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.RPRGLWDV�VHUHDOLD�GDQ�DQHND�NDFDQJ�PHPHJDQJ�SHUDQ�SHQWLQJ
GDODP�NRQVXPVL�SDQJDQ�SDGD�VDDW�LQL�GDQ�NH�GHSDQ��3HQLQJNDWDQ

SURGXNVL�NRPRGLWDV�WHUVHEXW� WLGDN�EHUDUWL�PDQDNDOD�WLGDN�DPDQ

GLNRQVXPVL��&HPDUDQ�DIODWRNVLQ�PHUXSDNDQ�VDODK�VDWX�LQGLNDWRU
NHDPDQDQ� SDQJDQ� \DQJ� PHQHQWXNDQ� SHQHULPDDQ� NRQVXPHQ�

3UHYDOHQVL�DIODWRNVLNRVLV�\DQJ�WLQJJL�GL�$VLD�6HODWDQ�������GDQ�$VLD

7HQJJDUD�������PHQ\LUDWNDQ�PDVLK�WLQJJLQ\D�FHPDUDQ�DIODWRNVLQ
SDGD�SURGXN�VHUHDOLD�GDQ�DQHND�NDFDQJ�\DQJ�GLNRQVXPVL��&HPDUDQ

DIODWRNVLQ�GL�,QGRQHVLD��NKXVXVQ\D�SDGD�MDJXQJ�GDQ�NDFDQJ�WDQDK�

WHUGHWHNVL�OHELK�GDUL����SSE��VHKLQJJD�SHUOX�SHQDQJJXODQJDQ�VHULXV�
7HNQRORJL� SHQJXUDQJDQ� DWDX� SHQJKLODQJDQ� FHPDUDQ� DIODWRNVLQ

KLQJJD� ����SDGD�SURGXN�SDQJDQ� WHODK� EDQ\DN� GLKDVLONDQ�GDUL

EHUEDJDL�SHQHOLWLDQ��3HQHUDSDQ�WHNQRORJL�WHUVHEXW�VHFDUD�NRPHUVLDO
WHUNHQGDOD� GDUL� DVSHN� NHUXPLWDQ� SURVHGXUDO� GDQ� NHWHUEDWDVDQ

SHUDQJNDW�SHQGXNXQJ�LQGXVWULDO�GDUL�KXOX�KLQJJD�KLOLU��&HPDUDQ

DIODWRNVLQ� VHODLQ� EHUGDPSDN� QHJDWLI� SDGD� NHVHKDWDQ� MXJD
PHQ\HEDENDQ�NHUXJLDQ�HNRQRPL��QDPXQ�SHQJDWXUDQ�EDWDVDQQ\D

VDQJDW�EHUDJDP��,QGRQHVLD�PHQHWDSNDQ�EDWDV�PDNVLPXP�DIODWRNVLQ

SDGD�VHUHDOLD�GDQ�DQHND�NDFDQJ�UHODWLI�WLQJJL��������SSE��GDULSDGD
QHJDUD�ODLQ��VHKLQJJD�SHUOX�GLFHUPDWL�NHPEDOL�PHODOXL�SHQHOLWLDQ

NRPSUHKHQVLI�PXOWLGLVLSOLQ�DJDU�OHELK�WHUXML�VHFDUD�LOPLDK�GHQJDQ

SHUWLPEDQJDQ�HNRQRPLV�GDQ�SROLWLV�XQWXN�PHQJKDGDSL�SHUVDLQJDQ
\DQJ�VHPDNLQ�NHWDW�GL�SDVDU�JOREDO�

.DWD�NXQFL��6HUHDOLD��DQHND�NDFDQJ��DIODWRNVLQ��NHDPDQDQ�SDQJDQ�

$%675$&7

&HUHDOV�DQG�QXWV�FRPPRGLWLHV�SOD\�D�PDMRU�UROH�LQ�SUHVHQW�DQG

IXWXUH�KXPDQ�FRQVXPSWLRQ�SDWWHUQV��,QFUHDVHG�SURGXFWLRQ�RI�WKHVH

FRPPRGLWLHV�WKDW�KDYH�EHHQ�DFKLHYHG�ZLOO�QRW�PHDQ�ZKHQ�ERWK�DUH

QRW�VDIH�IRU�FRQVXPSWLRQ��$IODWR[LQ�FRQWDPLQDWLRQ�LV�RQH�RI� WKH

IRRG�VDIHW\�LQGLFDWRUV�WKDW�GHWHUPLQH�FRQVXPHU�DFFHSWDQFH��7KH

KLJK�SUHYDOHQFH�RI�DIODWR[LFRVLV�LQ�6RXWK�DQG�6RXWKHDVW�$VLD�DUH

����DQG�����UHVSHFWLYHO\�LPSOLHV�KLJK�DIODWR[LQ�FRQWDPLQDWLRQ

RI�FHUHDOV�DQG�QXWV�FRQVXPHG�LQ�WKH�DUHD��$IODWR[LQ�FRQWDPLQDWLRQ

LQ�,QGRQHVLD��HVSHFLDOO\�LQ�FRUQ�DQG�SHDQXW�LV�GHWHFWHG�PRUH�WKDQ

���SSE��VR�LW�QHHGV�DWWHQWLRQ�IRU�WKH�KDQGOLQJ�DQG�FRQWUROOLQJ���7KH

WHFKQRORJ\�IRU�UHGXFLQJ�RU�HOLPLQDWLQJ�DIODWR[LQ�FRQWDPLQDWLRQ�LQ

IRRG�SURGXFWV�XS�WR�����KDV�EHHQ�JHQHUDWHG�IURP�PDQ\�VWXGLHV�

7KH�DSSOLFDWLRQ�RI�VXFK�WHFKQRORJ\�LV�FRPPHUFLDOO\�FRQVWUDLQHG

E\�DVSHFWV�RI�WKH�SURFHGXUDO�FRPSOH[LW\�DQG�OLPLWDWLRQV�RI�LQGXVWULDO

VXSSRUW� GHYLFHV� IURP� XSVWUHDP� WR� GRZQVWUHDP�� $IODWR[LQ

FRQWDPLQDWLRQ�LQ�DGGLWLRQ�WR�DGYHUVHO\�DIIHFWLQJ�KHDOWK�DOVR�FDXVHV

HFRQRPLF�ORVVHV�RI�WKH�FRPPRGLWLHV�FRQFHUQHG��EXW�WKH�UHJXODWRU\

OLPLWDWLRQV� YDU\� JUHDWO\�� ,QGRQHVLD� VHWV� WKH�PD[LPXP� OLPLW� RI

DIODWR[LQ�RQ�FHUHDOV�DQG�QXWV�UHODWLYHO\�KLJKHU��������SSE��WKDQ

DQ\�RWKHU�FRXQWU\� LQ� WKH�ZRUOG�� VR� LW�QHHGV� WR�EH� UH�H[DPLQHG

WKURXJK�PXOWLGLVFLSOLQDU\�UHVHDUFK�DQG�FRQSUHKHQVLYH�VWXGLHV�WR

EH�VFLHQWLILFDOO\�WHVWHG�ZLWK�HFRQRPLF�DQG�SROLWLFDO�FRQVLGHUDWLRQV

WR�GHDO�ZLWK�WKH�LQFUHDVLQJO\�FRPSHWLWLYH�FRPSHWLWLRQ�LQ�WKH�JOREDO

PDUNHW�

.H\ZRUGV��&HUHDOV��YDULRXV�QXWV��DIODWR[LQ��IRRG�VDIHW\
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%DKDQ� SDQJDQ� \DQJ� WHUVHGLD� VHFDUD� DODPL� SDGD
GDVDUQ\D� DPDQ� GLNRQVXPVL�� WHWDSL� GDODP� SURVHV

SHQJHORODDQ\D� VHULQJ� NDOL�PHQJKDVLONDQ� SURGXN� \DQJ
WLGDN� ODJL� DPDQ� EDJL� NHVHKDWDQ�� 3HUXEDKDQ� OLQJNXQJDQ
\DQJ�VHFDUD�XPXP�GLDNLEDWNDQ�ROHK�SHUXEDKDQ�LNOLP�MXJD
PHQMDGL� SHPLFX� WLPEXOQ\D�PDVDODK� NHDPDQDQ� SDQJDQ
�3HWHUVRQ� DQG� /LPD� ������ ������� 3HUXEDKDQ� VWDWXV
NHDPDQDQ�SDQJDQ�DNLEDW� FHPDUDQ� XQVXU� WHUWHQWX� WHUMDGL
VHODPD�SURVHV� SHQJHORODDQ�PHQMDGL� SURGXN� \DQJ� VLDS
GLNRQVXPVL��IURP�IDUP�WR�WDEOH���.HDPDQDQ�SDQJDQ�GDODP
VNDOD�WHUEDWDV�GDQ�PHQGDVDU�EHUJDQWXQJ�SDGD�NHEHUVLKDQ
SURVHV�SURGXNVL�PHQMDGL�SURGXN�SDQJDQ�

.RPRGLWDV�VHUHDOLD�VHSHUWL�SDGL��MDJXQJ��JDQGXP��GDQ
VRUJKXP�PHUXSDNDQ�SDQJDQ�SRNRN�EDJL� VHEDJLDQ�EHVDU
SHQGXGXN� GXQLD�� VHPHQWDUD� NRPRGLWDV� DQHND� NDFDQJ
VHSHUWL�NHGHODL�GDQ�NDFDQJ�WDQDK�EHUSHUDQ�SHQWLQJ�GDODP
SHPHQXKDQ�NHEXWXKDQ�SURWHLQ�GDQ�OHPDN�EDJL�NRQVXPHQ�
7DQDPDQ� VHUHDOLD� GDQ� DQHND� NDFDQJ� WXPEXK� GDQ
EHUSURGXNVL� GHQJDQ� EDLN� GL� ZLOD\DK� GHQJDQ� UHQWDQJ
NRQGLVL�LNOLP�\DQJ�OXDV��PXODL�GDUL�NDZDVDQ�WURSLND�KLQJJD
ZLOD\DK� GHQJDQ�PXVLP�GLQJLQ� \DQJ�SDQMDQJ�� ,QGRQHVLD
GHQJDQ� MXPODK� SHQGXGXN� OHELK� GDUL� ���� MXWD� MLZD
PHPHUOXNDQ�EDKDQ� SDQJDQ�GDUL� NRPRGLWDV� VHUHDOLD� GDQ
DQHND�NDFDQJ��NKXVXVQ\D�SDGL��MDJXQJ�GDQ�NHGHODL��GDODP



�� -�� /LWEDQJ�3HUW�� 9RO�� ���1R�� �� 'HVHPEHU� ������ �����

MXPODK�\DQJ�PHPDGDL��.HPHQWHULDQ�3HUWDQLDQ�5,�GDODP
NXUXQ� ZDNWX� ���������� PHPURJUDPNDQ� XSD\D
SHQLQJNDWDQ� SURGXNVL�� SURGXNWLYLWDV�� GDQ�PXWX� KDVLO
NRPRGLWDV� SDQJDQ� XQWXN� PHPHQXKL� NHEXWXKDQ
PDV\DUDNDW��3URGXNVL�QDVLRQDO�SDGL��MDJXQJ��GDQ�NHGHODL
\DQJ�SDGD�WDKXQ������EHUWXUXW�WXUXW�PHQGXGXNL�SHULQJNDW
NH�������GDQ����GXQLD�SHUOX�GLVHODPDWNDQ��EDLN�NXDQWLWDWLI
PDXSXQ�NXDOLWDWLI��$UWLQ\D�� SDQJDQ� \DQJ� WHUVHGLD� KDUXV
DPDQ�XQWXN�GLNRQVXPVL�

3HUXEDKDQ� LNOLP� DNLEDW� DNWLYLWDV�PDQXVLD� VHSHUWL
PDQXIDNWXULQJ��WUDQVSRUWDVL�GHQJDQ�NHQGDUDDQ�EHUPRWRU�
GDQ� SHPEXDQJDQ� OLPEDK�VDPSDK�PHQJKDVLONDQ� JDV
UXPDK�NDFD�\DQJ�EHUGDPSDN�WHUKDGDS�SHQLQJNDWDQ�VXKX
GL�EHEHUDSD�ZLOD\DK�GDQ�SUDNWLN�EXGL�GD\D�\DQJ�PHPLFX
SHUNHPEDQJDQ� MDPXU� \DQJ� PHQJKDVLONDQ� UDFXQ
�P\FRWR[LQ�� SDGD� WDQDPDQ� VHUHDOLD� GDQ�DQHND� NDFDQJ�
0LNRWRNVLQ� PHUXSDNDQ� PHWDEROLW� VHNXQGHU� GHQJDQ
VWUXNWXU�PROHNXO� EHUDJDP� \DQJ�NHEDQ\DNDQ� EHUERERW
PROHNXO�NHFLO��WHUXWDPD�ROHK�EHEHUDSD�MDPXU�EHUILODPHQ
SDGD� VXKX� GDQ� NHOHPEDEDQ� \DQJ� FRFRN� XQWXN
EHUNHPEDQJ�SDGD�EHUEDJDL�SURGXN�SDQJDQ�GDQ�SDNDQ�GL
ODSDQJDQ�PDXSXQ� VHODPD�SHQ\LPSDQDQ� \DQJ� EHULVLNR
EDJL�NHVHKDWDQ�PDQXVLD�GDQ�KHZDQ��%U\GHQ�������=DLQ
������6LHJHO� DQG�%DEXVFLR� ������.XPDU� HW� DO�� ������
0LNRWRNVLQ�WHUXWDPD�DIODWRNVLQ��FLWULQLQ��RNUDWRNVLQ��GDQ
WULFKRWKHFHQHV� VHULQJ�PHQFHPDUL� EDKDQ� SDQJDQ� GDQ
SDNDQ� \DQJ� EHUSHQJDUXK� SDGD� NHVHKDWDQ�PDQXVLD� GDQ
KHZDQ��3DWHUVRQ�DQG�/LPD�������

$VSHUJLOOXV�� )XVDULXP��3HQLFLOOLXP�� $OWHUQDULD�
&ODYLFHSV�� GDQ� 6WDFK\ERWU\V� \DQJ�PHUXSDNDQ� MDPXU
SHQJKDVLO�XWDPD�PLNRWRNVLQ�VHSHUWL�DIODWRNVLQ��IXPRQLVLQ�
RNUDWRNVLQ�� SDWXOLQ�� ]HDUDOHQRQ�� QLYDOHQRO�� GDQ
F\FORSLD]RQLF�DFLG�GDSDW�PHQFHPDUL� EDKDQ�SDQJDQ� GDQ
SDNDQ� SDGD� SUD� GDQ� SDVFDSDQHQ� �.XPDU� HW� DO�� �����
0LOLFHYLF�HW�DO��������3DWHUVRQ�GDQ�/LPD��������.RQWDPLQDVL
PLNRWRNVLQ� SDGD�SURGXN� SDQJDQ�PHQLPEXONDQ�PDVDODK
VHULXV� EDJL� NHVHKDWDQ�PDQXVLD� NDUHQD� VLIDW� WR[LJHQLF
�EHUDFXQ���QHSKURWR[LF��EHUDFXQ�EDJL�JLQMDO���QHXURWR[LF
�EHUDFXQ� EDJL� MDULQJDQ� V\DUDI��� KHSDWRWR[LF� �EHUDFXQ
EDJL� KDWL�OLYHU��� FDUFLQRJHQLF� �SHQ\HEDE� NDQNHU��
LPPXQRVXSSUHVVLYH� �PHQHNDQ� UHVSRQ� NHNHEDODQ��
HVWURJHQLFJDVWUR�LQWHVWLQDO�WR[LFLW\��EHUDFXQ�EDJL�VLVWHP
UHSURGXNWLI� GDQ� SHQFHUQDDQ��� GDQ�PXWDJHQLF� �PHPLFX
PXWDVL�JHQHWLN�� �GD�5RFKD�HW�DO��������'HPDHJGW�HW�DO�
������

$IODWRNVLQ�PHUXSDNDQ� VDODK� VDWX�PLNRWRNVLQ� \DQJ
KDUXV� GLZDVSDGDL�� PHQJLQJDW� MDPXU�$VSHUJLOOXV� VS�
VHEDJDL� SURGXVHQQ\D� EHUSHOXDQJ� EHVDU�PHUDFXQL� SDGL�
MDJXQJ�� NHGHODL�� GDQ� NDFDQJ� WDQDK� \DQJ� EHUSRWHQVL
PHUXVDN� NHVHKDWDQ�PDQXVLD� GDQ� KHZDQ�� .HUDFXQDQ
DIODWRNVLQ��DIODWRNVLNRVLV��VHULQJ�WHUMDGL�GL�KDPSLU�VHOXUXK
EHODKDQ� GXQLD�� WHUXWDPD� GL� QHJDUD�QHJDUD� EHUNHPEDQJ
\DQJ� VLVWHP� NHDPDQDQ� SDQJDQQ\D� WLGDN� DWDX� EHOXP
EHUMDODQ�GHQJDQ�EDLN��'L�ODLQ�SLKDN��NRQVXPHQ��GL�QHJDUD
PDMX� �PHPLOLNL� � NHSHGXOLDQ� \DQJ� WLQJJL� WHUKDGDS� LVX
NHDPDQDQ� SDQJDQ� GDQ� PHQXQWXW� GLEHUODNXNDQQ\D
SHUDWXUDQ�DWDX�VWDQGDU�FHPDUDQ�PLNRWRNVLQ�

&HPDUDQ�DIODWRNVLQ�GL�,QGRQHVLD�OHELK�EDQ\DN�GLWHOLWL
SDGD�NRPRGLWDV�MDJXQJ�GDQ�NDFDQJ�WDQDK�\DQJ�VHEDJLDQ
EHVDU�EHUDVDO�GDUL�VHQWUD�SURGXNVL�GL�-DZD�GDQ�6XPDWHUD�
-DJXQJ�GDUL�EHEHUDSD�VLPSXO�UDQWDL�SDVRN��NKXVXVQ\D�GL
-DZD�7LPXU��PHPLOLNL�NDGDU�DIODWRNVLQ��$I%���PHOHELKL
DPEDQJ� EDWDV� \DQJ� GLSHUV\DUDWNDQ� �%DKUL� HW� DO�� �����
5DKD\X� ������� 6HPHQWDUD� NDQGXQJDQ� DIODWRNVLQ� SDGD
NDFDQJ� WDQDK� \DQJ�EHUDVDO� GDUL� � SDVDU� WUDGLVLRQDO� GDQ
SHGDJDQJ� SHQJXPSXO� GL� .DEXSDWHQ� 3DVXUXDQ� GDODP
SHULRGH�0DUHW��������-XQL������DGDODK�!����SSE�EDKNDQ
VHEDJLDQ� WHUGHWHNVL� !� ������ SSE� �5DKPLDQQD� GDQ
<XVQDZDQ��������'L�VDPSLQJ�NHUXVDNDQ�SRORQJ�GDQ�ELML�
NDGDU� DLU� VHODPD� SURVHV� EXGL� GD\D� �SUDSDQHQ�� KLQJJD
SDVFDSDQHQ�PHUXSDNDQ�IDNWRU�SHQWLQJ�\DQJ�PHQHQWXNDQ
LQIHNVL� MDPXU�$�� IODYXV� GDQ� FHPDUDQ� DIODWRNVLQ� SDGD
NDFDQJ� WDQDK� �6XPLMDWL� ������5DKPLDQQD� HW� DO�� �����
5DKPLDQQD�GDQ�<XVQDZDQ��������1XJUDKD�HW�DO��������
PHPSHUNLUDNDQ� NDQNHU� KDWL� \DQJ� WHUNDLW� GHQJDQ
SHPDSDUDQ�$I%�� XPXPQ\D�GL� DWDV� ���� NDVXV��������
LQGLYLGX����WDKXQ��'HQJDQ�GHPLNLDQ��XSD\D�SHQJHQGDOLDQ
FHPDUDQ� DIODWRNVLQ� WHUXWDPD� SDGD� MDJXQJ� GDQ� NDFDQJ
WDQDK� PHQMDGL� VDQJDW� SHQWLQJ� JXQD� PHZXMXGNDQ
NHDPDQDQ� SDQJDQ�� 8SD\D� SHQFHJDKDQ�� SHQJXUDQJDQ�
GHNRQWDPLQDVL��GDQ�GHWRNVLILNDVL�SURGXN�SDQJDQ�WHUFHPDU
DIODWRNVLQ�MXJD�SHUOX�GLEDKDV�XQWXN�PHPEHULNDQ�JDPEDUDQ
WDPEDKDQ� SHQDQJDQDQ� SURGXN� SDQJDQ�� NKXVXVQ\D
EHUEDVLV� VHUHDOLD� GDQ� DQHND� NDFDQJ�� 5HJXODVL� DWDX
SHUDWXUDQ�SHUXQGDQJDQ�\DQJ�EHUNHQDDQ�GHQJDQ�FHPDUDQ
DIODWRNVLQ�SDGD�SURGXN�SHUWDQLDQ�SDQJDQ�MXJD�GLSDSDUNDQ
GDODP�PDNDODK� LQL� VHEDJDL� SHPEDQGLQJ� EDJL� ,QGRQHVLD
GDODP�HUD�SHUGDJDQJDQ�EHEDV�

$)/$72.6,1�'$1�$)/$72.6,.26,6

$IODWRNVLQ

$IODWRNVLQ��DGDODK�VDODK�VDWX�PLNRWRNVLQ�\DQJ�GLKDVLONDQ
ROHK�VHNLWDU����VSHVLHV�NDSDQJ�\DQJ�WHUPDVXN�NH�GDODP
WLJD�NHORPSRN�JHQXV�$VSHUJLOOXV��\DLWX�NHORPSRN�)ODYL�
1LGXODQWHV��GDQ�2FKUDFHRURVHL� �%OXPD� DQG�(WFKHYHUU\
������%U\GHQ�������3HUURQH�HW�DO��������%DUDQ\L�HW�DO�
������� .DSDQJ�$VSHUJLOOXV� VS�� PXGDK� WXPEXK� GDQ
PHQJKDVLONDQ�WRNVLQ�SDGD�NLVDUDQ�VXKX������R&�GHQJDQ
SHUWXPEXKDQ�RSWLPDO�SDGD�VXKX���R&�GHQJDQ�NLVDUDQ�D

Z

�����������+HGD\DWL�HW�DO��������9XMDQRYLF�HW�DO��������
.HOHPEDEDQ�\DQJ�WLQJJL�PHPLFX�SHUNHPEDQJDQ�$��IODYXV
XQWXN�PHPSURGXNVL� DIODWRNVLQ�� 6HEDOLNQ\D�� NRQGLVL
DQDHURE�PHQJKDPEDW� SHUWXPEXKDQ�$�� IODYXV� VHKLQJJD
DNDQ�PHQXUXQNDQ� ULVLNR�SURGXNVL� DIODWRNVLQ��NKXVXVQ\D
SDGD�NRPRGLWDV�VHUHDOLD�GDQ�DQHND�NDFDQJ��6DOHHPXOODK�HW
DO�� ������� -HQLV� DIODWRNVLQ� \DQJ� GLKDVLONDQ� MDPXU� DWDX
NDSDQJ�GDUL� WLJD� NHORPSRN�$VSHUJLOOXV� WHUVHEXW� DGDODK
DIODWRNVLQ�%
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.HORPSRN�NDSDQJ� GDQ� MHQLV� DIODWRNVLQ�\DQJ� GLKDVLONDQ
GDSDW�GLOLKDW�SDGD�7DEHO���
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�
��� \DLWX� PHWDEROLW� DIODWRNVLQ� %�� GDQ� %�

WHUKLGURNVLODVL�� VHMHQLV� DIODWRNVLQ� \DQJ� GLMXPSDL� SDGD
VXVX� VDSL� \DQJ�PHQJRQVXPVL� SDNDQ� WHUFHPDU�$I%

�

GDQ�$I%�� �7HQNLQVHQ� GDQ�(NHQ� �������3HQHOLWLDQ� \DQJ
WHUXV� EHUNHPEDQJ� VHMDN� EHEHUDSD� GHNDGH� WHUDNKLU
PHPSHUOLKDWNDQ� SURGXNVL� DIODWRNVLQ�PHUXSDNDQ� KDVLO
LQWHUDNVL� DQWDUD� JHQRWLSH� VWUDLQ� GDQ� OLQJNXQJDQ� WHPSDW
WXPEXK�$VSHUJLOOXV� VS��3UDWLZL�HW�DO�� �������PHQGDSDWL
SHUWXPEXKDQ� GDQ� SURGXNVL� DIODWRNVLQ� GDUL�$�� IODYXV
%,2�����VDQJDW�GLSHQJDUXKL�ROHK�VXKX��NHOHPEDEDQ��GDQ
PHGLD� WXPEXK�� -DJXQJ� GDQ� NDFDQJ� WDQDK�PHUXSDNDQ
PHGLD� \DQJ� VDQJDW� EDLN� XQWXN� SHUWXPEXKDQ� MDPXU
SHQJKDVLO�DIODWRNVLQ�GDQ�MHQLV�PLNRWRNVLQ�ODLQQ\D��7DEHO
���� VHKLQJJD� GLJRORQJNDQ� VHEDJDL� NRPRGLWDV� EHULVLNR

WLQJJL� DWDX� VDQJDW� UHQWDQ� WHUKDGDS� NRQWDPLQDVL
PLNRWRNVLQ��.XPDU�HW�DO��������

.RQWDPLQDVL� DIODWRNVLQ� GDSDW� WHUMDGL� VHMDN�GL� DUHDO
SHUWDQDPDQ�VHEHOXP�SDQHQ�PDXSXQ�SDGD�VDDW�NRPRGLWDV
WHUVHEXW�GLVLPSDQ�SDGD�VXKX�!��R&�GDQ�NDGDU�DLU�WLQJJL
�!����� �5LFKDUG� ������� 8UXWDQ� WLQJNDW� WRNVLVLWDV
EHUGDVDUNDQ�NDMLDQ�HIHN�DIODWRNVLQ�WHUKDGDS�VHO�KDWL�VHFDUD
LQ�YLWUR�DGDODK�%��!�*��!�*��!�%����.DUDNWHULVWLN��HQDP�MHQLV
DIODWRNVLQ�WHUVHEXW��GLVDMLNDQ�GDODP�7DEHO����GDQ�VWUXNWXU
NLPLDZLQ\D�GDSDW�GLOLKDW�SDGD�*DPEDU���

$IODWRNVLQ�%�� VHEDJDL� WRNVLQ� GDQ�NDUVLQRJHQ� \DQJ
VDQJDW�NXDW�GDSDW�PHQJLQGXNVL�EDQ\DN�HIHN�VDPSLQJ�GDQ
VLVWHPLN�PHUXJLNDQ�\DQJ�PHQJJDQJJX�IXQJVL�RUJDQ�GDQ
MDULQJDQ� QRUPDO� \DQJ� EHUDNLEDW� SDGD� SHQJKDPEDWDQ
SHUWXPEXKDQ��SHPEHQJNDNDQ��GDQ�SHQHNDQDQ�NHNHEDODQ
\DQJ� EHUNRQWULEXVL� WHUKDGDS� SHQLQJNDWDQ� ULVLNR� NDQNHU
KDWL�PDQXVLD��.KODQJZLVHW�HW�DO���������.HQVOHU�HW�DO�������
:RJDQ�HW�DO��������

$IODWRNVLNRVLV

$IODWRNVLNRVLV� DGDODK� LVWLODK� \DQJ� GLJXQDNDQ� XQWXN
SHQ\DNLW� \DQJ� GLVHEDENDQ� ROHK�PHQJRQVXPVL�PDNDQDQ
\DQJ� WHUFHPDU� DIODWRNVLQ��$IODWRNVLNRVLV� EHUSHQJDUXK
DNXW� GDQ� NURQLV� SDGD�PDQXVLD� GDQ� WHUQDN�� NKXVXVQ\D
WHUQDN�PRQRJDVWULN� VHSHUWL� XQJJDV�� EHUJDQWXQJ� SDGD
VSHVLHV�GDQ�NHUHQWDQDQQ\D�WHUKDGDS�VSHVLHV��-RLQW�)$2�
:+2�([SHUW�&RPPLWWHH�RQ�)RRG�$GGLWLYHV�-(&)$������j
UXMXNDQ�LQL�EHOXP�DGD�GL�'DIWDU�3XVWDND���$IODWRNVLNRVLV
EHUVWDWXV�DNXW� DSDELOD� WHUSDSDU� DIODWRNVLQ���������J�NJ
ERERW� EDGDQ�KDUL� XQWXN� MDQJND�ZDNWX� ����PLQJJX� DWDX
EDJL�PDNDQDQ� SRNRN� \DQJ�PHQJDQGXQJ� ��PJ�NJ� DWDX
OHELK� WLQJJL� VHEDJDL� SHQ\HEDE� KHSDWRWRNVLVLWDV� \DQJ
GDSDW�EHUODQMXW�PHQMDGL�KHSDWLWLV�DNXW�\DQJ�EHUVLIDW�OHWKDO
GHQJDQ� JHMDOD� PXQWDK�� Q\HUL� SHUXW�� SHQGDUDKDQ�
NHUXVDNDQ� KDWL� DNXW�� HGHPD�� DOWHUDWLRQ� LQ� GLJHVWLRQ�
DEVRUEVL�GDQ�DWDX�PHWDEROLVPH�]DW�JL]L��VHKLQJJD�WHUMDGL
PDOQXWULVL�KLQJJD�PHQ\HEDENDQ�NHPDWLDQ��$IODWRNVLNRVLV
NURQLV� WHUMDGL� DSDELOD� WHUSDSDU� DIODWRNVLQ�����NDOL� OLSDW
OHELK� UHQGDK� GDULSDGD� GRVLV� \DQJ� WHUNDLW� GHQJDQ� HIHN
DNXW��PHUXSDNDQ�ULVLNR�XWDPD�EDJL� WHUMDGLQ\D�JDQJJXDQ
LPXQLWDV�� PDOQXWULVL�� GDQ� NDUVLQRPD�KHSDWRVHOXOHU�

7DEHO�����.HORPSRN�MDPXU�$VSHUJLOOXV�VS�GDQ�WLSH�DIODWRNVLQ

\DQJ� GLKDVLONDQ�

.HORPSRN� GDQ� VSHVLHV�$VSHUJLOOXV� VS� 7LSH� DIODWRNVLQ
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DGDODK� NRQVHQWUDVL� VHQ\DZD� \DQJ� GDSDW� PHPDWLNDQ�PHPEXQXK� VHSDUXK� SRSXODVL� LWLN�

6XPEHU��0RUHDX� �������
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WHUXWDPD�GL�QHJDUD�\DQJ�WHULQIHNVL�KHSDWLWLV�%��SHQ\DNLW
HQGHPLN�

+HZDQ� UXPLQDQVLD� XPXPQ\D� OHELK� WDKDQ� WHUKDGDS
DIODWRNVLQ� NDUHQD� PLNURIORUD� GDODP� UXPHQ� PDPSX
PHQGHJUDGDVL�PLNRWRNVLQ� �+XVVHLQ� DQG�%UDVHO� ������
6HPHQWDUD� SHQJDUXK� SDSDUDQ� DIODWRNVLQ� VHFDUD� DNXW
PDXSXQ�NURQLV�SDGD��PDQXVLD�EHOXP�DGD�GDWD�\DQJ�GDSDW
GLJXQDNDQ�XQWXN�PHQJHYDOXDVL�OXDV�GDQ�ERERWQ\D�DNLEDW
DVSHN� ELRORJLV� \DQJ� GLWLPEXONDQ� �:LOOLDP� HW� DO�� �����
<HQQ\�������

.HMDGLDQ�OXDU�ELDVD�DIODWRNVLNRVLV�\DQJ�EHUODQJVXQJ
VHODPD���EXODQ�SDGD�WDKXQ������GL�����GHVD�EDJLDQ�EDUDW
,QGLD� GLODSRUNDQ� WHODK� PHQJDNLEDWNDQ� ���� NHPDWLDQ
SHQGXGXN�� NKXVXVQ\D� \DQJ� PHQJRQVXPVL� MDJXQJ
VHEDJDL�PDNDQDQ� SRNRN��.RUEDQ� WHUVHEXW� GLSHUNLUDNDQ
WHODK�PHQJRQVXPVL� MDJXQJ� WHUFHPDU� DIODWRNVLQ� GHQJDQ
NDGDU�������������SSE�VHWLDS�KDUL�VHODPD���EXODQ��5HGG\
DQG� 5DJKDYHQGHU� ������� 6HPHQWDUD� GL� ,QGRQHVLD
GLODSRUNDQ� WHUMDGL�NDVXV�VHUXSD�SDGD� WDKXQ������������
GDQ� ����� WDQSD� NHMHODVDQ� MXPODK� NRUEDQ�� .RUEDQ
WHUEDQ\DN� GDODP�VHMDUDK� OHGDNDQ� DIODWRNVLNRVLV� WHUMDGL
SDGD�WDKXQ������GL�.HQ\D��NKXVXVQ\D�GL�SURYLQVL�EDJLDQ
WLPXU� GDQ� WHQJDK��PHQFDSDL� ���� RUDQJ� WHZDV� DNLEDW
PHQJRQVXPVL� MDJXQJ� WHUFHPDU� DIODWRNVLQ� �$QRQLPRXV
����D��

6WDWXV�&HPDUDQ�$IODWRNVLQ

.HPHQWHULDQ� 3HUWDQLDQ� ������� SDGD� WDKXQ� ���������
PHQJHPEDQJNDQ� NRPRGLWDV� VHUHDOLD� GDQ� DQHND� NDFDQJ�
NKXVXVQ\D� SDGL�� MDJXQJ�� GDQ� NHGHODL� \DQJ� �PHUXSDNDQ

SDQJDQ�SRNRN�VWUDWHJLV�GDODP�XSD\D�XQWXN�SHQLQJNDWDQ
NHWDKDQDQ� SDQJDQ� QDVLRQDO�� 3URGXNVL�� SHQJRODKDQ�
SHQ\LPSDQDQ�� WUDQVSRUWDVL�� SHPDVDUDQ�� GDQ� GLVWULEXVL
NHSDGD�NRQVXPHQ�PHUXSDNDQ�NHJLDWDQ�KXOX���KLOLU�\DQJ
KDUXV�GLSHUKDWLNDQ�DJDU�SURGXN�\DQJ�GLWHULPD�NRQVXPHQ
WHUMDJD� PXWX� GDQ� NHDPDQDQQ\D�� 3HQHUDSDQ� SUDNWLN
SHQDQJDQDQ� \DQJ� EDLN� VHEDJDLPDQD� GLXUDLNDQ� GDODP
SHGRPDQ� EXGL� GD\D� \DQJ� EDLN� �*RRG� $JULFXOWXUDO
3UDFWLFHV� �� *$3��� SHQDQJDQDQ� SDVFDSDQHQ� \DQJ� EDLN
�*RRG�+DQGOLQJ�3UDFWLFHV���*+3���SHQJRODKDQ�\DQJ�EDLN
�*RRG�0DQXIDFWXULQJ�3UDFWLFHV� ��*03���GDQ�GLVWULEXVL
\DQJ�EDLN��*RRG�'LVWULEXWLRQ�3UDFWLFHV���*'3��PHQMDGL
IDNWRU�SHQHQWX�NHEHUKDVLODQ�GDODP�PHQMDPLQ�NHDPDQDQ�
PXWX��GDQ�JL]L�SDQJDQ�KLQJJD�GL�WDQJDQ�NRQVXPHQ�

.DUDNWHULVWLN�$VSHUJLOOXV�VS��\DQJ�PHQ\DQJNXW�GD\D
KLGXS�GDQ�SURGXNVL�DIODWRNVLQ��GDODP��FDNXSDQ�DJURNOLPDW
\DQJ�OXDV�EHUSRWHQVL�PHQFHPDUL�NRPRGLWDV�VHUHDOLD�GDQ
DQHND�NDFDQJ��6WDWXV�FHPDUDQ�DIODWRNVLQ�SDGD�EHEHUDSD
NRPRGLWDV�VHUHDOLD�GDQ�NDFDQJ�GL�EHUEDJDL�QHJDUD�GDSDW
GLOLKDW�SDGD�7DEHO����

'DWD� FHPDUDQ� DIODWRNVLQ� SDGD� NDFDQJ� WDQDK� GL
,QGRQHVLD�GLSHUROHK�PHODOXL�SHQHOLWLDQ�GL�WLQJNDW�SHWDQL�
SHGDJDQJ�SHQJHFHU�� SHQJXPSXO��GDQ� SHGDJDQJ�SDVDU�GL
%DQMDUQHJDUD��3DWL��%RJRU��GDQ�6LQMDL��&HPDUDQ�DIODWRNVLQ
SDGD�NHGHODL� ORNDO� \DQJ� GLMXDO�GL� SDVDU� WUDGLVRQDO� MXJD
WHODK�GLNDML��VHPHQWDUD�EHOXP�GLSHUROHK�GDWD�YDOLG�FHPDUDQ
DIODWRNVLQ�SDGD�EHUDV��2OHK�NDUHQD�LWX��SHQHOLWLDQ�WHUKDGDS
FHPDUDQ�DIODWRNVLQ�SDGD�EHUDV�SHUOX�PHQGDSDW�SHUKDWLDQ
VHULXV�NDUHQD�PHUXSDNDQ�PDNDQDQ�SRNRN�VHEDJLDQ�EHVDU
SHQGXGXN�,QGRQHVLD��6HODLQ�DVSHN�NHVHKDWDQ�NRQVXPHQ�
SHQHOLWLDQ� WHUKDGDS� FHPDUDQ� DIODWRNVLQ� SDGD�EHUDV� MXJD
EHUSHUDQ� SHQWLQJ� GDODP�PHQLQJNDWNDQ� VDLQJ� SURGXNVL
SDGL�GDODP�QHJHUL�GL�SDVDU�UHJLRQDO�GDQ�JOREDO�

3HQFHJDKDQ�GDQ�3HQJXUDQJDQ�&HPDUDQ

$IODWRNVLQ

&HPDUDQ�DIODWRNVLQ�SDGD�NRPRGLWDV�SDQJDQ� WLGDN�GDSDW
GLWLDGDNDQ� VDPD� VHNDOL�� 0HVNL� GHPLNLDQ�� XSD\D
SHQFHJDKDQ� GDQ� SHQXUXQDQ� NDQGXQJDQ� FHPDUDQ
DIODWRNVLQ�SDGD�VXDWX�NRPRGLWDV�GDSDW�GLODNXNDQ�VHEHOXP
GDQ� VHVXGDK� SDQHQ� PHODOXL� PDQDJHPHQ� +D]DUG
$QDO\VLV� DQG�&ULWLFDO� &RQWURO� 3RLQW� �+$&&3�� SDGD
SHQJHPEDQJDQ�*$3�GDQ�*03� GDODP� UDQWDL� SURGXNVL
�.XPDU�HW�DO��������7RUUHV�HW�DO��������$QRQ\PRXV�������
.HJLDWDQ�SUD�GDQ�SDVFDSDQHQ� WHUVHEXW�DQWDUD� ODLQ� URWDVL
WDQDPDQ��SHQJHORODDQ� ODKDQ�EHUGDVDUNDQ�XML� WDQDK�\DQJ
YDOLG�� NHEHUVLKDQ� EHQLK�� SHQJJXQDDQ� YDULHWDV� WDKDQ�$�
IODYXV�� MDUDN� WDQDP��SHQJHQGDOLDQ�KDPD� VHFDUD� WHUSDGX�
SHQJHQGDOLDQ� JXOPD�� LULJDVL�� GDQ� SHPXSXNDQ� \DQJ
PHPDGDL�� SHPDQHQDQ� \DQJ� WHSDW�� SHQJHULQJDQ�
SHQJJXQDDQ� NHPDVDQ� \DQJ� EHUVLK�� SHQ\LPSDQDQ� \DQJ
EDLN�� GDQ� SHQJJXQDDQ� EDKDQ� SHQJDZHW� GDQ� SHVWLVLGD
\DQJ�GLL]LQNDQ� �$QRQ\PRXV� ������$OEHUW� HW� DO�� ������
.DMLDQ�6RPDQWUL� HW� DO�� �������PHQXQMXNNDQ� WLWLN� NULWLV
SHQDQJDQDQ� SDVFDSDQHQ� \DQJ� EHULVLNR� WHUKDGDS

� *DPEDU� ���6WUXNWXU� NLPLDZL� DIODWRNVLQ�%���%���*���*���0��
GDQ�0�� �'KDQDVHNDUDQ� HW� DO�� ������



6WDWXV� FHPDUDQ� GDQ� XSD\D� SHQJHQGDOLDQ� DIODWRNVLQ� SDGD� NRPRGLWDV� ����� �:LVQX� %URWR� ��

SHQXODUDQ�$�� IODYXV�\DQJ�PHQJKDVLONDQ�DIODWRNVLQ�SDGD
MDJXQJ� GL� 6UDJHQ� DGDODK� SDGD� VDDW� SDQHQ� �SHQXQGDDQ
SDQHQ��� VHODPD� SHQJHULQJDQ� SURGXN� GDODP� EHQWXN
WRQJNRO�PHODOXL�SHQMHPXUDQ�PDXSXQ�SHQJJXQDDQ�PHVLQ
SHQJHULQJ�MDJXQJ�GDQ�VHODPD�SHQ\LPSDQDQ�

3HPLOLKDQ�NXDOLWDV� NRPRGLWDV�PHQMDGL� IDNWRU�NXQFL
NHEHUKDVLODQ� XSD\D� SHQJXUDQJDQ� FHPDUDQ� DIODWRNVLQ
SDGD� VHUHDOLD� GDQ� DQHND� NDFDQJ��3HPLOLKDQ� GLGDVDUNDQ
SDGD� VWDQGDU�PXWX�� DQWDUD� ODLQ�ZDUQD�� XNXUDQ�� EHQWXN�
GHQVLWDV�� GDQ� SHUWXPEXKDQ� MDPXU�� 3HPLVDKDQ� DWDX
SHPEXDQJDQ�ELML�UXVDN��PHQ\LPSDQJ�GDUL�VWDQGDU�PXWX�
DNDQ�PHQJXUDQJL� FHPDUDQ� DIODWRNVLQ�PDXSXQ�PDWHULDO
DVLQJ� ODLQQ\D�� 3HPLOLKDQ� VHFDUD� ILVLN� WHUVHEXW� VHEDJDL
UDQJNDLDQ�GDUL�SHQJXNXUDQ�GDODP�DOLUDQ�SURVHV�SDEULNDVL
\DQJ� DGDNDODQ\D� WLGDN� SUDNWLV�� WLGDN� HILVLHQ�� GDQ
PHOHODKNDQ�� VHKLQJJD� SHQJJXQDDQ� WHNQLN� SHQJXNXUDQ
QRQGHVWUXNWLI� EHUEDVLV� SHQFLWUDDQ� NRPSXWHU�PHQMDGL
SLOLKDQ� WHUNDLW� DNXUDVL� GDQ� NHWHOLWLDQ� SHQJXNXUDQ�
8GRQNXP�HW�DO�� �������PHQFDWDW�SHPLVDKDQ�NRPRGLWDV

EHUEDVLV�FLWUD�NRPSXWHU�EHUGDVDUNDQ�GHQVLWDV��ZDUQD��GDQ
IOXRUHVHQVL� GDSDW�PHQJXUDQJL� FHPDUDQ� DIODWRNVLQ� SDGD
NDFDQJ�WDQDK�GDQ�NDFDQJ�SLVWDFKLR�KLQJJD�����

3HQJKLODQJDQ� DWDX� SHQJXUDQJDQ�FHPDUDQ� DIODWRNVLQ
SDGD� NRPRGLWDV� VHUHDOLD� GDQ� DQHND� NDFDQJ� GDSDW
GLODNXNDQ�VHFDUD�ILVLN��NLPLDZL��GDQ�ELRORJLV���%HEHUDSD
KDVLO� SHQHOLWLDQ� EHUNHQDDQ� GHQJDQ� XSD\D� SHQJXUDQJDQ
FHPDUDQ� DIODWRNVLQ� SDGD� NRPRGLWDV� VHUHDOLD� GDQ� DQHND
NDFDQJ�GLVDMLNDQ�SDGD�7DEHO���

3HQJKLODQJDQ� DWDX� SHQJXUDQJDQ�FHPDUDQ� DIODWRNVLQ
VHEDJDLPDQD�GLVDMLNDQ�SDGD�7DEHO���GDSDW�PHQMDGL�SLOLKDQ
NDUHQD�VSHVLILN��HIHNWLI��UDPDK�OLQJNXQJDQ��GDQ�EHUSHUDQ
SHQWLQJ�PHQMDJD� GDQ�PHQLQJNDWNDQ� NHDPDQDQ� SDQJDQ�
0HVNLSXQ�GHPLNLDQ��GDODP�SHQHUDSDQQ\D�EDQ\DN�IDNWRU
SHPEDWDV� \DQJ� KDUXV� GLEHQDKL� VHSHUWL� SURVHGXU� \DQJ
UXPLW�� NHWHUEDWDVDQ� SHUDQJNDW� SHQGXNXQJ� \DQJ
GLSHUV\DUDWNDQ��NRQVHNXHQVL� LQGXVWULDO� VHSHUWL� SHUEDLNDQ
EDKDQ�EDNX�NHPDVDQ�\DQJ�PDPSX�PHQMHPEDWDQL�SHWDQL
SURGXVHQ�GDQ�SDVDU��VHUWD�NHWHUNDLWDQ�GHQJDQ�SUDNWLN�EXGL

7DEHO���� �6WDWXV�FHPDUDQ�DIODWRNVLQ�SDGD�NRPRGLWDV�VHUHDOLD�GDQ�DQHND�NDFDQJ�GL�EHEHUDSD�QHJDUD�

1HJDUD -HQLV� VHUHDOLD� GDQ� DQHND &HPDUDQ� DIODWRNVLQ 6XPEHU
NDFDQJ �SSE�

,QGRQHVLD -DJXQJ�SLSLO ����������� .XVXPDQLQJUXP� HW� DO�� ������
.HGHODL ����� 8WDPL� HW� DO�� ������
.DFDQJ� WDQDK ��������� 5DKPLDQQD� HW� DO�� ������

0DOD\VLD .DFDQJ� WDQDK �������� /HRQJ� HW� DO�� ������
-DJXQJ ��������� +HMUL� HW� DO�� ������
%HUDV ��������� 5HG]ZDQ� HW� DO�� ������

)LOLSLQD .DFDQJ� WDQDK ��������� $QXNXO� HW� DO�� ������
%HUDV� �EURZQ� ULFH� ��������� )HUUH� ������

7KDLODQG %HUDV �������� $QXNXO� HW� DO�� ������
.DFDQJ� WDQDK �����������
-DJXQJ ���������

9LHWQDP %HUDV ����±���� +XRQJ� HW� DO�� ������
�8WDUD� -DJXQJ ����±�����

3DNLVWDQ %HUDV ��������� /XWIXOODK� 	�+XVVDLQ� ������
-DJXQJ ���������� ,TEDO� HW� DO�� ������
.HGHODL ��� 0DMHHG� HW� DO�� ������
.DFDQJ� WDQDK ���
6RUJKXP ���
*DQGXP ���
%DUOH\ ���

%DQJODGHVK -DJXQJ ���� )DURPEL� ������
.DFDQJ� WDQDK ����

%UD]LO -DJXQJ �������� 0DFKLQVNL� -U� HW� DO�� ������
.DFDQJ� WDQDK ��������� +RHOW]� HW� DO�� ������
%HUDV ��������� )HUUH� ������

&KLQD %HUDV ��� /DL� HW� DO�� ������
-DJXQJ ������ )DURPEL� ������
.DFDQJ� WDQDK �������� 'LQJ� HW� DO�� ������

,QGLD %HUDV ������� 5HGG\� HW� DO�� ������
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GD\D��3HUDQJNDW�SHQGXNXQJ�\DQJ�GLSHUV\DUDWNDQ�VHSHUWL
SHPEDQJNLW�SXOVH�OLJKW��LUDGLDVL�VLQDU��GDQ�89��GL�VDPSLQJ
EHOXP�WHUVHGLD�GL�SDVDU�MXJD�KDUJDQ\D�PDKDO��3HQHOLWLDQ
GDQ� SHQJHPEDQJDQ� WHNQRORJL� VHFDUD� NRPSUHKHQVLI� GDQ
PXOWLGLVLSOLQ�PDVLK� GLSHUOXNDQ� XQWXN�PHPDQIDDWNDQ
SRWHQVL�NHXQWXQJDQ�GDUL��LPSOHPHQWDVL�WHNQRORJL�WHUVHEXW�

.HJLDWDQ� SDVFDSDQHQ� SUDNWLV� VHEDJDL� FRQWRK� GDODP
SHQJHQGDOLDQ� FHPDUDQ� DIODWRNVLQ� SDGD� NDFDQJ� WDQDK
�7RUUHV� HW� DO�� ������$QRQ\PRXV� ������ DGDODK� VHEDJDL
EHULNXW�
��3DQHQ� GLODNXNDQ� SDGD� VDDW� ���� SRORQJ� WHODK
WHUEHQWXN�DWDX�SDGD�WDQDPDQ�GHQJDQ�NLVDUDQ�XPXU
�������KDUL��EHUJDQWXQJ�SDGD�YDULHWDV��GDQ�VHJHUD
GLURQWRN�

��3RORQJ�VHJHUD�GLNHULQJNDQ�VDPSDL�NDGDU�DLU������
PHODOXL�SHQMHPXUDQ������KDUL��PDXSXQ�SHQJJXQDDQ
PHVLQ�SHQJHULQJ�\DQJ�GLVHWHO�SDGD�VXKX���R&����
MDP��

�� 3HQJXSDVDQ� SRORQJ� VHFDUD� KDWL�KDWL� GDQ
PHPLVDKNDQ�NDFDQJ�\DQJ�PXGD��NHULSXW��OXND�DWDX
UXVDN��GDQ�EXVXN�

�� 3HQ\LPSDQDQ�\DQJ�EDLN�XQWXN�SRORQJ�DGDODK�SDGD
NDGDU�DLU������GDQ�XQWXN�ELML�NDFDQJ�WDQDK�SDGD
NDGDU�DLU������SDGD�NRQGLVL�VXKX������R&�GDQ�5+
��������GLNHPDV�GDODP�NDUXQJ�JRQL�\DQJ�GLUDQJNDS
GHQJDQ�NDQWXQJ�SODVWLN�3(�WLSLV��GDQ�GLVXVXQ�SDGD

UDN�UDN� \DQJ� EHUMDUDN� GHQJDQ� GLQGLQJ� UXDQJ
SHQ\LPSDQDQ�

%LML� NDFDQJ� WDQDK� \DQJ� GLVLPSDQ� SHUOX� GLSHULNVD
VHFDUD� UXWLQ� XQWXN�PHQJDPDWL� SHUWXPEXKDQ� MDPXU��%LOD
EHUMDPXU�� ELML� VHJHUD� GLEXDQJ��.HJLDWDQ� SHQJHQGDOLDQ
DIORWRNVLQ� SDGD� NDFDQJ� WDQDK� GDSDW� GLPRGLILNDVL� XQWXN
SDGL��MDJXQJ��NHGHODL��GDQ�NRPRGLWDV�VHUHDOLD�GDQ�NDFDQJ
ODLQQ\D�

67$786�3(1*$785$1�3(0%$7$6$1
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+DVLO� VXUYHL�%LRPLQ� �������� SHUXVDKDDQ� QXWULVL� KHZDQ�
PHQXQMXNNDQ�SUHYDOHQVL�DIODWRNVLQ�GL�VHOXUXK�GXQLD�SDGD
-DQXDUL�'HVHPEHU������EHUNLVDU�DQWDUD��������WHUWLQJJL
GLMXPSDL�GL�$VLD�6HODWDQ�������GDQ�$VLD�7HQJJDUD�������
$IODWRNVLNRVLV� VHEDJDL� SHQ\DNLW� DNLEDW�PHQJRQVXPVL
SDQJDQ�WHUFHPDU�DIODWRNVLQ�PHQMDGL�LVX�NHDPDQDQ�SDQJDQ
LQWHUQDVLRQDO��6HLULQJ�EHUMDODQQ\D�ZDNWX�VHPDNLQ�EDQ\DN
QHJDUD�\DQJ�PHQHWDSNDQ�EDWDV�PDNVLPXP�DIODWRNVLQ�SDGD
NRPRGLWDV� GDQ� SURGXN� SDQJDQ�� 3HQJDWXUDQ� EDWDV
PDNVLPXP� DIODWRNVLQ� VHODLQ� GLWHQWXNDQ� ROHK� EHEHUDSD
IDNWRU� VHSHUWL� NHWHUVHGLDDQ� GDWD� WRNVLNRORJLV�� SDSDUDQ�
VHEDUDQ� SDGD� EHUEDJDL� NRPRGLWDV��PHWRGH� DQDOLVLV�� GDQ
VWDWXV� SHQJDWXUDQ� EDWDVDQ� DIODWRNVLQ� GDUL� QHJDUD� ODLQ�

7DEHO����8SD\D�SHQJXUDQJDQ�FHPDUDQ�DIODWRNVLQ�SDGD�NRPRGLWDV�VHUHDOLD�GDQ�DQHND�NDFDQJ�

8SD\D 3HUODNXDQ 6XPEHU

)LVLN

3XOVH� /LJKW� �3/� 3HUODNXDQ� 3/� ������ -�FP��� VHODPD� ��� GHWLN� PHQJXUDQJL %HL�:DQJ� HW� DO�� ������
$I%��GDQ�$I%��PDVLQJ�PDVLQJ� ���� GDQ� ������ SDGD
EHUDV� SHFDK� NXOLW� �3.�

,UDGLDVL� VLQDU�J ,UDGLDVL� VLQDU�J� SDGD� GRVLV� �� N*\�PDPSX�PHQJKDPEDW 0DKURXV� �������
SHUWXPEXKDQ� GDQ� SURGXNVL� DIODWRNVLQ�%�� SDGD� ELML� NHGHODL 0DUNRY� HW� DO�� ������
\DQJ� GLVLPSDQ� OHELK� GDUL� ��� KDUL� WDQSD� SHUXEDKDQ� NRPSRVLVL
NLPLDZL� \DQJ� EHUDUWL��6HPHQWDUD� LUDGLDVL� VLQDU�J� GHQJDQ�GRVLV
��� N*\� SDGD� ELML� MDJXQJ�PHUHGXNVL� NDQGXQJDQ� DIODWRNVLQ� SDGD
OHYHO� DPDQ� XQWXN� NRQVXPVL� GDQ� NHVHKDWDQ�PDQXVLD

,UUDGLDVL�89�& ,UUDGLDVL�89�&�SDGD� ���� QP� VHODPD� ���PHQLW�PHUHGXNVL�$I%� -XEHHQ� HW� DO�� ������
SDGD� NDFDQJ� WDQDK� KLQJJD� ���

(NVWUXVL 3DQJDQ� EHUEDVLV� NDFDQJ� WDQDK� \DQJ� GLHNVWUXVL� SDGD� NRQGLVL� VXKX =KHQJ� HW� DO�� ������
ODUDV� �EDUUHO� ���R&�� NDGDU� DLU� ��� J����� J�� ODMX� XPSDQ� ��� J�PHQLW
GDQ� NHFHSDWDQ� SXWDUDQ� ���� USP�PHQGHJUDGDVL� DIODWRNVLQ
%�� ����� �� ����

.LPLDZL

0LQ\DN� HVHQVLDO 0LQ\DN� HVHQVLDO� \DQJ� GLHNVWUDN� GDUL�7K\PXV� GDHQHQVLD� SDGD *RUDQ� HW� DO�� ������
NRQVHQWUDVL� �����PJ�O�PDPSX�PHQJXUDQJL� FHPDUDQ� �$I%�� ���
6LQWHVLV�$I%�� GLKDPEDW� WRWDO� SDGD� MDJXQJ� ROHK� SHUODNXDQ�PLQ\DN %OXPD� GDQ� (WFKHYHUU\� ������
HVHQVLLO� GDUL�3LPSLQHOOD� QLVXP�/��� 3HXPXV� EROGXV�0RO�� GDQ
+HGHRPD� PXOWLIORUD�%HQWK� SDGD� NRQVHQWUDVL� ���������� �J�J
\DQJ� GLLQNXEDVL� VHODPD���� KDUL�

%LRORJLV

3HQJJXQDDQ� NKDPLU 3HQJJXQDDQ� 6�� FHUHYLVLDH�$7&&� �����PHQJKDPEDW� SHUWXPEXKDQ 5DKD\X� HW� DO�� �������
�\HDVW� DQWDJRQLVW� $VSHUJLOOXV� IODYXV� %,2� �����PDVLQJ�PDVLQJ� VHEHVDU� ���

SDGD�PHGLD� MDJXQJ�GDQ�����SDGD�PHGLD�NHGHODL



6WDWXV� FHPDUDQ� GDQ� XSD\D� SHQJHQGDOLDQ� DIODWRNVLQ� SDGD� NRPRGLWDV� ����� �:LVQX� %URWR� ��

IDNWRU�HNRQRPLV�GDQ�SROLWLV�MXJD�EHUSHUDQ�SHQWLQJ��GDODP
SHUGDJDQJDQ� GDQ� NHFXNXSDQ� SDVRNDQ� SDQJDQ
�0D]XPGHU� GDQ� 6DVPDO� ������ YDQ� (JPRQG� ������
3HQJDWXUDQ� \DQJ� NHWDW� DWDV� EDWDVDQ� DIODWRNVLQ� ROHK
VXDWX� QHJDUD� �XPXPQ\D� QHJDUD�PDMX��PHUXJLNDQ� EDJL
SURGXVHQ� \DQJ� XPXPQ\D� GL� QHJDUD� EHUNHPEDQJ
GHQJDQ� NHWHUEDWDVDQ� SHQJXDVDDQ� LOPX� GDQ� WHNQRORJL�
.HEHUDJDPDQ� SHQJDWXUDQ� EDWDVDQ� DIODWRNVLQ� VHEDJDL�
PDQD�GLVDMLNDQ�GDODP�7DEHO���PHQMDGL�EDKDQ�SHUWLPEDQJDQ
GDODP� XSD\D� KDUPRQLVDVL� SHUDWXUDQ� DQWDUQHJDUD� DJDU
WHUVXVXQ�³DWXUDQ�NRPSUHKHQVLI�\DQJ�OHELK�EHUNHDGLODQ´�

3HUWDQLDQ� ,QGRQHVLD� \DQJ� EHULNOLP� WURSLV� EDVDK�
OHPEDE� GDQ� EHUVXKX� UHODWLI� WLQJJL� PHQJKDVLONDQ
NRPRGLWDV� SDQJDQ� \DQJ� VDQJDW� UHQWDQ� WHUKDGDS� MDPXU
SHQJKDVLO�PLNRWRNVLQ��NKXVXVQ\D�DIODWRNVLQ��2OHK�NDUHQD
LWX��DIODWRNVLNRVLV�PHQMDGL�PDVDODK�VHULXV�GL�,QGRQHVLD��'L
VLVL�ODLQ��XSD\D�SHQDQJJXODQJDQ�FHPDUDQ�DIODWRNVLQ�PDVLK
NXUDQJ� PHPDGDL� VHEDJDLPDQD� WHUFHUPLQ� GDUL� PDVLK
WHUEDWDVQ\D�SHWDQL�SURGXVHQ�\DQJ�PHQHUDSNDQ�SHGRPDQ
EXGL�GD\D�GDQ�SHQDQJDQDQ�SDVFDSDQHQ�\DQJ�EDLN�XQWXN

PHQJXUDQJL� SHUNHPEDQJDQ� MDPXU� SHQJKDVLO� DIODWRNVLQ
SDGD�NRPRGLWDV�VHUHDOLD�GDQ�DQHND�NDFDQJ�

%HUNDLWDQ� GHQJDQ� LVX� NHDPDQDQ� SDQJDQ�� ,QGRQHVLD
PHPLOLNL�SHUDWXUDQ�SHUXQGDQJDQ��\DLWX�8QGDQJ�8QGDQJ
1R�����WDKXQ������WHQWDQJ�3DQJDQ��3HUDWXUDQ�3HPHULQWDK
1R����� WDKXQ������ WHQWDQJ�.HDPDQDQ��0XWX�� GDQ�*L]L
3DQJDQ� \DQJ� VHFDUD� OHELK� WHNQLV�GDQ� ULQFL�GLXUDL� GDODP
.HSXWXVDQ�.HSDOD�%DGDQ�320�5,�1R��+.�������������
WDKXQ������GDQ�1R������������������WDKXQ�������.KXVXV
DIODWRNVLQ��%320�5,�WHODK�PHQJHOXDUNDQ�EDWDV�PDNVLPXP
NDQGXQJDQQ\D�GDODP�EHEHUDSD�MHQLV�SDQJDQ��7DEHO����

%DWDVDQ� DIODWRNVLQ� \DQJ� GLSHUV\DUDWNDQ� ,QGRQHVLD
SDGD� EDKDQ� SDQJDQ� UHODWLI� WLQJJL� GLEDQGLQJNDQ� GHQJDQ
EHEHUDSD�QHJDUD�ODLQ��7DEHO�����+DO�LQL�SHUOX�SHQLQMDXDQ
NHPEDOL� GL� VDPSLQJ� GDPSDNQ\D� SDGD� NHVHKDWDQ
PDV\DUDNDW� GDQ� SHUGDJDQJDQ� NRPRGLWDV� VHUHDOLD� GDQ
DQHND� NDFDQJ� GL� SDVDU� LQWHUQDVLRQDO�� -LND� GLSHUOXNDQ�
NHWHWDSDQ� WHUVHEXW� GLUHYLHZ�GDQ� GLUHYLVL� VHVXDL� GHQJDQ
SHUNHPEDQJDQ� LOPX� GDQ� WHNQRORJL� SDQJDQ� VHUWD
NHEXWXKDQ�PHQGHVDN�ODLQQ\D�

7DEHO���� � �%DWDV�PDNVLPXP�FHPDUDQ�DIODWRNVLQ�GL�EHUEDJDL�QHJDUD�

1HJDUD -HQLV� SDQJDQ
%DWDV� DIODWRNVLQ� �SSE�

%� 7RWDO

0DOD\VLD�� .DFDQJ� WDQDK � ��
.DFDQJ� WDQDK� VLDS� NRQVXPVL � ��
.DFDQJ� WDQDK� XQWXN� GLSURVHV� ODQMXW � ��

)LOLSLQD�� -DJXQJ�SLSLO � ��
-DJXQJ�JULW � ��
3DQJDQ�2ODKDQ�EHUEDVLV� -DJXQJ � ��

6LQJDSXUD�� 6HPXD� SDQJDQ� NHFXDOL� XQWXN� ED\L� DWDX� DQDN�DQDN � �
9LHWQDP�� .DFDQJ� WDQDK� XQWXN� GLRODK� ODQMXW � ��

.DFDQJ� WDQDK� VLDS� NRQVXPVL � �
%HUDV� GDQ� MDJXQJ�XQWXN�GLRODK� ODQMXW � ��

�8QL� (URSD�� .DFDQJ� WDQDK� XQWXN� GLRODK� ODQMXW � ��
.DFDQJ� WDQDK� VLDS� NRQVXPVL � �
-DJXQJ� XQWXN� GLRODK� ODQMXW � ��
-DJXQJ� VLDS�NRQVXPVL � �
%HUDV� XQWXN� GLRODK� ODQMXW � ��
6HUHDOLD� VLDS� NRQVXPVL � �

0HNVLNR�� -DJXQJ � ��
&LQD�� .DFDQJ� WDQDK �� �

-DJXQJ �� �
+RQJNRQJ�� .DFDQJ� WDQDK � ��
,QGLD�� 6HPXD� SDQJDQ �� �
-HSDQJ�� %HUDV �� �

6HPXD� SDQJDQ � ��
6ULODQJND�� 6HPXD� SDQJDQ � ��
7DLZDQ�� .DFDQJ� WDQDK � ��

-DJXQJ � ��
%HUDV � ��
6RUJXP � ��
$QHND� NDFDQJ � ��

,QGRQHVLD� �� .DFDQJ� WDQDK� NXSDV� NXOLW �� ��
%LML�MDJXQJ �� ��
3DQJDQ� RODKDQ� EHUEDVLV� NDFDQJ� WDQDK �� ��
3DQJDQ� RODKDQ� EHUEDVLV� MDJXQJ �� ��

6XPEHU�� ��$QRQ\PRXV� ������ ��9DQGHUFDPPHQ� GDQ� 6HLIDUWK� ������ ��*X]PDQ�GH�3HQD
GDQ� 3HQD�*DEULDOHV� ������ ��$QXNXO� HW� DO�� ������ ��$QRQ\PRXV� ����E� GDQ�$QRQ\PRXV� �����
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0HQJLQJDW�NRPRGLWDV�VHUHDOLD�GDQ�DQHND�NDFDQJ�EHUSHUDQ
VHEDJDL�SDQJDQ�VWUDWHJLV�GL�,QGRQHVLD�GLSHUOXNDQ�VWUDWHJL
SHQFHJDKDQ�FHPDUDQ�DIODWRNVLQ�VHEDJDL�EHULNXW�

��6RVLDOLVDVL�WHNQLN�EXGL�GD\D�GDQ�SDVFDSDQHQ�VHUHDOLD
GDQ�DQHND�NDFDQJ�\DQJ�EDLN�VHFDUD�WHUXV�PHQHUXV
XQWXN� PHQLQJNDWNDQ� NHVDGDUDQ� SLKDN� NRPSHWHQ
GDODP�PHQJXUDQJL�ULVLNR�FHPDUDQ�DIODWRNVLQ�WHUKDGDS
NHVHKDWDQ�PDV\DUDNDW�

��3HPDQWDXDQ�GDQ�HYDOXDVL�UXWLQ�WHUKDGDS�FHPDUDQ
DIODWRNVLQ� SDGD� NRPRGLWDV� VHUHDOLD� GDQ� DQHND
NDFDQJ�GL�VHQWUD�SURGXNVL��VHNDOLJXV�VHEDJDL�EDKDQ
XQWXN�SHQ\XVXQDQ�VWUDWHJL�SHPELQDDQ�\DQJ�OHELK
EDLN�NHSDGD�SHWDQL�SURGXVHQ�GDQ�SLKDN�\DQJ�WHUOLEDW
GDODP�WDWD�QLDJD�VHUHDOLD�GDQ�DQHND�NDFDQJ�

��3HPEHQWXNDQ�IRUXP�DWDX�SHPDQIDDWDQ�PHGLD�\DQJ
VXGDK�DGD�XQWXN�PHPIDVLOLWDVL�SHUWHPXDQ�EHUEDJDL
SLKDN�WHUNDLW�VHSHUWL�SHWDQL��SHGDJDQJ��SHQJRODK�
LOPXZDQ�� GDQ� SHQHQWX� NHELMDNDQ� XQWXN� EHUWXNDU
LQIRUPDVL�GDQ�SHQJDODPDQ�PHQJHQDL�EHUEDJDL�DVSHN
\DQJ� EHUNDLWDQ� GHQJDQ� FHPDUDQ� DIODWRNVLQ� SDGD
SURGXN�SDQJDQ�

��3HQHOLWLDQ� GDQ� SHQJHPEDQJDQ� \DQJ� VLQHUJLV� GDQ
EHUNHODQMXWDQ� ROHK� OHPEDJD� SHQHOLWLDQ� GDQ
SHUJXUXDQ� WLQJJL� XQWXN� PHQJKDVLONDQ� WHNQRORJL
SHQJHQGDOLDQ� DIODWRNVLQ� \DQJ� HIHNWLI�� HILVLHQ�
PXGDK��PXUDK��GDQ�UDPDK�OLQJNXQJDQ�

��0HQLQJNDWNDQ�NRPXQLNDVL�DQWDUOHPEDJD��LQVWLWXVL�
GDQ� RWRULWDV� NRPSHWHQ� SDGD� SRLQW� ���� GDQ
PHODNXNDQ�VLQWHVLV�XQWXN�PHQJKDVLONDQ�UHNRPHQ�
GDVL�VWUDWHJL�SHQJHQGDOLDQ�FHPDUDQ�DIODWRNVLQ�JXQD
PHPLQLPDOLVDVL�NHUXJLDQ�GDQ�PHQMDPLQ�NHDPDQDQ
SDQJDQ� QDVLRQDO�� VHNDOLJXV� PHQLQJNDWNDQ� GD\D
VDLQJ�SDQJDQ�GDODP�QHJHUL�GL�SDVDU�JOREDO�

.(6,038/$1

&HPDUDQ� PLNRWRNVLQ�� NKXVXVQ\D� DIODWRNVLQ� \DQJ
GLKDVLONDQ�ROHK�NDSDQJ�$VSHUJLOOXV�VS���PHUXSDNDQ�VDODK
VDWX� IDNWRU� SHQHQWX�NHDPDQDQ� SDQJDQ� EHUEDVLV� VHUHDOLD
GDQ�DQHND�NDFDQJ��2OHK�NDUHQD�LWX��FHPDUDQ�PLNRWRNVLQ
SDGD� NRPRGLWDV� SDQJDQ� KDUXV� GLZDVSDGDL� NDUHQD
EHUGDPSDN� WHUKDGDS� NHVHKDWDQ� PDQXVLD� GDQ
SHUGDJDQJDQ��7HNQRORJL�SHQJHQGDOLDQ�FHPDUDQ�DIODWRNVLQ
SDGD�NRPRGLWDV�SDQJDQ�VHFDUD�ILVLN��NLPLDZL��GDQ�ELRORJLV
WHODK� GLKDVLONDQ�PHODOXL� EHUEDJDL� SHQHOLWLDQ�� QDPXQ
NHUXPLWDQ� SURVHGXUDO� GDQ� NHWHUEDWDVDQ� SHUDQJNDW
SHQGXNXQJ� LQGXVWULDO� GDUL� KXOX� KLQJJD� KLOLU�PHQMDGL
NHQGDOD�GDODP�SHQHUDSDQQ\D�

%DWDVDQ�PDNVLPXP�FHPDUDQ�DIODWRNVLQ�GL�,QGRQHVLD
UHODWLI�WLQJJL�GLEDQGLQJNDQ�GHQJDQ�QHJDUD�ODLQ��VHKLQJJD
SHUOX� GLFHUPDWL� NHPEDOL�PHODOXL� SHQHOLWLDQ� GDQ� NDMLDQ
NRQSUHVHQVLI�PXOWLGLVLSOLQ�DJDU�OHELK�WHUXML�VHFDUD�LOPLDK
GHQJDQ� SHUWLPEDQJDQ� HNRQRPLV� GDQ� SROLWLV� XQWXN
PHQJKDGDSL� SHUVDLQJDQ� \DQJ� VHPDNLQ� NHWDW� GL� SDVDU
JOREDO�� 6WUDWHJL� SHQJHQGDOLDQ� FHPDUDQ� DIODWRNVLQ� SDGD
VHUHDOLD� GDQ� DQHND� NDFDQJ� VHEDJDL� XSD\D� SHQLQJNDWDQ
GD\D�VDLQJ�PHPHUOXNDQ�NRPLWPHQ�NXDW�GDUL�VHPXD�SLKDN
\DQJ�WHUOLEDW�GDODP�SURGXNVL�GDQ�WDWD�QLDJD�

'$)7$5��3867$.$

$OEHUW�� -�)���0��/LO\�� -�3��5KHHGHU��+�0��%XUJHU��*�6�� 6KHSKDUG�� DQG
:�&�$�� *HOGHUEORP�� � ������7HFKQRORJLFDO� DQG� FRPPXQLW\� ±
EDVHG�PHWKRGV� WR� UHGXFH�P\FRWR[LQ� H[SRVXUH�� )RRG� &RQWURO
;;;�� ���

$QRQ\PRXV��������&RGH�RI�SUDFWLFH�IRU�WKH�SUHYHQWLRQ�DQG�UHGXFWLRQ
RI�P\FRWR[LQ� FRQWDPLQDWLRQ� LQ� FHUHDOV�� LQFOXGLQJ� DQQH[HV� RQ
RFKUDWR[LQ�$�� ]HDUDOHQRQH�� IXPRQLVLQV� DQG� WULFRWKHFHQHV��&$&�
5&3� ��±�����

$QRQ\PRXV�� ����D��2XWEUHDN� RI� DIODWR[LQ� SRLVRQLQJ� ±� (DVWHUQ
DQG�&HQWUDO� 3URYLQFHV��.HQ\D�� -DQXDU\� ±� -XO\� ������00:5�
:HHNO\�� �������� ��������

$QRQ\PRXV�� ����E��.HSXWXVDQ�.HSDOD�%DGDQ� 3HQJDZDV�2EDW� GDQ
0DNDQDQ�5HSXEOLN� ,QGRQHVLD�1R�� +.�������������� WDQJJDO� �
6HSWHPEHU� ����� WHQWDQJ�%DWDV�0DNVLPXP�$IODWRNVLQ� GDODP

7DEHO��� %DWDV�PDNVLPXP� DIODWRNVLQ� %�� GDQ� DIODWRNVLQ� WRWDO� GDODP�SURGXN� \DQJ� WHUEXDW� GDUL� MDJXQJ� GDQ

NDFDQJ�NDFDQJDQ�GL� ,QGRQHVLD�

.DWHJRUL -HQLV� SDQJDQ
%DWDV� DIODWRNVLQ� �SSE�

%� 7RWDO

��� .DFDQJ� WDQDK� NXSDV� NXOLWD� �� ��
��� .DFDQJ� WDQDK� ELDVDD� �� ��
��� %LML�MDJXQJD� �� ��
��� 7HSXQJ� MDJXQJD� �� ��
��� 3DWL� MDJXQJD� �� ��
��� 3DQJDQ� RODKDQ� EHUEDVLV� NDFDQJ� WDQDKE� �� ��
��� 3DQJDQ� RODKDQ� EHUEDVLV� MDJXQJE� �� ��

6XPEHU�� D�$QRQ\PRXV� ����E�� E�$QQRQ\PRXV� �����
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3URGXN�3DQJDQ�� j� WDMXN�$QRQ\PRXV� ELVD� GLJDQWL� GHQJDQ�%DGDQ
3HQJDZDV�2EDW� GDQ�0DNDQDQ� �%320��

$QRQ\PRXV�� ������$IODWRNVLQ�� )RRG�:DWFK� 6LVWHP� .HDPDQDQ
3DQJDQ�7HUSDGX�� YRO� ,,�� %DGDQ�320�5,�

$QRQ\PRXV�� ������ 5HJXODWRU\� OLPLWV� RI� P\FRWR[LQV� LQ�$6($1
&RXQWULHV� �$IODWR[LQ��� KWWS���ZZZ�KVD�JRY�VJ�FRQWHQW�GDP�+$6�
$6*�)RRGB6DIHW\��$6($15HI/DE�$IODWR[LQVB������ SGI�� ���
2NWREHU� ������

$QRQ\PRXV�� ������ (YDOXDWLRQV� RI� &RQWDPLQDQWV�� 6XPPDU\� UHSRUW
RI� WKH� HLJKW\�WKLUG�PHHWLQJ� RI� -(&)$� �-(&)$����6&���5RPH���
��� 1RYHPEHU� ������ -2,17� )$2�:+2� (;3(57
&200,77((�21�)22'�$'',7,9(6

$QRQ\PRXV�� ������.HSXWXVDQ�.HSDOD�%DGDQ� 3HQJDZDV�2EDW� GDQ
0DNDQDQ�5HSXEOLN� ,QGRQHVLD�1R��+.����������������� WDQJJDO
���2NWREHU������ WHQWDQJ� 3HQHWDSDQ�%DWDV�0DNVLPXP�&HPDUDQ
0LNURED� GDQ�.LPLD� GDODP�0DNDQDQ�� j� WDMXN�$QRQ\PRXV� ELVD
GLJDQWL� GHQJDQ�%DGDQ� 3HQJDZDV�2EDW� GDQ�0DNDQDQ� �%320��

$QXNXO�� 1��� .�� 9DQJQDL�� DQG� :�� 0DKDNDUQFKDQDNXO�� �����
6LJQLILFDQFH� RI� UHJXODWLRQ� OLPLWV� LQ�P\FRWR[LQ� FRQWDPLQDWLRQ
LQ�$VLD� DQG� ULVN�PDQDJHPHQW� SURJUDPV� DW� WKH� QDWLRQDO� OHYHO�
-RXUQDO� RI� )RRG� DQG�'UXJ�$QDO\VLV����� ���±����

%DKUL�� 6���5��0DU\DP�GDQ�5��:LGLDVWXWL�� ������&HPDUDQ� DIODWRNVLQ
SDGD� EDKDQ� SDNDQ� GDQ� SDNDQ� GL� EHEHUDSD� GDHUDK� 3URSLQVL
/DPSXQJ� GDQ� -DZD�7LPXU�� -,79� ������� ���±���

%DUDQ\L��1��� 6��.RFVXEH� DQG� -��9DUJD�� ������$IODWR[LQV�� &OLPDWH
FKDQJH� DQG� ELRGHJUDGDWLRQ�� &XUUHQW�2SLQLRQ� LQ� )RRG� 6FLHQFH�
��� ��±���

%LRPLQ�� ������ %LRPLQ��:RUOG�0\FRWR[LQV� 6XUYH\� �����$QQXDO
5HSRUW�1R�����KWWS���ZZZ�ELRPLQ�QHW�LG�KRPH������0DUHW�������

%OXPD��5�9���DQG�0�*��(WFKHYHUU\���������$SSOLFDWLRQ�RI�HVVHQWLDORLOV
LQ�PDL]H� JUDLQ� �� ,PSDFW� RQ�$VSHUJLOOXV� VHFWLRQ�)ODYL� JURZWK
SDUDPHWHU� DQG� DIODWR[LQ� DFFXPXODWLRQ�� )RRG�0LFURELRORJ\� ���
���±����

%U\GHQ��:�/��� ������0\FRWR[LQ� FRQWDPLQDWLRQ� RI� WKH� IHHG� VXSSO\
FKDLQ�� LPSOLFDWLRQ� IRU� DQLPDO� SURGXFWLYLW\� DQG� IHHG� VHFXULW\�
$QLPDO� )HHG� 6FL��7HFKQRO�� ���� �,VVXHV�� ������ ���±����

&KHQJ�� <��� 4�� .RQJ�� &�� &KL�� 6�� 6KDQ�� DQG� %�� *XDQ�� � �����
%LRWUDQVIRUPDWLRQ�RI� DIODWR[LQ�%�� DQG� DIODWR[LQ� *�� LQ� SHDQXW
PHDO� E\� DQDHURELF� VROLG� IHUPHQWDWLRQ� RI� 6WUHSWRFRFFXV
WKHUPRSKLOXV� DQG� /DFWREDFLOOXV� GHOEUXHFNLL� VXGVS� EXOJDULFXV�
,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�0LFURELRORJ\� ����� �±��

GD�5RFKD��0�(�%���)��GD�&�2��)UHLUH��)�(�)��0DLD��0�,�)��*XHGHV�DQG
'��5RQGLQD�� ������0\FRWR[LQV� DQG� WKHLU� HIIHFWV� RQ�KXPDQ� DQG
DQLPDO� KHDOWK��)RRG�&RQWURO�������� ���±����

'HPDHJGW��+���%��'DPLQHWW��$��(YUDUG��0�/��6FLSSR��0��0XOOHU��/�
3XVVHPLHU��$��&DOOHEDXW�� DQG�.��9DQGHUPHLUHQ��������(QGRFULQH
DFWLYLW\� RI�P\FRWR[LQV� DQG�P\FRWR[LQV� PL[WXUHV�� )RRG� DQG
&KHPLFDO� 7R[LFRORJ\� ���� ��������

'LQJ��;��� 3��/L��<��%HL�� DQG�+��=KRX�������� �$IODWR[LQ�%�� LQ� SRVW�
KDUYHVW� SHDQXWV� DQG� GLHWDU\� ULVN� LQ� &KLQD�� )RRG� &RQWURO� ���
���±����

)DURPEL�� (�2�� ������ $IODWR[LQ� FRQWDPLQDWLRQ� RI� IRRGV� LQ
GHYHORSLQJ� FRXQWULHV�� ,POLFDWLRQV� IRU� KHSDWRFHOOXODU� FDUFLQRPD
DQG� FKHPRSUHYHQWLYH� VWUDWHJLHV�� $IULFDQ� -RXUQDO� RI
%LRWHFKQRORJ\� ������ �±���

)HUUH�� )�� 6��� ������ �:RUOGZLGH� RFFXUUHQFH� RI�P\FRWR[LQV� LQ� ULFH�
)RRG� &RQWURO� ���� ���±����

*RUUDQ��$���0�� )DU]DQHK��0�� 6KLYD]DG�� 0�� 5D]DHLDQ�� DQG�$�
*KDVVHPSRXU�� ������$IODWR[LQ� %��±� 5HGXFWLRQ� RI�$VSHUJLOOXV
IODYXV� E\� WKUHH�PHGLFLQDO� SODQWV� �/DPLDFHDH��� )RRG� &RQWURO
���� ���±����

*X]PDQ�GH�HQD�� '�� DQG� -�-�� HQD�&EULDOHV�� ������ 5HJXODWRU\
FRQVLGHUDWLRQV� RI� DIODWR[LQ� FRQWDPLQDWLRQ� RI� IRRG� LQ�0H[LFR�
5HY� /DWLQRDP�0LFURELRO� ������ ����±���� ��������

+HGD\DWL��0�7���$�&�� 3DVTXDORWWR�� 3�$��:DUQ�� 3��%RZ\HU� DQG�'�:�
'HQQLQJ�� ������$VSHUJLOOXV� IODYXV�� +XPDQ� SDWKRJHQ�� DOOHUJHQ
DQG�P\FRWR[LQ� SURGXFHU��0LFURELRORJ\� ����� ����±�����

+HMUL��/��$���6��-LQDS��3��+DMHE��6��5DGX��DQG�6K��6KDNLED]DGHK�������
$�UHYLHZ�RQ�P\FRWR[LQV� LQ�IRRG�DQG�IHHG���0DOD\VLD�FDVH�VWXG\�
&RPSUHKHQVLYH�5HYLHZV� LQ�)RRG� 6FLHQFH� DQG� )RRG�6DIHW\� ���
���±����

+RHOW]��0���7��&��(LQORIW��9��3��$OGRQL��+��$��'RWWRUL��DQG�,��%��1ROO�
������7KH� RFFXUUHQFH� RI� DIODWR[LQ�%�� FRQWDPLQDWLRQ� LQ� SHDQXWV
DQG� SHDQXW� SURGXFWV�PDUNHWHG� LQ�6RXWKHUQ�%UD]LO��%UD]��$UFK�
%LRO�� 7HFKQRO�� ������� ��

+XRQJ��%�7�0���/�'��7X\HQ��7�7��'R��+��0DGVHQ��/��%ULPHU��DQG�$�
'DOVJDDUG�� ������$IODWR[LQV� DQG� IXPRQLVLQV� LQ� ULFH� DQG�PDL]H
VWDSOH� FHUHDOV� LQ� 1RUWKHUQ� 9LHWQDP� DQG� GLHWDU\� H[SRVXUH� LQ
GLIIHUHQW� HWKQLF� JURXSV�� )RRG�&RQWURO� ���� ���±����

+XVVHLQ��+��6���DQG�-��0��%UDVHO��������7R[LFRORJ\��PHWDEROLVP��DQG
LPSDFW� I�PFRWR[LQV� RQ� KXPDQV� DQG� DQLPDOV��7R[LFRORJ\� ����
���±����

,TEDO�� 6��=���0��5��$VL��0��=XEHU��1��$NUDP�� DQG�1��%DWRRO�� �����
$IODWR[LQ� FRQWDPLQDWLRQ� LQ� SHDQXW� DQG� SHDQXW� SURGXFWV
FRPPHUFLDOO\DYDLODEOH� LQ� UHWDLO� PDUNHWV� RI� 3XQMDE�� 3DNLVWDQ�
)RRG� &RQWURO� ���� ��±���

-XEHHQ��)���%KDWWL�� ,�$���.KDQ��0�=��=DKRRU�8O�+DVVDQ� � DQG�6KDKLG�
0����������(IIHFW�RI�89�&�LUUDGLDWLRQ�RQ�DIODWR[LQV�LQ�JURXQGQXW
�$UDFKLV� K\SRJHD�� DQG� WKUHH� QXWV� �-XJODQ� UHJLD��3URQXV� GXFOXV
DQG�3LVWDFKLR�YHUD���-RXUQDO�RI�WKH�&KHPLFDO�6RFLHW\�RI�3DNLVWDQ
���� ����±�����

.HQVOHU��7�:��� 5RHEXFN��%�'���:RJDQ��*�1��� DQG� -�'�� *URRSPDQ�
������ $IODWR[LQ�� ���\HDU� RG\VVH\� RI� PHFKDQLVWLF� DQG
WUDQVODWLRQDO� WR[LFRORJ\��7R[LFRO�� 6FL�� ���� �6XSSO�� ���� 6��±6���

.KODQJZLVHW�� 3���6KHSKDUG��*�6��� DQG�:X�� )��� ������$IODWR[LQV� DQG
JURZWK� LPSDLUPHQW�� D� UHYLHZ��&ULW��5HY��7R[LFRO�� ���� ���±����

.XPDU��9���0�6��%DVX�DQG�7�3��5DMHQGUDQ��������0\FRWR[LQ�UHVHDUFK
DQG�P\FURIORUD� LQ� VRPH� FRPPHUFLDOO\� LPSRUWDQW� DJULFXOWXUDO
FRPPRGLWLHV��&URS� 3URWHFWLRQ� ���� ���±����

.XVXPDQLQJUXP��+��'��� 6XOLDQWDUL��$ULV�'��7RKD�� 6LQGKX�+�� 3XWUD�
GDQ�$OGLOOD� 6��8WDPL�� ������ �&HPDUDQ�$VSHUJLOOXV� IODYXV� GDQ
DIODWRNVLQ� SDGD� UDQWDL� GLVWULEXVL� SURGXN� SDQJDQ�EHUEDVLV� MDJXQJ
GDQ� IDNWRU� \DQJ� PHPSHQJDUXKLQ\D�� -�� 7HNQRO�� GDQ� ,QGXVWUL
3DQJDQ�9RO�� ;;,��1R�� ��

/DL��;���5��/LX��&��5XDQ��+H�=KDQJ��DQG�&��/LX��������2FFXUUHQFH�RI
DIODWR[LQV� DQG� RFKUDWR[LQ�$� LQ� ULFH� VDPSOHV� IURP� VL[� SURYLQFHV
LQ�&KLQD�� � )RRG�&RQWURO� ���� ���±����

/HRQJ��<�+���1�� ,VPDLO��$��$��/DWLI�� DQG�5��$KPDG��������$IODWR[LQ
RFFXUUHQFH� LQ� QXWV� DQG� FRPPHUFLDO� QXWW\� SURGXFWV� LQ�0DOD\VLD�
)RRG� &RQWURO� ���� ���±����

/XWIXOODK��*�� � DQG�$��+XVVDLQ�� ������6WXGLHV�RQ�FRQWDPLQDWLRQ� OHYHO
RI�DIODWR[LQ�LQ�VRPH�FHUHDOV�DQG�EHDQV�RI�3DNLVWDQ��)RRG�&RQWURO
���� ��±���

0DFKLQVNL� -U���0���/��0��9��6RDUHV��(��6DZD]DNL��'��%RORQKH]L�� -�/�
&DVWUR� DQG�1��%RUWROHWWR�� ������$IODWR[LQV�� RFKUDWR[LQ�$� DQG
]HDUDOHQRQH� LQ�%UD]LOLDQ� FRUQ� FXWLYDUV�� � -RUQDO� RI� )RRG� 6FLHQFH
RI�)RRG�DQG�$JULFXOWXUH��9RO�� ��� LVVXH� ��� SDJH�� ����±�����

0DKURXV�� 6�5�� ������ &KHPLFDO� SURSHUWLHV� RI�$VSHUJLOOXV� IODYXV
LQIHFWHG� VR\EHDQ� VHHGV� H[SRVHG� WR�Ñ�LUUDGLDWLRQ� GXULQJ� VWRUDJH�
,QWHUQDWLRQDO� -RXUQDO� RI�$JULFXOWXUH� DQG�%LRORJ\� ��� ���±����

0DMHHG��6���0��,TEDO��0��5��$VL��DQG�6��=��,TEDO��������$IODWR[LQ�DQG
RFKUDWR[LQ�$� FRQWDPLQDWLRQ� LQ� ULFH�� FRUQ� DQG� FRUQ� SURGXFWV
IURP� 3XQMDE�� 3DNLVWDQ�� � -RXUQDO� RI� &HUHDO� 6FLHQFH� ���� ���±
����

0DUNRY��.���%��0LKDOMHYLF��'RPLMDQ��$0�-��3OHDGLQ��)��'HODV��DQG�-�
)UHFH�� ������ ,QDFWLYDWLRQ� RI� DIODWR[LJHQLF� IXQJL� DQG� WKH
UHGXFWLRQRI� DIODWR[LQ� %�� LQ� YLWUR� DQG� LQ� VLWX� XVLQJ� JDPPD
UDGLDWLRQ�� )RRG� &RQWURO� ���� ��±���

0D]XPGHU�� 0�� DQG� '�� 6DVPDO�� ������0\FRWR[LQV±/LPLWV� DQG
5HJXODWLRQV��$QFLHQW� 6FLHQFH�RI�/LIH� �;;������±���

0LOLFHYLF��'��� 6NULQMDU��6��� DQG�7��%DOWLF�� ������ �5HDO� DQG�SHUFHLYHG
ULVNV� IRU� P\FRWR[LQ� FRQWDPLQDWLRQ� LQ� IRRGV� DQG� IHHGV� �
&KDOOHQJHV� IRU� IRRG� VDIHW\� FRQWURO��7R[LQV��� ���±����



�� -�� /LWEDQJ�3HUW�� 9RO�� ���1R�� �� 'HVHPEHU� ������ �����

0RUHDX��&��� ������0RXOGV�� WR[LQV� DQG� IRRG�� � 7UDQVODWHG� DQG� HGLWHG
E\�0�2��0RVV��$�:LOH\� ±� ,QWHUVFLHQFH� 3XEOLFDWLRQ�� -RKQ�:LOH\
	� 6RQV�� &KLFKHVWHU±1HZ�<RUN±%ULVEDQH±7RURQWR�

1XJUDKD��$��� .�� .KRWLPDKD�� ,�0�&�0�� 5LHWMHQV�� ������ 5LVN
DVVHVVPHQW� RI� DIODWR[LQ� %�� H[SRVXUH� IURP�PDL]H� DQG� SHDQXW
FRQVXPSWLRQ� LQ� ,QGRQHVLD� XVLQJ� WKH�PDUJLQ� RI� H[SRVXUH� DQG
OLYHU� FDQFHU� ULVN� HVWLPDWLRQ� DSSURDFKHV�� )RRG� DQG� &KHPLFDO
7R[LFRORJ\� ����������� ���±����

3DWHUVRQ�� 5��5��0�� DQG�1��/LPD�� ������+RZ�ZLOO� FOLPDWH� FKDQJH
DIIHFW� P\FRWR[LQ� LQ� IRRG� "�)RRG� 5HVHDUFK� ,QWHUQDWLRQDO� ���
����±�����

3DWHUVRQ��5�5�0��DQG�1��/LPD��������)XUWKHU�P\FRWR[LQ�HIIHFWV� IURP
FOLPDWH� FKDQJH��)RRG�5HVHDUFK� ,QWHUQDWLRQDO� ���� ����±� �����

3HUURQH��*���0��+DLGXNRZVNL��*��6WHD��)��(SLIDQL��5��%DQGR\SDGK\D\�
-�)�� /HVOLH�� DQG�$�� /RJULHFR�� ������ 3RSXODWLRQ� VWUXFWXUH� DQG
DIODWR[LQ� SURGXFWLRQ� E\�$VSHUJLOOXV� 6HFW�� )ODYL� IURP�PDL]H� LQ
1LJHULD� DQG�*KDQD�� )RRG�0LFURELRORJ\����� ������

3UDWLZL��&���5DKD\X��:�3��� /LRH��+�1���+HUDZDWL��'���%URWR��:��� DQG
6��$PEDUZDWL�� ������ 7KH� HIIHFW� RI� WHPSHUDWXUH� DQG� UHODWLYH
KXPLGLW\� IRU�$VSHUJLOOXV� IODYXV� %,2������JURZWK� DQG� DIODWR[LQ
SURGXFWLRQ� RQ� VR\EHDQV�� ,QWHUQDWLRQDO� )RRG�5HVHDUFK� -RXUQDO
������� ��±���

5DKD\X�� (�6�� ������$IODWR[LQ� LQ� ,QGRQHVLDQ� )RRGV�� 2FFXUUHQFH�
3UHYHQWLRQ� DQG� &RQWURO�� 3UHVHQWHG� LQ� � WK� $VLD�3DFLILF
%LRWHFKQRORJ\� &RQJUHVV� RQ�0D\� ��±���� ������ 7DJELODUDQ�
%RKRO�� 3KLOLSSLQHV�� �� S�

5DKD\X��:�3���'��+HUDZDWL��:��%URWR�� 6��$PEDUZDWL�� +�1��/LRH�� 6�
6LPDWXSDQJ��&�� 3UDWLZL� DQG� '�� 5DKD\X�� ������ %LRFRQWURO� RI
WR[LJHQLF�PROGV�E\�6DFFDURP\FHV� FHUHYLVLDH�$7&&������� KOP�
���±����� ,Q�1XU�:XODQGDUL�� /LOLV�1XUDLGD�� 6XNDUQR�� 3XVSR�(�
*LULZRQR��:LQLDWL� 3�� 5DKD\X�� +�'�� .XVXPDQLQJUXP� GDQ� 6�
:LGRZDWL� �(G��� 3URFHHGLQJ� ,QWHUQDWLRQDO� &RQIHUHQFH�� )RRG� IRU
D�4XDOLW\� /LIH�� -DNDUWD�� 2FWREHU� ��±���� �����

5DKPLDQQD��$�$���$��7DXILT�DQG�(�<XVQDZDQ��������(IIHFW�RI�KDUYHVW
WLPLQJ� DQG� SRVWKDUYHVW� VWRUDJH� FRQGLWLRQV� RQ� DIODWR[LQ
FRQWDPLQDWLRQ� LQ� JURXQGQXWV� KDUYHVWHG� IURP� WKH�:RQRJLUL
UHJHQF\� LQ,QGRQHVLD�� -RXUQDO�RI�6$7�$JULFXOWXUDO�5HVHDUFK������

5DKPLDQQD��$�$�� DQG�(��<XVQDZDQ�� ������0RQLWRULQJ�RI�$IODWR[LQ
&RQWDPLQDWLRQ� DW�0DUNHW� )RRG�&KDLQ� LQ�(DVW� -DYD�� -RXUQDO� RI
([SHULPHQWDO�%LRORJ\�DQG�$JULFXOWXUDO� 6FLHQFHV��$XJXVW������
����

5DKPLDQQD��$��$���(��*LQWLQJ�GDQ�(��<XVQDZDQ��������.RQWDPLQDVL
DIODWRNVLQ� GDQ� FDUD� SHQJHQGDOLDQQ\D�PHODOXL� SHQDQJDQDQ� SUD
GDQ� SDVFDSDQHQ�� KOP�� ��������� 'DODP� $�� .DVQR�� $�$�
5DKPLDQQD�� ,�0�-��0HMD\D�� '�� +DUQRZR�� 6�� 3XUQRPR� �(G���
.DFDQJ�7DQDK�� ,QRYDVL�7HNQRORJL� GDQ� 3HQJHPEDQJDQ� 3URGXN�
%DODL� 3HQHOLWLDQ�7DQDPDQ�$QHND�.DFDQJ� GDQ�8PEL��0DODQJ

5HGG\��%�1��DQG�&�5��5DJKDYHQGHU��������2XWEUHDN�RI�DIODWR[LFRVHV
LQ� ,QGLD��$IULFDQ� -RXUQDO� RI� )RRG�$JULFXOWXUH�1XWULWLRQ� DQG
'HYHORSPHQW� ������ �����

5HGG\��.�5�1���&�6��5HGG\�� DQG�.��0XUDOLGKDUDQ�� ������(WFWLRQ� RI
$VSUJLOOXV� VSS� DQG�$IODWR[LQV� %�� LQ� ULFH� LQ� ,QGLD�� )RRG
0LFURELRORJ\� ���� ��±���

5HG]ZDQ�� 6��0��� 5�� -DPDOXGGLQ��0��6��$��0XWKDOLE� DQG�=��$KPDG�
������ �$�PLQL� UHYLHZ� RQ� DIODWR[LQ� H[SRVXUH� LQ�0DOD\VLD� �� SVW�
SUHVHQW�� DQG� IXWXUH�� �)URQWLHUV� LQ�0LFURELRORJ\���� �DUWLFHO� �������±
��

5LFKDUG��-�/��������6RPH�PDMRU�P\FRWR[LQV�DQG�WKHLU�P\FRWR[LFRVHV
±�$Q� RYHUYLHZ�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�0LFURELRORJ\
����� �±���

6LHJHO��'��� DQG�7��%DEXVFLR�� ������0\FRWR[LQ�PDQDJHPHQW� LQ� WKH
(XURSHDQ� FHUHDO� WUDGLQJ� VHFWRU�� )RRG� &RQWURO� ���� ����±�����

6RPDQWUL��$�6���0LVNL\DK� DQG�:�� %URWR�� ������ 5LVN� DQDO\VLV� RI
VXSSO\� FKDLQ�PDQDJHPHQW� V\VWHP� ��$�FDVH� VWXG\�RQ� FRUQ� LQ� WKH
GLVWULFW� 6UDJHQ�� S�� ��������� ,Q��0DUWRQR�� (�� HW� DO�� 3URFHHGLQJ
RI� ,QWHUQDWLRQDO� &RQIHUHQFH�RQ� )RRG�6DIHW\� DQG�)RRG� 6HFXULW\�
*DGMDK�0DGD�8QLYHUVLW\��<RJ\DNDUWD��'HFHPEHU��VW�±��QG� �������
3XEOLVKHG� E\�8QLYHUVLWDV� *DGMDK�0DGD��<RJ\DNDUWD� ������
,QGRQHVLD��0DUFK�� �����

6XPLMDWL�� ������ 6WXGL� 7HQWDQJ�$VSHUJLOXV�)ODYXV� GDQ�$IODWRNVLQ
SDGD�7DKDS� %XGL�'D\D� .DFDQJ�7DQDK� GDUL� %HEHUDSD� /RNDVL
/DKDQ�.HULQJ�GL�.DEXSDWHQ�.DUDQJDQ\DU�� �6DLQV�7DQDK�±� -XUQDO
,OPX�7DQDK� GDQ�$JURNOLPDWRORJL� ����� �� ��� ±� ��

7HNLQVHQ��.�.�� DQG�+�6�� (NHQ�� ������ �$IODWR[LQ�0�� OHYHOV� LQ� 8+7
PLON�DQG�NKDVDU�FKHHVH�FRQVXPHG�LQ�7XUNH\���)RRG�DQG�&KHPLFDO
7R[LFRORJ\� ���� ����±�����

7RUUHV��$�0���*�*��%DURV��6�$��3DODFLRV��6�1��&KXO]H��DQG�3��%DWWLODQL�
������ �5HYLHZ�RQ�SUH��DQG�SRVW�KDUYHVW�PDQDJHPHQW�RI�SHDQXWV
WR� PLQLPL]H� DIODWR[LQ� FRQWDPLQDWLRQ�� )RRG� 5HVHDUFK
,QWHUQDWLRQDO� ���� ��±���

8GRQNXP��3���$�1��:LUHGX��0��1DJOH��-��0XOOHU��%��9DQODXZH��DQG�5�
%DQG\RSDGK\D\�� ������ � ,QQRYDWLYH� WHFKQRORJLHV� WR� PDQDJH
DIODWR[LQ� LQ� IRRGV� DQG� IHHGV�DQG� WKH�SURILWDEOLOLW\�RI� DSSOLFDWLRQ
±�$� UHYLHZ�� � )RRG� &RQWURO� ���� ���±����

8WDPL�� 7��� );�� +��$�� 1XJURKR�� 6��8VPLDWL�� 6��0DUZDWL�� � GDQ�(�� 6�
5DKD\X��������3HQXUXQDQ� NDGDU�DIODWRNVLQ�%��SDGD�VDUL� NHGHODL
ROHK� VHO� KLGXS� GDQ� VHO�PDWL�/DFWREDFLOOXV� DFLGRSKLOXV� 613���
-XUQDO� 7HNQRORJL� GDQ� ,QGXVWUL� 3DQJDQ�;;,,,� ����� ��±���

9DQ� (JPRQG�+3�� ������:RUOGZLGH� UHJXODWLRQV� IRU�P\FRWR[LQV�
$GY�� ([S��0HG�� %LRO�� ����� ���±����

9DQGHUFDPPHQ��*���DQG�.��6HLIDUWK��������1HZ�(8�$IODWR[LQ�/HYHOV
DQG� 6DPSOLQJ� 3ODQ��*$,1�5HSRUW�1XPEHU��(������

9XMDQRYLF�� 9���:�� 6PRUDJLHZLF]�� DQG� .�� .U\]\VW\QLDN�� �����
$LUERUQH� IXQJDO� HFRORJLFDO� QLFKH� GHWHUPLQDWLRQ� DV� RQH� RI� WKH
SRVVLELOLWLHV� IRU� LQGLUHFW�P\FRWR[LQ� ULVN� DVVHVPHQWLQ� LQGRRU� DLU�
(QYLURQ��7R[LFRO�� ��� �� �� ±� ��

:DQJ�� %���1�(��0DKRQH\�� =�� 3DQ��5�� .KLU��%��:X��+��0D�� DQG� /�
=DR�� ������ (IIHFWLYHQHVV� RI� SXOVHG� OLJKW� WUHDWPHQW� IRU
GHJUDGDWLRQ�DQG�GHWR[LILFDWLRQ�RI�$IODWR[LQ�%��DQG�%�� LQ� URXJK
ULFH� DQG� ULFH� EUDQ��)RRG�&RQWURO� ���� ���±����

:LOOLDP�� -�+���7�'�� 3KLOOLSV�� 3�(�� -ROO\�� -�.�� 6WLOHV��&�0�� -ROO\�� DQG
'��$JJDUZDO���������+XPDQ�DIODWR[LFRVLV�LQ�GHYHORSLQJ�FRXQWULHV�
D� UHYLHZ�RI� WR[LFRORJ\�� H[SRVXUH��SRWHQWLDO� KHDOWK�FRQVHTXHQFHV�
DQG� LQWHUYHQWLRQV�� �$P�� -��&OLQ��1XWU�� ���� ����±�����

:RJDQ��*�1��� .HQVOHU�� 7�:��� DQG�*URRSPDQ�� -�'��� ������ 3UHVHQW
DQG� IXWXUH� GLUHFWLRQV� RI� WUDQVODWLRQDO� UHVHDUFK� RQ� DIODWR[LQ� DQG
KHSDWRFHOOXODU� FDUFLQRPD� �� D� UHYLHZ��)RRG�$GGLW��&RQWDP� 3DUW
$�&KHP��$QDO��&RQWURO� ([SR��5LVN�$VVHVV�� ���� ��������

<HQQ\��������$IODWRNVLQ� GDQ�DIODWRNVLNRVLV�SDGD�PDQXVLD�� �8QLYHUVD
0HGLFD� ������� ��±���

=DLQ��0�(��� ������ ,PSDFW� RI�P\FRWR[LQV� RQ� KXPDQV� DQG� DQLPDOV�
-RXUQDO� RI�6DXGL�&KHPLFDO� 6RFLHW\� ��� �� ����±� ����

=KHQJ��+���6��:HL��<��;X��DQG�0��)DQ��������5HGXFWLRQ�RI�DIODWR[LQ
%�� LQ� SHDQXW�PHDO� E\� H[WUXVLRQ� FRRNLQJ�� /:7�)RRG� 6FLHQFH
DQG�7FKQRORJ\� ������� ±� ����


