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$EVWUDN 

0HQHQWXNDQ�WDULI�WRO�\DQJ�ZDMDU�XQWXN�PHQDULN�SHPELD\DDQ�VZDVWD�GL�VHNWRU�MDODQ�WRO�PHUXSDNDQ�LVX�\DQJ�SHQWLQJ��
1DPXQ�� VWXGL� HNVLVWLQJ� SDGD� UDQDK� LQL� PDVLK� EHOXP� WHUVHGLD�� 7XOLVDQ� LQL� EHUWXMXDQ� PHQJLVL� NHNRVRQJDQ�
SHQJHWDKXDQ� WHUVHEXW� GHQJDQ�PHQDZDUNDQ�PRGHO� SDUDPHWULN� XQWXN�PHQJHVWLPDVL� EDWDV�DWDV�GDQ�EDZDK� WDULI� WRO�
PHQJJXQDNDQ� 6WRFKDVWLF� )URQWLHU� $QDO\VLV�� 'DWD� \DQJ� GLNXPSXONDQ� PHOLSXWL� ELD\D� LQYHVWDVL�� LQWHUQDO� UDWH� RI�
UHWXUQ�� WDULI� WRO�\DQJ�EHUODNX�VDDW�LQL��GXUDVL�NRQVHVL�� WDKXQ�SHUWDPD�RSHUDVL��GDQ�SDQMDQJ�UXDV�MDODQ�WRO�VDPSHO��
'HQJDQ� GDWD� VHW� \DQJ� DGD� �Q ����� VNULQLQJ� DZDO�PHQJJXQDNDQ�.RUHODVL� 3HDUVRQ�PHQJKDVLONDQ� ELD\D� LQYHVWDVL�
WHUQRUPDOLVDVL� PHQMDGL� VDWX-VDWXQ\D� SDUDPHWHU� \DQJ� VLJQLILNDQ� PHPHQJDUXKL� WDULI� WRO�� 6WDWLVWLN� 0DKDODQRELV-
'LVWDQFH�PHQ\LPSXONDQ�WLGDN�DGD�NDVXV�RXWOLHU�PXOWLYDULDW��3LUDQWL�OXQDN�67$7$��GLPDQIDDWNDQ�XQWXN�PHPEDQWX�
SHUKLWXQJDQ�PHQJHVWLPDVL�SDUDPHWHU�GDQ�SHQ\XVXQDQ�PRGHO�ORJ-OLQLHU��+DVLO�XML�/LNHOLKRRG�5DWLR�PHPSHUOLKDWNDQ�
KLSRWHVLV�QRO�WLGDN�GDSDW�GLWRODN�XQWXN�PRGHO�EDWDV�EDZDK��\DQJ�PHQJDNLEDWNDQ�PRGHO�LQL�WHUHGXNVL�PHQMDGL�0RGHO�
&REE-'RXJODV��'XD�SHUVDPDDQ�ORJ-OLQLHU�GLEDQJXQ�XQWXN�EDWDV�DWDV�GDQ�EDWDV�UHUDWD�WDULI�WRO��.HGXD�SHUVDPDDQ�
LQL�GDSDW�GLPDQIDDWNDQ�VHEDJDL�DFXDQ�HVWLPDVL�DZDO�WDULI�WRO�VHEHOXP�NDMLDQ�\DQJ�OHELK�GHWDLO�WHUVHGLD��7XOLVDQ�LQL�
MXJD�PHQJLGHQWLILNDVL� EHEHUDSD� NHWHUEDWDVDQ� \DQJ� GDSDW�PHQMDGL� DUDK� EDJL� VWXGL� EHULNXWQ\D�JXQD�PHQGDSDWNDQ�
KDVLO�HVWLPDVL�\DQJ�OHELK�EHUPDNQD�GDQ�DNXUDW�� 

.DWD-NDWD�NXQFL��%DWDV�DWDV��EDWDV�EDZDK��WDULI�WRO��VWRFKDVWLF�IURQWLHU�DQDO\VLV��FREE-GRXJODV��,QGRQHVLD� 

$EVWUDFW 

'HWHUPLQLQJ� D� IDLU� WROO� UDWH� LV� HVVHQWLDO� WR� DWWUDFW� SULYDWH� ILQDQFLQJ� LQ� WKH� WROO� URDG� VHFWRU��+RZHYHU�� WKHUH� LV� D�
SDXFLW\� RI� H[LVWLQJ� VWXGLHV� LQ� WKLV� DUHD� RI� LQYHVWLJDWLRQ�� 7KHUHIRUH�� WKLV� SDSHU� DLPV� WR� ILOO� WKLV� NQRZOHGJH� JDS� E\�
RIIHULQJ�D�SDUDPHWULF�PRGHO�WR�HVWLPDWH�XSSHU�DQG�ORZHU�WROO�UDWH�IURQWLHUV�XVLQJ�WKH�6WRFKDVWLF�)URQWLHU�$QDO\VLV��
7KH�FROOHFWHG�GDWD�FRPSULVHG�LQYHVWPHQW�FRVW��LQWHUQDO�UDWH�RI�UHWXUQ��SUHYDLOLQJ�WROO�UDWH��FRQFHVVLRQ�GXUDWLRQ��WKH�
ILUVW� \HDU� RI� RSHUDWLRQ�� DQG� OHQJWK� RI� WKH� VDPSOHG� WROO� URDGV�� *LYHQ� WKH� GDWDVHW� �Q ����� D� SUHOLPLQDU\� 3HDUVRQ�
FRUUHODWLRQ�VFUHHQLQJ�VXJJHVWHG�WKDW�WKH�QRUPDOL]HG�LQYHVWPHQW�FRVW�EH�WKH�VROH�SDUDPHWHU�VWDWLVWLFDOO\�DIIHFWLQJ�WROO�
UDWHV��7KH�0DKDODQRELV-'LVWDQFH�VWDWLVWLF�DOVR�FRQFOXGHG�WKDW�QR�FDVHV�ZHUH�FRQVLGHUHG�PXOWLYDULDWH�RXWOLHUV��7KH�
67$7$��VWDWLVWLFDO�VRIWZDUH�SDFNDJH�ZDV�XVHG�WR�DLG�LQ�HVWLPDWLQJ�SDUDPHWHUV��7KH�/LNHOLKRRG�5DWLR�WHVW�IDLOHG�WR�
UHMHFW� WKH�QXOO�K\SRWKHVLV� IRU� WKH� ORZHU� IURQWLHU�PRGHO�� WKHUHE\�UHGXFLQJ� LW� WR� WKH�RUGLQDU\�&REE-'RXJODV�0RGHO��
7ZR� ORJ-OLQHDU� HTXDWLRQV� ZHUH� GHYHORSHG� IRU� GHWHUPLQLQJ� WKH� XSSHU� DQG� DYHUDJH� OHYHOV� RI� WROO� UDWHV�� 7KHVH�
HTXDWLRQV� FDQ� EH� KHOSIXO� WR� HDUO\� WROO� URDG� HVWLPDWHV� EHIRUH� PRUH� GHWDLOHG� VWXGLHV� DUH� DYDLODEOH�� 7KLV� SDSHU�
DFNQRZOHGJHV� WKH� SUHVHQW� VWXG\¶V� OLPLWDWLRQV�� ZKLFK� FDQ� JXLGH� IXWXUH� VWXGLHV� WR� PRUH� PHDQLQJIXO� DQG� DFFXUDWH�
HVWLPDWHV���� 

.H\ZRUGV��8SSHU�IURQWLHU��ORZHU�IURQWLHU��WROO�UDWHV��VWRFKDVWLF�IURQWLHU�DQDO\VLV��FREE-GRXJODV��,QGRQHVLD� 

���3HQGDKXOXDQ 

.HWHUVHGLDDQ� LQIUDVWUXNWXU� \DQJ� DQGDO� PHPLOLNL� SHUDQ�
YLWDO�EDJL�SHUWXPEXKDQ�HNRQRPL�QDVLRQDO��SHQLQJNDWDQ�
GD\D� VDLQJ�� GDQ�SHQXUXQDQ� NHVHQMDQJDQ� NHVHMDKWHUDDQ��
GDQ� SHQLQJNDWDQ� SHQGDSDWDQ� PDV\DUDNDW� VXDWX� QHJDUD�
�-HURPH��������.RGRQJR�	�2MDK��������5RKPDQ��������

6FKZDE� 	� =DKLGL�� ������ 6KHQ� HW� DO��� ������
=DQJRXHLQH]KDG� 	� $]DU�� ������� 6DODK� VDWX�
LQIUDVWUXNWXU� HNRQRPL� DGDODK� MDODQ� WRO�� 6DDW� LQL�
NHEXWXKDQ� SHPEDQJXQDQ� MDODQ� WRO� GL� ,QGRQHVLD�PDVLK�
VDQJDW� WLQJJL� WHUXWDPD� GDODP� UDQJND� PHQGXNXQJ�
NRQHNWLYLWDV�� 'DODP� 5HQFDQD� 3HPEDQJXQDQ� -DQJND�
0HQHQJDK� 1DVLRQDO� ����–������ 3HPHULQWDK�
PHQDUJHWNDQ�SHPEDQJXQDQ�������NP�MDODQ�WRO��6DPSDL�


3HQXOLV�.RUHVSRQGHQVL 
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DNKLU� WDKXQ� ������ SDQMDQJ� MDODQ� WRO� \DQJ� VXGDK�
WHUEDQJXQ�PDVLK�������NP�GL����UXDV��%DGDQ�3HQJDWXU�
-DODQ�7RO���������� 

6DPD� KDOQ\D� GHQJDQ� VHNWRU� LQIUDVWUXNWXU� ODLQQ\D��
SUR\HN� SHPEDQJXQDQ� LQIUDVWUXNWXU� PHPEXWXKNDQ�
SHQGDQDDQ� DZDO� \DQJ� WLQJJL� �&KHQ� 	� 'RORL�� ������
2UJDQLVDWLRQ� IRU� (FRQRPLF� &RRSHUDWLRQ� DQG�
'HYHORSPHQW�� ������ :LERZR�� ������� 'L� VLVL� ODLQ��
NDSDVLWDV� SHQGDQDDQ� 3HPHULQWDK� VDQJDW� WHUEDWDV��
.HEXWXKDQ� LQYHVWDVL� LQIUDVWUXNWXU� VHFDUD� XPXP�
GLHVWLPDVL�VHEHVDU�5S������WULOLXQ�VHODPD�NXUXQ�ZDNWX�
����–������ 6HPHQWDUD� LWX�� NHPDPSXDQ� 3HPHULQWDK�
PHODOXL�$QJJDUDQ�3HQGDSDWDQ�%HODQMD�1HJDUD�'DHUDK�
�$3%1�'�� KDQ\D� PDPSX� PHQXWXS� ���� GDUL�
NHEXWXKDQ� WRWDO�� 'HQJDQ� GHPLNLDQ�� NHVHQMDQJDQ�
SHQGDQDDQ� \DQJ� PDVLK� VDQJDW� OHEDU�� 8QWXN�
LQIUDVWUXNWXU� GL� EDZDK�.HPHQWHULDQ� 3HNHUMDDQ�8PXP�
GDQ�3HUXPDKDQ�5DN\DW��3835���NHEXWXKDQ�SHQGDQDDQ�
PHQFDSDL� 5S������ WULOLXQ�� WHUPDVXN� GL� GDODPQ\D�
5S���� WULOLXQ� XQWXN� MDODQ� GDQ� MHPEDWDQ�� 'DUL�
NHVHOXUXKDQ� MXPODK� WHUVHEXW�� .HPHQWHULDQ� 3835�
KDQ\D� PDPSX� PHQGDQDL� OHELK� NXUDQJ� 5S���� WULOLXQ�
������ 

.HWHUEDWDVDQ� ILVNDO� PHQXQWXW� 3HPHULQWDK� XQWXN�
PHQJHNVSORUDVL� VXPEHU-VXPEHU� SHQGDQDDQ� DOWHUQDWLI�
QRQ-$%31�'��6DODK�VDWX� VXPEHU� WHUVHEXW�EHUDVDO�GDUL�
EDGDQ-EDGDQ� XVDKD�� EDLN� EDGDQ� XVDKD� PLOLN� QHJDUD�
GDHUDK� PDXSXQ� VZDVWD� � GDSDW� GLPDQIDDWNDQ� XQWXN�
PHQJLVL� NHVHQMDQJDQ� SHQGDQDDQ� PHODOXL� VNHPD�.HUMD�
6DPD�3HPHULQWDK�GDQ�%DGDQ�8VDKD��.3%8���.RQWUDN�
NHUMD� VDPD� \DQJ� XPXP� GLJXQDNDQ� DGDODK� %XLOG-
2SHUDWH-7UDQVIHU� �%27�� \DQJ� PDQD� EDGDQ� XVDKD�
SHODNVDQD�EHUNHZDMLEDQ�PHQGDQDL�GDQ�PHPELD\DL�DVHW�
LQIUDVWUXNWXU��PHQJRSHUDVLNDQ�VHFDUD�NRPHUVLDO�VHODPD�
PDVD� NHUMD� VDPD� WHUWHQWX–ELDVD� GLNHQDO� GHQJDQ� PDVD�
NRQVHVL–GDQ� PHQJHPEDOLNDQ� DVHW� WHUVHEXW� NHSDGD�
3HPHULQWDK� PHODOXL� 3HQDQJJXQJ� -DZDE� 3UR\HN� .HUMD�
6DPD�VDDW�PDVD�NRQVHVL�EHUDNKLU�� 

.KXVXVQ\D� GL� VHNWRU� MDODQ� WRO�� VNHPD� .3%8�%27�
EXNDQ�PHUXSDNDQ�VNHPD�\DQJ�VDPD�VHNDOL�EDUX�NDUHQD�
VXGDK� GLSUDNWLNNDQ� VHMDN� DZDO� WDKXQ� ����-DQ�� PHVNL�
GHQJDQ�IRUPDW�\DQJ�EHUEHGD�GHQJDQ�\DQJ�DGD�VDDW�LQL��
6NHPD�LQL�WHODK�GDQ�DNDQ�WHUXV�PHQMDGL�VDODK�VDWX�RSVL�
XWDPD� SHQGDQDDQ� SUR\HN-SUR\HN� LQYHVWDVL� MDODQ� WRO��
1DPXQ��XQWXN�PHQDULN�PLQDW�FDORQ-FDORQ�EDGDQ�XVDKD�
EHULQYHVWDVL� GL� VHNWRU� MDODQ� WRO�� 3HPHULQWDK� KDUXV�
PHPDVWLNDQ� SUR\HN-SUR\HN� \DQJ� GLWDZDUNDQ�
WHULQGLNDVL� OD\DN� ILQDQVLDO�� %HVDUQ\D� VHOXUXK� ELD\D�
\DQJ� GLNHOXDUNDQ� KDUXV� PDPSX� GLWXWXS� GHQJDQ�
SHQJKDVLODQ� \DQJ� GLSHUROHK� GDUL� WDULI� WRO� \DQJ�
GLNHQDNDQ� NHSDGD� SHQJJXQDQ\D� GDQ� SHQGDSDWDQ� QRQ-
WRO�ODLQQ\D�\DQJ�SRUVLQ\D�UHODWLI�NHFLO��2OHK�NDUHQD�LWX��
EHVDUDQ� WDULI� KDUXV� GLWHQWXNDQ� VHGHPLNLDQ� UXSD�
VHKLQJJD� EDGDQ� XVDKD� MDODQ� WRO� �%8-7�� PDPSX�
PHQLNPDWL� NHXQWXQJDQ� \DQJ� ZDMDU� VHWHODK� VHOXUXK�
NHZDMLEDQ�ILQDQVLDO�WHUSHQXKL� 

3HQHQWXDQ� WDULI� WRO� \DQJ� ZDMDU� EXNDQ� LVX� \DQJ�
VHGHUKDQD�� .HWHUVHGLDDQ� DFXDQ� EDWDV� DWDV� GDQ� EDZDK�
WDULI�WRO�WHQWXQ\D�DNDQ�EHUPDQIDDW�XQWXN�HVWLPDVL�DZDO�
WDULI�WRO�XQWXN�NHSHUOXDQ�VWXGL�SHQGDKXOXDQ��6HMDXK�LQL��
VWXGL� \DQJ� VHFDUD� VSHVLILN� WHQWDQJ� SHQHQWXDQ� LQWHUYDO�

WDULI� WRO� GL� ,QGRQHVLD� EHOXP� WHUVHGLD�� 7XOLVDQ� LQL�
GLPDNVXGNDQ� XQWXN� PHQJLVL� FHODK� SHQJHWDKXDQ�
WHUVHEXW� GHQJDQ� PHQDZDUNDQ� PRGHO� SDUDPHWULN� EDWDV�
DWDV� GDQ� EDZDK� WDULI� WRO� PHQJJXQDNDQ� 6WRFKDVWLF�
)URQWLHU�$QDO\VLV��6)$��EHUGDVDUNDQ�GDWD�KLVWRULV�\DQJ�
WHUVHGLD�� 6HSHQGHN� SHQJHWDKXDQ� 3HQXOLV�� VWXGL�
PHQJHQDL� EDWDVDQ� WDULI� WRO� LQL� DGDODK� \DQJ�SHUWDPD�GL�
,QGRQHVLD��� 

���.DMLDQ�/LWHUDWXU 

:LERZR� �������PHQJXVXONDQ� VXDWX� UH]LP� WDULI� \DQJ�
PHQJRPELQDVLNDQ� NDUDNWHULVWLN� UH]LP� WDULI� EHUEDVLV�
SULFH�FDS��3&��VHEDJDLPDQD�GLSUDNWLNNDQ�GL�,QGRQHVLD�
VDDW�\DQJ�PDQD�PHQJDORNDVLNDQ�VHOXUXK�ULVLNR�YROXPH�
ODOX�OLQWDV�NHSDGD�%8-7�GDQ�UH]LP�WDULI�UDWH�RI�UHWXUQ�
�5R5�� \DQJ� PDQD� %8-7� GLMDPLQ� DNDQ� PHQGDSDWNDQ�
5R5� VHEDJDLPDQD� \DQJ� GLMDQMLNDQ�� 6HODLQ� LWX�� SDGD�
DNKLU�PDVD�NRQVHVL�GLPXQJNLQNDQ�DGDQ\D�SHPED\DUDQ�
GDUL��DWDX�NH�3HPHULQWDK�XQWXN�PHQJKLQGDUL�WHUMDGLQ\D�
NHUXJLDQ� GDQ� NHXQWXQJDQ� \DQJ� WLQJJL� EDJL� %8-7��
:LERZR� �������PHQ\LPSXONDQ�EDKZD�VLVWHP� WHUVHEXW�
VHVXDL� GLWHUDSNDQ� SDGD� NDVXV-NDVXV� MDODQ� WRO� \DQJ�
PHPLOLNL� ULVLNR�YROXPH� ODOX� OLQWDV� \DQJ� WLQJJL�GHQJDQ�
HNVSHNWDVL�WDULI�\DQJ�GLPLQWD�%8-7�GDSDW�OHELK�UHQGDK�
GDULSDGD� WDULI� GL� EDZDK� UH]LP� 3&�� 5H]LP� WDULI� KLEULG�
\DQJ�GLXVXONDQ�VDDW� LQL�PDVLK�PHQMDGL�ZDFDQD�NDUHQD�
VHFDUD� UHJXODVL� \DQJ� EHUODNX� \DLWX� 3HUDWXUDQ�
3HPHULQWDK� 1R�� ��� WDKXQ� ����–� PHQJDODPL�
DPDQGHPHQ� VHEDQ\DN� HPSDW� NDOL–PDVLK�
PHPEHUODNXNDQ� UH]LP� 3&� GHQJDQ� WDULI� GLVHVXDLNDQ�
VHWLDS�GXD�WDKXQ�VHNDOL�PHQJLNXWL�ODMX�LQIODVL�� 

:LERZR� ������� PHQJNDML� GDPSDN� LQIODVL� WHUKDGDS�
NHOD\DNDQ� LQYHVWDVL� MDODQ� WRO� GL� ,QGRQHVLD�� WHUPDVXN�
SHQ\HVXDLDQ� WDULI�� 'HQJDQ� UHJXODVL� \DQJ� DGD�� %8-7�
KDUXV� PHQDQJJXQJ� VHEDJLDQ� ULVLNR� LQIODVL� \DQJ�
VHEHQDUQ\D� WLGDN� GL� EDZDK� NHQGDOL� PHUHND�� :LERZR�
PHQ\DWDNDQ� SULQVLS� DORNDVL� ULVLNR� \DQJ� HILVLHQ� KDUXV�
GLSHQXKL�� GDQ� GDODP� NRQWHNV� LQL�� ULVLNR� LQIODVL�
VHKDUXVQ\D�GDSDW�GLWUDQVIHU�NHSDGD�SHQJJXQD�MDODQ�WRO��
7UDQVIHU� ULVLNR� LQL� GDSDW� GLPXQJNLQNDQ� MLND� WDULI�
GLQDLNNDQ� WLDS� WDKXQ� VHNDOL�� $GD� FDWDWDQ� NULWLV� \DQJ�
ELVD� GLVDPSDLNDQ� DWDV� SURSRVDO� LQL�� %8-7� GDSDW�
WHULVRODVL� GDUL� ULVLNR� LQIODVL� MLND� GDQ� KDQ\D� MLND� ODMX�
LQIODVL� \DQJ� GLJXQDNDQ� XQWXN� SHQ\HVXDLDQ� DUXV� NDV�
WHUKDGDS� ZDNWX� VDPD� GHQJDQ� ODMX� LQIODVL� \DQJ�
WHUNDQGXQJ�GDODP�WLQJNDW�GLVNRQWR�QRPLQDO��)DNWDQ\D��
LQIODVL� XQWXN� NHGXDQ\D� VHULQJ� NDOL� EHUEHGD� VHKLQJJD�
HIHN� VDOLQJ� PHQJKLODQJNDQ� �FDQFHOLQJ� RXW�� WLGDN�
VHSHQXKQ\D� WHUMDGL��6HEDJDL� LPSOLNDVLQ\D��%8-7� WHWDS�
DNDQ� PHQDQJJXQJ� ULVLNR� LQIODVL� LQL� PHVNL� DUXV� NDV�
%8-7� PHPDQJ� DNDQ� OHELK� EDLN� MLND� IUHNXHQVL�
SHQ\HVXDLDQ�WDULI�GLWLQJNDWNDQ��� 

+HUPDZDQ� HW� DO�� ������� PHQDZDUNDQ� NRQVHS�
SHQHWDSDQ� WDULI� WRO� \DQJ� IOHNVLEHO� GHQJDQ�
PHQ\HVXDLNDQ� NRQGLVL� YROXPH� ODOX� OLQWDV� �G\QDPLF�
SULFLQJ�� XQWXN� PHQJXUDQJL� NHPDFHWDQ� VHKLQJJD�
PHQLPEXONDQ� ELD\D� WDPEDKDQ� EDJL� SHQJJXQDQ\D��
%HUGDVDUNDQ� VWXGL� \DQJ� GLODNXNDQ� DWDV� GXD� UXDV� MDODQ�
WRO�VWXGL�NDVXV�GLVLPSXONDQ�EDKZD�NHQDLNDQ�WDULI�SDGD�
MDP-MDP� VLEXN� DNDQ� PHQJXUDQJL� SHQGDSDWDQ� GDQ�
YROXPH� ODOX� OLQWDV� QDPXQ� WLGDN� PHQJXEDK� 9ROXPH-
&DSDFLW\� 5DWLR� GDQ� WLQJNDW� OD\DQDQ� VHFDUD� VLJQLILNDQ��
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'\QDPLF� SULFLQJ� LQL� PHPEHULNDQ� GDPSDN� SRVLWLI� EDJL�
NHODQFDUDQ� DUXV� ODOX� OLQWDV� QDPXQ� MXJD� VHFDUD� VLVWHP�
VDQJDW� NRPSOHNV� GDQ� OHELK� VXOLW� GLSUHGLNVL� NHWLPEDQJ�
WDULI� WHWDS� �IODW��� \DQJ� SHUOX� GLSDVWLNDQ� EDKZD� WDULI� WRO�
\DQJ�GLNHQDNDQ�WLGDN�DNDQ�PHOHELKL�EDWDV�DWDV�\DQJ�WHODK�
GLWHWDSNDQ� SDGD� VLWXDVL� DSD� SXQ� �8�6�� 'HSDUWPHQW� RI�
7UDQVSRUWDWLRQ� )HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�� �������
3HQJJXQDDQ� WHNQRORJL� ,QWHUQHW� RI� 7KLQJV� �,R7��
GLEXWXKNDQ� XQWXN� GDSDW� PHPDNVLPDONDQ� PDQIDDW�
G\QDPLF� SULFLQJ� LQL�� 1DPXQ�� SHPDQIDDWDQ� ,R7� KDUXV�
GLDNXL�PDVLK�VDQJDW�WHUEDWDV�GL�,QGRQHVLD�VDDW�LQL�� 

:LUDKDGLNXVXPDK� HW� DO�� ������� PHQ\RURWL� EHUEDJDL� LVX�
VWUDWHJLV� GDODP� SHQJDGDDQ� SHQJXVDKDDQ� MDODQ� WRO�
PHQJJXQDNDQ�VNHPD�.3%8��6DODK�VDWX�LVX�\DQJ�GLEDKDV�
DGDODK�SHQ\HVXDLDQ�WDULI�WRO�EHUNDOD�\DQJ�GDODP�EHEHUDSD�
NDVXV� KDUXV� PHQJDODPL� NHWHUODPEDWDQ� DNLEDW� DORWQ\D�
SHUVHWXMXDQ� OHJLVODWLI� GDQ� WLGDN� WHUFDSDLQ\D� 6WDQGDU�
3HOD\DQDQ� 0LQLPDO� \DQJ� WLGDN� VHSHQXKQ\D� GL� EDZDK�
NHQGDOL� %8-7�� :LUDKDGLNXVXPDK� HW� DO�� MXJD�
PHQ\HEXWNDQ� EHEHUDSD� UHVSRQGHQ� %8-7� PHQ\DWDNDQ�
VLVWHP�WDULI�\DQJ�DGD�VDDW�LQL�PHPEHUDWNDQ�%8-7��6ROXVL�
\DQJ�GLWDZDUNDQ�DGDODK�SHQHWDSDQ�ODPDQ\D�PDVD�NRQVHVL�
VHEDJDL� SDUDPHWHU� OHODQJ�� EXNDQ� WDULI� WHUHQGDK�
VHEDJDLPDQD�VHODPD�LQL�GLSUDNWLNNDQ��GDQ�SHQHQWXDQ�WDULI�
GLKDUDSNDQ� PHQJDNRPRGDVL� ULVLNR� \DQJ� KDUXV�
GLWDQJJXQJ�%8-7� 

%HEHUDSD� VWXGL� ODLQQ\D� PHQ\LQJJXQJ� WHQWDQJ� WDULI� WRO�
QDPXQ�OHELK�GLNDLWNDQ�SDGD�DQDOLVLV�NHOD\DNDQ�ILQDQVLDO��
6DUL�GDQ�:LG\DVWXWL���������PLVDO��PHQJHVWLPDVL�EHVDUDQ�
WDULI�WRO�EHUGDVDUNDQ�SDQMDQJ�UXDV�MDODQ�WRO�GHQJDQ�DFXDQ�
WDULI� WRO� SDGD� UXDV� ODLQ� GHQJDQ� SDQMDQJ� \DQJ� EHUEHGD��
%HUGDVDUNDQ�HVWLPDVL�WDULI�WHUVHEXW�GLSHUROHK�NHVLPSXODQ�
SUR\HN�VWXGL�NDVXV�GLQ\DWDNDQ�OD\DN�VHFDUD�HNRQRPL�GDQ�
ILQDQVLDO�� $GD� EHEHUDSD� SHUVRDODQ� PHWRGRORJLV� GDODP�
DQDOLVLVQ\D� QDPXQ� SHUVRDODQ� LQL� WLGDN� WHUODOX� UHOHYDQ�
GHQJDQ�UXDQJ� OLQJNXS�VWXGL� LQL��$OILDQV\DK�HW�DO�� �������
PHQ\DMLNDQ� ZDFDQD� SHQJJXQDDQ� GDQD� KDML� \DQJ� GDSDW�
PHQXUXQNDQ�ULVLNR�EDJL�%8-7��6HEDJDL�NRQVHNXHQVLQ\D��
WDULI� WRO� GDSDW� OHELK� UHQGDK� GLEDQGLQJNDQ� WDULI� WRO�
PHQJJXQDNDQ�VNHPD�NRQYHQVLRQDO�� 

%HEHUDSD� VWXGL� \DQJ� WHODK� GLMHODVNDQ� VHEDJLDQ� WHODK�
PHQGLVNXVLNDQ� WDULI� WRO� GL� ,QGRQHVLD�� QDPXQ� VWXGL-VWXGL�
LQL� WLGDN� GLGHGLNDVLNDQ� XQWXN� PHQMDZDE� NHEXWXKDQ�
SHQHQWXDQ� WDULI� WRO� \DQJ� ZDMDU�� 1DPXQ�� VWXGL� \DQJ�
GLODNXNDQ� :LUDKDGLNXVXPDK� HW� DO�� ������� VHWLGDNQ\D�
PHQJDILUPDVL�SHQWLQJQ\D�SHQHQWXDQ�NHZDMDUDQ�WDULI�\DQJ�
KDUXV� PHPSHUWLPEDQJNDQ� EHVDUQ\D� LQYHVWDVL�� ODPDQ\D�
PDVD�NRQVHVL��GDQ�WLQJNDW�ULVLNR�\DQJ�PHQMDGLNDQ�VHNWRU�
MDODQ�WRO�PHQMDGL�OHELK�DWUDNWLI�NH�GHSDQQ\D�� 

���0HWRGRORJL� 

6DWX�KDO�SHQWLQJ�XQWXN�GLWHNDQNDQ�EDKZD�NHZDMDUDQ�WDULI�
\DQJ�GLPDNVXG�GDODP�VWXGL�LQL�WLGDN�GLNDLWNDQ�WDULI�\DQJ�
PHPEXDW� VXDWX� UXDV� MDODQ� WRO� OD\DN� VHFDUD� ILQDQVLDO�
NDUHQD� KDO� WHUVHEXW� DNDQ� WHUDNRPRGDVL� SDGD� SUDVWXGL�
NHOD\DNDQ� DZDO� �RXWOLQH� EXVLQHVV� FDVH�� 2%&��� SUDVWXGL�
NHOD\DNDQ� DNKLU� �ILQDO� EXVLQHVV� FDVH�� )%&�� GDQ� VWXGL�
NHOD\DNDQ��.HZDMDUDQ�WDULI�OHELK�EHUVLIDW�UHODWLI�WHUKDGDS�
WDULI�UXDV�MDODQ�WRO� ODLQ�\DQJ�PHPLOLNL�NDUDNWHULVWLN�\DQJ�
PLULS� NDUHQD� VWXGL� LQL� PHPDQJ� OHELK� GLIRNXVNDQ� XQWXN�

NHSHUOXDQ� EHQFKPDUNLQJ� WDULI� EDWDV� DWDV� GDQ� EDZDK��
3DGD�EDJLDQ� LQL�GLVDMLNDQ�VHFDUD� ULQFL�PHWRGRORJL� \DQJ�
GLJXQDNDQ� XQWXN� PHPEDQJXQ� PRGHO� SDUDPHWULN� EDWDV�
DWDV� GDQ� EDZDK� WDULI� WRO�� *DPEDU� �� PHQXQMXNNDQ�
WDKDSDQ� VWXGL� \DQJ�PDVLQJ-PDVLQJ� WDKDSQ\D�GLMHODVNDQ�
SDGD�JDPEDU�GLDWDV͘ 

*DPEDU����7DKDSDQ�VWXGL�PRGHO�SDUDPHWULN�SHQHQWXDQ�EDWDV�
DWDV�GDQ�EDZDK�WDULI�WRO 

0XODL 

.RPSLODVL�GDWD�LQYHVWDVL��3DQMDQJ�UXDV��PDVD�NRQVHQVL� 
,55��WDKXQ�SHUWDPD�RSHUDVL��WDULI�WRO�\DQJ�EHUODNX 

1RUPDOLVDVL�GDWD�LQYHVWDVL�PHQJJXQDNDQ�GDWD�KLVWRULV 
LQIODVL�GDUL�WDKXQ�RSHUDVL�SHUWDPD�GDQ�WDKXQ�EDVLV������� 

+LWXQJ�ELD\D�LQYHVWDVL�SHU�NLORPHWHU��WDULI�WRO�SHU�NLORPHWHU 

$QDOLVLV�GHVNULSWLI�NDVXV�WHUSLOLK��QLODL�UHUDWD��PLQLPXP��
PDNVLPXP��VWDQGDU�GHYLDVL��EHQWXN�GLVWULEXVL�\DQJ�ILW�
GHQJDQ�GDWD�EHUGDVDUNDQ�$NDLNH�LQIRUPDWLRQ�FULWHULRQ 

$QDOLVLV�NRUHODVL�3HDUVRQ�SDUDPHWHU 
WHUKDGDS�WDULI�WRO�SHU�NP 

.RHILVLHQ�
NRUHODVL�

VLJQLILNDQ" 

.HOXDUNDQ 
SDUDPHWHU 

+LWXQJ�0DKDODQRELV�GLVWDQFH�GDQ�QLODL�S�EHUGDVDUNDQ�
GLVWULEXVL�&KL-VTXDUH�XQWXN�VHWLDS�NDVXV�GHQJDQ� 

SDUDPHWHU�WHUSLOLK 

1LODL�S�!�
������" 

.HOXDUNDQ�NDVXV�
XQWXN�DQDOLVLV�
VHODQMXWQ\D� 

NDUHQD�RXWOLHUV 

$PELO�QLODL�ORJDULWPLN�VHOXUXK�GDWD 

/DNXNDQ�6WRFKDVWLF�)URQWLHU�$QDO\VLV 

3DUDPHWHU�
6LJQLILNDQ�" 

.HOXDUNDQ�
SDUDPHWHU 

0RGHO�
6LJQLILNDQ�" 

&DUL�SDUDPHWHU�
ODLQ��VHSDQMDQJ�
GDWD�WHUVHGLD� 

/5�WHVW�
VLJQLILNDQ�" 

7DULI�5HUDWD 
�&REE�'RXJODV�0RGHO� 

%DWDV�$WDV�%DZDK�7DULI�7RO�
�6)$�0RGHO� 

6HOHVDL 

1 

1 

1 

1 
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����3HQJXPSXODQ�GDWD 

6DODK� VDWX� WDQWDQJDQ� WHUEHVDU� \DQJ� GLKDGDSL� GDODP�
SHQHOLWLDQ� NXDQWLWDWLI� \DQJ� WHUNDLW� GHQJDQ� HYDOXDVL�
NHOD\DNDQ� ILQDQVLDO� SUR\HN� LQYHVWDVL� LQIUDVWUXNWXU–
WLGDN�KDUXV�NDMLDQ�WHQWDQJ�WDULI�WRO–DGDODK�NHWHUEDWDVDQ�
GDWD��,VX�\DQJ�VDPD�MXJD�WHUMDGL�GDODP�VWXGL�LQL��6HMDXK�
LQL�� VWXGL� WHUGDKXOX� \DQJ� UHOHYDQ� OHELK� EDQ\DN�
GLGDVDUNDQ� DVXPVL-DVXPVL� GDQ� SHQLODLDQ� DKOL�� 'DWD�
VHNXQGHU� \DQJ� EHUKDVLO� GLNXPSXONDQ� XQWXN� VWXGL� LQL�
PHOLSXWL� ELD\D� LQYHVWDVL� GDQ� LQWHUQDO� UDWH� RI� UHWXUQ�
�,55���WDULI�WRO�NHQGDUDDQ�JRORQJDQ�,�\DQJ�EHUODNX�VDDW�
VWXGL� LQL� GLODNVDQDNDQ�� ODPD� PDVD� NRQVHVL�� WDKXQ�
SHUWDPD�RSHUDVL��GDQ�SDQMDQJ�UXDV�MDODQ�WRO��� 

����1RUPDOLVDVL�GDWD 

%LD\D�LQYHVWDVL�VXDWX�UXDV�MDODQ�WRO�KDUXV�GLQRUPDOLVDVL�
WHUOHELK� GDKXOX� WHUKDGDS� ZDNWX� NDUHQD� UXDV� WHUVHEXW�
GLEDQJXQ� SDGD� WDKXQ� \DQJ� EHUEHGD� GHQJDQ� UXDV� ODLQ��
6HEDJDL�DFXDQ�DGDODK�WDKXQ�SHUWDPD�RSHUDVL�VXDWX�UXDV�
MDODQ� WRO� EHURSHUDVL� GDQ� WDKXQ� ����� \DQJ� GLWHWDSNDQ�
GDODP� VWXGL� LQL� VHEDJDL� WDKXQ� EDVLV�� 6HEDJDL� FDWDWDQ��
WDKXQ������PHQDQGDL�DZDO�GLPXODLQ\D�HUD�MDODQ�WRO�GL�
,QGRQHVLD� GHQJDQ� EHURSHUDVLQ\D� -DODQ� 7RO� -DNDUWD-
%RJRU-&LDZL�� $FXDQ� LQL� PHPDQJ� WLGDN� WHUODOX� DNXUDW�
NDUHQD� \DQJ� VHKDUXVQ\D� GLJXQDNDQ� DGDODK� WDKXQ� VDDW�
3HUMDQMLDQ� 3HQJXVDKDDQ� -DODQ� 7RO� GLWDQGDWDQJDQL�
GHQJDQ�PHPSHUWLPEDQJNDQ�ODPDQ\D�PDVD�NRQVWUXNVL��� 

,QGRQHVLD� EHOXP� PHPLOLNL� &RQVWUXFWLRQ� &RVW� ,QGH[�
\DQJ� GDSDW� GLWHUDSNDQ� XQWXN� NHSHQWLQJDQ� VWXGL� LQL��
,QGHNV� .HPDKDODQ� .RQVWUXNVL� \DQJ� GLSXEOLNDVLNDQ�
ROHK� %DGDQ� 3XVDW� 6WDWLVWLN� WLGDN� GDSDW� GLJXQDNDQ�
NDUHQD�PHUXSDNDQ� LQGHNV� VSDVLDO� GDQ� EXNDQ� SHULRGLN��
$GD� EHEHUDSD� LQGHNV� ODLQ� H�J��� ,QGHNV� +DUJD�
3HUGDJDQJDQ�%HVDU�%DKDQ�%DQJXQDQ�\DQJ�PHUXSDNDQ�
LQGHNV� SHULRGLN� QDPXQ� SDNHW� NRPRGLWDV� \DQJ� GLOLSXW�
WHUEDWDV� SDGD� PDWHULDO� NRQVWUXNVL� GDQ� WLGDN� WHUVHGLD�
XQWXN� UHQWDQJ� ZDNWX� SDQMDQJ�� 'HQJDQ� NHWHUEDWDVDQ�
GDWD� \DQJ� DGD�� GDODP� VWXGL� LQL� GLJXQDNDQ� ODMX� LQIODVL�
XPXP�NDUHQD�WLGDN�DGD�ODJL�DFXDQ�ODLQ�\DQJ�OHELK�EDLN�
\DQJ� WHUVHGLD�� 3HUVDPDDQ� ���� GLJXQDNDQ� XQWXN�
QRUPDOLVDVL� GDWD�� 6XNX� NHGXD� GDUL� SHUVDPDDQ� LQL�
PHUXSDNDQ�LQGHNV�ELD\D�NRQVWUXNVL�PHQXUXW�VWXGL�LQL�� 

 

 

'HQJDQ� &Q�  � ELD\D� LQYHVWDVL� SDGD� WDKXQ� NH-Q�� &P�  �
ELD\D� SDGD� WDKXQ� NH-P�� Q� ³�P�� IL�  � ODMX� LQIODVL� SDGD�
WDKXQ�NH-L��P� �WDKXQ�SHUWDPD�RSHUDVL�UXDV�MDODQ�WRO��Q�
 � WDKXQ� NDMLDQ� �������� *DPEDU� �� PHPSHUOLKDWNDQ�
HNVNDODVL� ELD\D� NRQVWUXNVL� EHUGDVDUNDQ� GDWD� LQIODVL�
\DQJ�GLNXPSXONDQ�GDUL�WDKXQ������GDQ������� 

����$QDOLVLV�GHVNULSWLI 

%LD\D� LQYHVWDVL� WHUQRUPDOLVDVL� GDQ� WDULI� WROQ\D� GLEDJL�
GHQJDQ� SDQMDQJ� UXDV� MDODQ� WRO� XQWXN� PHQGDSDWNDQ�
ELD\D� LQYHVWDVL� GDQ� WDULI� WRO� SHU� NP�� 3HPEDJLDQ� LQL�
GLODNXNDQ� XQWXN� GDSDW� PHPEDQGLQJNDQ� GDWD� GHQJDQ�
EDVLV� \DQJ� VDPD� NDUHQD� ELD\D� LQYHVWDVL� GDQ� WDULI� WRO�
PHUXSDNDQ� IXQJVL� SDQMDQJ� UXDV�� PHVNL� WLGDN� KDUXV�
OLQLHU� �FRQVWDQW� UHWXUQ-WR-VFDOH��� $QDOLVLV� GHVNULSWLI�

GLODNXNDQ� XQWXN� PHQ\DULNDQ� GDWD� VHFDUD� VLVWHPDWLV�
VHNDOLJXV� PHPEHULNDQ� LQIRUPDVL� GLVWULEXVL� GDWD��
6WDWLVWLN� GHVNULSWLI� PHOLSXWL� QLODL� UHUDWD�� PLQLPXP��
PDNVLPXP��GHYLDVL� VWDQGDU�� NHPHQFHQJDQ� �VNHZQHVV���
6WXGL� LQL� MXJD� PHQJHVWLPDVL� EHQWXN� GLVWULEXVL� \DQJ�
SDOLQJ� ILW�GHQJDQ�GDWD�EHUGDVDUNDQ�$NDLNH�,QIRUPDWLRQ�
&ULWHULRQ��$,&���$NDLNH��������XQWXN�PHQJKLQGDUL�LVX�
RYHUILWWLQJ�� %HEHUDSD� SLUDQWL� OXQDN� VWDWLVWLN� NRPHUVLDO�
H�J��� 67$7$��� 6366�� GDSDW� GLJXQDNDQ� XQWXN�
PHPEDQWX� SHUKLWXQJDQ�� 8QWXN� ILWWLQJ� GLVWULEXVL�� VWXGL�
LQL�PHQJJXQDNDQ� SLUDQWL� OXQDN�#5LVN��GDUL� 3DOLVDGH�
&RUSRUDWLRQ��� 

����6HOHNVL�SDUDPHWHU 

3URVHV� VHOHNVL� DZDO� SDUDPHWHU-SDUDPHWHU� \DQJ�
GLNDQGLGDWNDQ� PHQMDGL� HOHPHQ� PRGHO� GLODNXNDQ�
EHUGDVDUNDQ� KDVLO� XML� NRUHODVL� 3HDUVRQ� �7DEDFKQLFN�	�
)LGHOO�� ������ DQWDUD� WDULI� WRO� SHU� NP� GDQ� SDUDPHWHU�
WHUVHEXW�� 1LODL� FXWRII� S� \DQJ� GLJXQDNDQ� DGDODK� ������
DUWLQ\D�� MLND� QLODL� S� \DQJ� GLKLWXQJ� GL� DWDV� QLODL� FXWRII�
WHUVHEXW��SDUDPHWHU�\DQJ�EHUVDQJNXWDQ�WLGDN�VLJQLILNDQ�
VHFDUD� VWDWLVWLN� GDQ� GLNHFXDOLNDQ� XQWXN� DQDOLVLV�
EHULNXWQ\D�� 

����'HWHNVL�PXOWLYDULDWH�RXWOLHU 

'HWHNVL� RXWOLHU� GDWD� PXOWLYDULDW� GLODNXNDQ� NDUHQD�
RXWOLHU� LQL� EHUSRWHQVL� PHQLQJNDWNDQ� YDULDELOLWDV� GDQ�
PHQXUXQNDQ� VWDWLVWLFDO� SRZHU� GDUL� PRGHO� \DQJ�
GLEDQJXQ��8QWXN�NHSHUOXDQ�LQL�GLJXQDNDQ�0DKDODQRELV�
'LVWDQFH��0'��GHQJDQ�QLODL�FXW-RII�S� ��������/H\V�HW�
DO����������DUWLQ\D��GDWD�PXOWLYDULDW�\DQJ�PHPLOLNL�QLODL�
S�GL�EDZDK�FXW-RII�GLDQJJDS�RXWOLHUV�GDQ�GLNHFXDOLNDQ�
XQWXN� DQDOLVLV� EHULNXWQ\D�� 3URWRNRO� SHUKLWXQJDQ� 0'�
GDQ� LQWHUSUHWDVLQ\D�GDSDW�GLOLKDW�SDGD�7DEDFKQLFN�GDQ�
)LGHOO� �������� 3LUDQWL� OXQDN� VWDWLVWLN� NRPHUVLDO� \DQJ�
VXGDK� GLVHEXWNDQ� PHPLOLNL� ILWXU� XQWXN� GHWHNVL�
PXOWLYDULDWH�RXWOLHUV�LQL�� 

����6WRFKDVWLF�IURQWLHU�DQDO\VLV 

'DODP�VWXGL� LQL��SHQHQWXDQ�EDWDV�DWDV�GDQ�EDZDK� WDULI�
WRO� GLDQDORJLNDQ� VHEDJDL� EDWDV� SURGXNVL� �SURGXFWLRQ�
IURQWLHU��GDQ�EDWDV�ELD\D�GHQJDQ�LQSXW�PHQFDNXS�ELD\D�
LQYHVWDVL� SHU� NP�� ,55�� GDQ� PDVD� NRQVHVL� \DQJ�
GLWHQWXNDQ�PHODOXL�6)$�� 

𝐶𝑛 = 𝐶𝑚 ෑሺ1 + 𝑓𝑖ሻ 

𝑛

𝑖=𝑚

 1 ��� 

*DPEDU����,QGHNV�ELD\D�NRQVWUXNVL�EHUGDVDUNDQ� 
ODMX�LQIODVL�XPXP������� ������ 

6XPEHU��KWWSV���ZZZ�PDFURWUHQGV�QHW�FRXQWULHV�,'1�LQGRQHVLD����������
LQIODWLRQ-UDWH-FSL��GLRODK� 
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6WRFKDVWLF� )URQWLHU� $QDO\VLV� PHUXSDNDQ� VDODK� VDWX�
PHWRGH�EHQFKPDUNLQJ�HILVLHQVL�\DQJ�VHULQJ�GLDSOLNDVLNDQ�
SDGD�EHUEDJDL�GLVLSOLQ��%DWHQ�	�+RVVDLQ��������'DLWR�	�
*LIIRUG�� ������ 1JX\HQ�� ������ 9HQNDGDVDODP� HW� DO���
������ 9LVKZDNDUPD� HW� DO��� ������� 0HWRGH� ODLQ� \DQJ�
WHUPDVXN� GDODP� NDWHJRUL� QRQSDUDPHWULN� DGDODK� 'DWD�
(QYHORSPHQW� $QDO\VLV� �$UV\DG� 	� :LERZR�� ������
:LERZR�	�$OIHQ��������<X��������GDQ�0XOWLGLUHFWLRQDO�
(IILFLHQF\�$QDO\VLV��0XULOOR�HW�DO���������� 

%HUEHGD� GHQJDQ� PHWRGH� SDUDPHWULN� \DQJ� PDQD� VHWLDS�
GHYLDVL�GDUL�EDWDV�GLDWULEXVLNDQ�VHEDJDL� LQHILVLHQVL��6)$�
PHPEHGDNDQ� GHYLDVL� WHUVHEXW� VHEDJDL� DNLEDW� JDODW� DFDN�
GDQ� LQHILVLHQVL�� %DWDV� DWDV� �XSSHU� IURQWLHU�� WDULI� WRO�
GLEDQJXQ�VHEDJDL�EHULNXW� 

 

6HPHQWDUD� XQWXN� EDWDV� EDZDK� �ORZHU� IURQWLHU�� WDULI� WRO�
GLJXQDNDQ�IXQJVL�VHEDJDL�EHULNXW� 

 

GHQJDQ 

 

'HQJDQ� XL�  � YDULDEHO� DFDN� \DQJ� PHUHSUHVHQWDVLNDQ�
LQHILVLHQVL�� YL�  � YDULDEHO� DFDN� \DQJ� PHUHSUHVHQWDVLNDQ�
JDODW�DFDN�� �b�� � � � � ��GDQ�� � � � � �PHUXSDNDQ�SDUDPHWHU�\DQJ�
DNDQ� GLHVWLPDVL� PHQJJXQDNDQ� 0D[LPXP� /LNHOLKRRG�
(VWLPDWH��GDQ 

 

'DODP� VWXGL� LQL�� QLODL� XL� � GLDVXPVLNDQ� PHQJLNXWL�
GLVWULEXVL�KDOI� QRUPDO� \DQJ�PHPLOLNL� SDUDPHWHU� WXQJJDO�
VHKLQJJD� OHELK�PXGDK�GLHVWLPDVL�PHVNL�NXUDQJ� IOHNVLEHO�
�.XPEKDNDU�HW�DO����������'HQJDQ�GHPLNLDQ� 

 

GHQJDQ� IXQJVL� OLNHOLKRRG� GLGHILQLVLNDQ� VHEDJDL� EHULNXW�
�.XPEKDNDU�HW�DO��������� 

 

'HQJDQ 

 

 

 

GHQJDQ� f� PHUXSDNDQ� IXQJVL� SUREDELOLWDV� QRUPDO�
WHUVWDQGDUGLVDVL�� *DPEDU� �� PHQ\DMLNDQ� DQDORJL� EDWDV�
DWDV� WDULI� WRO� VHEDJDL� SURGXFWLRQ� IURQWLHU� GHQJDQ� ELD\D�
LQYHVWDVL� VHEDJDL� LQSXW�� 'DODP� VWXGL� LQL�� VHOXUXK�
SHUKLWXQJDQ� GLODNXNDQ� PHQJJXQDNDQ� 67$7$�� YHUVL�
����� 

����3HQ\XVXQDQ�PRGHO�SDUDPHWULN 

%HUGDVDUNDQ� KDVLO� HVWLPDVL� SDUDPHWHU� \DQJ� GLSHUROHK�
GLWLQMDX� VLJQLILNDVL� PRGHO� VHFDUD� NHVHOXUXKDQ� GDQ�
SDUDPHWHU�VHFDUD�VWDWLVWLN��-LND�DGD�SDUDPHWHU�\DQJ�WLGDN�
VLJQLILNDQ� VHFDUD� VWDWLVWLN�� SHUKLWXQJDQ� DNDQ� GLPXODL�

NHPEDOL�GHQJDQ�PHQJHFXDOLNDQ�SDUDPHWHU�WHUVHEXW��+DO�
\DQJ� VDPD� EHUODNX� XQWXN� VLJQLILNDVL� PRGHO�� 6HWHODK�
GLQ\DWDNDQ� PRGHO� GDQ� SDUDPHWHU� VLJQLILNDQ� VHFDUD�
VWDVWLVWLN�� XML� /LNHOLKRRG� 5DWLR� �/5�� GLODNXNDQ� XQWXN�
PHQJXML� DSDNDK� +�� �sX�  � �� GDSDW� GLWRODN�� -LND� +��
GLWHULPD�� PRGHO� \DQJ� GLKDVLONDQ� DGDODK� PRGHO� &REE-
'RXJODV� �9HQNDGDVDODP� HW� DO��� ������� ,PSOLNDVLQ\D��
SDUDPHWHU-SDUDPHWHU� PRGHO� KDQ\D� DNDQ� PHQJKDVLONDQ�
WDULI� WRO� UHUDWD�� VDPD� MLND�GLKLWXQJ�PRGHO� UHJUHVL� ELDVD��
'DODP�VWXGL�LQL�GLJXQDNDQ�QLODL�S� ������VHEDJDL�FXWRII�� 

���+DVLO�GDQ�3HPEDKDVDQ� 

7DEHO� �� PHPSHUOLKDWNDQ� VWDWLVWLN� GHVNULSWLI� SDUDPHWHU�
EHUGDVDUNDQ� GDWD� KLVWRULV� \DQJ� EHUKDVLO� GLNXPSXONDQ�
XQWXN� PHPEDQJXQ� PRGHO� SDUDPHWULN�� %LD\D� LQYHVWDVL�
WHUGLVSHUVL�VDQJDW�OHEDU��GHQJDQ�UHUDWD�5S���������PLOLDU�
GDQ� PHPLOLNL� NRHILVLHQ� NHPHQFHQJDQ� \DQJ�
PHQJRQILUPDVL� VWXGL-VWXGL� WHUGDKXOX� \DQJ� PHQ\DWDNDQ�
ELD\D�FHQGHUXQJ�WHUGLVWULEXVL�WLGDN�QRUPDO�GDQ�PHPLOLNL�
NHPHQFHQJDQ� SRVLWLI� �&KDX�� ������ ,UZLQ�� ������ <H� 	�
7LRQJ���������/DPD�NRQVHVL�GHQJDQ�UHUDWD������� WDKXQ�
GDQ� ,55� GHQJDQ� UHUDWD� ������� PHPSHUOLKDWNDQ�
NHPHQFHQJDQ� EHUEHGD� \DQJ� GDSDW� GLMHODVNDQ� NDUHQD�
DGDQ\D� NHFHQGHUXQJDQ� NHGXD� SDUDPHWHU� LQL� PHPLOLNL�
XSSHU�ERXQG�GDQ�EDQ\DN�GDWD�\DQJ�GHNDW�GHQJDQ�EDWDV�
LQL�� 7DULI� WRO� SHU� NP� VHQGLUL� UHODWLI� VLPHWULV� GHQJDQ�
NRHILVLHQ�NHPHQFHQJDQ�PHQGHNDWL�QLODL�QRO�� 

6WDWLVWLN�NHPHQFHQJDQ�\DQJ�GLWDPSLONDQ�GDODP�7DEHO���
VHWLGDNQ\D� GDSDW� PHQJLQGLNDVLNDQ� EHQWXN� GLVWULEXVL�
\DQJ�VHVXDL��*DPEDU���-���PHQ\DMLNDQ�GLVWULEXVL�VHWLDS�
SDUDPHWHU� GDQ� IXQJVL� GLVWULEXVLQ\D� \DQJ� SDOLQJ� VHVXDL�
�ILW�� GHQJDQ� GDWD� EHUGDVDUNDQ� $,&�� 8QWXN� ELD\D�
LQYHVWDVL� SHU� NP�� IXQJVL� GLVWULEXVLQ\D� DGDODK� ORJ-
ORJLVWLF� \DQJ�PLULS� GHQJDQ� GLVWULEXVL� ORJQRUPDO� GDODP�
KDO� QLODLQ\D� VHODOX� SRVLWLI�� WDULI� WRO� SHU� NP� PHQJLNXWL�
GLVWULEXVL� VHUDJDP�� ODPD� NRQVHVL� GDQ� ,55� PHPLOLNL�
IXQJVL� GLVWULEXVL� /DSODFH�� 'LVNXVL� OHELK� GHWDLO� WHQWDQJ�
GLVWULEXVL-GLVWULEXVL� LQL� EHUDGD� GL� OXDU� UXDQJ� OLQJNXS�
WXOLVDQ�LQL� 

.RHILVLHQ� NRUHODVL� 3HDUVRQ� DQWDUD� WDULI� WRO� SHU� NP�
GHQJDQ�ELD\D� LQYHVWDVL� SHU� NP�� ODPD�NRQVHVL�� GDQ� ,55�
EHUWXUXW-WXUXW� DGDODK� ������ �S�  � �������� ������ �S�  �
�������� GDQ� ������ �S�  � �������� %HUGDVDUNDQ� NRHILVLHQ�
NRUHODVL��VDWX-VDWXQ\D�NDQGLGDW�\DQJ�PHPHQXKL�NULWHULD�
DZDO� DGDODK� ELD\D� LQYHVWDVL� SHU� NP� \DQJ� VLJQLILNDQ�
VHFDUD� VWDWLVWLN� SDGD� OHYHO� ������ 6HODQMXWQ\D�� 0'�
GLKLWXQJ�EHUGDVDUNDQ�NRPELQDVL�DQWDUD�GDWD�WDULI�WRO�SHU�

ln𝑦𝑖 = ln𝑦𝑖
∗ − 𝑢𝑖   1 

ln𝑦𝑖 = ln𝑦𝑖
∗ + 𝑢𝑖   1 

ln𝑦𝑖
∗ = 𝑥𝑖𝛽 + 𝑣𝑖   1 

𝑣𝑖~𝑖. 𝑖.𝑑.𝑁ሺ0,𝜎𝑣
2ሻ 1 

𝑢𝑖~𝑖. 𝑖.𝑑.𝑁+ሺ0,𝜎𝑢
2ሻ  1 

𝐿𝑖 = − ln ൬
1

2
൰ −

1

2
ln ሺ𝜎𝑣

2 + 𝜎𝑢
2ሻ+ ln ∅ቆ

𝜀𝑖

ඥ𝜎𝑣
2 + 𝜎𝑢

2
ቇ+ ln ൬

𝜇∗𝑖

𝜎∗𝑖

൰  1 

𝜇∗𝑖 =
−𝜎𝑢

2𝜖𝑖
𝜎𝑣

2 + 𝜎𝑢
2

  1 

𝜎∗𝑖 =
𝜎𝑣

2𝜎𝑢
2

𝜎𝑣
2 + 𝜎𝑢

2
  1 

*DPEDU����3HQHQWXDQ�EDWDV�DWDV�WDULI�WRO�GHQJDQ�ELD\D�
LQYHVWDVL�VHEDJDL�LQSXW 

Biaya Investasi per km

Ta
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 p
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m v1

u1
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u2

Tarif tol 
ruas 1

Tarif tol 
ruas 2

Batas Atas Tarif
e1

e2

Kasus v > 0 Kasus v < 0

ruas 1 ruas 2
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��� 
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NP� GDQ� ELD\D� LQYHVWDVL� SHU� NP�� 1LODL� 0'� WHUEHVDU�
DGDODK� ������ �S�  � �������� GDQ� NDUHQD� QLODL� S� \DQJ�
GLKLWXQJ� PDVLK� GL� EDZDK� FXWRII� \DQJ� GLWHQWXNDQ� L�H���
������� WLGDN� WHUMDGL� NDVXV� RXWOLHU� PXOWLYDULDW� GDQ�
VHOXUXK�NDVXV��FDVHV��GDSDW�GLJXQDNDQ��� 

7DEHO� �� PHQDPSLONDQ� HVWLPDVL� SDUDPHWHU� EDWDV� DWDV�
WDULI� WRO� EHUGDVDUNDQ� 6)$�� 1LODL� ORJ-OLNHOLKRRG�
PDNVLPXP�  -������ GDQ� PRGHO� VLJQLILNDQ� VHFDUD�
VWDWLVWLN�SDGD�OHYHO�������S� ���������GHQJDQ�KDVLO�XML�/5�
PHQXQMXNNDQ�KLSRWHVLV�sX� ���GLWRODN�SDGD� OHYHO������
�S�  � �������� *DODW� DFDN� WLGDN� EDQ\DN� EHUNRQWULEXVL��
VHEDJDLPDQD� GLWXQMXNNDQ� QLODL� sX� � MDXK� OHELK� WLQJJL�
GLEDQGLQJNDQ�sY� � �VHEDJDL� FDWDWDQ�� QLODL�l� MXJD� GDSDW�
GLMDGLNDQ�DFXDQ��� 

%HUGDVDUNDQ� HVWLPDVL� \DQJ� GLSHUROHK� GDSDW� GLEDQJXQ�
UHODVL�VHEDJDL�EHULNXW�� 

 

$WDX 

 

'HQJDQ�7D� �EDWDV�DWDV�WDULI�WRO�XQWXN�JRORQJDQ�,��5S�
NP��� 7DEHO� �� PHQ\DMLNDQ� HVWLPDVL� SDUDPHWHU�
PHQJJXQDNDQ� FRVW� IURQWLHU� IXQFWLRQ� XQWXN� HVWLPDVL�
EDWDV�EDZDK�WDULI�WRO�� 

%DLN� PRGHO� PDXSXQ� SDUDPHWHU� VLJQLILNDQ� VHFDUD�
VWDWLVWLN��QDPXQ�PRGHO�\DQJ�GLSHUROHK�WLGDN�ORORV�SDGD�
XML� /5�� \DQJ� DUWLQ\D� PRGHO� GLNDWHJRULNDQ� VHEDJDL�
PRGHO� &REE-'RXJODV�� 2OHK� NDUHQD� LWX�� 3HUVDPDDQ�
����� DWDX� ����� WLGDN� GDSDW� GLJXQDNDQ� XQWXN�
PHQJHVWLPDVL� EDWDV� EDZDK� WDULI� WRO� WHWDSL� GDSDW�
GLPDQIDDWNDQ�XQWXN�PHPSHUNLUDNDQ�UHUDWD�WDULI�WRO��� 

 

DWDX 

7DEHO����6WDWLVWLN�GHVNULSWLI�SDUDPHWHU 

3DUDPHWHU 
6WDWLVWLN 

1 0LQLPXP 0DNVLPXP 5HUDWD 'HYLDVL�6WDQGDU .HPHQFHQJDQ 

%LD\D�LQYHVWDVL�SHU�NP��WHUQRUPDOLVDVL��5SMXWD� �� ������ ������� ������� ������� ���� 

/DPD�NRQVHVL��WDKXQ� �� �� �� ����� ���� -���� 

7DULI�WRO�SHU�NP��5S� �� ��� ����� ������ ������ -���� 

,55���� �� � �� ����� ���� -���� 

*DPEDU����'LVWULEXVL�ELD\D�LQYHVWDVL�SHU�NP�GDQ 
IXQJVL�GLVWULEXVL�\DQJ�SDOLQJ�VHVXDL 

*DPEDU����'LVWULEXVL�WDULI�WRO�SHU�NP�GDQ�IXQJVL 
GLVWULEXVL�\DQJ�SDOLQJ�VHVXDL 

*DPEDU����'LVWULEXVL�ODPD�NRQVHVL�GDQ�IXQJVL 
GLVWULEXVL�\DQJ�SDOLQJ�VHVXDL 

*DPEDU����'LVWULEXVL�LQWHUQDO�UDWHV�RI�UHWXUQ�GDQ� 
IXQJVL�GLVWULEXVL�\DQJ�SDOLQJ�VHVXDL 

ln𝑇𝑎 = 0,279593 ln𝐶 + 3,896829  1 

𝑇𝑎 = exp( 0,279593 ln𝐶 + 3,896829)    1 

ln𝑇 = 0,3980148 ln𝐶 + 1,996266  1 

���� 

���� 

���� 
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GHQJDQ�7� � WDULI� UHUDWD�JRORQJDQ� ,� �5S�NP���*DPEDU���
PHQDPSLONDQ�NXUYD�\DQJ�GLEHQWXN�GDUL�PRGHO�6)$��GDQ�
PRGHO� 6)$�� \DQJ� PDVLQJ-PDVLQJ� PHUHSUHVHQWDVLNDQ�
EDWDV�DWDV�GDQ�UHUDWD�WDULI�WRO� 

'HQJDQ� PHQJDEDLNDQ� LQWHUFHSW� NDUHQD� WLGDN� VLJQLILNDQ�
VHFDUD� VWDWLVWLN�� 3HUVDPDDQ� ����� GDSDW� GLWXOLVNDQ�
NHPEDOL�VHEDJDL� 

 

GHQJDQ� 7��  � SHUNLUDDQ� WDULI� WRO� UXDV� �� �5S�NP��� 7��  �
SHUNLUDDQ� WDULI� WRO� UXDV� �� �5S�NP���&��  � ELD\D� LQYHVWDVL�

�5S�� MXWD�NP�� XQWXN� UXDV� ���&��  � ELD\D� LQYHVWDVL� �5S��
MXWD�NP��XQWXN�UXDV��� 

3HUVDPDDQ� ����� DGDODK� PRGHO� HVWLPDVL� &RVW-WR-
&DSDFLW\� \DQJ� PDVXN� GDODP� NHODV� HVWLPDVL� �� DWDX� ��
PHQXUXW� NODVLILNDVL� $PHULFDQ� $VVRFLDWLRQ� RI� &RVW�
(QJLQHHUV��%DXPDQQ��������GHQJDQ�7���5S�NP��GDQ�7��
�5S�NP�� DGDODK� WDULI� WRO� SHU� NP�XQWXN� UXDV� MDODQ� WRO� ��
GDQ� �� MLND� ELD\D� LQYHVWDVL� SHU� NP� XQWXN� NHGXD� UXDV�
WHUVHEXW��EHUWXUXW-WXUXW��DGDODK�&���5S��MXWD�NP��GDQ�&��

�5S��MXWD�NP���<DQJ�PHQDULN�XQWXN�GLGLVNXVLNDQ�DGDODK�
NRHILVLHQ�IDNWRU�NDSDVLWDV�L�H���������GL�EDZDK�����\DQJ�
PHQXQMXNNDQ� KXEXQJDQ� \DQJ� WHUMDGL� DQWDUD� NHGXDQ\D�
DGDODK� LQFUHDVLQJ� UHWXUQ� WR� VFDOH�� \DQJ� DUWLQ\D�
NHFHSDWDQ� NHQDLNDQ� WDULI� WRO� SHU� NP� VHPDNLQ� ODPD�
VHPDNLQ� PHQJHFLO� VHLULQJ� GHQJDQ� EHUWDPEDKQ\D�

��7DEHO����(VWLPDVL�SDUDPHWHU�EDWDV�DWDV�WDULI�WRO�EHUGDVDUNDQ�VWRFKDVWLF�IURQWLHU�DQDO\VLV��0RGHO�6)$�� 

/Q�7DULI�SHU�NP &RHI� 6WG��(UU� ] 3!_]_ >����&RQI��,QWHUYDO@   

/Q�%LD\DBSHUBNP �������� ����(-�� ����(��� ����� �������� �������� 

B.RQVWDQWD �������� �������� ����(��� ����� �������� �������� 

/Q� -������� �������� -���� ����� -������� �������� 

/Q� -������� ��� -���� ����� -������� -������� 

sY ����(-�� ����(-��     ����(-�� ����(��� 

sX �������� ��������     �������� �������� 

s� ������� ��������     �������� �������� 

l� �sX���sY ����(��� ��������     ����(��� ����(��� 

7DEHO����(VWLPDVL�SDUDPHWHU�EDWDV�EDZDK�WDULI�WRO�EHUGDVDUNDQ�VWRFKDVWLF�IURQWLHU�DQDO\VLV��0RGHO�6)$�� 

/Q�7DULI�SHU�NP &RHI� 6WG��(UU� ] 3!_]_ >����&RQI��,QWHUYDO@   

/Q�%LD\DBSHUBNP �������� �������� ���� ����� ������� ������� 

B.RQVWDQWD �������� �������� ���� ����� -������� �������� 

/Q� -������� �������� -���� ����� -������� -������� 

/Q� -������� �������� ���� ����� -����� ����� 

sY �������� ��������     ������� ������� 

sX �������� ��������     ������� � 

s� �������� ��������     ������� ������� 

l� �sX���sY �������� ��������     -�������� �������� 

*DPEDU����%DWDV�DWDV�GDQ�UHUDWD�WDULI�WRO�JRORQJDQ�,� 
PHQXUXW�ELD\D�LQYHVWDVL 

��7DEHO��� (VWLPDVL�WDULI�WRO�UHUDWD�GDQ�EDWDV�DWDV�PHQXUXW�
 EHVDUDQ�LQYHVWDVL 

%LD\D�,QYHVWDVL�
�5SMXWD�NP� 

7DULI�7RO��5S�NP��*RORQJDQ�, 

%DWDV�$WDV��6)$�� 5HUDWD��6)$�� 

������� ����� ��� 

������� ����� ��� 

������� ����� ��� 

������� ����� ����� 

������� ����� ����� 

������� ����� ����� 

������� ����� ����� 

𝑇 = exp( 0,3980148 ln𝐶 + 1,996266)  1 

൬
𝑇2

𝑇1

൰ = ൬
𝐶2

𝐶1

൰
0,398

 1 
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NHQDLNDQ�ELD\D�LQYHVWDVL�MDODQ�WRO�SHU�NP��'HQJDQ�NDWD�
ODLQ��WHUMDGL�HFRQRPLHV�RI�VFDOH�� 

7DEHO� �� PHQ\DMLNDQ� FRQWRK� SHUKLWXQJDQ� WDULI� UHUDWD�
GDQ�EDWDV�DWDV��PLVDO��MLND�ELD\D�LQYHVWDVL�SHU�NP�VXDWX�
UXDV� MDODQ� WRO� DGDODK� 5S�� ���� PLOLDU�� WDULI� WRO� SHU� NP�
GDSDW� GLUHQFDQDNDQ� DQWDUD� 5S�� ���� GDQ� VHWLQJJL-
WLQJJLQ\D� 5S�� ������� 6DDW� GDWD� \DQJ� GLPLOLNL� VXGDK�
VHPDNLQ� OHQJNDS��HVWLPDVL� WDULI�GDSDW�GLWLQMDX�NHPEDOL�
GHQJDQ�PHPSHUWLPEDQJNDQ�NHWHUVHGLDDQ�GDWD�GDQ�KDVLO�
SHUKLWXQJDQ�ILQDQFLDO�PRGHOLQJ�� 

���.HVLPSXODQ� 

�� 7XOLVDQ� LQL� PHQ\DMLNDQ� PRGHO� SDUDPHWULN� XQWXN�
PHQHQWXNDQ� EDWDV� DWDV� WDULI� WRO� EHUGDVDUNDQ�
EHQFKPDUNLQJ�PHQJJXQDNDQ�PHWRGH�6)$�GDQ�GDWD�
HPSLULV� \DQJ� WHUVHGLD�� 6HEDJDL� SDUDPHWHU� DGDODK�
ELD\D� LQYHVWDVL� NDUHQD� SDUDPHWHU� LQL� VLJQLILNDQ�
VHFDUD� VWDWLVWLN� EHUNRUHODVL� GHQJDQ� WDULI� WRO�
VHPHQWDUD�SDUDPHWHU�ODLQQ\D�L�H���ODPD�NRQVHVL�GDQ�
,55� WHUQ\DWD� WLGDN� EHUNRUHODVL� VHFDUD� VLJQLILNDQ��
'L�VLVL�ODLQ��GHQJDQ�SDUDPHWHU�WXQJJDO��PRGHO�\DQJ�
GLEDQJXQ� PHQMDGL� VHGHUKDQD�� 0RGHO� GDSDW�
GLPDQIDDWNDQ� XQWXN� NHSHQWLQJDQ� HVWLPDVL� DZDO�
WDULI� WRO�JXQD�SHQ\XVXQDQ�VWXGL�SHQGDKXOXDQ�\DQJ�
PDQD� NHWHUVHGLDDQ� GDWD� PHQMDGL� VDODK� VDWX�
WDQWDQJDQ� WHUEHVDU�� %HUGDVDUNDQ� DFXDQ� LQL��
3HPHULQWDK� GDSDW� PHQJLQYHVWLJDVL� OHELK� ODQMXW�
IDNWRU-IDNWRU� SHQ\HEDE� VDDW� WDULI� WRO� \DQJ�
GLXVXONDQ� PHOHELKL� EDWDV� DWDV� \DQJ� GLKLWXQJ�
PHQJJXQDNDQ� PRGHO� LQL� H�J��� UXDV-UXDV� MDODQ� WRO�
\DQJ�GLQRWDVLNDQ�3���3���GDQ�3��SDGD�*DPEDU����
,QYHVWLJDVL� IDNWRU-IDNWRU� LQL� EHUDGD� GL� OXDU� UXDQJ�
OLQJNXS�VWXGL�LQL� 

�� .DUHQD� VLIDWQ\D� SDUDPHWULV�� HVWLPDVL� WDULI� WRO�
WHQWXQ\D� WLGDN�ELVD�GLEDQGLQJNDQ�GHQJDQ� HVWLPDVL�
WDULI�WRO�VHFDUD�GHILQLWLI�VDDW�SHQ\XVXQDQ�2%&�GDQ�
)%&� GHQJDQ� GDWD� GDQ� DVXPVL� \DQJ� MDXK� OHELK�
GHWDLO�� H�J��� FDSLWDO� H[SHQGLWXUH�� RSHUDWLRQ�
H[SHQGLWXUH�� FRVW� RI� HTXLW\�� FRVW� RI� GHEW�� SRUVL�
XWDQJ�GDODP�VWUXNWXU�SHQGDQDDQ��SHUNLUDDQ�YROXPH�
NHQGDUDDQ�� ULVLNR-ULVLNR� VHODPD� PDVD� NRQVHVL��
WLQJNDW� SDMDN�� NHVHGLDDQ� GDQ� NHPDPSXDQ�
PHPED\DU� FDORQ� SHQJJXQD� WRO�� EHVDU� NHXQWXQJDQ�
ELD\D� RSHUDVLRQDO� NHQGDUDDQ�� GDQ� DVXPVL-DVXPVL�
LQGLNDWRU� PDNURHNRQRPL� H�J��� ODMX� LQIODVL�� QLODL�
WXNDU�� WLQJNDW� VXNX� EXQJD�� VHUWD� UDWH� RI� UHWXUQ�
PLQLPXP� \DQJ� ELVD� GLWHULPD�� 1DPXQ�� GHQJDQ�
DGDQ\D�EDWDV�DWDV�LQL��3HPHULQWDK�VHWLGDNQ\D�WHODK�
PHPLOLNL� DFXDQ� WDULI� \DQJ� ZDMDU� MLND� ELD\D�
LQYHVWDVL�GDSDW�GLSHUNLUDNDQ� 

ϯ͘ 3HQHQWXDQ�EDWDV�DWDV�GDQ�EDZDK�WDULI�WRO�MXJD�GDSDW�
GLNDLWNDQ�GHQJDQ�UHQFDQD�VLVWHP�MDULQJDQ�MDODQ�GDQ�
GDPSDN� SHPEDQJXQDQ� MDODQ� VHEDJDL� SHQXQMDQJ�
SHUWXPEXKDQ� HNRQRPL� \DQJ� PHPXQJNLQNDQ� WDULI�
WRO�GDSDW�GLWHULPD�VHFDUD�OXDV�ROHK�SHQJJXQD�MDODQ��
+DO� LQL� PHQJLQJDW� FLWUD� MDODQ� WRO� \DQJ� WLGDN� ODJL�
EHUIXQJVL� PHQMDGL� MDODQ� DOWHUQDWLI�� PHODLQNDQ�
EDJLDQ� GDUL� MDULQJDQ� MDODQ� XQWXN� PHPSHUFHSDW�
ZDNWX�WHPSXK��6HODLQ�LWX��SHQHQWXDQ�EDWDV�WDULI�LQL�
MXJD� UHOHYDQ� GHQJDQ� NRQVHS� SHQJHPEDQJDQ�
ZLOD\DK� VHKLQJJD� SHUNLUDDQ� YROXPH� ODOX� OLQWDV�

PHQMDGL� VDODK� VDWX� LVX� SHQWLQJ� GHQJDQ�
PHPSHUWLPEDQJNDQ�NHZDMDUDQ�WDULI�WRO� 

ϰ͘ 0RGHO�LQL�PHPLOLNL�NHWHUEDWDVDQ��3HUWDPD��VDPSHO�
GDWD�\DQJ�GLJXQDNDQ�GLDNXL�PDVLK�VDQJDW�WHUEDWDV��
7HUSLOLKQ\D� ELD\D� LQYHVWDVL� VHEDJDL� VDWX-VDWXQ\D�
SDUDPHWHU��PLVDO��ELVD�GLDNLEDWNDQ�NHWHUEDWDVDQ�LQL��
0DVD� NRQVHVL�� PLVDO�� VHKDUXVQ\D� PHPLOLNL�
SHQJDUXK� WHUKDGDS� WDULI� WRO�� .HGXD�� GDWD� WDULI� WRO�
\DQJ� GLJXQDNDQ� DGDODK� WDULI� VDDW� LQL� \DQJ�
GLDVXPVLNDQ� PHUHIOHNVLNDQ� WDULI� VDDW� VXDWX� UXDV�
NDOL� SHUWDPD� GLRSHUDVLNDQ�� $VXPVL� LQL� PHPDQJ�
WLGDN� DNXUDW� NDUHQD� SHQ\HVXDLDQ� WDULI� WLGDN� VHODOX�
PHQJLNXWL� 3HUMDQMLDQ� 3HQJXVDKDDQ� -DODQ� 7RO��
WHUXWDPD�DQWDUD�WDKXQ������GDQ�������EDFD��PLVDO��
:LERZR� ���������.HWLJD�� WDULI� WRO� \DQJ�GLHVWLPDVL�
DGDODK�WDULI�WRO�JRORQJDQ�,�GHQJDQ�DVXPVL�JRORQJDQ�
LQLODK� \DQJ� PHPEHULNDQ� NRQWULEXVL� WHUEHVDU�
SHQGDSDWDQ� WRO�� 1DPXQ�� WDULI� WRO� NHQGDUDDQ� ODLQ�
MXJD� VHKDUXVQ\D� WLGDN� ELVD� GLDEDLNDQ� NDUHQD�
PHPHQJDUXKL� ELD\D� RSHUDVL� GDQ� SHPHOLKDUDDQ�
VHFDUD� VXEVWDQVLDO� DNLEDW� H�J��� GLPHQVL� GDQ� EHEDQ�
NHQGDUDDQ� EHUOHELK�� .HWHUEDWDVDQ-NHWHUEDWDVDQ�
VWXGL�LQL�GDSDW�PHPEHULNDQ�DUDK�EDJL�VWXGL�ODQMXWDQ�
GHQJDQ� PHOLEDWNDQ� SDUDPHWHU-SDUDPHWHU� ODLQ� GDQ�
VDPSHO�GDWD�\DQJ�PHPDGDL�� 

'DIWDU�3XVWDND 

$NDLNH�� +�� �������� ,QIRUPDWLRQ� WKHRU\� DQG� DQ�
H[WHQVLRQ�RI�WKH�PD[LPXP�OLNHOLKRRG�SULQFLSOH��
,Q�(��3DU]HQ��.��7DQDEH��	�*��.LWDJDZD��(GV����
6HOHFWHG� SDSHUV� RI� +LURWXJX� $NDLNH� �SS�� ���–
������6SULQJHU� 

$OILDQV\DK��$��'���.DUVDPDQ��5��+���	�5DV\LG��+��$O��
��������.DMLDQ�LQYHVWDVL�SHPEDQJXQDQ�MDODQ� WRO�
PHQJJXQDNDQ� GDQD� KDML� �6WXGL� NDVXV�� MDODQ� WRO�
*HPSRO-3DQGDDQ��� -XUQDO� 7HNQLN� 6LSLO� ,7%����
����� ��–���� KWWSV���GRL�RUJ���������
MWV������������ 

$UV\DG��0���	�:LERZR��$����������0HQJXNXU�HILVLHQVL�
NRQWUDNWRU� GL� VHNWRU� NRQVWUXNVL� QDVLRQDO�
PHQJJXQDNDQ� 'DWD� (QYHORSPHQW� $QDO\VLV��
-XUQDO�7HNQLN�6LSLO�,7%������������–�����KWWSV���
GRL�RUJ���������MWV������������ 

%DGDQ�3HQJDWXU�-DODQ�7RO�� ��������7UDQVIRUPDVL� MDODQ�
WRO� PHUDMXW� QXVDQWDUD�� .HPHQWHULDQ� 3HNHUMDDQ�
8PXP� GDQ� 3HUXPDKDQ� 5DN\DW�� KWWSV���
ESMW�SX�JR�LG�EHULWD�ODXQFKLQJ-EXNX-ODSRUDQ-
WDKXQDQ-����-ESMW-WUDQVIRUPDVL-MDODQ-WRO-
PHUDMXW-QXVDQWDUD 

%DWHQ�� $��� 	� +RVVDLQ�� ,�� �������� 6WRFKDVWLF� IURQWLHU�
PRGHO� ZLWK� GLVWULEXWLRQDO� DVVXPSWLRQV� IRU� ULFH�
SURGXFWLRQ� WHFKQLFDO� HIILFLHQF\�� -RXUQDO� RI�
$JULFXOWXUDO� 6FLHQFH� DQG� 7HFKQRORJ\�� �������
���–���� 

%DXPDQQ�� &�� 7�� �������� &RVW-WR-&DSDFLW\� PHWKRG��
$SSOLFDWLRQV� DQG� FRQVLGHUDWLRQV�� 7KH� 0	76�
-RXUQDO�����������–��� 
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&KDX�� .�� :�� �������� 7KH� YDOLGLW\� RI� WKH� WULDQJXODU�
GLVWULEXWLRQ� DVVXPSWLRQ� LQ� 0RQWH� &DUOR�
VLPXODWLRQ� RI� FRQVWUXFWLRQ� FRVWV�� (PSLULFDO�
HYLGHQFH� IURP� +RQJ� .RQJ�� &RQVWUXFWLRQ�
0DQDJHPHQW� DQG� (FRQRPLFV�� ������� ��–����
KWWSV���GRL�RUJ�KWWSV���
GRL�RUJ�������������������������� 

&KHQ��&���	�'RORL��+����������%27�DSSOLFDWLRQ�LQ�&KLQD��
'ULYLQJ� DQG� LPSHGLQJ� IDFWRUV�� ,QWHUQDWLRQDO�
-RXUQDO�RI�3URMHFW�0DQDJHPHQW������������–�����
KWWSV���GRL�RUJ���������M�LMSURPDQ������������ 

'DLWR��1���	�*LIIRUG��-��/�� ��������8�6��KLJKZD\�SXEOLF�
SULYDWH�SDUWQHUVKLSV��$UH� WKH\�PRUH�H[SHQVLYH�RU�
HIILFLHQW� WKDQ� WKH� WUDGLWLRQDO� PRGHO"�0DQDJHULDO�
)LQDQFH�� �������� ����–������ KWWSV���
GRL�RUJ���������0)-��-����-���� 

+HUPDZDQ��5���)UD]LOD��5��%���$ZDQJ��$���	�-LKDQQ\��-��
��������+XEXQJDQ� DQWDUD� YDULDVL� WDULI� WRO� GHQJDQ�
SHQGDSDWDQ�GDQ� WLQJNDW� SHOD\DQDQ��-XUQDO�7HNQLN�
6LSLO� ,7%�� ������� ���� KWWSV���GRL�RUJ���������
MWV������������ 

,UZLQ��7����������*RYHUQPHQW�JXDUDQWHHV��DOORFDWLQJ�DQG�
YDOXLQJ� ULVN� LQ� SULYDWHO\� ILQDQFHG� LQIUDVWUXFWXUH�
SURMHFWV��:RUOG�%DQN� 

-HURPH��$�� �������� ,QIUDVWUXFWXUH�� HFRQRPLF�JURZWK�DQG�
SRYHUW\� UHGXFWLRQ� LQ� $IULFD�� -RXUQDO� RI�
,QIUDVWUXFWXUH� 'HYHORSPHQW�� ������ ���–�����
KWWSV���GRL�RUJ��������������������������� 

.RGRQJR�� 2��� 	� 2MDK�� .�� �������� 'RHV� LQIUDVWUXFWXUH�
UHDOO\� H[SODLQ� HFRQRPLF� JURZWK� LQ� 6XE-6DKDUDQ�
$IULFD"� 5HYLHZ� RI� 'HYHORSPHQW� )LQDQFH�� ������
���–����� KWWSV���GRL�RUJ���������
M�UGI������������ 

.XPEKDNDU�� 6�� &��� :DQJ�� +�--��� 	� +RUQFDVWOH�� $��
�������� $� SUDFWLWLRQHU¶V� JXLGH� WR� VWRFKDVWLF�
IURQWLHU� DQDO\VLV� XVLQJ� 67$7$�� &DPEULGJH�
8QLYHUVLW\�3UHVV� 

/H\V��&���'HODFUH��0���0RUD��<��/���/DNHQV��'���	�/H\��
&�� �������� +RZ� WR� FODVVLI\�� GHWHFW�� DQG� PDQDJH�
XQLYDULDWH� DQG� PXOWLYDULDWH� RXWOLHUV�� ZLWK�
HPSKDVLV� RQ� SUH-UHJLVWUDWLRQ�� ,QWHUQDWLRQDO�
5HYLHZ�RI�6RFLDO�3V\FKRORJ\����������–����KWWSV���
GRL�RUJ���������LUVS���� 

0XULOOR�� .�� 3��� 5RFKD�� (��� 	� 5RGULJXHV��0�� )�� ��������
&RQVWUXFWLRQ�VHFWRUV�HIILFLHQF\�DQDO\VLV�RQ�VHYHQ�
(XURSHDQ� FRXQWULHV�� (QJLQHHULQJ�� &RQVWUXFWLRQ�
DQG� $UFKLWHFWXUDO� 0DQDJHPHQW�� ������� ����–
������ KWWSV���GRL�RUJ���������(&$0-��-����-
���� 

1JX\HQ��+��7����������$�FORVHU�ORRN�DW�VWRFKDVWLF�IURQWLHU�
DQDO\VLV� LQ� HFRQRPLFV�� $VLDQ� -RXUQDO� RI�
(FRQRPLFV� DQG� %DQNLQJ�� ������ �–���� KWWSV���
GRL�RUJ���������$-(%-��-����-���� 

2UJDQLVDWLRQ� IRU� (FRQRPLF� &RRSHUDWLRQ� DQG�
'HYHORSPHQW�� �������� 3XEOLF-SULYDWH�
SDUWQHUVKLSV� LQ� WKH� 0LGGOH� (DVW� DQG� 1RUWK�
$IULFD�� $� KDQGERRN� IRU� SROLF\� PDNHUV��
2UJDQLVDWLRQ� IRU� (FRQRPLF� &RRSHUDWLRQ� DQG�
'HYHORSPHQW� 

5RKPDQ�� 0�� $�� �������� $VVHVVPHQW� RI� WKH�
JRYHUQPHQW¶V�UROH�SHUIRUPDQFH�LQ�SXEOLF-SULYDWH�
SDUWQHUVKLS��333��WROO�URDG�SURMHFWV�LQ�,QGRQHVLD��
-RXUQDO� RI� )LQDQFLDO� 0DQDJHPHQW� RI� 3URSHUW\�
DQG� &RQVWUXFWLRQ�� DKHDG-RI-S�DKHDG-RI-SULQW���
KWWSV���GRL�RUJ���������-)03&-��-����-���� 

6DUL�� 1�� )�� $��� 	� :LG\DVWXWL�� +�� �������� $QDOLVLV�
NHOD\DNDQ� HNRQRPL� GDQ� ILQDQVLDO� SHPEDQJXQDQ�
-DODQ�7RO�3DQGDDQ-PDODQJ��-XUQDO�7HNQLN�,76���
�����(��-��� 

6FKZDE�� .��� 	� =DKLGL�� 6�� �������� 7KH� JOREDO�
FRPSHWLWLYHQHVV� UHSRUW�� +RZ� FRXQWULHV� DUH�
SHUIRUPLQJ� RQ� WKH� URDG� WR� UHFRYHU\�� ,Q�:RUOG�
(FRQRPLF� )RUXP�� :RUOG� (FRQRPLF� )RUXP��
ZZZ��ZHIRUXP�RUJ�GRFV�
:()B7KH*OREDO&RPSHWLWLYHQHVV5HSRUW�����SG
I 

6KHQ��/���7DP��9��:��<���*DQ��/���<H��.���	�=KDR��=��
��������,PSURYLQJ�VXVWDLQDELOLW\�SHUIRUPDQFH�IRU�
SXEOLF-SULYDWH-SDUWQHUVKLS� �333�� SURMHFWV��
6XVWDLQDELOLW\� �6ZLW]HUODQG��� �������� �–����
KWWSV���GRL�RUJ���������VX������� 

7DEDFKQLFN�� %�� *��� 	� )LGHOO�� /�� 6�� �������� 8VLQJ�
PXOWLYDULDWH� VWDWLVWLFV� ��WK����3HDUVRQ�(GXFDWLRQ��
KWWSV���GRL�RUJ������������-�-���-�����-
�B���� 

8�6�� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� )HGHUDO� +LJKZD\�
$GPLQLVWUDWLRQ����������&RQJHVWLRQ�SULFLQJ��8�6��
'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� )HGHUDO� +LJKZD\�
$GPLQLVWUDWLRQ�� KWWSV���
GRL�RUJ���������������������� 

9HQNDGDVDODP��6���0RKDPDG��$���	�6LIDW��,��0����������
2SHUDWLRQDO� HIILFLHQF\� RI� VKLSSLQJ� FRPSDQLHV��
,QWHUQDWLRQDO� -RXUQDO� RI� (PHUJLQJ�0DUNHWV�� ��
��������–�����KWWSV���GRL�RUJ���������,-2(0-��-
����-���� 

9LVKZDNDUPD��$���.XOVKUHVWKD��0���	�.XOVKUHVKWKD��0��
��������(IILFLHQF\�HYDOXDWLRQ�RI�PXQLFLSDO�VROLG�
ZDVWH�PDQDJHPHQW�XWLOLWLHV�LQ�WKH�XUEDQ�FLWLHV�RI�
WKH� VWDWH� RI� 0DGK\D� 3UDGHVK�� ,QGLD�� XVLQJ�
VWRFKDVWLF� IURQWLHU� DQDO\VLV�� %HQFKPDUNLQJ�� $Q�
,QWHUQDWLRQDO� -RXUQDO�� ������� ���–����� KWWSV���
GRL�RUJ�������������������������� 

:LERZR��$����������3ULYDWH�SDUWLFLSDWLRQ�LQ�WUDQVSRUW��
&DVH� RI� ,QGRQHVLD¶V� %XLOG�� 2SHUDWH�� 7UDQVIHU�
�%27�� WROO� URDGV� �%�� .RFKHQGRHUIHU� �HG����� 78�
%HUOLQ-8QLYHUVLWDHWVYHUODJ� 

:LERZR�� $�� �������� 5HJXODVL� WDULI� VLVWHP� KLEULG�
DOWHUQDWLI� XQWXN� SUR\HN� SULYDWLVDVL� LQIUDVWUXNWXU�
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EHULVLNR� WLQJJL�� -XUQDO� 7HNQLN� 6LSLO� ,7%���������
����KWWSV���GRL�RUJ���������MWV������������ 

:LERZR�� $�� �������� ,QIODVL� GDODP� DQDOLVLV� ILQDQVLDO�
LQYHVWDVL� MDODQ� WRO�� 3HUODNXDQ� GDQ� SHQJDUXKQ\D�
EDJL� EDGDQ� XVDKD� GDQ� SHPHULQWDK�� -XUQDO�
7HNQLN� 6LSLO� ,7%�� ������� ���� KWWSV���
GRL�RUJ���������MWV������������ 

:LERZR�� $��� 	� $OIHQ�� +��:�� �������� %HQFKPDUNLQJ�
WKH� HIILFLHQFLHV� RI� ,QGRQHVLD¶V�PXQLFLSDO�ZDWHU�
XWLOLWLHV� XVLQJ� VWDFNHOEHUJ� GDWD� HQYHORSPHQW�
DQDO\VLV�� %HQFKPDUNLQJ�� ������� KWWSV���
GRL�RUJ���������%,--��-����-���� 

:LUDKDGLNXVXPDK�� 5�� '��� 6DSLWUL�� 6��� 6XVDQWL�� %��� 	�
6RHPDUGL�� %�� :�� �������� ,VX� VWUDWHJLV� SDGD�
SHQJDGDDQ� SHQJXVDKDDQ� MDODQ� WRO� GDODP�
NHUMDVDPD� SHPHULQWDK� GDQ� VZDVWD�� -XUQDO�
7HNQLN� 6LSLO�� ������� ����� KWWSV���
GRL�RUJ���������MWV������������ 

<H��6���	�7LRQJ��5��/��.����������139-DW-ULVN�PHWKRG�
LQ� LQIUDVWUXFWXUH� SURMHFW� LQYHVWPHQW� HYDOXDWLRQ��
-RXUQDO� RI� &RQVWUXFWLRQ� (QJLQHHULQJ� DQG�
0DQDJHPHQW�� ����-XQH��� ���–����� KWWSV���
GRL�RUJ�KWWSV���GRL�RUJ����������$6&(�����-
�������������������� 

<X�� &�� �������� $LUOLQH� SURGXFWLYLW\� DQG� HIILFLHQF\��
&RQFHSW�� PHDVXUHPHQW�� DQG� DSSOLFDWLRQV�� ,Q�
$LUOLQH� (IILFLHQF\� �9RO�� ��� SS�� ��–����� KWWSV���
GRL�RUJ���������6����-������������������ 

=DQJRXHLQH]KDG��$���	�$]DU��$�� ��������+RZ�SXEOLF-
SULYDWH� SDUWQHUVKLS� SURMHFWV� LPSDFW�
LQIUDVWUXFWXUH� LQGXVWU\� IRU� HFRQRPLF� JURZWK��
,QWHUQDWLRQDO� -RXUQDO� RI� 6RFLDO� (FRQRPLFV�� ��
���������–������KWWSV���GRL�RUJ���������,-6(-��
-����-���� 

 


