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WHUXWDPD�WHPDQ�\DQJ�GLNDPSXV�JUXE�FXPODXGH��NHUMD�SUDNWHN��GDQ�JUXE�VNULSVL�
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PHQ\HOHVDLNDQ�VNULSVL�LQL�³



Y

$%675$.

3HQHOLWLDQ� LQL� EHUWXMXDQ�XQWXN�PHQJDQDOLVLV� QLODL� SHUPHDELOLWDV��SRURVLWDV��
GDQ� ODMX� LQILOWUDVL� SDGD� EHWRQ� SRURXV� GHQJDQ�PHPDQIDDWNDQ� DJUHJDW� EXDWDQ� GDUL�
OLPEDK�SODVWLN�SRO\SURS\OHQH�GDQ� IO\�DVK��3HPDQIDDWDQ�NHGXD� OLPEDK� LQL� VHEDJDL�
EDKDQ� EDQJXQDQ� EHUWXMXDQ� PHQJXUDQJL� SHQFHPDUDQ� OLQJNXQJDQ� VHNDOLJXV�
PHQJKDVLONDQ� EHWRQ� \DQJ� UDPDK� OLQJNXQJDQ�� 3HQHOLWLDQ� GLODNXNDQ� GL�
/DERUDWRULXP�7HNQLN�6LSLO�8QLYHUVLWDV�7ULGLQDQWL� GHQJDQ� WLJD� YDULDVL� FDPSXUDQ��
���DJUHJDW�EXDWDQ������DJUHJDW�EXDWDQ��VHUWD������DJUHJDW�EXDWDQ��

+DVLO� SHQJXMLDQ� PHQXQMXNNDQ� EDKZD� FDPSXUDQ� ���� DJUHJDW� EXDWDQ�
PHQJKDVLONDQ� SHQLQJNDWDQ� SHUPHDELOLWDV� VHEHVDU� ������ GDQ� SRURVLWDV� VHEHVDU�
�������� VHUWD� ODMX� LQILOWUDVL� VHEHVDU ������� GLEDQGLQJNDQ� GHQJDQ� EHWRQ� SRURXV�
WDQSD�DJUHJDW�EXDWDQ��6HPHQWDUD�LWX��SDGD�FDPSXUDQ������DJUHJDW�EXDWDQ�WHUMDGL�
SHQXUXQDQ� SHUPHDELOLWDV� VHEHVDU� �������� SRURVLWDV� PHQMDGL� �������� GDQ� ODMX�
LQILOWUDVL�PHQXUXQ�VHEHVDU���������3HQXUXQDQ� LQL�GLVHEDENDQ�ROHK� EHUNXUDQJQ\D�
URQJJD� GDODP� EHWRQ� DNLEDW� WHUMDGLQ\D� VHJUHJDVL�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ�
EDKZD� SHQJJXQDDQ� OLPEDK� SRO\SURS\OHQH� GDQ� IO\� DVK� VHEDJDL� DJUHJDW� EXDWDQ�
GDSDW�PHQLQJNDWNDQ�NLQHUMD�EHWRQ�SRURXV�VHFDUD�RSWLPDO�SDGD�SURSRUVL�FDPSXUDQ�
WHUWHQWX�� NKXVXVQ\D� XQWXN� LQIUDVWUXNWXU� EHUGD\D� VHUDS� WLQJJL� GDQ� EHULQWHQVLWDV�
EHEDQ�UHQGDK�

.DWD�.XQFL���%HWRQ�3RURXV��$JUHJDW�%XDWDQ��3RO\SURS\OHQH�GDQ��)O\�$VK�
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5HVHDUFK� 7KLV� UHVHDUFK� DLPV� WR� DQDO\]H� WKH� SHUPHDELOLW\�� SRURVLW\�� DQG�
LQILOWUDWLRQ�UDWH�RI�SRURXV�FRQFUHWH�XVLQJ�DUWLILFLDO�DJJUHJDWHV�IURP�SRO\SURS\OHQH�
SODVWLF�ZDVWH�DQG�IO\�DVK��7KH�XVH�RI�WKHVH�WZR�ZDVWHV�DV�EXLOGLQJ�PDWHULDOV�DLPV�
WR� UHGXFH� HQYLURQPHQWDO� SROOXWLRQ� ZKLOH� SURGXFLQJ� HQYLURQPHQWDOO\� IULHQGO\�
FRQFUHWH�� 7KH� UHVHDUFK� ZDV� FRQGXFWHG� DW� WKH� &LYLO� (QJLQHHULQJ� /DERUDWRU\� RI�
7ULGLQDQWL�8QLYHUVLW\�ZLWK�WKUHH�PL[WXUH�YDULDWLRQV�����DUWLILFLDO�DJJUHJDWH������
DUWLILFLDO�DJJUHJDWH��DQG������DUWLILFLDO�DJJUHJDWH��

7KH�WHVW�UHVXOWV�VKRZHG�WKDW�WKH�����DUWLILFLDO�DJJUHJDWH�PL[WXUH�UHVXOWHG�
LQ� DQ� LQFUHDVH� LQ� SHUPHDELOLW\� RI� ������DQG�SRURVLW\� RI� �������� DV�ZHOO� DV� DQ�
LQILOWUDWLRQ� UDWH� RI� ������� FRPSDUHG� WR� SRURXV� FRQFUHWH� ZLWKRXW� DUWLILFLDO�
DJJUHJDWH�� 0HDQZKLOH�� LQ� WKH� ����� DUWLILFLDO� DJJUHJDWH� PL[WXUH�� WKHUH� ZDV� D�
GHFUHDVH�LQ�SHUPHDELOLW\�RI���������SRURVLW\� WR���������DQG�DQ�LQILOWUDWLRQ�UDWH�
GHFUHDVHG�E\���������7KLV�GHFUHDVH�ZDV�FDXVHG�E\�WKH�UHGXFWLRQ�RI�YRLGV�LQ�WKH�
FRQFUHWH� GXH� WR� VHJUHJDWLRQ�� 7KH� UHVXOWV� RI� WKH� VWXG\� VKRZ� WKDW� WKH� XVH� RI�
SRO\SURS\OHQH� ZDVWH� DQG� IO\� DVK� DV� DUWLILFLDO� DJJUHJDWHV� FDQ�RSWLPDOO\� LPSURYH�
WKH�SHUIRUPDQFH�RI�SRURXV�FRQFUHWH�DW�FHUWDLQ�PL[WXUH�SURSRUWLRQV��HVSHFLDOO\�IRU�
KLJK�DEVRUSWLRQ�DQG�ORZ�ORDG�LQWHQVLW\�LQIUDVWUXFWXUH�

.H\ZRUG���3RURXV�&RQFUHWH��$UWLILFLDO�$JUHJDWH��3RO\SURS\OHQH���)O\�$VK�



YLL

.$7$�3(1*$17$5

3XML�V\XNXU�DWDV�NHKDGLUDW�$OODK�6:7�DWDV�VHJDOD�UDKPDW�GDQ�EHHUNDW�Q\D��

VKRODZDW� VHUWD� VDODP� NHSDGD� MXMXQJDQ� NLWD� 1DEL� 0XKDPDG� 6$:�� 6HKLQJJD�

SHQXOLV�GDSDW�PHQ\HOHVDLNDQ�ODSRUDQ�VNULSVL SUDNWHN�EHUMXGXO��

³$QDOLVLV� 3HUPHDELOLWDV�� 3RURVLWDV�� GDQ� /DMX� ,QILOWUDVL� %HWRQ� 3RURXV�

0HQJJXQDNDQ�$JUHJDW�%XDWDQ�3RO\SURS\OHQH�GDQ�)O\�$VK´

3HQ\XVXQDQ� ODSRUDQ� VNULSVL� LQL� GLEXDW� XQWXN� PHPHQXKL� SHUV\DUDWDQ�

NXULNXOXP� SDGD� 3URJUDP� 6WXGL� 7HNQLN� 6LSLO� )DNXOWDV� 7HNQLN� 8QLYHUVLWDV�

7ULGLQDQWL� XQWXN� PHQ\HLPEDQJNDQ� DQWDUD� WHRUL� GL� EDQJNX� SHUNXOLDKDQ� GHQJDQ�

SHUPDVDODKDQ�SHUPDVDODKDQ�\DQJ�WHUMDGL�

8FDSDQ�WHULPD�NDVLK�NDPL�VDPSDLNDQ�NHSDGD�,EX�'U��$QL�)LUGD��6�7��0�7�

6HODNX� 'RVHQ� 3HPELPELQJ� ,� GDQ� %DSDN� ,U�� 6\DKUXO� )XDG�� 0�7� \DQJ� WHODK�

PHPEDQWX� VHUWD� PHPELPELQJ GHQJDQ� WXOXV� GDQ� LNKODV� GDODP� PHQ\HOHVDLNDQ�

ODSRUDQ�.VNULSVL�LQL��.DPL�PHQ\DPSDLNDQ�XFDSDQ�WHULPD�NDVLK�\DQJ�WDN�WHUKLQJJD�

NHSDGD�

�� <WK��%DSDN�3URI��'U��,U��(GL]DO�$(��0�6��6HODNX�5HNWRU�8QLYHUVLWV�7ULGLQDQUWL

�� <WK�� ,EX�'U��$QL� )LUGD�� 6�7��0�7� VHODNX�'HNDQ� )DNXOWDV�7HNQLN�8QLYHUVLWDV�

7ULGLQDQWL�

�� <WK�� 5HQL� $QGD\DQL� 6�7��0�7�� VHODNX� .HWXD� 3URJUDP� 6WXGL� 7HNQLN� 6LSLO�

8QLYHUVLWDV�7ULGLQDQWL�3DOHPEDQJ�

�� <WK��6HOXUXK�'RVHQ�7HNQLN�6LSLO�8QLYHUVLWDV�7ULGLQDQWL�DWDV� LOPX�\DQJ� WHODK�

GLEHUNDQ�
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�� 7HULVWLPHZD�� VD\D� SHUVHPEDKNDQ� NHSDGD� NHGXD� RUDQJ� WXD \DQJ� WHODK�

PHPEHULNDQ�VXSRUW� WLDGD� KHQWL��NDUHQD� EHUNDW�GR¶D� \DQJ� WLDGD�KHQWL� VHKLQJJD�

SHQXOLV�PDPSX�PHQ\HOHVDLNDQ�ODSRUDQ�VNULSVL�EDKNDQ�PDPSX�PHQ\HOHVDLNDQ�

VHPXD�WDQWDQJDQ�\DQJ�DGD�

�� .HOXDUJD� EHVDU�� DGLN�DGLN� WHUFLQWD�� NDNHN� GDQ� QHQHN�� <DQJ� PHQMDGL

SHQ\HPDQJDW�SHQXOLV�GDODP�PHQ\HOHVDLNDQ� ODSRUDQ�VNULSVL� WHUXWDPD�DOP��$OL�

ELQ� $PDW� �DOP�� \DQJ� WHODK� PHPEDQWX� SHQXOLV� VHODPD EHUSHQGLGLNDQ� GDVDU��

PHQHQJDK��GDQ�DWDV�

�� 2UDQJ�RUDQJ�EDLN��\DQJ�WLGDN�VD\D�VHEXWNDQ�VDWX�SHUVDWX�\DQJ�WHODK�PHPEDQWX�

SHQXOLV�VHODPD�GDODP�SURVHV�SHUNXOLDKDQ�EDLN�\DQJ�PDVLK�EHUVDPD�DWDX�\DQJ�

VXGDK� MDUDQJ� EHUWHPX� NDUHQD� EHUNDW� NDOLDQ� SHQXOLV� PDPSX� VHSHUWL� VHNDUDQJ��

3HQXOLV�WLGDN�DNDQ�SHUQDK�PHOXSDNDQ�MDVD�NDOLDQ�

�� 6HOXUXK� WHPDQ� VHSHUMXDQJDQ� GL� 8QLYHUVLWDV� 7ULGLQDQWL� WHUXWDPD� DQJNWDQ� ��

NHODV� VRUH� \DQJ� PHPEDQWX� PHQ\HOHVDLNDQ� WXJDV�WXJDV� \DQJ� EHUSHUDQ� GDODP�

PHQJKLEXU� PHPEDQWX GDQ� WHODK� PHPEHULNDQ� EDQ\DN� VHNDOL� EHUEDJDL�

SHQJDODPDQ�

�� 2ZQHU�GDQ�WHPDQ GLWHPSDW�EHNHUMD�EDLN�WHPSDW�EHNHUMD�\DQJ�EDUX�DWDX�\DQJ�

VXGDK� MDGL� SHQJDODPDQ� \DQJ� PHPEDQWX SHQXOLV� VHODPD� SURVHV� SHUNXOLDKDQ��

PHPEDQWX�GDODP�SHNHUMDDQ�GOO�

��� 'DQ� \DQJ� WHUDNKLU� XQWXN� GLUL� VHQGLUL� \DQJ� VXGDK�PDPSX� EHUWDKDQ� VHMDXK� LQL�

DWDV� VHJDOD� ULQWDQJDQ�� 7DQSD� VHGLNLW� PHQJXUDQJL� UDVD� V\XNXU� DWDV� DWDV� GLUL�

VHQGLUL�GDQ�VHMDXK�LQL�
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'DODP� SHQ\XVXQDQ VNULSVL�� SHQXOLV� PHQ\DGDGDUL� PDVLK� � EDQ\DN�

NHNXUDQJDQ�XQWXN� LWX� VDQJDW� GLKDUDSNDQ�NULWLN� GDQ� VDUDQ� \DQJ�GDUL� VHPXD�SLKDN�

XQWXN� NHVHPSXUQDDQ� GLNPXGLDQ� KDUL�� DNKLUQ\D� KDQ\D� NHSDGD� $//$+� 6:7�

SHQXOLV� EHUVHUDK� GLUL� GDQ� VHPRJD� VNULSVL� LQL� EHUJXQD� EDJL� SDUD� SHPEDFD� GDQ�

WHUXWDPD�EDJL�SHQXOLV�VHQGLUL�

3DOHPEDQJ�����6HSWHPEHU�����
3HQXOLV
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���� /DWDU�%HODNDQJ

3HUWXPEXKDQ� SHQGXGXN� GDUL� WDKXQ� NHWDKXQ� VHPDNLQ� PHQLQJNDW� VHKLQJJD�

DNDQ�PHQJDNLEDWNDQ�PHQLQJNDWQ\D�MXPODK�OLPEDK�GL�PDV\DUDNDW�WHUXWDPD�OLPEDK�

SODVWLN� GDQ� OLPEDK� EDWXEDUD�� /LPEDK� SODVWLN� LQL� GDSDW� PHQLPEXONDQ� EHUEDJDL�

PDFDP�SHUPDVDODKDQ�VHSHUWL�VHSHUWL�SHQ\XPEDWDQ�DLU�GDQ�DOLUDQ�VXQJDL� VHKLQJJD

PHQ\HEDENDQ� EDQMLU �%XGKL� ,QGUDZLMD\D� HW� DO� �������� 6DODK� VDWX� MHQLV� OLPEDK�

SODVWLN�WHUVHEXW�\DLWX�SODVWLN�3RO\SURS\OHQH �33� \DQJ�EDQ\DN�GLWHPXNDQ�

3ODVWLN� SRO\SURS\OHQH� DGDODK� MHQLV� SODVWLN� \DQJ� WHUGDSDW� SDGD� VHGRWDQ�

PLQXPDQ�� DTXD� JHODV�� GDQ� VHQGRN� SODVWLN� �0XKDPPDG� <D]LG� HW� DO� ��������

%DQ\DNQ\D� DNWLYLWDV� LQGXVWUL�� UXPDK� WDQJJD�� GDQ� NRQVXPVL� PDV\DUDNDW� \DQJ�

PHQJKDVLONDQ� SODVWLN� WHUVHEXW� VHPDNLQ� PHPSHUEXUXN� NRQGLVL� OLQJNXQJDQ� \DQJ�

PHQ\HEDENDQ�SHQFHPDUDQ� OLQJNXQJDQ�\DQJ�PHUXJLNDQ�HNRVLVWHP�GDQ�NHVHKDWDQ�

PDV\DUDNDW� �(OVH� $XYL� 'DOLOODK� ������� 3ODVWLN� SRO\SURS\OHQH� PHPLOLNL�

NDUDNWHULVWLN�NXDW�GDQ� ULQJDQ�� WDKDQ� WHUKDGDS�VXKX�\DQJ� WLQJJL��GD\D� WHPEXV�XDS�

NHFLO�� IOHNVLEHO�� WLGDN�PXGDK� UXVDN��PHPLOLNL�ZDUQD \DQJ�EHUYDULDVL� �$QG\�/DWLI�

6DIUXGLQ� HW� DO� ������� 6HKLQJJD SODVWLN VXOLW� WHUXUDL� GDQ� GLKDQFXUNDQ� ROHK�

PLNURRUJDQLVPH��EDKNDQ�VDPSDK�PHPHUOXNDQ�ZDNWX�UDWXVDQ�WDKXQ�EDKNDQ�ULEXDQ�

WDKXQ�XQWXN�WHUXUDL�NH�EXPL��*XVW\�HW�DO��������

'L� VLVL� ODLQ�� IO\ DVK VLVD�SHPEDNDUDQ�GDUL�SHPEDQJNLW� OLVWULN�DWDX� LQGXVWUL�

\DQJ� PHQJJXQDNDQ� EDKDQ� EDNDU� EDWX� EDUD� � \DQJ� VHPDNLQ� PHQLQJNDW� GDSDW�



�

PHQ\HEDENDQ� SHQFHPDUDQ� WDQDK� GDQ� XGDUD�� 3HQJHORODDQ� OLPEDK� SODVWLN� GDQ� IO\

DVK \DQJ� NXUDQJ� HIHNWLI� GDUL� SHPHULQWDK� GDQ� NXUDQJQ\D� NHVDGDUDQ PDV\DUDNDW�

VHPDNLQ�PHPSHUEXUXN�NRQGLVL�LQL �.XVGL\DQR�HW�DO��������

'HQJDQ�VHPDNLQ�WLQJJL�YROXPH�OLPEDK�SODVWLN�3RO\SURS\OHQH �33��GDQ�IO\

DVK�PHQMDGL�SHUPDVDODKDQ \DQJ�SHUOX�VHJHUD�GLDWDVL��3HPHULQWDK� PDV\DUDNDW��GDQ�

VHNWRU�VZDVWD�KDUXV�EHNHUMD� VDPD�XQWXN�PHQJXUDQJL�GDPSDN�QHJDWLI�GDUL� OLPEDK�

WHUVHEXW��'HQJDQ�PHPDQIDDWNDQ� OLPEDK�SODVWLN� GDQ� IO\� DVK DVK�PHQMDGL� DJUHJDW�

NDVDU� VHEDJDL� PDWHULDO� EHWRQ�� 0HQXUXW� 61,� ����������� EHWRQ� PHUXSDNDQ�

NRPELQDVL�GDUL�VHPHQ�3RUWODQG�DWDX� MHQLV� VHPHQ�KLGUROLN� ODLQQ\D��DJUHJDW�NDVDU��

DJUHJDW� KDOXV�� VHUWD� DLU�� \DQJ�PXQJNLQ� MXJD�PHQFDNXS�EDKDQ� WDPEDKDQ� ODLQQ\D��

\DQJ�GLJXQDNDQ�XQWXN�PHPEHQWXN�VWUXNWXU�SDGDW�

%HWRQ�PHPLOLNL� NHXQJJXODQ� \DLWX�PHPLOLNL� NXDW� WHNDQ� \DQJ� WLQJJL�� OHELK�

WDKDQ� WHUKDGDS� DSL� GLEDQGLQJNDQ� GHQJDQ� EDMD�� 6HODLQ� LWX�� EHWRQ� PHPOLNL� XPXU�

SDNDL�\DQJ�SDQMDQJ�GHQJDQ�ELD\D�SHUDZDWDQ�\J�UHODWLI� OHELK UHQGDK��0DWHULDO� LQL�

MXJD� GDSDW� GLFHWDN� GDODP� EHUEDJDL� EHQWXN� SHQDPSDQJ� GDQ� WLGDN� PHPHUOXNDQ�

EDQ\DN�WHQDJD�NHUMD�WHUDPSLO�EHUNXDOLILNDVL�WLQJJL�GDODP�SURVHV�SHNHUMDDQ\D��$QL�

)LUGD�HW�DO���������3HQJJXQDDQ�PDWHULDO�EHWRQ�SDGD�EDQJXQDQ�MDODQ�PHQ\HEDENDQ�

SHQLQJNDWDQ� OLPSDVDQ� DLU� GDQ� PHQJXUDQJL� SURVHV� LQILOWUDVL� DLU� NHGDODP� WDQDK��

$NLEDWQ\D� PXND� DLU� WDQDK� PHQXUXQ� PHQ\HEDENDQ� JHQDQJDQ� DLU� DWDX� EDQMLU�

WHUXWDPD� SDGD� VDDW� PXVLP� KXMDQ�� 8QWXN� PHQJDWDVL� PDVDODK� WHUVHEXW� VDODK� VDWX�

LQRYDVL�WHUEDUX�GDODP�WHNQRORJL�EHWRQ�DGDODK�GHQJDQ�PHQJJXQDNDQ�EHWRQ�SRURXV�

%HWRQ�SRURXV� LQL�PHPLOLNL� URQJJD�XQWXN�PHQLQJNDWNDQ�SHUPHDELOLWDV�DLU��

0HQMDGLNDQ� VROXVL� \DQJ� HIHNWLI� XQWXN� SHQJXUDQJDQ� OLPSDVDQ� DLU� SHUPXNDDQ��
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%HWRQ� SRURXV� VHULQJ� GLJXQDNDQ� XQWXN� VDOXUDQ� GUDLQDVH�� PHGLD� LQILOWUDVL�� GDQ�

LQIUDVWUXNWXU� EHUNHODQMXWDQ� XQWXN� PHQJDWDVL� WDQWDQJDQ� OLQJNXQJDQ� DNLEDW�

XUEDQLVDVL�GDQ�SHUXEDKDQ�LNOLP��:LOOL\�6DQWRVR�HW�DO��������

3RURVLWDV� \DQJ� WLQJJL� SDGD� EHWRQ�� DNDQ� PHQ\HEDENDQ� SHQXUXQDQ NXDW�

WHNDQ VHLULQJQ\D�GHQJDQ�WLQJJLQ\D�SRURVLWDV��NDUHQD�VHPNLQ�EDQ\DN�URQJJD�\DQJ�

DGD� GDODP� EHWRQ� 6HPDNLQ� VHUDJDP� XNXUDQ� DJUHJDW� PDND� VHPDNLQ� WLQJJL�

SHUPHDELOLWDVQ\D�� 6HPDNLQ� EHVDU� DJUHJDW� \DQJ� GLJXQDNDQ� VHPDNLQ� EHVDU� MXJD

URQJJD�\DQJ�WHUEHQWXN��VHKLQJJD�NHPDPSXDQ�ODMX�LQILOWUDVL�DLU�DNDQ VHPDNLQ�EHVDU�

�6DPVXO�HW�DO��������

6HEOXPQ\D� WHODK� GLODNXNDQ� SHQHOLWLDQ� 3HQDPEDKDQ� IO\ DVK� GDQ� SODVWLN�

SDGD�EHWRQ�PHPLOLNL�GDPSDN�SRVLWLI�EDJL�OLQJNXQJDQ�KDVLO�SHQHOLWLDQ�PHQXQMXNDQ�

EDKZD�NXDW�WHNDQ�GDQ�NXDW�OHQWXU�PD[LPXP�GLSHUROHK�SDGD�FDPSXUDQ�����IO\�DVK

GDQ�VHUDW�ERWRO�SODVWLN ���PHPLOLNL�NHNXDWDQ� WHNDQ�������0SD��+DVLO�SHQJXMLDQ�

NXDW�WHNDQ�EHWRQ�GLODNXNDQ�SDGD�VDDW�EHWRQ�EHUXPXU����KDUL��PXWX�KDVLO�SHQJXMLDQ�

EHWRQ�SRURXV WHODK�PHPHQXKL�QLODL�NXDW�WHNDQ��$VWLDK�$PLU�HW�DO��������

%HUGDVDUNDQ� ODWDU� EHODNDQJ� \DQJ� SHQXOLV� MHODVNDQ� GLDWDV� PDND� SHQHOLWLDQ�

GHQJDQ� MXGXO� ³$QDOLVLV� 3HUPHDELOLWDV�� 3RURVLWDV�� GDQ� /DMX� ,QILOWUDVL� %HWRQ�

3RURXV 0HQJJXQDNDQ� $JUHJDW� %XDWDQ�3RO\SURS\OHQH� GDQ�)O\� $VK´ SHQWLQJ�

GLODNXNDQ� XQWXN� PHQJXUDQJL� OLPEDK� SODVWLN� SRO\SURS\OHQH GDQ� IO\ DVK� GL� NRWD�

SDOHPEDQJ�NDUHQD�SODVWLN�SRO\SURS\OHQH�\DQJ�VXOLW�WHUXUDL�GDQ�OLPEDK�IO\ DVK�\DQJ�

VHPDNLQ� PHQLQJNDW� GDSDW� PHQ\HEDNDQ� SHQFHPDUDQ� WDQDK� GDQ� XGDUD
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���� 5XPXVDQ�0DVDODK

%HUGDVDUNDQ� ODWDU� EHODNDQJ� PDVDODK� PDND� GDSDW� GLDPELO� VXDWX� UXPXVDQ�

PDVDODK�\DLWX��

�� %DJDLPDQD� SHUPHDELOLWDV EHWRQ� SRURXV \DQJ� PHQJJXQDNDQ� DJUHJDW� EXDWDQ�

SODVWN�SRO\SURS\ODQH�GDQ�IO\ DVK SDGD�EHWRQ"

�� %DJDLPDQD�SRURVLWDV�EHWRQ�SRURXV \DQJ�PHQJJXQDNDQ�DJUHJDW�EXDWDQ�SODVWLN�

SRO\SURS\OHQH�GDQ�IO\�DVK SDGD�EHWRQ"

�� %DJDLPDQD�ODMX�LQILOWUDVL�EHWRQ�SRURXV \DQJ�PHQJJXQDNDQ�IO\ DVK GDQ�SODVWLN

SRO\SURS\OHQH SDGD EHWRQ"

���� 7XMXDQ

7XMXDQ�SHQHOLWLDQ�DGDODK�

�� 8QWXN� PHQJDQDOLVLV SHUPHDELOLWDV� EHWRQ� SRURXV \DQJ� PHQJJXQDNDQ� IO\ DVK�

GDQ�SODVWLN�SRO\SURS\OHQH VHEDJDL�DJUHJDW�NDVDU�SDGD�EHWRQ�

�� 8QWXN� PHQJDQDOLVLV SRURVLWDV� EHWRQ� SRURXV \DQJ� PHQJJXQDNDQ� IO\� DVK� GDQ�

SODVWLN�SRO\SURS\OHQH�VHEDJDL�DJUHJDW�NDVDU�SDGD�EHWRQ�

�� 8QWXN�PHQJDQDOLVLV�ODMX�LQILOWUDVL�EHWRQ�SRURXV \DQJ�PHQJJXQDNDQ�IO\ DVK�GDQ

SODVWLN SRO\SURS\OHQH VHEDJDL�DJUHJDW�NDVDU�SDGD�EHWRQ�

���� %DWDVDQ�0DVDODK

$JDU�SHQHOLWLDQ�LQL�WLGDN�WHUODOX�OXDV�GDQ�WLGDN�PHQ\LPSDQJ�GDUL�UXPXVDQ�

PDVDODK�GL�DWDV��PDND�SHUOX�DGDQ\D�SHPEDWDVDQ�PDVDODK�\DQJ��

�� 0XWX�UHQFDQD������0SD�



�

�� /LPEDK� SODVWLN MHQLV SRO\SURS\OHQH� GDQ� IO\� DVK� \DQJ� GLJXQDNDQ� GDUL� 37��

3XSXN�6ULZLMD\D�

�� $JUHJDW� \DQJ� GLJXQDNDQ� SDGD� FDPSXUDQ� EHWRQ� PHQJJXQDNDQ� SHUEDQGLQJDQ�

FDPSXUDQ�DQWDUD�DJUHJDW�DODP�� DJUHJDW�EXDWDQ ��������������GDQ�������

�� $JUHJDW�PHQJJXQDNDQ�JUDGDVL�VHUDJDP�GHQJDQ�XNNXUDQ�PD[LPXP������PP�

�ORORV�VDULQJDQ�1R�����

�� $JUHJDW� EXDWDQ� \DQJ� PHQJJXQDNDQ� SHUEDQGLQJDQ� ������ \DLWX� ���� OLPEDK�

SODVWLN�SRO\SURS\OHQH�GDQ�����IO\�DVK�

�� 3HQJXMLDQ� \DQJ� GLODNXNDQ� PHOLSXWL� SHQJXMLDQ� SHUPHDELOLWDV�� SRURVLWDV GDQ�

ODMX�LQILOWUDVL EHWRQ�SRURXV�

�� %HQGD� XML� \DQJ GLJXQDNDQ� XQWXN� SHQJXMLDQ� EHUEHQWXN� VLOLQGHU� ��[�� FP��

��[���FP GDQ�SHQJXMLDQ�ODMX�LQILOWUDVL�PHQJJXQDNDQ�SODW���[��[��FP�

�� 3HQJXMLDQ�EHWRQ�SRURXV GLODNXNDQ�SDGD�XPXU����KDUL�

�� 6WDQGDU�SHQJXMLDQ�PDWHULDO�PHQJDFX�NHSDGD�$PHULFDQ�6WDQGDUG�7HVWLQJ�DQG�

0DWHULDO��$670��GDQ�6WDQGDU�1DVLRQDO�,QGRQHVLD��61,��

��� 3HPEXDWDQ� -RE� 0L[� 'HVLJQ� �-0)�� PHQJDFX� NHSDGD� $PHULFDQ� &RQFUHWH�

,QVWLWXWH��$&,�

���� 0DQIDDW�3HQHOLWLDQ

0DQIDDW�GDUL�SHQHOLWLDQ�LQL�DGDODK��

�� 3HQHOLWLDQ� LQL� GLKDUDSNDQ� GDSDW� EHUPDQIDDW� XQWXN� SHQJHPEDQJDQ� LOPX

SHQJHWDKXDQ�GLELGDQJ�EHWRQ�\DLWX�PHQJHQDL�WHNQRORJL�EHWRQ�SRURXV�
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�� 3HQHOLWLDQ�LQL�GDSDW�GLJXQDNDQ�VHEDJDL�VDODK�VDWX�UHIHUHQVL�XQWXN�SHQJJXQDDQ�

SODVWLN� SRO\SURS\OHQH GDQ� IO\ DVK VHEDJDL� EDKDQ� GDODP� FDPSXUDQ� EHWRQ�

SRURXV�

�� 3HQHOLWLDQ� LQL� GDSDW� GLJXQDNDQ� VHEDJDL� VDODK� VDWX� UHIHUHQVL� XQWXN�PHQJDWDVL�

SHUPDVDODKDQ�OLPEDK SODVWLN�SRO\SUS\OHQH�GDQ�IO\�DVK�

�� 3HQHOLWLDQ� LQL� GDSDW� GLJXQDNDQ� VHEDJDL� VDODK� VDWX� UHIUHQVL� XQWXN� PHQJDWDVL�

SHUPDVODKDQ�OLPSDVDQ�DLU�GDQ�EDQMLU�

���� 6LVWHPDWLNV�3HQXOLVDQ

'DODP�SHQXOLVDQ�VNULSVL�LQL�GLEDJL�PHQMDGL�OLPD�EDE�GHQJDQ�VLVWHPDWLND

SHQXOLVDQ�VHEDJDL�EHULNXW��

%DE�,�3HQGDKXOXDQ

%DE� LQL� EHULVL� SHPLNLUDQ� GDQ� NHUDQJND� DZDO� SHQHOLWLDQ� \DQJ� DNDQ

GLODNXNDQ�� %DE� LQL� PHOLSXWL� ODWDU� EHODNDQJ�� UXPXVDQ�PDVDODK�� WXMXDQ� SHQHOLWLDQ��

EDWDVDQ�PDVDODK��PDQIDDW�SHQHOLWLDQ�GDQ�VLVWHPDWLND�SHQXOLVDQ�

%DE�,,�7LQMDXDQ�3XVWDND

%DE�LQL�EHULVL�NDMLDQ�WHRUL�GDUL�OLWHUDWXU�DWDX�EDKDQ�EDFDDQ�\DQJ�GLJXQDNDQ

GDODP� SHQHOLWLDQ� LQL�� EDLN� LWX� GDUL� MXUQDO�� EXNX�� LQWHUQHW�� PDNDODK� GDQ� VXPEHU�

EDFDDQ�ODLQQ\D�

%DE�,,,�0HWRGRORJL�3HQHOLWLDQ

%DE� LQL� EHULVL� SHQMDEDUDQ� NHVHOXUXKDQ� SURVHV� \DQJ� GLODNXNDQ� VHODPD�

SHQJXPSXODQ GDWD� EHUODQJVXQJ� VDPSDL� VHOHVDL�� 'LDQWDUDQ\D� EDJDLPDQD� SURVHV�

SHQJXPSXODQ�GDQ�SHQJRODKDQ�GDWD�GDUL�KDVLO�SHQHOLWLDQ�
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%DE�,9�+DVLO�GDQ�3HPEDKDVDQ

%DE�LQL�PHQ\DMLNDQ�PHQJHQDL�DQDOLVLV�GDWD�KDVLO�SHQHOLWLDQ�\DQJ�GLVDMLNDQ�

GDODP�EHQWXN�WDEHO��JDPEDU��GDQ�JUDILN�

%DE�9�3HQXWXS

%DE� LQL� PHQJHQDL� NHVLPSXODQ� \DQJ� GLSHUROHK� GDUL� SHQHOLWLDQ� GDQ� VDUDQ�

\DQJ�EHUJXQD�XQWXN�SHQHOLWLDQ�SHQHOLWLDQ�VHODQMXWQ\D�



��

'$)7$5�3867$.$

$QJJUDHQL��1���<XVULDQWL��<���	�$PUXOODK��$����������3HPDQIDDWDQ�/LPEDK�%RWRO�
3ODVWLN�-HQLV�3(7�SDGD�3HPEXDWDQ�%HWRQ�%HUSRUL� $O�$UG��-XUQDO�7HNQLN�
/LQJNXQJDQ� ������������

$QJJUDLQL��5���1DQGD��5��(�� :DUPDQ��+���	�0XO\DQL��5����������3HQJJXQDDQ�)O\�
$VK� 7HUKDGDS� .XDW� 7HNDQ� 'DQ� 3RURVLWDV� %HWRQ� 3RURXV� -XUQDO�
5HND\DVD� �������������

$PHULFDQ�&RQFUHWH�,QVWLWXWH����������$&,����5�����5HSRUW�RQ�3HUYLRXV�&RQFUHWH��
)DUPLQJWRQ�+LOOV��0,��$PHULFDQ�&RQFUHWH�,QVWLWXWH�

$PHULFDQ� &RQFUHWH� ,QVWLWXWH�� ��������5HSRUW� �����5�����'XUDELOLW\� RI� &RQFUHWH
�$&,� 0DQXDO� RI� &RQFUHWH� 3UDFWLFH�� 3DUW� ���� )DUPLQJWRQ� +LOOV�� 0,��
$PHULFDQ�&RQFUHWH�,QVWLWXWH�

$PLU��$��� ,GULV��)���	�5DKPDQ��$�� ��������.$5$.7(5,67,.�%(721�/2/26�
$,5� �3(59,286�&21&5(7(��0(0$1)$$7.$1�)/<�$6+�'$1�
6(5$7� /,0%$+� 3/$67,.� 6(%$*$,� 3(181-$1*� %$1*81$1�
5(1'$+� .$5%21� -XUQDO� $UVLS� 5HND\DVD� 6LSLO� GDQ�
3HUHQFDQDDQ� ������������

$QJJUDLQL��5���1DQGD��5��(���:DUPDQ��+���	�0XO\DQL��5����������3HQJJXQDDQ�)O\�
$VK� 7HUKDGDS� .XDW 7HNDQ� 'DQ� 3RURVLWDV� %HWRQ� 3RURXV� -XUQDO�
5HND\DVD� �������������

$ULILQ�� -��� 	� ,KVDQ�� 6�� �������� $QDOLVD� GDQ� SHUDQFDQJDQ� OLPEDK� SODVWLN� VDPSDK�
SRO\HWK\OHQH� WHUHSKWKDODWH� XQWXN� PHQJKDVLONDQ� EDKDQ� EDNDU�
DOWHUQDWLI� ((,&7� �(OHFWULF�� (OHFWURQLF�� ,QVWUXPHQWDWLRQ�� &RQWURO��
7HOHFRPPXQLFDWLRQ�� �����

$670�,QWHUQDWLRQDO����������$670ࣟ&��������6WDQGDUG�7HVW�0HWKRG�IRU�5HODWLYH�
'HQVLW\� �6SHFLILF� *UDYLW\�� DQG� $EVRUSWLRQ� RI� &RDUVH� $JJUHJDWH�� :HVW�
&RQVKRKRFNHQ��3$��$670�,QWHUQDWLRQDO�

$670�,QWHUQDWLRQDO����������$670�&�������6WDQGDUG�6SHFLILFDWLRQ�IRU�&RQFUHWH�
$JJUHJDWHV��:HVW�&RQVKRKRFNHQ��3$��$670�,QWHUQDWLRQDO�

$670� ,QWHUQDWLRQDO�� �������� $670� &���&��0����� 6WDQGDUG� 7HVW� 0HWKRG� IRU�
%XON� 'HQVLW\� ��8QLW� :HLJKW��� DQG� 9RLGV� LQ� $JJUHJDWH�� :HVW�
&RQVKRKRFNHQ��3$��$670�,QWHUQDWLRQDO�
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$670�,QWHUQDWLRQDO����������$670�&�����&����0±����6WDQGDUG�WHVW�PHWKRG�IRU�
LQILOWUDWLRQ�UDWH�RI�LQ�SODFH�SHUYLRXV�FRQFUHWH��:HVW�&RQVKRKRFNHQ��3$��
$670�,QWHUQDWLRQDO���

$670� ,QWHUQDWLRQDO�� ��������$670�&����&���0±���� 6WDQGDUG� WHVW�PHWKRG� IRU�
VLHYH�DQDO\VLV�RI� ILQH�DQG�FRDUVH�DJJUHJDWHV��:HVW�&RQVKRKRFNHQ��3$��
$670�,QWHUQDWLRQDO�

$670��&�������������6WDQGDUG�7HVW�0HWKRG�)RU�,QILOWUDWLRQ�5DWH�2I�,Q�3ODFH�

%DGDQ�6WDQGDUGLVDVL�1DVLRQDO����������61,������������3HUV\DUDWDQ�EHWRQ�
VWUXNWXUDO�XQWXN�EDQJXQDQ�JHGXQJ��-DNDUWD��%61�

%DGDQ�6WDQGDUGLVDVL�1DVLRQDO����������61,���������������7DWD�&DUD�3HPEXDWDQ�
5HQFDQD�&DPSXUDQ�%HWRQ��-DNDUWD

'DOLODK�� (�� $�� �������� 'DPSDN� 6DPSDK� 3ODVWLN� 7HUKDGDS� .HVHKDWDQ� GDQ�
/LQJNXQJDQ�

)LUGD��$��� 3HUPDWDVDUL��5���	� )XDG�� ,�� 6�� ��������3HPDQIDDWDQ� /LPEDK�%DWXEDUD�
�)O\� $VK�� 6HEDJDL�0DWHULDO� 3HQJJDQWL� $JUHJDW� .DVDU� 3DGD� 3HPEXDWDQ�
%HWRQ�5LQJDQ� -XUQDO�'HIRUPDVL� ����������

)LUGD�� $��� 6DJJDII�� $��� +DQDILDK�� +��� 	� 6DORPD�� 6�� �������� &KDUDFWHULVWLF� RI�
3RO\PHULF� /LJKWZHLJKW�$JJUHJDWH�ZLWK�&RDO� )O\�$VK� DQG�(SR[\�5HVLQ�
IRU� 0DQXIDFWXULQJ� WKH� /LJKWZHLJKW� &RQFUHWH� &LYLO� (QJLQHHULQJ� DQG�
$UFKLWHFWXUH� ����������

)LUGD��$���3HUPDWDVDUL��5���-LPP\DQWR��+���	�$PPDUXOODK��0��,����������$UWLILFLDO�
3RO\PHU� /LJKWZHLJKW� $JJUHJDWH� &RQFUHWH� :LWK� &RDO� )O\� $VK� IRU�
%LRPHGLFDO� ,QIUDVWUXFWXUH�� 0HFKDQLFDO�� 3K\VLFDO�� DQG� 0LFURVWUXFWXUDO�
,QYHVWLJDWLRQ� (QJLQHHULQJ�5HSRUWV� ������H������

*KR]L�� 0��� %XGLDWL�� $��� 	� $]L]�� +�� <�� �������� 3HULODNX� %HWRQ� 3RURXV� 'HQJDQ�
3HQDPEDKDQ� =DW� $GLWLI� 6XSHUSODVWL]HU� �6LND� 9LVFRFUHWH�� ,17(5�
7(&+� ��������������

*XVW\��6���$KPDG��6��1���%XQJLQ��(��5���6DIDU��$���5DQJDQ��3��5���7DPLP��7�������	�
3DWLNX��<�� ������� 6DPSDK� 6HEDJDL� 6XPEHU� (QHUJL� $OWHUQDWLI�� 72+$5�
0(',$�

+DUGDJXQJ��+��7���6DPERZR��.��$���	�*XQDZDQ��3����������.DMLDQ�1LODL�6OXPS��
.XDW� 7HNDQ� 'DQ� 0RGXOXV� (ODVWLVLWDV� %HWRQGHQJDQ� %DKDQ� 7DPEDKDQ�
)LOOHU�$EX�%DWX�3DUDV� 0DWULNV�7HNQLN�6LSLO� ��������������
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+LGD\DW�� $�� .��� 1XUVDQL�� 5��� 	� )DL]�� 6�� ��������$QDOLVLV� .XDW� 7HNDQ� GDQ� /DMX�
,QILOWUDVL� SDGD� %HWRQ� 3RURXV� .����� GHQJDQ� 7DPEDKDQ� 6LND�
)XPH� $NVHOHUDVL��-XUQDO�,OPLDK�7HNQLN�6LSLO� �����

,QGUDZLMD\D�� %��� :LELVDQD�� $��� 6HW\RZDWL�� $�� '��� ,VZDGL�� '��� 1DXIDO�� '�� 3��� 	�
3UDWLZL��'����������3HPDQIDDWDQ�OLPEDK�SODVWLN�/'3(�VHEDJDL�SHQJJDQWL�
DJUHJDW� XQWXN� SHPEXDWDQ� SDYLQJ� EORN� EHWRQ� -XUQDO� ,OPLDK� 7HNQLN�
.LPLD� ����������

.XUQLDGL�� (��� 	� +LPDZDQ�� /�� �������� .DMLDQ� .XDW� 7HNDQ� 'DQ� ,QILOWUDVL� 3DGD�
%HWRQ� 1RQ� 3DVLU� �6WXG\� 2I� &RPSUHVVLYH� 6WUHQJWK� $QG� ,QILOWUDWLRQ� 2I�
1R�)LQHV�&RQFUHWH�� -XUQDO�5LVHW�5HND\DVD�6LSLO� ������������

.XVGL\RQR��.���0XO\RQR��7���	�6XSUL\DGL��6����������3HQJDUXK�3HQDPEDKDQ�)O\�
$VK� 'DQ� %RWWRP� $VK� 7HUKDGDS� 0XWX� 3DYLQJ� %DQJXQ� 5HNDSULPD��
0DMDODK� ,OPLDK� 3HQJHPEDQJDQ� 5HND\DVD�� 6RVLDO� GDQ� +XPDQLRUD� �����
2NWREHU�������

/LOLDQD��/���	�)ULHGD��)����������3RURVLWDV�%HWRQ�%HUSRUL�'HQJDQ�$JUHJDW�.DVDU�
%XDWDQ� 'DUL� /LPEDK� 3ODVWLN� 3HW�� 3RURVLW\� 2I� 3RURXV� &RQFUHWH� :LWK�
$UWLILFLDO�$JJUHJDWH�)URP�3HW�3ODVWLF�:DVWH� -XUQDO� ,OPLDK�7HNQLN�6LSLO�
75$168.0$� ��������������

0XO\RQR��7����������7HNQRORJL�%HWRQ��<RJ\DNDUWD��&9��$QGL�2IIVHW��

1HYLOOH��$��0���	�%URRNV��-��-��������� &RQFUHWH�WHFKQRORJ\ �9RO��������(QJODQG��
/RQJPDQ�6FLHQWLILF�	�7HFKQLFDO�

1DWLRQDO�5HDG\�0L[HG�&RQFUHWH�$VVRFLDWLRQ����������*XLGHOLQHV�IRU�6SHFLILFDWLRQ�
RI�6XVWDLQDEOH�&RQFUHWH�0L[WXUHV��150&$�3XEOLFDWLRQ�1R���3&2��

3%,������1�,� � ���³3HUDWXUDQ�%HWRQ�%HUWXODQJ� LQGRQHVLD������1�,�� � ��´�-DNDUWD�
'LUHNWRUDW�3HQ\HOLG��0DVDO��%DQJXQDQ��YRO�����S������������

6DIUXGLQ�� $�� /�� ������� 678'<� ),6,6� '$1� 0(.$1,6� 6(57$�
3(1<8687$13/$67,&32/<3523</(1(� ',3$'8.$1� '(1*$1�
3/$67,&32/<(7+</(1( �'RFWRUDO� GLVVHUWDWLRQ�� 32/,7(.1,.�
1(*(5,�65,:,-$<$��

6DPVXO�� 6��� 0XVWDNLP�� 0��� 	� .DVPDLGD�� .�� �������� 3HQJDUXK� 8NXUDQ� %XWLU�
$JUHJDW�.DVDU�7HUKDGDS�.DSDVLWDV�.XDW�7HNDQ�'DQ�1LODL�6OXPS�%HWRQ�
3RURXV� -XUQDO�.DUDMDWD�(QJLQHHULQJ� ��������������



��

6XVDQWR��Z���3XWUD�� $��6���	�.DSXWLQJ���$��5��3����������$QDOLVD�&DPSXUDQ�%HWRQ�
3RURV� 'HQJDQ� 8NXUDQ� $JUHJDW� .DVDU� ���� ± ��� PP� GDQ� 3HQDPEDKDQ�
3RO\DPLGH�)LEHU��5DFLF�5DE�&RQVWUXFWLRQ�5HVHDUFK�

6\DILDUWL�� $�� ,�� '�� �������� 3HQJDUXK� 6HUDW� 3ROLSURSLOHQ� 'DODP� %HWRQ�
%HUSRUL� 6NULSVL��,QVWLWXW�7HNQRORJL�6HSXOXK�1RSHPEHU�

7MRNURGLPXOMR��.������������7HNKQRORJL�%HWRQ� <RJ\\DNDUWD��1DILUL�

:LGKLDUWR��+���	�6XMDWPLNR��%����������$QDOLVLV�&DPSXUDQ�%HWRQ�%HUSRUL�'HQJDQ�
$JUHJDW� %HUJUDGDVL� 7HUSLVDK� 'LWLQMDX� 7HUKDGDS� 0XWX� GDQ�
%LD\D� ([WUDSRODVL�-��7HN��6LSLO�8QWDJ�6XUDED\D� �������������

<D]LG�� 0��� +XVDLQL�� 5�� 5��� 	� *HIU\�� *�� �������� 3HQJJXQDDQ� /LPEDK� 3ODVWLN�
3RO\SURS\OHQH� 6HEDJDL� 6XEVWLWXVL� 6HPHQ� 3DGD� 3DYLQJ� %ORFN� -XUQDO�
7HNQRORJL�GDQ�5HND\DVD�6LSLO� ������������


