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$�%RJDWVN\�3K\VLFR�&KHPLFDO�,QVWLWXWH��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
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������/YLY��8NUDLQH+$6</$%�DW�'(=<�����1RWNHVWUDEH��������+DPEXUJ��*HUPDQ\

7KH� OXPLQHVFHQFH� FKDUDFWHULVWLFV� RI� &H��� LRQV� LQ� FDOFLXP� K\GUR[\DSDWLWH
&D���32����2+��� KDYH� EHHQ� VWXGLHG�XQGHU� H[FLWDWLRQ�ZLWKLQ� WKH� ���Ü��� H9� UHJLRQ�� ,W� KDVEHHQ�IRXQG�WKDW�LQ�&D���32����2+���SUHSDUHG�LQ�D�UHGXFLQJ�DWPRVSKHUH��&H���LRQV�WHQG�WRRFFXS\�SUHIHUDEO\�KLJK�V\PPHWU\�&D�,��VLWHV��7KH�HQHUJLHV�RI�DOO��G�FU\VWDO�ILHOG�OHYHOV�RI
&H���LRQV�LQ�&D�,��VLWHV�KDYH�EHHQ�GHWHUPLQHG��,Q�DGGLWLRQ�WR�WKH��Io�G�H[FLWDWLRQ�EDQGV�
WKH� H[FLWDWLRQ� VSHFWUXP� RI� WKH�&H��� HPLVVLRQ� VKRZV� D� EDQG�ZLWK� D�PD[LPXP� DW� ���� H9
ZKLFK�LV�DWWULEXWHG�WR�WKH�KRVW�ODWWLFH�DEVRUSWLRQ��7KH�LQIOXHQFH�RI�WKH�VWUXFWXUDO�IHDWXUHV
RI�&D���32����2+���RQ�WKH�OXPLQHVFHQW�EHKDYLRU�RI�&H���LV�GLVFXVVHG�
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&RPSRXQGV� DQG� VROLG� VROXWLRQV� ZLWK� WKH
DSDWLWH� W\SH� VWUXFWXUH� DUH� RI�JUHDW� LQWHUHVW
VLQFH� WKRVH�FDQ�EH�XVHG�DV� OXPLQHVFHQW�PD�
WHULDOV��FDWDO\VWV��DQG�LRQ�H[FKDQJHUV��,Q�UH�
FHQW� \HDUV�� FDOFLXP� K\GUR[\DSDWLWH�
&D���32����2+���� KDV� JDLQHG� VSHFLDO� DWWHQ�WLRQ� GXH� WR� LWV� SRVVLEOH� DSSOLFDWLRQV� DV� D
ELRPDWHULDO� >����@�� 7KLV� FRPSRXQG� EHORQJV
WR� WKH� KH[DJRQDO� V\VWHP� ZLWK� WKH� 3���PVSDFH� JURXS�� ,Q� WKLV� ODWWLFH�� WZR� XQHTXLYD�
OHQW�FDOFLXP�VLWHV�DUH�SUHVHQW��&D�,��ZLWK�&�V\PPHWU\� LV� VXUURXQGHG� E\� QLQH� R[\JHQ
DWRPV��DQG�&D�,,��ZLWK�&6�V\PPHWU\�LV�FRRU�GLQDWHG� WR� VL[� R[\JHQ� DWRPV� DQG� RQH� 2+±
JURXS�>�Ü�@��,W�LV�EHOLHYHG�WKDW�WKH�GLVRUGHU�
LQJ�RI�2+±� LRQV� LQ�F�D[LV� FROXPQV� FDXVHV� D
VWUXFWXUDO� FRPSOH[LW\� RI� &D���32����2+���

,W�LV�ZHOO�NQRZQ�WKDW�DSDWLWHV�FDQ�DFFRPPR�
GDWH� D� ODUJH� QXPEHU� RI� GLIIHUHQW� LRQV� LQ
WKHLU� ODWWLFH�� 7KH� GLVWULEXWLRQ� RI� WULYDOHQW
ODQWKDQLGHV� �/Q����EHWZHHQ� WKH� WZR�DONDOLQH
HDUWK�VLWHV�LQ�GLIIHUHQW�DSDWLWHV�KDV�EHHQ�WKH
VXEMHFW� RI� QXPHURXV� VWXGLHV� >����Ü��@�� ,W
KDV�EHHQ�IRXQG�WKDW�WULYDOHQW�ODQWKDQLGHV�DW
&D�,,�� SRVLWLRQ� DUH� FKDUDFWHUL]HG� E\� DEQRU�
PDOO\� KLJK� YDOXHV� RI� 6WDUN� VSOLWWLQJ�� 7KLV
SURYLGHG� D� GLVWLQFWLRQ� RI� WKH� VSHFWUDO� IHD�
WXUHV� RI� WKHVH� LRQV� IURP� WKRVH� RI� /Q��� LQ
&D�,�� SRVLWLRQ�� +RZHYHU�� WKH� UHVXOWV� RE�
WDLQHG� DUH� FRQWUDGLFWRU\�� )RU� H[DPSOH�� WKH
OXPLQHVFHQFH� SURSHUWLHV� RI�(X��� LQ� FDOFLXP
DSDWLWHV� XQGHU� 89� H[FLWDWLRQ� KDYH� EHHQ
VWXGLHG� E\� VHYHUDO� DXWKRUV� >�����@�� 7KRVH
DXWKRUV� KDYH� FRQFOXGHG� WKDW� (X��� LRQV� RF�
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FXS\�PDLQO\�WKH�&D�,,��SRVLWLRQV��,Q�FRQWUDVW
WR� WKLV� FRQFOXVLRQ�� .DUERZLDN� DQG� +XEHUW
>�@� KDYH� UHSRUWHG� WKDW� WKH� QDWXUH� RI� VLWH
RFFXSDQF\� E\�(X��� LQ� FDOFLXP� IOXRURDSDWLWH
YDULHV� GHSHQGLQJ� RQ� WKH� PDWHULDO� SUHSDUD�
WLRQ�PHWKRG�
$V�IDU�DV�ZH�NQRZ��QR�UHSRUWV�RQ�WKH�OXPL�

QHVFHQFH�SURSHUWLHV�RI�&H��� LRQV� LQ�V\QWKHWLF
FDOFLXP�K\GUR[\DSDWLWH�&D���32����2+���KDYHDSSHDU� WR� GDWH�� ,W� LV� ZHOO� NQRZQ� WKDW�&H��
LRQ� VKRZV� DOORZHG� WKH� �IÜ�G� W\SH� RSWLFDO
WUDQVLWLRQV� LQ�DEVRUSWLRQ�DQG�HPLVVLRQ��7KH
HPLVVLRQ� EDQG� KDV� XVXDOO\� D� GRXEOHW� VWUXF�
WXUH�ZKLFK�LV�GXH�WR�WKH�VSLQ�RUELW�VSOLWWLQJ
RI� WKH� �I�� JURXQG� VWDWH� LQWR� WZR� FRPSR�
QHQWV��)����DQG��)����ZLWK�D�VHSDUDWLRQ�RI
DERXW� ����� FPÜ��� ,Q� WKLV� SDSHU�� ZH� UHSRUW
RQ� WKH� OXPLQHVFHQFH� RI� &H��� LRQV� LQ
&D���32����2+���XQGHU�H[FLWDWLRQ�LQ�WKH����Ü���H9�UHJLRQ��$�FRPSDULVRQ�ZLWK� WKH� OXPL�
QHVFHQFH� FKDUDFWHULVWLFV� RI� &H��� LRQV� LQ
&D�%�2�&O� >��@� DQG� &D%32�� >��@� LV� DOVRPDGH�
7ZR�VDPSOHV�RI�JHQHUDO�IRUPXOD�

&D����±[�&H��[�32����2+��� �[� ��������� ������ZHUH� XVHG� IRU� OXPLQHVFHQFH� PHDVXUHPHQWV�
%RWK� VDPSOHV� ZHUH� SUHSDUHG� E\� VROLG� VWDWH
UHDFWLRQV�� 6WRLFKLRPHWULF� DPRXQWV� RI
&D&2��� �1+���+32�� DQG� &H�2�� ZLWK� WKHDWRPLF�UDWLR��&H�&D��3� �������ZHUH�PL[HG
DQG� FDOFLQHG� DW� ����&� IRU� �� K� DQG� WKHQ� DW
����&� IRU� �� K� LQ� DLU�� 7KH� VDPSOHV� ZHUH
FRROHG��PRUWDUHG�WR�HQVXUH�KRPRJHQHLW\�DQG
FDOFLQHG�DJDLQ�DW������&�IRU���K�LQ�D�UHGXF�
LQJ� DWPRVSKHUH� �&2��� 7KH� VDPSOHV� ZHUH
FKHFNHG� E\� ;�UD\� GLIIUDFWLRQ� �;5'�� XVLQJ
&X� .D� UDGLDWLRQ�� 1R� LPSXULW\� SKDVHV� ZHUHGHWHFWHG�LQ�WKH�;5'�SDWWHUQV��7KH�HPLVVLRQ

DQG� H[FLWDWLRQ� VSHFWUD� ZHUH� UHFRUGHG� DW
URRP� WHPSHUDWXUH� XVLQJ� D� /202� 6'/� �
VSHFWURIOXRULPHWHU� HTXLSSHG� ZLWK� D� [HQRQ
ODPS�� 7KH� VSHFWUD� ZHUH� FRUUHFWHG� IRU� WKH
SKRWRPXOWLSOLHU� VHQVLWLYLW\� DQG� WKH� PRQR�
FKURPDWRU� HIILFLHQF\� XVLQJ� D� FDOLEUDWHG
OLJKW� VRXUFH�� 7KH� PHDVXUHPHQWV� RI� H[FLWD�
WLRQ� VSHFWUD� DW� ZDYHOHQJWKV� VKRUWHU� WKDQ
���� QP� DQG� WKH� GHFD\� WLPH� PHDVXUHPHQWV
ZHUH�SHUIRUPHG�DW� �� DQG�����.�XVLQJ� V\Q�
FKURWURQ�UDGLDWLRQ�DQG�WKH�HTXLSPHQW�RI�WKH
683(5/80,� H[SHULPHQWDO� VWDWLRQ� >��@� RI
+$6</$%� �+DPEXUJ�� *HUPDQ\��� 7KH� YDF�
XXP�XOWUDYLROHW�H[FLWDWLRQ�VSHFWUD�ZHUH�FRU�
UHFWHG�IRU�WKH�ZDYHOHQJWK�GHSHQGHQW�H[FLWD�
WLRQ� LQWHQVLW\� ZLWK� XVLQJ� VRGLXP� VDOLF\ODWH
DV�D�VWDQGDUG��6LQFH�WKH�OXPLQHVFHQFH�SURS�
HUWLHV�RI�VDPSOHV�ZLWK�[� ��������DQG������
ZHUH� IRXQG� WR� EH� WKH� VDPH�� ZH� ZLOO� UHSRUW
RQO\�WKRVH�IRU�[� �������VDPSOH�
7KH�HPLVVLRQ�RI�WKH�

&D����±[�&H��[�32����2+��� VROLG� VROXWLRQV� GH�SHQGV�RQ�WKH�H[FLWDWLRQ�ZDYHOHQJWK��7KH�HPLV�
VLRQ� VSHFWUD� RI� &D����±[�&H��[�32����2+���[� ��������DW�����.�IRU�WKUHH�GLIIHUHQW�H[�
FLWDWLRQ�ZDYHOHQJWKV�DUH�SUHVHQWHG� LQ�)LJ����
8QGHU�H[FLWDWLRQ�LQ�WKH����Ü����QP�UHJLRQ�
WKH�HPLVVLRQ� �FXUYH����H[WHQGV�IURP�����WR
���� QP�� ,W� KDV� WZR� PD[LPD� DW� a���� DQG
���� QP�� 7KH� VSHFWUXP� XQGHU� H[FLWDWLRQ� DW
OH[F� �����QP��FXUYH���� FRQVLVWV�RI�D�EURDGEDQG�ZLWK�D�PD[LPXP�DW�����QP��ZKHUHDV
H[FLWDWLRQ� DW� OH[F� ����� QP� SURGXFHV� WKHVSHFWUXP� �FXUYH� ��� ZKHUH� D� ZHDN� DQG

)LJ�����(PLVVLRQ�VSHFWUD�RI�
&D����±[�&H��[�32����2+��� �[� �������� DW
����.�XQGHU�H[FLWDWLRQ�DW�OH[F� �����QP�����
OH[F� �����QP������OH[F� �����QP������

)LJ����� 7LPH�UHVROYHG� HPLVVLRQ� VSHFWUD� RI
&D����±[�&H��[�32����2+��� �[� �������� DW� �� .
XQGHU� H[FLWDWLRQ�DW�OH[F� �����QP��7KH�VSHF�WUD�ZHUH� UHFRUGHG� IRU� WZR� GLIIHUHQW� WLPH� LQ�
WHUYDOV��'W��DIWHU�SLFRVHFRQG�SXOVH�H[FLWDWLRQ�
'W� ��Ü����QV������'W� ��Ü��QV������7KH�FXUYH
����ZDV�ILWWHG�E\�*DXVVLDQ�W\SH�EDQGV��GRWWHG
OLQHV��

,�9�%HUH]RYVND\D�HW�DO���'LVWULEXWLRQ�DQG�OXPLQHVFHQFH���
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VWUXFWXUHOHVV� EDQG� ZLWK� D� PD[LPXP� DW
DERXW�����QP�GRPLQDWHV��,W�LV�HYLGHQW�WKDW
YDULRXV�NLQGV� RI� FHQWHUV� LQYROYLQJ�&H��� DUH
IRUPHG� LQ� &D����±[�&H��[�32����2+���[d������� VROLG� VROXWLRQV�� 6LQFH� WKH� VSHFWUD
RI�GLIIHUHQW�FHQWHUV�VKRZ�D�FRQVLGHUDEOH�RYHU�
ODS�� WKH� OXPLQHVFHQFH� PHDVXUHPHQWV� KDYH
EHHQ�DOVR�SHUIRUPHG�DW�ORZ�WHPSHUDWXUH��)LJ�
��VKRZV�WKH�WLPH�UHVROYHG�HPLVVLRQ�VSHFWUD�RI
WKH� &D����±[�&H��[�32����2+��� �[� �������� DW�� .� XSRQ� H[FLWDWLRQ� DW� OH[F� �����QP�7KHVH� VSHFWUD� DUH� VLPLODU� WR� WKDW� VKRZQ� LQ
)LJ�����FXUYH�����%RWK�VSHFWUD�FDQ�EH�UHDVRQ�
DEO\� GHFRPSRVHG� LQWR� WKUHH� *DXVVLDQ�W\SH
EDQGV�SHDNHG�DW����������DQG�����QP��,W�LV
HYLGHQW� WKDW� WKH� PD[LPD� DW� ����� ���� QP
DUH�GXH�WR�WUDQVLWLRQV�IURP�WKH�ORZHVW�&H��
�G�H[FLWHG�VWDWH�WR�WKH��I�JURXQG�VWDWH�OHY�
HOV��)����DQG��)�����7KH�HQHUJ\�JDS�EHWZHHQWKH�PD[LPD�������FPÜ��� FRLQFLGHV�ZLWK� WKH
VSLQ�RUELW� VSOLWWLQJ� RI� &H��� JURXQG� VWDWH�
:H�ZLOO�GHQRWH�DOO�WKH�FHQWHUV�UHODWHG�WR�WKH
����DQG�����QP�HPLVVLRQ�EDQGV�DV�&H,��,W�LVFOHDU� WKDW� WKH� VSHFWUD� LQ� )LJ���� DUH�PDLQO\
GXH�WR�WKH�&H,�HPLVVLRQ��7KH�FHQWHUV�UHODWHGWR�WKH�����QP�HPLVVLRQ�EDQG��)LJ�����FXUYH���
ZLOO� EH� GHQRWHG� DV�&H,,�� 1RWH� WKDW� WKH�&H,,HPLVVLRQ� EDQG� GRHV� QRW� VKRZ� LWV� FKDUDF�
WHULVWLF� GRXEOHW� VWUXFWXUH�� LQGLFDWLQJ� WKDW
WKHUH�DUH�VHYHUDO�&H���FHQWHUV�ZLWK�RYHUODS�
SLQJ�VSHFWUD�� ,Q�RUGHU� WR�GHWHUPLQH�WKH�QD�
WXUH� RI� &H��� FHQWHUV� UHVSRQVLEOH� IRU� WKH
HPLVVLRQ� RI� &D����±[�&H��[�32����2+���[�  � �������� WKLV� VDPSOH� ZDV� VXEMHFWHG� WR
DGGLWLRQDO� DQQHDOLQJ� DW� �����&� IRU� �� K� LQ
DLU�� 1R� VLJQLILFDQW� FKDQJH� HLWKHU� LQ� WKH
HPLVVLRQ�VSHFWUXP�VWUXFWXUH�RU�WKH�HPLVVLRQ

LQWHQVLW\� ZDV� REVHUYHG�� 7KLV� LQGLFDWHV� WKDW
WKH�&H,�FHQWHUV�DUH�TXLWH�VWDEOH�7KH� WLPH�UHVROYHG� H[FLWDWLRQ� VSHFWUD� RI
&D����±[�&H��[�32����2+��� �[� �������� IRU
WKH�HPLVVLRQ�DW�����QP�DW���.�DUH�VKRZQ�LQ
)LJ����� 7KH� VKRUW�WLPH� H[FLWDWLRQ� VSHFWUXP
�FXUYH� ��� FRQVLVWV� RI� VHYHUDO� EDQGV� DW� ����
��������������������DQG�����QP�� ,W� LV� HYL�
GHQW� WKDW� WKHVH�EDQGV�DUH�GXH� WR�GLUHFW� H[�
FLWDWLRQ� RI� WKH�&H��� LRQV� YLD� WUDQVLWLRQV� WR
WKH� FRPSRQHQWV� RI� &H��� �G� FRQILJXUDWLRQ�
$OVR�� WKHUH� LV� D� VKDUS� HPLVVLRQ� LQWHQVLW\
LQFUHDVH� EHWZHHQ� ���� DQG� ���� H9��7KH� ORFDO
PD[LPXP�DW� a����� H9� �����QP�� FDQ� EH� DV�
VLJQHG�WR�D�EDQG�JDS�WUDQVLWLRQ�IROORZHG�E\
HQHUJ\� WUDQVIHU� WR� &H��� LRQV�� %HWZHHQ� ��
DQG� ��� H9�� WKH� HPLVVLRQ� LQWHQVLW\� GRHV� QRW
FKDQJH� ZLWK� LQFUHDVLQJ� H[FLWDWLRQ� HQHUJ\�
7KH� WLPH�LQWHJUDWHG� H[FLWDWLRQ� VSHFWUXP
�FXUYH� ��� KDV� WKH� VDPH� VWUXFWXUH�� 7KH� VL[
&H��� �Io�G� EDQGV� DW� ����� ����� ����� ����
�����DQG�����DUH�ZHOO�REVHUYDEOH��,W�VKRXOG
EH� QRWHG� WKDW�� LQ� FRQWUDVW� WR� RWKHU� EDQGV�
WKH� H[FLWDWLRQ�DURXQG�����QP�SURGXFHV� WKH
VSHFWUXP� ZLWK� DQ� HPLVVLRQ� PD[LPXP� DW
DERXW� ���� QP� �VHH� )LJ����� FXUYH� ���� 7KXV�
WKH� ORZHVW�H[FLWDWLRQ�EDQG�RI� WKH�&H,� HPLV�VLRQ� LV� VLWXDWHG� DW� ���� QP�� VR� WKDW� WKH
6WRNHV� VKLIW� RI� WKLV� HPLVVLRQ� DPRXQWV
�����FPÜ��� 7KH� H[FLWDWLRQ� EDQG� DW� ����QP
VKRXOG� EH� DWWULEXWHG� WR� RWKHU�&H��� FHQWHUV
HPLWWLQJ�DW�ORQJHU�ZDYHOHQJWKV��7KHLU�SRVVL�
EOH�RULJLQ�ZLOO�EH�GLVFXVVHG�EHORZ�
7KH�GHFD\�FXUYHV�RI�WKH�RI�

&D����±[�&H��[�32����2+��� �[� �������� HPLV�VLRQ� DW� �� .� IRU� WZR� GLIIHUHQW� H[FLWDWLRQ
ZDYHOHQJWKV�DUH�SUHVHQWHG� LQ�)LJ�����8QGHU
H[FLWDWLRQ� DW� OH[F� ����� QP�� WKH� GHFD\� LVQHDUO\� H[SRQHQWLDO� DQG� LW� FDQ� EH� FKDUDF�

)LJ����� 7LPH�UHVROYHG� H[FLWDWLRQ� VSHFWUD� IRU
WKH� HPLVVLRQ� RI� &D����±[�&H��[�32����2+���[�  � ������� DW� ���� QP� DW� �� .�� 7KH� VSHFWUD
ZHUH� UHFRUGHG� IRU� WZR� GLIIHUHQW� WLPH� LQWHU�
YDOV� �'W�� DIWHU� SLFRVHFRQG� SXOVH� H[FLWDWLRQ�
'W� ��Ü����QV������'W� ��Ü��QV������

)LJ����� 'HFD\� FXUYHV� RI� WKH� HPLVVLRQ� DW
���� QP� RI� &D����±[�&H��[�32����2+���[� �������� DW���.� UHFRUGHG�XSRQ�H[FLWDWLRQ
OH[F� �����QP������OH[F� �����QP�����
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WHUL]HG� E\� D� WLPH� FRQVWDQW� �W�� RI� ��r��QV�
7KLV�YDOXH� LV� W\SLFDO�RI�&H����Go�I� WUDQVL�
WLRQV�� 7KH� VDPH� UHVXOW� ZDV� REWDLQHG� XQGHU
H[FLWDWLRQ� RI� WKH� &H��� HPLVVLRQ� LQ� DQ\� RI
WKH� �Io�G� EDQGV�� $W� H[FLWDWLRQ� DW� OH[F� ����QP�������H9���WKH�GHFD\��)LJ�����FXUYH���
VKRZV� D� VWURQJ� GHYLDWLRQ� IURP� H[SRQHQWLDO
EHKDYLRU�� $OVR�� D� VORZ� FRPSRQHQW� ZLWK� D
W�!���Ü��V�LV�SUHVHQW��7KLV�LQGLFDWHV�WKDW�WKH
H[FLWDWLRQ� RI� FHULXP� LRQV� LV� FDXVHG� E\� VH�
TXHQWLDO�KROH�DQG�HOHFWURQ�FDSWXUHV�
7KXV�� VHYHUDO� W\SHV� � RI� &H��� FHQWHUV� DUH

IRUPHG� LQ�&D����±[�&H��[�32����2+��� �[d������VROLG� VROXWLRQV��7R� GHWHUPLQH� WKH� QDWXUH� RI
WKH�GRPLQDQW�&H,�FHQWHUV��ZH�KDYH�FRPSDUHGWKHLU� OXPLQHVFHQFH� FKDUDFWHULVWLFV� ZLWK
WKRVH� RI� &H��� LRQV� LQ� &D�%�2�&O� DQG&D%32��� ,W� VKRXOG� EH� QRWHG� WKDW�&H��� LRQVLQ� WKHVH� FRPSRXQGV� VXEVWLWXWH� IRU� FDOFLXP
LRQV�DQG�DUH�LQ�QLQH�IROG�FRRUGLQDWLRQ��+RZ�
HYHU�� LQ�&D%32��� WKH� FDOFLXP� LRQV� DUH� VXU�URXQGHG� E\� R[\JHQ� LRQV� RQO\�� ZKHUHDV� LQ
&D�%�2�&O�� WKH\� DUH� VXUURXQGHG� E\� VHYHQR[\JHQ� LRQV� DQG� WZR� KDORJHQ� LRQV�� ,W� LV
NQRZQ� WKDW� WKH� GHSUHVVLRQ� LQ� HQHUJ\� SRVL�
WLRQ�RI�WKH�ORZHVW��G� OHYHO�RI�&H��� LRQ�LQ�D
FU\VWDO�FDQ�EH�FRQVLGHUHG�DV�D�UHVXOW�RI�WZR
LQGHSHQGHQW� FRQWULEXWLRQV�� QDPHO\� WKH� FHQ�
WURLG�VKLIW�(F��GHILQHG�DV�WKH�HQHUJ\�VKLIW�RIWKH� &H��� �G� FRQILJXUDWLRQ� EDU\FHQWHU� UHOD�
WLYH�WR�WKH�IUHH�LRQ�YDOXH��������FPÜ����DQG
WKH�WRWDO�FU\VWDO�ILHOG�VSOLWWLQJ�(FIV��GHILQHGDV�WKH�HQHUJ\�GLIIHUHQFH�EHWZHHQ�PD[LPD�RI
WKH�KLJKHVW�DQG� ORZHVW��Io�G�EDQGV� LQ� WKH
H[FLWDWLRQ� VSHFWUD� >������@�� 7KH� PDJQLWXGH
RI� FHQWURLG� VKLIW�(F� GHSHQGV�PDLQO\� RQ� WKHFRYDOHQF\� RI� WKH�&H���OLJDQG� ERQG� DQG� WKH
SRODUL]DELOLW\� RI� WKH� OLJDQGV� FRRUGLQDWLQJ
&H���� 7KH� FU\VWDO� ILHOG� VSOLWWLQJ� LV� GHILQHG
E\� WKH� VL]H� DQG� VKDSH� RI� WKH� FRRUGLQDWLRQ
SRO\KHGURQ� DURXQG� &H��� >������@�� ,Q� 7DEOH
��� WKH� OXPLQHVFHQFH� FKDUDFWHULVWLFV� RI� &H,LRQV� LQ�&D���32����2+��� DUH� FRPSDUHG� ZLWKWKRVH� RI� &H��� RQHV� LQ� &D�%�2�&O� >��@� DQG&D%32�� >��@�� ,W� LV�VHHQ�WKDW�WKH�WRWDO�FU\V�WDO�ILHOG�VSOLWWLQJ�(FIV�IRU�WKH�&H,�FHQWHUV�LQ&D���32����2+��� LV� UHODWLYHO\� ORZ�� 7KH� RE�VHUYHG� YDOXH� RI� (F� �a����� FPÜ��� IRU� WKHVH
FHQWHUV� FRUUHVSRQGV� DOVR� WR� WKH� W\SLFDO� YDO�

XHV� IRU� DONDOLQH� HDUWK� DQG� UDUH� HDUWK� SKRV�
SKDWHV� �����Ü������FPÜ��� DQG� LV� HVVHQWLDOO\
ORZHU� WKDQ� WKRVH� IRU� R[LGHV� >������@�� 7KLV
LPSOLHV� WKH� KLJK� LRQLFLW\� GHJUHH� RI� WKH
PHWDO�OLJDQG� ERQG� IRU� WKLV� &H���SRVLWLRQ�
:KHQ�FRPSDULQJ�WKH�6WRNHV�VKLIW��G��RI�WKH
&H��� HPLVVLRQ� LQ� &D���32����2+��� ZLWKWKRVH� IRU� WKH� FDOFLXP� FRPSRXQGV�� LW� LV
IRXQG�WKDW�LW�LV�TXLWH�ODUJH��,W�LV�ZHOO�NQRZQ
WKDW�ZKHQ�&H���LRQ�LV�LQFRUSRUDWHG�LQ�D�ODW�
WLFH�LQ�D� ODUJHU�FDWLRQLF�VLWH��WKH�UHOD[DWLRQ
LQ� WKH� H[FLWHG� VWDWH� LV� ODUJHU� DQG� WKHUHIRUH
WKH�6WRNHV�VKLIW�LV�ODUJHU�
$V�PHQWLRQHG�DERYH��&H���FDQ�VXEVWLWXWH

IRU� &D��� LQ� &D���32����2+��� LQ� &D�,�� SRVL�WLRQ�ZLWK�V\PPHWU\�&�� RU� LQ�&D�,,��SRVLWLRQZLWK�&6�V\PPHWU\��7DNLQJ�LQWR�DFFRXQW�WKDWWKH� DYHUDJH� PHWDO�OLJDQG� GLVWDQFH� �5�� IRU
WKH�&D�,��SRVLWLRQ��5� ������c��LV�HVVHQWLDOO\
ODUJHU� WKDQ� WKDW� IRU� WKH� &D�,,�� SRVLWLRQ
�5� ������c��� RQH� FDQ� FRQFOXGH� WKDW� WKH
GRPLQDQW�FHQWHU��&H,��ZLWK�HPLVVLRQ�PD[LPDDW�����DQG�����QP�FRQVLVWV�RI�D�&H���LRQ�LQ
WKH� ODUJH� &D�,�� SRVLWLRQ�� ,Q� WKLV� FDVH�� WKH
FKDUJH� FRPSHQVDWLRQ� IRU� &H��� LRQV� LV� SUR�
YLGHG�E\� FDOFLXP�YDFDQFLHV�� DQG� LQ� VDPSOHV
ZLWK�UHODWLYHO\�KLJK�FRQFHQWUDWLRQV�RI�&H���
D� VLQJOH� FDOFLXP� YDFDQF\� ZLOO� FRPSHQVDWH
RQH�&H���LRQ�GLVWDQWO\�DQG�RQH�&H���ORFDOO\�
7KH� H[FLWDWLRQ� EDQG� DW� ���� QP� FDQ� EH� H[�
SHFWHG� WR� EH� GXH� WR� DVVRFLDWHV� RI� D� FDOFLXP
YDFDQF\� ZLWK� D�&H��� LRQ� RQ� WKH�&D�,�� SRVL�
WLRQ�
7KH�RWKHU�W\SH�RI�&H���FHQWHUV��&H,,��FDQEH� DWWULEXWHG� WR� D� &H��� LRQ� RQ� WKH� &D�,,�

SRVLWLRQ�� 7KH� FKDUJH� FRPSHQVDWLRQ� RI�&H��
LRQV� RFFXS\LQJ� WKH� &D�,,�� SRVLWLRQV� LV� SUR�
YLGHG� E\� VXEVWLWXWLRQ� RI�2+±� LRQV� E\�2�±�
7KLV� PHFKDQLVP� LPSOLHV� WKH� IRUPDWLRQ� RI
�&H&D�22+�[� DVVRFLDWHV�� 7KLV� FDQ�EH� UHVSRQ�VLEOH� IRU� WKH� ORZHU�HQHUJ\� SRVLWLRQ� RI� WKH
&H,,�HPLVVLRQ�EDQG������QP��DV�FRPSDUHG�WRWKH�&H,�HPLVVLRQ�EDQG�GXH�WR�D� ODUJHU�FU\V�WDO�ILHOG�VSOLWWLQJ�RI�WKH�&H����G�FRQILJXUD�
WLRQ� DQG� WR� VWUHQJWKHQLQJ� RI� WKH� FRYDOHQW
ERQG�EHWZHHQ�&H���DQG�LWV�HQYLURQPHQW�
)URP�WKH�UHVXOWV�SUHVHQWHG�KHUH��LW�FDQ�EH

FRQFOXGHG� WKDW� LQ� &D����±[�&H��[�32����2+��VROLG� VROXWLRQV� �[d������� SUHSDUHG� LQ� D� UH�
7DEOH����&RPSDULVRQ�RI�WKH�OXPLQHVFHQFH�SURSHUWLHV�RI�&H���LRQV�LQ�FDOFLXP�FRPSRXQGV�

&RPSRXQG ([FLWDWLRQ�PD[LPD��QP (FIV��FPÜ� (F��FPÜ� G��FPÜ�

&D���32����2+�� ����������������������� ����� ���� ����
&D%32� ����������������������� ����� ���� ����

&D�%�2�&O ����������������������� ����� ����� ����

,�9�%HUH]RYVND\D�HW�DO���'LVWULEXWLRQ�DQG�OXPLQHVFHQFH���

)XQFWLRQDO�PDWHULDOV������������� ���



GXFLQJ�DWPRVSKHUH��&H,� LV�WKH�RQO\�&H���UH�ODWHG�FHQWHU�SUHVHQW�LQ�VLJQLILFDQW�DPRXQWV�
,Q� RWKHU� ZRUGV�� &H��� LRQV� LQ� FDOFLXP� K\�
GUR[\DSDWLWH� WHQG� WR� RFFXS\� SUHIHUDEO\� WKH
&D�,�� VLWHV��2XU� UHVXOWV� DQG� FRQFOXVLRQV� DUH
FRQVLVWHQW�ZLWK�WKH�GDWD�SUHVHQWHG�LQ�OLWHUD�
WXUH� IRU� QDWXUDO� DSDWLWHV� >��@�� 7KH� LQWHQVH
89�HPLVVLRQ�EDQG�DW�DERXW�����QP�LQ�WLPH�
UHVROYHG� OXPLQHVFHQFH� VSHFWUD� RI� EOXH� DQG
JUHHQ� DSDWLWHV� KDV� EHHQ� DWWULEXWHG� WR�&H��
LRQV�LQ�WKH�&D�,��VLWH�
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