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GUDLQDJH��*URXQGZDWHU�LV�UHFKDUJHG�PDLQO\�IURP�SUHFLSLWDWLRQ�WKDW�LQILOWUDWHVWKURXJK�XQFRQVROLGDWHG�4XDWHUQDU\�ORHVV�'DLO\�UDLQIDOO�GDWD�DUH�DYDLODEOH�LQ�WKH�VWXG\�UHJLRQ��DQG�LW�ZDV�SRVVLEOH�WR�FRQWUDVWWKH�SURSRVHG�PHWKRGRORJ\�ZLWK�REVHUYHG�UHJLVWUDWLRQV�DORQJ�D�VHULHV�RI�\HDUV�DQGLQ�GLIIHUHQW�SODFHV��)RXU�VWDWLRQV�RI�D�JURXS�RI�DSSUR[LPDWHO\�WZHQW\�ZHUH�VHOHFWHGVLQFH�WKH\�SUHVHQW�H[WHQVLYH�SHULRGV�RI�UHJLVWUDWLRQ��JRRG�JHRJUDSKLFDO�FRYHULQJ�RIWKH�UHJLRQ�DQG�JRRG�TXDOLW\�LQIRUPDWLRQ��7KH�VHOHFWHG�VWDWLRQV�DQG�WKH�DPRXQW�RI\HDUV�RI�SOXYLRPHWULF�UHJLVWUDWLRQV�ZHUH�WKH�IROORZLQJ��%RPEDO�����\HDUV��&KRYHW����\HDUV��6DQWD�7HUHVD�����\HDUV�DQG�(PSDOPH�����\HDUV��)LJ�����

$UJHQWLQH

)LJXUH����/RFDWLRQ�RI�VWXG\�UHJLRQ�DQG�SUHFLSLWDWLRQ�VWDWLRQV�
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)RU�HDFK�RQH�RI�WKH�SUHFLSLWDWLRQ�VWDWLRQV��GDLO\�UDLQIDOO�GDWD�ZDV�JURXSHG�DVPRQWKO\�UDLQIDOO�GDWD��3��$YHUDJH�YDOXHV�RI�PRQWKO\�UDLQIDOO��3DY��ZHUH�FDOFXODWHG�7KH�QXPEHU�RI�UDLQ�RFFXUUHQFHV�SHU�PRQWKV��1��ZDV�FRQVLGHUHG�IRU�HVWLPDWLQJ�DQDYHUDJH�QXPEHU�RI�HYHQW��1DY��LQ�HDFK�PRQWK��=LPPHUPDQQ���������$YHUDJHYDOXHV�DQG�VWDQGDUG�GHYLDWLRQV�IRU�HDFK�VWDWLRQ�DQG�DQDO\]HG�YDULDEOHV�DUH�VKRZQLQ�7DEOHV���DQG���
7DEOH����$YHUDJH��EROG��DQG�VWDQGDUG�GHYLDWLRQ �LWDOLF��IRU�UDLQIDOO�RFFXUUHQFHV�67$7,211$0( -$1 )(% 0$5 $35 0$< -81 -8/ $8* 6(3 2&7 129 '(& <($5
%RPEDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �����&KRYHW ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����6�7HUHVD ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����(PSDOPH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �����
7DEOH����$YHUDJH��EROG��DQG�VWDQGDUG�GHYLDWLRQ �LWDOLF��IRU�PRQWKO\�UDLQIDOO�67$7,211$0( -$1 )(% 0$5 $35 0$< -81 -8/ $8* 6(3 2&7 129 '(& <($5
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FRQGLWLRQDO�XSRQ�WKH�PRQWKO\�UDLQIDOO�3�GHJUHHV�RI�IUHHGRP�WR�WKH�YDULDEOH�FDQ�EHUHVWULFWHG�DOORZLQJ�EHWWHU�IRUHFDVW�&RQFHUQLQJ�WR�WKH�PRQWKO\�SUHFLSLWDWLRQ��LWV�YDULDELOLW\�LV�JUHDWHU�WKDQ�WKH�RQHUHJLVWHUHG�IRU�WKH�UDLQ�RFFXUUHQFHV�EXW�WKLV�YDULDEOH�UHSUHVHQWV�LQSXWV�LQ�D�PRGHO�
(VWLPDWLRQ�RI�QXPEHU�RI�UDLQIDOO�HYHQWV
7KH�SURSRVHG�ED\HVLDQ�DSSURDFK��HT�����ZDV�DSSOLHG�WR�WKH�PRQWKO\�VHULHV�RISUHFLSLWDWLRQ�RI�HDFK�VWDWLRQ��7KH�UHVXOWV�REWDLQHG�DUH�SUHVHQWHG�LQ�7DEOH���DQG)LJXUH���5HVXOWV�VKRZ�D�JHQHUDO�WHQGHQF\�WR�XQGHUHVWLPDWH�WKH�QXPEHU�RI�HYHQWV��7DEOH����7KLV�FDQ�DOVR�EH�REVHUYHG�LQ�)LJXUH����VLQFH�WKH�ILWWHG�OLQHV�WR�WKH�FRPSXWDWLRQV�GDVKHG�OLQHV��KDYH�OHVV�VORSH�WKDQ�WKH�FRLQFLGHQFH�OLQHV��FRQWLQXRXV OLQHV��
7DEOH����5HVXOWV�DFKLHYHG�IRU�IRUHFDVWLQJ�RI�QXPEHU�RI�UDLQIDOO�RFFXUUHQFHV67$7,21�1$0( 12%6(59(' 1&$/&8/$7(' &255(/$7,21&2()),&,(17%RPEDO ���� ���� �����6DQWD�7HUHVD ���� ���� �����&KRYHW ���� ���� �����(PSDOPH ��� ��� �����
'LVSHUVLRQ�DURXQG�WKH�FRLQFLGHQFH�OLQH�LQGLFDWHV�WKDW�WKH�PRQWKO\�SUHFLSLWDWLRQ�LVQRW�WKH�RQO\�YDULDEOH�WKDW�FRQWUROV�WKH�QXPEHU�RI�UDLQIDOO�HYHQWV��7KHUH�DUHFRPSOH[�FOLPDWRORJLFDO�IDFWRUV�WKDW�FRPPDQG�WKH�VWXGLHG�YDULDEOH�DQG�WKDW�QHFHVVDULO\��WKH\�DUH�RXWVLGH�RI�WKH�SURSRVHG�DOJRULWKP��1HYHUWKHOHVV��NHHSLQJ�LQPLQG�WKH�VLPSOLFLW\�RI�WKH�SURSRVDO��DQG�GXH�WR�WKH�IUHTXHQWO\�DYDLODEOHLQIRUPDWLRQ�WKH�UHVXOWV�FRXOG�EH�FRQVLGHUHG�DV�VDWLVIDFWRU\�
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)LJXUH��� )RUHFDVWLQJ�RI�QXPEHU�RI�UDLQIDOO�HYHQWV�IRU�VWXG\�VWDWLRQV�RI�6DQWD�)HSURYLQFH�
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(VWLPDWLRQ�RI�GHSWKV�RI�UDLQIDOO�HYHQWV
'HSWKV�RI�UDLQIDOO�GHSWKV�IRU�HDFK�VWDWLRQ�DQG�PRQWKO\�VHULHV�RI�SUHFLSLWDWLRQ�ZHUHHVWLPDWHG�DSSO\LQJ�WKH�DOJRULWKP�SURSRVHG��DQG�FRQVLGHULQJ�WKH�QXPEHU�RI�HYHQWVREVHUYHG�1��7KH�SURFHGXUH�ZDV�DSSOLHG�IRU�WKH�WZR�IRUPXODWLRQV�RI�HPSLULFDOIUHTXHQFLHV��6HULHV�RI�FDOFXODWHG�UDLQIDOO�GHSWKV�ZHUH�FRPSDUHG�ZLWK�WKH�REVHUYHGRQHV��DQG�FRUUHODWLRQ�FRHIILFLHQWV�DUH�VKRZQ�LQ�7DEOH���7KH�REWDLQHG�UHVXOWV�LQGLFDWHG�WKDW�WKH�IRUPXODWLRQ�RI�+D]HQ�SUHVHQWHG�D�EHWWHUSHUIRUPDQFH�WR�IRUHFDVW�UDLQIDOO�GHSWKV�
7DEOH����&RUUHODWLRQ�FRHIILFLHQWV�DFKLHYHG�IRU�IRUHFDVWLQJ�RI�UDLQIDOO�GHSWKV67$7,21�1$0( :(,%8//¶6)2508/$7,21 +$=(1¶6)2508/$7,21%RPEDO ����� �����&KRYHW ����� �����6DQWD�7HUHVD ����� �����(PSDOPH ����� �����
5HVXOWV�XVLQJ�+D]HQ¶V�IRUPXODWLRQ�DUH�VKRZQ�LQ�)LJXUH����$V�FDQ�EH�REVHUYHG��WKHILWWHG�OLQHV�WR�WKH�FRPSXWDWLRQV��GDVKHG�OLQHV��DSSURDFK�YHU\�JRRG�WR�WKHFRLQFLGHQFH�OLQHV��FRQWLQXRXV�OLQHV����,Q�WKLV�ZD\��WKH�DYHUDJH�WHQGHQF\�RI�WKHIRUHFDVWV�LV�YHU\�VDWLVIDFWRU\�
0RQWKO\�UXQRII�IRUHFDVWLQJ
7KH�XWLOLW\�RI�WKH�SURSRVHG�PHWKRGRORJ\�FRXOG�EH�HYDOXDWHG�ZKHQ�PRQWKO\�UXQRIIFDOFXODWHG�XVLQJ�WKH�REVHUYHG�UDLQIDOO�LV�FRPSDUHG�ZLWK�WKRVH�PRQWKO\�UXQRIIFDOFXODWHG�ZLWK�WKH�SUHGLFWHG�UDLQIDOO�XVLQJ�ERWK�DOJRULWKPV�7R�SHUIRUP�WKLV�HYDOXDWLRQ��WKH�86�6&6�PHWKRG�ZDV�DSSOLHG�WR�WKH�REVHUYHGUHFRUGV�RI�GDLO\�UDLQIDOO�DQG�WR�WKH�FDOFXODWHG�UDLQIDOO�HYHQWV��ZKLFK�ZHUHV\QWKHWLFDOO\�JHQHUDWHG��5XQRIIV�FDOFXODWHG�IRU�HDFK�HYHQW�ZHUH�FXPXODWHG�WRPRQWKO\�YDOXHV��)LQDOO\��PRQWKO\�UXQRIIV�HVWLPDWHG�E\�ERWK�SURFHGXUHV�ZHUHFRPSDUHG��7DEOH����
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7DEOH����&RUUHODWLRQ�FRHIILFLHQWV�DFKLHYHG�IRU�IRUHFDVWLQJ�RI�PRQWKO\�UXQRII67$7,21�1$0( +$=(1¶6)2508/$7,21&1� ���%RPEDO �����&KRYHW �����6DQWD�7HUHVD �����(PSDOPH �����$QQXDO�UXQRII�IRU�DOO�VWDWLRQV �����
)LJXUH���VKRZ�UXQRIIV�JHQHUDWHG�IURP�REVHUYHG�UDLQV�DQG�IURP�FDOFXODWHG�UDLQV�LQHDFK�SUHFLSLWDWLRQ�VWDWLRQ��7KH�YDOXH�RI�FXUYH�QXPEHU��&1��XVHG�ZDV�����ZKLFK�LVTXLWH�UHSUHVHQWDWLYH�RI�VRLO�FRQGLWLRQV��YHJHWDWLRQ�FRYHULQJ�DQG�DYHUDJH�PRLVWXUHLQ�WKH�UHJLRQ�)LJXUH���VKRZV�D�IRUHFDVW�RI�DQQXDO�UXQRII�IRU�DOO�VWDWLRQV��,W�FDQ�EH�REVHUYHG�WKDWWKH�ILWWHG�OLQH�WR�WKH�FRPSXWDWLRQV��GDVKHG�OLQHV��DSSURDFKHV�YHU\�JRRG�WR�WKHFRLQFLGHQFH�OLQH��FRQWLQXRXV�OLQH��

6WDWLRQV�RI�VWXG\� UHJLRQ
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���

)LJXUH �� )RUHFDVWLQJ�RI�DQQXDO�UXQRII�IRU�DOO�VWDWLRQV�

&RQFOXVLRQV
7KH� ZDWHU� EXGJHW� RI� 7KRUQWKZDLWH� DQG� 0DWKHU�� DSSOLHG� MRLQWO\� ZLWK� WKH� &1�PHWKRG� RI� WKH� 86�6&6�� DOORZV� HVWLPDWLQJ� WKH� QHW� LQILOWUDWLRQ�� ZKLFK� FDQ� EHDVVLPLODWHG�WR�WKH�UHFKDUJH�RI�SKUHDWLF�DTXLIHU��7R�DSSO\� WKH�&1�PHWKRG�WRJHWKHU
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ZLWK� WKH� ZDWHU� EXGJHW� LQ� D� ORQJ�WHUP�� LW� LV� QHFHVVDU\� WR� NQRZ� WKH� QXPEHU� RIPRQWKO\� UDLQIDOO� RFFXUUHQFHV�� 1�� DQG� WKH� GHSWK� RI� UDLQIDOO� IRU� HDFK� HYHQW�LQIRUPDWLRQ�WKDW�IUHTXHQWO\�LV�QRW�DYDLODEOH�$� GDLO\� UDLQIDOO�PRGHO�ZDV� SURSRVHG� KHUH��ZKLFK� LV� GHULYHG� LQWR� WZR� VWHSV�� �D�GHULYDWLRQ�RI�WKH�SUREDELOLW\�GLVWULEXWLRQ�RI�WKH�QXPEHU�RI�UDLQ\�HYHQWV�IRU�D�JLYHQPRQWK�FRQGLWLRQDO�XSRQ�WKH�PRQWKO\�UDLQIDOO��DQG��E��GHULYDWLRQ�RI�WKH�SUREDELOLW\GLVWULEXWLRQ�IXQFWLRQ�RI�WKH�UDLQIDOO�GHSWK�IRU�HDFK�VLQJOH�HYHQW��$�FRPELQDWLRQ�RIDQ� (UODQJ¶V� SGI� ZLWK� D� 3RLVVRQ� SGI� ZDV� SURSRVHG� IRU� WKH� ILUVW� VWHS�� $� SVHXGR�H[SRQHQWLDO�SGI�ZDV�SURSRVHG�IRU�WKH�VHFRQG�VWHS�%RWK� DOJRULWKPV�ZHUH� DSSOLHG� LQ� IRXU� UDLQIDOO� VWDWLRQV� RI� WKH� VRXWKHUQ� UHJLRQ� RI6DQWD�)H��$UJHQWLQD���0RUH�WKDQ������IRUHFDVWV�RI�UDLQIDOO�RFFXUUHQFHV�DQG�GHSWKVZHUH�FRPSDUHG�ZLWK�WKH�REVHUYHG�UHJLVWUDWLRQV�,W� FRXOG� EH� REVHUYHG� WKDW� WKH�PRQWKO\� SUHFLSLWDWLRQ� LV� QRW� WKH� RQO\� YDULDEOH� WKDWFRQWUROV� WKH�QXPEHU�RI� UDLQIDOO� HYHQWV��7KHUH�DUH�FRPSOH[� FOLPDWRORJLFDO� IDFWRUVWKDW� FRPPDQG� WKH� VWXGLHG� YDULDEOH� DQG� WKDW�� QHFHVVDULO\�� WKH\� DUH� RXWVLGH� RI� WKHSURSRVHG� DOJRULWKP��1HYHUWKHOHVV�� NHHSLQJ� LQ�PLQG� WKH� VLPSOLFLW\� RI� WKH�PRGHO�DQG�WKH�DYDLODEOH�LQIRUPDWLRQ�WKH�UHVXOWV�ZHUH�DGHTXDWH�7R� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� SURSRVHG� PHWKRGRORJLHV�� PRQWKO\� UXQRIIFDOFXODWHG� XVLQJ�&1�PHWKRG� DQG� REVHUYHG� UDLQIDOO� UHFRUGV�ZHUH� FRPSDUHG�ZLWKPRQWKO\� UXQRII� FDOFXODWHG� XVLQJ� SUHGLFWHG� UDLQIDOOV�� 7KH� UHVXOWV� IRU� DOO� WKHSOXYLRPHWULF�VWDWLRQV�ZHUH�VDWLVIDFWRU\�7KH� PHWKRGRORJLHV� SURSRVHG� DOORZ� �D�� WKH� FRUUHFW� DSSOLFDWLRQ� RI� WKH7KRUQWKZDLWH¶V� ZDWHU� EXGJHW� WRJHWKHU� ZLWK� WKH� &1�PHWKRG�� DQG� �E�� D� JRRGSUHGLFWLRQ�RI�PRQWKO\�UXQRII�,Q�RUGHU�WR�YDOLGDWH�WKH�ZDWHU�EXGJHW�PRGHO��FDOFXODWLRQV�RI�QHW�LQILOWUDWLRQ�VKRXOGEH�FRQWUDVWHG�ZLWK�RWKHU�PHWKRGRORJLHV�WR�HVWLPDWH�GLUHFW�UHFKDUJHV�WR�WKH�SKUHDWLFDTXLIHUV�
5HIHUHQFHV
$QWLJ�HGDG�,��*DUFtD�0XxL]�-��/ODPDV�-���������$�PDWKHPDWLFDO�PRGHO�IRU�SUHFLSLWDWLRQ�LQ�WKH�%DVTXH&RXQWU\��6SDLQ��+\GURORJLFDO�6FLHQFHV�-RXUQDO�������������������,$+6�3UHVV��:DOOLQJIRUG��8.�$UQDXG�3��/DYDEUH�-���������8VLQJ�D�VWRFKDVWLF�PRGHO�IRU�JHQHUDWLQJ�KRXUO\�K\HWRJUDSKV�WR�VWXG\�H[WUHPHUDLQIDOOV��+\GURORJLFDO�6FLHQFHV�-RXUQDO� �����������������,$+6�3UHVV��:DOOLQJIRUG��8.�
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