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$EVWUDN� 

7XOLVDQ� LQL� PHPDSDUNDQ� WLQMDXDQ� NULWLV� SHUNHPEDQJDQ� ULVHW� PDQDMHPHQ� ULVLNR� NRQVWUXNVL� EHUGDVDUNDQ� DQDOLVLV�
ELEOLRPHWULN� DWDV� ���� DUWLNHO� \DQJ� GLSXEOLNDVLNDQ� GDODP� HQDP� MXUQDO-LQWHUQDWLRQDO� NRQVWUXNVL� WHUNHPXND� VHODPD�
NXUXQ� ZDNWX� ����±������ $QDOLVLV� PHQXQMXNNDQ� ULVHW� PDQDMHPHQ� ULVLNR� NRQVWUXNVL� PDVLK� GLGRPLQDVL� EHEHUDSD�
QHJDUD� WHUWHQWX� VDMD�� $UHD� VSHVLILN� ULVHW�PHPLOLNL� VSHNWUXP� GDUL� GHFLVLRQ� VXSSRUW� V\VWHP� VDPSDL� NRQWUDN� GHQJDQ�
SHPRGHODQ� ULVLNR� PHQMDGL� DUHD� \DQJ� SDOLQJ� NHUDS� GLNDML�� 3HQGHNDWDQ� NXDQWLWDWLI� GDQ� KLEULG� NXDOLWDWLI-NXDQWLWDWLI�
PHQMDGL� PHWRGRORJL� SLOLKDQ� XWDPD�� 3HQGHNDWDQ� VWDWLVWLN� GLJXQDNDQ� VDWX� GDUL� WLJD� DUWLNHO� \DQJ� PHQMDGLNDQQ\D�
PHWRGH�\DQJ�SDOLQJ�VHULQJ�GLWHUDSNDQ�GDODP�UDQDK�LQL��.RPELQDVL�OHELK�GDUL�VDWX�PHWRGH�MXJD�PHUXSDNDQ�KDO�\DQJ�
MDPDN� GLWHPXNDQ�� 'L� VDPSLQJ� DQDOLVLV� VWDWLVWLN�� WXOLVDQ� LQL� MXJD� PHQGLVNXVLNDQ� GXD� PHWRGH� NXDQWLWDWLI� SRSXOHU�
ODLQQ\D� \DLWX� IX]]\� VHW� WKHRU\� GDQ� VLPXODVL�0RQWH�&DUOR�� 7XOLVDQ� LQL� MXJD�PHQDZDUNDQ� EHEHUDSD� UDQDK� ULVHW� NH�
GHSDQ�� WHUPDVXN� DSOLNDVL� PDQDMHPHQ� ULVLNR� OHELK� ODQMXW� GDODP� NRQWUDN� SXEOLF-SULYDWH-SDUWQHUVKLS�EXLOG-RSHUDWH-
WUDQVIHU��UHODVL�PDWHPDWLV�DQWDUD�WLQJNDW�ULVLNR�GDQ�ELD\D�UHGXNVL�ULVLNR��HQWHUSULVH�ULVN�PDQDJHPHQW��GDQ�SHULODNX�
WHUKDGDS�ULVLNR�� 

.DWD-NDWD�.XQFL��0DQDMHPHQ�ULVLNR��NRQVWUXNVL��ELEOLRPHWULN��MXUQDO��DXWKRUVKLS��DUHD�ULVHW��PHWRGRORJL��PHWRGH����� 

$EVWUDFW 

7KLV� SDSHU� SUHVHQWV� D� FULWLFDO� UHYLHZ� RI� WKH� GHYHORSPHQW� RI� VWDWH� RI� WKH� DUW� RI� UHVHDUFK� LQ� FRQVWUXFWLRQ� ULVN�
PDQDJHPHQW�EDVHG�RQ�D�ELEOLRPHWULF�DQDO\VLV�RQ�����DUWLFOHV�SXEOLVKHG�LQ�VL[�UHQRZQHG�LQWHUQDWLRQDO�FRQVWUXFWLRQ�
MRXUQDOV�GXULQJ�WKH�\HDUV�����±������7KH�DQDO\VLV�GHPRQVWUDWHG�WKDW�WKH�DXWKRUVKLS�RI�ULVN�PDQDJHPHQW�UHVHDUFK�
ZDV� GRPLQDWHG� E\� RQO\� D� KDQGIXO� RI� FRXQWULHV� RI� RULJLQ�� 7KH� VSHFWUXP� RI� UHVHDUFK� DUHDV� UDQJHG� IURP� GHFLVLRQ�
VXSSRUW� V\VWHP� WR� FRQWUDFWV� ZLWK� ULVN� PRGHOLQJ� EHLQJ� WKH� PRVW� UHVHDUFKHG� VXEMHFW�� 4XDQWLWDWLYH� DQG� K\EULG� RI�
TXDOLWDWLYH-TXDQWLWDWLYH� ZHUH� WKH� SULPDU\� UHVHDUFK�PHWKRGRORJLHV�� 6WDWLVWLFDO� DSSURDFK�ZDV� HPSOR\HG� E\� RQH� RXW�
WKUHH�DUWLFOHV��PDNLQJ�LW�WKH�PRVW�ZLGHO\�XVHG�PHWKRG�LQ�WKH�ILHOG��$�FRPELQDWLRQ�RI�PRUH�WKDQ�RQH�PHWKRG�ZDV�QRW�
XQFRPPRQ�� %HVLGH� VWDWLVWLFDO� DQDO\VLV�� WKLV� SDSHU� GLVFXVVHV� WZR� RWKHU� SRSXODU� TXDQWLWDWLYH�PHWKRGV� L�H�� IX]]\� VHW�
WKHRU\�DQG�0RQWH�&DUOR�VLPXODWLRQ��7KLV�SDSHU�DOVR�DFNQRZOHGJHV�DYHQXHV�IRU�IXWXUH�UHVHDUFK��LQFOXGLQJ�WKH�IXUWKHU�
DSSOLFDWLRQ� RI� ULVN� PDQDJHPHQW� IRU� SXEOLF-SULYDWH-SDUWQHUVKLS�EXLOG-RSHUDWH-WUDQVIHU� FRQWUDFWV�� PDWKHPDWLFDO�
UHODWLRQVKLSV�RI�ULVN�OHYHO�DQG�ULVN-UHGXFLQJ�FRVW��HQWHUSULVH�ULVN�PDQDJHPHQW��DQG�ULVN�EHKDYLRU� 

.H\ZRUGV��5LVN� PDQDJHPHQW�� FRQVWUXFWLRQ�� ELEOLRPHWULF�� MRXUQDOV�� DXWKRUVKLSV�� UHVHDUFK� DUHDV�� � PHWKRGRORJLHV��
PHWKRGV� 

�����3HQGDKXOXDQ  

6WXGL� GDQ� SHPDKDPDQ� WHQWDQJ� PDQDMHPHQ� ULVLNR� SDGD�
SUR\HN�NRQVWUXNVL�WHUXV�EHUNHPEDQJ²PHVNL�PDVLK�GLUDVD�
NXUDQJ� HNVWHQVLI� GLEDQGLQJNDQ� DSD� \DQJ� WHUMDGL� GDODP�
UDQDK� HNRQRPL� �/HH� HW� DO��� ������� 1DPXQ�� SHQJDODPDQ�
HPSLULV� WHUXV� PHPHUOLKDWNDQ� SUR\HN� NRQVWUXNVL� PDVLK�
EHUNXWDW� GHQJDQ� SHUVRDODQ-SHUVRDODQ� NHWHUODPEDWDQ�
SHQ\HOHVDLDQ�� NHQDLNDQ� ELD\D� UHDOLVDVL�� NHWLGDNVHVXDLDQ�
UXDQJ� OLQJNXS�� GDQ�� DWDX� NHWDNWHUSHQXKDQ� VSHVLILNDVL�
SHNHUMDDQ�\DQJ�WHODK�GLUHQFDQDNDQ� 

)ODQDJDQ� GDQ� 1RUPDQ� ������� EHUDUJXPHQ� SUR\HN��������
NRQVWUXNVL�PHPLOLNL�ULVLNR�GDQ�NHWLGDNSDVWLDQ�OHELK�WLQJJL�
GDUL� DSD� \DQJ� WHUMDGL� SDGD� NHJLDWDQ� ODLQQ\D�� 0HVNL�������
DUJXPHQWDVL� LQL� WLGDN� VHSHQXKQ\D� GLVHSDNDWL� QDPXQ�����
GL\DNLQL�PHPDQJ�DGD�SHUVRDODQ�GHQJDQ�PDQDMHPHQ�ULVLNR�
SUR\HN�NRQVWUXNVL��3HUVRDODQ�\DQJ�WHUMDGL�VHODPD�LQL�EXNDQ�
NDUHQD� DODVDQ� NDUDNWHULVWLN� \DQJ� XQLN� �H�J�� OLQJNXQJDQ�

GLQDPLV�� PHODLQNDQ� EHUVXPEHU� SDGD� NHVXOLWDQ� GDODP�
PHQJLGHQWLILNDVL��PHQJDQDOLVLV�GDQ�PHQJHOROD�ULVLNR�\DQJ�
GLKDGDSL�SDGD�VHWLDS�SUR\HN�NRQVWUXNVL��/RRVHPRUH�HW�DO���
������ 

%DQ\DNQ\D� SHUVRDODQ� GDQ�PHQLQJNDWQ\D� NRPSOHNVLWDV�
PDQDMHPHQ�ULVLNR�NRQVWUXNVL�GLMDGLNDQ�REMHN�ULVHW�\DQJ�
PHQDQWDQJ� EDJL� DNDGHPLVL� GDQ� SHQHOLWL� NRQVWUXNVL����
+DO� LQL� \DQJ� PHQGRURQJ� ERG\� RI� NQRZOHGJH� WHUXV���
WXPEXK� GDQ� EHUNHPEDQJ�� 1DPXQ�� GL� VLVL� ODLQ� EHOXP�
DGD�XSD\D�DNDGHPLV�\DQJ�VHFDUD�VLVWHPDWLV�GLGHGLNDVL�
NDQ� PHODNXNDQ� NDMLDQ� NULWLV� DWDV� SHUNHPEDQJDQ�������
ULVHW-ULVHW�GDODP�UDQDK�LQL�VHFDUD�PHQGDODP��VHWLGDNQ\D�
GL� ,QGRQHVLD�� 3DGDKDO�� NDMLDQ� LQL� VLJQLILNDQ� XQWXN��
VHWLGDNQ\D� WLJD� DODVDQ�� PHPHWDNDQ� HYROXVL� NHLOPXDQ�
PDQDMHPHQ� ULVLNR� NRQVWUXNVL� GDUL� WDKXQ� NH� WDKXQ��
PHPEHULNDQ� ODQVHNDS� ULVHW� EHULNXWQ\D� VHKLQJJD������
UHSOLNDVL� GDQ� UHSHWLVL� ULVHW� \DQJ� WLGDN� SHUOX� GDSDW�
GLKLQGDUL�� GDQ� SHQWLQJ� XQWXN� HNVSORUDVL� VWDWXV� ULVHW�
WHUNLQL� �VWDWH� RI� WKH� DUW�� GDQ� WUHQ� ULVHW� NH� GHSDQQ\D�
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�7VDL� GDQ� :HQ�� ������� .HWLJD� DODVDQ� LQLODK� \DQJ�
NHPXGLDQ� PHPRWLYDVL� 3HQXOLV� PHODNXNDQ� DQDOLVLV��
ELEOLRPHWULN� SXEOLNDVL� ULVHW-ULVHW� PDQDMHPHQ� ULVLNR�
NRQVWUXNVL�� 

���%LEOLRPHWULN�GDODP�.RQVWUXNVL 

7HUPLQRORJL� ELEOLRPHWULN� GLUDVDNDQ� EHOXP� WHUODOX�
SRSXOHU� EDJL� VHEDJLDQ� DNDGHPLVL� GDQ� SHQHOLWL����������
NRQVWUXNVL��1DPXQ��WHUPLQRORJL� LQL�VHQGLUL� VHEHQDUQ\D�
MXJD� PHPLOLNL� SHUVRDODQ� GHQJDQ� GHILQLVL� NDUHQD������
EDQ\DNQ\D� YHUVL� \DQJ� DGD� �'H�%HOOLV�� ������� �+ROGHQ�
HW� DO��� ������� PLVDO�� PHQGHILQLVLNDQ� VHEDJDL� ³UDQDK�
ULVHW�\DQJ�VHFDUD�NKXVXV�PHQJHNVDPLQDVL�SHQJHWDKXDQ�
�ERG\� RI� NQRZOHGJH�� GDODP� GDQ� DQWDU� GLVLSOLQ´���������
VHPHQWDUD� $QGUHV� ������� PHQGHILQLVLNDQQ\D� VHEDJDL�
³DSOLNDVL� PHWRGH� PDWHPDWLV� GDQ� VWDWLVWLN� XQWXN� EXNX�
GDQ�PHGLD�NRPXQLNDVL� ODLQQ\D�´�%HEHUDSD�LVWLODK�\DQJ�
VHQDGD� GHQJDQ� ELEOLRPHWULN� PHOLSXWL� VDLQWRPHWULN��
LQIRUPHWULN��ZHERPHWULN��QHWRPHWULN��VLEHUPHWULN��\DQJ�
PDVLQJ-PDVLQJ� VHEHQDUQ\D� PHPLOLNL� SHQJHUWLDQQ\D�
VHQGLUL� �'H�%HOOLV���������6DDW� LQL�� DQWDUD�ELEOLRPHWULN�
GDQ� VDLQWRPHWULN� GLDQJJDS� VLQRQLP� VDWX� GHQJDQ��
ODLQQQ\D��$QGUHV��������� 

'L� EHEHUDSD� FDEDQJ� GLVLSOLQ� LOPX�� LVWLODK� ELEOLRPHWULN�
PXQFXO� VHFDUD� HNVSOLVLW� VHEDJDL� PHWRGRORJL� XQWXN�������
PHPDKDPL�WUHQ�ULVHW��H�J��7VDL�GDQ�:HQ��������9DQJD�HW�
DO��� ������� 'L� UDQDK� NRQVWUXNVL�� NKXVXVQ\D� PDQDMHPHQ�����
NRQVWUXNVL±±VHSHQGHN� SHQJHWDKXDQ� 3HQXOLV±±LVWLODK� LQL�
EDUX�PXQFXO�GDODP�GH�&DVWUR�H�6LOYD�1HWR�HW�DO����������
'DODP� DUWLNHO� LQL�� PHUHND� PHPDSDUNDQ� SHUNHPEDQJDQ�
ULVHW� NHUMDVDPD� SHPHULQWDK� GDQ� VZDVWD� GHQJDQ� PRGDOLWDV�
XWDPD� EDQJXQ-RSHUDVL-WUDQVIHU� �SXEOLF-SULYDWH� SDUWQHUVKLS�
EXLOG-RSHUDWH-WUDQVIHU��333�%27��VHODPD����WDKXQ�WHUDNKLU�
GDQ�PHQ\LPSXONDQ� ULVHW� GDODP� DUHD� LQL� VXGDK�PHQFDSDL�
VWDWXV�WXQDN��VWHDG\��GDODP�KDO�SHUWXPEXKDQQ\D��$UWLNHO�
NHGXD� \DQJ� PHQJJXQDNDQ� LVWLODK� ELEOLRPHWULN� DGDODK�
8WDPD�HW�DO���������\DQJ�PHPEDKDV�WUHQ�ULVHW�NRQVWUXNVL�����
LQWHUQDVLRQDO�� 

1DPXQ�� MDXK� VHEHOXP� NHGXD� DUWLNHO� WHUVHEXW� GL� DWDV�
PXQFXO�� DQDOLVLV� ELEOLRPHWULN±±PHVNL� WLGDN� HNVSOLVLW�
GLQ\DWDNDQ� GDODP� MXGXO� DUWLNHO±±VXGDK� GLODNXNDQ� GDQ�
KDVLOQ\D�GLSXEOLNDVLNDQ�GDODP�GXD�DUWLNHO�ODLQQ\D�SDGD�
GXD� MXUQDO� $PHULFDQ� 6RFLHW\� RI� &LYLO� (QJLQHHUV�
�$6&(�� �� $EXGD\\HK� HW� DO�� ������� GDQ� 3LHWURIRUWH� HW�
DO�� ��������$EXGD\\HK�HW� DO��PHPDSDUNDQ�KDVLO� DQDOLVLV�
PHUHND� WHQWDQJ� DUWLNHO-DUWLNHO� \DQJ� WHUELW� GDODP� -RXUQDO�
RI� &RQVWUXFWLRQ� (QJLQHHULQJ� DQG�0DQDJHPHQW� �-&(0��
DQWDUD������GDQ�������$GDSXQ�3LHWURIRUWH�HW�DO�� IRNXV�
SDGD� DUWLNHO� \DQJ� WHUELW� SDGD� -RXUQDO� RI�0DQDJHPHQW�
LQ� (QJLQHHULQJ� �-0(�� DQWDUD� ����� GDQ� ����� GDQ�����
PHQ\LPSXONDQ� EDKZD� VSHVLDOLVDVL� GDQ� GLVLSOLQ� GDODP�
UDQDK�PDQDMHPHQ�NRQVWUXNVL�WHODK�PHOXDV��GLWXQMXNNDQ�
GHQJDQ� VHPDNLQ�PDUDNQ\D� ULVHW� GL� ELGDQJ�PDQDMHPHQ�
SHUXVDKDDQ�� VLVWHP� GHOLYHU\� �H�J�� %27�� GHVLJQ-EXLOG���
HYDOXDVL�NLQHUMD�SUR\HN��GDQ�SHUHQFDQDDQ�PXWX�SUR\HN�� 

6HWHODK�NHGXD�DUWLNHO� WHUVHEXW�GL�DWDV�� VWXGL-VWXGL�\DQJ�
VHUXSD� EHUPXQFXODQ� XQWXN� EHUEDJDL� IRNXV� ULVHW� \DQJ�
EHUEHGD�� &RQWRK� PHOLSXWL� NRPSXWDVL� GDODP� UHND\DVD�
VLSLO� �$EXGD\\HK� HW� DO��� ������� 333� �.H� HW� DO��� �������

NHPLWUDDQ� GDODP�NRQVWUXNVL� �+RQJ� HW� DO��� ������� NLQHUMD�
SHUXVDKDDQ�NRQVWUXNVL��'HQJ�GDQ�6P\WK���������EXLOGLQJ�
LQIRUPDWLRQ� PRGHOLQJ� �$EGLUDG� DQG� 3LVKGDG-%R]RUJL��
������� MRLQW� YHQWXUH� GL� NRQVWUXNVL� �+RQJ� GDQ� &KDQ��
������� SURGXNWLYLWDV� NRQVWUXNVL� �<L� GDQ� &KDQ�� �������
NROXVL� GL� NRQVWUXNVL� �/H� GDQ� 6KDQ� ������� NRQVWUXNVL�
EHUNHODQMXWDQ��;LD�HW�DO�����������PHWRGH�SHQJDGDDQ�GL�
NRQVWUXNVL� �1DRXP� GDQ� (JEX�� ������� SHQJDPELODQ�
NHSXWXVDQ��%DNKW�GDQ�(O-'LUDE\���������SHUEDQGLQJDQ�
333�GL�&KLQD�GDQ� QHJDUD� ODLQQ\D� �=KDQJ�HW�DO����������
GDQ� EDQJXQDQ� KLMDX� �'DUNR� GDQ� &KDQ�� ������� 6HFDUD��
SULQVLS�� VWXGL-VWXGL� WHUVHEXW� GLWXMXNDQ�XQWXN� NDMLDQ� NULWLV�
GDQ��LGHQWLILNDVL�WUHQ�ULVHW� 

���0HWRGRORJL�5LVHW 

0HWRGRORJL� ULVHW� GLVXVXQ� EHUGDVDUNDQ� HPSDW� SHUWDQ\DDQ�
ULVHW�\DQJ�NKXVXV�GLUXPXVNDQ�XQWXN�DQDOLVLV�ELEOLRPHWULN�
LQL�� 

�� .ULWHULD� DSD� \DQJ� GLJXQDNDQ� XQWXN� PHQGDSDWNDQ�
LQIRUPDVL� \DQJ� PHUHIOHNVLNDQ� SHUNHPEDQJDQ�
WHUNLQL�SHQJHWDKXDQ��VWDWH�RI�WKH�DUW��" 

�� %DJDLPDQD� PHWRGH� XQWXN� PHQGDSDWNDQ� LQIRUPDVL�
SHUNHPEDQJDQ�WHUNLQL�SHQJHWDKXDQ�" 

�� )LWXU-ILWXU�DSD�\DQJ�ELVD�GLHNVWUDNVL�GDUL�SHQJXPSXODQ�
LQIRUPDVL� �H�J�� MXPODK� SXEOLNDVL�� DXWKRUVKLS�� DUHD�
ULVHW��PHWRGRORJL�ULVHW��PHWRGH�ULVHW��" 

�� 5DQDK�ULVHW�NH�GHSDQ�DSD�\DQJ�ELVD�GLXVXONDQ�" 

8QWXN�PHQMDZDE�GXD�SHUWDQ\DDQ�ULVHW�SHUWDPD��PRGHO�
.H� HW� DO�� ������� GDQ� =KDQJ� HW� DO�� ������� GLDGRSVL�
GHQJDQ�EHEHUDSD�PRGLILNDVL�\DQJ�GLODNXNDQ��WHUPDVXN�
PHWRGH� SHPLOLKDQ� MXUQDO� GDQ� DUWLNHO�� � 6DWX� SUDV\DUDW�
\DQJ�KDUXV�GLSHQXKL�XQWXN�DQDOLVLV�ELEOLRPHWULN�GDODP�
NDMLDQ� LQL� DGDODK� DUWLNHO� \DQJ� GLDQDOLVLV� KDUXV����������
WHUSXEOLNDVL�GDODP�MXUQDO�LOPLDK��$GD�GXD�NULWHULD�\DQJ�
GLJXQDNDQ�XQWXN�PHPLOLK�DUWLNHO���L��DUWLNHO�KDUXV�WHUELW�
SDGD� MXUQDO-MXUQDO� NRQVWUXNVL� EHUHSXWDVL� LQWHUQDVLRQDO��
GDQ��LL��DUWLNHO� WHUELW�SDGD�MXUQDO� WHUSLOLK� VHODPD�NXUXQ�
ZDNWX�-DQXDUL�����±'HVHPEHU������ 

����6HOHNVL�MXUQDO 

7HUNDLW� GHQJDQ� NULWHULD� SHUWDPD�� VHOHNVL� MXUQDO� SHUOX�
GLODNXNDQ� PHQJLQJDW� EDQ\DNQ\D� MXUQDO� NRQVWUXNVL�
\DQJ� WHUVHGLD�� EDLN� \DQJ� WHULQGHNV� SODWIRUP� WHUWHQWX�
�H�J��6FRSXV��7KRPVRQ�5HXWHUV��PDXSXQ� WLGDN��8QWXN�
PHQGDSDWNDQ� MXUQDO�EHUHSXWDVL� LQWHUQDVLRQDO��GXD�KDVLO�
VXUYHL� GDUL� %U|FKQHU� DQG� %M|UN� ������� GDQ� :LQJ�
�������GLJXQDNDQ�XQWXN�SHPLOLKDQ�MXUQDO�� 

-XUQDO� \DQJ� KDQ\D� WHUFDQWXP� GDODP� GDIWDU� %U|FKQHU�
DQG�%M|UN�GDQ�:LQJ�VDMD�\DQJ�GLSLOLK�GDODP�NDMLDQ�LQL�
GHQJDQ� VDWX� SHQJHFXDOLDQ�� -0(�� %U|FKQHU� DQG� %M|UN�
PHPDQJ� WLGDN� PHPDVXNNDQ� MXUQDO� LQL� GDODP� GDIWDU�
VHEDJDL�NRQVHNXHQVL�DWDV�NULWHULD�\DQJ�PHUHND�GLWHWDS�
NDQ±±\DQJ� MXJD� GLDNXL� PHUHND� VHEDJDL� NULWHULD� \DQJ�
FRQVHUYDWLYH� ELDV� VDDW� WLGDN� PHPDVXNNDQ� -0(±±
QDPXQ�3HQXOLV� WHWDS�EHUDUJXPHQWDVL� -0(� OD\DN�XQWXN�
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GLSHUWLPEDQJNDQ��$ODVDQQ\D��MXUQDO�LQL�PHPLOLNL�UHSXWDVL�
LQWHUQDVLRQDO�\DQJ�WLQJJL��L�H��VDPSDL�WXOLVDQ�LQL�GLWXOLV��+
-LQGH[� -0(� GDUL� VFLPDJRMU�FRP� GLDNVHV� $JXVWXV� �����
DGDODK� ���� GDQ� PHQHPSDWL� SHULQJNDW� NHHPSDW� VHWHODK�
&RQVWUXFWLRQ� 0DQDJHPHQW� DQG� (FRQRPLFV� �&0(���
-&(0� GDQ�(QJLQHHULQJ� &RQVWUXFWLRQ� DQG� $UFKLWHFWXUDO�
0DQDJHPHQW��(&$0��GDODP�:LQJ��������� 

7DEHO� �� PHQ\DMLNDQ� KDVLO� VHOHNVL� GDQ� VHODQMXWQ\D���
WHUSLOLK� HQDP� MXUQDO� L�H�� $XWRPDWLRQ� LQ� &RQVWUXFWLRQ�
�$,&�� SHQHUELW� (OVHYLHU��� &0(� �7D\ORU� 	� )UDQFLV���
(&$0� �(PHUDOG��� ,QWHUQDWLRQDO� -RXUQDO� RI� 3URMHFW�
0DQDJHPHQW� �,-30�� (OVHYLHU��� -&(0� �$6&(�� GDQ�
-0(� �$6&(��� 'LKDUDSNDQ� GDUL� NULWHULD� \DQJ� VDQJDW�
NHWDW� LQL� GLKDVLONDQ� DUWLNHO-DUWLNHO� \DQJ� PDPSX������
PHUHIOHNVLNDQ� VWDWH� RI� WKH� DUW� NHLOPXDQ� SDGD� DUHD���
PDQDMHPHQ�ULVLNR� 

7DEHO����1DPD-QDPD�MXUQDO�WHUVHOHNVL 

 %U|FKQHU������� 

$,& %5, &, &0( (&$0 ,-30 -&(0 -0( 

:QJ�

������ 

&0( � � � � � � � � 
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-0( � � � � � � � � 

,&( � � � � � � � � 
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����6HOHNVL�DUWLNHO 

.DMLDQ� LQL� PHPDQIDDWNDQ� EHEHUDSD� EDVLV� GDWD�
VHNDOLJXV� \DLWX�6FLHQFH�'LUHFW� XQWXN�$,&��&0(�� GDQ�
,-30�� $6&(� XQWXN� -&(0� GDQ� -0(�� GDQ� (PHUDOG��
XQWXN� (&$0�� 3HQJJXQDDQ� VLVWHP� EDVLV� GDWD� \DQJ��
EHUEHGD� XQWXN�PHOHQJNDSL� VDWX� VLVWHP� GHQJDQ� VLVWHP�
ODLQQ\D�� 6DWX� FDWDWDQ� SHQWLQJ� \DQJ� ELVD� GLVDPSDLNDQ�
GLVLQL���GLEDQGLQJNDQ�VLVWHP�EDVLV�GDWD�ODLQQ\D��$6&(�
PHQDZDUNDQ� NHPXGDKDQ� WHUEDLN� EDJL� SHQJJXQDQ\D�
XQWXN� PHQGDSDWNDQ� DUWLNHO� VHVXDL� GHQJDQ� NHEXWXKDQ�
GHQJDQ�IOHNVLELOLWDV�ILWXU�SHQFDULDQ�\DQJ�GLPLOLNLQ\D�� 

0HQJJXQDNDQ� PHVLQ� SHQFDUL� \DQJ� WHUVHGLD� GDODP��
VLVWHP�GLKDVLONDQ�����DUWLNHO�\DQJ�PHQJJXQDNDQ�IUDVD�
³ULVN�PDQDJHPHQW´�VHEDJDL�VDODK�VDWX�NDWD-NDWD�NXQFL�
DUWLNHO�� .KXVXV� XQWXN� ,-30� \DQJ� QRWDEHQH� WLGDN�����
VSHVLILN�PHPEDKDV�NRQVWUXNVL±±EHUGDVDUNDQ�MXGXO�GDQ�
DEVWUDN±±DUWLNHO� GLNHORPSRNNDQ� NHPEDOL� PHQMDGL��
NRQVWUXNVL�GDQ�QRQ-NRQVWUXNVL��$UWLNHO�SDGD�NHORPSRN�
NHGXD� WLGDN� GLVHUWDNDQ� XQWXN� SURVHV� DQDOLVLV������������
EHULNXWQ\D� GDQ� VHODQMXWQ\D� GLKDVLONDQ� ���� DUWLNHO����
WHUSLOLK�� 6DPSDL� WDKDS� LQL�� SHUWDQ\DDQ� ULVHW� SHUWDPD�
GDQ�NHGXD�WHUMDZDE� 

���$QDOLVLV�'HVNULSWLI�� 

$QDOLVLV� GHVNULSWLI�� PHWRGH� WHUPXGDK�GDODP� ELEOLRPHWULN��

GLODNXNDQ� XQWXN�PHQ\DMLNDQ� DVSHN-DVSHN� WHUWHQWX� VHFDUD�
FHSDW� GDQ� EDKNDQ� PHPEHULNDQ� NHVDQ� YLVXDO� \DQJ� NXDW�
WHUNDLW� GHQJDQ� SURGXNWLYLWDV� GDODP� DUHD� \DQJ� GLNDML�
�$QGUHV�� ������� %HULNXW� LQL� GLVDPSDLNDQ� ILWXU-ILWXU� \DQJ�
GLHYDOXDVL�GDODP�DQDOLVLV�ELEOLRPHWULN�GDQ�SHPEDKDVDQ\D�
XQWXN� PHQMDZDE� SHUWDQ\DDQ� ULVHW� NHWLJD� \DQJ� VHQWUDO��
GDODP�WXOLVDQ�LQL��� 

����-XPODK�SXEOLNDVL 

7DEHO� �� PHQ\DMLNDQ� VHEDUDQ� MXPODK� DUWLNHO� UHOHYDQ�
\DQJ�GLSXEOLNDVLNDQ�GDODP�HQDP�MXUQDO�WHUSLOLK�VHODPD�
NXUXQ� ����±������ %HUGDVDUNDQ� MXPODK� SXEOLNDVL� SHU�
WDKXQQ\D�� WLGDN� DGD� VXDWX� WUHQ� NKXVXV� \DQJ� ELDVD�������
GLDPDWL�� -XPODK� DUWLNHO� PHQLQJNDW� GDQ� VHPSDW���������
PHQFDSDL� SXQFDNQ\D� SDGD� ����� QDPXQ� VHODQMXWQ\D�
FHQGHUXQJ� PHQXUXQ� GL� WDKXQ-WDKXQ� EHULNXWQ\D�� /HELK�

NXUDQJ� VHWHQJDK� MXPODK� DUWLNHO� GLSXEOLNDVLNDQ� GDODP�
-&(0�� ,QIRUPDVL� LQL� VHWLGDNQ\D� PHQJLQGLNDVLNDQ����
EDKZD� -&(0� PDVLK� PHQMDGL� VDODK� VDWX� PHGLD�������
NRPXQLNDVL� \DQJ�SDOLQJ� EDQ\DN�GLSLOLK�ROHK�DNDGHPLVL�
GDQ�SHQHOLWL�LQWHUQDVLRQDO�XQWXN�PHQGLVHPLQDVLNDQ�KDVLO�
ULVHW�PHUHND�WHUNDLW�PDQDMHPHQ�ULVLNR��$ODVDQ�UHSXWDVL±
±GHQJDQ�LPSDFW�IDFWRU��,)��GDQ�+-LQGH[�WHUPDVXN�\DQJ�
WHUWLQJJL�GLEDQGLQJNDQ� MXUQDO-MXUQDO� VHUXPSXQ±±GLGXJD�
PHODWDUEHODNDQJL� NHSXWXVDQ� DNDGHPLVL� GDQ� SHQHOLWL�
PHPLOLK�MXUQDO�LQL�XQWXN�SXEOLNDVL�� 

7DEHO� ��� -XPODK� DUWLNHO� PHQXUXW� QDPD� MXUQDO� GDQ��
WDKXQ 

�7DKXQ 
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$QDOLVLV�%LEOLRPHWULN�0DQDMHPHQ�5LVLNR�.RQVWUXNVL�������±���� 

*DPEDU� �� PHQ\DMLNDQ� MXPODK� DUWLNHO� WHUWLPEDQJ����
EHUGDVDUNDQ�QHJDUD�DVDO�3HQXOLV��6HFDUD� WRWDO�� DGD�����
SHQXOLV� \DQJ� EHUDVDO� GDUL� ��� QHJDUD� PHPXEOLNDVLNDQ�
ULVHW� PDQDMHPHQ� ULVLNR� GDODP� HQDP� MXUQDO� WHUSLOLK��
$PHULND� 6HULNDW� PHQGRPLQDVL� GHQJDQ� ������ DUWLNHO��
GLLNXWL� &KLQD� ��������� $XVWUDOLD� ��������� ,QJJULV�
��������� GDQ� .RUHD� 6HODWDQ� �������� ,QGRQHVLD� VHQGLUL�
PHQHPSDWL� SHULQJNDW� NH-��� GHQJDQ� MXPODK� DUWLNHO���
WHUWLPEDQJ� � ��� 6DWX� KDO� SHQWLQJ� \DQJ�SHUOX� GLWDPSLO�
NDQ�GL�VLQL��SULQVLS�3DUHWR�MXJD�EHUODNX�\DLWX������GDUL�
VHOXUXK�MXPODK�DUWLNHO�GLVXPEDQJ�ROHK�KDQ\D�VHNLWDU����
�� QHJDUD�� DUWLQ\D� ULVHW� PDQDMHPHQ� ULVLNR� NRQVWUXNVL�
KDQ\D� WHUNRQVHQWUDVL� SDGD� QHJDUD-QHJDUD� WHUWHQWX� VDMD��

7DEHO� �� PHQ\DMLNDQ� VHSXOXK� EHVDU� QHJDUD� NRQWULEXWRU�
EHUGDVDUNDQ�QDPD� MXUQDO��<DQJ�PHQDULN�XQWXN�GLEDKDV�
DGDODK� DGDQ\D� NHFHQGHUXQJDQ� ELDV� QHJDUD� WHPSDW�
MXUQDO� EHUEDVLV�� $UWLNHO� \DQJ� WHUELW� GL� GXD� MXUQDO������
EHUEDVLV� GL� $PHULND� 6HULNDW� L�H�� -&(0� GDQ� -0(�
GLGRPLQDVL� ROHK� SHQXOLV� \DQJ� EHUDVDO� GDUL� QHJDUD����
WHUVHEXW�� EDKNDQ� GHQJDQ� SRVLVL� \DQJ� VDQJDW� MHODV�����
6HEDOLNQ\D�� SDGD� GXD� MXUQDO� \DQJ� EHUEDVLV� GL� ,QJJULV�
L�H�� (&$0� GDQ� &0(�� EHUGDVDUNDQ� MXPODK� DUWLNHO��
SHQXOLV� ,QJJULV� \DQJ� PHQHPSDWL� SHULQJNDW� SHUWDPD��
6HPHQWDUD�LWX��XQWXN�GXD�MXUQDO�ODLQQ\D�\DLWX�,-30�GDQ�
$,&±±NHGXDQ\D� GLWHUELWNDQ� ROHK� (OVHYLHU� \DQJ�������
EHUNDQWRU� SXVDW� GL� $PVWHUGDP� %HODQGD±±SHULQJNDW�
SHUWDPD�GLWHPSDWL�SHQXOLV�GDUL�&KLQD�� 

����$UHD�ULVHW 

'DODP� DQDOLVLV� ELEOLRPHWULN� LQL�� SURVHV� PDQDMHPHQ�
ULVLNR� GLEDJL� PHQMDGL� LGHQWLILNDVL�� DQDOLVLV� DWDX�������
DVHVPHQ��PRQLWRULQJ�DWDX�UHVSRQ��GDQ�DORNDVL��'DUL�����
DUWLNHO�\DQJ�GLHYDOXDVL��VHEDQ\DN�����GLIRNXVNDQ�SDGD�
LGHQWLILNDVL�ULVLNR�������SDGD�DQDOLVLV�ULVLNR�������SDGD�
PRQLWRULQJ�DWDX�UHVSRQ�������SDGD�DORNDVL�GDQ�VLVDQ\D�

����/RNXV�ULVHW� 

)LWXU� SHUWDPD� \DQJ� GLHYDOXDVL� GDODP� DQDOLVLV� GHVNULSWLI�
LQL� DGDODK� ORNXV� ULVHW�� DSDNDK� VXEVWDQVL� \DQJ�����������
GLVDPSDLNDQ�GDODP�DUWLNHO�VSHVLILN�XQWXN�ORNXV�WHUWHQWX��
%HUGDVDUNDQ� MXGXO�GDQ�NRQWHQ�DEVWUDN��GDUL� ����� KDQ\D�
��� DUWLNHO� ���� ��� \DQJ� EHUVLIDW� FRXQWU\-VSHFLILF�����
VHPHQWDUD�VHEDJLDQ�EHVDU�VLVDQ\D�������������WLGDN� 

6WDWLVWLN� LQL� VHWLGDNQ\D� PHQJLQGLNDVLNDQ� ULVHW� UDQDK�
PDQDMHPHQ� ULVLNR� VHODPD� LQL� FHQGHUXQJ� JHQHULN� GDQ�
GDSDW� GLDSOLNDVLNDQ� SDGD� NRQWHNV� ORNXV� \DQJ� OHELK�
OXDV��NKXVXVQ\D�KDVLO�ULVHW�\DQJ�GLSXEOLNDVLNDQ�GDODP�
DUWLNHO� \DQJ� WHUELW�SDGD�-&(0������GDUL�����DWDX����
����0HVNL�GHPLNLDQ�� LQIRUPDVL� LQL� WLGDN�KDUXV�EHUDUWL�
NHKDWL-KDWLDQ� VDPD� VHNDOL� WLGDN� GLSHUOXNDQ� VDDW�����
PHQHUDSNDQ� KDVLO� ULVHW�� 3HQ\HVXDLDQ� PDVLK� WHWDSL�
GLEXWXKNDQ� PHVNL� GHUDMDWQ\D� WLGDN� VHWLQJJL� MLND�
GLEDQGLQJNDQ� PHQHUDSNDQ� KDVLO� ULVHW� \DQJ� PHPDQJ�
VHMDN� DZDO� GLGHGLNDVLNDQ� XQWXN� PHPEHULNDQ� VROXVL�
DWDV� SHUPDVDODKDQ�PDQDMHPHQ� ULVLNR� SDGD� ORNXV� �L�H��
QHJDUD��WHUWHQWX��� 

.KXVXV� XQWXN� (&$0� GDQ� ,-30�� SHUVHQWDVH� DUWLNHO�
\DQJ��WLGDN�VSHVLILN�NH�ORNXV�WHUWHQWX�WXUXQ�PHQMDGL����
��� 8QWXN� $,&�� GDSDW� GLSDKDPL� MLND� ���� �� DUWLNHO�
\DQJ� WHUELW� SDGD� MXUQDO� LQL� ORNXVQ\D� WLGDN� VSHVLILN�
NDUHQD� UXDQJ� OLQJNXS� MXUQDO� PHPDQJ� SDGD������������
SHPDQIDDWDQ� WHNQRORJL� LQIRUPDVL� GDODP� NRQVWUXNVL�
�H�J��FRPSXWHU-DLGHG�GHVLJQ��GHFLVLRQ�VXSSRUW�V\VWHP��
URERWLND�� VLPXODVL��� 7DEHO� �� PHQ\DMLNDQ� GLVWULEXVL�
DUWLNHO�EHUGDVDUNDQ�ILWXU�VSHVLILN�ORNXV�XQWXN�PDVLQJ-

PDVLQJ�MXUQDO�� 

����$VDO�QHJDUD�SHQXOLV 

6DPD� KDOQ\D� GHQJDQ� EHEHUDSD� VWXGL� ELEOLRPHWULN�
VHEHOXPQ\D��H�J��.H�HW�DO���������<L�GDQ�&KDQ���������
DVDO� QHJDUD� SHQXOLV� MXJD� PHQDULN� XQWXN� GLDQDOLVLV��
XQWXN�PHQJHWDKXL�NRQWULEXVL�QHJDUD�\DQJ�GLUHSUHVHQ�
WDVLNDQ� GDUL� DILOLDVL� SHQXOLV� VDDW� ULVHW� GLODNXNDQ� GDQ�
VHNDOLJXV� PHQHQWXNDQ� NLEODW� ULVHW� PDQDMHPHQ� ULVLNR�
NRQVWUXNVL�� %HUKXEXQJ� VDWX� DUWLNHO� ELVD� GLWXOLV� ROHK�
EHEHUDSD� SHQHOLWL� GHQJDQ� DVDO� QHJDUD� \DQJ� EHUEHGD-

EHGD�� GLEXWXKNDQ� SHQGHNDWDQ� PHQHQWXNDQ� MXPODK�
DUWLNHO� WHUWLPEDQJ�� 'DODP� DQDOLVLV� ELEOLRPHWULN� LQL�
GLJXQDNDQ� PHWRGH� SHPERERWDQ� VHVXDL� GHQJDQ������
/HPEDJD� ,OPX� 3HQJHWDKXDQ� ,QGRQHVLD� �������������
VHEDJDLPDQD� WHUVDML� GDODP�7DEHO� ��� %LOD� VDWX� DUWLNHO�
GLWXOLV�ROHK�EHEHUDSD�SHQXOLV�\DQJ�EHUDVDO�GDUL�QHJDUD�
\DQJ� VDPD�� QHJDUD� WHUVHEXW� RWRPDWLV� PHQGDSDWNDQ�
MXPODK�DUWLNHO�WHUWLPEDQJ� ��� 

 

7DEHO� ��� -XPODK� DUWLNHO� PHQXUXW� VLIDW� ORNXV� GDQ���
QDPD�MXUQDO� 

/RNXV�

6SHVLILN 

1DPD�-XUQDO 
-XPODK 

-&(0 -0( (&$0 ,-30 &0( $,& 
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8UXWDQ�3HQXOLV 
-XPODK 

� � � 
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*DPEDU����-XPODK�$UWLNHO�7HUWLPEDQJ�0HQXUXW�
1HJDUD�$VDO�3HQXOLV� 
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������� SDGD�PDQDMHPHQ� ULVLNR� VHFDUD� XPXP�� DUWLQ\D��
ULVHW�WLGDN�GLIRNXVNDQ�SDGD�VDWX�PHODLQNDQ�NHVHOXUXKDQ�
SURVHV�PDQDMHPHQ�ULVLNR��6WDWLVWLN�LQL�PHQJLQGLNDVLNDQ�
DQDOLVLV�ULVLNR�PHQMDGL�UDQDK�ULVHW�\DQJ�SDOLQJ�GLPLQDWL�
GDQ� VHNDOLJXV� PHQDQWDQJ� GL� WHQJDK� NHWHUEDWDVDQ� GDWD�
KLVWRULV� XQWXN� SHPRGHODQ� ULVLNR��*DPEDU� ��PHPSHU�
OLKDWNDQ�GLVWULEXVL�MXPODK�DUWLNHO�EHUGDVDUNDQ�DUHD�ULVHW�
GDQ� QDPD� MXUQDO�� 'RPLQDVL� DQDOLVLV� ULVLNR� VDQJDW�����
WHUOLKDW� SDGD� -&(0� ���� ��� GDQ� UHODWLI� EHULPEDQJ�
GHQJDQ� PDQDMHPHQ� ULVLNR� VHFDUD� XPXP� SDGD� -0(��
(&$0�� GDQ� &0(�� 0DQDMHPHQ� ULVLNR� VHFDUD� XPXP�
PHQMDGL�DUHD� ULVHW� \DQJ�SDOLQJ� VHULQJ�GLODNXNDQ�XQWXN�
,-30�GDQ�$,&�� 

SRUWIROLR� FDVK� DVVHVVPHQW�� MDOXU� ULVLNR� �ULVN� SDWK�������
TXDQWLI\LQJ� TXDOLWDWLYH� LQIRUPDWLRQ� RQ� ULVN�� ZDUUDQW\��
WRWDO� ULVN� DSSURDFK�� ULVLNR� NUHGLW�� FRVW� YDULDQFH�������
RSWLPLVDVL�� 

�� .HVHODPDWDQ�H�J��VLVWHP��DVHVPHQ��IDNWRU�NHSHPLPSLQDQ�� 

�� 333�%27� H�J�� DQDOLVLV� NHZDMLEDQ� NRQWLMHQVL�� DORNDVL�
ULVLNR�� SHQMDPLQDQ�� NRQWUDN�� ULVN� SULFLQJ�� NRQVHVL��
VWUXNWXU� KLHUDUNLV� ULVLNR�� LQVWLWXVL� ILQDQVLDO�� VWUXNWXU�
PRGDO��NHOD\DNDQ�ILQDQVLDO��QLODL�UHVLGX��EULHILQJ��ULVLNR�
ODOXOLQWDV��DOLDQVL��SHPEDJLDQ�ULVLNR�SHQGDSDWDQ�� 

�� 0DWXULWDV� H�J�� HQWHUSULVH� ULVN� PDQDJHPHQW� �(50���
NDSDELOLWDV�RUJDQLVDVL�� 

�� 3HQJHQGDOLDQ��FRQWUROOLQJ��H�J��HDUQHG�YDOXH�V\VWHP��
LQVSHNVL��QDYLJDWLRQDO�PHDVXUHV�� 

�� .RQWUDN� H�J�� FKDQJH� RUGHU�� DVXUDQVL�� ULVN�UHZDUG��
WDUJHW� FRVW�� VHQJNHWD�� NODLP�� GHVLJQ-EXLOG�� PRGHO�
GHOLYHUL�� VKDULQJ� UDWLR�� JXDUDQWHHG� PD[LPXP� FRQ�
WUDFW��XQLW�SULFH��UHJXODVL�SULFH-FDS��XQEDODQFHG�ELG��
SHUIRUPDQFH-EDVHG�FRQWUDFW��NLQHUMD�� 

��� 5LVHW� WHULQWHJUDVL� H�J�� NDWDORJ� ULVLNR�� V\VWHP�PDQDMHPHQ�
ULVLNR�� RUJDQLVDVL�� VWUDWHJL�� NHWDKDQDQ� �UHVLOLHQFH��� IDNWRU�
NXQFL�VXNVHV��VWDNHKROGHU�DQG�XQFHUWDLQW\�PDQDJHPHQW�� 

*DPEDU���PHQ\DMLNDQ� GLVWULEXVL� MXPODK� DUWLNHO�PHQXUXW�
DUHD�ULVHW�VSHVLILN��3HPRGHODQ�ULVLNR�PHQHPSDWL�SHULQJNDW�
WHUDWDV��������GLLNXWL�WDWD�NHOROD���������333�%27���������
ULVHW� WHULQWHUJUDVL� ���� ���� GDQ� NHVHODPDWDQ� ���� ���������
VHPHQWDUD� VLVDQ\D� GLEDJL� XQWXN� DUHD-DUHD� VSHVLILN�
ODLQQ\D�� $GDSXQ� 7DEHO� ��PHQDPSLNDQ� MXPODK� DUWLNHO�
PHQXUXW�DUHD�VSHVLILN�GDQ�QDPD�MXUQDO�� 

����0HWRGRORJL�ULVHW 

0DVLK�EHUGDVDUNDQ�DQDOLVLV�NRQWHQ�DUWLNHO�\DQJ�GLHYDOXDVL��
GDUL� ����� VHEDQ\DN� ��� DUWLNHO� ���� ��� PHQJJXQDNDQ������
SHQGHNDWDQ� NXDOLWDWLI�� ��� DUWLNHO� NXDQWLWDWLI� ���� ��� GDQ���
VLVDQ\D� ����� ��� ��� PHQJJXQDNDQ� SHQGHNDWDQ� KLEULG���
NXDOLWDWLI-NXDQWLWDWLI��*DPEDU���PHPHUOLKDWNDQ�GLVWULEXVL�
DUWLNHO� \DQJ� PHQJJXQDNDQ� NHWLJD� SHQGHNDWDQ� ULVHW� LQL��
EHUGDVDUNDQ� QDPD� MXUQDO�� 5LVHW� NXDQWLWDWLI� GDQ� KLEULG��
NXDOLWDWLI-NXDQWLWDWLI� PHQGRPLQDVL� SDGD� VHEDJLDQ� EHVDU�
MXUQDO�\DQJ�GLHYDOXDVL�QDPXQ�WLGDN�XQWXN�,-30�� 

7DEHO����6HSXOXK�EHVDU�QHJDUD�NRQWULEXWRU�ULVHW�PDQDMHPHQ�ULVLNR�NRQVWUXNVL�PHQXUXW�QDPD�MXUQDO� 
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� .DQDGD ���� 8. ���� %UDVLO ���� 7XUNL ���� 6LQJDSXUD ���� 3HUDQFLV ���� 

� 7DLZDQ ���� ,UDQ ���� 0DODZL ���� ,QGLD ���� 7DLZDQ ���� %HODQGD ���� 

� 6SDQ\RO ���� 8$( ���� 1RUZHJLD ���� 6ZHGLD ���� 7XUNL ���� 8. ���� 

�� 7XUNL ���� 3DNLVWDQ ���� 6ULODQND ���� 8$( ���� ,QGLD ���� 5XVLD ���� 

*DPEDU����-XPODK�DUWLNHO�PHQXUXW�DUHD�ULVHW�GDQ�
QDPD�MXUQDO 

/HELK� VSHVLILN�� DUHD� ULVHW� VHFDUD� XPXP�GDSDW� GLNDWHJRUL�
NDQ�PHQMDGL� EHEHUDSD� NODVWHU�PHVNL� KDUXV� GLDNXL� EDKZD�
NODVLILNDVL� LQL� WLGDN� KDUXV� EHUVLIDW� PXWXDOO\� H[FOXVLYH��
.ODVWHU-NODVWHU�WHUVHEXW�DGDODK� 

�� 'HFLVLRQ� VXSSRUW� V\VWHP� H�J�� DXJPHQWHG� YLUWXDOLW\��
DVHVPHQ� ULVLNR� EHUEDVLV� MDULQJDQ�� LPDJH-EDVHG�
DVVHVPHQW��UHOLDELOLW\�DQDO\]HU��FRQVWUXFWLRQ�KD]DUG�
LGHQWLILFDWLRQ��PXOWL-DJHQW�PRGHO���'�V\VWHP�� 

�� 7DWD� NHOROD� �JRYHUQDQFH�� H�J�� UDQWDL� SDVRN�� NHXQJJXODQ�
NRPSHWLWLI�� LQIRUPDVL� DVLPHWUL�� SURGXNWLYLWDV�� LQVHQWLI��
SURILWDELOLWDV�� NHPLWUDDQ� �SDUWQHULQJ��� NHSHUFD\DDQ�
�WUXVW�� GDQ� UHODVL�� PLWLJDVL� ULVLNR�� NQRZOHGJH�����
PDQDJHPHQW�� VWUDWHJL�� SHUEHGDDQ� EXGD\D�� VWUXNWXU�
WDWD�NHOROD��MRLQW�ULVN�PDQDJHPHQW� 

�� 3HULODNX� ULVLNR� �ULVN� EHKDYLRU�� H�J�� IDFWRU� DQWHVHGHQ��
FXPXODWLYH�SURVSHFW�WKHRU\��GLYHUVLILNDVL�ULVLNR�� 

�� 3HPRGHODQ� ULVLNR� H�J�� ULVLNR� VRVLDO�� NHQDLNDQ� ELD\D��
NHWHUODPEDWDQ�� FDVK� IORZV�� FRRSHUDWLYH� DSSURDFK�������
SULQFLSDO-DJHQW� PRGHO�� GHIDXOW� NRQWUDNWRU�� NRQWLQJHQVL��
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+LEULG� NXDOLWDWLI-NXDQWLWDWLI� PHQMDGL� VDODK� VDWX������
PHWRGRORJL� \DQJ� SRSXOHU� GL� NDODQJDQ� DNDGHPLVL� GDQ�
SHQHOLWL� PDQDMHPHQ� ULVLNR� NRQVWUXNVL�� +DO� LQL� GDSDW��
GLPHQJHUWL� PHQJLQJDW� GDWD� KLVWRULV� \DQJ� GLEXWXKNDQ�
XQWXN� PHPEDQJXQ� UHODVL� PDWHPDWLV� OHELK� VHULQJ� WLGDN�
WHUVHGLD� GDODP� GXQLD� NRQVWUXNVL�� .HWHUEDWDVDQ� GDWD� LQL�
DGDODK�VDODK�VDWX�LVX�GDQ�WDQWDQJDQ�WHUEHVDU�GDODP�ULVHW�
PDQDMHPHQ� ULVLNR� NRQVWUXNVL�� /HELK� ODQMXW�� VHEDJLDQ�
EHVDU� DUWLNHO� \DQJ� PHQJJXQDNDQ� PHWRGRORJL� LQL�
PHQJJXQDNDQ� SHQGHNDWDQ� \DQJ� UHODWLI� VDPD� \DLWX��
PHQJXDQWLILNDVLNDQ� DVHVPHQ� NXDOLWDWLI� UHVSRQGHQ���
ELDVDQ\D�PHQJJXQDNDQ�6NDOD�/LNHUW� �H�J�� �� � VDQJDW�
WLGDN� VHWXMX�� �� � VDQJDW� VHWXMX���'DWD� \DQJ�GLSHUROHK�
VHODQMXWQ\D� GLSURVHV� PHQJJXQDNDQ� PHWRGH� VWDWLVWLN�

�OHELK�GHWDLO�DNDQ�GLVDMLNDQ�GDODP�0HWRGH�5LVHW�� 

����0HWRGH�ULVHW 

-LND� PHWRGRORJL� ULVHW� DGDODK� XSD\D� \DQJ� VLVWHPDWLV�
XQWXN�PHQ\HOHVDLNDQ�PDVDODK�ULVHW��PDND�PHWRGH�ULVHW�
PHQJDFX� SDGD� VHOXUXK� PHWRGH� \DQJ� GLJXQDNDQ� XQWXN�
PHQ\HOHVDLNDQ�PDVDODK� ULVHW� VHKLQJJD� ELVD� GLVHEXWNDQ�
PHWRGH� ULVHW� PHUXSDNDQ� EDJLDQ� GDUL� PHWRGRORJL� ULVHW�
�.RWKDUL�� ������� $QDOLVLV� ELEOLRPHWULN� MXJD� GLODNXNDQ�
WHUKDGDS� PHWRGH-PHWRGH� \DQJ� GLJXQDNDQ� GDODP������
PHQ\HOHVDLNDQ� ULVHW� PDQDMHPHQ� ULVLNR� NRQVWUXNVL��
GHQJDQ�KDVLO�VHEDJDLPDQD�WHUVDML�GDODP�*DPEDU��� 

0HWRGH� \DQJ� GLJXQDNDQ� EHUDJDP�� PXODL� GDUL� VWXGL� � NDVXV��
ZDZDQFDUD�� VDPSDL�GHVN�VWXG\�XQWXN�SHQGHNDWDQ�NXDOLWDWLI��
GDUL� VWDWLVWLN�� DQDO\WLFDO� KLHUDUFK\� SURFHVV� �$+3��� VDPSDL�
H[SHFWHG�XWLOLW\� WKHRUHP�XQWXN�SHQGHNDWDQ� KLEULG�NXDOLWDWLI-
NXDQWLWDWLI�� GDQ� GDUL� VLPXODVL� 0RQWH� &DUOR�� SUREDELOLWDV����
VDPSDL� JHQHWLF� DOJRULWKP� XQWXN� SHQGHNDWDQ� NXDQWLWDWLI��
7DEHO� �� PHQ\DMLNDQ� OLPD� EHVDU� PHWRGH� ULVHW� SULPHU���������
EHUGDVDUNDQ�QDPD�MXUQDO�WHUVHOHNVL�� 

-XPODK�PHWRGH�PHPDQJ�PHOHELKL� MXPODK� DUWLNHO� NDUHQD�
GDODP� VDWX�DUWLNHO� ELVD�GLJXQDNDQ� OHELK�GDUL� VDWX�PHWRGH�
GDQ�KLEULG�DWDX�NRPELQDVL�PHWRGH�LQL�PHUXSDNDQ�KDO�\DQJ�
MDPDN�GDODP�ULVHW�PDQDMHPHQ� ULVLNR�NRQVWUXNVL��6HEDJDL�
FRQWRK� $EGHOJDZDG� DQG� )D\HN� ������� GDQ� .DQJ� HW� DO��
�������PHQJRPELQDVLNDQ�IX]]\�VHW�WKHRU\��)67��GDQ�$+3�
VHPHQWDUD� *DQ� GDQ� ;X� ������� GDQ� =KDR� HW� DO�� �������

*DPEDU����'LVWULEXVL�DUHD�VSHVLILN�ULVHW 

$UHD�6SHVLILN�5LVHW 
1DPD�-XUQDO 

-XPODK 
-&(0 -0( (&$0 ,-30 &0( $,& 

'HFLVLRQ�VXSSRUW�V\VWHP �� � � � � � �� 

7DWD�NHOROD �� �� � � � � �� 

3HULODNX�ULVLNR � � � � � � � 

3HPRGHODQ�ULVLNR �� � � � � � �� 

.HVHODPDWDQ �� � � � � � �� 

,QWHJUDVL �� � � � � � �� 

333�%27 �� � � � � � �� 

0DWXULWDV � � � � � � � 

3HQJHQGDOLDQ � � � � � � � 

.RQWUDN � � � � � � �� 

7DEHO����-XPODK�SXEOLNDVL�PHQXUXW�DUHD�VSHVLILN�ULVHW�GDQ�QDPD�MXUQDO 

*DPEDU����-XPODK�DUWLNHO�PHQXUXW�PHWRGRORJL�

ULVHW�GDQ�QDPD�MXUQDO� 

*DPEDU����-XPODK�DUWLNHO�PHQXUXW�PHWRGH�ULVHW 



��� Vol. 23 No. 3 Desember  2016 

:LERZR�� 

PHQJJXQDNDQ� )67� GDQ� DQDOLVLV� VWDWLVWLN� VHEDJDL� PHWRGH�
PHUHND�� &RQWRK� ODLQ� DGDODK� )RUWXQDWR� HW� DO�� ������� GDQ�
*DQJROHOOV�HW�DO���������\DQJ�PHQJRPELQDVLNDQ�ZDZDQFDUD�
GDQ�VWXGL�NDVXV��6HODQMXWQ\D��EHULNXW�LQL�GLSUHVHQWDVLNDQ�WLJD�
PHWRGH�NXDQWLWDWLI� \DQJ�PHQDULN� XQWXN� GLGLVNXVLNDQ� OHELK�
ODQMXW���DQDOLVLV�VWDWLVWLN��)67��GDQ�VLPXODVL�0RQWH�&DUOR�� 

����$QDOLVLV�VWDWLVWLN 

6DWX� GDUL� WLJD� DUWLNHO� PDQDMHPHQ� ULVLNR� NRQVWUXNVL�
PHQJJXQDNDQ�PHWRGH�VWDWLVWLN��PHQMDGLNDQ�PHWRGH� LQL�
PHQMDGL� PHWRGH� \DQJ� SDOLQJ� SRSXOHU� GDODP� ULVHW�����
PDQDMHPHQ� ULVLNR�� /HELK� VSHVLILN�� DQDOLVLV� GHVNULSWLI�
PHUXSDNDQ� WHNQLN� VWDWLVWLN� \DQJ� SDOLQJ� SRSXOHU� XQWXN�
PHQGDSDWNDQ�FHQWUDO�WHQGHQF\��H�J��XQWXN��SHPHULQJNDWDQ�
EHUGDVDUNDQ� UHODWLYH� LPSRUWDQFH� LQGH[�� GDQ� VHEDUDQ���
VHEHOXP� DQDOLVLV� ODQMXWDQ� GLODNXNDQ� �OLKDW� *DPEDU� ���
6HODLQ� GHVNULSWLI�� WHNQLN� VWDWLVWLN� \DQJ� ODLQ� WHUPDVXN���
DQDO\VLV�RI�YDULDQFH��$129$���NRUHODVL��UHJUHVL���DQDOLVLV�
IDNWRU��SULQFLSDO�FRPSRQHQW�DQDO\VLV� �3&$���FKL-VTXDUHG�
WHVW�� 0DQQ-:KLWQH\� WHVW�� VWUXFWXUDO� HTXDWLRQ� PRGHOLQJ�
�6(0��� GDQ� W-WHVW�� 6DPD� GHQJDQ� VHEHOXPQ\D�� EHEHUDSD�
DUWLNHO�PHQJJXQDNDQ�OHELK�GDUL�VDWX�WHNQLN� 

-LND�GLNDLWNDQ�GHQJDQ�DUHD�IRNXV��PHWRGH�VWDWLVWLN�ELDVD�
GLPDQIDDWNDQ� XQWXN� DQDOLVLV� DWDX� DVHVPHQ�GDQ� DORNDVL�
ULVLNR�� 6HEDJDL� FRQWRK�� (O-6D\HJK� GDQ� 0DQVRXU� �������
PHQJJXQDNDQ�PHWRGH�LQL�XQWXN�PHQJHYDOXDVL�ULVLNR�SDGD�
SUR\HN� MDODQ� GL� 8QL� (PLUDW� $UDE�� 3DGD� DVSHN� DORNDVL��
ULVLNR�� 1GHNXJUL� HW� DO�� ������� PHQJJXQDNDQ� VWDWLVWLN���
XQWXN� PHQJHPEDQJNDQ� RSVL� DVXUDQVL� XQWXN� SHQJDGDDQ�
LQIUDVWUXNWXU�GDQ�7DQJ�HW�DO�� �������XQWXN�PHQJHYDOXDVL�����
SHQHUDSDQ�LQVHQWLI�SDGD�LQGXVWU\�NRQVWUXNVL�GL�&KLQD�� 

0HWRGH�5LVHW 
1DPD�-XUQDO 

-&(0 -0( (&$0 ,-30 &0( $,& 

6WDWLVWLN � � � � � � 

6WXGL�NDVXV � � � � � � 

)X]]\�VHW�WKHRU\ � �-� �-� � �-� � 

:DZDQFDUD � � � � � �-� 

6LPXODVL�0RQWH�&DUOR � �-� �-� � � �-� 

%RRWVWUDSSLQJ �-� � �-� �-� �-� �-� 

'HVN�VWXG\ �-� � �-� �-� � �-� 

$QDO\WLFDO�+LHUDUFK\�3URFHVV �-� �-� � �-� �-� � 

'HOSKL �-� �-� � �-� �-� �-� 

$QDO\WLFDO�1HWZRUN�3URFHVV �-� �-� �-� �-� �-� � 

7DEHO����/LPD�EHVDU�PHWRGH�\DQJ�GLJXQDNDQ�PHQXUXW�QDPD�MXUQDO� 

&DWDWDQ����-��WLGDN�WHUPDVXN�GDODP�OLPD�EHVDU 

*DPEDU����-XPODK�DUWLNHO�PHQXUXW�WHNQLN�VWDWLVWLN�

\DQJ�GLJXQDNDQ 

����7HRUL�)X]]\�6HW� 

7HRUL� )X]]\� 6HW� PHUXSDNDQ� VDODK� VDWX� PHWRGH� \DQJ�����
SDOLQJ�SRSXOHU�XQWXN�KLEULG�NXDOLWDWLI-NXDQWLWDWLI��0HWRGH�
LQL� VHNDOLJXV� PHQMDGL� VDODK� VDWX� VROXVL� VDDW� EHUKDGDSDQ�
GHQJDQ�NHWHUEDWDVDQ�GDWD�KLVWRULV�XQWXN�SHPRGHODQ�ULVLNR��
7HRUL�LQL�PHQDZDUNDQ�VHMXPODK�NHXQJJXODQ�GLEDQGLQJNDQ�
WHRUL� SUREDELOLWDV�� 0HWRGH� )67� MXJD� PXODL� EDQ\DN�������
GLPDQIDDWNDQ� XQWXN� EHUEDJDL� SHUVRDODQ� GDODP� UDQDK��������
PDQDMHPHQ�NRQVWUXNVL�>EDFD�&KDQ�HW�DO��������@�� 

7DFLW� NQRZOHGJH� \DQJ� GLPLOLNL� ROHK� UHVSRQGHQ� ELDVDQ\D�
GLPDQIDDWNDQ� GHQJDQ� PHPEHULNDQ� PHUHND� NHVHPSDWDQ�
XQWXN� PHQJHNVSUHVLNDQ� RSLQL� DWDX� DVHVPHQ� VHFDUD������
OLQJXLVWLN� \DQJ� NHPXGLDQ� GLNRQYHUVL� PHQMDGL� ELODQJDQ�
IX]]\�GHQJDQ� PHPEHUVKLS� IXQFWLRQ� WHUWHQWX�� 6HODQMXWQ\D��
GDWD� GDODP� EHQWXN� ELODQJDQ� IX]]\� GLRODK� GHQJDQ� RSHUDVL�
DULWPHWLND� IX]]\�� .RQNOXVL� DWDX� NHSXWXVDQ� WHUDNKLU�������
GLSHUROHK� VHWHODK� SURVHV� GH-IX]]LILFDWLRQ� �L�H�� PHQJXEDK�
KDVLO� SHUKLWXQJDQ� GDODP� ELODQJDQ� IX]]\� PHQMDGL� FULVS�
VFRUH� ODJL�� GLODNXNDQ�� 'HQJDQ� SURVHV� \DQJ� SDQMDQJ� GDQ�
UXPLW�� NRPSXWDVL� )67� FXNXS� PHPEXWXKNDQ� ZDNWX� GDQ�
ELD\D��WHUOHELK�WLGDN�WHUVHGLD�SLUDQWL� OXQDN�\DQJ�WHUVHGLD�OXDV�
XQWXN� PHPIDVLOLWDVL� SURVHV� NRPSXWDVL�� .DUHQDQ\D������������
NHPDQIDDWDQ�PHWRGH�PHQMDGL�VDODK�VDWX�IDNWRU��SHUWLPEDQJDQ�
SHQWLQJ�VDDW�DNDQ�PHQJJXQDNDQ�PHWRGH�)67�LQL�� 

6HEDJDL� FRQWRK�� ;X� HW� DO�� ������� PHQJHPEDQJNDQ�
PRGHO�DORNDVL�ULVLNR�XQWXN�SUR\HN-SUR\HN�LQIUDVWUXNWXU�
\DQJ�GLVHOHQJJDUDNDQ�PHQJJXQDNDQ� VNHPD�333�%27��
0HUHND� PHQJJXQDNDQ� )67� XQWXN� PHQHQWXNDQ� SLKDN�
\DQJ� GLDQJJDS� SDOLQJ� PDPSX� DWDX� \DQJ� KDUXV� EHUEDJL���
PHQDQJJXQJ� VXDWX� ULVLNR�� GHQJDQ� PHQGHILQLVLNDQ� 5LVN���
&DUU\LQJ�&DSDELOLW\�,QGH[��5&&,���,QSXW�XQWXN�PHQJKLWXQJ�
5&&,�DGDODK�UHVSRQ�GDUL�UHVSRQGHQ�\DQJ�GLQ\DWDNDQ�GDODP�
6NDOD� /LNHUW�� 'HQJDQ� SURVHGXU� SHUKLWXQJDQ� \DQJ�������������
GLWDZDUNDQ�� PHWRGH� VLPSOH� PXOWLDWWULEXWH� UDWLQJ� WHFKQLTXH�
\DQJ�MDXK�OHELK�VHGHUKDQD�DNDQ�PHQJKDVLONDQ�NRQNOXVL�\DQJ�
VDPD�VHKLQJJD�NHPDQIDDWDQ�)67�GDODP�NRQWHNV� LQL�GDSDW�
GLSHUWDQ\DNDQ�� � NHFXDOL� MLND� NHXQJJXODQ� )67� DNDQ��������
GLHNVSORLWDVL�OHELK�ODQMXW�XQWXN�KDO�ODLQ��� 

����6LPXODVL�0RQWH�&DUOR 

6LPXODVL�0RQWH�&DUOR�NHUDS� GLJXQDNDQ�XQWXN� DQDOLVLV�
ULVLNR� NXDQWLWDWLI�� VHWHODK� GLODNXNDQ� LGHQWLILNDVL� ULVLNR��
5LVLNR� GLDQDOLVLV� GHQJDQ� PHPRGHONDQ� PDVLQJ-PDVLQJ�
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ULVLNR�\DQJ�DNDQ�GLHYDOXDVL�NH�GDODP�IXQJVL�NHUDSDWDQ�
SUREDELOLWDV� �SUREDELOLW\� GHQVLW\� IXQFWLRQ�� 3')������
5LVLNR-ULVLNR� DNDQ� VDOLQJ� EHULQWHUDNVL�� PHQJLNXWL��
PRGHO� PDWHPDWLV� WHUWHQWX�� 3HQJJXQDDQ� VLPXODVL�����
VHPDNLQ� PHOXDV� VHLULQJ� GHQJDQ� NHPDMXDQ� WHNQRORJL�
LQIRUPDVL�� $GD� EDQ\DN� YHQGRU� \DQJ� PHQ\HGLDNDQ��
SLUDQWL�OXQDN�VLPXODVL�EHUEDVLV�VSUHDGVKHHW�\DQJ�NHUDS�
GLJXQDNDQ�XQWXN�PHQJDQDOLVLV�ULVLNR�VHFDUD�NXDQWLWDWLI�
�H�J�� #5LVN�� &U\VWDO� %DOO�� 9RVH��� %HEHUDSD� FRQWRK�
DUWLNHO� \DQJ�PHQJJXQDNDQ�PHWRGH�VLPXODVL� LQL� DGDODK�
$FHEHV�HW�DO����������$ODUFyQ�HW�DO����������GDQ�7RXUDQ�
GDQ�/RSH]�������� 

7DQWDQJDQ� WHUEHVDU� PHQJJXQDNDQ� VLPXODVL� SDGD� ULVHW�
PDQDMHPHQ� ULVLNR� NRQVWUXNVL� DGDODK�� NHPEDOL��
NHWHUEDWDVDQ� GDWD� KLVWRULV� XQWXN� PHPEDQJXQ� 3')��
'LVWULEXWLRQ� ILWWLQJ� EHUGDVDUNDQ� XML� VWDWLVWLN� WHUWHQWX�
�H�J�� .ROPRJRURY-6PLUQRY�� FKL-VTXDUHG�� � $QGHUVRQ-

'DUOLQJ�� GLODNXNDQ� XQWXN� PHQHQWXNDQ� 3')� \DQJ����
SDOLQJ� VHVXDL� GHQJDQ� GDWD� \DQJ� WHUVHGLD�� 3HQGHNDWDQ�
\DQJ� ELDVD� GLJXQDNDQ� XQWXN� PHQJDWDVL� NHQGDOD� GDWD�
DGDODK� GHQJDQ� PHQJDVXPVLNDQ� 3')� VXDWX� ULVLNR�
PHQJLNXWL� GLVWULEXVL� QRUPDO�� ORJQRUPDO�� DWDX� EHWD�
GHQJDQ� SXUDWD� �PHDQ�� VDPD� GHQJDQ� QLODL� HNVSHNWDVL�
GDQ� PHQVNHQDULRNDQ� NRHILVLHQ� YDULDVL±±UDVLR� DQWDUD�
GHYLDVL�VWDQGDU�GDQ�SXUDWD±±WHUWHQWX�� 

6DWX� KDO� \DQJ� SHUOX� GLSHUKDWLNDQ� VDDW� PHQJJXQDNDQ����
VLPXODVL� 0RQWH� &DUOR�� VDPD� GHQJDQ� \DQJ� VHEHOXPQ\D��
DGDODK�NHPDQIDDWDQ��6LPXODVL�PHQMDGL�PHWRGH�\DQJ��VDQJDW�
EHUJXQD� XQWXN� PHQ\HOHVDLNDQ� SHUVRDODQ� PDWHPDWLV� \DQJ�
NRPSOHNV� >H�J�� UHODVL� QRQOLQLHU�� GHSHQGHQVL� DQWDUYDULDEHO��
GLVWULEXVL� WHUSDQFXQJ� �WUXQFDWHG� GLVWULEXWLRQ�@�� \DQJ� WLGDN�
HNRQRPLV� MLND� GLVHOHVDLNDQ� VHFDUD� � � DQDOLWLV�� � 'HQJDQ������
VLPXODVL� DNDQ� PXGDK� GLSHUROHK� VWDWLVWLN-VWDWLVWLN� SHQWLQJ�
XQWXN�NHSHUOXDQ�DQDOLVLV�ULVLNR��H�J��SXUDWD��GHYLDVL�VWDQGDU��
SHUVHQWLO��NHPHQFHQJDQ��NXUWRVLV��� 

1DPXQ� GHPLNLDQ�� WLGDN� VHPXD� SHUVRDODQ� GDODP� DQDOLVLV�
ULVLNR� KDUXV� GLVHOHVDLNDQ� GHQJDQ� VLPXODVL�� 6DODK� VDWX��
FRQWRK�DGDODK�DUWLNHO�6DNND�GDQ�(O-6D\HJK� �������\DQJ�
PHQJJXQDNDQ� VLPXODVL�0RQWH� &DUOR� XQWXN�PHQHQWXNDQ�
GDPSDN� SHQXQGDDQ� DNWLYLWDV� QRQ-NULWLV� WHUKDGDS� ULVLNR�
NHQDLNDQ� ELD\D� GDQ� NHWHUODPEDWDQ� ZDNWX�� $UWLNHO� LQL�
PHQGDSDW� UHVSRQ� GDUL�:LERZR� ������� \DQJ�PHQJNULWLVL�
SHQJJXQDDQ� VLPXODVL� GDODP� PHQ\HOHVDLNDQ� SHUVRDODQ�
\DQJ�DGD��'HQJDQ�PHQJJXQDNDQ�WUDQVIRUPDVL�5RVHQEODWW�
�5RVHQEODWW�� ������ GDQ� SUREDELOLVWLF� QHWZRUN� HYDOXDWLRQ�
WHFKQLTXH��$QJ�GDQ�7DQJ��������GDSDW�GLEXNWLNDQ�EDKZD�
SHQGHNDWDQ� DQDOLWLV� PHPEHULNDQ� KDVLO� \DQJ� OHELK� EDLN�
GDODP�KDO�NHVWDELODQ�GDQ�NHDNXUDVLDQ�NKXVXV�XQWXN�NDVXV�
\DQJ�GLDQJNDW�ROHK�6DNND�GDQ�(O-6D\HJK� 

���5LVHW�NH�'HSDQ�� 

3HUWDQ\DDQ�ULVHW�WHUDNKLU�\DQJ�SHUOX�GLMDZDE�DGDODK�UDQDK�
ULVHW� PDQDMHPHQ� ULVLNR� NRQVWUXNVL� NH� GHSDQ�� %DQ\DN�
PHWRGRORJL� � DWDX� PHWRGH� EDUX� \DQJ� GLNHPEDQJNDQ������
WHUXWDPD� XQWXN� DQDOLVLV� GDQ� DORNDVL� ULVLNR�� %HEHUDSD����
FRQWRK�PHOLSXWL�PRGHO�DORNDVL�ULVLNR�EHUEDVLV�)67��;X�HW��
DO��� ������ VHEDJDLPDQD� WHODK� GLGLVNXVLNDQ� VHEHOXPQ\D��
&OLHQW-5LVN�0DQDJHPHQW�0RGHO�>&500��$OERJDP\�DQG�
'DZRRG�������@��$GYDQFHG�3URJUDPPDWLF�5LVN�$QDO\VLV�

DQG� 0DQDJHPHQW� >$35$0�� ,PEHDK� DQG� *XLNHPD�
������@�\DQJ�NHPXGLDQ�GLPRGLILNDVL�PHQMDGL�0-$35$0�
�=H\QDOLDQ�HW�DO���������� 

+DO� ODLQ� \DQJ� PHQDULN� GDUL� DQDOLVLV� NRQWHQ� DGDODK��������
NHWHUNDLWDQ� \DQJ� NXDW� DQWDUD� PDQDMHPHQ� ULVLNR� GDQ������
NRQWUDN� 333�%27� XQWXN� SHPEDQJXQDQ� GDQ� SHQJHORODDQ�
LQIUDVWUXNWXU�� .HWHUNDLWDQ� LQL� PXGDK� GLPHQJHUWL� NDUHQD�
333�%27�DGDODK�VXDWX�PHNDQLVPH�NRQWUDN�EHUEDJL�ULVLNR�
DQWDUD�SHPHULQWDK�GDQ�EDGDQ�XVDKD�XQWXN�PHQGDSDWNDQ�
EHVW� YDOXH� IRU� PRQH\� EDJL� SHQ\HOHQJJDUDDQ���������������
LQIUDVWUXNWXU� SXEOLN�� .DUHQDQ\D�� SULQVLS� DORNDVL� ULVLNR�
\DQJ� HILVLHQ� \DLWX� ULVLNR� KDUXV� GLWDQJJXQJ� ROHK� SLKDN�
\DQJ�PDPSX�PHQJHOROD�ULVLNR�KDUXV�GLSHQXKL��$QDOLVLV�
ELEOLRPHWULN� PHPHUOLKDWNDQ� OHELK� NXUDQJ� ����� DUWLNHO�
WHUSLOLK� GDODP� DQDOLVLV� LQL� PHPEDKDV� 333�%27� SDGD�
NRQWHNV�PDQDMHPHQ�ULVLNR�� 

6HEDOLNQ\D��=KDQJ�HW�DO���������MXJD�PHQHPXNDQ�IDNWD�
PHQDULN�EDKZD����GDUL����DUWLNHO�\DQJ�GLHYDOXDVL�������
��� PHQGLVNXVLNDQ� PDQDMHPHQ� ULVLNR� SDGD� NRQWHNV�
333�%27�� 'HQJDQ� GHPLNLDQ�� ULVHW-ULVHW� WHQWDQJ�������
PDQDMHPHQ� ULVLNR� SDGD� 333�%27�PDVLK� WHWDS� UHOHYDQ�
GL� PDVD� PHQGDWDQJ�� ,VX-LVX� \DQJ� GDSDW�PHQMDGL� UDQDK�
ULVHW�SDGD�ELGDQJ�NDMLDQ�LQL�PHOLSXWL�DORNDVL�ULVLNR�\DQJ�
HILVLHQ�� DQDOLVLV� NRQWLMHQVL� �FRQWLQJHQW� OLDELOLWLHV�����
DQDO\VLV���YDOXDVL�SHQMDPLQDQ�DWDV�ULVLNR�WHUWHQWX��7HRUL
-WHRUL� \DQJ� GLJXQDNDQ� SXQ� WXUXW� EHUNHPEDQJ� VHLULQJ�
GHQJDQ� VHPDNLQ� NRPSOHNVQ\D� SHUPDVDODKDQ�� WHUPDVXN�
SHPDQIDDWDQ�WHRUL�\DQJ�ELDVD�GLJXQDNDQ�GDODP�LQGXVWUL�
ODLQQ\D��H�J��UHDO�RSWLRQ�WKHRULHV�� 

,VX�ODLQQ\D�\DQJ�PHQDQWDQJ�XQWXN�GLWHOLWL�DGDODK�NRUHODVL�
DQWDUD� WLQJNDW� ULVLNR� GDQ� ELD\D� XQWXN� PHUHGXNVL� ULVLNR��
6HSHQGHN�SHQJHWDKXDQ�3HQXOLV��VDPSDL�VDDW�LQL�EHOXP�DGD�
NDMLDQ� \DQJ� VHFDUD� VSHVLILN� GLGHGLNDVLNDQ� XQWXN�
PHQGDSDWNDQ�KXEXQJDQ�WHUVHEXW�VHFDUD�NXDQWLWDWLI��'L�VLVL�
ODLQ�� LQIRUPDVL� LQL� VDQJDW� GLEXWXKNDQ� XQWXN� PHQHQWXNDQ�
SHUODNXDQ�ULVLNR��ULVN�WUHDWPHQW��VHFDUD�VLVWHP�\DQJ�SDOLQJ�
HIHNWLI� PHODOXL� RSWLPDVL� PRGHO�� &RQWRK�� $35$0� GDQ�
&500� \DQJ� WHODK� GLVLQJJXQJ� VHEHOXPQ\D� WLGDN� DNDQ�
EHUIXQJVL�MLND�WLGDN�GLNHWDKXL�VHEHUDSD�FRVW�HIIHFWLYH�VXDWX�
XSD\D�PLWLJDVL�ULVLNR�GDSDW�GLODNXNDQ�� 

'L�WHQJDK�PDUDNQ\D�PRGHO-PRGHO�EDUX�\DQJ�GLNHPEDQJNDQ��
VDODK�VDWX� LVX� \DQJ�EHOXP�PHQGDSDWNDQ�SHUKDWLDQ�DGDODK�
PDWXULWDV�(50��$QDOLVLV�PHPHUOLKDWNDQ�NDMLDQ�SDGD�UDQDK�
LQL� PDVLK� VDQJDW� WHUEDWDV� \DQJ� WHQWXQ\D� PHQDZDUNDQ�
UDQDK-UDQDK� ULVHW� \DQJ� PHQDQWDQJ� NH� GHSDQQ\D�� 'DUL��
VHGLNLW�NDMLDQ�\DQJ�DGD�DGDODK�+DOORZHOO�HW�DO����������0X�
HW�DO���������GDQ�=KDR��������\DQJ�PHQ\LPSXONDQ�EDKZD�
PDWXULWDV� (50� SDGD� LQGXVWU\� NRQVWUXNVL� PDVLK� UHQGDK��
=KDR�HW�DO�� �������PHQJLGHQWLILNDVL� KDPEDWDQ-KDPEDWDQ�
\DQJ� PHQ\HEDENDQ� UHQGDKQ\D� PDWXULWDV� (50�� .H���
GHSDQQ\D�� ULVHW-ULVHW� WHQWDQJ� (50� SHUOX� XQWXN� WHUXV�
GLNHPEDQJNDQ�GDQ�XQWXN�NRQWHNV�,QGRQHVLD��ULVHW�SDGD�
DUDK�LQL�VHGDQJ�GLODNXNDQ�ROHK�3HQXOLV� 

,VX� ODLQ� \DQJ� EHOXP� PHQGDSDWNDQ� DWHQVL� \DQJ� OXDV��
DGDODK�SHULODNX� LQGLYLGX�GDODP�PHQ\LNDSL� VXDWX� ULVLNR�
�ULVN� EHKDYLRU��� 5LVLNR� ELVD� GLDQDOLVLV� VHFDUD� NXDOLWDWLI�
DWDX� NXDQWLWDWLI� PHQJJXQDNDQ�� PLVDO�� VLPXODVL� 0RQWH�
&DUOR�� 6HWHODK� GLSHUROHK� SUREDELOLWDV� GDQ� GDPSDNQ\D��
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ULVLNR�KDUXV�GLUHVSRQ�ROHK�SHQJDPELO�NHSXWXVDQ��7HRUHPD�
XWLOLWDV� ELDVDQ\D� PHQJDVXPVLNDQ� LQGLYLGX� EHUWLQGDN���
VHEDJDL� ULVN� DYHUWHU� VHKLQJJD� PHUHND� PHPEXWXKNDQ���
SUHPLXP� ULVLNR� XQWXN� EHUVHGLD� PHQDQJJXQJ� ULVLNR�����
1DPXQ�� EHEHUDSD� HNVSHULPHQ� \DQJ� GLODNXNDQ� WLGDN���
PHQGXNXQJ� WHRUHPD� WHUVHEXW� VHKLQJJD�PXQFXO� SURVSHFW�
WKHRU\� �.DKPHQDQ� GDQ� 7YHUVN\�� ������� FXPXODWLYH�����
SURVSHFW�WKHRU\��7YHUVN\�GDQ�.DKQHPDQ��������GDQ�UDQN�
GHSHQGHQW�PRGHO��4XLJJLQV���������6HMDXK�LQL�EHOXP�DGD�
ULVHW� \DQJ�GLGHGLNDVLNDQ�XQWXN�PHPEXNWLNDQ� WHRUL�PDQD�
\DQJ� OHELK� WHSDW� XQWXN� LQGXVWUL� NRQVWUXNVL�� 5LVHW� LQL����
SHQWLQJ� NDUHQD� PHPLOLNL� PDQIDDW� SUDNWLV� H�J����������
SHQJDPELODQ� NHSXWXVDQ� JR�QR-JR� XQWXN� PHPEDQJXQ���
SRUWRIROLR�SUR\HN�NRQVWUXNVL�LQWHUQDVLRQDO�DWDX�SHQHQWXDQ������
PLQLPXP�DWWUDFWLYH�UDWH�RI�UHWXUQ��0$55��XQWXN�SUR\HN�
LQYHVWDVL� LQIUDVWUXNWXU�� 6HEDJDLPDQD� GLSDKDPL��ZHLJKWHG�
DYHUDJH� FRVW� RI� FDSLWDO� VDMD� WHUQ\DWD� WLGDN� FXNXS� XQWXN�
PHQMHODVNDQ�0$55�\DQJ�GLLQJLQNDQ�ROHK�FDORQ�LQYHVWRU�
LQIUDVWUXNWXU��� 

���.HVLPSXODQ� 

'DUL� DQDOLVLV� ELEOLRPHWULN� \DQJ� WHODK� GLODNXNDQ� DWDV�
����DUWLNHO�PDQDMHPHQ�ULVLNR�NRQVWUXNVL�VHODPD�NXUXQ�
ZDNWX� ����±����� SDGD� HQDP� MXUQDO� LQWHUQDVLRQDO���
WHUSLOLK�GDSDW�GLVLPSXONDQ�VHEDJDL�EHULNXW�� 

�� 7LGDN� DGD� WUHQ� VSHVLILN� \DQJ� ELVD� GLDPDWL� GDUL�
MXPODK�SXEOLNDVL��EDLN�PHQXUXQ�PDXSXQ�PHQLQJNDW�
SHU� WDKXQQ\D� \DQJ� EHULPSOLNDVL�� VHWLGDNQ\D�������
PDQDMHPHQ�ULVLNR�PDVLK�UHOHYDQ� 

�� &DNXSDQ� LVX� EHUDJDP�� \DQJ� VHFDUD� JDULV� EHVDU�
GDSDW�GLNDWHJRULNDQ�PHQMDGL�NRQWUDN��SHQJHQGDOLDQ�
�FRQWUROOLQJ��� PDWXULWDV�� 333�%27�� NHVHODPDWDQ��
SHPRGHODQ� ULVLNR�� SHULODNX� ULVLNR�� WDWD� NHOROD�
�JRYHUQDQFH��� GHFLVLRQ� VXSSRUW� V\VWHP�� GDQ� ULVHW�
WHULQWHUJUDVL� 

�� 6WDWLVWLN�PHPHUOLKDWNDQ� SULQVLS�3DUHWR� ������ EHUODNX�
\DQJ� MXJD�PHQJLQGLNDVLNDQ�DGDQ\D�GRPLQDVL�QHJDUD-
QHJDUD� WHUWHQWX� GDODP� KDO� SXEOLNDVL� GDQ� DGDQ\D� ELDV�
QHJDUD�DVDO�SHQXOLV�XQWXN�EHEHUDSD�MXUQDO� 

�� 5LVHW� GLIRNXVNDQ� SDGD� DQDOLVLV� GDQ� PDQDMHPHQ��
ULVLNR� VHFDUD� XPXP� GHQJDQ� SHQGHNDWDQ� ULVHW�����
WHUSRSXOHU� DGDODK� NXDQWLWDWLI� GDQ� KLEULG� NXDOLWDWLI-
NXDQWLWDWLI� GDQ� � PHWRGH� VWDWLVWLN� PHQMDGL� PHWRGH�
\DQJ� SDOLQJ� VHULQJ� GLJXQDNDQ� VHUWD� SHQGHNDWDQ�
PHQJJXQDNDQ� OHELK� GDUL� VDWX� PHWRGH� XQWXN�������
PHQMDZDE� SHUWDQ\DDQ� ULVHW� PHUXSDNDQ� KDO� \DQJ�
OXPUDK�GLWHPXNDQ�� 

�� %HEHUDSD� UDQDK� ULVHW� \DQJ� PHQDULN� XQWXN� GLWHOLWL�
OHELK� ODQMXW� PHOLSXWL� SHQHUDSDQ� PDQDMHPHQ� ULVLNR�
SDGD� SHQ\HOHQJJDUDDQ� LQIUDVWUXNWXU� \DQJ� EHUEDVLV�
VNHPD�333�%27��KXEXQJDQ�PDWHPDWLV�DQWDUD�WLQJNDW�
ULVLNR� GDQ� ELD\D� PLWLJDVL� ULVLNR�� SHQJXNXUDQ� WLQJNDW�
PDWXULWDV� PDQDMHPHQ� ULVLNR� SDGD� OHYHO� SHUXVDKDDQ�
NRQVWUXNVL��GDQ�SHULODNX�LQGLYLGX�WHUKDGDS�ULVLNR��� 

���6DUDQ 

$GD� GXD� VDUDQ� \DQJ� ELVD� GLVDPSDLNDQ� GDUL� KDVLO������
DQDOLVLV�ELEOLRPHWULN�LQL�� 

�� 'HQJDQ� PHQJJXQDNDQ� KDQ\D� NDWD� NXQFL� VHEDJDL�
VDWX-VDWXQ\D� NULWHULD� SHPLOLKDQ� DUWLNHO� SDGD� MXUQDO�
WHUSLOLK�� ULVHW� LQL� MHODV� PHPLOLNL� NHWHUEDWDVDQ�
FDNXSDQ� SXEOLNDVL�� 2OHK� NDUHQD� LWX�� DQDOLVLV���������
ELEOLRPHWULN�LQL�VDQJDW�PXQJNLQ�GLODQMXWNDQ�GHQJDQ�
PHUHODNVDVL� NULWHULD� \DQJ� VDDW� LQL� GLJXQDNDQ�������
FRQWRK�� PHQJJXQDNDQ� NULWHULD� MXGXO�� DEVWUDN� DWDX�
NDWD� NXQFL� �WLWOH� RU� DEVWUDFW� RU� NH\ZRUGV� DWDX�7�$�
.�� \DQJ� PHQJDQGXQJ� ³ULVN� PDQDJHPHQW´�� 3DGD�
VNDOD� \DQJ� OHELK� EHVDU�� DQDOLVLV� ELEOLRPHWULN� MXJD�
GDSDW� GLODNXNDQ� SDGD� ODSRUDQ-ODSRUDQ� WHNQLV� \DQJ�
WLGDN� WHUSXEOLNDVLNDQ� PHODOXL� GDODP� MDULQJDQ�
�RQOLQH��PHVNL�XQWXN�KDO�WHUVHEXW�GLEXWXKNDQ�ZDNWX�
GDQ�ELD\D�\DQJ�FXNXS�EHVDU�� 

�� $QDOLVLV� ELEOLRPHWULN� GDSDW� GLMDGLNDQ� IRQGDVL� GDQ�
DWDX� GLV\DUDWNDQ� PHQMDGL� VDODK� VDWX� WDKDSDQ� ULVHW�
WLQJNDW� ODQMXW� �H�J�� WLQJNDW� GRNWRUDO��� 7XMXDQQ\D�
XQWXN� PHPHUROHK� LQIRUPDVL� WHQWDQJ� NHNLQLDQ� LOPX�
SHQJHWDKXDQ��VWDWH�RI�WKH�DUW��SDGD�VXDWX�UDQDK�ULVHW�
VSHVLILN�� 'DUL� DQDOLVLV� LQL� GDSDW� GLLGHQWLILNDVL����
NHVHQMDQJDQ� SHQJHWDKXDQ� �NQRZOHGJH� JDS�� \DQJ�
SHUOX� GLLVL� VHEDJDL� VDODK� VDWX� EHQWXN� NRQWULEXVL�
Q\DWD� JXQD� PHPHUND\D� ERG\� RI� OLWHUDWXUHV� SDGD�
UDQDK� WHUVHEXW� GDQ� PHQJKLQGDUL� UHSOLNDVL� GDQ����
UHSHWLVL�ULVHW�\DQJ�WLGDN�SHUOX�� 

���8FDSDQ�7HULPD�.DVLK 

3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� GDQ� SHQJKDUJDDQ�
VHWLQJJL-WLQJJLQ\D�NHSDGD�GXD�PLWUD�EHVWDUL�DQRQLP�DWDV�
PDVXNDQ� GDQ� NRPHQWDU� PHUHND� \DQJ� VDQJDW� EHUKDUJD�
JXQD�PHQLQJNDWNDQ�NXDOLWDV�QDVNDK�LQL� 

'DIWDU�3XVWDND 

$EGHOJDZDG��0���DQG�)D\HN��$���������5LVN�PDQDJHPHQW�
LQ� WKH�FRQVWUXFWLRQ� LQGXVWU\�XVLQJ� FRPELQHG� IX]]\�
)0($�DQG� IX]]\�$+3���-RXUQDO�RI�&RQVWUXFWLRQ�
(QJLQHHULQJ� DQG� 0DQDJHPHQW�� �������� ����±
����� 

$EGLUDG��+���DQG�3LVKGDG-%R]RUJL��3���������7UHQGV�RI�
DVVHVVLQJ� %,0� LPSOHPHQWDWLRQ� LQ� FRQVWUXFWLRQ�
UHVHDUFK�� &RPSXWLQJ� LQ� &LYLO� DQG� %XLOGLQJ������
(QJLQHHULQJ�����±���� 

$EXGD\\HK��2���'LEHUW-'H<RXQJ��$���DQG�-DVHOVNLV��(���
������$QDO\VLV�RI�WUHQGV�LQ�FRQVWUXFWLRQ�UHVHDUFK��
����±������ -RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ�
DQG�0DQDJHPHQW�������������±���� 

$EXGD\\HK��2���'LEHUW-GH\RXQJ��$���5DVGRUI��:��� DQG�
0HOKHP�� +��� ������ 5HVHDUFK� SXEOLFDWLRQ� WUHQGV�
DQG� WRSLFV� LQ� &RPSXWLQJ� LQ� &LYLO� (QJLQHHULQJ��
-RXUQDO� RI� &RPSXWLQJ� LQ� &LYLO� (QJLQHHULQJ�� ��
������±��� 

$FHEHV��)��� 3DMDUHV�� -���*DOiQ�� -��0��� DQG�/ySH]-3DUHGHV��
$���������$�QHZ�DSSURDFK�IRU�SURMHFW�FRQWURO�XQGHU�
XQFHUWDLQW\��*RLQJ�EDFN�WR�WKH�EDVLFV��,QWHUQDWLRQDO�
-RXUQDO�RI�3URMHFW�0DQDJHPHQW������������±���� 

$ODUFyQ��/�)���$VKOH\��'�%���GH�+DQLO\��$�6���0ROHQDDU��
.�5��� DQG� 8QJR�� 5��� ������ 5LVN� � SODQQLQJ� DQG���
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$QDOLVLV�%LEOLRPHWULN�0DQDMHPHQ�5LVLNR�.RQVWUXNVL�������±���� 

PDQDJHPHQW� IRU� WKH� 3DQDPD� FDQDO� H[SDQVLRQ��
SURJUDP�� -RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ�
DQG�0DQDJHPHQW��������������±���� 

$OERJDP\��$���DQG�'DZRRG��1���������'HYHORSPHQW�RI�D�
FOLHQW-EDVHG�ULVN�PDQDJHPHQW�PHWKRGRORJ\�IRU�WKH�
HDUO\� GHVLJQ� VWDJH� RI� FRQVWUXFWLRQ� SURFHVVHV�����
(QJLQHHULQJ�� &RQVWUXFWLRQ� DQG� $UFKLWHFWXUDO��
0DQDJHPHQW������������±���� 

$QGUHV��$���������0HDVXULQJ�$FDGHPLF�5HVHDUFKß��+RZ�WR�
8QGHUWDNH�D�%LEOLRPHWULF�6WXG\��&KDQGRV�3XEOLVKLQJ��
2[IRUG� 

$QJ��$��+�-6���DQG�7DQJ��:��+���������3UREDELOLW\�&RQFHSWV�
LQ� (QJLQHHULQJ�� (PSKDVLV� RQ� $SSOLFDWLRQV� WR� &LYLO�
DQG�(QYLURQPHQWDO�(QJLQHHULQJ��:LOH\��1HZ�<RUN� 

%DNKW��0�1���DQG�(O-'LUDE\��7�(���������6\QWKHVLV�RI�
GHFLVLRQ-PDNLQJ� UHVHDUFK� LQ� FRQVWUXFWLRQ�����
-RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ� DQG����
0DQDJHPHQW������������������ 

'H� %HOOLV�� 1��� ������ %LEOLRPHWULFV� DQG� &LWDWLRQ����
$QDO\VLVß�� )URP� WKH� 6FLHQFH� &LWDWLRQ� ,QGH[� WR�
&\EHUPHWULFV��7KH�6FDUHFURZ�3UHVV��/DQKDP� 

%U|FKQHU�� -��� DQG�%M|UN�� %�&��� ������:KHUH� WR� VXEPLW"�
-RXUQDO�FKRLFH�E\�FRQVWUXFWLRQ�PDQDJHPHQW�DXWKRUV��
&RQVWUXFWLRQ� 0DQDJHPHQ� � DQG� � (FRQRPLFV�� �������
���±���� 

GH�&DVWUR�H�6LOYD�1HWR��'���&UX]��&�2���5RGULJXHV��)���
DQG� 6LOYD�� 3��� ������ %LEOLRPHWULF� DQDO\VLV� RI�
333�DQG�3),�OLWHUDWXUH��RYHUYLHZ�RI����\HDUV�RI�
UHVHDUFK�� -RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ�
DQG�0DQDJHPHQW���������� 

&KDQ��$���&KDQ��'���DQG�<HXQJ��-���������2YHUYLHZ�RI�
WKH� DSSOLFDWLRQ� RI� µIX]]\� WHFKQLTXHV¶� LQ���������
FRQVWUXFWLRQ� PDQDJHPHQW� UHVHDUFK�� -RXUQDO� RI�
&RQVWUXFWLRQ� (QJLQHHULQJ� DQG� 0DQDJHPHQW��
�������������±����� 

'DUNR��$��� DQG�&KDQ��$�3�&��� ������&ULWLFDO� DQDO\VLV�
RI�JUHHQ�EXLOGLQJ�UHVHDUFK�WUHQG�LQ�FRQVWUXFWLRQ�
MRXUQDOV��+DELWDW�,QWHUQDWLRQDO������2FWREHU�����
±��� 

'HQJ�� )��� DQG� 6P\WK�� +��� ������ &RQWLQJHQF\-EDVHG�
DSSURDFK� WR� ILUP� SHUIRUPDQFH� LQ� FRQVWUXFWLRQ��
FULWLFDO�UHYLHZ�RI�HPSLULFDO�UHVHDUFK��-RXUQDO�RI�
&RQVWUXFWLRQ� (QJLQHHULQJ� DQG� 0DQDJHPHQW��
����������������� 

(O-6D\HJK�� 6�0��� DQG� 0DQVRXU�� 0�� +��� ������ 5LVN�����
DVVHVVPHQW�DQG�DOORFDWLRQ�LQ�KLJKZD\�FRQVWUXFWLRQ�
SURMHFWV� LQ�WKH�8$(�� �-RXUQDO�RI�0DQDJHPHQW� LQ�
(QJLQHHULQJ������������������ 

)ODQDJDQ��5���DQG�1RUPDQ��*���������5LVN�0DQDJHPHQW�
DQG�&RQVWUXFWLRQ��/RQGRQ���%ODFNZHOO�6FLHQFH� 

)RUWXQDWR�� %�5��� +DOORZHOO�� 0�5��� %HKP�� 0��� DQG��

'HZODQH\��.���������,GHQWLILFDWLRQ�RI�VDIHW\�ULVNV�
IRU� KLJK-SHUIRUPDQFH� VXVWDLQDEOH� FRQVWUXFWLRQ�
SURMHFWV�� -RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ�
DQG�0DQDJHPHQW�������������±���� 

*DQ�� /��� DQG� ;X�� -��� ������ &RQWURO� ULVN� IRU� PXOWLPRGH�
UHVRXUFH-FRQVWUDLQHG� SURMHFW� VFKHGXOLQJ� SUREOHPV�
XQGHU� K\EULG� XQFHUWDLQW\�� -RXUQDO� RI�0DQDJHPHQW�
LQ�(QJLQHHULQJ����������������� 

*DQJROHOOV��0���&DVDOV��0���)RUFDGD��1���)XHUWHV��$���DQG�
5RFD�� ;��� ������ 0RGHO� IRU� HQKDQFLQJ� LQWHJUDWHG�
LGHQWLILFDWLRQ�� DVVHVVPHQW�� DQG� RSHUDWLRQDO� FRQWURO�
RI� RQ-VLWH� HQYLURQPHQWDO� LPSDFWV� DQG� KHDOWK� DQG�
VDIHW\� ULVNV� LQ� FRQVWUXFWLRQ� ILUPV�� -RXUQDO� RI�����
&RQVWUXFWLRQ� (QJLQHHULQJ� DQG� 0DQDJHPHQW�� ���
��������±���� 

+DOORZHOO��0�5���0ROHQDDU��.�5���DQG�)RUWXQDWR��%�5���
������ (QWHUSULVH� ULVN� PDQDJHPHQW� VWUDWHJLHV� IRU�
VWDWH� GHSDUWPHQWV� RI� WUDQVSRUWDWLRQ�� -RXUQDO� RI�
0DQDJHPHQW�LQ�(QJLQHHULQJ������������±���� 

+ROGHQ��*���5RVHQEHUJ��*���DQG�%DUNHU��.����������7UDFLQJ�
WKRXJKW�WKURXJK�WLPH�DQG�VSDFH×��D�VHOHFWLYH�UHYLHZ�
RI� ELEOLRPHWULFV� LQ� VRFLDO� ZRUN�� %LEOLRPHWULF� LQ��
6RFLDO� :RUNV�� *�� +ROGHQ�� *�� 5RVHQEHUJ�� DQG� .��
%DUNHU��HGV���5RXWOHGJH��1HZ�<RUN���±��� 

+RQJ�� <��� &KDQ�� '�:�0��� &KDQ�� $�3�&��� DQG� <HXQJ��
-�)�<��� ������ &ULWLFDO� $QDO\VLV� RI� SDUWQHULQJ��
UHVHDUFK� WUHQG� LQ� FRQVWUXFWLRQ� MRXUQDOV�� -RXUQDO�
RI�0DQDJHPHQW�LQ�(QJLQHHULQJ�����������±��� 

+RQJ��<���DQG�&KDQ��'�:�0���������5HVHDUFK�WUHQG�RI�MRLQW�
YHQWXUHV� LQ� FRQVWUXFWLRQ�� D� WZR-GHFDGH� WD[RQRPLF�
UHYLHZ��-RXUQDO�RI�)DFLOLWLHV�0DQDJHPHQW������������
±���� 

,PEHDK�� :��� GDQ� *XLNHPD�� 6��� ������ 0DQDJLQJ�������
FRQVWUXFWLRQ� SURMHFWV� XVLQJ� WKH� DGYDQFHG��������
SURJUDPPDWLF� ULVN� DQDO\VLV� DQG� PDQDJHPHQW�
PRGHO��-RXUQDO�RI�&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�
0DQDJHPHQW�������������±���� 

.DKQHPDQ��'���DQG�7YHUVN\��$���������3URVSHFW�WKHRU\���
DQ� DQDO\VLV� RI� GHFLVLRQ� XQGHU� ULVN�� (FRQRPHWULFD��
����������±����� 

.DQJ�� /�6��� .LP�� 6�-.��� 0RRQ�� +�6��� DQG� .LP�� +�6���
������'HYHORSPHQW�RI�D��'�REMHFW-EDVHG�V\VWHP�IRU�
YLVXDOL]LQJ� WKH� ULVN� LQIRUPDWLRQ� RI� � FRQVWUXFWLRQ�
SURMHFWV�� $XWRPDWLRQ� LQ� &RQVWUXFWLRQ�� ���0D\���
���±���� 

.H��<���:DQJ��6���&KDQ��$�3��� DQG�&KHXQJ��(���������
5HVHDUFK� WUHQG� RI� SXEOLF-SULYDWH� SDUWQHUVKLS� LQ�
FRQVWUXFWLRQ� MRXUQDOV�� -RXUQDO� RI� &RQVWUXFWLRQ�
(QJLQHHULQJ� DQG� 0DQDJHPHQW�� ��������� ����±
����� 

.RWKDUL��&���������5HVHDUFK�0HWKRGRORJ\ß��0HWKRGV�DQG�
7HFKQLTXHV��1HZ�'HOKL���1HZ�$JH�,QWHUQDWLRQDO� 

/H��<���DQG�6KDQ��0���������5HVHDUFK�WUHQG�RI��FROOXVLRQ�
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:LERZR�� 

LQ� WRS� FRQVWUXFWLRQ� MRXUQDOV�� 3URFHHGLQJV� RI� WKH�
��WK� ,QWHUQDWLRQDO�6\PSRVLXP�RQ�$GYDQFHPHQW�RI�
&RQVWUXFWLRQ� 0DQDJHPHQW� DQG� 5HDO� (VWDWH�� -��
:DQJ��=��'LQJ��/��=RX��DQG�-��=XR��HGV���6SULQJHU��
%HUOLQ������±����� 

/HH�� 6��� 7DH�� 6��� -HH�� 1��� DQG� 6KLQ�� 6��� ������ /'$-

EDVHG� PRGHO� IRU� PHDVXULQJ� LPSDFW� RI� FKDQJH�
RUGHUV� LQ� DSDUWPHQW� SURMHFWV� DQG� LWV� DSSOLFDWLRQ�
IRU� SUHULVN� DVVHVVPHQW� DQG� SRVWHYDOXDWLRQ�����
-RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ� DQG�
0DQDJPHQW�����������±�� 

/HPEDJD�,OPX�3HQJHWDKXDQ�,QGRQHVLD���������3HUDWXUDQ�
.HSDOD� /HPEDJD� ,OPX� 3HQJHWDKXDQ� ,QGRQHVLD�
1R�� �� 7DKXQ� ����� WHQWDQJ� 3HWXQMXN� 7HNQLV����
-DEDWDQ�)XQJVLRQDO�3HQHOLWL�� -DNDUWD���/HPEDJD�
,OPX�3HQJHWDKXDQ�,QGRQHVLD� 

/RRVHPRUH��0���5DIWHU\��-���5HLOO\��&���DQG�+LJJRQ��'���
������ 5LVN� 0DQDJHPHQW� LQ� 3URMHFWV�� /RQGRQ��
5RXWOHGJH� 

0X�� 6��� &KHQJ�� +��� &KRKU�� 0��� DQG� 3HQJ�� :��� ��������������
$VVHVVLQJ� ULVN�PDQDJHPHQW�FDSDELOLW\�RI�FRQWUDFWRUV�
LQ� VXEZD\�SURMHFWV� LQ�PDLQODQG�&KLQD�� ,QWHUQDWLRQDO�
-RXUQDO�RI�3URMHFW�0DQDJHPHQW������������±���� 

1DRXP�� 6��� DQG� (JEX�� &��� ������ &ULWLFDO� UHYLHZ� RI��
SURFXUHPHQW� PHWKRG� UHVHDUFK� LQ� FRQVWUXFWLRQ�
MRXUQDOV�� 3URFHGLD� (FRQRPLFV� DQG� )LQDQFH�� �±
��� 

1GHNXJUL�� ,��� 'DHFKH�� +��� DQG� =KRX�� '��� ������ 7KH�
SURMHFW� LQVXUDQFH� RSWLRQ� LQ� LQIUDVWUXFWXUH�������
SURFXUHPHQW�� � (QJLQHHULQJ�� &RQVWUXFWLRQ� DQG�
$UFKLWHFWXUDO�0DQDJHPHQW������������±���� 

3LHWURIRUWH�� 5��� DQG� $ERXOH]]�� 0�$��� ������ $6&(��
-RXUQDO�RI�0DQDJHPHQW�LQ�(QJLQHHULQJ×��UHYLHZ�RI�
WKH�\HDUV������±�������-RXUQDO�RI�0DQDJHPHQW�LQ�
(QJLQHHULQJ������������±���� 

4XLJJLQV�� -��� ������ *HQHUDOL]HG� ([SHFWHG� 8WLOLW\����
7KHRU\�� 7KH� 5DQN� 'HSHQGHQW� 0RGHO�� 1HZ�
<RUN���6SULQJHU� 

5RVHQEODWW�� 0��� ������ 5HPDUNV� RQ� D� PXOWLYDULDWH��
WUDQVIRUPDWLRQ�� 7KH� $QQDOV� 0DWKHPDWLFDO�����
6WDWLVWLFV������������±���� 

6DNND�� =�,��� DQG� (O-6D\HJK�� 6�0��� ������ )ORDW���������
FRQVXPSWLRQ� LPSDFW�RQ�FRVW�DQG�VFKHGXOH� LQ�WKH�
FRQVWUXFWLRQ� LQGXVWU\�� -RXUQDO� RI� &RQVWUXFWLRQ�
(QJLQHHULQJ�DQG�0DQDJHPHQW�������������±���� 

7DQJ�� :��� 4LDQJ�� 0��� 'XIILHOG�� &�)��� <RXQJ�� '�0���
DQG� /X�� <��� ������ ,QFHQWLYHV� LQ� WKH� &KLQHVH����
FRQVWUXFWLRQ� LQGXVWU\�� -RXUQDO� RI� &RQVWUXFWLRQ�
(QJLQHHULQJ�DQG�0DQDJHPHQW�������������±���� 

7RXUDQ�� $��� DQG� /RSH]�� 5��� ������ 0RGHOLQJ� FRVW����������
HVFDODWLRQ� LQ� ODUJH� LQIUDVWUXFWXUH� SURMHFWV�� -RXUQDO�
RI� &RQVWUXFWLRQ� (QJLQHHULQJ� DQG� 0DQDJHPHQW��
�����������±���� 

7VDL��&�-&���DQG�:HQ��0�/���������5HVHDUFK�DQG�WUHQGV�
LQ�VFLHQFH�HGXFDWLRQ�IURP������WR�������D�FRQWHQW�
DQDO\VLV� RI� SXEOLFDWLRQ� LQ� VHOHFWHG� MRXUQDOV�����
,QWHUQDWLRQDO� -RXUQDO� RI� 6FLHQFH� (GXFDWLRQ�� ��
������±��� 

7YHUVN\�� $��� DQG� .DKQHPDQ�� '��� ������ $GYDQFHV� LQ�
SURVSHFW� WKHRU\�� FXPXODWLYH� UHSUHVHQWDWLRQ� RI�
XQFHUWDLQW\�� -RXUQDO� RI�5LVN� DQG�8QFHUWDLQW\�� �
��������±���� 

8WDPD��:���&KDQ��$���=DKRRU��+��� DQG�*DR��5���������
5HYLHZ� RI� UHVHDUFK� WUHQG� LQ� LQWHUQDWLRQDO�����������
FRQVWUXFWLRQ� SURMHFWV�� D� ELEOLRPHWULF� DQDO\VLV�����
&RQVWUXFWLRQ�(FRQRPLFV�DQG�%XLOGLQJ�����������
±��� 

9DQJD��6��.���6LQJK��$���9DJDGLD��%��+���DQG�5DJKDYDQ��9���
������ *OREDO� IRRG� DOOHUJ\� UHVHDUFK� WUHQG� �� D����������
ELEOLRPHWULF� DQDO\VLV�� � 6FLHQWRPHWULFV�� �������� ���±
���� 

:LERZR�� $��� ������ 'LVFXVVLRQ� RI� µ)ORDW� FRQVXPSWLRQ�
LPSDFW� RQ� FRVW� DQG� VFKHGXOH� LQ� WKH� FRQVWUXFWLRQ�
LQGXVWU\¶� E\� =DIHU� ,�� 6DNND� DQG� 6DPHK� 0�� (O-
6D\HJK� )HEUXDU\� ������9RO�� �����1R�� ��� SS�� ���-

����� ���������$6&(�����-����������������������
-RXUQDO�RI�&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�0DQDJH�
PHQW��������������±���� 

:LQJ�� &�.��� ������ 7KH� UDQNLQJ� RI� FRQVWUXFWLRQ��������
PDQDJHPHQW�MRXUQDOV��&RQVWUXFWLRQ�0DQDJHPHQW�
DQG�(FRQRPLFV������������±���� 

;LD�� %��� =XR�� -���:X�� 3��� DQG� .H�� <��� ������ 6XVWDLQDEOH�
FRQVWUXFWLRQ� WUHQGV� LQ� MRXUQDO� SDSHUV��3URFHHGLQJV�
RI� WKH� ��WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ��������������
$GYDQFHPHQW� RI� &RQVWUXFWLRQ� 0DQDJHPHQW� DQG�
5HDO�(VWDWH�� 6��/L\LQ��<��.XQKXL�� DQG�0��&KDR��
HGV���6SULQJHU�����±���� 

;X�� <��� &KDQ�� $�3�&��� DQG� <HXQJ�� -�)�<��� ������������
'HYHORSLQJ�D�IX]]\�ULVN�DOORFDWLRQ�PRGHO�IRU�333�
SURMHFWV� LQ� &KLQD�� -RXUQDO� RI� &RQVWUXFWLRQ������
(QJLQHHULQJ�DQG�0DQDJHPHQW�������������±���� 

<L�� :��� DQG� &KDQ�� $�3�&��� ������ &ULWLFDO� UHYLHZ� RI��
ODERU� SURGXFWLYLW\� UHVHDUFK� LQ� FRQVWUXFWLRQ�����
MRXUQDOV��-RXUQDO�RI�0DQDJHPHQW�LQ�(QJLQHHULQJ��
����������±���� 

=H\QDOLDQ�� 0��� 7ULJXQDUV\DK�� %��� DQG� 5RQDJK�� +�5���
������ 0RGLILFDWLRQ� RI� DGYDQFHG� SURJUDPPDWLF�
ULVN� DQDO\VLV� DQG� PDQDJHPHQW� PRGHO� IRU� WKH�
ZKROH� SURMHFW� OLIH� F\FOH¶V� ULVNV�� -RXUQDO� RI������
&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�0DQDJHPHQW�����
�������±��� 

=KDQJ��6���&KDQ��$�3�&���)HQJ��<���'XDQ��+���DQG�.H��<���
������ &ULWLFDO� UHYLHZ� RQ� 333� UHVHDUFK� -� D� VHDUFK�
IURP� WKH� &KLQHVH� DQG� LQWHUQDWLRQDO� MRXUQDOV��������
,QWHUQDWLRQDO� -RXUQDO� RI� 3URMHFW� 0DQDJHPHQW�� ��
��������±���� 
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$QDOLVLV�%LEOLRPHWULN�0DQDMHPHQ�5LVLNR�.RQVWUXNVL�������±���� 

=KDR�� ;��� ������ 8QGHUVWDQGLQJ� HQWHUSULVH� ULVN� PDQ�
DJHPHQW�PDWXULW\� LQ�FRQVWUXFWLRQ� ILUPV��-RXUQDO�
RI� &RQVWUXFWLRQ� (QJLQHHULQJ� DQG� 0DQDJHPHQW��
���������±��� 

=KDR��;���+ZDQJ��%���DQG�/RZ��6�3���������'HYHORSLQJ�
IX]]\�HQWHUSULVH�ULVN�PDQDJHPHQW�PDWXULW\�PRGHO�
IRU� FRQVWUXFWLRQ� ILUPV�� -RXUQDO� RI� &RQVWUXFWLRQ�
(QJLQHHULQJ� DQG� 0DQDJHPHQW�� �������� ����±
����� 

=KDR�� ;��� +ZDQJ�� %��� /RZ�� 6�3��� DQG�:X�� 3��� ������
5HGXFLQJ� KLQGUDQFHV� WR� HQWHUSULVH� ULVN���������
PDQDJHPHQW� LPSOHPHQWDWLRQ� LQ� FRQVWUXFWLRQ�
ILUPV��-RXUQDO�RI�&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�
0DQDJHPHQW������������������ 

 

 


