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1RQOLQHDU�RSWLFDO� �1/2��FU\VWDOV�� LQ�SDU�
WLFXODU�� SRWDVVLXP� GLK\GURJHQ� SKRVSKDWH
FU\VWDOV��.'3��.+�32����DUH�ZLGHO\�XVHG�IRUIUHTXHQF\� FRQYHUVLRQ� DQG� RSWLFDO� VZLWFKLQJ
LQ�PRGHUQ�RSWRHOHFWURQLFV�DQG�SKRWRQLFV�>�@�

0RUHRYHU�� WKHVH� FU\VWDOV� DUH� VXFFHVVIXOO\
XVHG� DV� D� PRGHO� V\VWHP� IRU� VWXG\LQJ� WKH
PHFKDQLVP�RI�FU\VWDO�JURZWK�IURP�WKH�VROX�
WLRQ�� DV� ZHOO� DV� IRU� ILQGLQJ� RXW� D� UHODWLRQ
EHWZHHQ� QRQOLQHDU� RSWLFDO� SURSHUWLHV� DQG
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FU\VWDO� VWUXFWXUH�� ,W� LV� ZLGHO\� GLVFXVVHG� LQ
WKH� OLWHUDWXUH� WKH� SRVVLELOLW\� WR� FUHDWH� QHZ
1/2�PHGLD� EDVHG� RQ� FRPSOH[� FRPELQDWLRQV
RI�ZDWHU�VROXEOH�LQRUJDQLF�PDWULFHV�ZLWK�RU�
JDQLF� LPSXULWLHV� >�@�� 6SHFLDO� HPSKDVLV� LV
ODLG� RQ� WKH� GHYHORSPHQW� RI� VROLG� VWDWH� G\H
ODVHUV� LQ� ZKLFK� ODVHU� UDGLDWLRQ� FRQYHUVLRQ
DQG�VXEVHTXHQW�SXPSLQJ�RI�RUJDQLF�G\H�DUH
UHDOL]HG� LQ� WKH� VDPH� PHGLXP� >�Ü�@�� 7KH
G\HV� DEVRUE� LQ� WKH� UDQJH� RI� ���Ü���� QP�
WKXV� WKH� VHFRQG� KDUPRQLF� JHQHUDWLRQ� RI
1G�<$*� ODVHU� OLJKW� �����QP�� LV�VXLWDEOH�IRU
SXPSLQJ� WKH� G\HV� LQFRUSRUDWHG� LQ� WKH� KRVW
FU\VWDO�LQ�RUGHU�WR�DFKLHYH�ODVLQJ�HIIHFW��
$V� VKRZQ� LQ� >�Ü�@�.'3�FU\VWDOV� FDQ� DE�

VRUE�D�YDULHW\�RI�RUJDQLF�PROHFXOHV��VXFK�DV
&KLFDJR� 6N\� %OXH�� $PDUDQWK�� 6XQVHW� <HO�
ORZ�� 7U\SDQ� %OXH�� 'LUHFW� %OXH�� 6WLOEHQH�
;\OHQRO�2UDQJH��0HWK\OWK\PRO�%OXH� HWF�� ,Q
RXU�SUHYLRXV�SDSHU� >�@�H[SHULPHQWDO�UHVXOWV
ZHUH� SUHVHQWHG� DQG� GLVFXVVHG� FRQFHUQLQJ
WKH� LQIOXHQFH� RI� RUJDQLF� G\HV� VXFK� DV
;\OHQRO� 2UDQJH� DQG�0HWK\OWK\PRO� %OXH� RQ
WKH�JURZWK�NLQHWLFV��KDELW�PRGLILFDWLRQ�DQG
FRORUDWLRQ�RI�.'3�VLQJOH�FU\VWDOV��DV�ZHOO�DV
WKH�HIIHFW�RI�H[WHUQDO�IDFWRUV��H�J��89��DQG
J�LUUDGLDWLRQ� RQ� WKH� RSWLFDO� SURSHUWLHV� RI
G\H�GRSHG�.'3�FU\VWDOV�
;\OHQRO�RUDQJH��;2��Û����c�ELV>1�1�GL�FDU�

ER[\PHWK\O�DPLQRPHWK\O@�R�FUHVROVXOIRQH�
SKWKDOHLQ� LV� D� ZDWHU�VROXEOH� G\H� RI
WULSKHQ\OPHWKDQH�JURXS�XVHG� DV�S+� LQGLFD�
WRU�� :KHUHDV� ;2� IRUPV� VWDEOH� FRPSOH[HV
ZLWK� D� QXPEHU� RI� WUDQVLWLRQ� PHWDOV�� LW� LV
ZLGHO\�XVHG�LQ�DQDO\WLFDO�FKHPLVWU\�>��@�DQG
LQ�UDGLDWLRQ�GRVLPHWHUV�>��@���
7KXV��LW�PD\�EH�VWDWHG�WKDW�.'3�FU\VWDOV

GRSHG� ZLWK� RUJDQLF� PROHFXOHV� VXFK� DV
;\OHQRO�2UDQJH�KDYH�WKH�SRWHQWLDO�IRU�FRP�
ELQLQJ�KLJK�RSWLFDO�QRQOLQHDULW\�DQG�FKHPL�
FDO�IOH[LELOLW\�RI�RUJDQLF�G\HV�ZLWK�WLPH�DQG
WKHUPDO� VWDELOLW\�� H[FHOOHQW� WUDQVPLWWDQFH
DQG� WKH� RSWLFDO� QRQOLQHDULW\� RI� LQRUJDQLF
PDWUL[� QHFHVVDU\� IRU� WKH� FUHDWLRQ� RI� QHZ
QRQOLQHDU�RSWLFDO�PHGLD�
,Q� WKLV� VWXG\� WKH� UHVXOWV� RI� FRPSUHKHQ�

VLYH� LQYHVWLJDWLRQ� RI� WKH� LQIOXHQFH� RI� WKHU�
PDO�DQQHDOLQJ�RQ�WKH�VSHFWUDO�DQG�QRQOLQHDU
RSWLFDO� SURSHUWLHV� RI� .'3� VLQJOH� FU\VWDOV
GRSHG� ZLWK� ;\OHQRO� 2UDQJH� G\H� DUH� SUH�
VHQWHG�
3XUH� DQG� G\H�GRSHG� .'3� FU\VWDOV� ZHUH

JURZQ�E\�WKH�PHWKRG�RI�WHPSHUDWXUH�ORZHU�
LQJ� �VHH�GHWDLOV�DW� >�@���7KH�G\H�GRSHG�.'3
FU\VWDOV� KDG� WKH� GLPHQVLRQV���u��u���PP�
�)LJ�������
7KH� FRQWHQW� RI� ;2� LQ� WKH� FU\VWDOV� ZDV

GHWHUPLQHG� E\� FRPSDULQJ� WKH� DEVRUSWLRQ
VSHFWUD�RI� WKH� VDPSOHV�DQG�RI�WKH�VROXWLRQV

ZLWK� NQRZQ� G\H� FRQWHQWV�� 7KH� G\H� FRQFHQ�
WUDWLRQ� LQ� WKH� JURZWK� VROXWLRQ� ZDV
���� SSP�� :H� REWDLQHG� FRORUHG� SULVPDWLF
^���`�VHFWRUV�DQG�WUDQVSDUHQW�XQFRORUHG�S\�
UDPLGDO�^���`�VHFWRUV�ZLWK�;2�FRQFHQWUDWLRQ
LQ�WKH�FU\VWDO�RI�DERXW����SSP��
7KH� DEVRUSWLRQ� VSHFWUD� RI� SXUH� DQG� G\H�

GRSHG�.'3�FU\VWDOV�ZHUH�PHDVXUHG�LQ����Ü
����� QP� ZDYHOHQJWK� UHJLRQ� XVLQJ� 89�YLV�
1,5�VSHFWURSKRWRPHWHU��/DPEGD�����3HUNLQ
(OPHU��� IRU� ,5�PHDVXUHPHQWV� � �����Ü
����FPÜ�� UDQJH�� )RXULHU� VSHFWURPHWHU� RI
3HUNLQ� (OPHU� 6SHFWUXP�2QH� W\SH�ZDV� XVHG
�WKH� VDPSOHV� ZHUH� PL[HG� ZLWK� .%U� DQG
SUHVVHG� LQWR� SHOOHWV��� 3KRWROXPLQHVFHQFH
PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� RQ� D� VSHF�
WURSKRWRPHWHU�PRGHO�6'/����/202��
7KH� VHOI�DFWLRQ� HIIHFW� RI� PRGH�ORFNHG

1G�<$*� ODVHU� VHFRQG� KDUPRQLF� UDGLDWLRQ
�����QP��LQ�WKH�FU\VWDOV�ZDV�VWXGLHG�E\�VSD�
WLDO�EHDP�SURILOH�GLVWRUWLRQV�DQDO\VLV�LQ�WKH
IDU� ILHOG� >��@�� 7KH� QRUPDO� LQFLGHQFH� GLUHF�
WLRQ� RI� ODVHU� EHDP� WRZDUGV� WKH� FU\VWDOV� LQ�
WHUIDFH�GRHV�QRW�FRUUHVSRQG�WR�SKDVH�PDWFK�
LQJ� FRQGLWLRQ� IRU� KDUPRQLFV� JHQHUDWLRQ�
WKXV� ZH� FDQ� RPLW� WKH� FRQWULEXWLRQ� RI� WKH
TXDGULF�1/2� UHVSRQVH��:H� UHFRUGHG� VLPXO�
WDQHRXVO\� WKH� WRWDO� WUDQVPLWWDQFH� RI� WKH
VDPSOHV� DQG� WKH� RQ�D[LV� WUDQVPLWWDQFH� LQ
WKH�IDU�ILHOG��GHDOLQJ�ZLWK�WKH�SKRWRLQGXFHG
DEVRUSWLRQ� DQG� WKH� QRQOLQHDU� UHIUDFWLRQ
LQGH[� YDULDWLRQ�� YHUVXV� WKH� SHDN� LQWHQVLW\
RI� ��� SV� �):+0�� ODVHU� SXOVHV�� :H� ZHUH
ZRUNLQJ� LQ� VLQJOH� SXOVH� H[WUDFWLRQ� UHJLPH
ZLWK���+]�UHSHWLWLRQ�UDWH��,Q�RUGHU�WR�PHDV�
XUH� 1/2� UHVSRQVH� LQ� PRGHUDWH� LQWHQVLW\
UDQJH� XS� WR� ���0:�FP�� ZLWK� KLJK� VLJQDO�
WR�QRLVH� UDWLR� WKH� VDPSOHV� ZHUH� SRVLWLRQHG
DW� WKH� GLVWDQFH� ��� FP� IURP� WKH� IRFXVLQJ
OHQV� �IRFDO� OHQJWK� ��� FP�� IDU� EH\RQG� WKH

)LJ����� $V� JURZQ� .'3� VLQJOH� FU\VWDO� GRSHG
ZLWK�;\OHQRO�RUDQJH�G\H�
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EHDP� ZDLVW� UHJLRQ�� 7KH� LQWHQVLW\� ZDV� FRQ�
WUROOHG�ZLWK�QHXWUDO� JUDGHG� DWWHQXDWRU� WKDW
GLG�QRW�GHIOHFW�WKH�EHDP��7KH�FU\VWDOV�ZHUH
LOOXPLQDWHG� ZLWK� GLYHUJLQJ� EHDP� ZLWK
JDXVVLDQ� SURILOH� RI� DERXW� ����PP� �):+0�
GLDPHWHU� DW� WKH� VDPSOH� SODQH�� 7KH� RQ�D[LV
�RU� FORVHG� DSHUWXUH�� WUDQVPLWWDQFH� WKURXJK
�� PP� UDGLXV� GLDSKUDJP� ZDV� UHJLVWHUHG� DW
WKH� GLVWDQFH� ����� FP� IURP� WKH� IRFXVLQJ
OHQV��
,Q�WKH�1/2�H[SHULPHQWV�ZH�KDYH�VWXGLHG

WKLQ� SROLVKHG� FU\VWDOOLQH� SODWHV� ZLWK
��u��� PP� FURVV�VHFWLRQ� �=� FXW�� SULVP��
WKHLU� WKLFNQHVVHV� G� ZDV� DERXW� ����PP� �VHH
7DEOH����
7KH� VDPSOHV� PHDQW� IRU� DEVRUSWLRQ� DQG

SKRWROXPLQHVFHQFH� LQYHVWLJDWLRQV� ZHUH
PDQXIDFWXUHG�LQ�WKH�IRUP�RI���u��u���PP�
FXEHV�ZLWK�RSWLFDOO\�SROLVKHG� IDFHV�RULHQWHG
DORQJ�WKH�FU\VWDOORJUDSKLF�D[HV�
$OO� WKH� H[SHULPHQWDO� VDPSOHV� ZHUH� FXW

RXW�RI�WKH�FRORUHG�SULVP�JURZWK�VHFWRU�^���`
DQG�DQQHDOHG� LQ�DLU�DW�D� WHPSHUDWXUH�XS� WR
����&�
$W� URRP� WHPSHUDWXUH� WKH� DEVRUSWLRQ

VSHFWUXP� RI� ;2�GRSHG� .'3� FU\VWDOV
�.3'�;2��LQ����Ü����QP�ZDYHOHQJWK�UDQJH
KDV� WKUHH� EURDG� DEVRUSWLRQ� EDQGV� DW� ����
���� DQG� ����QP� FDXVHG� E\� WKH� SUHVHQFH� RI
WKH�G\H�>�@��$V�VHHQ�IURP�)LJ���D��WKH�EDQG
ZLWK� OPD[� ����� QP� KDV� D� FRPSOH[� VWUXF�WXUH�DQG�FDQ�EH�DSSUR[LPDWHG�E\�WKH�UHVROX�
WLRQ�RI� WKH� EDVLF� FXUYH� LQWR� WZR�*DXVVLDQV�
*�� �ZLWK� OPD[� ����� QP�� WKH� KDOI�ZLGWKa����QP��WKH�LQWHJUDO�DUHD�XQGHU�WKH�FXUYH
a����� DQG� *�� �ZLWK� OPD[� ����� QP�� WKHKDOI�ZLGWK�a���QP�� WKH� LQWHJUDO�DUHD�XQGHU
WKH�FXUYH�a����$QQHDOLQJ�RI�WKH�GRSHG�VDP�
SOHV�DW�WHPSHUDWXUHV�XS�WR�����&�LV�QRW�DF�
FRPSDQLHG� ZLWK� GHVWUXFWLRQ� RI� WKH� G\H�
0HDQZKLOH��KHDWLQJ�RI�WKH�VDPSOH�JLYHV�ULVH
WR� UHGLVWULEXWLRQ� RI� WKH� LQWHQVLW\� LQ� WKH
EDQGV� *�� �ZLWK� OPD[� ����� QP�� WKH� KDOI�ZLGWK� a��� QP�� WKH� LQWHJUDO� DUHD� XQGHU� WKH
FXUYH�a����DQG�*���ZLWK�OPD[� �����QP��WKHKDOI�ZLGWK�a���QP�� WKH� LQWHJUDO�DUHD�XQGHU
WKH�FXUYH�a�����0RUHRYHU��XQGHU�VXFK�FRQGL�

WLRQV� WKH� UDWLR� RI� WKH� LQWHJUDO� *DXVVLDQ
DUHDV� HVVHQWLDOO\� FKDQJHV�� 6*��6*�� ������.'3�;2� VDPSOH� SULRU� WR� DQQHDOLQJ��
6*��6*�� ����� �.'3�;2� DIWHU� DQQHDOLQJ��7KH�FRORU�RI� WKH�DQQHDOHG�.'3�;2�VDPSOHV
FKDQJHV�IURP�\HOORZ�UHG�WR�SXUSOH�UHG��
;\OHQRO� 2UDQJH� KDV� ��� SRVVLEOH� LRQLF

IRUPV� LQ� DTXHRXV� VROXWLRQ�� 7KH� S+� IDFWRU
FRQWUROV� ZKLFK� RI� WKHVH� IRUPV� DUH� SUHVHQW
LQ�VROXWLRQV�DQG�WKHLU�SDUWLDO�FRQFHQWUDWLRQ�
,W� LV� NQRZQ� WKDW� WKH� G\H� LV� SUHVHQW� LQ� WKH
VROXWLRQ� �S+� ������ LQ� WZR�PROHFXODU� IRUPV
>��@� +�;2�±� DQG� +�;2�±�� 7KH� GRPLQDWLQJ
IRUP�RI� WKH�G\H� LV�+�;2�±�ZKLFK�PDQLIHVWV
LWVHOI�LQ�WKH�PDLQ�DEVRUSWLRQ�SHDN�DW�OPD[� ����QP��*���LQ�WKH�VSHFWUXP�VKRZQ�LQ�)LJ���D�7KH�SUHVHQFH�RI�WKH�G\H�LQ�WKH�IRUP�+�;2�±

)LJ�����$EVRUSWLRQ�VSHFWUD�RI�.'3�;2�FU\VWDO
LQ� WKH� UHJLRQ� RI� VLQJOHW�VLQJOHW� WUDQVLWLRQ� DW
���&��D��DQG�RI�WKH�VDPSOH�DQQHDOHG�DW�����&
�E��

7DEOH���� 6DPSOHV� FKDUDFWHUL]DWLRQ�� WKLFNQHVV�G�� RSWLFDO� DEVRUSWLRQ� FRHIILFLHQW�D� DW�����QP��;2
G\H� FRQFHQWUDWLRQ� Q'� DQG� WKH� ODVHU� LQWHQVLWLHV� ,S� DQG� ,V� FRUUHVSRQGLQJ� WR� WKH� SHDN� RI� WKHSKRWRLQGXFHG� WUDQVSDUHQF\� �PD[LPXP�� DQG� WR� WKH� SKRWREOHDFKLQJ� VDWXUDWLRQ� WKUHVKROG� �PLQL�
PXP��RI�WKH�WRWDO�WUDQVPLWWDQFH�YDULDWLRQ�GHSHQGHQFLHV�SUHVHQWHG�DW�)LJ���D�DQG�)LJ���D
6DPSOH G��PP D��FPÜ� Q'��FPÜ� ,S��0:�FP� ,V��0:�FP�
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FRUUHVSRQGV� WR� WKH� IHDWXUHV� RI� WKH� ORQJ�
ZDYHOHQJWK�UHJLRQ�RI� WKH�EDQG�ZLWK�OPD[� ���� QP� �*���� $QDO\VLV� RI� WKH� VWUXFWXUH� RIWKH�DEVRUSWLRQ�EDQG�LQ�WKH�UHJLRQ�RI�VLQJOHW
WUDQVLWLRQ� IRU� WKH� DQQHDOHG� VDPSOHV� UHYHDOV
WKDW� WKH� DQQHDOLQJ� RI� WKH� FU\VWDOV� OHDGV� WR
UHGLVWULEXWLRQ� RI� WKH� LQWHJUDO� DUHD� YDOXHV
IRU�*��DQG�*��UHVSRQVLEOH�IRU�WKH�FKDQJH�RIWKH�UHODWLYH�FRQFHQWUDWLRQ�RI�WKH�G\H�LQ�GLI�
IHUHQW�PROHFXODU�IRUPV��)LJ���E��Û�WKH�FRQ�
FHQWUDWLRQ� RI�+�;2�±� �*��EDQG��GLPLQLVKHV�ZKHUHDV� WKH� FRQFHQWUDWLRQ� RI� +�;2�±� �*�EDQG�� FRQVLGHUDEO\� LQFUHDVHV�� 7KXV�� WKH� RE�
VHUYHG� WUDQVIRUPDWLRQ� RI� WKH� VSHFWUXP� WHV�
WLILHV� WR� WKH� IDFW� WKDW� WKH� DQQHDOLQJ� RI
.'3�;2� FU\VWDOV� FKDQJHV� WKH� PROHFXODU
IRUP� RI� WKH� G\H�� +�;2�±o+�;2�±�� 7KLV� LV
DQDORJRXV� WR� WKH� HIIHFW� RI� WKH� S+� IDFWRU
FKDQJH�RI�IRU�DTXHRXV�;2�VROXWLRQ�>�@��

7KH� H[FLWDWLRQ� DQG� SKRWROXPLQHVFHQFH
�3/�� VSHFWUD� RI� WKH� VDPSOHV� RI� QRPLQDOO\
SXUH� .'3�� G\H�GRSHG� .'3� FU\VWDOV� ZKLFK
GLG�QRW�XQGHUJR�WKHUPDO�WUHDWPHQW�DQG�G\H�
GRSHG� .'3� FU\VWDOV� VXEMHFWHG� WR� WKHUPDO
DQQHDOLQJ� DW� ����&�� ZHUH� LQYHVWLJDWHG� LQ
���Ü���� QP� ZDYHOHQJWK� UHJLRQ�� 7KH� RE�
WDLQHG�GDWD�DUH�SUHVHQWHG�LQ�)LJ���D��E��7KH
H[FLWDWLRQ�DQG�SKRWROXPLQHVFHQFH�VSHFWUD�RI
QRQ�DQQHDOHG� DQG� DQQHDOHG� .'3�;2� FU\V�
WDOV� DUH� SUDFWLFDOO\� LGHQWLFDO�� 7KHUHDW�� IRU
OPD[�a����� QP� WKH� H[FLWDWLRQ� VSHFWUD� RIERWK� VDPSOHV� FRLQFLGH� ZLWK� WKH� DEVRUSWLRQ
EDQG� ZKLFK� FRUUHVSRQGV� WR� WKH� G\H� LQ� WKH
PROHFXODU� IRUP� +�;2�±�� OPD[� �����QP�7KH� PHDVXUHPHQWV� RI� 3/� SHUIRUPHG� ZKLOH
VKLIWLQJ� WKH� H[FLWDWLRQ� ZDYHOHQJWK� WRZDUGV
WKH� VKRUW�ZDYH� UDQJH� RI� WKH� VSHFWUD� VKRZ
WKDW� WKH� OXPLQHVFHQFH� LQWHQVLW\�GLPLQLVKHV�
7KLV�FRQILUPV�WKH�IDFW�WKDW�WKH�PDLQ�FRQWUL�
EXWLRQ� WR� OXPLQHVFHQFH� EHORQJV� WR� WKH� DE�
VRUSWLRQ�FHQWHU�+�;2�±�
)7,5�VSHFWUDO�DQDO\VLV�RI�.'3�;2�VLQJOH

FU\VWDOV�ZDV� FDUULHG� RXW� LQ� WKH�PHGLXP� LQ�
IUDUHG� UHJLRQ� H[WHQGLQJ� IURP� ���� WR
�����FPÜ��� 7KH� VSHFWUXP� LV� VKRZQ� LQ� )LJ�
XUH���� 7KH� SUHVHQWHG� ,5� DEVRUSWLRQ� VSHF�
WUXP�RI�SXUH�.'3�FU\VWDO�LV�XQDPELJXRXVO\
LQWHUSUHWHG�DQG�FRLQFLGHV�ZLWK�NQRZQ�OLWHUD�
WXUH� GDWD� >��Ü��@�� ,Q� WKH� ,5�VSHFWUXP� RI
.'3�;2� FU\VWDO� WKH� YLEUDWLRQ� FRQQHFWHG
ZLWK� IUHH� 2+� VWUHWFKLQJ�� ZKLFK� UHYHDOV� DW
�����FPÜ��LQ�SXUH�.'3�>��@��LV�DEVHQW��DQG
WKLV� IDFW� REYLRXVO\� WHVWLILHV� WR� D� VWURQJ� LQ�
WHUDFWLRQ�EHWZHHQ�;\OHQRO�2UDQJH�PROHFXOHV

)LJ����� �D�� 3KRWROXPLQHVFHQFH� VSHFWUD� ZLWK
GLIIHUHQW� H[FLWDWLRQ� ZDYHOHQJWK� RI� .'3�;2
���� QP� ����� ���� QP� ���� DQG� RI� SXUH� .'3
FU\VWDO� Û� ���� QP� ����� 3/� H[FLWDWLRQ� VSHF�
WUXP� RI� .'3�;2� FU\VWDO� ZLWK� PRQLWRU� DW
���� QP� ����� �E�� .'3�;2DQ� 3/� VSHFWUD� ZLWKH[FLWDWLRQ� ZDYHOHQJWK� ���� QP� ����� ���� QP
����� ���� QP� ���� DQG� 3/� H[FLWDWLRQ� VSHFWUXP
ZLWK� PRQLWRU� DW� ���� QP� ����� 6DPSOH� EHIRUH
�D��DQG�DIWHU�DQQHDOLQJ�DW�����&��E��

)LJ����� )7,5� VSHFWUD� RI� SXUH� .'3� �D�� DQG
.'3�;2�VDPSOHV��E��
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ZLWK� 2+� JURXSV�� 7KH� DEVRUSWLRQ� DW
�����FPÜ�� LQ�WKH�GRSHG�FU\VWDOV�PD\�EH�DW�
WULEXWHG�WR�K\GURJHQ�ERQGHG�2+�VWUHWFKLQJ�
,W� LV� WR� EH� QRWHG� WKDW� WKHUH� DUH� REVHUYHG
HVVHQWLDO� FKDQJHV� IRU� WKH� DEVRUSWLRQ� UHJLRQ
RI� WKH� FRPELQDWLRQ�EDQGV� �����Ü����� FPÜ���
LQ� SDUWLFXODU�� .'3�;2� FU\VWDO� KDV� D� EURDG
EDQG�ZLWK� D�PD[LPXP�DW������ FPÜ��ZKLFK
FRUUHVSRQGV� WR� WKH� DV\PPHWULFDO� DQG� V\P�
PHWULFDO� YLEUDWLRQV� �&22±�� ������ DQG
�����°PÜ���UHVSHFWLYHO\���
6LJQLILFDQW� GDWD� IRU� FKDUDFWHUL]DWLRQ� RI

WKH� VXEV\VWHP� RI� RUJDQLF� G\H�PROHFXOHV� LQ�
FRUSRUDWHG�LQWR�.'3�FU\VWDO�PDWUL[�PD\�EH
REWDLQHG� ZKLOH� VWXG\LQJ� WKH� 1/2� UHVSRQVH
DW� WKH�VHOI�DFWLRQ�RI�SLFRVHFRQG� ODVHU� UDGLD�
WLRQ� SXOVHV� RI� WKH� VHFRQG� KDUPRQLF� RI
1G�<$*� ODVHU�� 6XFK� DQ� DSSURDFK� SURYHG� WR
EH� HIIHFWLYH� IRU� WKH� LQYHVWLJDWLRQ� RI� 1/2
SURSHUWLHV�RI�ORZ�GLPHQVLRQDO�VXEV\VWHPV�LQ
FRPSOH[� KHWHURJHQHRXV� V\VWHPV� RI� ERWK� LQ�
RUJDQLF�>��@�DQG�RUJDQLF�>��@�RULJLQ�
7KH� 1/2� UHVSRQVH� RI� WKH� .'3� FU\VWDO

ZLWK�UHVSHFW� WR�DLU�ZDV�XVHG�DV�D� UHIHUHQFH
VWDQGDUG�IRU�HVWDEOLVKLQJ�WKH�SDUWLDO�FRQWUL�
EXWLRQ�RI�WKH�1/2�SURSHUWLHV�RI�WKH�RUJDQLF
G\H� VXEV\VWHP� LQ� WKH� FU\VWDOOLQH� PDWUL[�
7KH� WRWDO� WUDQVPLWWDQFH� RI� WKH� SXUH� .'3

DQG� RQ�D[LV� WUDQVPLWWDQFH� LQ� WKH� IDU� ILHOG
YHUVXV� WKH� SHDN� ODVHU� LQWHQVLW\� DUH� SUH�
VHQWHG� DW� )LJ����D�E��� )LJ����D�E�� FKDUDF�
WHUL]H� WKH� WRWDO� WUDQVPLWWDQFH� DQG� WKH� RQ�
D[LV�WUDQVPLWWDQFH�LQ�WKH�IDU�ILHOG�LQ�GRSHG
.'3�t|� DQG�.'3�t|DQ� QRUPDOL]HG� RQ� WKHFRUUHVSRQGLQJ� GHSHQGHQFHV� RI� WKH� 1/2� UH�
VSRQVH�RI�SXUH�.'3�FU\VWDOV�DFFRUGLQJO\�
7R�HOLPLQDWH�WKH�FRQWULEXWLRQ�RI�SKRWRLQ�

GXFHG� SURFHVVHV� RI� EOHDFKLQJ�GDUNHQLQJ
ZKLOH� HVWLPDWLQJ� WKH� UHIUDFWLYH� UHVSRQVH� RI
WKH� PHGLXP�� WKH� H[SHULPHQWDO� GHSHQGHQFHV
RI�WKH�RQ�D[LV�WUDQVPLWWDQFH�LQ�WKH�IDU�ILHOG
ZHUH� QRUPDOL]HG� WR� WKH� FRUUHVSRQGLQJ� GH�
SHQGHQFHV�RI�WKH�WRWDO�WUDQVPLWWDQFH�FRHIIL�
FLHQW� RQ� WKH� LQWHQVLW\� RI� LQFLGHQW� ODVHU� UD�
GLDWLRQ� >��@� SUHVHQWHG� LQ� )LJ���D�� )LJ�� �D
DQG� DOO� RI� FXUYHV� ZHUH� QRUPDOL]HG� WR� WKH
WUDQVPLWWDQFH�DW� ORZ�LQWHQVLW\� OHYHOV� LQ� WKH
XVHG� UHJLVWUDWLRQ� JHRPHWU\� WR� UHYHDO� WKH
FRQWULEXWLRQ�RI�SKRWRLQGXFHG�YDULDWLRQV��
3KRWRLQGXFHG� FKDQJHV� RI� WKH� FU\VWDOV�

WUDQVPLWWDQFH� DFFRPSDQ\LQJ� WKH� ULVH� RI
ODVHU� UDGLDWLRQ� LQWHQVLW\� �)LJ����� �D�� DOORZ
WR� HVWLPDWH� WKH� FKDQJHV� LQ� WKH� LPDJLQDU\
SDUW�RI�WKH�FXELF�1/2�VXVFHSWLELOLW\�,P�F����
>��@�� $QDO\VLV� RI� WKH� RQ�D[LV� WUDQVPLWWDQFH

)LJ����� 7KH� WRWDO� WUDQVPLWWDQFH� �D�� DQG� RQ�
D[LV� WUDQVPLWWDQFH� �E�� RI� SXUH� .'3� FU\VWDO
QRUPDOL]HG� RQ� OLQHDU� WUDQVPLWWDQFH�7OLQ� YHU�VXV�WKH�SHDN�ODVHU�LQWHQVLW\�DW�����QP��UHIHU�
HQFH�Û�DLU��

)LJ����� 7KH� QRUPDOL]HG� WRWDO� WUDQVPLWWDQFH� �D�
DQG� WKH� QRUPDOL]HG� RQ�D[LV� WUDQVPLWWDQFH� LQ
WKH�IDU�ILHOG��E��YHUVXV�WKH�SHDN�ODVHU�LQWHQVLW\
DW�����QP�RI�.'3�;2�Û����DQG�.'3�;2DQ�Û��
�UHIHUHQFH� Û� FRUUHVSRQGLQJ� 1/2� UHVSRQVH� RI
WKH�SXUH�.'3�SUHVHQWHG�DW�)LJ������
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LQ� WKH� IDU� ILHOG� �)LJ����� �E��PDNHV� LW�SRVVL�
EOH� WR� HVWLPDWH� 1/2� FRHIILFLHQW� RI� WKH� UH�
IUDFWLYH� LQGH[�� DV� ZHOO� DV� WKH� UHDO� SDUW� RI
WKH�FXELF�1/2�VXVFHSWLELOLW\�5H�F�����>��@���
$OO�WKH�VDPSOHV�VKRZHG�WKH�HIIHFW�RI�SKR�

WRLQGXFHG�EOHDFKLQJ�ZKLFK�UHDFKHV�LWV�PD[L�
PXP�DW� WKH� LQWHQVLW\� ,S� �)LJ����� �D�� DW� WKHLQLWLDO�VWDJH��$W�WKH�LQWHQVLW\�,S��VHH�7DEOH���WKH� WRWDO� WUDQVPLWWDQFH� KDV� LWV� PD[LPXP
7�,S��DQG�DW�,���,S�WKH�QHJDWLYH�YDOXHV�RI�WKHFRHIILFLHQW� ,P�F���������� WKH� HIILFLHQF\� RI
SKRWR�LQGXFHG�EOHDFKLQJ�PDNHV�a�����RI�WKH
YDOXH�RI�OLQHDU�WUDQVPLWWDQFH�7OLQ��)LJ������E��� � $W� WKH� QH[W� LQWHUYDO� RI� WKH� LQFUHDV� WKH
UDGLDWLRQ�LQWHQVLW\�DW�,S���,���,V��VHH�7DEOH���OHDGV� WR� GHFUHDVH� RI� WKH� WRWDO� WUDQVPLVVLRQ
�WR� GLIIHUHQWLDO� GDUNHQLQJ�� RI� WKH� VDPSOHV�
,P�F�����!��� SURYLGHG� WKDW� 7�,��!�7OLQ�� 7KHHQHUJ\� RI� WKH� ORFDO� PLQLPXP� RI� WKH� WRWDO
WUDQVPLWWDQFH� 7�,V�� FRUUHVSRQGV� WR� WKHWKUHVKROG� VDWXUDWLRQ� LQWHQVLW\� ,V� ��VZLWFK�RII���RI�WKH�SULPDU\�PHFKDQLVP�RI�SKRWRLQ�
GXFHG�EOHDFKLQJ�

,S�DQG�,V�YDOXHV�IRU�WKH�G\H�VXEV\VWHP�LQQRQ�DQQHDOHG� .'3�;2� FU\VWDO� �7DEOH���� HV�
VHQWLDOO\�GLIIHU�IURP�WKH�FRUUHVSRQGLQJ�YDO�
XHV� REWDLQHG� IRU�.'3�DQG�.'3�;2DQ� FU\V�WDOV� �,S�.'3�;2��t,V�.'3�;2DQ���� 6XFK� DQDSSURDFK� LV� H[SODLQHG� E\� WKH� IDFW� WKDW� LQ
QRQ�DQQHDOHG�.'3�;2� WKH�1/2� UHVSRQVH� LV
IRUPHG� E\� WKH� FRPSHWLWLYH� FRQWULEXWLRQV� RI
WKH�GHIHFW�VXEV\VWHP�RI�.'3�FU\VWDO�PDWUL[
DQG�WKH�G\H�VXEV\VWHP��DV� LW� WDNHV�SODFH� LQ
.'3�;2DQ� ZLWK� UHGXFHG� GHIHFW� VXEV\VWHPRI� WKH�FU\VWDO�PDWUL[��7KDW� LV�ZK\�� WKH�RE�
VHUYHG�LQWHQVLW\�YDOXHV�RI�WKH�FKDUDFWHULVWLF
SKRWRLQGXFHG� FKDQJHV� DUH� FRQVLGHUDEO\
VKLIWHG� ZLWK� UHVSHFW� WR� WKH� FRUUHVSRQGLQJ
YDOXHV�RI�WKH�VDLG�VXEV\VWHPV��
$IWHU� VDWXUDWLRQ� RI� WKH� SURFHVVHV� RI

SKRWR�LQGXFHG� EOHDFKLQJ� RI� WKH� G\H� PROH�
FXOHV� LQ�.'3�t|DQ�� WKH�GHSHQGHQFHV�RI�WKHWRWDO� WUDQVPLWWDQFH� IRU� ERWK� FU\VWDOV� �)LJ����
,�!�,V��SUDFWLFDOO\�FRLQFLGH��/DVHU�EHDP�VHOI�IRFXVLQJ�LQ�WKH�FU\VWDO�LV
REVHUYHG� LQ�WKH�IRUP�RI�WKH�LQFUHDVH�RI�WKH

RQ�D[LV�WUDQVPLWWDQFH�DFFRPSDQLHG�ZLWK�WKH
HIIHFW�RI�SKRWRLQGXFHG�ULVH�RI�WKH�WUDQVPLW�
WDQFH� YDOXH� RI� DERXW� ���� LQ� .'3� DW� ,d,S�)LJ���E��� 7KH� WRWDO� WUDQVPLWWDQFH� RI� .'3
UHDFKHV� ������� LQ� WKH�PD[LPXP� RI� SKRWR�
LQGXFHG�EOHDFKLQJ��DW�,� �,V���7KH� H[SHFWHG� YDOXHV� RI� LPDJLQDU\
,P�F����� �Ü������Ü�� HVX� DQG� SDUWV� 5H�F����� 
����Ü���HVX� FDOFXODWHG� DW�.'3� H[FLWDWLRQ� LQ
WKH� UHJLRQ� RI� EOHDFKLQJ� �,���,S�� DUH� E\� IRXURUGHUV� RI� PDJQLWXGH� KLJKHU� WKDQ� WKH� YDOXHV
RI�WKH�UHDO�FRPSRQHQW�RI�WKH�FXELF�1/2�VXV�
FHSWLELOLW\�REWDLQHG�E\�RWKHU�DXWKRUV�>������@
DW�KLJKHU�H[FLWDWLRQ�LQWHQVLWLHV��
7KH�REVHUYHG�HIIHFW�LV�EDVHG�RQ�WKH�UHVR�

QDQFH�H[FLWDWLRQ�RI�WKH�LQWULQVLF�DQG�SKRWR�
LQGXFHG� GHIHFWV� ORFDWHG� LQ� WKH� EDQG� JDS� RI
WKH� .'3� FU\VWDO�� 7UDQVLHQW� RSWLFDO� DEVRUS�
WLRQ�RI�KROH�SRODURQV�LV�H[SHULPHQWDOO\�LQYHV�
WLJDWHG� LQ� >��@�� HOHFWURQLF� VWUXFWXUH� FDOFXOD�
WLRQV� RI� LQWULQVLF� DQG� H[WULQVLF� K\GURJHQ
SRLQW�GHIHFWV�LQ�.'3�DUH�SUHVHQWHG�LQ�>��@�
7KH�RSWLFDO�DEVRUSWLRQ�RI�WKH�VXEV\VWHP�RI

.'3�FU\VWDO�GHIHFWV�DQG�WKH�VXEV\VWHP�RI�G\H
PROHFXOHV� LQ� .'3�;2DQ� FU\VWDOV� GLPLQLVKHVXQGHU�WKH�DFWLRQ�RI�SXOVHG�ODVHU�UDGLDWLRQ�ZLWK
����QP�ZDYHOHQJWK�������H9��LQ�D�QDUURZ�LQ�
WHQVLW\� UDQJH� ,���,V� ���������0:�FP�� ZLWK
WKH� PD[LPXP� ,S� ���������0:�FP�� �VHH
7DEOH����� $W� KLJKHU� H[FLWDWLRQ� OHYHOV� ,�!�,VWKH� 1/2� UHVSRQVH� HIILFLHQF\� GHFUHDVHV� HV�
VHQWLDOO\� DQG� OHDGV� WR� VPDOO� YDULDWLRQV� RI
WKH� FRHIILFLHQWV� RI� WRWDO� DQG� RQ�D[LV� WUDQV�
PLWWDQFH�LQ�WKH�IDU�ILHOG��
7KH�ZDYHOHQJWK�RI�ODVHU�H[FLWDWLRQ�FRUUH�

VSRQGV� WR� WKH� UHVRQDQFH� H[FLWDWLRQ� LQ� WKH
RYHUODS� RI� WKH� WZR� EURDG� EDQGV� RI� G\H� DE�
VRUSWLRQ�� DW� ����QP� ������ H9�� DQG� ����QP
������ H9�� IRU� WKH� VXEV\VWHP� RI� WKH� G\H
PROHFXOHV� LQ� .'3�t2DQ�� 6LPLODU� HIIHFW� RIH[FLWDWLRQ� LQ� WKH�RYHUODS�RI� WKH�ZLGH�EDQGV
DW�����QP� ������H9��DQG�����QP�������H9�
>��@� ERXQG� XS� ZLWK� GHIHFW� VWDWHV�� LV� DOVR
REVHUYHG� LQ� .'3� FU\VWDO�� 7KH� HVWLPDWLRQ
PDGH� LQ� >��@� IRU� WKH� FRQFHQWUDWLRQ�RI� RSWL�
FDO� DEVRUSWLRQ� FHQWHUV� LQ� .'3� DW� ���� H9
�����QP��ZKLFK�LV�HTXDO�WR������°PÜ��FRUUH�

7DEOH����5HDO�DQG�LPDJLQDU\�SDUWV�RI�WKH�FXELF�QRQOLQHDU�RSWLFDO�VXVFHSWLELOLW\�F����IRU�WKH�FU\VWDO
VDPSOHV�DW�WKH�SKRWREOHDFKLQJ��,�d�,S��DQG�WKH�SKRWREOHDFKLQJ�VDWXUDWLRQ��,S��,�d�,V��UDQJHV�RI�WKHSHDN�ODVHU�LQWHQVLWLHV�DW�����QP�
6DPSOH 5HIHUHQFH ,�d�,S ,S��,�d�,V

5H�F��������Ü��HVX ,P�F��������Ü��HVX 5H�F��������Ü���HVX ,P�F��������Ü���HVX�
.'3 DLU ��� Ü��� ���� ���

.'3�t| .'3 Ü��� Ü��� ��� Ü���
.'3�t|DQ .'3 Ü���� Ü��� ���� ���
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VSRQGV� WR� WKH� FRQFHQWUDWLRQ� RI� G\H� PROH�
FXOHV��7DEOH����LQ�WKH�PDWUL[�RI�WKLV�FU\VWDO�
7KLV� IDFW� H[SODLQV� WKH� FKDUDFWHULVWLF� DPSOL�
WXGHV�DQG�UDQJHV�RI�PDQLIHVWDWLRQ�RI�SKRWRLQ�
GXFHG�EOHDFKLQJ�IRU�WKH�H[FLWHG�VXEV\VWHPV�RI
GHIHFWV� DQG� G\H�PROHFXOHV� DW� WKH� LQFUHDVH� RI
WKH�UHVRQDQFH�H[FLWDWLRQ�LQWHQVLW\��
7KH�1/2�SURSHUWLHV� RI� WKH� VXEV\VWHP�RI

t|� PROHFXOHV� LQ� .'3�t|� DQG� .'3�t|DQFU\VWDOV�LQ�WKH�UDQJH�,���,S��)LJ���D��DFFRP�SDQLHG�ZLWK� ODVHU� UDGLDWLRQ� VHOI�GHIRFXVLQJ�
L�H��GHFUHDVH�RI�RQ�D[LV�WUDQVPLWWDQFH�LQ�WKH
IDU�ILHOG��)LJ���E���VKRZV�DQ�HVVHQWLDO�GLIIHU�
HQFH� EHWZHHQ� WKH� UHDO� DQG� LPDJLQDU\� SDUWV
RI� WKH� FXELF� 1/2� VXVFHSWLELOLWLHV
F����.'3�t|DQ��a��F����.'3�;2�� �7DEOH����
,Q� .'3�t|� FU\VWDO� D� JRRG� RYHUODS� RI� WKH
HQHUJ\�OHYHOV�RI�WKH�VXEV\VWHPV�RI�LQWULQVLF
GHIHFWV�DQG�G\H�PROHFXOHV�LQ�WKH�FU\VWDO�PD�
WUL[�UHVXOWV�LQ�FRQFXUUHQFH�DQG�SDUWLDO�FRP�
SHQVDWLRQ� RI� WKH� UHVSRQVH� RI� HDFK� RI� WKH
V\VWHPV�� 'XH� WR� WKHUPDO� DQQHDOLQJ� RI� GH�
IHFWV� LQ� .'3�;2DQ� FU\VWDO�� PRUH� HIILFLHQW1/2�UHVSRQVH�RI�WKH�VXEV\VWHP�RI�G\H�PROH�
FXOHV� VWDUWV� WR� GRPLQDWH�� DQG� WKLV� LV� FRQ�
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