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3RO\KH[DPHWK\OHQHJXDQLGLQH� K\GURFKORULGH� KDV� EHHQ� FKHPLFDOO\� DQFKRUHG� RQ� WKH� VXU�

IDFH� RI� DPLQR�FRQWDLQLQJ� VLOLFD� JHO� SUHOLPLQDULO\� DFWLYDWHG� ZLWK� F\DQXULF� FKORULGH�� 7KH
SRVVLELOLW\� RI� DSSOLFDWLRQ� RI� WKH� PRGLILHG� DGVRUEHQW� IRU� H[WUDFWLRQ� DQG� SUHFRQFHQWUDWLRQ
9�9��� 0R�9,���:�9,�� DQG� &U�9,�� DQLRQLF� IRUPV� LQ� DFLGLF� PHGLD� KDV� EHHQ� GHPRQVWUDWHG�
0HWKRGV�RI�VRUSWLRQ�;�UD\�IOXRUHVFHQFH�DQG�VRUSWLRQ�SKRWRPHWULF�GHWHUPLQDWLRQ�RI�PLFUR�
TXDQWLWLHV�RI�WKHVH�PHWDO�FRQWDLQLQJ�DQLRQV�KDYH�EHHQ�HODERUDWHG�
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3RO\KH[DPHWK\OHQHJXDQLGLQH� K\GURFKOR�
ULGH� �3+0*�&O�� EHORQJV� WR� KLJK�PROHFXODU
FDWLRQLF� SRO\HOHFWURO\WHV� KDYLQJ� SURSHUWLHV
RI� SRO\DPLQHV� DQG� TXDWHUQDU\� DPPRQLXP
FRPSRXQGV� DV� D� UHVXOW� RI� WKH� JXDQLGLQH
JURXSV�SUHVHQFH�LQ�SRO\PHULF�FKDLQ�FRQWDLQ�
LQJ� VXEVWLWXWHG� DQG� SURWRQDWHG� DPLQR
JURXSV�>�@�
3+0*� LV� NQRZQ� WR� EH� D� ZHDN� EDVLF

DQLRQ�H[FKDQJH� SRO\PHU�ZLWK�ELRFLGLF� SURS�
HUWLHV� DQG� LW� FDQ� EH� XVHG� IRU� VLPXOWDQHRXV
GLVLQIHFWLRQ� DQG�SXULILFDWLRQ�RI�ZDWHU� IURP
DQLRQLF� LPSXULWLHV�� VXFK� DV�&U2��±�� $V2��±>����@�� 3+0*� VKRZV� DOVR� KLJK� FRPSOH[LQJ
DELOLW\� ZLWK� UHVSHFW� WR� LRQV� RI� OHDG�� ]LQF�
FDGPLXP� DQG� VRPH� RWKHU� FDWLRQV� RI� WR[LF
PHWDOV� >�Ü�@��$FWLYDWHG� FDUERQ�DQG� ]HROLWHV
ZLWK� 3+0*� DGVRUEHG� RQ� VXUIDFH� ZHUH� DS�
SOLHG� DV� DGVRUEHQWV� ZLWK� DQWLVHSWLF� DQG
IXQJLFLGDO� DFWLYLWLHV� >�������@�� &RPSOH[LQJ

SURSHUWLHV�RI�VLOLFD�ZLWK�DGVRUEHG�3+0*�WR�
ZDUGV�PLQRU�TXDQWLWLHV�RI�9�9���0R�9,��DQG
:�9,�� FDWLRQLF� IRUPV� LQ� QHXWUDO� PHGLXP
KDYH�EHHQ�VWXGLHG�LQ�>����@��$GVRUEHQWV�ZLWK
FKHPLFDOO\� LPPRELOL]HG� SRO\PHU� DUH� WKH
PRVW� VXLWDEOH� IRU� SUHFRQFHQWUDWLRQ� DQG
ZDWHU� SXULILFDWLRQ� DSSOLFDWLRQV�� +RZHYHU�
LQYHVWLJDWLRQV� LQ� WKLV� GLUHFWLRQ� DUH� SUDFWL�
FDOO\�DEVHQW��7KHUH�DUH�RQO\�ZRUNV�FRQFHUQ�
LQJ�FURVV�OLQNLQJ�RI�3+0*�DGVRUEHG�RQ�WKH
VXUIDFH�RI�D�QDWXUDO�]HROLWH��WXII�FRQWDLQLQJ
FOLQRSWLOROLWH��ZLWK�HSLFKORURK\GULQ�>������@�
7KH� DGVRUEHQW� REWDLQHG� KDV� D� KLJK� GHVDOL�
QDWLQJ�DELOLW\�DQG�DQWLEDFWHULDO�DFWLRQ�LQ�WKH
ZDWHU�SXULILFDWLRQ�SURFHVVHV�
7KH� DLP� RI� WKLV� ZRUN� LV� WR� HODERUDWH� D

PHWKRG�IRU�FRYDOHQW�DQFKRUDJH�RI�3+0*�&O
RQ� WKH� VLOLFD� VXUIDFH�� VWXG\� RI� DGVRUSWLRQ
SURSHUWLHV�RI�PRGLILHG�VLOLFD�WRZDUGV�PHWDO�
FRQWDLQLQJ� DQLRQV� RI� HOHPHQWV� RI� 9� DQG� 9,
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JURXSV�RI�WKH�3HULRGLF�7DEOH��7KH�XVDJH�SRV�
VLELOLWLHV� RI� WKH� V\QWKHVL]HG� DGVRUEHQW� IRU
VROLG�SKDVH� H[WUDFWLRQ� DQG� FRQFHQWUDWLRQ� RI
WKHVH� DQLRQV� IURP� GLOXWHG� PXOWLFRPSRQHQW
DTXHRXV� VROXWLRQV� IROORZHG� E\� SKRWRPHWULF
DQG� ;�UD\�IOXRUHVFHQFH� GHWHFWLRQ� DUH� DOVR
VWXGLHG�
7KH�VWDUWLQJ�VROXWLRQV�ZHUH�SUHSDUHG�E\�GLV�

VROYLQJ� SUHFLVH� VDPSOH� ZHLJKWV� RI� WKH�$QDODU
JUDGH� �1+���0R�2����+�2�� �1+���&U�2��1D�:2���+�2�� 1+�92��� 1D�$V2�� DQG
.�+32���+�2� VDOWV� XVLQJ� WKH� PHWKRG� GH�VFULEHG�LQ�>��@��7KH�ZRUNLQJ�VROXWLRQV�ZHUH
SUHSDUHG�IURP�WKH�VWDUWLQJ�RQH�LPPHGLDWHO\
EHIRUH� H[SHULPHQWV��6LOLFD�JHO� �0HUFN��ZLWK
����P��J�VSHFLILF�VXUIDFH�DUHD�����QP�SRUH
VL]H� DQG� ����Ü����� PP� SDUWLFOH� GLDPHWHU
ZDV� XVHG� DV� WKH� VXSSRUW�� ([WUDFWLRQ� DQG
FRQFHQWUDWLRQ� RI� Fh�9,��� :�9,��� &U�9,��
9�9��� $V�9�� DQG� 3�9�� DQLRQLF� IRUPV� ZHUH
FDUULHG�RXW�LQ�WKH�VWDWLF�PRGH�E\�FRQWDFWLQJ
���Ü����J�RI�PRGLILHG�VLOLFD�ZLWK���Ü���PO
RI� VROXWLRQ�� 7KH� ZRUNLQJ� VROXWLRQ� ¯s� ZDV
PDLQWDLQHG� E\� DGGLQJ� EXIIHU� VROXWLRQV� SUH�
SDUHG� IURP� VWDQGDUG� WLWULPHWULF� VXEVWDQFHV
RU� DPPRQLD� DFHWDWH�PL[WXUHV� DQG�ZDV� FRQ�
WUROOHG�E\�DQ�,������l���LRQRPHWHU��7KH�HTXL�
OLEULXP�FRQFHQWUDWLRQV�RI�DQLRQV�ZHUH�VWXGLHG
SKRWRPHWULFDOO\� XVLQJ� DQ� 6)���� VSHFWUR�
SKRWRPHWHU��5XVVLD��ZLWK�VTXDUH�FHOOV�RI���FP
WKLFNQHVV� DW� WKH� IROORZLQJ� ZDYHOHQJWKV�
O� ����� QP� IRU� 0R�9,��� O� �����QP� IRU
:�9,��� O� ����� QP� IRU�&U�9,��� O� �����QP
IRU�9�9���O� �����QP�IRU�$V�9���O� �����QP
IRU�3�9��XVLQJ�PHWKRGV�GHVFULEHG�LQ�>������@�
7KH� FRPSOH[HV� RI�0R�9,���:�9,���&U�9,��

9�9���$V�9�� DQG�3�9�� ZLWK� EURPRS\URJDOORO
UHG��%35��RQ�WKH�VLOLFD�VXUIDFH�ZLWK�FKHPL�
FDOO\� ERXQG� 3+0*� ZHUH� REWDLQHG� DV� IRO�
ORZV��7KH�HTXDO�ZHLJKWV� �����Ü�����J��ZLWK
GLIIHUHQW� TXDQWLWLHV� RI� DQLRQV� DGVRUEHG� RQ
PRGLILHG�VLOLFD�VXUIDFH�ZHUH�SXW�LQWR����PO
JODVVHV� DQG� ��� PO� RI� ZDWHU�DOFRKRO� �����
VROXWLRQ� RI� %35� ZLWK� FRQFHQWUDWLRQ� RI

����Ü�� PROH�/� ZDV� DGGHG� WR� HDFK� VDPSOH�
7KH�REWDLQHG�PL[WXUHV�ZHUH� VWD\HG� IRU� ��K
ZLWK� VWLUULQJ� XVLQJ� D� JODVV� URG�� 7KHQ� WKH
IRUPHG� FRORUHG� FRPSOH[HV� ZHUH� SODFHG� RQ
SDSHU� ILOWHUV� �\HOORZ� DQG� UHG� VWULS�� DQG
ZDVKHG� IURP�H[FHVV�G\H�E\����PO�ZDWHU�DO�
FRKRO� PL[WXUH� IHZ� WLPHV�� 7KH� VR� REWDLQHG
VDPSOHV�RI� FRORUHG�FRPSOH[HV�ZHUH�GULHG�DW
URRP� WHPSHUDWXUH� IRU� �� GD\�� (OHFWURQ� GLI�
IXVH� UHIOHFWLRQ� VSHFWUD� ZHUH� UHJLVWHUHG
XVLQJ�D�6SHFRUG����VSHFWURSKRWRPHWHU��*HU�
PDQ\��� 7KH� ;�UD\�IOXRUHVFHQFH� ZDV� PHDV�
XUHG� XVLQJ� DQ� (OYD;� PXOWL�FKDQQHO� ;�UD\
IOXRUHVFHQFH�VSHFWURPHWHU��8NUDLQH��
&KHPLFDO� ELQGLQJ� RI� 3+0*�&O� ZDV� UHDO�

L]HG� LQ� WKUHH� VWDJHV�� $W� WKH� ILUVW� VWDJH�
DPLQR�FRQWDLQLQJ�VLOLFD�JHO�ZDV�REWDLQHG�E\
VXUIDFH�FKHPLFDO�PRGLILFDWLRQ�ZLWK�VROXWLRQ
RI� ��DPLQRSURS\OWULHWKR[\VLODQH� LQ� WROXHQH�
$Q�WKH�VHFRQG�VWDJH��WKH�DPLQRVLOLFD�VXUIDFH
ZDV�DFWLYDWHG�ZLWK�F\DQXULF�FKORULGH��������
WULFKORUR�V\PP�WULD]LQH�� >��@�� 7KH� JRDO� RI
WKH� WKLUG� VWDJH� FRQVLVWHG� LQ� FKHPLFDO� ELQG�
LQJ�RI�3+0*�&O� WR� WKH�PRGLILHG�VLOLFD� VXU�
IDFH�YLD�LQWHUDFWLRQ�RI�LPPRELOL]HG�F\DQXULF
FKORULGH�ZLWK�WKH�SRO\PHULF�PDFURPROHFXOHV�
7R� FRQILUP� WKH� FKHPLFDO� LPPRELOL]DWLRQ� RI
3+0*� RQ� WKH� VLOLFD� VXUIDFH�� ,5�VSHFWUD� RI
VWDUWLQJ� SRO\PHU�� DPLQRSURS\O� VLOLFD� DQG
V\QWKHVL]HG� DGVRUEHQW� ZHUH� FRPSDUHG�� 7KH
FRQFHQWUDWLRQ� RI� ERXQG� 3+0*� ZDV� GHWHU�
PLQHG� XVLQJ� WKHUPRJUDYLPHWULF� �7*�� GDWD
DQG�VSHFWURSKRWRPHWULF�DQDO\VLV�RI�LQWHQVLW\
RI�FRORUHG�FRPSOH[HV�ZLWK�EURPRSKHQRO�EOXH
DW�O� �����QP��,W�IROORZV�IURP�7*�GDWD�WKDW
WKH�V\QWKHVL]HG�VDPSOHV�RI�FKHPLFDOO\�PRGL�
ILHG�VLOLFD�FRQWDLQ���Ü���PJ�RI�SRO\PHU�SHU
�� J� RI� VXSSRUW�� 7KH� VSHFWURSKRWRPHWULF
DQDO\VLV� KDV� VKRZQ� WKH� FRQFHQWUDWLRQ� RI
JUDIWHG� 3+0*� RQ� VLOLFD� VXUIDFH� ��Ü
���PJ�J��7KXV��UHVXOWV�RI�DQDO\VLV�PDGH�E\
GLIIHUHQW�PHWKRGV�DUH�LQ�JRRG�DJUHHPHQW�
7KH� GHSHQGHQFH� RI� H[WUDFWLRQ� H[WHQW� RI

0R�9,���:�9,���&U�9,���9�9���$V�9��DQG�3�9�
7DEOH���� 'HSHQGHQFH� RI� DGVRUSWLRQ� H[WHQW� RQ� WKH� VROXWLRQ� ¯s� IRU� DQLRQV� RI� 9� DQG� 9,� JURXSV
HOHPHQWV�DW�VLOLFD�ZLWK�FRYDOHQWO\�ERXQG�SRO\KH[DPHWK\OHQHJXDQLGLQH�K\GURFKORULGH
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DQLRQV� RQ� VLOLFD� ZLWK� FKHPLFDOO\� ERXQG
3+0*�RQ� WKH�PHGLXP�DFLGLW\� LQ� WKH� VWDWLF
DGVRUSWLRQ� PRGH� LV� VKRZQ� LQ� 7DEOH���� 7KH
PD[LPXP� DGVRUSWLRQ� RI� &U�9,�� DQLRQV� RQ
PRGLILHG� VLOLFD� LQ� WKH� IRUP� RI� GLFKURPDWH
LRQV� �&U�2��±�� LV� DWWDLQHG� LQ�DFLGLF� VROXWLRQ�¯s� ����Ü��� DQG� LQ� WKH� IRUP� RI� FKURPDWH
�&U2��±��RU�K\GURFKURPDWH�LRQV��+&U2�±���LQQHXWUDO� PHGLXP�� $GVRUSWLRQ� RI� &U�9,�� DQL�
RQV�RFFXUV� EHWWHU� LQ� WKH�SUHVHQFH�RI�DPPR�
QLXP� LRQV� WKDQ� LQ�SRWDVVLXP� LRQV�SUHVHQFH�
7KLV�IDFW�FDQ�EH�H[SODLQHG�E\�DGGLWLRQDO�H[�
FKDQJH� SURFHVVHV� RI� DPPRQLXP� QLWURJHQ
DWRPV� ZLWK� TXDWHUQDU\� QLWURJHQ� DWRPV� RI
3+0*�ERXQG�RQ�VLOLFD�VXUIDFH�
4XDQWLWDWLYH�DGVRUSWLRQ�RI�0R�9,��DQLRQV

�7DEOH���� LV� REVHUYHG� LQ� QHXWUDO�PHGLXP� LQ
WKH� IRUP� RI� PRO\EGDWH� LRQV�� +RZHYHU�� WKH
KLJK� DGVRUSWLRQ� DFWLYLW\� RI� REWDLQHG� PRGL�
ILHG� VLOLFD� WRZDUGV�0R�9,�� DQLRQV� ZDV� DOVR
GHWHFWHG� DW� ¯s� ����� �DGVRUSWLRQ� GHJUHH
DERXW�������� ,W�PXVW�EH� WDNHQ� LQWR�FRQVLG�
HUDWLRQ�WKDW�DW�WKLV�Ss�YDOXH��WKHUH�LV�HTXL�
OLEULXP� PL[WXUH� RI� PRO\EGDWH� �0R2��±��KH[DPRO\EGDWH� �>0R�2��@�±�� DQG� KHSWD�
PRO\EGDWH�LRQV��>0R�2��@�±��LQ�VROXWLRQ�>��@�:�9,�� DQLRQV� DUH� TXDQWLWDWLYHO\� DGVRUEHG� RQ
VLOLFD�ZLWK�FKHPLFDOO\�ERXQG�3+0*�DW�S+�a���
,Q�WKHVH�FRQGLWLRQV��WXQJVWHQ�H[LVWV�LQ�IRUP�RI
GRGHFDWXQJVWDWH�LRQV��>+�:��2��@�±��>������@�)RU� SKRVSKDWH� LRQV�� WKH� DGVRUSWLRQ� GH�
JUHH� LV� HVVHQWLDOO\� LQGHSHQGHQW� RI� WKH� PH�
GLXP� DFLGLW\� DQG� DPRXQWV� ��Ü����� LQ� ¯s
UDQJH�IURP���XS�WR����7DEOH�����8QOLNH�SKRV�
SKRUXV�� WKH� TXDQWLWDWLYH� DGVRUSWLRQ� RI�$V�9�
DQG�9�9��DQLRQV�ZDV�REVHUYHG�RQO\�LQ�QHXWUDO
PHGLXP��$W� RWKHU�S+�YDOXHV�� WKH� DGVRUSWLRQ
GHJUHH�RI�DUVHQDWH��$V2��±��DQG�YDQDGDWH�LRQV�92�±��ZDV�GHFUHDVHG�WR���Ü�����7KH� NLQHWLF� DGVRUSWLRQ� FKDUDFWHULVWLFV� RI
V\QWKHVL]HG� DGVRUEHQW� ZLWK� UHVSHFW� WR� DQD�
O\]HG� DQLRQV� DUH� VXPPDUL]HG� LQ� 7DEOH���
7KH� NLQHWLF� SURSHUWLHV� RI� WKH� REWDLQHG� LRQ�
H[FKDQJHU� ZHUH� IRXQG� WR� EH� ZRUVH� WKDQ

WKRVH� IRU� FRPSOH[LQJ� FKHPLFDOO\� PRGLILHG
VLOLFDV�� TXDQWLWDWLYH� H[WUDFWLRQ� RI� 0R�9,��
$V�9�� DQG� 9�9�� DQLRQV� RFFXUV� IRU� RQH� GD\�
7KH� H[FHSWLRQ� LV� WXQJVWHQ�9,�� DQLRQV� IRU
ZKLFK�DGVRUSWLRQ�LV�REVHUYHG�LQVWDQWO\�
7R� HVWLPDWH� WKH� DGVRUSWLRQ� FDSDFLW\� RI

WKH�VLOLFD�ZLWK�FKHPLFDOO\�ERXQG�3+0*��WKH
DGVRUSWLRQ�LVRWKHUPV�IRU�0R�9,���:�9,���DQG
9�9�� DQLRQV� ZHUH� VWXGLHG�� 7KH� DGVRUSWLRQ
FDSDFLW\� RI� WKH� V\QWKHVL]HG� DGVRUEHQW� ZLWK
UHVSHFW� WR� 0R�9,�� DQLRQV� LV� ���� PJ�J
�����PPRO�J��� IRU�:�9,�� DQLRQV��PRUH� WKDQ
���� PJ�J� ����� PPRO�J��� IRU� 9�9�� DQLRQV�
����PJ�J�������PPRO�J���7KH�DELOLW\�RI�WKH
PRGLILHG� VLOLFD� WR� DGVRUE�TXDQWLWDWLYHO\� WKH
DQLRQV� VWXGLHG� LQ� D� ZLGH� DPRXQW� UDQJH
�IURP� VRPH� PLFURJUDPV� WR� KXQGUHGV� PLOOL�
JUDPV�� LQGLFDWHV� D� KRPRJHQHRXV� GLVWULEX�
WLRQ� RI� SRO\PHU� RYHU� WKH� VXSSRUW� VXUIDFH�
7KLV� LV� D� UDWKHU� YDOXDEOH� FKDUDFWHULVWLF� RI
WKH� REWDLQHG� DGVRUEHQW� ZKLFK� FDQ� EH� XVHG
IRU�VROLG�SKDVH�H[WUDFWLRQ�RI�0R�9,���:�9,��
$V�9���DQG�9�9��LRQV��$IWHU�H[WUDFWLRQ�IURP
VROXWLRQV�� WKH� TXDQWLWDWLYH� DQDO\VLV� RI� WKH
LQGLFDWHG� DQLRQV� FDQ� EH� FDUULHG� RXW� � LQ� WKH
DGVRUEHQW�SKDVH� E\�GLIIHUHQW�PHWKRGV� �SKR�
WRPHWU\��QHXWURQ�DFWLYDWLRQ�DQDO\VLV��;�UD\
IOXRUHVFHQFH�VSHFWURPHWU\��
$FFRUGLQJ� WR� >��@�� HOHPHQWV�RI�9�DQG�9,

JURXSV� RI� WKH� 3HULRGLF� 7DEOH� IRUP� FRORUHG
FRPSOH[HV� ZLWK� EURPRS\URJDOORO� UHG� LQ� WKH
SUHVHQFH� RI� VXUIDFWDQWV� �LRQLF� DVVRFLDWHV��
$V� NQRZQ� IURP� >����@�� Fh�9,��%35� DQG
:�9,��%35� FRPSOH[HV� RQ� WKH� VLOLFD� VXUIDFH
ZLWK� SUHOLPLQDULO\� DGVRUEHG�3+0*�&O� IRUP
FRORUHG�DVVRFLDWHV�ZLWK�DEVRUSWLRQ�PD[LPXP
DW� ������ FPÜ�� ����� QP�� IRU� PRO\EGH�
QXP�9,�� DQG� DW� ������ FPÜ�� ����� QP�� IRU
WXQJVWHQ�9,���,W� LV�WR�QRWH�WKDW�Fh�9,��%35
DQG�:�9,��%35�FRPSOH[HV�KDYH�EHHQ�QRW�DG�
VRUEHG� RQ� XQPRGLILHG� VLOLFD� VXUIDFH� DQG�QR
VXSSRUW�FRORUDWLRQ�ZDV�REVHUYHG�
)RU� VWXGLHG�FRPSOH[HV�RI�Fh�9,���:�9,��

&U�9,���9�9���$V�9���DQG�3�9��ZLWK�EURPRS\�
7DEOH���� $GVRUSWLRQ� NLQHWLFV� IRU� DQLRQV� RI� 9� DQG� 9,� JURXSV� HOHPHQWV� DW� VLOLFD�ZLWK� FRYDOHQWO\
ERXQG�SRO\KH[DPHWK\OHQHJXDQLGLQH�K\GURFKORULGH��VWDWLF�DGVRUSWLRQ�PRGH�

$QLRQ $GVRUSWLRQ���
��PLQ ���PLQ ���PLQ ���PLQ ���K

&U�2��±>+&U2�±@ ���� ���� ���� ���� ����
0R2��±>0R�2��@�±�>0R�2��@�± ���� ���� ���� ���� ����

>+�:��2��@�± ����� ����� ����� ����� �����
32��± ���� ���� ���� ���� ����
$V2��± ���� ���� ���� ���� �����
92�± ���� ���� ���� ���� �����
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URJDOORO� UHG� RQ� WKH� VLOLFD� VXUIDFH� ZLWK
FKHPLFDOO\�LPPRELOL]HG�3+0*��HOHFWURQ�GLI�
IXVH� UHIOHFWLRQ� VSHFWUD� KDG� EHHQ� UHJLVWHUHG
�)LJ������%35�DGVRUEHG�RQ�WKH�VLOLFD�VXUIDFH
ZLWK� FKHPLFDOO\� ERXQG� 3+0*� �FXUYH� ��� LV
FKDUDFWHUL]HG� E\� D� ORZ� LQWHQVLW\� DEVRUSWLRQ
PD[LPXP� DW� OPD[� ����� QP�� %HJLQQLQJIURP� WKH� DGVRUEHG� PRO\EGHQXP� PDVV� RI
��PJ��0R�9,�� LRQ� DVVRFLDWHV� ZLWK� %35� RQ
VLOLFD�VXUIDFH�ZLWK�LPPRELOL]HG�3+0*��)LJ����
VKRZ�D�ZLGH�DEVRUSWLRQ�EDQG�DW�OPD[� ����Ü����QP��LWV�LQWHQVLW\�H[FHHGLQJ�WKDW�RI�%35
DGVRUEHG�RQ� WKH� VRUEHQW� VXUIDFH��7KLV� EDQG
LQWHQVLW\� ZDV� IRXQG� WR� LQFUHDVH� ZLWK� LQ�
FUHDVLQJ� DPRXQW� RI� PRO\EGHQXP�9,�� DG�
VRUEHG� RQ� WKH� VLOLFD� VXUIDFH� XS� WR� ����PJ�
$W� OPD[� ����Ü���� QP�� LRQLF� DVVRFLDWHV� RI:�9,�� H[KLELW� DQ� DEVRUSWLRQ� EDQG� DW� WKH
VXEVWDQFH�PDVV�H[FHHGLQJ�����PJ��,RQLF�DV�
VRFLDWHV�ZLWK�9�9��PDVV� IURP�����PJ�XS� WR
��PJ� ZLWK� %35� RQ� VLOLFD� VXUIDFH� ZLWK� LP�
PRELOL]HG� 3+0*� DUH� FKDUDFWHUL]HG� E\� D
ZLGH� DEVRUSWLRQ� EDQG� DW� OPD[� �����QP�7KH� EDQG� RI� $V�9�� LRQ� DVVRFLDWHV� KDV� DQ
DEVRUSWLRQ� PD[LPXP� DW� ���� QP� H[FHHGLQJ
LQ� LQWHQVLW\�RWKHU�DQDO\]HG�DQLRQV� LQ�UDQJH
���Ü���� QP�� 8QIRUWXQDWHO\�� WKH� SUHFLVH
TXDQWLWDWLYH� GHSHQGHQFH� RI� RSWLFDO� GHQVLW\
YDOXHV� IRU� 0R�9,���:�9,��� $V�9�� DQG� 9�9�
FRPSOH[HV�ZLWK� EURPRS\URJDOORO� UHG� RQ� VLO�
LFD� VXUIDFH�ZLWK� FKHPLFDOO\� ERXQG�SRO\KH[�
DPHWK\OHQH� JXDQLGLQH� DV� D� IXQFWLRQ� RI� DG�
VRUEHG� DQLRQ� PDVV� LV� QRW� DYDLODEOH� DW� SUH�
VHQW�� 7KDW� LV� ZK\� WKLV� PHWKRG� FDQ� EH
DSSOLHG�RQO\�IRU�WKH�TXDOLWDWLYH�GHWHFWLRQ�RI
WKHVH� DQLRQV�� ,W� KDV� EHHQ� IRXQG� WKDW� SUHV�
HQFH� RI� SKRVSKDWH� LRQV� DQG� &U�9,�� DQLRQV
LQIOXHQFHV�DGYHUVHO\�WKH�GHWHFWLRQ�

,W�KDV�EHHQ�IRXQG�WKDW�RSWLPXP�PHDVXUH�
PHQW�FRQGLWLRQV�IRU�PLFUR�DPRXQWV�RI�WXQJ�
VWHQ�� PRO\EGHQXP�� DQG� YDQDGLXP� RQ� WKH
PRGLILHG� VLOLFD� VXUIDFH� XVLQJ� PXOWLFKDQQHO
;�UD\� IOXRUHVFHQFH� VSHFWURPHWHU� (OYD;� DUH
DV� IROORZV�� FXUUHQW� VWUHQJWK� ,� ����Pk�
;�UD\�WXEH�YROWDJH�9� ����N9��H[SRVXUH�GX�
UDWLRQ�IRU�PLFUR�DPRXQW�GHWHFWLRQ�W� �����V
�IRU� PLOOLJUDP� DPRXQWV�� W� ����� V���%DVLQJ
RQ� WKH� GDWD� REWDLQHG�� GHSHQGHQFHV� RI� FKDU�
DFWHULVWLF� .D�OLQHV� LQWHQVLW\� IRU� WXQJVWHQ�YDQDGLXP�� DQG� PRO\EGHQXP� RQ� WKH� PHWDO
PDVV� LQ� WKH� DGVRUEHQW� SKDVH� ZHUH� SORWWHG�
$V�D�UXOH��DLU�GULHG�VDPSOHV�RI�PRGLILHG�VLO�
LFD� ZLWK� PHWDO�FRQWDLQLQJ� DQLRQ� PDVV� DG�
VRUEHG�RQ�VXUIDFH�RI�����J�ZHUH�XVHG��7KHVH
GHSHQGHQFHV� DUH� OLQHDU� RQO\� IRU� PLOOLJUDP
�IURP� ���� XS� WR� ����PJ�� DPRXQWV� RI� WXQJ�
VWHQ�� PRO\EGHQXP�� DQG� IRU� PLFURJUDP
�IURP� ��� XS� WR� ���� PJ�� DPRXQWV� RI� YDQD�
GLXP� �)LJ������ 7KLV� IDFW� SURYLGHV� TXDQWLWD�
WLYH�GHWHUPLQDWLRQ�RI�WKHVH�PHWDOV�LQ�DERYH�
PHQWLRQHG�FRQFHQWUDWLRQ�LQWHUYDOV�E\�VRUSWLRQ
;�UD\�IOXRUHVFHQFH�DIWHU�WKH�SUHFRQFHQWUDWLRQ
RQ�WKH�V\QWKHVL]HG�DGVRUEHQW�
7R� FRQFOXGH�� WKH� SRO\KH[DPHWK\OH�

QHJXDQLGLQH� K\GURFKORULGH� ZDV� FRYDOHQWO\
ERXQG� WR� WKH� VXUIDFH� RI� DPLQR�FRQWDLQLQJ
VLOLFD� DFWLYDWHG�ZLWK�F\DQXULF� FKORULGH��7KH
V\QWKHVL]HG� FKHPLFDOO\� PRGLILHG� VLOLFD� ZDV
IRXQG�WR�GHPRQVWUDWH�KLJK�DGVRUSWLRQ�DFWLY�
LW\�ZLWK�UHVSHFW�WR�DQLRQV�RI�HOHPHQWV�IURP
9� DQG� 9,� 3HULRGLF� 7DEOH� JURXSV� LQ� DFLGLF
�¯s� ��Ü��� DQG� QHXWUDO� PHGLD�� ZKHUH� WKH
DGVRUEHQW� TXDQWLWDWLYHO\� H[WUDFWV� 9�9��
:�9,���0R�9,���DQG�$V�9��DQLRQV��6LOLFD�ZLWK
LPPRELOL]HG� SRO\KH[DPHWK\OHQHJXDQLGLQH
K\GURFKORULGH� KDV� NLQHWLF� FKDUDFWHULVWLFV
W\SLFDO�RI�SRO\PHULF�DGVRUEHQWV��$GVRUSWLRQ
HTXLOLEULXP�LV�UHDFKHG�IRU�RQH�GD\��WKH�RQO\
H[FHSWLRQ�EHLQJ�:�9,��DQLRQV�ZKLFK�DUH�H[�
WUDFWHG�LQVWDQWDQHRXVO\��3RVVLELOLW\�RI�VRUS�

)LJ����� ,QWHQVLW\� RI� 9�9�� ;�UD\� IOXRUHVFHQFH
VSHFWUD�DV�D�IXQFWLRQ�RI�WKH�PHWDO�FRQWHQW�LQ
WKH�DGVRUEHQW�SKDVH��U� ����������

)LJ�����'LIIXVH�UHIOHFWLRQ�VSHFWUD�RI�%URPRS\�
URJDOORO�UHG�����DQG�LWV�FRPSOH[HV�ZLWK�0R�9,�
RQ�VLOLFDV�ZLWK�LPPRELOL]HG�SRO\KH[DPHWK\OH�
QHJXDQLGLQH� K\GURFKORULGH� DW� WKH� PHWDO
DPRXQW� �PJ�� ����� ����� ������ ����� DQG� �����
��Ü���UHVSHFWLYHO\��
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WLRQ�SKRWRPHWULF� GHWHUPLQDWLRQ� RI� 0R�9,��
:�9,���9�9��DQG�$V�9��PLQRU�DPRXQWV�ZLWK
EURPRS\URJDOORO� UHG� KDV� EHHQ� VKRZQ� DIWHU
SUHFRQFHQWUDWLRQ�RI�DQLRQV�XVLQJ�VLOLFD�ZLWK
LPPRELOL]HG� SRO\KH[DPHWK\OHQHJXDQLGLQH� K\�
GURFKORULGH�� 0HWKRG� RI� VRUSWLRQ� ;�UD\� IOXR�
UHVFHQFH�GHWHUPLQDWLRQ�RI�0R�9,���:�9,�� DQG
9�9��PLQRU�DPRXQWV�KDV�EHHQ�DOVR�SURSRVHG�
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