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<RR-LQ .LP DQG 'XN�<RXQJ -XQJ


'HSDUWPHQW RI &KHPLVWU\ DQG WKH ,QVWLWXWH RI %DVLF 6FLHQFH� 6XQJN\XQNZDQ 8QLYHUVLW\� 6XZRQ �������� .RUHD

5HFHLYHG -DQXDU\ ��� ����

7KH LQFUHDVHG DFWLYLW\ LQ WKH ILHOG RI PHWDO GL� DQG WUL�
FDUER[\ODWHV��� LV SULPDULO\ GXH WR WKH ZLGH YDULHW\ RI FU\VWDO
VWUXFWXUHV RI FRRUGLQDWLRQ FRPSOH[ HYHQ LQ VLPLODU FKHPLFDO
IRUPXODV GHSHQGLQJ RQ PHWDO�R[\JHQ FRRUGLQDWLRQ DQG FRQ�
IRUPDWLRQ RI FDUERQ FKDLQV� &DUER[\OLF OLJDQG LV SDUW RI WKH
IUDPHZRUN OHDGLQJ WR WKH IRUPDWLRQ RI QHXWUDO QHWZRUN�
ZKLFK UHVXOWV LQ K\EULG RSHQ QHWZRUNV ZLWK YDULRXV PROH�
FXOHV GHSHQGLQJ RQ WKH VL]H RI WHPSODWH LRQV� ,Q JHQHUDO� WKH
WUDQVLWLRQ PHWDO GLFDUER[\ODWHV SUHSDUHG XQGHU DPELHQW FRQ�
GLWLRQ JLYH XVXDOO\ FRPSOLFDWHG VROLG�VWDWH SKDVHV ZLWK YDUL�
RXV K\GUDWH ZDWHU FRQWHQWV� +RZHYHU� K\GURWKHUPDO UHDFWLRQ
FRXOG JLYH WKUHH�GLPHQVLRQDO QHWZRUNV DV FOHDUO\ GHPRQ�
VWUDWHG LQ VHYHUDO GLFDUER[\ODWH FRPSRXQGV�� DQG DOVR GLIIHU�
HQW FU\VWDO VWUXFWXUHV ZHUH REVHUYHG LQ WKH FRRUGLQDWLRQ
VROLGV RI PDQJDQHVH�,,� ������EHQ]HQHWULFDUER[\ODWH K\GUDWH
DQG DQK\GURXV�� 7KH K\GURWKHUPDO V\QWKHVLV RI LQRUJDQLF
FRPSRXQGV LV D YHU\ SURPLVLQJ URXWH WR QHZ H[WHQGHG FRRU�
GLQDWLRQ VROLGV VLQFH WKH QDWXUH DQG WHPSHUDWXUH RI WKH
K\GURWKHUPDO IOXLG FDQ EH YDULHG RYHU D ZLGH UDQJH���

5HFHQWO\� ZH KDYH UHSRUWHG 0Q��+�2�>2�&�&+���&2�@�
ZLWK D QRYHO VWUXFWXUH RI ZHOO�DOLJQHG� FORVHG SDFNHG DON\O
FKDLQV�� ,Q WKLV SDSHU� ZH SUHVHQW WKH V\QWKHVLV RI )H��+�2��
>2�&�&+���&2�@� ���� D QHZ LURQ FDUER[\ODWH ZLWK D WZR�
GLPHQVLRQDO DUUD\ RI HGJH DQG FRUQHU VKDULQJ )H�,,�2� LQWHU�
FRQQHFWHG E\ DGLSDWH ELGHQWDWH DQLRQV� 7KH FRPSRXQG � KDV
EHHQ FKDUDFWHUL]HG E\ )7�,5 VSHFWURVFRS\� HOHPHQWDO DQDO\�
VLV� WKHUPDO DQDO\VLV� ;�UD\ SRZGHU DQG VLQJOH FU\VWDO GLI�
IUDFWLRQ� DQG PDJQHWLF VXVFHSWLELOLW\ PHDVXUHPHQWV�

([SHULPHQWDO 6HFWLRQ

,URQ�,,� FKORULGH WHWUDK\GUDWH� DGLSLF DFLG DQG SRWDVVLXP
K\GUR[LGH ZHUH XVHG DV UHFHLYHG IURP $OGULFK� $ PL[WXUH RI
)H&O� ± �+�2� DGLSLF DFLG DQG RI .2+ ZLWK WKH PRODU UDWLR
RI � � � � ��� �S+ ���� ZDV KHDWHG DORQJ ZLWK �� P/ RI ZDWHU
LQ D 7HIORQ�OLQHG UHDFWLRQ YHVVHO DW ��� R& IRU � GD\V DQG
WKHQ FRROHG WR URRP WHPSHUDWXUH� 7KH UHDFWLRQ WHPSHUDWXUH
DQG LQLWLDO S+ YDOXH RI WKH VROXWLRQ DUH YHU\ FULWLFDO WR REWDLQ
WKH WLWOH FRPSRXQG� $ERXW ���� J RI � ZDV REWDLQHG DV SDOH�
\HOORZ QHHGOH�W\SH FU\VWDOV DIWHU ZDVKLQJ ZLWK ZDWHU� 5H�
PDLQLQJ DGLSLF DFLG ZDV OHDFKHG RXW ZLWK DFHWRQH� 7KH LVR�
ODWHG SURGXFW JDYH DSSUR[LPDWHO\ ��� \LHOG EDVHG RQ WKH
)H&O�� 7KH LGHQWLW\ RI WKH FROOHFWHG )H��+�2�>2�&�&+����
&2�@� VDPSOH IRU YDULRXV FKDUDFWHUL]DWLRQ ZDV FRQILUPHG E\
PDWFKLQJ WKH SRZGHU GLIIUDFWLRQ SDWWHUQ WR WKDW FDOFXODWHG
IURP WKH VLQJOH�FU\VWDO VWUXFWXUH� $QDO� &DOFG� )H� ������ &�

������ +� ����� )RXQG� )H� ������ &� ������ +� ����� 7KH
LQIUDUHG VSHFWUD H[KLELWHG WKH IROORZLQJ DEVRUSWLRQ �.%U SHO�
OHW�� ��������� �V� Y EU�� ���� �V�� ���� �Z�� ���� �YV�� ����
�YV�� ���� �P�� ���� �P�� ���� �P�� ��� �P�� ��� �P�� ���
�V�� ��� �P� FP−��
6LQJOH�FU\VWDO ;�UD\ GDWD ZHUH FROOHFWHG RQ D 6LHPHQV 3�

DXWRPDWHG IRXU�FLUFOH GLIIUDFWRPHWHU HTXLSSHG ZLWK JUDSKLWH
PRQRFKURPDWHG 0R .α UDGLDWLRQ� 7KH RULHQWDWLRQ PDWUL[
DQG XQLW FHOO SDUDPHWHUV ZHUH GHWHUPLQHG E\ OHDVW�VTXDUH
DQDO\VHV RI �� UHIOHFWLRQV LQ WKH UDQJH ���� � �θ � ����R�
7KUHH FKHFN UHIOHFWLRQV ZHUH PHDVXUHG HYHU\ ��� UHIOHFWLRQV
WKURXJKRXW GDWD FROOHFWLRQ DQG VKRZHG QR VLJQLILFDQW YDULD�
WLRQV LQ LQWHQVLW\� ,QWHQVLW\ GDWD ZHUH FRUUHFWHG IRU /RUHQ]
DQG SRODUL]DWLRQ HIIHFWV� 'HFD\ FRUUHFWLRQV ZHUH DOVR PDGH�
7KH SDWWHUQ RI V\VWHPDWLF DEVHQFHV REVHUYHG LQ WKH GDWD ZDV
FRQVLVWHQW ZLWK HLWKHU WKH VSDFH JURXS &��F RU &F� 7KH FHQ�
WULF VSDFH JURXS &��F ZDV DVVXPHG DQG FRQILUPHG E\ WKH
VXFFHVVIXO VROXWLRQ DQG UHILQHPHQW RI WKH VWUXFWXUH�
$ VXPPDU\ RI FU\VWDO GDWD LV UHSUHVHQWHG LQ 7DEOH �� $OO

FDOFXODWLRQ ZDV FDUULHG RXW XVLQJ 6LHPHQV 6+(/;7/ SUR�
JUDP�� 7KH VWUXFWXUH ZDV VROYHG E\ WKH GLUHFW PHWKRG DQG
UHILQHG E\ IXOO�PDWUL[ OHDVW�VTXDUHV FDOFXODWLRQV RI )�V� LQL�
WLDOO\ ZLWK LVRWURSLF DQG ILQDOO\ DQLVRWURSLF WHPSHUDWXUH IDF�
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WRUV IRU DOO QRQ�K\GURJHQ DWRPV� ,URQ DQG R[\JHQ DWRPV
ZHUH ILUVW ORFDWHG DQG WKH FDUERQ DWRPV ZHUH IRXQG E\ GLI�

IHUHQFH )RXULHU PDSV� 3RVLWLRQV RI DOO K\GURJHQ DWRPV
DWWDFKHG WR FDUERQV DUH LQFOXGHG LQ WKH UHILQHPHQWV DV D
ULGLQJ PRGHO� 7KH K\GURJHQ RQ ZDWHU PROHFXOH ZDV UHILQHG
VHSDUDWHO\ DFFRUGLQJ WR HOHFWURQ GHQVLW\ GLIIHUHQFH� 7KH UHOL�
DELOLW\ IDFWRUV FRQYHUJHG WR 5��)�� ������ DQG Z5��)�

�� 
������� )UDFWLRQDO DWRPLF FRRUGLQDWHV DUH JLYHQ LQ 7DEOH �
DQG VHOHFWHG ERQG GLVWDQFHV DQG DQJOHV LQ 7DEOH ��

5HVXOWV DQG 'LVFXVVLRQ

7KH SRZGHU ;�UD\ GLIIUDFWLRQ SDWWHUQ VXSSRUWV WKH SUH�
IHUUHG FU\VWDO JURZWK DORQJ EF SODQH VLQFH ����� SHDN LV
VWURQJO\ HQKDQFHG FRPSDUHG ZLWK RWKHU �KNO� RQHV DFFRUGLQJ
WR WKH LQWHQVLW\ FDOFXODWLRQ� $V VKRZQ LQ )LJXUH �� WKH VWUXF�
WXUH RI � LV WZR�GLPHQVLRQDO OD\HUHG VWUXFWXUH� FRQVLVWLQJ RI
FKDLQV RI HGJH�VKDULQJ )H2� SRO\KHGUD FURVV�OLQNHG E\ FDU�
ER[\ODWH JURXSV� )H DWRPV FRRUGLQDWH ZLWK VL[ R[\JHQ DWRPV
GRQDWHG E\ WKH ILYH DGLSDWH LRQV DQG RQH ZDWHU PROHFXOH�
7KH RUJDQLF DQG LQRUJDQLF OD\HUV DUH VWDFNHG DORQJ D D[LV�
ZKHUH WKH LQWHUOD\HU VSDFLQJ LV ����� c� ,W LV ZRUWK SRLQWLQJ
RXW WKDW DGLSDWH OLJDQGV KDYH DOO DQWL FRQIRUPDWLRQ DQG WZR
FDUER[\ODWH JURXSV LQ DQ DGLSDWH OLJDQG URWDWHG E\ ��R ZLWK
UHVSHFW WR RQH DQRWKHU� :H QRWH WKDW LURQ�,,� VXFFLQDWH�
)H��2+���&2��&+���&2����G KDV ERWK DQWL DQG JDXFKH FRQ�
IRUPDWLRQ RI DON\O FKDLQ LQ WKH FU\VWDO VWUXFWXUH DV SUHYLRXVO\
UHSRUWHG� $OO DGLSDWHV DUH VXUURXQGHG E\ VL[ RWKHU FKDLQV
ZLWK UHJXODU GLVWDQFH RI DERXW ��� c� 7KH K\GURSKRELF FKDU�
DFWHULVWLF RI DON\O�FKDLQV PD\ LQGXFH VHOI�DVVHPEO\ WR JLYH
SDUDOOHO DOLJQPHQW RI DON\O FKDLQV� 7KH XQLW FHOO YROXPH RI �
LV VPDOOHU WKDQ WKDW RI 0Q��+�2�>2�&�&+���&2�@�� SUHVXP�
DEO\ EHFDXVH WKH LRQLF UDGLXV RI )H�,,� LV VPDOOHU WKDQ WKDW RI
0Q�,,� LQ KLJK VSLQ FRQILJXUDWLRQ IRU ERWK LRQV�
7KH FDUER[\ODWH JURXSV FKHODWH WZR QHLJKERULQJ RFWDKHGUD

LQ D )H2� OD\HU� FRQVLVWLQJ RI WKLQ K\GURSKLOLF OD\HU EHWZHHQ

7DEOH �� $WRPLF FRRUGLQDWHV �× ���� DQG HTXLYDOHQW LVRWURSLF GLVSODFH�
PHQW SDUDPHWHUV �c� × ����
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D7KH LURQ� R[\JHQ� FDUERQ �H[FHSW K\GURJHQ� DWRPV ZHUH UHILQHG
DQLVRWURSLFDOO\ DQG JLYHQ LQ WKH IRUP RI WKH HTXLYDOHQW GLVSODFHPHQW
SDUDPHWHUV GHILQHG DV RQH WKLUG RI WKH WUDFH RI WKH RUWKRJRQDOL]HG 8LM
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6\PPHWU\ WUDQVIRUPDWLRQV XVHG WR JHQHUDWH HTXLYDOHQW DWRPV� D�[��� \�
�]����� E�[��� �\��� �]��

)LJXUH �� 9LHZV RI WKH IUDPHZRUN DORQJ WKH E GLUHFWLRQ� 3RO\KHGUD
UHSUHVHQW WKH )H2� RFWDKHGUD DQG EODFN VSKHUH FRUUHVSRQGV WR
FDUERQ DWRPV� 2[\JHQ RI ZDWHU PROHFXOH ORFDWHV EHWZHHQ WZR
)H2� SRO\KHGUD LQ WKH VDPH SODQH�
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WKLFN K\GURSKRELF FU\VWDOOLQH DON\O�FKDLQ RYHUOD\V� )LJXUH �
VKRZV WKH OD\HU RI )H2� RFWDKHGUD LQ �� LOOXVWUDWLQJ WKH GHWDLOV
RI WKH )H2� OLQNDJH LQ WKH LQRUJDQLF OD\HU� 7KH PHWDO R[LGH
IUDPHZRUN FDQ EH GHVFULEHG DV DQ LQILQLWH ]LJ]DJ FKDLQV RI
HGJH� DQG FRUQHU�VKDULQJ� )H2� RFWDKHGUD DUH VWURQJO\ GLV�
WRUWHG ZLWK ILYH VKRUW )H�2 ERQG GLVWDQFHV ������������������
c�� RQH ORQJ ��������� c�� 7KH R[\JHQ DWRP RI ZDWHU� 2��Z��
LV VKDUHG EHWZHHQ WZR )H DWRPV ZLWK WKH ODUJHVW )H�2 ERQG
OHQJWK� :H DVVLJQ 2��Z� WR FRRUGLQDWHG ZDWHU IRU D FKDUJH�
EDODQFHG FRPSRXQG� DQG 2��Z� KDV D ERQG YDOHQFH VXPV� RI
���� �H[FOXGLQJ WKH K\GURJHQ� ZKLOH WKH YDOXHV IRU RWKHU
R[\JHQV UDQJH IURP ���� WR ����� 7KH FRRUGLQDWHG ZDWHU IRU�
PXODWLRQ LV DOVR FRQVLVWHQW ZLWK 7*$ EHKDYLRU �YLGH LQIUD�
DQG WKH DSSHDUDQFH RI EURDG 2�+ VWUHWFKHV LQ WKH ,5 VSHFWUD�
2QO\ WKDW QRWLFHDEOH K\GURJHQ ERQG OLQNDJH H[LVWV LQ WKH
FU\VWDO VWUXFWXUH� D ERQG EHWZHHQ WKH K\GURJHQ DWRP RI WKH
ZDWHU DQG DQ R[\JHQ DWRP RI QHLJKERULQJ RFWDKHGURQ� 7KH
2�+ ERQG GLVWDQFHV RI >2��Z��+����2���@ OLQNDJH ����
DQG ���� c� UHVSHFWLYHO\� 7KH )H�)H VHSDUDWLRQV LQ WKH
VWUXFWXUH DUH ���� c DQG ���� c LQ WKH HGJH�VKDUHG DQG LQ WKH
FRUQHU VKDUHG ELRFWDKHGUD� UHVSHFWLYHO\� 1RQH RI WKHVH GLV�
WDQFHV LV VXIILFLHQWO\ VKRUW WR LPSO\ DQ\ PHWDO�PHWDO ERQGLQJ�
7KH URRP WHPSHUDWXUH HIIHFWLYH PDJQHWLF PRPHQW �µHII� LV

����µ% SHU PROH RI )H� ZKLFK LV JHQHUDOO\ REVHUYHG LQ KLJK�
VSLQ )H�,,���G �� FHQWHUV ���������� DQG LV FORVH WR ����µ%� WKH
YDOXH UHSRUWHG IRU )H��2+���&�+�2��� SRO\FU\VWDOOLQH��G 7KH
HIIHFWLYH PDJQHWLF PRPHQW LV DOVR LQ DJUHHPHQW ZLWK ERQG
YDOHQFH FDOFXODWLRQ� ZKLFK JLYH �����

7KHUPRJUDYLPHWULF DQDO\VLV RI �ZDV SHUIRUPHG LQ D QLWUR�
JHQ DWPRVSKHUH� 7ZR GLVWLQFW PDVV ORVV UHJLRQV ZHUH REVHUYHG
DURXQG ��� DQG ��� R&� $W ��� R&� WKH REVHUYHG PDVV ORVV RI
���� FRUUHVSRQGV WR ���� HTXLYDOHQW RI +�2 SHU IRUPXOD
XQLW� 7KH QH[W PDVV ORVV ���� R&� FRUUHVSRQGV WR ORVV RI
FRRUGLQDWHG DGLSDWH� JLYLQJ )H2 DQG FDUERQ� 7KH REVHUYHG
UHPDLQHG ZHLJKW SHUFHQW RI ����� �DW FD� ��� R&� DSSUR[L�
PDWHV ���� ZW � RI WKH H[SHFWHG YDOXH IRU )H2 DQG HTXLYD�
OHQW HOHPHQWDU\ FDUERQ�
,Q FRQFOXVLRQ� D QHZ OD\HUHG LURQ�,,� DGLSDWH FRPSRXQG

ZDV V\QWKHVL]HG DV D VLQJOH FU\VWDO E\ K\GURWKHUPDO PHWKRG
DQG WKH FU\VWDO VWUXFWXUH LQYROYHV D VLQJOH OD\HU RI )H2� SRO\�
KHGUD FKDLQV VHSDUDWHG E\ FORVH SDFNHG DQWL DON\O�FKDLQV� 9DU�
LRXV GLFDUER[\ODWH OLJDQGV DV EXLOGLQJ EORFNV IRU LQRUJDQLF
IUDPHZRUN LV QRZ XQGHU LQYHVWLJDWLRQ�
$FNQRZOHGJPHQW� :H DFNQRZOHGJH ILQDQFLDO VXSSRUW E\

WKH .RUHDQ 6FLHQFH DQG (QJLQHHULQJ )RXQGDWLRQ WKURXJK *UDQW
1R� �������������� DQG LQ SDUW E\ WKH %UDLQ .RUHD �� SUR�
JUDP�
6XSSRUWLQJ ,QIRUPDWLRQ $YDLODEOH� ;�UD\ FU\VWDOORJUDSKLF

ILOH� LQ &,) IRUPDW� IRU WKH VWUXFWXUDO GHWHUPLQDWLRQ RI
)H��+�2�>2�&�&+���&2�@� ZLOO EH JLYHQ XSRQ \RXU UHTXHVW
WR WKH FRUUHVSRQGHQFH DXWKRU �'XN�<RXQJ -XQJ��
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