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7KH�UDWH�RI�HYDSRUDWLRQ�RI�JODVV�PHOW�FRPSRQHQWV�LV�PDLQO\�GHWHUPLQHG�E\�SURFHVV�FRQGLWLRQV�LQ�WKH�

JODVV�IXUQDFH��HVSHFLDOO\�WKH�FRPEXVWLRQ�SURFHVV�KDV�D�ODUJH�LPSDFW��)URP�712�HYDSRUDWLRQ�VWXGLHV�VHPL�

HPSLULFDO� UHODWLRQV�KDYH� EHHQ� REWDLQHG�ZKLFK� FDQ� EH� XVHG� WR� SUHGLFW� WKH� VRGLXP� HYDSRUDWLRQ� IURP�JODVV�

PHOWV�� 712� GHYHORSHG� DQ� HYDSRUDWLRQ�PRGHO� EDVHG� RQ� D� FRPELQDWLRQ� RI� WKHVH� VHPL�HPSLULFDO� UHODWLRQV��

5&0��5DSLG�&RPEXVWLRQ�0RGHO��DQG�*70��*ODVV�7DQN�0RGHO����7KLV�PRGHO�KDV�EHHQ�XVHG�WR�SUHGLFW�DQG�

H[SODLQ�WKH�GLIIHUHQW�VRGLXP�HYDSRUDWLRQ�UDWHV�LQ�GLIIHUHQW�VRGD�OLPH�JODVV�IXUQDFHV��7KH�TXDQWLWDWLYH�HIIHFW�

RI�WHPSHUDWXUH��JDV�YHORFLW\�DQG�JDV�FRPSRVLWLRQ�RQ�WKH�VRGLXP�HYDSRUDWLRQ�LQ�WKHVH�IXUQDFHV�LV�HVWLPDWHG�

E\�D�VHQVLWLYLW\�DQDO\VLV��

,QWURGXFWLRQ�

$SSDUHQWO\� LGHQWLFDO� JODVV� IXUQDFHV�PLJKW� KDYH� WRWDOO\� GLIIHUHQW� �GXVW�� HPLVVLRQ� OHYHOV�
DQG� GLIIHUHQW� UHIUDFWRU\� FRUURVLRQ� SUREOHPV�� +LJK� HYDSRUDWLRQ� UDWHV� RI� JODVV� FRPSRQHQWV�
IURP� WKH� JODVV� PHOW� DQG� KLJK� FDUU\�RYHU� UDWHV� RI� EDWFK� FRPSRQHQWV� DUH� RIWHQ� WKH� PDLQ�
UHDVRQV� RI� KLJK� GXVW� HPLVVLRQV� DQG� REVHUYHG� UHIUDFWRU\� FRUURVLRQ� SUREOHPV��:HOO�NQRZQ�
KDUPIXO� FRQVHTXHQFHV� RI� KLJK� HYDSRUDWLRQ� UDWHV� DQG� KLJK� FDUU\�RYHU� UDWHV� DUH� KLJK� GXVW�
HPLVVLRQV��EORFNLQJ�RI�WKH�UHJHQHUDWRU�FKDPEHU�RU�IOXH�JDV�FKDQQHO�DQG�FRUURVLRQ�RI�FKHFNHU�
ZRUNV�� VLOLFD� FURZQV� RU� EXUQHU� EORFNV�� 7R� H[SODLQ� WKH� REVHUYHG� GLIIHUHQFHV� EHWZHHQ�
FRPSDUDEOH� IXUQDFHV� D� VHPL�HPSLULFDO� HYDSRUDWLRQ�PRGHO�ZDV�GHYHORSHG��7KLV� HYDSRUDWLRQ�
PRGHO�FDQ�EH�FRPELQHG�HDVLO\�ZLWK�H[LVWLQJ�FRPEXVWLRQ�PRGHOV�DQG�JODVV�WDQN�PRGHOV���

,Q� WKLV� SDSHU�� WKH� WKHRUHWLFDO� EDFNJURXQGV� RI� WKH� PRGHO� DUH� GHVFULEHG� DQG� WKH� UHVXOWV� RI�
LQGXVWULDO�YDOLGDWLRQ�WHVWV� LQ�IRXU�PRUH�RU�OHVV�FRPSDUDEOH�VRGD�OLPH�R[\�IXHO�JODVV�IXUQDFHV�
DUH�GLVFXVVHG���

7KHRUHWLFDO�EDFNJURXQGV�

7KH�VHPL�HPSLULFDO� UHODWLRQV�XVHG� WR� WKH�GHVFULEH� WKH� UHVXOWV�REWDLQHG�IURP� ODERUDWRU\�
HYDSRUDWLRQ� H[SHULPHQWV� DUH� EDVHG� RQ� WKH� &RQUDGW� �� HYDSRUDWLRQ� PRGHO�� LQ� ZKLFK� WKH�
HYDSRUDWLRQ�UDWH��U��LV�GHVFULEHG�E\�WKH�/DQJPXLU�HTXDWLRQ��
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U��  �HYDSRUDWLRQ�UDWH��NJ�P��V��

α/��  �/DQJPXLU�FRHIILFLHQW�����

α5��  �YDSRUL]DWLRQ�UHDFWLRQ�SDUW�RI�/DQJPXLU�FRHIILFLHQW�����

α6��  �JDV�IORZ�SDUW�RI�/DQJPXLU�FRHIILFLHQW�����
6K�  �6KHUZRRG�QXPEHU����
'�  �GLIIXVLRQ�FRHIILFLHQW��P��V��
3�  �SDUWLDO�HTXLOLEULXP�SUHVVXUH�RI�HYDSRUDWHG�VSHFLH��3D��
0��  �PROHFXODU�PDVV�RI�HYDSRUDWHG�VSHFLH��PROH�NJ��
/�  �FKDUDFWHULVWLF�OHQJWK�IRU�JDV�IORZ��P��
5�  �JDV�FRQVWDQW���������-�PROH�.��
N�  �FRQVWDQW��.��
7�  �WHPSHUDWXUH�RI�JODVV�VXUIDFH��.��

7KH�6KHUZRRG�QXPEHU�LV�XVHG�WR�GHVFULEH�WKH�PDVV�WUDQVIHU�WR�D�IORZLQJ�PHGLXP��,Q�FDVH�RI�
D�JODVV�IXUQDFH�LQ�ZKLFK�WKH�JODVV�VXUIDFH�FDQ�EH�GHVFULEHG�DV�D�IODW�SODWH��SDUDOOHO�WR�WKH�IORZ��

6K� ���������5H�����6F������

�5H\QROGV�QXPEHU� �5H�DQG�6FKPLGW�QXPEHU� �6F����

7KH�6KHUZRRG�QXPEHU�GHSHQGV�DPRQJ�RWKHU�WKLQJV�RQ�WKH�JDV�YHORFLW\�DERYH�WKH�PHOW��7KH�
GLIIXVLRQ� FRHIILFLHQW� DQG� SDUWLDO� SUHVVXUH� RI� YRODWLOH� VSHFLHV� DUH� DOVR� UHODWHG� WR� WKH� JDV�
YHORFLW\��,Q�SUDFWLFH�WKH�IDFWRU���7�KDUGO\�FRQWULEXWHV�WR�WKH�HYDSRUDWLRQ�UDWH�EHFDXVH�RI�WKH�
UHODWLYH�ODUJH�LPSDFW�RI�H��N�7����

7KH�DSSOLFDWLRQ�RI�WKH�/DQJPXLU�HTXDWLRQ�WR�SUHGLFW�WKH�HYDSRUDWLRQ�UDWHV�LQ�LQGXVWULDO�JODVV�
IXUQDFHV�LV�UDWKHU�FRPSOH[��)RU�WKDW�UHDVRQ�D�VLPSOLILHG��VHPL�HPSLULFDO�UHODWLRQ�ZDV�XVHG�WR�
GHVFULEH�WKH�HYDSRUDWLRQ�UDWHV�IURP�LQGXVWULDO�JODVV�IXUQDFHV��
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.��  �FRQVWDQW��PJ�EDU�P���
S+�2�  �ZDWHU�YDSRU�SUHVVXUH�LQ�DWPRVSKHUH��EDU��
9�  �JDV�YHORFLW\�DERYH�PHOW��P�V��
Q�[�  �FRQVWDQWV�����
7�  �JODVV�WHPSHUDWXUH��.��
N��  �FRQVWDQW��.��

,Q�FDVH�WKH�ZDWHU�YDSRU�SUHVVXUH�GRHV�QRW�LQIOXHQFH�WKH�HYDSRUDWLRQ�SURFHVV��FRQVWDQW�Q� ����
+RZHYHU�LQ�FDVH�RI�UHDFWLYH�HYDSRUDWLRQ�WKH�H[SRQHQW�Q�FDQ�EH�REWDLQHG�IURP�WKH�UHDFWLRQ�
HTXLOLEULXP�FRQVWDQW��
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;�  �JODVV�FRPSRQHQW�
N�  �UHDFWLRQ�HTXLOLEULXP�FRQVWDQW�
$�  �FRQVWDQW�RI�$UUKHQLXV�
5�  �JDV�FRQVWDQW�������-�PROH�.��
7�  �WHPSHUDWXUH��.��
�
,Q� D� UHGXFLQJ� DWPRVSKHUH� FRQWDLQLQJ�&2� WKH� UHDFWLRQ� EHWZHHQ� D� JODVV� FRPSRQHQW�;� DQG�
JDVHRXV�&2�LQ�WKH�DWPRVSKHUH�PD\�FDXVH�UHDFWLYH�HYDSRUDWLRQ�DOVR��

([DPSOH��
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,Q�WKDW�FDVH�IRUPXOD���ZLOO�EH�H[WHQGHG�WR��
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2QH�VKRXOG�NHHS�LQ�PLQG�WKDW�WKH�WUDQVSRUW�LQ�WKH�JODVV�PHOW�LV�QRW�LQFOXGHG�LQ�WKH�HTXDWLRQV�
����WLOO������7KH�WUDQVSRUW�LQ�WKH�PHOW�ZLOO�EH�RI�PDMRU�LPSRUWDQFH�LQ�FDVH��

����7KH�FRQFHQWUDWLRQV�RI�D�FHUWDLQ�FRPSRQHQW�LQ�WKH�PHOW�DUH�UHODWLYHO\�ORZ���

����'HSOHWLRQ� RFFXUV�� 'HSOHWLRQ� PD\� RFFXU� ZKHQ� WKH� WHPSHUDWXUH� RI� WKH� PHOW� LV�
KRPRJHQHRXVO\�DQG�WKHUH�LV�QR�IRUFHG�FRQYHFWLRQ��L�H��EXEEOLQJ����

����)RUPDWLRQ�RI��G\QDPLF��IRDP��'XH�WR�WKH�ILQLQJ�SURFHVV��XVXDOO\�WKH�GLVVRFLDWLRQ�
RI�VRGLXP�VXOIDWH��JDV�EXEEOHV�DUH�IRUPHG�E\�ZKLFK�D�IRDP�OD\HU�LV�IRUPHG�DW�WKH�
VXUIDFH� OD\HU� RI� WKH� PHOW� ��� 7KH� IRDP� OD\HU� LV� FRQWLQXRXVO\� UHIUHVKHG� E\�
FRPSRQHQWV�RI�WKH�JODVV�PHOW��7KH�HYDSRUDWLRQ�UDWHV�RI�WKLV�G\QDPLF�IRDP�OD\HU�
DUH�DOVR�HQKDQFHG�EHFDXVH�RI�WKH�UHODWLYH�ODUJH�VXUIDFH�DUHD�DQG�WKH�UHODWLYH�KLJK�
WHPSHUDWXUHV�RI�WKLV�IRDP�OD\HU��

)RU�GLIIHUHQW�W\SHV�RI�JODVV�DQG�GLIIHUHQW�JODVV�FRPSRQHQWV��YDOXHV�IRU�WKH�FRQVWDQWV�.���.���
.���.���Q��P�DQG�[�LQ�WKH�IRUPXODV���DQG���ZHUH�REWDLQHG��

,QGXVWULDO�YDOLGDWLRQ�WHVWV�

,Q�WKLV�VWXG\��RQO\�PRGHOLQJ�RI�VRGLXP�HYDSRUDWLRQ�KDV�EHHQ�FDUULHG�RXW�WR�GHPRQVWUDWH�WKH�
YDOLGLW\� DQG� DSSOLFDWLRQ� RI� VXFK� HYDSRUDWLRQ� PRGHO� IRU� XQGHUVWDQGLQJ� HPLVVLRQV� DQG�
HYDSRUDWLRQ�SURFHVVHV�LQ�LQGXVWULDO�IXUQDFHV��,Q�WKH�SUHYLRXV�VHFWLRQV�LW�ZDV�VKRZQ�WKDW�JODVV�
PHOW�WHPSHUDWXUH��JDV�YHORFLW\�DQG�FRPSRVLWLRQ�RI�JODVV�PHOW�DQG�IXUQDFH�DWPRVSKHUH�DUH�NH\�
SDUDPHWHUV�LQ�WKH�NLQHWLFV�RI�HYDSRUDWLRQ�RI�JODVV�FRPSRXQGV��)RU�R[\JHQ�ILUHG�VRGD�OLPH�
VLOLFD�JODVV�IXUQDFHV��PRGHOLQJ�RI�VRGLXP�HYDSRUDWLRQ�KDV�EHHQ�FDUULHG�RXW� ���0RGHOLQJ�KDV�
EHHQ�SHUIRUPHG�IRU�WKHVH�FRPSDUDEOH�IXUQDFHV��DOO�SURGXFLQJ�WKH�VDPH�W\SH�RI�JODVV��EXW�IRU�
GLIIHUHQW�EXUQHU�VHWWLQJV��7DEOH���VKRZV�VRPH�SURFHVV�GDWD�RI�WKHVH�IXUQDFHV��$OWKRXJK��WKH�
IXUQDFHV�DUH�RI�WKH�VDPH�GHVLJQ�W\SH�DQG�WKH�VDPH�JODVV�FRPSRVLWLRQ�DQG�UDZ�PDWHULDOV�DUH�
VLPLODU��WKH�VSHFLILF�GXVW�DQG�VRGLXP�HPLVVLRQV�DUH�YHU\�GLIIHUHQW��$V�WKH�HYDSRUDWLRQ�PRGHO�
UHVXOWV�VKRZ��WKH�EXUQHU�VHWWLQJV�DQG�WKH�UHGXFLQJ�R[LGL]LQJ�FRPEXVWLRQ�FRQGLWLRQV�JUHDWO\�
HIIHFW� WKH� HYDSRUDWLRQ� RI� VRGLXP� VSHFLHV�� 7KH� TXDQWLWDWLYH� HIIHFW� RI� WHPSHUDWXUH�� JDV�



YHORFLW\��ZDWHU�YDSRU�SUHVVXUH�DQG�SDUWLDO�&2�SUHVVXUH�RQ�WKH�VRGLXP�HYDSRUDWLRQ�LQ�WKHVH�
IXUQDFHV�LV�HVWLPDWHG�E\�D�VHQVLWLYLW\�DQDO\VLV��7KHVH�SDUDPHWHUV�YDU\�EHWZHHQ��

��*ODVV�VXUIDFH�WHPSHUDWXUH��7�� � �������²�������&�
��:DWHU�YDSRU�SUHVVXUH��S+�2�� � ������²������EDU�
��*DV�YHORFLW\�DERYH�JODVV�VXUIDFH��Y��� ������²�����P�V�
��&2�OHYHOV�LQ�DWPRVSKHUH� � ����²���YRO�����GU\�

)LJXUH���VKRZV�WKH�HIIHFW�RI�UHGXFLQJ�IODPHV�RQ�WKH�1D�HYDSRUDWLRQ��2QO\�����&2�LQ�WKH�
DWPRVSKHUH� PHDQV� ��� �� KLJKHU� VRGLXP� HYDSRUDWLRQ� UDWH�� ,Q� FDVH� RI� ���� �� &2� WKH� 1D�
HYDSRUDWLRQ�UDWH�LV�HYHQ�GRXEOHG��2EYLRXVO\��KLJKO\�UHGXFLQJ�IODPHV�VKRXOG�EH�DYRLGHG��7KH�
HIIHFWV� RI� WHPSHUDWXUH�� JDV� YHORFLW\� DQG� ZDWHU� YDSRU� SUHVVXUH� DUH� JLYHQ� LQ� ILJXUH� ��� 7KH�
LQIOXHQFH� RI� WHPSHUDWXUH� YDULDWLRQV� DSSHDUV� WR� EH� RI� PDMRU� LPSRUWDQFH�� $� WHPSHUDWXUH�
LQFUHDVH� IURP� ����� WLOO� ����� �&� UHVXOWV� LQ� D� GRXEOLQJ� RI� WKH� VRGLXP� HYDSRUDWLRQ� UDWH�� DQ�
LQFUHDVH� RI� WKH� JDV� YHORFLW\� IURP� ���� WLOO� ���� P�V� PHDQV� ��� �� PRUH� HYDSRUDWLRQ� DQG�
YDULDWLRQV� LQ� ZDWHU� YDSRU� SUHVVXUH� EHWZHHQ� ���� DQG� ����� EDU� KDUGO\� LQIOXHQFHV� WKH� 1D�
HYDSRUDWLRQ���
)LJXUH� �� VKRZV� WKH� UHVXOWV� RI� WKH� LQGXVWULDO� PHDVXUHPHQWV�� 2EYLRXVO\�� FKDQJHV� LQ� WKH�
SRVLWLRQ�DQG�W\SH�RI�EXUQHU�DQG�WKH�R[\JHQ�QDWXUDO�JDV�UDWLR��GHWHUPLQLQJ�S2��DQG�S&2�YDSRU�
SUHVVXUHV��ZLOO� FDXVH� ODUJH� GLIIHUHQFHV� LQ� GXVW� HPLVVLRQV� DQG� VRGLXP� HYDSRUDWLRQ��7KH� JDV�
YHORFLWLHV� DQG� JODVV�PHOW� VXUIDFH� WHPSHUDWXUHV� LQ� WKHVH� IXUQDFHV� DUH� FDOFXODWHG�ZLWK� D�&)'�
PRGHO����7KH�PRGHOLQJ�UHVXOWV�IRU�1D2+�HYDSRUDWLRQ�DQG�1D�2�ORVVHV�VKRZ�WKH�VDPH�WUHQG�
DV�WKH�PHDVXUHPHQWV��7KH�HYDSRUDWLRQ�ORVV�RI�1D�2�IURP�WKH�VXUIDFH�DUHD�ZLWK�WKH�KLJKHVW�
WHPSHUDWXUH� �KRW� VSRW�� KDV� EHHQ� FDOFXODWHG� IRU� WKHVH� IXUQDFHV��$FFRUGLQJ� WR� WKH� YDOXHV� LQ�
ILJXUH����DERXW����WR������RI�WKH�VRGLXP�HYDSRUDWHV�IURP�WKLV�DUHD��ZKLFK�LV�RQO\������RI�
WKH�WRWDO�PHOW�VXUIDFH�DUHD���

,W� FDQ� EH� FRQFOXGHG� WKDW� WKHUH� LV� D� JRRG� FRUUHODWLRQ� EHWZHHQ� WKH� VRGLXP� HYDSRUDWLRQ�
PRGHOLQJ�UHVXOWV�DQG�LQGXVWULDO�HYDSRUDWLRQ�PHDVXULQJ�UHVXOWV�LQ���GLIIHUHQW�JODVV�IXUQDFHV���

7DEOH����2SHUDWLRQDO�FRQGLWLRQV�RI�VRGD�OLPH�JODVV�IXUQDFHV�DQG�PHDVXUHG�SDUWLFXODWH�HPLVVLRQV�

�)XUQDFH�EXUQHU�DUUDQJHPHQW�QR��� �� �� �� �� ��
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%XUQHU�W\SH� WXEH�LQ�WXEH� VKHHW�IODPH� VKHHW�IODPH� VKHHW�IODPH� VWDJHG�

/RZ�0RPHQWXP�KLJK�PRPHQWXP�� KLJK� KLJK� KLJK� KLJK� ORZ�

2[\JHQ�SUHVVXUH�DERYH�PHOW�LQ���
�
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&2�SUHVVXUH�DERYH�PHOW�LQ���
�
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%XUQHU�KRUL]RQWDO�RU�GLUHFWHG�WR�JODVV�PHOW�
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GLUHFWHG� �
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GLUHFWHG� KRUL]RQWDO�

'XVW�HPLVVLRQ�LQ�NJ�W�JODVV� ������ ������ ������ ������ ������

1D�2�HPLVVLRQ�LQ�NJ�W�JODVV� ������ ������ ������ ������ ������

1D2+�FRQFHQWUDWLRQ�LQ�IXUQDFH�

DWPRVSKHUH�LQ�3D�� ����� ����� ����� ����� ����
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)LJXUH����6HQVLWLYLW\�DQDO\VLV�RI�GLIIHUHQW�SURFHVV�SDUDPHWHUV�RQ�WKH�VRGLXP�HYDSRUDWLRQ�
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PHDVXUHG�1D�2�WRWDO

&DOF��1D�2�LQ�KRW�VSRW�DUHD
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&DOF��1D�2�WRWDO
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)LJXUH����1D�2�HYDSRUDWLRQ�ORVVHV�IURP���GLIIHUHQW�R[\�IXHO�VRGD�OLPH�JODVV�IXUQDFHV��UHVXOWV�RI�

PRGHOLQJ�DQG�PHDVXUHPHQWV�

�

�
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