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,RQV� RI� KHDY\� PHWDOV�� SDUWLFXODUO\� PHU�
FXU\� �,,��� EHLQJ� YHU\� GDQJHURXV� IRU� KXPDQ
RUJDQLVP�� RIWHQ� DUH� FDUULHG� RYHU� WKH� HQYL�
URQPHQW�ZLWK�ZDWHU�>�@��7KXV��ZDWHU�SXULIL�
FDWLRQ�IURP�WKHVH�LRQV�SD\V�D�VSHFLDO�DWWHQ�
WLRQ��)URP�WKLV�SRLQW�RI�YLHZ��VLOLFDV�PRGL�
ILHG� ZLWK� OLJDQG� JURXSV� LPSDUWLQJ
VHOHFWLYLW\�LQ�VRUSWLRQ�SURFHVVHV�>�@�DUH�YHU\
DWWUDFWLYH� FRPSRXQGV�� $V� D� UXOH�� WKLRO� DQG
WKLRXUHD� JURXSV� DUH� XVH� WR� DGVRUE� VHOHF�
WLYHO\�+J�,,��LRQV��,W�LV�WR�QRWH�WKDW�WKH�IXQF�
WLRQDOL]DWLRQ� RI� VLOLFD� PDWUL[� VKRXOG� QRW
ZRUVHQ� LWV� NLQHWLF� FKDUDFWHULVWLFV�� 7KXV�� LQ
>�@�� WKH�0&0����IXQFWLRQDOL]HG�ZLWK���EHQ�
]R\O���SURS\OXUHD� JURXSV� ZDV� FKRVHQ� DV� D

PDWUL[�� 7KH� PDWHULDO� VR� REWDLQHG� DSSHDUHG
WR� EH� D� JRRG� DGVRUEHQW� IRU�+J�,,�� LRQV��7KH
PD[LPXP�VRUSWLRQ�FDSDFLW\�ZDV�����PPRO�J
�DW� WKH� IXQFWLRQDO� JURXS� FRQFHQWUDWLRQ
����� PPRO�J��� 7KLRXUHD� JURXS� DQG� LWV� GH�
ULYDWLYHV� DUH� YHU\� LQWHUHVWLQJ� FRPSOH[LQJ
DJHQWV� >�@�� 7KH� XVH� WKHUHRI� SURYLGHV� HIIHF�
WLYH� VLOLFD� VRUEHQWV��7KHVH�PDWHULDOV�DUH�HI�
IHFWLYH� LQ� H[WUDFWLQJ� QRW� RQO\� PHWDOV� VXFK
DV�$J�,���+J�,,���3G�,,���3W�,9��� HWF��� EXW� DOVR
KDORJHQ�DQLRQV��)±��%U±���+RZHYHU��PHVRSRU�
RXV�DGVRUSWLRQ�PDWHULDOV�DUH�XVXDOO\�V\QWKH�
VL]HG� LQ�WZR�VWHS�V\QWKHVLV��5HFHQWO\��>�Ü�@
WKH�RSSRUWXQLW\�RI�RQH�VWHS�V\QWKHVLV�RI�VH�
OHFWLYH�PHVRSRURXV�WKLRO�FRQWDLQLQJ�VRUEHQWV
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IRU�+J�,,��XVLQJ�GLIIHUHQW�W\SHV�RI�WHPSODWHV�
FHW\OWULPHWK\ODPPRQLXP� EURPLGH� >�@��Q�RF�
W\ODPLQH� >�@�� WULEORFN� VXUIDFWDQW� >�@� KDV
EHHQ� GHPRQVWUDWHG�� ,Q� WKLV� FRQQHFWLRQ�� WKH
PDLQ�JRDO�RI�RXU�LQYHVWLJDWLRQV�LV�WR�V\QWKH�
VL]H� PHVRSRURXV� VRUEHQWV� ZLWK� WKLRXUHD
JURXS� VHOHFWLYH� WR� +J�,,�� LRQV� LQ� RQH�VWHS
WHPSODWH�SURFHVV��,Q�WKLV�SDSHU��WKH�V\QWKH�
VLV� RI� PHVRSRURXV� DGVRUEHQWV� ���GRGHF\�
ODPLQH� DV� WHPSODWH�� IXQFWLRQDOL]HG� ZLWK� ��
HWK\O���SURS\OWKLRXUHD� JURXS�� WKHLU� VWUXF�
WXUH�DGVRUSWLRQ� FKDUDFWHULVWLFV� DQG� WKH
LQIOXHQFH� RI� WKH� K\GURWKHUPDO� WUHDWPHQW
�+77�� LV� GHVFULEHG�� ,W� LV� H[SHFWHG� WKDW� WKH
+77� RI� WKH� PHVRSKDVHV� SURYLGHV� PRUH� RU�
GHUHG� DGVRUEHQWV� DQG�� FRQVHTXHQWO\�� DQ� LP�
SURYHPHQW�RI�WKH�SRUH�VWUXFWXUH�SDUDPHWHUV�

7HWUDHWKR[\VLODQH�� 6L�2&�+���� ��(26�
��� ���� ��DPLQRSURS\OWULHWKR[\VLODQH�
�&�+�2��6L�&+���1+�� �k3�(6�� ��� ���� ELV�
>���WULPHWKR[\VLO\O��SURS\O@DPLQH�
>�&+�2��6L�&+���@�1+��%�l3k��������)OXND��1�>��WULPHWKR[\VLO\O��SURS\O@HWK\OHQHGLDPLQH�
�&+�2��6L�&+���1+�&+���1+����l3(k����������GRGHF\ODPLQH��&+��&+����1+�� �''$��� DQ�K\GURXV� DFHWRQLWULOH� DQG� HWKDQRO�ZHUH� XVHG
DV� LQLWLDO� PDWHULDOV� �DOO� UHDJHQWV� IURP
$OGULFK�� LI�QR�RWKHUZLVH�VSHFLILHG���7KH�WUL�
IXQFWLRQDO� VLODQH� ZLWK� WKLRXUHD� JURXSV
��&�+�2��6L�&+���1+&�6�1+&�+��� (786�
ZDV� V\QWKHVL]HG� DFFRUGLQJ� WR� >�@�� 7KH� VDP�
SOHV� ZHUH� V\QWKHVL]HG� XVLQJ� WKH� IROORZLQJ
WHFKQLTXH�� )06��$� �7(26�(786�$37(6� 
���������WR�WKH�''$��������PRO��VROXWLRQ�LQ
HWKDQRO� ���� °P���� ILUVW� (786� ������� PRO��
WKHQ� �(26� ������ PRO�� DQG� $37(6

������� PRO�� ZHUH� DGGHG� XQGHU� VWLUULQJ�
7KHQ�� XQGHU� FRQWLQXRXV� VWLUULQJ�� ZDWHU
����FP���ZDV�DGGHG�GURSZLVH��'XULQJ�DERXW
WZR� PLQXWHV�� D� SUHFLSLWDWH� ZDV� IRUPHG� IURP
WKH� FOHDU� VROXWLRQ��ZKLFK�ZDV� OHIW� WR� VWDQG� DW
DPELHQW�WHPSHUDWXUH�IRU����K��7KHQ�LW�ZDV�ILO�
WHUHG� RII� DQG� GULHG� LQ� DLU� GXULQJ� ��� K�� 7KH
)06��$� �7(26�(786�%�l3k� ��������������
DQG� )06��$� � �7(26�(786��l3('� 
����������� VDPSOHV� ZHUH� V\QWKHVL]HG� LQ� WKH
VDPH� ZD\�� 7KXV�� WKH� PRODU� UDWLR� RI� UHDF�
WDQWV� DV� IROORZV�� ���� �(26������ �52��6L5c�WRWDO� TXDQWLW\� WULIXQFWLRQDO� VLODQHV��� ����
''$�� ���� +�2�� :KHQ� XVLQJ� %�l3k�� WKH
SUHVHQFH� RI� WZR� �&+�2��6L�&+����FKDLQV� LQLWV�PROHFXOH�ZDV�WDNHQ�LQWR�DFFRXQW��L�H��WKH
PRODU� UDWLR� RI� WULIXQFWLRQDO� VLODQHV
�%�l3k�(786�� LQ� WKH� LQLWLDO� VROXWLRQ� IRU
WKH� )06��$� VDPSOH� ZDV� ����������� :KHQ
XVLQJ�703('��WKH�SUHVHQFH�LQ�LWV�PROHFXOH�RI
WZR� DPLQR� FHQWHUV� ZDV� WDNHQ� LQWR� DFFRXQW�
L�H��WKH�PRODU�UDWLR�RI�WULIXQFWLRQDO�VLODQHV�LQ
WKH� LQLWLDO� VROXWLRQ� IRU� WKH� )06��$� VDPSOH
ZDV� ����������� 7KH� VXUIDFWDQW� ZDV� ZDVKHG
RXW� IURP� DOO� REWDLQHG� ZKLWH� SRZGHU\� VXE�
VWDQFHV�ZLWK�DFHWRQLWULOH�XQGHU�ERLOLQJ�IRU���K
����°P��&+�&1�SHU���J�RI�VDPSOH���WKH�RSHUD�WLRQ� ZDV� UHSHDWHG� WKULFH�� 7KHQ� WKH� VDPSOHV
ZHUH�GULHG� LQ�YDFXXP�DW�����&�IRU���K��7KH
)06����$� �7(26�(786� �������� )06����$�
)06����$� DQG� )06����$� VDPSOHV� ZHUH� V\Q�
WKHVL]HG� IURP� ZKLWH� SUHFLSLWDWHV� LQ� PRWKHU
OLTXRU� XVLQJ� +77� DW� ��r��&� IRU� ��� KRXUV�
7KH� IXUWKHU� WUHDWPHQW� RI� WKH� VDPSOHV� ZDV
DQDORJRXV�WR�WKDW�PHQWLRQHG�DERYH�
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7KH�HOHPHQWDO�DQDO\VLV�ZDV�FDUULHG�RXW�DW
$QDO\WLFDO� /DERUDWRU\�� WKH� ,QVWLWXWH� RI� 2U�
JDQLF� &KHPLVWU\� �1$68�� .\LY��� ;�UD\� GLI�
IUDFWLRQ� SRZGHU� H[DPLQDWLRQV� ZHUH� GRQH
XVLQJ� D� '521������ GLIIUDFWRPHWHU� LQ� &X� .DUDGLDWLRQ�� 7KH� '5,)7� VSHFWUD� ZHUH� UHFRUGHG
RQ�WKH�7KHUPR�1LFROHW�1H[XV�)7�,5�DW���FPÜ
�� UHVROXWLRQ�XVLQJ� WKH�6SHFWUD�7HFK�FROOHFWRU
GLIIXVH� UHIOHFWDQFH� DFFHVVRU\� DW� URRP� WHP�
SHUDWXUH�� 7KH� VDPSOHV� ZHUH�PL[HG� ZLWK�.%U
�������DQG�ZHUH�XVHG�WR�ILOO�WKH�'5,)7�VDPSOH
FXS� EHIRUH� PHDVXUHPHQWV�� 7KH� QLWURJHQ� DG�
VRUSWLRQ� LVRWKHUPV� IRU� DOO� WKH� VDPSOHV� ZHUH
PHDVXUHG� E\� D� .HOYLQ������ DGVRUSWLRQ� DQD�
O\]HU��%HIRUH� WKH�PHDVXUHPHQWV�� WKH�VDPSOHV
ZHUH�RXWJDVVHG�DW�����.�LQ�KHOLXP��7KH�%(7
VSHFLILF�VXUIDFH�DUHD�>�@�ZDV�FDOFXODWHG�LQ�WKH
UHODWLYH� SUHVVXUH� UDQJH� EHWZHHQ� ����� DQG
������ 7KH� WRWDO� SRUH� YROXPH� �9V�� ZDV� GHWHU�PLQHG�IURP�WKH�DPRXQW�DGVRUEHG�DW�WKH�UHOD�
WLYH�SUHVVXUH������>�@��7KH�SRUH�VL]H�GLVWULEX�
WLRQV� ZHUH� GHWHUPLQHG� XVLQJ� WKH� %DUUHWW�
-R\QHU�DQG�+DOHQGD��%-+��DSSURDFK�>��@�

0XOWLFRPSRQHQW� V\VWHPV� ZHUH� XVHG� IRU
V\QWKHVLV� RI� IXQFWLRQDOL]HG� PHVRSRURXV� VLO�
LFD��)06���VHH�VFKHPD��

7KH�HOHPHQWDO�DQDO\VLV�GDWD�IRU�WKH�VDP�
SOHV�REWDLQHG��DIWHU�H[WUDFWLRQ�WKH�WHPSODWH
XVLQJ� ERLOLQJ� DFHWRQLWULOH�� DUH� SUHVHQWHG� LQ
7DEOH����7KHVH�GDWD�VKRZ�LQGLUHFWO\�WKDW�WKH
QDWXUH� RI� IXQFWLRQDO� JURXSV� UHPDLQV� XQ�
FKDQJHG�DIWHU�WKH�+77�RI�PHVRSKDVHV�DV�ZHOO
DV� DIWHU� WHPSODWH� UHPRYDO�� 7KH� VRPHZKDW
KLJKHU� FDUERQ� FRQWHQW� LQ� )06� VDPSOHV� H[�
WUDFWHG�IURP�WHPSODWH�FDQ�WHVWLI\�WR�WKH�SUHV�
HQFH� RI� D� VPDOO� TXDQWLW\� RI� QRQ�K\GUROL]HG
DONR[\�JURXSV�>��@�DQG�SUREDEO\�''$�WUDFHV�

,5� VSHFWUD� RI� VRPH� V\QWKHVL]HG� VDPSOHV
�DIWHU� WHPSODWH� H[WUDFWLRQ�� DUH� VKRZQ� LQ
)LJ����� $OO� WKH� VSHFWUD� FRQWDLQ� DQ� LQWHQVH
DEVRUSWLRQ�EDQG�ZLWK�KLJK�IUHTXHQF\�VKRXO�
GHU�LQ�WKH�����Ü�����FPÜ��UHJLRQ��,WV�SUHV�
HQFH� FDQ� EH� DWWULEXWHG� WR� IRUPDWLRQ� RI
WKUHH�GLPHQVLRQDO� VLOR[DQH� QHWZRUN� ZLWK
FDUERQ�FRQWDLQLQJ� IXQFWLRQDO�JURXSV� >��@��7KH
,5� VSHFWUD� RI� DOO� VDPSOHV� VKRZ� DOVR� D� VKDUS
PRGHUDWH� LQWHQVLW\� DGVRUSWLRQ� EDQG� DW� DERXW

����� FPÜ��� ZKLFK� FDQ� EH� DWWULEXWHG� WR
QDV�1&1��YLEUDWLRQ�RI�WKLRXUHD�IUDJPHQW�±1+±&�6�±1+±� >��@��7KLV�IDFW�LV�DOVR�FRQILUPHG�E\
WKH� SUHVHQFH� RI� DQ� LQWHQVH� DQG� EURDG� DEVRUS�
WLRQ� EDQG� DW� DERXW� ����� FPÜ��� ZKLFK� FDQ� EH
PDVNHG�E\�DEVRUSWLRQ�EDQG�RI�ZDWHU�Q�2+��YL�
EUDWLRQ��)XUWKHUPRUH��LQ�WKH�����Ü�����FPÜ�
UHJLRQ��WKHUH�LV�D�ZHOO�GHILQHG�DGVRUSWLRQ�EDQG
RI� &±+� ERQGV� YDOHQFH� YLEUDWLRQV� LQ� DQ� DON\O
FKDLQ��7KHUH�LV�QR�DEVRUSWLRQ�EDQGV�WKDW�DUH
W\SLFDO�IRU�''$�LQ�WKH�,5�VSHFWUD�

7KH�SRZGHU�;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI
DOO�)06�VDPSOHV�REWDLQHG�ZLWK�DQG�ZLWKRXW
+77� DUH� VKRZQ� LQ� )LJ����� 7KRVH� FRPSULVH� D
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)LJ����� ,5� VSHFWUXP� RI� )06����$� ����� )06�
���$� ����� )06����$� ����� )06��$� ����� DQG
(786�����
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VLQJOH� EURDG� UHIOH[� ZKLFK� LV� W\SLFDO� IRU� WKH
PHVRSRURXV� VLOLFDV� V\QWKHVL]HG� ZLWK� ''$
>��@�� ,QWHUSODQDU� VSDFLQJ� G���� FRQVWDQWV� IRUDOO�REWDLQHG�VDPSOHV��DV�FDOFXODWHG�IURP�WKHVH
SDWWHUQV��DUH�SUHVHQWHG�LQ�7DEOH���

7KH�QLWURJHQ�DGVRUSWLRQ�LVRWKHUPV�RI�V\Q�
WKHVL]HG�PDWHULDOV�DUH�VKRZQ�LQ�)LJ�����$V�LV
VHHQ�� WKH� LVRWKHUPV� IRU� )06��k�� )06����k�
)06��$�DQG�)06����k�VDPSOHV�EHORQJ�WR�WKH
7\SH�,�DFFRUGLQJ�WR�,83$&�FODVVLILFDWLRQ�>��@�
,VRWKHUPV� RI� )06����k� DQG� )06����k� VDP�
SOHV� DUH� VLPLODU� WR� WKRVH� GHVFULEHG� DERYH�
ZKLOH�WKH�LVRWKHUP�RI�)06��k�VDPSOH�EHORQJV
WR�WKH�7\SH�,9��7KH�VWUXFWXUH�DQG�DGVRUSWLRQ
SDUDPHWHUV�RI�DOO�VDPSOHV��DV�FDOFXODWHG�IURP
REWDLQHG�LVRWKHUPV��DUH�GLVSOD\HG�LQ�7DEOH����

7KH�XVH�RI�''$�DV�D�QHXWUDO� WHPSODWLQJ
DJHQW� SURYLGHV� DQ� HDV\� V\QWKHVLV� PHVRSRU�
RXV�VLOLFDV�ZLWK�PRQR��DQG�ELIXQFWLRQDO�VXU�
IDFH� OD\HU� FRQWDLQLQJ� WKLRXUHD� JURXSV�
{6L�&+���1+&�6�1+&�+��� 7KH� ERLOLQJ� DFH�WRQLWULOH�KDV�EHHQ�IRXQG�WR�EH�D�YHU\�HIIHF�
WLYH� WHPSODWH�UHPRYLQJ� DJHQW�� 7KH� SRZGHU
;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI� DOO� )06� VDP�
SOHV� FRPSULVH� D� VLQJOH� UHIOH[� DW� a����� �4���
ZKLFK� LV� W\SLFDO� WR� WKH� PHVRSRURXV� VLOLFDV

V\QWKHVL]HG� ZLWK� ''$� >��@�� ,W� ZDV� GHPRQ�
VWUDWHG�WKDW�VXFK�PDWHULDOV�KDYH�VPDOO�VFDW�
WHULQJ� GRPDLQ� VL]HV� DQG� FDQ� VWLOO� H[KLELW
ORFDO� KH[DJRQDO� V\PPHWU\� >��@�� 7KH� FRP�
SDULVRQ� RI� ;�UD\� SDWWHUQV� RI� WKH� VDPSOHV
V\QWKHVL]HG� XVLQJ� +77� �)LJ���E�� DQG� ZLWK�
RXW� LW� �)LJ���D�� WHVWLILHV� WKDW� LQ�FDVH�RI� WKH
+77� XVH� WKH� FRUUHVSRQGLQJ� ;�UD\� SDWWHUQV
DUH�ZRUVH�WKDQ�ZKHQ�+77�LV�QRW�XVHG��)XU�
WKHUPRUH�� LW� LV� H[SHFWHG� WKDW� WKH�+77�ZLOO
LQFUHDVH� WKH� ODWWLFH� SDUDPHWHU� �È���� GXH� WRWKHUPDO� H[SDQVLRQ�RI� WKH�PHVRSKDVH�K\GUR�
FDUERQ�IUDJPHQWV��7KDW�FRQFOXVLRQ�ZDV�FRQ�
ILUPHG� EHIRUH� LQ� WKH� V\QWKHVLV� RI� VLOLFD
PHVRSRURXV� PDWHULDOV� LQ� WKH� SUHVHQFH� RI
DON\O� WULPHWK\ODPPRQLXP� FDWLRQV� >������@�
+RZHYHU�� LW� LV� VHHQ� IURP� 7DEOH��� WKDW� LQ
)06� VDPSOHV� WKLV� HIIHFW� LV� REVHUYHG� RQO\
DIWHU� WKH� WHPSODWH� UHPRYDO� IURP� WKH�PHVR�
SKDVH�� )XUWKHUPRUH�� DIWHU� UHPRYLQJ� WKH
WHPSODWH�� WKH� ODWWLFH� SDUDPHWHU� LQFUHDVH� LV
SUDFWLFDOO\� REVHUYHG� IRU� DOO� VDPSOHV�� +RZ�
HYHU�� WKLV� LQFUHDVH� LV� PRUH� VLJQLILFDQW� LQ
+77� WUHDWHG� VDPSOHV� �7DEOH����� 2EYLRXVO\�
WKHVH�HIIHFWV�DUH�GXH�WR�WKH�SUHVHQFH�RI�IXQF�
WLRQDO�JURXSV�DW�WKH�VXUIDFH�PLFHOOH�SRO\VLOR[�

)LJ�����3RZGHU�;5'�SDWWHUQV�RI�PDWHULDOV�SULRU�WR� �D��DQG�DIWHU�+7���E����Ü)06��$���Ü)06��$�
�Ü)06��$�
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DQH� QHWZRUN� LQWHUIDFH� LQ� WKH� PHVRSKDVHV�
1HJDWLYH� LQIOXHQFH� RI� WKH� +77� DIIHFWV� DOVR
WKH� VWUXFWXUH�DGVRUSWLRQ� FKDUDFWHULVWLFV
�7DEOH����� ,Q� +77� WUHDWHG� VDPSOHV�� 6VS� DQG9V�YDOXHV�DUH�VPDOOHU��+RZHYHU��WKH�SRUH�GL�DPHWHU�UHPDLQV�SUDFWLFDOO\�XQFKDQJHG��,W�FDQ
EH�FRQFOXGHG�WKDW�WKH�PHVRSRURXV�VWUXFWXUH�LV
SDUWLDOO\�GHVWUR\HG�GXULQJ�WKH�+77�

7KXV��WKH�XVH�RI�''$�LQ�GL��RU�WULFRPSR�
QHQW��ZLWK�UHVSHFW�WR�DONR[\VLODQHV��V\VWHPV
GXULQJ� WHPSODWH� V\QWKHVLV� DOORZV� WR� REWDLQ
WKH�PHVRSKDVHV� HDVLO\� IURP�ZKLFK� WKH� WHP�
SODWH�FDQ�EH�UHPRYHG�XVLQJ�ERLOLQJ�DFHWRQL�
WULOH�� 7KH� HOHPHQWDO� DQDO\VLV� DQG� ,5� VSHF�
WURVFRS\� GDWD� LQGLFDWH� WKH� SUHVHQFH� RI� WKH
VXUIDFH� OD\HU� LQ� WKHVH� VDPSOHV� ZKLFK� FRQ�
VLVWV� RI� HLWKHU� WKLRXUHD� JURXSV
{6L�&+���1+&�6�1+&�+�� RU� D� FRPELQDWLRQWKHUHRI�ZLWK�DPLQR�JURXSV��7KH�V\QWKHVL]HG
PHVRSRURXV� VLOLFDV� VKRZ� D� GHYHORSHG� SRUH
VWUXFWXUH�DQG�UHODWLYHO\�KLJK�FRQWHQW�RI�IXQF�
WLRQDO� JURXSV� �&& 6� ���� WR� ����PPRO�J��� +\�GURWKHUPDO� WUHDWPHQW� RI� WKH� PHVRSKDVHV� LQ
PRWKHU� OLTXRU� FDXVHV�QHLWKHU� DQ� LPSURYHPHQW
RI�PHVRSRURXV�VWUXFWXUH�QRU�VWUXFWXUH��DGVRUS�
WLRQ�FKDUDFWHULVWLFV�RI�WKH�ILQDO�SURGXFWV�

$FNQRZOHGJPHQW�� 7KLV� VWXG\� ZDV� SDU�
WLDOO\�VSRQVRUHG�E\�1$72�6FLHQWLILF�$IIDLUV
'LYLVLRQ� LQ� WKH� IUDPH� RI� WKH� 6FLHQFH� IRU
3HDFH�3URJUDP��*UDQW�6I3���������
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