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���,QWURGXFWLRQ
2SWLFDO�SURSHUWLHV�RI�VDSSKLUH��DV�ZHOO�DV

RI� RWKHU� FU\VWDOOLQH� GLHOHFWULFV�� DUH� GHILQHG
FRQVLGHUDEO\� E\� WKH� LQWULQVLF� DQG� H[WULQVLF
GHIHFWV�SUHVHQW�WKHUHLQ��7KH�GHIHFWV�UHVSRQ�
VLEOH� IRU� WKH� DEVRUSWLRQ� DQG� OXPLQHVFHQFH
EDQGV� LQ� 89� DQG� YLVXDO� UDQJH� LQFOXGH� WKH
DQLRQLF�DQG�FDWLRQLF�YDFDQFLHV��)�DQG�9�FHQ�
WHUV�� UHVSHFWLYHO\�� DQ� WKH� DJJORPHUDWHV
WKHUHRI� IRUPHG� GXH� WR� LRQL]LQJ� LUUDGLDWLRQ
DQG� GLIIHUHQW� KHDW� WUHDWPHQWV�� DV� ZHOO� DV
WKH�LPSXULW\�FHQWHUV��)H��6L��0J��7L��&R��&U�
HWF��� VXEVWLWXWLQJ� IRU� WKH� $O��� LRQV� LQ� FDW�
LRQLF�SRVLWLRQV��7KH�SUHVHQFH�RI�IRUHLJQ�LP�
SXULW\� LRQV� LQ� WKH� $O�2�� ODWWLFH� PD\� DOVR

DIIHFW�DSSUHFLDEO\�ERWK�WKH�YDOHQFH�DQG�FRQ�
FHQWUDWLRQ� RI� LQWULQVLF� GHIHFWV� >�@�� 7KH� HQ�
HUJ\� FKDUDFWHULVWLFV� RI� VXFK� SURFHVVHV� DUH
FRQVLGHUHG� LQ� OLWHUDWXUH� LQ� GHWDLO� >�Ü�@�
7KHUH� DUH� QR� GDWD� RQ� SXUSRVHIXO� VWXGLHV� RI
VLPLODU�SURFHVVHV�DFFRPSDQ\LQJ�WKH�GLVVROX�
WLRQ�RI�LPSXULWLHV��QLWURJHQ�LQ�SDUWLFXODU��LQ
WKH� DQLRQLF� FRUXQGXP� VXEODWWLFH�� 6XFK� LQ�
YHVWLJDWLRQV�DUH�RI�D�JUHDW�LQWHUHVW�IRU�YDUL�
RXV� DSSOLFDWLRQV� RI� VDSSKLUH�� LQ� SDUWLFXODU�
LQ� FRQQHFWLRQ� ZLWK� QLWULGLQJ� PHFKDQLVP� RI
VDSSKLUH� VXEVWUDWH� VXUIDFHV� DQG� IRUPDWLRQ
RI� DQ� LQWHUOD\HU� QHFHVVDU\� IRU� WKH� VXE�
VHTXHQW�GHSRVLWLRQ�RI�KHWHURVWUXFWXUHV�EDVHG
RQ� $O1±*D1� DQG� ,Q1±*D1� VROLG� VROXWLRQV�
7KLV� SURFHVV� FRQVLVWV� HVVHQWLDOO\� LQ� IRUPD�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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WLRQ� RI� DQ� $O1[2�±[� RU� $O1� ILOP� XVLQJ� DQDQQHDO� LQ� D�PHGLXP� FRQWDLQLQJ� D� QLWURJHQ�
EHDULQJ�FRPSRQHQW� �XVXDOO\�1+��� DV�ZHOO�DVD� SODVPD� WUHDWPHQW� RU� LRQ� LPSODQWDWLRQ
>�Ü�@��$OWKRXJK�WKH�QLWULGLQJ�LV�XVHG�ZLGHO\
WR� REWDLQ� YDULRXV� KLJK�TXDOLW\�PDWHULDOV� RQ
VDSSKLUH��WKH�SURFHVV�PHFKDQLVP��HVSHFLDOO\
RI� LWV� LQLWLDO� VWDJH� SUHFHGLQJ� WKH
$O�2�±$O1[2�±[�RU�$O�2�±$O1�SKDVH�WUDQVIRU�PDWLRQV��LV�VWXGLHG�LQDGHTXDWHO\�WR�GDWH�

���7KHRUHWLFDO�FDOFXODWLRQV
5HFHQWO\��D�QRYHO�WHFKQLTXH�KDV�EHHQ�SUR�

SRVHG�WR�QLWULGL]H�VDSSKLUH�DQG�WR�REWDLQ�WKH
$O21�DQG�$O1�ILOPV�XVLQJ�WKH�DQQHDOLQJ�LQ�D
QLWURJHQ�FRQWDLQLQJ� UHGXFLQJ� DWPRVSKHUH
�1��&2�+��� EHLQJ� D� JDVHRXV�1���&2��&2��+���+�2�PL[WXUH�DW�YHU\� ORZ�&2�� DQJ�+�2FRQFHQWUDWLRQV� >��Ü��@��:KHQ� VWXG\LQJ� WKH
ILOP� IRUPDWLRQ� PHFKDQLVP�� LW� KDV� EHHQ
IRXQG�XVLQJ� WKH�;36� WHFKQLTXH� WKDW� DQ� LQ�
FUHDVHG� QLWURJHQ� FRQFHQWUDWLRQ� LQ� D� VDPSOH
EHDULQJ� WKH� $O1� ILOP� �DV� FRPSDUHG� WR� WKH
UHIHUHQFH� VDSSKLUH� VDPSOH�� L�H��� WKH� LQLWLDO
VXEVWUDWH�� LV� REVHUYHG� DW� D�GHSWK� H[FHHGLQJ
FRQVLGHUDEO\� WKH� ILOP� WKLFNQHVV� GHWHUPLQHG
E\�;�UD\�VWXG\�>��@��$W�WKH�VDPH�WLPH��WKH
RSWLFDO�DEVRUSWLRQ��2$��VSHFWUXP�RI�WKH�VDS�
SKLUH�VXEVWUDWH�VKRZV�DQ�LQFUHDVHG�LQWHQVLW\
RI� WKH� EDQG� DVVRFLDWHG� ZLWK� WKH� )� FHQWHU
SUHVHQFH�������H9��DQG�D�EDQG�DW�����H9�DS�
SHDUV�DVVRFLDWHG�ZLWK�WKH�)��FHQWHUV��7KH�UH�
GXFWLRQ�RI�QRPLQDOO\�SXUH�VDSSKLUH�FU\VWDOV�LV
NQRZQ� WR� UHVXOW� PDLQO\� LQ� WKH� IRUPDWLRQ� RI
QHXWUDO�)�FHQWHUV��7KH�FRQFHQWUDWLRQ�LQFUHDVH
FDQ� EH� DWWDLQHG� HLWKHU� E\� LUUDGLDWLRQ� ZLWK
KLJK�HQHUJ\�SDUWLFOHV�RU� LQ� WKH�SUHVHQFH�RI�D
UHODWLYHO\� KLJK� FRQFHQWUDWLRQ� RI� LPSXULWLHV
KDYLQJ� D� IDLOLQJ� SRVLWLYH� FKDUJH� �0H���)H�
0J�� HWF���� ,Q� WKH� ODWWHU� FDVH�� WKH� )�� FHQWHU
IRUPDWLRQ� LV� FDXVHG�E\� WKH�QHFHVVLW\� WR�NHHS
WKH�HOHFWULF�QHXWUDOLW\�>�Ü�@�

$O�2����0H���mo �§©�0H$O�����92�·¹
[�� ���

ZKHUH�0H��� LV� DQ� LPSXULW\� DWRP� LQ� WKH� $O
SRVLWLRQ���92x��DQ�R[\JHQ�YDFDQF\�ZLWK�RQH
WUDSSHG� HOHFWURQ� �)�� FHQWHU��� 7KH� LQGH[� [
FKDUDFWHUL]HV� WKH� PROHFXODU� QHXWUDOLW\�� ,W
FDQ�EH�VXSSRVHG� �E\�DQDORJ\�ZLWK�RWKHU�R[�
LGHV�� LQ� SDUWLFXODU�� +I2��� 7L2��� =U2�>��Ü��@�� WKDW� WKH� QLWURJHQ� LQFRUSRUDWLRQ
LQWR� YDFDQW� DQLRQLF� SRVLWLRQV� LQ� WKH� FRUXQ�
GXP�VWUXFWXUH�JLYHV�D�VLPLODU�UHVXOW�

92���1���mo §©12�����92�·¹
[� ���

ZKHUH� 92� LV� DQ� R[\JHQ� YDFDQF\� ZLWK� WZRWUDSSHG�HOHFWURQV��)�FHQWHU���12����QLWURJHQLQ�DQ�R[\JHQ�SRVLWLRQ�
7KH� VXSSRVHG�PHFKDQLVP� RI� DQ�$O1� ILOP

IRUPDWLRQ� DW� WKH� VDSSKLUH� VXUIDFH� GXULQJ
WKH� DQQHDOLQJ� LQ� D� QLWURJHQ�FRQWDLQLQJ� UH�
GXFLQJ� DWPRVSKHUH�� WKDW� SURYLGHV� D� UHDVRQ�
DEOH� LQWHUSUHWDWLRQ� RI� H[SHULPHQWDO� GDWD�
FDQ� EH� VXEGLYLGHG� FRQYHQWLRQDOO\� LQWR� WZR
VWDJHV��,QLWLDOO\��WKH�VWRLFKLRPHWU\�YLRODWLRQ
RI� WKH� VXUIDFH� OD\HU� RFFXUV� DQG� WKH�QLWURJHQ
GLIIXVLRQ�LQWR�VDSSKLUH�GHSWK��WKDW�LV�IDYRUHG
E\�WKH�SUHVHQFH�RI�YDFDQW�VLWHV�LQ�WKH�FRUXQ�
GXP�DQLRQLF� VXEODWWLFH���7KLV� LV� DFFRPSDQLHG
E\� IRUPDWLRQ� RI� DQ�$O�2�±G�1[� VROLG� VROXWLRQ�KDYLQJ�WKH�FRUXQGXP�VWUXFWXUH��LQ�WKH�GLIIX�
VLRQ� UHJLRQ�� ,I� WKH�PHGLXP� FRPSRVLWLRQ� SUR�
YLGHV�WKH�$O1�SKDVH�H[LVWHQFH�FRQGLWLRQV��WKHQ
DV� D� FHUWDLQ� FULWLFDO� VROXWLRQ� FRPSRVLWLRQ� LV
DWWDLQHG�� DQ� $O1� ILOP� LV� IRUPHG� LQ� D� OD\HU
PXFK�WKLQQHU�WKDQ�WKH�GLIIXVLRQ�UHJLRQ��2WK�
HUZLVH�� DFFRUGLQJ� WR� WKH� PHFKDQLVP� PHQ�
WLRQHG��WKH�QLWULGLQJ�LQ�WKH�1��&2�+��DWPRV�SKHUH�UHVXOWV�RQO\�LQ�DQ�$O�2�±G�1[�VROLG�VROX�WLRQ� DQG� LV� QRW� DFFRPSDQLHG� E\� WKH
$O�2�o$O1� SKDVH� WUDQVIRUPDWLRQV�� 7KH� VDPH
LV�YDOLG�IRU�WKH�IRUPDWLRQ�RI�DQ�$O21�ILOP��RU
DQ�$O21±$O1�SKDVH�PL[��

7KHUPRG\QDPLFDO� FRQVLGHUDWLRQ� RI� WKH
UHGXFWLRQ� DQG� QLWULGLQJ� SURFHVVHV� KDV� EHHQ
FDUULHG�RXW�IRU�D�JDV�DWPRVSKHUH�FRPSULVLQJ
QLWURJHQ� DQG� &2� DV� WKH� UHGXFLQJ� FRPSR�
QHQW��7KH�QRQ�VWRLFKLRPHWU\�DSSHDUV�GXH�WR
PDVV� H[FKDQJH� EHWZHHQ�$O�2�� DQG� HQYRULQ�PHQW�LQ�D�PHGLXP�ZLWK�D�ORZ�R[\JHQ�SRWHQ�
WLDO� ZKHUH� WKH� R[\JHQ� SDUWLDO� SUHVVXUH� LV
ORZHU� WKDQ� WKDW� DERYH� VWRLFKLRPHWULF�$O�2�
�32�

�6 �$O�2���� 7KH� FRQFHQWUDWLRQ� RI� QHXWUDO
DQLRQLF�YDFDQFLHV��&9��LV�UHODWHG�WR�WKH�R[\�JHQ�SUHVVXUH�LQ�WKH�YDSRU�SKDVH�DV

&9� �.9���§©32�·¹
���e��� ���

ZKHUH�.9�LV�WKH�HTXLOLEULXP�FRQVWDQW�RI�WKHUHDFWLRQ
22�mo 92�����e��2��J�� ����

,Q�D�&2±&2��JDV�SKDVH��WKH�R[\JHQ�SDUWLDOSUHVVXUH� LQ� WKH� JDV� SKDVH� �L�H��� LWV� R[\JHQ
SRWHQWLDO��LV�GHILQHG�E\�WKH�3&2��3&2�UDWLR�

32�� ��.���3&2�
�e�3&2��� ���

ZKHUH�.� LV� WKH� HTXLOLEULXP�FRQVWDQW� RI� WKH
UHDFWLRQ

&2��mo �&2����e�2�� ���

.K�6K��RJO\�.DOWDHY�HW�DO����*URZWK�DQG�RSWLFDO����

��� )XQFWLRQDO�PDWHULDOV�������������



7KHUHIRUH�� WKH� H[LVWHQFH� UHJLRQV� RI� VWLR�
FKLRPHWULF� $O�2�� DQG� WKH� DQLRQ�GHIHFW� FR�UXQGXP��$O�2�±G�� LQ�D�&2±&2��JDV�PL[WXUHFDQ� EH� GHILQHG� LQ� WKH� 7�� 3&2��3&2� FRRUGL�QDWHV�

7KH�$O21�DQG�$O1�H[LVWHQFH�UHJLRQV� LQ�D
1��&2�&2�� JDV� PL[WXUH� DUH� UHVWULFWHG� E\WKH� HTXLOLEULXP� FRQGLWLRQV� �'* ��� IRU� WKH
IRUPDWLRQ�UHDFWLRQV�RI�J�$O21�

>������[��e��[@$O�2��V�����&2�J����1��J�� 
 ����e�[�$O����[��e��2���[1[����&2��J��

���

DQG�RI�$O1�
$O�2��V�����&2�J����1��J�� 

 ��$O1�V�����&2��J��
���

DQG� WKXV� FDQ�EH�GHILQHG��XVLQJ� WKH�HTXLOLE�
ULXP� FRQVWDQWV� IRU� WKRVH� UHDFWLRQV�� LQ� WKH
7��3&2��3&2�� �31��� FRRUGLQDWHV�� 7KH� FRQGL�WLRQ�'*���IRU�WKH�UHDFWLRQV����������PXVW�EH
YDOLG� DOVR� IRU� WKH� H[LVWHQFH� RI� DQ� $O21� RU
$O1�ILOP�IRUPHG�DW�WKH�VROLG�SKDVH�UHDFWLRQV
EHWZHHQ�QLWURJHQ�DQG�DQ�DQLRQ�GHIHFW�FRUXQ�
GXP� �RWKHUZLVH�� WKH� FRPSRXQGV� ZRXOG� EH
GHFRPSRVHG� DFFRUGLQJ� WR� WKH� UHYHUVH� UHDF�
WLRQV���7KH�FRUUHVSRQGLQJ�HVWLPDWLRQV�RI�WKH
7Ü3&2��3&2� UHODWLRQVKLSV� WKDW� VHSDUDWH� WKHH[LVWHQFH� UHJLRQV� RI� $O�2�� DQG� $O�2�±G� DVZHOO� DV� WKH� 7Ü3&2��3&2Ü31�� RQHV� UHVWULFW�LQJ� WKH� $O21� DQG� $O1� H[LVWHQFH� UHJLRQV
ZLWKLQ� WKH� ����Ü�����&� WHPSHUDWXUH� UDQJH
DUH�SUHVHQWHG� LQ�WKH�GLDJUDP��)LJ�����$V�WR
JÜ$O21�� WKH� FDOFXODWLRQ� KDV� EHHQ� GRQH� IRU
WKH��$O1����$O�2���FRPSRVLWLRQ�

�$O�2��V�����&2�J����1��J�� 
 ���$O1����$O�2��V�����&2��J��

���

,Q� WKH� FDOFXODWLRQV�� XVHG�ZHUH� WKH� IRUPD�
WLRQ� HQHUJ\� YDOXHV� IRU� $O1�� '*��$O1� Ü������
�������7�>��@�

�$O1����$O�2���'I*��$O�2�1�� 
�Ü���������������������7�>��@��

DV�ZHOO�DV�WKH�UHIHUHQFH�GDWD�>��@��
,W� IROORZV� IURP� WKH� FDOFXODWLRQV� WKDW� DV

WKH�WHPSHUDWXUH�ULVHV��WKH�OLPLWLQJ�YDOXH�RI
3&2��3&2� FRUUHVSRQGLQJ� WR� 32� 32�

�6�$O�2��
LQFUHDVHV�IURP�������Ü��DW������&�WR�������Ü�
DW������&��0XFK�ORZHU�3&2��3&2�YDOXHV�DUHUHTXLUHG�IRU�WKH�$O21�DQG�$O1�H[LVWHQFH��6R
DW� WKH� QLWURJHQ� SUHVVXUH� QHDU� WKH� DWPRV�

SKHULF� RQH�� WKH� H[LVWHQFH� UHJLRQ� WKHUHRI� LV
OLPLWHG�E\�WKH�3&2��3&2�YDOXHV�RI����Ü��DW�����&� DQG� ���Ü�� DW� �����&�� WKDW� FRUUH�
VSRQG�WR�WKH�PROHFXODU�R[\JHQ�SDUWLDO�SUHV�
VXUHV� LQ� WKH� JDVHRXV�PHGLXP� RI� ���Ü���3D
DQG����Ü��3D��UHVSHFWLYHO\��(YHQ�PRUH�FRQ�
VLGHUDEOH� UHGXFWLRQ� RI� � � 3&2��3&2� LV� UH�TXLUHG�DW�ORZHU�31��YDOXHV��,Q�WKH�GLDJUDP�WKH� UHJLRQ�ZKHUH� WKH�$O21� DQG�$O1� FDQQRW
H[LVW�EXW�ZKHUH� WKH�3&2��3&2�YDOXHV�FRUUH�VSRQG�WR�32��32�

6� �$O�2��� LV�VKRZQ�DV�WKDW
RI�WKH�$O�2�±G�1�VROLG�VROXWLRQ�H[LVWHQFH�7KHVROXWLRQ�FRPSRVLWLRQ�FDQ�EH�VXSSRVHG�WR�GH�
SHQG�ERWK�RQ�WKH�$O�2��VWRLFKLRPHWU\�YLROD�WLRQ� GHJUHH� DQG� RQ� WKH� QLWURJHQ� SDUWLDO
SUHVVXUH�LQ�WKH�LQ�WKH�PHGLXP�

���([SHULPHQWDO
7KH�IRUPDWLRQ�SRVVLELOLW\�RI�WKH�$O�2�±G�1[VROLG�VROXWLRQ�GXH�WR�QLWURJHQ�GLVVROXWLRQ�LQ

DQLRQ�GHIHFW� FRUXQGXP� ZDV� VWXGLHG� LQ� H[�
SHULPHQWV� RQ� WKH� VDSSKLUH� FU\VWDO� JURZLQJ
LQ� QLWURJHQ�FRQWDLQLQJ� DWPRVSKHUHV� RI� GLI�
IHUHQW� FRPSRVLWLRQV�� 7KH� FU\VWDOV� ZHUH
JURZQ� E\� KRUL]RQWDO� GLUHFWLRQDO� FU\VWDO�
OL]DWLRQ� �+'&�� XVLQJ� WKH� FDUERQ�JUDSKLWH
KHDW�LQVXODWLRQ�>������@��7KH�FDUERQ�SUHVHQW
LQ� WKH� KHDWLQJ� ]RQH� SURYLGHV� D� JDV� DWPRV�
SKHUH� ZLWK� D� ORZ� R[\JHQ� SDUWLDO� SUHVVXUH
WKDW� LV� D� UHGXFLQJ�RQH� IRU�$O�2���7KH� FU\V�WDOV� ZHUH� JURZQ� ERWK� DW� 3P� DERXW� ���� WR���3D� �XQGHU�URXJK�HYDFXDWLRQ��DQG�DW����
WR�����N3D�LQ�D�FORVHG�FKDPEHU��,Q�WKH�ILUVW
FDVH��WKH�JDV�PHGLXP�FRQVLVWV�HVVHQWLDOO\�RI
&2� DQG� +�� PL[� �3+��3&2� a����Ü������� 7KHPDLQ� UHVLGXDO� JDV� FRPSRQHQW� LQ� WKH� FU\VWDO�
OL]DWLRQ�FKDPEHU�LV�QLWURJHQ��LWV�FRQFHQWUDWLRQ
DIWHU�D�VWDQGDUG�HYDFXDWLRQ�EHLQJ�DERXW�����WR
���� YRO����� 7R� LQFUHDVH� WKH� QLWURJHQ� FRQFHQ�
WUDWLRQ� LQ� WKH� JURZLQJ� DWPRVSKHUH�� DQ� DGGL�
WLRQDO� EXIIHU� JDV� �QLWURJHQ� RU� DLU�� IORZ� ZDV
XVHG� � GXULQJ� WKH� HYDFXDWLRQ�� WKXV� ULGLQJ� WKH
QLWURJHQ�FRQFHQWUDWLRQ�XS�WR���Ü���YRO����

:KHQ�FU\VWDOOL]LQJ�LQ�WKH�FORVHG�YROXPH�
WKH� SUH�HYDFXDWHG� FKDPEHU� DW� WKH� UHVLGXDO
SUHVVXUH� RI� DERXW� ��� WR� ��� 3D� ZDV� ILOOHG
ZLWK�$U��1���RU�D�PL[WXUH�WKHUHRI�XS�WR����WR�����N3D�SUHVVXUH��,Q�WKLV�FDVH�� WKH�WRWDO
FRQFHQWUDWLRQ� RI� UHGXFLQJ� FRPSRQHQWV
�&2�+���IRUPHG�GXH�WR�WKH�DGVRUEHG�R[\JHQDQG� ZDWHU� YDURU� LQWHUDFWLRQ� ZLWK� WKH� FDUE�
RQ�JUDSKLWH�PDWHULDOV�LV�DERXW���WR���YRO���
GHSHQGLQJ� RQ� WKH� SUH�HYDFXDWLRQ�� 7KH� 1��&2��DQG�+��FRQFHQWUDWLRQV�LQ�WKH�JDV�DWPRV�SKHUH� ZDV� PRQLWRUHG� XVLQJ� D� .ULVWDOO
����0�JDV�FKURPDWRJUDSK��7KH�RSWLFDO�GHQ�
VLW\� RI� VDPSOHV�ZDV�PHDVXUHG� XVLQJ� D� 3HU�
NLQ�(OPHU� /DPEGD���� VSHFWURSKRWRPHWHU� LQ
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WKH� ZDYHOHQJWK� UDQJH� RI� ���� WR� ����� PP�
3ULRU� WR� PHDVXULQJ� WKH� VSHFWUXP� ����� WKH
DERXW����PP�WKLFN�$O1� ILOP�REWDLQHG�XQGHU
WKH� QLWULGLQJ�ZDV� UHPRYHG�E\� D�PHFKDQLFDO
SROLVKLQJ�� 7KHUHDIWHU�� WKH� DEVHQFH� RI� $O21
DQG� $O1� SKDVHV� LQ� WKH� VXUIDFH� OD\HU� ZDV
FKHFNHG�XVLQJ�;3$�

7R�REWDLQ�WKH�WKHUPRVWLPXODWHG� OXPLQHV�
FHQFH��76/��FXUYHV��WKH�VDPSOHV�ZHUH�LUUDGL�
DWHG�LQ�DLU�DW�����.�ZLWK�;�UD\V��&X�DQRGH�
���N9�����P$��IRU����PLQ�DQG�WKHQ�KHDWHG
XS�WR�����&�DW�D�FRQVWDQW�UDWH�RI���&�V��7KH
76/� FXUYHV� ZHUH� PHDVXUHG� XVLQJ� DQ� DXWR�
PDWHG� VHWXS� LQFOXGLQJ� D� )(8�����307�RS�
HUDWHG�LQ�WKH�SKRWRQ�FRXQWLQJ�PRGH��7R�GH�
WHUPLQH�WKH�76/�VSHFWUDO�FRPSRVLWLRQ��WKH�DE�
VRUSWLRQ� OLJKW� ILOWHUV� ZLWK� D� NQRZQ
WUDQVPLVVLRQ�EDQG� �66����O� �����WR�����QP�
RU�26����O�!�����QP��ZHUH�SODFHG�EHWZHHQ�WKH
VDPSOH� DQG� WKH� 307�� $� QLWURJHQ� ODVHU� �WKH
SXOVH� GXUDWLRQ� DERXW� �� QV�� WKH� PD[LPXP
SRZHU� �� N:�� WKH� ZDYHOHQJWK� ���� QP�� ZDV
XVHG� DV� WKH� H[FLWDWLRQ� VRXUFH�� 7KH� VSHFWUXP
ZDV� UHFRUGHG� LQ� WKH� ���� WR� ���� QP� XVLQJ� D
GLIIUDFWLRQ� VSHFWURPHWHU� SURYLGHG�ZLWK� D�3=6
PDWUL[�

���5HVXOWV�DQG�GLVFXVVLRQ
,Q� WKH� GLDJUDP�� )LJ����� WKH� DWPRVSKHUH

FRPSRVLWLRQ� LQ� WKH� VXSSRVHG� H[LVWHQFH� UH�
JLRQ� RI� WKH� $O�2�±G�1[� VROXWLRQ� �3&2��3&2DQG�31��a�N3D��FRUUHVSRQGLQJ�WR�WKH�FU\VWDOJURZWK� FRQGLWLRQV� LV� VKRZQ� E\� DUURZV�� ,Q
WKH� GLDJUDP�� WKH�3&2��3&2� YDOXH� LV� VKRZQWKDW� LV� GHILQHG� E\� WKH� HTXLOLEULXP� RI� WKH
FDUERQ�JDVLILFDWLRQ�UHDFWLRQ�

&���&2��mo �&2� ����
DW� 3&2� ������ 3D�� 7KDW� LV� WKH� PLQLPXP3&2��3&2� YDOXH� SRVVLEOH� WR� EH� DWWDLQHG� LQWKH� H[SHULPHQWV�� DV� WKH� JDV� VDWXUDWLRQ� RI
WKH� FDUERQ�JUDSKLWH� KHDW� LQVXODWLQJ�PDWHUL�
DOV� GRHV� QRW� DOORZ� WR� SURYLGH� WKH� UHVLGXDO
SUHVVXUH� LQ� WKH� FKDPEHU� ORZHU� WKDQ
�����3D��,Q�IDFW��WKH�3&2��3&2�UDWLR�H[FHHGVWKDW�FRUUHVSRQGLQJ�WR�WKH�HTXLOLEULXP�FRQGL�
WLRQV�RI�UHDFWLRQ� �����DQG� LV�GHILQHG�E\�WKH
FU\VWDOOL]DWLRQ� FKDPEHU� GHVLJQ�� LQ� SDUWLFX�
ODU��E\� WKH� VXUIDFH�DUHD�UDWLR�RI�WKH�JUDSK�
LWH� VKLHOGV� DQG� WKH� PHOW�� WKH� JUDSKLWH�WR�
PHOW� GLVWDQFH�� WKH� JUDSKLWH� UHJHQHUDWLRQ
DELOLW\�� WKH� FRQYHFWLRQ� IHDWXUHV� LQVLGH� WKH
FKDPEHU��HWF��7KH�JURZLQJ�FRQGLWLRQV�RI�WKH
H[SHULPHQWDO�FU\VWDOV�DUH�OLVWHG�LQ�7DEOH���

,W�ZDV�IRXQG�EHIRUH�>��@�WKDW�WKH�RSWLFDO
FKDUDFWHULVWLFV� RI� VDSSKLUH� JURZQ� E\� +'&

7DEOH����&U\VWDO�JURZLQJ�FRQGLWLRQV�
6DPSOH 3P��N3D $WPRVSKHUH

FRPSRVLWLRQ
&&2�+�

�
YRO���

3&2�+�
��N3D &1�

��YRO��� 31�
��N3D 1LWURJHQ�

FRQWDLQLQJ
PL[WXUH

� ����� &2�+� �� ����� ���� Ü 1RQH
� ����� &2�+��1� �� ���� �� ������ $LU
� ����� &2�+��1� �� ����� �� ����� 1LWURJHQ�
� ����� &2�+��1� �� ���� �� ����� $LU
� ���� $U�&2�+� � ���� ��� ����� 1RQH
� ����� $U�&2�+��1� �� ����� �� ���� $U�DLU�
� ��� $U�&2�+� � ����� ��� ����� 1RQH
� ��� $U�&2�+��1� � ����� � ����� $U�1LWURJHQ
� ��� $U�&2�+��1� � ����� �� ����� $U�1LWURJHQ
�� ��� 1��&2�+� � ����� �� ����� 1LWURJHQ

�ZKHQ�JURZLQJ�WKH�FU\VWDOV�������WXQJVWHQ�KHDW�VKLHOG�ZDV�SODFHG�DERYH�WKH�PHOW�

)LJ����� 'HSHQGHQFH� RI� WKH� $O�2�±$O�2�±G�1±$O21±$O1� V\VWHP� FRPSRVLWLRQ� RQ� 7�
3&2��3&2��31��LQ�WKH�&2�1��DWPRVSKHUH�
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XVLQJ� WKH� FDUERQ�JUDSKLWH� KHDW� LQVXODWLRQ
IURP� D� UDZ� PDWHULDO� ZLWK� EDVLF� LPSXULW\
FRQWHQW� XS� WR� ���� SSP� DUH� GHILQHG�PDLQO\
E\� WKH� SDUWLDO� SUHVVXUH� RI� UHGXFLQJ� FRPSR�
QHQWV� LQ� DOO� WKH� FU\VWDOOL]DWLRQ� SURFHVV
VWDJHV�DV�ZHOO�DV�E\�WKH�SRO\YDOHQW�7L�LPSX�
ULW\� LQ� WKH� UDZ� PDWHULDO�� 7KH� UHODWLRQ� RI
WKRVH� SDUDPHWHUV� GHILQHV� WKH� GRPLQDQW� GH�
IHFW� W\SH� �DQLRQLF� YDFDQFLHV�� L�H�� QHXWUDO� )
FHQWHUV�� RU� 7L��� LPSXULW\� RQHV�� WKDW� GHILQH
WKH� FU\VWDO� RSWLFDO� SURSHUWLHV�� ,I� WKH� JURZ�
LQJ�FRQGLWLRQV�GR�QRW�SURYLGH�WKH�WUDQVLWLRQ
RI� D� FRQVLGHUDEOH� IUDFWLRQ� RI� 7L� LPSXLW\� WR
WKH� 7L��� FKDUJH� VWDWH� ��92������H���7L��o�92�����H����7L����� WKHQ� WKH� FU\VWDOVVKRZ� D� UHGXFHG� WUDQVSDUHQFH� LQ� WKH� ���Ü
���� QP� UDQJH� �WKH� VSHFWUDO� UHJLRQ� FRUUH�
VSRQGLQJ�WR�WKH�7L���DEVRUSWLRQ���2WKHUZLVH�
PDLQO\� WKH� DEVRUSWLRQ� EDQGV� RI� QHXWUDO� )
FHQWHUV��DW�����QP��DUH�REVHUYHG�LQ�WKH�2$
VSHFWUXP��LWV�LQWHQVLW\�EHLQJ�GHILQHG�E\�WKH
UHGXFLQJ� FRPSRQHQW� �&2�+��� SDUWLDO� SUHV�VXUH�� 7KH� FRQWULEXWLRQ� IURP� WKH�)�� FHQWHUV
LV� UHODWLYHO\� VPDOO�DQG�XVXDOO\�GRHV�QRW�H[�
FHHG� ��� �� RI� WKH� WRWDO� DPRXQW� RI� DQLRQLF
GHIHFWV�� ,Q� )LJ����� FRPSDUHG� DUH� WKH� 2$
VSHFWUD�RI�VXFK�FU\VWDOV����������LQ�7DEOH���
DQG� WKRVH� JURZQ� LQ� UHGXFLQJ� DWPRVSKHUHV
YLWK� QLWURJHQ� FRQFHQWUDWLRQV� H[FHHGLQJ
����YRO�����7DEOH���VKRZV�WKH�)�DQG�)��FHQ�
WHU�FRQFHQWUDWLRQV��&)��&)���UHVSHFWLYHO\��DVHVWLPDWHG� DIWHU� WKH�.�O�� VSHFWUD� H[SDQVLRQ
LQWR�*DXVVLDQV�XVLQJ�WKH�6PDFXOD�IRUPXOD

&)���I� 
 ���������������Q��������Q�������.PD[���'��

����

ZKHUH� &)� LV� WKH� )� RU� )�� FHQWHU� FRQFHQWUD�WLRQ��.PD[��WKH�DEVRUSWLRQ�FRHIILFLHQW�PD[L�

PXP� YDOXH�� '�� WKH� SHDN� IXOO� ZLGWK� DW� KDOI
LQWHQVLW\�� Q�� WKH� UHIUDFWLYH� LQGH[� DW� WKH
ZDYHOHQJWK� FRUUHVSRQGLQJ� WR� .PD[�� I�� WKHRVFLOODWRU� VWUHQJWK� �I) ���� DQG� I)� ����>��@�ZHUH�XVHG� LQ�WKH�FDOFXODWLRQV���7KH�H[�

7DEOH����)�DQG�)��FHQWHU�FRQFHQWUDWLRQV�LQ�VDSSKLUH�VDPSOHV�JURZQ�LQ�QLWURJHQ�FRQWDLQLQJ�UHGXF�
LQJ�DWPRVSKHUHV�RI�GLIIHUHQW�FRPSRVLWLRQV

6DPSOH &) &)�������H9� &)�������H9� &)��&)�
� �������� ��������� �������� ����
� ��������� ��������� ��������� �����
� ��������� ��������� ��������� ����
� ��������� ��������� ��������� ����
� �������� ��������� �������� ����
� ��������� ��������� ��������� �����
� ��������� �������� ��������� ���
� ��������� ��������� ��������� �����
� ��������� ��������� ��������� ����
�� ��������� ��������� ��������� ����

)LJ�����2$�VSHFWUD�RI�VDSSKLUH�JURZQ�LQ�QLWUR�
JHQ�FRQWDLQLQJ�UHGXFLQJ�DWPRVSKHUHV�RI�GLIIHU�
HQW� FRPSRVLWLRQV� DW� WKH� SUHVVXUH� �3P��� DERXW���3D��D������WR����N3D��E�������WR�����N3D��F��
7KH�FXUYH�QXPEHUV�LQ�WKH�)LJXUH�FRUUHVSRQG�WR
VDPSOH�QXPEHUV�LQ�7DEOH������c�LV�WKH�VSHFWUXP
���H[SDQVLRQ�LQWR�FRPSRQHQWV�
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DPSOH�RI�WKH�VSHFWUD�H[SDQVLRQ� LQWR�FRPSR�
QHQW�IRU�VSHFWUXP����SUHVHQWHG�RQ�)LJ����

7KH� GDWD� IURP� )LJ���� DQG� 7DEOHV� ����
VKRZ� WKDW� LQGHSHQGHQW� RI� WKH� JURZWK� DWPRV�
SKHUH�WRWDO�SUHVVXUH�3P��WKH�LQFUHDVHG�QLWURJHQFRQFHQWUDWLRQ� WKHUHLQ� UHVXOWV� LQ� LQFUHDVHG� LQ�
WHQVLWLHV� RI� WKH� ���� DQG� ���� H9� DEVRUSWLRQ
EDQGV� DVVRFLDWHG�ZLWK� WKH�SUHVHQFH�RI�)�� FHQ�
WHUV��,Q�WKH�FU\VWDOV�JURZQ�LQ�UHGXFLQJ�DWPRV�
SKHUHV� FRQWDLQLQJ� !���� YRO�� �� QLWURJHQ�� WKH
&)��&)�UDWLR�DPRXQWV�����WR������LQ�FRQWDUVW�WRa���� LQ�WKH� VWDQGDUG�FU\VWDOV��7KRVH�GDWD�HYL�
GHQFH�WKH�IRUPDWLRQ�RI�WKH�$O�2�±G�1[�VROXWLRQLQ�WKRVH�FRQGLWLRQV��$FFRUGLQJ�WR�WKH�UHDFWLRQ
�����WKH�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKH�VROXWLRQ
LV�DERXW����WR���������FPÜ���7KH�FRQFHQWUDWLRQ
RI� )�� FHQWHUV� WKDW� FKDUDFWHUL]HV� WKH� VROXWLRQ
FRPSRVLWLRQ�GHSHQGV�ERWK�RQ�WKH�QLWURJHQ�FRQ�
FHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�DQG�RQ�WKH�UHGXF�
LQJ� SURSHUWLHV� WKHUHRI�� 7KLV� LV� FRQILUPHG�� LQ
SDUWLFXODU�� E\� WKH� � � FKDQJH� RFFXUULQJ� DV� WKH
WXQJVWHQ�KHDW�VKLHOG�DERYH�WKH�PHOW�LV�UHSODFHG
E\�D�JUDSKLWH�RQH��6DPSOHV�����������

)LJ���� SUHVHQWV� WKH� 2$� VSHFWUD� IRU� WKH
FU\VWDOV�JURZQ�XQGHU� LQFUHDVH� RI� WKH�QLWUR�
JHQ�FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�DW�GLI�
IHUHQW� FU\VWDOOL]DWLRQ� VWDJHV�� 7KH� FU\VWDOV
ZHUH�JURZQ�LQ�WKH�IROORZLQJ�FRQGLWLRQV�

&U\VWDO� ,�� WKH�WHPSHUDWXUH�HOHYDWLRQ��WKH
UDZ�PDWHULDO�SUH�PHOWLQJ��DQG�JURZLQJ�RI�D
FU\VWDO� SDUW� LQ� VWDQGDUG� FRQGLWLRQV� DW� 3PDERXW����WR����3D��&1������YRO�����WKH�UHVW
RI� WKH� FU\VWDO� EHLQJ� JURZQ� DW� WKH� SUHVVXUH
LQ� WKH� FKDPEHU� LQFUHDVHG� WR� DERXW� ��� 3D
XVLQJ�DQ�DGGLWLRQDO�DLU�IORZ�

&U\VWDO�,,��WKH�WHPSHUDWXUH�HOHYDWLRQ�DQG
WKH�UDZ�PDWHULDO�SUH�PHOWLQJ�DW�DERXW����WR
���3D�XVLQJ� DQ� DGGLWLRQDO� DLU� IORZ�DQG� WKH
FU\VWDO� JURZLQJ� LQ� VWDQGDUG� FRQGLWLRQV� DW
3P�DERXW����3D��&1������YRO�����

7KH� )� DQG� )�� FHQWHU� FRQFHQWUDWLRQV� DUH
VKRZQ�LQ�7DEOH���

,W�KDV�EHHQ�VERZQ�EHIRUH�>��@�WKDW�GXULQJ
WKH� FU\VWDOOL]DWLRQ� SURFHVV� XQGHU� D� IRUH�
YDFXXP�HYDFXDWLRQ�� WKH� FU\VWDOOL]DWLRQ� FRQ�
GLWLRQV�YDU\�IURP�PRUH�UHGXFLQJ�WR�OHVV�UH�
GXFLQJ� RQHV� GXH� WR� WKH� GHJDVVLQJ� RI� UDZ

PDWHULDO�� KHDW� LQVXODWLRQ�� DQG� WKH� FKDPEHU
ZDOOV��7KDW�YDULDWLRQ�UHVXOWV� LQ� WKH�QHXWUDO
)� FHQWHU� FRQFHQWUDWLRQ� GHFUHDVH� IURP� WKH
FU\VWDO�,�LQLWLDO�SDUW�WRZDUGV�LWV�PLGGOH��7KH
)��FHQWHU�FRQFHQWUDWLRQ�LQ�WKDW�FU\VWDO�SDUW
LV� UDWKHU� ORZ�� $V� WKH� DWPRVSKHUH� SUHVVXUH
LQFUHDVHV� ZKHQ� WKH� FU\VWDO� LV� JURZQ� LQ� WKH
SDUW���GXH�WR�WKH�DLU�IORZ��WKDW�LV�DFFRPSD�
QLHG�ERWK�E\�WKH�DWPRVSKHUH�UHGXFLQJ�SURS�
HUWLHV� LQFUHDVH� DQG� WKH� QLWURJHQ� FRQFHQWUD�
WLRQ�WKHUHLQ�ULVHV���D�VLJQLILFDQW�LQFUHDVH�LQ
&)�� LV� REVHUYHG��:KHUHDV� LQ� WKH� FU\VWDO� ,,
JURZQ�LQ�WKH�VDPH�FRQGLWLRQV�DV�WKH�SDUWV��
DQG���RI�WKH�FU\VWDO�,��WKH�GHFUHDVH�RI�WKH�)�
FHQWHU� FRQFHQWUDWLRQ� LV� OHVV� SURQRXQFHG�
ZKLOH� WKDW� RI� WKH� )� FHQWHU� LV� ORZHUHG� VXE�
VWDQWLDOO\� IURP� WKH� LQLWLDO� FU\VWDO� SDUW� WR�
ZDUGV� LWV� HQG� �7DEOH����� 7KH� IDFW� WKDW� WKH
QLWURJHQ�FRQFHQWUDWLRQ� LQ�WKH�$O�2�±G�1[�VR�OXWLRQ� IRUPHG�GXULQJ� WKH�UDZ�PDWHULDO�SUH�
PHOWLQJ�GRHV�QRW�GHFUHDVH�VXEVWDQWLDOO\�HYHQ
ZKHQ�WKH�FU\VWDO�LV�JURZQ�LQ�DQ�DWPRVSKHUH
ZLWK�D�ORZ�������YRO����QLWURJHQ�FRQFHQWUD�
WLRQ�FRQILUPV�LWV�UDWKHU�KLJK�VWDELOLW\�

%HVLGHV�RI�LQWHQVH�DEVRUSWLRQ�EDQGV�RI�)�
FHQWHUV�� WKH� 2$� VSHFWUD� RI�$O�2�±G�1[� FU\V�WDOV� LQFOXGH� DGGLWLRQDO� EDQGV� LQ� WKH� �� WR

7DEOH����)�DQG�)��FHQWHU�FRQFHQWUDWLRQV�LQ�VDSSKLUH�VDPSOHV

6DPSOH &) &)�������H9� &)�������H9� &)��&)��
� �������� ��������� �������� ����
� ��������� ��������� ��������� ����
� ��������� �������� ��������� ����
� ��������� ��������� ��������� ����
� ��������� ��������� �������� ����

)LJ�����2$�VSHFWUD�RI�WKH�FU\VWDOV�ZLWK�GLIIHU�
HQW� SDUWV� JURZQ� DW� GLIIHUHQW� FRQGLWLRQV�� �D�
7KH� VDPSOHV� DUH� FXW� RXW� IURP� WKH� FU\VWDO� ,
LQLWLDO� ����� PLGGOH� ���� DQG� HQG� ���� SDUWV�� �E�
7KH� VDPSOHV� DUH� FXW� RXW� IURP� FU\VWDO� ,,� LQ�
LWLDO�����DQG�HQG�����SDUWV��

.K�6K��RJO\�.DOWDHY�HW�DO����*URZWK�DQG�RSWLFDO����

��� )XQFWLRQDO�PDWHULDOV�������������



�� H9� UDQJH� FDXVLQJ� D� PRUH� RU� OHVV� LQWHQVH
\HOORZ� FRORU� WKHUHLQ�� 7KRVH� EDQGV� FDQ� EH
DVFULEHG�SUHOLPLQDULO\�WR�WKH�SUHVHQFH�RI�DJ�
JUHJDWLYH� )�� FHQWHUV�� L�H��� R[\JHQ� ELYDFDQ�FLHV� ZLWK� IRXU�� WKUHH�� RU� WZR� WUDSSHG� HOHF�
WURQV� �)��� )���� DQG� )���� FHQWHUV��� WKDW� DUHLGHQWLILHG�E\�WKH�RSWLFDO�DEVRUSWLRQ�DW������
������ DQG� ����� H9�� UHVSHFWLYHO\� �)LJ���F��
7KHVH�GHIHFWV�DUH�IRUPHG�ERWK�LQ�QRPLQDOO\
SXUH� VDSSKLUH� FU\VWDOV� XQGHU� KLJK� LUUDGLD�
WLRQ�GRVHV�DQG�DW�KLJK�FRQFHQWUDWLRQV�RI�LP�
SXULWLHV� KDYLQJ� D� IDLOLQJ� SRVLWLYH� FKDUJH
>��Ü��@�� 7KH� SUHVHQFH� RI� DEVRUSWLRQ� EDQGV
LQ�WKDW�UHJLRQ�FDXVHV��LQ�SDUWLFXODU��WKH�\HO�
ORZ�FRORU�RI�VDSSKLUH�FU\VWDOV�FRQWDLQLQJ�0J
LPSXULW\� >�����@�� 7KH� DEVRUSWLRQ� EDQGV� LQ

WKH� �Ü�� H9� UHJLRQ� PD\� EH� DVVRFLDWHG� DOVR
ZLWK� WKH� IRUPDWLRQ� RI� 12Ü2Ü�GHIHFWV� ZLWKFKDUJH�WUDQVIHUEHWZHHQ�R[\JHQ�DQG�QLWURJHQ
LQ�R[\JHQ�VLWH��7KH�IRUPDWLRQ�SRVVLELOLW\�RI
VLPLODU� FRPSOH[HV� �0J$O±2±�� EHOLHYHG� WR� EH
DVVRFLDWHG�ZLWK�WKH�DEVRUSWLRQ�EDQGV�DW�����
DQG������H9�KDV�EHHQ�FRQVLGHUHG�LQ�FRQQHF�
WLRQ�ZLWK�0J�GLVVROXWLRQ�LQ�$O�2��>�@�$ORQJ�ZLWK�D�VLJQLILFDQW�HIIHFW�RI�QLWUR�
JHQ� GLVVROXWLRQ� RQ� WKH� 2$� VSHFWUD� RI� VDS�
SKLUH� JURZQ� LQ� QLWURJHQ�FRQWDLQLQJ� UHGXF�
LQJ� DWPRVSKHUHV�� D� FKDQJH� LQ� LWV� OXPLQHV�
FHQFH� FKDUDFWHULVWLFV� LV� REVHUYHG�� WRR�� )LJ�
�� VKRZV� WKH� 2$� VSHFWUD�� WKH� WKHUPR�
VWLPXODWHG� OXPLQHVFHQFH� FXUYHV� DQG� WKH
SKRWROXPLQHVFHQFH� �3/�� RQHV� IRU� VDSSKLUHV

7DEOH����&U\VWDO�JURZLQJ�FRQGLWLRQV
6DPSOH 3P��N3D $WPRVSKHUH

FRPSRVLWLRQ
1LWURJHQ�
FRQWDLQLQJ
PL[WXUH

&RQFHQWUDWLRQ��YRO���
$U 1� &2�+�

� ������ &2�+� 1RQH Ü ��� !��
� ���� $U�&2�+� 1RQH |�� ��� �Ü�
� ���� &2�+��1� $LU Ü �� ��
� ����� &2�+��1� $LU Ü �� ��

)LJ������D��2$�VSHFWUD���E��76/�FXUYHV�DQG��F��3/�VSHFWUXP�RI�VDSSKLUH�JURZQ�LQ�UHGXFLQJ�DWPRVSKHUHV
RI� YDULRXV� FRPSRVLWLRQV� DQG� SUHVVXUHV�� 7KH� FXUYH� QXPEHUV� LQ� WKH� )LJXUH� FRUUHVSRQG� WR� WKH� VDPSOH
QXPEHUV� LQ� 7DEOH���� �c� LV� WKH� VSHFWUXP� �� FKDQJH� DIWHU� 89� LUUDGLDWLRQ�� �G�� 3KRWROXPLQHVFHQFH� RI
$O�2�±G�1[�VDPSOHV��VKRZQ�E\�DUURZV��GXULQJ�1��ODVHU�LUUDGLDWLRQ�DV�FRPSDUHG�WR�WKH�VWDQGDUG�$O�2�±GFU\VWDOV�
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JURZQ�LQ�DWPRVSKHUHV�RI�GLIIHUHQW�FRPSRVL�
WLRQ�DQG�SUHVVXUH��7KH�FU\VWDO�JURZWK�FRQGL�
WLRQV� DUH� SUHVHQWHG� LQ� 7DEOH���� )LJ���G
VKRZV� DOVR� SKRWRV� RI� VDSSKLUH� VDPSOHV� FXW
RXW� IURP� WKH� VWDQGDUG� FU\VWDOV� JURZQ� DW
3Pa��Ü��� 3D� �&1������ YRO�� ��� DQG� IURP
$O�2�±G�1� FU\VWDOV� �LQGLFDWHG� E\� DUURZV�
JURZQ� DW� 3Pa��� 3D� �&1����Ü��� YRO�� ��
XQGHU� LUUDGLDWLRQ�ZLWK� D�ZLGH� EHDP�RI� D� QL�
WURJHQ�ODVHU��O� �����QP��

$V� QRWHG� DERYH�� WKH� RSWLFDO� FKDUDF�
WHULVWLFV� RI� VDSSKLUH� JURZQ� E\� WKH� +'&
WHFKQLTXH�LQ�UHGXFLQJ�FRQGLWLRQV�DW�D�QLWUR�
JHQ� FRQFHQWUDWLRQ� LQ� WKH� DWPRVSKHUH
�����YRO����DUH�GHILQHG�PDLQO\�E\�WKH�SDUWLDO
SUHVVXUH� RI� UHGXFLQJ� FRPSRQHQWV� DW� DOO� WKH
FU\VWDOOL]DWLRQ� SURFHVV� VWDJHV� DQG� E\� WKH� FRQ�
FHQWUDWLRQ� RI� SRO\YDOHQW�7L� LPSXULW\��'HSHQG�
LQJ�RQ�WKH�UHODWLRQ�RI�WKRVH�SDUDPHWHUV��HLWKHU
WKH�7L���DEVRUSWLRQ�EDQGV��)LJ���D��FXUYH����RU
WKRVH� RI� QHXWUDO� )� FHQWHUV� �)LJ���D�� FXUYH� ��
SUHYDLO� LQ� WKH� 2$� VSHFWUD� RI� WKH� FU\VWDOV�� D
FRUUHODWLRQ� EHWZHHQ� WKH� 2$� VSHFWUD� DQG� 76/
FXUYHV�EHLQJ�REVHUYHG�>������@��)LJ���E��

)RU� WKH� FU\VWDOV�ZLWK� GRPLQDWLQJ�)� FHQ�
WHU� DEVRUSWLRQ� EDQGV�� WKH� 76/� FXUYHV� VKRZ
WKH�SUHYDLOLQJ�SHDNV�DW�����DQG�����&�DVVR�
FLDWHG�ZLWK�WKH�DQLRQLF�GHIHFWV�DQG�WKH�7L��
LPSXULW\��UHVSHFWLYHO\��)RU�WKH�FU\VWDOV�ZLWK
SUHGRPLQDWLQJ�7L��� DEVRUSWLRQ� EDQGV�� SHDNV
DW�����DQG�����&�DUH�DOVR�SUHVHQW��7KH����
DQG� ����&� DUH� QRW� H[SUHVVHG� H[SOLFLWO\� EXW
WKHLU� SUHVHQFH� LV� HYLGHQFHG� E\� SHFXOLDULWLHV
LQ�WKH�DVFHQGLQJ�DQG�GHVFHQGLQJ�EUDQFKHV�RI
WKH� PRUH� LQWHQVH� SHDN� DW� ����&�� 7KH� ���
DQG�����&�SHDNV� LQ� WKRVH�FU\VWDOV�DUH�DVVR�
FLDWHG�PRVW�OLNHO\�ZLWK�WKH�7L���LPSXULW\�DV
ZHOO�DV�ZLWK�FRPSOH[HV�LQFOXGLQJ�R[\JHQ�YD�
FDQFLHV�DQG�7L���LRQV�

$W�WKH�VDPH�WLPH��WKRXJK�WKH�2$�VSHFWUD
RI�$O�2�±G�1[� FU\VWDOV� �FXUYHV� ������ FRQWDLQLQWHQVH� DEVRUSWLRQ� EDQGV� RI� )� FHQWHUV�� WKH
76/� FXUYH� �)LJ���E�� FXUYH� ��� GRHV� QRW� LQ�
FOXGH�WKH�SHDN�ZLWK�7P�� �����&�WKDW�FRXOGEH�DVFULEHG�WR�WKH�SUHVHQFH�RI�)�FHQWHUV��DW
O� ����� QP��� ,Q� FRQWUDVW�� RQO\� WKH� SHDN
ZLWK� 7P�� �����&� DVVRFLDWHG� ZLWK� WKH� 7L��FHQWHU� LV�YLVLEOH�DV�ZHOO�DV�WKDW�ZLWK�7P�� ����&� WKDW� LV� QRW� REVHUYHG� LQ� WKH� FU\VWDOV
ZLWK� GRPLQDWLQJ�)� FHQWHU� DEVRUSWLRQ� EDQGV
LQ� WKH� 2$� VSHFWUXP� �FXUYH� ��� DVVRFLDWHG
ZLWK�WKH�)�FHQWHU��7L���FRPSOH[�

7KLV�UHVXOW�FRXOG�EH�H[SODLQHG�ZKHQ�FRQ�
VLGHULQJ� WKH� 2$� VSHFWUXP� FKDQJHV� GXH� WR
89� LUUDGLDWLRQ�� $FFRUGLQJ� WR� FRPPRQ� FRQ�
FHSWV�� WKH� IUHH� HOHFWURQV� IRUPHG� LQ� WKH
FRXUVH�RI�)�FHQWHU�LRQL]DWLRQ�XQGHU�LUUDGLD�
WLRQ� PD\� EH� WUDSSHG� LQ� WUDSV� RI� YDULRXV

GHSWK�� WKLV� SURFHVV� LV� DFFRPSDQLHG� E\� WKH
)o)�� FHQWHU� FRQYHUVLRQ��7KH� OXPLQHVFHQFH� RI
)�FHQWHUV������QP��FRUUHVSRQGV�WR�WKH�LQYHUVH
WUDQVLWLRQ� )����HÜ�o�)�o�� )���KQ���QP� >��@�$IWHU� WKH� WKHUPDO� OXPLQHVFHQFH� DQG� WUDS
HPSW\LQJ��WKH�2$�VSHFWUD�UHWXUQ�WR�WKHLU�LQ�
LWLDO� VKDSHV� �EHLQJ� REVHUYHG� SULRU� WR� LUUDGLD�
WLRQ���6XFK�D�EHKDYLRU��DQ�DEVRUSWLRQ�GHFUHDVH
LQ�WKH�)�FHQWHU�UHJLRQ�DQG�LQFUHDVH�LQ�WKH�)�
FHQWHU�RQH�XQGHU�89�LUUDGLDWLRQ�DQG�WKH�VSHF�
WUXP�UHVWRUDWLRQ�DIWHU�WKHUPDO�OXPLQHVFHQFH�
LV� W\SLFDO� RI� WKH� DQLRQ�GHIHFW� FRUXQGXP
$O�2�±G�DQG�ZDV�REVHUYHG�LQ�RXU�ZRUNV�>��@�DVZHOO� DV� E\� RWKHU� UHVHDFKHUV� >��Ü��@�� ,Q� FRQ�
WUDVW�� VXFK� D� EHKDYLRU� LV� QRQUHOHYDQW� IRU
$O�2�±G�1[� FU\VWDOV�� ,Q�)LJ���D�� SUHVHQWHG� DUHWKH�2$�VSHFWUD� IRU�D� FU\VWDO�JURZQ�LQ�D�PH�
GLXP� FRQWDLQLQJ� DERXW� ��� YRO�� �� QLWURJHQ
SULRU�WR�����DQG�DIWHU���c��LUUDGLDWLRQ�ZLWK�WKH
IXOO� HPLVVLRQ� VSHFWUXP� RI� D� 35.��� WXEH� DW
����:�SRZHU�GXULQJ����PLQ��:KHQ�FRPSDU�
LQJ�WKH�VSHFWUD��LW�LV�VHHQ�WKDW�WKH�LUUDGLDWLRQ
GRHV� QRW� FDXVH� WKH� )�o�)�� FHQWHU� FRQYHUVLRQ�
7KXV�� WKHUH� DUH� QR� SUHFRQGLWLRQV� IRU� WKH
)��o�)� WUDQVLWLRQ� DVVRFLDWHG� ZLWK� WKH� 7P�� ����&�SHDN�LQ�WKH�76/�FXUYH��7KLV�VHHPV�WR�EH
FRQQHFWHG� ZLWK� WKH� IDFW� WKDW� WKH� )�� FHQWHUV
�SUHVHQW� LQ� VXFK� FU\VWDOV� DW� KLJK� FRQFHQWUD�
WLRQV��SUHGRPLQDWH�RYHU�RWKHU�FRPSHWLQJ�WUDSV�

7KH� LQWHQVH� SKRWROXPLQHVFHQFH� LQ� WKH
YLVLEOH� VSHFWUDO� UHJLRQ�DW�URRP�WHPSHUDWXUH
�)LJ���F�� G�� LV� DQRWKHU� VSHFLILF� IHDWXUH� RI
WKH� $O�2�±G�1[� FU\VWDOV�� 7KH� 3/� VSHFWUXPVKRZV�D�PD[LPXP�LQWHQVLW\�DW�����Ü����H9
DQG�LV�QRW�HOHPHQWDU\��WKDW� LV�HYLGHQFHG�E\
SHFXOLDULWLHV�LQ�ERWK�VSHFWUXP�EUDQFKHV��7KH
SRVLWLRQV� RI� SHDNV� DW� DERXW� ����� ����� DQG
����� H9� FRLQFLGHV�ZLWK� OLWHUDWXUH� GDWD� RQ� WKH
SKRWROXPLQHVFHQFH� RI� DJJUHJDWLYH� )�� FHQWHUV�)����)���DQG�)����FHQWHUV��UHVSHFWLYHO\��LQ�WKHLUUDGLDWHG� VDSSKLUH� >������@� DQG�$O�2��0J� FU\V�WDOV�>������@��7KHVH�GDWD�FRQILUP�WKH�VXSSRVLWLRQ
WKDW�WKH�DEVRUSWLRQ�EDQGV�LQ�WKH���WR���H9�UDQJH
LQ�WKH�2$�VSHFWUD�RI�$O�2�±G�1[�FU\VWDOV�DUH�GXHWR�WKH�SUHVHQFH�RI�DJJUHJDWLYH�)��FHQWHUV�

���&RQFOXVLRQV
7KXV��WKH�VWXGLHV�FDUULHG�RXW�KDYH�VKRZQ

WKDW� WKH� $O�2�� LQWHUDFWLRQ� ZLWK� D� QLWURJHQFRQWDLQLQJ�JDV�DWPRVSKHUH�KDYLQJ�D�ORZ�R[\�
JHQ� SRWHQWLDO� �32���32�

�6 �$O�2���� LV� DFFRPSD�
QLHG��DORQJ�ZLWK�WKH�$O�2��VWRLFKLRPHWU\�YLR�ODWLRQ�� E\� QLWURJHQ� LQFRUSRUDWLRQ� LQWR� R[\�
JHQ� VXEODWWLFH� RI� DQLRQ�GHIHFW� FRUXQGXP
ZLWK� IRUPDWLRQ� RI� $O�2�±G�1[� VROLG� VROXWLRQKDYLQJ�WKH�FRUXQGXP�VWUXFWXUH��7KH�GLVVROX�
WLRQ�SURFHVV�LV�DFFRPSDQLHG�E\�IRUPDWLRQ�RI
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)��FHQWHUV�DQG�DJJUHJDWLYH�)��RQHV�WKDW�DUHGHIHFWV� LQIOXHQFLQJ� VLJQLILFDQWO\� WKH� VDS�
SKLUH�RSWLFDO�FKDUDFWHULVWLFV�

5HIHUHQFHV
� ���3�.RIVWDG�� +LJK�WHPSHUDWXUH� 2[LGDWLRQ� RI
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� ���)�$�.URJHU��-��$PHU��&HUDP��6RF������������������
� ���3�9HQQHJXHV�� %�%HDXPRQW�� $SSO��3K\V��/HWW��
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� ���)�'ZLNXVXPD�� 7�)�.XHFK�� -��$SSO��3K\V��� ���
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� ���-�/�'HLVV�� &K�+LUOLPDQQ�� -�/�/RLVRQ� HW� DO��

0DWHU��6FL��DQG�(QJQ���%��������������
� ���<�6�&KR�� (�.�.RK�� <�-�3DUN� HW� DO��� -��&U\VW�

*URZWK������������������
����$�<D�'DQ�NR�� 0�$�5RP�� 1�6�6LGHOQLNRYD� HW

DO���)XQFWLRQDO�0DWHULDOV������������������
����.K�6K�R�.DOWDHY�� 1�6�6LGHO�QLNRYD�� 6�9�1L]KDQ�

NRYVNL\�HW�DO���6HPLFRQGXFWRUV������������������
����.K�6K�R�.DOWDHY�� 1�6�6LGHO�QLNRYD�� 0�$�5RP

HW�DO���LQ��$EVWU���WK�$OO�5XVVLDQ�&RQI��RQ�*D�
,Q�� DQG� $O� 1LWULGHV�� 6WUXFWXUHV� DQG� 'HYLFHV�
0RVFRZ���������S�����

����.�;LRQJ�� -�5REHUWVRQ�� 6�-�&ODUN�� -��$SSO�
3K\V������������������������

����$�9�(PHOLQH�� 9�1�.X]QHWVRY�� 9�.� 5\EFKXN�
1�6HUSRQH��,QW��-��3KRWRHQHUJ\��������$UW�� ,'
��������������

����&�5HLPDQQ�� 7�%UHGRZ�� -��0RO��6WUXFW��7+(2�
&+(0�����������������

����:�1DNDR�� +�)XNX\DPD�� .�1DJDWD�� -��$P�
&HUDP��6RF������������������

����;�:DQJ�� :�/L�� 6�6HHWKDUDPDQ�� 6FDQG��-��
0HWDOOXUJ\���������������

����7KHUPRG\QDPLFDO�3URSHUWLHV�RI�,QGLYLGXDO�&RP�
SRXQGV��$�5HIHUHQFH�%RRN��HG��E\�/�9�*XUYLFK
HW�DO���1DXND��0RVFRZ��������>LQ�5XVVLDQ@��

����8NUDLQLDQ�3DWHQW������$�������
����$�<D�'DQ±NR��9�0�3X]LNRY��9�3�6HP\QR]KHQNR�

1�6�6LGHOQLNRYD�� 7HFKQRORJLFDO� 3ULQFLSOHV� RI
6DSSKLUH� &U\VWDO� *URZQ� LQ� 5HGXFLQJ�0HGLXP�
,60$��.KDUNLY��������>LQ�5XVVLDQ@��

����%�'�(YDQV�� 0�6WDSHOEURHN�� 3K\V��5HY��%�� ���
������������

����+�1DJDEKXVKDQD�� %�8PHVK�� %�0�1DJDE�
KXVKDQD�HW�DO���6SHFWURFKLP��$FWD�3DUW�$�����
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����.�0RULWDQL�� <�7HUDRND�� ,�7DNDJL� HW� DO��� -�
1XFO��0DWHU�������������������

����<�6RQJ�� 4�/LX�� <�6XQ� HW� DO���1XFO��,QVWU��DQG
0HWK���3K\V��5HV���%����������������

����9�(�3HOHQ\RY��9�6�.RUWRY��,�,�0LOPDQ��5DGLDW�
0HDV������������������

����5�5DPLUH]��0�7DUGLR��5�*RQ]DOH]��-�(�0�6DQ�
WLXVWH��-��$SSO��3K\V����������������������

����6�6DQ\DOD�� 0�6�$NVHOURG�� -��$SSO��3K\V��� ���
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����-�.YDSLO�� %�3HUQHU�� -�6XORYVNL�� -RV�.YDSLO�
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����,�%ORQVN\\��$�9DNKQLQ��$�'DQNR�HW�DO���6HPL�
FRQG��3K\V���4XDQW��(OHFWURQLFV�	�2SWRHOHFWURQ�
LFV����������������

����.�+�/HH�� -�+�&UDZIRUG� -U��� 3K\V��5HY��� ���
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����9�6�.RUWRY��,�,�0LOPDQ��6�9�1LNLIRURY��9�(�3H�
OHQ\RY��)L]��7YHUG��7HOD������������������

����,�,�0LOPDQ�� 9�6�.RUWRY�� 6�9�1LNLIRURY�� )L]�
7YHUG��7HOD�����������������

����,�$�:HLQVWHLQ�� 9�(�3HOHQ\RY�� 5DGLDW�� 0HDV��
���������������

����.�5�1DJDEKXVKDQD�� %�1�/DNVKPLQDUDVDSSD�
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