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,QIRUPDWLRQ� UHJDUGLQJ� SK\VLFDO� SURSHUWLHV� RI � EDPERR� LV� HVVHQWLDO� IRU� LQWHUSUHWLQJ� LWV� GLPHQVLRQDO� VWDELOLW\��ZKLOH�
GU\LQJ�SURSHUWLHV�DUH�QHHGHG�DV�D�EDVLV�LQ�GHWHUPLQLQJ�WKH�RSWLPXP�GU\LQJ�WHPSHUDWXUH��7KLV�UHVHDUFK�ZDV�DLPHG�WR�
LQYHVWLJDWH�WKH�HIIHFW�RI �EDPERR�VSHFLHV�DQG�SRVLWLRQ�DW�WKH�FXOP�RQ�SK\VLFDO�SURSHUWLHV��DV�ZHOO�DV�GU\LQJ�SURSHUWLHV�RI �ILYH�
EDPERR�VSHFLHV�L�H��WHPHQ�EDPERR��*LJDQWRFKORD�YHUWLFLOODWD�0XQUR���RUL��%DPEXVD�EOXPHDQD�%O��H[�6FKXOW�I����
DWHU� �*LJDQWRFKORD� DWWHU� �+DVVN��� .XU]� H[� 0XQUR��� DPSHO� �%DPEXVD� YXOJDULV� 6FKUDG���� DQG� SHWLQJ�
�*LJDQWRFKORD�OHYLV��%ODQFR��0HUU����3K\VLFDO�SURSHUWLHV�ZHUH�WHVWHG�E\�PHDVXULQJ�GLDPHWHU�DQG�WKLFNQHVV�RI�EDPERR�
FXOPV��'HWHUPLQDWLRQ�RI �GU\LQJ�WHPSHUDWXUH�ZDV�FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK�ZRRG�GU\LQJ�PHWKRG�DQG�IROORZHG�E\�
REVHUYLQJ�YLVXDO�GHIHFWV��L�H��GHIRUPDWLRQ��FRQFDYH�	�ZULQNOH��DQG�HQG�QRGH�VSOLW��$VVHVVPHQW�UHVXOWV�UHYHDOHG�WKDW�WKHUH�
ZHUH�FORVH�UHODWLRQVKLSV�EHWZHHQ�JUHHQ�PRLVWXUH�FRQWHQW�RI �EDPERR�DQG�WKHLU�GHQVLW\�DV�ZHOO�DV�WKHLU�FXOP�VKULQNDJH��%DVHG�
RQ�EDPERR�GU\LQJ�SURSHUWLHV��ERWWRP�PLGGOH�SRUWLRQV���WKH�RSWLPXP�GU\LQJ�WHPSHUDWXUHV��LQLWLDO�DQG�ILQDO�WHPSHUDWXUH��IRU�
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WHPHQ�DQG�RUL�ZHUH�RFFXUUHG�DW��� ��� &��DPSHO�DQG�DWHU�ZHUH�RFFXUUHG�DW��� ��� &��ZKLOH�WKH�RSWLPXP�GU\LQJ��² �²

R
WHPSHUDWXUH�IRU�SHWLQJ�ZHUH�DW��� ��� &��²

.H\ZRUGV��%DPERR��SK\VLFDO�SURSHUWLHV��GU\LQJ�GHIHFWV��GU\LQJ�WHPSHUDWXUH

$%675$.

,QIRUPDVL� PHQJHQDL� VLIDW� ILVLV� EDPEX� SHQWLQJ� XQWXN� PHPDKDPL� NHVWDELODQ� GLPHQVL� EDPEX��
VHGDQJNDQ� LQIRUPDVL� WHQWDQJ� VLIDW� SHQJHULQJDQ� GLEXWXKNDQ� VHEDJDL� GDVDU� XQWXN�PHQHWDSNDQ� VXKX�
RSWLPXP�SHQJHULQJDQQ\D��7XMXDQ�SHQHOLWLDQ�DGDODK�XQWXN�PHQJHWDKXL�SHQJDUXK�MHQLV�EDPEX�GDQ�SRVLVL�
EDJLDQ�EDWDQJ�WHUKDGDS�VLIDW�ILVLV�EDPEX�VHUWD�VLIDW�SHQJHULQJDQQ\D��/LPD�MHQLV�EDPEX�\DQJ�GLJXQDNDQ�
GDODP�SHQHOLWLDQ�LQL�DGDODK�EDPEX�WHPHQ��*LJDQWRFKORD�YHUWLFLOODWD�0XQUR���RUL��%DPEXVD�EOXPHDQD�%O��H[�
6FKXOW�I����DWHU��*LJDQWRFKORD�DWWHU��+DVVN���.XU]�H[�0XQUR���DPSHO��%DPEXVD�YXOJDULV�6FKUDG����GDQ�SHWLQJ�
�*LJDQWRFKORD�OHYLV��%ODQFR��0HUU����3HQJXMLDQ�VLIDW�ILVLV�GLODNXNDQ�SDGD�DUDK�GLDPHWHU�GDQ�WHEDO�EDWDQJ�
EDPEX��3HQHWDSDQ�VXKX�SHQJHULQJDQ�EHUGDVDUNDQ�PHWRGH�\DQJ�GLDGDSWDVL�GDUL�PHWRGH�SHQJHULQJDQ�
ND\X��GLODQMXWNDQ�GHQJDQ�SHQJDPDWDQ�FDFDW�SHQJHULQJDQ�VHSHUWL�GHIRUPDVL��PHQFHNXQJ�	�PHQJHULSXW��
GDQ�SHFDK�XMXQJ�EXNX��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�WHUGDSDW�KXEXQJDQ�\DQJ�HUDW�DQWDUD�NDGDU�DLU�
VHJDU� EDPEX� GHQJDQ� NHUDSDWDQ� GDQ� SHQ\XVXWDQ� EDWDQJ� EDPEX�� %HUGDVDUNDQ� VLIDW� SHQJHULQJDQQ\D�

R
�SDQJNDO�WHQJDK���VXKX�RSWLPXP��VXKX�DZDO�GDQ�VXKX�DNKLU��XQWXN�EDPEX�WHPHQ�GDQ�RUL��� ��� &�� ��²
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DPSHO�GDQ�DWHU��� ��� &��VHGDQJNDQ�EDPEX�SHWLQJ���� ��� &��² �²

.DWD�NXQFL��%DPEX��VLIDW�ILVLV��FDFDW�SHQJHULQJDQ��VXKX�SHQJHULQJDQ
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� .HWHUVHGLDDQ� EDKDQ� EDNX� ND\X� VDDW� LQL� WLGDN�
PDPSX� ODJL� PHQJLPEDQJL� NHEXWXKDQ� LQGXVWUL�
SHQJRODKDQ� ND\X� GDODP� QHJHUL� \DQJ� FHQGHUXQJ�
PHQLQJNDW� VHWLDS� WDKXQ�� ,QGXVWUL� PHEHO� GDQ�
NHUDMLQDQ�PHPEXWXKNDQ� ND\X� VHEHVDU� ����� MXWD�

�
P �WDKXQ�� VHPHQWDUD� \DQJ� ELVD� GLSDVRN� GDUL�

�
KXWDQ�DODP�GDQ�WDQDPDQ�KDQ\D�VHNLWDU������MXWD�P �
�$KPDG��.DVPXGMR�� 3XMLDUWL�� 	� 6XQDUWD�� ������� �
2OHK�NDUHQD�LWX�GHILVLW�EDKDQ�EDNX�GLSHUNLUDNDQ�

�
VHEHVDU� ����� MXWD� P �WDKXQ�� VHKLQJJD� XQWXN�
PHQJDWDVL�NHNXUDQJDQ�ND\X�GL�LQGXVWUL��GLSHUOXNDQ�
NHWHUVHGLDDQ� EDKDQ� EDNX� DOWHUQDWLI�� 6DODK� VDWX�
VXPEHU� \DQJ� ELVD� PHQVXEVWLWXVL� ND\X� DGDODK�
EDPEX�� .HXQJJXODQ� EDPEX� GLEDQGLQJ� ND\X��
GLDQWDUDQ\D� WXPEXK� OHELK� FHSDW� VHKLQJJD� ELVD�
GLSDQHQ� GDODP� ZDNWX� VLQJNDW�� WDKDQ� WHUKDGDS�
NHNXDWDQ� DQJLQ� GDQ� VHLVPLN� \DQJ� WLQJJL�� VHUWD�
PDPSX� PHQJXUDQJL� SROXVL� OLQJNXQJDQ� NDUHQD�
PHQ\HUDS� QLWURJHQ� GDQ� NDUERQ� GLRNVLGD� �&2 ���
GDODP� MXPODK� \DQJ� WLQJJL� �/HHODWDQRQ�� 6ULYDVR��
	� 0DWDQ�� ������� 0HQXUXW� $UWLQLQJVLK� ��������
GDODP� SHUWXPEXKDQQ\D� MXPODK� &2 � \DQJ��

GLVHUDS� EDPEX� ELVD� PHQFDSDL� ��� WRQ� SHU�
KHNWDU�� VHPHQWDUD� JDV� RNVLJHQ� �2 �� \DQJ��

GLKDVLONDQ� ���� OHELK� WLQJJL� GDUL� 2 � \DQJ��

GLKDVLONDQ� SRKRQ�� +DO� LQL� � PHPEXDW� WDQDPDQ�
WHUVHEXW�GLNHQDO�VHEDJDL�SHQJLVL�XODQJ�XGDUD�VHJDU�
\DQJ�HILVLHQ�
� 3RWHQVL� EDPEX� GL� ,QGRQHVLD� FXNXS� WLQJJL�
GDQ� WHUVHEDU� KDPSLU� GL� VHOXUXK� GDHUDK�� 6DDW� LQL�
WHUFDWDW�OHELK�GDUL�����MHQLV�EDPEX�GL�,QGRQHVLD�
����� GDUL� EDPEX� GXQLD�� GHQJDQ� XPXU� SDQHQ�
��²���WDKXQ��3UDPRQR���������,QIRUPDVL�PHQJHQDL�
VLIDW�VLIDW� VHWLDS� MHQLV� EDPEX� SHQWLQJ� GLNHWDKXL�
GDODP� NDLWDQQ\D� GHQJDQ� WXMXDQ� SHQJJXQDDQ�
GDQ� SHQHWDSDQ� WHNQRORJL� SHQJRODKDQQ\D��
,QIRUPDVL� WHQWDQJ� VLIDW� ILVLV� EDPEX� �NDGDU� DLU��
SHQ\XVXWDQ�� GDQ� NHUDSDWDQ�� SHQWLQJ� XQWXN�
PHQJHWDKXL� NHVWDELODQ� GLPHQVL� EDPEX� �$QRN\H�
HW� DO��� ������� VHGDQJNDQ� LQIRUPDVL� VLIDW�
SHQJHULQJDQQ\D� GLJXQDNDQ� VHEDJDL� GDVDU� XQWXN�
PHQHWDSNDQ� VXKX� RSWLPXP� SHQJHULQJDQ� VHWLDS�
MHQLV� EDPEX� DJDU� NXDOLWDVQ\D� WHWDS� WHUMDJD��
7XOLVDQ� LQL� PHPSHODMDUL� SHQJDUXK� MHQLV� EDPEX�
GDQ�SRVLVL�EDWDQJ�WHUKDGDS�VLIDW�ILVLV�EDPEX��GDQ�
VLIDW�SHQJHULQJDQ�EHUGDVDUNDQ�WLQJNDW�NHUXVDNDQ�
EDPEX�
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$��%DKDQ�GDQ�$ODW

� /LPD� MHQLV� EDPEX� EHUGLDPHWHU� EHVDU� �XPXU�
VHNLWDU���WDKXQ��\DQJ�GLWHOLWL�DGDODK�EDPEX�WHPHQ�
� 0XQUR�� GDUL� -DZD� %DUDW��*LJDQWRFKORD� YHUWLFLOODWD�
EDPEX�RUL�DWDX�EDPEX�GXUL�� %O��%DPEXVD�EOXPHDQD�
H I� *LJDQWRFKORD� DWWHU�[� 6FKXOW� �� GDQ� EDPEX� DWHU� �
�+DVVN �� .XU]� H[� 0XQUR�� GDUL� -DZD� 7HQJDK���
EDPEX� DPSHO� � � 6FKUDG �� GDUL�%DPEXVD� YXOJDULV �
%DQWHQ�� VHUWD� EDPEX� SHWLQJ� � �*LJDQWRFKORD� OHYLV
�%ODQFR�� 0HUU��� GDUL� /DPSXQJ�� -XPODK� EDWDQJ�
EDPEX�SHU�MHQLV�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�
LQL�EHUMXPODK���EXDK��'DUL�VHWLDS�EDWDQJ�GLDPELO�
FRQWRK�XML�SDGD���SRVLVL�NHWLQJJLDQ��\DLWX�EDJLDQ�
SDQJNDO� GDQ� WHQJDK� NDUHQD� VDPSDL� XNXUDQ�
WHUVHEXW� GLDPHWHU� SHQDPSDQJ� EDWDQJQ\D� UHODWLI �
PDVLK� VHUDJDP�� %DWDQJ� EDJLDQ� SDQJNDO� GLDPELO�
GDUL� VHSHUWLJD� EDJLDQ� GDUL� SDQMDQJ� WRWDO� EDWDQJ�
SDGD�SDQJNDO �GDQ�EDWDQJ�EDJLDQ�WHQJDK�GLDPELO��
GDUL� VHSHUWLJD� EDJLDQ� GDUL� SDQMDQJ� WRWDO� EDWDQJ�
SDGD�EDJLDQ�WHQJDK��-XPODK�FRQWRK�XML�GDUL�VHWLDS�
MHQLV� EDPEX� DGDODK� ��� EXDK�� 3HUDODWDQ� \DQJ�
GLJXQDNDQ�GDODP�SHQHOLWLDQ�DQWDUD�ODLQ�WLPEDQJDQ�
OLVWULN��MDQJND�VRURQJ��GLDO�FDOLSHU���PLVWDU�XNXU��GDQ�
RYHQ�

%��0HWRGH

� 3HQHOLWLDQ�GLODNXNDQ�SDGD�EDPEX�EXODW�GDOP�
NRQGLVL�VHJDU��6LIDW�ILVLV�\DQJ�GLXML�GDODP�SHQHOLWLDQ�
LQL�PHOLSXWL�NDGDU�DLU��NHUDSDWDQ��GDQ�SHQ\XVXWDQ�
DUDK� GLDPHWHU� GDQ� WHEDO� EDWDQJ� SDGD� NDGDU� DLU�
����� PHQJDFX� SDGD� 6WDQGDU� ,QGLD� �,6� ������
������� 3URVHGXU� SHQHOLWLDQ� VLIDW� SHQJHULQJDQ�
EDPEX�� VHEDJDLPDQD�GLXUDLNDQ�GDODP�%DVUL�GDQ�
6DHIXGLQ���������&RQWRK�XML�VLIDW�ILVLV�GLDPELO�SDGD�
EDJLDQ�UXDV��EHEDV�EXNX���VHGDQJNDQ�FRQWRK�XML�
SHQJHULQJDQ� PHOLSXWL� UXDV� GDQ� EXNX�� 8NXUDQ�
FRQWRK�XML�XQWXN�NDGDU�DLU�GDQ�NHUDSDWDQ�����FP�
�SDQMDQJ�� [� ���� FP� �OHEDU��� VHGDQJNDQ� WHEDOQ\D�
PHQJLNXWL�WHEDO�EDPEX��3DQMDQJ�FRQWRK�XML�XQWXN�
SHQ\XVXWDQ�EDPEX����FP�GDQ�VLIDW�SHQJHULQJDQ�
���FP��-XPODK�XODQJDQ�XQWXN�VHWLDS�SHQJXMLDQ���
NDOL�� 3ROD� SHQJDPELODQ� FRQWRK� XML� GDUL� VHWLDS�
EDJLDQ�EDWDQJ�GLVDMLNDQ��SDGD�*DPEDU���
� SHQGDKXOXDQ� GLODNXNDQ� GHQJDQ�3HUFREDDQ�
PHQJHULQJNDQ� FRQWRK� XML� GL� GDODP� RYHQ� SDGD�

R
&VXKX� NRQVWDQ� �� &�� DFDW� SHQJHULQJDQ� VHSHUWL�

PHQFHNXQJ� �PHQJHULSXW�NRODSV� � SHFDK�GDQ VHUWD

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW�����������
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6LIDW�)LVLV�GDQ�3HQJHULQJDQ�/LPD�-HQLV�%DPEX
�(IULGD�%DVUL�	�5RKPDK�3DUL�

XMXQJ�EXNX� GL �VHWLDS�SDGD�NRQGLVL�WHUVHEXW� DPDWL
��²���MDP�VDPSDL�FRQWRK�XML�PHQFDSDL�NDGDU�DLU�
��²���� 3HQHQWXDQ�MHQLV�GDQ�WLQJNDW�FDFDW��PHQ��
FHNXQJ� �PHQJHULSXW � �SHFDK��GDUL�VHWLDS�GDQ � VHUWD
FRQWRK� XML� PHUXMXN� SDGD� %DVUL� GDQ� 6DHIXGLQ�
�������� GLODNXNDQ� SHQLODLDQ� PHQJJXQDNDQ� VNDOD�
�� VDPSDL� �� �*DPEDU� ��� 7DEHO� �� GDQ� ����0DNLQ�
WLQJJL� VNDOD� VHPDNLQ� SDUDK� WLQJNDW� NHUXVDNDQ�

EDPEX��GDQ�VHEDOLNQ\D��%HUGDVDUNDQ�SDGD�NULWHULD�
WHUVHEXW�� GLWHWDSNDQ� VLIDW� SHQJHULQJDQ� VHWLDS�
FRQWRK� XML� VHEDJDL� GDVDU� XQWXN�SHQHWDSDQ� VXKX�
RSWLPXP��VXKX�DZDO�GDQ�VXKX�DNKLU��SHQJHULQJDQ�
EDPEX� �7DEHO� ���� .ODVLILNDVL� VLIDW� SHQJHULQJDQ�
VXDWX�MHQLV�EDPEX�GLWHWDSNDQ�EHUGDVDUNDQ�WLQJNDW�
NHUXVDNDQ�WHUWLQJJL�GDUL�VDODK�VDWX�DWDX�GXD�NULWHULD�
FDFDW�WHUVHEXW��

*DPEDU����3ROD�SHQJDPELODQ�FRQWRK�XML
'JHVSF����1BUUFSOT�GPS�TJNQMF�QSFQBSBUJPO

*DPEDU����%HQWXN�GHIRUPDVL�GDQ�SHFDK�SDGD�EDWDQJ�EDPEX
'JHVSF����%FGPSNBUJPO�BOE�TQMJU�GPSNT�PO�CBNCPP�DVMN
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� 8QWXN� SHQHODDKDQ� GDWD� VLIDW� ILVLV� �NDGDU� DLU�
VHJDU�� NHUDSDWDQ�� GDQ� SHQ\XVXWDQ�� OLPD� MHQLV�
EDPEX�GLJXQDNDQ�DQDOLVLV�NHUDJDPDQ�PHQJJXQD�
NDQ� UDQFDQJDQ� DFDN� OHQJNDS� IDNWRULDO� EHUSROD�
SHWDN� WHUSLVDK� � ��� 'DODP� UDQFDQJDQ� LQL�VSOLW� SORW

MHQLV�EDPEX��WHPHQ��GXUL��DPSHO��DWHU��GDQ�SHWLQJ��
GLMDGLNDQ� SHWDN� XWDPD�� VHGDQJNDQ� OHWDN�SRVLVL�
SDGD�EDWDQJ��SDQJNDO�GDQ�WHQJDK��GDQ�LQWHUDNVL�
Q\D�GHQJDQ�MHQLV�EDPEX�VHEDJDL�SHWDN�VHNXQGHU��
-XPODK� XODQJDQ� XQWXN� VHWLDS� SHUODNXDQ� �� EXDK��
3HQHODDKDQ� GDWD� WHUVHEXW� GLEDQWX� GHQJDQ� SDNHW�
SURJUDP��6$6�������� ��

7DEHO����7LQJNDW�GHIRUPDVL�SDGD�FRQWRK�XML�EDPEX
5BCMF����%FHSFF�PG�EFGPSNBUJPO�PO�CBNCPP�TBNQMF

'HIRUPDVL
�'HIRUPDWLRQ� �

7LQJNDW�GHIRUPDVL��'HIRUPDWLRQ�GHJUHH� �
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6XPEHU��6RXUFH���%DVUL�	�6DHIXGLQ�������
.HWHUDQJDQ��5HPDUNV���$�$ � �.RODS��:ULQNOH���\� �0HQFHNXQJ��&RQFDYH��

7DEHO����7LQJNDW�SHFDK�XMXQJ�EXNX�SDGD�FRQWRK�XML�EDPEX��
5BCMF����%FHSFF�PG�FOE�OPEF�TQMJUT�PO�CBNCPP�TBNQMF
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3DQMDQJ�SHFDK �
�/HQJWK�RI �VSOLWV� �
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������FP�SDGD�EXNX��DW�QRGH�

/HELK�GDUL��0RUH�WKDQ���
/HELK�GDUL��0RUH�WKDQ���
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7DEHO����6XKX�DZDO�GDQ�DNKLU�SHQJHULQJDQ�EDPEX�EHUGDVDUNDQ�NULWHULD�FDFDW
5BCMF����*OJUJBM�BOE�GJOBM�UFNQFSBUVSF�PG�CBNCPP�ESZJOH�CBTFE�PO�EFGFDU�DSJUFSJB

1R� �
-HQLV�FDFDW �
�.LQG�RI �GHIHFWV� �

6XKX�SHQJHULQJDQ �
�'U\LQJ�WHPSHUDWXUH� �

7LQJNDW�FDFDW��'HIHFW�GHJUHH�
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6XPEHU��6RXUFH����%DVUL�	�6DHIXGLQ�������
.HWHUDQJDQ��5HPDUNV���,��6DQJDW�EDLN��9HU\�JRRG���,,��%DLN��*RRG���,,,��6HGDQJ��)DLU���,9��.XUDQJ�EDLN��3RRU���9��-HOHN��9HU\�SRRU�
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� )DNWRU� MHQLV� EDPEX� EHUSHQJDUXK� Q\DWD� WHU�
KDGDS�NDGDU�DLU�VHJDU��NHUDSDWDQ��GDQ�SHQ\XVXWDQ��
+DO� LQL� MXJD� GLGXNXQJ� GHQJDQ� KDVLO� DQDOLVLV�
NHUDJDPDQ��/DPSLUDQ�����+DVLO�DQDOLVLV�NHUDJDPDQ�
WHUVHEXW� PHQXQMXNNDQ� EDKZD� LQWHUDNVL� MHQLV�
EDPEX� GHQJDQ� SRVLVL� SDGD� EDWDQJ� EDPEX�
EHUSHQJDUXK� Q\DWD� WHUKDGDS� SHQ\XVXWDQ� DUDK�
GLDPHWHU� GDQ� SHQ\XVXWDQ� DUDK� WHEDO�� .DGDU� DLU�
EDPEX� �NHFXDOL� EDPEX� DPSHO�� PHQXUXQ� GDUL�
EDWDQJ�EDJLDQ�SDQJNDO�NH�EDWDQJ�EDJLDQ�WHQJDK��
PHVNLSXQ� VHFDUD� VWDWLVWLN� WLGDN� EHUEHGD� Q\DWD��
.HFHQGHUXQJDQ� NDGDU� DLU� EDPEX�PHQXUXQ� GDUL�
SDQJNDO�NH�EDWDQJ�DWDV�NDUHQD�VHO�SDUHQNLP�\DQJ�
PHUXSDNDQ�WHPSDW�SHQDPSXQJDQ�DLU�VHPDNLQ�NH�
DWDV�VHPDNLQ�EHUNXUDQJ�SHUVHQWDVHQ\D��)DQJFKXQ��
������ 1DKDU� 	� +DVDQ�� ������� 'HQJDQ� EHU�
NXUDQJQ\D� MDULQJDQ� SDUHQNLP�� NDQGXQJDQ� DLU�
EDPEX� DNDQ� EHUNXUDQJ� VHKLQJJD� NHUDSDWDQ�
MDULQJDQ� SHPEXOXK� EHUWDPEDK�� +DO� LQL� WDPSDN�
SDGD�*DPEDU����GL�PDQD�QLODL�NHUDSDWDQ�EDPEX�
PHQLQJNDW�GHQJDQ�EHUNXUDQJQ\D�NDGDU�DLU�EDPEX��
.RQGLVL�\DQJ�VDPD�MXJD�GLWHPXNDQ�SDGD�EDPEX�
DSXV�� EDPEX� PD\DQ�� GDQ� EDPEX� KLWDP� \DQJ�
GLWHOLWL� ROHK� %DVUL� GDQ� 6DHIXGLQ� �������� 6HODLQ�
WHUKDGDS� NHUDSDWDQ�� NDGDU� DLU� VHJDU� MXJD� EHU�
NRUHODVL�SRVLWLI ��VDQJDW�Q\DWD��GHQJDQ�SHQ\XVXWDQ�
GLDPHWHU�GDQ�WHEDO�EDPEX��*DPEDU���GDQ����

� %HUEHGD�GHQJDQ�ND\X��EDPEX�PXODL�PHQ\XVXW�
GL� DZDO� SHQJHULQJDQ�� 6HPDNLQ� WLQJJL� NDGDU� DLU�
VHJDU� VHPDNLQ� EHVDU� SHQ\XVXWDQQ\D�� 3HUVHQWDVH�
SHQ\XVXWDQ�EHUEHGD�SDGD� VHWLDS� MHQLV�� GDQ�SDGD�
MHQLV� \DQJ� VDPD� �NHFXDOL� EDPEX� DPSHO��
SHQ\XVXWDQ�EDWDQJ�SDQJNDO�OHELK�WLQJJL�GLEDQGLQJ�
EDWDQJ�WHQJDK� ��7DEHO�����3DGD�DUDK�SHQDPSDQJ�
�GLDPHWHU�� EDWDQJ�� QLODL� SHQ\XVXWDQ� EHUNLVDU�
DQWDUD� ����� � ������ GDQ� SDGD� DUDK� WHEDO� EHU�²
NLVDU� DQWDUD� ����� � ������� 1LODL� SHQ\XVXWDQ�²
GLDPHWHU� WHUEHVDU� WHUGDSDW� SDGD� EDPEX� DPSHO��
VHGDQJNDQ� QLODL� SHQ\XVXWDQ� WHEDO� WHUEHVDU� SDGD�
EDPEX�SHWLQJ��+XEXQJDQ�DQWDUD�QLODL� NHUDSDWDQ�
GHQJDQ� WLQJNDW� SHQ\XVXWDQ� EDPEX�� EDLN� SDGD�
DUDK� GLDPHWHU� PDXSXQ� DUDK� WHEDO� EDWDQJ� MXJD�
Q\DWD�� VHEDJDLPDQD� GLWXQMXNNDQ� GDODP�*DPEDU�
��GDQ����,QL�VHVXDL�GHQJDQ�KDVLO�SHQHOLWLDQ�9HWWHU��
5LEHLUR��5LEHLUR��GDQ�0LUDQGD� �������GDQ� 6LDP��
8\XS��+XVDLQ��GDQ�0XVWDID���������GL�PDQD�QLODL�
NHUDSDWDQ� EDPEX� FHQGHUXQJ� PHQLQJNDW� GDUL�
EDWDQJ�SDQJNDO�NH�DWDV��VHEDOLNQ\D�SHQ\XVXWDQQ\D�
EHUNXUDQJ�� +DO� WHUVHEXW� PXQJNLQ� GLNDUHQDNDQ�
VHPDNLQ�NH�DWDV�DWDX�NH�DUDK�XMXQJ�EDWDQJ�NDGDU�
DLU� EDPEX� PDNLQ� EHUNXUDQJ� VHPHQWDUD� MXPODK�
MDULQJDQ� SHPEXOXKQ\D� PDNLQ� EHUWDPEDK��
VHKLQJJD�PDNLQ�SDGDW�
� 3DGD� SHQHOLWLDQ� LQL� WDPSDN� DGDQ\D� NRUHODVL�
DQWDUD� NHUDSDWDQ� GDQ� WHEDO� EDWDQJ�SHQ\XVXWDQ�
EDPEX �� 0HVNLSXQ� SHUEHGDDQ�� �*DPEDU� ��
GLDPHWHU� GDUL� EDWDQJ� SDQJNDO� NH� EDWDQJ� WHQJDK�

*DPEDU����+XEXQJDQ�DQWDUD�NDGDU�DLU�VHJDU�GHQJDQ�NHUDSDWDQ�EDPEX
'JHVSF����3FMBUJPOTIJQ�CFUXFFO�HSFFO�NPJTUVSF�DPOUFOU�BOE�EFOTJUZ�PG�CBNCPP

6LIDW�)LVLV�GDQ�3HQJHULQJDQ�/LPD�-HQLV�%DPEX
�(IULGD�%DVUL�	�5RKPDK�3DUL�
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WLGDN� EHVDU�� QDPXQ� SHUEHGDDQ� WHEDOQ\D� FXNXS�
EHVDU��\DLWX�EHUNLVDU�DQWDUD����²������EHUJDQWXQJ�
SDGD� MHQLV� EDPEX� �7DEHO� ���� %HUNXUDQJQ\D�
GLPHQVL� WHEDO� GDUL� EDWDQJ� SDQJNDO� NH� EDWDQJ�
WHQJDK� EHUNRUHODVL� SRVLWLI � WHUKDGDS� NHQDLNDQ�
NHUDSDWDQ� EDPEX� GDUL� SDQJNDO� NH� WHQJDK� \DQJ�
GLLNXWL�GHQJDQ�PHQXUXQQ\D�SHQ\XVXWDQ�WHEDO��+DO�
LQL� GLGXJD� VHODLQ� WHUNDLW� GHQJDQ� PDNLQ�
WHUGLVWULEXVLQ\D�LNDWDQ�SHPEXOXK�GDQ�EHUWDPEDK�
Q\D� NDQGXQJDQ� VLOLND� �1RUGDKOLD� HW� DO��� �������

NXUDQ� GLPHQVL� GL�MXJD� X SHPEXOXK� PDNLQ� NHFLO�
EDWDQJ� OHELK�DWDV� 	\DQJ� �6DQWKRVKNXPDU� �%KDW��
������ /HELK�VSHVLILN�'D]D� �$UEHOiH]��������� GDQ

PH NDQ� EDKZD� NHQDLNDQ� NHUDSDWDQ� EDPEX�ODSRU
GDUL�EDWDQJ�SDQJNDO�NH�EDWDQJ�DWDV�WHUMDGL�NDUHQD�
SRUVL�MDULQJDQ�VNOHUHQNLP�VHPDNLQ�NH�DWDV�EDWDQJ�
FHQGHUXQJ� VHPDNLQ� EDQ\DN� MXPODKQ\D�� -DULQJDQ�
VNOHUHQNLP� DGDODK� MDULQJDQ� \DQJ� GLEDQJXQ� GDUL�
VHUDW�PLNUR�VHOXORVD�GDODP�PDWULNV�KHPLVHOXORVD�
GDQ�OLJQLQ�\DQJ�EHUIXQJVL�PHPEHULNDQ�NHNXDWDQ��
IOHNVLELOLWDV��GDQ�NHNDNXDQ�SDGD�WDQDPDQ� �-DUYLV��
������� 'HQJDQ� PHQLQJNDWQ\D� NHUDSDWDQ� EDWDQJ�
WHQWX� DNDQ� PHQLQJNDWNDQ� NHNXDWDQ� EDPEX��
VHEDJDLPDQD� GL NDQ� GDUL� KDVLO� SHQHOLWLDQ�EXNWL
:DKDE�HW�DO�������E���1RUGDKOLD�HW�DO����������GDQ�
6LDP�HW�DO���������

*DPEDU����+XEXQJDQ�DQWDUD�NDGDU�DLU�VHJDU�GHQJDQ�SHQ\XVXWDQ�WHEDO�EDPEX
'JHVSF����3FMBUJPOTIJQ�CFUXFFO�HSFFO�NPJTUVSF�DPOUFOU�BOE�UIJDLOFTT�TISJOLBHF�PG�CBNCPP

*DPEDU����+XEXQJDQ�DQWDUD�NDGDU�DLU�VHJDU�GHQJDQ�SHQ\XVXWDQ�GLDPHWHU�EDPEX
'JHVSF����3FMBUJPOTIJQ�CFUXFFO�HSFFO�NPJTUVSF�DPOUFOU�BOE�EJBNFUFS�TISJOLBHF�PG�CBNCPP

6LIDW�)LVLV�GDQ�3HQJHULQJDQ�/LPD�-HQLV�%DPEX
�(IULGD�%DVUL�	�5RKPDK�3DUL�
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%��6LIDW�3HQJHULQJDQ

� 3HQJHWDKXDQ� WHQWDQJ� VLIDW�SHQJHULQJDQ� VXDWX�
MHQLV� EDPEX� SHQWLQJ� XQWXN� PHQHQWXNDQ� VXKX�
RSWLPXP�SHQJHULQJDQQ\D�DJDU�NXDOLWDVQ\D�WHUMDJD�
VHUWD� ELVD� PHQJKHPDW� ZDNWX� GDQ� HQHUJL��
.ODVLILNDVL� VLIDW� SHQJHULQJDQ� OLPD� MHQLV� EDPEX�
\DQJ� GLWHOLWL� GLODNXNDQ� EHUGDVDUNDQ� NHKDGLUDQ�
FDFDW� SHFDK� GDQ� PHQJHULSXW� SDGD� SHQDPSDQJ�
EDWDQJ��%DPEX�XWXK��EDPEX�EXODW��PHPLOLNL�VLIDW�
\DQJ� EHUEHGD� GHQJDQ� ND\X�� VHKLQJJD� VLIDW�
SHQJHULQJDQQ\D� MXJD� EHUEHGD�� 6HEDJDLPDQD�
VXGDK�GLXUDLNDQ�VHEHOXPQ\D��SDQMDQJ�VHUDW�EDPEX�
SDGD� SHQDPSDQJ� PHOLQWDQJ� EDWDQJ� XPXPQ\D�
EHUWDPEDK�GDUL�EDJLDQ�OXDU�NH�EDJLDQ�WHQJDK��GDQ�
NHPXGLDQ�PHQXUXQ�ODJL�NH�EDJLDQ�GDODP��:DKDE�
HW�DO�������D���'HPLNLDQ�MXJD�VHO�SDUHQNLP�OHELK�
EDQ\DN� GHQJDQ� VHUDW� \DQJ� OHELK� VHGLNLW� SDGD�
GLQGLQJ� EDJLDQ� GDODP�� VHGDQJNDQ� MDULQJDQ�
SHPEXOXK� OHELK� EDQ\DN� GDQ� VDQJDW� UDSDW� SDGD�
EDJLDQ� EXNX�� VHKLQJJD� EDJLDQ� EXNX� OHELK� NHUDV�
GDQ� NDNX� �)DQJFKXQ�� ������� 7HUNDLW� GHQJDQ�
SHUEHGDDQ�WLQJNDW�SHQ\XVXWDQ�NDUHQD�SHUEHGDDQ�
NHNHUDVDQ� DQWDU� EDJLDQ�EDJLDQ� WHUVHEXW�� PH�
Q\HEDENDQ�EDPEX�EXODW�OHELK�PXGDK�SHFDK�GDQ�
DWDX�PHQJHULSXW�GLEDQGLQJ�ELODK�EDPEX�PDXSXQ�
ND\X� MLND�SHQJHULQJDQQ\D�WLGDN�GLODNXNDQ�VHFDUD�
KDWL�KDWL�
� 7LQJNDW� NHSHNDDQ� OLPD� MHQLV� EDPEX� \DQJ�

R
GLWHOLWL� SDGD� VXKX� NRQVWDQ� �� &� EHUYDULDVL�

R
�7DEHO�����%DPEX�WHPHQ�GDQ�RUL�SDGD�VXKX��� &�
WLGDN� PHQJDODPL� SHFDK� �NHODV� ,� DWDX� VDQJDW�
EDLN��� QDPXQ� VHGLNLW� PHQJHULSXW� �NHODV� ,,� DWDX�
EDLN���%DPEX�DWHU�SDGD�EDWDQJ�WHQJDK�VHGLNLW�PH�
QJHULSXW�GDQ�SHFDK��NHODV�,,�DWDX�EDLN���VHPHQWDUD�
SDGD� EDWDQJ� SDQJNDO� FDFDW� PHQJHULSXWQ\D�
WHUPDVXN� NHODV� ,,,� �VHGDQJ��� &DFDW� SHFDK� GDQ�
PHQJHULSXW�SDGD�EDPEX�DPSHO� �EDWDQJ�SDQJNDO�
GDQ� WHQJDK�� GDQ� EDPEX�SHWLQJ� �EDWDQJ� WHQJDK��
WHUPDVXN� NHODV� ,,,� �VHGDQJ��� VHGDQJNDQ� FDFDW�
SHFDK�GDQ�PHQJHULSXW�SDGD�EDPEX�SHWLQJ��EDWDQJ�
SDQJNDO��WHUPDVXN�NHODV�,9��NXUDQJ�EDLN��
� 3HQHWDSDQ�VXKX�SHQJHULQJDQ��EDLN�SDGD�ND\X�
PDXSXQ�EDPEX�MXJD�GLGDVDUNDQ�SDGD�FDFDW�\DQJ�
WHUSDUDK� GDUL� VHPXD� NULWHULD� FDFDW�� %HUGDVDUNDQ�
NULWHULD�WHUVHEXW��PDND VXKX�RSWLPXP�XQWXN�SH� �

QJHULQJDQ�EDPEX� WHPHQ�GDQ�GXUL� �SDGD�EDWDQJ�
SDQJNDO� VDPSDL� WHQJDK� VHUWD� EDPEX� DWHU� SDGD�
EDWDQJ�WHQJDK�DGDODK��� ²��� &��VHGDQJNDQ�VXKX�

R
�

RSWLPXP� XQWXN� EDPEX� DPSHO� GDUL� EDWDQJ�
SDQJNDO�VDPSDL�WHQJDK��EDPEX�DWHU�SDGD�EDWDQJ�
SDQJNDO�� GDQ� EDPEX� SHWLQJ� SDGD� EDWDQJ�
WHQJDK�DGDODK����²��� &��7DEHO�����$GDSXQ�VXKX�

R

RSWLPXP� XQWXN� EDPEX� SHWLQJ� SDGD� EDWDQJ�
SDQJNDO�DGDODK����²��� &��-LND�DNDQ�PHQJHULQJ�

R

NDQ� �EDWDQJ�SDQJNDO�GDQ�EDWDQJ�WHQJDK�EHUVDPD�
VDPD�GDODP�VDWX�GDSXU�SHQJHULQJDQ��PDND�VXKX�
RSWLPXP�XQWXN�EDPEX�DWHU�DGDODK����²��� &�GDQ�

R

EDPEX� SHWLQJ� ��� ²� �� &�� DJDU� NXDOLWDV� EDWDQJ�
R

SDQJNDO� WHWDS� WHUMDJD��3HQHWDSDQ� VXKX�RSWLPXP�
LQL� EHUEHGD� XQWXN� VHWLDS� MHQLV� EDPEX�� VHSHUWL�

R
SDGD� EDPEX� PD\DQ� DGDODK� ��� � �� &� XQWXN�²

R
PHQJHULQJNDQ�EDWDQJ�SDQJNDO����� ��� &�XQWXN�²

R
PHQJHULQJNDQ�EDWDQJ�WHQJDK��GDQ���� ��� &�XQWXN�²
PHQJHULQJNDQ� EDWDQJ� XMXQJ� �%DVUL�	� 6DHIXGLQ��
������
� 6HSHUWL� KDOQ\D� ND\X�� WLQJNDW� NHNHULQJDQ�
EDPEX� MXJD� SHQWLQJ� GLSHUKDWLNDQ� NDUHQD� GDSDW�
PHPSHQJDUXKL�VLIDW�ILVLV�GDQ�NHNXDWDQQ\D� 7LQJ��
NDW� NHNHULQJDQ� EDPEX� EHUKXEXQJDQ� ODQJVXQJ�
GHQJDQ� NXDOLWDV� SHQJHUMDDQ� � ���ZRRGZRUNLQJ
SHUHNDWDQ� � ��� SHQ\DPEXQJDQ� � ��� � GDQ�JOXLQJ MRLQLQJ
SHQJHUMDDQ� DNKLU�� .HWLND� NDGDU� DLU� EHUNXUDQJ��
NHNXDWDQ�EDPEX�DNDQ�PHQLQJNDW�GDQ�VHEDOLNQ\D��
VHKLQJJD� PHUXSDNDQ� IDNWRU� SHQHQWX� GL� GDODP�
SHQJJXQDDQQ\D� VHEDJDL� NRPSRQHQ� VWUXNWXU�
�:DNFKDXUH�	�.XWH���������'LPHQVL�SURGXN�GDUL�
EDPEX� \DQJ� NDGDU� DLUQ\D� EHOXP� PHQFDSDL�
NHVHLPEDQJDQ� GHQJDQ� OLQJNXQJDQQ\D� DNDQ�
EHUXEDK� VHFDUD� VLJQLILNDQ�� VHKLQJJD� NXDOLWDVQ\D�
DNDQ�PHQXUXQ��0HQXUXW�9HWWHU�HW�DO����������MLND�
SURGXN� EDPEX� EXODW� DNDQ� GLWHPSDWNDQ� GL�
OLQJNXQJDQ�WURSLV��NDGDU�DLUQ\D�FXNXS����²������
+DO�LQL�UHODWLI �VDPD�GHQJDQ�NDGDU�DLU�NHULQJ�XGDUD�
XQWXN� ND\X� GL� OLQJNXQJDQ� WURSLV�� 1DPXQ� MLND�
EDPEX� DNDQ� GLMDGLNDQ� SURGXN� SHUHNDWDQ�PHQJ�
JXQDNDQ� SURVHV� NHPSD� GLQJLQ� PDND� NDGDU� DLU�
EDKDQ�EDPEX�\DQJ�DNDQ�GLUHNDW�GLVDUDQNDQ�VHNLWDU�
��� �6XODVWLQLQJVLK� 	� 6DQWRVR�� ������ DWDX�
EHUGDVDUNDQ�SHWXQMXN��EURVXU��GDUL�SDEULN�SHUHNDW�
\DQJ�GLJXQDNDQ�

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW�����������
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*DPEDU����+XEXQJDQ�DQWDUD�NHUDSDWDQ�GHQJDQ�SHQ\XVXWDQ�WHEDO�EDPEX
'JHVSF����3FMBUJPOTIJQ�CFUXFFO�EFOTJUZ�BOE�UIJDLOFTT�TISJOLBHF�PG�CBNCPP

*DPEDU����+XEXQJDQ�DQWDUD�NHUDSDWDQ�GHQJDQ�SHQ\XVXWDQ�GLDPHWHU�EDPEX
'JHVSF����3FMBUJPOTIJQ�CFUXFFO�EFOTJUZ�BOE�EJBNFUFS�TISJOLBHF�PG�CBNCPP

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW�����������

,9���.(6,038/$1

� 7HUGDSDW�KXEXQJDQ�\DQJ�HUDW�DQWDUD�NDGDU�DLU�
VHJDU�EDPEX�GHQJDQ�NHUDSDWDQ�GDQ�SHQ\XVXWDQ�
EDWDQJQ\D�� EDLN� SHQ\XVXWDQ� SDGD� SHQDPSDQJ�
�GLDPHWHU��PDXSXQ�SDGD�WHEDO�EDWDQJ��3DGD�MHQLV�
\DQJ�VDPD��NDGDU�DLU�EDPEX�VHJDU�EHUNXUDQJ�GDUL�
EDWDQJ�SDQJNDO�NH�EDWDQJ�WHQJDK��%HUNXUDQJQ\D�
NDGDU� DLU� EHUGDPSDN� SRVLWLI � WHUKDGDS� NHQDLNDQ�
NHUDSDWDQ� GDQ� SHQXUXQDQ� WLQJNDW� SHQ\XVXWDQ�
GLPHQVL�EDPEX�
� 6LIDW� SHQJHULQJDQ�EDPEX� WHPHQ� �*LJDQWRFKORD�
YHUWLFLOODWD %DPEXVD� EOXPHDQD�� GDQ� EDPEX� RUL� � ��
WHUEDLN� GL� DQWDUD� OLPD� MHQLV� EDPEX� \DQJ� GLWHOLWL��

.HGXD� EDPEX� WHUVHEXW� WLGDN� PHQJDODPL� SHFDK�
�NHODV�,�DWDX�VDQJDW�EDLN��WDSL�VHGLNLW�PHQJHULSXW�
�NHODV�,,�DWDX�EDLN���%HUGDVDUNDQ�VLIDW�SHQJHULQJ�
DQQ\D��VXKX�RSWLPXP�XQWXN�NHGXD� MHQLV�EDPEX�
WHUVHEXW�DGDODK����²��� &�

R

� 6LIDW� SHQJHULQJDQ� EDPEX� DWHU� XQWXN� EDWDQJ�
WHQJDK� WHUPDVXN� EDLN� �NHODV� ,,�� GDQ� EDWDQJ�
SDQJNDO�WHUPDVXN�VHGDQJ��NHODV�,,,���-LND�EDPEX�
DWHU� SDGD� EDWDQJ� SDQJNDO� GDQ� WHQJDK� DNDQ�
GLVDWXNDQ�SHQJHULQJDQQ\D��PDND�VXKX�RSWLPXP�

R
Q\D�DGDODK����²��� &��6LIDW�SHQJHULQJDQ�EDPEX�
DPSHO� WHUPDVXN� VHGDQJ� �NHODV� ,,,��� EDLN� EDWDQJ�
SDQJNDO� PDXSXQ� EDWDQJ� WHQJDK�� GHQJDQ� VXKX�

R
RSWLPXP� SHQJHULQJDQQ\D� ��� ²� �� &�� 6LIDW�
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SHQJHULQJDQ�EDPEX�SHWLQJ�XQWXN�EDWDQJ�WHQJDK�
WHUPDVXN�VHGDQJ� �NHODV� ,,,��GDQ�EDWDQJ�SDQJNDO�
WHUPDVXN� NXUDQJ� EDLN� �NHODV� ,9��� -LND� EDPEX�
SHWLQJ� SDGD� EDWDQJ� SDQJNDO� GDQ� WHQJDK� DNDQ�
GLVDWXNDQ�SHQJHULQJDQQ\D��PDND�VXKX�RSWLPXP�

R
Q\D�DGDODK����²��� &�

8&$3$1�7(5,0$�.$6,+

� 7HULPD�NDVLK�GLVDPSDLNDQ�NHSDGD�,U��1XUZDWL�
+DGMLE��06��\DQJ�WHODK�PHPEHUL�EDQ\DN�PDVXNDQ�
GDODP�SHQHOLWLDQ�LQL�

'$)7$5�3867$.$

$KPDG��=��5���.DVPXGMR��3XMLDUWL��5���	�6XQDUWD��
6�� �������� 3HQJDUXK� SHUEHGDDQ� MHQLV� GDQ�
XPXU�EDPEX�WHUKDGDS�NXDOLWDVQ\D�VHEDJDL�
EDKDQ� PHEHO� GDQ� NHUDMLDQDQ�� 'DODP� *��
/XNPDQGDUX��5��3XMLDUWL��5��:LG\RULQL��:��
'�� 1XJURKR�� '�� ,UDZDWL�� 	� 7�� /LVW\DQWR�
�(GV����3URVLGLQJ�6HPLQDU�1DVLRQDO�3HUDQDQ�GDQ�
6WUDWHJL� .HELMDNDQ� 3HPDQIDDWDQ� +DVLO� +XWDQ�
%XNDQ� .D\X� �++%.�� GDODP� 0HQLQJNDWNDQ�
'D\D�*XQD�.DZDVDQ��+XWDQ����SS������������
8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD�

$QRN\H�� 5��� .DORQJ�� 5�0��� %DNDU�� (�6���
5DWQDVLQJDP��-���-DZDLG��0���	�$ZDQJ��.��
�������� 9DULDWLRQV� LQ� PRLVWXUH� FRQWHQW�
DIIHFW� WKH� VKULQNDJH� RI � �*LJDQWRFKORD
VFRUWHFKLQLL %DPEXVD� YXOJDULV� DQG� �DW�GLIIHUHQW�
KHLJKWV� RI � WKH� EDPERR� FXOP��%LRUHVRXUFHV��
������ ����������� GRL�� ���������ELRUHV��
��������������

$UWLQLQJVLK��1�.�$����������3HPDQIDDWDQ�EDPEX�
SDGD� NRQVWUXNVL� EDQJXQDQ� EHUGDPSDN�
SRVLWLI �EDJL� OLQJNXQJDQ��0HWDQD�������������
GRL�����������PHWDQD�Y�L��������

%DVUL��(���	�6DHIXGLQ����������3HQJDUXK�XPXU�GDQ�
SRVLVL�OHWDN�UXDV�SDGD�EDWDQJ�WHUKDGDS�VLIDW�
SHQJHULQJDQ� WLJD� MHQLV� EDPEX�� -XUQDO�
3HQHOLWLDQ�+DVLO�+XWDQ�����������������

%DVUL��(���	�6DHIXGLQ����������6LIDW�ILVLN�GDQ�EDJDQ�
SHQJHULQJDQ� EDPEX� PD\DQ� �*LJDQWRFKORD�
UREXVWD�.XU]���'DODP�6XKDVPDQ��$��$ULI��0��
0XLQ��,��6XOLVW\DZDWL��$�'��<XQLDUWL��	�5�,��
0DXODQ\� �(GV����3URVLGLQJ� 6HPLQDU�1DVLRQDO�

+LMDXNDQ�%XPL�XQWXN�.HOHVWDULDQ�3HPDQIDDWDQ�
.D\X� \DQJ� 2SW LPDO � EDJ L � .HKLGXSDQ�
%HUNHODQMXWDQ�� 0DV\DUDNDW� 3HQHOLWL� .D\X�
,QGRQHVLD� �0DSHNL�� ;9� GDQ� 8QLYHUVLWDV�
+DVDQXGGLQ��0DNDVVDU��KDO�������

'D]D��-�)�&���	�$UEHOiH]��-����������,QIOXHQFH�RI �
DJH� DQG� KHLJKW� SRVLWLRQ� RQ� &RORPELDQ�
*XDGXD� DQJXVWLIROLD� EDPERR� PHFKDQLFDO�
SURSHUWLHV��0DGHUDV�&LHQFLD�7HFQRORJtD���������
� � � � � � � � G R L � � � � � � � � � � 6 � � � � �
���;��������������

)DQJFKXQ��=����������6HOHFWHG�ZRUNV�RI �EDPERR�
UHVHDUFK�� 7KH� %DPERR� 5HVHDUFK� (GLWRULDO�
&RPPLWWHH� &KDSWHU� ;,,�;,9� �SS�� ���������
&KLQD��1DQMLQJ�)RUHVWU\�8QLYHUVLW\�

,QGLDQ� 6WDQGDUG� �,6��� ��������0HWKRG� RI � WHVWV� IRU�
EDPERR�� 7LPEHU� DQG� 7LPEHU� 6WRUHV� �,6�
������������ )LUVW� 5HYLVLRQ�� 1HZ� 'HOKL��
%XUHDX�RI �,QGLDQ�6WDQGDUGV�

-DUYLV��0�&�� �������� 6FOHUHQFK\PD�(QF\FORSHGLD�
RI � OLIH� VFLHQFHV�� 3XEOLVKHG� 2QOLQH�� ��� $XJ�
������ GRL�� �����������������������
D��������SXE��� *ODVERZ� 8QLYHUVLW\��
*ODVJRZ�6FRQWODQG��&KLFKHVWHU��8.��-RKQ�
:LOOH\� 	� 6RQV� /WG�� 'LDNVHV� GDUL�
KWWS���ZZZ�HOV�QHW�

/HHODWDQRQ�� 6��� 6ULYDUR�� 6���	�0DWDQ��1�� ��������
&RPSUHVVLYH�VWUHQJWK�DQG�GXFWLOLW\�RI �VKRUW�
FRQFUHWH� FROXPQV� UHLQIRUFHG� E\� EDPERR��
6RQJNODQDNDULQ� -RXUQDO� RI � 6FLHQFH� DQG�
7HFKQRORJ\�����������������

1DKDU��6���	�+DVDQ��0����������(IIHFW�RI �FKHPLFDO�
FRPSRVLWLRQ�� DQDWRP\� DQG� FHOO� ZDOO�
VWUXFWXUH�RQ�WHQVLOH�SURSHUWLHV�RI �EDPERR�
ILEHU��(QJLQHHULQJ� -RXUQDO�� ������� ������ GRL��
��������HM��������������

1RUGDKOLD�� $�6��� $QZDU�� 8�0�.��� +DPGDQ�� +���
=DLGRQ��$���3DULGDK��0�7���	�5D]DN��2�$��
�������� (IIHFWV� RI � DJH� DQG� KHLJKW� RQ�
VHOHFWHG� SURSHUWLHV� RI �0DOD\VLDQ� EDPERR�
�*LJDQWRFKORD� OHYLV��� -RXUQDO� RI � 7URSLFDO� )RUHVW�
6FLHQFH�����������������

3UDPRQR�� -�� �������� .HELMDNDQ� VHNWRU� KXOX� GDQ�
SHUDQ� .HPHQWHULDQ� .HKXWDQDQ� GDODP�
SHQJHPEDQJDQ� EDPEX�� 3UHVHQWDVL� GL�
VDPSDLNDQ� SDGD� 5DSDW� )RUXP�.HUMDVDPD�
3HQJHPEDQJDQ� %DPEX� 1DVLRQDO�� ���

��

6LIDW�)LVLV�GDQ�3HQJHULQJDQ�/LPD�-HQLV�%DPEX
�(IULGD�%DVUL�	�5RKPDK�3DUL�



2NWREHU� ������ -DNDUWD�� 'LUHNWRUDW� %LQD�
3HUKX WDQDQ � 6RV L D O � � .HPHQWH U L DQ �
.HKXWDQDQ�

6DQWKRVKNXPDU�� 5��� 	� %KDW�� .�9�� ��������
9DULDWLRQ� LQ� GHQVLW\� DQG� LWV� UHODWLRQ� WR�
DQDWRPLFDO� SURSHUWLHV� LQ� EDPERR� FXOPV��
%DPEXVD� EDPERV� �/��� 9RVV�� -RXUQDO� RI � 3ODQW�
6FLHQFHV�����������������GRL������������M�MSV��
������������

6$6����������6WDWLVWLFDO�DQDO\VLV�V\VWHP�JXLGH�IRU�SHUVRQDO�
WKFRPSXWHUV�� �� �(GLWLRQ��� 6$6� ,QVWLWXWH� ,QF��

&DU\��1&�������������

6LDP�� 1�$��� 8\XS�� 0�$�� .��� +XVDLQ�� +��� 	�
0XVWDID��0�7�� �������� 6HOHFWHG� SURSHUWLHV�
RI �0DOD\VLDQ�%DPERR�6FKL]RVWDFK\XP�JUDQGH�
�EXOXK� VHPHOLDQJ�� DQG� 6FKL]RVWDFK\XP�
EUDFK\FODGXP� �EXOXK� OHPDQJ��� ,Q� 6XE\DNWR��
(��6��%DNDU��(��+HUPLDWL��:��)DWULDVDUL��'��+��
<��<DQWR��5��$��(UPDZDU��«�0��2NWDYLDQL�

WK�(GV���� 3URFHHGLQJV� 7KH� � � ,QWHUQDWLRQDO�
6\PSRVLXP�RI �,QGRQHVLDQ�:RRG�5HVHDUFK�6RFLHW\�
�,:256��� 5ROH� $FFHOHUDWLRQ� DQG� 6\QHUJ\�
RI � :RRG� 5HVHDUFK� 6RFLHW\� WR� 6XSSRUW�
6XVWDLQDEOH� )RUHVW� ,QGXVWU\� %DVHG� RQ�
6FLHQFH� DQG� 7HFKQRORJ\�� �SS�� �������
%DQGXQJ��,QGRQHVLD�

6XODVWLQLQJVLK�� ,�0��� 	� 6DQWRVR�� $�� ��������
3HQJDUXK� MHQLV�EDPEX��ZDNWX�NHPSD�GDQ�
SHUODNXDQ� SHQGDKXOXDQ� ELODK� EDPEX�

WHUKDGDS�VLIDW�SDSDQ�EDPEX�ODPLQD��-XUQDO�
3HQHOLWLDQ�+DVLO�+XWDQ������������������GRL��
���������MSKK�������������������

9HWWHU��5�(���5LEHLUR��5�$�6���5LEHLUR��0�*�6���	�
0LUDQGD��,�3�$����������6WXGLHV�RQ�GU\LQJ�RI �
LPSHULDO�EDPERR��(XURSHDQ�-RXUQDO�RI �:RRG�
DQG� :RRG� 3URGXFWV�� ������� ��������� GRL��
��������V�����������������

:DKDE�� 5��� 0XVWDID�� 0�7��� 5DKPDQ�� 6��� 6DODP��
0�$��� 6XODLPDQ�� 2��� 6XGLQ�� 0��� 	� 5DVDW��
0�6�0�� �����D��� 5HODWLRQVKLS� EHWZHHQ�
SK\VLFDO�� DQDWRPLFDO� DQG� VWUHQJWK�
SURSHUWLHV�RI ���<HDU�ROG�FXOWLYDWHG�WURSLFDO�
EDPERR�*LJDQWRFKORD� VFRUWHFKLQLL�� -RXUQDO� RI �
$JULFXOWXUDO�DQG�%LRORJLFDO�6FLHQFH�������������
����

:DKDE��5���0XVWDID��0�7���6DODP��$�0���7DEHUW��
7�$��� 6XODLPDQ��2���	� 6XGLQ��0�� �����E���
3RWHQWLDO�DQG�VWUXFWXUDO�YDULDWLRQ�RI �VRPH�
VHOHFWHG� FXOWLYDWHG� EDPERR� VSHFLHV� LQ�
3HQLQVXODU�0DOD\VLD��,QWHUQDWLRQDO�-RXUQDO�RI �
%LRORJ\�� ������ ��������� GRL�� ���������
LME�Y�Q�S����

:DNFKDXUH��0�5���	�.XWH��6�<����������(IIHFW�RI �
PRLVWXUH� FRQWHQW� RQ� SK\VLFDO� DQG�
PHFKDQLFDO� SURSHUWLHV� RI � EDPERR��$VLDQ�
-RXUQDO� RI � &LYLO� (QJLQHHULQJ� �%XLOGLQJ� DQG�
+RXVLQJ������������������

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW�����������

��
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