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:H VXPPDUL]H UHVXOWV REWDLQHG GXULQJ LQYHVWLJDWLRQ RI
ZKLVWOHU�PRGH FKRUXV HPLVVLRQV E\ WKH IRXU &OXVWHU
VSDFHFUDIW GXULQJ WKHLU ¿UVW ¿YH \HDUV RI RSHUDWLRQ� 7KH
UHVXOWV FDQ EH GLYLGHG LQWR VHYHUDO EURDGHU FDWHJRULHV� �L�
6XEVWUXFWXUH RI FKRUXV ZDYH SDFNHWV KDYH EHHQ REVHUYHG
DW WLPH VFDOHV RI �±�� PV� ZLWK GHFUHDVLQJ RFFXUUHQFH
UDWH IRU ORQJHU GXUDWLRQV� 7KHLU JURZWK UDWH LV EHWZHHQ
�� DQG ��� V � DQG DPSOLWXGHV UHDFK XS WR �� P9�P
RU ��� Q7 LQ WKH GLVWXUEHG WLPHV� 0D[LPXP DPSOLWXGHV
DUH LQVLGH WKH ODUJHU FKRUXV ZDYH SDFNHWV ZKLFK RFFXU
DW WLPH VFDOHV DERYH ��� PV� �LL� )UHTXHQF\ GLIIHUHQFHV
KDYH EHHQ REVHUYHG IRU FKRUXV ZDYH SDFNHWV ZKLFK ZHUH
VLPXOWDQHRXVO\ GHWHFWHG E\ GLIIHUHQW VSDFHFUDIW� 7KHVH
GLIIHUHQFHV KDYH EHHQ LQWHUSUHWHG DV GLIIHUHQWLDO 'RSSOHU
VKLIW IURP UDSLGO\ PRYLQJ HOHPHQWDU\ FKRUXV VRXUFHV DW
VSHHGV FRPSDUDEOH WR WKH SDUDOOHO YHORFLW\ RI FRXQWHU�
VWUHDPLQJ UHVRQDQW HOHFWURQV� �LLL� $W WKH DOWLWXGH RI WKH
SHULJHH RI &OXVWHU VDWHOOLWHV � � (DUWK¶V UDGLL�� PXOWLSRLQW
PHDVXUHPHQW RI WKH 3R\QWLQJ ÀX[ VKRZ WKDW WKH FHQWUDO
SRVLWLRQ RI WKH FKRUXV VRXUFH UHJLRQ LV ORFDWHG FORVH WR WKH
JHRPDJQHWLF HTXDWRULDO SODQH� ÀXFWXDWLQJ ZLWK DPSOLWXGH
RI ���� NP DQG DW VSHHGV RI WKH RUGHU RI ��� NP�V� 6L]H
RI WKH VRXUFH UHJLRQ DORQJ WKH ¿HOG OLQH� DV REWDLQHG IURP
PXOWLSRLQW PHDVXUHPHQW RI HOHFWURPDJQHWLF SODQDULW\� LV
��������� NP� 0XOWLSRLQW FRUUHODWLRQ DQDO\VLV RI FKRUXV
ZDYH SDFNHWV KDV UHVXOWHG LQ WKH VL]H RI WKH VRXUFH UHJLRQ
RI ��� NP LI PHDVXUHG SHUSHQGLFXODU WR WKH ¿HOG OLQH� �LY�
6WXGLHV RI SURSDJDWLRQ RI FKRUXV IURP LWV VRXUFH UHJLRQ
VKRZ WKDW FKRUXV FDQ PDJQHWRVSKHULFDOO\ UHÀHFW DQG UH�
WXUQ EDFN WR WKH HTXDWRULDO SODQH DW D ORZHU DOWLWXGH DQG
ZLWK D ORZHU IUHTXHQF\ WKDQ ORFDOO\ JHQHUDWHG FKRUXV� �Y�
&RPSDULVRQ ZLWK QRQOLQHDU WKHRU\ VKRZV WKDW PDQ\ RE�
VHUYHG SDUDPHWHUV RI FKRUXV HPLVVLRQV FDQ EH XQGHUVWRRG
RQ WKH EDVLV RI WKH EDFNZDUG ZDYH RVFLOODWRU PRGHO�

.H\ ZRUGV� ZDYHV LQ SODVPDV� ZKLVWOHU PRGH� FKRUXV�

�� ,1752'8&7,21

&KRUXV LV DQ HOHFWURPDJQHWLF ZDYH HPLVVLRQ LQ WKH IUH�
TXHQF\ UDQJH IURP D IHZ KXQGUHGV RI KHUW] WR VHYHUDO
N+]� RIWHQ FRQWDLQLQJ PDQ\ GLVWLQFW VKRUW�GXUDWLRQ ZDYH
SDFNHWV� ,W ZDV ¿UVW REVHUYHG RQ WKH JURXQG >6WRUH\�
����@� 7KH ZDYH SDFNHWV FKDQJH WKHLU IUHTXHQF\ DW WLPH
VFDOHV RI D IUDFWLRQ RI D VHFRQG� >VHH UHYLHZV 6D]KLQ
DQG +D\DNDZD� ����� 2PXUD HW DO�� ����@� 7KH JHQHU�
DWLRQ PHFKDQLVP RI FKRUXV LV QRW \HW ZHOO XQGHUVWRRG�
,W LV PRVW RIWHQ DFFHSWHG WKDW FKRUXV LV JHQHUDWHG E\
D QRQOLQHDU SURFHVV >1XQQ HW DO�� ����� 7UDNKWHQJHUWV�
����@ ZKLFK LQYROYHV WKH HOHFWURQ F\FORWURQ UHVRQDQFH RI
ZKLVWOHU�PRGHZDYHV ZLWK HQHUJHWLF HOHFWURQV LQ WKH (DUWK
PDJQHWRVSKHUH >.HQQHO DQG 3HWVFKHN� ����@�

6SDFHFUDIW PHDVXUHPHQWV FRQ¿UPHG LWV SUHGRPLQDQW RF�
FXUUHQFH GXULQJ WKH ORFDO PRUQLQJ DQG GD\ WLPH >H�J��
%XUWLV DQG +HOOLZHOO� ����� .RRQV DQG 5RHGHU� ����@�
7KLV KDV EHHQ H[SODLQHG E\ WKH VRXUFH SRSXODWLRQ RI HOHF�
WURQV� GULIWLQJ LQ WKH (DUWK¶V PDJQHWLF ¿HOG IURP WKH PDJ�
QHWRVSKHULF WDLO HDUWKZDUG DQG WRZDUG WKH ORFDO PRUQ�
LQJ� 0HDVXUHPHQWV KDYH DOVR VKRZQ WKDW WKH JHQHUDWLRQ
RI FKRUXV WDNHV SODFH FORVH WR WKH JHRPDJQHWLF HTXDWRULDO
SODQH >+HOOLZHOO� �����%XUWRQ DQG +RO]HU� ����� /H'RFT
HW DO�� ����� /DXEHQ HW DO�� ����� 6DQWRO�ÕN HW DO�� �����
3DUURW HW DO�� ����� 6DQWRO�ÕN HW DO�� ����E� ����D@�

,Q LWV VRXUFH UHJLRQ� FKRUXV KDV EHHQ REVHUYHG LQ WZR IUH�
TXHQF\ EDQGV >%XUWLV DQG +HOOLZHOO� ����@� EHORZ DQG
DERYH RQH KDOI RI WKH ORFDO HOHFWURQ F\FORWURQ IUHTXHQF\�
7KHVH EDQGV DUH VHSDUDWHG E\ D QDUURZ IUHTXHQF\ LQWHU�
YDO RI GHFUHDVHG LQWHQVLW\ ZKRVH RULJLQ KDV QRW \HW EHHQ
H[SODLQHG�

,PSRUWDQFH RI ZKLVWOHU�PRGH FKRUXV FDQ EH GHPRQVWUDWHG
E\ DQ LQFUHDVHG DWWHQWLRQ WKDW WKHVH HPLVVLRQV UHFHQWO\
UHFHLYHG LQ FRQQHFWLRQ ZLWK WKH DFFHOHUDWLRQ RI HQHU�
JHWLF HOHFWURQV� :KLVWOHU�PRGH FKRUXV LV EHLQJ FRQVLG�
HUHG DV D SRVVLEOH VRXUFH RI KLJKO\ DFFHOHUDWHG HOHFWURQV
LQ WKH RXWHU 9DQ $OOHQ UDGLDWLRQ EHOW >0HUHGLWK HW DO��
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)LJXUH �� 'HWDLOHG WLPH�IUHTXHQF\ SRZHU VSHFWURJUDPV RI HOHFWULF ¿HOG ÀXFWXDWLRQV LQ WKH VRXUFH UHJLRQ UHFRUGHG E\ WKH
:%' LQVWUXPHQWV RQ ERDUG DOO WKH IRXU &OXVWHU VSDFHFUDIW RQ $SULO ��� ���� DIWHU ������� 87� 3DQHOV �D�G� VKRZ GDWD
IURP &OXVWHU ���� UHVSHFWLYHO\� +RUL]RQWDO DUURZV RQ WKH ULJKW LQGLFDWH ORFDO I IRU HDFK VSDFHFUDIW� 0DJQHWLF ODWLWXGH
�0/DW� LV JLYHQ RQ WKH ERWWRP IRU &OXVWHU �� &OXVWHU ��� DUH VKLIWHG E\ ���� � ���� � ���� � UHVSHFWLYHO\� $ EROG
YHUWLFDO DUURZ RQ WKH ERWWRP SRLQWV WR WKH FKRUXV HOHPHQW ZKLFK LV FKRVHQ IRU IXUWKHU DQDO\VLV� )URP >6DQWRO�ÕN HW DO��
����@�

����� ����� +RUQH HW DO�� ����@� 'XULQJ PDJQHWRVSKHU�
LFDOO\ GLVWXUEHG WLPHV� WKHVH HOHFWURQV FDQ FDXVH GDP�
DJHV RI VSDFHFUDIW V\VWHPV� DQG LQFUHDVH UDGLDWLRQ ULVNV
RI PDQQHG ÀLJKWV� ,QYHVWLJDWLRQ RI ZKLVWOHU�PRGH FKR�
UXV PLJKW WKXV KDYH� EHVLGHV FRQWULEXWLRQ WR EDVLF NQRZO�
HGJH RI RXU VSDFH HQYLURQPHQW� DOVR VRPH SUDFWLFDO FRQ�
VHTXHQFHV�

,Q WKLV SDSHU ZH VXPPDUL]H UHVXOWV REWDLQHG GXULQJ LQYHV�
WLJDWLRQ RI ZKLVWOHU�PRGH FKRUXV HPLVVLRQV E\ WKH IRXU
&OXVWHU VSDFHFUDIW GXULQJ WKHLU ¿UVW ¿YH \HDUV RI RSHUD�
WLRQ�

�� 29(59,(: 2) 5(68/76

7KH IRXU &OXVWHU VSDFHFUDIW >(VFRXEHW HW DO�� ����@ KDYH
EHHQ ODXQFKHG LQ ���� RQ QHDUO\ LGHQWLFDO HOOLSWLFDO RU�
ELWV ZLWK DQ DSRJHH UDGLDO GLVWDQFH RI �� 5 DQG D
SHULJHH UDGLDO GLVWDQFH RI � 5 � 1HDU WKHLU SHULJHH
UHJLRQ� WKH IRXU VSDFHFUDIW FDQ PHDVXUH HPLVVLRQV RI
ZKLVWOHU�PRGH FKRUXV E\ VHWV RI LGHQWLFDO ZDYH LQVWUX�
PHQWV� 7KHVH LQVWUXPHQWV FRRUGLQDWH WKH PHDVXUHPHQWV
LQ WKH IUDPH RI WKH &OXVWHU ZDYH H[SHULPHQW FRQVRU�
WLXP �:(&� ZKLFK� RQ HDFK VSDFHFUDIW� FRQVLVWV RI � GH�
YLFHV� 'LJLWDO :DYH 3URFHVVRU �':3�� (OHFWULF )LHOGV DQG
:DYHV �():�� 6SDWLR�7HPSRUDO$QDO\VLV RI )LHOG )OXFWX�
DWLRQV �67$))� >&RUQLOOHDX�:HKUOLQ HW DO�� ����@� :LGH�
%DQG 'DWD �:%'� >*XUQHWW HW DO�� ����@� DQG +LJK )UH�

TXHQF\ DQG 6RXQGHU IRU 3URELQJ RI (OHFWURQ 'HQVLW\ E\
5HOD[DWLRQ �:+,63(5� >'�HFU�HDX HW DO�� ����@� 7KH UH�
VXOWV RI WKHVH LQYHVWLJDWLRQV FDQ EH GLYLGHG LQWR VHYHUDO
EURDGHU FDWHJRULHV�

���� 6XEVWUXFWXUH RI FKRUXV ZDYH SDFNHWV

7KH FKRUXV ZDYH SDFNHWV KDYH EHHQ LQYHVWLJDWHG XVLQJ
KLJK UHVROXWLRQ PHDVXUHPHQWV RI WKH :%' LQVWUXPHQW
GXULQJ JHRPDJQHWLF VWRUPV >6DQWRO�ÕN HW DO�� ����� ����E@�
7KH DQDO\VLV FRQFHUQHG ZDYH SDFNHWV ZKLFK� RQ SRZHU
VSHFWURJUDPV� DSSHDUHG DV ULVLQJ GLVFUHWH HOHPHQWV RI
ORZHU�EDQG FKRUXV ZLWK WKH IUHTXHQF\ GULIW RI ��±��
N+]�V� 7KH ZDYHIRUPV RI WKH HOHFWULF ¿HOG RI WKH FKRUXV
ZDYH SDFNHWV KDV VKRZQ DQ LQWHUQDO ¿QH VWUXFWXUH FRQVLVW�
LQJ RI VHSDUDWH VXESDFNHWV�

$Q LQLWLDO VWXG\ RI WKLV ¿QH VWUXFWXUH KDV EHHQ GRQH XVLQJ
D VLQH�ZDYH SDUDPHWULF PRGHO ZLWK D YDULDEOH DPSOLWXGH
>6DQWRO�ÕN HW DO�� ����@� 7KH VXESDFNHWV RIWHQ VWDUW ZLWK DQ
H[SRQHQWLDO JURZWK SKDVH� DQG DIWHU UHDFKLQJ WKH VDWXUD�
WLRQ DPSOLWXGH WKH\ FDQ DOVR VKRZ DQ H[SRQHQWLDO GHFD\
SKDVH� 7KH GXUDWLRQ RI VXESDFNHWV LV YDULDEOH IURP D IHZ
PLOOLVHFRQGV WR D IHZ WHQV RI PLOOLVHFRQGV� DQG WKH\ DS�
SHDU LQ WKH ZDYHIRUP UDQGRPO\� ZLWK QR FOHDU SHULRGLFLW\�
7KH JURZWK UDWH RI WKH LQLWLDO OLQHDU SKDVH �LPDJLQDU\ SDUW
RI WKH ZDYH IUHTXHQF\� LV KLJKO\ YDULDEOH IURP FDVH WR
FDVH� 7\SLFDO YDOXHV YDU\ EHWZHHQ D IHZ WHQV DQG D IHZ
KXQGUHGV RI V �VHH )LJV� � DQG ���
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)LJXUH �� :DYHIRUPV DQG PRGHO SDUDPHWHUV LQ DQ H[WHQGHG ���PV WLPH LQWHUYDO FRYHULQJ WKH VHFRQG FKRUXV HOHPHQW LQ
)LJXUH �� �D�F� %URDGEDQG HOHFWULF ¿HOG ZDYHIRUP IRU &OXVWHU ���� UHVSHFWLYHO\� �G� $PSOLWXGH� �H� IUHTXHQF\� 7KH UHVXOWV
IURP WKH WKUHH VSDFHFUDIW DUH FRORU�FRGHG� ,Q RUGHU WR GHPRQVWUDWH WKH ¿QH VWUXFWXUH� PLQLPD RI DPSOLWXGH DUH FRQQHFWHG
ZLWK WKH FRUUHVSRQGLQJ IUHTXHQF\ HVWLPDWHV E\ YHUWLFDO GRWWHG OLQHV� )URP >6DQWRO�ÕN HW DO�� ����@�
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7KH PD[LPXP GHWHFWHG DPSOLWXGHV RI WKH VXESDFNHWV
LV DSSUR[LPDWHO\ �� P9�P ZKLFK� XQGHU WKH REVHUYHG
SODVPD FRQGLWLRQV� DSSUR[LPDWHO\ FRUUHVSRQGV WR ��� Q7
IRU WKH PDJQHWLF FRPSRQHQW RI FKRUXV� 7KH VDPH FKR�
UXV ZDYH SDFNHWV VLPXOWDQHRXVO\ REVHUYHG RQ WKH GLIIHU�
HQW FORVHO\ VHSDUDWHG VSDFHFUDIW DSSHDU WR KDYH D GLIIHU�
HQW LQWHUQDO VXESDFNHW VWUXFWXUH� 7KH FKDUDFWHULVWLF VFDOHV
RI WKH ¿QH VWUXFWXUH WKXV DSSHDU WR EH PXFK ORZHU WKDQ
WKRVH RI WKH FKRUXV ZDYH SDFNHW LQ ZKLFK LW LV HPEHGGHG
�)LJ� ���

$ VWXG\ >6DQWRO�ÕN HW DO�� ����E@ EDVHG RQ DQDO\VLV RI D
ODUJH QXPEHU RI FKRUXV ZDYH SDFNHWV VKRZHG WKDW WKH
VXESDFNHWV ZLWK ODUJHVW DPSOLWXGHV DUH DOZD\V HPEHGGHG
LQ WKH LQWHULRU RI WKH ZDYH SDFNHWV� 7KH W\SLFDO GHOD\ EH�
WZHHQ WKH WZR QHLJKERULQJ PD[LPD RI WKH ZDYH DPSOL�
WXGH LV D IHZ PLOOLVHFRQGV ZLWK D GHFUHDVLQJ SUREDELOLW\
GHQVLW\ WRZDUG ORQJHU GHOD\V�

���� )UHTXHQF\ GLIIHUHQFHV RI FKRUXV ZDYH SDFNHWV
REVHUYHG E\ GLIIHUHQW VSDFHFUDIW

5DWKHU XQH[SHFWHG IUHTXHQF\ GLIIHUHQFHV RI DURXQG � N+]
EHWZHHQ QHDUO\ LGHQWLFDO GLVFUHWH ZDYH SDFNHWV KDYH EHHQ
REVHUYHG VLPXOWDQHRXVO\ E\ GLIIHUHQW VSDFHFUDIW DOUHDG\
LQ WKH LQLWLDO SHULRG RI WKH &OXVWHU SURMHFW >*XUQHWW HW DO��
����@� ,Q >,QDQ HW DO�� ����@ WKHVH REVHUYDWLRQV KDYH EHHQ
LQWHUSUHWHG E\ GLIIHUHQWLDO 'RSSOHU VKLIW IURP UDSLGO\
PRYLQJ HOHPHQWDU\ VRXUFHV DW VSHHGV FRPSDUDEOH WR WKH
SDUDOOHO YHORFLW\ RI FRXQWHU�VWUHDPLQJ UHVRQDQW HOHFWURQV�
7KLV LQWHUSUHWDWLRQ LV EDVHG RQ WKH GHSHQGHQFH RI WKH
ZKLVWOHU�PRGH UHIUDFWLYH LQGH[ RQ WKH ZDYH QRUPDO DQ�
JOH EHWZHHQ WKH ZDYH YHFWRU DQG WKH VWDWLF PDJQHWLF ¿HOG
DQG WKH UDSLG PRWLRQ RI KLJKO\ ORFDOL]HG VRXUFH UHJLRQV RI
FKRUXV PRYLQJ DW VSHHGV RI ������ NP�V WR ������ NP�V�
:DYHV IURP WKH ORFDOL]HG VRXUFHV SURSDJDWH WR WZR VSDFH�
FUDIW DW GLIIHUHQW ZDYH QRUPDO DQJOHV� DQG DUH REVHUYHG DW
GLIIHUHQW IUHTXHQFLHV GXH WR WKH GLIIHUHQWLDO 'RSSOHU VKLIW
EHWZHHQ WKH WZR VSDFHFUDIW� 7KLV UHVXOWV LQ GLIIHUHQFHV LQ
IUHTXHQF\� DV ZHOO DV WKH GLIIHUHQW WLPHV RI DUULYDO RI WKH
VLPLODU HPLVVLRQV DW WKH GLIIHUHQW VSDFHFUDIW�

���� 3RVLWLRQ DQG VL]H RI WKH FKRUXV VRXUFH UHJLRQ

:KHQ WKH VHSDUDWLRQ RI WKH &OXVWHU VSDFHFUDIW ZDV YHU\
FORVH �RI WKH RUGHU RI KXQGUHGV RI NP�� YHU\ VLPLODU FKR�
UXV HPLVVLRQV ZHUH REVHUYHG LQ WKHLU JHQHUDWLRQ UHJLRQ
FORVH WR WKH PDJQHWLF HTXDWRULDO SODQH DW D UDGLDO GLVWDQFH
RI ��� (DUWK¶V UDGLL �)LJ� ��� %RWK OLQHDU DQG UDQN FRUUH�
ODWLRQ DQDO\VLV KDYH EHHQ XVHG LQ >6DQWRO�ÕN DQG *XUQHWW�
����@ DQG >6DQWRO�ÕN HW DO�� ����D@ WR GH¿QH SHUSHQGLFX�
ODU GLPHQVLRQV RI WKH VRXUFHV RI ORZHU�EDQG FKRUXV HOH�
PHQWV EHORZ RQH KDOI RI WKH HOHFWURQ F\FORWURQ IUHTXHQF\�
&RUUHODWLRQ ZDV VLJQL¿FDQW LQ WKH UDQJH RI VHSDUDWLRQ GLV�
WDQFHV RI XS WR ��� NP SDUDOOHO WR WKH ¿HOG OLQH DQG XS WR
��� NP LQ WKH SHUSHQGLFXODU SODQH� $W WKHVH VFDOHV� WKH
FRUUHODWLRQ FRHI¿FLHQW LV LQGHSHQGHQW IRU SDUDOOHO VHSDUD�
WLRQV� DQG GHFUHDVHG ZLWK SHUSHQGLFXODU VHSDUDWLRQ� 7KLV

FKDUDFWHULVWLF VFDOH YDULHG EHWZHHQ �� DQG ��� NP IRU GLI�
IHUHQW GDWD LQWHUYDOV LQVLGH WKH VRXUFH UHJLRQ� 7KLV YDUL�
DWLRQ ZDV FRQVLVWHQW ZLWK D VLPXOWDQHRXVO\ DFWLQJ HIIHFW
RI UDQGRP SRVLWLRQV RI ORFDWLRQV DW ZKLFK WKH LQGLYLGXDO
FKRUXV ZDYH SDFNHWV ZHUH JHQHUDWHG� 7KH VWDWLVWLFDO SURS�
HUWLHV RI WKH REVHUYDWLRQV ZHUH FRQVLVWHQW ZLWK D PRGHO RI
WKH VRXUFH UHJLRQ DVVXPLQJ LQGLYLGXDO VRXUFHV DV JDXV�
VLDQ SHDNV RI SRZHU UDGLDWHG IURP LQGLYLGXDO DFWLYH DUHDV
ZLWK D FRPPRQ KDOI�ZLGWK RI �� NP SHUSHQGLFXODU WR WKH
PDJQHWLF ¿HOG >6DQWRO�ÕN HW DO�� ����D@� 7KLV FKDUDFWHULV�
WLF VFDOH ZDV FRPSDUDEOH WR WKH ZDYHOHQJWK RI REVHUYHG
ZKLVWOHU�PRGH ZDYHV�

&HQWUDO SRVLWLRQ RI WKH VRXUFH UHJLRQ IURP PXOWLSRLQW
PHDVXUHPHQW RI WKH 3R\QWLQJ ÀX[ LV ORFDWHG FORVH WR WKH
JHRPDJQHWLF HTXDWRULDO SODQH >3DUURW HW DO�� ����� 6DQ�
WRO�ÕN HW DO�� ����E� ����D@� 2EVHUYHG VSDWLR�WHPSRUDO
YDULDWLRQV RI WKH GLUHFWLRQ RI WKH 3R\QWLQJ ÀX[ FRQVLV�
WHQWO\ VKRZ WKDW WKH FHQWUDO SRVLWLRQ RI WKH FKRUXV VRXUFH
ÀXFWXDWHV DW WLPH VFDOHV RI PLQXWHV ZLWKLQ ��������� NP
RI WKH JHRPDJQHWLF HTXDWRU �VHH )LJ� ��� (VWLPDWHV RI
WKH HOHFWURPDJQHWLF SODQDULW\ FDQ EH XVHG WR FKDUDFWHU�
L]H WKH H[WHQW RI WKH VRXUFH LQ WKH GLUHFWLRQ SDUDOOHO WR WKH
¿HOG OLQH� REWDLQLQJ D UDQJH RI ��������� NP >6DQWRO�ÕN
HW DO�� ����E� ����D@� 7KH W\SLFDO RUGHU RI PDJQLWXGH RI
WKH VSHHG RI WKLV PRWLRQ LV ��� NP�V� 1RWH WKDW WKLV LV D
JOREDO VSHHG RI PRWLRQ RI WKH FHQWUDO SRVLWLRQ RI WKH HQWLUH
VRXUFH UHJLRQ� ,W KDV EHHQ GHWHUPLQHG IURP WKH 3R\QWLQJ
ÀX[ PHDVXUHPHQWV ZKHUH ZH DOZD\V DYHUDJH SURSDJDWLRQ
SURSHUWLHV RI VHYHUDO FKRUXV ZDYH SDFNHWV� 2Q WKH RWKHU
KDQG� WKH PXFK KLJKHU VSHHGV PHQWLRQHG LQ VHFWLRQ ���
KDYH EHHQ REWDLQHG DVVXPLQJ YHU\ FRPSDFW VPDOO VRXUFHV
RI WKH LQGLYLGXDO HOHPHQWV� 7KH YDOXHV RI WKH WZR VSHHGV
WKXV DUH QRW HDVLO\ FRPSDUDEOH DQG WKH\ GR QRW GLUHFWO\
FRQWUDGLFW�

���� 3URSDJDWLRQ RI FKRUXV IURP LWV VRXUFH UHJLRQ

,W KDV DOVR EHHQ REVHUYHG E\ WKH IRXU &OXVWHU VSDFHFUDIW
WKDW LQWHQVH FKRUXV ZDYHV SURSDJDWH DZD\ IURP WKH HTXD�
WRU VLPXOWDQHRXVO\ ZLWK ORZHU�LQWHQVLW\ ZDYHV SURSDJDW�
LQJ WRZDUG WKH HTXDWRU >3DUURW HW DO�� ����D�E@� 8VLQJ WKH
REVHUYHG ZDYH QRUPDO GLUHFWLRQV RI WKHVH ZDYHV� D EDFN�
ZDUG UD\ WUDFLQJ VWXG\ SUHGLFWV WKDW WKH ORZHU�LQWHQVLW\
ZDYHV XQGHUJR WKH /RZHU +\EULG 5HVRQDQFH �/+5� UH�
ÀHFWLRQ DW ORZ DOWLWXGHV >3DUURW HW DO�� ����D@� 7KH UD\V RI
WKHVH ZDYHV WKHQ OHDG XV EDFN WR WKHLU DQWLFLSDWHG VRXUFH
UHJLRQ ORFDWHG FORVH WR WKH JHRPDJQHWLF HTXDWRU� 7KLV
VRXUFH UHJLRQ LV� KRZHYHU� ORFDWHG DW D GLIIHUHQW UDGLDO
GLVWDQFH FRPSDUHG WR WKH SODFH RI REVHUYDWLRQ� 7KH LQ�
WHQVLW\ UDWLR EHWZHHQ PDJQHWLF FRPSRQHQW RI WKH ZDYHV
FRPLQJ GLUHFWO\ IURP WKH HTXDWRU DQG ZDYHV UHWXUQLQJ WR
WKH HTXDWRU KDV EHHQ REVHUYHG EHWZHHQ ����� DQG �����
7KH REVHUYDWLRQV DOVR VKRZ WKDW ZDYHV UHWXUQLQJ WR WKH
HTXDWRU DIWHU WKH PDJQHWRVSKHULFDO UHÀHFWLRQ VWLOO KDYH D
KLJK GHJUHH RI SRODUL]DWLRQ� HYHQ LI WKH\ VWDUWHG WR ORVH WKH
FRKHUHQW VWUXFWXUH RI WKH FKRUXV HOHPHQWV >3DUURW HW DO��
����E@�
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)LJXUH �� 6FDWWHU SORW RI ORFDO PD[LPD RI WKH DPSOLWXGHV RI WKH HOHFWULF ¿HOG ÀXFWXDWLRQV YHUVXV WKH WLPH GHOD\V EHWZHHQ
WKHP� DV REWDLQHG IURP KLJK�UHVROXWLRQ PHDVXUHPHQWV RI FKRUXV RQ �� 0DUFK ����� +LVWRJUDP RI WLPH GHOD\V EHWZHHQ WKH
ORFDO PD[LPD LV SORWWHG E\ WKH JUH\ OLQH ZLWK WKH ULJKW�KDQG VLGH YHUWLFDO VFDOH� )URP >6DQWRO�ÕN HW DO�� ����E@�

87� ������� ������� ������� ������� �������
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)LJXUH �� 'HWDLOHG WLPH�IUHTXHQF\ SRZHU VSHFWURJUDPV RI HOHFWULF ¿HOG ÀXFWXDWLRQV LQ WKH VRXUFH UHJLRQ UHFRUGHG E\ WKH
:%' LQVWUXPHQWV RQ ERDUG WKH IRXU &OXVWHU VSDFHFUDIW RQ $SULO ��� ����� 3DQHOV �D�G� VKRZ GDWD IURP &OXVWHU ����
UHVSHFWLYHO\� $UURZV LQGLFDWH ORFDO I IRU HDFK VSDFHFUDIW� 0DJQHWLF GLSROH ODWLWXGH LV JLYHQ RQ WKH ERWWRP IRU &OXVWHU
�� 5DGLDO GLVWDQFH LV ���� 5 � DQG PDJQHWLF ORFDO WLPH LV ����� K GXULQJ WKLV LQWHUYDO� )URP >6DQWRO�ÕN DQG *XUQHWW� ����@�

�



)LJXUH �� FRRUGLQDWH RI WKH IRXU FRORU�FRGHG &OXVWHU VSDFHFUDIW GXULQJ WKH JHRPDJQHWLF VWRUP RQ 0DUFK ��� �����
DV D IXQFWLRQ RI WLPH� 6LJQ RI WKH SDUDOOHO FRPSRQHQW RI WKH 3R\QWLQJ ÀX[ LV VKRZQ E\ GRZQZDUG DUURZV DWWDFKHG WR WKH
RSHQ V\PEROV� DQG E\ XSZDUG DUURZV ZLWK WKH VROLG V\PEROV� IRU VRXWKZDUG DQG QRUWKZDUG FRPSRQHQWV� UHVSHFWLYHO\�
7KH KDOI�¿OOHG V\PEROV ZLWK QR DUURZV LQGLFDWH WKDW WKH VLJQ FDQQRW EH UHOLDEO\ GHWHUPLQHG� +RUL]RQWDO JUH\ OLQH LV DW
WKH PDJQHWLF HTXDWRU� YHUWLFDO JUH\ OLQH VKRZV WKH WLPH ZKHQ FHQWHU RI PDVV RI WKH IRXU VSDFHFUDIW FURVVHV WKH HTXDWRULDO
SODQH� 6KDGHG DUHDV ERXQG WKH UHJLRQV RI ORZ YDOXHV RI WKH HOHFWURPDJQHWLF SODQDULW\� 3XUSOH OLQH VKRZV WKH FDOFXODWHG
SRVLWLRQ ZKHUH WKH 3R\QWLQJ ÀX[ FKDQJHV LWV VLJQ� )URP >6DQWRO�ÕN HW DO�� ����E@�

���� &RPSDULVRQ RI REVHUYDWLRQV ZLWK QRQOLQHDU
WKHRU\

7KH DERYH GHVFULEHG UHVXOWV RI WKH &OXVWHU SURMHFW SUR�
YLGH DQ LPSRUWDQW IHHGEDFN IRU QRQ�OLQHDU WKHRULHV FRQ�
FHUQLQJ WKH FKRUXV JHQHUDWLRQ PHFKDQLVP� 7KHVH SURS�
HUWLHV RI WKH REVHUYHG FKRUXV HPLVVLRQV DUH FRPSDUHG LQ
>7UDNKWHQJHUWV HW DO�� ����@ ZLWK WKH WKHRUHWLFDO SURSHUWLHV
RI WKH EDFNZDUG ZDYH RVFLOODWRU PHFKDQLVP� $FFRUGLQJ
WR WKLV WKHRU\� D VXFFHVVLRQ RI ZKLVWOHU ZDYH SDFNHWV LV
JHQHUDWHG LQ D VPDOO QHDU�HTXDWRULDO UHJLRQ ZLWK WHPSRUDO
DQG VSDWLDO FKDUDFWHULVWLFV FORVH WR WKRVH REVHUYHG E\ WKH
IRXU &OXVWHU VSDFHFUDIW� $PSOLWXGHV DQG IUHTXHQF\ VSHF�
WUD� DV ZHOO DV G\QDPLFDO IHDWXUHV RI WKH 3R\QWLQJ ÀX[ RI
FKRUXV DUH HVWLPDWHG DQG FRPSDUHG ZLWK WKH &OXVWHU PHD�
VXUHPHQWV� $ JRRG DJUHHPHQW LV IRXQG IRU WKH REVHUYHG
DQG SUHGLFWHG OHQJWKV RI WKH JHQHUDWLRQ UHJLRQ PHDVXUHG
DORQJ WKH PDJQHWLF ¿HOG OLQHV� FKDUDFWHULVWLF SHULRGV RI
VXFFHVVLRQ DQG JOREDO WLPH�IUHTXHQF\ VORSHV RI FKRUXV
ZDYH SDFNHWV� JURZWK UDWHV RI WKH VXEVWUXFWXUH� DQG IRU
VDWXUDWLRQ ZDYH DPSOLWXGHV� $FFRUGLQJ WR WKH EDFNZDUG
ZDYH RVFLOODWRU PRGHO� WKH QRQOLQHDU VWDJH RI FKRUXV JHQ�
HUDWLRQ LV GHWHUPLQHG E\ WUDSSLQJ RI HQHUJHWLF SDUWLFOHV DW
WKH VWHS�OLNH IHDWXUH LQ WKHLU GLVWULEXWLRQ IXQFWLRQ� 7KLV
OHDGV WR ZDYH VLGHEDQG IRUPDWLRQ DW D WLPH VFDOH� ZKLFK
LV� IRU WKH REVHUYHG SODVPD SDUDPHWHUV EHWZHHQ � DQG
�� PV� 7KHUHIRUH� D WHPSRUDO PRGXODWLRQ LQ ZDYH DPSOL�
WXGH FDQ EH H[SHFWHG� DV FRQ¿UPHG E\ WKH UHVXOWV VKRZQ
DERYH�

�� &21&/86,216

:KLVWOHU�PRGH FKRUXV HPLVVLRQV DUH UHFHLYLQJ DQ LQ�
FUHDVHG DWWHQWLRQ LQ FRQQHFWLRQ ZLWK WKH DFFHOHUDWLRQ RI
HQHUJHWLF HOHFWURQV LQ WKH UDGLDWLRQ EHOWV� 7KH FRPSOH�
PHQWDU\ VHW RI ZDYH LQVWUXPHQWV LQ WKH IUDPH RI WKH &OXV�
WHU ZDYH H[SHULPHQW FRQVRUWLXP �:(&� SURYLGHG D VHW RI
LPSRUWDQW UHVXOWV RQ FKRUXV� 1HZ PHDVXUHPHQWV SODQQHG

LQ WKH SHULJHH UHJLRQ RI &OXVWHU RUELWV RI WKH WKH FRP�
LQJ \HDUV FDQ LPSURYH RXU NQRZOHGJH RQ WKRVH LQWHQVH
ZDYHV� 7KLV UHVHDUFK FDQ SURYLGH XV ZLWK WHVWV RI WKH H[�
LVWLQJ WKHRULHV RI WKH FKRUXV VRXUFH PHFKDQLVP DQG SDU�
WLFOH DFFHOHUDWLRQ� DQG IXUWKHU PRWLYDWH WKHRUHWLFDO ZRUN�
6WXGLHV ZLOO EH GRQH LQ FROODERUDWLRQ ZLWK RWKHU ZDYH DQG
SDUWLFOH LQVWUXPHQWV RQ ERDUG &OXVWHU� 0XOWLSRLQW VWXG�
LHV DUH EHLQJ SODQQHG ZLWK WKH 'RXEOH 6WDU VSDFHFUDIW
ZKLFK URXWLQHO\ GHWHFWV FKRUXV HPLVVLRQV >6DQWRO�ÕN HW DO��
����E@� WKH ORZ DOWLWXGH '(0(7(5 VSDFHFUDIW� DQG ZLWK
WKH JURXQG�EDVHG PHDVXUHPHQWV LQ WKH $QWDUFWLF DQG LQ
$ODVND� 6LPXOWDQHRXV REVHUYDWLRQV E\ PXOWLSOH &OXVWHU
VSDFHFUDIW ZLOO HVWDEOLVK WKH JOREDO SURSHUWLHV RI FKRUXV
GXULQJ PDJQHWLF VWRUPV� VXFK DV WKH RQVHW WLPH DW HDFK
ORFDWLRQ DQG WKH RYHUDOO VSDWLDO YROXPH ZLWKLQ ZKLFK FKR�
UXV LV REVHUYHG� 7KLV LQIRUPDWLRQ LV QHFHVVDU\ LQ RUGHU WR
HYDOXDWH WKH HIIHFWLYHQHVV RI FKRUXV LQ DFFHOHUDWLQJ HOHF�
WURQV WR 0H9 HQHUJLHV�

7KH PHDVXUHPHQWV ZLOO DOORZ XV WR

FKDUDFWHUL]H WKH FKRUXV VRXUFH UHJLRQV �WKHLU VL]H�
UHODWLYH IUDFWLRQ RI FRPSDFW VRXUFHV� VSHHG DQG GL�
UHFWLRQ RI WKHLU PRWLRQ� FLUFXPVWDQFHV XQGHU ZKLFK
WKH PRWLRQ RFFXUV� FRQ¿JXUDWLRQ RI WKH (DUWK¶V PDJ�
QHWLF ¿HOG OLQHV� SUHVHQFH�DEVHQFH RI PXOWLSOH PLQ�
LPD LQ WKH PDJQHWLF ¿HOG��

LQYHVWLJDWH WKH VSHFWUDO FKDUDFWHULVWLFV RI ZDYHV LQ
WKHLU VRXUFH �FKRUXV�KLVV UHODWLRQV DW ODUJH VSDWLDO
DQG WHPSRUDO VFDOHV� JOREDO WLPH�IUHTXHQF\ VWUXF�
WXUH RI ZDYH SDFNHWV DW GLIIHUHQW SRVLWLRQV DQG
WLPH� LQFOXGLQJ OHQJWKV� DPSOLWXGHV� DQG DPSOL¿FD�
WLRQ�GDPSLQJ UDWHV RI WKHLU UHFHQWO\ GLVFRYHUHG LQQHU
VXESDFNHWV��

FRPSDUH ZDYH REVHUYDWLRQV ZLWK PHDVXUHPHQWV RI
WKH HOHFWURQ GLVWULEXWLRQ IXQFWLRQ �DQLVRWURSLHV LQ
SLWFK DQJOH DQG ÀX[ OHYHOV QHFHVVDU\ WR SURGXFH FKR�
UXV ZDYHV� VLJQDWXUHV RI DFFHOHUDWHG HOHFWURQV��

�



LQYHVWLJDWH UHODWLRQVKLS EHWZHHQ VRODU ZLQG G\QDPLF
SUHVVXUH DQG FKRUXV LQWHQVLW\ REVHUYHG LQ VSDFH DQG
RQ WKH JURXQG �FRUUHODWLRQ EHWZHHQ WKH REVHUYD�
WLRQV RI WKH &OXVWHU DQG 'RXEOH 6WDU VSDFHFUDIW DW
KLJK DOWLWXGHV� WKH '(0(7(5 VSDFHFUDIW DW ORZ DO�
WLWXGHV DQG D FKDLQV RI JURXQG�EDVHG REVHUYDWRULHV
LQ WKH $QWDUFWLF DQG $ODVND� WLPH RI RQVHW RI FKRUXV
DW WKHVH GLIIHUHQW ORFDWLRQV GXULQJ VXGGHQ LQFUHDVHV
LQ G\QDPLF SUHVVXUH� RYHUDOO VSDWLDO YROXPH ZLWKLQ
ZKLFK FKRUXV LV REVHUYHG GXULQJ PDJQHWLF VWRUPV
DQG GLVWULEXWLRQ RI ZDYH LQWHQVLWLHV��

$&.12:/('*0(176

:H DFNQRZOHGJH GLVFXVVLRQV RI WKH 67$)) GDWD ZLWK
&� +DUYH\� 0� 0DNVLPRYLF� DQG <� GH &RQFK\� :H WKDQN
3� '�HFU�HDX DQG 3� &DQX IRU HVWLPDWLQJ WKH SODVPD GHQVLW\
IURP WKH GDWD RI WKH :KLVSHU H[SHULPHQW� :H DFNQRZO�
HGJH GLVFXVVLRQV ZLWK 8� 6� ,QDQ� 9� <� 7UDNKWHQJHUWV� DQG
$� *� 'HPHNKRY� 7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1$6$
*RGGDUG 6SDFH )OLJKW &HQWHU XQGHU *UDQWV 1R� 1$*��
���� DQG 1R� 11*��*%��*� DQG E\ WKH (6$ 3(&6
FRQWUDFW 1R� ������

5()(5(1&(6

%XUWLV� :� -�� DQG 5� $� +HOOLZHOO� 0DJQHWRVSKHULF FKR�
UXV� 2FFXUUHQFH SDWWHUHQV DQG QRUPDOL]HG IUHTXHQF\�
3ODQHW� 6SDFH 6FL�� ��� ����±����� �����

%XUWRQ� 5� .�� DQG 5� (� +RO]HU� 7KH RULJLQ DQG SURSDJD�
WLRQ RI FKRUXV LQ WKH RXWHU PDJQHWRVSKHUH� -� *HRSK\V�
5HV�� ��� ����±����� �����

&RUQLOOHDX�:HKUOLQ� 1�� HW DO�� )LUVW UHVXOWV REWDLQHG E\
WKH &OXVWHU 67$)) H[SHULPHQW� $QQ� *HRSK\V�� ���
���±���� �����

'�HFU�HDX� 3� 0� (�� HW DO�� (DUO\ UHVXOWV IURP WKH :KLVSHU
LQVWUXPHQW RQ &OXVWHU� DQ RYHUYLHZ� $QQ� *HRSK\V��
��� ����±����� �����

(VFRXEHW� &� 3�� 5� 6FKPLGW� DQG 0� /� *ROGVWHLQ� &OXVWHU
� 6FLHQFH DQG 0LVVLRQ 2YHUYLHZ� 6SDFH 6FLHQFH 5H�
YLHZV� ��� ��±��� �����

*XUQHWW� '� $�� HW DO�� )LUVW UHVXOWV IURP WKH &OXVWHU ZLGH�
EDQG SODVPD ZDYH LQYHVWLJDWLRQ� $QQ� *HRSK\V�� ���
����±����� �����

+HOOLZHOO� 5� $�� $ WKHRU\ RI GLVFUHWH HPLVVLRQV IURP
WKH PDJQHWRVSKHUH� -� *HRSK\V� 5HV�� ��� ����±�����
�����

+RUQH� 5� %�� 6� $� *ODXHUW� DQG 5� 0� 7KRUQH� 5HVR�
QDQW GLIIXVLRQ RI UDGLDWLRQ EHOW HOHFWURQV E\ ZKLVWOHU�
PRGH FKRUXV� *HRSK\V� 5HV� /HWW�� ������ ����� GRL�
������������*/������� �����

,QDQ� 8� 6�� 0� 3ODWLQR� 7� )� %HOO� '� $� *XUQHWW� DQG
-� 6� 3LFNHWW� &OXVWHU PHDVXUHPHQWV RI UDSLGO\ PRY�
LQJ VRXUFHV RI (/)�9/) FKRUXV� -� *HRSK\V� 5HV�� ����
$������ GRL�������������-$������� �����

.HQQHO� &� )�� DQG +� (� 3HWVFKHN� /LPLW RQ VWDEOH WUDSSHG
SDUWLFOH ÀX[HV� -� *HRSK\V� 5HV�� ��� �±��� �����

.RRQV� +� &�� DQG -� /� 5RHGHU� $ VXUYH\ RI HTXDWRULDO
PDJQHWRVSKHULF ZDYH DFWLYLW\ EHWZHHQ � DQG � 5 �
3ODQHW� 6SDFH� 6FL�� ������� ����±����� �����

/DXEHQ� '� 6�� 8� 6� ,QDQ� 7� )� %HOO� DQG '� $� *XUQHWW�
6RXUFH FKDUDFWHULVWLFV RI (/)�9/) FKRUXV� -� *HRSK\V�
5HV�� ����$���� ����� GRL�������������-$�������
�����

/H'RFT� 0� -�� '� $� *XUQHWW� DQG *� %� +RVSRGDUVN\�
&KRUXV VRXUFH ORFDWLRQV IURP 9/) 3R\QWLQJ ÀX[ PHD�
VXUHPHQWV ZLWK WKH 3RODU VSDFHFUDIW� *HRSK\V� 5HV�
/HWW�� ��� ����±����� �����

0HUHGLWK� 1� 3�� 5� %� +RUQH� DQG 5� 5� $QGHUVRQ� 6XE�
VWRUP GHSHQGHQFH RI FKRUXV DPSOLWXGHV� ,PSOLFDWLRQV
IRU WKH DFFHOHUDWLRQ RI HOHFWURQV WR UHODWLYLVWLF HQHUJLHV�
-� *HRSK\V� 5HV�� ����$��� ������±������� �����

0HUHGLWK� 1� 3�� 0� &DLQ� 5� %� +RUQH� 5� 0� 7KRUQH�
'� 6XPPHUV� DQG 5� 5� $QGHUVRQ� (YLGHQFH IRU
FKRUXV�GULYHQ HOHFWURQ DFFHOHUDWLRQ WR UHODWLYLVWLF HQ�
HUJLHV IURP D VXUYH\ RI JHRPDJQHWLFDOO\ GLVWXUEHG
SHULRGV� -� *HRSK\V� 5HV�� ����$��� ����� GRL�
������������-$������� �����

1XQQ� '�� <� 2PXUD� +� 0DWVXPRWR� ,� 1DJDQR� DQG
6� <DJLWDQL� 7KH QXPHULFDO VLPXODWLRQ RI 9/) FKRUXV
DQG GLVFUHWH HPLVVLRQV REVHUYHG RQ WKH *HRWDLO VDWHO�
OLWH XVLQJ D 9ODVRY FRGH� -� *HRSK\V� 5HV�� ����$����
������±������� �����

2PXUD� <�� '� 1XQQ� +� 0DWVXPRWR� DQG 0� -� 5\FURIW�
$ UHYLHZ RI REVHUYDWLRQDO� WKHRUHWLFDO DQG QXPHULFDO
VWXGLHV RI 9/) WULJJHUHG HPLVVLRQV� -� $WPRV� DQG 7HUU�
3K\V�� ��� ���±���� �����

3DUURW� 0�� 2� 6DQWRO�ÕN� 1� &RUQLOOHDX�:HKUOLQ� 0� 0DN�
VLPRYLF� DQG &� +DUYH\� 6RXUFH ORFDWLRQ RI FKRUXV
HPLVVLRQV REVHUYHG E\ &OXVWHU� $QQ� *HRSK\V�� ���
���±���� �����

3DUURW� 0�� 2� 6DQWRO�ÕN� 1� &RUQLOOHDX�:HKUOLQ� 0� 0DN�
VLPRYLF� DQG &� +DUYH\� 0DJQHWRVSKHULFDOO\ UHÀHFWHG
FKRUXV ZDYHV UHYHDOHG E\ UD\ WUDFLQJ ZLWK &OXVWHU GDWD�
$QQ� *HRSK\V�� ��� ����±����� ����D�

3DUURW� 0�� 2� 6DQWRO�ÕN� '� *XUQHWW� -� 3LFNHWW� DQG
1� &RUQLOOHDX�:HKUOLQ� &KDUDFWHULVWLFV RI PDJQHWR�
VSKHULFDOO\ UHÀHFWHG FKRUXV ZDYHV REVHUYHG E\ &OXV�
WHU� $QQ� *HRSK\V�� ��� ����±����� ����E�

6DQWRO�ÕN� 2�� DQG '� $� *XUQHWW� 7UDQVYHUVH GLPHQVLRQV
RI FKRUXV LQ WKH VRXUFH UHJLRQ� *HRSK\V� 5HV� /HWW��
������ ����� GRL�������������*/������� �����

6DQWRO�ÕN� 2�� '� $� *XUQHWW� -� 6� 3LFNHWW� 0� 3DUURW� DQG
1� &RUQLOOHDX�:HKUOLQ� 6SDWLR�WHPSRUDO VWUXFWXUH RI
VWRUP�WLPH FKRUXV� -� *HRSK\V� 5HV�� ����$��� �����
GRL�������������-$������� �����

6DQWRO�ÕN� 2�� '� $� *XUQHWW� DQG -� 6� 3LFNHWW� 0XOWLSRLQW
LQYHVWLJDWLRQ RI WKH VRXUFH UHJLRQ RI VWRUP�WLPH FKR�
UXV� $QQ� *HRSK\V�� ��� ����±����� ����D�

6DQWRO�ÕN� 2�� '� $� *XUQHWW� -� 6� 3LFNHWW� 0� 3DU�
URW� DQG 1� &RUQLOOHDX�:HKUOLQ� $ PLFURVFRSLF DQG
QDQRVFRSLF YLHZ RI VWRUP�WLPH FKRUXV RQ �� 0DUFK
����� *HRSK\V� 5HV� /HWW�� ������ /������ GRL�
������������*/������� ����E�

�



6DQWRO�ÕN� 2�� '� $� *XUQHWW� -� 6� 3LFNHWW� 0� 3DUURW� DQG
1� &RUQLOOHDX�:HKUOLQ� &HQWUDO SRVLWLRQ RI WKH VRXUFH
UHJLRQ RI VWRUP�WLPH FKRUXV� 3ODQHW� 6SDFH 6FL�� ���
���±���� ����D�

6DQWRO�ÕN� 2�� (� 0DFXVRYD� .� +� <HDUE\� 1� &RUQLOOHDX�
:HKUOLQ� DQG +� 6� .� $OOH\QH� 5DGLDO YDULDWLRQ
RI ZKLVWOHU�PRGH FKRUXV� )LUVW UHVXOWV IURP WKH
67$))�':3 LQVWUXPHQW RQERDUG WKH 'RXEOH 6WDU 7&
� VSDFHFUDIW� $QQDOHV *HRSK\VLFDH� LQ SUHVV� ����E�

6D]KLQ� 6� 6�� DQG 0� +D\DNDZD� 0DJQHWRVSKHULF FKRUXV
HPLVVLRQV� $ UHYLHZ� 3ODQHW� 6SDFH 6FL�� ��� ���±����
�����

6WRUH\� /� 5� 2�� $Q LQYHVWLJDWLRQ RI ZKLVWOLQJ DWPRVSKHU�
LFV� 3KLO� 7UDQV� 5R\� 6RF� /RQGRQ� $���� ���±����
�����

7UDNKWHQJHUWV� 9�� $ JHQHUDWLRQ PHFKDQLVP IRU FKRUXV
HPLVVLRQ� $QQ� *HRSK\V�� ��� ��±���� �����

7UDNKWHQJHUWV� 9� <�� $� *� 'HPHNKRY� (� (� 7LWRYD� %� 9�
.R]HORY� 2� 6DQWROLN� '� *XUQHWW� DQG 0� 3DUURW� ,QWHU�
SUHWDWLRQ RI &OXVWHU GDWD RQ FKRUXV HPLVVLRQV XVLQJ WKH
EDFNZDUG ZDYH RVFLOODWRU PRGHO� 3K\V� 3ODVPDV� ���
����±����� �����

�


