHZ�� ³VL]H� GRHV� QRW� PDWWHU´�� DW� OHDVW� QRW� LQ� UDLOZD\� RSHUDWLRQV�0RUHRYHU�� UDLOZD\� RSHUDWLRQV� DUH� WKRXJKW� WR� EH� FRQWHVWDEOH�� DQG� ODUJH� VWDWH�RZQHG
�� 6WDQGDUG�HUURUV�DUH�DSSUR[LPDWHG�XVLQJ�WKH�GHOWD�PHWKRG��VHH�H�J��*UHHQH��������
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UDLOZD\� FRPSDQLHV� H[SHULHQFH� ;�LQHIILFLHQF\�� 7KH� UHYLVLRQLVW� YLHZ� VXJJHVWV� WKDWLQIUDVWUXFWXUH� DQG� UDLOZD\� RSHUDWLRQV� VKRXOG� EH� VHSDUDWHG�� DQG� WKDW� FRPSHWLWLRQEHWZHHQ�GLIIHUHQW�UDLOZD\�RSHUDWRUV�LV�DGYLVDEOH��VLQFH�WKH�HDUO\�����V��WKLV�KDV�EHHQWKH�8�.��UDLO�SROLF\�$OWKRXJK� WKH�HVWLPDWHG�SDWWHUQV� LQ� UHWXUQV� WR�GHQVLW\�PRUH�RU� OHVV� UHIOHFW� WKHILQGLQJV� RI� YDQ� 2RVWVWURRP� ������� IRU� WKH� 1HWKHUODQGV� QDWLRQDO� UDLOZD\� FRPSDQ\�16��� WKH� DVVRFLDWHG� VWDQGDUG� HUURUV� XQLYRFDOO\� OHDG� WR� WKH� FRQFOXVLRQ� WKDW� FRQVWDQWUHWXUQV� WR� VFDOH� SUHYDLO� WKURXJK� WKH� HQWLUH� VDPSOH� SHULRG�� ,Q� WKLV� VHQVH�� WKH� UHVXOWVVXSSRUW��SDUW��RI�WKH�UHYLVLRQLVW�YLHZ�IRU�WKH�1HWKHUODQGV��(VWLPDWHV�RI�WKH�UHWXUQV�WRGHQVLW\�SDUDPHWHU� \LHOG�YDOXHV� WKDW� DUH� ODUJHU� WKDQ��� �DV� LQ� YDQ�2RVWVWURRP� �������DQG�VPDOOHU�WKDQ����DV�UHSRUWHG�E\�3UHVWRQ��������IRU�WKH�16���EXW�DOZD\V�VWDWLVWLFDOO\HTXDO�WR����9HU\�KLJK�YDOXHV��VXFK�DV�LQ�$QGULNRSRXORV�DQG�/Rw]LGHV��������ZHUH�QRWHQFRXQWHUHG�7KHVH� ILQGLQJV� VXJJHVW� WKDW� LW�ZDV� D� JRRG�SRLQW� WR� UHVWUXFWXUH� WKH�'XWFK� UDLOVHFWRU� E\� VHSDUDWLQJ� LQIUDVWUXFWXUH� DQG� RSHUDWLRQV�� DQG� DOORZLQJ� FRPSHWLWLRQ�� 7KHUHDUH�� KRZHYHU�� D� IHZ� FRPPHQWV�� )LUVWO\��;�LQHIILFLHQF\� DQG� WKH� UHODWLRQ� EHWZHHQ� WKHLQIUDVWUXFWXUH�RSHUDWRU�DQG�WKH�UDLO�RSHUDWRU�V��DUH�LJQRUHG�LQ�WKLV�SDSHU��6RPH�RI�WKHSUREOHPV�IDFHG�E\�WKH�'XWFK�UDLOZD\�FRPSDQ\�WRGD\�DUH�GXH�WR�FDSDFLW\�SUREOHPV�RIWKH�LQIUDVWUXFWXUH�RSHUDWRU��,QFUHDVLQJ�FRPSHWLWLRQ�³RQ�WKH�WUDFNV´�PD\�EH�D�JRRG�LGHDWR�LQFUHDVH�WKH�HIILFLHQF\�RI�UDLO�RSHUDWRUV��%XW�ZKHQ�LQIUDVWUXFWXUH�FDSDFLW\�LV�OLPLWHG�WKH�UDLOZD\�FRPSDQLHV�PD\�QRW�EH�DEOH�WR�RSHUDWH�WKHLU�RSWLPDO�VFKHGXOHV��VR�WKDW�WKH�ZHOIDUH�HFRQRPLF��HIIHFW�RI�FRPSHWLWLRQ�LV�UHGXFHG��6HFRQGO\��WKLV�DUJXPHQW�LJQRUHVQHWZRUN� H[WHUQDOLWLHV� RQ� WKH� GHPDQG� VLGH�� 3DVVHQJHUV�ZRXOG� EHQHILW� IURP� D�PHUJHUEHWZHHQ� FRPSOHPHQWDU\� ORFDO� UDLO� RSHUDWRUV�� :KHQ� WKHVH� UDLO� RSHUDWRUV� DUHLQGHSHQGHQW���VRPH��SDVVHQJHUV�KDYH�WR�VZLWFK�RSHUDWRUV�WR�WUDYHO�EHWZHHQ�WKH�RULJLQDQG� WKH� GHVWLQDWLRQ�� $� SULFH� LQFUHDVH� E\� RQH� RSHUDWRU� WKHQ� DXWRPDWLFDOO\� GHFUHDVHVGHPDQG�IRU�WKH�FRPSOHPHQWDU\�RSHUDWRU��:KHQ�WKH�RSHUDWRUV�PHUJH��WKH\�LQWHUQDOL]HWKLV�HIIHFW��7KLV�LV��KRZHYHU��D�GHPDQG�HIIHFW��DQG�FRQFOXVLRQV�FDQQRW�EH�GUDZQ�EDVHGXSRQ�WKH�UHVXOWV��RQ�FRVW�HIIHFWV��LQ�WKLV�SDSHU�
5HIHUHQFHV
%ODFNRUE\�� &�� DQG�:�(�� 'LHZHUW� �������� ([SHQGLWXUH� IXQFWLRQV�� ORFDO� GXDOLW\� DQG� VHFRQGRUGHU�DSSUR[LPDWLRQV��(FRQRPHWULFD����������������



��

$QGULNRSRXORV�� $�$�� DQG� -�� /RL]LGHV� �������� &RVW� VWUXFWXUH� DQG� SURGXFWLYLW\� JURZWK� LQ(XURSHDQ�UDLOZD\�V\VWHPV��$SSOLHG�(FRQRPLFV���������������%HUQGW��(�5��HW�DO����������&RVWV�HIIHFWV�RI�PHUJHUV�DQG�GHUHJXODWLRQ�LQ�WKH�8�6��UDLO�LQGXVWU\�-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV������������%LW]DQ��-����������5DLOURDG�FRVW�FRQGLWLRQV�±�LPSOLFDWLRQV�IRU�SROLF\ ��5HSRUW�SUHSDUHG�IRU�WKH)HGHUDO�5DLOURDG�$GPLQLVWUDWLRQ��8�6��'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�%RUWV��*�+����������3URGXFWLRQ�UHODWLRQV�LQ�WKH�UDLOZD\�LQGXVWU\��(FRQRPHWULFD�����������%UDHXWLJDP�� 5�5��� $�)�� 'DXJKHW\� DQG�0�$�� 7XUQTXLVW� �������� $� ILUP� VSHFLILF� DQDO\VLV� RIHFRQRPLHV�RI�GHQVLW\�LQ�WKH�8�6��UDLOURDG�LQGXVWU\��-RXUQDO�RI�,QGXVWULDO�(FRQRP\���������%UDHXWLJDP��5�5���$�)��'DXJKHW\�DQG�0�$��7XUQTXLVW���������7KH�HVWLPDWLRQ�RI�D�K\EULG�FRVWIXQFWLRQ�IRU�D�UDLOURDG�ILUP��5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�������������%URZQ��5�6���'�:��&DYHV�DQG�/�5��&KULVWHQVHQ���������0RGHOOLQJ� WKH�VWUXFWXUH�RI�FRVW�DQGSURGXFWLRQ�IRU�PXOWLSURGXFW�ILUPV��6RXWKHUQ�(FRQRPLF�-RXUQDO�������������&DYHV��'�:���DQG�/�5��&KULVWHQVHQ���������7KH�UHODWLYH�HIILFLHQF\�RI�SXEOLF�DQG�SULYDWH�ILUPVLQ� D� FRPSHWLWLYH� HQYLURQPHQW�� WKH� FDVH� RI� &DQDGLDQ� UDLOURDGV�� -RXUQDO� RI� 3ROLWLFDO(FRQRP\�������������&DYHV��'�:���/�5��&KULVWHQVHQ�DQG�-�$��6ZDQVRQ���������(FRQRPLF�SHUIRUPDQFH�LQ�UHJXODWHGDQG� XQUHJXODWHG� HQYLURQPHQWV�� D� FRPSDULVRQ� RI� 8�6�� DQG� &DQDGLDQ� UDLOURDGV�4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�������������&DYHV�� '�:��� /�5�� &KULVWHQVHQ� DQG� -�$�� 6ZDQVRQ� �������� 3URGXFWLYLW\� JURZWK�� VFDOHHFRQRPLHV�DQG�FDSDFLW\�XWLOL]DWLRQ�LQ�8�6��UDLOURDGV�������������$PHULFDQ�(FRQRPLF5HYLHZ��������������&DQWRV��3����������9HUWLFDO�UHODWLRQVKLSV�IRU�WKH�(XURSHDQ�UDLOZD\�LQGXVWU\��7UDQVSRUW�3ROLF\���������&DQWRV�� 3�� �������� $� VXEEDGGLWLYLW\� WHVW� IRU� WKH� FRVW� IXQFWLRQ� RI� WKH� SULQFLSDO� (XURSHDQUDLOZD\V��7UDQVSRUW�5HYLHZV�������������&DQWRV��3��DQG�-��0DXGRV���������7HFKQLFDO�FKDQJH�LQ�WKH�(XURSHDQ�UDLO�VHFWRU��D�VWRFKDVWLFIURQWLHU�DSSURDFK��,QWHUQDWLRQDO�-RXUQDO�RI�7UDQVSRUW�(FRQRPLFV�����������&KULVWHQVHQ�� /�5�� DQG� :�+�� *UHHQH� �������� (FRQRPLHV� RI� VFDOH� LQ� 8�6�� HOHFWULF� SRZHUJHQHUDWLRQ��-RXUQDO�RI�3ROLWLFDO�(FRQRP\����������������'H�%RUJHU��%�� ��������7KH�HFRQRPLF�HQYLURQPHQW�DQG�SXEOLF�HQWHUSULVH� EHKDYLRXU��%HOJLDQUDLOURDGV�������������(FRQRPLFD�������������'H�%RUJHU��%����������(VWLPDWLQJ�D�PXOWLSOH�RXWSXW�JHQHUDOL]HG�%R[�&R[�FRVW�IXQFWLRQ��&RVWVWUXFWXUH� DQG� SURGXFWLYLW\� JURZWK� LQ� %HOJLDQ� UDLOURDG� RSHUDWLRQV�� ����������(XURSHDQ�(FRQRPLF�5HYLHZ���������������



��

'H� %RUJHU�� %�� �������� +HGRQLF� YHUVXV� KRPRJHQHRXV� RXWSXW� VSHFLILFDWLRQV� RI� UDLOURDGWHFKQRORJ\��%HOJLDQ�UDLOURDGV������������7UDQVSRUWDWLRQ�5HVHDUFK����$���������)LOLSSLQL��0��DQG�5��0DJJL���������7KH�FRVW�VWUXFWXUH�RI�6ZLVV�SULYDWH�UDLOZD\V��,QWHUQDWLRQDO-RXUQDO�RI�7UDQVSRUW�(FRQRPLFV����������������)ULHGODHQGHU��$�)���(�5��%HUQGW��-�6��(��:��&KLDQJ��0��6KRZDOWHU�DQG�&�$��9HOOWXUR��������5DLO� FRVWV� DQG� FDSLWDO� DGMXVWPHQWV� LQ� D� TXDVL�UHJXODWHG� HQYLURQPHQW�� -RXUQDO� RI7UDQVSRUW�(FRQRPLFV�DQG�3ROLF\�������������*UHHQH��:�+����������(FRQRPHWULF�DQDO\VLV��3UHQWLFH�+DOO*ULOLFKHV�� =�� ��������&RVW� DOORFDWLRQ� LQ� UDLOURDG� UHJXODWLRQ�� %HOO� -RXUQDO� RI� (FRQRPLFV� DQG0DQDJHPHQW�6FLHQFH����������+DUULV��5�*����������(FRQRPLHV�RI�WUDIILF�GHQVLW\�LQ�WKH�UDLO�IUHLJKW�LQGXVWU\��%HOO�-RXUQDO�RI(FRQRPLFV������������+DUULV�� 5�*�� DQG� &�� :LQVWRQ� �������� 3RWHQWLDO� EHQHILWV� RI� UDLO� PHUJHUV�� DQ� HFRQRPHWULFDQDO\VLV� RI�QHWZRUN� HIIHFWV� RQ� VHUYLFH� TXDOLW\��5HYLHZ�RI�(FRQRPLFV� DQG� 6WDWLVWLFV����������+DVHQNDPS�� *�� �������� $� VWXG\� RI� PXOWLSOH�RXWSXW� SURGXFWLRQ� IXQFWLRQV�� .OHLQ¶V� UDLOURDGVWXG\�UHYLVLWHG��-RXUQDO�RI�(FRQRPHWULFV������������,YDOGL��0���*�-��0F&XOORXJK� ��������'HQVLW\�DQG� ,QWHJUDWLRQ�HIIHFWV�RQ�&ODVV� ,�8�6�� IUHLJKWUDLOURDGV��-RXUQDO�RI�5HJXODWRU\�(FRQRPLFV�������������.HHOHU��7�(����������5DLOURDG�FRVWV��UHWXUQV�WR�VFDOH�DQG�H[FHVV�FDSDFLW\��5HYLHZ�RI�HFRQRPLFVDQG�VWDWLVWLFV�������������.LP��+�<�� ��������(FRQRPLHV�RI� VFDOH� DQG� VFRSH� LQ� PXOWLSURGXFW� ILUPV�� HYLGHQFH� IURP�86UDLOURDGV��$SSOLHG�(FRQRPLFV�������������/RL]LGHV�� -�� DQG� (�)�� 7VLRQDV� �������� 3URGXFWLYLW\� JURZWK� LQ� (XURSHDQ� UDLOZD\V�� D� QHZDSSURDFK��7UDQVSRUWDWLRQ�5HVHDUFK����$���������0F*HHKDQ��+�� ��������5DLOZD\� FRVWV� DQG�SURGXFWLYLW\� JURZWK��7KH� FDVH� RI� WKH� UHSXEOLF� RI,UHODQG�������������-RXUQDO�RI�7UDQVSRUW�(FRQRPLFV�DQG�3ROLF\�����������2RVWVWURRP��+�Y�� ��������0DUNWZHUNLQJ� HQ� UHJXOHULQJ� ELM� VSRRUZHJHQ�� 7KHRULH�� HPRLULH� HQEHOHLG��3K�'��GLVVHUWDWLRQ��)UHH�8QLYHUVLW\��$PVWHUGDP3UHVWRQ�� -�� �������� 'RHV� VL]H� PDWWHU"� $� FDVH� VWXG\� RI� :HVWHUQ� (XURSHDQ� 5DLOZD\V �XQSXEOLVKHG�SDSHU��,QVWLWXWH�RI�7UDQVSRUW�6WXGLHV��8QLYHUVLW\�RI�/HHGV:LOVRQ�� :�/�� �������� &RVW� VDYLQJV� DQG� SURGXFWLYLW\� LQ� WKH� UDLOURDG� LQGXVWU\�� -RXUQDO� RI5HJXODWRU\�(FRQRPLFV�����������



��

$SSHQGL[�� &KRLFH�RI�DSSUR[LPDWLRQ�SRLQW
7R�VKRZ�WKH�HIIHFW�RI�WKH�SRLQW�RI�DSSUR[LPDWLRQ�RQ�WKH�SDUDPHWHU�HVWLPDWHV�DQG�WKHHVWLPDWH�RI�576��ZH�FRQVLGHU��ZLWKRXW�ORVV�RI�JHQHUDOLW\��WKH�IROORZLQJ�VLPSOLILHG�FRVWIXQFWLRQ�
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,Q� WKH� HVWLPDWLRQ� RI� �$���� LW� LV� LPSRUWDQW� WR� UHDOL]H� WKDW� WKH� SRLQW� RIDSSUR[LPDWLRQ�� OQ<
�� LV� D� FRQVWDQW�� LW� LV� WKH� VDPH� IRU� DOO� SDUDPHWHUV�� 7KLV� KDVLPSOLFDWLRQV� IRU� WKH�SDUDPHWHU�HVWLPDWHV��)RU�P ���ZH�FDQ� UHZULWH� WKH� FRVW� IXQFWLRQDV�
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7KH�Y¶V� DUH� HVWLPDWHG� IURP� WKH� GDWD�� 7KH� D¶V� FDQ� WKHQ� EH� FDOFXODWHG� IURP� WKH� HVWLPDWHGSDUDPHWHUV��:KHQ�WKH�SRLQW�RI�DSSUR[LPDWLRQ�LV�FKDQJHG��GÖ DQG�YÖ ZLOO�QRW�FKDQJH��EHFDXVHOQ<
 LV� QRW� DQ� H[SODQDWRU\� YDULDEOH� LQ� $���� %XW� DÖ ZLOO� FKDQJH�� FKDQJLQJ� WKH� SRLQW� RIDSSUR[LPDWLRQ�EUHDNV�GRZQ�WR�FKDQJLQJ� WKH�ILUVW�RUGHU�SDUDPHWHUV��DQG�WKXV�WKH�HVWLPDWH�RI57' DW�WKH�SRLQW�RI�DSSUR[LPDWLRQ��)RU� WKH� FDOFXODWLRQ�RI�57' IRU� VSHFLILF SRLQWV�� WKH�SRLQW�RI� DSSUR[LPDWLRQ�GRHV�QRWPDWWHU��,W�IROORZV�IURP�$��WKDW
� � � � � ���������������� OQÖOQOQÖOQÖÖÖOQOQ <<<<<&L L GGGYY ����� ww¦ �$��

ZKLFK�LV�LQYDULDQW�WR�WKH�SRLQW�RI�DSSUR[LPDWLRQ��:KHQ�RQH�FDOFXODWHV� L<& OQOQ ww GLUHFWO\IURP��$����WKHQ�RQH�REWDLQV
��
OQOQ DD � ww  ¦ L<L<L L<& �$��

,W�LV�WKXV�LPSRUWDQW�WR�UHDOL]H�WKDW� Ö�D DQG� �ÖD DUH�QRW�HVWLPDWHG�GLUHFWO\��EXW�FDOFXODWHG�IURP
LÖY ��0RUHRYHU��VXEVWLWXWLQJ�WKH�H[SUHVVLRQ�IRU� LÖY LQ��$���\LHOGV��$����DQG�VLQFH� LÖY GRHV�QRWPDWWHU�RQ�WKH�SRLQW�RI�DSSUR[LPDWLRQ��ZH�KDYH�VKRZQ�WKDW� WKH�HVWLPDWH�RI�57' IRU�VSHFLILFSRLQWV�LV�LQYDULDQW�WR�WKH�SRLQW�RI�DSSUR[LPDWLRQ��7KH�VWDQGDUG�HUURUV�ZLOO�DOVR�EH�XQDIIHFWHG�EHFDXVH�WKH�VWDQGDUGL]DWLRQ�KDV�QR�HIIHFW�RQ�WKH�YDULDQFH�RI�WKH�H[SODQDWRU\�YDULDEOHV�



��

57' 576 SHULRG IXQFWLRQDOIRUP KRUL]RQ RXWSXWV REV
%HUQGW�HW�DO������� ���� ��������� WUDQVORJ VKRUW WRQPLOHV�IUHLJKW ���
%LW]DQ������� ��������� ��������� ��������� WUDQVORJ ORQJ WRQPLOHV�IUHLJKW ���
%UDXHWLJDP�HWDO�������� ��������� ��������� WUDQVORJ� ORQJ�VKRUW PRQWKO\� FDUORDGVVSHHG ��
%UDXHWLJDP�HWDO�������� ����� ��������� WUDQVORJ� VKRUW ORDGHG�FDU�PLOHV�VSHHG ���
%URZQ�HW�DO������� ����� ���� WUDQVORJ ORQJ WRQPLOHV�IUHLJKW�SDVVHQJHU�PLOHV ��
&DYHV�HW�DO������� ��������� ��������������

WUDQVORJ� ORQJ WRQPLOHV�IUHLJKW�SDVVHQJHUPLOHV ���
&DYHV�HW�DO������� ��������� ��������������

WUDQVORJ VKRUW�ORQJ WRQPLOHV�IUHLJKW�SDVVHQJHUPLOHV�DYHUDJH�OHQJWK�RIIUHLJKW�KDXO
���

&DYHV�HW�DO��������LQFOXGHV&DQDGD�
��������� ��������������

WUDQVORJ� VKRUW WRQPLOHV�IUHLJKW�SDVVHQJHUPLOHV�DYHUDJH�OHQJWK�RIIUHLJKW�KDXO
���

)ULHGODHQGHUDQG�6SDG\������
��������� ��������� WUDQVORJ� VKRUW UHYHQXH�WRQPLOHV ��

)ULHGODHQGHUHW�DO�������� ��������� ��������� ��������� WUDQVORJ VKRUW�ORQJ WRQPLOHV�RIIUHLJKW ���
+DVHQNDPS������ ��������� ��������� &REE�'RXJODV�&(6

ORQJ WRQPLOHV�IUHLJKW�SDVVHQJHUPLOHV �����
,YDOGL�DQG0F&XOORXJK������

��� ���� ��������� WUDQVORJ VKRUW FDUPLOHV�EXONWUDIILF��FDUPLOHVKLJK�YDOXHWUDIILF��FDUPLOHVJHQHUDO�WUDIILF
���

:LOVRQ������ ��������� ��������� ��������� WUDQVORJ VKRUW UHYHQXH�WRQPLOHV ���7DEOH�� &RVW�IXQFWLRQ�HVWLPDWLRQV�IRU�8�6��UDLOURDGV



��

57' 576 SHULRG IXQFWLRQDOIRUP KRUL]RQ RXWSXWV REV
&DQWRV�������(XURSH ��������� ��������� ��������� WUDQVORJ ORQJ WUDLQNLORPHWHUVIUHLJKW�SDVVHQJHUWUDLQNLORPHWHUV

���
&DQWRV�������(XURSH ��������� ��������� ��������� WUDQVORJ ORQJ WUDLQNLORPHWHUVIUHLJKW�SDVVHQJHUWUDLQNLORPHWHUV

���
&DQWRV�DQG0DXGRV������� ��������� ��������� WUDQVORJ�IURQWLHU� ORQJ WUDLQNLORPHWHUVIUHLJKW�SDVVHQJHUWUDLQNLORPHWHUV

���
GH�%RUJHU������%HOJLXP

��������� ��������� WUDQVORJ� VKRUW KHGRQLFSDVVHQJHUNLORPHWHUV�KHGRQLF�WRQNLORPHWHUV
��

GH�%RUJHU������%HOJLXP
��������� ��������� JHQHUDOL]HG/HRQWLHII�JHQHUDOL]HG%R[�&R[�WUDQVORJ

VKRUW KHGRQLFSDVVHQJHUNLORPHWHUV�KHGRQLF�WRQNLORPHWHUV
��

GH�%RUJHU������%HOJLXP
��������� ��������� WUDQVORJ� VKRUW SDVVHQJHUNLORPHWHUV�WRQ�NLORPHWHUV

��
$QGULNRSRXORVDQG�/Rw]LGHV������(XURSH

��������� ��������� WUDQVORJ ORQJ WUDIILF�XQLWV�NLORPHWHUSDVVHQJHUV��NLORPHWHUVIUHLJKW�
��

)LOLSSLQL� DQG0DJJL�������6ZLW]HUODQG
��������� ��������� ��������� WUDQVORJ� DJJUHJDWH�ZDJRQNLORPHWHUV�IRUSDVVHQJHU�DQGIUHLJKW

���
0F*HHKDQ������,UHODQG

���� ��������� WUDQVORJ� VKRUW IUHLJKW�WRQPLOHVSDVVHQJHUPLOHV ��
YDQ2RVWVWURRP������1HWKHUODQGV

��������� ��������� WUDQVORJ ORQJ WUDLQNLORPHWHUVRI�SD[WUDLQNLORPHWHUVRI�IUHLJKW
��

3UHVWRQ�������(XURSH ��������� ��������� ��������� WUDQVORJ ORQJ WUDLQNLORPHWHUV�OHQJWK�RI�OLQH ���7DEOH�� &RVW�IXQFWLRQ�HVWLPDWLRQV�IRU�(XURSHDQ�UDLOURDG�FRPSDQLHV



��

([SODQDWRU\�YDULDEOH 3DUDPHWHUHVWLPDWH 6WDQGDUGHUURUFRQVWDQW ������ �����RXWSXW�LQ�VHDW�NP ����� �����ODERXU�SULFH ����� �����HQHUJ\�SULFH ����� �����PDLQWHQDQFH�SULFH ����� �����YDOXH�RI�FDSLWDO�FRUUHFWHG�IRUXVDJH ����� �����
�RXWSXW���� ����� ������ODERXU�SULFH���� ����� ������HQHUJ\�SULFH���� ����� ������PDLQWHQDQFH�SULFH���� ����� ������YDOXH�RI�FDSLWDO�FRUUHFWHGIRU�XVDJH���� ����� �����
RXWSXW�u SULFH�RI�ODERXU ������ �����RXWSXW�u SULFH�RI�HQHUJ\ ����� �����RXWSXW�u SULFH�RIPDLQWHQDQFH ����� �����
ODERXU�SULFH�u HQHUJ\�SULFH ������ �����ODERXU�SULFH�u PDLQWHQDQFHSULFH ������ �����
HQHUJ\�SULFH�u PDLQWHQDQFHSULFH ����� �����
YDOXH�RI�FDSLWDO�FRUUHFWHG�IRUXVDJH�u RXWSXW ����� �����
YDOXH�RI�FDSLWDO�FRUUHFWHG�IRUXVDJH�u ODERXU�SULFH ����� �����
YDOXH�RI�FDSLWDO�FRUUHFWHG�IRUXVDJH�u HQHUJ\�SULFH ����� �����
YDOXH�RI�FDSLWDO�FRUUHFWHG�IRUXVDJH�u PDLQWHQDQFH�SULFH ������ �����
WUHQG ����� �����WUHQG� ������� ������
':��FRVW�IXQFWLRQ� ����DGMXVWHG�5� �FRVW�IXQFWLRQ� ����REVHUYDWLRQV ��7DEOH���(VWLPDWLRQ�UHVXOWV�RI�UDLOZD\FRVW�IXQFWLRQ��),0/��VSHFLILFDWLRQ����LQFOXGLQJ�WUHQG

<HDU 57' 6WDQGDUG�HUURU���� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� ��������� ����� �����VDPSOH�PHDQ ����� �������������� ����� �������������� ����� �������������� ����� �������������� ����� �����7DEOH���5HWXUQV�WR�GHQVLW\�LQ1HWKHUODQGV�5DLOZD\V
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
6HDW�NP 7UDY�NP

)LJXUH�� (YROXWLRQ�RI�VHDW�NP�DQG�WUDYHOOHU�NP��16��EDVH���� ����
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)LJXUH�� 'HYHORSPHQW�RI�ORDG�IDFWRU�RYHU�WLPH��16�
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������

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