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3HQFHPDUDQ�ORJDP�WLPEDO��3E��SDGD�DLU�WDQDK�GDSDW�PHQXUXQNDQ�NXDOLWDV�DLU�GDQ�
PHPEDKD\DNDQ� NHVHKDWDQ� PDQXVLD�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� PHQJDQDOLVLV�
HIHNWLYLWDV�VHUEXN�PDKNRWD�QDQDV�VHEDJDL�DGVRUEHQ�GDODP�PHQ\LVLKNDQ�3E�GDUL�DLU�
WDQDK��3HUFREDDQ�DGVRUSVL�VHFDUD�EDWFK�PHQJJXQDNDQ�ODUXWDQ�DUWLILVLDO�GLODNXNDQ�
XQWXN�PHQHQWXNDQ�NRQGLVL�RSWLPXP�EHUGDVDUNDQ�XNXUDQ�SDUWLNHO��GRVLV�DGVRUEHQ��
S+�� NRQVHQWUDVL� DZDO� DGVRUEDW�� GDQ� ZDNWX� NRQWDN�� .RQVHQWUDVL� 3E� GLDQDOLVLV�
PHQJJXQDNDQ� $$6�� VHGDQJNDQ� NDUDNWHULVWLN� DGVRUEHQ� GLNDML� GHQJDQ� 6(0�(';�
GDQ� )7,5�� 'DWD� KDVLO� SHQHOLWLDQ� GLDQDOLVLV� PHQJJXQDNDQ� PRGHO� LVRWHUP� GDQ�
NLQHWLND�DGVRUSVL��.RQGLVL�RSWLPXP�GLSHUROHK�SDGD�XNXUDQ�SDUWLNHO������±�����PP��
GRVLV�DGVRUEHQ�����J�/��S+����NRQVHQWUDVL�DZDO�3E���PJ�/��GDQ�ZDNWX�NRQWDN�����
PHQLW� GHQJDQ� HILVLHQVL� SHQ\LVLKDQ� ������� VHUWD� NDSDVLWDV� DGVRUSVL� ����� PJ�J��
3URVHV� DGVRUSVL� PHQJLNXWL� PRGHO� LVRWHUP� /DQJPXLU� 7LSH� ,,� �5ð�  � ������� ./�  �
�������/�PJ��TP� ��������PJ�J��GDQ�PRGHO�NLQHWLND�SVHXGR�VHFRQG�RUGHU��5ð� �
��������N౗� ��������PHQLW౑ϧ���\DQJ�PHQXQMXNNDQ�GRPLQDVL�PHNDQLVPH�NHPLVRUSVL��
3HQHUDSDQ�SURVHV�DGVRUSVL�SDGD�DLU� WDQDK�EHUNDGDU�3E�����PJ�/�PHQJKDVLONDQ�
HILVLHQVL�SHQ\LVLKDQ��������GHQJDQ�NDSDVLWDV�DGVRUSVL�������PJ�J�SDGD�NRQGLVL�
RSWLPXP�� VHGDQJNDQ� SDGD� S+� DVOL� DLU� WDQDK� ������ HILVLHQVL� SHQ\LVLKDQ� VHEHVDU��
������� GHQJDQ� NDSDVLWDV� ������ PJ�J�� .DUDNWHULVDVL� 6(0�(';� PHQXQMXNNDQ�
SHUPXNDDQ�DGVRUEHQ�\DQJ�NDVDU��EHUSRUL��GDQ�EHUVHUDW�GHQJDQ�GRPLQDVL�XQVXU�&�
GDQ�2��VHGDQJNDQ�)7,5�PHQJRQILUPDVL�NHEHUDGDDQ�JXJXV�KLGURNVLO��NDUERQLO��GDQ�
NDUERNVLO� VHEDJDL� VLWXV� DNWLI� DGVRUSVL�� 8QWXN� PHQLQJNDWNDQ� NLQHUMD� DGVRUEHQ��
DNWLYDVL�PDVLK�GLSHUOXNDQ�DJDU�NRQVHQWUDVL�3E�KDVLO�SHQJRODKDQ�PHPHQXKL�EDNX�
PXWX�DLU�PLQXP�VHEHVDU������PJ�/��VHVXDL�3HUPHQNHV�1R����7DKXQ�����

.DWD�.XQFL��DGVRUSVL��DLU�WDQDK��VHUEXN�PDKNRWD�QDQDV��VLVWHP�EDWFK��WLPEDO��3E�
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/HDG� �3E�� FRQWDPLQDWLRQ� LQ� JURXQGZDWHU� FDQ� GHJUDGH� ZDWHU� TXDOLW\� DQG� SRVH�
VLJQLILFDQW�ULVNV�WR�KXPDQ�KHDOWK��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�
SLQHDSSOH�FURZQ�SRZGHU�DV�D�ELRVRUEHQW�IRU�UHPRYLQJ�3E�IURP�JURXQGZDWHU��%DWFK�
DGVRUSWLRQ�H[SHULPHQWV�XVLQJ�DUWLILFLDO�3E�VROXWLRQV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�
WKH�RSWLPXP�DGVRUSWLRQ�FRQGLWLRQV��LQFOXGLQJ�SDUWLFOH�VL]H��DGVRUEHQW�GRVDJH��S+��
LQLWLDO�3E�FRQFHQWUDWLRQ��DQG�FRQWDFW�WLPH��3E�FRQFHQWUDWLRQV�ZHUH�DQDO\]HG�XVLQJ�
$WRPLF�$EVRUSWLRQ�6SHFWURVFRS\��$$6���ZKLOH�WKH�DGVRUEHQW�ZDV�FKDUDFWHUL]HG�E\�
6(0�(';�DQG�)7,5��$GVRUSWLRQ�GDWD�ZHUH�ILWWHG�WR�LVRWKHUP�DQG�NLQHWLF�PRGHOV��
7KH� RSWLPXP�FRQGLWLRQV�ZHUH�REWDLQHG� DW� D� SDUWLFOH� VL]H� RI� �����±�����PP�� DQ�
DGVRUEHQW�GRVDJH�RI�����J�/��S+����DQ�LQLWLDO�3E�FRQFHQWUDWLRQ�RI���PJ�/��DQG�D�
FRQWDFW� WLPH� RI� ���� PLQ�� DFKLHYLQJ� D� UHPRYDO� HIILFLHQF\� RI� ������� DQG� DQ�
DGVRUSWLRQ�FDSDFLW\�RI������PJ�J��7KH�DGVRUSWLRQ�SURFHVV�IROORZHG�WKH�/DQJPXLU�
7\SH�,,�LVRWKHUP�PRGHO��5ð� ��������./� ��������/�PJ��TP� ��������PJ�J��DQG�WKH�
SVHXGR�VHFRQG�RUGHU�NLQHWLF�PRGHO��5ð� ���������N౗� ��������PLQ౑ϧ��� LQGLFDWLQJ�
WKDW� FKHPLVRUSWLRQ�ZDV� WKH� GRPLQDQW� DGVRUSWLRQ�PHFKDQLVP��$SSOLFDWLRQ� XQGHU�
RSWLPXP�FRQGLWLRQV�WR�JURXQGZDWHU�FRQWDLQLQJ�����PJ�/�3E�DFKLHYHG�D�UHPRYDO�
HIILFLHQF\�RI��������DQG�DQ�DGVRUSWLRQ�FDSDFLW\�RI�������PJ�J��6(0�(';�DQDO\VLV�
UHYHDOHG�D�URXJK��SRURXV��ILEURXV�VXUIDFH�GRPLQDWHG�E\�FDUERQ�DQG�R[\JHQ��ZKLOH�
)7,5�FRQILUPHG�WKH�SUHVHQFH�RI�K\GUR[\O��FDUERQ\O��DQG�FDUER[\O�IXQFWLRQDO�JURXSV�
WKDW� VHUYH� DV� DFWLYH� DGVRUSWLRQ� VLWHV�� $GVRUEHQW� DFWLYDWLRQ� LV� UHFRPPHQGHG� WR�
DFKLHYH�WKH�GULQNLQJ�ZDWHU�VWDQGDUG�RI������PJ�/�3E�

.H\ZRUGV�� DGVRUSWLRQ�� EDWFK� V\VWHP�� JURXQGZDWHU�� OHDG� �3E��� SLQHDSSOH� FURZQ�
SRZGHU�


