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���,QWURGXFWLRQ
3RO\QXFOHRWLGH� DFLGV� Û� '1$� DQG� 51$

DUH� WKH� EULJKWHVW� H[DPSOHV� RI� WKH� QDWXUDO
IXQFWLRQDO� PDWHULDOV�� 7KHLU� XQLTXH� SURSHU�
WLHV� DUH� GHILQHG� PRVWO\� E\� WKHLU� VWUXFWXUH�
LQWHUDFWLRQ� ZLWK� WKH� RWKHU� FHOO� FRPSRQHQWV
DQG� LQWUDPROHFXODU� HOHFWURQLF�YLEUDWLRQDO
SURFHVVHV��7KH� LQWUDPROHFXODU�HOHFWURQLF�HQ�
HUJ\� WUDQVIHU� LV� DPRQJ� WKH�PRVW� LPSRUWDQW
SURFHVVHV� LQ� '1$� DQG� 51$�� 6LQJOHW� HOHF�
WURQLF� H[FLWDWLRQ� WUDQVIHU� IURP� D� VPDOO
GRQRU�PROHFXOH�WR�WKH�DFFHSWRU�PROHFXOH�LQ�
FRUSRUDWHG�DUWLILFLDOO\�LQWR�51$�PDFURPROH�
FXOH�LV�ZLGHO\�XVHG�LQ�D�QXPEHU�RI�ELRORJLFDO
DQG�PHGLFDO�WHFKQLTXHV�IRU�PHDVXUHPHQWV�RI
GLVWDQFHV��XVXDOO\���WR����QP�>�@��DORQJ�WKH
PDFURPROHFXODU� FKDLQ� >���@�� ,Q� VXFK� VWUXF�
WXUHV� 51$� LV� FRQVLGHUHG� DV� ERWK� DQ� REMHFW
XQGHU� LQYHVWLJDWLRQ� DQG�� DW� WKH� VDPH� WLPH�
DV�DQ�LQHUW�PDWUL[�HPEHGGLQJ�VSDWLDOO\�VHSD�
UDWHG� GRQRU�DFFHSWRU� SDLUV�� ,W� LV� JHQHUDOO\
WKRXJKW� WKDW� HOHFWURQLF� H[FLWDWLRQ� WUDQVIHU

EHWZHHQ�WZR�VPDOO�PROHFXOHV�RFFXUV�YLD�)RU�
VWHU� PHFKDQLVP�� ZLWK� 51$� EDVHV� QRW� LQ�
YROYHG� VLQFH� WKHLU� HQHUJ\� OHYHOV� DUH� VXIIL�
FLHQWO\�KLJKHU�>�@��/LWWOH�LV�NQRZQ��KRZHYHU�
DERXW�H[FLWDWLRQ�WUDQVIHU��VLQJOHW�DV�ZHOO�DV
WULSOHW�� EHWZHHQ�51$� EDVHV� DORQJ� WKH�PDF�
URPROHFXOH�� ,Q� D� QXPEHU� RI� ZRUNV� LW� ZDV
VKRZQ� WKDW� VXFK� PLJUDWLQJ� SURFHVVHV� WRRN
SODFH� DORQJ� WKH� GRXEOH� KHOL[� '1$� PDFUR�
PROHFXOH��DQG�WKH�DYHUDJH�GLVSODFHPHQW�YDO�
XHV� ZHUH� HVWLPDWHG� >���@�� ,Q� WKH� SUHVHQW
ZRUN��HYLGHQFH�RI�WKH�H[LVWHQFH�RI�VLQJOHW�DQG
WULSOHW� H[FLWDWLRQ� WUDQVIHU� LQ� 51$� PDFUR�
PROHFXOH�ZHUH�REWDLQHG��DQG�DYHUDJH�GLVSODFH�
PHQWV�RI�WKHVH�H[FLWDWLRQV�ZHUH�HYDOXDWHG�

���([SHULPHQWDO
<HDVW�51$�DQG�F\DQLQH�G\H�&\DQ���ZHUH

NLQGO\� SURYLGHG� E\� ,QVWLWXWH� RI� 0ROHFXODU
%LRORJ\� DQG� *HQHWLFV� �,0%*�� RI� 1$6� RI
8NUDLQH�� /XPLQHVFHQFH� VSHFWUD� ZHUH� RE�
WDLQHG� DW� DPELHQW� DQG� OLTXLG� QLWURJHQ� WHP�
SHUDWXUHV� XVLQJ� D� &DU\� (FOLSVH� 6SHF�
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WURIOXRURPHWHU� �9DULDQ� ,QF��� FRPELQHG�ZLWK
DQ� 2SWLVWDW� '1� � FU\RVWDW� �2[IRUG� ,QVWUX�
PHQWV��� 7KH� DEVRUSWLRQ� VSHFWUD� ZHUH� UH�
FRUGHG� XVLQJ� D� 6SHFRUG� 89�9,6� VSHFWUR�
SKRWRPHWHU��

���5HVXOWV�DQG�GLVFXVVLRQ�
'\H� &\DQ��� ZDV� FKRVHQ� DV� D� WUDS� IRU

HOHFWURQLF� H[FLWDWLRQ� WUDQVIHU� DORQJ� 51$�
$FFRUGLQJ� WR� WKH� DXWKRUV� RI� >�@� WKLV� G\H
VHOHFWLYHO\�ERXQGV�WR�51$�ERWK�LQ�YLWUR�DQG
LQ�YLYR��7KLV�IDFW�ZDV�DOVR�FRQILUPHG�LQ�RXU
H[SHULPHQWV�� IOXRUHVFHQFH�TXDQWXP�\LHOG�RI
WKH� G\H� LV� LQFUHDVLQJ� XS� WR� ���� WLPHV� DQG
WKH�VKLIW�LQ�LWV�DEVRUSWLRQ�VSHFWUD�LV�DSSHDU�
LQJ�LQ�WKH�51$�&\DQ���V\VWHP�DV�FRPSDUHG
WR�WKH�IUHH�G\H�

�����0RELOH�VLQJOHW�H[FLWDWLRQV�
LQ�51$

6RPH� HYLGHQFH� RI� WKH� LQWUDPDFURPROHFX�
ODU�HOHFWURQLF�H[FLWDWLRQ�HQHUJ\�WUDQVIHU�ZDV
SUHVHQWHG� LQ� RXU� SUHYLRXV� SXEOLFDWLRQ� >�@�
7KH�PDLQ�DUJXPHQW�LV�GRPLQDWLRQ�RI�FHUWDLQ
SDUWLFXODU�FHQWHUV�LQ�WKH�51$�OXPLQHVFHQFH
VSHFWUD� �DOO� 51$� EDVHV� DEVRUE� H[FLWDWLRQ
OLJKW� DGGLWLYHO\�� EXW� IOXRUHVFHQFH� VSHFWUD
FRQVLVWV� PDLQO\� RI� FRQWULEXWLRQV� IURP� *
�JXDQLQH�� DQG� &� �F\WRVLQH�� EDVHV�� ZKLOH
SKRVSKRUHVFHQFH�VSHFWUD�UHIOHFW�EDVLFDOO\�WKH
HPLVVLRQ�RI�$��DGHQLQH��EDVH�SRVVHVVLQJ�WKH
ORZHVW�WULSOHW�HOHFWURQLF�OHYHO�>�����@��

,Q� WKH� FXUUHQW� ZRUN�� ZH� VWXGLHG� PLJUD�
WLRQ�RI�VLQJOHW�H[FLWDWLRQV�DQG�WKHLU�FDSWXU�
LQJ� E\� WKH� QRQ�FRYDOHQWO\� ERXQG� ODEHO
&\DQ���� 7KH� REWDLQHG� UHVXOWV� DUH�� D�� 51$
IOXRUHVFHQFH� TXHQFKLQJ� XSRQ� DGGLQJ� RI
G\HV�WUDSV� DW� GLIIHUHQW� YDOXHV� RI� UDWLR� Q� 
����� ������ ������ ZKHUH� Q� LV� WKH� QXPEHU� RI

51$�EDVHV�SHU�&\DQ���G\H�PROHFXOH��H[FLWD�
WLRQ�DW�WKH�51$�DEVRUSWLRQ�PD[LPXP�OH[� 
���� QP�� )LJ������ :KHQ� Q� ������� WKH
TXHQFKLQJ� HIIHFW� VLJQLILFDQWO\� GHFUHDVHV�
DQG� LQWULQVLF� IOXRUHVFHQFH� RI� 51$� UHDS�
SHDUV�� ,W� IROORZV� IURP� WKHVH� GDWD� WKDW� WKH
GLVSODFHPHQW�RI�VLQJOHW�PRELOH�H[FLWDWLRQV�LV
OHVV� WKDQ� WKH� OHQJWK� RI� WKH� ��� 51$� EDVHV
VHTXHQFH�� E�� GHSRODUL]DWLRQ� RI� LPSXULW\
IOXRUHVFHQFH�XSRQ�H[FLWDWLRQ�LQ�WKH�51$�DE�
VRUSWLRQ�EDQG��7KH�PDLQ�UHDVRQV�RI�WKLV�HI�
IHFW� DUH� URWDWLRQ� RI� WKH� PROHFXOHV� RU� HOHF�
WURQLF� H[FLWDWLRQ� HQHUJ\� WUDQVIHU� >��@�� ,Q
RXU�FDVH�VPDOO�PROHFXOHV�DUH�IL[HG�ULJLGO\�LQ
51$��WKXV��URWDWLRQ�RI�WKH�SUREHV�LV�DEVHQW�
8QGHU� H[FLWDWLRQ� DW� WKH� ZDYHOHQJWK� RI
���� QP� �DEVRUSWLRQ� PD[LPXP� RI� &\DQ����
ZKHUH� 51$� GRHV� QRW� DEVRUE� �IRU� WKH� DE�
VRUEWLRQ� VSHFWUD�� VHH� LQVHUW� RQ� )LJ������ WKH
YDOXHV� RI� IOXRUHVFHQFH� DQLVRWURS\� DUH� FORVH
WR����� IRU�Q� ������������������������ ,Q� WKH
FDVH� RI� H[FLWDWLRQ� LQ� WKH� DEVRUSWLRQ� PD[L�
PXP�RI�51$�WKH�LQFUHDVLQJ�RI�G\H�IOXRUHV�
FHQFH� DQLVRWURS\� UDWH� WR� � ����� �Q� �����
������ ������ DQG� ����� �Q� ������� ZDV� RE�
VHUYHG��SURYLQJ�WKDW�WKH�LQWUDPROHFXODU�VLQ�
JOHW�HOHFWURQLF�HQHUJ\�WUDQVIHU�LQ�51$�GRHV
H[LVW�� 7KH� IDFW� RI� LQFUHDVLQJ� RI� WKH� IOXRUHV�
FHQFH� DQLVRWURS\� IRU� Q� ������ JLYHV� WKH� RS�
SRUWXQLW\� WR� HVWLPDWH� WKH� DYHUDJH� GLVSODFH�
PHQW�RI�VLQJOHW�PRELOH�H[FLWDWLRQV�DORQJ�51$
LQ�WKH�UDQJH�IURP����WR����51$�EDVHV��

)LJ�����)OXRUHVFHQFH�VSHFWUD�RI���Ü�51$�DQG
��Ü�51$�&\DQ����Q� ������DW�� ���z��OH[� �����QP�
7KH�LQVHUW��DEVRUSWLRQ�VSHFWUD�RI���Ü51$������Ü��0�
��Ü�&\DQ���������Ü��l��ZDWHU�VROXWLRQV�

)LJ�����'HOD\HG�HPLVVLRQ�VSHFWUD�RI�51$�DQG
51$�&\DQ��� PL[WXUH� DW� �� ���� z�� GHOD\
WLPH�UHODWLYH�WR�WKH�H[FLWDWLRQ�LPSXOVH���PV�
��Û�51$�V�SKRVSKRUHVFHQFH����Û�51$�&\DQ��
GHOD\HG� HPLVVLRQ� �GHOD\HG� IOXRUHVFHQFH� DQG
SKRVSKRUHVFHQFH��� OH[� �����QP�� �� Û
51$�&\DQ���GHOD\HG�HPLVVLRQ��OH[� �����QP��
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�����0RELOH�WULSOHW�H[FLWDWLRQV�LQ
51$

%HVLGHV� GDWD� UHSRUWHG� LQ� >�@�� WKH� LQWUD�
PROHFXODU� WULSOHW� HQHUJ\� WUDQVIHU� LQ� 51$
FDQ� EH� HYLGHQFHG� E\�� D�� WKH� 51$� SKRVSKR�
UHVFHQFH� TXHQFKLQJ� XQGHU� LQMHFWLRQ� RI
&\DQ��� PROHFXOHV� �)LJ������ E�� DSSHDULQJ� RI
LQWHQVLYH� GHOD\HG� IOXRUHVFHQFH� RI� &\DQ��
�IRUPLQJ�D� FRPSOH[�ZLWK�51$��XQGHU� H[FL�
WDWLRQ�DW�����QP�DQG�WKH�DEVHQFH�RI�&\DQ��
GHOD\HG� IOXRUHVFHQFH� XSRQ� H[FLWDWLRQ� DW
����QP��7KLV�VXJJHVWHG�WKDW�QRW�RQO\�WUDQV�
IHU�RI�WULSOHW�H[FLWDWLRQV�WDNHV�SODFH�LQ�51$
PDFURPROHFXOH�� EXW� DOVR� WKHLU� DQQLKLODWLRQ
ZKHQ�PHHWLQJ� HDFK� RWKHU�� 7KH� SKHQRPHQRQ
GHVFULEHG� DERYH� LV� REVHUYHG� HYHQ� ZKHQ� WKH
UDWLR� Q� ������� 7KHUHIRUH� LW� FDQ� EH� FRQ�
FOXGHG�WKDW�WKH�DYHUDJH�GLVSODFHPHQW�RI�PR�
ELOH� WULSOHW� H[FLWDWLRQ� LQ� 51$� H[FHHGV� WKH
OHQJWK�RI����51$�EDVHV�����c��

���&RQFOXVLRQV
7KH� LQWUDPROHFXODU� VLQJOHW� DQG� WULSOHW

HOHFWURQLF�HQHUJ\� WUDQVIHU� LQ�WKH�51$�GRHV
UHDOO\� H[LVW�� 7KH� DYHUDJH� GLVSODFHPHQW� RI
WKH� PRELOH� VLQJOHW� H[FLWDWLRQ� LV� PRUH� WKDQ
���DQG�OHVV�WKDQ����51$�EDVHV��7KH�DYHUDJH

GLVSODFHPHQW� RI� WKH� PRELOH� WULSOHW� H[FLWD�
WLRQV� ZDV� HVWLPDWHG� WR� EH� PRUH� WKDQ� ��
51$�EDVHV�

)RU�PRUH�DFFXUDWH�DQG�GHWDLOHG�LQYHVWLJD�
WLRQ�RI�WKH�PRELOH�H[FLWDWLRQV�LQ�51$��IXU�
WKHU�VWXGLHV�DUH�XQGHU�ZD\�
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