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DFWLYLW\� +'3( FRQYHUVLRQ DQG SURGXFW VHOHFWLYLW\ RI DONDOL�WUHDWHG QDWXUDO ]HROLWHV ZHUH GLVFXVVHG LQ WHUPV RI WKHLU
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3RO\PHU SURGXFWLRQ KDV VWHDGLO\ LQFUHDVHG GXH WR LWV FRQYHQLHQFH�

H[FHOOHQW SURFHVVLELOLW\� DQG ORZ SULFH� :LWK WKH UDSLG LQFUHDVH RI

ZDVWH SRO\PHUV� KRZHYHU� HIILFLHQW DQG HFRORJLFDOO\ VDIH ZD\V RI

GLVSRVLQJ WKHZDVWH KDYH QRW DV \HW EHHQ HVWDEOLVKHG� $OWKRXJK EXU\�

LQJ DQG LQFLQHUDWLRQ DUH FRQYHQLHQW� WKH\ FDXVH VHYHUH VRLO FRQWDP�

LQDWLRQ DQG DLU SROOXWLRQ� 7KH FRQYHUVLRQ RI ZDVWH SRO\PHUV WR IXHOV

RU FKHPLFDO IHHGVWRFNV LV DQ HIIHFWLYH ZD\ RI UHF\FOLQJ DQG UHGXF�

LQJ SROOXWLRQ� EXW LW LV SURKLELWLYHO\ H[SHQVLYH�

7KH OLTXLG�SKDVH GHJUDGDWLRQ RI SRO\PHULF PDWHULDOV RYHU 0),

DQG %($ ]HROLWH FDWDO\VWV SURGXFHV KLJK TXDOLW\ IXHOV ZLWK JRRG

\LHOGV� HYHQ DW ORZ WHPSHUDWXUHV >+ZDQJ HW DO�� ����� 0DQRV HW DO��

����� 3XHQWH DQG 6HGUDQ� ����� 6KLP HW DO�� ����� :DOHQG]LHZVNL

DQG 6WHF]\VODZ� ����� <RX HW DO�� ����� ����@� 7KH IRUPDWLRQ RI

KLJK�ERLOLQJ K\GURFDUERQV �� ZKLFK GHSRVLW RQ WKH FDWDO\VW VXUIDFH�

UHVXOWLQJ VHYHUH GHDFWLYDWLRQ � ZDV VXSSUHVVHG GXH WR WKHLU EHQW�

W\SH SRUHV� 1HYHUWKHOHVV� WKH KLJK FRVW RI V\QWKHWLF ]HROLWHV� SUH�

SDUHG E\ K\GURWKHUPDO UHDFWLRQ IURP WKH V\QWKHVL]LQJ JHO� FRQWDLQ�

LQJ H[SHQVLYH RUJDQLF WHPSODWHV� UHGXFHV WKH HFRQRPLFPHULW RI FDW�

DO\WLF GHJUDGDWLRQ� 7KH ORZ SULFH RI WKH OLTXLG IXHO REWDLQHG� FRP�

SDUHG WR WKH KLJK FRVW RI V\QWKHWLF ]HROLWHV� PDNHV LW GLIILFXOW WR FRP�

PHUFLDOL]H WKH OLTXLG�SKDVH FDWDO\WLF GHJUDGDWLRQ� DV D FRVW�HIIHF�

WLYH UHF\FOLQJ SURFHVV�

7KH SULFH RI QDWXUDO ]HROLWHV LV YHU\ FKHDS FRPSDUHG WR WKDW RI

V\QWKHWLF ]HROLWHV >/HH HW DO�� ����@� EXW WKHLU FDWDO\WLF DFWLYLWLHV DUH

H[WUHPHO\ ORZ� 7KH ORZ DFWLYLW\ LV SULPDULO\ WKH FRQVHTXHQFH RI

WKH VPDOO SRUHV DQG LPSURSHU DFLGLWLHV RI QDWXUDO ]HROLWHV� ,Q DGGL�

WLRQ� LPSXULWLHV FRYHUHG RQ WKH VXUIDFH DQG FORJJHG WKH SRUHV RI WKH

QDWXUDO ]HROLWH PDVN DFWLYH VLWHV� UHGXFLQJ LWV FDWDO\WLF DFWLYLW\� 7KH

ORZ FRQWHQW RI ]HROLWH SKDVH LQ QDWXUDO ]HROLWHV DOVR OHDG WR WKHLU ORZ

DFWLYLWLHV�

7KH UHPRYDO RI LPSXULWLHV IURP QDWXUDO ]HROLWHV E\ DFLG WUHDW�

PHQW� DFFRPSDQLHG E\ DQ LQFUHDVH LQ ]HROLWH FRQWHQWV� PD\ EH KHOS�

IXO LQ HQKDQFLQJ WKHLU FDWDO\WLF DFWLYLWLHV >-HRQJ HW DO�� ����@� $ SDUWLDO

EUHDNDJH RI SRUH HQWUDQFHV E\ WKH GLVVROXWLRQ RI DOXPLQXP� HQKDQFHV

WKH GLIIXVLRQ UDWH RI WKH ODUJH SRO\PHU PROHFXOHV� ,Q DGGLWLRQ� D GH�

FUHDVH LQ WKH QXPEHU RI DOXPLQXP DWRPV LQ ]HROLWH VNHOHWRQV UHGXFHV

WKHLU DFLG VLWH GHQVLWLHV� VXSSUHVVLQJ FDUERQ GHSRVLWV� $V D UHVXOW�

DFLG WUHDWPHQW FRQVLGHUDEO\ LPSURYHV WKH FDWDO\WLF DFWLYLW\ RI QDWX�

UDO ]HROLWHV� EXW LW LV OLPLWHG LQ WKH PRGLILFDWLRQ RI ]HROLWH SKDVH EH�

FDXVH RI WKH ORZ VROXELOLW\ RI WKH VLOLFD�DPDMRU FRPSRQHQW RI ]HROLWH�

$ONDOL WUHDWPHQW� DV RSSRVHG WR DFLG WUHDWPHQW� KDV QRW \HW EHHQ

ZLGHO\ FRQVLGHUHG DV D PRGLILFDWLRQ PHWKRG IRU QDWXUDO ]HROLWHV�

FKLHIO\ EHFDXVH DONDOL FDQ GLVVROYH ]HROLWH LWVHOI�:LWK D SURSHU FRQ�

FHQWUDWLRQ� KRZHYHU� LW PD\ EH KHOSIXO WR LPSURYH WKHLU FDWDO\WLF DF�

WLYLWLHV� LI WKH DONDOL UHPRYHV RQO\ WKH LPSXULWLHV DQG GLVVROYHV WKH

VXUIDFH� ,Q SDUWLFXODU� WKH IRUPDWLRQ RI PHVRSRUHV RQ WKH ]HROLWH VXU�

IDFH� YLD SDUWLDO GLVVROXWLRQ E\ DONDOL� PD\ LPSURYH FRQVLGHUDEO\

WKHLU DFWLYLWLHV E\ HQKDQFLQJ WKH GLIIXVLRQ UDWHV RI WKH ODUJH SRO\�

PHU PROHFXOHV� /RZHULQJ DFLG VLWH GHQVLW\ E\ DONDOL WUHDWPHQW FDQ

DOVR FRQWULEXWH WR WKH VXSSUHVVLRQ RI FDUERQ GHSRVLWV RQ WKHLU H[WHU�

QDO VXUIDFH�

,Q WKLV VWXG\� WKH OLTXLG�SKDVH FDWDO\WLF GHJUDGDWLRQ RI +'3(ZDV

FDUULHG RXW RYHU DONDOL�WUHDWHG QDWXUDO ]HROLWH FDWDO\VWV� 7KH YDULD�

WLRQ RI WKHLU FDWDO\WLF DFWLYLWLHV E\ YDU\LQJ WKH H[WHQW RI WKH DONDOL

WUHDWPHQW ZDV GLVFXVVHG UHODWLQJ WR WKH FKDQJHV LQ WKH SRUH VWUXF�

WXUHV DQG DFLGLF SURSHUWLHV RI WKH QDWXUDO ]HROLWHV�

(;3(5,0(17$/

�� 3UHSDUDWLRQ DQG &KDUDFWHUL]DWLRQ RI 1DWXUDO =HROLWH &DWD�

O\VWV

1DWXUDO ]HROLWH� SURYLGHG E\ +DQGRR &R�� ZDV XVHG DV D VWDUWLQJ

PDWHULDO� 3DUWLFOHV ZLWKLQ �����µP GLDPHWHU ZHUH VLHYHG� 7KH QDW�

XUDO ]HROLWH ZDV WUHDWHG ZLWK DQ DONDOL VROXWLRQ LQ D URXQG�ERWWRP

IODVN HTXLSSHG ZLWK D FRQGHQVHU DW �� R& IRU � K�

7KH FRQFHQWUDWLRQ RI 1D2+ VROXWLRQ ZDV YDULHG IURP ���1 WR

���1� $IWHU WKH DONDOL WUHDWPHQW� WKH QDWXUDO ]HROLWHV ZHUH UHIOX[HG

ZLWK ���1+&O VROXWLRQ DW �� R& WR H[FKDQJH WKHLU FDWLRQV ZLWK SUR�

WRQV� &DUHIXOO\ ZDVKHG SURWRQ�IRUP QDWXUDO ]HROLWHV ZHUH WKHQ GULHG

DW ��� R& RYHUQLJKW� 7KH DONDOL�WUHDWHG QDWXUDO ]HROLWHV DUH GHQRWHG

DV %1=�[� E\ GHVLJQDWLQJ WKH FRQFHQWUDWLRQ RI 1D2+ VROXWLRQ LQ
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SDUHQWKHVHV� ZKLOH WKH 1=��� FDWDO\VW UHSUHVHQWV WKH RULJLQDO QDWX�

UDO ]HROLWH� 6\QWKHWLF PRUGHQLWH �-DSDQHVH UHIHUHQFH FDWDO\VW� -5&�

=�0����025� DQG FOLQRSWLORQLWH �&/,� >6HR HW DO�� ����@ZHUH XVHG

WR LGHQWLI\ WKH FRPSRQHQWV RI WKH QDWXUDO ]HROLWH�

;�UD\ GLIIUDFWLRQ SDWWHUQV RI WKH DONDOL�WUHDWHG QDWXUDO ]HROLWHV

ZHUH UHFRUGHG RQ DQ ;�UD\ GLIIUDFWRPHWHU �5LJDNX '�0$;������

ZLWK D &X.α ;�UD\ VRXUFH DW �� N9 DQG ��P$� &KDQJHV LQ WKH

VXUIDFH PRUSKRORJ\ RI WKH ]HROLWH DIWHU DONDOL WUHDWPHQW ZHUH LQ�

VSHFWHG ZLWK DQ 6(0 �-(2/� -60������� 7KHLU FKHPLFDO FRPSR�

VLWLRQV ZHUH DOVR GHWHUPLQHG XVLQJ DQ ('; DWWDFKPHQW �125$1

=�0D[ ���� 6HULHV� LQ WKH 6(0 VWDWHG DERYH�

1LWURJHQ DGVRUSWLRQ LVRWKHUPV RI WKH DONDOL�WUHDWHG QDWXUDO ]HR�

OLWHV ZHUH REWDLQHG XVLQJ D KRPH�EXLOW YROXPHWULF DGVRUSWLRQ DSSD�

UDWXV DW OLTXLG�QLWURJHQ WHPSHUDWXUH� $ ]HROLWH VDPSOHZDV GHK\GUDWHG

DW ��� R& IRU � K SULRU WR QLWURJHQ DGVRUSWLRQ� 7KH DGVRUSWLRQ UDWH

RI EHQ]HQH RQ WKH DONDOL�WUHDWHG QDWXUDO ]HROLWHV ZDV PHDVXUHG LQ D

TXDUW]�VSULQJ JUDYLPHWULF DGVRUSWLRQ V\VWHP ><RX HW DO�� ����@� $IWHU

HYDFXDWLRQ DW ��� R& XQGHU ����î��−� 3D IRU � K� EHQ]HQH YDSRU RI

��� N3DZDV LQWURGXFHG WR WKH ]HROLWH VDPSOHV DW �� R&� 7KH LQFUHDVH

LQ WKH PDVV RI WKH ]HROLWH VDPSOH ZDV UHFRUGHG IRU �� PLQ�

7HPSHUDWXUH�SURJUDPPHG GHVRUSWLRQ �73'� SURILOHV RI DPPR�

QLD IURP WKH DONDOL�WUHDWHG QDWXUDO ]HROLWHV ZHUH FDUULHG RXW WR FRP�

SDUH WKHLU DFLGLF SURSHUWLHV� $ ]HROLWH VDPSOH ZDV GHK\GUDWHG LQ D

KHOLXP IORZ RI ���POÂPLQ−� DW ��� R& IRU � K� 3XOVHV RI DPPRQLD

JDV ZHUH LQWURGXFHG DW �� R& WR DFKLHYH D VDWXUDWHG DGVRUSWLRQ� 3K\V�

LFDOO\ DGVRUEHG DPPRQLD ZDV UHPRYHG E\ SXUJLQJ WKH VDPSOH ZLWK

KHOLXP IRU � K DW WKH VDPH WHPSHUDWXUH� 7KH WHPSHUDWXUH RI WKH UH�

DFWRU ZDV LQFUHDVHG ZLWK D UDPSLQJ UDWH RI �� R&ÂPLQ−� IURP �� R&

WR ��� R&� DQG WKH DPRXQW RI DPPRQLD GHVRUEHG IURP WKH ]HROLWH

VDPSOHZDVPHDVXUHG XVLQJ D WKHUPDO FRQGXFWLYLW\ GHWHFWRU �7&'��

�� /LTXLG�SKDVH 'HJUDGDWLRQ RI +'3(

7KH +'3( SURYLGHG E\ +RQDP 3HWURFKHPLFDO &RUSRUDWLRQ ZDV

D ZKLWH JUDQXOH ���PP LQ GLDPHWHU� 7KH PHOWLQJ LQGH[ DQG PROH�

FXODU ZHLJKW RI WKH +'3(ZHUH ���� DQG �������� UHVSHFWLYHO\� 7KH

DEVRUSWLRQ EDQGV DWWULEXWHG WR & & DQG &≡& ERQGV GLG QRW DSSHDU

LQ WKH ,5 VSHFWUXP RI WKH +'3( UHFRUGHG RQ DQ )7�,5 VSHFWURSKR�

WRPHWHU �%,25$'� )76����&�� VXJJHVWLQJ D QHJOLJLEOH FRQWHQW RI

QRQ�VDWXUDWHG K\GURFDUERQV� $ VLQJOH PHOWLQJ SRLQW RI WKH +'3(

ZDV REVHUYHG DW ��� R& RQ '6& DQDO\VLV� REWDLQHG XVLQJ D GLIIHU�

HQWLDO VFDQQLQJ FDORULPHWHU �'6&� 'XSRQW ,QVWUXPHQW ����� 7KH

+'3( XVHG LQ WKLV VWXG\� WKHUHIRUH� LV FRQVLGHUHG WR PDLQO\ FRQVLVW

RI VDWXUDWHG K\GURFDUERQV ZLWK D FRPSDUDWLYHO\ QDUURZ PROHFXODU

ZHLJKW GLVWULEXWLRQ�

7KH OLTXLG�SKDVH GHJUDGDWLRQ RI WKH+'3( RYHU WKH DONDOL�WUHDWHG

]HROLWH ZDV FDUULHG RXW LQ 1� HQYLURQPHQW XVLQJ D EDWFK UHDFWRU ZLWK

D FRQGHQVHU �−� R&� DW ��� R& IRU ��PLQ >6KLP HW DO�� ����@� �� J

RI WKH +'3( DQG ��� J RI D QDWXUDO ]HROLWH FDWDO\VW ZHUH FKDUJHG LQ

D ���P/ IODVN� 1LWURJHQ JDV UHPRYHV DLU WR SUHYHQW VLGH UHDFWLRQV

LQGXFHG E\ R[\JHQ� *DV ZDV SURGXFHG ZKHQ WKH UHDFWLRQ WHPSHUD�

WXUH ZDV LQFUHDVHG WR ��� R&� DQG OLTXLG EHJDQ WR EH FROOHFWHG LQ

WKH EXUHW IURP ��� R&� 7KH DPRXQW RI JDV SURGXFHG ZDV PHDVXUHG

XVLQJ D ZHW WHVW JDV IORZPHWHU �5LWWHU� 7*���� 7KH \LHOGV RI JDV

DQG OLTXLG SURGXFWV ZHUH GHILQHG DV SHUFHQWDJHV RI WKH SURGXFHG

DPRXQWV DJDLQVW WKH DPRXQW RI WKH +'3( FKDUJHG� 7KH FRQYHUVLRQ

ZDV GHILQHG DV WKH VXP RI WKH \LHOGV RI JDV DQG OLTXLG SURGXFWV� 7KH

FRPSRVLWLRQV RI WKH JDV DQG WKH OLTXLG SURGXFWV ZHUH DQDO\]HG E\

JDV FKURPDWRJUDSK �'RQQDP '6������ ZLWK DQ +3�� FROXPQ �����

PPî�� P��

5(68/76 $1' ',6&866,21

�� &KDUDFWHUL]DWLRQ RI $ONDOL�WUHDWHG 1DWXUDO =HROLWHV

7KH FU\VWDOOLQH SKDVHV RI QDWXUDO ]HROLWHV YDU\ GHSHQGLQJ RQ WKHLU

SURGXFWLRQ VLWHV� 7KH QDWXUDO ]HROLWHV SURGXFHG LQ .RUHD XVXDOO\

FRQWDLQ FOLQRSWLOROLWH DQGPRUGHQLWH DV PDMRU FRPSRQHQWV >.DQJ HW

DO�� ����� ����@� )LJ� � FRPSDUHV WKH ;5' SDWWHUQ RI WKH QDWXUDO

]HROLWH XVHG LQ WKLV VWXG\� QDPHG DV 1=���� ZLWK WKRVH RI V\QWKHWLF

PRUGHQLWH DQG FOLQRSWLOROLWH� 7KH VWURQJ GLIIUDFWLRQ SHDNV RI WKH1=���

]HROLWH ZHUH FRPSDUDEOH WR WKRVH RI PRUGHQLWH� UDWKHU WKDQ FOLQRS�

WLOROLWH� LQGLFDWLQJ WKDW PRUGHQLWH ZDV WKH PDMRU ]HROLWH FRPSRQHQW

RI WKH QDWXUDO ]HROLWH XVHG LQ WKH VWXG\� 'LIIUDFWLRQ SHDNV RI FOLQRS�

WLOROLWH ZHUH DOVR REVHUYHG RQ WKH 1=��� ]HROLWH� HYHQ WKRXJK WKHLU

LQWHQVLWLHV ZHUH YHU\ ZHDN FRPSDUHG WR WKRVH RI PRUGHQLWH� 7KLV

)LJ� �� ;5' SDWWHUQV RI &/,� 025 DQG QDWXUDO ]HROLWHV�

)LJ� �� ;5' SDWWHUQV RI DONDOL�WUHDWHG QDWXUDO ]HROLWHV�



��� 6�:� -HRQJ HW DO�

1RYHPEHU� ����

PHDQV WKDW WKH QDWXUDO ]HROLWH FRQWDLQV D VPDOO DPRXQW RI FOLQRS�

WLOROLWH DV ZHOO� 7KH FRQWHQW RI PRUGHQLWH ZDV HVWLPDWHG WR EH DERXW

����

6LQFH ]HROLWHV DUH FRPSRVHG RI VLOLFD DQG DOXPLQD� DQG DONDOL FDQ

GLVVROYH WKH ERWK FRPSRQHQWV� DONDOL WUHDWPHQW UHVXOWHG LQ VLJQLIL�

FDQW FKDQJHV LQ WKHLU FRPSRQHQWV DQG FU\VWDOOLQH SKDVHV� DV VKRZQ

LQ )LJ� �� &KDUDFWHULVWLF SHDNV DVVLJQDEOH WR PRUGHQLWH ZHUH PDLQ�

WDLQHGZLWK WKH DONDOL WUHDWPHQW RI ���11D2+VROXWLRQ� EXW WKH FKDU�

DFWHULVWLF SHDNV ZHUH VXEVWDQWLDOO\ GHFUHDVHG E\ WKH DONDOL WUHDWPHQWV

ZLWK KLJKHU FRQFHQWUDWLRQV� 7KH FKDUDFWHULVWLF PRUGHQLWH SHDNV EH�

FDPH WRR VPDOO WR EH REVHUYHG FOHDUO\ RQ WKH %1=����� ]HROLWH� LQ�

GLFDWLQJ D VLJQLILFDQW GLVDSSHDUDQFH RI ]HROLWH FRPSRQHQWV ZLWK WKH

DONDOL WUHDWPHQW XVLQJ WKH ���11D2+VROXWLRQ� 7KH UHPDLQLQJ SHDNV

RI WKH %1=����� ]HROLWH ZHUH DVVLJQHG WR IHOGVSDU DQG TXDUW]� UHQGHU�

LQJ D TXLWH GLIIHUHQW ;5' SDWWHUQ IURP WKDW RI WKH RULJLQDO QDWXUDO

]HROLWH�

'LVVROXWLRQ RI ]HROLWH FRPSRQHQWV ZLWK DONDOL WUHDWPHQW EURXJKW

DERXW VLJQLILFDQW FKDQJHV LQ WKH PRUSKRORJ\ RI ]HROLWHV DV ZHOO DV

WKHLU FU\VWDOOLQH SKDVHV� )LJ� � VKRZV 6(0SKRWRV RI WKH DONDOL�WUHDWHG

QDWXUDO ]HROLWHV� 7KH 1=��� ]HROLWH GLG QRW KDYH ODUJH SRUHV� 2Q WKH

RWKHU KDQG� D VPDOO QXPEHU RI ODUJH KROHV DSSHDUHG RQ WKH %1=

����� ]HROLWH GXH WR WKH GLVVROXWLRQ RI ]HROLWH FRPSRQHQWV� $ONDOL

WUHDWPHQW ZLWK PRUH FRQFHQWUDWHG 1D2+ VROXWLRQV FDXVHG D FRQ�

VLGHUDEOH FKDQJH LQ SRUH VWUXFWXUH� SURGXFLQJ D VSRQJH�OLNH PDWH�

ULDO FRQQHFWHG ZLWK ODUJH KROH SRSXODWLRQ� $V DONDOLQH VROXWLRQ GLV�

VROYHV VLOLFD DQG DOXPLQD VLPXOWDQHRXVO\� WKH DONDOL WUHDWPHQW RI QDWX�

UDO ]HROLWHV DW D SURSHU FRQFHQWUDWLRQ LV KHOSIXO LQ IRUPLQJ ODUJH SRUHV

VXLWDEOH IRU WKH GLIIXVLRQ RI ODUJH PROHFXOHV�

1DWXUDO ]HROLWHV XVXDOO\ FRQWDLQ VHYHUDO FRQWDPLQDQWV� RWKHU WKDQ

WKH ]HROLWH FRPSRQHQWV� 7KH FKDQJH LQ FKHPLFDO FRPSRVLWLRQ ZLWK

DONDOL WUHDWPHQW JLYHV VRPH LQIRUPDWLRQ DERXW WKH UHPRYDO RI WKH

FRQWDPLQDQWV DQG WKH GLVVROXWLRQ RI WKH ]HROLWH FRPSRQHQWV� $V OLVWHG

LQ 7DEOH �� WKH FKHPLFDO FRPSRVLWLRQ RI WKH %1=����� ]HROLWH ZDV

TXLWH GLIIHUHQW IURP WKDW RI WKH 1=��� ]HROLWH� 7KH DOXPLQD FRQWHQW

ZDV QRW FRQVLGHUDEO\ FKDQJHG ZLWK DQ DONDOL WUHDWPHQW RI ��� 1

1D2+ VROXWLRQ� EXW WKH VLOLFD FRQWHQW ZDV VLJQLILFDQWO\ LQFUHDVHG�

0RUH VLJQLILFDQW FKDQJHV ZHUH REVHUYHG LQ WKH FRQWHQWV RI DOND�

OLQH DQG DONDOLQHPHWDO R[LGHV� PRVW RI WKHP ZHUH UHPRYHG E\ DONDOL

WUHDWPHQW� 7KLV PHDQV WKDW DQ DONDOL WUHDWPHQW ZLWK ���1 1D2+

VROXWLRQ LV VXIILFLHQW WR UHPRYH WKH FRQWDPLQDQWV� EHFDXVH PRVW RI

WKH FRQWDPLQDQWV DUH FDUERQDWHV DQG FKORULGHV RI DONDOLQH DQG DOND�

OLQH HDUWK PHWDOV� %\ FRQWUDVW� DONDOL WUHDWPHQWV ZLWK VWURQJ 1D2+

VROXWLRQV� DERYH ���1� EURXJKW DERXW PDVVLYH VLOLFD GLVVROXWLRQ�

7KH UHPRYDO RI DOXPLQD DQG RWKHU FRPSRQHQWV ZDV UHODWLYHO\ VPDOO

FRPSDUHG ZLWK VLOLFD� VR WKH 6L�$O PRODU UDWLRV RI WKH DONDOL�WUHDWHG

QDWXUDO ]HROLWHV GHFOLQHG WR ��� LQ WKH %1=����� ]HROLWH� 6LQFH WKH

6L�$O PRODU UDWLR RI WKH W\SLFDO PRUGHQLWH LV �� WKH ORZ 6L�$O PRODU

UDWLR LQGLFDWHV D VWURQJ ORVV RI PRUGHQLWH ZKHQ WUHDWHG ZLWK FRQ�

FHQWUDWHG 1D2+ VROXWLRQV� 5HPRYDO RI LPSXULWLHV� DV ZHOO DV ]HR�

OLWH FRPSRQHQWV� E\ DONDOL WUHDWPHQW� WKHUHIRUH FRQVLGHUDEO\ ORZHUV

WKH UHFRYHU\ SHUFHQWDJH DIWHU WUHDWPHQW ZLWK D FRQFHQWUDWHG DOND�

OLQH VROXWLRQ�

7KH SRUH VWUXFWXUHV RI WKH DONDOL�WUHDWHG QDWXUDO ]HROLWHV DOVR YDU\

JUHDWO\ DFFRUGLQJ WR WKH FRQFHQWUDWLRQ RI WKH DONDOLQH VROXWLRQ� $ONDOL

WUHDWPHQW XVLQJ D GLOXWH VROXWLRQPD\ UHPRYH RQO\ WKH FRQWDPLQDQWV�

UHVXOWLQJ LQ D FRQVLGHUDEOH RSHQLQJ RI ]HROLWH SRUHV� 2Q WKH RWKHU)LJ� �� 6(0 SKRWRV RI DONDOL�WUHDWHG QDWXUDO ]HROLWHV�

7DEOH �� &KHPLFDO FRPSRVLWLRQV RI DONDOL�WUHDWHG QDWXUDO ]HROLWHV

$ONDOL WUHDWPHQW
&RQFHQWUDWLRQ RI 1D2+ VROXWLRQ �1�

QRQH ��� ��� ��� ���

5HFRYHU\ DIWHU DONDOL

WUHDWPHQW ���

� �� �� �� ��

&RPSRVLWLRQ �ZW��

6L2� ���� ���� ���� ���� ����

$O�2� ���� ���� ���� ���� ����

.�2 ��� ��� ��� ��� ���

&D2 ��� ��� ��� ��� ���

)H�2� ��� ��� ��� ��� ���

1D�2 ��� ��� ��� ��� ���

0J2 ��� ��� ��� ��� ���

6L�$O ��� ��� ��� ��� ���
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KDQG� DONDOL WUHDWPHQW ZLWK D FRQFHQWUDWHG VROXWLRQ GLVVROYHV ]HROLWH

VNHOHWRQV� H[KLELWLQJ D VLJQLILFDQW ORVV RI ]HROLWH SRUHV� )LJ� � VKRZV

WKH QLWURJHQ DGVRUSWLRQ LVRWKHUPV RI WKH DONDOL�WUHDWHG QDWXUDO ]HR�

OLWHV� 7KH DPRXQW RI QLWURJHQ DGVRUEHG RQ WKH %1=����� ]HROLWH ZDV

ODUJHU WKDQ WKDW RI WKH 1=��� ]HROLWH� LQGLFDWLQJ DQ LQFUHDVH LQ ]HROLWH

SRUHV� %\ FRQWUDVW� D IXUWKHU LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI 1D2+

VROXWLRQ EURXJKW DERXW FRQVLGHUDEOH GHFUHDVHV LQ WKH DPRXQW RI QL�

WURJHQ DGVRUEHG� LOOXVWUDWLQJ D GLVVROXWLRQ RI WKH ]HROLWH FRPSRQHQWV�

6LQFH WKH JUDGXDO LQFUHDVH LQ WKH VORSH RI QLWURJHQ DGVRUSWLRQ LVR�

WKHUPV DW ������� RI 3�3� LV UHODWHG WR WKH SUHVHQFH RI PHVRSRUHV� LW

LV FOHDU WKDW PRVW RI WKH ]HROLWH SRUHV DUH GLVVROYHG RQ WKH %1=�����

DQG%1=����� ]HROLWHV� 2YHUDOO� DONDOL WUHDWPHQW ZLWK D ���11D2+

VROXWLRQ LV HIIHFWLYH LQ UHPRYLQJ FRQWDPLQDQWV� UHVXOWLQJ LQ DQ LQ�

FUHDVH RI ]HROLWH SRUHV�

$OWKRXJK WKH GLVVROXWLRQ RI ]HROLWH FRPSRQHQWV E\ DONDOL WUHDW�

PHQWV FDXVHV D ORVV RI PLFURSRUHV� WKH IRUPDWLRQ RI PHVRSRUHV DQG

PDFURSRUHV LQGXFHV DQ LQFUHDVH LQ ERWK DGVRUSWLRQ UDWH DQG DGVRUEHG

DPRXQW RI ODUJH PROHFXOHV� $V VKRZQ LQ )LJ� �� WKH XSWDNH DPRXQW

RI EHQ]HQH RQ WKH %1=����� ]HROLWH LQFUHDVHG FRQVLGHUDEO\ FRP�

SDUHG WR WKDW RQ WKH 1=��� ]HROLWH� )XUWKHUPRUH� UDSLG DSSURDFKHV

WR DGVRUSWLRQ HTXLOLEULXP RI EHQ]HQH RQ WKH %1=����� DQG%1=�����

]HROLWHV LQGLFDWHG D FRQVLGHUDEOH LQFUHDVH LQ WKH DGVRUSWLRQ UDWH RI

EHQ]HQH� 6XFK D UDSLG LQFUHDVH LV UHVSRQVLEOH IRU WKH IRUPDWLRQV RI

PHVRSRUHV DQG PDFURSRUHV GXULQJ DONDOL WUHDWPHQW� 7KH XSWDNH

DPRXQW RI EHQ]HQH RQ WKH DONDOL�WUHDWHG QDWXUDO ]HROLWHV� KRZHYHU�

ZDV QRW SURSRUWLRQDO WR WKH FRQFHQWUDWLRQ RI 1D2+ VROXWLRQ� EHFDXVH

PHVRSRUHV DQG PDFURSRUHV ZHUH UDQGRPO\ IRUPHG� 1HYHUWKHOHVV�

DONDOL WUHDWPHQW ZDV IRXQG WR EH HIIHFWLYH LQ HQODUJLQJ WKH SRUHV RI

WKH QDWXUDO ]HROLWHV� VXLWDEOH IRU HDV\ DFFHVV RI ODUJHPROHFXOHV� HYHQ

WKRXJK HQODUJHPHQW LV FDXVHG E\ WKH GLVVROXWLRQ RI WKH ]HROLWH FRP�

SRQHQWV�

$ONDOL WUHDWPHQW RI WKH QDWXUDO ]HROLWHV ZLWK D GLOXWH VROXWLRQ ZDV

KHOSIXO LQ HQKDQFLQJ LWV DGVRUSWLRQ FDSDFLW\� EXW WKH QXPEHU RI DFLG

VLWHV PHDVXUHG E\ DPPRQLD DGVRUSWLRQ GHFUHDVHV JUDGXDOO\ ZLWK

WKH LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI WKH XVHG 1D2+ VROXWLRQ� $V

VKRZQ LQ )LJ� �� 73' SURILOHV RI DPPRQLD VKRZHG D JUDGXDO GH�

FUHDVH RI WKH DPRXQW RI DPPRQLD DGVRUEHG E\ DONDOL WUHDWPHQW� 7KH

O� DQG K�SHDNV� FRQYHQWLRQDOO\ DWWULEXWHG WR ZHDN DQG VWURQJ DFLG

VLWHV� UHVSHFWLYHO\� ZHUH VLPXOWDQHRXVO\ GHFUHDVHG ZLWK DONDOL WUHDW�

PHQW� 6LQFH PRVW DFLG VLWHV DUH GLVWULEXWHG RQ WKH VXUIDFH RI WKH ]HR�

OLWH SRUHV� GLVVROXWLRQ RI WKH ]HROLWH FRPSRQHQWV E\ DONDOL WUHDWPHQW

UHVXOWV D JUDGXDO GHFUHDVH LQ WKH DPRXQW RI DFLG VLWHV�

�� &DWDO\WLF $FWLYLW\ RI $ONDOL�WUHDWHG 1DWXUDO =HROLWHV

7KHUPDO GHJUDGDWLRQ DW ��� R&ZLWKRXW DQ\ FDWDO\VWV \LHOGHG RQO\

D JDV SURGXFWLRQ RI ��� ZLWK D QHJOLJLEOH IRUPDWLRQ RI OLTXLG SURG�

XFWV� +RZHYHU� WKH DONDOL�WUHDWHG QDWXUDO ]HROLWH� WKH %1=����� ]HR�

OLWH� VKRZHG KLJK GHJUDGDWLRQ DFWLYLW\ �)LJ� ��� $OWKRXJK WKH ]HROLWH

FRPSRQHQWV� DV ZHOO DV WKH LPSXULWLHV� ZHUH SDUWLDOO\ GLVVROYHG E\

WKH DONDOLQH VROXWLRQV� HQKDQFHPHQW LQ FDWDO\WLF DFWLYLW\ ZDV REYL�

)LJ� ��1LWURJHQ DGVRUSWLRQ LVRWKHUPV RI DONDOL�WUHDWHG QDWXUDO ]HR�
OLWHV�

)LJ� �� 8SWDNH FXUYHV RI EHQ]HQH RQ DONDOL�WUHDWHG QDWXUDO ]HROLWHV�
)LJ� �� 73' SURILOHV RI DPPRQLD IURP DONDOL�WUHDWHG QDWXUDO ]HR�

OLWHV�
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RXV� 7KH YDULDWLRQ RI FDWDO\WLF DFWLYLWLHV DIWHU DONDOL WUHDWPHQW ZLWK

WKH FRQFHQWUDWLRQ RI 1D2+ VROXWLRQ LV VKRZQ LQ )LJ� �� %RWK WKH

FRQYHUVLRQ DQG OLTXLG�SURGXFW \LHOG VKRZHGPD[LPD ZKHQ WKH FRQ�

FHQWUDWLRQ RI 1D2+ VROXWLRQ ZDV ���1� 2Q WKH FRQWUDU\� WKH FRQ�

YHUVLRQV RQ WKH 1=��� DQG %1=����� ]HROLWHV ZHUH UHODWLYHO\ ORZ�

6LQFH WKH DFLG VLWHV RI WKH QDWXUDO ]HROLWHV GHFUHDVH ZLWK DQ LQFUHDVH

LQ WKH FRQFHQWUDWLRQ RI 1D2+ VROXWLRQ� WKLV WUHQG LQGLFDWHV WKDW WKH

QXPEHU RI DFLG VLWHV LV QRW WKH RQO\ GHWHUPLQLQJ IDFWRU IRU FDWDO\WLF

DFWLYLWLHV�

7KH DGVRUEHG DPRXQWV RI EHQ]HQH DQG QLWURJHQ RQ WKH %1=�����

FDWDO\VW ZHUH WKH ODUJHVW DPRQJ WKH DONDOL�WUHDWHG QDWXUDO ]HROLWHV�

EXW WKH KLJKHVW FRQYHUVLRQ ZDV REWDLQHG RQ WKH %1=����� FDWDO\VW�

7KLV PHDQV WKDW WKH GHQVLW\ RI WKH DFLG VLWHV LV DOVR LPSRUWDQW WR FDW�

DO\WLF DFWLYLW\� $ KLJK FRQFHQWUDWLRQ RI DFLG VLWHV FDXVHV UDSLG GHDFWL�

YDWLRQ GXH WR UDSLG FDUERQ GHSRVLWLRQ� 7KH ROLJRPHUL]DWLRQ RI UHDF�

WLYH VSHFLHV LV VXSSUHVVHG RQ WKH VXUIDFH RI WKH FDWDO\VWV ZLWK D PRG�

HUDWH FRQFHQWUDWLRQ RI DFLG VLWHV� UHVXOWLQJ LQ D ORQJ FDWDO\VW OLIH DQG

D KLJK FRQYHUVLRQ UDWH� 7KHPRUGHQLWH FDWDO\VWV ZLWK ERWK WKH KLJKHVW

DQG ORZHVW DFLG VLWH GHQVLWLHV VKRZHG ORZHU FRQYHUVLRQV WKDQ WKH

PRUGHQLWH FDWDO\VW ZLWK D PRGHUDWH DFLG VLWH GHQVLW\ LQ OLTXLG�SKDVH

GHJUDGDWLRQ RI 3( ZD[ ><RX HW DO�� ����@� 7KH DPRXQW RI DFLG VLWHV

PXVW WKHUHIRUH EH LPSRUWDQW IRU FDWDO\WLF DFWLYLW\ LQ DFLG�FDWDO\]HG

GHJUDGDWLRQ UHDFWLRQV� EXW LWV GHQVLW\ LV DOVR LPSRUWDQW IRU WKH FDW�

DO\VW OLIH� HVSHFLDOO\ RQ FDWDO\WLF UHDFWLRQV ZLWK UDSLG FDUERQ GHSR�

VLWLRQ�

$OWKRXJK +'3( FRQYHUVLRQV RQ WKH DONDOL�WUHDWHG QDWXUDO ]HR�

OLWHV YDULHG ODUJHO\ ZLWK WKH FRQFHQWUDWLRQ RI 1D2+ VROXWLRQV� WKH

GLIIHUHQFH LQ WKH FKHPLFDO FRPSRVLWLRQV RI JDV DQG OLTXLG SURGXFWV

ZDV YHU\ VPDOO� UHJDUGOHVV RI WKH H[WHQW RI WKH DONDOL WUHDWPHQW� 7KH

PDMRU FRPSRQHQW RI WKH JDV SURGXFWV ZDV &� K\GURFDUERQV IRU DOO

WKH QDWXUDO ]HROLWH FDWDO\VWV WHVWHG� 7KH FKHPLFDO FRPSRVLWLRQ RI

OLTXLG SURGXFWV ZDV DOVR VLPLODU� DV VKRZQ LQ )LJ� �� 7KH GLVDSSHDU�

DQFH LQ KLJKHU K\GURFDUERQV� DERYH &��� RQ WKH %1=����� FDWDO\VW�

PLJKW EH GXH WR WKH KLJKHU LQYROYHPHQW RI WKH ]HROLWH FRPSRQHQWV�

7KH UHODWLYHO\ KLJK FRQWHQW RI ]HROLWH FRPSRQHQWV UHGXFHV WKH FDW�

DO\WLF GHJUDGDWLRQ RI +'3( RQ WKH H[WHUQDO VXUIDFH� LQFUHDVLQJ WKH

\LHOG RI VKRUWHU K\GURFDUERQV�

$ONDOL WUHDWPHQW KDV QRW \HW EHHQ FRQVLGHUHG DV DQ HIILFLHQW PHWK�

RG IRU LPSURYLQJ ]HROLWH FDWDO\WLF DFWLYLWLHV� EHFDXVH DONDOL GLVVROYHV

WKH ]HROLWH VNHOHWRQ LWVHOI� 1DWXUDO ]HROLWH WUHDWHG ZLWK FRQFHQWUDWHG

1D2+ VROXWLRQV FRPSOHWHO\ ORVW LWV FDWDO\WLF DFWLYLW\� DV ZHOO DV LWV

]HROLWH VWUXFWXUH� $ONDOL WUHDWPHQW RI QDWXUDO ]HROLWH ZLWK D PRGHU�

DWH FRQFHQWUDWLRQ� KRZHYHU� VLJQLILFDQWO\ LPSURYHG LWV FDWDO\WLF DFWLY�

LW\� $ SDUWLDO GLVVROXWLRQ RI WKH ]HROLWH FRPSRQHQWV E\ DONDOLQH VR�

OXWLRQV� DORQJ ZLWK D UHPRYDO RI FRQWDPLQDQWV� EULQJV DERXW WKH IRU�

PDWLRQ RI PHVRSRUHV� FDXVLQJ D UDSLG GLIIXVLRQ RI ODUJH SRO\PHULF

)LJ� �� &DWDO\WLF GHJUDGDWLRQ RI +'3( RYHU WKH %1=����� FDWDO\VW

DW ��� R&�

)LJ� �� 9DULDWLRQV RI WKH FRQYHUVLRQ DQG OLTXLG SURGXFW \LHOG RYHU

DONDOL�WUHDWHG QDWXUDO ]HROLWH FDWDO\VWV ZLWK WKH FRQFHQWUD�
WLRQ RI WUHDWLQJ1D2+ VROXWLRQ� &DWDO\WLF DFWLYLW\ZDV GHWHU�

PLQHG LQ WKH OLTXLG�SKDVH GHJUDGDWLRQ RI+'3( DW ��� R&�

)LJ� �� &RPSRVLWLRQV RI OLTXLG SURGXFWV REWDLQHG IURP WKH OLTXLG�

SKDVH GHJUDGDWLRQ RI+'3(RYHU DONDOL�WUHDWHG QDWXUDO ]HR�
OLWH FDWDO\VWV DW ��� R&�
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PDWHULDOV� 7KH UHGXFWLRQ RI DFLG VLWHV DOVR VXSSUHVVHV WKH FDUERQ

GHSRVLWLRQ� UHVXOWLQJ LQ ORQJHU FDWDO\VW OLYHV DQG KLJKHU FRQYHUVLRQ

UDWHV�

&21&/86,216

$OWKRXJK QDWXUDO ]HROLWH LWVHOI LV QRW DFWLYH DV D FDWDO\VW IRU WKH

OLTXLG�SKDVH GHJUDGDWLRQ RI +'3(� DONDOL WUHDWPHQW ZLWK 1D2+

VROXWLRQ RI PRGHUDWH FRQFHQWUDWLRQV VLJQLILFDQWO\ LPSURYHG LWV FDW�

DO\WLF DFWLYLW\� $ SDUWLDO GLVVROXWLRQ RI ]HROLWH FRPSRQHQWV SURGXFHG

PHVRSRUHV� WKHUHE\ HQKDQFLQJ WKH GLIIXVLRQ RI SRO\PHULF PDWHUL�

DOV� 7KH VXSSUHVVLRQ RI UDSLG FDUERQ GHSRVLWV RQ WKH QDWXUDO ]HROLWH

E\ ORZHULQJ WKH DFLG VLWH GHQVLWLHV� DOVR FDXVHG ORQJHU FDWDO\VW OLYHV

DQG KLJKHU FRQYHUVLRQ UDWHV� $ONDOL WUHDWPHQW ZLWK FRQFHQWUDWHG DOND�

OLQH VROXWLRQV� KRZHYHU� EURXJKW DERXW VHYHUH GLVVROXWLRQ RI ]HROLWH

FRPSRQHQWV� UHVXOWLQJ LQ ORZHU DFWLYLW\�

$&.12:/('*(0(17

7KLV ZRUN ZDV VXSSRUWHG E\ WKH %UDLQ .RUHD �� 3URMHFW�

5()(5(1&(6

+ZDQJ� (��<�� &KRL� -��.�� 3DUN� '��:� DQG:RR�+��&�� ³&DWDO\WLF 'H�

JUDGDWLRQ RI 3RO\SURS\OHQH ,� 6FUHHQLQJ RI &DWDO\VWV�́ .RUHDQ -�

&KHP� (QJ�� ��� ��� �������

-HRQJ� 6�:�� .LP� -��+� DQG 6HR� *�� ³/LTXLG�3KDVH 'HJUDGDWLRQ RI

+'3( RYHU $FLG�7UHDWHG 1DWXUDO =HROLWH &DWDO\VWV�́ +:$+$.

.21*+$.� ��� ��� �������

.DQJ� 6��-� DQG (JDVKLUD� .�� ³0RGLILFDWLRQ RI 'LIIHUHQW *UDGHV RI

.RUHDQ 1DWXUDO =HROLWHV IRU ,QFUHDVLQJ &DWLRQ ([FKDQJH &DSDFLW\�́

$SSO� &OD\ 6FL�� ��� ��� �������

.DQJ� 6��-�� (JDVKLUD� .� DQG <RVKLGD� $�� ³7UDQVIRUPDWLRQ RI D /RZ�

*UDGH.RUHDQ1DWXUDO =HROLWH WR+LJK&DWLRQ([FKDQJHU E\ +\GUR�

WKHUPDO 5HDFWLRQ ZLWK RU ZLWKRXW )XVLRQ ZLWK 6RGLXP +\GUR[LGH�́

$SSO� &OD\ 6FL�� ��� ��� �������

/HH� '�+�� .LP� 6� -� DQG 0RRQ� +�� ³3UHSDUDWLRQ RI D &OLQRSWLOROLWH�

7\SH.RUHDQ1DWXUDO=HROLWH�́ .RUHDQ-�&KHP�(QJ����� ��� �������

0DQRV� *��*DUIRUWK�$� DQG'Z\HU� -�� ³&DWDO\WLF 'HJUDGDWLRQ RI+LJK�

'HQVLW\ 3RO\HWK\OHQH RYHU 'LIIHUHQW =HROLWLF 6WUXFWXUHV�́ ,QG� (QJ�

&KHP� 5HV�� ��� ���� �������

3XHQWH� *�'� /� DQG 6HGUDQ� 8�� ³5HF\FOLQJ 3RO\VW\UHQH LQWR )XHOV E\

0HDQV RI )&&� 3HUIRUPDQFH RI 9DULRXV $FLGLF &DWDO\VWV�́ $SSO�

&DWDO� %� ��� ��� �������

6HR�*��.LP�0��:�� .LP� -��+�� $KQ�%� -�� +RQJ� 6� %� DQG8K�<� 6��

³6NHOHWDO ,VRPHUL]DWLRQ RI ��EXWHQH RQ6\QWKHWLF &OLQRSWLOROLWH =HR�

OLWH�́ &DWDO� /HWW�� ��� ��� �������

6KLP� -��6�� <RX� <� 6�� .LP� -��+� DQG 6HR� *�� ³/LTXHIDFWLRQ RI 3RO\�

HWK\OHQH:D[ RYHU 6ROLG $FLG &DWDO\VWV�́ 6WXG� 6XUI� 6FL� &DWDO�� ���

��� �������

:DOHQG]LHZVNL� -� DQG 6WHF]\VODZ� 0�� ³7KHUPDO DQG &DWDO\WLF &RQ�

YHUVLRQ RI :DVWH 3RO\ROHILQHV�́ &DWDO� 7RGD\� ��� ��� �������

<RX� <� 6�� .LP� -��+� DQG 6HR� *�� ³/LTXLG�3KDVH &DWDO\WLF 'HJUDGD�

WLRQ RI 3RO\HWK\OHQH:D[ RYHU0), =HROLWHV ZLWK 'LIIHUHQW 3DUWLFOH

6L]HV�́ 3RO\P� 'HJUDG� 6WDE�� ��� ��� �������

<RX� <� 6�� .LP� -��+� DQG 6HR� *�� ³/LTXLG�3KDVH &DWDO\WLF 'HJUDGD�

WLRQ RI 3RO\HWK\OHQH :D[ RYHU 6LOLFD�0RGLILHG =HROLWH &DWDO\VWV�́

3RO\P� 'HJUDG� 6WDE�� ��� ��� �������

<RX� <� 6�� 6KLP� -��6�� .LP� -��+� DQG 6HR� *�� ³/LTXLG�3KDVH 'HJUD�

GDWLRQ RI3RO\HWK\OHQH:D[ RYHU0RUGHQLWH FDWDO\VWV ZLWK'LIIHUHQW

6L�$O 0RODU 5DWLRV�́ &DWDO� /HWW�� ��� ��� �������


