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3K\VLFDO DQG IXQFWLRQDO LQYHVWLJDWLRQ RI WKH S7KU� SODVPLG

�5HVHDUFK *URXS IRU 0LFURELRORJ\� +XQJDULDQ $FDGHP\ RI 6FLHQFHV DQG 8QLYHUVLW\ RI 6]HJHG�
�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� +XQJDU\

7ULFKRGHUPD VSHFLHV DUH FRPPRQ VRLO�ERUQ IXQJL� 7KHVH VSHFLHV DUH

HFRQRPLFDOO\ LPSRUWDQW� LQ SDUW EHFDXVH RI WKHLU P\FRSDUDVLWLF DELOLW\� ZKLFK PDNHV

WKHP VXLWDEOH IRU DSSOLFDWLRQ DV ELRFRQWURO DJHQWV DJDLQVW VRLO�ERUQ SODQW�SDWKRJHQLF

IXQJL� 'HVSLWH WKH LPSRUWDQFH RI WKHVH IXQJL� OLWWOH LV NQRZQ DERXW WKHLU

H[WUDFKURPRVRPDO JHQHWLF HOHPHQWV�

,Q DGGLWLRQ WR WKH KLJK�PROHFXODU�ZHLJKW EDQG� WZR ORZHU�PROHFXODU�ZHLJKW

EDQGV� ��� DQG ��� NE LQ VL]H� ZHUH REVHUYHG LQ WKH DJDURVH JHO HOHFWURSKRUHVLV SDWWHUQV

RI XQGLJHVWHG PW'1$ SUHSDUDWLRQV SXULILHG IURP WKH LVRODWHG PLWRFKRQGULD RI D

P\FRSDUDVLWLF 7ULFKRGHUPD KDU]LDQXP VWUDLQ� 7KLV SDWWHUQ ZDV SURGXFHG E\ VLQJOH

PROHFXOHV� ��� NE LQ VL]H� WKDW ZHUH VXSHUFRLOHG WR YDULRXV GHJUHHV� 7KHUH ZHUH QR

VHTXHQFH KRPRORJLHV EHWZHHQ WKLV SODVPLG� FDOOHG E\ XV S7KU�� DQG WKH PW'1$� 7KH

FRPSOHWH ���� ES VHTXHQFH RI WKH S7KU� SODVPLG ZDV GHWHUPLQHG DQG DQDO\VHG E\

PHDQV RI FRPSXWHU SURJUDPV� 7KH SODVPLG GLVSOD\HG QR KRPRORJ\ DW D '1$ OHYHO ZLWK

DQ\ PLWRFKRQGULDO SODVPLG RU RWKHU '1$ VHTXHQFHV DFFHVVLEOH LQ WKH *HQEDQN

GDWDEDVH� 7KH VHTXHQFH DQDO\VLV UHYHDOHG WKDW WKH S7KU� SODVPLG FRQWDLQHG WKUHH RSHQ

UHDGLQJ IUDPHV ����� ��� DQG ���� ES ORQJ� DQG WKH SXWDWLYH SURWHLQ SURGXFW RI WKH

ORQJ RSHQ UHDGLQJ IUDPH� IRU D OHQJWK RI ��� ES� ZDV VLPLODU WR WKH UHYHUVH WUDQVFULSWDVH

RI WKH 0DXULFHYLOOH DQG 9DUNXG SODVPLGV IURP 1HXURVSRUD VSS� 0RUHRYHU� WKLV RSHQ

UHDGLQJ IUDPH KDG FRQVHUYHG VHTXHQFH HOHPHQWV� 4� 5 DQG 6� FKDUDFWHULVWLF RI JURXS ,

LQWURQV�

7KLV ZRUN ZDV VXSSRUWHG ILQDQFLDOO\ E\ JUDQW 7������ RI WKH +XQJDULDQ

6FLHQWLILF 5HVHDUFK )XQG DQG ).)3�������� RI WKH +XQJDULDQ 0LQLVWU\ RI (GXFDWLRQ�
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.� È&6� =6� .$6=$� 0� 9$67$*� &6� 9È*9g/*<,

&ORQLQJ DQG SDUWLDO VHTXHQFH DQDO\VLV RI WKH JO\FHUDOGHK\GH���SKRVSKDWH

JHQH RI0XFRU FLUFLQHOORLGHV

'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 3�2� %R[ ���� +±�����

6]HJHG� +XQJDU\

7KH JO\FHUDOGHK\GH���SKRVSKDWH JHQH �JSG� RI 0XFRU FLUFLQHOORLGHV I�

OXVLWDQLFXV �$7&& ����E� KDV EHHQ LVRODWHG IURP D JHQRPLF OLEUDU\ E\ KRPRORJRXV

K\EULGLVDWLRQ ZLWK D ��� ES IUDJPHQW RI WKH JSG JHQH DPSOLILHG E\ 3&5 XVLQJ VSHFLILF

SULPHUV� 8QWLO QRZ DERXW ��� RI WKH HQWLUH JSG VHTXHQFH KDV EHHQ LGHQWLILHG� 7KLV

VHTXHQFH FRQVLVWV RI ��� ES FRGLQJ UHJLRQ IURP WKH �¶ WHUPLQXV DQG LV QRW LQWHUUXSWHG

E\ LQWURQV� 7KH DPLQR�DFLG VHTXHQFH HQFRGHG E\ WKH IUDJPHQW VKRZV D KLJK GHJUHH RI

VHTXHQFH LGHQWLW\ ZLWK WKH FRUUHVSRQGLQJ JHQH SURGXFWV RI YDULRXV IXQJDO VSHFLHV�

0XOWLSOH DOLJQPHQWV RI IXQJDO *3' VHTXHQFHV UHVXOWHG LQ WKH FRQVWUXFWLRQ RI D

SK\ORJHQHWLF WUHH� 5HVXOWV RI WKH SK\ORJHQHWLF DQDO\VLV RI WKHVH VHTXHQFHV LQGLFDWHG D

FORVHU FRQQHFWLRQ RI WKH ]\JRP\FHWH 0� FLUFLQHOORLGHV WR WKH LQYHVWLJDWHG

EDVLGLRP\FHWH WKDQ WKH DVFRP\FHWH VSHFLHV� 6HTXHQFH DQDO\VLV RI ��� ES RI WKH �¶

WHUPLQDO QRQ�FRGLQJ UHJLRQ ZDV DOVR FDUULHG RXW DQG UHYHDOHG WKH SUHVHQFH RI IXQJDO

WHUPLQDO FRQVHQVXV VHTXHQFHV�

7KLV VWXG\ ZDV VXSSRUWHG E\ 27.$ JUDQW 7�������

0� %$7,ý� 3� /,.$5� (� 5831,.

(IIHFW RI &�1 UDWLR RQ 51$ DFFXPXODWLRQ LQ \HDVW

)RRG 6FLHQFH DQG 7HFKQRORJ\ 'HSDUWPHQW� %LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD�

-DPQLNDUMHYD ���� ���� /MXEOMDQD� 6ORYHQLD

'XULQJ EDWFK ELRSURFHVV WKH FRQWHQW RI ULERQXFOHLF DFLG �51$� LQ WKH \HDVWV

YDULHG GHSHQGLQJ RQ JURZWK SKDVH DQG PHGLXP FRPSRVLWLRQ� ,Q \HDVW 6� FHUHYLVLDH DQG

&� XWLOLV WKH HIIHFW RI GLIIHUHQW &�1 UDWLR ����� ����� ���� DQG ����� WR 51$

DFFXPXODWLRQ ZDV VWXGLHG LQ PRGLILHG \HDVW PDOW H[WUDFW EURWK PHGLXP DW S+ ��� DQG

���� 'XULQJ WKH ELRSURFHVV WKH S+� ELRPDVV FRQFHQWUDWLRQ DQG 51$ ZDV IROORZHG�

5HVXOWV VKRZHG QHJDWLYH FRUUHODWLRQ EHWZHHQ 51$ FRQWHQW DQG LQFUHDVLQJ &�1 UDWLR LQ

WKH PHGLD� &XOWLYDWLQJ 6� FHUHYLVLDH DQG &� XWLOLV �� KRXUV LQ <0% PHGLXP LQ VLGH DUP

IODVNV DW VWDUWLQJ S+ ��� DQG ��� DW �� �& RQ D URWDU\ VKDNHU ZLWK ��� USP� 7KH \HDVW

ELRPDVV ZDV IROORZHG E\ PHDVXUHPHQW RI 2' DW ��� QP� 7KH GU\ \HDVW ELRPDVV ZDV
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HVWLPDWHG E\ FDOLEUDWLRQ FXUYH SUHSDUHG E\ ILOWUDWLRQ RI WKH EURWK VDPSOHV GXULQJ

JURZWK� 7KH 51$ GHWHUPLQDWLRQ ZDV SHUIRUPHG LQ \HDVW ELRPDVV E\ H[WUDFWLRQ RI 51$

ZLWK ��� 0 +&O2�� ([WUDFWHG 51$ ZDV FHQWULIXJHG DW ������ PLQ
±�
DQG DEVRUEHQF\

ZDV PHDVXUHG DW ��� QP LQ VXSHUQDWDQW� &DOLEUDWLRQ FXUYH SUHSDUHG E\ WKH VDPH

SURFHGXUH ZLWK 51$ IURP 7RUXOD \HDVW ZDV XVHG IRU HVWLPDWLRQ RI WRWDO \HDVW FHOO 51$

RI 6� FHUHYLVLDH DQG &� XWLOLV�

'XULQJ WKH JURZWK RI 6� FHUHYLVLDH DQG &� XWLOLV LQ EDWFK ELRSURFHVV WKH S+ IDOO

DQG ELRPDVV FRQFHQWUDWLRQ LQFUHDVHG ZLWK LQFUHDVLQJ FRQFHQWUDWLRQ RI FDUERQ LQ WKH

PHGLD� &RQWUDU\� QLWURJHQ OLPLWDWLRQ FDXVHG UHGXFWLRQ RI PD[LPDO VSHFLILF JURZWK UDWH

DQG 51$ DFFXPXODWLRQ RI ERWK \HDVWV� ,QFUHDVHG &�1 UDWLR IURP ��� DQG ���� WR ����

UHVXOWHG LQ ��� WR ��� UHGXFWLRQ RI 51$ PHDVXUHG DW WKH HQG RI WKH ELRSURFHVV�

5HVXOWV VKRZHG WKDW JURZWK RI \HDVW LQ <0% PHGLD ZLWK QLWURJHQ OLPLWDWLRQ FDXVHG ��

WR �� PLQXWHV SURORQJDWLRQ RI FHOO GRXEOLQJ WLPH �WJ� DW 6� FHUHYLVLDH� ,Q &� XWLOLV WKH

51$ FRQFHQWUDWLRQ GHFUHDVHG IURP �� PJ 51$�J G�Z� DW &�1 UDWLR ���� WR ��� �� DQG

�� PJ 51$�J G�Z� DW &�1 UDWLR ���� ���� DQG ���� LQ WKH FXOWLYDWLRQ PHGLD� 7KH &,1

UDWLR LQ JURZWK PHGLXP RI \HDVW 6� FHUHYLVLDH DQG &� XWLOLV SOD\V LPSRUWDQW UROH LQ 51$

DFFXPXODWLRQ RI \HDVW FHOOV� 7KH QHJDWLYH HIIHFW RQ 51$ DFFXPXODWLRQ LQ \HDVW FHOO

DSSHDUHG ZKHQ &�1 LQFUHDVHG IURP ��� DQG ���� WR ����� &RQWUDU\� ELRPDVV SURGXFWLRQ

LQFUHDVHG XS WR ���� J�/ ZKHQ KLJK QLWURJHQ OLPLWDWLRQ PHGLD ZDV XVHG�

=6� %(1.�� 0� 0,6.(,� &6� )(1<9(69g/*<,� 9� %(1(62&=.,� 0� 6,3,&=.,

(IIHFW RI PXWDWLRQV FDXVLQJ FDIIHLQH UHVLVWDQFH RQ FHOO F\FOH

DQG WKHLU LQWHUDFWLRQ ZLWK RWKHU PXWDWLRQV� $GDSWDWLRQ WR FDIIHLQH

'HSDUWPHQW RI *HQHWLFV DQG 0ROHFXODU %LRORJ\� )16� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

&DIIHLQH LV RQH RI WKH PRVW IUHTXHQWO\ FRQVXPHG GUXJV� 6HYHUDO DVSHFWV RI WKH

HIIHFW RI FDIIHLQH RQ OLYLQJ RUJDQLVPV DUH VWXGLHG� 1DVFHQW UHVLVWDQFH DJDLQVW PHGLFLQHV

DQG YDULRXV WR[LQV FDXVH VHULRXV SUREOHPV IRU PHGLFDO VFLHQFH� 7KH ODWHVW UHVXOWV

VKRZHG WKDW FDIIHLQH FRXOG QRW FDXVH FDQFHU DORQH EXW LW FRXOG LQFUHDVH HIIHFWLYHO\ WKH

FDUFLQRJHQ HIIHFW RI VHYHUDO FRPSRXQGV� ,Q DGGLWLRQ WKH FDIIHLQH LV D ZHOO�NQRZQ WR[LQ

RI FHOOV ZLWK GLIIHUHQW HIIHFWV RQ WKHP�

7R EHWWHU XQGHUVWDQG WKH HIIHFWV RI FDIIHLQH ZH KDYH LVRODWHG FDIIHLQH�UHVLVWDQW

PXWDQWV WKDW FRXOG WROHUDWH ��� WLPHV KLJKHU FRQFHQWUDWLRQ RI FDIIHLQH WKDQ WKH ZLOG W\SH

FHOOV� 2QH UHSUHVHQWDWLYH ZDV FKRVHQ IURP WKH IRXU�FRPSOHPHQWDWLRQ JURXSV IRU IXUWKHU

VWXGLHV� $QDO\VLV RI WKHVH PXWDQWV UHYHDOHG VHYHUDO GLVVLPLODULW\ WR ZLOG�W\SH FHOOV VXFK

DV SURORQJHG FHOO F\FOH� HORQJDWHG FHOOV� 89 VHQVLWLYLW\� ��UHVLVWDQFH� S+�VHQVLWLYH
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JURZWK� GDPDJHG PHLRVLV� VWDUYDWLRQ VHQVLWLYLW\ DQG EUHIHOGLQ $ UHVLVWDQFH� 0ROHFXODU

DQDO\VLV UHYHDOHG WKDW WKH FDI� JHQH SURGXFW LV SUREDEO\ UHVSRQVLEOH IRU QXFOHDU

WUDQVSRUW� 7KH FDI� JHQH HQFRGHV DQ H[SRUWLQ SURWHLQ� 7KH FDI� JHQH SURGXFW LV DQ $3�

��W\SH WUDQVFULSWLRQ IDFWRU� 7KH FDI� JHQH HQFRGHV WKLRUHGR[LQ UHGXFWDVH HQ]\PH�

7KHVH UHVXOWV VXJJHVW D YHU\ FRPSOH[ V\VWHP H[LVWLQJ LQ WKH FHOO WKDW LV DEOH WR UHGXFH

WKH WR[LF HIIHFW RI FDIIHLQH�

(IIHFW RQ FHOO F\FOH� ,W LV NQRZQ WKDW K\GUR[\ XUHD �+8� EORFNV WKH FHOOV LQ WKH 6

SKDVH� $GGLWLRQ RI FDIIHLQH WR WKH EORFNHG ZLOG�W\SH FHOOV FDQ RYHUULGH WKH 6�0

FKHFNSRLQW WKDW UHVXOW LQ FHOO GHDWK� :H IRXQG WKDW WKH +8�EORFNHG FDI PXWDQWV FDQ

WROHUDWH WKH DGGLWLRQ RI FDIIHLQH� 7KH PRVW FRPPRQ FKDQJHV LQ SKHQRW\SH RI 6� SRPEH

FHOOV IROORZLQJ DGGLWLRQ RI FDIIHLQH DUH WKH SURORQJHG FHOO F\FOH� 7R XQGHUVWDQG WKLV

HIIHFW PRUH FOHDUO\ ZH LVRODWHG IXUWKHU FDIIHLQH�UHVLVWDQW PXWDQWV WKDW KDYH H[WUHPHO\

SURORQJHG FHOO F\FOH ERWK ZLWK DQG ZLWKRXW FDIIHLQH LQ WKH PHGLD�

,QWHUDFWLRQ ZLWK RWKHU PXWDWLRQ� 7KH FDI���� GRPLQDQW PXWDWLRQ �$3���OLNH

WUDQVFULSWLRQ IDFWRU� LQFUHDVHV PRUSKRORJLFDO FKDQJHV LQ SKHQRW\SH FDXVHG E\ VHS�

PXWDWLRQ ZKLOH WKH FDI���� VHSO����� GRXEOH PXWDWLRQ LV OHWKDO� 7KH FDI� JHQH HYHQ

LQWHUDFWV ZLWK VRPH DX[RWURSK PXWDWLRQV HVSHFLDOO\ ZLWK DGH�
±

� :H KDYH LVRODWHG D

VWHULOH VWH\ PXWDQW WKDW FDXVHV UHGXFHG FDIIHLQH�UHVLVWDQFH DQG DOWHUHG FHOO PRUSKRORJ\

LQ WKH FDI���� VWH\ GRXEOH PXWDQW�

$GDSWDWLRQ WR FDIIHLQH� :H DOVR IRXQG WKDW 6� SRPEH FHOOV FRXOG DGDSW WR KLJKHU

FRQFHQWUDWLRQ RI FDIIHLQH� 7KLV DGDSWDWLRQ LV UHYHUVLEOH� ,W KDV WXUQHG RXW WKDW WKH

DGDSWDWLRQ DELOLW\ GXH WR VSRQWDQHRXV PXWDWLRQ ZKLOH WKH ZLOG�W\SH VWUDLQV KDYH UHGXFHG

DELOLW\ WR DGDSW WR FDIIHLQH� 7R NQRZ PRUH DERXW WKH PHFKDQLVP RI DGDSWDWLRQ ZH KDYH

VWDUWHG WR VWXG\ ERWK WKH ZLOG�W\SH DQG WKH PXWDQW VWUDLQ�

%� %,5Ï
�
� +� 7,5,&=

�
� %� 0259$,

�

,QYHVWLJDWLRQV RQ WKH YLWDOLW\� UHVLVWDQFH DQG GLYHUVLW\ RI PHWDO�DGDSWHG

DQG QRQ�DGDSWHG 5KL]RELXP VWUDLQV

�5HVHDUFK ,QVWLWXWH IRU 6RLO 6FLHQFH DQG $JULFXOWXUDO &KHPLVWU\ RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV

�5,66$&�07$ 7$.,�� %XGDSHVW� �-XKiV] *\XOD 7HDFKHUV¶ 7UDLQLQJ &ROOHJH� 6]HJHG� +XQJDU\

:DVWH GLVSRVDO RI WKH VHZDJH VOXGJH LQ WKH DUDEOH ODQGV LV D FRPPRQ

DJULFXOWXUDO SUDFWLFH WKURXJKRXW WKH ZRUOG� $IWHU WKH ORQJ�WHUP DSSOLFDWLRQV� KRZHYHU�

VRPH GLYHUVH HIIHFW RI WKH DFFXPXODWHG KHDY\ PHWDOV FDQ EH GHWHFWHG RQ VRPH VRLO�

ELRORJLFDO JURXSV DQG SDUDPHWHUV� $PRQJ WKHP WKH EDFWHULDO DQG IXQJDO �5KL]RELXP
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DQG $0)� PLFURV\PELRQWV DUH VHQVLWLYH HQRXJK WR XVH WKHP DV SRWHQWLDO� DSSURSULDWH

HFR�WR[LFRORJLFDO ELRVHQVRUV �%DOOD HW DO� ������

*URZWK�UDWH DQG PHWDO�WROHUDQFH RI DGDSWHG DQG QRQ�DGDSWHG 5KL]RELXP

OHJXPLQRVDUXP EY� WULIROLL LVRODWHV ZHUH WHVWHG LQ YLWUR� 6WUDLQV ZHUH RULJLQDWLQJ IURP D

KHDYLO\ SROOXWHG VRLO� ZKHUH YDULRXV UDWHV RI FRPPXQDO VHZDJH VOXGJH ZHUH XVHG

UHJXODUO\ IRU PRUH WKDQ WHQ \HDUV �LQ +XQJDU\�� )LYH FRQFHQWUDWLRQV ����� �� ��� ��� DQG

���� PJ O
±�
� RI VRPH KHDY\ PHWDO VDOWV �=Q� &X� &R DQG 1L� DV VXOSKDWHV DQG FKORULGHV�

ZHUH XVHG LQ D PLFUR�IHUPHQWRU� ZKHUH WKH FHOO QXPEHU RI WKH WHVWHG VWUDLQV ZDV

HVWLPDWHG DIWHU �� KRXUV RI LQFXEDWLRQ� 6WDUWLQJ UDWLR RI WKH UKL]RELXP FHOOV ZDV VHW WR

��
�
&)8 PO

±�
LQ OLTXLG <(0� \HDVW�H[WUDFW PDQQLWRO�PHGLD �LQRFXODWHG E\ DERXW ���

�O�WXEH DIWHU D 7KRPD�FKDPEHU FRXQWLQJ DQG FDOFXODWLRQ�� $IWHU �� KRXUV RI JURZWK �DW

�� �&� LQ D URWDU\ VKDNHU� RSWLFDO GHQVLW\ �2'  ��� QP� RI WKH VXVSHQVLRQV ZHUH

PHDVXUHG DQG FRPSDUHG WR WKH PHWDO�IUHH FRQWURO� 0RGLILHG SODWH FRXQW PHWKRG ZDV

DOVR XVHG WR DVVHVV WKH DEXQGDQFH RI WKH FXOWXUDEOH FHOOV �$QJHUHU HW DO� ������ 3ODVPLGH

SURILOH DQDO\VLV �33$�� DV SKHQRW\SLF FRPPXQLW\ FKDUDFWHULVWLF� ZDV XVHG WR LQGLFDWH

WKH PLFURELDO GLYHUVLW\ RI WKH UKL]RELD LQ WKH VHZDJH VOXGJH WUHDWHG SORWV� 'DWD ZHUH

DQDO\VHG VWDWLVWLFDOO\�

$GDSWHG 5KL]RELXP VWUDLQV� ZKLFK ZHUH VHOHFWHG DIWHU �� \HDUV RI UHJXODU

VHZDJH�VOXGJH WUHDWPHQWV� ZHUH IRXQG WR EH DOPRVW XQLIRUPO\ WROHUDQW WR DOO RI WKH

DSSOLHG KHDY\ PHWDO UDWHV� 6WUDLQV� RULJLQDWLQJ IURP DQ XQSROOXWHG VRLO� KRZHYHU� ZHUH

JHQHUDOO\ VHQVLWLYH WR DV ORZ� DV �� PJ�NJ
±�
FRQFHQWUDWLRQV RI WKH PHWDOV� 7KH ORZHVW

GRVHV RI VRPH PLFURHOHPHQWV �DW DERXW ��� DQG � PJ�NJ
±�
� VWLPXODWHG WKH JURZWK�

GHSHQGLQJ RQ WKH PHWDOV DQG WKH VWUDLQV� DV LW ZDV IRXQG LQ DQ HDUOLHU VWXG\ �.HFVNpV HW

DO� ������

&HOO QXPEHU RI DGDSWHG UKL]RELD ZDV IRXQG WR EH OHVV E\ DERXW WZRIROG

FRPSDUHG WKH XQWUHDWHG DQG QRQ�DGDSWHG FRQWUROV� 9LWDOLW\ DQG JURZWK RI WKH PHWDO�

WROHUDQW VWUDLQV GHFUHDVHG E\ DERXW ��� DW DOO RI WKH WUHDWPHQWV DIWHU D ���\HDUV RI PHWDO

FRQWDPLQDWLRQ� 0D[LPDO JHQHWLFDO� �SODVPLGH SURILOH� GLYHUVLW\ ZDV SUHVHQW DW WKH QRQ�

SROOXWHG VRLOV� ZKHUHDV WKH FRPPXQDO VHZDJH VOXGJH DSSOLFDWLRQ KDV GHFUHDVHG LW DV D

IXQFWLRQ RI WKH ORQJ�WHUP HIIHFW� WKH VRLO�SK\VLFDO�FKHPLFDO FKDUDFWHULVWLFV DQG WKH

XVDJH RI WKH ODQGV�

6SRQVRUHG E\ WKH +XQJDULDQ 5HVHDUFK )XQG �27.$�� 7 ������ DQG 7 �������

�� $QJHUHU� ,� HW DO�� $JURNHP 7DODMW ��� ���±��� ������� �� %LUE� %�� *\DNRUODWL $JURIRUXP �;� ��

�±� ������� �LQ +XQJDULDQ� �� .HFVNpV� 0�� $FWD $OLPHQW ��� ���±��� ������� �� %DOOD� ,� HW DO�� 3ODQW &HOO

7LVVXH 2UJ &XOW ��� ���±��� �������
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7KH F\WRORJLFDO DQG JHQHWLFDO VWXG\ RI WKH GLPRUSKLF \HDVW

6FKL]RVDFFKDURP\FHV MDSRQLFXV

�'HSDUWPHQW RI *HQHWLFV� .RVVXWK /DMRV 8QLYHUVLW\� (J\HWHP WpU �� +±���� 'HEUHFHQ�
�'(2(& +XPDQ *HQHWLFDO ,QVWLWXWH� 1DJ\HUGHL NUW� ��� +±���� 'HEUHFHQ� +XQJDU\

6� MDSRQLFXV LV D XQLFHOOXODU KDSORLG ILVVLRQ \HDVW� /LIH F\FOH KDV GLPRUSKLVP�

\RXQJ FRORQLHV FRQVLVW RI F\OLQGULFDO VLQJOH FHOOV DQG DIWHU �±�� GD\V RQ VROLG PHGLXP

WKH\ GHYHORS K\SKDH FKDUDFWHULVWLF RI UHDO IXQJL� :H SXW HPSKDVLV RQ VWXG\LQJ WKLV

GLPRUSKLVP� :H KLJKOLJKWHG WKH GLIIHUHQFHV EHWZHHQ VLQJOH FHOOV DQG K\SKDH LQ

F\WRORJLFDO DVSHFWV� ZLWK UHVSHFW RI PLWRVLV DQG WKH SDWWHUQ RI F\WRVNHOHWDO HOHPHQWV WKH

WZR IRUPV VKDUHG WKH VDPH PRUSKRORJ\ ZLWK D VOLJKW GLIIHUHQFH GXH WR WKH VKDSH RI WKH

FHOOV� :H JHQHUDWHG DX[RWURSKLF PXWDQWV IURP WKH ZLOG W\SH VWUDLQ�

:H GLYLGHG WKH LVRODWHG PXWDQWV LQWR FRPSOHPHQWDWLRQ JURXSV� WKH H[DFW VSRW RI

VRPH RI WKHVH JURXSV ZHUH GHWHUPLQHG LQ WKH UHVSHFWLYH ELRV\QWKHWLF SDWKZD\� :H

SHUIRUPHG SURWRSODVWV IXVLRQ� 7KH VHJUHJDWLRQ RI DOOHOHV RULJLQDWLQJ IURP D]\JRWLF DVFL

WXUQHG WR EH PHQGHOLF� :H LVRODWHG VHYHUDO K\SKDH�SURGXFLQJ PXWDQWV DQG PXWDQWV WKDW

VKRZ VHQVLWLYLW\ RU UHVLVWDQFH WR K\SKDHO JURZWK�EORFNLQJ WR[LQV� 6WXG\LQJ WKHLU

JHQHWLFDO EDFNJURXQG ZH IRXQG LPSRUWDQW JHQHV SDUWLFLSDWLQJ LQ PHWDPRUSKRVLV�

'XULQJ WKH IOXRUHVFHQW SDLQW RI WKH QXFOHXV ZH QRWLFHG WKUHH FKURPRVRPHV LQ WKH FHOO�

:LWK SXOVHG ILHOG HOHFWURSKRUHVLV �&+()� RQO\ WZR EDQGV FRXOG EH GHWHFWHG RQ WKH

JHOH� 3HUKDSV WZR FKURPRVRPHV KDYH WKH VDPH VL]H� 7UDQVIRUPDWLRQ ZDV GLIILFXOW� 6�

MDSRQLFXV FDQQRW DSSO\ WKH $56 RI 6� SRPEH� :H JHQHUDWHG 6� MDSRQLFXV OLEUDU\ LQ

S-.��� LQWHJUDWLYH SODVPLG DQG VHDUFKHG IRU VSHFLILF $56� :LWK WKH KHOS RI WKLV JHQH

ZH HODERUDWHG DQ HIIHFWLYH WUDQVIRUPDWLRQ V\VWHP IRU 6� MDSRQLFXV� :H DUH DEOH WR

WUDQVIRUP PHWDPRUSKRVLV PXWDQWV DQG JHW PRUH GHWDLOV DERXW WKH JHQHV UHJXODWLQJ WKLV

SKHQRPHQRQ�

$� %5h&.1(5� &6� %$//$� ,� .,66

(IIHFW RI PDS RQ VSRLODJH PLFURRUJDQLVP RI FXW YHJHWDEOH

'HSDUWPHQW RI 5HIULJHUDWLRQ DQG /LYHVWRFN 3URGXFWV 7HFKQRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW�

+XQJDU\

,Q FRQVHTXHQFH RI QHZ FRQVXPHU GHPDQGV RI WKH ODVW GHFDGHV IUHVK�OLNH

YHJHWDEOH DQG IUXLW SURGXFWV ZLWK D VKHOI�OLIH RI IHZ GD\V DSSHDUHG RQ WKH PDUNHW�
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&KDQJHV LQ TXDOLW\ ± GXULQJ PRGLILHG DWPRVSKHUH VWRUDJH DW � �& ± RI FXW FDUURWV

DQG &KLQHVH FDEEDJH ZHUH H[DPLQHG� 7KHVH TXDOLW\ FKDQJHV ZHUH IROORZHG E\ WKH

JURZWK RI VSRLODJH PLFURRUJDQLVP SRSXODWLRQV �WRWDO FRXQWV RI PHVRSKLO DHUREH

EDFWHULD� 3VHXGRPRQDV� ODFWLF DFLG EDFWHULD�� 0RGLILHG DWPRVSKHUH LQ WKH VDPSOH

SDFNDJHV ZDV HVWDEOLVKHG E\ SDFNDJLQJ LQWR PDWHULDOV RI GLIIHUHQW SHUPHDELOLW\ WR JDVHV

DQG E\ DGGHG &2� RU 2�� 6R WKH DWPRVSKHUH LQ WKH SDFNDJHV ZDV QRUPDO �DLU�� ULFK LQ

&2� ± SRRU LQ 2� RU ULFK LQ 2�� 7R DQDO\VH WKH JURZWK FXUYHV RI PLFURRUJDQLVP

SRSXODWLRQV WKH %DUDQ\L�PRGHO ZDV XVHG�

+LJK &2� FRQFHQWUDWLRQ UHVWULFWHG WKH JURZWK RI PHVRSKLO DHUREH

PLFURRUJDQLVP DQG 3VHXGRPRQDV EDFWHULD� EXW LW KDG D EHQHILFLDO HIIHFW RQ ODFWLF DFLG

EDFWHULD� ZKLFK ZHUH SUHVHQW LQ WKH VWDUWLQJ PLFURIORUD LQ PRUH RUGHU ORZHU QXPEHUV

WKDQ PHVRSKLO DHUREH PLFURRUJDQLVPV� +LJK 2� OHYHO KDG UHVWULFWLYH HIIHFW RQ PHVRSKLO

DHUREH PLFURRUJDQLVPV LQ FDVH RI &KLQHVH FDEEDJH� *URZWK RI PLFURRUJDQLVP LQ FDUURW

VDPSOHV GLG QRW VKRZ WKH VDPH WUHQG�

(DFK SURGXFW QHHGV GLIIHUHQW JDV FRPSRVLWLRQ WR DFKLHYH EHQHILFLDO LQIOXHQFH RQ

WKH TXDOLW\ RI GLIIHUHQW YHJHWDEOHV� %HVLGH PLFURELRORJLFDO FKDQJHV DOVR RWKHU IDFWRUV

OLNH SODQW UHVSLUDWLRQ� VHQVRULDO FKDQJHV KDYH WR EH WDNHQ LQWR FRQVLGHUDWLRQ LQ FDVH RI

SODQQLQJ D QHZ SURGXFW RU FKRRVLQJ D WHFKQRORJ\�

*� %8-'26Ï
�
� &� (*/,

�
� 7� +(1,&.�./,1*

�

)DVW PHWKRG IRU WKH LGHQWLILFDWLRQ DQG GLIIHUHQWLDWLRQ RI VSHFLHV

DQG VWUDLQV EHORQJLQJ WR JHQHUD +DQVHQLDVSRUDO .ORHFNHUD E\ WUDGLWLRQDO

DQG PROHFXODU ELRORJLFDO PHWKRGV

�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\�
�'HSDUWPHQW RI )RRG 6FLHQFH DQG 7HFKQRORJ\� &RUQHOO 8QLYHUVLW\� 1HZ <RUN 6WDWH $JULFXOWXUDO

([SHULPHQW 6WDWLRQ� 86$

7KH FRQYHUVLRQ RI JUDSH MXLFH LQWR ZLQH LV D FRPSOH[ SURFHVV WKDW LV FDUULHG RXW

E\ VXFFHVVLYH RI YDULRXV \HDVWV >�� �@� 7KH IHUPHQWDWLRQ RI PXVW RU MXLFH LV RIWHQ

LQLWLDWHG E\ WKH VWUDLQV RI +DQVHQLDVSRUDO .ORHFNHUD SUHGRPLQDQWO\ ZKDW FDQ FDXVH ORW

RI FRQFHUQV WR ZLQHPDNHUV UHJDUGLQJ WKH RII�IODYRUV� H�J�� DFHWLF DFLG� DFHWDOGHK\GH�

HWK\O DFHWDWH� WKHVH \HDVWV SURGXFH GXULQJ WKHLU SUROLIHUDWLRQ >�� �@� 2WKHUV DOWKRXJK

FRQVLGHU WKHP DV SRVLWLYH GHWHUPLQDQWV ZKDW FDQ FRQWULEXWH WR ZLQH ZLWK FKDUDFWHULVWLF

IODYRUV E\ SURGXFLQJ DFHWRLQ� ����EXWDQHGLRO� JO\FHURO DQG RWKHU KLJKHU DOFRKROV >�� �@�

7R NQRZ PRUH DERXW WKHLU ELRORJ\� LW LV LPSRUWDQW WR HVWDEOLVK DQ HDV\ DQG IDVW PHWKRG

IRU WKH LGHQWLILFDWLRQ DQG GLIIHUHQWLDWLRQ RI WKH VSHFLHV ZLWKLQ WKH JHQHUD RI
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+DQVHQLDVSRUDO .ORHFNHUD� <HDVWV IURP GLIIHUHQW SODFHV DURXQG WKH ZRUOG ZHUH

H[DPLQHG WR HYROYH DQ LGHQWLILFDWLRQ VFKHPH IRU WKHVH JHQHUD� 3K\VLRORJLFDO PHWKRGV

DQG PROHFXODU ELRORJLFDO WHFKQLTXHV� H�J�� ,76�3&5� 5$3'�3&5� 0LFURVDWHOOLWH�3&5

DQG 5)/3� ZHUH XVHG WR WKH DVVD\� %\ WKH LQYHQWHG PHWKRG VWUDLQV EHORQJLQJ WR WKHVH

JHQHUD ZHUH LGHQWLILHG DQG GLIIHUHQWLDWHG DFFXUDWHO\� 7KLV SURFHGXUH DOORZV D IDVW DQG

UHOLDEOH PHWKRGRORJ\ IRU WKH FODVVLILFDWLRQ RI VWUDLQV RI +DQVHQLDVSRUDO .ORHFNHUD�

�� )OHHW� *� +�� - :LQH 5HV �� ���±��� ������� �� +HQLFN�.OLQJ� 7� HW DO�� - $SSO 0LFURELRO ��� ���±

��� ������� �� 6FKXW]� 0�� *DIQHU� -�� - $SSO %DFWHULRO ��� ���±��� ������� �� 9HOD]TXH]� -� %� HW DO�� -

0LFURELRO %LRWHFKQRO �� ���±��� ������� �� 5RPDQR� 3� HW DO�� - $SSO 0LFURELRO ��� ���±��� ������� ��

0DWHR� -� -� HW DO�� - )RRG 0LFURELRO ��� ���±��� �������

*� &6,7È5,� *� .(5(.(6� .� /È6=/Ï

(IIHFW RI ]LQHE RQ PLFURELDO DFWLYLW\ LQ GLIIHUHQW VRLOV

*HRUJLNRQ )DFXOW\ RI $JURQRP\� 8QLYHUVLW\ RI 9HV]SUpP� .HV]WKHO\� +XQJDU\

=LQHE �]LQN�HWK\OHQH�����ELV�GLWKLRFDUEDPDWH� LV D GLWKLRFDUEDPDWH W\SH

IXQJLFLG ZLWK EURDG�UDQJH VSHFLILFLW\� ,W LV FRPPRQO\ XVHG DV D IRODU IXQJLFLG� EXW LW LV

DOVR DOORZHG IRU SDUWLDO VRLO VWHULOL]DWLRQ LQ VRPH FXOWXUH� (IIHFW RI SHVWLFLGHV FRQWDLQLQJ

]LQHE DV DFWLYH LQJUHGLHQW RQ VRLO PLFURELDO DFWLYLW\ ZDV HYDOXDWHG� 7KH VRLOV XVHG LQ WKH

H[SHULPHQWV GLIIHUHG IURP HDFK RWKHU LQ KXPXV DQG FOD\ FRQWHQW �����±���� SHUFHQW

KXPXV� ��±�� VRLO SODVWLFLW\ LQGH[ �.$��� 0HDVXUHPHQWV RI PLFURELDO DFWLYLW\ ZHUH

EDVHG XSRQ PLFURELDO ELRPDVV DQG WKUHH VRLO HQ]\PH �GHK\GURJHQDVH� SKRVSKDWDVH DQG

LQYHUWDVH� DFWLYLWLHV� 7KHVH HQ]\PHV GLIIHUHG IURP HDFK RWKHU QRW RQO\ LQ VXEVWUDWH

VSHFLILFLWLHV EXW LQ WKHLU VWDELOLW\� WRR� 'HK\GURJHQDVH DFWLYLWLHV ELQG WR WKH LQWDFW� OLYLQJ

FHOOV� SKRVSKDWDVH DFWLYLWLHV PDLQWDLQ WKHLU DFWLYLWLHV DIWHU UHOHDVLQJ IURP FHOOV LQ WKH

VRLO VROXWLRQ IRU ZHHNV� LQYHUWDVH FDQ EH LPPRELOLVHG WR VRLO FROORLGV DQG UHPDLQV

DFWLYH IRU \HDUV�

:H FRQFOXGHG WKDW VRLO W\SH DQG IXQJLFLGH WUHDWPHQW KDG VLJQLILFDQW HIIHFWV RQ

DOO YDULDEOHV PHDVXUHG �PLFURELDO ELRPDVV DQG HQ]\PH DFWLYLWLHV� DW ���� SUREDELOLW\

OHYHO� 7KH FRUUHODWLRQV EHWZHHQ WKH YDULDEOHV ZHUH GHWHUPLQHG E\ VWDWLVWLFDO PHWKRGV�

&RUUHODWLRQ FRHIILFLHQWV EHWZHHQ WKH PLFURELDO ELRPDVV DQG HQ]\PH DFWLYLWLHV ZHUH

������ ����� DQG ����� �GHK\GURJHQDVH� SKRVSKDWDVH DQG LQYHUWDVH�� UHVSHFWLYHO\� 7KH

FRHIILFLHQWV LQFUHDVHG ZLWK WKH LQFUHDVLQJ VWDELOLW\ RI HQ]\PHV� 7KHUH LV D VLPLODU

UHODWLRQVKLS EHWZHHQ WKH PLFURELDO YDULDEOHV DQG VRLO SURSHUWLHV �FOD\ DQG KXPXV

FRQWHQW� S+ DQG ZDWHU KROGLQJ FDSDFLW\ �:+&��� LQYHUWDVH DFWLYLW\ DQG PLFURELDO
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ELRPDVV VKRZHG WKH VWURQJHVW� GHK\GURJHQDVH DFWLYLW\ VKRZHG WKH ZHDNHVW FRUUHODWLRQV�

7KH FRUUHODWLRQV ZHUH SRVLWLYH LQ FDVH RI KXPXV SHUFHQW� FOD\ FRQWHQW DQG :+&� WKH\

ZHUH QHJDWLYH LQ FDVH RI S+�

7KH HIILFLHQF\ RI IXQJLFLGH WUHDWPHQWV DOVR FKDQJHG LQ VLJQLILFDQW PDQQHU LQ

GLIIHUHQW VRLOV� 7KH FRUUHODWLRQ EHWZHHQ WKH VRLO SURSHUWLHV DQG WKH HIILFLHQF\� KRZHYHU�

ZDV ZHDN�

.� &=$.Ï�9e5� =6� .2Ï6=� 0� 3(67,

&ODVVLFDO JHQHWLF DQDO\VLV RI WKH 6FKL]RVDFFKDURP\FHV SRPEH

FKURPLXP�9,��VHQVLWLYH DQG WROHUDQW PXWDQWV

'HSDUWPHQW RI *HQHUDO DQG (QYLURQPHQWDO 0LFURELRORJ\� 8QLYHUVLW\ RI 3pFV� 3�2� %R[ ����

+±���� 3pFV� +XQJDU\

+H[DYDOHQW FKURPLXP�&U�9,���VHQVLWLYH DQG WROHUDQW PXWDQWV ZHUH LVRODWHG IURP

6FKL]RVDFFKDURP\FHV SRPEH VWUDLQV� ZLWK GLIIHUHQW DX[RWURSK\ DQG PDWLQJ W\SH� 7KH

IROORZLQJ PXWDQWV ZHUH VHOHFWHG� ZLOG�W\SH PXWDQW �&:��� O\V
±
� K

�
�� D FKURPLXP

VHQVLWLYH �&6������ DQG D WROHUDQW RQH �&7������ DQG RWKHU ZLOGH�W\SH VWUDLQ �&:���

OHX
±
� K

±
� DQG LWV WROHUDQW PXWDQW �&7�������� )RU WKH FURVVHV WZR ZLOG�W\SH VWUDLQV ZLWK

XUDFLO DX[RWURSK\ ZHUH XVHG �&:����� XUD
±
� K

�
DQG &:����� XUD

±
� K

±
��

7KH DLP RI WKLV ZRUN ZDV WR GHWHUPLQH DQG FKDUDFWHUL]H WKH JHQH�JHQHV LQYROYHG

LQ FKURPLXP WROHUDQFH DQG VHQVLWLYLW\� 7KH FODVVLFDO JHQHWLFDO DQDO\VLV ZDV VWDUWHG ZLWK

WKH SORLGLW\ WHVW DQG PDWLQJ W\SH FRQWURO� DIWHU WKH FRQWURO RI WKH VSRUH�IRUPLQJ DELOLW\�

WHWUDG DQDO\VLV ZDV GRQH�

7KH VSRUDFORQHV ZHUH WHVWHG IRU FKURPLXP WROHUDQFH DQG DX[RWURSK\�

�L� &6����� u &:�� FURVVHV� DQDO\VLQJ ��� WHWUDGV� RQO\ ��� RI WKH VSRUDFORQHV

ZHUH YLDEOH� RQH FRPSOHWH WHWUDG ZHUH JRW� VR IRU WKH GHWHUPLQDWLRQ RI WKH JHQHWLF

EDFNJURXQG WKLV FURVV ZDV QRW XVHIXO

�LL� &7����� u &:��� DQDO\VLQJ �� WHWUDGV LQ �� FDVH ZHUH ��� VHJUHJDWLRQ� ��

ZLOG�W\SH� �� WROHUDQW DQG �� VHQVLWLYH FORQHV RXW RI ��� FORQHV ZHUH JRW

�LLL� &7����� u &:����� �� RXW RI �� WHWUDGV ZHUH ��� VHJUHJDWLRQ� RXW RI ���

VSRUDFORQHV �� ZLOG�W\SH� �� WROHUDQW� �� QRW GHWHFWDEOH

�LY� &7������ u &:���� � WHWUDGV RXW RI �� ZHUH ��� VHJUHJDWLRQ� WKH FORQHV

ZHUH DOO SDUHQWDO GLW\SH

)RU WKH WUDQVIRUPDWLRQ � FORQHV� ZLWK FKURPLXP WROHUDQW SKHQRW\SH DQG XUDFLO

DX[RWURSK\ ZHUH VHOHFWHG�
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=� ',9e.,� '� 6=,/$66<� .� 6$/È1.,� (� %$/È=6

2SWLPL]DWLRQ RI WKH JUHHQ IOXRUHVFHQW SURWHLQ �*)3� ± EOXH IOXRUHVFHQW

SURWHLQ �%)3� GXDO WDJJLQJ V\VWHP LQ SODQWV

$JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU� 3�2�%R[ ���� +±���� *|G|OO�� +XQJDU\

7KH JUHHQ IOXRUHVFHQW SURWHLQ �*)3� JHQH IURP $HTXRUHD YLFWRULD KDV UDSLGO\

EHFRPH RI H[WHQVLYH XVH DV D YHUVDWLOH YLWDO PDUNHU LQ YDULRXV RUJDQLVPV� ,WV

IOXRUHVFHQFH FDQ EH GHWHFWHG FRQYHQLHQWO\ ZLWK QRQ�LQYDVLYH PHWKRGV� $SSOLFDWLRQV RI

IOXRUHVFHQW SURWHLQV KDYH H[SDQGHG JUHDWO\ GXH WR WKH DYDLODELOLW\ RI *)3 PXWDQWV ZLWK

DOWHUHG VSHFWUDO SURSHUWLHV� 2QH RI WKHVH LV WKH EOXH IOXRUHVFHQW SURWHLQ �%)3� ZLWK DQ

HPLVVLRQ PD[LPXP VKLIWHG WR VKRUWHU ZDYHOHQJWK UDQJH� :KLOH *)3 LV URXWLQHO\ XVHG LQ

KLJKHU SODQWV� WKHUH DUH RQO\ IHZ GDWD FRQFHUQLQJ WKH XVH RI %)3� 7KHVH SURWHLQV

WRJHWKHU DUH XVHG IRU GXDO FRORXU WDJJLQJ H[SHULPHQWV LQ RWKHU ELRORJLFDO V\VWHPV�

KRZHYHU WKH EHQHILWV RI WKLV WHFKQLTXH LQ SODQWV KDYH QRW EHHQ H[SORLWHG \HW�

,Q WKLV VWXG\� RXU DLP ZDV WR RSWLPL]H WKH *)3�%)3 GRXEOH ODEHOOLQJ PHWKRG LQ

SODQWV� 6XFK V\VWHP KDV WKH FDSDFLW\ IRU XVH LQ YLURORJLFDO H[SHULPHQWV ZKHUH WKH H[DFW

ORFDOLVDWLRQ RI YLUDO FRPSRQHQWV DQG WKH NLQHWLFV RI WKHLU H[SUHVVLRQ FRXOG EH VWXGLHG�

'LVWLQFW 1LFRWLDQD VSHFLHV ZHUH LQIHFWHG E\ SODQW YLUXV YHFWRUV FDUU\LQJ WKH *)3 RU WKH

<��+ W\SH %)3 JHQH� )OXRUHVFHQFH LQ WKH HSLGHUPDO FHOOV ZDV GHWHFWHG ZLWK

HSLIOXRUHVFHQFH PLFURVFRS\� :KLOH *)3 H[SUHVVLRQ OHYHO ZDV KLJK LQ HYHU\ LQIHFWHG

VSHFLHV� WKH OHYHO RI %)3 H[SUHVVLRQ YDULHG LQ ZLGH UDQJH EHWZHHQ WKH GLIIHUHQW

1LFRWLDQD VSHFLHV� 3RVVLEOH H[SODQDWLRQV IRU WKLV SKHQRPHQRQ ZLOO DOVR EH GLVFXVVHG�

&6� '2%2/<,
�
� ,� .(5(6=7e1<,

�
� /� 6,025 -5�

�

&DQ FRPSOHPHQWDU\ ELRORJLFDO R[LGDWLRQ EH DSSOLHG IRU WUHDWPHQW

RI WR[LF DFLG WDU ZDVWH" ± $ ELRGHJUDGDWLRQ WHVW

�'HSDUWPHQW RI 0LFURELRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\� *|G|OO�� �+XQJDULDQ 2LO DQG *DV &R�� 5HVHDUFK

DQG 'HYHORSPHQW� 6]i]KDORPEDWWD� +XQJDU\

7KH GHYHORSPHQW RI WKH ZDVWHZDWHU WUHDWPHQW LV RQH RI WKH PRVW LPSRUWDQW VWHSV

LQ WKH FRXUVH RI WKH PRGHUQLVDWLRQ RI WKH +XQJDULDQ 2LO DQG *DV &R� �02/ 5W��

'DQXEH 5HILQHU\� $ ORW RI ZDVWHZDWHU WUHDWPHQW PHWKRGV VKRXOG EH LQWURGXFHG LQ RUGHU

WR GHFUHDVH WKH OHYHO RI VROYHG RUJDQLF PDWHULDOV LQ WKH H[WUHPHO\ SROOXWHG RXWOHW ZDWHUV

RI WKH ZRUNV� 2XU JRDO ZDV WR LQYHVWLJDWH WKH DSSOLFDELOLW\ RI WKH FRPSOHPHQWDU\
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ELRORJLFDO R[LGDWLRQ WKDW IROORZV WKH FKHPLFDO SUHWUHDWPHQW RI WKH KLJKO\ DFLGLF

LQGXVWULDO ZDVWHZDWHU�

7KH DFLG WDU LV D E\�SURGXFW RI SDUDIILQ�UHILQHPHQW� ,W FRQVLVWV RI VXOSKXULF DFLG�

VXOSKRQDWHG K\GURFDUERQ IUDFWLRQV DQG FDUER[\O DFLG GHULYDWLYHV� 7KH FKHPLFDO R[\JHQ

GHPDQG �&2'� RI WKH IOXLG SKDVH ZDV ����� PJ�O� 7KH FKHPLFDO WUHDWPHQW ZDV DQ

R[LGDWLRQ ZLWK K\GURJHQ SHUR[LGH IROORZHG E\ QHXWUDOLVDWLRQ� 7KH &2' RI WKH IOXLG

SKDVH ZDV UHGXFHG WR ���� PJ�O DQG WKH WRWDO RUJDQLF FDUERQ �72&� EHFDPH ���� PJ�O�

%LRORJLFDO R[LGDWLRQ H[DPLQDWLRQ ZDV SHUIRUPHG IURP � DQG �� WLPHV GLOXWHG

VDPSOHV RI WKH SUHWUHDWHG ZDWHU� 7KH LQRFXOXP ZDV DFWLYDWHG VOXGJH GHULYHG IURP WKH

ELRORJLFDO ZDVWHZDWHU WUHDWPHQW V\VWHP RI WKH SODQW� 7KH GHJUHH RI ELRGHJUDGDWLRQ ZDV

GHWHUPLQHG E\ PHDVXULQJ &2' DQG 72&�

2Q WKH EDVLV RI ERWK &2' DQG 72& GDWD VXEVWDQWLDO GLIIHUHQFHV ZHUH IRXQG LQ

WKH H[WHQW RI GHJUDGDWLRQ E\ XVH RI WKH WZR GLOXWLRQV� $ UHGXFWLRQ RI ��� PJ�O &2'

���� ZDV IRXQG IRU WKH � WLPHV GLOXWHG VDPSOHV� DQG WKH UHGXFWLRQ RI ��� PJ�O �����

ZDV IRXQG IRU �� WLPHV GLOXWHG VDPSOHV� 7KH H[DPLQDWLRQ RI WKH LQKLELWRU\ DFWLRQ DQG

WKH DFWLYLW\ RI WKH DFWLYDWHG VOXGJH GHPRQVWUDWH WKDW WKH HDVLO\ XWLOLVDEOH FDUERQ DQG

HQHUJ\ VRXUFHV �JOXFRVH� DFHWDWH� DUH PHWDEROLVHG E\ WKH DFWLYDWHG VOXGJH DW D KLJK UDWH�

KRZHYHU� WKHLU GHJUDGDWLRQ GHFUHDVHG ZLWK DQ LQFUHDVH RI D UDWLR RI ZDVWHZDWHU�

3URFHVVHV LQ WKH GHJUDGLQJ FXOWXUH ZHUH DOVR FKHFNHG E\ WKH PHDVXUHPHQW RI WKH

LQRUJDQLF FDUERQ FRQWHQW �,&�� WRR� 7KH LQLWLDO UHODWLYHO\ KRPRJHQRXV ,& OHYHO ZDV

UHGXFHG H[FHSW LQ GLVKHV FRQWDLQLQJ KLJKHU DPRXQW RI ZDVWHZDWHU� ,W PHDQV WKDW WKH

SRVVLEOH ELRORJLFDO R[LGDWLRQ KDG DOUHDG\ EHHQ ODUJHO\ RFFXUUHG� 3URYLGHG WKDW WKH &2'

LV PDLQO\ FDXVHG E\ RUJDQLF FRPSRXQGV WKH &2'�72& UDWLR FRXOG VXJJHVW WKH

ELRORJLFDO R[LGDWLRQ RI WKH RUJDQLF FRPSRXQGV� $W WKH EHJLQQLQJ RI WKH H[SHULPHQW WKH

UDWLR ZDV XVXDOO\ KLJKHU WKDQ �� KRXUV ODWHU� 2QH GD\ ODWHU WKH ELJJHVW FKDQJH LQ WKLV

UDWLR ZDV LQ VDPSOHV QRW FRQWDLQLQJ ZDVWHZDWHU� +RZHYHU� UDWLR ZDV KDUGO\ UHGXFHG

ZKHQ ZDVWHZDWHU ZDV SUHVHQW LQ KLJK YROXPHV� PRUHRYHU� D VOLJKW LQFUHDVH ZDV

VRPHWLPHV IRXQG VXJJHVWLQJ LQKLELWRU\ DFWLRQ RI ZDVWHZDWHU RQ ELRORJLFDO R[LGDWLRQ�

:KHQ WKH GLOXWLRQ ZDV LQFUHDVHG WKH UDWLRV ZHUH UHGXFHG LQ JUHDWHU H[WHQW

PHDQLQJ WKDW WKH ELRORJLFDO GHJUDGLQJ SURFHVV FDQ EH VXFFHVVIXO RQO\ ZLWK WKH

DSSOLFDWLRQ RI DW OHDVW ��u GLOXWLRQ� 7KH ZDVWHZDWHU V\VWHP RI WKH UHILQHU\ SRVVHVV

VXEVWDQWLDO EXIIHU FDSDFLW\ �HYHQ ���u GLOXWLRQ�� WKXV ZH WKLQN WKDW DFLG WDU ZDVWHZDWHU

SUHWUHDWHG ZLWK FKHPLFDO R[LGDWLRQ FDQ UHDFK D GHJUHH ZKHQ LWV WR[LFLW\ LV HOLPLQDWHG�
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(IIHFW RI WKH SKHQR[\DFHWLF DFLG� SKHQ\ODFHWLF DFLG DQG WKHLU GHULYDWLYHV

RQ WKH JOXWDWKLRQH PHWDEROLVP DQG DQWLELRWLF SURGXFWLRQ RI 3HQLFLOOLXP

FKU\VRJHQXP

�'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� �'HSDUWPHQW RI ,QRUJDQLF DQG $QDO\WLFDO &KHPLVWU\�

)DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

$OWKRXJK SHQLFLOOLQ * DQG 9 DUH DPRQJ WKH ILUVW NQRZQ DQWLELRWLFV ZH VWLOO KDYH�

VXUSULVLQJO\ IHZ GDWD RQ WKH PHWDEROLVP RI WKHLU VLGH�FKDLQ SUHFXUVRUV� SKHQ\ODFHWLF

DFLG �3$� DQG SKHQR[\DFHWLF DFLG �32$� DUH DYDLODEOH� ,Q WKLV ZRUN ZH VWXGLHG WKH

HIIHFW RI 3$� 32$ DQG WKHLU K\GUR[\O GHULYDWLYHV ���K\GUR[\�3$� ��K\GUR[\�3$� ��

K\GUR[\�3$� KRPRJHQWLVLF DFLG� SURWRFDWHFKXLF DFLG� ��K\GUR[\�32$ DQG ��K\GUR[\�

32$� RQ WKH JOXWDWKLRQH �*6+� PHWDEROLVP DQG SHQLFLOOLQ SURGXFWLRQ RI DQ LQGXVWULDO

VWUDLQ RI 3HQLFLOOLXP FKU\VRJHQXP� :H DOVR GHWHUPLQHG WKHLU PLQLPDO LQKLELWRU\

FRQFHQWUDWLRQV �0,&� DQG WKHLU GLVVRFLDWLRQ FRQVWDQWV �S.�� 7KH IROORZLQJ UHVXOWV ZHUH

REWDLQHG�

�� 3$ DQG 32$ SURYHG WR EH WKH PRVW WR[LF FRPSRXQGV �0,& YDOXHV ����� DQG

����� UHVSHFWLYHO\�� ��+\GUR[\�3$ DQG ��K\GUR[\�32$ ZHUH DOVR WR[LF �0,& YDOXHV

���� DQG ������ UHVSHFWLYHO\� EXW DOO WKH RWKHUV VKRZHG RQO\ QHJOLJLEOH WR[LFLW\ �0,&

YDOXHV KLJKHU WKDQ ������

�� $OWKRXJK WKHVH FRPSRXQGV DUH NQRZQ WR EH WUDQVSRUWHG LQWR WKH FHOOV E\

SDVVLYH GLIIXVLRQ ZKLFK GHSHQG RQ WKHLU DFLGLW\� ZH GLG QRW ILQG DQ\ FRUUHODWLRQ

EHWZHHQ WKHLU WR[LFLW\ �0,&� DQG WKHLU ILUVW GLVVRFLDWLRQ FRQVWDQWV� 7KH S.� YDOXHV RI

3$ DQG DOO WKH 3$ GHULYDWLYHV ZHUH EHWZHHQ ���� DQG ���� ZKLOH LQ FDVH RI 32$ DQG LWV

GHULYDWLYHV EHWZHHQ ���� DQG �����

�� 7KH WR[LF FRPSRXQGV H�J� 3$ �������� 32$ ������ DV ZHOO DV ��K\GUR[\�3$

������ DQG ��KLGUR[\�32$ ������ GHFUHDVHG WKH LQWUDFHOOXODU OHYHO RI *6+ ZKLFK LV DQ

HIIHFWLYH LQKLELWRU RI SHQLFLOOLQ ELRV\QWKHWLF HQ]\PHV� 7KH\ DOVR LQGXFHG ERWK

JOXWDWKLRQH 6�WUDQVIHUDVH DQG ��JOXWDP\O�WUDQVSHSWLGDVH� WKH ILUVW WZR HQ]\PHV RI WKH

*6+�GHSHQGHQW GHWR[LILFDWLRQ RI [HQRELRWLFV� $OO WKH RWKHU FRPSRXQGV KDG QR DQ\

HIIHFW RQ WKH *6+ PHWDEROLVP DW �� FRQFHQWUDWLRQ�

�� 3HQLFLOOLQ SURGXFWLRQ GLG QRW FRUUHODWH ZLWK HLWKHU WKH WR[LFLW\ RI WKH SRWHQWLDO

VLGH�FKDLQ SUHFXUVRUV RU WKHLU HIIHFW RQ WKH JOXWDWKLRQH PHWDEROLVP� 7KH KLJKHVW

DQWLELRWLF SURGXFWLRQV ZHUH IRXQG LQ WKH SUHVHQFH RI 3$ ���� PRO�NJ SURWHLQ� DQG 32$

�� PRO�NJ SURWHLQ�� 5HODWLYHO\ KLJK YDOXHV ZHUH PHDVXUHG ZLWK ��K\GUR[\�3$ DQG ��

K\GUR[\�32$ DV ZHOO ���� DQG � PRO�NJ SURWHLQ� UHVSHFWLYHO\�� :LWK DOO WKH RWKHU

FRPSRXQGV WKH SHQLFLOOLQ SURGXFWLRQV ZHUH OHVV WKHQ ��� PRO�NJ SURWHLQ�
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,QKLELWLRQ RI QRGXODWLRQ LQGXFHG E\ 5KL]RELXP OHJXPLQRVDUXP EY�

SKDVHROL RQ WKH URRW RI EHDQ �3KDVHROXV YXOJDULV /�� LQ YLYR

$JULFXOWXUDO�� (QYLURQPHQWDO 0LFURELRORJ\ DQG 6RLO %LRWHFKQRORJ\ 3K�'� 6XESURJUDP�

6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

,QKLELWLRQ RI QRGXODWLRQ LQGXFHG E\ 5KL]RELXP OHJXPLQRVDUXP EY� SKDVHROL

VWUDLQ ZDV H[DPLQHG RQ WKH URRW KDLU RI EHDQ �3KDVHROXV YXOJDULV /���

7KH VHHGOLQJV ZHUH SUHWUHDWHG ZLWK SURPHWKD]LQH RU WULPLSUDPLQH LQ GLIIHUHQW

FRQFHQWUDWLRQV� 7KH HIIHFW RI SURPHWKD]LQH RQ WKH IRUPDWLRQ RI EHDQ URRW QRGXOHV DQG

URRW KDLUV ZHUH H[DPLQHG LQ YLYR� 3URPHWKD]LQH ZDV WR[LF IRU WKH VHHGOLQJV DW ��

�J�P/ ���� �0� DQG WULPLSUDPLQH DW �� �J�P/ ���� �0��

7KH GU\ ZHLJKW RI WKH URRW KDLUV DQG WKH QXPEHU RI URRW QRGXOHV �! � PP RU �±�

PP� ZHUH GHFUHDVHG VLJQLILFDQWO\� 7KH UHVXOWV GHPRQVWUDWHG WKDW WKH VHHGOLQJV ZHUH

PRUH VHQVLWLYH WR WKH HIIHFW RI SURPHWKD]LQH DQG WULPLSUDPLQH WKDQ WKH V\PELRQW 1��

IL[LQJ VWUDLQ� 7KH 5KL]RELXP�OHJXPLQRXV V\PELRWLF V\VWHPV PD\ EH VXLWDEOH IRU WHVWLQJ

WKH SROOXWLRQ RI WKH HQYLURQPHQW�

&6� )(.(7(
�
� .� 3267$

�
� /� +2512.

���

,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI D ULERVRPDO SURWHLQ JHQH� WUS��

IURP 7ULFKRGHUPD KDPDWXP

�$JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU� *|G|OO�� �'HSDUWPHQW RI 0LFURELRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\�

*|G|OO�� +XQJDU\

7KH DQWDJRQLVWLF DFWLYLW\ RI 7ULFKRGHUPD VSS� LV DWWULEXWHG WR D V\QHUJLVWLF

FRPELQDWLRQ RI P\FRSDUDVLWLVP� DQWLELRVLV DQG FRPSHWLWLRQ� 7KH VDSURSK\WLF

FRPSHWLWLYH FDSDELOLW\ RI IXQJDO DQWDJRQLVWV SOD\V DQ LPSRUWDQW UROH LQ WKH FRORQL]DWLRQ

RI WKH HFRORJLFDO QLFKH� VXSSUHVVLQJ WKXV WKH SDWKRJHQ PLFURRUJDQLVPV� 'HVSLWH LWV

LPSRUWDQFH� WKH PHFKDQLVPV UHVSRQVLEOH IRU WKH FRPSHWLWLYH JURZWK RI 7ULFKRGHUPD

VSS� DUH QRW ZHOO XQGHUVWRRG�

7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR LGHQWLI\ 7ULFKRGHUPD KDPDWXP JHQHV

ZKRVH WUDQVFULSWLRQ FRXOG EH LQGXFHG E\ QXWULWLRQDO FKDQJHV� %\ GLIIHUHQWLDO

K\EULGL]DWLRQ ZH FUHDWHG D VHW RI FORQHV DQG RQH RI WKHP ZDV VXEMHFWHG IRU IXUWKHU

FKDUDFWHUL]DWLRQ� 7KLV FORQH FRQWDLQHG D JHQH �QDPHG WUS��� HQFRGLQJ D �� 6

F\WRSODVPDWLF ULERVRPDO SURWHLQ� 6HTXHQFLQJ RI ERWK D JHQRPLF DQG D F'1$ FORQH



��� ),567 -2,17 0((7,1*

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

SUHGLFWHG D ����DD SRO\SHSWLGH� LQWHUUXSWHG E\ WZR LQWURQV� 7KH GHGXFHG 753�� SURWHLQ

VKRZHG KLJK RYHUDOO LGHQWLW\ ���±���� WR RWKHU ULERVRPDO SURWHLQ JHQHV IURP 6�

FHUHYLVLDH /�� �53/��� DQG PDPPDOV� LQFOXGLQJ KXPDQV� +LJK�VWULQJHQF\ 6RXWKHUQ

DQDO\VLV FRQILUPHG WKDW WUS�� LV D VLQJOH FRS\ JHQH� 6HTXHQFH DQDO\VLV RI WKH SURPRWHU

UHJLRQ RI WUS�� UHYHDOHG WKH SUHVHQFH RI JHQHUDO SURPRWHU HOHPHQWV� DV ZHOO DV

DGGLWLRQDO FRQVHQVXV PRWLIV IRU VSHFLILF IXQFWLRQV� VXFK DV 53*�ER[� 7�ULFK VHTXHQFH

DQG 675( HOHPHQW� 7KH WUS�� JHQH VKRZHG D ORZ OHYHO RI FRQVWLWXWLYH H[SUHVVLRQ ZKHQ

JO\FHURO RU VRUELWRO ZDV XVHG DV FDUERQ VRXUFH� ,W ZDV FRPSOHWHO\ UHSUHVVHG E\ FDUERQ

DQG QLWURJHQ VWDUYDWLRQ� E\ VKLIWLQJ XS RU GRZQ WKH WHPSHUDWXUH� DV ZHOO DV DIWHU WKH

DGGLWLRQ RI ��GHR[\JOXFRVH WR WKH FXOWXUHV� ,Q FRQWUDVW� WKH OHYHO RI WUS�� WUDQVFULSWV

LQFUHDVHG WKUHH WR ILYHIROG ZKHQ JOXFRVH ZDV DGGHG DV D VROH FDUERQ VRXUFH� 7KH

H[SUHVVLRQ RI WUS�� ZDV DOVR HOHYDWHG E\ DGGLQJ F\FORKH[LPLGH� ��LVREXW\O�O�

PHWK\O[DQWKLQH �,%0;� RU D F$03 DQDORJXH� 1
�
��¶�2��¶��¶�F\FOLF DGHQRVLQH

PRQRSKRVSKDWH WR WKH FXOWXUHV� $ VLPLODU LQFUHDVH RI WKH JHQH H[SUHVVLRQ ZDV REVHUYHG

GXULQJ P\FRSDUDVLWLF LQWHUDFWLRQ� LQ GXDO FXOWXUH WHVWV�

.� )25*È&6� %� /(1.(<

0RUSKRORJLFDO DQG SK\VLRORJLFDO FKDQJHV DFFRPSDQ\LQJ

WKH SKHQRPHQRQ RI LQGXFHG IOXFRQD]ROH UHVLVWDQFH LQ &DQGLGD DOELFDQV

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI 1DWXUDO 6FLHQFHV� 8QLYHUVLW\ RI 'HEUHFHQ�

'HEUHFHQ� +XQJDU\

:H LQYHVWLJDWHG D IOXFRQD]ROH�VHQVLWLYH �0,&IOXFRQD]ROH � �J�PO� FOLQLFDO LVRODWH

�)6� DQG D IOXFRQD]ROH�UHVLVWDQW �0,&IOXFRQD]ROH ! �� �J�PO� ODERUDWRU\ PXWDQW &DQGLGD

DOELFDQV VWUDLQ �)5� GHYHORSHG IURP WKH VHQVLWLYH RQH� :H VWXGLHG SXWDWLYH YLUXOHQFH

IDFWRUV LQFOXGLQJ JHUPLQDWLRQ� DGKHUHQFH DELOLW\ WR HLWKHU EXFFDO HSLWKHOLDO FHOOV RU

DFU\ODWH VXUIDFH� WKH VHFUHWHG DVSDUWLF SURWHLQDVH �($3�� DQG WKH H[WUDFHOOXODU

SKRVSKROLSDVH �(3� DFWLYLW\ RI WKH WZR VWUDLQV DV ZHOO DV WKHLU JURZWK� 7KH IOXFRQD]ROH�

UHVLVWDQW VWUDLQ SURYHG WR EH VXSHULRU LQ DOO WKH YLUXOHQFH WUDLWV WHVWHG WKDQ WKH RULJLQDO

VWUDLQ� 7KH KLJKHU YLUXOHQFH RI WKH IOXFRQD]ROH�UHVLVWDQW VWUDLQ ZDV DOVR VXSSRUWHG E\

PRXVH PRGHO� 7KHVH UHVXOWV VXJJHVW WKDW WKH GHYHORSPHQW RI IOXFRQD]ROH UHVLVWDQFH FDQ

EH DFFRPSDQLHG E\ VHULRXV PRUSKRORJLFDO DQG SK\VLRORJLFDO FKDQJHV� VHYHUDO SXWDWLYH

YLUXOHQFH WUDLWV� PRUHRYHU WKH LQ YLYR YLUXOHQFH FDQ LQFUHDVH VLPXOWDQHRXVO\�

7KH LQGXFLEOH .�JOXFRVLGDVH LV XVXDOO\ FRQVLGHUHG DV D SRWHQWLDO YLUXOHQFH IDFWRU

RI &� DOELFDQV EXW WKLV RSLQLRQ LV QRW JHQHUDOO\ DFFHSWHG� :H PHDVXUHG WKH LQWUDFHOOXODU

DQG LQWDFW�FHOOXODU RF�JOXFRVLGDVH DFWLYLWLHV RI WKH )6 DQG )5 VWUDLQV JURZQ RQ GLIIHUHQW
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FDUERK\GUDWH VRXUFHV� 7KH H[SUHVVLRQ RI WZR SXWDWLYH YLUXOHQFH IDFWRUV �($3 DQG (3�

LQ �� FOLQLFDO LVRODWHV RI &� DOELFDQV LQ DGGLWLRQ WR WKH LQWUDFHOOXODU .�JOXFRVLGDVH

DFWLYLWLHV ZDV DOVR LQYHVWLJDWHG� 1HLWKHU WKH SK\VLRORJLFDO DQG HQ]\PRORJLFDO VWXGLHV RQ

WKH .�JOXFRVLGDVHV RI WKH )5 DQG )6 VWUDLQ QRU WKH FRUUHODWLRQ VWXGLHV EHWZHHQ WKH .�

JOXFRVLGDVH� ($3 DQG (3 DFWLYLWLHV RI FOLQLFDO LVRODWHV RI &� DOELFDQV VXSSRUWHG WKH

YLHZ WKDW WKH LQGXFLEOH .�JOXFRVLGDVH PLJKW EH DVVRFLDWHG ZLWK WKH YLUXOHQFH RI &�

DOELFDQV�

=� *$='$*
�
� 7� (05,

�
� ,� 3Ï&6,

�
� *� %g-7,

�
� 0� 3(67,

�

(IIHFW RI DOWHUHG JOXWDWKLRQH DQG JOXWDWKLRQH PHWDEROLVP HQ]\PHV

DFWLYLWLHV RQ FKURPDWH DQG FDGPLXP VHQVLWLYLW\ DQG WROHUDQFH

RI 6FKL]RVDFFKDURP\FHV SRPEH

�'HSDUWPHQW RI *HQHUDO DQG (QYLURQPHQWDO 0LFURELRORJ\� 8QLYHUVLW\ RI 3pFV� 3�2�%R[ ���� +±����

3pFV� +XQJDU\� �'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� .RVVXWK /DMRV 8QLYHUVLW\� 'HEUHFHQ�

+XQJDU\

$ &U�9,� VHQVLWLYH PXWDQW &6����� DQG D WROHUDQW PXWDQW &7����� ZDV REWDLQHG

IURP ZLOG�W\SH VWUDLQ &:�� RI 6FKL]RVDFFKDURP\FHV SRPEH E\ LQGXFHG PXWDJHQHVLV�

7KH SUHWUHDWPHQW RI VWUDLQV ZLWK VXELQKLELWRU\ FRQFHQWUDWLRQV RI &U�9,� GLG QRW

UDLVH WKH VXUYLYDO UDWH RI FHOOV DIWHU WUHDWPHQW ZLWK KLJKHU FRQFHQWUDWLRQV RI &U�9,�� LQ

IDFW LW ZDV GHFUHDVHG LQ WKH FDVHV RI ZLOG�W\SH VWUDLQ &:��� VHQVLWLYH &6����� DQG

WROHUDQW &7����� PXWDQWV�

7KH JOXWDWKLRQH �*6+� UHGXFLQJ HIIHFW RI &G
��

LV ZHOO NQRZQ� 7KH &G&O�

SUHWUHDWPHQW ZLWK VXELQKLELWRU\ FRQFHQWUDWLRQ ORZHUHG WKH GHVWUXFWLYH HIIHFWV RI &U�9,�

DW ���� ��� DQG ��� �0 FRQFHQWUDWLRQV�

7KH DERYH�PHQWLRQHG WKUHH VWUDLQV H[KLELW GLIIHUHQW VHQVLWLYLW\ WR WKH VDPH

&G&O� FRQFHQWUDWLRQ DQG LW FDQ EH DWWULEXWHG WR WKH GLIIHUHQW *6+ FRQFHQWUDWLRQV� 7KH

WROHUDQW PXWDQW &7����� FRQWDLQLQJ WKH ORZHVW DPRXQW RI *6+ LV WKH PRVW VHQVLWLYH WR

&G
��
VWUHVV�

7KH VLJQLILFDQWO\ KLJKHU *5� *�3' HQ]\PH DFWLYLWLHV DQG 1$'3+

FRQFHQWUDWLRQ LQ WKH VHQVLWLYH &6����� PXWDQW WRJHWKHU UHVXOW LQ DQ HIIHFWLYH &U�9,�

UHGXFWLRQ FRPSDUHG WR WKH ZLOG�W\SH VWUDLQ &:��� DQG FRQWULEXWH WR DQ LQFUHDVHG

JHQHUDWLRQ RI Ú2+�

7KH ORZ *5 OHYHO RI WKH WROHUDQW PXWDQW &7����� FRPSDUHG WR WKH ZLOG�W\SH

VWUDLQ &:�� FDQ EH H[SODLQHG E\ WKH ORZ OHYHO RI *6+�

7KH FKDQJHG VHQVLWLYLW\ WKDW ZH DUH JRLQJ WR VWXG\ IXUWKHU FDQ EH H[SODLQHG E\

WKH FKDQJHG HOHPHQWV RI R[LGR�UHGXFWLYH KRPHRVWDVLV DV ZHOO DV E\ WKH UHDFWLYH R[\JHQ

UDGLFDOV�
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(IIHFW RI DOWHUHG DQWLR[LGDQW HQ]\PHV DFWLYLWLHV DQG UHDFWLYH R[\JHQ

VSHFLHV SURGXFWLRQ RQ VWUHVV WROHUDQFH RI ILVVLRQ \HDVW

�'HSDUWPHQW RI *HQHUDO DQG (QYLURQPHQWDO 0LFURELRORJ\� 8QLYHUVLW\ RI 3pFV� 3�2� %R[ ���� +±����

3pFV� +XQJDU\� �'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� .RVVXWK /DMRV 8QLYHUVLW\� 'HEUHFHQ�

+XQJDU\

,Q RXU H[SHULPHQWV� &U�9,� VHQVLWLYH &6����� DQG WROHUDQW PXWDQW &7����� RI

6FKL]RVDFFKDURP\FHV SRPEH REWDLQHG E\ PHDQV RI PXWDJHQHVLV ZHUH XVHG�

5HVXOWV RI WKH VHQVLWLYH &6����� DQG WKH WROHUDQW PXWDQWV &7����� DUH FRPSDUHG

WR WKDW RI WKH RULJLQDO SDUHQW ZLOG�W\SH VWUDLQ &:��� 7KH &U2��LVRWRSH XSWDNH LV

VLJQLILFDQWO\ KLJKHU LQ WKH VHQVLWLYH PXWDQW &6����� WKDQ LQ WKH &U�9,� WROHUDQW PXWDQW

&7����� DQG ZLOG�W\SH VWUDLQ &:��� ZKHUH WKH XSWDNH RI &U2� LVRWRSH LV DSSUR[LPDWHO\

WKH VDPH�

7KH KLJK OHYHO RI VXSHUR[LGH UDGLFDO �2�
Â
� RI WKH WROHUDQW PXWDQW &7����� FDQ EH

H[SODLQHG E\ D VLJQLILFDQWO\ ORZHU PLWRFKRQGULDO 0Q62' DFWLYLW\�

7KH XQFKDQJHG DFWLYLW\ RI FDWDODVH DQG 62' LQ FDVH RI KLJK +�2� DQG

VXSHUR[LGH FRQFHQWUDWLRQ LQ VHQVLWLYH PXWDQW &6����� FDQ EH H[SODLQHG E\ WKH GRZQ�

UHJXODWLRQ RI WKHVH HQ]\PHV�

7KH UHVSRQVH RI VHQVLWLYH PXWDQWV WR RXWHU R[LGDWLYH VWUHVV LV DOPRVW WKH VDPH DV

WKDW RI WKH ZLOG VWUDLQ�

7KH +�2�FRQFHQWUDWLRQ DQG WKH FDWDODVH DFWLYLW\ LQ WROHUDQW PXWDQW &7�����

H[KLELWHG QR VLJQLILFDQW GLIIHUHQFH IURP WKRVH RI WKH ZLOG�W\SH VWUDLQ &:��� KRZHYHU�

WKH WROHUDQW PXWDQW VKRZHG H[WUHPH VHQVLWLYLW\ WR RXWHU WUHDWPHQW ZLWK +�2� DQG

PHQDGLRQH�

7KH PHDVXUHPHQW RI
Â
2+ JHQHUDWLRQ ZLWK (35 LV LQ SURJUHVV�

$� *È&6(5� ,� 3)(,))(5� -� .8&6(5$

2UJDQLVDWLRQ RI WKH LWV UHJLRQ LQ LVRODWHV RI &U\SWRFRFFXV KXQJDULFXV

'HSDUWPHQW RI 0LFURELRORJ\� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

%DVLGLRP\FHWHV \HDVWV DUH LPSRUWDQW VRXUFHV IRU ELRDFWLYH FRPSRXQGV� L�H�

SLJPHQWV� DQWLR[LGDQWV DQG OLSLGV� 7KH DQDPRUSKLF &U\SWRFRFFXV KXQJDULFXV GHVFULEHG

E\ =VROW ������ KDV UHGGLVK FRORQLHV GXH WR FDURWHQRLG SLJPHQWV RI XQNQRZQ

FRQVWLWXWLRQ�
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:H SUHYLRXVO\ UHSRUWHG WKDW &� KXQJDULFXV VWUDLQV GHULYHG IURP YDULRXV

JHRJUDSKLF DUHD ZHUH SRO\PRUSKLF HYLGHQFHG E\ VWXGLHV EDVHG RQ SK\VLRORJLFDO�

ELRFKHPLFDO DQG 5)/3 DQDO\VLV �*iFVHU HW DO� ������

,Q WKH SUHVHQW VWXG\ WKH ,76 UHJLRQ RI WKH ULERVRPDO '1$ LQ WKH VWUDLQV &%6

����� &%6 ����� &%6 ����� &%6 ����� &%6 ����� &%6 ���� ZHUH DPSOLILHG E\ 3&5�

,76 � ��¶�7&&7&&*&77$77*$7$7*&��¶� DQG ,76 � ��¶�

7&&*7$**7*$$&&7*&**��¶� ZHUH XVHG DV SULPHUV� 7KH 3&5 SURGXFWV ZHUH

VXEMHFWHG WR UHVWULFWLRQ HQ]\PH GLJHVWLRQV �(FR5,� +KD,� +DH,,,� DQG GRXEOH GLJHVWLRQ

ZLWK (FR5,�+KD,�� 7KH VL]H RI WKH ,76 UHJLRQV SURYHG WR EH ��� ES IRU &%6 ����� ���

ES IRU &%6 ����� ��� ES IRU &%6 ����� ��� ES IRU &%6 ����� ��� ES IRU &%6 ����

DQG ��� ES IRU &%6 ����� 7KH '1$ SDWWHUQV RI WKLV UHJLRQ LQ &%6 ���� DQG &%6

���� ZHUH LGHQWLFDO DOO HQ]\PHV &%6 ���� H[KLELWHG GLIIHUHQW 5)/3 SDWWHUQV� DQG

VLJQLILFDQW GLIIHUHQFHV LQ VL]H ���� ES�� 7KH DPSOLILHG ,76 UHJLRQ RI VWUDLQ &%6 ����

ZDV WKH VPDOOHVW ���� ES�� EXW LWV 5)/3 SDWWHUQV ZHUH VLPLODU WR &%6 ����� &%6 �����

&%6 ���� DQG &%6 ����� 7KH QXFOHRWLGH VHTXHQFHV RI WKH DPSOLILHG ,76 UHJLRQV DUH

GHWHUPLQHG� 7KH SUHVHQW VWXG\ FRQILUPHG SUHYLRXV UHVXOWV� WKDW DOO WKH VWUDLQV GLIIHUHG

IURP WKH W\SH VWUDLQV DOWKRXJK &%6 � ��� DQG &%6 ���� ZHUH FORVHO\ UHODWHG�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ 27.$ JUDQW 7������ DQG ).)3

��������

�� =VROW� -�� $ QHZ \HDVW 'LRV]HJLD KXQJDULFD QRY JHQ HW VS� %RWDQLNDL .|]O ��� �±�� ������� ��

*iFVHU� $�� 3IHLIIHU� ,�� .XFVHUD� -�� 0ROHFXODU DQG SKHQRW\SLF FKDUDFWHUL]DWLRQ RI &U\SWRFRFFXV KXQJDULFXV

LVRODWHV� $FWD 0LFURELRO +XQJ ��� ��� �������

*� *,&=(<
�
� =� .(5e1<,

�
� /� )h/g3

�
� /� +2512.

���

7KH H[SUHVVLRQ SDWWHUQ RI FPJ�� DQ H[R�������JOXFDQDVH JHQH

RI WKH P\FRSDUDVLWH� &RQLRWK\ULXP PLQLWDQV

�$JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU� *|G|OO�� �6]HQW ,VWYiQ 8QLYHUVLW\� *|G|OO�� +XQJDU\

&RQLRWK\ULXP PLQLWDQV LV D VFOHURWLDO P\FRSDUDVLWH RI D QXPEHU RI SODQW

SDWKRJHQLF IXQJL� 'XH WR WKLV FDSDELOLW\� WKH IXQJXV LV XVHG LQ ELRORJLFDO SODQW GLVHDVH

FRQWURO� ,QIRUPDWLRQ RQ WKH PROHFXODU PHFKDQLVPV UHVSRQVLEOH IRU LWV SDUDVLWLF DFWLYLW\

LV� KRZHYHU UDWKHU OLPLWHG� 'XULQJ SDUDVLWLVP� WKH IXQJXV SHQHWUDWHV WKURXJK WKH

VFOHURWLDO ZDOO WKDW FRQWDLQV ������JOXFDQ DV D PDMRU FRQVWLWXHQW� 7KH SURGXFWLRQ RI

H[WUDFHOOXODU FHOO ZDOO GHJUDGLQJ HQ]\PHV� VXFK DV FKLWLQDVHV DQG JOXFDQDVHV DSSHDUV WR
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EH DQ LPSRUWDQW IDFWRU IRU P\FRSDUDVLWLF IXQJL WR IDFLOLWDWH SHQHWUDWLRQ WKURXJK KRVW

VWUXFWXUHV�

,Q WKH SUHVHQW ZRUN D 3&5 EDVHG VWUDWHJ\ ZDV DSSOLHG WR FORQH D ������JOXFDQDVH

HQFRGLQJ JHQH IURP &� PLQLWDQV� 8VLQJ GHJHQHUDWH ROLJRQXFOHRWLGH SULPHUV FRQVWUXFWHG

RQ WKH EDVLV RI FRQVHUYHG UHJLRQV RI NQRZQ IXQJDO JOXFDQDVHV ZH LVRODWHG D IXOO OHQJWK

F'1$ FRS\ RI D SXWDWLYH JOXFDQDVH JHQH� QDPHG FPJ�� 7KH QXFOHRWLGH VHTXHQFH RI WKLV

JHQH DQG LWV GHGXFHG DPLQR DFLG VHTXHQFH ZDV IRXQG WR VKRZ KLJK OHYHOV RI VLPLODULW\

WR IXQJDO H[R�������JOXFDQDVHV� 7KH FPJ� JHQH FRGHV IRU D SURWHLQ RI ��� DPLQR DFLGV�

$ VLJQDO SHSWLG FOHDYDJH VLWH LV SUHGLFWHG EHWZHHQ UHVLGXHV �� DQG �� E\ WKH 6LJQDO3

SURJUDP� 7KH FDOFXODWHG PROHFXODU PDVV RI WKH VHFUHWHG SURWHLQ LV ������ 'D DQG LWV

HVWLPDWHG S, SRLQW LV ����� 7KH ,196F� VWUDLQ RI 6DFFKDURP\FHV FHUHYLVLDH� XVHG DV

KHWHURORJRXV H[SUHVVLRQ KRVW IRU FPJ�� VHFUHWHG D a��� N'D ������JOXFDQDVH HQ]\PH

�DV GHWHUPLQHG E\ 6'6�3$*(� LQWR WKH FXOWXUH PHGLXP� 7HPSHUDWXUH DQG S+ RSWLPD

RI WKH UHFRPELQDQW HQ]\PH SXULILHG IURP WKH \HDVW FXOWXUH VXSHUQDWDQW E\ LRQ H[FKDQJH

FKURPDWRJUDSK\ ZHUH �� �& DQG S+ ���� UHVSHFWLYHO\� 6XEVWUDWH VSHFLILFLW\ DQG

K\GURO\VLV SURGXFW DQDO\VHV UHYHDOHG WKDW WKH HQ]\PH LV DQ H[R�DFWLQJ JOXFDQDVH ZLWK

KLJK VSHFLILFLW\ WR ��: �����JO\FRV\O OLQNDJHV�

7KH FPJ� JHQH ZKLFK LV SUHVHQW LQ WKH JHQRPH RI &� PLQLWDQV LQ D VLQJOH FRS\

VKRZHG D ORZ OHYHO RI FRQVWLWXWLYH H[SUHVVLRQ LQ LQ YLWUR VKDNHQ FXOWXUHV� ,W LV VOLJKWO\

UHSUHVVHG E\ JOXFRVH DQG LQGXFHG E\ FDUERQ VWDUYDWLRQ� VRUELWRO� DV ZHOO DV JURXQG RU

LQWDFW VFOHURWLD RI 6FOHURWLQLD VFOHURWLRUXP WR D VLPLODU H[WHQW� $ PRGHUDWH LQFUHDVH LQ

WKH H[SUHVVLRQ RI FPJ� ZDV REVHUYHG GXULQJ WKH SDUDVLWLF LQWHUDFWLRQ ZLWK 6�

VFOHURWLRUXP VXJJHVWLQJ WKH UROH RI WKLV JHQH LQ P\FRSDUDVLWLVP�

=6� +$0$5,� È� -8+È6=� )� .(9(,

,QFRPSDWLELOLW\ LQIOXHQFHV WKH HIIHFWLYLW\ RI PLWRFKRQGULDO WUDQVPLVVLRQV

'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 3�2� %R[ ����

+±���� 6]HJHG� +XQJDU\

7KH PLWRFKRQGULDO JHQRPHV RI WKH VWUDLQV $� MDSRQLFXV EHORQJLQJ WR WKH

LPSHUIHFW EODFN $VSHUJLOOL H[KLELW KLJKO\ YDULDEOH 5)/3 SDWWHUQV� 7UDQVPLVVLRQV RI

PLWRFKRQGULD ZHUH FDUULHG RXW EHWZHHQ IXOO\ LQFRPSDWLEOH PLWRFKRQGULDO ROLJRP\FLQ

UHVLVWDQW PXWDQW �ROL5� VWUDLQ DV GRQRU DQG VHQVLWLYH UHFLSLHQW VWUDLQV FDUU\LQJ PW'1$V

ZLWK GLIIHUHQW 5)/3 SDWWHUQV E\ XVLQJ SURWRSODVW IXVLRQ WHFKQLTXH� 7KHVH WUDQVIHU

H[SHULPHQWV UHVXOWHG LQ ROL5 SURJHQ\ ZLWK UHFRPELQDQW DQG�RU XQFKDQJHG GRQRU

�VXEVWLWXWHG� PW'1$ LQ HDFK FDVH RI LQWUDVSHFLILF FRPELQDWLRQV� EXW LW IDLOHG ZKHQ WKH
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FORVHO\ UHODWHG $� DFXOHDWXV ZDV WKH UHFLSLHQW SDUWQHU� 7UDQVPLVVLRQV FDQ EH FODVVLILHG

LQWR WKUHH JURXSV� �L� SURJHQ\ ZLWK UHFRPELQDQW W\SH RI PLWRFKRQGULD RQO\� �LL� SURJHQ\

ZLWK H[FOXVLYHO\ VXEVWLWXWHG PLWRFKRQGULD� �LLL� ERWK W\SHV RI SURJHQ\� SUHGRPLQDQWO\

WKH VXEVWLWXWHG RQH FDQ EH UHFRYHUHG� ,Q WKH ODVW FDVH� WKH VWUDLQV FDUU\LQJ VXEVWLWXWHG

PLWRFKRQGULD GLVSOD\ UHGXFHG ILWQHVV ZLWK DSSHDUDQFH RI GHFUHDVHG FDSDFLW\ RI FRQLGLDO

IRUPDWLRQ� 'XULQJ VXEVHTXHQW FXOWLYDWLRQ RI WKHVH ROL5 VXEVWLWXWHG VWUDLQV D VHJUHJDWLRQ

SURFHVV FRXOG EH IROORZLQJ UHVXOWHG LQ PRUSKRORJLFDOO\ VWDEOH VWUDLQV ZLWK UHFRYHUHG

ILWQHVV� 7KHVH ZHOO�JURZLQJ VWUDLQV SRVVHVV UHFRPELQDQW PW'1$V� :LWK IXOO NQRZOHGJH

RI VL]H GLIIHUHQFHV RI WKH GRQRU DQG UHFRPELQDQW PW'1$V LW FDQ EH FRQFOXGHG WKDW

LQWURQ ORVV LWVHOI FDQ JHQHUDWH WKH UHFRPELQDQW FKDUDFWHUV� 2XU UHVXOWV PLJKW UHIOHFW WKH

FRPSDWLELOLW\ UHODWLRQV EHWZHHQ VWUDLQV LQYROYHG LQ D PLWRFKRQGULDO WUDQVPLVVLRQ�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ 27.$ JUDQW 7������ DQG ).)3

��������

/� +(*('h6
�
� 0� .g56&+(16

�
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�
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�

6RLO PLFURELRORJLFDO HIIHFWV LQ ORQJ�WHUP H[SHULPHQWV RI .HV]WKHO\

DQG %DG /DXFKVWlGW

�8QLYHUVLW\ RI 9HV]SUpP� *HRUJLNRQ )DFXOW\ RI $JURQRP\� &KHPLFDO DQG 0LFURELRORJLFDO 'HSDUWPHQW�

'HiN )� X� ��� +±���� .HV]WKHO\� +XQJDU\� �8)=�&HQWUH IRU (QYLURQPHQWDO 5HVHDUFK /HLS]LJ�+DOOH

*PE+� +DOOHVFKH 6WU� ��� ����� %DG /DXFKVWDGW� *HUPDQ\� �8)=�&HQWUH IRU (QYLURQPHQWDO 5HVHDUFK

/HLS]LJ�+DOOH *PE+� 7KHRGRU�/LHVHU�6WU� �� ����� +DOOH�6DDOH� *HUPDQ\� �0DUWLQ�/XWKHU�8QLYHUVLWlW�

+DOOH�:LWWHQEHUJ� /DQGZLUWVFKDIWOLFKH )DNXOWlW ,QVWLWXW I�U %RGHQNXQGH XQG 3IODQ]HQHUQDKUXQJ�

$GDP�.XFNKRII�6WU� ��E� ����� +DOOH�6DDOH� *HUPDQ\

,Q WZR ORQJ�WHUP ILHOG WULDOV LQ ZKLFK IDUP\DUG PDQXUH �)<0� DQG DUWLILFLDO

IHUWLOL]HUV ZHUH FRPSDUHG� ZH DQDO\VHG VRLO PLFURELDO ELRPDVV� UHVSLUDWLRQ� RUJDQLF

FDUERQ �&R� FRQWHQW� WRWDO PLFURELRORJLFDO FRXQW DQG PLFURELDO DFWLYLW\ �HQ]\PDWLF

DFWLYLWLHV IRU H[DPSOH� SURWHDVH� DONDOLQH SKRVSKDWDVH� ��JOXFRVLGDVH�� 7KH WUHDWPHQWV

LQFOXGHG� �� XQPDQXUHG FRQWUROV �2�� �� PDQXUHG �)<0�� �� DUWLILFLDO IHUWLOL]HUV �13.��

�� )<0 � 13. WRJHWKHU DQG GLIIHUHQW IDOORZV �O� PHFKDQLFDO EDUH IDOORZ� �� EDUH IDOORZ

ZLWK KHUELFLGHV� �� PHFKDQLFDO EDUH IDOORZ � KHUELFLGHV DQG �� JUHHQ IDOORZ��

8VHG PHWKRGV� IRU HQ]\PDWLF DFWLYLWLHV� IRU VRLO PLFURELDO ELRPDVV DQG

UHVSLUDWLRQ E\ .� $OHI DQG 3� 1DQQLSLHUL ������� IRU WRWDO PLFURELRORJLFDO FRXQW E\ 5�

*DKORW DQG 1� 1DUXOD ������� IRU RUJDQLF FDUERQ FRQWHQW E\ ³'HXWVFKH

(LQKHLWVYHUIDKUHQ ]XU :DVVHU�� $EZDVVHU� XQG 6FKODPP�8QWHUVXFKXQJ´ �������
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7KH ORQJ�WHUP H[SHULPHQWDO SORWV ZHUH VHW RQ LQ ���� LQ FDVH RI %DG /DXFKVWlGW

�*HUPDQ\� �����¶ (DVW� �����¶ 1RUWK� ��� P DERYH 6/� DQG LQ ���� LQ FDVH RI

.HV]WKHO\ �+XQJDU\� �����¶ (DVW� �����¶ 1RUWK� ��� P DERYH 6/�� %RWK RI WKH ORQJ�

WHUP H[SHULPHQWDO ILHOGV DUH XVHG IRU VWXG\LQJ WKH LQWHUUHODWLRQ EHWZHHQ VRLO� SODQW�

PLFURELRORJLFDO IORUD� DWPRVSKHUH DQG ZDWHU ZLWK UHJDUG WR VXVWDLQDEOH GHYHORSPHQW�

7KH UXQQLQJ ORQJ�WHUP ILHOG H[SHULPHQWV DUH DQ LGHDO H[SHULPHQWDO EDVLV IRU WKLV

UHVHDUFK�

6RLO VDPSOHV ZHUH FROOHFWHG LQ 0DUFK ���� LQ FDVH RI WKH WZR ORQJ�WHUP

H[SHULPHQWV IURP �� FP VRLO GHSWK�

%LRORJLFDO DQG FKHPLFDO PHDVXUHPHQWV ZHUH PDGH LQ ODERUDWRULHV RI 8)=�

8PZHOWIRUVFKXQJV]HQWUXP /HLS]LJ�+DOOH *PE+� 6HNWLRQ %RGHQIRUVFKXQJ�

PLFURELRORJLFDO PHDVXUHPHQWV LQ ODERUDWRU\ RI 0DUWLQ�/XWKHU�8QLYHUVLWlW� +DOOH�

:LWWHQEHUJ� /DQGZLUWVFKDIWOLFKH )DNXOWlW ,QVWLWXW I�U %RGHQNXQGH XQG

3IODQ]HQHUQDKUXQJ �*HUPDQ\��

2XU UHVXOWV LQGLFDWH D VWURQJ FRUUHODWLRQ DPRQJ WKH YDULRXV SURSHUWLHV� 2UJDQLF

FDUERQ KDV SRVLWLYH LQIOXHQFH RQ PLFURELRORJLFDO IORUD RI YDULRXV VDPSOHV IURP WKH

ORQJ�WHUP H[SHULPHQWV RI ERWK VLWHV� 6RLO HQ]\PHV GHWHUPLQHG TXDQWLWDWLYHO\ UHSUHVHQW

YDULRXV PHWDEROLF DFWLYLWLHV LQ FRPELQDWLRQ ZLWK RWKHU SURSHUWLHV LQ ORQJ�WHUP IHUWLOL]HG

VRLOV DQG IXUWKHU VWXGLHV ZLOO FOHDUO\ VKRZ DQ XQGHUVWDQGLQJ RI FXOWLYDWLRQ SUDFWLFHV�

DJURFKHPLFDO DQG HQYLURQPHQWDO HIIHFWV LQ WKHVH VRLOV�

�� $OHI� .�� 1DQQLSLHUL� 3�� 0HWKRGV LQ $SSOLHG 6RLO 0LFURELRORJ\ DQG %LRFKHPLVWU\� $FDGHPLF

3UHVV /RQGRQ� ����� S� ���� ���� ���� ���� �� *DKORW� 5�� 1DUXOD� 1�� 'HJUDGDWLRQ RI ����'LFKORURSKHQR[\

$FHWLF $FLG E\ 5HVLVWDQW 6WUDLQV RI $]RWREDFWHU &KURRFRFFXP� LQ ,QGLDQ -RXUQDO RI 0LFURELRORJ\ 9RO ���

6HSWHPEHU ����� SS ���±��� ������� �� 'HXWVFKH (LQKHLWVYHUIDKUHQ ]XU :DVVHU�� $EZDVVHU� XQG 6FKODPP�

8QWHUVXFKXQJ� :LOH\�9&+ *PE+� %DQG ,,,� +�� �����

/� +2512.

5HVHDUFK FKDOOHQJHV IRU WKH GHYHORSPHQW RI JHQHWLFDOO\ PRGLILHG

ELRFRQWURO PLFURRUJDQLVPV

'HSDUWPHQW RI 0LFURELRORJ\� $JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU DQG 6]HQW ,VWYiQ 8QLYHUVLW\� *|G|OO��

+XQJDU\

%LRORJLFDO FRQWURO FRXOG EH DQ HQYLURQPHQWDOO\ IHDVLEOH DOWHUQDWLYH RI FKHPLFDO

SODQW SURWHFWLRQ XVHG QRZDGD\V DOPRVW H[FOXVLYHO\ LQ ODUJH�VFDOH DJULFXOWXUDO SUDFWLFH�

+RZHYHU� ELRORJLFDO FRQWURO PHWKRGV VKRXOG EH LPSURYHG LQ HIILFLHQF\ DQG UHOLDELOLW\�

2QH RI WKH PHDQV E\ ZKLFK WKH HIIHFWLYHQHVV RI ELRORJLFDO FRQWURO FRXOG EH LQFUHDVHG LV
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WKH FRQVWUXFWLRQ RI JHQHWLFDOO\ LPSURYHG DQWDJRQLVWLF�K\SHUSDUDVLWLF PLFURRUJDQLVPV�

,Q WKH SDVW IHZ \HDUV� HIILFLHQW VWUDLQ�EUHHGLQJ VWUDWHJLHV VXLWDEOH IRU LPSURYLQJ SODQW

JURZWK SURPRWLQJ UKL]REDFWHULD ZHUH GHYHORSHG� $QWDJRQLVWLF DQG V\PELRWLF SURSHUWLHV

ZHUH VXFFHVVIXOO\ FRPELQHG LQWR D VLQJOH RUJDQLVP� *HQHWLFDOO\ HQJLQHHUHG VWUDLQV

ZHUH SURGXFHG WR HOLPLQDWH WKH JHQH GULIW KD]DUGV RU WR LPSURYH WKH DJJUHVVLYHQHVV RI

IXQJDO K\SHUSDUDVLWHV� $OWKRXJK SHUVSHFWLYHV RI WKH SUDFWLFDO DSSOLFDWLRQ RI JHQHWLFDOO\

PRGLILHG ELRFRQWURO PLFURRUJDQLVPV DUH VWLOO XQFHUWDLQ� DW OHDVW LQ (XURSH� D EHWWHU

XQGHUVWDQGLQJ RI WKH PROHFXODU EDFNJURXQG RI WKH K\SHUSDUDVLWLF ZD\ RI OLYLQJ FRXOG

KHOS WR PDQDJH DQG XWLOL]H WKH QDWXUDO DQWDJRQLVW SRSXODWLRQV�

5� ,=$'3$1$+
���
� È� 'È1

���
� 0� %(1.�

�
� 0� 5869$,

�
� /� )2'25

�
� %� +$55$&+

�

'1$ VHTXHQFH RI D VPDOO� XQLGHQWLILHG SODVPLG LVRODWHG

IURP D +DHPRSKLOXV VRPQXV VWUDLQ

�'HSDUWPHQW RI 0LFURELRORJ\ DQG ,QIHFWLRXV 'LVHDVHV� )DFXOW\ RI 9HWHULQDU\ 6FLHQFH� 6]HQW ,VWYiQ

8QLYHUVLW\� %XGDSHVW� �9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV�

%XGDSHVW� �&HQWUDO 9HWHULQDU\ ,QVWLWXWH� %XGDSHVW� +XQJDU\� �5$=, 9DFFLQH DQG 6HUXP 5HVHDUFK

,QVWLWXWH� 7HKHUDQ� ,UDQ

2QH RI WKH SODVPLGV SUHVHQW LQ D +DHPRSKLOXV VRPQXV �+� VRPQXV� VWUDLQ

LVRODWHG IURP QDVDO GLVFKDUJH RI D FDWWOH ZLWK UHVSLUDWRU\ GLVHDVH V\PSWRPV ZDV

SXULILHG DQG FORQHG IRU '1$ VHTXHQFLQJ� 7KH FRS\ QXPEHU RI WKH SODVPLG ZDV HQRXJK

WR XVH DONDOLQH O\VLV PHWKRG IRU '1$ SODVPLG SXULILFDWLRQ� ZKLFK LV ZLGHO\ XVHG IRU

KLJK�FRS\�QXPEHU FORQLQJ YHFWRUV RI (� FROL� 7KH SODVPLG ZDV IRXQG WR EH ���� EDVH

SDLUV ORQJ DQG ZLWK ����� *�& FRQWHQW� +RPRORJ\ VHDUFK IDLOHG WR ILQG DQ\ VLPLODU

'1$ LQ WKH QXFOHLF VHTXHQFH GDWD EDVHV� 7KH ORQJHVW SXWDWLYH RSHQ UHDGLQJ IUDPH ZDV

��� SDLUV ORQJ� %DVHG RQ WKH ORFDWLRQ RI SRVVLEOH WUDQVODWLRQ LQLWLDWLRQ FRGRQV� WKHUH LV D

WKHRUHWLFDO SRVVLELOLW\ RQ WKLV SODVPLG WR FRGH IRU D SURWHLQ RI �� DPLQR DFLGV� 7KH

KRPRORJ\ VHDUFK� KRZHYHU� VKRZHG QR VLJQLILFDQW VLPLODULW\ ZLWK WKH SUHVHQWO\

DYDLODEOH SURWHLQ GDWD�

3UHVHQFH RI SODVPLGV LQ +� VRPQXV ZDV GHWHFWHG E\ VRPH DXWKRUV �)XVVLQJ DQG

:HJHQHU� ����� $SSXKDP\ HW DO�� ����� EXW WKLV LV WKH ILUVW UHSRUW RQ WKH VHTXHQFLQJ

DQG '1$ DQDO\VLV RI RQH RI WKH SODVPLGV�

7KLV ZRUN ZDV VXSSRUWHG E\ +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG JUDQWV 27.$

7������� 7������� 0�������
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0RGHO IRU GHWHUPLQDWLRQ RI \HDVW YLDELOLW\�PRUWDOLW\ LQ WKH SUHVHQFH

RI FKURPLXP�9,� FRPSRXQGV

%LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� -DPQLNDUMHYD ���� ���� /MXEOMDQD� 6ORYHQLD

7KH YLDELOLW\ YV� PRUWDOLW\ RI \HDVWV 6DFFKDURP\FHV FHUHYLVLDH ± =,0 ��� DQG

6FKZDQQLRP\FHV RFFLGHQWDOLV ± =,0 ��� LQ WKH SUHVHQFH RI .�&U�2� ZDV VWXGLHG� $IWHU

FXOWLYDWLQJ LQ PDOWK EURWK WKH \HDVWV ZHUH H[SRVHG WR WKH &U�9,� LQ FRQFHQWUDWLRQV RI ��

��� ��� LQ ���� �PRO�O IRU �� KRXUV DW �� �&� 7KH VXUYLYDO RI OLYLQJ FHOOV GHSHQGV RQ

WKHLU DELOLW\ WR VHQVH FKDQJHV LQ WKH HQYLURQPHQW DQG WR DSSURSULDWHO\ UHVSRQG WR WKH

QHZO\ HPHUJHG FRQGLWLRQV >�@� 6WUHVV UHVSRQVH PHFKDQLVPV DLP WR SURWHFW FHOOV DJDLQVW

WKH SRWHQWLDOO\ GHWULPHQWDO HIIHFWV RI VWUHVV FKDOOHQJHV DQG WR UHSDLU DQ\ PROHFXODU

GDPDJH >�@� 'HWHUPLQDWLRQ RI \HDVW YLDELOLW\ YV� PRUWDOLW\ LQ WKH SUHVHQFH RI VSHFLILF

HIIHFWRU &U�9,� ZDV IROORZHG LQ HDFK SDUWLFXODU VWHS RI WKH DQDO\WLFDO SURFHGXUH DQG D

PDWKHPDWLFDO PRGHO�D VHW RI HTXDWLRQV ZDV GHYHORSHG ZLWK WKH LQWHQWLRQ WR HVWDEOLVK D

UDWLRQDO WRRO IRU DQDO\VLQJ WKH LPSDFW RI WKH HIIHFWRU� 7KH PRGHO ZDV EXLOW ZLWK

SDUDPHWHUV DV IROORZV� 3RSXODWLRQ &RQGLWLRQ �3&�� &HOO 9LDELOLW\ LQ WKH %XIIHU �9%��

&HOO 9LDELOLW\ LQ WKH %XIIHU VXSSOHPHQWHG ZLWK WKH (IIHFWRU �9(%�� 6SHFLILF &HOO

9LDELOLW\ �9V�� &HOO 0RUWDOLW\ LQ WKH %XIIHU �0%�� &HOO 0RUWDOLW\ LQ WKH %XIIHU

VXSSOHPHQWHG ZLWK WKH (IIHFWRU �0(%� DQG 6SHFLILF &HOO 0RUWDOLW\ �0V� >�@� 7KH

PRGHO ZDV VKRZQ WR EH XVHIXO� ,W HQDEOHG WR GHWHUPLQH WKH GLIIHUHQFH LQ \HDVW WROHUDQFH

WR &U�9,�� 7KH UHVXOWV VKRZHG WKDW 6DFFK� FHUHYLVLDH ± =,0 ��� LV PRUH WROHUDQW WR

.�&U�2� WKDQ 6FKZDQQ� RFFLGHQWDOLV ± =,0 ����

�� +RKPDQQ� 6�� 0DJHU� :� +�� <HDVW 6WUHVV 5HVSRQVHV� 6SULQJHU 9HUODJ� +HLGHOEHUJ� ����� SS� �±��

���� ���� �� 5DVSRU� 3�� %DWLWW� 0�� -DPQLN� 3�� )RRG 7HFKQRORJ\ DQG %LRWHFKQRORJ\ ������ ��±�� �������
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0LFURELDO FKDUDFWHULVWLFV RI SHD UKL]RVSKHUH DIIHFWHG E\ VHZDJH VOXGJH

GRVHV LQ VRPH +XQJDULDQ VRLO W\SHV

�6]HQW ,VWYiQ 8QLYHUVLW\� *|G|OO�� 3K�'� 6XESURJUDP� %XGDSHVW� �5HVHDUFK ,QVWLWXWH IRU 6RLO 6FLHQFH

DQG $JULFXOWXUDO &KHPLVWU\ RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

0XQLFLSDO VOXGJH RI WKH *|G|OO� FRPPXQLW\ �+XQJDU\� ZLWK D KLJK =Q FRQWHQW

ZDV XVHG LQ D ORQJ�WHUP SRW H[SHULPHQW WR VWXG\ VRPH PLFURELRORJLFDO FKDUDFWHULVWLFV

RI WKH SHD �3LVXP VDWLYXP /�� UKL]RVSKHUH�

)RXU +XQJDULDQ VRLO W\SHV ZHUH VHOHFWHG �FDUERQHDFHRXV FKHUQR]HP

1DJ\K|UFV|N� FDUERQDFHRXV VDQG\ VRLO � �UERWW\iQ� VOLJKWO\ DFLGLF VLOW\ VRLO RI

*\|QJ\|V DQG DFLGLF VDQG\ VRLO RI 1\tUOXJRV�� &RORQ\ IRUPLQJ XQLWV �&)8 PO
±�
� RI

VRPH PRVW LPSRUWDQW PLFURELRORJLFDO JURXSV �VXFK DV 3VHXGRPRQDV� 5KL]RELXP RU WKH

WRWDO FRXQWDEOH QXPEHU� ZHUH DVVHVVHG E\ D PRGLILHG SODWH FRXQWLQJ PHWKRG RI $QJHUHU

HW DO� ������ E\ XVLQJ &RQJR�UHG <(0� .LQJ % DQG 1XWULHQW PHGLD� %LRFKHPLFDO

FKDUDFWHUL]DWLRQ RI WKH SHD UKL]RVSKHUH ZDV GRQH E\ FKORURIRUP IXPLJDWLRQ SURFHGXUH

RI ELRPDVV�& PHDVXUHPHQWV �9DQFH HW DO� ������ 0HWDO �=Q�12��� DQG =Q62��

WROHUDQFH RI VRPH 3VHXGRPRQDV VWUDLQV ZHUH DOVR WHVWHG LQ YLWUR E\ XVLQJ ��� ��� ����

���� ��� �0 O
±�
VDOWV LQ WKUHH UHSOLFDWLRQV�

,QIOXHQFH RI WKH LQFUHDVLQJ GRVHV RI FRPPXQDO VHZDJH VOXGJH RQ WKH

PLFURELRORJLFDO DQG ELRFKHPLFDO FKDUDFWHULVWLFV ZDV KLJKO\ GHSHQGLQJ RQ WKH SK\VLFDO

DQG FKHPLFDO SURSHUWLHV RI WKH VRLO�W\SHV LQYHVWLJDWHG� 7KHUH ZDV D SRVLWLYH FRUUHODWLRQ

EHWZHHQ WKH DSSOLFDWLRQ UDWHV RI WKH VOXGJH DQG WKH WRWDO PLFURELDO FRXQWV RU WKH

PLFURELDO ELRPDVV SDUDPHWHUV� HVSHFLDOO\ LQ FDVH RI WKH QXWULHQW SRRU VDQG\ VRLOV� 7KHUH

ZDV QR PXFK UHODWLRQ� KRZHYHU� EHWZHHQ WKH QXPEHU RI WKH WRWDO FRXQWDEOH PLFUREHV

DQG WKH PLFURELDO ELRPDVV PHDVXUHPHQWV� GXH WR WKH KLJK GHSHQGHQFH RQ WKH PHGLXP�

FRPSRQHQWV �& DQG 1 VRXUFHV� LQ FRQQHFWLRQ ZLWK WKH FXOWXUDELOLW\�

3VHXGRPRQDV EDFWHULD RULJLQDWLQJ IURP WKH KLJKHVW GRVHV RI =Q SROOXWLRQ

VKRZHG D EHWWHU LQ YLWUR UHVLVWDQFH WR WKH LQYHVWLJDWHG =Q�VDOWV� FRPSDUHG WKRVH VWUDLQV

IURP WKH XQSROOXWHG SRWV �LQ DFFRUGDQFH ZLWK WKH SUHOLPLQDU\ UHVXOWV RI .HFVNpV HW DO�

������

$OWKRXJK WKH WRWDO =Q FRQFHQWUDWLRQ DW WKH KLJKHVW VHZDJH VOXGJH UDWHV ZDV VWLOO

ZHOO EHORZ WKH LQWHUQDWLRQDO SHUPLVVLEOH VWDQGDUGV� WKHUH ZDV DQ DGYHUVH HIIHFW UHFRUGHG

RQ WKH VHOHFWLRQ SUHVVXUH DQG DGDSWDELOLW\ RI VRPH EHQHILFLDO PLFURELDO JURXSV�

)LQDQFLDO VXSSRUW RI WKH +XQJDULDQ 5HVHDUFK )XQG LV KLJKO\ DFNQRZOHGJHG �72

�������

� 9DQFH� (� '� HW DO�� 6RLO %LRORJ\ DQG %LRFKHPLVWU\ ��� ���±��� ������� � $QJHUHU� ,� HW DO��

$JURNpP 7DODMW ��� ���±��� ������� � .HFVNpV� 0� HW DO�� $FWD $OLPHQW ��� ���±��� �������
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,QWHUDFWLRQ EHWZHHQ PLWRFKRQGULD LQ EODFN $VSHUJLOOL

'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 3�2� %R[ ���� +±����

6]HJHG� +XQJDU\

,Q FRQWUDVW WR WKH QXFOHDU JHQRPH WKH PW'1$ GRHV QRW XQGHUJR UHFRPELQDWLRQ

SURFHVV GXULQJ VH[XDO F\FOH RZLQJ WR XQLSDUHQWDO LQKHULWDQFH RI H[WUDFKURPRVRPDO

HOHPHQWV�

,Q FDVH RI DVH[XDO EODFN $VSHUJLOOXV VWUDLQV EHDULQJ PLWRFKRQGULD ZLWK GLIIHUHQW

PROHFXODU DQG UHVLVWDQFH PDUNHUV �VXFK DV PW'1$ 5)/3V DQG ROLJRP\FLQ UHVLVWDQFH� D

PL[HG SRSXODWLRQ RI H[WUDFKURPRVRPDO HOHPHQWV FRXOG EH HVWDEOLVKHG XQGHU

H[SHULPHQWDO FRQGLWLRQV� 6LQFH EODFN $VSHUJLOOL H[KLELW KLJK GHJUHH RI YHJHWDWLYH

LQFRPSDWLELOLW\ WKHLU PLWRFKRQGULD ZHUH WUDQVIHUUHG E\ SURWRSODVW IXVLRQ� DSSO\LQJ

GRQRU VWUDLQV ZLWK ROLJRP\FLQ UHVLVWDQW PLWRFKRQGULD DQG VHQVLWLYH UHFLSLHQW SDUWQHU�

7KH UHVXOWV RI LQWUDVSHFLILF PLWRFKRQGULDO WUDQVPLVVLRQ EHWZHHQ $� QLJHU VWUDLQV� DQG $�

MDSRQLFXV LVRODWHV� DV ZHOO DV LQWHUVSHFLILF WUDQVIHU EHWZHHQ $� QLJHU DQG $� WXELQJHQVLV

VWUDLQV ZLOO EH GLVFXVVHG� 6HOHFWLQJ IRU WKH GUXJ UHVLVWDQFH DQG WKH UHFLSLHQW QXFOHDU

SKHQRW\SH ROLJRP\FLQ UHVLVWDQW SURJHQLHV ZHUH UHFRYHUHG� 7KHVH VWUDLQV EDVLFDOO\

LQKHULWHG WKH PLWRFKRQGULDO '1$ RI WKH GRQRU VWUDLQ� ZKLFK PLJKW UHPDLQ XQFKDQJHG

�VR�FDOOHG VXEVWLWXWHG SURJHQ\� RU PLJKW EH PRGLILHG E\ VSHFLILF VHTXHQFHV RI WKH

UHFLSLHQW PW'1$V QDPHG UHFRPELQDQW PLWRFKRQGULD� 7KH VHTXHQFHV RULJLQDWHG IURP

WKH UHFLSLHQW SURYHG WR EH PRELOH LQWURQV� 6XEVWLWXWHG SURJHQ\ ZRXOG EH HLWKHU VWDEOH

ZLOG W\SH OLNH VWUDLQ DV D UHVXOW RI FRPSDWLEOH FR�RSHUDWLRQ EHWZHHQ GRQRU PLWRFKRQGULD

DQG UHFLSLHQW QXFOHL� RU RFFXUUHG DV VORZ JURZLQJ QRQ�FRQLGLDWLQJ VWUDLQV� 7KH ODWWHU

W\SH ZDV SUREDEO\ GXH WR WKH OHVV FRPSDWLEOH FRPPXQLFDWLRQ EHWZHHQ WZR JHQHWLF

V\VWHPV RULJLQDWLQJ IURP GLIIHUHQW SDUHQWV� 7KHVH SURJHQLHV ZHUH DEOH WR XQGHUJR VRPH

VHJUHJDWLRQ SURFHVV GXULQJ VXEVHTXHQW FXOWLYDWLRQ UHVXOWLQJ LQ D VWDEOH ZLOG SKHQRW\SH

ZKLFK SRVVHVVHG QHZ PW'1$ W\SH UHVHPEOLQJ WR WKH DFFHSWRU SDUHQWV� 'LIIHUHQW

PRELOH HOHPHQWV FKDUDFWHULVWLF IRU UHFLSLHQW SDUHQWV ZHUH H[FOXVLYHO\ UHVSRQVLEOH IRU

GHYHORSPHQW RI WKH IHDWXUH RI UHFRPELQDQW PW'1$V�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ 27.$ JUDQW 7������ DQG ).)3

��������
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,QYHVWLJDWLRQ IRU PRXOG FRQWDPLQDWLRQ RI WRPDWR SXUpH E\ 1,5

VSHFWURVFRS\

�'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� �'HSDUWPHQW RI 5HIULJHUDWLRQ DQG /LYHVWRFN 3URGXFWV

7HFKQRORJ\� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� �'HSDUWPHQW RI /LSLG

&KHPLVWU\� &HQWUDO )RRG 5HVHDUFK ,QVWLWXWH� %XGDSHVW� +XQJDU\

,Q WKH LQGXVWULDO SUDFWLFH +RZDUG PRXOG FRXQW ������ LV XVHG IRU WKH HVWLPDWLRQ

RI PRXOG FRQWDPLQDWLRQ RI IRRGV� ,W ZDV GHYHORSHG RULJLQDOO\ IRU LQYHVWLJDWLRQ RI

WRPDWR SURGXFWV� ,W LV DOVR XVHG QRZDGD\V IRU TXDOLW\ FRQWURO SXUSRVHV� 5HFHQWO\ WKLV

FRQVWLWXWHV WKH EDVLV RI WKH DFFHSWDQFH RI WKH ILQLVKHG SURGXFWV LQ LQWHUQDWLRQDO WUDGH�

7KLV WHFKQLTXH GHPDQGV H[SHUWV ZLWK D ORW RI SUDFWLFH DQG PRUSKRORJLFDO SURILFLHQF\�

9DULDWLRQ FRHIILFLHQW RI WKH PHWKRG LV ��� RU HYHQ KLJKHU�

7KH SRVVLELOLW\ RI WKH GHWHUPLQDWLRQ RI PRXOG FRQWDPLQDWLRQ RI WRPDWR SXUHH

ZDV LQYHVWLJDWHG DLPLQJ DW H[FKDQJLQJ WKH +RZDUG PHWKRG� 7KH 1,5 WHFKQLTXH ± DV D

UDSLG� QRQ�GHVWUXFWLYH� UHDJHQWOHVV DQG DFFXUDWH PHWKRG ± ZDV DQWLFLSDWHG DV D VXLWDEOH

PHWKRG IRU WKH SXUSRVH PHQWLRQHG� &DQQHG WRPDWR SXUHH KDG EHHQ DOORZHG WR EHFRPH

PRXOG\ WKDQ WKH VDPSOH ZDV EOHQGHG ZLWK QRQ PRXOG\ VDPSOHV LQ GLIIHUHQW UDWLR� VR D

VHULHV RI WRPDWR�SXUHHV FRQWDLQLQJ NQRZQ DPRXQWV RI PRXOG\ SXUHH ZDV SUHSDUHG�

+RZDUG PRXOG FRXQWV DQG HUJRVWHURO FRQWHQW ± DQRWKHU PRXOG FRQWDPLQDWLRQ UHODWLQJ

YDOXH ± ZHUH XVHG DV UHIHUHQFH YDOXHV IRU 1,5 FDOLEUDWLRQ�

$W TXDQWLWDWLYH LQYHVWLJDWLRQ EHWWHU UHVXOWV ZHUH REWDLQHG XVLQJ HUJRVWHURO

YDOXHV� 7KH EHVW FRUUHODWLRQ FRHIILFLHQW �5 ����� DQG WKH VPDOOHVW VWDQGDUG HUURU RI

FDOLEUDWLRQ �6(& ����� PJ�J HUJRVWHURO� ZDV DFKLHYHG ZLWK WULDQJXODU VPRRWKLQJ RI

WKH VSHFWUD� 7KH VWDQGDUG HUURU RI SUHGLFWLRQ �6(3 ���� PJ�J HUJRVWHURO� ZDV

DFFHSWDEOH� $W TXDOLWDWLYH LQYHVWLJDWLRQ 3RODU 4XDOLILFDWLRQ 6\VWHP �346� ZDV XVHG�

&OXVWHUV EHWZHHQ VDPSOHV ZLWK ORZ DQG KLJK HUJRVWHURO OHYHOV FRXOG EH VHSDUDWHG�

.� .,66
�
� .� /È6=/Ï

�

(IIHFW RI PXQLFLSDO VHZDJH VOXGJH RQ WKH SKRVSKDWDVH DQG FDWDODVH

DFWLYLW\ RI 5DPDQ�W\SH EURZQ IRUHVW VRLO

�%,2*(1� 7DSROFD� �*HRUJLNRQ )DFXOW\ RI $JURQRP\� 8QLYHUVLW\ RI 9HV]SUpP� .HV]WKHO\� +XQJDU\

,Q WKH DJULFXOWXUDO SUDFWLFH PXQLFLSDO VHZDJH VOXGJH LV IUHTXHQWO\ XVHG DV D VRLO

IHUWLOL]HU� ,W LPSURYHV WKH SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI WKH WKURXJK WKH DGGLWLRQ
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RI RUJDQLF PDWWHU DQG HVVHQWLDO QXWULHQWV� EXW LW PD\ FDXVH VHULRXV HFRORJLFDO DQG

K\JLHQLF SUREOHPV EHFDXVH RI LWV HOHYDWHG FRQFHQWUDWLRQV RI SROOXWDQWV LQFOXGLQJ KHDY\

PHWDOV� 7KH PHDVXUHPHQW RI PHWDEROLF DFWLYLW\ RI PLFURELDO FRPPXQLWLHV ± OLNH WKH

PHDVXUHPHQW RI HQ]\PH DFWLYLW\ ± JLYHV DQ LPPHGLDWH LQGLFDWLRQ RI WKH HIIHFWV RI

SHUWXUEDWLRQV RQ WKH FRPPXQLW\�

7KH SXUSRVH RI RXU VWXG\ ZDV WR FKHFN WKH HIIHFW RI GLIIHUHQW FRQFHQWUDWLRQV RI

VHZDJH VOXGJH RQ WKH SKRVSKDWDVH DQG FDWDODVH DFWLYLW\ RI PLFURELDO FRPPXQLWLHV LQ WKH

VRLO� DQG WR FRPSDUH KRZ FDQ WKHVH WZR HQ]\PH DFWLYLWLHV FKDUDFWHUL]H WKH FKDQJHV�

0XQLFLSDO VHZDJH VOXGJH ZDV REWDLQHG IURP WKH 5HJLRQDO :DVWHZDWHU

7UHDWPHQW 3ODQW� .HV]WKHO\� $ VXEVDPSOH ZDV GLJHVWHG DQG DQDO\VHG IRU WKH WRWDO

FKHPLFDO FRQWHQW� 7KH UHVXOWV� S+� ���� WRWDO VROLGV� ���� NJ�NJ� 1� ������ 3� ����� .�

����� 3E� ��� &G ���� =Q� ����� &X� ���� 0Q� ���� &U� �� PJ�NJ GU\ ZHLJKW�

7KH 5DPDQ W\SH EURZQ IRUHVW VRLO ZDV WUHDWHG ZLWK GLIIHUHQW TXDQWLWLHV RI ZHW

VHZDJH VOXGJH ZKLFK ZHUH HTXDO WR WKH OHYHO RI �� ���� �� ��� ��� DQG �� W�KD GU\

VHZDJH VOXGJH� ,Q VPDOO SRWV WKH VDPSOHV ZHUH LQFXEDWHG DW �� �& IRU �� �� �� �� DQG ��

GD\V� DQG WKH SKRVSKDWDVH DQG FDWDODVH DFWLYLW\ ZHUH PHDVXUHG E\ SKRWRPHWU\ DQG

WLWULPHWU\� 7KH UHVXOWV ZHUH DQDO\VHG PDWKHPDWLFDOO\�

'XULQJ WKH ZKROH H[SHULPHQWDO WLPH WKHUH ZHUH VLJQLILFDQW GLIIHUHQFHV DW ���

FRQILGHQFH OHYHO LQ DOO SKRVSKDWDVH DFWLYLW\ DPRQJ WKH VRLOV IRU DOO VOXGJH DPRXQWV

DGGHG� ([SUHVVHG DV SHUFHQWDJHV RI FRQWURO DFWLYLW\� WKH SKRVSKDWDVH DFWLYLW\ UDQJHG

IURP ��� WR ���� DV IRU WKH KLJKHVW FRQFHQWUDWLRQ� 7KHUHIRUH WKH PXQLFLSDO VHZDJH

VOXGJH SURYHG WR EH DEVROXWHO\ LQQRFXRXV� 7KH UHVXOWV VKRZHG WKDW WKH VHZDJH VOXGJH

LPSURYHG WKH PLFURELDO SURFHVVHV EHFDXVH RI LWV RZQ SRSXODWLRQ DQG WKH QXWULHQW

FRQWHQWV�

7KH PHDVXUH RI FDWDODVH DFWLYLW\ GLGQ¶W SURYH WR EH D VHQVLWLYH PHWKRG IRU

FKDUDFWHUL]LQJ WKH PLFURELDO SURFHVVHV� 7KHUH ZDV QR FRQQHFWLRQ EHWZHHQ WKH

FRQFHQWUDWLRQ RI PXQLFLSDO VHZDJH VOXGJH DQG FDWDODVH DFWLYLW\�

7� ./())/(5� $� 0$5È=

0RQLWRULQJ GLYHUVLW\ RI \HDVW ELRWD IURP YLQH\DUG WR ZLQH

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\�

%XGDSHVW� +XQJDU\

,Q WKH RHQRORJLFDO PLFURELRORJ\� VHYHUDO SXEOLFDWLRQV VXUYH\HG WKH FRPSRVLWLRQ

RI \HDVW ELRWD RFFXUULQJ LQ GLIIHUHQW YLQH\DUGV DQG JUDSH�SURFHVVLQJ HTXLSPHQWV� :H

KDYH D ORW RI LQIRUPDWLRQ DERXW WKH FKDQJH RI WKH \HDVW GLYHUVLW\ DW VSHFLHV OHYHO DQG WKH
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SURFHVV RI WKHLU VXFFHVVLRQ IURP PXVW WR ZLQH� 'LYHUVLW\ RI \HDVWV LV DOVR ELJ LQ

YLQH\DUGV EXW LW LV FKDQJLQJ IURP ILHOG WR ILHOG DQG IURP \HDU WR \HDU� 7KHUH DUH IHZ

UHVXOWV� KRZHYHU� DERXW WKH RULJLQ RI \HDVWV DQG KRZ PXFK WKH\ UHSUHVHQW WKH \HDVW

ELRWD RI D YLQH\DUG RU FHOODU� 2QH RI WKH UHDVRQV LV WKDW WKH WUDGLWLRQDO LGHQWLILFDWLRQ�

XVLQJ PRUSKRORJLFDO� ELRFKHPLFDO DQG SK\VLRORJLFDO WHVWV LV QRW VXLWDEOH IRU

FKDUDFWHULVDWLRQ DW VWUDLQ OHYHO� 0ROHFXODU W\SLQJ PHWKRGV DUH H[FHOOHQW� KRZHYHU� IRU

VXFK SXUSRVHV�

7KH DLPV RI RXU UHVHDUFK ZHUH WR VXUYH\ DQG FKDUDFWHUL]H \HDVW ELRWD LQ YLQH\DUG

(W\HN IURP WKH EHJLQQLQJ RI JUDSH ULSHQLQJ� WKH VWXG\ RI WKH RULJLQ DQG G\QDPLFV RI

\HDVWV VWDUWLQJ DQG LPSOHPHQWLQJ PXVW IHUPHQWDWLRQ� DQG WR H[DPLQH WKH LQWHUDFWLRQ RI

WKH VWDUWHU \HDVW FXOWXUH DQG VSRQWDQHRXV \HDVW ELRWD�

7KH RULJLQ RI WKH LVRODWHV ZDV WKH YLQH\DUG DQG SUH�SURFHVVLQJ HTXLSPHQWV LQ

(W\HN DQG ZLQH IDFWRU\ LQ %XGDIRN� XVLQJ DFWLYH GU\ 6DFFKDURP\FHV FHUHYLVLDH VWDUWHU

FXOWXUHV� :H FROOHFWHG VDPSOHV EHIRUH DQG DIWHU YLQWDJH� DQG IROORZHG WKH VSRQWDQHRXV

DQG LQRFXODWHG IHUPHQWDWLRQV� 2XU LVRODWHV ZHUH LGHQWLILHG DW VSHFLHV OHYHO E\ WUDGLWLRQDO

LGHQWLILFDWLRQ PHWKRGV� 7KH VLPLODULW\ RI WKH VWUDLQV DQG W\SLQJ DW VSHFLHV OHYHO ZHUH

H[DPLQHG E\ PROHFXODU JHQRW\SLQJ PHWKRGV� VXFK DV 5$3'�3&5� SXOVHG ILHOG JHO

HOHFWURSKRUHVLV DQG 5)/3 RI U'1$ VHTXHQFHV�

6HYHUDO \HDVWV ZHUH IRXQG LQ WKH FOHDQHG HTXLSPHQWV EHIRUH YLQWDJH� ZKLFK

SUREDEO\ VXUYLYHG WKHUH� 7KH EDVLGLRP\FHWHV &U\SWRFRFFXV ODXUHQWLL DQG 6SRULGLREROXV

VDOPRQLFRORU ZHUH GRPLQDQW�

7KH QXPEHU RI \HDVW FHOOV LQFUHDVHG E\ DERXW WZR�WKUHH RUGHU RI PDJQLWXGH

GXULQJ YLQWDJH EXW WKH ZLGH ELRGLYHUVLW\ VWLOO UHPDLQHG� 6S� VDOPRQLFRORU VWLOO RFFXUUHG

DPRQJ WKHP� EXW WKH DVFRP\FHWHV 'HEDULRP\FHV� +DQVHQLDVSRUD DQG 6DFFKDURP\FHV

JHQHUD EHFDPH GRPLQDQW�

,Q WKH JUDSH MXLFH +DQVHQLDVSRUD XYDUXP ZDV WKH GRPLQDWLQJ VSHFLHV DQG ZH

IRXQG VHYHUDO 6DFFKDURP\FHV OXGZLJLL DQG &DQGLGD DSLFROD LVRODWHV� WRR� $W WKH

EHJLQQLQJ RI IHUPHQWDWLRQ� 7RUXODVSRUD RFFXUUHG LQ WKH KLJKHVW UDWLR� EHVLGH WKH

GRPLQDQW 6DFFKDURP\FHV VHQVX VWULFWR VSHFLHV� ,Q WKH PLGGOH DQG ODVW IHUPHQWDWLRQ

SKDVH� ZH IRXQG 6DFFKDURP\FHV VHQVX VWULFWR VSHFLHV RQO\�

:LWK WKH DSSOLFDWLRQ RI PROHFXODU W\SLQJ PHWKRGV� ZH GHWHUPLQHG WKH VLPLODULW\

RI VWUDLQV EHORQJLQJ WR D JLYHQ VSHFLHV� DQG GHWHFWHG \HDVWV VWUDLQV� ZKLFK VXUYLYHG LQ

WKH SURFHVVLQJ HTXLSPHQWV� 7KHVH PHWKRGV SURYHG YHU\ XVHIXO LQ PRQLWRULQJ WKH

VXFFHVVLRQ RI \HDVWV GXULQJ VSRQWDQHRXV DQG LQRFXODWHG IHUPHQWDWLRQV�

7KLV ZRUN ZDV VXSSRUWHG E\ 0.0 ).)3 1R���������� +XQJDULDQ SURMHFW�



��� ),567 -2,17 0((7,1*

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

/� .g'g%g&=
�
� ,� -(9&6È.

�
� %� %,5Ï

�
� +�(�$�)� %$<280,

�
� 0� .(&6.e6

�

&RPSDULVRQ RI WKH DQWLELRWLF�VHQVLWLYLW\ RI OXSLQH UKL]RELD RULJLQDWLQJ

IURP GLIIHUHQW DJURWHFKQLFDO V\VWHPV

�6]HQW ,VWYiQ 8QLYHUVLW\� 3K�'� 6XESURJUDP� %XGDSHVW� �5HVHDUFK ,QVWLWXWH IRU 6RLO 6FLHQFH

DQG $JULFXOWXUDO &KHPLVWU\ RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

9DULRXV DJURWHFKQLFDO FRQGLWLRQV �VXFK DV RUJDQLF DQG FRQYHQWLRQDO� PD\

LQIOXHQFH WKH IXQFWLRQLQJ DQG VWUHVV�WROHUDQFH DELOLW\ RI WKH GLIIHUHQW VRLO�SODQW V\VWHPV�

$PRQJ WKH PDLQ HQYLURQPHQWDO IDFWRUV WKH DQWLELRWLF VHQVLWLYLW\ PD\ UHIOHFW WKH

LQWHUDFWLRQV RI WKH PLFURELDO SRSXODWLRQV�

�� %UDG\UKL]RELXP VS� VWUDLQV� RULJLQDWLQJ IURP WKH URRW�QRGXOHV RI VZHHW OXSLQH

�/XSLQXV DOEXV /�� ZHUH LQYHVWLJDWHG IRU WKHLU DQWLELRWLF VHQVLWLYLW\ LQ LQ YLWUR

FRQGLWLRQV� �� VWUDLQV ZHUH LVRODWHG IURP WKH WUDGLWLRQDO FURS�URWDWLRQ H[SHULPHQW RI

:HVWVLN� VWDUWHG LQ ���� RQ WKH VOLJKWO\ DFLGLF VDQG\ VRLO RI 1\tUVpJ �/D]iQ\L� ������

2WKHU VWUDLQV ZHUH RULJLQDWLQJ IURP WKH VDPH KRVWV� JURZQ LQ DQ LQWHQVLYH DJULFXOWXUDO

V\VWHP �ZLWK WKH RULJLQDOO\ KLJK DPRXQWV RI DJURFKHPLFDOV DQG IHUWLOL]HUV�� <HDVW�

PDQQLWRO�DJDU �<0$� SODWHV ZHUH XVHG WR VWXG\ WKH VHQVLWLYLW\ RI VHHGHG OXSLQH

UKL]RELD ���� �O RI ��
�
&)8 PO

±�
� DJDLQVW �� GLIIHUHQW DQWLELRWLFV �5(6,67(67 GLVFV�

LQ � UHSOLFDWHV� $IWHU �� KRXUV RI LQFXEDWLRQ DW ��
R
&� WKH LQKLELWLRQ ]RQHV ZHUH

UHJLVWHUHG �9LQFHQW ������ 5HVXOWV ZHUH VXEMHFWHG WR WZR ZD\V RI $129$

LQYHVWLJDWLRQV�

$ PXFK KLJKHU DYDLODELOLW\ DQG GLPHQVLRQ RI DQWLELRWLF VHQVLWLYLW\ ZDV IRXQG

ZLWK WKH �� %UDG\UKL]RELXP VWUDLQV RI WKH :HVWVLN RUJDQLF FURS�URWDWLRQ V\VWHPV� 7KLV

SKHQRPHQRQ ZDV KLJKO\ LQIOXHQFHG E\ WKH GLIIHUHQW RUJDQLF WUHDWPHQWV RI WKH ;9 SORWV�

ZKLFK KDV UHVXOWHG D JUHDW YDULDWLRQ RI WKH JHQHUDO VRLO FRQGLWLRQV� DV D FRQVHTXHQFH�

%LRPDVV SURGXFWLRQ� V\PELRWLF FKDUDFWHULVWLFV DQG QLWURJHQ�IL[LQJ HIIHFWLYHQHVV

SURGXFHG WKH VDPH GLYHUVLW\ RI GDWD LQ DQ HDUOLHU VWXG\ �.|G|E|F] HW DO� ������

,Q WKH LQWHQVLYH DJURWHFKQLFDO V\VWHPV� WKHUHIRUH� WKH LVRODWHG OXSLQH UKL]RELD

ZHUH IRXQG WR EH LGHQWLFDO IRU WKH JHQHUDO DQWLELRWLF VHQVLWLYLW\� ZKLFK UHIOHFWV D UHGXFHG

GLYHUVLW\ RI WKH SRSXODWLRQ DQG WKH VHOHFWLRQ RI DQWLELRWLF�UHVLVWDQW OLQHV� :HVWVLN

RUJDQLF WUHDWPHQWV� KRZHYHU KDYH SUHVHUYHG WKH QDWXUDO JHQHWLFDO EDODQFH RI WKH OXSLQH

UKL]RELD� ,QWHUUHODWLRQV EHWZHHQ WKH DQWLELRWLF VHQVLWLYLW\ DQG WKH QRGXODWLRQ DQG

QLWURJHQ�IL[DWLRQ DELOLW\ LV IXUWKHU GLVFXVVHG�

5HOHYDQFH RI WKH RUJDQLF V\VWHPV WR SUHVHUYH WKH QDWXUDO ELRGLYHUVLW\ RI

EHQHILFLDO PLFUREHV �QLWURJHQ�IL[LQJ UKL]RELD� LV KLJKOLJKWHG IURP WKLV VWXG\�

)LQDQFLDO VXSSRUW RI WKH +XQJDULDQ 5HVHDUFK )XQG �27.$� LV DFNQRZOHGJHG

�7� �������
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�� %LUy� %�� 3K� '� GLVVHUWDWLRQ DQG WKHVLV� *$7(� *|G|OO� ������� �� /D]iQ\L� -�� 3URGXFWLYLW\ RI WKH

FURS�URWDWLRQ V\VWHPV LQ D VOLJKWO\ DFLGLF VDQG\ VRLO� �LQ KXQJDULDQ�� '$7(� .�.�� 1\tUHJ\Ki]D� ������� ��

9LQFHQW� -� 0�� $ PDQXDO IRU WKH SUDFWLFDO VWXG\ RI URRW QRGXOH EDFWHULD� ,%3 +DQGERRN� 2[IRUG� ������� ��

.|G|E|F]� /� HW DO�� ,Q 6LNRO\D� /� �HG��� �� $QQXDO 0HHWLQJ RI WKH 6=� 6=� %� 0� 7� 7� 5LP 1\RPGD�

1\tUHJ\Ki]D� �����

/� .5(',&6
�
� ,� 'Ï&=,

�
� =6� $17$/

�
� /� 0$1&=,1*(5

�

,QIOXHQFH RI KHDY\ PHWDOV RQ P\FHOLDO JURZWK DQG LQ YLWUR HQ]\PH

DFWLYLWLHV

RI P\FRSDUDVLWLF 7ULFKRGHUPD VWUDLQV

�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� �5HVHDUFK *URXS

IRU 0LFURELRORJ\� +XQJDULDQ $FDGHP\ RI 6FLHQFHV DQG 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

7KH HIIHFW RI WHQ KHDY\ PHWDOV �DOXPLQLXP� FRSSHU� QLFNHO� FREDOW� FDGPLXP�

]LQF� PDQJDQHVH� OHDG� PHUFXU\ DQG LURQ� RQ WKH OLQHDU P\FHOLDO JURZWK� DQG RQ WKH LQ

YLWUR DFWLYLWLHV RI H[WUDFHOOXODU HQ]\PHV LQYROYHG LQ DQWDJRQLVP DJDLQVW SODQW

SDWKRJHQLF IXQJL ���JOXFRVLGDVH� FHOORELRK\GURODVH� HQGRFHOOXODVH� ��[\ORVLGDVH�

HQGR[\ODQDVH� ������1�DFHW\OJOXFRVDPLQLGDVH� WU\SVLQ�OLNH SURWHDVH� FK\PRWU\SVLQ�OLNH

SURWHDVH� DQG ������JOXFDQDVH� ZDV VWXGLHG LQ FDVH RI VL[ 7ULFKRGHUPD VWUDLQV

EHORQJLQJ WR VSHFLHV JURXSV 7� KDU]LDQXP� 7� YLULGH DQG 7� DXUHRYLULGH� (DFK SDUWLFXODU

KHDY\ PHWDO LQKLELWHG P\FHOLDO JURZWK LQ DOO VL[ VWUDLQV WR D VLPLODU H[WHQW� VLJQLILFDQW

YDULDWLRQ RI ,&�� FRQFHQWUDWLRQV EHWZHHQ WKH VWUDLQV ZDV IRXQG RQO\ LQ FDVH RI LURQ� ,Q D

FRQFHQWUDWLRQ RI � PPRO� RQO\ PHUFXU\ VKRZHG KLJK LQKLELWRU\ HIIHFWV RQ WKH LQ YLWUR

DFWLYLWLHV RI WKH LQYHVWLJDWHG HQ]\PHV� WKH LQKLELWLRQ RI HQ]\PH DFWLYLWLHV E\ WKH RWKHU

KHDY\ PHWDOV ZDV QRW VR H[SUHVVHG� +RZHYHU� WKH VOLJKW LQKLELWLRQ RI WU\SVLQ� DQG

FK\PRWU\SVLQ�OLNH DFWLYLWLHV E\ DOXPLQLXP� FRSSHU� DQG OHDG VKRXOG EH PHQWLRQHG�

([WUDFHOOXODU HQ]\PHV VHHP WR UHPDLQ DFWLYH HYHQ DW KHDY\ PHWDO FRQFHQWUDWLRQV� ZKHUH

P\FHOLDO JURZWK LV DOUHDG\ VWURQJO\ LQKLELWHG� 7KLV VXJJHVWV WKH SRVVLELOLW\ RI EUHHGLQJ

IRU KHDY\ PHWDO UHVLVWDQW 7ULFKRGHUPD VWUDLQV IRU ELRFRQWURO SXUSRVHV LQ VRLOV ZLWK

KHDY\ PHWDO FRQWDPLQDWLRQ RU IRU FRPELQHG DSSOLFDWLRQ ZLWK KHDY\�PHWDO FRQWDLQLQJ

SHVWLFLGHV�

7KLV ZRUN ZDV VXSSRUWHG ILQDQFLDOO\ E\ JUDQW 7������ RI WKH +XQJDULDQ

6FLHQWLILF 5HVHDUFK )XQG DQG ).)3�������� RI WKH +XQJDULDQ 0LQLVWU\ RI (GXFDWLRQ�
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(IIHFW RI QLVLQ RQ WKH PLFURELDO VWDELOLW\ RI VDXVDJHV

�+XQJDULDQ 0HDW 5HVHDUFK ,QVWLWXWH� �'HSDUWPHQW RI 5HIULJHUDWLRQ DQG /LYHVWRFN 3URGXFW 7HFKQRORJ\�

)DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

7KH DQWLPLFURELDO HIIHFW RI QLVLQ SURGXFHG E\ /DFWRFRFFXV ODFWLV LV ZHOO NQRZQ�

1LVLQ LV WKH RQO\ EDFWHULRFLQ WKDW KDV EHHQ DFFHSWHG DV D SUHVHUYDWLYH LQ VRPH IRRGV�

6LQFH FRQVXPHUV DUH RULHQWHG WR QDWXUDO IRRG SURGXFWV� SUHVHUYHG ZLWK OHVV RU QR

FKHPLFDOV� WKH XVH RI QDWXUDO SUHVHUYDWLYHV LV LQ WKH FHQWUH RI LQWHUHVW�

7KH DQWLPLFURELDO HIIHFW RI QLVLQ LQ GLIIHUHQW PHDW SURGXFWV ZDV VWXGLHG� 1LVLQ

ZDV DGGHG WR PHDW SURGXFW �%RORJQD�W\SH VDXVDJH HPXOVLRQ� DQG H[SHULPHQWV ZHUH

SHUIRUPHG WR GHWHUPLQH WKH HIIHFW RI QLVLQ IRU WKH PLFURELDO VWDELOLW\ DQG VHQVRU\

FKDUDFWHULVWLFV�

$FFRUGLQJ WR WKH UHVXOWV ZH FRQFOXGHG WKDW QLVLQ LQ ��� DQG ��� ,8 J
±�

FRQFHQWUDWLRQ H[WHQGHG WKH VKHOI OLIH RI WKHVH SURGXFWV� ZLWKRXW QLVLQ WKH WRWDO YLDEOH

FHOO FRXQW DQG HQWHURFRFFL ZHUH KLJK DIWHU �� GD\V RI VWRUDJH� %\ XVH RI WKHVH

FRQFHQWUDWLRQV RII�IODYRXU RI WKH VDPSOHV ZHUH QRWHG� 7KH XVH RI QLVLQ LQ ORZHU

FRQFHQWUDWLRQ ��� ,8 J
±�
� DOVR UHVXOWHG D ORZ PLFURELDO YLDEOH FHOO FRXQW DQG ZLWKRXW

DQ\ RII�IODYRXU�

-� .8&6(5$
���
� .� <$5,7$

�
� .� 7$.(2

�
� $� *È&6(5

�
� =6� +$0$5,

�
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&RORQ\ YDULDWLRQ RI WKH KXPDQ SDWKRJHQLF \HDVW &U\SWRFRFFXV

KXQJDULFXV RQ 3KOR[LQ % PHGLXP

�5HVHDUFK &HQWHU IRU 3DWKRJHQLF )XQJL DQG 0LFURELDO 7R[LFRVHV� &KLED 8QLYHUVLW\� -DSDQ�
�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

&U\SWRFRFFXV QHRIRUPDQV LV DQ HQFDSVXODWHG RSSRUWXQLVWLF KXPDQ SDWKRJHQLF

\HDVW� ZKLFK FDQ FDXVH PHQLQJLWLF� SXOPRQDU\ RU V\VWHPLF LQIHFWLRQV� ,W FDQ RFFXU LQ

LPPXQRFRPSHWHQW SDWLHQWV EXW LW LV PRUH IUHTXHQW DQG FDXVH PRUH VHYHUH V\PSWRPV LQ

SDWLHQWV ZLWK DFTXLUHG LPPXQRGHILFLHQF\ V\QGURPH �$,'6� RU RWKHU FRQGLWLRQV

DVVRFLDWHG ZLWK LPPXQRVXSSUHVVLRQ� &XOWLYDWLRQ RI &� QHRIRUPDQV LVRODWHV RQ FRPSOHWH

PHGLXP FRQWDLQLQJ �� �0 3KOR[LQ % UHVXOWHG LQ GLIIHUHQW FRORXUHG FRORQLHV �SLQN� UHG

DQG VHFWRUV RI ERWK SLQN DQG UHG�� &RORQ\�FRORXU YDULDQWV ZHUH GHWHFWHG LQ WZR

ODERUDWRU\ VWUDLQV �,)0 ����� ����� EXW QRW LQ �� RWKHU VWUDLQV GHULYHG IURP $,'6

SDWLHQWV� 6HJUHJDQWV ZHUH LVRODWHG IURP WKH UHG �.5� DQG SLQN �.3� VHFWRUV RI RQH
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FRORQ\ IURP ,)0 ����� %HVLGH WKHVH RULJLQDO LVRODWHV DQ DGGLWLRQDO VORZ JURZLQJ

FRORQ\ ZDV LVRODWHG IURP D VXEFXOWXUH RI .5 �.5V�� 7KHVH WKUHH LVRODWHV ZHUH DQDO\VHG

IRU SK\VLRORJLFDO DQG PROHFXODU SHFXOLDULWLHV� 7KH VHJUHJDQWV GLIIHUHG LQ WKH VL]H RI

FDSVXOH DQG DOVR LQ JURZWK UDWH DQG WHPSHUDWXUH WROHUDQFH� .DU\RW\SLQJ E\ &+()

GHPRQVWUDWHG WKDW WKHUH ZHUH QR FKURPRVRPDO SRO\PRUSKLVPV DPRQJ WKHP� +RZHYHU

PLQRU JHQHWLF SRO\PRUSKLVPV ZHUH HYLGHQW LQ WKH '1$ ILQJHUSULQWV REWDLQHG E\ 5$3'

3&5 DPRQJ WKH WKUHH VHJUHJDQWV� 7KH SURFHVV E\ ZKLFK UHG �K\SRFDSVXODWHG� DQG SLQN

�KLJKO\ FDSVXODWHG� FRORXU YDULDQWV DURVH FRXOG EH DWWULEXWHG WR SKHQRW\SLF VZLWFKLQJ DV

LW ZDV VKRZQ E\ UHYHUVLRQ IUHTXHQF\ DQDO\VLV� 7KH SODXVLEOH H[SODQDWLRQ IRU

WHPSHUDWXUH VHQVLWLYH YDULDQW ZDV UDQGRP VSRQWDQHRXV PXWDWLRQ� DV UHYHUVLRQ WR JURZWK

DW �� �& ZDV QRW REVHUYHG DPRQJ FHOOV RI WKH WHPSHUDWXUH VHQVLWLYH VHJUHJDQW .5V� 7KH

UHDVRQ IRU FRORXU FKDQJHV ZDV DOVR LQYHVWLJDWHG DQG DWWULEXWHG WR WKH GLIIHUHQWLDO DELOLW\

RI WKH FHOOV WR DFFXPXODWH WKH [DQWKHQH G\H 3KOR[LQ % HLWKHU LQWR WKHLU FDSVXOHV RU LQWR

WKHLU FHOOV� 7KH FXOWLYDWLRQ PHWKRG GHVFULEHG KHUH LV SRWHQWLDOO\ DSSOLFDEOH IRU GHWHFWLRQ

RI VWUDLQ KHWHURJHQLW\ DQG YDU\LQJ GHJUHH RI HQFDSVXODWLRQ LQ ERWK FOLQLFDO DQG EDVLF

PLFURELRORJ\ ODERUDWRULHV�

-� .8.2/<$
�
� (� %e.,

�
� /� +2512.

���

&ORQLQJ DQG KHWHURORJRXV H[SUHVVLRQ RI FHOO ZDOO GHJUDGLQJ HQ]\PH

HQFRGLQJ JHQHV RI 7KHUPRELILGD IXVFD

�'HSDUWPHQW RI 0LFURELRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\� *|G|OO�� �$JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU�

*|G|OO�� +XQJDU\

7ZHOYH WKHUPRSKLOLF DFWLQRP\FHWH LVRODWHV ZHUH VFUHHQHG IRU FHOO ZDOO

GHJUDGDWLRQ DFWLYLW\� $PRQJ WKHP 7KHUPRELILGD IXVFD VWUDLQ 70�� SURYHG WR EH WKH

PRVW DFWLYH FHOOXODVH DQG [\ODQDVH SURGXFHU� 6WUHSWRP\FHV OLYLGDQV VWUDLQ 7.�� ZDV

XVHG IRU WKH H[SUHVVLRQ RI WKH 7� IXVFD K\GURODVH JHQHV� 7KLV FORVHO\ UHODWHG KRVW

SRVVHVVHV WKH DSSURSULDWH SURWHLQ IROGLQJ� JO\FRV\ODWLRQ DQG VHFUHWLRQ V\VWHP IRU WKH

KHWHURORJRXV HQ]\PHV� $ JHQRPLF OLEUDU\ ZDV FRQVWUXFWHG E\ XVLQJ WKH SODVPLG

S,-���� *HQRPLF '1$ IUDJPHQWV ZLWK DQ DYHUDJH VL]H RI �� NES ZHUH OLJDWHG LQWR

S,-���� 7KH WUDQVIRUPDWLRQ IUHTXHQF\ DSSUR[LPDWHG ��� DQG DOWRJHWKHU ����

WKLRVWUHSWRQH SRVLWLYH FRORQLHV ZHUH LVRODWHG� 7KLV DPRXQWV WR D ��� UHSUHVHQWDWLRQ RI

WKH FRPSOHWH JHQH EDQN�

6� OLYLGDQV VWUDLQV KDUERXULQJ WKH UHFRPELQDQW SODVPLGV ZHUH JURZQ RQ OLTXLG

/% PHGLXP� ZKLFK SUHYHQWV WKH LQGXFWLRQ RI WKH KRVW¶V RZQ SRO\VDFFKDULGH GHJUDGLQJ

HQ]\PHV� $IWHU �� K PLFUR�IHUPHQWDWLRQ SHULRG WKH LQGLYLGXDO WUDQVIRUPDQWV ZHUH
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VFUHHQHG IRU HQ]\PH DFWLYLW\ E\ PHDQV RI D IOXRURJHQLF VXEVWUDWH�PL[ FRQWDLQLQJ

PHWK\OXPEHOOLIHU\O���'�JOXFRVLGH� �PDQQRVLGH� �FHOORELRVLGH DQG �[\ORVLGH�

(QGRJOXFDQDVH DQG HQGR[\ODQDVH DFWLYLWLHV ZHUH PHDVXUHG E\ WKH &RQJR�UHG VWDLQLQJ

PHWKRG� &UXGH HQ]\PH SUHSDUDWLRQV ZHUH REWDLQHG IURP WKH SRVLWLYH WUDQVIRUPDQWV DQG

VXEMHFWHG WR 6'6�3$*( ]\PRJUDP DQDO\VLV� 6FUHHQLQJ RI WKH H[SUHVVLRQ OLEUDU\

\LHOGHG D QXPEHU RI 7� IXVFD K\GURODVHV� LQFOXGLQJ ILYH GLIIHUHQW HQGRJOXFDQDVHV �WKHLU

PROHFXODU ZHLJKWV UDQJHG EHWZHHQ �� DQG ��� N'D�� WZR HQGR[\ODQDVHV ���� �� N'D��

RQH ��PDQQRVLGDVH ��� N'D�� D FHOORELRK\GURODVH ��� N'D� DQG D ��[\ORVLGDVH ����

N'D�� 7KLV ODWWHU SURYHG WR EH D GLPHULF HQ]\PH� DV DIWHU KHDW VKRFN WUHDWPHQW LW ZDV

GLVVRFLDWHG WR WZR HTXDO� �� N'D PRQRPHUV UHVXOWLQJ LQ WKH WRWDO ORVV RI HQ]\PH

DFWLYLW\�

7KH H[WUHPH KHDW VWDELOLW\ DQG GHWHUJHQW WROHUDQFH RI WKH WZR HQGRJOXFDQDVHV DUH

ZRUWK\ RI PHQWLRQLQJ� 7KHVH HQ]\PHV UHWDLQHG WKHLU DFWLYLW\ DIWHU � PLQXWHV ERLOLQJ LQ

ORDGLQJ EXIIHU FRQWDLQLQJ �� 6'6 DQG ��� P0 PHUFDSWRHWKDQRO� LQGLFDWLQJ WKHLU

SRWHQWLDO XWLOLW\ IRU LQGXVWULDO DSSOLFDWLRQ�

-� .8.2/<$
�
� 0� /È'$<

�
� $� +$/%5,77(5

�
� 2� 25$9(&=

�
� .� 0È5,$/,*(7,

�
�

/� +2512.
���

7KHUPRELILGD FHOOXORO\WLFD VS� QRY�� D QHZ OLJQRFHOOXORVH GHFRPSRVLQJ

PHPEHU RI WKH JHQXV 7KHUPRELILGD

�'HSDUWPHQW RI 0LFURELRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\� *|G|OO�� �3ODQW 3URWHFWLRQ ,QVWLWXWH� +XQJDULDQ

$FDGHP\ RI 6FLHQFHV� %XGDSHVW� �'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\ RI 6FLHQFHV�

%XGDSHVW� �$JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU� *|G|OO�� +XQJDU\

)LYH DFWLQRP\FHWH VWUDLQV� .��� .��� 7%���� 7%��� DQG 7%���� ZHUH LVRODWHG

IURP WKH RYHUKHDWHG UHJLRQ RI PDQXUH FRPSRVW� 7KH LVRODWHV ZHUH DVVLJQHG WR WKH JHQXV

7KHUPRELILGD RQ WKH EDVLV RI PRUSKRORJLFDO� SK\VLRORJLFDO DQG ELRFKHPLFDO

FKDUDFWHULVWLFV� $OO LQYHVWLJDWHG VWUDLQV SURGXFHG VLQJOH� RYRLG ����� �P�� KHDW VHQVLWLYH

�ZHW KHDW� �� �&� �� PLQ� VSRUHV RQ GLFKRWRPLFDOO\ EUDQFKHG DHULDO K\SKDH� DV UHYHDOHG

E\ VFDQQLQJ HOHFWURQ PLFURVFRS\� 7KH WHPSHUDWXUH UDQJH RI JURZWK ZDV ��±�� �& IRU

WKH WKHUPRWROHUDQW VWUDLQV� .�� DQG .��� ZKHUHDV WKLV YDOXH UDQJHG EHWZHHQ ��±�� �&

IRU WKH WKHUPRSKLOLF LVRODWHV� 7% ���� 7% ��� DQG 7% ���� $OO WKH VWUDLQV ZHUH FDSDEOH

RI GHJUDGLQJ VWDUFK� [\ODQ� DV ZHOO DV VROXEOH DQG FU\VWDOOLQH FHOOXORVH� WKH\ VKRZHG

OLJQRFHOOXORVH VROXELOL]DWLRQ RQ VWUDZ SRZGHU� 7KH\ WROHUDWHG HU\WKURP\FLQ DW

FRQFHQWUDWLRQV RI �±�� �J PO
±�
� ZKHUHDV 7KHUPRELILGD IXVFD VWUDLQV ZHUH VHQVLWLYH WR

WKLV DQWLELRWLF� 7KH SDUWLDO ��6 U'1$ VHTXHQFH VLPLODULW\ DPRQJ WKHVH QHZO\ LVRODWHG
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VWUDLQV UHDFKHG ����±����� ZKHUHDV WKH DOPRVW FRPSOHWH ��6 U'1$ VHTXHQFH RI

7%���� WKH UHSUHVHQWDWLYH VWUDLQ RI WKLV FROOHFWLRQ� VKRZHG RQO\ ���� DQG ����

VLPLODULW\ WR WKH FRUUHVSRQGLQJ U'1$ VHTXHQFHV RI WKH W\SH VWUDLQV RI 7� IXVFD� DQG 7�

DOED� UHVSHFWLYHO\� 7KH ��±�� PRO� * � & FRQWHQW RI WKH '1$ RI WKHVH LVRODWHV

VLJQLILFDQWO\ GLIIHUHG IURP WKH ���� PRO� * � & YDOXH GHWHUPLQHG IRU WKH W\SH VWUDLQ RI

7� IXVFD� 7KH FKHPRWD[RQRPLF IHDWXUHV RI WKHVH LVRODWHV ZHUH VLPLODU WR WKDW RI WKH ZHOO

GRFXPHQWHG VSHFLHV RI WKH JHQXV 7KHUPRELILGD� &HOO ZDOO DQDO\VLV UHYHDOHG WKH

SUHVHQFH RI PHVR�GLDPLQRSLPHOLF DFLG� EXW QR RWKHU FKDUDFWHULVWLF DPLQR DFLGV RU

VXJDUV LQ WKH PXUHLQH �FHOO ZDOO W\SH ,,,�� $FFRUGLQJ WR SRODU OLSLG DQDO\VLV DOO VWUDLQV

VKRZHG 3/,, W\SH SKRVSKROLSLG FRPSRVLWLRQ� SKRVSKDWLG\OHWKDQRODPLQH ZDV GHWHFWHG

WRJHWKHU ZLWK VRPH XQLGHQWLILHG SKRVSKROLSLGV� 7KH FHOOXODU IDWW\ DFLG DQG LVRSUHQRLG

TXLQRQ FRPSRVLWLRQ RI WKH QHZ LVRODWHV FKDUDFWHULVWLFDOO\ GLIIHUHG IURP WKDW RI WKH RWKHU

WZR 7KHUPRELILGD VSHFLHV� %DVHG RQ ERWK SKHQRW\SLF DQG JHQRW\SLF GDWD ZH VXJJHVW

WKDW WKHVH VWUDLQV VKRXOG EH DVVLJQHG WR D QHZ VSHFLHV ZLWKLQ WKH JHQXV 7KHUPRELILGD

XQGHU WKH QDPH 7KHUPRELILGD FHOOXORO\WLFD VS� QRY� 7KH W\SH VWUDLQ LV 7%����

/� 0$-2526� &� 0,6=7,� *� .$5'26� ,� $1',5.Ï� %� 6=$%Ï

)XQJDO VHSVLV LQ QHZERUQV DQG FKLOGKRRG

'HSDUWPHQW RI 0LFURELRORJ\� 0HGLFDO 6FKRRO� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

:H KDYH VWXGLHG &DQGLGD DOELFDQV VHSVLV RI WZR VWLOOERUQV �EHORZ ���� JUDP�

DQG RI D ��\HDUV�ROG FKLOG� ,QYDVLRQ RI &� DOELFDQV LQWR FHUHEURVSLQDO IOXLG �&6)� ZDV

REVHUYHG LQ FDVH RI WZR QHZERUQV� 7KH FXOWXUH IURP EORRG DQG &6) RI WKH ER\ SDWLHQW

JDYH SRVLWLYH UHVXOW LQ � FDVHV� 7KH VDPSOHV IURP WKH UHVSLUDWRU\ WXEH SURYHG WR EH

SRVLWLYH IRU WKH SUHVHQFH RI &� DOELFDQV LQ � FDVHV DQG LQ � FDVH WKLV IXQJXV ZDV LVRODWHG

IURP WKH SXUXOHQW DUWKULWLV DV ZHOO�

7KH LQHIIHFWLYH IOXFRQD]ROH WKHUDS\ ZDV UHSODFHG E\ OLSRVRPDO DPSKRWHULFLQ�%

WUHDWPHQW IRU � ZHHNV� 7KLV DSSURSULDWH WKHUDS\ UHVXOWHG LQ FRPSOHWH KHDOLQJ RI DUWKULWLV

DV ZHOO�

7KH JUDQXORPDWRLG PHQLQJLWLV RI WKH QHZERUQ JLUO ZDV IDWDO� ,Q DGGLWLRQ WR

SRVLWLYH &6) FXOWXUH EHIRUH WKH GHDWK WKH K\SKDO IRUP RI &� DOELFDQV ZDV DOVR

GHPRQVWUDWHG IURP WKH EUDLQ DIWHU DXWRSV\�

7KH SXOVH�ILHOG HOHFWURSKRUHVLV UHYHDOHG WKH VDPH NDU\RW\SH SDWWHUQ RI � &�

DOELFDQV LVRODWHV RI WKH QHZERUQ ER\ LQGLFDWLQJ WKH JHQHUDOL]DWLRQ RI WKH LQIHFWLRQ�

6LPLODUO\� WKH &6) DQG EORRG &� DOELFDQV LVRODWHV RI WKH QHZERUQ JLUO ZHUH DOVR

LGHQWLFDO�
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7KH &� DOELFDQV VHSVLV RI D ��\HDUV�ROG JLUO DIWHU RSHUDWLRQ D )DOORW�WHWUDORJ\ ZDV

RI D EHWWHU RXWFRPH� 7KUHH GD\V DIWHU WKH RSHUDWLRQ &� DOELFDQV ZDV FXOWXUHG IURP WKH

SOHXUDO IOXLG� 7KLV ILQGLQJ ZDV IROORZHG E\ �� DGGLWLRQDO LGHQWLFDO LVRODWLRQV RI &�

DOELFDQV �KHPRFXOWXUHV� UHVSLUDWRU\ WXEH� ZRXQG��

7KH DGHTXDWH DPSKRWHULFLQ�% WKHUDS\ FRPSOHWHO\ HUDGLFDWHG WKH IXQJDO

LQIHFWLRQ�

,Q YLWUR DQG LQ YLYR VWXGLHV DUH JRLQJ RQ LQ RXU ODERUDWRU\ WR LQYHVWLJDWH WKH

SRWHQWLDO QHXURYLUXOHQW QDWXUH RI RXU &� DOELFDQV LVRODWHV�

/� 0$-2526� &� 0,6=7,� *� .$5'26� ,� $1',5.Ï� %� 6=$%Ï

5HSHDWHG SRVLWLYH &DQGLGD FXOWXUHV IURP PDOH XULQH VDPSOHV

'HSDUWPHQW RI 0LFURELRORJ\� 0HGLFDO 6FKRRO� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

'XULQJ D �� PRQWK SHULRG WKH /DERUDWRU\ IRU %DFWHULRORJLFDO 'LDJQRVWLFV RI

8QLYHUVLW\ RI 'HEUHFHQ WHVWHG DERXW �� WKRXVDQG VSHFLPHQV� )LYH KXQGUHG VHYHQW\�RQH

VDPSOHV SURYHG WR EH SRVLWLYH IRU WKH SUHVHQFH RI \HDVWV IURP �� ��� XULQH VSHFLPHQV�

7KH HWLRORJLFDO FRQQHFWLRQ EHWZHHQ FDQGLGXULDV DQG NLGQH\ OHVLRQV UHTXLUHV VXSSRUW E\

UHSHDWHG FXOWLYDWLRQ RI &DQGLGDV PDLQO\ LQ IHPDOHV EXW LQ PDOHV DV ZHOO� %HFDXVH RI WKH

DQDWRPLFDO GLIIHUHQFHV WKH SRVVLELOLW\ RI FRQWDPLQDWLRQ LV VLJQLILFDQWO\ ORZHU LQ PDOHV�

WKXV WKH VXEMHFW RI WKH SUHVHQW VWXG\ ZDV WKH PDOH FDQGLGXULD� ,Q �� FDVHV WZR RU PRUH

XULQH VDPSOHV ZHUH SRVLWLYH IRU WKH SUHVHQFH RI &DQGLGDV GXULQJ UHSHDWHG VDPSOLQJ�

:H KDYH REWDLQHG WKH UHSHDWHG XULQH VDPSOHV IURP IRXU GLIIHUHQW JURXSV RI

SDWLHQWV� ,Q WKH ILUVW JURXS RI � UHQDO WUDQVSODQW SDWLHQWV &� DOELFDQV ZDV FXOWXUHG IURP

EORRG RU DVFLWHV IOXLG DV ZHOO� ,Q WKH VHFRQG JURXS RI � SDWLHQWV IURP 'HSDUWPHQW RI

8URORJ\ ZH LVRODWHG IURP RQH SDWLHQW &� JODEUDWD �� WLPHV� :H KDYH LVRODWHG

UHSHDWHGO\ &DQGLGDV IURP XULQH RI \RXQJ FKLOGUHQ �� ER\V�� 7KH KRVSLWDOL]HG� EXUQHG

SDWLHQWV UHSUHVHQWHG WKH IRXUWK JURXS RI RXU SDWLHQWV ZKR UHFHLYHG DQWLELRWLF WUHDWPHQW

IRU D ORQJ WLPH� 5HSHDWHG SRVLWLYH FXOWXUHV ZHUH DOVR UHJLVWHUHG LQ WKLV JURXS�

,Q RXU VWXG\ JURXSV WKH LQYDVLYH LQVWUXPHQWDO SURFHGXUHV� WKH FDWKHWHUV� WKH

DQDWRPLFDO VLWXDWLRQV� WKH LPPXQRVXSSUHVVLYH WKHUDSLHV DQG�RU FRQGLWLRQV PDNH

SODXVLEOH WKH HWLRORJLFDO UHODWLRQVKLS EHWZHHQ FDQGLGXULD DQG WKH GLVHDVH�

7KH SXOVH�ILHOG HOHFWURSKRUHVLV PHWKRG ZDV XVHIXO IRU GHWHUPLQDWLRQ RI

NDU\RW\SH SURILOH RI WKH &DQGLGD VWUDLQV� ,Q FDVH RI LGHQWLFDO NDU\RW\SH RI WKH

UHSHDWHGO\ LVRODWHG� &DQGLGD VWUDLQV WKH DERYH GLVFXVVHG HWLRORJLFDO FRQQHFWLRQ VHHPV

WR EH PXFK PRUH SODXVLEOH�
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$� 0,&6,1$,� $� .� %2562',� *� .29È&6� 2� 25$9(&=� %� %(6=7(5,

6SHFLHV GLYHUVLW\ RI EDFWHULD SDUWLFLSDWLQJ LQ WKH ELRGHJUDGDWLRQ

RI UHHG UKL]RPHV

'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\� %XGDSHVW� +XQJDU\

7UDGLWLRQDO FXOWLYDWLQJ SURFHGXUH ZDV XVHG WR VWXG\ WKH EDFWHULDO FRPPXQLW\

VWUXFWXUH GHYHORSLQJ RQ WKH VXUIDFH RI WKH GHJUDGLQJ UHHG UKL]RPHV� 7KH UKL]RPHV ZHUH

H[SRVHG WR ELRGHJUDGDWLRQ LQ QHW EHJV RQ WKH ZDWHU VXUIDFH RI WKHLU QDWXUDO

HQYLURQPHQW� D VRGLF VWHSSH ODNH� )RU WKH LVRODWLRQ DQG FXOWLYDWLRQ RI EDFWHULDO VWUDLQV

FHOOXORVH FRQWDLQLQJ ROLJRWURSKLF� FRPSOH[ DQG DONDOLQH PHGLD ZHUH DSSOLHG�

7KH EDFWHULDO VWUDLQV EDVHG RQ WKHLU SKHQRW\SLF FKDUDFWHULVWLFV ZHUH JURXSHG LQWR

GLIIHUHQW SKHQD IURP ZKLFK UHSUHVHQWDWLYHV ZHUH FKRVHQ WR $5'5$� 7KH PHPEHUV RI

HDFK $5'5$ JURXSV ZHUH VXEMHFWHG WR SDUWLDO VHTXHQFLQJ RI ��6 U'1$�

7KH VWUDLQV ZKLFK ZHUH LVRODWHG IURP FHOOXORVH FRQWDLQLQJ V\QWKHWLF PHGLXP DQG

SRVVHVVHG FHOOXORO\WLF DFWLYLW\ ZHUH LGHQWLILHG DV� 3DHQLEDFLOOXV LOOLRQLHQVLV ��������

%DFLOOXV EHQ]RHYRUDQV �������� &HOOXORPRQDV IDYLJHQD �������� 0HWK\OREDFWHULXP

RUJDQRSKLOXP �������� 5DKQHOOD DTXDWLOLV �������� 5KRGRSVHXGRPRQDV DFLGRSKLOD

������ 3VHXGRPRQDV FLWURQHOOROLV ������� DQG $JUREDFWHULXP WXPHIDFLHQV ��������

7KH UHVXOWV RI WKH SDUWLDO VHTXHQFLQJ RI � EDFWHULDO VWUDLQV RULJLQDWHG IURP WKH

FHOOXORVH FRQWDLQLQJ DONDOLQH PHGLD ZHUH DV IROORZV� ([LJXREDFWHULXP DXUDQWLDFXP

�������� 'LHW]LD VS� �������� %DFLOOXV DOFDORSKLOXV ������ 1HVWHUHQNRQLD KDORELOD

�������� +DORPRQDV YHQXVWD �������� 3VHXGRPRQDV ROHRYRUDQV ������� DQG 6WDSSLD

VWHOOXODWD ��������

,� 0,./Ï6� 0� 6,3,&=.,

6XSSUHVVLRQ RI D F\WRNLQHVLV GHIHFW LQ D 6FKL]RVDFFKDURP\FHV SRPEH

PXWDQW VWUDLQ

'HSDUWPHQW RI *HQHWLFV DQG 0ROHFXODU %LRORJ\� 8QLYHUVLW\ RI 'HEUHFHQ� (J\HWHP WpU �� +±����

'HEUHFHQ� +XQJDU\

6WXG\ RI FHOO F\FOH LV D IDYRXULWH WRSLF RI FHOO ELRORJ\ DV GLIIHUHQW GHIHFWV RI FHOO

GLYLVLRQ FDQ FDXVH IRU H[DPSOH FDQFHU�

:H DUH LQWHUHVWHG LQ F\WRNLQHVLV �VHSDUDWLRQ RI PRWKHU DQG GDXJKWHU FHOOV��

ZKLFK LV WKH ODVW VWHS RI FHOO GLYLVLRQ� 7KH ILVVLRQ \HDVW 6� SRPEH ZDV XVHG IRU WKH

H[SHULPHQWV� ZKLFK LV D JHQHWLFDOO\ WUDFWDEOH PRGHO V\VWHP� 6LQFH LW LV D XQLFHOOXODU
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PLFURRUJDQLVP� WKH IDLOXUH RI FHOO VHSDUDWLRQ FDXVHV WKH IRUPDWLRQ RI WKUHDGV� ZKLFK

FRQWDLQ VHYHUDO FHOOV�

/RWV RI VWUDLQV GHIHFWLYH LQ F\WRNLQHVLV ZHUH LVRODWHG� 2QH RI WKHP ZDV UHIHUUHG

WR DV VSO��� �VHS�OLNH 6LSLF]NL HW DO� - &HOO 6FL ������

,QYHVWLJDWLRQ RI WKH VSO��� VWUDLQ VKRZV WKDW PXWDWLRQ LQ WKH VSO�
�

JHQH FRQIHUV D

SOHLRWURSLF SKHQRW\SH WR WKH FHOOV�

± ORQJHU� VORZ JURZLQJ FHOOV HYHQ DW �� �&�

± P\FHOLDO EHQW FHOOV� ZKLFK FDQQRW VHSDUDWH IURP HDFK RWKHU DW WKH UHVWULFWLYH

WHPSHUDWXUH ��� �&��

± WHPSHUDWXUH VHQVLWLYLW\� DV WKH FHOOV VWRS JURZLQJ ZLWK GLIIXVH QXFOHL DQG �&

'1$ FRQWHQW DW UHVWULFWLYH WHPSHUDWXUH�

± WKH FHOOV DUH VHQVLWLYH WR &D&O� DQG FDIIHLQH�

7R GHWHUPLQH WKH SUHFLVH UROH RI WKH VSO�
�

JHQH� ZH VWDUWHG WR FORQH WKH JHQH� 8S

WR WKH SUHVHQW ZH KDYH PDQDJHG WR ILQG MXVW D VXSSUHVVRU� ZKLFK LV D SUROLQH W�51$

JHQH�

)XUWKHU H[SHULPHQWV WR ILQG WKH JHQRPLF VSO� JHQH DUH XQGHU ZD\� 7KH PXWDQW

VWUDLQ ZDV WUDQVIRUPHG ZLWK D ZLOG�W\SH JHQRPLF OLEUDU\� 2QH SRVLWLYH FORQH KDV EHHQ

IRXQG DQG LW LV EHLQJ VHTXHQFHG�

&6� 02+È&6,�)$5.$6
�
� /� 0e6=È526

�
� -� )$5.$6

�
� *� .,6.Ï

�

1RQ�WKHUPDO SDVWHXUL]DWLRQ RI WRPDWR MXLFH E\ KLJK K\GURVWDWLF SUHVVXUH

WUHDWPHQW

�'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� �'HSDUWPHQW RI 5HIULJHUDWLRQ DQG /LIHVWRFN 3URGXFWV

7HFKQRORJ\� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

,Q WKH IUDPH RI DQ ,1&2�&23(51,&86 (8 �³3ODQWFKHP´� SURMHFW

DQWLPLFURELDO DFWLYLW\ RI HVVHQWLDO RLOV RI PHGLFLQDO DQG DURPDWLF SODQWV DQG WKHLU

SRWHQWLDO DSSOLFDWLRQ DV ELRSUHVHUYDWLYHV ZHUH WHVWHG� ,Q DGGLWLRQ� WKH QRYHO QRQ�WKHUPDO

SDVWHXUL]DWLRQ WUHDWPHQW� WKH KLJK K\GURVWDWLF SUHVVXUH DQG WKHLU FRPELQDWLRQV ZHUH

LQYHVWLJDWHG�

)UHVKO\ SUHSDUHG WRPDWR MXLFHV ZHUH WUHDWHG LQ VHYHUDO H[SHULPHQWDO VHULHV ZLWK

DGGLWLRQ RI HVVHQWLDO RLOV DQG�RU E\ KLJK K\GURVWDWLF SUHVVXUH� +LJK K\GURVWDWLF SUHVVXUH

�³+3´� WUHDWPHQWV ZHUH SHUIRUPHG E\ D 6WDQVWHG �8�.�� ³)RRG/DE�����´ KLJK

K\GURVWDWLF SUHVVXUH HTXLSPHQW� 7KH VDPSOHV ZHUH VWRUHG DW �� �&� DQG SHULRGLFDO

PLFURELRORJLFDO WHVWLQJV ZHUH SHUIRUPHG GXULQJ VWRUDJH�
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%RWK SUHVVXUH WUHDWPHQW RI ��� 03D IRU �� PLQ DQG DGGLWLRQ RI ���� RUHJDQR RU

WK\PH RLO ZHUH DEOH WR UHVXOW LQ D PLFURELRORJLFDOO\ VWDELOH SURGXFW IRU DW OHDVW D IHZ

ZHHNV�

6LJQLILFDQW UHWDUGDWLRQ RI ODFWLF DFLG VSRLODJH ZDV REWDLQHG HYHQ E\ ����� OHYHO

RI RUHJDQR RLOV ZKHUHDV D IXOO PLFURELRORJLFDO VWDELOLW\ RI WKH WRPDWR MXLFH ZDV

DFKLHYHG E\ WKH KLJKHU SUHVVXUH IRU D VKRUWHU WLPH ���� 03D� � RU �� PLQ� +3�

WUHDWPHQW�

$GGLWLRQ RI ����� HVVHQWLDO RLOV �WK\PH DQG GLOO VHHG� KDG RQO\ OLWWOH HIIHFW RQ

WKH PLFURELRORJLFDO JURZWK ZKHQ DSSOLHG DORQH DQG WKH HIILFLHQF\ RI WKH UHODWLYHO\

PLOG� ��� 03D� �� PLQ SUHVVXUH WUHDWPHQW FRXOG QRW EH LQFUHDVHG E\ WKLV ORZ OHYHO RI

HVVHQWLDO RLOV� UHVXOWLQJ RQO\ LQ D WHPSRUDU\ GHOD\ RI VSRLODJH�

7KH PLFURELRORJLFDO VKHOI�OLIH RI WKH WRPDWR MXLFH ZDV H[WHQGHG DQG WKH

HIILFLHQF\ RI WKH ��� 03D� �� PLQ SUHVVXUH WUHDWPHQW ZDV LQFUHDVHG FRQVLGHUDEO\ E\

WKH DGGLWLRQ RI ���� WK\PH RLO UHVXOWLQJ LQ D PLFURELRORJLFDOO\ VWDEOH SURGXFW IRU DW

OHDVW � ZHHNV RI VWRUDJH DW DPELHQW WHPSHUDWXUH LQYHVWLJDWHG� 7KXV� FRPELQLQJ WKH WZR

QRQ�WKHUPDO SUHVHUYDWLYH PHWKRGV PDNHV LW SRVVLEOH WR UHGXFH WKH FRQFHQWUDWLRQ

UHTXLUHPHQW RI HVVHQWLDO RLOV DQG�RU WKH UHTXLUHPHQW �SUHVVXUH RU GXUDWLRQ� RI WKH KLJK

K\GURVWDWLF SUHVVXUH WUHDWPHQW�

=� 1$È5
�
� )� 520È1

�
� 0� .(&6.e6

�

/RQJ�WHUP HIIHFW RI KHDY\ PHWDOV RQ WKH VSHFLHV FRPSRVLWLRQ

RI 7ULFKRGHUPD SRSXODWLRQ LQ D FKHUQR]HP VRLO

�'HSDUWPHQW RI %RWDQ\� (V]WHUKi]\ .iURO\ &ROOHJH� (JHU� �(QYLURQPHQWDO 0LFURELRORJLFDO 5HVHDUFK

*URXS RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

,QGLJHQRXV VSHFLHV RI WKH 7ULFKRGHUPD SRSXODWLRQ ZDV VWXGLHG LQ D ORQJ�WHUP

ILHOG H[SHULPHQW� ZKHUH FDOFDUHRXV FKHUQR]HP VRLO ZDV DUWLILFLDOO\ SROOXWHG ZLWK KHDY\

PHWDOV � \HDUV SULRU WKH DVVHVVPHQW� 7KUHH GRVHV ���� ��� ��� PJ NJ
±�
GU\ VRLO� RI WKH

&G� 1L DQG =Q VDOWV �DV VXOSKDWHV� ZHUH VWXGLHG RQ WKH VSHFLHV FRPSRVLWLRQ RI

7ULFKRGHUPD IXQJL LQ SDUDOOHO ZLWK WKH HVWLPDWLRQ RI DUEXVFXODU P\FRUUKL]DO

FRORQL]DWLRQV �9|U|V HW DO�� ������ $ 7ULFKRGHUPD VHOHFWLYH PHGLXP �$VNHZ DQG

/DLQJ� ����� ZDV XVHG IRU WKH DUWLILFLDO FXOWLYDWLRQ RI VPDOO VRLO SDUWLFOHV IRU � ZHHN DW

�� �&� $EXQGDQFH RI WKH YDULRXV VSHFLHV ZDV HVWLPDWHG E\ PLFURVFRSLFDO LGHQWLILFDWLRQ

RI LVRODWHV DFFRUGLQJ WR 5LIDL ������� %LVVHWW �����D�F� ������ &RUUHODWLRQ�UHJUHVVLRQ

DQDO\VLV ZDV XVHG WR HVWLPDWH WKH VWDWLVWLFDO LQWHUUHODWLRQVKLSV EHWZHHQ WKH DYDLODEOH

KHDY\ PHWDO FRQWHQW DQG WKH GLYHUVLW\ DQG DEXQGDQFH RI 7ULFKRGHUPD SRSXODWLRQ�
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6L[ 7ULFKRGHUPD VSHFLHV �7� DWURYLULGH� 7� KDU]LDQXP� 7� SXEHVFHQV� 7

WRPHQWRVXP� 7� YLUHQV DQG 7� YLULGH� ZHUH LVRODWHG IURP WKH XQWUHDWHG� FRQWURO VRLO DW

YDULRXV IUHTXHQFLHV� +HDY\ PHWDO SROOXWLRQ LQ JHQHUDO KDV UHVXOWHG LQ VLJQLILFDQW ORVV

ERWK LQ WKH GLYHUVLW\ DQG LQ WKH DEXQGDQFH RI 7ULFKRGHUPD SRSXODWLRQ� $OO KHDY\ PHWDO

WUHDWPHQWV KDYH GHFUHDVHG WKH 6KDQQRQ¶V GLYHUVLW\ LQGH[� ,Q FDVH RI &G� KRZHYHU� WKHUH

ZDV D VOLJKWO\ LQFUHDVHG GLYHUVLW\ IRXQG DW WKH &G��� NJ KD
±�
UDWH� SUHFHGLQJ WKH WRWDO

ORVV RI WKH 7ULFKRGHUPD SRSXODWLRQ DW WKH KLJKHVW GRVH� 7KHUH ZDV VXFK D WHQGHQF\

SXEOLVKHG E\ %tUy HW DO� ������ LQ FDVH RI $V DQG 6H WR[LF PHWDOV LQ WKH VDPH ORQJ�WHUP

H[SHULPHQW� 7KH KLJKHVW QXPEHU RI 7ULFKRGHUPD SURSDJXOHV ZDV IRXQG DW WKH ���

PJNJ
±�
GRVHV RI 1L DQG =Q KHDY\ PHWDOV�

$ UHGXFHG FRUUHODWLRQ LV FRQFOXGHG IRU WKH VSHFLHV FRPSRVLWLRQ RI WKH

7ULFKRGHUPD IXQJL DW WKH ORZHU GRVHV RI KHDY\ PHWDO VDOWV� 6LPXOWDQHRXVO\ ZLWK WKH

WR[LFLW\� KRZHYHU WKH UROH RI KHDY\ PHWDO VDOWV DUH LQFUHDVLQJ� &RUUHODWLRQ UHJUHVVLRQ

DQDO\VLV SURYHG WR EH D VXLWDEOH WRRO IRU HVWLPDWLQJ WKH LQWHUUHODWLRQV EHWZHHQ WKH

7ULFKRGHUPD VSHFLHV�

)LQDQFLDO VXSSRUW RI WKH +XQJDULDQ 5HVHDUFK )XQG �27.$� LV KLJKO\

DFNQRZOHGJHG �)��������

�� 9|U|V� ,� HW DO�� $JURNHP 7DODMW ��� ���±��� ������� �� $VNHZ� '� -�� /DLQJ� 0� '�� 3ODQW 3DWKRO

��� ���±��� ������� �� 5LIDL� 0� $�� 3DSHUV� &RPPRQZ 0\FRO ,QVW .HZ� 6XUUH\� (QJODQG� ���� �±�� �������

�� %LVVHWW� -�� &DQ - %RW ��� ����±���� �����D�� �� %LVVHWW� -�� &DQ - %RW ��� ����±���� �����E�� �� %LVVHWW�

-�� &DQ - %RW ��� ����±���� �����F�� �� %LVVHW� -�� &DQ - %RW ��� ���±��� ������� �� %tUy� %� HW DO�� ,Q

:HQ]HO� :� �HG��� 3URF RI �WK ,&2%7( &RQIHUHQFH� 9LHQQD� ����� SS� ���±����

È� 1$*<
�
� =6� 3$/È*<,

�
� 7� 3$33

�
� /� )(5(1&=<

�
� &6� 9È*9g/*<,

�

3XOVHG ILHOG HOHFWURSKRUHVLV RI0RUWLHUHOOD �0LFURPXFRU� FKURPRVRPDO

'1$

�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� �+$6 0LFURELRORJLFDO

5HVHDUFK *URXS� 'HSDUWPHQW RI 0LFURELRORJ\ 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

0DQ\ PHPEHUV RI 0RUWLHUHOOD JHQXV DUH SRWHQW SURGXFHUV RI ORQJ FKDLQ

SRO\XQVDWXUDWHG IDWW\ DFLGV �H�J� DUDFKLGRQLF DQG GLKRPR���OLQROHQLF DFLGV�� 7KHVH

FRPSRXQGV DUH LPSRUWDQW ERWK QXWULWLRQDOO\ DQG SKDUPDFRORJLFDOO\� ,Q VSLWH RI WKHLU

ELRWHFKQRORJLFDO LPSRUWDQFH� WKH RUJDQL]DWLRQ RI WKH QXFOHDU JHQRPH KDV QRW EHHQ

GHVFULEHG VR IDU�

(OHFWURSKRUHWLF NDU\RW\SH DQDO\VLV XVLQJ GLIIHUHQW DSSURDFKHV RI SXOVHG ILHOG JHO

HOHFWURSKRUHVLV KDV OHG WR D VLJQLILFDQW SURJUHVV LQ IXQJDO JHQHWLFV� ,Q WKH SUHVHQW VWXG\�
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FRQWRXU�FODPSHG KRPRJHQHRXV ILHOG SXOVHG�ILHOG HOHFWURSKRUHVLV �&+()� ZDV DSSOLHG

WR REWDLQ LQIRUPDWLRQ RQ WKH RUJDQL]DWLRQ DQG LQWUDJHQHWLF YDULDELOLW\ RI WKH QXFOHDU

JHQRPH LQ WKUHH 0RUWLHUHOOD �0LFURPXFRU� VWUDLQV IURP GLIIHUHQW VSHFLHV �0� LVDEHOOLQD

DQG 0� UDPDQQLDQD�� 1RQH RI WKH VWUDLQV JDYH WKH VDPH HOHFWURSKRUHWLF SDWWHUQ� �� �IRU

0� LVDEHOOLQD� DQG �� RU �� �IRU 0� UDPDQQLDQD� FKURPRVRPDO PRELOLW\ JURXSV ZHUH

UHVROYHG� 7KH UHODWLYH LQWHQVLWLHV RI WKH VHSDUDWHG EDQGV VXJJHVW WKH SUHVHQFH RI VHYHUDO

FRPLJUDWLQJ FKURPRVRPDO '1$V� UHVXOWLQJ LQ FRPSDUDEOH JHQRPH VL]HV �DERXW �� 0E�

IRU 0RUWLHUHOOD� ZKLFK DUH ODUJHU WKDQ WKRVH UHSRUWHG IRU RWKHU \HDVW JHQRPHV� EXW

VPDOOHU WKDQ WKRVH REVHUYHG IRU WKH PDMRULW\ RI WKH ILODPHQWRXV IXQJL� *HQH DVVLJQPHQW

H[SHULPHQWV ZLWK FORQHG KHWHURORJRXV JHQH SUREHV ZHUH DOVR FDUULHG RXW�

7KLV VWXG\ ZDV VXSSRUWHG LQ SDUW E\ 27.$ JUDQWV 7������ DQG '������

=� 1$*<
�
� $� 6=(17,50$,

�
� 6� %,5Ï

���

&DUERQ FDWDEROLWH UHSUHVVLRQ RI ��JDODFWRVLGDVH ELRV\QWKHVLV

E\ 3HQLFLOOLXP FKU\VRJHQXP

�'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI 1DWXUDO 6FLHQFHV� 8QLYHUVLW\ RI 'HEUHFHQ�
�'HSDUWPHQW RI +XPDQ *HQHWLFV� +HDOWK DQG 0HGLFDO 6FLHQFHV &HQWHU� 0HGLFDO 6FKRRO� 8QLYHUVLW\

RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

,QGXVWULDO SURGXFWLRQ RI SHQLFLOOLQ E\ 3HQLFLOOLXP FKU\VRJHQXP LV FDUULHG RXW

ZLWK ODFWRVH DV WKH FDUERQ VRXUFH E\ IHHGLQJ VXEUHSUHVVLQJ GRVHV RI JOXFRVH VLQFH WKH

SURGXFWLRQ RI SHQLFLOOLQ DSSHDUV WR EH IDYRXUHG E\ VXERSWLPDO JURZWK FRQGLWLRQV�

&DUERQ VRXUFH UHJXODWLRQ VHHPV WR DFW DW VHYHUDO SRLQWV RI WKH SHQLFLOOLQ ELRV\QWKHVLV�

&DUERQ FDWDEROLWH UHJXODWLRQ RI SHQLFLOOLQ ELRV\QWKHVLV LV H[HUWHG E\ JOXFRVH DQG RWKHU

HDVLO\ XWLOL]DEOH FDUERQ VRXUFHV EXW QRW E\ ODFWRVH� ,QYHVWLJDWLQJ WKH FDUERQ FDWDEROLWH

UHSUHVVLRQ LQ 3HQLFLOOLXP FKU\VRJHQXP� D VLPLODU SKHQRPHQRQ ZDV REVHUYHG LQ FDVH RI

��JDODFWRVLGDVH ELRV\QWKHVLV� 8VLQJ ODFWRVH DV WKH RQO\ FDUERQ VRXUFH LQ VKDNHQ

FXOWXUHV RI 3HQLFLOOLXP FKU\VRJHQXP WKH ��JDODFWRVLGDVH DFWLYLW\ LV WKH KLJKHVW�

$GGLWLRQ RI JOXFRVH WR WKH FXOWXUH UHGXFHG WKH ELRV\QWKHVLV RI WKH HQ]\PH� 2WKHU

UHSUHVVLQJ FDUERQ VRXUFHV VXFK DV VXFURVH� JDODFWRVH DQG JO\FHURO DOVR KDYH D QHJDWLYH

HIIHFW RQ ��JDODFWRVLGDVH SURGXFWLRQ� /DFWRVH LQGXFHG WKH ELRV\QWKHVLV RI ��

JDODFWRVLGDVH� JOXFRVH DQG RWKHU HDVLO\ XWLOL]DEOH FDUERQ VRXUFHV UHSUHVVHG LW� *OXFRVH

JURZQ FXOWXUHV KDG QR ��JDODFWRVLGDVH DFWLYLW\ EXW DIWHU FRQVXPLQJ RI WKH JOXFRVH

HQ]\PH DFWLYLW\ LQFUHDVHG� 7KLV SKHQRPHQRQ LV GXH WR WKH GHUHSUHVVLRQ RI HQ]\PH

V\QWKHVLV� $GGLQJ FDIIHLQ WR ODFWRVH�JOXFRVH JURZQ FXOWXUHV KDG QR HIIHFW RQ HQ]\PH

V\QWKHVLV EXW VLJQLILFDQWO\ GHFUHDVHG WKH JURZWK RI WKH FXOWXUHV� 7KLV FDQ EH H[SODLQHG
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LI WKH LQFUHDVHG LQWUDFHOOXODU F$03 FRQFHQWUDWLRQ KDG QR HIIHFW RQ FDWDEROLWH

UHSUHVVLRQ� EXW UHGXFHG JOXFRVH XWLOL]DWLRQ�

48$1*'� 1*8<(1� -� 0� 5(=(66<�6=$%Ï� È� +26&+.(

,PSURYHPHQW RI DP\ORO\WLF SURGXFWLRQ E\ FKDQJLQJ WKH FRPSRQHQWV

RI IHUPHQWDWLRQ PHGLXP

'HSDUWPHQW RI %UHZLQJ DQG 'LVWLOOLQJ� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

2QH RI PRVW LPSRUWDQW SRLQW RI YLHZ LQ IHUPHQWDWLRQ LQGXVWU\ LV WR DSSO\ WKH

VXLWDEOH PHGLXP FRPSRQHQWV� ,Q WKLV ZD\� QRW RQO\ WKH DPRXQW RI WKH ILQDO SURGXFW FDQ

EH LQFUHDVHG� EXW LW LV DOVR SRVVLEOH WR UHGXFH WKH H[SHQVHV RI IHUPHQWDWLRQ PHGLXP�

7KH HIIHFWV RI FDUERQ� DQG QLWURJHQ�VRXUFHV DQG WKH LQLWLDO S+ RI PHGLXP RQ WKH

DP\ORO\WLF DFWLYLWLHV RI 7KHUPRP\FHV ODQXJLQRVXV ZDV LQYHVWLJDWHG LQ WKLV VWXG\�

$FFRUGLQJ WR SUHYLRXV UHSRUWV WKH DP\ORO\WLF HQ]\PHV DUH VWDEOH DW S+ UDQJLQJ

IURP ��� WR ���� WKH RSWLPXP S+ LV EHWZHHQ ��� DQG ���� %DVHG RQ SUHOLPLQDU\

H[SHULPHQWDO UHVXOWV ZH FRQILUPHG WKDW WKH S+ RI WKH IHUPHQW EURWK UHDFKHG YHU\ KLJK

YDOXHV �S+ ���±���� DW WKH HQG RI WKH IHUPHQWDWLRQ� ZKLFK PD\ FDXVH WKH LQDFWLYDWLRQ

RI WKH HQ]\PHV� 7KH HIIHFWV RI LQLWLDO S+ RI PHGLD ZHUH H[DPLQHG E\ SUHSDULQJ WKHP

ZLWK ��� P0 FLWUDWH EXIIHU RI GLIIHUHQW S+� 7KH DQDO\VLV RI WKH FKDQJHV RI S+ YDOXHV

GXULQJ IHUPHQWDWLRQ VKRZHG WKDW WKH S+ LQ WKH UHIHUHQFH WULDO LQFUHDVHV WR D JUHDW H[WHQW�

7KH DSSOLFDWLRQ RI D EXIIHU V\VWHP FRXOG UHVWULFW WKH LQFUHDVH RI S+� 7KH UHVXOWV

UHYHDOHG WKDW WKH S+ KDV VWURQJ LQIOXHQFH RQ DP\ORO\WLF DFWLYLWLHV� :KHQ WKH LQLWLDO S+

RI WKH PHGLD ZDV DGMXVWHG WR ��� ZLWK FLWUDWH EXIIHU� WKH JOXFRDP\ODVH DFWLYLW\ ZDV ���

WLPHV DQG WKH .�DP\ODVH DFWLYLW\ ��� WLPHV KLJKHU WKDQ WKDW RI WKH UHIHUHQFH WULDO� ,Q FDVH

RI EXIIHUHG FRQGLWLRQV WKH SURILOH RI WKH GU\ PDVV DQG DP\ORO\WLF DFWLYLWLHV VKRZHG

LQYHUVH IXQFWLRQ ZLWK WKH LQLWLDO S+ RI WKH PHGLXP� ,Q WKLV ZD\ LW ZDV SRVVLEOH WR

UHSUHVV WKH P\FHOLXP JURZWK DQG IDYRXU WKH HQ]\PH SURGXFWLRQ� ,I WKH S+ RI WKH

PHGLXP ZDV ORZHU WKDQ ��� ERWK DP\ORO\WLF DFWLYLWLHV GHFUHDVHG GUDVWLFDOO\� ,W VKRXOG

EH QRWLFHG WKDW LI WKH LQLWLDO S+ d � QR JURZWK ZDV REVHUYHG�

7KH HIIHFWV RI YDULRXV FDUERQ�VRXUFHV �VWDUFK� JOXFRVH� PDOWRVH� PDOWRGH[WULQ�

DP\ORSHFWLQ� DP\ORVH� GH[WUDQ DQG GH[WULQ� RQ WKH SURGXFWLRQ RI DP\ORO\WLF HQ]\PHV

ZHUH LQYHVWLJDWHG� 6WDUFK LV JHQHUDOO\ DFFHSWHG DV QXWULWLRQDO FRPSRQHQW IRU LQGXFWLRQ

RI DP\ORO\WLF HQ]\PHV� ,Q RXU VWXG\ WKLV ZDV DSSOLHG DV UHIHUHQFH� *URZLQJ IXQJXV RQ

JOXFRVH� PDOWRVH� PDOWRGH[WULQ� DP\ORSHFWLQ� GH[WUDQ DQG GH[WULQ WKH DP\ORO\WLF

DFWLYLWLHV ZHUH KLJKHU WKDQ RQ VWDUFK� ,Q FDVH RI .�DP\ODVH WKH PDOWRGH[WULQ ZDV IRXQG

WR EH WKH EHVW FDUERQ VRXUFH� $SSO\LQJ PDOWRGH[WULQ DV D VROH FDUERQ VRXUFH WKH .�
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DP\ODVH DFWLYLW\ ZDV DSSUR[LPDWHO\ ��� KLJKHU WKDQ WKDW RI WKH FRQWURO RQH� ,Q FDVH RI

JOXFRDP\ODVH WKH GH[WULQ SURYHG WR EH WKH EHVW� JLYLQJ WZLFHV KLJKHU DFWLYLW\ WKDQ

VWDUFK�

,Q WKH LQYHVWLJDWLRQ RI WKH HIIHFWV RI YDULRXV QLWURJHQ�VRXUFHV �/�DVSDUDJLQH�

\HDVW H[WUDFW� &+�&221+�� 1+�12�� 1D12�� �1+���62� DQG 1+�+�32�� RQ

DP\ORO\WLF HQ]\PH SURGXFWLRQ� /�DVSDUDJLQH ZDV IRXQG WR EH WKH PRVW SURPLVLQJ RQH�

,Q FDVH RI .�DP\ODVH DFWLYLW\ \HDVW H[WUDFW VHHPHG WR EH VXLWDEOH DV ZHOO� EXW LQ FDVH RI

JOXFRDP\ODVH WKH HQ]\PH SURGXFWLYLW\ ZDV RQO\ KDOI RI WKDW� ZKLFK ZDV SURGXFHG RQ /�

DVSDUDJLQH� :KHQ LQRUJDQLF QLWURJHQ�VRXUFHV ZHUH XVHG� WKH IXQJXV JUHZ H[FHOOHQWO\�

EXW YHU\ SRRU HQ]\PH DFWLYLWLHV ZHUH DFKLHYHG�

7KLV ZRUN ZDV VXSSRUWHG E\ 1DWLRQDO 6FLHQWLILF 5HVHDUFK )XQG 3URMHFW 1R�

27.$ 7��������

7� 3$33
�
� ,� 1<,/$6,

�
� .� È&6

�
� 0� 9$67$*

�
� &6� 9È*9g/*<,

�

7D[RQRPLF SRVLWLRQ RI *LOEHUWHOOD SHUVLFDULD EDVHG RQ JO\FHUDOGHKLGH���

SKRVSKDWH GHK\GURJHQDVH JHQH DQG QXFOHDU ULERVRPDO�'1$ VHTXHQFH

GDWD

�'HSDUWPHQW RI 0LFURELRORJ\� +$6 0LFURELRORJLFDO 5HVHDUFK *URXS� �'HSDUWPHQW RI 0LFURELRORJ\�

)DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 3�2� %R[ ���� +±����� 6]HJHG� +XQJDU\

*LOEHUWHOOD SHUVLFDULD �D PHPEHU RI WKH 0XFRUDOHV� LV NQRZQ WR EH DV D VWRUDJH�

URW PLFURRUJDQLVP SULPDULO\ RI SHDFKHV� 7KLV VSHFLHV ZDV RULJLQDOO\ GHVFULEHG DV

&KRDQHSKRUD SHUVLFDULD DQG ZDV LQFOXGHG LQ WKH &KRDQHSKRUDFHDH RQ WKH EDVLV RI WKH

PRUSKRORJ\ RI WKH VSRUDQJLD DQG VSRUDQJLRVSRUHV� /DWHU� WKH JHQXV *LOEHUWHOOD ZDV

LQWURGXFHG DQG SODFHG LQWR WKH 0XFRUDFHDH� EHFDXVH WKLV IXQJXV IRUPV 0XFRU�W\SH

]\JRVSRUHV� )LQDOO\� WKLV JHQXV �DQG *� SHUVLFDULD� ZDV UHPRYHG WR D QHZO\�FUHDWHG

PRQRJHQHULF IDPLO\ �*LOEHUWHOODFHDH�� 7KH ILUVW REMHFWLYH RI WKLV VWXG\ ZDV WR UHYHDO WKH

SK\ORJHQHWLF UHODWLRQVKLSV EHWZHHQ IXQJL EHORQJLQJ WR *LOEHUWHOODFHDH�

&KRDQHSKRUDFHDH DQG 0XFRUDFHDH� 7ZR VWUDLQV RI *� SHUVLFDULD� � VWUDLQV EHORQJLQJ WR

WKH 0XFRUDFHDH �$FWLQRPXFRU HOHJDQV� 0XFRU SLULIRUPLV� 0� URX[LL� 0� FLUFLQHOORLGHV�

5KL]RPXFRU PLHKHL� 5� SXVLOOXV DQG 5� WDXULFXV� DQG � VWUDLQV RI WKH &KRDQHSKRUDFHDH

�%ODNHVOHD WULVSRUD ���� %� WULVSRUD �±�� &KRDQHSKRUD FRQMXQFWD DQG 3RLWUDVLD

FLUFLQDQV� ZHUH LQYROYHG LQ WKHVH H[SHULPHQWV� 7KH FRPSOHWH ,76 �LQWHUQDO WUDQVFULEHG

VSDFHU� UHJLRQ FRGLQJ WKH ,76�� WKH ,76� DQG WKH ���6 U'1$ DQG D IUDJPHQW RI WKH

JO\FHUDOGHK\GH���SKRVSKDWH GHK\GURJHQDVH JHQH �JSG� FRQVLVWLQJ RI ��� EDVH SDLUV

ZHUH DPSOLILHG E\ SRO\PHUDVH FKDLQ UHDFWLRQ� 6HTXHQFHV RI WKH DPSOLILHG '1$
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IUDJPHQWV ZHUH GHWHUPLQHG DQG DQDO\VHG� 7KH FRQJUXHQF\ RI WKH VHTXHQFH GDWD

REWDLQHG E\ WKH DQDO\VLV RI WKH ,76 UHJLRQ DQG WKH JSG JHQH ZDV DOVR HYDOXDWHG� 7KH

UHVXOWV VXSSRUW WKH ³LQWHUPHGLDWH´ SRVLWLRQ RI *� SHUVLFDULD EHWZHHQ &KRDQHSKRUDFHDH

DQG 0XFRUDFHDH�

7KLV VWXG\ ZDV VXSSRUWHG E\ 27.$ JUDQW 7�������

0� 3$â� 3� -$01,.� 6� 35$+� 0� %$7,ý� 3� 5$6325

7KH LQIOXHQFH RI FKURPLXP FRPSRXQGV RQ \HDVW YLDELOLW\

%LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� -DPQLNDUMHYD ���� ���� /MXEOMDQD� 6ORYHQLD

7KH LQWULQVLF� ELRFKHPLFDO� VWUXFWXUDO DQG JHQHWLF SURSHUWLHV RI WKH \HDVW FHOO

DORQJ ZLWK HQYLURQPHQWDO FRQGLWLRQV DUH FUXFLDO IRU LWV VXUYLYDO ZKHQ H[SRVHG WR WR[LF

PHWDOV ���� 7KH DELOLW\ RI \HDVWV WR WROHUDWH KLJKHU FRQFHQWUDWLRQV RI FKURPLXP� ZKLFK

SOD\V DQ LPSRUWDQW UROH LQ WKHLU PHWDEROLVP ���� GHSHQGV RQ WKH FRQFHQWUDWLRQ DQG IRUP

RI WKH FKURPLXP FRPSRXQG� 7KH HIIHFW RI FKURPLXP�9,� FRPSRXQGV �.�&U2��

.�&U�2�� 1D�&U�2�u�+�2� LQ FRQFHQWUDWLRQV RI &U�9,� ������ ����� ���� � P0 DQG

FKURPLXP�,,,� FRPSRXQGV �&U&O�u�+�2� &U�&+�&22��� .&U�&�2���u�+�2� LQ

FRQFHQWUDWLRQV RI &U�,,,� ���� �� ��� ���� ��� P0 RQ WKH YLDELOLW\ RI \HDVW

6DFFKDURP\FHV FHUHYLVLDH =,0 ��� ZDV VWXGLHG� $IWHU FXOWLYDWLRQ LQ PDOW EURWK WKH

ELRPDVV ZDV KDUYHVWHG LQ WKH HDUO\ VWDWLRQDU\ SKDVH� ZDVKHG DQG UHVXVSHQGHG LQ 0(6

EXIIHU �S+ ���� DQG DGMXVWHG WR GU\ PDVV FRQFHQWUDWLRQ RI ���� PJ�PO� 7KH HIIHFW RI

FKURPLXP FRPSRXQGV RQ WKH \HDVWV ZDV ODVWLQJ �� KRXUV LQ WKH 0(6 EXIIHU DW �� �&�

7KH \HDVW YLDELOLW\ ZDV GHWHUPLQHG DV &)8 RQ DJDU SODWHV� 7KH UHVXOWV VKRZHG WKDW

GLIIHUHQW FKURPLXP FRPSRXQGV H[KLELW GLIIHUHQW WR[LFLW\ WR WKH \HDVW 6DFFKDURP\FHV

FHUHYLVLDH� <HDVWV WROHUDWHG &U�,,,� FRPSRXQGV PRUH HIILFLHQW WKDQ &U�9,� FRPSRXQGV

���� IXUWKHUPRUH� WKHUH ZHUH DOVR GLIIHUHQFHV LQ WR[LFLW\ DPRQJ DOO FRPSRXQGV� 7KH

KLJKHVW WR[LFLW\ ZDV REVHUYHG LQ FDVH RI &U&O�u�+�2 DPRQJ &U�,,,� DQG LQ FDVH RI

.�&U�2� DPRQJ &U�9,� FRPSRXQGV� +RZHYHU� WKH KLJKHVW WROHUDQFH ZDV IRXQG LQ WKH

SUHVHQFH RI .�&U2� IRU &U�9,� DQG .&U�&�2���u�+�2 IRU &U�,,,��

�� %ODFNZHOO� .� -�� 6LQJOHWRQ� ,�� 7RELQ� -� 0�� $SS 0LFURELRO %LRWHFKQRO ��� ���±��� ������� ��

/RVL� 0� (�� $PUKHLQ� &�� )UDQNHQEHUJHU� :� 7�� 5HYLHZV RI (QYLURQPHQWDO &RQWDPLQDWLRQ DQG 7R[LFRORJ\

���� ��±��� ������� �� 5DSRSRUW� $� ,�� 0XWHU� 2� $�� 3URFHVV %LRFKHPLVWU\ ��� ���±��� ������� �� 5DVSRU�

3�� %DWLF� 0�� -DPQLN� 3�� )RRG 7HFKQRORJ\ DQG %LRWHFKQRORJ\� ������ ��±�� �������
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$� 3(1*29

%RYLQH P\FRWLF PDVWLWLV

,QVWLWXWH IRU PLFURELRORJ\� 9HWHULQDU\ IDFXOW\ RI /MXEOMDQD� *HUELFHYD� ���� /MXEOMDQD� 6ORYHQLD

2EMHFWLYHV� 7KH REMHFWLYH RI WKLV VWXG\ ZDV WR HYDOXDWH WKH SUHYDOHQFH RI \HDVW

XGGHU LQIHFWLRQV DPRQJ GDLU\ FRZV�

0DWHULDO DQG PHWKRGV� 7KH IROORZLQJ VWXG\ LQFOXGHV D WRWDO DPRXQW RI ��

VHOHFWHG LVRODWHV REWDLQHG IURP FXOWXUH RI PLON VDPSOHV IURP GDLU\ FRZV� 'XULQJ D VL[�

PRQWK SHULRG PLON VDPSOHV RI ���� FRZV IXQFWLRQDO TXDUWHUV ZHUH WDNHQ�

7KH DERYH�PHQWLRQHG �� LVRODWHV ZHUH GLIIHUHQWLDWHG ZLWK WKH $3, �� & DQG $3,

& $8; �%LR 0HULHX[� V\VWHPV�

5HVXOWV� %HVLGHV EDFWHULDO XGGHU SDWKRJHQV �� \HDVW VWUDLQV DQG �� SURWRWKHFD

ZHUH LVRODWHG IURP LQIHFWHG ERYLQH PDPPDU\ JODQGV� 7KH PRVW SUHYDOHQW VSHFLHV ZHUH�

&DQGLGD NUXVHL� &� JODEUDWD DQG &� DOELFDQV�

1R UHODWLRQ ZDV IRXQG EHWZHHQ WKH GLIIHUHQW VSHFLHV LQ UHJDUG WR WKH VRPDWLF FHOO

FRXQW DQG WKH VHYHULW\ RI FOLQLFDO V\PSWRPV�

,� 3)(,))(5� -� .8&6(5$

2UJDQL]DWLRQ RI WKH PLWRFKRQGULDO JHQRPH LQ 3KDIILD UKRGR]\PD

&%6 ����

'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

:KLOH WKH VWUXFWXUH RI WKH PLWRFKRQGULDO JHQRPH VHHPV WR EH FLUFXODU LQ WKH

PDMRULW\ RI FDVHV� VRPH RUJDQLVPV KDYH OLQHDU PLWRFKRQGULDO '1$� ,QGHSHQGHQWO\ RI

WKH VWUXFWXUH RQH LQWDFW PROHFXOH VSHFLILHV VHYHUDO SURWHLQV RI WKH UHVSLUDWRU\

FRPSOH[HV� WZR ULERVRPDO 51$ DQG W51$V FKDUDFWHULVWLF RI WKH VSHFLHV�

3KDIILD UKRGR]\PD LV D UHG�SLJPHQWHG KHWHUREDVLGLRP\FHWRXV \HDVW VSHFLHV >�@�

7KH H[LVWHQFH RI LWV OLQHDU '1$ SODVPLGV ZDV SURYHG LQ ���� >�@� 2XU VWXG\

GHPRQVWUDWHG WKDW WKHVH SODVPLGV RU VRPH RI WKHP UHSUHVHQW WKH PLWRFKRQGULDO JHQRPH

RI WKLV VSHFLHV� 7KH W\SH VWUDLQ RI 3KDIILD UKRGR]\PD �&%6 ����� GRHV QRW FRQWDLQ

'1$ SODVPLGV� 7KH PROHFXODU ZHLJKW RI LWV PW'1$ ZDV FDOFXODWHG E\ UHVWULFWLRQ

HQ]\PH DQDO\VLV DQG SURYHG WR EH DSSUR[LPDWHO\ �� NE� ,WV VWUXFWXUH ZDV DQDO\VHG E\

HOHFWURQ PLFURVFRS\� 0LWRFKRQGULDO JHQHV IURP GLIIHUHQW IXQJL GR QRW K\EULGLVH WR LW�
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IRU WKLV UHDVRQ KRPRORJRXV JHQH SUREHV ZHUH SUHSDUHG E\ 3&5 WHFKQLTXHV� 7KH SDUWLDO

VHTXHQFH RI WKH FR[, DQG $73DVH� ZDV GHWHUPLQHG�

7KLV VWUDLQ JLYHV VPDOO� ³SHWLWH´ FRORQLHV ZLWK ORZ IUHTXHQFLHV DPRQJ WKH

QRUPDOO\ JURZLQJ RQHV� 7KHVH FRORQLHV IHUPHQWHG JOXFRVH LQ WKH SUHVHQFH RI R[\JHQ�

ZHUH QRW DEOH WR JURZ RQ QRQIHUPHQWDEOH FDUERQ VRXUFHV DQG GLG QRW UHVSRQG WR

LQKLELWRUV RI UHVSLUDWLRQ� %HVLGHV VSRQWDQHRXV RFFXUUHQFH� WKLV PXWDWLRQ SURYHG WR EH

DOPRVW ���� LQGXFLEOH E\ ORZ OHYHOV RI HWKLGLXP EURPLGH WUHDWPHQW� VXJJHVWLQJ WKDW LW

LV PLWRFKRQGULDOO\ LQKHULWHG�

$FFRUGLQJ WR RXU UHVXOWV� 3KDIILD UKRGR]\PD LV WKH RQO\ NQRZQ SHWLWH�SRVLWLYH

EDVLGLRP\FHWRXV \HDVW DQG KDV WKH VPDOOHVW PLWRFKRQGULDO JHQRPH DPRQJ IXQJL�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ 27.$ JUDQW 7������� )������ DQG

).)3 ��������

�� .XFVHUD� -�� 3IHLIIHU� ,�� )HUHQF]\� /�� +RPRWKDOOLF OLIH F\FOH LQ WKH GLSORLG UHG \HDVW

;DQWKRSK\OORP\FHV GHQGURUKRXV �3KDIILD UKRGR]\PD�� $QWRQLH YDQ /HHXZHQKRHN ��� ���±���� ������� ��

:LOEHU� .� $�� 3URIILWW� -� +�� 'HWHFWLRQ RI OLQHDU SODVPLGV LQ 3KDIILD UKRGR]\PD� 8&/$ <HDVW 6\PS� �����

S� ����

,� 3Ï&6,� 7� (05,� /� 6È0,� 7� 386=7$+(/<,

7KH JOXWDWKLRQH PHWDEROLVP RI WKH ILODPHQWRXV IXQJXV 3HQLFLOOLXP

FKU\VRJHQXP

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 'HEUHFHQ�

3�2� %R[ ��� +±���� 'HEUHFHQ� +XQJDU\

*OXWDWKLRQH ���/�JOXWDP\O�/�F\VWHLQ\O�JO\FLQH� *6+� LV VWUXFWXUDOO\ DQDORJRXV

WR /��/�.�DPLQRDGLS\O��/�F\VWHLQ\O�'�YDOLQH �$&9�� ZKLFK LV DQ LPSRUWDQW

LQWHUPHGLDWH RI WKH ��ODFWDP ELRV\QWKHVLV� DQG� DV D UHVXOW� *6+ VXSSUHVVHV WKH

SHQLFLOOLQ SURGXFWLRQ E\ LQKLELWLQJ $&9 V\QWKDVH DQG LVRSHQLFLOOLQ 1 V\QWKHWDVH �,36�

DFWLYLWLHV LQ 3� FKU\VRJHQXP� 'HWDLOHG SK\VLRORJLFDO VWXGLHV RQ 3� FKU\VRJHQXP

UHYHDOHG WKDW

�� 7KH 3� FKU\VRJHQXP WROHUDWHG WKH R[LGDWLYH VWUHVV FDXVHG E\ KLJK

FRQFHQWUDWLRQV RI SHUR[LGHV �XS WR ��� P0 +�2� RU ��� P0 WHUW�%22+� H[FHSWLRQDOO\

ZHOO� 7KLV UHVLVWDQFH ZDV H[SODLQHG E\ WKH KLJK LQWUDFHOOXODU JOXWDWKLRQH SHUR[LGDVH DQG

FDWDODVH DFWLYLWLHV�

�� $Q LGHDOLVWLF FXOWXUH PHGLD IRU ��ODFWDP SURGXFWLRQ E\ 3� FKU\VRJHQXP ZRXOG

FRQWDLQ ODFWRVH� JOXWDPDWH DQG F\VWHLQH DV FDUERQ� QLWURJHQ DQG VXOSKXU VRXUFHV�
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UHVSHFWLYHO\� 1HYHUWKHOHVV� DOO RI WKHVH DGGLWLYHV ZRXOG LQFUHDVH WKH LQWUDFHOOXODU *6+

FRQFHQWUDWLRQV WRR DQG� KHQFH� VKRXOG GHFUHDVH WKH SHQLFLOOLQ \LHOGV�

�� 1HYHUWKHOHVV� XQGHU ��ODFWDP SURGXFLQJ FRQGLWLRQV WKH LQWUDFHOOXODU *6+ SRRO

FDQ EH GHFUHDVHG FRQVLGHUDEO\ YLD WKH *6+�GHSHQGHQW GHWR[LILFDWLRQ RI WKH KLJKO\

WR[LF� SURWRQRSKRUH SHQLFLOOLQ VLGH FKDLQ SUHFXUVRUV SKHQR[\DFHWLF �32$� DQG

SKHQ\ODFHWLF �3$� DFLGV� 6R� LQ DQ LQGLUHFW ZD\� WKH VLGH FKDLQ SUHFXUVRUV WKHPVHOYHV

FRXOG UHOHDVH WKH SHQLFLOOLQ ELRV\QWKHWLF PDFKLQHU\ IURP WKH LQKLELWRU\ HIIHFW RI *6+�

,Q DGGLWLRQ� SRVVLEOH FRQQHFWLRQV EHWZHHQ WKH DFLGLW\� WR[LFLW\� *6+�GHSHQGHQW

GHWR[LILFDWLRQ DQG ��ODFWDP SURGXFWLRQ RI 32$� 3$ DQG WKHLU K\GUR[\ODWHG GHULYDWLYHV

ZHUH DOVR WKRURXJKO\ LQYHVWLJDWHG� 7KH WR[LFLW\ RI WKH VLGH FKDLQ SUHFXUVRUV FRUUHODWHG

ZLWK *6+�GHSHQGHQW GHWR[LILFDWLRQ EXW GLG QRW FRUUHODWH ZHOO ZLWK DFLGLW\ DQG ��ODFWDP

SURGXFWLRQ� 7KXV� SHQLFLOOLQ SURGXFWLRQ GRHV QRW VHHP WR EH DQ DOWHUQDWLYH RI WKH *6+�

GHSHQGHQW GHWR[LILFDWLRQ� 0RUHRYHU� UHDFWLYH� HSR[LGH LQWHUPHGLDWHV RI WKH

K\GUR[\ODWLRQ UHDFWLRQV DUH WKRXJKW WR FRQWULEXWH SURIRXQGO\ WR WKH WR[LFLW\ RI WKH VLGH

FKDLQ SUHFXUVRUV LQ DGGLWLRQ WR WKHLU SURWRQRSKRULF FKDUDFWHU� 7KHVH LQWHUPHGLDWHV DUH

WKH PRVW SUREDEOH WDUJHWV IRU WKH *6+�GHSHQGHQW GHWR[LILFDWLRQ�

7KH VHQHVFHQFH LQ DJHLQJ 3� FKU\VRJHQXP FXOWXUHV FDQ EH FKDUDFWHUL]HG ZLWK

IUDJPHQWDWLRQ� WKH UHOHDVH RI K\GURO\WLF HQ]\PHV� DXWRO\VLV DQG� DW ODVW� WKH RQVHW RI D

QHZ HTXLOLEULXP EHWZHHQ FHOO G\LQJ DQG FU\SWLF JURZWK� )URP WKHVH SURFHVVHV�

IUDJPHQWDWLRQ DQG FU\SWLF JURZWK FDQ EH KLQGHUHG XVLQJ WKH SVHXGRWULVDFFKDULGH

DOORVDPLGLQ� RQH RI WKH PRVW SRWHQW DQG VSHFLILF LQKLELWRUV RI FKLWLQDVHV� 2Q WKH RWKHU

KDQG� QHLWKHU WKH VSHFLILF *6+ FRQFHQWUDWLRQV QRU WKH *6+�*66* UHGR[ EDODQFHV RI

WKH 3� FKU\VRJHQXP FHOOV ZHUH GLVWXUEHG E\ HLWKHU DJHLQJ RU WKH LQFOXVLRQ RI

DOORVDPLGLQ LQWR WKH FXOWXUH PHGLD� +HQFH� DQ\ FDXVDO FRQQHFWLRQ EHWZHHQ WKH REVHUYHG

PRUSKRORJLFDO FKDQJHV DQG WKH UHGR[ VWDWXV RI WKH FHOOV VHHPV WR EH XQOLNHO\�

0� 5(&(.� 3� -$01,.� 3� 5$6325

<HDVW ELRPDVV HQULFKHG ZLWK FKURPLXP

%LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� -DPQLNDUMHYD ���� ���� /MXEOMDQD� 6ORYHQLD

&KURPLXP� LQ WUDFH DPRXQWV� LV DQ HVVHQWLDO FRPSRQHQW RI KXPDQ QXWULWLRQ DQG

LW KDV EHHQ GHWHUPLQHG WR EH UHTXLUHG IRU QRUPDO FDUERK\GUDWH DQG IDW PHWDEROLVP�

%HVLGH IRRGV QDWXUDOO\ ULFK LQ FKURPLXP� EUHZHU¶ V \HDVW LV WKH JRRG QDWXUDO VRXUFH� EXW

FKURPLXP FRQFHQWUDWLRQ LV TXLWH ORZ ����±� �J J
±�
GU\ ELRPDVV�� 7KH DLP RI RXU VWXG\

ZDV WR SUHSDUH \HDVW ELRPDVV HQULFKHG ZLWK FKURPLXP� ,W LV NQRZQ WKDW

PLFURRUJDQLVPV DUH DEOH WR DFFXPXODWH WR[LF PHWDO LRQV VXFK DV KH[DYDOHQW FKURPLXP�
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7KH VFUHHQLQJ PHWKRG DFFRUGLQJ WR WROHUDQFH WR &U�9,� DPRQJ QLQH \HDVW VWUDLQV ZDV

SHUIRUPHG� 7KH PRVW WROHUDQW \HDVW ZDV &DQGLGD LQWHUPHGLD =,0 ���� ZKLFK ZDV

IXUWKHU FXOWLYDWHG ZLWK FKURPLXP FKORULGH KH[DKLGUDWH FRPSRXQG� ,W ZDV HVWDEOLVKHG

WKDW WKLV \HDVW FRXOG DFFXPXODWH &U�,,,�� ZKLFK LV GHVLUDEOH IURP WKH QXWULWLRQDO DVSHFW�

,QYHVWLJDWLRQ RI VRPH HFRORJLFDO SDUDPHWHUV ZLWK LQWHQWLRQ WR UHDFK KLJK DFFXPXODWLRQ

RI FKURPLXP LQ WKH \HDVW ELRPDVV ZDV GRQH� %HVLGH DGGLWLRQ RI FKURPLXP DW GLIIHUHQW

SKDVHV RI \HDVW JURZWK WZR SK\VLFRFKHPLFDO SDUDPHWHUV� OLNH FRQFHQWUDWLRQ DQG

WHPSHUDWXUH RQ FKURPLXP DFFXPXODWLRQ� ZHUH LQYHVWLJDWHG� ,Q FDVH RI FRQFHQWUDWLRQ ���

�� �� P0 &U
��
� WKH UHVXOWV VKRZHG WKDW \HDVW JURZWK DW KLJKHU FKURPLXP FRQFHQWUDWLRQ

ZDV PRUH LQKLELWHG EXW DFFXPXODWLRQ RI WRWDO FKURPLXP ZDV KLJKHU� ZKLFK

FRUUHVSRQGHG WR ���� ��� DQG ���� �J J�� GU\ ELRPDVV� UHVSHFWLYHO\� $GGLWLRQ RI

FKURPLXP �� P0 &U
��
� LQ WKH PLGGOH RI WKH H[SRQHQWLDO SKDVH GLG QRW VKRZ WKH

LQKLELWRU\ HIIHFW RQ \HDVW JURZWK� EXW DFFXPXODWLRQ ZDV ORZHU ���� �J J
±�

GU\

ELRPDVV�� ,QFUHDVH RI WHPSHUDWXUH LQ WKH GHFHOHUDWLRQ SKDVH KDG DQ DGGLWLRQDO HIIHFW RQ

FKURPLXP DFFXPXODWLRQ� ZKLFK ZDV ��� �J J
±�
GU\ ELRPDVV�

0� 5(&(.� 0� 6.57� 3� 5$6325

$FFXPXODWLRQ RI FKURPLXP�,,,� LQ \HDVW &DQGLGD LQWHUPHGLD

)RRG 6FLHQFH DQG 7HFKQRORJ\ 'HSDUWPHQW� %LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD�

&KDLU RI %LRWHFKQRORJ\� -DPQLNDUMHYD ���� ���� /MXEOMDQD� 6ORYHQLD

&KURPLXP LV DQ HVVHQWLDO PLFURHOHPHQW IRU PDPPDOV DQG SUREDEO\ IRU

PLFURRUJDQLVPV DQG LW LV PRVW QRWDEO\ DVVRFLDWHG ZLWK JOXFRVH PHWDEROLVP� ,QRUJDQLF

FKURPLXP VDOWV DUH QRW DV UHDGLO\ DEVRUEHG RU ELRORJLFDOO\ DFWLYH DV RUJDQLF IRUPV RI

FKURPLXP� 8QGHU FHUWDLQ HFRORJLFDO FRQGLWLRQV \HDVWV DUH DEOH WR DFFXPXODWH FKURPLXP

DQG RWKHU WUDFH HOHPHQWV DQG LQFRUSRUDWH WKHP LQWR RUJDQLF FRPSRXQGV� (IIHFW RI

HOHYDWHG FKURPLXP FRQFHQWUDWLRQ RI �� �� �� DQG �� P0 &U
��

�FKURPLXP FKORULGH

KH[DKLGUDWH�� DQG WLPH RI DGGLWLRQ WR WKH PHGLXP RQ \HDVW JURZWK DQG DFFXPXODWLRQ RI

WRWDO FKURPLXP LQ \HDVW ELRPDVV ZHUH HYDOXDWHG� &KURPLXP ZDV DGGHG LQ FKHPLFDOO\

GHILQHG PHGLXP LQ WKH EHJLQQLQJ RI WKH ELRSURFHVV ���� DQG �� P0 &U
��
� DQG LQ WKH

PLGGOH RI H[SRQHQWLDO JURZWK ��� �� ��� DQG �� P0 &U
��
� RI \HDVW &DQGLGD LQWHUPHGLD

=,0 ���� <HDVW ZHUH FXOWLYDWHG LQ EDWFK PRGH LQ ��� O VWLUUHG ELRUHDFWRU �9H ��� O� ���

USP� � YYP� ��
R
&� ��� LQRFXOXP�� 3DUDPHWHUV S+� S2� DQG \HDVW JURZWK ZHUH RQ�OLQH

PHDVXUHG� ZKLOH DFFXPXODWLRQ RI WRWDO FKURPLXP LQ \HDVW ELRPDVV ZDV GHWHUPLQHG LQ

GLIIHUHQW SHULRGV RI WLPH� 7KH UHVXOWV VKRZHG WKDW WKH OHYHO RI FKURPLXP DFFXPXODWLRQ

ZDV GHSHQGHQW RQ ERWK DPELHQW FRQFHQWUDWLRQ DQG WLPH RI FKURPLXP DGGLWLRQ LQWR WKH
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PHGLXP� ,W ZDV IRXQG WKDW HOHYDWHG FRQFHQWUDWLRQ RI &U�,,,� LQ WKH HQYLURQPHQW FDXVHG

D UHGXFWLRQ RI JURZWK UDWH DQG ELRPDVV SURGXFWLRQ EXW LQFUHDVHG WRWDO FKURPLXP

DFFXPXODWLRQ LQ \HDVW ELRPDVV� &KURPLXP DGGLWLRQ LQ WKH PLGGOH RI WKH H[SRQHQWLDO

JURZWK SKDVH KDG QR QRWDEO\ HIIHFW RQ \HDVW JURZWK� ZKLFK ZDV FRPSDUDEOH ZLWK \HDVW

FXOWLYDWLRQ ZLWKRXW FKURPLXP DGGLWLRQ�

-� 5(=(66<�6=$%Ï� ,� 6,1.Ï� (� %8-1$� 48$1*'� 1*8<(1

(QKDQFHPHQW RI SURGXFWLYLW\ RI .�JDODFWRVLGDVH E\ RSWLPL]DWLRQ

RI PHGLXP FRPSRVLWLRQ

'HSDUWPHQW RI %UHZLQJ DQG 'LVWLOOLQJ� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

2QH SURPLVLQJ PHWKRGRORJ\ IRU LPSURYHPHQW LQ IHUPHQWDWLRQ WHFKQRORJ\ LV WKH

RSWLPL]DWLRQ RI PHGLD FRPSRVLWLRQ WR HQKDQFH SURGXFWLYLW\ RU UHGXFH H[SHQVHV�

7KHUPRP\FHV ODQXJLQRVXV LV D WKHUPRSKLOLF IXQJXV� ZKLFK SURGXFHV QXPHURXV

H[WUDFHOOXODU HQ]\PHV VXFK DV DP\ODVHV� [\ODQDVHV� LQYHUWDVH� OLSDVH� SURWHDVHV DQG

JDODFWRVLGDVHV HWF� :H VWXGLHG WKH SURGXFWLRQ RI .�JDODFWRVLGDVH HQ]\PH RI

7KHUPRP\FHV ODQXJLQRVXV &%6 �������E VWUDLQ� :H DLPHG WR LQFUHDVH WKH .�

JDODFWRVLGDVH DFWLYLW\ E\ RSWLPL]DWLRQ RI PHGLXP FRPSRVLWLRQ� 7KH HIIHFWV RI WKH

FDUERQ DQG QLWURJHQ VRXUFHV ZHUH LQYHVWLJDWHG� 7KH IXQFWLRQ EHWZHHQ WKH HQ]\PH

DFWLYLW\ DQG WKH FRQFHQWUDWLRQ RI UDIILQRVH DV VROH FDUERQ VRXUFH� PRUHRYHU WKH HIIHFW RI

QLWURJHQ VRXUFH DV D TXDOLW\ IDFWRU ZDV H[DPLQHG� 7KH XVHG QLWURJHQ VXEVWUDWHV ZHUH

\HDVW H[WUDFW DQG /�DVSDUDJLQH� 7KHLU TXDQWLWLHV ZHUH GHILQHG DFFRUGLQJ WR WKH HTXDO

QLWURJHQ FRQWHQW� $SSOLFDWLRQ RI GLIIHUHQW RUJDQLF QLWURJHQ VRXUFHV GLG QRW VKRZ DQ\

VLJQLILFDQW LQIOXHQFH RQ .�JDODFWRVLGDVH DFWLYLW\� EXW WKH LQFUHDVH RI UDIILQRVH

FRQFHQWUDWLRQ IURP ��� �Z�Y� � WR ��� �Z�Y� � JDYH DERXW � WLPHV KLJKHU DFWLYLW\�

7DNLQJ LQWR FRQVLGHUDWLRQ WKDW UDIILQRVH LV DQ H[SHQVLYH FDUERK\GUDWH ZH GLG QRW ZDQW

WR LQFUHDVH LWV FRQFHQWUDWLRQ DERYH ��� �Z�Y� �� 6HYHQ GLIIHUHQW FRPSRXQGV DV SRVVLEOH

QLWURJHQ VRXUFH ZHUH WHVWHG� 7KH KLJKHVW .�JDODFWRVLGDVH DFWLYLW\ ZDV GHWHFWHG ZKHQ

FXOWLYDWLRQ ZDV FDUULHG RXW RQ DPPRQLXP�DFHWDWH� 7R VHDUFK D FKHDSHU FDUERQ VRXUFH�

IHUPHQWDWLRQ ZDV PDGH DSSO\LQJ YDULRXV FDUERK\GUDWHV� 7KH SURGXFHG .�JDODFWRVLGDVH

DFWLYLW\ ZDV WKH VDPH RQ UDIILQRVH DQG VXFURVH� 7KLV YDOXH ZDV �� ,8�PO� 7R HQKDQFH

WKH SURGXFWLYLW\ RI .�JDODFWRVLGDVH IURP 7KHUPRP\FHV ODQXJLQRVXV WZR�OHYHO IDFWRULDO

H[SHULPHQW GHVLJQ ZDV FDUULHG RXW� 9DULDEOHV ZHUH VXFURVH >� �Z�Y� �� � �Z�Y� �@ DQG

DPPRQLXP�DFHWDWH >��� �Z�Y� � DQG ��� �Z�Y� �@� )RU WKH HYDOXDWLRQ RI WKH UHVXOWV

< D��D�[��D�[��D��[�[� HTXDWLRQ ZDV XVHG� ZKHUH < LV WKH .�JDODFWRVLGDVH DFWLYLW\�

[� VXFURVH FRQFHQWUDWLRQ� [� WKH FRQFHQWUDWLRQ RI DPPRQLXP�DFHWDWH� D�� ���� D�� DUH WKH
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FRQVWDQWV RI WKH IXQFWLRQ� 7KH UHVXOWV ZHUH SURFHVVHG E\ PHDQV RI 6366 IRU :LQGRZV

VRIWZDUH� 7KH LQFUHDVH RI ERWK VXFURVH DQG DPPRQLXP�DFHWDWH OHG WR WKH LPSURYHPHQW

RI WKH SURGXFWLYLW\ RI .�JDODFWRVLGDVH� ,Q WKLV ZD\ ��� ,8�PO DFWLYLW\ ZDV UHDFKHG�

)XUWKHU HQKDQFHPHQW RI WKH SURGXFWLYLW\ FDQ EH SUHGLFWHG E\ LQFUHDVH RI ERWK FDUERQ

DQG QLWURJHQ VRXUFHV�

2Q WKH EDVH RI RXU UHVXOWV LW LV SRVVLEOH WR HVWDEOLVK DQ LQGXVWULDOO\ DFFHSWDEOH

IHUPHQWDWLRQ� ZKHUH PRODVVHV FDQ VHUYH DV PDLQ FDUERQ VRXUFH�

7KH UHVHDUFK ZDV VXSSRUWHG E\ 1DWLRQDO 6FLHQWLILF 5HVHDUFK )XQG 3URMHFW 1R�

27.$ 7��������

.� 5,*Ï� %� 7Ï7+� -� 9$5*$

$QDO\VLV RI JHQHWLF YDULDELOLW\ ZLWKLQ WKH $VSHUJLOOXV YLULGLQXWDQV VSHFLHV

'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

7KH LQWUDVSHFLILF YDULDELOLW\ RI WKH $VSHUJLOOXV YLULGLQXWDQV VSHFLHV ZDV

H[DPLQHG XVLQJ YDULRXV WHFKQLTXHV LQFOXGLQJ PRUSKRORJLFDO H[DPLQDWLRQV� FDUERQ

VRXUFH XWLOL]DWLRQ WHVWV� UHVWULFWLRQ HQ]\PH DQDO\VLV RI WKH PLWRFKRQGULDO DQG QXFOHDU

'1$� DQG VHTXHQFH DQDO\VLV RI SDUW RI WKH ��WXEXOLQ JHQH� $OWKRXJK WKH JHQHWLF

GLVWDQFHV EHWZHHQ WKH LVRODWHV ZHUH KLJKHU WKDQ EHWZHHQ H�J� $� IXPLJDWXV DQG

1HRVDUWRU\D ILVFKHUL� PRVW $� YLULGLQXWDQV LVRODWHV WRJHWKHU ZLWK 1� DXUHROD DQG 1�

XGDJDZDH VWUDLQV ZHUH IRXQG WR EHORQJ WR D VLQJOH FOXVWHU EDVHG RQ VHTXHQFH GDWD�

6WUDLQ )55 ����� ZKLFK ZDV HDUOLHU FODVVLILHG DV D KLJKO\ GLYHUJHQW $� IXPLJDWXV

LVRODWH� ZDV IRXQG WR EHORQJ WR WKH $� YLULGLQXWDQV VSHFLHV� 7KH RFKUDWR[LQ $ SURGXFLQJ

$� YLULGLQXWDQV VWUDLQ ,0, ������ ZDV PRVW FORVHO\ UHODWHG WR DQ DVH[XDO LVRODWH� 7KHVH

WZR ODWWHU VWUDLQV ZHUH PRUH FORVHO\ UHODWHG WR $� IXPLJDWXV DQG 1� ILVFKHUL WKDQ WR DQ\

$� YLULGLQXWDQV VWUDLQV� DQG SRVVLEO\ UHSUHVHQW D QHZ VSHFLHV LQ $VSHUJLOOXV VHFWLRQ

)XPLJDWL� 7KH GHQGURJUDP EDVHG RQ FDUERQ VRXUFH XWLOL]DWLRQ GDWD DQG UHVXOWV RI

UHVWULFWLRQ DQDO\VLV RI WKH PLWRFKRQGULDO DQG QXFOHDU '1$ RI WKH VWUDLQV VXSSRUWHG PRVW

RI WKH HYROXWLRQDU\ UHODWLRQVKLSV REVHUYHG EDVHG RQ VHTXHQFH GDWD� 7KH UHVXOWV LQGLFDWH

WKDW WKH SUHVHQFH RU DEVHQFH RI QRGGLQJ FRQLGLDO KHDGV LV QRW DQ XQHTXLYRFDO

PRUSKRORJLFDO FKDUDFWHU IRU WKH LGHQWLILFDWLRQ RI VSHFLHV ZLWKLQ $VSHUJLOOXV VHFWLRQ

)XPLJDWL�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG

�27.$� JUDQW �)������� -� 9DUJD ZDV LQ UHFHLSW RI D %RO\DL 5HVHDUFK )HOORZVKLS

JUDQW�
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(YROXWLRQDU\ UHODWLRQVKLSV ZLWKLQ $VSHUJLOOXV VHFWLRQ &LUFXPGDWL

'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

6HTXHQFHV RI WKH LQWHUJHQLF WUDQVFULEHG VSDFHU UHJLRQV DQG WKH ��� 6 U51$ JHQH

RI W\SH RU QHRW\SH VWUDLQV RI VSHFLHV FXUUHQWO\ DVVLJQHG WR $VSHUJLOOXV VHFWLRQ

&LUFXPGDWL ZHUH DQDO\VHG� 3DUVLPRQ\ DQDO\VLV RI VHTXHQFH GDWD LQGLFDWHG WKDW

$VSHUJLOOXV VHFWLRQ &LUFXPGDWL LV QRQ�PRQRSK\OHWLF� $VSHUJLOOXV FDPSHVWULV� $�

ODQRVXV� DQG $� GLPRUSKLFXV ZLWK $� VHSXOWXV ZHUH IRXQG WR EH PRUH FORVHO\ UHODWHG WR

$VSHUJLOOXV VHFWLRQV &DQGLGL� )ODYL DQG &UHPHL� UHVSHFWLYHO\ 7KHVH UHVXOWV ZHUH DOVR

VXSSRUWHG E\ SKHQRW\SLF GDWD� $� UREXVWXV DQG $� RFKUDFHRURVHXV ZHUH IRXQG QRW WR EH

UHODWHG WR DQ\ RI WKH VSHFLHV H[DPLQHG� 6SHFLHV RI WKH SURSRVHG UHYLVHG $VSHUJLOOXV

VHFWLRQ &LUFXPGDWL IRUPHG WZR PDLQ FODGHV� ZKLFK FRXOG DOVR EH GLVWLQJXLVKHG EDVHG

RQ SKHQRW\SLF PHWKRGV� 2FKUDWR[LQ SURGXFLQJ VSHFLHV ZHUH VFDWWHUHG RQ WKH FODGRJUDP

LQGLFDWLQJ WKDW RFKUDWR[LQ SURGXFLQJ DELOLW\ RI WKH VWUDLQV ZDV ORVW �RU JDLQHG�� VHYHUDO

WLPHV GXULQJ WKH HYROXWLRQ RI $VSHUJLOOXV VHFWLRQ &LUFXPGDWL� 2FKUDWR[LQ SURGXFLQJ

DELOLWLHV RI WKH LVRODWHV H[DPLQHG GLG QRW FRUUHODWH ZLWK WKHLU WD[RQRPLF UHODWLRQVKLSV

EDVHG RQ VHTXHQFH GDWD� DOWKRXJK D FODGH IRXQG QRW WR SURGXFH RFKUDWR[LQV GXULQJ DQ

HDUOLHU VWXG\ RI JHQHWLF YDULDELOLW\ RI $� RFKUDFHXV FRXOG DOVR EH LGHQWLILHG LQ WKLV VWXG\�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG

�27.$� JUDQW �)������� -� 9DUJD ZDV LQ UHFHLSW RI D %RO\DL 5HVHDUFK )HOORZVKLS

JUDQW�

)� 520È1
�
� =� 1$È5

�
� %� %,5Ï

�
� 0� .(&6.e6

�

+HDY\ PHWDO WROHUDQFH RI 7ULFKRGHUPD IXQJL LVRODWHG DW GLIIHUHQW

DGDSWDWLRQ SHULRGV LQ D ORQJ�WHUP ILHOG�H[SHULPHQW

�(QYLURQPHQWDO 0LFURELRORJLFDO 5HVHDUFK *URXS RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW�
�'HSDUWPHQW RI %RWDQ\� (V]WHUKi]\ .iURO\ &ROOHJH� (JHU� �5HVHDUFK ,QVWLWXWH IRU 6RLO 6FLHQFH

DQG $JULFXOWXUDO &KHPLVWU\ RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

7KH DQWKURSRJHQLF KHDY\ PHWDO SROOXWLRQ RI VRLO �H�J� ILHOG DSSOLFDWLRQ RI

VHZDJH VOXGJH� PD\ DOWHU WKH FRPSRVLWLRQ RI VRLO PLFURELRWD �%LUy ����� .HFVNpV HW DO�

������ UHVXOWLQJ LQ D UHGXFHG QDWXUDO ELRFRQWURO RI WKH VRLO�ERUQH SODQW SDWKRJHQV�

7ULFKRGHUPD IXQJL DUH ZRUOG�ZLGHO\ VSUHDG FRPPRQ VRLO PLFURRUJDQLVPV� ZKLFK SOD\

DQ LPSRUWDQW UROH LQ WKH ELRFRQWURO SURFHVVHV �&RRN ������ +HDY\ PHWDO WROHUDQFH RI
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VRPH 7ULFKRGHUPD LVRODWHV ZHUH VWXGLHG LQ YLWUR IRU WKH VSRUH JHUPLQDWLRQ DQG WKH

P\FHOLDO JURZWK LQ OLTXLG DQG VROLG PHGLXP� 6WUDLQV ZHUH RULJLQDWLQJ IURP D ORQJ�WHUP

ILHOG�H[SHULPHQW� ZKHUH WKH FDOFDUHRXV FKHUQR]HP VRLO ZDV DUWLILFLDOO\ FRQWDPLQDWHG E\

�� KHDY\ PHWDO VDOWV LQ IRXU OHYHOV ��� ��� �� DQG ��� PJ NJ
±�
�� 6DPSOHV RI WKH &G� 1L

DQG =Q ZHUH VHOHFWHG DIWHU � DQG � \HDUV RI SROOXWLRQ� UHVSHFWLYHO\�

5HJDUGLQJ WKH KHDY\ PHWDO VHQVLWLYLW\ VLJQLILFDQW GLIIHUHQFHV ZHUH IRXQG DPRQJ

WKH 7ULFKRGHUPD LVRODWHV REWDLQHG LQ WKH VDPH \HDU IURP GLIIHUHQW WUHDWPHQWV

�DSSOLFDWLRQ UDWHV DQG W\SHV RI WKH PHWDOV�� 0XFK OHVV GLIIHUHQFHV ZHUH REVHUYHG�

KRZHYHU DPRQJ WKH LVRODWHV� ZKLFK ZHUH RULJLQDWLQJ IURP WKH VDPH PHWDO WUHDWPHQWV DW

WZR FRQVHFXWLYH� GLIIHUHQW LVRODWLRQ SHULRGV�

/HVV VLJQLILFDQW FKDQJHV LQ WKH VHQVLWLYLW\ DUH FRQFOXGHG �ZLWKLQ D WZR�\HDU�

DGDSWDWLRQ SHULRGV�� FRPSDULQJ WR WKH KLJK YDULDELOLW\ RI PHWDOV DQG WKHLU DSSOLFDWLRQ

UDWHV� 7KH HIIHFW RI KHDY\ PHWDO VDOWV DPRQJ WKH QDWXUDO HQYLURQPHQWDO FRQGLWLRQV LV

HVSHFLDOO\ FRPSOH[ DQG LQIOXHQFHG E\ VHYHUDO ELRWLF DQG DELRWLF HQYLURQPHQWDO IDFWRUV�

/RQJ�WHUP ILHOG H[SHULPHQW ZLWK WKH VHSDUDWHG UDWHV RI VHYHUDO WR[LF HOHPHQWV �LQ

1DJ\K|UFV|N� +XQJDU\� VHUYH DV D PRGHO EDFNJURXQG IRU VWXG\LQJ WKH PDLQ VRLO�

ELRORJLFDO SURFHVVHV DQG PLFURELDO LQWHUDFWLRQV �.iGiU ������

)LQDQFLDO VXSSRUW RI WKH +XQJDULDQ 5HVHDUFK )RXQGDWLRQ �27.$� 7� ����� DQG

7� ������ LV KLJKO\ DFNQRZOHGJHG�

�� %LUy� %�� *\DNRUODWL $JURIyUXP �;� �� �±� ������� �� .HFVNpV� 0� HW DO�� $FWD $OLPHQWDULD ���

���±��� ������� �� &RRN� 5� -�� $QQX 5HY 3K\WRSDWKRO ��� ��±�� ������� �� .iGiU� ,�� 7R[LF HOHPHQWV LQ WKH

6RLO�SODQW�KXPDQ V\VWHPV LQ +XQJDU\� $NDSULQW� %XGDSHVW� �����

/� 6È0,� 7� (05,� =� 9$5(&=$� 7� 386=7$+(/<,� ,� 3Ï&6,

)UDJPHQWDWLRQ� DXWRO\VLV DQG FU\SWLF JURZWK LQ DJHLQJ 3HQLFLOOLXP

FKU\VRJHQXP FXOWXUHV

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI /LIH 6FLHQFHV� 8QLYHUVLW\ RI 'HEUHFHQ�

3�2� %R[ ��� +±���� 'HEUHFHQ� +XQJDU\

7KH SVHXGRWULVDFFKDULGH DOORVDPLGLQ� ZKLFK LV NQRZQ WR EH RQH RI WKH PRVW

VSHFLILF DQG HIIHFWLYH LQKLELWRUV RI FKLWLQDVHV� UHWDUGHG VLJQLILFDQWO\ WKH IUDJPHQWDWLRQ

RI K\SKDH LQ DJHLQJ FDUERQ�GHSOHWHG FXOWXUHV RI DQ LQGXVWULDO ��ODFWDP�SURGXFLQJ

3HQLFLOOLXP FKU\VRJHQXP VWUDLQ� HVSHFLDOO\ EHWZHHQ �� DQG �� K LQFXEDWLRQ WLPHV�

8QGHU DQWLELRWLF SURGXFLQJ FRQGLWLRQV� DOORVDPLGLQ GLG QRW KDYH DQ\ HIIHFW RQ HLWKHU WKH

JURZWK RU WKH SHQLFLOOLQ \LHOGV� $W ��� K FXOWLYDWLRQ� IUDJPHQWDWLRQ ZDV FRPSOHWH� HYHQ
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ZLWK DOORVDPLGLQ WUHDWPHQW� JLYLQJ D YHU\ VLPLODU PRUSKRORJ\ FRPSDULQJ WR FRQWURO

FXOWXUHV� ZLWK WKH GRPLQDQFH RI \HDVW�OLNH VXUYLYLQJ IRUPV XVXDOO\ FRQVLVWLQJ RI WZR

FHOOV� 1RW RQO\ WKH QXPEHU DQG JHUPLQDWLQJ DELOLW\ RI WKHVH FHOOV� EXW WKH H[WUDFHOOXODU

DXWRO\WLF HQ]\PH� H�J� KH[RVDPLQLGDVH DQG FKLWLQDVH DFWLYLWLHV ZHUH WKH VDPH�

0RUHRYHU� WKH LQWUDFHOOXODU JOXWKDWLRQH OHYHO� ZKLFK LV DQ LQGLFDWRU RI WKH SK\VLRORJLFDO

VWDWH RI WKH FHOOV� ZDV QRW GLVWXUEHG E\ DOORVDPLGLQ HLWKHU� 7KHVH UHVXOWV VXJJHVW WKDW WKH

UDWH RI DXWRO\VLV� DOWKRXJK VKLIWHG LQ WLPH� FRXOG EH YHU\ VLPLODU LQ WKH FXOWXUHV�

$OORVDPLGLQ DOVR KLQGHUHG� HYHQ DIWHU DGGLWLRQ RI DQ H[WUD GRVH RI JOXFRVH� WKH

RXWJURZWK RI QHZ WLSV IURP WKH VXUYLYLQJ K\SKDO IUDJPHQWV� ,Q VSLWH RI WKLV� RQO\ D

VOLJKW GLIIHUHQFH EHWZHHQ WKH JOXFRVH XWLOLVDWLRQ UDWHV RI DOORVDPLGLQ�WUHDWHG DQG FRQWURO

FXOWXUHV ZDV IRXQG� ZKLFK PHDQV WKDW WKH WUHDWHG FHOOV VWLOO KDG FRQVLGHUDEOH PHWDEROLF

DFWLYLW\� 0RUHRYHU� DIWHU WUDQVIHUULQJ WKH FHOOV LQWR IUHVK� JOXFRVH�FRQWDLQLQJ DQG

DOORVDPLGLQ�IUHH FXOWXUH PHGLXP� WKH WUHDWHG FHOOV UHJDLQHG WKHLU DELOLW\ WR SURGXFH QHZ

WLSV� VKRZLQJ WKH VDPH RXWJURZWK DV WKH FRQWURO FHOOV GLG�

,Q DGGLWLRQ WR PRUSKRORJLFDO FKDQJHV� DOORVDPLGLQ DOVR KDG D VLJQLILFDQW HIIHFW

RQ WKH GU\ ZHLJKW RI WKH FHOOV� ZKLFK LQFUHDVHG DERXW ���� 7KLV VXJJHVWV VLJQLILFDQW

FKDQJHV LQ WKH VWUXFWXUH DQG FKHPLFDO FRPSRVLWLRQ RI WKH FHOO ZDOO� $FFRUGLQJ WR

QLWURJHQ HOHPHQWDO DQDO\VLV RI DONDOL LQVROXEOH ZDOO UHVLGXHV� WKH FKLWLQ FRQWHQW RI WKH

ZDOO LQFUHDVHG FRQVLGHUDEO\�

7KH PRVW DFWLYH H[WUDFHOOXODU FKLWLQDVHV� GHWHUPLQHG E\ 6'6�3$*( ZHUH IRXQG

WR EH �� DQG �� N'D� 7KH SURSHUWLHV RI WKHVH HQ]\PHV DUH QRZ H[DPLQHG�

7R VXP LW XS� WKH PRUSKRORJLFDO HIIHFWV RI DOORVDPLGLQ RQ DJHLQJ 3�

FKU\VRJHQXP JDYH D FOHDU HYLGHQFH RI WKH LQYROYHPHQW RI H[WUDFHOOXODU FKLWLQDVHV LQ WKH

DJH�UHODWHG IUDJPHQWDWLRQ RI WKH IXQJXV� 0RUHRYHU� DOORVDPLGLQ�VHQVLWLYH FKLWLQDVH�V�

KDYH DOVR EHHQ VKRZQ WR SOD\ D FUXFLDO UROH LQ WKH RXWJURZWK RI QHZ K\SKDO WLSV IURP

GRUPDQW K\SKDO IUDJPHQWV� ZKLFK PD\ WKHUHIRUH FRQWULEXWH WR WKH PDLQWHQDQFH RI WKH

FU\SWLF JURZWK REVHUYHG XQGHU FDUERQ VWDUYDWLRQ� 2Q WKH RWKHU KDQG� DOORVDPLGLQ GLG

QRW LQIOXHQFH WKH SURFHVV RI DXWRO\VLV RI WKLV 3HQLFLOOLXP VWUDLQ GXULQJ WKH H[DPLQHG

FXOWLYDWLRQ WLPH�
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$QDO\VLV RI WKH PRUSKRORJ\ RI $FUHPRQLXP FKU\VRJHQXP

XQGHU SURGXFLQJ FLUFXPVWDQFHV

�'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI 6FLHQFH� 8QLYHUVLW\ RI 'HEUHFHQ�

'HEUHFHQ� +XQJDU\� �6FKRRO RI &KHPLFDO (QJLQHHULQJ� 7KH 8QLYHUVLW\ RI %LUPLQJKDP� %LUPLQJKDP�

8QLWHG .LQJGRP

*URZWK RI P\FHOLDO PLFURRUJDQLVPV DQG WKHLU LQWHUDFWLRQV ZLWK WKH HQYLURQPHQW

LQ WKH IHUPHQWHU DUH FRPSOH[� 0RUSKRORJ\ DQG GLIIHUHQWLDWLRQ DUH YHU\ LPSRUWDQW

UHIOHFWLRQV RI WKH RUJDQLVP SK\VLRORJ\� ZKLFK FKDQJH GXULQJ WKH FRXUVH RI

IHUPHQWDWLRQV DV ZHOO DV ZLWK RSHUDWLQJ FRQGLWLRQV� &RPSXWHU�GULYHQ LPDJH DQDO\VLV LV

D YLWDO WRRO WR JDWKHU GDWD RQ WKHVH DVSHFWV RI SK\VLRORJ\� DQG WR UHODWH WKHP WR

IHUPHQWDWLRQ FRQGLWLRQV�

)RU WKH FODVVLILFDWLRQ RI P\FHOLDO PRUSKRORJ\ E\ LPDJH DQDO\VLV� FHOOV DUH

FRQVLGHUHG DV HLWKHU GLVSHUVHG IRUPV RU SHOOHWV� 'LVSHUVHG IRUPV DUH IXUWKHU GLYLGHG LQWR

WZR JURXSV� QDPHO\ IUHHO\ GLVSHUVHG IRUPV DQG P\FHOLDO FOXPSV� 7KH ODWWHU RQHV DUH

ORRVH DJJUHJDWHV RI K\SKDH� ZKLFK DUH QRW VXIILFLHQWO\ WLJKWO\ SDFNHG WR EH GHVFULEHG DV

SHOOHWV� EXW ZKLFK GR QRW VKRZ D VLPSOH P\FHOLDO WUHH VKDSH� 5DWH RI FRQYHUVLRQ RI WKH

FOXPSV RQWR IUHHO\ GLVSHUVHG IRUPV LV D JRRG LQGLFDWRU RI WKH IUDJPHQWDWLRQ RI P\FHOLD�

7KH FHSKDORVSRULQ & SURGXFHU $FUHPRQLXP FKU\VRJHQXP $7&& ����� GLG QRW

H[KLELW SHOOHWV GXULQJ WKH FRXUVH RI IHUPHQWDWLRQ� 3URSRUWLRQ RI FOXPSV� URXJKO\ ���

DIWHU LQRFXODWLRQ� VWD\HG RQ WKLV OHYHO GXULQJ WKH ILUVW �� KRXUV RI FXOWLYDWLRQ� WKHQ

VWDUWHG WR GHFOLQH VWHDGLO\� UHDFKLQJ D YDOXH RI OHVV WKDQ ��� RI DOO P\FHOLD DQG

LQGLFDWLQJ D FRQVLGHUDEOH UDWH RI IUDJPHQWDWLRQ� ,Q FRQWUDVW� WKH DYHUDJH QXPEHU RI

K\SKDO WLSV LQFUHDVHG IURP ��� WR � LQ WKH ILUVW GD\ RI FXOWLYDWLRQ� IROORZHG E\ D KHDY\

GHFOLQH ZKLFK UHVXOWHG LQ DQ DYHUDJH WLS QXPEHU RI �� 6LPLODU WLPH�FRXUVH SDWWHUQ ZDV

IRXQG RYHU WKH DYHUDJH WRWDO K\SKDO OHQJWK RI WKH IUHHO\ GLVSHUVHG IRUPV� %\ WKH ��WK

KRXU RI FXOWLYDWLRQ� DOPRVW DOO WKH FDUERQ VRXUFHV KDG EHHQ FRQVXPHG� UHVXOWLQJ LQ D

FHDVH LQ WKH ELRPDVV DQG &2� SURGXFWLRQ UDWHV�

$GGLWLRQ RI JOXFRVH TXLFNO\ UHVWRUHG ELRPDVV DQG &2� SURGXFWLRQ� DQG UHVXOWHG

LQ D VKDUS LQFUHDVH LQ WKH SURSRUWLRQ RI FOXPSV� XS WR WKH VWDUWHU YDOXH RI ��� RI DOO

P\FHOLD� $YHUDJH K\SKDO DUHD� DYHUDJH K\SKDO OHQJWK DQG WKH DYHUDJH QXPEHU RI WLSV

DOVR LQFUHDVHG FRQVLGHUDEO\� +RZHYHU� DV WKH DGGLWLRQDO FDUERQ VRXUFH ZDV H[KDXVWHG�

DOO WKHVH FKDQJHV WXUQHG LQWR QHJDWLYH LQ D VXUSULVLQJO\ VKRUW SHULRG RI WLPH� $ UHQHZHG

DGGLWLRQ RI JOXFRVH UHVXOWHG LQ FKDQJHV RI WKH VDPH SDWWHUQ�
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+RZHYHU� DGGLWLRQ RI VR\EHDQ RLO� FRQVLGHUHG DV DQ ³XQUHJXODWHG´ DQG KHQFH

EHQHILFLDO FDUERQ VRXUFH ZLWK UHVSHFW WR FHSKDORVSRULQ & SURGXFWLRQ� IDLOHG WR VWLPXODWH

WKH DERYH�GHWDLOHG FKDQJHV LQ PRUSKRORJ\� 5DWLR RI FOXPSV WR DOO P\FHOLDO IRUPV

GHFUHDVHG WR ORZ OHYHO� WRJHWKHU ZLWK WKH DYHUDJH K\SKDO DUHD� DYHUDJH K\SKDO OHQJWK

DQG WKH DYHUDJH QXPEHU RI K\SKDO WLSV� DV ZHOO DV WKH ELRPDVV SURGXFWLRQ UDWH�

1HYHUWKHOHVV� FHSKDORVSRULQ & SURGXFWLRQ UDWH� QHJOLJLEOH XSRQ JOXFRVH DGGLWLRQ� ZDV

ERRVWHG�

2XU UHVXOWV FOHDUO\ LQGLFDWH WKDW PRUSKRORJLFDO SDUDPHWHUV REWDLQHG E\ LPDJH

DQDO\VLV DUH FRQVLVWHQW SULPDULO\ ZLWK WKH JURZWK SDWWHUQ RI WKH IXQJXV� ,W FDQ DOVR EH

FRQFOXGHG� WKDW WKH UDWLR RI P\FHOLDO FOXPSV WR WKH WRWDO K\SKDO SRRO LV WKH PRVW

VHQVLWLYH LQGLFDWRU RI WKH IUDJPHQWDWLRQ SURFHVV GXULQJ IHUPHQWDWLRQ�

7� 6,021,&6� $� 0$5È=

+LJK IUHTXHQF\ HOHFWUR�WUDQVIRUPDWLRQ IRU 6FKL]RVDFFKDURP\FHV SRPEH

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\�

%XGDSHVW� +XQJDU\

+LJK IUHTXHQF\ WUDQVIRUPDWLRQ LV D SUHUHTXLVLWH IRU HIILFLHQW WUDQVIRUPDWLRQ RI

FHOOV ZLWK D JHQRPLF OLEUDU\� ,Q WKH \HDVW 6FKL]RVDFFKDURP\FHV SRPEH� WKH DONDOL FDWLRQ

PHWKRG LV FRQVLGHUHG DV D VLPSOH DQG HIIHFWLYH WUDQVIRUPDWLRQ PHWKRG �2ND]DNL HW DO�

������ :H FRXOG QRW� KRZHYHU� DGDSW WKLV PHWKRG IRU RXU VWUDLQ �6 ������� ZKLFK

RULJLQDWHG IURP WKH FURVVLQJ DQG PHLRWLF VHJUHJDWLRQ RI D WUDQVIRUPDEOH �' ��� DQG D

VHOHQDWH�UHVLVWDQW DX[RWURSKLF VWUDLQ �������

7KH DLP RI RXU H[SHULPHQWV ZDV WR GHYHORS DQ HIILFLHQW� KLJK IUHTXHQF\

HOHFWURSRUDWLRQ PHWKRG IRU WUDQVIRUPDWLRQ RI 6 ����� XUD� VWUDLQ ZLWK JHQRPLF EDQN

EDVHG RQ S85��1 YHFWRU�

:H DSSOLHG WUHDWPHQW RI FHOOV EHIRUH HOHFWURSRUDWLRQ �*HQH 3XOVHU� %LR5DG� ZLWK

GLVXOSKLGH UHGXFLQJ DJHQWV ��PHUFDSWR�HWKDQRO RU GLWKLRWKUHLWRO DQG SDUWO\ GLJHVWHG WKH

FHOO ZDOO ZLWK O\VLQJ HQ]\PH �6LJPD�� 'LIIHUHQW SDUDPHWHUV IRU WKH HOHFWURSRUDWLRQ ZHUH

XVHG �YROWDJH� FDSDFLWDQFH DQG UHVLVWDQFH� DQG WKH HIIHFW RI RVPRWLF VWDELOL]DWLRQ RI

FHOOV DIWHU HOHFWULF SXOVH ZDV DOVR WHVWHG� %\ WKH XVH RI RSWLPXP HOHFWURSRUDWLRQ

SDUDPHWHUV� ��
�
DQG ��

�
WUDQVIRUPDQWV��J '1$ ZDV DFKLHYHG IRU 6 ����� DQG ' ���

UHVSHFWLYHO\�

7KLV ZRUN ZDV VXSSRUWHG E\ +XQJDULDQ JUDQW 27.$ 7 ������

�� 2ND]DNL� .� HW DO�� 1XFO $FLG 5HV ��� ����±���� �������
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,VRODWLRQ RI ORZ�PROHFXODU�ZHLJKW FKURPLXP VSHFLHV IURP \HDVW

&DQGLGD LQWHUPHGLD

�%LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� -DPQLNDUMHYD ���� ���� /MXEOMDQD� 6ORYHQLD� �5HVHDUFK

DQG 'HYHORSPHQW 'HSDUWPHQW� 2FWDSKDUPD� 9LHQQD� $XVWULD

,Q ���� FKURPLXP ZDV UHFRJQL]HG DV DQ HVVHQWLDO HOHPHQW IRU KXPDQV �,3&6�

����� DQG DGHTXDWH GDLO\ GLHWDU\ LQWDNH �(6$'',� ZDV HVWDEOLVKHG E\ WKH )22' DQG

1XWULWLRQ %RDUG RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFH �)RRG DQG 1XWULHQW %RDUG� ������

7KH FKURPLXP VWRU\ EHJDQ LQ ���� WKRXJK� ZKHQ 6FKZDU] DQG 0HUW] IRXQG WKDW

FKURPLXP�ULFK EUHZHU¶V \HDVW ZDV WKH PRVW HIILFLHQW UHJXODWRU RI JOXFRVH WROHUDQFH LQ

UDWV FRPSDUHG WR LQRUJDQLF FKURPLXP�,,,� FRPSRXQGV� &KURPLXP VSHFLHV ZDV QDPHG

DV *OXFRVH 7ROHUDQFH )DFWRU �*7)� DQG &U�,,,� ZDV UHFRJQL]HG DV ELRORJLFDOO\ DFWLYH

FRPSRQHQW RI WKH VXEVWDQFH *7) �6FKZDU] DQG 0HUW]� ������ (YHU VLQFH UHVHDUFKHUV

WULHG WR LVRODWH WKH FKURPLXP *7) IURP \HDVW 6DFFKDURP\FHV FHUHYLVLDH� VLQFH LW ZDV

SURYHG WKDW 6� FHUHYLVLDH \LHOGV WKH ODUJHVW TXDQWLW\ RI QDWXUDOO\ RFFXUULQJ FKURPLXP

�7RHSIHU HW DO�� ������ 7RGD\� WKH HQLJPD RI LVRODWHG FKURPLXP ELQGLQJ FRPSRXQGV

IURP \HDVWV LV FKDUDFWHUL]DWLRQ RI FKURPLXP OLJDQGV� 7KH K\SRWKHVLV LV WKDW FKURPLXP

LV FRRUGLQDWHG WR DPLQR DFLGV VXFK DV JO\FLQ� JOXWDPLF DFLG� F\VWHLQ RU PD\EH WR

QLFRWLQLF DFLG ZKLFK ZDV ODWHU VHULRXVO\ TXHVWLRQHG �6XPUDOO DQG 9LQFHQW� ������ 7KH

ILUVW SDUWLDOO\ FKDUDFWHUL]DWLRQ RI /0:&U FRPSRXQG ZDV GRQH E\ <DPDPRWR

�<DPDPRWR HW DO�� ������ ZKR LVRODWHG /0:&U IURP WKH UDEELW OLYHU �ODWHU DOVR IURP

RWKHU PDPPDOV� DQG LW LV EHOLHYHG WR EH QDWXUDOO\�RFFXUULQJ� ELRORJLFDOO\ DFWLYH�

FKURPLXP�FRQWDLQLQJ ROLJRSHSWLGH RI FD ���� GDOWRQV LQ PDPPDOV �'DYLV DQG 9LQFHQW�

������ ,Q RUGHU WR FRQWULEXWH WR FKURPLXP VWRU\� ZH LVRODWHG /0:&U VSHFLHV IURP

FKURPLXP�,,,� FKORULGH HQULFKHG \HDVWV &DQGLGD LQWHUPHGLD LQ SKDVH RI H[SRQHQWLDO

JURZWK� %LRPDVV ZDV KDUYHVWHG IURP WZR GLIIHUHQW ELRSURFHVVHV� LQ RQH FKURPLXP�,,,�

�LQ IRUP RI FKURPLXP�,,,� FKORULGH KH[DK\GUDWH� VXSSOHPHQWDWLRQ ZDV � P0 DQG LQ WKH

RWKHU �� P0� /0:&U VSHFLHV IURP \HDVW &DQGLGD LQWHUPHGLD ZHUH LVRODWHG DV HWKDQRO

SUHFLSLWDWHV IURP F\WRSODVP� ,Q FRPSDULVRQ /0:&U VSHFLHV ZHUH LVRODWHG IURP

ELRPDVV &DQGLGD LQWHUPHGLD� ZKLFK ZDV QRW HQULFKHG ZLWK FKURPLXP�,,,� FKORULGH� 7KH

IROORZLQJ FRPSDULVRQ RI DOO WKUHH /0:&U VSHFLHV IURP &DQGLGD LQWHUPHGLD ZDV PDGH

E\ LRQ�H[FKDQJH FKURPDWRJUDSK\ RQ 3KDUPDFLD %LRWHFK '($(�6HSKDURVH IDVW IORZ

VXSSRUW DQG RQ %,$ &,0�'($( GLVNV� (OHFWURWKHUPDO DWRPLF DEVRUSWLRQ VSHFWURPHWU\

�($$76� DQG )$$6 ZHUH HPSOR\HG IRU GHWHFWLRQ RI LVRODWHG DQG VHSDUDWHG /0:&U

VSHFLHV� 5HVXOWV UHYHDOHG WKDW DOWKRXJK WRWDO FKURPLXP FRQWHQW ZDV KLJKHVW LQ /0:&U

VSHFLHV LVRODWHG IURP ELRPDVV &DQGLGD LQWHUPHGLD HQULFKHG ZLWK �� P0 &U�,,,�� WRWDO
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/0:&U VSHFLHV DPRXQW ZDV ORZHU FRPSDUHG WR WKH WRWDO DPRXQW RI /0:&U VSHFLHV

IURP � P0 &U�,,,� HQULFKHG ELRPDVV &DQGLGD LQWHUPHGLD� ,5 VSHFWURVFRS\ ZDV

HPSOR\HG WR GHWHFW &U�VSHFLHV LQ HDFK LVRODWLRQ VWHS� 6L]H�H[FOXVLRQ FKURPDWRJUDSK\

RQ 3KDUPDFLD %LRWHFK 6XSHUGH[ VXSSRUW UHYHDOHG WKDW DOO /0:&U VSHFLHV KDYH

PROHFXODU ZHLJKW EHORZ ������

�� 'DYLV� &� 0�� 9LQFHQW� -� %�� $UFK %LRFKHP %LRSK\V ���� ���±��� ������� �� )RRG DQG 1XWULHQW

%RDUG� ��WK HG� 1DWLRQDO $FDGHP\ 3UHVV� :DVKLQJWRQ� ����� �� '&� ,3&6 ,QWHUQDWLRQDO 3URJUDPPH RQ

&KHPLFDO 6DIHW\� :+2� *HQHYD� 6ZLW]HUODQG� ����� �� 6FKZDU]� .�� 0HUW]� :�� $UFK %LRFKLP %LRSK\V ���

��� ������� �� 6XPUDOO� .� +�� 9LQFHQW� -� %�� 3RO\KHGURQ ��� ����±���� ������� �� 7RHSIHU� (� :�� 0HUW]�

:�� 5RJLQVNL� (� (�� 3RODQVN\� 0� 0�� - $JU )RRG &KHP ��� ��±�� ������� �� <DPDPRWR� $�� :DGD� 2��

2QR� 7�� (XU - %LRFKHP ���� ���±��� �������

$� 6=$%Ï

$ FRPSDUDWLYH VWXG\ RI DONDOLQH SRQGV LQ WKH +RUWREiJ\ DQG .LVNXQViJ

1DWLRQDO 3DUNV

'HSDUWPHQW RI 0LFURELRORJ\ DQG 6RLO 6FLHQFHV� $JULFXOWXUDO &HQWUH� 'HEUHFHQ 8QLYHUVLW\� 'HEUHFHQ�

+XQJDU\

3URWR]RRORJLFDO UHVHDUFK RI VPDOO DONDOLQH ERGLHV PD\ DURXVH LQWHUHVW EHFDXVH

WKHVH ELRWRSHV DUH XQLTXH LQ (XURSH� RU DOO RYHU WKH ZRUOG�

6PDOO DONDOLQH SRQGV �=DE�V]pN� )HKpU�V]pN� .HOHPHQ�V]pN� %|GL�V]pN� QHDU

6]HJHG DQG .HFVNHPpW �.13 ± .LVNXQViJ 1DWLRQDO 3DUN� HYROYHG RQ VRGLF

³VRORQFKDN´ VRLOV ZLWK DONDOLQH XSSHU $�OD\HU� 7KHUHIRUH WKHLU ZDWHU LV YHU\ DONDOLQH

�S+� ���±���� DOO WKH \HDU URXQG� WKH FRQGXFWLYLW\ LV KLJK �����±���� �6�FP� ZLWK D

1D�+&2��&O FKDUDFWHU� 7KHVH ZDWHU� KDYH D VWDEOH LRQ FRQWHQW DQG DUH XVXDOO\

RSDOHVFHQW� 7KHLU GHSWK LV ��±�� FP�

6PDOO ZDWHU ERGLHV RI =iP�SXV]WD �VRXWK RI )DOXYpJKDORP� +13 ± +RUWREiJ\

1DWLRQDO 3DUN� DFFXPXODWLQJ LQ WKH PLFURJHRPRUSKRORJLFDOO\ GHHSHU� EDUUHQ DUHDV DUH

IRXQG RQ GLIIHUHQW VXEW\SHV RI ³VRORQHW]´ VRLOV ZLWK DFLGLF $�OD\HU� WKXV WKHLU ZDWHU LV

XVXDOO\ QHXWUDO RU VOLJKWO\ DONDOLQH �S+� ���±����� &RQGXFWLYLW\ YDOXHV DUH UHODWLYHO\ ORZ

����±��� �6�FP�� EHFRPLQJ RQO\ KLJKHU �WLS WR ����±���� �6�FP� GXULQJ WKH

FRQFHQWUDWLRQ SURFHVV� 7KHVH ZDWHUV DUH RSDOHVFHQW� WKHLU GHSWK LV ��±�� FP� 7KH ZDWHU

FKDUDFWHU LV PDLQO\ 1D�&O�+&2�� VRPHWLPHV 1D�+&2��&O�

$V D FRQVHTXHQFH RI WKHVH IDFWV WKHUH DUH VLJQLILFDQW GLIIHUHQFHV LQ WKH &LOLDWD

IDXQD RI WKH WZR VWXGLHG DUHDV� 7KLV FDQ EH HVVHQWLDOO\ H[SODLQHG E\ WKH LQIOXHQFH RI WKH

GLIIHUHQW FKHPLFDO FKDUDFWHU RI WKH ZDWHUV DQG WKHLU HIIHFW RQ WKH VSHFLHV GLYHUVLW\�
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$V LW KDV EHHQ SURYHQ E\ HDUOLHU VWXGLHV ��±��� RI &LOLDWD VSHFLHV LQ WKH VPDOO

ZDWHU ERGLHV RI WKH .13 ZHUH SUHIHUULQJ DONDOLQH HQYLURQPHQW ZKLOH WKLV ILJXUH LQ WKH

FDVH RI WKH +13 SRQGV ZDV IRXQG WR EH RQO\ ��±����

7KHUH DUH PDQ\ FRVPRSROLWDQ VSHFLHV RI ZLGH HFRORJLFDO WROHUDQFH VSHFWUXP LQ

ERWK DUHDV� 7KH QXPEHU RI VSHFLHV LV ORZ LQ WKH VPDOO DONDOLQH SRQGV RI WKH WZR SDUNV

��±� VSHFLHV DV DQ DYHUDJH�� EXW HVSHFLDOO\ ORZ LQ WKRVH RI WKH .13� ,W LV UHPDUNDEOH

WKDW $VW\OR]RRQ YDJDQV� (SLVW\OLV GLJLWDOLV� 0DULWXMD SHODJLFD� +\SRWULFKLGLXP WLVLDH�

3VHXGRFKLORGRQRSVLV DOJLYRUD ZDV IRXQG H[FOXVLYHO\ LQ WKH +13 SRQGV� ZKLOH

0\FWHURWUL[ RYDWD� 3VHXGRFKLORGRQRSVLV SLVFDWRULV� 3URURGRQ PDULQXV DQG &ROHSV

PLQRU RQO\ LQ WKH .13 RQHV�

$V D UHVXOW RI RXU VWXGLHV D QXPEHU RI VSHFLHV SUHIHUULQJ GHILQLWHO\ WKH DONDOLQH�

VRGLF HQYLURQPHQW ZHUH IRXQG HYHQ LQ VPDOO ZDWHU ERGLHV RI &O
±
FKDUDFWHU� OLNH

(SLVW\OLV KDORSKLOD� (SLVW\OLV PLFURGLVFXP� 8URQHPD PDULQXP� 0RQRGLQLXP VS��

+HPLRSKU\V IXVLGHQV� 2[LWULFKD VLUQLOLV� 9RUWLFHOOD GLIILFLOLV� +DVWDWHOOD UDGLDQV�

$VW\OR]RRQ IDOOD[� $VW\OR]RRQ YDJDQV� )URQWRQLD OHXFDV� )URQWRQLD DWUD�

=6� 6=,/È*<,
�
� È� *5$//(57

�
� (� =,/$+,

�
� 0� 6,3,&=.,

���

7KH 6FKL]RVDFFKDURP\FHV SRPEH VHS�� JHQH HQFRGHV D FRQVHUYDWLYH

SURWHLQ WKDW SUHVXPDEO\ SOD\V D UROH LQ WUDQVFULSWLRQ RI D VXEVHW RI JHQHV

�'HSDUWPHQW RI *HQHWLFV DQG 0ROHFXODU %LRORJ\� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� �5HVHDUFK *URXS

IRU 0LFURELDO 'HYHORSPHQWDO *HQHWLFV� +XQJDULDQ $FDGHP\ RI 6FLHQFHV� 8QLYHUVLW\ RI 'HEUHFHQ�

'HEUHFHQ� +XQJDU\

5HJXODWLRQ RI JHQH H[SUHVVLRQ LV UHPDUNDEO\ LPSRUWDQW IRU XQLFHOOXODU DQG

PXOWLFHOOXODU HXNDU\RWHV�

%DVHG RQ VFLHQWLILF DFKLHYHPHQWV RI UHFHQW \HDUV� LW LV DFFHSWHG WKDW HXNDU\RWLF

JHQH H[SUHVVLRQ LV DQ H[WUHPHO\ VRSKLVWLFDWHG DQG KLJKO\ RUJDQL]HG HYHQW� ZKLFK

UHTXLUHV D ODUJH QXPEHU RI JHQH SURGXFWV DVVHPEOHG LQ GLIIHUHQW WUDQVFULSWLRQ

FRPSOH[HV� 7KHVH FRPSOH[HV KDYH WR FRPPXQLFDWH ZLWK DFWLYDWRUV DQG UHSUHVVRUV WR

UHJXODWH WUDQVFULSWLRQ RI D VLQJOH JHQH� DQG FRQVLVW RI 51$ SRO\PHUDVH ,,� PHGLDWRUV

DQG FR�IDFWRUV� JHQHUDO DQG VSHFLILF WUDQVFULSWLRQ IDFWRUV� 7KHUHIRUH WKHVH IDFWRUV DQG

PHGLDWRUV SOD\ DQ LPSRUWDQW UROH LQ UHJXODWLQJ WUDQVFULSWLRQ RI D VXEVHW RI JHQHV� DQG

LQIOXHQFH QXPHURXV FHOO IXQFWLRQV LQ FRQWH[W ZLWK WKHUH VSHFLILFLW\�

<HDVW LV D ZLGHO\ XVHG PRGHO IRU XQGHUVWDQGLQJ FHOO SURFHVVHV� VR WKDW D QXPEHU

RI SXWDWLYH PHGLDWRU DQG WUDQVFULSWLRQ IDFWRU JHQHV ZHUH LGHQWLILHG IURP 6DFFKDURP\FHV

FHUHYLVLDH� EXW OLWWOH LV NQRZQ DERXW WKHLU IXQFWLRQ� ,Q PDQ\ DVSHFWV� WKH ILVVLRQ \HDVW
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6FKL]RVDFFKDURP\FHV SRPEH LV PRUH VLPLODU WR KLJKHU HXNDU\RWHV DQG SURYLGHV D

SRZHUIXO PRGHO� EXW JHQHV KDYH QRW EHHQ LVRODWHG�

%\ XVLQJ WKH ILVVLRQ \HDVW� VHS PXWDQWV ZLWK FRPSOH[ GHIHFWV �LQFOXGLQJ FHOO

VHSDUDWLRQ DQG PLWRWLF DEQRUPDOLWLHV� ZHUH LVRODWHG� DQG HOHYHQ QRYHO VHS JHQHV ZHUH

LGHQWLILHG� 7KUHH RI WKHP ZHUH FORQHG� VHS� HQFRGHV D KRPRORJXH RI 637�� D SURWHLQ

LQYROYHG LQ WKH 6$*$ FRPSOH[ H[LVWLQJ LQ EDNHU¶V \HDVW� DQG SOD\ D UROH LQ FKURPDWLQ

UHPRGHOOLQJ SULRU WR WUDQVFULSWLRQ� 7KH VHS�� JHQH SURGXFW LV D KRPRORJXH RI WKH 6�

FHUHYLVLDH0('�� D SURWHLQ UHTXLUHG WR PHGLDWH WUDQVFULSWLRQ�

7KH VHS�� SURWHLQ VKRZV KLJK KRPRORJ\ WR WKH 62+, SURWHLQ DQG WR LWV

KRPRORJXHV IURP 'URVRSKLOD PHODQRJDVWHU� &� HOHJDQV DQG +RPR VDSLHQV� 7KH 62+,

JHQH LV D VXSSUHVVRU RI +35,� ZKLFK SURGXFW LV D PHPEHU RI D WUDQVFULSWLRQ FRPSOH[�

DQG LV EHOLHYHG WR DFW DV DQ HIIHFWRU RI VHYHUDO H[WHUQDO VWLPXOL�

7KH OHFWXUH ZLOO FRYHU PDLQO\ WKH UHVXOWV RI VWXGLHV ZLWK WKH VHS�� JHQH� DQG WKH

SUREDEOH IXQFWLRQ RI WKH SURWHLQ LQ FHOO VHSDUDWLRQ DQG GLIIHUHQWLDWLRQ ZLOO EH GLVFXVVHG�

*<� 6=%&6
�
� *� 5(87(5

���
� .� %È1<$,

�
� )� -$.$%

�
� 0� Ò-

�

,PSRUWDQFH� GHWHFWLRQ� DQG WD[RQRPLF FODVVLILFDWLRQ RI KXPDQ

FDOLFLYLUXVHV

�5HJLRQDO /DERUDWRU\ RI 9LURORJ\� %DUDQ\D &RXQW\ ,QVWLWXWH RI WKH 6WDWH 3XEOLF +HDOWK 6HYLFH� 3pFV�
�'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� 0HGLFDO )DFXOW\� 3pFV 8QLYHUVLW\� 3pFV�

+XQJDU\

+XPDQ FDOLFLYLUXVHV �+X&9V�� PHPEHUV RI WKH IDPLO\ &DOLFLYLULGDH� DUH WKH

PDMRU FDXVH RI DFXWH YLUDO JDVWURHQWHULWLV FDVHV DQG HSLGHPLFV LQ DOO DJH�JURXSV

ZRUOGZLGH� ,Q FRXQWULHV ZKHUH LQYHVWLJDWLRQV IRU WKH GHWHFWLRQ RI +X&9V KDYH EHHQ

GRQH� WKH\ ZHUH IRXQG LQ �� WR ��� RI JDVWURHQWHULWLV FDVHV� 7KHVH YLUXVHV VSUHDG E\

IHFR�RUDO URXWH �YLD FRQWDPLQDWHG IRRG� ZDWHU RU GLUHFW FRQWDFW� ZLWKRXW SUHGRPLQDQW

VHDVRQDOLW\� KRZHYHU� D VPDOO SHDN LQ WKH QXPEHU RI FDVHV FDQ EH REVHUYHG LQ ZLQWHU

DQG VSULQJ PRQWKV XQGHU WKH WHPSHUDWH FOLPDWH� ,Q DGGLWLRQ WR VSRUDGLF FDVHV� WKH

RXWEUHDNV RFFXUULQJ PDLQO\ LQ VHPL�FORVHG SRSXODWLRQV� VXFK DV QXUVHULHV� VFKRROV�

VXPPHU�FDPSV� KRVSLWDOV� EDUUDFNV� KRWHOV� UHVWDXUDQWV� HWF�� KDYH VSHFLDO

HSLGHPLRORJLFDO LPSRUWDQFH�

8S WR QRZ QRERG\ KDV EHHQ DEOH WR SURSDJDWH +X&9V HLWKHU LQ H[SHULPHQWDO

DQLPDOV RU WLVVXH FXOWXUHV DQG WKH LQIHFWLRQV FDQ EH YHULILHG RQO\ E\ PROHFXODU PHWKRGV

RQ JHQRPLF OHYHO� ,Q DGGLWLRQ WR WKH UHYHUVH WUDQVFULSWLRQ�SRO\PHUDVH FKDLQ UHDFWLRQ

�57�3&5� XVLQJ IHFDO VDPSOHV �OHVV IUHTXHQWO\ ZDWHU DQG IRRG�� VHTXHQFLQJ DQG
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VXEVHTXHQW SK\ORJHQHWLF DQDO\VLV UHYHDOHG WKH FLUFXODWLRQ RI KLJK QXPEHU RI VWUDLQV DQG

SURYHG WKHLU KHWHURJHQHLW\� DV ZHOO�

'XH WR WKH OLPLWHG GDWD RI DQWLJHQ�EDVHG LQYHVWLJDWLRQV� WKH WD[RQRPLF

FODVVLILFDWLRQ LV EDVHG RQ WKH JHQRP �SRO\PHUDVH DQG�RU FDSVLG UHJLRQ� DQDO\VLV�

&XUUHQWO\� +X&9V DUH VXEGLYLGHG LQWR WZR JHQHUDV DV 1RUZDON�OLNH YLUXVHV DQG

6DSSRUR�OLNH YLUXVHV� LQFOXGLQJ WZR �*,� *,,� DQG RQH �*,,,� JHQRW\SHV� UHVSHFWLYHO\�

:LWKLQ WKH JHQRW\SHV VHYHUDO FODGHV RU FOXVWHUV DUH GHVFULEHG DFFRUGLQJ WR WKH UHVXOWV RI

FRPSDUDWLYH LQYHVWLJDWLRQV RI WKH LQGLYLGXDO YLUXVHV IRXQG LQ GLIIHUHQW JHRJUDSKLFDO

ORFDWLRQV�

%HFDXVH &9V� FRQVLGHULQJ WKHLU LPSRUWDQFH� DUH VWLOO OHVV NQRZQ LQ RXU FRXQWU\�

WKH DLP RI WKLV SUHVHQWDWLRQ ± DV DQ LQWURGXFWLRQ RI WKH IROORZLQJ DFFRPSDQ\LQJ OHFWXUH

RQ WKH ILUVW +XQJDULDQ +X&9 LQYHVWLJDWLRQV ± ZDV WR UHYLHZ WKH LQFUHDVLQJ

HSLGHPLRORJLFDO LPSRUWDQFH DQG UHVHDUFK RI WKHVH YLUXVHV� DQG SURYLGH LQIRUPDWLRQ

DERXW WKH GLDJQRVWLF GHYHORSPHQW IRU WKH GHWHFWLRQ RI +X&9 LQIHFWLRQV LQ +XQJDU\�

3� *� 7251$,�/(+2&=.,

,PSRUWDQFH RI ³&+520DJDU &DQGLGD´ PHGLXP LQ GLIIHUHQWLDWLRQ

RI IRRGERUQH� IRRG VSRLODJH DQG RSSRUWXQLVWLF SDWKRJHQLF \HDVWV

1DWLRQDO &ROOHFWLRQ RI $JULFXOWXUDO DQG ,QGXVWULDO 0LFURRUJDQLVPV� 6]HQW ,VWYiQ 8QLYHUVLW\� 6RPOyL ~W

��±��� +±���� %XGDSHVW� +XQJDU\

&+520DJDU &DQGLGD PHGLXP LV D GLIIHUHQWLDO FXOWXUH PHGLXP� ZKLFK ZDV

RULJLQDOO\ GHYHORSHG IRU VHOHFWLYH LVRODWLRQ DQG SUHVXPSWLYH LGHQWLILFDWLRQ RI VRPH

FOLQLFDOO\ LPSRUWDQW \HDVW VSHFLHV� 2Q &+520DJDU &DQGLGD PHGLXP &DQGLGD DOELFDQV

IRUPV JUHHQ FRORQLHV� &� WURSLFDOLV EOXH�JUD\ FRORQLHV ZLWK GDUN EURZQLVK SXUSOH KDOR�

&� NUXVHL� �,VVDWFKHQNLD RULHQWDOLV� SLQN FRORQLHV ZLWK ZKLWH HGJH� &� JODEUDWD GHHS

SLQN RU SXUSOH FRORQLHV� 7RJHWKHU ZLWK WKH GLIIHUHQFHV LQ FRORQ\ VXUIDFH WKLV PHGLXP LV

FDSDEOH IRU SUHVXPSWLYH LGHQWLILFDWLRQ RI WKH \HDVW VSHFLHV PRVW FRPPRQO\ LVRODWHG

IURP FOLQLFDO PDWHULDO �2GGV DQG %HUQDHUWV� ������ 7KH UHOLDELOLW\ RI &+520DJDU IRU

WKH DERYH�PHQWLRQHG SXUSRVHV ZDV FRQILUPHG E\ RWKHU DXWKRUV DV ZHOO �H�J� )UH\GLHUH

DQG *LOOH� ����D DQG ����E��

7KH SXUSRVH RI RXU ZRUN ZDV WR VWXG\ WKH FDSDFLW\ RI WKLV PHGLXP IRU YLVXDO

GLVFULPLQDWLRQ RI \HDVW VSHFLHV IUHTXHQWO\ LVRODWHG IURP GLIIHUHQW NLQGV RI IRRGVWXIIV

DQG VRPH RSSRUWXQLVWLF SDWKRJHQLF \HDVW VSHFLHV DVVRFLDWHG ZLWK IRRG� ��� VWUDLQV�

LQFOXGLQJ �� W\SH VWUDLQV� ZHUH LQYHVWLJDWHG� 7KH SHUIRUPDQFH RI WKH PHGLXP ZDV
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VWXGLHG E\ VWUHDNLQJ WKH VWUDLQV RQ &+520DJDU &DQGLGD PHGLXP� $IWHU ��±�� K

LQFXEDWLRQ DW �� �&� WKH PRUSKRORJ\ DQG FRORXU RI WKH FRORQLHV ZHUH QRWHG�

7KH LQYHVWLJDWHG VWUDLQV JDYH JUHHQ� EOXH� EOXH�JUHHQ� SLQN� GHHS YLROHW� FODUHW

FRORXUHG� \HOORZ� EHLJH� EURZQLVK DQG ZKLWH FRORXUHG FRORQLHV� ,Q DJUHHPHQW ZLWK WKH

HDUOLHU ILQGLQJV �)UH\GLHUH DQG *LOOH� ����D� WKH DSSHDUDQFH RI WKH FRORQLHV RI WKH

LQYHVWLJDWHG 7ULFKRVSRURQ FXWDQHXP VWUDLQV ZHUH EOXH�JUHHQ� EXW RQ WKH EDVLV RI WKHLU

GLIIHUHQW FRORQ\ PRUSKRORJ\ LW ZDV SRVVLEOH WR GLVWLQJXLVK WKHP IURP &DQGLGD DOELFDQV

DQG &� WURSLFDOLV VWUDLQV� +RZHYHU WKH EURDGHQLQJ RI WKH VSHFWUXP RI WKH LQYHVWLJDWHG

VSHFLHV UHVXOWHG LQ WKH GHWHFWLRQ RI RWKHU JUHHQ RU EOXH�JUHHQ FRORQ\ FRORXUV� H�J� LQ

FDVH RI &DQGLGD ]H\ODQRLGHV� &� VDNH� 'HEDU\RP\FHV SRO\PRUSKXV� '� PDUDPXV DQG

VRPH &U\SWRFRFFXV VSHFLHV� 7KH FRORXU RI WKH FRORQLHV RI WKH GLIIHUHQW VWUDLQV

UHSUHVHQWLQJ WKH VDPH VSHFLHV ZDV WKH VDPH RU YHU\ VLPLODU� LQGLFDWLQJ WKDW WKH PHGLXP

LV VXLWDEOH IRU W\SLQJ WKH VWUDLQV RI QRQ FOLQLFDO \HDVWV� ,Q VRPH FDVHV WKH PHGLXP

SURYHG WR EH XVHIXO LQ UDSLG GLIIHUHQWLDWLRQ RI UHODWHG VSHFLHV SDLUV EHORQJLQJ WR WKH

VDPH JHQHUD DV ZHOO� &+520DJDU &DQGLGD PHGLXP SURYLGHV D IDVW SRVVLELOLW\ WR

VHSDUDWH =\JRVDFFKDURP\FHV EDLOLL IURP =� URX[LL� 'HEDU\RP\FHV KDQVHQL IURP '�

SRO\PRUSKXV DV ZHOO DV 5KRGRWRUXOD JOXWLQLV IURP 5� PXFLODJLQRVD�

6� 7Ï7+
�
� %� ),/,3,ý

�
� )� 6202*<9È5,

�
� .� .29È&6

�
� 5� .25(1

�

,QKLELWLRQ RI FHOO FXOWXUH JURZWK E\ VKRUW LPSXOVHV RI LRQLF FXUUHQW�

HOHFWULF

DQG PDJQHWLF ILHOGV

�'HSDUWPHQW RI %LRWHFKQRORJ\� 8QLYHUVLW\ RI 6FLHQFHV� 6]HJHG� +XQJDU\� �,QVWLWXWH RI 0LFURELRORJ\

DQG ,PPXQRORJ\� 0HGLFDO )DFXOW\� /MXEOMDQD� 6ORYHQLD� �3iQG\ .iOPiQ +RVSLWDO� *\XOD� +XQJDU\

$GKHUHQW FHOO FXOWXUHV RI GLIIHUHQW VSHFLHV RULJLQ ZHUH WUHDWHG ZLWK VKRUW ��� PV�

LPSXOVHV RI GLUHFW LRQLF FXUUHQW� ZHUH VXEPLWWHG WR HOHFWULF ILHOG RU WR PDJQHWLF ILHOG IRU

WKH VDPH SHULRG� 7KH ILHOG IRUFH ZDV ��� 9�FP IRU WKH LRQLF FXUUHQW� ���� 9�FP IRU WKH

HOHFWULF ILHOG DQG �� P7 IRU WKH PDJQHWLF ILHOG� 7KH HQHUJ\ GHQVLWLHV ZHUH ��� u ��
�

-�P
�
� ��� -�P

�
DQG � -�P

�
� UHVSHFWLYHO\� $OO FXOWXUHV VKRZHG D PDUNHG JURZWK LQKLELWLRQ

XSRQ WKUHH FRQVHFXWLYH LPSXOVHV DSSOLHG EHIRUH VHHGLQJ RI WKH FHOOV� $OWKRXJK

FXPXODWLYH SRSXODWLRQ GRXEOLQJ FXUYHV UXQ SDUDOOHO ± LQGLFDWLQJ D VLQJOH PRGXODWLRQ

HYHQW ± WKH HIIHFW FRXOG EH REVHUYHG DW OHDVW IRU �� KRXUV� 7KH JUHDWHVW LQKLELWLRQ ZDV

REVHUYHG ZKHQ HOHFWULF ILHOG ZDV XVHG� $OWKRXJK WKH FXOWXUH FRQGLWLRQV ZRXOG JUHDWO\

LQIOXHQFH WKH JURZWK UHVSRQVHV RI WKH WHVWHG FHOO OLQHV WR WKH HOHFWURPDJQHWLF VWLPXOL� LW

ZDV SURYHQ WKDW WKH UHVSRQVHV FRXOG EH DWWULEXWHG WR WKH FHOOV DQG QRW WR WKH



��� ),567 -2,17 0((7,1*

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

HQYLURQPHQWDO FRQGLWLRQV� ,W LV DOVR DSSDUHQW WKDW WKH HIIHFWLYLWLHV RI WKH WKUHH VWLPXOXV

W\SHV ZHUH PDUNHGO\ GLIIHUHQW� 7KH H[WUHPHO\ KLJK HIILFLHQF\ RI HOHFWULF DQG PDJQHWLF

ILHOGV LQ FRPSDULVRQ WR GLUHFW FXUUHQW XQGHUOLQHV WKH LPSRUWDQFH RI FDUHIXO DVVHVVPHQW

RI WKH HQYLURQPHQWDO ULVN RI WKH HOHFWURPDJQHWLF SROOXWLRQ�

(� 9$5*$
�
� $� 0$5È=

�
� *� 0�5&8ù

�
� /� +(&6(5

�
� .� &6('�

�

(IIHFWV RI GLIIHUHQW RLQWPHQWV ZLWK 6DFFKDURP\FHV FHUHYLVLDH

LQ UHJHQHUDWLRQ RI HSLGHUPLV

�8QLYHUVLW\ RI 0HGLFLQH DQG 3KDUPDF\� 0DURVYiViUKHO\� 5RPDQLD� �)DFXOW\ RI )RRG 6FLHQFH� 6]HQW

,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

:H VWXGLHG WKH HIIHFW RI LQDFWLYDWHG EDNHU¶V \HDVW IRU H[WHUQDO XVH RQ UDEELWV� :H

HOLPLQDWHG WKH HSLGHUPLV IURP H[WHULRU PHPEHUV RI WKH OHJV� PDNLQJ � OHVLRQV ZLWK �

FP GLDPHWHUV DIWHU GHSLODWLRQ� :H SUHSDUHG WKUHH RLQWPHQWV ZLWK LQDFWLYDWHG EDNHU¶V

\HDVW DQG ZH WUHDWHG WKH UDEELWV GLYLGHG LQ WR WKUHH JURXSV�

$OO DQLPDOV KDG � OHVLRQV� 7KH ILUVW OHVLRQ IURP OHIW DQWHULRU OHJ ZDV QRW WUHDWHG�

,W ZDV WKH FRQWURO OHVLRQ� 7KH VHFRQG OHVLRQ IURP OHIW SRVWHULRU OHJ ZDV WUHDWHG ZLWK ��

LQDFWLYDWHG \HDVW LQFRUSRUDWHG LQ RQH RI WKH EDVH PDWHULDO RI RLQWPHQWV� 7KH WKLUG OHVLRQ

IURP ULJKW DQWHULRU OHJ ZDV WUHDWHG ZLWK RQH RI WKH EDVH PDWHULDO RI RLQWPHQWV DQG WKH

IRXUWK ZLWK LQDFWLYDWHG SRZGHU RI \HDVW� :H WUHDWHG WKH UDEELWV ZLWK WKHVH SUHSDUDWLRQV

RQH KRXU DIWHU WKH HSLGHUPLV HOLPLQDWLRQ�

7KH ILUVW JURXS RI UDEELWV ZDV WUHDWHG ZLWK �� LQDFWLYDWHG EDNHU¶V \HDVW

LQFRUSRUDWHG LQ XQJXHQWXP VLPSOH[� ZLWK XQJXHQWXP VLPSOH[ DQG ZLWK SRZGHU RI

LQDFWLYDWHG \HDVW� 7KH VHFRQG JURXS RI UDEELWV ZDV WUHDWHG ZLWK �� LQDFWLYDWHG EDNHU¶V

\HDVW LQFRUSRUDWHG LQ &DUERSRO JHO� ZLWK &DUERSRO JHO DQG ZLWK SRZGHU RI LQDFWLYDWHG

\HDVW� 7KH WKLUG JURXS RI DQLPDOV ZDV WUHDWHG ZLWK �� LQDFWLYDWHG EDNHU¶V \HDVW

LQFRUSRUDWHG LQ XQJXHQWXP HPXOVLILFDQV� ZLWK XQJXHQWXP HPXOVLILFDQV DQG ZLWK

SRZGHU RI LQDFWLYDWHG \HDVW�

$IWHU � GD\V RI WUHDWPHQWV WKH HSLWHOLVDWLRQ SURFHVV ZDV IDVWHU RQ OHVLRQV WUHDWHG

ZLWK LQDFWLYDWHG \HDVW SRZGHU DQG ZLWK �� LQDFWLYDWHG \HDVW LQFRUSRUDWHG LQ &DUERSRO

JHO� $IWHU � GD\V LQ WKLV UHJLRQV WKH OHVLRQV ZDV VRIWHU DQG VPDOOHU� $IWHU � GD\V WKLV

VORXJKV ZDV YHU\ VPDOO DQG YHU\ VRIW�

7KH VFDU SURFHVV ZDV IDVWHU RQ OHVLRQV WUHDWHG ZLWK LQDFWLYDWHG \HDVW SRZGHU�

IROORZHG E\ OHVLRQV WUHDWHG ZLWK �� LQDFWLYDWHG \HDVW LQFRUSRUDWHG LQ &DUERSRO JHO�

:KHQ ZH XVHG WKH �� LQDFWLYDWHG \HDVW LQ EDVH PDWHULDO RI RLQWPHQWV LQ WKH ILUVW JURXS

RI DQLPDOV WKH ZRXQGV ZDV QRUPDO DQG LQ WKH WKLUG JURXS WKHVH ZHUH ELJ DQG FUDFNHG�

7KH OHVLRQV WUHDWHG ZLWK EDVH PDWHULDO RI RLQWPHQWV KHDOHG ODWHU WKDQ WKH XQWUHDWHG

OHVLRQV �FRQWURO OHVLRQV��
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7D[RQRPLF SRVLWLRQ RI WKH F\DQREDFWHULXP FDXVLQJ WR[LF DOJDO EORRPV

LQ ODNH %DODWRQ

�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� �0LFURELRORJLFDO

5HVHDUFK *URXS RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 3�2� %R[ ���� +±����

6]HJHG� +XQJDU\

$ ILODPHQWRXV F\DQREDFWHULXP UHVSRQVLEOH IRU WR[LF DOJDO EORRPV LQ /DNH

%DODWRQ ZDV LVRODWHG DQG FXOWLYDWHG LQ RXU ODERUDWRU\� 0RUSKRORJLFDO H[DPLQDWLRQ RI

WKH LVRODWH OHG WR WKH DVVXPSWLRQ WKDW LW EHORQJV WR WKH VSHFLHV &\OLQGURVSHPRSVLV

UDFLERUVNLL� 7R SURYH WKLV K\SRWKHVLV� QXFOHLF DFLGV ZHUH LVRODWHG IURP WKH LVRODWH� DQG

VHTXHQFH DQDO\VLV RI WKH �� 6 U51$ JHQH ZDV FDUULHG RXW� $ VLPSOH QXFOHLF DFLG

LVRODWLRQ SURWRFRO ZDV GHYHORSHG IRU WKH LVRODWLRQ RI KLJK PROHFXODU ZHLJKW '1$ DQG

51$ VLPXOWDQHRXVO\ IURP ILODPHQWRXV F\DQREDFWHULD� 3ODVPLGV RU SKDJH QXFOHLF DFLGV

ZHUH QRW REVHUYHG LQ WKH WRWDO QXFOHLF DFLG SUHSDUDWLRQV� $ ���� ES IUDJPHQW RI WKH ��

6 U51$ JHQH ZDV DPSOLILHG DQG VHTXHQFHG XVLQJ DSSURSULDWH SULPHUV� $OWRJHWKHU ����

QXFOHRWLGHV ZHUH LQYROYHG LQ WKH SK\ORJHQHWLF DQDO\VLV� 3DUVLPRQ\ DQG QHLJKERXU�

MRLQLQJ DQDO\VHV RI VHTXHQFH GDWD LQGLFDWHG WKDW WKLV LVRODWH LV PRVW FORVHO\ UHODWHG WR &�

UDFLERUVNLL VWUDLQV� DOWKRXJK WKH VHTXHQFH RI LWV �� 6 U51$ JHQH GLIIHUV VLJQLILFDQWO\

������� IURP WKRVH RI $XVWUDOLDQ & � UDFLERUVNLL LVRODWHV� 0RUH &� UDFLERUVNLL LVRODWHV

RI GLYHUVH RULJLQ VKRXOG EH H[DPLQHG WR FODULI\ WKH WD[RQRPLF LGHQWLW\ RI WKLV VWUDLQ�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ DQ ).)3 JUDQW ����������� DQG 27.$

JUDQW �)������� -� 9DUJD ZDV LQ UHFHLSW RI D %RO\DL 5HVHDUFK )HOORZVKLS JUDQW�

-� 9$5*$
�
� %� 7Ï7+

�
� 6=� 6=(1&=

�
� -� 02/1È5

�
� &6� )(.(7(

�
� /� 6=$%Ï

�

0\FRYLUXVHV LQ $VSHUJLOOXV VSHFLHV

�'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� �$JULFXOWXUDO

%LRWHFKQRORJ\ &HQWHU� *|G|OO�� +XQJDU\

0\FRYLUXVHV ZLWK GRXEOH�VWUDQGHG 51$ �GV51$� JHQRPHV DUH IUHTXHQWO\

HQFRXQWHUHG LQ $VSHUJLOOXV LVRODWHV� $ GHWDLOHG VWXG\ RI VXFK GV51$ HOHPHQWV LQ EODFN

$VSHUJLOOXV LVRODWHV FROOHFWHG ZRUOGZLGH ZDV FDUULHG RXW� DQG WKH GDWD ZHUH DQDO\VHG�

7KH UHVXOWV LQGLFDWH WKDW DERXW ��� RI EODFN $VSHUJLOOL DUH LQIHFWHG� +RZHYHU� WKH

JHRJUDSKLF GLVWULEXWLRQ RI LQIHFWHG LVRODWHV H[KLELW ODUJH YDULDWLRQV� �±��� RI WKH

LVRODWHV FROOHFWHG IURP GLIIHUHQW FRQWLQHQWV ZHUH IRXQG WR FDUU\ GV51$ HOHPHQWV�
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+\EULGL]DWLRQ H[SHULPHQWV LQGLFDWHG WKDW HOHFWURSKRUHWLF EDQGLQJ SDWWHUQV DUH QRW

UHOLDEOH WRROV IRU HVWLPDWLQJ WKH GLYHUVLW\ RI WKHVH P\FRYLUXV JHQRPHV� $PRQJ VWUDLQV

UHSUHVHQWLQJ RWKHU $VSHUJLOOXV VHFWLRQV� GV51$ VHJPHQWV LQGLFDWLYH RI P\FRYLUXV

LQIHFWLRQ ZHUH REVHUYHG IRU WKH ILUVW WLPH LQ � $VSHUJLOOXV VSHFLHV �$� OHSRULV� $�

SHWUDNLL� $� SULPXOLQD�� 7KH ODVW VSHFLHV LV DEOH WR UHSURGXFH VH[XDOO\� LWV WHOHRPRUSK LV

1HRVDUWRU\D SULPXOLQD� 7KLV LV WKH VHFRQG UHSRUW RQ WKH GHWHFWLRQ RI QDWXUDOO\�

RFFXUULQJ GV51$V LQ VH[XDOO\ UHSURGXFLQJ $VSHUJLOOXV VSHFLHV� 7KH SUHVHQFH RI YLUXV�

OLNH SDUWLFOHV LQ WKHVH DQG RWKHU $VSHUJLOOL ZDV DOVR H[DPLQHG E\ HOHFWURQ PLFURVFRS\�

0RVW LQIHFWHG $VSHUJLOOXV LVRODWHV H[DPLQHG ZHUH IRXQG WR FDUU\ YLUXV�OLNH SDUWLFOHV LQ

WKH VL]H UDQJH RI ��±�� PP�

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG

�27.$� JUDQWV �)������ DQG �$���� -� 9DUJD ZDV LQ UHFHLSW RI D %RO\DL 5HVHDUFK

)HOORZVKLS JUDQW�

&6� 9È*9g/*<,� 7� 3$33� +� +(,15,&+� *<� /8.È&6� /� )(5(1&=<

*HQHWLF YDULDELOLW\ RI 5KL]RSXV VWUDLQV DVVHVVHG E\ UDQGRP DPSOLILHG

SRO\PRUSKLF '1$ DQDO\VLV DQG FDUERQ VRXUFH XWLOL]DWLRQ WHVWV

�+$6 0LFURELRORJLFDO 5HVHDUFK *URXS� 'HSDUWPHQW RI 0LFURELRORJ\� 8QLYHUVLW\ RI 6]HJHG� 3�2� %R[

���� +±����� 6]HJHG� �'HSDUWPHQW RI 0LFURELRORJ\� )DFXOW\ RI 6FLHQFHV� 8QLYHUVLW\ RI 6]HJHG� 3�2�

%R[ ���� +±����� 6]HJHG� +XQJDU\

5$3' DQDO\VLV DQG FDUERQ VRXUFH XWLOL]DWLRQ WHVWV ZHUH FDUULHG RXW RQ ��

5KL]RSXV LVRODWHV� $ KLJK OHYHO RI LQWUD� DQG LQWHUVSHFLILF JHQHWLF YDULDELOLW\ ZDV

GHWHFWHG� +RZHYHU� � VSHFLHV JURXSV �5K� VWRORQLIHU� 5K� FLUFLQDQV DQG 5K� RU\]DH�

FRXOG EH LGHQWLILHG XQDPELJXRXVO\� 7KH 5K� FLUFLQDQV ZDV RULJLQDOO\ GHVFULEHG DV DQ

LQGHSHQGHQW VSHFLHV� EXW WKH UHFHQW WD[RQRPLF UHYLVLRQ RI WKH JHQXV �FDUULHG RXW RQ D

PRUSKRORJLFDO EDVLV� GLG QRW GLVWLQJXLVK LW IURP 5K� VWRORQLIHU� 2XU UHVXOWV GR QRW

VXSSRUW WKLV DSSURDFK� EXW FOHDUO\ VKRZ WKH QHHG WR KDQGOH 5K� FLUFLQDQV DV D VHSDUDWH

VSHFLHV� 6WUDLQV RI 5K� RU\]DH IRUP D UHODWLYHO\ XQLIRUP JURXS� ERWK WKH SDWWHUQV RI WKH

FDUERQ VRXUFH XWLOL]DWLRQ DQG WKH 5$3' DPSOLILFDWLRQ SURGXFWV ZHUH YHU\ VLPLODU HYHQ

IRU LVRODWHV RULJLQDWLQJ IURP ZLGHO\�VHSDUDWHG SODFHV �H�J� IURP GLIIHUHQW FRQWLQHQWV��

7KHVH GDWD GLVSURYH WKH YLHZ WKDW 5K� RU\]DH LV D KHWHURJHQHRXV JURXS LQ WKH 5KL]RSXV

JHQXV� 7KH PDLQO\ PRUSKRORJLFDO FKDUDFWHUV� XVHG LQ SUHYLRXV WD[RQRPLF ZRUNV RQ WKLV

JHQXV� H[KLELW WRR PXFK YDULDWLRQ WR IRUP WKH EDVLV IRU D ORQJ�VWDQGLQJ WD[RQRP\

DQG�RU D VDIH VSHFLHV GHOLPLWDWLRQ� $FFRUGLQJO\� LQ RXU ZRUN SK\VLRORJLFDO DQG 5$3'
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PDUNHUV ZHUH GHWHUPLQHG ZKLFK DUH VXLWDEOH IRU LGHQWLILFDWLRQ RI WKH LVRODWHV RI WKH

LQYHVWLJDWHG 5KL]RSXV VSHFLHV�

7KLV VWXG\ ZDV VXSSRUWHG E\ 27.$ JUDQW 7�������
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6XOSKDWH�UHGXFLQJ EDFWHULD IURP WKH KHDOWK\ DQG WKH GHJUDGLQJ UHHG

UKL]RVSKHUH RI ODNH 9HOHQFHL

�'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\� %XGDSHVW� �&HQWUDO 'DQXELDQ (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� 6]pNHVIHKpUYiU� +XQJDU\

5KL]RPH RI KHDOWK\ DQG GHJUDGLQJ UHHG VWDQGV DQG VHGLPHQW VDPSOHV IURP /DNH

9HOHQFHL ZHUH WDNHQ LQ -XQH ����� 7R HVWLPDWH WKH &)8 QXPEHU RI WKH VXOSKDWH�

UHGXFLQJ EDFWHULD �65%� LQ WKH UKL]RVSKHUH DQG VHGLPHQW WKH 031 WHFKQLTXH ZDV XVHG�

&XOWLYDWLRQ RI WKH 65% WRRN SODFH LQ DQ DQDHURELF FDELQHW XVLQJ GLIIHUHQW 65% PHGLD

DQG ILQDOO\ � SXUH FXOWXUHV ZHUH REWDLQHG�

7KH ��6 U51$ JHQH RI WKHVH VWUDLQV ZDV VXEMHFWHG WR $5'5$ DQG WZR JURXSV

KDYH EHHQ GHWHFWHG� 7KH SDUWLDO VHTXHQFLQJ RI WKH ��6 U'1$ RI HDFK JURXS ZDV FDUULHG

RXW�

7KH $QDHURELF %,2/2* LGHQWLILFDWLRQ V\VWHP ZDV DSSOLHG WR LQYHVWLJDWH WKH

VROH�FDUERQ�VRXUFH XWLOL]DWLRQ SDWWHUQV RI WKH WZR VHTXHQFHG EDFWHULDO VWUDLQV�

7KH QXPEHU RI 65% LQ WKH UKL]RVSKHUH ZDV DERXW WZR RUGHUV KLJKHU WKDQ LQ WKH

VHGLPHQW� 7KLV FDQ EH GXH WR WKH LQFUHDVHG DPRXQW RI URRW H[XGDWHV� RUJDQLF PDWWHU

IURP WKH ELRGHJUDGDWLRQ SURFHVVHV DQG IHUPHQWDWLRQ SURGXFWV LQ WKH UKL]RVSKHUH�

7KH EDFWHULDO VWUDLQ LVRODWHG IURP WKH UKL]RVSKHUH RI WKH KHDOWK\ UHHG VWDQG

SURYHG WR EH 'HVXOIRYLEULR DOFRKROLYRUDQV DW D VLPLODULW\ YDOXH RI ������ 7KH RWKHU

VWUDLQ LVRODWHG IURP WKH GHJUDGLQJ VWDQG ZDV FORVHVW WR 'HVXOIRYLEULR IUXFWRVLYRUDQV

������� EDVHG RQ SDUWLDO VHTXHQFLQJ� KRZHYHU� ZKHQ WKH IXOO VHTXHQFH RI WKH ��6

U'1$ ZDV DQDO\VHG LW ZDV IRXQG WR EH QHDUO\ LGHQWLFDO ����� ZLWK WKH VHTXHQFH RI DQ

HQYLURQPHQWDO 'HVXOIRYLEULR FORQH REWDLQHG IURP D )UHQFK ZLQH GLVWLOOHU\¶V DQDHURELF

GLJHVWRU�



��� ),567 -2,17 0((7,1*

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

7� =$*25&
�
� 0� 5(61,.

�
� .� 329+( -(0(&

�
� 0� .0(7,&

�
� -� 1(0$1,&

�
� 3� 5$6325

�

7KH LQIOXHQFH RI LQGLJHQRXV ZLQH NLOOHU \HDVW RQ ZKLWH ZLQH

IHUPHQWDWLRQV ± PLFURELRORJLFDO� FKHPLFDO DQG VHQVRULDO HYDOXDWLRQ

�%LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� -DPQLNDUMHYD ���� ���� /MXEOMDQD� �6ORYHQLDQ

$JULFXOWXUDO ,QVWLWXWH� +DFTXHWRYD ��� /MXEOMDQD� 6ORYHQLD

7KH SUREOHP RI WRS TXDOLW\ ZLQH SURGXFWLRQ LV WLJKWO\ FRQQHFWHG ZLWK ZLQH \HDVW

VHOHFWLRQ DQG VWUDLQ LPSURYHPHQW� 6HOHFWHG \HDVW VWUDLQV FDQ SURYLGH EHWWHU FRQWURO RYHU

WKH IHUPHQWDWLRQ SURFHVV� 7KH XVH RI D VHOHFWHG \HDVW VWUDLQ FDQ LPSURYH ZLQH TXDOLW\

DQG VWDELOLW\ LQ YDULRXV GLPHQVLRQV� )RU WKHVH UHDVRQV� \HDVW VHOHFWLRQ LV D FRPPRQ

SUDFWLFH LQ ZLQHPDNLQJ LQGXVWU\� *HQHUDO SUREOHP RI WUDGLWLRQDO VHOHFWLRQV LV WKDW WKH\

DUH RIWHQ WRR PXFK RULHQWHG LQ WKH VHOHFWLRQ RI DQ XQLYHUVDO ZLQH \HDVW VWUDLQ� 2XU

UHVHDUFK ZDV IRFXVVHG DW WKH VHOHFWLRQ RI LQGLJHQRXV ZLQH NLOOHU \HDVW ZLWK EHQHILFLDO

SURSHUWLHV IRU WKH SURGXFW� ZKLFK VKRXOG NHHS WKH WUDGLWLRQDO ORFDO FKDUDFWHULVWLFV RI

ZLQH� 3ULPDU\ VHOHFWLRQ ZDV GRQH RQ WRWDO ZLQH \HDVW SRSXODWLRQ RI ��� LVRODWHV� :H

SHUIRUPHG VHOHFWLRQ RI SRWHQWLDO VWDUWHU FXOWXUH DPRQJ VHYHUDO LQGLJHQRXV ZLQH NLOOHU

\HDVW VWUDLQV RI 6DFFKDURP\FHV JHQXV� ZKLFK ZHUH FKDUDFWHUL]HG UHJDUGLQJ NLOOHU

DFWLYLW\ DQG SODVPLG SURILOHV� )RXU FDUHIXOO\ VHOHFWHG VWUDLQV ZHUH LQRFXODWHG LQ WKH

PXVW RI 0DOYD]LMD� ZKLFK ZDV SUHSDUHG DFFRUGLQJ WR WUDGLWLRQDO VWDQGDUGL]HG

WHFKQRORJ\� )HUPHQWDWLRQ SURFHVV DQG LWV G\QDPLF ZHUH IROORZHG PLFURELRORJLFDOO\

DQG FKHPLFDOO\ GXULQJ WKH IHUPHQWDWLRQ WLPH FRXUVH� DQG VHQVRULFDOO\ DV ZHOO� :LWK

PLFURELRORJLFDO DVVD\V ZH WUDFH NLOOHU FKDUDFWHU RI LVRODWHG \HDVW JHQHUDWHG IURP WKH

VWDUWHU FXOWXUH LQ IRXU FRQVHFXWLYH VDPSOLQJ SRLQWV IURP IHUPHQWRUV� )XUWKHU WKH

SURSRUWLRQ RI NLOOHU VWDUWHU YV� QDWXUDO IORUD ZDV HVWLPDWHG E\ NDU\RW\SLQJ� ,W ZDV IRXQG

WKDW LQGLJHQRXV IORUD ZDV UHDOO\ VXSSUHVVHG E\ NLOOHU LQRFXOXP� :LWK QXPHURXV

FKHPLFDO DVVD\V ZH IROORZHG DFFXPXODWLRQ RI DPLQR DFLGV� SURGXFWLRQ RI HWKDQRO DQG

KLJKHU DOFRKROV� FRQYHUVLRQ RI VXJDUV� OHYHO RI RUJDQLF DFLGV DV ZHOO DV WUDGLWLRQ

HQRORJLFDO SDUDPHWHUV ZKDW JDYH DQ H[FHOOHQW YLHZ RQ \HDVW IURP SURGXFW SRLQW RI

YLHZ� 6LQFH FKHPLFDO VWDWXV RI ZLQH LV QRW VXIILFLHQW IRU ILQDO GHFLVLRQ RQ LWV TXDOLW\� D

WHVWLQJ SHQDO ZDV SHUIRUPHG DV ZHOO� 0XVW WUDQVIRUPDWLRQ WR ZLQH ZDV IROORZHG

VHQVRULFDOO\ ZLWK DQ H[SHUW� KRZHYHU DIWHU ILYH PRQWKV RI PDWXUDWLRQ WKH SURGXFHG ZLQH

ZDV HYDOXDWHG DFFRUGLQJ WR WKH RIILFLDO PHWKRG RI 2,9 ZLWK KLJKO\ VNLOOHG SHUVRQV� ,W LV

HQFRXUDJLQJ WR FRQFOXGH WKDW RQH RI WKH VHOHFWHG ZLQH NLOOHU VWUDLQV SURGXFHG WKH PRVW

IDYRXUDEOH ZLQH FRPSDUHG WR VSRQWDQHRXV IHUPHQWDWLRQ SURFHVV DQG VRPH LQGXVWULDO

VWDUWHU FXOWXUHV IURP WKH PDUNHW WHVWHG LQ WKH VDPH 0DOYD]LMD PXVW�
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$QWLP\FRWLF VHQVLWLYLW\�UHVLVWDQFH RI &DQGLGD DOELFDQV DQG QRQDOELFDQV

VSHFLHV

0\FRORJLFDO 'HSDUWPHQW� ³-RKDQ %pOD´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

7KHUH DUH VHYHUDO PHFKDQLVPV GHIHQGLQJ WKH KXPDQ EHLQJ DJDLQVW LQIHFWLRQV RI

\HDVWV FRORQL]LQJ WKH PXFRVD DQG VNLQ VXUIDFHV RI WKH KXPDQ ERG\ RU HQYLURQPHQWDO

YHFWRUV �HTXLSPHQW� IRRG� ����� KRZHYHU� PLQRU GHIHFW RI WKH LPPXQV\VWHP LV HQRXJK IRU

LQIHFWLRQ FDXVHG E\ WKH PRVW YLUXOHQW &� DOELFDQV VWUDLQV�

7KH KLJKHU ODFN RI LPPXQGHIHQVH FDQ OHDG WR VHYHUH LQYDVLYH P\FRVHV DQG FDQ

JLYH RSSRUWXQLW\ IRU LQIHFWLRQV E\ WKH RWKHU OHVV YLUXOHQW IXQJDO VSHFLHV�

7KH VSHFWUXP RI WKH SDWKRJHQ \HDVWV KDV FKDQJHG DQG H[WHQGHG EHFDXVH RI WKH

LQFUHDVHG QXPEHU RI QHXWURSHQLF SDWLHQWV� SDUHQWHUDO IHHGLQJ� XVLQJ RI FDWKHWHUV� HWF��

DQG XVDJH RI WKH �VRPHWLPHV H[FHVVLYH� D]ROH DQWLIXQJDO WKHUDS\�

:KLOH LQ WKH ����¶ DQG ����¶ WKH FRQVLGHUDWLRQ ZDV IRFXVVHG RQ WKH &�

WURSLFDOLV DQG &� SDUDSVLORVLV� LQ WKH ����¶ WKH IOXFRQD]ROH UHVLVWDQW &� NUXVHL DQG &�

JODEUDWD KDV EHFRPH PRVW LPSRUWDQW�

7KHUH DUH HPHUJLQJ QHZ WDVNV LQ WKH P\FRORJLFDO GLDJQRVWLFV IRU H[DFW

LGHQWLILFDWLRQ DQG GHWHUPLQDWLRQ RI WKH DQWLP\FRWLF VHQVLWLYLW\�UHVLVWDQFH RI WKH LVRODWHG

VWUDLQV EHFDXVH RI WKH FKDQJLQJ RI WKH VSHFWUXP RI WKH SDWKRJHQ VSHFLHV�

:H KDYH WHVWHG WKH DQWLP\FRWLF IOXFRQD]RO �)OX�� LWUDFRQD]RO �,WU�� DPSKRWHULFLQ

% �$P%�� NHWRFRQD]RO �.HW�� PLFRQD]RO �0LF�� Q\VWDWLQ �1\V�� VHQVLWLYLW\�UHVLVWDQFH RI

WKH PRVW FRPPRQ &DQGLGD DOELFDQV VWUDLQV ����� DQG ³QRQDOELFDQV´ &DQGLGD VWUDLQV

������ &DQGLGD FROOLFXORVD ���� &� JODEUDWD ����� &� JXLOOLHUPRQGLL �,�� &� LQFRQVSLFXD

���� &� NHI\U ���� &� NUXVHL ����� &� OLSRO\WLFD ���� &� OXVLWDQLDH ���� &� PDJQROLDH ���� &�

QRUYHJHQVLV ����� &� SDUDSVLORVLV ����� &� WURSLFDOLV ����� DQG *HRWULFKXP FDQGLGXP

���� *� VS� ���� 5KRGRWRUXOD VS� ���� 6DFFKDURP\FHV FHUHYLVLDH ����� 7ULFKRVSRURQ

EHLJHOLL ���� 7� FDSLWDWXP ���� 7� VS� ��� E\ (WHVW� )XQJLWHVW DQG GLVN GLIIXVLRQ LQ ����±

���� �,±,, TXDUWHU�

:KLOH WKH ODUJH DPRXQW RI WKH &DQGLGD DOELFDQV VWUDLQV ZDV SURYHG WR EH

VHQVLWLYH RU LQWHUPHGLDWH VHQVLWLYH WR WKH WHVWHG DQWLP\FRWLFV RWKHU \HDVW VSHFLHV

�&DQGLGD JODEUDWD� &DQGLGD NUXVHL� &DQGLGD OXVLWDQLDH� &DQGLGD QRUYHJHQVLV�

&DQGLGD SDUDSVLORVLV� &DQGLGD WURSLFDOLV� 6DFFKDURP\FHV FHUHYLVLDH� VHHPHG WR EH

UHVLVWDQW LQ KLJKHU UDWH LQ FDVH RI VRPH DQWLP\FRWLFV �)OX� ,WU� .HW� $P%�� 7KH

GHYHORSPHQW RI UHVLVWDQFH DJDLQVW Q\VWDWLQ� PLFRQD]ROH� KRZHYHU� ZDV QRW IRXQG

LPSRUWDQW�
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6XPPDU\�

�� $ UHYLVLRQ RI WKH OLVW RI ± PDLQO\ IOXFRQD]ROH ± UHVLVWDQW &DQGLGD VSHFLHV PXVW

EH PDGH�

�� 7KH LGHQWLILFDWLRQ DQG GLVFULPLQDWLRQ RI WKH ELRFKHPLFDOO\ VLPLODU &DQGLGD

VSHFLHV VKRXOG EH PDGH YHU\ FDUHIXOO\� DV WHVW NLWV FRPPHUFLDOO\ DYDLODEOH PLJKW FDXVH

VRPH SUREOHPV�

�� 7KH SUREOHPDWLFV RI PRQLWRULQJ� WKHUDS\ DQG SURILOD[LV VKRXOG EH

UHFRQVLGHUHG EHFDXVH RI WKH LQFUHDVHG QXPEHU RI $PSKRWHULFLQ % UHVLVWDQW LVRODWHV

�PDLQO\ LQ FDVH RI &� NUXVHL��
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*HQHWLF SUREOHPV RI SHQLFLOOLQ�UHVLVWDQW SQHXPRFRFFL

'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\� 7KH 0HGLFDO 6FKRRO� 8QLYHUVLW\ RI (GLQEXUJK� 7HYLRW 3ODFH�

(GLQEXUJK (+� �$*� 8.

6WUHSWRFRFFXV SQHXPRQLDH LV D FRPPRQ FDXVH RI VHYHUH FRPPXQLW\�DFTXLUHG

SQHXPRQLD� )RU PDQ\ GHFDGHV� WKLV SDWKRJHQ KDV EHHQ WUHDWHG VXFFHVVIXOO\ ZLWK

SHQLFLOOLQ DQG XQWLO UHFHQWO\� KDV UHPDLQHG VHQVLWLYH� +RZHYHU� ZLWKLQ WKH ODVW GHFDGH�

WKHUH KDV EHHQ D VWHDG\ LQFUHDVH LQ SHQLFLOOLQ UHVLVWDQFH� ZKLFK KDV� LQ VRPH DUHDV�

UHVXOWHG LQ WKH PRUH WKDQ ��� RI LVRODWHV ORVLQJ WKHLU VHQVLWLYLW\� 7KLV GHFUHDVH LQ

VXVFHSWLELOLW\ LV PDQLIHVWHG E\ FKDQJHV LQ WKH SHQLFLOOLQ ELQGLQJ SURWHLQV� SDUWLFXODUO\

E\ WKH IRUPDWLRQ RI PRVDLF JHQHV� 7KH DFTXLVLWLRQ RI SHQLFLOOLQ�UHVLVWDQFH LV

DFFRPSDQLHG E\ D FRUUHVSRQGLQJ LQFUHDVH WR PRVW RI WKH EHWD�ODFWDP DQWLELRWLFV�

LQFOXGLQJ WKH FDUEDSHQHPV� ,QWHUHVWLQJO\� WKH SURSRUWLRQDO LQFUHDVH WR FHSKDORVSRULQ

UHVLVWDQFH LV KLJKHU UDLVLQJ WKH TXHVWLRQ ZKHWKHU WKHLU XVDJH KDV SURPRWHG WKH VHOHFWLRQ

RI EHWD�ODFWDP UHVLVWDQFH� 7KH EDFWHULD WKDW EHFRPH UHVLVWDQW WR EHWD�ODFWDPV DUH DOVR

OLNHO\ WR EHFRPH UHVLVWDQW WR WKH PDFUROLGHV� VXJJHVWLQJ WKDW WKHVH VWUDLQV KDYH D SUH�

GLVSRVLWLRQ WRZDUGV WKH DFTXLVLWLRQ RI UHVLVWDQFH�

7KHVH EDFWHULD GR QRW� KRZHYHU� KDYH DQ LQQDWH FDSDELOLW\ WR EHFRPH UHVLVWDQW WR

WKH IOXRURTXLQRORQHV� 7KHUH DUH D QXPEHU RI QHZ IOXRURTXLQRORQHV FXUUHQWO\ WDUJHWHG DW

SQHXPRFRFFL� 5HVLVWDQFH FDQ HPHUJH WR WKHP EXW DW D UHODWLYHO\ ORZ IUHTXHQF\� 7KHUH

LV VRPH GHEDWH DV WR ZKLFK LV WKH PDLQ WDUJHW RI WKHVH QHZ IOXRURTXLQRORQHV� DQG WKXV

ZKLFK PXWDWLRQV FRQWULEXWH PRVW WR UHVLVWDQFH� 7KH WUDGLWLRQDO YLHZ LV WKDW WKH PDLQ

WDUJHW LV 7RSRLVRPHUDVH ,9� EXW WKHUH LV LQFUHDVLQJ HYLGHQFH WR VXJJHVW WKDW WKH *\UDVH

$ VXEXQLW LV� DV LW LV LQ *UDP�QHJDWLYH EDFWHULD� WKH SULPDU\ WDUJHW RI WKH

IOXRURTXLQRORQHV DQG WKDW PXWDWLRQV LQ WKLV SURWHLQ DUH WKH PDMRU FDXVH RI UHVLVWDQFH�

$ PDMRU GLIILFXOW\ LQ IROORZLQJ WKH HSLGHPLRORJ\ RI UHVLVWDQFH KDV EHHQ LQ WKH

W\SLQJ RI WKH EDFWHULD� 7KH\ DUH WUDGLWLRQDOO\ W\SHG E\ VHURORJ\� KRZHYHU� PRUH UHFHQW

JHQRW\SLQJ WHFKQLTXHV GR VKRZ FRQVLGHUDEOH YDULDWLRQ ZLWKLQ D VLQJOH VHURW\SH

VXJJHVWLQJ WKDW LW PD\ EH GLIILFXOW WR LGHQWLI\ FORQDO VSUHDG� DQG WKXV HSLGHPLF

IRUPDWLRQ� LI SKHQRW\SLQJ LV XVHG DORQH�
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2[DFLOOLQDVH DFWLYLW\ LQ FOLQLFDO LVRODWHV RI ERUGHUOLQH PHWKLFLOOLQ UHVLVWDQW

6WDSK\ORFRFFXV DXUHXV

�'HSDUWPHQW RI 3KDUPDFRORJ\� �'HSDUWPHQW RI +XPDQJHQHWLF� '(2(&� 'HEUHFHQ� +XQJDU\

6WDSK\ORFRFFXV DXUHXV LV RQH RI WKH PRVW WKUHDWHQLQJ *UDP�SRVLWLYH FOLQLFDO

SDWKRJHQ� ZKLFK ZLWK LQFUHDVHG ��ODFWDP UHVLVWDQFH FDQ FDXVH PDQ\ WKHUDSHXWLFDO

IDLOXUHV� $W ILUVW WKH SHQLFLOOLQ UHVLVWDQFH� WKHQ VRRQ DIWHU WKH LQWURGXFWLRQ RI PHWKLFLOOLQ

WKH DSSHDUDQFH RI PHWKLFLOOLQ UHVLVWDQW ZDV GHVFULEHG� 0HWKLFLOOLQ UHVLVWDQFH LV WHUPHG

LQWULQVLF GXH WR WKH SURGXFWLRQ RI DQ DGGLWLRQDO� ORZ DIILQLW\ SHQLFLOOLQ�ELQGLQJ SURWHLQ�

5HFHQWO\� 6� DXUHXV VWUDLQV ZLWK ERUGHUOLQH PHWKLFLOOLQ UHVLVWDQFH KDYH EHHQ LGHQWLILHG�

%RUGHUOLQH SKHQRW\SH FDQQRW EH DWWULEXWHG VROHO\ WR WKH FODVVLFDO SHQLFLOOLQDVH� VLQFH D

VHFRQG� PHWKLFLOOLQ K\GURO\VLQJ HQ]\PH �PHWKLFLOOLQDVH� LV SURGXFHG�

7KH DLP RI RXU ZRUN ZDV WR VHDUFK ERUGHUOLQH PHWKLFLOOLQ UHVLVWDQFH VWUDLQV

DPRQJ FOLQLFDO LVRODWHV RI 6� DXUHXV LQ RUGHU WR VWXG\ WKH UHVLVWDQFH PHFKDQLVP�

:H KDYH ZRUNHG ZLWK DOWRJHWKHU �� FOLQLFDO LVRODWHV DQG DFFRUGLQJ WR WKHLU 0,&

YDOXHV IRXU ZHUH IRXQG WR EH ERUGHUOLQH UHVLVWDQW� ,Q WKH SUHVHQFH RI ��ODFWDPDVH

LQKLELWRUV �FODYXODQLF DFLG� VXOEDFWDP� WKHLU 0,& YDOXHV WR R[DFLOOLQ ZHUH UHGXFHG� 7R

GHWHUPLQH WKH HQ]\PH DFWLYLW\� ZH XVHG ZKROH FHOOV DV HQ]\PH VRXUFHV� :H PHDVXUHG

WKH ��ODFWDPDVH DFWLYLW\ ZLWK DQG ZLWKRXW PHWKLFLOOLQ LQGXFWLRQ� $OO WKH IRXU VWUDLQV

SURGXFHG LQGXFLEOH ��ODFWDPDVHV� 7KH LQGXFWLRQ UDWLRV �WKH UDWLRV RI WKH ��ODFWDPDVH

DFWLYLWLHV RI WKH LQGXFHG DQG XQLQGXFHG FHOOV� ZHUH EHWZHHQ �� DQG ��� )RU W\SLQJ ��

ODFWDPDVHV ZH XVHG ��ODFWDPDVH UHIHUHQFH VWUDLQV� $FFRUGLQJ WR WKH DFWLYLWLHV RI WKH

FHID]ROLQ�FHSKDORULGLQH DQG QLWURFHILQ�FHID]ROLQ UDWLR� WKH ��ODFWDPDVHV SURGXFHG E\ WKH

IRXU VWUDLQV SURYHG WR EH W\SH $�

)RU WKH PHDVXUHPHQW RI WKH K\GURO\VLV RI R[DFLOOLQ ZH HODERUDWHG WZR GLIIHUHQW

PHWKRGV� ,Q WKH ILUVW RQH� WKH K\GURO\VLV RI R[DFLOOLQ ZDV GHWHUPLQHG

VSHFWURSKRWRPHWULFDOO\� 1LWURFHILQ ZDV DSSOLHG DV FRQWURO FRPSRXQG� 7KH R[DFLOOLQ ZDV

K\GURO\VHG E\ WKH FHOOV LQ GHWHFWDEOH H[WHQW� 7KH ZKROH�FHOO SUHSDUDWLRQ FRQWDLQHG ERWK

WKH H[WUDFHOOXODU DQG PHPEUDQH�ERXQG ��ODFWDPDVHV� 7R FODULI\ ZKHWKHU WKH

H[WUDFHOOXODU RU WKH PHPEUDQH�ERXQG HQ]\PH ZDV UHVSRQVLEOH IRU WKH K\GURO\VLV RI

R[DFLOOLQ� ZH LVRODWHG H[WUDFHOOXODU HQ]\PHV DQG SXULILHG E\ DIILQLW\ FKURPDWRJUDSK\�

7KHVH SUHSDUDWLRQV GLG QRW K\GURO\VH R[DFLOOLQ LQ GHWHFWDEOH H[WHQW� ,Q WKH VHFRQG

PHWKRG� PHPEUDQHV ZHUH SUHSDUHG LQ RUGHU WR GHPRQVWUDWH WKDW R[DFLOOLQDVH DFWLYLW\

RULJLQDWHG IURP WKH PHPEUDQH IUDFWLRQ� 7KH LVRODWHG PHPEUDQHV ZHUH SUHLQFXEDWHG

ZLWK R[DFLOOLQ VROXWLRQ� DQG WKH UHVLGXDO FRQFHQWUDWLRQV RI R[DFLOOLQ ZHUH PHDVXUHG E\

DJDU GLIIXVLRQ PHWKRG XVLQJ %DFLOOXV VXEWLOLV WHVW VWUDLQ� 7KH LVRODWHG PHPEUDQHV ZHUH
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DEOH WR VSOLW R[DFLOOLQ� 2XU REVHUYDWLRQV FRQILUPHG WKH ILQGLQJV WKDW D PHPEUDQH�ERXQG

R[DFLOOLQDVH LV UHVSRQVLEOH IRU WKH ERUGHUOLQH PHWKLFLOOLQ UHVLVWDQFH LQ 6� DXUHXV VWUDLQV�
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1XFOHLF DFLG LQYHVWLJDWLRQV RI WKH DFXWH EHH SDUDO\VLV YLUXV

DQG GHYHORSPHQW RI D GLDJQRVWLF 3&5 DVVD\

�'HSDUWPHQW RI 0LFURELRORJ\ DQG ,QIHFWLRXV 'LVHDVHV� �'HSDUWPHQW RI 3DWKRORJ\ DQG )RUHQVLF

9HWHULQDU\ 0HGLFLQH� )DFXOW\ RI 9HWHULQDU\ 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

$Q XQXVXDO DGXOW EHH DQG EURRG PRUWDOLW\ ZDV REVHUYHG LQ VRPH FRORQLHV RI DQ

DSLDU\ QHDU %XGDSHVW� ,Q KHDOWK\ KRQH\ EHH SXSDH LQIHFWHG E\ DQ LQMHFWLRQ RI EDFWHULD

IUHH H[WUDFW RI WKH GLVHDVHG DGXOW EHHV D YLUXV ZDV GHWHFWHG E\ HOHFWURQ PLFURVFRS\� DQG

WKH YLUXV ZDV ODWHU LGHQWLILHG DV DFXWH SDUDO\VLV YLUXV �$39� E\ VHURORJLFDO

LQYHVWLJDWLRQV�

7KH LVRODWH ZDV SURSDJDWHG E\ LQWUD�DEGRPLQDO LQMHFWLRQ RI ZKLWH� RU OLJKW

EURZQ�H\HG SXSDH IURP V\PSWRPOHVV FRORQLHV� 7KH SXSDH ZHUH PDLQWDLQHG DW �� �&

IRU WKUHH GD\V DQG ZHUH KRPRJHQL]HG DIWHUZDUGV� 9LUXVHV ZHUH SXULILHG IURP WKH

VXVSHQVLRQ DQG FRQFHQWUDWHG E\ FDHVLXP�FKORULGH JUDGLHQW XOWUDFHQWULIXJDWLRQ� 7KH

YLUDO 51$ ZDV LVRODWHG DQG F'1$ ZDV V\QWKHWL]HG E\ ROLJR �G7� SULPHU PHWKRG� 7KH

F'1$ ZDV DPSOLILHG XVLQJ YLUXV�VSHFLILF SULPHUV DQG SULPHUV GHVLJQHG XQGHU

FRQVHUYHG VHTXHQFHV RI UHODWHG SLFRUQDYLUXVHV� 7KH SRO\PHUDVH FKDLQ UHDFWLRQ �3&5�

SURYLGHG VSHFLILF SURGXFWV� $ 3&5 SURGXFW ZDV VHTXHQFHG DQG DOLJQHG WR RWKHU

VHTXHQFHV DYDLODEOH DW JHQHEDQN GDWDEDVH� 7KH KLJKHVW FRQVHQVXV ZDV IRXQG ZLWK D

VHTXHQFH IUDJPHQW RI DQ $39 VWUDLQ LVRODWHG LQ WKH 8QLWHG .LQJGRP� 1RZ ZH DUH

FRQFHUQHG ZLWK VHTXHQFLQJ IXUWKHU SDUWV RI WKH JHQRPH�

9LUDO QXFOHLF DFLG ZDV GHWHFWHG GLUHFWO\ E\ 57�3&5 IURP VRPH EHH VDPSOHV

IURP DSLDULHV RI ILYH FRXQWLHV RI +XQJDU\� :H ZRXOG OLNH WR VXUYH\ WKH GLVWULEXWLRQ RI

WKH DFXWH SDUDO\VLV YLUXV LQ WKH +XQJDULDQ DSLDULHV XVLQJ 57�3&5� :H ZRXOG DOVR OLNH

WR SURRI WKH SUHVHQFH RI RWKHU EHH SDWKRJHQ YLUXVHV E\ SURSDJDWLRQ LQ SXSDH DQG

HOHFWURQ PLFURVFRSLF LQYHVWLJDWLRQV�

2XU UHVHDUFK ZDV VXSSRUWHG E\ 27.$ &��� DQG 7������ SURMHFWV�
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$� %$.26� $� 9È5.21<,� -� 0,1È529,76� /� %È7.$,

(IIHFW RI VLPXODWHG PLFURJUDYLW\ RQ KXPDQ O\PSKRF\WHV

0LFURELRORJLFDO 5HVHDUFK *URXS� ³-RKDQ %pOD´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

'XULQJ VSDFH IOLJKW WKH IXQFWLRQ RI WKH LPPXQH V\VWHP FKDQJHV VLJQLILFDQWO\�

7KLV LV SDUWO\ GXH WR PLFURJUDYLW\ FRQGLWLRQ LWVHOI� :H ZLVKHG WR DQDO\VH PHFKDQLVPV

UHVSRQVLEOH IRU FKDQJLQJ OHXNRF\WH IXQFWLRQV LQ ORZ JUDYLW\ HQYLURQPHQW� )RU WHUUHVWULDO

VLPXODWLRQ RI PLFURJUDYLW\ ZH XVHG D 5RWDU\ &HOO &XOWXUH HTXLSPHQW GHYHORSHG E\

1$6$�

:H LQYHVWLJDWHG WKH HIIHFW RI VLPXODWHG PLFURJUDYLW\ RQ VHSDUDWHG KXPDQ

SHULSKHUDO EORRG O\PSKRF\WHV� 'LIIHUHQW FHOO SRSXODWLRQV ZHUH GHWHFWHG ZLWK WKH KHOS RI

)ORZ &\WRPHWHU �&RXOWHU (SLFV;/� E\ DQWLERGLHV FRQMXJDWHG WR IOXRUHVFHQW G\HV �DQWL

&'��3(� DQWL &'��3( DQG DQWL &'���3&��� 6LQFH WKH PLFURJUDYLW\ GXULQJ VSDFH IOLJKW

UHGXFHV WKH QXPEHU RI SHULSKHUDO O\PSKRF\WHV ZH VXSSRVHG WKDW DSRSWRWLF

�SURJUDPPHG FHOO GHDWK� SURFHVVHV PLJKW EH LQGXFHG� 7KLV K\SRWKHVLV ZDV VXSSRUWHG

E\ RXU HDUOLHU UHVXOW GHPRQVWUDWLQJ WKDW VLPXODWHG PLFURJUDYLW\ LQFUHDVHG WKH OHYHO RI

7XPRU 1HFURVLV )DFWRU�DOSKD �D NQRZQ DSRSWRWLF VLJQDO PROHFXOH� VLJQLILFDQWO\�

)RU WKH GHWHFWLRQ RI DSRSWRVLV ZH DSSOLHG WKH $QQH[LQ�9 SURSLGLXP�LRGLGH

$VVD\ ZKLFK LV EDVHG RQ WKH DSSHDUDQFH RI SKRVSKDWLGLO�VHULQH �36� LQ WKH RXWHU OHDIOHW

RI WKH PHPEUDQH� 36 LV UHFRJQL]HG E\ ),7& FRQMXJDWHG $QQH[LQ�9 SURWHLQ� $V

SURSLGLXP�LRGLGH FDQQRW SHQHWUDWH WKURXJK LQWDFW PHPEUDQHV� WKLV '1$ ELQGLQJ

IORUHVFHQW G\H GLVFULPLQDWHV EHWZHHQ FHOOV ZLWK DSRSWRWLF 36 GLVWULEXWLRQ DQG GLVUXSWHG

FHOOV �FDXVHG E\ RWKHU PHFKDQLVPV� ZLWK 36 LQ WKH LQQHU OHDIOHW RI PHPEUDQH�

'XULQJ D WKUHH GD\V SHULRG RI REVHUYDWLRQ VLPXODWHG PLFURJUDYLW\ GLG QRW DIIHFW

WKH SHUFHQWDJH RI DSRSWRWLF FHOOV LQ 7 KHOSHU �&'��� RU F\WRWR[LF 7 �&'��� FHOO

SRSXODWLRQV� 2Q WKH FRQWUDU\� WKH SHUFHQWDJH RI % FHOOV �&' ���� G\LQJ E\ SURJUDPPHG

FHOO GHDWK VKRZHG D VLJQLILFDQW LQFUHDVH RYHU FRQWURO�

%� %$1,=6� &6� -(1(<� 2� '2%$<� (� È'È0� ,� 1È6=

7KH HIIHFW RI PXWDQW 5DE � HQGRVRPDO SURWHLQV RQ DGHQRYLUDO YLURSH[LV

,QVWLWXWH RI 0HGLFDO 0LFURELRORJ\� 6HPPHOZHLV 8QLYHUVLW\� %XGDSHVW� +XQJDU\

7KH IXQFWLRQ DQG WKH PDWHULDO FLUFXODWLRQ RI WKH HDUO\ HQGRVRPDO FRPSDUWPHQWV

WKDW SOD\ DQ LPSRUWDQW UROH LQ DGHQRYLUDO YLURSH[LV DUH DIIHFWHG E\ GLIIHUHQW SURWHLQ
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FRQWDLQLQJ V\VWHPV� 7KH IXQFWLRQ RI WKHVH SURWHLQV LV RIWHQ HVVHQWLDOO\ LPSRUWDQW� 7KH

H[DPLQDWLRQ RI PXWDQWV RI WKHVH SURWHLQV JLYHV LPSRUWDQW GHWDLOV RQ WKH LQWHUDFWLRQ

EHWZHHQ WKH YLUXV DQG WKH KRVW FHOO�

2XU IRUPHU LQYHVWLJDWLRQV SURYHG WKDW WKH LQDFWLYDWHG HSVLORQ &23 SURWHLQ LV

DEOH WR SDUWLDOO\ LQKLELW WKH YLUXV SHQHWUDWLRQ WR WKH FHOO� $V 5DE � SURWHLQV VLPLODUO\

SOD\ D EDVLF UROH LQ WKH HQGRVRPDO PDWHULDO FLUFXODWLRQ� LQ WKLV VWXG\ ZH H[DPLQHG WKH

HIIHFW RI WKHVH SURWHLQV RQ WKH DGHQRYLUDO YLURSH[LV� 2XU GDWD VXJJHVW WKDW WKH PXWDQW

5DE � 1���, ZLWK GRPLQDQW QHJDWLYH HIIHFW VXUSULVLQJO\ LQFUHDVHV WKH YLUDO HQWU\�

DOWKRXJK LW LQKLELWV WKH IOXLG SKDVH HQGRF\WRVLV LQ WKH RWKHU KDQG� :H SUHVXPH WKDW WKH

FKDQJH LQ WKH G\QDPLFV RI WKH HQGRVRPDO PDWHULDO FLUFXODWLRQ VWDQGV LQ WKH EDFNJURXQG�

,� %$5&6
�
� (� )2'25

�
� *<� 6=$%Ï

�
� 7� (5'�6,

�
� *� %$-Ï

�
� (� 1$*<

�
� (� /8':,*

�

)DPLO\�FDUULDJH RI D 6WDSK\ORFRFFXV DXUHXV VWUDLQ H[DPLQHG E\ FODVVLFDO

DQG PROHFXODU PLFURELRORJ\ PHWKRGV

�%DMFV\�=VLOLQV]N\ 0XQLFLSDO +RVSLWDO� %XGDSHVW� �'HSDUWPHQW RI &OLQLFDO 0LFURELRORJ\� 0HGLFDO

)DFXOW\� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� �,QVWLWXWH RI WKH 1DWLRQDO 3XEOLF +HDOWK DQG 0HGLFDO 2IILFHU

6HUYLFH� %XGDSHVW� �1DWLRQDO &HQWUH IRU (SLGHPLRORJ\� %XGDSHVW� �6W� /HVOLH¶V +RVSLWDO� %XGDSHVW�

+XQJDU\

6WDSK\ORFRFFXV DXUHXV VWUDLQ LVRODWHG IURP D FKURQLF UHFLGLYDO IXUXQFOH DQG LWV

IDPLO\ VSUHDG ZDV H[DPLQHG� 7KH VWUDLQ ZDV LVRODWHG IURP IXUXQFXORXV ZRXQG RI D ���

\HDU�ROG JLUO DQG DOVR IURP QRVH RU KDQG VDPSOHV RI KHU SDUHQWV DQG RI WZR VLVWHUV�

%LRW\SLQJ E\ 67$3+<WHVW ��� %%/ &U\VWDO *UDP SRVLWLYH ,' DQG $7% ,' 6WDSK

SDQHOV� DQWLELRJUDPV� SKDJH SDWWHUQV� SXOVHG ILHOG JHO HOHFWURSKRUHWRJUDPV DQG $3�

3&5 SDWWHUQV VXJJHVW WKH SUHVHQFH RI WKH VDPH FORQH ZLWKLQ WKH IDPLO\�
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.� %È1<$,
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� -� 5� *(176&+

�
� '� '� *5,)),1

�
� -� +2/0(6

�
� 5� ,� */$66

�
� 0� Ò-

�
�

*� 5(87(5
���
� *<� 6=%&6

�

,QYHVWLJDWLRQ RI KXPDQ URWDYLUXV VWUDLQV LQ VL[ FRQVHFXWLYH URWDYLUXV

VHDVRQV LQ +XQJDU\

�5HJLRQDO /DERUDWRU\ RI 9LURORJ\� %DUDQ\D &RXQW\ ,QVWLWXWH RI WKH 6WDWH 3XEOLF +HDOWK 6HUYLFH� 3pFV
�9LUDO *DVWURHQWHULWLV 6HFWLRQ� 'LYLVLRQ RI 9LUDO DQG 5LFNHWWVLDO 'LVHDVHV� &HQWHUV IRU 'LVHDVH &RQWURO

DQG 3UHYHQWLRQ� $WODQWD �*$�� 86$� �'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� 0HGLFDO

)DFXOW\� 3pFV 8QLYHUVLW\� 3pFV� +XQJDU\

+XPDQ URWDYLUXVHV DUH WKH PDMRU HWLRORJLF DJHQWV RI YLUDO DFXWH JDVWURHQWHULWLV LQ

FKLOGKRRG� %DVHG RQ GLIIHUHQFHV RI WKH WZR VXUIDFH DQWLJHQV �* DQG 3 DQWLJHQV�

UHVSHFWLYHO\� PDQ\ VHURW\SHV KDYH EHHQ GHVFULEHG� 7KH DXWKRUV DLPHG WR SURYLGH GDWD

RI VWUDLQ GLYHUVLW\� WHPSRUDO DQG JHRJUDSKLFDO GLVWULEXWLRQ RI KXPDQ URWDYLUXVHV

FLUFXODWLQJ LQ WZR UHJLRQV �%XGDSHVW LQFOXGLQJ WKH PHWURSROLWDQ DUHD DQG %DUDQ\D

FRXQW\� RI +XQJDU\� ���� URWDYLUXV SRVLWLYH VWRRO VDPSOHV FROOHFWHG LQ VL[ FRQVHFXWLYH

VHDVRQV ���������� WR ���������� ZHUH WHVWHG ZLWK 0$E�(,$� 7KH PDMRULW\ RI WKH

VDPSOHV UHSUHVHQWHG WKH IRXU PRVW FRPPRQ VHURW\SHV �*� WR *�� DV IROORZV� *��

������ *�� ������ *�� ����� *�� ����� 0L[HG LQIHFWLRQV ZHUH GHWHFWHG LQ ���� RI

WKH VDPSOHV� ���� RI WKH VSHFLPHQV ZHUH QRQ�W\SHDEOH� SDUWO\ GXH WR VWURQJ FURVV�

UHDFWLRQV� )XUWKHUPRUH� ���� RI WKH VDPSOHV VKRZHG UHDFWLYLW\ ZLWK WKH 93� VSHFLILF

FRPPRQ 0$E �0$E ���� EXW QRW ZLWK DQ\ RI WKH VHURW\SH VSHFLILF 0$EV� 6RPH RI

WKHVH ����� RI WKH WRWDO� GLVSOD\HG *� VSHFLILFLW\ DQG UHSUHVHQWHG WKH ILUVW LVRODWLRQ RI

WKLV VHURW\SH LQ +XQJDU\ DQG LWV VHFRQG GHWHFWLRQ LQ (XURSH� 5HVXOWV REWDLQHG ZLWK

0$E�(,$ ZHUH FRQILUPHG XVLQJ 57�3&5 ���� RI ����� DQG QXFOHLF DFLG VHTXHQFLQJ�

7KHVH VXUYH\V ZHUH H[WHQGHG WR WKH 3 DQWLJHQ� DV ZHOO� ,Q DGGLWLRQ WR WKH PRVW FRPPRQ

VWUDLQV �3>�@*�� 3>�@*�� 3>�@*�� 3>�@*�� ILYH DGGLWLRQDO JHQRW\SH FRPELQDWLRQV ZHUH

LGHQWLILHG �3>�@*�� 3>�@*�� 3>�@*�� 3>�@*�� 3>��@*��� $OWKRXJK VLPLODU VWUDLQ

GLYHUVLW\ KDV EHHQ SUHYLRXVO\ GHPRQVWUDWHG� WKRVH UHSRUWV ZHUH PRVWO\ IURP WURSLFDO

VHWWLQJV�
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,QGXFWLRQ RI IXOO UHSOLFDWLRQ F\FOH RI KXPDQ F\WRPHJDORYLUXV E\ WKH 7D[

SURWHLQ LQ &'�� 7 FHOOV

,QVWLWXWH RI 0LFURELRORJ\� 0HGLFDO )DFXOW\� 0HGLFDO DQG +HDOWK 6FLHQFH &HQWHU�

8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

+XPDQ F\WRPHJDORYLUXV �+&09� LV RQH RI WKH PRVW IUHTXHQW RSSRUWXQLVWLF

DJHQWV FDXVLQJ VHYHUH LOOQHVV LQ FKURQLF KXPDQ 7 FHOO OHXNHPLD�O\PSKRPD W\SH ,

�+7/9�,� LQIHFWLRQ� 2XU SUHYLRXV VWXGLHV KDYH VKRZQ WKDW FRLQIHFWLRQ RI PDFURSKDJHV

ZLWK +&09 DQG +7/9�, VLJQLILFDQWO\ HQKDQFHV +&09 UHSOLFDWLRQ� +&09 UHOHDVH

IURP GXDOO\ LQIHFWHG PDFURSKDJHV DORQH� KRZHYHU� FRXOG QRW DFFRXQW IRU V\PSWRPDWLF

+&09 LQIHFWLRQ LQ SDWLHQWV VXIIHULQJ IURP DGXOW 7 FHOO OHXNHPLD �$7/�� +&09 KDV

EHHQ VKRZQ LQ ODWHQWO\ LQIHFW &'�� 7 FHOOV� :H K\SRWKHVL]HG WKDW LQWHUDFWLRQ EHWZHHQ

+&09 DQG +7/9�, LQ $7/ FHOOV ZDV DOVR FULWLFDO WR WKH GLVVHPLQDWLRQ RI

RSSRUWXQLVWLF +&09 LQIHFWLRQ� )RU WKLV SXUSRVH� ZH VWXGLHG +&09 UHSOLFDWLRQ LQ

YDULRXV 7 FHOO OLQHV� ,Q +87��� DQG +� FHOOV QR UHSOLFDWLRQ RI +&09 ZDV REVHUYHG� ,Q

FRQWUDVW� +&09 LQIHFWLRQ RI +7/9�,�FDUU\LQJ 07��� 07�� DQG &������� FHOOV

UHVXOWHG LQ UHOHDVH RI LQIHFWLRXV SURJHQ\ YLUXV� 6LQFH FHOOXODU WUDQVFULSWLRQ IDFWRUV 1)�

�%� &5(% DQG 65) SOD\ D FUXFLDO UROH LQ +&09 UHSOLFDWLRQ� SUHVHQFH RI WKHVH 7D[�

LQGXFLEOH SURWHLQV ZDV LQYHVWLJDWHG LQ WKH YDULRXV 7 FHOO OLQHV E\ HOHFWURSKRUHWLF

PRELOLW\ VKLIW DVVD\� 5HVXOWV VKRZHG KLJK OHYHOV RI 1)��%� &5(% DQG 65) H[SUHVVLRQ

LQ 07��� 07�� DQG &������� FHOOV� ZKHUHDV QRQH RI WKHVH WUDQVFULSWLRQ IDFWRUV ZHUH

IRXQG LQ +87��� DQG +� FHOOV� 8VLQJ DQ LQGXFLEOH V\VWHP� �-3;�� FHOOV�� VLJQLILFDQW

1)��%� &5(% DQG 65) H[SUHVVLRQ DV ZHOO DV +&09 UHSOLFDWLRQ ZHUH REVHUYHG� 7KHVH

GDWD VWURQJO\ VXJJHVW WKDW WKH HIIHFW RI 7D[ RQ +&09 UHSOLFDWLRQ LQ 7 FHOOV LV

DFFRPSOLVKHG WKURXJK DW OHDVW WKUHH KRVW�UHODWHG WUDQVFULSWLRQ IDFWRU SDWKZD\V�
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&KDUDFWHUL]DWLRQ RI WLJKW�ELQGHU SHSWLGH OLJDQGV WR %DFLOOXV VXEWLOLV

VSRUHV

�'HSDUWPHQW RI 0LFURELRORJ\� 8QLYHUVLW\ RI $ODEDPD DW %LUPLQJKDP� %LUPLQJKDP� $/ ����� 86$�
�'HSDUWPHQW RI 0LFURELRORJ\ DQG ,PPXQRORJ\� 8QLYHUVLW\ RI 3pFV� 3pFV� +XQJDU\

3KDJH GLVSOD\ LV D QRYHO PHWKRG IRU DQDO\VLQJ SURWHLQ�SURWHLQ LQWHUDFWLRQV�

2EYLRXVO\� LW PLJKW EH DOVR KHOSIXO WR VWXG\ WKH VSRUH FRDW DVVHPEO\ LQ %DFLOOXV VXEWLOLV�

ZKLFK UHOLHV RQ WKH SURSHU LQWHUDFWLRQ RI VHYHUDO VWUXFWXUDO SURWHLQV DQG HQ]\PHV�

:H XVHG DQ 0�� SKDJH GLVSOD\ OLEUDU\ H[SUHVVLQJ UDQGRP KHSWDPHU SHSWLGHV WR

VHOHFW OLJDQGV� ZKLFK ELQG WLJKWO\ WR %DFLOOXV VXEWLOLV VSRUHV� $IWHU VHYHUDO URXQGV RI

ELRSDQQLQJ ZH HQULFKHG IRU KHSWDPHUV FRQWDLQLQJ DQ 1+)/3 FRQVHQVXV VHTXHQFH DW WKH

1�WHUPLQXV RI WKH SHSWLGHV� :H FRQVWUXFWHG WZR SKDJHV H[SUHVVLQJ WKH WHWUDPHU

VHTXHQFH 1+)/ DQG D SHQWDPHU VHTXHQFH 1+)/3� 8VLQJ FRPSHWLWLYH ELRSDQQLQJV ZH

ZHUH DEOH WR VKRZ WKDW 1+)/3 VHTXHQFH LV DOVR D VXIILFLHQW ELQGHU EXW QRW WKH WHWUDPHU

1+)/ VHTXHQFH�

'RLQJ VHTXHQFH VLPLODULW\ VHDUFK ZH IRXQG WKH 1+)/3 VHTXHQFH FORVH WR WKH 1�

WHUPLQXV RI WKH 6SV& SURWHLQ� ,WV 1�WHUPLQXV LV WKH IROORZLQJ�

09.451+)/3<6/3/��� 6SV& SURWHLQ LV UHVSRQVLEOH IRU VSRUH FRDW SRO\VDFFKDULGH

ELRV\QWKHVLV DORQJ ZLWK RWKHU SURWHLQV WUDQVFULEHG IURP WKH VSV$�. JHQH FOXVWHU ZKLFK

NQRFN�RXW PDNHV WKH VSRUH VXUIDFH PRUH K\GURSKRELF� %DVHG RQ WKH WKHRU\ WKDW ZLWK

SKDJH GLVSOD\ ZH FDQ PLPLF QDWXUDOO\ RFFXUULQJ SURWHLQ�SURWHLQ�SURWHLQ LQWHUDFWLRQV ZH

SURSRVHG WKDW WKLV SURWHLQ LV SURFHVVHG DQG QHHGV WKH 1+)/3 VHTXHQFH IRU ELQGLQJ WR

WKH VSRUH VXUIDFH� :H FRQVWUXFWHG VHYHUDO SKDJH H[SUHVVLQJ GHFDPHU VHTXHQFHV IURP

WKH 6SV& 1�WHUPLQXV� 094.51+)/3� 51+)/3<6/3 DQG 1+)/3<6/3/� :H

DQDO\VHG SKDJH ELQGLQJ WR %DFLOOXV VXEWLOLV VSRUHV ZLWK IORZ F\WRPHWU\ DQG RQO\ WKH

1+)/3<6/3/ SKDJH JDYH D IOXRUHVFHQW VKLIW� 7KLV UHVXOW VXSSRUWV WKH SURWHLQ

SURFHVVLQJ WKHRU\� ([SUHVVLQJ ZLOG W\SH DQG 1�WHUPLQDO GHOHWLRQ PXWDQWV RI 6SV& DQG

GRLQJ IXUWKHU IORZ F\WRPHWU\ RQ %DFLOOXV VXEWLOLV VSRUHV ZRXOG FRPSOHWHO\ FRQILUP RXU

SURSRVDO�
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,QIOXHQFH RI FKHVWQXW WDQQLQV RQ JURZWK RI &ORVWULGLXP SHUIULQJHQV

DQG (� FROL

9HWHULQDU\ )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� *HUELFHYD ��� ���� /MXEOMDQD� 6ORYHQLD

,QWURGXFWLRQ� &KHVWQXW WDQQLQV DUH D PL[WXUH RI K\GURO\VDEOH DQG FRQGHQVHG

WDQQLQV� NQRZQ WR UHDFW QRQVSHFLILFDOO\ ZLWK SURWHLQV� IRUPLQJ LQVROXEOH FRPSOH[HV�

7KH UHVXOW RI WKLV LQWHUDFWLRQ LV DQ LQDFWLYDWLRQ RI WKH SURWHLQV¶ ELRORJLFDO DFWLYLW\�

&ORVWULGLXP SHUIULQJHQV W\SH & LV WKH HWLRORJLF DJHQW RI KDHPRUUKDJLF HQWHURWR[DHPLD

LQ SLJOHWV� ODPEV� FDOYHV� IRDOV DQG VKHHS DQG QHFURWLF HQWHULWLV LQ FKLFNHQV� (VFKHULFKLD

FROL FDXVHV GLIIHUHQW FRQGLWLRQV DIIHFWLQJ LQWHVWLQH� WR[DHPLD DQG VHSVLV LQ PDQ\

GRPHVWLF DQLPDOV DQG PHQ�

0DWHULDOV DQG PHWKRGV� $V D VRXUFH RI WDQQLQV ZH XVHG )DUPDWDQ �7DQLQ�

6HYQLFD�� FRQWDLQLQJ ��� RI WDQQLQV� 7KH LQIOXHQFH RI WDQQLQV RQ WKH JURZWK RI

&ORVWULGLXP SHUIULQJHQV W\SH & �$7&& ������ ZDV WHVWHG LQ %UDLQ KHDUW LQIXVLRQ EURWK�

$IWHU �� KRXUV DQDHURELF LQFXEDWLRQ DW ��
R
& WHQIROG GLOXWLRQV ZHUH SUHSDUHG IURP

ZKLFK FIXV RQ EORRG DJDU SODWHV LQFXEDWHG DQDHURELFDOO\ IRU �� KRXUV ZHUH FRXQWHG DQG

QXPEHUV RI &� SHUIULQJHQV FDOFXODWHG� ,Q WKH SUHOLPLQDU\ WHVW FRQFHQWUDWLRQV RI ����

DQG ����� WDQQLQV ZHUH XVHG� 7ZRIROG GLOXWLRQV GRZQ WR ������� ZHUH XVHG WR

GHWHUPLQH 0,&� (� FROL * ��� ������.�����DF� ZDV WHVWHG ZLWK WKH FRQFHQWUDWLRQV RI

����� ���� DQG ����� RI WDQQLQV LQ SHSWRQH ZDWHU �3:�� %UDLQ +HDUW ,QIXVLRQ %URWK

�%+,� DQG 7U\SWLFDVH 6R\ %URWK �76%�� 7KH LQRFXOXP ZDV ���u��
�
FIX�PO� $IWHU DQ

DHURELF LQFXEDWLRQ RI � KRXUV DW ��
R
&� FIXV IURP WZRIROG GLOXWLRQV RQ EORRG DJDU ZHUH

FRXQWHG DQG QXPEHUV RI (� FROL FDOFXODWHG�

5HVXOWV DQG GLVFXVVLRQ� :LWKLQ �� KRXUV ����� WDQQLQ LQ %+, UHGXFHG DQ

LQRFXOXP RI ���u��
�
FIX�PO RI &� SHUIULQJHQV PRUH WKDQ ���IROG �L�H� XQGHU GHWHFWLRQ

OLPLW�� ZKLOH WKH QXPEHU LQ %+, LQFUHDVHG ����IROG� &RQFHQWUDWLRQV RI ������ DQG

������� UHGXFHG QXPEHUV RI &� SHUIULQJHQV LQ LQRFXOXP RI ���u��
�
FIX�PO RI +%,

PRUH WKDQ ���IROG� FRQFHQWUDWLRQ RI ������ DOORZHG RQO\ D VOLJKW JURZWK WR ���u��
�
�

ZKLOH FRQFHQWUDWLRQV RI ������� DQG �������� UHGXFHG JURZWK RQO\ ����IROG DQG ����

IROG� UHVSHFWLYHO\� FRPSDUHG WR ���u��
�
FIX�PO LQ %+,�

7KH EHVW JURZWK RI (� FROL ZDV IRXQG LQ 76% ZLWK DQ ����IROG LQFUHDVH RI

LQRFXOXP� IROORZHG E\ ����IROG LQ %+, DQG ���IROG LQ 3:� 2QO\ D VPDOO UHGXFWLRQ RI

JURZWK ZDV REVHUYHG LQ PHGLD ZLWK ����� RI WDQQLQV� ,Q PHGLD ZLWK ���� RI WDQQLQV

WKH LQRFXOXP LQFUHDVHG RQO\ ��IROG LQ 3:� ��IROG LQ %+, DQG ���IROG LQ 76%� 7KH

FRQFHQWUDWLRQ RI ���� RI WDQQLQV UHGXFHG LQRFXOXP PRUH WKDQ �����IROG �XQGHU

GHWHFWLRQ OLPLW� LQ 3:� ����IROG LQ %+, DQG ����IROG LQ 76%� &RPSDULQJ ERWK EDFWHULD
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&� SHUIULQJHQV SURYHG WR EH PXFK PRUH VHQVLWLYH WR WDQQLQV WKDQ (� FROL� ,Q (� FROL WKH

VHQVLWLYLW\ ZDV JUHDWO\ LQIOXHQFHG E\ JURZWK PHGLXP OLNH %+, DQG 3: YHUVXV 76%�

(� %8-1$
�
� $� 0$<(5

�
� 7� %$/2*+

�
� &6� %2*1È5

�

(YDOXDWLRQ RI SUHELRWLFV LQ GLIIHUHQW PLFURELDO V\VWHP

�)DFXOW\ RI )RRG 6FLHQFHV� 6]HQW ,VWYiQ 8QLYHUVLW\� �³-RKDQ %pOD´ 1DWLRQDO &HQWUH RI (SLGHPLRORJ\�

%XGDSHVW� +XQJDU\

,Q WKH SDVW IHZ \HDUV VFLHQFH KDV GLVFRYHUHG WKH LPSRUWDQFH RI LQWHVWLQDO

PLFURELRWD DQG WKH UROH RI IXQFWLRQDO IRRG LQ PDLQWDLQLQJ LWV QDWXUDO� KHDOWK\ EDODQFH�

)XQFWLRQDO IRRG FRQWDLQV SUH�� SUR� DQG V\PELRWLFV WKXV H[HUWLQJ SRVLWLYH HIIHFW RQ WKH

KXPDQ ERG\�

3URELRWLF IRRG DGGLWLYHV FRQVLVW RI OLYLQJ EDFWHULDO FXOWXUH �%LILGREDFWHULXP�

/DFWREDFLOOXV�� :KHQ WKH\ JHW LQWR WKH ERG\ WKH\ VHUYH DV VXEVWUDWHV RI WKH LQWHVWLQDO

PLFURELRWD DQG KDYH D SRVLWLYH LQIOXHQFH RQ LW� 7KHUH DUH VKRUW FKDLQ IDWW\ DFLGV DPRQJ

WKH PHWDEROLF SURGXFWV RI WKHVH EDFWHULD WKDW KDYH DQ DQWLEDFWHULDO HIIHFW E\ ORZHULQJ

WKH S+ RI WKH FRORQ� 7KH\ DOVR LPSURYH WKH VWDWH RI WKH LPPXQH V\VWHP DQG KHOS WR UH�

HVWDEOLVK WKH LQWHVWLQDO PLFURELRWD IROORZLQJ DQ DQWLEDFWHULDO WUHDWPHQW� 3UHELRWLFV VHUYH

DV QXWULHQWV IRU SURELRWLF EDFWHULD� 3UHELRWLFV DUH QRQ�OLYLQJ IRRG FRPSRQHQWV WKDW JR

WKURXJK WKH LQWHVWLQDO WUDFW XQGLJHVWHG DQG DFW DV VXEVWUDWHV IRU LQWHVWLQDO EDFWHULD� 6RPH

ROLJRVDFFKDULGHV KDYH SUHELRWLF� ELILGRJHQLF HIIHFW� +XPDQ GLJHVWLQJ HQ]\PHV FDQQRW

EUHDN GRZQ WKHVH ROLJRVDFFKDULGHV� WKXV EORRG VXJDU OHYHO GRHV QRW ULVH� EXW WKH\ KHOS

GLJHVWLRQ DQG WKH JURZWK RI EHQHILFLDO LQWHVWLQDO EDFWHULD�

7KH DLP RI WKH ZRUN ZDV WR LQYHVWLJDWH ZKLFK FRPPHUFLDOO\ DYDLODEOH SUHELRWLF

ROLJRVDFFKDULGHV DUH DEOH WR VXSSRUW WKH JURZWK RI ELILGREDFWHULD� (QWHURSDWKRJHQLF

EDFWHULD ZHUH DOVR WDNHQ LQWR FRQVLGHUDWLRQ DV VHFRQGDU\ VHOHFWLRQ IDFWRUV� ,W ZDV IRXQG

WKDW DOO FRPPHUFLDOO\ DYDLODEOH SUHELRWLFV FDQ VHUYH DV QXWULHQWV IRU ELILGREDFWHULD� 7KH

HQWHURSDWKRJHQLF EDFWHULD XWLOLVH IUXFWR�ROLJRVDFFKDULGHV DQG VRPH RI WKH LVRPDOWR�

ROLJRVDFFKDULGHV� 7KH RQO\ H[FHSWLRQ ZDV D SURGXFW FDOOHG 2OLJRWLPH WKDW GRHV QRW

VXSSRUW WKH JURZWK RI WKH LQYHVWLJDWHG SDWKRJHQV �6DOPRQHOOD GHUE\� 6DOPRQHOOD

FKROHUDHVLXV� 6KLJHOOD G\VHQWHULDH� 6KLJHOOD IOH[QHUL� (� FROL 2��+�� (� FROL� 3URWHXV

PLUDELOLV DQG <HUVLQLD HQWHURFROLWLFD�� 2OLJRWLPH LV DQ LVRPDOWR�ROLJRVDFFKDULGH LQ

ZKLFK ��� RI WKH JO\FROLWLF ERQGV DUH .��±�� RQHV�

$V D UHVXOW RI RXU LQYHVWLJDWLRQ LW LV SRVVLEOH WR FUHDWH D V\PELRWLF IXQFWLRQDO

SURGXFW WKDW FRQWDLQV ELILGREDFWHULD DV SURELRWLFV� DQG SUHELRWLFV DV ZHOO WR VXVWDLQ WKHLU

YLDELOLW\ ZKLOH QRW VXSSRUWLQJ SDWKRJHQLF EDFWHULD�
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7KH DXWKRU ZRXOG OLNH WR WKDQN WKH ILQDQFLDO JUDQW IURP 0LQLVWU\ RI $JULFXOWXUH

�3URMHFW 1R� .)����������

*<� &6(50(/<
�
� 5� .2,66

�
� /� 81*$5

�
� =� 0$5&6(.

�

,V WKHUH DQ\ LPSRUWDQFH RI WKH GHWHFWLRQ RI ³KLJK�ULVN´ +39 W\SHV

LQ *\QHFRORJLFDO FHUYLFDO VFUHHQLQJ SURJUDP"

�'HSDUWPHQW RI 2EVWHWULF�*\QHFRORJ\ DQG *\QHFRORJ\ 2QFRORJ\� 6]HQW ,VWYiQ +RVSLWDO� %XGDSHVW�
�1DWLRQDO &HQWHU IRU 3XEOLF +HDOWK� 'HSDUWPHQW RI ([SHULPHQWDO 3DWKRORJ\ DQG 0XWDJHQHVLV� %XGDSHVW�

+XQJDU\

3DWLHQWV� ��� ZRPHQ ZHUH H[DPLQHG� ZKR SRWHQWLDOO\ VXIIHU IURP ³KLJK�ULVN´

+39 LQIHFWLRQ� WKH GLDJQRVLV ZDV UDLVHG E\ WKH SDWKRORJLVW VFUHHQLQJ RI WKH FHUYLFDO

VPHDU� RU E\ WKH J\QDHFRORJLVW VFUHHQLQJ WKH VXUIDFH RI WKH FHUYL[ E\ FROSRVFRS\

0HWKRGV� 6DPSOHV ZHUH WDNHQ E\ 'LJHQH VSHFLDO NLW IURP WKH VXUIDFH DQG IURP

WKH FDQDO RI WKH FHUYL[� ZKLFK FRQWDLQHG HSLWKHOLDO FHOOV� '1$V ZHUH LVRODWHG DQG XVLQJ

³KLJK�ULVN´ +39 VSHFLILF SULPHUV �03���03�� SULPHU SDLU� 5HVHDUFK *HQHWLFV� ZHUH

DPSOLILHG E\ 3&5� KLJK�ULVN�VSHFLILF ROLJRQXFOHRWLGHV ZHUH VKRZQ E\ DJDURVH

HOHFWURSKRUHVLV�

5HVXOWV� 7KH VWXG\ VKRZV WKDW WKH SRVVLELOLW\ RI ³KLJK�ULVN´ +39 W\SH LQIHFWLRQ

LV OLNHO\ DW ZRPHQ� ZKRVH FHUYLFDO VPHDU DUH VXVSHFW� RU FROSRVFRSLF DW\SLD ZDV

GHWHFWHG� :H GLUHFWHG RXU DWWHQWLRQ WR WKRVH FDVHV� ZKHUH ³KLJK�ULVN´ +39 LQIHFWLRQ

ZDV GHWHFWHG ZLWKRXW F\WRORJLFDO RU FROSRVFRSLFDO DEQRUPDOLW\�

=6� &68.È6
�
� 0� %$86=

�
� -� 7Ï7+

�
� ,� 6h9(*(6

�
� )� 52=*21<,

�

%DFWHULDO DQG P\FRORJLFDO H[DPLQDWLRQV RI WKH FRUQHDO GLVFV UHPRYHG

ZLWK NHUDWRSODVWLFD

�,QVWLWXWH RI 0HGLFDO 0LFURELRORJ\� ��VW 'HSDUWPHQW RI 2SKWKDOPRORJ\� 6HPPHOZHLV 8QLYHUVLW\�

%XGDSHVW� +XQJDU\

$W WKH �VW 'HSDUWPHQW RI 2SKWKDOPRORJ\ RI 6HPPHOZHLV 8QLYHUVLW\ �� FRUQHDH

UHPRYHG E\ NHUDWRSODVWLF VXUJHU\ EHWZHHQ �� 6HSWHPEHU ���� DQG �� $SULO ���� ZHUH

LQYHVWLJDWHG ZLWK KLVWRORJLFDO� EDFWHULRORJLFDO DQG P\FRORJLFDO PHWKRGV�

,QGLFDWLRQV RI NHUDWRSODVWLFD PRVW IUHTXHQWO\ LQFOXGHG GHJHQHUDWLRQ RI FRUQHDO

HQGRWKHOLXP� G\VWURSK\ DV ZHOO DV XOFHUV RI FRUQHDH�
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2XW RI �� VSHFLPHQV WHVWHG �� EDFWHULD ZHUH LVRODWHG LQFOXGLQJ � DHURELF DQG ��

DQDHURELF VWUDLQV� 1R IXQJL ZHUH LVRODWHG� 0RVW IUHTXHQW LVRODWHV LQFOXGHG

3URSULRQLEDFWHULXP DQFHV ����� 3HSWRVWUHSWRFRFFXV VSS� ���� DQDHURELF

&RU\QHEDFWHULXP ���� 6WRPDWRFRFFXV ���� *HPHOOD ��� DQG &ORVWULGLXP ELIHUPHQWDQV

����

$QWLELRWLF VXVFHSWLELOLW\ DV ZHOO DV WKHLU HQ]\PH DQG WR[LQ SURGXFWLRQ DVVRFLDWHG

ZLWK WKHLU SDWKRJHQLF UROH ZHUH LQYHVWLJDWHG LQ 3URSULRQLEDFWHULXP VWUDLQV�

$� &=(*/e',� (� )(5(1&=,� (� 7Ï7+� ,� 0(=(<� *<� %(5(1&6,

6HURVXUYH\ RI WLFN�ERUQH HQFHSKDOLWLV YLUXV �7%(9� LQ +XQJDU\

³-RKDQ %pOD´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

6HUD RI KHDOWK\ LQGLYLGXDOV ROGHU WKDQ �� \HDUV RI DJH ZHUH WHVWHG IRU 7%(9

DQWLERGLHV� $OO VHUD ZHUH WHVWHG E\ (/,6$ DQG WKRVH RI ERUGHUOLQH RU VOLJKW SRVLWLYH

UHVXOW ZHUH FRQILUPHG E\ LPPXQRIOXRUHVFHQFH �,)$� DQG KDHPDJJOXWLQDWLRQ LQKLELWLRQ

WHVW �+$,�� $OWRJHWKHU ��� SRVLWLYH VDPSOHV ZHUH LGHQWLILHG RI ���� VHUD IROORZLQJ

YHULILFDWLRQ ��������

7KHVH VSHFLILF DQWLERGLHV PD\ EH SURGXFHG HLWKHU IROORZLQJ QDWXUDO LQIHFWLRQ RU

GXH WR DFWLYH LPPXQLVDWLRQ ZLWK RQH RI WKH NLOOHG YDFFLQHV DYDLODEOH�

7KH VHURSRVLWLYLW\ RI ��� VHUXP VDPSOHV FRXOG QRW EH YHULILHG XVLQJ WKH

DOWHUQDWLYH WHFKQLTXHV ������� 7KH RULJLQ RI IDOVH SRVLWLYLW\ FRXOG QRW EH LGHQWLILHG \HW�

3UHYLRXV H[SHULPHQWV VXJJHVWHG WKDW WKH DVVRFLDWLRQ RI IDOVH�SRVLWLYLW\ DQG

LQDSSURSULDWH FROOHFWLRQ RU VWRUDJH RI VHUXP VDPSOHV ZDV QRW VLJQLILFDQW� 7%(

VHURSRVLWLYH SHUVRQV ZHUH IRXQG WR EH SUHVHQW LQ DOO DUHDV RI +XQJDU\� $V GHWHUPLQHG

HDUOLHU LQ FRQQHFWLRQ ZLWK WKH GLDJQRVWLF VFUHHQLQJ RI FOLQLFDO GLVHDVHV WKH PDMRULW\ RI

WKH VHURSRVLWLYH LQKDELWDQWV DUH FRQFHQWUDWHG LQ � IRUHVWHG FRXQWLHV� 7KH VHURSUHYDOHQFH

ZDV IRXQG WR EH ��� LQ %DUDQ\D� ��� LQ 1yJUiG� ��� LQ 9DV� �� LQ =DOD DQG RQO\ ��

LQ 6RPRJ\� ��� RI WKH WRWDO QXPEHU RI VHURSRVLWLYH LQGLYLGXDOV OLYHG LQ WKH DERYH �

FRXQWLHV�

%DVHG RQ RXU UHFHQW UHVXOWV DQG WKH HDUOLHU ILHOG WULDOV LQ QDWXUDO IRFL WKH

7UDQVGDQXELDQ UHJLRQ DQG WKH 1RUWKHUQ FHQWUDO FKDLQ RI PRXQWDLQV DUH HQGHPLF

WHUULWRULHV� 7KH GLVWULEXWLRQ RI VHURSRVLWLYH VHUD ZDV� ��� LQ WKH 7UDQVGDQXELDQ ULGJH RI

KLOOV� ��� LQ WKH 3ODLQ LQ 1RUWKZHVWHUQ +XQJDU\ LQFOXGLQJ WKH 6XEDOSLQH UHJLRQ� ���

DW WKH 1RUWKHUQ FHQWUDO FKDLQ RI PRXQWDLQV� ��� DW WKH 7UDQVGDQXELDQ FHQWUDO FKDLQ RI

PRXQWDLQV� ZKLOVW RQO\ ��� LQ WKH LQKDELWDQWV RI WKH *UHDW +XQJDULDQ 3ODLQ� 7KH GDWD
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RI %XGDSHVW DQG 3HVW FRXQW\ ZHUH RPLWWHG� VLQFH WKHVH WZR DGPLQLVWUDWLYH DUHDV DUH

ORFDWHG DW WKH ERUGHU RI WKUHH GLIIHUHQW JHRJUDSKLFDO UHJLRQV�

7KH DJH JURXS EHWZHHQ �� WR �� \HDUV SRVVHVVHG WKH KLJKHVW VHURSUHYDOHQFH�

7KXV WKH\ EHORQJ WR WKH DJH JURXS RI KLJKHVW ULVN DQG�RU WKLV SRSXODWLRQ WDNHV

DGYDQWDJH RI WKH YDFFLQDWLRQ�

7KH UDWH RI DQWLERG\ SRVLWLYH SHUVRQV ZDV IRXQG WR GHFUHDVH ZLWK WKH DJH� 2QH

FDQ VXSSRVH WKDW D VLJQLILFDQW SURSRUWLRQ RI VHURSRVLWLYH VDPSOHV RULJLQDWHV IURP

YDFFLQDWLRQ�

6LJQLILFDQW GHYLDWLRQ ZDV IRXQG LQ FRPSDULVRQ WR WKH UHVXOWV RI HDUOLHU

LQYHVWLJDWLRQV LQ WKH GLVWULEXWLRQ RI SRVLWLYH VDPSOHV E\ JHQGHU� ,W ZDV IRXQG HDUOLHU

WKDW PHQ UHSUHVHQW D KLJKHU SURSRUWLRQ ����� RI SHUVRQV KDYLQJ DQWLERGLHV DJDLQVW

7%(9� $FFRUGLQJ WR WKH UHVXOWV RI WKLV VWXG\� WKH GLIIHUHQFH EHWZHHQ WKH WZR JHQGHUV

ZDV UHGXFHG IURP �� WR ���� EXW WKH GRPLQDQFH RI PHQ VWLOO H[LVWV� 7KH VKLIW LV

SUREDEO\ FDXVHG E\ WKH SRVW�YDFFLQDWLRQ VHURSRVLWLYLW\ RI WKH SRSXODWLRQ H[DPLQHG�

-� '(È.

/DERUDWRU\ GLDJQRVLV RI %DUWRQHOOD KHQVHODH DQG %DUWRQHOOD TXLQWDQD

LQIHFWLRQV

'HSDUWPHQW RI &OLQLFDO 0LFURELRORJ\� $OEHUW 6]HQW�*\|UJ\L 0HGLFDO &HQWHU� 8QLYHUVLW\ RI 6]HJHG�

6]HJHG� +XQJDU\

2I WKH FXUUHQWO\ NQRZQ �� %DUWRQHOOD VSHFLHV � FDQ FDXVH GLIIHUHQW KXPDQ

LOOQHVVHV� &DWV� EREFDWV� PRXQWDLQ OLRQV DQG FDSWLYH ZLOG IHOLGV DUH WKH UHVHUYRLUV RI

%DUWRQHOOD KHQVHODH �%� KHQVHODH�� WKH YHFWRU LV WKH IOHD� %� KHQVHODH PD\ ZHOO EH WKH

PRVW IUHTXHQW FDXVH RI FKURQLF O\PSKDGHQRSDWK\ DW D \RXQJ DJH� 7KH O\PSK QRGH

OHVLRQV PD\ EH ORFDO RU JHQHUDOL]HG� %� KHQVHODH KDV EHHQ GHWHFWHG LQ FDVHV RI 3DULQDXG

RFXORJODQGXODU V\QGURPH� QHXURUHWLQLWLV� RVWHRP\HOLWLV� IHYHU RI XQNQRZQ RULJLQ�

SURORQJHG IHYHU DQG LQRFXODWLRQ SHOLRVLV� DQG DV HWLRORJLFDO DJHQW LQ WKH DFXWH

HQFHSKDORSDWK\ RI � FKLOGUHQ ZLWKLQ VRPH ZHHNV LQ )ORULGD� ��� RI FDWV �Q ���� OLYLQJ

QHDU WKH KRPHV RI WKHVH FKLOGUHQ UHYHDOHG DQWLERGLHV DJDLQVW %� KHQVHODH� %DUWRQHOOD

TXLQWDQD �%� TXLQWDQD� ZDV HDUOLHU NQRZQ DV SUHVHQW LQ WUHQFK IHYHU� +XPDQV DFTXLUH

WKH EDFWHULXP YLD WUDQVPLVVLRQ E\ OLFH� %� TXLQWDQD LV UHVSRQVLEOH IRU EDFLOODU\

DQJLRPDWRVLV� HQGRFDUGLWLV DQG PHQLQJRHQFHSKDOLWLV� 7KH EDFWHULXP KDV EHHQ GHWHFWHG

LQ FDVHV RI VXEFXWDQHRXV DQG ERQH OHVLRQV DQG SHOLRVLV� %� TXLQWDQD LQIHFWLRQV DUH

IUHTXHQW DPRQJ KRPHOHVV DQG DOFRKROLF SHRSOH ZKR KDYH OLFH� 7KH DJHQW FDQ FDXVH

YDVFXODU SUROLIHUDWLYH GLVHDVHV LQ +,9�LQIHFWHG SDWLHQWV�
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%HWZHHQ � 6HSWHPEHU� ���� DQG �� 0D\ ����� ZH FDUULHG RXW WHVWV IRU WKH

GHWHFWLRQ RI %� KHQVHODH DQG %� TXLQWDQD ,J0 DQG ,J* DQWLERGLHV E\ DQ LQGLUHFW

LPPXQRIOXRUHVFHQW PHWKRG� 7KH FOLQLFDO VDPSOHV RI WKH SDWLHQWV SUHGRPLQDQWO\

UHYHDOHG O\PSKDGHQRSDWK\�

%� KHQVHODH ,J0 DQG ,J* ZHUH GHWHFWHG LQ ����� �Q ���� DQG ����� �Q �����

DQG %� TXLQWDQD ,J0 DQG ,J* LQ ���� �Q ���� DQG ����� �Q ���� RI WKH SDWLHQWV� %�

KHQVHODH DQG %� TXLQWDQD DQWLERGLHV ZHUH GHWHFWHG VLPXOWDQHRXVO\ LQ ��� �Q ���� RI

WKH FDVHV�

7KH GLVWULEXWLRQ RI %� KHQVHODH DQG %� TXLQWDQD DQWLERGLHV YDULHV LQ GLIIHUHQW

KXPDQ DQG IHOLQH SRSXODWLRQV WKURXJKRXW WKH ZRUOG� ���� RI SDWLHQWV ZKR KDG VXIIHUHG

FDW VFUDWFK GLVHDVH LQ *HUPDQ\ H[KLELWHG DQWLERGLHV� ����� RI FDW RZQHUV LQ 6SDLQ

GLVSOD\HG %� KHQVHODH�VSHFLILF DQWLERGLHV� DV FRPSDUHG ZLWK RQO\ ���� RI WKH FRQWURO

EORRG GRQRUV� &DWV KDYH %� KHQVHODH�VSHFLILF DQWLERGLHV EHWZHHQ ���� DQG ������ %�

TXLQWDQD DQWLERGLHV ZHUH GHWHFWHG LQ ����� RI WKH VHUXP VDPSOHV RI KRPHOHVV SHUVRQV

LQ 0DUVHLOOH� LQ ����� RI WKRVH LQ 6HDWWOH� DQG LQ ����� RI WKH LQKDELWDQWV RI D UHIXJHH

FDPS LQ %XUXQGL� $W WKH VDPH WLPH� WKH ODUJHVW HSLGHPLF RI W\SKXV FDXVHG E\ 5LFNHWWVLD

SURZD]HNLL VLQFH :RUOG :DU ,, ZDV OLNHZLVH REVHUYHG LQ %XUXQGL� %� KHQVHODH

LQIHFWLRQV ZHUH GHWHFWHG VHURORJLFDOO\ LQ D KLJKHU SHUFHQWDJH WKDQ %� TXLQWDQD LQ

+XQJDU\� &URVV�UHDFWLRQV DUH SUHVXPHG LQ VRPH FDVHV EHWZHHQ %� KHQVHODH DQG %�

TXLQWDQD� 7KH H[SDQVLRQ RI WKHVH DOPRVW IRUJRWWHQ DQG QHZO\ GLVFRYHUHG EDFWHULDO

DJHQWV PD\ EH FRQQHFWHG ZLWK HFRORJLFDO DQG HFRQRPLF FKDQJHV�

*� ',Ï6,� /� *$=6Ï� *<� )$5.$6

6WXG\ RI ELRILOP GHYHORSPHQW LQ QXFOHDU ZDVWH UHSRVLWRULHV

1DWLRQDO &HQWHU RI 3XEOLF +HDOWK� 1DWLRQDO 5HVHDUFK ,QVWLWXWH IRU 5DGLRELRORJ\ DQG 5DGLRK\JLHQH�

%XGDSHVW� +XQJDU\

6L[ GRPLQDQW VWUDLQV ZHUH LVRODWHG IURP WKH LQWHULP VWRUDJH RI WKH VSHQW IXHO DW

WKH $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH� 7KH PHWDEROLVP RI WKH LVRODWHV DQG WKHLU HIIHFWV

RQ ELRFRUURVLRQ DQG KHDY\ PHWDO PRELOL]DWLRQ ZHUH VWXGLHG� 7KH VXOSKDWH UHGXFLQJ

FDSDELOLW\ DQG WKH VLGHURSKRUH SURGXFWLYLW\ RI WKH LVRODWHV ZHUH ORZ� EXW ZH IRXQG WKH

RUJDQLF DFLG SURGXFWLYLWLHV SRVLWLYH DQG DOVR WKH OHYHO RI WKH WR[LF PHWDO XSWDNH �&G� &U�

&R� 6U� ZDV KLJK� 7KHVH SURSHUWLHV VKRZ WKH SRVVLEOH GDQJHU RI FRUURVLRQ DQG PHWDO

PRELOL]DWLRQ� 7KH UDGLRVHQVLWLYLW\ RI WKH LVRODWHV ZDV GHWHUPLQHG� 7KH '�� YDOXHV RI WKH

VSRUH�IRUPHUV ZHUH UDQJLQJ EHWZHHQ ����±���� N*\� :H FKHFNHG WKH ELRILOP

IRUPDWLRQ DQG WKH PLFURPRUSKRORJ\ RI WKH ELRILOP GHYHORSPHQW� ,Q RUGHU WR PDNH D
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XVHIXO PRGHO RI WKH PLFURELDO HIIHFWV RQ WKH PDWHULDOV DW WKH VWRUDJH RI WKH VSHQW IXHO LW

LV QRW HQRXJK WR H[DPLQH WKH PHWDEROLVP RI EDFWHULDO FHOOV LQ VXVSHQVLRQ� 7KH ELRILOP LV

WKH GRPLQDQW IRUP SUDFWLFDOO\ LQ DOO UHDOLVWLF V\VWHPV� WKDW LV ZK\ LW LV LPSRUWDQW WR

REWDLQ LQIRUPDWLRQ DERXW WKH PHWDEROLVP RI WKH ELRILOPV DQG LWV HIIHFWV RQ GLIIHUHQW

PHWDO VXUIDFHV� :H SODQ WR H[DPLQH WKH OHYHO RI WKH WR[LF PHWDO XSWDNH E\ WKH ELRILOPV

DQG WR FRPSDUH WKH UDGLRVHQVLWLYLW\ RI WKH ELRILOP EDFWHULD ZLWK WKDW RI WKH FHOO

VXVSHQVLRQV LQ WKH FDVHV RI SXUH DQG PL[HG FXOWXUHV�

*<� )$5.$6� /� *� *$=6Ï� *� ',Ï6,

&KDUDFWHUL]DWLRQ RI VXEWHUUDQHDQ EDFWHULD LQ WKH 8SSHU 3HUPLDQ

6LOWVWRQH )RUPDWLRQ

1DWLRQDO &HQWHU RI 3XEOLF +HDOWK� 1DWLRQDO 5HVHDUFK ,QVWLWXWH IRU 5DGLRELRORJ\ DQG 5DGLRK\JLHQH�

%XGDSHVW� +XQJDU\

7KH PDLQ SXUSRVH RI WKLV ZRUN ZDV WR VWXG\ WKH PLFURELRORJ\ RI WKH +XQJDULDQ

8SSHU 3HUPLDQ 6LOWVWRQH �$OHXUROLWH� )RUPDWLRQ IURP WKH DVSHFW RI WKH VDIHW\ RI IXWXUH

XQGHUJURXQG UHSRVLWRULHV IRU QXFOHDU ZDVWH� $LU� JURXQGZDWHU� WHFKQLFDO ZDWHU� URFN DQG

VXUIDFH VDPSOHV �Q ��� ZHUH FROOHFWHG DVHSWLFDOO\ IURP GLIIHUHQW GHSWKV� 7KH QXPEHU RI

DHURELF DQG DQDHURELF LVRODWHV ZDV ���� 7KH JDVHV SURGXFHG E\ WKH �� JDV IRUPLQJ

LVRODWHV ZHUH &2� �DHURELF LVRODWHV� DQG &2� DQG +� �DQDHURELF LVRODWHV�� $ERXW ��� RI

WKH DHURELF LVRODWHV SURGXFHG VLGHURSKRUHV� 7KH SURSRUWLRQV RI RUJDQLF DFLG SURGXFHUV

ZHUH ORZHVW LQ DHURELF DQG DQDHURELF LVRODWHV IURP WKH DOHXUROLWH� ��� DQG ����

UHVSHFWLYHO\� 7KH KLJKHVW SURSRUWLRQV RI DFLG SURGXFHUV LQ WKH DHURELF DQG DQDHURELF

LVRODWHV IURP WKH DLU VDPSOHV ZHUH ��� DQG ���� $OWRJHWKHU ��� RI WKH DHURELF LVRODWHV

DQG �� RI WKH DQDHURELF LVRODWHV ZHUH VSRUHIRUPHUV� 7KH UDGLRVHQVLWLYLW\ RI WKH DHURELF

DQG DQDHURELF LVRODWHV ZDV DOVR GHWHUPLQHG� WKH '�� YDOXHV RI WKH DHURELF VSRUH�IRUPHUV

ZHUH UDQJLQJ EHWZHHQ ���±���� N*\� DQG WKRVH RI WKH DQDHURELF VSRUH�IRUPHUV ZHUH

����±���� N*\� 2XU UHVXOWV LQGLFDWH WKDW WKH VXOSKDWH�UHGXFLQJ EDFWHULD DQG WKH

SURGXFWLRQ RI FRPSOH[LQJ DJHQWV �VLGHURSKRUHV� PD\ FRQWULEXWH WR WKH PRELOL]DWLRQ RI

UDGLRQXFOLGHV IURP XQGHUJURXQG UHSRVLWRULHV� $V ZHOO� PLFURELDO JDV SURGXFWLRQ FDQ

LQIOXHQFH WKH HQYLURQPHQWDO FRQGLWLRQV� 7KH YDULDELOLW\ LQ EDFWHULDO UDGLRWROHUDQFH

LQGLFDWHV WKH ELRGLYHUVLW\ DW WKLV SRWHQWLDO GLVSRVDO VLWH� 7KHVH IDFWV PXVW EH FRQVLGHUHG

GXULQJ WKH SODQQLQJ RI D QXFOHDU ZDVWH UHSRVLWRU\�
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6WXGLHV RQ FRPSHWLWLYH JURZWK EHWZHHQ /DFWRFRFFXV ODFWLV DQG /LVWHULD

PRQRF\WRJHQHV

�'HSDUWPHQW RI 5HIULJHUDWLRQ DQG /LYHVWRFN 3URGXFWV 7HFKQRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW�
�&HQWUDO )RRG 5HVHDUFK ,QVWLWXWH� %XGDSHVW� +XQJDU\

,Q WKH IUDPH RI WKH (8 &7������� �35(0,80��SURMHFW� JURZWK RI D OX[$%

ELROXPLQHVFHQW WUDQVIRUPDQW RI /LVWHULD PRQRF\WRJHQHV LQ FR�FXOWXUHV ZLWK DQ ³DFLG

RQO\´ /DFWRFRFFXV ODFWLV VWUDLQ ZDV VWXGLHG LQ WKHLU FR�FXOWXUHV LQ 2;2,' %UDLQ +HDUW

%URWK VXSSOHPHQWHG ZLWK ���� \HDVW H[WUDFW DQG ���� DGGLWLRQDO JOXFRVH

FRQFHQWUDWLRQ� DQG DGMXVWHG WR YDULRXV S+ DQG 1D&O FRQFHQWUDWLRQV� %HVLGHV OLTXLG

FXOWXUHV� JHOLILHG FXOWXUHV FRQWDLQLQJ ��� RI ORZ PHOWLQJ�SRLQW JHODWLQH ZHUH DOVR

VWXGLHG LQ RUGHU WR PLPLF WKH JURZWK FRQGLWLRQV LQ JHOOHG SDUWV RI IRRGV� ,Q YDULRXV

H[SHULPHQWV� WKH HIIHFW RI WKH LQLWLDO S+� LQFXEDWLRQ WHPSHUDWXUH� DQG VDOW FRQFHQWUDWLRQ

ZHUH LQYHVWLJDWHG� WRJHWKHU ZLWK WKH HIIHFW RI WKH UHODWLYH SURSRUWLRQ RI WKH LQLWLDO OHYHOV

RI WKH ODFWLF DFLG EDFWHULD DQG WKH /LVWHULD� RQ WKH RXWFRPH RI WKH FRPSHWLWLRQ�

,Q WKH FRXUVH RI LQFXEDWLRQ WKH FKDQJHV RI WKH YLDEOH FHOO FRXQWV E\ SODWH

FRXQWLQJ LQ VHOHFWLYH PHGLD ZHUH HVWLPDWHG IURP WLPH�WR�WLPH� WRJHWKHU ZLWK WKH

PHDVXUHPHQW RI S+ DQG WKH WLWUDWDEOH DFLG FRQWHQWV� DQG WKH OXPLQRPHWULF OLJKW

HPLVVLRQ RI WKH SRSXODWLRQV RI WKH ELROXPLQHVFHQW WUDQVIRUPDQW RI /LVWHULD

PRQRF\WRJHQHV ZDV PHDVXUHG DV ZHOO� 7KH REWDLQHG JURZWK FXUYHV ZHUH HYDOXDWHG IRU

JURZWK SDUDPHWHUV E\ ILWWLQJ JURZWK GDWD ZLWK %DUDQ\L¶V ³'�PRGHO´�

7KH OLJKW RXWSXW RI WKH ELROXPLQHVFHQW /LVWHULD FXOWXUHV LQFUHDVHG SDUDOOHO ZLWK

WKHLU YLDEOH FHOO FRXQWV GXULQJ WKH H[SRQHQWLDO SKDVH RI WKH JURZWK� $W WKH

FRPPHQFHPHQW RI WKH VWDWLRQDU\ SKDVH RI WKH JURZWK� WKH ELROXPLQHVFHQFH DFWLYLW\

GURSSHG VLJQLILFDQWO\�

,Q H[SHULPHQWV� ZKHUH /DFWRFRFFXV ODFWLV ZDV DEOH WR FRPSHWH ZLWK WKH /LVWHULD�

WKH LQLWLDO JURZWK UDWH RI WKH WDUJHW RUJDQLVP ZDV QRW LQIOXHQFHG� EXW DQ HDUO\ LQGXFWLRQ

RI LWV VWDWLRQDU\ SKDVH RFFXUUHG UHVXOWLQJ LQ ORZHU PD[LPDO SRSXODWLRQ GHQVLWLHV WKDQ

WKRVH GXULQJ LWV PRQRFXOWXUH JURZWK� 7KH LQGXFWLRQ RI WKH HDUO\ VWDWLRQDU\ SKDVH LQ FR�

FXOWXUHV FRLQFLGHG DOZD\V ZLWK D VXGGHQ GURS RI S+ �DQG WKHUHE\ D VXGGHQ LQFUHDVH RI

WKH FRQFHQWUDWLRQ RI WKH XQGLVVRFLDWHG ODFWLF DFLG IRUPHG LQ WKH FXOWXUHV��

7KH FRPSHWLWLYHQHVV RI /DFWRFRFFXV ODFWLV KDV EHHQ LQIOXHQFHG E\ WKH VDOW

FRQFHQWUDWLRQ RI WKH PHGLXP� ,Q H[SHULPHQWV ZLWK DQ LQLWLDO S+ RI ��� DQG �� �&

LQFXEDWLRQ WHPSHUDWXUH� /DFWRFRFFXV ODFWLV ZDV PRUH VHQVLWLYH WR WKH LQFUHDVH RI WKH

1D&O FRQFHQWUDWLRQ LQ WKH JURZWK PHGLXP WKDQ /LVWHULD PRQRF\WRJHQHV� EHFDXVH WKH

VSHFLILF JURZWK UDWH YDOXHV RI WKH ODWWHU UHPDLQHG ZLWKLQ WKH VDPH FRQILGHQFH LQWHUYDO LQ
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WKH ZKROH FRQFHQWUDWLRQ UDQJH RI ��� WR ���� LQYHVWLJDWHG� ZKLOH �� 1D&O VORZHG

GRZQ VR PXFK WKH JURZWK RI /DFWRFRFFXV ODFWLV WKDW LW ZDV XQDEOH WR LQGXFH DQ HDUO\

VWDWLRQDU\ VWDWH LQ /LVWHULD PRQRF\WRJHQHV�

7KH ILQDQFLDO VXSSRUW RI WKH 1DWLRQDO &RPPLVVLRQ IRU 7HFKQRORJLFDO

'HYHORSPHQW �20)%� %XGDSHVW�� DQG WKH 1DWLRQDO 6FLHQFH )XQGV �27.$� %XGDSHVW��

3URMHFW 1R� 7������ LV KLJKO\ DSSUHFLDWHG�
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3ODVPLG FKDUDFWHUL]DWLRQ DQG UHSOLFRQ W\SLQJ RI YHURWR[LF

DQG HQWHURWR[LF (VFKHULFKLD FROL FDUU\LQJ )�� ILPEULD

�9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\�
�&KDLUH GH %DFWpULRORJLH HW GH 3DWKRORJLH %DFWHULHQQH� )DFXOWp GH 0HGLFLQH 9pWpULQDLUH� 8QLYHUVLWp

GH /LHJH� %HOJLXP

7KH )�� ILPEULD DUH FKDUDFWHULVWLF DGKHVLYH DQWLJHQV RI SRUFLQH HQWHURWR[LF (�

FROL �(7(&� DQG RI YHURWR[LF (� FROL �97(&�� 'XULQJ WKH ODVW IHZ \HDUV WKH SKHQRW\SLF

DQG JHQRW\SLF FKDUDFWHUL]DWLRQ RI )��
�
(7(& DQG 97(& VWUDLQV KDYH EHHQ GRQH E\ XV

LQ VHYHUDO UHVSHFWV EXW GDWD DERXW WKH H[DFW ORFDOL]DWLRQ RI WKH )�� JHQHV DQG DERXW WKHLU

SRVVLEOH SODVPLGV DUH VWLOO QHHGHG�

7KHUHIRUH ZH KDYH SHUIRUPHG LQYHVWLJDWLRQV RQ +XQJDULDQ )��
�
VWUDLQV ���

(7(& DQG � 97(&� DQG FRQFOXGHG WKDW WKH )�� JHQHV ZHUH FRQVHTXHQWO\ RQ WKHLU

SODVPLG FRPSDUWPHQW DQG WKDW WKHVH SODVPLGV EHORQJ WR WKH ) LQFRPSDWLELOLW\ JURXS�

2XU PHWKRGV ZHUH� '1$ SUREH IUDJPHQW SUHSDUDWLRQ E\ 3&5 IURP WKH UHIHUHQFH

VWUDLQ )������ DQG SODVPLG SUHSDUDWLRQ IURP WKH VWUDLQV WR EH WHVWHG E\ WKH PHWKRG RI

.DGR�/LX� )XUWKHU '1$ K\EULGL]DWLRQ RQ WKH SODVPLGV ZDV GRQH E\ XVLQJ WKH IROORZLQJ
��
3 ODEHOOHG UHSOLFRQ SUREHV� UHS),$� UHS),%� UHS),&� UHS)�$� UHS),��

7KH (7(& DQG 97(& VWUDLQV LQYHVWLJDWHG DOO SRVVHVVHG �±� SODVPLGV �DERYH ��

NE�� 7KH )�� JHQHV ZHUH ORFDOL]HG RQ RQH RI WKHVH ODUJH SODVPLGV� ZLWK WKH H[FHSWLRQ RI

RQH 97(& VWUDLQ ������� ZKLFK SURYHG WR EH IUHH IURP ODUJH SODVPLG DQG IUHH IURP )��

JHQHV�

7KH UHSOLFRQ W\SLQJ RI WKH SODVPLGV LQGLFDWHG WKDW WKH\ EHORQJHG WR WKH

LQFRPSDWLELOLW\ FRPSOH[ ) DQG UHSUHVHQWHG WKH W\SH ),& RU RQH RI LWV VXEJURXSV ),�$

RU ),�� 7KH SODVPLGV WHVWHG KDG RQO\ RQH UHSOLFDWLRQ RULJLQ �XQLUHSOLFRQ�� )XUWKHU

VWXGLHV RQ WKH )�� SODVPLGV DUH LQ SURJUHVV�
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1RYHO VHUXP UHSODFHPHQW EDVHG RQ ERYLQH RFXODU IOXLG� D XVHIXO WRRO

IRU FXOWLYDWLRQ RI DQLPDO FHOOV LQ YLYR

�,QVWLWXWH RI 0LFURELRORJ\ DQG ,PPXQRORJ\� 0HGLFDO )DFXOW\� ���� /MXEOMDQD� �)DFXOW\ RI $JULFXOWXUH�

8QLYHUVLW\ RI 0DULERU 9UEDQVND ��� ���� 0DULERU� 6ORYHQLD� �,QVWLWXWH RI ,PPXQRORJ\� ���� =DJUHE�

&URDWLD� �,QVWLWXWH RI %LRWHFKQRORJ\� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

'LIIHUHQW PDPPDOLDQ FHOOV LQ FXOWXUH KDYH LQGLYLGXDO QXWULWLRQDO UHTXLUHPHQWV�

ZKLFK DUH PDLQO\ IXOILOOHG E\ WKH DGGLWLRQ RI IHWDO FDOI VHUXP WR WKH EDVLF PHGLXP� 'XH

WR WKH EDWFK WR EDWFK YDULDELOLW\ DQG UHODWLYHO\ KLJK SULFH GLIIHUHQW VHUXP UHSODFHPHQWV

ZHUH LQWURGXFHG� $PRQJ WKHP ERYLQH FRORVWUXP DV D VHUXP VXEVWLWXWH IRU WKH

FXOWLYDWLRQ RI PRXVH K\EULGRPDV VKRXOG EH PHQWLRQHG� 7KH SUHVHQWHG H[SHULPHQWV

ZHUH DLPHG WR LQWURGXFH WKH VLPSOH DQG HIIHFWLYH VHUXP UHSODFHPHQW �65� EDVHG RQ

ERYLQH RFXODU IOXLG� 7KURXJKRXW WKH H[SHULPHQWV ERYLQH RFXODU IOXLG DORQH DQG LQ

FRPELQDWLRQ ZLWK VKHHS¶V GHILEULQDWHG SODVPD DQG VHUXP DOEXPLQ ZDV WHVWHG IRU

JURZWK RI GLIIHUHQW FHOOV JURZLQJ DV PRQROD\HU� �D� FHOO OLQHV� +H/D� :,6+� +$&�

��7�� +$&���7� �KXPDQ DPQLRWLF FHOO OLQHV� :L5() �:LVWDU UDW HPEU\RQDO ILEUREODVWV�

0'%. �ERYLQH NLGQH\�� 3/$ �DGXOW SLJ NLGQH\�� 67 �VZLQH WHVWLV� �E� SULPDU\ FXOWXUH�

FKLFNHQ HPEU\RQDO ILEUREODVWV� $OO WKH JURZWK H[SHULPHQWV ZHUH PDGH LQ SDUDOOHO ZLWK

)HWDO &DOI 6HUXP �)&6�� $OO W\SHV RI FHOOV ZHUH FXOWLYDWHG LQ XVXDO (DJOH¶V PHGLXP �

DQWLELRWLFV �3HQLFLOOLQH� 6WUHSWRP\FLQH� *HQWDP\FLQH�� 7KH PRVW HIIHFWLYH ZDV WKH 65

FRQWDLQLQJ DSSUR[LPDWHO\ ��� RI VKHHS¶V GHILEULQDWHG SODVPD DQG ���� RI VHUXP

DOEXPLQ LQ ERYLQH RFXODU IOXLG� 'XULQJ WKH H[SHULPHQWV �� � DQG �� RI 65 RU )&6 LQ

(DJOH¶V PHGLXP ZHUH XVHG� $IWHU �� � DQG � GD\V RI FXOWLYDWLRQ� WKH FHOOV ZHUH FRXQWHG�

7KH UHVXOWV VKRZ WKDW WKH XVH RI 65 LQVWHDG RI )&6 JLYHV KLJKHU QXPEHU RI FHOOV� ,W LV

DOVR LPSRUWDQW WKDW SUDFWLFDOO\ QR DGDSWDWLRQ LV QHHGHG� PHDQLQJ WKDW WKH FHOOV FRXOG EH

JURZQ LQ WKH (DJOH¶V PHGLXP � )&6 DQG LQ WKH QH[W SDVVDJH LQ (DJOH¶V PHGLXP � 65

DQG YLFH YHUVD�
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%DFWHULRORJLFDO GDWD RQ VHOHFWHG PROOXVFV DQG SODQNWRQLF FUXVWDFHDQV

RI /DNH %DODWRQ

�'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\� %XGDSHVW� �%DODWRQ /LPQRORJLFDO 5HVHDUFK

,QVWLWXWH RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� 7LKDQ\� +XQJDU\

7KH PROOXVFV DQG WKH SODQNWRQLF FUXVWDFHDQV DUH ILOWHU�IHHGLQJ RUJDQLVPV DQG

VRPH RI WKHP DUH FRQVLGHUHG WR EH HIIHFWLYH EDFWHULDO IHHGHUV� 7KH DLP RI RXU ZRUN ZDV

WR LGHQWLI\ WKH EDFWHULDO FRPPXQLWLHV RI WKH KLQGJXW FRQWHQW RI WZR PROOXVFV �$QRGRQWD

VS�� 8QLR VS��� WKH JXW FRQWHQW RI WKH 'UHLVVHQD DQG &RURSKLXP VS�� DQG KRPRJHQL]HG

ERG\ RI %RVPLQD� 'DSKQLD DQG (XGLDSWRPXV VS� :H FROOHFWHG WKUHH VSHFLHV RI

PROOXVFV DQG IRXU VSHFLHV RI SODQNWRQLF FUXVWDFHDQV DW WZR VDPSOLQJ VLWHV �HDVWHUQ SDUW�

7LKDQ\ DQG ZHVWHUQ SDUW�.HV]WKHO\� RI /DNH %DODWRQ� )URP WKH VHYHQ VSHFLHV ZH

LVRODWHG VHYHQW\�WZR UHSUHVHQWDWLYH VWUDLQV DQG VWXGLHG WKHLU PRUSKRORJLFDO�

SK\VLRORJLFDO DQG ELRFKHPLFDO FKDUDFWHUV DQG WKH VWUDLQV ZHUH LGHQWLILHG E\ WKH %LRORJ

V\VWHP� WRR� %DVHG RQ HLJKW\�WKUHH FRGHG FKDUDFWHUV D FKDSWHUDQDO\VLV ZDV SHUIRUPHG�

'HQGRJUDP ZDV REWDLQHG E\ XVLQJ WKH 83*0$ DOJRULWKP DQG 660 FRHIILFLHQW ZLWK WKH

KHOS RI WKH 6366 IRU :LQGRZV ��� VRIWZDUH� 7HQ GRPLQDQW SKHQRQV ZHUH GHOLQHDWHG�

ZKHUH WKH FOXVWHU¶V RYHUDOO VLPLODULW\ LV HLJKW\�QLQHW\ SHUFHQW� 7KH GRPLQDQW FOXVWHUV

FRQWDLQ WKH IROORZLQJ WD[D� 0LFURFRFFXV VS�� %DFLOOXV FHUHXV� $FLQHWREDFWHU VS��

3VHXGRPRQDV VS�� .OHEVLHOOD VS�� $HURPRQDV VS�� %DFLOOXV PHJDWHULXP DQG WZR RWKHU

SKHQRQV� LGHQWLILHG RQO\ RQ IDPLO\ OHYHO� (QWHUREDFWHULDFHDH DQG 9LEULRQDFHDH� 7KHVH

RUJDQLVPV DUH W\SLFDO LQ WKH ZDWHU DQG VHGLPHQW RI WKH ODNH� WRR� /LNH LQ FDVH RI VRPH

ILVKHV WKH DHUREH DQG IDFXOWDWLYH DQDHUREH PLFURELRWD RI WKHVH PROOXVFV DQG FUXVWDFHDQV

FDQ EH RUJDQL]HG IURP WKH GRPLQDQW RUJDQLVPV RI ZDWHU DQG VHGLPHQW� 6HYHQW\�QLQH

SHUFHQW RI WKH VWUDLQV ZHUH *UDP QHJDWLYH� 7KH W\SLFDO HQWHUREDFWHULXP .OHEVLHOOD

R[\WRFD ZDV IRXQG RQO\ LQ WKH KLQGJXW RI WKH ELJJHU VL]H RI PROOXVFV �$QRGRQWD VS��

8QLR VS��� 0RVW RI WKH IDFXOWDWLYH DQDHUREH EDFWHULD ZHUH IRXQG DW WKH UHJLRQ RI

.HV]WKHO\�
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6HURORJLFDO VXUYH\ RQ WKH SUHVHQFH RI VRPH ]RRQRVHV LQ (XURSHDQ EURZQ

KDUHV LQ 6ORYHQLD

�,QVWLWXWH RI 0LFURELRORJ\ DQG 3DUDVLWRORJ\� 9HWHULQDU\ )DFXOW\� /MXEOMDQD� �,QVWLWXWH IRU %UHHGLQJ

DQG +HDOWK &DUH RI :LOG $QLPDOV� )LVKHV DQG %HHV� 9HWHULQDU\ )DFXOW\� /MXEOMDQD� 6ORYHQLD

2EMHFWLYHV� 7KH DLP RI RXU VWXG\ ZDV WR HYDOXDWH VHURORJLFDOO\ WKH H[SRVXUH RI

(XURSHDQ EURZQ KDUHV �/HSXV HXURSDHXV� LQ 6ORYHQLD WR WKH FDXVDWLYH DJHQWV RI VRPH

LPSRUWDQW ]RRQRVHV DQG FRQVHTXHQWO\ FRQVLGHU WKHLU LQYROYHPHQW LQ WKH WUDQVPLVVLRQ RI

WKHVH GLVHDVHV�

0DWHULDO DQG PHWKRGV� (XURSHDQ EURZQ KDUH VHUD ZHUH FROOHFWHG LQ ���� IURP

WKH KDUHV VKRW LQ GLIIHUHQW UHJLRQV RI 6ORYHQLD� (/,6$ DQG�RU VHURDJJOXWLQDWLRQ �6$�

WHVWV ZHUH XVHG WR GHWHUPLQH DQWLERGLHV DJDLQVW %RUUHOLD EXUJGRUIHUL �%� EXUJGRUIHUL�

DQG )UDQFLVHOOD WXODUHQVLV �)� WXODUHQVLV� LQ �� VHUXP VDPSOHV� �� VHUD ZHUH H[DPLQHG

IRU WKH SUHVHQFH RI DQWLERGLHV DJDLQVW %UXFHOOD VSS�� 7R[RSODVPD JRQGLL �7� JRQGLL� DQG

7LFN�ERUQH HQFHSKDOLWLV �7%(� YLUXV�

5HVXOWV DQG GLVFXVVLRQ� $QWLERGLHV DJDLQVW %� EXUJGRUIHUL ZHUH IRXQG LQ �����

RI VHUD �(/,6$�� ���� RI VHUD ZHUH SRVLWLYH LQ (/,6$ XVLQJ )� WXODUHQVLV DQWLJHQ

ZKHUHDV DOO WKH VDPSOHV ZHUH QHJDWLYH LQ VHURDJJOXWLQDWLRQ WHVW� ,Q ���� RI VHUD

DQWLERGLHV DJDLQVW %UXFHOOD VSS� �(/,6$� ZHUH IRXQG� ����� RI VHUD ZHUH SRVLWLYH IRU

WKH SUHVHQFH RI DQWLERGLHV DJDLQVW 7� JRQGLL �6$� DQG ����� RI VHUD DJDLQVW 7%(�YLUXV

�(/,6$��

7KH UHVXOWV LQGLFDWH WKH LPSRUWDQFH RI (XURSHDQ %URZQ KDUHV LQ WKH

WUDQVPLVVLRQ DQG PDLQWHQDQFH RI /\PH ERUUHOLRVLV� WR[RSODVPRVLV DQG LQIHFWLRQ ZLWK

7%( YLUXV LQ QDWXUDO KDELWDW LQ 6ORYHQLD�

*<� *81,&6
�
� 1� 027+2+$6+,

�
� -� 02/1È5

�

7KH PRGLILFDWLRQ RI DQWLEDFWHULDO HIIHFW RI HU\WKURP\FLQ LQ WKH SUHVHQFH

RI GLK\GURS\ULGLQHV

�'HSDUWPHQW RI 0LFURELRORJ\� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\� �0HLML 3KDUPDFHXWLFDO

8QLYHUVLW\� .L\RVH� 7RN\R� -DSDQ

6L[WHHQ VXEVWLWXWHG GLK\GURS\ULGLQHV RI QLIHGLSLQH �13� DQDORJXHV ZHUH WHVWHG

RQ WKUHH GLIIHUHQW (� FROL VWUDLQV E\ &KHFNHUERDUG WLWUDWLRQ� 7KH FRPSRXQGV KDG KLJK

0,& YDOXHV RQ WKH WKUHH EDFWHULDO VWUDLQV� :KHQ WKH FRPSRXQG *%��*%�� ZHUH XVHG LQ
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FRPELQDWLRQ ZLWK HU\WKURP\FLQ VRPH RI WKH FRPSRXQGV *%��*%�� *%��*%�� UHGXFHG

WKH 0,& YDOXHV RI HU\WKURP\FLQ RQ WKH ODERUDWRU\ (� FROL .�� /( ��� )¶ODF VWUDLQ�

:KHQ WKH VXEVWLWXWHG GLK\GURS\ULGLQHV ZHUH WHVWHG RQ (� FROL $S
V
� (U

U
VWUDLQ WKH

UHGXFWLRQ RI 0,& YDOXHV ZHUH VLPLODU WR WKH SUHYLRXV VWUDLQ EXW QRW LGHQWLFDO� 7KH 0,&

YDOXHV RI HU\WKURP\FLQ ZHUH UHGXFHG LQ WKH SUHVHQFH RI *%��*%� LQ D ORZHU H[WHQW RQ D

FOLQLFDO LVRODWH RI (� FROL SRO\UHVLVWDQW VWUDLQ� 7KH *%�� DQG *%�� ZHUH WKH PRVW

HIIHFWLYH LQ WKH LQWHUDFWLRQ ZLWK HU\WKURP\FLQ�

7KH V\QHUJLVWLF HIIHFW RI GLK\GURS\ULGLQHV GHSHQGV RQ WKHLU FKHPLFDO VWUXFWXUH�

PRGLILHG E\ WKH VXEVWLWXHQWV�

0� +$,5�%(,2� +� +$),=$� 6� 3� 3+21*� $� 5� 20$5� ,� $,1,

3DWKRJHQHVLV DQG SDWKRJHQLFLW\ RI 0DOD\VLDQ LVRODWHV RI LQIHFWLRXV EXUVDO

GLVHDVH YLUXV

)DFXOW\ RI 9HWHULQDU\ 0HGLFLQH� 8QLYHUVLW\ 3XWUD 0DOD\VLD� ����� 830 6HUGDQJ� 6HODQJRU� 0DOD\VLD

2XWEUHDN RI LQIHFWLRXV EXUVDO GLVHDVH �,%'� LQ SRXOWU\ LQYROYLQJ D KLJKO\

SDWKRJHQLF VWUDLQ RI VHURW\SH � ,%' YLUXV �,%'9� ZDV ILUVW UHSRUWHG LQ 0DOD\VLD LQ

����� 6LQFH WKHQ� WKH GLVHDVH KDV EHFRPH RQH RI WKH PRVW WKUHDWHQLQJ GLVHDVHV LQ

SRXOWU\ LQGXVWU\ LQ WKH FRXQWU\� 2XWEUHDNV RI ,%' FRQWLQXH WR RFFXU LQ ERWK WKH

YDFFLQDWHG DQG QRQ�YDFFLQDWHG IORFNV� 7KH RXWEUHDNV FDXVHG JUHDW HFRQRPLF ORVVHV GXH

WR KLJK PRUWDOLW\� LPSDLUHG JURZWK� KLJK FDUFDVV FRQGHPQDWLRQ DQG SURIRXQG

LPPXQRVXSSUHVVLRQ� 0L[HG LQIHFWLRQ RI ,%' ZLWK RWKHU YLUDO RU RWKHU SDWKRJHQV DUH

FRPPRQO\ UHSRUWHG� (YDOXDWLRQ RQ WKH VDIHW\ DQG HIILFDF\ RI WKH LPSRUWHG ,%'

YDFFLQHV DYDLODEOH LQ WKH PDUNHW FRPPHUFLDOO\ IRU ORFDO XVH GHPRQVWUDWHG WKDW PRVW RI

WKH YDFFLQHV VWXGLHG ZHUH XQVDIH DQG QRW HIIHFWLYH WR FRQIHU IXOO SURWHFWLRQ DJDLQVW

,%'9� )RXUWHHQ ORFDO LVRODWHV RI ,%'9 IURP WKH ILHOG RXWEUHDNV LQ EURLOHUV� OD\HUV DQG

YLOODJH FKLFNHQV ZHUH VXFFHVVIXOO\ LVRODWHG DQG SURSDJDWHG LQ FKRULRDOORQWRLF

PHPEUDQH �&$0�� FKLFNHQ ILEUREODVW �&()� WLVVXH FXOWXUH DQG VSHFLILF SDWKRJHQ IUHH

�63)� FKLFNHQV� 7KH GLIIHUHQFHV LQ SDWKRJHQLFLW\ RI WKH LVRODWHV ZHUH FKDUDFWHUL]HG

XVLQJ ERWK WKH FRQYHQWLRQDO DQG PROHFXODU WHFKQLTXHV� $ KLJKO\ SDWKRJHQLF LVRODWH RI

,%'9 �830 ������ FDXVHG ���� PRUWDOLW\ LQ 63) FKLFNHQV ZLWK W\SLFDO OHVLRQV RI

VHYHUH KDHPRUUKDJHV DQG QHFURVLV LQ WKH EXUVD RI )DEULFLXV� 6HYHUH KDHPRUUKDJHV DOVR

RFFXUUHG LQ WKH PXVFOHV DQG DW WKH MXQFWLRQ RI WKH SURYHQWULFXOXV DQG JL]]DUG� $ KLJKO\

LPPXQRJHQLF ZLWK ORZ LQ SDWKRJHQLFLW\ LVRODWH RI ,%'9 �830 ������ ZDV DWWHQXDWHG

LQ &$0 DQG &() WLVVXH FXOWXUH� $ OLYH DWWHQXDWHG ,%' YLUDO VHHG IRU YDFFLQH

GHYHORSPHQW ZDV VXFFHVVIXOO\ HVWDEOLVKHG� 7KH YLUDO VHHG �YDFFLQH� SUHSDUHG LQ &$0
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LV KLJKO\ LPPXQRJHQLF DQG DEOH WR LQGXFH KLJK OHYHO RI ,%' DQWLERG\ ZKHQ LQRFXODWHG

LQ ERWK WKH 63) DQG FRPPHUFLDO FKLFNHQV� 7KH YDFFLQH LV DOVR DEOH WR QHXWUDOL]H D KLJK

OHYHO RI PDWHUQDOO\ GHULYHG DQWLERG\ �0'$�� ,W LV VDIH DQG HIIHFWLYH WR FRQIHU IXOO

SURWHFWLRQ DJDLQVW ,%'9 ZKHQ JLYHQ LQ FKLFNHQV HLWKHU IRU D VLQJOH YDFFLQDWLRQ DW GD\

�� RI DJH RU GRXEOH YDFFLQDWLRQ DW GD\V �� DQG �� RI DJH HLWKHU WKURXJK LQWUDRFXODU RU

RUDO URXWH RI YDFFLQDWLRQ RU DV IRRG EDVHG YDFFLQH� 7KH YDFFLQH LV DOVR VDIH DQG

HIIHFWLYH ZKHQ XVHG IRU LQ RYR YDFFLQDWLRQ DW ���GD\�ROG HPEU\RQDWHG FKLFNHQ HJJ�

6WXGLHV RQ WKH SDWKRJHQLFLW\ DQG LPPXQRJHQLFLW\ RI WKH ORFDO ,%' YLUDO VHHG SUHSDUHG

LQ &() WLVVXH FXOWXUH VKRZHG XQVDWLVIDFWRU\ UHVXOW� 6WXGLHV RQ WKH SDWKRJHQHVLV RI WKH

GLVHDVH IROORZLQJ RUDO URXWH RI ,%'9 LQRFXODWLRQ GHPRQVWUDWHG WKDW WKH YLUXV LQLWLDOO\

UHSOLFDWHV LQ WKH O\PSKRLG FHOOV LQ WKH LQWHVWLQDO WUDFW OHDGLQJ WR SULPDU\ YLUDHPLD DQG

UHSOLFDWLRQ RI WKH YLUXV LQ WKH EXUVD RI )DEULFLXV� WKH WDUJHW RUJDQ IRU ,%'9� 7KH YLUXV

FDQ DOVR HQWHU LQWR WKH EXUVD GLUHFWO\ WKURXJK WKH LQWHVWLQDO OXPHQ� /RFDOL]DWLRQ DQG

UHSOLFDWLRQ RI ,%'9 LQ WKH EXUVD FDXVHG VHYHUH EXUVDO QHFURVLV DQG VHFRQGDU\ YLUDHPLD

OHDGLQJ WR GHVWUXFWLRQ RI RWKHU O\PSKRLG RUJDQV� HVSHFLDOO\ WKH WK\PXV DQG VSOHHQ� 7KH

YLUXV ZDV LQLWLDOO\ UHSOLFDWLQJ LQ WKH +DUGHULDQ JODQG IROORZLQJ LQWUDRFXODU URXWH RI

LQRFXODWLRQ� 2QO\ D KLJKO\ SDWKRJHQLF VWUDLQ RI ,%'9 LVRODWH FRXOG FDXVH VHYHUH OHVLRQV

ERWK LQ WKH EXUVD RI )DEULFLXV DQG RWKHU O\PSKRLG RUJDQV� ,Q FRQWUDVW� WKH PLOG

SDWKRJHQLF LVRODWH SURGXFHG OHVLRQV LQ WKH EXUVD RI )DEULFLXV ZLWK VLJQ RI EXUVDO

UHFRYHU\ DW ODWHU VWDJH RI LQIHFWLRQ� 7KH ORFDO ,%'9 LVRODWHV DUH DOVR XVHG IRU WKH

GHYHORSPHQW RI ,%' UHDJHQWV DQG GLDJQRVWLF NLWV DQG IRU IXUWKHU GHYHORSPHQW RI VXE�

XQLW RU UHFRPELQDQW ,%' YDFFLQH�

,� +$-7Ï6
�
� 5� */È9,76

�
� 7� .29È&6

�
� 9� 3È/),

�
� /� 0$.5$,
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6SHFLILF HQ]RRWLF GHUPDWLWLV LQ D EUHHGLQJ VKHHS IORFN

�$QLPDO +HDOWK DQG )RRG &RQWURO 6WDWLRQ� 0LVNROF� �&HQWUDO 9HWHULQDU\ ,QVWLWXWH� %XGDSHVW�
�'HSDUWPHQW RI 0LFURELRORJ\ DQG ,QIHFWLRXV 'LVHDVHV� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

%HWZHHQ 'HFHPEHU ���� DQG -DQXDU\ ���� D VSHFLILF� HQ]RRWLF GHUPDWLWLV ZDV

REVHUYHG LQ D FURVVEUHHG VKHHS IORFN LQ 1RUWKHUQ +XQJDU\� 7KH DIIHFWHG IORFN

FRPSULVHG ��� SUHJQDQW HZHV DQG �� ������� RI WKHP VKRZHG FOLQLFDO VLJQV GXULQJ WKH

FRXUVH RI WKH GLVHDVH� ,Q WKH ILUVW KDOI RI 1RYHPEHU RI ���� WKHVH DQLPDOV JUD]HG RQ D

PDL]H VWXEEOH�ILHOG� ZKHUH WKH OHIW FRUQ�VWDONV ZHUH ��±�� FP KLJK� ,W ZDV OLNHO\ WKDW

WKHVH FRUQ�VWDONV LQMXUHG WKH VNLQ RI WKH KHDG� 7ZR ZHHNV ODWHU WKH ILUVW FOLQLFDO VLJQV

FRXOG EH REVHUYHG�



),567 -2,17 0((7,1* ���

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

&OLQLFR�SDWKRORJLFDO OHVLRQV ZHUH XVXDOO\ UHVWULFWHG WR RQH VLGH RI WKH KHDG DQG

SDUWLFXODUO\ DIIHFWHG WKH VNLQ DURXQG WKH H\H� RYHU WKH QDVDO DQG PD[LOODU\ ERQHV� 6NLQ

OHVLRQV ZHUH HU\WKHPDWRXV� VZHOOHG� DQG LUUHJXODUO\ VKDSHG UDQJLQJ LQ GLDPHWHU IURP �±

� FP� $IIHFWHG VNLQ VXUIDFHV ZHUH FRYHUHG E\ VHURILEULQRXV RU VHURVDQJXLQRXV H[XGDWH�

,Q VRPH FDVHV WKH RGRXU RI WKH KHDG ZDV IRXO�VPHOOLQJ� 7KH FLUFXPVFULEHG OHVLRQV ZHUH

FRYHUHG E\ UHGGLVK�EURZQ RU EURZQLVK�EODFN VFDEV DQG ZHUH VXUURXQGHG E\ D ]RQH RI

DORSHFLD�

8QWUHDWHG HZHV VKRZHG D VHOI�FXUH� WKHLU VNLQ OHVLRQV SHUVLVWHG IRU ILYH RU VL[

ZHHNV DQG KHDOHG ZLWKRXW VFDU IRUPDWLRQ� /RFDO RU SDUHQWHUDO DQWLELRWLF WUHDWPHQW ZDV

HIIHFWLYH� WKH VNLQ OHVLRQV KHDOHG ZLWKLQ WZR ZHHNV LQ WKHVH FDVHV�

+LVWRORJLFDOO\ WKH IROORZLQJ WLVVXH OHVLRQV FRXOG EH IRXQG� QHFURVLV DQG

GHVTXDPDWLRQ RI VXSHUILFLDO OD\HUV RI WKH HSLGHUPLV� XOFHUDWLRQ� OHDNDJH RI VHURILEULQRXV

H[XGDWH� 6XEHSLGHUPDO OD\HUV RI WKH GHUPLV ZHUH LQILOWUDWHG E\ PRQRQXFOHDU FHOOV DQG

QHXWURSKLO JUDQXORF\WHV� KDHPRUUKDJHV DQG FOXVWHU RI *UDP�SRVLWLYH EDFWHULD FRXOG DOVR

EH VHHQ� %DFWHULRORJLFDO FXOWXUH RI WKH VFDEV RULJLQDWHG IURP VL[ DIIHFWHG HZHV \LHOGHG

FRDJXODVH SRVLWLYH 6WDSK\ORFRFFXV DXUHXV SOXV FRDJXODVH QHJDWLYH VWDSK\ORFRFFL DQG

VWUHSWRFRFFL LQ WKUHH FDVHV� ZKLOH LQ WKH RWKHU FDVHV DUFDQREDFWHULD� VWUHSWRFRFFL DQG

PRUD[HOODH JUHZ LQ PL[HG FXOWXUH� 6� DXUHXV VWUDLQV ZHUH LGHQWLILHG DQG FKDUDFWHUL]HG

E\ FRQYHQWLRQDO WHVWV DQG FRPPHUFLDO NLWV �%%/ &U\VWDO� $3,6WDSK� 6WDSKDXUH[��

(FWRSDUDVLWHV DQG GHUPDWRSDWKRJHQLF IXQJL FRXOG QRW EH GHPRQVWUDWHG� %ORRG VHUD RI

VL[ DIIHFWHG HZHV ZHUH QHJDWLYH IRU WKH SUHVHQFH RUI YLUXV DQWLERGLHV� EXW ZHUH SRVLWLYH

IRU SHVWLYLUXV �%9'�%'� DQWLERGLHV�

7KH REVHUYHG FOLQLFDO VLJQV DQG WKH UHVXOWV RI EDFWHULRORJLFDO FXOWXUH ZHUH YHU\

VLPLODU WR WKRVH UHSRUWHG E\ 6FRWW DQG RWKHUV LQ FRQQHFWLRQ ZLWK WKH ³6WDSK\ORFRFFDO

GHUPDWLWLV RI VKHHS´ �9HW 5HF ���� ���±��� �������

7KLV GLVHDVH KDV QRW EHHQ UHSRUWHG HDUOLHU LQ +XQJDU\�
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'1$ VHTXHQFH RI D VPDOO� XQLGHQWLILHG SODVPLG LVRODWHG

IURP D +DHPRSKLOXV VRPQXV VWUDLQ

�'HSDUWPHQW RI 0LFURELRORJ\ DQG ,QIHFWLRXV 'LVHDVHV� )DFXOW\ RI 9HWHULQDU\ 6FLHQFH� 6]HQW ,VWYiQ

8QLYHUVLW\� %XGDSHVW� �9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV�

%XGDSHVW� �&HQWUDO 9HWHULQDU\ ,QVWLWXWH� %XGDSHVW� +XQJDU\� �5$=, 9DFFLQH DQG 6HUXP 5HVHDUFK

,QVWLWXWH� 7HKHUDQ� ,UDQ

2QH RI WKH SODVPLGV SUHVHQW LQ D +DHPRSKLOXV VRPQXV �+� VRPQXV� VWUDLQ

LVRODWHG IURP QDVDO GLVFKDUJH RI D FDWWOH ZLWK UHVSLUDWRU\ GLVHDVH V\PSWRPV ZDV

SXULILHG DQG FORQHG IRU '1$ VHTXHQFLQJ� 7KH FRS\ QXPEHU RI WKH SODVPLG ZDV HQRXJK

WR XVH DONDOLQH O\VLV PHWKRG IRU '1$ SODVPLG SXULILFDWLRQ ZKLFK LV ZLGHO\ XVHG IRU

KLJK�FRS\�QXPEHU FORQLQJ YHFWRUV RI (� FROL� 7KH SODVPLG ZDV IRXQG WR EH ���� EDVH

SDLUV ORQJ DQG ZLWK ����� * � & FRQWHQW� +RPRORJ\ VHDUFK IDLOHG WR ILQG DQ\ VLPLODU

'1$ LQ WKH QXFOHLF VHTXHQFH GDWD EDVHV� 7KH ORQJHVW SXWDWLYH RSHQ UHDGLQJ IUDPH ZDV

��� SDLUV ORQJ� %DVHG RQ WKH ORFDWLRQ RI SRVVLEOH WUDQVODWLRQ LQLWLDWLRQ FRGRQV� WKHUH LV D

WKHRUHWLFDO SRVVLELOLW\ RQ WKLV SODVPLG WR FRGH IRU D SURWHLQ RI �� DPLQR DFLGV� 7KH

KRPRORJ\ VHDUFK� KRZHYHU� VKRZHG QR VLJQLILFDQW VLPLODULW\ ZLWK WKH SUHVHQWO\

DYDLODEOH SURWHLQ GDWD�

3UHVHQFH RI SODVPLGV LQ +� VRPQXV ZDV GHWHFWHG E\ VRPH DXWKRUV �)XVVLQJ DQG

:HJHQHU� ����� $SSXKDP\ HW DO�� ����� EXW WKLV LV WKH ILUVW UHSRUW RQ WKH VHTXHQFLQJ

DQG '1$ DQDO\VLV RI RQH RI WKH SODVPLGV�

7KLV ZRUN ZDV VXSSRUWHG E\ +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG JUDQWV 27.$

7������� 7������� 0�������
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�

6HURSUHYDOHQFH RI KXPDQKHUSHVYLUXV�� LQ +XQJDULDQ P\HORPD SDWLHQWV

DQG EORRG GRQRUV

�'HSDUWPHQW RI 0LFURELRORJ\� ��QG ,QWHUQDO 0HGLFLQH DQG �'HUPDWRORJ\� )DFXOW\ RI 0HGLFLQH�

8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

7KH VHURSUHYDOHQFH RI .6+9 LQ WKH +XQJDULDQ SRSXODWLRQ DQG LQ FOLQLFDO JURXSV

ZDV GHWHUPLQHG E\ UHFRPELQDQW RUI.��� DQG RUI�� DQWLJHQ (/,6$ DQG E\ DQWL�/$1$�

,)$� (/,6$ UHVXOWV ZHUH FRQILUPHG E\ :HVWHUQ EORW�
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,Q WKH EORRG GRQRU JURXS WKH ,J* VHURUHDFWLYLW\ ZDV ����� ������� WR

UHFRPELQDQW RUI.��� DQWLJHQ DQG ����� ������� WR UHFRPELQDQW RUI�� FDUER[\WHUPLQDO

DQWLJHQ� 5HVXOWV ZHUH FRPSDUDEOH ZLWK SUHYLRXVO\ GHWHUPLQHG DQWL�/$1$ UHVXOWV

����� �������� 7KH RYHUDOO VHURSUHYDOHQFH UDWH LQ WKH EORRG GRQRU JURXS ZDV ����

�������� E\ WKHVH PHWKRGV� 7KH DJH GLVWULEXWLRQ RI DQWLERGLHV VKRZHG D PRGHUDWH EXW

VLJQLILFDQW LQFUHDVH ZLWK VHQHVFHQFH�

,J* DQWLERGLHV ZHUH QRW GHWHFWHG LQ �� PXOWLSOH P\HORPD SDWLHQWV ZLWK DQ\ RI

WKH PHWKRGV�

,Q D JURXS RI FODVVLFDO .6 SDWLHQWV ,J* DQWLERGLHV ZHUH GHWHFWHG LQ �����

������� WR RUI.��� DQWLJHQ� ����� ������� WR RUI�� FDUER[\WHUPLQDO DQWLJHQ DQG �����

������� WR /$1$� � RI �� .6 SDWLHQWV KDG DQWLERGLHV WR DOO WKUHH DQWLJHQV� �� RI �� KDG

DQWLERGLHV DW OHDVW WR WZR DQWLJHQV�

2XU UHVXOWV LQGLFDWH WKH ORZ SUHYDOHQFH RI .6+9 LQ WKH +XQJDULDQ JHQHUDO

SRSXODWLRQ DQG QR VHURORJLFDO DVVRFLDWLRQ RI .6+9 ZLWK PXOWLSOH P\HORPD�

%� .$386,16.<� (� 5869$,� -� %52-1$6� *<� %(5(1&6,

&RPSDUDWLYH DQDO\VLV RI +%9 DQWLJHQV DQG +&9 DQWLERGLHV XVLQJ

FODVVLFDO (/,6$ DQG FRPPHUFLDO UDSLG WHVWV

'LYLVLRQ RI 9LURORJ\� ³%� -RKDQ´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

7KHUH DUH PRUH DQG PRUH UHTXHVWV WR WKH ODERUDWRULHV IRU WKH UDSLG GLDJQRVLV RI

DFXWH YLUDO GLVHDVHV� 2QH VKRXOG H[FKDQJH RU UHSODFH ILUVW RI DOO GLDJQRVWLF SURFHGXUHV�

ZKLFK DUH WLPH FRQVXPLQJ� DQG UHTXLUH H[SHQVLYH HTXLSPHQWV RU KLJKO\ VSHFLDOL]HG

WHFKQLFLDQV�

7KHUH DUH VHYHUDO UDSLG WHVWV DSSURYHG E\ WKH )'$ LQ WKH 86$ �&RQVWDQWLQ�

������ 7KH GRQRUV RI RUJDQ WUDQVSODQWDWLRQV DUH SUHVFUHHQHG IRU +%9� +&9� DQG +,9

DW WKH VLWH RI WKH DFFLGHQWV HYHQ LQ +XQJDU\ E\ UDSLG WHVWV� 7KH UHVXOWV RI D V\VWHPDWLF

FRPSDULVRQ DUH UHSRUWHG KHUH� 6HULHV RI VHUXP VDPSOHV SUHWHVWHG ZLWK +&9 $QWLERG\

(/,6$ �0RQROLVD +&9 $QWLERG\ PDQXIDFWXUHG E\ 3DVWHXU�6DQRIL� DQG ZLWK +%V$J

(/,6$ �,(3$1267,.$ +%V$J (/,6$ 25*$1217(.1,.$� ZHUH UHH[DPLQHG

ZLWK � UDSLG WHVWV PDQXIDFWXUHG E\ � GLIIHUHQW ILUPV� 7ZR RI WKHP ZHUH VSHFLILF WR DQWL�

+&9 DQWLERGLHV� � ZHUH DEOH WR GHWHFW +%V$J DQG +%H$J�

7KH (/,6$ UHVXOWV DUH VKRZQ LQ WKH IRUP RI 2'�&872)) YDOXHV� 7KH UHVXOWV

DERYH ��� KDYH EHHQ FRQVLGHUHG WR EH SRVLWLYH� 7KH UHVXOWV RI WKH UDSLG WHVWV ZHUH

FRQVLGHUHG WR EH ³LQGHWHUPLQDWH´� ZKHQ WKH SRVLWLYH UHVXOW DSSHDUHG VLJQLILFDQWO\ ODWHU

DQG ZHDNHU WKDQ WKDW LQGLFDWHG LQ WKH PDQXIDFWXUHUV¶ GHVFULSWLRQ
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+%V$J 5�7��

�ZKROH EORRG�

+EV$J 5�7��

�VHUXP�

+&9 5�7�� +&9 5�7��

+EV$J (/,6$ � �� RI �� SRVLWLYHV

� LQGHWHUPLQDWHV

�� RI �� SRVLWLYHV

� LQGHWHUPLQDWH

+EV$ (/,6$ ± � RI � QHJDWLYHV � RI � QHJDWLYHV

+&9 (/,6$ � �� RI �� SRVLWLYHV

� LQGHWHUPLQDWH

�� RI �� SRVLWLYHV

+&9 (/,6$ ± �� RI �� QHJDWLYHV ��RI �� QHJDWLYHV

1R IDOVH SRVLWLYH UHVXOWV ZHUH REWDLQHG� 8VLQJ WKH UDSLG WHVWV WKH SURSRUWLRQ RI

WKH FRQILUPHG (/,6$�SRVLWLYH VHUD IRXQG WR EH QHJDWLYH ZDV ��� WR ��� RI WKH WRWDO

QXPEHU RI VDPSOHV WHVWHG� 7KH 2'�&XWRII UDWLR ZDV EHWZHHQ � WR � RI WKH VDPSOHV

IRXQG WR EH IDOVH QHJDWLYHV LQ WKH UDSLG WHVW V\VWHPV� ,Q RQH FDVH HYHQ D 3&5�SRVLWLYH

+&9 VDPSOH ZDV IRXQG WR EH QHJDWLYH�

7KH FRQFOXVLRQ RI WKH ZRUN LV WKDW QHLWKHU GLDJQRVWLF QRU HSLGHPLRORJLFDO

VWXGLHV PD\ EH EDVHG RQO\ RQ UHVXOWV RI UDSLG WHVWV ZLWKRXW YHULILFDWLRQ E\ FODVVLFDO

(/,6$ DQG EORWWLQJ RU ,) SURFHGXUHV

*� .$=,1&=,
�
� (� 32&6$,

�
� -� +259È7+

�

5ROH RI QDWXUDO ZDWHUV DQG ZDWHU HFRV\VWHPV LQ WKH HSLGHPLRORJ\ RI SODQW

YLUXVHV

���*HRUJLNRQ )DFXOW\ RI $JULFXOWXUDO 6FLHQFHV� 8QLYHUVLW\ RI 9HV]SUpP� .HV]WKHO\� �3ODQW +HDOWK

DQG 6RLO &RQVHUYDWLRQ 6WDWLRQ RI )HMpU &RXQW\� 9HOHQFH� +XQJDU\

'XULQJ QHDUO\ WZR SDVW GHFDGHV DQ LQFUHDVLQJ DQG FRQVLGHUDEOH DWWHQWLRQ KDV

EHHQ SDLG WR WKH UHVHDUFK RQ WKH RFFXUUHQFH RI SODQW YLUXVHV LQ ZDWHU HFRV\VWHPV�

1DWXUDO ZDWHUV PD\ SOD\ YHFWRU UROH LQ WKH HSLGHPLRORJ\ RI SODQW YLUXVHV� 7KH SULPDU\

VRXUFH RI SODQW YLUXVHV LQ QDWXUDO ZDWHUV PD\ EH LQIHFWHG SODQWV OLYLQJ QHDU RU HYHQ LQ

WKH ZDWHU� %HVLGHV WKLV� ZDWHU DQG XOLJLQDO SODQWV ± PDLQO\ SHUHQQLDOV ± PD\ EH

UHVHUYRLUV RI HFRQRPLFDOO\ LPSRUWDQW SODQW YLUXVHV� 7KH ZDWHUV RI ULYHUV DQG ODNHV DUH

JHQHUDOO\ XVHG IRU LUULJDWLRQ� 7KHUHIRUH WKH NQRZOHGJH RI WKH FRQWDPLQDWLRQ RI QDWXUDO

ZDWHUV DQG ZDWHU HFRV\VWHPV ZLWK SODQW YLUXVHV LV LPSRUWDQW IURP WKH DVSHFW RI

PLFURELRORJ\� FURS SURGXFWLRQ DQG HQYLURQPHQWDO SURWHFWLRQ�

,Q WKH ODVW \HDUV VXUYH\V ZHUH FDUULHG RXW RQ WKH SUHVHQFH RI SODQW YLUXVHV LQ

QDWXUDO ZDWHUV DQG ZDWHU SODQWV LQ +XQJDU\� 6DPSOHV RI �� SODQW VSHFLHV ZHUH FROOHFWHG

QHDU /DNH %DODWRQ� .LV�%DODWRQ DQG /DNH 9HOHQFH� �� ZDWHU DQG ��� SODQW VDPSOHV
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ZHUH WHVWHG E\ '$6�(/,6$ VHURORJLFDO PHWKRG IRU WKH SUHVHQFH RI �� SODQW YLUXVHV�

7KH UHVXOWV RI VHURORJLFDO WHVWV ZHUH FRQILUPHG E\ ELRORJLFDO DVVD\ RQ KHUEDFHRXV WHVW

SODQWV DQG LQ VHYHUDO FDVHV LPPXQRVRUEHQW HOHFWURQ PLFURVFRS\ �,6(0� ZDV DOVR XVHG�

$FFRUGLQJ WR WKH UHVXOWV RXW RI WKH LQYHVWLJDWHG ZDWHU VDPSOHV �� SURYHG WR

FRQWDLQ SODQW YLUXVHV� &XFXPEHU PRVDLF YLUXV� SRWDWR YLUXV 0 DQG SOXP SR[ YLUXV ZHUH

IRXQG PRVW RIWHQ� $UDELV PRVDLF YLUXV� SRWDWR YLUXV 0� WRPDWR VSRWWHG ZLOW YLUXV� ZKHDW

GZDUI YLUXV DQG ]XFFKLQL \HOORZ PRVDLF YLUXV ZHUH IRXQG IRU WKH ILUVW WLPH LQ QDWXUDO

ZDWHUV� 2Q WKH EDVLV RI VHURORJ\� FXFXPEHU PRVDLF DQG $UDELV PRVDLF YLUXVHV ZHUH

SUHVHQW PRVW RIWHQ LQ WKH SODQW VDPSOHV� 7KH SURSRUWLRQ RI WKH FRPSOH[ LQIHFWLRQ ZDV

YHU\ KLJK� HVSHFLDOO\ LQ FDVH RI 0HQWKD ORQJLIROLD� /\FRSXV HXURSDHXV DQG

%ROERVFKDHQXV PDULWLPXV� 1R YLUXVHV ZHUH GHWHFWHG RQO\ LQ � VSHFLHV� 1DWXUDO

RFFXUUHQFH RI SRWDWR YLUXV < DQG VRZEDQH PRVDLF YLUXV RQ $OLVPD SODQWDJR�DTXDWLFD

ZDV FRQILUPHG E\ LPPXQRVRUEHQW HOHFWURQ PLFURVFRS\ DV ZHOO� $V WKH HFRQRPLFDOO\

LPSRUWDQW YLUXVHV FDQ RFFXU XQGHU QDWXUDO FRQGLWLRQV LQ QDWXUDO ZDWHUV DQG ZDWHU SODQWV�

H[DPLQDWLRQ RI WKH LQIHFWLRQ FKDLQ LV QHFHVVDU\ LQ WKH IXWXUH�

6� .(&6.(0e7,
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� ,� .,66
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)LUVW UHSRUW RI WKH FLUFRYLUXV FDXVHG SRVWZHDQLQJ PXOWLV\VWHPLF ZDVWLQJ

V\QGURPH RI SLJV LQ +XQJDU\

�9HWHULQDU\ ,QVWLWXWH RI 'HEUHFHQ� 3�2� %R[ ��� +±���� 'HEUHFHQ� �9HWHULQDU\ 0HGLFDO 5HVHDUFK

,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

3RUFLQH FLUFRYLUXVHV ZHUH ILUVW UHFRJQL]HG LQ FXOWXUHG FHOOV RI SLJ RULJLQ LQ ����

EXW WKH\ ZHUH QRW XQWLO ���� DVVRFLDWHG ZLWK D FKDUDFWHUL]HG GLVHDVH �SRVWZHDQLQJ

PXOWLV\VWHPLF ZDVWLQJ V\QGURPH� 30:6� LQ &DQDGD� 7KH V\QGURPH ZDV ILUVW REVHUYHG

LQ +XQJDU\ LQ 'HFHPEHU ����� 6LQFH WKHQ 30:6 KDV EHHQ GLDJQRVHG RQ ILYH

RFFDVLRQV�

7KH FOLQLFDO VLJQV RFFXUUHG DW WKH DJH RI ��±�� GD\V� RU DW D ODWHU VWDJH� L�H�

EHWZHHQ ��±��� GD\V RI DJH� 5HWDUGHG JURZWK� ORVV LQ ZHLJKW�JDLQ� LQFUHDVHG

FRQVXPSWLRQ RI IRRG DQG PRUWDOLW\ ZHUH REVHUYHG� 7KH DQLPDOV EHFDPH GXOO� SDOH�

DQDHPLF� DQG XQGHUZHLJKHG� $GGLWLRQDOO\� G\VSQHD DQG RFFDVLRQDOO\ FRXJKLQJ FRXOG EH

REVHUYHG� ,Q VRPH FDVHV� GLDUUKRHD� LFWHUXV� QHFURWLF GHUPDWLWLV RU DEVFHVVHV LQ WKH VNLQ

ZHUH VHHQ� 7KH PDMRULW\ RI WKH DIIHFWHG SLJV GLHG ZLWKLQ WZR WR WKUHH ZHHNV� ZKLOH

VRPH DQLPDOV SHULVKHG LQ GD\V� 7KH PRUELGLW\ ZDV ��±�� SHU FHQW ZKLOH PRUWDOLW\

UHDFKHG �� SHU FHQW�
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7KH SDWKRORJLFDO LQYHVWLJDWLRQ UHYHDOHG OXQJ HGHPD� DVFLWHV� K\GURWKRUD[ DQG

K\GURSHULFDUGLXP� ,Q VRPH FDVHV O\PSKDGHQRSDWK\� SQHXPRQLD� PXOEHUU\ KHDUW

GLVHDVH� HVRSKRJDVWULF XOFHUV� (� FROL�GLDUUKRHD� KHSDWRG\VWURSK\ DQG WKH HQODUJHPHQW

RI WKH VSOHHQ ZHUH REVHUYHG� 7KH KLVWRSDWKRORJLFDO LQYHVWLJDWLRQV VKRZHG

O\PSKRKLVWLRF\WLF WR JUDQXORPDWRXV LQWHUVWLWLDO SQHXPRQLD� GHSOHWLRQ RI WKH O\PSKRLG

HOHPHQWV LQ WKH O\PSK QRGHV� DQG LQILOWUDWLRQ E\ KLVWLRF\WHV DQG WKH SUHVHQFH RI JLDQW

FHOOV� 8VLQJ SRO\PHUDVH FKDLQ UHDFWLRQ SRUFLQH FLUFRYLUXV W\SH ,, �3&9 ,,� ZDV GHWHFWHG

LQ WKH ERQH PDUURZ DQG O\PSK QRGHV RULJLQDWLQJ IURP WKH WKRUDFLF FDYLW\�

&HOOV QHJDWLYH IRU WKH SUHVHQFH EXW SHUPLVVLYH IRU WKH FXOWLYDWLRQ RI SRUFLQH

FLUFRYLUXVHV ZHUH XVHG IRU WKH LVRODWLRQ RI 3&9 ,,� 1R F\WRSDWKRJHQLF FKDQJHV ZHUH

REVHUYHG HYHQ DIWHU �±� SDVVDJHV� KRZHYHU� WKH FHOO FXOWXUH VXSHUQDWDQWV SURYHG WR EH

3&5 SRVLWLYH DIWHU �±� SDVVDJHV�

7KH GHFOLQH RI SURGXFWLRQ RI SLJ KHUGV EHWZHHQ WKH DJH RI �±�� ZHHNV LQ

DVVRFLDWLRQ ZLWK DQDHPLD� OXQJ HGHPD� GHSOHWLRQ RI O\PSKRLG HOHPHQWV DQG WKH

RFFXUUHQFH RI JLDQW FHOOV LQGLFDWHV WKH SUHVHQFH RI 3&9 ,, DQG� FRQVHTXHQWO\ 30:6�

7KH FRUUHFW GLDJQRVLV UHTXLUHV VSHFLDO YLURORJLFDO LQYHVWLJDWLRQV LQFOXGLQJ 3&5�
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&RPSDUDWLYH VWXGLHV RI YLUXOHQFH DVVRFLDWHG JHQHV IURP SDWKRJHQLF

DQG QRQSDWKRJHQLF 1HLVVHULD VSHFLHV

�'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� 0HGLFDO 6FKRRO RI 3pFV� 8QLYHUVLW\ RI 3pFV�

3pFV� +XQJDU\� �(QYLURQPHQWDO DQG 0ROHFXODU 0LFURELRORJ\ *URXS� 6FKRRO RI %LRORJLFDO 6FLHQFHV�

8QLYHUVLW\ RI /LYHUSRRO� /LYHUSRRO� 8.� �'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG *HQLWR�8ULQDU\

0HGLFLQH� 8QLYHUVLW\ RI /LYHUSRRO� /LYHUSRRO� 8.

7KH JHQXV 1HLVVHULD LQFOXGHV SDWKRJHQLF DQG FRPPHQVDO VSHFLHV� 1HLVVHULD

PHQLQJLWLGHV DQG 1� JRQRUUKRHDH� ZKLFK FDXVH PHQLQJLWLV DQG JRQRUUKRHD�

UHVSHFWLYHO\� DUH WKH WZR REOLJDWH KXPDQ SDWKRJHQV RI WKH JHQXV� 7KH FRPPHQVDO

VSHFLHV H[LVW DV QRUPDO LQKDELWDQWV RI PXFRVDO IORUD LQ KHDOWK\ KXPDQV�

$PRQJ RWKHUV SLOLQ� RXWHU PHPEUDQH SURWHLQV� DQG ,J$ SURWHDVH DUH NQRZQ

YLUXOHQFH IDFWRUV LQ JRQRFRFFDO DQG PHQLQJRFRFFDO GLVHDVH�

,Q WKLV VWXG\ WKH GLVWULEXWLRQ RI VSHFLILF VHTXHQFH HQFRGLQJ YLUXOHQFH DVVRFLDWHG

SURWHLQV LQ SDWKRJHQLF DQG FRPPHQVDO 1HLVVHULD ZDV LQYHVWLJDWHG� )LUVW ZH FKHFNHG WKH

SLOLQ H[SUHVVLRQ E\ HOHFWURQPLFURVFRSH DQG E\ PRQRFORQDO DQWLERGLHV� 3&5 ZDV XVHG

WR GHWHFW SLO( VHTXHQFHV LQ 1HLVVHULD VSHFLHV�
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&ODVV � RXWHU PHPEUDQH SURWHLQ LV D SURGXFW RI SRU$ JHQH DQG H[SUHVVHG E\

PRVW PHQLQJRFRFFDO LVRODWHV� ,W LV UHVSRQVLEOH IRU LQFUHDVHG UHVLVWDQFH WR EDFWHULFLGDO

DQWLERGLHV DQG FDQ WKXV LQIOXHQFH WKH YLUXOHQFH RI WKH EDFWHULXP� 3&5 RI WKH SRU$ JHQH

FDQ JLYH FRPSUHKHQVLYH W\SLQJ RU VXEW\SLQJ� ,Q RXU VWXG\ QR RWKHU 1HLVVHULD VSHFLHV

RWKHU WKDQ PHQLQJRFRFFL ZHUH GHWHFWHG E\ 3&5�

,J$ SURWHDVH LV DQ H[WUDFHOOXODU HQ]\PH WKDW VSHFLILFDOO\ FOHDYHV WKH KHDY\ FKDLQ

RI KXPDQ ,J$� 7KLV HQ]\PH PD\ EH DQ LPSRUWDQW GHWHUPLQDQW RI PLFURELDO YLUXOHQFH�

'1$ VORW EORW K\EULGLVDWLRQ ZDV XVHG WR GHWHUPLQH ZKHWKHU D PLFURRUJDQLVP FDUULHV D

SDUWLFXODU VHTXHQFH RI ,J$ SURWHDVH JHQH� 6RXWKHUQ EORW K\EULGLVDWLRQ ZDV SHUIRUPHG WR

IXUWKHU LQYHVWLJDWH WKH VLPLODULW\� 'HWHFWLRQ RI ,J$ SURWHDVH JHQH E\ 3&5 VXJJHVWV WKDW

VHTXHQFH RI WKLV JHQH LV SUHVHQW RQO\ LQ PHQLQJRFRFFL� GHPRQVWUDWLQJ WKH VSHFLILFLW\ RI

3&5 PHWKRGV�
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$QWLERG\ UHVSRQVHV WR &KODP\GLD SQHXPRQLDH� F\WRPHJDORYLUXV

DQG KXPDQ KHDW VKRFN SURWHLQ �� LQ WKH GHYHORSPHQW RI FRURQDU\ KHDUW

GLVHDVH

�'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� ��UG 'HSDUWPHQW RI 0HGLFLQH�

6HPPHOZHLV 8QLYHUVLW\� %XGDSHVW� �'HSDUWPHQW RI 0HGLFDO ,QIRUPDWLFV� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG�

+XQJDU\

$OWKRXJK PDQ\ ULVN IDFWRUV IRU DWKHURVFOHURVLV KDYH EHHQ LGHQWLILHG� WKH

HWKLRORJ\ RI WKH GLVHDVH LV VWLOO QRW FOHDU� 5HFHQW VWXGLHV KDYH VXJJHVWHG WKH UROH RI

LQIHFWLRQV DQG�RU DXWRLPPXQH PHFKDQLVPV� :H KDYH LQYHVWLJDWHG WKH DQWLERG\

UHVSRQVHV WR &KODP\GLD SQHXPRQLDH �&� SQHXPRQLDH�� F\WRPHJDORYLUXV�LPPHGLDWH

HDUO\ SURWHLQV �&09�,(� DQG KXPDQ KHDW VKRFN SURWHLQ �� �K+63� LQ SDWLHQWV ZLWK

FRURQDU\ GLVHDVH DQG FRQWURO VXEMHFWV IRU WKHLU LQGHSHQGHQW RU MRLQW HIIHFWV RQ WKH

GHYHORSPHQW RI WKH GLVHDVH� &� SQHXPRQLDH DQWLERGLHV ZHUH GHWHFWHG E\

PLFURLPPXQRIOXRUHVFHQFH� &09�,( DQG K+63 �� DQWLERGLHV ZHUH PHDVXUHG E\

(/,6$� HYDOXDWLRQ RI GDWD ZDV FDUULHG RXW E\ 6366 ��� IRU :LQGRZV VWDWLVWLFDO

SURJUDP� $QWLERGLHV WR &� SQHXPRQLD DQG K+63 �� ZHUH SUHVHQW LQ VLJQLILFDQWO\ KLJKHU

SHUFHQWDJH DQG KLJKHU WLWHU LQ SDWLHQWV WKDQ LQ FRQWURO VXEMHFWV� DQG WKHLU SUHVHQFH ZDV

LQGHSHQGHQW IURP FODVVLFDO ULVN IDFWRUV� 7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH

SUHVHQFH RI &09�,( DQWLERGLHV LQ DWKHURVFOHURWLF DQG FRQWURO JURXSV� 7KH KLJK

DQWLERG\ OHYHOV WR K+63 �� RU &� SQHXPRQLDH UHSUHVHQWHG LQGHSHQGHQW ULVN IDFWRUV�
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KRZHYHU WKH SUHVHQFH RI ERWK K+63 �� DQG &� SQHXPRQLDH DQWLERGLHV LQFUHDVHG WKH

SUREDELOLW\ RI WKH GHYHORSPHQW RI DWKHURVFOHURVLV�

7KLV ZRUN ZDV VXSSRUWHG E\ 0.0 ).)3 %�������� DQG 27.$ )�������

%� .2&6,6

2OG DQG QHZ IDFWV LQ UHVHDUFK RI EDFWHULDO OLSRSRO\VDFFKDULGHV

'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� )DFXOW\ RI 0HGLFLQH� 3pFV 8QLYHUVLW\� 3pFV

+XQJDU\

(QGRWR[LQ ZDV GLVFRYHUHG E\ 5� 3IHLIIHU LQ ����� 'XULQJ WKH ILUVW KDOI RI WKH

QH[W FHQWXU\ PHWKRGV ZHUH GHYHORSHG IRU LVRODWLRQ RI HQGRWR[LF PDWHULDO IURP GLIIHUHQW

*UDP�QHJDWLYH EDFWHULD� $� %RLYLQ� 2� :HVWSKDO� &� *DODQRV DQG RWKHUV ZHUH

VXFFHVVIXO LQ WKLV ILHOG� 7KH SXULILHG HQGRWR[LQV ZHUH DQDO\VHG E\ ELRFKHPLFDO PHWKRGV

DQG WKHLU FKHPLFDO VWUXFWXUHV ZHUH GHWHUPLQHG� $Q HQGRWR[LQ PROHFXOH FRQVLVWV RI D

OLSLG DQG D SRO\VDFFKDULGH FRPSRQHQW� $IWHU WKLV GLVFRYHU\ WKH HQGRWR[LQ LV VRPHWLPHV

FDOOHG DV OLSRSRO\VDFFKDULGH ± /36 �0-� 6KHDU ������ ,Q WKH QH[W SHULRG WKH ILQH

VWUXFWXUH� ELRV\QWKHVLV� WKH JHQHWLF EDFNJURXQG RI ELRV\QWKHVLV� FKHPLFDO V\QWKHVLV�

ELRORJLFDO DFWLYLW\� FOLQLFDO UROH DQG GHWHFWLRQ RI /36 ZDV H[WHQVLYHO\ LQYHVWLJDWHG�

1RZDGD\V IRU H[DPSOH ZH NQRZ WKDW WKH FODVVLF HQWHUREDFWHULDO /36 PROHFXOH FRQWDLQV

OLSLG $ FRPSRQHQW� ZKLFK LV UHVSRQVLEOH IRU WKH JUHDW QXPEHU RI WR[LF ELRORJLFDO

HIIHFWV� 7KH YDULDEOH SRO\VDFFKDULGH 2�VLGH FKDLQV JLYH WKH VHURORJLFDO VSHFLILFLW\ RI

*UDP�QHJDWLYH EDFWHULD� 7KH FRUH UHJLR FRQQHFWV WKH OLSLG $ DQG 2�VLGH FKDLQ WR HDFK

RWKHU� 7KH /36 PROHFXOH KDV QXPHURXV KXPRUDO DQG FHOOXODU HIIHFWV� LW FDQ FDXVH

GLVVHPLQDWHG LQWUDYDVFXODU FRDJXODWLRQ� LW FDQ DFWLYDWH GLIIHUHQW FHOOV� % DQG 7

O\PSKRF\WHV� PRQRF\WHV� HQGRWKHOLDO FHOOV� LW FDQ LQGXFH WKH V\QWKHVLV DQG UHOHDVH RI

F\WRNLQHV� LQWHUOHXNLQ �� WXPRU QHFURWLF IDFWRU DQG VR RQ� 7KHVH SURFHVVHV DUH YHU\

LPSRUWDQW LQ GHYHORSPHQW RI FOLQLFDO V\PSWRPV �H�J� IHYHU� ',&� K\SRWRQLD�� ZKHQ D

SDWLHQW LV VXIIHULQJ IURP *UDP�QHJDWLYH VHSVLV� 1RZ ZH KDYH YHU\ VHQVLWLYH PHWKRGV

�OLPXOXV WHVW� IRU GHWHFWLRQ RI /36 IURP GLIIHUHQW VDPSOHV� 1RZDGD\V ZH NQRZ WKDW

VRPH DQWLELRWLFV FDQ HDVLO\ UHOHDVH /36 IURP *UDP�QHJDWLYH PLFUREHV �H�J�

FHSKDORVSRULQV� DQG RWKHUV FDQQRW �H�J� DPLQRJO\FRVLGHV�� $QWL�/36 PRQRFORQDO

DQWLERGLHV� VROXEOH UHFHSWRUV� QRQWR[LF /36 IUDJPHQWV DUH XQGHU LQYHVWLJDWLRQ LQ WKH

WKHUDS\ RI *UDP�QHJDWLYH VHSVLV DQG HQGRWR[HPLD� 1RZDGD\V WKH PROHFXODU

EDFNJURXQG RI WKH FOLQLFDO V\PSWRPV� VR /36�ELQGLQJ SURWHLQV �/%3�� /36�UHFHSWRUV RI

GLIIHUHQW FHOOV �H�J� &'��� DQG LQWUDFHOOXODU HYHQWV DIWHU /36 VLJQDOOLQJ DUH WKH PDLQ

VFLHQWLILF WRSLFV LQ UHVHDUFK RI EDFWHULDO OLSRSRO\VDFFKDULGHV�
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7KH ELR� DQG LPPXQRFKHPLFDO ODERUDWRU\ LQ RXU LQVWLWXWH ZDV IRXQGHG E\ SURI

.� 5DXVV LQ WKH HDUO\ ILIWLHV� 7KH PRVW LPSRUWDQW UHVXOWV IURP WKLV ODERUDWRU\� *�

1RJUDG\ �����± � DQG 0� 5RGOHU GHYHORSHG D XVHIXO SRO\WURSLF PHGLXP IRU

LGHQWLILFDWLRQ RI HQWHULF EDFWHULD �$FW 0LFURELRO +XQJ �� ��� ������ 7� .RQWURKU

�����± � LVRODWHG DQG LGHQWLILHG ��DPLQR���GHR[\�/�DOWUXURQLF DFLG IURP 6KLJHOOD

VRQQHL SKDVH , �&DUERK\GU 5HV ��� ��� ������ 7� .RQWURKU DQG %� .RFVLV GHWHUPLQHG

WKH FKHPLFDO VWUXFWXUH RI QXFOHRWLGH VXJDUV WDNLQJ SDUW LQ ELRV\QWKHVLV RI KHSWRVH UHJLR

RI EDFWHULDO OLSRSRO\VDFFKDULGH� $'3�''�KHSWRVH �- %LRO &KHP ���� ���� ����� DQG

$'3�/'�KHSWRVH �- %LRO &KHP ���� ����� ������ 7KH\ VHSDUDWHG WKHVH KHSWRVH

QXFOHRWLGH VXJDUV E\ +3/& �- &KURPDW ���� ��� ����� DQG WKH HLJKW HSLPHULF ��

DPLQRDOGRKH[RVHV E\ *& �- &KURPDW ���� ��� ������ 1RZDGD\V ZH DQDO\VH WKH

EDFWHULDO WRWDO SURWHLQV DQG RXWHU PHPEUDQH SURWHLQV E\ FDSLOODU\ HOHFWURSKRUHVLV �,�

.XVWRV� %� .RFVLV� ,� .HUHSHVL� )� .LODU� (OHFWURSKRUHVLV ��� ���� ���� DQG

(OHFWURSKRUHVLV ��� ���� ����� DQG WKH VHURORJLFDO FURVV�UHDFWLRQV EHWZHHQ 3�

PRUJDQLL DQG RWKHU HQWULF EDFWHULD �=� 3HWHUIL� %� .RFVLV� ,PPXQRDVVD\ LQ SUHVV��

-� .Ï1<$
���
� /� $51+(,0

�
� =� +(51È',
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'HWHFWLRQ RI KXPDQ SDSLOORPDYLUXV�VSHFLILF SHULSKHUDO 7 O\PSKRF\WHV

XVLQJ DQ ,)1�JDPPD (/,6327 DVVD\

�0LFURELRORJ\ 7XPRUELRORJ\ &HQWHU� .DUROLQVND ,QVWLWXWH� 6WRFNKROP� 6ZHGHQ� �'HSDUWPHQW

RI 0LFURELRORJ\� �'HSDUWPHQW RI *\QHFRORJ\ DQG 2EVWHWULFV� 8QLYHUVLW\ RI 'HEUHFHQ� 0HGLFDO 6FKRRO�

'HEUHFHQ� +XQJDU\

%DFNJURXQG� 7KH FHOOXODU LPPXQH UHVSRQVHV WR +39 DUH FRQVLGHUHG LPSRUWDQW

IRU WKH UHJUHVVLRQ RI YLUXV LQGXFHG OHVLRQV� 4XDQWLWDWLYH DVVD\V RI FHOOXODU LPPXQLW\

KDYH QRW EHHQ ZLGHO\ XVHG DQG FHOO UHVSRQGHU FHOO IUHTXHQFLHV DQG WKHLU +39 W\SH

VSHFLILFLW\ DUH XQNQRZQ�

0HWKRGV� :H LQYHVWLJDWHG WKH SHULSKHUDO EORRG 7 O\PSKRF\WH UHVSRQVHV DJDLQVW

SXULILHG FDSVLGV RI KXPDQ SDSLOORPDYLUXV �+39� W\SHV �� ��� �� DQG �� LQ DQ ,)1�

JDPPD (/,6327 DVVD\� 7KH +39 ���H[SRVHG JURXS RI � SDWLHQWV ZLWK FHUYLFDO

LQWUDHSLWKHOLDO QHRSODVLD SRVLWLYH IRU +39�� '1$ DQG � KHDOWK\ +39���VHURSRVLWLYH

EORRG GRQRUV ZDV FRPSDUHG ZLWK D FRQWURO JURXS RI �� KHDOWK\ +39 ���VHURQHJDWLYH

EORRG GRQRUV� +39� VHURSRVLWLYLW\ ZDV IRXQG LQ � RI WKH � +39���H[SRVHG DQG LQ � RI

�� FRQWURO SHUVRQV�

5HVXOWV� 7KH (/,6327 UHDFWLYLWLHV RI WKH FRQWURO VDPSOHV UHYHDOHG WKDW

GHWHFWLRQ OLPLW RI WKH DVVD\ ZDV �� UHVSRQGHU ���
�
O\PSKRF\WHV� 7KH UHVSRQVHV DERYH
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WKH GHWHFWLRQ OLPLW ZHUH FRQVLGHUHG SRVLWLYH DQG UDQJHG XS WR �� UHVSRQGHU���
�

O\PSKRF\WHV� 7KH +39���VSHFLILF ,)1�JDPPD UHVSRQVHV ZHUH DVVRFLDWHG ZLWK +39��

H[SRVXUH ���� FDVHV DQG ���� FRQWUROV UHVSRQGLQJ� S ������� ,QWHUHVWLQJO\� WKH +39��

VSHFLILF UHVSRQVHV ZHUH DOVR VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH FDVHV ���� FDVHV DQG ����

FRQWUROV UHVSRQGLQJ� S ������� %\ FRQWUDVW� WKH UHVSRQVHV DJDLQVW WKH FDSVLGV RI +39

W\SHV � DQG �� ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ WKH +39 ���SRVLWLYH SDWLHQWV

DQG WKH +39 ���QHJDWLYH FRQWUROV� 7KHUH ZDV D VLJQLILFDQW FRUUHODWLRQ RQO\ EHWZHHQ WKH

PDJQLWXGH RI ,)1�JDPPD UHVSRQVHV WR +39� DQG +39�� �3HDUVRQ¶V FRUUHODWLRQ�

U ����� S��������

7KH FRUUHVSRQGLQJ +39��VSHFLILF UHVSRQGHU IUHTXHQFLHV ZDV ORZHU WKDQ WKH

+39�� VSHFLILF RQHV �OLQHDU UHJUHVVLRQ FRHIILFLHQW� % ������������ VXJJHVWLQJ WKDW

+39�� LQGXFHG 7 O\PSKRF\WHV DUH SDUWLDOO\ FURVV�UHDFWLYH ZLWK +39��

&RQFOXVLRQV� +39 LQIHFWLRQ LQGXFHV YLUXV�VSHFLILF 7 O\PSKRF\WH PHPRU\�

ZKLFK LV UHDGLO\ PHDVXUHG LQ ,)1�JDPPD (/,6327 DVVD\� 7KH 7 O\PSKRF\WH PHGLDWHG

LPPXQLW\ VHHPV WR EH HVVHQWLDOO\ W\SH�UHVWULFWHG� DOWKRXJK +39� DQG +39�� PD\ EH

SDUWLDOO\ FURVV�UHDFWLYH�

,� .86726
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(OHFWURSKRUHWLF DQDO\VLV RI RXWHU PHPEUDQH FRPSRQHQWV LQ ZLOG W\SH

DQG LVRJHQLF PXWDQWV RI (VFKHULFKLD FROL

�'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� �&HQWUDO 5HVHDUFK /DERUDWRU\� 3pFV

8QLYHUVLW\� )DFXOW\ RI 0HGLFLQH� 3pFV� +XQJDU\� �,QVWLWXW I�U 0ROHNXODUH ,QIHNWLRQVELRORJLH� 8QLYHUVLWlW

:�U]EXUJ� *HUPDQ\

3DWKRJHQLFLW\ RI (� FROL VWUDLQV LV UHJXODWHG E\ VHYHUDO YLUXOHQFH IDFWRUV�

([SUHVVLRQ RI WKHVH IDFWRUV LV LQIOXHQFHG E\ YDULRXV UHJXODWRU\ PHFKDQLVPV� DPRQJ

WKHP WKH JOREDO UHJXODWRUV KDYH SDUWLFXODU VLJQLILFDQFH� 2QH RI WKH PRVW LPSRUWDQW

JOREDO UHJXODWRUV LV WKH SURGXFW RI WKH OHX; JHQH� ZKLFK LV UHJXODWHV WKH H[SUHVVLRQ RI .�

KDHPRO\VLQ� ILPEULDO DGKHVLQV DQG PRWLOLW\�

7KH DLP RI RXU VWXG\ ZDV WR DQDO\]H WKH UROH RI WKLV UHJXODWRU LQ WKH H[SUHVVLRQ

RI RXWHU PHPEUDQH SURWHLQV �203� DQG OLSRSRO\VDFFKDULGHV �/36�� ([SHULPHQWV ZHUH

SHUIRUPHG E\ WKH ZLOG W\SH DQG IRXU LVRJHQLF YDULDQWV RI XULQDU\ (� FROL LVRODWH� ���

�ZLOG W\SH�� ������ �GHOHWLRQ PXWDQW�� ���$��� �OHX; PXWDQW�� ���¨��S68���� �OHX;

PXWDQW ZLWK YHFWRU SODVPLG� DQG ������S*%%�� �OHX; PXWDQW ZLWK YHFWRU SODVPLG

FRPSOHPHQWHG ZLWK WKH OHX; JHQH��
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([DPLQDWLRQ RI EDFWHULDO SURWHLQV ZDV SHUIRUPHG E\ D QHZ PHWKRG� G\QDPLF

VLHYLQJ FDSLOODU\ HOHFWURSKRUHVLV �'6&(�� ZKLFK LV D ZHOO DSSOLFDEOH� VXLWDEOH�

DXWRPDWHG DQG TXDQWLWDWLYH PHWKRG LQ SURWHLQ DQDO\VLV�

,Q WKH ILUVW VWHS RI RXU ZRUN RXWHU PHPEUDQH SURWHLQ SURILOHV ZHUH LQYHVWLJDWHG�

$OO (� FROL ��� YDULDQWV SRVVHVVHG �±� PDMRU SURWHLQ SHDNV LQ WKHLU 203 SDWWHUQV� 7KH

SURILOH RI WKH ZLOG W\SH RI (� FROL ��� FRXOG EH FKDUDFWHUL]HG E\ WKH SUHVHQFH RI ILYH

GRPLQDWLQJ SHDNV� ZLWK PROHFXODU ZHLJKWV RI ��� ��� ��� ��� DQG �� N'D� UHVSHFWLYHO\�

,Q WKH SDWWHUQV RI WKH OHX; PXWDQWV WKH DEVHQFH RI WKH �� N'D SURWHLQ� WKH VLJQLILFDQW

GHFUHDVH LQ WKH TXDQWLW\ RI WKH �� N'D SURWHLQ� DQG WKH DSSHDUDQFH RI D �� N'D SHDN

FRXOG EH REVHUYHG� ,Q WKH SURILOH RI WKH S*%%�� PXWDQW DQ DGGLWLRQDO FKDUDFWHULVWLF

SHDN FRXOG EH GHWHFWHG LQ WKH �� N'D UHJLRQ�

/36 PROHFXOHV ZHUH LQYHVWLJDWHG E\ FRQYHQWLRQDO 6'6�3$*( DQG VLOYHU

VWDLQLQJ� $OO (� FROL VWUDLQV H[DPLQHG SRVVHVVHG D ODGGHU SDWWHUQ LQ WKH JHO�

FKDUDFWHULVWLF IRU ³6´ EDFWHULD� VR OHX; PXWDWLRQ GLG QRW LQIOXHQFH WKH H[SUHVVLRQ RI ³6´

FKDUDFWHU�

&DSLOODU\ HOHFWURSKRUHVLV ZDV VXLWDEOH IRU WKH LQYHVWLJDWLRQ RI SURWHLQ SURILOHV LQ

GLIIHUHQW JHQHWLF YDULDQWV� 7KH VLJQLILFDQFH RI WKHVH H[DPLQDWLRQV LV WKDW WKH RXWHU

PHPEUDQH FRPSRQHQWV RI *UDP�QHJDWLYH EDFWHULD SDUWLFLSDWH LQ VHYHUDO EDFWHULDO

IXQFWLRQV �SRUH IRUPDWLRQ� FROLFLQ DQG EDFWHULRSKDJH UHFHSWRUV� DGKHVLRQ WR WKH KRVW

FHOOV� HWF��� 7KXV FKDQJHV RI WKHVH IDFWRUV FDQ LQGLFDWH PRGLILHG SHUPHDELOLW\�

SDWKRJHQLFLW\� RU FROLFLQ DQG SKDJH VHQVLWLYLW\ RI EDFWHULDO FHOOV� )XUWKHU LQYHVWLJDWLRQV

DUH QHHGHG WR HOXFLGDWH KRZ WKHVH FKDQJHV LQ 203 SURILOHV LQIOXHQFH WKH DERYH

IXQFWLRQV�
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/HJLRQHOORVLV� HSLGHP\RORJ\� QDWLRQDO LQFLGHQFH

�'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\� %XGDSHVW� �´%pOD -RKDQ´ 1DWLRQDO &HQWHU

IRU (SLGHPLRORJ\� %XGDSHVW� �³-y]VHI )RGRU´ 1DWLRQDO &HQWUH IRU 3XEOLF +HDOWK� %XGDSHVW� +XQJDU\

/HJLRQHOORVLV KDV EHFRPH D FRQVLGHUDEOH QRVRFRPLDO GLVHDVH E\ WKH HQG RI WKH

��V� ,W LV ZHOO NQRZQ WKDW /HJLRQHOOD JHWV LQWR WKH UHVSLUDWRU\ V\VWHP WKURXJK WKH XVDJH

RI LQGXVWULDO FRROLQJ WRZHUV� IRXQWDLQ� JDUGHQLQJ KRXVHV DQG WKH KRW ZDWHU V\VWHPV RI

KRVSLWDOV DQG KRXVHKROGV �ZDVKEDVLQV� VKRZHUV HWF��� ZLWK WKH GHYHORSHG FRQWDPLQDWHG

DHURVRO� 3DWLHQWV ZKR DUH WUHDWHG ZLWK LPPXQRGHILFLHQF\ LQ KRVSLWDOV DQG JHW

LPPXQRVXSUHVVLYH WKHUDS\ DUH HQGDQJHUHG WKH PRVW� %\ WKH DSSOLFDWLRQ RI PRGHP

GLDJQRVWLF PHWKRGV WKH QXPEHU RI OHJLRQHOORVLV� FRQILUPHG ZLWK ODERUDWRU\
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LQYHVWLJDWLRQV� KDV LQFUHDVHG LQ +XQJDU\� 0RVW GLDJQRVWLF PHWKRGV RI OHJLRQHOORVLV DUH

DGRSWHG VXFFHVVIXOO\ LQ WKH %DFWHULRORJLFDO 'HSDUWPHQW RI 1DWLRQDO &HQWHU IRU

(SLGHPLRORJ\ �2(.� �UHYHDOLQJ RI DQWLERGLHV DQG DQWLJHQHV E\ ,) DQG (/,6$

PHWKRGV� EUHHGLQJ�� ,Q ���� ��� EORRG WHVWV RXW RI ��� ZHUH SRVLWLYH� 2XW RI �� XULQH

VDPSOHV WKH DQWLJHQH ZDV UHYHDOHG LQ � FDVHV� 2XW RI �� %$/ DQG VSXWXP VSHFLPHQV ��

RQHV ZHUH SRVLWLYH E\ GLUHFW ,)� ,Q ���� �� OHJLRQHOORVLV ZHUH UHSRUWHG� ZKLFK OHDG WR

GHDWK LQ � FDVHV� $PRQJ RXU FDVHV ± DFFRUGLQJ WR WKH SUREDEOH RULJLQ RI WKH LQIHFWLRQ ±

WKHUH ZHUH QRVRFRPLDO LQIHFWLRQV� GLVHDVHV LQ FRQQHFWLRQ ZLWK WUDYHOOLQJ� DQG

RFFXSDWLRQDO GLVHDVHV DV ZHOO� ,Q FRQWUDVW IRUHLJQ GDWD WKH PRVW LOOQHVVHV RFFXUUHG

DPRQJ ��±�� \HDU ROG SHRSOH� 7KH UDWLR RI PDOHV DQG IHPDOHV �QHDU ���� GLIIHUV IURP

WKH OLWHUDU\ GDWD DV ZHOO� 0RVW RI RXU LVRODWHG VWUDLQV ± FRQWUDU\ WKH OLWHUDU\ GDWD ± GLG

QRW EHORQJ WR /� SQHXPRSKLOD � VHURJURXS DQG VRPH RI WKHP SURYHG WR EH FLSURIOR[DFLQ

UHVLVWDQW�

7� 0$*
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'HWHFWLRQ DQG H[DPLQDWLRQ RI K\GURJHQ SHUR[LGH SURGXFLQJ ODFWREDFLOOL

LQ ORZHU JHQLWDO WUDFW VDPSOHV

�'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\� %XGDSHVW� �³%pOD -RKDQ´ 1DWLRQDO &HQWHU

IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

/DFWREDFLOOL DUH NQRZQ DV SUHGRPLQDWLQJ SURWHFWLYH PLFURRUJDQLVPV RI QRUPDO

YDJLQDO IORUD� KRZHYHU� WKHUH DUH VWLOO XQNQRZQ GHWDLOV RI WKHLU SURWHFWLYH PLFURELDO

PHFKDQLVPV DJDLQVW SDWKRJHQV� +\GURJHQ SHUR[LGH SURGXFHG E\ VRPH VWUDLQV PD\ SOD\

DQ LPSRUWDQW UROH LQ FRQWURO RI KXPDQ YDJLQDO HFRV\VWHP� EHVLGHV WKH ORZ S+�YDOXH

JHQHUDWHG E\ PDLQ PHWDEROLWHV� 7KH GHWHFWLRQ RI TXDQWLW\ DQG GLVWULEXWLRQ RI VSHFLHV RI

+�2� SURGXFLQJ DQG QRQSURGXFLQJ ODFWREDFLOOL ZRXOG KHOS GLDJQRVWLF HIIRUWV RI

EDFWHULDO LQIHFWLRQV DQG DQDHURELF YDJLQRVLV� $XWKRUV ZRUNHG RXW D VSHFLILF FXOWXUH

PHGLXP IRU LVRODWLQJ +�2� SURGXFLQJ ODFWREDFLOOL IURP URXWLQH FOLQLFDO VDPSOHV�

6HOHFWLYLW\ RI WKH FXOWXUH PHGLXP LV EDVHG RQ ORZ S+�YDOXH� GLIIHUHQWLDWLRQ LV

DVVRFLDWHG ZLWK EHQ]LGLQH�UHDFWLRQ� 'XH WR WKH FKURPRJHQLF VXEVWUDWH +�2� SURGXFLQJ

ODFWREDFLOOL VWUDLQV IRUP FKDUDFWHULVWLF EOXH FRORQLHV� 0LFURVFRSLFDOO\ DQG

PDFURVFRSLFDOO\ VXVSHFW FRORQLHV ZHUH FRQILUPHG E\ $3, �� &+/ WHVWV�
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$FWLQRP\FRVLV RI GRJV FDXVHG E\ $FWLQRP\FHV KRUGHRYXOQHULV

�'HSDUWPHQW RI 0LFURELRORJ\ DQG ,QIHFWLRXV 'LVHDVHV� )DFXOW\ RI 9HWHULQDU\ 6FLHQFH� 6]HQW ,VWYiQ

8QLYHUVLW\� %XGDSHVW� �$QLPDO &OLQLF 1\tUHJ\Ki]D� �'HSDUWPHQW RI 3DWKRORJ\ DQG )RUHQVLF 0HGLFLQH�

)DFXOW\ RI 9HWHULQDU\ 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� +XQJDU\

$FWLQRP\FHV KRUGHRYXOQHULV ZDV LVRODWHG IURP WKH OHVLRQV RI FKURQLF

S\RJUDQXORPDWRXV SOHXULWLV DQG SHULFDUGLWLV RI RQH RI WKUHH GRJV VKRZLQJ VLPLODU

V\PSWRPV� 7KH SDULHWDO SOHXUD DQG WKH SHULFDUGLXP ZHUH PDUNHGO\ WKLFNHQHG DQG

FRYHUHG ZLWK ILQH VKRUW WKUHDGV RI DQJLRILEUREODVWLF WLVVXH� $ERXW ���±���� PO UHGGLVK�

SXUXOHQW H[XGDWH DFFXPXODWHG LQ WKH WKRUD[ RI DOO GRJV H[DPLQHG FRQWDLQLQJ ODUJH

QXPEHU RI ULFH�VL]HG� VRIW� \HOORZLVK�ZKLWH JUDQXOHV �³VXOSKXU JUDQXOHV´�� :KHQ WKH\

ZHUH VWDLQHG XVLQJ WKH *UDP PHWKRG� D FHQWUDO FRUH RI EUDQFKLQJ ILODPHQWV RI *UDP�

SRVLWLYH EDFWHULD HPEHGGHG LQ WKLFN JUDQXODWLRQ WLVVXH FRXOG EH REVHUYHG� 7KH SDULHWDO

SOHXUD� WKH PHGLDVWLQDO VKHHWV DQG WKH SHULFDUGLXP ZHUH LQILOWUDWHG SUHGRPLQDQWO\ ZLWK

QHXWURSKLOV� DQG WR D OHVVHU H[WHQW ZLWK O\PSKRF\WHV DQG SODVPD FHOOV� $ VPDOO QXPEHU

RI HRVLQRSKLOV DQG JLDQW FHOOV ZHUH DOVR REVHUYHG� $ ODUJH QXPEHU RI S\RJUDQXORPDV

HPEHGGHG LQ WKH JUDQXODWLRQ WLVVXH ZHUH FRPSRVHG RI D FRUH RI QHFURWL]HG JUDQXODWLRQ

WLVVXH� PL[HG ZLWK FOXVWHUV RI *UDP�SRVLWLYH EUDQFKLQJ EDFWHULD� VXUURXQGHG E\ DQ DUHD

RI LQWDFW DQG GHJHQHUDWLQJ QHXWURSKLOV DQG O\PSKRF\WHV� %DFWHULD ZHUH GHWHFWHG LQ WKH

OHVLRQV E\ %URZQ�%UHQQ VWDLQLQJ DQG WKH\ ZHUH LVRODWHG IURP RQH RI WKH DIIHFWHG

DQLPDOV� 7KH LVRODWHG EDFWHULD ZHUH LGHQWLILHG DV $� KRUGHRYXOQHULV� 7KLV LV WKH ILUVW

LVRODWLRQ RI $� KRUGHRYXOQHULV LQ +XQJDU\�
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7RURYLUXV GHWHFWLRQ LQ GLDUUKHDO FDOYHV DQG LQ ZHDQHG SLJV LQ +XQJDU\

�9HWHULQDU\ ,QVWLWXWH RI 'HEUHFHQ� 'HEUHFHQ� �9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH� +XQJDULDQ

$FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

7RURYLUXVHV EHORQJ WR WKH 7RURYLUXV JHQXV RI WKH &RURQDYLULGDH IDPLO\� RUGHU

1LGRYLUDOHV� 7KHVH YLUXVHV DUH PRUSKRORJLFDOO\ VLPLODU DQG DQWLJHQLFDOO\ UHODWHG� 7KH

ERYLQH WRURYLUXV LV DQ HVWDEOLVKHG HWLRORJLFDO DJHQW RI GLVHDVH LQ FDWWOH� DOWKRXJK WKH

SRUFLQH WRURYLUXV ZDV LVRODWHG IURP KHDOWK\ DQLPDOV� (YLGHQFH IRU WKH H[LVWHQFH RI

WRURYLUXVHV KDV EHHQ GHVFULEHG LQ PDQ\ (XURSHDQ FRXQWULHV DQG LQ WKH 8QLWHG 6WDWHV� ,Q
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+XQJDU\ YLULRQV ZHUH GHWHFWHG LQ GLDUUKRHLF FDOYHV E\ RQH RI XV ������� ZKLFK ZHUH

LGHQWLILHG DV ³%UHGD $JHQW´ EDVHG RQ WKHLU PRUSKRORJ\�

:H SODQQHG D 57�3&5 VXUYH\ LQ RUGHU WR GHWHFW WRURYLUXVHV LQ +XQJDU\� 7KH

VWXG\ FRYHUHG WHQ VZLQH�� DQG QLQH ERYLQH ± UDQGRPO\ FKRVHQ ± VWRFNV� 5HFWDO VZDEV

DQG IDHFDO VSHFLPHQV ZHUH FROOHFWHG IURP GLDUUKRHLF FDOYHV DQG IURP KHDOWK\ SLJOHWV

DIWHU ZHDQLQJ� $OWRJHWKHU ��� SRUFLQH DQG ��� ERYLQH VDPSOHV ZHUH WHVWHG E\ 57�3&5

ZLWK WRURYLUXV VSHFLILF SULPHUV� :H IRXQG SRVLWLYH VSHFLPHQV IURP FDOYHV ��� DQG SLJV

����� UHVSHFWLYHO\� ,Q WKHVH FDVHV ZH VWUHQJWKHQHG WKH VSHFLILFLW\ RI RXU UHVXOW E\

VHTXHQFLQJ WKH 57�3&5 SURGXFW RI ��� EDVHV VL]H�

$V D UHVXOW RI RXU ZRUN ZH GHWHFWHG� ILUVW WLPH LQ +XQJDU\� WRURYLUXVHV LQ WZR

FDWWOH�� DQG LQ WZR SLJ KHUGV�

7KH DXWKRUV ZRXOG OLNH WR WKDQN 3URI� eYD 1DJ\ DQG 3URI� 0� &� +RU]LQHN IRU

SURYLGLQJ SULPHUV DQG SRVLWLYH FRQWUROV�

È� 0$<(5
�
� -� 5(=(66<�6=$%Ï

�
� &6� %2*1È5
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1XWULWLRQ�ELRORJLFDO UROH RI SURELRWLF %LILGREDFWHULD DQG WKHLU JURZWK

VWLPXODWLQJ SUHELRWLFV

�'HSDUWPHQW RI %UHZLQJ DQG 'LVWLOOLQJ� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\� � ³%pOD -RKDQ´

1DWLRQDO &HQWHU RI (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

)RU GHFDGHV LW KDV EHHQ ZHOO NQRZQ WKDW IHUPHQWHG GDLU\ SURGXFWV SOD\ DQ

LPSRUWDQW UROH LQ QXWULWLRQ� EHFDXVH WKH\ FRQWDLQ OLYLQJ ODFWLF DFLG EDFWHULD ZKLFK KDYH

EHQHILFLDO HIIHFWV RQ WKH KRVW¶V KHDOWK� $PRQJ WKH IRRG SURGXFWV� ZKLFK QRZDGD\V DUH

RQ WKH PDUNHW� WKHUH DUH PRUH DQG PRUH VR�FDOOHG IXQFWLRQDO IRRGV� ZKLFK FRQWDLQ

SURELRWLF� SUHELRWLF DQG V\PELRWLF DGGLWLYHV� 3URELRWLFV DUH OLYLQJ PLFURRUJDQLVPV WKDW

XSRQ HQWHULQJ WKH KRVW WDNH SDUW LQ WKH OLIH�SURFHVV RI WKH FRORQLF PLFURELRWD DQG KDYH

SRVLWLYH HIIHFWV RQ LWV EDODQFH� 3UHELRWLFV DUH QRW OLYLQJ VXEVWDQFHV EXW QRQ�GLJHVWLEOH

IRRG LQJUHGLHQWV �H�J� ROLJRVDFFKDULGHV� WKDW EHQHILFLDOO\ DIIHFW WKH KRVW E\ VHOHFWLYHO\

VWLPXODWLQJ WKH JURZWK RI WKH EHQHILFLDO EDFWHULD UHVLGHQW LQ WKH FRORQ� 6\PELRWLFV IRRG

FRQWDLQV ERWK SURELRWLF PLFURRUJDQLVPV DQG SUHELRWLFV� ZKLFK VHOHFWLYHO\ VXSSRUW WKH

JURZWK RI WKH SURELRWLF VWUDLQV� ,Q WKH SURFHVV RI VFUHHQLQJ SURELRWLF VWUDLQV DWWHQWLRQ

KDV WR EH SDLG WR VHYHUDO FULWHULD� %HVLGHV WHFKQRORJLFDO UHTXLUHPHQWV �R[\JHQ WROHUDQFH�

IHUPHQWDWLRQ FDSDELOLW\�� SK\VLRORJLFDO IHDWXUHV �DFLG WROHUDQFH� FRORQLVDWLRQ FDSDELOLW\�

DQG WKH SRVLWLYH HIIHFWV WR WKH KXPDQ KHDOWK VKRXOG QRW EHHQ QHJOHFWHG� 0DQ\ SURGXFHUV

XVH VWDUWHU FXOWXUH FRQWDLQLQJ %LILGREDFWHULD� 6HYHUDO SRVLWLYH HIIHFWV RI %LILGREDFWHULD

KDYH EHHQ H[SHULPHQWDOO\ SURYHG �SURGXFWLRQ RI YLWDPLQV� VWLPXODWLRQ RI LPPXQH
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V\VWHP DQG UHGXFWLRQ RI FKROHVWHURO OHYHO�� $PRQJ WKH SRVLWLYH HIIHFWV WKH PRVW

LPSRUWDQW RQH LV WKH IROORZLQJ� %LILGREDFWHULD SURGXFH VKRUW FKDLQ IDWW\ DFLGV DV

HQGSURGXFWV RI WKHLU PHWDEROLVP DFLGLI\LQJ WKH S+ RI WKH FRORQ� WKXV LQKLELWLQJ WKH

JURZWK RI PRVW RI WKH KDUPIXO EDFWHULD�

2XU ZRUN ZDV GRQH LQ WZR GLUHFWLRQV� 7KH ILUVW DLP ZDV WR LVRODWH

%LILGREDFWHULD� ZKLFK KDYH EHWWHU IHDWXUHV WKDQ WKH VWUDLQV QRZDGD\V XVHG LQ WKH GDLU\

LQGXVWU\ �KDYLQJ JRRG DGKHVLRQ FDSDELOLW\ DQG DQWDJRQLVWLF HIIHFWV WR HQWHURSDWKRJHQLF

EDFWHULD� DQG WR VHDUFK D JURZWK VXEVWUDWH� ZKLFK LV QRQ�GLJHVWLEOH DQG VHOHFWLYHO\

VWLPXODWHV WKHLU JURZWK� 7KH VHFRQG SDUW RI RXU ZRUN ZDV WR WHVW WKH HIIHFW RI

%LILGREDFWHULD DQG GLIIHUHQW NLQGV RI ROLJRVDFFKDULGHV RQ WKH FRORQLF PLFURELRWD LQ LQ

YLYR DQLPDO H[SHULPHQWV�

)URP RXU UHVXOWV LW FDQ EH FRQFOXGHG WKDW WKH VWUDLQV LVRODWHG IURP KXPDQ IDHFHV

KDYH EHWWHU DGKHVLRQ FDSDELOLW\ DQG WKHLU DQWDJRQLVWLF HIIHFWV DJDLQVW VHYHUDO

HQWHURSDWKRJHQLF EDFWHULD DUH PRUH HIIHFWLYH WKDQ WKH W\SH VWUDLQV H[DPLQHG� $V

SUHELRWLF WKH LVRPDOWR�ROLJRVDFFKDULGH FRQWDLQLQJ SURGXFW ZDV WKH PRVW FRQYHQLHQW�

EHFDXVH WKLV VXSSRUWV WKH JURZWK RI %LILGREDFWHULD EXW GRHV QRW VXSSRUW WKH JURZWK RI

VHYHUDO HQWHURSDWKRJHQLF EDFWHULD� ,Q WKH H[SHULPHQWV ZLWK PLFH ± ZKHQ WKH\ ZHUH IHG

IXQFWLRQDO IRRG FRQWDLQLQJ %LILGREDFWHULD DQG ROLJRVDFFKDULGHV ± ZH GLG QRW ILQG DQ\

VLJQLILFDQW FKDQJH LQ WKH FRPSRVLWLRQ RI IDHFDO PLFURELRWD� :KHQ WKH FRORQLF

PLFURELRWD RI PLFH ZHUH HOLPLQDWHG E\ DQWLELRWLF WUHDWPHQW� WKH\ UHFRYHUHG DIWHU WKH �

ZHHN IHHGLQJ SHULRG ZLWK V\QELRWLF IRRG� 7KH ILQDO JRDO RI WKLV SURMHFW LV WKH FUHDWLRQ RI

SUH�� SUR� DQG V\QELRWLF IXQFWLRQDO IRRGV�

7KH UHVHDUFK ZDV VXSSRUWHG E\ WKH ,1&2�&23(51,&86 &,3$ &7��������

DQG WKH +XQJDULDQ 0LQLVWU\ RI $JULFXOWXUH ).�������� SURMHFWV�
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0XFRVDO DQG SHULSKHUDO F\WRNLQH SURGXFWLRQ LQ SDWLHQWV

ZLWK +HOLFREDFWHU S\ORUL�UHODWHG GXRGHQDO XOFHU

�'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\� �'HSDUWPHQW RI �VW ,QWHUQDO 0HGLFLQH� )DFXOW\ RI 0HGLFLQH�

8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

,Q +HOLFREDFWHU S\ORUL LQIHFWLRQ ERWK EDFWHULDO DQG KRVW IDFWRUV FRQWULEXWH WR

JDVWURGXRGHQDO PXFRVDO GDPDJH� &\WRNLQHV SOD\ D FUXFLDO UROH LQ WKH LQLWLDWLRQ DQG

PRGXODWLRQ RI JDVWURLQWHVWLQDO LQIODPPDWLRQ� 7KH DLP RI WKLV FRPSDUDWLYH VWXG\ ZDV WR

LQYHVWLJDWH WKH PXFRVDO SURGXFWLRQ RI 71)�.� ,/�� DQG ,/�� LQ SDWLHQWV ZLWK GXRGHQDO
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XOFHUV� FRPSDUHG ZLWK WKH SHULSKHUDO F\WRNLQH SDWWHUQV� ,Q DGGLWLRQ ZH LQYHVWLJDWHG WKH

SUHVHQFH RI DQWLERGLHV DJDLQVW &DJ$ DQG 9DF$ YLUXOHQFH IDFWRUV�

$ FRQVLGHUDEOH 71)�.� ,/�� DQG ,/�� H[SUHVVLRQ ZDV GHWHFWHG E\ (&/ :HVWHUQ

EORW DVVD\ LQ ERWK WKH DQWUXP DQG FRUSXV ELRSV\ VDPSOHV IURP �� RI WKH �� +� S\ORUL

SRVLWLYH SDWLHQWV� 2Q WKH FRQWUDU\� WKH F\WRNLQH OHYHOV LQ WKHLU SHULSKHUDO EORRG ZDV QRW

VLJQLILFDQWO\ GLIIHUHQW IURP WKDW RI QRUPDO KHDOWK\ GRQRUV� 6LPLODUO\� QR VLJQLILFDQW

GLIIHUHQFH FRQFHUQLQJ WKH LQ YLWUR F\WRNLQH SURGXFWLRQ ZDV REVHUYHG FRPSDULQJ WKH

DFWLYLW\ RI WKHLU SHULSKHUDO OHXNRF\WHV DQG WKDW RI KHDOWK\ FRQWUROV� $OO RI WKH SDWLHQWV

KDG DQWLERGLHV DJDLQVW &DJ $ DQG 9DF $ DQWLJHQV� DV LW ZDV WHVWHG E\ :HVWHUQ EORW DQG

(/,6$ DVVD\V� 7KH LQ YLWUR F\WRNLQH LQGXFLQJ FDSDFLW\ RI GLIIHUHQW VWUDLQV RI

+HOLFREDFWHU S\ORUL ZLWK DQG ZLWKRXW YLUXOHQFH IDFWRUV ZDV DOVR LQYHVWLJDWHG�

&RQFOXVLRQV� ,QIODPPDWRU\ F\WRNLQHV JHQHUDWHG ORFDOO\ ZLWKLQ WKH JDVWULF

PXFRVD FRXOG EH UHOHYDQW WR WKH JDVWULF SK\VLRORJ\ RI +� S\ORUL LQIHFWLRQ� 7KHVH UHVXOWV

VXJJHVW D SRVVLEOH SDWKRJHQLF UROH RI WKHVH F\WRNLQHV LQ +� S\ORUL�DVVRFLDWHG GXRGHQDO

XOFHU� )XUWKHU LQ YLWUR VWXGLHV DUH UHTXLUHG WR GHWHUPLQH WKH PHFKDQLVP RI F\WRNLQH

LQGXFWLRQ�

-� 02/1È5� *<� *81,&6� &6� 0,6.2/&,� .� :2/)È5'

0RGHOV IRU UHYHUVDO RI UHVLVWDQFH

,QVWLWXWH RI 0HGLFDO 0LFURELRORJ\� 8QLYHUVLW\ RI 6]HJHG� 6]HJHG� +XQJDU\

0DQ\ RI WKH SRWHQW DQWLELRWLFV KDYH ORVW WKHLU HIIHFWLYHQHVV LQ WKH ODVW GHFDGHV�

$QWLELRWLF UHVLVWDQW EDFWHULD DUH NQRZQ WR EH UHVSRQVLEOH IRU PRUH WKDQ ��� RI KRVSLWDO

DFTXLUHG LQIHFWLRQV� 7KH PXOWLSOH UHVLVWDQFH PHDQV WKDW SDWLHQWV ZLWK LQIHFWLRQV DUH LOO

IRU D ORQJHU WLPH DQG WKH\ DUH DW D JUHDWHU ULVN RI G\LQJ� $W WKH VDPH WLPH WRR IHZ GUXJV

DUH GHYHORSHG WR UHSODFH WKRVH ZKLFK KDYH ORVW WKHLU HIIHFWLYHQHVV� 7R VROYH WKHVH

SUREOHPV QHZ FRPSRXQGV RU FRPELQDWLRQV RI FRPSRXQGV FRXOG EH LQWURGXFHG WR

RYHUFRPH GUXJ UHVLVWDQFH E\ EORFNLQJ WKH JHQHWLF FRGH RU WKH PHPEUDQH SURWHLQV

UHVSRQVLEOH IRU GUXJ�� RU PXOWLGUXJ UHVLVWDQFH�

7KH HOLPLQDWLRQ RI WKH JHQHWLF FRGH RI WKH UHVLVWDQFH RU LQKLELWLRQ RI PHPEUDQH

WUDQVSRUWHU SURWHLQV ZHUH VXSSRVHG WR UHVXOW LQ V\QHUJ\ ZLWK FKHPRWKHUDSHXWLFV�

([WUDFKURPRVRPDO JHQHWLF HOHPHQWV RI SURNDU\RWHV DQG HXNDU\RWHV FRXOG EH HOLPLQDWHG

IURP EDFWHULD DQG \HDVW DQG LQ DGGLWLRQ H[SUHVVLRQ RI PXOWLGUXJ UHVLVWDQFH JHQH ZDV

UHGXFHG LQ FDQFHU FHOOV LQ WKH SUHVHQFH RI VRPH KHWHURF\FOLF FRPSRXQGV� $SSDUHQWO\

WKH HIIHFWLYH FRPSRXQGV FRXOG DIIHFW SODVPLG '1$ DQG PHPEUDQH IXQFWLRQ� DV ZHOO�

$V D FRQVHTXHQFH VRPH UHSUHVHQWDWLYH FRPSRXQGV VXFK DV FDOPRGXOLQ DQWDJRQLVWV�
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FDOFLXP FKDQQHO EORFNHUV� SURWRQ SXPS LQKLELWRUV� HWF� ZHUH DEOH WR V\QHUJL]H WKH

HIIHFWV RI DQWLELRWLFV� 7KH UHVLVWDQFH UHYHUVLQJ HIIHFW ZDV GHSHQGHQW RQ WKH FKHPLFDO

VWUXFWXUH RI WKH UHVLVWDQFH PRGLILHUV� %DVHG RQ WKH V\QHUJ\ EHWZHHQ FKHPRWKHUDSHXWLFV

DQG QRQ�FRQYHQWLRQDO DQWLELRWLFV ZH VXSSRVH WKDW VRPH UHVLVWDQFH PRGLILHUV PD\ KHOS

WR RYHUFRPH DQWLELRWLF UHVLVWDQFH RI EDFWHULD LQ YLYR�

-� 085È1<,�%52-1È6
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6HURORJLFDO ILQGLQJV RI FKLOGUHQ RI +%V$J FDUULHU PRWKHUV IROORZLQJ

WKH LQWURGXFWLRQ RI SUHYHQWLYH WUHDWPHQW XSRQ ELUWK

'LYLVLRQV RI �(SLGHPLRORJ\ DQG �9LURORJ\� ³%� -RKDQ´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW�

+XQJDU\

7KH FRPSOH[ KHSDWLWLV SUHYHQWLRQ SURJUDPPH KDV EHHQ LQWURGXFHG RQ WKH �VW RI

-DQXDU\ ���� LQ +XQJDU\� 6LQFH WKDW WLPH DOO SUHJQDQW ZRPHQ DUH VFUHHQHG IRU WKH

SUHVHQFH RI +%V$J� 7KRVH IRXQG WR EH FDUULHUV DUH UHJLVWHUHG� HGXFDWHG DQG WKH

QHZERUQ EDELHV DUH LPPXQL]HG ZLWK K\SHULPPXQH JDPPD JOREXOLQ DQG ZLWK

UHFRPELQDQW +%V$J YDFFLQH RQ VHSDUDWH LQMHFWLRQ VLWHV�

$OWRJHWKHU ������� SUHJQDQW ZRPHQ ZHUH WHVWHG IRU WKH SUHVHQFH RI +%V$J

EHWZHHQ ���� DQG ���� �DERXW IRXU \HDUV� LQ WKH �� UHJLRQDO ODERUDWRULHV RI WKH

6(59,&(� 7KH QXPEHU RI +%V$J�FDUULHU SHUVRQV ZDV ����� 7KH PHDQ SUHYDOHQFH ZDV

FDOFXODWHG WR EH ��� SHU FHQW� 7KHUH ZHUH REVHUYHG� KRZHYHU� VLJQLILFDQW UHJLRQDO

GLIIHUHQFHV�

8S WR WKH GDWH RI WKH ODVW UHSRUWLQJ ����� FKLOGUHQ EHFDPH �� PRQWKV RI DJH

ZKHQ WKH UHVXOWV RI WKH DFWLYH�SDVVLYH SUHYHQWLYH WUHDWPHQW FDQ EH VHURORJLFDOO\ WHVWHG�

7KH QXPEHU RI +%V$J QHJDWLYH FKLOGUHQ ZDV ���� �������� 7KH FRQFHQWUDWLRQ RI DQWL�

+%V$J DQWLERGLHV ZDV IRXQG WR EH PRUH WKDQ �� PLOLXQLWV �,QWHUQDWLRQDO 8QLW� LQ WKH

FDVH RI ����� FKLOGUHQ ������ 2QO\ ��� FKLOGUHQ KDG WR EH UHYDFFLQDWHG�

7KUHH RI WKH �� FKLOGUHQ �XQVXFFHVVIXO SUHYHQWLYH WUHDWPHQW L�H� ���� RI WKH

FKLOGUHQ� ZHUH ERUQ IURP RQH VLQJOH PRWKHU� ZKR VHURFRQYHUWHG ODVW \HDU� DQG WKH

SUHYHQWLYH WUHDWPHQW ZDV DOVR VXFFHVVIXO LQ WKH FDVH RI KHU �WK EDE\ ERUQ LQ �����



��� ),567 -2,17 0((7,1*

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

*� 1$*<
���
� 8� '2%5,1'7

�
� 0� .83)(5

�
� -� +$&.(5

�
� /� (0�'<

�

5ID+ LQIOXHQFHV H[SUHVVLRQ RI WKH KHPLQ UHFHSWRU &KX$ DQG LQ YLYR

YLUXOHQFH RI D XURSDWKRJHQLF (� FROL VWUDLQ

�,QVWLWXWH IRU 0ROHFXODU %LRORJ\ RI ,QIHFWLRXV 'LVHDVHV� 8QLYHUVLW\ RI :�U]EXUJ� *HUPDQ\� �,QVWLWXWH RI

0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� 8QLYHUVLW\ RI 3pFV� 3pFV� +XQJDU\

5ID+ LV D JOREDO UHJXODWRU LQ (� FROL� LQIOXHQFLQJ H[SUHVVLRQ RI ORQJ RSHURQV

HQFRGLQJ IDFWRUV WKDW DUH LPSRUWDQW IRU YLUXOHQFH DQG IHUWLOLW\� 7KH DIIHFWHG RSHURQV

FRQWDLQ D FRQVHUYHG PRWLI WHUPHG -8036WDUW VHTXHQFH� WKH SUHVHQFH RI ZKLFK LV

UHTXLUHG IRU WKH 5ID+�GHULYHG UHJXODWLRQ�

:H UHSRUW WKDW 5ID+ ± EHVLGH VHYHUDO RWKHU YLUXOHQFH GHWHUPLQDQWV ± DIIHFWV

H[SUHVVLRQ RI WKH KHPLQ UHFHSWRU &KX$ LQ WKH XURSDWKRJHQLF (� FROL VWUDLQ ���� 7KH

FKX$�WUDQVFULSW OHYHO ZDV VLJQLILFDQWO\ UHGXFHG LQ DQ UID+
±

PXWDQW FRPSDUHG WR WKH

ZLOG W\SH� 7KH GHFUHDVH RI VSHFLILF P51$ UHVXOWHG LQ D ORZHU DPRXQW RI &KX$

GHWHFWHG LQ :HVWHUQ EORW� ,Q WKH UID+
±

PXWDQW VWUDLQ� WKH GHFUHDVH LQ WKH DPRXQW RI

KHPLQ UHFHSWRU� KRZHYHU� GLG QRW VLJQLILFDQWO\ DOWHU WKH DELOLW\ WR XWLOL]H KHPLQ DV DQ

LURQ VRXUFH LQ FRPSDULVRQ WR WKH ZLOG W\SH VWUDLQ� 1HYHUWKHOHVV� LQ YLYR YLUXOHQFH LQ D

PRXVH PRGHO DV ZHOO DV VHUXP UHVLVWDQFH RI WKH UID+
±

PXWDQW ZHUH VLJQLILFDQWO\ ORZHU

WKDQ WKRVH RI WKH ZLOG W\SH VWUDLQ� &RPSOHPHQWDWLRQ RI WKH PXWDQW ���UID+
±

ZLWK D

SODVPLG FDUU\LQJ DQ LQWDFW UID+
±

JHQH� UHVWRUHG KLJKHU FKX$ WUDQVFULSW� DQG &KX$

UHFHSWRU OHYHOV DV ZHOO DV LQFUHDVHG YLUXOHQFH DQG VHUXP UHVLVWDQFH�

7KH QXFOHRWLGH VHTXHQFH RI FKX$ DORQJ ZLWK LWV ��� ES �¶�IODQNLQJ UHJLRQ ZDV

GHWHUPLQHG� $ PRWLI UHVHPEOLQJ WKH -8036WDUW VHTXHQFH ZDV LGHQWLILHG ZLWKLQ FKX$�

)XUWKHUPRUH� ZH LGHQWLILHG WZR YDULDQWV RI WKH FKX$ GHWHUPLQDQW GLIIHULQJ LQ WKHLU

QHLJKERXULQJ UHJLRQV DQG H[KLELWLQJ D ZHOO�GHILQHG GLVWULEXWLRQDO SDWWHUQ DPRQJ

GLIIHUHQW SDWKRJURXSV RI (� FROL�

6LQFH 5ID+ ZDV UHSRUWHG WR EH D PDMRU UHJXODWRU RI .�KDHPRO\VLQ� ZH SURSRVH D

FRPPRQ UHJXODWRU\ SDWKZD\ RI WKH WR[LQ WKDW JDLQV DFFHVV WR WKH LQWUDFHOOXODU KHPH

UHVHUYRLU DQG WKH KHPLQ XSWDNH V\VWHP� 7KLV ZRXOG EH HQHUJHWLFDOO\ DGYDQWDJHRXV IRU

SDWKRJHQLF EDFWHULD VLQFH XWLOL]DWLRQ RI KHPH FRPSRXQGV OLEHUDWHG IURP HXNDU\RWLF

FHOOV LV FRQVLGHUHG WR EH DQ LPSRUWDQW LURQ DFTXLVLWLRQ VWUDWHJ\ GXULQJ LQIHFWLRQ�
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6HTXHQFH DQDO\VLV RI SRUFLQH DGHQRYLUXV VHURW\SH ILYH

�9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\�
�8QLYHUVLW\ RI *XHOSK� *XHOSK� &DQDGD

7KH FRPSOHWH QXFOHRWLGH VHTXHQFH RI SRUFLQH DGHQRYLUXV VHURW\SH�� �3$G9���

ZDV GHWHUPLQHG DQG WKH WUDQVFULSWLRQ PDS ZDV FRQVWUXFWHG� 7KH VL]H RI WKH JHQRPH ZDV

IRXQG WR EH �� ��� QXFOHRWLGHV� 7KH HDUO\ SURPRWHU UHJLRQV� WKH PDMRU ODWH SURPRWHU

�0/3� DQG SRO\DGHQLODWLRQ VLWHV ZHUH SUHGLFWHG DQG WKH HDUO\ DQG ODWH WUDQVFULSWLRQ

XQLWV ZHUH GHWHUPLQHG� 7KH 3$G9�� JHQRPH FRXOG EH GLYLGHG LQWR IRXU HDUO\ DQG VL[

ODWH WUDQVFULSWLRQ XQLWV� 7KH (�$ ���5 ������ N'D� DQG (�$ ��5 ����� N'D� SURWHLQV

ZHUH HQFRGHG E\ WZR RYHUODSSLQJ RSHQ UHDGLQJ IUDPHV �25)�� ZKLFK ZHUH VLPLODU LQ

OHQJWK WR WKH &$G9�� (�$ SURWHLQV� ,Q WKH (�% UHJLRQ� WKH IXOO OHQJWK RI WKH SUHFXUVRU

WHUPLQDO SURWHLQ �S73� DQG WKH '1$ SRO\PHUDVH JHQHV ZHUH GHWHUPLQHG E\ VHTXHQFH

DOLJQPHQW WR NQRZQ DGHQRYLUXV S73 DQG '1$ SRO\PHUDVH F'1$ VHTXHQFHV�

7KH 0/3 RI 3$G9�� ZDV VLPLODU WR WKH 0/3V RI KXPDQ DGHQRYLUXVHV DQG RWKHU

SUHYLRXVO\ VWXGLHG PDVWDGHQRYLUXVHV� 7KH FDQRQLFDO 7$7$�ER[ RI WKH 0/3 ZDV

ORFDWHG DW QW ���������� DQ LQYHUWHG &$$7 ER[ �QW ����������� DQ XSVWUHDP SURPRWHU

HOHPHQW �QW ����������� LQLWLDWRU HOHPHQW �QW ����������� DQG WZR GRZQVWUHDP

DFWLYDWLQJ HOHPHQWV '(� �QW ���������� DQG '(� �QW ���������� ZHUH LGHQWLILHG�

7ZHQW\�VHYHQ SXWDWLYH SURWHLQV ZHUH ORFDWHG E\ WKHLU KRPRORJ\ ZLWK RWKHU

DGHQRYLUXVHV� 7KH S9,,, ������ SHQWRQ ����� KH[RQ ������ DQG WKH SURWHDVH �����

SURWHLQV VKRZHG WKH KLJKHVW LGHQWLWLHV WR NQRZQ DGHQRYLUXV SURWHLQ VHTXHQFHV� )XUWKHU

� JHQHV ZHUH SUHGLFWHG DFFRUGLQJ WR WKHLU KRPRORJ\ ZLWK K\SRWKHWLFDO DGHQRYLUXV

JHQHV DQG RWKHU YLUDO DQG HXNDU\RWLF JHQHV� 6HYHUDO VSHFLDO SURWHLQ VHTXHQFH PRWLIV

ZHUH FKDUDFWHUL]HG E\ WKHLU KRPRORJ\ WR VLPLODU SURWHLQ PRWLIV� 7KH SHQWRQ EDVH

SURWHLQ ODFNHG WKH LQWHJULQ ELQGLQJ PRWLI 5*'� EXW WKH /'9 PRWLI ZDV FRPSOHWHO\

SUHVHQW� 7KH ILEHU SURWHLQ FRQWDLQHG QLQHWHHQ UHFRJQL]DEOH SVHXGRUHSHDWV� ,QWHUHVWLQJO\�

WKH KLJKO\ FRQVHUYDWLYH 7/:7 PRWLI ZDV PLVVLQJ IURP WKH SUHGLFWHG ILEHU SURWHLQ�

%DVHG RQ VHTXHQFH DQDO\VLV DQG 51$ VHFRQGDU\ VWUXFWXUH SUHGLFWLRQ� VHTXHQFHV IRU

YLUXV DVVRFLDWHG 51$V FRXOG QRW EH UHFRJQL]HG EHWZHHQ WKH JHQHV FRGLQJ IRU S73 DQG

�����N'$ SURWHLQV�
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0RQLWRULQJ RI LQIOXHQ]D�OLNH LOOQHVVHV� DQG GHWHFWLRQ RI LQIOXHQ]D YLUXVHV

LQ +XQJDU\� E\ XVLQJ PXOWLSOH[ QHVWHG 57�3&5� LQ VHDVRQV ����±��

DQG ����±����

�³%� -RKDQ´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW� �1DWLRQDO 3XEOLF +HDOWK ,QVWLWXWH� %XGDSHVW�

+XQJDU\

$ERXW ������� SDWLHQWV ZLWK DFXWH UHVSLUDWRU\ GLVHDVHV FRQVXOW WKHLU JHQHUDO

SUDFWLWLRQHUV LQ DQ DYHUDJH ZLQWHUWLPH LQ +XQJDU\� 7KH LOOQHVVHV RFFXUUHG LQ GLIIHUHQW

DJH JURXSV LQ WKH WZR H[DPLQHG VHDVRQV� LQ ����±��� DQG ����±����� 7KH UHVXOWV RI

WHVWV IRU UHVSLUDWRU\ WUDFW LQIHFWLRQV LQ WKHVH WZR SHULRGV VKRZHG D FRQVSLFXRXV

GLIIHUHQFH� LQ ����±�� WKHUH ZDV D UHJXODU LQIOXHQ]D RXWEUHDN� EXW LQ ����±���� WKH

RXWEUHDN ZDV SRO\DHWLRORJLF� GLIIHUHQW SDWKRJHQLF DJHQWV ZHUH GHWHFWHG� PRVWO\ 569�

DGHQR�� SDUDLQIOXHQ]D YLUXVHV� DQG FKODP\GLD DQG P\FRSODVPD ZHUH DOVR GHWHFWHG�

(YHQ WKH QXPEHU RI GRXEOH�LQIHFWLRQV ZHUH KLJKHU LQ ����±���� WKDQ LQ WKH SUHYLRXV

VHDVRQ�

7KH FOLQLFDO VDPSOHV �QDVDO�� RU WKURDW VZDEV LQ 9LUXV 7UDQVSRUW 0HGLXP� SDLUHG

VHUD� VHQW WR WKH (SLGHPLRORJLFDO &HQWHU¶V ODERUDWRU\� ZHUH WHVWHG E\ QXPHURXV

PHWKRGV WR GHWHFW WKH SUHVHQFH RI UHVSLUDWRU\ WUDFW YLUXVHV RU FRQILUP UHFHQW RU SDVW

YLUDO LQIHFWLRQV�

)RU LVRODWLRQ RI LQIOXHQ]D YLUXVHV ZH XVHG WKH LQRFXODWLRQ RI VDPSOHV LQ

HPEU\RQDWHG KHQV¶ HJJV� 3DUDOOHO WR WKLV� WKH PXOWLSOH[ 57�3&5 ZDV DSSOLHG IRU

GHWHFWLQJ WKH YLUDO 51$ RI LQIOXHQ]D $ DQG % LQ LQIHFWHG FHOOV� 7KH LVRODWHG LQIOXHQ]D

VWUDLQV ZHUH VLPLODU WR $�+�1� 6\GQH\ ����� DQG WKH %�%HLMLQJ ������ SURWRW\SH

VWUDLQV LQ ����±��� DQG ZH KDYH QRW LVRODWHG DQ\ LQIOXHQ]D VWUDLQV LQ ����±����� 7KH

DGYDQWDJH RI WKH 3&5 PHWKRG LV WKDW LW SURYLGHV D UDSLG W\SLQJ DQG VXEW\SLQJ RI

LQIOXHQ]D YLUXVHV LQ D VLQJOH VWHS� 7KH PXOWLSOH[ 57�3&5 ZDV PRUH VHQVLWLYH WKDQ WKH

LQRFXODWLRQ LQ HJJV� WKH SHUFHQWDJH RI SRVLWLYH UHVXOWV ZHUH a��� ZLWK LQRFXODWLRQ� DQG

a��� ZLWK 3&5� ��� �LQ ����±��� DQG ��� �LQ ����±����� VDPSOHV ZHUH WHVWHG E\

GLUHFW LPPXQRIOXRUHVFHQFH IRU DGHQR�� FRURQD�� SDUDLQIOXHQ]D�� 56� ,QIOXHQ]D $ DQG %

YLUXVHV� DQG IRU P\FRSODVPD DQG FKODP\GLD� 6HURORJLFDO PHWKRG ZDV XVHG LQ ��� �LQ

����±��� DQG ��� �LQ ����±����� SDLUHG VHUD� IRU FRQILUPLQJ UHFHQW RU SUHYLRXV

LQIHFWLRQV FDXVHG E\ DGHQR�� SDUDLQIOXHQ]D�� DQG 56 YLUXVHV�
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*URZWK LQKLELWLRQ VWXGLHV RQ 6DOPRQHOOD W\SKLPXULXP XQGHU VWULFW

DQDHURELF FRQGLWLRQV

9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH RI +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\

,Q WKH 6DOPRQHOOD�FRQWURO SURJUDPV RI SRXOWU\� LQ DGGLWLRQ WR WKH FRPPRQO\

XVHG SUHYHQWLRQ PHWKRGV ± ODVW EXW QRW OHDVW RQ WKH EDVLV RI WKH VXFFHVVIXO DSSOLFDWLRQ

RI =RRVDORUDO�+
�
± YDFFLQDWLRQ ZLWK OLYH� DWWHQXDWHG 6DOPRQHOOD YDFFLQHV LV EHFRPLQJ

PRUH DWWUDFWLYH DQG DSSOLFDEOH� $ SRWHQWLDO DLP RI YDFFLQH GHYHORSPHQW FDQ EH D

6DOPRQHOOD YDFFLQH VWUDLQ� ZKLFK LV DEOH WR LQGXFH FURVV�SURWHFWLRQ DPRQJ WKH GLIIHUHQW

6DOPRQHOOD VHURW\SHV� $Q LPSRUWDQW ILQGLQJ RI WKH ODVW \HDUV� WKH FRORQL]DWLRQ�

LQKLELWLRQ FDQ VHUYH DV D EDVLV RI WKH DLP PHQWLRQHG DERYH� &RORQL]DWLRQ�LQKLELWLRQ

PHDQV WKDW LI WKH JXW RI D GD\�ROG FKLFN LV FRORQL]HG E\ D QRQ�YLUXOHQW� ZHOO�FRORQL]LQJ

6DOPRQHOOD VWUDLQ� WKHQ WKLV SURWHFWV WKH FKLFN DJDLQVW WKH LQIHFWLRQ ZLWK D VHFRQG

6DOPRQHOOD� $ SDUDOOHO SKHQRPHQRQ ZLWK WKH FRORQL]DWLRQ�LQKLELWLRQ LV WKH JURZWK�

LQKLELWLRQ� IRXQG LQ WKH QXWULHQW EURWK FXOWXUHV RI 6DOPRQHOOD VWUDLQV� 7KLV PHDQV WKDW

LQRFXODWLQJ D VPDOO DPRXQW RI D JLYHQ 6DOPRQHOOD VWUDLQ LQWR D VWDWLRQDU\�SKDVH QXWULHQW

EURWK FXOWXUH RI DQ RWKHU 6DOPRQHOOD VWUDLQ� LW LV QRW DEOH WR JURZ DQG QRW EHFDXVH RI WKH

DEVHQFH RI DYDLODEOH QXWULHQWV� )RU WKH GHHSHU XQGHUVWDQGLQJ RI WKHVH WZR SKHQRPHQD

ZH KDYH WR LGHQWLI\ WKH JHQHV �DQG RSHURQV� WKDW WDNH SDUW LQ WKHVH LQKLELWRU\

PHFKDQLVPV� IRU H[DPSOH E\ FUHDWLQJ QXPHURXV PXWDQWV E\ WUDQVSRVRQ PXWDJHQHVLV

DQG LQYHVWLJDWLQJ WKH 7Q�LQVHUWLRQ VLWHV E\ 3&5 DQG VHTXHQFLQJ WKHP LQ WKH PXWDQWV

WKDW KDYH ORVW WKHLU LQKLELWRU\ FDSDFLW\�

,Q SRXOWU\ 6� W\SKLPXULXP )�� LV D ZHOO�FRORQL]LQJ DQG VWURQJO\ LQKLELWRU\

VWUDLQ� 7KH DXWKRUV KDYH WHVWHG ����� 6� W\SKLPXULXP )�� 7Q��7F, PXWDQWV XQGHU VWULFW

DQDHURELRVLV E\ DGDSWLQJ WKH VWDQGDUG DHUREH JURZWK�LQKLELWLRQ PLFUR�SODWH DVVD\ WR

DQDHURELF FRQGLWLRQV� 7KH VWDWLRQDU\�SKDVH ROG /%�FXOWXUHV RI WKH PXWDQWV �PDUNHG E\

QDODGL[LF DFLG DQWLELRWLF UHVLVWDQFH DQG VWRUHG RQ PLFUR�SODWHV� ZHUH LQRFXODWHG E\ D

VSHFLDO UHSOLFD V\VWHP ZLWK ��
�
±��

�
FIX�PO DPRXQW RI WKH VSHFWLQRP\FLQ UHVLVWDQFH

PDUNHG EXW LVRJHQLF 6� W\SKLPXULXP )�� SDUHQW VWUDLQ� $IWHU �� KRXUV LQFXEDWLRQ WKH

JURZWK RI WKH 6� W\SKLPXULXP )�� 6SH
U
ZDV WHVWHG RQ EURPRWKLPRO�EOXH SODWHV

FRQWDLQLQJ 6SH� 0XWDQWV WKDW KDYH ORVW WKHLU LQKLELWRU\ SKHQRPHQRQ ZHUH VHOHFWHG� ,Q

WKLV ZD\ ZH KDYH IRXQG �� QRQ�LQKLELWRU\ PXWDQWV DQG WKH FKDUDFWHUL]DWLRQ RI WKHVH

PXWDQWV DQG WKH FRPSDULVRQ RI RXU UHVXOWV ZLWK WKRVH WKDW ZHUH IRXQG XQGHU DHURELRVLV

LV LQ SURJUHVV� 6R IDU �� PXWDQWV VHHP WR KDYH ORVW WKHLU JURZWK LQKLELWLQJ FDSDFLW\

XQGHU DQDHURELF FRQGLWLRQV RQO\�
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3DWKRJHQLFLW\ DQG PROHFXODU FKDUDFWHUL]DWLRQ RI 6VS� SRVLWLYH

YHU\ YLUXOHQW LQIHFWLRXV EXUVDO GLVHDVH YLUXV

)DFXOW\ RI 9HWHULQDU\ 0HGLFLQH� 8QLYHUVLW\ 3XWUD 0DOD\VLD� ����� 830� 6HUGDQJ� 6HODQJRU� 0DOD\VLD

,QIHFWLRXV EXUVDO GLVHDVH YLUXV �,%'9� LV WKH HWLRORJLFDO DJHQW RI LQIHFWLRXV

EXUVDO GLVHDVH �,%'� ZKLFK FDXVHV VLJQLILFDQW ORVVHV WR WKH SRXOWU\ LQGXVWULHV HLWKHU E\

FDXVLQJ KLJK PRUWDOLW\ LQ DQ DFXWH GLVHDVH RU DV D FRQVHTXHQFH RI LPPXQRVXSSUHVVLRQ

LQ \RXQJ FKLFNHQV� 2Q WKH EDVLV RI UHVWULFWLRQ IUDJPHQW OHQJWK SRO\PRUSKLVP �5)/3�

SDWWHUQV� VHURW\SH , ,%'9 FDQ EH GLYLGHG LQWR � JURXSV� *URXSV � DQG � FRQVLVW RI

YDULDQW YLUXVHV� JURXSV � DQG � FRQVLVW RI FODVVLFDO YLUXVHV� JURXS � FRQVLVWV RI WKH

/XNHUW VWUDLQ YLUXVHV DQG UHFHQWO\ JURXS � ZKLFK FRQVLVWV RI 6VS� SRVLWLYH YHU\ YLUXOHQW

,%'9 �YY,%'9� IURP RXWVLGH WKH &HQWUDO DQG 6RXWK $PHULFD� 5HFHQWO\� ZH VWXGLHG WKH

PROHFXODU SDWKRJHQLFLW\ RI WKUHH 0DOD\VLDQ� ������ ������ DQG ����� DQG RQH

%DQJODGHVKL ���%��� LVRODWHV WKDW DUH 6VS� SRVLWLYH� 3DWKRJHQLFLW\ VWXGLHV RI VSHFLILF�

SDWKRJHQ�IUHH �63)� FKLFNHQV LQIHFWHG ZLWK WKH UHVSHFWLYH LVRODWHV H[FHSW ������

GHPRQVWUDWHG W\SLFDO FOLQLFDO VLJQV RI YY,%'9 LQFOXGLQJ KDHPRUUKDJH RI WKH

PXVFXODWXUH DQG EXUVDV ZLWK D PRUWDOLW\ UDWH RI ��� ZLWKLQ � WR � GD\V SRVWLQIHFWLRQ�

)LIW\ SHUFHQW RI WKH FKLFNHQV DOVR GHPRQVWUDWHG PRGHUDWH KDHPRUUKDJH DW WKH MXQFWLRQ

RI WKH SURYHQWULFXOXV JL]]DUG UHJLRQ� 2Q WKH RWKHU KDQG� 63)�FKLFNHQV LQIHFWHG ZLWK

������ GLG QRW VKRZ DQ\ DEQRUPDO VLJQV DQG QR PRUWDOLW\ ZDV REVHUYHG� 5HJDUGOHVV WKH

W\SH RI WKH LVRODWHV� DOO LQIHFWHG FKLFNHQV VKRZ FRPSDUDEOH KLVWRSDWKRORJ\ OHVLRQ LQ WKH

EXUVD DQG VLJQLILFDQW UHGXFWLRQ �S������ RI WKH DYHUDJH EXUVDO ZHLJKW� DYHUDJH ERG\

ZHLJKW LQGH[ DW GD\ � DQG � SRVWLQIHFWLRQ� 6HTXHQFLQJ RI WKH ,%'9 JHQRPH SULPDULO\

WKH ZKROH 93� UHJLRQ �a���� NE� UHYHDOHG WKDW DOO WKH LVRODWHV KDYH D FRQVHUYH PRWLI RI

6:6$6*6 DW WKH K\SHUYDULDEOH UHJLRQ� ,Q DGGLWLRQ� DOO WKH LVRODWHV KDYH � DD UHVLGXHV�

���$� ���� DQG ���� WKDW DUH XQLTXH WR DOO YY,%'9� $QRWKHU FRPPRQ IHDWXUH IRU WKH

LVRODWHV H[FHSW ������ LV WKH SUHVHQFH RI 6W\O VLWH DW SRVLWLRQ ���� ZKLFK HQFRGHV IRU

DPLQR DFLG �DD� JO\FLQH� 7KLV UHVLGXH KDV EHHQ GHPRQVWUDWHG DPRQJ WKH YY,%'9�

FODVVLFDO DQG YDFFLQH VWUDLQV� +RZHYHU� LQ WKH ������� WKH DD ��� XQGHUJR VXEVWLWXWLRQ

IURP JO\FLQH WR VHULQH� ,QWHUHVWLQJ� WKLV DD YDULDWLRQ KDV DOVR EHHQ GHPRQVWUDWHG LQ

YDULDQW VWUDLQV� 7KH ������ DOVR GHPRQVWUDWHG DQ XQLTXH DD YDULDWLRQ DW SRVLWLRQ ���

IURP DODQLQH WR JOXWDPLF DFLG DV IRXQG RQ VHURW\SH �� 2+ VWUDLQ� ,Q DGGLWLRQ� WKH DD DW

SRVLWLRQ ��� LV DOVR GLIIHUHQW DPRQJ WKH 67& DQG YDFFLQH VWUDLQV� ZKHUH WKH DODQLQH

UHVLGXH LV VXEVWLWXWHG E\ WKUHRQLQH� (YHQ WKRXJK WKH ������ GR QRW FDXVH PRUWDOLW\ LQ

63)�FKLFNHQV� SKO\RJHQHWLF DQDO\VLV RI WKH 93� JHQH FODVVLILHG WKH YLUXV DV YY,%'9

ZLWK YHU\ FORVH GLYHUJHQFH WR RWKHU YY,%'9 IURP 0DOD\VLD DV ZHOO DV IURP ,VUDHO�
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+RQJ .RQJ� -DSDQ DQG &KLQD EXW GLIIHU IURP WKH +ROODQG� 7XUNH\ DQG FODVVLFDO YLUXOHQW

86$ LVRODWHV� ,Q DGGLWLRQ� EDVHG RQ WKH JURVV DQG KLVWRSDWKRORJLFDO GDWD DV ZHOO DV

RWKHU FRQVHUYHG 5)/3 PDUNHUV LW LV XQOLNH WKDW WKH ������ LV D YDULDQW RU DWWHQXDWHG

VWUDLQ� (YHQ WKRXJK WKH LVRODWH KDV WKH WKUHH FKDUDFWHULVWLF DD DW WKH SRVLWLRQ ���� ���

DQG ��� DV IRXQG RQ RWKHU YY,%'9� WKH DD YDULDWLRQ DW SRVLWLRQ ��� DQG ��� PLJKW EH

DVVRFLDWHG ZLWK WKH ORZ YLUXOHQFH RI WKH YLUXV� 6R IDU� WKH ZHOO GRFXPHQWHG DD

YDULDWLRQV IRXQG LQ ,%'9 RI ORZ YLUXOHQFH LV WKH UHGXFWLRQ RU ODFN RI 6 UHVLGXH DW WKH

FRQVHUYH PRWLI 6:6$6*6 DV ZHOO DV WKH SUHVHQFH RI DD UHVLGXH ���1 DQG ���7�

+RZHYHU� ERWK FKDUDFWHULVWLF FKDQJHV ZHUH QRW IRXQG LQ WKH ������� &XUUHQWO\� ZH DUH

VHTXHQFLQJ WKH ZKROH JHQRPH RI ������ IRU LGHQWLI\LQJ IXUWKHU QXFOHRWLGH FKDQJHV�

7KH GLVFUHSDQF\ EHWZHHQ PROHFXODU DQG SDWKRORJLFDO FODVVLILFDWLRQ RI ,%'9 VWUDLQ

������ PLJKW EH GXH WR WKH FRQVWDQW HYROXWLRQ RI WKH YLUXV� 6LPLODU WR RWKHU 51$

YLUXVHV� LW LV OLNHO\ WKDW HPHUJHQFH RI QHZ ,%'9 ZLWK XQLTXH FKDUDFWHULVWLF FKDQJHV

ZLOO EH LGHQWLILHG LQ WKH IXWXUH�
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6WXG\ RI IRZO DGHQRYLUXVHV E\ 3&5 DQG '1$ VHTXHQFLQJ

�9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� �)DFXOW\

RI 9HWHULQDU\ 0HGLFLQH� 6]HQW ,VWYiQ 8QLYHUVLW\� %XGDSHVW� �&HQWUDO 9HWHULQDU\ ,QVWLWXWH� %XGDSHVW�
�&(9$�3K\OD[LD ,QF�� %XGDSHVW� +XQJDU\

8QWLO UHFHQWO\� DOO DGHQRYLUXVHV LVRODWHG IURP ELUGV ZHUH FODVVLILHG LQWR RQH

JHQXV FDOOHG $YLDGHQRYLUXV� 7KLV JHQXV FRQWDLQHG WKUHH JURXSV �,±,,,� VHSDUDWLQJ WKH

YLUXVHV EDVHG RQ WKHLU GLIIHUHQW ELRORJLFDO DQG LPPXQRORJLFDO SURSHUWLHV� %\ QRZ� WKH

JHQRPH RI DW OHDVW RQH UHSUHVHQWDWLYH IURP DOO WKH WKUHH JURXSV KDV EHHQ IXOO\

VHTXHQFHG� 7KH FRPSDULVRQ RI WKHVH VHTXHQFHV UHYHDOHG WKDW WKH PHPEHUV RI JURXS ,,

DQG ,,, VKDUH PRUH KRPRORJ\ ZLWK FHUWDLQ DGHQRYLUXVHV RI QRQ�DYLDQ KRVW RULJLQ� DQG

VKRXOG WKHUHIRUH EH SODFHG LQWR RWKHU JHQHUD �$WDGHQRYLUXV� �WK JHQXV��

7KH JHQXV $YLDGHQRYLUXV �IRUPHU JURXS ,� FRQWDLQV WZHOYH FKLFNHQ VHURW\SHV

�)$G9 �±���� EXW '1$ VHTXHQFHV ZHUH SXEOLVKHG RQO\ IURP IRXU RI WKHVH VHURW\SHV� $

GHSHQGDEOH SK\ORJHQHWLF DQDO\VLV UHTXLUHV WKH XVDJH RI XWPRVW KRPRORJRXV JHQH SDUWV�

WKHUHIRUH ZH DLPHG WR REWDLQ '1$ VHTXHQFHV IURP DOO VHURW\SHV� :H DOVR ZDQWHG WR

HVWLPDWH WKH YDULDQFH ZLWKLQ WKH JHQXV IRU WKH FRUUHFW GHILQLWLRQ RI WKH QHZ WD[RQRPLF

FDWHJRU\ RI WKH DYLDGHQRYLUXV VSHFLHV�
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5DXH DQG +HVV ������ UHSRUWHG D 3&5 PHWKRG IHDVLEOH IRU WKH DPSOLILFDWLRQ RI

WZR VHJPHQWV IURP WKH KH[RQ JHQH IURP DOO WKH WZHOYH )$G9 VHURW\SHV� :H KDYH

WHVWHG WKH SULPHUV RQ WKH SURWRW\SH VWUDLQV DQG IRXU ILHOG LVRODWHV� 7KH 3&5 SURGXFWV

ZHUH VHTXHQFHG� WKH UHFHLYHG GDWD FRPSDUHG DQG DQDO\VHG E\ WKH 3+</,3 SURJUDPPH

SDFNDJH� 7KH UHVXOWV ZLOO EH SUHVHQWHG E\ SK\ORJUDPV�

6R IDU� ZH REWDLQHG '1$ VHTXHQFHV IURP DOO EXW RQH LVRODWH� IURP HLWKHU ERWK RU

RQH VHJPHQW RI WKH KH[RQ JHQH� 7KH OHYHO RI YDULDQFH ZLWKLQ RQH VHURW\SH ZDV IRXQG

VXUSULVLQJO\ KLJK LQ VRPH FDVHV� )RU H[DPSOH� WZR H[WUHPHO\ SDWKRJHQLF VWUDLQV �ERWK

RI WKHP LVRODWHG LQ 3DNLVWDQ� IURP K\GURSHULFDUGLXP V\QGURPH SURYHG WR EH VOLJKWO\

GLIIHUHQW IURP HDFK RWKHU DQG IURP WKH SURWRW\SH )$G9�� VWUDLQ� 6XFK NLQG RI YDULDQFH

ZLWKLQ RQH W\SH KDV QRW EHHQ UHSRUWHG UHJDUGLQJ YLUXVHV RI RWKHU JHQHUD �H�J� ('6 YLUXV

DQG +(9�� :H FRXOG QRW JHW DPSOLILFDWLRQ ZLWK VHURW\SH )$G9�� DV \HW� DOWKRXJK ZH

KDYH RSWLPL]HG WKH 3&5 FRQGLWLRQV DQG SUHSDUHG QHZ YLUXV VWRFNV� ,W VHHPV WR EH D

IDLOXUH RI WKH SULPHUV� ZKLFK KDG EHHQ RULJLQDOO\ GHVLJQHG FRQVLGHULQJ RQO\ WZR

VHTXHQFHV �)$G9�� DQG ��� NQRZQ DW WKDW WLPH� 7KLV ILQGLQJ ZRXOG VXJJHVW VLJQLILFDQW

GLYHUJHQFH RI )$G9�� �WKH VLQJOH UHSUHVHQWDWLYH RI VSHFLHV )RZO DGHQRYLUXV %� IURP

WKH RWKHU VHURW\SHV� :H PDQDJHG WR DPSOLI\ DQG VHTXHQFH WKH YLUDO '1$ GLUHFWO\ IURP

D +XQJDULDQ ILHOG VDPSOH IURP WKH OLYHU RI D FKLFN VKRZLQJ SDWKRJQRPLF OHVLRQV RI

LQFOXVLRQ ERG\ KHSDWLWLV� 7KH DPSOLILHG YLUXV VHHPHG WR EHORQJ WR VSHFLHV )RZO

DGHQRYLUXV (� EXW WKH VHURW\SH KDV QRW EHHQ GHILQHG \HW�

2XU UHVXOWV FRUUHODWH ZHOO ZLWK WKH ILQGLQJV RI =ViN DQG .LVDU\ ������� ZKR KDG

FODVVLILHG )$G9V LQWR � JURXSV EDVHG RQ UHVWULFWLRQ HQ]\PH DQDO\VLV� 7KHLU JURXSLQJ

EHFDPH WKH EDVLV RI GHPDUFDWLRQ RI WKH VSHFLHV �)$G9�$±±(� RI DYLDGHQRYLUXVHV�

6XSSRUWHG E\ 27.$ JUDQWV 7 ������ DQG 7 �������

0� 3È/0$,� *� .,6.Ï

6WXG\ RQ WKH VXSSUHVVLRQ RI /LVWHULD PRQRF\WRJHQHV E\ /DFWREDFLOOXV

FDVHL LQ PLON LQ IXQFWLRQ RI WKH LQLWLDO FHOOFRXQW UDWLR DQG WKH LQFXEDWLRQ

WHPSHUDWXUH

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI )RRG 6FLHQFH� 6]HQW ,VWYiQ 8QLYHUVLW\�

%XGDSHVW� +XQJDU\

7KHUH LV LQFUHDVLQJ LQWHUHVW LQ WKH IRRG LQGXVWU\ IRU QHZ ELRORJLFDO SUHVHUYDWLRQ

PHWKRGV� 7KH SUHVHUYDWLYH HIIHFW RI WKH GLIIHUHQW PHWDEROLWHV RI ODFWLF DFLG EDFWHULD KDV

EHHQ NQRZQ IRU D ORQJ WLPH� 1XPHURXV UHVHDUFKHUV VWXGLHG WKH SUHYHQWLYH HIIHFW RI WKH
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/$% PHWDEROLWHV WR LQFUHDVH WKH VDIHW\ RI IRRGV E\ VXSSUHVVLQJ WKH JURZWK RI IRRG�

ERUQH SDWKRJHQLF EDFWHULD�

7KH DLP RI RXU ZRUN ZDV WR H[DPLQH WKH SRVVLELOLW\ RI JURZWK RI /LVWHULD

PRQRF\WRJHQHV LQ PLON LQ WKH SUHVHQFH RI ODFWLF DFLG EDFWHULD� 7KH SDWKRJHQ LV NQRZQ

WR FDXVH IRRG�ERUQH LOOQHVV LQ UDZ RU SRVW�FRQWDPLQDWHG PLON SURGXFWV �H�J� VRIW

FKHHVH��

,Q RXU VWXG\ ZH H[DPLQHG WKH HIIHFW RI WKH ODFWLF DFLG SURGXFWLRQ RI

/DFWREDFLOOXV FDVHL RQ WKH JURZWK FKDUDFWHULVWLFV RI /LVWHULD PRQRF\WRJHQHV LQ PLON�

6LQFH WKH PHWDEROLF DFWLYLW\� WKXV WKH LQKLELWRU\ HIIHFW RI ODFWLF DFLG EDFWHULD LV

LQIOXHQFHG E\ HQYLURQPHQWDO IDFWRUV� WKH LQWHUDFWLRQ RI WKH WZR PLFURRUJDQLVPV LQ WKH

FR�FXOWXUH ZDV H[DPLQHG DW WKUHH GLIIHUHQW WHPSHUDWXUHV ��� ��� �� �&�� 7KH LQLWLDO FHOO

FRXQW RI /E� FDVHL YDULHG IURP ��
�
FIX�PO� WR ��

�
FIX�PO WR UHVXOW ���� ����� DQG ������

UDWLR FRPSDULQJ WR WKH QXPEHU RI /� PRQRF\WRJHQHV ���
�
FIX�PO��

%DVHG RQ WKH REWDLQHG JURZWK FXUYHV D PRGHO ZDV FRQVWUXFWHG RQ WKH JURZWK

FKDUDFWHULVWLFV RI /� PRQRF\WRJHQHV LQ WKH IXQFWLRQ RI /E� FDVHL FHOO FRXQW DQG

WHPSHUDWXUH�

-� 3È6=7,
�
� $� 6=(170,+È/<,

�
� ,� *$'Ï

�
� 7� (5'�6,

�
� .� .5,6=7$/29,&6

�
�

.� 7È5.È1<,
�
� =6� 9� +81<$',

�
� -� .,5È/<

�

&KDUDFWHUL]DWLRQ RI 1HLVVHULD PHQLQJLWLGLV LVRODWHG IURP +XQJDU\

E\ 5$3' PHWKRG

�'HSDUWPHQW RI 3KDJHW\SLQJ DQG 0ROHFXODU (SLGHPLRORJ\� ³%� -RKDQ´ 1DWLRQDO &HQWHU

IRU (SLGHPLRORJ\� �'HSDUWPHQW RI 0LFURELRORJ\� 6]HQW /iV]Oy +RVSLWDO IRU ,QIHFWLRXV 'LVHDVHV�

%XGDSHVW� +XQJDU\

,QYDVLYH GLVHDVHV FDXVHG E\ 1HLVVHULD PHQLQJLWLGLV RFFXUUHG PDLQO\ VSRUDGLFDOO\

LQ +XQJDU\ LQ WKH UHFHQW \HDUV� ,Q 'HFHPEHU ���� D FRPPXQLW\ RXWEUHDN ZDV REVHUYHG

LQ D PLOLWDU\ EDUUDFN� ZKLFK FRQFHUQHG VROGLHUV DQG FLYLO SRSXODWLRQ� WRR� 7R KHOS LQ WKH

LQYHVWLJDWLRQ RI HSLGHPLRORJLFDO FRQQHFWLRQV DQG WR FKDUDFWHUL]H WKH +XQJDULDQ LVRODWHV

WKH 5DQGRP $PSOLILHG 3RO\PRUSKLF '1$ PHWKRG ZDV DSSOLHG� 2XW RI WKH �� VWUDLQV

H[DPLQHG �� EHORQJHG WR VHURJURXS &� � WR % DQG , WR : �� �� 2XW RI 1� PHQLQJLWLGLV

VWUDLQV RI VHURJURXS & �� ZHUH LVRODWHG IURP WKH SUHVHQW RXWEUHDN DQG � GXULQJ WKH

SUHYLRXV PRQWKV� �� VWUDLQV �� &� � %� � : �� �� ZHUH REWDLQHG EHIRUH ����� 7KH

5$3' H[DPLQDWLRQV ZHUH SHUIRUPHG XVLQJ WKH PRGLILHG PHWKRG RI :RRGV HW DO� >�@�

$V SULPHUV ���� DQG ���� ZHUH XVHG� DV WHPSODWHV WKH VXSHUQDWDQWV RI ERLOHG EDFWHULDO

VXVSHQVLRQV ��� RU JHQRPLF '1$�V ��� SUHSDUHG ZLWK :L]DUG NLW ZHUH DSSOLHG� 7KH
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DPSOLFRQV ZHUH VWDLQHG DIWHU DJDURVH JHO HOHFWURSKRUHVLV ZLWK HWKLGLXP�EURPLGH�

'HWHUPLQDWLRQ RI WKH VL]HV RI DPSOLFRQV ZDV FDUULHG RXW LQ *HO 'RF DSSDUDWXV ZLWK

4XDQWLW\ 2QH HYDOXDWLRQ VRIWZDUH XVLQJ S*(0 VWDQGDUG� ,W ZDV IRXQG WKDW WKH VWUDLQV

EHORQJLQJ WR GLIIHUHQW VHURJURXSV FRXOG EH GLIIHUHQWLDWHG ZLWK ERWK SULPHUV RQ WKH EDVLV

RI WKH VL]H DQG QXPEHU RI WKHLU DPSOLFRQV� :KLOH WKH GLIIHUHQFHV ZLWKLQ WKH VWUDLQV RI

VHURJURXS % DQG & LVRODWHG IURP VSRUDGLF FDVHV EHIRUH ���� FRXOG EH GHPRQVWUDWHG

ZLWK ERWK SULPHUV� LQ FDVH RI WKH HSLGHPLF VWUDLQV RI VHURJURXS & LGHQWLFDO SDWWHUQ ZDV

REWDLQHG ZLWK SULPHU ����� WKHUHIRUH WKHVH VWUDLQV ZHUH VWXGLHG ZLWK SULPHU ����� XVLQJ

WHPSODWHV W\SH ��� DQG ���� 0DQ\ DPSOLFRQV DSSHDUHG LQ ERWK FDVHV� EXW RQO\ D SDUW RI

WKHP ZDV UHSURGXFLEOH LQ UHSHDWHG H[SHULPHQWV� LQ DFFRUGDQFH ZLWK OLWHUDU\ GDWD� )RU

HYDOXDWLRQ RQO\ WKH UHSURGXFLEOH SURGXFWV ZHUH WDNHQ LQWR DFFRXQW� 7KH VWUDLQV� LVRODWHG

IURP WKH WKURDW VDPSOHV RI �� SDWLHQWV DQG � KHDOWK\ SHUVRQ LQ 'HFHPEHU ���� DQG

-DQXDU\ ���� KDG LGHQWLFDO SDWWHUQV XVLQJ WHPSODWH ���� 7KH SDWWHUQ RI RQH VWUDLQ

GLIIHUHG� WKLV ZDV VXSSRUWHG DOVR E\ LWV GLIIHUHQW VHURW\SH� 'LVVLPLODU SDWWHUQ ZDV IRXQG

LQ � VWUDLQV RI VHURJURXS &� RQH VWUDLQ ZDV LVRODWHG LQ $SULO ���� DQG WZR HDUOLHU WKDQ

����� 8VLQJ WHPSODWH ��� � RXWEUHDN VWUDLQV DQG � VWUDLQV REWDLQHG EHIRUH WKH RXWEUHDN

EHORQJHG WR LGHQWLFDO JURXS� EXW VHYHQ RXWEUHDN VWUDLQV GLIIHUHG IURP WKLV JURXS LQ WKH

QXPEHU DQG VL]H RI WKHLU DPSOLFRQV� 6XPPDUL]LQJ RXU UHVXOWV� LW ZDV IRXQG WKDW WKH

DSSOLHG PHWKRG ZDV VXLWDEOH WR FKDUDFWHUL]H WKH LVRODWHV DQG WR IROORZ WKH FRQQHFWLRQV

EHWZHHQ WKH VWUDLQV REWDLQHG GXULQJ D JLYHQ SHULRG�

�� -� 3� :RRGV� '� .HUVXO\WH� 5� :� 7RODQ� -U�� &� 0� %HUJ�� '� (� %HUJ� 8VH RI $UELWUDULO\ 3ULPHG

3RO\PHUDVH &KDLQ 5HDFWLRQ DQDO\VLV WR W\SH GLVHDVH DQG FDUULHU VWUDLQV RI 1HLVVHULD PHQLQJLWLGLV LVRODWHG

GXULQJ D XQLYHUVLW\ RXWEUHDN� - ,QIHFW 'LV ���� ����±���� �������

*� 5(87(5
���
� $� .È7$,

�
� 0� .È/0È1

�
� 7� )$5.$6

�
� 7� %(5.(

�
� .� %È1<$,

�
�

;, -,$1*
�
� '� 2� 0$7621

�
� *<� 6=%&6

�

)LUVW GHWHFWLRQ RI KXPDQ FDOLFLYLUXV LQ D IRRG�ERUQH RXWEUHDN

LQ +XQJDU\

�5HJLRQDO /DERUDWRU\ RI 9LURORJ\� %DUDQ\D &RXQW\ ,QVWLWXWH RI WKH 6WDWH 3XEOLF +HDOWK 6HUYLFH� 3pFV�
�'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� 0HGLFDO )DFXOW\� 3pFV 8QLYHUVLW\� 3pFV�
�'HSDUWPHQW RI /DERUDWRU\� &VRQJUiG &RXQW\ ,QVWLWXWH RI WKH 6WDWH 3XEOLF +HDOWK 6HUYLFH� 6]HJHG�

+XQJDU\� �&HQWHU IRU 3HGLDWULF 5HVHDUFK� (DVWHUQ 9LUJLQLD 0HGLFDO 6FKRRO� 1RUIRON� 9$� 86$

+XPDQ FDOLFLYLUXVHV �+X&9V� FODVVLILHG DV PHPEHUV RI WKH IDPLO\ &DOLFLYLULGDH

DUH D PDMRU FDXVH RI DFXWH QRQ�EDFWHULDO JDVWURHQWHULWLV FDVHV DQG RXWEUHDNV LQ SHUVRQV

RI DOO DJHV ZRUOGZLGH� 7KH\ DUH VXEGLYLGHG LQWR WZR JHQHUD� 1RUZDON�OLNH YLUXVHV DQG
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6DSSRUR�OLNH YLUXVHV� 7KH DLP RI WKH VWXG\ ZDV WR GHWHFW +X&9 LQIHFWLRQ LQ +XQJDU\�

:H XVHG UHYHUVH WUDQVFULSWLRQ�SRO\PHUDVH FKDLQ UHDFWLRQ �57�3&5� ZLWK D SULPHU SDLU

S����S��� GHVLJQHG XSRQ WKH DYDLODEOH VHTXHQFH GDWD RI WKH FRQVHUYDWLYH 51$�

GHSHQGHQW 51$ SRO\PHUDVH �25)�� UHJLRQ RI GLIIHUHQW +X&9 VWUDLQV IURP ERWK

JHQHUD� 7KH GHILQLWH LGHQWLILFDWLRQ ZDV DFKLHYHG E\ DPSOLFRQ VHTXHQFLQJ DQG

SK\ORJHQHWLF DQDO\VLV�

+X&9 LVRODWHG IURP IHFDO VDPSOHV FROOHFWHG IURP D IRRG�ERUQH RXWEUHDN LQ

QXUVHULHV DQG HOHPHQWDU\ VFKRRO LQ 6]HJHG DQG $OJ\� DUHDV LQ 1RYHPEHU ���� FDXVHG

D WRWDO RI �� LOOQHVVHV ZLWK W\SLFDO &9�UHODWHG FOLQLFDO V\PSWRPV DQG HSLGHPLRORJ\�

3K\ORJHQHWLFDOO\� WKH +X&9�6]HJHG�$OJ\�����+81 VWUDLQ EHORQJHG WR WKH JHQRJURXS

*,, RI 1RUZDON�OLNH YLUXVHV DQG KDG ��� QXFOHRWLGH VHTXHQFH DQG ��� DPLQR DFLG

LGHQWLW\ ZLWK WKH FORVHVW UHIHUHQFH VWUDLQ� WKH /RUGVGDOH YLUXV�

$FFRUGLQJ WR RXU NQRZOHGJH WKLV LV WKH ILUVW GHWHFWLRQ RI +X&9 LQ D IRRG�UHODWHG

HSLGHPLF LQ +XQJDU\ DQG &HQWUDO�(DVWHUQ (XURSH� DV ZHOO�

/� $� 5e7+<
�
� *<� %È7+25,

�
� /� 5e7+<

&DWLRQLF OLSLG �''$�&O� � EDFWHULDO %50 FRPSOH[HV� LQFUHDVHG VXUYLYDO

WLPHV LQ WXPRURXV PLFH

,QGHSHQGHQW 5HVHDUFK *URXS IRU *HQHWLFV DQG ,PPXQRORJ\� %XGDSHVW� �+UF � %HWKHVGD &KLOGUHQV¶

+RVSLWDO� %XGDSHVW� ��VW 'HSDUWPHQW RI 3K\VLRORJ\� 6HPPHOZHLV 8QLYHUVLW\� %XGDSHVW� +XQJDU\

%DFNJURXQG� �L� 7KH PDQLSXODWLYH DPSOLILFDWLRQ RI DQWLWR[LF LPPXQH UHVSRQVH

E\ ''$�FKORULGH �D TXDWHUQDU\ DPPRQLXP EDVH� FDWLRQLF OLSLG� ZDV DSSOLHG ILUVW E\

RQH RI XV� LQ ���� >�@� 1RZDGD\V FDWLRQLF OLSLGV DUH ZLGHO\ XVHG DV YHFWRUV IRU JHQH

WKHUDS\ >�@� �LL� 7KH UROH RI %50V RI EDFWHULDO RULJLQ ZDV DOVR LQYHVWLJDWHG SUHYLRXVO\

E\ XV LQ H[SHULPHQWV DLPHG DW LQFUHDVLQJ WKH OHYHO RI ERWK WKH DQWLWR[LF�W\SH LPPXQLW\

DQG WKH QRQ�VSHFLILF UHVLVWDQFH RI WXPRU�LQIHVWHG PLFH >�±�@�

$W SUHVHQW WKH DQWLWXPRU DFWLYLW\ RI EDFWHULDO %50�V �ELRORJLFDO UHVSRQVH

PRGLILHUV RI EDFWHULDO RULJLQ� EDFWHULXP YDFFLQHV DQG GHULYDWLYHV� FRPSOH[HG ZLWK WKH

FDWLRQLF OLSLG ''$�FKORULGH ZDV GHILQHG� 0LFH ��� J HDFK� ZHUH LQIHVWHG ZLWK ��
�

OLYLQJ FHOOV RI (+5/,&+ DVFLWHV WXPRU� 7KHUDS\ ZLWK WKH DERYH�PHQWLRQHG FRPSOH[HV

ZDV GRQH RQ ±� DQG � � GD\V ZLWK WKH WLPH RI WXPRU�LQIHVWDWLRQ RQ � GD\� 0HGLXP

6XUYLYDO 7LPH �067� LQ GD\V� ZDV GHILQHG LQ HDFK JURXS�

%LRPHWULFV� .ROPRJRURY DQG 6PLUQRY WZR�VDPSOH WHVW� $129$ $
�
³S´ YDOXH RI

UHOLDELOLW\� 'HWDLOHG UHVXOWV DUH GLVSOD\HG LQ 7DEOH�
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1 067 6'

8QWUHDWHG FRQWUROV �� ���� ����

&RQWUROV WUHDWHG ZLWK ''$�FKORULGH �� ���� ����

&� SDUYXP �� ����� ����

&� SDUYXP � ''$�FKORULGH �� ����� �����

&� JUDQXORVXP �� ����� �����

&� JUDQXORVXP � ''$�FKORULGH �� ����� �����

3�� �GHULYDWH RI &� JUDQXORVXP�
 �� ����� ����

3�� � ''$�FKORULGH �� ����� �����

%UXFHOOD DERUWXV �� ����� ����

%UXFHOOD DERUWXV � ''$�FKORULGH �� ����� ����


 &RXUWHV\ RI ,QVWLWXWH 3DVWHXU� 3DULV

5HVXOWV� 067 YDOXHV RI (+5/,&+ WXPRU LQIHVWHG PLFH LQFUHDVHG VLJQLILFDQWO\

IROORZLQJ EDFWHULDO %50�WUHDWPHQWV� $Q DGGLWLRQDO VLJQLILFDQW LQFUHDVH ZDV REVHUYHG

IROORZLQJ %50�''$�FKORULGH WUHDWPHQW� ''$�FKORULGH DORQH GLG QRW DIIHFW VXUYLYDO�

&� JUDQXORVXP � ''$�FKORULGH FRPSOH[ H[KLELWHG WKH PRVW SURQRXQFHG OLIH�VSDQ

SURORQJLQJ DFWLYLW\� %LRPHWULFV SURYHG D KLJK DQG VWDWLVWLFDOO\ VLJQLILFDQW GHJUHH RI

KRPRJHQHLW\ DQG UHOLDELOLW\ RI UHVXOWV LQ DOO FDVHV�

6XPPDU\� $FFRUGLQJ WR RXU REVHUYDWLRQV� WKH XVHIXO JHQH WKHUDS\ YHFWRUV�

FDWLRQLF OLSLGV VLJQLILFDQWO\ LPSURYHG WKH HIIHFWLYLW\ RI EDFWHULDO %50�EDVHG DQWLWXPRU

WKHUDS\ LQ WXPRURXV DQLPDOV�

7KLV ZRUN ZDV SDUWO\ VXSSRUWHG E\ D JUDQW IURP (77 IRU /�$�5� *UDQW 1R� ���

�������

�� 5pWK\� /� HW DO�� .tVpUO 2UYRVWXG �([SHU 0HG� ��� ��� ������� �� =HOSKDWL� 2�� 6]RND� )� &� -U�� -

/LSRVRPH 5HV �� �� ������� �� *pUHVL� 0� HW DO�� $FWD 9HW $FDG 6FL +XQJ ��� ��� ������� �� %iWKRUL� *\� HW

DO�� $QQ ,PPXQRO +XQJ ��� ��� ������� �� 5pWK\� /� HW DO�� $FWD 9HW +XQJ ��� �� �������
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/� $� 5e7+<
�
� )� 6Ï/<20

�
� *<� %È7+25,

�

,QFUHDVLQJ WKH RQFRO\WLF DFWLYLW\ RI ,%'9 YLUXV E\ WUDGLWLRQDO

DQG FDWLRQLF OLSRVRPH FRPSOH[HV

,QGHSHQGHQW 5HVHDUFK *URXS IRU *HQHWLFV DQG ,PPXQRORJ\� �+UF � %HWKHVGD &KLOGUHQV¶ +RVSLWDO�

%XGDSHVW� �,QGHSHQGHQW 9HWHULQDU\ /DERUDWRU\� eUG� ��VW 'HSDUWPHQW RI 3K\VLRORJ\� 6HPPHOZHLV

8QLYHUVLW\� %XGDSHVW� +XQJDU\

,QWURGXFWLRQ� $XWKRUV UHFHQWO\ UHSRUWHG WKH EHQHILFLDO HIIHFW RI OLSRVRPHV RQ WKH

RQFRO\WLF DFWLYLW\ RI FHUWDLQ YLUXVHV >�� �@� $W SUHVHQW WKH\ FRPSDUHG WKH VXSSRVHG

RQFRO\VLV�LQFUHDVLQJ DFWLYLW\ RI ,QIHFWLRXV %XUVDO 'LVHDVH 9LUXV �VWUDLQ� ,%'9� %/%�

��� �VLQJOH GRVH� �u��
�
7&,'���� FRPSOH[HG ZLWK ³WUDGLWLRQDO´ OLSRVRPHV FRQWDLQLQJ

OHFLWKLQ� FKROHVWHURO DQG VWHDU\ODPLQH >�@ DQG ZLWK D FDWLRQLF OLSLG� ''$�FKORULGH�

ZKLFK ZDV XVHG ILUVW DV DQ LPPXQR�PRGXODQW DJHQW >�@� 1RZDGD\V FDWLRQLF OLSLGV DUH

ZLGHO\ XVHG DV YHFWRUV IRU JHQH WKHUDS\ >�@�

0HWKRGV� 6ZLVV DOELQR PLFH LQIHVWHG ZLWK �� J OLYLQJ FHOOV RI (+5/,&+ DVFLWHV

WXPRXU ZHUH WUHDWHG ZLWK ³SODLQ´ ,%'9 DQG ,%'9 FRPSOH[HG ZLWK ''$�FKORULGH

DQG�RU WUDGLWLRQDO OLSRVRPH� 9DOXHV RI 0HGLXP 6XUYLYDO 7LPHV �067� LQ GD\V� ZHUH

DQDO\VHG VWDWLVWLFDOO\ WR GHILQH 6WXGHQW¶V S�� $129$ $
�
� UHOLDELOLW\ S�� 5HVXOWV DUH

GLVFORVHG LQ 7DEOH�

7UHDWPHQWV 1 067 6'

8QWUHDWHG FRQWUROV �� ���� ���

,%'9 �� ���� ����

,%'9 � /LSRVRPH �� ���� ����

,%'9 � ''$�FKORULGH �� ���� ����

,%'9 � �/LSRVRPH � ''$�FKORULGH� �� ���� ����

5HVXOWV XQHTXLYRFDOO\ SURYH WKDW WKH 067 YDOXHV LQFUHDVHG VLJQLILFDQWO\

IROORZLQJ WUHDWPHQW RI WXPRXU�LQIHVWHG PLFH ZLWK ³SODLQ´ ,%'9� $ PRUH SURQRXQFHG

LQFUHDVH RI 067V ZHUH DFKLHYHG IROORZLQJ DSSOLFDWLRQ RI ''$�FKORULGH DQG�RU

WUDGLWLRQDO OLSRVRPHV� $129$ $
�
DQG WKH UHOLDELOLW\ S��� SURYHG WKH KRPRJHQHLW\ DQG

UHSURGXFLELOLW\ RI WKH H[SHULPHQWDO UHVXOWV�

,Q VXPPDU\� WKH RQFRO\WLF DFWLYLW\ RI ,%'9 ZDV VLJQLILFDQWO\ HQKDQFHG LQ D

FRPSOH[ ZLWK OLSRVRPHV� $OWKRXJK LQ JHQH WKHUDS\ FDWLRQLF OLSLGV DUH SUHIHUUHG DV

YHFWRUV LQ RUGHU WR QHXWUDOLVH WKH QHJDWLYHO\ FKDUJHG '1$� GXULQJ RXU H[SHULPHQWV ZH

FRXOG QRW GHWHFW VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH HIIHFWV RI WKH LQYHVWLJDWHG OLSRVRPH
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FRPSOH[HV� ''$�FKORULGH�/LSRVRPH�FRPSOH[ H[KLELWHG WKH VDPH RQFRO\VLV�

HQKDQFLQJ�LPPXQR�PRGXODQW DFWLYLW\ DV WKH OLSRVRPH RU ''$�FKORULGH DORQH�

7KLV ZRUN ZDV SDUWO\ VXSSRUWHG E\ D JUDQW IURP (77 IRU /�$�5�� *UDQW 1R� ���

�������

�� 6yO\RP� )� HW DO�� (),6���� &RQJUHVV� 3R]QDQ �DFFHSWHG�� �� 5pWK\� /� $� HW DO�� (),6����

&RQJUHVV� 3R]QDQ �DFFHSWHG�� �� %iWKRUL� *\� HW DO�� $QQ ,PPXQRO +XQJ ��� ��� ������� �� 5pWK\� /� HW DO��

.tVpUO 2UYRVWXG �([SHU 0HG� ��� ��� ������� �� =HOSKDWL� 2�� 6]RND� )� &� -U�� - /LSRVRPH 5HV �� �� �������

0� 5831,.

9DULDELOLW\ RI &ORVWULGLXP GLIILFLOH VWUDLQV

'HSDUWPHQW RI %LRORJ\� %LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� 9HþQD SRW ���� ���� /MXEOMDQD�

6ORYHQLD

&ORVWULGLXP GLIILFLOH LV DQ DQDHURELF� VSRURJHQLF *UDP�SRVLWLYH EDFWHULXP� ,W

FDXVHV LQWHVWLQDO LQIHFWLRQV DV DQWLELRWLF DVVRFLDWHG GLDUUKRHD �$$'� DQG

SVHXGRPHPEUDQRXV FROLWLV �30&�� 7KH PDLQ YLUXOHQFH IDFWRUV DUH WZR ODUJH WR[LQV�

WR[LQ $ �7FG$� HQWHURWR[LQ� DQG WR[LQ % �7FG%� F\WRWR[LQ�� ,Q RXU VWXGLHV ZH KDYH

HVWDEOLVKHG D PHWKRG IRU GLIIHUHQWLDWLRQ RI &� GLIILFLOH VWUDLQV LQWR JURXSV FDOOHG

WR[LQRW\SHV EDVHG RQ GLIIHUHQFHV LQ WKHLU WR[LQ JHQHV� 7R[LQRW\SHV KDYH SURYHQ WR EH D

JRRG EDVLV IRU VWXG\LQJ SDWKRJHQHVLV� YLUXOHQFH IDFWRUV DQG PROHFXODU ELRORJ\ RI &�

GLIILFLOH�

5HJLRQ FRGLQJ IRU ERWK WR[LQV LQ &� GLIILFLOH LV FDOOHG SDWKRJHQLFLW\ ORFXV

�3D/RF� DQG FRQVLVWV RI ILYH JHQHV� WZR RI WKHP DUH WR[LQ JHQHV �WFG$ DQG WFG%� DQG

WKUHH DGGLWLRQDO JHQHV DUH DVVRFLDWHG ZLWK UHJXODWLRQ DQG WUDQVSRUW �WFG&� ' DQG (�� 7KH

HQWLUH �� NE VHTXHQFH RI 3D/RF LV NQRZQ IRU UHIHUHQFH VWUDLQ 93, ������ :H XVH WHQ

RYHUODSSLQJ IUDJPHQWV IRU DPSOLILFDWLRQ RI 3D/RF UHJLRQ� 7ZR RI WKHP DPSOLI\LQJ ��

UHJLRQ RI WFG% JHQH DQG �¶�UHJLRQ RI WFG$ JHQH� DUH XVHG URXWLQHO\ LQ VFUHHQLQJ IRU

YDULDQW VWUDLQV� 7KH FKDQJHV REVHUYHG LQ 3D/RF UHJLRQ DUH GHOHWLRQV� LQVHUWLRQV DQG

SRO\PRUSKLVP RI UHVWULFWLRQ VLWHV� 7R[LQRW\SH LV D JURXS RI VWUDLQV ZLWK LGHQWLFDO

FKDQJHV LQ 3D/RF ZKHQ FRPSDUHG WR UHIHUHQFH VWUDLQ� $W WKH WLPH ILIWHHQ WR[LQRW\SH¶V

DUH NQRZQ �, WR ;9��

6WXGLHV RI YDULDQW &� GLIILFLOH VWUDLQV KDYH FRQWULEXWHG VLJQLILFDQW LQIRUPDWLRQ LQ

GLIIHUHQW UHVHDUFK DUHDV� )RU LQVWDQFH� D JURXS RI YDULDQW VWUDLQV SURGXFH RQO\ 7FG%�

7KLV YDULDQW WR[LQ % LV FKDQJHG DQG UHVHPEOHV LQ LWV SURSHUWLHV WR &� GLIILFLOH WR[LQ DV

ZHOO DV &� VRUGHOOLL WR[LQ� $V VXFK VWUDLQV DUH UHSRUWHG DOVR WR FDXVH GLVHDVH� WKH\ KDYH
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FKDQJHG WKH GRJPD WKDW ERWK WR[LQV DFW V\QHUJLVWLFDOO\ DQG DUH QHHGHG IRU IXOO

YLUXOHQFH� 7KHUHIRUH WKH GLDJQRVWLF WHVWV RI &� GLIILFLOH DUH FXUUHQWO\ FKDQJLQJ� )XUWKHU�

D QHZ IRUP RI JHQHWLF HOHPHQW ZDV IRXQG LQ YDULDQW VWUDLQV RI &� GLIILFLOH �WR[LQRW\SH

;,9� FRPELQLQJ WKH SURSHUWLHV RI LQWURQ DQG LQVHUWLRQ HOHPHQW� $QG ILQDOO\� RQO\

VWUDLQV ZLWK FKDQJHG WR[LQ JHQHV ZHUH VKRZQ WR SURGXFH D WKLUG WR[LQ� ELQDU\ WR[LQ�

(� 5869$,� -� %52-1È6� ,� 0(=(<� -� '$1.$� *<� %(5(1&6,

$ KLJK SHUFHQWDJH RI WKH +XQJDULDQ \RXQJ SRSXODWLRQ LV QRW SURWHFWHG

DJDLQVW +$9

1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

$ VHURHSLGHPLRORJLFDO VWXG\ ZDV FRQGXFWHG LQ +XQJDU\ LQ ����±���� WR

GHWHUPLQH WKH VHURSUHYDOHQFH RI DQWL�+$9 LQ WKH JHQHUDO SRSXODWLRQ�

���� VXEMHFWV ����� PHQ DQG ���� ZRPHQ� ZHUH VWUDWLILHG E\ DJH �±�� �±���

��±��� ��±��� ��±��� ��±��� PRUH WKDQ ��� 7KH SUHVHQFH RI WRWDO DQWL�+$9 DQWLERG\

ZDV LQYHVWLJDWHG XVLQJ FRPPHUFLDO HQ]\PH LPPXQRDVVD\ �+HSDQRVWLND +$9 DQWLERG\

2UJDQRQ 7HNQLND��

������ RI WKH VXEMHFWV ZHUH IRXQG SRVLWLYH IRU DQWL�+$9 DQWLERG\� 3UHYDOHQFH

RI VHURSRVLWLYLW\ LQFUHDVHG ZLWK LQFUHDVLQJ DJH� EHLQJ ������ ������ ������ �������

������� ������� ������ IRU WKH YDULRXV DJH JURXSV� UHVSHFWLYHO\�

7KH UHVXOWV VKRZ D ODUJH QXPEHU RI VXVFHSWLEOH VXEMHFWV LQ WKH \RXQJ DGROHVFHQW

SRSXODWLRQ� ZKLFK FRXOG FDXVH SXEOLF KHDOWK SUREOHP LQ WKH FRXQWU\ GXULQJ GLVDVWHUV�

.� 6$/È1.,� (� +833(57� (� %$/È=6

7KH FRPSDWLELOLW\ RI WKH �D SURWHLQ DQG WKH FRDW SURWHLQ

RI FXFXPRYLUXVHV LV UHTXLUHG IRU FHOO�WR�FHOO PRYHPHQW

$JULFXOWXUDO %LRWHFKQRORJ\ &HQWHU� *|G|OO�� +XQJDU\

,W LV ZHOO NQRZQ WKDW PRYHPHQW SURWHLQ DQG FRDW SURWHLQ DUH ERWK HVVHQWLDO IRU

FHOO�WR�FHOO PRYHPHQW RI FXFXPRYLUXVHV� EXW WKH H[DFW IXQFWLRQ DQG WKH SRVVLEOH

LQWHUDFWLRQV RI WKH SURWHLQV DUH QRW FKDUDFWHUL]HG \HW�

,Q RXU SUHYLRXV ZRUN ZH FRQVWUXFWHG UHFRPELQDQW YLUXVHV EHWZHHQ WZR

FXFXPRYLUXVHV� WKH FXFXPEHU PRVDLF YLUXV �&09� DQG WRPDWR DVSHUP\ YLUXV �7$9�

E\ H[FKDQJLQJ WKH �$ SURWHLQ DQG WKH FRDW SURWHLQ RI WKH WZR YLUXVHV� 7KH UHFRPELQDQW
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FRQWDLQLQJ WKH �$ SURWHLQ RI &09 DQG WKH FRDW SURWHLQ RI 7$9 FDXVHG V\VWHPLF

LQIHFWLRQ RQ GLIIHUHQW WHVW SODQWV� ZKLOH WKH RWKHU UHFRPELQDQW FRQWDLQLQJ WKH �$ SURWHLQ

RI 7$9 DQG WKH FRDW SURWHLQ RI &09 ZDV QRW DEOH WR PRYH IURP FHOO�WR�FHOO� KRZHYHU

LW ZDV DEOH WR UHSOLFDWH LQ SURWRSODVW V\VWHP�

,Q RXU SUHVHQW ZRUN ZH FRQVWUXFWHG IXUWKHU UHFRPELQDQWV EHWZHHQ WKH WZR

YLUXVHV LQ RUGHU WR LGHQWLI\ ZKLFK SDUWV RI WKH WZR SURWHLQV VKRXOG EH FRPSDWLEOH IRU WKH

ORFDO PRYHPHQW RI WKH YLUXVHV� ,Q FDVH RI WKH �D SURWHLQ ZH FKRVH WKH UHFRPELQDWLRQ

VLWHV EDVHG RQ WKH VHTXHQFH VLPLODULW\ RI WKH WZR SURWHLQV� ZKLOH LQ FDVH RI WKH FRDW

SURWHLQ ZH VHOHFWHG WKH VLWHV IRU UHFRPELQDWLRQ E\ WKH NQRZQ WKUHH GLPHQVLRQDO

VWUXFWXUH� 7KH UHFRPELQDQW YLUXV XQDEOH WR PRYH IURP FHOO�WR�FHOO ZDV DEOH IRU ORFDO

PRYHPHQW LI ZH H[FKDQJHG WKH FDUER[\ WHUPLQDO �� DPLQR DFLGV RI WKH 7$9 �$

SURWHLQ IRU WKH VLPLODU UHJLRQ RI WKH &09 �$ SURWHLQ� RU LI ZH UHSODFHG WKH DPLQR

WHUPLQDO �� DPLQR DFLGV RI WKH &09 FRDW SURWHLQ IRU WKH VLPLODU SDUW RI WKH 7$9 FRDW

SURWHLQ� 6R WKH FRPSDWLELOLW\ RI WKH FDUER[\ WHUPLQDO SDUW RI WKH �$ SURWHLQ DQG WKH

DPLQR WHUPLQDO SDUW RI WKH FRDW SURWHLQ LV UHTXLUHG IRU WKH FHOO�WR�FHOO PRYHPHQW RI

FXFXPRYLUXVHV� DQG SUHVXPDEOH WKH LQWHUDFWLRQ RI WKHVH WZR SURWHLQV LV QHFHVVDU\ LQ

WKLV SURFHVV�

-� 6=$%Ï
�
� 3� (%%(6(1

�
� $� %È&6,

�
� =� %(&.

�
� ,� $1',5.Ï

�
� )� '� 7Ï7+

�

,QIHFWLRQ RI KXPDQ V\QF\WLRWURSKREODVW ZLWK SVHXGRW\SHV RI YHVLFXODU

VWRPDWLWLV YLUXV EHDULQJ HQYHORSH DQWLJHQV RI YDULRXV +,9�� VWUDLQV

�,QVWLWXWH RI 0LFURELRORJ\� 0HGLFDO )DFXOW\� 0HGLFDO DQG +HDOWK 6FLHQFH &HQWHU� 8QLYHUVLW\

RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\� �'HSDUWPHQW RI 9LUXV DQG &DQFHU� 'DQLVK &DQFHU 6RFLHW\� $DUKXV�

'HQPDUN

0RWKHU�WR�FKLOG WUDQVPLVVLRQ LV FOHDUO\ DQ LPSRUWDQW PRGH RI VSUHDG IRU KXPDQ

LPPXQRGHILFLHQF\ YLUXV W\SH � �+,9���� 7KH SODFHQWDO V\QF\WLRWURSKREODVW �67� IRUPV

D FRQWLQXRXV PXOWLQXFOHDWHG HSLWKHOLXP LQ GLUHFW FRQWDFW ZLWK PDWHUQDO EORRG� $OWKRXJK

+,9�� KDV EHHQ GHWHFWHG LQ WKH 67 OD\HU LQ VLWX� WKHUH LV FRQIOLFWLQJ HYLGHQFH UHJDUGLQJ

LQIHFWLRQ RI 67 FHOOV ZLWK FHOO�IUHH YLUXV� :H XVHG WKH SKHQRW\SLF PL[LQJ EHWZHHQ

+,9�� DQG YHVLFXODU VWRPDWLWLV YLUXV �969� WR DVVD\ WKH VXVFHSWLELOLW\ RI KXPDQ 67

FHOOV WR SHQHWUDWLRQ E\ YDULRXV +,9�� VWUDLQV� :H IRXQG WKDW 969�+,9��,,,%� DQG

969�+,9��%D�/� SVHXGRW\SHV HQWHUHG 67 FHOOV� ZKHUHDV 969 SVHXGRW\SHG ZLWK

HQYHORSH DQWLJHQV RI 5)� 01 RU $GD�0 VWUDLQV RI +,9�� GLG QRW LQIHFW 67 FHOOV�

1HXWUDOL]LQJ VHUD WR +,9��,,,% DQG +,9��%D�/ ZHUH DEOH WR FRPSOHWHO\ LQKLELW HQWU\ RI

969�+,9��,,,%� DQG 969�+,9��%D�/� LQWR 67 FHOOV� 7KHVH ILQGLQJV LQGLFDWHG WKDW
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LQIHFWLRQ RI 67 FHOOV ZLWK 969�+,9�O� SVHXGRW\SHV ZDV PHGLDWHG E\ (QYV IURP ,,,%

DQG %D�/ VWUDLQV RI +,9��� 0RQRFORQDO DQWLERGLHV �0$E� WR &'�� &;&5�� &&5� DQG

&&5� ZHUH WHVWHG IRU WKHLU DELOLW\ WR EORFN 969�+,9��� LQIHFWLRQ RI 67 FHOOV� 1HLWKHU

WKH DQWL�&'� QRU WKH DQWL�&;&5�� DQWL�&&5� DQG DQWL�&&5� 0$EV KDG DQ\ LQKLELWRU\

HIIHFW XSRQ LQIHFWLRQ RI 67 FHOOV ZLWK 969�+,9��� SVHXGRW\SHV� 2XU GDWD VXJJHVW WKDW

67 FHOOV FDQ EH LQIHFWHG ZLWK FHOO�IUHH +,9�� DQG WKH VXVFHSWLELOLW\ RI 67 FHOOV WR

SHQHWUDWLRQ E\ WKH YLUXV LV VWUDLQ GHSHQGHQW� 7KH PHFKDQLVP RI HQWU\ LQWR 67 FHOOV

UHPDLQV WR EH UHYHDOHG�

'� 6=$.È/� .� 6=�.(� 7� 3È/

7KH FRORQ\ LPPXQREORW PHWKRG DGDSWHG IRU GHWHFWLQJ 6KLJHOOD

DQG (,(& IURP PLON

'HSDUWPHQW RI 0HGLFDO 0LFURELRORJ\ DQG ,PPXQRORJ\� 8QLYHUVLW\ 0HGLFDO 6FKRRO� 3pFV� +XQJDU\

'\VHQWHU\�FDXVLQJ 6KLJHOOD DQG (,(& VWUDLQV XVXDOO\ VSUHDG E\ WKH IHFR�RUDO

URXWH� EXW IUHTXHQWO\ FRQWDPLQDWHG ZDWHU DQG IRRG� SDUWLFXODUO\ PLON DQG GDLU\ SURGXFWV

DUH WKH YHKLFOHV RI WUDQVPLVVLRQ� 7KH LGHQWLILFDWLRQ RI WKHVH EDFWHULDO DJHQWV IURP WKHVH

VDPSOHV LV UDWKHU ODERULRXV E\ WKH FODVVLFDO ODERUDWRU\ PHWKRGV� $ UDSLG ,SD�& VSHFLILF

FRORQ\ LPPXQREORW PHWKRG KDV DOUHDG\ EHHQ VXFFHVVIXOO\ XVHG IRU WKH GHWHFWLRQ RI

WKHVH EDFWHULD IURP ZDWHU DQG VWRRO VDPSOHV� 7KLV ZRUN SUHVHQWV LWV VXFFHVVIXO

DGDSWDWLRQ IRU PLON VDPSOHV�

6DPSOHV FRQWDPLQDWHG DUWLILFLDOO\ ZLWK 6KLJHOOD RU (,(& ZHUH WHVWHG E\ WKH

FRORQ\ LPPXQREORW WHFKQLTXH� ZLWK WKH QHFHVVDU\ FKDQJHV RI WKH PHWKRG GXH WR WKH

FRQVLVWHQF\ RI WKH VDPSOHV� $V D FRQWURO WHFKQLTXH� VDPSOHV ZHUH VSUHDG RQWR VHOHFWLYH

PHGLD� IROORZHG E\ ,SD&�VSHFLILF (/,6$ RI VHOHFWHG FRORQLHV� 2XU H[SHULPHQWV VKRZHG

WKDW WKH FRORQ\ EORW PHWKRG ZDV HTXDOO\ VHQVLWLYH DV WKH RWKHU PHWKRG� EXW ZDV

VLJQLILFDQWO\ IDVWHU�
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(� 6=È17$,
�
� &6� %2*1È5

�
� &6� )(5(1&=,

�

/HSWRVSLURVLV� VWDWH RI HSLGHPLRORJ\� GLDJQRVWLFDO QHZV

�'HSDUWPHQW RI 0LFURELRORJ\� (|WY|V /RUiQG 8QLYHUVLW\� %XGDSHVW� �³%pOD -RKDQ´ 1DWLRQDO &HQWHU

IRU (SLGHPLRORJ\ �2(.�� %XGDSHVW� �,QVWLWXWH RI 1DWLRQDO 3XEOLF +HDOWK RI +DMG~�%LKDU &RXQW\

�È176=�� 'HEUHFHQ� +XQJDU\

/HSWRVSLURVLV KDV EHHQ FRQVLGHUHG WR EH D UHODWLYHO\ LQIUHTXHQW GLVHDVH LQ

+XQJDU\ XS WR QRZ� 7KH QXPEHU RI GLVHDVHV FDXVHG E\ /HSWRVSLUD LQWHURUUJDQV KDV

EHHQ LQFUHDVHG SUHVXPDEO\ GXH WR WKH UDLQLHU ZHDWKHU RI ODWH \HDUV DQG WKH

PXOWLSOLFDWLRQ RI URGHQWV� PDLQO\ RI UDWV� ,Q ���� RXW RI ���� H[DPLQHG VDPSOHV ��

����� LQ ���� RXW RI ���� �� ����� ZKLOVW LQ ���� RXW RI ���� ��� VDPSOHV ����� KDYH

EHHQ SURYHG WR EH SRVLWLYH E\ WKH WHVW RI O\VLV�DJJOXWLQDWLRQ� 7KH H[DPLQDWLRQ E\ O\VLV�

DJJOXWLQDWLRQ LV DSSOLHG URXWLQHO\ RQO\ LQ WKH 2(. DQG LQ WKH ,QVWLWXWH RI 1DWLRQDO

3XEOLF +HDOWK RI +DMG~�%LKDU FRXQW\� 'HEUHFHQ� EHFDXVH RI WKH LQFUHDVHG GDQJHU RI

LQIHFWLRQ� DQG DV VSHFLDO FXOWXUH�PHGLXP DQG HYDOXDWLRQ E\ PLFURVFRSH RI GDUN YLVXDO

ILHOG LV QHHGHG�

,Q WKH ODVW WZR \HDUV D FRPSDUDWLYH H[DPLQDWLRQ ZDV FDUULHG RXW DPRQJ WKH

IROORZLQJ FRPPHUFLDO WHVWV� WZR (/,6$� RQH ,) DQG RQH DQWLERG\ UHYHDOLQJ /$7(;

DJJOXWLQDWLRQ WHVW� 7KH H[DPLQHG (/,6$ NLWV GLG QRW IXOILO WKH H[SHFWDWLRQV� 7KH UHVXOWV

UHFHLYHG E\ WKH ,) DQG /$7(; WHVWV VKRZHG RXWVWDQGLQJ DJUHHPHQW ZLWK WKRVH

REWDLQHG E\ O\VLV�DJJOXWLQDWLRQ� 2Q WKH EDVLV RI WKH H[DPLQDWLRQV WKH ,) DQG /$7(;

WHVWV VHHP WR EH VXLWDEOH IRU VFUHHQLQJ WHVWV LQ WKH ODERUDWRU\ GLDJQRVWLF RI OHSWRVSLURVLV

EXW IRU FRQILUPDWLRQ DQG VHURW\SLI\LQJ WKH O\VLV�DJJOXWLQDWLRQ PHWKRG RI WKH WZR DERYH�

PHQWLRQHG ODERUDWRULHV VKRXOG EH XVHG LQ WKH IXWXUH� WRR�

*<� 6=/$'(.� -� .Ï1<$� $� -8+È6=� .� 6=$5.$� /� *(5*(/<

7KH SUHYDOHQFH RI 77 YLUXV �779� LQ UHQDO WUDQVSODQW UHFLSLHQWV

'HSDUWPHQW RI 0LFURELRORJ\� 0HGLFDO 6FKRRO� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

779 LV D QRYHO XQHQYHORSHG '1$ YLUXV ILUVW LVRODWHG IURP D -DSDQHVH SDWLHQW

ZLWK IXOPLQDQW OLYHU GLVHDVH RI XQNQRZQ RULJLQ� 7KH YLUXV KDV D VLQJOH VWUDQGHG FLUFXODU

'1$ JHQRPH� DQG VR LV WKRXJKW WR EHORQJ WR WKH &LUFRYLULGDH IDPLO\� DQG UHODWHG ZLWK

FKLFNHQ DQDHPLD YLUXV �&$9�� SRUFLQH FLUFRYLUXV �3&9�� EHDN DQG IHDWKHU GLVHDVH YLUXV

�%)'9�� 7KH SDWKRJHQLF UROH RI WKH KXPDQ FLUFRYLUXV 779 LV \HW SRRUO\ NQRZQ� 779



),567 -2,17 0((7,1* ���

$FWD 0LFURELRORJLFD HW ,PPXQRORJLFD +XQJDULFD ��� ����

FDQ EH GHWHFWHG DOVR LQ WKH SHULSKHUDO EORRG RI �±��� RI WKH KHDOWK\ EORRG GRQRUV�

779 KDV UHFHQWO\ EHHQ UHSRUWHG WR EH H[FUHWHG YLD IDHFHV� DOWKRXJK GDWD LQGLFDWLQJ

IDHFDO�RUDO WUDQVPLVVLRQ DUH QRW DYDLODEOH�

7R GHWHFW WKH YLUDO '1$ LQ '1$ H[WUDFWHG IURP SHULSKHUDO EORRG PRQRQXFOHDU

FHOOV �3%0&� RI UHQDO WUDQVSODQW UHFLSLHQWV DQG KHDOWK\ EORRG GRQRUV ZH XVHG WKH

SRO\PHUDVH FKDLQ UHDFWLRQ �3&5� PHWKRG ZLWK SULPHUV GHVLJQHG IRU WKH 25) , UHJLRQ

RI WKH YLUDO JHQRPH� 2XU UHVXOWV VKRZ WKDW WKH SUHYDOHQFH RI 779 LV VLJQLILFDQWO\ KLJKHU

LQ UHQDO WUDQVSODQW UHFLSLHQWV >��� �������@ WKDQ LQ KHDOWK\ EORRG GRQRUV >��� ������@�

7KH FDXVH RI WKH KLJKHU SUHYDOHQFH GHWHFWHG LQ UHQDO WUDQVSODQW UHFLSLHQWV PD\ EH

DWWULEXWHG WR WKH EORRG SURGXFWV UHFHLYHG EHFDXVH RI WKH LOOQHVV� WR WKH WUDQVSODQW RUJDQ�

RU WKH LPPXQH VXSSUHVVLRQ�

.� 6=�.(� -� .Ï1<$� .� 6=$5.$� *<� 9(5(66� $� -8+È6=� /� *(5*(/<

4XDQWLILFDWLRQ RI KXPDQ F\WRPHJDORYLUXV '1$ XVLQJ WKH SRO\PHUDVH

FKDLQ UHDFWLRQ

'HSDUWPHQW RI 0LFURELRORJ\� 0HGLFDO 6FKRRO� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

,Q RUJDQ WUDQVSODQW UHFLSLHQWV WKH ODWHQW F\WRPHJDORYLUXV �&09� LQIHFWLRQ FDQ

EH HDVLO\ UHDFWLYDWHG EHFDXVH RI WKH LPPXQRVXSSUHVVLRQ� 7KH PRVW LPSRUWDQW

GLDJQRVWLF VLJQ RI WKH UHDFWLYDWLRQ LV WKH GHYHORSLQJ YLUHPLD� 7KH YLUDO JHQH�H[SUHVVLRQ

RU WKH GHWHFWLRQ RI YLUDO VWUXFWXUH SURWHLQV E\ DQWLJHQHPLD WHVW FDQ LQGLFDWH WKH

UHSOLFDWLQJ YLUXV LQ WKH SHULSKHUDO EORRG� 7KH YLUDO JHQRPH FDQ EH GHWHFWHG LQ ORZ FRS\

QXPEHU LQ WKH ODWHQW SKDVH RI WKH LQIHFWLRQ EHFDXVH LQ WKLV SKDVH WKH YLUXVHV DUH PRVWO\

LQ WKH FLUFXODWLQJ PRQRF\WHV� ,Q WKH YLUHPLF SKDVH WKH YLUDO JHQRPH FDQ EH GHWHFWHG LQ

WKH SODVPD RU LI WKH YLUDO '1$ LV WHVWHG LQ ZKROH EORRG WKHQ WKH DPSOLILFDWLRQ RI WKH

YLUDO JHQRPH FDQ EH� 2XU JRDO ZDV WR GHYHORS D TXDQWLWDWLYH 3&5 PHWKRG� ZKLFK LV

EDVHG RQ WKH FRPSHWLWLRQ RI D PXWDQW VHTXHQFH GHYHORSHG E\ XV DQG WKH ZLOG VHTXHQFH�

7KH ROLJRQXFOHRWLGH SULPHUV DPSOLILFDWHG D ��� ES ORQJ VHFWLRQ IURP WKH JO\FRSURWHLQ

% JHQH� 7KH DPSOLPHU ZDV FORQHG �ZLOG VHTXHQFH� WKHUHDIWHU D ��� ES ORQJ LQGLIIHUHQW

LQVHUW ZDV OLJDWHG LQ WR WKH %JO ,, FOHDYDJH VLWH LQVLGH WKH FORQHG VHTXHQFH �PXWDQW

VHTXHQFH�� 7KH DPRXQW RI F\WRPHJDORYLUXV '1$ ZDV PHDVXUHG LQ WKH SHULSKHUDO EORRG

RI RUJDQ WUDQVSODQW UHFLSLHQWV� :H GHWHFWHG HOHYDWHG &09 '1$ OHYHO LQ WKH EORRG RI

WUDQVSODQW SDWLHQWV GXULQJ WKH DQWLJHQHPLD SRVLWLYH SKDVH� ,Q WKH QRQ�DQWLJHQHPLD SKDVH

WKH '1$ OHYHOV RI WKH WUDQVSODQW SDWLHQWV ZHUH LQ WKH VDPH UDQJH DV WKRVH RI WKH KHDOWK\

EORRG GRQRUV�
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,Q FRQFOXVLRQ� ZH GHYHORSHG D TXDQWLWDWLYH 3&5 PHWKRG� WKDW LV WR EH WHVWHG RQ

FOLQLFDO VDPSOHV LQ ODUJH VFDOH�

(� 6=,*(7,
�
� -� )$5.$6

�

8VH RI D FRQGXFWLPHWULF WHFKQLTXH IRU GDWD FDSWXUH LQ SUHGLFWLYH

PLFURELRORJ\

�'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� �'HSDUWPHQW RI 5HIULJHUDWLRQ DQG /LYHVWRFN 3URGXFWV

7HFKQRORJ\� 6]HQW ,VWYiQ 8QLYHUVLW\� )DFXOW\ RI )RRG 6FLHQFH� %XGDSHVW� +XQJDU\

&RQGXFWLPHWU\ DV DQ DOWHUQDWLYH GDWD FDSWXUH PHWKRG IRU IROORZLQJ PLFURELDO

JURZWK KDV D JUHDW SRWHQWLDO DV D UHVHDUFK WRRO RI SUHGLFWLYH PLFURELRORJ\� ,Q VSLWH RI

WKLV IDFW WKHUH LV RQO\ D OLPLWHG QXPEHU RI DSSOLFDWLRQV XVLQJ FRQGXFWLPHWULF GDWD IRU

PRGHO JHQHUDWLRQ� ,Q WKLV VWXG\ WKH JURZWK RI VLQJOH VWUDLQV RI /LVWHULD PRQRF\WRJHQHV

DQG /DFWRFRFFXV ODFWLV ZDV WHVWHG LQ � PHGLD XVLQJ D 5$%,7
�
LQVWUXPHQW� 7KH JRDO RI

WKH ZRUN ZDV WR ILQG VHOHFWLYH JURZWK PHGLD IRU /LVWHULD DQG /DFWRFRFFXV� UHVSHFWLYHO\�

LQ RUGHU WR VWXG\ WKHLU LQWHUDFWLRQ LQ PL[HG�FXOWXUH XVLQJ WKH FRQGXFWLPHWULF WHFKQLTXH�

:KLWOH\ $QDHURELF EURWK� :KLWOH\ ,PSHGDQFH EURWK DQG PRGLILHG :KLWOH\ ,PSHGDQFH

EURWK �:KLWOH\ ,PSHGDQFH EURWK � &KORUDPSKHQLFRO �� PJ�O�� ZHUH QRW VXLWDEOH IRU

IROORZLQJ VHOHFWLYHO\ WKH JURZWK RI /DFWRFRFFXV ODFWLV RU /LVWHULD PRQRF\WRJHQHV LQ D

PL[HG FXOWXUH RI WKH WZR EDFWHULD� %L0HGLD ��� $ IRU /DFWRFRFFXV ODFWLV DQG %LPHGLD

��� $ IRU /LVWHULD PRQRF\WRJHQHV VDWLVILHG WKH GHPDQGV UDLVHG E\ FRQGXFWDQFH

PHDVXUHPHQW� /LQHDU FRUUHODWLRQV ZHUH HVWDEOLVKHG EHWZHHQ WKH JUDSKLFDOO\ HVWLPDWHG

GHWHFWLRQ WLPH �77'� YDOXHV RI WKH FRQGXFWDQFH FXUYHV DQG WKH ORJDULWKPLF QXPEHUV RI

FRORQ\ IRUPLQJ XQLWV �FIX�� 7KH FRUUHODWLRQV ZHUH YHU\ VWURQJ LQ HDFK FDVH

�GHWHUPLQDWLRQ FRHIILFLHQWV �5
�
� RI WKH OLQHDU UHJUHVVLRQ ZHUH KLJKHU WKDQ ���� DW ERWK

PHGLXP�VWUDLQ FRPELQDWLRQV�� +RZHYHU� LQ %L0HGLD ��� /LVWHULD PRQRF\WRJHQHV ZDV

FDSDEOH RI VORZ JURZWK� WKHUHIRUH� WKLV PHGLXP ZLOO EH VXLWDEOH IRU VWXG\LQJ PLFURELDO

LQWHUDFWLRQV RQO\ ZKHQ /LVWHULD DUH SUHVHQW LQ WKH PL[HG FXOWXUH LQ FRQFHQWUDWLRQV OHVV

WKDQ ��
�
FIX�PO�
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(� 6=,*(7,

,QWHUDFWLRQ EHWZHHQ /DFWRFRFFXV ODFWLV VWUDLQV DQG /LVWHULD

PRQRF\WRJHQHV LQ PL[HG�FXOWXUHV

'HSDUWPHQW RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\� )DFXOW\ RI )RRG 6FLHQFHV� 6]HQW ,VWYiQ 8QLYHUVLW\�

%XGDSHVW� +XQJDU\

&RPSHWLWLRQ RI D EDFWHULRFLQRJHQLF DQG D QRQ�EDFWHULRFLQRJHQLF /DFWRFRFFXV

ODFWLV VWUDLQ DQG D /LVWHULD PRQRF\WRJHQHV VWUDLQ ZDV VWXGLHG LQ WZR VHPL�V\QWHWLF

OLTXLG PHGLD DW YDULRXV WHPSHUDWXUHV� 7KH PHGLD XVHG IRU WKH VWXG\ ZHUH 67 , DQG

PRGLILHG 67 , EURWK �67 , EURWK � � J�O 7ZHHQ ���� ,QFXEDWLRQ WHPSHUDWXUHV ZHUH ��

�&� �� �& DQG �� �&� ,Q WKLV VWXG\ WKH UROH RI LQRFXOXP OHYHOV RI WKH FRPSHWLQJ VWUDLQV

LQ WKH VXSSUHVVLRQ RI JURZWK RI /� PRQRF\WRJHQHV ZDV LQYHVWLJDWHG� )XUWKHUPRUH� WKH

EDFWHULRFLQ DFWLYLW\ RI QLVLQ SURGXFHG E\ WKH EDFWHULRFLQRJHQLF /DF� ODFWLV VWUDLQ DJDLQVW

/� PRQRF\WRJHQHV ZDV GHWHUPLQHG LQ WKH PL[HG FXOWXUHV RI WKH WZR EDFWHULD�

7KH FRPSHWLWLRQ VWXGLHV VKRZHG WKDW WKH JURZWK RI WKH EDFWHULRFLQRJHQLF /DF�

ODFWLV DQG /� PRQRF\WRJHQHV LQ D FR�FXOWXUH GLG QRW GLIIHU VLJQLILFDQWO\ LQ 67 , DQG

PRGLILHG 67 , EURWK DW �� �&� ZKHQ WKH LQLWLDO FHOO QXPEHUV RI WKH WZR EDFWHULD ZHUH

DERXW HTXDO� ,Q ERWK PHGLD� WKH LQDFWLYDWLRQ RI /� PRQRF\WRJHQHV FRXOG RFFXU RQO\

ZKHQ WKH FHOO FRQFHQWUDWLRQ RI WKH EDFWHULRFLQRJHQLF FRPSHWLWRU UHDFKHG WKH OHYHO RI DW

OHDVW ��
�
FIX�PO UHTXLUHG WR SURGXFH VXIILFLHQW EDFWHULRFLQ FRQFHQWUDWLRQ� $OWKRXJK

EDFWHULRFLQ DFWLYLW\ ZDV QRW GHWHFWDEOH DJDLQVW /� PRQRF\WRJHQHV ZKHQ WKH FR�FXOWXUH

ZDV LQRFXODWHG LQWR 67 , EURWK� WKH GHFUHDVH RI WKH YLDEOH FHOO FRXQW RI /LVWHULD VHHPHG

WR IROORZ WKH VDPH PDQQHU DV LQ PRGLILHG 67 , EURWK� 7KLV REVHUYDWLRQ VXJJHVWV WKDW WKH

EDFWHULRFLQRJHQLF /DF� ODFWLV DOVR SURGXFHG QLVLQ LQ 67 , EURWK� DOWKRXJK WKLV DFWLYLW\

ZDV QRW GHWHFWDEOH E\ WKH DJDU VSRW WHVW�

:KHQ WKH WZR FRPSHWLWRUV ZHUH SUHVHQW LQ WKH VDPH LQLWLDO OHYHO �DSSUR[� ��
�

FIX�PO�� WKH QRQ�EDFWHULRFLQRJHQLF /DF� ODFWLV GLG QRW DIIHFW WKH JURZWK RI /�

PRQRF\WRJHQHV DW �� �& LQ PRGLILHG 67 , EURWK� , FRQFOXGH IURP WKLV REVHUYDWLRQ WKDW

WKH FRQVLGHUDEOH GHFOLQH RI WKH YLDEOH FHOO FRXQWV RI /� PRQRF\WRJHQHV IRXQG LQ WKH

DIRUHPHQWLRQHG FDVH ZDV QRW FDXVHG DORQH E\ WKH ODFWLF DFLG SURGXFHG E\ /DF� ODFWLV�

)URP WKH FRPSHWLWLRQ VWXGLHV ZLWK GLIIHUHQW LQLWLDO FHOO QXPEHUV RI WKH

EDFWHULRFLQRJHQLF VWUDLQ DQG /� PRQRF\WRJHQHV DW �� �&� �� �& DQG �� �& LQ WKH

PRGLILHG PHGLXP WKH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ� 7KH WZR EDFWHULD JUHZ LQ D

PL[HG FXOWXUH WKH VDPH ZD\ DV LQ WKHLU PRQRFXOWXUHV DW �� �&� XQWLO QLVLQ UHDFKHG WKH

GHWHFWDEOH FRQFHQWUDWLRQ� ZKHQ D ILYH ORJ�F\FOHV GHFUHDVH RI WKH YLDEOH FRXQW RI /�

PRQRF\WRJHQHV RFFXUUHG� 7KH VDPH SKHQRPHQRQ ZDV DOVR REVHUYHG ZKHQ WKH LQLWLDO

OHYHO RI WKH ODFWLF DFLG EDFWHULD ZDV RQH ORJ�F\FOH KLJKHU RU ORZHU WKDQ WKDW RI WKH
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/LVWHULD� 7KH HIIHFW RI QLVLQ SURGXFWLRQ ZDV QRWHG RQO\ LQ WKH HDUOLHU RU ODWHU LQGXFWLRQ

RI /LVWHULD LQDFWLYDWLRQ�

,QFXEDWLRQ RI WKH PL[HG FXOWXUHV DW �� �& JDYH VLPLODU UHVXOWV EXW WKH

EDFWHULRFLQRJHQLF DFWLYLW\ UHVXOWHG RQO\ LQ D WKUHH ORJ�F\FOHV GHFOLQH RI WKH FHOO FRXQW RI

/� PRQRF\WRJHQHV� )XUWKHUPRUH� WKH VXSSUHVVLRQ RI WKH SDWKRJHQ ZDV LQGXFHG PXFK

ODWHU DW WKLV WHPSHUDWXUH WKDQ DW �� �&�

$W �� �& /DFWRFRFFXV ODFWLV SURGXFHG PXFK OHVV EDFWHULRFLQ WKDQ DW �� �&�

WKHUHIRUH D GUDVWLF GHFUHDVH RI WKH OLVWHULD FHOO FRXQW ZDV QRW REVHUYHG� 6XSSUHVVLRQ RI

WKH /LVWHULD JURZWK ZDV H[SUHVVHG LQ LWV GHFUHDVHG PD[LPXP SRSXODWLRQ OHYHO �L�H� LQ DQ

HDUOLHU DSSHDUDQFH RI WKH VWDWLRQDU\ SKDVH��

0� 7$.È&6
�
� (� 5869$,

�
� -� %52-1È6

�
� *� 7Ï7+

�
� $� 6=(1'5�,

�
� *<� %(5(1&6,

�

3UHYDOHQFH RI 779 DQG +*9 LQ +XQJDU\

�'LYLVLRQ RI 9LURORJ\� ³%� -RKDQ´ 1DWLRQDO &HQWHU IRU (SLGHPLRORJ\� %XGDSHVW�
�'HSDUWPHQW RI *HQHWLFV� (|WY|V /� 8QLYHUVLW\� %XGDSHVW� +XQJDU\

7KH PDMRULW\ RI WKH YLUDO KHSDWLWLV LV FDXVHG E\ ILYH KHSDWLWLV YLUXVHV �$� %� &� '�

(�� ,Q ���� WKUHH QHZ IODYLYLUXVHV ZHUH GLVFRYHUHG� *%9�$� *%9�% DQG *%9�& �DOVR

NQRZQ DV +*9� YLUXVHV� 77 YLUXV ZDV GLVFRYHUHG LQ ����� 7R UHYHDO WKH 51$ RI WKH

*%9�$� �%� DQG +*9 YLUXVHV LQ WKH VHUD RI SDWLHQWV� 57�3&5 ZDV DSSOLHG XVLQJ WKH

SULPHUV SXEOLVKHG LQ WKH OLWHUDWXUH� 6HPLQHVWHG 3&5 ZDV XVHG WR GHWHFW WKH '1$ RI

779� 7KH QXFOHRWLGH VHTXHQFHV RI QHVWHG 3&5 SURGXFWV ZHUH GHWHUPLQHG�

6SHFLILF 3&5 SURGXFWV ZHUH QRW IRXQG LQ FDVHV RI *%9�$ DQG *%9�% YLUXVHV

LQ DFFRUGDQFH WR WKH OLWHUDWXUH� 7KH 51$ RI WKH +*9 YLUXV ZDV IRXQG LQ WKH VHUD RI

SDWLHQWV VXIIHULQJ IURP KHSDWLWLV RI XQNQRZQ RULJLQ RU IURP DSODVWLF DQDHPLD� 7ZHQW\�

RQH VHUD RI ��� ZHUH SRVLWLYH� (LJKW 3&5 SURGXFWV ZHUH VHTXHQFHG DQG WKHVH

VHTXHQFHV ZHUH IRXQG WR EH GLIIHUHQW IURP HDFK RWKHU� ,Q FDVH RI WKLV YLUXV� VHTXHQFHV

RI ���� QXFOHRWLGHV DUH QHHGHG WR FRQVWUXFW D UHOLDEOH SK\ORJHQHWLF WUHH� ,W FRXOG QRW EH

GRQH� EHFDXVH WKH OHQJWK RI WKH 3&5 SURGXFWV ZDV RQO\ ��� QXFOHRWLGHV� 0RUH WHVWV DQG

VHTXHQFHV DUH QHHGHG IRU IXUWKHU VWXGLHV�

7KH DQWLERGLHV RI WKH *%9�& YLUXV ZHUH IRXQG LQ WKH VHUD RI SDWLHQW VXIIHULQJ

IURP KHSDWLWLV RI XQNQRZQ RULJLQ RU DSODVWLF DQDHPLD� 6HYHQW\�IRXU VHUD ZHUH WHVWHG

DQG �� ZHUH IRXQG WR EH SRVLWLYH� 7KH VHUD RI ��� KHDOWK\ SHUVRQV DERYH �� \HDUV ZHUH

WHVWHG IRU WKH SUHVHQFH RI *%9�& DQWLERGLHV� DQG �� ZHUH SRVLWLYH�

(LJKW\�ILYH VHUD RI SDWLHQWV ZLWK KHSDWLWLV RI XQNQRZQ RULJLQ ZHUH WHVWHG IRU WKH

SUHVHQFH RI 779�'1$� 7KLUW\ RI WKHP ZHUH SRVLWLYH� 6HYHQ 3&5 SURGXFWV ZHUH
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GLUHFWO\ VHTXHQFHG� )RXU VHTXHQFHV ZHUH KRPRJHQHRXV� � LQGLFDWHG PL[HG LQIHFWLRQV�

$ SK\ORJHQHWLF WUHH ZDV FRQVWUXFWHG IURP VHTXHQFH RI WKH PDLQ JHQRW\SHV DQG IURP

RXU GDWD� ,Q HDFK FDVH WKH JHQRW\SH � ZDV IRXQG LQ RXU VDPSOHV� 0L[HG VHTXHQFHV ZLOO

EH FORQHG�

,� 7Ï%,È6
�
� /� 3$/.29,&6

�
� /� 7=(.29$

�
� (� %$/È=6

�

5HSODFHPHQW RI FRDW SURWHLQ JHQH RI 339 LQIHFWLRXV FORQH E\ ]XFFKLQL

\HOORZ PRVDLF YLUXV FRDW SURWHLQ GRHV QRW H[WHQG WKH YLUXV KRVW UDQJH

�3ODQW 3URWHFWLRQ ,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� �$JULFXOWXUDO %LRWHFKQRORJ\

&HQWHU� *|G|OO�� +XQJDU\

0DQ\ LQIRUPDWLRQV DUH DYDLODEOH RQ WKH FRQVHTXHQFHV RI JHQH WUDQVIHU EHWZHHQ

GLVWDQWO\ UHODWHG YLUXVHV LQ GLIIHUHQW YLUXV JHQHUD EXW QRW LQ WKH SRW\YLUXV JHQXV� ,Q WKLV

VWXG\ WZR PHPEHUV RI WKH SRW\YLUXV JHQXV� SOXP SR[ YLUXV �339�6.��� DQG ]XFFKLQL

\HOORZ PRVDLF YLUXV �=<09� ZHUH XVHG� %RWK RI WKHVH YLUXVHV KDYH GLIIHUHQW KRVW

UDQJH� SDWKRJHQLFLW\ DQG WKH VL]H RI WKHLU &3 LV DOVR GLIIHUHQW �339 &3 LV ��� QW DQG

=<09 &3 LV ��� QW ORQJ�� &RPSDULVRQ RI WKH QXFOHRWLGH DQG DPLQR DFLG VHTXHQFH RI

WKHVH WZR LVRODWHV VKRZHG ��� DQG ��� KRPRORJ\� UHVSHFWLYHO\� 339 LQIHFWV PDLQO\

3UXQXV VSHFLHV ZKLOH =<09 LQIHFWV &XFXUELWDFHDH SODQWV� %RWK YLUXVHV KDYH GLIIHUHQW

KHUEDFHRXV WHVW SODQWV� WRR� 7R LQYHVWLJDWH WKH IXQFWLRQ RI WKH FRDW SURWHLQ RI

SRW\YLUXVHV IRU SDWKRJHQLFLW\ DQG KRVW VSHFLILFLW\ WKH FRDW SURWHLQ JHQH RI DQ LQIHFWLRXV

SOXP SR[ YLUXV FORQH ZDV UHSODFHG E\ WKH =<09 &3 JHQH� 7KUHH GLIIHUHQW FRQVWUXFWV

ZHUH DQDO\VHG EXW RQO\ RQH ZDV LQIHFWLRXV ZKHQ WKH VHFRQGDU\ VWUXFWXUH EHWZHHQ WKH

&3 DQG WKH �¶ 175 FRXOG EH IRUPHG� 7KLV K\EULG FORQH ZDV LQIHFWLRXV RQ 1LFRWLDQD

EHQWKDPLDQD DQG 1LFRWLDQD FOHYHODQGLL SODQWV DQG WKH K\EULG QDWXUH RI WKLV YLUXV ZDV

YHULILHG E\ :HVWHUQ EORW XVLQJ VSHFLILF 339 DQG =<09 DQWLERGLHV�

2XU UHVXOWV SURYLGH GLUHFW HYLGHQFH WKDW WKH FRDW SURWHLQ LV H[FKDQJHDEOH

EHWZHHQ WKHVH WZR SRW\YLUXVHV� WKH FRDW SURWHLQV KDYH VLPLODU IXQFWLRQV DQG WKLV

KHWHURORJRXV =<09 &3 LV DEOH WR FRRSHUDWH ZLWK RWKHU SURWHLQV RI WKH 339�
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,� 7Ï7+
�
� %� 6=$%Ï

�
� ,� %$5&6

�
� /� (0�'<

�
� (� 26:$/'

�

9LUXOHQFH PDUNHUV RI KXPDQ XURSDWKRJHQLF (VFKHULFKLD FROL LQ +XQJDU\

�9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW�
�0LFURELRORJ\ ,QVWLWXWH RI WKH 0HGLFDO 8QLYHUVLW\� 'HEUHFHQ� �&OLQLFDO 0LFURELRORJ\ /DERUDWRU\

RI WKH %DMFV\�=VLOLQV]N\ +RVSLWDO� %XGDSHVW� �,QVWLWXWH RI 0LFURELRORJ\ DQG ,PPXQRORJ\ RI WKH 0HGLFDO

8QLYHUVLW\� 3pFV� +XQJDU\� �0ROHFXODU 0LFURELRORJ\ /DERUDWRU\ RI WKH ,15$�(197� 7RXORXVH� )UDQFH

$ FROOHFWLRQ RI ��� KXPDQ XURSDWKRJHQLF (VFKHULFKLD FROL �83(&� DQG �� RWKHU

H[WUDLQWHVWLQDO (� FROL VWUDLQV KDYH EHHQ LQYHVWLJDWHG IRU WKH SUHVHQFH RI JHQHV RI

F\WRWR[LF QHFURWLF IDFWRUV �&1)� DQG F\WROHWKDO GLVWHQGLQJ IDFWRUV �&'7� XVLQJ VSHFLILF

3&5 SULPHUV� $V D UHVXOW� �� ������� RI WKH 83(& VWUDLQV ZHUH &1)�
�
� �� VWUDLQV ZHUH

&1)�
�
DQG &'7

�
� DQG � VWUDLQV ZHUH &'7

�
RQO\�

&1) DQG &'7 SURGXFWLRQ RI VHOHFWHG VWUDLQV ZDV SURYHQ E\ +H/D FHOO DVVD\�

:KHQ KDHPRO\WLF DELOLWLHV ZHUH WHVWHG DV PXFK DV �� VWUDLQV ������� SURYHG WR EH

KDHPRO\WLF� ([WUDLQWHVWLQDO VWUDLQV ZHUH QHJDWLYH IRU ERWK &1) DQG &'7 �� RI WKHP

ZHUH KDHPRO\WLF�� 7KH SUHVHQFH RI SDS�� VID� DQG DID�DGKH]LQ JHQHV ZDV GHWHUPLQHG E\

PXOWLSOH[ 3&5 ZKLFK UHVXOWHG LQ D ����� SRVLWLYLW\ IRU VID� ����� SRVLWLYLW\ IRU SDS

DQG QR VWUDLQV ZHUH GHWHFWHG ZLWK DID JHQHV� $V PDQ\ DV �� VWUDLQV FRQWDLQHG VHYHUDO

YLUXOHQFH JHQHV� 7KHVH YLUXOHQFH JHQHV KDYH IRUPHG � YLUXOHQFH FOXVWHUV� WKH PRVW

IUHTXHQW EHLQJ WKH &1)�
�
� 3

�
� 6

�
� +\

�
� LQ ZKLFK WKH WKLUG RI WKH VWUDLQV ZDV &'7

�
DV

ZHOO�

7KHVH UHVXOWV VXJJHVW WKDW &'7 LV D YLUXOHQFH PDUNHU FKDUDFWHULVWLF IRU KXPDQ

83(&�

,� 7Ï7+
�
� (� 26:$/'

�
� -� 0$,1,/

�
� 0� $:$'�0$6$/0(+

�
� %� 1$*<

�

8URYLUXOHQFH PDUNHUV RI (VFKHULFKLD FROL LVRODWHG IURP FDVHV

RI SRVWZHDQLQJ GLDUUKHD DQG RHGHPD GLVHDVH RI VZLQH

�9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH RI WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV� %XGDSHVW� +XQJDU\�
�0ROHFXODU 0LFURELRORJ\ /DERUDWRU\ RI WKH ,15$�(197 7RXORXVH� )UDQFH� �&KDLUH GH %DFWpULRORJLH HW

GH 3DWKRORJLH %DFWHULHQQH� )DFXOWp GH 0HGLFLQH 9pWpULQDLUH� 8QLYHUVLWp GH /LHJH� %HOJLXP�
�,,� 0HGL]LQLVFKH 8QLYHUVLWlWVNOLQLN I�U .ODXHQWLHUH 9HWHULQlUPHGL]LQLVFKH 8QLYHUVLWlW :LHQ� $XVWULD

3RVWZHDQLQJ GLDUUKHD RI VZLQH LV D PXOWLIDFWRULDO GLVHDVH LQ ZKLFK HQWHURWR[LF

(� FROL �(7(&� LV SOD\LQJ D FUXFLDO UROH� 9HURWR[LF (� FROL �97(&� LQ VZLQH LV NQRZQ WR

SURGXFH RHGHPD GLVHDVH� %RWK SRUFLQH (7(& DQG 97(& KDYH WKHLU FKDUDFWHULVWLF
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DGKHVLYH ILPEULDH �)�� )���� 7KH JRDO RI WKHVH VWXGLHV ZDV WR VHH ZKHWKHU IXUWKHU WR[LQV

DQG DGKHVLQV FRXOG DOVR SOD\ D UROH LQ SRVWZHDQLQJ GLDUUKHD� +HUH ZH KDYH WHVWHG ���

VXFK (� FROL VWUDLQV E\ 3&5 IRU WKH SUHVHQFH RI &1) JHQHV DQG IRXQG �� FQIO� VWUDLQV

������ WKDW ZHUH DOO KDHPRO\WLF� 7KH SKHQRW\SLF H[SUHVVLRQ RI &1)� ZDV FRQILUPHG E\

+H/D FHOO DVVD\ DV ZHOO DV LQ UDEELW VNLQ WHVW� 7KH �� &1)�� VWUDLQV ZHUH IXUWKHU 3&5

WHVWHG IRU WKH SUHVHQFH RI JHQHV RI F\WROHWKDO GLVWHQGLQJ WR[LQ �&'7� DQG SDS DQG VID

ILPEULD� DQG DOO ZHUH IRXQG WR KDUERXU JHQHV RI HLWKHU RU ERWK ILPEULD� EXW QRQH

SRVVHVVHG DID� 2Q WKH RWKHU KDQG� �� KDHPRO\WLF SRVWZHDQLQJ SRUFLQH LQWHVWLQDO LVRODWHV

ZKLFK ZHUH FQI± ZHUH DOVR QHJDWLYH IRU SDS RU VID ILPEULDO JHQHV� )XUWKHU VWXGLHV RI ��

H[WUDLQWHVWLQDO SRUFLQH (� FROL VWUDLQV GHWHFWHG � FQIO� VWUDLQV� RQH RI ZKLFK KDG ERWK

SDS DQG VID� ZKLOH WKH RWKHUV KDG HLWKHU SDS RU VID JHQHV�

7KHVH UHVXOWV FRQILUP WZR HDUOLHU UHSRUWV RQ WKH SUHVHQFH DQG FOXVWHULQJ RI

XURYLUXOHQFH FKDUDFWHUV DPRQJ SRUFLQH LQWHVWLQDO DQG H[WUDLQWHVWLQDO (� FROL VWUDLQV DQG

LQGLFDWH WKDW &'7 FDQ DOVR EH D YLUXOHQFH IDFWRU RI SRUFLQH HQWHULF (� FROL�

$� 7861È',
�
� .� .$721$

�

0HWKLFLOOLQ�UHVLVWDQW VWDSK\ORFRFFL LQ D &RXQW\ +RVSLWDO LQ +XQJDU\

�'HSDUWPHQW RI ,QIHFWLRXV 'LVHDVHV� �'HSDUWPHQW RI 0LFURELRORJ\� &RXQW\ +RVSLWDO 6]ROQRN� +XQJDU\

2EMHFWLYHV� 7R DVVHVV WKH IUHTXHQF\ DQG WKH GLVWULEXWLRQ RI PHWKLFLOOLQ�UHVLVWDQW

6WDSK\ORFRFFDO �056� LQIHFWLRQV LQ D �����EHG FRXQW\ KRVSLWDO�

0HWKRGV� &OLQLFDO� HSLGHPLRORJLFDO DQG EDFWHULRORJLF REVHUYDWLRQV UHODWHG WR

056 LQIHFWLRQV ZHUH PDGH�

5HVXOWV� %HWZHHQ -DQXDU\ ���� DQG 2FWREHU ����� ���� GLIIHUHQW

6WDSK\ORFRFFXV VWUDLQV >��� 6WDSK\ORFRFFXV DXUHXV �6$� DQG ��� FRDJXODVH�QHJDWLYH

6WDSK\ORFRFFXV �&16�@ ZHUH LVRODWHG IURP FOLQLFDO VRXUFHV� RXW RI ZKLFK ��� �������

VSHFLPHQ SURYHG WR EH PHWKLFLOOLQ�UHVLVWDQW� 0HWKLFLOOLQ UHVLVWDQFH LV HVSHFLDOO\

IUHTXHQW DPRQJ &16 VWUDLQV ���� ZHUH PHWKLFLOOLQ UHVLVWDQW RXW RI ��� ± ������ ZKLOH

WKDW LV IDU OHVV DPRQJ 6$ VWUDLQV ��� RXW RI ��� ± ������

2XW RI WKH ��� FDVHV LQYHVWLJDWHG RQO\ WHQ SDWLHQWV ZHUH LQIHFWHG ZLWK 056

VWUDLQV� DQG WKH YDVW PDMRULW\ RI SDWLHQWV ZHUH RQO\ FRORQL]HG ZLWKRXW LQIHFWLRQV� 7KH

VLWHV RI LQIHFWLRQV ZHUH ZRXQGV �� 056$� � 05&16�� EORRG �� 056$� � 05&16�

UHVSLUDWRU\ WUDFW �� 056$� XULQDU\ WUDFW �� 056$�� YHQWULFR�DWULDO VKXQW �� 05&16��

7KH VLWHV FRORQL]DWLRQ ZLWK 056 VWUDLQV ZHUH EORRG ��� 05&16�� ZRXQGV ���

05&16� � 056$�� XULQDU\ WUDFW ��� 05&16� � 056$� UHVSLUDWRU\ WUDFW ���

05&16� � 056$� RWKHUV �� 05&16��
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5HVLVWDQFH RI WKH 056 VWUDLQV WR YDULRXV DQWLELRWLFV ZDV VWXGLHG ZLWK GLVN

VXVFHSWLELOLW\ WHVWV� $OO VWUDLQV ZHUH VWLOO VXVFHSWLEOH WR JO\FRSHSWLGHV� ���� RI WKH 056

VWUDLQV ZHUH DPLQRJO\FRVLGH�UHVLVWDQW DQG ����� IOXRURTXLQRORQH�UHVLVWDQW�

&RQFOXVLRQV� )RUWXQDWHO\� LQIHFWLRQV GXH WR 056 VWUDLQV DUH QRW IUHTXHQW LQ RXU

KRVSLWDO� EXW WKH SUHYDOHQFH RI FRORQL]DWLRQ ZLWK 056 VWUDLQV DUH TXLWH KLJK DQG XQGHU

FHUWDLQ FLUFXPVWDQFHV WKHVH VWUDLQV PD\ EHFRPH SDWKRJHQV�

.� 8568
���
� 3� e/�

�
� /� 72.$-,

�
� .� 0(./,

�
� 0� %(1.�

�
� %� +$55$&+

�

&ORQLQJ DQG VHTXHQFLQJ RI WKH JHQRPH RI WKH RYLQH DGHQRYLUXV �

�&HQWUDO 9HWHULQDU\ ,QVWLWXWH� �9HWHULQDU\ 0HGLFDO 5HVHDUFK ,QVWLWXWH� +XQJDULDQ $FDGHP\ RI 6FLHQFHV�

%XGDSHVW� +XQJDU\

7KHUH DUH � DGHQRYLUXV VHURW\SHV LVRODWHG IURP VKHHS� )LYH RI WKHP �2$G9�� WR

�� EHORQJ WR WKH JHQXV 0DVWDGHQRYLUXV� 7KH LVRODWH 2$9��� LV SURYHQ WR EH WKH

PHPEHU RI WKH JHQXV $WDGHQRYLUXV DOWKRXJK WKLV W\SH KDV QRW UHFHLYHG D VHURW\SH

QXPEHU \HW� 7KH WD[RQRPLF SRVLWLRQ RI 2$G9�� LV VR IDU XQFODULILHG� 2$G9 VHURW\SHV

�±� EHORQJ WR WKH VDPH VSHFLHV �2YLQH DGHQRYLUXV $� DFFRUGLQJ WR WKH QHZHVW '1$

VHTXHQFH FRPSDULVRQV DQG SK\ORJHQHWLF FDOFXODWLRQV� %DVHG RQ WKH UHVWULFWLRQ HQ]\PH

GLJHVWLRQ SDWWHUQV DQG RQ WKH UHVXOWV RI K\EULGL]DWLRQ H[SHULPHQWV ZLWK WKH '1$ RI

2$G9��� LW LV PRVW OLNHO\ WKDW 2$G9�� LV D VSHFLPHQ RI DQRWKHU VSHFLHV� :H KDYH

GHFLGHG WKH GHWDLOHG LQYHVWLJDWLRQ RI WKH JHQRPH RI WKLV VHURW\SH�

7KH YLUXV '1$ ZDV FXW ZLWK WKH UHVWULFWLRQ HQ]\PH 3VW,� 7KH IUDJPHQWV ZHUH

FORQHG UDQGRPO\ LQWR SODVPLG YHFWRU� 7KH LVRODWHG FORQHV FRQWDLQHG PRUH WKDQ KDOI RI

WKH YLUXV JHQRPH LQVHUWHG� 7KH FORQHV ZHUH VHTXHQFHG LQ WKH &HQWUDO 9HWHULQDU\

,QVWLWXWH� :H REWDLQHG PRUH WKDQ ���� ES '1$ VHTXHQFH GDWD VR IDU E\ VHTXHQFLQJ

ERWK HQGV RI HDFK IUDJPHQW� 7KH H[DPLQDWLRQV FDUULHG RXW ZLWK WKHVH VHTXHQFHV

FRQILUPHG RXU SUHOLPLQDU\ DVVXPSWLRQ WKDW 2$G9�� EHORQJV WR D GLVWLQFW VSHFLHV

�2YLQH DGHQRYLUXV %� RI WKH JHQXV 0DVWDGHQRYLUXV�

6XSSRUW� 7p7 %DODWRQ
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++9�� DQG KXPDQ SDUYRYLUXV %�� LQ ³JORYHV�DQG�VRFNV´ V\QGURPH

�1DWLRQDO ,QVWLWXWH RI 'HUPDWR�9HQHUHRORJ\� �'HSDUWPHQW RI 'HUPDWR�9HQHUHRORJ\� 6HPPHOZHLV

8QLYHUVLW\� �-% 1DWLRQDO ,QVWLWXWH IRU (SLGHPLRORJ\� %XGDSHVW� +XQJDU\

1HDUO\ �� FDVHV RI SDSXODU�SXUSXULF ³JORYHV�DQG�VRFNV´ V\QGURPH �33*66� LQ

WKH (XURSH DQG WKH 86$ KDYH EHHQ NQRZQ VLQFH ����� ,WV HWKLRORJ\ LV XQNQRZQ�

DOWKRXJK +39 % ��� PRUELOOL� &09� &R[VDFNLH %�� +%9 DQG ++9�� LQIHFWLRQV ZHUH

GHVFULEHG� ,Q DGROHVFHQFH DQG HDUO\ DGXOWKRRG DIWHU SURGURPHV V\PPHWULF� SDLQIXO

SDSXOHV DQG SXUSXUHV GHYHORS RQ WKH VZROOHQ VNLQ IROORZHG E\ KHDOLQJ ZLWKRXW VFDUV LQ

RQH RU WZR ZHHNV�

+LJK IHYHU� OHXNRSHQLD ZLWK UHODWLYH O\PSKRF\WRVLV� PLFURKHPDWXULD� SURORQJHG

4XLFN�WLPH� HOHYDWHG OHYHO RI OLYHU HQ]\PHV DFFRPSDQ\ WKH FOLQLFDO SLFWXUH� $XWKRUV

KHUH GHVFULEH WKH FDVH RI D ���\HDU�ROG JLUO� DQG LQGHSHQGHQWO\ IURP KHU DQ RWKHU IDPLO\

ZLWK V\PSWRP�IUHH PRWKHU� EXW GLVHDVH LQ WKH ���ROG IDWKHU DQG WKHLU QHDUO\ WZR�\HDU�

ROG VRQ� 8S WR GDWH� WKH\ DUH WKH ROGHVW DQG \RXQJHVW SDWLHQWV GHVFULEHG� $QWLERG\

OHYHOV RI WKH JLUO ZHUH� ++9��% ,J0� ,J* ����� ++9�� ,J0� ,J* !������ +39 %��

,J0 SRVLWLYH� (%9 QHJDWLYH� ,Q WKH VHUXP VDPSOH WDNHQ ILYH PRQWKV ODWHU IURP WKH VRQ

RI WKH IDPLO\� ++9�� ,J0 ������ KLJK DYLGLW\ �+$� ,J* DQG WRWDO ,J* ����� +39 %��

QHJDWLYH� LQ WKH IDWKHU ++9�� ,J0 ����� +$�,J* DQG ,J* ������ +39 % �� ,J*

SRVLWLYH� LQ WKH PRWKHU ++9�� ,J0 � ����� +$�,J* DQG ,J* ������ +39 % ��

QHJDWLYH ZHUH� ++9�� 3&5 IURP WKHLU SHULSKHUDO EORRG O\PSKRF\WHV� VWURQJ SRVLWLYLW\

ZDV IRXQG LQ WKH PRWKHU DQG VRQ� EXW YHU\ IDLQW LQ WKH IDWKHU� %DVHG RQ WKHVH UHVXOWV�

RQH FDQ SUHVXPH WKDW LQ FDVH RI WKH ���\HDU�ROG JLUO LQWHUDFWLRQV RI WKH VLPXOWDQHRXV

++9�� DQG +39 % �� LQIHFWLRQV PLJKW FRQWULEXWH WR WKH FOLQLFDO RXWFRPH� ,Q FDVH RI

WKH VRQ DQG IDWKHU� SULPDU\ ++9�� LQIHFWLRQ DFFRPSDQLHG E\ +39 % �� DQG SRVVLEO\

DQRWKHU YLUXV LQIHFWLRQ PLJKW LQGXFH V\PSWRPV� ,Q VXFK D UDUH GLVHDVH� LW ZRXOG EH

GHVLUDEOH WR VWXG\ LQIHFWLRQ E\ D ODUJH SDQHO RI YLUXVHV WR UHYHDO WKH H[DFW

SDWKRPHFKDQLVP�


0HGLFDO VWXGHQW� 6XSSRUWHG E\ 27.$ 7��������
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7UDQVFULSWLRQDO DFWLYLW\ RI KXPDQ SDSLOORPDYLUXV W\SH �� YDULDQWV

KDYLQJ GHOHWLRQV LQ WKH ORQJ�FRQWURO UHJLRQ

'HSDUWPHQW RI 0LFURELRORJ\� 0HGLFDO 6FKRRO� 8QLYHUVLW\ RI 'HEUHFHQ� 'HEUHFHQ� +XQJDU\

7UDQVFULSWLRQ RI WKH (� DQG (� YLUDO RQFRJHQHV RI KXPDQ SDSLOORPDYLUXV �+39�

W\SH �� LV UHJXODWHG E\ WKH 3�� PDMRU HDUO\ SURPRWHU DQG HQKDQFHU DQG VLOHQFHU

HOHPHQWV IRXQG D LQ WKH ORQJ�FRQWURO UHJLRQ �/&5�� 7KH FHQWUDO SDUW RI WKH /&5

FRQWDLQV DQ HSLWKHOLDO�VSHFLILF HQKDQFHU� ZKLOH WKH �¶ SDUW FRQWDLQV WZR DGMDFHQW VLOHQFHU

HOHPHQWV� RQH ZKLFK LV <<��GHSHQGHQW DQG DQ RWKHU ZKLFK LV GRZQ UHJXODWHG E\ WKH

GLIIHUHQWLDWLRQ�VSHFLILF IDFWRU &'3�&XW�

,Q WKLV VWXG\� ZH ZDQWHG WR FKHFN WKH WUDQVFULSWLRQDO DFWLYLW\ RI QDWXUDO +39 ��

YDULDQWV KDYLQJ ORQJ GHOHWLRQV LQ WKH /&5� 7KH +39 �� /&5 UHJLRQV ZHUH DPSOLILHG

IURP +39 �� SRVLWLYH LQYDVLYH FHUYLFDO FDQFHU VSHFLPHQV DQG FORQHG LQWR WKH

SURPRWHU�IUHH UHSRUWHU YHFWRU S$/XF� 7UDQVFULSWLRQDO DFWLYLW\ RI WKH GLIIHUHQW FORQHV

ZDV PHDVXUHG E\ OXFLIHUDVH WHVW DIWHU WUDQVLHQW WUDQVIHFWLRQ LQWR +H/D FHOOV�

)URP FDVH ����� LQ DGGLWLRQ WR D IXOO�OHQJWK /&5 FORQH ����/&5�� WZR GHOHWLRQ

YDULDQWV ZHUH LVRODWHG� 2QH YDULDQW ����/&5G�� FRQWDLQHG D ��� ES GHOHWLRQ �QW ���� ±

QW ����� LQ WKH WLVVXH�VSHFLILF HQKDQFHU UHJLRQ� 7KH RWKHU YDULDQW ����/&5G�� KDG D

��� ES GHOHWLRQ �QW ���� ± QW ��� HQFRPSDVVLQJ D JUHDW SDUW RI WKH HQKDQFHU DQG ERWK �¶

VLOHQFHU UHJLRQV� ,Q VSLWH RI WKHVH GHOHWLRQV� ERWK YDULDQWV KDG FRPSDUDEOH

WUDQVFULSWLRQDO DFWLYLW\ WR WKDW RI WKH IXOO�OHQJWK ���/&5 FORQH� )URP WKH RWKHU FDVH

������ DJDLQ D IXOO�OHQJWK FORQH ���/&5� DQG WZR GHOHWLRQ YDULDQWV ZHUH LVRODWHG� $

ODUJH SDUW RI WKH HQKDQFHU UHJLRQ DQG WKH WRWDO <<��GHSHQGHQW VLOHQFHU UHJLRQ ZHUH

GHOHWHG ���� ESV� QW ���� ± QW ����� LQ LVRODWH ��/&5G�� 7KLV FORQH KDG D UHGXFHG

DFWLYLW\ FRPSDUHG WR WKH IXOO�OHQJWK ��/&5 FORQH� 7KH RWKHU GHOHWLRQ YDULDQW

���/&5G�� FRQWDLQHG D ��� ES GHOHWLRQ �QW ���� ± QW ��� HQFRPSDVVLQJ WKH WRWDO

HQKDQFHU DQG �¶ VLOHQFHU UHJLRQV� ,Q IDFW� WKLV FORQH FRQWDLQV RQO\ WKH �¶ SDUW RI WKH /�

JHQH DQG D ��� ES XSVWUHDP /&5 HOHPHQW� LQ DGGLWLRQ WR WKH 3�� SURPRWHU UHJLRQ�

,QWHUHVWLQJO\� ��/&5G� KDG DERXW IRXUIROG KLJKHU WUDQVFULSWLRQDO DFWLYLW\ WKDQ WKH IXOO�

OHQJWK ��/&5 FORQH�

,Q FRQFOXVLRQ� GHOHWLRQV RI ERWK WKH <<��GHSHQGHQW DQG WKH &'3�GHSHQGHQW

VLOHQFHU HOHPHQWV RI WKH +39 �� /&5 VHHP WR EH UHVSRQVLEOH IRU SRVVLEOH PHFKDQLVPV

WR XS�UHJXODWH WKH H[SUHVVLRQ RI (� DQG (� RQFRJHQHV LQ FHUYLFDO FDQFHU� ,Q DGGLWLRQ�

RXU UHVXOWV DOVR SRLQW WR WKH H[LVWHQFH RI D QRYHO WUDQVFULSWLRQDO HQKDQFHU HOHPHQW DW WKH

�¶ SDUW RI WKH /&5�
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3UHVHQFH RI 5KRGRFRFFXV HTXL LQ O\PSK QRGHV RI SLJV VXVSHFWHG RQ DYLDQ

WXEHUFXORVLV

,QVWLWXWH RI 0LFURELRORJ\ DQG 3DUDVLWRORJ\ RI 9HWHULQDU\ )DFXOW\ RI /MXEOMDQD� *HUELFHYD ��� 6ORYHQLD

2EMHFWLYHV� $YLDQ WXEHUFXORVLV RI SLJV LV TXLWH FRPPRQ GLVHDVH LQ 6ORYHQLD DQG

LW LV YHU\ LPSRUWDQW IURP WKH YLHZSRLQW RI IRRG K\JLHQH� ,W LV D FRQWDJLRXV GLVHDVH DQG D

SRWHQWLDO ]RRQRVLV� 5KRGRFRFFXV HTXL LV D IDFXOWDWLYH� LQWUDFHOOXODU� *UDP�SRVLWLYH

FRFFREDFLOOXV WKDW FDXVHV FKURQLF VXSSXUDWLYH EURQFKRSQHXPRQLD DQG HQWHULWLV LQ �±�

PRQWK ROG IRDOV DQG DEVFHVVHV LQ ROGHU IRDOV� 7KH EDFWHULXP FDQ PXOWLSO\ LQ VRLO

HQULFKHG ZLWK HTXLQH IDHFHV DQG PD\ EH D FRPPHQVDO LQ LQWHVWLQH� 7KHUH DUH� KRZHYHU�

VRPH UHSRUWV RI WKH LVRODWLRQ RI 5� HTXL IURP WKH O\PSK QRGHV RI SLJV ZLWK RU ZLWKRXW

OHVLRQV UHVHPEOLQJ WKRVH RI WXEHUFXORVLV� $FFRUGLQJ WR UHFHQW GDWD 5� HTXL KDV EHHQ

UHFRJQL]HG DV D KXPDQ SDWKRJHQ SUHIHUDEO\ LQ LPPXQRVXSSUHVVHG LQGLYLGXDOV� 7KH

SXUSRVH RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH SUHVHQFH RI 5� HTXL LQ SLJV¶ O\PSK QRGHV

VXVSHFWHG WR 0\FREDFWHULXP DYLXP LQIHFWLRQV�

0DWHULDO DQG PHWKRGV� �� VDPSOHV RI PHVHQWHULF DQG PDQGLEXODU O\PSK QRGHV

RI SLJV IURP GLIIHUHQW KRXVHKROGV ZHUH REVHUYHG� 0LFURVFRSLFDOO\ WKH O\PSK QRGHV

GLVSOD\HG JUDQXORPDWRXV O\PSKDGHQLWLV ZLWK HSLWKHORLG FHOO UHPLQLVFHQW RI

WXEHUFXORVLV� 7KH PDWHULDO ZDV WUHDWHG ZLWK FODVVLFDO PHWKRG ZLWK 1�DFHW\O�/�F\VWHLQ

�1$/&�� 6HGLPHQW ZDV LQRFXODWHG RQ WKH IROORZLQJ PHGLD� HJJ PHGLD ZLWK S\UXYDWH

�,87�3�� HJJ PHGLD ZLWK JO\FHURO �,87�*�� 6WRQHEULQN� 0LGGOHEURRN �+�� DQG IOXLG

PHGLD 0*,7� 7KH P\FREDFWHULD ZHUH GHWHUPLQHG E\ WKH FODVVLFDO PHWKRGV� DV ZHOO DV

ZLWK $&&8352%( IRU 0� DYLXP FRPSOH[� 5� HTXL VXVSHFWHG FRORQLHV ZHUH

VXEFXOWXUHG RQ DJDU VXSSOHPHQWHG ZLWK �� RI RYLQH EORRG� $ SUHVXPSWLYH GLDJQRVH RI

5� HTXL ZDV HVWDEOLVKHG LQLWLDOO\ EDVHG RQ =LHKO�1LHOVHQ VWDLQ� %LRFKHPLFDO

FKDUDFWHULVWLFV ZHUH WHVWHG E\ FRPPHUFLDO V\VWHP $SL &RU\QH �%LR0HULHX[� )UDQFH�

DFFRUGLQJ WR WKH SURGXFHUV¶ LQVWUXFWLRQV�

5HVXOWV DQG GLVFXVVLRQ� 5KRGRFRFFXV HTXL ZHUH LVRODWHG IURP �� ������� RI

VSHFLPHQV VWXGLHG ZKLOH P\FREDFWHULD ZHUH LVRODWHG IURP �� ������� VSHFLPHQV� %RWK

VSHFLHV RI PLFURRUJDQLVPV ZHUH LVRODWHG IURP � ������ VSHFLPHQV�

)URP RXU LQYHVWLJDWLRQ LW LV REYLRXV WKDW 5KRGRFRFFXV HTXL LV IUHTXHQWO\ SUHVHQW

LQ O\PSK QRGHV RI SLJV VXVSHFWHG WR DYLDQ WXEHUFXORVLV� 6LQFH 5� HTXL FDXVHV VLPLODU

JURVV SDWKRORJ\ LQ O\PSK QRGHV DV P\FREDFWHULD� WKH YHWHULQDU\ LQVSHFWRUV LQ

VODXJKWHUKRXVHV LQ VXFK FDVHV KDYH WR WDNH DOO PHDVXUHPHQWV DV LQ FDVHV RI WXEHUFXORVLV�
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9LUXV DEXQGDQFH LQ QRUWKHUQ $GULDWLF VHD

�'HSDUWPHQW RI )RRG 7HFKQRORJ\� %LRWHFKQLFDO )DFXOW\� 8QLYHUVLW\ RI /MXEOMDQD� 9HþQD SRW ���� ����

/MXEOMDQD� �0DULQH %LRORJLFDO 6WDWLRQ� 1DWLRQDO ,QVWLWXWH RI %LRORJ\� )RUQDþH ��� ���� 3LUDQ� 6ORYHQLD

9LUXVHV H[HUW VLJQLILFDQW FRQWURO RQ PDULQH EDFWHULDO DQG SK\WRSODQNWRQ

FRPPXQLWLHV ZLWK UHVSHFW WR ERWK ELRORJLFDO SURGXFWLRQ DQG VSHFLHV FRPSRVLWLRQ�

LQIOXHQFLQJ WKH SDWKZD\V RI PDWWHU DQG HQHUJ\ WUDQVIHU LQ WKH V\VWHP� 9LUXVHV LQIHFWLQJ

VSHFLILF EDFWHULDO LVRODWHV IURP 1RUWKHUQ $GULDWLF 6HH� DV ZHOO DV YLUXV FRPPXQLW\ LQ

VLWX ZHUH VWXGLHG E\ HOHFWURQ WUDQVPLVVLRQ PLFURVFRS\� HSLIOXRUHVFHQFH PLFURVFRS\ DQG

YLUXV JURZWK DVVD\V� %DFWHULDO GLUHFW FRXQWV ZHUH GHWHUPLQHG E\ 6<%5 *UHHQ

HSLIOXRUHVFHQFH� FKORURSK\OO D ZDV PHDVXUHG VSHFWURSKRWRPHWULFDOO\� 7KH H[SHULPHQWDO

VLWHV ZHUH FKDUDFWHUL]HG E\ GLIIHUHQW SK\VLFR�FKHPLFDO SDUDPHWHUV �L�H� WHPSHUDWXUH�

VDOLQLW\� QLWURJHQ DQG SKRVSKRUXV FRQWHQW�� 7KH GHQVLW\ SURILOHV RI YLUXVHV ZHUH

GHWHUPLQHG LQ VXUIDFH FRDVWDO ZDWHUV� HVWXDULQH ZDWHUV DQG VDKSDQ ZDWHUV� 7HPSRUDO

DQG YHUWLFDO GLVWULEXWLRQ RI YLUXVHV ZHUH PHDVXUHG LQ FRDVWDO ZDWHUV� 7KH UHVXOWV

LQGLFDWH WKDW YLUXVHV ZHUH FRQVLVWHQWO\ WKH PRVW DEXQGDQW ELRORJLFDO JURXS RI

PLFURRUJDQLVP LQ WKH 1RUWKHUQ $GULDWLF 6HH� 9LUDO DEXQGDQFH UDQJHG EHWZHHQ ��
�
DQG
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SHU OLWUH DQG ZDV GHSHQGHQW RQ VHDVRQDO DQG GLXUQDO F\FOHV� 9LUXV GHQVLWLHV LQ D

VKDOORZ 1RUWKHUQ $GULDWLF 6HH ZHUH RQO\ PRGHUDWHO\ FRUUHODWHG ZLWK GHSWK�

FKORURSK\OO� WHPSHUDWXUH� VDOLQLW\� QLWURJHQ DQG SKRVSKRUXV� +RZHYHU� LQ DOO FDVHV

VWXGLHG YLUXVHV VWURQJO\ FRUUHODWH ZLWK EDFWHULD� 9LUXVHV WR EDFWHULD UDWLR YDULHG EHWZHHQ

� DQG �� LQ GLIIHUHQW HQYLURQPHQWV� ,Q DGGLWLRQ� �� IDVW JURZLQJ EDFWHULD LVRODWHG IURP

GLIIHUHQW HQYLURQPHQWV RI 1RUWKHUQ $GULDWLF 6HD ZHUH H[DPLQHG IRU O\VRJHQ\ E\

WUHDWPHQW ZLWK 0LWRP\FLQ�&� $IWHU SURSKDJH LQGXFWLRQ ��� RI DOO EDFWHULDO LVRODWHV

\LHOGHG SKDJH SDUWLFOHV RI YDU\LQJ PRUSKRORJ\� 7KH QXPEHU RI O\VRJHQLF EDFWHULDO

LVRODWHV ZDV VLJQLILFDQWO\ KLJKHU LQ FRDVWDO ZDWHUV DV FRPSDUHG WR HVWXDULQH DQG VDOWSDQ

ZDWHUV� $ VLJQLILFDQW SURSRUWLRQ RI EDFWHULDO LVRODWHV ZHUH SRO\O\VRJHQLF ������ 2XU

UHVXOWV LQGLFDWH WKDW YLUXVHV DUH LPSRUWDQW DQG YHU\ G\QDPLF SODQNWRQ FRPSRQHQWV LQ

WKH 1RUWKHUQ $GULDWLF 6HD� FDSDEOH RI FRQWUROOLQJ EDFWHULDO SRSXODWLRQ�


