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5HFHLYHG�-XO\���������
7KH�URWDWLRQ�RI�PDJQHWLF�ILHOG�+�RII�WKH�SODQH�RI�WZLQ�ERXQGDULHV��7%V��KDV�EHHQ�IRXQG

WR�LQGXFH�WUDQVLWLRQ�RI�DQ�RUGHUHG�YRUWH[�VROLG�SKDVH�WR�D�GLVRUGHUHG�RQH�GXH�WR�WUDQVYHUVH
GHIRUPDWLRQV�RI� YRUWH[� OLQHV�QHDU� WKH�7%V�� ,W�KDV�EHHQ�VKRZQ�WKDW� WKH�YDULDWLRQ�RI�ERWK
WKH�GHSLQQLQJ�FXUUHQW�GHQVLW\�-F�DQG�WKH�DFWLYDWLRQ�HQHUJ\�8SOHI�FRUUHVSRQGLQJ�WR�SODVWLFYRUWH[�FUHHS�ZLWK�DQJOH�T�{��+�7%�DUH�QRW�FKDQJHG�TXDOLWDWLYHO\�ZLWK�LQFUHDVLQJ�FRQFHQ�
WUDWLRQ�RI�SRLQW�GHIHFWV�QG��EXW�WKLV�YDULDWLRQ�LV�VWURQJO\�DIIHFWHG�E\�WKH�HYROXWLRQ�RID� NLQNHG� VWUXFWXUH� RI� YRUWH[� OLQHV�ZLWK� WKH� DQJOH� T�� ,W� KDV� EHHQ� DOVR� VKRZQ� WKDW� WKH
FXUUHQW� GHQVLW\� -F� DQG� HQHUJ\�8SOHI� EHKDYH� TXLWH� GLIIHUHQWO\� DV� WKH� DQJOH� T� DQG� WKHFRQFHQWUDWLRQ�QG�YDU\��DQG�LQ�SDUWLFXODU��DQJXODU�YDULDWLRQ�RI�WKH�SLQQLQJ�IRUFH�LQ�WKHFUHHS�UHJLPH�)S��ZKLFK�LV�GHILQHG�E\�FRPSHWLWLRQ�EHWZHHQ�WKH�FXUUHQW�GHQVLW\�-F�DQG�WKHHQHUJ\�8SOHI��GHSHQGV�RQ�WKH�FRQFHQWUDWLRQ�QG�DQG�RQ�WKH�GULYLQJ�IRUFH�YDOXH�
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7KH�HIIHFW�RI�SRLQW�DQG�SODQDU�GHIHFWV�RQ
WKH� GHIRUPDWLRQ� RI� YRUWH[� OLQHV�� RQ� WKH
SKDVH�VWDWH��SLQQLQJ�IRUFH��DQG�G\QDPLFV�RI
D� YRUWH[� VROLG� KDV� EHHQ� UHFRQVLGHUHG� DIWHU
GLVFRYHU\� RI� KLJK�7F�PDWHULDOV�� ,W� KDV� EHHQVKRZQ�WKDW� LQ�WKH�SUHVHQFH�RI�D�ZHDN�SRLQW
GLVRUGHU� DQG� LQ� ORZ� PDJQHWLF� ILHOGV�� WKH
HODVWLF� HQHUJ\� (HO� GRPLQDWHV� RYHU� WKH� SLQ�QLQJ� HQHUJ\�(S�� DQG� WKHUHIRUH�� DQ� RUGHUHG%UDJJ� JODVV� �%*�� SKDVH� LV� IRUPHG�� ZKLFK
GRHV�QRW�FRQWDLQ�WRSRORJLFDO�GHIHFWV�>�@��7KH

SLQQLQJ� IRUFH� RI� WKH� %*� SKDVH� LV� LQGH�
SHQGHQW� RI� WKH� PDJQHWLF� ILHOG� >����@� WKDW
FRUUHVSRQGV� WR� �'�SLQQLQJ�PRGH�� +RZHYHU�
WKH� HQHUJ\�(HO� EHFRPHV� ORZHU� WKDQ�(S�ZLWKLQFUHDVLQJ� SRLQW� GLVRUGHU� RU�PDJQHWLF� ILHOG
VWUHQJWK��DQG�WKH�RUGHUHG�%*�SKDVH�EHFRPHV
WUDQVIRUPHG� LQWR� D� GLVRUGHUHG� RQH� >�@�� 7KH
GLVRUGHUHG� SKDVH� FRQWDLQV� GLVORFDWLRQV�ZLWK
VFUHZ�FRPSRQHQWV�UHVXOWLQJ�LQ�IRUPDWLRQ�RI
DQ� HQWDQJOHG� YRUWH[� VROLG� �(96��� DQG� WKXV�
WR� UHDOL]DWLRQ� RI� �'�SLQQLQJ� PRGH�� 7KH

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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RUGHU�GLVRUGHU� �2'�� WUDQVLWLRQ� LV� DFFRPSD�
QLHG�E\�DQ�LQFUHDVH�RI�WKH�SLQQLQJ�IRUFH�>�@
GXH�WR�GLPHQVLRQDO�FURVVRYHU�>����@�DQG�EHW�
WHU� DFFRPPRGDWLRQ� RI� WKH� GLVRUGHUHG� SKDVH
WR�WKH�SLQQLQJ�ODQGVFDSH�>�@�
'HFRUDWLRQ�H[SHULPHQWV�VKRZ�WKDW�WKH�VX�

SHUFRQGXFWLQJ� RUGHU� SDUDPHWHU� �6&23�� DW
WKH� WZLQQLQJ� ERXQGDULHV� �7%V�� LQ� D
<%D�&X�2�±G� FRPSRXQG� LV� VXSSUHVVHG� >�@�DQG� 7%V� DIIHFW� WKH� VSDWLDO� GLVWULEXWLRQ� RI
YRUWLFHV�LQ�ERWK�SDUDOOHO�DQG�LQFOLQHG�WR�WKH
7%V�PDJQHWLF�ILHOGV�>��@��7KLV�LV�FRQILUPHG
E\�PDJQHWLF� >������@�DQG�WUDQVSRUW� >������@
PHDVXUHPHQWV��ZKLFK�VKRZ�WKDW�WKH�SLQQLQJ
IRUFH� )S� FKDQJHV� QRQ�PRQRWRQRXVO\� ZLWKDQJOH�T�{��+�7%��+RZHYHU��SDUWLFXODU�)S�T�GHSHQGHQFHV�FDQ�GLIIHU�RQH�IURP�DQRWKHU�LQ
GLIIHUHQW�VDPSOHV��WKXV�FDXVLQJ�GLVFUHSDQF\
LQ�LQWHUSUHWDWLRQ�RI�H[SHULPHQWDO�GDWD��7KLV
FDQ� EH� GXH� WR� G\QDPLFV� HIIHFWV�� ZKLFK
VWURQJO\�DIIHFW�WKH�)S�T��IXQFWLRQ�FKDUDFWHULQ� WKH� YRUWH[� FUHHS� PRGH� >������@�� DQG� E\
GLIIHUHQFH� LQ� WKH� FRQWULEXWLRQV� WR� WKH� WRWDO
SLQQLQJ�IRUFH�IURP�SRLQW�DQG�SODQH�GHIHFWV�
WKDW� LV� QDWXUDO� IRU� GLIIHUHQW� VDPSOHV�� 7KH
DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�H[SHULPHQWDOO\
WKH�HYROXWLRQ�RI�YRUWH[�G\QDPLFV�ZLWK�DQJOH
T� LQ� VDPSOHV� XQGHU� FRQWUROOHG� YDULDWLRQ� RI
SRLQW�GHIHFW�FRQFHQWUDWLRQ�QG�7KH� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� RQ
WKH�<%D�&X�2�±G� FU\VWDO� KDYLQJ� GLPHQVLRQV�u���u������PP�� ZLWK� 7F� ������ .� DQG'7F#���� .�� 7KH� VPDOOHVW� GLPHQVLRQ� FRUUH�VSRQGHG� WR� WKH� F�D[LV�� WKH� WZLQV� ZHUH� RUL�
HQWHG�XQLGLUHFWLRQDOO\��DQG�WKH�DYHUDJH�GLV�
WDQFH� G� EHWZHHQ� WKH� 7%V� ZDV� ���� PP�� 7KH
WUDQVSRUW� FXUUHQW� -� ZDV� DSSOLHG� DORQJ� WKH
DE�SODQH�DQG�DW�DQ�DQJOH�RI����� WR�WKH�7%V
SODQH�� 7KH� VDPSOH�ZDV� URWDWHG� LQ� WKH�PDJ�
QHWLF�ILHOG�VR�WKDW�WKH�YHFWRU�+�ZDV�SHUSHQ�
GLFXODU� WR� WKH� YHFWRU� -�� DV� LW� LV� VKRZQ� LQ
)LJ���D�� 7KH� UHVROXWLRQ� RI� DQJOH� E�{��+�F

ZDV�EHWWHU�WKDQ��������7KH�FRQFHQWUDWLRQ�RI
SRLQW�GHIHFWV�ZDV�YDULHG�E\�ORZ�WHPSHUDWXUH
�7d��� .�� LUUDGLDWLRQ� ZLWK� ���� 0H9� HOHF�
WURQV� >�@��7KH�YRUWH[�G\QDPLFV�ZDV�VWXGLHG
E\� PHDVXULQJ� WKH� FXUUHQW�YROWDJH� FKDUDF�
WHULVWLFV� (�-�� IRU� GF� FXUUHQW� DW� ��� .� LQ
��� N2H� PDJQHWLF� ILHOG�� 7KH� LUUDGLDWLRQ�
PHDVXUHPHQW�F\FOHV�ZHUH�SHUIRUPHG�ZLWKRXW
KHDWLQJ�WKH�VDPSOH�DERYH�����.��VR�WKDW�WKH
HIIHFW�RI�SRLQW�GHIHFWV�FRQFHQWUDWLRQ�RQ�SLQ�
QLQJ�DQG�G\QDPLFV�RI�WKH�YRUWH[�VROLG�FRXOG
EH�VWXGLHG�>�@�
7KH� PHDVXUHPHQW� UHVXOWV� SORWWHG� DV

U�-�{(�-��-� YV� �CC- � DUH� SUHVHQWHG� LQ�)LJ�� ��
7KH� )LJXUH� VKRZV� WKH� HYROXWLRQ� RI� U�-�
FXUYHV� ZLWK� WKH� DQJOH� E� SULRU� WR� �SDQHO� D�
DQG�DIWHU� �SDQHO� E�� LUUDGLDWLRQ� WR� D�GRVH�RI
M� ������ HOHFWURQV� SHU� FP��� ,W� LV� VHHQ� WKDW
DQ�LQFUHDVH�LQ�WKH�DQJOH�E�XS�WR����GRHV�QRW
FKDQJH� WKH� SRVLWLRQ� RI� U�-�� FXUYHV�� ZKLOH
WKH� FXUYHV� PHDVXUHG� E�t���� DUH� VHSDUDWHG
ZHOO�� )LUVW� RI� DOO�� LW� LV� WR� QRWH� WKDW� WKH
ODWWHU� IDFW� LV� FDXVHG� E\� LQWHUDFWLRQ� RI� YRU�
WLFHV�ZLWK�WKH�WZLQV�UDWKHU�WKDQ�E\�WKH�FU\V�
WDO� DQLVRWURS\�� ,QGHHG�� WKH�SLQQLQJ�IRUFH� LV
LQGHSHQGHQW� RI� WKH� DQJOH� E� �DW� OHDVW� XS� WR
����� LQ� ERWK� QRQ� WZLQQHG� FU\VWDOV� >��@� DQG

)LJ������D��6NHWFK�RI�PHDVXUHPHQWV�JHRPHWU\�
�E��.LQNHG� VWUXFWXUH� RI� YRUWH[� OLQH� QHDU� WKH
7%� LQ� WLOWHG� PDJQHWLF� ILHOG�� �F�� 9RUWH[� FRQ�
ILJXUDWLRQ� LQ� SUHVHQFH� RI� WKH� UDQGRP� SRLQW
GLVRUGHU�

)LJ����� (YROXWLRQ� RI� WKH� U�-�� GHSHQGHQFHV
ZLWK�DQJOH�E� LQ�XQLUUDGLDWHG�FU\VWDOV� �D��DQG
WKRVH� LUUDGLDWHG� ZLWK� D� GRVH� M� ������HOHF�
WURQV�SHU�FP���E��
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WZLQQHG� RQHV� >�@� LI� WKH� YHFWRU� +� UHPDLQV
SDUDOOHO�WR�WKH�7%V�SODQH�>�@��7KHUHIRUH��ZH
EHOLHYH� WKDW� IRU� VPDOO� DQJOHV�E�d�E/#���� WKHYRUWH[�OLQHV�UHPDLQ�WUDSSHG�E\�WKH�WZLQV��DV
LW�KDV�EHHQ�SUHGLFWHG�E\�WKHRU\�>��@��,Q�RXU
H[SHULPHQWDO� JHRPHWU\� RI� PHDVXUHPHQWV�
WKH� DQJOHV� E� DQG� T� DUH� UHODWHG� DV� �CC�VLQT� 
VLQE��DQG�ZH�REWDLQ�WKH�YDOXH�RI�WKH�ORFN�LQ
DQJOH� T/#����� DJUHHLQJ� ZLWK� SUHYLRXV� H[�SHULPHQWDO� VWXGLHV� >��@�� :H� DWWULEXWH� WKH
FKDQJHV�LQ�SLQQLQJ�DQG�G\QDPLFV�RI�YRUWLFHV
REVHUYHG�DW�DQJOHV�E�t����WR�WKH�GHIRUPDWLRQ
RI� YRUWH[� OLQHV� QHDU� WKH� 7%V�� ZKLFK� LV
VKRZQ� LQ� )LJ���E� >��@�� +HUH�� DW� WKH� DQJOHV
T� VPDOOHU� WKDQ� D� FHUWDLQ� FULWLFDO� TF� YDOXH�VRPH� SDUW� RI� WKH� YRUWH[� OLQH� /W� LV� WUDSSHGE\�WKH�7%��WKH�YRUWH[�IUDJPHQW�/K�DQG�WKHWZLQ�SODQH�OLPLW�WKH�DQJOH�TF��DQG�IDU�DZD\IURP� WKH� 7%�� WKH� YRUWH[� OLQHV� DUH� DOLJQHG
DORQJ�WKH�H[WHUQDO�ILHOG�
3UHYLRXV�PHDVXUHPHQWV�SHUIRUPHG�RQ�WKH

FU\VWDO� LQ� WKH� PDJQHWLF� ILHOG�+__F� >�@� KDYH
VKRZQ� WKDW� SULRU� WR� LUUDGLDWLRQ�� WKH� YRUWH[
YHORFLW\� Y� �(�F%� LV� LQGHSHQGHQW� RI� WKH
ILHOG��DQG�WKHUPDO�FUHHS�IROORZV�WKH�UHODWLRQ

(�-�� �(�H[S>��8��e�N%7��-F�e�-�@�� ���
ZKHUH� -F� LV� WKH� GHSLQQLQJ� FXUUHQW� GHQVLW\�DQG� 8�� LV� WKH� FUHHS� DFWLYDWLRQ� HQHUJ\� �LQ)LJ���D��WKLV�UHODWLRQ�PDQLIHVWV�LWVHOI�LQ�WKH
QHJDWLYH� FXUYDWXUH� RI� U�-�� FXUYHV��� 7KHVH
UHJXODULWLHV� FRUUHVSRQG� UHVSHFWLYHO\� WR� �'�
SLQQLQJ� RI� WKH�%*�SKDVH� IRUPHG�DW� D�ZHDN
SRLQW� GLVRUGHU� DQG� FRQWDLQV� QR� GLVORFDWLRQV
>�@�� DQG� WR� HODVWLF� FUHHS� ZLWK� D� GLYHUJLQJ
DFWLYDWLRQ� HQHUJ\� 8�-�� �8��-F�-��� $V� LVHYLGHQW� IURP� )LJ����� ERWK� WKH� LQWURGXFWLRQ
RI�SRLQW�GHIHFWV�DQG�WKH�URWDWLRQ�RI�ILHOG�RII
WKH�7%V�SODQH�E\�WKH�DQJOH�Et���UHVXOW�LQ�D
UDGLFDO�FKDQJH�LQ�YRUWH[�G\QDPLFV��WKH�FXU�
UHQW�YROWDJH�FKDUDFWHULVWLFV� EHFRPH�VWUDLJKW
OLQHV� EHLQJ� SORWWHG� DV� ORJ>(�-��-@� YV� �CC- �
7KLV� PHDQV� WKDW� WKH� WKHUPDO� FUHHS� LV� GH�
VFULEHG�E\�WKH�UHODWLRQ
(�-�� �U�-H[S­®̄�8SOHI�N%7�>�����-���-F���e��@½¾¿�����

ZKLFK�FRUUHVSRQGV�WR�SODVWLF�FUHHS�PHGLDWHG
E\� WKH�PRWLRQ� RI� GLVORFDWLRQV� >������@�� 7KH
WUDQVLWLRQ� IURP� HODVWLF� FUHHS� WR� SODVWLF� RQH
UHDOL]HG� LQ� WKH� ILHOG�+__F� DW� LQFUHDVLQJ� FRQ�
FHQWUDWLRQ�QG� LV�FDXVHG�E\�WKH�WUDQVLWLRQ�RIWKH� RUGHUHG� %*� SKDVH� LQWR� WKH� GLVRUGHUHG
(96� RQH� >�@�� 7KLV�2'� WUDQVLWLRQ� DULVHV� GXH
WR� LQFUHDVH� LQ� WKH� SLQQLQJ� HQHUJ\� LQ� WKH
LUUDGLDWHG� FU\VWDO�� (SfQG���� >��@�� ZKLFK

GRPLQDWHV� RYHU� WKH� HODVWLF� HQHUJ\
(HO�#�F/�HH�D�� LQGXFHG� E\� WKH� WUDQVYHUVH� GH�
IRUPDWLRQV�RI�WKH�YRUWH[�OLQHV�XW� �F/D��>�@�
+HUH�� F/� LV� WKH� /LQGHPDQQ� QXPEHU�� H�� WKH
DQLVRWURS\� SDUDPHWHU�� H�� ��)���SO���� WKH
YRUWH[� OLQH� WHQVLRQ�� D�#�����)��%������ WKH
LQWHUYRUWH[�GLVWDQFH��)���WKH�IOX[�TXDQWXP�
DQG�O��WKH�SHQHWUDWLRQ�GHSWK��7UDQVYHUVH�GH�
IRUPDWLRQV�LQ�WKH�LUUDGLDWHG�VDPSOH�DULVH�GXH
WR� LQWHUDFWLRQ� RI� YRUWH[� OLQHV�ZLWK� WKH� SRLQW
GHIHFWV�� VHH�)LJ���F�� ,W� LV�EHOLHYHG�WKDW�WUDQV�
YHUVH� GHIRUPDWLRQV� XW� �F/D�� LQGXFH� WUDQVIRUPD�WLRQ�RI� WKH� RUGHUHG�YRUWH[� ODWWLFH� LQWR� WKH�GLVRU�
GHUHG�RQH��7KH�WUDQVLWLRQ�IURP�WKH�HODVWLF�FUHHS
WR�SODVWLF�RQH�REVHUYHG�LQ�D�QRQ�LUUDGLDWHG�VDP�
SOH�DW�ILHOG�URWDWLRQ�RII�WKH�7%V�SODQH�WKURXJK
Et���� FDQ� DULVH�GXH� WR� WKH�2'�WUDQVLWLRQ�� WRR�
%XW� LQ� WKLV� FDVH�� LW� LV� LQLWLDWHG� E\� WUDQVYHUVH
GLVSODFHPHQWV� RI� YRUWH[� OLQHV� XW� QHDU� WKH7%V�� VHH� )LJ���E�� 7KH� OHQJWK� RI� IUDJPHQW
/K#�HD����CCS �>OQ�D��[�@���� >��@� VSHFLILHV� WKHGLVSODFHPHQW�DPSOLWXGH

XW�K�/KVLQ�TF���T��� ���
)RU� D�����N2H�� ����QP�DQG�T� ����� DQGIRU� UHDVRQDEOH� YDOXHV� RI� WKH� DQLVRWURS\� SD�

UDPHWHU� H� ������ WKH� DQJOH� TF� ����� >��@�DQG� WKH� FRKHUHQFH� OHQJWK� [����.�� ���QP�
ZH�REWDLQ�WKH�DPSOLWXGH��XW#���È���7KH�GLV�SODFHPHQWV� DUH� FORVH� WR� WKH�/LQGHPDQQ� FUL�
WHULRQ��XW|F/D�� �F/� ����y������DQG�WKXV�FDQLQLWLDWH�WKH�2'�WUDQVLWLRQ�>�@��%HORZ��LW�ZLOO
EH�VKRZQ�WKDW�LW�LV�MXVW�WKH�HYROXWLRQ�RI�WKH
NLQNHG� VWUXFWXUH� WKDW� SURYLGHV� DQ� H[SODQD�
WLRQ� IRU� DQJXODU� YDULDWLRQV� RI� WKH� FXUUHQW
GHQVLW\�-F�DQG�WKH�HQHUJ\�8SOHI�,Q� WUDQVSRUW�PHDVXUHPHQWV�� WKH�-F�YDOXHFDQ� EH� GHWHUPLQHG� E\� H[WUDSRODWLRQ� RI� WKH
QRUPDOL]HG� GLIIHUHQWLDO� UHVLVWDQFH
UG{�G(�G-��U%6�WR�XQLW\�>����@��6XEVWLWXWLQJWKHVH� YDOXHV� LQ� (T����� DQG� ILWWLQJ� WKH� H[�
SHULPHQWDO�U�-�� FXUYHV� WR� WKLV� HTXDWLRQ��ZH
FDQ�GHWHUPLQH�WKH�HQHUJ\�8SOHI��7KH�DQJXODUYDULDWLRQ�RI� WKH� FXUUHQW�GHQVLW\�-F� DQG� HQ�HUJ\�8SOHI�REWDLQHG�LQ�WKLV�ZD\�DUH�VKRZQ�LQ)LJ���D��7KH�GHSLQQLQJ�FXUUHQW�GHQVLW\�GRHV
QRW�FKDQJH�ZLWK�E�IRU�E���E/#����EHFDXVH��DVLW� ZDV� PHQWLRQHG� DERYH�� WKH� YRUWH[� OLQHV
UHPDLQ� WUDSSHG� E\� WKH� 7%V�� $W� E�!�E/�� WKHFXUUHQW�-F�ILUVW�ULVHV�DQG�WKHQ�GURSV�DV�WKHDQJOH� E� LQFUHDVHV� XS� WR� LWV� PD[LPDO� YDOXH
-FPD[� DW� E#����� 7KH� ULVH� LQ� -F� REVHUYHG� LQWKH� DQJXODU� UDQJH� E/���E������� FDQQRW� EHH[SODLQHG� E\� LQFUHDVHG� SLQQLQJ� RI� WKH
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WUDSSHG� IUDJPHQWV� /W�� DV� LW� ZDV� VXJJHVWHGLQ� >��@�� EHFDXVH� WKHLU� IUDFWLRQ� GHFUHDVHV� DV
VLQ�TFÜT��� $OVR�� WKH� UHGXFHG� SLQQLQJ� LQ� WKHILHOG� +__F� FDQQRW� EH� H[SODLQHG� E\� VXSSUHV�
VLRQ� RI� SLQQLQJ� E\� SRLQW� GHIHFWV�� DV� LW�ZDV
DVVXPHG� LQ� >��@�� WKH� YRUWLFHV� ORFDWHG� EH�
WZHHQ� WKH� 7%V� SRRUO\� DFFRPPRGDWH� WKHP�
VHOYHV�WR�WKH�SRLQW�GHIHFWV�ODQGVFDSH�GXH�WR
D� VWURQJ� LQWHUDFWLRQ� ZLWK� YRUWLFHV� WUDSSHG
E\� WKH�7%V�� ,QGHHG�� WKLV� LQWHUSUHWDWLRQ� LP�
SOLHV�WKH�IRUPDWLRQ�RI�WKH�RUGHUHG�%*�SKDVH
LQ�WKH�LUUDGLDWHG�VDPSOH�SODFHG�LQ�WKH�SDUDO�
OHO� ILHOG�� WKDW� LV� LQ� FRQWUDGLFWLRQ� ZLWK� RXU
PHDVXUHPHQW� UHVXOWV��7KHUHIRUH��ZH�EHOLHYH
WKDW� WKH� FXUUHQW�-F� LQFUHDVHV� GXH� WR� RFFXU�UHQFH� RI� GLVORFDWLRQV�ZLWKLQ� VSDWLDO� UHJLRQV
VXUURXQGLQJ� WKH� NLQNV� RI� YRUWH[� OLQHV�
ZKHUH� WKH� YRUWH[� IUDJPHQWV� /K� ORFDWHG� DWRSSRVLWH�VLGHV�RI�WKH�7%V�DUH�VKLIWHG�LQ�WKH
WUDQVYHUVH� GLUHFWLRQ� E\� WKH� GLVWDQFH� RI
�XW|���D���7KH�QXPEHU�RI�NLQNV�LQFUHDVHV�DVVLQE�� WKXV� UHVXOWLQJ� LQ� FRQWLQXRXV� LQFUHDVH
RI� WKH�GLVORFDWLRQ�FRQFHQWUDWLRQ��DQG� WKHUH�
IRUH�� WR� D� JUHDWHU� GLVRUGHU� RI� WKH� YRUWH[

VROLG��7KXV��LQ�WKH�XQLUUDGLDWHG�FU\VWDO��WKH
LQFUHDVH� LQ� -F� ZLWK� WKH� DQJOH� E� LV� FDXVHGERWK�E\�WKH�WUDQVLWLRQ�IURP�D�ZHDN��'�SLQ�
QLQJ� RI� WKH� %*�SKDVH� WR� D� VWURQJ� �'�SLQ�
QLQJ� RI� WKH� (96� SKDVH� DQG� E\� D� EHWWHU� DF�
FRPPRGDWLRQ� RI� GLVRUGHUHG� SKDVHV� WR� WKH
SLQQLQJ� ODQGVFDSH�� WKDW� UHVXOWV� LQ� D� UDWKHU
ODUJH� UDWLR� -F�����-FPD[#����� ,Q� WKH� LUUDGL�DWHG�VDPSOH��WKH�LQFUHDVH�LQ�-F�LV�FDXVHG�E\WKH� ODWWHU� UHDVRQ� RQO\�� UHVXOWLQJ� LQ� D
VPDOOHU�UDWLR�-F�����-FPD[#����7KH� UHGXFWLRQ� LQ� FXUUHQW�GHQVLW\�-F�� RE�VHUYHG�DW�D�IXUWKHU�LQFUHDVH�RI�DQJOH�E��E�!
����� LV� FDXVHG� E\� D� GHFUHDVH� LQ� WKH� DPSOL�
WXGH� XW�� ZKLFK� GURSV� WR� ]HUR� DW� T� �T°� DF�FRUGLQJ� WR� (T�� ����� ,Q� WKH� DEVHQFH� RI� SRLQW
GHIHFWV� DQG� 6&23� IOXFWXDWLRQV� ZLWKLQ� WKH
7%V�SODQH��D�MXPS�OLNH�GHFUHDVH�LQ�-F�DW�E� �E'2PLJKW�EH�H[SHFWHG��$W�WKLV�DQJOH��WKH�DPSOL�
WXGH� �XW� ZLOO� EHFRPH� VPDOOHU� WKDQ� F/D�YDOXH��WKXV�LQLWLDWLQJ�WKH�RSSRVLWH�GLVRUGHU�
RUGHU� WUDQVLWLRQ�� )OXFWXDWLRQV� RI� ERWK� WKH
6&23�DQG�WKH�FRQFHQWUDWLRQ�QG�UHVXOW�LQ�WKHDPSOLWXGH� IOXFWXDWLRQ� RI�XW�� DQG� WKHUHIRUH�LQ� VPRRWKLQJ� RI� WKH� WUDQVLWLRQ�� $V� LV� VHHQ
IURP� )LJ���D�� LQ� WKH� XQLUUDGLDWHG� VDPSOH�
WKH� FXUUHQW� GHQVLW\� -F� GURSV� E\� DERXW� DQRUGHU� RI� PDJQLWXGH� ZLWKLQ� WKH� DQJXODU
UDQJH� 'E� ���r���� DQG� WKH� SODVWLF� FUHHS
JLYHV� ZD\� WR� WKH� HODVWLF� RQH� DW� WKH� DQJOH
E� ������ WKXV� LQGLFDWLQJ� WKH� GLVRUGHU�RUGHU
WUDQVLWLRQ�� ,Q� WKH� LUUDGLDWHG� VDPSOH�� WKH
SLQQLQJ�E\�SRLQW�GHIHFWV�LV�VWURQJ��WKH�(96
SKDVH� LV� FRQVHUYHG� XS� WR� E� ������ DQG� WKH
FXUUHQW� GHQVLW\� -F� GHFUHDVHV� VORZO\� DW� LQ�FUHDVLQJ�DQJOH�E�GXH�WR�GHFUHDVLQJ�GLVRUGHU
RI�WKH�YRUWH[�VROLG�
$V� LV� VHHQ� LQ� )LJ���D�� WKH� DQJXODU� YDUL�

DWLRQ�RI�HQHUJ\�8SOHI�GLIIHUV�IURP�D�PRQRWR�QRXV� LQFUHDVH� RI� WKH� DFWLYDWLRQ� HQHUJ\
8SO�E�� �8SO�HEÜ���� >��@� FDOFXODWHG� IRU� SODV�WLF�FUHHS�RI�XQGHIRUPHG�YRUWH[�OLQHV��+HUH�
8SO�� ��HH�D��LV�WKH�DFWLYDWLRQ�HQHUJ\�DW�E� ���DQG�HE� ��H�VLQ�E���FRV�E����� LV� WKH�DQJXODU�GHSHQGHQW�DQLVRWURS\�SDUDPHWHU��7KH�GLIIHU�
HQFH�LV�MXVWLILDEOH��WDNLQJ�LQWR�DFFRXQW�WKDW
WUDQVYHUVH� GHIRUPDWLRQV� UHGXFH� WKH� DFWLYD�
WLRQ�HQHUJ\�E\�D�IDFWRU�RI�DERXW����Ü�XW�D��>�@��DQG�WKH�8SOHI�YDOXH�HVWLPDWHG�E\�ILWWLQJWKH�H[SHULPHQWDO�GDWD�ZLWK�(T������LQFUHDVHV
DW� GHFUHDVLQJ� FRQFHQWUDWLRQ� RI� GLVORFDWLRQV
Q'�GXH�WR�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�MXPSDWWHPSWV��7KXV��ZH�FDQ�ZULWH

8SOHI�E��|�8SO�E������XW�e�D��I�Q'�� ���
ZKHUH� WKH� GLPHQVLRQOHVV� IXQFWLRQ� I�Q'�� DS�SURDFKHV�XQLW\�LQ�D�VWURQJO\�GLVRUGHUHG�YRU�

)LJ����� �D�� $QJXODU� YDULDWLRQV� RI� WKH� GHSLQ�
QLQJ� FXUUHQW� �OLJKW� V\PEROV�� DQG� DFWLYDWLRQ
HQHUJ\� �EROG� V\PEROV�� LQ� XQLUUDGLDWHG
�VTXDUHV��DQG�LUUDGLDWHG��FLUFOHV��FU\VWDOV��7KH
GDVKHG� FXUYH� SUHVHQWV� DQJXODU� YDULDWLRQ� RI
WKH� DFWLYDWLRQ� HQHUJ\�8SO�E�� �8SO�HEÜ���� FDO�FXODWHG�IRU�XQGHIRUPHG�YRUWH[� OLQHV� >��@�� �E�
$QJXODU� YDULDWLRQ� RI� WKH� WKUHVKROG� FXUUHQW
-(�GHWHUPLQHG�DW�HOHFWULF�ILHOG�OHYHO���P9�FP
�EROG�V\PEROV��DQG�����P9�FP��OLJKW�V\PEROV�
LQ�XQLUUDGLDWHG� �VTXDUHV�� DQG� LUUDGLDWHG� �FLU�
FOHV��FU\VWDOV�
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WH[�VROLG��DQG�I�Q'��o�f�LQ�WKH�RUGHUHG�YRU�WH[� VROLG�� 7KHUHIRUH�� WKH� DQJXODU� YDULDWLRQ
RI� HQHUJ\� 8SOHI� FDQ� EH� LQWHUSUHWHG� DV� IRO�
ORZV�� $W� VPDOO� DQJOHV� E�� WKH� HQHUJ\� GH�
FUHDVHV� GXH� WR� DSSHDUDQFH� RI� DGGLWLRQDO
WUDQVYHUVH�GLVSODFHPHQWV�XW��L�H���WKH�NLQNV�DQG� DOVR� GXH� WR� LQFUHDVHG� FRQFHQWUDWLRQ� RI
GLVORFDWLRQV�� $W� E�!������ WKH� UHGXFWLRQ� LQ
WKH� DPSOLWXGH� XW� FDXVHV� WKH� GLVRUGHU�RUGHU
WUDQVLWLRQ� LQ� WKH� XQLUUDGLDWHG� VDPSOH�� WKH
FRQFHQWUDWLRQ� RI� GLVORFDWLRQV� TXLFNO\� GURSV
WR�]HUR��FDXVLQJ�D�IDVW�LQFUHDVH�LQ�8SOHI�DQGWKH� WUDQVLWLRQ� IURP�WKH�SODVWLF�FUHHS�WR�WKH
HODVWLF�RQH�DW�DQJOHV�Et�����,Q�WKH�LUUDGLDWHG
VDPSOH�� WKH� SRLQW� GLVRUGHU� LV� VWURQJ�� WKH
(96� SKDVH� LV� FRQVHUYHG�� DQG� WKH� HQHUJ\
8SOHI� LQFUHDVHV� JUDGXDOO\� ZLWK� WKH� DQJOH� E
GXH�WR�ERWK�LQFUHDVLQJ�HQHUJ\�8SO�E��DQG�WKHGHFUHDVLQJ�DPSOLWXGH�XW�)LJ���E� VKRZV� WKH� DQJXODU� YDULDWLRQ� RI
WKUHVKROG�FXUUHQW�GHQVLW\�-(�GHWHUPLQHG�DWD�IL[HG�HOHFWULF�ILHOG�XQGHU�FUHHS�FRQGLWLRQV�
,W� LV�VHHQ�WKDW� LQ�WKH�GHHS�FUHHS�PRGH��(� 
��P9�FP��� LW� FRUUHODWHV� ZLWK� WKH� DQJXODU
YDULDWLRQ� RI� WKH� DFWLYDWLRQ� HQHUJ\�8SOHI� XSWR� WKH� DQJOHV� E� RI� ��� WR� ����� DQG� ZLWK� DQ
LQFUHDVHG� GULYLQJ� IRUFH� �(� �����P9�FP�� LW
FRUUHODWHV�QHLWKHU�ZLWK�-F�E��QRU�ZLWK�-F�E�IXQFWLRQ��7KLV�EHKDYLRU� LV� H[SHFWHG�EHFDXVH
WKH�FXUUHQW�GHQVLW\�-(�LV�GHILQHG�E\�FRPSH�WLWLRQ� EHWZHHQ� WKH� FXUUHQW� GHQVLW\� -F� DQGHQHUJ\�8SOHI��ZKLFK�RSSRVLWHO\�YHU\�ZLWK�WKHDQJOH�E�
1RWH� WKDW� SUHYLRXV� HVWLPDWLRQV� RI� WKH

DQJOH� TF� DQG� WKH� LQWHUSUHWDWLRQ� RI� WKH� 7%VHIIHFW� RQ� WKH� YRUWH[� VROLG� SLQQLQJ� LQ� WKH
<%D�&X�2�±G�VXSHUFRQGXFWRU�ZHUH�EDVHG�SUL�PDULO\�RQ� WKH�DQJXODU�YDULDWLRQ�RI�WKH�SLQ�
QLQJ� IRUFH� XQGHU� FUHHS� FRQGLWLRQV� >��Ü��@�
DQG� LQ� WKH� WUDQVSRUW� VWXGLHV�� WKH� DQJXODU
YDULDWLRQV� RI�GHSLQQLQJ� FXUUHQW� DQG�DFWLYD�
WLRQ� HQHUJ\� ZHUH� GLVFXVVHG� RQO\� LQ� 5HI�
>��@��+RZHYHU��LQ�WKDW�ZRUN��LW�ZDV�LPSRVVL�
EOH�WR�VHSDUDWH�WKH�FRQWULEXWLRQV�IURP�SRLQW
GHIHFWV�DQG�SODQDU�GHIHFWV��EHFDXVH�WKH�YRU�
WH[� G\QDPLFV� LQ� WKH� ILHOGV�+__F�ZDV�GHILQHG
E\� WKH�UHOHDVH�RI�YRUWLFHV�IURP�WKH�7%V�SR�
WHQWLDO�ZDOO��DQG�WKH�H[SHULPHQWDO�GDWD�ZHUH
GLVFXVVHG� LQ� WKH� FRQWH[W� RI� WKH� FROOHFWLYH
SLQQLQJ�WKHRU\��,W�VKRXOG�EH�DOVR�PHQWLRQHG
WKDW� RXU� PHDVXUHPHQWV� GR� QRW� SURYLGH� WKH
H[DFW�YDOXH�RI�DQJOH�TF��EXW�ZH�PD\�VXJJHVWWKDW� WKH� 7%V� DIIHFW� SLQQLQJ� DW� OHDVW� XS� WR
E� ������ 7KDW� LV� LQ� DJUHHPHQW� ZLWK� VRPH
SUHYLRXV� VWXGLHV� RI� YRUWH[� G\QDPLFV� >���
��@�� DQG� DJUHHV� ZLWK� WKH� YDOXH� RI� E� ����

GHULYHG� IURP� GLUHFW� REVHUYDWLRQV� RI� YRUWH[
ODWWLFH�LQ�LQFOLQHG�ILHOGV�>��@�
7R� FRQFOXGH�� LW� KDV� EHHQ� IRXQG� WKDW� LQ

VDPSOHV� ZLWK� D� ZHDN� SRLQW� GLVRUGHU�� WKH
NLQNHG� YRUWH[� OLQHV� VWUXFWXUH�� ZKLFK� LV
IRUPHG� LQ� PDJQHWLF� ILHOGV� LQFOLQHG� WR� WKH
7%V��FDXVHV�WKH�WUDQVLWLRQ�IURP�WKH�RUGHUHG
%UDJJ�JODVV� SKDVH� LQ� SDUDOOHO� ILHOGV� WR� WKH
HQWDQJOHG�YRUWH[�VROLG� LQ� WLOWHG� ILHOGV�� ,W� LV
DOVR� VKRZQ� WKDW� LW� LV� MXVW� HYROXWLRQ� RI� WKH
NLQNHG� YRUWH[� VWUXFWXUH� WKDW� VSHFLILHV� WKH
DQJXODU� YDULDWLRQ� RI� WKH� GHSLQQLQJ� FXUUHQW
GHQVLW\� DQG� WKH� DFWLYDWLRQ� HQHUJ\� FRUUH�
VSRQGLQJ� WR� SODVWLF� FUHHS�� ,QFUHDVH� RI� WKH
SRLQW� GHIHFWV� FRQFHQWUDWLRQ� FDXVHV� IRUPD�
WLRQ�RI�WKH�GLVRUGHUHG�YRUWH[�VROLG�LQ�SDUDO�
OHO� WR� WKH� 7%V� ILHOG�� DQG� LQFUHDVHV� LQWHUYDO
RI�WKH�DQJOHV�E�ZKHUH�WKH�GLVRUGHUHG�YRUWH[
VROLG�LV�FRQVHUYHG��,W�LV�VKRZQ�WKDW�LQFUHDVH
RI� WKH� GHIHFWV� FRQFHQWUDWLRQ� UDLVHV� WKH� GH�
SLQQLQJ� FXUUHQW� GHQVLW\� DQG� GHFUHDVHV� DFWL�
YDWLRQ� HQHUJ\� FRUUHVSRQGLQJ� WR� WKH� SODVWLF
FUHHS�RI�WKH�YRUWH[�ODWWLFH��
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