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7KH�VWXG\�RI�WHPSRUDO�DVSHFWV�RI�RWRDFRXVWLF�HPLVVLRQV� �2$(V�� SURYLGHV�XVHIXO�LQ�
IRUPDWLRQ� FRQFHUQLQJ� WKH� VRXUFHV�RI�WKH� HPLVVLRQV� DQG� KHOSV� WR � WHVW� DQG� FRQVWUDLQ�
FRFKOHDU� HPLVVLRQ�PRGHOV�� $� XQLILHG� PRGHO�� ZKLFK� VXFFHVVIXOO\� GHVFULEHV�PDQ\� RI�
WKH� FKDUDFWHULVWLFV� RI� WKH� YDULRXV� W\SHV� RI� VSRQWDQHRXV� DQG� HYRNHG� RWRDRFRXVWLF�
HPLVVLRQV� DQG� WKH� UHODWHG� PLFURVWUXFWXUH� RI� WKH� KHDULQJ� WKUHVKROG�� KDV� EHHQ� UH�
FHQWO\� IRUPXODWHG� >�@�� 7KH� PRGHO� LV� EDVHG� XSRQ� ZDYH� UHIOHFWLRQV� YLD� GLVWULEXWHG�
VSDWLDO�LQKRPRJHQHLWLHV�DQG�WDOO� DQG�EURDG�FRFKOHDU�DFWLYLW\�SDWWHUQV�� DV�VXJJHVWHG�
E\�=ZHLJ�DQG� 6KHUD� >�@�� 7KH�PRGHO�PD\�EH�XVHG� WR � H[SORUH� D� QXPEHU�RI�LVVXHV�UH�
ODWLQJ�WR �WKH �WHPSRUDO�SURSHUWLHV�RI�2$(V�� )RU�H[DPSOH�� LQ�WKH�FDVH�RI�WKH�� �L �²����
GLVWRUWLRQ� SURGXFW� 2$(� �'32$(��� LQ� ZKLFK� RQH� RI� WKH� SULPDULHV� LV� RQ� FRQWLQX�
RXVO\� DQG� WKH� RWKHU� LV� SXOVHG� RQ� DQG� RII�� WKH� G D WD � FDQ� EH� LQWHUSUHWHG� LQ� WHUPV�
RI�DSSUR[LPDWH� DQDO\WLF� WLPH�GRPDLQ� VROXWLRQV�� ZKLFK� FOHDUO\� H[KLELW� WKH� YDULRXV�
FKDUDFWHULVWLF� ODWHQFLHV� >�@� DV�ZHOO�DV�WKH� OHYHO�GHSHQGHQFLHV�RI�FRFKOHDU�ZDYH�UHIOHF�
WLRQV�� ,W� LV� DOVR� VKRZQ�WK D W� ZKHQ� WKH� KLJKHU� IUHTXHQF\� �ID�� SULPDU\� LV� SXOVHG� RQ��
WKH� ODWHQF\� RI�WKH � HDUOLHVW� '32$(� FRPSRQHQW� LV� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKH�
� ��VZHHS�JURXS� GHOD\�ZKLFK� LV� LQIHUUHG� IURP�'32$(�SKDVH�GD WD � IRU� VWHDG\� VWDWH �
SULPDULHV� >H�J��� %RZPDQ� HW� DO�� >�@@�� 7KH�PRGHO� DOVR� DOORZV� DQ� LQYHVWLJDWLRQ� RI�WKH�
VR�FDOOHG� ³ILOWHU� EXLOG�XS� WLPH �́ FRQWULEXWLRQ� >�@� WR � WKH� � ��VZHHS�JURXS� GHOD\�� ,W� LV�
VKRZQ� WK D W� WK LV� FRQWULEXWLRQ� LV�VPDOO�� DQG� WK D W� WKH � VXEVWDQWLDO�GLIIHUHQFH� EHWZHHQ�
WKH� � ��VZHHS�DQG�I ?�VZHHS�JURXS�GHOD\V��ZKLFK�KDV�EHHQ�DWWULEX WHG � WR �WKH �FRFKOHDU�
ILOWHU�� PD\� EH� ODUJHO\� DFFRXQWHG� IRU� E\� WKH� LPSOLFDWLRQV� RI�WKH � DSSUR[LPDWH� VFDOH�
LQYDULDQFH�RI�FRFKOHDU�PHFKDQLFV�

�� ,QWURGXFWLRQ

7KH� LQYHVWLJDWLRQ� RI� WHPSRUDO� DVSHFWV� RI�RWRDFRXVWLF� HPLVVLRQV� �2$(V�� VXS�
SOHPHQWV�WKH�VWXG\�RI�VWHDG\�VWDWH�SURSHUWLHV��DQG�WKHUHE\�SURYLGHV�DGGLWLRQDO�
LQIRUPDWLRQ� UHODWLQJ� WKH� VRXUFHV�RI�WKHVH�HPLVVLRQV�� 7KLV� LQIRUPDWLRQ�PD\�EH�
XVHG�WR� WHVW� DQG�FRQVWUDLQ�WKH�IRUPV�RI�LQWHUSUHWLYH�FRFKOHDU�HPLVVLRQ�PRGHOV�
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7KH� PRVW� H[WHQVLYH� SUHYLRXV� VWXGLHV� RI� WHPSRUDO� DVSHFWV� RI�2$(V� KDYH�
EHHQ� WKRVH� RI� WKH� HFKROLNH� UHVSRQVHV� WR� FOLFN�� WRQH� EXUVW�� RU� FKLUS� VWLPXOL�
�WUDQVLHQW�HYRNHG�2$(V� RU� 7(2$(V�� >�@�� 7KH� WHPSRUDO� DVSHFWV� RI�WKH� VXS�
SUHVVLRQ� DQG� UHOHDVH� IURP� VXSSUHVVLRQ� RI� VSRQWDQHRXV� RWRDFRXVWLF� HPLVVLRQV�
�62$(V�� E\�SXOVHG� H[WHUQDO� WRQHV�KDYH� DOVR� EHHQ� LQYHVWLJDWHG� LQ� WKH� FRQWH[W�
RI�D�VLPSOH� OLPLW�F\FOH�RVFLOODWRU�PRGHO�RI�62$(V� >�@�� )LQDOO\�� WKHUH�KDYH�EHHQ�
VHYHUDO�VWXGLHV�RI�WKH�WHPSRUDO�DVSHFWV�RI�GLVWRUWLRQ�SURGXFW�RWRDFRXVWLF�HPLV�
VLRQV�SURGXFHG�LQ�UHVSRQVH�WR�SULPDU\�WRQHV�ZKLFK�DUH�SXOVHG�RQ�DQG�RII�>���@�

$�FODVV�RI�DFWLYH�QRQOLQHDU�FRFKOHDU�PRGHOV��ZKLFK�DFFRXQW�IRU�PRVW�RI�WKH�
FKDUDFWHULVWLF�YDULDWLRQV� ZLWK� IUHTXHQF\�RI�KXPDQ� 2$(V� DQG� KHDULQJ� WKUHVK�
ROG� PLFURVWUXFWXUH�� KDV� UHFHQWO\� EHHQ� GHYHORSHG� DQG� VWXGLHG� YLD� QXPHULFDO�
VLPXODWLRQV� DQG� TXDVL�DQDO\WLF� DSSUR[LPDWH� H[SUHVVLRQV� >�@�� 7KH�PRGHOV� DUH�
EDVHG� XSRQ� FRFKOHDU�ZDYH� UHIOHFWLRQV�YLD� GLVWULEXWHG� VSDWLDO� LQKRPRJHQHLWLHV�
DQG�WDOO�EURDG�FRFKOHDU�DFWLYLW\�SDWWHUQV��DV�VXJJHVWHG�E\�=ZHLJ�DQG�6KHUD�>�@��
)RU�VWHDG\�VWDWH�SURSHUWLHV�RI�2$(V��WKH�TXDVL�DQDO\WLF�H[SUHVVLRQV�DUH�H[SUHVV�
LEOH� LQ� WHUPV�RI�WKH� FRFKOHDU�ZDYH� EDVLV� VWDWHV�� L�H��� DSLFDO� DQG� EDVDO�PRYLQJ�
ZDYHV� LQ� WKH�DEVHQFH�RI�FRFKOHDU� LQKRPRJHQHLWLHV�DQG�QRQOLQHDULW\�� DQG�DSLFDO�
DQG�EDVDO�FRFKOHDU�ZDYH�UHIOHFWDQFHV��5D�DQG�5E�� $�SUHOLPLQDU\�DSSOLFDWLRQ�RI�
WKH�PRGHO�WR� WKH�FDVH�RI�D�� �L�²�I L �'32$(�IURP�D�VWHDG\�VWDWH�SULPDU\�WRQH�
RI�IUHTXHQF\� I ? � DQG� D� SXOVHG�SULPDU\� WRQH�RI�IUHTXHQF\� �!� � L � � RII� >�@� ZDV�
VXFFHVVIXO� LQ� GHVFULELQJ� D� QXPEHU� RI�FKDUDFWHULVWLFV�RI� WKH� WHPSRUDO�'32$(�
UHVSRQVH�LQ�UHODWLRQVKLS�WR�WKH�FRUUHVSRQGLQJ�VWHDG\�VWDWH�UHVSRQVH�� ,Q�WKLV�SD�
SHU�� IXUWKHU�GHWDLOV�FRQFHUQLQJ�WKH�WHPSRUDO�FKDUDFWHULVWLFV�RI�2$(V�DUH�JLYHQ�

�� 6\QFKURQRXV� (YRNHG�2WRDFRXVWLFV�(PLVVLRQV� �6(2$(V�

���� 6WHDG\�6WDWH� 5HVSRQVH

)RU�D�VWHDG\�VWDWH� ³FDOLEUDWHG �́ �FRPSOH[�� GULYLQJ�SUHVVXUH�3GU�W��� JLYHQ�E\
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WKH�FRPSOH[�6(2$(�DPSOLWXGH�LV�JLYHQ�E\� >�@
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ZKHUH�3GU�²�3PH��X�� LV� WKH�HDU�FDQDO�SUHVVXUH�LQ�WKH�DEVHQFH�RI�DSLFDO�FRFKOHDU�
ZDYH� UHIOHFWLRQV�� 5D� �5E�� LV� WKH� WKH� DSLFDO� �EDVDO�� WUDYHOLQJ�ZDYH� UHIOHFWDQFH�
ZKLFK� GHVFULEHV� FRFKOHDU� WUDYHOLQJ� ZDYH� UDWLRV� DW� WKH� FRFKOHDU� EDVH� LQ� WKH�
SUHVHQVH� �DEVHQFH�� RI� DQ� DFRXVWLF� GULYHU� RI� IUHTXHQF\� X � LQ� WKH� HDU� FDQDO��
��V�FM��  � LV� WKH�UDWLR�RI�GHULYDWLYHV�RI�WKH�FRFKOHDU�ZDYH� EDVLV�IXQFWLRQV
DW� WKH� EDVH� >�@�� 7KH� FKDUDFWHULVWLF� ILQH� VWUXFWXUH� RI�3V�FM��� KRZHYHU�� VWHPV�
PDLQO\� IURP�WKH�SKDVH�YDULDWLRQ�RI�5D� ZLWK�X � >�����@�



���

���� 7HPSRUDO�5HVSRQVH� WR� D�3XOVHG�3ULPDU\

7KH�VWLPXOXV�IRU� WKH�FDVH�ZKHQ� LV� WXUQHG�RQ�DW� W ��� FDQ�EH�ZULWWHQ�DV
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ZKHUH�� ���� �� LI�W�!� ��� DQG�RWKHUZLVH���� 7KH�6(2$(�VLJQDO� LV� WKHQ
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7KH� IXQFWLRQDO�GHSHQGHQFH�RI�WKH� LQWHJUDQG� LQ� (T�� ���� R QZ 
� LV� YHU\� FRPSOH[�
DQG�PDNHV�WKH�HYDOXDWLRQ�RI�3V^W?X��YHU\�FKDOOHQJLQJ�� $V�D�UHVXOW�� WKH�DSSUR[�
LPDWLRQV�ZKLFK�DUH�QHFHVVDU\�WR�SHUPLW� WKH�DQDO\WLF�HYDOXDWLRQ�RI�(T�� ����ZLOO�
EH� OHIW� IRU� D�IXWXUH�SXEOLFDWLRQ�� DQG�RQO\�WKH�PDLQ� UHVXOWV�RI�WKLV� DQDO\VLV�ZLOO�
EH�VXPPDUL]HG�KHUH�� :H�ILQG�IRU� W�!���
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ZKHUH���� SDUDPHWUL]HV�WKH�GDPSLQJ�DW�SRVLWLRQ�[�� WQ� �W�²�Q>�U�[�XM��XM��� ���@��
N�[ ��FM��LV�WKH��FRPSOH[��WUDYHOLQJ�ZDYHQXPEHU��W ^[ ��OM��  � I 4� G[
5H>GN�[
�X!�� GXM@
LV� WKH� WUDYHO� WLPH�RI�D�SUHVVXUH�ZDYH� RI�IUHTXHQF\�X�� IURP�WKH�EDVH� WR� WKH�SR�
VLWLRQ� [�� 7E�  � ²GDUJ �5E��GXM�� DQG� [�X!�� LV� WKH� WRQRWRSLF� SODFH� IRU� IUHTXHQF\
X�� )LQDOO\�� WKH�H[SUHVVLRQ� IRU� WKH� WXUQ�RII�RI�WKH� � �SULPDU\�DW� W�²���� DIWHU�WKH�
SULPDU\�KDV� EHHQ�RQ�VWHDG\�VWDWH�� LV� VLPSO\
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)RU� ?5 D 5E? ��� WKH�JURXS�GHOD\�RI�WKH�VWHDG\�VWDWH�6(2$(��3V�²�3GU�²�3PH�
FDQ� EH� VKRZQ� WR� EH� �U�[�X���D���� L�H��� WKH� VKRUWHVW� ODWHQF\� RI� WKH� WHPSRUDO�
UHVSRQVH�

�� 'LVWRUWLRQ�3URGXFW� 2WRDFRXVWLF�(PLVVLRQV

���� 6WHDG\�6WDWH� 5HVSRQVH

)RU�D�VWHDG\�VWDWH� ³FDOLEUDWHG �́ �FRPSOH[�� GULYLQJ�SUHVVXUH�3GU�W��� JLYHQ� E\
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WKH�FRPSOH[�� �L� � �I �� '32$(�DPSOLWXGH�LV� JLYHQ�E\� >�@
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+HUH�3L� LV� WKH� �FRPSOH[�� DPSOLWXGH� RI�WKH�RYHUODS�UHJLRQ� FRQWULEXWLRQ� WR� WKH�
HDU� FDQDO�SUHVVXUH�DQG� WKH�SURGXFW�5D3U� LV� WKH�DPSOLWXGH�RI�WKH�FRQWULEXWLRQ�
DULVLQJ� IURP� UHIOHFWLRQ� RI�WKH� GLVWRUWLRQ� SURGXFW� �'3�� HQHUJ\�DW� WKH�'32$(�
WRQRWRSLF�VLWH�� (TXDWLRQ� ���� FKDUDFWHUL]HV�� LQ� D�PDWKHPDWLFDO�IRUP�� WKH� ³WZR��
VRXUFH �́ PRGHO� RI�'32$(� JHQHUDWLRQ�� WRJHWKHU� ZLWK� WKH� HIIHFWV� RI�PXOWLSOH�
LQWHUQDO�UHIOHFWLRQ��ZKLFK�DUH�GHVFULEHG�E\�WKH������²�5D5E�� IDFWRU�RI�(T�� �����

���� 7HPSRUDO� 5HVSRQVH� WR� D�3XOVHG�I �� 3ULPDU\

$V�LV�GLVFXVVHG�LQ�7DOPDGJH� HW� DO�� >�@��ZKHQ�FRQVLGHULQJ�WKH�WHPSRUDO�UHVSRQVH�
RI�'32$(V�� LW� LV� EHQHILFLDO� IURP� ERWK� DQ� H[SHULPHQWDO� DV�ZHOO� DV� WKHRUHWLFDO�
EDVLV� WR� SXOVH� RQO\� WKH� I �� SULPDU\�� ,Q� SDUWLFXODU�� WKH� ODWHQF\�RI�WKH� � �L�²� I �
'32$(� UHVSRQVH� WR� D� FKDQJH� LQ� WKH� I �� VLJQDO� �H�J��� D� VKLIW� LQ� WKH� I �� OHYHO��
LV� VLJQLILFDQWO\� ORQJHU� WKDQ� WKH� ODWHQF\�RI�WKH� UHVSRQVH� WR� D� FKDQJH� LQ� WKH� � L �
VLJQDO�� %HFDXVH�RI�WKLV�� WKH� WHPSRUDO� FKDUDFWHULVWLFV�RI�WKH�'32$(� UHVSRQVH�
DUH�PXFK�PRUH�HDVLO\�PHDVXUHG�� 7KH�WKHRUHWLFDO�LQWHUSUHWDWLRQ�RI�WKH�UHVSRQVH�
RI� WKH� '32$(� LV� VLPSOLILHG� LI� RQO\� WKH� I �� �RU� � L � � SULPDU\� LV� SXOVHG�� UDWKHU�
WKDQ�KDYLQJ�ERWK�SULPDULHV� SXOVHG�VLPXOWDQHRXVO\� �VHH� H�J��� 5HI�� ���

$V� EHIRUH�� WKH� VWLPXOXV� FRQGLWLRQ� LQ� ZKLFK� WKH� � L � SULPDU\� LV� RQ� VWHDG\�
VWDWH��ZKLOH� WKH� I �� SULPDU\�LV� WXUQHG�RQ�DW� W� ���� FDQ�EH�ZULWWHQ�DV
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7KH�'32$(�VLJQDO�IRU� WKHVH�FRQGLWLRQV�EHFRPHV�LQ� WXUQ
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7KH� DSSUR[LPDWLRQV� QHFHVVDU\�WR� SHUPLW� WKH� DQDO\WLF� HYDOXDWLRQ� RI�WKLV� LQWH�
JUDWLRQ�ZLOO� DJDLQ�EH�OHIW� IRU� D�IXWXUH�SXEOLFDWLRQ�� :H� ILQG
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7LPH�>V@

)LJXUH� ��� 7\SLFDO� PRGHO� FDOFXODWLRQ� VKRZLQJ� LQWHUIHUHQFH� QRWFKHV� LQ� WKH� WUDQVLHQW� '32$(�
UHVSRQVH�� DV�GHVFULEH�E\�(TV�� ����������

ZKHUH�I��  �U �[��A ��� AG3�  �7�[GS��XMGS��� [ �� �[�X��� DQG�;G3� �[�FMGS��
7KH�H[SUHVVLRQ� IRU�3GS� DIWHU� WKH�WXUQ�RII�RI�WKH� I �� SULPDU\�DW� W� ���� DIWHU�

ERWK�SULPDULHV�KDYH�EHHQ�RQ�VWHDG\�VWDWH�� LV

3G - � 9 G S � �  �IGS LA L�A� �AGS ��a�3 GS^W
�A LA� �AG3��� ����

�� 'LVFXVVLRQ

7KH� SORW� RI�3GS 
� VKRZQ� LQ� )LJ�� �� GLVSOD\V� D� QXPEHU� RI� W\SLFDO� IHDWXUHV� RI�
(T�� ������ 'HVWUXFWLYH�LQWHUIHUHQFH�QRWFKHV�PD\�DSSHDU�VKRUWO\�DIWHU�WKH�WXUQ�RQ�
RU�RII�RI�WKH�I ��SULPDU\��GHSHQGLQJ�RQ�ZKHWKHU� ?5D3U�3L?� LV�JUHDWHU�RU�OHVV�WKDQ
��� 7KH�WUDLQ�RI�LQWHUIHUHQFH�QXOOV� DIWHU� WKH� I �� SULPDU\�LV� WXUQHG�RII�ZLOO�RFFXU�
LI�DUJ>L"DL"E@�  � ��Q�O��U�Q� �LQWHJHU��� 7KLV�VLPXODWLRQ�VXJJHVWV�WKDW�WKH�VWXG\�
RI�WKH�WHPSRUDO�DVSHFWV�RI�'32$(V�PD\�EH�XVHIXO�IRU�H[WUDFWLQJ�WKH�FOLQLFDOO\�
LQWHUHVWLQJ� JHQHUDWRU� FRPSRQHQW�� HYHQ� ZKHQ� WKHUH� DUH� VLJQLILFDQW� DSLFDO� DQG�
EDVDO� FRFKOHDU�ZDYH� UHIOHFWLRQV�ZKLFK� FRPSOLFDWH� WKH� LQWHUSUHWDWLRQ�RI�VWHDG\�
VWDWH� '32$(� GDWD� >���@�� 7KH� VKRUWHVW� ODWHQF\� RI� WKH� WHPSRUDO� UHVSRQVH� LV�
7QL� ²�W��� �U �[��X-G3��� ZKLFK� FRUUHVSRQGV�WR� WKH� IRUZDUG� WUDYHO� WLPH�RI�WKH� I �
SULPDU\� FRFKOHDU� ZDYH� IURP� WKH� EDVH� �[�  � ��� WR� WKH� '3� JHQHUDWLRQ� UHJLRQ�
�QHDU�[ ���� SOXV� WKH�UHYHUVH�WUDYHO�WLPH�RI�WKH�LQLWLDOO\�JHQHUDWHG�'3�ZDYH�IURP�
[�� WR� WKH�FRFKOHDU�EDVH�� 8VLQJ� WKH� DVVXPSWLRQ�RI�VFDOH� LQYDULDQFH� RI�FRFKOHDU�
PHFKDQLFV� >���@�� LW� FDQ�EH�VKRZQ�WKDW

7QO�  � �N�� �IF� � � I F Z&-��� ����

ZKHUH�N� �5H>IF�D��X����X@�� NR�LV�D�FRQVWDQW�UHODWHG�WR�WKH�JHRPHWU\�RI�WKH�FRFKOHD�
DW�WKH�EDVH�� DQG�NX� LV�WKH�H[SRQHQWLDO�FRQVWDQW�LQ�WKH�EDVLODU�PHPEUDQH�SODFH��
IUHTXHQF\�PDS��X�[��  �:EDVHHaNZ8L�
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,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� RQ� WKHRUHWLFDO�JURXQGV�� WKLV� ODWHQF\�ZLOO� EH�
JHQHUDOO\�GLIIHUHQW� IURP�WKH�'32$(�JURXS�GHOD\V�REWDLQHG�XVLQJ�WKH�IL[HG� I �
� ³VZHSW� � L ´�� RU� IL[HG� I L � ³VZHSW� I �Q� PHDVXUHPHQW� SDUDGLJPV�� 7KH�'32$(�
JURXS�GHOD\V� DUH�JLYHQ�E\�WKH�QHJDWLYH�RI�WKH�VORSH�RI�WKH�'32$(�SKDVH�ZLWK�
UHVSHFW�WR� �DQJXODU��'32$(�IUHTXHQF\�� ,I�DSLFDO�FRFKOHDU�ZDYH�UHIOHFWLRQV�DUH�
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7KH� GLIIHUHQFH� EHWZHHQ� WKHVH� WZR� JURXS� GHOD\V� IRXQG� LQ� W\SLFDO� VWHDG\�VWDWH�
'32$(�GDWD�>�@�FDQ�WKXV�EH�XQGHUVWRRG�WKHRUHWLFDOO\�ZLWKRXW�KDYLQJ�WR�LQYRNH�
WKH�FRQFHSW�RI�WKH� ³ILOWHU�EXLOGXS�WLPH �́ FRQWULEXWLRQ�WR�U �>IL[HG��L@�� 7KLV� ODWWHU�
HIIHFW�FDQ�LQ� IDFW�EH�VKRZQ�WR�EH�TXLWH�VPDOO�� �7KH�GHWDLOV�RI�WKLV�DQDO\VLV�ZLOO�
EH� OHIW� IRU� D� IXWXUH�SXEOLFDWLRQ��� 8VLQJ� WKH� DVVXPSWLRQ�RI�VFDOH� LQYDULDQFH�� LW�
LV� DOVR�SRVVLEOH�WR�HYDOXDWH�I �� GLUHFWO\� >���@�
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&RQVHTXHQWO\�� QHLWKHU�RI�WKH�FRQYHQWLRQDO�'32$(�JURXS�GHOD\V�FRUUHVSRQG�WR�
UQ��� $Q�DOWHUQDWLYH�PHDVXUH�RI�WKH�VWHDG\�VWDWH�'32$(�� WKDW� GLUHFWO\�UHODWHV�
WR� WKH� WUDYHO� WLPH� 7GS�� LV� EDVHG� RQ� WKH� ILQH� VWUXFWXUH� VSDFLQJ� FULWHULD� >���@�
��N�N0� �$ I � I � �  � ��U�� ZKHUH�$� � LV� WKH� ILQH� VWUXFWXUH�VSDFLQJ� DW� IUHTXHQF\� � � �
&RPELQLQJ�WKLV� FULWHULRQ�ZLWK�(T�� ����� JLYHV
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ZKLFK�MXVW�UHODWHV�WKH�DYHUDJH�'32$(�ILQH�VWUXFWXUH�VSDFLQJ�WR�WKH�WUDYHO�WLPH�
RI�WKH�'3�ZDYH�EHWZHHQ�[ � ��� DQG�[� �;GS�

)LQDOO\�� LW� LV�XVHIXO�WR�FRPSDUH�WKH�UHVXOWV�RI�GHWDLOHG�FDOFXODWLRQV�RXWOLQHG�
LQ�WKLV�SDSHU�WR�WKH�RQHV�WKDW�RQH�PLJKW�QDLYHO\�DVVXPH��VXFK�DV�(TV�� ����������
RI�5HI�� ��� &RPSDULQJ� WKHVH�PRGHOV�� WKH�PDLQ� GLIIHUHQFH� LV� WKH� DSSHUHDQFH�RI�
WKH� HQ���� WHUP� LQ� WKH� H[SRQHQWLDO� GHFD\� ��²� H³AHQ����� ZKLFK� LV� QRW� SUHVHQW�
LQ� WKH� QDLYH� PRGHO�� )LJXUH� �� LOOXVWUDWHV� KRZ� WKLV� DGGLWLRQDO� WHUP� LQIOXHQFHV�
WKH�WHPSRUDO�FKDUDFWHULVWLFV�RI�GLIIHUHQW�FRPSRQHQWV�WR�WKH�2$(�UHVSRQVH�� ,Q��
WHSUHWLQJ�WKH�PRUH�FRPSOH[�WHPSRUDO�EHKDYLRU�RI�WKH�KLJKHU�RUGHU�FRPSRQHQWV�
LQ� WHUPV� RI� WKH� QDLYH� ��²�HaA� PRGHO� ZKLFK� WKH\� UHVHPEOH�ZRXOG� JLYH� UHVXOWV�
WKDW� DUH�V\VWHPDWLFDOO\�WRR�VPDOO� IRU� WKH�GDPSLQJ�DQG� WRR�ODUJH�IRU� WKH�GHOD\�
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