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'DWD� .HPHQWHULDQ� /LQJNXQJDQ� +LGXS� GDQ�
.HKXWDQDQ� PHQXQMXNNDQ� EDKZD� NHEXWXKDQ�
EHQLK� �VSS��XQWXN�SHQDQDPDQ�VHWLDS�WDKXQ�6KRUHD
GLSUHGLNVLNDQ�����������NJ�GDQ�SRWHQVL�SURGXNVL�
EHQLK������������NJ��.HPHQKXW���������.RQGLVL�
LQL�PHQXQMXNNDQ�EDKZD�SURGXNVL�EHQLK� �6KRUHD
VSS�� \DQJ� GLKDVLONDQ� VHWLDS� WDKXQ� EHOXP� GDSDW�
PHPHQXKL� NHEXWXKDQ� EHQLK� XQWXN� VNDOD� SHQD�

QDPDQ�DWDX�WHUGDSDW�NHNXUDQJDQ�VHEHVDU��������
NJ� \DQJ� GLVHEDENDQ� MXPODK� GDQ� SURGXNWLYLWDV�
VXPEHU� EHQLK� \DQJ� UHQGDK�� 8QWXN� PHPHQXKL�
NHNXUDQJDQ�WHUVHEXW��WHJDNDQ�\DQJ�SDGD�DZDOQ\D�
WLGDN�GLSHUXQWXNNDQ�VHEDJDL�VXPEHU�EHQLK�GDSDW�
GLWXQMXN�VHEDJDL�VXPEHU�EHQLK�\DQJ�WHULGHQWLIL�
NDVL�VHWHODK�PHODOXL�SURVHV�SHQLODLDQ�NHWDW��3�����
0HQKXW�,,������MR�3����0HQKXW�,,�������

6DODK�VDWX�NDZDVDQ�KXWDQ�\DQJ�GDSDW�GLWXQMXN�
VHEDJDL� VXPEHU� EHQLK� DGDODK� NDZDVDQ� KXWDQ�

3(1,/$,$1�.(6(+$7$1�680%(5�%(1,+� �VSS��',�.+'7.�+$85%(17(6�6KRUHD
'(1*$1�0(72'(�)25(67�+($/7+�021,725,1*

7KH�+HDOWK�$VVHVVPHQW�RI�6KRUHD� ��6HHG�6RXUFH�LQ�)$63�+DXUEHQWHVVSS
8VLQJ�)RUHVW�+HDOWK�0RQLWRULQJ�0HWKRG

.XUQLDZDWL�3XUZDND�3XWUL ��6XSUL\DQWR GDQ�/DLODQ�6\DXILQD
� �� �

�
�%DODL�3HQHOLWLDQ�7HNQRORJL�3HUEHQLKDQ�7DQDPDQ�+XWDQ�

-DODQ�5D\D�&LKHXOHXW��32�%2;������%RJRU��������-DZD�%DUDW��,QGRQHVLD�
7HOS�ID[����������������

�
�)DNXOWDV�.HKXWDQDQ��,QVWLWXW�3HUWDQLDQ�%RJRU
-O�5D\D�'DUPDJD��%RJRU��-DZD�%DUDW��,QGRQHVLD�
7HOS�����������������)D[����������������

(�PDLO��QLDSXUZDND#\DKRR�FR�LG��VXSUL\DQWR#ELRWURS�RUJ��V\DXILQDODLODQ#JPDLO�FRP

7DQJJDO�GLWHULPD�����$SULO�������7DQJJDO�GLUHYLVL����0HL�������7DQJJDO�GLVHWXMXL����-XQL�����

$%675$&7

7KH�KHDOWK\�RI�IRUHVW�HFRV\VWHP�LV�RQH�RI�WKH�FULWHULD�IRU�DVVHVVLQJ�VXVWDLQDEOH�IRUHVW�PDQDJHPHQW��6)0��7KH�KHDOWK\�
VWDQGV�LV�DOVR�JHQHUDO�UHTXLUHPHQW�RI�VHHG�VRXUFHV��)RUHVW�+HDOWK�0RQLWRULQJ��)+0��LV�DQ�LQWHQVLYH�PHWKRG�IRU�
PRQLWRULQJ�DQG�DVVHVVLQJ�HFRV\VWHP�KHDOWK��7KH�LQGLFDWRUV�RI�)+0�DUH�VLWH�TXDOLW\��WUHH�YLWDOLW\��SURGXFWLYLW\�DQG�
ELRGLYHUVLW\��7KH�UHVHDUFK�DLPHG�WR�DVVHVV�WKH�KHDOWK�VWDWXV�RI�VHHG�VRXUFHV�VWDQGV�RI� ��LQ�)RUHVW�$UHD�IRU��6KRUHD�VSS
6SHFLDO�3XUSRVHV�+DXUEHQWHV�EDVHG�RQ�)+0�PHWKRG��7KH�UHVXOWV�VKRZHG�WKDW�WKH�VLWH�TXDOLW\�ZDV�KLJK�IRU�&(&��S+�
ZDV�ORZ��WKH�GLVWULEXWLRQ�RI�GLDPHWHU�DW�EUHDVW�KHLJKW�ZHUH�����������FP��WKH�OHYHO�RI�WUHH�GDPDJH�ZDV�ORZ�WKH�FURZQ�
FRQGLWLRQ�ZDV�XQKHDOWK\��DQG�WKH�GLYHUVLW\�RI�WUHH�VSHFLHV�ZDV�ORZ��7KH�KHDOWK�VWDWXV�RI� ��VHHG�VRXUFH�VWDQG��6KRUHD�VSS
LQ�)$63�+DXUEHQWHV�ZDV�IDLU�DQG FRXOG�DSSRLQWHG�DV�D�VHHG�VRXUFH�ZLWK�LGHQWLILHG VHHG�VWDQGV�OHYHO�� �

.H\ZRUGV�)RUHVW�KHDOWK��VHHG�VRXUFH�� �VSS���VXVWDLQDELOLW\� 6KRUHD

$%675$.

.HVHKDWDQ�HNRVLVWHP�KXWDQ�DGDODK�VDODK�VDWX�NULWHULD�SHQLODLDQ�SHQJHORODQ�KXWDQ�\DQJ�OHVWDUL��.HVHKDWDQ�HNRVLVWHP�
KXWDQ�MXJD�PHQMDGL�GDVDU�SHQXQMXNDQ�VXPEHU�EHQLK�� �)+0��DGDODK�PHWRGH�\DQJ�GDSDW�)RUHVW�+HDOWK�0RQLWRULQJ�
GLJXQDNDQ�XQWXN�SHPDQWDXDQ�GDQ�SHQLODLDQ�NRQGLVL�NHVHKDWDQ�HNRVLVWHP�VHFDUD�LQWHQVLI �,QGLNDWRU�HNRORJLV�\DQJ��
GLQLODL� DGDODK�NXDOLWDV� WDSDN��YLWDOLWDV�SRKRQ��SURGXNWLYLWDV�GDQ�ELRGLYHUVLWDV��0HWRGH�SHQHOLWLDQ�PHQJJXQDNDQ�
SURVHV�MDULQJDQ�DQDOLWLN��7XMXDQ�SHQHOLWLDQ�DGDODK�PHQLODL�VWDWXV�NHVHKDWDQ�WHJDNDQ�VXPEHU�EHQLK� VSS��GL�6KRUHD�
.+'7.�+DXUEHQWHV�EHUGDVDUNDQ�PHWRGH�)+0��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NXDOLWDV�WDSDN�EHUGDVDUNDQ�
QLODL�NDSDVLWDV�WXNDU�NDWLRQ��.7.��WHUJRORQJ�WLQJJL��S+�WDQDK�WHUJRORQJ�UHQGDK��GLDPHWHU�SRKRQ�DQWDUD�����������FP��
WLQJNDW� NHUXVDNDQ� SRKRQ� WHUPDXN� UHQGDK�� NRQGLVL� WDMXN� WLGDN� VHKDW� GDQ� GDQ� NHUDJDPDQ� MHQLV� SRKRQ� WHUPDVXN�
NDWHJRUL�UHQGDK��6WDWXV�NHVHKDWDQ�VXPEHU�EHQLK� �VSS��GL�.+'7.�+DXUEHQWHV�WHUJRORQJ�VHGDQJ�GDQ�OD\DN�6KRUHD
GLWXQMXN�VHEDJDL�VXPEHU�EHQLK�GHQJDQ�NHODV�WHJDNDQ�EHQLK�WHULGHQWLILNDVL�

.DWD�NXQFL�.HOHVWDULDQ��NHVHKDWDQ�KXWDQ�� �VSS���VXPEHU�EHQLK� 6KRUHD
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GHQJDQ�WXMXDQ�NKXVXV��.+'7.��+DXUEHQWHV�GL�
.HFDPDWDQ� -DVLQJD� .DEXSDWHQ� %RJRU�� 6HLULQJ�
SHUNHPEDQJDQ�,OPX�3HQJHWDKXDQ�GDQ�7HNQRORJL�
�,37(.��GDQ�SRWHQVL�\DQJ�DGD��VDDW�LQL�SHUDQ�GDQ�
IXQJVL�.+'7.�+DXUEHQWHV�GLDQWDUDQ\D�VHEDJDL�
VXPEHU� EHQLK� GDQ� SODVPD� QXWIDK� MHQLV� �6KRUHD
VSS�

%HUNDLWDQ�GHQJDQ�SHUDQQ\D�GDODP�PHPHQXKL�
NHEXWXKDQ� EHQLK� EHUNXDOLWDV�� PDND� NHOHVWDULDQ�
SHQJHORODDQ�GDQ�NHVHKDWDQ�WHJDNDQ� VSS��6KRUHD�
GL�.+'7.�+DXUEHQWHV�VDDW�LQL�SHUOX�GLNDML�OHELK�
PHQGDODP��,QWHUQDWLRQDO�7URSLFDO�7LPEHU�2UJD�
QL]DWLRQ� �,772�� PHQHWDSNDQ� EDKZD� NHVHKDWDQ�
HNRVLVWHP� KXWDQ�PHUXSDNDQ� VDODK� VDWX� NULWHULD�
SHQFDSDLDQ� NHOHVWDULDQ� SHQJHORODDQ� KXWDQ�
WURSLND�� ��6XLVWDQDEOH�)RUHVW�0DQDJHPHQW

6HMDODQ� GHQJDQ� NRQVHS� WHUVHEXW�� NHVHKDWDQ�
WHJDNDQ� VXPEHU� EHQLK� MXJD�PHQMDGL� VDODK� VDWX�
LQGLNDWRU� GDODP� SHQXQMXNDQ� VXPEHU� EHQLK��
3DUDPHWHU�\DQJ�GLJXQDNDQ�DGDODK�WLGDN�GLWHPX�
NDQQ\D�VHUDQJDQ�KDPD�GDQ�SHQ\DNLW��.HELMDNDQ�
WHUVHEXW� GLGDVDUNDQ� SDGD� SHUWLPEDQJDQ� EDKZD�
VXPEHU� EHQLK� PHUXSDNDQ� VXDWX� WHJDNDQ� DWDX�
VHNXPSXODQ� SRKRQ� SHQJKDVLO� EHQLK�� VHKLQJJD�
VDQJDW�SHQWLQJ�DSDELOD�SRKRQ�VHKDW�GDQ�WHUEHEDV�
GDUL� KDPD� SHQ\DNLW�� NDUHQD� DNDQ� EHUSHQJDUXK�
WHUKDGDS� SURGXNWLYLWDV� GDQ� PXWX� EHQLK� \DQJ�
GLKDVLONDQ��3RKRQ�\DQJ� VHKDW� DNDQ�PHQDQJNDS�
UDGLDVL�PDWDKDUL�VHFDUD�RSWLPDO�GDQ�PHQJXEDK�
Q\D� PHQMDGL� NDUERKLGUDW�� .DUERKLGUDW� WHUVHEXW�
GLDQWDUDQ\D� GLPDQIDDWNDQ� XQWXN� PHPSURGXNVL�
EHQLK�EHUNXDOLWDV�

6DODK�VDWX�SHQGHNDWDQ�\DQJ�GDSDW�GLJXQDNDQ�
XQWXN�PHPDQWDX�GDQ�PHQLODL�NRQGLVL�NHVHKDWDQ�
WHJDNDQ� VXPEHU� EHQLK� VHFDUD� LQWHQVLI� DGDODK�
)+0 � 0HWRGH� )+0� PHQJKDVLONDQ� NHSXWXVDQ��
\DQJ�NRPSUHKHQVLI�NDUHQD�PHQJJXQDNDQ�LQGLND�
WRU�LQGLNDWRU� HNRORJLV� \DQJ� VDOLQJ� PHPSHQJD�
UXKL� VDWX� VDPD� ODLQ� \DLWX� YLWDOLWDV� SRKRQ��
SURGXNWLYLWDV�� NXDOLWDV� WDSDN� GDQ� ELRGLYHUVLWDV�
�3XWUD� � ������� ,QGLNDWRU� DGDODK� EHVDUDQ�HW� DO��
\DQJ� EHUVLIDW� NXDOLWDWLI� DWDX� NXDQWLWDWLI� \DQJ�
GDSDW� GLXNXU� DWDX� GLGHVNULSVLNDQ� GDQ� GDSDW�
GLJXQDNDQ�XQWXN�PHQ\LPSXONDQ�VWDWXV�NHVHKDWDQ�
VXPEHU� EHQLK�� 3HQHWDSDQ� LQGLNDWRU� WHUVHEXW�
EHUGDVDUNDQ� VLIDWQ\D� \DQJ� OHELK� WHUXNXU�� OHELK�
PXGDK� GDQ� WLGDN� PHPELQJXQJNDQ�� HILVLHQ��
HIHNWLI�GDQ�PXUDK��)+0�WHODK�GLDSOLNDVLNDQ�SDGD�
EHEHUDSD� WLSH� KXWDQ�� QDPXQ� EHOXP� EDQ\DN�
GLWHUDSNDQ�SDGD�NDZDVDQ�KXWDQ�\DQJ�GLSHUXQWXN�
NDQ� VHEDJDL� VXPEHU� EHQLK�� 7XMXDQ� SHQHOLWLDQ�
DGDODK�PHQLODL�VWDWXV�NHVHKDWDQ�WHJDNDQ�VXPEHU�
EHQLK� VSS�� GL� .+'7.� +DXUEHQWHV�6KRUHD�
EHUGDVDUNDQ�PHWRGH�)+0�

,,���0(72'2/2*,

$��:DNWX�GDQ�7HPSDW

3HQHOLWLDQ� GLODNXNDQ� SDGD� EXODQ� 0DUHW�
VDPSDL� GHQJDQ� -XOL� ������ /RNDVL� SHQHOLWLDQ�
DGDODK� .+'7.� +DXUEHQWHV� \DQJ� VHFDUD�
DGPLQLVWUDVL� SHPHULQWDKDQ� WHUPDVXN� ZLOD\DK�
'HVD�-XJDOD�MD\D��.HFDPDWDQ�-DVLQJD��.DEXSD�
WHQ�%RJRU��3RVLVL�ORNDVL�WHUOHWDN�SDGD��Û��
��´�
�Û��
��´�/6�GDQ����Û��
��´����Û��
��´�%7��

%��%DKDQ�GDQ�$ODW

%DKDQ�\DQJ�GLJXQDNDQ�DGDODK�WHJDNDQ�6KRUHD�
VSS��GDQ�VDPSHO�WDQDK�\DQJ�EHUDGD�GL�.+'7.�
+DXUEHQWHV�� -DVLQJD� %RJRU� 3HUDODWDQ� \DQJ�
GLJXQDNDQ� GDODP� SHQHOLWLDQ� DGDODK� *36��
5DQJHILQGHU� 7UDIXOVH� ����� NRPSDV�� EXNX�
SDQGXDQ� )+0�� SLWD� XNXU�� PHWHUDQ�� NDPHUD�
GLJLWDO��SODVWLN�� GDQ�DODW�WXOLV�WDOO\�VKHHW�

&��0HWRGH

��� 3HPEXDWDQ�SORW�XNXU�SHQJDPDWDQ

3ORW� SHQJDPDWDQ� GLEDQJXQ� EHUGDVDUNDQ�
GHVDLQ� � )+0� �*DPEDU� ���� 6HWLDS�&OXVWHU�3ORW
NOXVWHU� SORW� WHUGLUL� GDUL� �� VXE� SORW� EHUEHQWXN�
OLQJNDUDQ�GHQJDQ�MDUL�MDUL�������P��3XVDW�VXE�SORW�
��PHUXSDNDQ�WLWLN�WHQJDK�GDUL�NHVHOXUXKDQ�SORW��
7LWLN� SXVDW� VXE� SORW� ��� �� GDQ���PDVLQJ�PDVLQJ�
WHUOHWDN� SDGD� DUDK� ���Û�� ���Û�� ���Û� GDUL� WLWLN�
WHQJDK�VXE�SORW����-DUDN�GDUL�WLWLN�WHQJDK�VXE�SORW���
NH�VHWLDS�WLWLN�SXVDW�VXE�SORW�DGDODK������P�

��� 3HQJXPSXODQ�GDWD

'DWD� GLNXPSXONDQ� GDUL� EHEHUDSD� SDUDPHWHU�
\DQJ� FXNXS�PHZDNLOL� LQGLNDWRU� NXDOLWDV� WDSDN��
SURGXNWLYLWDV�� YLWDOLWDV� SRKRQ� GDQ� ELRGLYHUVLWDV�
SRKRQ�XQWXN�GDSDW�PHQJJDPEDUNDQ�DWDX�PHQLODL�
NRQGLVL�VXPEHU�EHQLK�

3DUDPHWHU� LQGLNDWRU� NXDOLWDV� WDSDN� GLZDNLOL�
ROHK�.7.��8QWXN�GDWD�SHQGXNXQJ�MXJD�GLODNXNDQ�
SHQJXNXUDQ� WHUKDGDS� S+� WDQDK�� 3HQLODLDQ�
LQGLNDWRU� SURGXNWLYLWDV� SRKRQ� EHUGDVDUNDQ�
SDUDPHWHU� GLDPHWHU� EDWDQJ�SRKRQ��3RKRQ�\DQJ�
GLXNXU� DGDODK� SRKRQ� EHUGLDPHWHU� �� ��� FP�
�6RHULDQHJDUD�	�,QGUDZDQ���������5LDS�GLDPHWHU�
0HDQ� DQQXDO� LQFUHDPHQW� �0$,�� VHEDJDL�
LQIRUPDVL� PHQGXNXQJ�� 3HQLODLDQ� LQGLNDWRU�
ELRGLYHUVLWDV� SRKRQ� PHQJJXQDNDQ� SDUDPHWHU�
LQGHNV� NHDQHNDUDJDPDQ� 6KDQQRQ�:LHQHU��
,QGLNDWRU� YLWDOLWDV� SRKRQ� PHOLSXWL� NRQGLVL�
NHUXVDNDQ� SRKRQ� GDQ� NRQGLVL� WDMXN�� .RQGLVL�
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3HQLODLDQ�.HVHKDWDQ�6XPEHU�%HQLK�6KRUHD�VSS��GL�.+'7.�+DXUEHQWHV
GHQJDQ�0HWRGD�)RUHVW�+HDOWK�0RQLWRULQJ

*DPEDU�� �����'HVDLQ�NODVWHU�SORW�SHQJDPDWDQ�)+0�� �)LJXUH )+0�FODVWHU�SORW�GHVLJQ

7DEHO��7DEOH�����'HVNULSVL� NRGH� ORNDVL� NHUXVDNDQ� PHQXUXW� 86'$�)6� �&RGH� GHVFULSWLRQ� RI� GDPDJH�
ORFDWLRQ�EDVHG�RQ�86'$�)6�

�.RGH�

�&RGH��
'HILQLVL�ORNDVL�NHUXVDNDQ��'HILQLWLRQ�RI�GDPDJH�ORFDWLRQ��

�� 7WLGDN�DGD�NHUXVDNDQ��1R�GDPDJH��

�� $NDU�WHUEXND�GDQ�WXQJJDN�GHQJDQ�WLQJJL����FP�GL�DWDV�SHUPXNDDQ�WDQDK�

�5RRWV�DQG�VWXP�����FP�LQ�KHLJKW�IURP�JURXQG�OHYHO�RQ�XSKLOO�VLGH��
�� $NDU��WXQJJDN�GDQ�EDWDQJ�EDJLDQ�EDZDK� ��5RRW��VWXPS�DQG�ORZHU�EROH��

�� %DWDQJ�EDJLDQ�EDZDK�������EDJLDQ�EDZDK�GDUL�EDWDQJ�DQWDUD�WXQJJDN�GDQ�GDVDU�WDMXN�KLGXS��/RZHU�

EROH��ORZHU�KDOI�RI�WKH�WUXQN�EHWZHHQ�VWXPS�DQG�EDVH�RI�WKH�OLYH�FURZQ����

�� %DWDQJ�EDJLDQ�EDZDK�GDQ�EDWDQJ�EDJLDQ�DWDV��/RZHU�DQG�XSSHU�EROH��

�� %DWDQJ�EDJLDQ�DWDV������EDJLDQ�DWDV�DQWDUD�WXQJJDN�GDQ�GDVDU�WDMXN�KLGXS��8SSHU�EROH��XSSHU�KDOI�RI�

WKH�WUXQN�EHWZHHQ�VWXPS�DQG�EDVH�RI�WKH�OLYH�FURZQ��
�� 'DKDQ�XWDPD�GHQJDQ�EDJLDQ�WDMXN�KLGXS��GL�DWDV�GDVDU�WDMXN�KLGXS��0DLQ�VWHP�ZLWK�WKH�OLYH�FURZQ�

DUHD��DERYH�WKH�EDVH�RI�WKH�OLYH�FURZQ���

�� 5DQWLQJ��%UDQFHV��

�� 3XFXN�GDQ�WXQDV��%XGV�DQG�VKRRWV��

�� 'DXQ���)ROLDJH��

NHUXVDNDQ� SRKRQ� GLKLWXQJ� EHUGDVDUNDQ� ORNDVL�
�7DEHO�����WLSH�NHUXVDNDQ�VHUWD�WLQJNDW�NHSDUDKDQ�

�7DEHO�����.HWLJD�GDWD�NHUXVDNDQ�SRKRQ�WHUVHEXW�
VHODQMXWQ\D�GLJDEXQJ�PHQMDGL�LQGHNV�NHUXVDNDQ�

R R
$]LPXW�������� ��$]LPXWK�������� �

R R
$]LPXW�������� ��$]LPXWK�������� �

R R
$]LPXW�������� ��$]LPXWK�������� �

6XE�SORW�MDUL�MDUL������P
�6XE�SORW�UDGLXV������P�

7LWLN�FRQWRK�WDQDK
�6RLO�VDPSOH�SRLQW�

0LNURSORW��0LFURSORW�
R R

-DUL�MDUL������P�#�D]LPXW��� ��5DGLXV������P�#�D]LPXWK��� �
MDUDN�GDUL�WLWLN�SXVDW�VXE�SORW������P��'LVWDQFH�IURP�VXE�SORW�FHQWHUV������P�

$QQXODU�SORW�MDUL�MDUL�������P
�$QQXODU�SORW�UDGLXV�������P�

#�-DUDN�DQWDUD�WLDS�SXVDW�SORW�DGDODK������P
�#�'LVWDQFH�EHWZHHQ�SRLQWV�LV������P�

#�-DUDN�WLWLN�FRQWRK�WDQDK�GDUL�WLWLN�SXVDW
����VXE�SORW�DGDODK����P���#�'LVWDQFH�VRLO�VDPSOH
����SRLQW�WR�VXE�SORW�FHQWHU�SRLQWV�LV����P�
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7DEHO��7DEOH�����'HVNULSVL�NRGH�WLSH�NHUXVDNDQ�GDQ�QLODL�DPEDQJ�NHSDUDKDQ�PHQXUXW�86'$�)6��&RGH�
GHVULSWLRQ�RI�W\SH�GDPDJH�DQG�VHYHULW\�WKUHVKROG�EDVHG�RQ�86'$�)6�

.RGH�

�&RGH��
'HILQLVL��'HILQLWLRQ��

1LODL�DPEDQJ�NHSDUDKDQ��

�7KUHVKROG�VHYHULW\��

��� .DQNHU��SXUX��&DQFHU��JDOO��  �����'DUL�NHOLOLQJ�EDWDQJ�� ������RI�

FLUFXPIHUHQFH�RI�VWXPS��

��� .RQN��WXEXK�EXDK�GDQ�LQGLNDWRU�ODLQ�WHQWDQJ�ODSXN�
ODQMXW��&RQNV�IUXLWLQJ�ERGLHV�DQG�VLJQV�RI�DGYDQFHG�

GHFD\��

7LGDN�DGD��$Q\�RFFXUUHQFH��

��� /XND�WHUEXND��2SHQ�ZRXGV��  �����'DUL�NHOLOLQJ�EDWDQJ�� ������RI�

FLUFXPIHUHQFH�RI�VWXPS��

��� 5HVLQRVLV�JXPRVLV��5HVLQRVLV�JXPRVLV��  �����'DUL�NHOLOLQJ�EDWDQJ�� ������RI�

FLUFXPIHUHQFH�RI�VWXPS��
��� %DWDQJ�SHFDK��&UDFNV�� 7LGDN�DGD��$Q\�RFFXUUHQFH��

��� 6DUDQJ�UD\DS��7HUPLWH�QHVW��  �����'DUL�NHOLOLQJ�EDWDQJ�� ������RI�

FLUFXPIHUHQFH�RI�VWXPS��

��� %DWDQJ�DWDX�DNDU�SDWDK�NXUDQJ�GDUL������P�GDUL�

EDWDQJ��%URNHQ�EROHRU�URRWV�OHVV�WKDQ�����FP�IURP�
EROH��

7LGDN�DGD��$Q\�RFFXUUHQFH��

��� %UXP�SDGD�DNDU�DWDX�EDWDQJ���%URRPV�RQ�URRWV�RU�

EROH��

7LGDN�DGD��$Q\�RFFXUUHQFH��

��� $NDU�SDWDK�DWDX�PDWL�!������P�GDUL�EDWDQJ��%URNHQ�

RU�GHDG�URRWV�EH\RQG������P�IURP�EROH��

 ������ �������

��� /LDQD��9LQHV��  �����'DUL�WDMXN�KLGXS�\DQJ�WHUVHUDQJ�
� �����RI�OLYH�FURZQ�DIIHFWHG��

��� +LODQJQ\D�XMXQJ�GRPLQDQ��PDWL�XMXQJ��/RVV�RI�

DSLFDO�GRPLQDQW��GHDG�WHUPLQDO��

 ����'DUL�GDKDQ�SDGD�WDMXN�� ����RI�FURZQ�

VWHDP�DIIHFWHG��

��� &DEDQJ�SDWDK�DWDX�PDWL��%URNHQ�DQG�GHDG�EUDQFK��  �����'DUL�UDQWLQJ�\DQJ�WHUNHQD�� �����RI�

EUDQFKHV�DIIHFWHG���

��� 3HUFDEDQJDQ�DWDX�EUXP�\DQJ�EHUOHELKDQ��([FHVVLYH�
EUDQFKLQJ�RU�EURRPV��

 �����'DUL�UDQWLQJ�\DQJ�WHUNHQD�� �����RI�
EUDQFK�DIIHFWHG��

��� 'DXQ��NXQFXS�DWDX�WXQDV�UXVDN��'DPDJH�IROLDJH��

EXGV�RU�VKRRWV��

 �����'DUL�GHGDXQDQ�SHQXWXSDQ�WDMXN�UXVDN�

� �����RI�IROLDJH�DIIHFWHG���

��� 'DXQ�EHUXEDK�ZDUQD��'LVFRORUDWLRQ�RI�IROLDJH��  �����'DUL�GHGDXQDQ�SHQXWXSDQ�WDMXN�UXVDN�

� �����RI�IROLDJH�DIIHFWHG���
��� /DLQ�ODLQ��2WKHU�� ��

3DUDPHWHU�NRQGLVL�WDMXN�PHOLSXWL�QLVEDK�WDMXN�
KLGXS� � �/&5���NHUDSDWDQ� WDMXN�/LYH�FURZQ�UDWLR
�&GHQ���WUDQVSDUDQVL�WDMXN��)7��� ��&%'���GLHEDFN
GLDPHWHU� WDMXN� �&G:G��� 3HQLODLDQ� NHOLPD�
SDUDPHWHU�WHUVHEXW�DGDODK�VHEDJDL�EHULNXW��
��� 1LVEDK� WDMXN� KLGXS�� UDVLR� SDQMDQJ� EDWDQJ�

EHUGDXQ� GLEDQGLQJ� WRWDO� SDQMDQJ� EDWDQJ��
1LVEDK�WDMXN�KLGXS�GLPXODL�GDUL����

��� .HUDSDWDQ�WDMXN��SHUVHQWDVH�FDKD\D�PDWDKDUL�
\DQJ�WHUWDKDQ�ROHK�WDMXN�XQWXN�WLGDN�VDPSDL�GL�
SHUPXNDDQ� WDQDK� � .HUDSDWDQ� WD MXN�
GLSHUKLWXQJNDQ�GDODP�VHODQJ�NHODV�����GDQ�
GLPXODL�GDUL������

�� � SHUVHQWDVH� NHPDWLDQ� FDEDQJ��� 'LHEDFN�
GLPXODL�SDGD�SRUVL�XMXQJ�FDEDQJ�GDQ�PHQXMX�
GDVDU�WDMXN�KLGXS�

��� 7UDQVSDUDQVL� WDMXN�� SHUVHQWDVH� FDKD\D�
PDWDKDUL� \DQJ� GDSDW� PHOHZDWL� WDMXN� GDQ�
PHQFDSDL� SHUPXNDDQ� WDQDK�� 7UDQVSDUDQVL�
WDMXN�GLSHUKLWXQJNDQ�GDODP�VHODQJ�NHODV�����
GDQ�GLPXODL�GDUL������

��� 'LDPHWHU� WDMXN�� UDWD�UDWD� GDUL� SDQMDQJ� GDQ�
OHEDU�WDMXN�SRKRQ�

+DVLO�SHQLODLDQ�YDULDEHO�NRQGLVL�WDMXN�GLNODVL�
ILNDVLNDQ� NH� GDODP� WLJD� NDWHJRUL� NRQGLVL� WDMXN�
\DLWX�EDLN��VHGDQJ�GDQ�MHOHN��7DEHO������6HODQMXW�
Q\D� GDWD� NRQGLVL� WDMXN� GLNXPSXONDQ� NHGDODP�
SHULQJNDW�SHQDPSDNDQ�WDMXN�9LVXDO�FURZQ�UDWLQJ�
� ���7DEHO����9&5

9RO����1R����-XQL������������



��

7DEHO��7DEOH������.ULWHULD�NRQGLVL�WDMXN��&URZQ�FRQGLWLRQ�FULWHULD�

3DUDPHWHU��3DUDPHWHU��

.ODVLILNDVL��&ODVVLILFDWLRQ��

%DLN��*RRG���

�QLODL ���

6HGDQJ��0RGHUDWH��

�QLODL ���

-HOHN��3RRU��

�QLODL ���

1LVEDK�WDMXN�KLGXS�

�/LYH�FURZQ�UDWLR������

 ������� ����������� ����������

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

!����� ������� ������

7UDQVSDUDQVL�WDMXN��

�&URZQ�WUDQVSDUDQF\������

������ ������� !�����

7DMXN�PDWL��'LHEDFN������ ���� ������ !�����

'LDPHWHU�WDMXN�
�&URZQ�GLDPHWHU����P��

 ������� ��������  ������

6XPEHU�� ���'LNHPEDQJNDQ�GDUL�3XWUD� ��������6RXUFH HW�DO�� 'HYHORSHG�IURP�3XWUD�HW�DO���������

7DEHO��7DEOH������1LODL�9&5�SRKRQ��9&5�9DOXH�RI�WUHH�

1LODL�9&5�

�9&5�YDOXH��
.ULWHULD��&ULWHULD��

��7LQJJL��+LJK�� 6HOXUXK�SDUDPHWHU�NRQGLVL�WDMXN�EHUQLODL���DWDX�KDQ\D���SDUDPHWHU�\DQJ�

PHPLOLNL�QLODL����WLGDN�DGD�SDUDPHWHU�EHUQLODL���,I�DOO�WKH�FURZQ�SDUDPHWHUV�DUH�

JRRG�RU�RQO\�RQH�FURZQ�SDUDPHWHU�ZLWK�PRGHUDWH�FDWHJRU\��
��6HGDQJ��0RGHUDWH�� /HELK�EDQ\DN�NRPELQDVL�DQWDUD�QLODL���GDQ���SDGD�SDUDPHWHU�WDMXN�DWDX�VHPXD�

EHUQLODL����WHWDSL�WLGDN�DGD�SDUDPHWHU�EHUQLODL���,I�WKHUH�DUH�FURZQ�SDUDPHWHUV�RI��

JRRG�DQG�PRGHUDWH�FDWHJRULHV��RU��DOO�FURZQ�SDUDPHWHUV�DUH�PRGHUDWH�FDWHJRUL��

��5HQGDK��/RZ�� 6HWLGDNQ\D���SDUDPHWHU�EHUQLODL����WHWDSL�WLGDN�VHPXD�SDUDPHWHU��$W�OHDVW�WKHUH�

LV�RQH�FURZQ�SDUDPHWHU�RI�SRRU�FDWHJRU\��

���6DQJDW�UHQGDK��9HU\�
ORZ��

6HPXD�SDUDPHWHU�NRQGLVL�WDMXN�EHUQLODL����,I�DOO�FURZQ�SDUDPHWHUV�DUH�SRRU�
FDWHJRULHV��

6XPEHU�� ���3XWUD�������6RXUFH

��� $QDOLVLV�GDWD

)RUPXODVL�SULRULWDV�LQGLNDWRU�SHQLODLDQ�NHVH�
KDWDQ� VXPEHU� EHQLK� GLWHQWXNDQ� EHUGDVDUNDQ�
SURVHV� MDULQJDQ� DQDOLWLN� $QDO\WLFDO� +LHUDUFK\�
3URFHVV $QDO\WLFDO�1HWZRUN�3URFHVV��$+3��GDQ� �
�$13���1LODL�WHUWLPEDQJ�DNKLU�PHUXSDNDQ��QLODL�
HLJHQ � �� \DQJ� PHPSHUKLWXQJNDQ� DGDQ\D� NHWHU
NDLWDQ� � �� DQWDU� LQGLNDWRU�� � 7DKDSDQ�GHSHQGHQFH
GDODP�SHQHQWXDQ�QLODL� WHUWLPEDQJ�DNKLU�GHQJDQ�
PHWRGD�$13�DGDODK�VHEDJDL�EHULNXW���
��� 0HODNXNDQ�SHPEDQGLQJDQ�EHUSDVDQJDQ�SDGD�

VHWLDS� LQGLNDWRU� �6DDW\�� ������� VHKLQJJD�
GLSHUROHK�QLODL�WHUWLPEDQJ�LQGLNDWRU�WHUKDGDS�
SHQFDSDLDQ� WXMXDQ�� 1LODL� WHUWLPEDQJ� VHWLDS�
LQGLNDWRU� WHUVHEXW� GLSHUROHK� GDUL� KDVLO�
NXHVLRQHU�WHQWDQJ�SHQLODLDQ�NHVHKDWDQ�VXPEHU�
EHQLK�\DQJ�GLVHEDUNDQ�NHSDGD�UHVSRQGHQ�DKOL��
+DVLO� NXHVLRQHU� GLDQDOLVLV� GHQJDQ� PHWRGH�
$+3��

��� 0HODNXNDQ� SHUEDQGLQJDQ� EHUSDVDQJDQ� SDGD�
LQGLNDWRU�LQGLNDWRU� \DQJ� VDOLQJ� PHPLOLNL�
GHSHQGHQVL�� \DQJ�NHPXGLDQ�GLKDVLONDQ�QLODL�
WHUWLPEDQJ�XQWXN�VHWLDS�LQGLNDWRU�EHUGDVDUNDQ�
GHSHQGHQVL�GHQJDQ�LQGLNDWRU�ODLQ�

��� 0HPEXDW� SHUNDOLDQ� DQWDUD� QLODL� WHUWLPEDQJ�
LQGLNDWRU�\DQJ�GLSHUROHK�SDGD�SRLQW���GHQJDQ�
QLODL� WHUWLPEDQJ� LQGLNDWRU� \DQJ� GLSHUROHK�
SDGD�SRLQW����+DVLO�SHUNDOLDQ�WHUVHEXW�PHUXSD�
NDQ�QLODL�WHUWLPEDQJ�DNKLU�VHWLDS�LQGLNDWRU�
6HODQMXWQ\D� EHUGDVDUNDQ� SHUNDOLDQ� DQWDUD�

QLODL� WHUWLPEDQJ� DNKLU� GDQ� QLODL� VNRU� NHOLPD�
SDUDPHWHU� GDUL� LQGLNDWRU� GDSDW� GLNHWDKXL� QLODL�
DNKLU�NRQGLVL�NHVHKDWDQ�KXWDQ��3XWUD� �������HW�DO���
3HQHQWXDQ�VNRULQJ��SHQLODLDQ��NHOLPD�SDUDPHWHU�
\DQJ� GLXNXU� GLODNXNDQ� PHODOXL� WUDQVIRUPDVL�
WHUKDGDS� QLODL� \DQJ� GLKDVLONDQ� GHQJDQ� UHQWDQJ�
QLODL� ������ 6NRULQJ� NXDOLWDV� WDSDN� EHUGDVDUNDQ�
NLVDUDQ� QLODL� .7.� PHQXUXW� NULWHULD� /HPEDJD�
3HQHOLWLDQ� 7DQDK�� 6NRULQJ� QLODL� NRQGLVL� WDMXN�
EHUGDVDUNDQ�UHQWDQJ�QLODL�9&5��������1LODL�VNRU�
XQWXN�LQGLNDWRU�ELRGLYHUVLWDV�SRKRQ�EHUGDVDUNDQ�
NLVDUDQ� QLODL� LQGHNV� NHDQHNDUDJDPDQ� SRKRQ�
6KDQQRQ�:LHQHU� ������� 1LODL� VNRU� LQGLNDWRU�
NHUXVDNDQ� SRKRQ� GDQ� SURGXNWLYLWDV� GLSHUROHK�
PHODOXL� WUDQVIRUPDVL� WHUKDGDS� QLODL� SORW� OHYHO�
LQGH[� �3/,�� GDQ� GLDPHWHU� EDWDQJ� SRKRQ� \DQJ�
GLKDVLONDQ�

.XUQLDZDWL�3XUZDND�3XWUL��6XSUL\DQWR�GDQ�/DLODQ�6DXILQD

3HQLODLDQ�.HVHKDWDQ�6XPEHU�%HQLK�6KRUHD�VSS��GL�.+'7.�+DXUEHQWHV
GHQJDQ�0HWRGD�)RUHVW�+HDOWK�0RQLWRULQJ



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

%HUGDVDUNDQ�QLODL�DNKLU�NHVHKDWDQ�\DQJ�WHODK�
GLSHUROHK�� NHPXGLDQ� GDSDW� GLNHWDKXL� NRQGLVL�
NHVHKDWDQ� VXPEHU� EHQLK� GHQJDQ� NDWHJRULQ\D�

EXUXN�� MHOHN�� VHGDQJ�� EDJXV� GDQ� VDQJDW� EDJXV�
GHQJDQ� EDWDV� DPEDQJ� PDVLQJ�PDVLQJ� NDWHJRUL�
VHEDJDLPDQD�\DQJ�GLWDPSLONDQ�SDGD�7DEHO���

7DEHO��7DEOH�����1LODL�EDWDV�DPEDQJ�NHVHKDWDQ�KXWDQ��7KUHVKROG�RI�IRUHVW�KHDOWK�

1LODL�DNKLU�NHVHKDWDQ�KXWDQ�

�7KH�YDOXH�RI�IRUHVW�KHDOWK������

.DWHJRUL�NHVHKDWDQ�KXWDQ�

�7KH�FDWHJRU\�RI�IRUHVW�KHDOWK��

��������� ,GHDO��3HUIHFW��

�������� %DJXV��*RRG��

�������� 6HGDQJ��0RGHUDWH��

��������� $JDN�EXUXN��3RRU��

�������� %XUXN��%DG��

6XPEHU�� �� 'LNHPEDQJNDQ�GDUL�3XWUD� �������� �6RXUFH � HW�DO�� 'HYHORSHG�IURP�3XWUD�HW�DO���������

7DEHO��7DEOH�����1LODL�WHUWLPEDQJ�DNKLU�GDUL�LQGLNDWRU�NHVHKDWDQ�VXPEHU�EHQLK��7KH�KHDOWK\�RI�VHHG�VRXUFH�
ILQDO�ZHLJKWHG�YDOXH�

,QGLNDWRU��,QGLFDWRU��
1LODL�WHUWLPEDQJ�DNKLU�

�)LQDO�ZHLJKWHG�YDOXH��

5DVLR�NRQVLVWHQVL�

�&RQVLVWHQF\�UDWLR�&5��

.XDOLWDV�WDSDN��6LWH�TXDOLW\�� ������ �����

.HUXVDNDQ�SRKRQ��7UHH�GDPDJH�� ������ �����

.RQGLVL�WDMXN��&URZQ�FRQGLWLRQ�� ������ �����

%LRGLYHUVLWDV��%LRGLYHUVLW\�� ������ �����

3URGXNWLYLWDV��3URGXFWLYLW\�� ������ �����

.HWHUDQJDQ��5HPDUNV���� �3HQLODLDQ�NRQVLVWHQ�DSDELOD�&5��������&RQVLVWHQW�DVVHVVPHQW�LI�&5�������

9RO����1R����-XQL������������

,,,��+$6,/�'$1�3(0%$+$6$1

$��+DVLO

��� 3ULRULWDV� LQGLNDWRU� SHQLODLDQ� NHVHKDWDQ�
VXPEHU�EHQLK

,QGLNDWRU� SHQLODLDQ� NHVHKDWDQ� VXPEHU� EHQLK�
GHQJDQ� QLODL� WHUWLPEDQJ� DNKLU� WHUWLQJJL� DGDODK�
NXDOLWDV�WDSDN�VHEHVDU��������7DEHO����

+DVLO� WHUVHEXW�PHQXQMXNNDQ� EDKZD� NXDOLWDV�
WDSDN� EHUERERW� ������� 1LODL� WHUWLPEDQJ� \DQJ�
GLKDVLONDQ�GDSDW�GLJXQDNDQ�GDQ�GLSHUWDQJJXQJ�
MDZDENDQ�NDUHQD�QLODL�UDVLR�NRQVLVWHQVL�&RQVLV�
WHQF\� UDWLR� �&5�� \DQJ� GLKDVLONDQ� �� ����� \DQJ�
EHUDUWL� EDKZD� KDVLO� MDZDEDQ� GDUL� VHPXD�
UHVSRQGHQ�FXNXS�YDOLG�GDQ�NRQVLVWHQ��

��� 3HQJXNXUDQ�SDUDPHWHU�NHVHKDWDQ�VXPEHU�
EHQLK

+DVLO� SHQJXNXUDQ� WHUKDGDS� SDUDPHWHU�SDUD�
PHWHU�\DQJ�GLJXQDNDQ�XQWXN�PHQJHWDKXL�VHMDXK�
PDQD� SHQFDSDLDQ� LQGLNDWRU� NHVHKDWDQ� VXPEHU�
EHQLK�GLVDMLNDQ�SDGD�7DEHO���

.RQGLVL� WDSDN� GL� .+'7.� +DXUEHQWHV� WHU�
JRORQJ�VXEXU�EHUGDVDUNDQ�NULWHULD�3XVDW�3HQHOLWL�
DQ�7DQDK�\DQJ�GLWXQMXNNDQ�ROHK�QLODL�.7.�WLQJJL�
�������PH�SHU�����J���7DEHO�����7LQJNDW�NHUXVDN�

DQ� SRKRQ� 6KRUHD� VSS�� GL� .+'7.� +DXUEHQWHV�
UHODWLI�UHQGDK��GHQJDQ�LQGHNV�NHUXVDNDQ������GDUL�
�����5HQGDKQ\D�NHUXVDNDQ�SRKRQ�WHUVHEXW�PHQJ�
JDPEDUNDQ� NHWDKDQDQ� SRKRQ� 6KRUHD� VSS�� WHU�
KDGDS�KDPD�SHQ\DNLW�VDQJDW�WLQJJL��%HUGDVDUNDQ�
QLODL�9&5�\DQJ�GLKDVLONDQ�������GDUL�����NRQGLVL�
WDMXN�SRKRQ�6KRUHD�VSS��WHUPDVXN�GDODP�NDWHJRUL�
UHQGDK� ZDODXSXQ� WLGDN� GLWHPXNDQ� WDQGD�WDQGD�
NHPDWLDQ�WDMXN��GLHEDFN���.RQGLVL�WDMXN�WHUVHEXW�
PHPEHULNDQ�KDVLO�IRWRVLQWHVLV�\DQJ�WLGDN�RSWLPDO�
XQWXN�SHUWXPEXKDQ�SRKRQ�

'DODP�SHQHOLWLDQ�LQL�UDWD�UDWD�GLDPHWHU�SRKRQ�
6KRUHD�VSS��SDGD�NODVWHU�SORW���GDQ���UHODWLI�OHELK�
NHFLO�GLEDQGLQJ�SDGD�NODVWHU�SORW���������GDQ���
�7DEHO�����3HUEHGDDQ�SHUWXPEXKDQ�GLDPHWHU�WHU�
VHEXW�NDUHQD�GLSHQJDUXKL�SHUEHGDDQ�XPXU�SRKRQ�
GDQ� WLQGDNDQ� VLOYLNXOWXU�� .ODVWHU� SORW� �� GDQ� ��
WDKXQ�GLEDQJXQ�SDGD�WDKXQ������GDQ������DWDX�
XPXU�SRKRQ����GDQ����WDKXQ��VHGDQJNDQ�SRKRQ�GL�
NODVWHU�SORW�ODLQQ\D�EHUXPXU�������WDKXQ��-DUDN�
WDQDP� SDGD� NODVWHU� SORW� �� GDQ� �� VDQJDW� UDSDW��
VHKLQJJD�OHELK�EDQ\DN�SRKRQ�EHUGLDPHWHU�NHFLO��

,QGHNV� NHDQHNDUDJDPDQ� 6KDQQRQ� :LHQHU�
VHEHVDU������ �7DEHO����PHQJJDPEDUNDQ� WLQJNDW�
NHDQHNDUDJDPDQ� MHQLV� GL� .+'7.� +DXUEHQWHV�
\DQJ� UHQGDK�� VHKLQJJD� NXUDQJ� VWDELO� GDQ� FHQ�
GHUXQJ�UHQWDQ�WHUKDGDS�JDQJJXDQ�



��

7DEHO��7DEOH�����'DWD�SHQJXNXUDQ�SDUDPHWHU�GDUL�LQGLNDWRU�SHQLODLDQ�NHVHKDWDQ�VXPEHU�EHQLK��3DUDPHWHU�
PHDVXUHPHQW�IURP�WKH�KHDOWK\�RI�VHHG�VRXUFHV�DVVHVVPHQW�LQGLFDWRUV�

.HWHUDQJDQ��1RWH���� �+DVLO�DQDOLVLV�/DERUDWRULXP�%LRWURS��$QDO\VLV�UHVXOW�RI�%LRWURS�/DERUDWRU\���.7.� �.DSDVLWDV�WXNDU�
NDWLRQ��&(&� �&DWLRQ�H[FKDQJH�FDSDFLW\��3/,� �3ORW�OHYHO�LQGH[��/&5� �/LYH�FURZQ�UDWLR��9&5� �9LVXDO�
FURZQ�UDWLR��0$,� �0HDQ�DQQXDO�LQFUHPHQW

%HUGDVDUNDQ� KDVLO� SHUNDOLDQ� DQWDUD� QLODL�
WHUWLPEDQJ� DNKLU� GDQ� QLODL� VNRULQJ� GDUL� VHWLDS�
SDUDPHWHU� LQGLNDWRU� HNRORJLV� NHVHKDWDQ� KXWDQ��
GDSDW�GLNHWDKXL�NRQGLVL�NHVHKDWDQ�VXPEHU�EHQLK�
.+'7.�WHUPDVXN�GDODP�NDWHJRUL�VHGDQJ��VNDOD�
���������GHQJDQ�UDWD�UDWD�QLODL�DNKLU�NHVHKDWDQ�����
�7DEHO�����

%�� 3HPEDKDVDQ

,QGLNDWRU� NXDOLWDV� WDSDN� GLZDNLOL� ROHK� SDUD�
PHWHU�.7.�WDQDK��%HUGDVDUNDQ�QLODL�.7.�\DQJ�
WLQJJL� �UDWD�UDWD� ������ PH� SHU� ���� J��� NRQGLVL�
WDSDN� GL� .+'7.� +DXUEHQWHV� PDPSX�
PHQ\HGLDNDQ�XQVXU�KDUD�\DQJ�PHQFXNXSL�XQWXN�
PHQGXNXQJ� SHUWXP�EXKDQ� GDQ� SHUNHPEDQJDQ�

WDQDPDQ� VHFDUD� RSWLPDO�� $NDQ� WHWDSL� NRQGLVL�
WDQDKQ\D� \DQJ� VDQJDW� PDVDP� �S+� �� �����
PHQ\HEDENDQ� NHWHUVHGLDDQ� XQVXU� KDUD� PDNUR�
WHUXWDPD� XQVXU� 3� PHQMDGL� WHUEDWDV�� :DODXSXQ�
GHPLNLDQ�� VSS�� PDPSX� WXPEXK� GDQ�6KRUHD�
EHUNHPEDQJ�VHFDUD�RSWLPDO�SDGD�NRQGLVL� WDSDN�
NRQGLVL� WDQDK�DVDP�\DQJ�GLVHEDENDQ�NHKDGLUDQ�
PLNRUL]D��\DLWX�MDPXU�\DQJ�EHUVLPELRVLV�VHFDUD�
PXWXDOLVPH� GHQJDQ� VLVWHP� SHUDNDUDQ� WDQDPDQ�
6KRUHD� VSS��� -DPXU� PLNRUL]D� PDPSX� PHOHSDV�
XQVXU� 3� \DQJ� WHULNDW� ROHK� )H� GDQ�$O�� VHKLQJJD�
PHQMDGL� WHUVHGLD� XQWXN� WDQDPDQ� �8OID�� �������
8QWXN� LWX� NRQGLVL� WDSDN� \DQJ� DGD� GL� .+'7.�
+DXUEHQWHV�FXNXS�VHVXDL�XQWXN�SHUWXPEXKDQ�GDQ�
SHUNHPEDQJDQ�VHUWD�VDQJDW�PHQXQMDQJ�SURGXN�
WLYLWDV� SRKRQ� � VSS�� WHUXWDPD� GDODP6KRUHD

3DUDPHWHU�
�3DUDPHWHUV��

.ODVWHU�SORW��3ORW�FOXVWHU�� 5DWD�UDWD�

�$YHUDJH���� �� �� �� �� �� ��

.XDOLWDV�WDSDN��6LWH�TXDOLW\���
.7.��&(&����

�PH�SHU�����J��
������ ������ ������ ������ ������ ������ ������ ������

S+�WDQDK��6RLO�S+�� ���� ���� ���� ���� ���� ���� ���� ����

3URGXNWLYLWDV��3URGXFWLYLW\��
'LDPHWHU��FP�� ������� ������ ������ ������ ������ ������ ������ ��

5LDS�UDWD�UDWD�

WDKXQDQ��0$,��

�FP�SHU�WDKXQ���FP�SHU�\HDUV�
����� ����� ����� ����� ����� ����� ����� ��

.HUXVDNDQ�SRKRQ��7UHH�GDPDJH��

,QGHNV�NHUXVDNDQ��
�3/,��

����� ����� ����� ����� ����� ����� ����� �����

.RQGLVL�WDMXN��&URZQ�FRQGLWLRQ��

5DVLR�WDMXN�KLGXS�
�/&5������

��� ��� ��� ��� ��� ��� ��� ���

.HUDSDWDQ�WDMXN�

�&URZQ�GHQVLW\������

��� ��� ��� ��� ��� ��� ��� ���

7UDQVSDUDQVL�WDMXN��

�7�IROLDJH������

��� ��� ��� ��� ��� ��� ��� ���

.HPDWLDQ�SXFXN��
�'LHEDFN������

�� �� �� �� �� �� �� ��

'LDPHWHU�WDMXN�

�&��GLDPHWHU����P��

����� ����� ����� ����� ����� ����� ����� �����

5DVLR�WDMXN�VHFDUD�

YLVXDO��9&5��
���� ���� ���� ���� ���� ���� ���� ����

%LRGLYHUVLWDV��%LRGLYHUVLW\��

,QGHNV�

NHDQHNDUDJDPDQ�

�'LYHUVLW\�LQGH[��

6KDQQRQ :LHQHU

����� ����� ����� ����� ����� ����� ����� �����

.XUQLDZDWL�3XUZDND�3XWUL��6XSUL\DQWR�GDQ�/DLODQ�6DXILQD

3HQLODLDQ�.HVHKDWDQ�6XPEHU�%HQLK�6KRUHD�VSS��GL�.+'7.�+DXUEHQWHV
GHQJDQ�0HWRGD�)RUHVW�+HDOWK�0RQLWRULQJ
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7DEHO��7DEOH�����1LODL�DNKLU�VWDWXV�NHVHKDWDQ�VXPEHU�EHQLK�6KRUHD�VSS��.+'7.�+DXUEHQWHV��)LQDO�YDOXH�
RI�KHDOWK�VWDWXV�RI��6KRUHD�VSS��VHHG�VRXUFH�

,QGLNDWRU��,QGLFDWRU��
1LODL�WHUWLPEDQJ�DNKLU�

�)LQDO�ZHLJKWHG�YDOXH��

6NRU�

�6FRUH��

1LODL�DNKLU�NHVHKDWDQ�

�)LQDO�YDOXH�RI�KHDOWK��

.XDOLWDV�WDSDN��6LWH�TXDOLW\�� ������ �� ����

.HUXVDNDQ�SRKRQ��7UHH�GDPDJH�� ������ �� ����

.RQGLVL�WDMXN��&URZQ�FRQGLWLRQ�� ������ �� ����
%LRGLYHUVLWDV��%LRGLYHUVLW\�� ������ �� ����

3URGXNWLYLWDV��3URGXFWLYLW\��� ������ �� ����

7RWDO�� ������ �� ����

PHQJKDVLONDQ� EHQLK� EHUNXDOLWDV� GDQ� EHU�
NXDQWLWDV�� .HVHVXDLDQ� MHQLV� WDQDPDQ� GHQJDQ�
WDSDN�� ��PHUXSDNDQ�KDO�SHQWLQJ�\DQJ�VLWH�PDFKLQJ
KDUXV� GLSHQXKL� GDODP� SHP�EDQJXQDQ� VXPEHU�
EHQLK�� NDUHQD� SHUWXPEXKDQ� WDQDPDQ� DNDQ�
RSWLPDO�SDGD�NRQGLVL�WDSDN�\DQJ�VHVXDL��

3URGXNWLYLWDV� KXWDQ� GDSDW� GLNHWDKXL�PHODOXL�
SHQJXNXUDQ�WHUKDGDS�VDODK�VDWX�GLPHQVL�WXPEXK�
Q\D� DQWDUD� ODLQ� GLDPHWHU� SRKRQ�� 3HUWXPEXKDQ�
GLDPHWHU�SRKRQ�PDNVLPDO�DNDQ�WHUFDSDL�DSDELOD�
NRQGLVL� SRKRQ� VHKDW�� 6HODQMXWQ\D� SRKRQ� VHKDW�
DNDQ� PHQJKDVLONDQ� SHUWXPEXKDQ� GLDPHWHU�
WDKXQDQ�\DQJ�OHELK�EHVDU�GLEDQGLQJ�SRKRQ�WLGDN�
VHKDW� SDGD� OLQJNXQJDQ� GDQ� NRQGLVL� WHJDNDQ�
�NXDOLWDV� WHJDNDQ�� WDMXN� GDQ� XPXU�� \DQJ� VDPD�
�%HOWUDQ� ��� ������� 3HUWXPEXKDQ� GLDPHWHU�HW� DO
SRKRQ�GL�NODVWHU�SORW���GDQ���PHPSXQ\DL�0$,�GL�
DWDV���FP�SHU�WDKXQ�VHGDQJNDQ�NODVWHU�SORW����������
��GDQ���UHODWLI�NHFLO�GHQJDQ�0$,�����FP�SHU�WDKXQ��
+DO� LQL� GLVHEDENDQ� VHEDJLDQ� EHVDU� SRKRQ� GL�
NODVWHU� SORW� ��� ��� ��� �� GDQ� �� DGDODK� SRKRQ� WXD�
GHQJDQ� GLDPHWHU� SRKRQ� \DQJ� EHVDU�� 3RKRQ�
EHUXNXUDQ� EHVDU� PHPEXWXKNDQ� EDQ\DN� HQHUJL�
KDVLO� IRWRVLQ�WHQVLV� XQWXN� PHQXQMDQJ� DNWLYLWDV�
PHWDEROLVPH��'L�VLVL�ODLQ��SURVHV�IRWRVLQWHVD�SDGD�
SRKRQ� WXD� VHPDNLQ� PHQXUXQ�� VHKLQJJD� HQHUJL�
\DQJ� GLKDVLONDQ� NXUDQJ� RSWLPDO� PHQGXNXQJ�
SHUWXPEXKDQ� GDQ� SHUNHPEDQJDQ� SRKRQ��
3HUWXPEXKDQ� GLPHQVL� SRKRQ� DNDQ� EHUMDODQ�
GHQJDQ�EDLN� DSDELOD� NRQGLVL� OLQJNXQJDQ�SRKRQ�
WHUVHEXW�EHUDGD�GDODP�NLVDUDQ�NHEXWXKDQQ\D��

-HQLV�MHQLV�PHUDQWL�XPXPQ\D�PXODL�EHUEXDK�
SDGD�XPXU�OHELK�GDUL����WDKXQ�DWDX�GLDPHWHU�GL�
DWDV� ��� FP�� .RQGLVL� WHUVHEXW� XPXPQ\D� SRKRQ�
WHODK� PHQFDSDL� SRVLVL� GRPLQDQ� GDQ� WDMXNQ\D�
PHQGDSDWNDQ�FDKD\D�SHQXK�GDUL�PDWDKDUL��'DODP�
SHQHOLWLDQ�LQL�GLNHWDKXL�EDKZD�SHUVHQWDVH�SRKRQ�
EHUGLDPHWHU�!����FP�VHEHVDU���������VHKLQJJD�
PHQXQMXNNDQ�EDKZD�.+'7.�+DXUEHQWHV�FXNXS�
EHUSRWHQVL� VHEDJDL� VXPEHU� EHQLK� MHQLV� 6KRUHD�
VSS��3HUEDQGLQJDQ�SHUVHQWDVH�SRKRQ�EHUGLDPHWHU�
!����FP�\DQJ�WHUGDSDW�GL�6XPEHU�%HQLK�0HUDSLW��

.DOLPDQWDQ�7HQJDK�VHEHVDU���������$WPRNR�HW�
DO��� ������� 6HPDNLQ� EHVDU� WLQJJL� WRWDO� GDQ�
GLDPHWHU� SRKRQ�� PDND� VHPDNLQ� EHVDU� WDMXN�
SRKRQ��VHKLQJJD�EHUSHQJDUXK�WHUKDGDS�EHVDUQ\D�
SDVRNDQ� HQHUJL� �NDUERKLGUDW�� XQWXN� SHPEHQ�
WXNDQ� EXDK� \DQJ� VDQJDW� GLWHQWXNDQ� ROHK� OXDV�
SHUPXNDDQ�KLMDX�GDXQ��3RKRQ�GHQJDQ�WDMXN�\DQJ�
OHEDU� DNDQ� PHQDQJNDS� UDGLDVL� PDWDKDUL� OHELK�
EHVDU� XQWXN� SURVHV� IRWRVLQWHVD� \DQJ� KDVLOQ\D�
GLPDQIDDWNDQ� XQWXN� SURGXNVL� EHQLK� �6XSDUWLQL�
GDQ�)DMUL��������

.HUXVDNDQ� SRKRQ� EHUSHQJDUXK� WHUKDGDS�
SHUWXPEXKDQ� GDQ� NHWDKDQDQ� KLGXS� SRKRQ� GDQ�
VHODQMXWQ\D� DNDQ� EHUGDPSDN� SDGD� NHVHKDWDQ�
VXPEHU� EHQLK� VHFDUD� NHVHOXUXKDQ�� .RQGLVL�
NHUXVDNDQ�SRKRQ�GDODP�PHWRGH�)+0�WHUJDPEDU�
GDUL� SHQ\HEDE�GDQ� WLSH�NHUXVDNDQ� VHUWD� WLQJNDW�
NHSDUDKDQ� \DQJ� GLWLPEXONDQQ\D�� 6HODQMXWQ\D�
QLODL� LQGHNV� NHUXVDNDQ�PHUXSDNDQ� GDVDU� XQWXN�
PHQJHWDKXL� NRQGLVL� NHUXVDNDQ� VXDWX� YHJHWDVL�
�6DIH
L���������7LQJNDW�NHUXVDNDQ�SRKRQ� �6KRUHD
VSS�� GL� .+'7.� +DXUEHQWHV� UHODWLI� UHQGDK�
GHQJDQ� QLODL� 3/,� VHEHVDU� ����� GDUL� ����� +DVLO�
WHUVHEXW� PHQJLQGLNDVLNDQ� NHWDKDQDQ� SRKRQ�
6KRUHD� VSS�� GL� .+'7.� +DXUEHQWHV� WHUKDGDS�
NHUXVDNDQ� GDQ� VHUDQJDQ� KDPD� SHQ\DNLW� VDQJDW�
WLQJJL�� +DO� LQL� PHQFLULNDQ� NHPDPSXDQ� SRKRQ�
XQWXN�GDSDW�SXOLK�NHPEDOL��GD\D�OHQWXU��VHWHODK�
DGDQ\D� NHUXVDNDQ� DWDX� JDQJJXDQ� \DQJ� FXNXS�
WLQJJL�� %HUEHGD� GHQJDQ� GL� EHEHUDSD� ORNDVL�
VXPEHU� EHQLK� � VSS�� ODLQQ\D� VHSHUWL� GL�6KRUHD
7DPDQ�1DVLRQDO�.XWDL�\DQJ�GLODSRUNDQ�DGDQ\D�
LQGLNDVL� VHUDQJDQ� KDPD� GDQ� SHQ\DNLW� FXNXS�
WLQJJL��������+DPD�SHQ\DNLW�\DQJ�PHQ\HUDQJ�
Q\D� DGDODK� MDPXU�� NDQNHU� EDWDQJ�� GDXQ� EHU�
OXEDQJ�OXEDQJ� GDQ� UD\DS� �7ULZLERZR� ���HW� DO
������� 7LQJNDW� NHUXVDNDQ� SRKRQ� GL� .+'7.�
+DXUEHQWHV�\DQJ�UHQGDK�EHUNDLWDQ�GHQJDQ�VWDWXV�
.+'7.� VHEDJDL� NDZDVDQ� SHQHOLWLDQ� GDQ�
SHQJHPEDQJDQ� NHKXWDQDQ� VHUWD� NDZDVDQ�
NRQVHUYDVL� �\DQJ�WLGDN�GLODNXNDQ�DNWLYLWDV�HN�VLWX
SHQHEDQJDQ�

9RO����1R����-XQL������������



��

7LSH� NHUXVDNDQ� \DQJ� EDQ\DN� GLWHPXNDQ� GL�
ORNDVL�SHQHOLWLDQ�DQWDUD�ODLQ�OLDQD�GDUL�MHQLV�(SL�
SUHPQXP�SLQQDWXP $UDFHDH� �/���(QJO�� �IDPLOL� ��
GDQ� � 0LT� �IDPLOL�2OGHQODQGLD� SDULFWDULRGHV
5XELDFHDH��� .HGXDQ\D� EXNDQ� MHQLV� OLDQD�
SHQFHNLN�\DQJ�PHQ\HEDENDQ�NHUXVDNDQ�EDWDQJ�
EDKNDQ� NHPDWLDQ� SRKRQ�� WHWDSL� OLDQD� \DQJ�
WXPEXK�PHUDPEDW�SDGD�SRKRQ�SRKRQ�EHVDU�GDQ�
FHQGHUXQJ� KDQ\D� PHQXWXSL� SHUPXNDDQ� EDWDQJ�
SRKRQ��+DO�LQL�WHUEXNWL�GHQJDQ�ORNDVL�NHUXVDNDQ�
GLDQWDUD�GDHUDK�DNDU�GDQ�EDWDQJ�EDJLDQ�EDZDK��
KLQJJD� GDHUDK� EDWDQJ� EDJLDQ� DWDV� GDQ� WLGDN�
GLWHPXNDQ� SDGD� WDMXN� SRKRQ�� .HUXVDNDQ� SDGD�
ORNDVL� WDMXN� SRKRQ� GDSDW� PHQJKDPEDW� SURVHV�
IRWRVLQWHVLV� \DQJ� DNDQ� EHUGDPSDN� WHUKDGDS�
SHQXUXQDQ� NXDOLWDV� ILVLN� GDQ� ILVLRORJLV� EHQLK�
\DQJ�GLKDVLONDQ��$GGR�)RUGMRXU� ������HW�DO���

.RQGLVL� WDMXN� GLWXQMXNNDQ� ROHK� QLODL� YLVXDO�
WDMXN�9&5�\DQJ�PHUXSDNDQ� SHQMXPODKDQ� OLPD�
SDUDPHWHU� WDMXN� \DLWX� UDVLR� WDMXN� KLGXS� /&5��
NHUDSDWDQ� WDMXN�� WUDQVSDUDQVL� WDMXN�� GLDPHWHU�
WDMXN�GDQ� ��%HUGDVDUNDQ�QLODL�9&5�\DQJ�GLHEDFN
GLKDVLONDQ�\DLWX�����GDUL����EHQWXN� WDMXN�SRKRQ�
6KRUHD� VSS�� WHUPDVXN� GDODP� NDWHJRUL� UHQGDK�
ZDODXSXQ�WLGDN�GLWHPXNDQ�WDQGD�WDQGD�NHPDWLDQ�
WDMXN�� ���+DVLO�WHUVHEXW�EHUNDLWDQ�GHQJDQ�GLHEDFN
UHQGDKQ\D� QLODL� /&5� ������ \DQJ� GLVHEDENDQ�
EDQ\DN�SRKRQ�WXD��/&5�PHUXSDNDQ�NDUDNWHULVWLN�
NRQGLVL� WDMXN� \DQJ� EHUNRUHODVL� GHQJDQ� SHUWXP�
EXKDQ�SRKRQ��$GH\HPLL� ������0RULQ� �HW�DO��� HW�DO��
�������6HODQMXWQ\D�=KDR� �������PHQ\DWD�HW�DO��
NDQ�EDKZD�/&5�VHFDUD�WLGDN�ODQJVXQJ�PHQMDGL�
LQGLNDWRU� NDSDVLWDV� IRWRVLQWHVLV� GDQ� NHUDSDWDQ�
WHJDNDQ��VHKLQJJD�/&5�PHQMDGL�LQGLNDWRU�XPXP�
GDUL�SRKRQ�YLJRU��3RKRQ�YLJRU�GDQ�SHUWXPEXKDQ�
GLDPHWHU� QRUPDO� DGDODK� VHSDQMDQJ� /&5� WLGDN�
NXUDQJ�GDUL������

1LODL�9&5�\DQJ�GLKDVLONDQ�MXJD�GLSHQJDUXKL�
ROHK� QLODL� NHUDSDWDQ� WDMXN� UHQGDK� ������ GDQ�
WUDQVSDUDQVL�WDMXN�EHVDU��������.HUDSDWDQ�WDMXN�
PHQXQMXNNDQ�EDQ\DNQ\D�MXPODK�EDJLDQ�WDQDPDQ�
\DQJ� PHQDKDQ� VLQDU� PDWDKDUL� \DQJ� PDVXN�
PHODOXL� WDMXN� SRKRQ�� 3RKRQ� VHKDW� GLFLULNDQ�
GHQJDQ�NHUDSDWDQ�WDMXN�!�����GDQ�WUDQVSDUDQVL�
WDMXN��������=KDR� ����������%HUGDVDUNDQ�KDO�HW�DO
WHUVHEXW�� QLODL� NHUDSDWDQ� WDMXN� \DQJ� UHQGDK�
PHQJJDPEDUNDQ� NRQGLVL� WDMXN� VSS�� GL�6KRUHD�
.+'7.� +DXUEHQWHV� \DQJ� VXGDK� PHQLSLV� DWDX�
KDQ\D� VHGLNLW� GHGDXQDQ� \DQJ� WHUVHGLD� XQWXN�
SURVHV� IRWRVLQWHVLV�� 'DODP� NDLWDQQ\D� GHQJDQ�
SURGXNVL� EHQLK�� NHDGDDQ� LQL� PHQ\HEDENDQ�
UHQGDKQ\D�HQHUJL�DWDX�FDGDQJDQ�PDNDQDQ�XQWXN�
SHPEHQWXNDQ�EXDK�GDQ�EHQLK�\DQJ�VHODQMXWQ\D�
EHUDNLEDW� WHUKDGDS� UHQGDKQ\D� SURGXNVL� EHQLK��
3RKRQ�GHQJDQ�WDMXN�\DQJ�NHFLO�GDQ�MDUDQJ��WHU�

GHJUDGDVL��PHUXSDNDQ�UHVSRQ�WDQDPDQ�WHUKDGDS�
NRQGLVL� \DQJ� WLGDN� PHQGXNXQJ� SHUWXPEXKDQ�
VHSHUWL�NRPSHWLVL�GHQJDQ�WXPEXKDQ�ODLQ��NHOHP�
EDEDQ�\DQJ�NXUDQJ�DWDX�EHUOHELK�DWDX�SHQJDUXK�
ODLQQ\D� VHSHUWL� SHQ\DNLW� SDGD� GHGDXDQDQ��
GHIROLDVL�DNLEDW�VHUDQJJD�DWDX�EDGDL�DQJLQ��2OHK�
NDUHQD�LWX�NRQGLVL�WDMXN�PHQJLQGLNDVLNDQ�NRQGLVL�
NHVHKDWDQ� SRKRQ� �<HQ�� ������� � �PDWL�'LHEDFN
SXFXN�� EHUNRUHODVL� SRVLWLI� GHQJDQ� WHNDQDQ�
� ��SRKRQ�\DQJ�DQWDUD�ODLQ�GLVHEDENDQ�NHNH�VWUHVV
ULQJDQ��5DQGROSK� �������9DULDEHO�HW�DO��� GLHEDFN�
PHUXSDNDQ� YDULDEHO� \DQJ� SDOLQJ� PHQHQWXNDQ�
WHUKDGDS�NHPDPSXDQ�KLGXSQ\D�SRKRQ��0RULQ�HW�
DO�� 6KRUHD���������6DDW�LQL�SRKRQ� VSS��GL�.+'7.�
+DXUEHQWHV� GDODP� NRQGLVL� PDVLK� VHKDW� \DQJ�
WHUEXNWL� WLGDN� GLWHPXNDQ� � SDGD� VHPXD�GLHEDFN
SRKRQ�\DQJ�GLDPDWL��+DO�LQL�EHUDUWL�WLGDN�WHUGDSDW�
PDVDODK�SHQWLQJ�SDGD�VLVWHP�SHUDNDUDQ�WHJDNDQ�
6KRUHD� VSS�� GL� .+'7.�+DXUEHQWHV�� -LND� SHU�
VHQWDVH�NHPDWLDQ�WDMXN�� ��GL�DWDV������KDO�'LHEDFN
LQL� PHQXQMXNNDQ� EDKZD� WLQJNDW� SHUWXPEXKDQ�
SRKRQ�PXODL�PHQXUXQ��$ENHQDU� ������HW�DO���

7LQJNDW� NHDQHNDUDJDPDQ� VHWLDS� NODVWHU� SORW�
UHODWLI�UHQGDK��+DO�WHUVHEXW�GLVHEDENDQ�.+'7.�
+DXUEHQWHV�PHUXSDNDQ�NDZDVDQ�KXWDQ�WDQDPDQ�
SHQJKDVLO� EHQLK� \DQJ� DZDOQ\D� GLEDQJXQ� XQWXN�
NRQVHUYDVL� � MHQLV�MHQLV� GLSWHURNDUSD�� VH�HN� VLWX
KLQJJD� WHJDNDQQ\D� PRQRNXOWXU�� .HDQHND�
UDJDPDQ� \DQJ� UHQGDK� PHQXQMXNNDQ� HNRVLVWHP�
.+'7.� +DXUEHQWHV� NXUDQJ� VWDELO� GDQ� FHQ�
GHUXQJ� UHQWDQ� WHUKDGDS� JDQJJXDQ� WHUXWDPD�
VHUDQJDQ�KDPD�GDQ�SHQ\DNLW��NDUHQD�WHUGLUL�GDUL�
VHGLNLW� VSHVLHV� GHQJDQ� VLIDW� ILVLN�GDQ� ILVLRORJLV�
\DQJ� FHQGHUXQJ� WLGDN� EHUEHGD� GDODP� SHUWXP�
EXKDQ�GDQ�SHUNHPEDQJDQQ\D��1DPXQ�GHPLNLDQ��
GLOLKDW� GDUL� WLQJNDW� NHUXVDNDQQ\D� \DQJ� UHQGDK�
PHQXQMXNNDQ� EDKZD� WHJDNDQ� VSS�� GL�6KRUHD�
.+'7.� +DXUEHQWHV� UHODWLI� EDJXV� NDUHQD�
WHUEXNWL�PHPLOLNL�WLQJNDW�NHOHQWXUDQ�\DQJ�WLQJJL��
VH�KLQJJD� PDPSX� EHUWDKDQ� GDQ� NHPEDOL� NH�
EHQWXN� VHPXOD� DSDELOD� WHUMDGL� JDQJJXDQ� DWDX�
WHNDQDQ�

6WDWXV�DWDX�NRQGLVL�NHVHKDWDQ� VSS��GL�6KRUHD�
.+'7.� +DXUEHQWHV� VDDW� LQL� GDSDW� GLNHWDKXL�
EHUGDVDUNDQ�QLODL�DNKLU�NHVHKDWDQ�VXPEHU�EHQLK�
\DQJ�PHQJDFX�SDGD�QLODL�EDWDV�DPEDQJ�NHVHKDWDQ�
VXPEHU�EHQLK��+DVLO�SHQLODLDQ�NHVHKDWDQ�VXPEHU�
EHQLK�GHQJDQ�PHWRGH�)+0�PHQXQMXNNDQ�EDKZD�
VWDWXV� NHVHKDWDQ� VXPEHU� EHQLK� � VSS�� GL�6KRUHD
.+'7.�+DXUEHQWHV�WHUPDVXN�NDWHJRUL�³VHGDQJ´�
GHQJDQ�QLODL�DNKLU�NHVHKDWDQ�VHEHVDU�����GDUL�����
+DVLO� SHQLODLDQ� NHVHKDWDQ� LQL� PHQJLQGLNDVLNDQ�
EDKZD� VHPXD� NRPSRQHQ� GL� GDODP� HNRVLVWHP�
VXPEHU� EHQLK� VSS�� GL� .+'7.� +DXU�6KRUHD�
EHQWHV� VHSHQXKQ\D� WHODK� EHUIXQJVL�� VDOLQJ�

.XUQLDZDWL�3XUZDND�3XWUL��6XSUL\DQWR�GDQ�/DLODQ�6DXILQD

3HQLODLDQ�.HVHKDWDQ�6XPEHU�%HQLK�6KRUHD�VSS��GL�.+'7.�+DXUEHQWHV
GHQJDQ�0HWRGD�)RUHVW�+HDOWK�0RQLWRULQJ
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EHULQWHUDNVL� GDQ� VDOLQJ�PHQJXQWXQJNDQ� KLQJJD�
PDPSX�PHQMDGL�VXPEHU�EHQLK�\DQJ�FXNXS�VHKDW��
+XWDQ� \DQJ� VHKDW� DGDODK� KXWDQ� \DQJ�PHPLOLNL�
NHOHQWXUDQ� \DQJ� FXNXS� GDODP�PHUHVSRQ� JDQJ�
JXDQ��GDSDW�SXOLK�NHPEDOL�GDQ�PDPSX�PHPSHU�
WDKDQNDQ� NDSDVLWDVQ\D� XQWXN� PHQ\HGLDNDQ�
GXNXQJDQ�EDJL�SURVHV�SURVHV�HNRORJL��VHKLQJJD�
PDVLK�GDSDW�PHPHQXKL� IXQJVLQ\D�VHEDJDLPDQD�
IXQJVL�\DQJ�GLWHWDSNDQ��3XWUD� ������;XH�HW�DO��� HW�
DO����������'HPLNLDQ�MXJD�GHQJDQ�VXPEHU�EHQLK�
\DQJ� VHKDW� \DLWX� VXPEHU� EHQLK� \DQJ� PDPSX�
PHQJHPEDQ� IXQJVLQ\D� VHFDUD� RSWLPDO� VHEDJDL�
SHQJKDVLO�EHQLK�EHUNXDOLWDV�

6HODQMXWQ\D� EHUGDVDUNDQ� VWDWXV� NHVHKDWDQ�

VXPEHU� EHQLK� GDQ� WLQJNDW� NHUXVDNDQ� SRKRQQ\D�

\DQJ� UHQGDK�� PDND� WHJDNDQ� VSS�� GL�6KRUHD�

.+'7.� +DXUEHQWHV� FXNXS� OD\DN� GLWXQMXN�

VHEDJDL� VXPEHU� EHQLK� GHQJDQ� NHODV� WHJDNDQ�

EHQLK�WHULGHQWLILNDVL��7%7���8QWXN�LWX��NHJLDWDQ�

SHPDQWDXDQ� NRQGLVL� SRKRQ�SRKRQ� VHFDUD� UXWLQ�

GHQJDQ� PHWRGH� SHPDQWDXDQ� )+0� SHQWLQJ�

GLODNXNDQ�� VHKLQJJD� VXPEHU� EHQLK� VSS��6KRUHD�

.+'7.� +DXUEHQWHV� WHUEDQJXQ� GDUL� SRKRQ�

SRKRQ�\DQJ�PDVLK�SURGXNWLI�GDQ�EHUNXDOLWDV�EDLN��
6XPEHU�EHQLK�VHEDJDL�VXDWX�HNRVLVWHP�PHUX�

SDNDQ�NXPSXODQ�GDUL�EDQ\DN�WXPEXKDQ��KHZDQ��

VHUDQJJD�� SDUDVLWH�� MDPXU� SHODSXN� VHUWD� IDNWRU�

IDNWRU� DELRWLN� VHSHUWL� VXKX�� FDKD\D� GDQ� WLQJNDW�

NHVXEXUDQ� WDQDK�� 0DVLQJ�PDVLQJ� NRPSRQHQ�

GDODP�HNRVLVWHP� VXPEHU�EHQLK�PHPLOLNL� SHUDQ�

SHQWLQJ�GDQ�LNXW�PHQHQWXNDQ�VWUXNWXU�GDQ�IXQJVL�

VXPEHU� EHQLK�� VHKLQJJD� SURGXNVL� GDQ� NXDOLWDV�

EHQLK�\DQJ�GLKDVLONDQ�PHUXSDNDQ�KDVLO�LQWHUDNVL�

GDUL� NRPSRQHQ�NRPSRQHQ� WHUVHEXW�� .RQGLVL�

LQLODK�\DQJ�VDPSDL�VDDW�LQL�EHOXP�GLSHUWLPEDQJ�

NDQ� GDODP� SHQLODLDQ� GDQ� SHQXQMXNDQ� VXPEHU�

EHQLK���
%HUNDLWDQ� GHQJDQ� NHELMDNDQ� WHQWDQJ� SHQ\H�

OHQJJDUDDQ�SHUEHQLKDQ�WDQDPDQ�KXWDQ��SHQLODLDQ�

NHVHKDWDQ� VXPEHU� EHQLK� GHQJDQ� PHWRGH� )+0�

GLQLODL�OHELK�NRPSUHKHQVLI�GLOLKDW�GDUL�LQGLNDWRU�

GDQ� SDUDPHWHU� \DQJ� GLJXQDNDQ� \DQJ� VHVXDL�

GHQJDQ�NHEHUDGDDQ�VXPEHU�EHQLK�VHEDJDL�VXDWX�

HNRVLVWHP�� 6HODLQ� LWX� SHQLODLDQ� NHUXVDNDQ� GL�

GDVDUNDQ�SDGD�JHMDOD�DWDX�WDQGD�NHUXVDNDQ�\DQJ�

KDQ\D�GDSDW�PHPEXQXK�SRKRQ�DWDX�EHUGDPSDN�

GDODP� MDQJND� SDQMDQJ� WHUKDGDS� GD\D� WDKDQ�

SRKRQ��.HUXVDNDQ�SRKRQ�GLMDEDUNDQ�OHELK�ODQMXW�

GDODP� EHQWXN� WDEXODVL�� VHKLQJJD� OHELK� PXGDK�

GLDSOLNDVLNDQ�GL�ODSDQJDQ��8QWXN�LWX�GLQLODL�SHUOX�

GLODNXNDQQ\D� SHUEDLNDQ� WHUKDGDS� 3HUPHQKXW�

1RPRU� 3���0HQKXW�,,������ MR� 3���0HQKXW�,,��

����� GHQJDQ� PHPSHUKDWLNDQ� IDNWRU� SURGXNVL�

EXDK��WDSDN�WXPEXK��NRQGLVL�WDMXN�GDQ�ELRGLYHU�

VLWDV�GL�GDODP�SHQLODLDQ�GDQ�SHQXQMXNNDQ�VXPEHU�

EHQLK�

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

.XDOLWDV�WDSDN�PHQMDGL�SULRULWDV�XWDPD�SHQL�
ODLDQ� NHVHKDWDQ� VXPEHU� EHQLK� VSS�� GL�6KRUHD�
.+'7.�+DXUEHQWHV��8UXWDQ�LQGLNDWRU�VHODQMXW�
Q\D� DGDODK� NHUXVDNDQ� SRKRQ�� NRQGLVL� WDMXN��
ELRGLYHUVLWDV�GDQ�SURGXNWLYLWDV��6WDWXV�NHVHKDWDQ�
VXPEHU� EHQLK� VSS�� GL� .+'7.� +DXU�6KRUHD�
EHQWHV�EHUGDVDUNDQ�PHWRGH�)+0�WHUJRORQJ�NDWH�
JRUL� VHGDQJ� GHQJDQ� QLODL� WLQJNDW� NHVHKDWDQ�
VHEHVDU�����GDUL�VNDOD�����

%�� 6DUDQ

%HUGDVDNDQ� NRQGLVL� NHVHKDWDQQ\D�� PDND�
WHJDNDQ� � VSS�� GL� .+'7.� +DXUEHQWHV�6KRUHD
FXNXS� OD\DN� GLWXQMXN� VHEDJDL� VXPEHU� EHQLK�
GHQJDQ� NHODV� 7%7�� QDPXQ� XQWXN� PHQMDJD�
NHEHUODQJVXQJDQ� VXPEHU� EHQLK�� PDND� SHUOX�
GLODNXNDQ�PRQLWRULQJ�VHFDUD�EHUNDOD�

8&$3$1�7(5,0$�.$6,+

'LVDPSDLNDQ� XFDSDQ� WHULPD� NDVLK� NHSDGD�
%DODL� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ�7HNQRORJL�
3HUEHQLKDQ�7DQDPDQ�KXWDQ�DWDV�GXNXQJDQ�GDQD�
PHODOXL�NHJLDWDQ�SHQJHPEDQJDQ�SHQHOLWLDQ�VHUWD�
3XVDW� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� +XWDQ��
%DGDQ� /LWEDQJ� /LQJNXQJDQ� +LGXS� GDQ� .HKX�
WDQDQ�VHODNX�SHQJHOROD�.+'7.�+DXUEHQWHV�DWDV�
L]LQ� GDQ� NHVHPSDWDQ� \DQJ� GLEHULNDQ�� VHKLQJJD�
SHQHOLWLDQ�LQL�GDSDW�WHUODNVDQD�

'$)7$5�3867$.$

$ENHQDU�� .�7��� &KDIMLUL�� )�6��� 	� 6DUGDEUXG�� 6�0��

�������� 6WXG\� RI� � GLHEDFN�&DUSLQXV� EHWXOXV

GLVWULEXWLRQ� XVLQJ� WRSRJUDSKLF� IDFWRUV�� 7KH�

,QWHUQDWLRQDO� -RXUQDO� RI� (QYLURPHQWDO�

5HVRXFHV�5HVHDUFK����������������

$GGR�)RUGMRXU��3���5DKPDG��=�%���	�6KDUXO��$�0�6��

�������� ,PSDFWV� RI� IRUHVW� PDQDJHPHQW� RQ�

FRPPXQLW\� DVVHPEODJH� DQG� FDUERQ� VWRFN� RI�

OLDQDV� LQ�D� WURSLFDO� ORZODQG�IRUHVW��0DOD\VLD��

-RXUQDO� RI� 7URSLFDO� &RQVHUYDWLRQ� 6FLHQFH��

��������������

9RO����1R����-XQL������������
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$GH\HPLL��$�$���-LPRK��6�2���	�$GHVR\H��3�2����������

&URZQ� UDWLR� PRGHOV� IRU� WURSLFDO� UDLQIRUHVWV�

VSHFLHV� LQ�2EDQ�'LYLVLRQ� RI� WKH� FURVV� 5LYHU�

1DWLRQDO�3DUN��1LJHULD��-RXUQDO�RI�$JULFXOWUH�

DQG�6RFLDO�5HVHDUFK���������������

$WPRNR��7���$ULILQ��=���	�3UL\RQR�� ��������6WUXNWXU�

GDQ� VHEDUDQ� WHJDNDQ� 'LSWHURFDUSDFHDH� GL�

6XPEHU� %HQLK�0HUDSLW�� .DOLPDQWDQ� 7HQJDK��

-XUQDO�3HQHOLWLDQ�+XWDQ�GDQ�.RQVHUYDVL�$ODP��

��������������

%HOWUDQ��+�$���3DVWXU��*�0���,YDQFLFK��+���/HQFLQDV��

0�9���	�&KDXFKDUG��/�0�����������7UHH�KHDOWK�

LQIOXHQFHV�GLDPHWHU�JURZWK�DORQJ�VLWH�TXDOLW\��

FURZQ�FODVV�DQG�DJH�JUDGLHQGV�LQ�1RWKRIDJXV�

IRUHVW�RI�VRXWKHUQ�3DWDJRQLD��-RXUQDO�RI�)RUHW�

6FLHQFH�����������������

*XQDJD��5�3���.DQIDGH��$�+���	�9DVXGHYD��5����������

6RLO�IHUWLOLW\�VWDWXV�RI����VHHG�SURGXFWLRQ�DUHDV�

RI�7HFWRQD�JUDQGLV�/LQQ�I��LQ�.DUQDWDND��,QGLD��

-RXUQDO�RI�IRUHVW�6FLHQFH������������������

>.HPHQKXW@� .HPHQWHULDQ� .HKXWDQDQ�� ��������

3HUNLUDDQ� NHEXWXKDQ� EHQLK� XQWXN� NHSHUOXDQ�

SHQDQDPDQ�GDQ�SURGXNVL�EHQLK�VHWLDS�WDKXQ�GL�

,QGRQHVLD��>,QWHUQHW@��>'LXQGXK������0DUHW��@���

0RULQ�� 5�6��� 6WHLQPDQ�� -��� 	� 5DQGROSK�� .�'�&��

�������� 8WLOLW\� RI� WUHH� FURZQ� FRQGLWLRQ�

LQGLFDWRUV� WR� SUHGLFW� WUHH� VXUYLYDO� XVLQJ�

UHPHDVXUHG�IRUHVW�LQYHQWRU\�DQG�DQDO\VLV�GDWD���

0RYLQJ�IURP�VWDWXV�WR�WUHQGV�IRUHVW�LQYHQWRU\�

DQG�DQDO\VLV�V\PSRVLXP�������*75�156�3�

����

0RULQ��5�6���5DQGROSK��.�&���	�6WHLQPDQ��-����������

0RUWDOLW\� UDWHV� DVVRFLDWHG�ZLWK� FURZQ�KHDOWK�

IRU�HDVWHUQ�IRUHVW�WUHH�VSHFLHV��(QYLURQPHQWDO�

0RQLWRULQJ�$VVHVV����������

3UDPRQR�� $�$��� 6LUHJDU�� ,�=��� 3DOXSL�� (�5��� 	�

.XVPDQD��&����������+XEXQJDQ�DQWDUD�VWDWXV�

QXWULVL�GHQJDQ�SURGXNVL�EXDK�GDQ�EHQLK�VXULDQ�

� �$�-XVV�� 0�5RHP�� GL� KXWDQ�7RRQD� VLQHQVLV�

UDN\DW�� �����-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

�������������

3XWUD��(�,�� ��������3HQJHPEDQJDQ�PHWRGH�SHQLODLDQ�

NHVHKDWDQ� KXWDQ� DODP� SURGXNVL� >WHVLV@��

3URJUDP�VWXGL� ,OPX�3HQJHWDKXDQ�.HKXWDQDQ��

3URJUDP� 3DVFDVDUMDQD� ,QVWLWXW� 3HUWDQLDQ�

%RJRU��%RJRU�

3XWUD�� (�,��� 6XSUL\DQWR�� 	� 3XUQRPR�� +�� ��������

0HWRGH� SHQLODLDQ� NHVHKDWDQ� KXWDQ� DODP�

SURGXNVL�EHUEDVLVL�LQGLNDWRU�HNRORJLV� ��'DODP

*LQWLQJV��$�1���:DKMRQR��'���:LMD\DQWR��1���

+DQHGD��1�)���HGLWRU��.RQWULEXVL�OLWEDQJ�GDODP�

SHQLQJNDWDQ� SURGXNWLYLWDV� GDQ� NHOHVWDULDQ�

KXWDQ�� .HPHQWHULDQ� .HKXWDQDQ� %DGDQ�

/,WEDQJ�.HKXWDQDQ 3URVLGLQJ�� ��3XVDW�/LWEDQJ�

3HQLQJNDWDQ�3URGXNWLYLWDV�+XWDQ��������

5DQGROSK�� .��� %HFKWROG�� :�$��� 0RULQ�� 5�6��� 	�

=DUQRFK�� 6�-�� �������� (YDOXDWLQJ� HOHYDWHG�

OHYHOV�RI�FURZQ�GLHEDFN�DPRQJ�QRUWKHUQ�ZKLWH�

FHGDU� 7KXMD� RFFLGHQWDOLV WUHHV� LQ�0DLQH�� �/���

DQG� 0LFKLJDQ�� D� VXPPDU\� RI� HYDOXDWLRQ�

PRQLWRULQJ��,Q��3RWWHU��.��0���	�&RQNOLQJ��%��

/�� �(GV���� )RUHVW� KHDOWK� PRQLWRULQJ�� �����

QDWLRQDO� WHFKQLFDO� UHSRUW�� *HQ�� 7HFK��

5HS�656������$VKHYLOOH��1&����������

6DDW\��7�/����������'HFLVLRQ�PDNLQJ�ZLWK�WKH�DQDO\WLF�

KLHUDUFK\�SURFHVV��,QWHUQDWLRQDO�-RXUQDO�6HUY��

6FLHQFHV���������������

6DIHL�� 5��� +DUGMDQWR�� 6XSUL\DQWR�� 	� 6XQGDZDWL�� /��

�������� 3HQJHPEDQJDQ� PHWRGH� SHQLODLDQ�

NHVHKDWDQ� KXWDQ� UDN\DW� VHQJRQ� �)DOFDWDULD�

PROXFFDQD� �0LT��� %DUQHE\� 	-�:�� *ULPHV���

-XUQDO�3HQHLWLDQ�+XWDQ�7DQDPDQ�������������

����

6RHULDQHJDUD�� ,��� 	� ,QGUDZDQ�� $�� �������� (NRORJL�

KXWDQ�,QGRQHVLD��,3%�3UHVV��%RJRU�

6XSDUWLQL�� 	� )DMUL�� 0�� �������� 3URGXNVL� EXDK�

WHQJNDZDQJ� SDGD� EHEHUDSD� WRSRJUDIL� GDQ�

GLPHQVL� SRKRQ�� -XUQDO� 3HQHOLWLDQ� 'LSWHUR�

FDUSDFHDH����������������

7ULZLERZR�� +��� -XPDQL�� 	� (PDZDWL�� +�� �������� �

,GHQWLILNDVL� KDPD� GDQ� SHQ\DNLW� 6KRUHD�

OHSURVXOD� 0LT� GL� 7DPDQ� 1DVVLRQDO� .XWDL�

5HVRUW� 6DQJNLPD� .DEXSDWHQ� .XWDL� 7LPXU�

3URYLQVL� .DOLPDQWDQ� 7LPXU�� -XUQDO� $JULIRU��

���������������

8OID�� 0�� �������� 0LNRUL]D�� DJHQ� KD\DWL� UDPDK�

OLQJNXQJDQ�GDQ�SHQMDPLQ�NHOHVWDULDQ� VXPEHU�

GD\D�KXWDQ�� � ��5RVWLZDWL�7��0LQGDZDWL�'DODP�

1��$QJJUDHQL�,��%XVWRPL�6��(IIHQGL�5��HGLWRU��

6LQWHVD�KDVLO�SHQHOLWLDQ�KXWDQ�WDQDPDQ�������

3URVLGLQJ�� 3XVDW� /LWEDQJ� 3HQLQJNDWDQ�

3URGXNWLYLWDV�+XWDQ�7DQDPDQ����������

;XH�� 3���:DQJ��%���	�1LX��;�� ��������$� VLPSOLILHG�

PHWKRG� IRU� DVVHVVLQJ� IRUHVW� KHDOWK�� ZLWK�

DSSOLFDWLRQ� WR� &KLQHVH� ILU� SODQWDWLRQV� LQ�

'DJDQJ�0RXQWDLQ��-LDQJ[L��&KLQD��-RXUQDO�RI�

)RRG�� $JULFXOWXUH� 	� (QYLURQPHQW�� �������

�����������

.XUQLDZDWL�3XUZDND�3XWUL��6XSUL\DQWR�GDQ�/DLODQ�6DXILQD

3HQLODLDQ�.HVHKDWDQ�6XPEHU�%HQLK�6KRUHD�VSS��GL�.+'7.�+DXUEHQWHV
GHQJDQ�0HWRGD�)RUHVW�+HDOWK�0RQLWRULQJ



��

<HQ�� 7�0�� �������� 5HODWLRQVKLSV� RI�&KDPDHF\SDULV�

IRUPRVHQVLV�FURZQ�VKDSH�DQG�SDUDPHWHUV�ZLWK�

WKLQQLQJ� LQWHQVLW\� DQG� DJH��$QQDOV� RI� )RUHVW�

5HVHDUFK������������������

=KDR��'���.DQH��0���	�%RUGHUV��%�(����������&URZQ�

UDWLR� DQG� UHODWLYH� VSDFLQJ� UHODWLRQVKLSV� IRU�

/REOROO\� 3LQH� SODQWDWLRQV�� 2SHQ� -RXUQDO� RI�

)RUHVWU\����������������

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ
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