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6XVLODZDWL�GDQ�,QGUD\DWL��±�7HNQRORJL�3HQXUXQDQ�.DGDU�)H�$LU�6DZDK�3DVDQJ�6XUXW� 


'LWHULPD�����-XQL������-�'LVHWXMXL�����-DQXDUL����� 

3(1'$+8/8$1 

5DZD�SDVDQJ�VXUXW�PHPSXQ\DL�SRWHQVL�VDQJDW�

EHVDU� GHQJDQ� OXDV� VHNLWDU� ������ MXWD� KHNWDU�� GLDQ-

WDUDQ\D� \DQJ� VHVXDL� XQWXN� SHUWDQLDQ� ����� MXWD� KD��

6HPHQWDUD� ODKDQ� UDZD� SDVDQJ� VXUXW� \DQJ� WHODK� GL-

PDQIDDWNDQ� XQWXN� SHUWDQLDQ� VHFDUD� XPXP� GL-

SHUNLUDNDQ�EDUX�VHNLWDU������MXWD�KD��+DU\RQR�HW�DO���

������� 'DWD� ODLQ� PHQXQMXNNDQ� OXDV� ODKDQ� UDZD�

SDVDQJ� VXUXW� \DQJ� WHUVHEDU� GL� ��� SURYLQVL� VHNLWDU�

������ MXWD� KD�� GLDQWDUDQ\D� ����� MXWD� KD� EHUSRWHQVL�

DWDX� VHVXDL� XQWXN� SHUWDQLDQ� �0XO\DQL� GDQ� 6DUZDQL��

�������� 
7DQDK� VXOIDW� PDVDP� DGDODK� WDQDK� \DQJ�

EHUKXEXQJDQ� HUDW� GHQJDQ� DGDQ\D� EDKDQ� VXOILGD� GD�

ODP� WDQDK�� 5HDNVL� RNVLGDVL-UHGXNVL� SLULW� PHUXSDNDQ�

SHQ\HEDE� XWDPD� PXQFXOQ\D� SHUPDVDODKDQ� GL� WDQDK�

VXOIDW�PDVDP��3URVHV� UHGXNVL� SLULW� SDGD� WDQDK� VXOIDW�

PDVDP� DNDQ� PHQJKDVLONDQ� � )H���DT�� � GDQ� +�6�DT�� J���

VHGDQJ��RNVLGDVLQ\D�DNDQ�PHQJKDVLONDQ��)H�2+����V���

62�
�-

�DT��� GDQ� � +
�
�DT��� � -LND� WHODK� WHUMDGL� RNVLGDVL-

UHGXNVL��PDND� DLU� GUDLQDVH�SDGD� WDQDK� VXOIDW�PDVDP�

DNDQ� PHPEDZD� LRQ-LRQ� VHSHUWL� +��� 62�
�-�� $O��� GDQ�

)H���� NRQGLVL� LQL� GDSDW� PHQFHPDUL� OLQJNXQJDQ� VHNL�

WDUQ\D�� � .XDOLWDV� DLU� GL� ODKDQ� VXOIDW� PDVDP� VDQJDW�

UHQGDK� LQL� GLLQGLNDVLNDQ� ROHK� S+� �� ���� GDQ� XQVXU-

XQVXU� \DQJ� EHUVLIDW� PHUDFXQ� \DQJ� XPXPQ\D�

GLGRPLQDVL�ROHK�)H��$O�GDQ�62���� 

3HQJHORODDQ� WDQDK� GDQ� DLU� GL� WDQDK� VXOIDW�

PDVDP� OHELK� GLIRNXVNDQ� SDGD� XSD\D�

PHPSHUWDKDQNDQ� ODSLVDQ� SLULW� � WHWDS� GDODP� NRQGLVL�

UHGXNVL� �0XOWLODNVRQR� HW� DO��� ������� � $LU� GUDLQDVH�

SDGD� WDQDK�VXOIDW�PDVDP�DNDQ�PHPEDZD�XQVXU�KDUD�

&D����0J���GDQ�.��VHUWD�KDVLO�RNVLGDVL�UHGXNVL�VHSHUWL�

+���62�
�-��$O���GDQ�)H���NRQGLVL�LQL�GDSDW�PHQFHPDUL�

OLQJNXQJDQ�VHNLWDUQ\D��5DFKLP�HW�DO���������� �8QWXN�

PHPSHUEDLNL� NXDOLWDV� DLU� WHVHEXW� GDSDW� GLODNXNDQ�

GHQJDQ� PHQJDOLUNDQ� DLU� PHOHZDWL� PHGLD� ELRILOWHU�

EHUXSD� SXUXQ� WLNXV� �(OHRFKDULV� GXOFLV�� \DQJ� GDSDW�

7(.12/2*,�3(18581$1�.$'$5�)H�$,5�6$:$+�3$6$1*�68587� 
0(/$/8,�3(1**81$$1�%,2),/7(5�38581�7,.86��(OHRFKDULV�GXOFLV�� 

>)H�/HYHOV�'HFOLQH�7HFKQRORJ\�RI�:DWHU�7LGDO�5LFH�)LHOG�E\�8VLQJ 

3XUXQ�7LNXV��(OHRFKDULV�'XOFLV��%LRILOWHU�@ 
 

�����$QL�6XVLODZDWL


�GDQ�/LQGD�,QGUD\DWL 

����%DODL�3HQHOLWLDQ�3HUWDQLDQ�/DKDQ�5DZD��%$/,775$� 
-O��.HEXQ�.DUHW��/RNWDEDW�%DQMDUEDUX�.DOLPDQWDQ�6HODWDQ 

HPDLO��DQL�QEO#JPDLO�FRP 

 

$%675$&7 
:DWHU�PDQDJHPHQW� LQ�DFLG�VXOIDWH� VRLO�FDQ�LQFUHDVH� WKH�SURGXFWLYLW\�RI� ODQG�DQG�FURSV��EXW� WKH�HOHPHQW�RI�SRLVRQ� OHDFKLQJ� LQWR�GUDLQDJH�
FKDQQHOV�JLYHV�QHJDWLYH�LPSDFW�RQ�WKH�HQYLURQPHQW��2QH�DSSURDFK��WR�LPSURYH�ZDWHU�TXDOLW\�LV�WR�ILOWHU�RU�DEVRUE�WKH�SRLVRQ�HOHPHQW��3XUXQ�
WLNXV��(OHRFKDULV�GXOFLV��FDQ�DFW�DV�D�ELRILOWHU�WR�LPSURYH�ZDWHU�TXDOLW\��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�JHW�ELRILOWHU�WHFKQRORJ\��SXUXQ�WLNXV��
WR�UHGXFH�WKH�OHYHOV�RI�)H��62��DQG�LQFUHDVH�WKH�S+�RI�WKH�ZDWHU��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�JUHHQKRXVH�RI�,QGRQHVLDQ�6ZDPSODQG�
$JULFXOWXUH�5HVHDUFK� ,QVWLWXWH��%DQMDUEDUX��6RXWK�.DOLPDQWDQ��7UHDWPHQW�ZDV�DUUDQJHG�LQ�D� IDFWRULDO� UDQGRPL]HG�EORFN�GHVLJQ�ZLWK� WKUHH�
UHSOLFDWLRQV�7KH�ILUVW�IDFWRU�ZDV�WKH�GHQVLW\�RI�WKH�ELRILOWHU��FRQVLVWHG�RI������������������DQG����������7KH�VHFRQG�IDFWRU�ZDV�WKH�OHQJWK�RI�
FRQWDFW�RI�ZDWHU�ZLWK�ELRILOWHU�WKDW�FRQVLVWHG�RI���������KRXUV��������KRXUV��DQG�������KRXUV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�GHQVLW\�RI�SXUXQ�WLNXV�
����LQ�JUHHQKRXVH�H[SHULPHQWV�FDQ�GHFUHDVHG�WKH�FRQFHQWUDWLRQ�RI�)H�DW������� 

 
.H\�ZRUGV��ELRILOWHU ��SXUXQ�WLNXV��OHYHOV�RI�)H�ZDWHU ��DFLG�VXOIDWH�VRLO 

 

$%675$. 
3HQJHORODDQ� DLU�GL� ODKDQ� VXOIDW�PDVDP�GDSDW�PHQLQJNDWNDQ�SURGXNWLYLWDV� ODKDQ�GDQ� WDQDPDQ�� WHWDSL�SHQFXFLDQ�XQVXU�PHUDFXQ�NH� VDOXUDQ�
GUDLQDVH�PHPEHULNDQ�GDPSDN�QHJDWLI� WHUKDGDS�OLQJNXQJDQ��6DODK�VDWX�SHQGHNDWDQ�\DQJ�GLWHPSXK�XQWXN�PHQLQJNDWNDQ�NXDOLWDV�DLU�DGDODK�
GHQJDQ�PHQ\DULQJ�DWDX�PHQ\HUDS�XQVXU�PHUDFXQ�WHUVHEXW��*XOPD�SXUXQ�WLNXV��(OHRFKDULV�GXOFLV���GDSDW�GLJXQDNDQ�VHEDJDL�ELRILOWHU�XQWXN�
PHQLQJNDWNDQ�NXDOLWDV�DLU��7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�PHQGDSDWNDQ�WHNQRORJL�ELRILOWHU��SXUXQ�WLNXV��XQWXN�PHQXUXQNDQ�NDGDU�)H��62��GDQ�
PHQLQJNDWNDQ�S+�DLU��3HQHOLWLDQ�GLODNVDQDNDQ�GL�UXPDK�NDFD�%DODL�3HQHOLWLDQ�3HUWDQLDQ�/DKDQ�5DZD��%DQMDUEDUX��.DOLPDQWDQ�6HODWDQ��3HU�
ODNXDQ�GLVXVXQ�GDODP�5DQFDQJDQ�$FDN�.HORPSRN�)DNWRULDO�GHQJDQ���XODQJDQ��6HEDJDL�)DNWRU�,�DGDODK�NHUDSDWDQ�ELRILOWHU�WHUGLUL� GDUL������
�������������GDQ����������GDQ�IDNWRU�,,�DGDODK�ODPD�NRQWDN�DLU�GHQJDQ�ELRILOWHU�WHUGLUL�GDUL����������MDP��������MDP��GDQ���� ���MDP��+DVLO�
SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�.HUDSDWDQ�SXUXQ�WLNXV�����SDGD�SHUFREDDQ�UXPDK�NDFD�GDSDW�PHQXUXQNDQ�NRQVHQWUDVL�)H�DLU�VHEHVDU������� 

 
.DWD�NXQFL��ELRILOWHU ���SXUXQ�WLNXV��NDGDU �)H�DLU ��WDQDK�VXOIDW�PDVDP� 
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PHQ\HUDS� DWDX� PHQHWUDOLVLU� XQVXU-XQVXU� WHUVHEXW��

0XO\DQWR��HW�DO���������PHQJHPXNDNDQ�EDKZD�SXUXQ�

WLNXV�PHQJDQGXQJ�$O��)H��6�GDQ�0Q�PDVLQJ-PDVLQJ�

������� ������� ����� GDQ� ������ PJ� NJ-��� 7XMXDQ�

SHQHOLWLDQ�LQL�DGDODK�PHQGDSDWNDQ�WHNQRORJL�ELRILOWHU�

�SXUXQ�WLNXV��XQWXN�PHQXUXQNDQ�NDGDU�)H���62��GDQ�

PHQLQJNDWNDQ�S+�DLU� 

 

%$+$1�'$1�&$5$�.(5-$ 

3HQHOLWLDQ� GLODNVDQDNDQ� GL� UXPDK� NDFD� %DODL�

3HQHOLWLDQ� 3HUWDQLDQ� /DKDQ�5DZD��%DQMDUEDUX��.DOL�

PDQWDQ�6HODWDQ�� WDKXQ������� �3HUODNXDQ�GLVXVXQ�GD�

ODP� � 5DQFDQJDQ� $FDN� .HORPSRN� )DNWRULDO� GHQJDQ�

WLJD�XODQJDQ���6HEDJDL�)DNWRU�,�DGDODK�NHUDSDWDQ�ELR�

ILOWHU�WHUGLUL�GDUL�������������������GDQ����������GDQ�

IDNWRU� ,,� DGDODK� ODPD� NRQWDN� DLU� GHQJDQ� ELRILOWHU�

WHUGLUL� GDUL� �� ��� ��� MDP�� ��� ��� MDP�� GDQ� ��� ��� MDP���

7DQDPDQ�ELRILOWHU�EHUXSD�SXUXQ�WLNXV�GLWDQDP�VHVXDL�

GHQJDQ� WHPSDW� WXPEXKQ\D� GL� ODSDQJ� SDGD� PHGLD�

WDQDK� VXOIDW� PDVDP� \DQJ� GLDPELO� GDUL� NHWHEDODQ�

ODSLVDQ��-���FP� 

3RW�EHUXNXUDQ����������;����FP��GLLVL����NJ�

WDQDK� VXOIDW� PDVDP�� VHGDQJNDQ� SRW� WDPSXQJDQ� DLU�

KDVLO� OLQGLDQ�EHUGLDPHWHU���� FP��NHPXGLDQ� DLU� \DQJ�

NHOXDU�GDUL�SRW�SHQDPSXQJ�GLDQDOLVLV�S+��NRQVHQWUDVL�

)H-ODUXW�� GDQ� 62�
�-�� � 8NXUDQ� SRW� XQWXN� PHQDQDP�

WDQDPDQ�ELRILOWHU� �EHUGLDPHWHU� ����FP�� �6HODQMXWQ\D�

DLU� OLQGLDQ� \DQJ� NHOXDU� GDUL� SRW� WDQDPDQ� ELRILOWHU�

GLDQDOLVLV�S+���NRQVHQWUDVL�)H-ODUXW��GDQ�62�
�-��� 

3DUDPHWHU�\DQJ�GLDPDWL�PHOLSXWL�������DQDOLVLV�

WDQDK� DZDO� GDQ� DNKLU� WHUGLUL� GDUL�� � � S++�2�� )H-ODUXW��

GDQ� 62�
�-

�� ���� DQDOLVLV� S+� +�2�� )H-ODUXW�� GDQ� 62�
�-��

SDGD� DLU� OLQGLDQ� PDVXN� NHGDODP� SRW� SHUWDQDPDQ�

SXUXQ� WLNXV� �VHWLDS� GXD� PLQJJX� VHNDOL��� ���� DQDOLVLV���

S+�+�2���)H-ODUXW��GDQ�62�
�-�SDGD�DLU� OLQGLDQ�NHOXDU�

GDUL�SRW�SHUWDQDPDQ�SXUXQ� WLNXV� �VHWLDS�GXD�PLQJJX�

VHNDOL�� 

 

+$6,/� 

.DUDNWHULVWLN�7DQDK 

+DVLO� DQDOLVLV� WDQDK� DZDO� GDQ� WDQDK� DNKLU�

PHQXQMXNNDQ� EDKZD� WLQJNDW� NHPDVDPDQ� WDQDK� VD- 

QJDW�PDVDP�VHGDQJNDQ�)H�GDQ�62��SDGD�WDQDK�DNKLU�

VHFDUD� XPXP� PHQJDODPL� SHQXUXQDQ� GLEDQGLQJNDQ�

SDGD�WDQDK�DZDO��7DEHO������ 

 

S+�$LU 

3HUXEDKDQ�S+�DLU�VHODPD�OLPD�PLQJJX�SHQJD�

PDWDQ� GLWXQMXNNDQ� SDGD� *DPEDU� �� D� GDQ� E� VHUWD�

7DEHO� ��� �*DPEDU��� D�GDQ�E� VHUWD�7DEHO� ��PHPSHU�

OLKDWNDQ� EDKZD� SXUXQ� WLNXV� GDSDW� PHQ\HEDENDQ� 

SHQLQJNDWDQ� UDWD-UDWD� SHUXEDKDQ�S+�DLU� VHODPD� OLPD�

PLQJJX� SHQJDPDWDQ�� 3XUXQ� WLNXV� GDSDW� PHQ\HEDE�

NDQ� SHQLQJNDWDQ� UDWD-UDWD� SHUXEDKDQ� S+� DLU� EDLN� 

XQWXN�SRSXODVL�SXUXQ�WLNXV�����������DWDX�����GDQ�

ODPD�NRQWDN��DLU�GHQJDQ�SXUXQ�WLNXV��VHODPD����MDP��

��� MDP�DWDXSXQ���� MDP� VHODPD� OLPD�PLQJJX�SHQJD�

PDWDQ��*DPEDU��D�GDQ�E�X� 3RSXODVL�SXUXQ�WLNXV��SDGD�

7DEHO����+DVLO�DQDOLVLV�WDQDK�DZDO�GDQ�DNKLU ��WDQDK�VXOIDW�PDVDP�GL�.3�%DODQGHDQ���3HUFREDDQ�5XPDK�
.DFD�� 0.� ����� �5HVXOWV� RI� WKH� DQDO\VLV� RI� WKH� LQLWLDO� DQG� ILQDO� VRLO� DFLG� VXOIDWH� VRLOV� LQ� .3� 
%DODQGHDQ��*UHHQKRXVH�H[SHULPHQWV��0.������� 

3HUODNXDQ 

�H[SHULPHQWV� 

S+ )H��SSP� 62���SSP� 

$ZDO�
�6WDUW� 

.ULWHULD
�&ULWHULD� 

$NKLU�
�)LQDO� 

.ULWHULD�
�&ULWHULD� 

$ZDO��6WDUW� $NKLU�
�)LQDO� 

$ZDO�
�6WDUW� 

$NKLU�
�)LQDO� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ����� ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

��%����- ���� 60 ���� 60 ������� ������ ������� ������� 

.HWHUDQJDQ��60� �6DQJDW�PDVDP����%� �.HUDSDWDQ�SXUXQ�WLNXV��37����������%� �.HUDSDWDQ�37��������%� ��.HUDSDWDQ�37�
��������-� ����MDP�����-� ����MDP�����-� ����MDP���1RWHV����60� �9HU\�DFLG����%� �37�'HQVLW\�DW���������%� �
37�'HQVLW\�DW����������%� �37�'HQVLW\�DW����������-� ����KRXUV�����-� ����KRXUV�����-� ����KRXUV��� 
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6XVLODZDWL�GDQ�,QGUD\DWL��±�7HNQRORJL�3HQXUXQDQ�.DGDU�)H�$LU�6DZDK�3DVDQJ�6XUXW��� 

 

������� � QDPXQ� NDUHQD�PXGDK� OHSDV� GDUL� SHUPXNDDQ�

NRORLG� WDQDK� VHKLQJJD� NRQVHQWUDVLQ\D� SDGD� WDQDK�

OHELK�UHQGDK� 

 

S+�$LU 

3XUXQ� WLNXV� GDSDW� PHQ\HEDENDQ� SHQLQJNDWDQ�

UDWD-UDWD� SHUXEDKDQ� S+� DLU� VHODPD� OLPD� PLQJJX�

SHQJDPDWDQ��*DPEDU���D�GDQ�E�VHUWD�7DEHO������3RSX�

ODVL� SXUXQ� WLNXV� PHQXQMXNNDQ� EDKZD� SDGD� SRSXODVL�

�����WHODK�FXNXS�XQWXN�PHQFDSDL�SHUXEDKDQ�S+�DLU�

\DQJ� WHUWLQJJL�� SHQLQJNDWDQ� SRSXODVL� SXUXQ� WLNXV�

VXGDK� WLGDN� EHUSHQJDUXK� ODJL� WHUKDGDS� S+� DLU�� �.H�

PDPSXDQ�SXUXQ� WLNXV�PHQ\HUDS�)H�GDQ�6�EHUNDLWDQ�

HUDW� GHQJDQ� NRQVHQWUDVL� NHGXD� XQVXU� WHUVHEXW� SDGD�

DLU���$FKPDGL��HW�DO��������PHQ\DWDNDQ�EDKZD�SXUXQ�

WLNXV� PHQ\HUDS� )H� ������ SSP�� GDQ� 6� ������ SSP��

SDGD�DLU�GHQJDQ�NRQVHQWUDVL�)H����SSP�GDQ����SSP�

62�
�-�� � $FKPDGL� ������� PHQ\DWDNDQ� EDKZD� SXUXQ�

WLNXV�PHQ\HUDS�)H� SDGD� DNDU� �����-����� SSP�� GDQ�

EDWDQJ� �����-����� SSP�� GDQ� � 6� SDGD� DNDU� �����-

�����SSP��GDQ�EDWDQJ������-�����SSP��SXUXQ�WLNXV�

SDGD� DLU� GHQJDQ� NRQVHQWUDVL� )H� ����-���� SSP�� GDQ�

62�
�-� ����-���� SSP��� � /DPD� NRQWDN� WLGDN� EHU�

SHQJDUXK� WHUKDGDS� SHUXEDKDQ� S+� DLU� NDUHQD� SXUXQ�

WLNXV�PHQ\HUDS�)H�GDQ�6�PHODOXL�DNDU�EXNDQ�PHODOXL�

EDWDQJ�� � 0HNDQLVPH� SXUXQ� WLNXV� PHQWROHULU� NH�

KDGLUDQ� )H� GDQ� � $O� GL� GDODP� MDULQJDQ� GHQJDQ� FDUD�

PHQJKDVLONDQ�DVDP�RUJDQLN�DWDX� OLJDQ�RUJDQLN�\DQJ�

GDSDW�EHULNDWDQ�GHQJDQ�)H�GDQ�$O�VHKLQJJD�WHUEHQWXN�

NRPSOHNV� \DQJ� WLGDN� EHUVLIDW� UDFXQ� �:DWDQDEH� GDQ�

2VDNL�������� 

 

 

)H�$LU 

3RSXODVL� SXUXQ� WLNXV� GDQ� ODPD� NRQWDN�

EHUSHQJDUXK�WHUKDGDS�SHUXEDKDQ�NRQVHQWUDVL�)H�SDGD�

DLU� �*DPEDU� �� D� GDQ� E��� � 3DGD� PLQJJX� ,� KLQJJD� ,,�

NRQVHQWUDVL�)H�QDLN�NDUHQD�VHUDSDQ�SXUXQ�WLNXV�PDVLK�

UHQGDK�� �6HUDSDQ�SXUXQ� WLNXV� WHUKDGDS�)H�DNDQ�WHUXV�

PHQLQJNDW� KLQJJD� PLQJJX� 9,,�� � +DVLO� SHQHOLWLDQ�

PHQXQMXNNDQ� EDKZD� SHQJDUXK� SRSXODVL� SXUXQ� WLNXV�

WHUKDGDS� NRQVHQWUDVL� )H� WDQDK� VHMDODQ� GHQJDQ�

SHQJDUXKQ\D�WHUKDGDS�NRQVHQWUDVL�)H�SDGD�DLU���3DGD�

SHQHOLWLDQ�LQL�WHUOLKDW�EDKZD�SRSXODVL�SXUXQ�WLNXV����

�� WHODK� FXNXS� XQWXN� PHQFDSDL� NRQVHQWUDVL� )H�

WHUHQGDK� SDGD� DLU� VHEHVDU� ������� �7DEHO� ���� � /DPD�

NRQWDN�DLU�WLGDN�EHUSHQJDUXK�WHUKDGDS�NRQVHQWUDVL�)H�

SDGD�DLU��LQL�GLVHEDENDQ�NDUHQD�SXUXQ�WLNXV�PHQ\HUDS�

)H� PHODOXL� DNDU�� 6PLWK� ������� PHQ\DWDNDQ� EDKZD�

SXUXQ� WLNXV� �(OHRFKDULV� GXOFLV�� PHUXSDNDQ� WDQDPDQ�

\DQJ� EDQ\DN� GLMXPSDL� GL� GDHUDK� UDZD� DWDX� SD\D���

3DGD� GLQGLQJ� VHO� DNDU� GDQ� EDWDQJQ\D� EDQ\DN�

PHQJDQGXQJ� VHQ\DZD� IHQRODW�� � 0DUFK� �������

PHQ\DWDNDQ� EDKZD� VHQ\DZD� IHQRODW� GDODP� NLPLD�

RUJDQLN� GLNHODVNDQ� � NH� GDODP� VHQ\DZD� NLPLD� \DQJ�

WHUGLUL�GDUL��NHORPSRN�KLGURNVLO��2+-��\DQJ�ODQJVXQJ�

EHULNDWDQ� GHQJDQ� NHORPSRN� KLGURNDUERQ� DURPDWLN���

*XJXV-JXJXV� KLGURNVLO� LQL� GDSDW� PHQJLNDW� )H��

VHKLQJJD� WDQDPDQ� LQL� PHPLOLNL� WROHUDQVL� WLQJJL�

WHUKDGDS�)H�� 

 

62���$LU 

3RSXODVL� SXUXQ� WLNXV� GDQ� ODPD� NRQWDN� EHU�

SHQJDUXK� QHJDWLI� WHUKDGDS� NRQVHQWUDVL� 62�� SDGD� DLU�

�*DPEDU� �� D� GDQ� E�� 7DEHO� ���� � +DVLO� LQL� VHMDODQ�

GHQJDQ� SHQJDUXKQ\D� WHUKDGDS� WDQDK� �7DEHO� ���� 62���

7DEHO��� 3HQJDUXK�3RSXODVL�SXUXQ�WLNXV��GDQ�ODPD�NRQWDN�DLU�WHUKDGDS�62���PH�/��DLU�SDGD��SHUFREDDQ��5XPDK�
.DFD���0.�������(IIHFW�RI�SXUXQ�WLNXV�SRSXODWLRQ�OHYHOV�DQG�SURORQJHG�ZDWHU�FRQWDFW�WR�62���PH�/���
LQ�WKH�JUHHQKRXVH�H[SHULPHQWV��0.������� 

.HWHUDQJDQ��$QJND-DQJND�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�WLGDN�EHUEHGD�Q\DWD�PHQXUXW�XML�'057�SDGD�WDUDI�������1XPEHU�IROORZHG�
E\�VDPH�OHWWHU�PHDQV�QR�VLJQLILFDQWO\�GLIIHUHQW�EDVHG�RQ�'057�WHVW�DW�WKH�OHYHO������� 

3RSXODVL�SXUXQ�
WLNXV��SRSXODWLRQ�
OHYHOV�RI�SXUXQ�
WLNXV�� 

/DPD�NRQWDN�DLU��SURORQJHG�ZDWHU�FRQWDFW�� 
5DWD-UDWD�
�$YHUDJH� ���MDP�����KRXUV�� ���MDP�����KRXUV�� ���MDP�����KRXUV�� 
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�� 

%HULWD�%LRORJL�������-�$SULO����� 

 

VDQJDW�PXGDK� WHUOHSDV� GDUL� SHUPXNDDQ� NRORLG� WDQDK�

ROHK� NDUHQD� LWX� VHQ\DZD� LQL� OHELK� PXGDK� ODUXW�� 

$NLEDWQ\D� NRQVHQWUDVL� VHQ\DZD� LQL� SDGD� DLU� FHQGH- 

UXQJ�WLQJJL��SDGD�SHQHOLWLDQ�LQL�PHQXQMXNNDQ�SHQLQJ�

NDWDQ�NRQVHQWUDVL�62���\DQJ�ODUXW�SDGD�DLU�OHELK�EHVDU�

GDUL�XQVXU�6�\DQJ�GLVHUDS�ROHK�WDQDPDQ�SXUXQ�WLNXV�� 

8QWXN� PHPSHUEDLNL� NXDOLWDV� DLU� EXDQJDQ�

GDSDW� GLODNXNDQ� GHQJDQ� PHQJDOLUNDQ� DLU� PHOHZDWL�

PHGLD� EHUXSD� ELRILOWHU� EHUXSD� JXOPD� SXUXQ� WLNXV��

\DQJ�GDSDW�PHQ\HUDS�DWDX�PHQHWUDOLVLU�XQVXU�)H�GDQ�

62��� +DVLO� SHQHOLWLDQ� \DQJ� WHODK� GLODNVDQDNDQ� SDGD�

WDKXQ� �����PHQXQMXNNDQ� EDKZD� JXOPD� SXUXQ� WLNXV��

GDSDW� GLJXQDNDQ� VHEDJDL� ELRILOWHU� XQWXN� PHQLQJNDW�

NDQ�NXDOLWDV�DLU�EXDQJDQ�SDGD�PXVLP�NHPDUDX��NDUH�

QD�SXUXQ�WLNXV�PDPSX�PHQLQJNDWNDQ�S+������±������

XQLW� GDQ�PHQXUXQNDQ� NRQVHQWUDVL� )H� VHEDQ\DN� �-���

SSP� GDQ� 62�� ��-��� SSP�� � +DVLO� SHQHOLWLDQ� MXJD�

PHQXQMXNNDQ� EDKZD� DGD� SHUEHGDDQ� NRQVHQWUDVL� )H�

GDQ� 62�� GDODP� MDULQJDQ� SXUXQ� WLNXV� SDGD� EHEHUDSD�

VWDGLD�� 3XUXQ� WLNXV� DQDNDQ� GDSDW� PHQ\HUDS�

�)H ������� SSP�� 62� ������ SSP�� OHELK� EDQ\DN� )H�

GDQ� 62�� GLEDQGLQJ� SXUXQ� WLNXV� PXGD� �)H �������

SSP�� 62� ������ SSP�� GDQ� SXUXQ� WLNXV� WXD�

�)H ������� SSP�� 62� ������ SSP��� 'DUL� SHQHOLWLDQ�

GLNHWDKXL� EDKZD� WHUGDSDW� SHUEHGDDQ� NHPDPSXDQ�

SXUXQ�WLNXV�GDODP�PHQ\HUDS��)H�GDQ�62���SDGD�WDQD�

PDQ� VHEHOXP� GLSRWRQJ� GDQ� VHVXGDK� GLSRWRQJ� VHUWD�

VHEHOXP� GLFXFL� GDQ� VHVXGDK� GLFXFL� VHODPD� VDWX�

PXVLP�SHUWDQDPDQ�SDGL���%DOLWWUD���������� 

 

.(6,038/$1 

3XUXQ� WLNXV� PHPSXQ\DL� SHUDQ� \DQJ� VDQJDW�

SHQWLQJ� GDODP� PHQLQJNDWNDQ� SURGXNWLYLWDV� WDQDK�

VXOIDW� PDVDP� NDUHQD� GDSDW� PHQXUXQNDQ� NDGDU� )H��

62��GDQ�PHQLQJNDWNDQ�S+�DLU��.HUDSDWDQ�SXUXQ�WLNXV�

����SDGD�SHUFREDDQ�UXPDK�NDFD�GDSDW�PHQXUXQNDQ�

NRQVHQWUDVL�)H�DLU�VHEHVDU������� 

 

'$)7$5�3867$.$ 

 

$FKPDGL� -�� /� ,QGUD\DWL�� GDQ� $�+DLUDQL�� ������ 3HPDQIDDWDQ�
ELRILOWHU�XQWXN�PHPSHUEDLNL�NXDOLWDV�DLU�GL�ODKDQ�VXOIDW�
PDVDP� SRWHQVLDO� WLSH� OXDSDQ� %�� 3URVLGLQJ� 6HPLQDU�
1DVLRQDO�GDQ�'LDORJ�6XPEHUGD\D�/DKDQ�3HUWDQLDQ�  
%RJRU�� �-��1RYHPEHU�������$��0DUNXV��%��+��3UDVHW�
\R�� ,UDZDQ�� (�� 6XUPDLQL�� :DK\DQWR�� GDQ� (�� +XVHQ�
�(G�����-����%DODL�%HVDU�3HQHOLWLDQ�GDQ�3HQJHP-EDQJDQ�
6XPEHUGD\D� /DKDQ� 3HUWDQLDQ�� %DGDQ� 3HQHOLWLDQ� GDQ�
3HQJHPEDQJDQ�3HUWDQLDQ 

+DU\RQR��0��1RRU��0��6DUZDQL��GDQ�+��6\DKEXGGLQ�������  
  /DKDQ� 5DZD�� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJD������ 

 &HWDNDQ�NH����,$$5'�3UHVV��-DNDUWD�� 
'HQW�'/���������$FLG�VXOSKDWH�VRLOV��$�EDVHOLQH�IRU�UHVHDUFK�DQG��� 

  GHYHORSPHQW�����,QW��,QVW��/DQG�5HFODPDWLRQ�DQG�,P�
 SURYHPHQW��:DJHQLQJHQ 

-D\QHV� '%�� $6� 5RJRZVNL�� DQG� +%� 3LRQNH�� ������$FLG�PLQH�
 GUDLQDJH� IURP� UHFODLPHG� FRDO� VWULS� PLQHV�� ,�� 0RGHO�
 GHVFULSWLRQ��:DWHU�5HVRXUFHV�5HVHDUFK��������-���� 

0DUFK� -�� ������ $GYDQFHG� RUJDQLFHG� FKHPHVWU\�� 5HDFWLRQ��
 PHFKD� QLVPV� DQG� VWUXFWXUH�� ��� ����� :LOH\-%ODFN
 ZHOO�E\�-RKQ�:LOH\�	�6RQV��,QF��$PHULFD� 

0XO\DQWR� %�� 6XZDUGL�� GDQ� %� 6XPDZLQDWD�� ������+XEXQJDQ�
DVRVLDVL� YHJHWDVL� GHQJDQ� VLIDW-VLIDW� WDQDK� GDODP� VHNXHQ�
VXNVHVL� SDGD� 6LVWHP� 3HQJHORODDQ� /DKDQ� 2UDQJ� %DQMDU�
�63/2%��GL�.DOLPDQWDQ�6HODWDQ��-XUQDO�,OPLDK�3HUWDQLDQ��
*$.85<2.8��,9������-�� 

6PLWK�6*��������(OHRFKDU �LV�'XOFLV�QHZ�WR�QRU �WK�DQG�FHQWU �DO�
$PHULFD�� 'HSDUWHPHQW� RI� %LRORJ\�� 8QLYHUVLW\� RI� :LV-
FRQVLQ��$FWD�%RWDQLFD�0H[LFDQD�������-��� 

9DQ�0HQVYRRUW�0()�DQG�'/�'HQW��������$FLG�6XOSKDWH�6RLO��
,Q���0HWKRG�IRU�$VVHVVPHQW�RI�6RLO�'HJUDGDWLRQ��)ORULGD��
/DO�� 5���:�� +��� %OXP�� &�9DOHQWLQH�� DQG� %�� $�� 6WHZDUG�
�HG�������-�����&5&�3UHHV�//& 

:DWDQDEH�7�DQG�0�2VDNL��������0HFKDQLVPV�RI�DGDSWDWLRQ�WR�
KLJK� DOXPLQXP� FRQGLWLRQ� LQ� QDWLYH� SODQW� VSHFLHV� JURZ-

LQJ� LQ� DFLG� VRLOV�� &RPPXQLFDWLRQ� 6RLO� 6FLHQFH� 3ODQW�
$QDO\VLV��������-����� 

0XO\DQL�$�GDQ�0�6DUZDQL��������.DU�DNWHU �LVWLN�GDQ�SRWHQVL�
ODKDQ� VXE� RSWLPDO� XQWXN� SHQJHPEDQJDQ� SHUWDQLDQ� GL�
,QGRQHVLD��-XUQDO�6XPEHUGD\D�/DKDQ�����������-��� 



3HGRPDQ�3HQXOLVDQ�1DVNDK�%HULWD�%LRORJL 
 

%HULWD�%LRORJL�DGDODK�MXUQDO�\DQJ�PHQHUELWNDQ�DU WLNHO�NHPDMXDQ�SHQHOLWLDQ�GL�ELGDQJ�ELRORJL�GDQ�LOPX -LOPX�WHUNDLW�GL�,QGRQHVLD��%HULWD�%LRORJL�
PHPXDW�NDU\D�WXOLV�LOPLDK�DVOL�EHUXSD�PDNDODK�KDVLO�SHQHOLWLDQ��NRPXQLNDVL�SHQGHN�GDQ�WLQMDXDQ�NHPEDOL�\DQJ�EHOXP�SHUQDK�GLWHUELWNDQ�DWDX�WLGDN�
VHGDQJ�GLNLULP�NH�PHGLD�ODLQ���0DVDODK�\DQJ�GLOLSXW��GLKDUXVNDQ�PHQDPSLONDQ�DVSHN�DWDX�LQIRUPDVL�EDUX� 

 

7LSH�QDVNDK 

�� 0DNDODK�OHQJNDS�KDVLO�SHQHOLWLDQ��RULJLQDO�SDSHU� 
 1DVNDK� PHUXSDNDQ� KDVLO� SHQHOLWLDQ� VHQGLUL� � \DQJ� PHQJDQJNDW� WRSLN� \DQJ� XS-WRGDWH�� � 7LGDN� OHELK� GDUL� ��� KDODPDQ� WHUPDVXN� WDEHO� GDQ�

JDPEDU��3HQFDQWXPDQ�ODPSLUDQ�VHSHUOXQ\D��QDPXQ�UHGDNVL�EHUKDN�PHQJXUDQJL�DWDX�PHQLDGDNDQ�ODPSLUDQ� 
�� .RPXQLNDVL�SHQGHN��VKRUW�FRPPXQLFDWLRQ� 
 .RPXQLDVL�SHQGHN�PHUXSDNDQ�PDNDODK�KDVLO�SHQHOLWLDQ�\DQJ�LQJLQ�GLSXEOLNDVLNDQ�VHFDUD�FHSDW�NDUHQD�KDVLO�WHUPXDQ�\DQJ�PHQDULN��VSHVLILN�

GDQ�EDUX��DJDU�GDSDW��VHJHUD�GLNHWDKXL�ROHK�XPXP���$UWLNHO�\DQJ�GLWXOLV�WLGDN�OHELK�GDUL����KDODPDQ��+DVLO�GDQ�SHPEDKDVDQ�EROHK�GLJDEXQJ� 
�� 7LQMDXDQ�NHPEDOL��UHYLHZ� 
 7LQMDXDQ�NHPEDOL�PHUXSDNDQ� UDQJNXPDQ�WLQMDXDQ� LOPLDK�\DQJ�VLVWHPDWLV-NULWLV� VHFDUD� ULQJNDV�QDPXQ�PHQGDODP� WHUKDGDS� WRSLN�SHQHOLWLDQ�

WHUWHQWX�� +DO� \DQJ� GLWLQMDX�PHOLSXWL� VHJDOD� VHVXDWX� \DQJ� UHOHYDQ� WHUKDGDS� WRSLN� WLQMDXDQ� \DQJ�PHPEHULNDQ� JDPEDUDQ� µVWDWH� RI� WKH� DUW¶��
PHOLSXWL�WHPXDQ�DZDO��NHPDMXDQ�KLQJJD�LVVXH�WHUNLQL��WHUPDVXN�SHUGHEDWDQ�GDQ�NHVHQMDQJDQ�\DQJ�DGD�GDODP�WRSLN�\DQJ�GLEDKDV��7LQMDXDQ�
XODQJ�LQL�KDUXV�PHUDQJNXP�PLQLPDO����DUWLNHO� 

 

6WUXNWXU�QDVNDK 

�� %DKDVD 
 %DKDVD�\DQJ�GLJXQDNDQ�DGDODK�EDKDVD�,QGRQHVLD�DWDX�,QJJULV�\DQJ�EDLN�GDQ�EHQDU� 
�� -XGXO 
 -XGXO� KDUXV� VLQJNDW�� MHODV� GDQ� PHQFHUPLQNDQ� LVL� QDVNDK� GLLNXWL� ROHK� QDPD� GDQ� DODPDW� VXUDW� PHQ\XUDW� SHQXOLV�� � 1DPD� SHQXOLV� XQWXN�

NRUHVSRQGHQVL�GLEHUL�WDQGD�DPSORS�FHWDN�DWDV��VXSHUVFULSW�� 
�� $EVWUDN 

 $EVWUDN�GLEXDW�GDODP�GXD�EDKDVD��EDKDVD�,QGRQHVLD�GDQ�,QJJULV��$EVWUDN�PHPXDW�VHFDUD�VLQJNDW�WHQWDQJ�ODWDU�EHODNDQJ��WXMXDQ��PHWRGH��KDVLO�
\DQJ�VLJQLILNDQ��NHVLPSXODQ�GDQ�LPSOLNDVL�KDVLO�SHQHOLWLDQ��$EVWUDN�EHULVL�PDNVLPXP�����NDWD��VSDVL�WXQJJDO��'L�EDZDK�DEVWUDN�GLFDQWXPNDQ�
NDWD�NXQFL�\DQJ�WHUGLUL�DWDV�PDNVLPXP�HQDP�NDWD��GLPDQD�NDWD�SHUWDPD�DGDODK�\DQJ�WHUSHQWLQJ���$EVWUDN�GDODP�EDKDVD�,QJJULV�PHUXSDNDQ�
WHUMHPDKDQ�GDUL�EDKDVD�,QGRQHVLD���(GLWRU�EHUKDN�XQWXN�PHQJHGLW�DEVWUDN�GHPL�DODVDQ�NHMHODVDQ�LVL�DEVWUDN� 

�� 3HQGDKXOXDQ 

 3HQGDKXOXDQ�EHULVL�ODWDU�EHODNDQJ��SHUPDVDODKDQ�GDQ�WXMXDQ�SHQHOLWLDQ���6HEXWNDQ�MXJD�VWXGL�WHUGDKXOX�\DQJ�SHUQDK�GLODNXNDQ� 
�� %DKDQ�GDQ�FDUD�NHUMD 
 3DGD�EDJLDQ�LQL�EROHK�GLEXDW�VXE-MXGXO�\DQJ�VHVXDL�GHQJDQ�WDKDSDQ�SHQHOLWLDQ��0HWRGD�KDUXV�GLSDSDUNDQ�GHQJDQ�MHODV�VHVXDL�GHQJDQ�VWDQGDU�

WRSLN�SHQHOLWLDQ�GDQ�GDSDW�GLXODQJ�ROHK�SHQHOLWL�ODLQ���$SDELOD�PHWRGD�\DQJ�GLJXQDNDQ�DGDODK�PHWRGD�\DQJ�VXGDK�EDNX�FXNXS�GLWXOLV�VLWDVL�
GDQ�DSDELOD�DGD�PRGLILNDVL�KDUXV�GLWXOLVNDQ�GHQJDQ�MHODV�EDJLDQ�PDQD�GDQ�DSD�\DQJ�GLPRGLILNDVL� 

�� +DVLO 
 6HEXWNDQ� KDVLO-KDVLO� XWDPD� \DQJ� GLSHUROHK� EHUGDVDUNDQ�PHWRGD� \DQJ� GLJXQDNDQ�� � $SDELOD� LQJLQ�PHQJDFX� SDGD� WDEHO�JUDILN�GLDJUDP� DWDX�

JDPEDU� XUDLNDQ� KDVLO� \DQJ� WHUSHQWLQJ� GDQ� MDQJDQ� PHQJJXQDNDQ� NDOLPDW� µ/LKDW� 7DEHO� �¶�� � $SDELOD� PHQJJXQDNDQ� QLODL� UDWD-UDWD� KDUXV�
PHQ\HEXWNDQ�VWDQGDU�GHYLDVL� 

�� 3HPEDKDVDQ 

 -DQJDQ�PHQJXODQJ�LVL�KDVLO��3HPEDKDVDQ�PHQJXQJNDS�DODVDQ�GLGDSDWNDQQ\D�KDVLO�GDQ�DSD�DUWL�DWDX�PDNQD�GDUL�KDVLO�\DQJ�GLGDSDW� WHUVHEXW���
%LOD�PHPXQJNLQNDQ��EDQGLQJNDQ�KDVLO�SHQHOLWLDQ�LQL�GHQJDQ�PHPEXDW�SHUEDQGLQJDQ�GHQJDQ�VWXGL�WHUGDKXOX��ELOD�DGD�� 

�� .HVLPSXODQ 

 0HQ\LPSXONDQ�KDVLO�SHQHOLWLDQ��VHVXDL�GHQJDQ�WXMXDQ�SHQHOLWLDQ��GDQ�SHQHOLWLDQ�EHULNXW�\DQJ�ELVD�GLODNXNDQ� 
�� 8FDSDQ�WHULPD�NDVLK 

��� 'DIWDU�SXVWDND 

 7LGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ��$SDELOD�KDUXV�PHQ\LWLU�GDUL��/DSRUDQ��DWDX��NRPXQLNDVL�

SHUVRQDO��GLWXOLVNDQ�
XQSXEOLVKHG
�GDQ�WLGDN�SHUOX�GLWDPSLONDQ�GL�GDIWDU�SXVWDND��'DIWDU�SXVWDND�KDUXV�EHULVL�LQIRUPDVL�\DQJ�XS�WR�GDWH�\DQJ�

VHEDJLDQ�EHVDU�EHUDVDO�GDUL�RULJLQDO�SDSHUV���3HQXOLVDQ�WHUELWDQ�EHUNDOD�LOPLDK��QDPD�MXUQDO��WLGDN�GLVLQJNDW� 

� 
 

)RUPDW�QDVNDK 

�� 1DVNDK�GLNHWLN�GHQJDQ�PHQJJXQDNDQ�SURJUDP�:RUG�3URFHVVRU��KXUXI�1HZ�7LPHV�5RPDQ�XNXUDQ�����VSDVL�JDQGD�NHFXDOL�$EVWUDN��%DWDV�NLUL
-NDQDQ�DWDV-EDZDK�PDVLQJ-PDVLQJ�����FP��0DNVLPXP�LVL�QDVNDK����KDODPDQ�WHUPDVXN�LOXVWUDVL�GDQ�WDEHO� 

�� 3HQXOLVDQ� ELODQJDQ� SHFDKDQ� GHQJDQ� NRPD� PHQJLNXWL� EDKDVD� \DQJ� GLWXOLV� PHQJJXQDNDQ� GXD� DQJND� GHVLPDO� GL� EHODNDQJ� NRPD�� $SDELOD�
PHQJJXQDNDQ�EDKDVD�,QGRQHVLD��DQJND�GHVLPDO�PHQJJXQDNDQ�NRPD�����GDQ�WLWLN�����ELOD�PHQJJXQDNDQ�EDKDVD�,QJJULV��&RQWRK��3DQMDQJ�EXNX�
DGDODK����FP��/HQJKW�RI�WKH�ERRN�LV�����FP���3HQXOLVDQ�DQJND��-��GLWXOLV�GDODP�NDWD�NHFXDOL�ELOD�ELODQJDQ�VDWXDQ�XNXU��VHGDQJNDQ�DQJND����
GDQ�VHWHUXVQ\D�GLWXOLV�GHQJDQ�DQJND���&RQWRK�OLPD�RUDQJ�VLVZD��SDQMDQJ�EXNX���FP� 

�� 3HQXOLVDQ�VDWXDQ�PHQJLNXWL�DWXUDQ�LQWHUQDWLRQDO�V\VWHP�RI�XQLWV� 
�� 1DPD�WDNVRQ�GDQ�NDWHJRUL�WDNVRQRPL�PHUXMXN�NHSDGD�DWXUDQ�VWDQGDU�WHUPDVXN�\DQJ�GLDNXL��8QWXN�WXPEXKDQ�,QWHUQDWLRQDO�&RGH�RI�%RWDQLFDO�

1RPHQFODWXUH� �,&%1��� XQWXN� KHZDQ� ,QWHUQDWLRQDO� &RGH� RI� =RRORJLFDO� 1RPHQFODWXUH� �,&=1��� XQWXN� MDPXU� ,QWHUQDWLRQDO� &RGH� RI�
1RPHQFODWXUH�IRU�$OJDH��)XQJL�DQG�3ODQW��,&)$)3���,QWHUQDWLRQDO�&RGH�RI�1RPHQFODWXUH�RI�%DFWHULD� �,&1%���GDQ�XQWXN�RUJDQLVPH�\DQJ�
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