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5HVHDUFK�SURMHFWV�ZH�RIIHU�DV�SDUW�RI�WKH�(1&$172�SURJUDP�DUH�EULHIO\�GHVFULEHG�EHORZ�

����0XOWL�0HVVHQJHU�$VWURQRP\��9/%,�VWXGLHV�RI�'XDO�$FWLYH�*DODFWLF�1XFOHL
0HQWRUV� 6UDYDQL�9DGGL��$2��&DUPHQ�3DQGRMD��835�53� $QLVK�5RVKL��$2

*DOD[LHV KDUERU VXSHUPDVVLYH EODFN KROHV DW WKHLU FHQWHUV� :KHQ JDOD[LHV PHUJH� WKH FHQWUDO

EODFN KROHV FRPH WRJHWKHU WR IRUP 6XSHU 0DVVLYH %ODFN +ROH %LQDULHV �60%+%V�� ,QLWLDOO\� WKH

VHSDUDWLRQ EHWZHHQ WKH EODFN KROHV VKULQNV IURP aNSF WR aSF WKURXJK G\QDPLFDO IULFWLRQ� $V WKH

VHSDUDWLRQ VKULQNV WR SDUVHF VFDOH� WKH VWDUV WKDW FURVV WKHLU RUELW DUH HMHFWHG� IXUWKHU VKULQNLQJ

WKHLU RUELW� 7KH LQ�VSLUDOLQJ FRQWLQXHV DQG DW VRPH VWDJH WKH FRQWLQXRXV HPLVVLRQ RI QDQRKHUW]

*:V�DLGV�LQ�VKULQNLQJ�WKH�RUELWDO�VHSDUDWLRQ�IURP�FHQWLSDUVHF�WR�PLOOLSDUVHF�UDQJH�

:KLOH WKH DERYH�GHVFULEHG VFHQDULR JLYHV D JHQHUDO SLFWXUH RI WKH 60%+% IRUPDWLRQ DQG

PHUJLQJ SURFHVV� WKHUH DUH VHYHUDO XQDQVZHUHG TXHVWLRQV� *DOD[\ PHUJHUV DUH DFFRPSDQLHG E\ D

PDVVLYH LQIORZ RI JDV WR WKH FHQWHU RI WKH SRVW�PHUJHU JDOD[\� ,I VXIILFLHQW JDV UHPDLQV DIWHU WKH

JDOD[\ PHUJHU� WKHQ LW FDQ LQWHUDFW ZLWK WKH 60%+% DQG� LQ VRPH FDVHV� HYROYH WR D 'XDO $FWLYH

*DODFWLF 1XFOHXV �'$*1�� ,Q WKH HDUOLHU VWDJHV RI WKH PHUJLQJ SURFHVV �L�H� ZKHQ WKH VHSDUDWLRQ

LV aNSF WR SDUVHF VFDOH�� WKHVH '$*1V FDQ EH VWXGLHG XVLQJ KLJK�DQJXODU UHVROXWLRQ LQIUDUHG�

RSWLFDO DQG ;�UD\ REVHUYDWLRQV� 7KH '$*1V ZLWK VXE�SDUVHF VFDOH VHSDUDWLRQ FDQ EH LPDJHG

RQO\ XVLQJ 9HU\ /RQJ %DVHOLQH ,QWHUIHURPHWHUV �9/%,�� 9/%, LPDJLQJ DQG PRQLWRULQJ RI

'$*1 V\VWHPV DUH H[WUHPHO\ XVHIXO WR DGGUHVV VHYHUDO NH\ VFLHQWLILF TXHVWLRQV LQFOXGLQJ GHWDLOV

RI WKH FR�HYROXWLRQ RI WKH SRVW�PHUJHU JDOD[LHV DQG 60%+% DV ZHOO DV DFFUHWLRQ SKHQRPHQRQ LQ

'$*1V� ,Q D IHZ FDVHV� WKH RUELWDO SURSHUWLHV DQG LWV HYROXWLRQ FRXOG EH GLUHFWO\ PHDVXUHG� IRU

H[DPSOH �&��% ��� 60%+%V ZLWK RUELWDO HYROXWLRQ WLPHVFDOHV RI ZHHNV�WR�GHFDGHV DUH WKH

SULPDU\ WDUJHWV IRU JUDYLWDWLRQDO�ZDYH GHWHFWLRQ H[SHULPHQWV OLNH WKH 3XOVDU 7LPLQJ $UUD\V

�37$� 7D\ORU HW DO�� ����� 0LQJDUHOOL HW DO�� ������ 3HUKDSV WKH RQO\ ZD\ WR SUREH WKH

FR�HYROXWLRQ RI 60%+%V DQG SRVW�PHUJHU V\VWHPV LV E\ FRPELQLQJ 9/%, REVHUYDWLRQV DQG 37$

VWXGLHV�RI�'$*1�V\VWHPV�>�@�

:H KDYH REVHUYHG D IHZ '$*1V ZLWK WKH (XURSHDQ 9/%, QHWZRUN �(91� � WKH $UHFLER ���P

WHOHVFRSH ZLWK WKH DLP WR VWXG\ WKH UDGLR HPLVVLRQ SURSHUWLHV DQG DFFUHWLRQ SKHQRPHQRQ� )XUWKHU

ZH DUH LQYROYHG LQ PRQLWRULQJ WKH 60%+% LQ �&��% XVLQJ WKH (91 DW ��� *+]� :H SODQ WR

H[SDQG WKLV PRQLWRULQJ SURJUDP WR IUHTXHQFLHV DERYH ��� *+] XVLQJ WKH ZLGHEDQG UHFHLYHU RI

WKH ��P WHOHVFRSH � (91� 7KHVH REVHUYDWLRQV ZLOO SURYLGH YDOXDEOH LQIRUPDWLRQ DERXW WKH

RUELWDO HYROXWLRQ RI WKH 60%+%� ZKLFK ZLOO DOORZ XV WR SUHGLFW WKH GHWHFWDELOLW\ RI WKH

JUDYLWDWLRQDO�ZDYH�VLJQDO�E\�WKH�37$�

,QVWUXPHQWDWLRQ FRPSRQHQW� 7KH FU\RJHQLF UHFHLYHU V\VWHP IRU WKH ��P WHOHVFRSH ZLOO EH

FRPPLVVLRQHG HDUO\ QH[W \HDU� $V SDUW RI WKLV FRPPLVVLRQJ ZRUN� ZH ZLOO EH XQGHUWDNLQJ 9/%,

WHVW UXQV ZLWK WKH (91� 7KH SURMHFW ZLOO WKXV SURYLGH D XQLTXH RSSRUWXQLW\ IRU VWXGHQWV WR

SDUWLFLSDWH LQ 9/%, REVHUYDWLRQV ZLWK WKH ��P WHOHVFRSH DQG XQGHUVWDQG KRZ WKH V\VWHP LV WHVWHG



IRU UHDGLQHVV IRU VXFK REVHUYDWLRQV� KRZ FRUUHODWLRQV DUH PDGH IRU WKHVH REVHUYDWLRQV DQG KRZ

9/%,�LPDJLQJ�LV�GRQH�TXDVL�UHDO�WLPH�

��� &KDUDFWHUL]LQJ WKH +DELWDELOLW\ RI 3ODQHWV $URXQG 5HG 'ZDUI 6WDUV LQ WKH

5DGLR�6SHFWUXP
0HQWRUV� $EHO�0HQGH]��835�$��$QLVK�5RVKL��$2

5DGLR HPLVVLRQV IURP UHG GZDUI VWDUV� VXFK DV 3UR[LPD &HQWDXUL DQG 75$33,67��� DUH RI

SDUWLFXODU LQWHUHVW GXH WR WKHLU SRWHQWLDO WR VXSSRUW KDELWDEOH SODQHWV DURXQG WKHP� 7KHVH VWDUV

SURGXFH LQWHQVH VWHOODU IODUHV DQG FRURQDO PDVV HMHFWLRQV ZLWK KLJK 89 DQG ;�UD\ IOX[HV YLVLEOH

LQ WKH UDGLR VSHFWUXP� 0DQ\ REVHUYDWRULHV KDYH REVHUYHG WKHVH EURDG�VSHFWUXP HPLVVLRQV�

LQFOXGLQJ WKH $UHFLER 2EVHUYDWRU\� $QRWKHU VRXUFH RI UDGLR HPLVVLRQV LV WKH LQWHUDFWLRQ RI WKH

VWHOODU ZLQG ZLWK WKH PDJQHWLF ILHOG RI D SODQHW SURGXFLQJ DXURUD HPLVVLRQV� )RU H[DPSOH�

HPLVVLRQV IURP EURZQ GZDUIV KDYH EHHQ GHWHFWHG ZLWK WKH ���P WHOHVFRSH DW � *+]� EXW VXFK

HPLVVLRQ IURP SODQHWV PLJKW EH PRUH FKDOOHQJLQJ WR GHWHFW DQG PD\ EH OLPLWHG WR ORZHU

IUHTXHQFLHV ����� 0+]�� 3ODQHWV FDQ DOVR EH GHWHFWHG E\ WKHLU VSHFWUDO HPLVVLRQV� )RU H[DPSOH�

KRW JDV SODQHWV KDYH EHHQ GHWHFWHG E\ WKHLU 2+ HPLVVLRQV� )XUWKHUPRUH� DQ\ DGYDQFHG

FLYLOL]DWLRQ PLJKW HPLW UDGLR ZDYHV IURP WKHVH SODQHWV DV FRPPXQLFDWLRQ RU OHDNDJH� 1$6$ LV

EDFN DW ORRNLQJ IRU WHFKQRVLJQDWXUHV� LQFOXGLQJ WKRVH DVVRFLDWHG ZLWK H[WUDWHUUHVWULDO

FRPPXQLFDWLRQV�LQ�WKH�UDGLR�VSHFWUXP�

7KH PDLQ JRDO RI WKLV SURMHFW LV WR FKDUDFWHUL]H WKH KDELWDELOLW\ RI SODQHWV DURXQG UHG GZDUI VWDUV

IURP UDGLR HPLVVLRQV� 2XU REMHFWLYHV DUH ��� WR FKDUDFWHUL]H WKH VSDFH ZHDWKHU RI SRWHQWLDOO\

KDELWDEOH SODQHWV DURXQG UHG GZDUI VWDUV� ��� WR VHDUFK RU FRQILUP SODQHWV YLD SODQHW�VWDU

LQWHUDFWLRQV� ��� DQG WR VHDUFK IRU WHFKQRVLJQDWXUHV� :H KDYH IRXU \HDUV RI GDWD IURP REVHUYDWLRQV

RI UHG GZDUI VWDUV ZLWK SODQHWV XVLQJ WKH ���P WHOHVFRSH �3URMHFW $������ :H ZLOO ORRN IRU

EURDG�EDQG WUDQVLHQW RU TXLHVFHQW HPLVVLRQ GXH WR IODUHV RU FRURQDO PDVV HMHFWLRQV IURP WKH VWDUV�

RU GXH WR DXURUD HPLVVLRQV IURP SODQHWV� :H ZLOO ORRN IRU HPLVVLRQV RU DEVRUSWLRQ OLQHV IURP WKH

VWDUV RU SODQHWV� :H ZLOO DOVR ORRN IRU WHFKQRVLJQDWXUHV IURP IUHTXHQF\�VSHFLILF WUDQVLHQW RU

TXLHVFHQW FRPPXQLFDWLRQV� 7KH GHWHFWLRQ RI WUDQVLHQW EXW LQWHQVH IODULQJ HPLVVLRQV PLJKW

LQGLFDWH XQIDYRUDEOH FRQGLWLRQV IRU WKH DWPRVSKHUH RI DQ\ SODQHW� 1RQ�GHWHFWLRQV ZRXOG EH XVHG

WR FRQVWUDLQ WKH XSSHU OLPLWV RQ VWHOODU DFWLYLW\� WKH SUHVHQFH RI DGGLWLRQDO SODQHWV� RU WKH ODFN RI

DQ\�UDGLR�FDSDEOH�FLYLOL]DWLRQ�DURXQG�RXU�REVHUYHG�VWHOODU�V\VWHPV�

,QVWUXPHQWDWLRQ FRPSRQHQW� ,GHQWLI\LQJ PDQ PDGH UDGLR IUHTXHQF\ LQWHUIHUHQFH �5),� RYHU

��� 0+] WR �� *+] DQG GRFXPHQWLQJ WKHP ZLOO YDVWO\ KHOS WKH SURMHFW DV WKH VLJQDWXUHV ZH DUH

WU\LQJ WR GHWHFW FDQ EH LQ WKH IUHTXHQF\ UDQJH RXWVLGH WKH DOORFDWHG EDQG IRU UDGLR DVWURQRP\� $V

SDUW RI WKH SURMHFW� WKH VWXGHQWV ZLOO JHW WKH RSSRUWXQLW\ WR XVH VRSKLVWLFDWHG ODE LQVWUXPHQWV DQG

VHW�XS�5),�PHDVXUHPHQW�V\VWHPV�DW�$2�WR�PHDVXUH�DQG�LGHQWLI\�PDQ�PDGH�5),�

����0ROHFXODU�FORXG�IRUPDWLRQ��&+�����*+]�6XUYH\�RI�WKH�*DODFWLF�3ODQH

0HQWRUV� $OOLVRQ�6PLWK��$2��0D\UD�/HEURQ��835�53� $QLVK�5RVKL��$2



7KH LQWHUSOD\ EHWZHHQ JDV DQG VWDUV GLFWDWHV WKH HYROXWLRQ RI VSLUDO JDOD[LHV� ERWK ODUJH DQG

VPDOO� +RZHYHU� HYHQ WKRXJK PROHFXODU FORXGV UHSUHVHQW D IXQGDPHQWDO VWDJH RI WKH VWDU�JDV

F\FOH� WKH GHWDLOV RI KRZ PROHFXODU FORXGV IRUP DQG HYROYH KDYH VR IDU DYRLGHG HOXFLGDWLRQ� ,Q

DGGLWLRQ� JDPPD�UD\ DQG LQIUDUHG GDWD LQGLFDWH WKDW D VXEVWDQWLDO DPRXQW RI PROHFXODU JDV

UHPDLQV XQGHWHFWHG E\ WKH H[LVWLQJ ODUJH�VFDOH &2 VN\ PDSV �*UHQLHU HW DO�� ������ 7KLV JDV LV

QRZ NQRZQ DV µ&2�GDUN JDV�¶ DQG PDQ\ VWXGLHV KDYH WULHG WR DGGUHVV KRZ PXFK RI WKH

,QWHUVWHOODU 0HGLXP �,60� LV WLHG XS LQ WKLV PDWHULDO �H�J�� 3ODQFN &ROODERUDWLRQ ;,;� �����

'RQDWH DQG 0DJQDQL ������ 7KHUHIRUH� VSHFWURVFRSLF REVHUYDWLRQV RI RWKHU PROHFXODU WUDQVLWLRQV

LQ WKH UDGLR UHJLPH DUH FULWLFDO IRU GHWHFWLQJ WKLV JDV� DV WKH\ SURYLGH WKH YHORFLW\ LQIRUPDWLRQ WKDW

WKH JDPPD�UD\ DQG LQIUDUHG PDSV FDQ QRW� 7KH YHORFLW\ VWUXFWXUH RI WKLV ORZ�GHQVLW\ �� ���

FP���� H[WHQGHG PROHFXODU JDV KROGV WKH NH\ WR XQUDYHOLQJ LWV UHODWLRQVKLS ZLWK WKH DWRPLF

K\GURJHQ PHGLXP IURP ZKLFK LW FRQGHQVHG� 7KLV JDV LV OLNHO\ WR EH JUDYLWDWLRQDOO\ XQERXQG DQG

WKXV�FDUULHV�WKH�SULPRUGLDO�NLQHPDWLF�VLJQDWXUH�IURP�LWV�IRUPDWLRQ�SURFHVVHV�

6HYHUDO VWXGLHV KDYH VKRZQ WKDW WKH &+ ��� *+] K\SHUILQH� JURXQG VWDWH� PDLQ OLQHV DUH FDSDEOH

WUDFHUV RI &2�GDUN PROHFXODU JDV �0DJQDQL DQG 2QHOOR ����� /LV]W DQG /XFDV ����� ;X DQG /L

������ DQG WKH XVH RI WKH ��P WHOHVFRSH DW $2 WR SURGXFH D IXOO VN\ PDS RI WKH &+ HPLVVLRQ

DORQJ WKH *DODFWLF SODQH ZRXOG UHSUHVHQW D WUHPHQGRXV VWHS IRUZDUG ZLWK UHVSHFW WR GHWHFWLQJ WKH

&2�GDUN JDV DQG LOOXPLQDWLQJ WKH SK\VLFDO PHFKDQLVPV WKDW JRYHUQ WKH DWRPLF�PROHFXODU

WUDQVLWLRQ� ,Q DGGLWLRQ� LW ZRXOG VLPXOWDQHRXVO\ HQDEOH RSSRUWXQLWLHV WR UHVROYH RU EHWWHU FRQVWUDLQ

RWKHU TXHVWLRQV UHODWHG WR ERWK WKH ,60 DV ZHOO DV HDUO\�VWDJH VWDU IRUPDWLRQ� LQFOXGLQJ WKH

IROORZLQJ�

�� 6WULQJHQW WHVWV RQ WKH DVWURFKHPLFDO PRGHOV RI PROHFXODU FORXGV� RQH RI WKH ILUVW SURGXFWV

LQ WKH FDUERQ UHDFWLRQ QHWZRUN� &+ LV DOVR NQRZQ WR JURZ OLQHDUO\ ZLWK +� LQ WKH GLIIXVH

,60� DQG KHQFH LV D UREXVW WUDFHU RI +� �0DJQDQL DQG 6KRUH ������ 7KH &+ PDS RI WKH

JDODFWLF SODQH FDQ EH FRPSDUHG ZLWK WKH IXOO VN\ &2 PDS SURGXFHG E\ 'DPH HW DO� ������

IRU�WKLV�WHVW�

�� ,W KDV EHHQ SUHGLFWHG WKDW 0+' ZDYHV HQKDQFH &+ DEXQGDQFH DORQJ WKH ERXQGDULHV RI

PROHFXODU FORXGV �'UDLQH 	 .DW] ������ &RPSDULQJ WKH VSDWLDO VWUXFWXUH RI WKH &+

HPLVVLRQ GHWHFWHG LQ WKH ��P VXUYH\ ZLWK 3ODQFN GXVW SRODUL]DWLRQ HPLVVLRQ DW ��� *+]

�3ODQFN &ROODERUDWLRQ ;,; ����� FDQ SURYLGH LQVLJKW LQWR SRVVLEOH HQKDQFHPHQWV RI &+

IRUPDWLRQ�E\�LQWHUVWHOODU�PDJQHWLF�ILHOGV�

�� -XVW DV WKH &+ ��� *+] OLQHV DUH FRPPRQ WUDFHUV RI PROHFXODU JDV LQ YDULRXV UHJLPHV RI

WKH ,60� WKH\ PD\ DOVR EH XVHIXO� XQFRQYHQWLRQDO WUDFHUV RI VWHOODU IRUPDWLRQ� )RU

H[DPSOH� 6DNDL HW DO� ������ VKRZ &+ HPLVVLRQ LV SUHYDOHQW WKURXJKRXW WKH +HLOHV��

&ORXG LQ WKH 70&�� VWDU IRUPLQJ UHJLRQ� DQG GLVWLQFWLYH QDUURZLQJ DQG ZLGHQLQJ RI WKH

&+�OLQH�ZLGWKV�DSSHDUV�WR�WUDFH�GLIIHUHQW�HYROXWLRQDU\�VWDJHV�RI�WKH�JDV�

7KH ��P &+ VXUYH\ SURMHFW ZRXOG WKXV SURYLGH D FRPSUHKHQVLYH YLHZ RI JLDQW PROHFXODU

FORXGV� DQG EHFDXVH RI WKH NLQHPDWLF LQIRUPDWLRQ� ZRXOG DOORZ XV WR VWXG\ WKH UHODWLRQVKLS

EHWZHHQ GLIIHUHQW FRPSRQHQWV RI WKH PROHFXODU JDV DQG WKH FROG QHXWUDO PHGLXP RI WKH ,60 RQ D

*DODFWLF�VFDOH�

,QVWUXPHQWDWLRQ FRPSRQHQW� 7KH &+ OLQHV DUH ZHDN DQG VR ZH QHHG GHHS LQWHJUDWLRQ WR GHWHFW

WKHVH OLQHV� 0RUHRYHU� PDQ PDGH UDGLR IUHTXHQF\ LQWHUIHUHQFHV DUH SUHVHQW QHDU WKH &+ OLQH

IUHTXHQFLHV� $ ODUJH VFDOH VXUYH\ WKHUHIRUH UHTXLUHV VRIWZDUH SDFNDJHV WKDW FDQ ODUJHO\ DXWRPDWH

WKH GDWD SURFHVVLQJ DQG SURYLGH VFLHQFH UHDG\ GDWD SURGXFWV� 6WXGHQWV� LI LQWHUHVWHG� ZLOO JHW DQ

XQLTXH�RSSRUWXQLW\�WR�JHW�LQYROYHG�LQ�VXFK�VRIWZDUH�GHYHORSPHQW��PRVWO\�,'/��S\WKRQ�DQG�&����



����3UHELRWLF�DQG�RWKHU�0ROHFXOHV�LQ�WKH�0LON\�:D\

0HQWRUV� $OOLVRQ�6PLWK��$2��&KULV�%HQQHWW��8&)��0D\UD /HEURQ��835�53��$QLVK�5RVKL��$2��$QQD

0F*LOYUD\��$2

7KH ZLGH IUHTXHQF\ FRYHUDJH RI WKH FU\RJHQLF IURQW�HQG RI WKH ��P WHOHVFRSH LV LGHDO WR VXUYH\

PROHFXODU OLQH HPLVVLRQ EHWZHHQ ��� � �� *+]� $ VDPSOH RI WKHVH OLQHV DUH OLVWHG LQ 7DEOH �� ,Q

FRQMXQFWLRQ ZLWK WKH DGYDQWDJHV RI KDYLQJ GHGLFDWHG WHOHVFRSH WLPH DVVLJQHG WR WKHVH VWXGLHV� WKH

IUHTXHQF\ FRYHUDJH FRQVWLWXWHV RSSRUWXQLWLHV WR LQYHVWLJDWH WKH GLVWULEXWLRQ RI PROHFXODU JDV LQ

RXU JDOD[\ DV ZHOO DV VHDUFK IRU SUHELRWLF PROHFXOHV LQ WKHVH HQYLURQPHQWV� $Q $UHFLER DUFKLYDO

GDWD VHW� ZKLFK SURYLGHV D PRUH VHQVLWLYH� WDUJHWHG VHDUFK IRU PROHFXODU HPLVVLRQ RYHU � WR ��

*+] WRZDUG :��$ LV DOVR EHLQJ SURFHVVHG� :H GLVFXVV EHORZ D IHZ RI WKH PRVW LQWHUHVWLQJ FDVHV

RI�PROHFXODU�OLQH�VWXGLHV�

7DEOH����0ROHFXODU�OLQHV�RI�LQWHUHVW�LQ�WKH���P�WHOHVFRSH�IUHTXHQF\�UDQJH

&+ ��������������������*+]

+�&2 ������������*+]

+&�1 �������������*+]

+&�1 ���������������������������*+]

+&�1 ����������������������������������*+]

+&22+ ����*+]

7KH .�GRXEOHW WUDQVLWLRQV RI +�&2 DW ��� DQG ���� *+] FDQ EH XVHG HIIHFWLYHO\ DV D GHQVLWRPHWHU

WR SUREH WKH SURSHUWLHV RI PROHFXODU JDV �*LQVEXUJ HW DO� ������ 7KH +�&2 OLQHV FRXOG EH

REVHUYHG VLPXOWDQHRXVO\ ZLWK WKH JDODFWLF &+ VXUYH\ ZKLFK ZRXOG SURYLGH D XQLTXH RSSRUWXQLW\

WR GHWHFW +�&2 DQG SHUIRUP GHQVLWRPHWU\ RYHU ODUJH DUHDV RI WKH JDODFWLF SODQH� ([LVWLQJ

&2����� VXUYH\V GR QRW GLVWLQJXLVK WKH KLJK GHQVLW\ UHJLRQV IURP WKH ORZHU GHQVLW\ UHJLRQV�

7KXV� FRPELQHG ZLWK +�&2 GHQVLWRPHWU\ VWXGLHV� WKHVH REVHUYDWLRQV ZRXOG SUREH

LQKRPRJHQHLWLHV RI WKH JDODFWLF SODQH DW D OHYHO WKDW KDV QRW EHHQ SRVVLEOH WR GDWH�

&\DQRDFHW\OHQHV �H�J�� +&�1� +&�1� DQG +&�1� DUH DOVR H[FHOOHQW GHQVLW\ WUDFHUV �VHH� H�J��

%HUJLQ HW DO� ������ DQG D IXOO JDODFWLF SODQH VXUYH\ RI WKHVH PROHFXOHV ZRXOG SUREH WKH

GLVWULEXWLRQ RI JDV LQ DQG DURXQG *0&V LQ WKH GLVN RI WKH 0LON\ :D\� )RUPLF $FLG �+&22+��

DQ LPSRUWDQW SUHELRWLF PROHFXOH LQ WKH LQWHUVWHOODU PHGLXP� LV VLPLODU LQ VWUXFWXUH WR VLPSOH

DPLQR DFLGV� SOD\V D UROH LQ WKH IRUPDWLRQ RI JO\FLQH� DQG ZRXOG EH XVHIXO WR LQFOXGH LQ D

ODUJH�VFDOH VSHFWUDO OLQH VXUYH\� ,W ZDV REVHUYHG LQ 6JU %� ZLWK WKH 15$2 ����IW WHOHVFRSH

�=XFNHUPDQ HW DO� ������ DQG WKH ��� *+] WUDQVLWLRQ RI +&22+ KDV EHHQ REVHUYHG XVLQJ WKH

���P�WHOHVFRSH��XVLQJ�WKH�PLQL�*UHJRULDQ��/RULV�0DJQDQL��SULYDWH�FRPPXQLFDWLRQ��

����6WDU�IRUPDWLRQ�DQG�'LIIXVH�,RQL]HG�JDV�LQ�&\JQXV�;�UHJLRQ

0HQWRUV� $QLVK�5RVKL��$2��0D\UD�/HEURQ��835�53��&KULV 6DOWHU��$2

0DVVLYH VWDUV SURGXFH FRSLRXV DPRXQWV RI 89 SKRWRQV� ZKLFK LRQL]HV WKH JDV LQ WKHLU

VXUURXQGLQJV� $ VPDOO IUDFWLRQ RI WKHVH SKRWRQV FDQ WUDYHO ODUJH GLVWDQFHV WKURXJK WKH LQWHUVWHOODU

PHGLXP �,60�� 7KHVH SKRWRQV SURGXFH ORZ GHQVLW\ �� �� FP���� GLIIXVH LRQL]HG JDV �',*��

ZKLFK LV REVHUYHG WR H[WHQG RYHU KXQGUHGV RI SDUVHF� +\GURJHQ LQ WKH ',* LV IXOO\ LRQL]HG� EXW

LQ PDQ\ UHJLRQV� WKH KHOLXP LV RQO\ SDUWLDOO\ LRQL]HG� 7KLV XQGHU�LRQL]DWLRQ RI KHOLXP LV

XQH[SHFWHG� DV WKH PRVW PDVVLYH VWDUV SURGXFH ERWK K\GURJHQ DQG KHOLXP LRQL]LQJ SKRWRQV� 7KH



&\JQXV ; UHJLRQ �G P ��� NSF� LV RQH RI WKH PRVW PDVVLYH VWDU IRUPLQJ FRPSOH[HV LQ RXU *DOD[\�

7KLV UHJLRQ UHSUHVHQWV D a��R ZLGH UHJLRQ LQ WKH JDODFWLF SODQH QHDU JDODFWLF ORQJLWXGH O ��R� 7KH

UHJLRQ LV ULFK LQ 2% DVVRFLDWLRQV� ',*� DWRPLF DQG PROHFXODU JDVVHV� $ ZHDOWK RI REVHUYDWLRQDO

VWXGLHV DOUHDG\ H[LVW WR FKDUDFWHUL]H WKH GLIIHUHQW FRPSRQHQWV RI ,60 DV ZHOO DV 2% VWDUV LQ WKH

&\JQXV ; UHJLRQ� 5HFHQWO\ ZH KDYH PDGH H[WHQVLYH REVHUYDWLRQV RI ORZ IUHTXHQF\ �� ��� 0+]�

UDGLR UHFRPELQDWLRQ OLQHV WRZDUG &\JQXV ; UHJLRQ XVLQJ WKH *UHHQ %DQN 7HOHVFRSH �*%7��

7KHVH OLQHV SUHIHUHQWLDOO\ RULJLQDWH IURP WKH ',* DQG VR IRUP DQ H[FHOOHQW WUDFHU RI ORZ�GHQVLW\

LRQL]HG JDV� :H KDYH DOVR PDGH FRPSOHPHQWDU\ FRQWLQXXP REVHUYDWLRQV RI WKH VDPH UHJLRQ ZLWK

WKH ��P WHOHVFRSH DW $2 QHDU ��� *+]� 7KH VWXGHQW ZLOO EH LQYROYHG LQ PDNLQJ D FRQWLQXXP

LPDJH RI WKH &\JQXV ; UHJLRQ XVLQJ WKH ��P WHOHVFRSH GDWD� 7KH ORQJ WHUP DLP RI WKH SURMHFW LV

WR FRPELQH *%7� ��P WHOHVFRSH DQG RWKHU GDWD VHWV WR FRQVWUDLQ WKH SURSHUWLHV RI WKH ',* DQG

XQGHUVWDQG�WKH�KHOLXP�LRQL]DWLRQ�LVVXH�

����&\DQRDFHW\OHQH��+&�1��LQ�6WDU�)RUPLQJ�5HJLRQV

0HQWRUV� &KULV�6DOWHU��$2��7DSDVL�*KRVK��$OOLVRQ�6PLWK� $2��0D\UD�/HEURQ��835�53

6DJLWWDULXV %� �6JU%�� LV RQH RI WKH PRVW PDVVLYH PROHFXODU FORXGV LQ RXU 0LON\ :D\ *DOD[\� ,W

OLHV MXVW RYHU ��� SF IURP WKH *DODFWLF FHQWHU� DQG VRPH ��� NSF IURP WKH 6XQ� ,W FRQWDLQV WKUHH

GLVWLQFW�VWUXFWXUDO�FRPSRQHQWV��VKRZQ�LQ�WKLV�FDUWRRQ��6FKPLHGHNH�HW�DO��������$	$������������

7KHUH LV D ORZ�GHQVLW\ HQYHORSH RI DERXW �� SF ��� DUFPLQ� GLDPHWHU� DQG D PRGHUDWH�GHQVLW\

UHJLRQ RI a��� î � SF� ZLWKLQ ZKLFK LV FRQWDLQHG WKUHH DFWLYH PDVVLYH�VWDU IRUPDWLRQ VLWHV�

1�RUWK�� 0�DLQ� DQG 6�RXWK�� HDFK KRVWLQJ XOWUD�FRPSDFW +,, UHJLRQV� 6JU%� LV SHUKDSV WKH

ULFKHVW�VRXUFH�RI�PROHFXODU�UDGLR�OLQH�HPLVVLRQ�LQ�RXU�*DOD[\�

7KH�$UHFLER����P�7HOHVFRSH

7KH $UHFLER 2EVHUYDWRU\ ���P LV VLWXDWHG DWRS D KLOO E\ WKH PDLQ HQWUDQFH WR WKH REVHUYDWRU\

VLWH� $W SUHVHQW �$XJ ����� LW LV DYDLODEOH ZLWK DQ ;�EDQG ����� *+]� UHFHLYHU V\VWHP� SURYLGLQJ

RUWKRJRQDO FLUFXODUO\�SRODUL]HG VLJQDO FKDQQHOV� 7KH XQFRROHG UHFHLYHU KDV D V\VWHP WHPSHUDWXUH

RI DERXW ��� .� 7KH ���P WHOHVFRSH V\VWHP KDV D EHDP SDWWHUQ ZLWK D )XOO�:LGWK +DOI 0D[LPXP

�):+0��FORVH�WR����DUFPLQ�DW���*+]�

)RU VSHFWUDO�OLQH REVHUYDWLRQV� LW UHFRUGV GDWD WKURXJK WKH ³0RFN 6SHFWURPHWHU´ ZLWK XS WR �

LQGHSHQGHQW�IUHTXHQF\�³FKXQNV´��(DFK�³FKXQN´�FDQ�FRQWDLQ�XS�WR������IUHTXHQF\�FKDQQHOV�



7KH�(1&$172�+&�1�6SHFWUDO�/LQH�2EVHUYLQJ�3URMHFW

7KH ;�EDQG UHJLRQ RI WKH UDGLR VSHFWUXP �� Å �� *+]� LV UHODWLYHO\ SRRU LQ VWURQJ PROHFXODU

OLQHV IURP FHOHVWLDO VRXUFHV� ,Q WKH ³/RYDV &DWDORJ´�� E\ IDU WKH VWURQJHVW HQWU\ LV WKH - ���

WUDQVLWLRQ RI &\DQRDFHW\OHQH �+&�1�� ZKLFK LV D K\SHUILQH WULSOHW QHDU ��� *+]� 7KLV ZDV

GHWHFWHG ZLWK WKH 3DUNHV ���P WHOHVFRSH E\ 0F*HH HW DO ������ $S-� ���� ���� DQG DOVR E\

&KXUFKZHOO HW DO ������ $	$� ��� ���� ZLWK WKH (IIHOVEHUJ ����P GLVK� 7KH ) ��� OLQH ZDV

PXFK WKH VWURQJHVW RI WKH WKUHH K\SHUILQH WUDQVLWLRQV� IROORZHG E\ WKH ) ��� OLQH� ZLWK WKH ) ���

WUDQVLWLRQ EHLQJ PRUH WKDQ DQ RUGHU RI PDJQLWXGH IDLQWHU WKDQ WKH )  ��� IHDWXUH� 7KH UHVW

IUHTXHQFLHV RI WKH WKUHH K\SHUILQH WUDQVLWLRQV RI +&�1 DUH ) ��� ���������� *+]�� )�� �

�����������*+]���DQG�) � �������������*+]��

7KH�VSHFWUDO�OLQH�RI�+&�1�GHWHFWHG�LQ�6JU%��E\�&KXUFKZHOO�HW�DO��������ZDV�

(DUOLHU��0F*HH�HW�DO��������GHWHFWHG�WKH�VSHFWUDO�OLQH�RI�WKLV�WULSOHW�IURP�6JU%��IRU�WKUHH�GLIIHUHQW

IUHTXHQF\�UHVROXWLRQV��DV�

$V D ³+DQGV�2Q 3URMHFW´ IRU D VWXGHQW JURXS JURXS DW WKH 1$,&�15$2 6LQJOH�'LVK 6XPPHU

6FKRRO LQ 0D\ ����� D VXFFHVVIXO DWWHPSW ZDV PDGH WR GHWHFW WKH +&�1 PROHFXODU OLQH IURP

� KWWSV���SK\VLFV�QLVW�JRY�FJL�ELQ�PLFUR�WDEOH��VWDUW�SO





,W LV ZLGHO\ DFFHSWHG WKDW WKH 1HDU�(DUWK 2EMHFWV �1(2V� UHSUHVHQW D JOREDO KD]DUG IRU KXPDQ

FLYLOL]DWLRQ� 7KH\ KDYH LPSDFWHG PDQ\ ERGLHV LQ WKH 6RODU 6\VWHP� LQFOXGLQJ WKH (DUWK� 0RUH

QRWRULRXV ZDV WKH 1HDU�(DUWK DVWHURLG �1($� ZLWK DQ HVWLPDWHG GLDPHWHU RI �� PHWHUV WKDW

H[SORGHG RYHU &KHO\DELQVN LQ 5XVVLD ZLWK DQ HQHUJ\ RI DERXW ��� NLORWRQV LQ ���� DQG LQMXUHG

RYHU ����� SHRSOH� 'XH WR WKH SRVVLEOH GHYDVWDWLQJ FRQVHTXHQFHV RI VXFK LPSDFWV� &RQJUHVV

DVVLJQHG 1$6$ WKH WDVN WR GHWHFW� WUDFN� FDWDORJXH� DQG FKDUDFWHUL]H WKH SK\VLFDO FKDUDFWHULVWLFV

RI �� SHUFHQW RI WKH 1(2 SRSXODWLRQ GRZQ WR ��� PHWHUV LQ VL]H� :KLOH LW LV RI YLWDO LPSRUWDQFH

DQG SULRULW\ WR GHWHFW WKHVH REMHFWV� LW LV DOVR RI YLWDO LPSRUWDQFH WR FKDUDFWHUL]H WKHP LQ RUGHU WR

GHYHORS�D�FRUUHFW�GHIOHFWLRQ�VWUDWHJ\�LQ�FDVH�RI�DQ�LPPLQHQW�LPSDFW�

3KRWRPHWU\

$Q DVWHURLG SKRWRPHWU\ FDPSDLJQ KDV EHHQ LQLWLDWHG ZLWK WKH LQWHQW RI REWDLQLQJ OLJKWFXUYHV RI

1($V LQ RUGHU WR GHWHUPLQH WKHLU URWDWLRQ SHULRGV� 7KH URWDWLRQ UDWH GLVWULEXWLRQ RI 1($V FDQ

JLYH XV LPSRUWDQW LQIRUPDWLRQ DERXW WKHLU PDWHULDO VWUHQJWK� $ ����P 3ODQH :DYH WHOHVFRSH RI

WKH 1DY\ 3UHFLVLRQ 2SWLFDO ,QWHUIHURPHWHU �132,� DW WKH /RZHOO 2EVHUYDWRU\ LQ )ODJVWDII�

$UL]RQD LV XVHG E\ WKH 8QLYHUVLW\ RI 3XHUWR 5LFR DW +XPDFDR� DV PHPEHUV RI WKH 1DWLRQDO

8QGHUJUDGXDWH 5HVHDUFK 2EVHUYDWRU\ �1852� &RQVRUWLXP� WR REWDLQ WKH SKRWRPHWULF GDWD RI

DVWHURLGV� 2EVHUYLQJ UXQV RI ��� QLJKWV DUH FRQGXFWHG HDFK VHPHVWHU ZLWK ��� XQGHUJUDGXDWH

VWXGHQWV� (DFK REMHFW LV REVHUYHG XVLQJ DQ 5�EDQG ILOWHU IRU DERXW IRXU KRXUV RQ PXOWLSOH QLJKWV�

7KH H[SRVXUH WLPH LV W\SLFDOO\ �� VHFRQGV DQG UDQGRP WLPH GHOD\V DUH LQVHUWHG LQ RUGHU WR DYRLG

SUREOHPV ZLWK DOLDVLQJ� $GGLWLRQDO GDWD LV DOVR REWDLQHG YLD 52%2 PRGH RQ FHUWDLQ QLJKWV SHU

VHPHVWHU� 7KH GDWD UHGXFWLRQ DQG DQDO\VLV RI WKH GDWD LV FRQGXFWHG XVLQJ WKH ,PDJH 5HGXFWLRQ

DQG $QDO\VLV )DFLOLW\ �,5$)� DQG WKH 0LQRU 3ODQHW 2EVHUYHU �032� &DQRSXV SURJUDP� 7KH

UHVXOWV�DUH�SXEOLVKHG�LQ�WKH�0LQRU�3ODQHW�%XOOHWLQ�

5DGDU

$UHFLER QHDU�(DUWK DVWHURLGV �1($V� UDGDU REVHUYDWLRQV DUH XVHG WR UHILQH WKHLU RUELWV� ZKLFK DUH

XVHG WR DQDO\]H WKH LPSDFW KD]DUGV� DQG WR VWXG\ WKHLU QHDU�VXUIDFH SURSHUWLHV� 7KH UDGDU V\VWHP

UHVSRQGV TXLFNO\ WR QHZ 1($ GLVFRYHULHV DORQJ ZLWK WKH FRQWLQXHG VXUYH\� WKHUHIRUH� VRPH

H[LVWLQJ GDWD KDYH QRW EHHQ FRPSOHWHO\ UHGXFHG RU DQDO\]HG� 6SHFWUD DQG LPDJHV \LHOG VL]HV�

VKDSHV� DQG VSLQ UDWHV IRU WKHVH REMHFWV� 7KH SURFHVVHG FRQWLQXRXV ZDYH �&:� DQG GHOD\�'RSSOHU

UDGDU LPDJHV DUH XVHG WR REWDLQ SK\VLFDO FKDUDFWHUL]DWLRQ RI DVWHURLGV� 7KH SURFHVVHG GDWD LV XVHG

IRU QXPHULFDO LQYHUVH PRGHOLQJ WR FUHDWH ��' VKDSHV RI QHDU�(DUWK DVWHURLGV XVLQJ WKH 6+$3(

VRIWZDUH DQG FDQ EH FRPELQHG ZLWK RSWLFDO OLJKWFXUYH GDWD WR JHQHUDWH D PRUH FRPSOHWH SK\VLFDO

FKDUDFWHUL]DWLRQ� ,Q DGGLWLRQ� WKH LQIRUPDWLRQ REWDLQHG ZLWK WKH SK\VLFDO FKDUDFWHUL]DWLRQ FDQ EH

XVHG�WR�DQDO\]H�WKH�G\QDPLFDO�HQYLURQPHQW�DURXQG�1($V�


