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SKRWR�� �*D$V�� &G7H�� DQG� WKHUPRYROWDLFV
�*D6E��� KLJK�SRZHU� HOHFWURQLFV� �6L&�� *D1�
$O1��� 89��� ,5�� DQG� J�UDGLDWLRQ� GHWHFWLRQ
�*D1��,Q6E��*D$V��&G7H��HWF��1RZDGD\V�WKH
GLUHFW�EDQG�JDS�RI�,Q1�ZDV�GHWHUPLQHG�WR�EH
d�� H9� ����Ü����� H9�� PDNLQJ� WKLV� PDWHULDO
DOVR� DWWUDFWLYH� IRU� RSWLFDO� GDWD� WUDQVIHU�
7DEOH�FRPSLOHV� VRPH� LPSRUWDQW� SURSHUWLHV
DQG� DSSOLFDWLRQV� RI� VHOHFWHG� VHPLFRQGXFWRU
FRPSRXQGV��)RU�PRUH�GHWDLOHG� LQIRUPDWLRQV
WKH� MXVW� SXEOLVKHG� FRPSHQGLXPV� RI� &DSSHU
HW�DO��>�@�DQG�2GD�>�@�DUH�UHFRPPHQGHG��
1RZ� DV� EHIRUH�� WKH� HSLWD[LDO� SURFHVVHV

IRU� GHYLFH� SURGXFWLRQ� UHTXLUH� KLJK�TXDOLW\
VXEVWUDWH�FU\VWDOV��*D$V�LV�VWLOO�LQ�D�OHDGLQJ
SRVLWLRQ�� 7KH� WRGD\� ZRUOGZLGH� SURGXFWLRQ
FDSDFLW\� RI� VHPLFRQGXFWLQJ� �6&�� DQG� VHPL�
LQVXODWLQJ� �6,�� *D$V� ZDIHUV� \LHOGV� DERXW
��������NFP�� LQFUHDVLQJ� E\� D� IDFWRU� RI� a�
XS� WR� ������ 'XH� WR� WKH� PRUH� FRPSOLFDWHG
PDWHULDO�SDUDPHWHUV�WKH�VKDUH�RI�,Q3�ZDIHUV
DPRXQWV� WR� ����� NFP�� RQO\�� +LJK� JURZWK
UDWHV�DUH�H[SHFWHG�IRU�*D6E�XVHG�LQ�WKHUPR�
YROWDLF� DQG� ,5�GHWHFWLRQ� GHYLFHV�� ,QGXVWUL�
DOO\��6,�*D$V�FU\VWDOV�ZLWK�GLDPHWHUV�XS�WR
���� PP� DUH� JURZQ� IURP� WKH� PHOW� E\� WKH
/LTXLG� (QFDSVXODWHG� &]RFKUDOVNL� �/(&�� DQG
9HUWLFDO� *UDGLHQW� )UHH]H� �9*)�� PHWKRGV�
5HFHQWO\�� IRU� ERWK� WHFKQLTXHV� WKH� SULQFLSDO
PDVWHULQJ�RI�����PP�GLDPHWHU�ZDV�GHPRQ�
VWUDWHG� VXFFHVVIXOO\� >�@��$OVR� ,Q3��*D3� DQG
*D6E� FU\VWDOV� DUH� JURZLQJ� E\� /(&� DQG
9*)��'LDPHWHUV�XS�WR�����PP�DUH�UHSRUWHG
IRU� ,Q3� FU\VWDOV� >�@�� $W� ,.=�%HUOLQ� WKH� YD�
SRXU� SUHVVXUH� FRQWUROOHG� &]RFKUDOVNL� �9&]�
JURZWK�RI�*D$V� FU\VWDOV�ZLWK�GLDPHWHUV�XS
WR�����PP�HYHQ�ZLWKRXW�ERULF�R[LGH�HQFDS�
VXODQW� ZDV� IXUWKHU� GHYHORSHG�� *HQHUDOO\�
GXULQJ� WKH� ODVW� WHQ� \HDUV� D� UHSODFH� RI� WKH
/(&�E\�9*)� LV�UXQQLQJ��7KLV� LV�GXH�WR�WKH
EHWWHU� FRQWURO� RI�PHOW� FRQYHFWLRQ��XQLD[LDO�
LW\� DQG� KRPRJHQHLW\� RI� WKH� KHDW� WUDQVIHU�
)RU� LQVWDQFH�� �Ü��LQFK�&G7H� DQG� �&G�=Q�7H
FU\VWDOV� DUH� H[FOXVLYHO\� JURZQ� E\� XQLGLUHF�
WLRQDO� VROLGLILFDWLRQ� PHWKRGV� OLNH� YHUWLFDO
%ULGJPDQ��9%��DQG�9*)�>�������@��
7KH�IDYRXUDEOH�ZLGH�JDS�FKDUDFWHULVWLFV�RI

6L&��*D1��$O1�DQG�=Q2�PDNH�WKHVH�PDWHULDOV
RI�LQFUHDVLQJ� LQWHUHVW�IRU�EOXH�DQG�XOWUD�YLR�
OHW� �89�� ZDYH� UHJLRQV��+RZHYHU�� GXH� WR� WKH
KLJK�PHOWLQJ� SRLQWV� DQG� FRPSRQHQW�GLVVRFLD�
WLRQ� DOWHUQDWLYH� JURZWK� WHFKQLTXHV� IURP� YD�
SRXU�RU�VROXWLRQ�DUH�XQGHU�GHYHORSPHQW��)RU
6L&� FU\VWDOV� ZLWK� GLDPHWHUV� RI� ��Ü����PP
WKH� PRGLILHG� /HY\� PHWKRG� RI� SK\VLFDO� YD�
SRXU�SKDVH�GHSRVLWLRQ��39'��ZDV�EURXJKW�WR
LQGXVWULDO�PDWXULW\�>�@��7RGD\��6L&�KROGV�WKH
VHFRQG� SODFH� LQ� WXUQ� RXW� DIWHU� *D$V�
:RUOGZLGH� QHDUO\� �� ���� NFP�� RI� WKH� �+

W\SH�DQG�RYHU�����NFP��RI�WKH��+�W\SH�DUH
SURGXFHG�� 1LWULGHV� DUH� JURZQ� IURP� KLJK�
SUHVVXUH� IOX[HV�� ORZ�SUHVVXUH� VROXWLRQV� RU
E\� PHWDO� KDOLGH� YDSRXU� SKDVH� HSLWD[\
�+93(�� DQG� HSLWD[LDO� OD\HU� RYHUJURZWK
�(/2*��WR�REWDLQ�IUHH�VWDQGLQJ�WKLFN�OD\HUV�
$OVR�WKH�GLUHFW�V\QWKHVLV�IURP�YDSRXU�SKDVH
XQGHU� 1+�� IORZ� RQ� DOWHUQDWLYH� RU� QDWLYHVXEVWUDWHV� LV� FDUULHG� RXW�� 5HFRPPHQGDEOH
RYHUYLHZV�DERXW�WKH�FXUUHQW�VWDWH�RI�WKH�DUW
RI�EXON�QLWULGH�JURZWK�DUH�JLYHQ�E\�'HQLV�HW
DO�� >�@� DQG�E\� D� VSHFLDO� LVVXH�RI�-RXUQDO�RI
&U\VWDO�*URZWK� >�@��$OWKRXJK�WKH� ORZ�FU\V�
WDO� JURZWK� UDWHV� IURP� YDSRXU� DQG� VROXWLRQ
LQ� ILYH� \HDUV� D� UHPDUNDEOH� \LHOG� RI� WKH� QL�
WULGH� EXON� SURGXFWLRQ� RYHU� VRPH� KXQGUHG
NFP��FDQ�EH�DSSUR[LPDWHG��)RU�*D1�D�VKDUH
LQFUHDVH� IURP� WRGD\� a��� NFP�� XS� WR� DERXW
����NFP�� LQ� ����� LV� H[SHFWHG�� $ERXW
���NFP�� ZLOO� EH� WKH� QHHG� IRU� $O1�� =Q2� LV
PDLQO\� SHUIRUPHG� E\� WKH� K\GURWKHUPDO
PHWKRG�RU�E\�WKH�VR�FDOOHG�SUHVVXUL]HG�PHOW
JURZWK��%XW�DOVR�WKH�YHUWLFDO�%ULGJPDQ�JURZWK
LQ� LULGLXP� FUXFLEOHV�ZDV� UHFHQWO\� VXFFHVVIXOO\
GHPRQVWUDWHG�DW�WKH�,.=�%HUOLQ�>��@��
2QH� FDQ� VD\�PHDQZKLOH� WKH� EXON� FU\VWDO

JURZWK� RI� VHPLFRQGXFWRU� FRPSRXQGV�� HVSH�
FLDOO\� RI� WKH� ,,,�9V�� UHDFKHG� D� UHODWLYHO\
KLJK�GHJUHH� RI� SURVSHULW\��0RVW� WHFKQRORJLHV
DUH� DOUHDG\� WUDQVODWHG� IURP� ODERUDWRU\� VWDJH
WR� LQGXVWULDO� VFDOH� DQG� W\SLFDO� HFRQRPLF� SD�
UDPHWHUV� FRPH� QRZ� WR� WKH� IRUH�� VXFK� DV� LQ�
FUHDVH�RI�RXWSXW�DQG�UHGXFWLRQ�RI�FRVWV��
+RZHYHU��GHVSLWH�RI�JUHDW�VXFFHVV�GXULQJ

WKH�ODVW�GHFDGH�WKHUH�DUH�VRPH�IXQGDPHQWDO
SUREOHPV�WR�EH�VWLOO�VROYHG��)RU�LQVWDQFH��DW
WKH� PHOW� JURZWK� WKH� IROORZLQJ� LVVXHV� PXVW
EH�GRQH�WR�WKH�SRLQW�RI�SHUIHFWLRQ���
Û�PRUH� FDUHIXO� FRQVLGHUDWLRQ� DQG� RYHU�

FRPLQJ�RI�WKH�PHOW�VWUXFWXULQJ��HYHQ�DW�PD�
WHULDOV�ZLWK�KLJK�LRQLFLW\��&G7H��=Q6H��,Q3��
WKDW�PD\�DIIHFW�WKH�JURZWK�NLQHWLFV�
Û�GDPSLQJ�RI�FRQYHFWLYH�RVFLOODWLRQV�DQG

WXUEXOHQFHV�LQ�WKH�PHOW�LQ�RUGHU�WR�LPSURYH
WKH� FKHPLFDO�PLFUR�KRPRJHQHLW\� DQG� VWDELO�
LW\�RI�WKH�JURZLQJ�LQWHUIDFH��
Û�LQ�VLWX�FRQWURO�RI�VWRLFKLRPHWU\�HQVXU�

LQJ�WKH�PLQLPXP�LQWULQVLF�SRLQW�GHIHFW�FRQ�
FHQWUDWLRQV�DQG�SUHFLSLWDWH�FRQWHQWV��H�J��7H
LQ�&G7H��$V�LQ�*D$V��
Û� FRQWURO� RI� WKH� FROOHFWLYH� UHDUUDQJH�

PHQWV� RI� GLVORFDWLRQV� LQWR� FHOOXODU� VWUXF�
WXUHV�DQG�EXQGOHV��GULYHQ�E\�WKHUPR�HODVWLF
VWUHVV�DQG�VHOI�DVVHPEOLQJ�
Û�SUHYHQWLRQ�RI�WZLQQLQJ�DORQJ�JURZLQJ

^���`� IDFHWV� DV� YHU\� SUREOHPDWLF� GUDZEDFN
IRU� PDWHULDOV� ZLWK� ORZ� VWDFNLQJ� IDXOW� HQ�
HUJ\��OLNH� ,Q3�DQG�&G7H�
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Û� LQWURGXFWLRQ� RI� PRGHUQ� SURFHVV� FRQ�
WURO�V\VWHPV�IRU�GLDPHWHU�DQG�LQWHUIDFH�VWD�
ELOLVDWLRQ�E\�XVLQJ�RI�PRGHO�EDVHG�IHHG�EDFN
SULQFLSOH���
,W� LV� WKH� DLP� RI� WKH� SUHVHQW� SDSHU� WR

GLVFXVV� WKHVH� SRLQWV� VRPHZKDW� PRUH� LQ� GH�
WDLO�DQG�VKRZ�SRVVLEOH�PHDVXUHV�EHLQJ�XQGHU
GHYHORSPHQW� DW� ,.=� %HUOLQ�� ,W� ZLOO� EH� VHHQ
WKDW� RIWHQ� WKH� FRPELQDWLRQ� RI� WZR� RU�PRUH
SUHFRQGLWLRQV�DUH�UHTXLUHG�IRU�GHSUHVVLRQ�RI
RQH� KDUPIXO� HIIHFW�� )RU� LQVWDQFH�� WZLQQLQJ
FDQ�EH�PLQLPL]HG�RQO\�ZKHQ�ERWK�FRQYHFWLRQ
GDPSLQJ� DQG� FDUHIXO� JURZWK� UDWH� FRQWURO
DUH� HVWDEOLVKHG�� $V� D� UHVXOW� RI� WKH� SUHVHQW
VWXG\�DULVHV� WKH�TXHVWLRQ� LV� WKHUH�DQ\�KRSH
RI�GLVORFDWLRQ�IUHH�JURZWK�RI�VHPLFRQGXFWRU
FRPSRXQGV� LQ� IXWXUH"� )LQDOO\�� VRPH� QHZHU
UHVXOWV� RI�*D1�� $O1� DQG� =Q2� EXON� JURZWK
DUH�DGGHG�

���7KH��VWUXFWXUH��RI�WKH�PHOW
2QH� RI� WKH� PRVW� H[FLWLQJ� TXHVWLRQV

ZLWKLQ�WKH�IUDPHZRUN�RI�FU\VWDOOL]DWLRQ�WKH�
RU\� LV�� KRZ� GRHV� D� QHDUO\� SHUIHFW� FU\VWDO
VWUXFWXUH� IRUP� IURP� D� QRQ�VWHDG\� GLVRU�
GHUHG� IOXLG� SKDVH"� ,Q� PDUNHGO\� GLOXWHG
PRWKHU�SKDVHV�� OLNH�YDSRXU� DQG�PDQ\� VROX�
WLRQV�� ZKHUH� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH
FU\VWDO�EXLOGLQJ�DWRPV�DQG�PROHFXOHV�FDQ�EH
QHJOHFWHG��QDPHG�FRPSOHWHO\�GLVVRFLDWHG�IOX�
LGV��WKH�VLWXDWLRQ�LV�IDLUO\�REYLRXV��$V�LW� LV
FRQVLGHUHG�E\�WKH�WKHRU\�RI�%XUWRQ��&DEUHUD
DQG�)UDQN��%&)��LQ�VXFK�FDVH�WKH�ERXQGDU\
EHWZHHQ� IOXLG� SKDVH� DQG� FU\VWDO� FDQ� EH
WUHDWHG�DV�D�ORFDOL]HG�LQWHUIDFH��7KH�LVRODWHG
DWRPV� RU� PROHFXOHV� DUULYH� IURP� WKH� JDV� RU
VROXWLRQ�� PRYH� DORQJ� WKH� JURZLQJ� FU\VWDO
VXUIDFH� E\� GLIIXVLRQ� XQWLO� DQ� HQHUJHWLFDOO\
IDYRXUHG� GRFN� �NLQN�� SRVLWLRQ� RQ� WKH� RU�
GHUHG�FU\VWDO�VXUIDFH�LV�UHDFKHG��2WKHUZLVH�
LI�VXFK�VLWHV�RI� LQFRUSRUDWLRQ�DUH�QRW�GHOLY�
HUHG� ZLWKLQ� WKH� GLIIXVLRQ� OHQJWK� WKH\� GR
OHDYH� WKH� VXUIDFH� DJDLQ�� &ORVH� WR� HTXLOLE�
ULXP� FRQGLWLRQV� VXFK� DWRPLVWLF� FKURQRORJ\
JXDUDQWHHV� D� ZHOO�RUGHUHG� SKDVH� WUDQVLWLRQ
DQG� LQKLELWV� WKH� IRUPDWLRQ� RI� KLJK�GLPHQ�
VLRQHG� GHIHFWV�� 2I� FRXUVH�� ZLWK� LQFUHDVLQJ
GHYLDWLRQ� IURP� HTXLOLEULXP� WKH� PHWDVWDEOH
LQFRUSRUDWLRQ�SUREDELOLW\�RI�SRLQW�GHIHFWV�LV
HQKDQFHG��
,Q�PHOW�JURZWK�WKH�VLWXDWLRQ�LV�PRUH�GLI�

ILFXOW� GXH� WR� WKH� YHU\� VPDOO� GLIIHUHQFH� LQ
GHQVLWLHV�EHWZHHQ�IOXLG�DQG�VROLG�SKDVHV��(V�
SHFLDOO\��ZKDW�KDSSHQV�ZKHQ�DVVRFLDWHG�PHOW
VWUXFWXUHV� DUH� SUHVHQWHG"� $V� LW� LV� ZHOO
NQRZQ��PDWHULDOV�ZLWK�KLJK�GHJUHH�RI�LRQLF�
LW\� LQ� WKH� ERQG� HQHUJ\� WHQG� WR� SUHVHUYH� D
VSDWLDO�VWUXFWXULQJ�ZLWKLQ�WKH�PROWHQ�VWDWH�
)RU� LQVWDQFH�� VXFK� VXEVWDQFHV� DUH� WKH� $,,±

%9,� FRPSRXQGV� OLNH�&G7H��=Q7H��=Q6H� DQG
=Q2�ZLWK�LRQLFLWLHV�RYHU�������7DEOH���%RWK
DE� LQLWLR� PROHFXODU� G\QDPLFV� VLPXODWLRQ
>��@� DQG� QHXWURQ� GLIIUDFWLRQ� DQDO\VLV� >��@
UHYHDOHG� LQ�ORZ�VXSHUKHDWHG�PHOWV�WKH�SUHV�
HUYDWLRQ� RI� ORFDO� HQYLURQPHQWV� VLPLODU� WR
WKH� ]LQFEOHQGH� ZKHUH� HDFK� DWRP� LV� VXU�
URXQGHG�E\�D�GLVWRUWHG�WHWUDKHGURQ�RI�DWRPV
RI�WKH�RWKHU�W\SH��$V�D�UHVXOW�WKH�GHJUHH�RI
DVVRFLDWLRQ�\LHOGV�PRUH�WKDQ������WKDW�GLI�
IHUV�PDUNHGO\�IURP�$,,,±%9�FRPSRXQGV��OLNH
*D$V�� ZKLFK� GLVVRFLDWHV� LQWR� VHSDUDWHG� $
DQG�%�DWRPV��$OVR�IURP�RYHUKHDWLQJ�XQGHU�
FRROLQJ� H[SHULPHQWV� RQ� &G7H� ZDV� IRXQG
WKDW� XQWLO� D� FULWLFDO� WHPSHUDWXUH� RYHU� WKH
PHOWLQJ� SRLQW� 7P� QHDUO\� QR� XQGHUFRROLQJIRU� JHQHUDWLRQ� RI� QXFOHL� LV� UHTXLUHG�� 2QO\
ZKHQ� WKH� PHOW� ZDV� RYHUKHDWHG� PRUH� WKDQ
��Ü��� .� �LQ� =Q6H� RYHU� ��Ü��� .� >��@�� WKH
XQGHUFRROLQJ� LQFUHDVHG� PDUNHGO\� >��Ü��@�
2QH�FDQ�DVVXPH�WKDW�VXFK��VWUXFWXUHG��PHOW
GRHV� LQIOXHQFH� WKH� JURZWK� NLQHWLFV� DQG�
WKHUHIRUH��HQKDQFH�GHIHFW�GHQVLW\��7KH�GDQ�
JHU�RI�ZURQJ�GRFNLQJ�RI�PLVRULHQWHG�VWUXF�
WXUDO�FRPSOH[HV�LV�KLJK�
,Q�IDFW��XQWLO�WRGD\�WKH�JURZWK�RI�$,,±%9,

FU\VWDOV� IURP�PHOW�ZLWK�TXDOLW\�FRPSDUDEOH
WR�$,,,±%9� FU\VWDOV� LV� VWLOO� IDLOLQJ�� ,Q�&G7H
DQG�=Q6H�5XGROSK�HW�DO��>��Ü��@�REVHUYHG�D
FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�SRO\FU\V�
WDOOLQH�JUDLQV�DQG�GHJUHH�RI�PHOW�VXSHUKHDW�
LQJ�� 7KH� KLJKHU� WKH� PHOW� WHPSHUDWXUH� DQG
LWV� KROGLQJ� WLPH� EHIRUH� WKH� JURZWK� LV
VWDUWHG�WKH�EHWWHU�LV�WKH�TXDOLW\�RI�WKH�PDLQ
FU\VWDO�ERG\��7KLV�GHSHQGHQFH�ZDV�DOVR�FRQ�
ILUPHG� E\� IXUWKHU� DXWKRUV� �H�J�� UHI�� >��@��
+HQFH�� IRU�DFKLHYHPHQW�RI�RSWLPXP�FU\VWDO
TXDOLW\� RI� FRPSRXQGV� ZLWK� KLJK� LRQLFLW\� D
SURSHU� SUH�WUHDWPHQW� RI� WKH� OLTXLG� VWDWH� E\
WHPSHUDWXUH�DQG�WLPH�LV�UHTXLUHG��5HFHQWO\�
WKH�DXWKRU�DQG�D�FRRSHUDWLQJ�WHDP�IURP�0D�
GULG� FDUULHG� RXW� WKH� JURZWK� RI�&G7H� FU\V�
WDOV�E\�D�PRGLILHG�%ULGJPDQ�WHFKQLTXH�ZLWK
D�WXUQLQJ�IXUQDFH�>��@��)LJ������,W�DOORZV�WKH
DGMXVWPHQW� RI� GLIIHUHQW� GHJUHHV� RI� VXSHU�
KHDWLQJ� RI� WKH� PHOW� EHIRUH� WKH� FU\VWDO�
OL]DWLRQ�SURFHVV��7KLV�LV�DFKLHYHG�E\�VHSDUD�
WLRQ� RI� WKH� RYHUKHDWHG� PHOW� IURP� WKH� VHHG
FU\VWDO��2QO\� DIWHU� WKH�PHOW� WHPSHUDWXUH� LV
DJDLQ� UHGXFHG� WRZDUGV� PHOWLQJ� SRLQW� WKH
IXUQDFH� LV� WXUQHG� LQWR� JURZWK� SRVLWLRQ� VR
WKDW�WKH�IRUPHUO\�VXSHUKHDWHG�PHOW�FRQWDFWV
WKH� VHHG� DQG� WKH� FU\VWDOOL]DWLRQ� LV� VWDUWHG�
$IWHU�ILUVW�H[SHULPHQWV�D�PRGHUDWH�SRVLWLYH
HIIHFW�RQ� WKH� VWUXFWXUDO� FU\VWDO�TXDOLW\�ZDV
REVHUYHG�� $� UHGXFHG� QXPEHU� RI� JUDLQ
ERXQGDULHV��SUHFLSLWDWH� FRQWHQW�DQG�GLVORFD�
WLRQ� GHQVLW\� ZHUH� DFKLHYHG�� 7KH� LQYHVWLJD�
WLRQV�ZLOO�EH�FRQWLQXHG�
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���&RQWURO�RI�PHOW�FRQYHFWLRQ�
,QFUHDVLQJ�PHOW� FROXPQV� DV� SUHFRQGLWLRQ

IRU� JURZWK� RI� ORQJHU� FU\VWDOV� ZLWK� GLDPH�
WHUV� RI� ���Ü���� PP� QHHG� ILUVW� RI� DOO� WKH
SURSHU� FRQWURO� RI� LQFUHDVLQJ� QRQ�VWHDG\
IORZV� ZLWKLQ� WKH� KXJH� PHOW� YROXPHV�� $F�
FRUGLQJ� WKH� UHODWLRQ�EHWZHHQ�5D\OHLJKW� DQG
7D\ORU�QXPEHUV�� L�H�� EHWZHHQ�EXR\DQF\� DQG
DUWLILFLDO��URWDWLRQDO��FRQYHFWLRQ��WKH�5RVVE\
VWDELOLW\�FULWHULRQ� >��@� LV�QRW�PRUH�IXOILOOHG
LQ� ,,,Ü9� /(&� DUUDQJHPHQWV� ZLWK� PHOW
KHLJKWV� t���� PP� �)LJ������ 6WURQJ� FRQYHF�
WLRQ� IORZ�GHQVLWLHV�RI� VRPH�KXQGUHG�1�PÜ�
DQG� WHPSHUDWXUH� RVFLOODWLRQV� RYHU� r���&
PDNH� WKH� VWDEOH� JURZWK� RI� VLQJOH� FU\VWDOV
YHU\� GLIILFXOW�� 1RW� VR� FULWLFDO� LV� WKH� VLWX�
DWLRQ�LQ�D�9*)�V\VWHP�ZLWK�VWDEOH�WHPSHUD�
WXUH�JUDGLHQW� VLWXDWLRQ� �ORZHVW� WHPSHUDWXUH
EHORZ��� +RZHYHU� D� FKDUDFWHULVWLF� WRURLGDO
FRQYHFWLRQ� SDWWHUQ� GXH� WR� WKH� UDGLDO� WHP�
SHUDWXUH� GLIIHUHQFH� SURPRWHV� XQGHVLUDEOH
FRQFDYH�LQWHUIDFH�PRUSKRORJ\�
$V� LW� LV� ZHOO� NQRZQ� WKH� /RUHQW]� IRUFH

LQGXFHG�E\� D�PDJQHWLF� ILHOG�FDQ�EH�XVHG� WR
GDPS� QDWXUDO� FRQYHFWLRQ� DQG� WHPSHUDWXUH
RVFLOODWLRQV� RU� WR� PRYH� DQG� PL[� WKH� PHOW
YHU\�HIIHFWLYHO\� >��@��)XUWKHU��D�QHDUO\�IODW
LQWHUIDFH� VKDSH�� WHPSHUDWXUH� VWDELOLW\� DQG
VWULDWLRQ�IUHH� GRSDQW� GLVWULEXWLRQ� FDQ� EH
FRQWUROOHG� E\� XVLQJ� QRQ�VWHDG\� PDJQHWLF
ILHOG� >������@�� 1XPHURXV� JURZWK� H[SHUL�
PHQWV� XVLQJ� PDJQHWLF� ILHOGV� KDYH� EHHQ� UH�
SRUWHG� LQ� WKH� OLWHUDWXUH� GDWLQJ� EDFN� PDQ\

\HDUV� EXW� KDV� QRW� \HW� EHHQ� SHUIHFWHG�� 7KH
XVXDO�PHWKRG�LV�WR�SRVLWLRQ�D�VWHDG\�PDJQHW
RXWVLGH� RI� WKH�JURZWK� FKDPEHU� EXW� WKLV� UH�
TXLUHV�WKH�JHQHUDWLRQ�RI�YHU\�KLJK�LQGXFWLRQ
IRUFHV�����Ü���7��DQG�SURYHV�WR�EH�YHU\�H[�
SHQVLYH�� +LJKHU� LQWHUDFWLRQ� HIILFLHQF\� LV
DFKLHYHG� DQG� PXFK� ORZHU� PDJQHWLF� LQGXF�
WLRQ� ��Ü�� P7�� LV� UHTXLUHG� ZKHQ� D� QRQ�
VWHDG\� ORQJLWXGLQDO� WUDQVODWLQJ� PDJQHWLF
ILHOG� �70)�� LV� DSSOLHG� >������@�� +RZHYHU�
IRU� WKH� JURZWK� RI� GLVVRFLDWLQJ� FRPSRXQGV
�,,,Ü9��,,Ü9,��ZLWKLQ�WKLFN�ZDOOHG�KLJK�SUHV�
VXUH�YHVVHOV�� WKH�QHFHVVDU\�PDJQHWLF� LQGXF�
WLRQ� IRUFHV� DUH� DQ� RUGHU� RI� PDJQLWXGH
JUHDWHU� ZKHQ� WKH� LQGXFWRU� FRLOV� DUH� SODFHG
RXWVLGH�� +HQFH�� IRU� DGRSWLRQ� LQ� ZHOO�HVWDE�
OLVKHG� LQGXVWULDO� JURZWK�PDFKLQHV�� ORFDWLRQ
RI� WKH� FRLOV� LQVLGH� WKH� JURZWK� FRQWDLQHU� LV
IDYRXUHG��,Q�IDFW��WKHUH�ZHUH�VRPH�DWWHPSWV
WR� DUUDQJH� LQWHUQDO� LQGXFWRUV� DURXQG� WKH
KHDWHU� VLQFH� WKDW� UHTXLUHV� DGGLWLRQDO� IUHH
VSDFH� DURXQG� WKH� FUXFLEOH� DQG� D� VSHFLILF
FRROLQJ� VHW�XS� >��@�� &RPSDUHG� WR� WKDW�
ZLWKLQ� WKH� IUDPHZRUN� RI� WKH� DXWKRU�V
.5,670$*� SURMHFW� LQWHUQDO� KHDWHU�PDJQHW
PRGXOHV�IRU�FRXSOHG�JHQHUDWLRQ�RI�WHPSHUD�
WXUH� DQG� WUDQVODWLQJ� PDJQHWLF� ILHOGV�� VXLW�
DEOH� IRU� LQFRUSRUDWLRQ� LQWR� LQGXVWULDO� &]R�
FKUDOVNL�SXOOHUV�DQG�YHUWLFDO�JUDGLHQW�IUHH]H
HTXLSPHQWV�� DUH� XQGHU� GHYHORSPHQW
�)LJ�� �D�� >��@�� $PSOLWXGH�� IUHTXHQF\� DQG
SKDVH� VKLIW� RI� WKH� WKUHH�SKDVH� DOWHUQDWLQJ
FXUUHQW��$&��DUH�DOO�DGMXVWDEOH�DQG�DUH�FRP�
ELQHG�ZLWK� D�GLUHFW� FXUUHQW� �'&�� WR� FRQWURO
WKH� FU\VWDOOL]DWLRQ� SURFHVV� HIIHFWLYHO\�� 7R
WKDW� HQG�� DQ� XQLYHUVDO� KHDWHU�PDJQHW� FRQ�

)LJ�����5RVVE\�VWDELOLW\�FULWHULRQ�>��@�EHWZHHQ
ODPLQDU�DQG�WXUEXOHQW�FRQYHFWLRQ�LQ�VHPLFRQ�
GXFWRU�PHOWV�RI�JLYHQ�KHLJKW�K��FUXFLEOH�URWD�
WLRQ� UDWH� Z� DQG� WHPSHUDWXUH� GLIIHUHQFH� '7�
5D� �JE'7K�QÜ�NÜ���7D� ��Z�K�QÜ���ZLWK�J�Û
JUDYLWDWLRQDO� DFFHOHUDWLRQ�� E� Û� YROXPHWULF
H[SDQVLRQ� FRHIILFLHQW�� Q�Û�NLQHPDWLF� YLVFRV�
LW\�� N� Û� WKHUPDO� GLIIXVLYLW\� �FRXUWHV\� RI
$�6HLGO� IURP� 6FKRWW� 6RODU�� 6W�(LFKOHUQ� IURP
)&0�DQG�&K�)UDQN�5RWVFK�IURP�,.=��

)LJ����� 6FKHPH� RI� WKH� PRGLILHG� %ULGJPDQ
VHWXS� IRU� JURZWK� RI� &G7H� FU\VWDOV� DOORZLQJ
WKH�SUH�WUHDWPHQW�RI� WKH�PHOW� >��@��D�Û�IXU�
QDFH� SRVLWLRQ� IRU� WKH� VXSHUKHDWLQJ� SURFHVV�
ZKHUH� WKH� FKDUJH�DQG� WKH� VHHG� DUH� VHSDUDWHG
LQ� RUGHU� WR� PDLQWDLQ� WKH� VHHG� WHPSHUDWXUH
ORZHU� WKDQ� WKH� PHOWLQJ� SRLQW��� E� Û� URWDWHG
IXUQDFH�DIWHU�VXSHUKHDWLQJ�WR�EULQJ�LQ�FRQWDFW
WKH�PHOW�FKDUJH�ZLWK�WKH�VHHG�DQG�WR�VWDUW�WKH
FU\VWDO� JURZWK� ��� Û� IXUQDFH�� �� Û� VHHG� VXS�
SRUW����Û�VHHG����Û�DPSRXOH����Û�PHOW��
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WUROOHU� V\VWHP� KDV� EHHQ� GHYHORSHG�� 6XFK
PRGXOH�HQDEOHV�WKH�VLPXOWDQHRXV�JHQHUDWLRQ
RI� KHDW� IRU�PHOWLQJ� DQG� RI� WUDYHOOLQJ�PDJ�
QHWLF� ILHOGV� WR� FRXQWHU�DFW� WKH� YLROHQW� QRQ�
VWHDG\� RU� HYHQ� WXUEXOHQW� FRQYHFWLRQ� LQ� WKH
PHOW�� ,W� UHSODFHV� WKH� FRQYHQWLRQDO� PHDQGHU
KHDWHU� E\� D� FRLO� FRQVLVWLQJ� RI� D� VSLUDO�� RU
VWDLUFDVH�VKDSHG�FXUUHQW�SDWK��ZKLFK�LV�VXE�
GLYLGHG�� LQ� VHJPHQWV� E\� FRQWDFW� SRLQWV� IRU
WKH�SKDVH�VKLIWHG�SRZHU�VXSSO\��)LJ���E���,WV
SODFHPHQW� FORVH� WR� WKH� PHOW� JXDUDQWHHV� D
PD[LPXP� HIILFLHQF\� RI� IORZ� GULYLQJ� DQG
ORZ�FRVW�RI�DGDSWDWLRQ��
)LUVW�PHOW� IORZ�REVHUYDWLRQV� DQG�JURZWK

H[SHULPHQWV�VKRZ�YHU\�HQFRXUDJLQJ�UHVXOWV�
1RZDGD\V� DW� ,.=� WKUHH� FU\VWDO� JURZWK�PD�
FKLQHV� RI� LQGXVWULDO� VFDOH�� L�H� &,� ���� IRU
/(&��/3$��0DUN���� IRU�9&]�DQG��.URQRV�
IRU� 9*)� JURZWK�� DUH� HTXLSSHG� ZLWK
.5,670$*� KHDWHU�PDJQHW� PRGXOHV�� 7KH
WHVW� SKDVH� LV� VWLOO� UXQQLQJ�� +RZHYHU�� UH�
FHQWO\�� ILUVW� HQFRXUDJLQJ� UHVXOWV� ZHUH� RE�
WDLQHG�� 9LVXDO� REVHUYDWLRQV� RI� WKH� *D$V
PHOW� VXUIDFH� ZLWK� IORDWLQJ� SDUWLFOHV� LQ� D
9&]�DUUDQJHPHQW�ZLWKRXW�%�2��HQFDSVXODQWUHYHDOHG� DQ� DJLOH� UHDFWLRQ� RI� WKH� IORZ� SDW�
WHUQV� WR� WKH� YDULDWLRQ� RI� WKH� 70)� SDUDPH�
WHUV�� )RU� LQVWDQFH�� LQ� FRQWUDVW� WR� WKH� FRQ�
YHQWLRQDO� PRGH� ZLWKRXW� PDJQHWLF� ILHOG� D
FRQWUROODEOH� RXWZDUGV�GLUHFWHG� VWUHDP�DZD\

IURP� WKH� VHHG� FRXOG� EH� DFKLHYHG�� )RU� WKH
ILUVW� WLPH�9&]�*D$V� FU\VWDOV�ZHUH� VXFFHVV�
IXOO\�JURZQ�LQ�%�2��IUHH�9&]�UHJLPH�XQGHUWZR� GLIIHUHQW� 70)� PRGHV� RSHUDWLQJ� LQ
GHOWD�FRQQHFWLRQ� ZLWK� IUHTXHQF\� I� ����+]
DQG�SKDVH�VKLIW�M� ������DV�ZHOO�DV�LQ�VWDU�
FRQQHFWLRQ� ZLWK� I� ����� +]� DQG� M� �����
)RUWKFRPLQJ� /(&� DQG� 9*)� JURZWK� H[SHUL�
PHQWV�XQGHU�70)V�ZLOO�EH�FDUULHG�RXW�ZLWK
*D$V��*D6E�DQG�*H�>��@��

���1HDU�VWRLFKLRPHWULF�JURZWK
,Q�FRPSRXQG�FU\VWDOV��VXFK�DV� ,,,±9V�DQG

,,�9,V�� RQH� RI� WKH�PRVW� LPSRUWDQW� DQG� FRP�
SOLFDWHG� SDUDPHWHU� WR� EH� FRQWUROOHG� LV� WKH
VWRLFKLRPHWU\� RU� D�JLYHQ�GHYLDWLRQ� IURP� LW�
1RQ�VWRLFKLRPHWULF� FRPSRVLWLRQ� HQKDQFHV
WKH�JHQHUDWLRQ�RI�LQWULQVLF�SRLQW�GHIHFWV��YD�
FDQFLHV�� LQWHUVWLWLDOV�� DQWLVLWHV�� WKDW� DIIHFW
WKH� W\SH�RI� FRQGXFWLYLW\��FDUULHU�FRQFHQWUD�
WLRQ��DEVRUSWLRQ�EHKDYLRXU��GLIIXVLYLW\��HIIL�
FLHQF\� RI� GRSDQW� LQFRUSRUDWLRQ� HWF�� ,W� SUR�
PRWHV� WKH� JHQHUDWLRQ�� PXOWLSOLFDWLRQ� DQG
PRYHPHQW� RI� GLVORFDWLRQV�� )LQDOO\�� WKH� LQ�
FRUSRUDWLRQ�RI� WKH� H[FHVV� FRPSRQHQW� DW� WKH
LQWHUSKDVH�LQ�WKH�IRUP�RI�LQFOXVLRQV�DQG�WKH
QXFOHDWLRQ� RI� VHFRQG� SKDVH� LQ� WKH� IRUP� RI
SUHFLSLWDWHV� GXULQJ� WKH� FRROLQJ� SURFHVV� RI
WKH� DV�JURZQ� FU\VWDO� FDQ� LPSDLU� WKH� ZDIHU
DQG� GHYLFH� TXDOLW\� PDUNHGO\�� +HQFH�� WKH

)LJ�����D�Û�6FKHPHV�RI�FRPELQHG�KHDWHU�PDJ�
QHW�PRGXOHV�IRU�JHQHUDWLRQ�RI�KHDW�DQG�WUDY�
HOLQJ� PDJQHWLF� ILHOG� UHSODFLQJ� WKH� FRQYHQ�
WLRQDO� KHDWHUV� LQ� &]RFKUDOVNL� DQG� 9%�� 9*)
FU\VWDO� JURZWK� HTXLSPHQWV�� E� Û� GHVLJQV� RI
WZR� JUDSKLWH� KHDWHU�PDJQHW� PRGXOHV� ZLWK
VWDLUFDVH�VKDSHG� FXUUHQW� SDWK�� VXEGLYLGHG� LQ
WKUHH� VHFWLRQV� IRU� JHQHUDWLRQ� RI� WUDYHOOLQJ
PDJQHWLF� ILHOGV� E\� IHHGLQJ� ZLWK� WKUHH�SKDVH
FXUUHQW� RI� JLYHQ� SKDVH� VKLIW� LQ� GHOWD� �OHIW�
DQG�VWDU�FRQQHFWLRQ��ULJKW��

)LJ����� 6FKHPH� RI� WKH� YDSRXU� SUHVVXUH� FRQ�
WUROOHG� &]RFKUDOVNL� �9&]�� WHFKQLTXH� IRU
JURZWK�RI�VWRLFKLRPHWULF�FU\VWDOV��H�J��*D$V�
,Q3�� ZLWKRXW� ERULF� R[LGH� HQFDSVXODWLRQ�� ��Û
RSWLFV�ZLWK�FDPHUD����Û�WHPSHUDWXUH�FRQWURO�
OHG� VRXUFH� RI� YRODWLOH� FRPSRQHQW� �H�J��$V� RU
3�����Û�RXWHU�KLJK�SUHVVXUH�YHVVHO����Û�LQQHU
KRW�ZDOO�FKDPEHU����Û�KHDWHU����Û�PHOW�ZLWK�
RXW�HQFDSVXODQW�RQ�WKH�VXUIDFH�
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PDWXULW\�RI�LQ�VLWX�FRQWURO�RI�VWRLFKLRPHWU\
GXULQJ�JURZWK�LV�RQH�RI�WKH�NH\�WDUJHWV�>������@�
7KH� FRQFHQWUDWLRQ� RI� LQWULQVLF� SRLQW� GH�

IHFWV� LV� UHODWHG� WR� WKH� ZLGWK� RI� WKH� FRP�
SRXQG� SKDVH� H[WHQW� LQ� WKH� SKDVH� GLDJUDP�
L�H�� WKH� JLYHQ� GHYLDWLRQ� IURP� VWRLFKLRPHWU\
�VHH�)LJ���E��� ,Q�*D$V� LWV�PD[LPXP�ZLGWKV
'GPD[� DPRXQWV� DW� �����&� WR� a��Ü�Ü��Ü�PROH�IUDFWLRQV��7KH�FRQJUXHQW�PHOWLQJ�SRLQW
LV� ORFDWHG� DW� WKH� DUVHQLF�ULFK� VLGH� DW� a��Ü�
H[FHVV�PROH�IUDFWLRQ��&RQFHUQLQJ�QHZHU�FDO�
FXODWLRQV�� WKH� VROLGXV� FURVVHV� WKH
VWRLFKLRPHWU\� DW� PDUNHGO\� *D�ULFK� PHOW
ZLWK�PROH�IUDFWLRQV�[/������RU�LV�HYHQ�FRP�SOHWHO\� ORFDWHG� RQ� WKH�$V�ULFK� VLGH� >��@�� ,Q
,Q3� WKH� SKDVH� H[WHQW� LV� VWXGLHG� OHVV�� 2QH
RUGHU� RI� PDJQLWXGH� VPDOOHU� ZLGWK
�'GPD[|����Ü���DQG�VWRLFKLRPHWU\�GHYLDWLRQVWRZDUGV�ERWK�FRPSRQHQW�VLGHV�KDYH�EHHQ�FDO�
FXODWHG�>��@��,Q�&G7H�WKH�H[LVWHQFH�UHJLRQ�LV
DOVR� V\PPHWULFDOO\� DJDLQVW� VWRLFKLRPHWU\
EXW� VRPHZKDW� PRUH� GHYLDWHG� WRZDUGV� WKH
7H�ULFK� VLWH� >�����@�� 7KH� PD[LPXP� ZLGWK� LV
DERXW���Ü�����Ü���/DUJHVW�FRPSRXQG�SKDVH�H[�
WHQWV� VKRZ� WKH� ,9±9,V�� ,Q� 3E7H� DQG� 6Q7H
'GPD[�LV�����Ü��DQG�����Ü���UHVSHFWLYHO\�>��@�8VXDOO\�� 6,� *D$V� FU\VWDOV� DUH� JURZQ
IURP�VOLJKWO\�DUVHQLF�ULFK�PHOWV� LQ�RUGHU� WR
FRQWURO� WKH�$V*D� DQWLVLWH� GHHS� GRQRU� �(/��FRQFHQWUDWLRQ�DQG�WR�FRPSHQVDWH�E\�FRQWURO�
OHG� DGGLWLRQ� RI� WKH� VKDOORZ�DFFHSWRU� FDUERQ
>�@�� +RZHYHU�� GHVSLWH� RI� WKH� DOUHDG\
DFKLHYHG�KLJK� LQGXVWULDO�PDWXULW\�WKH�SURE�

OHPV� FRQQHFWHG� ZLWK� QRQ�VWRLFKLRPHWULF
JURZWK� FRQGLWLRQV� JDLQ� PRUH� DQG� PRUH� LQ
LPSRUWDQFH�� 7KLV� LV� GXH� WR� WKH� LQFUHDVLQJ
GHPDQGV� WR� WKH� ZDIHU� VXUIDFH� TXDOLW\� IRU
HSLWD[LDO� SURFHVVHV�� (YHQ� SUHFLSLWDWHV� DQG
LQFOXVLRQV�RI�WKH�VHFRQG�SKDVH��QDPHG�FU\V�
WDO� RULJLQDWHG� SDUWLFOHV� �&23V��� DUH� DEOH� WR
GLVWXUE� WKH� ZDIHU� SROLVKLQJ� SURFHVV� PDUN�
HGO\�� 7KHUHIRUH�� WKH� LQ� VLWX� FRQWURO� RI� WKH
FU\VWDO� VWRLFKLRPHWU\� DOUHDG\� GXULQJ� WKH
JURZWK� SURFHVV� ZRXOG� WR� EH� D� SURPLVLQJ
PHDVXUH�RI�SUHYHQWLRQ��)RU�LQVWDQFH��LQ�WKH
DXWKRU�V� WHDP� DW� ,.=� %HUOLQ� WKH� YDSRXU
SUHVVXUH� FRQWUROOHG� &]RFKUDOVNL� WHFKQLTXH
ZLWKRXW� ERULF� R[LGH� HQFDSVXODWLRQ� >��@� ZDV
GHYHORSHG� IRU� WKH� JURZWK� RI� QHDU�
VWRLFKLRPHWULF���LQFK�*D$V�FU\VWDOV��)LJ�����
7KH� UHODWHG� *D�ULFK� PROH� IUDFWLRQ� RI� WKH
PHOW� ���� LV� FRQWUROOHG� E\� SDUWLDO� DUVHQLF
SUHVVXUH�YLD�WKH�WHPSHUDWXUH�RI�DQ�LQVWDOOHG
$V�VRXUFH� ���� FRPPXQLFDWLQJ�ZLWK� DQ� LQQHU
KRW�ZDOO� FKDPEHU� ����� 1RWH� DW� VXFK� JURZWK
FRQGLWLRQV�IURP�*D�ULFK�PHOW�WKH�FRQFHQWUD�
WLRQ� RI� WKH� GHHS�OHYHO� GHIHFW�(/�� �$V*D� DQ�WLVLWH��IDOOV�EHORZ������FPÜ���7KHUHIRUH��WKH
FRQFHQWUDWLRQV� RI� WKH� FRPSHQVDWLQJ� VKDOORZ
DFFHSWRU� FDUERQ� DQG� UHVLGXDO� LPSXULWLHV
PXVW� EH� DOVR� UHGXFHG� LQ� RUGHU� WR�PHHW� WKH
VHPL�LQVXODWLQJ� SUHFRQGLWLRQ� >(/�@� !� >&@��
�1V$�Ü�1V'��!��� ZLWK�1V$�'� WKH� WRWDO� FRQ�FHQWUDWLRQV�RI�DFFHSWRUV� �$��DQG�GRQRUV� �'�
VKDOORZHU�WKDQ�(/���$�SURSHU�LQ�VLWX�FDUERQ
FRQWURO� GRZQ� WR� �������FPÜ�� FRXOG� EH� DG�
MXVWHG� DV� KDV� EHHQ� UHSRUWHG� HOVHZKHUH� >��@�

)LJ�����3ULQFLSOH�RI�JURZWK�RI�QHDU�VWRLFKLRPHWULF�*D$V�FU\VWDOV�IURP�*D�ULFK�PHOW��FU\VWDOOL]DWLRQ
SDWK�$� LQ� WKH� SKDVH� GLDJUDP� E�� FRQWDLQLQJ� RQO\�PLQLPDO� FRQWHQW� RI�$V� SUHFLSLWDWHV� DQG� QR�PRUH
GLVORFDWLRQ� FHOOV� �D�� ZKLFK� DUH� W\SLFDOO\� IRU� FRQYHQWLRQDOO\� JURZQ� LQJRWV� E\� SDWK� %� �F��� D�F� Û
GLVORFDWLRQ�HWFK�SLW�LPDJHV�IURP�QHDU�VWRLFKLRPHWULF��D��DQG�DUVHQLF�ULFK��F��FU\VWDOV��FRXUWHVLHV�RI
)�.LHVVOLQJ�DQG�8�-XGD�IURP�,.=�%HUOLQ���,Q�WKH�SKDVH�GLDJUDP��E��PHDQ��7�Û�WHPSHUDWXUH��[�Û
PROH�IUDFWLRQ��6�Û�VROLGXV��/�Û�OLTXLGXV��'G�Û�ZLGWK�RI�WKH�*D$V�SKDVH�H[WHQW�
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)RU� WKDW� WKH� UHVLGXDO� LPSXULW\� FRQWHQW�ZDV
PLQLPL]HG��QRWH�QR�PRUH�LPSXULW\�JHWWHULQJ
E\� WKH� %�2�� HQFDSVXODQW� WDNHV� SODFH� DV� LQWKH�/(&�PHWKRG���$GGLWLRQDOO\�� WKH� JURZWK
UDWH� DQG� WHPSHUDWXUH� JUDGLHQW�ZHUH� FKRVHQ
XQGHUFULWLFDOO\� LQ�RUGHU� WR�SUHYHQW�PRUSKR�
ORJLFDO�LQVWDELOLW\�GXH�WR�*D�UHMHFWLRQ�DW�WKH
SURSDJDWLQJ� PHOW�VROLG� LQWHUIDFH�� &RQVLGHU�
LQJ� DOO� WKHVH� PHDVXUHV� SHUIHFW� QHDU�
VWRLFKLRPHWULF� 6,�*D$V� VLQJOH� FU\VWDOV�ZLWK
HOHFWULFDO� UHVLVWLYLW\� ������:FP� KDYH� EHHQ
JURZQ� VXFFHVVIXOO\�� (/�� DQG� &� FRQFHQWUD�
WLRQV�RI����������DQG����������FPÜ��ZHUH�RE�
WDLQHG��UHVSHFWLYHO\��,W�ZDV�VKRZQ�WKDW�VXFK
JURZWK�FRQGLWLRQV�PLQLPL]H�WKH�FRQWHQWV�RI
$V�SUHFLSLWDWHV��%*D�VXEVWLWXWHV�DQG�GLVORFD�WLRQV�>��@��6XFK�PDWHULDO�LV�RI�KLJK�LQWHUHVW
IRU�*DPPD�UD\�GHWHFWLRQ�>��@�
$OVR� IRU� 9*)� WKH� LQ� VLWX� FRQWURO� RI

VWRLFKLRPHWU\� LV� GLVFXVVHG� DQG� WHVWHG� IRU� D
ORQJ�WLPH�SDVW�EXW�QRW�\HW�VROYHG�RQ�LQGXV�
WULDO� VFDOH�� $V� D� UHVXOW� 9*)� FU\VWDOV� VKRZ
VWLOO� FKDUDFWHULVWLF� IHDWXUHV� RI� QRQ�
VWRLFKLRPHWU\� VXFK� DV� SUHFLSLWDWHV� DQG� LQ�
FOXVLRQV�RI�WKH�H[FHVV�SKDVH��7R�HVWDEOLVK�DQ
LQ� VLWX� VWRLFKLRPHWU\� FRQWURO� WKH� FRQWLQX�
RXVO\�GHFUHDVLQJ�KHLJKW�RI�WKH�PHOW�FROXPQ
GXULQJ� WKH� QRUPDO� IUHH]LQJ� SURFHVV� ZRXOG
UHTXLUH�D�ZHOO�FRQWUROOHG�VRXUFH�WHPSHUDWXUH
SURJUDP� ZHOO� ILWWLQJ� WKH� UHDO� JURZWK� UDWH�
7KH� DXWKRU� VWXGLHG� FDUHIXOO\� WKH� LQ� VLWX
VWRLFKLRPHWU\� FRQWURO� GXULQJ�9%� JURZWK� RI
&G7H� FU\VWDOV� E\� XVLQJ� RI� D� WHPSHUDWXUH
FRQWUROOHG�&G�VRXUFH�>�����@��$�PLQLPXP�RI
LQFOXVLRQV� DQG� SUHFLSLWDWHV� FRXOG� EH� IRXQG
XQGHU� VWRLFKLRPHWULF� JURZWK� FRQGLWLRQV
ZKLFK�PXVW�EH�WXQHG�LQ�DFFRUGDQFH�ZLWK�WKH
GHFUHDVLQJ� PHOW� KHLJKW� DQG�� WKHUHIRUH�
FKDQJLQJ�WUDQVSRUW�UHJLPH�GXULQJ�WKH�ZKROH
FU\VWDOOL]DWLRQ� SURFHVV�� 7KHUHIRUH�� XQWLO
WRGD\� LW� LV� VWLOO� WKH� SUDFWLFH� WR� WXUQ� WKH
VWRLFKLRPHWU\� LQ�ZDIHUV� E\� SRVW�JURZWK� DQ�
QHDOLQJ� VR� IDU� LW� LV� UHTXLUHG� IRU� D� JLYHQ
DSSOLFDWLRQ� �VHH�� H�J��� 2GD� HW� DO�� >��@� IRU
*D$V�DQG�UHI��>��@�IRU�&G7H��

���'LVORFDWLRQ�G\QDPLFV
�����'LVORFDWLRQ�FHOO�VWUXFWXULQJ

,Q�PRVW�DV�JURZQ�FU\VWDOV�WKH�VWRUHG�GLV�
ORFDWLRQV� UHDUUDQJH� LQ� FKDUDFWHULVWLF� FHOO
SDWWHUQV� �)LJ���F��� ZKLFK� DUH� QRW� GHVLUDEOH
VLQFH� SK\VLFDO� SDUDPHWHU� LQKRPRJHQHLWLHV
DUH� FDXVHG�� )RU� LQVWDQFH�� DFURVV� VHPL�LQVX�
ODWLQJ�^���`�*D$V�ZDIHUV�D�PHVRVFRSLF�UHVLV�
WLYLW\�YDULDWLRQ�LV�REVHUYHG�GXH�WR�WKH�DFFX�
PXODWLRQ� RI� $V*D� DQWLVLWH� GHIHFWV� �(/��
ZLWKLQ� WKH� FHOO� ZDOOV� >��@�� $V� D� UHVXOW� D

FRVWO\� SRVW�JURZWK� KRPRJHQL]DWLRQ� VWHS� E\
EXON�DQQHDOLQJ�LV�UHTXLUHG�>�@��
'LVORFDWLRQ� FHOOV� DUH� DOVR� ZHOO� NQRZQ

IURP� DQRWKHU� PDWHULDO� JURXSV� OLNH� PHWDOV�
DOOR\V�� GLHOHFWULFV�� LQGHSHQGHQWO\� ZKLFK
JURZWK�PHWKRG�ZDV� XVHG� >��@�� 7KH\� DUH� RI
JOREXODU� W\SH� DQG� WKHLU� GLDPHWHU� G� GH�
FUHDVHV� ZLWK� LQFUHDVLQJ� DYHUDJH� GLVORFDWLRQ
GHQVLW\� U� DFFRUGLQJ�G� �.UÜ���� ZLWK�.� WKH
FRHIILFLHQW� RI� SURSRUWLRQDOLW\� |��� >������@�
0DQ\� GHIRUPDWLRQ� H[SHULPHQWV� EHORZ� WKH
PHOWLQJ� SRLQW� UHYHDOHG� WKHLU� FRUUHODWLRQ
ZLWK� PHFKDQLFDO� VWUHVV� OLQNLQJ� FHOO� VWUXF�
WXUH� ZLWK� G\QDPLFDO� SRO\JRQL]DWLRQ�� +RZ�
HYHU�� GXULQJ� FU\VWDO� JURZWK� ZKHUH� PXFK
ORZHU�VWUHVV�LV�DFWLQJ��D�GLUHFW�H[SHULPHQWDO
DFFHVV� WR� WKH� DFWLQJ� VWUHVV� YDOXH� LV�QRW� \HW
SRVVLEOH�� 7KHUHIRUH�� WKH� DXWKRU�V� WHDP� FRU�
UHODWHG� WKH� FHOO� GLDPHWHUV� G�� UHYHDOHG� E\
HWFKLQJ� DQG� ODVHU� VFDWWHULQJ� WRPRJUDSK\� LQ
DV�JURZQ�FU\VWDOV�>��@��ZLWK�WKH�QXPHULFDOO\
FDOFXODWHG� WKHUPRHODVWLF� VWUHVV� W� >��@�� 7KH
QRQ�VWHDG\� HTXDWLRQ� RI� SODVWLF� GHIRUPDWLRQ
ZDV�VROYHG�JLYLQJ�WKH�GXUDWLRQ�SHULRG�XQWLO
WKH� PDLQ� GLVORFDWLRQ� LQWHUDFWLRQV� DUH� FRP�
SOHWHG��&RXSOLQJ�ZLWK�WKH�$OH[DQGHU�+DDVHQ
HTXDWLRQ� >��@�WKH�KLVWRU\�RI� WKH�HODVWLF�DQG
SODVWLF� WHUPV� DORQJ� WKH� FU\VWDO� FRRUGLQDWHV
ZHUH�REWDLQHG�>��@�
)URP� WKH� QXPHULF� FDOFXODWLRQV� IROORZV

>��@�WKDW�LQ�JURZLQJ�*D$V�FU\VWDOV�WKH�SODV�
WLF� UHOD[DWLRQ� LV� FRPSOHWHG� DIWHU� D�GLVWDQFH
RI� RQO\� VRPH� PP� EHKLQG� WKH� LQWHUIDFH
ZLWKLQ� WLPH� SHULRG� RI� �Ü�� KRXUV�� 2QH� FDQ
H[SHFW� WKDW� WKH� SUHYDLOLQJ� SDUW� RI� FHOO� IRU�
PDWLRQ� SURFHVV� EH� WUDQVSLUHG� GXULQJ� WKDW
WLPH��,Q�IDFW��WKHUH�DUH�H[SHULPHQWDO�SURRIV
IURP� UHDO�WLPH� V\QFKURWURQ� ;�UD\� WRSRJUD�
SK\�RQ�FU\VWDOOL]LQJ�$O� >��@�DQG�PHFKDQLFDO
VWUHVVHG� &X� FU\VWDOV� >��@� WKDW� WKH� DSSHDU�
DQFH� RI� FHOOXODU� VWUXFWXUHV� GRHV� FRLQFLGH
ZLWK� WKH� RQVHW� RI�SODVWLF�GHIRUPDWLRQ��7KLV
IDFW� VXEVWDQWLDWHG� WKH� DSSUR[LPDWLRQ� WR
WDNH� WKH� FDOFXODWHG� HODVWLF� VWUDLQ� DW� WKH� LQ�
WHUIDFH� IRU� FRUUHODWLRQ�ZLWK� WKH� FHOO� GLPHQ�
VLRQV�PHDVXUHG�LQ�WKH�SRVW�JURZQ�ZDIHUV��RI
FRXUVH�� IRU�D�PRUH�SUHFLVH�DQDO\VLV�RQH�KDV
WR�FRQVLGHU�SRVVLEOH�UHQHZHG�LQFUHDVH�RI�WKH
HODVWLF� VWUHVV� GXULQJ� WKH� FRROLQJ� GRZQ
FRXUVH� RI� WKH� FU\VWDO�� H�J�� DW�/(&��ZKHQ� LW
HPHUJHV� IURP� WKH� ERULF� R[LGH� HQFDSVXODQW
DQG� FRQWDFWV� WKH� UHODWLYHO\� FROG� JDV� DWPRV�
SKHUH��
,W�ZDV�IRXQG�>������@�WKDW�DW�WKHUPRHODV�

WLF�VWUHVVHV�DERYH���03D��W\SLFDOO\�IRU�/(&�
WKH� XQLYHUVDO� UHODWLRQ� G� �D.*EWÜ�� >��@� �D
Û�FRQVWDQW��*�Û�VKHDU�PRGXOXV��E�Û�%XU�
JHUV� YHFWRU�� LV� IXOILOOHG�ZKLFK� KDV� EHHQ�GH�
WHUPLQHG� E\� SRVW� GHIRUPDWLRQ� H[SHULPHQWV
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IRU� QXPHURXV� FU\VWDOOLQH� PDWHULDOV� >��@�
+RZHYHU�� DW� ORZHU� VWUHVVHV�� W\SLFDOO\� IRU
9*)� DQG� 9&]� JURZWK�� WKH� YHULILFDWLRQ� RI
WKLV� UHODWLRQ� SURYHG� WR� EH� PRUH� GLIILFXOW�
7KH� FHOO� ULSHQLQJ� SURFHVV� LV�PRVWO\� QRW� \HW
ILQLVKHG�� )XUWKHU�� WKH� FKDUDFWHULVWLF� ORZ
GLVORFDWLRQ� GHQVLWLHV� LQ� VXFK� FU\VWDOV
�����FPÜ�� DUH� QRW� VXIILFLHQW� WR� IRUP� FRP�
SOHWHG� FHOO� ZDOOV� PDNLQJ� D� VFDOLQJ� DQDO\VLV
YHU\�FRPSOLFDWH�
6XUSULVLQJO\�� DV�JURZQ� ,Q3� FU\VWDOV� GR

QRW� VKRZ� ZHOO�GHYHORSHG� GLVORFDWLRQ� FHOO
VWUXFWXUHV��:H�DWWULEXWH�WKLV�IHDWXUH�WR�WKH
PXFK�VPDOOHU�FRPSRXQG�KRPRJHQHLW\�UHJLRQ
DQG�� WKXV�� OHVV�QDWLYH�SRLQW�GHIHFW� FRQWHQW�
$V�D�UHVXOW� WKH�FHOO� IRUPDWLRQ� LV�UHVWUDLQHG
GXH� WR� UHGXFHG� GLVORFDWLRQ� FOLPE� >������@�
)XUWKHU�� FURVV� JOLGH�� EHLQJ� DOVR� LPSRUWDQW
SUHFRQGLWLRQ� IRU� FHOO� IRUPDWLRQ� >��@�� LV� LQ
,Q3� QHDUO\� LPSRVVLEOH� GXH� WR� WKH� YHU\� ORZ
VWDFNLQJ�IDXOW�HQHUJ\��
'XURVH� DQG� 5XVVHO� >��@� DQG� 6DELQLQD� HW

DO�� >��@� LQYHVWLJDWHG� WKH� FHOO� ZDOO�PRUSKRO�
RJ\� LQ� YDSRXU�� DQG� PHOW�JURZQ�&G7H� VDP�
SOHV� E\� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\
DQG� REVHUYHG� WKDW� WKH� GLVORFDWLRQV� ZKLFK
FRQVWLWXWH�WKH�ERXQGDULHV�DUH�QHDUO\�DOO�SDU�
DOOHO� DQG�PRVW� KDYH� WKH� VDPH� %XUJHUV� YHF�
WRU��6XFK�EHKDYLRXU�LV�ZHOO�NQRZQ�IURP�WKH
VWDQGDUG� W\SH� RI� SRO\JRQL]HG� ORZ�DQJOH
JUDLQ�ERXQGDULHV�FRQWDLQLQJ�RQO\�WKH�H[FHVV
GLVORFDWLRQV� RI� VLPLODU�%XUJHUV�YHFWRU�DIWHU
WKH�DQQLKLODWLRQ�SURFHVV� LV�FRPSOHWHG��+RZ�
HYHU�� DOO� FHOO� SDWWHUQV� FDQQRW� EH� H[SODLQHG
H[FOXVLYHO\� E\� HQHUJHWLFDOO\� GULYHQ� HTXLOLE�
ULXP� WKHUPRG\QDPLFV�� (YHQ� LQ� JURZLQJ
FU\VWDOV� WKHUH� DUH� W\SLFDO� SUHFRQGLWLRQV� RI
LUUHYHUVLELOLW\� VXFK� DV� WHPSHUDWXUH� DQG
VWUHVV� IORZV� WKDW�DOORZ�WKH� WUHDWPHQW�DV�DQ
RSHQ�V\VWHP�ZLWK�FRQWLQXRXV�LPSRUW�DQG�H[�
SRUW� RI� HQWURS\�� $V� D� UHVXOW�� D� UDWH� RI� HQ�
WURS\�LV�SURGXFHG�ZLWKLQ�WKH�FU\VWDO�HYRNLQJ
VHOI�RUGHULQJ�RI� WKH� VWRUHG�GLVORFDWLRQV� LQWR
GLVVLSDWLYH�SDWWHUQV��
&HOO� IRUPDWLRQ� LV� UHWDUGHG� DW� YHU\� ORZ

GLVORFDWLRQ� GHQVLWLHV� DQG� FDQ� EH� SUHYHQWHG
E\�GRSLQJ��1R�FHOO�VWUXFWXULQJ�ZDV�REVHUYHG
LQ�*D$V� GRSHG� ZLWK� ,Q� RU� 6L� DW� FRQFHQWUD�
WLRQV�!�����FPÜ���$OVR�LQ�&G7H�WKH�FHOO�IRU�
PDWLRQ� LV� GHSUHVVHG� ZKHQ� WKH�PL[LQJ� FRP�
SRQHQW�6H�LV�DGGHG�>��@��$QRWKHU�ZD\�LV�WKH
PLQLPL]DWLRQ� RI� WKH� LQWULQVLF� SRLQW� GHIHFW
FRQWHQW� E\� LQ� VLWX� FRQWURO� RI� VWRLFKLRPHWU\
�)LJ���D���5HFHQWO\�� WKH� DXWKRU�V� WHDP�GHP�
RQVWUDWHG�E\�XVLQJ�D�PRGLILHG�9&]�DUUDQJH�
PHQW�ZLWKRXW� ERULF� R[LGH� HQFDSVXODQW� �)LJ�
���WKDW�WKH�FHOOXODU�VWUXFWXUH�GLVVROYHV�ZKHQ
*D$V� FU\VWDOV� JURZ� XQGHU� QHDUO\
VWRLFKLRPHWULF� FRQGLWLRQV� >��@� �SDWK� $� LQ

)LJ���E��� 7KLV� ZDV� UHFHQWO\� DOVR� REWDLQHG
IURP�FDOFXODWLRQV�RQ�&X�FU\VWDOV�>��@��2PLW�
WLQJ� WKH� SRLQW� GHIHFW� GULYHQ� FOLPE� QR� FHOO
VWUXFWXUH�FDQ�EH�GHYHORSHG���

�����,V�WKHUH�DQ\�KRSH�RI
GLVORFDWLRQ�IUHH�FRPSRXQG

FU\VWDOV"
7R� JURZ� ,,,Ü9� FRPSRXQG� FU\VWDOV� ZLWK�

RXW�GLVORFDWLRQV�LV�D�ORQJ�WHUP�YLVLRQ�RI�WKH
FU\VWDO� JURZHUV�� 'LVORFDWLRQ�IUHH�*D$V� DQG
,Q3� ZDIHUV� ZRXOG� WR� EH� YHU\� SURPLVLQJ� IRU
RSWRHOHFWURQLF� GHYLFHV�� HVSHFLDOO\� KLJK�
EULJKWQHVV�/('V�DQG�KLJK�SRZHU�/'V��+RZ�
HYHU�� WKH� PDLQ� SUREOHP� PDNLQJ� VXFK� SHU�
IHFWQHVV�XQFHUWDLQ�DUH�WKH�XQIDYRXUDEOH�PD�
WHULDO� SDUDPHWHUV� VXFK� DV� YHU\� ORZ� FULWLFDO
UHVROYHG� VKHDU� VWUHVV� W&566� �a���Ü����03DQHDU�WR�WKH�PHOWLQJ�SRLQW��DQG�KLJK�FRQWHQW
RI� QDWLYH� SRLQW� GHIHFWV�� 6R� DULVHV� WKH� TXHV�
WLRQ�LV�WKHUH�DQ\�FKDQFH�DW�DOO"�
,W�LV�ZHOO�HVWDEOLVKHG�WKDW�WKH�GHQVLW\�DQG

GLVWULEXWLRQ� RI� GLVORFDWLRQV� LQ� PHOW�JURZQ
FU\VWDOV�DUH�GXH�WR�WKHUPRSODVWLF�UHOD[DWLRQ
RI� WKHUPDOO\� LQGXFHG� HODVWLF� VWUHVV� >��@�
7KHUHIRUH��WKH�FRQWHQW�RI�GLVORFDWLRQV�LV�GH�
WHUPLQHG�E\�WKH��WLPH�DQG�VSDFH�GHSHQGHQW�
VWUHVV� OHYHO� GXULQJ� JURZWK�� 7KH� OHYHO� RI
WKHUPDO�VWUHVV�LV�UHODWHG�WR�WKH�WHPSHUDWXUH
ILHOG� LQ� WKH� JURZLQJ� FU\VWDO� DQG� FRROLQJ�
GRZQ� SURFHGXUH�� 7KH� KLJKHU� WKH� WHPSHUD�
WXUH�ILHOG�QRQOLQHDULWLHV��LQ�ILUVW�DSSUR[LPD�
WLRQ�FRUUHODWLQJ�ZLWK�WHPSHUDWXUH�JUDGLHQWV
DQG�FU\VWDO�UDGLXV���WKH�KLJKHU�WKH�PHFKDQL�
FDO� VWUHVV�� 7KLV� FRUUHODWLRQ� WRJHWKHU� ZLWK
WKH� ORZ� QDWXUDO� W&566� YDOXHV� PDNH� LW� YHU\GLIILFXOW� WR� JURZ� FU\VWDOV� RI� ODUJHU� GLDPH�
WHUV� ZLWK� ORZ� GLVORFDWLRQ� GHQVLW\� RU� HYHQ
GLVORFDWLRQ�IUHH�� )URP� PHWKRGLFDO� SRLQW� RI
YLHZ�ORZ�WHPSHUDWXUH�JUDGLHQW�JURZWK�WHFK�
QLTXHV�� OLNH�9*)� DQG�9&]�� DUH� FOHDUO\� SUH�
IHUUHG� LQ� RUGHU� WR� PHHW� WKLV� JRDO�� ,Q� IDFW�
FRPSDUHG� WR� /(&� PXFK� ORZHU� VWUHVVHV
��� 03D� DUH� DFWLQJ� GXULQJ� JURZWK�� +HQFH�
WKH� FDUHIXO� HQJLQHHULQJ� RI� WKH� WHPSHUDWXUH
ILHOG��DVVLVWHG�E\�JOREDO�FRPSXWHU�PRGHOOLQJ
DW�DOO�SURFHVV�VWDJHV�DUH�RI�HVVHQWLDO�VLJQLIL�
FDQFH�� 5HFHQWO\�� 3HQGXUWL� HW� DO�� >��@� UH�
SRUWHG� WKH� JOREDO�QXPHULF�PRGHOOLQJ� RI� WKH
QRQ�VWDWLRQDU\�HODVWLF�VWUHVV�DQG�UHODWHG�GLV�
ORFDWLRQ� GHYHORSPHQW� LQ� JURZLQJ� /(&� ,Q3
FU\VWDOV�E\�LPSO\LQJ�WKH�KLVWRU\�RI�WKH�WKHU�
PDO� ILHOG� LQ� WKH� FU\VWDO� DV�ZHOO� DV� WKH� FRQ�
YHFWLRQ� LQ� WKH� PHOW� DQG� YDSRXU� SKDVH�� $
FORVH� FRUUHODWLRQ� EHWZHHQ� WKH� FDOFXODWHG
HODVWLF�VWUHVV�KLVWRU\�DQG�UHODWHG�GLVORFDWLRQ
GHQVLW\�HYROXWLRQ�GRHV�H[LVW�DW�YDULRXV�FU\V�
WDO� SRLQWV�� ,W� ZDV� IRXQG� RXW� WKDW� WKH� JDV
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FRQYHFWLRQ� KDV� D� VLJQLILFDQW� HIIHFW� RQ� WKH
WRWDO� GLVORFDWLRQ� GHQVLW\� Û� D� TXLWH� LPSRU�
WDQW�IDFW�WKDW�ZDV�QRW�\HW�FRQVLGHUHG�VR�IDU�
*HQHUDOO\�� WR� SDYH� WKH� ZD\� IRU� GLVORFD�

WLRQ�IUHH�JURZWK�RI�ODUJH�,,,Ü9�FU\VWDOV�WKH
SURSHU� FRPELQDWLRQ� RI� WKH� IROORZLQJ� FRQGL�
WLRQV�DUH�UHTXLUHG��L��XVH�RI�GLVORFDWLRQ�IUHH
VHHG� FU\VWDOV�� SUREDEO\�� ZLWK� WKH� VDPH� GL�
DPHWHU�DV� WKH� FU\VWDO� WR�EH�JURZQ� >������@�
LL�� VWURQJO\� XQLD[LDO� KHDW� IORZ� ZLWK� YHU\
VPDOO�WHPSHUDWXUH�JUDGLHQWV��L�H��QHDUO\�IODW
LVRWKHUPV�DW� DOO� VWDJHV� RI� WKH�JURZWK�SURF�
HVV�>�@��LLL��OHDYH�RXW�RI�ERULF�R[LGH�HQFDSVX�
ODQW�WKH�SUHVHQFH�RI�ZKLFK�LQWURGXFHV�PDUN�
HGO\�WKHUPRPHFKDQLFDO�VWUHVVHV�DW�WKH�FU\V�
WDO�SHULSKHU\� >��@�� LY�� LQ�VLWX�VWRLFKLRPHWU\
FRQWURO� LQ� RUGHU� WR� UHGXFH� WKH� LQWULQVLF
SRLQW� GHIHFW� FRQWHQW� ZKLFK� SURPRWHV� KLJK�
WHPSHUDWXUH� GLVORFDWLRQ� PXOWLSOLFDWLRQ� E\
FOLPE� >������@�� Y�� DYRLGDQFH� RI� DOO� SDUDPH�
WHU�LQVWDELOLWLHV�HVSHFLDOO\�PHOW�DQG�JDV�IORZ
IOXFWXDWLRQV�� H�J�� E\� DSSO\LQJ� PDJQHWLF
ILHOGV� >������@� DQG�� PD\EH�� YL�� WKH� XVH� RI
GHWDFKHG��GHZHWWHG��JURZWK�PRGH�LQ�FDVH�RI
GLUHFWLRQDO� FU\VWDOOL]DWLRQ� LQ� FRQWDLQHUV
>��@�� ,W� VHHPV� WKDW�9*)� �SUREDEO\�DOVR�IXU�
WKHU� GHYHORSHG� 9&]�� LV� WKH� PRVW� VXLWDEOH
PHWKRG�WR�PHHW�WKHVH�GHPDQGV�LQ�HQVHPEOH�
/RZHVW� GLVORFDWLRQ� GHQVLWLHV� RI� OHVV� WKDQ
����FPÜ�� DUH� REWDLQHG� LQ� ��� *D$V� 9*)
FU\VWDOV� GRSHG� ZLWK�6L� >��@�� 8QGRSHG� FU\V�
WDOV� RI� WKH� VDPH� GLDPHWHU� FRQWDLQ� VWLOO
DURXQG�����FPÜ���
'HVSLWH�RI�VXFK�QRWHZRUWK\�SURJUHVV�GXU�

LQJ�WKH�ODVW�GHFDGH�WRGD\�LW�LV�QRW�\HW�FOHDU
RI� ZKLFK� FRQVHTXHQFH� ZRXOG� WR� EH� D� WRWDO
DEVHQFH� RI� GLVORFDWLRQV� LQ� FRPSRXQG� FU\V�
WDOV�� $V� LW� LV� ZHOO� NQRZQ� IURP� GLVORFDWLRQ�
IUHH� VLOLFRQ� PLVVLQJ� GLVORFDWLRQV� OHDG� WR

KLJKHU� VXSHUVDWXUDWLRQ� RI� QDWLYH� SRLQW� GH�
IHFWV� DQG� WKHLU� FOXVWHULQJ� DV� PLFUR� YRLGV
DQG� DJJORPHUDWHV� �VHH� H�J�� >��@��� 7KXV�� WKH
TXHVWLRQ� DULVHV� GR� ZH� UHDOO\� QHHG� GLVORFD�
WLRQ�IUHH�FRPSRXQGV�DW�DOO�HYHQWV"

���7ZLQQLQJ
*URZLQJ�LQ� WZLQV� DUH� RQH� RI� WKH� PRVW

VHULRXV�PDFURVFRSLF�GHIHFWV� WKH�SUHVHQFH�RI
ZKLFK� PDNH� D� FU\VWDO� RI� QR� XVH� WR� ZDIHU
SUHSDUDWLRQ� EHFDXVH� RI� WKH� WZLQ�LQGXFHG
JURZWK�PLVRULHQWDWLRQ� RYHU� WKH�ZKROH� FU\V�
WDO� ERG\� �)LJ���D��� 8S� WR� QRZ� WKHUH� LV� QRW
\HW�DQ�DEVROXWH�UHOLDEOH�SUHYHQWLRQ�PHDVXUH
GXH�WR�WKHLU�VWRFKDVWLF�FKDUDFWHU�RI�DSSHDU�
DQFH��+RZHYHU��RQH�FDQ�OLVW�D�UDQNLQJ�RI�WKH
PRVW� UHVSRQVLEOH� PDWHULDO� DQG� JURZWK� SD�
UDPHWHUV� HQKDQFLQJ� WKH� WZLQQLQJ� SURE�
DELOLW\�� *RWWVFKDON� HW� DO�� >��@� FRUUHODWHG� LW
ZLWK� WKH� VWDFNLQJ� IDXOW� HQHUJ\� ZKHUHXSRQ
WKH� KLJKHVW� GDQJHU� RI� WZLQQLQJ� H[LVWV� LQ
PDWHULDOV� ZLWK� KLJK� LRQLFLW\� VKRZLQJ� WKH
ORZHVW� VWDFNLQJ� IDXOW� HQHUJLHV�� ,Q� IDFW�
ERWK�,Q3�DQG�&G7H�ZLWK�LRQLFLWLHV�RI�����
DQG� ��� �� DQG� VWDFNLQJ� IDXOW� HQHUJLHV� RI
������Ü��-�FPÜ�� DQG� ������Ü��-�FPÜ��� UHVSHF�
WLYHO\�� VKRZ� WKH� KLJKHVW� WZLQQLQJ� SURE�
DELOLW\� DPRQJ� WKH� VHPLFRQGXFWRU� FRP�
SRXQGV�� *URZWK� FRQGLWLRQV� HQKDQFLQJ� WZLQ
DSSHDUDQFH� DUH�Û� L�� WHPSHUDWXUH� LQVWDELOL�
WLHV�� L�H�� UH�PHOWLQJ� RI� WKH� LQWHUIDFH�� LL�
SUHVHQFH�RI�LPSXULWLHV��LLL��IRUHLJQ�SDUWLFOHV
VZLPPLQJ�RQ�WKH�PHOW�VXUIDFH��LY��LQWHUIDFH
FRQWDFW�ZLWK�ZHWWLQJ� LQQHU�FRQWDLQHU�ZDOOV�
DQG�Y��PRUSKRORJLFDO�LQVWDELOLW\�RI�WKH�FU\V�
WDOOL]DWLRQ�IURQW��5HFHQWO\�DW�,.=�ZDV�GHP�
RQVWUDWHG� WKDW� WKHUH� H[LVWV� D� FOHDU� FRUUHOD�
WLRQ�EHWZHHQ�WZLQQLQJ�DQG�GHJUHH�RI�XQGHU�
FRROLQJ�DW�WKH�^���`�IDFHWV�>��@��)LJ���E��

)LJ�����D�Û�6NHWFK�DQG�LPDJH�RI�WZLQ�JHQHUDWLRQ�DORQJ�WKH� ODUJHVW� ^���`�IDFHW�RI�D�IDFHW�WUDLQ�LQ
WKH� VKRXOGHU� UHJLRQ� RI� DQ� ,Q3�/(&� FU\VWDO��E�Û� WZLQQLQJ�SUREDELOLW\�YV�� IDFHW� OHQJWK�� LGHQWLFDOO\
ZLWK�VXSHUFRROLQJ�RI�WKH�IDFHW��LQ�/(&�,Q3�FU\VWDOV�>��@�
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+XUOH� >��@� KDV� SURYLGHG� D� SRVVLEOH� WKHU�
PRG\QDPLF� GHVFULSWLRQ�� ZKLFK� FDQ� H[SODLQ
WKH� NH\� IHDWXUHV� RI� WKH� SURFHVV�� 7KH�PRGHO
GHPRQVWUDWHV� WKDW�� EHFDXVH� RI� WKH� RULHQWD�
WLRQ� GHSHQGHQFH� RI� LQWHUIDFLDO� HQHUJLHV� LQ
WKH�SUHVHQFH�RI�IDFHWV��WKHUH�LV�D�FRQILJXUD�
WLRQ�RI�WKH���SKDVH�ERXQGDU\�IRU�ZKLFK��IRU
VXIILFLHQWO\� ODUJH�VXSHUFRROLQJ��WKH�IUHH�HQ�
HUJ\� RI� IRUPDWLRQ� RI� D� FULWLFDO� QXFOHXV� LV
DFWXDOO\�ORZHUHG�E\�IRUPLQJ�WKDW�QXFOHXV�DW
WKH� ��SKDVH� ERXQGDU\� LQ� WZLQQHG� RULHQWD�
WLRQ��7KLV�ZLOO�RFFXU�RQO\�LI�D�FULWLFDO�DQJOH
RI� FRQLFDO� JURZWK� SUHVHQWLQJ� D� SRUWLRQ� RI
FU\VWDO�VXUIDFH�QRUPDO�WR�����!�LV�VDPSOHG
GXULQJ�WKH�JURZWK��6XFK�D�WZLQQHG�QXFOHXV
LV�WKHUPRG\QDPLFDOO\�IDYRXUHG�LI�WKH�VXSHU�
FRROLQJ� H[FHHGV� WKH� FULWLFDO� YDOXH� G7
� �$

�V7P�K'+�� ZLWK� V� WKH� WZLQ� SODQH� HQHUJ\�7P� PHOWLQJ� WHPSHUDWXUH�� K� WKH� QXFOHXVKHLJKW��'+�WKH�ODWHQW�KHDW�RI�IXVLRQ��DQG�$

WKH�UHGXFHG�ZRUN�RI�IRUPDWLRQ�RI�D�QXFOHXV
LQWHUVHFWLQJ� WKH� ��SKDVH� ERXQGDU\� �LWV� GH�
WDLOHG�GHULYDWLRQ�LV�JLYHQ�LQ�UHI��>��@��
0DQ\� /(&� DQG� %ULGJPDQ� H[SHULPHQWV

KDYH�GHPRQVWUDWHG�WKDW�WKH�WZLQ�SUREDELOLW\
LV� PDUNHGO\� UHGXFHG� LI� WKH� WHPSHUDWXUH
IOXFWXDWLRQV� G7� RI� WKH� JURZWK� V\VWHP�� DQG
WKHUHIRUH�H[FXUVLRQV�RI�WKH�DQJOH�RI�WKH�FRQ�
WDFWLQJ� PHQLVFXV�� DUH� PLQLPL]HG�� ,Q� IDFW
-DSDQHVH� SURGXFHUV� VXFFHHGHG� LQ� WZLQ�IUHH
,Q3�FU\VWDO�JURZWK�ZLWK�GLDPHWHUV�XS�WR����
������ PP� E\� FDUHIXO� PDLQWHQDQFH� RI� WKHU�
PDO� VWDELOLW\� GXULQJ� JURZWK� WKDW� ZDV
DFKLHYHG� E\� DSSO\LQJ� GDPSLQJ� PDJQHWLF
ILHOGV� DURXQG� WKH� PHOW� >������@�� $W� 9*)
JURZWK�WZLQQLQJ�FDQ�EH�UHGXFHG�LI�IODW�ERW�
WRP�FRQWDLQHU�ZLWK�VHHG�RI�WKH�VDPH�GLDPH�
WHU�DV�WKH�JURZLQJ�FU\VWDO�LV�XVHG�>��@�
,Q� WKLV�FRQQHFWLRQ�ZHOO�GHYHORSHG�FRQWURO

V\VWHPV� DUH� RI� LQFUHDVLQJ� LPSRUWDQFH�� 5H�
FHQWO\��1HXEHUW�IURP�,.=�%HUOLQ�>��@�GHYHO�
RSHG� D� PRGHO�EDVHG� IHHGEDFN� FRQWUROOHU� IRU
&]RFKUDOVNL�SURFHVVHV��7KH�EDVLF�VWUDWHJ\�LQ�
FOXGHV� WKH� XVH� RI� QRQOLQHDU� REVHUYHUV� IRU
WKH�UHFRQVWUXFWLRQ�RI�QRW�GLUHFWO\�PHDVXUHG
TXDQWLWLHV� �H�J��� FU\VWDO� GLDPHWHU� DQG� FRQL�
FDO� JURZWK� DQJOH�� DQG� D� FRPELQDWLRQ� RI
PRGHO�EDVHG� DQG� 3,'� FRQWUROOHUV� IRU� WUDFN�
LQJ�RI�FU\VWDO�GLDPHWHU�DQG�JURZWK�YHORFLW\
WUDMHFWRULHV�� 7KH� V\VWHP� TXDQWLWLHV� GHULYHG
E\�PHDQV�RI�WKH�REVHUYHU�DUH�OHVV�QRLV\�DQG
PRUH�DFFXUDWH� WKDQ� WKRVH�\LHOGHG�E\�VLPSOH
QXPHULFDO�GLIIHUHQWLDWLRQ��)XUWKHUPRUH��WKH
JURZWK� YHORFLW\� FDQ� EH� FDOFXODWHG� IURP� WKH
YDOXHV� UHFRQVWUXFWHG� E\� WKH� REVHUYHU�� 'XH
WR�WKH�PRGHO�WKH�LQWULFDWH�PHQLVFXV�G\QDP�
LFV� LV� IXOO\� WDNHQ� LQWR�DFFRXQW��5HFRQVWUXF�
WLRQ� E\� WKH� REVHUYHU� DQG� IHHGEDFN� FRQWURO
VKRZ� H[FHOOHQW� SHUIRUPDQFH� DQG� WKH� SDUD�

PHWHUL]DWLRQ� HIIRUW� LV� UHPDUNDEO\� UHGXFHG
FRPSDUHG� WR� FRQYHQWLRQDO� 3,'� FRQWURO�� 7KH
SURSRVHG� FRQWURO� PHWKRG� KDV� EHHQ� VXFFHVV�
IXOO\� XVHG� LQ� ��� ,Q3� DQG� *D$V� JURZWK� DW
,.=�VKRZLQJ�KLJK�DFFXUDF\��UHSURGXFLELOLW\�
DQG� UREXVWQHVV�� &XUUHQWO\�� LW� LV� WHVWHG
XQGHU�LQGXVWULDO�FRQGLWLRQV�WRR�

���1HZ�FKDOOHQJHV�Û�*D1��$O1
DQG�=Q2�EXON�FU\VWDOV

$V�FDQ�EH�VHHQ�IURP�7DEOH�*D1��$O1��=Q2
DUH� IXWXUH� PDWHULDOV� ZKLFK� DUH� RI� LPSRU�
WDQFH� IRU� EOXH� DQG� 89� RSWRHOHFWURQLFV� DQG
KLJK�SRZHU� HOHFWURQLFV�� +RZHYHU�� FRPSDUHG
WR� WKH� FRQYHQWLRQDO� FRPSRXQGV� WKHLU� PDWH�
ULDO� SDUDPHWHUV�� VXFK� DV� KLJK�PHOWLQJ� WHP�
SHUDWXUH��HTXLOLEULXP�SUHVVXUH�DQG�FKHPLFDO
UHDFWLYLW\�� SURYH� WR� EH� QHZ� FKDOOHQJHV� IRU
WKH� FU\VWDO� JURZHU�� 6HYHUDO� JURZWK� WHFK�
QLTXHV� DUH� LQYHVWLJDWHG� WR� JURZ� *D1� EXON
FU\VWDOV� >�@�� %HVLGH� KLJK�SUHVVXUH� IOX[
JURZWK�� ORZ�SUHVVXUH� VROXWLRQ� JURZWK
�/36*��� PHWDO� KDOLGH� YDSRXU� SKDVH� HSLWD[\
�+93(�� DQG� HSLWD[LDO� OD\HU� RYHUJURZWK
�(/2*�� IRU� REWDLQPHQW� RI� IUHH�VWDQGLQJ
WKLFN� OD\HUV�� WKH� GLUHFW� V\QWKHVLV� IURP� YD�
SRXU�SKDVH�XQGHU�1+��IORZ�RQ�DOWHUQDWLYH�RUQDWLYH� VXEVWUDWHV� LV� XQGHU� GHYHORSPHQW�
8QWLO�QRZ��EHVW�TXDOLWLHV�DUH�REWDLQHG�ZKHQ
*D1� FU\VWDOV� DUH� JURZQ� IURP� VROXWLRQ� LQ
OLTXLG�*D� XQGHU� KLJK� SUHVVXUH� RI� QLWURJHQ
����Ü����*3D���,Q�SDUWLFXODU�GLVORFDWLRQ�GHQ�
VLWLHV� HYHQ� ORZHU� WKDQ� ���� FPÜ�� KDYH� EHHQ
UHSRUWHG�� +RZHYHU�� WKHLU� VL]H� LV� OLPLWHG� WR
DERXW� �� FP�� LQ� DUHD� DQG� ��Ü���� PP� LQ
WKLFNQHVV� >��@�� 5HFHQWO\�� 6DVDNL� DQG� FR�
ZRUNHUV� >������@� UHSRUWHG� WKH� JURZWK� RI
WKLFN���LQFK�*D1�OD\HUV�E\�OLTXLG�SKDVH�HSL�
WD[\� �/3(�� IURP� 1D� IOX[� XQGHU� UHODWLYHO\
ORZ� 1�� SUHVVXUH� RI� �Ü�� 03D� DQG� DW� WHP�SHUDWXUH� RI� ����&�� )LUVW� D� WKLQ� *D1� VHHG
WHPSODWH� LV� JURZQ� RQ� D� VDSSKLUH� VXEVWUDWH
E\�PHWDO�RUJDQLF�FKHPLFDO�YDSRXU�GHSRVLWLRQ
�02&9'��EHIRUH� WKH�/3(�SURFHVV� LV� FDUULHG
RXW�� $� JRRG� IOX[� VWLUULQJ� LV� DFKLHYHG� E\
FRQYHFWLRQ�GXH�WR�DQ�RSWLPL]HG�WHPSHUDWXUH
ILHOG�� $IWHU� WKH� VDSSKLUH� VXEVWUDWH� LV� VHSD�
UDWHG� IURP� WKH� GHSRVLW� IUHH�VWDQGLQJ� *D1
SODWHV� ZLWK� GLVORFDWLRQ� GHQVLWLHV� a����FPÜ�
DUH� DYDLODEOH�� *D1� EXON� FU\VWDOV� IURP� D
FKORULQH�IUHH� JDV� SKDVH� DUH� JURZQ� DW� WKH
,.=� %HUOLQ� >��@��0HWDOOLF�*D� LV� HYDSRUDWHG
IURP�D�KHDWHG�PHOW�DQG�UHDFWV�ZLWK�QLWURJHQ
IURP�DQ�DPPRQLD�DQG�QLWURJHQ�JDV�PL[WXUH
�)LJ������ 3UHVVXUHV� LQ� WKH� UHJLRQ� RI� ��Ü
��� N3D� DQG� PRGHUDWH� JURZWK� WHPSHUDWXUHV
RI� ����Ü�����&� DUH� XVHG�� 6DSSKLUH� DQG� LQ
KRXVH�6L&�DQG�$O1�DUH�DSSOLHG�DV�VXEVWUDWHV�
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(YHQ�$O1� LV�PRUH� VWDEOH� GXULQJ� KHDWLQJ�XS
WKH�V\VWHP�WR�JURZWK�WHPSHUDWXUH��7KH�VWLOO
VPDOO� FU\VWDOV� RI� PP�GLPHQVLRQ� VKRZ� JRRG
VWUXFWXUDO� TXDOLW\� FRPSDUDEOH� ZLWK� IOX[
JURZQ�PDWHULDO�

$O1� KRPRVXEVWUDWHV� DUH� WKH� EHVW� YDULDQW
IRU�PDQXIDFWXULQJ� RI� �$O�*D�,Q�1� OD\HUV� IRU
89�/('V��$O1�EXON�FU\VWDOV�DUH�JURZQ�IURP
WKH�YDSRXU�SKDVH��*HQHUDOO\��WKHUH�DUH�WKUHH
DSSURDFKHV��L��VHHGHG�JURZWK�RQ�QRQ�QLWULGH
VXEVWUDWHV��H�J��6L&��LL��JURZWK�RI�IUHHVWDQG�
LQJ� $O1� FU\VWDOV� E\� VHOI�VHHGLQJ�� DQG� LLL�
FU\VWDO�H[SDQVLRQ�XVLQJ�$O1�VHHGV�>��@��7KH
UHTXLUHG�KLJK�JURZWK�WHPSHUDWXUHV�t�����&
DQG� WKH� DJJUHVVLYH� DOXPLQLXP� JDV� VSHFLHV
OLPLW�WKH�FKRLFH�IRU�FUXFLEOH�PDWHULDOV��7D&
SURYHV�WR�EH�D�XVDEOH�FDQGLGDWH�VKRZLQJ�ORZ
SDUWLDO� SUHVVXUH�� KLJK� WHPSHUDWXUH� DQG
FKHPLFDO�VWDELOLW\��7KH�VXFFHVVIXO�JURZWK�RI
ZHOO�IDFHWHG�VLQJOH�FU\VWDOOLQH�$O1�ERXOHV�RI
��� PP� LQ� GLDPHWHU� ZHUH� UHFHQWO\� UHSRUWHG
E\�+HUUR�HW�DO��>��@�XVLQJ�WKH�VHHGHG�SK\VL�
FDO� YDSRXU� WUDQVSRUW�PHWKRG�� &U\VWDO� TXDO�
LW\� LQFUHDVHG� GXULQJ� JURZWK� DV� PDQLIHVWHG
LQ� D� GURS� LQ� ):+0� RI� ;�UD\� 5RFNLQJ
FXUYHV� IURP� ��� DUFVHF� QHDU� WKH� VHHG� WR� ��
DUFVHF� DW� JURZWK� VXUIDFH�� $OVR� DW� ,.=� WKH
JURZWK�RI�$O1�EXON�FU\VWDOV� LV�XQGHU� LQYHV�
WLJDWLRQ� >��@�� 8VLQJ� VLQWHUHG� VRXUFH� PDWH�
ULDO�WKH�XQGHVLUDEOH�R[\JHQ�FRQWHQW�FRXOG�EH
GHFUHDVHG� GRZQ� WR� ���� SSP�� 7KH� VHOI�VHHG�
LQJ�SURFHVV�ZLWK�VXEVHTXHQW������!�JURZWK
DQG�Q�GRSLQJ�ZLOO�EH�RSWLPL]HG���

=Q2� VLQJOH� FU\VWDOV� DUH� RI� UDSLGO\� JURZ�
LQJ� LQWHUHVW� GXH� WR� WKHLU� SRWHQWLDO� DSSOLFD�
WLRQV� DV� 89� OLJKW� HPLWWHUV�� JUHHQ� ODVHUV�
VXEVWUDWH� IRU� *D1� HSLWD[\� DQG� DFRXVWLF
ZDYH�GHYLFHV�>��@��7KH�KLJK�PHOWLQJ�SRLQW�RI
7P� ������&� DQG� R[\JHQ� IXJDFLW\� RI� S2�� �����EDU�PDNH�WKH�EXON�FU\VWDO�JURZWK�IURP
WKH�PHOW�YHU\�GLIILFXOW�� ILUVW� RI� DOO� EHFDXVH
WKHUH�LV�QR�LGHDO�FUXFLEOH�PDWHULDO�EHLQJ�UH�
VLVWDQW� LQ� D� UHTXLUHG� R[\JHQ� RYHUSUHVVXUH�
7R�DYRLG�WKH�HPSOR\PHQW�RI�D�FUXFLEOH�EXON
FU\VWDO� JURZWK� LV� PDLQO\� SHUIRUPHG� E\� WKH
K\GURWKHUPDO� PHWKRG� >��@� RU� E\� WKH� SUHV�
VXUL]HG� �VNXOO�PHOWLQJ�� >��@�� +RZHYHU�� K\�
GURWKHUPDO�JURZQ�FU\VWDOV�VXIIHUV�IURP�VRO�
YHQW� LQFRUSRUDWLRQV� DQG� VNXOO�PHOWHG�PDWH�
ULDO� VKRZV� RIWHQ� FUDFNV� GXH� WR� WKH
FKDUDFWHULVWLF� KLJK� WHPSHUDWXUH� JUDGLHQWV�
7KHUPRG\QDPLF� FDOFXODWLRQV� SURYLGHG� DW
,.=�%HUOLQ� VKRZHG� WKDW� LULGLXP�DV�FUXFLEOH
PDWHULDO�LV�VWDEOH�LQ�WKH�SUHVHQFH�RI�DQ�R[\�
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'XULQJ�WKH�ODVW�\HDUV�WKH�RSWLPL]DWLRQ�RI
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