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$NWLYLWDV� SHUWDPEDQJDQ� DNDQ� PHPEHULNDQ� OLPEDK� EDJL� OLQJNXQJDQ�� /LPEDK� WHUVHEXW� EHUXSD� ORJDP� EHUDW� \DQJ�
PXGDK�WHUDNXPXODVL�GHQJDQ�DLU��/RJDP�EHUDW�GDODP�DLU�VDQJDW�SHQWLQJ�EDJL�RUJDQLVPH�KLGXS�WHWDSL�MLND NRQVHQWUDVL�
GL� OXDU� EDWDV� \DQJ� GLUHNRPHQGDVLNDQ� ROHK� EHUEDJDL� RUJDQLVDVL� QDVLRQDO� GDQ� LQWHUQDVLRQDO� GDSDW� PHQ\HEDENDQ�
JDQJJXDQ�ILVLRORJLV��.HOHELKDQ� LQL�GL� OLQJNXQJDQ�DLU� WHUMDGL��PHODOXL�EHUEDJDL�SURVHV�GDQ� MDOXU��ROHK�VXPEHU�DODPL�
GDQ�DQWURSRJHQLN��$NXPXODVL�ORJDP�ORJDP�LQL�GDODP�RUJDQLVPH�KLGXS�GDSDW�PHQMDGL�UDFXQ�GDQ�NDUVLQRJHQLN�NDUHQD�
VLIDWQ\D�\DQJ�WLGDN�GDSDW�WHUXUDL�VHFDUD�KD\DWL��8QWXN�WXMXDQ�LQL�DLU��PDQDMHPHQ�NXDOLWDV�GDQ�SHQLODLDQ�GDODP�ORJDP�
EHUDW� DGDODK� VDQJDW� SHQWLQJ�� 6WDWXV� NXDOLWDV� DLU� VHFDUD� NHVHOXUXKDQ� GDQ� LGHQWLILNDVL� VXPEHU� DVDO� ORJDP� EHUDW�
GLSHUOXNDQ� XQWXN� SHQJHORODDQ� NXDOLWDV� DLU�� ,QGHNV� SROXVL� ORJDP� EHUDW� �+3,�� GDQ� $QDOLVLV� IDNWRU� �)$�� DGDODK�
SHQGHNDWDQ�\DQJ�SDOLQJ�Q\DPDQ�GDQ�HIHNWLI�XQWXN�PHQLODL�VWDWXV�NXDOLWDV�DLU�GDQ�PHQJLGHQWLILNDVL�VXPEHU�SROXWDQ��
0DNDODK�LQL�PHQJXODV�WHQWDQJ�VXPEHU��GDPSDN�WHUKDGDS�NHVHKDWDQ�PDQXVLD�GDQ�WHNQLN�SHQLODLDQ�SHQFHPDUDQ�ORJDP�
EHUDW�GL�OLQJNXQJDQ�SHUDLUDQ�VHUWD� WHNQLN�SHQJRODKDQ�DLU�OLPEDK�XQWXN�PHQJKLODQJNDQ�ORJDP�EHUDW�WHUVHEXW�

.DWD�NXQFL��/RJDP�EHUDW��.XDOLWDV�$LU� 3HUWDPEDQJDQ��/LPEDK
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0LQLQJ� DFWLYLWLHV� ZLOO� EULQJ� ZDVWH� WR� WKH� HQYLURQPHQW�� :DVWH� H[LVWV� LQ� WKH� IRUP� RI� KHDY\� PHWDOV� DQG� FDQ� HDVLO\�
DFFXPXODWH�ZLWK�ZDWHU��+HDY\�PHWDOV�LQ�ZDWHU�DUH�YHU\�LPSRUWDQW�IRU�RUJDQLVPV��EXW�LI�WKHLU FRQFHQWUDWLRQV�H[FHHG�
WKH� OLPLWV� UHFRPPHQGHG� E\� YDULRXV� FRXQWULHV� DQG� LQWHUQDWLRQDO� RUJDQL]DWLRQV� LW� ZLOO� FDXVH� SK\VLRORJLFDO�
GLVWXUEDQFHV��7KLV�VXUSOXV�LQ�WKH�DTXDWLF�HQYLURQPHQW�RFFXUV�IURP�QDWXUDO�DQG�PDQ�PDGH�VRXUFHV�WKURXJK�YDULRXV�
SURFHVVHV�DQG�SDWKZD\V��'XH�WR�WKHLU�QRQ�ELRGHJUDGDEOH�QDWXUH��WKH�DFFXPXODWLRQ�RI�WKHVH�PHWDOV�LQ�RUJDQLVPV�FDQ�
EH�WR[LF�DQG�FDUFLQRJHQLF��)RU�WKLV�SXUSRVH��ZDWHU�TXDOLW\�PDQDJHPHQW�DQG�KHDY\�PHWDO�DVVHVVPHQW�DUH�HVVHQWLDO��
:DWHU�TXDOLW\�PDQDJHPHQW�UHTXLUHV�LGHQWLILFDWLRQ�RI� WKH�RYHUDOO�ZDWHU�TXDOLW\�VWDWXV�DQG�VRXUFHV�RI�KHDY\�PHWDOV��
+HDY\�0HWDO� 3ROOXWLRQ� ,QGH[� �+3,�� DQG� )DFWRU� $QDO\VLV� �)$�� DUH� WKH�PRVW� FRQYHQLHQW� DQG� HIIHFWLYH�PHWKRGV� WR�
DVVHVV�ZDWHU�TXDOLW\�DQG�LGHQWLI\�VRXUFHV�RI�SROOXWLRQ��

.H\ZRUGV��+HDY\�0HWDOV��:DWHU 4XDOLW\��0LQLQJ��:DVWH

3(1'$+8/8$1�

$GDQ\D� NHJLDWDQ� SHUWDPEDQJDQ� PHQJDNLEDWNDQ�
GDPSDN� QHJDWLI� WHUKDGDS� OLQJNXQJDQ�� 6DODK� VDWXQ\D�
\DLWX� NHJLDWDQ� SHQJRODKDQ� SDGD� SHUWDPEDQJDQ� DNDQ�
PHQFLSWDNDQ�SHQFHPDUDQ�ORJDP�EHUDW��)DVKROD�HW�DO���
������� 3HQFHPDUDQ� ORJDP� EHUDW� DGDODK� PDVDODK�
DQWURSRJHQLN� \DQJ� WLGDN� GDSDW� GLKLQGDUL� \DQJ� KDUXV�
GLKDGDSL� XPDW� PDQXVLD� �0DVLQGL� 	� 0XHGL��� �������
,VWLODK� 
ORJDP� EHUDW
� PHQJDFX� SDGD� VHWLDS� HOHPHQ�
ORJDP� \DQJ� PHPLOLNL� NHUDSDWDQ� \DQJ� UHODWLI� WLQJJL�
WHUXWDPD� OHELK� EHVDU� GDUL� �� J�FP� �9DUHGD� HW� DO���
������� %HEHUDSD� ORJDP� GDODP� MXPODK� NHFLO�
GLSHUOXNDQ�XQWXN�DNWLYLWDV�PHWDEROLVPH�GDODP�VLVWHP�
PDQXVLD� VHPHQWDUD�\DQJ� ODLQ�PHQ\HEDENDQ�SHQ\DNLW�
DNXW� GDQ� NURQLV� �0DKXUSDZDU��� ������� /RJDP� EHUDW�
PDVXN� NH� GDODP� VLVWHP� SHUDLUDQ� ROHK� VXPEHU� DODPL�
GDQ DQWURSRJHQLN� �3DQGH\� 	� 0DGKXUL��� �������

6HODPD� GXD� DEDG� WHUDNKLU�� ORJDP� EHUDW� \DQJ�
GLOHSDVNDQ� ROHK� SHQJDUXK� DQWURSRJHQLN� WHODK�
GLWXPSDQJNDQ�NRQWULEXVLQ\D�ROHK�VXPEHU�DODP��3ULWL�
	� 3DXO��� ������� 3HQFHPDUDQ� DLU� NDUHQD� XQVXU�XQVXU�
LQL� PHUXSDNDQ� PDVDODK� OLQJNXQJDQ� GDQ� VRVLDO�
HNRQRPL�\DQJ�XWDPD��/RJDP�EHUDW�PHQMDGL�SHUKDWLDQ�
NKXVXV� NDUHQD� VLIDW� WRNVLN� GDQ� NDUVLQRJHQLNQ\D��
EHUVDPD�GHQJDQ�HIHN�EHUEDKD\D�\DQJ�WHUGRNXPHQWDVL�
EDJL� NHVHKDWDQ� PDQXVLD� �0HKUDQGLVK� HW� DO��� �������
3HQFHPDUDQ� ORJDP� EHUDW� MXJD� PHQMDGL� SHUKDWLDQ�
NDUHQD� EDQ\DN� WHNQLN� SHQJRODKDQ� DLU� PLQXP� \DQJ�
GLJXQDNDQ� GL� QHJDUD� EHUNHPEDQJ� �-RVHSK� HW� DO���
������� WHUPDVXN�NORULQDVL��SHUHEXVDQ��GDQ�GHVLQIHNVL�
PDWDKDUL�� WLGDN� HIHNWLI� GDODP� PHQJKLODQJNDQ� ORJDP�
EHUDW�� .HWLND� PHPSHUWLPEDQJNDQ� GDPSDN� ORJDP�
EHUDW�GL�QHJDUD�EHUNHPEDQJ��EDQ\DN�PDNDODK�XODVDQ�
WHODK� PHQ\HOLGLNL� SUHYDOHQVL� ORJDP� EHUDW� GDODP�
VXPEHU� DLU� PLQXP� GL� EHEHUDSD� QHJDUD� EHUNHPEDQJ��



EHUVDPD� GHQJDQ� EDKD\D� NHVHKDWDQ� PDQXVLD� \DQJ�
WHUNDLW� GHQJDQ� NRQWDPLQDVL� ORJDP� EHUDW� �5HKPDQ� HW�
DO��� �������%HUEDJDL� VWUDWHJL� SHQJHORODDQ� NXDOLWDV� DLU�
WHODK� GLWHUDSNDQ� XQWXN�PHQMDJD� DLU� GDUL� SHQFHPDUDQ�
�=KDQJ�HW�DO����������/RJDP�EHUDW�\DQJ�GLXODV�GDODP�
PDNDODK� LQL� PHOLSXWL� EHEHUDSD� ORJDP� SHQWLQJ� \DQJ�
EHUVLIDW� ELRORJLV� GDQ� WRNVLVLWDV� OLQJNXQJDQ�� VHSHUWL�
EHVL� �)H��� WLPEDO� �3E��� VHQJ� �=Q��� NDGPLXP� �&G���
WHPEDJD��&X���PHUNXUL��+J���NURPLXP���&U���DUVHQLN�
�$V���QLNHO��1L��GDQ�PDQJDQ��0Q���+HUWLND�	�3XWUD���
������� 7XMXDQ� GDUL� SDSHU� LQL� XQWXN� PHPDKDPL�
GDPSDN� SHQFHPDUDQ� ORJDP� EHUDW� WHUKDGDS� DLU��
VXPEHU� ORJDP� EHUDW�� WHNQLN� SHQLODLDQ�� VHUWD� WHNQLN�
SHQJRODKDQ� DLU� OLPEDK� XQWXN� PHQJKLODQJNDQ� ORJDP�
EHUDW�WHUVHEXW�

.$-,$1�3867$.$

%HULNXW� SHQHOLWLDQ� VHMHQLV� \DQJ� GLJXQDNDQ� SDGD�
SHQHOLWLDQ�LQL�DQWDUD�ODLQ�9DUHGD�HW�DO��������PHQXOLV�
EDKZD� HNVWUDNVL� ELMLK� GDUL� LQGXVWUL� SHQJRODKDQ� GDQ�
PHWDOXUJL�PHUXSDNDQ�VXPEHU�\DQJ�SDOLQJ�PHQFHPDUL�
DLU� OLQJNXQJDQ�� *\DPIL� GDODP� SHQHOLWLDQQ\D�
GLWHPXNDQ� EDKZD� SHUWDPEDQJDQ� UDN\DW� SHUOX� GLDWXU�
XQWXN� PHOLQGXQJL� VXPEHU� GD\D� DLU� GDUL� SHQFHPDUDQ�
OHELK� ODQMXW� �*\DPIL� HW� DO��� ������� 0RGRL� GDODP�
SHQHOLWLDQQ\D� GLWHPXNDQ� EDKZD NRQVHQWUDVL� ORJDP�
EHUDW� \DQJ� WLQJJL� GL� KLOLU� IDVLOLWDV� OLPEDK� \DQJ�
PHQ\HEDENDQ�SHQLQJNDWDQ�ULVLNR� OLQJNXQJDQ��0RGRL�
HW� DO��� ������� 6HPXD� SHQHOLWLDQ� WHUVHEXW� PHQMDGL�
ODQGDVDQ�GDODP�PHQJNDML�VHUWD�PHQJDQDOLVLV�GDPSDN�
SHQFHPDUDQ�WHUKDGDS�NXDOLWDV�DLU�VXQJDL��

0(72'(

0HWRGH� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� DGDODK�
SHQHOLWLDQ� NHSXVWDNDDQ�� 6XDWX� NHJLDWDQ� \DQJ�
PHQJXPSXONDQ� LQIRUPDVL� \DQJ� EHUNDLWDQ� GHQJDQ�
VXEMHN�DWDX�PDVDODK�\DQJ�PHQMDGL�VXEMHN�SHQHOLWLDQ��
,QIRUPDVL�LQL�GDSDW�GLSHUROHK�GDUL�EXNX�EXNX��MXUQDO�
SURVLGLQJ� NRQIHUHQVL�� GDQ� NDU\D�NDU\D� \DQJ� WHUNDLW�
GHQJDQ�SHQHOLWLDQ�GDODP�WLQMDXDQ�SXVWDND��'RNXPHQ�
GRNXPHQ� LQL� GLWLQMDX�XQWXN�PHQXOLV� WHQWDQJ�GDPSDN�
SHQFHPDUDQ� ORJDP� EHUDW� \DQJ� GLVHEDENDQ� ROHK�
NHJLDWDQ� SHQDPEDQJDQ� WHUKDGDS� NXDOLWDV� DLU� VXQJDL�
GDQ�VWUDWHJL�SHUEDLNDQQ\D�

+$6,/�'$1�3(0%$+$6$1

3HQJDUXK .XDOLWDV� $LU� 7HUKDGDS� .HPXQFXODQ�
/RJDP�%HUDW

6DDW�PHQ\HOLGLNL� VXPEHU� ORJDP�EHUDW��SHQWLQJ�XQWXN�
PHQJHYDOXDVL� SHULODNX� ORJDP�EHUDW�� EHUVDPD�GHQJDQ�
NDUDNWHULVWLN� DGVRUEHQ� GL� EDZDK� EHUEDJDL� NRQGLVL�
NXDOLWDV� DLU �6DLHG��� ������� 'LDQWDUD� SDUDPHWHU�
NXDOLWDV�DLU�WHUSHQWLQJ�\DQJ�WHUNDLW�GHQJDQ�SHQ\DOLUDQ�
ORJDP� EHUDW� DGDODK� S+�� VXKX�� NHEHUDGDDQ� DODPL�
EDKDQ� RUJDQLN� �120��� GDQ� NHNXDWDQ� LRQ� �=KDR� HW�

DO��������� 6HGDQJNDQ� ORJDP� EHUDW� EHUNRQWDPLQDVL�
SDOLQJ� VHULQJ� GLNDLWNDQ� GHQJDQ� DLU� OLPEDK� LQGXVWUL��
OLPEDK� SHUWDPEDQJDQ�� GL� QHJDUD� EHUNHPEDQJ� ORJDP�
EHUDW� WHODK� WHUGHWHNVL� GL� EHUEDJDL� VXPEHU� DLU��
WHUPDVXN�OLPEDK�FDLU�GRPHVWLN��DLU�WDQDK��VXQJDL�GDQ�
GDQDX� �&KRZGKXU\� HW� DO��� ������� 6XPEHU� DLU� LQL�
PHPLOLNL� NDUDNWHULVWLN� NXDOLWDV� DLU� \DQJ� EHUYDULDVL��
\DQJ� SDGD� DNKLUQ\D� PHPSHQJDUXKL� NHPDPSXDQ�
DGVRUEHQ� XQWXN� VHFDUD� HIHNWLI� PHQJKLODQJNDQ�
NRQWDPLQDVL�ORJDP�EHUDW��4LX�HW�DO���������

3HQ\HEDE�0XQFXOQ\D�/RJDP�%HUDW

7LQJJLQ\D� NDQGXQJDQ� ORJDP� EHUDW� GL� OLQJNXQJDQ�
SHUDLUDQ�WHUMDGL�PHODOXL�EHUEDJDL�SURVHV�GDQ�MDOXU�ROHK�
DODP� GDQ� DQWURSRJHQLN�� 6XPEHU� DODPL� PHOLSXWL�
GHSRVLVL� EDVDK� GDQ� NHULQJ� GDUL� JDUDP� DWPRVIHU�
�'LUJDQWDUD��� ������� LQWHUDNVL� DLU�WDQDK� GDQ� DLU�
EDWXDQ�� 6XPEHU� DQWURSRJHQLN� WHUGLUL� GDUL� XUEDQLVDVL�
\DQJ� FHSDW� GDQ� LQGXVWULDOLVDVL� VHUWD� SHUWDPEDQJDQ�
�+X�HW�DO���������

6XPEHU�DODPL ORJDP�EHUDW

.HEHUDGDDQ� ORJDP� EHUDW� GL� SHUDLUDQ� ROHK� VXPEHU�
DODPL� WHUJDQWXQJ� SDGD� JHRORJL� ORNDO�� KLGURJHRORJL�
GDQ� NDUDNWHULVWLN� JHRNLPLD� DNXLIHU� �%ULQGKD��� �������
6XPEHU�GDVDU�XQVXU�SHQFHPDU�EDGDQ�DLU�DGDODK�ROHK�
SHODSXNDQ� EDWXDQ� VHGLPHQ� VHSHUWL� EDWXJDPSLQJ��
GRORPLW��VHUSLK��EDWXSDVLU��,QWHUDNVL�DLU�GHQJDQ�EDWXDQ�
EHNX� VHSHUWL� JUDQLW�� JDEUR�� QHSKHOLQH� V\HQLWH�� EDVDOW��
DQGHVLW��XOWUDPDILN�MXJD�PHQ\XPEDQJ�EHEHUDSD�XQVXU�
XWDPD�� 0LQHUDO� DWDX� ELMLK� WHUWHQWX� \DQJ� SDGD� VDDW
SHODUXWDQ� PHQLQJNDWNDQ� NDGDU� XQVXUQ\D� DGDODK�
PDJQHWLW�� KHPDWLW�� JRHWLW�� VLGHULW� �)H��� NDOVLW�� NXSULW��
SHUXQJJX�� D]XLW� �&X��� NURPLW� �&U��� NDROLQLW��
PRQWPRULOORQLW�� DUVHQLN� WULRNVLGD�� RUSLPHQW��
DUVHQRSLULW� �$V��� NDODPLQ�� VPLWKVRQLW� �=Q��� SLUROXVLW��
UKRGRNULVWH� �0Q��� 6HSHUWL� MXJD� GLWHPXNDQ�
WHUNRQVHQWUDVL� GDODP� HQGDSDQ� PLQHUDO� \DQJ�
PHQJDQGXQJ� VXOILGD�� WHUXWDPD� \DQJ� WHUNDLW� GHQJDQ�
PLQHUDOLVDVL� HPDV�� GDQ� ELMLK� EHVL� RNVLGD� KLGUR��
%HEHUDSD�XQVXU�PLQRU�VHSHUWL�&G��&R��0Q�WHUGDSDW�GL�
NHUDN� EXPL� EHUVDPD� GHQJDQ�PLQHUDO� ODLQQ\D�� 6HODLQ�
LWX�� 1L�� 3E� GDQ� +J� WHUGHSRVLW� NH� GDODP� VLVWHP�
SHUDLUDQ� GDUL� MDWXKDQ� NHULQJ� DWDX� EDVDK� GDUL� DHURVRO�
DWPRVIHU�\DQJ�WHUEHQWXN�GDUL�GHEX�\DQJ�WHUWLXS�DQJLQ��
HPLVL�YXONDQLN��NHEDNDUDQ�KXWDQ�GDQ�YHJHWDVL�

6XPEHU�$QWURSRJHQLN��&DPSXU�7DQJDQ�0DQXVLD�

/DKLUQ\D� LQGXVWULDOLVDVL� GDQ� XUEDQLVDVL� \DQJ� FHSDW�
PHQXUXQNDQ� GD\D� GXNXQJ� DLU� VHFDUD� WDMDP �$GLW\D�
GNN��� ������� 7LQJNDW� NRQVHQWUDVL� +J� GDODP� DLU�
PHQLQJNDW� VHEDJLDQ�EHVDU�NDUHQD�NHJLDWDQ�SHUWDQLDQ��
DNWLYLWDV� PDQXVLD� VHSHUWL� SHQJRODKDQ� WDQDK� GDQ�
SHQHEDQJDQ�� SHPEXDQJDQ� OLPEDK� GRPHVWLN��
SHQJHQGDSDQ� DWPRVIHU� GDUL� SHPEDNDUDQ� OLPEDK�
SDGDW�� SHPEDNDUDQ� EDWX� EDUD� GDQ� PLQ\DN�� SURVHV�
SLURPHWDOXUJL� �)H�� 3E� GDQ� =Q�� GDQ� NHJLDWDQ�



SHUWDPEDQJDQ� �6DKD� 	� 3DXO��� ������� /LPSDVDQ� DLU�
SHUPXNDDQ� GDUL� KXMDQ� DWDX� VDOMX� PHPEDZD� WDQDK�
\DQJ� WHUNRQWDPLQDVL� +J� NH� VLVWHP� DLU� \DQJ�
EHUGHNDWDQ� DWDX� VXQJDL� VHNLWDU �$GLW\D� GNN��� �������
3URVHV� LQGXVWUL� \DQJ� EHUWDQJJXQJ� MDZDE� DWDV�
SHQFHPDUDQ� DLU� GHQJDQ� +J� WHUPDVXN� NORUDONDOL��
EDWHUDL�� ODPSX� QHRQ�� WHUPRPHWHU�� GDQ� SURGXNVL�
VDNHODU�HOHNWURQLN��,QGXVWUL�NLPLD�WHODK�PHQMDGL�VDODK�
VDWX� VXPEHU� SHQFHPDU� PHUNXUL� WHUEHVDU� GL� GXQLD��
6XPEHU�DQWURSRJHQLN�1L�EHUDVDO�GDUL�SLSD�GDQ�ZDGDK�
ORJDP�\DQJ�WHUNRURVL��7LPEDO�GL�OLQJNXQJDQ�SHUDLUDQ�
EHUDVDO�GDUL�VHQ\DZD�VHSHUWL�FDW�GDQ�DGLWLI�EHQVLQ�GDQ�
SHQJHQGDSDQ� DHURVRO� \DQJ� WHUEHQWXN� GDUL� SURVHV�
LQGXVWUL� VXKX� WLQJJL� VHSHUWL� SHPEDNDUDQ� EDWXEDUD��
SHOHEXUDQ� GDQ� SURGXNVL� VHPHQ��&G�PDVXN� NH� VLVWHP�
DLU�PHODOXL�SHPEXDQJDQ� LQGXVWUL�GDQ�NHUXVDNDQ�SLSD�
JDOYDQLV��
.DGPLXP� MXJD� WHUGDSDW� GDODP� SXSXN� IRVIDW� \DQJ�
EHUSHUDQ� VHEDJDL� VDODK� VDWX� VXPEHU� SHQFHPDU� GL�
EDGDQ�DLU��&X�ELDVDQ\D�WHUGDSDW�GDODP�DLU�PLQXP�GDUL�
SLSD� WHPEDJD�� OLPEDK� LQGXVWUL�� VHUWD� GDUL� DGLWLI� \DQJ�
GLUDQFDQJ� XQWXN� PHQJHQGDOLNDQ� SHUWXPEXKDQ� DOJD��
)H� GDQ� 0Q� GDODP� DLU� EHUDVDO� GDUL� OLPEDK� LQGXVWUL��
GUDLQDVH� DVDP� WDPEDQJ�� OLPEDK� GDQ� OLQGL� 73$��
6XPEHU� DQWURSRJHQLN� &U� PHOLSXWL� SHPEXDQJDQ� DLU�
OLPEDK� LQGXVWUL� GDUL� EHUEDJDL� LQGXVWUL� VHSHUWL�
PHWDOXUJL� �EDMD�� SDGXDQ� IHUUR� GDQ� QRQIHUURXV���
UHIUDNWRUL� �NURP� GDQ� NURP�PDJQHVLW�� GDQ� NLPLD�
�SLJPHQ�� HOHNWURSODWLQJ�� SHQ\DPDNDQ� GDQ� ODLQQ\D���
6XPEHU� $V� GDODP� HNRVLVWHP� SHUDLUDQ� WHUPDVXN�
SHUWDPEDQJDQ� QRQIHUURXV�� HNVWUDNVL� PLQHUDO��
SHPEDNDUDQ� EDKDQ� EDNDU� IRVLO� GDQ� OLPEDK�� DGLWLI�
SDNDQ� XQJJDV� GDQ� EDEL�� SHVWLVLGD�� 6XPEHU� ODLQ� MXJD�
WHUPDVXN� SHPEDNDUDQ� OLPEDK� NRWD� GDQ� LQGXVWUL��
SHQJDZHW� ND\X� GDQ� PHODOXL� SHPDQJJDQJDQ� ELMLK�
HPDV� DUVHQLXV�� %HEDQ� =Q� GDODP� VLVWHP� SHUDLUDQ�
EHUVLIDW� WHUWXWXS� DWDX� NHJLDWDQ� SHQDPEDQJDQ� VHGDQJ�
EHUODQJVXQJ�� 6HEDJLDQ� EHVDU� ORJDP� EHUDW� GL�
HNRVLVWHP� SHUDLUDQ� EHUNRQWULEXVL� SDGD� SHQLQJNDWDQ�
NDGDU� PHODOXL� DLU� DVDP� WDPEDQJ� �$0'��� VDODK� VDWX�
EDKD\D� OLQJNXQJDQ� SDOLQJ� VHULXV� GDUL� LQGXVWUL�
SHUWDPEDQJDQ��'$/�GLKDVLONDQ�ROHK�RNVLGDVL�PLQHUDO�
SHPEDZD� VXOILGD� \DQJ� WHUSDSDU� SDGD� NRQGLVL�
SHODSXNDQ� \DQJ� PHQJKDVLONDQ� OLPEDK� EHUNXDOLWDV�
UHQGDK� \DQJ� GLWDQGDL� GHQJDQ� S+� DVDP� GDQ� WLQJNDW�
ORJDP�WHUODUXW�\DQJ�WLQJJL��PLVDOQ\D��$V��&G��&X��=Q��
GDQ�DQLRQ��PLVDOQ\D��VXOIDW�GDQ�NDUERQDW��

*DPEDU���� 6NHPD�PXQFXOQ\D�SROXWDQ�ORJDP�EHUDW�
GDUL�HNVWUDNVL�GDQ�SHPURVHVDQ�

ELMLK��6XPEHU���9DUHGD��-��3���9DOHQWH��$��
-���	�'XUmHV��/����������

'DPSDN�'DUL�.RQWDPLQDVL /RJDP�%HUDW

/RJDP�EHUDW�PDVXN�NH�GDODP�WXEXK�PDQXVLD�PHODOXL�
DLU� PLQXP� \DQJ� GLSHUROHK� GDUL� EHUEDJDL� VXPEHU�
VHSHUWL� VXPXU�� VXQJDL�� GDQDX�� ZDGXN�� NRODP� GOO��
.HEHUDGDDQ� ORJDP� GDODP� DLU� PLQXP� GL� OXDU� EDWDV�
\DQJ� GLWHQWXNDQ� ROHK� EHUEDJDL� RUJDQLVDVL� QDVLRQDO�
GDQ LQWHUQDVLRQDO� GDSDW� PHQLPEXONDQ� EDKD\D�
NHVHKDWDQ�

7DEHO����6WDQGDUW�$LU�0LQXP�,QWHUQDVLRQDO�6XPEHU���
3ULWL�	�3DXO���������

1L� GDQ� +J� EHUVLIDW� NDUVLQRJHQLN� GDQ� PHQ\HEDENDQ�
NHUXVDNDQ� '1$� �'HR[\� ULER�QXFOLFDFLG��1L� MXJD�
PHQ\HEDENDQ� WRNVLVLWDV� VLVWHPLN� DOHUJL�� UDPEXW�
URQWRN� GDQ� DQHPLD �0LVKUD� HW� DO��� ������� 3E�� VDODK�
VDWX�ORJDP�EHUDW�\DQJ�XPXP�GL�OXDU�EDWDV�\DQJ�DNDQ�
PHQMDGL UDFXQ� PHWDEROLN� GDQ� SHQJKDPEDW� HQ]LP
�*MRUJLHYD��� ������� ,QL� MXJD� GDSDW� PHUXVDN� NRQHNVL�
VDUDI� GDQ� PHQ\HEDENDQ� JDQJJXDQ� GDUDK� GDQ� RWDN��
6HODLQ�LWX��HIHN�ELRNLPLD�WLPEDO�DGDODK�JDQJJXDQQ\D�
GHQJDQ�VLQWHVLV�KHPR��\DQJ�PHQ\HEDENDQ�NHUXVDNDQ�
KHPDWRORJLV�� )H� GDQ� 0Q� SDGD� NRQVHQWUDVL� UHQGDK�
GLSHUOXNDQ� XQWXN� DNWLYLWDV� HQ]LP� WHWDSL� SDGD�
NRQVHQWUDVL WLQJJL�� WHUDNXPXODVL� GL� RWRW�� KDWL� GDQ�
PHPSHQJDUXKL� RWDN� GDQ� VLVWHP� VDUDI� SXVDW��&U� \DQJ�
GLNHQDO� VHEDJDL� DJHQ� NDUVLQRJHQLN� GDQ� WRNVLNRORJL�
GDSDW� PHQ\HEDENDQ� GHUPDWLWLV� GDQ� XOVHUDVL� SDGD�
NXOLW�� 3DSDUDQ� MDQJND� SDQMDQJ� GDSDW� PHQ\HEDENDQ�
NHUXVDNDQ�JLQMDO��KDWL��SHUHGDUDQ�GDUDK�GDQ�NHUXVDNDQ�
MDULQJDQ�VDUDI��
6HSHUWL� SDGD� NRQVHQWUDVL� \DQJ� OHELK� WLQJJL� GDSDW�
PHQ\HEDENDQ� OHVL� SDGD� NXOLW�� KLSHUSLJPHQWDVL��
NRPSOLNDVL� SHUQDSDVDQ�� SHUXEDKDQ� KRUPRQDO�� JDJDO�
JLQMDO�NURQLV��=Q�GLEXWXKNDQ�GDODP�NRQVHQWUDVL�\DQJ�
OHELK� UHQGDK� XQWXN� EHUWLQGDN� VHEDJDL� NDWDOLV� GDODP�
DNWLYLWDV HQ]LP�VLVWHP�NHKLGXSDQ�WHWDSL�WHUDNXPXODVL�
GDODP� RWRW� GDQ� KDWL�� (IHN� NHVHKDWDQ� NURQLV� =Q�
WHUPDVXN� NDQNHU�� FDFDW� ODKLU�� NHUXVDNDQ� RUJDQ��
JDQJJXDQ� VLVWHP� VDUDI� GDQ� NHUXVDNDQ� VLVWHP�
NHNHEDODQ��&G��\DQJ�GLNODVLILNDVLNDQ�VHEDJDL�HOHPHQ�
MHMDN� EHUDFXQ�� WDPSDNQ\D WHUDNXPXODVL� VHLULQJ�
EHUWDPEDKQ\D� XVLD�� WHUXWDPD� GL� JLQMDO� GDQ� GLDQJJDS�



VHEDJDL� DJHQ� SHQ\HEDE� NDQNHU� GDQ� SHQ\DNLW�
NDUGLRYDVNXODU�� $LU� PLQXP� \DQJ� WHUNRQWDPLQDVL�
LQGXVWUL� PHQ\HEDENDQ� SHQ\DNLW� WXODQJ� GDQ� JLQMDO��
'HQJDQ�SDSDUDQ�MDQJND�SDQMDQJ�GDSDW�PHQJJDQWLNDQ�
NDOVLXP�GDODP�WXODQJ�GDQ�PHUXVDN�JLQMDO� ��&G�GDSDW�
PHQJJDQJJX� NHPDPSXDQ� PHWDOORWKLRQHLQ� �SURWHLQ�
\DQJ� PHQJLNDW� ORJDP� HVHQVLDO� EHUOHELK� XQWXN�
PHPEXDWQ\D� WLGDN� WHUVHGLD�� XQWXN�PHQJDWXU� =Q� GDQ�
.RQVHQWUDVL� &X� GDODP� WXEXK� \DQJ� PHQ\HEDENDQ�
SHQLQJNDWDQ� VHQJ GDODP� XULQ�� 3DSDUDQ� &X� GDODP�
MDQJND� SDQMDQJ� DWDX� NRQVHQWUDVL� WLQJJL� GDSDW�
PHQ\HEDENDQ� SHQ\DNLW� NURQLV� VHSHUWL� JDQJJXDQ�
VLVWHP�VDUDI��JDJDO�KDWL�GDQ�JLQMDO��3HQLQJNDWDQ�NDGDU�
&X� GDODP� DLU� PLQXP� MXJD� GDSDW� PHQ\HEDENDQ�
PXQWDK�� VDNLW�SHUXW��PXDO��GLDUH�GDQ�DQHPLD� �0DUWLQ�
	�*ULVZROG��������

3HQLODLDQ�.XDOLWDV�$LU
3DUD� SHQHOLWL� GDQ� EHUEDJDL� RUJDQLVDVL� VDDW� LQL� IRNXV�
SDGD�SHQLODLDQ�NXDOLWDV�DLU�XQWXN�PHQJXUDQJL�GDPSDN�
SROXWDQ� WHUKDGDS�NHVHKDWDQ�PDQXVLD�GDQ� OLQJNXQJDQ��
*DULV� ZDNWX� VWXGL� KLGURORJL� PHQJJDPEDUNDQ�
SHQJHPEDQJDQ� EHUEDJDL� SHQGHNDWDQ� XQWXN�
PHQJLGHQWLILNDVL� VXPEHU� DVDO� GDQ� DNVHV� NHVHOXUXKDQ�
NXDOLWDV� DLU�� 6XUYHL� OLWHUDWXU� \DQJ� OXDV�PHPEXNWLNDQ�
EDKZD� WHNQLN� VWDWLVWLN� �$QDOLVLV� IDNWRU�� GDQ� LQGHNV�
SHQFHPDUDQ� ORJDP EHUDW� DGDODK� SHQGHNDWDQ� \DQJ�
SDOLQJ�Q\DPDQ�GDQ HIHNWLI�XQWXN�SHQLODLDQ�NXDOLWDV�DLU
�$JXVWLQD�GNN���������

,QGHNV�3ROXVL�/RJDP�%HUDW

,QGHNV� 3HQFHPDUDQ� /RJDP� %HUDW� �+3,�� PHZDNLOL�
NXDOLWDV� DLU� VHFDUD� NHVHOXUXKDQ�� 0RGHO� SHUVDPDDQ�
EHULNXW��SHUVDPDDQ���GDQ�,,� �

«��,
0L��1LODL WHUXNXU�XQWXN�SDUDPHWHU�NH�L�
,L�� 1LODL� LGHDO� DWDX� QLODL� WHUWLQJJL� \DQJ� GLLQJLQNDQ�
XQWXN�SDUDPHWHU�NH�L�
6L��1LODL�VWDQGDU�DWDX�\DQJ�GLL]LQNDQ�XQWXN�SDUDPHWHU�
NH�L�
7DQGD� ����PHQXQMXNNDQ�SHUEHGDDQ�QXPHULN�GDUL GXD�
QLODL� PHQJDEDLNDQ� WDQGD� DOMDEDU� �*LUL� 	6LQJK���
������

«��,,
4L��6XE�LQGHNV�GLKLWXQJ�XQWXN�SDUDPHWHU�NH�L�
:L��%RERW�\DQJ�GLWHWDSNDQ�XQWXN�SDUDPHWHU�NH�L�
%HUDW� VDPSHO� GLGDVDUNDQ� SDGD� SHQWLQJQ\D� SDUDPHWHU�
\DQJ�GLWHWDSNDQ�DQWDUD�QRO�KLQJJD�VDWX��,QL�MXJD�GDSDW�
GLDQJJDS� VHEDJDL� EHUEDQGLQJ� WHUEDOLN� GHQJDQ� QLODL�
VWDQGDU�XQWXN�VHWLDS�HOHPHQ��.XDOLWDV�DLU�EHUGDVDUNDQ�
LQGHNV� SHQFHPDUDQ� ORJDP� EHUDW� GLNDWHJRULNDQ�
PHQMDGL�� SHQFHPDUDQ� ORJDP� EHUDW� UHQGDK� �+3,�
������� SHQFHPDUDQ� ORJDP� EHUDW� SDGD� DPEDQJ� EDWDV�

ULVLNR� �+3,�  � ����� GDQ� SHQFHPDUDQ� ORJDP� EHUDW�
WLQJJL��+3,�!�������3UDVDQQD�HW�DO���������

6WUDWHJL� 0HQXUXQNDQ� .DQGXQJDQ� /RJDP� %HUDW�
3DGD�$LU

'L� QHJDUD� EHUNHPEDQJ�� SHQLQJNDWDQ� NHODQJNDDQ� DLU�
GDQ� SROXVL� EHUNRQWULEXVL� WHUKDGDS� NXUDQJQ\D� DNVHV�
WHUKDGDS� DLU� PLQXP� EHUVLK �6LWDQJJDQJ��� �������
6HPHQWDUD� EHUEDJDL� EHQWXN� SHQFHPDUDQ� DLU� DGD��
NRQWDPLQDVL� ORJDP� EHUDW� GDODP� VXPEHU� DLU� PLQXP�
PHQMDGL� SHUKDWLDQ� \DQJ� EHUNHPEDQJ�� 6HODLQ� LWX��
QHJDUD� EHUNHPEDQJ� WLGDN�PHPLOLNL� DNVHV� NH PHWRGH�
SHQJRODKDQ� DLU� XPXP� \DQJ� DNDQ� PHQJKLODQJNDQ�
ORJDP� EHUDW �6XWDQWR��� ������� $NLEDWQ\D�� VHMXPODK�
EHVDU� SHQHOLWLDQ� WHODK� GLODNXNDQ� XQWXN� PHQ\HOLGLNL�
SHQJJXQDDQ� DGVRUEHQ� EHUELD\D� UHQGDK� XQWXN�
PHQJKLODQJNDQ�ORJDP�EHUDW�GDUL�VXPEHU�DLU �7ULSDWKL�
	�5DQMDQ���������$GVRUEHQ�PXUDK�\DQJ�WHODK�GLWHOLWL�
PHOLSXWL� EHUEDJDL� MHQLV� OLPEDK� SHUWDQLDQ�� GHSRVLW�
WDQDK� GDQ� PLQHUDO�� ELRPDVVD� DNXDWLN� GDQ� WHUHVWULDO��
GDQ� EHUEDJDL� EDKDQ� \DQJ� PHOLPSDK�� 3DUD� SHQHOLWL�
WHODK�PHODSRUNDQ�EDKZD�EDKDQ�EDKDQ�LQL�GDSDW�VHFDUD�
HIHNWLI�PHQJKLODQJNDQ�ORJDP�EHUDW��/LPEDK�SHUWDQLDQ�
GDQ� SURGXN� VDPSLQJDQ� WDPSDNQ\D� SDOLQJ� HIHNWLI�
GDODP�PHQJKLODQJNDQ� ORJDP� EHUDW�� VHPHQWDUD� WDQDK�
DODPL� GDQ� HQGDSDQ� PLQHUDO� WDPSDNQ\D� SDOLQJ� WLGDN�
HIHNWLI�� 0HVNLSXQ� PRGLILNDVL� NLPLD� SDGD� DGVRUEHQ�
PHQLQJNDWNDQ� NDSDVLWDV DGVRUSVL� NHVHOXUXKDQ� GDUL�
EDKDQ�\DQJ�GLXML��PHWRGH� LQL�ELDVDQ\D� WLGDN� WHUVHGLD�
XQWXN� NRPXQLWDV� GL� QHJDUD� EHUNHPEDQJ�� 1DPXQ��
HIHNWLYLWDV� EDKDQ� LQL� GDODP� PHQJKLODQJNDQ� ORJDP�
EHUDW� VDQJDW� EHUJDQWXQJ� SDGD� NRQGLVL� NXDOLWDV� DLU��
VHSHUWL�S+��NHNXDWDQ�LRQ��GDQ�VXKX��VHUWD�NDUDNWHULVWLN�
EDKDQ� �PLVDOQ\D�� OXDV SHUPXNDDQ� VSHVLILN�� NLPLD�
SHUPXNDDQ�� GOO���� .RQGLVL� WHUVHEXW� GDSDW�
PHPSHQJDUXKL� VSHVLDVL� GDQ� VWDELOLWDV� ORJDP� EHUDW��
VHUWD�NDUDNWHULVWLN�DGVRUSWLI�GDUL�DGVRUEHQ�
6HODQMXWQ\D�� GDODP� KDO� FDUD� SHPEXDQJDQ� ORJDP�
EHUDW�� SHUWXNDUDQ� LRQ� DGDODK�PHNDQLVPH�\DQJ�SDOLQJ�
EDQ\DN� GLNXWLS�� EHUVDPD� GHQJDQ� EDKDQ� OLPEDK� GDQ�
SURGXN� VDPSLQJDQ� VLVD� ODLQQ\D� \DQJ� PHOLPSDK� GL�
EHUEDJDL�� EHUVDPD� GHQJDQ� QHJDUD�QHJDUD� GHQJDQ�
NHJLDWDQ� LQGXVWUL�\DQJ�VLJQLILNDQ��\DQJ�SDOLQJ�VHULQJ�
EHUNRQWULEXVL WHUKDGDS� SHQLQJNDWDQ� NRQWDPLQDVL�
ORJDP�EHUDW��3HQHUDSDQ�EDKDQ�MHQLV�LQL�GDODP�SURVHV�
SHQJRODKDQ� DLU� GL� ORNDVL� WHUVHEXW� EHUSRWHQVL� UDPDK�
OLQJNXQJDQ� NDUHQD� DNDQ� PHQJXUDQJL� SHPEXDQJDQ�
OLPEDK� VHNDOLJXV� PHQLQJNDWNDQ� NXDOLWDV� VXPEHU� DLU�
VHWHPSDW�� 6HODQMXWQ\D�� SHQHOLWLDQ� PDVD� GHSDQ� KDUXV�
PHQJHYDOXDVL� NHPDPSXDQ� EDKDQ�EDKDQ� LQL� GHQJDQ�
VXPEHU�DLU� ORNDO�\DQJ�EHQDU��VHSHUWL� OLPEDK� LQGXVWUL��
VXPEHU� VXQJDL� GDQ� GDQDX�� GDQ� DLU� OLPEDK� GRPHVWLN��
PHQJJXQDNDQ� SHQJXMLDQ� VNDOD� EDQJNX�� 3HQHOLWLDQ�
PDVD� GHSDQ� GL� ELGDQJ� LQL� MXJD� KDUXV� PHQHQWXNDQ�
GDPSDN� SHQXK� GDUL� EHUEDJDL� NRQGLVL� DLU� SDGD�
SHQ\LVLKDQ� ORJDP� EHUDW� GDQ� PHQLODL� NHOD\DNDQ�
VHEHQDUQ\D� GDUL� EDKDQ� EHUELD\D� UHQGDK� \DQJ�



GLXVXONDQ� GL� QHJDUD� EHUNHPEDQJ�PHODOXL� VWXGL� VNDOD�
SHUFRQWRKDQ�

.(6,038/$1

6XPEHU� ORJDP� EHUDW� GL� OLQJNXQJDQ� SHUDLUDQ� DGDODK�
DODPL� GDQ� DQWURSRJHQLN�� 6XPEHU� DODPL� WHUPDVXN�
SHODSXNDQ� EDWXDQ� \DQJ� GLSHUND\D� PLQHUDO��
SHQJHQGDSDQ� JDUDP� DWPRVIHU� \DQJ� GLKDVLONDQ� GDUL�
SURVHV� DODPL� VHSHUWL� OHWXVDQ� JXQXQJ� EHUDSL��
NHEDNDUDQ� KXWDQ�� GOO�� 6XPEHU� DQWURSRJHQLN� XWDPD�
PHOLSXWL� SHPEXDQJDQ� DLU� OLPEDK�� OXPSXU� GDUL�
NHJLDWDQ� LQGXVWUL�� .HJLDWDQ� DJURQRPL� GDQ� UXPDK�
WDQJJD� MXJD� PHQLQJNDWNDQ� NDGDU� ORJDP� EHUDW� SDGD�
VLVWHP� SHUDLUDQ� GL� VHNLWDUQ\D�� 3HPEDNDUDQ� EDKDQ�
EDNDU� IRVLO�� SHPEDNDUDQ� OLPEDK� NRWD� GDQ� LQGXVWUL��
HPLVL� NHQGDUDDQ� GDQ� LQGXVWUL� PHQJKDVLONDQ� DHURVRO��
\DQJ�MDWXK�NDUHQD�FXUDK�KXMDQ NHULQJ�GDQ�EDVDK�MXJD�
PHQFHPDUL� DNXLIHU�� .RQVHQWUDVL� ORJDP� EHUDW� GDODP�
DLU�PLQXP�GL�OXDU�EDWDV�\DQJ�GLUHNRPHQGDVLNDQ�\DQJ�
GLWHQWXNDQ� ROHK� EHUEDJDL� RUJDQLVDVL� QDVLRQDO� GDQ�
LQWHUQDVLRQDO� PHQ\HEDENDQ� SHQ\DNLW� DNXW� GDQ�
SHQ\DNLW� NURQLV�� ,QL� ELVD� PHQMDGL� WLGDN� IDWDO� VHSHUWL�
NHOHPDKDQ�RWRW�GDQ�ILVLN�KLQJJD�IDWDO�PLVDOQ\D�RWDN��
JDQJJXDQ� VLVWHP� VDUDI� GDQ� EDKNDQ� NDQNHU�� 8QWXN�
PHQMDJD� NHVHKDWDQ� PDQXVLD� GDQ� OLQJNXQJDQ� GL�
VHOXUXK�SHQ\HOLGLNDQ�NXDOLWDV�DLU�GLSHUOXNDQ��/DQJNDK�
SHUWDPD� DGDODK� PHQJDNVHV� NXDOLWDV� DLU� VHFDUD
NHVHOXUXKDQ� GDQ� NHPXGLDQ� PHQJLGHQWLILNDVL� VXPEHU�
SHQFHPDU� XQWXN� PHQJXUDQJL� WLQJNDW� SHQFHPDUDQ��
,QGHNV�SHQFHPDUDQ� ORJDP�EHUDW�DGDODK�PHWRGH�\DQJ�
WHUGRNXPHQWDVL� GHQJDQ�EDLN�XQWXN�PHPHULNVD� VWDWXV�
DLU� VHKXEXQJDQ GHQJDQ� ORJDP� EHUDW�� $QDOLVLV� IDNWRU�
WHUEXNWL� PHUXSDNDQ� PHWRGH� \DQJ� HIHNWLI� XQWXN�
PHQJLGHQWLILNDVL� VXPEHU� DVDO� ORJDP� EHUDW� \DQJ�
PHQFHPDUL� EDGDQ� DLU�� 3HQHUDSDQ� NHGXD� SHQGHNDWDQ�
VHODQMXWQ\D� PHZDNLOL� VWDWXV� DNWXDO� GDQ� SHPDKDPDQ�
EDGDQ� DLU� GDQ� VHODQMXWQ\D� PHPEDQWX� GDODP�
PHPSHUVLDSNDQ� UHQFDQD� SHQJHORODDQ� XQWXN�
PHQJXUDQJL�WLQJNDW�SHQFHPDUDQ�

8&$3$1�7(5,0$�.$6,+

8FDSDQ�WHULPD�NDVLK�NHSDGD�'RVHQ�3HPELPELQJ�GDQ�
VHOXUXK�UHNDQ�UHNDQ�0DJLVWHU�7HNQLN�3HUWDPEDQJDQ�
\DQJ�WHODK�PHPEDQWX�GDODP�SHQ\HOHVDLDQ�MXUQDO�LQL��

'$)7$5 3867$.$

$GLW\D�� 0�� 7��� %DUJDZD�� :�� 6��� 	� &DK\DGL�� 7�� $��
������� 6HSWHPEHU��� 3HPDQIDDWDQ� 3LW� /DNH�
6HEDJDL� 3URJUDP� 3DVFD� 7DPEDQJ��
,Q 3URVLGLQJ� 6HPLQDU� 1DVLRQDO� 6DLQV� GDQ�
7HNQRORJL�7HUDSDQ �9RO�� ���1R�� ��� SS������
�����

$GLW\D�� 0�� 7��� %DUJDZD�� :�� 6��� &DK\DGL�� 7�� $���
(UQDZDWL�� 5��� 	� 1XUVDQWR�� (�� ��������
3HQHQWXDQ� 'HELW� $LU� /LPSDVDQ� GDQ� /XDV�
.RPSDUWHPHQ� SDGD� 5HQFDQD� 'HVDLQ�

:HWODQG� %XNLW� 5DJDV� -XUQDO� 6RVLDO� GDQ�
7HNQRORJL� �������������

$JXVWLQD��7��)���+HQGUDZDQ��'��,���	�3XUZDQLQJUXP��
3�� �������� $QDOLVLV� .XDOLWDV� $LU� 7DQDK� GL�
6HNLWDU� 73$� %DJHQGXQJ��
&LOHJRQ� %+8:$1$� ������������

%ULQGKD�� .��� 3DYHOLF�� 3��� 6RWRXNHH�� 7���
'RXDQJVDYDQK�� 6��� 	� (ODQJR�� /�� ��������
*HRFKHPLFDO� FKDUDFWHULVWLFV� DQG�
JURXQGZDWHU� TXDOLW\� LQ� WKH� 9LHQWLDQH� SODLQ��
/DRV� ([SRVXUH�DQG�+HDOWK� �������������

&KRZGKXU\�� 6��� 0D]XPGHU�� 0�� -��� $O�$WWDV�� 2��� 	�
+XVDLQ��7����������+HDY\�PHWDOV�LQ�GULQNLQJ�
ZDWHU�� RFFXUUHQFHV�� LPSOLFDWLRQV�� DQG� IXWXUH�
QHHGV�LQ�GHYHORSLQJ�FRXQWULHV� 6FLHQFH�RI�WKH�
WRWDO�(QYLURQPHQW� ������������

'LUJDQWDUD��6��%�� ��������'DPSDN�$HURVRO�7HUKDGDS�
/LQJNXQJDQ� $WPRVIHU� %HULWD�
'LUJDQWDUD� ������

)DVKROD��0��2���1JROH�-HPH��9��0���	�%DEDOROD��2��
2����������+HDY\�PHWDO�SROOXWLRQ�IURP�JROG�
PLQHV�� HQYLURQPHQWDO HIIHFWV� DQG� EDFWHULDO�
VWUDWHJLHV� IRU� UHVLVWDQFH� ,QWHUQDWLRQDO�
MRXUQDO� RI� HQYLURQPHQWDO� UHVHDUFK� DQG�
SXEOLF�KHDOWK� �������������

*LUL�� 6�� DQG� 6LQJK�� $�.� ��������� ³$VVHVVPHQW� RI�
6XUIDFH:DWHU� 4XDOLW\� 8VLQJ� +HDY\0HWDO�
3ROOXWLRQ� ,QGH[� LQ� 6XEDUQDUHNKD� 5LYHU��
,QGLD´��:DWHU�4XDO�([SR�+HDOWK�� ���0DUFK��
SS����±����

*MRUJLHYD�$FNRYD��'����������+HDY\�PHWDOV�DQG�WKHLU�
JHQHUDO� WR[LFLW\� RQ� SODQWV� 3ODQW� 6FLHQFH�
7RGD\� ������������

*\DPIL�� (��� $SSLDK�$GMHL�� (�� .��� 	� $GMHL�� .�� $��
�������� 3RWHQWLDO� KHDY\� PHWDO� SROOXWLRQ� RI�
VRLO� DQG� ZDWHU� UHVRXUFHV� IURP� DUWLVDQDO�
PLQLQJ�LQ�.RNRWHDVXD��*KDQD� *URXQGZDWHU�
IRU�6XVWDLQDEOH�'HYHORSPHQW� �����������

+HUWLND�� $�� 0�� 6��� 	� 3XWUD�� 5�� %�� '�� 6��
������� (NRWRNVLNRORJL� XQWXN� /LQJNXQJDQ�
3HUDLUDQ��8QLYHUVLWDV�%UDZLMD\D�3UHVV�

+X�� <��� /LX� ;��� %DL�� -��� 6KLK�� .��� =HQJ�� (�� <��� 	�
&KHQJ�� +�� �������� $VVHVVLQJ� KHDY\� PHWDO�
SROOXWLRQ�LQ�WKH�VXUIDFH�VRLOV�RI�D�UHJLRQ�WKDW�
KDG� XQGHUJRQH� WKUHH� GHFDGHV� RI� LQWHQVH�
LQGXVWULDOL]DWLRQ� DQG�
XUEDQL]DWLRQ� (QYLURQPHQWDO� 6FLHQFH� DQG�
3ROOXWLRQ�5HVHDUFK� �����������������

-RVHSK��/��� -XQ��%��0��� )ORUD�� -�� 5�� 3DUN��&��0���	�
<RRQ��<�� ��������5HPRYDO� RI� KHDY\�PHWDOV�
IURP�ZDWHU�VRXUFHV� LQ� WKH�GHYHORSLQJ�ZRUOG�
XVLQJ� ORZ�FRVW� PDWHULDOV�� $�
UHYLHZ� &KHPRVSKHUH� �������������

0DKXUSDZDU��0�� ��������(IIHFWV�RI�KHDY\�PHWDOV RQ�
KXPDQ� KHDOWK�� ,QWHUQDWLRQDO� -RXUQDO� RI�
5HVHDFUK�*UDQWKDDOD\DK�� ,661�����������
����������

0DUWLQ�� 6��� 	� *ULVZROG�� :�� �������� +XPDQ� KHDOWK�
HIIHFWV� RI� KHDY\� PHWDOV� (QYLURQPHQWDO�
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