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.D\X� $IULND� � (QJO���0DHVRSVLV� HPLQLL�
PHUXSDNDQ� MHQLV� WDQDPDQ� NHKXWDQDQ� GDUL� \DQJ�
IDPLOL� 5KDPQDFHDH�� -HQLV� LQL� WXPEXK� WHUVHEDU�

VHFDUD�DODPL�GL�GDHUDK�WURSLND�$IULND�7LPXU��GDQ�
GLLQWURGXNVL�SHUWDPD�NDOL�GL�GDHUDK�-DZD�%DUDW�
WDKXQ�HQDP�SXOXKDQ��.D\X�DIULND�WHUPDVXN�MHQLV�
WDQDPDQ�HNVRWLN�GDQ�FHSDW�WXPEXK��IDVW�JURZLQJ�
VSHFLHV��� 7DQDPDQ� ND\X� DIULND� WHUPDVXN� MHQLV�
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,VPD\DGL�6DPVRHGLQ +DUPDVWLQL�6XNLPDQ ��0DUIXDK�:DUGDQL GDQ� �1��0��+HUL\DQWR
� � � �� ��
� DQG

�
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ

-O��*XQXQJ�%DWX�.RWDN�3RV�����7HOS�������������������������
)D[�����������������%RJRU��-DZD�%DUDW��,QGRQHVLD

�
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7DQJJDO�GLWHULPD�����-DQXDUL�������7DQJJDO�GLUHYLVL�����0HL�������7DQJJDO�GLVHWXMXL�

$%675$&7

0DHVRSVLV�HPHQLL (QJO�� �LV�RQH�RI�WKH�IDVW�JURZLQJ�VSHFLHV�WKDW�FDQ�JURZ�RQ�PDUJLQDO�VRLOV�ZLWK�D�KLJK�HQRXJK�
LQFUHPHQW��7KLV�VWXG\�DLPV�WR�GHYHORS�DOORPHWU\�HTXDWLRQ�DQG�SUHGLFW�FDUERQ�FRQWHQW�LQ�HYHU\�SDUW�RI�WUHH DQG�IRUHVW��
VWDQGV�RI� DW�WKH�DJH�RI�HLJKW�\HDUV��'DWD�ZDV�FROOHFWHG�XVLQJ�D�GHVWUXFWLYH�VDPSOLQJ�PHWKRG�WKURXJK�0��HPHQLL�
VHOHFWLRQ�RI�VDPSOH�WUHHV�����RXW�RI�����WUHHV�ZHUH�VHOHFWHG�WKDW�EHVW�UHSUHVHQW�WKH�VWDQG��5HVXOWV�VKRZHG�WKDW�GU\�
ZHLJKW�RI�WKH�DYHUDJH�RYHQ�SODQW�RUJDQV�DUH��FRQVHFXWLYHO\�VWHP�VHFWLRQV��������NJ��������NJ�RI�URRWV��EUDQFKHV�DQG�
WZLJV�RI������NJ�DQG������NJ�RI�OHDIV��$OORPHWU\�HTXDWLRQ�EHWZHHQ�WKH�DERYH�JURXQG�GU\�ZHLJKW�RI�GLDPHWHU�LV�<� �
������; ��5�ð� ��������ORJV�ZLWK�GLDPHWHU�RI�<� �������; ��5�ð� ��������URRW�ZLWK�GLDPHWHU�RI�<� �������; ��5�

������ ������ ������

ð� �������DQG�EHWZHHQ�WRWDO�GU\�ZHLJKW�ZLWK�GLDPHWHU�RI�<� �������; ��5�ð� ��������&DUERQ�FRQWHQW�REWDLQHG�DW�WKH�
�����

KLJKHVW�SDUW�RI�WKH�WUXQN�WKDW�LV�DV�PXFK�DV���������UHVSHFWLYHO\�URRWV�DV�PXFK�DV���������EUDQFKHV�DQG�WZLJV�RI�
�����DQG�WKH�OHDYHV�DV�PXFK�DV��������7RWDO�FDUERQ�FRQWHQW�LQ�WKH�VWDQGV�DW� �������WRQQHV�&�SHU�KD�� 0��HPHQLL

.H\ZRUG��%LRPDVV��FDUERQ�FRQWHQW�DQG�0DHVRSVLV�HPHQLL

$%675$.

.D\X�DIULND�� �(QJO���PHUXSDNDQ�VDODK�VDWX�WDQDPDQ�WXPEXK�FHSDW�\DQJ�GDSDW�WXPEXK�SDGD�WDQDK�0DHVRSVLV�HPHQLL
PDUMLQDO�GHQJDQ�ULDS�\DQJ�FXNXS�WLQJJL��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHPEXDW�SHUVDPDDQ�DORPHWUL�JXQD�PHQGXJD�
NDQGXQJDQ�NDUERQ�GL�VHWLDS�EDJLDQ�SRKRQ�GDQ�PHQGXJD�SRWHQVL�NDUERQ�SDGD�WHJDNDQ�ND\X�DIULND�XPXU���WDKXQ�GDQ�
PHQGXJD�NDQGXQJDQ�NDUERQ�SDGD�WHJDNDQ�KXWDQ�WDQDPDQ�ND\X�DIULND��0 ��XPXU���WDKXQ��3HQJXPSXODQ�GDWD���HPHQLL
GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�PHWRGH� �PHODOXL�SHPLOLKDQ�SRKRQ�FRQWRK��GDUL�����SRKRQ�GHVWUXFWLYH�VDPSOLQJ
GLSLOLK����SRKRQ�\DQJ�GDSDW�PHZDNLOL�WHJDNDQ�WHUVHEXW��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�EHUDW�NHULQJ�RYHQ�UDWD�
UDWD�EDJLDQ�ND\X�DIULND�EHUWXUXW�WXUXW�DGDODK�EDJLDQ�EDWDQJ��������NJ���DNDU�������NJ��FDEDQJ�GDQ�UDQWLQJ������NJ�GDQ�
EDJLDQ�GDXQ������NJ��3HUVDPDDQ�DORPHWUL�DQWDUD�EHUDW�NHULQJ�EDJLDQ�DWDV�WDQDK�ND\X�DIULND�GHQJDQ�GLDPHWHU�LDODK�<� �
������[ ��5ð� ��������EDWDQJ�ND\X�DIULND�GHQJDQ�GLDPHWHU�LDODK�<� �������[ ��5ð� ��������DNDU�ND\X�DIULND�

������ ������

GHQJDQ�GLDPHWHU��LDODK�<� �������[ ��5ð� �������GDQ�DQWDUD�EHUDW�NHULQJ�WRWDO�ND\X�DIULND�GHQJDQ�GLDPHWHU�LDODK�<�
������

 �������[ ��5ð� ��������.DQGXQJDQ�NDUERQ�ND\X�DIULND�SDOLQJ�WLQJJL�GLSHUROHK�SDGD�EDJLDQ�EDWDQJ�VHEDQ\DN�
�����

��������EHUWXUXW�WXUXW�EDJLDQ�DNDU�VHEDQ\DN���������FDEDQJ�GDQ�UDQWLQJ�������GDQ�EDJLDQ�GDXQ�VHEDQ\DN��������
7RWDO�NDQGXQJDQ�NDUERQ�SDGD�WHJDNDQ�ND\X�DIULND�XPXU���WDKXQ�VHEHVDU�������WRQ�&�SHU�KD�

.DWD�NXQFL��%LRPDVVD��NDQGXQJDQ�NDUERQ��0DHVRSVLV�HPHQLL
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LQWROHUDQ�\DLWX�MHQLV�\DQJ�PHPEXWXKNDQ�FDKD\D�
SHQXK�� -HQLV� LQL� PDPSX� WXPEXK� EDLN� SDGD�
NHWLQJJLDQ���������P�GDUL�SHUPXNDDQ�ODXW��GSO���
FXUDK�KXMDQ�������������PP�SHU�WDKXQ��WHNVWXU�
WDQDK�ULQJDQ�VHGDQJ�GDQ�GUDLQDVH�EDLN��3UDWLZL�HW�
DO���������%LQWRUR�	�5LQLDUWL����������

.HJXQDDQ� ND\XQ\D� OXDV�� \DLWX� XQWXN� ND\X�
EDKDQ�EDQJXQDQ� VHSHUWL� NRQVWUXNVL� ULQJDQ�� SHWL�
NHPDV��ER[�GDQ� ��3UDWLZL� ��������SO\ZRRG HW�DO� �
.DUDNWHULWLN� ND\X� DIULND� PHPLOLNL� JXEDO� EHU�
ZDUQD�KDPSLU�SXWLK�GDQ�ND\X�WHUDVQ\D�NHNXQLQJ�
DQ�DSDELOD�PDVLK�EDVDK��EHUXEDK�PHQMDGL�FRNODW�
NHHPDVDQ�DWDX�FRNODW� WXD�VHWHODK�ODPD�WHUEXND��
7HNVWXU�ND\X�DJDN�NDVDU�GHQJDQ�VHUDW�EHUVLODQJ��
PHQJKDVLONDQ� FRUDN� SDGD� SHUPXNDDQ� SDSDQ��
.HUDSDWDQ�ND\X�SDGD�NDGDU�DLU�����VHEHVDU������
����� J� SHU� FP � GDUL� SRKRQ� EHUXPXU� ��� WDKXQ�

�

VHGDQJNDQ�GDUL�SRKRQ�EHUXPXU���WDKXQ�VHEHVDU�
���������� J� SHU� FP � �$QL� 	� $PLQDK�� �������

�

7DQDPDQ� ND\X� DIULND� PHPLOLNL� PDQIDDW� \DQJ�
JDQGD�PXODL�GDUL�ND\X��GDXQ�GDQ�SHQ\HUDS�NDU�
ERQGLRNVLGD� GDUL� XGDUD� GDQ� SHQJKDVLO� RNVLJHQ�� �
+DVLO� GDUL� IRWRVLQWHVLV� WDQDPDQ� WHUVHEXW� DNDQ�
GLVLPSDQ� GL� NRPSRQHQ� SRKRQ� GDODP� EHQWXN�
ELRPDVVD�EDLN�\DQJ�KLGXS�PDXSXQ�\DQJ�VXGDK�
PDWL��2QUL]DO�	�.XVPDQD����������

%HVDU�NHFLOQ\D�ELRPDVVD�WDQDPDQ�GLWHQWXNDQ�
ROHK�XPXU�WDQDPDQ��GLDPHWHU��WLQJJL��NHVXEXUDQ�
WDQDK� GDQ� VLVWHP� VLOYLNXOWXU� \DQJ� GLWHUDSNDQ�
�+HULDQV\DK� ���������'KDUPDZDQ�	�6LUHJDU��HW�DO
������6XELDQGRQR� ����������+DO�LQL�EHUDNLEDW�HW�DO
SDGD� NHPDPSXDQ� WDQDPDQ� XQWXN� PHQ\LPSDQ�
NDUERQ�\DQJ�EHUYDULDVL��%LRPDVVD�KXWDQ��NXUDQJ�
OHELK�VHEDQ\DN�������SHUVHQ�DGDODK�NDQGXQJDQ�
NDUERQ��2QUL]DO� ���������%LVPDUN� ���������HW�DO HW�DO
'KDUPDZDQ�	�6DPVRHGLQ����������6DPVRHGLQ�HW�
DO���������PHQ\DWDNDQ�EDKZD�NDQGXQJDQ�NDUERQ�
GL� KXWDQ� SULPHU� $HN� 1DEDUD� %DWDQJ� 7RUX��
6XPDWHUD� 8WDUD� VHEHVDU� ������� WRQ� &� SHU� KD��
.DQGXQJDQ� NDUERQ� GL� KXWDQ� WDQDPDQ� $FDFLD�
PDQJLXP� :LOG�� XPXU� �� WDKXQ� GL� .DEXSDWHQ�
%RJRU��-DZD�%DUDW�VHEHVDU�������WRQ�&�SHU�KD�GDQ�
3LQXV�PHUNXVLL�-XQJK�HW�'H�9ULHVH�XPXU���WDKXQ�
VHEHVDU�������WRQ�&�SHU�KD��+HUL\DQWR�	�6LUHJDU��
����D���+HUL\DQWR�	�6LUHJDU�����E���

'DWD� ELRPDVVD� VXDWX� HNRVLVWHP� VDQJDW�
EHUJXQD�XQWXN�PHQJHYDOXDVL�SROD�SURGXNWLYLWDV�
EHUEDJDL�PDFDP� HNRVLVWHP� \DQJ� DGD�� 7HJDNDQ�
KXWDQ�WDQDPDQ�PHPSXQ\DL�SRWHQVL�EHVDU�GDODP�
PHQ\HUDS�GDQ�PHQJXUDQJL�NDGDU�NDUERQGLRNVLGD�
GL� XGDUD� PHODOXL� NHJLDWDQ� NRQVHUYDVL� GDQ�
SHUEDLNDQ� PDQDMHPHQ� WHJDNDQ� KXWDQ� WDQDPDQ��
2OHK�NDUHQD�LWX��NDQGXQJDQ�NDUERQ�\DQJ�WHUGDSDW�
SDGD� NRPSRQHQ� SRKRQ� ND\X� DIULND� PHQMDGL�
SHQWLQJ� XQWXN� GLNHWDKXL�� 'DWD� WHUVHEXW� VDQJDW�

EHUPDQIDDW�JXQD�PHQGXJD�SRWHQVL�NDUERQ�SDGD�
NHUDSDWDQ�WHJDNDQ�GDQ�XPXU�WHUWHQWX��3HQHOLWLDQ�
NDQGXQJDQ�NDUERQ�SDGD�MHQLV�GDQ�XPXU�WHUWHQWX�
EHOXP�EDQ\DN�GLODNXNDQ��VHKLQJJD�SHQHOLWLDQ�LQL�
EHUWXMXDQ� XQWXN� PHPEXDW� SHUVDPDDQ� DORPHWUL�
JXQD� PHQGXJD� NDQGXQJDQ� NDUERQ� GL� VHWLDS�
EDJLDQ�SRKRQ�GDQ�PHQGXJD�SRWHQVL�NDUERQ�SDGD�
WHJDNDQ�ND\X�DIULND�XPXU���WDKXQ�

,,����0(72'2/2*,

$��/RNDVL�GDQ�:DNWX�3HQHOLWLDQ

3HQHOLWLDQ� LQL� GLODNXNDQ� GL� NDZDVDQ� KXWDQ�
%RGRJRO�� 6HNVL� .RQVHUYDVL�:LOD\DK� ,,� 7DPDQ�
1DVLRQDO�*XQXQJ�*HGH� 3DQJUDQJR��.DEXSDWHQ�
6XNDEXPL�� -DZD� %DUDW�� /RNDVL� LQL� PHPSXQ\DL�
NHWLQJJLDQ� WHPSDW�DQWDUD�����P�VDPSDL�����P�
GDUL� SHUPXNDDQ� ODXW� �GSO��� LNOLPQ\D� WHUPDVXN�
WLSH�$�GHQJDQ�FXUDK�KXMDQ�UDWD�UDWD�������PP�SHU�
WDKXQ� PHQXUXW� 6FKPLGW� 	� )HUJXVRQ�� 6HFDUD�
JHRJUDILV� ORNDVL� SHQHOLWLDQ� WHUOHWDN� SDGD� NRRU�
GLQDW� ���������Ý� %XMXU� 7LPXU� GDQ� �������Ý�
/LQWDQJ�6HODWDQ��

.HDGDDQ� WRSRJUDIL� %RGRJRO� VHFDUD� XPXP�
EHUEXNLW�EXNLW��GHQJDQ�NHPLULQJDQ�ODKDQ�DQWDUD�
���� VDPSDL� ����� %HUGDVDUNDQ� 3HWD� 7DQDK�
7LQMDX�3XODX�-DZD�GDQ�0DGXUD��7DQDK�GL�ORNDVL�
SHQHOLWLDQ� WHUPDVXN� MHQLV� WDQDK� /DWRVRO��
3HQHOLWLDQ�GLODNXNDQ�SDGD�EXODQ�0HL�-XQL������

%��%DKDQ�3HQHOLWLDQ

%DKDQ� SHQHOLWLDQ� DGDODK� WHJDNDQ� WDQDPDQ�
ND\X�$IULND��0 ��EHUXPXU���WDKXQ�GHQJDQ���HPHQLL
MDUDN� WDQDP� �� P� [� �� P�� VHWHODK� SHQMDUDQJDQ�
PHQMDGL���P�[���P��3DGD�SHQHOLWLDQ�LQL� MXPODK�
WDQDPDQ� ND\X� DIULND� DGD� ���� SRKRQ�� 6HPXD�
WDQDPDQ�GDODP�SORW�GLXNXU�GLDPHWHU�GDQ�WLQJJL��
6HODQMXWQ\D� GDWD� WHUVHEXW�PHQMDGL� GDVDU� GDODP�
PHQHQWXNDQ�MXPODK�SRKRQ�FRQWRK�\DQJ�GLDPELO�

&��0HWRGH�3HQHOLWLDQ

�� 3HPLOLKDQ�SRKRQ�FRQWRKG
6HWHODK�GLODNXNDQ�VHQVXV�SRKRQ��SRKRQ�\DQJ�
GLSLOLK� EHUGDVDUNDQ� GLVWULEXVL� GLDPHWHU�
�'%+�� SDGD� ORNDVL� WHUVHEXW� \DLWX� SRKRQ�
GHQJDQ� GLDPHWHU� WHUEHVDU� GDQ� WHUNHFLO� \DQJ�
PHQ\HEDU� PHUDWD�� 8QWXN� SHQHOLWLDQ� LQL�
GLSHUOXNDQ� ��� SRKRQ� FRQWRK� \DQJ� GDSDW�
PHZDNLOL�WHJDNDQ�WHUVHEXW�

��G 3HQJXNXUDQ�WLQJJL�GDQ�GLDPHWHU�EDWDQJ�SRKRQ�
6HWHODK� SRKRQ� GLWHEDQJ�� GLDPHWHU� � EDWDQJ� �
GLXNXU��EHUWXUXW�WXUXW�SDGD�SRVLVL���P������P��
����P��'%+��������P������P������P������P�GDQ�
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,VPD\DGL�6RDPVRHGLQ��+DUPDVWLQL�6XNLVPDQ��0DUIXDK�:DUGDQL�GDQ�1�0��+HUL\DQWR

3HQGXJDDQ�%LRPDVVD�GDQ�.DQGXQJDQ�.DUERQ�.D\X�$IULND��0DHVRSVLV�HPHQLL�(QJO��
GL�.DEXSDWHQ�6XNDEXPL��-DZD�%DUDW

VHWHUXVQ\D� VHWLDS� �� PHWHU�� 6HODLQ� LWX� MXJD�
GLXNXU�GLDPHWHU�EHEDV�FDEDQJ��'EF��

�� 3HQJXNXUDQ�EHUDW�EDVDK�SRKRQG
&DEDQJ� GDQ� UDQWLQJ� GLSLVDKNDQ� GDUL� EDWDQJ�
GDQ� EDWDQJ� GLSRWRQJ� GDODP� EHQWXN� ORJ��
GLPDQD�PDVLQJ�PDVLQJ�ORJ�GLEHUL�QRPRU�GDQ�
GLWLPEDQJ�� &DEDQJ� GDQ� UDQWLQJ� \DQJ� KLGXS�
NHPXGLDQ�GLSLVDKNDQ�GDUL�FDEDQJ�GDQ�UDQWLQJ�
PDWL��'DXQ�MXJD�GLSLVDKNDQ�GDUL�FDEDQJ�GDQ�
UDQWLQJ�

�� &RQWRK� GLSLOLK� GDQ� GLWLPEDQJ� XQWXN� GLXNXU�G
EHUDW� NHULQJ� GDQ� NDQGXQJDQ� NDUERQQ\D��
3HQJDPELODQ� FRQWRK� EDJLDQ� EDWDQJ� XWDPD�
PXODL� EDJLDQ� EDZDK� VDPSDL� DWDV� SRKRQ��
EDJLDQ� EDWDQJ� \DQJ� GLDPELO� XQWXN� FRQWRK�
NDQGXQJDQ�NDUERQ�\DLWX�EDJLDQ�EDWDQJ�XWDPD�
GL�DWDV�WDQDK�VHWLQJJL�������P����������P������
����P����������P����������P�GDQ�VHWHUXVQ\D��
%DJLDQ� DNDU�� FDEDQJ� GDQ� UDQWLQJ� KLGXS��
FDEDQJ�GDQ�UDQWLQJ�PDWL�VHUWD�GDXQ��PDVLQJ�
PDVLQJ�VHEDQ\DN�NXUDQJ�OHELK�����JUDP�

�� 8QWXN� PHQJHWDKXL� EHUDW� NHULQJ�� FRQWRK�G
GLPDVXNNDQ� GDODP� NDQWXQJ� NHUWDV� GDQ�
GLNHULQJNDQ�GL�RYHQ�SDGD�VXKX����&�VHODPD�
���MDP��

'��$QDOLVLV�'DWD

8QWXN� PHQJHWDKXL� EHUDW� NHULQJ� FRQWRK�
GLJXQDNDQ�UXPXV�VHEDJDL�EHULNXW���

���������������%NV�[�%EW
%NW��� �
�������������������%EV

'LPDQD��
%NW� �%HUDW�NHULQJ�WRWDO��NJ���
%NV� �%HUDW�NHULQJ�FRQWRK��JU���

%EW� �%HUDW�EDVDK�WRWDO��NJ���
%EV� �%HUDW�EDVDK�FRQWRK��JU��

x .DQGXQJDQ�NDUERQ�GDODP�WDQDPDQ�GLKLWXQJ�
GHQJDQ�PHQJJXQDNDQ�UXPXV�

x .DQGXQJDQ�NDUERQ� �EHUDW�NHULQJ�WXPEXKDQ�[�
NDGDU�NDUERQ
.DGDU� NDUERQ� SDGD� SRKRQ� ND\X� DIULND�
PHQXUXW� �+DLULDK� 	� 5DKD\X�� ������ DGDODK�
EDJLDQ�EDWDQJ������FDEDQJ�GDQ�UDQWLQJ�������
DNDU������GDXQ������GDQ�VHFDUD�WRWDO�����

x � �6HUDSDQ�NDUERQGLRNVRGD��&2 �� �0U��&2 �$U��
&��DWDX�������[��NDQGXQJDQ�NDUERQ�

�����.HWHUDQJDQ���0U���PROHNXO�UHODWLI���$U���
$WRP�UHODWLI�

x 3HQGXJDDQ� SHUVDPDDQ� DORPHWUL� GLODNXNDQ�
GHQJDQ�PHQJJXQDNDQ�UXPXV��

����������
E

< D;
'LPDQD���
<��� �%HUDW�NHULQJ�SRKRQ
;��� �'LDPHWHU�SDGD�WLQJJL����FP�GL�DWDV�OHKHU�

DNDU�
D�E� �.RHILVLHQ

'DODP�SHQHOLWLDQ�LQL�MXJD�GLODNXNDQ�SHQJXML�
DQ�NHDEVDKDQ�GDQ�NHDNXUDWDQ�PRGHO�

,,,���+$6,/�'$1�3(0%$+$6$1

$���.HODV�'LDPHWHU��GDQ�7LQJJL�3RKRQ�&RQWRK

�(PSDW�UDWXV�OLPD�SXOXK�SRKRQ�GLDPELO�SRKRQ�
FRQWRK�VHEDQ\DN����SRKRQ�\DQJ�GDSDW�PHZDNLOL�
WHJDNDQ�WHUVHEXW��.HODV�GLDPHWHU�GDQ�WLQJJL�UDWD�
UDWD�SRKRQ�FRQWRK�GLVDMLNDQ�SDGD�7DEHO���

1R��

'LDPHWHU�VHWLQJJL�GDGD�

�'LDPHWHU�DW�EUHDVW�KHLJKW��
�FP��

'LDPHWHU�EHEDV�FDEDQJ�

�'LDPHWHU�DW�WKH�ORZHVW�EUDQFK��
�FP��

7LQJJL�EHEDV�FDEDQJ�

�+HLJKW�RI�IUHH�
EUDQFK���P��

7LQJJL�WRWDO�

�7RWDO�KHLJKW��
�P��
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7DEHO��7DEOH�����6HEDUDQ� NHODV� GLDPHWHU� SRKRQ� FRQWRK� ND\X� DIULND� EHUXPXU� �� WDKXQ� �&ODVV� GLDPHWHU�
GLVWULEXWLRQ�RI���\HDU�ROG�DIULND�ZRRG�VDPSOH�WUHH�
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3DGD�7DEHO���GDSDW�GLOLKDW�EDKZD�WLQJJL�EHEDV�
FDEDQJ�UDWD�UDWD�UHODWLI�WLQJJL�\DLWX������P��KDO�
LQL�GLNDUHQDNDQ� WDQDPDQ�ND\X�DIULND� WHUPDVXN�
MHQLV� SRKRQ� \DQJ� WXPEXK� FHSDW� �IDVW� JURZLQJ�
VSHFLHV��� GDXU� WHEDQJ� XQWXN� NHODV� SHUXVDKDDQ�
SXOS�GDQ�NHUWDV�����WDKXQ�VHGDQJNDQ�XQWXN�ND\X�
SHUWXNDQJDQ����WDKXQ��.HUDSDWDQ�WHJDNDQ�SDGD�
XPXU���WDKXQ�����SRKRQ�SHU�KHNWDU��

%��%LRPDVVD�7HJDNDQ

%LRPDVVD�WHJDNDQ�GDSDW�GLEHGDNDQ�NH�GDODP�
GXD� NDWHJRUL�� \DLWX� ELRPDVVD� GL� DWDV� WDQDK�
�EDWDQJ��FDEDQJ��UDQWLQJ��GDXQ��EXQJD�GDQ�EXDK��
GDQ� ELRPDVVD� GL� GDODP� WDQDK� �DNDU��� 'LDPHWHU�
VHWLQJJL� GDGD� �'%+�� WDQDPDQ� EHUNDLWDQ� HUDW�
GHQJDQ� ELRPDVVD�� GLPDQD� VHPDNLQ� EHVDU�
GLDPHWHU�� PDND� VHPDNLQ� EHVDU� ELRPDVVDQ\D��
'DWD� EHUDW� NHULQJ�� \DQJ� PHUXSDNDQ� SHQGXJD�
ELRPDVVD�SRKRQ�FRQWRK�GLVDMLNDQ�SDGD�7DEHO���

3DGD�7DEHO����ELRPDVVD�GDXQ��FDEDQJ�UDQWLQJ�
KLGXS�DWDX�PDWL�WLGDN�PHQJLNXWL�NHFHQGHUXQJDQ�
EHVDUDQ� ELRPDVVD� EDWDQJ� GDQ� DNDU�� 5DWD�UDWD�
ELRPDVVD� SRKRQ� ND\X� DIULND� XPXU� �� WDKXQ�
ELRPDVVD� WHUEHVDU� EHUDGD� SDGD� EDJLDQ� EDWDQJ�
��������� NJ� DWDX� ��������� GLLNXWL� ROHK� DNDU�
������� NJ� DWDX� ��������� FDEDQJ� GDQ� UDQWLQJ�
KLGXS� �������NJ� DWDX��������� GDXQ� � �������NJ� �
DWDX����������FDEDQJ�GDQ�UDQWLQJ�PDWL��������NJ�
DWDX���������6HFDUD�XPXP�ELRPDVVD�SDGD� WLDS�
EDJLDQ� SRKRQ� WHUEHVDU� GLSHUROHK� GDUL� SRKRQ�
GHQJDQ�GLDPHWHU�\DQJ�WHUEHVDU�SXOD��+DO�LQL�GDSDW�

1R��
'LDPHWHU�

�FP��

%LRPDVVD��%LRPDVV���NJ��
%HUDW�WRWDO�

�7RWDO�GU\�

ZHLJKW��

�NJ��

'DXQ�

�/HDYH��

&DEDQJ�GDQ�

UDQWLQJ�KLGXS�

�%UDQFK�DQG�

WZLJ�OLYH��

&DEDQJ�DQG�

UDQWLQJ�PDWL�

�%UDQFK�DQG�

WZLJ�GHDG��

%DWDQJ�

�6WHP��

$NDU�

�5RRW��

��� ����� ����� ����� ����� ������ ������ ������
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7DEHO��7DEOH�����%HUDW�NHULQJ�ELRPDVVD�SRKRQ�FRQWRK�ND\X�DIULND�EHUXPXU���WDKXQ��'U\�ELRPDVV�RI���\HDU�
ROG�DIULND�ZRRG�VDPSOH�WUHH�

GLMHODVNDQ�EDKZD�ELRPDVVD�EHUNDLWDQ�HUDW�GHQJDQ�
SURVHV� IRWRVLQWHVLV�� +DVLO� GDUL� IRWRVLQWHVLV�
WHUVHEXW� GLJXQDNDQ� ROHK� WXPEXKDQ� XQWXN�
PHODNXNDQ� SHUWXPEXKDQ� EDLN� NH� DUDK� YHUWLNDO�
�WLQJJL�� PDXSXQ� KRUL]RQWDO� �GLDPHWHU�� GDQ�
VLVDQ\D�GLVLPSDQ�GDODP�EDWDQJ�

$��3HUVDPDDQ� $ORPHWUL� GDQ� .DQGXQJDQ�
.DUERQ�7HJDNDQ�.D\X�$IULND

��� 3HUVDPDDQ�DORPHWUL

.DQGXQJDQ� ELRPDVVD� GDUL� KXWDQ� WDQDPDQ�
GDSDW� GLHVWLPDVL� VHFDUD� ODQJVXQJ� GHQJDQ�
PHQJJXQDNDQ�SHUVDPDDQ�UHJUHVL�ELRPDVVD��\DLWX�
IXQJVL� PDWHPDWLN� \DQJ� GLGDVDUNDQ� SDGD�
KXEXQJDQ�EHUDW�NHULQJ�ELRPDVVD�GHQJDQ�VDWX�DWDX�
OHELK� NRPELQDVL� GDUL� GLPHQVL� WHJDNDQ� SRKRQ��
3HUVDPDDQ� UHJUHVL� \DQJ� GLJXQDNDQ� GLGDVDUNDQ�
SDGD�GDWD�GDUL� WHJDNDQ�\DQJ�GLDPHWHUQ\D�GDSDW�
PHZDNLOL� NLVDUDQ� NHODV� GLDPHWHU� SDGD� WHJDNDQ�
WHUVHEXW�

3HQJXNXUDQ� EHUDW� ELRPDVVD� WDQDPDQ� KXWDQ�
\DQJ�GLODNXNDQ�GHQJDQ�FDUD�PHQHEDQJ�VHOXUXK�
WDQDPDQ�PHPHUOXNDQ�ZDNWX�ODPD�GDQ�ELD\D�\DQJ�
EHVDU��8QWXN�PHPSHUPXGDK�GLSHUOXNDQ�DGDQ\D�
SHUVDPDDQ� DORPHWUL�� \DQJ� EHUJXQD� XQWXN�
PHQGXJD�EHUDW� WRWDO�ELRPDVVD� WHJDNDQ��6HWHODK�
GLWHPXNDQ� DORPHWUL�� PDND� EHUDW� ELRPDVVD�
WHJDNDQ�GDSDW�GLKLWXQJ�KDQ\D�GHQJDQ�PHQJXNXU�
GLDPHWHU��0RGHO�DORPHWUL�ELRPDVVD�XQWXN�SRKRQ�
ND\X�DIULND�EHUXPXU�GHODSDQ�WDKXQ�GDSDW�GLOLKDW�
SDGD�*DPEDU�����

9RO����1R����-XQL������������
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,VPD\DGL�6RDPVRHGLQ��+DUPDVWLQL�6XNLVPDQ��0DUIXDK�:DUGDQL�GDQ�1�0��+HUL\DQWR

3HQGXJDDQ�%LRPDVVD�GDQ�.DQGXQJDQ�.DUERQ�.D\X�$IULND��0DHVRSVLV�HPHQLL�(QJO��
GL�.DEXSDWHQ�6XNDEXPL��-DZD�%DUDW

*DPEDU��)LJXUH����� *UDILN�KXEXQJDQ�DQWDUD�ELRPDVVD�EDJLDQ�DWDV�WDQDK�ND\X�DIULND�GHQJDQ�GLDPHWHU�
EHVHUWD�SHUVDPDDQ�DORPHWULQ\D� �$OORPHWULF� HTXDWLRQ�RI� WKH� UHODWLRQVKLS�EHWZHHQ�
DERYH�JURXQG�ELRPDVV�DQG�GLDPHWHU�DW�EUHDVW�KHLJKW�

*DPEDU��)LJXUH����� *UDILN� KXEXQJDQ� DQWDUD� ELRPDVVD� EDWDQJ� ND\X� DIULND� GHQJDQ� GLDPHWHU� EHVHUWD�
SHUVDPDDQ�DORPHWULQ\D��$OORPHWULF�HTXDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�VWHP�GU\�
ZHLJKW�DQG�GLDPHWHU�DW�EUHDVW�KHLJKW�
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*DPEDU��)LJXUH����� *UDILN� KXEXQJDQ� DQWDUD� EHUDW� NHULQJ� DNDU� ND\X� DIULND� GHQJDQ� GLDPHWHU� EHVHUWD�
SHUVDPDDQ�DORPHWULQ\D��$OORPHWULF�HTXDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�URRW�GU\�
ZHLJKW�DQG�GLDPHWHU�DW�EUHDVW�KHLJKW��

*DPEDU��)LJXUH����� *UDILN� KXEXQJDQ� DQWDUD� ELRPDVVD� WRWDO� ND\X� DIULND� GHQJDQ� GLDPHWHU� EHVHUWD�
SHUVDPDDQ�DORPHWULQ\D��$OORPHWULF�HTXDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WRWDO�GU\�
ZHLJKW�DQG�GLDPHWHU�DW�EUHDVW�KHLJK�

9RO����1R����-XQL������������
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,VPD\DGL�6RDPVRHGLQ��+DUPDVWLQL�6XNLVPDQ��0DUIXDK�:DUGDQL�GDQ�1�0��+HUL\DQWR

3HQGXJDDQ�%LRPDVVD�GDQ�.DQGXQJDQ�.DUERQ�.D\X�$IULND��0DHVRSVLV�HPHQLL�(QJO��
GL�.DEXSDWHQ�6XNDEXPL��-DZD�%DUDW

*DPEDU���������GDQ����DQWDUD�ELRPDVVD�SDGD�
WLDS� EDJLDQ� WHJDNDQ� ND\X� DIULND� �DNDU�� EDWDQJ��
EDJLDQ�GL�DWDV�WDQDK�GDQ�WRWDO��GHQJDQ�GLDPHWHU�
PHPLOLNL� NRUHODVL� \DQJ� WLQJJL�� 1LODL� NRHILVLHQ�
GHWHUPLQDVL� �5 �� XQWXN� VHPXD� KXEXQJDQ�

�

GLGDSDWNDQ� GL� DWDV� ����� \DQJ� EHUDUWL� ����
NHUDJDPDQ� GDUL� ELRPDVVD� ND\X� DIULND� GDSDW�
GLMHODVNDQ� ROHK� SHUVDPDDQ� WHUVHEXW�� 1LODL�
VLPSDQJDQ�DJUHJDW��6D�� �������GDQ�VLPSDQJDQ�
UDWD�UDWD��6U�� ��������EHUGDVDU�NDQ�QLODL�WHUVHEXW�
SHUVDPDDQ� GDSDW� GLNDWDNDQ� YDOLG� DWDX� GDSDW�
GLSHUFD\D�� 'HQJDQ� GHPLNLDQ� XQWXN� PHQGXJD�
ELRPDVVD� ND\X� DIULND� GDSDW� GLODNXNDQ� GHQJDQ�
FDUD�PHQJXNXU�GLDPHWHU�VDMD�

��� .DQGXQJDQ� NDUERQ� GDQ� NRQERQGLRNVLGD�
WHJDNDQ�ND\X�DIULND

3DGD�SHQHOLWLDQ�LQL�VHPXD�SRKRQ�ND\X�DIULND�
GLXNXU�WLQJJL�GDQ�GLDPHWHUQ\D�VHFDUD�VHQVXV��OXDV�
ODKDQ���KD�GHQJDQ�MXPODK�SRKRQ������NHUDSDWDQ�
WHJDNDQ�����SRKRQ�SHU�KD���GDWD�NHODV�GLDPHWHU�
WHUVHEXW�GLVDMLNDQ�SDGD�*DPEDU����3DGD�*DPEDU�
�� WHUVHEXW�� VHEDUDQ� WHJDNDQ� ND\X� DIULND� XPXU�
GHODSDQ�WDKXQ�GLGRPLQLU�ROHK�NHODV�GLDPHWHU����
FP� �� ��� FP� GDQ� JUDILNQ\D� EHUEHQWXN� ORQFHQJ�
�WHJDNDQ�QRUPDO��

+DLULDK�	�5DKD\X���������\DQJ�PHQ\DWDNDQ�
EDKZD� UDWD�UDWD� ���� NDQGXQJDQ� NDUERQ� SDGD�

WDQDPDQ�ND\X�DIULND�EDKDQ�NHULQJ�SRKRQ�WHUGLUL�
GDUL�NDQGXQJDQ�NDUERQ��.DQGXQJDQ�NDUERQ�GDQ�
NDUERQGLRNVLGD�SDGD�WHJDNDQ�ND\X�DIULND�XPXU���
WDKXQ�� EHUGDVDUNDQ� UXPXV� KXEXQJDQ� ELRPDVVD�
WRWDO� GHQJDQ� GLDPHWHU� \DNQL� SHUVDPDDQ� <�  �
������[ � WHJDNDQ� ND\X� DIULND� WHUVHEXW� WHUVDML�

�����

SDGD�7DEHO� ��� GHPLNLDQ� MXJD� GHQJDQ� ELRPDVVD�
EDJLDQ�SRKRQ��EDWDQJ��DNDU��FDEDQJ�GDQ� �UDQWLQJ�
VHUWD�GDXQ��

7DEHO� �� GL� DWDV� GDSDW� GLNDWDNDQ� EDKZD� ELR�
PDVVD� SDGD� WHJDNDQ� ND\X� DIULND� XPXU� �� WDKXQ�
VHEHVDU�������WR�SHU�KD��.DQGXQJDQ�NDUERQQ\D�
VHEHVDU�������WRQ�&�SHU�KD�GDQ�NDQGXQJDQ�NDU�
ERQGLRNVLGD� VHEHVDU� ������� WRQ� &� � SHU� KD���

%DJLDQ�EDWDQJ�SRKRQ�PHUXSDNDQ�EDJLDQ�WHUWLQJJL�
NDQGXQJDQ�NDUERQQ\D��DNDU��FDEDQJ�UDQWLQJ�GDQ�
EDJLDQ�GDXQ��.DQGXQJDQ�NDUERQ�SDGD�SHQHOLWLDQ�
LQL� WHUPDVXN� WLQJJL� ELOD� GLEDQGLQJNDQ� GHQJDQ�
KDVLO� SHQHOLWLDQ� +HUL\DQWR� 	� 6LUHJDU� �����D��
����E��� SDGD� WHJDNDQ� WXVDP� �3LQXV� PHUNXVLL�
-XQJK� HW� GH�9ULHVH�� XPXU� �� WDKXQ� GL� &LDQWHQ��
%RJRU�GLODSRUNDQ�EDKZD�NDQGXQJDQ�NDUERQ�GDQ�
VHUDSDQ�&2 �VHEDQ\DN������� WRQ�&�SHU�KD�DWDX��

VHWDUD�GHQJDQ�������WRQ�&2 �SHU�KD��3DGD�DNDVLD��

�$FDFLD� PDQJLXP� :LOOG���� XPXU� �� WDKXQ� GL�
3DUXQJ� 3DQMDQJ�� %RJRU�� NDQGXQJDQ� NDUERQQ\D�
VHEHVDU� ������ WRQ�&�SHU� KD� DWDX� VHWDUD� GHQJDQ�
������� WRQ� &2 � SHU� KD�� 2QUL]DO� HW� DO�� ���������

PHODSRUNDQ� NDQGXQJDQ� NDUERQ� (XFDO\SWXV�

*DPEDU��)LJXUH����� *UDILN� KXEXQJDQ� DQWDUD� ELRPDVVD� WRWDO� ND\X� DIULND� GHQJDQ� GLDPHWHU� EHVHUWD�
SHUVDPDDQ�DORPHWULQ\D��$OORPHWULF�HTXDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WRWDO�GU\�
ZHLJKW�DQG�GLDPHWHU�DW�EUHDVW�KHLJK�
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JUDQGLV�XPXU���WDKXQ�GL�6XPDWHUD�8WDUD�VHEHVDU�
������WRQ�&�SHU�KD��+DO�LQL�PHQXQMXNNDQ�EDKZD�
NDQGXQJDQ� NDUERQ� GLSHQJDUXKL� ROHK� XPXU� GDQ�
MHQLV� SRKRQ�� 3DGD� SRKRQ� \DQJ� FHSDW� WXPEXK�
FHSDW� DNDQ� PHQJKDVLONDQ� NDQGXQJDQ� NDUERQ�
\DQJ�WLQJJL�GDQ�VLIDW�SRKRQ�\DQJ�GHPLNLDQ�GDSDW�
GLMDGLNDQ� DOWHUQDWLI� XQWXN�PHQJKLMDXNDQ� WDQDK�
WDQDK�\DQJ�NULWLV�

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

3HUVDPDDQ� DORPHWUL� ELRPDVVD� EDJLDQ� DWDV�
WDQDK�ND\X�DIULND��EDWDQJ��FDEDQJ��UDQWLQJ��GDXQ�
GDQ� EXDK�� GHQJDQ� YDULDEHO� SHQGXJD� GLDPHWHU�

������
VHWLQJJL�GDGD��< �� �������[ ��5ð� ����������DWDV�WDQDK

������
ELRPDVVD� EDWDQJ� �< ��  � ������[ � �5ð�  ��EDWDQJ

������
�������ELRPDVVD�DNDU��< �� �������[ ��5ð� ��DNDU

�����
������GDQ�ELRPDVVD�WRWDO��< �� �������[ ��5ð��WRWDO

 ���������.DQGXQJDQ�NDUERQ�UDWD�UDWD�ND\X�DIULND�
SDOLQJ�WLQJJL�GLSHUROHK�SDGD�EDJLDQ�EDWDQJ�\DLWX�
�������� GLLNXWL� ROHK� EDJLDQ� DNDU� ��������
FDEDQJ� GDQ� UDQWLQJ� ������ GDQ� EDJLDQ� GDXQ�
�������7RWDO� NDQGXQJDQ� NDUERQ� SDGD� WHJDNDQ�
ND\X�DIULND�SDGD�XPXU���WDKXQ�������WRQ�&�SHU�
KD�

%��6DUDQ

3HUVDPDDQ� DORPHWUL� ELRPDVVD� EDJLDQ� DWDV�
WDQDK� ND\X� DIULND� LQL� KDQ\D� EHUODNX� GL� DUHDO�
NDZDVDQ� KXWDQ� %RGRJRO�� 6HNVL� .RQVHUYDVL�
:LOD\DK� ,,� 7DPDQ� 1DVLRQDO� *XQXQJ� *HGH�
3DQJUDQJR�� .DEXSDWHQ� 6XNDEXPL�� -DZD� %DUDW�
GDQ�DWDX�GDHUDK�ODLQQ\D�\DQJ�VHWLSH�

8&$3$1�7(5,0$�.$6,+

3DGD� NHVHPSDWDQ� LQL� SHQXOLV� PHQJXFDSNDQ�
WHULPD� NDVLK� NHSDGD� .HSDOD� 6HNVL� .RQVHUYDVL�

7DEHO��7DEOH�����%LRPDVVD��NDUERQ�GDQ�NDUERQGLRNVLGD�WHJDNDQ�0DHVRSVLV�HPHQLL�XPXU���WDKXQ��%LRPDVV��
FDUERQ�DQG�FDUERQGLR[LGH�0DHVRSVLV�HPHQLL�VWDQG���\HDU�ROG���SHU�KD

.HODV�
'LDPHWHU�

�'LDPHWHU�

FODVV���FP��

.HUDSDWDQ�

WHJDNDQ�
�6WDQG�

GHQVLW\��

�WUHHV��

SHU�KD�

%LRPDVVD�

EDWDQJ�
�6WHP�

ELRPDVV��

�WRQ�SHU�KD��

%LRPDVVD�
DNDU��5RRW�

ELRPDVV��

�WRQ�SHU�KD��

%LRPDVVD�
GDXQ��/HDI�

ELRPDVV��

�WRQ�SHU�KD��

%LRPDVVD�

FDEDQJ�	�
UDQWLQJ�

�%UDQFK�DQG�

WZLJ�ELRPDVV��

�WRQ�SHU�KD��

%LRPDVVD�

SRKRQ�
�%LRPDVV��

�WRQ�SHU�

KD��

.DUERQ�
�&DUERQ��

�WRQ�&�SHU�

KD��

.DUERQ�

GLRNVLGD�
�&DUERQGL

R[LGH���

�WRQ�&2��

SHU�KD��

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

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

7RWDO� ���� ������ ������ ����� ����� ������ ������ �������

:LOD\DK� ,,� 7DPDQ� 1DVLRQDO� *XQXQJ� *HGH�
3DQJUDQJR�EHVHUWD�VWDI�GL�%RGRJRO��PDV\DUDNDW�
GDQ� VWDI� ELRPHWHULND� 3XVDW� 3HQHOLWLDQ� GDQ�
3HQJHPEDQJDQ� +XWDQ� \DQJ� WHODK� PHPEDQWX�
GDODP�SHODNVDQDDQ�SHQHOLWLDQ�LQL�

'$)7$5��3867$.$

$QL��6���	�$PLQDK��+�� ��������3ODQWDWLRQ� WLPEHU�RI�
0DHVRSVLV�HPLQLL��-RXUQDO�RI�7URSLFDO�)RUHVW�
6FLHQFH���������������

%LQWRUR�� $�2��� 	� 5LQLDUWL�� 0�� �������� 3HQJDUXK�
SHUHQGDPDQ� EHQLK� SDGD� EHUEDJDL� VXKX� DLU�
WHUKDGDS� YLDELOLWDV� EHQLK� ND\X� DIULND�
�0DHVRSVLV�HPLQLL���-XUQDO�6\OYD�/HVWDUL��������
��������

%LVPDUN��0��� � 6XELDQGRQR�� (���	�+HUL\DQWR��1�0��
�������� .HUDJDPDQ� GDQ� SRWHQVL� MHQLV� VHUWD�
NDQGXQJDQ�NDUERQ�KXWDQ�PDQJURYH�GL�VXQJDL�
VXEHOHQ�6LEHUXW��-XUQDO�3HQHOLWLDQ�+XWDQ�GDQ�
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