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6HSLROLWH�LV�ZLGHO\�XVHG�LQ�YDULRXV�¿HOGV�GXH�WR�LWV�XQLTXH�FROORLGDO�UKHRORJLFDO�DQG�SK\VLFRFKHPLFDO�

SURSHUWLHV��7KH�¿UVW�H[SHULPHQWDO�WKHUPRFKHPLFDO�VWXG\�RI�QDWXUDO�VHSLROLWH�0JD9'!>E?FGEHI@GH>EI@J5H>E*
IURP�$NNHUPDQRYVNRH�¿HOG��6RXWKHUQ�8UDO��5XVVLD��ZDV�SHUIRUPHG�XWLOL]LQJ�WKH�KLJK�WHPSHUDWXUH�
KHDW�ÀX[�7LDQ�&DOYHW�PLFURFDORULPHWHU��;�UD\�SRZGHU�GLIIUDFWLRQ��WKHUPDO�DQDO\VLV��DQG�)7,5�VSHF�
WURVFRS\�PHWKRGV�ZHUH�XVHG� WR� FKDUDFWHUL]H� VHSLROLWH��3URFHVVHV� RI� GHK\GUDWLRQ�� GHK\GUR[\ODWLRQ��
)5K*7);'$,6*8)-#;*-.L#6M*;#4$7)%*#5-C)%L'#6*8#;#*6-,K'#K*,6'5&*-C#;4$(C#4'()%*4#-C$K61*NC#*7)%,#6*
RI�'K#C.K;1!F��������.��RI�DGVRUEHG��]HROLWLF��DQG�ERXQG�ZDWHU�FDOFXODWHG�SHU���PRO�RI�UHOHDVHG�+>E/*
ZHUH�DV�IROORZV�����r*@/*>D*r*D/*)5K*?=*r����N-�PRO��UHVSHFWLYHO\��7KH�HQWKDOS\�RI�GHK\GUR[\ODWLRQ�RI�
VHSLROLWH�ZDV�IRXQG�DV�����r*!@*<OPG4$%*H>2���2EWDLQHG�GDWD�SRLQW�DW�GLIIHUHQW�ELQGLQJ�VWUHQJWKV�RI�
ZDWHU�LQ�WKH�VWUXFWXUH�RI�VHSLROLWH��7KH�HQWKDOSLHV�RI�IRUPDWLRQ�IURP�WKH�HOHPHQWV�ǻ!F

"G>=D1!Q*RI*8#;#*
GHULYHG�E\�PHOW�VROXWLRQ�FDORULPHWU\�IRU�VHSLROLWH�ZLWK�YDULRXV�FRQWHQW�RI�GLIIHUHQW�ZDWHU�W\SHV��±�������
r����N-�PRO�IRU�0JD9'!>E?FGEHI@GH>EI@J@H>2�DQG�±�������r����N-�PRO�IRU�0JD9'!>E?FGEHI@GH>EI@1
9)3:,%2(-'6HSLROLWH�� WKHUPRFKHPLVWU\��PLFURFDORULPHWU\��HQWKDOS\�RI�GHK\GUDWLRQ��HQWKDOS\�RI�

GHK\GUR[\ODWLRQ��HQWKDOS\�RI�IRUPDWLRQ

12<+%,#9<1%2
6HSLROLWH� LV� D� QDWXUDO� QDQR�VWUXFWXUDO� K\GURXV�PDJQHVLXP�

SK\OORVLOLFDWH�ZLWK� WKHRUHWLFDO� FKHPLFDO� IRUPXOD�0JDS9'!>E?FT
GEHI@GH>EI@JDH>2��0LQHUDOV�RI�WKH�SDO\JRUVNLWH�VHSLROLWH�JURXS�
FDQ�EH�W\SLFDOO\�IRXQG�LQ�DQFLHQW�DQG�PRGHUQ�VHGLPHQWV��GHHS�VHD�
GHSRVLWV��VRLOV��DQG�FUXVW�RI�ZHDWKHULQJ�RI�URFNV�ULFK�LQ�PDJQH�
VLXP��KRZHYHU��WKH\�GR�QRW�IRUP�ODUJH�DJJUHJDWLRQV��7KH\�DUH�
VR�FDOOHG�³VSHFLDO�FOD\V´�RU�FKDLQ�VWUXFWXUH�FOD\V��6HSLROLWH�EH�
ORQJV�WR�WKH�PLQHUDO�JURXS�RI�SK\OORVLOLFDWHV��EHFDXVH�LW�FRQWDLQV�
FRQWLQXRXV�WZR�GLPHQVLRQDO�6L�2�WHWUDKHGUDO�VKHHWV��$W�WKH�VDPH�
WLPH�LW�GLIIHUV�IURP�RWKHU�OD\HU�VLOLFDWHV�VLQFH�LW�ODFNV�FRQWLQX�
RXV�RFWDKHGUDO�VKHHWV��7KH�VHSLROLWH�VWUXFWXUH�FDQ�EH�GHVFULEHG�
DV�ULEERQV�FRQVLVWLQJ�RI�����SK\OORVLOLFDWH�VWUXFWXUH��RQH�ULEERQ�
EHLQJ�OLQNHG�WR�WKH�QH[W�E\�LQYHUVLRQ�RI�6L2@*-#-;)C#K;)*)%$5&*
D�VHW�RI�6L�2�6L�ERQGV��-RQHV�DQG�*DODQ��������7KH�LPSRUWDQW�
IHDWXUH�RI�WKH�VHSLROLWH¶V�VWUXFWXUH�LV�WKH�SUHVHQFH�RI�IRXU�ZDWHU�
W\SHV�LQ�GLIIHUHQW�FU\VWDOORJUDSKLF�IRUPV��DGVRUEHG�ZDWHU��]HROLWLF�
ZDWHU��ERXQG�ZDWHU��DQG�FRQVWLWXWLRQDO�ZDWHU�DV�K\GUR[\O�JURXSV��
8QLTXH�VWUXFWXUDO�DQG�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�VHSLROLWH�
�FROORLGDO�UKHRORJLFDO��VRUSWLYH��DQG�FDWDO\WLF���H[SODLQ�LWV�EHLQJ�
ZLGHO\�XVHG�DV�FDWDO\VW�� ILOOHU� LQ�SRO\PHULF�DQG�VLOLFDWH�QDQR�
FRPSRVLWHV�� HQYLURQPHQWDO� DGVRUEHQW�� GULOOLQJ�PXG� DGGLWLYH��
PROHFXODU�VLHYHV��HWF��7KHUHIRUH�� WKHUH� LV�D�QHHG�WR�GHWHUPLQH�
WKH�FKHPLFDO�DQG�PLQHUDORJLFDO�FRPSRVLWLRQ�RI�VHSLROLWH�FOD\V�DV�
8#%%*)6*-C#';*LC.6'($(C#4'()%*)5K*-C#;4$K.5)4'(*L);)4#-#;61*
7KH�SURFHVVHV�RI�GHK\GUDWLRQ�DQG�GHK\GUR[\ODWLRQ�RI�VHSLROLWH�

KDYH�EHHQ�VWXGLHG�SUHYLRXVO\�XVLQJ�GLIIHUHQW�PHWKRGV�RI�WKHUPDO�
DQDO\VLV��1DJDWD�HW�DO��������.L\RKLUR�DQG�2WVXND�������)URVW�
DQG�'LQJ�������*LXVWHWWR�HW�DO���������EXW�WKHLU�TXDQWLWDWLYH�KHDW�
(C);)(-#;'6-'(6*);#*5$-*L;$7'K#K*'5*-C#*($;;#6L$5K'5&*%'-#;)-,;#1*
([SHULPHQWDO�GDWD�RQ�WKH�WKHUPRG\QDPLF�SURSHUWLHV�RI�VHSLROLWH�
DUH�DOVR�QRW�DYDLODEOH��5HVXOWV�RI�FDORULPHWULF�VWXG\�RI�WKH�WKHU�
PRG\QDPLF�SURSHUWLHV�RI�VRPH�RWKHU�OD\HUHG�PLQHUDOV��VDSRQLWH��
QRQWURQLWH��DQG�YHUPLFXOLWH��ZHUH�SXEOLVKHG�UHFHQWO\��*DLOKDQRX�
HW� DO�� �������7KH�YDOXHV� RI� WKH�*LEEV� HQHUJ\�RI� VHSLROLWHV� RI�
YDULRXV�FRPSRVLWLRQV�ZHUH�HVWLPDWHG�XVLQJ�GLIIHUHQW�PHWKRGV�
�7DUG\�DQG�*DUUHOV�������%LUVR\�������� WKXV�� LW� LV�GLIILFXOW� WR�
($4L);#*-C#41

7KH�REMHFWLYHV�RI�WKLV�ZRUN�ZHUH�WR�VWXG\�QDWXUDO�VHSLROLWH�
DQG� WKH�SURFHVVHV� RI� LWV� GHK\GUDWLRQ� DQG�GHK\GUR[\ODWLRQ�� WR�
PHDVXUH�WKH�HQWKDOSLHV�RI�UHPRYDO�RI�YDULRXV�ZDWHU�W\SHV��DQG�WR�
GHWHUPLQH�WKH�HQWKDOS\�RI�IRUPDWLRQ�RI�WKH�VWXGLHG�VHSLROLWH�XVLQJ�
GLIIHUHQW�PHWKRGV�RI�KLJK�WHPSHUDWXUH�&DOYHW�PLFURFDORULPHWU\�
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7KH�VHSLROLWH�VDPSOH�IURP�WKH�$NNHUPDQRYVNRH�ILHOG��6RXWKHUQ�8UDO��5XVVLD��
IRU�RXU�VWXG\�ZDV�WDNHQ�IURP�WKH�(�$��)HUVPDQ�0LQHUDORJLFDO�0XVHXP�RI�5XVVLDQ�
$FDGHP\�RI�6FLHQFHV��,�,��*LQ]EXUJ¶V�FROOHFWLRQ���7KH�VDPSOH�ZDV�GHVFULEHG�DV�D�
ILEURXV�GHQVH�VXEVWDQFH�RI�ZKLWH�FRORU�� ,W�KDG��DFFRUGLQJ� WR� WKH�³ZHW´�FKHPLVWU\�
DQDO\VLV�GDWD��WKH�IROORZLQJ�FRPSRVLWLRQ��ZW����������6L2>�������$O>E?�������)H>E?/*
�����)H2�������&D2��������0J2�������1L2��������+>2��*LQ]EXUJ�DQG�5XNDYLVK�
QLNRYD��������7KH�ZDWHU�FRQWHQW�ZDV�GHWHUPLQHG�E\�FDOFLQDWLRQ�RI�WKH�VDPSOH�DW�
DQF*q&�IRU���K��7KH�FKHPLFDO�IRUPXOD�FDOFXODWHG�RQ����FKDUJHV�KDV�WKH�IRUP�0J����*
B)F1F?+#>U
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0&D9'!>E?FGEHI@GEH>I@J5H>2��7KH�FDOFXODWLRQV�RI�WKH�WKHUPRG\QDPLF�SURSHUWLHV�
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