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��UG�1DWLRQDO�FRQIHUHQFH�RI�WKH�,WDOLDQ�6RFLHW\�IRU�$JURQRP\

3DJH����

&RQWUDVWLQJ�HIIHFWV�RI�WZR�]HROLWHV�XVHG�DV�VRLO�DPHQGPHQW�RQ
ZDWHU�UHWHQWLRQ�FKDUDFWHULVWLFV�RI�D�VDQG\�ORDP�VRLO
E\�6DWULDQL�$QWRQLR�_�&RPHJQD�$OHVVDQGUR�_�&DVWURQXRYR�'RQDWR�_�%HOYLVR�&ODXGLD�_�/RYHOOL�6WHOOD�_
1DWLRQDO�5HVHDUFK�&RXQFLO�,QVWLWXWH�RI�0HWKRGRORJLHV�IRU�(QYLURQPHQWDO�$QDO\VLV�_�6FKRRO�RI�$JULFXOWXUDO�
)RUHVW��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�%DVLOLFDWD�_�'HSDUWPHQW�RI�3KDUPDF\��8QLYHUVLW\
RI�6DOHUQR�_�1DWLRQDO�5HVHDUFK�&RXQFLO�,QVWLWXWH�RI�0HWKRGRORJLHV�IRU�(QYLURQPHQWDO�$QDO\VLV�_�6FKRRO�RI
$JULFXOWXUDO��)RUHVW��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�%DVLOLFDWD

$EVWUDFW�,'�����
7RSLF��6RLO

3UHVHQWHU�1DPH��/RYHOOL�6WHOOD
&RQWULEXWLRQ��3RVW

=HROLWHV�DUH�DOXPLQRVLOLFDWH�PLQHUDOV�WKDW�KDYH�EHHQ�JDLQLQJ�LQWHUHVW�LQ�DJULFXOWXUH�GXH�WR
WKHLU�HQYLURQPHQWDOO\�IULHQGO\�QDWXUH��%DULFHYLF�HW�DO���������7KH\�FDQ�VHUYH�DV�D�UHVHUYRLU
RI�ZDWHU�DQG�QXWULHQWV�IRU�SODQWV��LPSURYH�VRLO�VRUSWLRQ�FDSDFLW\��UHGXFH�VRLO�DFLGLILFDWLRQ�
DQG�LQFUHDVH�QXWULHQW�XVH�HIILFLHQF\��%DULqHYLp�HW�DO��������&DVWURQXRYR�HW�DO���������0RQGDO
HW�DO��������-DURV]�HW�DO���������+RZHYHU��WKH�XVH�RI�QDWXUDO�]HROLWHV�RU�WKRVH�V\QWKHVL]HG
IURP �RYHUVDWXUDWHG �FRPPHUFLDO �VROXWLRQV �LV �PRUH �H[SORUHG �FRPPHUFLDOO\ �WKDQ �WKRVH
V\QWKHVL]HG�IURP�UHVLGXHV��GH�&DUYDOKR�HW�DO���������DQG�WKHUH�LV�OLWWOH�LQIRUPDWLRQ�UHJDUGLQJ
WKH�HIIHFW �RI �FRPPHUFLDO �]HROLWHV �RQ�WKH�K\GURORJLFDO �SURSHUWLHV �RI �VRLOV �ZLWK �GLIIHUHQW
WH[WXUHV��,Q�WKLV�VWXG\��D�VDQG\�ORDP�VRLO������VDQG������VLOW�DQG�FOD\������ZDV�FROOHFWHG
DQG�PL[HG�ZLWK�YDU\LQJ�DPRXQWV�RI�V\QWKHWLF�]HROLWH��GHULYHG�IURP�FRDO�IO\�DVK��6��%HOYLVR�HW
DO��������DQG�D�FRPPHUFLDO�RQH��&��=HROLWH�c�,WDOLD���5HSDFNHG�VRLO�VDPSOHV�ZHUH�FRPELQHG
ZLWK�WZR�OHYHOV�RI�]HROLWH�����DQG�����E\�ZHLJKW��DQG�WKH�REWDLQHG�VRLO �VDPSOHV�ZHUH
FKDUDFWHUL]HG�E\�PHDVXULQJ�VRLO�ZDWHU�UHWHQWLRQ�FXUYHV��6:5&V��RI�VRLO�]HROLWH�PL[WXUHV�
7KH�H[SHULPHQWDO�VRLO�ZDWHU�UHWHQWLRQ�FXUYHV�REWDLQHG�IURP�ODERUDWRU\�WHVWV�ZHUH�PRGHOOHG
XVLQJ�WKH�YDQ�*HQXFKWHQ�HTXDWLRQ��YDQ�*HQXFKWHQ���������,Q�WKH�FRPSDULVRQ�RI�WZR�]HROLWHV
VSHFLILF�DWWHQWLRQ�ZDV�ODLG�RQ�WKH�LPSDFW�RI�]HROLWH�LQ�PRGLI\LQJ�VRLO
V�FDSDFLW\�WR�UHWDLQ
ZDWHU��DQG�KHQFH�RQ�WKH�HQHUJ\�UHTXLUHG�E\�SODQWV�WR�DFTXLUH�D�XQLW�PDVV�RI�VRLO�ZDWHU�
UHIHUUHG�WR�DV�,QWHJUDO�(QHUJ\��(L��0LQHVQ\�DQG�0F�%UDWQH\���������)LQDOO\��WKH�$129$�WHVW�
DQDO\VLV�ZDV�SHUIRUPHG��,Q�RXU�H[SHULPHQWV��WKH�DELOLW\�RI�WZR�]HROLWHV�DGGHG�WR�VDQG\�ORDP
VRLO �WR �UHWDLQ �ZDWHU �DQG�WKHQ�PRGLI\ �WKH �UDQJH�RI �DYDLODEOH �ZDWHU �ZDV �REVHUYHG�LQ �D
FRQWUDVWLQJ�ZD\��7KH�)LHOG�FDSDFLW\��3ODQW�:LOWLQJ�3RLQW��$LU�&DSDFLW\�DQG�,QWHJUDO�(QHUJ\�LQ
WKH�FRPSDUHG�WUHDWPHQWV�RQ�D�VDQG\�ORDP�VRLO�YDULHG�DPRQJ�WZR�]HROLWHV�VWXGLHG��6�DQG�&�
DQG�DPRQJ�WKH�VRLO�SHUFHQWDJH�PL[WXUHV��L�H������DQG������:H�REVHUYHG�D�VKLIW�RI�WKH�ZDWHU
DYDLODELOLW\�UDQJH�WRZDUGV�KLJKHU�VRLO�KXPLGLW\�YDOXHV�LQ�WKH�FDVH�RI�V\QWKHWLF�]HROLWH��6��
DQG�D�VKLIW�WRZDUGV�ORZHU�YDOXHV�}}RI�VRLO�PRLVWXUH�LQ�WKH�FDVH�RI�FRPPHUFLDO�]HROLWH��&��
0RUHRYHU��WKH�(L�DSSURDFK�\LHOGHG�YDOXDEOH�LQVLJKWV�LQWR�VRLO�ZDWHU�DYDLODELOLW\�IRU�SODQWV�
2XU�REVHUYDWLRQV�GHPRQVWUDWH�WKDW�WKLV�SDUDPHWHU�KDV�DQ�RSSRVLWH�YDULDWLRQ�DFFRUGLQJ�WR
WKH�W\SH�RI�]HROLWH�XVHG�LQ�WKH�VDQG\�ORDP�VRLO�VWXGLHG��,Q�VXVWDLQDEOH�DJULFXOWXUH�DQG�ODQG
PDQDJHPHQW��H[SORULQJ�]HROLWHV�WKDW�FDQ�SRWHQWLDOO\�UHGXFH�ZDWHU�XVDJH�LQ�LUULJDWLRQ�LV
FUXFLDO��+RZHYHU��WKH�SUDFWLFH�RI�DPHQGLQJ�VRLOV�ZLWK�]HROLWHV�UHTXLUHV�D�ULJRURXV�DSSURDFK
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GXH�WR�WKH�FRPSOH[�HIIHFWV�RQ�VRLO�ZDWHU�UHWHQWLRQ�FXUYHV�WKDW�PD\�EH�DIIHFWHG�E\�WKH�W\SH�RI
WKH �]HROLWH� �VRLO �WH[WXUH ��%HOYLVR �HW �DO� ������ �&RPHJQD �HW �DO�� ������ �DQG �]HROLWH
FRQFHQWUDWLRQV�LQ�VRLOV�
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