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&HQWUDO 9HWHULQDU\ ,QVWLWXWH� +����� %XGDSHVW� 7iERUQRN X� �� +XQJDU\

(Received February 8, 1999; accepted April 8, 1999)

$OWKRXJK WKH HIIHFW H[HUWHG RQ ILVK E\ IOXNH FHUFDULDH GHYHORSLQJ LQ ILVK DV

LQWHUPHGLDWH KRVWV LV IDLUO\ ZHOO NQRZQ� FHUFDULDH RI IOXNHV UHTXLULQJ LQWHUPHGLDWH

KRVWV RWKHU WKDQ ILVK RFFXU LQ ILVK SRQGV LQ PXFK KLJKHU QXPEHUV� 7R VWXG\ WKH HI�

IHFW RI WKHVH ODWWHU FHUFDULDH RQ ILVK IU\� D IHZ GD\V ROG FRPPRQ FDUS IU\ �&\SULQXV

FDUSLR� ZHUH H[SRVHG WR FRKRUWV RI [LSKLGLRFHUFDULDH RU HFKLQRFHUFDULDH VKHG E\

RQH RU WZR VQDLOV DFWLQJ DV LQWHUPHGLDWH KRVWV� 7KH REVHUYHG SDWKRJHQLFLW\ RI WKHVH

FHUFDULDH ZDV FRPSDUHG WR WKH ZHOO�NQRZQ SDWKRJHQLF HIIHFW RI 'LSORVWRPXP FHU�

FDULDH� $OWKRXJK 'LSORVWRPXP FHUFDULDH SURYHG WR EH WKH PRVW SDWKRJHQLF� RFFD�

VLRQDOO\ DOVR WKH RWKHU WZR W\SHV RI FHUFDULDH FRXOG NLOO WKH FRPPRQ FDUS IU\ E\

LQYDGLQJ WKHLU ERG\� ;LSKLGLRFHUFDULDH LQJHVWHG E\ WKH ILVK SHQHWUDWHG WKH LQWHVWL�

QDO ZDOO DQG GHYHORSHG LQWR PHWDFHUFDULDH ZLWKLQ WKH ERG\ RI WKH IU\� 7KH\ FRXOG

DOVR JHW LQWR WKH PXVFXODWXUH WKURXJK WKH VNLQ� 7KH PXFK ODUJHU HFKLQRFHUFDULDH

LQYDGHG WKH JLOO FDYLW\ ZKHUH WKH\ EHFDPH HQFDSVXODWHG� WKXV KDPSHULQJ JLOO IXQF�

WLRQ DQG OHDGLQJ WR ILVK PRUWDOLW\ GXH WR R[\JHQ GHILFLHQF\� 'LSORVWRPXP FHUFDU�

LDH ZHUH PRUH SDWKRJHQLF WKDQ WKH FHUFDULDH RI WKH RWKHU WZR IOXNHV LQ WKDW WKH\

ZHUH VKHG E\ WKH LQWHUPHGLDWH KRVW LQ YHU\ ODUJH QXPEHUV� $OWKRXJK PXFK OHVV

[LSKLGLRFHUFDULDH DQG HFKLQRFHUFDULDH HPHUJHG IURP WKH LQWHUPHGLDWH KRVW VQDLOV

WKDQ 'LSORVWRPXP FHUFDULDH� WKH IRUPHU FRXOG NLOO WKH ILVK IU\ DOUHDG\ LQ ORZHU

QXPEHUV� 7KHVH ILQGLQJV SURYH WKDW IOXNH FHUFDULDH QRQVSHFLILF WR ILVK PD\ H[HUW

SDWKRJHQLF HIIHFWV RQ ILVK� DQG SUHVXPDEO\ FRQWULEXWH WR WKH HDUO\ PRUWDOLW\ RI

\RXQJ IU\ SODFHG RXW LQWR ILVK SRQGV�

.H\ ZRUGV� &HUFDULD� 'LSORVWRPXP VS�� [LSKLGLRFHUFDULD� HFKLQRFHUFDULD�

H[SHULPHQWDO FHUFDULDO LQYDVLRQ� SDWKRJHQLF HIIHFW� ILVK IU\

7KH QDWXUDO PRUWDOLW\ UDWH RI \RXQJ ILVK IU\ SODFHG RXW LQWR ILVK SRQGV DQG

WKH FDXVHV RI WKHLU PRUWDOLW\ DUH GLIILFXOW WR VWXG\� DV GHDG ILVK D IHZ FHQWLPHWUHV

LQ VL]H GLVDSSHDU RQ WKH ERWWRP DQG EHFRPH LQDFFHVVLEOH IRU SDWKRORJLFDO H[DPL�

QDWLRQV� $W WKH VDPH WLPH� ILVK EUHHGHUV QRW LQIUHTXHQWO\ ILQG WKDW LQ FHUWDLQ

UHDULQJ SRQGV \RXQJ IU\ GLVDSSHDU VRRQ DIWHU KDYLQJ EHHQ SODFHG RXW� DOPRVW

������������������������������������������������
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RYHUQLJKW� 7KLV HDUO\ PRUWDOLW\ LV DOZD\V OLPLWHG WR FHUWDLQ SRQGV� DQG LQ WKH DI�

IHFWHG SRQGV DOPRVW WKH HQWLUH VWRFN RI ILVK IU\ SODFHG RXW DW D WLPH ZLOO EH ORVW�

7KLV LV ZKDW KDSSHQHG LQ WKH VXPPHU RI ���� LQ D ILVK IDUP VLWXDWHG LQ WKH *UHDW

+XQJDULDQ 3ODLQ ZKHUH DOO ILVK GLHG LQ D UHDULQJ SRQG QH[W WR WKH ILVK KDWFKHU\�

$IWHU OHWWLQJ WKH ZDWHU RXW RI WKH SRQG� HQRUPRXV PDVVHV RI O\PQDHLG SRQG

VQDLOV� DFWLQJ DV DQ LQWHUPHGLDWH KRVWV LQ WKH GHYHORSPHQW RI WUHPDWRGHV� ZHUH

VHHQ WR FRYHU WKH ERWWRP RI WKH ODNH LQ QXPEHUV UHDFKLQJ VHYHUDO WKRXVDQG VQDLOV

SHU VTXDUH PHWUH �*\� &VDED� SHUVRQDO FRPPXQLFDWLRQ��

&HUWDLQ DXWKRUV H[SODLQ WKDW SKHQRPHQRQ E\ WKH GDPDJH GRQH E\ WKH

JORFKLGLD RI PXVVHOV �'REy� ������ ZKLOH RWKHUV DWWULEXWH WKDW PRUWDOLW\� W\SL�

FDOO\ RFFXUULQJ LQ WKH VSULQJ RU HDUO\ VXPPHU� WR FHUFDULDO LQYDVLRQ� %RWK SUDFWL�

FDO H[SHULHQFH �.RF\ORZVNL DQG 0LDF]\QVNL� ����� DQG ODERUDWRU\ LQYHVWLJDWLRQV

�6RPPHUYLOOH� ����� KDYH FOHDUO\ GHPRQVWUDWHG WKDW WKH FHUFDULDH RI ILVK�VSHFLILF

WUHPDWRGHV FDQ FDXVH PRUWDOLW\ LQ \RXQJ ILVK IU\� ,Q DGGLWLRQ� HPSLULFDO GDWD LQ�

GLFDWH WKDW ILVK IU\ FDQ EH NLOOHG E\ WKH FHUFDULDH RI DQ\ WUHPDWRGH VSHFLHV WKDW

DUH FDSDEOH RI LQYDGLQJ WKHP �5REHUWV� ������ ,QYDVLRQ E\ WUHPDWRGH ODUYDH

FDXVLQJ PRUWDOLW\ RU SDWKRORJLFDO HPDFLDWLRQ RI ILVK KDV EHHQ UHSRUWHG E\ 3DOPHU

������ FLW� E\ ,QFKDXVW\ HW DO�� ������ %DXHU HW DO� ������� ,VKNRY DQG %DWFKLQVNLL

������� +RIIPDQQ HW DO� ������ DQG %DOODEHQL ������� ,Q +XQJDU\ RQO\ D VLQJOH�

ZHOO�GRFXPHQWHG VWXG\ KDV EHHQ SXEOLVKHG RQ WKDW SDWKRORJLFDO SURFHVV� ZKLFK

UHSRUWHG PRUWDOLW\ FDXVHG E\ 'LSORVWRPXP ODUYDH LQ ��ZHHN�ROG JUDVVFDUS IU\

UHDUHG LQ D ILVK IDUP �0ROQiU� ������

7KH FHUFDULDH RI QXPHURXV WUHPDWRGH VSHFLHV GHYHORS LQ (XURSHDQ IUHVK�

ZDWHU PROOXVFV� EXW RQO\ D VPDOO SURSRUWLRQ RI WKHP UHDFK PDWXULW\ LQ ILVKHV

�=GiUVNi� ����� *LQHWVLQVND\D� ������ 1RW RQO\ REOLJDWH ILVK�SDUDVLWLF WUHPDWRGH

ODUYDH RFFXU LQ WKH ILVK SRQGV HLWKHU� ,Q PRVW SHULRGV RI WKH \HDU� PDLQO\ FHUFDU�

LDH RI IOXNHV VSHFLILF IRU IURJV� VQDNHV� VPDOO PDPPDOV DQG DTXDWLF ELUGV FDQ EH

IRXQG LQ WKH SRQGV RI +XQJDULDQ ILVK IDUPV �0DMRURV� ������

,Q D SUHOLPLQDU\ VXUYH\ WKH SUHVHQW DXWKRU �0DMRURV� ����� DOUHDG\ VWXGLHG

WKH DELOLW\ RI FHUFDULDH LVRODWHG IURP VQDLOV WR LQYDGH DQG GHYHORS LQ \RXQJ IU\

DQG VHYHUDO PRQWKV ROG FRPPRQ FDUS� +H KDV IRXQG WKDW LQ FHUWDLQ FDVHV YHU\

\RXQJ ILVK IU\ FDQ EH NLOOHG E\ WKH FHUFDULDH RI IOXNHV LQFDSDEOH RI LQIHFWLQJ

ROGHU ILVK� ZKLFK� RQ WKH EDVLV RI WKHLU PRUSKRORJLFDO IHDWXUHV� ZHUH LGHQWLILHG DV

WUHPDWRGHV VSHFLILF IRU KRVWV RWKHU WKDQ ILVK�

,Q WKH H[SHULPHQWV SUHVHQWHG KHUH� WKH SDWKRJHQLFLW\ RI WKH FHUFDULDH RI WZR

WUHPDWRGH VSHFLHV EHORQJLQJ WR WZR GLIIHUHQW WUHPDWRGH IDPLOLHV DQG LQFDSDEOH RI

IXUWKHU GHYHORSPHQW LQ ILVK ZDV VWXGLHG LQ FRPPRQ FDUS IU\ XS WR DERXW RQH FP LQ

VL]H DQG UHDUHG LQ DQ LQIHFWLRQ�IUHH HQYLURQPHQW� ,W ZDV FRPSDUHG ZLWK WKH HIIHFWV RI

ODUYDH RI WKH VWULFWO\ ILVK�VSHFLILF 'LSORVWRPXP VS� NQRZQ WR EH SDWKRJHQLF WR ILVK�
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0DWHULDOV DQG PHWKRGV

&RPPRQ FDUS �&\SULQXV FDUSLR� IU\ DJHG �±�� GD\V� KDWFKHG LQ =XJHU MDUV

IURP DUWLILFLDOO\ VWULSSHG HJJV DQG UHDUHG LQ D KDWFKHU\ LQ SDUDVLWH�IUHH HQYLURQPHQW

ZHUH XVHG DV H[SHULPHQWDO DQLPDOV� 7KH IU\ ZHUH NHSW LQ ���OLWUH DTXDULD ZLWK

IORZ�WKURXJK ZDWHU XQWLO WKH VWDUW RI WKH LQIHFWLRQ H[SHULPHQW� DQG IHG RQ JURXQG

ERLOHG HJJV DQG WKHQ RQ GU\� DUWLILFLDO HHO IRRG PDGH IURP PHDW PHDO ZLWK D SDUWL�

FOH VL]H RI �±� PP� %HIRUH WKH VWDUW RI WKH LQIHFWLRQ H[SHULPHQW WKH IU\� LQ JURXSV

RI IRXU RU ILYH� ZHUH SODFHG LQWR JODVV MDUV HDFK FRQWDLQLQJ ��� PO VWDOH WDS�ZDWHU�

7KH VQDLOV ZHUH FROOHFWHG IURP GLIIHUHQW ILVK SRQGV �/�ULQFL� 6]i]KDORP�

EDWWD� +RUWREiJ\� DQG IURP QDWXUDO ODNHV �/LSyW�� ,Q WKH ODERUDWRU\� WKH PROOXVFV

ZHUH SODFHG� RQH E\ RQH� LQWR ��� FP
�
JODVV GLVKHV FRQWDLQLQJ GHFKORULQDWHG WDS�

ZDWHU� DQG WKH GLVKHV ZHUH LOOXPLQDWHG ZLWK \HOORZLVK�ZKLWH QHRQ OLJKW �)�� :DUP

:KLWH� IRU DW OHDVW KDOI D GD\ GXULQJ WKH GD\WLPH� ,I VXEVHTXHQWO\� RU DIWHU NHHSLQJ

WKHP LQ WKH GDUN RYHUQLJKW� FHUFDULDH HPHUJHG IURP WKH VQDLOV� WKH FHUFDULDH ZHUH

H[DPLQHG� DQG WKH VQDLO VSHFLPHQV VKHGGLQJ FHUFDULDH RI LGHQWLFDO PRUSKRORJ\

ZHUH JURXSHG� 2QO\ WKH LQIHFWHG VQDLOV ZHUH XVHG IRU WKH IXUWKHU H[SHULPHQWV� 7KH

VQDLOV ZHUH NHSW LQ WKH VDPH URRP DV WKH ILVK� XQGHU WKH VDPH LOOXPLQDWLRQ�

&HUFDULDH WKDW KDG QHZO\ HPHUJHG IURP WKH VQDLOV ZHUH GURSSHG LQWR HJJ�

ZKLWH DQG H[DPLQHG DOLYH ZLWK D OLJKW PLFURVFRSH� XVLQJ GLIIHUHQWLDO LQWHUIHUHQFH

FRQWUDVW WHFKQLTXH� 7R WDNH WKHLU PHDVXUHPHQWV� FHUFDULDH ZHUH IL[HG ZLWK FROG

IRUPDOLQ XQGHU D FRYHUVOLS�

'XULQJ WKH LQIHFWLRQ H[SHULPHQWV� �±� ILVK IU\ DQG RQH RU WZR VQDLOV VKHG�

GLQJ FHUFDULDH ZHUH SODFHG LQWR ��� PO GHFKORULQDWHG� R[\JHQ�ULFK� VWDOH WDS�

ZDWHU� ,I HDUOLHU WKH VKHGGLQJ RI FHUFDULDH ZDV IRXQG WR EH WULJJHUHG E\ LOOXPLQD�

WLRQ �'LSORVWRPXP IXUFRFHUFDULDH� HFKLQRFHUFDULDH�� WKH H[SHULPHQWDO JODVV ZDV

H[SRVHG WR LOOXPLQDWLRQ LQ D VLPLODU PDQQHU DV DW WKH WLPH RI VHOHFWLQJ WKH LQ�

IHFWHG VQDLOV� ,I FHUFDULDO VKHGGLQJ VKRZHG D GLXUQDO SDWWHUQ LQGHSHQGHQW RI OLJKW

�[LSKLGLRFHUFDULDH�� ZH ZDLWHG WLOO HPHUJHQFH RFFXUUHG� 7KH ILVK ZHUH SODFHG

LQWR WKH H[SHULPHQWDO GLVKHV GLUHFWO\ DIWHU WKH HPHUJHQFH RI FHUFDULDH� DQG WKH

VQDLO ZDV DOVR OHIW EHVLGH WKH ILVK VR WKDW WKH ODWWHU FRXOG DOZD\V PHHW QHZO\

HPHUJHG FHUFDULDH� 7KHUH ZDV QR DHUDWRU LQ WKH ����OLWUH JODVV GLVKHV� DV LWV RS�

HUDWLRQ ZRXOG KDYH DIIHFWHG WKH REVHUYDWLRQ DQG WKH PRYHPHQW RI FHUFDULDH�

&RQFXUUHQWO\ ZLWK WKH ILVK WR EH LQIHFWHG� LQ VHSDUDWH YHVVHOV JURXSV RI ILYH ILVK

ZHUH NHSW XQGHU VLPLODU FRQGLWLRQV EXW ZLWKRXW D VQDLO� IRU PRQLWRULQJ WKH GHYHO�

RSPHQW RI D SRVVLEOH R[\JHQ GHILFLHQF\�

7KH QXPEHU RI FHUFDULDH SUHVHQW LQ WKH ZDWHU RI WKH H[SHULPHQWDO ILVK ZDV

HVWLPDWHG E\ FRXQWLQJ IRUPDOLQ�NLOOHG FHUFDULDH SUHVHQW LQ � PO RI ZDWHU UH�

PRYHG IURP WKH GLVK ZLWK D SLSHWWH�

7KH ILVK H[SRVHG WR FHUFDULDO LQYDVLRQ ZHUH LQVSHFWHG DW ��� WR ���PLQ LQ�

WHUYDOV IRU DW OHDVW � K� ,I WKH\ GLG QRW GLH GXULQJ WKDW SHULRG� WKH\ ZHUH OHIW EHVLGH
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WKH LQIHFWHG VQDLOV WLOO WKH VXEVHTXHQW GD\� 7KH OLYH ILVK VSHQW DW OHDVW ��±�� K LQ

WKH LQIHFWLRQ MDU WRJHWKHU ZLWK WKH VQDLOV DQG WKH FHUFDULDH� )XUWKHU RQ RQO\ WKRVH

ILVK ZHUH VWXGLHG LQ GHWDLO ZKLFK KDG GLHG GXULQJ WKH DERYH SHULRG� ,I WKH ILVK

VKRZHG DEQRUPDO EHKDYLRXU EHIRUH GHDWK� WKXV LQGLFDWLQJ WKDW LQIHFWLRQ KDG RF�

FXUUHG� WKH\ ZHUH UHPRYHG IURP WKH ZDWHU LPPHGLDWHO\ DIWHU WKH\ KDG FHDVHG WR

PRYH� 'HDWK ZDV FRQVLGHUHG WR KDYH RFFXUUHG ZKHQ H[FLWDELOLW\ DQG VSRQWDQHRXV

PRYHPHQW FHDVHG� 7KH GHDG ILVK ZHUH IL[HG LQ ��� EXIIHUHG IRUPDOLQ �S+ �����

HPEHGGHG LQ SDUDIILQ� DQG �� �P WKLFN ORQJLWXGLQDO VHULDO VHFWLRQV ZHUH PDGH

IURP WKHLU HQWLUH ERG\ DQG VWDLQHG ZLWK KDHPDWR[\OLQ DQG HRVLQ�

,Q WKH FDVH RI ILVK LQIHFWHG ZLWK [LSKLGLRFHUFDULDH� DIWHU IL[DWLRQ WKH HQWLUH

ERGLHV RI WKUHH ILVK HDFK ZHUH VWHHSHG LQ KDHPDOXP VROXWLRQ� $IWHU UHPRYLQJ WKH

H[FHVV VWDLQLQJ VROXWLRQ ZLWK ODFWLF DFLG� WKH ILVK ZHUH UHQGHUHG WUDQVSDUHQW ZLWK

WKH ��� VROXWLRQ RI 0DFURJRO���� SRO\R[DHWKHQH� $V D UHVXOW� WKH FHUFDULDH KDYLQJ

SHQHWUDWHG LQWR WKHP DQG WKH PHWDFHUFDULDH GHYHORSLQJ IURP WKH FHUFDULDH EHFDPH

ZHOO GLVWLQJXLVKDEOH IURP WKH VXUURXQGLQJ WLVVXHV �0DMRURV� XQSXEOLVKHG��

)RU WKH YLVXDO REVHUYDWLRQ RI FHUFDULDO SHQHWUDWLRQ ZH FKRVH HFKLQRFHU�

FDULDH DV ZH FRXOG QRW ILQG GDWD RQ WKHLU SHQHWUDWLRQ LQWR YHUWHEUDWHV� DQG DOVR

EHFDXVH WKH\ ZHUH WKH ODUJHVW RI WKH FHUFDULDH VWXGLHG� 8QGHU WKH H[SHULPHQWDO

FRQGLWLRQV GHVFULEHG DERYH� ZH SODFHG ���±��� RI WKH FROOHFWHG FHUFDULDH EHVLGH

� \RXQJ JXSSLHV �3RHFLOLD UHWLFXODWD� PHDVXULQJ �� PP� DQG ZH REVHUYHG WKH

PRYHPHQW RI WKH ILVK DQG WKH FHUFDULDH ZKLFK ZHUH MXVW YLVLEOH ZLWK WKH XQDLGHG

H\H� 'XULQJ WKH LQIHFWLRQ H[SHULPHQW ZH SODFHG D IHZ GURSV RI �� QHXWUDO UHG

VROXWLRQ LQWR WKH ��� O RI ZDWHU� 7KDW DPRXQW RI G\H VWDLQHG WKH OLYH FHUFDULDH UHG

ZLWKLQ D IHZ PLQXWHV� WKXV PDNLQJ WKHLU PRYHPHQW HYHQ HDVLHU WR IROORZ� 7KH

ILVK ZHUH REVHUYHG IRU � K� WKHQ H[WHUPLQDWHG E\ FHUYLFDO GLVORFDWLRQ�

5HVXOWV

,� &HUFDULDH XVHG IRU WKH LQIHFWLRQ

'LSORVWRPXP IXUFRFHUFDULD �)LJ� ��� 7KHVH FHUFDULDH HPHUJHG IURP /\P�

QDHD DXULFXODULD VQDLOV RULJLQDWLQJ IURP 6]i]KDORPEDWWD� HVSHFLDOO\ DIWHU LQWHQVH

LOOXPLQDWLRQ LQ WKH PRUQLQJ� $V PDQ\ DV ����±���� FHUFDULDH HPHUJHG IURP DQ

DGXOW VQDLO RI � FP VKHOO KHLJKW D GD\�

5DSLGO\ PRYLQJ FHUFDULD ZLWK ELIXUFDWHG WDLO� 5HVWLQJ SRVLWLRQ ZLWK WDLO VWHP

EHQW DW DQ DQJOH VRPHZKDW OHVV WKDQ ���� IXUFDH RSHQ DW DQ REWXVH DQJOH �)LJ� �D��

&HUFDULDO ERG\ �)LJ� �E� PHDVXULQJ ���±��� î ��±�� �P� $FHWDEXOXP VLWXDWHG DW

WKH ERUGHU RI WKH DERUDO WKLUG� LWV GLDPHWHU LV QHDUO\ HTXDO ZLWK WKDW RI WKH DQWHULRU

RUJDQ� ,Q WKH ERG\� � IODPH FHOOV DQG DW OHDVW WZR SDLUV RI FLOLDU\ WXIWV FDQ EH RE�

VHUYHG RQ ERWK VLGHV� ([FUHWRU\ YHVLFOH VLPSOH� QRQ�OREDWH� )RXU XQLFHOOXODU SRVWD�
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FHWDEXODU SHQHWUDWLRQ JODQGV RSHQLQJ LQ WKH RUDO SDUW OLH VLGH E\ VLGH� 3UHSKDU\Q[

VOLJKWO\ GLODWHV EHIRUH WKH PXVFXODU SKDU\Q[� ,QWHVWLQDO ELIXUFDWLRQ DERYH WKH

DFHWDEXOXP� FDHFD H[WHQG WR WKH H[FUHWRU\ YHVLFOH� $JJUHJDWLRQV RI \HOORZLVK SLJ�

PHQW JUDQXOHV DW WKH LQWHVWLQDO ELIXUFDWLRQ� %RG\ VSLQDWLRQ LV VKRZQ LQ )LJ� �F�

)LJ� �� )XUFRFHUFDULD RI 'LSORVWRPXP VS� IURP D /\PQDHD DXULFXODULD VQDLO �6]i]KDORPEDWWD�

:DUP�ZDWHU )LVK +DWFKHU\�� �D� OLYH FHUFDULD LQ UHVWLQJ SRVLWLRQ� �E� FHUFDULDO ERG\� �F� VXUIDFH RI

WKH FHUFDULDO ERG\� �G� ZKROH FHUFDULD LQ IL[HG FRQGLWLRQ� �H� FDXGDO ERGLHV LQ WKH PHGLDQ OLQH RI WKH

WDLO� LPPHGLDWHO\ DIWHU HPHUJHQFH� �I� UHPQDQWV RI FDXGDO ERGLHV �±� K DIWHU HPHUJHQFH� �J� WDLO HQG

ZLWK WKH WHUPLQDO SDUW RI WKH FHQWUDO EXQGOH

7DLO VWHP DQG IXUFDH RI IRUPDOLQ�NLOOHG ODUYDH DUH DV ORQJ DV WKH ERG\ �)LJ�

�G�� 7DLO VWHP FRQWDLQV WZR SDLUV RI IODPH FHOOV DQG ��±�� FDXGDO ERGLHV� &DXGDO

ERGLHV KDYH LUUHJXODUO\ OREDWH VXUIDFH LPPHGLDWHO\ DIWHU ODUYDO HPHUJHQFH �)LJ�

�H� DQG EHFRPH UHVRUEHG ZLWKLQ �±� K RU DW PRVW KDOI D GD\ WKHUHDIWHU� OHDYLQJ

EHKLQG D JUDQXODU PDWHULDO �)LJ� �I�� )XUFDH FRQWDLQ QR FDXGDO ERGLHV� DQG WKH IL�

EUH EXQGOH UXQQLQJ LQ WKHLU D[LV H[WHQGV DOPRVW WR WKH WDLO WLS �)LJ� �J�� 2Q WKH

WDLO VWHP WKHUH DUH DW OHDVW VL[ SDLUV RI EULVWOHV� RQH SDLU DW WKH WDLO VWHP ZKLOH WKH

RWKHU SDLUV VHSDUDWHG IURP DQG FDXGDO WR WKH IRUPHU �)LJ� �G��

;LSKLGLRFHUFDULD �)LJ� ��� 7KHVH FHUFDULDH HPHUJHG IURP /� DXULFXODULD

VQDLOV RULJLQDWLQJ IURP +RUWREiJ\ DQG /�ULQFL� LQ WKH HDUO\ PRUQLQJ RU LQ WKH

HYHQLQJ KRXUV� LUUHVSHFWLYH RI LOOXPLQDWLRQ� 2QO\ ���±��� ODUYDH HPHUJHG IURP

D VQDLO RI �±� FP VKHOO KHLJKW DW D WLPH�
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)LJ� �� ;LSKLGLRFHUFDULD IURP D /\PQDHD DXULFXODULD VQDLO �+RUWREiJ\� *\|NpUN~W ILVK SRQGV��

�D� OLYH FHUFDULD LQ UHVWLQJ SRVLWLRQ� �E� WZR FKDUDFWHULVWLF SKDVHV RI WKH PRYHPHQW RI FHUFDULD

FUDZOLQJ RQ WKH ERWWRP� �F� ZKROH FHUFDULD� ZLWK WKH SHQHWUDWLRQ JODQGV LQGLFDWHG RQ WKH OHIW DQG

IODPH FHOOV RQ WKH ULJKW� �G� SDWWHUQ RI VSLQDWLRQ RI WKH ERG\ VXUIDFH

$ FHUFDULD RI PHGLXP VL]H DQG QRW WRR IDVW PRYHPHQW� VZLPPLQJ ZLWK YL�

EUDWLQJ PRYHPHQW LQ RUDO GLUHFWLRQ� ,Q UHVWLQJ SRVLWLRQ LWV ERG\ LV EHQW LQ YHQWUDO

GLUHFWLRQ� WKH WDLO LV IORDWLQJ DWRQLFDOO\� DQG WKH ODUYD RIWHQ VLQNV WR WKH ERWWRP RI

WKH ZDWHU ZLWK LWV GRUVDO SDUW GRZQZDUGV �)LJ� �D�� ,W FUDZOV IRUZDUG RQ LWV YHQ�

WUDO VLGH ZLWK YHUPLFXODU PRYHPHQW WKDW FRQVLVWV RI ORQJLWXGLQDO ZDYHV RFFXUULQJ

DW LQWHUYDOV RI �±� VHFRQGV� QDUURZLQJ RU ZLGHQLQJ DFFRUGLQJ WR WKH PXVFOH FRQ�

WUDFWLRQV �)LJ� �E�� 6RPHWLPHV� PDLQO\ ZKHQ FKDQJLQJ GLUHFWLRQ� WKH ERG\ PDNHV

VSDQQLQJ PRYHPHQWV�

&HUFDULDO ERG\ �)LJ� �F� PHDVXULQJ ���±��� î ���±��� �P� $FHWDEXOXP

ORFDWHG GLUHFWO\ EHKLQG WKH WUDQVYHUVH PLG�OHQJWK RI ERG\� ��±�� �P LQ GLDPH�

WHU� VOLJKWO\ ODUJHU WKDQ WKH RUDO VXFNHU� 6W\OHW ORFDWHG DW WKH DQWHULRU HQG� ��±

�� �P ORQJ� ZLWK D VOLJKWO\ ZLGHQHG EDVH� %RG\ FRQWDLQV QXPHURXV KLJKO\ UH�

IUDFWLYH OLSLG GURSOHWV� ([FUHWRU\ GXFWV DUH EDUHO\ YLVLEOH DQG WKHUH DUH DW OHDVW ��

SDLUV RI IODPH FHOOV� 3UHSKDU\Q[ VKRUW� FDHFD GLYLGLQJ DERYH WKH DFHWDEXOXP

UHDFK WR WKH WHUPLQDO FKDPEHU RI WKH WKUHH�FKDPEHU H[FUHWRU\ YHVLFOH� 3HQHWUD�

WLRQ JODQGV H[WHQG IURP WKH DQWHULRU HQG WR WKH DERUDO PDUJLQ RI WKH DFHWDEXOXP�

DQG WKHUH DUH � JODQGXODU FHOOV RQ ERWK VLGHV� 7KH FHOO JURXS RI WKH JHQLWDO SUL�

PRUGLXP LV ORFDWHG DW WKH FRQFDYH VXUIDFH RI WKH SUR[LPDO FKDPEHUV RI WKH H[�
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FUHWRU\ YHVLFOH� 7DLO QRQ�ELIXUFDWHG� ZLWKRXW ILQ�IROG� VRPHZKDW ORQJHU WKDQ

ERG\ ����±��� �P�� DQG FRQWDLQV QR H[FUHWRU\ FROOHFWLQJ FDQDOV�

%RG\ VXUIDFH FRYHUHG ZLWK VSLQHV WKDW JURZ VPDOOHU EDFNZDUGV IURP WKH

DQWHULRU HQG �)LJ� �G�� /DUJHU VSLQHV FDQ EH VHHQ LQ WKH KROORZ VXUURXQGLQJ WKH

WDLO VWHP� 7KHUH DUH DW OHDVW � VHQVRU\ KDLUV RQ ERWK VLGHV RI WKH ERG\�

(FKLQRFHUFDULD �)LJ� ��� 7KLV FHUFDULD ZDV REWDLQHG IURP /\PQDHD VWDJ�

QDOLV VQDLOV RULJLQDWLQJ IURP /LSyW DQG /�ULQFL� ,W HPHUJHG PDLQO\ RQ WKH HIIHFW

RI LQWHQVH LOOXPLQDWLRQ LQ WKH PRUQLQJ� $OWKRXJK WKH LQWHUPHGLDWH KRVW VQDLOV RI

�±� FP VKHOO OHQJWK ZHUH PXFK ODUJHU WKDQ /� DXULFXODULD� RQO\ ��±��� FHUFDULDH

HPHUJHG IURP WKHP DW D WLPH�

&HUFDULD RI VORZ PRYHPHQW DQG ODUJH ERG\ VL]H� E\ PRYLQJ LWV WDLO LW

EDUHO\ PRYHV IRUZDUG� UDWKHU� LW IORDWV WR DQG IURP LQ WKH ZDWHU� ,W GRHV QRW KDYH

D FKDUDFWHULVWLF UHVWLQJ SRVLWLRQ� ZLWK ERG\ DQG WDLO VWUHWFKHG RXW RQ WKH ERWWRP

DQG XVLQJ LWV VXFNHUV IRU DGKHVLRQ� LW FUDZOV IRUZDUG RQ LWV YHQWUDO VLGH ZLWK

VSDQQLQJ DQG ORQJLWXGLQDO PRYHPHQW�

)LJ� �� (FKLQRFHUFDULD IURP D /\PQDHD VWDJQDOLV VQDLO �/LSyW� +ROW�'XQD�� �D� OLYH� UHVWLQJ

FHUFDULD� ZLWK SDWWHUQ RI VSLQDWLRQ RI WKH ERG\ VXUIDFH� �E� ZKROH FHUFDULD� ZLWK WKH LQWHVWLQH DQG

GXFWV RI WKH H[FUHWRU\ V\VWHP VKRZQ LQ WKH FHUFDULDO ERG\

7KH IRUPDOLQ�IL[HG FHUFDULDO ERG\ PHDVXUHV ���±��� î ���±��� �P �)LJ�

�E�� 2UDO VXFNHU LV VXUURXQGHG E\ ��±�� VSLQHV DW WKH HGJH RI WKH DERUDO GLVN�

$FHWDEXOXP VOLJKWO\ ZLGHU WKDQ RUDO VXFNHU DQG OLHV EHQHDWK WKH WUDQVYHUVH PLG�

OHQJWK RI ERG\� 3UHSKDU\Q[ VKRUW� LQWHVWLQH UXQV DW OHQJWK IURP WKH PXVFXODU
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SKDU\Q[ WR WKH DFHWDEXOXP ZKHUH LW ELIXUFDWHV� &DHFD UHDFK WKH PLGGOH RI H[�

FUHWRU\ YHVLFOH� (VSHFLDOO\ LQ RUDO GLUHFWLRQ� LQWHVWLQH LV ILOOHG ZLWK JUDQXODU PD�

WHULDO DJJUHJDWHG LQWR EROXV�OLNH PDVVHV� )ODPH FHOO IRUPXOD � >�� � � � �� � �� �

� � ��@  ��� 7KH GLODWHG� RUDO SRUWLRQ RI WKH GHVFHQGLQJ GXFW RI WKH H[FUHWRU\

V\VWHP LV ILOOHG ZLWK QXPHURXV� PRUH WKDQ RQH KXQGUHG JUDQXOHV�

7DLO ���±��� �P ORQJ LQ HORQJDWHG FRQGLWLRQ� 7HUPLQDO GXFW RI H[FUHWRU\

V\VWHP OHDYLQJ WKH H[FUHWRU\ YHVLFOH HQGV LQ D ELIXUFDWLRQ LQ WKH RUDO SDUW RI WKH

WDLO� 6WDUWLQJ IURP WKH WHUPLQDO WKLUG� WKH WDLO HQG LV ERUGHUHG E\ D YHU\ QDUURZ

GRUVRYHQWUDO ILQ�IROG�

%RG\ VXUIDFH FRYHUHG ZLWK VFDOH�OLNH� IODW VSLQHV DUUDQJHG GLDJRQDOO\ LQ

URZV SRVWHULRU WR WKH PDUJLQ RI WKH DGRUDO GLVN� 7KHVH VSLQHV JURZ VPDOOHU SRVWH�

ULRUO\ DQG GLVDSSHDU QHDU WKH WDLO �)LJ� �D�� 7KHUH DUH QR WHJXPHQWDO VSLQHV

DURXQG WKH RUDO VXFNHU� %\ OLJKW PLFURVFRSLF WHFKQLTXHV QR VHQVRU\ KDLUV FDQ EH

VHHQ RQ WKH FHUFDULDO ERG\�

,,� )LVK LQIHFWLRQ H[SHULPHQWV

�$� (IIHFW DQG ORFDWLRQ RI 'LSORVWRPXP FHUFDULDH� $V PDQ\ DV ���±���

FHUFDULDH UHTXLUHG �±� K WR NLOO WKH ILYH � FP ORQJ FRPPRQ FDUS IU\ SODFHG LQWR

HDFK RI WKH WKUHH GLVKHV FRQWDLQLQJ ��� OLWUH RI ZDWHU HDFK� 7ZR WR WKUHH PLQXWHV

DIWHU WKH FHUFDULDH KDG EHHQ SODFHG LQ� WKH ILVK EHFDPH UHVWOHVV DQG VWDUWHG WR GDUW

LQ WKH ZDWHU LQ D ]LJ]DJ OLQH ZLWK D MHUN\ SURJUHVVLYH PRYHPHQW� $ IXUWKHU IHZ

PLQXWHV ODWHU WKH LQWHQVLYH VZLPPLQJ ZDV UHSODFHG E\ SHULRGV RI UHVW� $W VXFK

WLPHV WKH ILVK WLOWHG RQ WKHLU VLGH DQG VWDUWHG WR VLQN� WKHQ WULHG WR VZLP DJDLQ� EXW

WKH\ GLG QRW FRPH XS WR WKH VXUIDFH RI WKH ZDWHU DQG ZHUH QRW JDVSLQJ IRU DLU�

7KH\ GLG QRW GLH VLPXOWDQHRXVO\� UDWKHU� WKHLU DFWLYH PRYHPHQW FHDVHG LQ RQH RU

WZR KRXUV� DQG ILQDOO\ DOO WKH ILVK ZHUH O\LQJ PRWLRQOHVV RQ WKH ERWWRP RI WKH

GLVK� $W WKDW WLPH WKH\ XVXDOO\ VWLOO UHVSRQGHG WR PHFKDQLFDO VWLPXOL DQG WKHLU

RSHUFXOXP ZDV PRYLQJ DW D VORZ SDFH� &RPSOHWH LPPRELOLW\ VHW LQ DERXW KDOI DQ

KRXU RU RQH KRXU WKHUHDIWHU� 7KH ILVK GLHG ZLWK WKHLU RSHUFXOXP RSHQ RU FORVHG�

$W WKH VDPH WLPH ZKHQ WKH PRYHPHQW RI ILVK EHFDPH DEQRUPDO� WKH XSSHU

SDUW RI WKH KHDG� HVSHFLDOO\ WKH FURZQ RI KHDG DERYH WKH EUDLQ� EHFDPH UHGGHQHG�

7KH RWKHU SDUWV RI WKH ERG\ WXUQHG SDOH� EXW WKH YLVLELOLW\ RI WKDW PDUNHGO\ GH�

SHQGHG RQ LQGLYLGXDO YDULDWLRQ LQ WKH SLJPHQW FRQWHQW RI WKH LQWHJXPHQW�

3HUFXWDQHRXVO\ SHQHWUDWHG FHUFDULDH KDYLQJ ORVW WKHLU WDLO FRXOG EH RE�

VHUYHG LQ WKH ERG\ RI ILVK DOUHDG\ LQ XQVWDLQHG FRQGLWLRQ� 7KH ZKLWH IOXNHV

FUDZOLQJ RQ WKH ERG\ VXUIDFH DQG LQ WKH HSLWKHOLXP FRXOG EH VHHQ E\ VWHUHRPL�

FURVFRS\� LQ XQVWDLQHG FRQGLWLRQ WKH\ ZHUH HVSHFLDOO\ ZHOO YLVLEOH LQ WKH WUDQV�

SDUHQW ILQV GHYRLG RI SLJPHQW �)LJ� �D��
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)LJ� �� 'LSORVWRPXP PHWDFHUFDULDH LQ FRP�

PRQ FDUS IU\� �D� 'LSORVWRPXP ODUYD PDUNHG

ZLWK DQ DUURZ DW WKH RUDO HQG RI WKH ERG\�

ORFDWHG QHDU WKH FDUWLODJLQRXV ILQ UD\ RI WKH

FDXGDO ILQ �IUHVK SUHSDUDWLRQ�� 6HFWLRQV

VWDLQHG ZLWK KDHPDWR[\OLQ DQG HRVLQ� �E�

/DUYDH DURXQG WKH VZLPEODGGHU �▼�� DORQJ

WKH VHURXV PHPEUDQH �● � DQG LQ WKH JXW �▲��

6  VZLPEODGGHU� *  JXW� 0  PXVFXODWXUH

RI WKH WUXQN� 9  WKRUDFLF YHUWHEUDH�

&  FURS� �F� /DUYDH LQ WKH ZDOO RI WKH KHDUW

YHQWULFOH �Î�� �G� /DUYDH LQ WKH VSLQDO

FRUG �Î�� �H� /DUYD LQ WKH EUDLQ �Î�
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,Q KLVWRORJLFDO VHFWLRQV� WKH LQYDGLQJ SDUDVLWHV FRXOG EH VHHQ LQ DOPRVW DOO

SDUWV RI WKH ERG\� DW WKH VDPH WLPH� WKH\ FRXOG QRW \HW EH GHWHFWHG LQ WKHLU ILQDO

ORFDWLRQ� LQ WKH H\H OHQV� 7KH ODUYDH� ZKLFK PHDVXUHG ��±�� �P� ZHUH PLJUDWLQJ

SULPDULO\ LQ WKH ORRVH WLVVXHV DQG LQ WKH FDYLW\ V\VWHPV DPRQJ WKH SDUHQFK\PDO

RUJDQV� WKXV LQ WKH DEGRPLQDO FDYLW\ DORQJ WKH VHURXV PHPEUDQHV �)LJ� �E�� LQ

WKH VSLQDO FDQDO DQG EHWZHHQ WKH PXVFOHV� 7KH\ DOVR RFFXUUHG LQ WKH JLOO� KHDUW

�)LJ� �F�� VSLQDO FRUG �)LJ� �G�� DQG HYHQ LQ WKH EUDLQ �)LJ� �H��

1R LQIODPPDWRU\ UHDFWLRQ FRXOG EH VHHQ DURXQG WKH LQYDGLQJ ODUYDH� QRU

ZDV WKHLU PLJUDWLRQ URXWH PDUNHG E\ KLVWRORJLFDOO\ GHWHFWDEOH LQIODPPDWRU\

FHOOV� 1R ORFDO DFFXPXODWLRQ RI WKH ODUYDH ZDV VHHQ LQ DQ\ RUJDQ RU ERG\ UHJLRQ�

UDWKHU� WKH ODUYDH ZHUH PRUH RU OHVV XQLIRUPO\ GLVWULEXWHG ZLWKLQ WKH ILVK ERG\�

�%� (IIHFW DQG ORFDWLRQ RI [LSKLGLRFHUFDULDH� 7KH [LSKLGLRFHUFDULDH WKDW

HPHUJHG IURP VQDLOV �DERXW ���±��� FHUFDULDH�OLWUH RI ZDWHU� UHTXLUHG D PXFK

ORQJHU WLPH WR NLOO WKH ILVK WKDQ GLG 'LSORVWRPXP FHUFDULDH� 7HQ RXW RI WKH ��

RQH�FHQWLPHWUH�ORQJ FRPPRQ FDUS IU\ SODFHG LQWR WKH � YHVVHOV FRQWDLQLQJ ��� O

ZDWHU HDFK GLHG ZLWKLQ �±�� K RI H[SRVXUH�

/DUJH LQGLYLGXDO YDULDWLRQ FRXOG EH REVHUYHG LQ WKH OHQJWK RI WLPH WKDW

HODSVHG XQWLO GHDWK� )LVK H[SRVHG WR FHUFDULDO LQYDVLRQ EHJDQ WR VKRZ DEQRUPDO

EHKDYLRXU DOUHDG\ ZLWKLQ D IHZ KRXUV� DQG IRXU ILVK GLHG �±� K DIWHU H[SRVXUH�

7KUHH ILVK GLHG ��±�� K DIWHU FKDOOHQJH� ZKLOH IXUWKHU WKUHH DW WKH HQG RI WKH

���K SHULRG RI REVHUYDWLRQ� 7KH UHPDLQLQJ � ILVK GLG QRW GLH HYHQ �� K SRVWFKDO�

OHQJH� KRZHYHU� E\ WKDW WLPH QR OLYH FHUFDULDH KDG UHPDLQHG LQ WKH ZDWHU� QRU GLG

QHZ FHUFDULDH HPHUJH IURP WKH VQDLOV SUHVHQW LQ WKH GLVK�

)URP WKH EHJLQQLQJ� DOO H[SHULPHQWDO ILVK WULHG WR VQDS XS WKH FHUFDULDH

ZULJJOLQJ LQ WKH ZDWHU� ZKLFK ZHUH MXVW YLVLEOH ZLWK WKH XQDLGHG H\H XQGHU GLUHFW

LOOXPLQDWLRQ DJDLQVW D GDUN EDFNJURXQG� 2I WKH ILVK ZKLFK ZHUH SODFHG DPRQJ

[LSKLGLRFHUFDULDH DQG GLHG� WKH EHKDYLRXU RI RQO\ WKRVH VHYHQ VSHFLPHQV FRXOG

EH REVHUYHG LPPHGLDWHO\ EHIRUH GHDWK ZKLFK GLHG GXULQJ WKH GD\WLPH� 7KHVH ILVK

GLG QRW GLVSOD\ DEQRUPDOO\ DFWLYH PRYHPHQWV� RQ WKH FRQWUDU\� WKH\ ZHUH PXFK

FDOPHU WKDQ WKH RWKHUV� 7KH\ FRQVXPHG WKH ODUYDH IORDWLQJ LQ WKH ZDWHU OLNH

SODQNWRQ LQ WKH VDPH ZD\ DV WKH ILVK WKDW VXUYLYHG� 'HDWK RFFXUUHG ZLWKRXW DQ\

VSHFLDO SUHPRQLWRU\ VLJQV� WKH ILVK ZHUH IORDWLQJ LQ WKH ZDWHU LQ WKH VDPH SODFH�

WKHQ WXUQHG RQ WKHLU VLGH DQG VDQN WR WKH ERWWRP RI WKH GLVK� 7KHLU ERG\ GLG QRW

EHFRPH GLVFRORXUHG� QRU GLG WKH\ DWWHPSW WR FRPH XS WR WKH ZDWHU VXUIDFH� )RU

VRPH PLQXWHV� ILVK WKDW KDG VXQN WR WKH ERWWRP WULHG WR ULVH DQG VZLP� EXW ILQDOO\

WKH\ UHPDLQHG RQ WKH ERWWRP RQFH DQG IRU DOO� 7KH\ GLHG ZLWK WKHLU RSHUFXOXP

RSHQ� DQG H[FLWDELOLW\ FHDVHG DOPRVW LPPHGLDWHO\ DIWHU WKH ODVW DWWHPSW WR VZLP�
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,Q WKH ERG\ RI WKH GHDG ILVK DV ZHOO DV RQ WKH VXUIDFH RI WKHLU ILQV QXPHURXV

JUH\LVK�ZKLWH QRGXOHV FRXOG EH VHHQ� (DFK RI WKHVH QRGXOHV FRQWDLQHG D WDLOOHVV�

PRYLQJ FHUFDULD� ,Q KLVWRORJLFDO VHFWLRQV� VRPH FHUFDULDH ZHUH VHHQ µQDNHG¶ LQ WKH

WLVVXHV� ZKLOH RWKHUV KDG IRUPHG D FDSVXOH DURXQG WKHPVHOYHV �)LJ� �E�� 7KH FHU�

FDULDH DVVHPEOHG PDLQO\ LQ WKH ZLGHU DQWHULRU WZR�WKLUGV RI WKH ERG\� ZLWK ORZHU

QXPEHUV SUHVHQW LQ WKH RWKHU SDUWV� ,Q ILVK UHQGHUHG WUDQVSDUHQW LW FRXOG EH VHHQ

WKDW FHUFDULDH KDG UHDFKHG DOPRVW DOO SDUWV RI WKH ERG\� DQG WKHLU WRWDO DPRXQW LQ WKH

ILVK ZDV QRW QHJOLJLEOH HYHQ DV FRPSDUHG WR WKH KRVW¶V RZQ ERG\ ZHLJKW �)LJ� �D��

1HLWKHU LQIODPPDWRU\ UHDFWLRQ QRU KDHPRUUKDJH FRXOG EH REVHUYHG DURXQG

WKH ODUYDH WKDW KDG SHQHWUDWHG LQWR WKH ERG\� /DUYDH RFFXUUHG LQ WKH JXW OXPHQ LW�

VHOI� EHWZHHQ WKH JXW DQG WKH DEGRPLQDO RUJDQV �)LJ� �F�� DPRQJ WKH JLOO ODPHO�

ODH� EXW PDLQO\ LQ WKH PXVFOHV XQGHU WKH VNLQ �)LJ� �G�� 7KH\ GLG QRW SHQHWUDWH

LQWR WKH FHQWUDO QHUYRXV V\VWHP EXW JRW FORVH WR LW LQ WKH PXVFOHV DORQJ WKH VSLQH

DQG RQ WKH VXUIDFH RI WKH VNXOO�

0HWDFHUFDULDH VWDUWLQJ WR HQFDSVXODWH ZHUH DOVR VHHQ DWWDFKHG WR WKH ERG\

VXUIDFH RI VXUYLYLQJ ILVK QRW VKRZLQJ DEQRUPDO VLJQV� �±�� PHWDFHUFDULDH SHU

ILVK� 7KHVH ILVK ZHUH NLOOHG RQ WKH WKLUG GD\ RI WKH H[SHULPHQW� $W WKDW WLPH� RQO\

EDUHO\ UHFRJQLVDEOH UHPQDQWV RI FHUFDULDH FRXOG EH IRXQG LQ WKHLU JXW� 7KHUH

ZHUH QR FHUFDULDH DPRQJ WKH YLVFHUD�

�&� (IIHFW DQG ORFDWLRQ RI HFKLQRFHUFDULDH� $W WKH VWDUW RI WKH H[SHUL�

PHQW� HFKLQRFHUFDULDH VKHG E\ /� VWDJQDOLV VQDLOV ZHUH XVHG IRU LQIHFWLQJ ��

RQH�FHQWLPHWUH�ORQJ FRPPRQ FDUS IU\ DW D GHQVLW\ DV ORZ DV ��±�� FHUFDU�

LDH���� O RI ZDWHU� VLQFH WKHVH FHUFDULDH ZHUH PXFK ODUJHU WKDQ WKRVH RI WKH

WUHPDWRGH VSHFLHV GLVFXVVHG DERYH� DQG HPHUJHG IURP WKH VQDLOV LQ PXFK

ORZHU QXPEHUV DW D WLPH WKDQ WKH RWKHU FHUFDULDH� $W WKH VDPH WLPH� GXULQJ WKH

GD\WLPH �LQ WKH KRXUV RI LOOXPLQDWLRQ� QHZ FHUFDULDH NHSW HPHUJLQJ DOPRVW

FRQWLQXRXVO\ IURP WKH VQDLOV SODFHG EHVLGH WKH ILVK� 7KHUHIRUH� GXULQJ WKH HQ�

WLUH SHULRG RI H[SHULPHQW WKH ILVK FRXOG EH H[SRVHG WR D VLPLODU QXPEHU RI FHU�

FDULDH DV LQ WKH SUHYLRXV WZR H[SHULPHQWV�

7KH HFKLQRFHUFDULDH� ZKLFK ZHUH ZHOO YLVLEOH WR WKH QDNHG H\H� UHPDLQHG

DFWLYH LQ WKH ZDWHU RQO\ IRU �±� K DIWHU HPHUJHQFH� 6XEVHTXHQWO\ WKH\ ZHUH

VWD\LQJ FORVH WR WKH ERWWRP RI WKH GLVK� VKRZHG OLWWOH VZLPPLQJ DFWLYLW\ DQG ZHUH

VSDQQLQJ RQ WKH JODVV VXUIDFH ZLWK FKDUDFWHULVWLF YHUPLFXODU PRYHPHQW� 7KH

VPDOO ILVK ZHUH DSSDUHQWO\ WU\LQJ WR VQDS WKHP XS� %\ WKH GD\ DIWHU WKH VWDUW RI

WKH H[SHULPHQW� WKH FHUFDULDH KDG NLOOHG � RXW RI WKH �� ILVK� 2QO\ WZR ILVK FRXOG

EH REVHUYHG IRU DQWH�PRUWHP EHKDYLRXU� DV WKH RWKHU IRXU GLHG GXULQJ WKH QLJKW�

7KH WZR REVHUYHG ILVK GLHG �� K DIWHU KDYLQJ EHHQ H[SRVHG WR WKH FHUFDULDH� 7KH

RQVHW RI FHUFDULDO HIIHFW FRXOG QRW EH GHWHUPLQHG� DV FHUFDULDH ZHUH FRQWLQXRXVO\

SUHVHQW LQ WKH ZDWHU� )LVK VKRZLQJ VLJQV ZHUH LQLWLDOO\ VZLPPLQJ DERXW DQG

JDVSLQJ QHDU WKH ZDWHU VXUIDFH� WKHQ WKHLU PRYHPHQW EHFDPH VORZHU� WKH\ VDQN WR

WKH ERWWRP RI WKH GLVK ZLWK WKHLU RSHUFXOXP RSHQ� DQG EHFDPH PRWLRQOHVV�
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,W ZDV DOVR REVHUYHG WKDW WKHVH FHUFDULDH RI ODUJH ERG\ VL]H RIWHQ DGKHUHG WR

WKH ERG\ VXUIDFH RI ILVK� DOWKRXJK GLG QRW VWD\ WKHUH IRU D ORQJ WLPH� 2Q HDFK RI WKH

IRXU ILVK WKDW GLHG DW QLJKW WKHUH ZHUH �±� HQFDSVXODWHG HFKLQRFHUFDULDH� KRZHYHU�

WKLV PD\ EH FRQVLGHUHG D SRVWPRUWHP SKHQRPHQRQ� DV HQFDSVXODWHG FHUFDULDH ZHUH

FRQVLVWHQWO\ IRXQG DOVR RQ RWKHU PDWHULDOV �ILVK DQG VQDLO H[FUHPHQW� WKDW KDG VXQN

WR WKH ERWWRP RI WKH GLVK�

6XEVHTXHQW GLVVHFWLRQ RI WKH /\PQDHD VQDLOV VHUYLQJ DV GRQRU UHYHDOHG

WKDW D FHUWDLQ SURSRUWLRQ RI WKH FHUFDULDH KDG UHWXUQHG LQWR WKH VQDLOV DQG HQFDS�

VXODWHG LQ WKH WLVVXHV RI WKHLU PDQWOH FDYLW\�

)LJ� �� ;LSKLGLRFHUFDULDH LQ FRPPRQ FDUS IU\� �D� ;LSKLGLRFHUFDULDH KDYLQJ SHQHWUDWHG LQWR WKH

ERG\ RI IU\ DSSHDU DV GDUN VSRWV LQ WKH SUHSDUDWLRQ VWDLQHG ZLWK KDHPDOXP DQG UHQGHUHG WUDQVSDU�

HQW ZLWK SRO\R[DHWKHQH� 6HFWLRQV VWDLQHG ZLWK KDHPDWR[\OLQ DQG HRVLQ� �E� (QFDSVXODWHG [LSKLGLR�

FHUFDULD RQ WKH VXUIDFH RI WKH FUDQLDO FKRQGURLG WLVVXH �&K� RI FRPPRQ FDUS IU\� XQGHU WKH FXWLV �&��

7KH DFHWDEXOXP LV PDUNHG ZLWK DQ DUURZ �Î�� �F� &URVV�VHFWLRQ RI D QRQHQFDSVXODWHG [LSKLGLR�

FHUFDULD �Î� LQ WKH ERG\ FDYLW\ EHWZHHQ WKH NLGQH\ �.� DQG WKH JXW ZDOO �*��

�G� 1RQHQFDSVXODWHG [LSKLGLRFHUFDULDH LQ WKH ERG\ PXVFXODWXUH �0�
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+LVWRORJLFDO H[DPLQDWLRQ RI WKH VXFFXPEHG ILVK SURYHG WKDW WKH\ KDG HDWHQ D

ODUJH QXPEHU RI FHUFDULDH� 7KH VDPH ZDV IRXQG ZKHQ GLVVHFWLQJ ILVK WKDW KDG VXU�

YLYHG WKH FKDOOHQJH� 7KH JXW FRQWDLQHG D ODUJH DPRXQW RI ZHOO�GLVFHUQLEOH FHUFDULDO

UHPQDQWV �)LJ� �D�� EXW WKH DEVHQFH RI ODUYDH IURP WKH YLVFHUDO RUJDQV LQGLFDWHG

WKDW WKH FHUFDULDH KDG EHHQ XQDEOH WR SHQHWUDWH WKH JXW ZDOO� $W WKH VDPH WLPH� WKH

JLOO FDYLW\ RI VXFFXPEHG ILVK DOZD\V FRQWDLQHG HQFDSVXODWHG� LQWDFW FHUFDULDH �)LJ�

�E�� DW OHDVW WKUHH RU IRXU SHU ILVK� 1R WLVVXH UHDFWLRQ ZDV VHHQ DURXQG WKHP� DW

PRVW WKH JLOO HSLWKHOLXP ZDV PLVVLQJ DURXQG WKH ZDOO RI WKH FDSVXOH�

)LJ� �� (FKLQRFHUFDULDH LQ ILVK IU\�

�D� 5HPQDQWV RI HFKLQRFHUFDULDH LQ WKH

JXW RI FRPPRQ FDUS IU\� 7KH UHPQDQWV

RI WKH ERG\ �Î� DQG WDLO �➨ � DUH ZHOO

GLVFHUQLEOH� /  OXPHQ RI WKH JXW� *  

JXW ZDOO� 6HFWLRQ VWDLQHG ZLWK KDHPD�

WR[\OLQ DQG HRVLQ� �E� (QFDSVXODWHG

HFKLQRFHUFDULD RQ WKH ZDOO RI WKH JLOO

FDYLW\ LQ FRPPRQ FDUS IU\ �Î��

&K  JLOO FDYLW\ ZDOO FRQVLVWLQJ RI

FKRQGURLG WLVVXH� /  JLOO ODPHOODH�

&  JLOO FDYLW\� 6HFWLRQ VWDLQHG ZLWK

KDHPDWR[\OLQ DQG HRVLQ� �F� /LYH

HFKLQRFHUFDULDH �Î� DGKHULQJ WR WKH

VNLQ RI WKH FUDQLXP LQ D JXSS\�

6WHUHRPLFURVFRSLF SLFWXUH
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7KH PRGH RI FRQWDFW EHWZHHQ WKH HFKLQRFHUFDULDH DQG WKH ILVK FRXOG EH

IROORZHG HDVLO\ E\ SODFLQJ EHVLGH WKH JXSSLHV FHUFDULDH WKDW KDG EHHQ VWDLQHG UHG

ZLWK D YLWDO G\H� 7KH FHUFDULDH GLG QRW IROORZ WKH ILVK VZLPPLQJ LQ WKH ZDWHU�

UDWKHU� WKH\ ZHUH VZLPPLQJ DERXW LUUHJXODUO\� 7KH ILVK� RQ WKH RWKHU KDQG�

VQDSSHG XS WKH FHUFDULDH� EXW RQO\ WKH RQHV VZLPPLQJ LQ WKH ZDWHU� DQG QRW

WKRVH ZKLFK ZHUH VSDQQLQJ RQ WKH ZDOO RI WKH GLVK� :KHQ� KRZHYHU� WKH FHUFDULDH

FDPH LQWR FRQWDFW ZLWK WKH ERG\ VXUIDFH RI WKH ILVK� WKH\ WULHG WR DGKHUH WR LW DQG

PRYH RQ LW ZLWK D VSDQQLQJ PRYHPHQW �)LJ� �F�� 'XULQJ WKHLU PRYHPHQW� WKH ILVK

EUXVKHG RII VRPH RI WKH FHUFDULDH FUDZOLQJ RQ WKHP� EXW ��±�� FHUFDULDH DOZD\V

UHPDLQHG RQ HDFK ILVK� 6RPH RI WKH FHUFDULDH VKUDQN DQG EHFDPH URXQGHG RII�

L�H� VWDUWHG WR HQFDSVXODWH RQ WKH VNLQ RI WKH ILVK� EXW RQO\ VXSHUILFLDOO\�

7KH JXW RI NLOOHG ILVK FRQWDLQHG QXPHURXV GHVWUR\HG FHUFDULDH� 7ZR ILVK KDG

RQH FHUFDULD HDFK VWXFN LQ WKH JLOO RSHQLQJ� EXW QR FHUFDULDH ZHUH VHHQ LQ WKH JLOO FDY�

LW\ RU SHQHWUDWHG LQWR WKH VNLQ� &HUFDULDH KDYLQJ VWDUWHG WR HQFDSVXODWH ZHUH REVHUYHG

RQ WKH VNLQ� 1R FHUFDULDH ZHUH VHHQ DPRQJ WKH YLVFHUD DQG LQ WKH PXVFOHV�

'LVFXVVLRQ

,� &HUFDULDH XVHG IRU LQIHFWLRQ

7KH 'LSORVWRPXP IXUFRFHUFDULD XVHG LQ WKH H[SHULPHQW PRVW FORVHO\ UH�

VHPEOHV WKH ODUYDH RI 'LSORVWRPXP VSDWKDFHXP� %DVHG XSRQ WKH GHVFULSWLRQ RI

'XERLV ������ DQG <DPDJXWL ������ LW VRPHZKDW GLIIHUV IURP WKH ODWWHU LQ WKH

GLVWULEXWLRQ RI EULVWOHV� LQ WKH QXPEHU RI WKH FDXGDO ERGLHV DQG LQ WKH SDWWHUQ RI

WKH VXSHUILFLDO VSLQH URZV� KRZHYHU� WKHVH WUDLWV GR QRW QHFHVVDULO\ SURYH WKDW

WKLV IXUFRFHUFDULD EHORQJV WR VRPH RWKHU VSHFLHV� '� VSDWKDFHXP LV D IDLUO\ FRP�

PRQ LQWHVWLQDO SDUDVLWH VSHFLHV RFFXUULQJ LQ +XQJDU\ �(GHOpQ\L� ������ ZKLFK

KDV EHHQ UHSRUWHG IURP VHYHUDO VSHFLHV RI DTXDWLF ELUGV�

%\ LWV PRUSKRORJLFDO VWUXFWXUH� WKH [LSKLGLRFHUFDULD XVHG LQ WKH SUHVHQW

H[SHULPHQWV FRXOG EH FODVVLILHG LQWR WKH 3ODJLRUFKLRLGHD VXSHUIDPLO\ RI 'LJHQHD�

PRUH FORVHO\ LQWR WKH 3ODJLRUFKLLGDH IDPLO\ �6FKHOO� ����� ������ 0RUH SUHFLVH

FODVVLILFDWLRQ ZDV QRW SRVVLEOH RQ D PRUSKRORJLFDO EDVLV� KRZHYHU� MXGJLQJ IURP

LWV VWUXFWXUH DQG IURP GDWD DYDLODEOH RQ WKH RFFXUUHQFH RI +XQJDULDQ WUHPDWRGHV

LW LV YHU\ OLNHO\ WR KDYH EHHQ WKH ODUYDO IRUP RI WKH IOXNH 2SKLVWK\RJO\SKH UDQDH�

ZKLFK LV ZLGHVSUHDG LQ WKH IURJ VSHFLHV RI WKH JHQXV 5DQD DOO RYHU (XURSH

�(GHOpQ\L� ����� DQG FRPPRQO\ RFFXUV LQ ILVK SRQGV� WKXV DOVR LQ +RUWREiJ\�

,Q LWV PRUSKRORJLFDO IHDWXUHV WKH HFKLQRFHUFDULD VWXGLHG E\ XV LV FORVHVW WR

WKH FHUFDULDH RI WKH WUHPDWRGH VSHFLHV (FKLQRVWRPD UHYROXWXP� ZKLFK LV D IDLUO\

FRPPRQ IOXNH SDUDVLWLVLQJ WKH LQWHVWLQH RI PDOODUG �9RMWHN� ������ DQG LV QRW UDUH

LQ +XQJDU\ HLWKHU �(GHOpQ\L� ������ $V WKH GHVFULSWLRQV RI FHUFDULDH EHORQJLQJ WR
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WKH (FKLQRVWRPDWLGDH IDPLO\ DQG KDYLQJ D NQRZQ GHYHORSPHQWDO F\FOH DUH LQFRQ�

VLVWHQW �<DPDJXWL� ����� 1LHZLDGRPVND HW DO�� ������ WKH VSHFLHV RI WKH ODUYD

IRXQG E\ XV FRXOG QRW EH FRQFOXVLYHO\ GHWHUPLQHG ZLWKRXW DQ LQIHFWLRQ H[SHULPHQW�

,,� ,QIHFWLRQ H[SHULPHQWV LQ ILVK

7KH UHVXOWV RI WKH SUHVHQW H[SHULPHQWV DOORZ XV WR FRQFOXGH WKDW \RXQJ

ILVK IU\ PD\ GLH EHFDXVH RI D GLUHFW HIIHFW RI FHUFDULDH LUUHVSHFWLYH RI ZKHWKHU

WKH\ DUH H[SRVHG WR WKH FHUFDULDH RI D ILVK�VSHFLILF RU D QRQ�ILVK�VSHFLILF WUHPD�

WRGH� $V UHJDUGV WKH IXUWKHU GHYHORSPHQW RI ODUYDO IOXNHV� WKLV SDWKRORJLFDO IRUP

RI FRORQLVDWLRQ LV D GHDG�HQG VWUHHW DQ\ZD\� DV IURP WKH GHDG ILVK WKH ODUYDH KDYH

D VOLP FKDQFH RI JHWWLQJ LQWR WKH QH[W KRVW� 2XU H[SHULPHQWV GHPRQVWUDWH WKH

IROORZLQJ WKUHH SRVVLELOLWLHV RI WKLV KRVW�SDUDVLWH UHODWLRQVKLS LQWHUUXSWLQJ WKH

GHYHORSPHQWDO F\FOH�

��� 'XULQJ WKH QRUPDO OLIH F\FOH� WKH LQIHFWLYH PHWDFHUFDULDH RI 'LSORV�

WRPXP VSHFLHV DSSHDU LQ WKH H\H RQO\ VHYHUDO GD\V DIWHU WKH LQYDVLRQ �<DPDJXWL�

������ 7KHUHIRUH� HYHQ LI DQ DTXDWLF ELUG DWH WKH ILVK IU\ WKDW GLHG LQ WKH ILVK

SRQG ZLWKLQ D IHZ KRXUV RI LQIHFWLRQ ± ZKLFK LV UDWKHU XQOLNHO\ EHFDXVH RI WKH

VPDOO VL]H RI WKH ILVK ±� WKH IOXNH ZRXOG QRW GHYHORS IXUWKHU LQ LW�

��� ,Q WKHLU QDWXUDO KDELWDW� WKH [LSKLGLRFHUFDULDH XVHG LQ WKH H[SHULPHQW

ZULJJOH WKHPVHOYHV HLWKHU GLUHFWO\ LQWR D WDGSROH RU LQWR DQRWKHU VQDLO �<DPDJXWL�

������ 'HDG ILVK IU\ ZLOO QRW VHUYH DV IRRG IRU IURJV WKDW ORRN IRU D PRYLQJ SUH\�

WKXV WKH [LSKLGLRFHUFDULDH NLOOLQJ WKH ILVK FDQQRW GHYHORS IXUWKHU LQ WKLV ZD\�

��� /LNH RWKHU DXWKRUV �<DPDJXWL� ����� (YDQV HW DO�� ������ ZH KDYH DOVR

REVHUYHG WKDW LQ PRVW FDVHV WKH HPHUJHG HFKLQRFHUFDULDH DJDLQ JHW LQWR VQDLOV

XQGHU QDWXUDO FRQGLWLRQV� 2Q ODNHV� DTXDWLF ELUGV EHFRPH LQIHFWHG E\ FRQVXPLQJ

WKH VQDLOV WKDW DOUHDG\ FRQWDLQ PHWDFHUFDULDH� WKHUHIRUH� UDSLGO\ GHFRPSRVLQJ

GHDG ILVK IU\ VLQNLQJ WR WKH ERWWRP ZRXOG KDYH D ORZ FKDQFH RI WUDQVPLWWLQJ

WKHVH IOXNHV WR WKHLU VXEVHTXHQW KRVW�

7KH FDXVH RI GHDWK RI WKH H[SHULPHQWDO ILVK FRXOG HDVLO\ EH LQIHUUHG IURP

WKH PRGH RI FHUFDULDO SHQHWUDWLRQ DQG WKH V\PSWRPV SUHFHGLQJ GHDWK� ,Q WKH FDVH

RI 'LSORVWRPXP FHUFDULDH SHQHWUDWLQJ LQWR WKH ILVK LQ DOO SDUWV RI WKH ERG\ ERWK

SHUFXWDQHRXVO\ DQG SHU RV LW LV FOHDU WKDW DEQRUPDO PRYHPHQWV DQG GHDWK DUH

FDXVHG E\ WKH ODUYDH PLJUDWLQJ LQWR WKH FHQWUDO QHUYRXV V\VWHP� 7KH UDSLG LQYD�

VLRQ RI WKHVH FHUFDULDH LV QRW DFFRPSDQLHG E\ VLJQV RI R[\JHQ GHILFLHQF\ DQG WKH

SDWKRORJLFDO SURFHVV LV RI UDSLG FRXUVH� 7KHUH LV QR WLPH IRU WKH GHYHORSPHQW RI

LQIODPPDWRU\ SURFHVVHV HLWKHU� DV WKH ODUYDH GR QRW VWD\ DW RQH SODFH� 7KH DJ�

JUHVVLYH DQG WDUJHWHG PLJUDWLRQ RI FHUFDULDH WRZDUGV WKH KHDG �5DWDQDUDW�

%URFNHOPDQ� ����� DQG WKHLU H[FHHGLQJO\ ODUJH DPRXQW DV FRPSDUHG WR WKH KRVW¶V

VL]H ZLOO LQYDULDEO\ OHDG WR WKH GHDWK RI WKH ILVK�
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;LSKLGLRFHUFDULDH WKRURXJKO\ SHQHWUDWH WKH ERG\ RI WKH ILVK DQG REYLRXVO\

DIIHFW WKH IXQFWLRQLQJ RI DOO WKH RUJDQV WKH\ DWWDFN� 'HDWK RFFXUV DV D UHVXOW RI

WKH JURVV WUDXPD DQG G\VIXQFWLRQ RI WKH RUJDQV� $W WKH VDPH WLPH� WKHVH ODUYDH

GR QRW JHW LQWR WKH ILVK LQ DV ODUJH QXPEHUV DV GR 'LSORVWRPXP ODUYDH� DQG VRPH

ILVK PD\ HVFDSH PDVVLYH LQYDVLRQ� 2QH RI WKH SRVVLEOH UHDVRQV PD\ EH WKDW RQO\

WKH [LSKLGLRFHUFDULDH PRYLQJ QHDU WKH ZDWHU VXUIDFH DUH UHDOO\ LQIHFWLYH

�6W\F]\QVND�-XUHZLF]� ����� FLW� E\ *LQHWVLQVND\D� ������ DQG FHUWDLQ ILVK FDPH

LQWR FRQWDFW SULPDULO\ ZLWK VXFK ODUYDH�

:H IRXQG WKDW HFKLQRFHUFDULDH� ZKLFK HQWUHQFK WKHPVHOYHV LQ WKH JLOO

FDYLW\ RQO\� DUH OLNHO\ WR FDXVH LQMXU\ WR WKH ILVK WKURXJK WKHLU PHFKDQLFDO HIIHFW�

7KH WKLQ�ZDOOHG FHUFDULDO FDSVXOHV ORRVHO\ DGKHULQJ WR WKH ZDOO RI WKH JLOO FDYLW\

PD\ KDYH EHFRPH GHWDFKHG LQ VRPH FDVHV� DQG SRVVLEO\ ZH GLG QRW ILQG DOO FHU�

FDULDH LQ WKH KLVWRORJLFDO VHFWLRQV� 7KH RQO\ WKLQJ WKDW ZH FRXOG GHWHUPLQH ZLWK

FRPSOHWH FHUWDLQW\ E\ KLVWRORJLFDO PHWKRGV ZDV WKDW WKH RQO\ H[WUDLQWHVWLQDO OR�

FDWLRQ WKDW WKHVH FHUFDULDH UHDFKHG ZDV WKH JLOO FDYLW\�

$V LQGLFDWHG E\ WKH KLVWRORJLFDO ILQGLQJV� WKHVH ODWWHU FHUFDULDH GR QRW GH�

VWUR\ WKH UHVSLUDWRU\ HSLWKHOLXP� UDWKHU� EHFDXVH RI WKHLU VXEVWDQWLDO VL]H DV FRP�

SDUHG WR WKDW RI WKH ILVK IU\� WKH\ PD\ PHFKDQLFDOO\ REVWUXFW WKH IORZ RI ZDWHU�

7KH\ PD\ DOVR SUHYHQW QRUPDO FORVXUH RI WKH RSHUFXOXP� ZKLFK LV HVVHQWLDO IRU

QRUPDO JLOO IXQFWLRQ� ,Q DQ\ FDVH� WKHVH FHUFDULDH NLOOHG WKH ILVK E\ FDXVLQJ R[\�

JHQ GHILFLHQF\� ZKLFK ZDV LQGLFDWHG DOVR E\ WKH JDVSLQJ RI ILVK EHIRUH WKHLU GHDWK�

7KH DPRXQW RI ODUYDO IOXNHV WR EH XVHG IRU LQIHFWLQJ WKH ILVK ZDV GHWHU�

PLQHG URXJKO\ IURP WKH DPRXQW RI FHUFDULDH WKDW HPHUJH IURP D VQDLO DW D WLPH LQ

WKH FDVH RI WKH JLYHQ WUHPDWRGH VSHFLHV� 7DNLQJ WKLV LQWR FRQVLGHUDWLRQ� WKH H[�

SHULPHQWV LQGLFDWH WKDW XQGHU ILVK SRQG FRQGLWLRQV� ZKHUH VQDLOV ZLWK YDU\LQJ

GHJUHHV RI LQIHFWLRQ RFFXU WRJHWKHU� D ORZHU QXPEHU RI VQDLOV FDUU\LQJ 'LSORV�

WRPXP FHUFDULDH RU [LSKLGLRFHUFDULDH PD\ EH VXIILFLHQW WR NLOO D JLYHQ QXPEHU RI

ILVK WKDQ ZKDW LV QHHGHG LQ WKH FDVH RI HFKLQRFHUFDULDH� +RZHYHU� ZH FDQQRW

MXGJH WKH GHJUHH RI QDWXUDO SDWKRJHQLFLW\ DV ZH GR QRW NQRZ WKH DFWXDO GHQVLW\ DW

ZKLFK WKH HPHUJHG FHUFDULDH RFFXU LQ WKH SRQGV� QRU GR ZH NQRZ WKH DFWXDO IUH�

TXHQF\ RI ILVK H[SRVXUH WR WKH FHUFDULDH� %DVHG XSRQ WKHVH H[SHULPHQWV LW LV LP�

SRVVLEOH WR GHWHUPLQH WKH SUHFLVH OHQJWK RI WLPH WKDW WKH LQYDGLQJ FHUFDULDH UH�

TXLUHG WR NLOO WKH LQGLYLGXDO ILVK IU\� DV QHZ FHUFDULDH FRXOG HPHUJH IURP WKH

VQDLOV WKURXJKRXW WKH H[SHULPHQW� L�H� QRW DOO FHUFDULDH ZHUH SUHVHQW LQ WKH ZDWHU

DW WKH RXWVHW� (FKLQRFHUFDULDH SUREDEO\ JHW LQWR WKH JLOO FDYLW\ DFFLGHQWDOO\ UDWKHU

WKDQ E\ WDUJHW�RULHQWHG PRYHPHQW� GXULQJ WKH UHVSLUDWRU\ PRYHPHQWV RI WKH ILVK

RU ZKHQ WKH\ DUH EHLQJ HDWHQ E\ WKH ILVK DV SODQNWRQLF IRRG� $FFRUGLQJ WR *L�

QHWVLQVND\D ������� PRVW FHUFDULDH ± LQFOXGLQJ HYHQ WKRVH RI 'LSORVWRPXP ±

FRPH LQWR FRQWDFW ZLWK WKH KRVW DFFLGHQWDOO\ UDWKHU WKDQ DV D UHVXOW RI DQ DFWLYH

VHDUFK IRU D KRVW� 7KLV VHHPV WR EH VXSSRUWHG DOVR E\ WKH UHVXOWV RI 6W\F]\QVND�
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-XUHZLF] ������ ZKR IRXQG WKDW WKH GLVWULEXWLRQ DQG PRYHPHQW RI FHUFDULDH SUH�

VHQW LQ WKH ZDWHU RI SRQGV ZHUH LQGHSHQGHQW RI WKH GLVWULEXWLRQ RI ILVK KRVWV�

,W LV D NQRZQ SKHQRPHQRQ LQ WKH ILVK SURSDJDWLRQ SUDFWLFH WKDW LQ PDQ\

FDVHV WKH ZKROH SRSXODWLRQ RI \RXQJ IU\ SODFHG RXW IRU WKH ILUVW WLPH LV ORVW�

ZKLOH IU\ KDWFKHG LQ WKH VDPH ZD\ DQG SODFHG LQWR WKH VDPH SRQG VRPH ZHHNV

ODWHU ZLOO VXUYLYH� $ SRVVLEOH H[SODQDWLRQ RI WKLV SKHQRPHQRQ PD\ EH WKDW LQGL�

YLGXDOV RI WKH ILUVW VWRFN SODFHG LQWR WKH SRQG FROOHFW LQWR WKHLU ERG\ WKH FHUFDU�

LDH WKDW GHYHORS E\ WKH VSULQJ DQG WKXV UHPRYH WKHP IURP WKH SRQG� ZKLOH ROGHU

VQDLOV ZKLFK EHFDPH LQIHFWHG LQ WKH SUHYLRXV \HDU DQG KDUERXU PDWXUH FHUFDULDH

GLH� 6LQFH FHUFDULDH ULSH IRU HPHUJHQFH FDQQRW GHYHORS LQ �±� ZHHNV LQ VQDLOV

WKDW FRQWUDFWHG LQIHFWLRQ IURP WKH GHILQLWLYH KRVWV LQ WKH VSULQJ� DQG DV PRVW RI

WKH WUHPDWRGH FHUFDULDH RI VQDLOV LQIHFWHG HDUOLHU KDYH DOUHDG\ EHHQ VKHG� WKH

VHFRQG VWRFN SODFHG RXW ZLOO QRW EH H[SRVHG WR D FHUFDULDO LQYDVLRQ DV PDVVLYH DV

WKDW DIIHFWLQJ WKH ILUVW RQH� 7KLV VHFRQG VWRFN ZLOO WKXV VXUYLYH WKH GDQJHURXV SH�

ULRG RI OLIH� DQG VXEVHTXHQW FHUFDULDO LQIHFWLRQV ZLOO QR ORQJHU EH OHWKDO WR LW�

)LHOG H[SHULPHQWV ZLOO EH QHFHVVDU\ WR GHWHUPLQH ZKHWKHU RU QRW WKH REVHUYHG

PRUWDOLW\ ZDV LQGHHG GXH WR WKLV SKHQRPHQRQ�

)LVK PD\ EH H[SRVHG WR FHUFDULDH IURP HDUO\ VSULQJ WR ODWH DXWXPQ� L�H�

WKURXJKRXW WKH IHHGLQJ SHULRG �&KXEE� ������ ,I WKHVH KRVW±SDUDVLWH HQFRXQWHUV FDQ

VR HDVLO\ OHDG WR D ELRORJLFDO GHDG�HQG VWUHHW� QRWKLQJ FRQWUDGLFWV WKH SRVVLELOLW\ WKDW

VXFK XQQDWXUDO LQIHFWLRQ SURFHVVHV PD\ RFFXU HYHQ LQ ROGHU ILVK� EHFDXVH RI WKH QRW

WRR VSHFLILF KRVW�UHFRJQLVLQJ DELOLW\ RI FHUFDULDH DQG�RU WKHLU FRQVXPSWLRQ E\ WKH ILVK�

5HIHUHQFHV

%DOODEHQL� 3� ������� ([SHULPHQWDO GLIIHUHQFHV LQ PRUWDOLW\ SDWWHUQV EHWZHHQ (XURSHDQ PLQQRZV�

3KR[LQXV SKR[LQXV� LQIHFWHG ZLWK V\PSDWULF RU DOORSDWULF WUHPDWRGHV� 'LSORVWRPXP SKR[�

LQL� -� )LVK %LRO� ��� ���±����

%DXHU� 2� 1�� 9ODGLPLURY� 9� /� DQG 0LQGHO� 1� 9� ������� 1HZ NQRZOHGJH DERXW WKH ELRORJ\ RI

6WULJHDWD FDXVLQJ PDVV GLVHDVHV RI ILVKHV� ,Q� (UJHQV� 5� DQG 5\VDY\� %� �HGV� 3DUDVLWLF

:RUPV DQG $TXDWLF &RQGLWLRQV� 3URFHHGLQJV RI D 6\PSRVLXP KHOG LQ 3UDJXH� 3XEO� +RXVH

RI WKH &]HFKRVORYDN $FDGHP\ RI 6FLHQFHV� ����� SS� ��±���

&KXEE� -� &� ������� 6HDVRQDO RFFXUUHQFH RI KHOPLQWKV LQ IUHVKZDWHU ILVKHV� 3DUW ,,� 7UHPDWRGD�

$GY� 3DUDVLWRO� �� ��±���

'REy� =� ������� $ QHZ ILVK SDUDVLWH LQ RXU ZDWHUV� WKH JORFKLGLD RI WKH $PXU PXVVHO �LQ +XQJDU�

LDQ�� +DOiV]DW ��� ��±���

'XERLV� *� ������� 6\QRSVLV GHV 6WULJHLGDH HW GHV 'LSORVWRPLGDH �7UHPDWRGD�� 0pP� 6RF�

QHXFKDWHO� 6FL� QDW� ��� ���±����

(GHOpQ\L� %� ������� 7UHPDWRGHV ,,� 'LJHQHD� ,Q� )DXQD +XQJDULDH ,,��� ��� �LQ +XQJDULDQ��

$NDGpPLDL .LDGy� %XGDSHVW� ��� SS�

(YDQV� 1� $�� :KLWHILHOG� 3� -� DQG 'REVRQ� $� 3� ������� 3DUDVLWH XWLOL]DWLRQ RI D KRVW FRPPXQLW\� WKH

GLVWULEXWLRQ DQG RFFXUUHQFH RI PHWDFHUFDULDO F\VWV RI (FKLQRSDU\SKLXP UHFXUYDWXP �'LJHQHD�

(FKLQRVWRPDWLGDH� LQ VHYHQ VSHFLHV RI PROOXVFV DW +DUWLQJ 3RQG� 6XVVH[� 3DUDVLWRORJ\ ��� �±���
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$FWD 9HWHULQDULD +XQJDULFD ��� ����

*LQHWVLQVND\D� 7� $� ������� 7UHPDWRGHV� WKHLU OLIH F\FOHV� ELRORJ\ DQG HYROXWLRQ� $PHULQG 3XEO�

&R�� 1HZ 'HOKL� ��� SS�

+RIIPDQQ� 5� :�� .|UWLQJ� :�� )LVFKHU�6FKHUO� 7� DQG 6FKDXIHU� :� ������� $Q RXWEUHDN RI

%XFHSKDOXV SRO\PRUSKXV LQ ILVK RI WKH 0DLQ ULYHU� $QJHZ� 3DUDVLWRO� ��� ��±���

,QFKDXVW\� 9� +�� )RXW]� 0�� +HFNPDQQ� 5� $�� 5XDV� &� DQG 5XDV� 3� ������� 'LSORVWRPLDVLV LQ QDWLYH

DQG LQWURGXFHG ILVKHV IURP <HOORZVWRQH ODNH� :\RPLQJ� *UHDW %DVLQ 1DWXUDOLVW ��� ���±����

,VKNRY� 0� 3� DQG %DWFKLQVNLL� 9� 3� ������� 'LSORVWRPRVLV RI WKH JUDVVFDUS DQG VLOYHU FDUS LQ SRQG

IDUPV RI 8NUDLQH �LQ 5XVVLDQ�� 0DWHU� QDXFK� .RQI� YVHV� 2EVFK� *HOPLQW� 3DUW ,� ���±����

.RF\ORZVNL� %� DQG 0LDF]\QVNL� $� ������� 'LVHDVHV RI )LVK �+XQJDULDQ WUDQVODWLRQ IURP 3ROLVK��

0H]�JD]GDViJL .LDGy� %XGDSHVW� ��� SS�

0DMRURV� *� ������� /DUYDO WUHPDWRGHV LQ VQDLOV RI ILVK IDUPV �LQ +XQJDULDQ�� ;;WK )LVKHULHV 6FL�

HQWLILF 0HHWLQJ� +$.,� 6]DUYDV� +DOiV]DWIHMOHV]WpV ��� ��±���

0DMRURV� *� ������� ,QIHFWLRQ RI ILVK IU\ ZLWK FHUFDULDH �LQ +XQJDULDQ�� ;;,VW )LVKHULHV 6FLHQWLILF

0HHWLQJ� +$.,� 6]DUYDV� 0D\ ��±��� $EVWUDFW QR� ���

0ROQiU� .� ������� 2Q GLSORVWRPRVLV RI JUDVVFDUS IU\� $FWD 9HW� $FDG� 6FL� +XQJ� ��� ��±���

1LHZLDGRPVND� .�� 9DOWRQHQ� (� 7� DQG 6LGGDOO� 5� ������� &HUFDULDH IURP /\PQDHD VWDJQDOLV LQ

ODNH .XXKDQNDYHVL �FHQWUDO )LQODQG�� $FWD 3DUDVLWRO� ��� ���±����

5DWDQDUDW�%URFNHOPDQ� &K� ������� 0LJUDWLRQ RI 'LSORVWRPXP VSDWKDFHXP �7UHPDWRGD� LQ WKH ILVK

LQWHUPHGLDWH KRVW� =� 3DUDVLWHQNG� ��� ���±����

5REHUWV� 5� -� ������� )LVK 3DWKRORJ\� %DLOOLqUH 7LQGDOO� /RQGRQ� ��� SS�

6FKHOO� 6� &� ������� +RZ WR NQRZ WKH WUHPDWRGHV" :� 0� &� %URZQ &RPS� 3XEOLVKHUV� 'XEXTXH�

,RZD� ��� SS�

6FKHOO� 6� &� ������� +DQGERRN RI 7UHPDWRGHV RI 1RUWK $PHULFD 1RUWK RI 0H[LFR� 8QLYHUVLW\

3UHVV RI ,GDKR� 0RVFRZ� ,GDKR� ��� SS�

6RPPHUYLOOH� &� ������� 7KH SDWKRORJ\ RI +DSORUFKLV SXPLOLR �/RRVV� ����� LQIHFWLRQ LQ FXOWXUHG

WLODSLDV� -� )LVK 'LV� �� ���±����

6W\F]\QVND�-XUHZLF]� (� ������� )LHOG H[SHULPHQWV RQ WKH LQYDVLRQ SURFHVV ZLWK WKH FHUFDULD RI

'LSORVWRPXP VSDWKDFHXP 5XG� LQ ILVKHV� :LDGRPR�FL 3DUD]\WRORJLF]QH �� ���±����

9RMWHN� -� ������� 7UHPDWRGH )DXQD RI %LUGV RI WKH &]HFKRVORYDN 5HSXEOLF �LQ &]HFK�� 8QLYHU]LWD

-� (� 3XUN\QH� %UQR� ��� SS�

<DPDJXWL� 6� ������� $ V\QRSWLFDO UHYLHZ RI OLIH KLVWRULHV RI GLJHQHWLF WUHPDWRGHV RI YHUWHEUDWHV�

.HJDNX 3XEO� &RPS� /WG�� 7RN\R� ��� SS�

=GiUVNi� =� ������� /DUYDO WUHPDWRGHV RI IUHVKZDWHU VQDLOV LQ &]HFKRVORYDNLD �LQ 6ORYDN��

ýHVNRVORYHQVND SDUDVLWRORJLH ��� ���±����




