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:H�GHVFULEH�WKH�FRQVWUXFWLRQ�RI�D����R�ODWLWXGH�E\����R�ORQJLWXGH�VXUIDFH�FOLPDWRORJ\�RI�JOREDO�ODQG

DUHDV��H[FOXGLQJ�$QWDUFWLFD��7KH�FOLPDWRORJ\�UHSUHVHQWV�WKH�SHULRG�����������DQG�FRPSULVHV�D�VXLWH�RI

QLQH�YDULDEOHV��SUHFLSLWDWLRQ��ZHW�GD\�IUHTXHQF\��PHDQ�WHPSHUDWXUH��GLXUQDO�WHPSHUDWXUH�UDQJH��YDSRXU

SUHVVXUH�� VXQVKLQH�� FORXG� FRYHU�� JURXQG� IURVW� IUHTXHQF\� DQG� ZLQGVSHHG�� 7KH� FOLPDWH� VXUIDFHV� KDYH

EHHQ�FRQVWUXFWHG�IURP�D�QHZ�GDWD�VHW�RI�VWDWLRQ�����������FOLPDWRORJLFDO�QRUPDOV��QXPEHULQJ�EHWZHHQ

������� �SUHFLSLWDWLRQ�� DQG� ����� �ZLQGVSHHG��� 7KH� VWDWLRQ� GDWD� ZHUH� LQWHUSRODWHG� DV� D� IXQFWLRQ� RI

ODWLWXGH�� ORQJLWXGH� DQG� HOHYDWLRQ� XVLQJ� WKLQ�SODWH� VSOLQHV�� 7KH� DFFXUDF\� RI� WKH� LQWHUSRODWLRQV� DUH

DVVHVVHG�XVLQJ�FURVV�YDOLGDWLRQ�DQG�E\�FRPSDULVRQ�ZLWK�RWKHU�FOLPDWRORJLHV�

:H� EHOLHYH� RXU� QHZ� FOLPDWRORJ\� UHSUHVHQWV� DQ� DGYDQFH� RYHU� HDUOLHU� SXEOLVKHG� JOREDO� WHUUHVWULDO

FOLPDWRORJLHV�LQ�WKDW�LW� LV�VWULFWO\�FRQVWUDLQHG�WR�WKH�SHULRG������������GHVFULEHV�DQ�H[WHQGHG�VXLWH�RI

VXUIDFH� FOLPDWH� YDULDEOHV�� H[SOLFLWO\� LQFRUSRUDWHV� HOHYDWLRQ� DV� D� SUHGLFWRU� YDULDEOH� DQG� FRQWDLQV� DQ

HYDOXDWLRQ� RI� UHJLRQDO� HUURUV� DVVRFLDWHG� ZLWK� WKLV� DQG� RWKHU� FRPPRQO\� XVHG� FOLPDWRORJLHV�� 7KH

FOLPDWRORJ\�LV�DOUHDG\�EHLQJ�XVHG�E\�UHVHDUFKHUV� LQ� WKH�DUHDV�RI�HFRV\VWHP�PRGHOOLQJ��FOLPDWH�PRGHO

HYDOXDWLRQ�DQG�FOLPDWH�FKDQJH�LPSDFW�DVVHVVPHQW�

7KH�GDWD�DUH�DYDLODEOH�IURP�WKH�&OLPDWLF�5HVHDUFK�8QLW�DQG�LPDJHV�RI�DOO�WKH�PRQWKO\�ILHOGV�FDQ�EH

DFFHVVHG�YLD�WKH�:RUOG�:LGH�:HE�
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��� ,QWURGXFWLRQ

&RQFHUQ�DERXW�DQWKURSRJHQLF�FOLPDWH�FKDQJH�KDV�VWLPXODWHG�PXFK�UHVHDUFK�LQWR�WKH�OLNHO\�UHVSRQVH

RI�WKH�RFHDQ�DWPRVSKHUH�V\VWHP�WR�JUHHQKRXVH�JDV�IRUFLQJ�DQG�WKH�LPSDFWV�RI�UHVXOWDQW�FOLPDWH�FKDQJH

RQ� WKH� HDUWK�VXUIDFH� HQYLURQPHQW� �,3&&�� ������� $FFXUDWH� UHSUHVHQWDWLRQ� RI� WKH� PHDQ� VWDWH� DQG

YDULDELOLW\� RI� WKH� SUHVHQW� FOLPDWH� LV� LPSRUWDQW� IRU� D� QXPEHU� RI� SXUSRVHV� LQ� JOREDO� FKDQJH� UHVHDUFK�

7KHVH� LQFOXGH�� PRQLWRULQJ� DQG� GHWHFWLRQ� RI� FOLPDWH� FKDQJH� �-RQHV�� ������� HYDOXDWLRQ� RI� *HQHUDO

&LUFXODWLRQ� 0RGHOV� �*&0V�� �+XOPH�� ����D�� $LUH\� HW� DO��� ������ DQG� UHJLRQDO� FOLPDWH� VLPXODWLRQV

�&KULVWHQVHQ� HW� DO��� ������� JURXQG� WUXWKLQJ�� FDOLEUDWLRQ� RU� PHUJLQJ� ZLWK� VDWHOOLWH� FOLPDWRORJLHV

�+XIIPDQ� HW� DO��� ������� XQGHUVWDQGLQJ� WKH� UROH� RI� FOLPDWH� LQ� ELRJHRFKHPLFDO� F\FOLQJ� �6HOOHUV� HW� DO��

������&DR�DQG�:RRGZDUG���������DQG�FRQVWUXFWLRQ�RI�FOLPDWH�FKDQJH�VFHQDULRV��&DUWHU� HW�DO���������

7KHVH� DSSOLFDWLRQV� KDYH� KLVWRULFDOO\� KDG� GLIIHULQJ�� EXW� FRQYHUJLQJ�� SULRULWLHV� LQ� WHUPV� RI� VSDWLR�

WHPSRUDO� UHVROXWLRQ� DQG� DFFXUDF\�� &RDUVH� UHVROXWLRQ� GDWD� VHWV� VXFK� DV� WKRVH� RI� -RQHV� ������� IRU

WHPSHUDWXUH� DQG� +XOPH� �����D�� ����D�� IRU� SUHFLSLWDWLRQ� KDYH� EHHQ� DGHTXDWH� IRU� PRQLWRULQJ� DQG

GHWHFWLRQ�RI�FOLPDWH�FKDQJH�DQG�*&0�HYDOXDWLRQ��ZKHUH�FDSWXULQJ�WHPSRUDO�YDULDELOLW\�LV�DV�LPSRUWDQW

DV� WKH� UHSUHVHQWDWLRQ� RI� VSDWLDO� GHWDLO�� 7KH� GHYHORSPHQW� RI� KLJKHU� UHVROXWLRQ� *&0V� DQG� UHJLRQDO

FOLPDWH� PRGHOV� KDV� KRZHYHU�� PHDQW� WKDW� WKH� VSDWLDO� UHVROXWLRQ� UHTXLUHG� IRU� PRGHO� HYDOXDWLRQ� KDV

LQFUHDVHG��DQG�LV�OLNHO\�WR�FRQWLQXH�WR�GR�VR��%LRSK\VLFDO�PRGHOOHUV�DQG�WKH�FOLPDWH�LPSDFWV�FRPPXQLW\

KDYH�IDYRXUHG�ILQHU�VSDWLDO�UHVROXWLRQ��FRPPRQO\������ODWLWXGH�ORQJLWXGH��DQG�D�ZLGHU�UDQJH�RI�VXUIDFH

FOLPDWH�YDULDEOHV��&RQVHTXHQWO\�WKH\�KDYH�WHQGHG�WR�XVH�ORQJ�WHUP�PHDQ�FOLPDWRORJLHV�VXFK�DV�WKDW�RI

/HHPDQV�DQG�&UDPHU� �������&UDPHU��SHUVRQDO�FRPPXQLFDWLRQ���������<HW�� DV� WKHVH� VWXGLHV�SURJUHVV

IURP� HTXLOLEULXP� WR� WUDQVLHQW� VLPXODWLRQV�� UHVHDUFKHUV� DUH� LQFUHDVLQJO\� UHTXLULQJ� GDWD� WKDW� DFFXUDWHO\

UHSUHVHQW� FOLPDWH� YDULDELOLW\� FRQWLQXRXVO\� LQ� VSDFH� DQG� WLPH� �&UDPHU� DQG� )LVFKHU�� ������ 3LSHU� DQG

6WHZDUW�� ������� 6LPLODUO\�� WKHUH� KDV� EHHQ� D� JURZLQJ� GHPDQG� IRU� WKH� UHSUHVHQWDWLRQ� RI� WHPSRUDO

YDULDELOLW\�LQ�FOLPDWH�FKDQJH�VFHQDULRV��+XOPH�DQG�%URZQ��VXEPLWWHG��

$OWKRXJK�WKHVH�GDWD�UHTXLUHPHQWV�DUH�FRQYHUJLQJ�WRZDUG� KLJK�UHVROXWLRQ�UHSUHVHQWDWLRQ�RI�FOLPDWH

LQ� ERWK� VSDFH� DQG� WLPH�� WKHUH� DUH� IHZ� GDWDVHWV� WKDW� VDWLVI\� WKLV� GHPDQG�� 1RWDEOH� H[FHSWLRQV� DUH� WKH

PRQWKO\�WLPH�VWHS�*OREDO�3UHFLSLWDWLRQ�&OLPDWRORJ\�3URMHFW��*3&3��GDWD�VHW�� ;LH�DQG�$UNLQ��������;LH

HW�DO����������WKH�PRQWKO\���������������R�ODWLWXGH�ORQJLWXGH�SUHFLSLWDWLRQ�GDWD�VHW�RI�'DL� HW�DO���������

DQG� WKH� ���R� ODWLWXGH�ORQJLWXGH� GDLO\� WLPH� VWHS� GDWDVHW� EHLQJ� GHYHORSHG� E\� 3LSHU� DQG� 6WHZDUW
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�KHQFHIRUWK�36���������+RZHYHU�WKHVH�SURGXFWV�HLWKHU�FRYHU�UHODWLYHO\�VKRUW�SHULRGV������©V�WR�SUHVHQW

��*3&3��36���DUH� OLPLWHG� WR�SUHFLSLWDWLRQ� �*3&3��36��'DL��DQG�PLQLPXP�DQG�PD[LPXP�WHPSHUDWXUH

�36���GR�QRW� LQFOXGH�DQ�HOHYDWLRQ�GHSHQGHQFH� LQ� WKHLU� LQWHUSRODWLRQ�VFKHPHV��RU�DUH�FRDUVH�UHVROXWLRQ

�'DL���$� IXUWKHU� OLPLWDWLRQ� LV� WKDW�*3&3�DQG�36� LQWHUSRODWH�GLUHFWO\� IURP�VWDWLRQ� WLPH� VHULHV� DQG� DUH

WKHUHIRUH�UHVWULFWHG�LQ�WKH�QXPEHU�RI�VWDWLRQV�WKH\�FDQ�XVH�

$Q� DOWHUQDWLYH� DSSURDFK� WR� GLUHFW� LQWHUSRODWLRQ� RI� VWDWLRQ� WLPH� VHULHV� LV� WR� VHSDUDWH� WKH� WLPH� DQG

VSDFH�FRPSRQHQWV�E\�ILUVW�FRQVWUXFWLQJ�D�KLJK�UHVROXWLRQ����� R[���R��PHDQ�FOLPDWRORJ\�IRU�WKH�FOLPDWH

YDULDEOHV�RI�LQWHUHVW��VXEVHTXHQWO\�GHULYLQJ�JULGGHG�PRQWKO\�DQRPDOLHV�UHODWLYH�WR�WKH�SHULRG�IRU�ZKLFK

WKH�PHDQ�FOLPDWH�LV�GHILQHG��7KH�DQRPDO\�DQG�PHDQ�ILHOGV�DUH�WKHQ�FRPELQHG�WR�DUULYH�DW�JULGGHG�WLPH

VHULHV� RI� HDFK� YDULDEOH�� 7KH� DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKDW� WKH� QXPEHU� RI� DUFKLYHG� DQG� HDVLO\

REWDLQDEOH�VWDWLRQ�QRUPDOV� LV� IDU�JUHDWHU� WKDQ� WKDW�RI�VWDWLRQ� WLPH�VHULHV��7KLV� LV�SDUWLFXODUO\�VR� LQ� WKH

FDVH�RI�YDULDEOHV�RWKHU� WKDQ�SUHFLSLWDWLRQ� DQG� WHPSHUDWXUH�� DQG� IRU� DOO� YDULDEOHV� DV�RQH� JRHV� EDFN� LQ

WLPH��8VLQJ�DV�PDQ\�VWDWLRQV�DV�SRVVLEOH�WR�JHQHUDWH�WKH�PHDQ�ILHOGV��WRJHWKHU�ZLWK�DQ�H[SOLFLW�WUHDWPHQW

RI�HOHYDWLRQ�GHSHQGHQF\��PD[LPLVHV�WKH�UHSUHVHQWDWLRQ�RI�VSDWLDO�YDULDELOLW\�LQ�PHDQ�FOLPDWH��0RQWKO\

DQRPDOLHV�� RQ� WKH� RWKHU� KDQG�� WHQG� WR� EH� PRUH� D� IXQFWLRQ� RI� ODUJH�VFDOH� FLUFXODWLRQ� SDWWHUQV� DQG

UHODWLYHO\�LQGHSHQGHQW�RI� SK\VLRJUDSKLF�FRQWURO��7KHUHIRUH��D�FRPSDUDWLYHO\�OHVV�H[WHQVLYH�QHWZRUN�LV

VXIILFLHQW�WR�GHVFULEH�WKH�PRQWK�WR�PRQWK�GHSDUWXUHV�IURP�WKH�PHDQ�FOLPDWH�

,Q� WKLV�� WKH� ILUVW� RI� WZR� SDSHUV�� ZH� GHVFULEH� WKH� FRQVWUXFWLRQ� RI� D� QHZ� ��� q[���q� PHDQ�PRQWKO\

WHUUHVWULDO� FOLPDWRORJ\�� VWULFWO\� FRQVWUDLQHG� WR� SHULRG� ����������� IRU� D� VXLWH� RI� FOLPDWH� YDULDEOHV�

SUHFLSLWDWLRQ��ZHW�GD\�IUHTXHQF\��PHDQ�WHPSHUDWXUH��GLXUQDO�WHPSHUDWXUH�UDQJH��YDSRXU�SUHVVXUH��FORXG

FRYHU��VXQVKLQH�GXUDWLRQ��JURXQG�IURVW�IUHTXHQF\�DQG� ZLQGVSHHG�� ,Q�D�FRPSDQLRQ�SDSHU��ZH�GHVFULEH

WKH�FRQVWUXFWLRQ�RI�PRQWKO\�DQRPDO\�JULGV�DQG�WKHLU�PHUJLQJ�ZLWK�WKLV�EDVHOLQH�FOLPDWRORJ\�WR�SURGXFH

�����SUHVHQW�GD\�PRQWKO\�WLPH�VWHS�FOLPDWH�ILHOGV��1HZ� HW�DO���LQ�SUHSDUDWLRQ���7KLV�SDSHU�LV�VWUXFWXUHG

DV�IROORZV��,Q�6HFWLRQ���WKH�QHZ�&OLPDWLF�5HVHDUFK�8QLW��&58�� GDWD�VHW�RI�����������FOLPDWH�QRUPDOV

LV� GHVFULEHG�� 6HFWLRQ� �� GHVFULEHV� WKH� LQWHUSRODWLRQ� PHWKRGRORJ\� DQG� FRQVWUXFWLRQ� RI� WKH� PHDQ

FOLPDWRORJ\� ILHOGV�� ,Q� 6HFWLRQ� ��� LQWHUSRODWLRQ� HUURUV� DUH� DVVHVVHG�� DQG� RXU� QHZ� FOLPDWRORJ\� LV

FRPSDUHG�ZLWK�VRPH�H[LVWLQJ�FOLPDWRORJLHV��)LQDOO\��6HFWLRQ���FRQWDLQV�VRPH�FRQFOXGLQJ�UHPDUNV�
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��� 2EVHUYDWLRQDO�GDWD�VHW

D�� 6RXUFHV

7KH�����������VWDWLRQ�QRUPDOV�XVHG�WR�FRQVWUXFW�WKH�FOLPDWRORJ\�ZHUH�FROODWHG�IURP�D�QXPEHU�RI

VRXUFHV��$OWKRXJK�WKH�:RUOG�0HWHRURORJLFDO�2UJDQLVDWLRQ��:02������������JOREDO�VWDQGDUG�QRUPDOV

ZHUH�UHOHDVHG�LQ�0D\������WKURXJK�WKH�1DWLRQDO�&OLPDWH�'DWD� &HQWHU��1&'&���ZH�EHJDQ�RXU�RZQ�GDWD

FROOHFWLRQ� LQ� ����� WKURXJK� GLUHFW� FRQWDFW�ZLWK�1DWLRQDO�0HWHRURORJLFDO�$JHQFLHV� � 10$V��� SHUVRQDO

FRQWDFWV� DQG� RWKHU� SXEOLVKHG� VRXUFHV�� ,QLWLDOO\�� WKLV� HQGHDYRXU� ZDV� FRQILQHG� WR� (XURSHDQ� DQG

QHLJKERXULQJ�FRXQWULHV��+XOPH������E��+XOPH�HW�DO����������EXW�ZDV�VXEVHTXHQWO\�H[WHQGHG�WR�REWDLQ

JOREDO�FRYHUDJH��H[FOXGLQJ�$QWDUFWLFD��,Q�PDQ\�FRXQWULHV�ZH�KDYH�JDLQHG�DFFHVV�WR�PRUH�VWDWLRQV�DQG

YDULDEOHV�WKDQ�ZHUH�PDGH�DYDLODEOH�WR�1&'&��7KH�1&'&�GDWD�VHW�KDV��KRZHYHU��FRPSOLPHQWHG�RXUV�LQ

FRXQWULHV� ZKHUH� ZH� ZHUH� XQDEOH� WR� REWDLQ� GDWD�� 7KH� PDLQ� GDWD� VRXUFHV� DUH� GHVFULEHG� EHORZ� DQG

VXPPDULVHG�LQ�7DEOH���

,Q�VRPH�FDVHV��SXEOLVKHG�VRXUFHV�GLG�QRW�SURYLGH�LQIRUPDWLRQ�RQ�WKH�QRUPDO�SHULRG��H�J��&,$7��VHH

EHORZ��RU�WKH�QRUPDOV�UHSUHVHQWHG�D�SHULRG�RWKHU� WKDQ������������H�J�� 0�OOHU�DQG�)$2��VHH�EHORZ��

7KHVH�VWDWLRQV�ZHUH�XVHG�LQ�DUHDV�ZKHUH�QR�RWKHU�GDWD�ZHUH�DYDLODEOH�DV�LW�KDV�EHHQ�VKRZQ�WKDW��LQ�WKH

DEVHQFH� RI� PDUNHG� LQWHUGHFDGDO� YDULDELOLW\�� WKH� LPSURYHPHQW� LQ� LQWHUSRODWLRQ� DFFXUDF\� JDLQHG� E\

LQFOXGLQJ� DGGLWLRQDO� VWDWLRQV� RXWZHLJKV� DQ\� SHQDOW\� DVVRFLDWHG� ZLWK� UHOD[LQJ� WHPSRUDO� ILGHOLW\

�:LOOPRWW�HW�DO���������+XOPH�DQG�1HZ���������7KHVH�QRUPDOV�ZHUH�DVVLJQHG�D�ORZ�ZHLJKW�GXULQJ�WKH

LQWHUSRODWLRQ�VR�WKDW�WKH\�GLG�QRW�XQGXO\�ELDV�WKH�WUXH�����������QRUPDOV��VHH�VHFWLRQ����

��� 1$7,21$/�0(7(252/2*,&$/�$*(1&,(6

'DWD�VXSSOLHG�E\�10$V�LQ�GLUHFW�UHVSRQVH�WR�RXU�UHTXHVW�IRU�����������QRUPDOV�FRPSULVH�E\�IDU

WKH� ODUJHVW� VLQJOH�GDWD� VRXUFH�� UDQJLQJ�EHWZHHQ������ZHW�GD\V��DQG������SUHFLSLWDWLRQ��RI� WKH� WRWDO�

0RVW�RI�WKHVH�GDWD�ZHUH�VXSSOLHG�RQ�GLVNHWWH��EXW�DERXW�����ZHUH�VXSSOLHG�HLWKHU�DV�SXEOLVKHG�YROXPHV

RI�����������QRUPDOV�RU�RQ�10$�SDSHU�FRSLHV��'DWD�RQ�WKH�ODWWHU�WZR�PHGLD�ZHUH�VFDQQHG�RU�NH\HG

LQ��ZLWK�LQGHSHQGHQW�FKHFNV�DJDLQVW�WKH�RULJLQDOV�
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��� :02�����������*/2%$/�67$1'$5'�1250$/6

7KH�:02�UHFHQWO\�SXEOLVKHG�WKH�����������FOLPDWRORJLFDO�QRUPDOV��:02���������7KHVH�GDWD��IRU

DERXW������VWDWLRQV��ZHUH�SXUFKDVHG�DQG�PHUJHG�ZLWK�WKH�&58�GDWDVHW��7KLV�UHVXOWHG� LQ�DQ�DGGLWLRQDO

����VWDWLRQV�ZKLFK�KDG�GDWD�IRU�DW�OHDVW�RQH�YDULDEOH�QRW�SUHYLRXVO\�LQ�WKH�&58�GDWDVHW�

��� &58�*/2%$/�'$7$6(76�2)�67$7,21�7,0(�6(5,(6

*OREDO� GDWD� VHWV� RI� PRQWKO\� WLPH� VHULHV� RI� SUHFLSLWDWLRQ� �(LVFKLG� HW� DO�� ������ XSGDWHG��� PHDQ

WHPSHUDWXUH��-RQHV��������XSGDWHG���PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH�� (DVWHUOLQJ�HW�DO��������ZLWK

DGGLWLRQV�� IRU� VHYHUDO� WKRXVDQG� VWDWLRQV�ZRUOG�ZLGH�ZHUH� VHDUFKHG� IRU� DGGLWLRQDO� VWDWLRQV��&58�DOVR

KROGV� VPDOOHU� GDWDVHWV� RI� PRQWKO\� WLPH� VHULHV� RI� WKH� RWKHU� YDULDEOHV�� 7KHVH� GDWD� KDYH� EHHQ� TXDOLW\

FRQWUROOHG� DQG� FKHFNHG� IRU� LQKRPRJHQHLWLHV�� 6WDWLRQ�PHDQV� IRU� ����������ZHUH� GHULYHG� IURP� WKHVH

WLPH�VHULHV�DQG�DGGHG�WR�WKH�JOREDO�QRUPDOV�GDWDVHWV�

��� &,$7�6287+�$0(5,&$1�'$7$�%$6(

7KH� &HQWUR� ,QWHUQDFLRQDO� GH� $JULFXOWXUD� 7URSLFDO� �&,$7�� KDV� FROODWHG� VHYHUDO� WKRXVDQG

FOLPDWRORJLFDO�PHDQV� IRU� 6RXWK� DQG� &HQWUDO� $PHULFD� �&,$7�� ������� 8QIRUWXQDWHO\�� WKH� SHULRG� HDFK

PHDQ� UHSUHVHQWV� LV� XQVSHFLILHG�� DOWKRXJK� WKH� QXPEHU� RI� \HDUV� RI� UHFRUG� FRQWULEXWLQJ� WR� WKH�PHDQ� LV

XVXDOO\�VXSSOLHG��7KHVH�ZHUH�DVVLJQHG�D�ORZ�SULRULW\�GXULQJ�WKH�LQWHUSRODWLRQ�

��� 38%/,6+('�6285&(6

6HYHUDO�FRXQWULHV�LQ�$IULFD��H�J��=DLUH�DQG�$QJROD��DQG� 6RXWK�HDVW�$VLD��H�J��&DPERGLD��SURYLGHG

IHZ�RU�QR�����������QRUPDOV�WR�HLWKHU�&58�RU�WKH�:02��,Q�WKHVH�FDVHV�GDWD�ZHUH�H[WUDFWHG�IURP�RQH

RI� WZR� VRXUFHV��0�OOHU� ������� DQG�)$2� ��������*HQHUDOO\�� WKHVH�PHDQV�ZHUH� FDOFXODWHG� XVLQJ� GDWD

IURP�WKH�SHULRG�����������DQG��LQ�WKH�FDVH�RI�WKH�)$2�SXEOLFDWLRQV��WKH�QXPEHU�RI�\HDUV�FRQWULEXWLQJ

WR�D�PHDQ�ZDV�XQNQRZQ��7KHVH�GDWD�ZHUH�DOVR�DVVLJQHG� D�ORZ�ZHLJKWLQJ�GXULQJ�WKH�LQWHUSRODWLRQ�

��� 27+(5�6285&(6

$� VPDOO� QXPEHU� RI� VWDWLRQV� IURP� VHYHUDO� RWKHU� VRXUFHV� ZHUH� XVHG�� 7KHVH� LQFOXGHG� WKH� 86$)

&OLPDWRORJLFDO�'DWD�9ROXPH��86$)��������DQG�D�QXPEHU�RI�SHUVRQDO�FRQWDFWV�ZKHUH�GDWD�IRU�EHWZHHQ

RQH�DQG�VHYHUDO�WHQV�RI�VWDWLRQV�ZHUH�REWDLQHG�
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E�� 4XDOLW\�FRQWURO

'DWD�IURP�WKH�:02�FROOHFWLRQ�ZHUH�VXEMHFWHG�WR�D�IDLUO\�FRPSUHKHQVLYH�VHULHV�RI�TXDOLW\�FRQWURO

�4&��FKHFNV�E\�WKH�1&'&��1&'&���������$OO�:02�GDWD�WKDW�IDLOHG�WKH�4&�ZHUH�IODJJHG�DV�VXFK�E\

1&'&�� :H� H[FOXGHG� DOO� :02� VWDWLRQV� WKDW� IDLOHG� WKH� 1&'&� 4&� WHVWV� IURP� RXU� DQDO\VLV�� 'DWD

REWDLQHG�GLUHFWO\�IURP�10$V�ZHUH�DVVXPHG�WR�KDYH�EHHQ�TXDOLW\�FKHFNHG�DW�VRXUFH��1RQHWKHOHVV��DOO

GDWD�ZHUH�VXEMHFWHG� WR�D� WZR�VWDJH�TXDOLW\�FRQWURO�SURFHVV�� ,Q� WKH�ILUVW�VWDJH��SULRU� WR� LQWHUSRODWLRQ��D

VWDQGDUG� VHULHV� RI� DXWRPDWHG� WHVWV� ZHUH� SHUIRUPHG� RQ� LQGLYLGXDO� VWDWLRQ� QRUPDOV�� 7KHVH� WHVWV� ZHUH

HVVHQWLDOO\� WKH� VDPH� DV� WKRVH� XVHG� E\� WKH� 1&'&� GXULQJ� WKH� FROODWLRQ� RI� WKH� :02� ���������

FOLPDWRORJLFDO�QRUPDOV���QDPHO\�

x� LQWHUQDO�FRQVLVWHQF\�FKHFNV��IRU�H[DPSOH�HQVXULQJ�WKDW�WKH�PRQWKO\�PHDQV�IROORZ�D�FRQVLVWHQW

VHDVRQDO�F\FOH�DQG�WKDW�SUHGHILQHG�DEVROXWH�OLPLWV�DUH�QRW�H[FHHGHG��DQG

x� EHWZHHQ�YDULDEOH� FRQVLVWHQF\� WHVWV�� IRU� H[DPSOH�� HQVXULQJ� WKDW�PRQWKO\�PLQLPXP��PHDQ� DQG

PD[LPXP�WHPSHUDWXUHV�DUH�FRQVLVWHQW�DQG�WKDW�PRQWKV�ZLWK�]HUR�SUHFLSLWDWLRQ�KDYH�]HUR�ZHW�

GD\V�

7KH�VHFRQG�VWDJH�RI�4&�RFFXUUHG�GXULQJ�WKH�LQWHUSRODWLRQ�RI�VWDWLRQ�GDWD��ZKHUH�WKH�LQWHUSRODWLRQ

GLDJQRVWLFV�HQDEOHG�LGHQWLILFDWLRQ�RI�VWDWLRQ�PRQWKV�ZLWK�ODUJH�UHVLGXDOV��VHH�VHFWLRQ��E��

$V� D� JHQHUDO� UXOH�� GDWD� WKDW� IDLOHG� WKHVH�4&� WHVWV�ZHUH� UHPRYHG� IURP� WKH� LQWHUSRODWLRQ�� ,Q� VRPH

FDVHV�� KRZHYHU�� WKH� GDWD� FRXOG� EH� FRPSDUHG� DQG� UHSODFHG� ZLWK� QRUPDOV� FDOFXODWHG� IURP� WKH� &58

PRQWKO\�VWDWLRQ�WLPH�VHULHV�GHVFULEHG�DERYH�

F�� �9DULDEOHV

7KH�ILQDO�QXPEHUV�RI�VWDWLRQV�XVHG�LQ�WKH�LQWHUSRODWLRQ�DUH�OLVWHG�LQ� 7DEOH����)LYH�YDULDEOHV��ZHW�GD\

IUHTXHQF\��KXPLGLW\��UHODWLYH�KXPLGLW\�DQG�YDSRXU�SUHVVXUH���VXQVKLQH��FORXG�FRYHU�DQG�IURVW�GD\V��KDG

PRUH� WKDQ� RQH� GHILQLWLRQ� DQG� UHTXLUHG� VWDQGDUGLVDWLRQ� WR� D� FRPPRQ� XQLW�� 7KH� SURFHGXUHV� XVHG� WR

VWDQGDUGLVH�WKHVH�YDULDEOHV�DUH�GHVFULEHG�LQ�WKH�VHFWLRQV�WKDW�IROORZ�

7KH�UHPDLQLQJ�YDULDEOHV��PHDQ�WHPSHUDWXUH��GLXUQDO�WHPSHUDWXUH�UDQJH��SUHFLSLWDWLRQ�DQG�ZLQGVSHHG

ZHUH�QRW�PRGLILHG�DQG�WKH�VSDWLDO�GLVWULEXWLRQV�RI�WKH�DYDLODEOH�VWDWLRQV�DUH�VKRZQ�LQ� )LJXUH���WR�)LJXUH

���$OWKRXJK�WKH�ZD\�WKH�YDULDEOHV�DUH�PHDVXUHG�ERWK�EHWZHHQ�DQG�ZLWKLQ�FRXQWULHV�GLIIHU�� LW�ZDV�IHOW

VXFK�SUREOHPV�ZHUH�QHLWKHU�SRVVLEOH�QRU�LPSRUWDQW�HQRXJK�WR�FRUUHFW�IRU��3UHFLSLWDWLRQ�PHDVXUHPHQWV

FDQ�EH�LQIOXHQFHG�E\�VHYHUDO�IDFWRUV��PRVW�QRWDEO\�JDXJH�W\SH��WKH�UDWLR�RI�VROLG�WR�OLTXLG�SUHFLSLWDWLRQ
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DQG� ZLQG� FRQGLWLRQV�WXUEXOHQFH�� 9DULRXV� DWWHPSWV� KDYH� EHHQ� PDGH� WR� FRUUHFW� VXFK� ELDVHV� LQ

SUHFLSLWDWLRQ� � �H�J��*URLVPDQ�HW�DO��������/HJDWHV�DQG�'H/LEHUW\���������EXW�ZH�PDGH�QR�DWWHPSW� WR

FRUUHFW� RXU� SUHFLSLWDWLRQ� GDWD�� LQ� PRVW� FDVHV� WKHUH� ZDV� LQVXIILFLHQW� LQIRUPDWLRQ� WR� DWWHPSW� WKLV�

'LIIHUHQFHV�LQ�WHPSHUDWXUH�PHDVXUHPHQW�WLPHV�KDYH�EHHQ�VKRZQ�WR�LQGXFH�GLVSDULWLHV�RI�VHYHUDO�WHQWKV

RI�D�GHJUHH�&HOVLXV��.DUO�HW�DO���������$QGHUVVRQ�DQG�0DWWLVRQ��������DQG�GLIIHUHQW�FRXQWULHV�FDOFXODWH

PHDQ�WHPSHUDWXUH�LQ�YDULRXV�ZD\V��-RQHV�HW�DO���������-RQHV�HW�DO������D���-RQHV�HW�DO������E����:KHUH

SRVVLEOH��PHDQ�WHPSHUDWXUH�ZDV�GHILQHG�DV�WKH�DYHUDJH�RI�PHDQ�PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH�

ZKLFK� DUH� PHDVXUHG� PRUH� XQLIRUPO\� DFURVV� WKH� ZRUOG�� $W� WKH� ����� VWDWLRQV� ZKHUH� RQO\� PHDQ

WHPSHUDWXUH� ZDV� DYDLODEOH�� WKHVH� YDOXHV� ZHUH� XVHG�� GHVSLWH� WKH� XQFHUWDLQW\� DERXW� WKHLU� GHULYDWLRQ�

:LQGVSHHG� LV�PHDVXUHG� DW� KHLJKWV� DERYH� WKH� VXUIDFH� RI� EHWZHHQ� �P� DQG� ��P��0HDVXUHPHQW� KHLJKW

YDULHV� ERWK� ZLWKLQ� DQG� EHWZHHQ� FRXQWULHV�� DQG� LQ� PDQ\� FDVHV� WKH� KHLJKWV� ZHUH� QRW� VSHFLILHG�

&RQVHTXHQWO\��QR�FRUUHFWLRQV�ZHUH�PDGH�WR�ZLQG�GDWD��7KH�ODUJH�PDMRULW\�RI�NQRZQ�KHLJKWV�ZHUH���P�

DQG�WKH�LQWHUSRODWHG�ZLQG�ILHOG�VKRXOG�EH�DVVXPHG�WR�UHSUHVHQW�VSHHG�DW�WKLV�KHLJKW�

��� :(7�'$<6

7KHVH�GDWD�ZHUH�JHQHUDOO\�H[SUHVVHG�DV�QXPEHU�RI�GD\V�SHU�PRQWK�ZLWK�SUHFLSLWDWLRQ�JUHDWHU�WKDQ

���PP� RU� ���PP�� 7KH� QXPEHU� RI� ���PP� QRUPDOV� H[FHHGHG� ���PP� QRUPDOV� E\� D� IDFWRU� RI� WZR�

FRQVHTXHQWO\�QRUPDOV�ZLWK�D����PP�WKUHVKROG�ZHUH�FRQYHUWHG�WR�D����PP�WKUHVKROG��$�VPDOO�QXPEHU

RI�QRUPDOV��H�J��8.�DQG�$XVWUDOLD��XVHG�VRPH�RWKHU�WKUHVKROG��W\SLFDOO\����PP��DQG�QR�DGMXVWPHQW�ZDV

PDGH�IRU�WKHVH�PRUH�PRGHUDWH�GLIIHUHQFHV�

1RUPDOV�IRU�ERWK����PP�DQG����PP�WKUHVKROGV�ZHUH�DYDLODEOH�IRU�VWDWLRQV�LQ�D�QXPEHU�RI�FRXQWULHV

DQG�WKHVH�ZHUH�XVHG�WR�GHULYH�DQ�HPSLULFDO�FRQYHUVLRQ�IRUPXOD��7KH�GDWD�VHW�RI�FRPPRQ�QRUPDOV�ZDV

GLYLGHG�LQWR�WZR�VHFWLRQV�FRPSULVLQJ�VWDWLRQV�LQ��URXJKO\��WHPSHUDWH�ERUHDO���� q���q�6RXWK�1RUWK��DQG

WURSLFDO��VXEWURSLFDO����q6RXWK�WR���q1RUWK��]RQHV��5HODWLRQVKLSV�EHWZHHQ�WKH�WZR�WKUHVKROGV�GLIIHUHG

VRPHZKDW� LQ� WKH� WZR� GRPDLQV�� SDUWLFXODUO\� GXULQJ� KLJK� ODWLWXGH� ZLQWHUV�� $W� ORZ� ODWLWXGHV�� PRQWKO\

FRUUHODWLRQV� EHWZHHQ� WKH� WZR� YDULDEOHV� UDQJHG� IURP� ����� LQ� '-)� WR� ����� LQ� --$� �YLFH� YHUVD� LQ� WKH

6RXWKHUQ�+HPLVSKHUH���ZKLOH�LQ�KLJK�ODWLWXGHV��WKH�FRUUHODWLRQ�UDQJHG�EHWZHHQ������LQ�'-)�DQG������LQ

--$� �YLFH� YHUVD� IRU� 6RXWKHUQ�+HPLVSKHUH� GDWD��� ,Q� HDFK� GRPDLQ�� WKH� GDWD� ZHUH� UDQGRPO\� VSOLW� LQWR

HTXDOO\�VL]HG�FDOLEUDWLRQ�DQG�YDOLGDWLRQ�GDWD�VHWV��7KH�FDOLEUDWLRQ�GDWD�VHWV�ZHUH�XVHG�WR�GHULYH�OLQHDU

UHJUHVVLRQV� EHWZHHQ� WKH� WZR� WKUHVKROGV� RQ� D�PRQWK�E\�PRQWK� EDVLV� � )LJXUH� ���� ,Q� WKH� FDVH� RI� KLJK
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ODWLWXGH� VWDWLRQV�� LW� ZDV� IRXQG� WKDW� E\� LQFOXGLQJ� PLQLPXP� WHPSHUDWXUH� DV� D� VHFRQG� SUHGLFWRU�� WKH

PXOWLSOH�FRUUHODWLRQ�LQ�ZLQWHU�PRQWKV�ZDV� LPSURYHG� WR�DURXQG�������7KLV� WHPSHUDWXUH�GHSHQGHQFH� LQ

ZLQWHU�LV�SUREDEO\�UHODWHG�WR�WKH�SRRU�JDXJH�FDWFK�GXULQJ�VQRZIDOO�EHLQJ�H[DJJHUDWHG�ZKHQ�WKH�IDOO�LV

H[WUHPHO\� OLJKW�� ,Q� WKH� VXPPHU� KDOI� \HDU�� WKH� XVH� RI�PLQLPXP� WHPSHUDWXUH� DW� KLJK� ODWLWXGHV� GLG� QRW

LPSURYH�WKH�UHJUHVVLRQ��7KH�ILQDO�GLVWULEXWLRQ�RI�ZHW�GD\�QRUPDOV�LV�VKRZQ�LQ� )LJXUH���

��� 6816+,1(�$1'�&/28'�&29(5

7KH� GLVWULEXWLRQ� RI� FORXG� FRYHU� DQG� VXQVKLQH� QRUPDOV� DUH� VKRZQ� LQ� )LJXUH� �� DQG� )LJXUH� �

UHVSHFWLYHO\��6XQVKLQH�QRUPDOV�ZHUH�VXSSOLHG�DV�HLWKHU�PHDQ�KRXUV�SHU�PRQWK�RU�SHUFHQW�RI�PD[LPXP

SRVVLEOH�EULJKW�VXQVKLQH��7RWDO�FORXG�FRYHU�QRUPDOV�ZHUH�PRVWO\�SURYLGHG�LQ�RNWDV�DQG�VRPHWLPHV�LQ

WHQWKV�� 1RUPDOV� LQ� XQLWV� RI� VXQVKLQH� KRXUV� ZHUH� FRQYHUWHG� WR� SHUFHQW� RI� SRVVLEOH�� DQG� FORXG� FRYHU

QRUPDOV� ZHUH� VWDQGDUGLVHG� WR� RNWDV�� )RU� VRPH� FRXQWULHV� ERWK� FORXG� FRYHU� DQG� VXQVKLQH� GDWD� ZHUH

DYDLODEOH��EXW�LQ�PRVW�LQVWDQFHV�HLWKHU�RQH�RU�WKH�RWKHU�ZDV�SURYLGHG�DQG�LW�ZDV�QHFHVVDU\�WR�FRQYHUW

FORXG� FRYHU� WR� VXQVKLQH� �DQG� YLFH� YHUVD�� WR� REWDLQ� PRUH� FRPSOHWH� FRYHUDJH�� $OWKRXJK� WKLV� LV

HOHPHQWDU\� LQ� SULQFLSOH�� WKH� PHWKRG� FDQ� RQO\� SURGXFH� DSSUR[LPDWH� UHVXOWV� LQ� SUDFWLFH� GXH� WR

IXQGDPHQWDO� SUREOHPV� LQ� DFFXUDWHO\�PHDVXULQJ� FORXG� FRYHU� DQG�� LQ� FHUWDLQ� FDVHV�� VXQVKLQH� �8.02�

�������)RU�H[DPSOH��+XOPH�HW�DO���������IRXQG�WKDW��DW�KLJK�ODWLWXGHV��EULJKW�VXQVKLQH�SUHGLFWHG�IURP

FORXG�ZDV�JURVVO\�RYHUHVWLPDWHG�XVLQJ�VWDQGDUG�FRQYHUVLRQ�SURFHGXUHV�VXFK�DV�WKRVH�RI� 'RRUHQERV�DQG

3UXLW���������WKLV�LV�PRVW�OLNHO\�GXH�WR�ZHDN�VXQVKLQH�DW�ORZ�VXQ�DQJOH�QRW�EHLQJ�UHFRUGHG�E\�VXQVKLQH

LQVWUXPHQWV�� 6LPLODUO\�� FORXG� FRYHU� HVWLPDWHG� IURP� VXQVKLQH� ZRXOG� EH� RYHUHVWLPDWHG�� &RQYHUVHO\

UHSRUWHG�FORXG�FRYHU�DW�ORZ�ODWLWXGHV�LV�IUHTXHQWO\�WRR�KLJK��%��:HDUH��SHUVRQDO�FRPPXQLFDWLRQ�������

EHFDXVH�REVHUYHUV�WHQG�QRW�WR�ORRN�YHUWLFDOO\�XSZDUGV�DQG��SDUWLFXODUO\�LQ�WKH�SUHVHQFH�RI�GHHS�FXPXOXV

FORXGV��RYHUHVWLPDWH�WKH�DPRXQW�RI�FORXG�FRYHU��7KH�FORXG�VXQVKLQH�FRQYHUVLRQ�LV�IXUWKHU�FRPSOLFDWHG

E\�WKH�IDFW�WKDW�FORXG�FRYHU�LV�RIWHQ�D����KRXU�DYHUDJH��ZKLOH�VXQVKLQH�UHODWHV�RQO\�WR�GD\OLJKW�KRXUV��,Q

RUGHU�WR�FRQYHUW�EHWZHHQ�WKH�WZR��ZH�WKHUHIRUH�DVVXPHG�WKDW�WKHUH�ZDV�QR�GLXUQDO�F\FOH�LQ�FORXG�FRYHU�

)ROORZLQJ� WKH� DSSURDFK� RI� +XOPH� HW� DO�� �������� WKH� 'RRUHQERV�3UXLW� SURFHGXUHV� ZHUH� XVHG� WR

HVWLPDWH� VXQVKLQH� IURP�FORXG�FRYHU� DW� WKH� ����� VWDWLRQV�ZKHUH� ERWK� VXQVKLQH� DQG� FORXG� FRYHU�ZHUH

DYDLODEOH�� DQG� YLFH� YHUVD�� 7KH� SUHGLFWHG� YDOXHV� ZHUH� WKHQ� FRPSDUHG� WR� REVHUYHG� QRUPDOV� DQG� DQ

HPSLULFDO�DGMXVWPHQW�ZDV�GHULYHG�WR�FRUUHFW�IRU�WKH�KLJK�ODWLWXGH�DQG�WURSLFDO�ELDVHV�GHVFULEHG�HDUOLHU

�)LJXUH�����7KH�DGMXVWPHQWV�UHGXFHG�WKH�PHDQ�DEVROXWH�SUHGLFWLRQ�HUURU�LQ�ZLQWHU�E\�����DQG�����IRU
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FORXG�DQG�VXQVKLQH�UHVSHFWLYHO\��)LJXUH������7KH�'RRUHQERV�3UXLW�FORXG�VXQVKLQH�DQG�VXQVKLQH�FORXG

FRQYHUVLRQV��SOXV�HPSLULFDO�DGMXVWPHQWV��ZHUH�WKHQ�DSSOLHG�WR�WKRVH� VWDWLRQV�ZKLFK�KDG�RQO\�RQH�RI�WKH

YDULDEOHV�� 7KLV� SURGXFHG� DQ� DGGLWLRQDO� ����� DQG� ����� HVWLPDWHG� VXQVKLQH� DQG� FORXG� FRYHU� QRUPDOV

UHVSHFWLYHO\��1RUPDOV�HVWLPDWHG�LQ�WKLV�ZD\�ZHUH�DFFRUGHG�D�ORZ�ZHLJKW�GXULQJ�WKH�LQWHUSRODWLRQ��VHH

6HFWLRQ���

��� 9$3285�35(6685(

+XPLGLW\�QRUPDOV�LQ�WKH�&58�GDWDVHW�FRPSULVHG�URXJKO\�HTXDO�QXPEHUV�RI�UHODWLYH�KXPLGLW\�� 5+�

DQG�YDSRXU�SUHVVXUH��H���5+�ZDV�FRQYHUWHG�WR�YDSRXU�SUHVVXUH�XVLQJ�WKH�UHODWLRQVKLS�

H 5+ HVDW �� � ����

ZKHUH��DIWHU�6KXWWOHZRUWK���������S������

K3D

ZKHUH�HVDW�LV�WKH�VDWXUDWHG�YDSRXU�SUHVVXUH�DW�WKH�PHDQ�DLU�WHPSHUDWXUH�� 7�

7KLV� HVWLPDWLRQ� LV� UHOLDEOH� SURYLGHG� WKDW� WHPSHUDWXUH� DQG� UHODWLYH� KXPLGLW\� DUH� PHDVXUHG

VLPXOWDQHRXVO\��,Q�VRPH�FDVHV�WKH�PHDQ�WHPSHUDWXUHV�DW�WKH�WLPHV�RI�PHDVXUHPHQW�ZHUH�DYDLODEOH�DQG

WKH�HVWLPDWHG�YDSRXU�SUHVVXUH�FDQ�EH�FRQVLGHUHG� UHOLDEOH��+RZHYHU�� LQ�PRVW�FDVHV�RQO\� WKH�PHDQ��RU

PLQLPXP�DQG�PD[LPXP��WHPSHUDWXUH�ZHUH�DYDLODEOH��ZKLOH� 5+�ZDV�WKH�PHDQ�RI�RQH�RU�VHYHUDO�GDLO\

PHDVXUHPHQWV�� 9DSRXU� SUHVVXUH� GHULYHG� IURP� 5+� DQG� PHDQ� WHPSHUDWXUH� PXVW� EH� FRQVLGHUHG

DSSUR[LPDWH��SDUWLFXODUO\�DW�VWDWLRQV�ZLWK�D�ODUJH�GLXUQDO�WHPSHUDWXUH�UDQJH��7KH� 5+�WR�YDSRXU�SUHVVXUH

FRQYHUVLRQ�ZDV� YDOLGDWHG� RQ� ���� VWDWLRQV�ZKLFK� KDG� QRUPDOV� IRU� ERWK� VWDWLRQV� �)LJXUH� �����9DSRXU

SUHVVXUH�DW�QHDUO\�DOO�VWDWLRQV�LQ�WKH�YDOLGDWLRQ�GDWD�VHW�ZHUH�SUHGLFWHG�WR�ZLWKLQ��K3D�RI�WKH�REVHUYHG

YDOXH��)LJXUH����VKRZV�WKH�ILQDO�GLVWULEXWLRQ�RI�YDSRXU�SUHVVXUH�QRUPDOV�XVHG�LQ�WKH�LQWHUSRODWLRQ�

��� *5281'�)5267�'$<�)5(48(1&<

0RVW�JURXQG� IURVW�QRUPDOV�ZHUH�GHILQHG�DV� WKH� IUHTXHQF\�RI�JUDVV�PLQLPXP� WHPSHUDWXUHV�EHORZ

�R&��6RPH�QRUPDOV��KRZHYHU��ZHUH�GHILQHG�DV�WKH�IUHTXHQF\�RI�PLQLPXP�DLU�WHPSHUDWXUHV�EHORZ�� R&

DQG�WKHVH�KDG�WR�EH�FRQYHUWHG�WR�JURXQG�IURVW�IUHTXHQF\��$V�WKHUH�ZDV�QR�VWUDLJKWIRUZDUG�WKHRUHWLFDO

EDVLV�IRU�WKLV�FRQYHUVLRQ��WKH�HPSLULFDO�IRUPXOD�GHULYHG�E\�+XOPH�HW�DO���������ZDV�XVHG�

) ) 7JU DLU PQ � � � ��� � ��� � ���� � � � � � � 7PQ��
R&
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)JU  � 7PQt�
R&

ZKHUH�)JU�LV�LQ�GD\V�

7KLV�FRQYHUVLRQ�ZDV�YDOLGDWHG�XVLQJ�WKH������QRQ�(XURSHDQ��VWDWLRQV�WKDW�KDG�ERWK�DLU�DQG�JURXQG

IURVW� QRUPDOV� DQG� WKDW� ZHUH� QRW� XVHG� E\� +XOPH� HW� DO�� ������� LQ� WKHLU� GHULYDWLRQ� �)LJXUH� ����� 7KH

YDOLGDWLRQ� VWDWLRQV� VKRZ� D�PHDQ� QHJDWLYH� ELDV� �XQGHU�SUHGLFWLRQ�� RI� XS� WR� WZR� GD\V� LQ� WKH� QRUWKHUQ

VXPPHU��WKH�PDMRULW\�RI�VWDWLRQV�RFFXU�LQ�WKH�1RUWKHUQ�+HPLVSKHUH���7KLV�VXJJHVWV�WKDW�WKH�UHODWLRQVKLS

EHWZHHQ�JURXQG�DQG�DLU�IURVW�LV�OHVV�GLVWLQFW�LQ�ZDUPHU�ZHDWKHU��SHUKDSV�EHLQJ�PRUH� VLWH�VSHFLILF�

)RU�PXFK�RI�WKH�WURSLFV��QR�JURXQG�IURVW�RU�DLU�IURVW�QRUPDOV�ZHUH�DYDLODEOH�IRU�WKH�REYLRXV�UHDVRQ

WKDW� WHPSHUDWXUHV� UDUHO\� IDOO� EHORZ� IUHH]LQJ� SRLQW�� 7KLV� DEVHQFH� RI� GDWD� SUHVHQWHG� SUREOHPV� IRU� WKH

LQWHUSRODWLRQ� RI� IURVW� IUHTXHQF\� WR� KLJK� HOHYDWLRQV� LQ� WKH� WURSLFV�� 7R� VXUPRXQW� WKLV� VKRUWFRPLQJ�� D

VHFRQG� HPSLULFDO� IRUPXOD�� XVLQJ� RQO\� PLQLPXP� WHPSHUDWXUH� DV� WKH� SUHGLFWRU�� ZDV� GHULYHG� XVLQJ� D

UDQGRPO\�VHOHFWHG�VXEVHW�RI�KDOI�WKH������VWDWLRQV�ZKLFK�KDG�ERWK�PLQLPXP�WHPSHUDWXUH�DQG�JURXQG

IURVW�QRUPDOV�

) 7 7 7

7 7

JU PQ PQ PQ

PQ PQ

 � � u � u �

u � u

� �

� �

���� � ����� � �� �� � �� ��

��� �� � �� ��

� � � �

� � � �

� � � �

� �
7PQ���&

)JU  �
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ZKHUH� )JU� LV� LQ� SHUFHQW� �L�H�� IURVW� GD\V� ZHUH� VWDQGDUGLVHG� WR� DYRLG� SUREOHPV� GXH� WR� PRQWKV� ZLWK

GLIIHUHQW�QXPEHUV�RI�GD\V��

7KH� WHPSHUDWXUH�RQO\� FRQYHUVLRQ� SHUIRUPV� DOPRVW� DV� ZHOO� DV� WKH� DLU� IURVW� SOXV� WHPSHUDWXUH

FRQYHUVLRQ��EXW�LQ�FRQWUDVW�WR�WKH�ODWWHU��VKRZV�D�SRVLWLYH�ELDV�IRU�PRVW�PRQWKV�RI�WKH�\HDU��SDUWLFXODUO\

LQ�ZLQWHU��7KH�VPDOOHU�PHDQ�HUURU� LQ�VXPPHU�FRPSDUHG� WR� WKH�DLU� IURVW�PHWKRG�DULVHV� IURP� WKH� ODUJH

QXPEHU�RI�QRUPDOV�IURP�ZDUPHU�UHJLRQV�XVHG�LQ�WKH�GHULYDWLRQ�DQG�YDOLGDWLRQ��LQ�PRVW�FDVHV� 7PQ�ZDV

JUHDWHU�WKDQ��R&��UHVXOWLQJ�LQ�DQ�H[DFW�SUHGLFWLRQ��7KH�PLQLPXP�WHPSHUDWXUH�RQO\�FRQYHUVLRQ�ZDV�XVHG

DW� VWDWLRQV� ZKLFK� KDG�PLQLPXP� WHPSHUDWXUH� EXW� QR� IURVW� QRUPDOV�� 7KH� GLVWULEXWLRQ� RI� JURXQG� IURVW

QRUPDOV�XVHG�LQ�WKH�LQWHUSRODWLRQ�LV�VKRZQ�LQ�)LJXUH����

��� (/(9$7,21�'$7$

7KH� GLJLWDO� HOHYDWLRQ� PRGHO� �'(0�� XVHG� LQ� WKH� VWXG\� RULJLQDWHG� IURP� WKH� 7%$6(� ��PLQXWH

ODWLWXGH�ORQJLWXGH�JOREDO�'(0��1*'&���������PRGLILHG�WR�H[FOXGH�DOO�PDMRU�ZDWHU�ERGLHV��:ROIJDQJ
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&UDPHU�� SHUVRQDO� FRPPXQLFDWLRQ�� ������� 7KHVH� GDWD� ZHUH� SURFHVVHG� WR� D� � ��R� ODWLWXGH�ORQJLWXGH

UHVROXWLRQ�E\�FDOFXODWLQJ�WKH�PHDQ�RI�WKH������PLQXWH�SL[HOV�SUHVHQW�LQ�HDFK���� R�FHOO��$����R�FHOO�ZDV

FRQVLGHUHG�WR�EH�RFHDQ�RQO\�LI�DOO���PLQXWH�SL[HOV�ZHUH�RFHDQ�SL[HOV��/DQG�FHOOV�RYHU�$QWDUFWLFD�ZHUH

DOVR� H[FOXGHG�� EXW� RFHDQ� LVODQGV�ZHUH� LQFOXGHG�ZKHUH� WKH� ��PLQXWH�'(0� LQGLFDWHG� WKHUH�ZDV� VRPH

ODQG��L�H��DW�OHDVW�RQH���PLQXWH�SL[HO���7KH�UHVXOWLQJ���� R�'(0�KDV��������ODQG�FHOOV��RXW�RI�D�SRVVLEOH

��������ODQG�DQG�VHD�FHOOV�RYHU�WKH�JOREH�

��� ,QWHUSRODWLRQ�PHWKRGRORJ\

7KH�LQWHUSRODWLRQ�RI�LUUHJXODU�JDXJH�GDWD�RQWR�D�XQLIRUP�JULG�KDV�EHHQ�WKH�IRFXV�RI�PXFK�UHVHDUFK

DQG� D� ODUJH� QXPEHU� RI� PHWKRGV� KDYH� EHHQ� SURSRVHG�� UDQJLQJ� IURP� WKH� UHODWLYHO\� VLPSOH� 7KLHVVHQ

�7KLHVVHQ�� ������ DQG� GLVWDQFH� ZHLJKWLQJ� PHWKRGV� �6KHSDUG�� ������ :LOOPRWW� HW� DO��� ������� WR

JHRVWDWLVWLFDO�PHWKRGV�VXFK�DV�NULJLQJ��3KLOOLSV�HW�DO���������RU�VSOLQHV��+XWFKLQVRQ��������DQG�ORFDOO\�

YDU\LQJ� UHJUHVVLRQ� WHFKQLTXHV� �H�J�� � 35,60��'DO\� HW� DO��� ������� )RU�PDQ\� FOLPDWH� DSSOLFDWLRQV� LW� LV

LPSRUWDQW�WKDW�HOHYDWLRQ�LV�LQFOXGHG�DV�D�FRYDULDWH�RU�LQGHSHQGHQW�YDULDEOH�EHFDXVH�WKH�FOLPDWH�YDULDEOH

LV�GHSHQGHQW�RQ�HOHYDWLRQ�LQ�VRPH�PDQQHU��:LOOPRWW�DQG�0DWVXXUD��������%ULJJV�DQG�&RJOH\��������

D�� 7KLQ�SODWH�VSOLQHV

:H�XVHG�WKLQ�SODWH�VSOLQHV�WR�LQWHUSRODWH�WKH�FOLPDWH�VXUIDFHV�DV�D�IXQFWLRQ�RI�ODWLWXGH��ORQJLWXGH�DQG

HOHYDWLRQ�� 7KH� RULJLQDO� WKLQ�SODWH� VSOLQH� ILWWLQJ� WHFKQLTXH� ZDV� GHVFULEHG� E\� :DKED� �������� ZKLOH

+XWFKLQVRQ��������SURYLGHV�D� WKHRUHWLFDO�GHVFULSWLRQ�RI� WKHLU�DSSOLFDWLRQ� WR� VXUIDFH�FOLPDWH�YDULDEOHV

VXFK� DV�SUHFLSLWDWLRQ��7KH� WHFKQLTXH� LV� UREXVW� LQ� DUHDV�ZLWK� VSDUVH�RU� LUUHJXODUO\� VSDFHG�GDWD� SRLQWV�

6SOLQHV�DQG�NULJLQJ�DUH�IRUPDOO\�HTXLYDOHQW��EXW�DUH�IRUPXODWHG�GLIIHUHQWO\��:DKED��������+XWFKLQVRQ

DQG�*HVVOHU�� ������� 7KLQ�SODWH� VSOLQHV� DUH� GHILQHG� E\�PLQLPLVLQJ� WKH� URXJKQHVV� RI� WKH� LQWHUSRODWHG

VXUIDFH��VXEMHFW�WR�WKH�GDWD�KDYLQJ�D�SUHGHILQHG�UHVLGXDO��7KLV�LV�XVXDOO\�DFFRPSOLVKHG�E\�GHWHUPLQLQJ

WKH�DPRXQW�RI�GDWD�VPRRWKLQJ�WKDW�LV�UHTXLUHG� WR�PLQLPLVH�WKH�JHQHUDOLVHG�FURVV�YDOLGDWLRQ��*&9���7KLV

LV�FDOFXODWHG�E\�UHPRYLQJ�HDFK�GDWD�SRLQW�LQ�WXUQ�DQG�VXPPLQJ��ZLWK�DSSURSULDWH�ZHLJKWLQJ��WKH�VTXDUH

RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RPLWWHG�SRLQW�DQG�D�VXUIDFH�ILWWHG�XVLQJ�DOO�WKH�RWKHU�SRLQWV��7KH�*&9�LV

FDOFXODWHG� LPSOLFLWO\� DQG�KHQFH�ZLWKRXW� UHFRXUVH� WR�FRPSXWDWLRQDOO\�GHPDQGLQJ� LWHUDWLYH�SURFHGXUHV�

.ULJHG�VXUIDFHV�DUH�GHILQHG�E\�PLQLPLVLQJ�WKH�YDULDQFH�RI�WKH�HUURU�RI�HVWLPDWLRQ��ZKLFK�LV�QRUPDOO\

GHSHQGHQW� RQ� D� SUHOLPLQDU\� YDULRJUDP� DQDO\VLV�� 7KH� PDLQ� DGYDQWDJH� RI� VSOLQHV� RYHU� PDQ\� RWKHU
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JHRVWDWLVWLFDO�PHWKRGV� LV� WKDW�SULRU� HVWLPDWLRQ�RI� WKH� VSDWLDO� DXWR�FRYDULDQFH� VWUXFWXUH� LV�QRW� UHTXLUHG

�+XWFKLQVRQ��������

'XULQJ�WKH�*&9�PLQLPLVDWLRQ��GDWD�SRLQWV�DUH�ZHLJKWHG�E\�VÕ�Q��ZKHUH�Q�LV�WKH�QXPEHU�RI�\HDUV�RI

UHFRUG�FRQWULEXWLQJ� WR� WKH�PHDQ�DQG� VÕ� LV� WKH�YDULDQFH�HVWLPDWH�REWDLQHG� IURP� WKH�GDWD��:KHUH� VÕ� LV

XQNQRZQ�� WKH�GDWD�PD\�EH�ZHLJKWHG�E\� ��Q�� RQ� WKH� DVVXPSWLRQ� WKDW�PHDQV�GHULYHG� IURP� LQFRPSOHWH

UHFRUGV� DUH� OHVV� OLNHO\� WR� UHSUHVHQW� WKH� WUXH� �LQ� RXU� FDVH� ���\HDU��PHDQ��7KXV� HUURUV� DW� VWDWLRQV�ZLWK

ODUJH�YDULDQFH�RU�VKRUW�UHFRUGV�DUH�DVVLJQHG�OHVV�ZHLJKW��7KH�XVH�RI�VÕ�Q�LV�SDUWLFXODUO\�DSSURSULDWH�IRU

SUHFLSLWDWLRQ��ZKLFK�FDQ�VKRZ�PDUNHG�LQWHUDQQXDO�YDULDELOLW\���H�J��+XOPH�DQG�1HZ���������)RU�RWKHU

YDULDEOHV� VXFK� DV� WHPSHUDWXUH�� ��Q� FDQ� EH� XVHG� EHFDXVH� LQWHUDQQXDO� YDULDELOLW\� LV� QRW� SDUWLFXODUO\

LPSRUWDQW�

:KHUH�WKH�QXPEHU�RI�\HDUV�RI�GDWD�IRU�D�QRUPDO�ZDV�XQNQRZQ�LW�ZDV�DVVXPHG�WR�EH����� :HLJKWV�IRU

QRUPDOV�IURP�SHULRGV�RWKHU� WKDQ�����������ZHUH�UHGXFHG�E\�����IRU�SUHFLSLWDWLRQ�DQG������IRU�RWKHU

YDULDEOHV�� 6LPLODUO\�� WKH� ZHLJKWV� RI� QRUPDOV� ZKLFK� ZHUH� GHULYHG� IURP� RWKHU� YDULDEOHV� �H�J�� YDSRXU

SUHVVXUH� IURP� UHODWLYH� KXPLGLW\��� ZHUH� UHGXFHG� E\� ������ 7KH� UHGXFWLRQV� ZHUH� PXOWLSOLFDWLYH�� 7KXV

QRUPDOV�ZLWK� D� VKRUW� RU� XQNQRZQ� UHFRUG� OHQJWK�� QRW� VDPSOLQJ� ���������� DQG� GHULYHG� IURP� DQRWKHU

YDULDEOH�ZHUH� DVVLJQHG� WKH� ORZHVW�ZHLJKWLQJ� XQGHU� WKLV� VFKHPH��7KLV� SURFHGXUH� UHVXOWHG� LQ� QRUPDOV

ZLWK�WKH�EHVW�WHPSRUDO�ILGHOLW\�EHLQJ�DVVLJQHG�WKH�KLJKHVW�ZHLJKW�

(OHYDWLRQ� LV� VFDOHG� LQ� NLORPHWUHV�� ZKLFK� HVVHQWLDOO\� H[DJJHUDWHV� LWV� LQIOXHQFH� E\� ���� WLPHV� LQ

UHODWLRQ� WR�KRUL]RQWDO�SRVLWLRQ��7KLV�KDV�EHHQ�VKRZQ� WR�EH�RI�FULWLFDO� LPSRUWDQFH� LQ�HQVXULQJ� WKDW� WKH

LQWHUSRODWLRQ� LV� WUXO\� WKUHH�GLPHQVLRQDO� �+XWFKLQVRQ�� ������ +XWFKLQVRQ�� VXEPLWWHG��� 1RQHWKHOHVV�

WKUHH�GLPHQVLRQDO�LQWHUSRODWLRQ�GRHV�UHTXLUH�WKHUH�WR�EH�VXIILFLHQW�HOHYDWLRQ�VSUHDG�LQ�WKH�LQSXW�GDWD�WR

HQDEOH�VPDOOHU�VFDOH�HOHYDWLRQ�GHSHQGHQFLHV�WR�EH�FDSWXUHG��LQ�RXU�FDVH��VPDOOHU�VFDOH�LPSOLHV�JUHDWHU

WKDQ����q�ODWLWXGH�ORQJLWXGH���7KHUHIRUH��LQ�PRXQWDLQRXV�DUHDV�ZLWK�VSDUVH�GDWD�FRYHUDJH��WKH�WULYDULDWH

WKLQ�SODWH�VSOLQH� LQWHUSRODWLRQ� LV� OLNHO\� WR�XQGHUHVWLPDWH� ODSVH� UDWHV��7KH�SORWV�RI�VWDWLRQ�GLVWULEXWLRQV

�)LJXUHV�����������������������SURYLGH�DQ�LQGLFDWLRQ�RI�DUHDV�ZKHUH�VDPSOLQJ�GHQVLW\�LV�ORZ�

7KH�VSOLQLQJ�SURFHGXUH�UHWXUQV�D�VHW�RI�VXUIDFH�FRHIILFLHQWV�WKDW�FDQ��LQ�SUDFWLFH��EH�LQWHUURJDWHG�DW

DQ\�UHVROXWLRQ�SURYLGHG�D�VXLWDEOH�GLJLWDO�HOHYDWLRQ�PRGHO� LV�DYDLODEOH��+RZHYHU�� WKH�ILWWHG�VXUIDFH� LV

RQO\�DV�JRRG�DV�WKH�VWDWLRQ�GDWD�WKDW�ZHUH�XVHG�WR�GHILQH�LW��,I��DV�LV�WKH�FDVH�KHUH��LQWHU�VWDWLRQ�GLVWDQFHV

DUH� RI� WKH� RUGHU� RI� ������NP�� WKH� ILWWHG� VXUIDFH�ZLOO� RQO\� UHIOHFW� VSDWLDO� DQG� HOHYDWLRQ� UHODWLRQVKLSV

FDSWXUHG�DW�WKLV�UHVROXWLRQ��8VLQJ�D�KLJKHU�UHVROXWLRQ�'(0�WR�FUHDWH�D�FOLPDWRORJ\�FDQ�EH�PLVOHDGLQJ�
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DV� XVHUV�PLJKW�PLVWDNHQO\� DVVXPH� WKH� UHVXOWLQJ� FOLPDWH� ILHOGV� DGHTXDWHO\� GHVFULEH� YDULDELOLW\� DW� WKLV

KLJKHU�UHVROXWLRQ��:H�IHHO�WKDW�WKH����q�UHVROXWLRQ�XVHG�KHUH�UHSUHVHQWV�WKH�OLPLW�DW�ZKLFK�VXFK�ODUJH�

VFDOH�LQWHUSRODWLRQV�FDQ�UHOLDEO\�EH�LQWHUURJDWHG�

E�� ,QWHUSRODWLRQ�SURFHGXUH

7KH� LQWHUSRODWLRQ� RI� D� ODUJH� QXPEHU� RI� GDWD� SRLQWV� EHFRPHV� FRPSXWDWLRQDOO\� GHPDQGLQJ�� ,Q

DGGLWLRQ��ILWWLQJ�WKH�VDPH�VSOLQH�IXQFWLRQ�WR�DUHDV�ZLWK�PDUNHGO\�GLIIHUHQW�VWDWLRQ�GHQVLWLHV��H�J��(XURSH

YV��1RUWK�$IULFD��FDQ�UHVXOW�LQ�WRR�PXFK�VPRRWKLQJ�LQ�GDWD�ULFK�DUHDV�DQG�WRR�OLWWOH�VPRRWKLQJ�LQ�GDWD

SRRU�DUHDV�

)RU�HDFK�YDULDEOH�� WKHUHIRUH�� WKH� WHUUHVWULDO� VXUIDFH�ZDV�GLYLGHG� LQWR�D�QXPEHU�RI�JHRJUDSKLF� WLOHV

RYHU�ZKLFK� VHSDUDWH� VSOLQH� IXQFWLRQV�ZHUH� ILWWHG� �)LJXUHV� ����� ��� ��� ��� ���� �����7KH� VL]H� RI� WKH� WLOHV

YDULHG�SULPDULO\�DFFRUGLQJ�WR�VWDWLRQ�GHQVLW\��EXW�DOVR�DV�D�IXQFWLRQ�RI�VSDWLDO�FRPSOH[LW\�RI�WKH�FOLPDWH

YDULDEOH��:KHUH�QHFHVVDU\�� WLOHV�ZHUH� IRUFHG� WR�RYHUODS�E\�DW� OHDVW�� R� ODWLWXGH�DQG� ORQJLWXGH�VR�DV� WR

PLQLPLVH�HGJH�HIIHFWV��7KH�QXPEHU�RI�VWDWLRQV�LQ�D�WLOH�YDULHG�EHWZHHQ�DERXW�����DQG������

$�¦EDFNJURXQG§�WLOH�ZDV�DOVR�LQWHUSRODWHG��HQFRPSDVVLQJ�WKH�HQWLUH�JOREH�EHWZHHQ��� R6�DQG���R1�

XVLQJ�D�VXEVHW�RI�WKH�DYDLODEOH�QRUPDOV�WKDW�LQFOXGHG�DOO�VWDWLRQV�QRW�ZLWKLQ�WKH�WLOHV�PHQWLRQHG�DERYH

�L�H��RFHDQLF�LVODQGV��DQG�VRPH�����HYHQO\�GLVWULEXWHG�FRQWLQHQWDO�VWDWLRQV�

1R� LQWHUSRODWLRQV� RI� JURXQG� IURVW� ZHUH� SRVVLEOH� RYHU� WLOHV� ��� �HDVWHUQ� 1RUWK� $IULFD�� DQG� ��

�,QGRQHVLD��EHFDXVH�QR�VWDWLRQV�ZHUH�FROG�HQRXJK�WR�KDYH�JURXQG�IURVW��WKLV�SUHFOXGHG�LQWHUSRODWLRQ�WR

KLJKHU�HOHYDWLRQV�ZKHUH�WKHUH�PLJKW�ZHOO�EH�IURVW�GD\V��&RQVHTXHQWO\��JURXQG�IURVW�IUHTXHQF\�VXUIDFHV

ZHUH� GHULYHG� IURP� PLQLPXP� WHPSHUDWXUH� VXUIDFHV� �PHDQ� WHPSHUDWXUH� PLQXV� KDOI� RI� GLXUQDO

WHPSHUDWXUH�UDQJH��XVLQJ�WKH�UHODWLRQVKLS�ZLWK�PLQLPXP�WHPSHUDWXUH�GHVFULEHG�LQ�6HFWLRQ����6LPLODUO\�

ZLQGVSHHG�ZDV�QRW�LQWHUSRODWHG�RYHU�$XVWUDOLD��DV�WKHUH�ZHUH�RQO\���QRUPDOV�IRU�WKLV�UHJLRQ��+HUH��WKH

JOREDO�EDFNJURXQG�ILHOG��VHH�EHORZ��ZDV�XVHG�

2XWSXW�GLDJQRVWLFV�IURP�WKH�VSOLQH�SURJUDPV�ZHUH�XVHG�WR�LGHQWLI\�HUURQHRXV�GDWD��0RVW�FRPPRQ

HUURUV�ZHUH�W\SRJUDSKLF�DQG�ORFDWLRQDO��:KHUH�SRVVLEOH��WKH�HUURUV�ZHUH�FRUUHFWHG��VWDWLRQV�WKDW�FRXOG

QRW�EH�FRUUHFWHG�ZHUH�UHPRYHG�IURP�WKH�GDWDVHW�

7KH�ILQDO�ILWWHG�VSOLQH�IXQFWLRQV�IRU�HDFK� WLOH�ZHUH�DSSOLHG� WR� WKH�SRUWLRQ�RI� WKH���� R�'(0�IDOOLQJ

ZLWKLQ�WKH�WLOH� WR�GHULYH�WKH�FOLPDWH�JULGV�IRU�HDFK�YDULDEOH��7KH�WLOHV�ZHUH�WKHQ�PHUJHG�WR�SURGXFH�D

JOREDO�ODQG�ILHOG��H[FOXGLQJ�$QWDUFWLFD���:KHUH�WKHUH�ZDV�RYHUODS�EHWZHHQ�WLOHV��IRU�H[DPSOH�EHWZHHQ
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WLOHV� RQH� DQG� WZR� LQ� )LJXUH� ��� JULG� YDOXHV� ZHUH� FDOFXODWHG� DV� D� ZHLJKWHG� DYHUDJH� WKRVH� IURP

FRQWULEXWLQJ�WLOHV��:HLJKWV�ZHUH�VLPSO\�D�OLQHDU�IXQFWLRQ�RI�WKH�LQYHUVH�GLVWDQFH�LQ�JULG�SRLQWV�EHWZHHQ

D�SDUWLFXODU�SRLQW�DQG�WKH�HGJH�RI�LWV�WLOH�

)LQDOO\�� WKH�JULGV�ZHUH�FRQVWUDLQHG�DV�IROORZV�WR�DYRLG�XQUHDOLVWLF�YDOXHV��)RU�DOO�YDULDEOHV�H[FHSW

WHPSHUDWXUH��QHJDWLYH�YDOXHV�ZHUH�FRQYHUWHG�WR�]HUR��:HW�GD\�DQG�IURVW�GD\� IUHTXHQF\�ZHUH�OLPLWHG�WR

WKH�QXPEHU�RI�GD\V� LQ� WKH�PRQWK�XQGHU�FRQVLGHUDWLRQ�� ,Q�DUHDV�ZLWK�]HUR� UDLQIDOO��ZHW�GD\�IUHTXHQF\

ZDV�VHW�WR�]HUR��9DSRXU�SUHVVXUH�ZDV�FRQVWUDLQHG�WR�EH�OHVV�WKDQ�WKH�VDWXUDWHG�YDSRXU�SUHVVXUH�DW� WKH

FRUUHVSRQGLQJ� PHDQ� WHPSHUDWXUH�� 6XQVKLQH� DQG� FORXG� ZHUH� VHW� XSSHU� OLPLWV� RI� ����� DQG� �� RNWDV

UHVSHFWLYHO\��7KH�QXPEHU�RI�JULG�SRLQWV�WKDW�KDG�WR�EH�FRQVWUDLQHG� DUH�OLVWHG��IRU�HDFK�UHOHYDQW�YDULDEOH�

LQ�7DEOH����)RU�WKHVH�SULPDULO\�RFFXUUHG�WKURXJKRXW�WKH�\HDU�LQ�WKH�6DKDUD�DQG�$UDELD��EXW�ZHUH�DOVR

SUHVHQW�GXULQJ�WKH�DXVWUDO�ZLQWHU�RYHU�GULHU�UHJLRQV�RI�1DPLELD��%RWVZDQD��$QJROD�DQG�3HUX��:HW�GD\

IUHTXHQF\� H[FHHGV� WKH� QXPEHUV� RI� GD\V� LQ� WKH�PRQWK� RYHU� WKH�$PD]RQ� EDVLQ�� SDUWLFXODUO\� EHWZHHQ

)HEUXDU\�DQG�$SULO��7KLV�DULVHV�IURP�D�FRPELQDWLRQ�RI�D�VSDUVH�VWDWLRQ�QHWZRUN�DQG�WKH�IDFW�WKDW�GXULQJ

WKLV�SUHLRG��WKH�ZHW�VHDVRQ��WKH�WUXH�ZHW�GD\�IUHTXHQF\�LV�KLJK��WKXV�VR�WKH�OLNHOLKRRG�RI�YDOXHV�EHLQJ

LQWHUSRODWHG�EH\RQG�WKH�XSSHU�OLPLW�LV�HQKDQFHG��7KH�ZHW�GD\�JULG�SRLQWV�ZLWK�YDOXHV�OHVV�WKDQ�]HUR�DUH

VLPLODU�LQ�GLVWULEXWLRQ�WR�SUHFLSLWDWLRQ��DV�PLJKW�EH�H[SHFWHG�

7KH�QXPEHU�RI�YDSRXU�SUHVVXUH�JULG�FHOOV�ZLWK�YDOXHV�OHVV�WKDQ�VDWXUDWHG�YDSRXU�SUHVVXUH�ZDV�TXLWH

ODUJH�IRU�ZLQWHU�PRQWKV��7KH�FHOOV�DUH�DOO�VLWXDWHG�LQ�UHJLRQV�ZLWK�H[WUHPHO\�ORZ�WHPSHUDWXUHV��QDPHO\

&DQDGD�� *UHHQODQG� DQG� 6LEHULD�� +XPLGLW\� PHDVXUHPHQWV� DW� WKHVH� WHPSHUDWXUHV� LV� VXEMHFW� WR

FRQVLGHUDEOH�XQFHUWDLQW\�EHFDXVH�YDSRXU�SUHVVXUH�LV�VR�ORZ��RIWHQ�EHORZ����K3D��WKH�SUHFLVLRQ�RI�PRVW

RI�WKH�YDSRXU�SUHVVXUH�QRUPDOV��:KHQ�LQWHUSRODWLQJ�VXFK�ORZ�YDOXHV��VPDOO�DEVROXWH�HUURUV�ZLOO�UHVXOW

LQ� UDWKHU� ODUJH� HUURUV� UHODWLYH� WR� WKH� VLPLODUO\� ORZ� VDWXUDWHG� YDSRXU� SUHVVXUH� GHULYHG� IURP� PHDQ

WHPSHUDWXUH��7KXV��YDSRXU�SUHVVXUH�LQ�FROG�UHJLRQV�VKRXOG�EH�FRQVLGHUHG�DV�DSSUR[LPDWH��,Q�VXPPHU�

WKH�IHZ�YDSRXU�SUHVVXUH�SRLQWV�WKDW�DUH�JUHDWHU�WKDQ�VDWXUDWHG�YDSRXU�SUHVVXUH�RFFXU�LQ�WKH�*UHHQODQG

LQWHULRU��7KHVH�DUH�PRVW�OLNHO\�GXH�WR�WKH�SUREOHP�RI�ORZ�YDSRXU�SUHVVXUH�PHQWLRQHG�DERYH��+RZHYHU�

VWDWLRQ� FRQWURO� IRU� ERWK� WKH�PHDQ� WHPSHUDWXUH� DQG� YDSRXU� SUHVVXUH� LQWHUSRODWLRQ� LV� OLPLWHG� RYHU� WKH

*UHHQODQG�LQWHULRU��VR�WKHUH�PD\�EH�VRPH�DGGLWLRQDO�HUURU�LQ�ERWK�WKH�YDSRXU�SUHVVXUH�HVWLPDWHV�DQG�WKH

WHPSHUDWXUH�EDVHG�HVWLPDWHV�RI�VDWXUDWHG�YDSRXU�SUHVVXUH�XVHG�WR�FRQVWUDLQ�WKH�YDSRXU�SUHVVXUH�

$OO� WKH� VXQVKLQH� JULG� SRLQWV�ZLWK� QHJDWLYH� YDOXHV� RFFXU� DW� KLJK� QRUWKHUQ� ODWLWXGHV� LQ�ZLQWHU� DQG

UHVXOW� IURP� WKH� H[WUDSRODWLRQ� RI� VWDWLRQ� QRUPDOV� ZLWK� YDOXHV� FORVH� WR� RU� HTXDO� WR� ]HUR� LQWR� UHJLRQV
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ZLWKRXW�VWDWLRQ�FRQWURO��QDPHO\�QRUWKHUQ�5XVVLD�DQG�*UHHQODQG��7KH�IHZ�FORXG�JULG�FHOOV�ZLWK�YDOXHV

OHVV�WKDQ�]HUR�RFFXU�LQ�WKH�$UDELDQ�GHVHUW��VRPH�GLVWDQFH�IURP�LQSXW�VWDWLRQ�FRQWURO�

7KHUH�ZHUH�QXPHURXV�FHOOV�ZKHUH�LW�ZDV�QHFHVVDU\�WR�FRQVWUDLQ�WKH�JURXQG�IURVW�HVWLPDWHV��7KLV�LV

EHFDXVH�WKH�LQWHUSRODWLRQ�LV�XQDEOH� WR�KDQGOH� ORZHU�DQG�XSSHU� OLPLWV��7KXV�LQ�DUHDV�ZKHUH�WKH�VWDWLRQ

GDWD�LQGLFDWH�JURXQG�IURVW�LV�FORVH�WR�WKH�XSSHU��QXPEHU�RI�GD\V�LQ�WKH�PRQWK��RU�ORZHU��QR�GD\V��OLPLW�

JUDGLHQWV� H[WUDSRODWHG� DZD\� IURP� WKH� FRQWURO� FDQ� UHVXOW� LQ� PDQ\� JULG� SRLQWV� EHLQJ� DVVLJQHG� YDOXHV

RXWVLGH�WKH�OLPLWV��7KLV�LV�UHIOHFWHG�LQ�WKH�VHDVRQDO�YDULDWLRQ�RI�WKH�QXPEHU�RI�FHOOV�JUHDWHU��OHVV��WKDQ

WKH�XSSHU��ORZHU��OLPLWV��7DEOH����

��� 9DOLGDWLRQ�DQG�UHOLDELOLW\�RI�LQWHUSRODWHG�ILHOGV

$Q� LVVXH� WKDW� KDV� UHFHLYHG� OLWWOH� DWWHQWLRQ� LQ� UHFHQW� \HDUV� LV� WKH� IUHTXHQW� XVH� RI� FOLPDWRORJLHV

LQWHUSRODWHG�IURP�VWDWLRQ�GDWD�ZLWKRXW�UHIHUHQFH�WR�WKH�SUHGLFWLYH�HUURU�DVVRFLDWHG�ZLWK�WKH�ILHOG��+XOPH

DQG�1HZ��������/HJDWHV���������(QG�XVHUV�RI�FOLPDWH�GDWD�DUH��PRUH�RIWHQ�WKDQ�QRW��XQIDPLOLDU�ZLWK�WKH

GHWDLOV�RI�WKH�LQWHUSRODWLRQ�DQG�GR�QRW�KDYH�D�IHHO�IRU�WKH�RYHUDOO�DFFXUDF\�RI�WKH�LQWHUSRODWHG�ILHOG�RU

DUH� XQDZDUH� RI� DUHDV� ZKHUH� WKH� LQWHUSRODWLRQ� LV�PRUH� RU� OHVV� UHOLDEOH�� ,Q� WKLV� VHFWLRQ�ZH� DVVHVV� WKH

DFFXUDF\�DQG�UHOLDELOLW\�RI�WKH�LQWHUSRODWHG�ILHOGV�LQ�RXU�QHZ�FOLPDWRORJ\�

2QH� PHWKRG� IRU� LQGHSHQGHQWO\� DVVHVVLQJ� WKH� SUHGLFWLYH� HUURU� RI� DQ� LQWHUSRODWHG� ILHOG� LV� FURVV

YDOLGDWLRQ��7KHVH�YDOLGDWLRQ�HUURUV�FDQ�WKHQ�EH�DSSUDLVHG�LQ�D�QXPEHU�RI�ZD\V��IRU�H[DPSOH�E\�ORRNLQJ

DW�VSDWLDO�SDWWHUQV�RI�HUURU��/HJDWHV��������RU�LQ�WHUPV�RI�DYHUDJH�EHKDYLRXU��VXFK�DV�PHDQ�VTXDUH�HUURU

DQG� PHDQ� ELDV� �+XOPH� HW� DO��� ������ +XOPH� HW� DO��� ������� $OWKRXJK� WKLV� FDQ� EH� FRPSXWDWLRQDOO\

GHPDQGLQJ�� LW� FRPSOHPHQWV� WKH� VWDQGDUG� HUURU� HVWLPDWHV� RI� JHRVWDWLVWLFDO�PHWKRGV��ZKLFK� DUH� ODUJHO\

GHSHQGHQW�RQ�WKH�VWDWLVWLFDO�PRGHO�EHLQJ�VXLWDEOH�IRU�WKH�GDWD��$�PDMRU�VKRUWFRPLQJ�RI�FURVV�YDOLGDWLRQ

LV� WKDW� LV� SURYLGHV� HUURU� LQIRUPDWLRQ� DW� VWDWLRQ� ORFDWLRQV� RQO\ � DQG� FDQ� WKHUHIRUH� EH�PLVOHDGLQJ� LI� WKH

VWDWLRQ� QHWZRUN� LV� LQDGHTXDWH��7KH� WKLQ�SODWH� VSOLQH� LQWHUSRODWLRQ�ZH� XVHG� FDOFXODWHV� WKH� JHQHUDOLVHG

FURVV� YDOLGDWLRQ� �HTXLYDOHQW� WR� WKH�PHDQ� VTXDUH� FURVV� YDOLGDWLRQ� HUURU�� LPSOLFLWO\� GXULQJ� WKH� VXUIDFH

ILWWLQJ�SURFHGXUH��DQG�ZH�DVVHVV�WKHVH�LQ�VRPH�GHWDLO�LQ�6HFWLRQ�� D�EHORZ�

$QRWKHU� ZD\� RI� HYDOXDWLQJ� WKH� SUHGLFWLYH� HUURU� DVVRFLDWHG� ZLWK� DQ� LQWHUSRODWHG� ILHOG� LV� E\

FRPSDULVRQ�ZLWK�RWKHU�GDWDVHWV�WKDW�QRPLQDOO\�GHVFULEH�WKH�VDPH�YDULDEOH�� 7KLV�KDV�EHHQ�GRQH�RYHU�WKH

86$�E\�3DQ�HW�DO���������ZKR�FRPSDUHG�VHYHUDO�SUHFLSLWDWLRQ�DQG�WHPSHUDWXUH�FOLPDWRORJLHV���WKRVH�RI

/HHPDQV� DQG� &UDPHU� ������� XSGDWHG�� :�� &UDPHU�� SHUVRQDO� FRPPXQLFDWLRQ��� /HJDWHV� DQG�:LOOPRW
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�����D������E��DQG�WKH�9(0$3�SURMHFW��.LWWHO� HW�DO�����������DQG�IRXQG�ODUJH�GLIIHUHQFHV�EHWZHHQ�WKH

GDWD� VHWV�� RI� WKH� RUGHU� RI� ������� IRU� SUHFLSLWDWLRQ� LQ� VRPH� SODFHV�� 7KHVH� GLIIHUHQFHV� ZHUH� GXH� WR

VHYHUDO� IDFWRUV�� GLIIHUHQW� REVHUYLQJ� QHWZRUNV�� GLIIHUHQW� LQWHUSRODWLRQ� VFKHPHV�� DQG� IRU� SUHFLSLWDWLRQ�

GLIIHUHQFHV� LQ� FRUUHFWLRQV� PDGH� IRU� JDXJH� ELDVHV�� 6LPLODUO\�� +XOPH� DQG� 1HZ� ������� FRPSDUHG� WKH

/HHPDQV�	�&UDPHU�DQG�/HJDWHV�	�:LOOPRWW�SUHFLSLWDWLRQ�FOLPDWRORJLHV�WR�WKHLU�RZQ�RYHU� QRUWK�$IULFD

DQG�(XURSH��DQG�IRXQG�GLIIHUHQFHV�RI�EHWZHHQ����DQG������,Q�6HFWLRQ��E�EHORZ�ZH�FRPSDUH�WKH�QHZ

&58�����������FOLPDWRORJ\�WR�RWKHU�FRPPRQO\�XVHG�JOREDO�FOLPDWRORJLHV�

D�� 6SOLQH�'LDJQRVWLFV

7KH�*&9�� DQG� LWV� VTXDUH� URRW� �57*&9�� SURYLGHV� DQ� HVWLPDWH� RI� WKH�PHDQ� SUHGLFWLYH� HUURU� �DQG

KHQFH�SRZHU��RI�WKH�ILWWHG�VXUIDFH�DQG�DV�VXFK�SHUPLWV�DQ�DVVHVVPHQW�RI�WKH�UHODWLYH�DFFXUDF\�RI�D�ILWWHG

VXUIDFH��$OWKRXJK�WKH�57*&9�IURP�GLIIHUHQW�WLOHV�LV�SDUWO\�GHSHQGHQW�RQ�WKH�VDPSOLQJ�DGHTXDF\�RI�WKH

VWDWLRQ� QHWZRUN�� ZH� FRPSDUHG� WKH� *&9� UHVXOWV� IURP� GLIIHUHQW� WLOHV�� 7KLV� SURYLGHG� DQ� LQGLFDWLRQ� RI

DUHDV� ZKHUH� WKH� LQWHUSRODWLRQ� LV� PRUH� RU� OHVV� DFFXUDWH�� 7KH� 57*&9V� IRU� HDFK� YDULDEOH� DQG� HDFK

LQWHUSRODWLRQ�WLOH�DUH�VXPPDULVHG�LQ�)LJXUH����WR�)LJXUH����

,Q�JHQHUDO��SUHFLSLWDWLRQ��ZHW�GD\�IUHTXHQF\�DQG�ZLQGVSHHG�KDYH�WKH�ODUJHVW�UHODWLYH�57*&9��,Q�WKH

FDVH�RI�SUHFLSLWDWLRQ��WKLV�LV�GHVSLWH�EHLQJ�WKH�YDULDEOH�ZLWK�WKH�ODUJHVW�QXPEHU�RI�VWDWLRQV��1 ������

DQG�LV�D�UHIOHFWLRQ�RI�LWV�JUHDWHU�VSDWLDO�YDULDELOLW\��HYHQ�ZKHQ�DYHUDJHG�RYHU�D�ODUJH�QXPEHU�RI�PRQWKO\

WRWDOV��3UHFLSLWDWLRQ�SUHGLFWLRQ�HUURUV�DUH�JUHDWHVW�ZKHUH�WKH�VWDWLRQ�QHWZRUN�LV�WRR�VSDUVH�WR�FDSWXUH�WKH

VSDWLDO�YDULDELOLW\�RI�WKLV�YDULDEOH��([DPSOHV�LQFOXGH�PRXQWDLQRXV�UHJLRQV�VXFK�DV�WKH�1RUWK�DQG�6RXWK

$PHULFDQ� FRUGLOOHUD� DQG� WKH� +LPDOD\DQ� UHJLRQ�� DOO� RI� ZKLFK� VXIIHU� IURP� UHODWLYHO\� SRRU� VWDWLRQ

FRYHUDJH� DQG� FRPSOH[� SUHFLSLWDWLRQ� SDWWHUQV�� ,Q� QRUWKHUQ� $VLD�� ZKHUH� SUHFLSLWDWLRQ� LV� OHVV� VSDWLDOO\

YDULDEOH� EXW� WKH� QHWZRUN� LV� H[WUHPHO\� VSDUVH�� UHODWLYH� HUURUV� DUH� VLPLODUO\� ODUJH�� ,Q� ZHOO� VDPSOHG

UHJLRQV�� VXFK� DV�(XURSH� DQG� WKH�86$�� WKH�57*&9�RI� ���� WR� ����DJUHHV�ZHOO�ZLWK� HUURU� VWDWLVWLFV

IURP�RWKHU�UHJLRQDO�SUHFLSLWDWLRQ�FOLPDWRORJLHV��H�J��'DO\� HW�DO���������+XOPH�HW�DO�����������7KH�ODUJHVW

DEVROXWH� 57*&9V� RFFXU� LQ� WKH� ,QGRQHVLDQ� UHJLRQ� �WLOHV� ��� DQG� ����� D� UHIOHFWLRQ� RI� WKH� KLJK

SUHFLSLWDWLRQ�WKDW�RFFXUV�WKHUH�

:HW� GD\� IUHTXHQF\� HUURUV� DUH� JHQHUDOO\� EHWZHHQ� RQH� DQG� WKUHH� GD\V� � )LJXUH� ����� ZKLOH� UHODWLYH

HUURUV� DUH� EHWZHHQ� ������� RI� PHDQ� RI� DOO� VWDWLRQV� RYHU� HDFK� WLOH� �QRW� VKRZQ��� 7KH� H[FHSWLRQV� DUH

QRUWKHUQ�DQG�FHQWUDO�6RXWK�$PHULFD��ZKHUH�WKH�57*&9�LV�EHWZHHQ�WKUHH�DQG�IRXU�GD\V��DQG�WKH�--$
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VHDVRQ�LQ�,QGRQHVLD��%RWK�WKHVH�UHJLRQV�KDYH�KLJK�SUHFLSLWDWLRQ�DQG�ZHW�GD\�IUHTXHQF\�DQG�UHODWLYHO\

VSDUVH�QHWZRUNV��VR�KLJK�DEVROXWH�HUURUV�PLJKW�EH�H[SHFWHG�� ,W� LV�RQO\� LQ� WKH�FHQWUDO�6RXWK�$PHULFDQ

GU\� VHDVRQ� WKDW� UHODWLYH� HUURUV� DUH� DSSUHFLDEO\� ODUJHU� WKDQ� LQ� RWKHU� DUHDV�� /DUJH� UHODWLYH� HUURUV� DOVR

RFFXU� RYHU� WKH� ,QGLDQ� VXE�FRQWLQHQW� GXULQJ� WKH� GU\� VHDVRQ� �'-)� DQG� 0$0��� EXW� WKHVH� KDYH� ORZ

DEVROXWH�HUURUV�RI�����DQG������GD\V�UHVSHFWLYHO\�

57*&9V�IRU�ZLQGVSHHG�DUH�DOVR�ODUJH��)LJXUH������EHWZHHQ�����DQG�����P�V��EHWZHHQ��������RI

WKH�PHDQ�RI�VWDWLRQV�LQ�LQGLYLGXDO�WLOHV���$V�ZLWK�SUHFLSLWDWLRQ��ZLQGVSHHG�LV�LQIOXHQFHG�E\� VPDOO�VFDOH

SK\VLRJUDSKLF� IHDWXUHV� DQG� DOVR� KDV� TXLWH� VWHHS� FRDVW� WR� LQODQG� JUDGLHQWV�� 7KH� VSDUVHU� REVHUYLQJ

QHWZRUN� �1 ������� FRPELQHG�ZLWK� SRVVLEOH� XQFHUWDLQWLHV�ZLWK� UHJDUG� WR� LQVWUXPHQW� W\SH� DQG�KHLJKW�

PHDQV� WKDW� WKH� UHVXOWDQW� PRQWKO\� JULGV� RQO\� FDSWXUH� VSDWLDO� YDULDELOLW\� DVVRFLDWHG� ZLWK� ODUJHU� VFDOH

FLUFXODWLRQ�IHDWXUHV�

0HDQ�WHPSHUDWXUH�LV�IDU�EHWWHU�SUHGLFWHG�WKDQ�GLXUQDO�WHPSHUDWXUH�UDQJH��GHVSLWH�WKH�WZR�YDULDEOHV

KDYLQJ�VLPLODU�VWDWLRQ�QHWZRUNV��)LJXUH������7KH�57*&9�IRU�PHDQ�WHPSHUDWXUH�UDQJHV�IURP�������� R&�

DQG�LV�W\SLFDOO\�DERXW�KDOI�WKDW�IRU�GLXUQDO�WHPSHUDWXUH�UDQJH��(UURUV�DW�WKH�KLJK�HQG�RI�WKH�UDQJH�RFFXU

LQ� OHVV� ZHOO� VDPSOHG� UHJLRQV�� 7KH� SRRUHU� UHVXOWV� IRU� GLXUQDO� WHPSHUDWXUH� UDQJH� SULPDULO\� UHIOHFW� WKH

PRUH� FRPSOH[� FKDUDFWHU� RI� PLQLPXP� WHPSHUDWXUH�� ZKLFK� FDQ� EH� VWURQJO\� LQIOXHQFHG� E\� ORFDO

WRSRJUDSK\�DQG�ODQG�VHD�LQWHUDFWLRQV�

&URVV�YDOLGDWLRQ�RI�WKH�RWKHU�YDULDEOHV�UHVXOWHG�LQ�57*&9V�WKDW�ZHUH�OHVV�WKDQ�����RI�WKH�PHDQ�RI

VWDWLRQV�XVHG�LQ�WKH�LQWHUSRODWLRQV��7KH�ODUJHVW�YDSRXU�SUHVVXUH�UHODWLYH�HUURUV�RI��������RFFXU�RYHU�WKH

,QGLDQ� VXE�FRQWLQHQW��ZKLFK� KDV� D� FRPSDUDWLYHO\� VSDUVH� QHWZRUN��&ORXG� FRYHU� DQG� VXQVKLQH� SHUFHQW

KDYH�D�VLPLODU�UDQJH�LQ�57*&9��RQFH�WKH�GLIIHUHQFH�LQ�XQLWV�LV�WDNHQ�LQWR�DFFRXQW��5HODWLYH�57*&9V

DUH�LQYHUVHO\�UHODWHG�EHFDXVH�RI�WKH�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�YDULDEOHV��6RPH�RI�WKH�HUURU

LQ�WKH�57*&9�IRU�FORXG�DQG�VXQVKLQH�LV�OLNHO\�WR�VWHP�IURP�WKH�SUREOHPV�LQ�FRQYHUWLQJ�IURP�VXQVKLQH

WR�FORXG��DQG�YLFH�YHUVD���GLVFXVVHG�LQ�6HFWLRQ� ���E����*URXQG�IURVW�IUHTXHQF\�57*&9V�YDU\�EHWZHHQ

����DQG�����GD\V��EXW�DUH�JHQHUDOO\�JUHDWHU�WKDQ�����LQ�UHJLRQV�ZKHUH�JURXQG�IURVW�LV�D�VLJQLILFDQW�IDFWRU�

E�� &RPSDULVRQ�ZLWK�RWKHU�&OLPDWRORJLHV

7ZR�FRPPRQO\�XVHG����R�JOREDO�VXUIDFH�FOLPDWRORJLHV�DUH�WKRVH�RI�/HJDWHV�DQG�:LOOPRWW������D�

����E�� KHQFHIRUWK� /(*�� DQG� /HHPDQV� DQG� &UDPHU� ������� KHQFHIRUWK� &5$�� ZKR� KDYH� UHFHQWO\

UHOHDVHG�DQ�XSGDWHG�YHUVLRQ� �9HUVLRQ������:��&UDPHU�� SHUVRQDO� FRPPXQLFDWLRQ���/(*�FRQVWUXFWHG� D
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PHDQ�PRQWKO\� FOLPDWRORJ\� IRU� SUHFLSLWDWLRQ� DQG�PHDQ� WHPSHUDWXUH�� ZLWK� FRPSOHWH� JOREDO� FRYHUDJH�

/(*� KDV� SUHGRPLQDQWO\� EHHQ� XVHG� LQ� FOLPDWRORJLFDO� DSSOLFDWLRQV�� SDUWLFXODUO\� IRU� WKH� HYDOXDWLRQ� RI

*&0�SUHFLSLWDWLRQ�ILHOGV��DQG�UHSUHVHQWV�ERWK�ODQG�DUHDV�DQG�RFHDQV��IRU� WKH�SHULRG������������ZLWK

JUHDWHU�HPSKDVLV�RQ�WKH�ODWWHU�\HDUV��7KH�PRQWKO\�ILHOGV�RYHU�ODQG�ZHUH�LQWHUSRODWHG�IURP�DERXW�������

SUHFLSLWDWLRQ� DQG� ������� PHDQ� WHPSHUDWXUH� VWDWLRQV� ZRUOG�ZLGH�� XVLQJ� D� VSKHULFDO� DQJXODU� GLVWDQFH

ZHLJKWLQJ�DOJRULWKP��:LOOPRWW�HW�DO����������&5$�KDYH�SURGXFHG�PHDQ�PRQWKO\�ILHOGV�RI�SUHFLSLWDWLRQ

�1 ������VWDWLRQV���ZHW�GD\�IUHTXHQF\��1 �������PHDQ�WHPSHUDWXUH��1 ��������GLXUQDO�WHPSHUDWXUH

UDQJH��1 ��������DQG�VXQVKLQH�SHUFHQW��1 ��������7KHLU�VSDWLDO�GRPDLQ�LV�WKH�VDPH�DV�&58©V��QDPHO\

JOREDO�ODQG�DUHDV�H[FOXGLQJ�$QWDUFWLFD��EXW�UHSUHVHQWV��URXJKO\��WKH�SHULRG������������&5$�KDV�EHHQ

GHULYHG�XVLQJ� WKH�VDPH� WKLQ�SODWH�VSOLQH� LQWHUSRODWLRQ� URXWLQHV� WKDW�ZHUH�XVHG� IRU�FRQVWUXFWLRQ�RI� WKH

&58�FOLPDWRORJLHV��&5$�ZDV�GHYHORSHG�IRU�XVH�LQ�JOREDO�HFRV\VWHP�PRGHOOLQJ�DQG�KDV�UHFHLYHG�PRVW

DSSOLFDWLRQ�LQ�WKHVH�GLVFLSOLQHV�

:H�FRPSDUHG� WKH�&58�FOLPDWRORJLHV� WR� WKRVH� RI� �/(*��IRU�SUHFLSLWDWLRQ�DQG�PHDQ� WHPSHUDWXUH�

DQG� &5$� �IRU� SUHFLSLWDWLRQ�� PHDQ� WHPSHUDWXUH�� GLXUQDO� WHPSHUDWXUH� UDQJH�� ZHW�GD\� IUHTXHQF\� DQG

VXQVKLQH���/(*�UHTXLUHG�UHVDPSOLQJ�WR�DUULYH�DW�JULG�FHOOV�ZLWK�WKH�VDPH�FHQWURLG�DV�&58�DQG�&5$�

/(*�ZDV�IXUWKHU�SURFHVVHG�VR�WKDW�RQO\�DUHDV�WKDW�ZHUH�LQ�FRPPRQ�ZLWK�WKH�&58�DQG�&5$�ODQG�RQO\

ILHOGV� ZHUH� DVVLJQHG� YDOXHV�� 6XEVHTXHQWO\�� DOO� WKUHH� FOLPDWRORJLHV� ZHUH� GHJUDGHG� WR� SURGXFH� � q

ODWLWXGH�ORQJLWXGH�JULGV�� LQ�RUGHU� WR� LPSURYH�YLHZDELOLW\��1HLWKHU�/(*�RU�&5$�KDYH�FOLPDWRORJLHV�RI

FORXG� FRYHU�� VR� ZH� FRPSDUHG� WKH� &58� FORXG� FRYHU� ILHOGV� WR� WKRVH� RI� +DKQ� HW� DO�� ������� DQG� WKH

,QWHUQDWLRQDO� &ORXG� &OLPDWRORJ\� 6DWHOOLWH� 3URMHFW� �,6&&3�� 5RVVRZ� DQG� 6FKLIIHU�� ������ PHDQ

FOLPDWRORJ\�

:H�DUH�QRW�DZDUH�RI�DQ\�FOLPDWRORJLHV�WKDW�GHVFULEH�YDSRXU�SUHVVXUH��JURXQG�IURVW�DQG�ZLQGVSHHG�

VR�WKHVH�ILHOGV�UHPDLQ�XQHYDOXDWHG�

��� 35(&,3,7$7,21

&58�SUHFLSLWDWLRQ� ILHOGV�ZHUH� FRPSDUHG� WR� WKRVH� RI� /(*� DQG�&5$�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH

/(*�SUHFLSLWDWLRQ�ILHOGV�ZH�XVHG�DUH� WKH� XQDGMXVWHG�YHUVLRQ�� LQ� WKDW� WKH\�FRQWDLQ�QR�DGMXVWPHQWV� IRU

JDXJH�ELDVHV�

=RQDO�PHDQ�SUHFLSLWDWLRQ�WKURXJK�WKH�VHDVRQDO�F\FOH�DUH�VKRZQ�LQ� )LJXUH�����DV�DUH�WKH�]RQDO�PHDQ

DEVROXWH�HUURU��0$(��DQG�ELDV�EHWZHHQ�HDFK�SDLU�RI�FOLPDWRORJLHV��7KH�]RQDO�PHDQ�SUHFLSLWDWLRQ�LQ�DOO
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WKUHH� FOLPDWRORJLHV� DJUHH� FORVHO\�� H[FHSW� DW� KLJK� ODWLWXGHV�� $ORQJ� WKH� 3DFLILF� FRDVWOLQH� RI� VRXWKHUQ

6RXWK�$PHULFD����q6���q6���&58�LV�GULHU�WKDQ�ERWK�/(*�DQG�&5$��7KLV�FDQ�PRVWO\�EH�H[SODLQHG�E\

H[DPLQDWLRQ�RI�UHJLRQDO�WLPH�VHULHV�FRQVWUXFWHG�IURP�&58�VWDWLRQ�WLPH�VHULHV��QRW�VKRZQ���ZKHUH�LW�FDQ

EH� VHHQ� WKDW� PHDQ� SUHFLSLWDWLRQ� IRU� WKH� SHULRG� ���������� DQG� ���������� LV� ZHWWHU� WKDQ� WKH� SHULRG

����������E\�EHWZHHQ�����DQG������,I�WKHVH�HIIHFWV� DUH�UHPRYHG��0$(�EHWZHHQ�&58�DQG�WKH�RWKHU

WZR�FOLPDWRORJLHV�ZRXOG�EH�VPDOOHU��,Q�WKH�$UFWLF��&58�SUHFLSLWDWLRQ�LV��RQ�DYHUDJH��JUHDWHU�WKDQ�ERWK

/(*�DQG�&5$�E\�DERXW��PP�SHU�PRQWK��EXW�&5$�DQG�/(*�GR�QRW�DJUHH�SDUWLFXODUO\�ZHOO�KHUH�HLWKHU�

7KHVH� GLIIHUHQFHV� DUH� XQGHUVWDQGDEOH� JLYHQ� WKH� VSDUVHQHVV� RI� VWDWLRQ� GDWD� DW� WKHVH� ODWLWXGHV�� ,Q

SDUWLFXODU��WKH�DEVHQFH�RI�JDXJHV�KDV�UHVXOWHG�LQ�IDLUO\�ODUJH�GLIIHUHQFHV�EHWZHHQ�FOLPDWRORJLHV�RYHU�WKH

*UHHQODQG�LQWHULRU�

:H� DWWHPSW� WR� TXDQWLI\� WKH� VLJQLILFDQFH� RI� GLIIHUHQFHV� EHWZHHQ� WKH� &58�� /(*� DQG� &5$

SUHFLSLWDWLRQ�FOLPDWRORJLHV�LQ�)LJXUH�����ZKLFK�VKRZV�JULGSRLQW�VWXGHQW©V�W�VWDWLVWLFV�IRU�WKH�GLIIHUHQFHV

EHWZHHQ� HDFK� SDLU� RI� FOLPDWROJRLHV�� 7KH� W�VWDWLVWLF� ZDV� FDOFXODWHG� DW� LQGLYLGXDO� JULGSRLQW�SDLUV� DV

IROORZV��+XOPH�DQG�1HZ��������
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ZKHUH�P�DQG�V�WKH�JULGSRLQW�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�UHVSHFWLYHO\��DQG�Q�DUH�WKH�QXPEHU�RI�\HDUV

WKH�PHDQ� FOLPDWRORJLHV� UHSUHVHQW��0RQWKO\� VWDQGDUG� GHYLDWLRQV� ZHUH� FDOFXODWHG� IURP� WKH� &58� ��� q

ODWLWXGH�ORQJLWXGH� JULGGHG� PRQWKO\� SUHFLSLWDWLRQ� WLPH� VHULHV� �1HZ� HW� DO��� LQ� SUHSDUDWLRQ��� XVLQJ� WKH

SHULRGV����������������������DQG�����������IRU�&5$��/(*�DQG�&58�UHVSHFWLYHO\��7KH���� R�JULGGHG

PRQWKO\� VWDQGDUG� GHYLDWLRQ� ILHOGV� ZHUH� VXEVHTXHQWO\� GHJUDGHG� WR� �R� ODWLWXGH�ORQJLWXGH� UHVROXWLRQ�

9DOXHV� IRU� Q� ZHUH� DVVXPHG� WR� EH� ��� IRU� &58� DQG�&5$�� EXW� ��� IRU� /(*�� EHFDXVH� WKH� VWDWLRQV� DUH

GHVFULEHG�E\�WKH�DXWKRUV�DV�EHLQJ�PRUH�KHDYLO\�VDPSOHG�LQ�WKH�ODWWHU�\HDUV�RI�WKH�QRPLQDO����������

QRUPDO�SHULRG�

7KHUH�DUH�ZHOO�GRFXPHQWHG�VKRUWFRPLQJV�LQ�WKH�XVH�RI�W�VWDWLVWLFV�IRU�DVVHVVLQJ�GLIIHUHQFHV�EHWZHHQ

ILHOGV�RI�FOLPDWH�GDWD��H�J��:LJOH\�DQG�6DQWHU���������,Q�DGGLWLRQ��PRQWKO\�SUHFLSLWDWLRQ�LV�QRW�QRUPDOO\

GLVWULEXWHG�DQG��LQ�WKLV�LQVWDQFH��DVVXPLQJ�D�FRQVWDQW�GHJUHH�RI�IUHHGRP�DW�HDFK�JULGSRLQW�LV�QRW�VWULFWO\

YDOLG�� 1RQHWKHOHVV�� WKH� SORWV� RI� JULGSRLQW� W�VWDWLVWLFV� KLJKOLJKW� DUHDV� ZKHUH� GLIIHUHQFHV� EHWZHHQ� WKH

FOLPDWRORJLHV� DUH�PRUH�RU� OHVV� VLJQLILFDQW��$� IXUWKHU� DGYDQWDJH�RI� WKLV� DSSURDFK� LV� WKDW� LW� DYRLGV� WKH
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QHFHVVLW\�RI�ORRNLQJ�DW�GLIIHUHQFH�ILHOGV�LQ�FRPELQDWLRQ�ZLWK�ILHOGV�RI�DEVROXWH�SUHFLSLWDWLRQ�DPRXQWV�

RU� RI� KDYLQJ� WR� XVH� UHODWLYH� DQG� DEVROXWH� GLIIHUHQFH� ILHOGV� LQ� DUHDV� RI� KLJK� DQG� ORZ� SUHFLSLWDWLRQ

UHVSHFWLYHO\�

&RPSDULVRQ�RI� WKH�W�VWDWLVWLF�ILHOGV� LQGLFDWHV� WKDW�PRVW�RI� WKH�VLJQLILFDQW�GLIIHUHQFHV�RFFXU� LQ�GDWD

SRRU�UHJLRQV��VXFK�DV�$PD]RQLD��WKH�6DKDUD��HDVWHUQ�5XVVLD�DQG�WKH�$UFWLF��RU�LQ�UHJLRQV�ZLWK�FRPSOH[

WRSRJUDSK\��VXFK�DV� WKH�$PHULFDQ�FRUGLOOHUD��&58�LV�GULHU� WKDQ� WKH�RWKHU� WZR�FOLPDWRORJLHV�RYHU� WKH

6DKHO� UHJLRQ��ZKLFK� LV� WR�EH�H[SHFWHG��JLYHQ� WKH�ZHOO�GRFXPHQWHG�GURXJKW� WKDW�RFFXUUHG�KHUH� LQ� WKH

����V�DQG� ����V� � DQG� WKH� IDFW� WKDW�/(*�DQG�&5$�DUH� VDPSOLQJ� HDUOLHU��ZHWWHU� GHFDGHV� �+XOPH�DQG

1HZ���������2YHU�5XVVLD��&58�DQG�&5$�VKRZ�QR�FRQVLVWHQW�SDWWHUQ�RI�DJUHHPHQW��EXW�ERWK�H[KLELW

KLJKHU� SUHFLSLWDWLRQ� WKDQ� /(*� DW� PRVW� JULGSRLQWV�� ,Q� WKH� FDVH� RI� &58�� WKLV� LV� EHFDXVH�PRVW� RI� WKH

SUHFLSLWDWLRQ� QRUPDOV� DUH� GHULYHG� IURP� WLPH� VHULHV� WKDW� KDYH� EHHQ� DGMXVWHG� IRU� JDXJH� XQGHUFDWFK

�*URLVPDQ�HW�DO����������ZKHUHDV�WKH�/(*�YHUVLRQ�XVHG�IRU�WKLV�FRPSDULVRQ�LV�QRW�DGMXVWHG�IRU�JDXJH

ELDVHV��2WKHU�DUHDV�ZKHUH�&58�VKRZV�VLJQLILFDQW�GLIIHUHQFHV�IURP�/(*�DUH�RYHU�QRUWKHUQ�&DQDGD�DQG

$ODVND��ZKHUH�&58�LV�GULHU��ERWK�&58�DQG�/(*�DUH�VLJQLILFDQWO\�GLIIHUHQW�WR�&5$�LQ�WKLV�UHJLRQ��ZLWK

VLPLODU�VLJQ�RYHU�$ODVND��EXW�RSSRVLWH�VLJQ�LQ�WKH�$UFWLF�

&58�LV�ZHWWHU� WKDQ�ERWK�/(*�DQG�&5$�RYHU�PRVW�RI� WKH�*UHHQODQG� LQWHULRU� WKURXJK�DOO�VHDVRQV�

EXW�SDUWLFXODUO\�LQ�VXPPHU��7KLV�GLVDJUHHPHQW�LV�XQGHUVWDQGDEOH�JLYHQ�WKH�DEVHQFH�RI�VWDWLRQ�GDWD�DZD\

IURP� WKH� FRDVW�� :H� WKHUHIRUH� FRPSDUHG� RXU� HVWLPDWH� RI� DQQXDO� SUHFLSLWDWLRQ� RYHU� WKH� UHJLRQ� �QRW

VKRZQ�� WR�PDSV� IURP� VHYHUDO� VRXUFHV� UHSURGXFHG� E\�&KHQ� HW� DO�� �������� 7KH� YDULRXV� FOLPDWRORJLHV

DJUHH�ZHOO�DORQJ�WKH�FRDVW�ZKHUH�VWDWLRQ�FRQWURO�LV�UHDVRQDEOH��2YHU�WKH�QRUWKHUQ�LQWHULRU��KRZHYHU��WKH

&58�DQQXDO�SUHFLSLWDWLRQ�LV�EHWZHHQ������PP��PDUNHGO\�KLJKHU�WKDQ�WKH������PP�UHSRUWHG�LQ�&KHQ

HW�DO���������

��� :(7�'$<�)5(48(1&<

7KH�RQO\�RWKHU�JOREDO�PHDQ�PRQWKO\�FOLPDWRORJ\�RI�ZHW�GD\�IUHTXHQF\�RI�ZKLFK�ZH�DUH�DZDUH�LV

WKDW� RI� /HHPDQV� DQG� &UDPHU� �9HUVLRQ� ����� :�� &UDPHU�� SHUVRQDO� FRPPXQLFDWLRQ�� ������ DQG� ZH

FRPSDUH� WKLV� WR� WKH�&58�ZHW� GD\� IUHTXHQF\� FOLPDWRORJ\��=RQDO� PHDQ�ZHW� GD\� IUHTXHQFLHV� DJUHH� WR

ZLWKLQ�WKUHH�GD\V��H[FHSW�DW�KLJK�ODWLWXGHV�DQG�GXULQJ�WKH�ZHW�VHDVRQ��DXVWUDO�VXPPHU��LQ�WKH�6RXWKHUQ

+HPLVSKHUH�WURSLFV��)LJXUH�����
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7KH� ODUJH� ]RQDO� PHDQ� GLIIHUHQFHV� EHWZHHQ� �� R6� DQG� ��R6� DUH� GXH� WR� &5$� H[FHHGLQJ� &58� E\

EHWZHHQ���DQG����GD\V�RYHU�6RXWK�$PHULFD��6WDWLRQ�FRYHUDJH�LQ�&58�LV�SDUWLFXODUO\�SRRU�LQ�WKLV�DUHD

�)LJXUH� ��� DQG�� DOWKRXJK� QR� LQIRUPDWLRQ�ZDV� DYDLODEOH� RQ�&5$©V� VWDWLRQ� QHWZRUN�� LW� LV� OLNHO\� WR� EH

VLPLODUO\�VSDUVH��7KLV��FRPELQHG�ZLWK�WKH�IDFW�WKDW�SUHFLSLWDWLRQ�LQ�����������ZDV�XS�WR�����OHVV�WKDQ

LQ������������SUREDEO\�H[SODLQV�PXFK�RI�WKH�GLIIHUHQFH�

'LIIHUHQFHV� LQ� WKH� VRXWKHUQ� WURSLFV� DULVH�PDLQO\� EHFDXVH�&58�ZHW� GD\� IUHTXHQF\� LV� JUHDWHU� WKDQ

&5$�RYHU�6RXWK�$PHULFD�DQG�,QGRQHVLD��$JDLQ��ERWK�WKHVH�UHJLRQV�KDYH�VSDUVH�REVHUYDWLRQDO� QHWZRUNV

ZKLFK�PD\�DFFRXQW� IRU� VRPH�RI� WKH�GLIIHUHQFHV��$� VHFRQG� IDFWRU� FRXOG�EH� WKH� IDFW� WKDW�PDQ\�RI� WKH

&5$�ZHW�GD\�IUHTXHQFLHV�PD\�EH�IRU�D�KLJKHU�WKUHVKROG�WKDQ�WKH�&58�QRUPDOV��:��&UDPHU��SHUVRQDO

FRPPXQLFDWLRQ���������,W�LV�ZRUWK�QRWLQJ�WKDW�EHFDXVH�&58�SUHFLSLWDWLRQ�LV�ORZHU�WKDQ�&5$�DQG�&58

ZHW�GD\�IUHTXHQF\�LV�KLJKHU�RYHU�PXFK�RI�WURSLFDO�6RXWK�$PHULFD��UDLQIDOO�LQWHQVLWLHV�GHULYHG�IURP�WKH

&58�SUHFLSLWDWLRQ�DQG�ZHW�GD\�IUHTXHQF\�JULGV�ZLOO�EH�PXFK�OHVV�LQWHQVH�WKDQ�WKRVH�IURP�&5$�LQ�WKLV

UHJLRQ�

7KH�ODUJH�GLIIHUHQFHV�LQ�WKH�$UFWLF��ZKHUH�ZHW�GD\V�LQ�&58�DUH�OHVV�IUHTXHQW�WKDQ�LQ�&5$��RFFXU�LQ

DOO� VHDVRQV� H[FHSW� LQ� VXPPHU�� ZKHUH� WKH� WZR� FOLPDWRORJLHV� DJUHH� FORVHO\�� 3RVVLEOH� UHDVRQV� IRU� WKLV

LQFOXGH�WKH�VSDUVH�REVHUYLQJ�QHWZRUN�RU�FKDQJHV�LQ�UHSRUWLQJ�SURFHGXUHV�DQG�RU�JDXJH�FDWFK�HIILFLHQF\

EHWZHHQ� ���������� DQG� ����������� 7KH� ODWWHU� H[SODQDWLRQ� VHHPV� OLNHO\� EHFDXVH� WKH� GLIIHUHQFHV� DUH

ODUJHVW� DQG� H[WHQG� IXUWKHU� VRXWK� LQ� ZLQWHU�� DQG� DUH� QHJOLJLEOH� LQ� VXPPHU�� VXJJHVWLQJ� WKDW� WKH\� DUH

UHODWHG� WR� VQRZIDOO� LQ� VRPH� ZD\�� 3UHFLVH� UHDVRQV� DUH� GLIILFXOW� WR� GHWHUPLQH� EHFDXVH� RI� WKH� ODFN� RI

GRFXPHQWDWLRQ� WKDW� DFFRPSDQLHG� WKH� &5$� GDWDVHW�� ZH� GR� QRW� NQRZ� WKH� WKUHVKROG� RU� ZKHWKHU

SUHFLSLWDWLRQ�LV�OLTXLG�RU�VROLG�SOXV�OLTXLG��,Q�WKH�FDVH�RI�&58�VWDWLRQ�GDWD��&DQDGLDQ�ZHW�GD\�IUHTXHQF\

QRUPDOV� VXSSOLHG�ZHUH� H[SOLFLWO\� GHVFULEHG� DV� GD\V�ZLWK� SUHFLSLWDWLRQ� �VROLG� DQG� OLTXLG�� JUHDWHU� WKDQ

���PP��1RUPDOV�IURP�5XVVLD�XVHG�E\�&58�ZHUH�GHULYHG�GLUHFWO\�IURP�VL[�WKUHH�KRXUO\�REVHUYDWLRQV�RI

SUHFLSLWDWLRQ�DQG�VR�DOVR�UHSUHVHQW�GD\V�ZLWK�VROLG�DQG�OLTXLG�SUHFLSLWDWLRQ�JUHDWHU�WKDQ����PP�

��� 0($1�7(03(5$785(

$V�ZLWK� SUHFLSLWDWLRQ�� ZH� FRPSDUHG� WKH� &58�PHDQ� WHPSHUDWXUH� FOLPDWRORJ\� WR� /(*� DQG� &5$�

&58� DQG� &5$� ERWK� PDNH� XVH� RI� WKLQ� SODWH� VSOLQHV� IRU� LQWHUSRODWLRQ�� LQ� ZKLFK� HOHYDWLRQ� LV� DQ

LQGHSHQGHQW�SUHGLFWRU�YDULDEOH��7KXV�� ODSVH� UDWHV�DUH�GHULYHG�GXULQJ� WKH� LQWHUSRODWLRQ�DQG� WKHVH� UDWHV
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YDU\�LQ�VSDFH��&RQYHUVHO\��/(*�GR�QRW�LQFRUSRUDWH�HOHYDWLRQ�HIIHFWV�LQ�WKHLU�LQYHUVH�GLVWDQFH�ZHLJKWLQJ

LQWHUSRODWLRQ�

=RQDO�VWDWLVWLFV�IRU�-DQXDU\��$SULO��-XO\�DQG�2FWREHU�DUH�GLVSOD\HG�LQ� )LJXUH�����ZKHUH� WKH�VWURQJ

ODWLWXGLQDO�FRQWURO�RI�]RQDO�PHDQ� WHPSHUDWXUH�SDWWHUQV� LV�HYLGHQW��0HDQ�DEVROXWH�GLIIHUHQFHV�EHWZHHQ

&58�DQG�&5$�DUH� FRQVLVWHQWO\� OHVV� WKDQ� WKRVH� EHWZHHQ�/(*�DQG� HLWKHU�&58�RU�&5$��E\�EHWZHHQ

���R&�DQG��R&��7KH�FORVHU�DJUHHPHQW�EHWZHHQ�&58�DQG�&5$�LV�PRVW�OLNHO\�D�FRQVHTXHQFH�RI�WKH�XVH

RI�WKH�VDPH�LQWHUSRODWLRQ�PHWKRG�SURGXFLQJ�VLPLODU�HOHYDWLRQ�GHSHQGHQW�JUDGLHQWV��7KLV�LV�PRVW�HYLGHQW

DW� ��R1���R1��ZKHUH�/(*� LV�PXFK�ZDUPHU� WKDQ�&58�DQG�&5$�RYHU� WKH�7LEHWDQ� SODWHDX�� E\� XS� WR

��R&��6LPLODUO\�&58�DQG�&5$�DUH�FROGHU�WKDQ�/(*�LQ�RWKHU�DUHDV�ZLWK�KLJK�HOHYDWLRQ��WKH�$PHULFDQ

FRUGLOOHUD��1HZ�=HDODQG�DQG�WKH�(XURSHDQ�$OSV�

([DPLQDWLRQ� RI� WKH� VSDWLDO� SDWWHUQV� LQ� GLIIHUHQFH� ILHOGV� �)LJXUH� ���� VKRZV� WKDW�&58� LV� JHQHUDOO\

VOLJKWO\� ZDUPHU� WKDQ� &5$� DQG�� WR� D� OHVVHU� H[WHQW�� /(*� E\� DERXW� � R&� RYHU� PRVW� RI� WKH� 6RXWKHUQ

+HPLVSKHUH�DQG�$VLD��ZKLOH�SDWWHUQV�HOVHZKHUH�DUH�PRUH�YDULDEOH��2YHU�WKH�*UHHQODQG�LQWHULRU��&58�LV

ZDUPHU�WKDQ�&5$�LQ�ZLQWHU��E\�XS�WR���R&��EXW�FROGHU�LQ�VXPPHU�E\�D�VLPLODU�DPRXQW��7KH�DEVHQFH�RI

ORQJ�WHUP�PHDVXULQJ� VWDWLRQV� KHUH� LV� FOHDUO\� D�PDMRU� FDXVH� RI� GLVFUHSDQF\��&58�DQG�&5$� DUH� ERWK

FROGHU�WKDQ�/(*�RYHU�WKH�*UHHQODQG�LQWHULRU��H[FHSW�IRU�D�VPDOO�DUHD�WRZDUGV�WKH�VRXWK��7KHUH��/(*�LV

FROGHU��VXJJHVWLQJ� WKH�SUHVHQFH�RI�D�VWDWLRQ� WKDW�ZDV�XVHG� LQ� WKH�/(*�LQWHUSRODWLRQ��EXW�QRW� LQ�HLWKHU

&58�RU�&5$�

&58�LV�GLVWLQFW�IURP�ERWK�/(*�DQG�&5$�DORQJ�WKH�$UFWLF�FRDVWV�RI�5XVVLD�DQG�1RUWK�$PHULFD��,Q

5XVVLD��&58�LV�FROGHU�LQ�ZLQWHU�DQG�ZDUPHU�LQ�VXPPHU��ZKLOH�WKH�UHYHUVH�RFFXUV�RYHU�1RUWK�$PHULFD�

DOEHLW�OHVV�GLVWLQFWO\��7KLV�LV�PRVW�OLNHO\�GXH�WR�GLIIHUHQFHV�LQ�WKH�ZD\�PHDQ�WHPSHUDWXUH�ZDV�FDOFXODWHG

LQ� HDFK� FOLPDWRORJ\�� )RU� H[DPSOH�� LQ� FROGHU� UHJLPHV� PHDQ� WHPSHUDWXUHV� GHILQHG� DV� WKH� DYHUDJH� RI

PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH��DV�LQ�&58��ZLOO�EH�VHYHUDO�GHJUHHV�OHVV�WKDQ�WKH�PHDQ�FDOFXODWHG

IURP���KRXUO\�RU���KRXUO\�PHDVXUHPHQWV��DV�LV�SRVVLEO\�WKH�FDVH�LQ�/(*�DQG�&5$�RYHU�5XVVLD��7KHVH

GLIIHUHQFHV�KDYH�OLNHO\�EHHQ�H[DJJHUDWHG�DORQJ�WKH�$UFWLF�FRDVW�RI�5XVVLD�ZKHUH�WKHUH�ZHUH�QR�VWDWLRQV

DQG� JUDGLHQWV� LQWHUSRODWHG� IURP� VWDWLRQV� IXUWKHU� WR� WKH� VRXWK� PD\� ZHOO� EH� GLIIHUHQW� LQ� WKH� WKUHH

FOLPDWRORJLHV�
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��� ',851$/�7(03(5$785(�5$1*(

7KH�RQO\�RWKHU�JOREDO�PHDQ�PRQWKO\�FOLPDWRORJ\�RI�GLXUQDO� WHPSHUDWXUH� UDQJH� �RU�PD[LPXP�DQG

PLQLPXP�WHPSHUDWXUH��IURP�ZKLFK�GLXUQDO�WHPSHUDWXUH�UDQJH�FDQ�EH�GHULYHG��ZH�DUH�DZDUH�RI�LV�WKDW�RI

&5$��YHUVLRQ������:��&UDPHU��SHUVRQDO�FRPPXQLFDWLRQ���������7KH�&5$�FOLPDWRORJ\�UHSUHVHQWV� WKH

SHULRG�����������DQG�ZDV�GHULYHG� LQ�D�GLIIHUHQW�ZD\� WR�&58��PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH

ZHUH�LQWHUSRODWHG�VHSDUDWHO\��XVLQJ�WKLQ�SODWH�VSOLQHV��DQG�VXEVHTXHQWO\�GLIIHUHQFHG�WR�GHULYH�D�GLXUQDO

WHPSHUDWXUH� UDQJH� FOLPDWRORJ\�� 'LIIHUHQFHV� EHWZHHQ� &58� DQG� &5$�� IRU� -DQXDU\�� $SULO�� -XO\� DQG

2FWREHU��DUH�GLVSOD\HG�LQ�)LJXUH����

2YHU� DERXW�����RI� WKH� JOREH��&58�DQG�&5$�DJUHH� WR�ZLWKLQ� � R&��ZKLFK� LV� VLPLODU� WR� WKH�57*&9

UHSRUWHG�GXULQJ�LQWHUSRODWLRQ�RI�WKH�&58�GDWD�RYHU�PRVW�WLOHV�� )LJXUH������2YHU�PXFK�RI�FHQWUDO�$VLD�

&58�DQG�&5$�GLIIHU�LQ�D�VSRUDGLF�PDQQHU��EXW�WKHUH�LV�DQ�RYHUDOO�SDWWHUQ�RI�&58�GLXUQDO�WHPSHUDWXUH

UDQJH� EHLQJ� ORZHU� WKDQ� &5$��2YHU� FHQWUDO� *UHHQODQG�� KRZHYHU�� &58� GLXUQDO� WHPSHUDWXUH� UDQJH� LV

JUHDWHU�WKDQ�&5$��H[FHSW�LQ�-XO\��(OVHZKHUH��&58�LV�FRQVLVWHQWO\�GLIIHUHQW�WR�&5$�LQ�VHYHUDO�GRPDLQV�

x� &58�GLXUQDO� WHPSHUDWXUH� UDQJH� LV� JUHDWHU� WKDQ�&5$�RYHU�0H[LFR� DQG� WKH� VRXWK�ZHVW�86$�� 6UL

/DQND��1HZ�*XLQHD�,ULDQ�-D\D��1HZ�=HDODQG�DQG�WKH�7LEHWDQ�SODWHDX��E\�VHYHUDO� R&�LQ�DOO�VHDVRQV�

DQG�RYHU�$UFWLF�5XVVLD�LQ�VSULQJ�DQG�VXPPHU�

x� &58�GLXUQDO� WHPSHUDWXUH�UDQJH� LV� OHVV� WKDQ�&5$�E\�PRUH� WKDQ�� R&�RYHU� WKH�$PD]RQ�%DVLQ�DQG

$UDELD� WKURXJKRXW� WKH� \HDU�� DQG� RYHU� SDUWV� RI� &DQDGD� DQG� $ODVND� LQ� WKH� 1RUWKHUQ� +HPLVSKHUH

VXPPHU�

6RPH�RI�WKH�GLIIHUHQFHV�GHVFULEHG�DERYH�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH\�RFFXU�LQ�DUHDV�ZLWK

VSDUVH� REVHUYLQJ� QHWZRUNV��ZKHUH� JUDGLHQWV� DULVLQJ� IURP� WKH� WZR� LQWHUSRODWLRQ� DSSURDFKHV� DUH�PRVW

OLNHO\�WR�GLVDJUHH��([DPSOHV�KHUH�LQFOXGH�*UHHQODQG��$PD]RQLD��WKH�7LEHWDQ�SODWHDX�DQG�1HZ�*XLQHD�

2I�PRUH� FRQFHUQ� DUH� WKH� ODUJH�GLIIHUHQFHV�RYHU�0H[LFR� DQG� WKH� VRXWK�ZHVW�86$�DQG�1HZ�=HDODQG�

ZKHUH�WKH�&58�GDWDVHW�KDV�D�GHQVH�VWDWLRQ�QHWZRUN�DQG�WKH�GLIIHUHQFHV�DUH�XS�WR�� R&��7KH�GLIIHUHQFHV

LQ�WKH�86$�DUH�QRW�GXH�WR�FKDQJHV�LQ�PHDQ�GLXUQDO�WHPSHUDWXUH�UDQJH�EHWZHHQ�WKH�WZR�QRUPDO�SHULRGV�

DV�.DUO� HW� DO�� ������� WKHLU� )LJXUHV� �� DQG� ��� VKRZ� WKDW� GLXUQDO� WHPSHUDWXUH� UDQJH� LQ� ����������ZDV

DERXW� �R&� ORZHU� WKDQ� LQ� ����������� 6LPLODUO\�� (DVWHUOLQJ� HW� DO�� ������� VKRZ� D� GHFUHDVLQJ� WUHQG� LQ

GLXUQDO�WHPSHUDWXUH�UDQJH�RI����R&�SHU�KXQGUHG�\HDUV��EDVHG�RQ�����������GDWD��RYHU�1HZ�=HDODQG�

0RUHRYHU��WKH�FRQWUDVWV�DUH�QRW�GXH�WR�WKH�GLIIHUHQW�LQWHUSRODWLRQ�PHWKRGRORJLHV��DV�ZH�UH�LQWHUSRODWHG
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WKH�&58�GDWD�WR�SURGXFH�PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH�ILHOGV��7KHVH�ZHUH�WKHQ�GLIIHUHQFHG�WR

GHULYH� D� QHZ� GLXUQDO� WHPSHUDWXUH� UDQJH� ILHOG� �L�H��� VDPH� DSSURDFK� DV�&5$��ZKLFK� H[KLELWHG� VLPLODU

GLIIHUHQFHV�WR�&5$��&ORVHU�H[DPLQDWLRQ�RI�WKH�SDWWHUQV�RI�GLIIHUHQFHV�LQGLFDWH�WKDW�WKH\�DUH�JUHDWHVW�LQ�

WKRXJK�E\�QR�PHDQV�UHVWULFWHG�WR��PRXQWDLQRXV�UHJLRQV��L�H��WKH�5RFN\�0RXQWDLQV��WKH�6LHUUD�1HYDGD�

WKH�6LHUUD�0DGUH�DQG�%DMD�&DOLIRUQLD���$�OLNHO\�H[SODQDWLRQ�IRU�WKH�GLIIHUHQFHV�LV�WKDW�WKH�&5$�VWDWLRQ

QHWZRUN� LQDGHTXDWHO\� FDSWXUHV� WRSRJUDSKLF� FRQWUROV� RI� GLXUQDO� WHPSHUDWXUH� UDQJH� �RU�PD[LPXP� DQG

PLQLPXP�WHPSHUDWXUH��LQ�WKHVH�UHJLRQV��+RZHYHU��DW� WKH�WLPH�RI�ZULWLQJ�QR�LQIRUPDWLRQ�RQ�WKH�&5$

QHWZRUN�ZDV�DYDLODEOH�IURP�WKH�DXWKRUV��VR�WKLV�FRXOG�QRW�EH�DGGUHVVHG�IXUWKHU�

��� &/28'

:H� FRPSDUHG� WKH� &58� FORXG� FRYHU� FOLPDWRORJ\� ZLWK� WZR� RWKHU� IUHTXHQWO\� FLWHG� PHDQ� PRQWKO\

FOLPDWRORJLHV�

x� WKH� ���������� ,6&&3� �,QWHUQDWLRQDO� 6DWHOOLWH� &ORXG� &OLPDWRORJ\� 3URMHFW�� 5RVVRZ� DQG� 6FKLIIHU�

������,6&&3��������&��PHDQ�PRQWKO\�FORXG�IUDFWLRQ�FOLPDWRORJ\�

x� WKH�����������ODQG�RQO\�FORXG�FOLPDWRORJ\�RI�+DKQ� HW�DO���������KHQFHIRUWK�+DKQ�

%RWK� WKHVH� GDWDVHWV� KDYH� D� UHVROXWLRQ� RI� ��� R� ODWLWXGH�ORQJLWXGH�� 7KHUHIRUH�� WKH� &58� FORXG

FOLPDWRORJ\�ZDV�GHJUDGHG�WR� WKH�VDPH�UHVROXWLRQ�E\�WDNLQJ�WKH�DYHUDJH�RI�DOO���� R�JULG�SRLQWV� IDOOLQJ

ZLWKLQ�WKH�ODUJHU����R�FHOOV��,I�IHZHU�WKDQ�ILYH����R�YDOXHV�ZHUH�SUHVHQW�� WKHQ�D����R�FHOO�ZDV�DVVLJQHG

PLVVLQJ�YDOXH��L�H���FRQVLGHUHG�WR�EH�RFHDQ��

7KH�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�FOLPDWRORJLHV�DUH�VXPPDULVHG�LQ� )LJXUH�����ZKLFK�VKRZV�]RQDO

PHDQ�FORXG�IUDFWLRQV��PHDQ�DEVROXWH�HUURUV� �0$(��DQG�PHDQ�ELDVHV�EHWZHHQ� WKH� WKUHH�FOLPDWRORJLHV

IRU� -DQXDU\��$SULO�� -XO\�DQG�2FWREHU�� ,Q�JHQHUDO��&58�]RQDO�PHDQV� WHQG� WR� IDOO�EHWZHHQ� ,6&&3�DQG

+DKQ�� EXW� DJUHH� PRUH� ZLWK� +DKQ�� SDUWLFXODUO\� LQ� QRUWKHUQ� PLG�ODWLWXGHV� ZKHUH� WKH� JURXQG�EDVHG

REVHUYLQJ�QHWZRUN�LV�PRVW�H[WHQVLYH��0$(V�DUH�SUHGRPLQDQWO\�LQ�WKH�UDQJH������ ��VLPLODU�WR�UHVXOWV

UHSRUWHG� HOVHZKHUH� �5RVVRZ� HW� DO��� ������0RNKRY� DQG� 6FKOHVLQJHU�� ������� 7KH� XQGHUHVWLPDWLRQ� RI

,6&&3�FORXG�DPRXQW�LQ� SRODU�UHJLRQV�KDV�DOVR�EHHQ�ZHOO�GRFXPHQWHG��5RVVRZ� HW�DO���������0RNKRY

DQG�6FKOHVLQJHU��������

&58�GLIIHUV� IURP�+DKQ�PRVW� QRWLFHDEO\� EHWZHHQ� �����R1� LQ�2FWREHU� DQG� -DQXDU\��ZKHUH�+DKQ

H[FHHGV�ERWK�&58�DQG�,6&&3�E\�XS� WR������([DPLQDWLRQ�RI� WKH�JHRJUDSKLFDO�GLVWULEXWLRQ�RI�FORXG
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DPRXQWV��QRW�VKRZQ���UHYHDOHG�WKDW�WKH�GLIIHUHQFHV�DULVH�EHFDXVH�+DKQ�FORXG�DPRXQWV�DUH�ODUJHU�WKDQ

&58�DQG� ,6&&3�RYHU� WKH� ,QGLDQ�6(�$VLDQ�PRQVRRQ� UHJLRQ� �E\� XS� WR� ������ DQG� RYHU�PXFK� RI� WKH

6DKHO��6RPH�RI�WKH�GLIIHUHQFHV�RYHU�WKH�6DKHO�PD\�EH�H[SODLQHG�E\�WKH�SHULRG�RI�H[WHQGHG�GURXJKW�WKDW

RFFXUUHG�LQ� WKH�����V�DQG�����V�� UHODWLYH� WR�HDUOLHU�GHFDGHV��+XOPH������E��+XOPH�DQG�1HZ�������

WKDW� ZRXOG� UHGXFH� FORXG� FRYHU� LQ� +DKQ� PRUH� WKDQ� &58� �ZKLFK� VDPSOHV� ���������� DQG�� DW� VRPH

VWDWLRQV��������������$�VHFRQG�SRVVLEOH�FDXVH�RI�WKH�GLIIHUHQFHV�RYHU�WKH�6DKHO�FRXOG�EH�WKDW�PRVW�RI

WKH� &58� VWDWLRQ� GDWD� RYHU� WKLV� UHJLRQ� DUH� GHULYHG� IURP� VXQVKLQH�� ZKLFK� LQWURGXFHV� FRQVLGHUDEOH

XQFHUWDLQW\�WR�WKH�VWDWLRQ�YDOXHV��VHH�6HFWLRQ� ���DQG�)LJXUH�����&58�DQG�,6&&3�DJUHH�TXLWH�ZHOO�RYHU

WKH�6DKHO��KRZHYHU��ZKLFK�VXJJHVWV�WKDW�WKH�&58�GDWD� DUH�QRW�LQRUGLQDWHO\�ELDVHG��2YHU�WKH�,QGLDQ�6(

$VLDQ�PRQVRRQ�UHJLRQ�� ,6&&3�DQG�&58�DJUHH�ZHOO�� DOWKRXJK�&58�WHQGV� WR�EH�������PRUH�FORXG\

WKDQ�,6&&3��2YHU�,QGLD��&58�FORXG�FRYHU�QRUPDOV�DUH�RQFH�DJDLQ�GHULYHG�IURP�VXQVKLQH��ZKLFK�PD\

KHOS� H[SODLQ� GLIIHUHQFHV� EHWZHHQ� &58� DQG� ,6&&3�� EXW� LV� XQOLNHO\� WR� H[SODLQ� WKH� ���� GLIIHUHQFHV

EHWZHHQ�&58�DQG�+DKQ�

��� 6816+,1(

:H�FRPSDUHG� WKH�&58�DQG�&5$�VXQVKLQH�FOLPDWRORJLHV��$OWKRXJK�&58�DQG�&5$�XVH�D�VLPLODU

QXPEHU� RI� VWDWLRQV�� WKHUH� LV� QR� LQIRUPDWLRQ� RQ� WKH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� &5$� VWDWLRQV�� RU� WKH

QXPEHU�WKDW�ZHUH�GHULYHG�IURP�FORXG�FRYHU�

'LIIHUHQFHV�EHWZHHQ�&58�DQG�&5$�DUH�VXPPDULVHG�IRU�WKH�IRXU�PLG�VHDVRQ�PRQWKV�LQ� )LJXUH����

7KH�WZR�FOLPDWRORJLHV�DJUHH�ZHOO�LQ�PLG�DQG�ORZ�ODWLWXGHV��EXW�GLYHUJH�DW�KLJK�ODWLWXGHV��SDUWLFXODUO\�LQ

WKH�1RUWKHUQ�+HPLVSKHUH��ZKHUH�VWDWLRQV�DUH�VSDUVHO\�GLVWULEXWHG��([DPLQDWLRQ�RI� WKH�VSDWLDO�SDWWHUQV

RI� WKHVH�GLIIHUHQFHV� �QRW�VKRZQ�� UHYHDO� WKDW� WKH�GLIIHUHQFHV�DW� VRXWKHUQ�KLJK� ODWLWXGHV�DULVH�SULPDULO\

EHFDXVH�&58�VXQVKLQH�LV�KLJKHU�RYHU� WKH�3DFLILF�FRDVWV�DQG�DGMDFHQW� LQWHULRUV�RI�6RXWK�$PHULFD�DQG

$XVWUDOLD��7KLV�PD\�GXH�WR�WKH�VSDUVH�REVHUYLQJ�QHWZRUN��RQO\�D�IHZ�VWDWLRQV�LQ� WKH�&58�GDWDVHW��RU

GLIIHUHQFHV�DULVLQJ�IURP�WKH�HVWLPDWLRQ�RI�VXQVKLQH�IURP�FORXG�GDWD�DW�KLJK�ODWLWXGHV��,W� LV�GLIILFXOW� WR

DVVHVV� WKH� UHODWLYH� PHULWV� RI� WKHVH� DUJXPHQWV� EHFDXVH� ZH� KDYH� QR� LQIRUPDWLRQ� RQ� WKH� &5$� VWDWLRQ

QHWZRUN�

$W� QRUWKHUQ� KLJK� ODWLWXGHV� WKH� GLIIHUHQFHV� RFFXU� EHFDXVH� &58� H[FHHGV� &5$� RYHU� 5XVVLD� DQG

*UHHQODQG�LQ�VSULQJ��VXPPHU�DQG�DXWXPQ��DQG�YLFH�YHUVD�LQ�ZLQWHU��,Q�ZLQWHU��&58�VKRZV�WKH�H[SHFWHG

VWURQJ�ODWLWXGLQDO�FRQWURO�RQ�VXQVKLQH��GXH�WR�]HUR�KRXUV�DW�YHU\�KLJK�ODWLWXGHV��DQG�WKH�HIIHFW�RI� ORZ
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VXQ�DQJOHV�RQ� WKH�DPRXQW�RI�EULJKW� VXQVKLQH� UHFRUGHG��ZKLFK�&5$�GRHV�QRW�� �/HHPDQV�DQG�&UDPHU

�������DFNQRZOHGJH�WKDW�WKH������YHUVLRQ�RI�&5$�LV�OLPLWHG�E\�SRRU�VWDWLRQ�FRYHUDJH�DW�KLJK�ODWLWXGHV�

DQG�LW�LV�OLNHO\�WKDW�WKH�ODWHVW�YHUVLRQ�VXIIHUV�IURP�VLPLODU�VKRUWFRPLQJV��7KH�RSSRVLWH�WUHQG�RYHU�5XVVLD

LQ�VXPPHU�LV�GLIILFXOW�WR�H[SODLQ��,W�LV�SRVVLEOH�WKDW�&5$�XVH�FORXG�FRYHU�PHDVXUHPHQWV��FRQYHUWHG�WR

VXQVKLQH�� DQG� WKDW� WKHLU� FRQYHUVLRQ� WR� VXQVKLQH� KDV� UHVXOWHG� LQ� V\VWHPDWLF� ELDVHV� DW� KLJK� ODWLWXGHV� LQ

VXPPHU��:LWKRXW�IXUWKHU�GRFXPHQWDWLRQ�RI�&5$�WKH�FDXVHV�RI�WKHVH�GLIIHUHQFHV�FDQQRW�EH�UHVROYHG�

��� &RQFOXVLRQV

:H� KDYH� FRQVWUXFWHG� D� QHZ� KLJK� UHVROXWLRQ� ����R[���R�� JOREDO� PHDQ� PRQWKO\� FOLPDWRORJ\� IURP

VXUIDFH� REVHUYDWLRQV�� 7KH� GDWDVHW� GHVFULEHV� WKH� VSDWLDO� FKDUDFWHULVWLFV� RYHU� ODQG� DUHDV� �H[FOXGLQJ

$QWDUFWLFD�� RI� D� VXLWH� RI� QLQH� YDULDEOHV�� SUHFLSLWDWLRQ��ZHW�GD\� IUHTXHQF\��PHDQ� WHPSHUDWXUH�� GLXUQDO

WHPSHUDWXUH�UDQJH��YDSRXU�SUHVVXUH��VXQVKLQH��FORXG�FRYHU��JURXQG�IURVW�IUHTXHQF\�DQG�ZLQGVSHHG��7KH

FOLPDWH�JULGV�DUH�GHULYHG�IURP�DV�H[WHQVLYH�D�GDWDEDVH�RI�WLPH�GHSHQGHQW�QRUPDOV�WKDW�H[LVWV�DQ\ZKHUH�

7KH�DFFXUDF\�RI� WKH�PRQWKO\�JULGV�YDULHV�ERWK� UHJLRQDOO\�DQG�EHWZHHQ�YDULDEOH�� ,Q�JHQHUDO�� FURVV

YDOLGDWLRQ� UHVXOWV� LQGLFDWH� WKDW�PHDQ� WHPSHUDWXUH��GLXUQDO� WHPSHUDWXUH� UDQJH��YDSRXU�SUHVVXUH�DUH� WKH

YDULDEOHV�PRVW� UHOLDEO\� LQWHUSRODWHG� IURP� WKH�DYDLODEOH� VWDWLRQ�GDWD�� IROORZHG�� LQ�GHFUHDVLQJ�RUGHU�E\

VXQVKLQH��FORXG�FRYHU��JURXQG�IURVW�IUHTXHQF\��ZHW�GD\�IUHTXHQF\��SUHFLSLWDWLRQ�DQG�ZLQGVSHHG��)RU�DOO

YDULDEOHV��WKH�VXUIDFHV�DUH�OHDVW�UHOLDEOH�LQ�DUHDV�ZLWK�SRRU�GDWD�FRYHUDJH�DQG�RU�FRPSOH[�WRSRJUDSK\�

7KLV� LV�SDUWLFXODUO\� VR� IRU� WKH�*UHHQODQG� ,FH�6KHHW��ZKHUH�RQO\�RQH�RU� WZR� VKRUW� WHUP�QRUPDOV�ZHUH

DYDLODEOH�� 2WKHU� UHJLRQV� ZLWK� ODUJH� FURVV� YDOLGDWLRQ� HUURUV� LQFOXGH� WKH� $PHULFDQ� FRUGLOOHUD�� WKH

+LPDOD\D�7LEHWDQ�UHJLRQ�DQG�6RXWKHDVW�$VLD�GXULQJ�WKH�PRQVRRQ�VHDVRQ��6RPH�RI�WKH�FURVV�YDOLGDWLRQ

HUURUV� IRU� WKH� VXUIDFHV� FDQ� EH� DVFULEHG� WR� XQFHUWDLQWLHV� LQKHUHQW� LQ� WKH� FRQYHUVLRQ� RI� YDULDEOHV� WR� D

FRPPRQ� EDVH� XQLW� �YDSRXU� SUHVVXUH�� VXQVKLQH�� FORXG� FRYHU�� ZHW�GD\� IUHTXHQF\� DQG� JURXQG� IURVW

IUHTXHQF\���HUURUV� LQ� VWDWLRQ� ORFDWLRQ�RU�GDWD�YDOXHV� WKDW�ZHUH�QRW� LGHQWLILHG�GXULQJ� WKH� LQWHUSRODWLRQ�

+RZHYHU��PRVW�RI�WKH�HUURU�LV�OLNHO\�WR�DULVH�IURP�LQDGHTXDWH�VWDWLRQ�QHWZRUNV�

:H�FRPSDUHG�RXU�FOLPDWH�ILHOGV�WR�VHYHUDO�RWKHU�FRPPRQO\�XVHG�FOLPDWRORJLHV��QDPHO\�/HJDWHV�DQG

:LOOPRWW� �/(*��� /HHPDQV� DQG� &UDPHU� �&5$�� YHUVLRQ� ������ DV� ZHOO� DV� WKH� ,6&&3� DQG� +DKQ� FORXG

FOLPDWRORJLHV��7KH�&58�SUHFLSLWDWLRQ�DQG�PHDQ�WHPSHUDWXUH�ILHOGV�VKRZ�ODUJH�V\VWHPDWLF�GLIIHUHQFHV�WR

/(*�LQ�KLJK�HOHYDWLRQ� UHJLRQV��7KH�PDLQ� UHDVRQ�IRU� WKHVH� LV� WKDW�/(*�GR�QRW� LQFOXGH�HOHYDWLRQ�DV�D

SUHGLFWRU�YDULDEOH�LQ�WKHLU�LQWHUSRODWLRQ�DQG�ZH�VXJJHVW�WKDW�WKH�&58�JULGV�DUH�PRUH�DFFXUDWH�LQ�VXFK
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UHJLRQV�� 7KH� WZR� FOLPDWRORJLHV� DOVR� GLVDJUHH� PDUNHGO\� LQ� KLJK� ODWLWXGHV�� 'HVSLWH� WKLV�� &58

SUHFLSLWDWLRQ�LV�PRUH�VLPLODU�WR�/(*�WKDQ�&5$��ZKLFK�PD\�ZHOO�EH�GXH�WKH�IDFW�WKDW�WKH�&58�DQG�/(*

QRUPDO�SHULRGV�RYHUODS� �����������DQG������������ UHVSHFWLYHO\���ZKLOH�&58�DQG�&5$��QRPLQDOO\�

VDPSOH�HQWLUHO\�GLIIHUHQW�SHULRGV�

7KH�&58�GLXUQDO�WHPSHUDWXUH�UDQJH�ILHOGV�VKRZ�VRPH�V\VWHPDWLF�GLIIHUHQFHV�WR�&5$�WKDW�FDQQRW�EH

DWWULEXWHG�WR�GLIIHUHQFHV�LQ�LQWHUSRODWLRQ�PHWKRGRORJ\��PRVW�QRWDEO\�RYHU�WKH�VRXWK�ZHVW�86$��0H[LFR�

,QGRQHVLD�DQG�1HZ�=HDODQG��ZKHUH�HUURUV�DUH�RI�WKH�RUGHU�RI���� R&��7KHVH�UHJLRQV�H[KLELWHG�WKH�ODUJHVW

FURVV�YDOLGDWLRQ�HUURUV�IRU�WKLV�YDULDEOH�GXULQJ�WKH�LQWHUSRODWLRQ�RI�WKH�&58�VXUIDFHV��7KLV�VXJJHVWV�WKDW

GLIIHUHQW� VWDWLRQ� QHWZRUNV� LQ� WKHVH� UHJLRQV�PD\�ZHOO� EH� WKH� FDXVH� RI� WKH� UHODWLYHO\� ODUJH� GLIIHUHQFHV

EHWZHHQ�&58�DQG�&5$��&RQWUDVWV�EHWZHHQ�&58�DQG�&5$�IRU�VXQVKLQH�DQG�ZHW�GD\�IUHTXHQF\�DUH�RI

VLPLODU� PDJQLWXGH� WR�� EXW� VOLJKWO\� ODUJHU� WKDQ�� WKH� FURVV� YDOLGDWLRQ� HUURUV� UHSRUWHG� GXULQJ� WKH

LQWHUSRODWLRQ�RI� WKH�&58�VXUIDFHV�� VXJJHVWLQJ� WKDW� WKHVH� ILHOGV�DJUHH�ZHOO�JLYHQ� WKH�DYDLODEOH� VWDWLRQ

QHWZRUNV�� /DUJHVW� HUURUV� RFFXU� ZKHUH� WKH� QHWZRUN� LV� VSDUVHVW�� QDPHO\� LQ� WKH� WURSLFV� DQG� DW� KLJK

ODWLWXGHV�

7KH�&58�FORXG�FRYHU�ILHOGV�DJUHH�EHVW�ZLWK�WKH�REVHUYHG�FOLPDWRORJ\�RI�+DKQ��EXW�JHQHUDOO\�IDOOV

EHWZHHQ�,6&&3�DQG�+DKQ��=RQDO�PHDQ�HUURUV�DUH�DURXQG������VLPLODU� WR� WKH�FURVV�YDOLGDWLRQ�HUURUV

IURP�WKH�&58�LQWHUSRODWLRQ�

7KXV� WKH� SLFWXUH� WKDW� HPHUJHV� IURP� FURVV� YDOLGDWLRQ� DQG� LQWHU�FRPSDULVRQ� LV� WKDW� WKHUH� DUH� QRQ�

QHJOLJLEOH�SUHGLFWLRQ�HUURUV�DVVRFLDWHG�ZLWK�WKH�&58�FOLPDWH�ILHOGV�DQG��PRUH�JHQHUDOO\��LQ�DOO�REVHUYHG

FOLPDWRORJLHV�RI�WKLV�W\SH��,Q�VSHFLILF�LQVWDQFHV��WKH�GLIIHUHQFHV�EHWZHHQ�FOLPDWRORJLHV�FDQ�EH�DWWULEXWHG

WR�HLWKHU�FRQWUDVWLQJ� LQWHUSRODWLRQ�PHWKRGRORJLHV�RU� WHPSRUDO�VDPSOLQJ�VWUDWHJLHV��+RZHYHU��PXFK�RI

WKH�GLIIHUHQFH�EHWZHHQ�ILHOGV�LV�GXH�WR�LQWHUSRODWLRQ�IURP�GLIIHUHQW�VWDWLRQ�QHWZRUNV��DQG�LW�LV�SUREDEO\

LPSRVVLEOH�WR�SURYLGH�DQ�DEVROXWH�DQVZHU�DV�WR�ZKLFK�FOLPDWRORJ\��LI�DQ\��LV�VXSHULRU��,W�PD\�ZHOO�EH

WKDW� IRU�VSHFLILF�DSSOLFDWLRQV� LQ�FHUWDLQ� UHJLRQV��RQH�FOLPDWRORJ\� LV�PRUH�DSSURSULDWH� WKDQ�DQRWKHU��$

PRUH� UREXVW�DSSURDFK�ZRXOG�EH� WR�XVH�PRUH� WKDQ�RQH�FOLPDWH� ILHOG� WKDW�GHVFULEHV� WKH� VDPH�YDULDEOH�

XVLQJ�WKH�VSUHDG�RI�UHVXOWV�WR�DUULYH�DW�D�TXDOLWDWLYH�DVVHVVPHQW�RI� WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH

REVHUYHG�FOLPDWH�GDWD��H�J���$UQHOO��������3DQ�HW�DO���������

1RQHWKHOHVV��VHYHUDO�IHDWXUHV�RI�RXU�QHZ�FOLPDWRORJ\�VXJJHVW�WKDW�LW�VKRXOG�EH�ZLGHO\�DSSOLFDEOH�LQ

FOLPDWH�DQG�UHODWHG�DFWLYLWLHV��7KHVH�LQFOXGH�
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x� LW�LV�GHULYHG�IURP�WKH�ODUJHVW�SRVVLEOH�FROOHFWLRQ�RI�VWDWLRQ�QRUPDOV�WKDW�DUH�FRQVWUDLQHG�WR�D�VSHFLILF

WLPH�SHULRG��QDPHO\�����������

x� LW� HQFRPSDVVHV� D� VXLWH� RI� QLQH� VXUIDFH� YDULDEOHV�� VHYHUDO� RI� ZKLFK� KDYH� QRW� SUHYLRXVO\� EHHQ

LQWHUSRODWHG�DW�WKH�JOREDO�VFDOH�

x� ZH�KDYH�XVHG�D�FRQVLVWHQW�LQWHUSRODWLRQ�PHWKRGRORJ\�WKDW�LQFOXGHV�VSHFLILF�WUHDWPHQW�RI�HOHYDWLRQ�DV

D�SUHGLFWRU�YDULDEOH��DQG

x� ZH� SURYLGH� UHJLRQDO� HUURU� HVWLPDWHV� DQG� FRPSDULVRQV� ZLWK� RWKHU� FOLPDWRORJLHV� VR� WKDW� SRWHQWLDO

XVHUV�DUH�DZDUH�RI�WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�LQGLYLGXDO�VXUIDFHV�

7KLV� SDSHU� GHVFULEHV� WKH� ILUVW� VWHS� LQ� DQ� DWWHPSW� WR� FRQVWUXFW� D� KLJK� UHVROXWLRQ� WHUUHVWULDO� FOLPDWH

GDWDVHW� WKDW� GHVFULEHV� PRQWK�E\�PRQWK� VSDFH� WLPH� YDULDELOLW\� RI� VXUIDFH� FOLPDWH� IURP� ����� WR� WKH

SUHVHQW� GD\�� 7KH� QRUPDO� FOLPDWRORJ\� GHVFULEHG� KHUH� SURYLGHV� WKH� EDFNJURXQG� ILHOGV� RQWR� ZKLFK

PRQWKO\�DQRPDO\�ILHOGV�FDQ�EH�VXSHULPSRVHG�WR�DUULYH�DW�PRQWKO\�FOLPDWH�ILHOGV��$�VXEVHTXHQW�SDSHUV

�1HZ�HW�DO���LQ�SUHSDUDWLRQ��ZLOO�GHVFULEH�FRQVWUXFWLRQ�RI�WKH�PRQWKO\�ILHOGV�DQG�SURYLGH�D�DVVHVVPHQW

RI�WKHLU�DFFXUDF\�YLD�FRPSDULVRQ�ZLWK�RWKHU��PRUH�OLPLWHG��JULGGHG�WLPH�VHULHV�

7KH� GDWD� DUH� DYDLODEOH� IURP� WKH� &OLPDWLF� 5HVHDUFK� 8QLW� DQG� HQTXLULHV� VKRXOG� EH� GLUHFWHG� WR� 'U

'DYLG� 9LQHU�� &OLPDWH� ,PSDFWV� /,1.� 3URMHFW�� &OLPDWLF� 5HVHDUFK� 8QLW�� 8QLYHUVLW\� RI� (DVW� $QJOLD�

1RUZLFK�15�� �7-� �G�YLQHU#XHD�DF�XN� RU� KWWS���ZZZ�FUX�XHD�DF�XN�aOLQN��� )XOO� FRORXU� SORWV� RI� HDFK

PRQWKO\�ILHOG�FDQ�EH�DFFHVVHG�YLD�WKH�:RUOG�:LGH�:HE�DW�KWWS���ZZZ�FUX�XHD�DF�XN�

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� XQGHUWDNHQ� ZLWK� IXQGLQJ� IRU� 01� IURP� WKH� 8.� 1DWXUDO

(QYLURQPHQW� 5HVHDUFK� &RXQFLO� �*UDQW� 1R�� *5��������� DQG� 0+� IURP� 8.� 'HSDUWPHQW� RI� WKH

(QYLURQPHQW��7UDQVSRUW�DQG� WKH�5HJLRQV��'(75��&RQWUDFW�(3*����������'DWD�VXSSOLHG�E\�QXPHURXV

1DWLRQDO�0HWHRURORJLFDO�$JHQFLHV�� UHVHDUFK�RUJDQLVDWLRQV�DQG�SULYDWH� LQGLYLGXDOV�PDGH� WKLV� UHVHDUFK

SRVVLEOH� DQG� WKHVH� FRQWULEXWLRQV�� ZKLOH� WRR� QXPHURXV� WR� PHQWLRQ� E\� QDPH�� DUH� JUDWHIXOO\

DFNQRZOHGJHG��7KH�&58�SUHFLSLWDWLRQ��PHDQ�WHPSHUDWXUH�DQG�GLXUQDO�WHPSHUDWXUH�UDQJH�GDWDVHWV�KDYH

EHHQ�FRPSLOHG�RYHU�D�QXPEHU�RI�\HDUV�ZLWK� VXSSRUW� IURP� WKH�8.�'(75�DQG� WKH�86�'HSDUWPHQW�RI

(QHUJ\��0LNH� +XWFKLQVRQ� NLQGO\� VXSSOLHG� WKH� LQWHUSRODWLRQ� VRIWZDUH��:ROIJDQJ� &UDPHU� DQG� 'DYLG

/HJDWHV�JHQHURXVO\�SURYLGHG�WKH�&5$�DQG�/(*�GDWDVHWV�UHVSHFWLYHO\��/RXLVH�%RKQ��'DYLG�/LVWHU��1LFN

%URRNV��&KULV� 7XUQH\��0DUWLQ�$LUH\� DQG� ,DQ�+DUULV� DOO� VSHQW�PDQ\� KRXUV� RQ� GDWD� HQWU\� DQG� TXDOLW\

FRQWURO��7KH�&OLPDWH�,PSDFWV�/,1.�3URMHFW��8.�'(75�&RQWUDFW�(3*���������DW�WKH�&OLPDWLF�5HVHDUFK
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8QLW� SURYLGHG� FRPSXWLQJ� IDFLOLWLHV� IRU� WKLV� UHVHDUFK�� 7KH� FRPPHQWV� RI� WZR� DQRQ\PRXV� UHYLHZHUV

UHVXOWHG�LQ�LPSURYHPHQWV�LQ�WKH�ILQDO�YHUVLRQ�RI�WKH�PDQXVFULSW�

��� 5HIHUHQFHV

$LUH\��0��-���0��+XOPH�DQG�7��&��-RKQV��������(YDOXDWLRQ�RI�VLPXODWLRQV�RI�WHUUHVWULDO�SUHFLSLWDWLRQ�LQ

8.�0HW��2IILFH�+DGOH\�&HQWUH�FOLPDWH�FKDQJH�H[SHULPHQWV��*HRSK\V��5HV��/HWW�����������������

$QGHUVVRQ��7�� DQG� ,��0DWWLVRQ�� ������ $� ILHOG� WHVW� RI� WKHUPRPHWHU� VFUHHQV�� 60+,�50.����� 6ZHGLVK

0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH����SS�

$UQHOO��1��:���������*ULG�PDSSLQJ�RI�ULYHU�GLVFKDUJH��-��+\GURO��������������

%ULJJV�� 3�� 5�� DQG� -�� *�� &RJOH\�� ������ 7RSRJUDSKLF� ELDV� LQ� PHVRVFDOH� SUHFLSLWDWLRQ� QHWZRUNV�� -�

&OLPDWH�������������

&DR�� 0�� DQG� )�� ,�� :RRGZDUG�� ������ 1HW� SULPDU\� DQG� HFRV\VWHP� SURGXFWLRQ� DQG� FDUERQ� VWRFNV� RI

WHUUHVWULDO�HFRV\VWHPV�DQG�WKHLU�UHVSRQVHV�WR�FOLPDWH�FKDQJH��*ORE��&KDQJH�%LRO��������������

&DUWHU�� 7�� 5��� 0�� /�� 3DUU\�� +�� +DUDVDZD� DQG� 6�� 1LVKLRND�� ������ ,3&&� WHFKQLFDO� JXLGHOLQHV� IRU

DVVHVVLQJ� FOLPDWH� FKDQJH� LPSDFWV� DQG� DGDSWDWLRQV�� 8QLYHUVLW\� &ROOHJH�� /RQGRQ� DQG� &HQWUH� IRU

*OREDO�(QYLURQPHQWDO�5HVHDUFK��7VXNDED��/RQGRQ����SS�

&KHQ��4��6���'��+��%URPZLFK�DQG�/��6��%DL��������3UHFLSLWDWLRQ�RYHU�*UHHQODQG�UHWULHYHG�E\�D�G\QDPLF

PHWKRG�DQG�LWV�UHODWLRQ�WR�F\FORQLF�DFWLYLW\��-��&OLPDWH��������������

&KULVWHQVHQ�� -��+���%��0DFKHQKDXHU��5��*�� -RQHV��&��6FKDU�� 3��0��5XWL��0��&DVWUR� DQG�*��9LVFRQWL�

������9DOLGDWLRQ�RI�SUHVHQW�GD\�UHJLRQDO�FOLPDWH�VLPXODWLRQV�RYHU�(XURSH��/$0�VLPXODWLRQV�ZLWK

REVHUYHG�ERXQGDU\�FRQGLWLRQV��&OLPDWH�'\Q���������������

&,$7��FLWHG�������&OLPDWH�GDWD�EDVH��>$YDLODEOH�RQ�OLQH�IURP�KWWS���JLV�FLDW�FJLDU�RUJ�MRVHK�FOLPDWH�

FOLPDWH��KWPO@�

&UDPHU�� :�� DQG� $�� )LVFKHU�� ������ 'DWD� UHTXLUHPHQWV� IRU� JOREDO� WHUUHVWULDO� HFRV\VWHP� PRGHOOLQJ�

*OREDO� &KDQJH� DQG� 7HUUHVWULDO� (FRV\VWHPV�� %�� :DONHU� DQG� :�� 6WHIIHQ�� (G�V���� &DPEULGJH

8QLYHUVLW\�3UHVV����������

'DL��$���,��)XQJ�DQG�'��*��*HQLR��������6XUIDFH�REVHUYHG�JOREDO�ODQG�SUHFLSLWDWLRQ�YDULDWLRQV�GXULQJ

�����������-��&OLPDWH����������������



1HZ�HW�DO������ ����������0HDQ�0RQWKO\�&OLPDWRORJ\

��

'DO\�� &��� 5�� 3�� 1HLOVRQ� DQG� '�� /�� 3KLOOLSV�� ������ $� VWDWLVWLFDO�WRSRJUDSKLF� PRGHO� IRU� PDSSLQJ

FOLPDWRORJLFDO�SUHFLSLWDWLRQ�RYHU�PRXQWDLQRXV�WHUUDLQ�� -��$SSO��0HWHRU���������������

'RRUHQERV�� -�� DQG�:�� 2�� 3UXLWW�� ������ *XLGHOLQHV� IRU� SUHGLFWLQJ� FURS� ZDWHU� UHTXLUHPHQWV�� 5HSRUW

1XPEHU�����)RRG�DQG�$JULFXOWXUH�2UJDQLVDWLRQ��5RPH�����SS�

(DVWHUOLQJ��'��5���%��+RUWRQ��3��'��-RQHV��7��&��3HWHUVRQ��7��5��.DUO��'��(��3DUNHU��0��-��6DOLQJHU��9�

5D]XYD\HY�� 1�� 3OXPPHU�� 3�� -DPDVRQ� DQG� &�� .�� )ROODQG�� ������ 0D[LPXP� DQG� PLQLPXP

WHPSHUDWXUH�WUHQGV�IRU�WKH�JOREH��6FLHQFH���������������

(LVFKLG��-��.���+��)��'LD]��5��6��%UDGOH\�DQG�3��'��-RQHV��������$�FRPSUHKHQVLYH�SUHFLSLWDWLRQ�GDWD�VHW

IRU�JOREDO�ODQG�DUHDV��'2(�(5�����7�+���86�'HSDUWPHQW�RI�(QHUJ\��:DVKLQJWRQ�'&�

)$2�� ������ $JURFOLPDWRORJLFDO� GDWD� IRU� $IULFD�� )RRG� DQG� $JULFXOWXUH� 2UJDQLVDWLRQ� RI� WKH� 8QLWHG

1DWLRQV�����SS�

*URLVPDQ�� 3��<���9��9��.RNQDHYD�� 7��$��%HORNU\ORYD� DQG�7��5��.DUO�� ������2YHUFRPLQJ� ELDVHV� RI

SUHFLSLWDWLRQ�PHDVXUHPHQW��D�KLVWRU\�RI�WKH�8665�H[SHULHQFH�� %XOO��$PHU��0HWHRU��6RF������������

�����

+DKQ��&��-���6��*��:DUUHQ�DQG�-��/RQGRQ��������&OLPDWRORJLFDO�GDWD� IRU�FORXGV�RYHU� WKH�JOREH� IURP

VXUIDFH� REVHUYDWLRQV�� ����������� WKH� WRWDO� FORXG� HGLWLRQ�� 1'3���$�� &DUERQ� 'LR[LGH� $QDO\VLV

&HQWHU��2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH��86$����SS�

+XIIPDQ��-��+���5��)��$GOHU��%��5XGROI��%��)��6FKQHLGHU�DQG�3��5��.HHKQ��������*OREDO�SUHFLSLWDWLRQ

HVWLPDWHV� EDVHG� RQ� D� WHFKQLTXH� IRU� FRPELQLQJ� VDWHOOLWH�EDVHG� HVWLPDWHV�� UDLQ� JDXJH� DQDO\VLV�� DQG

1:3�PRGHO�SUHFLSLWDWLRQ�LQIRUPDWLRQ��-��&OLPDWH���������������

+XOPH�� 0��� ����D�� $� �������� JOREDO� ODQG� SUHFLSLWDWLRQ� FOLPDWRORJ\� IRU� WKH� HYDOXDWLRQ� RI� *HQHUDO

&LUFXODWLRQ�0RGHOV��&OLPDWH�'\Q������������

+XOPH��0�������E��5DLQIDOO�FKDQJHV� LQ�$IULFD� ������������ WR������������ ,QW��-��&OLPDWRO�����������

����

+XOPH��0�������D��9DOLGDWLRQ�RI�ODUJH�VFDOH�SUHFLSLWDWLRQ�ILHOGV�LQ�*HQHUDO�&LUFXODWLRQ�0RGHOV�� *OREDO

SUHFLSLWDWLRQ�DQG�FOLPDWH�FKDQJH��0��'HVERLV�DQG�)��'HVDOPDQG��(G�V����6SULQJHU�9HUODJ����������

+XOPH��0�������E��7KH�FRVW�RI�FOLPDWH�GDWD���D�(XURSHDQ�H[SHULHQFH��:HDWKHU��������������

+XOPH��0��DQG�2��%URZQ��LQ�SUHVV��+RZ�OLNHO\�LV�WROHUDEOH�UHJLRQDO�FOLPDWH�FKDQJH"� &OLP��5HV�
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+XOPH��0���'��&RQZD\��3��'��-RQHV��7��-LDQJ��(��0��%DUURZ�DQG�&��7XUQH\��������&RQVWUXFWLRQ�RI�D

���������� (XURSHDQ� FOLPDWRORJ\� IRU� FOLPDWH� FKDQJH� PRGHOOLQJ� DQG� LPSDFW� DSSOLFDWLRQV�� ,QW�� -�

&OLPDWRO�����������������

+XOPH��0���'��&RQZD\��$��-R\FH�DQG�+��0XOHQJD��������$���������FOLPDWRORJ\�IRU�$IULFD�VRXWK�RI

WKH�HTXDWRU�DQG�D�FRPSDULVRQ�RI�3(7�HVWLPDWHV��6��$IU��-��6FL���������������

+XOPH��0��DQG�0��*��1HZ��������'HSHQGHQFH�RI�ODUJH�VFDOH�SUHFLSLWDWLRQ�FOLPDWRORJLHV�RQ�WHPSRUDO

DQG�VSDWLDO�VDPSOLQJ��-��&OLPDWH����������������

+XWFKLQVRQ��0��)���LQ�SUHVV��,QWHUSRODWLQJ�PHDQ�UDLQIDOO�XVLQJ�WKLQ�SODWH�VPRRWKLQJ�VSOLQHV�,,��DQDO\VLV

RI�WRSRJUDSKLF�GHSHQGHQFH��,QW��-��*HRJ��,QI��6\V�

+XWFKLQVRQ��0��)���������,QWHUSRODWLQJ�PHDQ�UDLQIDOO�XVLQJ�WKLQ�SODWH�VPRRWKLQJ�VSOLQHV�� ,QW��-��*HRJ�

,QI��6\V��������������

+XWFKLQVRQ��0��)��DQG�3��(��*HVVOHU��������6SOLQHV���PRUH�WKDQ�MXVW�D�VPRRWK�LQWHUSRODWRU�� *HRGHUPD�

����������

,3&&��������&OLPDWH�FKDQJH�������WKH�VFLHQFH�RI�FOLPDWH�FKDQJH��-��7��+RXJKWRQ��/��*��0HLUD�)LOKR�

%��$�� &DOODQGHU�� 1��+DUULV�� $��.DWWHQEHUJ� DQG�.��0DVNHOO�� (G�V���� &DPEULGJH�8QLYHUVLW\� 3UHVV�

���SS�

,6&&3�� FLWHG� ������ ,QWHUQDWLRQDO� 6DWHOOLWH� &ORXG� &OLPDWRORJ\� 3URMHFW�� >$YDLODEOH� RQ�OLQH� IURP

KWWS���LVFFS�JLVV�QDVD�JRY�LVFFS�KWPO@�

-RQHV��3��'���������+HPLVSKHULF�VXUIDFH�DLU�WHPSHUDWXUH�YDULDELOLW\���D�UHDQDO\VLV�DQG�XSGDWH�WR������� -�

&OLPDWH���������������

-RQHV��3��'���6��&��%��5DSHU��5��%UDGOH\��+��)��'LD]��3��0��.HOO\�DQG�7��0��/��:LJOH\������D��1RUWKHUQ

+HPLVSKHUH�VXUIDFH�DLU�WHPSHUDWXUH�YDULDWLRQV�������������-��&OLP��$SSO��0HWHRURO��������������

-RQHV��3��'���6��&��%��5DSHU��&��0��*RRGHVV��%��6��*��&KHUU\�DQG�7��0��/��:LJOH\������E�� $�JULG�SRLQW

VXUIDFH� DLU� WHPSHUDWXUH� GDWD� VHW� IRU� WKH� 6RXWKHUQ� +HPLVSKHUH �� 86� 'HSDUWPHQW� RI� (QHUJ\�

:DVKLQJWRQ��'&����SS�

-RQHV��3��'���6��&��%��5DSHU��%��6DQWHU��%��6��*��&KHUU\��&��0��*RRGHVV��3��0��.HOO\��7��0��/��:LJOH\�

5��6��%UDGOH\�DQG�+��)��'LD]��������$�JULG�SRLQW�VXUIDFH�DLU�WHPSHUDWXUH�GDWD�VHW�IRU�WKH�1RUWKHUQ

+HPLVSKHUH��86�'HSDUWPHQW�RI�(QHUJ\��:DVKLQJWRQ��'&�����SS�
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.DUO��7��5���3��'��-RQHV��5��:��.QLJKW��*��.XNOD��1��3OXPPHU��9��5D]XYD\HY��.��3��*DOOR��-��/LQGVHD\�

5��-��&KDUOVRQ�DQG�7��&��3HWHUVRQ��������$�QHZ�SHUVSHFWLYH�RQ�UHFHQW�JOREDO�ZDUPLQJ���DV\PPHWULF

WUHQGV�RI�GDLO\�PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH��%XOO��$PHU��0HWHRU��6RF�����������������

.DUO��7��5���&��1��:LOOLDPV�DQG�3��-��<RXQJ��������$�PRGHO�WR�HVWLPDWH�WKH�WLPH�RI�REVHUYDWLRQ�ELDV

DVVRFLDWHG�ZLWK�PRQWKO\�PHDQ�PD[LPXP��PLQLPXP�DQG�PHDQ�WHPSHUDWXUHV�IRU�WKH�8QLWHG�6WDWHV�� -�

&OLP��$SSO��0HWHRURO���������������

.LWWHO��7��*��)���1��$��5RVHQEORRP��7��+��3DLQWHU��'��6��6FKLPHO�DQG�9(0$3�0RGHOOLQJ�3DUWLFLSDQWV�

������ 7KH� 9(0$3� LQWHJUDWHG� GDWDEDVH� IRU� PRGHOOLQJ� 8QLWHG� 6WDWHV� HFRV\VWHP�YHJHWDWLRQ

VHQVWLWLYLW\�WR�FOLPDWH�FKDQJH��-��%LRJHRJ���������������

/HHPDQV�� 5�� DQG�:�� &UDPHU�� ������ 7KH� ,,$6$� GDWDEDVH� IRU� PHDQ� PRQWKO\� YDOXHV� RI� WHPSHUDWXUH�

SUHFLSLWDWLRQ�DQG�FORXGLQHVV�RQ�D�JOREDO�WHUUHVWULDO�JULG��55��������,,$6$��/D[HQEXUJ����SS�

/HJDWHV��'��5���������$�FOLPDWRORJ\�RI�JOREDO�SUHFLSLWDWLRQ��;/�����8QLYHUVLW\�RI�'HODZDUH��1HZDUN�

'HODZDUH����SS�

/HJDWHV�� '�� 5��� ������ 
*OREDO� DQG� WHUUHVWULDO� SUHFLSLWDWLRQ�� $� FRPSDUDWLYH� DVVHVVPHQW� RI� H[LVWLQJ

FOLPDWRORJLHV
��$�UHSO\��,QW��-��&OLPDWRO���������������

/HJDWHV�� '�� 5�� DQG� 7�� /�� 'H/LEHUW\�� ������ 3UHFLSLWDWLRQ� PHDVXUHPHQW� ELDVHV� LQ� WKH� 8QLWHG� 6WDWHV�

:DWHU�5HVRXUFHV�%XOOHWLQ��������������

/HJDWHV��'��5�� DQG�&�� -��:LOOPRWW�� ����D��0HDQ� VHDVRQDO� DQG� VSDWLDO� YDULDELOLW\� LQ� JDXJH�FRUUHFWHG�

JOREDO�SUHFLSLWDWLRQ��,QW��-��&OLPDWRO���������������

/HJDWHV��'��5��DQG�&��-��:LOOPRWW������E��0HDQ�VHDVRQDO�DQG�VSDWLDO�YDULDELOLW\�LQ�JOREDO�VXUIDFH�DLU�

WHPSHUDWXUH��7KHRU��$SSO��&OLPDWRO�������������

0RNKRY��,�� ,��DQG�0��(��6FKOHVLQJHU��������$QDO\VLV�RI�JOREDO�FORXGLQHVV�����FRPSDULVRQ�RI�JURXQG�

EDVHG�DQG�VDWHOOLWH�EDVHG�FORXG�FOLPDWRORJLHV��-��*HRSK\V��5HV����$WPRV�������������������

0XOOHU��0��-���������6HOHFWHG�FOLPDWLF�GDWD�IRU�D�JOREDO�VHW�RI�VWDQGDUG�VWDWLRQV�IRU�YHJHWDWLRQ�VFLHQFH �

:��-XQN�����SS�

1&'&��������'DWD�GRFXPHQWDWLRQ�IRU�GDWD�VHW�:RUOG�0HWHRURORJLFDO�2UJDQLVDWLRQ�����������JOREDO

VWDQGDUG�QRUPDOV��5HSRUW�7'�������1DWLRQDO�&OLPDWH�'DWD�&HQWUH��$VKYLOOH��86$����SS�

1HZ��0��*���0��+XOPH�� 3��'�� -RQHV�� LQ� SUHSDUDWLRQ�� 5HSUHVHQWLQJ� ��WK� FHQWXU\� VSDFH�WLPH� FOLPDWH

YDULDELOLW\��,,��'HYHORSPHQW�RI�����������PRQWKO\�WHUUHVWULDO�FOLPDWH�ILHOGV�� -��&OLPDWH�
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1*'&�� FLWHG� ������ 7HUUDLQEDVH� GLJLWDO� WHUUDLQ� GDWD�� >$YDLODEOH� RQ�OLQH� IURP

KWWS���ZZZ�QJGF�QRDD�JRY�VHJ�JOREV\V�WRSR�KWPO@�

3DQ��<��$���$��'��0F*XLUH��'��:��.LFNOLJKWHU�DQG�-��'��0HOLOOR��������7KH�LPSRUWDQFH�RI�FOLPDWH�DQG

VRLOV� IRU� HVWLPDWHV�RI�QHW�SULPDU\�SURGXFWLRQ�� D� VHQVLWLYLW\� DQDO\VLV�ZLWK� WKH� WHUUHVWULDO� HFRV\VWHP

PRGHO��*ORE��&KDQJH�%LRO�����������

3KLOOLSV��'��/��� -��'ROSK� DQG�'��0DUNV�� ������$� FRPSDULVRQ� RI� JHRVWDWLVWLFDO� SURFHGXUHV� IRU� VSDWLDO

DQDO\VLV�RI�SUHFLSLWDWLRQ�LQ�PRXQWDLQRXV�WHUUDLQ��$JULF��)RUHVW��0HWHRU���������������

3LSHU��6��&��DQG�(��)��6WHZDUW��������$�JULGGHG�JOREDO�GDWD�VHW�RI�GDLO\�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ

IRU�WHUUHVWULDO�ELRVSKHUH�PRGHOLQJ��*ORE��%LRJHRFKHP��&\FO���������������

5RVVRZ��:��%��DQG�5��$��6FKLIIHU��������,6&&3�FORXG�GDWD�SURGXFWV��%XOO��$PHU��0HWHRU��6RF���������

���

5RVVRZ�� :�� %��� $�� :�� :DONHU� DQG� /�� &�� *DUGHU�� ������ &RPSDULVRQ� RI� ,6&&3� DQG� RWKHU� FORXG

DPRXQWV��-��&OLPDWH���������������

6HOOHUV��3��-���5��(��'LFNLQVRQ��'��$��5DQGDOO��$��.��%HWWV��)��*��+DOO��-��$��%HUU\��*��-��&ROODW]��$��6�

'HQQLQJ�� +�� $�� 0RRQH\�� &�� $�� 1REUH�� 1�� 6DWR�� &�� %�� )LOHG� DQG� $�� +HQGHUVRQ�6HOOHUV�� �����

0RGHOOLQJ�WKH�H[FKDQJHV�RI�HQHUJ\��ZDWHU�DQG�FDUERQ�EHWZHHQ�WKH�FRQWLQHQWV�DQG�WKH�DWPRVSKHUH�

6FLHQFH���������������

6KHSDUG��'���������$�WZR�GLPHQVLRQDO�LQWHUSRODWLRQ�IXQFWLRQ�IRU�LUUHJXODUO\�VSDFHG�GDWD��7ZHQW\�WKLUG

$&0�1DWLRQDO�&RQIHUHQFH��%UDEGRQ�6\VW��3UHVV����������

6KXWWOHZRUWK��-��:���������(YDSRUDWLRQ��+DQGERRN�RI�+\GURORJ\��'��5��0DLGPHQW��(G�V����0F*UDZ�

+LOO�����������

7KLHVVHQ��$��+���������3UHFLSLWDWLRQ�DYHUDJHV�IRU�ODUJH�DUHDV��0RQ��:HD��5HY�����������������

8.02��������2EVHUYHUV�KDQGERRN��8.�0HWHRURORJLFDO�2IILFH��+062�����SS�

86$)��������6WDWLRQ�FOLPDWLF�VXPPDULHV��(XURSH��8QLWHG�6WDWHV�$LU�)RUFH�����SS�

:DKED�� *��� ������ +RZ� WR� VPRRWK� FXUYHV� DQG� VXUIDFHV� ZLWK� VSOLQHV� DQG� FURVV�YDOLGDWLRQ�� ��WK

&RQIHUHQFH�RQ�WKH�'HVLJQ�RI�([SHULPHQWV��8�6��$UP\�5HVHDUFK�2IILFH����������

:DKED�� *��� ������ 6SOLQH� PRGHOV� IRU� REVHUYDWLRQDO� GDWD�� 6RFLHW\� IRU� ,QGXVWULDO� DQG� $SSOLHG

0DWKHPDWLFV�����SS�

:LJOH\��7��0��/��DQG�%��'��6DQWHU��������6WDWLVWLFDO�FRPSDULVRQ�RI�VSDWLDO�ILHOGV�LQ�PRGHO�YDOLGDWLRQ�

SHUWXUEDWLRQ�DQG�SUHGLFWDELOLW\�H[SHULPHQWV��-��*HRSK��5HV���������������
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:LOOPRWW��&��-��DQG�.��0DWVXXUD��������6PDUW�LQWHUSRODWLRQ�RI�DQQXDOO\�DYHUDJHG�DLU�WHPSHUDWXUH�LQ�WKH

8QLWHG�6WDWHV��-��$SSO��0HWHRU�����������������

:LOOPRWW��&��-���6��0��5REHVRQ�DQG�0��-��-DQLV��������&RPSDULVRQ�RI�DSSURDFKHV�IRU�HVWLPDWLQJ�WLPH�

DYHUDJHG�SUHFLSLWDWLRQ�XVLQJ�GDWD�IURP�WKH�8QLWHG�6WDWHV��,QW��-��&OLPDWRO�����������������

:LOOPRWW��&��-���&��0��5RZH�DQG�:��'��3KLOSRW��������6PDOO�VFDOH�FOLPDWH�PDSV��D�VHQVLWLYLW\�DQDO\VLV

RI� VRPH� FRPPRQ� DVVXPSWLRQV� DVVRFLDWHG� ZLWK� JULG� SRLQW� LQWHUSRODWLRQ� DQG� FRQWRXULQJ�� $P�

&DUWRJU������������

:02�� ������&OLPDWRORJLFDO� QRUPDOV� �&/,12�� IRU� WKH� SHULRG� �����������:02�200� �� 1R�� ����

:RUOG�0HWHRURORJLFDO�2UJDQLVDWLRQ��*HQHYD�����SS�

;LH�� 3�� DQG� 3��$��$UNLQ�� ������$QDO\VHV� RI� JOREDO�PRQWKO\� SUHFLSLWDWLRQ� XVLQJ� JDXJH� REVHUYDWLRQV�

VDWHOOLWH�HVWLPDWHV�DQG�QXPHULFDO�PRGHO�SUHGLFWLRQV��-��&OLPDWH�������������

;LH��3��3���%��5XGROI��8��6FKQHLGHU�DQG�3��$��$UNLQ��������*DXJH�EDVHG�PRQWKO\�DQDO\VLV�RI�JOREDO

ODQG�SUHFLSLWDWLRQ�IURP������WR�������-��*HRSK��5HV��������������������



1HZ�HW�DO������ ����������0HDQ�0RQWKO\�&OLPDWRORJ\

��

��� 7DEOH�DQG�)LJXUH�&DSWLRQV

7DEOH����/LVW�RI�WKH�QXPEHU�RI�QRUPDOV�REWDLQHG�IURP�HDFK�VRXUFH�

7DEOH����1XPEHU�RI�VWDWLRQ�QRUPDOV�XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�FOLPDWRORJ\�

7DEOH����3HUFHQWDJH�RI�JULG�FHOOV�ZKHUH�LW�ZDV�QHFHVVDU\�WR�FRQVWUDLQ�WKH�LQWHUSRODWHG�ILHOGV�WR�UHDOLVWLF

YDOXHV��2QO\�WKRVH�YDULDEOHV�ZKHUH�XQUHDOLVWLF�YDOXHV�ZHUH�GHWHFWHG�DUH�OLVWHG�

)LJXUH����/RFDWLRQ�RI�VWDWLRQV�ZLWK�SUHFLSLWDWLRQ�QRUPDOV��*HRJUDSKLF�WLOHV�XVHG�LQ�WKH�LQWHUSRODWLRQ�DUH

VKRZQ�DQG�1�VLJQLILHV� WKH� WRWDO�QXPEHU�RI� VWDWLRQV�XVHG��1RWH� WKDW� �L�� IRU� DOO�YDULDEOHV��RFHDQLF

VWDWLRQV�ZHUH�XVHG�GXULQJ�WKH�LQWHUSRODWLRQ�RI�D�JOREDO�¦EDFNJURXQG§�WLOH�DQG��LL��WLOH�QXPEHUV�DQG

VL]HV�GLIIHU�EHWZHHQ�YDULDEOHV�

)LJXUH� ��� /RFDWLRQ� RI� VWDWLRQV� ZLWK� PHDQ� WHPSHUDWXUH� QRUPDOV�� *HRJUDSKLF� WLOHV� XVHG� LQ� WKH

LQWHUSRODWLRQ�DUH�DOVR�VKRZQ��DV�DUH�WKH�WRWDO�QXPEHU�RI�VWDWLRQV��1��XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH

PHDQ�WHPSHUDWXUH�ILHOGV�

)LJXUH� ���/RFDWLRQ� RI� VWDWLRQV�ZLWK� GLXUQDO� WHPSHUDWXUH� UDQJH� QRUPDOV��*HRJUDSKLF� WLOHV� XVHG� LQ� WKH

LQWHUSRODWLRQ�DUH�DOVR�VKRZQ��DV�DUH�WKH�WRWDO�QXPEHU�RI�VWDWLRQV��1��XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH

GLXUQDO�WHPSHUDWXUH�UDQJH�ILHOGV�

)LJXUH����/RFDWLRQ�RI�VWDWLRQV�ZLWK�ZLQGVSHHG�QRUPDOV��*HRJUDSKLF�WLOHV�XVHG�LQ�WKH�LQWHUSRODWLRQ�DUH

DOVR� VKRZQ�� DV� DUH� WKH� WRWDO� QXPEHU� RI� VWDWLRQV� �1�� XVHG� LQ� WKH� FRQVWUXFWLRQ� RI� WKH� PRQWKO\

ZLQGVSHHG�ILHOGV��1R�LQWHUSRODWLRQ�ZDV�GRQH�RYHU�WLOH�����DV�WKHUH�ZHUH�LQVXIILFLHQW�GDWD��KRZHYHU�

WKH�QRUPDOV�ZLWKLQ�WKLV�WLOH�ZHUH�XVHG�WR�LQWHUSRODWH�WKH�JOREDO�EDFNJURXQG�WLOH�

)LJXUH����9DOLGDWLRQ�VWDWLVWLFV�IRU�WKH�!���PP�WR�!���PP�ZHW�GD\�IUHTXHQF\�FRQYHUVLRQ�IRU�KLJK��L�H�

!��q���WRS��DQG�ORZ��L�H�����q���ERWWRP��ODWLWXGHV��%R[�DQG�ZKLVNHU�SORWV�VKRZ�WKH�GLVWULEXWLRQ�RI

UHVLGXDOV��PHGLDQ��LQWHU�TXDUWLOH�UDQJH����WK�DQG���WK�SHUFHQWLOHV��DQG�H[WUHPHV��/LQH�SORWV�VKRZ

PHDQ�REVHUYHG�DQG�SUHGLFWHG�ZHW�GD\�IUHTXHQF\��VROLG�DQG�GRWWHG���PHDQ�DEVROXWH�DQG�URRW�PHDQ

VTXDUHG� HUURU� LQ�ZHW�GD\V� �ORQJ� GDVK� DQG� GDVK��� GRWV�� DQG� WKHVH� VDPH� HUURUV� H[SUHVVHG� DV� WKH

SHUFHQWDJH�RI�WKH�REVHUYHG�PHDQ��VKRUW�GDVK�DQG�GDVK�GRW��
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)LJXUH� ��� /RFDWLRQ� RI� VWDWLRQV� ZLWK� ZHW� GD\� IUHTXHQF\� QRUPDOV�� 'RWV� UHSUHVHQW� VWDWLRQV� ZKHUH� WKH

WKUHVKROG�ZDV����PP�DQG�SOXV�VLJQV�UHSUHVHQW�VWDWLRQV�ZKHUH�IUHTXHQFLHV�ZHUH�FRQYHUWHG�IURP�WKH

���PP�WKUHVKROG��H�J��1RUZD\���*HRJUDSKLF�WLOHV�XVHG�LQ�WKH�LQWHUSRODWLRQ�DUH�DOVR�VKRZQ��ZKLOH

1�� DQG� 1�� DUH� WKH� QXPEHUV� RI� VWDWLRQV� LQ� WKH� FRUUHFW� XQLWV� DQG� UHTXLULQJ� WUDQVIRUPDWLRQ�

UHVSHFWLYHO\�

)LJXUH����/RFDWLRQ�RI� VWDWLRQV�ZLWK�FORXG�FRYHU�QRUPDOV� �GRWV��1 ��� DQG� WKRVH�GHULYHG� IURP�VXQVKLQH

�SOXV�VLJQV��1����*HRJUDSKLF�WLOHV�XVHG�LQ�WKH�LQWHUSRODWLRQ�DUH�DOVR�VKRZQ

)LJXUH����/RFDWLRQ�RI�VWDWLRQV�ZLWK�VXQVKLQH�SHUFHQW�QRUPDOV��GRWV��1 ���DQG�WKRVH�GHULYHG�IURP�FORXG

FRYHU��SOXV�VLJQV��1����*HRJUDSKLF�WLOHV�XVHG�LQ�WKH�LQWHUSRODWLRQ�DUH�DOVR�VKRZQ�

)LJXUH� ��� 5HVLGXDOV� �SUHGLFWHG� PLQXV� REVHUYHG�� IURP� WKH� 'RRUHQERV�3UXLW� XQFRUUHFWHG� VXQVKLQH� WR

FORXG�FRQYHUVLRQ�

)LJXUH� ���� 9DOLGDWLRQ� VWDWLVWLFV� IRU� WKH� VXQVKLQH� WR� FORXG� �WRS�� DQG� FORXG� WR� VXQVKLQH� �ERWWRP�

FRQYHUVLRQ��ERWK�ZLWK�HPSLULFDO�FRUUHFWLRQ��6HH�)LJXUH���IRU�H[SODQDWLRQ�

)LJXUH�����9DOLGDWLRQ�VWDWLVWLFV�IRU� WKH�UHODWLYH�KXPLGLW\� WR�YDSRXU�SUHVVXUH�FRQYHUVLRQ��6HH�)LJXUH��

IRU�H[SODQDWLRQ�

)LJXUH� ���� /RFDWLRQ� RI� VWDWLRQV� ZLWK� YDSRXU� SUHVVXUH� QRUPDOV� �GRWV�� 1 ��� DQG� WKRVH� FRQYHUWHG� IURP

UHODWLYH�KXPLGLW\��SOXV�VLJQV��1����,QWHUSRODWLRQ�WLOHV�DUH�DOVR�VKRZQ�

)LJXUH�����9DOLGDWLRQ�VWDWLVWLFV�IRU�WKH�DLU�IURVW�DQG�PLQLPXP�WHPSHUDWXUH�WR�JURXQG�IURVW��WRS��DQG�WKH

PLQLPXP�WHPSHUDWXUH�RQO\�WR�JURXQG�IURVW��ERWWRP��FRQYHUVLRQV��6HH�)LJXUH���IRU�H[SODQDWLRQ�

)LJXUH�����/RFDWLRQ�RI�VWDWLRQV�ZLWK�JURXQG�IURVW�QRUPDOV��GRWV��1 ����WKRVH�FRQYHUWHG�IURP�DLU�IURVW�DQG

PLQLPXP� WHPSHUDWXUH� �SOXV� VLJQV�� 1���� DQG� WKRVH� FRQYHUWHG� IURP� PLQLPXP� WHPSHUDWXUH� RQO\

�FURVVHV��1����,QWHUSRODWLRQ�WLOHV�DUH�DOVR�VKRZQ�

)LJXUH�����6HDVRQDO�URRW�*&9�IRU�SUHFLSLWDWLRQ�RYHU�HDFK�LQWHUSRODWLRQ� WLOH��)RU�HDFK�VHDVRQ�� WKH� WRS

ILJXUH�LV�LQ�PP�XQLWV�DQG�WKH�ERWWRP�FROXPQ�LQ�SHUFHQW�RI�WKH�PHDQ�RI�VWDWLRQV�IDOOLQJ�ZLWKLQ�WKH

WLOH��7LOH�LQGLFHV�DUH�VKRZQ�LQ�)LJXUH���

)LJXUH�����6HDVRQDO�URRW�*&9�IRU�PHDQ�WHPSHUDWXUH��GLXUQDO�WHPSHUDWXUH�UDQJH�DQG�ZHW�GD\�IUHTXHQF\

RYHU�HDFK�LQWHUSRODWLRQ�WLOH��7LOH�LQGLFHV�DUH�VKRZQ�LQ�)LJXUHV������DQG���
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)LJXUH�����6HDVRQDO�URRW�*&9�IRU�YDSRXU�SUHVVXUH��VXQVKLQH��FORXG�FRYHU��JURXQG�IURVW�IUHTXHQF\�DQG

ZLQG�VSHHG�RYHU�HDFK�LQWHUSRODWLRQ�WLOH��7LOH�LQGLFHV�DUH�VKRZQ�LQ�)LJXUHV������������DQG����

)LJXUH� ���� =RQDO� PHDQ� SUHFLSLWDWLRQ�� PHDQ� DEVROXWH� GLIIHUHQFHV� �0$(�� DQG� PHDQ� ELDV� EHWZHHQ

FOLPDWRORJLHV�� IRU� &58�� /(*� DQG� &5$�� 7KH� PLG�VHDVRQ� PRQWKV� RI� -DQXDU\�� $SULO�� -XO\� DQG

2FWREHU�DUH�VKRZQ�

)LJXUH� ���� 6WXGHQW©V� W� VWDWLVWLF� IRU� WKH� GLIIHUHQFHV� �IRUPHU�PLQXV� ODWWHU�� EHWZHHQ� WKH�&58�DQG�/(*

�WRS��� &58� DQG� &5$� �PLGGOH��� DQG� /(*� DQG� &5$� �ERWWRP�� PHDQ� PRQWKO\� SUHFLSLWDWLRQ

FOLPDWRORJLHV� �UHJULGGHG� WR� �q� ODWLWXGH�ORQJLWXGH��� 9DOXHV� LQ� WKH� OHJHQG� FRUUHVSRQG� WR� WKH

VLJQLILFDQFH�RI�WKH�W�VWDWLVWLF��ZLWK�JUHHQ�EOXH�UHSUHVHQWLQJ�DUHDV�ZKHUH�&58�LV�ZHWWHU�WKDQ�/(*

DQG�\HOORZ�UHG�ZKHUH

)LJXUH�����=RQDO�PHDQ�ZHW�GD\�IUHTXHQF\�IRU�&58�DQG�&5$��DQG�]RQDO�PHDQ�DEVROXWH�HUURU��0$(�

DQG�ELDV�EHWZHHQ�&58�DQG�&5$��IRU�HDFK�RI�WKH�IRXU�SHDN�VHDVRQ�PRQWKV�

)LJXUH� ���� =RQDO�PHDQ� WHPSHUDWXUH��PHDQ� DEVROXWH� HUURU� �0$(�� DQG�PHDQ� ELDV� EHWZHHQ� WKH� &58�

/(*�DQG�&5$�PHDQ�WHPSHUDWXUH�FOLPDWRORJLHV�IRU�-DQXDU\��$SULO��-XO\�DQG�2FWREHU�

)LJXUH� ���� 'LIIHUHQFHV� EHWZHHQ� &58�� /(*� DQG� &5$� �GHJUDGHG� WR� �q� ODWLWXGH�ORQJLWXGH�� PHDQ

WHPSHUDWXUH� JULGV� IRU� -DQXDU\� DQG� -XO\�� 7KH� VL]H� RI� WKH� GRWV� �FRQWLQXRXV� VFDOH�� LQGLFDWHV� WKH

PDJQLWXGH�RI�WKH�GLIIHUHQFHV�DV�VKRZQ�LQ�WKH�OHJHQG��7RS�&58�PLQXV�/(*��PLGGOH�&58�PLQXV

&5$�DQG�ERWWRP�/(*�PLQXV�&5$�

)LJXUH�����'LIIHUHQFH�EHWZHHQ�&58�DQG�&5$�GLXUQDO�WHPSHUDWXUH�UDQJH�FOLPDWRORJLHV�LQ�SHDN�VHDVRQ

PRQWKV�� 7KH� VL]H� RI� WKH� GRWV� �FRQWLQXRXV� VFDOH�� VKRZV� WKH� PDJQLWXGH� RI� WKH� GLIIHUHQFHV� DV

LQGLFDWHG�LQ�WKH�OHJHQG�

)LJXUH� ���� =RQDO�PHDQ� FORXG� FRYHU�� DEVROXWH� HUURU� �0$(�� DQG� ELDV� EHWZHHQ� WKH� &58�� ,6&&3� DQG

+DKQ�FORXG�FOLPDWRORJLHV�LQ�HDFK�RI�WKH�SHDN�VHDVRQ�PRQWKV�

)LJXUH�����=RQDO�PHDQ�VXQVKLQH��DEVROXWH�HUURU�DQG�ELDV�IRU�WKH�&58�DQG�&5$�VXQVKLQH�FOLPDWRORJLHV�
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7DEOH����/LVW�RI�WKH�QXPEHU�RI�QRUPDOV�REWDLQHG�IURP�HDFK�VRXUFH�

10$ :02 &58 &,$7D 0�OOHUE )$2F 2WKHU 7RWDO

3UHFLSLWDWLRQ ���� ��� ���� ���� �� ��� ��� �����

:HW�GD\V�!����PP ���� ��� ��� ���� �� � ��� ����

:HW�GD\V�!����PP ���� ��� ��� � � � ��� ����

0HDQ�WHPSHUDWXUH ���� ��� ���� ���� �� ��� ��� �����

'LXUQDO�WHPSHUDWXUH�UDQJH ���� ��� ���� ��� �� ��� ��� �����

9DSRXU�SUHVVXUH ���� ��� ��� ��� � ��� ��� ����

5HODWLYH�KXPLGLW\ ���� ��� �� ���� ��� � �� ����

6XQVKLQH ���� ��� ��� ��� �� ��� �� ����

&ORXG�FRYHU ���� ��� ��� ��� � � ��� ����

*URXQG�IURVW�GD\V ���� �� �� � � � � ����

$LU�IURVW�GD\V ���� ��� ��� � � � ��� ����

:LQGVSHHG ���� ��� ��� ��� �� ��� ��� ����

D� &HQWUR� ,QWHUQDFLRQDO� GH� $JULFXOWXUD� 7URSLFDO�������� E0�OOHU�������� F)RRG� DQG� $JULFXOWXUH

2UJDQLVWLRQ�������

7DEOH����1XPEHU�RI�VWDWLRQ�QRUPDOV�XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�FOLPDWRORJ\�

%HIRUH�VWDQGDUGLVDWLRQ $IWHU�VWDQGDUGLVDWLRQ

3UHFLSLWDWLRQ �����

:HW�GD\V�JUHDWHU�WKDQ����PP ���� ����

0HDQ�WHPSHUDWXUH �����

'LXUQDO�WHPSHUDWXUH�UDQJH �����

9DSRXU�SUHVVXUH ���� ����

6XQVKLQH�SHUFHQW ���� ����

&ORXG�FRYHU ���� ����

*URXQG�IURVW�GD\V ���� �����

:LQGVSHHG ����
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7DEOH����3HUFHQWDJH�RI�JULG�FHOOV�ZKHUH�LW�ZDV�QHFHVVDU\�WR�FRQVWUDLQ�WKH�LQWHUSRODWHG�ILHOGV�WR�UHDOLVWLF

YDOXHV��2QO\�WKRVH�YDULDEOHV�ZKHUH�XQUHDOLVWLF�YDOXHV�ZHUH�GHWHFWHG�DUH�OLVWHG�

-DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF

3UHFLSLWDWLRQ���� � � � � � � � � � � � �

:HW�GD\V���� � � � � � � � � � � � �

:HW�GD\V�!�1PRQWK �� �� �� �� �� � �� �� � � � �
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ILHOGV��1R� LQWHUSRODWLRQ�ZDV�GRQH�RYHU� WLOH�����DV� WKHUH�ZHUH� LQVXIILFLHQW�GDWD��KRZHYHU�� WKH�QRUPDOV

ZLWKLQ�WKLV�WLOH�ZHUH�XVHG�WR�LQWHUSRODWH�WKH�JOREDO�EDFNJURXQG�WLOH�



1HZ�HW�DO������ ����������0HDQ�0RQWKO\�&OLPDWRORJ\

��

)LJXUH����9DOLGDWLRQ�VWDWLVWLFV�IRU�WKH�!���PP�WR�!���PP�ZHW�GD\�IUHTXHQF\�FRQYHUVLRQ�IRU�KLJK��L�H�

!��q�� �WRS�� DQG� ORZ�� L�H�� ���q�� �ERWWRP�� ODWLWXGHV�� %R[� DQG� ZKLVNHU� SORWV� VKRZ� WKH� GLVWULEXWLRQ� RI

UHVLGXDOV��PHGLDQ��LQWHU�TXDUWLOH�UDQJH����WK�DQG���WK�SHUFHQWLOHV��DQG�H[WUHPHV��/LQH�SORWV�VKRZ�PHDQ

REVHUYHG�DQG�SUHGLFWHG�ZHW�GD\� IUHTXHQF\� �VROLG�DQG�GRWWHG���PHDQ�DEVROXWH� DQG� URRW�PHDQ� VTXDUHG

HUURU�LQ�ZHW�GD\V��ORQJ�GDVK�DQG�GDVK���GRWV��DQG�WKHVH�VDPH�HUURUV�H[SUHVVHG�DV�WKH�SHUFHQWDJH�RI�WKH

REVHUYHG�PHDQ��VKRUW�GDVK�DQG�GDVK�GRW��



1HZ�HW�DO������ ����������0HDQ�0RQWKO\�&OLPDWRORJ\

��

 

..
.....

...... .................
.................. ..................................................... .................
........................... ...

......... ... ..... ....... ...

.
...

.

.
.

.... ... .
... ... . ...... ....... .. ..... .

. ... .. .. . .. ...... . .. .... .. .... ...............
.

............ .. .......

...

. ... ....... ..... ...... .. .. .. .. .

..
.

... ..... ..

.
.

.

..
...... .................................................................................................. ... . .. ............. ..... .. . ..... .... ... . ..... .. . .. . ....... .....

.....
.

......

....... .........
.. ........
.... .. . .. .. .. .... ............

. .. ...... .. ... .. ... ...
..... ..... ..................
.

.
.

...................... ...... ............ ...... ... .. ........ . ....... ......... ........ .............. .
.
. ..

.
. . ... .. . . .. .. ... .... .
.

.. ....
.. ..... . .. . .. .. ... .. ..
. .. .. .. ..... .

.... .. .. .. . .. ....
... ... .

.. ..... .
.. .

... .. .. .. ... .. . .. ... .
. .... ... .. .. .... .. .. ... .. .. .

. . .. .. . . .. .. . . .
.. .. . ... . . . .. . .

. ... . .... . . . .

.
. .. .. .. . ... .... .. . . ........... .. ... .... ..... .. .. . .. .

. .. . .. ...
.. .. . . .. . ... .

. . .. .. .. . .
.. . .. .. . .. . ... . .

. ... . .. .. .. . .. ...
..

.

.. .. . ..
. .....

. .. ... .. .... . .
.. . .. . .. . . ... . .

.. .....
... .. .. .. . . .

.. .. . .. ... . .. . .. . .. ..... ... .. ....... ........ .. .. .

.... .....
.. ... .. . .. ...... . ... .. .. . .. .

. .

..
.....

...... ...... .. ...... . ... ...... ....

....................................................... ................ .. ........................................................ ...........
.

. .

..
.

.

..
.

.
.

.

. .

.
.

.
. .

.

.
..

........................ ...... ....................... .............. ................................................. ............................................ ............ .................. ..... .. ............... ................................ .... ............. .. ................ ... ...... .........
.

..

....... ... ........ ..........
.......................... .
......... ....

.................... .......
............................................... .......... ..................................................

.........
.

........ . . .
........... ............ ......... ........................ ................

... .... . . .. ... ...... .. ..... ....
. .. ... .. .. . ...

.... ..... .. . ... .. ..

.. ... . ... . . .. . .. ....... ......
.. .
. ... .... . ... .. . ..... .... .

.... .... . ... .. .. . .... . .. .. ..
....... .. ... ..... . .. ...... .....

......

.. ... ..... .. .....
. ..
. .. ... .. ...

..

.. .. . .. .. ... ..
... ... . .. .. ... .. ...

.

......

. .. . .. .
. .

.. ..........

. .. . ... .. ... ..... ....... .. ... ... .. .. .
. ..

.

... . .. .

...

.
.
. .......

....... ...
......

............ .. .........

.. .. .. .. .. .. ..........

. ..... ......... .. . ... .............. ....... . ....... .................. ................................. .. .
... ... .... .

.

.. .
.
.. ............. . ................. ... ......... . .. ................ ............ ...... .. .. .... ...... ..... .... ....... ... ... ...... .. .......... .... ................ .... ........... ..

. .
..................

.

.
. ..
. . . . ... .. .

. .. . . ..
.. .... .. ..

.
.

.

.

.

..

........... .....

.

. .... .......
........ .... ...

. .
..

.. .
.

..

.

.

.
.... . ..
............................

..
..... ........ ....... ...... ... ... ........

................. ............ ...............
.... .. .... .

.
... ........ ........

.

...
. ........................ ... .. .. . .

............. ...... ....... .............. .....................................................
.

. . .... . .
................................... ... .. ........... ................................... ....................................................................

.. .
.

..... . ... ... .... .....
... .. .

.
....

.
.

.
.

.
.. .

......... ... .. .. ..................... ...... ........... .. ..
.

.
.

..
..

.

.

.
.

.
............... .. .... ... ...... ..... . ....... ...

.
.... .... .... ..... .... . .............. ....... ............... ....................... ...................... ........ .. .. .... ........... ..... ........................ ....... ... ............... .... ....................................................

.
.................. ................. ....................................................... .....................

.
...

. ............. ............ ............ ... .
....

. .... ... .
. ..... ...

.
. .
....... .. ......... ..... .... ... ... ..... .. ..... ...... ... ... ..... .... ...... .... ..... . ......

.
... .. .... ............ .......... ............................................. .

. ... ... ..........
. .....
.
..... . .. .......

...........................................
. .
....

.
.

...........................
.. .. ............. ...... .. ..... ............... .... ............ ....... .......... ....... ...... ... .............. ............ ........ .. ... .. ................................... ....... .... ..........

............. ........................
. .. ........... .. .. ....... .............. ......... ... ..... ...... ......................... .................................... ................................................................................................ ............. ..........

...... ......... . .... ..
..

.. ... ...... ............ ... ...... .............. . ...... ....................
.

.
.. .

..
.

.. ....................... ..
.... .. .. .

.

..

.

.
.

. . . ...
. ...........
.

. ....
... ...................... ... .
.......... .... .. .. .... ... ..

. .
...

.
.

. .. ..
.

.

...

. ..

...
..
..
..
...
....

.
........

..
....
.

... ............ .. ...... ................ .... .............. ..... ....... ........ .... ..................... ....... ..... ...... ... ..... ...... ....... ... ........... ........... ... ...... .
. .. .

.. .
.
.

. ..

.. ..

.. . .. .. .. ... . . ... .... . .. . .. . .. . ..... .. .. . . .. .. . ....
.. ... .... .... .. .... . .... .. ... . .. .

.
.

..

.. .
. .

.
... . . .. . ........ .... .... ......... ........ ............... ... .. .. .. ..

. ..

....

. ... .

........................................................................................................................................................................................................................................................................................................................................................................................................................................................
.
............................................................................................................
.

.......................................................................................................................... .................................................................................... ..........................................................................................................................................................................................................................................

.

................................. ............. .

..

.

.. ...
.... ....

.

... ..... .. .
.......... ....... . .....

....
. .

.. ....... ......
... ..

. ....
. ............ ..........

.... ..
... .

........... ..
.. . ................... ...

.. ............... ................. .. ... ................. ............
. .

.

...
.
...... .

. .

.......
.
.

.
. ...

...

...... ..............
.

...
.......

.
....

.

. .

.......

..
. ......
.......... ......... .....

..
.... ....

. ... .. .... . ..

.
.

..
.. ..

...... .. ... .

....

. . .

. .. ..... ...
.

.....

.... ... .. ..... ...
. .... .. .. ... . . .....

...

.. ..

. ... .. ..........

.
.

.

.

.

.
.

.

.

.
..
... .

.
..

.
..

.

.

.
..
.

.
.
.

.
.

.

.

.

. .
.

..

.
.

..

.
.

..

.....
.

..

.

.

.

.

..

.

.....

.....

....
....
. .

.
.

..
.

....
.

..... ..... ..

.
..
... ...
....... .
...
......
.....
. .
. ...
..
..
.......
.. ... ......
.

.......
.

.
............
..... .. ....
......
........
........
........ .... .. ..
.. .....
...

.
......

..

...
.... ...
.
........
.

......
.
...

.
.
..
.......
..... .
. ......
.. .....

..........
.

..

..........
.
..
.....
.... ...........

..............
........... .
....

.

....... .

.
. .

. .. ... ...
....

.

..
.

. ..

.. .. ..
.

.. ..

.

.

.

. ....

.

.... ... ..

.
. ..

.
..
.

.. .

.

.
. .. ..

.
. .. . .. ..

.. .

. .
.
.

. . .

.

.
.

. ..
..

. .
. ... .. .

.
. ... .
..

.

.

..
.. .

.
.

..
.
.

.
.

. ..

.

.
. ..

. .
. .

.
.

.. ..
.

.

.

.
. .
.

.. ....
.

..

.

.. .
...

. . .
..

.

.. ..
.

.. ..
.

...
.

.

..
.

.
. . . .

..
.
.
.

....
.
.. .
.

.. .
. .

.

.
..
. .. ..... .....

.. .... ... .

.

.
.

.

..
.

...
.

.. .. .... ...
.

... . ... ... .. .. ..
. .
. .

.
. ..

.
.

.

.. ..

.
.

..

.
.
.
..
.
.

.

.. ...
.

.
. .

.
.

.

.
.

.
.
. .. .. .

.
..

.
.

.
...

..
.

.
.

..
.

.
.

. ...
. ..

.
...

..
.

...

...

. .

..

..

.

... ..

.. . ...
.

.. .
..

. .. .
. .

..
.

.
.
. . ..
.
. ..

.

.
..

....

.

.

.
...

. ... .. .. ...
.

.
..

..
. ..
.

.

.

.

.
.

.

.
.
.

.
.

.
.

.
.

.

..
.

.
.

.
. ..

.
. . .

.. ... .
.

.

.
.
..

.
.

.
.. .. .
.. . .
.
. .
.

.
..

.
..

.
.

. .... ..
.

.
.
. .

.
. .

.
. ..

. . .
.....

.

.... ..
.

. ..
... ..
.

. ... .. .

.

. .. ..

.

... .
. .... .

.
...

. .... . .

.

..
.....

. ..
.

.. ...
.

. ..
.

.
.

.
.... .. .

... .

.

.
.

..
...

.
.

...
....

.
..

.
.
.
.. .
.

.

.
.
. ...

.. ... ...... ..

.
.... ...

.
.

.
. ... .... . ... .. ....... ... .. .... .... .. ......... ..... ...... ... ....... ... .. .. ... ... . .. .. ... .... ... ....... ... .... ... . .

.. . .. . ... .. .... . ..

.
.

..
.... .. ..

. . .

. ..
.

.. .. .
.

. .... .. .

.

. .

.
.

. .
.. .

..
..

.

.
. ...

.. .

. .

. . .

. .. . ..

.
. ....

..
. .. .....

.. . .

..
.

. ...... ..... ... ... ......
.....

.
... .....

.
.... . ..

.

.
.

.

..

.
. ..

..
.
...

..
.

.

.

.

...
..

.
. .

.
..... ... ....... .. .

.

............. ... ...

.

. .... ..
..

.. .... .. ... ... ... .. .. ............ .. . . . ... .. .. .
....

. ..
.

. .
.

.

.

. .

.
.

.
.
. ..

.
.. ..... .. .

.

.. . ...

.

... .

... .....

.... .

.

.
.

.
. .

.

.

.
.

.

.

.

.
.
.

... ..

... ...
...

.
.
....

.....
.
..

. ... .
.

.

.
... ....
.. ..

.
.

.

.
.

.
.
.
.....
....

....
. ..

.. ................

... ..

N1 = 8372

+

+++++++ ++++++++
+++

+++++++++++++++++++++ ++++++++ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++

++++++++++++++++++++++++++++++
+++

++++++++++++++++++++++++++++++++++++

++ +
+

++

+ +

++ ++++++++ +

+

+++ +
++ +++++++++++ + ++++++++++++ ++ +++
+

+++
+ ++++ + ++++++++ +++ ++

+++++++++ ++++++

+

++ +

+ ++
+ +++

++

+ ++
+

+
++ +

+
+ +

+
+

+
+

+
+

+
+ +

+ +

+ +
+ +++ +

+
+ + +

+
+

++ + +++
+

+ +

+
+ +

++ + ++ ++ + ++ + ++ ++ + +++

+
+++ ++

++ +++ +++
+

+ ++

+
+ +

+++ + ++ ++ + + +
+ ++ ++ +++ +++ + + +

++ +++

+++

+

++
+++

+
+++

+ +

+

+++++++++++++++++++

++
++

+
++
++

+ +

++++++++++++++++++++++

++++++++++ ++++++++++

+
+

+

+++++++
++

++

++
+

+ ++ ++ + ++ ++
+ +

+ +
+

+
+ +

+++++
+

++ ++

+ ++ ++++++++

++ +++ ++ ++++ ++ ++++++ +++++++++++
+++++

+++
+++++

+

+

++

+++++++ +

+
+

+ +++++++++++ ++++++ +
+++

+++++++++ +++++
+

+
++

+

+
+ ++++
+

++++++ +
+
++++

N2 = 866

9

8

7
6

5
4

3a 3b

1

2
11

10 16

19

12 13

14

15

17

18

20

21
22

180W 135W 90W 45W 0 45E 90E 135E 180E
60S 

30S 

0  

30N 

60N 

)LJXUH� ��� /RFDWLRQ� RI� VWDWLRQV� ZLWK� ZHW� GD\� IUHTXHQF\� QRUPDOV�� 'RWV� UHSUHVHQW� VWDWLRQV� ZKHUH� WKH

WKUHVKROG�ZDV� ���PP� DQG� SOXV� VLJQV� UHSUHVHQW� VWDWLRQV� ZKHUH� IUHTXHQFLHV� ZHUH� FRQYHUWHG� IURP� WKH

���PP�WKUHVKROG� �H�J��1RUZD\���*HRJUDSKLF� WLOHV�XVHG� LQ� WKH� LQWHUSRODWLRQ�DUH� DOVR� VKRZQ��ZKLOH�1 �

DQG�1��DUH�WKH�QXPEHUV�RI�VWDWLRQV�LQ�WKH�FRUUHFW�XQLWV�DQG�UHTXLULQJ�WUDQVIRUPDWLRQ��UHVSHFWLYHO\�
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