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5HFHLYHG -DQXDU\ ��� ����

&URVVOLQN LV WKH PRVW LPSRUWDQW FKHPLVWU\ LQ D UXEEHU YXOFDQL]DWH� 'HJUHH DQG W\SH RI FURVVOLQNV RI WKH YXOFD�

QL]DWH GHWHUPLQH LWV SK\VLFDO SURSHUWLHV� &KDQJH RI FURVVOLQN GHQVLW\ DQG GHIRUPDWLRQ RI D UXEEHU YXOFDQL]DWH

E\ WKHUPDO DJLQJ ZHUH VWXGLHG XVLQJ QDWXUDO UXEEHU �15� YXOFDQL]DWHV ZLWK YDULRXV FXUH V\VWHPV �FRQYHQWLRQDO�

VHPL�(9� DQG (9� DQG GLIIHUHQW FXUH WLPHV �XQGHU�� RSWLPXP�� DQG RYHUFXUH�� $OO WKH 15 YXOFDQL]DWHV ZHUH

GHIRUPHG E\ WKH WKHUPDO DJLQJ DW ������ R&� 7KH KLJKHU WKH DJLQJ WHPSHUDWXUH LV� WKH PRUH GHJUHH RI WKH GH�

IRUPDWLRQ LV� 7KH XQGHUFXUHG 15 YXOFDQL]DWHV DIWHU WKH WKHUPDO DJLQJ ZHUH GHIRUPHG PRUH WKDQ WKH RSWLPXP�

DQG RYHUFXUHG RQHV� 7KH 15 YXOFDQL]DWHV ZLWK WKH (9 FXUH V\VWHP ZHUH OHVV GHIRUPHG WKDQ WKRVH ZLWK WKH FRQ�

YHQWLRQDO DQG VHPL�(9 FXUH V\VWHPV� 7KH GHIRUPDWLRQ RI WKH 15 YXOFDQL]DWHV ZDV IRXQG WR EH GXH WR FKDQJH

RI WKH FURVVOLQN GHQVLW\ RI WKH YXOFDQL]DWHV� 7KH FURVVOLQN GHQVLWLHV RI DOO WKH YXOFDQL]DWHV DIWHU WKH H[WUDFWLRQ

RI RUJDQLF PDWHULDOV ZHUH DOVR FKDQJHG E\ WKH WKHUPDO DJLQJ� 7KH VRXUFHV WR FKDQJH WKH FURVVOLQN GHQVLWLHV RI

WKH YXOFDQL]DWHV E\ WKH WKHUPDO DJLQJ ZHUH IRXQG WR EH GLVVRFLDWLRQ RI WKH H[LVWLQJ VXOIXU FURVVOLQN DQG WKH IRU�

PDWLRQ RI QHZ FURVVOLQNV E\ IUHH VXOIXU� UHDFWLRQ SURGXFWV RI FXULQJ DJHQWV� DQG SHQGHQW VXOILGH JURXSV�

,QWURGXFWLRQ

7LUHV ORDGHG E\ D YHKLFOHV IRU ORQJ SHULRGV RI WLPH LQ KLJK
WHPSHUDWXUH �IRU H[DPSOH� KRW VXPPHU� KDYH IODWVSRWV WKDW
GR QRW FRPH RXW ZLWK GULYLQJ� 2KWD DQG FRZRUNHUV VWXGLHG
WKH LQIOXHQFH RI WLUH GHIRUPDWLRQ RQ ULGH FRPIRUW RI D WUXFN��

7KH\ UHSRUWHG WKDW WKH YLEUDWLRQ RI WKH YHKLFOH ZLWK IODWVSRW�
WHG WLUHV LV FDXVHG PDLQO\ E\ WKH �QG�RUGHU DQG WKH �UG�RUGHU
GHIRUPDWLRQV� :KLOH WKHVH SUREOHPV DUH VRPHWLPHV DVVRFL�
DWHG ZLWK Q\ORQ FDSSHG VSHHG UDWHG WLUHV� LW KDV EHHQ VKRZQ
WKDW WKH Q\ORQ LV QRW WKH RQO\ VRXUFH RI WKH IODWVSRWV� $QRWKHU
VRXUFH LV SHUPDQHQW VHW RU FRPSUHVVLRQ LQ WKH WUHDG UXEEHU��

,Q JHQHUDO� UXEEHU FRPSRXQGV DUH FURVVOLQNHG E\ VXOIXU
YXOFDQL]DWLRQ���� SHUR[LGH FXULQJ�� RU UHVROH FXULQJ�� 7KH VXO�
IXU YXOFDQL]DWLRQ LV WKH PRVW SRSXODU� 7KH PHFKDQLFDO SURS�
HUWLHV RI UXEEHU PDWHULDOV DUH LPSURYHG E\ YXOFDQL]DWLRQ� 6�6
DQG &�6 ERQGV PDGH E\ VXOIXU FXULQJ DUH UHODWLYHO\ XQVWDEOH�
(VSHFLDOO\� SRO\VXOILGHV DUH PRUH XQVWDEOH WKDQ PRQR� DQG
GLVXOILGHV�� 7KXV� WKH VXOIXU FXULQJ DW KLJK WHPSHUDWXUHV
GHWHULRUDWHV WKH PHFKDQLFDO SURSHUWLHV RI UXEEHUV GXH WR
UHYHUVLRQ� 3K\VLFDO SURSHUWLHV RI VXOIXU�FXUHG UXEEHU YXOFD�
QL]DWHV DUH GHSHQGHQW RQ WKHLU FURVVOLQN GHQVLWLHV��

,Q WKH SUHVHQW ZRUN� FKDQJH RI FURVVOLQN GHQVLW\ DQG GHIRU�
PDWLRQ RI VXOIXU�FXUHG 15 YXOFDQL]DWHV E\ WKHUPDO DJLQJ
GHSHQGLQJ RQ WKHLU LQLWLDO FURVVOLQN FRQGLWLRQV ZHUH VWXGLHG�
7KH GHIRUPDWLRQ H[SHULPHQWV ZHUH SHUIRUPHG E\ FKDQJLQJ D
OLQHDU VDPSOH WR D FLUFXODU IRUP WR VKRZ GHJUHH RI WKH GHIRU�
PDWLRQ� 7KHUPDO DJLQJ H[SHULPHQWV RI WKH YXOFDQL]DWHV EHIRUH
DQG DIWHU H[WUDFWLRQ RI WKH RUJDQLF PDWHULDOV IURP WKH YXOFD�
QL]DWHV ZHUH SHUIRUPHG WR LQYHVWLJDWH WKH VRXUFHV WR FDXVH
WKH GHIRUPDWLRQ LQ GHWDLO� 7KHUH DUH YDULRXV RUJDQLF PDWHUL�
DOV VXFK DV FXUDWLYHV� DQWLGHJUDGDQWV� DQG YXOFDQL]LQJ SURG�
XFWV LQ D UXEEHU YXOFDQL]DWH� ,W FDQ EH FRQVLGHUHG WKDW WKHVH
PDWHULDOV DIIHFW WKH FKDQJH RI WKH FURVVOLQN GHQVLW\� %HKDY�
LRUV RI WKH YXOFDQL]LQJ SURGXFWV UHPDLQLQJ LQ WKH YXOFDQL�

]DWHV ZHUH DOVR FDOFXODWHG E\ WKH PROHFXODU PHFKDQLFV DQG
PROHFXODU G\PDQLFV WR H[SODLQ WKH FURVVOLQN GHQVLW\ FKDQJH
E\ WKH WKHUPDO DJLQJ�

([SHULPHQWDO 6HFWLRQ

6DPSOH SUHSDUDWLRQ� 1LQH FDUERQ EODFN�ILOOHG 15 YXOFD�
QL]DWHV ZLWK WKUHH FXUH V\VWHPV �FRQYHQWLRQDO� VHPL�(9� DQG
HIILFLHQW YXOFDQL]DWLRQ �(9�� DQG WKUHH FXUH WLPHV ��� �� DQG
�� PLQ� ZHUH SUHSDUHG� 7DEOH � JLYHV IRUPXODWLRQV RI WKH 15
FRPSRXQGV ZLWK WKH FRQYHQWLRQDO� VHPL�(9� DQG (9 FXUH
V\VWHPV� 7KH FRQYHQWLRQDO FXUH V\VWHP LV D YXOFDQL]LQJ V\V�
WHP ZLWK YHU\ ORZ DFFHOHUDWRU UDWLR ZKLOH WKH (9 FXUH V\V�
WHP LV RQH ZLWK YHU\ KLJK UDWLR RI DFFHOHUDWRU� 7KH VHPL�(9
FXUH V\VWHP LV D YXOFDQL]LQJ V\VWHP ZLWK WKH QHDUO\ VDPH
UDWLRV RI VXOIXU DQG DFFHOHUDWRU� :D[ DQG 1�SKHQ\O�1
������
GLPHWK\OEXW\O��S�SKHQ\OHQHGLDPLQH �+33'� ZHUH DGGHG WR
WKH FRPSRXQGV DV DQWLGHJUDGDQWV� 1�WHUW�%XW\O���EHQ]RWKLD�

7DEOH �� )RUPXODWLRQV �SKU� DQG FXUH FKDUDFWHULVWLFV

&RPSRXQG &RQYHQWLRQDO 6HPL�(9 (9
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&KDQJH RI &URVVOLQN 'HQVLW\ DQG 'HIRUPDWLRQ RI 1DWXUDO 5XEEHU 9XOFDQL]DWHV %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

]ROH VXOIHQDPLGH �7%%6� ZDV XVHG DV D FXUH DFFHOHUDWRU�
&XUH FKDUDFWHULVWLFV RI WKH FRPSRXQGV ZHUH REWDLQHG XVLQJ D
)OH[V\V UKHRPHWHU �0'5 ����� DW D IUHTXHQF\ RI ���
F\FOHV�PLQ DQG ���� DUF DW ��� R&� &XUH FKDUDFWHULVWLFV RI WKH
15 FRPSRXQGV ZHUH DOVR OLVWHG LQ 7DEOH ��
9XOFDQL]DWLRQ ZDV FDUULHG RXW DW ��� R& IRU �� �� DQG ��

PLQ� 7KH FXUH WLPH RI � PLQ LV FORVH WR RSWLPXP FXUH FRQGL�
WLRQ� 7KH FXUH WLPHV RI � DQG �� PLQ FRUUHVSRQG WR XQGHU�
DQG RYHUFXUH FRQGLWLRQV� UHVSHFWLYHO\� 7KH FXUH WLPH RI �
PLQ IRU WKH FRQYHQWLRQDO� VHPL�(9� DQG (9 FXUH V\VWHPV
FRUUHVSRQGV WR W��� W��� DQG W��� UHVSHFWLYHO\� 5HYHUVLRQ UDWLRV
DW �� PLQ RI FXUH WLPH IRU WKH FRQYHQWLRQDO� VHPL�(9� DQG
(9 FXUH V\VWHPV DUH DERXW ��� �� DQG ��� UHVSHFWLYHO\�
'HIRUPDWLRQ H[SHULPHQW� 7KH GHIRUPDWLRQ H[SHULPHQWV

ZHUH FDUULHG RXW DV IROORZ �)LJXUH ��� )LUVW� VDPSOHV ZHUH FXW
ZLWK GLPHQVLRQ RI � Ó ��� PP ZLWK � PP WKLFNQHVV� 6HF�
RQG� WKH OLQHDU VDPSOH ZDV FKDQJHG WR D FLUFXODU IRUP E\ IL[�
LQJ WKH ERWK HQGV ZLWK D SLQ� 7KLUG� WKH VDPSOHV ZLWK WKH
FLUFXODU IRUP ZHUH WKHUPDOO\ DJHG DW ��� ��� DQG ��� R& IRU �
GD\V LQ D FRQYHFWLRQ RYHQ� )LQDOO\� UHPRYLQJ WKH SLQ DQG WKH
JDS�GLVWDQFH EHWZHHQ ERWK HQGV RI WKH VDPSOH ZDV PHDVXUHG
DIWHU � GD\V� &URVVOLQN GHQVLWLHV RI WKH VDPSOHV EHIRUH DQG
DIWHU WKH WKHUPDO DJLQJ ZHUH PHDVXUHG�
7KHUPDO DJLQJ RI WKH H[WUDFWHG VDPSOHV� ([WUDFWHG YXO�

FDQL]DWHV ZHUH SUHSDUHG E\ H[WUDFWLRQ RI RUJDQLF PDWHULDOV
IURP WKH YXOFDQL]DWHV ZLWK 7+)�DFHWRQH �� � �� DQG DFHWRQH
IRU HDFK � GD\V DQG GU\LQJ IRU � GD\V DW URRP WHPSHUDWXUH�
'LPHQVLRQV RI WKH VDPSOHV ZHUH �� × �� PP ZLWK � PP
WKLFNQHVV� ([SHULPHQWV ZHUH FDUULHG RXW DW �� DQG �� R& IRU
� GD\V LQ D FRQYHFWLRQ RYHQ� &URVVOLQN GHQVLWLHV RI WKH VDP�
SOHV EHIRUH DQG DIWHU WKH WKHUPDO DJLQJ ZHUH PHDVXUHG�
&KHPLFDO DQDO\VLV� 7KH SURFHGXUH WR PHDVXUH WKH FURVV�

OLQN GHQVLW\ DV IROORZ� )LUVW� WKH VDPSOHV ZHUH FXW ZLWK DERXW
� × �� PP� 6HFRQG� RUJDQLF DGGLWLYHV LQ WKH VDPSOHV ZHUH
UHPRYHG E\ H[WUDFWLQJ ZLWK 7+) DQG Q�KH[DQH IRU HDFK �
GD\V DQG WKH\ ZHUH GULHG IRU � GD\V DW URRP WHPSHUDWXUH�
7KLUG� WKH ZHLJKWV RI WKH RUJDQLF PDWHULDO�H[WUDFWHG VDPSOHV
ZHUH PHDVXUHG� )RXUWK� WKH\ ZHUH VRDNHG LQ Q�GHFDQH IRU �
GD\ DQG WKH ZHLJKWV RI WKH VZROOHQ VDPSOHV ZHUH PHDVXUHG�
)LQDOO\� WKH FURVVOLQN GHQVLW\ ZDV FDOFXODWHG� 7KH χ �LQWHUDF�
WLRQ SDUDPHWHU EHWZHHQ WKH QDWXUDO UXEEHU QHWZRUN DQG WKH
VZHOOLQJ DJHQW� Q�GHFDQH� RI ������ WKH GHQVLW\ RI WKH UXEEHU
QHWZRUN RI ����� DQG WKH PRODU YROXPH RI Q�GHFDQH RI �����
PO�PRO ZHUH HPSOR\HG�
&RQWHQWV RI IUHH VXOIXU FRPSRQHQWV LQ WKH 15 YXOFDQL]DWHV

ZHUH GHWHUPLQHG E\ GLIIHUHQFH LQ WKH VXOIXU FRQWHQWV RI WKH
VDPSOHV EHIRUH DQG DIWHU H[WUDFWLRQ RI XQERXQG PDWHULDOV�
6XOIXU DQG RUJDQLF DGGLWLYHV LQ WKH 15 YXOFDQL]DWHV ZHUH
UHPRYHG E\ H[WUDFWLRQ ZLWK DFHWRQH�7+) �� � �� DQG DFHWRQH��

IRU HDFK � GD\V� 6XOIXU FRQWHQWV LQ WKH 15 YXOFDQL]DWHV ZHUH
REWDLQHG ZLWK VXOIXU GHWHUPLQDWRU �/(&2 6&������ &RQWHQWV
RI 7%%6 DQG PHUFDSWREHQ]RWKLD]ROH �0%7� UHPDLQLQJ LQ
WKH YXOFDQL]DWHV ZHUH DQDO\]HG ZLWK JDV FKURPDWRJUDSK\�
0%7 LV SURGXFHG E\ GLVVRFLDWLRQ RI 7%%6���

0ROHFXODU VLPXODWLRQ� ,QWHUPROHFXODU LQWHUDFWLRQV EHW�
ZHHQ SRO\LVRSUHQH QHWZRUN FURVVOLQNHG E\ GLVXOILGH DQG
0%7 ZHUH FDOFXODWHG E\ PROHFXODU PHFKDQLFV DQG PROHFX�

ODU G\QDPLFV� ,QWHUPROHFXODU LQWHUDFWLRQV EHWZHHQ WZR SRO\�
LVRSUHQHV KDYLQJ WKH SHQGHQW VXOILGH JURXS WHUPLQDWHG E\
0%7 ZHUH DOVR FDOFXODWHG� 7KH LQLWLDO VWUXFWXUHV RI WKRVH
PROHFXOHV ZHUH JHQHUDWHG E\ WKH ,QVLJKW ,, SDFNDJH DQG
PROHFXODU G\QDPLFV DQG PROHFXODU PHFKDQLFV ZHUH SHU�
IRUPHG XVLQJ WKH 'LVFRYHU RI 06,� :H XVHG RQH RI WKH
SDUDPHWHU VHWV� &))�� IRUFH ILHOG� 3RWHQWLDO FXWRII GLVWDQFH
RI ���� c DQG GLHOHFWULF FRQVWDQW RI ���� �YXOFDQL]HG +HYHD�
ZHUH HPSOR\HG� 7KH PRGHO UXEEHU �FLV�����SRO\LVRSUHQH�
ZDV FRPSRVHG RI �� UHSHDW XQLWV�
7KH LQWHUDFWLYH VWUXFWXUH RI SRO\LVRSUHQH QHWZRUN FURVV�

OLQNHG E\ D GLVXOILGH DQG 0%7 ZDV FDOFXODWHG DV IROORZV�
)LUVW� WZR PRGHO UXEEHUV ZHUH OLQNHG ZLWK GLVXOILGH DW WKH
FHQWHU RI WKH PROHFXOHV� 6HFRQG� WKH FURVVOLQNHG UXEEHU DQG
0%7 ZHUH DVVHPEOHG LQWR RQH V\VWHP XQGHU FRQVWUDLQHG
FRQGLWLRQV WR SUHYHQW 0%7 IURP VHSDUDWLQJ IURP WKH UXEEHU
FKDLQ� 7KH FRQVWUDLQW FRQGLWLRQ ZDV DUWLILFLDO ERQGLQJ SRWHQ�
WLDO SRVVHVLQJ ����� 1�FP RI IRUFH FRQVWDQW DQG � c RI HTXL�
OLEULXP GLVWDQFH EHWZHHQ �6+ RI 0%7 DQG WKH GLVXOILGH
OLQNDJH� 7KLUG� WKH V\VWHP ZLWK FRQVWUDLQHG FRQGLWLRQV ZDV
FDOFXODWHG E\ PLQLPL]DWLRQ DIWHU PROHFXODU G\QDPLFV DW ���
. IRU �� SV DQG WKLV SURFHVV ZDV SHUIRUPHG E\ �� WLPHV� 7KH
PRVW VWDEOH V\VWHP ZDV REWDLQHG IURP WKH �� FRQIRUPHUV�
)LQDOO\� WKH PRVW VWDEOH V\VWHP ZDV UHPLQLPL]HG ZLWKRXW
FRQVWUDLQHG FRQGLWLRQV�
7KH LQWHUDFWLYH VWUXFWXUH RI WZR SRO\LVRSUHQHV KDYLQJ WKH

SHQGHQW VXOILGH JURXS WHUPLQDWHG E\ 0%7 ZDV FDOFXODWHG DV
IROORZV� )LUVW� WKH SHQGHQW JURXSV ��6�0%7� ZDV OLQNHG WR
WKH PRGHO UXEEHU DW WKH FHQWHU RI WKH UXEEHU DQG WZR SRO\LVR�
SUHQHV KDYLQJ WKH SHQGHQW JURXS ZHUH DVVHPEOHG LQWR RQH
V\VWHP XQGHU FRQVWUDLQHG FRQGLWLRQV WR SUHYHQW VHSDUDWLQJ
IURP HDFK RWKHU� 7KH FRQVWUDLQHG FRQGLWLRQV DSSOLHG EHWZHHQ
ERWK WKH SHQGHQW JURXSV ZHUH � c RI GLVWDQFH DQG ����� 1�
FP RI IRUFH FRQVWDQW� 6HFRQG� WKH V\VWHP ZLWK FRQVWUDLQHG
FRQGLWLRQV ZDV FDOFXODWHG E\ PLQLPL]DWLRQ DIWHU PROHFXODU
G\QDPLFV DW ��� . IRU �� SV DQG WKLV SURFHVV ZDV SHUIRUPHG
E\ �� WLPHV� 7KH PRVW VWDEOH V\VWHP ZDV REWDLQHG IURP WKH
�� FRQIRUPHUV� )LQDOO\� WKH PRVW VWDEOH V\VWHP ZDV UHPLQL�
PL]HG ZLWKRXW FRQVWUDLQHG FRQGLWLRQV�

5HVXOWV DQG 'LVFXVVLRQ

'HJUHH RI GHIRUPDWLRQ� 8VXDOO\ UXEEHU YXOFDQL]DWHV XQGHU
VPDOO GHIRUPDWLRQ DW DPELHQW WHPSHUDWXUH FDQ UHWXUQ WR WKH
RULJLQDO SRVLWLRQ ZLWK HDVH� ,I WKH YXOFDQL]DWH LV GHIRUPHG
SHUPDQHQWO\� LW LV KDUG WR UHWXUQ WR WKH RULJLQDO SRVLWLRQ� 7KH
H[SHULPHQWV ZHUH SHUIRUPHG � PRQWK DIWHU WKH YXOFDQL]DWLRQ
WR VWDELOL]H WKH YXOFDQL]DWHV� ,Q WKLV VWXG\� H[SHULPHQWV ZHUH
FDUULHG RXW E\ FKDQJLQJ WKH VKDSH RI D VDPSOH IURP D OLQHDU
IRUP WR D FLUFXODU RQH DV VKRZQ LQ )LJXUH �� $IWHU WKH WKHU�
PDO DJLQJ DQG XQIL[LQJ� WKH FLUFXODUO\ GHIRUPHG VDPSOH GLG
QRW UHWXUQ WR WKH OLQHDU VKDSH LUUHVSHFWLYH RI WKH FXUH FRQGL�
WLRQV� 7KH GHIRUPHG VDPSOHV ZHUH VWUHWFKHG LQ RUGHU WR
UHWXUQ WR WKH OLQHDU IRUP EXW QHYHU UHWXUQHG WR WKH RULJLQDO
FRQGLWLRQ� )LJXUH � VKRZV WKH SHUPDQHQWO\ GHIRUPHG YXOFD�
QL]DWHV ZLWK WKH (9 FXUH V\VWHP DIWHU WKH WKHUPDO DJLQJ DW ��
R&� 7KH JDS�GLVWDQFHV EHWZHHQ ERWK HQGV RI WKH GHIRUPHG
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VDPSOHV ZHUH PHDVXUHG WR LQYHVWLJDWH GHJUHH RI WKH GHIRU�
PDWLRQ� 7KH JDS�GLVWDQFHV RI WKH 15 YXOFDQL]DWHV DIWHU WKH
WKHUPDO DJLQJ DW ��� ��� DQG ��� R& IRU � GD\V ZHUH VXPPD�
UL]HG LQ 7DEOH �� 7KH JDS�GLVWDQFHV UHIOHFW GHJUHH RI WKH
GHIRUPDWLRQ� 7KDW LV� WKH GHIRUPHG VDPSOH ZLWK D VKRUW JDS�
GLVWDQFH LV PRUH GHIRUPHG WKDQ WKDW ZLWK D ORQJ RQH� 7KH
JDS�GLVWDQFHV RI WKH XQGHUFXUHG YXOFDQL]DWHV DUH PXFK
VKRUWHU WKDQ WKRVH RI WKH RSWLPXP� DQG RYHUFXUHG RQHV� 7KLV
PHDQV WKDW WKH XQGHUFXUHG YXOFDQL]DWHV DUH PRUH GHIRUPHG
WKDQ WKH RSWLPXP� DQG RYHUFXUHG RQHV�
7KH JDS�GLVWDQFHV EHFRPH VKRUWHU QRWDEO\ E\ LQFUHDVLQJ

WKH WHPSHUDWXUH IURP �� WR ��� R&� 7KH JDS�GLVWDQFHV RI WKH
YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP DUH VOLJKWO\
ORQJHU WKDQ WKRVH ZLWK WKH VHPL�(9 RU (9 FXUH V\VWHP ZKHQ
WKH DJLQJ WHPSHUDWXUH LV �� R&� $W �� DQG ��� R&� WKH JDS�
GLVWDQFHV RI WKH YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO FXUH V\V�
WHP DUH VKRUWHU WKDQ WKRVH ZLWK WKH VHPL�(9 RU (9 RQH� 7KH
JDS�GLVWDQFHV RI WKH YXOFDQL]DWHV ZLWK WKH VHPL�(9 FXUH V\V�

WHP DUH VKRUWHU WKDQ WKRVH ZLWK WKH (9 RQH� 7KH RSWLPXP�
DQG RYHUFXUHG 15 YXOFDQL]DWHV ZLWK (9 FXUH V\VWHP DUH
PXFK OHVV GHIRUPHG WKDQ WKH RWKHUV DW WKH KLJK WHPSHUDWXUHV�
,Q RUGHU WR LQYHVWLJDWH WKH VRXUFH WR FDXVH WKH SHUPDQHQW

GHIRUPDWLRQ RI WKH 15 YXOFDQL]DWHV E\ WKH WKHUPDO DJLQJ�
YDULDWLRQ RI FURVVOLQN GHQVLWLHV �;F� RI WKH 15 YXOFDQL]DWHV
EHIRUH DQG DIWHU WKH WKHUPDO DJLQJ ZHUH PHDVXUHG� 7KH
UHVXOWV ZHUH VXPPDUL]HG LQ 7DEOH �� 7KH ;F RI WKH RSWLPXP�
FXUHG YXOFDQL]DWHV EHIRUH DQG DIWHU WKH WKHUPDO DJLQJ DUH� RQ
WKH ZKROH� KLJKHU WKDQ WKRVH RI WKH XQGHU� DQG RYHUFXUHG
RQHV� 7KH ;F RI WKH YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO FXUH
V\VWHP DIWHU WKH WKHUPDO DJLQJ LQFUHDVH XQGHU WKH H[SHUL�
PHQWDO FRQGLWLRQV� LUUHVSHFWLYH RI FXUH WLPHV� 7KH ;F RI WKH
YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP DIWHU WKH
WKHUPDO DJLQJ EHFRPH KLJKHU E\ LQFUHDVLQJ WKH DJLQJ WHP�
SHUDWXUH� 7KH ;F RI WKH XQGHUFXUHG YXOFDQL]DWHV ZLWK WKH
VHPL�(9 DQG (9 FXUH V\VWHPV DIWHU WKH WKHUPDO DJLQJ DOVR
LQFUHDVH DV VLPLODU WR WKH YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO
FXUH V\VWHP� %XW WKH ;F RI WKH RSWLPXP� DQG RYHUFXUHG YXO�
FDQL]DWHV ZLWK WKH VHPL�(9 DQG (9 FXUH V\VWHPV GHFUHDVH
DIWHU WKH WKHUPDO DJLQJ� 7KLV PD\ EH GXH WR WKH ORZ FRQWHQW
RI IUHH VXOIXU LQ WKH RSWLPXP� DQG RYHUFXUHG YXOFDQL]DWHV
ZLWK WKH VHPL�(9 DQG (9 FXUH V\VWHPV�
,QIOXHQFH RI FXULQJ DJHQWV WKDW UHPDLQHG LQ WKH YXOFD�

QL]DWHV� ,Q RUGHU WR LQYHVWLJDWH WKH VRXUFHV WR FKDQJH WKH
FURVVOLQN GHQVLW\ E\ WKH WKHUPDO DJLQJ� FRQWHQWV RI IUHH FXU�
LQJ DJHQWV WKDW UHPDLQHG LQ WKH YXOFDQL]DWH ZHUH DQDO\]HG�
7DEOH � JLYHV FRQWHQWV RI IUHH VXOIXU FRPSRQHQWV� 7%%6� DQG
0%7 LQ WKH YXOFDQL]DWHV� 7KH IUHH VXOIXU FRPSRQHQWV LQFOXGH

)LJXUH �� 3URFHVV RI WKH GHIRUPDWLRQ H[SHULPHQW�

)LJXUH �� 6KDSHV RI WKH GHIRUPHG 15 YXOFDQL]DWHV ZLWK WKH (9
FXUH V\VWHP DIWHU WKH WKHUPDO DJLQJ DW �� R& IRU � GD\V�

7DEOH �� *DS�GLVWDQFHV RI WKH GHIRUPHG VDPSOHV DIWHU WKH WKHUPDO
DJLQJ IRU � GD\V �PP�

&XUH V\VWHP�WLPH �� R& �� R& ��� R&

&RQYHQWLRQDO�XQGHUFXUHG �� �� ��

&RQYHQWLRQDO�RSWLPXP�FXUHG �� �� ��

&RQYHQWLRQDO�RYHUFXUHG �� �� ��

6HPL�(9�XQGHUFXUHG �� �� ��

6HPL�(9�RSWLPXP�FXUHG �� �� ��

6HPL�(9�RYHUFXUHG �� �� ��

(9�XQGHUFXUHG �� �� ��

(9�RSWLPXP�FXUHG �� �� ��

(9�RYHUFXUHG �� �� ��

7DEOH �� &URVVOLQN GHQVLWLHV� ;F� RI WKH 15 YXOFDQL]DWHV DIWHU WKH
WKHUPDO DJLQJ IRU � GD\V ���−� J ± PRO �P/�

&XUH V\VWHP�WLPH QRQ�DJLQJ �� R& �� R& ��� R&

&RQYHQWLRQDO�XQGHUFXUHG ����� ����� ����� �����

&RQYHQWLRQDO�RSWLPXQ�FXUHG ����� ����� ����� �����

&RQYHQWLRQDO�RYHUFXUHG ����� ����� ����� �����

6HPL�(9�XQGHUFXUHG ����� ����� ����� �����

6HPL�(9�RSWLPXQ�FXUHG ����� ����� ����� �����

6HPL�(9�RYHUFXUHG ����� ����� ����� �����

(9�XQGHUFXUHG ����� ����� ����� �����

(9�RSWLPXQ�FXUHG ����� ����� ����� �����

(9�RYHUFXUHG ����� ����� ����� �����
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IUHH VXOIXU DQG VXOIXU�FRQWDLQLQJ FKHPLFDOV VXFK DV 7%%6
DQG 0%7� $PRXQW RI WKH H[WUDFWHG VXOIXU IURP WKH XQGHU�
FXUHG YXOFDQL]DWHV DUH PRUH WKDQ WKRVH IURP WKH RSWLPXP�
DQG RYHUFXUHG RQHV� 7KH IUHH VXOIXU FRPSRQHQW LQ WKH YXOFD�
QL]DWHV ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP LV PRUH DEXQGDQW
WKDQ WKRVH LQ WKH YXOFDQL]DWHV ZLWK WKH VHPL�(9 DQG (9 FXUH
V\VWHPV�
7KH IUHH 7%%6 ZDV DOVR GHWHFWHG LQ WKH YXOFDQL]DWHV E\

��������� ZW�� &RQWHQW RI WKH IUHH 7%%6 LQ WKH YXOFDQL]DWH
ZKLFK KDV D KLJK LQLWLDO FRQWHQW RI 7%%6 LV PRUH WKDQ WKDW LQ
WKH YXOFDQL]DWH ZKLFK KDV D ORZ LQLWLDO FRQWHQW RI 7%%6� 7KH
IUHH 7%%6 FRQWHQWV LQ WKH RSWLPXP� DQG RYHUFXUHG YXOFDQL�
]DWHV ZLWK WKH (9 FXUH V\VWHP DUH ���� DQG ���� ZW��
UHVSHFWLYHO\� ZKLFK FRUUHVSRQG WR PRUH WKDQ ��� RI WKH LQL�
WLDO 7%%6 FRQWHQW� 6LQFH FXUH DFFHOHUDWRUV DUH YHU\ UHDFWLYH
DQG WKHUPDOO\ XQVWDEOH� LW ZDV LQWHUHVWLQJ WKDW WKHUH ZHUH
VRPH 7%%6 LQ WKH YXOFDQL]DWH DIWHU FXULQJ� ,Q JHQHUDO� FXUH
DFFHOHUDWRUV KDYLQJ D FKHPLFDO VWUXFWXUH RI EHQ]RWKLD]RO\O�
VXOIHQDPLGH DUH VR UHDFWLYH WKDW PRVW RI WKHP DUH FKDQJHG
LQWR UHDFWLRQ SURGXFWV VXFK DV ]LQF FRPSOH[� 0%7� WKH
FRXQWHU DPLQH� DQG VR IRUWK�������� 7KXV� WKH IUHH 7%%6 LQ WKH
YXOFDQL]DWHV LV QRW DQ XQUHDFWHG 7%%6 EXW PD\ EH D UHFRP�
ELQHG SURGXFW RI EHQ]RWKLD]ROH DQG DPLQH JURXSV� +DQQ DQG
FRZRUNHUV�� DQDO\]HG FRQWHQWV RI 7%%6 LQ D SRO\LVRSUHQH
YXOFDQL]DWH DW ��� R& GHSHQGLQJ RQ WLPH DQG UHSRUWHG WKDW
FRQWHQW RI WKH IUHH 7%%6 LQ LW LQFUHDVHG XQWLO FXUH WLPH RI ��
PLQ DQG WKHQ GHFUHDVHG� &RQWHQWV RI WKH IUHH VXOIXU LQ WKH
YXOFDQL]DWHV GHFUHDVH DV WKH FXUH WLPH LQFUHDVHV� 'HJUHH RI
WKH GHIRUPDWLRQ RI WKH 15 YXOFDQL]DWHV DQG WKH LQFUHDVH RI
WKH FURVVOLQN GHQVLW\ E\ WKH WKHUPDO DJLQJ FDQ EH ZHOO
H[SODLQHG E\ WKH IUHH VXOIXU LQ WKH YXOFDQL]DWHV� &URVVOLQN
GHQVLWLHV RI WKH YXOFDQL]DWHV FRQWDLQLQJ D KLJK FRQWHQW RI
IUHH VXOIXU DIWHU WKH WKHUPDO DJLQJ LQFUHDVH ODUJHU WKDQ WKRVH
FRQWDLQLQJ D ORZ FRQWHQW RI IUHH VXOIXU� /D\HU� VWXGLHG FXUH
FKDUDFWHULVWLFV RI UXEEHU YXOFDQL]DWHV ZKLFK D FXUDWLYH �VXO�
IXU� FXUH DFFHOHUDWRU� RU ]LQF FRPSOH[� LV DGGHG E\ VZHOOLQJ
DQG UHSRUWHG WKDW WKH GHOWD�WRUTXH �FURVVOLQN GHQVLW\� RI WKH
YXOFDQL]DWHV DIWHU DGGLQJ D FXUDWLYH LQFUHDVHG�
)RU WKH YXOFDQL]DWHV ZLWK WKH VHPL�(9 DQG (9 FXUH V\V�

WHPV� WKH ;F RI WKH XQGHUFXUHG YXOFDQL]DWHV DIWHU WKH WKHUPDO
DJLQJ LQFUHDVH ZKLOH WKRVH RI WKH RSWLPXP� DQG RYHUFXUHG
RQHV GHFUHDVH� 2Q WKH RWKHU KDQG� WKH ;F RI WKH YXOFDQL]DWHV
ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP DIWHU WKH WKHUPDO DJLQJ
LQFUHDVH LUUHVSHFWLYH RI FXUH WLPHV� 7KLV PD\ EH EHFDXVH WKH
IUHH VXOIXU LV ULFK LQ WKH YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO
FXUH V\VWHP� 7KH RSWLPXP� DQG RYHUFXUHG YXOFDQL]DWHV ZLWK
WKH VHPL�(9 DQG (9 FXUH V\VWHPV KDYH IHZ IUHH VXOIXU E\
OHVV WKDQ ��� ZW� DV OLVWHG LQ 7DEOH �� 6XOIXU SRUWLRQ RI
7%%6 DQG 0%7 ZDV LQFOXGHG LQ WKH WRWDO VXOIXU FRQWHQWV�
7KXV� SXUH FRQWHQWV RI IUHH VXOIXU LQ WKH RSWLPXP� DQG RYHU�
FXUHG YXOFDQL]DWHV ZLWK WKH VHPL�(9 DQG (9 FXUH V\VWHPV
DUH OHVV WKDQ ���� ZW�� $OWKRXJK WKH RSWLPXP� DQG RYHU�
FXUHG YXOFDQL]DWHV ZLWK WKH (9 FXUH V\VWHP KDYH D IHZ
7%%6 E\ DERXW ��� ZW�� WKH ;F GHFUHDVH DIWHU WKH WKHUPDO
DJLQJ� 7KXV� WKH H[SHULPHQWDO UHVXOWV FDQ OHDG WR D FRQFOX�
VLRQ WKDW D SULQFLSDO VRXUFH WR LQFUHDVH WKH ;F E\ WKH WKHUPDO
DJLQJ LV WKH IUHH VXOIXU QRW 7%%6�

&RPSDULVRQ RI H[WUDFWHG DQG XQH[WUDFWHG YXOFDQL�

]DWHV� ,Q RUGHU WR LQYHVWLJDWH WKH LQIOXHQFH RI WKH RUJDQLF
PDWHULDOV DQG WKH SHQGHQW VXOILGH JURXSV LQ WKH YXOFDQL]DWHV
RQ FKDQJH RI WKH ;F E\ WKHUPDO DJLQJ� WKH WKHUPDO DJLQJ RI
WKH YXOFDQL]DWHV EHIRUH DQG DIWHU WKH H[WUDFWLRQ ZDV SHU�
IRUPHG DW �� DQG �� R& DQG WKH UHVXOWV ZHUH FRPSDUHG� 7KLV
H[SHULPHQW ZDV SHUIRUPHG DIWHU DERXW � PRQWKV IURP WKH
FXULQJ� 7DEOHV � DQG � JLYH WKH H[SHULPHQWDO UHVXOWV IRU WKH
WKHUPDO DJLQJ DW �� DQG �� R&� UHVSHFWLYHO\� 7KH UHVXOWV VKRZ
WKDW WKH ;F RI DOO WKH 15 YXOFDQL]DWHV DUH FKDQJHG E\ WKH
WKHUPDO DJLQJ HYHQ DW �� R&� 7KH LQLWLDO ;F PHDVXUHG DIWHU �
PRQWKV IURP WKH YXOFDQL]DWLRQ DUH GLIIHUHQW WKRVH PHDVXUHG
DIWHU � PRQWK DV VKRZQ LQ 7DEOHV � DQG �� ,W LV LQWHUHVWLQJ
WKDW WKH ;F RI WKH YXOFDQL]DWHV DUH FKDQJHG GXULQJ WKH VWRUDJH
DW URRP WHPSHUDWXUH�
7KH H[SHULPHQWDO UHVXOWV IRU WKH WKHUPDO DJLQJ DW �� R& RI

WKH YXOFDQL]DWHV EHIRUH DQG DIWHU H[WUDFWLRQ DUH YHU\ GLIIHUHQW
DV VKRZQ LQ 7DEOH �� 7KH ;F RI WKH XQH[WUDFWHG YXOFDQL]DWHV
DIWHU WKH WKHUPDO DJLQJ DW �� R& GHFUHDVH E\ DERXW �����
H[FHSW WKH XQGHUFXUHG YXOFDQL]DWH ZLWK WKH FRQYHQWLRQDO
FXUH V\VWHP� 7KH LQFUHDVH RI WKH ;F RI WKH XQGHUFXUHG YXOFD�
QL]DWH ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP PD\ EH GXH WR WKH
ULFK IUHH VXOIXU LQ WKH YXOFDQL]DWH DV GLVFXVVHG SUHYLRXVO\�
7KH FKDQJH RI WKH ;F E\ WKH WKHUPDO DJLQJ DW WKH ORZ WHPSHU�
DWXUH RI �� R& LV D YHU\ LQWHUHVWLQJ IDFW EHFDXVH WKH WKHUPDO
HQHUJ\ RI �� R& LV QRW HQRXJK WR GLVVRFLDWH WKH H[LVWLQJ 6�6

7DEOH �� &RQWHQWV RI IUHH FXULQJ DJHQWV WKDW UHPDLQHG LQ WKH 15
YXOFDQL]DWHV �ZW��

&XUH V\VWHP�WLPH H[WUDFWHG VXOIXUD 7%%6E 0%7E

&RQYHQWLRQDO�XQGHUFXUHG ���� ���� ����

&RQYHQWLRQDO�RSWLPXP�FXUHG ���� ���� ����

&RQYHQWLRQDO�RYHUFXUHG ���� ���� ����

6HPL�(9�XQGHUFXUHG ���� ���� ����

6HPL�(9�RSWLPXP�FXUHG ���� ���� ����

6HPL�(9�RYHUFXUHG ���� ���� ����

(9�XQGHUFXUHG ���� ���� ����

(9�RSWLPXP�FXUHG ���� ���� ����

(9�RYHUFXUHG ���� ���� ����

D'DWD ZHUH REWDLQHG E\ DQDO\VLV ZLWK VXOIXU GHWHUPLQDWRU� E'DWD ZHUH
REWDLQHG E\ DQDO\VLV ZLWK JDV FKURPDWRJUDSK\�

7DEOH �� &URVVOLQN GHQVLWLHV� ;F� ���−� J ± PRO�P/� RI WKH H[WUDFWHG
DQG XQH[WUDFWHG 15 YXOFDQL]DWHV EHIRUH DQG DIWHU WKHUPDO DJLQJ DW
�� R& IRU � GD\V

&XUH V\VWHP�WLPH ,QLWLDO 8QH[WUDFWHG ([WUDFWHG

&RQYHQWLRQDO�XQGHUFXUHG ����� ����� �����

&RQYHQWLRQDO�RSWLPXP�FXUHG ����� ����� �����

&RQYHQWLRQDO�RYHUFXUHG ����� ����� �����

6HPL�(9�XQGHUFXUHG ����� ����� �����

6HPL�(9�RSWLPXP�FXUHG ����� ����� �����

6HPL�(9�RYHUFXUHG ����� ����� �����

(9�XQGHUFXUHG ����� ����� �����

(9�RSWLPXP�FXUHG ����� ����� �����

(9�RYHUFXUHG ����� ����� �����
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ERQG LQ WKH YXOFDQL]DWHV RU IRUP QHZ FURVVOLQNV� 7KH ERQG
GLVVRFLDWLRQ HQHUJ\ RI 6�6 ERQG RI SRO\VXOILGHV LQ D 15 YXO�
FDQL]DWH LV KLJKHU WKDQ ��� N-�PRO�� 7KH GHFUHDVH RI WKH ;F

E\ WKH WKHUPDO DJLQJ DW �� R& PD\ UHVXOW IURP WKH GLVVRFLD�
WLRQ RI WKH H[LVWLQJ 6�6 FURVVOLQNV LQ WKH YXOFDQL]DWH� 7KXV� LW
FDQ EH FRQVLGHUHG WKDW WKH RUJDQLF DGGLWLYHV DQG YXOFDQL]LQJ
SURGXFWV LQ WKH YXOFDQL]DWHV DFFHOHUDWH WKH GLVVRFLDWLRQ RI WKH
H[LVWLQJ VXOIXU FURVVOLQNV VR WKDW WKH ;F RI WKH YXOFDQL]DWHV
GHFUHDVH HYHQ DW WKH ORZ WHPSHUDWXUH RI �� R&� 7KH YXOFDQL]�
LQJ SURGXFWV DUH IRUPHG E\ UHDFWLRQV RI ]LQF R[LGH� IDWW\
DFLGV� VXOIXU� DQG FXUH DFFHOHUDWRU� 7KH PDMRU YXOFDQL]LQJ
SURGXFWV DUH ]LQF FRPSOH[ DQG 0%7��������� 7KH YXOFDQL]D�
WLRQ SURGXFWV DQG +33' PD\ PDNH D K\GURJHQ ERQG ZLWK
VXOIXU FURVVOLQNV VLQFH WKH\ KDYH D JRRG K\GURJHQ�ERQG VLWH
RI �6+ RU �1+� ��1 �� 7KXV� WKH 6�6 ERQG RI WKH VXOIXU
FURVVOLQN ZLOO ZHDNHQ E\ WKH K\GURJHQ ERQG ZLWK WKH SRODU
FKHPLFDOV� 7KH SRO\VXOILGH EULGJHV FDQ EH GLVVRFLDWHG E\
UHDFWLRQ ZLWK D QXFOHRSKLOH� 7KH UHDFWLRQV RI SRO\VXOILGH ZLWK
QXFOHRSKLOH ZHUH VWXGLHG E\ VHYHUDO JURXSV������ $PLQHV�����

DQG SKRVSKLQHV����� UHDFW ZLWK SRO\VXOILGHV VR WKDW DPLQH �RU
SKRVSKLQH��VXOIXU FRPSOH[HV DUH IRUPHG� 7KH QXFOHRSKLOHV
VXFK DV +33'� 0%7� DQG VWHDULF DFLG DWWDFN WKH VXOILGH
EULGJH VR WKDW WKH VXOILGH EULGJH FDQ EH GLVVRFLDWHG �6FKHPH
���
)LJXUH � VKRZV WKH LQWHUDFWLYH VWUXFWXUH EHWZHHQ 0%7 DQG

GLVXOILGH FURVVOLQN RI 15 YXOFDQL]DWH� ZKLFK ZDV REWDLQHG
E\ WKH PROHFXODU VLPXODWLRQ� 1LWURJHQ DWRP RI WKH 0%7
IRUPV D K\GURJHQ ERQG ZLWK WKH GLVXOILGH OLQNDJH� 7KH GLV�
WDQFH RI WKH K\GURJHQ ERQG LV ���� c� 7KH SDUWLDO FKDUJH RI
QLWURJHQ DWRP RI WKH 0%7 LV ������ DQG WKRVH RI VXOIXU
DWRPV RI WKH GLVXOILGH OLQNDJH DUH ������ 7KH 6�6 ERQG RI WKH
GLVXOILGH OLQNDJH PD\ ZHDNHQ E\ WKH K\GURJHQ ERQG ZLWK
0%7 DQG WKH GLVVRFLDWLRQ RI WKH 6�6 ERQG ZLOO EH DFFHOHU�
DWHG�
7KRXJK WKHUH DUH QR RUJDQLF PDWHULDOV� HVSHFLDOO\ VXOIXU� LQ

WKH H[WUDFWHG YXOFDQL]DWHV� WKH ;F RI WKH H[WUDFWHG YXOFDQL�
]DWHV DIWHU WKH WKHUPDO DJLQJ DW �� R& LQFUHDVH E\ ������
LUUHVSHFWLYH RI WKH FXUH FRQGLWLRQV� DV VKRZQ LQ 7DEOH �� 7KLV
VXJJHVWV WKDW WKH VRXUFH WR LQFUHDVH WKH ;F RI WKH YXOFDQL]DWHV
E\ WKH WKHUPDO DJLQJ DW �� R& LV QRW RQO\ RUJDQLF FKHPLFDOV
LQ WKH YXOFDQL]DWHV� 7KH LQFUHDVH RI WKH ;F RI WKH H[WUDFWHG
YXOFDQL]DWHV E\ WKH WKHUPDO DJLQJ FDQ EH H[SDOLQHG E\ WKH
FRPELQDWLRQ UHDFWLRQV EHWZHHQ WKH SHQGHQW JURXSV WHUPL�
QDWHG E\ WKH FXUDWLYH UHVLGXHV� 7%%6 LV GLVVRFLDWHG LQWR
0%7 DQG W�EXW\ODPLQH UDGLFDOV E\ KHDWLQJ DW WKH EHJLQQLQJ
RI YXOFDQL]DWLRQ��� 7KH >0%7�+@ UDGLFDO ZLOO EHFRPH WKH
QHXWUDO 0%7 E\ DEVWUDFWLRQ RI D K\GURJHQ DWRP IURP D UXE�
EHU FKDLQ� D ]LQF FRPSOH[ E\ ERQGLQJ ZLWK ]LQF LRQ����� RU D
SHQGHQW JURXS E\ SHQGLQJ WR D UXEEHU FKDLQ������ 7KH W�EXW\O�
DPLQH UDGLFDO ZLOO EHFRPH WKH QHXWUDO DPLQH E\ DEVWUDFWLRQ
RI D K\GURJHQ DWRP IURP D UXEEHU FKDLQ RU D SHQGHQW JURXS
IRUPHG E\ SHQGLQJ WR D UXEEHU FKDLQ��� 7KH SHQGHQW VXOILGH
JURXSV WHUPLQDWHG E\ DQ DFFHOHUDWRU UHVLGXH ZHUH VWXGLHG E\
VHYHUDO JURXSV������ 7KH SHQGHQW 0%7 UHDFWV ZLWK DQRWKHU
SHQGHQW JURXS RI WKH QHLJKERULQJ UXEEHU FKDLQV VR D QHZ
FURVVOLQN ZLOO EH IRUPHG DV VKRZQ LQ 6FKHPH ������� 7KH SHQ�
GHQW DPLQH DOVR FDQ UHDFW ZLWK WKH SHQGHQW 0%7 WR IRUP D
QHZ FURVVOLQN��� 7KXV� LW FDQ OHDG WR D FRQFOXVLRQ WKDW WKH
SULQFLSDO VRXUFH WR LQFUHDVH WKH ;F RI WKH H[WUDFWHG YXOFDQL�
]DWHV E\ WKH WKHUPDO DJLQJ DW �� R& LV WKH FRPELQDWLRQ UHDF�
WLRQ RI WKH SHQGHQW JURXSV�
2QH SHQGHQW VXOILGH JURXS WHUPLQDWHG E\ WKH DFFHOHUDWRU

UHVLGXH VKRXOG EH FORVH WR WKH RWKHU RQH WR RFFXU WKH FRPEL�

7DEOH �� &URVVOLQN GHQVLWLHV� ;F� ���−� J ± PRO�P/� RI WKH H[WUDFWHG
DQG XQH[WUDFWHG 15 YXOFDQL]DWHV EHIRUH DQG DIWHU WKHUPDO DJLQJ DW
�� R& IRU � GD\V

&XUH V\VWHP�WLPH ,QLWLDO 8QH[WUDFWHG ([WUDFWHG

&RQYHQWLRQDO�XQGHUFXUHG ����� ����� �����

&RQYHQWLRQDO�RSWLPXP�FXUHG ����� ����� �����

&RQYHQWLRQDO�RYHUFXUHG ����� ����� �����

6HPL�(9�XQGHUFXUHG ����� ����� �����

6HPL�(9�RSWLPXP�FXUHG ����� ����� �����

6HPL�(9�RYHUFXUHG ����� ����� �����

(9�XQGHUFXUHG ����� ����� �����

(9�RSWLPXP�FXUHG ����� ����� �����

(9�RYHUFXUHG ����� ����� �����

6FKHPH �

)LJXUH �� 7KH LQWHUDFWLYH VWUXFWXUH EHWZHHQ 0%7 DQG GLVXOILGH
FURVVOLQN RI 15 YXOFDQL]DWH� ZKLFK ZDV REWDLQHG E\ WKH PROHFXODU
VLPXODWLRQ� 1LWURJHQ DWRP RI 0%7 IRUPV K\GURJHQ ERQG ZLWK WKH
GLVXOILGH OLQNDJH� 7KH GLVWDQFH RI WKH K\GURJHQ ERQG LV ���� c�



&KDQJH RI &URVVOLQN 'HQVLW\ DQG 'HIRUPDWLRQ RI 1DWXUDO 5XEEHU 9XOFDQL]DWHV %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

QDWLRQ UHDFWLRQ� ,Q RUGHU WR LQYHVWLJDWH LQWHUPROHFXODU LQWHU�
DFWLRQV EHWZHHQ WKH SHQGHQW JURXSV� WKH LQWHUDFWLYH VWUXFWXUH
EHWZHHQ WZR SRO\LVRSUHQH UXEEHU FKDLQV KDYLQJ WKH SHQGHQW
VXOILGH JURXS WHUPLQDWHG E\ 0%7 ZDV FDOFXODWHG� )LJXUH �
JLYHV WKH LQWHUDFWLYH VWUXFWXUH REWDLQHG E\ WKH PROHFXODU
VLPXODWLRQ� +\GURJHQ ERQGV EHWZHHQ WKH SHQGHQW JURXSV DUH
IRUPHG� 7KH SDUWLDO FKDUJH RI QLWURJHQ DWRP RI WKH SHQGHQW
0%7 LV ������ ZKLOH WKRVH RI VXOIXU DWRPV OLQNHG WR UXEEHU
FKDLQ DQG WKH SHQGHQW 0%7 DUH ����� DQG ������� UHVSHF�
WLYHO\� 1LWURJHQ DWRP RI WKH SHQGHQW 0%7 RI RQH UXEEHU
FKDLQ IRUPV K\GURJHQ ERQG ZLWK VXOILGH OLQNDJH RI WKH RWKHU
UXEEHU FKDLQ� 7KH GLVWDQFH RI WKH K\GURJHQ ERQG LV ���� c�
7KXV� WKH QHZ FURVVOLQN FDQ EH IRUPHG E\ WKH FRPELQDWLRQ
UHDFWLRQ RI WKH SHQGHQW JURXSV VLQFH WKH GLVWDQFH EHWZHHQ
WKH SHQGHQW JURXSV EHFRPH FORVH E\ WKH K\GURJHQ ERQG�
,W PD\ EH KDUG WKDW WKH FRPELQDWLRQ UHDFWLRQV RI WKH SHQ�

GHQW VXOILGH JURXSV RFFXU LQ WKH XQH[WUDFWHG YXOFDQL]DWH
EHFDXVH RI KLQGUDQFH E\ WKH SRODU PDWHULDOV� 6LQFH� LQ WKH
XQH[WUDFWHG YXOFDQL]DWHV� WKH SHQGHQW VXOILGH JURXSV WHUPL�
QDWHG E\ DQ DFFHOHUDWRU UHVLGXH �0%7 RU W�EXW\ODPLQH� DUH
ELQGLQJ ZLWK WKH SRODU XQERXQG PDWHULDOV E\ LQWHUPROHFXODU
LQWHUDFWLRQV VXFK DV D K\GURJHQ ERQG� WKH SHQGHQW JURXSV
ZLOO EH VXUURXQGHG ZLWK WKH SRODU PDWHULDOV� 7KXV� D SHQGHQW
JURXS FDQ QRW PHHW DQRWKHU SHQGHQW JURXS E\ LQKLELWLRQ RI
WKH SRODU FKDPLFDOV VR WKH FRPELQDWLRQ UHDFWLRQV FDQ QRW
RFFXU LQ WKH XQH[WUDFWHG YXOFDQL]DWHV�
7KH ZKROH WUHQG DERXW WKH H[SHULPHQWDO UHVXOWV IRU WKH

WKHUPDO DJLQJ DW �� R& RI WKH YXOFDQL]DWHV EHIRUH DQG DIWHU
H[WUDFWLRQ DUH VLPLODU� 7KH ;F RI DOO WKH YXOFDQL]DWHV� ERWK WKH
H[WUDFWHG DQG XQH[WUDFWHG RQHV� DIWHU WKH WKHUPDO DJLQJ DW ��
R& LQFUHDVH E\ ������ )RU WKH WKHUPDO DJLQJ DW �� R& RI WKH
XQH[WUDFWHG YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP�
GHJUHH RI WKH ;F FKDQJH RI WKH WKUHH YXOFDQL]DWHV E\ WKH WKHU�
PDO DJLQJ DW �� R& LV QHDUO\ VDPH� LUUHVSHFWLYH RI WKH FXUH
WLPHV� DV OLVWHG LQ 7DEOH � ������� LQFUHDVH�� DOWKRXJK WKH
FRQWHQWV RI IUHH VXOIXU LQ WKH YXOFDQL]DWHV DUH YHU\ GLIIHUHQW�
7KLV PHDQV WKDW WKH RWKHU IDFWRUV DV ZHOO DV IUHH VXOIXU FRQ�
WHQW DQG RUJDQLF PDWHULDOV LQ WKH YXOFDQL]DWH DIIHFW DQ LQFUHDVH

RI WKH ;F E\ WKH WKHUPDO DJLQJ DW �� R&� 7KH DQRWKHU IDFWRU
PD\ EH FRQVLGHUHG WR EH SRO\VXOILGH FURVVOLQNV ZKLFK LV HDV�
LO\ GLVVRFLDWHG E\ KHDWLQJ� 7KH GLVVRFLDWHG VXOIXU UDGLFDOV
ZLOO PDNH QHZ FURVVOLQNV� 7KH YXOFDQL]DWH ZLWK WKH FRQYHQ�
WLRQDO FXUH V\VWHP KDV D KLJK UDWLR RI SRO\VXOILGH FURVVOLQNV�
)RU WKH WKHUPDO DJLQJ DW �� R& RI WKH H[WUDFWHG YXOFDQL�

]DWHV ZLWK WKH FRQYHQWLRQDO FXUH V\VWHP� WKH ;F RI WKH RSWL�
PXP� �DERXW ������� DQG RYHUFXUHG YXOFDQL]DWHV �DERXW
������� DIWHU WKH WKHUPDO DJLQJ LQFUHDVH PXFK ODUJHU WKDQ
WKRVH RI WKH XQGHUFXUHG RQH �DERXW ���� 7KLV FDQ EH
H[SODLQHG E\ WKH SHQGHQW VXOILGH JURXSV WHUPLQDWHG E\ DQ
DFFHOHUDWRU UHVLGXH DQG F\FOLF VXOILGHV� %\ LQFUHDVLQJ WKH
FXUH WLPH XQWLO WKH RSWLPXP FXUH �DERXW W���� DPRXQWV RI WKH
SHQGHQW VXOILGH JURXSV DQG F\FOLF VXOILGHV LQFUHDVH LQ WKH
YXOFDQL]DWH� 7KH PDMRU VRXUFHV WR LQFUHDVH WKH ;F RI WKH
H[WUDFWHG YXOFDQL]DWHV E\ WKH WKHUPDO DJLQJ DUH WKH SHQGHQW
VXOILGH JURXSV DQG F\FOLF VXOILGHV� 7KXV� WKH LQFUHPHQWV RI
WKH ;F RI WKH RSWLPXP� DQG RYHUFXUHG YXOFDQL]DWHV ZLWK KLJK
FRQWHQWV RI WKH SHQGHQW VXOILGH JURXSV DQG F\FOLF VXOILGHV DUH
ODUJHU WKDQ WKRVH RI WKH XQGHUFXUHG YXOFDQL]DWH ZLWK ORZ
FRQWHQWV RI WKHP�
)RU WKH RSWLPXP� DQG RYHUFXUHG YXOFDQL]DWHV� WKH ;F RI

WKH H[WUDFWHG YXOFDQL]DWHV DIWHU WKH WKHUPDO DJLQJ DW �� R&
DUH KLJKHU WKDQ WKRVH RI WKH XQH[WUDFWHG RQHV H[FHSW WKH RSWL�
PXP�FXUHG YXOFDQL]DWHV ZLWK WKH VHPL�(9 FXUH V\VWHP�
7KLV PHDQV WKDW VRPH RUJDQLF PDWHULDOV RI +33'� 0%7�
VWHDULF DFLG� DQG 7%%6 UHPDLQLQJ LQ WKH YXOFDQL]DWH LQKLELW
WKH IRUPDWLRQ RI QHZ FURVVOLQNV RU DFWLYDWH WKH GLVVRFLDWLRQ
RI WKH H[LVWLQJ FURVVOLQNV DV GLVFXVVHG SUHYLRXVO\� )RU WKH
XQGHUFXUHG YXOFDQL]DWHV� WKH ;F RI WKH H[WUDFWHG YXOFDQL]DWHV
ZLWK WKH FRQYHQWLRQDO DQG VHPL�(9 FXUH V\VWHPV DIWHU WKH
WKHUPDO DJLQJ DW �� R& DUH ORZHU WKDQ WKRVH RI WKH XQH[�
WUDFWHG RQHV� ZKLOH WKH ;F RI WKH H[WUDFWHG YXOFDQL]DWH ZLWK
WKH (9 FXUH V\VWHP LV ORZHU WKDQ WKDW RI WKH XQH[WUDFWHG RQH�
7KLV FDQ EH H[SODLQHG E\ WKH IUHH VXOIXU FRQWHQW� 7KH LQLWLDO
VXOIXU FRQWHQWV RI WKH YXOFDQL]DWHV ZLWK WKH FRQYHQWLRQDO DQG
VHPL�(9 FXUH V\VWHPV DUH PXFK KLJKHU WKDQ WKDW RI WKH YXO�

6FKHPH �

)LJXUH �� 7KH LQWHUDFWLYH VWUXFWXUH EHWZHHQ WZR SRO\LVRSUHQH
UXEEHU FKDLQV KDYLQJ WKH VXOILGH SHQGHQW JURXS WHUPLQDWHG E\
0%7� ZKLFK ZDV REWDLQHG E\ WKH PROHFXODU VLPXODWLRQ� +\GURJHQ
ERQGV DUH IRUPHG EHWZHHQ QLWURJHQ DWRP RI WKH SHQGHQW 0%7 DQG
GLVXOILGH RI WKH SHQGHQW VXOILGH JURXSV� 7KH GLVWDQFH RI WKH
K\GURJHQ ERQG LV ���� c�



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � 6XQJ�6HHQ &KRL

FDQL]DWH ZLWK WKH (9 FXUH V\VWHP E\ RYHU WZR WLPHV�

&RQFOXVLRQ

'HJUHH RI WKH GHIRUPDWLRQ LQFUHDVHV ZLWK DQ LQFUHDVH RI
WKH DJLQJ WHPSHUDWXUH� 7KH YXOFDQL]DWHV ZLWK WKH KLJK PRQR�
VXOILGH FURVVOLQNV �WKH (9 FXUH V\VWHP� ZHUH OHVV GHIRUPHG
WKDQ WKH ORZ RQHV �WKH FRQYHQWLRQDO DQG VHPL�(9 FXUH V\V�
WHPV�� 7KH SHUPDQHQW GHIRUPDWLRQ RI WKH YXOFDQL]DWH LV GXH
WR WKH FKDQJH RI WKH FURVVOLQN GHQVLW\� 7KH VRXUFHV WR FDXVH
WKH FKDQJH RI WKH FURVVOLQN GHQVLW\ DUH WKH GLVVRFLDWLRQ RI WKH
H[LVWLQJ VXOIXU FURVVOLQNV DQG WKH IRUPDWLRQ RI QHZ FURVV�
OLQNV� 7KH QHZ FURVVOLQNV DUH IRUPHG E\ WKH UHDFWLRQ RI FXU�
LQJ DJHQWV UHPDLQLQJ LQ WKH YXOFDQL]DWHV DQG WKH FRPELQD�
WLRQ UHDFWLRQ RI WKH SHQGHQW VXOILGH JURXSV� 7KH FURVVOLQN
GHQVLWLHV RI DOO WKH H[WUDFWHG YXOFDQL]DWHV DIWHU WKH WKHUPDO
DJLQJ DW �� R& LQFUHDVH EXW WKRVH RI WKH XQH[WUDFWHG RQHV
GHFUHDVH H[FHSW WKH XQGHUFXUHG YXOFDQL]DWH ZLWK WKH FRQYHQ�
WLRQDO FXUH V\VWHP� 3RODU FKHPLFDOV LQ WKH YXOFDQL]DWH LQKLELW
WKH IRUPDWLRQ RI QHZ FURVVOLQNV RU DFWLYDWH WKH GLVVRFLDWLRQ
RI WKH H[LVWLQJ FURVVOLQNV� 7KH FURVVOLQN GHQVLWLHV RI DOO WKH
H[WUDFWHG DQG XQH[WUDFWHG YXOFDQL]DWHV DIWHU WKH WKHUPDO
DJLQJ DW �� R& LQFUHDVH� 7KH SULQFLSDO VRXUFH WR LQFUHDVH WKH
FURVVOLQN GHQVLWLHV LQ WKH H[WUDFWHG YXOFDQL]DWHV E\ WKH WKHU�
PDO DJLQJ LV WKH FRPELQDWLRQ UHDFWLRQ RI WKH SHQGHQW VXOILGH
JURXSV WHUPLQDWHG E\ DQ DFFHOHUDWRU UHVLGXH�
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