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)RU WZHQW\ \HDUV� H[WHQVLYH LQYHVWLJDWLRQV KDYH EHHQ GHYRWHG WR

WKH XWLOL]DWLRQ RI ]LUFRQLXP R[LGH �]LUFRQLD� DV D ORZ WR[LFLW\ FH�

UDPLF� WKHUPDO EDUULHU� DXWRPRWLYH FDWDO\VW� HOHFWURFHUDPLF� SLJPHQW�

ILOOHU� DQG R[\JHQ VHQVRU EHFDXVH RI LWV LQWHUHVWLQJ WKHUPDO DQGPHFK�

DQLFDO SURSHUWLHV ><DPDJXFKL� ����@� =LUFRQLD LV NQRZQ WR SRVVHVV

VXUIDFH DFLGLW\ DQG EDVLFLW\ DV ZHOO DV KLJK WKHUPDO VWDELOLW\� ZKLFK

DUH LPSRUWDQW IRU DSSOLFDWLRQV DV D FDWDO\VW RU FDWDO\VW VXSSRUW LQ

SHWUROHXP FKHPLVWU\ >)XMLWDQL HW DO�� ����@� ,W E\ LWVHOI LV DFWLYH LQ

WKH V\QWKHVLV RI PHWKDQRO DQG LVREXWHQH IURP &2 DQG K\GURJHQ

>+H DQG(NHUGW� ����@� DQG K\GURJHQDWLRQ RI &2 >(NHUGW DQG.DUOHV�

����@ DQG GHK\GUDWLRQ RI DOFRKRO >&KRNNDUDP DQG 'DYLV� ����@�

,Q DGGLWLRQ ]LUFRQLD LV D YHU\ VWDEOH VXSSRUW WKDW FDQ EH XVHG DW ORZ

SUHVVXUHV� XQGHU D UHGXFLQJ DWPRVSKHUH� RU SKRWR LUUDGLDWLRQ >0ROHV�

����@�

,Q DQ HIIRUW WR GHYHORS PRUH HIIHFWLYH ]LUFRQLD FDWDO\VWV RU FDW�

DO\VW VXSSRUWV� WKH UHODWLRQVKLSV EHWZHHQ WH[WXUDO SURSHUWLHV �VXU�

IDFH DUHD� SDUWLFOH VL]H DQG FU\VWDOOLQH VWUXFWXUH� DQG FKHPLFDO UHDF�

WLYLW\ KDYH EHHQ VWXGLHG� )DFWRUV LQIOXHQFLQJ WKH VXUIDFH DUHD DQG

WKH SKDVH WUDQVIRUPDWLRQV RI ]LUFRQLD KDYH DWWUDFWHG LQWHUHVW EHFDXVH

FRPPHUFLDOO\ DYDLODEOH ]LUFRQLD KDV OHVV WKDQ ��P��J ZKLOH VLOLFD

DQG DOXPLQD KDV �������P��J� 6XSHUFULWLFDO GU\LQJ PHWKRG �6&'�

ZDV HPSOR\HG WR PDNH ]LUFRQLD ZLWK KLJK VXUIDFH DUHDV DQG ODUJH

SRUH YROXPHV� .ODEXQGH DQG %HGLOR >����@ SUHSDUHG ]LUFRQLD DHUR�

JHOV IURP ]LUFRQLXP DONR[LGH ZLWK WKH VXUIDFH DUHD RI ���P��J DIWHU

GU\LQJ DQG DERYH ���P��J DIWHU FDOFLQDWLRQ DW ��� R& IRU � K� %\

XVLQJ &2��6&'� .R DQG :DUG >����@ VWXGLHG VWUXFWXUDO WUDQVIRU�

PDWLRQ RI ]LUFRQLD DW ORZ WHPSHUDWXUH� 3DMRQN DQG (O7DQDQ\ >����@

KDYH V\QWKHVL]HG D WHWUDJRQDO SKDVH ]LUFRQLD DHURJHO ZLWK D VXUIDFH

DUHD RI ���P��J DW ��� R&� &LHVOD HW DO� >����D� E@ UHSRUWHG PHVR�

SRURXV ]LUFRQLD ZLWK D VXUIDFH DUHD RI ���P��J DW ��� R& FRXOG EH

SUHSDUHG E\ XVLQJ SRVW�V\QWKHWLF WUHDWPHQW ZLWK VXUIDFWDQWV� +RZ�

HYHU� WKHVH ]LUFRQLD VDPSOHV VKRZ GUDVWLF ORVV RI VXUIDFH DUHD RQ

WKHUPDO VLQWHULQJ� 7KLV LV D VHYHUH GUDZEDFN IRU DSSOLFDWLRQV LQ FDW�

DO\WLF SURFHVVHV� ZKLFK KDYH WR EH FRQGXFWHG DW UHODWLYHO\ KLJK WHP�

SHUDWXUHV�

=LUFRQLD KDV WKUHH VWDEOH SRO\PRUSKV DW DWPRVSKHULF SUHVVXUH�

PRQRFOLQLF� WHWUDJRQDO� DQG FXELF VWUXFWXUH >0HUFHUD� ����@� *DUYLH

DQG &KDQ >����@ SURSRVHG WKDW WKH VXP RI IUHH HQHUJ\ IURP VXU�

IDFH� EXON� DQG VWUDLQ HIIHFWV GHWHUPLQH WKH VWDELOLW\ RI VLQJOH�SKDVH

]LUFRQLD� $Q DEUXSW WHWUDJRQDO WR PRQRFOLQLF SKDVH WUDQVLWLRQ RFFXUV

XSRQ KHDWLQJ DV WKH FU\VWDO VL]H JURZV DERYH �� QP EHFDXVH WKH

VXUIDFH HQHUJ\ VKRXOG GRPLQDWH WKH EXON WHUP� 6WLFKHUW DQG 6FKXK

>����@ DOVR UHSRUWHG WKDW WKH SKDVH WUDQVLWLRQZDV DWWULEXWHG WR FKDQJHV

LQ FU\VWDOOLWH VL]H GXULQJ WKH FDOFLQDWLRQ� =LUFRQLD LV RIWHQ FRPELQHG

ZLWK FDWLRQ GRSDQWV �<�2�� 0J2� &U�2�� &D2 RU /D�2��� DQLRQLF

HOHPHQWV �62�

�−� &2�

−�� RU &2−� EHFDXVH WKHVH DGGLWLYHV UHWDUG VLQ�

WHULQJ DQG FU\VWDOOL]DWLRQ >&OHDUILHOG HW DO�� �����&KXDK� ����@�:DWHU

YDSRU DQG VRGLXP LRQV LQ ]LUFRQLD JHO DIIHFW WKH IRUPDWLRQ RI PRQR�

FOLQLF DQG WHWUDJRQDO SKDVH� UHVSHFWLYHO\ >0XUDVH DQG .DWR� �����

&KDXK HW DO� ����@�

6HYHUDO ZRUNHUV KDYH UHSRUWHG WKDW WH[WXUH SURSHUWLHV DUH DIIHFWHG

E\ WKH SUHSDUDWLRQ FRQGLWLRQV IRU WKH K\GUR[LGH >$ZDWH HW DO�� �����

/HH HW DO�� ����� 6XK HW DO�� ����� 7RUUDOYR HW DO�� ����� :ULJKW HW

DO�� ����@�0DPRWW HW DO� >����@ VXJJHVWHG WKDW WKH S+ RI WKH VROXWLRQ

XVHG GXULQJ WKH SUHFLSLWDWLRQ GLUHFWO\ LQIOXHQFHV WKH UDWH RI SRO\�

PHUL]DWLRQ DQG WKHUHIRUH WKH GHJUHH RI ORFDOL]HG RUGHU ZLWKLQ WKH

K\GUR[LGH XQLWV� %HQHGHWWL HW DO� >����@ DOVR VKRZHG WKDW WKH VXU�

IDFH DUHD ZDV VWURQJO\ UHODWHG WR S+ RI WKH ]LUFRQLXP K\GUR[LGH�

&RUPD HW DO� >����@ UHSRUWHG WKDW WKH S+ RI SUHFLSLWDWLRQ RI WKH SUH�

FXUVRU =U�2+�� KDV D VWURQJ LQIOXHQFH RQ WKH VWUXFWXUH RI FU\VWDO�

OLQH ]LUFRQLD XQGHU K\GURWKHUPDO WUHDWPHQW� %HFDXVH RI WKH KLJK VRO�

XELOLW\� D GLVVROXWLRQ�SUHFLSLWDWLRQ PHFKDQLVP DQG DVVRFLDWLRQ RI WHW�

UDPHULF ]LUFRQ\O VSHFLHV DUH GRUPDQW DW ORZ S+ >&OHDUILHOG HW DO��
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����@� ,Q D QHXWUDO PHGLXP� YDU\LQJ DPRXQWV RI ERWK PRQRFOLQLF

DQG WHWUDJRQDO SKDVHV ZHUH REWDLQHG� ,Q WKLV UHJLRQ� WKH VROXELOLW\

RI ]LUFRQLXP K\GUR[LGH LV VPDOO DQG WKH\ SUHFLSLWDWH ILUVW IROORZHG

E\ LQ�VLWX K\GURWKHUPDO FU\VWDOOL]DWLRQ RI WKH DPRUSKRXV SKDVH LQWR

WHWUDJRQDO DQGPRQRFOLQLF SKDVH� ,Q KLJK S+ UHJLPH� ]LUFRQLXP K\�

GUR[LGHV KDYH KLJK K\GUR[\O FRQWHQW DQG ORZHU ZDWHU FRQWHQW� ZKLFK

ZRXOG DLG WKH GHZDWHULQJ SURFHVV� 'HK\GUDWLRQ RFFXUV ZKLFK UHVXOWV

LQ WKH KLJKHU HQHUJ\ WHWUDJRQDO SKDVH GXULQJ WKH K\GURWKHUPDO WUHDW�

PHQW�

+\GURWKHUPDO PHWKRGV KDYH EHHQ ZLGHO\ DSSOLHG IRU WKH V\Q�

WKHVLV RI D YDULHW\ RI PDWHULDOV EHFDXVH WKLV WHFKQLTXH \LHOGV ZHOO�

VKDSHG DQG LVRODWHG� ILQH PHWDO R[LGH SDUWLFOHV� ZKLOH VROLG�VWDWH FDO�

FLQDWLRQ VWURQJO\ DIIHFWV WKH PRUSKRORJ\ DQG SDUWLFOH VL]H GXH WR

WKH VLQWHULQJ HIIHFW >-XQJ HW DO�� ����� -XQJ DQG 6KXO� ����@� 7KH

K\GURWKHUPDO PHWKRG LV� WKHUHIRUH� SUHIHUUHG LQ WKH SURGXFWLRQ RI

ILQH ]LUFRQLD SDUWLFOHV IRU XVH LQ DGYDQFHG FHUDPLFV�

)RU FDWDO\WLF DSSOLFDWLRQV RI ]LUFRQLD� WKH HIIHFW RI VXUIDFH DUHD

DQG GLIIHUHQW FU\VWDOOLQH SKDVH ZLWK WKH VDPH VXUIDFH DUHD RQ WKH

VXUIDFH SURSHUWLHV QHHG WR EH VWXGLHG� 8S WR QRZ� WKHUH KDYH EHHQ

QR UHSRUWV RQ WKLV DUHD EHFDXVH RI PDQ\ YDULDEOHV� ZKLFK DIIHFWV

IRU VXUIDFH DUHD� DQG FU\VWDOOLQH SKDVH DV GLVFXVVHG DERYH� ,Q WKLV

VWXG\� WKH WZR PDLQ SDUDPHWHUV WR GHDO ZLWK DUH ��� WKH SUHSDUDWLRQ

RI VLQJOH�SKDVH ]LUFRQLD E\ GLIIHUHQW SUHSDUDWLRQ WHFKQLTXHV� DQG

��� WKH FKDUDFWHUL]DWLRQ RI VXUIDFH UHDFWLRQ RI FU\VWDOOLQH ]LUFRQLD

ZLWK WKH VDPH VXUIDFH DUHD� )RU WKHVH� ZH PDGH ]LUFRQLXP K\GUR[�

LGH DW WKH VDPH S+ � ��� WR H[FOXGH WKH HIIHFW RI S+ RQ WKH FU\�

VWDOOLQH SKDVH DQG WR REWDLQ KLJK SK\VLFDO SURSHUWLHV� $IWHU ]LUFR�

QLXP K\GUR[LGHZDVPDGH� K\GURWKHUPDO WUHDWPHQW XQGHU KLJK� DXWR�

JHQHRXV� SUHVVXUH �+3� DQG XQGHU ORZ� DWPRVSKHULF� SUHVVXUH �/3�

ZDV DSSOLHG WR HOXFLGDWH WKH SUHVVXUH HIIHFW GXULQJ WKH SUHSDUDWLRQ

RI ]LUFRQLD� )LQDOO\� WKH HIIHFW RI FU\VWDOOLQH SKDVH DQG VXUIDFH DUHD

RQ WKH VXUIDFH SURSHUWLHV ZDV DOVR GLVFXVVHG�

(;3(5,0(17$/

�� &DWDO\VW 3UHSDUDWLRQ

=LUFRQLXP R[\K\GUR[LGH >=U2[�2+��−�[@ ZDV SUHSDUHG E\ K\�

GURO\VLV RI D ���0 ]LUFRQ\O FKORULGH �=U2&O�Â�+�2� $OGULFK� VROX�

WLRQ XVLQJ GURSZLVH DGGLWLRQ RI DPPRQLXP K\GUR[LGH �1+�2+�

DW S+ ��� 7KLV S+ ZDV FKRVHQ EDVHG RQ WKH SUHYLRXV VWXGLHV� 7KH

DXWKRUV VXJJHVWHG WKDW PD[LPXP PHVRSRURVLW\� VXUIDFH DUHD� DQG

WRWDO SRUH YROXPH FRXOG EH REWDLQHG DW D S+ RI �� >.KRGDNRY HW

DO�� ����@� 7KH S+ RI WKH VROXWLRQ ZDV FRQWLQXRXVO\ PRQLWRUHG ZLWK

D JODVV HOHFWURGH V\VWHP� WKXV HQDEOLQJ VDPSOHV WR EH SUHFLSLWDWHG

DW S+��� 7R VWXG\ WKH HIIHFW RI SUHVVXUH GXULQJ WKH K\GURWKHUPDO

WUHDWPHQW RQ WKH ]LUFRQLD SKDVH� HDFK EDWFK RI SUHFLSLWDWHG VOXUULHV

ZDV GLYLGHG LQWR WKUHH HTXDO YROXPHV� )LUVW� RQH SRUWLRQ ZDV SODFHG

LQWR D �� FP� VWDWLF� 7HIORQ �37)(��OLQHG� VWDLQOHVV VWHHO DXWRFODYH

�3DUU &R��� DQG KHDWHG LQ DQ RYHQ DW ��� R&� )ROORZLQJ D VSHFLILHG

SHULRG RI KHDWLQJ ����K�� WKH DXWRFODYH ZDV UHPRYHG IURP WKH RYHQ

DQG FRROHG WR URRP WHPSHUDWXUH� +HUHDIWHU� ZHZLOO UHIHU WR WKLV VDP�

SOH DV WKH +3 VDPSOH >K\GURWKHUPDO WUHDWHG VDPSOH DW KLJK �DXWR�

JHQHRXV� SUHVVXUH@� 7KH VHFRQG YROXPH ZDV WUDQVIHUUHG WR D K\�

GURWKHUPDO WUHDWPHQW UHDFWRU DW DWPRVSKHULF SUHVVXUH DQG KHDWHG WR

��� R& XQGHU UHIOX[� $GGLWLRQDO DPPRQLD ZDV DGGHG WR PDLQWDLQ

WKH S+ GXULQJ WKH UHDFWLRQ IRU ��� K� +HUHDIWHU� ZH ZLOO UHIHU WR LW

DV WKH /3 VDPSOH �K\GURWKHUPDO WUHDWHG VDPSOH DW ORZ� DWPRVSKHULF�

SUHVVXUH�� 7KH WKLUG RQH �87� ZDV OHIW XQWUHDWHG DQG DOORZHG WR DJH

DW URRP WHPSHUDWXUH IRU WKH VDPH UHDFWLRQ WLPH WR FRPSDUH ZLWK

K\GURWKHUPDOO\ WUHDWHG VDPSOHV� ,Q DOO FDVHV� WKH K\GURXV ]LUFRQLD

ZDV UHFRYHUHG YLD YDFXXP ILOWUDWLRQ DIWHU WKH UHDFWLRQ IRU ��� K�

7KH\ ZHUH ZDVKHG UHSHDWHGO\ E\ UHGLVSHUVLRQ LQ ZDWHU LQ RUGHU WR

UHPRYH UHVLGXDO FKORULQH� $IWHU HDFK ZDVK� D IHZ GURSV RI $J12�

VROXWLRQ ZHUH DGGHG WR WKH ILOWUDWH OLTXLG XQWLO $J&OZDV QRW GHWHFWHG�

=LUFRQLXP K\GUR[LGH REWDLQHGZDV GULHG DW ��� R& LQ RYHQ IRU ��K�

7KHVH VDPSOHV ZHUH VWXGLHG ERWK LQ WKH IUHVKO\ SUHSDUHG VWDWH DQG

DIWHU FDOFLQDWLRQ� &DOFLQDWLRQ ZDV FDUULHG RXW LQ R[\JHQ IORZ LQ D

WXEH IXUQDFH DW YDULRXV WHPSHUDWXUHV� 7KH WHPSHUDWXUH ZDV LQFUHDVHG

DW D UDWH RI �� R&�PLQ WR WKH ILQDO WHPSHUDWXUH DQG KHOG IRU � K� 7KH

RYHUDOO VFKHPDWLF GLDJUDP IRU WKH SUHSDUDWLRQ LV VKRZQ LQ )LJ� ��

�� 3K\VLFR�&KHPLFDO &KDUDFWHUL]DWLRQ

;�UD\ SRZGHU GLIIUDFWRPHWHU �;5'� SDWWHUQV ZHUH UHFRUGHG LQ

D 6LHPHQV '���� ZLWK JUDSKLWH PRQRFKURPHWHU E\ XVLQJ &X�.α
UDGLDWLRQ� 6FDQV ZHUH PDGH LQ WKH �θ UDQJH IURP ��R WR ��R ZLWK

D VFDQQLQJ UDWH RI �����R�V� 7KH 6FKHUHU UHODWLRQVKLS ZDV XVHG WR

FDOFXODWH FU\VWDO VL]H E\ XVLQJ WKH LQWHJUDO OLQH ZLGWK �%KNO� RI WKH

PRQRFOLQLF DQG WHWUDJRQDO SDWWHUQ�UHVROYHG UHIOHFWLRQV DQG D VKDSH

IDFWRU �6� HTXDO WR ���� 7KHUPRJUDYLPHWULF �7*� DQG GLIIHUHQWLDO

WKHUPDO DQDO\VLV �'7$� RI WKH VDPSOHV ZHUH FDUULHG RXW DW D WHP�

SHUDWXUH RI XS WR ��� R&ZLWK KHDWLQJ UDWH RI �� R&�PLQ� 'XULQJ WKH

PHDVXUHPHQWV R[\JHQ ZDV XVHG DV D SXUJLQJ JDV� $Q $XWRVRUE JDV

DGVRUSWLRQ V\VWHP ZDV XVHG WR REWDLQ QLWURJHQ DGVRUSWLRQ�GHVRUS�

WLRQ LVRWKHUPV� 6XUIDFH DUHD� SRUH YROXPH� DQG SRUH VL]H ZHUH GH�

WHUPLQHG IURP WKH FRUUHVSRQGLQJ LVRWKHUPV DW −��� R&� %HIRUH DQ�

DO\VLV� DOO VDPSOHV ZHUH RXWJDVVHG IRU � K XQGHU YDFXXP DW ��� R&

�QRQ�KHDW WUHDWPHQW� RU ��� R& �RWKHU VDPSOHV�� )URP WKH ���SRLQW

DGVRUSWLRQ DQG GHVRUSWLRQ LVRWKHUPV� %(7 VXUIDFH DUHD �WDNHQ DW 3�

3Ra����� DQG SRUH VL]H GLVWULEXWLRQ �%-+� ZHUH FDOFXODWHG�

&DWDO\WLF VXUIDFH SURSHUWLHV ZHUHPHDVXUHG E\ &2�� DQG1+� WHP�

)LJ� �� ([SHULPHQWDO VFKHPH IRU WKH SUHSDUDWLRQ RI ]LUFRQLD�
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SHUDWXUH�SURJUDPPHG GHVRUSWLRQ ZLWK DQDO\VLV E\ PDVV VSHFWURP�
HWU\ �73'�06�� 7KH ]LUFRQLD VDPSOHV ����������� J� ZHUH SODFHG
LQ DQ DGVRUSWLRQ UHDFWRU DQG SUHKHDWHG XQGHU R[\JHQ IORZ DW ���
R& IRU � K� $IWHU FRROLQJ WR URRP WHPSHUDWXUH� &2� �RU 1+�� ZDV
LQWURGXFHG LQWR WKH UHDFWRU DQG FRQWDFWHG ZLWK ]LUFRQLD VDPSOHV IRU
� K� 3K\VLFDOO\ DGVRUEHG PDWHULDO ZDV WKHQ UHPRYHG E\ IOXVKLQJ
WKH VDPSOHV ZLWK +H JDV IRU � K DW DGVRUSWLRQ WHPSHUDWXUH� 7KH 73'
ZDV UXQ XS WR ��� R& DW D OLQHDU UDWH RI �� R&�PLQ� &RPSRVLWLRQ RI
WKH GHVRUEHG JDVHV ZDV PRQLWRUHG E\ LQMHFWLQJ JDV VDPSOHV LQWR D
87, ��� TXDGUXSROH PDVV VSHFWURPHWHU� $OO JDVHV ZHUH SXULILHG
SULRU WR XVH� +H JDV ZDV SDVVHG WKURXJK DQ R[\VRUE �&U2�� WUDS WR
UHPRYH 2� DQG WKHQ D PROHFXODU VLHYH WUDS ��c 'DYLGVRQ JUDGH
���� WR UHPRYH ZDWHU� &2� ZDV SDVVHG WKURXJK D KRSFDOLWDH WUDS
����0Q2� ���� &X2� WR UHPRYH &2 DQG D PROHFXODU VLHYH WUDS
WR UHPRYH ZDWHU� 3XULILHG JDVHV ZHUH GHOLYHUHG WR WKH 73' UHDFWRU
YLD 7\ODQ 0RGHO )&���� PDVV IORZ FRQWUROOHUV� (OHFWULFDO UHVLV�
WDQFH KHDWHUV KHDWHG WKH UHDFWRU DQG DQ2PHJD 6HULHV &1����� SUR�
JUDPPDEOH WHPSHUDWXUH FRQWUROOHU FRQWUROOHG WKH FHOO WHPSHUDWXUH�

5(68/76

�� &U\VWDOOLQH 6WUXFWXUH

)LJ� � VKRZV WKH HIIHFW RI SUHSDUDWLRQ PHWKRG RQ WKH ;5' SDW�
WHUQV� 0RQRFOLQLF ������� DQG ������ DQG WHWUDJRQDO SKDVH �������
]LUFRQLD DUH GHWHUPLQHG IURP SHDNV RI ����R DQG ����R� DQG ����R�
UHVSHFWLYHO\� 'HVSLWH WKH VDPH S+ � ��� XVHG IRU ]LUFRQLXP K\GUR�
[LGH SUHFLSLWDWLRQ� GLIIHUHQW ;5' SDWWHUQV ZHUH REWDLQHG� 7KH ;5'
SDWWHUQV RI K\GURWKHUPDO WUHDWHG VDPSOHV DW KLJK SUHVVXUH �+3� VKRZ
D PL[WXUH RI WHWUDJRQDO DQG PRQRFOLQLF SKDVH HYHQ DIWHU GU\LQJ DW
��� R&� ZKLOH K\GURWKHUPDO WUHDWHG VDPSOHV DW ORZ SUHVVXUH �/3�
DQG XQWUHDWHG VDPSOH �87� DUH DPRUSKRXV XQGHU WKH VDPH FRQGL�
WLRQ� ,Q JHQHUDO� WKH SUHSDUDWLRQ RI PRQRFOLQLF SKDVH ]LUFRQLD XVX�
DOO\ UHTXLUHV FDOFLQDWLRQ DW WHPSHUDWXUHV KLJKHU WKDQ ��� R& DW WKH
VROLG VWDWH UHDFWLRQ >7DQDEH HW DO�� ����@� +RZHYHU� PRQRFOLQLF FU\�
VWDOV ZHUH REVHUYHG WR EH IRUPHG LQ WKH +3 VDPSOH DIWHU GU\LQJ� DQG
WKH UHODWLYH SRUWLRQ RI PRQRFOLQLF SKDVH LQFUHDVHG ZLWK LQFUHDVLQJ

WHPSHUDWXUH DV VKRZQ LQ )LJ� �D� $IWHU WKH FDOFLQDWLRQ RI /3 VDP�
SOH DW WKH WHPSHUDWXUH RI ��� R&DQG EHORZ� QR VLJQ RI D FU\VWDO SKDVH
FRXOG EH REVHUYHG EXW D YHU\ EURDG SHDN ZDV REVHUYHG� %DVHG RQ
WKH EURDG SHDN� LW FDQ EH DVVXPHG WKDW D YHU\ VKRUW�UDQJH RUGHULQJ
RI WKH UHDFWLRQ SURGXFWV ZDV REWDLQHG E\ K\GURWKHUPDO WUHDWPHQW
XQGHU DWPRVSKHULF SUHVVXUH� $IWHU FDOFLQDWLRQ DW ��� R&� EURDG GLI�
IUDFWLRQ OLQHV RI WHWUDJRQDO SKDVH ]LUFRQLD DSSHDU DQG WKHLU LQWHQVL�
WLHV LQFUHDVH� 7KLV UHVXOW VXJJHVWV WKDW WKH WHWUDJRQDO SKDVH DSSDU�
HQWO\ LV VWDELOL]HG E\ WKH K\GURWKHUPDO WUHDWPHQW DW DWPRVSKHULF SUHV�
VXUH ZKLOH� LQ JHQHUDO� WKH ]LUFRQLD SDUWLFOHV H[KLELW GLIIHUHQW FU\VWDO
VWUXFWXUHV DFFRUGLQJ WR WKH FDOFLQDWLRQ WHPSHUDWXUH LQ WKHVH UDQJHV
>7DQDEH HW DO�� ����@� 87 VDPSOH VKRZV D K\EULG FU\VWDOOLQH SKDVH
EHWZHHQ +3 DQG /3� 7KH WHWUDJRQDO FU\VWDOV DUH REVHUYHG WR EH GL�
UHFWO\ SURGXFHG IURP WKH DPRUSKRXV SKDVH DQG WR EH SUHIHUHQWLDOO\
IRUPHG IURP ��� R& DV VKRZQ LQ )LJ� �F� 7KH\ GLUHFWO\ WUDQVIRUPHG
LQWR WKH PRQRFOLQLF SKDVH� 7KH WHWUDJRQDO SKDVH ]LUFRQLD LQ WKH 87
WUDQVIRUPHG LQWR PRQRFOLQLF SKDVH ]LUFRQLD PRUH HDVLO\ WKDQ WKDW
RI +3 DQG /3 VDPSOHV EHFDXVH WKH 87 VDPSOH GRHV QRW KDYH ULJLG
SRURXV QHWZRUNV ZKLFK IRUP GXULQJ WKH K\GURWKHUPDO WUHDWPHQW
DQG UHWDUG VLQWHULQJ DQG FU\VWDOOL]DWLRQ >&KXDK HW DO�� ����@�
'XULQJ WKH FDOFLQDWLRQ� FU\VWDO VL]HV LQFUHDVHG ZLWK FDOFLQDWLRQ

WHPSHUDWXUH LQ DOO FDVHV DV VKRZQ LQ )LJ� �� 7KH FU\VWDO VL]H RI WKH
PRQRFOLQLF SKDVH LQ +3 DQG 87 DEUXSWO\ LQFUHDVHG ZLWK LQFUHDV�
LQJ WUHDWPHQW WHPSHUDWXUH� ZKLOH WKH SDUWLFOH VL]H RI WHWUDJRQDO SKDVH
LQFUHDVHG VOLJKWO\ E\ ������ RI WKH LQLWLDO SDUWLFOH VL]H RI WHWUDJR�
QDO SKDVH ]LUFRQLD� ,I ZH FRQVLGHU WKH SDUWLFOH VL]H FKDQJH RI PRQR�
FOLQLF SKDVH ������� LW FDQ EH DVVXPHG WKDW WKH SDUWLFOH VL]H RI WKH
WHWUDJRQDO SKDVH GRHV QRW FKDQJH� 7KH WHWUDJRQDO SKDVH SDUWLFOH VL]H
ZDV DOVR DIIHFWHG E\ WKH K\GURWKHUPDO WUHDWPHQW SUHVVXUH DQG LQ�
FUHDVHG LQ WKH IROORZLQJ RUGHU RI /3 � �+3�87�
�� 7KHUPDO $QDO\VLV

7KHUPRJUDYLPHWULF DQDO\VLV �7*$� RI WKH K\GURXV ]LUFRQLD ZDV
XVHG WR GHWHUPLQH WKH GHJUHH RI K\GUR[\ODWLRQ DV VKRZQ LQ )LJ� ��
7KH +3 VDPSOH VKRZV WZR VWDJHV RI ZHLJKW ORVV� 7KH ILUVW VWDJH LV
IURP URRP WHPSHUDWXUH WR �� R&� ZKLFK XQGRXEWHGO\ FRUUHVSRQGV WR
GHVRUSWLRQ RI SK\VLFDOO\ DGVRUEHG ZDWHU� 7KH VHFRQG ORVV RI ZHLJKW�
GXH WR WKH GHVRUSWLRQ RI FKHPLVRUEHG ZDWHU� FRQWLQXRXVO\ GHFUHDVHV
DQG FRPSOHWHV DW DERXW ��� R&� 7KH REVHUYHG ZHLJKW ORVV LV HQWLUHO\

)LJ� �� (IIHFW RI SUHSDUDWLRQ PHWKRG RQ WKH FU\VWDOOLQH VWUXFWXUH

RI ]LUFRQLD DV D IXQFWLRQ RI FDOFLQDWLRQ WHPSHUDWXUH�
�D� +3� �E� /3� DQG �F� 87

)LJ� �� (IIHFW RI SUHSDUDWLRQ PHWKRG RQ WKH SDUWLFOH VL]H RI ]LUFR�

QLD DV D IXQFWLRQ RI FDOFLQDWLRQ WHPSHUDWXUH�
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GXH WR WKH UHPRYDO RI ZDWHU� GHK\GUR[\ODWLRQ >7DQDEH HW DO�� ����@�

%DVHG RQ WKH ZHLJKW ORVV IURP URRP WHPSHUDWXUH WR ����� R&� ZDWHU

FRQWHQWV LQ WKH ]LUFRQLXP K\GUR[LGH DUH FDOFXODWHG� 87 KDV WKH IRU�

PXOD =U2�Â����+�2� +RZHYHU� K\GURWKHUPDO WUHDWHG VDPSOHV VKRZ

ORZHU ZDWHU FRQWHQW >=U2� ����+�2 �+3�� DQG =U2� ����+�2 �/3�@

WKDQ WKDW RI 87� $V VKRZQ LQ WKH ;5' UHVXOWV �)LJ� ��� DQ LQFUHDVH

LQ SUHVVXUH GXULQJ WKH K\GURWKHUPDO WUHDWPHQW EULQJV DERXW FKDQJHV

LQ WKH VWUXFWXUH RI WKH K\GURXV ]LUFRQLD DQG OHDGV WR WKH IRUPDWLRQ

RI FU\VWDOOLQH SURGXFWV ZKLFK PD\ EH UHODWHG WR WKH ORZHU ZHLJKW

ORVV�

$ '7$ PHDVXUHPHQW ZDV SHUIRUPHG WR VWXG\ WKH SRVVLEOH LQ�

IOXHQFH RI WKH SUHVVXUH RI K\GURWKHUPDO WUHDWPHQW RQ FU\VWDOOL]DWLRQ

WHPSHUDWXUH� 7KH '7$ FXUYHV RI /3 DQG87 VKRZ WZR EURDG HQGR�

WKHUPV IURP URRP WHPSHUDWXUH XS WR DERXW ��� R&� ZKLFK FRUUH�

VSRQG WR WKH GHVRUSWLRQ RI SK\VLVRUEHG DQG FKHPLVRUEHG ZDWHU� 7KH

UHODWLYH DPRXQW RI FKHPLVRUEHG ZDWHU DVVRFLDWHG ZLWK +3 DQG /3

LV VPDOOHU WKDQ WKDW RI 87� ZKLFK VXJJHVWV WKDW K\GURWKHUPDO WUHDW�

PHQW GHFUHDVHV WKH DPRXQW RI FKHPLVRUEHG ZDWHU� DV PHQWLRQHG LQ

FRQQHFWLRQ ZLWK WKH 7*$ UHVXOWV� 7KH H[RWKHUP IRU +3 DQG87 DS�

SHDUHG DW DERXW ��� R&� ZKLOH WKDW IRU WKH /3 VDPSOH RFFXUUHG DW

DERXW ��� R&� 7KLV H[RWKHUP ZDV DFFRPSDQLHG E\ D VPDOO ZHLJKW

ORVV GXH WR WKH VXUIDFH K\GUR[\ODWLRQ� 7KHVH H[RWKHUPV� NQRZQ DV

³JORZ H[RWKHUP SKHQRPHQD�́ ZHUH REVHUYHG E\ RWKHU VWXGLHV DQG

DWWULEXWHG WR WKH FU\VWDOOL]DWLRQ RI ]LUFRQLD >0HUFHUD� ����� &OHDUILHOG

HW DO�� ����� &KDXK� ����@� $FFRUGLQJ WR ;5' UHVXOWV �)LJV� �E DQG

�F�� LW LV FHUWDLQ WKDW WKH H[RWKHUPLF SHDN FDQ EH DVVLJQHG WR WKH FU\�

VWDOOL]DWLRQ RI /3 DQG 87� +RZHYHU� IRU WKH +3 VDPSOH� D PL[WXUH

RI WHWUDJRQDO DQG PRQRFOLQLF SKDVHV ZDV REVHUYHG DIWHU GU\LQJ WKH

]LUFRQLXP K\GUR[LGH DW ��� R& DV VKRZQ LQ )LJ� �D� 7KLV LQGLFDWHV

WKDW WKH H[RWKHUP SHDN IRU +3 LV QRW UHODWHG WR LWV FU\VWDOOL]DWLRQ

EXW WR WKH SKDVH WUDQVLWLRQ IURP WHWUDJRQDO SKDVH WRPRQRFOLQLF SKDVH

DV VKRZQ E\ WKH ;5' UHVXOWV� ,I ZH FRQVLGHU WKDW WKH H[RWKHUPLF

SHDN LV DEVHQW ZKHQ WKH K\GURXV R[LGH LV DOUHDG\ FU\VWDOOLQH RU ZKHQ

WKH ILQDO R[LGH LV DPRUSKRXV� DQRWKHU SRVVLELOLW\ LV FU\VWDOOL]DWLRQ

RI WKH UHPDLQLQJ DPRUSKRXV ]LUFRQLXP K\GUR[LGH LQ WKH +3 VDP�

SOH� 7KH FU\VWDOOL]DWLRQ SHDN IRU WKH /3 VDPSOH LV DERXW ��� R&KLJKHU

FRPSDUHG WR WKDW IRU WKH 87�

7KH WUDQVIRUPDWLRQ WHPSHUDWXUH FRUUHVSRQGV WR WKH PD[LPXP

UDWH RI UHDFWLRQ� DQG WKH DSSDUHQW DFWLYDWLRQ HQHUJ\� (D� LV UHODWHG WR

WKH KHDWLQJ UDWH E\ WKH 5HGKHDG HTXDWLRQ EDVHG RQ WKH WHPSHUDWXUH�

SURJUDPPHG UHDFWLRQ WKHRU\ >)DOFRQHU DQG 6FKZDUW]� ����@ �

(D 57I >OQ�ν7I�β�− ����@

ZKHUH ν LV WDNHQ DV ���� V−�� 5 LV JDV FRQVWDQW� 7I WKH PD[LPXP WHP�

SHUDWXUH RI H[RWKHUPLF SHDN� DQG β LV KHDWLQJ UDWH� 8VLQJ WKLV HTXD�
WLRQ� DQ DSSDUHQW DFWLYDWLRQ HQHUJ\ RI FU\VWDOOL]DWLRQ IRU 87 RI ���

N-�PRO LV FDOFXODWHG ZKLFK LV VLPLODU WR WKH UHVXOW ZKHQ FRPSDUHG

WR WKRVH RI RWKHU VDPSOHV ZLWK DFWLYDWLRQ HQHUJLHV UDQJLQJ IURP ���

WR ��� N-�PRO >&KDXK� ����@� $IWHU WKH K\GURWKHUPDO WUHDWPHQW�

WKH DSSDUHQW DFWLYDWLRQ HQHUJ\ RI FU\VWDOOL]DWLRQ LV ��� N-�PRO IRU

/3 VDPSOH�

�� 3K\VLFDO 3URSHUWLHV

7KH HIIHFW RI SUHSDUDWLRQ PHWKRG RQ WKH VXUIDFH DUHD DQG FU\V�

WDOOLQH VWUXFWXUH RI ]LUFRQLD LV VXPPDUL]HG LQ 7DEOH �� ,W LV VHHQ WKDW

WKH K\GURWKHUPDO SUHVVXUH KDV D VWURQJ LQIOXHQFH RQ WKH VXUIDFH DUHD�

7KH VXUIDFH DUHD RI /3 VDPSOH LV ���P��J DW ��� R&� D VXUIDFH DUHD

KLJKHU WKDQ DQ\ RWKHU SUHYLRXVO\ UHSRUWHG IRU ]LUFRQLD >0HUFHUD�

����� &OHDUILHOG HW DO�� ����� &KDXK� ����@� 7R REWDLQ WKH VLQJOH

WHWUDJRQDO SKDVH ]LUFRQLD� ZH FDOFLQHG /3 VDPSOH DW KLJKHU WHPSHU�

DWXUH DQG SUHSDUHG D WHWUDJRQDO SKDVH ]LUFRQLD ZKLFK VKRZV LWV SKDVH

XS WR ����� R& ZLWK WKH VXUIDFH DUHD RI ��P��J� 8SRQ FDOFLQLQJ DW

SURJUHVVLYHO\ KLJKHU WHPSHUDWXUHV� WKH 87 VDPSOHV KDYH ORZHU VXU�

)LJ� �� 7KHUPDO DQDO\VLV UHVXOWV RI ]LUFRQLXP K\GUR[LGH DQG ]LUFR�

QLD FDWDO\VWV�
�D� +3� �E� /3� DQG �F� 87

7DEOH �� 6DPSOH SUHSDUDWLRQ FRQGLWLRQV RI ]LUFRQLD IRU73'PHDV�
XUHPHQW

3UHSDUDWLRQ

PHWKRG

&DOFLQDWLRQ

WHPSHUDWXUH

�R&�

%(7 VXUIDFH

DUHD �P��J�

&U\VWDOOLQH

SKDVH

+\GURWKHUPDO WUHDWPHQW ��� ���
$P

DW DWPRVSKHULF SUHVVXUH ��� ���

�/3� ��� ���
7

���� ��

8QWUHDWHG

VDPSOH

�87�

��� ��� $P

��� ��� 7!!0

��� �� 0

+\GURWKHUPDO WUHDWPHQW

DW DXWRJHQHRXV SUHVVXUH

�+3�

��� ��� 7!!0

��� ��� 7!0

��� �� 7 0

$P� DPRUSKRXV SKDVH ]LUFRQLD� 7� WHWUDJRQDO SKDVH ]LUFRQLD�0�PRQ�

RFOLQLF SKDVH ]LUFRQLD�



��� .� 7� -XQJ HW DO�

1RYHPEHU� ����

IDFH DUHD WKDQ WKDW RI /3� $ VLPLODU GHSHQGHQFH RI VXUIDFH DUHD RQ
WKH FDOFLQDWLRQ WHPSHUDWXUH ZDV IRXQG IRU WKH +3 VDPSOHV EHFDXVH
RI SKDVH WUDQVLWLRQ IURP WHWUDJRQDO SKDVH WR PRQRFOLQLF SKDVH� 7KH
LQLWLDO VXUIDFH DUHD REWDLQHG DW ��� R& GHFUHDVHV� 7KH UHODWLYH DPRXQW
RI GHFUHDVLQJ VXUIDFH DUHD XS WR ��� R& LV LQ WKH IROORZLQJ RUGHU�
/3 ������+3 ������ DQG 87 ����� ]LUFRQLD� 7KHVH UHVXOWV VXJ�
JHVW ORZ WKHUPDO VWDELOLW\ RI 87 VDPSOH�
1LWURJHQ DGVRUSWLRQ�GHVRUSWLRQ LVRWKHUPV IRU ]LUFRQLD VDPSOH

ERWK DIWHU GU\LQJ DW ��� R& DQG FDOFLQDWLRQ DW ��� R& DUH LOOXVWUDWHG
LQ )LJ� �� ,Q DOO FDVHV WKH LVRWKHUPV DUH RI 7\SH ,9� D ZHOO�GHYHO�
RSHG PHVRSRURXV V\VWHP LQ WKH %(7 FODVVLILFDWLRQ� 7KHVH UHVXOWV
VXJJHVW WKDW WKH LVRWKHUP W\SH LV QRW DIIHFWHG E\ WKH K\GURWKHUPDO
WUHDWPHQW SUHVVXUH XQGHU ZKLFK IRUPDWLRQ RI K\GURXV ]LUFRQLD DQG
]LUFRQLD RFFXU� $OO VDPSOHV GULHG DW ��� R& H[KLELW ODUJHU K\VWHUHVLV
ORRSV WKDQ WKDW RI FDOFLQHG VDPSOHV� ,Q DGGLWLRQ� WKH VKDSH RI WKH
K\VWHUHVLV ORRSV RI 87 VDPSOH FKDQJHV JUDGXDOO\ IURP WKDW RI W\SH
( WR W\SH $ �IROORZLQJ WKH FODVVLILFDWLRQ RI 'H %RHU HW DO� >����@�
LQ WKH KLJK UHODWLYH SUHVVXUH �3�3R� ZLWK K\GURWKHUPDO WUHDWPHQW�
(�W\SH K\VWHUHVLV LV RIWHQ DVVRFLDWHG ZLWK ³LQN�ERWWOH´ SRUHV� VSKH�
URLGDO FDYLWLHV RU YRLGV EHWZHHQ FORVH�SDFNHG VSKHULFDO SDUWLFOHV�
RQ WKH RWKHU KDQG� $�W\SH K\VWHUHVLV LV FKDUDFWHULVWLF RI F\OLQGULFDO
SRUHV� 7KHVH UHVXOWV PHDQ WKDW 87 KDYLQJ PHVRSRURXV DQG VSKHUL�
FDOO\ VKDSHG SRUHV �(�W\SH K\VWHUHVLV� FKDQJHG LQWR F\OLQGULFDOO\
VKDSHG SRUHG SRUH �$�W\SH K\VWHUHVLV� E\ WKHUPDO WUHDWPHQW� &DOFL�
QDWLRQ DW ��� R& OHG WR WKH XSWDNH RI D VPDOOHU DPRXQW RI QLWURJHQ
WKDQ WKDW RI WKH GULHG VDPSOH RI /3 DQG 87� +RZHYHU� D VOLJKW GLI�
IHUHQFH LV REVHUYHG LQ +3 EHWZHHQ GU\LQJ DW ��� R& DQG FDOFLQD�
WLRQ DW ��� R&�
7KH PHVRSRUH VL]H GLVWULEXWLRQ IRU HDFK VDPSOH ZDV FDOFXODWHG

IURP WKH GHVRUSWLRQ EUDQFK RI WKH LVRWKHUPV IROORZLQJ WKH%-+PHWK�
RG� )LJV� �D DQG E VKRZ WKH HIIHFW RI FDOFLQDWLRQ DW ��� R& RQ WKH
GHYHORSPHQW RI WKH PHVRSRUH VL]H GLVWULEXWLRQ RI K\GURXV ]LUFRQLD
VDPSOHV� )URP WKHVH ILJXUHV� LW LV HYLGHQW WKDW XQFDOFLQHG /3 DQG
87 H[KLELW XQLPRGDO DQG QDUURZ SRUH VL]H GLVWULEXWLRQV KDYLQJ D
PD[LPXP SRUH VL]H RI DERXW ��c� 2Q FDOFLQLQJ DW ��� R&� WKH SRUH
VL]H GLVWULEXWLRQ� DQG PD[LPXP SRUH YDOXH GRHV QRW VKLIW WRZDUG
KLJKHU YDOXH IRU 87� +RZHYHU� IRU WKH /3 VDPSOH� WKHUH LV D IRU�
PDWLRQ RI D SHDN DW DERXW ��c LQGLFDWLQJ WKH GHYHORSPHQW RI SRUH
VL]H� 7KH RUGHU RI PD[LPXP SHDN LQWHQVLW\ ZDV FKDQJHG EHWZHHQ

ERWK VDPSOHV� +RZHYHU� WKHUH LV QR ELJ GLIIHUHQFH LQ WKH SRUH VL]H
GLVWULEXWLRQ IRU WKH +3 VDPSOH EHIRUH DQG DIWHU FDOFLQDWLRQ DW ���
R&� FRPSDUHG WR RWKHU VDPSOHV� +3 VDPSOHV VKRZ D EURDG SRUH VL]H
GLVWULEXWLRQ UHVXOWLQJ IURP WKH IRUPDWLRQ RI FU\VWDOOLQH SKDVH SULRU
WR WKH FDOFLQDWLRQ�
�� 6XUIDFH 3URSHUWLHV

,Q RUGHU WR XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ WKH SKDVH DQG
WKH VXUIDFH SURSHUWLHV� ZH VHOHFWHG WKH VLQJOH�SKDVH ]LUFRQLD VDP�
SOHV EDVHG RQ RXU UHVXOWV �7DEOH ��� $PRUSKRXV ����P��J�� WHWUDJ�
RQDO SKDVH ZLWK KLJK VXUIDFH DUHD ����P��J�� WHWUDJRQDO SKDVH ZLWK
ORZ VXUIDFH DUHD ���P��J� ZHUH REWDLQHG E\ FDOFLQDWLRQ RI /3 VDP�
SOH DW ���� ���� DQG ����� R&� UHVSHFWLYHO\� 0RQRFOLQLF SKDVH ]LU�
FRQLD ���P��J� ZDV PDGH E\ FDOFLQLQJ 87 DW ��� R&� 7KH PL[WXUH
SKDVH EHWZHHQ WHWUDJRQDO DQG PRQRFOLQLF ]LUFRQLD ZDV REWDLQHG
E\ +3 ZLWK WKH VXUIDFH DUHD RI DERXW �� P��J�
7HPSHUDWXUH�SURJUDPPHG GHVRUSWLRQ RI &2� DQG 1+� KDV EHHQ

SURSRVHG DV D PHDVXUH RI WKH VWUHQJWK RI WKH DGVRUEHQW�DGVRUEDWH
LQWHUDFWLRQV� L�H�� EDVLFLW\ DQG DFLGLW\ DPRXQW DQG VWUHQJWK GLVWULEX�
WLRQ LQ VROLG >%LDQFKL HW DO�� ����@� )LJV� � DQG � VKRZ WKH 73' SUR�
ILOHV DIWHU DGVRUSWLRQ RI &2� DQG 1+� RQ ]LUFRQLD DW YDULRXV WHP�
SHUDWXUHV� UHVSHFWLYHO\� 7KH LQWHUSUHWDWLRQ RI WKHVH YDULDWLRQV LQ WKH
73' SHDNV LV QRW HDV\� +RZHYHU� WKH VKDSH RI WKH SHDNV LV UHODWHG
WR WKH DPRXQW DQG�RU WKH HQHUJHWLF GLVWULEXWLRQ RI VXUIDFH DGVRUS�
WLRQ VLWHV RQ WKH YDULRXV ]LUFRQLD VDPSOHV� ,W FDQ EH VHHQ WKDW WKH
&2��73' FXUYHV FRUUHVSRQGLQJ WR WKH WUXH EDVLF FHQWHU LQ ]LUFRQLD

)LJ� ��1LWURJHQ DGVRUSWLRQ�GHVRUSWLRQ LVRWKHUPV DW −��� R& IRU

]LUFRQLD DV D IXQFWLRQ RI SUHSDUDWLRQ PHWKRG�

)LJ� �� 3RUH VL]H GLVWULEXWLRQ IRU ]LUFRQLD DV D IXQFWLRQ RI SUHSDUD�

WLRQPHWKRG�
�D� EHIRUH FDOFLQDWLRQ� �E� DIWHU FDOFLQDWLRQ
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VKRZ WZR GHVRUSWLRQV DW WKH WHPSHUDWXUH RI ��� DQG ��� R& FRUUH�

VSRQGLQJ WR ZHDN DQG VWURQJ EDVLFLW\� ZKHUHDV &2 LV QRW GHWHFWHG

DQG QHLWKHU LV K\GURJHQ OLNH RWKHU UHVHDUFKHUV >%LDQFKL HW DO�� ����@�

$OO 73' UHVXOWV FRQILUP WKH FRUUHODWLRQ EHWZHHQ WKH WRWDO GHVRUS�

WLRQ DPRXQW RI &2� DQG VXUIDFH DUHD� DQG WKH PRQRFOLQLF VWUXFWXUH

RI ]LUFRQLD EULQJ DERXW VWURQJHU VXUIDFH DGVRUSWLRQ VLWHV WKDQ WKH

WHWUDJRQDO VWUXFWXUH� ,QWHUHVWLQJO\� WKH WHWUDJRQDO SKDVH FDOFLQHG DW

����� R& ��� P��J� GRHV QRW GHVRUE DQ\ &2��

,Q FRQWUDVW WR &2�� WKH GHVRUSWLRQ SHDN RI 1+� VKRZV SRRUO\ UH�

VROYHG SHDNV DQG VKRXOGHUV GXH WR YDULRXV VXUIDFH VSHFLHV KDYLQJ

JUDGXDOO\ LQFUHDVLQJ DFWLYDWLRQ HQHUJLHV RI GHVRUSWLRQ� 7KH DPRXQW

RI 1+� GHVRUSWLRQ GHFUHDVHV ZKHQ WKH WHPSHUDWXUH RI WKH GHVRUS�

WLRQ LQFUHDVHV IURP WKH ��� R& DV VKRZQ LQ )LJ� �� 7KUHH GHVRUS�

WLRQ UDQJHV FDQ EH GLIIHUHQWLDWHG� WKUHH EURDG SHDNV DW �������� ����

���� DQG DERXW ��� R&� 7KHVH SHDNV FDQ EH DVVLJQHG WR DFLG VLWHV

ZLWK VWUHQJWK LQ WKH ORZ�PHGLXP� DQG VWURQJ� $OO VSHFWUD VKRZ VLP�

LODU UHODWLYH LQWHQVLW\ RI GHVRUSWLRQ SHDNV� ,Q UHODWLRQ WR WKH WHWUDJR�

QDO SKDVH ]LUFRQLD� WKH PRQRFOLQLF SKDVH ]LUFRQLD SURYLGHV D UHOD�

WLYHO\ KLJKHU FRQFHQWUDWLRQ RI PHGLXP DFLG VLWHV DQG LV PRUH GLI�

IHUHQWLDWHG� H[KLELWLQJ WZR PD[LPD DW WHPSHUDWXUHV RI DERXW ���

DQG ��� R&� )URP WKHVH UHVXOWV� WKH VXUIDFH DUHD DQG WH[WXUH RI WKH

VDPSOH DOVR DIIHFW WKH VWUHQJWK RI WKH VXUIDFH DGVRUSWLRQ VLWH IRU D

JLYHQ FU\VWDOORJUDSKLF VWUXFWXUH�

)LJ� � VKRZV WKH QRUPDOL]HG DPRXQW RI &2� DQG 1+� GHVRUS�

WLRQ DV D IXQFWLRQ RI FU\VWDOOLQH SKDVH ZLWK YDULRXV VXUIDFH DUHDV�

1RUPDOL]DWLRQ PHDQV WKDW WKH DPRXQW RI WRWDO GHVRUSWLRQ RI &2�

�RU 1+�� IRU HDFK VDPSOH LV JLYHQ SHU VTXDUH PHWHU RI VXUIDFH DUHD�

)RU WKH &2�� WKH RUGHU RI QRUPDOL]HG GHVRUSWLRQ ZDV LQ WKH RUGHU

RI PRQRFOLQLF!DPRUSKRXV!WHWUDJRQDO SKDVH ]LUFRQLD� 0HDQZKLOH�

GHVRUSWLRQ RI 1+� GHFUHDVHG LQ WKH RUGHU RIPRQRFOLQLF!WHWUDJRQDO!

DPRUSKRXV SKDVH ]LUFRQLD� 7KH QRUPDOL]HG GHVRUSWLRQ DPRXQW RI

1+� LV KLJKHU WKDQ WKDW RI &2� IRU DOO ]LUFRQLD VDPSOHV� ,W LV FOHDUO\

VHHQ WKDW ERWK WKH DFLGLW\ DQG WKH EDVLFLW\ RQ WKH ]LUFRQLD ZHUH IRXQG

WR GHSHQG RQ WKH FU\VWDOOLQH VWUXFWXUH� %RWK WHFKQLTXHV �&2� DQG

1+�73'� FRQFXU LQ WKH RUGHU RI WKH DPRXQW RI GHVRUSWLRQ DQG WKH

GHQVLW\ RI DGVRUSWLRQ VLWH �PRQRFOLQLF!WHWUDJRQDO��

',6&866,21

:KLOH JHQHUDO UHODWLRQVKLSV EHWZHHQ SUHSDUDWLRQ DQG ILQDO SURS�

HUWLHV KDYH EHHQ SUHYLRXVO\ DSSUHFLDWHG� ZH KDYH IRU WKH ILUVW WLPH

EHHQ DEOH WR GHPRQVWUDWH GLUHFWO\ WKDW WKH SUHVVXUH GXULQJ WKH K\GUR�

WKHUPDO WUHDWPHQW RI ]LUFRQLXP K\GUR[LGH FRQVLGHUDEO\ DIIHFWV ERWK

WKH SK\VLFDO DQG FKHPLFDO SURSHUWLHV� ,Q DGGLWLRQ� WKH FU\VWDOORJUDSKLF

VWUXFWXUH LV WKH PDLQ IDFWRU GHWHUPLQLQJ WKH QDWXUH DQG GHQVLW\ RI

WKH VXUIDFH VLWHV LQYROYHG LQ WKH DGVRUSWLRQ RI &2� DQG 1+��

�� &U\VWDOOLQH 6WUXFWXUH DQG 3K\VLFDO 3URSHUWLHV

)RU WKH /3 VDPSOH� WKH FU\VWDOOLWH VL]HV RI PRQRFOLQLF SKDVH ]LU�

FRQLD DUH ELJJHU WKDQ WKRVH RI WHWUDJRQDO SKDVH ]LUFRQLD LQ DFFRU�

GDQFHZLWK WKH SRVWXODWLRQ RI *DUYLH DQG&KDQ >����@ WKDW WKH WHWUDJ�

RQDO SKDVH ]LUFRQLD LV VWDELOL]HG IRU VPDOO VL]HV GXH WR WKHLU VXUIDFH

HQHUJ\� 'HQNHZLF] HW DO� >����@ DOVR SURSRVHG D PRGHO RI PRQR�

)LJ� �� (IIHFW RI SUHSDUDWLRQ PHWKRG RQ WKH &2� GHVRUSWLRQ 06

VSHFWUD�
�$�� $ LV %(7 VXUIDFH DUHD >P��J@

)LJ� �� (IIHFW RI SUHSDUDWLRQ PHWKRG RQ WKH 1+� GHVRUSWLRQ 06

VSHFWUD�
�$�� $ LV %(7 VXUIDFH DUHD >P��J@

)LJ� �� (IIHFW RI FU\VWDOOLQH SKDVH DQG %(7 VXUIDFH DUHD RI ]LUFR�

QLD RQ WKH QRUPDOL]HG DPRXQW RI &2� DQG1+� GHVRUSWLRQ�
1RUPDOL]HG DPRXQW PHDQV WKH DPRXQW RI &2� �1+�� GH�

VRUSWLRQZDV GHYLGHG E\ LWV %(7 VXUIDFH DUHD�
�$�� $ LV %(7 VXUIDFH DUHD >P��J@



��� .� 7� -XQJ HW DO�

1RYHPEHU� ����

FOLQLF ]LUFRQLD DQG WHWUDJRQDO ]LUFRQLD FU\VWDOOL]DWLRQ� $FFRUGLQJ WR

WKHLU PRGHO� FU\VWDOOL]DWLRQ RFFXUV E\ VWUXFWXUDO UHDUUDQJHPHQW RI

]LUFRQLXP K\GUR[LGH DQG WKH SURGXFW LV WHWUDJRQDO ]LUFRQLD ZKLOH

PRQRFOLQLF SKDVH ]LUFRQLD FDQ EH DWWULEXWHG WR WKH SKDVH WUDQVLWLRQ

IURP WHWUDJRQDO SKDVH ]LUFRQLD� %DVHG RQ RXU UHVXOWV WKH FU\VWDOOL]D�

WLRQ RI WKH WHWUDJRQDO SKDVH UHVXOWHG IURP WKH DJJUHJDWLRQ RI VPDOO

FU\VWDOOLWHV WR ODUJHU FU\VWDOOLWHV DV VKRZQ LQ )LJ� �� +RZHYHU� IRU

+3 DQG 87� WKH SDUWLFOH VL]H RI PRQRFOLQLF FU\VWDOOLWHV LV VPDOOHU

WKDQ WKDW RI WHWUDJRQDO XS WR EHORZ ��� R& DOWKRXJK LW LV UHYHUVHG

IURP ��� R&� 7KLV UHVXOW VKRZV WKDW WKH PRQRFOLQLF SDUWLFOHV FDQ

H[LVW ZLWKRXW QHHGLQJ WR EH JHQHUDWHG E\ WKH WUDQVIRUPDWLRQ RI WKH

WHWUDJRQDO SKDVH ZKHQ LWV FU\VWDOV JURZ� ,Q RWKHU ZRUGV� WKH PRQR�

FOLQLF SDUWLFOH VWDELOLW\ LV QRW UHVWULFWHG E\ WKH VL]H� ZKLOH IDFWRUV RWKHU

WKDQ FU\VWDOOLWH VL]H JRYHUQ WHWUDJRQDO SKDVH VWDELOLW\� )RU WKH RUGHU

RI SDUWLFOH VL]H RI WHWUDJRQDO FU\VWDOOLWHV� RXU UHVXOWV LPSO\ WKDW K\�

GURWKHUPDO WUHDWPHQW GHFUHDVHV WKH SDUWLFOH VL]H RI WHWUDJRQDO SKDVH

FU\VWDOOLWHV EHFDXVH RI WKH KLJK VROXELOLW\� ZKLFK LQ WXUQ KLQGHUV JUDLQ

JURZWK GXULQJ WKH FDOFLQDWLRQ XQGHU K\GURWKHUPDO WUHDWPHQW� )RU

+3 VDPSOHV� KLJKHU VROXELOLW\� UHSUHFLSLWDWLRQ DQG FU\VWDOOL]DWLRQ

UDWH WKDQ WKRVH RI /3 DQG 87 OHDG WR WKH LQFUHDVH RI SDUWLFOH VL]H RI

WHWUDJRQDO SKDVH DQG WKH IRUPDWLRQ RI WKH WKHUPRG\QDPLFDOO\ VWD�

EOH PRQRFOLQLF SKDVH E\ LQ�VLWX K\GURWKHUPDO FU\VWDOOL]DWLRQ�

&OHDUILHOG HW DO� >����@ DQG &KDXK >����@ VXJJHVW WKDW K\GUR�

WKHUPDO WUHDWPHQW XQGHU DWPRVSKHULF SUHVVXUH ZKLFK UHVXOWHG LQ WKH

PRUH GHK\GUDWHG ]LUFRQLXP K\GUR[LGH LQ WXUQ OHDGV WR WKH KLJK VXU�

IDFH DUHD ]LUFRQLD DIWHU FDOFLQDWLRQ� :H ZRXOG OLNH WR GUDZ DWWHQ�

WLRQ WR WKH ZRUN RI0XUDVH HW DO� >����@� 7KH\ VXJJHVWHG WKUHH W\SHV

RI ]LUFRQLXP K\GUR[LGH �α� β� DQG γ� FDQ EH REWDLQHG E\ WKH K\�

GURO\VLV RI ]LUFRQLXP VDOWV E\ WDNLQJ WKH RULJLQDO PRGHO RI =DLWVHY�

$FFRUGLQJ WR KLP� WKH PRQRFOLQLF FU\VWDOV RI WKH ]LUFRQLD DUH RIWHQ

JLYHQ E\ WKH WKHUPDO GHFRPSRVLWLRQ RI WKH γ�W\SH K\GUR[LGH ZLWK
D VPDOO DPRXQW RI K\GUR[\O JURXS DURXQG =U LRQV >7DQDEH� �����

0XUDVH DQG.DWR� ����@� ,I ZH UHFDOO WKH UHVXOWV RI SDUWLFOH VL]H FDO�

FXODWHG E\ ;5'�)LJ��� DQG7*�'7$ �)LJV� ��� K\GURWKHUPDO WUHDWHG

VDPSOHV �/3 DQG +3� VKRZ D KLJKHU DPRXQW RI GHK\GUDWLRQ DQG

VPDOOHU SDUWLFOH VL]H WKDQ WKDW RI WKH XQWUHDWHG RQH� 7KHVH UHVXOWV

FRLQFLGHZLWK WKH IDFW WKDW K\GURWKHUPDO WUHDWPHQW OHG WR WKH LQFUHDVH

RI GHK\GUR[\ODWLRQ DQG GHFUHDVH RI WKH SDUWLFOH VL]H >&OHDUILHOG HW

DO�� ����� 0XUDVH DQG .DWR� ����@� (VSHFLDOO\� LQ RXU FRQGLWLRQV�

WKH KLJK SUHVVXUH DQG WKH ORQJ UHDFWLRQ WLPH GXULQJ WKH K\GURWKHU�

PDO WUHDWPHQW LQFUHDVH WKH UDWH RI FROOLVLRQ EHWZHHQ WKH SDUWLFOHV VR

WKDW D VWDELOL]HG QHWZRUN LV IRUPHG YLD FRQGHQVDWLRQ RI K\GUR[\O

JURXSV� 7KH LQWHUSUHWDWLRQ RI RXU UHVXOWV E\ WKH PRGHO RI 0XUDVH

VXJJHVWV WKDW KLJK SUHVVXUH WUHDWPHQW EULQJV DERXW D PRGLILFDWLRQ

RI WKH VWUXFWXUH IURP DQ α�W\SH WR DQ β�W\SH� DQG ILQDOO\ γ�W\SH E\
WKH ORVV RI 2+ JURXSV� +LJKO\ GHK\GUDWHG γ�W\SH K\GUR[LGHV DUH
PDLQO\ SURGXFHG E\ K\GURWKHUPDO WUHDWPHQW DW KLJK� DXWRJHQHRXV�

SUHVVXUH DQG WKHQ WKH\ DUH WUDQVIRUPHG WR WKH PRQRFOLQLF ]LUFRQLD

DIWHU K\GURWKHUPDO WUHDWPHQW� 7KLV UHVXOW FDQ EH FRQILUPHG E\ WKH

IDFW WKDW +3 VDPSOH VKRZV ODUJH DPRXQW RI YROXPH IUDFWLRQ RI PRQ�

RFOLQLF SKDVH WKDQ WKDW RI 87 DV VKRZQ >-XQJ DQG %HOO� ����@�

�� 6XUIDFH 3URSHUWLHV

7KH EDVLFLW\ DQG DFLGLW\ GHSHQGV RQ WKH SUHSDUDWLRQ SURFHGXUH�

WKH K\GUDWLRQ�GHK\GUDWLRQ GHJUHH DQG PDLQO\ WKH FDOFLQDWLRQ WHP�

SHUDWXUH >0RUWHUUD HW DO�� ����@� 1LVKLZDNL HW DO� >����@ UHSRUWHG

WKDW WKH DFLGLF SURSHUWLHV RI SXUH PHWDO R[LGHV� VXFK DV 7L2� DQG

6Q2�� GHSHQGHG RQ WKH FU\VWDOOLQH VL]H� %DVHG RQ RXU UHVXOWV� LI ZH

FRQVLGHU WKH FDOFLQDWLRQ WHPSHUDWXUH� ZKLFK FDQ DIIHFW WKH VXUIDFH

SURSHUWLHV RI WKH ]LUFRQLD� WKH QRUPDOL]HG &2� GHVRUSWLRQ DPRXQW

RI PRQRFOLQLF ]LUFRQLD RI ��P��J VKRXOG EH VLPLODU WR WHWUDJRQDO

SKDVH ]LUFRQLD RI ���P��J EHFDXVH RI WKH VDPH FDOFLQDWLRQ WHP�

SHUDWXUH� +RZHYHU�PRQRFOLQLF ]LUFRQLD KDV QLQH WLPHV ODUJHU DPRXQW

WKDQ WKDW RI WHWUDJRQDO SKDVH� )RU WKH HIIHFW RI FU\VWDOOLWH VL]H� WKHUH

LV QR FRUUHODWLRQ EHWZHHQPRQRFOLQLF ]LUFRQLD RI ��P��J DQG WHWUDJ�

RQDO ]LUFRQLD ��P��J ZKLFK VKRZV DOPRVW WKH VDPH FU\VWDOOLWH VL]H

����� QP�� 7KHVH UHVXOWV VXJJHVW WKDW QRUPDOL]HG &2� GHVRUSWLRQ

DPRXQW LV QRW GLUHFWO\ UHODWHG WR WKH FDOFLQDWLRQ WHPSHUDWXUH DQG

FU\VWDOOLWH VL]H LQ RXU H[SHULPHQWDO FRQGLWLRQV� 7KXV� LW FDQ EH LQ�

IHUUHG WKDW WKH FU\VWDOORJUDSKLF VWUXFWXUH LV WKH PDLQ IDFWRU GHWHU�

PLQLQJ WKH QDWXUH DQG GHQVLW\ RI WKH VXUIDFH VLWHV LQYROYHG LQ WKH

DGVRUSWLRQ RI &2� DQG 1+��

%HFDXVH WKH FRRSHUDWLRQ RI DFLG DQG EDVH VLWHV KDV EHHQ UHSRUWHG

WR SURGXFH VRPH VXSHULRU FDWDO\WLF DFWLYLWLHV DQG VHOHFWLYLWHV� RXU

UHVXOWV DUH YHU\ LPSRUWDQW IRU FDWDO\WLF DSSOLFDWLRQV ><DPDJXFKL�

����@� ,Q WKH QH[W SDSHU� ZH ZLOO GLVFXVV WKH HIIHFW RI ERWK DFLGLW\

DQG EDVLFLW\ RI WKH ]LUFRQLD RQ WKH FU\VWDOORJUDSKLF VWUXFWXUH DQG

VXUIDFH K\GUR[\O JURXS >-XQJ DQG %HOO� ����� ����@� )XUWKHU LQYHV�

WLJDWLRQV LQWR WKH FU\VWDOOLQH VWUXFWXUHV DQG FDWDO\WLF DFWLYLW\ DUH XQGHU�

ZD\�
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�� 7KH K\GURWKHUPDO WUHDWPHQW JUHDWO\ DIIHFWHG WKH FU\VWDOOLQH

VWUXFWXUH� WKHUPDO SURSHUW\� DQG SK\VLFDO SURSHUW\� 7KH DWPRVSKHULF

SUHVVXUH GXULQJ WKH K\GURWKHUPDO WUHDWPHQW DIIHFWV WKH WKHUPDO VWD�

ELOLW\ RI WHWUDJRQDO SKDVH ]LUFRQLD DQG JLYHV WKH KLJKHU VXUIDFH DUHD�

��0RQRFOLQLF SKDVH ]LUFRQLD VKRZV KLJKHU &2� DQG 1+� GH�

VRUSWLRQ DPRXQW WKDQ WKDW RI DPRUSKRXV DQG WHWUDJRQDO SKDVHV ]LU�

FRQLD� 7KLV VXJJHVWV WKDW WKH FU\VWDOORJUDSKLF VWUXFWXUH LV WKH PDLQ

IDFWRU GHWHUPLQLQJ WKH QDWXUH DQG GHQVLW\ RI WKH VXUIDFH VLWHV LQ�

YROYHG LQ WKH DGVRUSWLRQ RI &2� DQG 1+��

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

7KH DXWKRUV DFNQRZOHGJH SURIHVVRU *�.� &KDXK �1DWLRQDO 8QL�

YHUVLW\ RI 6LQJDSRUH�� DQG 'U� .�'� -XQJ �.,67� IRU KHOSIXO GLV�

FXVVLRQV� 7KLV ZRUN ZDV VXSSRUWHG E\ WKH 'LUHFWRU 2IILFH RI (Q�

HUJ\ 6FLHQFHV� &KHPLFDO 6FLHQFHV 'LYLVLRQ RI WKH 8�6� 'HSDUWPHQW

RI (QHUJ\ XQGHU &RQWUDFW '(�$&�����6)������

5()(5(1&(6

$ZDWH� 6�9�� :DJKPRGH� 6� %�� 3DWLO� .� 5�� $JDVKH� 0� 6� DQG -RVKL�

3�1�� ³,QIOXHQFH RI 3UHSDUDWLRQ3DUDPHWHUV RQ&KDUDFWHULVWLFV RI =LU�

FRQLD�3LOODUHG&OD\ XVLQJ8OWUDVRQLF 7HFKQLTXH DQG LWV&DWDO\WLF 3HU�

IRUPDQFH LQ 3KHQRO+\GUR[\ODWLRQ5HDFWLRQ�́ .RUHDQ-�&KHP�(QJ��

��� ��� �������

%HQHGHWWL� $�� )DJKHUD]]L� *�� 3LQD� )� DQG 3ROL]]L� 6�� ³6WUXFWXUDO�3URS�

HUWLHV RI 8OWUD )LQH =LUFRQLD 3RZGHUV 2EWDLQHG E\ 3UHFLSLWDWLRQ

0HWKRGV�́ -� 0DWHU� 6FL�� ��� ���� �������

%LDQFKL� '�� &KDILN� 7�� .KDOIDOODK� 0� DQG 7HLFKQHU� 6� -�� ³,QWHUPHGL�

DWH 6SHFLHV RQ =LUFRQLD 6XSSRUWHG0HWKDQRO $HURJHO &DWDO\VW ��

$GVRUSWLRQ RI &2��́ $SSO� &DWDO� $� *HQHUDO� ���� ��� �������

&KRNNDUDP� 6� DQG 'DYLV� %� +�� ³'HK\GUDWLRQ RI ��2FWDQRO RYHU =LU�



7KH 3UHSDUDWLRQ DQG 6XUIDFH &KDUDFWHUL]DWLRQ RI =LUFRQLD 3RO\PRUSKV ���

.RUHDQ -� &KHP� (QJ��9RO� ��� 1R� ��

FRQLD&DWDO\VWV� ,QIOXHQFH RI&U\VWDO 6WUXFWXUH� 6XOIDWH$GGLWLRQ DQG

3UHWUHDWPHQW�́ -� 0RO� &DWDO� $� &KHPLFDO� ���� �� �������

&KXDK� *�.�� -DHQLFNH� 6�� &KHRQJ� 6� $� DQG &KDQ� .� 6�� ³7KH ,QIOX�

HQFH RI 3UHSDUDWLRQ &RQGLWLRQV RQ WKH 6XUIDFH $UHD RI =LUFRQLD�́

$SSO� &DWDO� $� *HQHUDO� ���� ��� �������

&KXDK� *�.�� -DHQLFNH� 6� DQG 3RQJ� %�.�� ´7KH 3UHSDUDWLRQ RI +LJK�

6XUIDFH�$UHD =LUFRQLD � ,,� ,QIOXHQFH RI 3UHFLSLWDWLQJ $JHQW DQG'L�

JHVWLRQ RQ WKH 0RUSKRORJ\ DQG 0LFURVWUXFWXUH RI +\GURXV =LUFR�

QLD�́ -� &DWDO�� ���� �� �������

&KXDK� *�.�� ³$Q ,QYHVWLJDWLRQ LQWR WKH 3UHSDUDWLRQ RI +LJK 6XUIDFH

$UHD =LUFRQLD�́ &DWDO� 7RGD\� ��� ��� �������

&LHVOD� 8� DQG 6FKXWK� )�� ³2UGHUHG 0HVRSRURXV 0DWHULDOV�́ 0LFURSRU�

0HVRSRU� 0DWHU�� ��� ��� �����D��

&LHVOD� 8�� )URED�0�� 6WXFN\� *� DQG 6FKXWK� )�� ³+LJKO\ 2UGHUHG 3RU�

RXV =LUFRQLD IURP 6XUIDFWDQW�&RQWUROOHG 6\QWKHVHV� =LUFRQLXP2[�

LGH�VXOIDWH DQG =LUFRQLXP 2[R 3KRVSKDWH�́ &KHP� 0DWHU�� ��� ���

�����E��

&OHDUILHOG�$��6HUUHWWH�*�'�DQG.KD]L�6\HG�$�+��³1DWXUHRI+\GURXV

=LUFRQLD DQG 6XOIDWHG +\GURXV =LUFRQLD�́ &DWDO� 7RGD\� ��� ���

�������

&RUPD� $�� )RUQHV� 9�� -XDQ�5DMDGHOO� 0� ,� DQG /RSH]QLHWR� -�0�� ³,Q�

IOXHQFH RI3UHSDUDWLRQ&RQGLWLRQV RQ WKH6WUXFWXUH DQG&DWDO\WLF3UR�

SHUWLHV RI 62�

�−�=U2� 6XSHUDFLG&DWDO\VWV�́ $SSO� &DWDO� $� *HQHUDO�

���� ��� �������

'H%RHU� -�+�� ³7KH 6WUXFWXUH DQG 3URSHUWLHV RI 3RURXV0DWHULDOV�́ (GV��

(YHUHWW� '�+� DQG6WRQH� )� 6�� %XWWHUZRUWKV� /RQGRQ� �� �������

'HQNHZLF]� 5� 3�� 7HQKXLVHQ� .� 6� DQG $GDLU� -� +�� ³+\GURWKHUPDO

&U\VWDOOL]DWLRQ .LQHWLFV RI 0�=U2� DQG 7�=U2��́ -� 0DWHU� 5HV�� ��

���� �������

(NHUGW� -� *� DQG .DUOHV� *�'�� ³&2 +\GURJHQDWLRQ &DWDO\VLV � 6HOHF�

WLYH)RUPDWLRQRI ,VREXWHQH�́ $EVWUDFW3DSHUVRI WKH$PHULFDQ&KHP�

LFDO 6RFLHW\� ���� �� �������

)DOFRQHU� -� /� DQG 6FKZDUW]� .�$�� ³7HPSHUDWXUH�3URJUDPPHG 'H�

VRUSWLRQ DQG 5HDFWLRQ�$SSOLFDWLRQ WR 6XSSRUWHG &DWDO\VWV�́ &DWDO�

5HY�� ��� ��� �������

)XMLWDQL� 7�� 6DLWR� 0�� .DQDL� <�� .DNXPRWR� 7�� :DWDQDJH� 7�� 1DND�

PXUD� -� DQG8FKLMLPD� 7�� ³7KH5ROH RI0HWDO�2[LGHV LQ 3URPRWLQJ

D &RSSHU &DWDO\VW IRU 0HWKDQRO 6\QWKHVLV�́ &DWDO� /HWW�� ��� ���

�������

*DUYLH� 5�&� DQG &KDQ� 6�.�� ³6WDELOLW\ /LPLWV LQ WKH0RQRFOLQLF�7HW�

UDJRQDO7UDQVIRUPDWLRQRI=LUFRQLD�́ 3K\VLFD%	&����� ��� �������

*RQ]DOH]�0�5�� .REH� -�0�� )RJDVK� .� %� DQG'XPHVLF� -� $�� ³3UR�

PRWLRQ RI Q�EXWDQH ,VRPHUL]DWLRQ$FWLYLW\ E\ +\GUDWLRQ RI 6XOIDWHG

=LUFRQLD�́ -� &DWDO�� ���� ��� �������

+H�0�<� DQG (NHUGW� -� *�� ³0HWKDQRO )RUPDWLRQ RQ=LUFRQLXP'LR[�

LGH�́ -� &DWDO�� ��� �� �������

-XQJ� .� 7�� 6KXO� <�*�� $QSR� 0� DQG <DPDVKLWD� +�� ³3UHSDUDWLRQ RI

7UDQVSDUHQW 76�� =HROLWH )LOP DQG LWV 3KRWRFDWDO\WLF ,VRPHUL]DWLRQ

XQGHU 89 ,UUDGLDWLRQ�́ .RUHDQ -� &KHP� (QJ�� ��� ��� �������

-XQJ� .� 7� DQG 6KXO� <�*�� ³$1HZ0HWKRG IRU WKH 6\QWKHVLV RI 76��

0RQROLWKLF =HROLWH�́ 0LFURSRU� 0HVRSRU� 0DWHU�� ��� ��� �������

-XQJ� .� 7� DQG %HOO� $� 7�� ³7KH (IIHFWV RI 6\QWKHVLV DQG 3UHWUHDWPHQW

&RQGLWLRQV RQ WKH %XON 6WUXFWXUH DQG 6XUIDFH 3URSHUWLHV =LUFRQLD�́

-� 0RO� &DWDO� $� *HQHUDO� 6XEPLWWHG �������

-XQJ� .� 7� DQG %HOO� $� 7�� ³&RPSDULVRQ RI '0& 5HDFWLRQ EHWZHHQ

0RQRFOLQLF DQG7HWUDJRQDO =LUFRQLD�́ -�&DWDO�� 6XEPLWWHG �������

.KRGDNRY�$��<DQJ� -�� 6X� 6�� ,JOHVLD� (� DQG%HOO�$�7�� ³6WUXFWXUH DQG

3URSHUWLHV RI 9DQDGLXP 2[LGH =LUFRQLD &DWDO\VWV IRU 3URSDQH 2[L�

GDWLYH'HK\GURJHQDWLRQ�́ -� &DWDO�� ���� ��� �������

.ODEXQGH�.� -� DQG%HGLOR�$� )�� ³6\QWKHVLV RI+LJK6XUIDFH$UHD=LU�

FRQLD$HURJHOV XVLQJ+LJK7HPSHUDWXUH 6XSHUFULWLFDO 'U\LQJ�́ 1DQR�

VWUXFWXUHG0DWHU�� �� ��� �������

/HH�0�+�� 7DL�&�<� DQG/X�&�+�� ³6\QWKHVLV RI6SKHULFDO =LUFRQLD E\

5HYHUVH (PXOVLRQ 3UHFLSLWDWLRQ � (IIHFWV RI 6XUIDFWDQW 7\SH�́ .RUHDQ

-� &KHP� (QJ�� ��� ��� �������

0DPRWW�*� 7�� %DUQHV� 3�� 7DUOLQJ� 6� (�� -RQHV� 6� /� DQG1RUPDQ�&� -��

³'\QDPLF 6WXGLHV RI =LUFRQLD &U\VWDOOL]DWLRQ�́ -� 0DWHU� 6FL�� ���
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