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$EVWUDFW7KH� ODUJH�SDUW�RI�RLO�DQG�JDV�ILHOGV� LQ� WKH�'QLHSHU�'RQHWVN�%DVLQ��8NUDLQH� LV�EHORQJ�WR�WKH�VDOW� GRPHV�RI� WKH�'HYRQLDQ� DQG�3HUPLDQ� DJH��ZKLFK� FKDUDFWHUL]HG� E\� WKH� FRPSOH[� WHFWRQLF�IUDPHZRUN� DQG� WKH\� DUH� WKH� UHDVRQ� RI� WKH�PDMRU�GLIILFXOWLHV� DW� WKH�ERWK��'�DQG��'� VHLVPLF�GDWD� LQWHUSUHWDWLRQ�� 6RPH� RI� WKHVH� SUREOHPV� FDQ� EH� UHVROYHG� E\� WKH� VHLVPLF� GDWD�PRGHOOLQJ�EDVHG�RQ�DFRXVWLF�HODVWLF�ZDYH�HTXDWLRQ�,Q�WKH�JLYHQ�SDSHU�WKH�H[DPSOH�RI�IXOO�ZDYH�PRGHOOLQJ�RI�HIIHFWV�FDXVHG�E\�VLGH�SDUWV�RI�WKH� W\SLFDO� NU\SWR�GLDSLU� VWUXFWXUH� IRU� WKH FHQWUDO� SDUW� RI� WKH� 'QLHSHU�'RQHWVN� %DVLQ� LV�FRQVLGHUHG�
0HWKRG)RU�PRGHOOLQJ�ZDV�XVHG�WKH�UHDOL]HG�RQ�D�VWDQGDUG�3&�WKH�IXOO�ZDYH�ILQLWH�GLIIHUHQFH�VFKHPH�ZKLFK� DOORZV� WKH� VLPXODWLRQ� RI� D� WLPH� VHFWLRQV� E\� WKH� ³H[SORGLQJ� KRUL]RQV´� PHWKRG��&ODHUERXW���������DQG�DOVR�JLYHV�D�SRVVLELOLW\� WR�JHQHUDWH� WKH�VKRW�JDWKHUV�RQ� WKH�EDVLV�RI�D�VROXWLRQ�RI�WKH�DFRXVWLF�RU�WKH�HODVWLF�ZDYH�HTXDWLRQ��.RVW\XNHYLFK�HW�DO���������:H�XVH�WKH�IROORZLQJ�GLIIHUHQWLDO�ZDYH�HTXDWLRQ��FRQWLQXRXV�IRUP���GHVFULELQJ�SDUWLFOH���'�PRWLRQ�LQ�YHORFLW\�VWUHVV�WHUPV��(ODVWLF�FDVH $FRXVWLF�FDVH

���� \I/[I4WJ \[[ ww�ww ww ���� \I/[I4WJ \[[ ww�ww ww
���� [I/\I4WJ [\\ ww�ww ww ���� [I/\I4WJ [\\ ww�ww ww
���� ¸̧¹·¨̈©§ ww�ww ww [I\I4WJ \[VV ���� [J3WI [ ww ww
���� ¸̧¹·¨̈©§ ww�ww ww \J[J3WI V\[ ���� \J3WI \ ww ww
���� ¸̧¹·¨̈©§ ww�ww ww \J[J3WI [V\

3��� )8//�:$9(�02'(//,1*�2)�())(&76�&$86('�%<�7+(�)/$1.6 2)�6$/7�'20(9��0(56+&+,<���$��.267<8.(9<&+� DQG *��/,61<��1$'5$�*URXS���D�1DEHUH]KQR�.KUHVKDWLWVND�6WU���������.LHY�8NUDLQH�7HVVHUDO�7HFKQRORJLHV�,QF�



�ZKHUH��I�[��I�\ ± LQVWDQWDQHRXV�SDUWLFOH�YHORFLWLHV����J [��J \ ± QRUPDO�VWUHVVHV����J V ± VKHDU�VWUHVV���4  �� ����  �! .�����4 6� ��  �! ������/  ��  �4 ± �4 6����!  �GHQVLW\����3  U� ��.  �FRPSUHVVLRQDO�ZDYH�YHORFLW\�����  �VKHDU�ZDYH�YHORFLW\�7KH�PRGHO� LV� FRQVWUXFWHG�E\� VHTXHQWLDO�GUDZLQJ�RI� VHLVPLF�ERXQGDULHV� �WRS�GRZQ��ZLWK�WKH� KHOS� RI� WKH� PRXVH� RQ� UHDO� VHLVPLF� VHFWLRQ�� ZKLFK� FDQ� EH� XVHG� DV� D� EDFNJURXQG� ZLWK�DGMXVWDEOH�WUDQVSDUHQF\��)RU�DOO�FRQVWUXFWHG�WKXV�JHRORJLF�VWUDWD�DVVLJQ�WKH�DFRXVWLF�SDUDPHWHUV��SURSDJDWLRQ�YHORFLWLHV�RI�ORQJLWXGLQDO�DQG�VKHDU�ZDYHV��DQG�DOVR�GHQVLW\�RI�URFNV��
5HVXOWV7KH�JHQHUDO�YLHZ�RI�DQ�LQYHVWLJDWHG�RLOILHOG�LV�VKRZQ�DV�D�GHSWK�VFDOHG�VHFWLRQ�RI�WKH�PLJUDWHG�FXEH��)LJ�����EXLOW�XS ZLWK�WKH�KHOS�RI�WKH��' SUH�VWDFN�GHSWK�PLJUDWLRQ��,Q�WKH�FHQWUDO�SDUW�RI�WKH�LPDJH�FDQ�VHH�WKH�VDOW�GRPH�RI�'HYRQLDQ�DJH�6HLVPLF� LQYHVWLJDWLRQV� ZHUH� H[HFXWHG� ZLWK� ����� P� PD[LPXP� RIIVHW� DQG� ZLWK� ���IROG�VSDWLDO�FRYHUDJH��ELQ�VL]H���[���P���$V� LW� LV�YLVLEOH�IURP�D�)LJ���� WKH�REVHUYDWLRQV�KDYH�WKH�VNLSV� WKDW�DUH�FDXVHG�E\�D�KLJK�UHOLHI� WHUUDLQ��SRSXODWHG�DUHDV�DQG�GHYHORSHG�QHWZRUN�RI� WKH�FRPPXQLFDWLRQV� �URDGV� DQG� RLO�SLSHOLQHV���2Q� WKH� EDVLV� RI� WKLV� VHFWLRQ� WKH� VLPSOLILHG� �WZR�GLPHQVLRQDO��PRGHO�RI�D�VDOW�GRPH��ZKLFK�LV�VKRZQ�LQ�D�)LJ����ZDV�FUHDWHG�7KH� UHIOHFWRUV�RQ� WKH�PRGHO�ZHUH�VHW�XS�DV� LQWHUIDFHV�EHWZHHQ� WKH�PDFUR�VWUDWLJUDSKLFDO�EHGGLQJV��)RU�FUHDWLRQ�RI�WKH�PRGHO�WKH�YHORFLW\�GDWD�IURP�WKH�DYDLODEOH�ZHOOV�DQG�DOVR�IURP�WKH�GHWDLOHG�GHSWK�YHORFLW\�LQIRUPDWLRQ�XVHG�DW�WKH�SUH�VWDFN�GHSWK�PLJUDWLRQ�ZDV�LQYROYHG��

)LJ�����7KH�LQLWLDO�PLJUDWHG�VHFWLRQV�LQ�GHSWK�VFDOH��DUURZ�LQGLFDWHV�SURVSHFWLYH�GHSRVLWV� )LJ�����0RGHO�RI�WKH�VDOW�GRPH��DUURZ�LQGLFDWHV�SURVSHFWLYH GHSRVLWV�
$V� LW� LV� YLVLEOH� IURP� D� )LJ���� RQH� IODQN� RI� VDOW� GRPH� KDV� WKH� HDYHV�� DQG� RWKHU� LV� VXE�YHUWLFDO�2Q�WKH�VHLVPLF�LPDJH��)LJ��� DQG�RQ�WKH�PRGHO��)LJ����WKH�DUURZV�SRLQW�WR�WKH�SURGXFWLYH�REMHFWV�LQ�GHSRVLWV�RI�ORZHU�DQG�PLGGOH�&DUERQ��ZKLFK�ORFDWHG�XQGHU�HDYHV�RI�VDOW�GRPH�)RU� VLPXODWLRQ�RI�HIIHFWV�FDXVHG�E\� WKH�IODQNV�RI�D�VDOW�GRPH�� WKH�PHWKRG�RI�³H[SORGLQJ�KRUL]RQV´� ZDV� XVHG� �UDQJH� RI� WKH� LQFLGHQFH� DQJOHV� ZDV� IURP� �� XS� WR� ��h�� 7KH� VLJQDO�IUHTXHQF\� LV����+]��7KH�PRGHOOLQJ�ZDV� IXOILOOHG�RQ�D�SRUWDEOH�3&�ZLWK� WKH�3HQWLXP�,,,�����SURFHVVRU� DQG� 5$0� RI� ���� 0%�� 7LPH� VHFWLRQ� UHFHLYHG� DV� D� UHVXOW� RI� IXOO�ZDYH� DFRXVWLF�VLPXODWLRQ�E\�D�PHWKRG�RI�³H[SORGLQJ�KRUL]RQV´�LV�VKRZQ LQ�D�)LJ���



�

($*(���WK�&RQIHUHQFH�	�([KLELWLRQ�² )ORUHQFH��,WDO\������ ���0D\�����
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