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*DQJJXDQ� IXQJVLRQDO� SDGD� VHO�VHO� GDQ� MDULQJDQ� GDXQ� DNLEDW� VHUDQJDQ� KDPD� GDQ� SHQ\DNLW� GDSDW�PHQ\HEDENDQ�
SHUXEDKDQ� SDGD� WDMXN�� SHQ\XVXWDQ� NDQRSL� GDQ� EDKNDQ� GDSDW� PHQ\HEDENDQ� NHPDWLDQ� SRKRQ�� .RQGLVL� WDMXN�
PHUXSDNDQ� LQGLNDWRU� YLVXDO� XQWXN�PHQLODL� NHVHKDWDQ� VXDWX� SRKRQ�� 3HQ\DNLW� EXVXN� DNDU�PHUXSDNDQ� VDODK� VDWX�
SHQ\DNLW�\DQJ�PHQJDQFDP�SURGXNWLYLWDV�WHJDNDQ� �GDQ�VDPSDL�VDDW�LQL�EHOXP�GDSDW�GLNHQGDOLNDQ�GHQJDQ�(��SHOOLWD
HIHNWLI��0HWRGH�SHQGHWHNVLDQ�SHQ\DNLW�EXVXN�DNDU�PHODOXL�SHQJDPDWDQ�NDUDNWHULWLN�NRQGLVL�WDMXN�PHQMDGL�SHQWLQJ�
XQWXN� GLNHWDKXL�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� PHQJHPEDQJNDQ� PHWRGH� SHQLODLDQ� NRQGLVL� WDMXN� JXQD� PHQJHWDKXL�
KXEXQJDQ�DQWDUD�NRQGLVL� WDMXN�GHQJDQ�NHEHUDGDDQ�GDQ�WLQJNDW�NHSDUDKDQ�SHQ\DNLW�EXVXN�DNDU�SDGD�WHJDNDQ�(��
SHOOLWD� (��SHOOLWD�3HQHOLWLDQ�GLDZDOL�GHQJDQ�PHQJNODVLILNDVLNDQ�NRQGLVL�WDMXN� �NH�GDODP���NHODV��0HWRGH�NODVLILNDVL�
LQL�GLXML� �� �GDQ� ��3HQHUDSDQ�PHWRGH�SHQLODLDQ�NRQGLVL�WDMXN�GDODP�PHQGXJD�UHSHDWDELOLW\ UHSURGXFLELOLW\ UHOLDELOLW\
NHEHUDGDDQ�GDQ�OHYHO�NHSDUDKDQ�SHQ\DNLW�EXVXN�DNDU�GLXML�SDGD���SORW�SHQJDPDWDQ��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�
EDKZD�SDGD�OHYHO�SORW��NRQGLVL�WDMXN� �� �VHFDUD�VLJQLILNDQ�EHUNRUHODVL�GHQJDQ�VHUDQJDQ�SHQ\DNLW�EXVXN�DNDU��( SHOOLWD
1DPXQ�� SDGD� OHYHO� LQGLYLGX� SRKRQ� PDVLK� VXOLW� GLGHWHNVL�� 3HOXDQJ� NRQGLVL� WDMXN� �� � GDODP� PHQGXJD�( SHOOLWD
NHEHUDGDDQ�SHQ\DNLW� EXVXN� DNDU� VHEHVDU� ������GDQ� WLQJNDW� NHSDUDKDQ� VHEHVDU� �������3HQLODLDQ�SRWHQVL� VXDWX�
NDZDVDQ�WHUKDGDS�VHUDQJDQ�SHQ\DNLW�EXVXN�DNDU�SHUOX�GLODNXNDQ�VHEHOXP�SHPEXNDDQ�KXWDQ�WDQDPDQ�LQGXVWUL�DJDU�
NHUXJLDQ�EHVDU�DNLEDW�SHQ\DNLW�EXVXN�DNDU�GDSDW�GLKLQGDUL�

.DWD�NXQFL��� ��NHEHUDGDDQ��NRQGLVL�WDMXN��SHQ\DNLW�EXVXN�DNDU��WLQJNDW�NHSDUDKDQ(XFDO\SWXV�SHOOLWD

)XQFWLRQDO�GLVUXSWLRQ�RI�FHOOV�DQG�WLVVXHV�ZLWKLQ�LQGLYLGXDO�OHDYHV�GXH�WR�SHVWV�DQG�GLVHDVHV�LQIHFWLRQ�VXEVHTXHQWO\�
FDXVHV�LQ�GHWHULRUDWLRQ�RI�FURZQ��FDQRS\�FRQWUDFWLRQ��DQG�HYHQ�WUHH�GHDWK��&URZQ�FRQGLWLRQ�XVXDOO\�XVHG�DV�YLVXDO�
LQGLFDWRU�IRU�WUHH�KHDOWK�DVVHVVPHQW��5RRW�URW�LV�FRQVLGHUHG�DV�WKH�PRVW�GDPDJLQJ�GLVHDVH�IRU�(XFDO\SWXV�SHOOLWD�
SODQWDWLRQV��0HWKRGRORJ\�IRU�WKH�GHWHFWLRQ�RI�URRWURW�DW�DQ�HDUO\�VWDJH�LV�UHTXLUHG��,Q�RUGHU�WR�GHYHORS�URRW�URW�
GHWHFWLRQ�PHWKRG��WKLV�VWXG\�LQYHVWLJDWHV�UHODWLRQVKLS�EHWZHHQ�FURZQ�V\PSWRPV�DQG�URRW�URW�GLVHDVH�LQ�(��SHOOLWD�
SODQWDWLRQ��$�YLVXDO�DVVHVVPHQW�PHWKRG�WR�FODVVLI\�WKH�FURZQ�FRQGLWLRQ�RI�WUHHV�LQ�SODQWDWLRQV�RI�(��SHOOLWD�ZDV�
GHYHORSHG��5HSHDWDELOLW\��UHSURGXFLELOLW\�DQG�UHOLDELOLW\�RI�WKH�GHYHORSHG�PHWKRG�ZHUH�H[DPLQHG�E\�FRQGXFWLQJ�
UHSHDWHG�VXUYH\V��$SSOLFDELOLW\�RI�WKH�PHWKRG�WR�LQGLFDWH�URRW�URW�LQFLGHQFH�DQG�VHYHULW\�DW�LQGLYLGXDO�WUHH�OHYHO�ZDV�
WHVWHG�LQ�VHYHQ�SORWV��$W�WKH�SORW�OHYHO��WKH�FURZQ�FRQGLWLRQV�ZHUH�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�WKH�LQFLGHQFH�DQG�
VHYHULW\�RI�URRW�URW��$W�WKH�WUHH�OHYHO��WKH�FURZQ�FRQGLWLRQV�ZHUH�QRW�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�URRW�URW�LQFLGHQFH�
DQG�VHYHULW\��3UREDELOLW\�RI�WKHVH�FURZQ�LQGLFDWRUV�IRU�HVWLPDWLQJ�URRW�URW�LQFLGHQFH�DQG�VHYHULW\�LQ�LQGLYLGXDO�WUHH�LV�
������DQG��������UHVSHFWLYHO\��,Q�RUGHU�WR�SUHYHQW�ULVNV�RI�PDVVLYH�SURGXFWLYLW\�ORVV��URRW�URW�VLWH�ULVN�DVVHVVPHQWV�
DUH�VXJJHVWHG�WR�EH�FRQGXFWHG�EHIRUH�SODQWDWLRQ�H[SDQVLRQ�
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.RQGLVL�WDMXN�VHEXDK�WDQDPDQ�EHUNDLWDQ�ODQJ�
VXQJ�GHQJDQ�SURGXNWLYLWDV�WDQDPDQ��NDUHQD�SDGD�
EDJLDQ� WDMXN� WHUMDGL� SURVHV� IRWRVLQWHVLV� \DQJ�
PHQJXEDK�HQHUJL�PDWDKDUL�PHQMDGL�VXEVWUDW�\DQJ�
GLSHUOXNDQ� WDQDPDQ� XQWXN� WXPEXK� GDQ� EHU�
NHPEDQJ��6FKRPDNHU� ����������.RQGLVL�WDMXN�HW�DO
PHUXSDNDQ� SDUDPHWHU� \DQJ� XPXP� GLJXQDNDQ�
VHEDJDL� LQGLNDWRU� NHVHKDWDQ� WDQDPDQ� �6WRQH�	�
+D\ZRRG���������.RQGLVL�WDMXN�DGDODK�PDQLIHV�
WDVL�GDUL�NRQGLVL�ILVLRORJLV�GDQ�PRUIRORJLV�GDXQ�
GDXQ� SHQ\XVXQQ\D��*DQJJXDQ� IXQJVLRQDO� SDGD�
VHO�VHO�GDQ�MDULQJDQ�GDXQ��EDLN�VHEDJDL�UHVSRQV�
WHUKDGDS�FHNDPDQ�OLQJNXQJDQ�PDXSXQ�VHUDQJDQ�
KDPD�GDQ�SHQ\DNLW��SDGD�LQWHQVLWDV�JDQJJXDQ�WHU�
WHQWX�DNDQ�PHQ\HEDENDQ�SHUXEDKDQ�SDGD�WDMXN��
SHQ\XVXWDQ�NDQRSL�EDKNDQ�SDGD�OHYHO�\DQJ�OHELK�
SDUDK�GDSDW�PHQJDNLEDWNDQ�NHPDWLDQ�SRKRQ�GDQ�
PHQLPEXONDQ�UXDQJ�NRVRQJ�� � SDGD�SRSXODVL�JDSV �
WHJDNDQ� SRKRQ� WHUVHEXW� �&XQQLQJKDP� ���HW� DO
������+RUWRQ� ����������HW�DO

%DQ\DN� SHQHOLWLDQ� WHODK� PHODNXNDQ� VWXGL�
XQWXN�PHQJHWDKXL� UHVSRQ� WDMXN�SRKRQ� WHUKDGDS�
SHQJDUXK� FHNDPDQ� OLQJNXQJDQ�� KDPD� GDQ�
SHQ\DNLW� �%DN\V� ��� ������ &DUQLFHU� ���HW� DO HW� DO
������ 3DXWDVVR� ��� ������ 9ROOHQZHLGHU� GDQ�HW� DO
*XQWKDUGW�*RHUJ�� ������ :DQJ� ��� ������HW� DO
:RONHQ� �� ������� 3DGD� XPXPQ\D� SHQJ�HW� DO�
DPDWDQ� NRQGLVL� WDMXN� GLKXEXQJNDQ� GHQJDQ�
VHUDQJDQ�SHQ\DNLW�\DQJ�PHQ\HUDQJ�GDXQ��VHSHUWL�
PDWL�SXFXN�� ��\DQJ�GLVHEDENDQ�ROHK�VKRRW�EOLJKW
IXQJL� VS� GDQ� EHUFDN� GDXQ� �4XDPEDODULD� � OHDI�
VSRW 0\FRVSKDHUHOOD��\DQJ�GLVHEDENDQ�ROHK� �VS��
\DQJ� PHQ\HUDQJ� WHJDNDQ� � VSS�� GDQ�(XFDO\SWXV
&RU\PELD�VSS���&DUQHJLH���������$GDQ\D�JHMDOD�
NORURVLV� GDQ� MDULQJDQ�QHNURWLN� SDGD� WDMXN�\DQJ�
GLDPDWL�� PHQJLQGLNDVLNDQ� DGDQ\D� VHUDQJDQ�
SDWRJHQ� \DQJ� PHQ\HUDQJ� GDXQ�GDXQ� WHUVHEXW��
+DQ\D�EHEHUDSD�VDMD�\DQJ�PHQHOLWL�NDLWDQ�DQWDUD�
NRQGLVL� WDMXN�GHQJDQ�FHNDPDQ�SDGD�SHUDNDUDQ��
WHUXWDPD�\DQJ�GLVHEDENDQ�ROHK�SHQ\DNLW�EXVXN�
DNDU� GDQ� PHQXQMXNNDQ� KDVLO� \DQJ� EHUYDULDVL�
�&DUQLFHU� ��� ������ )UDQFLV� ��� �������HW� DO HW� DO
3DGDKDO�SDWRJHQ�DNDU�\DQJ�PHQ\HUDQJ�MDULQJDQ�
SHPEXOXK�WDQDPDQ�LQDQJ�VHFDUD�WLGDN�ODQJVXQJ�
GDSDW� PHPSHQJDUXKL� SURVHV� IRWRVLQWHVLV� GDXQ�
\DQJ�VHFDUD�NXPXODWLI�GDSDW�GLDPDWL�SDGD�NRQGLVL�
WDMXN��$JXVWLQL� ���������%HUJHU� ���������HW�DO HW�DO
0RULQ� ������������HW�DO

3HQ\DNLW� EXVXN� DNDU� PHUXSDNDQ� SHQ\DNLW�
\DQJ� SDOLQJ� PHUXVDN�� LQWHQVLWDV� VHUDQJDQQ\D�
WHUXV�EHUWDPEDK�VHLULQJ�GHQJDQ�XPXU�GDQ�URWDVL�
WDQDPDQ��'L�0DOD\VLD� WHUFDWDW�EDKZD�NHPDWLDQ�
SRKRQ� � :LOOG� XPXU� ��� WDKXQ�$FDFLD� PDQJLXP

NDUHQD�VHUDQJDQ�SHQ\DNLW�EXVXN�DNDU�PHQFDSDL�
�����*OHQ� ���������'L�)LOLSLQD��WHUFDWDW�DQWDUD�HW�DO
������� SRKRQ� PDWL� DNLEDW� EXVXN� DNDU� SDGD�
WHJDNDQ�XPXU������WDKXQ��(\OHV� ����������'L�HW�DO
,QGRQHVLD�� VHNLWDU� ������ WHJDNDQ�$�� PDQJLXP�
XPXU�����WDKXQ�GLODSRUNDQ�WHODK�WHUVHUDQJ�SHQ\D�
NLW� EXVXN� DNDU� �,ULDQWR�� ��� �������%HVDUQ\D�HW� DO
SHUVHQWDVH�VHUDQJDQ�EXVXN�DNDU�SDGD�VXDWX�ORNDVL��
DSDODJL�VDPSDL�PHQJDNLEDWNDQ�NHPDWLDQ�SRKRQ��
WHQWX�VDMD�EHUGDPSDN�SDGD�PHQXUXQQ\D�SURGXN�
WLYLWDV�GDQ�NHUXJLDQ�VHFDUD�ILQDQVLDO��
(XFDO\SWXV�SHOOLWD�)��0XHOO��PHUXSDNDQ�VDODK�

VDWX� WDQDPDQ� \DQJ� GLJXQDNDQ� VHEDJDL� EDKDQ�
EDNX�EDJL�LQGXVWUL�SXOS�GDQ�NHUWDV�GL�,QGRQHVLD��
-HQLV�HNDOLSWXV�LQL�PHUXSDNDQ��VDODK�VDWX�SLOLKDQ�
VHODLQ� \DQJ�WHODK�PHMDGL�NRPRGLWDV�$��PDQJLXP�
XWDPD� +XWDQ� 7DQDPDQ� ,QGXVWUL� �+7,�� GL�
,QGRQHVLD�� PHPLOLNL�SHUWXPEXKDQ�\DQJ�(��SHOOLWD�
OHELK�EDLN� �6XOLFKDQWLQL�� ������GDQ� OHELK� WDKDQ�
WHUKDGDS� SHQ\DNLW� GDXQ� GLEDQGLQJNDQ� MHQLV�
HNDOLSWXV� ODLQ �$JXVWLQL ��� ������ 1DPXQ�� � HW� DO �
EHUGDVDUNDQ�VWXGL�GL�EHEHUDSD�ORNDVL�+7,�GL�5LDX��
6XPDWHUD� 6HODWDQ� GDQ� .DOLPDQWDQ� 7LPXU�� WHU�
Q\DWD�EDLN� �PDXSXQ� �UHQWDQ�$��PDQJLXP (��SHOOLWD
WHUKDGDS�VHUDQJDQ�SHQ\DNLW�EXVXN�DNDU��$JXVWLQL�
HW� DO HW� DO HW� DO��� ������ )UDQFLV� ��� ������ (\OHV� ���
������,ULDQWR� ����������HW�DO

0HQJHQDOL� JHMDOD�JHMDOD� \DQJ� WDPSDN� SDGD�
WDQDPDQ� PHUXSDNDQ� VDODK� VDWX� DVSHN� \DQJ�
SHQWLQJ� GDODP� XSD\D� PHQJHQGDOLNDQ� VXDWX�
SHQ\DNLW� WDQDPDQ�� 8QWXN� PHQJHQDOL� SHQ\DNLW�
EXVXN� DNDU� ELDVDQ\D� GLODNXNDQ� REVHUYDVL� SHU�
DNDUDQ� GHQJDQ� FDUD� PHQJJDOL� WDQDK� GL� VHNLWDU�
SHUDNDUDQ� WHUVHEXW�� %UD]HH� 	� :LFN� �������
PHQJJXQDNDQ� JHMDOD� PDWL� SXFXN� �FURZQ� GLH�
EDFN���GDXQ�\DQJ�NORURVLV�GDQ�XNXUDQ�OHELK�NHFLO�
VHEDJDL�LQGLNDWRU�SRKRQ�\DQJ�WHULQIHNVL�$UPLOOD�
ULD� VSS�� GL� KXWDQ� FDPSXUDQ� GL� 0DVVDFKXVHWWV��
86$�� VHODLQ� JHMDOD�JHMDOD� \DQJ� WDPSDN� SDGD�
SDQJNDO� EDWDQJ�� VHSHUWL� EDVDO� �� EDVDO�FDYLWLHV
UHVLQRVLV�� )UDQFLV� �� ������� PHQJJXQDNDQ�HW� DO
JHMDOD�\DQJ�WDPSDN�SDGD�WDMXN ��\DLWX���$��PDQJLXP
PHQJXQLQJQ\D�GDXQ�� ��GDQ�NHUD�GLVFRORULVDWLRQ
SDWDQ� WDMXN� VHEDJDL� LQGLNDWRU� PHQJDPDWL� SROD�
SHQ\HEDUDQ� EXVXN� DNDU� \DQJ� GLVHEDENDQ� ROHK�
SDWRJHQ� �� 6DPSDL� VDDW� LQL��*DQRGHUPD�SKLOLSSLL
EHOXP�DGD�SXEOLNDVL�\DQJ�PHODSRUNDQ�KXEXQJDQ�
DQWDUD� VHUDQJDQ� SHQ\DNLW� EXVXN� DNDU� WHUKDGDS�
NRQGLVL�WDMXN� ��7XMXDQ�SHQHOLWLDQ�DGDODK�(��SHOOLWD
PHQJHPEDQJNDQ�PHWRGH�SHQLODLDQ�NRQGLVL�WDMXN�
(�� SHOOLWD� JXQD� PHQJHWDKXL� KXEXQJDQ� DQWDUD�
NRQGLVL�WDMXN�GHQJDQ�NHEHUDGDDQ�� ��GDQ�LQFLGHQFH
WLQJNDW�NHSDUDKDQ�� ��SHQ\DNLW�EXVXN�DNDU�VHYHULW\
SDGD�WHJDNDQ� �GL�VDODK�VDWX�ORNDVL�+7,�GL�(��SHOOLWD
5LDX�
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+XEXQJDQ�DQWDUD�.RQGLVL�7DMXN�(XFDO\SWXV�SHOOLWD�)��0XHOO
GHQJDQ�,QIHNVL�3HQ\DNLW�%XVXN�$NDU

,,���0(72'2/2*,

$��:DNWX�GDQ�/RNDVL�3HQHOLWLDQ

6XUYH\�GLODNXNDQ���NDOL��\DLWX�SDGD�EXODQ�-XQL�
����� �VXUYH\� ,���2NWREHU� ����� �VXUYH\� ,,�� GDQ�
)HEUXDUL�������VXUYH\�,,,��GL���SORW� WHJDNDQ�(��
SHOOLWD�\DQJ�WHUVHEDU�GL���ORNDVL��7DEHO����GL�5LDX��
6HOXUXK� ORNDVL� \DQJ� GLSLOLK� VHEDJDL� SORW�
SHQJDPDWDQ� PHUXSDNDQ� ORNDVL� \DQJ� WHUVHUDQJ�
SHQ\DNLW�EXVXN�DNDU�

%��3HQJDPDWDQ�.RQGLVL�7DMXN�(��SHOOLWD

.RQGLVL�WDMXN�(��SHOOLWD�GLDPDWL�VHFDUD�YLVXDO�
GDODP���WDKDS�SHQJDPDWDQ��\DLWX������NHVDQ�NRQ�
GLVL�NHVHKDWDQ�SRKRQ�VHFDUD�XPXP��EHUGDVDUNDQ�
NULWHULD� \DQJ� WHUFDQWXP� SDGD� 7DEHO� �� GDQ� ����
SHQJDPDWDQ�SHQJXNXUDQ� LQGLNDWRU� WDMXN� \DQJ�
OHELK�WHUSHULQFL��.ULWHULD�NHVHKDWDQ�SRKRQ�GLEXDW�
EHUGDVDUNDQ� SHQJDPDWDQ� GHVNULSWLI� WHUKDGDS�
YDULDVL�NRQGLVL�WDMXN�(��SHOOLWD�SDGD�VXUYH\�SHQ�
GDKXOXDQ� GL� ��� NRPSDUWHPHQ�� 9DULDVL� NRQGLVL�
WDMXN�ODOX�GLNHORPSRNNDQ�PHQMDGL���NHODV��PXODL�
GDUL� NRQGLVL� WDMXN� \DQJ� PDWL� VDPSDL� GHQJDQ�
VDQJDW� VHKDW� �7DEHO� ��� *DPEDU� ���� $GDSXQ�
LQGLNDWRU� WDMXN� (�� SHOOLWD� GLDPDWL� VHFDUD� OHELK�
WHUSHULQFL�DGDODK�
��� 'RPLQDQVL�WDMXN��WDMXN�GLWHQWXNDQ�SDGD�VDODK�

VDWX�GDUL� WLJD�NDWHJRUL�EHULNXW��\DLWX��'RPL�
QDQW��6XE�GRPLQDQW� �&R�GRPLQDQW� GDQ�6XS�
SUHVVHG��

��� 7LQJJL� SRKRQ� �P��� GLXNXU� PHQJJXQDNDQ�
K\SVRPHWHU��

��� 'LDPHWHU�SRKRQ�VHWLQJJL�GDGD���'%+���FP��
��� 5DVLR� WDMXN�KLGXS� �OLYH� FURZQ� UDWLR�� \DQJ�

GLWHQWXNDQ�GDUL�SURSRUVL�WLQJJL�WDMXN��GLXNXU�
GDUL�SXFXN�WDMXN�VDPSDL�GDKDQ�EHUGDXQ�\DQJ�
SDOLQJ� EDZDK�� WHUKDGDS� WRWDO� WLQJJL� SRKRQ�
����

��� .HUDSDWDQ� WDMXN� �FURZQ� GHQVLW\�� GLWHQWXNDQ�
GHQJDQ� PHPEDQGLQJNDQ� NHUDSDWDQ� WDMXN�

SRKRQ�\DQJ�GLXNXU�GHQJDQ�SRKRQ�\DQJ�SDOLQJ�
UDSDW�WDMXNQ\D�GL�SORW�WHUVHEXW�����

��� 'DXQ� WXD� GDQ� GDXQ�PXGD� SDGD� WDMXN� VHWLDS�
SRKRQ�����
3URSRUVL�ZDUQD� SDGD� WDMXN� \DQJ� WHUGLUL� GDUL�

SHUVHQWDVH� ZDUQD� KLMDX�� NXQLQJ� NHKLMDXDQ� GDQ�
NXQLQJ�����

6HEHOXP� GLJXQDNDQ� XQWXN� PHQGXJD� NHEHU�
DGDDQ�� ��GDQ�OHYHO�NHSDUDKDQ�� ��LQFLGHQFH VHYHULW\
SHQ\DNLW� EXVXN� DNDU� SDGD� WHJDNDQ� ��(�� SHOOLWD
PHWRGH� SHQLODLDQ� WDMXN� LQL� GLXML� ��UHSHDWDELOLW\
UHSURGXFLELOLW\ UHOLDELOLW\� 5HSHDWDELOLW\��GDQ� Q\D��
GLGHILQLVLNDQ� VHEDJDL� NHPDPSXDQ� PHWRGH� LQL�
XQWXN�GLXODQJ�ROHK�DVHVRU�\DQJ�VDPD�SDGD�ZDNWX�
\DQJ�EHUEHGD� VHGDQJNDQ� � DGDODK�UHSURGXFLELOLW\
NHPDPSXDQ� PHWRGH� LQL� XQWXN� GLXODQJ� DVHVRU�
\DQJ�EHUEHGD��\DQJ�EHNHUMD�VHFDUD� LQGHSHQGHQ��
SDGD�ZDNWX�\DQJ�VDPD��GHQJDQ�OHYHO� �\DQJ�HUURU
PDVLK�GDSDW�GLWHULPD�VHFDUD�VWDWLVWLN��6PLWK� ���HW�DO
������� GDQ� PHWRGH�5HSHDWDELOLW\� UHSURGXFLELOLW\�
LQL�GLXMLNDQ�SDGD����SRKRQ�GL�VXDWX�DUHD�ROHK���
RUDQJ� DVHVRU� \DQJ� EHNHUMD� VHFDUD� LQGHSHQGHQ��
3HQJDPDWDQ� GLODNXNDQ� �� NDOL� SDGD� KDUL� \DQJ�
VDPD��\DLWX�SDJL�KDUL��SXNXO�������������GDQ�VRUH�
KDUL� �SXNXO� �������������� $GDSXQ� �UHOLDELOLW\
GLGHILQLVLNDQ�VHEDJDL�NHPDPSXDQ�VXDWX�PHWRGH��
DODW�VLVWHP� WHUWHQWX� GDODP�PHQMDODQNDQ� IXQJVL�
Q\D��PHPEHULNDQ�KDVLO�\DQJ�NRQVLVWHQ��%DUWOHWW�	�
)URVW���������'DODP�VWXGL�LQL�� �GLWHQWX�UHOLDELOLW\
NDQ� GDUL� NRQVLVWHQVL� LQGLNDWRU�LQGLNDWRU� WDMXN�
GDODP� PHQJHORPSRNNDQ� � SDGD� NHODV�(�� SHOOLWD
WHUWHQWX�� � GLXML� GHQJDQ� PHODNXNDQ�5HOLDELOLW\
VXUYH\�XODQJDQ��\DLWX�VXUYH\�,,�GDQ�,,,�

&��3HQJDPDWDQ�.RQGLVL�3HUDNDUDQ

3HQJXNXUDQ�LQWHQVLWDV�LQIHNVL�DNDU�GLODNXNDQ�
GHQJDQ� FDUD� PHQJJDOL� VLVWHP� SHUDNDUDQ� GDODP�
UDGLXV� ��� FP� GDUL� SDQJNDO� EDWDQJ� GHQJDQ� NH�
GDODPDQ�VHNLWDU����FP��$NDU�ODWHUDO�\DQJ�GLJDOL�
NHPXGLDQ� GLKLWXQJ� SHUVHQWDVH� LQIHNVLQ\D�� 3HU�

7DEHO�� ������/RNDVL�SHQHOLWLDQ�� �7DEOH 6WXGLHG�VLWHV

7DSDN ��6LWHV�� 3ORW� .RRUGLQDW�*36��*36�&RRUGLQDWHV�� 8VLD�WHJDNDQ��$JH��
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7DEHO�� ������.ODVLILNDVL�NRQGLVL�WDMXN� �(��SHOOLWD� �7DEOH (��SHOOLWD� FURZQ�FRQGLWLRQ�FODVVHV

.HODV��&ODVV�� 'HVNULSVL��'HVFULSWLRQ��

��0DWL��'HDG�� 3RKRQ�PDWL��WLGDN�DGD�WDMXN�DWDX�EDKNDQ�VXGDK�WXPEDQJ��7UHH�UHFHQWO\�GHDG��FURZQ�

GHDG�RU�IDOOHQ�WUHH��

��6DQJDW�VWUHVV�

�6HYHUHO\�
VWUHVVHG��

3RKRQ�WDPSDN�NHUGLO�GLEDQGLQJNDQ�WHJDNDQ�GLVHNLWDUQ\D��WDMXN�WLGDN�UDSDW�GDQ�

GLGRPLQDVL�ROHK�GHGDXQDQ�\DQJ�PHQJXQLQJ��SDGD�EHEHUDSD�EDJLDQ�GDKDQ�SRKRQ�WHUGDSDW��
SXFXN�SXFXN�PXGD��7UHH�KHLJKW�PRVWO\�VXSSUHVVHG��VSDUVH�FURZQ�GRPLQDWHG�E\�

\HOORZLQJ�IROLDJH��VRPH�HSLFRUPLF�JURZWK�SUHVHQW���

��6WUHV��6WUHVVHG�� 3RKRQ�FHQGHUXQJ�OHELK�SHQGHN�GLEDQGLQJNDQ�WHJDNDQ�GL�VHNLWDUQ\D�GHQJDQ�WDMXN�\DQJ�

MDUDQJ��ELVD�GLWXPEXKL�WUXEXVDQ��EHUEXQJD�GDQ�DWDX�EHUEXDK�PHVNLSXQ�XVLD�WDQDPDQ�

PDVLK�PXGD��VHEDJDL�EHQWXN�UHVSRQV�WHUKDGDS�VWUHV��7UHH�KHLJKW�SDUWLDOO\�VXSSUHVVHG�

ZLWK�VSDUVH�FURZQ��HSLFRUPLF�VKRRWV��IORZHUV�DQG�RU�IUXLW�PD\�EH�REVHUYHG�LQ�UHVSRQVH�
WR�VWUHVV��

��$JDN�VWUHVV�

�/LJKWO\�

VWUHVVHG��

3RKRQ�GHQJDQ�WLQJJL�UDWD�UDWD��PHPLOLNL�WDMXN�\DQJ�DJDN�UDSDW�GHQJDQ�GDXQ�GDXQ�PXGD�

GLEDJLDQ�OXDU�WDMXN��6XE�GRPLQDQW�RU�FR�GRPLQDQW�WUHH�ZLWK�PRGHUDWH�FURZQ�GHQVLW\�DQG�

VRPH�\HOORZ�JUHHQ�IROLDJH��

��6HKDW��+HDOWK\�� 3RKRQ�GHQJDQ�WLQJJL�UDWD�UDWD�GDQ�PHPLOLNL�WDMXN�\DQJ�UDSDW��6XE�GRPLQDQW�RU�FR�
GRPLQDQW�WUHH�ZLWK�D�GHQVH�FURZQ��

��6DQJDW�VHKDW�

�3HUIHFWO\�

KHDOWK\��

%LDVDQ\D�SRKRQ�WDPSDN�OHELK�WLQJJL�GLEDQGLQJNDQ�WHJDNDQ�GLVHNLWDUQ\D��PHPLOLNL�WDMXN�

\DQJ�UDSDW��'RPLQDQW�WUHH�ZLWK�YHU\�GHQVH�FURZQ�DQG�JUHHQ�IROLDJH��

*DPEDU�� �����)RWR�UXMXNDQ�XQWXN�SHQHQWXDQ�NHODV�NRQGLVL�WDMXN��(��SHOOLWD���$��WDMXN�NHODV�����%��WDMXN�NHODV����)LJXUH
�&��WDMXN�NHODV�����'��WDMXN�NHODV�����(��WDMXN�NHODV�����)��WDMXN�NHODV�����5HIHUHQFH�SLFWXUHV�IRU�WKH�
DVVHVVPHQW�RI�(��SHOOLWD�FURZQ�FRQGLWLRQV��$��WKH�FURZQ�ZDV�FODVVLILHG�DV�����%��WKH�FURZQ�ZDV�
FODVVLILHG�DV�����&��WKH�FURZQ�ZDV�FODVVLILHG�DV�����'��WKH�FURZQ�ZDV�FODVVLILHG�DV�����(��WKH�FURZQ�
ZDV�FODVVLILHG�DV����)��WKH�FURZQ�ZDV�FODVVLILHG�DV���

9RO����1R����-XQL�����������
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VHQWDVH�LQIHNVL�LQL�GLWHQWXNDQ�GDUL�SURSRUVL�MXP�
ODK�DNDU�ODWHUDO�\DQJ�WHULQIHNVL�WHUKDGDS�MXPODK�
WRWDO� DNDU� ODWHUDO�� GLNDOLNDQ������� ,QIHNVL� DNDU�
GLWHQWXNDQ� GDUL� WDQGD� � �� KDGLUQ\D� MDPXU�VLJQV
SHQ\HEDE�EXVXN�DNDU��\DQJ�GDSDW�EHUXSD�DGDQ\D�
WXEXK�EXDK�MDPXU�SDWRJHQ�� �VS��GDQ�*DQRGHUPD
DWDX� VS���� PLVHOLD�� UL]RPRUI�� SVHX�3KHOOLQXV�
GRVFOHURWLD�GDQ�ODLQ�ODLQ��'DWD�SHUVHQWDVH�LQIHNVL�
DNDU�LQL�PHQMDGL�GDVDU�XQWXN�PHQHQWXNDQ�NHEHU�
DGDDQ� � �� GDQ� WLQJNDW� NHSDUDKDQLQFLGHQFH �
� ��SHQ\DNLW�EXVXN�DNDU�\DQJ�PHQ\HUDQJ�VHYHULW\
(��SHOOLWD�EDLN�VHEDJDL� LQGLYLGX�SRKRQ�PDXSXQ�
SRSXODVL�WHJDNDQ��

8QWXN�PHQHQWXNDQ� �SHQ\DNLW�EXVXN�LQFLGHQFH
DNDU��GDWD�LQIHNVL�DNDU�GLNHORPSRNNDQ�NH�GDODP���
NDWHJRUL��\DLWX�����������VHKDW��GDQ�����!�����WHU�
LQIHNVL���8QWXN�PHQHQWXNDQ� WLQJNDW�NHSDUDKDQ�
Q\D��GDWD�LQIHNVL�DNDU�GLNHORPSRNNDQ�NH�GDODP���
NHODV� VHEDJDL�EHULNXW�� ���� WHULQIHNVL� VHOXUXKQ\D�
������DNDU�WHULQIHNVL�������WHULQIHNVL�EDQ\DN�� �!
���� DNDU� WHULQIHNVL��� ���� WHULQIHNVL� VHGLNLW� ���
����DNDU�WHULQIHNVL��GDQ�����VHKDW��WLGDN�DGD�DNDU�
\DQJ�WHULQIHNVL���,QWHUYDO�NHODV�LQIHNVL�DNDU�XQWXN�
PHQHQWXNDQ� WLQJNDW� � LQL� EHUGDVDUNDQ�VHYHULW\
VWUXNWXU�VHEDUDQ�GDQ�IUHNXHQVL�GDWD�KDVLO�SHQJD�
PDWDQ�GL�ODSDQJDQ�GDQ�NDLWDQQ\D�GHQJDQ�NULWHULD�
LQFLGHQFH��'DODP� VWXGL� XQWXN�PHQGHVNULSVLNDQ�
SHQ\DNLW�WDQDPDQ�� GDQ� �PHUX�LQFLGHQFH� VHYHULW\
SDNDQ�SDUDPHWHU�\DQJ�VHODOX�EHUNDLWDQ�

'��$SOLNDVL� 0HWRGH� 3HQJDPDWDQ� .RQGLVL�
7DMXN�GDODP�0HQGHWHNVL�3HQ\DNLW�%XVXN�
$NDU

8QWXN� PHQJHWDKXL� SRWHQVL� DSOLNDVL� PHWRGH�
DVVHVVPHQW� NRQGLVL� WDMXN� GDODP� PHQGHWHNVL�
SHQ\DNLW� EXVXN� DNDU� �EDLN� � PDXSXQ�LQFLGHQFH
VHYHULW\�� GLODNXNDQ� DQDOLVLV� VWDWLVWLN� \DQJ�
PHQJKXEXQJNDQ�GDWD�SHQJDPDWDQ�WDMXN��WHUGLUL�
DWDV� YDULDEOH�� GRPLQDQVL� WDMXN�� WLQJJL� SRKRQ��
GLDPHWHU�VHWLQJJL�GDGD��'%+���NHUDSDWDQ�WDMXN��
UDVLR� WDMXN� KLGXS�� SHUVHQWDVH� GDXQ�PXGD�� GDXQ�
\DQJ� EHUZDUQD� NXQLQJ� NHKLMDXDQ� GDQ� NXQLQJ�
GHQJDQ�GDWD�SHQJDPDWDQ�SHUDNDUDQ�

(��$QDOLVLV�6WDWLVWLN
%HEHUDSD� PHWRGH� DQDOLVLV� VWDWLVWLN� \DQJ�

WHUGDSDW�GDODP�SURJUDP�;/6WDW����� GLJXQDNDQ�
��

GDODP�VWXGL�LQL�� �GDQ� �5HSHDWDELOLW\ UHSURGXFLELOLW\
PHWRGH� LQL� GLWHQWXNDQ� GHQJDQ� PHWRGD� �RQHZD\
$129$� SDGD� WLQJNDW� NHSHUFD\DDQ�  ������.

5HOLDELOLW\ GLVFULPLQDQW��GLWHQWXNDQ�EHUGDVDUNDQ�
DQDO\VLV� \DQJ� GLWHUDSNDQ� SDGD� GDWDVHW� KDVLO�
SHQLODLDQ�SDGD�VXUYH\�,��,,�GDQ�,,,��.HODV�NRQGLVL�
WDMXN� GLWHWDSNDQ� VHEDJDL� ��GHSHQGHQW� YDULDEOH

WXMXK� NXDQWLWDWLI� � �WLQJJL�H[SODQDWRU\� YDULDEOH
SRKRQ��'%+��NHUDSDWDQ�WDMXN��UDVLR�WDMXN�KLGXS��
SHUVHQWDVH�GDXQ�PXGD��SHUVHQWDVH�GDXQ�EHUZDUQD�
NXQLQJ� GDQ� NXQLQJ� NHKLMDXDQ� GDQ� GRPLQDQVL�
SRKRQ� VHEDJDL� NXDOLWDWLI� ��H[SODQDWRU\� YDULDEOH�
3HQJDUXK�UHODWLI�VHWLDS� �GDODP�SHQHQWXDQ�YDULDEOH
NODVLILNDVL� NRQGLVL� WDMXN� GLOLKDW� GDUL� NRHILVLHQ�
NDQRQLNDO� VWDQGDUG� IXQJVL� GLVNULPLQDQ� �����
6HPDNLQ�EHVDU�QLODL� �VHPDNLQ�EHVDU�NRQWULEXVL��
YDULDEHO�WHUVHEXW�GDODP�PHPEHGDNDQ�NHODV�NHODV�
WHUVHEXW��3RXOVHQ�	�)UHQFK��������

,,,��+$6,/�'$1�3(0%$+$6$1

$��0HWRGH�3HQJDPDWDQ�.RQGLVL�7DMXN

��� 5HSHDWDELOLW\ UHSURGXFLELOLW\��GDQ�

5HSHDWDELOLW\� GLWHQWXNDQ� GHQJDQ� PHPEDQ�
GLQJNDQ�GDWD�SHQJDPDWDQ�GL�SDJL�KDUL�GDQ�VRUH�
KDUL� XQWXN� VHWLDS� DVHVRU�� 3DGD� 7DEHO� �� GDSDW�
GLOLKDW� EDKZD� EDLN� DVHVRU� �� PDXSXQ� DVHVRU� ��
WLGDN�PHPLOLNL� SHUEHGDDQ�QLODL� \DQJ� VLJQLILNDQ�
SDGD� VHWLDS� LQGLNDWRU� \DQJ� GLDPDWL�� $VHVRU� ��
PHQXQMXNNDQ� YDULDVL� DWDX� NHWLGDNNRQVLVWHQDQ�
GDODP�PHQLODL�NHODV�NRQGLVL�WDMXN�GDQ�SHUVHQWDVH�
GDXQ�EHUZDUQD�NXQLQJ��7DEHO����
5HSURGXFLELOLW\�GLWHQWXNDQ�GHQJDQ�PHPEDQ�

GLQJNDQ� GDWD� DQWDU� DVHVRU� SDGD� ZDNWX� SHQJD�
PDWDQ�\DQJ�VDPD��'DWD�SDGD�7DEHO���PHQXQMXN�
NDQ�EDKZD�DVHVRU���FHQGHUXQJ�PHPEHULNDQ�QLODL�
\DQJ�OHELK�WLQJJL�XQWXN�NHODV�NRQGLVL�WDMXN�GDQ�
QLODL� \DQJ� OHELK� UHQGDK� XQWXN� SHUVHQWDVH� GDXQ�
PXGD�GDQ�GDXQ�\DQJ�EHUZDUQD�NXQLQJ��1DPXQ�
YDULDVL� GDWD� SDGD� DVHVRU� �� �\DQJ� PHUXSDNDQ�
DVHVRU�\DQJ�UHODWLI�NXUDQJ�EHUSHQJDODPDQ��PDVLK�
GDODP�NLVDUDQ�\DQJ�GDSDW�GLWHULPD�XQWXN�VHEXDK�
YLVXDO�DVVHVVPHQW��+RUWRQ�HW�DO����������+DO�LQL�
GDSDW�GLNDWDNDQ�EDKZD�PHWRGH�LQL�UHSHDWDEOH�GDQ�
UHSURGXFLEOH�PHVNLSXQ�GLDSOLNDVLNDQ�ROHK�DVHVRU�
\DQJ� KDQ\D� PHPSHUROHK� SHODWLKDQ� GDQ� SHQJD�
UDKDQ�VLQJNDW�GL�ODSDQJDQ�

��� 5HOLDELOLW\

5HOLDELOLW\� GLWHQWXNDQ� GHQJDQ�PHPEDQGLQJ�
NDQ�QLODL���VHWLDS�LQGLNDWRU�GDUL�VXUYH\�,��,,�GDQ�,,,�
�7DEHO� ���� ,QGLNDWRU� GHQJDQ� QLODL� �� WHUWLQJJL�
PHUXSDNDQ�YDULDEHO�\DQJ�SDOLQJ�PHPSHQJDUXKL�
DVHVRU�GDODP�PHQHQWXNDQ�VHKDW�WLGDNQ\D�SRKRQ�
\DQJ�GLDPDWL��7LP�DVHVRU� SDGD� VXUYH\� ,� GDQ� ,,�
PHPLOLNL� NHFHQGHUXQJDQ� \DQJ� VDPD�� \DLWX�
PHQJJXQDNDQ�LQGLNDWRU�NHUDSDWDQ�WDMXN�VHEDJDL�
SHQHQWX�VWDWXV�NHVHKDWDQ�VXDWX�SRKRQ��� ������
SDGD�VXUYH\�,�GDQ�� ������SDGD�VXUYH\�,,��GDQ�
NHUGLOQ\D�SRKRQ� �GRPLQDQVL� WDMXN�� VXSSUHVVHG��

/XFLDVLK�$JXVWLQL�GDQ�5DJLO�6%�,ULDQWR

+XEXQJDQ�DQWDUD�.RQGLVL�7DMXN�(XFDO\SWXV�SHOOLWD�)��0XHOO
GHQJDQ�,QIHNVL�3HQ\DNLW�%XVXN�$NDU
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VHEDJDL�LQGLNDWRU�\DQJ�SDOLQJ�PXGDK�GLWDQJNDS�
VHFDUD� YLVXDO� XQWXN� PHQJJRORQJNDQ� SRKRQ�
WHUVHEXW�VHEDJDL� WDQDPDQ�\DQJ�WLGDN�VHKDW��+DO�
LQL�GLWDQGDL�GHQJDQ�QLODL���\DQJ�QHJDWLI��7DEHO�����
1DPXQ�SDGD�VXUYH\�,,,��SUHIHUHQVL� LQL�EHUXEDK��
.HUDSDWDQ� WDMXN� WLGDN� ODJL� GLMDGLNDQ� LQGLNDWRU�
XWDPD�GDODP�NODVLILNDVL�NRQGLVL�WDMXN��7LP�DVHVRU�
SDGD�VXUYH\�,,,�FHQGHUXQJ�PHQJJXQDNDQ�WLQJJL�
SRKRQ� GDQ� UDVLR� WDMXN� KLGXS� VHEDJDL� LQGLNDWRU�
WDMXN�\DQJ�PHQHQWXNDQ�SHQJHORPSRNDQ�NRQGLVL�
NHVHKDWDQ�WHJDNDQ�(��SHOOLWD�SDGD�SORW�SORW�\DQJ�
GLDPDWL��7LP�DVHVRU�\DQJ�PHODNXNDQ�VXUYH\�,,,�
WDPSDNQ\D� PHPLOLNL� LQWHUSUHWDVL� \DQJ� EHUEHGD�
WHUKDGDS�GHVNULSVL�\DQJ�WHUFDQWXP�GDODP�7DEHO���

3HUEHGDDQ� NRHILVLHQ� NDQRQLNDO� VWDQGDU�
�VWDQGDUGLVHG�FDQRQLFDO�FRHIILFLHQW��LQL�GLVHEDE�
NDQ� NHWLJD� VXUYH\� LQL� GLODNXNDQ� ROHK� WLP� \DQJ�
EHUEHGD�EHGD� GDQ� PHPLOLNL� OHYHO� SHQJDODPDQ�
\DQJ�EHUEHGD�SXOD�GDODP�KDO�SHQJDPDWDQ�WDMXN�
WDQDPDQ�� 6XUYH\� ,� GLNHUMDNDQ� ROHK� WLP� \DQJ�
GLSLPSLQ� ROHK� DVHVRU� \DQJ� WHODK� PHPLOLNL�
SHQJDODPDQ�GDODP�KDO�SHQJDPDWDQ�WDMXN��6XUYH\�
,,�GLNHUMDNDQ�ROHK�WLP�\DQJ�VXGDK�PHQGDSDWNDQ�
SHODWLKDQ�GDUL�WLP�VXUYH\�,��1DPXQ�NDUHQD�NHQ�
GDOD�WHNQLV��WLP�VXUYH\�,,�LQL�WLGDN�GDSDW�PHQJHU�
MDNDQ� VXUYH\� \DQJ� NHWLJD�� VHKLQJJD� VXUYH\� ,,,�
GLNHUMDNDQ� ROHK� WLP� EDUX� \DQJ� PHQGDSDWNDQ�
SHQMHODVDQ�GDQ�SHODWLKDQ�\DQJ�NXUDQJ�RSWLPDO�

.ODVLILNDVL� NRQGLVL� WDMXN� �7DEHO� ��� VHFDUD�
HNVSOLVLW� PHQ\HEXWNDQ� NHUDSDWDQ� WDMXN� GDQ�
GRPLQDQVL� SRKRQ� VHEDJDL� IDNWRU� \DQJ� KDUXV�
GLSHUKLWXQJNDQ� VDDW� PHQHQWXNDQ� NHODV� NRQGLVL�
WDMXN� GDUL� VXDWX� SRKRQ� \DQJ� VHGDQJ� GLDPDWL��
%HUGDVDUNDQ�GDWD�SDGD�7DEHO����WLP�DVHVRU�\DQJ�
PHODNXNDQ�VXUYH\�,�GDQ�,,�WDPSDNQ\D�PHPLOLNL�
SHPDKDPDQ� \DQJ� VDPD� PHQJHQDL� GHVNULSVL�
NRQGLVL�WDMXN�GDODP�PHWRGH�SHQLODLDQ�WDMXN�LQL��
+DVLO� DQDOLVLV� VWDWDWLVWLN� PHQXQMXNNDQ� EDKZD�
DNXUDVL�GDWDVHW�VXUYH\�,�VHEHVDU�����GDQ�VXUYH\�
,,� VHEHVDU� ����� $GDSXQ� WLP� DVHVRU� \DQJ�
PHODNXNDQ�VXUYH\�,,,�WDPSDN�PHPLOLNL�NHVXOLWDQ�
XQWXN�PHPDKDPL�GDQ�PHQJDSOLNDVLNDQ�GHVNULSVL�
SDGD�7DEHO���WHUVHEXW��VHKLQJJD�SHQLODLDQ�NRQGLVL�
WDMXN� OHELK� GLSHQJDUXKL� ROHK� WLQJJL� SRKRQ� GDQ�
UDVLR�WDMXN�KLGXS�

.HUDSDWDQ�WDMXN��PHUXSDNDQ�SDUDPHWHU�\DQJ�
WHODK� XPXP� GLJXQDNDQ� XQWXN� PHQXQMXNNDQ�
NRQGLVL� NHVHKDWDQ� SRKRQ� �6FKRPDNHU� HW� DO���
������� 7DMXN� \DQJ� UDSDW� PHUXSDNDQ� LQGLNDVL�
WDQDPDQ�\DQJ�VHKDW��VHEDOLNQ\D�WDMXN�\DQJ�MDUDQJ�
EHUDVRVLDVL�GHQJDQ�NRQGLVL�WDQDPDQ�\DQJ�VHGDQJ�
PHQJDODPL� VWUHV� �0RULQ� HW� DO��� ������� 1DPXQ�
GHPLNLDQ��VXDWX� WDQDPDQ�WLGDN�VHFDUD� ODQJVXQJ�
GLDQJJDS�VHKDW�KDQ\D�NDUHQD�PHPLOLNL�WDMXN�\DQJ�
UDSDW� �0RULQ�HW�DO��� �������6WXGL�GDQ�REVHUYDVL�
\DQJ� OHELK�NRPSUHKHQVLI�GLSHUOXNDQ�XQWXN�PH�

7DEHO��7DEOH����� 0HDQ����6(��GDUL�LQGLNDWRU�WDMXN�\DQJ�GLHVWLPDVL�VHFDUD�YLVXDO�SDGD�SDJL�GDQ�VRUH�KDUL�
ROHK���DVHVRU�\DQJ�EHUEHGD���0HDQV����6(��RI�WKH�YLVXDO�HVWLPDWLRQ�IRU�WKUHH�GLIIHUHQW�
DVVHVVRUV�LQ�WKH�PRUQLQJ�DQG�DIWHUQRRQ�

�

3HQLODL�

�$VVHVVRUV��

�

:DNWX�

�7LPH��

,QGLNDWRU�WDMXN��&URZQ�LQGLFDWRUV��

.HODV�NRQGLVL�
WDMXN��&URZQ�

FRQGLWLRQ�

FODVV��

��.HUDSDWDQ�

WDMXN����&URZQ�

GHQVLW\��

��'DXQ�PXGD�

���1HZ�

IROLDJH��
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�����������EF� ������������D� ������������DE� ������������D� ������������D�

6RUH�

�30��

�����������EF� ������������D� ������������D� ������������D� ������������D�

�
��

3DJL�
�$0��

�����������E� ������������D� ������������E� ������������D� ������������E�

6RUH�

�30��

�����������D� ������������D� ������������E� ������������D� �����������F�

�.HWHUDQJDQ��5HPDNV��� $QJND�\DQJ�GLLNXWL�ROHK�KXUXI�\DQJ�EHUEHGD�SDGD�NRORP�\DQJ�VDPD�DGDODK�EHUEHGD�VHFDUD�VLJQLILNDQ�SDGD�
. �����EHUGDVDUNDQ�$129$�\DQJ�GLJXQDNDQ�SDGD�VHWLDS�LQGLNDWRU�VHFDUD�WHUSLVDK��7KH�YDOXHV�IROORZHG�
ZLWK�GLIIHUHQW�OHWWHUV�ZLWKLQ�WKH�VDPH�FROXPQ�DUH�VLJQLILFDQWO\�GLIIHUHQW�DW�VLJQLILFDQFH�OHYHO�. ������DV�
GHWHUPLQHG�E\�$129$�IRU�HDFK�LQGLFDWRU��VHSDUDWHO\�

9RO����1R����-XQL�����������
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QHQWXNDQ�VWDWXV�NHVHKDWDQ�WDQDPDQ��3HQJXNXUDQ�
SDUDPHWHU�\DQJ�GLHVWLPDVL�VHFDUD�YLVXDO��WLQJNDW�
NHDKOLDQ�GDQ�SHQJDODPDQ�DVHVRU�WHUQ\DWD�PHP�
SHQJDUXKL� WLQJNDW� DNXUDVL� GDWD� \DQJ� GLSHUROHK�
�+RUWRQ�HW�DO����������6WXGL�LQL�SXQ�PHPSHUNXDW�
KDO�WHUVHEXW��+DO�LQL�PHQXQMXNNDQ�EDKZD�XQWXN�
PHQGDSDWNDQ�GDWD�\DQJ�UHOLDEOH��DNXUDW��GLSHUOX�
NDQ� SHPDKDPDQ� \DQJ� EHQDU� GDQ� VHUDJDP� WHU�
KDGDS�PHWRGH�DVVHVVPHQW�\DQJ�GLJXQDNDQ��2OHK�
NDUHQD�LWX��SDUD�DVHVRU�SHUOX�PHPSHUROHK�SHODWLK�
DQ�\DQJ�PHPDGDL�

%�� .RQGLVL� 7DMXN� VHEDJDL� ,QGLNDVL� 3HQ\DNLW�
%XVXN�$NDU

8SD\D� XQWXN�PHQJXML� SRWHQVL� NRQGLVL� WDMXN�
VHEDJDL�LQGLNDWRU�SHQ\DNLW�EXVXN�DNDU��SHQHOLWLDQ�
LQL� WHODK� PHQJKXEXQJNDQ� GDWD� NRQGLVL� WDMXN�
GHQJDQ�NRQGLVL�SHUDNDUDQ�(��SHOOLWD��'DWD�NRQGLVL�
WDMXN�\DQJ�GLJXQDNDQ�DGDODK�GDWD�\DQJ�GLKDVLO�
NDQ�GDUL�SHQLODLDQ�ROHK�SHQJDPDW�,�SDGD�VXUYH\�,��
\DQJ� PHQXQMXNNDQ� QLODL� SDOLQJ� NRQVLVWHQ� GDQ�
UHOLDEOH�EHUGDVDUNDQ�XML�UHSHDWDELOLW\�GDQ�UHDOLD�
ELOLW\�

%HUGDVDUNDQ�NRUHODVL�6SHDUPDQ��NRQGLVL�WDMXN�
EHUNRUHODVL� VHFDUD� VLJQLILNDQ� �. ������ S� ��
��������GHQJDQ�LQIHNVL�SHQ\DNLW�EXVXN�DNDU��+DO�
LQL�PHQXQMXNNDQ�EDKZD�SDGD�OHYHO�SORW��GLPDQD�
NRQGLVL�NHVHOXUXKDQ�SORW��WHUPDVXN�SRKRQ�\DQJ�
VXGDK�PDWL��GLPDVXNNDQ�GDODP�DQDOLVLV��GDPSDN�
VHUDQJDQ� SHQ\DNLW� EXVXN� DNDU� WHUVHEXW� PHP�
SHQJDUXKL�VHFDUD�VLJQLILNDQ�NHVDQ�\DQJ�WDPSDN�
SDGD�WDMXN�GL�SORW�WHUVHEXW��1DPXQ��VDDW�DQDOLVLV�

KDQ\D�GLEHUODNXNDQ�SDGD�GDWD�GDUL�SRKRQ�\DQJ�
KLGXS� VDMD� �WDQSD�PHPDVXNNDQ� VNRU� QRO��� NRH�
ILVLHQ� NRUHODVL� 6SHDUPDQ� PHQXQMXNNDQ� QLODL�
\DQJ�WLGDN�VLJQLILNDQ��7DEHO�����+DO�LQL�PHQXQ�
MXNNDQ�EDKZD�NRQGLVL�WDMXN�(��SHOOLWD�WLGDN�VHFDUD�
VLJQLILNDQ�PHQJLQGLNDVLNDQ�SHQ\DNLW�EXVXN�DNDU�
\DQJ�GLGXJD�WHODK�PHQ\HUDQJ�SRKRQ�SRKRQ�\DQJ�
PDVLK�KLGXS�WHUVHEXW�

8QWXN�PHQJKLWXQJ�SUREDELOLWDV�NRQGLVL�WDMXN�
VHEDJDL�LQGLNDWRU�SHQ\DNLW�EXVXN�DNDU�GLJXQDNDQ�
GLVFULPLQDQW�DQDO\VLV��\DQJ�PHQXQMXNNDQ�EDKZD�
DNXUDVL�NRQGLVL�WDMXN�VHEDJDL�LQGLNDWRU�SHQ\DNLW�
EXVXN� DNDU� �URRW� URW� LQFLGHQFH�� DGDODK� ������
VHGDQJNDQ� VHEDJDL� LQGLNDWRU� WLQJNDW� NHSDUDKDQ�
�VHYHULW\�� DGDODK������� �7DEHO���GDQ�7DEHO�����
1LODL� SUHGLNVL� LQL� PDVLK� VHNLWDU� QLODL� VHEXDK�
GXJDDQ� DFDN� ���� �� ����� 2OHK� NDUHQD� LWX�� GDSDW�
GLNDWDNDQ�EDKZD�SHQ\DNLW�EXVXN�DNDU�PDVLK�VXOLW�
GLGHWHNVL� DSDELOD� KDQ\D� PHQJDQGDONDQ� JHMDOD�
JHMDOD�\DQJ�WDPSDN�SDGD�WDMXN�

,QIHNVL�SHQ\DNLW�EXVXN�DNDU�PHPDQJ�VHULQJ�
NDOL�WLGDN�WHUGHWHNVL�GDUL�JHMDOD�\DQJ�WDPSDN�SDGD�
WDMXN��3HQ\DNLW�EXVXN�DNDU�SDGD�IDVH�DZDO�VDPSDL�
LQWHUPHGLDWH�VXOLW�WHUGHWHNVL�GDQ�EDUX�DNDQ�PHP�
SHQJDUXKL� NRQGLVL� WDMXN� VHWHODK� DNDU� WHULQIHNVL�
SDUDK� �)DULG� HW� DO��� ������� 6HEDJDL� FRQWRK��
)UDQFLV�HW�DO���������\DQJ�PHPRQLWRU�SHQ\HEDUDQ�
SHQ\DNLW� EXVXN� DNDU� SDGD� $�� PDQJLXP� SDGD�
NXUXQ� ZDNWX� ���������� GL� EHEHUDSD� ORNDVL� GL�
5LDX��6XPDWHUD�6HODWDQ�GDQ�.DOLPDQWDQ�7LPXU��
PHODSRUNDQ�EDKZD�����SRKRQ�\DQJ�SRVLWLI�WHU�
LQIHNVL�*�� SKLOLSSLL� �SDWRJHQ� EXVXN� DNDU�� EHU�

7DEHO��7DEOH����� 1LODL�NRHILVLHQ�IXQJVL�FDQRQLFDO�GLVFULPLQDQW�WHUVWDQGDU�����LQGLNDWRU�WDMXN�GDUL�GDWDVHW���
NDOL�VXUYH\��7KH�VWDQGDUGLVHG�FDQRQLFDO�GLVFULPLQDQW�FRHIILFLHQW�����RI�FURZQ�LQGLFDWRUV�
IRU�WKH�WKUHH�VXUYH\�

,QGLNDWRU�SDGD�WDMXN�

�&URZQ�LQGLFDWRUV��

.RHILVLHQ�NDQRQLNDO�VWDQGDUG�����

�6WDQGDUGLVHG�FDQRQLFDO�FRHIILFLHQW��

6XUYH\�,� 6XUYH\�,,� 6XUYH\�,,,�

���'RPLQDQVL�WDMXN��&URZQ�GRPLQDQFH������
'RPLQDQW�

�
��������

� �

6XE��&R�GRPLQDW�� ������

������

������

������

������

6XSSUHVVHG� � ������ � �������� ��������

7LQJJL�SRKRQ��7UHH�KHLJKW�� � ������ ������
'LDPHWHU�VHWLQJJL�GDGD��'LDPHWHU�DW�EUHDVW�KHLJKW�� ������

������
������

.HUDSDWDQ�WDMXN��&URZQ�GHQVLW\�� ������� ������

������

������

5DVLR�WDMXN�KLGXS��/LYH�FURZQ�UDWLR�� �������� ������

3HUVHQWDVH�GDXQ�PXGD��3HUFHQWDJH�RI�QHZ�IROLDJH��

������

������ �������� ��������

3HUVHQWDVH�GDXQ�NXQLQJ�NHKLMDXDQ��3HUFHQWDJH�RI�\HOORZ�
JUHHQ�IROLDJH��

� ������ �������� �����

3HUVHQWDVH�GDXQ�NXQLQJ��3HUFHQWDJH�RI�\HOORZ�IROLDJH�� ������ ������ ������

.HWHUDQJDQ��5HPDNV��� 1LODL���\DQJ�GLEHUL�WDQGD�ELQWDQJ�PHUXSDNDQ�LQGLNDWRU�\DQJ�SDOLQJ�EHUSHQJDUXK�WHUKDGDS�SHQJHORPSRNDQ�
NRQGLVL�WDMXN��7KH�DVWHULF���YDOXHV�KDYLQJ�WKH�PRVW�LQIOXHQFH�RQ�WKH�GLVFULPLQDQW�IXQFWLRQ�

/XFLDVLK�$JXVWLQL�GDQ�5DJLO�6%�,ULDQWR

+XEXQJDQ�DQWDUD�.RQGLVL�7DMXN�(XFDO\SWXV�SHOOLWD�)��0XHOO
GHQJDQ�,QIHNVL�3HQ\DNLW�%XVXN�$NDU



�

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

7DEHO��7DEOH����� .RHILVLHQ�NRUHODVL�6SHDUPDQ��6��GDUL�LQGLNDWRU�WDMXN�GHQJDQ�NHODV�NHSDUDKDQ�LQIHNVL�
SHQ\DNLW�EXVXN�DNDU��6SHDUPDQ
V�FRUUHODWLRQ��6��RI�WKH�FURZQ�LQGLFDWRUV�DQG�URRW�URW�
VHYHULW\�FODVVHV�

7DEHO��7DEOH����� $NXUDVL�LQGLNDWRU�WDMXN�VHEDJDL�SHQGXJD�NHEHUDGDDQ�SHQ\DNLW�EXVXN�DNDU��$FXUDWLRQ�RI�
FURZQ�LQGLFDWRUV�WR�LQGLFDWH�URRW�URW�LQFLGHQFH�

7DEHO��7DEOH����� $NXUDVL� LQGLNDWRU� WDMXN� VHEDJDL� SHQGXJD� WLQJNDW� NHSDUDKDQ� SHQ\DNLW� EXVXN� DNDU�
�$FFXUDWLRQ�RI�FURZQ�LQGLFDWRUV�WR�LQGLFDWH�URRW�URW�VHYHULW\�

,QGLNDWRU��,QGLFDWRUV��

.HODV�NHSDUDKDQ�SHQ\DNLW�EXVXN�DNDU�

�5RRW�URW�VHYHULW\�FODVVHV��

3RKRQ�PDWL�GLKLWXQJ�

�'HDG�WUHH�LQFOXGHG��

3RKRQ�PDWL�WLGDN�GLKLWXQJ�

�'HDG�WUHH�H[FOXGHG��

6� S�YDOXH� 6� S�YDOXH�

'RPLQDQVL�WDMXN��&URZQ�GRPLQDQFH�� ������ ��������� ������ ������
7LQJJL�SRKRQ��7UHH�KHLJKW�� ������ ��������� ������ ������

'%+��'LDPHWHU�DW�EUHDVW�KHLJKW�� ������ ��������� ������ ������

.HUDSDWDQ�WDMXN��&URZQ�GHQVLW\�� ������ ��������� ������ ������

5DVLR�WDMXN�KLGXS��/LYH�FURZQ�UDWLR�� ������ ��������� ������ ������

3HUVHQWDVH�GDXQ�PXGD��3HUFHQWDJH�RI�QHZ�
IROLDJH��

������ ��������� ������� ������

3HUVHQWDVH�GDXQ�NXQLQJ�NHKLMDXDQ�

�3HUFHQWDJH�RI�\HOORZ�JUHHQ�IROLDJH��
������ ��������� ������� ������

3HUVHQWDVH�GDXQ�NXQLQJ��3HUFHQWDJH�RI�\HOORZ�

IROLDJH��
������ ��������� ������ ������

2EVHUYDVL�DFWXDO�

�$FWXDO�REVHUYDWLRQ��

3UHGLNVL�SHQJHORPSRNDQ�

�3UHGLFWHG�JURXS�PHPEHUVKLSV�� ��.HVHVXDLDQ�

���&RUUHFW��
.HORPSRN��*URXSV��

-XPODK�SRKRQ�

�1XPEHU�RI�WUHHV��

7HULQIHNVL�

�,QIHFWHG��
6HKDW��+HDOWK\��

7HULQIHNVL��,QIHFWHG�� ��� ��� ��� �����
6HKDW��+HDOWK\�� ���� ��� ��� �����

7RWDO� ���� � � �����

2EVHUYDVL�DFWXDO�

�$FWXDO�REVHUYDWLRQ��

3UHGLNVL�SHQJHORPSRNDQ�

�3UHGLFWHG�JURXS�PHPEHUVKLSV��
��

.HVHVXDLDQ�

���&RUUHFW��.HORPSRN��*URXSV��

-XPODK�

SRKRQ�

�1XPEHU�
RI�WUHHV��

6HKDW�

�+HDOWK\��

7HULQIHNVL�

VHGLNLW�

�3DUWO\�
LQIHFWHG��

7HULQIHNVL�

EDQ\DN�

�+LJKO\�
LQIHFWHG��

7HULQIHNVL�

VHOXUXKQ\D�

�7RWDOO\�
LQIHFWHG��

6HKDW��+HDOWK\�� ���� ��� ��� ��� ��� �����

7HULQIHNVL�VHGLNLW��3DUWO\�
LQIHFWHG��

��� �� ��� �� �� �����

7HULQIHNVL�EDQ\DN�

�+LJKO\�LQIHFWHG��
��� �� �� �� �� �����

7HULQIHNVL�VHOXUXK�

�7RWDOO\�LQIHFWHG��
��� �� �� �� �� �����

7RWDO� ���� � � � � �����
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GDVDUNDQ�SHQJDPDWDQ�SHUDNDUDQ��PDVLK�PHQXQ�
MXNNDQ�NRQGLVL�WDMXN�\DQJ�VHKDW��KDQ\D����VDMD�
\DQJ�PHQXQMXNNDQ� NRQGLVL� WDMXN� \DQJ�PHQJX�
QLQJ��3HQ\DNLW�EXVXN�SDQJNDO�EDWDQJ��EDVDO�VWHP�
URW��SDGD�WHJDNDQ�NHODSD�VDZLW��JHMDOD�SDGD�WDMXN�
XPXPQ\D�GDSDW�GLDPDWL�VHWHODK�VHSDUXK���������
VLVWHP� SHUDNDUDQQ\D� PDWL� NDUHQD� VHUDQJDQ�
SDWRJHQ�*��ERQLQHQVH��0RKDPPHG�HW�DO�����������
.DUHQD� LQLODK�� SHQ\DNLW� EXVXN� DNDU� VHULQJNDOL�
GLVHEXW�VHEDJDL�VXGGHQ�GHDWK�GLVHDVH��

6DPSDL�VDDW�LQL�XSD\D�XQWXN�PHQJHPEDQJNDQ�
PHWRGH�GHWHNVL�GLQL�XQWXN�SHQ\DNLW�EXVXN�DNDU�
SDGD� LQGLYLGXDO� SRKRQ�� PDVLK� PHUXSDNDQ�
WDQWDQJDQ�\DQJ�EHVDU��1DPXQ��XQWXN�VNDOD�SORW�
DWDX� NRPSDUWHPHQ� PHWRGH� SUHGLNVL� VHUDQJDQ�
SHQ\DNLW�EXVXN�DNDU�PDVLK�PHPXQJNLQNDQ�XQWXN�
GLNHPEDQJNDQ�� DJDU� NHUXJLDQ� MDQJND� SDQMDQJ�
\DQJ� OHELK� EHVDU� GDSDW� GLNXUDQJL�� 3HQ\HEDUDQ�
EXVXN�DNDU�XPXPQ\D�PHODOXL�NRQWDN�DNDU�\DQJ�
WHULQIHNVL�GHQJDQ�DNDU�\DQJ�PDVLK�VHKDW��(\OHV��
HW�DO���������,ULDQWR�HW�DO���������/RFNPDQ�HW�DO���
�������2OHK�NDUHQD� LWX��SRKRQ�\DQJ� WXPEXK�GL�
GHNDW� SRKRQ� \DQJ� WHULQIHNVL� EHUSRWHQVL� XQWXN�
WHULQIHNVL� MXJD�� 6HPDNLQ� EDQ\DN� MXPODK� SRKRQ�
WHULQIHNVL�GL�VHNHOLOLQJ�SRKRQ�\DQJ�PDVLK�WDPSDN�
VHKDW��PDND�VHPDNLQ�EHVDU�SHOXDQJ�SRKRQ�\DQJ�
VHKDW� WHUVHEXW� XQWXN� WHULQIHNVL� MXJD� �)UDQFLV� HW�
DO��� ������� 3HUOX� GLODNXNDQ� VWXGL� OHELK� ODQMXW�
XQWXN� PHQJXML� DSDNDK� SDUDPHWHU� LQL� GDSDW�
PHQMDGL� LQGLNDWRU� NRPSOHPHQWHU� XQWXN�
LQGLNDWRU�LQGLNDWRU� WDMXN� GDODP� PHPSUHGLNVL�
SHQ\DNLW�EXVXN�DNDU�

)XQJL�SHQ\HEDE�SHQ\DNLW�EXVXN�DNDU��VHSHUWL���
*�� ERQLQHQVH� \DQJ� PHQ\HUDQJ� SHUNHEXQDQ�
NHODSD�VDZLW��*��SKLOLSSLL�\DQJ�PHQ\HUDQJ�+7,�
DNDVLD� GDQ� HNDOLSWXV�� � 3KHOOLQXV� QR[LXV� \DQJ�
PHQ\HUDQJ� MDWL� �7HFWRQD� JUDQGLV��� VHQWDQJ�
�$]DGLUDFKWD� H[HOVD�� GDQ� $�� PDQJLXP��
5LJLGRSRUXV� PLFURSRUXV� V\Q� 5�� OLJQRVXV� \DQJ�
PHQ\HUDQJ� SHUNHEXQDQ� NDUH W � �+HYHD�
EUDVLOLHQVLV�� �$JXVWLQL�HW�DO��� ������%LYL�HW�DO���
������ )DULG� HW� DO��� ������ )UDQFLV� HW� DO��� ������
,ULDQWR�HW�DO���������2JKHQHNDUR�HW�DO���������5HHV�
HW� DO��� ������ SDGD� GDVDUQ\D� PHUXSDNDQ�
NRPSRQHQ� QRUPDO� SDGD� HNRVLVWHP� KXWDQ� DODP��
3DGD� HNRVLVWHP� DODPL�� LQWHUDNVL� IXQJL�IXQJL�
WHUVHEXW� GHQJDQ� WDQDPDQ� LQDQJ� EHUSHQJDUXK�
WHUKDGDS� VLNOXV� QXWULVL�� NRPSRVLVL� GDQ� VWUXNWXU�
KXWDQ�VXSD\D�WHWDS�GDODP�NHVHLPEDQJDQ�GLQDPLV�
�G\QDPLF� HTXLOLEULXP�� �/RR�� ������3DXWDVVR�HW�
DO����������'LEXNDQ\D�SHUNHEXQDQ�GDQ�+7,�\DQJ�
XPXPQ\D� PHQDQDP� WDQDPDQ� HNVRWLN� GDODP�
VNDOD� \DQJ� VDQJDW� OXDV� VHFDUD� PRQRNXOWXU��
NHVHLPEDQJDQ� GLQDPLV� LQL� PHQMDGL� WHUJDQJJX��
)XQJL��\DQJ�SDGD�HNRVLVWHP�DODPLQ\D�FHQGHUXQJ�

EHUSHUDQ�VHEDJDL�VDSURILW��GDSDW�EHUXEDK�PHQMDGL�
DJHQ�ELRWLN�\DQJ�EHUVLIDW�SDUDVLW�EDJL�NRPRGLWDV�
WDQDPDQ�SHUNHEXQDQ�GDQ�+7,��/XW]�	�+DOSHUQ��
������ GDQ� GDSDW� PHQJDNLEDWNDQ� NHUXJLDQ�
HNRQRPL�\DQJ�WLGDN�VHGLNLW��+DO�WHUVHEXW�PHQMDGL�
UHVLNR� \DQJ� KDUXV� GLWDQJJXQJ� GDUL� XSD\D�
SHPHQXKDQ� NHEXWXKDQ� PDQXVLD� WHUKDGDS�
NRPRGLWDV�NRPRGLWDV� +7,� GDQ� SHUNHEXQDQ�
WHUVHEXW��

8QWXN�PHQJXUDQJL�SRWHQVL�NHUXJLDQ�HNRQRPL�
GDODP� SHQJHORODDQ� +7,� GDQ� PHQJLQJDW� EHOXP�
DGDQ\D�WHNQLN�SHQJHQGDOLDQ�SHQ\DNLW�EXVXN�DNDU�
\DQJ�HIHNWLI�GDQ��GDSDW�GLDSOLNDVLNDQ�GDODP�VNDOD�
OXDV��PDND�PHQJKLQGDUL� SHQDQDPDQ�NRPRGLWDV�
+7,�GDQ�SHUNHEXQDQ�GL�DUHDO�\DQJ�EHUHVLNR�WLQJJL�
WHUVHUDQJ�SDWRJHQ�EXVXN�DNDU�PHUXSDNDQ� VDODK�
VDWX� XSD\D� SHQFHJDKDQ� WHUMDGLQ\D� RXWEUHDN� �
SHQ\DNLW�LQL��2OHK�NDUHQD�LWX��VLWH�ULVN�DVVHVVPHQW�
WHUNDLW� SHQ\DNLW� EXVXN� DNDU� SHUOX� GLODNXNDQ�
VHEHOXP� PHPEXND� VXDWX� ODKDQ�NDZDVDQ� XQWXN�
+7,� DWDX� SHUNHEXQDQ�� DJDU� SRWHQVL� NHUXJLDQ�
HNRQRPLV�GDQ�HNRORJLV� DNLEDW�SHPEXNDDQ�+7,�
GDQ�DWDX�SHUNHEXQDQ�WHUVHEXW�GDSDW�GLFHJDK�DWDX�
GLNXUDQJL�

,9���.(6,038/$1�'$1�6$5$1

0HWRGH� SHQJDPDWDQ� NRQGLVL� WDMXN� \DQJ�
GLNHPEDQJNDQ�GDODP�VWXGL�LQL�GDSDW�GLJXQDNDQ�
XQWXN� PHPRQLWRU� SHUXEDKDQ�SHUXEDKDQ� \DQJ�
WDPSDN� SDGD� WDMXN�� GHQJDQ� FDWDWDQ� SURVHV�
SHQJDPDWDQQ\D� GLODNXNDQ� ROHK� WHQDJD�WHQDJD�
\DQJ� EHUSHQJDODPDQ�WHUODWLK�� 3DGD� OHYHO� SORW��
NRQGLVL� WDMXN� (�� SHOOLWD� VHFDUD� VLJQLILNDQ�
EHUNRUHODVL� GHQJDQ� VHUDQJDQ� SHQ\DNLW� EXVXN�
DNDU��1DPXQ�� SHQ\DNLW� EXVXN� DNDU� SDGD� OHYHO�
LQGLYLGX� SRKRQ� PDVLK� VXOLW� GLGHWHNVL� DSDELOD�
KDQ\D�PHQJDQGDONDQ�JHMDOD�JHMDOD�\DQJ�WDPSDN�
SDGD�WDMXN��3UREDELOLWDV�NRQGLVL�WDMXN�(��SHOOLWD�
VHEDJDL� SHQGXJD� SHQ\DNLW� EXVXN� DNDU� VHEHVDU�
������ VHGDQJNDQ� VHEDJDL� LQGLNDWRU� WLQJNDW�
NHSDUDKDQQ\D�DGDODK��������0HWRGH�GHWHNVL�GLQL�
SHQ\DNLW� EXVXN� DNDU� PDVLK� SHUOX� GLNDML� GDUL�
EHUEDJDL� DVSHN�� EDLN� WDQDPDQ� LQDQJ�� SDWRJHQ��
IDNWRU�IDNWRU� OLQJNXQJDQ� VHUWD� GLQDPLND�
HNRVLVWHP�\DQJ�EHUSHQJDUXK�WHUKDGDS�RXWEUHDNV�
SHQ\DNLW�LQL��6XUYH\�XQWXN�PHQLODL�SRWHQVL�VXDWX�
NDZDVDQ� WHUKDGDS� UHVLNR� WHUVHUDQJ� SHQ\DNLW�
EXVXN�DNDU��URRW�URW�VLWH�ULVN�DVVHVVPHQW��SHUOX�
GLODNXNDQ� VHEHOXP� SHPEXNDDQ� +7,� DJDU�
NHUXJLDQ� DNLEDW� SHQ\DNLW� EXVXN� DNDU� GDSDW�
GLKLQGDUL�

/XFLDVLK�$JXVWLQL�GDQ�5DJLO�6%�,ULDQWR

+XEXQJDQ�DQWDUD�.RQGLVL�7DMXN�(XFDO\SWXV�SHOOLWD�)��0XHOO
GHQJDQ�,QIHNVL�3HQ\DNLW�%XVXN�$NDU



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

8&$3$1��7(5,0$�.$6,+

3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� NHSDGD�
$VVRF�� 3URI�� &DUROLQH� 0RKDPPHG�� 'U�� .DUHQ�
%DUU\�� 'U�� $QWKRQ\� )UDQFLV� GDQ� 'U�� %U\RQ\�
+RUWRQ� GDUL� 8QLYHUVLW\� RI� 7DVPDQLD�� GDQ� 'U��
&KULV�%HDGOH�GDUL�&6,52�6XVWDLQDEOH�(FRV\VWHP�
GL�+REDUW��\DQJ�WHODK�PHQJHQDONDQ�SHQXOLV�SDGD�
ELGDQJ�)RUHVW�+HDOWK�$VVHVVPHQVW�GDQ�,U��0DUGDL�
8QHQ�� ,U�� +HUX� ,QGUD\DGL�� )DGMDU� 6DJLWDULDQWR��
6�+XW��� %D\R� $OKXVDLUL�� 0�6F�� \DQJ� WHODK�
PHPIDVLOLWDVL�NHODQFDUDQ�VWXGL�LQL�

'$)7$5�3867$.$

$JXVWLQL��/���*OHQ��0���,QGUD\DGL��+���:DK\XQR��'���
6DJLWDULDQWR��)���	�$OKXVDLUL��%����������5RRW�
URW� LQ� (XFDO\SWXV� SHOOLWD� SODQWDWLRQV� DQG� LWV�
SRVVLEOH�ELRFRQWURO��,Q��6�6��/HH��$�)��0DV
XG��
&�$��6LUHJDU��3UDWLZL��1��0LQGDZDWL��*��3DUL��
0��7XUMDPDQ��.ULVGLDQWR��+��.ULVQDZDWL��,�=��
6LUHJDU��:��/DED��$��0DUGLDVWXWL�� ,��:DK\XGL�

QG
�HGLWRU��� 
3URFHHGLQJV�RI� WKH�� �,QWHUQDWLRQDO�
&RQIHUHQFH� RI� ,QGRQHVLD� )RUHVWU\� 5HVHDUFK�
HUV
��������$XJXVW�������-DNDUWD�

$JXVWLQL��/���)UDQFLV��$���*OHQ��0���,QGUD\DGL��+���	�
0RKDPPHG��&�/�� ��������6LJQV�DQG� LGHQWLIL�
FDWLRQ�RI�IXQJDO�URRW�URW�SDWKRJHQ�LQ�WURSLFDO�
(XFDO\SWXV�SHOOLWD� SODQWDWLRQV��)RUHVW�3DWKR�
ORJ\��������������

$JXVWLQL�� /���%HDGOH��&���%DUU\��.���	�0RKDPPHG��
&�/�� �������� 3KRWRV\QWKHWLF� UHVSRQVHV� RI�
(XFDO\SWXV�QLWHQV� DW� LQLWLDO� VWDJHV�RI� URRW� URW�
LQIHFWLRQ�� ,QGRQHVLDQ� -RXUQDO� RI� )RUHVWU\�
5HVHDUFK�������������

%DN\V��5���9DVLOLDXVNDV��$���,KUPDUN��.���6WHQOLG��-���
0HQNLV��$��� 	�9DVDLWLV�� 5�� �������� 5RRW� URW�
DVVRFLDWHG� IXQJL� DQG� WKHLU� LPSDFW� RQ� KHDOWK�
FRQGLWLRQ� RI� GHFOLQLQJ� )UD[LQXV� H[FHOVLRU�
VWDQGV�LQ�/LWKXDQLD��6FDQGLQDYLDQ�-RXUQDO�RI�
)RUHVW�5HVHDUFK��������������

%DUWOHWW�� -�:�� 	� )URVW�� &�� �������� 5HOLDELOLW\��
UHSHDWDELOLW\� DQG� UHSURGXFLELOLW\�� DQDO\VLV� RI�
PHDVXUHPHQW� HUURUV� LQ� FRQWLQRXV� YDULDEOHV��
-RXUQDO� 8OWUDVRXQG� LQ� 2EVWHWULFV� 	�
*\QHFRORJ\�����������������

%HUJHU�� 6��� 6LQKD��$�.��	�5RLWVFK��7�� �������� 3ODQW�
SK\VLRORJ\� PHHWV� SK\WRSDWKRORJ\�� 3ODQW�
3ULPDU\� PHWDEROLVP� DQG� SODQW�SDWKRJHQ�
LQWHUDFWLRQV��-RXUQDO�RI�([SHULPHQWDO�%RWDQ\��
���������������������

%UD]HH��1�-��	�:LFN��5�/����������$UPLOODULD�VSHFLHV�
GLVWULEXWLRQ�RQ�V\PSWRPDWLF�KRVWV�LQ�QRUWKHUQ�
KDUGZRRG� DQG�PL[HG� RDN� IRUHVWV� LQ� ZHVWHUQ�
0DVVDFKXVHWWV��)RUHVW�(FRORJ\�DQG�0DQDJH�
PHQW�����������������

&DUQHJLH��$�-����������)RUHVW�KHDOWK�FRQGLWLRQ�LQ�1HZ�
6RXWK�:DOHV��$XVWUDOLD�������������,,��)XQJDO�
GDPDJH�UHFRUGHG�LQ�HXFDO\SW�SODQWDWLRQ�GXULQJ�
IRUHVW� KHDOWK� VXUYH\V� DQG� WKHLU�PDQDJHPHQW��
$XVWUDOLDQ�3ODQW�3DWKRORJ\��������������

&DUQLFHU�� -��� &ROO�� 0��� 1LQ\HUROD�� 0��� 3RQV�� ;���
6DQFKH]�� *�� 	� 3HQXHODV�� -�� �������� :LGH�
VSUHDG� FURZQ� FRQGLWLRQ� GHFOLQH�� IRRG� ZHE�
GLVFUXSWLRQ�DQG�DPSOLILHG�WUHH�PRUWDOLW\�ZLWK�
LQFUHDVHG�FOLPDWH�FKDQJH�W\SH�GURXJKW��31$6��
������������������

&XQQLQJKDP��6�&���5HDG��-���%DNHU��3�-���	�1DOO\��5�0��
��������4XDQWLWDWLYH�DVVHVVPHQW�RI�VWDQG�FRQ�
GLWLRQ� DQG� LWV� UHODWLRQVKLS� WR� SK\VLRORJLFDO�
VWUHVV� LQ� VWDQGV� RI�(XFDO\SWXV� FDPDOGXOHQVLV�
�0\UWDFHDH���$XVWUDOLDQ�-RXUQDO�RI�%RWDQ\������
����

(\OHV��$���%HDGOH��&���%DUU\��.���)UDQFLV��$���*OHQ��0��
	� 0RKDPPHG�� &�� �������� 0DQDJHPHQW� RI�
IXQJDO� URRW� URW� SDWKRJHQV� LQ� WURSLFDO�$FDFLD�
PDQJLXP�:LOOG��SODQWDWLRQV��)RUHVW�3DWKRORJ\��
������������

)DULG��$�0��	�/HH��6�6����������5RRW�URW�LQ�WUHH�VSHFLHV�
RWKHU� WKDQ� $FDFLD�� ,Q�� .�� 3RWWHU�� $��
5LPEDZDQWR�DQG�&��%HDGOH� �HGV���� 
+HDUW� URW�
DQG� URRW� URW� LQ� WURSLFDO� $FDFLD� SODQWDWLRQV
��
$&,$5�3URFHHGLQJV�1R�����<RJ\DNDUWD��

)DULG��$�0���/HH��6�6���0D]LDK��=���	�3DWDKD\DK��0��
��������3DWKRJHQHFLW\�RI�5LJLGRSRUXV�PLFUR�
SRUXV�DQG�3KHOOLQXV�QR[LXV�DJDLQVW�IRXU�PDMRU�
SODQWDWLRQ�WUHH�VSHFLHV�LQ�SHQLQVXODU�0DOD\VLD��
-RXUQDO�RI�7URSLFDO�)RUHVW�6FLHQFH�������������
����

)UDQFLV��$���%HDGOH��&��� 3XVSLWDVDUL��'��� ,ULDQWR��5���
$JXVWLQL�� /��� 5LPEDZDQWR�� $��� *DIXU�� $���
+DUGL\DQWR�� (��� -XQDUWR�� +LGD\DWL��� 1���
7MDKMRQR�� %��� 0DUGDL�� 8��� *OHQ�� 0�� 	�
0RKDPPHG��&����������'LVHDVH�SURJUHVVLRQ�LQ�
SODQWDWLRQV�RI�$FDFLD�PDQJLXP�DIIHFWHG�E\�UHG�
URRW�URW��*DQRGHUPD�SKLOOLSSLL���)RUHVW�3DWKR�
ORJ\���������������

*OHQ��0���%RXJKHU��1�/���)UDQFLV��$�$���1LJJ��6�4���
/HH�� 6�6��� ,ULDQWR�� 5��� %DUU\�� .�0��� %HDGOH��
&�/���	�0RKDPPHG��&�/����������*DQRGHUPD�
DQG� $PDXURGHUPD� VSHFLHV� DVVRFLDWHG� ZLWK�
URRW�URW� GLVHDVH� RI� $FDFLD� PDQJLXP� :LOOG��
SODQWDWLRQ� WUHHV� LQ� ,QGRQHVLD� DQG� 0DOD\VLD��
$XVWUDOLDQ�3ODQW�3DWKRORJ\���������������

+RUWRQ�� %�0��� &ORVH�� '�&��� :DUGODZ�� 7�-��� 	�
'DYLGVRQ�� 1�-�� �������� &URZQ� FRQGLWLRQ�
DVVHVVPHQW��$Q�DFFXUDWH��SUHFLVH�DQG�HIILFLHQW�
PHWKRG�ZLWK�EURDG�DSSOLFDELOLW\�WR�(XFDO\SWXV��
$XVWUDO�(FRORJ\��������������

,ULDQWR��5�6�%���%DUU\��.���+LGD\DWL��1���,WR��6���)LDQL��
$���5LPEDZDQWR��$���	0RKDPPHG��&����������
,QFLGHQFH� DQG� VSDWLDO� DQDO\VLV� RI� URRW� URW� RI�

9RO����1R����-XQL�����������



��

$FDFLD�PDQJLXP�:LOOG��LQ�,QGRQHVLD��-RXUQDO�
RI�7URSLFDO�)RUHVW�6FLHQFH��������������

/RFNPDQ��,�%��	�.HDUQV��+�6�-����������)RUHVW�URRW�
GLVHDVHV�DFURVV�WKH�8QLWHG�6WDWHV��*HQ��7HFK��
5HS�� 5056�*75������ 2JGHQ�� 87� �� 86'$�
)RUHVW� 6HUYLFH�� 5RFN\� 0RXQWDLQ� 5HVHDUFK�
6WDWLRQ����S�

/RR�� -�$�� �������� (FRORJLFDO� LPSDFWV� RI� QRQ�
LQGLJHQRXV�LQYDVLYH�IXQJL�DV�IRUHVW�SDWKRJHQV��
%LRO��,QYDVLRQV������������

/XW]�� -�$�� 	� +DOSHUQ�� &�%�� �������� 7UHH� PRUWDOLW\�
GXULQJ�HDUO\�IRUHVW�GHYHORSPHQW��$�ORQJ�WHUP�
VWXG\� RI� UDWHV�� FDXVHV� DQG� FRQVHTXHQFHV��
(FRORJLFDO�0RQRJUDSKV������������������

0RKDPPHG�� &�/��� 5LPEDZDQWR�� $��� 	� 3DJH�� '�(��
�������� 0DQDJHPHQW� RI� EDVLGLRP\FHWH� URRW��
DQG�VWHP�URW�GLVHDVHV�LQ�RLO�SDOP��UXEEHU�DQG�
WURSLFDO� KDUGZRRG� SODQWDWLRQ� FURSV�� )RUHVW�
3DWKRORJ\��������������

0RULQ��5�6���5DQGROSK��.�&���	�6WHLQPDQ��-����������
0RUWDOLW\� UDWHV� DVVRFLDWHG�ZLWK� FURZQ�KHDOWK�
IRU�HDVWHUQ�IRUHVW�WUHH�VSHFLHV��(QYLURQPHQWDO�
0RQLWRULQJ�DQG�$VVHVVPHQW����������������

2JKHQHNDUR�� $�2��� 0LHWWLQHQ�� 2��� 2PRUXVL�� 9�,���
(YXHK�� *�$��� )DULG�� 0�$��� *D]LV�� 5�� 	�
$VLHJEX��)�2����������0ROHFXODU�SK\ORJHQ\�RI�
5LJLGRSRUXV� PLFURSRUXV� LVRODWHG� DVVRFLDWHG�
ZLWK�ZKLWH�URW�GLVHDVHV�RI�UXEEHU�WUHHV��+HYHD�
EUDVLOLHQVLV���)XQJDO�%LRORJ\����������������
����

3DXWDVVR��0���'RULQJ��7�)���*DUEHORWWR��0���3HOOLV��/���
	�-HJHU��0�-����������,PSDFW�RI�FOLPDWH�FKDQJH�
RQ� SODQW� GLVHDVHV�RSLQLRQV� DQG� WUHQGV��
(XURSHDQ� -RXUQDO� RI� 3ODQW� 3DWKRORJ\�� �����
��������

3DXWDVVR�� 0��� 6FKOHJHO�� 0��� 	� +ROGHQUHLGHU�� 2��
�������� )RUHVW� KHDOWK� LQ� D� FKDQJLQJ� ZRUOG��
0LFURELDO�(FRORJ\��������������

3RXOVHQ��-���	�)UHQFK��$����������'LVFULPLQDQW�IXQF�
WLRQ� DQDO\VLV�� KWWS���XVHUZZZ�VIVX�HGX��
aHIF�FODVVHV�ELRO����GLVFULP�GLVFULP��'LDNVHV�
���0HL������

5HHV��5�:���)ORRG��-���+DVDQ��<���3RWWHU��8���	�&RRSHU��
5�0����������%DVDO�VWHP�WRW�RI�RLO�SDOP��(ODHLV�
JXLQHHQVLV���PRGH�RI�URRW�LQIHFWLRQ�DQG�ORZHU�
VWHP�LQYDVLRQ�E\�*DQRGHUPD�ERQLQHQVH��3ODQW�
3DWKRORJ\��������������

6FKRPDNHU�� 0�(��� =DUQRFK�� 6�-��� %HQFKWROG�� :�$���
/DWHOOH�� '�-��� %XUNPDQ�� :�*�� 	� &R[�� 6�0��
�������� &URZQ� FRQGLWLRQ� FODVVLILFDWLRQ�� D�
JXLGH� WR� GDWD� FROOHFWLRQ� DQG� DQDO\VLV��
$VKHYLOOH�� 1�&��� )RUHVW� VHUYLFH�8QLWHG� 6WDWH�
'HSDUWHPHQW�RI�$JULFXOWXUH�

6PLWK��5�5���0F�&UDU\��6���	�&DOODKDQ��5�1����������
*DXJH�UHSHDWDELOLW\�DQG�UHSURGXFLELOLW\�VWXGLHV�
DQG� PHDVXUHPHQW� V\VWHP� DQDO\VLV�� D�
PXOWLPHWKRG� H[SORUDWLRQ� RI� WKH� VWDWH� RI�
SUDFWLFH��-RXUQDO�RI�,QGXVWULDO�7HFKQRORJ\������
�����

6WRQH��&��	+D\ZRRG��$�� ��������$VVHVVLQJ�FDQRS\�
KHDOWK� RI� QDWLYH� HXFDO\SW� IRUHVWV��(FRORJLFDO�
0DQDJHPHQW�	�5HVWRUDWLRQ����6�����6���6���

6XOLFKDQWLQL�� (�'�� �������� 3HUWXPEXKDQ� WDQDPDQ�
(XFDO\SWXV� SHOOLWD� )�� 0XHOO�� GL� ODSDQJDQ�
GHQJDQ�PHQJJXQDNDQ�ELELW�KDVLO�SHUEDQ\DNDQ�
GHQJDQ�PHWRGH�NXOWXU�MDULQJDQ��VWHN�SXFXN�GDQ�
ELML��=,5$$
$+�����������������

9ROOHQZHLGHU�� 3���	�*XQWKDUGW�*RHUJ��0�6�� ��������
(UUDWXP� WR� �GLDJQRVLV� RI� DELRWLF� DQG� ELRWLF�
VWUHVV� IDFWRUV� XVLQJ� WKH� YLVLEOH� V\PSWRPV� LQ�
IROLDJH�� >(QYLURQ�� 3ROOXW�� ���� ������� ����
���@��(QYLURQPHQWDO�3ROOXWLRQ���������������

:DQJ��<���6ROEHUJ��6���<X��3���0\NLQJ��7���9RJW��5�'���
	�'X��6�� ��������$VVHVVPHQWV�RI� WUHH�FURZQ�
FRQGLWLRQ� RI� WZR�PDQVRQ� SLQH� IRUHVWV� LQ� WKH�
DFLG�UDLQ�UHJLRQ�LQ�&KLQD��)RUHVW�(FRORJ\�DQG�
0DQDJHPHQW���������������

:RONHQ�� -�0��� /LHIIHUV�� 9�-��� /DQGKDXVVHU�� 6�0��� 	�
0XODN��7����������6SULQJ�IURVW�DQG�GHFD\�IXQJL�
DUH�LPSOLFDWHG�LQ�VXSSUHVVLQJ�DVSHQ�UH�JURZWK�
IROORZLQJ�SDUWLDO� FOHDQLQJ� LQ� MXYHQLOH� VWDQGV��
$QQDOV�RI�)RUHVW�6FLHQFH�����������

/XFLDVLK�$JXVWLQL�GDQ�5DJLO�6%�,ULDQWR

+XEXQJDQ�DQWDUD�.RQGLVL�7DMXN�(XFDO\SWXV�SHOOLWD�)��0XHOO
GHQJDQ�,QIHNVL�3HQ\DNLW�%XVXN�$NDU
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-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ�9RO�����1R�����-XQL������������

,661�������������(�,661�����������
7HUDNUHGLWDVL�1R�������$8��3�0,�/,3,��������

3(0,/,+$1�-(1,6�+,%5,'�8/$7�687(5$�<$1*�237,0$/��8178.�
',.(0%$1*.$1�',�'$7$5$1�7,1**,�'$1�$7$8�'$7$5$1�5(1'$+

6HOHFWLRQ�RI�6LON�:RUP�+\EULGV��IRU�6LON�:RUP�5HDULQJ�LQ�+LJKODQG
DQG�RU�/RZODQG

/LQFDK�$QGDGDUL
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJ�+XWDQ�

.DPSXV�%DGDQ�/LWEDQJ�GDQ�,QRYDVL��-O��*XQXQJ�%DWX�1R����.RWDN�3RV�����%RJRU������
-DZD�%DUDW��,QGRQHVLD�

7OS������������������)D[����������������

(�PDLO��D�OLQFDK#\DKRR�FR�LG

7DQJJDO�GLWHULPD������0HL�������7DQJJDO�UHYLVL������-XQL�������7DQJJDO�GLVHWXMXL�����-XQL�����

$%675$&7
G
2QH�FRQVWUDLQWV�LQ�QDWXUDO�VLON�LQGXVWU\LQ�,QGRQHVLD�LV�VORZ�SURGXFWLRQ�DQG�SRRU�TXDOLW\�RI�FRFRRQ��7KLV�LV�GXH�WR�WKH�
XVH�RI�VDPH�W\SH�RI�ZRUP�IRU�GLYHUVH�ORFDWLRQV��7KLV�VWXG\�DLPHG�WR�REWDLQ�EHVW�VLONZRUP�IRU�KLJKODQGV�DQG�RU�
ORZODQGV�UHDULQJ��)RXU��VLONZRUPK\EULGV�IURP�)RUHVW�5	'�&HQWUH�DQG�RQH�FRPPHUFLDO�K\EULG�IURP�3HUKXWDQL�ZHUH�
WHVWHG�7KH�H[SHULPHQWDO�GHVLJQ�XVLQJ�D�VSOLW�SORW�GHVLJQ�LQ�D�UDQGRPL]HG�EORFN�GHVLJQ�7KH�PDLQ�SORW�ZDV�ORFDWLRQ�
DOWLWXGH��KLJKODQG�DQG�ORZODQG��DQG�VXESORW�ZDV�VLONZRUP�K\EULGV��3�+����3�+����3�+���3�+����DQG�&������7KH�
UHVXOWV�VKRZHG�WKDW�WKH�UDWH�RI�KDWFKLQJ�VLONZRUPV�ZHUH�QRW�DIIHFWHG�E\�WKH�K\EULGV�DQG�DOWLWXGHV�ZLWK�KDWFKLQJ�
SHUFHQWDJHV�ZHUH�DERYH�����7KUHH�K\EULGV�QDPHO\�3�+����3�+����DQG�3�+���DUH�VXLWDEOH�WR�EH�UHDUHG�LQ�ORZODQGV��
7ZR�K\EULGV�QDPHO\�3�+���DQG�3�+���DUH�VXLWDEOH�IRU�KLJKODQGV��+\EULGV�3�+���DUH�SRWHQWLDOO\�UHDUHG�LQ�ORZODQG�
DQG�KLJKODQG��

.H\ZRUGV��+\EULG��SURGXFWLYLW\��VLONZRUP

$%675$.

6DODK�VDWX�NHQGDOD�GDODP�XVDKD�SHUVXWHUDDQ�DODP�GL�,QGRQHVLD�DGDODK�PDVLK�UHQGDKQ\D�SURGXNVL�GDQ�NXDOLWDV�NRNRQ��
+DO� LQL� DNLEDW� SHQJJXQDDQ� MHQLV� XODW� \DQJ� VDPD� XQWXN� ORNDVL� \DQJ� EHUDJDP�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN�
PHQGDSDWNDQ�ELELW�XODW�VXWHUD�\DQJ�RSWLPDO�XQWXN�GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL�GDQ�DWDX�GDWDUDQ�UHQGDK��8ODW�
VXWHUD�\DQJ�GLXMLNDQ�\DLWX���KLEULG�XODW�VXWHUD�GDUL�3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�GDQ���KLEULG�GDUL�3HUXP�
3HUKXWDQL��3HQHOLWLDQ�PHQJJXQDNDQ�5DQFDQJDQ�6SOLW�3ORW�GDODP�5DQFDQJDQ�$FDN�.HORPSRN��3HWDN�XWDPD�EHUXSD�
ORNDVL�GDWDUDQ�UHQGDK�GDQ�GDWDUDQ�WLQJJL�GDQ�DQDN�SHWDN�WHUGLUL�DWDV���MHQLV�XODW�VXWHUD��3�+����3�+����3�+����3�+���
GDQ�&������+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�WLQJNDW�SHQHWDVDQ�XODW�VXWHUD�WLGDN�GLSHQJDUXKL�ROHK�MHQLV�XODW�
VXWHUD�PDXSXQ�NHWLQJJLDQ�ORNDVL�SHPHOLKDUDDQ��GHQJDQ�SHUVHQWDVH�SHQHWDVDQ�GL�DWDV�������8ODW�VXWHUD�\DQJ�FRFRN�
GLNHPEDQJNDQ� GL� GDWDUDQ� UHQGDK� DGDODK� KLEULG� 3�+���� 3�+��� GDQ� 3�+���� -HQLV� KLEULG� \DQJ� VHVXDL� XQWXN�
GLEXGLGD\DNDQ�GL�GDWDUDQ� WLQJJL�\DLWX�3�+���GDQ�3�+����+LEULG�3�+���SRWHQVLDO�XQWXN�GLNHPEDQJNDQ�GDWDUDQ�
UHQGDK�GDQ�GL�GDWDUDQ�WLQJJL�

.DWD�NXQFL��+\EULG��SURGXNWLYLWDV��XODW�VXWHUD

,�� 3(1'$+8/8$1�

,QGRQHVLD� PHPSXQ\DL� SRWHQVL� XQWXN� PH�
QJHPEDQJNDQ�SHUVXWHUDDQ�DODP��NDUHQD�NRQGLVL�
DODPQ\D� \DQJ� FRFRN� XQWXN� SHUWXPEXKDQ� XODW�
VXWHUD� PDXSXQ� WDQDPDQ� PXUEHL� VHEDJDL�
SDNDQQ\D�� .HJLDWDQ� SHUVXWHUDDQ� DODP� EHUVLIDW�
SDGDW�NDU\D�PXODL�NHJLDWDQ�EXGLGD\D��SURGXNVL�
GDQ�LQGXVWUL��+DO�LQL��VDQJDW�PHQGXNXQJ�SURJUDP�
SHPHULQWDK� GDODP� SHQLQJNDWDQ� ODSDQJDQ� NHUMD�

GDQ� VHNDOLJXV� PHQLQJNDWNDQ� SHQGDSDWDQ�
PDV\DUDNDW�SHGHVDDQ��

8VDKD� EXGLGD\D� VXWHUD� DODP� PHPEXWXKNDQ�
NHWHNXQDQ��KDWL�KDWL�GDQ�NHVDEDUDQ�WHUXWDPD�SDGD�
WDKDS� SHPHOLKDUDDQ� XODW� VXWHUD�� .HEHUKDVLODQ�
EXGLGD\D� XODW� VXWHUD� WHUJDQWXQJ� IDNWRU� SDNDQ��
ELELW� XODW�� NRQGLVL� WHPSDW� SHPHOLKDUDDQ� GDQ�
VLVWHP� SHPHOLKDUDDQ�� .XDOLWDV� ELELW� PHQMDGL�
VDODK�VDWX� IDNWRU�\DQJ�SHQWLQJ�XQWXN�GLSHUKDWL�
NDQ��5HQGDKQ\D�NXDOLWDV�ELELW�GDSDW�PHQXUXQNDQ�
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9RO����1R����-XQL������������

NXDQWLWDV�GDQ�NXDOLWDV�SURGXNVL�NRNRQ��6DDW�LQL��
SHUVXWHUDDQ�DODP�PDVLK� WHUNHQGDOD�\DLWX�PDVLK�
UHQGDKQ\D� SURGXNVL� SHU� VDWXDQ� OXDV� �6DQWRVR��
�������3HQJJXQDDQ� MHQLV�XODW�\DQJ�VDPD�XQWXN�
SHPHOLKDUDDQ�SDGD�NRQGLVL�WHPSDW�\DQJ�EHUDJDP�
WHODK� PHQLPEXONDQ� SURGXNVL� NRNRQ� \DQJ�
EHUYDULDVL��$QGDGDUL�	�.XQWDGL���������6HODPD�
LQL� ELELW� XODW� VXWHUD� NRPHUVLO� \DQJ� GLJXQDNDQ�
XQWXN� EHUEDJDL� NRQGLVL� OLQJNXQJDQ�PHQJJXQD�
NDQ�KLEULG�&�����6HMDN�WDKXQ������VHPXD�ELELW�
NRPHUVLO�XODW�VXWHUD�PHUXSDNDQ�KDVLO�SHUVLODQJDQ�
DQWDUD�UDV�-HSDQJ�GHQJDQ�UDV�&LQD��3DGD�XPXP�
Q\D�� UDV� -HSDQJ� PHPSXQ\DL� NXDOLWDV� ILODPHQ�
VXWHUD�\DQJ�EDLN�VHPHQWDUD�UDV�&LQD�OHELK�NXDW��
NDQGXQJDQ�VXWHUDQ\D� WLQJJL�GDQ�XPXUQ\D� OHELK�
SHQGHN� �.DRPLQL� 	�$QGDGDUL�� ������� 3DGDKDO�
KLEULG�&����PHPSXQ\DL�GD\D�WDKDQ�\DQJ�UHQGDK�
WHUKDGDS� SHUXEDKDQ� NRQGLVL� OLQJNXQJDQ�� � �
�.DRPLQL�	�$QGDGDUL��������

8QWXN� PHQLQJNDWNDQ� SURGXNVL� GDQ� NXDOLWDV�
NRNRQ��PDND� GLSHUOXNDQ� ELELW� XODW� VXWHUD� \DQJ�
PDPSX� PHQJKDVLONDQ� NRNRQ� \DQJ� WLQJJL� GDQ�
EHUNXDOLWDV� EDLN� �.DRPLQL� 	�$QGDGDUL�� �������
+DVLO� SHQHOLWLDQ� GDODP� VNDOD� ODERUDWRULXP�
GLSHUROHK���KLEULG�EDUX�KDVLO�SHUVLODQJDQ�UDV�&LQD�
GDQ� -HSDQJ� \DQJ� PDPSX� PHQJKDVLONDQ� UDVLR�
NXOLW� NRNRQ� ������� �$QGDGDUL� �� �������HW�DO�
+DVLO� LQL� OHELK� WLQJJL� GDUL� ELELW� QLDJDZL� \DQJ�
EHUHGDU�GL�PDV\DUDNDW�\DQJ�EDUX�PHQJKDVLONDQ�
UDWLR� NXOLW� NRNRQ� DQWDUD� ������� �.DRPLQL� 	�
$QGDGDUL�� ������� 1DPXQ� GHPLNLDQ�� NHHPSDW�
KLEULG� WHUVHEXW� EDUX� GLNHPEDQJNDQ� GL� GDHUDK�
GHQJDQ�NHWLQJJLDQ�WHPSDW�DQWDUD���������P�GSO�
GDQ�EHOXP�GLNHWDKXL�WLQJNDW�NHVHVXDLDQQ\D�XQWXN�
GDHUDK� GHQJDQ� NHWLQJJLDQ� GL� OXDU� NRQGLVL�
RSWLPXP��$QGDGDUL� ���������2OHK�NDUHQD�LWX��HW�DO�
SHUOX�GLODNXNDQ�SHQJXMLDQ�EHEHUDSD�KLEULG�XODW�
VXWHUD� XQWXN� PHQGDSDWNDQ� KLEULG� PDQD� \DQJ�
PDPSX� PHPSURGXNVL� NRNRQ� \DQJ� WLQJJL� GDQ�
EHUNXDOLWDV�EDLN�XQWXN�GLEXGLGD\DNDQ�GL�GDWDUDQ�
WLQJJL�GDQ�DWDX�GDWDUDQ�UHQGDK�

3HQHOLWLDQ� EHUWXMXDQ� XQWXN� PHQGDSDWNDQ�
KLEULG� XODW� VXWHUD� \DQJ� PDPSX� PHPSURGXNVL�
NRNRQ� \DQJ� WLQJJL� GDQ� EHUNXDOLWDV� EDLN� XQWXN�

GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL�GDQ�DWDX�GDWDUDQ�
UHQGDK�� +DVLO� SHQHOLWLDQ� GLKDUDSNDQ� PHQMDGL�
VROXVL�GDODP�SHQLQJNDWDQ�SURGXNWLYLWDV�NRNRQ�GL�
GDHUDK�GHQJDQ�NRQGLVL�OLQJNXQJDQ�\DQJ�EHUEHGD���

,,�� 0(72'2/2*,�

$��:DNWX�GDQ�/RNDVL�3HQHOLWLDQ

3HQHOLWLDQ�GLODNVDQDNDQ�SDGD���ORNDVL�GHQJDQ�
NRQGLVL�OLQJNXQJDQ�\DQJ�EHUEHGD��3HQJXMLDQ�XODW�
GL� GDWDUDQ� WLQJJL� GLODNXNDQ� GL� .HFDPDWDQ�
.DEDQGXQJDQ�� .DEXSDWHQ� 6XNDEXPL� GHQJDQ�
NHWLQJJLDQ� WHPSDW� ���� P� GSO�� 8QWXN� GDWDUDQ�
UHQGDK� GLODNXNDQ� GL� .HFDPDWDQ� 5HJDORK��
.DEXSDWHQ�3DWL�GHQJDQ�NHWLQJJLDQ�WHPSDW����P�
GSO��'LVNULSVL�ORNDVL�GDSDW�GLOLKDW�SDGD�7DEHO���

%�� %DKDQ�GDQ�$ODW

%DKDQ�\DQJ�GLJXQDNDQ�EHUXSD�WHOXU�XODW�VXWHUD�
GDUL� �� MHQLV� KLEULG� KDVLO� SHUVLODQJDQ� 3XVDW�
3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� +XWDQ� �3XVDW�
/LWEDQJ�+XWDQ��GDQ���KLEULG�KDVLO�SURGXNVL�3HUXP�
3HUKXWDQL� 3386�&DQGLURWR� \DLWX�&���� VHEDJDL�
NRQWURO� VHUWD� GDXQ�PXUEHL� � VS��� VHEDJDL�0RUXV�
SDNDQQ\D��3HUDODWDQ�EHUXSD� ��LQNXFROG�VWURUDJH �
EDWRU��UDN�SHPHOLKDUDDQ��VDVDJ��DODW�SHQJRNRQDQ�
GDQ�ODLQ�ODLQ�

&��&DUD�.HUMD

7HNQLN�3HPHOLKDUDDQ

x� 7HOXU�GLOHWDNNDQ�GL�UXDQJ�LQNXEDVL�VHODPD����
���KDUL�VHEHOXP�VDDW�SHQHWDVDQ�GHQJDQ�SHQJ�
DWXUDQ�VXKX�VHNLWDU��� &�GDQ�NHOHPEDEDQ����

R

�������

x� �3HPHOLKDUDDQ�XODW�GLODNXNDQ�GL�UXDQJ�SHPH
OLKDUDDQ� PLOLN� SHWDQL� VHWHPSDW�� 8ODW� NHFLO�
GLEXQJNXV� GHQJDQ� NHUWDV� SDUDILQ� VHPHQWDUD�
XODW� EHVDU� GLOHWDNNDQ� WHUEXND� SDGD� UDN�UDN�
SHPHOLKDUDDQ�

x� 3HPHOLKDUDDQ� XODW� PHQJLNXWL� VWDQGDU� \DQJ�
VXGDK�DGD�GHQJDQ�SHQJDWXUDQ�\DQJ�GLVHVXDL�

7DEHO�� �����.RQGLVL�ORNDVL�SHQHOLWLDQ�� �7DEOH 5HVHDUFK�VLWHV�FRQGLWLRQ

.RGH�
�&RGH��

/RNDVL�
�6LWH��

.HWLQJJLDQ�

WHPSDW�
�$OWLWXGH��

�P�GSO��

5DWD�UDWD�

WHPSHUDWXU�
�7HPSHUDWXUH ��

�R&��

5DWD�UDWD�

NHOHPEDEDQ�
�+XPLGLW\��

����

&XUDK�

KXMDQ�WDKXQ��
�3UHFLSLWDWLRQ��

�PP��

$� 5HJDORK�3DWL� ��� ����� ����� ������
%� .DEDQGXQJDQ��

6XNDEXPL�

���� ����� ����� ������

6XPEHU�� ����%36�-DZD�7HQJDK��������GDQ�%36��6XNDEXPL��������6RXUFHV �%36�&HQWUDO�-DYD��������DQG�%36�6XNDEXPL�������



��

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK

7DEHO��7DEOH������$VDO�SHUVLODQJDQ��KLEULG�KDVLO�GDUL�3XVDW�/LWEDQJ�+XWDQ�GDQ�3HUXP�3HUKXWDQL��2ULJLQDOO\�
FURVV�K\EULG�UHVXOWV�IURP�WKH�)RUHVW�5�	�'�&HQWUH�DQG�3HUXP�3HUKXWDQL�

.RGH�KLEULG��&RGH�RI�K\EULG�� $VDO�VLODQJDQ��3DUHQWV��

3�+��� ����[�����

3�+��� ����[�����

3�+��� ����[�����

3�+��� ����[�����
&���� 1��[�1��

7DEHO�� ������-XPODK�SHPEHULDQ�SDNDQ��� �7DEOH 7RWDO�IHHGLQJ

8PXU��$JH��
-XPODK�SDNDQ��7KH�DPRXQW�RI�IHHG���NJ�LQVWDU�XODQJDQ���

�NJ�LQVWDU�UHSHDWV��

,QVWDU�,� �����NJ�

,QVWDU�,,� �����NJ�

,QVWDU��,,,� �����NJ�
,QVWDU�,9� �����NJ�

,QVWDU�9 ������NJ�

�

NDQ� GHQJDQ� NRQGLVL� VHWHPSDW�� .HEXWXKDQ�
WHPSHUDWXU� GDQ� NHOHPEDEDQ� XQWXN� PDVLQJ�
PDVLQJ� LQVWDU� GLXSD\DNDQ� DJDU� PHQGHNDWL�
NHEXWXKDQ� RSWLPXP�� 3DNDQ� GLEHULNDQ�
VHEDQ\DN� �� NDOL� VHKDUL� SDGD� VDDW� XODW� NHFLO�
�LQVWDU�,�VDPSDL�,,,��GHQJDQ�LQWHUYDO�VHWLDS���
MDP� VHNDOL�PXODL� GDUL� MDP�������� ������GDQ�
MDP�������:,%�VHGDQJNDQ�SDGD�VDDW�XODW�EHVDU�
�LQVWDU���GDQ����SHPEHULDQ�PDNDQ�GLODNXNDQ���
NDOL�SHU�KDUL�GHQJDQ�LQWHUYDO�\DQJ�VDPD��\DLWX�
��MDP��MDP���������������������GDQ��������

x� 3DGD�DZDO�LQVWDU�,9�GLKLWXQJ�VHEDQ\DN�������
HNRU� XODW� GDUL� VHWLDS� SORW� SHUFREDDQ� XQWXN�
WHUXV� GLSHOLKDUD� GDQ� GLSHUWDKDQNDQ� VHEDJDL�
RE\HN�SHQJXMLDQ�VHODQMXWQ\D�

x� 3DGD� KDUL� NHHQDP� VDPSDL� NHGHODSDQ� GDUL�
LQVWDU�9��XODW�XODW�\DQJ�VXGDK�VLDS�PHPDVXNL�
PDVD� LVWLUDKDW� GLDPELO� VDWX� SHU� VDWX� VHFDUD�
PDQXDO� XQWXN� GLSLQGDKNDQ� NH� UDN� SHQJR�
NRQDQ��

x� .RNRQ�GLSDQHQ�SDGD�KDUL�NHOLPD�GDQ�NHHQDP�
VHWHODK� GLNRNRQNDQ� GDQ� GLVHOHNVL� XQWXN�
GLDQDOLVLV� JXQD� NHSHQWLQJDQ� SHQJXNXUDQ�
VHVXDL�SDUDPHWHU�\DQJ�GLDPDWL���

'��5DQFDQJDQ�3HQHOLWLDQ

5DQFDQJDQ� 3HUFREDDQ� GDODP� SHQHOLWLDQ� LQL�
PHQJJXQDNDQ�6SOLW�3ORW�GDODP�5DQFDQJDQ�$FDN�
.HORPSRN�� 3HWDN� XWDPD� EHUXSD� ORNDVL� \DQJ�
EHUDGD�SDGD�GDWDUDQ�UHQGDK�GL�.DEXSDWHQ�3DWL�
-DZD� 7HQJDK� GDQ� GDWDUDQ� WLQJJL� GL� .DEXSDWHQ�
6XNDEXPL�-DZD� %DUDW� GDQ� VHEDJDL� DQDN� SHWDN�
EHUXSD� MHQLV� KLEULG� XODW� VXWUD� �3�+���� 3�+����
3�+���� 3�+��� GDQ� &������ 3HQJHORPSRNDQ�

GLGDVDUNDQ�NHSDGD�SRVLVL�UDN�SHPHOLKDUDDQ�XODW�
GDQ�VHWLDS�SHUODNXDQ�GLNHORPSRNNDQ�PHQMDGL���
NHORPSRN�

6HWLDS� NHORPSRN� WHUGLUL� DWDV� �� LQGXN� SHU�
KLEULG��3DGD�DZDO�LQVWDU�,9�VHWLDS�SORW�SHUFREDDQ�
EHULVL� ������ HNRU� XODW�� 3HPHOLKDUDDDQ� WHOXU�
KLQJJD�PHQMDGL�NRNRQ�GLODNXNDQ�GHQJDQ�VWDQGDU�
SHPHOLKDUDDQ� \DQJ� VDPD�� PHOLSXWL� WDWD� FDUD�
LQNXEDVL� WHOXU�� SHQ\LDSDQ�GDQ�SURVHV�GLVLQIHNVL�
UXDQJ� SHPHOLKDUDDQ�� MHQLV� PXUEHL� GDQ� MXPODK�
SDNDQ�\DQJ�GLEHULNDQ�VHODPD�SHPHOLKDUDDQ�XODW��
SHQJDWXUDQ�VXKX�GDQ�NHOHPEDEDQ�UXDQJ�XODW�GDQ�
SHUOHQJNDSDQ�SHQJRNRQDQ�

3DUDPHWHU�\DQJ�GLDPDWL�PHOLSXWL�

��� 3HUVHQWDVH�SHQHWDVDQ
3HUVHQWDVH�SHQHWDVDQ�DGDODK�SHUVHQWDVH�WHOXU�
\DQJ�PHQHWDV�GDUL�VHMXPODK�WHOXU�GLEXDKL�

.HWHUDQJDQ�� -70� � -XPODK�WHOXU�\DQJ
� � � PHQHWDV
� -77�  � -XPODK�WHOXU�WRWDO��\DQJ�

� � � PHQHWDV�GDQ�\DQJ�WLGDN�
� � � PHQHWDV�
��� .XDOLWDV� NRNRQ� �ERERW� NRNRQ�� ERERW� NXOLW�

NRNRQ�GDQ�UDVLR�NXOLW�NRNRQ��
D�� %RERW�NRNRQ�VHJDU�� ��DGDODK�IUHVK�FRFRRQ

ERERW�VHOXUXK�NRNRQ�\DQJ�WHUGLUL�DWDV�NXOLW�
NRNRQ� GDQ� SXSD� \DQJ� EDUX� VDMD� GLSDQHQ�
GDQ�WHODK�GLEHUVLKNDQ�GDUL�VHUDW�VHUDW�KDOXV�
SDGD�SHUPXNDDQ�NXOLW�NRNRQ�� ��IORV

E�� %RERW� NXOLW� NRNRQ� DGDODK� ERERW� NXOLW�
NRNRQ�WDQSD�SXSD�

3HUVHQWDVH�SHQHWDVDQ����� ����������[�����
-70�
-77



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

F�� 5DVLR�NXOLW�NRNRQ�DGDODK�ERERW�NXOLW�NRNRQ�
GLEDJL�GHQJDQ�ERERW�NRNRQ�GHQJDQ�SXSD�
GLNDOLNDQ�VHUDWXV�SHUVHQ��������������������

��� .XDOLWDV�VHUDW��SDQMDQJ�ILODPHQ�
3DQMDQJ� ILODPHQ� PHUXSDNDQ� VHUDW� �EHQDQJ��
VXWHUD�\DQJ�GLKDVLONDQ�GDUL�VDWX�EXWLU�NRNRQ�
GDODP�VDWXDQ�PHWHU��3DQMDQJ�ILODPHQW��\DLWX�
WRWDO� SDQMDQJ� ILODPHQ� GDUL� KDVLO� SHQJXUDLDQ�
VDWX�NRNRQ��\DQJ�GLWHQWXNDQ�GHQJDQ�PHQJXUDL�
NRNRQ� GHQJDQ� PHQJJXQDNDQ� DODW� SLQWDO�
VHGHUKDQD� � ��KLQJJD� ILODPHQ�GDUL� VDWX�KDVSHO
EXDK� NRNRQ� KDELV� GDQ� WLGDN� GDSDW� GLXUDL�
NHPEDOL��8MXQJ� ILODPHQ�GLDPELO� ODOX�GLWHP�
SHONDQ� SDGD� KDVSHO� GDQ� GLKLWXQJ� MXPODK�
SXWDUDQ�KDVSHO�\DQJ�PHQJXUDLNDQ�VDWX�EXDK�
NRNRQ�� XMXQJ� ILODPHQ� \DQJ� SXWXV� SDGD� VDDW�
SHQJXUDLDQ� GLWHPSHO� GHQJDQ� XMXQJ� ILODPHQ�
\DQJ� ODLQ�GDQ�GLKLWXQJ� WRWDO�SXWDUDQ�KDVSHO��
VHKLQJJD� GLSHUROHK� SDQMDQJ� ILODPHQ� GHQJDQ�
UXPXV�

3DQMDQJ�ILODPHQ��P�� �Q�[�N
.HWHUDQJDQ��Q� �-XPODK�SXWDUDQ�NLQFLU
� N� �.HOLOLQJ�NLQFLU� �����FP� �

� � � �����P
� �
(� $QDOLVLV�'DWD�

8QWXN� PHQJHWDKXL� DGD� WLGDNQ\D� SHQJDUXK�
LQWHUDNVL�� SHQJDUXK� IDNWRU� WXQJJDO�� PDND� GDWD�
GLDQDOLVLV� NHUDJDPDQ� PHQJJXQDNDQ� XML� )��
$SDELOD�KDVLO�DQDOLVLV�PHQXQMXNNDQ�EHUSHQJDUXK�
VLJQLILNDQ�� VHODQMXWQ\D�GLODNXNDQ�XML�EHGD� UDWD�
UDWD� GHQJDQ� PHQJJXQDNDQ� XML� MDUDN� EHUJDQGD�
7XNH\�

,,,���+$6,/�'$1�3(0%$+$6$1

$��+DVLO

3HPLOLKDQ� MHQLV� ELELW� XODW� VXWHUD�PHUXSDNDQ�
WDKDS� DZDO� \DQJ� SHUOX� GLSHUKDWLNDQ�� %LELW� XODW�
\DQJ� EDLN� �XQJJXO�� DNDQ� PHQHQWXNDQ� KDVLO�
VHODQMXWQ\D�� ,QGXNDQ� \DQJ� GLJXQDNDQ� GDODP�
SHQHOLWLDQ� LQL� EHUDVDO� GDUL� KDVLO� SHUVLODQJDQ�
VHSHUWL�WHUOLKDW�SDGD�7DEHO���

+DVLO� SHUVLODQJDQ� WHUVHEXW�� WHUQ\DWD� KLEULG�
\DQJ�GLKDVLONDQ�WLGDN�VHODOX�PHQJKDVLONDQ�ERERW�
NRNRQ� GDQ� UDVLR� NXOLW� NRNRQ� \DQJ� OHELK� WLQJJL�
GDULSDGD� LQGXNDQ� PXUQLQ\D�� 'LKDUDSNDQ� GDUL�
KDVLO� SHUVLODQJDQ� ELVD� PHQJKDVLONDQ� VLIDW�VLIDW�
XQJJXO� EDLN� EHUXSD� NXDQWLWDV� PDXSXQ� NXDOLWDV�
NRNRQ� \DQJ� GLKDVLONDQ�� 3DUDPHWHU�SDUDPHWHU�
NXDQWLWDV�GLWHQWXNDQ�ROHK�SHUVHQWDVH�SHQHWDVDQ��
ERERW�NRNRQ��ERERW�NXOLW�NRNRQ�GDQ�UDVLR�NXOLW�
NRNRQ�VHGDQJNDQ�NXDOLWDV�NRNRQ�GLWHQWXNDQ�ROHK�
SDQMDQJ�ILODPHQ�

3HQHWDSDQ� SURGXNWLYLWDV� XODW� VXWHUD� GLWHQWX�
NDQ�ROHK�WLQJJLQ\D�SHUVHQWDVH�SHQHWDVDQ��ERERW�
NRNRQ��ERERW�NXOLW�NRNRQ�GDQ�UDVLR�NXOLW�NRNRQ��
)DNWRU�IDNWRU� LQL� SHQWLQJ� XQWXN� GLNHWDKXL� SDUD�
SHPLQWDO�� NDUHQD� ELD\D� SURGXNVL� EHQDQJ� EHU�
KXEXQJDQ� ODQJVXQJ� GHQJDQ� KDUJD� \DQJ� DNDQ�
GLED\DUNDQ��+DVLO� DQDOLVLV� UDJDP�PHQXQMXNNDQ�
EDKZD�IDNWRU� ORNDVL�� MHQLV�KLEULG�VHUWD� LQWHUDNVL�
NHGXDQ\D�WLGDN�EHUSHQJDUXK�VLJQLILNDQ�WHUKDGDS�
SHUVHQWDVH� SHQHWDVDQ�� +DVLO� DQDOLVLV� UDJDP�
PHQXQMXNNDQ�EDKZD�WHUKDGDS�ERERW�NRNRQ�GDQ�
ERERW� NXOLW� NRNRQ� WLGDN� WHUMDGL� LQWHUDNVL� \DQJ�
Q\DWD�� )DNWRU� WXQJJDO� ORNDVL� GDQ� MHQLV� KLEULG�

7DEHO�� �����%RERW�NRNRQ�GDQ�UDVLR�NXOLW�NRNRQ�GDUL�LQGXNDQ�GDQ�KDVLO�SHUVLODQJDQQ\D��7DEOH 7KH�FRFRRQ�
ZHLJKW�DQG WKH�FRFRRQ�VKHOO�RI�K\EULGV�DQG�LWV�SDUHQWV� �

,QGXNDQ��3DUHQW��
%RERW�NRNRQ��7KH�&RFRRQ�ZHLJKW��

�J��

5DVLR�NXOLW�NRNRQ��7KH�FRFRRQ�VKHOO�UDWLR��

����

3�+��������[������ ����� ������

���� ����� ������

���� ����� ������
3�+��������[������ ����� ������

���� ����� ������

���� ����� ������

3�+��������[������ ����� ������

���� ����� ������

���� ����� ������
3�+��������[������ ����� ������

���� ����� ������

���� ����� ������

&���������[������ ����� ������

���� ����� ������
���� ����� ������

6XPEHU�� ����'DWD�SULPHU�KDVLO�SHQHOLWLDQ�� �6RXUFHV 3ULPDU\�GDWD�UHVHDUFK�UHVXOW
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EHUSHQJDUXK� VLJQLILNDQ� WHUKDGDS� ERERW� NRNRQ��
QDPXQ�WHUKDGDS�ERERW�NXOLW�NRNRQ�KDQ\D�IDNWRU�
MHQLV�KLEULG�\DQJ�EHUSHQJDUXK�VDQJDW�Q\DWD��7DEHO�
��PHQXQMXNNDQ� EDKZD� ORNDVL� GDWDUDQ� WLQJJL� GL�
.DEXSDWHQ� 6XNDEXPL� PHQJKDVLONDQ� ERERW�
NRNRQ�OHELK�WLQJJL�GDULSDGD�ORNDVL�GDWDUDQ�UHQGDK�
GL�.DEXSDWHQ�3DWL��1DPXQ�WHUKDGDS�ERERW�NXOLW�
NRNRQ� WHODK� PHQJKDVLONDQ� ERERW� NXOLW� NRNRQ�
\DQJ�VDPD�XQWXN���ORNDVL�WHUVHEXW�� �-LND�GLOLKDW�
GDUL�IDNWRU�WXQJJDO�MHQLV�KLEULG��PDND�XODW�VXWHUD�
\DQJ�WHODK�PHQJKDVLONDQ�ERERW�NRNRQ�\DQJ�EDLN�
DGDODK�KLEULG�3�+����3�+���GDQ�3�+���VHGDQJ�
NDQ�\DQJ�PHQJKDVLONDQ�ERERW�NXOLW�NRNRQ�\DQJ�
WLQJJL�DGDODK�3�+����3�+���GDQ�3�+���

+LEULG�3�+�� +LEULG�&���

*DPEDU��)LJXUH�����+LEULG� 3�+��� GDQ�&���� \DQJ� GLXMLNDQ� GL� 6XNDEXPL� GDQ� 3DWL� �3�+��� DQG�&����
K\EULGV�WHVWHG�LQ�6XNDEXPL�DQG�3DWL�

3HUODNXDQ��7UHDWPHQW��

3HQHWDVDQ�

�+DWFKDELOLW\��
����

%RERW�NRNRQ�

�&RFRRQ�ZHLJKW��
�J��

%RERW��NXOLW�NRNRQ�

�6KHOO�FRFRRQ�ZHLJKW��
�J��

/RNDVL��/RFDWLRQ�� � � �

3DWL� �������D� ������E� ������D�

6XNDEXPL� �������D� ������D� ������D�

-HQLV�K\EULG��+\EULGH�NLQGV�� � � �

3�+��� �������D� ������DE� ������E�

3�+��� �������D� ������D� ������D�

3�+��� �������D� ������DE� ������DE�

3�+��� �������D� ������E� ������DE�

3HUKXWDQL�&���� �������D� ������F� ������F�

.HWHUDQJDQ��5HPDUNV���1LODL�GDODP�NRORP�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD����EHUGDVDUNDQ�8ML�
7XNH\�SDGD�WDUDI�Q\DWD�����)LJXUHV�RQ�WKH�VDPH�FROXPQ�EHDULQJ�VDPH�OHWWHU�GHQRWH�QRQ�VLJQLILFDQW�
GLIIHUHQFHV�DW����OHYHO�DFFRUGLQJ�WR�7XNH\�WHVW�

3DGD�7DEHO��� WHUOLKDW�EDKZD�NHHPSDW�KLEULG�
KDVLO�3XVDW�/LWEDQJ�+XWDQ�\DQJ�GLEXGLGD\DNDQ�GL�
GDWDUDQ� UHQGDK� .DEXSDWHQ� 3DWL� PHQJKDVLONDQ�
UDVLR� NXOLW� NRNRQ� \DQJ� VDPD� EDLNQ\D�� WHWDSL�
WHUKDGDS� KLEULG� &���� �GDUL� 3HUXP� 3HUKXWDQL�
3386�&DQGLURWR�� EHUEHGD� VLJQLILNDQ� GDQ� UDVLR�
NXOLW�NRNRQQ\D�MDXK�OHELK�WLQJJL�GDULSDGD�KLEULG�
&�����-LND�GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL��PDND�
KLEULG�3�+���GDQ�3�+���PHQJKDVLONDQ�UDVLR�NXOLW�
NRNRQ� WHUEDLN� GDQ� EHUEHGD� VLJQLILNDQ� GHQJDQ�
KLEULG� 3�+���� 3�+��� GDQ� &����� -LND�
GLEXGLGD\DNDQ� GL� GDWDUDQ� UHQGDK� GDQ� GDWDUDQ�
WLQJJL��PDND� KLEULG� 3�+���PHQJKDVLONDQ� UDVLR�
NXOLW�NRNRQ�\DQJ�WHUWLQJJL�

7DEHO�� �����5DWD�UDWD�ERERW�NRNRQ�GDQ�ERERW�NXOLW�NRNRQ�SDGD���ORNDVL�GDQ���MHQLV�KLEULG��7DEOH 7KH�DYHUDJH�
ZHLJKW�RI�WKH�FRFRRQ�DQG�FRFRRQ�VKHOO�ZHLJKW�DW�WZR�ORFDWLRQV�DQG�ILYH�W\SHV�RI�K\EULG�

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

�

7DEHO��7DEOH�����,QWHUDNVL� DQWDUD� ORNDVL� GDQ� MHQLV� KLEULG� WHUKDGDS� UDVLR� NXOLW� NRNRQ� �7KH� LQWHUDFWLRQ�
EHWZHHQ�WKH�ORFDWLRQ�DQG�WKH�W\SH�RI�K\EULG�RQ�WKH�FRFRRQ�VKHOO�UDWLR�

7DEHO��7DEOH�����,QWHUDNVL� DQWDUD� ORNDVL� GDQ� MHQLV� KLEULG� WHUKDGDS� SDQMDQJ� ILODPHQ� �7KH� LQWHUDFWLRQ�
EHWZHHQ�ORFDWLRQV�DQG�K\EULGV�WR�WKH�OHQJWK�RI�ILODPHQW�

��������-HQLV��K\EULG��+\EULGH�NLQGV��

�
/RNDVL��/RFDWLRQ��

5DVLR�NXOLW�NRNRQ��7KH�FRFRRQ�VKHOO�UDWLR������

3�+��� 3�+��� 3�+��� 3�+��� &����

3DWL� ������D� �������D� �������DE� �������D� ������FG�

6XNDEXPL� ������G� �������DEF� �������EF� �������G� �������H�

.HWHUDQJDQ��5HPDUNV���1LODL�GDODP�NRORP�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD����EHUGDVDUNDQ�8ML�
7XNH\�SDGD�WDUDI�Q\DWD�����)LJXUHV�RQ�WKH�VDPH�FROXPQ�EHDULQJ�VDPH�OHWWHU�GHQRWH�QRQ�VLJQLILFDQW�
GLIIHUHQFHV�DW����OHYHO�DFFRUGLQJ�WR�7XNH\�WHVW�

.HWHUDQJDQ�� ��5HPDUNV �1LODL�GDODP�NRORP�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD����EHUGDVDUNDQ�8ML�
7XNH\�SDGD�WDUDI�Q\DWD�����)LJXUHV�RQ�WKH�VDPH�FROXPQ�EHDULQJ�VDPH�OHWWHU�GHQRWH�QRQ�VLJQLILFDQW�
GLIIHUHQFHV�DW����OHYHO�DFFRUGLQJ�WR�7XNH\�WHVW�

3DGD�7DEHO���PHQXQMXNNDQ�EDKZD�KLEULG�XODW�
VXWHUD� 3�+���� 3�+��� GDQ� 3�+��� \DQJ� GLEXGL�
GD\DNDQ� GL� GDWDUDQ� UHQGDK� WHODK�PHQJKDVLONDQ�
SDQMDQJ� ILODPHQ� \DQJ� VDPD� GDQ� OHELK� SDQMDQJ�
GDULSDGD�KLEULG�ODLQQ\D��1DPXQ��DSDELOD�GLEXGL�
GD\DNDQ� GL� GDWDUDQ� WLQJJL�� PDND� GDSDW� GLSLOLK�
KLEULG� 3�+���� 3�+��� GDQ� 3�+���� -LND� GLEXGL�
GD\DNDQ� GL� GDWDUDQ� UHQGDK� GDQ� GDWDUDQ� WLQJJL��
PDND�KLEULG�3�+���GDQ�3�+���\DQJ�PHQJKDVLO�
NDQ�SDQMDQJ�ILODPHQ�\DQJ�WHUEDLN�

%��3HPEDKDVDQ

.HVHUDJDPDQ� SHQHWDVDQ� GDQ� SHUVHQWDVH�
SHQHWDVDQ�\DQJ�WLQJJL�PHUXSDNDQ�KDO�\DQJ�VDQJDW�
XWDPD� GDODP� XVDKD� EXGLGD\D� XODW� VXWHUD�
�$QGDGDUL�	�.XQWDGL���������.HGXD�SDUDPHWHU�
LQL� VHULQJ� GLMDGLNDQ� WRORN� XNXU� NXDOLWDV� ELELW��
PHVNLSXQ� NHEHUKDVLODQQ\D� DNDQ� GLFDSDL� MLND�
GLGXNXQJ�ROHK�VLVWHP�SHQHWDVDQ�GDQ�SHQDQJDQDQ�
WHOXU�\DQJ�VHVXDL�GHQJDQ�NHWHQWXDQ��3DGD�SHQHOL�
WLDQ� LQL� VHPXD� SHQDQJDQDQ� WHOXU� DGDODK� VDPD�
XQWXN� VHWLDS� SHUODNXDQ� KLEULG�� +DVLO� SHQHOLWLDQ�
PHQXQMXNNDQ� EDKZD� SHUVHQWDVH� SHQHWDVDQ�
VHUDJDP��XQWXN�VHPXD�SHUODNXDQ�GHQJDQ�WLQJNDW�
SHQHWDVDQ�\DQJ�WLQJJL�UDWD�UDWD��GL�DWDV�����

3HUVHQWDVH� SHQHWDVDQ� NHOLPD� KLEULG� �3XVDW�
/LWEDQJ�+XWDQ�GDQ�3HUXP�3HUKXWDQL��PHQXQMXN�
NDQ� SHUVHQWDVH� SHQHWDVDQ� \DQJ� VDPD� WLQJJL�
NDUHQD� VHPXD� MHQLV� KLEULG�PHQGDSDW� SHUODNXDQ�
LQNXEDVL� \DQJ� VDPD�� ,QNXEDVL� WHOXU� DGDODK�

�����-HQLV�KLEULG��+\EULGH�NLQGV��

�
/RNDVL��/RFDWLRQ��

3DQMDQJ�ILODPHQW��)LODPHQW�OHQJWK���P��

3�+��� 3�+��� 3�+��� 3�+��� &�����

3DWL� ���������DEF� ���������DEF� ���������EFG� ���������DE� �������H�����

6XNDEXPL� ���������DEF� ���������DEF� ���������D� ���������FG� �������GH�

SHQ\LPSDQDQ� WHOXU� GL� GDODP� UXDQJDQ� GHQJDQ�
SHQJDWXUDQ�WHPSHUDWXU��NHOHPEDEDQ�GDQ�FDKD\D�
\DQJ�VDPD�XQWXN�VHPXD�WHPSDW��7XMXDQ�LQNXEDVL��
\DLWX�DJDU�WHOXU�GDSDW�GLWHWDVNDQ�GHQJDQ�EDLN�GDQ�
PHUDWD� VHODPD� ��� KDUL�� .HEXWXKDQ� WHPSHUDWXU�
VHODPD�LQNXEDVL�DGDODK��� &�GDQ�NHOHPEDEDQ����

R

����GHQJDQ� SHQJDWXUDQ� FDKD\D� ��� MDP� WHUDQJ�
GDQ� �� MDP� JHODS� VHWLDS� KDULQ\D� VHVXDL� GHQJDQ�
VWDQGDU�LQNXEDVL�PHQXUXW�+XVVDLQ� ������E���HW�DO�
2OHK� NDUHQD� LWX�� SHUVHQWDVH� SHQHWDVDQ� WLGDN�
GLSHQJDUXKL�ROHK�MHQLV�KLEULG�GDQ�ORNDVL�

%RERW�NRNRQ�PHUXSDNDQ�VDODK�VDWX�SDUDPHWHU�
SHQWLQJ� \DQJ� KDUXV� GLNHWDKXL� SDGD� VHWLDS� KDVLO�
SHPHOLKDUDDQ�XODW�VXWHUD�NDUHQD�DNDQ�EHUSHQJD�
UXK� WHUKDGDS� VHUDW� GDQ�EHQDQJ�\DQJ�GLKDVLONDQ�
�1XUKDHGDK� HW� DO��� ������� %RERW� NRNRQ� PHP�
SXQ\DL� NRUHODVL� SRVLWLI� GHQJDQ� KDVLO� NRNRQ� SHU�
ERNVQ\D�� %HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� DGD�
SHUEHGDDQ� \DQJ� Q\DWD� SDGD� ERERW� NRNRQ� DQWDU�
ORNDVL��SHPHOLKDUDDQ�\DQJ�GLODNXNDQ�GL�GDWDUDQ�
WLQJJL�GL�.DEXSDWHQ�6XNDEXPL�SDGD�NHWLQJJLDQ�
����P�GSO��PHQJKDVLONDQ�UDWD�UDWD�ERERW�NRNRQ�
\DQJ� WLQJJL� ������ J��� 8ODW� VXWHUD� PHUXSDNDQ�
VHUDQJJD�EHUGDUDK�GLQJLQ��SRLNLORWKHUPLF��\DQJ�
PXGDK� GLSHQJDUXKL� ROHK� NRQGLVL� OLQJNXQJDQ��
GHQJDQ� GHPLNLDQ� SDGD� NRQGLVL� \DQJ� RSWLPXP�
SHUWXPEXKDQ�XODW� OHELK�EDLN�GDQ�PHQJKDVLONDQ�
NRNRQ�\DQJ�RSWLPXP��1XUVLWD��������+XVVDLQ�HW�
DO� �����D��� �6HEDOLNQ\D�SDGD�NRQGLVL�PLQLPXP��
VHSHUWL� KDOQ\D� GL� GDHUDK� 3DWL� SDGD� NHWLQJJLDQ
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���P�GSO��NRNRQ�\DQJ�GLKDVLONDQ�PHQMDGL�OHELK�
UHQGDK��UDWD�UDWD�EHUNLVDU������J��+DO�LQL�GLVHEDE�
NDQ�GL�GDHUDK�3DWL�GHQJDQ�VXKX�WLQJJL�GDQ�NHOHP�
EDEDQ�UHQGDK�GDSDW�PHQ\HEDENDQ�GDXQ�PXUEHL�
\DQJ� GLEHULNDQ� FHSDW� PHQJDODPL� NHNHULQJDQ��
VHKLQJJD� SDODWDELOLWDVQ\D� PHQXUXQ�� 1DPXQ�
GHPLNLDQ� NHHPSDW� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
NRQVLVWHQ�PHQJKDVLONDQ�ERERW�NRNRQ�OHELK�WLQJJL�
GLEDQGLQJNDQ�\DQJ�GLKDVLONDQ�ROHK��KLEULG�3HUXP�
3HUKXWDQL�3386�&DQGLURWR�\DLWX�&����EDLN�\DQJ�
GLSHOLKDUD� GL� GDWDUDQ� WLQJJL�PDXSXQ� GL� GDWDUDQ�
UHQGDK�

3DGD�SHQHOLWLDQ�LQL��KLEULG��3�+���PHQJKDVLO�
NDQ�ERERW�NRNRQ�\DQJ�WHUWLQJJL�������J��VHGDQJ�
NDQ� KLEULG� &���� PHQJKDVLONDQ� ERERW� NRNRQ�
WHUHQGDK� ������ J��� 6HFDUD� XPXP�� NRNRQ� GDUL�
KLEULG� KDVLO� SHUVLODQJDQ� 3XVDW� /LWEDQJ� +XWDQ� �
PHPLOLNL�ERERW�GL�DWDV������J�GDQ�EHUEHGD�VDQJDW�
Q\DWD� GLEDQGLQJ� NRNRQ� KDVLO� SURGXNVL� KLEULG�
&����� 'LVLPSXONDQ� EDKZD� KLEULG� 3�+���
SRWHQVLDO� XQWXN� GLNHPEDQJNDQ� EDLN� SDGD�
NHWLQJJLDQ�\DQJ�WLQJJL�PDXSXQ�SDGD�GDHUDK�\DQJ�
UHQGDK���������P�GSO���

0HQXUXW�.DRPLQL�	�$QGDGDUL��������ERERW�
NRNRQ�PHPSXQ\DL�NRUHODVL�SRVLWLI�GHQJDQ�KDVLO�
NRNRQ� SHU� ERNV� GDQ� EHUKXEXQJDQ� HUDW� GHQJDQ�
QLODL� WDPEDK� \DQJ� GLSHUROHK� SHWDQL� VXWHUD��
6HKXEXQJDQ�GHQJDQ�KDO�WHUVHEXW��PDND�GDUL�VHJL�
SURGXNVL� NRNRQ� PDXSXQ� QLODL� WDPEDK� \DQJ�
GLSHUROHK�SHWDQL� VXWHUD� KLEULG� XODW� VXWHUD�3XVDW�
/LWEDQJ� +XWDQ� GDSDW� GLDQMXUNDQ� XQWXN� GLNHP�
EDQJNDQ��

7DEHO���PHQXQMXNNDQ�YDULDVL�SHQLQJNDWDQ�GDQ�
SHQXUXQDQ� ERERW� NRNRQ� GDQ� UDVLR� NXOLW� NRNRQ�
GDUL� NHOLPD� KLEULG� GLEDQGLQJNDQ� GHQJDQ�
LQGXNDQQ\D��9DULDVL�WHUVHEXW�GLVHEDENDQ�NDUHQD�
LQGXNDQ� \DQJ� WHUOLEDW� GDODP�SHUVLODQJDQ� VXGDK�
PHPLOLNL� UDVLR� NXOLW� NRNRQ� \DQJ� WLQJJL� DNLEDW�
VHOHNVL�VHFDUD� WHUXV�PHQHUXV�GDQ�NDUHQD�VHOLVLK�
QLODL�UDVLR�NXOLW�NRNRQ�DQWDUD�LQGXNDQQ\D�VDQJDW�
NHFLO�� 'HQJDQ� GHPLNLDQ�� SHQLQJNDWDQ� \DQJ�
WHUMDGL�VDQJDW�NHFLO�DWDX�WLGDN�WHUMDGL�VDPD�VHNDOL�
DWDX� GDSDW� SXOD� GLVHEDENDQ� ROHK� GD\D� JDEXQJ�
\DQJ� NXUDQJ� EDLN� DQWDUD� NHGXD� WHWXDQ\D�
�(QGDUZDWL� �������$GDQ\D� YDULDVL� GDSDW�HW� DO���
MXJD� GLVHEDENDQ� ROHK� SHQJDUXK� OLQJNXQJDQ��
GLPDQD� ORNDVL� \DQJ� EHUODLQDQ� PHPEXDW� MHQLV�
KLEULG� PHPEHULNDQ� UHVSRQ� \DQJ� WLGDN� VDPD�
�*RZGD� 	� 5HGG\�� ������ 6HLGDYL�� �������
:DODXSXQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�
WHUGDSDW� SHQXUXQDQ� GDUL� LQGXNDQQ\D�� QDPXQ�
KDVLOQ\D�OHELK�WLQJJL�GDULSDGD�KLEULG�&����

%RERW� NXOLW� NRNRQ� EHUKXEXQJDQ� GHQJDQ�
NDQGXQJDQ� VXWHUD� \DQJ� GDSDW� GLPDQIDDWNDQ��
VHPDNLQ�EHVDU�ERERW�NXOLW�NRNRQ��PDND�VHPDNLQ�

EHVDU�NDQGXQJDQ�EHQDQJ�VXWHUD��$QGDGDUL�HW�DO���
������1XUDHQL�	�%DKDUXGLQ���������%RERW�NXOLW�
NRNRQ� NHHPSDW� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
PHQXQMXNNDQ� KDVLO� \DQJ� VLJQLILNDQ� GLEDQGLQJ�
NDQ� GHQJDQ� KLEULG�&����� 5DWD�UDWD� ERERW� NXOLW�
NRNRQ� NHHPSDW� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
PHQLQJNDW�VHEHVDU�����GDUL�KLEULG�&�����3DGD�
GDWDUDQ�UHQGDK�GL�.DEXSDWHQ�3DWL�NHHPSDW�KLEULG�
PHQXQMXNNDQ� KDVLO� \DQJ� VDPD�� \DQJ� EHUDUWL�
NHHPSDW�KLEULG�WHUVHEXW�PDPSX�EHUDGDSWDVL�SDGD�
GDWDUDQ� UHQGDK�� 1DPXQ�� GL� GDWDUDQ� WLQJJL� GL�
.DEXSDWHQ�6XNDEXPL�PHQJKDVLONDQ�ERERW�NXOLW�
NRNRQ� \DQJ� EHUEHGD�� -HQLV� KLEULG� 3�+��� GDQ�
3�+���PHQJKDVLONDQ� ERERW� NXOLW� NRNRQ� WLQJJL��
+DO� LQL� PHQXQMXNNDQ� EDKZD� MHQLV� KLEULG�
PHPSHQJDUXKL�ERERW�NXOLW�NRNRQ��.XPDU� ��HW�DO
�������PHQJHPXNDNDQ�EDKZD�ERERW�NXOLW�NRNRQ�
GLWHQWXNDQ�ROHK�UDV��JDOXU��MHQLV�NHODPLQ�XODW�\DQJ�
GLSHOLKDUD�� NRQGLVL� SHPHOLKDUDDQ� GDQ� SHQJR�
NRQDQ�

3DGD� NRQGLVL� RSWLPXP� ZDODXSXQ� NHPSDW�
KLEULG�3XVDW�/LWEDQJ�+XWDQ�PHQJKDVLONDQ�UDVLR�
NXOLW� NRNRQ� OHELK� WLQJJL� GDUL� KLEULG� 3HUXP�
3HUKXWDQL��KDQ\D�KLEULG�3�+���GDQ�3�+���\DQJ�
NRQVLVWHQ�PHQJKDVLONDQ�UDVLR�NXOLW�NRNRQ�WLQJJL��
3HUVHQWDVH� NXOLW� NRNRQ� KLEULG� GL� GDHUDK� WURSLV�
PHQXUXW�$QGDGDUL� �� �������EHUNLVDU� DQWDUD�HW�DO
������������ .HHPSDW� KLEULG� 3XVDW� /LWEDQJ�
+XWDQ� WHODK� PHQJKDVLONDQ� UDWD�UDWD� UDVLR� NXOLW�
NRNRQ�DQWDUD��������������GDQ�WHUPDVXN�NHODV�
%� VHGDQJNDQ� KLEULG� &���� PHQJKDVLONDQ� UDVLR�
NXOLW�NRNRQ��������GDQ�WHUJRORQJ�NHODV�&��5DVLR�
NXOLW�NRNRQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�
\DQJ� GLSHOLKDUD� GL� GDWDUDQ� UHQGDK� OHELK� WLQJJL�
GDULSDGD� \DQJ� GLSHOLKDUD� GL� GDWDUDQ� WLQJJL��
'LGXJD�SHQ\HEDEQ\D�DGDODK�SHUEHGDDQ�NHPDP�
SXDQ� GD\D� WDKDQ� WHUKDGDS� NRQGLVL� OLQJNXQJDQ�
GHQJDQ�VXKX�WLQJJL�GDQ�NHOHPEDEDQ�UHQGDK�GDQ�
SHUEHGDDQ� NHPDPSXDQ� NHOHQMDU� VXWHUD� GDODP�
PHQJKDVLONDQ� EHQDQJ�� 8ODW� VXWHUD� \DQJ� OHELK�
WDKDQ�WHUKDGDS�NRQGLVL�OLQJNXQJDQ�GHQJDQ�VXKX�
WLQJJL�GDQ�NHOHPEDEDQ�UHQGDK�DNDQ�EHUSURGXNVL�
OHELK�EDLN��1XUVLWD��������.XPDU�	�6LQJK�������

$GD�NRUHODVL�SRVLWLI�DQWDUD�UDVLR�NXOLW�NRNRQ�
GHQJDQ� SDQMDQJ� ILODPHQ�� VHPDNLQ� EHVDU� UDVLR�
NXOLW�NRNRQ��PDND�ILODPHQ�\DQJ�GLKDVLONDQ�DNDQ�
VHPDNLQ�SDQMDQJ��.HHPSDW�KLEULG�3XVDW�/LWEDQJ�
+XWDQ� VXGDK� PHPHQXKL� SHUV\DUDWDQ� SDQMDQJ�
ILODPHQ� QRUPDO� GDQ� PHPHQXKL� QLODL� NRPHUVLO�
GHQJDQ�QLODL�NLVDUDQ�DQWDUD�������������P��+DVLO�
LQL� OHELK� WLQJJL�GDUL�KLEULG� LPSRU�\DQJ�EHUNLVDU�
���������� P�� .XDOLWDV� VHUDW� GLSHQJDUXKL� ROHK�
NXDOLWDV� NRNRQ� \DQJ� GLSLQWDO� �.XPDU� ���HW� DO
�������0XLQ� ���������PHQ\DWDNDQ�VHPDNLQ�HW�DO
SDQMDQJ� VHUDW�� PDND� PXWXQ\D� VHPDNLQ� EDLN��

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

3DQMDQJ� ILODPHQ� \DQJ� EDLN� �QRUPDO�� EHUNLVDU�
����������P�� �3DQMDQJ�ILODPHQ�NHHPSDW�KLEULG�
3XVDW� /LWEDQJ� +XWDQ� WHUVHEXW� OHELK� WLQJJL� GDUL�
SDGD� SDQMDQJ� ILODPHQ� KLEULG� LPSRUW�&LQD� KDVLO�
SHQHOLWLDQ�\DLWX�EHUNLVDU���������P��$QGDGDUL�	�
.XQWDGL��������

3HPHOLKDUDDQ� XODW� GHQJDQ� PHQJJXQDNDQ�
KLEULG�3XVDW�/LWEDQJ�+XWDQ�GLEDQGLQJNDQ�KLEULG�
&���� WHUGDSDW� SHQLQJNDWDQ� SURGXNVL� NRNRQ�
VHEHVDU� ���� XQWXN� GDWDUDQ� WLQJJL� �NRQGLVL�
RSWLPXP�� GDQ� ������� XQWXN� GDWDUDQ� UHQGDK�
�NRQGLVL�PLQLPXP��� -LND� GLEDQGLQJNDQ� GHQJDQ�
ELELW� LPSRU� &LQD� XQWXN� GDWDUDQ� UHQGDK� KDQ\D�
PHQJKDVLONDQ�NHQDLNDQ��SURGXNVL�NRNRQ�VHEHVDU�
�����XQWXN�NRQGLVL�RSWLPXP�SHPHOLKDUDDQ�XODW�
GHQJDQ�KLEULG�3XVDW�/LWEDQJ�+XWDQ�GLEDQGLQJNDQ�
GHQJDQ� ELELW� LPSRUW� &LQD� SURGXNVL� NRNRQ�
PHQLQJNDW�����

.XDOLWDV�NRNRQ�GDQ�SDQMDQJ�ILODPHQ�NHHPSDW�
KLEULG�3XVDW�/LWEDQJ�+XWDQ�PHQXQMXNNDQ�KDVLO�
\DQJ� VDPD� SDGD� GDWDUDQ� UHQGDK� KDO� LQL�
GLNDUHQDNDQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�
PHQJJXQDNDQ� JDOXU� \DQJ� SURGXNWLYLWDVQ\D� WHU�
WLQJJL�GDUL�NROHNVL�XODW�VXWHUD�\DQJ�GLPLOLNL�ROHK�
3XVDW�/LWEDQJ�+XWDQ��.ROHNVL�XODW�VXWHUD�WHUVHEXW�
EHUDGD�GL�NHWLQJJLDQ�����P�GSO��+DVLO�SHQHOLWLDQ�
GDODP�VNDOD�ODERUDWRULXP�PHQXQMXNNDQ�EDKZD���
KLEULG� WHUVHEXW�PHQJKDVLONDQ� UDVLR� NXOLW� NRNRQ�
��������VHPHQWDUD�ELELW�&����\DQJ�EHUHGDU�GL�
,QGRQHVLD� KDQ\D� PHQFDSDL� �������� 1DPXQ��
NHHPSDW� KLEULG� WHUVHEXW� VHWHODK� GLXMLNDQ� VNDOD�
ODSDQJDQ� GHQJDQ� NRQGLVL� OLQJNXQJDQ� EHUODLQDQ�
WHODK�PHQJKDVLONDQ� UDVLR� NXOLW� NRNRQ�PHQXUXQ�
VHNLWDU���������+DO�LQL�GLVHEDENDQ�SHUWXPEXKDQ�
XODW� VXWHUD� VDQJDW� GLSHQJDUXKL� ROHK� NRQGLVL�
WHPSDW�SHPHOLKDUDDQQ\D��NDUHQD�XODW�VXWHUD�WHU�
PDVXN�ELQDWDQJ�EHUGDUDK�GLQJLQ�

%HUGDVDUNDQ�GDWD�\DQJ�GLSHUROHK�GL���NRQGLVL�
\DQJ� EHUEHGD� WHUQ\DWD� KLEULG� 3XVDW� /LWEDQJ�
+XWDQ�PHQJKDVLONDQ�NXDOLWDV�NRNRQ�GDQ�SDQMDQJ�
ILODPHQ�OHELK�WLQJJL�GDULSDGD�KLEULG�&�����5DWD�
UDWD�SDQMDQJ� ILODPHQ�NHHPSDW�KLEULG�3XVDW�/LW�
EDQJ�+XWDQ�OHELK�SDQMDQJ�GDULSDGD�KLEULG�&�����
3HQLQJNDWDQ�SDQMDQJ�ILODPHQ�GDUL�NHHPSDW�KLEULG�
3XVDW�/LWEDQJ�+XWDQ�VHEHVDU�����XQWXN�GDWDUDQ�
UHQGDK�VHGDQJNDQ�XQWXN�GDWDUDQ�WLQJJL�SDQMDQJ�
ILODPHQ�WHUGDSDW�SHQLQJNDWDQ�VHEHVDU������ �+DO�
LQL�PHQXQMXNNDQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�
+XWDQ� DGDSWLI� XQWXN� GLNHPEDQJNDQ� GL� NHGXD�
ORNDVL� WHUVHEXW��'L�GDWDUDQ� WLQJJL�GL�.DEXSDWHQ�
6XNDEXPL�� NHHPSDW� KLEULG� PHQXQMXNNDQ� KDVLO�
\DQJ� EHUEHGD�� 3�+��� GDQ� 3�+��� NRQVLVWHQ�
PHPEHULNDQ� KDVLO� SDQMDQJ� ILODPHQ� \DQJ� VDPD�
DQWDUD� GDWDUDQ� WLQJJL� GDQ� UHQGDK�� 3�+��� GDQ�

3�+��� PDPSX� DGDWLI� GL� NHGXD� ORNDVL�� QDPXQ�
FHQGHUXQJ�KDVLOQ\D�OHELK�EDLN�GL�GDWDUDQ�WLQJJL��

3DQMDQJ� ILODPHQ� NHHPSDW� KLEULG� 3XVDW�
/LWEDQJ�+XWDQ�KDVLO�SHQHOLWLDQ�LQL�WHUQ\DWD�OHELK�
SDQMDQJ� GDULSDGD� KLEULG� LPSRU� GDUL� &LQD��
0HQXUXW�$QGDGDUL�	�.XQWDGL��������KLEULG�DVDO�
&LQD� SDGD� SHPHOLKDUDDQ� GL� 6RSSHQJ� �NRQGLVL�
PLQLPXP�GHQJDQ�NHWLQJJLDQ�����P�GSO��KDQ\D�
PDPSX�PHQJKDVLONDQ�UDWD�UDWD�SDQMDQJ�ILODPHQ�
UDWD�UDWD�����P��.HHPSDW�KLEULG�3XVDW�/LWEDQJ�
+XWDQ�SDGD�SHPHOLKDUDDQ�GL�GDWDUDQ�UHQGDK�GDSDW�
PHQJKDVLONDQ�SDQMDQJ�ILODPHQ�UDWD�UDWD�������P�

+DVLO� SHQJDPDWDQ� VHFDUD� XPXP� WHUKDGDS�
NXDOLWDV� NRNRQ� GDQ� VHUDW�� PHOLSXWL� SHUVHQWDVH�
SHQHWDVDQ��ERERW�NRNRQ��ERERW�NXOLW�NRNRQ��UDWLR�
NXOLW� NRNRQ� GDQ� SDQMDQJ� VHUDW� GDUL� XODW� VXWHUD�
\DQJ� GLSHOLKDUD� GL� �� NRQGLVL� \DQJ� EHUEHGD�
PHQXQMXNNDQ�QLODL�\DQJ� OHELK� WLQJJL�GLEDQGLQJ�
NRQWURO� &����� +DO� LQL� PHQXQMXNNDQ� EDKZD�
WLQJNDW� NHFRFRNDQ� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
PDPSX� EHUDGDSWDVL� EDLN� GL� GDWDUDQ� WLQJJL�
PDXSXQ�GDWDUDQ�UHQGDK�

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

7LQJNDW�SHQHWDVDQ�XODW�VXWHUD�WLGDN�GLSHQJD�
UXKL�ROHK�MHQLV�KLEULG�PDXSXQ�ORNDVL�SHPHOLKDUD�
DQ��.HVHOXUXKDQ�ELELW�XODW�\DQJ�GLXML��PHQJKDVLO�
NDQ�SHUVHQWDVH�SHQHWDVDQ�\DQJ�WLQJJL��!������GL�
�� ORNDVL�SHQHOLWLDQ��8ODW� VXWHUD�SRWHQVLDO�XQWXN�
GLEXGLGD\DNDQ� GL� GDWDUDQ� UHQGDK� GL� GDWDUDQ�
UHQGDK��DGDODK�3�+����3�+���GDQ�3�+����+LEULG�
3�+��� GDQ� 3�+��� FRFRN� GLEXGLGD\DNDQ� GL�
GDWDUDQ� WLQJJL�� +LEULG� 3�+��� SRWHQVLDO� XQWXN�
GLNHPEDQJNDQ� GDWDUDQ� UHQGDK� GDQ� GL� GDWDUDQ�
WLQJJL�

%�� 6DUDQ

6HEHOXP� GLNHPEDQJNDQ� OHELK� OXDV�� PDND�
NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�SHUOX�GLXML�
SDGD� NRQGLVL� DJURNOLPDW� GDQ� PXVLP� \DQJ�
EHUEHGD�

8&$3$1�7(5,0$�.$6,+

8FDSDQ� WHULPD� NDVLK� GLVDPSDLNDQ� NHSDGD�
WHNQLVL�WHNQLVL� /DERUDWRULXP� 3HUVXWUDDQ� $ODP��
7UL�5DKPDZDWL��+HPDQ�6DUL�GDQ�+HUL�.XUQLDZDQ�
\DQJ�WHODK�PHPEDQWX�SHQHOLWLDQ�LQL�

9RO����1R����-XQL������������



��

'$)7$5�3867$.$

$QGDGDUL��/���3XGMLRQR��6���6XZDQGL�	�5DKPDZDWL��7��
�������� ��%XGLGD\D� PXUEHL� GDQ� XODW� VXWHUD
)25'$�35(66��,6%1��������������������

$QGDGDUL�	�.XQWDGL����������3HUEDQGLQJDQ�KLEULG�XODW�
VXWHUD� � /��� DVDO� &LQD� GHQJDQ�%RPE\[� PRUL�
KLEULG� ORNDO� GL� 6XODZHVL� 6HODWDQ�� -XUQDO�
3HQHOLWLDQ�+XWDQ�7DQDPDQ�����������������

$QGDGDUL�� /��� 5DKPDZDWL�� 7�� 	� 6XZDQGL�� ��������
3HQJHPEDQJDQ� NROHNVL� XODW� VXWHUD�� �WLGDN�
GLSXEOLNDVLNDQ��� /DSRUDQ� +DVLO� 3HQHOLWLDQ��
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�GDQ�
.RQVHUYDVL�$ODP��%RJRU�

%36� -DZD� 7HQJDK� 'DODP� $QJND� �������� %LGDQJ�
LQWHJUDVL�SHQJRODKDQ�GDQ�GHVHPLQDVL�VWDWLVWLN��
$NVHV�WDQJJDO����0HL�������

%36� .DEXSDWHQ� 6XNDEXPL�� �������� .DEXSDWHQ�
6XNDEXPL�GDODP�DQJND�������$NVHV�WDQJJDO����
0HL� GDUL�KWWSV���ZZZ�VFULEG�FRP�GRF��
����������6XNDEXPL�'DODP�$QJND������

(QGDUZDWL�� <�&��� 6LUHJDU�� +�&�+�� 	� .DRPLQL�� 0��
�������� .DMLDQ� SHQJDUXK� ERERW� NRNRQ� LQGXN�
WHUKDGDS�NXDOLWDV�WHOXU�SHUVLODQJDQ�XODW�VXWHUD�
� �/���5DV�FLQD�GHQJDQ�UDV�-HSDQJ��%RPE\[�PRUL�
-XUQDO�3HWHUQDNDQ�,QGRQHVLD�� ���������� ������

*RZGD�� %�1�� 	� 5HGG\�� 1�0�� �������� ,QIOXHQFH� RI�
GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV�RQ�FRFRRQ�
SDUDPHWHUV� DQG� WKHLU� HIIHFWV� IRU� UHHOLQJ�
SHUIRUPDQFH�RI�ELYROWLQH�K\EULGV�RI�VLONZRUP��
%RPE\[�PRUL ,QW��-��,QGXVW��(QWRPRO��/�� ��������
������

+XVVDLQ��0���1DHHP��0���.KDQ��6�$���%KDWWL��0�)��	�
0XQDZDU�� 0�� �����D��� 6WXGLHV� RQ� WKH�
HQIOXDQFH� RI� WHPSHUDWXUH� DQG� KXPLGLW\� RQ�
ELRORJLFDO�WUDLWV�RI�VLONZRUP�� �/����%RPE\[�PRUL
%RPE\FLGDH��� ��������$IULFDQ� -�� %LRWHFK��
������������

+XVVDLQ�� 0��� .KDQ�� 6�$��� 1DHHP�� 0��� $TLO�� 7���
.KXUVKHHG�� 5�� 	� 8O� 0RKVLQ�� $�� �����E���
(YDOXDWLRQV� RI� VLONZRUP� OLQHV� DJDLQVW�
YDULDWLRQV�LQ�WHPSHUDWXUH�DQG�5+�IRU�YDULRXV�
SDUDPHWHUV�RI�FRPPHUFLDO�FRFRRQ�SURGXFWLRQ��
3V\FKH� YRO�� ������ DUWLFOH� ,'� ��������
KWWS���ZZZ�KLQGDZL�FRP�MRXUQDOV�SV\FKH��
���������������'LDNVHV���0HL������

.DRPLQL��0���	�$QGDGDUL��/����������6LQWHVLV�+DVLO�
3HQHOLWLDQ� 7HNQRORJL� 3HQLQJNDWDQ� 3URGXN�
WLYLWDV�GDQ�NXDOLWDV�3URGXN�8ODW�VXWHUD��3XVDW�
3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� +XWDQ� GDQ�
.RQVHUYDVL�$ODP��7LGDN�GLWHUELWNDQ�

.XPDU�� 9��� .XPDU�� '�� 	� 5DP�� 3�� �������� 9DULHWDO�
LQIOXHQFH�RI�PXOEHUU\�RQ�VLONZRUP��%RPE\[�
PRUL� /�� JURZWK� DQG� GHYHORSPHQW�� 5HVHDUFK�
$UWLFOH�� ,QWHUQDWLRQDO� -RXUQDO� RI� $GYDQFHG�
5HVHDUFK�����������������

.XPDU��6�1��	�6LQJK��+�� ��������(YDOXDWLRQ�RI� WKH�
UHSURGXFWLYH� SRWHQWLDO� RI� ELYROWLQH� VLONZRUP�
K\EULGV�RI� /�XQGHU�KLJK�WHPSHUD�%RPE\[�0RUL�
WXUH�DQG�KLJK�KXPLGLW\�DQG�KLJK�WHPSHUDWXUH�
DQG� ORZ� KXPLGLW\� FRQGLWLRQV� RI� WKH� WURSLFV��
8QLYHUVDO�-RXUQDO�RI�(QYLURQPHQWDO�5HVHDUFK�
DQG�7HFKQRORJ\��H,661����������������������
����

.XPDU��6�1���6LQJK��+���6DKD��$�.��	�%LQGURR��%�%��
�������� 'HYHORSPHQW� RI� ELYROWLQH� GRXEOH�
K\EULG� RI� WKH� VLONZRUP�� /��%RPE\[� 0RUL�
WROHUDQW�WR�KLJK�WHPSHUDWXUH�DQG�KLJK�KXPLGLW\�
FRQGLWLRQV�RI�WKH�WURSLFV��8QLYHUVDO�-RXUQDO�RI�
(QYLURQPHQWDO� 5HVHDUFK� DQG� 7HFKQRORJ\��
H,661��������������������������

0XLQ��6XU\DQWR��1��	�0LQDUQLQJVLK����������8ML�FRED�
KLEULG�0RUXV�NKXQSDL�GDQ�0�� LQGLFD�VHEDJDL�
SDNDQ�XODW�VXWHUD��� �/LQQ����%RPE\[�PRUL -XUQDO�
3HQHOLWLDQ� .HKXWDQDQ� :DOODFHD�� ������ ����
����

1XUVLWD��,�:����������3HUEDQGLQJDQ�SURGXNWLYLWDV�XODW�
6XWHUD� GDUL� GXD� WHPSDW� SHPELELWDQ� \DQJ�
EHUEHGD� SDGD� NRQGLVL� OLQJNXQJDQ� SHPHOL�
KDUDDQ� SDQDV�� �-XUQDO� ,OPX�LOPX� 3HWHUQDNDQ�
��������������

1XUDHQL�� 6��� 	� %DKDUXGLQ�� �������� 3HUEDQGLQJDQ�
NDUDNWHULVWLN� GDQ� SURGXNWLYLWDV� XODW� VXWHUD�
� /��� GDUL� GXD� VXPEHU� ELELW� GL�%RPE\[� PRUL�
6XODZHVL�6HODWDQ�� �����������-XUQDO�3HUHQQLDO
���

1XUKDHGDK�� %XGL� 6DQWRVR�� +�� 	� ,VQDQ��:�� ��������
3HQJDUXK�PXUEHL�� ���GDQ�XODW�VXWHUD�0RUXV�VSS
SHUVLODQJDQ� �%RPE\[� PRU\� /LQQ��� WHUKDGDS�
NXDOLWDV� XODW�� NRNRQ� GDQ� VHUDW� VXWHUD�� -XUQDO�
3HQHOLWLDQ�+XWDQ�GDQ�.RQVHUYDVL�$ODP��������
������

6DQWRVR�� %�� �������� 0XUEHL� YDULHWDV� 1,� �YDULHWDV�
XQJJXO��� -XUQDO� 3HQHOLWLDQ� .HKXWDQDQ�
:DOODFHD�������

6HLGDYL��$����������6WXG\�RQ�WKLUW\�RQH�HFRQRPLFDOO\�
LPSRUWDQW�WUDLWV�LQ�WZHQW\� �VLONZRUP�%RPE\[�
PRUL $IULFDQ� -�� %LRWHFKQRORJ\�� YDULHWLHV�� �
������������������

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK





��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ�9RO�����1R�����-XQL������������

,661�������������(�,661�����������
7HUDNUHGLWDVL�1R�������$8��3�0,�/,3,��������

,���3(1'$+8/8$1

3HQJHORODDQ�KXWDQ�DODP�SURGXNVL�GL�,QGRQHVLD�
GLKDGDSNDQ� SDGD� WHNDQDQ� NHOHVWDULDQ� SHUWXP�
EXKDQ� GDQ� KDVLO�� NRQVHUYDVL� VXPEHUGD\D� KXWDQ�
VHUWD�EHQWXN�EHQWXN�WHNDQDQ�VRVLDO�GDQ�HNRQRPL�
EDLN� LWX� GDUL� XVDKD� VHMHQLV� PDXSXQ� GDUL� XVDKD�
VHNWRU�QRQ�NHKXWDQDQ�VHSHUWL�SHUWDPEDQJDQ�GDQ�
SHUNHEXQDQ��6DODK�VDWX�SHQ\HEDE�WHNDQDQ�DGDODK�
ODMX�SHUWXPEXKDQ�KXWDQ�EHNDV�WHEDQJDQ��ORJ�RYHU�

DUHD��/2$��\DQJ�VDQJDW�ODPEDW�GDQ�WLGDN�VHLULQJ�
GHQJDQ� ODMX� SHQHEDQJDQ� DWDX� SHUPLQWDDQ� ND\X�
EXODW�GL�SDVDU��3HUWXPEXKDQ�/2$�\DQJ� ODPEDW�
GLVHEDENDQ� ROHK� SHUXEDKDQ� SDGD� VWUXNWXU� GDQ�
NRPSRVLVL�WHJDNDQ�DODP��0XKGL� ����������HW�DO�

37�� *HPD� +XWDQL� /HVWDUL� PHUXSDNDQ� VDODK�
VDWX� XQLW� PDQDMHPHQ� SHPDQIDDWDQ� KDVLO� KXWDQ�
ND\X�GL�3XODX�%XUX���0DOXNX�VHOXDV���������KD�
GDQ�SRWHQVL�WHJDNDQ�PHQFDSDL�����������P �GDQ�

�

VHVXDL� .HSXWXVDQ� 0HQWHUL� .HKXWDQDQ� GDQ�

3(5%('$$1�.20326,6,�+87$1�$/$0�352'8.6,�3$'$�%(5%$*$,�8085�
%(.$6�7(%$1*$1�'$1�/(5(1*�

7KH�&RPSRVLWLRQ�'LIIHUHQFLDWH�RI�1DWXUDO�)RUHVW�3URGXFWLRQ�DW�6RPH�7LPH
&XWWLQJ�DQG�6ORSH�&ODVV

/XWI\�$EGXODK�GDQ� 0LUD�<XOLDQWL�DQG�
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�

.DPSXV�%DGDQ�/LWEDQJ�GDQ�,QRYDVL��-O��*XQXQJ�%DWX�1R����.RWDN�3RV�����%RJRU��������-DZD�%DUDW��,QGRQHVLD�
7OS��������������������)D[������������������

(PDLO��OXWI\DEGXODK#\DKRR�FR�LG��PLWUDBVROYD\#\DKRR�FRP

7DQJJDO�GLWHULPD�����-XOL�������7DQJJDO�GLUHYLVL����0HL�������7DQJJDO�GLUHYLVL����-XQL�����

$%675$&7

7KH�PDQDJHPHQW�RI�QDWXUDO�IRUHVWV�SURGXFWLRQ�LQ�,QGRQHVLD�KDYH�EHHQ�IDFLQJ�ZLWK�WKH�SUHVVXUH�WR�VXVWDLQDELOLW\�RI�
JURZWK�DQG�UHVXOWV��1XPEHU�RI�WUHH�DQG�QXPEHU�RI�WUHH�VSHFLHV�KDYH�EHHQ�GLPLVKLQJ�DIWHU�KDUYHVWHG�IRU�ORQJ�WLPH��
7KDW�LV�HIIHFW�WR�UHGXFWLRQ�RI�IRUHVW�SURGXFWLRQ�YDOXH��7KH�REMHFWLYH�RI�WKH�UHVHDUFK�ZDV�WR�GHWHUPLQH�WKH�LPSDFW�RI�
ORJJLQJ�RQ�ELRGLYHUVLW\�DQG�WR�FDOFXODWH�QDWXUDO�UHJHQHUDWLRQ��7KH�UHVHDUFK�PHWKRG�E\�WUDQVHFW�VXUYH\�RQ�ORJJHG�
DUHD�DW������������������DQG�������3DUDPHWHUV�FRQVLVWHG�RI�LQGLYLGXDO�GHQVLW\��IUHTXHQF\��GRPLQDQFH��VSHFLHV�
ULFKQHVV��GLYHUVLW\��DQG�OHYHO�RI�VORSH��7KH�UHVXOW�VKRZHG�WKDW��WKHUH�DUH���W\SHV�RI�FRPPHUFLDOO\�QDPHO\�6��VHODQLFD�%,��
&��VRXODWU\��&��EXUXDQD� ��(��SDSXDQD��*DUFLQLD�VS��DQG�3��SLQQDWD� �ZLWK�WKH�GLIIHUHQW�QDWXUDO�0LJ� )RUVW��	�)RUVW�
UHJHQHUDWLRQ�FRQGLWLRQ��7KH�,9,�RI�FRPPHUFLDO�VSHFLHV�VWLOO�JRRG�E\�GRPLQDQWHG�E\�QRQ�FRPPHUFLDO�VSHFLHV��7KH�
ULFKQHVV�LQGH[�LV�PRGHUDWH�DQG�GLYHUVLW\�LQGH[�LV�ORZ��,W�LV�QHHG�WR�LPSURYH�E\�VLOYLFXOWXUH�WUHDWKPHQW�DQG�ELRSK\VLFDO�
FRQVLGHUDWLRQ�E\�GHYHORSPHQW�D�SODQWDWLRQ�DUHD�LQ�XQSURGXFWLYH�DUHD�ZLWK�FRPPHUFLDO�VSHFLHV ��

.H\ZRUGV 'LYHUVLW\��LPSRUWDQW�YDOXH��ORJ�RYHU�DUHD��VSHFLHV�ULFKQHVV��

$%675$.

3HQJHORODDQ�KXWDQ�DODP�SURGXNVL�GL�,QGRQHVLD�GLKDGDSNDQ�SDGD�WHNDQDQ�NHOHVWDULDQ�SHUWXPEXKDQ�GDQ�KDVLO��-HQLV�
MHQLV�\DQJ�GLWHEDQJ�SDGD�URWDVL�EHULNXWQ\D�PHQJDODPL�SHQXUXQDQ�EDLN�SRWHQVL�PDXSXQ�SHUPXGDDQQ\D�GDQ�MHQLV�
MHQLV� QRQ� NRPHUVLDO� DNDQ� GRPLQDQVL� GL� DUHDO� EHNDV� WHEDQJDQ�� 7XMXDQ� SHQHOLWLDQ� DGDODK� PHQJHWDKXL� GDPSDN�
SHQHEDQJDQ�WHUKDGDS�ELRGLYHUVLWDV�GDQ�SUR\HNVL�SHUPXGDDQ�DODPL��0HWRGH�\DQJ�GLJXQDNDQ�DGDODK�PHWRGH�DQDOLVLV�
YHJHWDVL�GL�/2$�WDKXQ������������������GDQ������GHQJDQ�SDUDPHWHU�NHUDSDWDQ�LQGLYLGX��IUHNXHQVL��GRPLQDQVL�SDGD�
EHUEDJDL�OHYHO�SHUWXPEXKDQ��NHND\DDQ�MHQLV��NHUDJDPDQ�MHQLV�GDQ�SHQJDUXK�NHOHUHQJDQ�WHUKDGDS�SRWHQVL�WHJDNDQ�
WLQJJDO� GDQ� SHUPXGDDQ� DODPL�� +DVLO� SHQHOLWLDQ�PHQXQMXNNDQ� WHUGDSDW� �� MHQLV� NRPHUVLDO� \DLWX� 6�� VHODQLFD�%,�
&��VRXODWU\� ��&��EXUXDQD� �� ��SDSXDQD�GDQ�3��SLQQDWD� �%XUP� 0LJ� ( )RUVW��	�)RUVW� �,13�MHQLV�NRPHUVLO�PDVLK�GLNDWDNDQ�
EDLN�PHVNL�MHQLV�QRQ�NRPHUVLO�PDVLK�PHQGRPLQDVL�/2$��,QGHNV�NHND\DDQ�MHQLV�GDSDW�GLNDWDNDQ�EDLN�QDPXQ�LQGHNV�
NHUDJDPDQ�MHQLV�WHUJRORQJ�UHQGDK��8QWXN�LWX�SHUOX�DGDQ\D�SHUEDLNDQ�VLOYLNXOWXU�GHQJDQ�PHPSHUWLPEDQJNDQ�DVSHN�
ELRILVLN�PHODOXL�SHQDQDPDQ�ODKDQ�WLGDN�SURGXNWLI�GHQJDQ�MHQLV�MHQLV�NRPHUVLO�

.DWD�NXQFL��+XWDQ�EHNDV�WHEDQJDQ��NHND\DDQ�MHQLV��NHUDJDPDQ��QLODL�SHQWLQJ


