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7KH� LQWHUHVW� WR� UHVHDUFK� RI� ZLGH�EDQG
VHPLFRQGXFWRUV� RI� WKH� :�<�� JURXS� LV� LQ�FUHDVHG� FRQVLGHUDEO\� GXULQJ� ODVW� IHZ� GHF�
DGHV� LQ�FRQQHFWLRQ�ZLWK�WKH�GHYHORSPHQW�RI
=Q6H�EDVHG�VHPLFRQGXFWRU�OLJKW�HPLWWLQJ�GL�
RGHV� DQG� ODVHUV� IRU� WKH� JUHHQ�EOXH� VSHFWUDO
UHJLRQ��0RUHRYHU�� WKH� VWXG\� RI�:�<�� JURXSFRPSRXQGV� GRSHG� ZLWK� WUDQVLWLRQ� HOHPHQWV
�&U��&R��1L��)H��HWF���LV�DQ�DFWXDO�WDVN�WRGD\�
7KLV� LV�GXH�WR�WKH�IDFW�WKDW�WKH� LQWUDFHQWHU
WUDQVLWLRQV�LQ�XQRFFXSLHG��G�VKHOOV�RI�WKRVH
DWRPV�DUH� W\SLFDO� RI� VXFK� FU\VWDOV��QDPHO\�
WKH� DEVRUSWLRQ� DQG� OXPLQHVFHQFH� KDYLQJ� D
VSHFWUXP� LQ�PHGLXP� ,5� UDQJH� ��� WR� �� PP�
DQG� D� KLJK� TXDQWXP� \LHOG�� 7KH� DEVRUSWLRQ
DQG� OXPLQHVFHQFH� VSHFWUD� XQGHU� VWXG\� DUH
UDWKHU� FORVH� WR� RQH� DQRWKHU� DQG� WKH� 6WRNHV
ORVV� LQ� PLQLPDO� LQ� WKLV� FDVH�� 7KH� FU\VWDOV
EHLQJ� VWXGLHG�PD\� EH� XVHG� DV� DFWLYH�PHGLD
IRU�FRPSDFW�ODVHUV�ZLWK�WXQDEOH�,5�HPLVVLRQ
ZDYHOHQJWK�� 6XFK� ODVHUV� DUH� DSSOLHG� LQ
PHGLFLQH�� ELRORJ\�� RSWLFDO� FRPPXQLFDWLRQV
DV� ZHOO� DV� LQ� YDULRXV� VSHFWURVFRSLF� LQYHVWL�
JDWLRQV�� H�J��� IRU� RSWLFDO� LGHQWLILFDWLRQ� RI
FKHPLFDOV��,Q�SDUWLFXODU��ODVHU�JHQHUDWLRQ�LQ
FKURPLXP�GRSHG�=Q6H� FU\VWDOV�KDV�EHHQ�UH�

SRUWHG�>�@��7KH�WUDQVPLVVLRQ�RI�=Q6H�&R��)H
FU\VWDOV� LQ� ,5� UHJLRQ� LV� QRQOLQHDU�� 7KDW� LV
ZK\�WKHVH� FU\VWDOV�DUH�XVH�DV�SDVVLYH�JDWHV
IRU�,5�ODVHUV��7KH�LQWHUHVW�LQ�VXFK�ODVHUV�LV
GXH� WR� WKH� IDFW� WKDW� WKH� HPLVVLRQ� RI� WKRVH
ODVHUV�LV�EHOLHYHG�WR�EH�VDIH�IRU�VLJKW��7KHUH�
IRUH��WKRVH�FDQ�EH�XVHG�LQ�UDQJH�ILQGHUV�>�@�

7KH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH
HIIHFW� RI� FREDOW� GRSDQW� RQ� WKH� DEVRUSWLRQ
DQG� SKRWRFRQGXFWLYLW\� VSHFWUD� RI� ]LQF� VH�
OHQLGH� FU\VWDOV� DV�ZHOO� DV� WR� GHILQH� WKH� QD�
WXUH�RI�RSWLFDO�WUDQVLWLRQV�WKHUHLQ�

7KH�=Q6H�&R�FU\VWDOV�ZHUH�REWDLQHG�XVLQJ
WKH� GLIIXVLRQ�PHWKRG�ZKHUH� SRZGHUHG� FREDOW
PHWDO�ZDV�XVHG�DV�WKH�GRSDQW�VRXUFH�>�@��7KH
XQGRSHG�=Q6H� FU\VWDO� DQG� WKH� FREDOW� SRZGHU
ZHUH�SODFHG�LQWR�D�TXDUW]�DPSRXOH� WKDW�ZDV
WKHQ� HYDFXDWHG� GRZQ� WR� ��Ü��7RUU�� WKHQ
ILOOHG�ZLWK� DUJRQ�DQG� HYDFXDWHG� DJDLQ��7KH
GLIIXVLRQ� SURFHVV�ZDV� FDUULHG� RXW� DW� ����Ü
�����.� IRU� �� WR� ��� K�� 7KH� RSWLFDO� GHQVLW\
VSHFWUD�ZHUH�PHDVXUHG� XVLQJ� DQ� 6)���� GLI�
IUDFWLRQ� VSHFWURSKRWRPHWHU� �LQ� YLVLEOH� UH�
JLRQ�� DQG� DQ� 0'5��� PRQRFKURPDWRU� ZLWK
���� OLQHV� SHU� PLOOLPHWHU� JUDWLQJ� �RU� ���
OLQHV� SHU� PLOOLPHWHU� LQ� ,5� UHJLRQ� RI� �� WR
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��PP��� 7KH� RSWLFDO� GHQVLW\� VSHFWUD� ZHUH
PHDVXUHG� DW� ��� DQG� ���� .�� 7R� VWXG\� WKH
SKRWRFRQGXFWLYLW\� VSHFWUD�� LQGLXP� FRQWDFWV
ZHUH� DSSOLHG� RQWR� WKH� FU\VWDO� VXUIDFH� E\
YDFXXP�EXUQLQJ�LQ�DW�DERXW�����.�

7KH� GRSLQJ� RI�=Q6H� FU\VWDOV�ZLWK� FREDOW
UHVXOWV� LQ� D� VKLIW� RI� WKH� DEVRUSWLRQ� HGJH
WRZDUGV� ORZHU�HQHUJ\�IURP������H9�IRU�XQ�
GRSHG� FU\VWDOV� GRZQ� WR� ����� H9� IRU� WKRVH
DQQHDOHG�DW������.��6XFK�D�FRQVLGHUDEOH�DE�
VRUSWLRQ� HGJH� VKLIW� �E\� ����� H9�� HYLGHQFHV
WKH�IRUPDWLRQ�RI�D�=Q�±[&R[6H�VROLG�VROXWLRQKDYLQJ� D� QDUURZHU� EDQG� JDS�� :KHQ� LQWHU�
SUHWLQJ� WKH� RSWLFDO� WUDQVLWLRQV� LQ� =Q6H�&R�
WKH�FDOFXODWHG�HQHUJ\�VSHFWUXP�GDWD�IRU�FR�
EDOW� >�@�ZHUH� XVHG�� ,Q� WKH� ORZ�HQHUJ\�ZLQJ
RI� =Q6H�&R� DEVRUSWLRQ� HGJH�� D� VHULHV� RI
ZHDN� DEVRUSWLRQ� OLQHV� KDYH� EHHQ� IRXQG� DW
������ ������ DQG� ����� H9� �UHIHUUHG� WR� DV�/�
0��1� OLQHV��� 7KH� VDPH� VHULHV� KDV� EHHQ� UH�
YHDOHG�LQ�WKH�=Q6�&R�DEVRUSWLRQ�VSHFWUD��DO�
WKRXJK�WKRVH�EHLQJ�VKLIWHG�E\�����Ü�����H9
WRZDUGV�KLJKHU�HQHUJLHV�DV�FRPSDUHG�WR�WKH
/��0��1� OLQHV� LQ� =Q6H�&R� FU\VWDOV�� DW� WKH
VDPH� WLPH�� WKH� GLIIHUHQFH� LQ� HQHUJ\� YDOXHV
FRUUHVSRQGLQJ�WR�WKH�EDQG�JDS�IRU�WKH�FU\V�
WDOV� DPRXQWV� DERXW� ���� H9�� 7KLV� VXJJHVWV
WKDW� WKH� /��0�� 1� OLQHV� LQ� ERWK� =Q6� DQG
=Q6H�FU\VWDOV�DUH�GXH�WR�LQWUDFHQWHU�WUDQVL�
WLRQV� �k��)�o�7��+�� RFFXUULQJ� ZLWKLQ� FR�EDOW� LRQ�� $W� WKH� VDPH� WLPH�� WKH� /��0�� 1
OLQHV� ZHUH� QRW� REVHUYHG� DW� WKH� ORZ�HQHUJ\
ZLQJ�RI�=Q7H�&R�VSHFWUD��7KLV�LV�GXH�WR�WKH
IDFW� WKDW� WKH� SRVLWLRQ� RI� WKH� IXQGDPHQWDO
DEVRUSWLRQ� HGJH� LQ� =Q7H� FRUUHVSRQGV� WR� DQ
HQHUJ\�ORZHU�WKDQ�WKDW�RI�RSWLFDO�WUDQVLWLRQV
IRU�WKH�/��0��1�OLQHV�

7KH� RSWLFDO� DEVRUSWLRQ� RI� =Q6H�&R� FU\V�
WDOV� LQ� WKH� QHDU� ,5� UHJLRQ� LV� FKDUDFWHUL]HG
E\�OLQHV�DW�������������DQG������H9��)LJ�����
7KH� ����� H9� OLQH� LV� GXH� WR� �k��)�o�7��3�WUDQVLWLRQV� ZLWKLQ� FREDOW� LRQ�� 2WKHU� WZR

OLQHV�KDYH�EHHQ�REVHUYHG�E\�XV�IRU�WKH�ILUVW
WLPH�� 3HUKDSV� WKRVH� DUH� GXH� WR� WUDQVLWLRQV
RQWR�VSOLW��7��3��VWDWHV�RI�FREDOW�LRQ�UHVXOW�LQJ� IURP� WKH� VSLQ�RUELW� LQWHUDFWLRQ�� ,Q� WKH
PHGLXP�,5�UHJLRQ��WKH�DEVRUSWLRQ�EDQGV�DUH
REVHUYHG� LQ� WZR� UDQJHV� UHIHUUHG� WR� FRQYHQ�
WLRQDOO\�DV�WKH�PHGLXP���DQG�PHGLXP����WKH
PD[LPD� RI� WKRVH� EDQGV�EHLQJ� DW�����������
DQG� ����� H9� �)LJ������ 7KH� WZR� ILUVW� EDQGV
FRUUHVSRQG�WR�WKH��k��)�o�7��)��WUDQVLWLRQVZLWKLQ�FREDOW�LRQ�ZKLOH�WKH�WKLUG�RQH��WR�WKH
�k��)�o�7��)�� WUDQVLWLRQ� EHWZHHQ� WKH
JURXQG� �k��)�� DQG� WKH� QHDUHVW� H[FLWHG�7��)�� VWDWHV� RI� FREDOW� LRQ�� 6LPLODU� DEVRUS�
WLRQ� OLQHV� ZHUH� REVHUYHG� LQ� =Q6�&R� DQG
=Q7H�&R�FU\VWDOV�

7KH�VSHFWUDO�DQDO\VLV�UHVXOWV�IRU�=Q6�&R�
=Q6H�&R�� =Q7H�&R� FU\VWDOV� DUH� VXPPDUL]HG
LQ� 7DEOH�� 7KH� 7DEOH� SUHVHQWV� WKH� YDOXHV� RI
RSWLFDO� WUDQVLWLRQ� HQHUJ\� FRUUHVSRQGLQJ� WR
VSHFLILF� DEVRUSWLRQ� OLQHV� DV�ZHOO� DV� WKH� ODW�
WLFH�FRQVWDQWV��D���EDQG�JDS�ZLGWKV��(J��IRUWKH�VDPSOHV�VWXGLHG��DQG�UDGLL��5��RI�DQLRQV
VXUURXQGLQJ�FREDOW�LRQ�LQ�WKH�VHPLFRQGXFWRU
FU\VWDO� ODWWLFH�� 7KH� FKDQJHV� LQ� HOHPHQWDO
FRPSRVLWLRQ� RI� WKH� VHPLFRQGXFWRUV� XQGHU
VWXG\�LV�VHHQ�WR�UHVXOW�LQ�D�VSHFWUDO�VKLIW�RI
WKH� DEVRUSWLRQ� OLQHV� LQ� DOO� WKH� REVHUYHG

7DEOH��6SHFWUDO�SRVLWLRQV��H9��RI�FREDOW�DEVRUSWLRQ�OLQHV�LQ�=Q6��=Q6H�DQG�=Q7H�FU\VWDOV�DW����.
&U\VWDO =Q6 =Q6H =Q7H
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ZDYHOHQJWK� UDQJHV�� ,Q� SDUWLFXODU�� WKH� DE�
VRUSWLRQ�OLQHV�DUH�VKLIWHG�WRZDUGV�ORZHU�HQ�
HUJ\�LQ�WKH�DQLRQLF�VHTXHQFH�6±6H±7H��7KDW
VKLIW� FDQQRW� EH�GXH� WR�FKDQJHV� LQ� WKH�EDQG
JDS� ZLGWK�� VLQFH� WKH� (J� YDULDWLRQ� LQ� =Q6�=Q6H�� =Q7H� FU\VWDOV� H[FHHGV� FRQVLGHUDEO\
WKH� ORZ�HQHUJ\� VKLIW� RI� WKH� VSHFWUDO� OLQHV�
0RUHRYHU�� WKH� FRQVLGHUDWLRQ� RI� DEVRUSWLRQ
VSHFWUD� VKRZV� FOHDUO\� WKDW� WKH� VSHFWUD� DUH
GXH� WR� LQWUDFHQWHU� WUDQVLWLRQV��$W� WKH� VDPH
WLPH�� IRU� WKH� LQWUDFHQWHU� DEVRUELQJ� DQG
HPLWWLQJ� WUDQVLWLRQV�� WKHUH�DUH� WZR�SRVVLEOH
UHDVRQV� IRU� WKH� VSHFWUDO� OLQH� VKLIWV� GHSHQG�
LQJ� RQ� WKH� FU\VWDO� HOHPHQWDO� FRPSRVLWLRQ
>�@�� )LUVW�� LW� LV� NQRZQ� WKDW� WKH� FRYDOHQFH
IDFWRU�GHFUHDVHV�LQ�WKH�6±6H±7H�VHULHV��WKDW
VKRXOG� UHVXOW� LQ� D� KLJK�HQHUJ\� VKLIW� RI� WKH
DEVRUSWLRQ� EDQGV�� ZKLOH� MXVW� D� ORZ�HQHUJ\
RQH� LV� REVHUYHG� =Q6�� =Q6H�� =Q7H� FU\VWDOV�
6HFRQG�� WKH� OLQH� VKLIW� PLJKW� EH� LQIOXHQFHG
E\� D� JHRPHWU\� IDFWRU� WDNLQJ� LQWR� DFFRXQW
WKH� FU\VWDO� ILHOG� FKDQJH� UHVXOWLQJ� IURP� LQ�
FUHDVLQJ� UDGLXV� RI� DQLRQV� VXUURXQGLQJ� WKH
&R���LRQ��,Q�WKH�=Q6��=Q6H��=Q7H�VHTXHQFH�
WKDW� IDFWRU� VKRXOG�FDXVH� D� ORZ�HQHUJ\�VKLIW
RI� WKH� VSHFWUDO� OLQHV�� MXVW� WKH� VDPH� EHLQJ
REVHUYHG�LQ�H[SHULPHQW��7KXV��WKH�REVHUYHG
GHSHQGHQFH� RI� WKH� VSHFWUDO� SRVLWLRQ� IRU� FR�
EDOW� DEVRUSWLRQ� OLQHV�RQ� WKH�HOHPHQWDO� FRP�
SRVLWLRQ�RI�=Q6��=Q6H��=Q7H� FU\VWDOV� LV� H[�
SODLQHG� E\� LQFUHDVLQJ� DQLRQ� UDGLXV� LQ� WKH
6±6H±7H� VHTXHQFH�� 7KLV� FRQFOXVLRQ� LV� FRQ�
ILUPHG� E\� WKH� IDFW� WKDW� WKH� =Q7H�&R� DE�
VRSUWLRQ� OLQH� VKLIW� DV� FRPSDUHG� WR�=Q6H�&R
H[FHHGV� DSSUHFLDEO\� WKDW� RI�=Q6�&R� LQ�UHOD�
WLRQ�WR�=Q6H�&R��7KLV�LV�FRQVLVWHQW�ZLWK�WKH
UDWLR�RI�LRQLF�UDGLL�IRU�VXOIXU��VHOHQLXP��DQG
WHOOXULXP�

7KH�FU\VWDOV�XQGHU� VWXG\�ZHUH�SKRWRVHQ�
VLWLYH�LQ�WKH�OLJKW�TXDQWXP�HQHUJ\�UDQJH�RI

���� WR� ���� H9�� 7KH� SKRWRFRQGXFWLYLW\� �3&�
VSHFWUXP� RI� =Q6H�&R� FU\VWDOV� LV� VKRZQ� LQ
)LJ���� DORQJ� ZLWK� WKDW� RI� XQGRSHG� =Q6H�
7KH� XQGRSHG� FU\VWDOV� KDYH� VKRZQ� D� VLQJOH
SKRWRFRQGXFWLYLW\� EDQG� SHDNHG� DW� ����� H9
DW�����.��)LJ�����FXUYH�����7KDW�EDQG�LV�GXH
WR� LQWHUEDQG� RSWLFDO� WUDQVLWLRQV��$V� LV� VHHQ
LQ� )LJ����� LQWURGXFWLRQ� RI� FREDOW� UHVXOWV� LQ
DQ� DGGLWLRQDO� 3&� EDQG� SRVLWLRQHG� LQ� WKH
VDPH� VSHFWUDO� UHJLRQ� DV� WKH�/�0�1� DEVRUS�
WLRQ�EDQGV�������WR������H9���,W� LV�ZRUWK�WR
QRWH� WKDW� WKH� 3&� EDQG� W\SLFDO� RI� FREDOW� LV
HVVHQWLDOO\�XQREVHUYDEOH� DW����.��7KHVH� UH�
VXOWV�HYLGHQFH�WKDW�WKH�SKRWRFRQGXFWLYLW\�LQ
WKH� ����Ü����� H9� UDQJH� LV� GXH� WR� RSWLFDO
WUDQVLWLRQV� RI� HOHFWURQV� IURP� WKH� JURXQG
VWDWH� �k��)�� OHYHOV� RI� FREDOW� WR� WKH� H[FLWHGVWDWH� �7��+�� OHYHOV� IROORZHG� E\� WKHUPDO
WUDQVLWLRQV� IURP� WKH� OHYHOV� RI� VSOLW� H[FLWHG
VWDWHV�WR�WKH�FRQGXFWLYLW\�EDQG�

%DVLQJ�RQ�WKH�RSWLFDO�DQG�HOHFWURSK\VLFDO
VWXGLHV�� WKH� VFKHPH� RI� HOHFWURQ� WUDQVLWLRQV
LQ� WKH� FU\VWDOV� XQGHU� VWXG\� KDV� EHHQ� SUH�
VHQWHG� �)LJ������ 7KH� /�0�1� DEVRUSWLRQ
EDQGV�RI� FREDOW�DUH�FRQQHFWHG�ZLWK� WKH��Ü�
WUDQVLWLRQV� RI� HOHFWURQV� IURP� WKH� JURXQG
VWDWH� �k��)�� WR� WKH� VSOLW� OHYHOV� RI� WKH� H[�FLWHG� VWDWH� �7��+��� 7KH� DEVRUSWLRQ� OLQHV� LQWKH� QHDU� ,5� UHJLRQ� DUH� DVVRFLDWHG� ZLWK� WKH
WUDQVLWLRQV��Ü��IURP�WKH�JURXQG�VWDWH�OHYHOV
WR� WKH� VSOLW� OHYHOV� RI� WKH� H[FLWHG� VWDWH
�7��3��� 7KH� DEVRUSWLRQ� OLQHV� DW� ����� DQG����� H9�DUH�GXH� WR� WKH� WUDQVLWLRQV��� DQG��
IURP� WKH� JURXQG� VWDWH� OHYHOV� WR� WKH� VSOLW
OHYHOV� RI� WKH� H[FLWHG� VWDWH� �7��)��� 7KH� DE�VRUSWLRQ� EDQG� LQ� WKH� IDUWKHVW� ,5� UHJLRQ� DW
����� H9� LV� FDXVHG�E\� WKH� WUDQVLWLRQ��� IURP

)LJ�����3KRWRFRQGXFWLYLW\�VSHFWUD�RI�=Q6H�&R
����DQG�=Q6H�����FU\VWDOV�

)LJ����� 6FKHPH� RI� RSWLFDO� WUDQVLWLRQV� ZLWKLQ
&R���LRQ�LQ�=Q6H�&R�FU\VWDOV�
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WKH�JURXQG�VWDWH�WR�WKH�QHDUHVW�H[FLWHG�RQH��7��)��7KH�SKRWRFRQGXFWLYLW\�RI�=Q6H�&R� LQ�WKH
����Ü�����H9�UDQJH�LV�GXH�WR�RSWLFDO�WUDQVL�
WLRQV� RI� HOHFWURQV� IURP� WKH� JURXQG� VWDWH�k��)�� OHYHOV� RI� FREDOW� WR� WKH� H[FLWHG� VWDWH�7��+�� OHYHOV� IROORZHG� E\� WKHUPDO� WUDQVL�
WLRQV� IURP�WKH� OHYHOV�RI� VSOLW�H[FLWHG�VWDWHV
WR�WKH�FRQGXFWLYLW\�EDQG�

7KXV�� WKH� DEVRUSWLRQ� VWXGLHV� ZLWKLQ� D
ZLGH� VSHFWUDO� UDQJH� FDUULHG� RXW� RQ�=Q6�&R�
=Q6H�&R��=Q7H�&R�FU\VWDOV�KDYH�UHYHDOHG�WKH
VSHFWUDO�DEVRUSWLRQ�OLQHV�RI�WKH�VDPH�W\SH�LQ
WKRVH� FU\VWDOV�� 7KH� REVHUYHG� VKLIW� RI� WKRVH
OLQHV� LV� GXH� WR� LQFUHDVLQJ� DQLRQ� UDGLXV� LQ
WKH� 6±6H±7H� VHTXHQFH�� 7KH� =Q6H�&R� FU\V�
WDOV� H[KLELW� D� SKRWRFRQGXFWLYLW\�ZKHQ� LUUD�
GLDWHG�ZLWK� OLJKW�RI�����WR�����H9�TXDQWXP
HQHUJ\��7KH�SKRWRFRQGXFWLYLW\�LV�GXH�WR�RS�
WLFDO� WUDQVLWLRQV� IURP� WKH� JURXQG� VWDWH

�k��)��OHYHO�RI�&R���LRQ�WR�WKH�H[FLWHG�VWDWH�7��+�� OHYHOV� QHDU� WKH� &� EDQG� IROORZHG� E\WKHUPDO� WUDQVLWLRQV�RI�HOHFWURQV� WR� WKH�FRQ�
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