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���/DWDU�%HODNDQJ 

6XQJDL� &LOLZXQJ� PHUXSDNDQ� VDODK� VDWX� VXQJDL� \DQJ�
EHUPXDUD�SDGD�NRWD�'.,�-DNDUWD��LEX�NRWD�1HJDUD�GDQ�
LEX�NRWD�SHPHULQWDKDQ�,QGRQHVLD��6HEDJDL�VXQJDL�\DQJ�
PHPEHODK� 3URYLQVL� GLPDQD� VHEDJLDQ� EHVDU� NHJLDWDQ�
VRVLDO� GDQ� HNRQRPL� QHJDUD� EHUODQJVXQJ�� GLQDPLND�
\DQJ� WHUMDGL� SDGD� VXQJDL� &LOLZXQJ� PHPEHULNDQ�
GDPSDN� \DQJ� EHVDU� SDGD� SHUWXPEXKDQ� QHJDUD�� %DQMLU�
GLDQJJDS� VDODK� VDWX� \DQJ� WHUEHVDU� PDVDODK� \DQJ�
GLKDGDSL� -DERGHWDEHN� VDDW� LQL�� /DMX� DOLUDQ� WLQJJL� GL�
6XQJDL� &LOLZXQJ�� \DQJ� PHQJDOLU� PHODOXL� SXVDW� NRWD�
-DNDUWD�� VHFDUD� WHUDWXU� PHQ\HEDENDQ� EDQMLU� EHVDU�
VHODPD� PXVLP� KXMDQ� �)RUPiQHN� HW� DO��� ������� 3ROD�
SHQJXUDQJDQ�GDHUDK�WHUEXND�-DNDUWD�\DQJ�FHSDW�GDODP�
UHQWDQJ���� WDKXQ�NH�EHODNDQJ�GLLNXWL� GHQJDQ� VHPDNLQ�
PHQLQJNDWQ\D� LQWHQVLWDV� EDQMLU� GDQ� NHWLQJJDQ� EDQMLU�
\DQJ� WHUMDGL�� PHQXQMXNDQ� DGDQ\D� KXEXQJDQ� ODQJVXQJ�
DQWDUD�PHQJXUDQJQ\D�OXDVDQ�UXDQJ�WHUEXND�KLMDX�GDODP�
PHPSHUSDUDK� NRQGLVL� NRWD� -DNDUWD� \DQJ� WHODK�
GLSDQGDQJ� VHEDJDL� VDODK� VDWX� NRWD� \DQJ� SDOLQJ� UDZDQ�
PHQJKDGDSL� EHQFDQD� EDQMLU�� %DQMLU� SDGD� WDKXQ� �����
GLWHWDSNDQ� VHEDJDL� EHQFDQD� QDVLRQDO� GHQJDQ� NHUXJLDQ�
PHQFDSDL� �� WULOLXQ� UXSLDK�� GLPDQD����� WRWDO� NHUXJLDQ�
WHUMDGL�GL�GDHUDK�SHUXPDKDQ��%$33(1$6���������3DGD�
WDKXQ� ������ -DNDUWD� NHPEDOL� PHQJDODPL� NHMDGLDQ�
EDQMLU� EHVDU� ODLQQ\D�� GLPDQD� ���� SHUNDPSXQJDQ�
WHUHQGDP�GHQJDQ�WRWDO�NRUEDQ�MLZD�VHEDQ\DN����RUDQJ��
%DQMLU�SDGD�WDKXQ������LQL�GLSHUNLUDNDQ�PHQ\HEDENDQ�
NHUXJLDQ� VHEHVDU����� WULOLXQ� UXSLDK��6HODLQ�PHQ\HEDENDQ�
NHUXJLDQ�SDGD�GDHUDK�VHNLWDU�VXQJDL��EDQMLU�SDGD�'$6�
&LOLZXQJ� GDQ� '$6-'$6� VHNLWDUQ\D� MXJD� PHPEHUL�
GDPSDN� ODQJVXQJ�SDGD�EHEHUDSD�REMHN�YLWDO�QDVLRQDO ��
PHOLSXWL� 0RQXPHQ� 1DVLRQDO� GDQ� LVWDQD� NHSUHVLGHQDQ�
5HSXEOLN� ,QGRQHVLD�� /DQJNDK� QRQ-VWUXNWXUDO�� VHSHUWL�
SHPHWDDQ�EDKD\D�GDQ�ULVLNR�EDQMLU��GDSDW�VDQJDW�HIHNWLI�
XQWXN� SHUHQFDQDDQ� SHQJJXQDDQ� ODKDQ� GDQ� PLWLJDVL�
NHUXVDNDQ�EDQMLU��0DUIDL�HW�DO������� ��� 

7LDS� WDKXQQ\D� WHUMDGL� SHQDPEDKDQ� SHQGXGXN� \DQJ�
GLVHEDENDQ� ROHK� NHODKLUDQ� GDQ� WLQJJLQ\D� MXPODK�
SHQGDWDQJ�\DQJ�PHQFDUL�SHNHUMDDQ�GL�.RWD�LQL��-DNDUWD�
PHUXSDNDQ� NRWD� GHQJDQ� MXPODK� SHQGXGXN� WHUEHVDU� GL�
$VLD�7HQJJDUD��GHQJDQ�MXPODK�SHQGXGXN�OHELK�GDUL����
MXWD� MLZD� GDQ� SHUWXPEXKDQ� PHQFDSDL� ������ WLDS�
WDKXQQ\D� �%36� 3URYLQVL� '.,� -DNDUWD�� �������'L� ODLQ�
VLVL�� SDGD� WDKXQ� ����� NRWD� %RJRU� PHQFDWDW� NHQDLNDQ�
SHQGXGXN� VHEHVDU� ������ �%36� .DEXSDWHQ� %RJRU�
������� %HUWDPEDKQ\D� MXPODK� SHQGXGXN� NRWD� -DNDUWD�
GDQ� %RJRU� PHQJDNLEDWNDQ� QDLNQ\D� WLQJNDW� NHSHPLOLNDQ�
ODKDQ� \DQJ� EHUGDPSDN� SDGD� EHUWDPEDKQ\D� OXDV�
SHPXNLPDQ� GDQ� PHQXUXQQ\D� OXDVDQ� 5XDQJ� 7HUEXND�
+LMDX�� 'DUL� VHJL� WDWD� NRWD� GDQ� WXWXSDQ� ODKDQ�� .RWD�
-DNDUWD� PHPHQXKL� NXUDQJ� GDUL� VHSHUWLJD� VNDOD� LGHDO�
OLQJNXQJDQ� KLMDX� GDQ� DUHD� UHVDSDQ� \DQJ� GLSHUOXNDQ�
VHEDJDL�UHVDSDQ�QDWXUDO�SDGD�WDKXQ-WDKXQ�GHQJDQ�KXMDQ�
QRUPDO� �'LQDV� 7DWD� 5XDQJ� '.,� -DNDUWD�� ��������
7XWXSDQ� ODKDQ� \DQJ� NXUDQJ� EDLN� LQL� GLWXQMXNDQ� SDGD�
EHEHUDSD� ORNDVL� \DQJ�GLGHVDLQ� VHEDJDL� GDHUDK� UHVDSDQ�
KXMDQ� VHEDJDL� EHVDU� GLDOLKJXQDNDQ� PHQMDGL� GDHUDK�
SHPXNLPDQ� PHZDK� �)LUPDQ�� ������� 8UEDQLVDVL� GDQ�
SHUXEDKDQ� WXWXSDQ� ODKDQ� \DQJ� FHSDW� LQL� VHFDUD�
ODQJVXQJ�PHUXEDK�VLIDW�KLGURORJL�VXDWX�GDHUDK�GHQJDQ�
PHPSHUNHFLO� ODMX� LQILOWUDVL�� EDVHIORZ� GDQ� ZDNWX� ODJ�

VHUWD� PHQDPEDK� OLPSDVDQ� SHUPXNDDQ�� GHELW� SXQFDN��
YROXPH� OLPSDVDQ� GDQ� IUHNXHQVL� EDQMLU� �2JGHQ�� ������
6XUL\D� DQG� 0XGJDO�� ������ 7HOOPDQ� HW� DO�� �������
GLSHUSDUDK� GHQJDQ� NRQGLVL� GUDLQDVH� \DQJ� EXUXN� GDQ�
WLGDN� WHUXUXV� �1J�� ������ NKXVXVQ\D� SDGD� PDVD�
SHPEDQJXQDQ� GUDLQDVH� GDQ� NRQVWUXNVL� ODLQ� �*XDQ��
�������3HUXEDKDQ�WXWXSDQ�ODKDQ�GDQ�WXWXSDQ�ODKDQ�MXJD�
GLLQGLNDVLNDQ� GDSDW� PHPSHQJDUXKL� IUHNXHQVL� GDQ�
NDUDNWHULVWLN�KXMDQ��%R\VHQ�HW�DO���������0LWVRYD�������� 

%HUGDVDU�SHPEDJLDQ�ZLOD\DKQ\D�'$6�&LOLZXQJ�GLEDJL�
PHQMDGL� �� NDZDVDQ�� KXOX�� WHQJDK� GDQ� KLOLU�� 6HEDJDL�
VXDWX�VLVWHP��SHUXEDKDQ�\DQJ�WHUMDGL�SDGD�EDJLDQ�KXOX�
GDHUDK� VXQJDL� DNDQ� PHPSHQJDUXKL� NHVHOXUXKDQ� '$6�
�$OL� HW�� DO�� ������� +DQ\D� EHUMDUDN� ��� NLORPHWHU� GDUL�
-DNDUWD�� 6XE-'$6� 'HSRN� PHQFDNXS� OHELK� GDUL� ����
GDUL� WRWDO� OXDV� NHVHOXUXKDQ�'$6�&LOLZXQJ�PHUXSDNDQ�
NXQFL� SHQWLQJ� GDODP� PDQDMHPHQ� SHQFHJDKDQ� GDQ�
PLWLJDVL�EDQMLU�'.,�-DNDUWD��6HMXPODK�SHQHOLWLDQ� WHODK�
PHPSHUWLPEDQJNDQ� GDPSDN� SHUXEDKDQ� WXWXSDQ� ODKDQ�
WHUKDGDS� EDQMLU�� QDPXQ� KDQ\D� VHGLNLW� VWXGL� WHQWDQJ�
GDPSDN� SHUXEDKDQ� WXWXSDQ� ODKDQ� GL� PDVD� GHSDQ�
WHUKDGDS� EDQMLU� � �0LVKUD� HW�� DO�� ������� 'DODP�
SHPRGHODQ�KLGURORJL��VXDWX�'$6�GLSHUODNXNDQ�VHEDJDL�
VHMXPODK� XQLW� KRPRJHQ� NHFLO� XQWXN� PHQJDWDVL�
KHWHURJHQLWDV� VSDVLDO� \DQJ� GLKDVLONDQ� GDUL� YDULDELOLWDV�
SURVHV� ILVLN� GDQ� NDUDNWHULVWLN� ILVLN� GL� GDHUDK� DOLUDQ�
VXQJDL�� 'LVNULWLVDVL� VSDVLDO� KDUXV� FXNXS� ULQFL� XQWXN�
PHQGDSDWNDQ� KDVLO� \DQJ� VHUHDOLVWLV� PXQJNLQ�� GLVDDW�
EHUVDPDDQ� MXJD� KDUXV� VHVHGHUKDQD� PXQJNLQ� XQWXN�
PHPSHUVLQJNDW� ZDNWX� SHPRGHODQ� GDQ� GDSDW�
GLPRGHONDQ� GHQJDQ� GDWD-GDWD� \DQJ� WHUEDWDV� �(NR� 	�
6XWMLQLQJVLK���������3DGD�SHQHOLWLDQ�LQL��DSOLNDVL�+(&-
+06� DNDQ� GLJXQDNDQ� VHEDJDL� DODW� EDQWX� SHPRGHODQ�
KLGURORJL� XQWXN� PHQJKDVLONDQ� KLGURJUDI� EDQMLU� SDGD�
3RV�'XJD�$LU�'HSRN� 

7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�XQWXN�PHQLODL�GDPSDN�GDUL�
SHUNLUDDQ� SHUXEDKDQ� WXWXSDQ� ODKDQ� WHUKDGDS� EDKD\D�
EDQMLU� GL� PDVD� GHSDQ� SDGD� VXE-'$6� 'HSRN� GHQJDQ�
EHEHUDSD�VNHQDULR�WXWXSDQ�ODKDQ�\DQJ�EHUEHGD��PHODOXL�
SHUXEDKDQ�YROXPH�GDQ�SXQFDN�GHELW�EDQMLU� 

���/RNDVL�GDQ�0HWRGH�6WXGL 

����/RNDVL�VWXGL 

6HFDUD� DVWURQRPLV� 3URYLQVL�'.,� -DNDUWD� WHUOHWDN� SDGD�
SRVLVL� �R��¶� /6� GDQ� ���R��� %7�� .RWD� -DNDUWD�
PHUXSDNDQ�GDWDUDQ�UHQGDK�GHQJDQ�NHWLQJJLDQ�UDWD-UDWD�
�� PHWHU� GLDWDV� SHUPXNDDQ� ODXW��:LOD\DK� '.,� -DNDUWD�
WHUGLUL� DWDV� GDUDWDQ� VHOXDV� ������� NP�� GDQ� EHUXSD�
ODXWDQ�VHOXDV���������NP��VHUWD�PHPLOLNL�OHELK�GDUL�����
SXODX� \DQJ�EHUORNDVL� GL�.DEXSDWHQ�6HULEX�GDQ� VHNLWDU�
��� VXQJDL�VDOXUDQ�NDQDO�� 'DODP� KDO� DGPLQLVWUDVL�
SHPHULQWDKDQ�� 3URYLQVL�'.,� -DNDUWD� GLEDJL�PHQMDGL� ��
�OLPD�� NRWD� DGPLQLVWUDVL� GDQ� �� �VDWX�� NDEXSDWHQ�
DGPLQLVWUDVL�� 5DWD-UDWD� NHWLQJJLDQ� GDWDUDQ� 3URYLQVL�
'.,� -DNDUWD� DGDODK� �� PHWHU� GL� DWDV� SHUPXNDDQ� ODXW��
6HNLWDU� ���� ZLOD\DK� 3URYLQVL� '.,� -DNDUWD� EHUXSD�
GDWDUDQ� \DQJ� SHUPXNDDQ� WDQDKQ\D� EHUDGD��-����PHWHU�
GL�EDZDK�PXND� ODXW�SDVDQJ�GDQ�VHNLWDU��-���ZLOD\DK�
3URYLQVL� '.,� -DNDUWD� PHPLOLNL� NHFHQGHUXQJDQ� GDWDU��
6HPHQWDUD� GDHUDK� KXOX� GLPDQD� VXQJDL-VXQJDL� \DQJ�
EHUPXDUD�GL�3URYLQVL�'.,�-DNDUWD�PHPLOLNL�NHWLQJJLDQ�
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\DQJ�FXNXS�WLQJJL�\DLWX�VHNLWDU��-����GL�ZLOD\DK�%RJRU�
GDQ�&LELQRQJ��VHGDQJNDQ�GDHUDK�&LDZL-3XQFDN�PHPLOLNL�
NHWLQJJLDQ�OHELK�GDUL������6WUXNWXU�GDHUDK�-DNDUWD�WHUGLUL�
GDUL� HQGDSDQ� 3OHLVWRFHQH� \DQJ� WHUGDSDW� ���� PHWHU� GL�
EDZDK�SHUPXNDDQ� WDQDK��'L�VLVL�XWDUD��SHUPXNDDQ�NHUDV�
EDUX� WHUGDSDW� SDGD� NHGDODPDQ� ��-���PHWHU�� VHPDNLQ� NH�
VHODWDQ� SHUPXNDDQ� NHUDV� VHPDNLQ� GDQJNDO� SDGD�
NHGDODPDQ� �-��� PHWHU�� 3DGD� VHEDJLDQ� ZLOD\DK�� ODSLVDQ�
SHUPXNDDQ�WDQDK�\DQJ�NHUDV�WHUGDSDW�SDGD�NHGDODPDQ����
PHWHU�� VHGDQJNDQ� VWUXNWXU� GL� VLVL� VHODWDQ� WHUGLUL� DWDV�
ODSLVDQ�DOOXYLDO��6HFDUD�XPXP�LNOLP�GL�ZLOD\DK�,QGRQHVLD�
\DQJ�PHOLSXWL� ZLOD\DK� -DNDUWD��.RWD�'HSRN��7DQJHUDQJ�
GDQ� .DEXSDWHQ� %RJRU� WHUGLUL� GDUL� GXD� PXVLP� XWDPD��
\DLWX�PXVLP�NHPDUDX�GDQ�PXVLP�SHQJKXMDQ��3DGD�%XODQ�
-XQL� VDPSDL� GHQJDQ� 6HSWHPEHU� DUXV� DQJLQ� EHUDVDO� GDUL�
$XVWUDOLD� GDQ� WLGDN� EDQ\DN� PHQJDQGXQJ� XDS� DLU��
VHKLQJJD�PHQJDNLEDWNDQ�PXVLP�NHPDUDX��GHPLNLDQ�MXJD�
VHEDOLNQ\D��3HWD�ORNDVL�VWXGL�GDSDW�GLOLKDW�SDGD�*DPEDU��� 

����$QDOLVLV�GDQ�SHPRGHODQ�WXWXSDQ�ODKDQ 

$QDOLVLV� SHUXEDKDQ� WXWXSDQ� ODKDQ� PHUXSDNDQ� GDVDU�
GDODP�PHQJDQDOLVLV�EDQJNLWDQ�GHELW�\DQJ�DNDQ�GLODNXNDQ�
GLNDUHQDNDQ��EHUVDPD�GHQJDQ�MHQLV�WDQDK�GDQ�NHPLULQJDQ�
ODKDQ�� VHFDUD� ODQJVXQJ� PHPSHQJDUXKL� EHVDU� LQILOWUDVL�
\DQJ� WHUMDGL� VHUWD� PHQJXEDK� EHVDUQ\D� GHELW� OLPSDVDQ��
3DGD� DQDOLVLV� LQL� GDWD� WXWXSDQ� ODKDQ� GLEDQJNLWNDQ� GDUL�
SHWD� FLWUD� VDWHOLW� \DQJ� GLVHGLDNDQ� ROHK� 86*6�� GHQJDQ�
VHODQJ� ZDNWX� ��� WDKXQ� GDODP� NXUXQ� ZDNWX� ��� WDKXQ�
WHUDNKLU�� -HQLV� WXWXSDQ� ODKDQ� GLPDVXNDQ� NH� GDODP� ��
NDWHJRUL�VHVXDL�GHQJDQ�SHUDWXUDQ�.HPHQWHULDQ�NHKXWDQDQ�
5HSXOLN�,QGRQHVLD� 

����3DUDPHWHU�KLGURORJL 

%HEHUDSD� SDUDPHWHU� KLGURORJL� \DQJ� GLSHUOXNDQ� XQWXN�
PHODNXNDQ� DQDOLVLV� KLGURORJL�PHOLSXWL� FXUDK� KXMDQ� UDWD-
UDWD�� GLVWULEXVL� KXMDQ� MDP-MDPDQ� �LQWHQVLWDV� KXMDQ�� GDQ�
DUHD� UHGXFWLRQ� IDFWRU� �$5)���'DODP�DQDOLVLV� VXDWX�'$6�
\DQJ� GLSHQJDUXKL� ROHK� OHELK� GDUL� �� SRV� FXUDK� KXMDQ��
GLODNXNDQ� DQDOLVLV� KXMDQ� UDWD� UDWD� XQWXN�
PHQ\HGHUKDQDNDQ� EHVDUQ\D� FXUDK� KXMDQ� JDEXQJDQ� \DQJ�
WHUMDGL� SDGD� '$6� WHUVHEXW�� 0HWRGH� SROLJRQ� 7KLHVVHQ�
XPXPQ\D� GLJXQDNDQ� GLNDUHQDNDQ� UHODWLI� VHGHUKDQD� GDQ�
DNXUDW���)DLVDO�	�*DIIDU���������0HWRGH�LQL�PHPEHULNDQ�
ERERW� WHUWHQWX� EHUGDVDUNDQ� HIHN� OXDVDQ� �DUHD� RI� HIIHFW��
PDVLQJ-PDVLQJ�SRV�KXMDQ�UHODWLI�WHUKDGDS�WRWDO�OXDV�'$6� 

  

'LPDQD�3ࡃ � �FXUDK�KXMDQ�UDWD-UDWD��3L� �FXUDK�KXMDQ�SRV�
L��GDQ��$L�� �OXDV�ZLOD\DK�SRV�KXMDQ�L� 

3DGD�DQDOLVLV�NDOLEUDVL�GDQ�YDOLGDVL�KLGURORJL��LQWHQVLWDV�
KXMDQ� MDP-MDPDQ� NUXVLDO� GLJXQDNDQ� XQWXN� PHQJHWDKXL�
UHVSRQ� ODKDQ� GDODP� EHQWXN� KLGURJUDI� OLPSDVDQ� EDQMLU��
3DGD� EHEHUDSD� NDVXV� GLPDQD� WLGDN� WHUGDSDW� GDWD�
SHQJXNXUDQ� LQWHQVLWDV� KXMDQ� MDP-MDPDQ�� EHVDUQ\D�
LQWHQVLWDV�DNDQ�GLGHNDWL�GHQJDQ�PHQGLVWULEXVLNDQ�FXUDK�
KXMDQ� KDULDQ� NH� GDODP� GDWD� MDP-MDPDQ� EHUGDVDUNDQ�
NDUDNWHULVWLN� KLVWRULV� KXMDQ�� � 0XWLD� GDODP�
%URWRZLU\DWPR� �������PHQJDQDODVLV�GXUDVL�KXMDQ�\DQJ�
WHUMDGL�NHGDODP���NDWHJRUL�VHVXDL�GHQJDQ�EHVDUQ\D�FXUDK�
KXMDQ� KDULDQ� \DQJ� WHUMDGL� VHEDJDLPDQD� WHUVDML� SDGD�
7DEHO��� 

:DQQ\� �������� PHODOXL� GDWD� KLVWRULV� KXMDQ��
PHQ\LPSXONDQ� EDKZD� GLVWULEXVL� KXMDQ� MDP-MDPDQ� GL�
SURYLQVL�-DZD�%DUDW�VHEDJDLPDQD�SDGD�7DEHO��� 

'DODP� PHQJDQDOLVLV� GDHUDK� DOLUDQ� VXQJDL� \DQJ� FXNXS�
OXDV��SHUOX�DGDQ\D�VXDWX�YDULDEHO�NRUHNVL�EHVDU�YROXPH�
KXMDQ�\DQJ�WXUXQ��+DO�LQL�GLNDUHQDNDQ�GDODP�'$6�\DQJ�
FXNXS�OXDV��NHPXQJNLQDQ�EHVDU�KXMDQ�\DQJ�WHUMDGL�WLGDN�
WXUXQ� VHFDUD� PHUDWD� GL� VHOXUXK� OXDVDQ� '$6�� \DQJ�
PHQJDNLEDWNDQ� SHUOX� GLODNXNDQ� VXDWX� SURVHV� XQWXN�
PHUHGXNVL� WRWDO� YROXPH� KXMDQ� \DQJ� WHUMDGL�� $UHD�
UHGXFWLRQ� IDFWRUV� �$5)V��� NKXVXVQ\D� \DQJ� EHUVXPEHU�
GDUL�7HFKQLFDO�3DSHU� ��� �73-����� XPXPQ\D�GLJXQDNDQ�
VHEDJDL�YDULDEHO�NRUHNVL�LQL��$OOHQ�	�'HJDHWDQR���������
$5)� 73-�� PHQJJXQDNDQ� SHQGHNDWDQ� XQWXN� '$6�
NXUDQJ� GDUL� ����� NP�� GHQJDQ� SHULRGH� KXMDQ� �� MDP�
VHEDJDL�GDODP�3HUVDPDDQ��� 

  

 

/HFOHUF�GDQ�6FKDDNH��������PHQ\HGHUKDQDNDQ�3HUVDPDDQ���
GL�DWDV�GHQJDQ�EHQWXN�SDGD�3HUVDPDDQ��� 

*DPEDU����/RNDVL�VWXGL 
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'LPDQD�D -�����F� ���������GDQ�E� ������ 

3HQHOLWLDQ� :ULJKW� HW�� DO� ������� PHQXQMXNDQ� EDKZD�
VHODLQ� GLSHQJDUXKL� ROHK� OXDVDQ� VXDWX�'$6�� $5)� MXJD�
GLSHQJDUXKL� � ROHK� EHVDUQ\D� LQWHQVLWDV� KXMDQ� \DQJ�
WHUMDGL� EHUVHUWD� GHQJDQ� EHVDU� SHULRGH� XODQJ� UHQFDQD�
KXMDQ�� 3HQGHNDWDQ� \DQJ� GLSHUROHK� VHVXDL� GHQJDQ�
3HUVDPDDQ��� 

  

'HQJDQ� QLODL� D� GDQ� E� GLVHVXDLNDQ� GHQJDQ� SHQJXNXUDQ�
KXEXQJDQ�KXMDQ�GDQ�OLPSDVDQ�SHUPXNDDQ�\DQJ�WHUFDWDW�
GDODP� VHODQJ� ZDNWX� WHUWHQWX�� 'LNDUHQDNDQ�
NRPSOHNVLWDV�\DQJ�WLQJJL�GDUL�PHWRGH�$5)�:ULJKW�GDQ�
NHWLGDNWHUVHGLDDQ�GDWD� LQWHQVLWDV� GL� EDQ\DN�SRV�KXMDQ��
PHWRGH�$5)�/HFOHUF�DNDQ�GLJXQDNDQ�GDODP�VWXGL�LQL� 

����6RLO�FRQVHUYDWLRQ�VHUYLFH-FXUYH�QXPEHU 

6RLO� &RQVHUYDWLRQ� 6HUYLFH-&XUYH� 1XPEHU� PHUXSDNDQ�
VDODK� VDWX� GDUL� EDQ\DN� PHWRGH� SHQGHNDWDQ� EHVDU�
LQILOWUDVL� \DQJ� WHUMDGL�� %HVDU� OLPSDVDQ� \DQJ�
GLEDQJNLWNDQ�WHUJDQWXQJ�SDGD�WLSH�WXWXSDQ�ODKDQ�� MHQLV�
WDQDK� �+\GURORJLF� 6RLO� *URXSV�� +6*V�� GDQ�
NDUDNWHULVWLN� '$6� �6RXOLV� 	� 9DOLDQW]DV�� ������� 1LODL�
SDUDPHWHU� &1� EHUYDULDVL� GDUL� �� –� ����� \DQJ� GDSDW�
GLKLWXQJ� VHFDUD� HPSLULV� DWDX� GDSDW� GLVHVXDLNDQ� GDUL�
QLODL� WDEHO� SHQHOLWLDQ� \DQJ� WHODK� GLODNXNDQ�� VHVXDL�
GHQJDQ� WXWXSDQ� ODKDQ� '$6� GDQ� NDUDNWHULVWLN� WDQDK��
\DQJ� DNDQ� GLSHQJDUXKL� ROHK� NHOHPEDEDQ� WDQDK��
3HQLODLDQ� NHOHPEDEDQ� WDQDK� PHPHUOXNDQ� PRGHO�
PDWHPDWLND� \DQJ� UXPLW� GLNDUHQDNDQ� GLSHQJDUXKL�
GLQDPLND� UXDQJ-ZDNWX� \DQJ� NRPSOHNV� GDQ�
PHPEXWXKNDQ� NRQWURO� ODSDQJDQ� \DQJ� NHWDW� GHQJDQ�
EHEHUDSD� SHQJXNXUDQ� VSHVLILN�� 'DODP� NXUXQ� ZDNWX�
WHUWHQWX�VHEHOXP�WHUMDGL�KXMDQ��YDULDEHO�KLGURORJL�\DQJ�
EHUODNX� GLVHEXW� VHEDJDL� DQWHFHGHQW� UDLQIDOO�� 9DULDEHO�
LQL�GLJXQDNDQ�XQWXN�PHQJNDUDNWHULVDVL�WDQDK�EDVDK�GDQ�
NRQGLVL� WDQDK� DZDO� VHEHOXP� SHULVWLZD� EDQMLU�� 8QWXN�
PHQ\HGHUKDQDNDQ� LPSOHPHQWDVL� NHOHPEDEDQ� WDQDK��
PDND� GLJXQDNDQ� LQGHNV� $0&� 6RLO� &RQVHUYDWLRQ�
6HUYLFH���3DROD�HW��DO������� 

����+LGURJUDI�VRLO�FRQVHUYDWLRQ�VHUYLFH-FXUYH�QXPEHU 

6RLO� &RQVHUYDWLRQ� 6HUYLFH-&XUYH� 1XPEHU� �6&6-&1��
PHUXSDNDQ� PHWRGH� \DQJ� XPXP� GLJXQDNDQ� XQWXN�
PHPSUHGLNVL� EHVDU� OLPSDVDQ� GDUL� NHMDGLDQ� KXMDQ�
WHUWHQWX�� GLNDUHQDNDQ� UHODWLI� VHGHUKDQD� QDPXQ� ZHOO-
HVWDEOLVKHG� NDUHQD� GDWD-GDWD� \DQJ� GLSHUOXNDQ� PXGDK�
GLGDSDW�� WHUGRNXPHQWDVLNDQ� GHQJDQ� EDLN�� VHUWD�
PHPSHUWLPEDQJNDQ�EHUEDJDL� IDFWRU�\DQJ�PHPSHQJDUXKL�
EDQJNLWDQ� OLPSDVDQ� GDQ� PHQJJDEXQJNDQQ\D� NHGDODP�
VDWX�SDUDPHWHU�WXQJJDO��6RXOLV�GDQ�9DOLDQW]DV������� 

%HEHUDSD� VLPXODVL� KLGURORJL� DNDQ� GLMDODQNDQ� GHQJDQ�
VHW�SDUDPHWHU�&1�\DQJ�EHUEHGD�GDQ�GHQJDQ�SDUDPHWHU�
VLPXODVL� ODLQ� EHUQLODL� NRQVWDQ�� 6LPXODVL� LQL�
PHQJKDVLONDQ� NXUYD� GHELW� XQWXN� VHWLDS� VNHQDULR� GDQ�
NRQGLVL� VDDW�� 3HUVDPDDQ� XPXP� EDQJNLWDQ� GHELW� \DQJ�
GLKDVLONDQ� GHQJDQ� PHWRGH� 6&6� GDSDW� GLOLKDW� SDGD�
3HUVDPDDQ��� 

  

GLPDQD�� 

4�  � GHELW��P�� 
3  � FXUDK�KXMDQ��P�� 
6�  � 3RWHQVL�PDNVLPXP�UHWHQVL�VHWHODK�WHUMDGL�GHELW� 
  �P���GDQ 
,D  � $EVWUDNVL�$ZDO��SHQGHNDWDQ�,D� ����6� 

'HQJDQ� SRWHQVL� PDNVLPXP� UHWHQVL� GLGHILQLVLNDQ�
VHEDJDL�IXQJVL�&1�VHEDJDLPDQD�SDGD�3HUVDPDDQ��� 

  

:DNWX�ODJ�\DQJ�WHUMDGL�GLGHNDWL�GHQJDQ�3HUVDPDDQ��� 

  

%DQJNLWDQ�GHELW�SXQFDN�GLGDSDW�GDUL�3HUVDPDDQ��� 

  

GLPDQD� 

W/  � :DNWX�ODJ��MDP�� 
/  � 3DQMDQJ�VDOXUDQ��NP�� 
,����  � .HPLULQJDQ�VDOXUDQ��P�P¶�� 
4S�  � GHELW�SXQFDN��FPV��� 
$�  � OXDV�'$6��NP���� 
4  � GHELW��PP���GDQ� 
)S�  � IDNWRU�SHQJDWXU�NRODP�UDZD 

3XQFDN� KLGURJUDI� VDWXDQ� \DQJ� WHUMDGL� GHQJDQ� PHWRGH�
6&6�GLGDSDW�GHQJDQ�3HUVDPDDQ��� 

  

GLPDQD�&� �NRQVWDQWD�NRQYHUVL 

����+(&�+06 

3HPRGHODQ� KLGURORJL� PHUXSDNDQ� EDJLDQ� SHQWLQJ� GDUL�
SURVHV� DQDOLVLV� KLGURORJL�� 3HPRGHODQ� PHPXQJNLQNDQ�
DQDOLVLV� \DQJ� GLODNXNDQ� PHQMDGL� OHELK� VHGHUKDQD� GDQ�
GLVHVXDLNDQ� GHQJDQ� NRQVHS-NRQVHS� WHRULWLV� GHQJDQ�
WLGDN� PHQJDEDLNDQ� SDUDPHWHU-SDUDPHWHU� SHQWLQJ� JXQD�
PHPSHUFHSDW� SURVHV� DQDOLVLV�� 6DODK� VDWX� SHUDQJNDW�
OXQDN� \DQJ� VHULQJNDOL� GLJXQDNDQ� GDODP� SHPRGHODQ�
KLGURORJL� DGDODK� +LGURORJLF� (QJLQHHULQJ� &HQWHU� –�
+LGURORJLF�0RGHOLQJ�6\VWHP���+(&-+06�GLNDUHQDNDQ�
NHEHUDJDPDQ�SLOLKDQ�PRGHO�\DQJ�GDSDW�GLJXQDNDQ�GDQ�
NHPXGDKDQ� SHQJJXQDDQ�� +(&-+06� GLGHVDLQ� XQWXN�
PHQVLPXODVLNDQ� SURVHV� KLGURORJL� GDUL�'$6� EHUEHQWXN�
GHQGULWLF� GHQJDQ� EHUEDJDL� SURVHGXU� DQDOLVLV� KLGURORJL�
NODVLN� PHOLSXWL� LQILOWUDVL�� XQLW� KLGURJUDI� GDQ�
SHQHOXVXUDQ� KLGURORJL�� 6HODLQ� GDSDW� PHPEDQJNLWNDQ�
KLGURJUDI�� SHUDQJNDW� OXQDN� LQL� MXJD� GDSDW� GLJXQDNDQ�
XQWXN� HVWLPDVL� SDUDPHWHU�� DQDOLVLV� NHGDODPDQ-OXDV��
SHUDPDODQ�DOLUDQ�GDQ�WUDQVSRW�HURVL�GDQ�VHGLPHQWDVL� 

+(&-+06�MXJD�PHPLOLNL�NHPDPSXDQ�OLJNXQJDQ�NHUMD�
WHULQWHJUDVL� PXODL� HQWUL� GDWD�� PHVLQ� SHUKLWXQJDQ� GDQ�
SHODSRUDQ�KDVLO�DQDOLVLV��+DVLO�VLPXODVL�\DQJ�WHUVLPSDQ�
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GDODP�'DWD�6WRUDJH�6\VWHP��'66��ELVD�GLJXQDNDQ�GHQJDQ�
SHUDQJNDW� OXQDN� ODLQ� XQWXN� NHEXWXKDQ� NHWHUVHGLDQ� DLU��
GUDLQDVH� SHUNRWDDQ�� SHUDPDODQ� DOLUDQ�� GDPSDN�XUEDQLVDVL�
NHGHSDQQ\D�� GLVDLQ� SHOLPSDK� ZDGXN� GDQ� RSHUVDL� VLVWHP�
VXPEHU�GD\D�DLU��+\GURORJLF�(QJLQHHULQJ�&HQWHU������ ���
3HUDQJNDW�LQL�DNDQ�GLJXQDNDQ�XQWXN�PHPRGHONDQ�UHVSRQ�
'$6� WHUKDGDS� KXMDQ� \DQJ� WHUMDGL� GDODP� KDVLO� KLGURJUDI�
OLPSDVDQ�� 3DUDPHWHU� '$6� DNDQ� GLNDOLEUDVL� VHODPD�
SHPRGHODQ� XQWXN� PHQGDSDW� NHWHSDWDQ� \DQJ� EDLN��
.HWHSDWDQ�PRGHO�DNDQ�GLXNXU�GHQJDQ���FDUD��\DLWX�1DVK�
6XWFOLIIH�(IILFLHQF\��16(��SDGD�3HUVDPDDQ����GDQ�5RRW�
0HDQ�6TXDUH�(UURU��506(��SDGD�3HUVDPDDQ���� 

 

 

 

 

���0HWRGRORJL 

3HQHOLWLDQ� LQL�GLGDVDUNDQ�SDGD�KDVLO�SUR\HNVL�SHPRGHODQ�
WXWXSDQ� ODKDQ� \DQJ� GLDQDOLVLV� PHODOWHUFDQWXP� GDODP�
5HQFDQD�7DWD�5XDQJ�:LOD\DK��575:��.DEXDWHQ�%RJRU��
WHSDWQ\D� GDODP� FDQJNXS� '$6� &LOLZXQJ�� 3HQHOLWLDQ� LQL�
WHUEDJL� GDODP� �� EDJLDQ� EHVDU� \DLWX� SHQJXPSXODQ� GDWD��
SHPRGHODQ� KLGURORJL� GDQ� DQDOLVLV� VHQVLWLYLWDV� EDQMLU�
WHUKDGDS�SHUXEDKDQ�WXWXSDQ�ODKDQ��0HWRGRORJL�SHQHOLWLDQ�
GDSDW�GLOLKDW�SDGD�*DPEDU���� 

���+DVLO�GDQ�3HPEDKDVDQ 

����$QDOLVLV�SHUXEDKDQ�WXWXSDQ�ODKDQ 

6HFDUD� NHVHOXUXKDQ� GDODP� NXUXQ� ZDNWX� ��� WDKXQ� VDMD�
NHVHLPEDQJDQ� OXDVDQ� DQWDUD� ODKDQ� SHUNHEXQDQ� GDQ�
SHPXNLPDQ� PHQJDODPL� NHWLPSDQJDQ� GHQJDQ� SHUEHGDDQ�
VHEHVDU� ����� /XDV� ODKDQ� NRVRQJ� PHQJODPL� SHUXEDKDQ�
\DQJ� EHVDU� SDGD� WDKXQ� ����� -� ����� QDPXQ� SDGD�ZDNWX�
VHODQMXWQ\D� KDQ\D� PHQJDODPL� SHQXUXQDQ� \DQJ� PLQRU��
-XPODK� OXDVDQ� KXWDQ� KDQ\D�PHQJDODPL� SHUXEDKDQ� \DQJ�
NHFLO� GDODP� UHQWDQJ� ZDNWX� LQL�� KDQ\D� VHNLWDU� ���� NP���

VHGDQJNDQ� SHUXEDKDQ� OXDVDQ� EDGDQ� DLU� PHQJDODPL�
SHQLQJNDWDQ� VHEHVDU� ���� \DQJ� GDSDW� GLVHEDENDQ� ROHK�
SHPEDQJXQDQ� HPEXQJ� DWDX�ZDGXN�� SHQDPEDKDQ� DOLUDQ�
LULJDVL�GDUL�VDZDK�PDXSXQ�ZDNWX�SHPHWDDQ�\DQJ�VHFDUD�
NHEHWXODQ�EHUVDPDDQ�GHQJDQ� WHUMDGLQ\D�EDQMLU�GL� ORNDVL�
ORNDVL�WHUWHQWX��'DODP�SHPHWDDQ�\DQJ�GLODNXNDQ�WHUOLKDW�
EDKZD� SHQXUXQDQ� ODKDQ� SHUNHEXQDQ� WLGDN� VHOXUXKQ\D�
VHFDUD� ODQJVXQJ� GLVHEDENDQ� ROHK� SHPEDQJXQDQ� ODKDQ�
SHPXNLPDQ�� GLPDQD� NHEDQ\DNDQ� GLODNXNDQ� SDGD� DUHD�
ODKDQ� NRVRQJ�� QDPXQ� VHEDOLNQ\D� WXWXSDQ� ODKDQ�
SHUNHEXQDQ� PHQJDODPL� WUDQVLVL� PHQMDGL� ODKDQ� NRVRQJ�
WHUOHELK�GDKXOX��6HFDUD�NHVHOXUXKDQ��SHUXEDKDQ�WXWXSDQ�
ODKDQ� GL� '$6�&LOLZXQJ� GLGRPLQDVL� ROHK� SHUWXPEXKDQ�
\DQJ� SHVDW� GDUL� OXDV� ZLOD\DK� SHPXNLPDQ� �XUEDQ� DUHD��
GDQ�SHQXUXQDQ�\DQJ� MXJD�FHSDW�SDGD� ODKDQ�SHUNHEXQDQ�
�DJULFXOWXUDO�DUHD��� 

6XE� '$6� 'HSRN� PHUXSDNDQ� ORNDVL� GLPDQD� GLQDPLND�
SHUXEDKDQ�ODKDQ�SDGD�'$6�&LOLZXQJ�PD\RULWDV�WHUMDGL��

NSE = 1-
σ ൫Yi

obs-Yi
sim൯

2
)n

i=1

σ ൫Yi
obs-Yi

mean൯
2n

i=1

  

RMSE =ඩ    ෍
൫Yi

obs − Yi
sim ൯

2

n
 

n

i=1

 

���� 

���� 

7DEHO����/XDV�WLDS�MHQLV�WXWXSDQ�ODKDQ�VXE�'$6�'HSRN 

1R -HQLV�7XWXSDQ 
���� ���� ���� 
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3HUXEDKDQ�SDGD�OXDVDQ�EDGDQ�DLU�\DQJ�VLJQLILNDQ�SDGD�
SHULRGH������GDQ������PHQJLQGLNDVLNDQ�SHPEDQJXQDQ�
EHEHUDSD� HPEXQJ�� EHQGXQJ� PDXSXQ� EHQGXQJDQ� SDGD�
ZLOD\DK� VXE� '$6� LQL�� 'DODP� NXUXQ� ZDNWX� ��� WDKXQ�
WHUMDGL� SHQLQJNDWDQ� OXDVDQ� SHPXNLPDQ� OHELK� GDUL� ���
NP�� DWDX� OHELK� GDUL� ���� VHUWD� WHUMDGL� SHQJXUDQJDQ�
OXDVDQ� SHUNHEXQDQ� VHEHVDU� ��� NP�� \DQJ� GLLNXWL� MXJD�
ROHK� SHQXUXQDQ� ODKDQ� NRVRQJ� VHEHVDU� ����� NP���
3HQXUXQDQ� NHFHSDWDQ� SHQLQJNDWDQ� OXDV� SHPXNLPDQ�
GDSDW� GLVHEDENDQ� ROHK� PHQXUXQQ\D� OXDVDQ� ZLOD\DK�
\DQJ�GDSDW�GLJXQDNDQ�VHEDJDL�ODKDQ�SHPXNLPDQ�EDUX��
'LQDPLND�SHUXEDKDQ�ODKDQ�SDGD�VXE�'$6�'HSRN�\DQJ�
GLGDSDWNDQ� GDUL� KDVLO� DQDOLVLV� PHWRGH� UHPRWH� VHQVLQJ�
ROHK� ƉĞŶĞůŝƟ� GDSDW� GLOLKDW� SDGD� 7DEHO� ��� 7DEHO� ���
*DPEDU���GDQ�*DPEDU��� 

3HQLQJNDWDQ� OXDV� ODKDQ� SHPXNLPDQ� \DQJ� GLLNXWL�
SHQXUXQDQ�OXDVDQ�KXWDQ�GDQ�SHUNHEXQDQ�PHQ\HEDENDQ�
QDLNQ\D� QLODL� &1� GDQ� NHNHGDSDQ� ODKDQ�� 'HQJDQ�
PHQJDQDOLVLV�OXDVDQ�WLDS�NDWHJRUL�WXWXSDQ�ODKDQ�GLGDSDW�
SDGD� WDKXQ� ����� VXE� '$6� 'HSRN� QLODL� &1� EHUQLODL�
�������SDGD�WDKXQ������EHUQLODL��������GDQ�SDGD������
EHUQLODL� ������� 'DODP� ��� WDKXQ� WHUDNKLU� WHUMDGL�
NHQDLNDQ� QLODL� &1� VHEHVDU� ���� SRLQ� GDQ� NHNHGDSDQ�
ODKDQ� VHEHVDU� ������ 0HODOXL� SHUKLWXQJDQ� GL� DWDV��
GLGDSDWNDQ� EDKZD� VHWLDS� SHQLQJNDWDQ� ��� NP�� ODKDQ�
SHPXNLPDQ� SDGD� '$6� &LOLZXQJ� PHQ\HEDENDQ�
NHQDLNDQ���SRLQ�QLODL�&1� 

����3UR\HNVL�SHUXEDKDQ�WXWXSDQ�ODKDQ 

5HQFDQD�SHUXEDKDQ�WXWXSDQ�ODKDQ�LQL�DNDQ�PHQJJXQDNDQ�
KDVLO�SUR\HNVL�GDUL�SHQHOLWLDQ�VHEHOXPQ\D�ROHK�0RH��HW�
DO�� GDQ� SHUHQFDQDDQ� \DQJ� WHODK� GLWXDQJNDQ� GDODP�
5HQFDQD� 7DWD� 5XDQJ� :LOD\DK� .RWD� 'HSRN� GDQ�
.DEXSDWHQ� %RJRU� GHQJDQ� PHQJDVXPVLNDQ� WLGDN�

DGDQ\D� SHUXEDKDQ� VHFDUD� VLJQLILNDQ� \DQJ� WHUMDGL� SDGD�
VXE� '$6� 0DQJJDUDL� GDQ� VXE� '$6� 0�� 7�� +DU\RQR��
$VXPVL� WLGDN� DGDQ\D� SHUXEDKDQ� LQL� EXNDQ� KDQ\D�
PHQJDEDLNDQ� NHPXQJNLQDQ� PHQLQJNDWQ\D� QLODL� &1�
SDGD�NHGXD�VXE�'$6�WHUVHEXW�QDPXQ�MXJD�PHQJDEDLNDQ�
DGDQ\D� SHPEHEDVDQ� ODKDQ� \DQJ� PHQ\HEDENDQ�
WXUXQQ\D� QLODL� &1�� 0RH�� HW� DO�� ������� PHPSUR\HNVL�
SHUWXPEXKDQ� SHQGXGXN� GDQ� SHUJHUDNDQ� SHUXEDKDQ�
WXWXSDQ� ODKDQ� GHQJDQ� PHPSHUKLWXQJNDQ� WUHQ� VHFDUD�
KLVWRULV� GDODP� EHEHUDSD� WDKXQ� WHUDNKLU� GHQJDQ�
PHPSHUWDKDQNDQ� NHFHSDWDQ� XUEDQLVDVL�� +DO-KDO� \DQJ�
SHUOX� GLSHUKDWLNDQ� GDODP� SUR\HNVL� LQL� DGDODK� SUHGLNVL�
LQL� PHQJDEDLNDQ� WHUMDGLQ\D� SHUWXPEXKDQ� VRVLDO�
PDXSXQ� SHUWXPEXKDQ� LQIUDVWUXNWXU�� 3UR\HNVL� WXWXSDQ�
ODKDQ� DNDQ� PHQJJXQDNDQ� WXWXSDQ� SDGD� WDKXQ� �����
\DQJ� WHODK� GLSUR\HNVLNDQ� GHQJDQ� PRGHO� 6/(87+��
575:�.RWD� 'HSRN� GDQ�.DEXSDWHQ� %RJRU� GLODLQ� VLVL�
PHPSHUKLWXQJNDQ� NDLWDQ� DQWDUD� EHUEDJDL� DVSHN� \DQJ�
EHUKXEXQJDQ� GHQJDQ� WXWXSDQ� ODKDQ�� VHSHUWL� ORNDVL�
SHPEDQJXQDQ� LQIUDVWUXNWXU-LQIUDVWUXNWXU� WHUWHQWX� GDQ�
SHPEDQJXQDQ� VRVLDO�� 'DODP� WHVLV� LQL� SUR\HNVL� \DQJ�

*DPEDU����7XWXSDQ�ODKDQ�'$6�&LOLZXQJ��D��WDKXQ�������E��WDKXQ�������GDQ��F��WDKXQ����� 

*DPEDU����3HUXEDKDQ�WXWXSDQ�ODKDQ�VXE�'$6�'HSRN 
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EHUDVDO�GDUL�575:�DNDQ�GLDQJJDS�VHEDJDL�NRQGLVL� LGHDO�
VHGDQJNDQ�SUR\HNVL� \DQJ� WHODK�GLDODNXNDQ�ROHK�0RH�� HW�
DO�� DNDQ� GLJXQDNDQ� VHEDJDL� SUHGLNVL� NRQGLVL� WXWXSDQ�
WHUEXUXN� VHKLQJJD� DNDQ� PHQJKDVLONDQ� GHELW� EDQMLU�
WHUEHVDU�� 3HWD�SUR\HNVL� WXWXSDQ� ODKDQ� VHUWD� OXDVDQ� ODKDQ�
WLDS�NDWHJRUL�GDSDW�GLOLKDW�SDGD�*DPEDU��� 

����3HPRGHODQ�GDQ�NDOLEUDVL�KLGURORJL 

3HPRGHODQ�GLODNXNDQ�GHQJDQ�PHPIRNXVNDQ�SHUKLWXQJDQ�
VXE-'$6� 'HSRN� NH� GDODP� �� VXE-'$6� �OXPSHG��� 7LWLN�
NRQWURO� NDOLEUDVL� GLOHWDNDQ� WHSDW� GL� WLWLN� SRV� GXJD� DLU�
$:/5� NRWD� 'HSRN�� ��� NLORPHWHU� GDUL� -DNDUWD� 6HODWDQ��
GHQJDQ� WLGDN� PHODNXNDQ� SHQHOXVXUDQ� GHELW� EDQMLU� GL�
VXQJDL�� 8QWXN� PHQGDSDWNDQ� NRQGLVL� NHOHPEDEDQ� WDQDK�
\DQJ� VHVXDL�� PDVLQJ-PDVLQJ� VLPXODVL� DNDQ� GLODNXNDQ�
GDODP���KDUL��GLPXODL�GDUL���KDUL�VHEHOXP�NHMDGLDQ�EDQMLU�
GDQ�EHUDNKLU�SDGD�KDUL�WHUMDGLQ\D�EDQMLU��,QWHQVLWDV�KXMDQ�
LQWHUYDO� �� MDPDQ� \DQJ� WHUFDWDW� SDGD� SRV� FXUDK� KXMDQ�
&LWHNR� DNDQ� GLJXQDNDQ� VHEDJDL� SHQGHNDWDQ� SHUVHQWDVH�
LQWHQVLWDV�KXMDQ�JDEXQJDQ��\DQJ� MLND� WLGDN� WHUVHGLD�DNDQ�
PHQJJXQDNDQ� SHQGHNDWDQ� LQWHQVLWDV� KXMDQ� ROHK� 0XWLD�
GDODP� %URWRZLU\DWPR� �������� 0RGHO� KLGURORJL� GDSDW�
GLOLKDW�SDGD�*DPEDU��� 

.DOLEUDVL� GLODNXNDQ� SDGD� � NHMDGLDQ� KXMDQ� \DQJ�
PHQJDNLEDWNDQ�EDQMLU�GL�-DNDUWD��NKXVXVQ\D�GLVHSDQMDQJ�
'$6�&LOLZXQJ�GDQ�PHPLOLNL� GDWD�KDULDQ�\DQJ� OHQJNDS�
GL� �� SRV� FXUDK� KXMDQ� \DQJ� GLJXQDNDQ�� 3DUDPHWHU�
NDOLEUDVL�GDQ�YDOLGDVL�\DQJ�GLJXQDNDQ�DGDODK�ZDNWX�ODJ�
GDQ�DEVWUDNVL�LQLVLDO��\DQJ�PDVLQJ�PDVLQJ�QLODL�DZDOQ\D�
GLWHWDSNDQ� ROHK� SHQGHNDWDQ� 'HSDUWHPHQ� $JULNXOWXU�
$PHULND�6HULNDW��86'$��GDQ�DNDQ�GLXEDK-XEDK�KLQJJD�
PHQGDSDWNDQ� QLODL� JDODW� WHUNHFLO�� 0HODOXL� SURVHV�
NDOLEUDVL� GDQ� YDOLGDVL� GLGDSDWNDQ� QLODL� ZDNWX� ODJ�
RSWLPXP� EHUQLODL� ����PHQLW� ����� MDP�� VHGDQJNDQ� QLODL�
DEVWDUN� LQLVLDO� DGDODK� VHEHVDU� ���6� VHVXDL� GHQJDQ�
HVWLPDVL�86'$��3HUEDQGLQJDQ�KLGURJUDI� KDVLO�NDOLEUDVL�
GDQ�KLGURJUDI�DNWXDO�GDSDW�GLOLKDW�SDGD�*DPEDU��� 

����6LPXODVL�EDQMLU�UHQFDQD 

3DUDPHWHU� \DQJ� VHFDUD� ODQJVXQJ� EHUXEDK� GHQJDQ�
EHUXKQ\D� QLODL� &1� DGDODK� NDSDVLWDV� LQILOWUDVL� WDQDK��
0HODOXL�*DPEDU���GDSDW�GLOLKDW�EDKZD�GHQJDQ�QDLNQ\D�
&1� VHEHVDU� �� SRLQ� �VHWDUD� GHQJDQ� SHUXEDKDQ� ��� NP��
KXWDQ� PDXSXQ� GDHUDK� SHUWDQLDQ� PHQMDGL� SHUXPDKDQ��
PHQ\HEDENDQ� SHQXUXQDQ� NDSDVLWDV� LQILOWUDVL� ODKDQ� GL�
VXE�'$6�'HSRN�VHEHVDU� -������GHQJDQ�SHUEHGDDQ�&1�

*DPEDU����3UR\HNVL�WXWXSDQ�ODKDQ�'$6�&LOLZXQJ�WDKXQ�������
D��575:�SURYLQVL��GDQ�E��WUHQG�SHUWXPEXKDQ 

*DPEDU����0RGHO�KLGURORJL�+HF+06 

*DPEDU����+DVLO�NDOLEUDVL�KLGURJUDI�EDQMLU��D�����$SULO�������E�����)HEUXDUL����� 

�D� �E� 
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HNVWULP� VHEHVDU� ����� DWDX� VHWDUD� GHQJDQ� SHUEHGDDQ�
LQILOWUDVL�KLQJJD����PP� 

3DGD�VLPXODVL�GHELW�EDQMLU�GL�'$6�'HSRN�GHQJDQ�NDOD�
XODQJ� ��� WDKXQ� \DQJ� WHODK� GLODNXNDQ�� GLKDVLONDQ� ��
PRGHO� KLGURJUDI�� GHELW� SXQFDN� ������ P��GW� XQWXN�
WXWXSDQ� ODKDQ� WDKXQ� ������ ���� P��� GW� XQWXN� WXWXSDQ�
ODKDQ�WDKXQ�����������P��GW�XQWXN�WXWXSDQ�ODKDQ�WDKXQ�
������ ������ P��GW� XQWXN� WXWXSDQ� ODKDQ� WDKXQ� �����
EHUGDVDUNDQ� 5HQFDQD� 7DWD� 5XDQJ�:LOD\DK� GDQ� ������
P�� �G� XQWXN� WXWXSDQ� ODKDQ� WDKXQ� ����� EHUGDVDUNDQ�
SUR\HNVL�WUHQ��0HODOXL�KDVLO�VLPXODVL�GLGDSDWNDQ�EDKZD�
SHQLQJNDWDQ� &1� VHEHVDU� �� SRLQW� � PHQ\HEDENDQ�
SHQLQJNDWDQ� GHELW� GL� VXE�'$6�'HSRN� VHEHVDU� �������
GHQJDQ�SHUEHGDDQ�&1�HNVWULP�VHEHVDU������DWDX�VHWDUD�
GHQJDQ� SHUEHGDDQ� GHELW� KLQJJD� ���� P��GW� DQWDUD�
WXWXSDQ� ODKDQ� SDGD� WDKXQ� ����� GDQ� ����-WUHQ��
0HPDWXKL� 5HQFDQD� 7DWD� 5XDQJ� :LOD\DK� \DQJ� WHODK�
GLUXPXVNDQ� DNDQ� PHPSHUODPEDW� SHUWXPEXKDQ� GHELW��
PHQJXUDQJL� NHPXQJNLQDQ� WHUMDGLQ\D� EDQMLU� GDQ�
PHQJXUDQJL�GDPSDN�EDQMLU��+DVLO�SHPRGHODQ�KLGURORJL�
GDSDW�GLOLKDW�SDGD�*DPEDU��� 

0HODOXL� KLGURJUDI� EDQMLU� \DQJ� WHODK� GLPRGHONDQ�
GLGDSDW� EHVDUQ\D� EDQJNLWDQ� YROXPH� OLPSDVDQ� EDQMLU�
XQWXN� WLDS� WXWXSDQ� ODKDQ�� YROXPH� OLPSDVDQ� VHEHVDU�
������ MXWD�P�� XQWXN� WXWXSDQ� ODKDQ� WDKXQ� ������ ������
MXWD�P��XQWXN�WXWXSDQ�ODKDQ�WDKXQ�������������MXWD�P��
XQWXN� WXWXSDQ� ODKDQ� WDKXQ� ������ ������ MXWD�P�� XQWXN�
WXWXSDQ� ODKDQ� WDKXQ� ����� EHUGDVDUNDQ� 5HQFDQD� 7DWD�
5XDQJ�:LOD\DK�GDQ�������MXWD�P��XQWXN�WXWXSDQ�ODKDQ�WDKXQ�
����� EHUGDVDUNDQ� SUR\HNVL� WUHQ��0HODOXL�*DPEDU� ���
GDSDW�GLOLKDW�EDKZD�GHQJDQ�QDLNQ\D�&1�VHEHVDU���SRLQ�
PHQ\HEDENDQ�NHQDLNDQ�EDQJNLWDQ�YROXPH�EDQMLU�GL�VXE�
'$6� 'HSRN� VHEHVDU� ������� GHQJDQ� SHUEHGDDQ� &1�

*DPEDU����3HUXEDKDQ�NDSDVLWDV�LQILOWUDVL�ODKDQ�DNLEDW�
SHUXEDKDQ�QLODL�&1 

*DPEDU����3HUEDQGLQJDQ�KLGURJUDI�SDGD�WLDS�WXWXSDQ�ODKDQ 

*DPEDU�����3HUXEDKDQ�EDQJNLWDQ�YROXPH�OLPSDVDQ�DNLEDW�
SHUXEDKDQ�QLODL�&1 

HNVWULP� VHEHVDU� ����� DWDX� VHWDUD� GHQJDQ� SHUEHGDDQ�
YROXPH�OLPSDVDQ�KLQJJD���MXWD�P�� 

���.HVLPSXODQ 

�� .DMLDQ� LQL�PHUXSDNDQ�XSD\D�XQWXN�PHPSHUNLUDNDQ�
GDPSDN� SHUXEDKDQ� WXWXSDQ� ODKDQ� WHUKDGDS�
EDQJNLWDQ� GHELW� SXQFDN� GDQ� YROXPH� EDQMLU� GL� VXE�
'$6�'HSRN��EDJLDQ�GDUL�'$6�&LOLZXQJ��,QGRQHVLD��
+(&-+06� GLJXQDNDQ� XQWXN� PHQJKDVLONDQ�
KLGURJUDI� EDQMLU� XQWXN� PHQJNDOLEUDVL� GDQ�
PHQGHVDLQ� GHELW� EDQMLU�� 8QWXN� PHPSHUNLUDNDQ�
GDPSDN�SHUXEDKDQ�WXWXSDQ�ODKDQ�\DQJ�WHUMDGL�PDND�
GLJXQDNDQ� +LGURJUDI� 6LQWHVLV� 6RLO� &RQVHUYDWLRQ�
6HUYLFH� �6&6�� EHVHUWD� PHWRGH� GLVWULEXVL� FXUDK�
KXMDQ�-DZD�%DUDW� 

�� 'XD� SUR\HNVL� SHUXEDKDQ� WXWXSDQ� ODKDQ� SDGD� WDKXQ�
����� \DQJ� EHUDVDO� GDUL� VWXGL� VHEHOXPQ\D� GDQ�
5HQFDQD� 7DWD� 5XDQJ� :LOD\DK� GLJXQDNDQ� XQWXN�
PHQJDQDOLVLV� GHELW� GHVDLQ�� $QDOLVLV� KLGURORJL�
PHQXQMXNNDQ�SHUXEDKDQ�WXWXSDQ�ODKDQ�EHUGDVDUNDQ�
WUHQ� WXWXSDQ� ODKDQ� \DQJ� WHUFDWDW� PHQ\HEDENDQ�
SHQLQJNDWDQ� GHELW� SXQFDN� GDQ� YROXPH� OLPSDVDQ�
SDGD�WDKXQ������PDVLQJ-PDVLQJ�VHEHVDU������P��GW�
������ GDQ� �� MXWD� P�� ������� 1DPXQ� GHPLNLDQ��
GHQJDQ�PHQJLNXWL�5HQFDQD�7DWD�5XDQJ�.DEXSDWHQ�
%RJRU�GDQ�VHNLWDUQ\D��SHQLQJNDWDQ�SHQJDUXK�EDQMLU�
WHUKDGDS� GHELW� SXQFDN� GDQ� YROXPH� OLPSDVDQ� GDSDW�
GLPLQLPDOLVLU� � KLQJJD� EHUWXUXW-WXUXW� VHEHVDU� �����
P��GW���������GDQ������MXWD�P�����������6HWLDS����
NP�� NDZDVDQ� KXWDQ� DWDX� SHUWDQLDQ� \DQJ� GLXEDK�
PHQMDGL�NDZDVDQ�SHUNRWDDQ�DWDX� WDQDK�NRVRQJ��GHELW�
SXQFDN� EDQMLU� GDQ� YROXPH� OLPSDVDQ� PHQLQJNDW�
PDVLQJ-PDVLQJ�VHEHVDU�������GDQ������� 

�� +DVLO� VWXGL� LQL� PHQXQMXNNDQ� EDKZD� VWXGL� OHELK�
ODQMXW� \DQJ� OHELK� ULQFL� WHQWDQJ� GDPSDN� SHUXEDKDQ�
/8/&�WHUKDGDS�EDKD\D�EDQMLU�GLSHUOXNDQ��WHUXWDPD�
GL� GDHUDK� NRWD� -DNDUWD�� 6WXGL� LQL� DNDQ� VDQJDW�
SHQWLQJ� GDODP� SHUHQFDQDDQ� WDWD� UXDQJ� GDQ� GDSDW�
PHQXQMXNNDQ� GDHUDK-GDHUDK� \DQJ� VDDW� LQL� WHODK�
UDZDQ�EDQMLU�DWDX�EHUSRWHQVL�PHQMDGL�GDHUDK�UDZDQ�
EDQMLU� �GLNDUHQDNDQ� SHQLQJNDWDQ� DOLUDQ� \DQJ�
GLVHEDENDQ� ROHK� SHUXEDKDQ� WXWXSDQ� ODKDQ�� VHUWD�
PHQMDGL�DFXDQ�VDVDUDQ�SHUHQFDQDDQ�SHQJHPEDQJDQ�
SHUPXNLPDQ� GL� PDVD� GHSDQ�� .DZDVDQ-NDZDVDQ�
GHQJDQ� SRWHQVL� UDZDQ� WHUVHEXW� KDUXV� PHQMDGL�
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SHUWLPEDQJDQ� NKXVXV� GDODP� SHPEHQWXNDQ� NHELMDNDQ�
WDWD� UXDQJ� XQWXN� PHQJKLQGDUL� NHUXJLDQ� HNRQRPL� GL�
PDVD�PHQGDWDQJ� 

8FDSDQ�7HULPD�.DVLK 

3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� DWDV� GXNXQJDQ� \DQJ�
GLEHULNDQ� ROHK� /HPEDJD� 3HQHOLWLDQ� GDQ� 3HQJDEGLDQ�
0DV\DUDNDW� ,QVWLWXW� 7HNQRORJL� %DQGXQJ� PHODOXL� 5LVHW�
.HORPSRN� .HDKOLDQ� .DWHJRUL� %� �5LVHW� ..� %�� 7DKXQ�
����� �5LVHW�..�%��GHQJDQ� MXGXO� ³3HPRGHODQ�+LGURORJL�
GDQ�+LGUDXOLN�7HULQWHJUDVL�XQWXN�3UHGLNVL�%DKD\D�%DQMLU�
DNLEDW� 3HUXEDKDQ� 7DWD� *XQD� /DKDQ� GL� '$6� &LOLZXQJ�
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