
;�UD\�DEVRUSWLRQ�VWXG\�RI�WKH�ORFDO�HQYLURQPHQW�DURXQG�&D�

DQG�1D�LQ�DOXPLQRVLOLFDWH�JODVVHV�

/��&RUPLHU�
/DERUDWRLUH�GH�0LQpUDORJLH�&ULVWDOORJUDSKLH��8QLYHUVLWpV�3DULV���HW����805�&156�������,QVWLWXW�GH�

3K\VLTXH�GX�*OREH�GH�3DULV����SODFH�-XVVLHX��������3DULV�)UDQFH�

'�5��1HXYLOOH�
/DERUDWRLUH�GHV�*pRPDWpULDX[��,QVWLWXW�GH�3K\VLTXH�GX�*OREH�GH�3DULV��805�&156���������SODFH�

-XVVLHX��������3DULV�)UDQFH�

$��0��)ODQFN��3��/DJDUGH��9��%ULRLV�
/DERUDWRLUH�SRXU�O·8WLOLVDWLRQ�GX�5D\RQQHPHQW�(OHFWURPDJQpWLTXH��%DW�����'��%�3�������������2UVD\�

&HGH[�)UDQFH�
�

;�UD\�$EVRUSWLRQ�&D�DQG�1D�.�HGJH�KDYH�EHHQ�UHFRUGHG�RQ�DOXPLQRVLOLFDWH�JODVVHV��&D�DQG�1D�VLWHV�

FRUUHVSRQG�WR�GLVWRUWHG�SRO\KHGUD��ZLWK���R[\JHQ�QHLJKERXUV�LQ�WKH�FDVH�RI�&D��:H�H[DPLQH�WKH�LQIOXHQFH�

RI� WKH�6L�$O�RU�&D�1D� VXEVWLWXWLRQ�RQ� WKH� ORFDO� HQYLURQPHQW�RI�&D� DQG�1D��7KH�GLVWRUWLRQ�RI� WKH�&D� VLWH�

GHFUHDVHV�ZLWK�WKH�DGGLWLRQ�RI�6L2���ZKLOH�QR�HIIHFW�LV�REVHUYHG�ZKHQ�UHSODFLQJ�&D�E\�1D��2Q�WKH�FRQWUDU\��

1D�;$1(6�VSHFWUD�SUHVHQW�OLWWOH�YDULDWLRQ�ZLWK�FRPSRVLWLRQ��

,QWURGXFWLRQ�

6RGD�OLPH�DOXPLQRVLOLFDWH�JODVVHV�DUH�LPSRUWDQW�JODVVHV�LQ�JODVV�LQGXVWU\�RU�IRU�JHRORJLFDO�
PHOW� V\VWHPV�EXW� WKHUH�KDYH�EHHQ� UHODWLYHO\� IHZ� VWUXFWXUDO� VWXGLHV�RI� JODVVHV� LQ� WKLV� V\VWHP�
DQG�� LQ� SDUWLFXODU�� RQ� WKH� HQYLURQPHQW� DURXQG� QRQ�QHWZRUN� IRUPHU� FDWLRQV� �1D� DQG� &D���
&DOFLXP� DQG� VRGLXP� LQ� DOXPLQRVLOLFDWH� JODVVHV� KDYH� D� GRXEOH� VWUXFWXUDO� UROH� HLWKHU� DV�
PRGLILHU��SDUWLFLSDWLQJ�WR�WKH�QHWZRUN�GHSRO\PHUL]DWLRQ��RU�DV�FKDUJH�FRPSHQVDWRU��QHDU�WKH�
�$O2��

�� WHWUDKHGUD�� 7KH� ORFDO� DQG� PHGLXP� UDQJH� HQYLURQPHQW� PD\� EH� DIIHFWHG� E\� WKH�
VWUXFWXUDO�UROH�SOD\HG� LQ� WKH�QHWZRUN�E\�WKHVH�FDWLRQV��$ONDOL� DQG�DONDOLQH�HDUWK�FRQWHQW�DUH�
VWURQJO\�DIIHFWLQJ�WKH�SK\VLFDO�SURSHUWLHV��YLVFRVLW\��HOHFWULFDO�FRQGXFWLYLW\�DQG�KHDW�FDSDFLW\��
DQG�WKH�PLFURVWUXFWXUH�RI�WKH�JODVVHV���

3UHYLRXV� VWXGLHV� KDYH� PDLQO\� FRQFHQWUDWHG� RQ� WKH� DOXPLQRVLOLFDWH� QHWZRUN� E\� 105���� RU�
5DPDQ� VSHFWURVFRS\������ LQGLFDWLQJ� WKDW� $O� DQG� 6L� DUH� SUHVHQW� LQ� WHWUDKHGUDO� FRRUGLQDWLRQ�
ZKHQ�&$O�&1D���RU�ZKHQ��&$O�&&D����ZLWK�&�WKH�PROH�IUDFWLRQ���<HW��WR�RXU�NQRZOHGJH��D�
GHWDLOHG� DQDO\VLV� RI� WKH� HQYLURQPHQW� RI� &D� DQG� 1D� DUH� ODFNLQJ�� ZKLFK� LV� LPSRUWDQW� WR�
XQGHUVWDQG�WKH�VWUXFWXUDO�UROH�RI�WKH�DONDOL�DQG�DONDOLQH�HDUWK�FRPSRQHQW���

;$6�WHFKQLTXH�LV�D�SRZHUIXO�PHWKRG�IRU�LQYHVWLJDWLQJ�WKH�HQYLURQPHQW�DURXQG�RQH�VSHFLILF�
HOHPHQW�LQ�GLVRUGHUHG�PXOWLFRPSRQHQW�PDWHULDOV��([WHQGHG�;�UD\�$EVRUSWLRQ�)LQH�6WUXFWXUH�
�(;$)6��JLYH� LQIRUPDWLRQ�RQ� WKH�DWRPLF�UDGLDO�GLVWULEXWLRQ�DURXQG� WKH�FHQWUDO�DWRP�ZKLOH�
;�UD\�$EVRUSWLRQ�1HDU�(GJH�6WUXFWXUH��;$1(6��JLYH�PRUH�GLUHFW�VWUXFWXUDO�LQIRUPDWLRQ�RQ�
WKH� VLWH� JHRPHWU\�����;$1(6� VSHFWUD� DUH� GXH� WR�PXOWLSOH� VFDWWHULQJ� SURFHVVHV� EHWZHHQ� WKH�
H[FLWHG�SKRWRHOHFWURQ�IURP�DEVRUEHU�DQG�WKH�QHLJKERULQJ�DWRPV��

,Q� WKLV� SDSHU�� ZH� DUH� SUHVHQWLQJ� DQ� H[WHQVLYH� VWXG\� RQ� D� ZLGH� UDQJH� RI� FRPSRVLWLRQ� RI�
DOXPLQRVLOLFDWH� JODVVHV� FRQWDLQLQJ� &D� DQG� 1D�� 7KH� HQYLURQPHQW� RI� &D� DQG� 1D� DUH�
LQYHVWLJDWHG� E\� ;�UD\� $EVRUSWLRQ� 6SHFWURVFRS\� �;$6�� WR� KLJKOLJKW� WKH� LQIOXHQFH� RI� WKH�
VXEVWLWXWLRQ�&D�1D�RU�6L�$O���



6DPSOH�SUHSDUDWLRQ�

6HYHUDO� JODVVHV� LQ� WKH� V\VWHP� ZHUH� SUHSDUHG� E\� PHOWLQJ� VWRLFKLRPHWULF� PL[WXUH� RI�
DQDO\WLF�UHDJHQW�JUDGH�&D&2���1D�&2���$O�2��DQG�6L2���7KH�SRZGHUV�ZHUH�PHOWHG�DW������.�
IRU���KRXUV�LQ�D�3W�FUXFLEOH�DQG�WKHQ�TXHQFKHG�E\�LPPHUVLRQ�RI�WKH�ERWWRP�RI�WKH�FUXFLEOH�
LQ� ZDWHU�� 7KLV� SURFHVV� ZDV� UHSHDWHG� IRXU� WLPHV� WR� HQVXUH� JODVV� KRPRJHQHLW\�&DOFLXP�
DOXPLQRVLOLFDWH�JODVVHV�EHORQJLQJ�WR�WKH�6L2��$O�2��&D2�WHUQDU\�V\VWHP��&$6�JODVVHV��ZHUH�
VHOHFWHG�DORQJ�WKH�MRLQV�5 �&D2�$O�2� ��DQG����:H�XVH�WKH�QRWDWLRQ�&D[�\��ZKHUH�[�DQG�\�
UHIHU� WR� WKH� PRODU� SHUFHQW� RI� 6L2�� DQG� $O�2��� UHVSHFWLYHO\�� DQG� ��[�\� LV� WKH� &D2� PRODU�
FRQWHQW�� 6RGD� OLPH� DOXPLQRVLOLFDWH� JODVVHV� �1&$6� JODVVHV�� ZHUH� V\QWKHVL]HG� DW� FRQVWDQW�
1D�2�&D2�UDWLR�DQG�DW�FRQVWDQW�6L2��$O�2��UDWLR��:H�XVH�WKH�QRWDWLRQ�1&$[�\�]��ZKHUH�[��
\�DQG�]�UHIHU�WR�WKH�PRODU�SHUFHQW�RI�6L2���$O�2��DQG�1D�2�UHVSHFWLYHO\��DQG���[�\�]�LV�WKH�
&D2�PRODU�FRQWHQW���

;$6�PHDVXUHPHQWV�

;$6�PHDVXUHPHQWV�DW�WKH�&D�.�HGJH���������H9��ZHUH�SHUIRUPHG�LQ�WUDQVPLVVLRQ�PRGH�
RQ� EHDP� OLQH�'��� DW� WKH� /85(�'&,� VWRUDJH� ULQJ� �2UVD\�� )UDQFH��� 7KH� VWRUDJH� ULQJ� ZDV�
RSHUDWLQJ�DW������*H9�ZLWK�DQ�DYHUDJH�FXUUHQW�RI�DERXW�����P$��;$6�VSHFWUD�ZHUH�UHFRUGHG�
ZLWK�VWHS�RI������H9��LQ�WUDQVPLVVLRQ�PRGH�DW�DPELHQW�WHPSHUDWXUH�XVLQJ�WZR�6L������FU\VWDOV�
SURSHUO\�GHWXQHG�WR�DYRLG�KLJK�HQHUJ\�KDUPRQLFV��,QFLGHQW�DQG�WUDQVPLWWHG�LQWHQVLWLHV�ZHUH�
PHDVXUH�ZLWK�LRQLVDWLRQ�FKDPEHUV�ILOOHG�ZLWK�KHOLXP�DQG�QHRQ�JDV��$�ZDV�XVHG��7KH�HQHUJ\�
VFDOH�ZDV�FDOLEUDWHG�ZLWK�UHIHUHQFH�WR�7L���������H9���

7KH�1D�.�HGJH���������H9��DEVRUSWLRQ�VSHFWUD�ZHUH�FROOHFWHG�DW�URRP�WHPSHUDWXUH�RQ�WKH�
6$���EHDP� OLQH� DW� WKH�6XSHU�$&2�VWRUDJH� ULQJ�DW� WKH�/85(��2UVD\��)UDQFH��RSHUDWLQJ�DW�
����0H9� DQG� ����P$�� $� EHU\O� ������ GRXEOH�FU\VWDO�PRQRFKURPDWRU� ZDV� XVHG�� 3RZGHUHG�
VDPSOHV�ZHUH�XQLIRUPO\�VSUHDG�RQ�DQ�DGKHVLYH�JUDSKLWH� WDSH��7KH�1D�.�HGJH�VSHFWUD�ZHUH�
UHFRUGHG�RYHU� WKH�SKRWRQ�HQHUJ\�UDQJH�����������H9��ZLWK�����H9�VWHS�DQG���V� LQWHJUDWLRQ�
WLPH� XVLQJ� WKH� WRWDO� \LHOG� RI� SKRWRHOHFWURQV� �7(<���7(<�ZDV�PHDVXUHG� XVLQJ� WKH� VDPSOH�
FXUUHQW� IRU� WZR� RU� WKUHH� VFDQV�� 6SHFWUD� ZHUH� FDOLEUDWHG� XVLQJ� WKH� LQIOHFWLRQ� SRLQW� RI� WKH�
DEVRUSWLRQ�HGJH�RI�1D&O���������H9��DQG�HQHUJ\�FDOLEUDWLRQ�ZDV�SHULRGLFDOO\�FKHFNHG�GXULQJ�
WKH�PHDVXUHPHQWV��

$�SUH�HGJH�YLFWRUHHQ�ILW�ZDV�DSSOLHG�DQG�WKH�VSHFWUD�ZHUH�QRUPDOL]HG�UHODWLYH�WR�WKH�DWRPLF�
DEVRUSWLRQ� DERYH� WKH� DEVRUSWLRQ� WKUHVKROG�� 6XFK� QRUPDOL]DWLRQ� ZDV� QHFHVVDU\� WR� DYRLG�
HIIHFWV�GHULYLQJ�IURP�GLIIHUHQFHV�LQ�WKLFNQHVV�LQ�WKH�VDPSOHV�VWXGLHG���

5HVXOWV�DQG�GLVFXVVLRQ�

&D�.�HGJH�;$1(6�

)LJXUH��� VKRZV� WKH�;$1(6� VSHFWUD� RI� WKH� &$6� DQG�1&$6� JODVVHV�� $� ILUVW� SUH�HGJH�
WUDQVLWLRQ� LV� REVHUYHG� DW� �����H9� DQG� FRUUHVSRQGV� WR� D� �V�!�G� W\SH� WUDQVLWLRQ���7KH�PDLQ�
UHVRQDQFH� DSSHDUV� DW� �����H9�� FRUUHVSRQGLQJ� WR� WKH�PDLQ��V� �!�Q�S� WUDQVLWLRQ��7KHUH� LV� D�
VKLIW� LQ� HQHUJ\�SRVLWLRQ�DQG� DQ� LQFUHDVH� LQ� LQWHQVLW\�RI� WKH�HGJH� FUHVW�ZLWK� LQFUHDVLQJ�6L2��
FRQWHQW�LQ�&$6�DQG�1&$6�JODVVHV��$�EXPS�LV�IRXQG�DW�DERXW���H9�EHORZ�WKH�PDLQ�IHDWXUH��
7KH�LQWHQVLW\�RI�WKH�EXPS�DW������H9�LQFUHDVHV�PDUNHGO\�ZLWK�DGGLWLRQ�RI�6L2��IRU�WKH�&$6�
JODVV�ZKLOH�QR�VXFK�FKDQJHV�DUH�REVHUYHG�IRU�WKH�PL[HG�&D�1D�JODVVHV��
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)LJXUH����&D�.�HGJH�;$1(6�VSHFWUD�IRU�WKH�&$6�JODVVHV�DORQJ�WKH�MRLQ��D��5 &D2�$O�2� ��DQG�

�E��5 ��DQG��F��IRU�WKH�1&$6�JODVVHV��

$� ILQJHUSULQW� DQDO\VLV� EDVHG� RQ� WKH� FRPSDULVRQ�ZLWK� VHYHUDO�&D�EHDULQJ�PLQHUDOV� LQGLFDWHV�
WKDW�WKH�&D�;$1(6�VSHFWUD�RI�WKH�JODVVHV�DUH�YHU\�FORVH�WR�WKDW�REVHUYHG�IRU�F�DQRUWKLWH��,Q�
F�DQRUWKLWH��&D�LV�ORFDOL]HG�LQ�D�GLVWRUWHG�SRO\KHGUD�ZLWK���R[\JHQ�QHLJKERXUV�ORFDOL]HG�DW�DQ�
DYHUDJH� GLVWDQFH� RI� �����c� EXW� ZLWK� GLVWDQFHV� UDQJLQJ� IURP� ����� WR� �����c�� 6XFK� DQ�
HQYLURQPHQW� DJUHHV�ZLWK�0ROHFXODU�'\QDPLFV� �0'�� VLPXODWLRQV�REWDLQHG�RQ�YDULRXV�&$6�
JODVVHV���,Q�WKH�0'�PRGHOV��&D�DWRPV�KDYH���R[\JHQV�DW�D�PHDQ�GLVWDQFH�RI������c�ZLWK�D�
DV\PPHWULF�GLVWULEXWLRQ�DW�KLJK�U�YDOXHV��7KH�VKRUWHU�&D�2�GLVWDQFH�LQ�WKH�JODVV�FRPSDUHG�WR�
FU\VWDOOLQH�UHIHUHQFH�LV� LQ�DJUHHPHQW�ZLWK�SUHYLRXV�&D�.�HGJH�;$1(6�VWXG\���7KH�QXPEHU�
RI�R[\JHQ�QHLJKERXUV� LV�GLIILFXOW� WR�HYDOXDWH�E\�(;$)6�GXH�WR�KLJK�VWDWLF�GLVRUGHU�DURXQG�
&D�DWRPV��)XUWKHUPRUH��LQ�WKH�QHXWURQ�RU�;�UD\�GLIIUDFWLRQ�GDWD��WKH�KLJK�U�VLGH�RI�WKH�&D�2�
SHDN�LV�SDUWO\�RYHUODSSHG�E\�RWKHU�FRQWULEXWLRQV��2�2�SDLU�����8VLQJ�QHXWURQ�GLIIUDFWLRQ�RQ�
LVRWRSLFDOO\� VXEVWLWXWHG� VDPSOHV���� WKH� &D�2� FRQWULEXWLRQ� LQ� WKH� &D6L2�� JODVV� ZDV�
GHFRQYROYHG� IURP� WKH� 2�2� SDLUV�� JLYLQJ� D� ILUVW� &D�2� SHDN� FHQWUHG� DW� �����c� ZLWK� DQ�
DGGLWLRQDO�EURDG�GLVWULEXWLRQ�VWUHWFKLQJ�IURP�����WR������c��LQ�YHU\�JRRG�DJUHHPHQW�ZLWK�0'�
PRGHOV��

7KH�LQWHQVLW\�RI�WKH�SUH�HGJH�JLYH�LQIRUPDWLRQ�RQ�WKH�VLWH�JHRPHWU\��,Q�)LJXUH����ZH�SUHVHQW�
WKH� SUH�HGJH� UHJLRQ� IRU� FDOFLWH�� ZROODVWRQLWH� DQG� DQRUWKLWH� LQ� ZKLFK� &D� LV� ORFDOL]HG� LQ� D�
SHUIHFW� RFWDKHGURQ�� D� GLVWRUWHG� RFWDKHGURQ� DQG� D� GLVWRUWHG� SRO\KHGUD� ZLWK� �� R[\JHQV��
UHVSHFWLYHO\��:H�REVHUYH�D�GHFUHDVH�LQ�WKH�LQWHQVLW\�RI�WKH�SUH�HGJH�ZLWK�LQFUHDVLQJ�RUGHULQJ�
RI�WKH�&D�VLWH��&RPSDUHG�WR�F�DQRUWKLWH�� WKH� LQWHQVLW\�RI� WKH�SUH�HGJH� LV�KLJKHU� LQ�WKH�&$6�



DQG� 1&$� JODVVHV�� ZKLFK� VXJJHVWV� WKDW� WKH� &D� HQYLURQPHQW� LV� PRUH� GLVWRUWHG� WKDQ� LQ�
FU\VWDOOLQH� UHIHUHQFHV��$� VOLJKW� GHFUHDVH� LQ� LQWHQVLW\� RI� WKH� SUH�HGJH� LV� REVHUYHG�ZKHQ� WKH�
6L2�� FRQWHQW� LQFUHDVHV� LQ� ERWK� &$6� DQG� 1&$6� JODVVHV�� 7KLV� LQGLFDWHV� WKDW� WKH� &D�
HQYLURQPHQW�LQ�6L2��ULFK�JODVVHV�LV�OHVV�FRQVWUDLQWV�WKDQ�LQ�SRRU�6L2��JODVVHV��
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)LJXUH����3UH�HGJH�UHJLRQ�IRU�FU\VWDOOLQH�UHIHUHQFHV�SUHVHQWLQJ�GLIIHUHQW�&D�VLWH�JHRPHWU\���

:LWK� LQFUHDVLQJ� 6L2�� FRQWHQW�� WKH� LQWHQVLW\� RI� WKH� IHDWXUH� DW� �����H9� EHFRPHV� PRUH�
LPSRUWDQW�� ZKLFK� VXJJHVWV� WKDW� WKLV� SHDN� PD\� EH� DVVRFLDWHG� ZLWK� &D�6L� FRUUHODWLRQV��
&RQVLGHULQJ� &$6� JODVVHV� DORQJ� D� FRQVWDQW� &D2�6L2�� MRLQ� �)LJXUH����� IHZ� GLIIHUHQFHV� DUH�
REVHUYHG�LQ�WKH�;$1(6�VSHFWUD�ZKHQ�$O�2��LV�DGGHG�LQ�WKH�QHWZRUN��,Q�WKH�&D������JODVV�
�ZROODVWRQLWH�JODVV���&D�KDV� D�SXUHO\�PRGLI\LQJ� UROH�� DVVRFLDWHG�ZLWK�QRQ�EULGJLQJ�R[\JHQV��
ZKLOH� LQ� WKH�&D������ �&D�7VFKHUPDNLWH�JODVV���&D�DUH�VXSSRVHG� WR�EH�FKDUJH�FRPSHQVDWLQJ�
WKH��$O2��

�� WHWUDKHGUDO��7KH� ODFN�RI� LPSRUWDQW�FKDQJHV�ZLWK�WKH�DGGLWLRQ�RI�$O�2�� LQGLFDWHV�
WKDW� WKH� VWUXFWXUDO� UROH� RI� WKH� &D� LQ� WKH� QHWZRUN� GRHV� QRW� PRGLI\� VLJQLILFDQWO\� LWV�
HQYLURQPHQW��
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�
)LJXUH����&D�.�HGJH�;$1(6�VSHFWUD�IRU�&$6�JODVVHV�DORQJ�WKH�MRLQ�5 &D2�6L2� ���

:KHQ�VXEVWLWXWLQJ�&D�E\�1D�� WKH�SUH�HGJH� LQWHQVLW\�GRHV�QRW� FKDQJH��7KLV� UHVXOW� LQGLFDWHV�
WKDW�WKH�DGGLWLRQ�RI�DQ�DONDOL�LQ�WKH�JODVV�GR�QRW�PRGLI\�WKH�&D�ORFDO�HQYLURQPHQW��,Q�FRQWUDVW�
WR� WKLV� UHVXOW�� D� ;$1(6� VWXG\� RQ� S\UR[HQHV� KDYH� VKRZQ� WKDW� &D� LV� ORFDOL]HG� LQ� PRUH�
V\PPHWULF� HQYLURQPHQW� ZLWK� LQFUHDVLQJ� 1D� FRQWHQW��� ,Q� WKH� 1&$6� JODVVHV�� WKH� EXPS� DW�
�����H9��)LJXUH���F��GR�QRW�FKDQJH�LQ�LQWHQVLW\�FRQWUDU\�WR�&$6�JODVVHV��ZKLFK�LPSOLHV�WKDW�
WKH�SUHVHQFH�RI�1D�PD\�DIIHFW�PHGLXP�UDQJH�RUGHU�DURXQG�&D���



1D�.�HGJH�;$1(6�

1D�.�HGJH�;$1(6�VSHFWUD�DUH�VKRZQ�LQ�)LJXUH���IRU�WKH�1&$6�JODVVHV�DQG�FRPSDUHG�
ZLWK� FU\VWDOOLQH� UHIHUHQFHV� �DOELWH� 1D$O6L�2��� QHSKHOLQH�1D$O6L2�� DQG� MDGHLWH�1D$O6L�2����
7KH� TXDOLW\� RI� WKH�;$1(6� VSHFWUD� IRU� WKH� FU\VWDOOLQH� UHIHUHQFHV� LV� VLJQLILFDQWO\� LPSURYHG�
FRPSDUHG� WR� D�SUHYLRXV� VWXG\��� DQG� LQ� DJUHHPHQW�ZLWK�PRUH� UHFHQW� VWXGLHV����$�ZHDN�SUH�
HGJH��SHDN�D��DW�DERXW��������H9�LV�DSSDUHQW�RQ�VRPH�VDPSOHV��$EVRUSWLRQ�VSHFWUD�SUHVHQW�
VKDUS�IHDWXUHV�QHDU�WKUHVKROG�DQG�EURDGHU�UHVRQDQFHV�H[WHQGLQJ�������H9�DERYH�WKUHVKROG��
7KH� VKDUS� OLQHV� FORVH� WR� WKH� WKUHVKROG� FDQ� EH� DWWULEXWHG� WR� FRUH�OHYHO� H[FLWRQV�� L�H��� DQ�
H[FLWDWLRQ�RI�D�FRUH�OHYHO�HOHFWURQ�LQWR�DQ�XQRFFXSLHG�ERXQG�OHYHO��7KH�ILUVW�VKDUS�IHDWXUH�LQ�
WKH�DEVRUSWLRQ�VSHFWUD��SHDN�E��FDQ�EH�DVVRFLDWHG�ZLWK�D�ORFDOL]HG�WUDQVLWLRQ�IURP�WKH��V�FRUH�
OHYHO� WR� WKH� �S� VWDWH� RI� 1D�������� $OWKRXJK� WKH� GHWDLOHG� LQWHUSUHWDWLRQ� RI� VRPH� SHDNV�
HQHUJHWLFDOO\�FORVH�WR�WKH�VWURQJ�SHDN�E� LV�XQGHU�GLVFXVVLRQ��WKHUH�LV�D�FRQVHQVXV�WKDW�EURDG�
SHDNV� DERYH� �����H9� DUH� GXH� WR� SKRWRHOHFWURQ� VFDWWHULQJ� UHVRQDQFHV�� L�H�� WKH� RXWJRLQJ�
SKRWRHOHFWURQ�ZDYH�IURP�WKH�DEVRUELQJ�DWRP�DQG�WKH�VLQJOH��RU�PXOWLSOH�VFDWWHULQJ�IURP�WKH�
VXUURXQGLQJ�DWRPV��
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)LJXUH����1D�.�HGJH�;$1(6�VSHFWUD�IRU�WKH�1&$6�JODVVHV�FRPSDUHG�ZLWK�FU\VWDOOLQH�UHIHUHQFHV��

:H� FRPSDUHG� WKH� ;$1(6� VSHFWUD� RI� WKH� 1&$6� JODVVHV� ZLWK� VHYHUDO� 1D�DOXPLQRVLOLFDWH�
FU\VWDOV��7KH�SRVLWLRQV�RI�SHDN�E�DQG�F�DUH�WKH�VDPH�IRU�WKH�JODVVHV�DQG�WKH�UHIHUHQFHV��<HW��
WKH�UHODWLYH�LQWHQVLWLHV�RI�SHDN�E�DQG�F�FKDQJH�IURP�MDGHLWH�WR�QHSKHOLQH�DQG�DOELWH��3HDN�F� LV�
PRUH�LQWHQVH�LQ�MDGHLWH�WKDW�SHDN�E�DQG�WKH�UHYHUVH�LV�REVHUYHG�IRU�DOELWH��;$1(6�VSHFWUD�IRU�
QHSKHOLQH�DQG�DOELWH�KDYH�JUHDWHU�VLPLOLWXGH�ZLWK�;$1(6�VSHFWUD�RI�JODVVHV�WKDQ�WKH�VSHFWUD�
RI�MDGHLWH��LQ�SDUWLFXODU�IRU�WKH�UHODWLYH�LQWHQVLWLHV�RI�SHDNV�E�DQG�F��7KH�FRRUGLQDWLRQ�QXPEHU�
RI�1D�LQ�DOELWH�DQG�QHSKHOLQH�FRUUHVSRQGV�WR���R[\JHQ�QHLJKERUV�ZLWK�D�ZLGH�UDQJH�RI�1D�2�
GLVWDQFHV� EHWZHHQ� ���� DQG� �����c�� 7KH� 1D� VLWH� LQ� MDGHLWH� LV� PRUH� UHJXODU� ZLWK� �� R[\JHQ�
QHLJKERUV��3HDN�E�DQG�F� LQ�JODVVHV�DUH�EURDGHU�ZKLFK�LV� OLNHO\�GXH�WR�D�PRUH�GLVRUGHUHG�1D�
HQYLURQPHQW�� 3HDN� F� LQ� JODVVHV� SUHVHQW� D� EURDG� WDLO� DW� KLJK� HQHUJ\�ZKLFK�PD\� RYHUODS� WKH�
IHDWXUH�SUHVHQW�DW������H9�LQ�DOELWH��

7KH� SRVLWLRQV�� WKH� UHODWLYH� LQWHQVLWLHV� DQG� WKH� ZLGWKV� RI� SHDN� E� DQG� F� DUH� QRW� FKDQJHG� E\�
VXEVWLWXWLQJ�HLWKHU�6L�E\�$O�RU�1D�E\�&D��7KLV� LQGLFDWHV�WKDW� WKH�1D�HQYLURQPHQW� LV�SRRUO\�
DIIHFWHG� E\� VXFK� VXEVWLWXWLRQ� RU� WKDW� WKH� 1D� ;$1(6� VSHFWUXP� LV� QRW� VHQVLWLYH� WR� VXFK�
FKDQJHV���
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&RQOXVLRQV�

:H�SUHVHQW�;�UD\�DEVRUSWLRQ�VSHFWURVFRS\�PHDVXUHPHQWV�DW�WKH�&D�DQG�1D�.�HGJH�RQ�
VRGD�OLPH�DOXPLQRVLOLFDWH�JODVVHV��%DVHG�RQ�WKH�&D�.�HGJH�;$1(6�VSHFWUD��WKH�HQYLURQPHQW�
DURXQG�&D� LQ� WKH� VWXGLHG�JODVVHV� LV� IRXQG� WR�EH� FORVH� WR� WKH�GLVWRUWHG� VLWH�REVHUYHG� IRU� F�
DQRUWKLWH�� ZKLFK� FRUUHVSRQGV� WR� D� FRRUGLQDWLRQ� QXPEHU� RI� ��� 7KH� &D� ;$1(6� VSHFWUD� LV�
PRGLI\�E\� WKH�6L�$O�VXEVWLWXWLRQ��7KH�&D�VLWH� DSSHDUV� WR�EH� OHVV�GLVWRUWHG� LQ� WKH�6L2��ULFK�
FRPSRVLWLRQ��%\�FRPSDULVRQ�ZLWK�FU\VWDOOLQH�UHIHUHQFHV��WKH�1D�HQYLURQPHQW�FRUUHVSRQG�WR�
D�GLVWRUWHG�SRO\KHGURQ��7KH�1D�;$1(6�LV�QRW�FKDQJH�VLJQLILFDQWO\�ZKHQ�VXEVWLWXWLQJ�6L�E\�
$O�RU�&D�E\�1D���
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