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5HSURGXFWLRQ�IRU�HGXFDWLRQDO�DQG�QRQ�FRPPHUFLDO�SXUSRVHV�LV�SHUPLWWHG�SURYLGHG�WKDW�WKH�VRXUFH�LV�DFNQRZOHGJHG�

7KH�YLHZV�H[SUHVVHG�LQ�WKLV�SDSHU�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�UHIOHFW�WKRVH�RI�WKH�(XURSHDQ�&HQWUDO�%DQN�
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$EVWUDFW

7KH�SDSHU�IRFXVHV�RQ�WKH�PHDVXUHPHQW�RI�WKH�1$,58��1RQ�$FFHOHUDWLQJ�,QIODWLRQ�5DWH�

RI�8QHPSOR\PHQW�� IRU� WKH� HXUR� DUHD� DQG� DVVHVVHV� WKH� XVHIXOQHVV� RI� GLIIHUHQW

PHWKRGRORJLHV� GHYHORSHG� LQ� WKH� OLWHUDWXUH� WR� HVWLPDWH� WKLV� XQREVHUYDEOH� YDULDEOH� DW� WKH

DJJUHJDWH�OHYHO�

$IWHU� UHYLHZLQJ� WKH� WKHRUHWLFDO� IUDPHZRUN� XQGHUO\LQJ� WKH� PRVW� FRPPRQ� HVWLPDWLRQ

DSSURDFKHV��LW�SUHVHQWV�VHYHUDO�HVWLPDWHV�RI�WKH�DUHD�ZLGH�1$,58�EDVHG�RQ�D�QXPEHU�RI

GLUHFW� �RU� VWDWLVWLFDO�� WHFKQLTXHV�� 7KH� ODWWHU� UDQJH� IURP� VLPSOH� XQLYDULDWH� ILOWHULQJ

DSSURDFKHV�WR�PRUH�FRPSOH[�PXOWLYDULDWH�PHWKRGV�EDVHG�RQ�3KLOOLSV�FXUYH�UHODWLRQVKLSV�

7KH�GLIIHUHQW�HVWLPDWHV�RI�WKH�DJJUHJDWH�1$,58�DSSHDU�WR�EH�FRQVLVWHQW�DQG�UREXVW�ZLWK

UHVSHFW�WR�DOWHUQDWLYH�VSHFLILFDWLRQV��PHWKRGRORJLHV�DQG�FKRLFH�RI�WKH�LQIODWLRQ�LQGLFDWRU�

7KH\�DOVR�VKRZ�VLJQLILFDQW� LQIODWLRQ�IRUHFDVWLQJ�DELOLW\�DQG�DUH�DEOH� WR�SURGXFH�VHQVLEOH

PHDVXUHV�RI�WKH�RXWSXW�JDS��WKHUHIRUH�SURYLGLQJ�VRPH�JURXQG�WR�DUJXH�WKDW�XQHPSOR\PHQW

DQG� WKH� XQHPSOR\PHQW� JDS� PD\� EH� D� XVHIXO� YDULDEOH� WR� DQDO\VH� VKRUW�WHUP� HFRQRPLF

GHYHORSPHQWV�DW�WKH�HXUR�DUHD�OHYHO�

-(/�&ODVVLILFDWLRQ�6\VWHP��(����(����&����&���

.H\ZRUGV��1$,58��3KLOOLSV�FXUYH��.DOPDQ�ILOWHU�
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�� ,QWURGXFWLRQ

7KLV�SDSHU�SUHVHQWV� D�SUHOLPLQDU\� DWWHPSW� DW�PHDVXULQJ� WKH�1$,58� �1RQ�$FFHOHUDWLQJ�

,QIODWLRQ�5DWH�RI�8QHPSOR\PHQW�� LQ� WKH� HXUR� DUHD� DQG� DVVHVVLQJ� WKH� XVHIXOQHVV� RI

GLIIHUHQW�PHWKRGRORJLHV�GHYHORSHG�LQ�WKH�OLWHUDWXUH�WR�HVWLPDWH�WKLV�XQREVHUYDEOH�YDULDEOH

DW� WKH�ZKROH�DUHD� OHYHO�� ,Q� WKH�FRQWH[W�RI� WKH�PRGHOV�DQDO\VHG�� WKH�JDS�EHWZHHQ�FXUUHQW

XQHPSOR\PHQW� DQG� WKH� 1$,58� VXPPDULVHV� WKH� H[WHQW� WR� ZKLFK� LQIODWLRQDU\� DQG

GLVLQIODWLRQDU\�SUHVVXUHV�H[LVW� LQ�WKH�ODERXU�PDUNHW��$�UHOLDEOH�PHDVXUH�RI�WKH�DUHD�ZLGH

1$,58�PD\�KHQFH�SRWHQWLDOO\�VHUYH�DV�DQ�LQGLFDWRU��DPRQJ�PDQ\�RWKHUV�� IRU�HYDOXDWLQJ

WKH�RXWORRN�IRU�IXWXUH�LQIODWLRQ�GHYHORSPHQWV�LQ�WKH�HFRQRP\�

7KH�1$,58�LV�RIWHQ�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�ZLWK�WKH�FRQFHSW�RI�³QDWXUDO´�RU�VWUXFWXUDO

XQHPSOR\PHQW��WKDW�LV��WKH�FRPSRQHQW�RI�WKH�XQHPSOR\PHQW�UDWH�WKDW�LV�XOWLPDWHO\�SLQQHG

GRZQ�E\� WKH�VWUXFWXUDO�� LQVWLWXWLRQDO�DQG�EHKDYLRXUDO�FKDUDFWHULVWLFV�RI� WKH�HFRQRP\�DQG

GRHV�QRW�GHSHQG�RQ�F\FOLFDO�IDFWRUV��+RZHYHU��DOWKRXJK�WKH�WZR�QRWLRQV�PLJKW�EH�GLIILFXOW

WR� GLVHQWDQJOH� HPSLULFDOO\�� WKH\� QHHG� QRW� QHFHVVDULO\� FRLQFLGH� LQ� WKH� VKRUW� UXQ�� 7KH

XQHPSOR\PHQW�UDWH�FRQVLVWHQW�ZLWK�VWDEOH�LQIODWLRQ�PLJKW�LQ�IDFW�GHYLDWH�WHPSRUDULO\�IURP

LWV�ORQJ�UXQ�VWUXFWXUDO�OHYHO��HVSHFLDOO\�ZKHQ�VKRFNV�KDYH�KLJKO\�SHUVLVWHQW�HIIHFWV�RQ�WKH

ODERXU�PDUNHW��

'UDZLQJ�RQ�WKLV�FRQFHSWXDO�GLVWLQFWLRQ��WKLV�SDSHU�GRHV�QRW�DWWHPSW�WR�LQYHVWLJDWH��DW� WKH

DJJUHJDWH�OHYHO��WKH�VWUXFWXUDO�IDFWRUV�XQGHUO\LQJ�DQG�GULYLQJ�WKH�SHUIRUPDQFH�RI�WKH�HXUR

DUHD�ODERXU�PDUNHW��7KLV�ZRXOG�EH�D�GDXQWLQJ�WDVN��JLYHQ�WKH�FURVV�FRXQWU\�GLIIHUHQFHV�LQ

WKH� LQVWLWXWLRQDO� FKDUDFWHULVWLFV�� WKH� VSHFLILFLW\� RI� WKH� VKRFNV� WKDW� DIIHFW� WKHP� DQG� WKH

JHQHUDO�XQDYDLODELOLW\�RI� VWUXFWXUDO� LQIRUPDWLRQ�DW� WKH�HXUR�DUHD� OHYHO��5DWKHU�� WKLV�ZRUN

IRFXVHV� H[SOLFLWO\� RQ� WKH�PHWKRGRORJLFDO� LVVXH� RI� WKH� SRWHQWLDO� XVHIXOQHVV� RI� DJJUHJDWH

1$,58� PHDVXUHV� REWDLQHG� ZLWK� GLIIHUHQW� HPSLULFDO� WHFKQLTXHV� EDVHG� RQ� WLPH� VHULHV

DQDO\VLV��,Q�SDUWLFXODU��WKH�WHFKQLTXHV�FRQVLGHUHG�KHUH�DUH�WKRVH�ZKLFK�DUH�RIWHQ�ODEHOOHG

LQ� WKH� OLWHUDWXUH� DV� ³GLUHFW´� PHWKRGV� IRU� WKH� FRPSXWDWLRQ� RI� WKH� 1$,58�� :LWKLQ� WKLV

IUDPHZRUN��WKH�IRFXV�LV�PDLQO\�RQ�PHWKRGV�EDVHG�RQ�WKH�LQIRUPDWLRQ�SURYLGHG�E\�3KLOOLSV

FXUYH�W\SH�UHODWLRQVKLSV�EHWZHHQ�XQHPSOR\PHQW�DQG�LQIODWLRQ�

$�QRWDEOH�IHDWXUH�RI�WKLV�SDSHU�LV�WKDW�LW�DGRSWV�DQ�HXUR�DUHD�ZLGH�DSSURDFK�HPEHGGLQJ�WKH

HVWLPDWLRQ� RI� WKH� 1$,58� LQ� D� VHW� RI� HTXDWLRQV�� ZKLFK� WUHDW� WKH� HXUR� DUHD� DV� D� VLQJOH

HFRQRP\��)RU�WKH�³GLUHFW´�PHWKRGV�FRQVLGHUHG�LQ�WKLV�SDSHU��LW�LV�HVVHQWLDOO\�DQ�HPSLULFDO

�� $FWXDO� XQHPSOR\PHQW� FRXOG� GURS� EHORZ� WKH� 1$,58� DQG� LQIODWLRQ� DFFHOHUDWH� HYHQ� LI� XQHPSOR\PHQW
UHPDLQV�DERYH�LWV�VWUXFWXUDO�YDOXH��7KH�VORZQHVV�RI�WKH�1$,58�LQ�UHWXUQLQJ�WR�LWV�VWUXFWXUDO�OHYHO�LV�RIWHQ
GHVFULEHG�LQ�WKH�OLWHUDWXUH�DV�³VSHHG�OLPLW�HIIHFW´��6HH�(VWUHOOD�DQG�0LVKNLQ��������
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LVVXH�DV�WR�ZKHWKHU�D�FRXQWU\�VSHFLILF�RU�DQ�DUHD�ZLGH�DSSURDFK�ZRXOG�EH�PRVW�XVHIXO�IRU

HVWLPDWLQJ� LQIODWLRQDU\� SUHVVXUHV� DULVLQJ� IURP� WKH� ODERXU�PDUNHW� LQ� WKH� DUHD�� VLQFH� VXFK

PHWKRGV�DUH�EDVLFDOO\�VWDWLVWLFDO��$�SULRUL�DUJXPHQWV�FDQ�EH�PDGH�HLWKHU�ZD\��GLIIHUHQFHV

LQ� HFRQRPLF� VWUXFWXUH� DQG� SRWHQWLDO� QRQ�OLQHDULWLHV� LQ� QDWLRQDO� 3KLOOLSV� FXUYHV� ZRXOG

VXJJHVW� DJJUHJDWLQJ� FRXQWU\�EDVHG� HVWLPDWHV�� 2Q� WKH� RWKHU� KDQG�� WKH� 3KLOOLSV� FXUYH� LV

FHUWDLQO\�D�PRUH� UHOHYDQW�FRQFHSW� LQ�D� ODUJH�FORVHG�HFRQRP\�VXFK�DV� WKH� HXUR� DUHD� DV� D

ZKROH��7KH�DUHD�ZLGH�DSSURDFK�KDV�D�QXPEHU�RI�DGYDQWDJHV�LQFOXGLQJ�VLPSOLFLW\��GLUHFWO\

DGGUHVVLQJ� WKH� LVVXH� RI� LQWHUHVW� DQG� FRQWULEXWLQJ� WR� IRFXVLQJ� GLVFXVVLRQ� RQ� HXUR� DUHD�

UDWKHU� WKDQ� FRXQWU\� VSHFLILF� IDFWRUV��0RUHRYHU�� LW� DOORZV� RYHUFRPLQJ� WKH� GLIILFXOWLHV� RI

H[DPLQLQJ�DQG�FRPSDULQJ�FRXQWU\�VSHFLILF� LQVWLWXWLRQDO� IDFWRUV�DQG� WKH�SUREOHPV�UHODWHG

WR�HVWLPDWLQJ�WKH�1$,58�LQ�VPDOO�RSHQ�HFRQRPLHV��+RZHYHU��LW�LV�FHUWDLQO\�WKH�FDVH�WKDW

PHPEHU� FRXQWULHV¶� XQHPSOR\PHQW� UDWHV� GLIIHU� E\� D� ZLGH� PDUJLQ�� DV� ILJXUH� ���� FOHDUO\

GHSLFWV��

)LJXUH������8QHPSOR\PHQW�UDWHV�LQ�WKH�(XUR�DUHD
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*HUPDQ\ 6SDLQ )UDQFH ,WDO\ (XUR�DUHD

7KH�ILJXUH�FROOHFWV�GDWD�IRU�WKH�IRXU�ODUJHVW�FRXQWULHV�RI�WKH�DUHD��ZKLFK�IRUP�D�VLJQLILFDQW

VKDUH�RI�WKH�DUHD�XQHPSOR\PHQW��7KH�YHU\�GLIIHUHQW�XQHPSOR\PHQW�VWRULHV�WKDW�FDQ�EH�WROG

DW�WKH�FRXQWU\�OHYHO��DQG�WKH�UROH�WKDW�LQVWLWXWLRQDO�IDFWRUV�PD\�EH�SOD\LQJ�LQ�WKHVH�VWRULHV�

VXJJHVWV�WKDW�WKH�UHVXOWV�RI�WKH�DUHD�ZLGH�DSSURDFK�PD\�EH�DIIHFWHG�E\�DJJUHJDWLRQ�ELDVHV�

7KH�H[WHQW�WR�ZKLFK�WKLV�LV�WKH�FDVH�FDQ�RQO\�EH�HVWDEOLVKHG�E\�FDUU\LQJ�RXW�WKH�DQDO\VLV

ERWK�DW�WKH�FRXQWU\�VSHFLILF�DQG�DW�WKH�DUHD�ZLGH�OHYHO�DQG�FRPSDUH�WKH�UHVXOWV��D�ILHOG�WKDW

�� 7KH�GDWD�UHSRUWHG�LQ�WKH�ILJXUH�DUH�IURP�WKH�(&%�DUHD�ZLGH�PRGHO�GDWDEDVH��)RU�GHWDLOV��VHH�)DJDQ��+HQU\
DQG�0HVWUH��������
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RIIHUV� VFRSH� IRU� IXUWKHU� UHVHDUFK� EXW� ZLOO� QRW� EH� SXUVXHG� LQ� WKH� FXUUHQW� SDSHU�� ,Q� WKH

PHDQWLPH��LW�LV�QHFHVVDU\�WR�EH�FDXWLRXV�ZKHQ�WU\LQJ�WR�H[WUDFW�OHVVRQV�IURP�DQ�DJJUHJDWH

DQDO\VLV�

7KH� SDSHU� LV� RUJDQLVHG� DV� IROORZV�� 6HFWLRQ� �� EULHIO\� UHFDOOV� WKH� WKHRUHWLFDO� IUDPHZRUN

XQGHUO\LQJ� WKH�PRVW� FRPPRQO\� DGRSWHG� DSSURDFKHV� WR� HVWLPDWH� WKH�1$,58��ZLWKLQ� WKH

FODVV�RI�³GLUHFW´�RU�VWDWLVWLFDO�PHWKRGV��6HFWLRQ���SURYLGHV�DQ�RYHUYLHZ�DQG�GLVFXVVLRQ�RI

VXFK�PRGHOOLQJ�DSSURDFKHV��6HFWLRQ���GHULYHV� VRPH�SUHOLPLQDU\� DJJUHJDWH� HVWLPDWHV� IRU

WKH�HXUR�DUHD��EDVHG�ERWK�RQ�PRGHOV�LQ�ZKLFK�WKH�1$,58�LV�WUHDWHG�DV�D�FRQVWDQW�DQG�RQ

PRGHOV� LQ�ZKLFK� LW� LV� DOORZHG� WR� FKDQJH� RYHU� WKH� VDPSOH� SHULRG�� 7KH� DQDO\VLV� IRFXVHV

SULPDULO\� RQ� WKH� UREXVWQHVV� DQG� SUHFLVLRQ� RI� VXFK� HVWLPDWHV�ZLWK� UHVSHFW� WR� DOWHUQDWLYH

PRGHO� VSHFLILFDWLRQV�� 6HFWLRQ� �� LV� GHYRWHG� WR� WKH� GHVFULSWLRQ� DQG� HPSLULFDO

LPSOHPHQWDWLRQ�RI�D�.DOPDQ�ILOWHU�DSSURDFK�WR�GHULYH�D�WLPH�YDU\LQJ�1$,58��6HFWLRQ��

SURYLGHV�DQ�DVVHVVPHQW�RI�WKH�HPSLULFDO�UHOHYDQFH�RI�WKH�1$,58�HVWLPDWHV�EDVHG��RQ�RQH

KDQG��RQ� WKH�RXW�RI�VDPSOH� LQIODWLRQ� IRUHFDVWLQJ�SHUIRUPDQFH� RI� WKH� XQHPSOR\PHQW� UDWH

DQG� WKH� XQHPSOR\PHQW� JDS� DQG�� RQ� WKH� RWKHU� KDQG�� RQ� WKH� XVH� RI� WKH� GHULYHG� 1$,58

PHDVXUHV�IRU�WKH�FRPSXWDWLRQ�RI�RXWSXW�JDSV��&RQFOXVLRQV�DUH�SUHVHQWHG�LQ�6HFWLRQ���

�� )DFWRUV�SOD\LQJ�D�UROH�LQ�WKH�GHWHUPLQDWLRQ�RI�WKH�1$,58

2YHUDOO�XQGHUO\LQJ�IUDPHZRUN

7KH� 3KLOOLSV� FXUYH� XQGHUO\LQJ� RXU� DWWHPSW� DW� FRPSXWLQJ� DQ� DUHD�ZLGH� PHDVXUH� RI� WKH

1$,58�EDVHG�RQ�D�PXOWLYDULDWH�IUDPHZRUN�FDQ�EH�WKRXJKW�RI�DV�DULVLQJ�IURP�D�ZDJH�SULFH

V\VWHP�GHVFULELQJ� WKH�EHKDYLRXU�RI� µILUPV¶�DQG� µZRUNHUV¶��7KH�EDVLF�� JHQHUDO�SURSHUWLHV

DVVXPHG� WR�KROG� LQ� WKH� LQWHUDFWLRQ�RI� WKH� WZR� W\SHV�RI�DJHQWV� OHDG� WR�D� VHW� RI� HTXDWLRQV

ZLWK�SUHFLVHO\�GHILQHG�ORQJ�UXQ�DQG�VKRUW�UXQ�SURSHUWLHV��,Q�WKH�ORQJ�UXQ��D�QRPLQDO�VWDWLF

�ILUVW�RUGHU��KRPRJHQHLW\�FRQGLWLRQ�LV�DVVXPHG�WR�KROG��D�SURSHUW\�E\�ZKLFK�HTXLOLEULXP

YDOXHV�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�UHODWLYH�SULFHV��$QRWKHU�DVVXPSWLRQ�LV�IXUWKHU�PDGH�

QDPHO\�QRPLQDO�G\QDPLF� �VHFRQG�RUGHU��KRPRJHQHLW\�� E\�ZKLFK�HTXLOLEULXP�FRQGLWLRQV

DUH� LQGHSHQGHQW� IURP� QRPLQDO� IDFWRUV� DQG� WKXV� GR� QRW� GHSHQG� RQ� WKH� ILQDO� OHYHO� RI

LQIODWLRQ��7KH�ILUVW�FRQGLWLRQ�FDQ�EH�GHVFULEHG�E\�������

66666666
TZS -+= m �����

�ZKHUH�S66�LV�WKH�SULFH�OHYHO��Z66�WKH�QRPLQDO�ZDJH�UDWH��T66�ODERXU�SURGXFWLYLW\�DQG� 66�WKH

PDUN�XS�RI�SULFHV�RYHU�ODERXU�FRVWV��$FFRUGLQJ�WR�WKLV�H[SUHVVLRQ��LQ�WKH�VWHDG\�VWDWH��VV�
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WKH� SULFH� OHYHO� S66� LV� HTXDO� WR� WKH� ODERXU� FRVW�Z66� �� T66� SOXV� D� WHUP� PHDVXULQJ� WKH� JDS

EHWZHHQ� WKH� WZR��KHQFH� HQVXULQJ� WKDW�SULFHV� DQG�FRVWV�JURZ� LQ� VWHDG\� VWDWH� DW� WKH� VDPH

SDFH��7KH�OHYHO�RI�WKH�UHVXOWLQJ�UHDO�ZDJH�GHSHQGV�RQ�ODERXU�SURGXFWLYLW\��DVVXPHG�WR�EH

GULYHQ�E\�WHFKQRORJ\�IDFWRUV��DQG�WKH�SDUWLFXODU�YDOXH�WDNHQ�E\�m66��ZKLFK� LV�GHWHUPLQHG

E\�IDFWRUV�QRW�H[SOLFLWO\�LQFOXGHG�LQ�WKH�HTXDWLRQ�

:LWKLQ�WKLV�FRQWH[W��DQ�DVVXPSWLRQ�PDLQWDLQHG� WKURXJKRXW� WKLV�ZRUN� LV� WKDW�m66�GRHV�QRW

GHSHQG�RQ�QRPLQDO�IDFWRUV��PDNLQJ�WKH�V\VWHP�LQGHSHQGHQW�IURP�QRPLQDO�YDULDEOHV�LQ�WKH

ORQJ� UXQ�� $V� D� FRQVHTXHQFH�� WKH� VWHDG\�VWDWH� UHDO� ZDJH� GRHV� QRW� GHSHQG� RQ� QRPLQDO

IDFWRUV��DOWKRXJK�VRPH�VKRUW�UXQ�HIIHFWV�PD\�EH�SUHVHQW�GXH�WR��H�J���PDUNHW�LPSHUIHFWLRQV�

$�FRQVHTXHQFH�RI�WKLV�IDFW�LV�WKDW�LQIODWLRQ�DQG�XQHPSOR\PHQW�DUH�RQO\�OLQNHG�LQ�WKH�VKRUW

WHUP��$QRWKHU� LPSRUWDQW�FRQVHTXHQFH� LV� WKDW� VXFK� OLQNV� FDQ�EH� DQDO\VHG�XVLQJ�GLIIHUHQW

PHDVXUHV� RI� LQIODWLRQ�� VXFK� DV� SULFH� LQIODWLRQ� �XVLQJ� DOWHUQDWLYH� PHDVXUHV� RI� WKH� SULFH

OHYHO���XQLW�ODERXU�FRVWV�RU�QRPLQDO�ZDJH�LQIODWLRQ��,Q�HTXLOLEULXP�DOO�WKHVH�YDULDEOHV�PXVW

JURZ�DW�WKH�VDPH�SDFH�DQG�WKHUHIRUH�UHSUHVHQW�LQWHUFKDQJHDEOH�PHDVXUHV�RI�LQIODWLRQ���,Q

WKLV� SDSHU�� VRPH� HPSLULFDO� H[HUFLVHV� ZLOO� DOVR� EH� EDVHG� RQ� SULFH�ZDJH� HTXDWLRQV�� L�H�

HTXDWLRQV� LPSOLFLWO\� PHDVXULQJ� WKH� UHDO� ZDJH� QRW� FRUUHFWHG� IRU� ODERXU� DXJPHQWLQJ

WHFKQRORJ\� JURZWK�� $OWKRXJK�� DV� DOUHDG\� VWDWHG�� WKLV� UHODWLYH� SULFH� ZLOO� EH� DVVXPHG

LQGHSHQGHQW� LQ� WKH� ORQJ� UXQ� IURP� QRPLQDO� IDFWRUV�� SULFH�ZDJH� HTXDWLRQV� PD\� SURYH� D

QHFHVVDU\�WRRO�IRU�WKH�VKRUW�WHUP�DQDO\VLV�RI�WKH�LPSDFW�RI�FKDQJHV�LQ�XQHPSOR\PHQW�RQ

JHQHUDO�HFRQRPLF�FRQGLWLRQV�

'\QDPLF�HOHPHQWV

'\QDPLF�FRPSRQHQWV�RI�WKH�DERYH�FXUYH�������DUH�DQ�HVVHQWLDO�HOHPHQW�RI�WKH�DQDO\VLV��EXW

DUH�OHVV�JURXQGHG�RQ�WKHRUHWLFDO�WHUPV��3UREDEO\�WKH�PRVW�ZLGHVSUHDG�G\QDPLF�FRQFHSWXDO

IUDPHZRUN� LV�*RUGRQ¶V� WULDQJOH�PRGHO� �VHH�*RUGRQ�� ������� DQ� DSSOLFDWLRQ� RI� ZKLFK� LV

SUHVHQWHG�EHORZ��0RUH�HODERUDWH�YHUVLRQV�RI�*RUGRQ¶V�DSSURDFK�KDYH�EHHQ�GHULYHG��VRPH

EDVHG� RQ� PLFURHFRQRPLF� IRXQGDWLRQV� �VHH� *RRGIULHQG� DQG� .LQJ�� ����� IRU� D� JRRG

RYHUYLHZ���7KH�DSSURDFK� LQLWLDWHV� LQ� D� IUDPHZRUN� UHODWHG� WR� ������� LQ�ZKLFK� LQIODWLRQ� LV

OLQNHG� WR� VXSSO\�VLGH� IDFWRUV� DQG� VRPH� ]HUR�PHDQ� PHDVXUH� RI� GHPDQG� SUHVVXUHV�� DV

H[SUHVVHG�E\��������7KLV�H[SUHVVLRQ�LV�QR�ORQJHU�D�UHSUHVHQWDWLRQ�RI�WKH�VWHDG\�VWDWH��EXW�D

IDFWXDO�UHSUHVHQWDWLRQ�RI�WKH�WLPH�SDWK�IROORZHG�E\�LQIODWLRQ�DW�HDFK�SRLQW�LQ�WLPH��+HQFH�

SW�LV�WKH�DFWXDO�SULFH�OHYHO�REVHUYHG�DW�WLPH�W��ZKLOH�[W
�LV�D�PHDVXUH�RI�WKH�VWHDG\�VWDWH�LQ

� ([FHSW� QRPLQDO� ZDJH�� ZKLFK� DOVR� JURZV� ZLWK� ODERXU� SURGXFWLYLW\�� 3UHFLVHO\� EHFDXVH� RI� WKLV� IHDWXUH
HVWLPDWLRQ� RI� 3KLOOLSV� FXUYHV� EDVHG� RQ� QRPLQDO�ZDJHV� DUH� OHVV� FRPPRQ� WKDQ� DOWHUQDWLYH� VSHFLILFDWLRQV�
QRWZLWKVWDQGLQJ�WKH�LQLWLDO�WKUHDG�E\�$�:��3KLOOLSV�
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�������DQG�WKXV��[W���[W
��LV�D�PHDVXUH�RI�GHYLDWLRQV�IURP�WKH�VWHDG\�VWDWH���7KH�YDULDEOH�]W

FROOHFWV�DGGLWLRQDO�LQIRUPDWLRQ�WKH�DQDO\VW�PD\�ILQG�UHOHYDQW��PDLQO\�VXSSO\�VLGH�IDFWRUV��

( )
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7KHUH�LV�D�RQH�WR�RQH�OLQN�EHWZHHQ�������DQG��������EXW�LWV�GHULYDWLRQ�LV�OHIW�IRU�$QQH[�$�

)RFXVLQJ� RQ� WKH� H[SUHVVLRQ� LWVHOI�� WKHUH� DUH� WZR� HOHPHQWV� WR� KLJKOLJKW�� WKH� SUHVHQFH� RI

LQIODWLRQ� LQ� ILUVW�GLIIHUHQFHV��DQG� WKDW�RI�D� WHUP�[�PHDVXULQJ�GHYLDWLRQV� IURP�D� ORQJ�UXQ

�VWDUUHG��YDOXH��7KH� ILUVW� IDFWRU� �L�H��� WKH�SUHVHQFH�RI� �SW�� VWHPV� IURP� WKH� ODFN�RI� ORQJ�

WHUP�HIIHFWV�RI�QRPLQDO�YDULDEOHV�RQ�UHDO�RQHV��ZKLFK�WUDQVODWHV�LQWR�DQ�LQIODWLRQ�SURFHVV

WKDW�RQO\�GHSHQGV�RQ�QRPLQDO�IDFWRUV�LQ�WKH�ORQJ�UXQ��,Q�SDUWLFXODU��LQIODWLRQ�H[SHFWDWLRQV

DUH�DVVXPHG�WR�EH�EDVHG�RQO\�RQ�QRPLQDO�YDULDEOHV��7KLV�PHDQV�WKDW�HTXDWLRQ��������ZKLFK

KDV� RQO\� UHDO� YDULDEOHV� RQ� WKH� ULJKW�KDQG� VLGH�� FDQQRW� EH� XVHG� WR� SLQ� GRZQ� WKHVH

H[SHFWDWLRQV� DQG� WKHUHIRUH� LQIODWLRQ� PXVW� HQWHU� LQ� GLIIHUHQFH� IRUP��� 7KH� VHFRQG� IDFWRU

VWHPV�IURP�WKH�SUHVHQFH�RI�ORQJ�UXQ�HTXLOLEULXP�YDOXHV��HPERGLHG�LQ�WKH�JHQHULF�YDULDEOH

[
�� WKDW� DUH� LQGHSHQGHQW� IURP�QRPLQDO� IDFWRUV�� DV�ZDV� WKH� FDVH� LQ� ������� 6XFK� ORQJ�UXQ

YDOXHV�FDQ�EH�SLQQHG�GRZQ�E\�UHDO�XQLW� ODERXU�FRVWV��SRWHQWLDO�RXWSXW�� WKH�1$,58��RU�D

PL[� RI� WKHP�� 7KH� IRFXV� LQ� WKH� SUHVHQW� SDSHU� ZLOO� EH� RQ� WKH� 1$,58� �L�H��� [
� LV� LQ� RXU

QRWDWLRQ�X
���EXW�WKH�LQFOXVLRQ�RI�RWKHU�PHDVXUHV�ZLOO�EH�RFFDVLRQDOO\�QHFHVVDU\��

$�UHODWHG�LVVXH�LV�ZKHWKHU�WR�PRGHO�OHYHOV�RU�ILUVW�GLIIHUHQFHV�RI�LQIODWLRQ��7UDGLWLRQDOO\²

DQG� ZH� ZLOO� VWLFN� WR� WKH� FRQYHQWLRQ²D� 3KLOOLSV� FXUYH� LV� XQGHUVWRRG� WR� PRGHO� ILUVW

GLIIHUHQFHV� RI� WKH� GDWD�� ZKLOH� ZKDW� KDV� EHHQ� WHUPHG� LQ� WKH� OLWHUDWXUH� DV� µZDJH� FXUYH¶

PRGHOV� OHYHOV�� 7KLV� GLVWLQFWLRQ� LV� XS� WR� D� SRLQW� DUWLILFLDO�� EXW� KDV� EHHQ� HQVKULQHG� YHU\

SDUWLFXODUO\�DIWHU�WKH�SXEOLFDWLRQ�RI�%ODQFKIORZHU�DQG�2VZDOG¶V�ERRN��VHH�%ODQFKIORZHU

DQG� 2VZDOG�� ������ VHH� DOVR� 5REHUWV�� ����� DQG�:KHODQ�� ����� IRU� D� GLVFXVVLRQ� RQ� WKH

UHOHYDQFH�RI�WKH�VXEMHFW���)ROORZLQJ�*RUGRQ��������ZH�ZLOO�LQFOXGH�OHYHO�WHUPV�DPRQJ�WKH

DGGLWLRQDO� FRPSRQHQWV�JHQHUDOO\� ODEHOOHG� LQ� ������ DV�YDULDEOH�]�� LQ� WKH� IRUP�RI� UHDO� XQLW

ODERXU�FRVWV�DIWHU�GHGXFWLQJ�WKH�PHDQ�

2WKHU�YDULDEOHV

/DVW�EXW�QRW�OHDVW��RWKHU�YDULDEOHV�PD\�KDYH�D�EHDULQJ�RQ�WKH�1$,58��0RVW�DXWKRUV�KDYH

FRQVLGHUHG� ZKDW� WKH\� WHUP� DV� VXSSO\�VLGH� YDULDEOHV�� ZKLFK� PD\� FDSWXUH� VKRFNV� RI� D

� 2EYLRXVO\��DJHQWV�PLJKW�XVH�������WR�VHW�PRUH�SUHFLVHO\�LQIODWLRQ�H[SHFWDWLRQV�D�OLPLWHG�QXPEHU�RI�SHULRGV
DKHDG��EXW�WKH\�ZRXOG�ORRN�HOVHZKHUH�WR�SLQ�GRZQ�H[SHFWDWLRQV�DW�D�ORQJHU�KRUL]RQ�

�� 0RUH�SUHFLVHO\��UHDO�XQLW�ODERXU�FRVWV�DUH�DQ�LPSRUWDQW�HOHPHQW�LQ�VRPH�RI�WKH�VSHFLILFDWLRQV�
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GLIIHUHQW�QDWXUH�WKDQ�WKRVH�QRUPDOO\�DVVRFLDWHG�ZLWK�D�3KLOOLSV�W\SH�UHODWLRQVKLS��7KH�VHW

RI� SRWHQWLDO� FDQGLGDWHV� IRU� WKH� HXUR� DUHD� LV� UHODWLYHO\� VFDUFH�� DOWKRXJK� VRPH� IDFWRUV� RU

HYHQWV�KDYH�KDG�DQ�LPSRUWDQW�LPSDFW�RQ�LQIODWLRQ�LQ�VRPH�PHPEHU�FRXQWULHV��LW�LV�GLIILFXOW

WR� ILQG� RQH� JOREDO� HQRXJK� WR� ZDUUDQW� LWV� LQFOXVLRQ� DW� WKH� DUHD� OHYHO�� $V� YDULDEOHV

SRWHQWLDOO\�LPSRUWDQW��IRUHLJQ�SULFHV�LQ�YDULRXV�IRUPV�ZLOO�EH�UHWDLQHG��DV�VRPH�IRUPV�RI

WD[DWLRQ� �L�H��� GLUHFW� WD[HV�� VRFLDO� VHFXULW\� FRQWULEXWLRQV� DQG� WKHLU� VXP��� 7KH� ODWWHU� KDYH

EHHQ�IRXQG�WR�EH�QRW�UHOHYDQW�RQ�HPSLULFDO�JURXQGV��DQG�WKH\�KDYH�EHHQ�GURSSHG�IURP�WKH

PRGHOV�SUHVHQWHG�

�� ³'LUHFW´�PHWKRGV�IRU�HVWLPDWLQJ�WKH�1$,58��PHWKRGRORJLFDO�EDFNJURXQG

7KH�1$,58�LV�QRW�GLUHFWO\�REVHUYDEOH�DQG�WKHUHIRUH�LW�KDV�WR�EH�LQIHUUHG�IURP�WKH�DQDO\VLV

RI� REVHUYDEOH� YDULDEOHV� UHODWHG� WR� LWV� GHILQLWLRQ�� 7KH� HPSLULFDO�PHWKRGV� DGRSWHG� LQ� WKH

OLWHUDWXUH�WR�DGGUHVV�WKLV�SUREOHP�FDQ�EH�JURXSHG�LQWR�WZR�EURDG�FDWHJRULHV��WKH�VWUXFWXUDO

DSSURDFK�DQG�WKH�RQH�RIWHQ�ODEHOOHG�DV�³GLUHFW´��,Q�WKH�IRUPHU��WKH�1$,58�LV�FRPSXWHG�DV

WKH� HTXLOLEULXP� RXWFRPH� RI� D� VWUXFWXUDO� PRGHO� UHSUHVHQWLQJ� DJJUHJDWH� SULFH� DQG� ZDJH

EHKDYLRXU��VHH�/D\DUG�HW�DO��������0RUJDQ�DQG�0RXURXJDQH����������,Q�WKH�ODWWHU��1$,58

PHDVXUHV� DUH� GHULYHG� RQ� WKH� EDVLV� RI� WKH� WLPH� VHULHV� DQDO\VLV� RI� XQHPSOR\PHQW� DQG�� LQ

PXOWLYDULDWH�FRQWH[WV��LQIODWLRQ�DQG�RWKHU�UHOHYDQW�YDULDEOHV��'LUHFW�PHWKRGV�DUH�JHQHUDOO\

HDVLHU� WR� LPSOHPHQW� WKDQ� VWUXFWXUDO� RQHV�� VLQFH� WKH\� GR� QRW� DWWHPSW� DW� GHWDLOHG

VSHFLILFDWLRQ�DQG�DQDO\VLV�RI�WKH�XQGHUO\LQJ�EHKDYLRXU�RI�HFRQRPLF�DJHQWV���7KH\�FDQ�LQ

SULQFLSOH� SURYLGH� XVHIXO� WRROV� IRU� GHULYLQJ� SUHGLFWLRQV� RI� LQIODWLRQDU\� SUHVVXUHV�

GHYHORSLQJ�PHDVXUHV�RI�XQFHUWDLQW\�VXUURXQGLQJ� WKH�1$,58�HVWLPDWHV�� LQYHVWLJDWLQJ� WKH

SUHVHQFH� RI� SHUVLVWHQFH�K\VWHUHVLV� HIIHFWV� LQ� XQHPSOR\PHQW� G\QDPLFV�� WHVWLQJ� ZKHWKHU

VXFK�HIIHFWV�DUH�V\PPHWULFDO�

7KLV�VHFWLRQ�IRFXVHV�RQ�WKH�PDLQ�PHWKRGRORJLFDO�IHDWXUHV�RI�WKLV�DSSURDFK��ZLWK�WKH�DLP

RI�EXLOGLQJ�D�JHQHUDO�IUDPHZRUN�LQ�ZKLFK�WR�FDVW�WKH�QXPHURXV�PRGHOV�GHYHORSHG�LQ�WKH

OLWHUDWXUH��XQGHUOLQH�WKHLU�DGYDQWDJHV��GUDZEDFNV�DQG�LPSOLFDWLRQV�

8QLYDULDWH�PHWKRGV

8QLYDULDWH�PHWKRGV�IRFXV�XQLTXHO\�RQ�WKH�XQHPSOR\PHQW�UDWH�WLPH�VHULHV�DQG�GHFRPSRVH

LW�LQWR�D�WUHQG�FRPSRQHQW��LGHQWLILHG�DV�WKH�1$,58��DQG�D�UHVLGXDO��F\FOLFDO��FRPSRQHQW�

�� 7KLV�W\SH�RI�DQDO\VLV�LV�QRW�GHDOW�ZLWK�LQ�WKH�SUHVHQW�ZRUN�DQG�LW�LV�OHIW�DV�D�VXEMHFW�IRU�ODWHU�LQYHVWLJDWLRQ�
�� 7KLV�DVSHFW�LV�SDUWLFXODUO\�UHOHYDQW�LQ�FRQWH[WV�ZKHUH�WKH�VWUXFWXUDO�DQG�LQVWLWXWLRQDO�FKDUDFWHULVWLFV�RI�WKH

ODERXU�PDUNHW�DUH�QRW�ZHOO�LGHQWLILDEOH��DV�LV�WKH�FDVH�RI�WKH�HXUR�DUHD�
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7KH�LGHD�EHKLQG�VXFK�D�VWUDWHJ\�LV�WKDW�XQHPSOR\PHQW�IOXFWXDWHV�DURXQG�WKH�1$,58��L�H�

WKHUH� H[LVW� EDODQFLQJ� IRUFHV� LQ� WKH� HFRQRP\� WKDW� HQDEOH� WKH� ODERXU�PDUNHW� WR� UHDFK� DQ

HTXLOLEULXP�LQ�WKH�ORQJ�UXQ��7KH�LGHQWLILFDWLRQ�RI�WKH�WZR�FRPSRQHQWV�FDQ�EH�EDVHG�HLWKHU

RQ�ILOWHULQJ�WHFKQLTXHV��DPRQJ�ZKLFK�WKH�PRVW�ZLGHO\�XVHG�DUH�WKH�+RGULFN�3UHVFRWW��+3�

DQG�WKH�%D[WHU�.LQJ�ILOWHUV���RU�RQ�VWDWLVWLFDO�PHWKRGV��VXFK�DV�WKH�XQREVHUYHG�FRPSRQHQW

�8&��PRGHO�GHYHORSHG�E\�:DWVRQ��������RU�WKH�RQH�SURSRVHG�E\�%HYHULGJH�DQG�1HOVRQ

�������

$OWKRXJK� TXLWH� HDV\� WR� LPSOHPHQW� DQG� XVHIXO� IRU� REWDLQLQJ� XSGDWHG� PHDVXUHV�� WKH

XQLYDULDWH�DSSURDFK�KDV�D�IHZ�GUDZEDFNV��7KH�PRVW�UHOHYDQW�LV�WKDW�LW�LV�³DWKHRUHWLFDO´��LQ

WKH� VHQVH� WKDW� LW� OHDYHV� WKH� LQWHUDFWLRQ� EHWZHHQ� XQHPSOR\PHQW� DQG� RWKHU� HFRQRPLF

YDULDEOHV�FRPSOHWHO\� LQGHWHUPLQDWH�� ,Q�SDUWLFXODU�� LW� GRHV�QRW� WDNH� LQWR� DFFRXQW� LQIODWLRQ

G\QDPLFV��KHQFH�WKHUH�LV�QR�JXDUDQWHH�WKDW�WKH�UHVXOWV�SURYLGH�D�PHDVXUH�RI�WKH�XQGHUO\LQJ

1$,58��ZKLFK�LV�XVHIXO�LQ�WKH�FRQWH[W�RI�H[SODLQLQJ�WKH�EHKDYLRXU�RI�LQIODWLRQ��0RUHRYHU�

UHVXOWV� DUH� H[WUHPHO\� VHQVLWLYH� WR� DUELWUDU\� FKRLFHV� FRQFHUQLQJ�� IRU� H[DPSOH�� WKH

VPRRWKLQJ�SDUDPHWHU�LQ�WKH�FDVH�RI�WKH�+3�ILOWHU�RU�WKH�UHVWULFWLRQV�LPSRVHG�RQ�WKH�WLPH

SURILOH�RI�WKH�WUHQG�FRPSRQHQW� LQ� WKH�FDVH�RI� WKH�8&�PRGHO��/DVW�EXW�QRW� OHDVW��PRVW�RI

WKHVH� ILOWHUV� DUH� DIIHFWHG� E\� ODFN� RI� SUHFLVLRQ� RI� HQG�RI�VDPSOH� HVWLPDWHV� RI� WKH

XQREVHUYHG�YDULDEOH�

0XOWLYDULDWH�PHWKRGV

7KH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�LQIODWLRQDU\�SURFHVV��DQG�SRVVLEO\�DOVR�RWKHU�YDULDEOHV�

SURYHV� HPSLULFDOO\� TXLWH� KHOSIXO� LQ� RUGHU� WR� JHW� D� OHVV� DUELWUDU\� GHFRPSRVLWLRQ� RI

XQHPSOR\PHQW� LQWR� WKH� 1$,58� DQG� WKH� F\FOLFDO� FRPSRQHQW�� 7KH� QDWXUDO� UDWH� WKHRU\

SRVWXODWHV�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�LQIODWLRQ�DQG�WKH�WLJKWQHVV�RI�WKH�ODERXU�PDUNHW�

ZKLFK�FDQ�EH�H[SUHVVHG�DV�D�JHQHUDOLVHG�H[SHFWDWLRQ�DXJPHQWHG�3KLOOLSV�FXUYH�
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ZKHUH�DS� LV� WKH� LQIODWLRQ� UDWH��DSH� H[SHFWHG� LQIODWLRQ��X� WKH� XQHPSOR\PHQW� UDWH��X
� WKH

1$,58��&�/�� DQG�Q�/�� SRO\QRPLDOV� LQ� WKH� ODJ� RSHUDWRU�� ]� D� YHFWRU� RI� IDFWRUV� �XVXDOO\

VXSSO\� VKRFNV�� LQIOXHQFLQJ� LQIODWLRQ� RWKHU� WKDQ� WKH� GLVHTXLOLEULXP� LQ� WKH� ODERXU�PDUNHW

DQG�e�LV�LLG�ZLWK�PHDQ�]HUR�DQG�YDULDQFH�s�

e��7KH�ODJJHG�GHSHQGHQW�YDULDEOH�LQFOXGHG�LQ

WKH�ULJKW�KDQG�VLGH�RI�WKH�HTXDWLRQ�FDSWXUHV�WKDW�SDUW�RI�LQIODWLRQ�G\QDPLFV�GXH�WR�LQHUWLDO

HIIHFWV�

�� 6HH�%D[WHU�DQG�.LQJ��������



(&%�:RUNLQJ�3DSHU�1R�����0DUFK����� ��

7KH�HVWLPDWLRQ�RI�������UHTXLUHV�D�VHULHV�RI�LQIODWLRQDU\�H[SHFWDWLRQV��ZKLFK�LV�QRW�PRGHO�

HQGRJHQRXV�DQG�KHQFH�HQWDLOV�D�FHUWDLQ�GHJUHH�RI�DUELWUDULQHVV��2QH�RI�WKH�PRVW�FRPPRQ
IRUPXODWLRQV�LV�WKH�UDQGRP�ZDON�PRGHO�

�-
D=D

W

H

W
SS ��7KH�XQGHUO\LQJ�LGHD�LV�WKDW�LQIODWLRQ

LV�D�KLJKO\�SHUVLVWHQW�SKHQRPHQRQ��IRU�ZKLFK�LW� LV�JHQHUDOO\�TXLWH�KDUG�WR�UHMHFW� WKH�XQLW

URRW�K\SRWKHVLV��$OWHUQDWLYH�VSHFLILFDWLRQV� IRU�H[SHFWHG� LQIODWLRQ��KRZHYHU��DUH� IRXQG� LQ

WKH�OLWHUDWXUH��7KH\�LQFOXGH�UHFXUVLYH�DXWRUHJUHVVLYH�IRUHFDVWV��REWDLQHG�IURP�WKH�UHFXUVLYH
HVWLPDWLRQ�RI�D�PRGHO�RI�WKH�IRUP�
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S/'S d ��RU�WKH�XVH�RI�GDWD�IURP�VXUYH\V

�6WDLJHU�HW�DO��������)DELDQL�HW�DO��������

7KH� EDFNZDUG�ORRNLQJ� K\SRWKHVLV� IRU� LQIODWLRQDU\� H[SHFWDWLRQV� DOORZV� UHZULWLQJ� WKH

3KLOOLSV�FXUYH�DV�
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ZKHUH�WKH�ODJJHG�YDOXHV�RI�WKH�GHSHQGHQW�YDULDEOH�FDSWXUH�ERWK�LQHUWLDO�HIIHFWV�UHODWHG�WR

WKH�VSHHG�RI�SULFH�DGMXVWPHQW�DQG�H[SHFWDWLRQ� IRUPDWLRQ�� ,I�$����HTXDOV�XQLW\� WKHUH� LV�D

³QDWXUDO�UDWH´�RI�XQHPSOR\PHQW�FRQVLVWHQW�ZLWK�D�QRQ�LQFUHDVLQJ�UDWH�RI�LQIODWLRQ���,Q�WKDW

FDVH��D�IXUWKHU�GLIIHUHQFH�RI�YDULDEOH�S�FDQ�EH� WDNHQ� LQ��������3ULFH�G\QDPLFV�GHSHQG�RQ

ERWK�WKH�OHYHO�DQG�FKDQJH�RI�WKH�XQHPSOR\PHQW�JDS��/HYHO�HIIHFWV�DUH�FDSWXUHG�E\�Q����

ZKLOH� FKDQJH� HIIHFWV� E\� WKH� LQGLYLGXDO� FRHIILFLHQWV� WKHPVHOYHV��7KH� ODWWHU� DUH� JHQHUDOO\

IRXQG� WR� EH� TXLWH� VLJQLILFDQW� LQ� PRVW� HPSLULFDO� LPSOHPHQWDWLRQV� RI� WKH� 3KLOOLSV� FXUYH�

SURYLGLQJ� VXSSRUW� WR�ZKDW� LQ� WKH� OLWHUDWXUH� LV� GHILQHG� DV� SHUVLVWHQFH� RU�� DV� D� OLPLW� FDVH�

³K\VWHUHVLV´� HIIHFWV�� ,Q� ERWK� FDVHV� WKH� SDWWHUQ� RI� XQHPSOR\PHQW� LWVHOI� KDV� ORQJ� ODVWLQJ

HIIHFWV� RQ� WKH� QDWXUDO� UDWH���� +RZHYHU�� ZKLOH� SHUVLVWHQFH� LV� FRQVLVWHQW� ZLWK� D� ORQJ�UXQ

HTXLOLEULXP� WRZDUGV�ZKLFK� WKH�1$,58�� DIIHFWHG� E\� VKRFNV�� WHQGV� WR� FRQYHUJH�PRUH� RU

OHVV� VORZO\�� SXUH� K\VWHUHVLV� LPSOLHV� WKDW� D� ORQJ�UXQ� YDOXH� IRU� WKH� 1$,58� FDQQRW� EH

LGHQWLILHG�� ,Q� WKLV� FDVH� WKH� XQHPSOR\PHQW� JDS� HQWHUV� WKH� 3KLOOLSV� FXUYH� RQO\� LQ� ILUVW

GLIIHUHQFHV� DQG� QRW� LQ� OHYHOV�� ,Q� WHUPV� RI� WKH� WLPH� VHULHV� SURSHUWLHV� RI� REVHUYHG

XQHPSOR\PHQW��WKLV�HQWDLOV�WKH�SUHVHQFH�RI�D�XQLW�URRW�LQ�WKH�SURFHVV���

�� ,QGHHG�� WKH� DFURQ\P� 1$,58�� IRU� QRQ�DFFHOHUDWLQJ�LQIODWLRQ�UDWH�RI�XQHPSOR\PHQW�� LPSOLHV� WRR� PDQ\
GHULYDWLYHV��,WV�FRUUHFW�YHUVLRQ�ZRXOG�EH�1,,58��&OHDUO\��WKLV�FRPPHQW�RQO\�KROGV�IRU�D�VSHFLILFDWLRQ�ZLWK
QR�H[SOLFLW�H[SHFWDWLRQV�WHUP�LQ�]W�

��� 0RVW�H[SODQDWLRQV�IRU�PHFKDQLVPV�WKDW�PLJKW�LQGXFH�VXFK�HIIHFWV�IRFXV�RQ�WKH�EHKDYLRXU�RI�ODERXU�PDUNHW
SDUWLFLSDQWV�� WKH� FKDQJHV� LQ� WKHLU� SURGXFWLYH� FDSDFLW\� FDXVHG� E\� XQHPSOR\PHQW�� WKH� PDWFKLQJ� SURFHVV
EHWZHHQ�ZRUNHUV� DQG� MREV� DQG� WKH� UHVXOWLQJ� FRQVHTXHQFHV� IRU�ZDJH� EDUJDLQLQJ� �/LQGEHFN� DQG� 6QRZHU�
������%ODQFKDUG�DQG�6XPPHUV��������

��� ,W� LV�GLIILFXOW� WR�GHWHUPLQH��ZLWKLQ� WKH�DQDO\WLFDO� IUDPHZRUN�RI�HTXDWLRQ� �������ZKHWKHU� WKH�SUHVHQFH�RI�D
XQLW� URRW� LQ�XQHPSOR\PHQW� LV� GXH� WR� WUXH�K\VWHUHVLV� RU� WR� WKH� IDFW� WKDW� WKH� HTXLOLEULXP� UDWH� LWVHOI� LV� QRQ
VWDWLRQDU\�GXH�WR�VRPH�VWUXFWXUDO�FKDQJHV��,Q�RWKHU�ZRUGV��WKH�FRQYHQWLRQDO�GHILQLWLRQ�RI�K\VWHUHVLV�IDLOV�WR
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%HIRUH�WXUQLQJ�WR�D�GHVFULSWLRQ�RI�WKH�YDULRXV�PHWKRGRORJLHV�DYDLODEOH�LQ�RUGHU�WR�HVWLPDWH

WKH�1$,58�RQ�WKH�EDVLV�RI�WKH�3KLOOLSV�FXUYH��LW�LV�ZRUWK�RXWOLQLQJ�VRPH�JHQHUDO��DQG�RIWHQ

FRQWURYHUVLDO��LVVXHV�ZKLFK�KDYH�EHHQ�DGGUHVVHG�LQ�WKH�OLWHUDWXUH�RQ�WKH�VXEMHFW�

�� 7KH�3KLOOLSV�FXUYH�FDQ�EH�VSHFLILHG�LQ�WHUPV�RI�ZDJH�UDWKHU�WKDQ�SULFH�G\QDPLFV��$V

*RUGRQ��������SRLQWV�RXW��WKH��FRQVWDQW�RU�WLPH�YDU\LQJ��1$,58�HVWLPDWHV�REWDLQHG

ZLWK�WKH�WZR�DOWHUQDWLYH�VSHFLILFDWLRQV�FDQ�GLIIHU�TXLWH�VLJQLILFDQWO\�IURP�HDFK�RWKHU���

)XUWKHU�� WKH�1$,58� HVWLPDWHV� DUH� VHQVLWLYH� WR� WKH� SULFH� LQGLFHV� FKRVHQ� WR�PHDVXUH

LQIODWLRQ���� 7KLV� IDFW�� ZKLFK� FRXOG� EH� WDNHQ� DV� LPSO\LQJ� WKH� QRQ�H[LVWHQFH� RI� WKH

FRQFHSW��SUREDEO\�RULJLQDWHV�LQ�WKH�LPSUHFLVH�QDWXUH�RI�DQ\�HVWLPDWH�RI�WKH�1$,58��,Q

WKLV� VHQVH��SUHVHQWLQJ�DOWHUQDWLYH�HVWLPDWHV� LV�KHOSIXO�� HLWKHU� DOO�PHDVXUHV� ORRN�DOLNH

DQG� WKH� UREXVWQHVV� RI� WKH� H[HUFLVH� LV� HQKDQFHG�� RU� WKH\� GLIIHU� VLJQLILFDQWO\� DQG� WKH

H[HUFLVH�LV�IODZHG���

�� 7KH� ULJKW�KDQG� VLGH� YDULDEOHV� RI� WKH�3KLOOLSV� FXUYH� FDQ� HQWHU� HLWKHU� DV� ODJJHG� RU� DV

FRQWHPSRUDQHRXV�YDOXHV��,Q�6WDLJHU�HW�DO��������WKH�YDULDEOHV�LQFOXGHG�LQ�WKH�YHFWRU�]

DUH� DOORZHG� WR� HQWHU� FRQWHPSRUDQHRXVO\�� LQ� *RUGRQ� ������� XQHPSOR\PHQW� HQWHUV

FRQWHPSRUDQHRXVO\�

�� 'LIIHUHQW� VSHFLILFDWLRQV� RI� WKH� 3KLOOLSV� FXUYH� OHDG� LQ� JHQHUDO� WR� GLIIHUHQW� SRLQW

HVWLPDWHV�RI� WKH� OHYHO�RI� WKH�1$,58�DQG�GLIIHUHQW�FRQILGHQFH� LQWHUYDOV�DURXQG�VXFK

HVWLPDWHV��7KH�SUHFLVLRQ�RI�WKH�1$,58�WLPH�VHULHV�LV�IRXQG�WR�GHSHQG�RQ�D�QXPEHU�RI

IDFWRUV��VXFK�DV�WKH�VL]H�RI�WKH�KLJK�IUHTXHQF\�YDULDWLRQ�RI�WKH�1$,58��WKH�LQFOXVLRQ

RI�D�GULIW�LQ�WKH�UDQGRP�ZDON�SURFHVV�UHSUHVHQWLQJ�LW�DQG�WKH�VSHFLILF�IRUP�FKRVHQ�WR

PRGHO�VXFK�D�GULIW�

�� 7KH�FKRLFH�DQG�VSHFLILFDWLRQ��H�J�� WKH� ODJ�VWUXFWXUH��RI� WKH�YDULDEOHV� LQFOXGHG� LQ� WKH

YHFWRU�]�DUH�UHOHYDQW�IRU�FRUUHFWO\�HVWLPDWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�XQHPSOR\PHQW

DQG�LQIODWLRQ��,I�VXFK�IDFWRUV�DUH�ZHOO�VSHFLILHG��WKH�UHVXOWLQJ�PHDVXUH�RI�WKH�1$,58

LV� FRQVLVWHQW� ZLWK� VWDEOH� LQIODWLRQ� LQ� WKHLU� DEVHQFH�� $V� *RUGRQ� ������� DUJXHV�� D

WDNH� LQWR� DFFRXQW� WKH� SRVVLELOLW\� WKDW� VRPH� ODUJH� VKRFNV� FKDQJH� WKH� SDUDPHWHUV� RI� WKH� 3KLOOLSV� FXUYH�
%LDQFKL�DQG�=RHJD��������DGRSW�D�0DUNRY�VZLWFKLQJ�UHJUHVVLRQ�PRGHO�WR�LGHQWLI\�WKH�GDWHV�RI�LQIUHTXHQW
FKDQJHV� LQ� WKH� PHDQ� RI� WKH� XQHPSOR\PHQW� WLPH� VHULHV� DQG� VKRZ� WKDW� LQ� PRVW� (XURSHDQ� FRXQWULHV
XQHPSOR\PHQW�SHUVLVWHQFH�LV�PXFK�UHGXFHG�RQFH�WKH�FKDQJLQJ�PHDQ�UDWH�LV�WDNHQ�LQWR�DFFRXQW��7KLV�PHDQV
WKDW�SHUVLVWHQWO\�KLJK�XQHPSOR\PHQW�LV�H[SODLQHG�QRW�MXVW�E\�VORZ�DGMXVWPHQW�WRZDUGV�D�FRQVWDQW�QDWXUDO
UDWH�EXW�UDWKHU�E\�D�KLJKHU�YDOXH�RI�WKH�QDWXUDO�UDWH��7KH�VKLIWLQJ�PHDQ�YDOXH�VSHFLILFDWLRQ�IRU�HTXLOLEULXP
XQHPSOR\PHQW� LV� FRPSDWLEOH� ZLWK� PRGHOV� WKDW� SUHGLFW� FKDQJHV� LQ� WKH� QDWXUDO� UDWH� GULYHQ� E\� VWUXFWXUDO
IDFWRUV�

���� :KLOH�*RUGRQ¶V�UHVXOW�LV�HPSLULFDOO\�WUXH��LW�FDQQRW�EH�WUXH�LQ�UHDOLW\��6XSSRVH�WKDW�WKH�XQHPSOR\PHQW�UDWH
ZDV�DW�WKH�&3,�1$,58��WKHQ�&3,�LQIODWLRQ�ZRXOG�EH�QRQ�DFFHOHUDWLQJ��+RZHYHU��LI�WKLV�ZDV�QRW�HTXDO�WR
33,�1$,58�WKHQ�33,�LQIODWLRQ�ZRXOG�EH�DFFHOHUDWLQJ�RU�GHFHOHUDWLQJ�LQGHILQLWHO\�DQG�WKH�JDS�EHWZHHQ�WKH
WZR�LQGLFHV��DQG�HYHQ�WKH�WZR�LQIODWLRQ�UDWHV��ZRXOG�EH�H[SORGLQJ�

��� 6WDLJHU�HW�DO��������
��� $OWHUQDWLYHO\��WKH�1$,58V�IRU�WKH�GLIIHUHQW�SULFH�LQGLFHV�FRXOG�EH�HVWLPDWHG�MRLQWO\�VXEMHFW�WR�WKH�HTXDOLW\

UHVWULFWLRQ�
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3KLOOLSV�FXUYH�WKDW�GRHV�QRW�LQFOXGH�DQ\�YDULDEOH�DV�D�SUR[\�IRU�WKH�LQIOXHQFH�RI�VXSSO\

IDFWRUV�PLJKW�FUHDWH�DQ�RPLWWHG�YDULDEOH�SUREOHP��SURGXFLQJ�XQUHOLDEOH�SUHGLFWLRQV�

�� 7KH� UHODWLRQVKLS� EHWZHHQ� LQIODWLRQ� DQG� WKH� WLJKWQHVV� RI� WKH� ODERXU�PDUNHW�PLJKW� EH

DV\PPHWULFDO��LQ�WKH�VHQVH�WKDW�H[FHVV�GHPDQG�FRQGLWLRQV�PLJKW�EH�PRUH�LQIODWLRQDU\

WKDQ�H[FHVV�VXSSO\�FRQGLWLRQV�DUH�GLVLQIODWLRQDU\��/D[WRQ��0HUHGLWK�DQG�5RVH�������

&ODUN��/D[WRQ�DQG�5RVH���������7KLV�IHDWXUH�ZRXOG�KDYH�UHOHYDQW�SROLF\�LPSOLFDWLRQV�

DQ�RYHUKHDWLQJ�RI�WKH�HFRQRP\�ZRXOG�LQ�IDFW�QHFHVVLWDWH�D�PRUH�VHYHUH�WLJKWHQLQJ�LQ

PRQHWDU\� FRQGLWLRQV� LQ� RUGHU� WR� NHHS� SULFH� VWDELOLW\� XQGHU� FRQWURO�� $V\PPHWU\�

LQGXFHG� E\� D� QXPEHU� RI� VWUXFWXUDO� IDFWRUV�� PLJKW� DOVR� FKDUDFWHULVH� WKH� SUHVHQFH� RI

K\VWHUHVLV�HIIHFWV�LQ�WKH�ODERXU�PDUNHW���

0XOWLYDULDWH�ILOWHUV

$V� DOUHDG\�PHQWLRQHG�� D� OLPLW� RI� RQH� RI� WKH�PRVW� FRPPRQ� ILOWHULQJ� WHFKQLTXH�� WKH� +3

ILOWHU��LV�WKDW�LW�JHQHUDWHV�WKH�1$,58�ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�LQIRUPDWLRQ�RQ�LQIODWLRQ�

$� VLPSOH� ZD\� WR� JHW� DURXQG� WKLV� GUDZEDFN� LV� WR� FKRRVH� WKH� YDOXH� RI� WKH� VPRRWKLQJ

SDUDPHWHU� WKDW� PLQLPLVHV� WKH� UHVLGXDO� RI� WKH� 3KLOOLSV� FXUYH� ������� 7KH� 1$,58� LV� WKHQ

LGHQWLILHG�DV�WKH�ILOWHUHG�VHULHV�RI�XQHPSOR\PHQW�WKDW�SURYLGHV�WKH�EHVW�VWDWLVWLFDO�ILW�

$OWHUQDWLYHO\��D�PXOWLYDULDWH�H[WHQVLRQ�RI�WKH�+3�ILOWHU�PDNHV�WKH�1$,58�HVWLPDWH�GHSHQG

ERWK�RQ�WKH�VPRRWKLQJ�SDUDPHWHU�DQG�RQ�WKH�HVWLPDWHG�FRHIILFLHQWV�RI�WKH�3KLOOLSV�FXUYH�

WKXV� LQWURGXFLQJ� VRPH� VWUXFWXUDO� LQIRUPDWLRQ� LQ� WKH� WUHQG�F\FOH� GHFRPSRVLWLRQ� �/D[WRQ

DQG�7HWORZ���������7KH�PXOWLYDULDWH�ILOWHU�HVWLPDWHV� WKH�1$,58�DV� WKH�VHULHV�RI�X
� WKDW

VLPXOWDQHRXVO\� PLQLPLVHV� WKH� VTXDUHG� XQHPSOR\PHQW� JDS� VXEMHFW� WR� D� VPRRWKQHVV

FRQVWUDLQW�DQG�D�JRRGQHVV�RI�ILW�UHVWULFWLRQ�IURP�WKH�3KLOOLSV�FXUYH�
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ZKHUH�eW� LV� WKH�UHVLGXDO� IURP�������DQG�le� LV�D�ZHLJKW�DWWDFKHG� WR� LW��7KH�ZHLJKWV�RQ� WKH

UHVWULFWLRQV�DUH�HLWKHU�IL[HG�D�SULRUL�RU��LQ�D�PRUH�VRSKLVWLFDWHG�DSSURDFK��MRLQWO\�HVWLPDWHG

ZLWK�WKH�SDUDPHWHUV�RI�WKH�3KLOOLSV�FXUYH��&RWH¶�DQG�+RVWODQG��������

��� *LRUQR��'HVHUUHV�DQG�6WXUP��������ILQG�VRPH��QRW�YHU\�FRQFOXVLYH��HYLGHQFH�RI�DV\PPHWULFDO�K\VWHUHVLV
IRU�)UDQFH��,WDO\�DQG�*HUPDQ\�
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&RQVWDQW�1$,58

,I� WKH� 1$,58� LV� WUHDWHG� DV� FRQVWDQW� RYHU� WKH� ZKROH� VDPSOH� SHULRG� LW� FDQ� EH� GLUHFWO\

FRPSXWHG�IURP�WKH�HVWLPDWHG�SDUDPHWHUV�RI�HTXDWLRQ��������*LYHQ�WKH�FRQVWDQF\�RI�X
��WKH

WHUP�Q�/��XW���X
��LQ�WKH�3KLOOLSV�FXUYH�FDQ�LQ�IDFW�EH�UHZULWWHQ�DV�Q�/��XW����Q���X
�ZKHUH

Q����LV�WKH�VXP�RI�WKH�HVWLPDWHG�FRHIILFLHQWV�RI�XQHPSOR\PHQW��7KLV�\LHOGV�

WWWW
]X/S/$ egb ++Q+=D

-�
���� �����

ZKHUH� *Q-= X���b �� ,Q� WKH� DEVHQFH� RI� VXSSO\� VKRFNV�� WKH� 1$,58� LV� GHULYHG� DV

���Ö�ÖÖ Q-=* bX �

7LPH�YDU\LQJ�1$,58��(OPHVNRY�PHWKRG

$�PHWKRG�WKDW��DOWKRXJK�EDVHG�RQ�D�3KLOOLSV�FXUYH�W\SH�UHODWLRQVKLS��GRHV�QRW�UHO\�RQ�WKH�D

SULRUL� DVVXPSWLRQ� RI� D� VWDEOH� V\VWHPDWLF� OLQN� EHWZHHQ� LQIODWLRQ� DQG� ODERXU� PDUNHW

LPEDODQFHV�LV�WKH�RQH�GHYHORSHG�E\�(OPHVNRY���������,Q�LWV�RULJLQDO�YHUVLRQ�WKH�PHWKRG�LV

FRQFHLYHG�DV�H[SORLWLQJ�LQIRUPDWLRQ�RQ�ZDJH�UDWKHU�WKDW�SULFH�GHYHORSPHQWV��WKH�UHVXOWLQJ

PHDVXUH�RI�XQHPSOR\PHQW�FRQVLVWHQW�ZLWK�FRQVWDQW�ZDJH�JURZWK�LV�LQ�IDFW�ODEHOOHG�E\�LWV

SURSRQHQW�DV�1$:58���EXW� LW� FDQ� LQ�SULQFLSOH�EH� DSSOLHG� WR� DQ\� LQGLFDWRU�RI� LQIODWLRQ�

7KH� 1$:58� LV� FXUUHQWO\� DQG� URXWLQHO\� DSSOLHG� E\� WKH� 2(&'� WR� GHULYH� PHDVXUHV� RI

FRXQWU\� RXWSXW� JDSV�� DOWKRXJK� DGGLWLRQDO� HYLGHQFH� �� LQFOXGLQJ� MXGJPHQWDO� H[SHUWLVH� �� LV

XVHG� LQ� WKH� SURFHVV���� 7KH� 1$,58� LV� FRPSXWHG� RQ� WKH� EDVLV� RI� D� VLPSOLILHG

³DFFHOHUDWLRQLVW´�YHUVLRQ�RI�HTXDWLRQ�������

��� *--=D
WWWW

XXS a �� �����

ZKHUH�D�� LV� WKH� VHFRQG� GLIIHUHQFH� RSHUDWRU�� S� LV� WKH� ORJDULWKP� RI� WKH� FKRVHQ� SULFH� �RU

ZDJH��LQGLFDWRU�DQG�a LV�D�SRVLWLYH�YDULDEOH��7KH�WZR�XQREVHUYDEOH�YDULDEOHV��a�DQG�X
��DUH

LGHQWLILHG�E\�FRQVWUDLQLQJ�WKHP�ERWK�WR�EH�FRQVWDQW�DFURVV� WZR�VXEVHTXHQW�REVHUYDWLRQV�

,Q�RWKHU�ZRUGV��DXW
�LV�DVVXPHG�WR�EH�HTXDO�WR�]HUR�DQG�KHQFH�WKH�1$,58�WR�FKDQJH�RQO\

JUDGXDOO\�RYHU�WLPH��$Q�HVWLPDWH�RI�a�LV�REWDLQHG�IRU�DQ\�WZR�FRQVHFXWLYH�SHULRGV�DV�

��� $OWHUQDWLYH� DSSURDFKHV� DUH� FXUUHQWO\� EHLQJ� LQYHVWLJDWHG� E\� 2(&'� VWDII�� DOVR� DLPHG� DW� DVVHVVLQJ� WKH
UREXVWQHVV�RI�WKH�UHVXOWV�SURYLGHG�E\�(OPHVNRY¶V�PHWKRG��,Q�SDUWLFXODU��WZR�PHWKRGV�RI�HVWLPDWLRQ�RI�WKH
1$,58�DUH�EHLQJ�FRQVLGHUHG��7KH�ILUVW�LV�EDVHG�RQ�D�.DOPDQ�ILOWHU�DSSOLHG�WR�D�3KLOOLSV�FXUYH�VSHFLILHG�LQ
WHUPV�RI�SULFH�LQIODWLRQ��WKH�VHFRQG�RQ�D�PXOWLYDULDWH�ILOWHU�DORQJ�WKH�OLQHV�GHVFULEHG�LQ�/D[WRQ�DQG�7HWORZ
�������
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7KH�REWDLQHG�PHDVXUH�� VPRRWKHG� LQ�RUGHU� WR� UHPRYH�HUUDWLF�PRYHPHQWV���� LV� D� VKRUW�UXQ

HTXLOLEULXP� LQGLFDWRU�� VLQFH� LW� UHSUHVHQWV� WKH� XQHPSOR\PHQW� UDWH� DVVRFLDWHG�� LQ� D� JLYHQ

SHULRG�DQG�GHSHQGLQJ�RQ�WKH�UHFHQW�SDVW�HYROXWLRQ�RI�XQHPSOR\PHQW��ZLWK�FRQVWDQW�ZDJH

�RU�SULFH��JURZWK�

7KLV�PHWKRG��GHVSLWH� LWV�VLPSOLFLW\�RI�FRQVWUXFWLRQ�DQG� WKH�DGYDQWDJH�RI�QRW� UHTXLULQJ�D

ZLGH�YDULHW\�RI�GDWD��LQYROYHV�VRPH�ZHDNQHVVHV��)RU�H[DPSOH��VRPH�SRWHQWLDOO\�LPSRUWDQW

H[SODQDWRU\� YDULDEOHV�PLJKW� EH� RPLWWHG��0RUHRYHU�� WKHUH� LV� QR� HVWLPDWLRQ� LQYROYHG� DQG

WKHUHIRUH� QR� WHVW� VWDWLVWLFV� RU� VWDWLVWLFDO� PHDVXUH� RI� WKH� XQFHUWDLQW\� DVVRFLDWHG� ZLWK� WKH

LQGLFDWRU�LWVHOI��)LQDOO\��DV�aW�LV�FRPSXWHG�DV�D�IUDFWLRQ�ZKHUH�WKH�GHQRPLQDWRU�PLJKW�EH

FORVH� WR� ]HUR�� LW� FDQ� EH� KLJKO\� YRODWLOH�� WKXV� OHDGLQJ� WR� D� FRQVLGHUDEOH� YRODWLOLW\� LQ� WKH

1$,58�LWVHOI��7KLV�LV�RQH�RI�WKH�UHDVRQV�ZK\�WKH�UDZ�PHDVXUH�QHHGV�WR�EH�ILOWHUHG�

7LPH�YDU\LQJ�1$,58��WKH�EUHDN�PRGHO

,Q�WKH�³EUHDN´�PRGHO��SURSRVHG�E\�*RUGRQ���������WKH�1$,58�LV�DOORZHG�WR�YDU\��WDNLQJ

GLIIHUHQW�GLVFUHWH�YDOXHV�RYHU�WLPH��GHSHQGLQJ�RQ�D�QXPEHU�RI�EUHDN�GDWHV�^WL`�

WW
)X 

 l= �

ZKHUH� �������
� QWWW

))) = � LV� D� VHW� RI�GXPP\�YDULDEOHV� VXFK� WKDW�
LLLW
WWW) �<=

-�
�LI�� � DQG

�=
LW
) �RWKHUZLVH��7KH�3KLOOLSV�FXUYH�HTXDWLRQ�������LV�UHIRUPXODWHG�DV�

WWWWW
])X/S/$ egl +++Q=D 
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7KH�EUHDN�SRLQWV�PD\�HLWKHU�EH�IL[HG�H[�DQWH�RU�HVWLPDWHG��,Q�WKH�ODWWHU�FDVH��ZKHQ�WKHUH�LV

PRUH� WKDQ� RQH� EUHDN� D� VHTXHQWLDO� DOJRULWKP� LV� DGRSWHG�ZKLFK� HVWLPDWHV� RQH� EUHDN� DW� D

WLPH��WUHDWV�LW�DV�IL[HG�DQG�HVWLPDWHV�WKH�QH[W�RQH��7KH�1$,58�LV�WKHQ�FRPSXWHG�DV�

���Ö

Ö
Ö
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W
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l

��� $Q�+RGULFN�3UHVFRWW�ILOWHU�ZLWK�D�VPRRWKLQJ�SDUDPHWHU�RI����LV�DSSOLHG�WR�WKH�VHULHV��LQ�RUGHU�WR�UHGXFH�WKH
LQIOXHQFH�RI�WUDQVLWRU\�PRYHPHQWV�LQ�WKH�3KLOOLSV�FXUYH�



�� (&%�:RUNLQJ�3DSHU�1R�����0DUFK�����

7KH�VWUXFWXUDO�WLPH�VHULHV�XQREVHUYHG�FRPSRQHQW�PHWKRG

,Q�WKLV�DSSURDFK��WKH�GHILQLWLRQ�RI�1$,58�DV�WKH�OHYHO�RI�XQHPSOR\PHQW�DW�ZKLFK�LQIODWLRQ

LV�FRQVWDQW�LV�H[SOLFLWO\�LQFRUSRUDWHG�LQ�WKH�GHFRPSRVLWLRQ�RI�XQHPSOR\PHQW��7KH�SURFHVV

DVVXPHG�IRU�XQHPSOR\PHQW�LV�D�VWUXFWXUDO�WLPH�VHULHV�PRGHO��ZKLFK�GHFRPSRVHV�REVHUYHG

XQHPSOR\PHQW�LQWR�D�WUHQG��WKH�1$,58���D�F\FOLFDO��XF��DQG�DQ�HUURU��XH��FRPSRQHQW�

XHXFXX ++= 
 �����

7KUHH�GLIIHUHQW�LVVXHV�FDQ�EH�LGHQWLILHG�IRU�WKH�HPSLULFDO�LPSOHPHQWDWLRQ�RI�WKLV�PHWKRG�

DQG�IRU�WKH�UHODWHG�UHVXOWV��L��WKH�FKRLFH�RI�WKH�VWDWLVWLFDO�PRGHO�IRU�X
��LL��WKH�DVVXPSWLRQV

FRQFHUQLQJ� WKH� GHYLDWLRQ� RI� WKH� XQHPSOR\PHQW� UDWH� IURP� WKH� 1$,58�� LLL�� WKH� H[SOLFLW

LQWURGXFWLRQ�RI�K\VWHUHVLV�HIIHFWV�LQ�XQHPSOR\PHQW�G\QDPLFV�

�� &KRLFH�RI�WKH�VWDWLVWLFDO�PRGHO�IRU�X


7KH� PRVW� FRPPRQO\� DGRSWHG� PRGHO� IRU� UHSUHVHQWLQJ� WKH� 1$,58� LV� D� UDQGRP� ZDON

SURFHVV�

WWWW
XX ht ++=
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ZKHUH�tW�LV�D�GULIW�DQG�WKH�HUURU�WHUP�hW� LV� LLG�ZLWK�PHDQ�]HUR�DQG�VWDQGDUG�GHYLDWLRQ�sh�

0RVW� HPSLULFDO� VWXGLHV� DVVXPH� QR� V\VWHPDWLF� WUHQG� LQ� WKH� 1$,58�� DQG� KHQFH� LPSRVH

tW ����

�� $VVXPSWLRQV�RQ�WKH�GHYLDWLRQ�RI�XQHPSOR\PHQW�IURP�WKH�1$,58

(PSLULFDO�DQDO\VHV�IUHTXHQWO\�DVVXPH�WKDW� WKH�GHYLDWLRQ�RI� WKH�XQHPSOR\PHQW� UDWH� IURP

WKH�1$,58�LV�D�ZKLWH�QRLVH�SURFHVV����7KLV�DVVXPSWLRQ�DPRXQWV�WR�QHJOHFWLQJ�WKH�F\FOLFDO

FRPSRQHQW�XF� LQ� WKH� VWUXFWXUDO� UHSUHVHQWDWLRQ� ������� 7KH� V\VWHP� ������ DQG� ������ FDQ� EH

H[SUHVVHG� LQ� VWDWH�VSDFH� IRUP� DQG� HVWLPDWHG� XVLQJ� WKH� .DOPDQ� ILOWHU�� (VWLPDWHV� RI� WKH

UHOHYDQW�SDUDPHWHUV��L�H��WKH�FRHIILFLHQWV�RI�WKH�SRO\QRPLDOV�LQ�WKH�ODJ�RSHUDWRU�$�/���Q�/�
DQG�g��DQG�WKH�WZR�YDULDQFHV� �� �DQG� he ss ��FDQ�EH�REWDLQHG�E\�PD[LPXP�OLNHOLKRRG��XQGHU

WKH�DVVXPSWLRQ�WKDW�WKH�WZR�HUURU�WHUPV�DUH�XQFRUUHODWHG�

$OWHUQDWLYHO\�� WKH� GHYLDWLRQ� RI� WKH� REVHUYHG� XQHPSOR\PHQW� UDWH� IURP� WKH� 1$,58� LV

DVVXPHG�WR�IROORZ�DQ�DXWRUHJUHVVLYH�SURFHVV��$SHO�DQG�-DQVVRQ��������5DVL�DQG�9LLNDUL�

������ /DXEDFK�� ������� 7KH� V\VWHP� LV� KHQFH� DXJPHQWHG� E\� D� WKLUG� HTXDWLRQ�� ZKLFK

��� 6WDLJHU�DW�DO���������*RUGRQ���������5HFHQW�ZRUNV��KRZHYHU��SURGXFH�LQWHUHVWLQJ�UHVXOWV�DOORZLQJ�WKH�WUHQG
LQ�������WR�EH�HLWKHU�FRQVWDQW��OLQHDU��RU�WLPH�YDU\LQJ��TXDGUDWLF���6HH�/DXEDFK��������

��� 6WDLJHU�HW�DO���������*RUGRQ��������
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IRUPDOLVHV�WKH�DVVXPSWLRQ�WKDW�WKH�REVHUYHG�XQHPSOR\PHQW�UDWH�KDV�D�WHQGHQF\�WR�UHWXUQ

RYHU�WLPH�WR�HTXLOLEULXP�

WWWWW
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ZKHUH�*������DQG�WKH�HUURU�WHUP�wW�LV�LLG�ZLWK�PHDQ�]HUR�DQG�VWDQGDUG�GHYLDWLRQ�sw��7KH

V\VWHP� LQFOXGLQJ� HTXDWLRQ� ������ DQG� ������������ FDQ� EH� VROYHG� E\� DSSO\LQJ� WKH� .DOPDQ

ILOWHU� WR� REWDLQ� HVWLPDWHV� RI� WKH� XQNQRZQ� SDUDPHWHUV� DQG� RI� WKH� WLPH� VHULHV� RI� WKH

XQREVHUYHG�YDULDEOH��,Q�WKH�VWDWH�VSDFH�IRUP��WKH�PHDVXUHPHQW�HTXDWLRQV�DUH�GHULYHG�IURP

������ DQG� ������� WKH� WUDQVLWLRQ� HTXDWLRQ� LV� GHULYHG� IURP� ������ DQG� ������� $OO� VKRFNV� DUH

DVVXPHG�WR�EH�PXWXDOO\�XQFRUUHODWHG�DQG�WR�KDYH�FRQVWDQW�YDULDQFHV����,Q�SULQFLSOH�DOO�WKH

SDUDPHWHUV� RI� WKLV� V\VWHP� FDQ� EH� HVWLPDWHG� E\� PD[LPXP� OLNHOLKRRG�� +RZHYHU�� WKH

HPSLULFDO� LPSOHPHQWDWLRQ� RI� WKH�.DOPDQ� ILOWHU� VPRRWKLQJ� DOJRULWKP� WHQGV� WR� SURGXFH� D

VROXWLRQ�LQ�ZKLFK�DOO�WKH�YDULDQFH�SDUDPHWHUV�DUH�]HUR�DSDUW�IURP�WKH�RQH�LQ�HTXDWLRQ������

�VHH��IRU�H[DPSOH��*RUGRQ���������$Q�DGGLWLRQDO�FRQVWUDLQW�KDV�WKHUHIRUH�WR�EH�SODFHG�RQ

WKH�YDULDWLRQ�RI�WKH�1$,58�WR�DYRLG�WKDW�KLJK�IUHTXHQF\�IOXFWXDWLRQV��L�H��MXPSV�IURP�RQH

SHULRG�WR�WKH�RWKHU�LQ�X
��DEVRUE�DOO�WKH�UHVLGXDO�YDULDWLRQ�LQ�HTXDWLRQ��������$OWKRXJK�WKH

YDOXH�FKRVHQ�IRU�WKH�YDULDQFH�RI�WKH�HUURU�WHUP�PDWWHUV�RQO\�LQVRIDU�DV� LW�GHWHUPLQHV� WKH

KLJK� IUHTXHQF\� IOXFWXDWLRQV� RI� WKH� 1$,58� HVWLPDWHV�� LW� LQIOXHQFHV� WKH� VWDQGDUG� HUURUV

DURXQG�VXFK�HVWLPDWHV��7KH�V\VWHP�PLJKW�DOVR�EH�H[WHQGHG�LQ�RUGHU�WR� WDNH� LQWR�DFFRXQW

WKH�UHODWLRQVKLS�EHWZHHQ�WKH�1$,58�DQG�SRWHQWLDO�RXWSXW� �5DVL�DQG�9LLNDUL��������$SHO

DQG�-DQVVRQ���������������6XFK�D�UHODWLRQVKLS�LV�VSHFLILHG�DV�DQ�2NXQ�HTXDWLRQ�E\�ZKLFK

D�JDS�EHWZHHQ�DFWXDO�DQG�HTXLOLEULXP�XQHPSOR\PHQW�LV�UHIOHFWHG�LQ�D�JDS�EHWZHHQ�DFWXDO

DQG�SRWHQWLDO�RXWSXW��,Q�WKH�WZR�SDSHUV�PHQWLRQHG�WKLV�2NXQ�ODZ�LV�LPSUHFLVHO\�PHDVXUHG�

WKLV�EHLQJ�QHHGHG�WR�DFFRXQW�IRU�VKLIWV�LQ�WKH�RXWSXW�JDS�QRW�RULJLQDWLQJ�LQ�FKDQJHV�LQ�WKH

XQHPSOR\PHQW�JDS��2QH�RI�WKH�DGYDQWDJHV�RI�WKH�LQWURGXFWLRQ�RI�WKLV�DGGLWLRQDO�HTXDWLRQ

LV�WKDW�WKH�D�SULRUL�H[RJHQRXV�UHVWULFWLRQ�RQ�WKH�YDULDQFH�RI�WKH�1$,58��ZKLFK�LV�QHHGHG

IRU�WKH�HPSLULFDO�LPSOHPHQWDWLRQ�RI�ERWK�WKH�VSHFLILFDWLRQV�SUHVHQWHG�DERYH��LV�QR�ORQJHU

QHFHVVDU\��7KH�RWKHU�FRQVWUDLQWV�LPSRVHG�RQ�WKH�ZKROH�V\VWHP�E\�WKH�2NXQ¶V�ODZ�VHHP�WR

KDQGOH��LQ�IDFW��WKH�YDULDQFH�RI�WKH�UHVLGXDO�

��� 7KH�DVVXPSWLRQ�RI�GLDJRQDO�YDULDQFH�FRYDULDQFH�PDWUL[�RI�WKH�V\VWHP�FDQ�DOVR�EH�UHOD[HG��ZLWKRXW�PDNLQJ
WKH� PRGHO� XQGHU�LGHQWLILHG�� WR� DOORZ� IRU� VRPH� QRQ�]HUR� FRUUHODWLRQ� EHWZHHQ� WKH� HUURU� WHUPV�� $V� DQ
H[DPSOH��FRUUHODWLRQ�EHWZHHQ�VKRFNV� WR� WKH�1$,58�DQG�VKRFNV� WR�F\FOLFDO�XQHPSOR\PHQW�PD\�RFFXU� LQ
WKH�SUHVHQFH�RI�K\VWHUHVLV�HIIHFWV� LQ� WKH� ODERXU�PDUNHW��$SHO�DQG�-DQVVRQ� ��������KRZHYHU�� ILQG� WKDW� WKH
DVVXPSWLRQ�RI�RUWKRJRQDOLW\�EHWZHHQ�WKH�UHVLGXDOV�FDQQRW�EH�UHMHFWHG�
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�� ,QWURGXFLQJ�K\VWHUHVLV�HIIHFWV

0RGHO� ������� ������������ DOORZV� DOVR� WR� H[SOLFLWO\� WDNH� LQWR� DFFRXQW� WKH� SRVVLELOLW\� WKDW

K\VWHUHVLV�HIIHFWV�LQ�XQHPSOR\PHQW�DIIHFW�WKH�SDWWHUQ�RI�WKH�HVWLPDWHG�1$,58��/DXEDFK�

�������(TXDWLRQ�������PD\�EH�UHZULWWHQ�DV�

WWWWW
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ZKHUH�WKH�LQWURGXFWLRQ�RI� WKH�SHUVLVWHQFH� WHUP�UHSODFHV� WKH�GHWHUPLQLVWLF�GULIW�tW�DQG� WKH

FRHIILFLHQW�y� LV�DVVXPHG�WR�EH�ERXQGHG�EHWZHHQ���DQG���� ,Q� WKH�H[WUHPH�FDVH� LQ�ZKLFK

y ����������FRUUHVSRQGV�WR�D�UDQGRP�ZDON��&RQYHUVHO\��ZKHQ�y ��WKH�WHUP�X
W���FDQFHOV

RXW� DQG� WKH� 1$,58� LV� RQO\� GHILQHG� DV� ODJJHG� FXUUHQW� XQHPSOR\PHQW� SOXV� D� VKRFN�

&RQVWDQW�LQIODWLRQ��LQ�WKLV�FDVH��ZRXOG�EH�FRPSDWLEOH�ZLWK�DQ\�OHYHO�RI�XQHPSOR\PHQW�

�� 7KH�HXUR�DUHD�1$,58��VRPH�SUHOLPLQDU\�HVWLPDWHV

���� )LOWHULQJ�WHFKQLTXHV

8QLYDULDWH� ILOWHULQJ� WHFKQLTXHV�� DOWKRXJK� TXLWH� HDV\� WR� LPSOHPHQW�� GR� QRW� XVH� DQ\

LQIRUPDWLRQ�RWKHU�WKDQ�WKH�VWDWLVWLFDO�SURSHUWLHV�RI�XQHPSOR\PHQW�DQG�PDNH�QR�UHIHUHQFH

WR� WKH� LQIODWLRQDU\� SURFHVV�� ZKLFK� KDV� D� SULPDU\� UROH� LQ� WKH� FRQFHSWXDO� GHILQLWLRQ� RI

1$,58�� 'HVSLWH� WKLV� OLPLWDWLRQ�� WKH� VPRRWKLQJ� SURFHVV� LQYROYHG� LQ� VXFK� PHWKRGV� LV

FRQVLVWHQW�ZLWK� WKH� LGHD� WKDW� WKH� GHWHUPLQDQWV� RI� WKH� 1$,58� FKDQJH� RQO\� VORZO\� RYHU

WLPH�� 7KLV� LV� SUREDEO\� RQH� RI� WKH� PDLQ� UHDVRQV� ZK\� ILOWHUHG� XQHPSOR\PHQW� VHULHV� DUH

RIWHQ�IRXQG�WR�EH�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�LQIODWLRQ�G\QDPLFV��VHH��IRU�H[DPSOH��%DQN

RI�(QJODQG��������

2Q� WKH� JURXQG� WKDW� WKH� HPSLULFDO� HYLGHQFH� VXSSOLHG� E\� WKLV� DSSURDFK�PLJKW� VKHG� VRPH

OLJKW� RQ� WKH� QRQ�F\FOLFDO� FRPSRQHQW� RI� XQHPSOR\PHQW� LQ� WKH� HXUR� DUHD�� D� VWDQGDUG�+3

ILOWHU��ZLWK�l� �������DQG�D�EDQGSDVV�ILOWHU�EDVHG�RQ�WKH�PHWKRGRORJ\�SURSRVHG�E\�%D[WHU

DQG�.LQJ��������KDYH�EHHQ�DSSOLHG���

��� $V�IRU�WKH�+3�ILOWHU��LQ�RUGHU�WR�RYHUFRPH�WKH�SUREOHP�RI�HQG�RI�VDPSOH�LPSUHFLVLRQ�RI�WKH�HVWLPDWHV��WZR
DGGLWLRQDO�\HDUV�RI�GDWD�KDYH�EHHQ�XVHG�WR�ILOWHU�WKH�XQHPSOR\PHQW�WLPH�VHULHV�
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)LJXUH�����1$,58�HVWLPDWHV�EDVHG�RQ�ILOWHULQJ�WHFKQLTXHV
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2EVHUYHG�XQHPSOR\PHQW +3�ILOWHU %D[WHU�ILOWHU

'HVSLWH� EHLQJ� IRXQGHG� RQ� GLIIHUHQW� SULQFLSOHV�� WKH� WZR� WHFKQLTXHV� SURGXFH� VWULNLQJO\

VLPLODU�UHVXOWV��DV�ILJXUH������FOHDUO\�VKRZV����6LPLODU�UHVXOWV��ZKLFK�DUH�QRW�VKRZQ�KHUH�

DUH�DOVR�VXSSOLHG�E\� WKH� LPSOHPHQWDWLRQ�RI� WKH�VLPSOH�ELYDULDWH�YHUVLRQ�RI� WKH�+3�ILOWHU

GHVFULEHG�LQ�VHFWLRQ����LQ�ZKLFK�WKH�VPRRWKLQJ�SDUDPHWHU�l LV�FKRVHQ�WR�PD[LPLVH�WKH�ILW

RI�WKH�3KLOOLSV�FXUYH���

���� 0HWKRGV�EDVHG�RQ�WKH�3KLOOLSV�FXUYH

7KH� DQDO\VLV� SUHVHQWHG� KHUH� DGGUHVVHV� WKH� LVVXH� RI� HVWLPDWLQJ� WKH� 1$,58� XVLQJ� WKH

DYDLODEOH� LQIRUPDWLRQ� RQ� SULFH�� ZDJH�� SURGXFWLYLW\� DQG� XQHPSOR\PHQW� GHYHORSPHQWV� LQ

WKH�HXUR�DUHD��7KH�EDVLF�IUDPHZRUN�LV�WKH�VLPSOH�3KLOOLSV�FXUYH�DOUHDG\�GHVFULEHG�LQ�WKH

SUHYLRXV� VHFWLRQ�� ZKLFK� FDSWXUHV� D� GLVHTXLOLEULXP� DGMXVWPHQW� PHFKDQLVP�� LQIODWLRQ

GHSHQGV� RQ� LWV� SDVW� YDOXHV�� RQ� WKH� WLJKWQHVV� RI� WKH� ODERXU� PDUNHW� DQG� RWKHU� IDFWRUV

SRWHQWLDOO\�DIIHFWLQJ�LWV�UHVSRQVH�WR�GHPDQG�SUHVVXUHV�

WWWWW
]XX/S/$ eg ++-Q=D ������ 
 �����

��� %D[WHU�DQG�.LQJ�PHWKRG�LV�D�EDQGSDVV�ILOWHU��ZKLFK�SDVVHV�IUHTXHQFLHV�FRUUHVSRQGLQJ�WR�EHWZHHQ���DQG���
SHULRGV��ZKLFK� LV� D� W\SLFDO� EXVLQHVV�F\FOH� IUHTXHQF\� UDQJH�ZKHQ� RQH� XVHV� TXDUWHUO\� GDWD�� 7KH�+RGULFN�
3UHVFRWW�ILOWHU�LV�GHULYHG�E\�PLQLPLVLQJ�WKH�VXP�RI�WKH�VTXDUHG�GHYLDWLRQV�RI�WKH�XQHPSOR\PHQW�UDWH�IURP
LWV�WUHQG��VXEMHFW�WR�D�VPRRWKQHVV�FRQVWUDLQW�WKDW�SHQDOLVHV�VTXDUHG�YDULDWLRQV�LQ�WKH�JURZWK�RI�WKH�WUHQG�

��� 7KH� DGGLWLRQDO� ILQGLQJ�ZKLFK� HPHUJHV� IURP� WKLV� H[SHULPHQW� LV� WKDW� WKH�EHVW� ILW� LV� SURYLGHG�E\� D� ILOWHUHG
VHULHV�WKDW�DSSUR[LPDWHV�D�OLQHDU�WUHQG��FRUUHVSRQGLQJ�WR�D�VPRRWKLQJ�SDUDPHWHU�WKDW�WHQGV�WR�LQILQLW\��7KH
LPSURYHPHQW� LQ� WKH� VWDWLVWLFDO� ILW� RI� WKH� 3KLOOLSV� FXUYH� GXH� WR� WKH� LQFUHDVH� LQ� l�� KRZHYHU�� LV� DOPRVW
QHJOLJLEOH��DQG�WKH�UHVXOWV�RI�VXFK�DQ�H[SHULPHQW�DUH�QRW�SUHVHQWHG�KHUH�
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6LQFH� H[SUHVVLRQ� ������ FDQ� EH� WKRXJKW� RI� DV� UHGXFHG� IRUP� RI� D� VWUXFWXUDO� ZDJH�SULFH

VHWWLQJ�PRGHO��LW�LV�LQ�SULQFLSOH�SRVVLEOH�WR�H[SUHVV�LW�HLWKHU�LQ�WHUPV�RI�ZDJHV�RU�RI�SULFHV�

)RU�ZDJH�LQIODWLRQ��ZH�IROORZ�*RUGRQ��������DQG�IRFXV�RQ�WKH�UDWH�RI�JURZWK�RI�WUHQG�XQLW

ODERXU�FRVWV��L�H��ZDJHV�GLYLGHG�E\�WUHQG�SURGXFWLYLW\��RQ�WKH�JURXQG�WKDW�WKLV�LV��DIWHU�DOO�

WKH�YDULDEOH�UHOHYDQW�WR�SULFLQJ�GHFLVLRQV����)RU�SULFH�LQIODWLRQ��ZH�PRGHO�ERWK�WKH�FKDQJH

LQ�FRQVXPSWLRQ�GHIODWRU�DQG�WKH�RQH�LQ�*'3�GHIODWRU��ZKLFK�H[FOXGHV�WKH�GLUHFW�LPSDFW�RI

LPSRUW�SULFHV��)RU�D�PHDQLQJIXO�PHDVXUH�RI�WKH�1$,58�WR�H[LVW��D�ORQJ�UXQ�KRPRJHQHLW\

UHVWULFWLRQ�LV�LPSRVHG�RQ�WKH�ODJJHG�FRHIILFLHQWV�RI�WKH�LQIODWLRQ�LQGLFDWRU��,Q��������VXFK

FRHIILFLHQWV�FDSWXUH�ERWK�WKH�LQIOXHQFH�RI�SDVW�LQIODWLRQ�EHKDYLRXU�DQG�RI�H[SHFWDWLRQV�RQ

FXUUHQW�SULFH�VHWWLQJ��7KH�XVH�RI�DQ�H[SOLFLW�PHDVXUH�RI�H[SHFWHG�LQIODWLRQ��ZKLFK�ZRXOG

DOORZ�D�IRUPDO�GLVWLQFWLRQ�EHWZHHQ�LQIODWLRQDU\�H[SHFWDWLRQV�IRUPDWLRQ�DQG�WKH�LQHUWLD�RI

WKH�LQIODWLRQDU\�SURFHVV��LV�QRW�SRVVLEOH�GXH�WR�WKH�XQDYDLODELOLW\�RI�GDWD��7KH�WLJKWQHVV�RI

WKH�ODERXU�PDUNHW�LV�SUR[LHG�E\�FXUUHQW�DQG�SDVW�YDOXHV�RI�WKH�XQHPSOR\PHQW�JDS����7KH

SUHVHQFH�RI� VHYHUDO� ODJV� RI� VXFK� D� YDULDEOH� DXWRPDWLFDOO\� DOORZV� LQIODWLRQ� WR� GHSHQG�RQ

ERWK�LWV�OHYHO�DQG�FKDQJH��7KH�UHODWLRQVKLS�OLQNLQJ�SULFH�G\QDPLFV�WR�WKH�XQHPSOR\PHQW

JDS� LV� DVVXPHG� WR� EH� RI� D� OLQHDU� IRUP��7KLV� IRUPXODWLRQ� LV� FRQVLVWHQW�ZLWK� D� EDWWHU\� RI

SUHOLPLQDU\�WHVWV�IRU�WKH�SUHVHQFH�RI�QRQ�OLQHDU�HIIHFWV��ZKLFK�KDV�SURYLGHG�HYLGHQFH�WKDW

GLGQ¶W�DOORZ�UHMHFWLQJ�WKH�K\SRWKHVLV�RI�D�OLQHDU�3KLOOLSV�FXUYH���

&RQVWDQW�1$,58

,I�WKH�1$,58�LV�DVVXPHG�WR�EH�FRQVWDQW�RYHU�WKH�HQWLUH�VDPSOH�SHULRG��HTXDWLRQ�������LV

UHIRUPXODWHG�DV�

WWWW
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��� :H�FRQVLGHU�WUHQG�SURGXFWLYLW\�JURZWK��L�H��D�VPRRWKHG�YHUVLRQ�RI�DFWXDO�SURGXFWLYLW\�JURZWK��RQ�WKH�EDVLV
RI�WKH�LGHD�WKDW�SURGXFWLYLW\�JDLQV�DUH�QRW�WUDQVODWHG�LQWR�ZDJHV�LQ�WKH�YHU\�VKRUW�UXQ�

��� 2QH� FRXOG� DUJXH� WKDW� WKH� LQIODWLRQDU\� HIIHFWV� RI� WLJKW� GHPDQG� SODXVLEO\� RFFXU� ZLWK� D� ODJ�� 7KH� LVVXH� RI
ZKHWKHU�RU�QRW�WR�LQFOXGH�DPRQJ�WKH�UHJUHVVRUV�RI�WKH�3KLOOLSV�FXUYH�WKH�FXUUHQW�XQHPSOR\PHQW�JDS�KDV�LQ
IDFW�EHHQ�GHEDWHG�LQ�WKH�HPSLULFDO�OLWHUDWXUH��+HUH��ZH�FKRVH�WR�DGKHUH�DV�PXFK�DV�SRVVLEOH�WR�WKH�VWDQGDUG
WH[WERRN� IRUPXODWLRQ� RI� WKH� UHODWLRQVKLS�� ZKLFK� LQFRUSRUDWHV� WKH� FXUUHQW� YDOXH�� 7KH� HPSLULFDO� UHVXOWV�
KRZHYHU��GR�QRW�FKDQJH�ZLWK�WKH�H[FOXVLRQ�RI�VXFK�D�YDULDEOH�

��� 1RQ�QHVWHG�WHVWV�RI�WKH�OLQHDU�3KLOOLSV�FXUYH�DJDLQVW�DQ�DOWHUQDWLYH�YHUVLRQ�LQ�ZKLFK�XQHPSOR\PHQW�HQWHUHG
LQ� ORJDULWKPV�UDWKHU� WKDW� LQ� OHYHOV�ZHUH�SHUIRUPHG�� VXFK�DV� WKH�&R[� WHVW�� LWV�DGMXVWHG�YHUVLRQ�GHULYHG�E\
*RGIUH\�DQG�3HVDUDQ���������WKH�-�DQG�WKH�HQFRPSDVVLQJ�WHVWV��$NDLNH�DQG�6FKZDU]�FKRLFH�FULWHULD�EDVHG
RQ�WKH�PD[LPLVHG�ORJ�OLNHOLKRRG�IXQFWLRQ�RI�WKH�WZR�DOWHUQDWLYH�PRGHOV�ZHUH�DOVR�HYDOXDWHG��:H�DUH�DZDUH
RI� WKH� OLPLWDWLRQ�RI�FRQVLGHULQJ�RQO\� WKH� ORJDULWKPLF� IXQFWLRQDO� IRUP�DV� DQ� DOWHUQDWLYH� VSHFLILFDWLRQ� WR� D
OLQHDU�RQH��7KH�FODVV�RI�QRQOLQHDU�3KLOOLSV�FXUYHV� LV�YDVW�DQG�FRXOG� LQFOXGH�� IRU�H[DPSOH�� WKH�SRVVLELOLW\
WKDW�WKH�VSHHG�RI�DGMXVWPHQW�GHSHQGV�RQ�WKH�OHYHO�RI�WKH�HTXLOLEULXP�UDWH�RI�XQHPSOR\PHQW��RU�WKDW�VXSSO\
VKRFNV�KDYH�DV\PPHWULF�HIIHFWV�
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DQG� WKH�1$,58� LV� FRPSXWHG� DV� WKH� 2/6� HVWLPDWH� RI� WKH� UDWLR� RI�a� WR� WKH� VXP� RI� WKH

FRHIILFLHQWV�RI�WKH�XQHPSOR\PHQW�WHUP�

7DEOH� ���� UHSRUWV� WKH� UHVXOWV� REWDLQHG� XVLQJ� TXDUWHUO\� GDWD� RQ� WRWDO� XQHPSOR\PHQW� UDWH�

WUHQG�XQLW�ODERXU�FRVWV��FRQVXPSWLRQ�GHIODWRU��*'3�GHIODWRU�IRU�WKH�HXUR�DUHD��UHIHUUHG�WR

WKH�SHULRG����������������7KH�UHJUHVVLRQV�DOVR�LQFOXGH��DFFRUGLQJ�WR�WKH�VSHFLILF�LQGLFDWRU

FKRVHQ� DV� GHSHQGHQW� YDULDEOH�� RWKHU� H[SODQDWRU\� IDFWRUV�� WKH� LPSRUW� GHIODWRU� ZKHQ

LQIODWLRQ�LV�PHDVXUHG�E\�WKH�FKDQJH�LQ�FRQVXPSWLRQ�GHIODWRU�DQG�XQLW�ODERXU�FRVWV�ZKHQ�LW

LV� WKH� FKDQJH� LQ� *'3� GHIODWRU�� (DFK� UHJUHVVLRQ� LQFOXGHV� IRXU� ODJV� RI� WKH� LQIODWLRQ

LQGLFDWRU�� FRQWHPSRUDQHRXV� DQG� ODJJHG� �IRXU� ODJV�� YDOXHV� RI� XQHPSOR\PHQW� DQG� IRXU

ODJJHG� YDOXHV� RI� WKH� DGGLWLRQDO� H[SODQDWRU\� IDFWRUV�� 7KH� VHFRQG� FROXPQ� RI� WKH� WDEOH

UHSRUWV� WKH� HVWLPDWHG� VXP� RI� FRHIILFLHQWV� RI� FXUUHQW� DQG� ODJJHG� XQHPSOR\PHQW�� ZKLFK

FDSWXUH� WKH�UHVSRQVH�RI�SULFH�RU�XQLW� ODERXU�FRVW�FKDQJHV� WR� WKH�F\FOLFDO� VLWXDWLRQ� LQ� WKH

ODERXU�PDUNHW�DQG�FDQ�WKHUHIRUH�EH�WKRXJKW�RI�DV�D�PHDVXUH�RI�DJJUHJDWH�UHDO�ULJLGLW\��7KH

WKLUG� FROXPQ� UHSRUWV� WKH� 1$,58� ILJXUHV� LPSOLFLW� LQ� WKH� HVWLPDWHG� 3KLOOLSV� FXUYH�� 7KH

VWDQGDUG�HUURUV�DUH�GHULYHG�XVLQJ�WKH�³GHOWD�PHWKRG´��JLYHQ�WKDW�WKH�1$,58�LV�FRPSXWHG

DV� D� QRQ�OLQHDU� IXQFWLRQ� RI� WKH� UHJUHVVLRQ� FRHIILFLHQWV���� 7KH� ODVW� FROXPQ� RI� WKH� WDEOH

FRQWDLQV�WKH����SHUFHQW�FRQILGHQFH�LQWHUYDO�REWDLQHG�RQ�WKH�EDVLV�RI�VXFK�VWDQGDUG�HUURUV�

7DEOH����
GHSHQGHQW�YDULDEOH �

5   Q(1)  �V�H� 1$,58��V�H�� ����FRQILGHQFH�LQWHUYDO

FRQVXPSWLRQ�GHIODWRU ���� ������������� ������������� ������������
*'3�GHIODWRU ���� ������������� ������������� ������������
XOF
�JURZWK ���� ������������� ������������� �����������

2YHUDOO�� WKH� ILW� RI� WKH� HTXDWLRQV�� ZKDWHYHU� WKH� LQGLFDWRU� PRGHOOHG�� LV� TXLWH� KLJK�� 7KH

LPSOLHG�XQHPSOR\PHQW�UDWH�FRQVLVWHQW�ZLWK�VWDEOH�LQIODWLRQ�RYHU�WKH�SHULRG�LV�LQ�WKH�UDQJH

RI� ���� ±� ���� SHU� FHQW�� 7KH� HVWLPDWHV� VKRZ� D� VWURQJ� VLPLODULW\� DFURVV� WKH� WKUHH

��� 7KH� GHOWD�PHWKRG� LV� D� WHFKQLTXH� IRU� FRQVWUXFWLQJ� DV\PSWRWLF� VWDQGDUG� HUURUV� IRU� IXQFWLRQV� RI� HVWLPDWHG
SDUDPHWHUV��6XSSRVH�WKDW� ��q)) = LV�D�IXQFWLRQ�RI�WKH�SDUDPHWHUV� q �RI�WKH�PRGHO�DQG�DVVXPH�LW�LV�ILUVW
RUGHU�GLIIHUHQWLDEOH��7KH�HVWLPDWH�RI�)�DQG�LWV�FRUUHVSRQGLQJ�YDULDQFH�PDWUL[�FDQ�LV�FRPSXWHG�DFFRUGLQJ�WR
WKH�IRUPXODH�

�Ö�Ö q)) =
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ZKHUH� qÖ LV� WKH�PD[LPXP� OLNHOLKRRG� HVWLPDWH� RI� WKH� SDUDPHWHUV� DQG� �Ö�Ö q9 � D� FRQVLVWHQW� HVWLPDWRU� RI� LWV
YDULDQFH� PDWUL[�� 6HH� DOVR� 5DR� �������� $� SRWHQWLDO� GUDZEDFN� RI� WKLV� PHWKRG� OLHV� LQ� WKH� IDFW� WKDW� LW
DSSUR[LPDWHV� WKH� GLVWULEXWLRQ� RI� WKH� HVWLPDWHG� 1$,58�� ZKLFK� LV� D� UDWLR� RI� FRHIILFLHQWV�� E\� D� QRUPDO
GLVWULEXWLRQ�
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VSHFLILFDWLRQV�� VXSSRUWLQJ� WKH� LGHD� WKDW� ZDJH� EHKDYLRXU� GRHV� QRW� SOD\� PXFK� RI� DQ

LQGHSHQGHQW�UROH�LQ�WKH�LQIODWLRQ�SURFHVV��*RUGRQ���������+RZHYHU��WKHLU�VWDQGDUG�HUURUV

DUH�VHQVLWLYH�WR�ZKHWKHU�WKH�3KLOOLSV�FXUYH�LV�PRGHOOHG�LQ�WHUPV�RI�SULFH�RU�XQLW�ODERXU�FRVW

LQIODWLRQ��WKH�����FRQILGHQFH�EDQG�IRU�WKH�IRUPHU�LV�DOPRVW�GRXEOH�WKH�RQH�FRPSXWHG�IRU

WKH� ODWWHU� �VL[� YHUVXV� WKUHH� SHUFHQWDJH� SRLQWV��� 7KLV� UHVXOW� VWHPV� IURP� WKH� IDFW� WKDW� WKH

GLUHFW� HIIHFWV� RI� ODERXU� PDUNHW� WLJKWQHVV� DFFRXQW� IRU� D� UHODWLYHO\� VPDOO� DPRXQW� RI� WKH

PRYHPHQWV�LQ�TXDUWHUO\�SULFH�JURZWK�

,Q�RUGHU�WR�YHULI\�WKH�UHOLDELOLW\�RI�WKH�K\SRWKHVLV�RI�D�FRQVWDQW�1$,58�RYHU�WKH�SHULRG�

WKH� HVWLPDWHG� UHODWLRQVKLSV� KDYH� EHHQ� VXEMHFW� WR� D� WKRURXJK� VWDELOLW\� DQDO\VLV�� 6HYHUDO

SLHFHV� RI� HYLGHQFH� SRWHQWLDOO\� DYDLODEOH� WR� GHWHFW� VWUXFWXUDO� VKLIWV� LQ� WKH� 3KLOOLSV� FXUYH

KDYH�EHHQ�FRQVLGHUHG��$V� WKH� WLPLQJ�RI� WKH�SRWHQWLDO�EUHDNV�FDQQRW�EH�HVWDEOLVKHG�RQ�D

SULRUL�JURXQGV��D�WHVW�DLPHG�DW�GHWHFWLQJ�LQVWDELOLW\�RI�D�JHQHUDO�IRUP�KDV�EHHQ�SHUIRUPHG

DV�D�ILUVW�DWWHPSW��+DQVHQ���������7KH�WHVW�LV�DSSUR[LPDWHO\�D�/DJUDQJH�PXOWLSOLHU�WHVW�RI

WKH� QXOO� K\SRWKHVLV� RI� FRQVWDQW� SDUDPHWHUV� DJDLQVW� WKH� DOWHUQDWLYH� WKDW� WKH\� IROORZ� D

PDUWLQJDOH� DQG� LW� KDV� WKH� DGYDQWDJH� RI� GHWHFWLQJ� WKH� FRHIILFLHQWV� UHVSRQVLEOH� IRU� WKH

HYHQWXDO�EUHDN��7KH�UHVXOWV�SURYLGH�RQO\� OLPLWHG�DQG�QRW�FOHDU�FXW�HYLGHQFH�LQ�IDYRXU�RI

VWUXFWXUDO�VKLIWV�LQ�WKH�HTXDWLRQ��$OWKRXJK�RYHUDOO�VWDELOLW\�RI�WKH�HQWLUH�HTXDWLRQ�VHHPV�WR

EH� D� FRPPRQ� IHDWXUH� RI� WKH� WKUHH� GLIIHUHQW� VSHFLILFDWLRQV� FRQVLGHUHG� KHUH�� VRPH� RI� WKH

FRHIILFLHQWV�VKRZ�VRPH�VLJQ�RI�LQVWDELOLW\�RYHU�WKH�VDPSOH�SHULRG�

$�IXUWKHU�LQYHVWLJDWLRQ�RI�WKH�SURSHUWLHV�RI�WKH�HVWLPDWHG�UHODWLRQVKLSV�KDV�EHHQ�FRQGXFWHG

E\�PHDQV� RI� VLPSOH�&8680� WHVWV�� HVVHQWLDOO\� DLPHG� DW� GHWHFWLQJ� WLPH� YDULDWLRQ� LQ� WKH

LQWHUFHSW�� DQG�&868064� WHVWV�� IRFXVHG�RQ� WKH� VWDELOLW\� RI� WKH� YDULDQFH��%RWK� W\SHV� RI

H[HUFLVH�SURYLGH�VRPH��DOWKRXJK�QRW�VWULNLQJ��VLJQ�RI�XQVWDEOH�EHKDYLRXU�RI�WKH�HTXDWLRQV

LQ� WKH� ��¶V�� $Q� LQWHUHVWLQJ� SLHFH� RI� HYLGHQFH� KDV� EHHQ� GHULYHG� IURP� WKH� UHFXUVLYH

HVWLPDWHV�RI�WKH�1$,58�OHYHO�LPSOLFLW� LQ� WKH�SDUDPHWHUV�RI� WKH�3KLOOLSV�FXUYH��VKRZQ�LQ

)LJXUH� ����� ,I� RQH� QHJOHFWV� WKH� LQLWLDO� \HDUV�� ZKLFK� UHIOHFW� WKH� OLPLWHG� QXPEHU� RI

REVHUYDWLRQV� RQ� ZKLFK� WKH� UHFXUVLYH� HVWLPDWHV� DUH� FRQVWUXFWHG�� WKUHH� HOHPHQWV� HPHUJH

TXLWH� FOHDUO\�� )LUVW�� FRPSDULQJ� WKH� EHJLQQLQJ�� VD\� ������ DQG� HQG� HVWLPDWHV� UHYHDOV� DQ

XSZDUG�VKLIW�LQ�WKH�1$,58��IURP�DERXW���WR���SHU�FHQW���6HFRQG��VXFK�D�VKLIW�WDNHV�SODFH

LQ�WKH�ILUVW�KDOI�RI� WKH�HLJKWLHV��ZKDWHYHU� WKH� LQGLFDWRU�FKRVHQ�DV�D�PHDVXUH�RI� LQIODWLRQ�

)LQDOO\��WKH�LPSOLHG�1$,58�VHHPV�WR�KDYH�UHPDLQHG�TXLWH�VWDEOH�RYHU�WKH�ODVW�GHFDGH�
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)LJXUH������1$,58�UHFXUVLYH�HVWLPDWHV�EDVHG�RQ�3KLOOLSV�FXUYHV

�

�

�

�

��

��

��

��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

8
QH
P
SO
R\
P
HQ
W�
UD
WH

�S
HU
FH
QW
�

WUHQG�XQLW�ODERXU�FRVWV FRQVXPSWLRQ�GHIODWRU *'3�GHIODWRU

2YHUDOO��WKH�HYLGHQFH�SURYLGHG�DERYH��KRZHYHU�PL[HG��DQG�WKH�XSZDUG�PRYHPHQW�LQ�WKH

REVHUYHG�XQHPSOR\PHQW�UDWH�GR�QRW�PDNH�WKH�LGHD�WKDW�WKH�1$,58�LQ�WKH�HXUR�DUHD�FDQ�EH

WUHDWHG�DV�D�FRQVWDQW�D�YHU\�UHDOLVWLF�DQG�DSSHDOLQJ�RQH��7KHUHIRUH��RQH�VKRXOG�DOORZ�VXFK

D�PHDVXUH�WR�VKLIW�RYHU�WLPH��DQG�WKH�LVVXH�LV�ILQGLQJ�WKH�EHVW�ZD\�WR�GR�WKDW�

(OPHVNRY�PHWKRG

$�YHU\�VLPSOH�PHWKRG��RIWHQ�DGRSWHG� LQ� WKH� OLWHUDWXUH��VHH�� IRU�H[DPSOH��%DOO��������IRU

DOORZLQJ� WKH� 1$,58� WR� YDU\� RYHU� WLPH� H[SORLWLQJ� LQIRUPDWLRQ� RQ� SULFHV� DQG

XQHPSOR\PHQW�LV�WKH�RQH�GHYHORSHG�E\�(OPHVNRY���������$OWKRXJK�WKH�DXWKRU�HVWLPDWHV

WKH�XQHPSOR\PHQW�UDWH�FRQVLVWHQW�ZLWK�VWDEOH�ZDJH�LQIODWLRQ��WKH�WHFKQLTXH�FDQ�EH�DSSOLHG

WR� DQ\� DFFHOHUDWLRQLVW� 3KLOOLSV� FXUYH�� ZKHWKHU� H[SUHVVHG� LQ� WHUPV� RI� XQLW� ODERXU� FRVWV�

ZDJHV��RU�SULFH�LQIODWLRQ�

,Q�RUGHU�WR�REWDLQ�D�PHDVXUH�RI�WKH�1$,58�FRPSDUDEOH�WR�WKH�RQH�FRPPRQO\�FRPSXWHG

IRU�(XURSHDQ�FRXQWULHV�E\� WKH�2(&'���� WKLV� WHFKQLTXH��GHVFULEHG� LQ� VHFWLRQ���� KDV�EHHQ

DSSOLHG�WR�D�VLPSOLILHG�YHUVLRQ�RI�HTXDWLRQ��������ZKLFK�GRHV�QRW�LQFOXGH�ODJJHG�WHUPV�RI

��� 7KH�2(&'�XWLOLVHV�1$,58�HVWLPDWHV�GHULYHG�ZLWK� WKLV�PHWKRGRORJ\�IRU�D�YDULHW\�RI�SXUSRVHV�� IURP� WKH
FDOFXODWLRQ�RI� RXWSXW� JDSV�� WR� WKH� FRQVWUXFWLRQ� RI� JRYHUQPHQW� VWUXFWXUDO� EDODQFHV�� WR�PHDVXUH� VWUXFWXUDO
XQHPSOR\PHQW��7KH�ILJXUHV�REWDLQHG�DSSO\LQJ�(OPHVNRY�PHWKRG�WR�WKH�DJJUHJDWH�HXUR�DUHD�GDWD�VHHP�WR
EH�FRQVLVWHQW�ZLWK� WKH�RQHV� UHSRUWHG�E\� WKH�2(&'�LQ�VHYHUDO� VWXGLHV� �VHH�*LRUQR��'HVHUUHV�� DQG�6WXUP�
�������)RU�H[DPSOH��2(&'�HVWLPDWHV�RI�WKH�1$,58�IRU������DUH�HTXDO�WR������IRU�,WDO\�������IRU�)UDQFH�
���� IRU� *HUPDQ\�� ����� IRU� 6SDLQ�� ����� IRU� %HOJLXP�� 7KH� FRUUHVSRQGLQJ� YDOXH� IRU� WKH� ZKROH� HXUR� DUHD
UHVXOWLQJ�IURP�RXU�DQDO\VLV�LV�RI������
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LQIODWLRQ� DQG� XQHPSOR\PHQW� QRU� DGGLWLRQDO� IDFWRUV�� 7KH� 1$,58� HVWLPDWH� IRU� D� JLYHQ

SHULRG�KDV�EHHQ�GHULYHG�IURP�XQHPSOR\PHQW�DQG�WKH�FKDQJH�LQ�LQIODWLRQ��ZDJH�RU�SULFH�

LQ� WKDW� SHULRG� DQG� LQ� WKH� SUHYLRXV� RQH�� 7KH� REWDLQHG� VHULHV� KDYH� WKHQ� EHHQ� PLOGO\

VPRRWKHG�ZLWK�DQ�+3�ILOWHU�ZLWK�SDUDPHWHU�HTXDO�WR�����LQ�RUGHU�WR�UHGXFH�WKH�LQIOXHQFH�RI

VXSSO\�VKRFNV�DQG�RWKHU�WUDQVLWRU\�VKLIWV�LQ�WKH�3KLOOLSV�FXUYH��7KH�UHVXOWLQJ�WLPH�YDU\LQJ

1$,58� IRU� HDFK� RI� WKH� WKUHH� LQGLFDWRUV� FKRVHQ� WR� PHDVXUH� LQIODWLRQ� DUH� SUHVHQWHG� LQ

ILJXUH������WRJHWKHU�ZLWK�WKH�VHULHV�RI�REVHUYHG�XQHPSOR\PHQW�

7KH� WKUHH� 1$,58� LQGLFDWRUV� VKRZ� D� WHQGHQF\� WR� IROORZ� DFWXDO� XQHPSOR\PHQW� UDWKHU

FORVHO\��WKXV�VXJJHVWLQJ�WKDW�WKH�ULVH�LQ�(XURSHDQ�XQHPSOR\PHQW�LV�PDLQO\�H[SODLQHG�E\�D

ULVH�LQ�³VWUXFWXUDO´�XQHPSOR\PHQW��+RZHYHU��DV�WKH�1$,58�PHDVXUHV�DUH�QRW�GHULYHG�E\

VWDQGDUG� HVWLPDWLRQ� PHWKRGV�� WKH\� HOXGH� WKH� SRVVLELOLW\� RI� WHVWLQJ� DQG� FDQ� KDUGO\� EH

VXEMHFW�WR�HPSLULFDO�HYDOXDWLRQ�

)LJXUH������1$,58�HVWLPDWHV�EDVHG�RQ�(OPHVNRY�PHWKRG
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REVHUYHG�XQHPSOR\PHQW WUHQG�XQLW�ODERXU�FRVWV FRQVXPSWLRQ�GHIODWRU *'3�GHIODWRU

�³%UHDN´�1$,58

,Q� WKH� 3KLOOLSV� FXUYH� VSHFLILFDWLRQ� VXPPDULVHG� E\� HTXDWLRQ� ������� WKH� 1$,58� PDLQO\

FROODSVHV�LQ�WKH�LQWHUFHSW��6WDWLVWLFDO�SURFHGXUHV�FDQ�KHQFH�EH�LPSOHPHQWHG�WR�GHWHUPLQH

WKH� ORFDWLRQ� RI� EUHDNV� LQ� VXFK� D� FRHIILFLHQW� DQG�� RQ� WKH� EDVLV� RI� WKH� UHVXOWV� REWDLQHG�

GXPP\�YDULDEOHV�FDQ�EH�LQFOXGHG�DPRQJ�WKH�UHJUHVVRUV�WR�FDSWXUH�WKH�ORFDWHG�VKLIWV��7KH
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1$,58�FDQ�WKHUHIRUH�EH�PRGHOOHG�DV�KDYLQJ�GLVFUHWH�MXPSV�DW�FHUWDLQ�SRLQWV�LQ�WLPH�DQG

DV�EHLQJ�FRQVWDQW�EHWZHHQ�VXFK�SRLQWV�

&OHDUO\�� WKLV� VROXWLRQ� LV� QRW� LPPXQH� IURP� FULWLFLVP�� ,W� GRHV� QRW� WDNH� LQWR� DFFRXQW� WKH

SRWHQWLDO� VRXUFH� RI� XQFHUWDLQW\� GHULYLQJ� IURP� WKH� SRVVLEOH� VWRFKDVWLF� QDWXUH� RI� WKH� WLPH

YDU\LQJ� 1$,58�� 7KH� EUHDNV� DUH� LQ� IDFW� WUHDWHG� DV� RFFXUULQJ� QRQ� UDQGRPO\� DQG�� RQFH

RFFXUUHG��DV�LI�WKH\�ZHUH�NQRZQ�ZLWK�FHUWDLQW\��$Q�H[WHQVLRQ�RI�WKLV�PRGHO�ZRXOG�EH�RQH

LQ�ZKLFK� WKH�1$,58�VZLWFKHV�VWRFKDVWLFDOO\�EHWZHHQ�GLIIHUHQW� UHJLPHV� OLNH� WKH�0DUNRY

VZLWFKLQJ� UHJUHVVLRQ� PRGHO� SURSRVHG� E\� %LDQFKL� DQG� =RHJD� �������� 7KH� FRQILGHQFH

LQWHUYDOV� DVVRFLDWHG� ZLWK� WKH� HVWLPDWHG� 1$,58� ZRXOG� EH� GLIIHUHQW� IURP� WKRVH� IRU� WKH

GHWHUPLQLVWLF�EUHDN�PRGHO�SUHVHQWHG�EHORZ�� VLQFH� WKH\�ZRXOG� LQFRUSRUDWH� WKH� DGGLWLRQDO

XQFHUWDLQW\�RI�QRW�NQRZLQJ�WKH�FXUUHQW�UHJLPH���

,Q� SUDFWLFH�� LW� LV� QRW� HDV\� WR� GHWHUPLQH� WKH� H[DFW� WLPLQJ� RI� WKH� EUHDNV�� 7KH� H[LVWLQJ

HPSLULFDO�OLWHUDWXUH�PDLQO\�UHOLHV�RQ�WKH�D�SULRUL�DVVXPSWLRQ�RI�HTXLGLVWDQW�EUHDNV��VHH��IRU

H[DPSOH�� 6WDLJHU� HW� DO�� ������ RU��PRUH� UDUHO\�� RQ� VHTXHQWLDO� HVWLPDWLRQ� DOJRULWKPV�� 7KH

PHWKRG� DGRSWHG� KHUH� LV� EDVHG� RQ� WKH� LPSOHPHQWDWLRQ� RI� *ROGIHOG� DQG� 4XDQGW� ������

VZLWFKLQJ� UHJUHVVLRQ� WHVWLQJ� SURFHGXUH���� )RU� HDFK� RI� WKH� WKUHH� VSHFLILFDWLRQV� RI� WKH

3KLOOLSV�FXUYH�WKH�UHVXOWV�SURYLGHG�E\�WKLV�WHVW�VXSSRUW�WKH�H[LVWHQFH�RI�DW�OHDVW�RQH�EUHDN�

7KH�HVWLPDWHG�WLPLQJ�RI�VZLWFKHV�LQ�UHJLPHV��EHJLQQLQJ�RI�������EHJLQQLQJ�RI������DQG

HQG�RI������IRU�WKH� WKUHH�DOWHUQDWLYH�VSHFLILFDWLRQV�� UHVSHFWLYHO\��VHHPV�WR�EH�FRQVLVWHQW

ZLWK� WKH� HPSLULFDO� HYLGHQFH� GHULYLQJ� IURP� WKH� UHFXUVLYH� HVWLPDWHV� RI� WKH� 1$,58

SUHVHQWHG� DERYH�� &KRZ� WHVWV� IRU� VWUXFWXUDO� EUHDNV� RFFXUULQJ� DW� VXFK� GDWHV� FRQILUP� WKH

SUHVHQFH� RI� D� FKDQJH� LQ� UHJLPH��7KH� K\SRWKHVLV� WKDW� IXUWKHU� FKDQJHV� RFFXUUHG� RYHU� WKH

VDPSOH�SHULRG�LV�UHMHFWHG�E\�WKH�GDWD�

��� 7KLV�VRXUFH�RI�XQFHUWDLQW\� LV� LQVWHDG� WDNHQ� LQWR�DFFRXQW� LQ� WKH� WLPH�YDU\LQJ�PRGHO�SUHVHQWHG� LQ� WKH�QH[W
VHFWLRQ��ZKHUH�WKH�1$,58�LV�H[SOLFLWO\�WUHDWHG�DV�DQ�XQREVHUYDEOH�VWRFKDVWLF�SDUDPHWHU�

��� $VVXPH�WKDW�WKH�REVHUYDWLRQV�RQ�D�GHSHQGHQW�YDULDEOH�\��UHODWHG�WR�D�VHW�RI�LQGHSHQGHQW�YDULDEOHV�[��«�[S�
DUH�JHQHUDWHG�E\�WZR�GLVWLQFW�UHJLPHV�
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ZKHUH� LW� LV� JHQHUDOO\� DVVXPHG� �� bb � �� 7KH� WZR� UHJLPHV� DUH� HVWLPDWHG� E\� PD[LPLVLQJ� WKH� OLNHOLKRRG

IXQFWLRQ�FRQGLWLRQDO�RQ� L
�DQG� WKHQ�FKRRVLQJ�DV� WKH�PRVW� OLNHO\�HVWLPDWH�RI� L
� WKH�YDOXH� WKDW�PD[LPLVHV
WKHP��7KH�QXOO�K\SRWKHVLV�WKDW�QR�VZLWFK�WRRN�SODFH�DW�WLPH�L
�LV�ILQDOO\�WHVWHG�RQ�WKH�EDVLV�RI�D�OLNHOLKRRG
UDWLR�WHVW�JLYHQ�E\�
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ZKHUH� sÖ LV� WKH� HVWLPDWHG� VWDQGDUG� GHYLDWLRQ� RI� WKH� UHVLGXDOV� IURP� D� UHJUHVVLRQ� RYHU� WKH� ZKROH� VDPSOH
SHULRG�
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³%UHDN´� 1$,58� PHDVXUHV� KDYH� WKHQ� EHHQ� FRPSXWHG� IRU� WKH� HXUR� DUHD�� DOORZLQJ� WKH

LQWHUFHSW� LQ� WKH� 3KLOOLSV� FXUYH� WR� VZLWFK� IURP� RQH� OHYHO� WR� DQRWKHU� DIWHU� WKH� EUHDN� KDV

RFFXUUHG�

7DEOH� ���� DQG� ILJXUHV� ���� WR� ����� ZKLFK� VKRZ� WKH� UHVXOWV�� VXJJHVW� D� IHZ� JHQHUDO

FRQVLGHUDWLRQV�

�� 6LQFH�WKH�EHJLQQLQJ�PLG�HLJKWLHV�WKH�1$,58�LQ�WKH�HXUR�DUHD�VHHPV�WR�KDYH�ULVHQ�RQ

DYHUDJH�E\�DOPRVW���SHUFHQWDJH�SRLQWV�

�� 7KH�SUHFLVLRQ�RI� WKH�³EUHDN´�HVWLPDWHV��� LV�KLJKHU��DOWKRXJK�VWLOO�QRW� VDWLVIDFWRU\� IRU

WKH�3KLOOLSV�FXUYHV�PHDVXUHG�LQ�WHUPV�RI�SULFHV��ZLWK�UHVSHFW�WR�WKH�VSHFLILFDWLRQ�ZLWK

FRQVWDQW�1$,58��DV�WKH�����FRQILGHQFH�EDQGV�VKRZ�

�� )LQDOO\��WKH�PRVW�SUHFLVH�HVWLPDWH�LV�REWDLQHG��DV�LQ�WKH�FDVH�RI�FRQVWDQW�1$,58��IRU

WKH� WUHQG� XQLW� ODERXU� FRVW� 3KLOOLSV� FXUYH�� 7KLV� LV� SDUWLFXODUO\� WUXH� IRU� WKH� VHFRQG

UHJLPH��LQ�ZKLFK�WKH�����FRQILGHQFH�EDQG�FRYHUV�YDOXHV�LQFOXGHG�EHWZHHQ�����DQG���

SHUFHQW��D�UHPDUNDEO\� ORZ�UDQJH�FRPSDUHG�ERWK� WR� WKH�³FRQVWDQW´�K\SRWKHVLV�DQG� WR

WKH�PDLQ�ILQGLQJV�LQ�WKH�HPSLULFDO�OLWHUDWXUH���

7DEOH����
GHSHQGHQW�YDULDEOH �

5   Q(1) (V�H�� 1$,58��V�H�� ����FRQILGHQFH�LQWHUYDO

FRQVXPSWLRQ�GHIODWRU ���� ������������� ������������� �����������
������������ ������������

*'3�GHIODWRU ���� ������������� ������������� �����������
������������� ������������

XOF
�JURZWK ���� ������������� ������������� �����������
������������� ������������

��� 7KH�VWDQGDUG�HUURUV�KDYH�EHHQ�GHULYHG��DOVR�LQ�WKLV�FDVH��DSSO\LQJ�WKH�GHOWD�PHWKRG�
��� 6WDLJHU�HW�DO��������ILQG�WKH�W\SLFDO�����FRQILGHQFH�LQWHUYDO�IRU�WKH�1$,58�LQ�WKH�86�EHLQJ�����WR������
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)LJXUH������2QH�EUHDN�HVWLPDWH����������RI�1$,58

�SULFH�SULFH�3KLOOLSV�FXUYH�ZLWK�FRQVXPSWLRQ�GHIODWRU�
1$,58��VW�UHJLPH� ��������W�VWDW�� �����

1$,58��QG�UHJLPH� ��������W�VWDW�� ������
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7KH�GDVKHG�OLQHV�UHSUHVHQW�WKH�����FRQILGHQFH�LQWHUYDO

)LJXUH������2QH�EUHDN�HVWLPDWH����������RI�1$,58

�SULFH�SULFH�3KLOOLSV�FXUYH�ZLWK�*'3�GHIODWRU�
1$,58��VW�UHJLPH� �������W�VWDW�� ������
1$,58��QG�UHJLPH� �������W�VWDW�� ������
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7KH�GDVKHG�OLQHV�UHSUHVHQW�WKH�����FRQILGHQFH�LQWHUYDO
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)LJXUH������2QH�EUHDN�HVWLPDWH����������RI�1$,58

�WUHQG�XQLW�ODERXU�FRVW�3KLOOLSV�FXUYH��LQIODWLRQ�PHDVXUHG�E\�FRQVXPSWLRQ�GHIODWRU�
1$,58��VW�UHJLPH� �������W�VWDW�� �������
1$,58��QG�UHJLPH� �������W�VWDW�� �������
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7KH�GDVKHG�OLQHV�UHSUHVHQW�WKH�����FRQILGHQFH�LQWHUYDO

�� 7KH�WLPH�YDU\LQJ�SDUDPHWHUV�DSSURDFK

7KH�WLPH�YDU\LQJ�1$,58�LV�MXVW�DQ�H[WHQVLRQ�RI�WKH�PHWKRGV�SURSRVHG�XQWLO�QRZ�EXW�VWLOO

ZLWKLQ� WKH� VDPH� JHQHUDO� DSSURDFK�� 7KH� EDVLF� LQIODWLRQ� HTXDWLRQ� LV� VXSSOHPHQWHG� E\� D

VSHFLILF� DVVXPSWLRQ� IRU� WKH� ODZ�RI�PRYHPHQW� RI� WKH�1$,58��7KLV� ODZ� RI�PRWLRQ�PXVW

HQVXUH�D�UHVXOWLQJ�HVWLPDWH�ZLWK�EHKDYLRXU�QRW�IDU�IURP�WKDW�RI�REVHUYHG�XQHPSOR\PHQW�

EXW�VPRRWKHU�YDULDWLRQV��7KLV�JRDO�LV�UHDFKHG�DVVXPLQJ�WKDW�WKH�1$,58�PRYHV�RYHU�WLPH

DV�D�UDQGRP�ZDON�

���� 7KH�HPSLULFDO�PRGHO

,Q� WKH� OLJKW� RI� WKH� SUHYLRXV� GLVFXVVLRQ�� WKH�PRGHO� XQGHUO\LQJ� WKH� WLPH�YDU\LQJ� 1$,58

DSSURDFK� FRPSULVHV� D� UHGXFHG� IRUP� 3KLOOLSV� FXUYH� OLNH� ����D�� RU� D� ZDJH�SULFH� 3KLOOLSV

FXUYH�VXFK�DV� ����E���7KH� ILUVW�RQH� OLQNV� LQIODWLRQ�DS� �DOWHUQDWLYH�GHILQLWLRQV�RI� LW� EHLQJ

XVHG�LQ�WKH�DQDO\VLV��ZLWK�WKH�XQHPSOR\PHQW�JDS�X�X
�DQG�RWKHU�UHOHYDQW�YDULDEOHV�]��7KH

VHFRQG� HTXDWLRQ� GLVWLQJXLVKHV� EHWZHHQ� PRYHPHQWV� LQ� ZDJHV� DQG� SULFHV�� IRUFLQJ� WKH

DSSHDUDQFH� RI� D� SURGXFWLYLW\� WHUP��T�� ,Q� WKH� WZR� HTXDWLRQV�� WKH� YDULDEOH� ]� PD\� LQFOXGH

IDFWRUV� IDU� IURP� LUUHOHYDQW�� ,Q� JHQHUDO� WHUPV�� LW� FRPSULVHV� DOO� WKH� VXSSO\�VLGH� IDFWRUV

DIIHFWLQJ�LQIODWLRQ�QRW�DOUHDG\�FDSWXUHG�E\�FKDQJHV�LQ�XQHPSOR\PHQW��SUREDEO\�LQFOXGLQJ

EXVLQHVV�F\FOH� FKDQJHV� LQ� PDUJLQDO� FRVWV�� %XW� RWKHU� IDFWRUV� PD\� EH� LQFOXGHG� LQ� WKLV

YDULDEOH�� VXFK� DV� VSHHG�OLPLW� HIIHFWV� �L�H��� ILUVW� GLIIHUHQFHV� RI� XQHPSOR\PHQW�� RU�� LQ� WKH

SUHVHQFH� RI� D� FUHGLEOH� PRQHWDU\� SROLF\�� VWDWLRQDU\� LQIODWLRQ� WDUJHWV�� 9DULDWLRQV� RQ� WKLV
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EDVLF� IUDPHZRUN� LQFOXGH� XVLQJ� GLYHUVH� PHDVXUHV� RI� LQIODWLRQ�� GLIIHULQJ� GHJUHHV� RI

G\QDPLF�KRPRJHQHLW\�LQ�LQIODWLRQ�DQG�DOWHUQDWLYH�VSHFLILFDWLRQV�IRU�]���

( ) ( )( )
WWWWW

]XX/S/$ eg ++-Q-=D 

 ����D�

( ) ( ) ( ) ( )( )
WWWWWWW

]XX/T/&S/%Z/$ eg ++-Q-D+D=D 

 ����E�

,W� LV� REYLRXVO\� QHFHVVDU\� WR� GLVHQWDQJOH� VRPHKRZ� WKH� YDULDEOH� X
� LQ� WKLV� HTXDWLRQ�

$VVXPLQJ�D�VSHFLILF�ODZ�RI�PRWLRQ�IRU�LW�GRHV�WKLV��,Q�WKH�FDVH�DW�KDQG��D�YHU\�VLPSOH�EXW

YHU\�JHQHUDO�UDQGRP�ZDON�LV�DVVXPHG��DV�LQ�HTXDWLRQ��������$V�DOUHDG\�H[SODLQHG��WKLV�LV�D

FRQYHQLHQW�H[SUHVVLRQ�GXH�WR�LWV�LQWULQVLF�VLPSOLFLW\�EXW�ZLWK�WKH�SRWHQWLDO�IRU�FRSLQJ�ZLWK

PRUH�FRPSOH[�G\QDPLF�SURFHVVHV�

WWW
XX h+=

-
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(TXDWLRQV� �����²HLWKHU� ����D�� RU� ����E�²DQG� ������ GHILQH� D� UHFXUVLYH� .DOPDQ� ILOWHU�

ZKLFK�FDQ�EH�VROYHG� WR�GHULYH�D�PD[LPXP�OLNHOLKRRG�PHDVXUH�RI� WKH�1$,58��(TXDWLRQ

������LV�WKH�PHDVXUHPHQW�HTXDWLRQ��HTXDWLRQ�������LV�WKH�WUDQVLWLRQ�HTXDWLRQ��7KH�PRGHO�LV

HTXLYDOHQW�WR�RQH�LQ�ZKLFK�WKH�SDUDPHWHU�PXOWLSO\LQJ�WKH�FRQVWDQW�ZDV�WLPH�YDU\LQJ��7KLV

PHDQV�WKDW�WKH�YDULDELOLW\�RI�WKH�WLPH�YDU\LQJ�SDUDPHWHU�PXVW�EH�FRQVWUDLQHG��LQ�RUGHU�WR

DYRLG�D�YDQLVKLQJ�UHVLGXDO�WHUP�LQ��������,W�LV�RI�FRXUVH�DQ�LVVXH�ZKDW�WKH�YDULDELOLW\�RI�WKH

1$,58�PD\� EH� RQ� D� SULRUL� JURXQGV�� 7KH� VWDQGDUG� DVVXPSWLRQ� LV� WR� JLYH� D� UDWKHU� ORZ

YDULDELOLW\�WR�WKH�SURFHVV��LQ�YLHZ�RI�WKH�OLQNV�DVVXPHG�WR�H[LVW�EHWZHHQ�WKLV�PHDVXUH�DQG

WKH� LQQHU� VWUXFWXUH� RI� ODERXU�PDUNHWV��2Q� WKH� RWKHU� KDQG�� WKHUH� LV� D� JURZLQJ� VWUHDP� RI

OLWHUDWXUH� SRLQWLQJ� WR� UHFXUUHQW� VKRFNV� KLWWLQJ� WKH� ODERXU� PDUNHW� DW� UHODWLYHO\� KLJK

IUHTXHQFLHV�� ,Q� YLHZ� RI� WKLV�� D� SUDJPDWLF� DSSURDFK� ZDV� FKRVHQ�� DQG� D� YDULDQFH� RI� WKH

1$,58�QRW�IDU�IURP�WKDW�RI�REVHUYHG�XQHPSOR\PHQW�ZDV�VHOHFWHG��WKH�WZR�H[SUHVVHG�LQ

ILUVW�GLIIHUHQFH��,W�LV�ZHOO�NQRZQ�WKDW�WKH�VL]H�RI�WKH�LPSRVHG�YDULDQFH�PDWWHUV�IRU�WKH�ILQDO

VKDSH�RI� WKH�HVWLPDWHG�1$,58��VHH�H�J��*RUGRQ��������� WKLV�DVSHFW�EHLQJ�FRQVLGHUHG�DV

RQH�RI�WKH�PDLQ�ZHDNQHVVHV�RI�WKH�PHWKRG��,Q�RUGHU�WR�DVVHVV�WKLV�SUREOHP��D�QXPEHU�RI

GLIIHUHQW� YDULDQFHV� ZHUH� WHVWHG� DV� D� UREXVWQHVV� WHVW�� ,W� ZDV� IRXQG� WKDW� WKH� UDQJH� RI

DGPLVVLEOH�YDULDQFHV�±�L�H��WKRVH�SURYLGLQJ�HVWLPDWHG�1$,58V�ZLWK�D�VXIILFLHQW�GHJUHH�RI

VPRRWKQHVV�DQG�SODXVLELOLW\�±�ZDV�ODUJHU�WKDQ�H[SHFWHG���

�� 7KH� HVWLPDWLRQV� ZHUH� QRW� V\VWHPDWLFDOO\� UXQ� XQGHU� WKH� DVVXPSWLRQ� RI� G\QDPLF� KRPRJHQHLW\�� DOWKRXJK
JUHDW�FDUH�ZDV�WDNHQ�WR�GHPHDQ�WKRVH�YDULDEOHV�IRU�ZKLFK�WKLV�ZDV�QHFHVVDU\�

��� 7KLV� ZDV� D� FRQVHTXHQFH� RI� WKH� FKRVHQ� HVWLPDWLRQ� VWUDWHJ\�� WR� EH� GHWDLOHG� EHORZ�� ZKLFK� DOORZHG� IRU� D
GLIIHUHQW�H[�SRVW�YDULDQFH��$FWXDOO\��LW�ZDV�IRXQG�WKDW�VDPSOH�YDULDQFHV��L�H���WKH�ILQDO�YDULDQFH�RI�WKH�ILUVW
GLIIHUHQFH�RI� WKH�HVWLPDWHG�1$,58��ZHUH�DERXW�RQH�WKLUG� WKH�D�SULRUL�RQH��7KLV�JDYH�D�FRUUHVSRQGLQJO\
ODUJHU�UDQJH�RI�YDULDWLRQ�LQ�WKH�LQLWLDO�DVVXPSWLRQ�
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���� 7KH�HVWLPDWLRQ�VWUDWHJ\

7KH�PRGHO�������������FDQ�EH�HVWLPDWHG�E\�LWHUDWLQJ�RQ�WKH�.DOPDQ�ILOWHU�VROXWLRQ�XQWLO�WKH

SDUDPHWHUV� KDYH� UHDFKHG� D� YDOXH� WKDW� PD[LPLVHV� WKH� OLNHOLKRRG�� 7KLV� DSSURDFK� ZDV

LQLWLDOO\�XVHG�LQ�WKH�FRQWH[W�RI�WKLV�H[HUFLVH��EXW�D�VLPSOHU�DSSURDFK�ZDV�ILQDOO\�WDNHQ��7KH

PHWKRG�LV�D�GHULYDWLRQ�RI�6WRFN¶V�SURSRVDO��6WRFN��������WR�GHULYH�WKH�1$,58�IROORZLQJ�D

WZR�VWHS� DSSURDFK�� ,Q� WKH� ILUVW� VWHS�� DQ� RUGLQDU\� OHDVW� VTXDUHV� UHJUHVVLRQ� LV� UXQ� RQ� D

VWDQGDUG�3KLOOLSV� FXUYH� VSHFLILFDWLRQ��ZLWK� WKH� LQFOXVLRQ� RI� D� FRQVWDQW� �ZKLFK� JLYHV� WKH

DYHUDJH� 1$,58� RYHU� WKH� VDPSOH��� ,Q� D� VHFRQG� VWHS�� WKH� GHULYHG� FRQVWDQW� LQ� WKH

UHJUHVVLRQ²SOXV�WKH�UHVLGXDO²LV�WDNHQ�DV�LQSXW�IRU�D�.DOPDQ�ILOWHU�LQ�ZKLFK�WKH�1$,58

LV� DVVXPHG� WR� EH� D� UDQGRP� ZDON�� ZKRVH� YDULDQFH� KDV� WR� EH� FKRVHQ�� 7KH� SURFHGXUH� LV

VLPSOH� WR� LPSOHPHQW� DQG� YHU\� IDVW�� LWV� PDLQ� GUDZEDFN� EHLQJ� WKDW� LW� LV� QRW� D� IXOO

RSWLPLVDWLRQ�RI�WKH�ILOWHU�

7KLV�PHWKRG� LV� XVHIXO� LI� WKH� YDOXH� RI� WKH�1$,58� LV� QHYHU� IDU� IURP� WKH�PHDQ� RYHU� WKH

ZKROH�VDPSOH��ZKLFK�LV�SUREDEO\�WKH�FDVH�LQ�WKH�86���+RZHYHU��JLYHQ�WKH�VWURQJ�XSZDUG

WUHQG� LQ� HXUR� DUHD� XQHPSOR\PHQW�� WKLV� DVVXPSWLRQ� LV� XQWHQDEOH�� 7KH� DSSURDFK� ZDV

DFFRUGLQJO\�DPHQGHG�WR�LQFOXGH�LWHUDWLRQV�RQ�WKH�WZR�VWHSV��XQWLO�PD[LPXP�OLNHOLKRRG�LV

UHDFKHG�� ,W� WXUQHG� RXW� WKDW� WKH� QXPEHU� RI� LWHUDWLRQV� ZDV� UHODWLYHO\� ORZ� DV� ORQJ� DV� WKH

VWDUWLQJ�SRLQW�ZDV�JRRG� HQRXJK��7KLV� HQWDLOHG� DQ� LQLWLDO� OHDVW� VTXDUHV� UHJUHVVLRQ�ZLWK� D

VLJQLILFDQW�XQHPSOR\PHQW�JDS� LQ� LW��DV�RWKHUZLVH� WKH� LQLWLDO�HVWLPDWH�RI� WKH�1$,58�ZDV

WRR� LPSUHFLVH�� $� JULG� VHDUFK� RI� SRVVLEOH� LQLWLDO� RII�PRGHO� HVWLPDWHV� RI� WKH� 1$,58�

QHFHVVDU\�IRU�WKH�ILUVW�LWHUDWLRQ��ZDV�WULHG��DOWHUQDWLYHV�UDQJHG�IURP�D�FRQVWDQW�1$,58�WR

RWKHUV� FORVHO\� WUDFNLQJ�REVHUYHG�XQHPSOR\PHQW�� ,W�ZDV� IRXQG� WKDW� WKH�+RGULFN�3UHVFRWW

ILOWHU�JDYH�D�JRRG�VWDUWLQJ�SRLQW��RWKHU�ILOWHUV�SUHVHQWLQJ�PLQRU�SUREOHPV����(DFK�WLPH�WKH

SURFHGXUH� FRQYHUJHG�� LW� ZDV� DVFHUWDLQHG²LQ� DQ� DSSURSULDWH� QHLJKERXUKRRG� RI� WKH

VROXWLRQ²WKDW�LW�ZDV�QRW�D�ORFDO�PLQLPXP���

2QH�QRWHZRUWK\� IHDWXUH� RI� WKLV�PHWKRG� LV� WKDW� DGGLQJ� G\QDPLF� WHUPV� LQ� WKH� XQGHUO\LQJ

HTXDWLRQ� KDV� VRPHWLPHV� DQ� DGYHUVH� LPSDFW� RQ� WKH� ILQDO� HVWLPDWH� RI� WKH�1$,58�� ,W�ZDV

DVFHUWDLQHG� WKDW� DGGLQJ� ODJV� WR� WKH� XQHPSOR\PHQW� JDS� LWVHOI�� ZKLOH� DGGLQJ� QRWKLQJ� LQ

WHUPV�RI�JRRGQHVV�RI�ILW��ZRUVHQHG�WKH�SUHFLVLRQ�ZLWK�ZKLFK�WKH�VXP�RI�LWV�SDUDPHWHUV�ZDV

HVWLPDWHG�� ,Q� WKH� VDPH� YHLQ�� DGGLQJ� ODJV� RI� DX[LOLDU\� YDULDEOHV�� ZKHQ� WKHUH� ZDV� VRPH

GHJUHH�RI�DXWR�FRUUHODWLRQ�DPRQJ�WKHP��SUHYHQWHG�FRQYHUJHQFH�WR�WKH�VROXWLRQ��,Q�YLHZ�RI

��� $V��IRU�LQVWDQFH�WKH�ORVV�RI�LQLWLDO�DQG�ODVW�REVHUYDWLRQV�LQ�WKH�%D[WHU�.LQJ�ILOWHU�
��� $W�HDFK�LQVWDQFH��WKHUH�ZDV�QR�IXUWKHU�LWHUDWLRQ�JLYLQJ�D�EHWWHU�OLNHOLKRRG�
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WKHVH�SUREOHPV��DOO�UHJUHVVLRQV�KDYH�EHHQ�NHSW�DV�VLPSOH�DV�SRVVLEOH��ERWK�LQ�WHUPV�RI�ODJV

RU�QXPEHU�RI�UHJUHVVRUV�LQFOXGHG�LQ�WKH�PHDVXUHPHQW�HTXDWLRQ�

�

���� 7KH�UHVXOWLQJ�HVWLPDWHV

5HGXFHG�IRUP�3KLOOLSV�FXUYHV��*'3�GHIODWRU�YHUVXV�FRQVXPSWLRQ�GHIODWRU

&KDUW�����SUHVHQWV�RQH�SRVVLEOH�HVWLPDWH�RI�WKH�1$,58�GHULYHG�IURP�D�3KLOOLSV�FXUYH����,W

VKRZV� WKH�1$,58� UHVXOWLQJ� IURP� D� UHGXFHG� IRUP�3KLOOLSV� FXUYH�ZLWK� IRXU� ODJV� RI� HDFK

YDULDEOH��,QIODWLRQ�LV�PHDVXUHG�E\��ORJ��FKDQJHV�LQ�WKH�FRQVXPSWLRQ�GHIODWRU��$OWHUQDWLYH

PHDVXUHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�*'3�GHIODWRU�LQIODWLRQ��%RWK�PHDVXUHV�ZHUH�IRXQG�WR

EH� VLPLODU�� ZLWK� RQO\� RFFDVLRQDO� GLIIHUHQFHV�� 7KH� XQGHUO\LQJ� HTXDWLRQV� ZHUH�� WKRXJK�

VOLJKWO\�GLIIHUHQW��WKH�FRQVXPSWLRQ�HTXDWLRQ�KDV�D�FOHDUHU�UROH�IRU�WKH�XQHPSOR\PHQW�JDS�

VRPHZKDW� PXWHG� LQ� WKH� FDVH� RI� WKH� *'3� GHIODWRU� HTXDWLRQ�� 2QO\� RQH� ODJ� RI� WKH

XQHPSOR\PHQW� JDS� HQWHUV� WKH� PHDVXUHPHQW� HTXDWLRQ�� DOWKRXJK� UHVXOWV� ZHUH� QRW� PXFK

GLIIHUHQW� ZLWK� XS� WR� IRXU� ODJV�� 7KH� FRQWHPSRUDQHRXV� XQHPSOR\PHQW� JDS� ZDV� EDUHO\

VLJQLILFDQW��DQG�LWV�LQFOXVLRQ�GLG�QRW�DOWHU�UHVXOWV��,PSRVLQJ�G\QDPLF�KRPRJHQHLW\�DOWHUHG

VRPHZKDW�WKH�UHVXOWLQJ�HVWLPDWH��EXW�LQ�QR�IXQGDPHQWDO�ZD\�

)LJXUH������793�HVWLPDWH�RI�1$,58

�UHGXFHG�IRUP�3KLOOLSV�FXUYH��LQIODWLRQ�PHDVXUHG�E\�FRQVXPSWLRQ�GHIODWRU�
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REVHUYHG�XQHPSOR\PHQW ����EDQG 793�1$,58 ����EDQG

7KH�HVWLPDWHV�WHOO�PXFK�WKH�VDPH�VWRU\��8QHPSOR\PHQW�ZDV�PDUJLQDOO\�EHORZ�WKH�1$,58

DW� WKH� VWDUW� RI� WKH� VHYHQWLHV�� DIWHU�ZKLFK� ERWK� UDLVHG� EURDGO\� LQ� OLQH�� ,W� LV� QRW� XQWLO� WKH

��� %DQGV� DURXQG� WKH� 1$,58� GR� QRW� V\QWKHVLVH� DV\PSWRWLF� XQFHUWDLQW\�� EHFDXVH� RI� WKH� UDQGRP�ZDON
K\SRWKHVLV�� WKH\� FRUUHVSRQG� WR� ��VWHS�DKHDG� IRUHFDVW� HUURU� YDULDQFH�� �,�H��� WKH\� HPEUDFH� WKH� ���
FRQILGHQFH�UHJLRQ�RI�ZKHUH�WKH�QH[W�YDOXH�RI�WKH�1$,58�PD\�OLH���,Q�WKLV�VHQVH��WKH\�FDQQRW�EH�FRPSDUHG
ZLWK��DV\PSWRWLF��EDQGV�VKRZQ�HOVHZKHUH�LQ�WKH�SDSHU�
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HLJKWLHV� WKDW�D�FOHDU� LQFUHDVH� LQ� WKH�XQHPSOR\PHQW�JDS�RFFXUV�� WKH�ZRUVW�HSLVRGH� WDNLQJ

SODFH� IURP� WKH� EHJLQQLQJ� RI� WKH� GHFDGH� XQWLO²URXJKO\²WKH� PLG�HLJKWLHV�� 7KH

XQHPSOR\PHQW� JDS� VHHPV� WR� GLVDSSHDU� DW� WKH� WXUQ� RI� WKH� GHFDGH�� )LQDOO\�� WKH

XQHPSOR\PHQW� JDS� LQFUHDVHV� DJDLQ� VWURQJO\� GXULQJ� WKH� HDUO\� QLQHWLHV�� WR� EH� UHGXFHG

DIWHUZDUGV��$FFRUGLQJ�WR�WKHVH�PHDVXUHV��WKH�FXUUHQW�OHYHO�RI�XQHPSOR\PHQW�PD\�QRW�EH

IDU�IURP�WKH�1$,58��DOWKRXJK�SUREDEO\�VWLOO�DERYH�LW�

:DJH�SULFH�3KLOOLSV�FXUYHV

5HVXOWV�REWDLQHG�IURP�ZDJH�SULFH�FXUYHV�GLG�QRW�GLIIHU�ZLGHO\�IURP�UHGXFHG�IRUP�3KLOOLSV

FXUYHV��7KH�EHQFKPDUN�UHODWLRQVKLS�HVWLPDWHG�LQFOXGHV�WHUPV�LQ�LQIODWLRQ�PHDVXUHG�E\�WKH

FRQVXPSWLRQ�GHIODWRU�RU�WKH�*'3�GHIODWRU��DQG�DOVR�SURGXFWLYLW\�WHUPV��)LJXUH�����GHSLFWV

WKH� 1$,58� GHULYHG� IURP� D� UHDO� FRQVXPSWLRQ� ZDJH� HTXDWLRQ�� 7KLV� HTXDWLRQ� HPERGLHV

G\QDPLF� KRPRJHQHLW\� ZLWK� UHVSHFW� WR� SULFHV�� HLWKHU� FRQVXPSWLRQ� RU� *'3� GHIODWRU�

DOWKRXJK�QRW�KDYLQJ�LW�GLG�QRW�DOWHU�UHVXOWV�VLJQLILFDQWO\��5HVXOWV�ZHUH�DOVR�SUHWW\�VLPLODU�LI

LQVWHDG�G\QDPLF�KRPRJHQHLW\�ZLWK�UHVSHFW�ERWK�WR�SULFHV�DQG�SURGXFWLYLW\�ZDV�LPSRVHG�

2QH�LPSRUWDQW�DVSHFW�RI�WKHVH�HTXDWLRQV�LV�WKH�DGGLWLRQ�RI�D�ORQJ�UXQ�FRPSRQHQW�ZLWK�UHDO

XQLW� ODERXU� FRVWV� LQ� OHYHOV�� 7KLV� ODVW� YDULDEOH� ZDV�PHDQW� WR� FDSWXUH� SRVVLEOH� HIIHFWV� RI

FKDQJHV�LQ�PDUJLQDO�FRVWV�QRW�FRUUHFWO\�PHDVXUHG�E\�WKH�1$,58��$VVXPLQJ�WKDW�VWHDG\�

VWDWH� UHDO� XQLW� ODERXU� FRVWV� DUH� FRQVWDQW���� WKLV� DSSURDFK�PHDQV� LQ� IDFW� WKDW�ZH�PD\� EH

FDWFKLQJ� EXVLQHVV� F\FOH� HIIHFWV� RI� UHDO�PDUJLQDO� FRVWV�� 7KLV� ORQJ�UXQ� FRPSRQHQW� KDV� LQ

JHQHUDO�RQO\�D�VHFRQGDU\�LQIOXHQFH�LQ�WKH�ZDJH�HTXDWLRQV�ZLWK�FRQVXPSWLRQ�LQIODWLRQ��EXW

LV�LPSRUWDQW�ZKHQ�*'3�GHIODWRU�LQIODWLRQ�LV�XVHG��7KLV�OHQGV�VXSSRUW�WR�WKH�LGHD�WKDW�ZH

PD\� EH� XVLQJ� WZR� GLIIHUHQW� YDULDEOHV� IRU� WKH� PHDVXUHPHQW� RI� WKH� EXVLQHVV� F\FOH�� WKH

XQHPSOR\PHQW�JDS�DQG�WKH�UHDO�PDUJLQDO�FRVW�JDS��,Q�WKDW�VHQVH��D�ZDJH�FXUYH�LQ�WHUPV�RI

FRQVXPSWLRQ� GHIODWRU� LQIODWLRQ� LQFOXGLQJ� QR� PDUJLQDO� FRVW� PHDVXUH� PD\� EH� FODLPHG� WR

SHUIRUP�D�PRUH�DFFXUDWH�LGHQWLILFDWLRQ�RI�WKH�1$,58����$V�ZDV�WKH�FDVH�ZLWK�WKH�3KLOOLSV

FXUYHV��LPSRVLQJ�YDU\LQJ�GHJUHHV�RI�G\QDPLF�KRPRJHQHLW\�DOWHUHG�VRPHZKDW�WKH�UHVXOWV�

EXW�LQ�QR�VXEVWDQWLYH�ZD\�

��� 6RPHWKLQJ�IDU�IURP�HYLGHQW�IRU�(XURSHDQ�FRXQWULHV��WKRXJK��JLYHQ�WKH�EHKDYLRXU�RI�WKH�ODERXU�VKDUH�
��� %XW�QRW�QHFHVVDULO\�SURYLGLQJ�D�EHWWHU�HVWLPDWH�
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)LJXUH������793�HVWLPDWH�RI�1$,58

�ZDJH�SULFH�3KLOOLSV�FXUYH��LQIODWLRQ�PHDVXUHG�E\�FRQVXPSWLRQ�GHIODWRU�
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REVHUYHG�XQHPSOR\PHQW ����EDQG 793�1$,58 ����EDQG

5HDO�XQLW�ODERXU�FRVW�HTXDWLRQV

$QRWKHU�SRWHQWLDO�VHW�RI�HTXDWLRQV�WKDW�FRXOG�EH�LQWHUHVWLQJ�WR�WHVW�LV�UHDO�XQLW�ODERXU�FRVWV

HTXDWLRQV��L�H��HTXDWLRQV�OLQNLQJ�LQIODWLRQ�DQG�XQLW� ODERXU�FRVWV��$�QRWDEOH�SRLQW�LQ�WKHVH

HTXDWLRQV� LV� WKH� UDWKHU� PXWHG� UROH� SOD\HG� E\� XQHPSOR\PHQW�� ,Q� IDFW�� LQ� VRPH� RI� WKH

HVWLPDWLRQV�XQHPSOR\PHQW�ZDV�EDUHO\�VLJQLILFDQW��DQG�FRUUHVSRQGLQJO\�WKH�VWDUWLQJ�SRLQW

IRU�WKH�UHFXUVLRQV�RI�WKH�ILOWHU�ZDV�UDWKHU�SRRU��,W�ZDV�FOHDUO\�WKH�FDVH�WKDW�WKHVH�HTXDWLRQV

FRXOG�EH�EHWWHU�XQGHUVWRRG�DV�PDUJLQDO�FRVW�HTXDWLRQV��ZLWK�XQHPSOR\PHQW�SOD\LQJ�RQO\�D

VHFRQGDU\�UROH�

�� (YDOXDWLQJ�WKH�DOWHUQDWLYH�1$,58�PHDVXUHV

2QH�SRWHQWLDO�SUREOHP�ZLWK�1$,58�HVWLPDWHV�GHULYHG�IURP�WKH�DQDO\VLV�RI�DUHD�ZLGH�GDWD

LV� WKH� SRWHQWLDO� IRU� VHULRXV� DJJUHJDWLRQ� ELDVHV� ZKLFK� FRXOG� OHDG� WR� LPSUHFLVH� DQG

LQDFFXUDWH�PHDVXUHPHQW�RI�WKH�FRQFHSW��7KLV�SUREOHP�VWHPV�IURP�WKH�ODFN�RI�XQLIRUPLW\

DFURVV�PHPEHU�FRXQWULHV¶�ODERXU�PDUNHWV��DV�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��7KH�REYLRXV

DOWHUQDWLYH�LV�D�FRXQWU\�VSHFLILF�DQDO\VLV�RI�XQHPSOR\PHQW��+RZHYHU��LQ�WKH�FDVH�DW�KDQG�

VLQFH� QR� H[SOLFLW� VWUXFWXUDO� DQDO\VLV� LV� DWWHPSWHG�� WKHUH� LV� VRPH� JURXQG� WR� MXVWLI\� DQ

DJJUHJDWH�DSSURDFK��QDPHO\��WKDW�LW�PD\�EH�VXIILFLHQW�WR�PHDVXUH�LQIODWLRQ�GHYHORSPHQWV�

1$,58� DQDO\VLV� LQ� WKH� OLWHUDWXUH� LV� XVHG� IRU� PDQ\� SXUSRVHV�� EXW� UHJDUGLQJ� PRQHWDU\

SROLF\�WKHUH�DUH�WZR�ZRUWK�LVRODWLQJ��1$,58�DV�DQ�LQGLFDWRU�RI�LQIODWLRQDU\�SUHVVXUHV�DQG
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1$,58�DV�D�FRPSRQHQW�LQ�WKH�GHULYDWLRQ�RI�SRWHQWLDO�RXWSXW�DQG�WKH�RXWSXW�JDS��$OWKRXJK

ERWK� DSSURDFKHV� FDQQRW� EH� FRQVLGHUHG� WR� IRUP� WKH� FRUH� RI� WKH� DQDO\VLV� KHUHLQ�� VRPH

UHIHUHQFH�WR�WKHP�LV�SUREDEO\�QRW�RXW�RI�SODFH�

�

���� ,QIODWLRQ�IRUHFDVWLQJ�SHUIRUPDQFH

7DEOHV� ���� DQG� ���� FROOHFW� VRPH� GDWD� RQ� WKH� LQIODWLRQ� IRUHFDVWLQJ� SHUIRUPDQFH� RI� WKH

XQHPSOR\PHQW�UDWH�DQG�WKH�XQHPSOR\PHQW�JDS�EDVHG�RQ�VRPH�RI�RXU�1$,58�HVWLPDWHV�

5HVXOWV�ZHUH�REWDLQHG�QRW�WKURXJK�WKH�FDUHIXO�ILQH�WXQLQJ�RI�HTXDWLRQV�SURYLGLQJ�RSWLPDO

IRUHFDVWV�RI�LQIODWLRQ��EXW�DV�FKHFNV�RI�WKH�SHUIRUPDQFH�RI�VHWV�RI�VLPSOH�HTXDWLRQV��YHU\

RIWHQ�ZLGHO\�GLIIHUHQW� IURP� WKH� HTXDWLRQV� IURP�ZKLFK� WKH� FRUUHVSRQGLQJ�1$,58V�ZHUH

GHULYHG�� 7KH� SURFHGXUH� HQWDLOHG� SHUIRUPLQJ� RXW�RI�VDPSOH� LQIODWLRQ� IRUHFDVWV� EDVHG� RQ

3KLOOLSV�FXUYH�OLNH�VSHFLILFDWLRQV�

7DEOH� ���� FROOHFWV� GDWD� RQ� HUURUV� LQ� IRUHFDVWLQJ� LQIODWLRQ� IRU� WKH� SHULRG� ����4�� WR

����4���ZLWK�PRGHOV�HVWLPDWHG�XS�XQWLO�WKH�ODVW�SHULRG�EHIRUH�HDFK�H[HUFLVH�ZDV�FDUULHG

RXW�� 7KH�PRGHOV� FRPSULVH� DQ� DXWR�UHJUHVVLYH�PRGHO� IRU� LQIODWLRQ��ZLWK� IRXU� ODJV� DQG� D

FRQVWDQW�� DV� WKH� EHQFKPDUN�� D� VWDQGDUG� 3KLOOLSV� FXUYH�� FRUUHVSRQGLQJ� WR� WKH� FRQVWDQW

1$,58��D�EUHDN�1$,58�HTXDWLRQ�DQG�WKH�793�1$,58��,Q�DOO�FDVHV��XQHPSOR\PHQW�DQG��

ZKHQHYHU�UHOHYDQW���WKH�1$,58�KDYH�EHHQ�PRGHOOHG�DV�UDQGRP�ZDONV��$V�LV�QRZ�VWDQGDUG

�VHH�6WDLJHU�HW�DO��������DPRQJ�RWKHUV���HDFK�IRUHFDVW�KDV�EHHQ�SHUIRUPHG�UHFXUVLYHO\�IRU

DV�PDQ\� VWHSV� DKHDG� DV� WKH� VDPSOH� SHULRG� DOORZHG�� D� QXPEHU� RI� Q�VWHS� DKHDG� IRUHFDVW

HUURUV�EHLQJ�FROOHFWHG�LQ�WKH�SURFHVV��7KH�WDEOH�VKRZV�PHDQ�HUURUV��DEVROXWH�PHDQ�HUURUV

DQG�URRW�PHDQ�VTXDUH�HUURUV�IRU�UHVSHFWLYHO\������DQG���VWHS�DKHDG�IRUHFDVWV�

7DEOH� ����� RQ� WKH� RWKHU� KDQG�� JDWKHUV� GDWD� IURP� PRGHOV� LQ� ZKLFK� FXUUHQW� DQG� ODJJHG

LQIRUPDWLRQ�LV�UHJUHVVHG�RQ�LQIODWLRQ�Q�SHULRGV�DKHDG��,Q�WKLV�FDVH��HDFK�IRUHFDVW�LV�D�QRQ�

UHFXUVLYH�RQH�EXW�HDFK�PRGHO�KDV�D�GLIIHUHQW�SURMHFWLRQ�KRUL]RQ��VHH�6WDLJHU�HW�DO��������

7KH� VDPH� HUURU� VWDWLVWLFV� DUH� FROOHFWHG� �� DQG� DYHUDJHG� �� DV� DERYH�� ,QIODWLRQ� LV� DOZD\V

PHDVXUHG�XVLQJ�WKH�FRQVXPSWLRQ�GHIODWRU��,W�LV�WR�EH�VWUHVVHG�DJDLQ�WKDW�WKHVH�PRGHOV�GR

QRW�SUHWHQG�WR�EH�RSWLPDO�IRUHFDVWLQJ�PRGHOV��WKHLU�RQO\�DLP�EHLQJ�WR�WHVW�LQ�D�UREXVW�DQG

FRPSDUDEOH�PDQQHU�ZKHWKHU�XQHPSOR\PHQW�LQ�JHQHUDO�DQG�WKH�1$,58�LQ�SDUWLFXODU� LV�D

XVHIXO�WRRO�LQ�WKH�LQIODWLRQ�IRUHFDVWLQJ�WRRONLW�
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PHDQ�HUURU PHDQ�DEVROXWH�HUURU URRW�PHDQ�VTXDUHG�HUURU

VWHSV�DKHDG

� ����� ���� ����

� ����� ���� ����

� ����� ���� ����

VWHSV�DKHDG

� ���� ���� ����

� ����� ���� ����

� ����� ���� ����

VWHSV�DKHDG

� ���� ���� ����

� ���� ���� ����

� ���� ���� ����

VWHSV�DKHDG

� ����� ���� ����

� ����� ���� ����

� ����� ���� ����

793�1$,58

7DEOH������2XW�RI�VDPSOH�UHFXUVLYH�IRUHFDVW��

$5����LQIODWLRQ

3KLOOLSV�FXUYH

%UHDN�PRGHO

PHDQ�HUURU PHDQ�DEVROXWH�HUURU URRW�PHDQ�VTXDUHG�HUURU

3HULRGV�DKHDG

� ����� ���� ����

� ����� ���� ����

� ����� ���� ����

3HULRGV�DKHDG

� ����� ���� ����

� ����� ���� ����

� ����� ���� ����

3HULRGV�DKHDG

� ����� ���� ����

� ����� ���� ����

� ����� ���� ����

3HULRGV�DKHDG

� ����� ���� ����

� ����� ���� ����

� ����� ���� ����

793�1$,58

7DEOH������0RYLQJ�KRUL]RQ�IRUHFDVWV

$5����LQIODWLRQ

3KLOOLSV�FXUYH

%UHDN�PRGHO

7KH�WDEOHV�KLQW�DW�D�PRUH�WKDQ�FDVXDO�OLQN�EHWZHHQ�LQIODWLRQ�DQG�WKH�XQHPSOR\PHQW�JDS��,Q

DOO�FDVHV��WKH�3KLOOLSV�FXUYH�RXWSHUIRUPV�D�VLPSOH�$5�PRGHO�RI�LQIODWLRQ��VRPHWLPHV�E\�D

ZLGH�PDUJLQ��5HVXOWV�QRW�UHSRUWHG�KHUH�VWUHQJWKHQ�WKLV�FRQFOXVLRQ��DV�WKH�ILQGLQJ�LV�UREXVW

WR�FKDQJHV�LQ�WKH�GHILQLWLRQ�RI�LQIODWLRQ�RU�LQ�WKH�VSHFLILFDWLRQ�RI�WKH�XQGHUO\LQJ�V\VWHP�

0RUH�FRPSOH[�PHDVXUHV�RI�WKH�1$,58���VXFK�DV�WKH�EUHDN�1$,58��WKH�793�1$,58�RU

�XQUHSRUWHG��ILOWHUHG�1$,58V���SURYLGH�PL[HG�UHVXOWV��EHLQJ�LQ�JHQHUDO�QRW�ZRUVH�WKDQ�WKH



�� (&%�:RUNLQJ�3DSHU�1R�����0DUFK�����

EHQFKPDUN�EXW�VRPHZKDW�ZRUVH�WKDQ�D�VLPSOH�3KLOOLSV�FXUYH��7KLV�ODVW�UHVXOW�� WKRXJK��LV

QRW� UREXVW� HQRXJK� WR�ZDUUDQW� ILUP� FRQFOXVLRQV�� 7KH� 793�1$,58�� IRU� LQVWDQFH�� GRHV� D

EHWWHU�MRE�RI�WUDFNLQJ�LQIODWLRQ�ZKHQ�LW�LV�PHDVXUHG�E\�WKH�*'3�GHIODWRU��DQG�VKRZV�VRPH

ZRUVHQLQJ� MXVW�DW� WKH�HQG�RI� WKH�VDPSOH��ZH�PD\�\HW�DJDLQ�EH� IDFLQJ�DQ� LPSUHFLVH� ODVW�

SHULRG�HVWLPDWH�RI� WKH� VPRRWKHG� VHULHV��1HYHUWKHOHVV�� WKH� VWULNLQJ� IDFW� DULVLQJ� IURP� WKLV

H[HUFLVH� LV� WKH�DSSDUHQW�EXW� UREXVW� OLQN�EHWZHHQ� LQIODWLRQ�DQG� WKH�XQHPSOR\PHQW�JDS�� D

VW\OLVHG�IDFW�LQ�WKH�86�DQG�RWKHU�HFRQRPLHV�ZKLFK�VHHPV�WR�EH�DW�ZRUN�DW�WKH�DUHD�OHYHO�

�

���� 'HULYDWLRQ�RI�RXWSXW�JDSV

$QRWKHU� XVHIXO� WHVWLQJ� JURXQG� IRU� RXU�PHDVXUHV� RI� WKH� 1$,58� UHVWV� RQ� D� ZLGHO\� XVHG

LQGLFDWRU�RI�IXWXUH�LQIODWLRQ��WKH�RXWSXW�JDS��$OWKRXJK�RXWSXW�JDSV�KDYH�EHHQ�FDOFXODWHG�LQ

WKH�OLWHUDWXUH�IROORZLQJ�D�QXPEHU�RI�GLIIHUHQW�PHWKRGV��RQH�RI�WKH�PRVW�FRPPRQ�LV�WKH�VR�

FDOOHG� SURGXFWLRQ� IXQFWLRQ� DSSURDFK�� 3URGXFWLRQ� IXQFWLRQV� OLQN� REVHUYHG� RXWSXW� DQG

REVHUYHG� XVH� RI� IDFWRU� LQSXWV�� D�PHDVXUH� RI� SRWHQWLDO� RXWSXW²DQG� KHQFH� RI� WKH� RXWSXW

JDS²EHLQJ� GHULYHG� E\� UHSODFLQJ� WKH� ODWWHU� E\� µQRUPDO� XVHV¶� RI� SURGXFWLRQ� LQSXWV�� $Q

H[HUFLVH�RI�WKLV�NLQG�FDQ�EH�DWWHPSWHG�XVLQJ�WKH�1$,58�PHDVXUHV�SUHVHQWHG�EHIRUHKDQG�

$�QXPEHU�RI�VKRUWFXWV�DUH�QHFHVVDU\�WR�FRPSXWH�SRWHQWLDO�RXWSXW��DV�LW�LV�QRW�RXU�JRDO�WR

SHUIRUP�D�VRSKLVWLFDWHG�H[HUFLVH��+HQFH��LW�LV�DVVXPHG�WKDW�WHFKQRORJ\�LV�JLYHQ�E\�D�&REE�

'RXJODV�SURGXFWLRQ�IXQFWLRQ�ZLWK�FRQVWDQW�UHWXUQV�WR�VFDOH��7KH�ZDJH�VKDUH�SDUDPHWHU�LV

WDNHQ� WR� EH� WKH� VDPSOH� DYHUDJH� IRU� WKH� ZDJH� LQFRPH� VKDUH� LQ� *'3�� ZKLOH� WRWDO� IDFWRU

SURGXFWLYLW\� LV�D� ORJ�GHWUHQGHG�YHUVLRQ�RI� WKH�6RORZ�UHVLGXDO�� ,W� LV� IXUWKHU� DVVXPHG� WKDW

FDSLWDO�VWRFN�LV�DOZD\V�RSWLPDOO\�XVHG��3RWHQWLDO�RXWSXW�LV�GHULYHG�E\�UHSODFLQJ�REVHUYHG

HPSOR\PHQW� E\� WKH� 1$,58� DQG� FRPSXWLQJ� WKH� FRUUHVSRQGLQJ� RXWSXW�� 7KH� UHVXOWLQJ

PHDVXUHV�KDYH�EHHQ�UH�VFDOHG�WR�SURYLGH�DQ�RXWSXW�JDS�ZLWK�DQ�LQ�VDPSOH�PHDQ�RI�]HUR�

5HVXOWV�IRU�WKH�FRQVWDQW�1$,58��EUHDN�1$,58�DQG�793�1$,58�DUH�VKRZQ�LQ�JUDSK�����



(&%�:RUNLQJ�3DSHU�1R�����0DUFK����� ��

)LJXUH�����2XWSXW�JDS�GHULYHG�IURP�GLIIHUHQW�1$,58�PHDVXUHV
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FRQVWDQW�1$,58 EUHDN�1$,58 793�1$,58

7KH�ILJXUH�KLJKOLJKWV�WKH�VLPLODU�SURILOH�RI�WKH�WKUHH�VHULHV��)URP�FORVH�WR�]HUR�RXWSXW�JDS

LQ� WKH� HDUO\� VHYHQWLHV�� DOO�PHDVXUHV� LQFUHDVH� XQWLO� WKH� ILUVW� HQHUJ\� FULVLV�� UHERXQG� DJDLQ

DIWHUZDUGV� DQG� GLS� GXULQJ�PRVW� RI� WKH� HLJKWLHV��$IWHU� SRVLWLYH� YDOXHV� DW� WKH� WXUQ� RI� WKH

HLJKWLHV�� WKH\� EHFRPH� DJDLQ� QHJDWLYH� LQ� WKH� HDUO\� QLQHWLHV�� 1RWZLWKVWDQGLQJ� WKH� KLJK

QXPEHU�RI�VLPLODULWLHV��VRPH�GLIIHUHQFHV�VWDQG�RXW�LQ�WKH�JUDSK��LQ�SDUWLFXODU�DV�FRQFHUQV

WKH�RXWSXW�JDS�OHYHOV�DW�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�WLPH�KRUL]RQ��$�VWULNLQJ�RQH�LV

WKH�EHKDYLRXU�RI�WKH�PHDVXUH�GHULYHG�IURP�WKH�FRQVWDQW�1$,58��LW�YDULHV�IURP�YHU\�KLJK

OHYHOV�LQ�WKH�VHYHQWLHV�WR�YHU\�ORZ�RQHV�LQ�WKH�QLQHWLHV��7KH�RWKHU�PHDVXUHV�DUH�VPRRWKHU�

ZLWK� WKH� WLPH� YDU\LQJ� SDUDPHWHU� PHWKRG� JLYLQJ� WKH� PRUH� VWDEOH� PHDVXUH� �LQ� WHUPV� RI

YDULDWLRQV� DURXQG� WKH� PHDQ�� DQG� WKH� EUHDN� PRGHO� O\LQJ� VRPHZKHUH� LQ� EHWZHHQ�� 7KLV

IHDWXUH�LV�REYLRXVO\�D�PHFKDQLFDO�FRQVHTXHQFH�RI�WKH�ZD\�WKH�WKUHH�PHDVXUHV�KDYH�EHHQ

GHULYHG�� 7KHUH� LV� LQ� IDFW� D� V\VWHPDWLF� ELDV� LQ� DOO� RI� WKHP�� WKH� RQH� FKDUDFWHULVLQJ� WKH

FRQVWDQW� 1$,58� EHLQJ� WKH� ODUJHVW�� VLQFH� LW� FOHDUO\� RYHUHVWLPDWHV� WKH� 1$,58� DW� WKH

EHJLQQLQJ�RI�WKH�VDPSOH�DQG�XQGHUHVWLPDWHV�LW�DW�WKH�HQG��7KH�LQWHUHVWLQJ�SRLQW�DERXW�WKLV

IDFW�LV�WKDW�DOORZLQJ�IRU�YDULDWLRQV�LQ�WKH�1$,58�DFWXDOO\�LQFUHDVHV�WKH�SODXVLELOLW\�RI�WKH

UHVXOWLQJ�RXWSXW�JDSV�

)LJXUH�����FRPSDUHV�RXU�PHDVXUH�RI�WKH�RXWSXW�JDS�ZLWK�DOWHUQDWLYH�RQHV��EDVHG�RQ�PRUH

VWDQGDUG� WHFKQLTXHV�� 7KH� WKUHH� VHULHV� GHSLFWHG� DUH� RXWSXW� JDSV� GHULYHG� IURP� GHWUHQGHG

RXWSXW� DQG� D� +RGULFN�3UHVFRWW�ILOWHUHG� RXWSXW�� WRJHWKHU� ZLWK� WKH� EUHDN�1$,58� RQH���

$OWKRXJK�WKH�WKUHH�PHDVXUHV�GR�QRW�JLYH�FRPSOHWHO\�GLIIHUHQW�SLFWXUHV�LQ�WHUPV�RI�RXWSXW

���7KLV�PHDVXUH�ZDV�FKRVHQ�VLPSO\�EHFDXVH�LW�OLHG�EHWZHHQ�WKH�RWKHU�WZR�PRVW�RI�WKH�WLPH�
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JDS�SDWWHUQV��LW�LV�HYLGHQW�WKDW�WKH\�SUHVHQW�D�KLJKHU�GLVSHUVLRQ�WKDQ�WKRVH�LQ�WKH�SUHYLRXV

JUDSK�

)LJXUH�����&RPSDULVRQ�EHWZHHQ�GLIIHUHQW�PHDVXUHV�RI�WKH�RXWSXW�JDS�
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GHWUHQGHG +3 EUHDN�1$,58

�� &RQFOXVLRQV

7KH�DQDO\VLV�SUHVHQWHG�LQ�WKLV�SDSHU�KDV�LQYHVWLJDWHG�ZKHWKHU�WKH�FRQFHSW�RI�DQ�DUHD�ZLGH

1$,58�DQG�SDUWLFXODU�PHDVXUHV�RI�LW�PDNH�VHQVH�DQG�PD\�KHQFH�SRWHQWLDOO\�VHUYH�DV�DQ

LQGLFDWRU�� DPRQJ� PDQ\� RWKHUV�� IRU� DVVHVVLQJ� IXWXUH� SULFH� GHYHORSPHQWV� DULVLQJ� IURP

SUHVVXUHV�LQ�WKH�ODERXU�PDUNHW�

,Q�WKLV�OLJKW��DQ�H[HUFLVH�DLPHG�DW�PHDVXULQJ�WKH�HXUR�DUHD�1$,58�RQ�WKH�EDVLV�RI�D�UDQJH

RI� WLPH� VHULHV� WHFKQLTXHV� DQG� RQ� DJJUHJDWH� GDWD� KDV� EHHQ� FDUULHG� RXW��7KH� DQDO\VLV� KDV

PDLQO\� IRFXVHG� RQ� PHWKRGRORJLFDO� LVVXHV�� RQ� WKH� XVHIXOQHVV� RI� VXFK� WHFKQLTXHV� ZKHQ

DSSOLHG�WR�DUHD�ZLGH�GDWD�DQG�RQ�WKH�UREXVWQHVV�RI�WKH�UHVXOWLQJ�HVWLPDWHV�ZLWK�UHVSHFW�WR

WKH�FKRLFH�RI� WKH�PRGHO�DQG� WR�GLIIHUHQW� VSHFLILFDWLRQV��$�VSHFLDO� IRFXV�KDV�EHHQ�SXW� LQ

GHULYLQJ� 1$,58�PHDVXUHV� ZLWKLQ� WKH� FRQWH[W� RI� 3KLOOLSV� FXUYHV�� LQ� D� EURDG� VHQVH�� E\

HVWLPDWLQJ� D� QXPEHU� RI� DOWHUQDWLYH� VSHFLILFDWLRQV� HPERG\LQJ� GLIIHUHQW� IRUPV� RI� WKH

FRQFHSW��DOWKRXJK�RWKHU�WHFKQLTXHV�KDYH�DOVR�EHHQ�XVHG�
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7KH�UHODWLYH�VLPSOLFLW\�RI�WKH�HPSLULFDO�PHWKRGV�DGRSWHG�PD\�EH�FRQVLGHUHG�VRPHKRZ�DW

RGGV�ZLWK� WKH� FRPSOH[LW\� RI� WKH�1$,58�FRQFHSW� LWVHOI��ZKLFK� UHVWV� RIWHQ� RQ� HFRQRPLF

PHFKDQLVPV� WKDW� GHSHQG� RQ� LQVWLWXWLRQDO� DQG� GHHS� VWUXFWXUDO� IDFWRUV�� +RZHYHU�� WKH

FRQFHSW�LV�EURDG�HQRXJK�WR�EH�WUHDWHG�ZLWK�VLPSOH�WLPH�VHULHV�WHFKQLTXHV��)XUWKHUPRUH��DQ

HFRQRPHWULF� DQDO\VLV� DLPHG� DW� REWDLQLQJ�PHDQLQJIXO�PHDVXUHV� RI� LW� FDQ� EH� UHJDUGHG� DV

EHLQJ�³VXFFHVVIXO´�LI�LW�SURYLGHV�D�FRUH�RI�GLIIHUHQW�HVWLPDWHV�WKDW�DUH�QRW�LQFRQVLVWHQW�ZLWK

HDFK�RWKHU�DQG�KDYH�VLPLODU�SURSHUWLHV�LQ�WHUPV�RI�UHODWLRQVKLSV�ZLWK�RWKHU�YDULDEOHV�

7KH�UHVXOWV�REWDLQHG�LQ�WKLV�SDSHU�SRLQW�WR�VRPH�LQWHUHVWLQJ�IHDWXUHV��'LIIHUHQW�PHDVXUHV

RI� WKH� 1$,58� EDVHG� RQ� 3KLOOLSV�FXUYH�W\SH� UHODWLRQVKLSV� VHHP� WR� EH� VLPLODU� DQG

FRQVLVWHQW� HQRXJK� WR� EHOLHYH� WKDW� WKH\� DUH� FDSWXULQJ� WKH� VDPH� FRQFHSW��0RUHRYHU�� VXFK

HVWLPDWHV�±�VWHPPLQJ�ERWK�IURP�PRGHOV�LQ�ZKLFK�WKH�1$,58�LV�WUHDWHG�DV�D�FRQVWDQW�DQG

IURP�PRGHOV�LQ�ZKLFK�LW�LV�DOORZHG�WR�FKDQJH�RYHU�WLPH�LQ�D�GLVFUHWH�RU�FRQWLQXRXV�PDQQHU

±� VHHP� WR� EH� UREXVW�ZLWK� UHVSHFW� WR� DOWHUQDWLYH� VSHFLILFDWLRQV� DQG� WR� WKH� FKRLFH� RI� WKH

LQIODWLRQ� LQGLFDWRU��7KH� REWDLQHG�PHDVXUHV� VKRZ� VLJQLILFDQW� LQIODWLRQ� IRUHFDVWLQJ� DELOLW\

DQG� \LHOG� VLPLODU� RXWSXW� JDS� PHDVXUHV�� ZKLFK� GR� QRW� VLJQLILFDQWO\� FRQWUDVW� ZLWK� WKH

HYLGHQFH�SURYLGHG�E\�DOWHUQDWLYH�PHWKRGRORJLHV��&OHDUO\��DV�DOUHDG\�PHQWLRQHG�� HDFK�RI

WKHVH� PHDVXUHV� LV� VXEMHFW� WR� D� V\VWHPDWLF� ELDV� HPEHGGHG� LQ� WKH� HVWLPDWLRQ� WHFKQLTXH

DGRSWHG��ZKLFK�DIIHFWV� LQ�SDUWLFXODU� WKH�GLIIHUHQW� OHYHO�RI� WKH�YDULRXV�RXWSXW�JDSV�DW� WKH

EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�VDPSOH�SHULRG�

7KUHH�PDLQ�FRQFOXVLRQV�FDQ�EH�GUDZQ��KHQFH��EDVHG�RQ�WKH�DVSHFWV�RI�WKH�UHVXOWV�GHVFULEHG

VR�IDU��)LUVWO\�� WKH�REVHUYHG�XQHPSOR\PHQW�UDWH�VHHPV�WR�EH�D�JRRG�OHDGLQJ� LQGLFDWRU�RI

LQIODWLRQ�� 6HFRQGO\�� WKH� VLPSOH� EUHDN� PRGHO�� DFFRXQWLQJ� IRU� VKLIWV� LQ� WUHQG� GXULQJ� WKH

HLJKWLHV�� VHHPV� WR�SHUIRUP�EHWWHU� WKDQ� WKH�FRQVWDQW�1$,58��7KLUGO\��PRUH� VRSKLVWLFDWHG

YHUVLRQV� RI� WLPH�YDU\LQJ� 1$,58V� GR� QRW� RXWSHUIRUP� WKH� EUHDN� PRGHO�� ,W� LV� ORJLFDO� WR

DVVXPH� WKDW� UHILQLQJ� WKH� ZD\� EUHDNV� LQ� WUHQG� XQHPSOR\PHQW� DUH� PRGHOOHG� PLJKW� \LHOG

EHWWHU� OHDGLQJ� LQGLFDWRUV� RI� LQIODWLRQ�� 7KH� HYLGHQFH� FROOHFWHG� LQ� WKLV� SDSHU� SRLQWV� WR� D

YLVLEOH�FKDQJH� LQ� WKH� LQIODWLRQ�XQHPSOR\PHQW�UHODWLRQVKLS�DW� WKH�EHJLQQLQJ�RU�PLGGOH�RI

WKH�HLJKWLHV��,W� LV�KLJKO\�XQOLNHO\� WKDW� WKLV�FKDQJH� WRRN� WKH�IRUP�RI�D�VXGGHQ�VKLIW� LQ� WKH

1$,58��DV�LPSOLHG�E\�WKH�EUHDN�PRGHO��7KH�IDLOXUH�RI�WKH�WLPH�YDU\LQJ�SDUDPHWHU�PRGHO

WR�DFFRXQW�PRUH�DFFXUDWHO\�IRU�WKLV�VKLIW�LV�SUREDEO\�D�FRQVHTXHQFH�RI�WKH�FRPSOH[�QDWXUH

RI�WKH�ODWWHU��$�PRUH�UHILQHG�PRGHOOLQJ�RI�WKH�1$,58�LV�KHQFH�D�UHVHDUFK�VWUDWHJ\�ZRUWK

SXUVXLQJ�

/DVW�EXW�QRW�OHDVW�� LW� LV� LQWHUHVWLQJ�WR�EULHIO\�UHFDOO� WKH�DJJUHJDWLRQ�SUREOHP�GLVFXVVHG� LQ

WKH� LQWURGXFWLRQ�� ,I� WKH� FRQFOXVLRQ� WKDW� WKHUH� ZDV� D� VKLIW� LQ� WKH� HXUR� DUHD� 1$,58� LV
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DFFHSWHG��WKLV�LPSOLHV�WKDW�WKHUH�ZDV�D�JHQHUDO�PRYH�LQ�WKLV�GLUHFWLRQ�DOO�RYHU�WKH�FRXQWULHV

LQ� WKH� DUHD�� RU� DW� OHDVW� LQ� WKRVH� DFFRXQWLQJ� IRU� WKH� ODUJHVW� VKDUH� RI� DJJUHJDWH

XQHPSOR\PHQW�� 7KH� DOWHUQDWLYH� YLHZ� ZRXOG� EH� WKDW� RQO\� QDWLRQDO� XQHPSOR\PHQW� UDWHV

PDWWHU� EHFDXVH� WKH\� DUH� EXIIHWHG� E\� FRXQWU\�VSHFLILF� VKRFNV�� DQG� WKDW� PRYHPHQWV

REVHUYHG� DW� WKH� DJJUHJDWH� OHYHO� DUH� GHYRLG� RI� LQIRUPDWLRQ�� L�H�� UDQGRP�� 7KLV� SDSHU

FKDOOHQJHV� WKLV� YLHZ�� DQG� SURSRVHV� DQ� DOWHUQDWLYH� RQH� E\� ZKLFK� VRPH� RI� WKH� VKRFNV

DIIHFWLQJ�WKH�DUHD¶V�ODERXU�PDUNHWV�ZHUH�FRPPRQ�DFURVV�FRXQWULHV��7KH�FKRVHQ�PRGHOOLQJ

VWUDWHJ\��RQ�WKH�RWKHU�KDQG��SUHFOXGHV�DQ\�IXUWKHU�DQDO\VLV�RI�WKH�VRXUFHV�RI�WKHVH�FRPPRQ

VKRFNV��RU�RI�WKHLU�GHJUHH�RI�FRPPRQDOLW\�
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5HIHUHQFHV

$SHO�� 0�� DQG� 3�� -DQVVRQ� �������� ³6\VWHP� (VWLPDWHV� RI� 3RWHQWLDO� 2XWSXW� DQG� WKH
1$,58´��6YHULJHV�5LNVEDQN�:RUNLQJ�3DSHU�6HULHV�Q�����

$SHO�� 0�� DQG� 3�� -DQVVRQ� �������� ³$� 7KHRU\�&RQVLVWHQW� $SSURDFK� IRU� (VWLPDWLQJ
3RWHQWLDO�2XWSXW�DQG�WKH�1$,58´��6YHULJHV�5LNVEDQN�:RUNLQJ�3DSHU�6HULHV�Q�����

%DOO��/����������³'LVLQIODWLRQ�DQG�WKH�1$,58´��1%(5�:RUNLQJ�3DSHU�Q�������

%DQN�RI�(QJODQG���������(FRQRPLF�0RGHOV�DW�WKH�%DQN�RI�(QJODQG��%DQN�RI�(QJODQG�

%D[WHU�0��DQG�5��&��.LQJ���������³0HDVXULQJ�%XVLQHVV�&\FOHV�$SSUR[LPDWH�%DQG�3DVV
)LOWHUV�IRU�(FRQRPLF�7LPH�6HULHV´��1%(5�:RUNLQJ�3DSHU�Q�������

%HYHULGJH�� 6�� DQG� &�� 5�� 1HOVRQ� �������� ³$� 1HZ� $SSURDFK� WR� 'HFRPSRVLWLRQ� RI
(FRQRPLF�6HULHV�LQWR�3HUPDQHQW�DQG�7UDQVLWRU\�&RPSRQHQWV�ZLWK�3DUWLFXODU�$WWHQWLRQ�WR
0HDVXUHPHQW�RI�WKH�µ%XVLQHVV�&\FOH¶´��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV���������������

%LDQFKL��0�� DQG�*�� =RHJD� �������� ³8QHPSOR\PHQW� 3HUVLVWHQFH��'RHV� WKH� 6L]H� RI� WKH
6KRFN�0DWWHU"´��-RXUQDO�RI�$SSOLHG�(FRQRPHWULFV��������������

%ODQFKDUG��2��DQG�/��6XPPHUV� ��������³+\VWHUHVLV�DQG� WKH�(XURSHDQ�8QHPSOR\PHQW
3UREOHP´��1%(5�0DFURHFRQRPLFV�$QQXDO��������

%ODQFKIORZHU��'��DQG�$��2VZDOG���������7KH�ZDJH�FXUYH��&DPEULGJH��0,7�3UHVV�

&RWH¶�� '�� DQG� '�� +RVWODQG� �������� ³0HDVXULQJ� 3RWHQWLDO� 2XWSXW� DQG� WKH� 1$,58� DV
8QREVHUYHG� 9DULDEOHV� LQ� D� 6\VWHPV� )UDPHZRUN´�� LQ� (FRQRPLF� %HKDYLRXU� DQG� 3ROLF\
&KRLFH�XQGHU�3ULFH�6WDELOLW\��%DQN�RI�&DQDGD����������

&ODUN�� 3��� /D[WRQ�� '�� DQG� '�� 5RVH� �������� ³$V\PPHWU\� LQ� WKH� 8�6�� 2XWSXW�,QIODWLRQ
1H[XV��,VVXHV�DQG�(YLGHQFH´��,0)�:RUNLQJ�SDSHU�:3�������

(OPHVNRY��-�� �������� ³+LJK�DQG�3HUVLVWHQW�8QHPSOR\PHQW��$VVHVVPHQW�RI� WKH�3UREOHP
DQG�LWV�&DXVHV´��2(&'�(FRQRPLFV�'HSDUWPHQW�:RUNLQJ�3DSHU�Q������

(VWUHOOD��$��DQG�6��0LVKNLQ���������³5HWKLQNLQJ�WKH�5ROH�RI�1$,58�LQ�0RQHWDU\�3ROLF\�
,PSOLFDWLRQV�RI�0RGHO�)RUPXODWLRQ�DQG�8QFHUWDLQW\´��1%(5�:RUNLQJ�3DSHU�Q�������

)DELDQL�� 6���/RFDUQR��$���2QHWR��*�� DQG�3�� 6HVWLWR� �������� ³1$,58�� ,QFRPHV� 3ROLF\
DQG�,QIODWLRQ´��2(&'�(FRQRPLFV�'HSDUWPHQW�:RUNLQJ�3DSHU�Q������

)DJDQ�� *��� +HQU\�� -��� 0HVWUH�� 5�� �������� ³$Q� $UHD�:LGH� 0RGHO� IRU� WKH� (8��´�
IRUWKFRPLQJ�LQ�WKH�(&%�:RUNLQJ�3DSHU�6HULHV�

*LRUQR��&���'HVHUUHV��$��DQG�3��6WXUP���������³0DFURHFRQRPLF�3ROLF\�DQG�WKH�1$,58
LQ�(XURSHDQ�(FRQRPLHV´��(8,�:RUNLQJ�3DSHU�Q��������

*ROGIHOG�� 6�� 0�� DQG� 5�� (�� 4XDQGW� �������� ³7KH� (VWLPDWLRQ� RI� 6WUXFWXUDO� 6KLIWV� E\
6ZLWFKLQJ�5HJUHVVLRQV´��$QQDOV�RI�(FRQRPLF�DQG�6RFLDO�0HDVXUHPHQW���������������
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*RGIUH\�� /�� *�� DQG�0�� +�� 3HVDUDQ� �������� ³7HVWV� RI� QRQ�QHVWHG� UHJUHVVLRQ� PRGHOV�
VPDOO� VDPSOH� DGMXVWPHQWV� DQG� 0RQWH� &DUOR� HYLGHQFH´�� -RXUQDO� RI� (FRQRPHWULFV�� ���
�������

*RRGIULHQG��0��DQG�5��*��.LQJ���������³7KH�1HZ�1HRFODVVLFDO�6\QWKHVLV�DQG�WKH�5ROH
RI�0RQHWDU\�3ROLF\´��1%(5�0DFURHFRQRPLFV�$QQXDO�

*RUGRQ�� 5�� �������� ³3ULFH� ,QHUWLD� DQG� 3ROLF\� ,QHIIHFWLYHQHVV� LQ� WKH� 8QLWHV� 6WDWHV�
���������´��-RXUQDO�RI�3ROLWLFDO�(FRQRP\���������������

*RUGRQ�� 5�� �������� ³7KH� 7LPH�9DU\LQJ� 1$,58� DQG� LWV� ,PSOLFDWLRQV� IRU� (FRQRPLF
3ROLF\´��1%(5�:RUNLQJ�3DSHU�Q�������

*RUGRQ��5�� �������� ³)RXQGDWLRQV� RI� WKH�*ROGLORFNV� (FRQRP\�� 6XSSO\� 6KRFNV� DQG� WKH
7LPH�9DU\LQJ�1$,58´��%URRNLQJV�3DSHUV�RQ�(FRQRPLF�$FWLYLW\����������������

+DQVHQ��%��(����������³7HVWLQJ�IRU�3DUDPHWHU�,QVWDELOLW\�LQ�/LQHDU�0RGHOV´��LQ�(ULFVVRQ�
1�5��DQG�-�6��,URQV��HGV����7HVWLQJ�H[RJHQHLW\��2[IRUG�DQG�1HZ�<RUN��2[IRUG�8QLYHUVLW\
3UHVV�

/DXEDFK��7����������³0HDVXULQJ�WKH�1$,58��(YLGHQFH�IURP�6HYHQ�(FRQRPLHV´��)HGHUDO
5HVHUYH�%DQN�RI�.DQVDV�&LW\�:RUNLQJ�3DSHU�Q��������

/D\DUG�� 5��� 1LFNHOO�� 6�� DQG� 5�� -DFNPDQ� �������� 8QHPSOR\PHQW�� 0DFURHFRQRPLF
SHUIRUPDQFH�DQG�WKH�ODERXU�PDUNHW��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

/D[WRQ��'��DQG�5��7HWORZ���������³$�6LPSOH�0XOWLYDULDWH�)LOWHU�IRU�WKH�0HDVXUHPHQW�RI
3RWHQWLDO�2XWSXW´��%DQN�RI�&DQDGD�7HFKQLFDO�5HSRUW�Q�����

/D[WRQ�� '��� 0HUHGLWK�� *�� DQG� '�� 5RVH� �������� ³$V\PPHWULF� (IIHFWV� RI� (FRQRPLF
$FWLYLW\� RQ� ,QIODWLRQ�� (YLGHQFH� DQG� 3ROLF\� ,PSOLFDWLRQV´�� ,0)� :RUNLQJ� 3DSHU
:3��������

/LQGEHFN��$��DQG�'��6QRZHU���������7KH� ,QVLGHU�2XWVLGHU�7KHRU\�RI�(PSOR\PHQW�DQG
8QHPSOR\PHQW��&DPEULGJH��0$��0,7�3UHVV�

0RUJDQ��-��DQG�$��0RXURXJDQH���������³:DJH�IRUPDWLRQ�DQG�ODERXU�PDUNHW�LQVWLWXWLRQV
LQ�(XURSH´��(&%�PLPHR��SUHVHQWHG�DW� WKH�(&%�:RUNVKRS�RQ�6WUXFWXUDO�8QHPSOR\PHQW�
������'HFHPEHU�������

5DR��&�5����������/LQHDU�VWDWLVWLFDO�LQIHUHQFH�DQG�LWV�DSSOLFDWLRQV��1HZ�<RUN��:LOH\�DQG
VRQV�

5DVL�� &�� DQG� 9LLNDUL�� -�� �������� ³7KH� 7LPH�9DU\LQJ� 1$,58� DQG� 3RWHQWLDO� 2XWSXW� LQ
)LQODQG´��%DQN�RI�)LQODQG�'LVFXVVLRQ�3DSHUV�Q�������

5REHUWV�� -�� 0�� �������� ³7KH� :DJH� &XUYH� DQG� WKH� 3KLOOLSV� &XUYH´�� )HGHUDO� 5HVHUYH
%RDUG��PLPHR�

6WDLJHU��'���6WRFN��-��DQG�0��:DWVRQ���������³+RZ�3UHFLVH�DUH�(VWLPDWHV�RI�WKH�1DWXUDO
5DWH�RI�8QHPSOR\PHQW"´��1%(5�:RUNLQJ�3DSHU�Q�������



(&%�:RUNLQJ�3DSHU�1R�����0DUFK����� ��

6WDLJHU�� '��� 6WRFN�� -�� DQG� 0�� :DWVRQ� �������� ³7KH� 1$,58�� 8QHPSOR\PHQW� DQG
0RQHWDU\�3ROLF\´��-RXUQDO�RI�(FRQRPLF�3HUVSHFWLYHV���������������

6WRFN�� -��+�� �������� ³0RQHWDU\� 3ROLF\� LQ� D� &KDQJLQJ� (FRQRP\�� ,QGLFDWRUV�� 5XOHV� DQG
WKH�6KLIW�7RZDUGV�,QWDQJLEOH�2XWSXW´��,0(6�'LVFXVVLRQ�3DSHU�Q�����(����

:DWVRQ�� 0�� :�� �������� ³8QLYDULDWH� 'HWUHQGLQJ� 0HWKRGV� ZLWK� 6WRFKDVWLF� 7UHQGV´�
-RXUQDO�RI�0RQHWDU\�(FRQRPLFV���������������

:KHODQ�� .�� �������� ³:DJH� &XUYH� YV�� 3KLOOLSV� &XUYH�� $UH� 7KHUH� 0DFURHFRQRPLF
,PSOLFDWLRQV"´��)HGHUDO�5HVHUYH�%RDUG��PLPHR�
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$QQH[�$

3KLOOLSV�FXUYHV�DUH�D�ZLGHVSUHDG� WRRO�RI�DQDO\VLV� WKDQNV� WR� WKHLU� LQKHUHQW� VLPSOLFLW\� DQG

WKH� HDVH� ZLWK� ZKLFK� WKH\� FDQ� EH� XQGHUVWRRG�� 1RWZLWKVWDQGLQJ� WKDW�� WKHUH� DUH� SRWHQWLDO

SLWIDOOV�LQ�WKHLU�XVH�WKDW�VKRXOG�EH�DYRLGHG��SDUWLFXODUO\�DV�UHODWHV�WR�PRQHWDU\�SROLF\��$V

DOUHDG\�H[SODLQHG�� WKH� IUDPHZRUN�XQGHUO\LQJ� WKH�DSSURDFK� IROORZHG� LQ� WKLV�SDSHU� LV� WKH

QDWXUDO� UDWH� K\SRWKHVLV�� ZKLFK� SRVWXODWHV� WKDW� WKH� UHDO� HFRQRP\� LV� LQ� WKH� ORQJ� UXQ

LQGHSHQGHQW� IURP�PRQHWDU\� SROLF\�� 7KH� ZD\� WKLV� VWDWHPHQW� KDV� EHHQ� HPERGLHG� LQ� WKLV

SDSHU�LV�E\�DVVXPLQJ�VWDWLF�DQG�G\QDPLF�KRPRJHQHLW\��L�H��E\�SRVWXODWLQJ�HTXDWLRQV�ZLWK

VRPH�IRUP�RI�QRPLQDO�]HUR�KRPRJHQHLW\�SURSHUW\�LQ�SULFH�OHYHOV�DQG�ILUVW�GLIIHUHQFHV��,Q

D�QXWVKHOO��WKLV�SURSHUW\�HQVXUHV�WKDW�LQ�WKH�ORQJ�UXQ�WKH�SULFH�V\VWHP�FDQ�EH�H[SUHVVHG�LQ

WHUPV� RI� UHODWLYH� SULFHV�� QR� QRPLQDO� DQFKRU� EHLQJ� SDUW� RI� WKH� V\VWHP�� 2EYLRXVO\�� WKLV

LPSOLHV� WKDW� WKH� SULFH� V\VWHP� HTXDWLRQV� DUH� XQDEOH� WR� WHOO� PXFK� DERXW� LQIODWLRQ� DW� DQ\

UHOHYDQW�WLPH�KRUL]RQ�

,Q�PRUH�IRUPDO�WHUPV��HTXDWLRQV��$��D��DQG��$��E��PD\�GHVFULEH�D��VLPSOLILHG��YHUVLRQ�RI

D�SULFH�V\VWHP�RI�DQ�HFRQRP\��7KH�ILUVW�RQH�LV�D�SULFH�HTXDWLRQ�ZKLFK�OLQNV�WKH�SULFH�OHYHO

S� WR� D�PHDVXUH� RI� FRVWV� ODEHOOHG� DV� F�� 7KLV�PHDVXUH�PD\� EH� XQGHUVWRRG� DV� XQLW� ODERXU

FRVWV²L�H���ZDJHV�PLQXV�ODERXU�SURGXFWLYLW\²WR�UHPDLQ�ZLWKLQ�WKH�DSSURDFK�IROORZHG�LQ

WKH�WH[W��2WKHU�IDFWRUV�DIIHFWLQJ�SULFHV�DQG�FRVWV�DUH�FROOHFWHG� LQ� WKH�YDULDEOHV�]S�DQG�]F�

7KHVH�YDULDEOHV�DUH�DOO�DVVXPHG�WR�EH�QRQ�WUHQGHG�DQG�LQGHSHQGHQW�LQ�WKH�ORQJ�UXQ�IURP

QRPLQDO� IDFWRUV��7KH�XQHPSOR\PHQW�JDS�FRXOG�IRUP�SDUW�RI�ERWK��/DJV�DQG� OHDGV�RI� WKH

UHOHYDQW� YDULDEOHV� HQWHU� WKURXJK� WKH� ODJ�SRO\QRPLDOV� $S�/��� $F�/��� %F�/�� DQG� %S�/��

2EYLRXVO\�� OHDGV� LQ� WKH� HTXDWLRQV� DUH� WR� EH� XQGHUVWRRG� DV� H[SHFWDWLRQV� RI� WKH

FRUUHVSRQGLQJ�YDULDEOHV�

S

FS
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SF
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$� UHGXFHG�IRUP� DQDORJXH� RI� WKH� V\VWHP� LV� H[SUHVVHG� LQ� �$����� ZKHUH� FRVWV� KDYH� EHHQ

VXEVWLWXWHG� LQ� �$��D�� E\� WKHLU� H[SUHVVLRQ� LQ� WHUPV� RI� SULFHV²L�H��� E\� LQYHUWLQJ� �$��E����

6WDWLF�KRPRJHQHLW\�KROGV� LI�DQG�RQO\� LI� WKH�VXP�RI� ODJV�OHDGV� LQ�SULFHV�DGGV�XS� WR�]HUR�

ZKLFK�PHDQV�WKDW�WKH�HTXDWLRQ��$����FDQ�EH�UH�H[SUHVVHG�LQ�WHUPV�RI�LQIODWLRQ��$�/��KDV�D

XQLW� URRW��� ,Q� WXUQ�� G\QDPLF� KRPRJHQHLW\� KROGV� LI� DQG� RQO\� LI� WKH� VXP� RI� ODJV�OHDGV� RI

��� $VVXPLQJ�WKDW�S�DQG�F�DUH�RI�WKH�VDPH�RUGHU�RI�LQWHJUDWLRQ�HQVXUHV�WKDW�%
F
�/��LV�LQYHUWLEOH�
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LQIODWLRQ�LQ�WKH�WUDQVIRUPHG�HTXDWLRQ�DOVR�DGGV�XS�WR�RQH��$�/��KDV�WZR�XQLW�URRWV���,Q�WKLV

FDVH��WKH�HTXDWLRQ�FDQ�EH�UH�H[SUHVVHG�LQ�WHUPV�RI�DFFHOHUDWLRQV�LQ�LQIODWLRQ���
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,Q� WHUPV� RI� WKH� RULJLQDO� V\VWHP�� LW� LV� VXIILFLHQW� IRU� VWDWLF� KRPRJHQHLW\� WR� KROG� WKDW

$S��� $F����DQG�%F��� %S�����L�H��IRU�WKH�VXP�RI�ODJV�DQG�OHDGV�LQ�WKH�ODJ�SRO\QRPLDOV�RI

HDFK� HTXDWLRQ� WR� EH� HTXDO�� 8QGHU� WKLV� DVVXPSWLRQ�� WKH� V\VWHP� FDQ� EH� UH�ZULWWHQ� DV� LQ

�$��D��DQG��$��E���ZKHUH� WKH� ORQJ�UXQ�EHKDYLRXU�RI� WKH�V\VWHP�KDV�EHHQ� LVRODWHG� LQ� WKH

ODJJHG� WHUP�S�F���� ,W� LV�ZRUWK�SRLQWLQJ�RXW� WKDW� VWDWLF�KRPRJHQHLW\� LV� D� OLQHDU� UHVWULFWLRQ

WKDW�GRHV�QRW�DIIHFW�WKH�RUGHU�RI�LQWHJUDWLRQ�RI�WKH�YDULDEOHV��EXW�QHYHUWKHOHVV�WKH�ODJJHG�S�

F�WHUP�ZRXOG�EHFRPH�DQ�(&0�WHUP�VKRXOG�SULFHV�DQG�FRVWV�EH�LQWHJUDWHG�RI�RUGHU���
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&RUUHVSRQGLQJO\�� G\QDPLF� KRPRJHQHLW\� KROGV� LQ� �$���� LI� ������ 
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ZULWWHQ� DV� LQ� �$����� $JDLQ�� WKH� IDFW� WKDW� YDULDEOHV� HQWHU� LQ� VHFRQG� GLIIHUHQFHV� LV� DQ

H[SUHVVLRQ� RI� WKH� OLQHDU� UHVWULFWLRQV� DVVXPHG�� EXW� LV� QRW� D� VWDWHPHQW� RI� WKH� VWDWLRQDULW\

SURSHUWLHV�RI�WKH�GDWD�
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2QH� LQWHUHVWLQJ� IHDWXUH�RI� WKHVH� HTXDWLRQV� LV� WKDW� WKH� V\VWHP�GHVFULEHV� WKH�EHKDYLRXU�RI

UHODWLYH� SULFHV� �LQ� WKH� IRUP� RI�S�F�� XS� WR� VKRUW�WHUP� GHYHORSPHQWV�� ,Q� RWKHU�ZRUGV�� WKH

V\VWHP� HYROYHV� PRVW� RI� WKH� WLPH� WKURXJK� WKH� VSDFH� VSDQQHG� E\� UHODWLYH� SULFHV�� ZLWK

RFFDVLRQDO� DQG� VKRUW�ODVWLQJ� GHSDUWXUHV�� 7KHVH� GHSDUWXUHV� DUH� DQ� LPSRUWDQW� HOHPHQW� RI

UHGXFHG�IRUP�3KLOOLSV�FXUYH�OLNH��$�����3KLOOLSV�FXUYHV�HPERG\LQJ�G\QDPLF�KRPRJHQHLW\

��� ,Q�ZKLFK�FDVH�H[SUHVVLRQ�������LQ�WKH�PDLQ�WH[W�DSSOLHV�
��� *LYHQ� D� QRQ�QXOO� ODJ�SRO\QRPLDO�q�/��� LWV� VWDUUHG� YHUVLRQ�q
�/�� UHVXOWV� IURP� DGGLQJ� DQG� VXEWUDFWLQJ� LWV

ODJJHG�ORQJ�UXQ�YDOXH��q�/� >q�/��q���/@�q���/��DQG�QRWLQJ�WKDW�WKH� WHUP�LQ�VTXDUHG�EUDFNHWV�KDV�D�XQLW
URRW�WKDW�FDQ�EH�IDFWRUHG�RXW��q�/� >q
�/����/�@��q���/��7KH�ORQJ�UXQ�WHUPV�RI� WKH�YDULDEOHV�FDQ� WKHQ�EH
JURXSHG�GXH�WR�WKH�DVVXPSWLRQ�WKDW�WKH\�DOO�KDYH�WKH�VDPH�YDOXH�
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FDQQRW�EH�XVHG� WR� DQDO\VH�PHGLXP��DQG� ORQJ�WHUP� LQIODWLRQ� GHYHORSPHQWV��7R� VHH�ZK\�

QRWLFH�ILUVW�WKDW�WKH�SUHVHQFH�RI�S�F�LQ�OHYHOV�LQ�ERWK�HTXDWLRQV�LPSOLHV�WKDW�LQ�VWHDG\�VWDWH

ERWK�YDULDEOHV�ZLOO�JURZ�DW�WKH�VDPH�VSHHG��ZKLFK�ZH�ZLOO�DVVXPH�VWDEOH���2WKHUZLVH��DQ

HYHU�ZLGHQLQJ�JDS�ZRXOG�DSSHDU�EHWZHHQ�WKH�WZR��IRU�ZKLFK�QR�YDULDEOH�LQ�WKH�HTXDWLRQ

FRXOG�DFFRXQW��7KLV�PHDQV� WKDW�D�S�F���D�S� DQG�D�F�ZLOO� DOO� EH� ]HUR� LQ� WKH� VWHDG\�VWDWH�

LPSO\LQJ� WKDW� WKH� ILQDO� OHYHO� RI� WKH� UHDO� FRVW� �UHDO�ZDJH� GHYRLG� RI� SURGXFWLYLW\�� LQ� WKLV

FDVH��ZLOO�EH�D� OLQHDU�FRPELQDWLRQ�RI� WKH�YDULDEOHV�]S�RU�]F��DQG�ZLOO� WKXV�QRW�GHSHQG�RQ

QRPLQDO� IDFWRUV��7KXV��DOWKRXJK�XQHPSOR\PHQW�RU� WKH�XQHPSOR\PHQW�JDS�PD\�SURYH� LQ

WKLV� FRQWH[W� WR� EH� D� JRRG� LQGLFDWRU� RI� LQIODWLRQDU\� SUHVVXUHV�� LW� FDQQRW� EH� WUHDWHG� DV� D

YDULDEOH�GHWHUPLQLQJ�WKH�IXWXUH�SDWK�RI�QRPLQDO�YDULDEOHV�
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(XURSHDQ�&HQWUDO�%DQN�:RUNLQJ�3DSHU�6HULHV

� ´$�JOREDO�KD]DUG�LQGH[�IRU�WKH�ZRUOG�IRUHLJQ�H[FKDQJH�PDUNHWVµ�E\�9��%URXVVHDX�DQG
)��6FDFFLDYLOODQL��0D\������

� ´:KDW�GRHV�WKH�VLQJOH�PRQHWDU\�SROLF\�GR"�$�69$5�EHQFKPDUN�IRU�WKH�(XURSHDQ�&HQWUDO
%DQNµ�E\�&��0RQWLFHOOL�DQG�2��7ULVWDQL��0D\������

� ´)LVFDO�SROLF\�HIIHFWLYHQHVV�DQG�QHXWUDOLW\�UHVXOWV�LQ�D�QRQ�5LFDUGLDQ�ZRUOGµ�E\�&��'HWNHQ�
0D\������

� ´)URP�WKH�(50�WR�WKH�HXUR��QHZ�HYLGHQFH�RQ�HFRQRPLF�DQG�SROLF\�FRQYHUJHQFH�DPRQJ
(8�FRXQWULHVµ�E\�,��$QJHORQL�DQG�/��'HGROD��0D\������

� ´&RUH�LQIODWLRQ��D�UHYLHZ�RI�VRPH�FRQFHSWXDO�LVVXHVµ�E\�0��:\QQH��0D\������

� ´7KH�GHPDQG�IRU�0��LQ�WKH�HXUR�DUHDµ�E\�*��&RHQHQ�DQG�-��/��9HJD��6HSWHPEHU������

� ´$�FURVV�FRXQWU\�FRPSDULVRQ�RI�PDUNHW�VWUXFWXUHV�LQ�(XURSHDQ�EDQNLQJµ�E\�2��GH�%DQGW
DQG�(��3��'DYLV��6HSWHPEHU������

� ´,QIODWLRQ�]RQH�WDUJHWLQJµ�E\�$��2USKDQLGHV�DQG�9��:LHODQG��2FWREHU������

� ´$V\PSWRWLF�FRQILGHQFH�EDQGV�IRU�WKH�HVWLPDWHG�DXWRFRYDULDQFH�DQG�DXWRFRUUHODWLRQ
IXQFWLRQV�RI�YHFWRU�DXWRUHJUHVVLYH�PRGHOVµ�E\�*��&RHQHQ��-DQXDU\������

�� ´2Q�WKH�HIIHFWLYHQHVV�RI�VWHULOL]HG�IRUHLJQ�H[FKDQJH�LQWHUYHQWLRQµ�E\�5��)DWXP�
)HEUXDU\������

�� ´,V�WKH�\LHOG�FXUYH�D�XVHIXO�LQIRUPDWLRQ�YDULDEOH�IRU�WKH�(XURV\VWHP"µ�E\�-��0��%HUN�DQG
3��YDQ�%HUJHLMN��)HEUXDU\������

�� ´,QGLFDWRU�YDULDEOHV�IRU�RSWLPDO�SROLF\µ�E\�/��(��2��6YHQVVRQ�DQG�0��:RRGIRUG�
)HEUXDU\������

�� ´0RQHWDU\�SROLF\�ZLWK�XQFHUWDLQ�SDUDPHWHUVµ�E\�8��6|GHUVWU|P��)HEUXDU\������

�� ´$VVHVVLQJ�QRPLQDO�LQFRPH�UXOHV�IRU�PRQHWDU\�SROLF\�ZLWK�PRGHO�DQG�GDWD�XQFHUWDLQW\µ
E\�*��'��5XGHEXVFK��)HEUXDU\������

��� ´7KH�TXHVW�IRU�SURVSHULW\�ZLWKRXW�LQIODWLRQµ�E\�$WKDQDVLRV�2USKDQLGHV��0DUFK�����

��� ´(VWLPDWLQJ�WKH�LPSOLHG�GLVWULEXWLRQ�RI�WKH�IXWXUH�VKRUW�WHUP�LQWHUHVW�UDWH�XVLQJ�WKH�/RQJVWDII�
6FKZDUW]�PRGHOµ�E\�3HWHU�+|UGDKO��0DUFK�����

�� ´$OWHUQDWLYH�PHDVXUHV�RI�WKH�1$,58�LQ�WKH�HXUR�DUHD��HVWLPDWHV�DQG�DVVHVVPHQWµ
E\�6LOYLD�)DELDQL�DQG�5LFDUGR�0HVWUH��0DUFK�����
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