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'XULQJ�D�K\SRWKHWLFDO�VHYHUH�DFFLGHQW��D�PHOW�SRRO�PD\�IRUP�LQ�WKH�ORZHU�SOHQXP�RI�WKH�UHDFWRU
YHVVHO� DV� D� FRQVHTXHQFH� RI� UHDFWRU� FRUH� RYHUKHDWLQJ� DQG�PHOWLQJ�� +LJK� WHPSHUDWXUHV� DQG� IXUWKHU� KHDW
JHQHUDWLRQ�GXH� WR�ILVVLRQ�SURGXFWV�GHFD\�PD\� MHRSDUGLVH� WKH� LQWHJULW\�RI� WKH� UHDFWRU�YHVVHO��7R�SUHYHQW
WKLV�WKH�SOHQXP�ZDOOV�ZRXOG�KDYH�WR�EH�H[WHUQDOO\�FRROHG��$W�SUHVHQW��H[WHUQDO�YHVVHO�IORRGLQJ�LV�RQH�RI
WKH�SRVVLEOH�HPHUJHQF\�SURFHGXUHV��

7R� GHWHUPLQH� WKH� FRROLQJ� FKDUDFWHULVWLFV� RI� WKH�PHOW� SRRO�� WKH� KHDW� WUDQVIHU� WKURXJK� WKH� ORZHU
SOHQXP�ZDOO�PXVW� EH� NQRZQ��7KH� QDWXUDO� FRQYHFWLRQ� EHKDYLRXU� RI� WKH�PHOW� SRRO�ZDV� VWXGLHG� IRU� WKLV
SXUSRVH�� $OWKRXJK� VRPH� H[SHULPHQWDO� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� LQ� WKH� SDVW�� LW� LV� QRW� IHDVLEOH� WR
SHUIRUP� ODUJH�VFDOH� H[SHULPHQWV� DW� UHDOLVWLF� UHDFWRU� FRQGLWLRQV�� ([WHQVLYH� QXPHULFDO� VWXGLHV� ZHUH� DOVR
FDUULHG� RXW� UHJDUGLQJ� WKH� ORZHU� SOHQXP� FRROLQJ� SUREOHP�� XVLQJ� RQH� RI� N�e�PRGHOV� WR�PRGHO� WXUEXOHQW
PRWLRQ�

%HFDXVH� RI� H[WHQVLYH� FRPSXWDWLRQDO� UHTXLUHPHQWV� RI� WKH� N�e� PRGHOV�� ZH� SURSRVH� D� PRGLILHG
6PDJRULQVN\� /DUJH�(GG\� 6LPXODWLRQ� PRGHO�� ZKLFK� LV� PDLQO\� XVHG� LQ� IRUFHG� FRQYHFWLRQ� WXUEXOHQFH
FDOFXODWLRQV�
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� ,Q� WKH�SUHVHQW�ZRUN�� WKH�PHOW� LQ� WKH� ORZHU�SOHQXP� LV�PRGHOOHG�DV�DQ� LQFRPSUHVVLEOH� IOXLG�ZLWK
LQWHUQDO� YROXPHWULF� KHDW� JHQHUDWLRQ� LQ� D� UHFWDQJXODU� FDYLW\�� 8VLQJ� %RXVVLQHVT
V� DSSUR[LPDWLRQ� RI
EXR\DQF\�IRUFHV�DQG�DSSO\LQJ�D�WRS�KDW�VSDWLDO�ILOWHU��WKH�HTXDWLRQV�RI�IOXLG�PRWLRQ�DUH�ZULWWHQ�DV��
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ZKHUH� �GHQRWHV�ORFDOO\�DYHUDJHG�YDOXHV��5D�WKH�5D\OHLJK�QXPEHU�DQG�3U�WKH�3UDQGWO�QXPEHU��7KH�ODVW
WHUPV�LQ�HTV������DQG�����DULVH�GXH�WR�PRGHOOLQJ�RI�VXEJULG�VFDOH�WHUPV�DIWHU�WKH�ILOWHULQJ�SURFHVV��6�LV�WKH
GHIRUPDWLRQ�YHORFLW\�WHQVRU��nVJG��LV�WKH�VXEJULG�YLVFRVLW\�DQG� VJGu �LV�WKH�VXEJULG�WKHUPDO�GLIIXVLYLW\���
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7KH�SUHVHQWHG�PRGLILHG�6PDJRULQVN\�DSSURDFK�UHTXLUHV�RQO\�WZR�HPSLULFDO�FRQVWDQWV�&V�DQG�3UVJG��,Q�WKLV
ZRUN�ZH�SUHVFULEHG�WKH�YDOXHV�RI�������DQG����������UHVSHFWLYHO\�

7R�PRGHO� VROLGLILFDWLRQ� DQG�PHOWLQJ� SURFHVVHV� RQ� WKH� ERXQGDULHV�� QR�VOLS� ERXQGDU\� FRQGLWLRQV
ZHUH�XVHG�IRU�WKH�PRPHQWXP�HTXDWLRQ�DQG�LVRWKHUPDO�ERXQGDU\�FRQGLWLRQV�IRU�WKH�HQHUJ\�HTXDWLRQ�

5(68/76

1XPHULFDO� VLPXODWLRQV�ZHUH� SHUIRUPHG� IRU� 5D\OHLJK� QXPEHUV� ����� DQG� ������ 7KH� UHVXOWV� ZHUH
SORWWHG�RQ�5D\OHLJK�YV��1XVVHOW� QXPEHU�GLDJUDP� LQ� ORJDULWKPLF� VFDOH� WRJHWKHU�ZLWK�RWKHU� H[SHULPHQWDO
DQG�QXPHULFDO�GDWD���%HFDXVH�WKH�GDWD��ILJ�����UHYHDOHG�ORJDULWKPLF�OLQHDU�UHODWLRQ�EHWZHHQ�5D\OHLJK�DQG
1XVVHOW�QXPEHU��WKH�YDOXHV�ZHUH�IXUWKHU�H[WUDSRODWHG�WR�5D� ������ZKLFK�FRUUHVSRQGV�WR�UHDOLVWLF�UHDFWRU



FRQGLWLRQV�� ,Q� DOO� FDVHV� WKH�3UDQGWO� QXPEHU�ZDV������7KH�REWDLQHG� UHVXOWV� VKRZ� VDWLVIDFWRU\� DJUHHPHQW
ZLWK�H[SHULPHQWDO�DQG�QXPHULFDOO\�FDOFXODWHG�GDWD����
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6	5�FRU���5HI����

1RXUJDOLHY�HW�DO���5HI����

3UHVHQW�ZRUN

)LJXUH����5D\OHLJK�QXPEHU�YV��1XVVHOW�QXPEHU�

$V� H[SHFWHG� IURP� OLWHUDWXUH� GDWD��� WKH� PD[LPXP� WKHUPDO� ORDG� RFFXUV� RQ� WKH� VLGH� ZDOOV�� 7KH� DYHUDJH
1XVVHOW�QXPEHU�UHDFKHV�WKH�YDOXH�1X� �����LQ�WKH�FDVH�RI��UHDOLVWLF�UHDFWRU�FRQGLWLRQV��5D� ��������'XULQJ
RXU�VLPXODWLRQV�ZH�REVHUYHG�WKDW�WKH�JHQHUDO�FLUFXODWLRQ�SDWWHUQ�LV�VWDEOH�LQ�WKH�ORZHU�SDUW�DQG�VWURQJO\
LQIOXHQFHG�E\�5D\OHLJK�7D\ORU�LQVWDELOLWLHV�DW�WKH�WRS�ERXQGDU\�RI�WKH�VLPXODWLRQ�GRPDLQ��ILJ�����

)LJXUH����7HPSHUDWXUH�ILHOG�

&21&/86,216

�7KH�SUHVHQWHG�FDOFXODWLRQV�GHPRQVWUDWH�WKH�VXLWDELOLW\�RI�WKH�/DUJH�(GG\�6LPXODWLRQ�PRGHO�IRU
FDOFXODWLRQV�RI�WXUEXOHQW�QDWXUDO�FRQYHFWLRQ�IORZV�LQ�D�IOXLG�ZLWK�LQWHUQDO�KHDW�JHQHUDWLRQ��7KLV�PHWKRG
FRXOG�EHFRPH�PRUH�SRSXODU�LQ�WKH�ILHOG�RI�VHYHUH�DFFLGHQW�WKHUPDO�K\GUDXOLFV�LQ�WKH�IXWXUH�

7KH�FDOFXODWHG�1XVVHOW�QXPEHUV�UHYHDOHG�WKH�KLJKHVW�WKHUPDO�ORDGV�RQ�WKH�VLGH�ZDOOV�ZKHUH�WKH
FRROLQJ�ZRXOG�KDYH� WR�EH�PRGLILHG�ZKHQ�FRPSDUHG� WR� WKH�ERWWRP� WR� HQVXUH� WKH� LQWHJULW\� RI� WKH� ORZHU
SOHQXP�
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�� $��+259$7�� ³0RGHOLQJ� RI� QDWXUDO� FRQYHFWLRQ� SKHQRPHQD� LQ� QXFOHDU� UHDFWRU� FRUH�PHOW´��0DVWHU
7KHVLV��³-RåHI�6WHIDQ´�,QVWLWXWH���������

�� 5�� 5�� 1285*$/,(9�� 7�� 1�� ',1+�	�%�� 5�� 6(1*$/�� ³(IIHFW� RI� )OXLG� 3UDQGWO� 1XPEHU� RQ� +HDW
7UDQVIHU�&KDUDFWHULVWLFV�LQ�,QWHUQDOO\�+HDWHG�/LTXLG�3RROV�ZLWK�5D\OHLJK�1XPEHUV�XS�WR�����´���1XFO�
(QJ��'HVLJQ��������SS������������������

�� 3��92.(�� ³/RZ�5H\QROGV�1XPEHU�6XEJULG�6FDOH�0RGHOV´��7KHRUHW��&RPSXW��)OXLG�'\QDPLFV�� ��
�������

�� 7�� (,'621�� ³1XPHULFDO� 6LPXODWLRQ� RI� WKH� 7XUEXOHQW� 5D\OHLJK�%pQDUG� 3UREOHP� XVLQJ� 6XEJULG
0RGHOOLQJ´��-��)OXLG��0HFK��������SS������������������


