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3HQJJXQDDQ� LQVHNWLVLGD�XQWXN�PHQJHQGDOLNDQ�

KDPD� WDQDPDQ�GDSDW�PHUXJLNDQ�SDGD�EDQ\DN�RUJDQ�

LVPH� QRQ-WDUJHW� GL� DODP�� 3HQJJXQDDQ� LQVHNWLVLGD�

\DQJ� WLGDN�ELMDNVDQD� MXJD�GDSDW�PHQJDNLEDWNDQ� WLP�

EXOQ\D� VWUDLQ� KDPD� \DQJ� UHVLVWHQ� WHUKDGDS� EDKDQ�

NLPLD�WHUVHEXW��3HQJHQGDOLDQ�KD\DWL�SDGD�KDPD�WDQD�

PDQ� GHQJDQ� PHQJJXQDNDQ� MDPXU� HQWRPRSDWRJHQ�

PHUXSDNDQ� SHQGHNDWDQ� DOWHUQDWLI� \DQJ� SHUOX� GLNHP�

EDQJNDQ� VHEDE� UHODWLI� PXUDK�� PXGDK� GLODNXNDQ� GDQ�

EHUVLIDW�UDPDK�OLQJNXQJDQ� 

5DYHQVEHUJ� �������PHQJLQIRUPDVLNDQ�EDKZD�

MDPXU� PHPDLQNDQ� SHUDQDQ� SHQWLQJ� VHEDJDL� SDWRJHQ�

VHUDQJJD�GDQ�GDSDW�PHQHNDQ� VHUDQJJD� �PHODOXL� HSL�

]RRWLF� GL� DODP�� -DPXU� GDSDW� PHQJLQIHNVL� UHQWDQJ�

\DQJ�VDQJDW� OXDV�GDUL�VHUDQJJD� WHUPDVXN� ODUYD�/HSL�

GRSWHUD� �.XONDUQL� DQG� /LQJDSSD�� ������� QHPDWRGD�

�.LHZQLFN� DQG�6LNRUD�� ������� NXWX�GDXQ� �8MMDQ� DQG�

6KDK]DG��������GDQ� WKULSV��8JLQH�HW�DO���������\DQJ�

EDQ\DN� PHQLPEXONDQ� PDVDODK� EHVDU� SDGD� WDQDPDQ�

SHUWDQLDQ�GL�VHOXUXK�GXQLD� 

-DPXU�GLNHWDKXL�MXJD�VHEDJDL�DJHQ�\DQJ�PHQ�

MDQMLNDQ� XQWXN� SHQJHQGDOLDQ� YHNWRU�� VHSHUWL� Q\DPXN�

�0Q\RQH�HW� DO��� ������3DXOD�HW� DO��� ������6LQJK� DQG�

3UDNDVK�� ������� WULDWRPLQH� �*XWLpUUH]� HW� DO��� ������

)RUODQL�HW�DO���������GDQ�NXWX��6WDIIRUG�,,,�DQG�$OODQ��

������ \DQJ� PDVLQJ-PDVLQJ� PHQ\HEDENDQ� SHQ\DNLW�

GHPDP� EHUGDUDK�� ILODULDVLV� GDQ� PDODULD�� SHQ\DNLW�

FKDJDV� GDQ�SHQ\DNLW� O\PH�� )XQJVL� MDPXU�SDGD�SHQ�

JHQGDOLDQ� YHNWRU� PHQMDGL� SHQWLQJ� XQWXN� PHQJDWDVL�

NHFHSDWDQ� WUDQVPLVL� EHEHUDSD� SDUDVLW� \DQJ� PH�

Q\HEDENDQ�SHQ\DNLW-SHQ\DNLW�WHUVHEXW�� 

5DYHQVEHUJ� �������PHODSRUNDQ� EDKZD� KDQ\D�

VHGLNLW� VSHVLHV� MDPXU� GHQJDQ� DNWLYLWDV� HQWRPRSDWR�

JHQ�\DQJ�GLJXQDNDQ�XQWXN�SHQJHQGDOLDQ�KDPD��2OHK�

NDUHQD� LWX�� SHQWLQJ� XQWXN� PHQJLQWHQVLINDQ� LVRODVL�

MDPXU�WHUVHEXW�XQWXN�PHQGDSDWNDQ�VSHVLHV�GDQ�VWUDLQ�

EDUX� \DQJ� OHELK� NXDW�� ,VRODVL� MDPXU� HQWRPRSDWRJHQ�

GLSHUOXNDQ� XQWXN� PHPEHULNDQ� SHPDKDPDQ� EDUX� NH�

GHSDQ� GDODP� SHPDQIDDWDQ� NHDQHNDUDJDPDQ� KD\DWL�

MDPXU��GDQ�XQWXN�PHQ\HGLDNDQ�VXPEHU�DJHQ�SHQJHQ�

GDOLDQ�KD\DWL�� 
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7DQDK� UL]RVIHU� WXPEXKDQ�� VDODK� VDWXQ\D� EHU�

IXQJVL� XQWXN� PHQ\LPSDQ� DWDX� PHQ\HGLDNDQ� MDPXU�

SDWRJHQ� WHUKDGDS� VHUDQJJD�� 7DQDPDQ� $UHFDFHDH�

\DQJ� GLWDQDP� GL� .HEXQ� 5D\D� %RJRU� DGDODK� VDODK�

VDWX� NROHNVL� WDQDPDQ� \DQJ� GLEXGLGD\DNDQ� � �DGD�

JDQJJXDQ��VHFDUD�PRQRNXOWXU�\DQJ�VSHVLHVQ\D�FXNXS�

EDQ\DN�� 6HPDN� EHOXNDU� GDQ� JDPEXW� PHUXSDNDQ�

HNRVLVWHP�\DQJ�GLWXPEXKL�EHUDQHND� WXPEXKDQ� \DQJ�

WLGDN� GLEXGLGD\DNDQ� �WLGDN� WHUJDQJJX��� .HGXD�

HNRVLVWHP� \DQJ� EHUEHGD� WHUVHEXW� WHQWXQ\D� DNDQ�

PHPSHQJDUXKL�NHEHUDGDDQ�MDPXU�\DQJ�DGD��� 

%HEHUDSD� VSHVLHV� MDPXU� HQWRPRSDWRJHQ� \DQJ�

GLWHPXNDQ�EDLN�GL�WDQDK�\DQJ�GLJXQDNDQ�XQWXN��EXGL�

GD\D� WDQDPDQ�PDXSXQ� \DQJ� WLGDN� DGDODK�%HDXYHULD�

VSS��� 0HWDUKL]LXP� DQLVRSOHDH� YDU�� DQLVRSOHDH�

�0HWVFKQ��� 6RURNLQ�� GDQ� 3DHFLORP\FHV� VSS�� �.HOOHU�

DQG�=LPPHUPDQ���������6SHVLHV�MDPXU�ODLQQ\D�\DQJ�

WHUPDVXN�SDWRJHQ�RSRUWXQLV�GDQ�SHQJNRORQL�VHNXQGHU�

MXJD�GDSDW�PHPSHQJDUXKL�VHUDQJDQ�WHUKDGDS�VHUDQJ�

JD� GDQ� GDSDW� PHQHNDQ� SRSXODVLQ\D� �*XQGH-

&LPHUPDQ�HW�DO��������� 

3URGXNVL�HQ]LP�HNVWUDVHOXOHU�GDUL�MDPXU�HQWR�

PRSDWRJHQ� PHUXSDNDQ� VDODK� VDWX� UDQJNDLDQ� GDUL�

SURVHV� LQIHNVL� SDGD� VHUDQJJD�� (Q]LP� SHQWLQJ� \DQJ�

GLVHNUHVLNDQ� ROHK� MDPXU� HQWRPRSDWRJHQ� DGDODK� NLWL�

QDVH�� OLSDVH� GDQ� SURWHDVH� �6PLWK� HW� DO��� ������� %H�

EHUDSD� MDPXU� \DQJ� VXGDK� GLODSRUNDQ� PHQJKDVLONDQ�

HQ]LP�NLWLQDVH�DGDODK�MDPXU�%��EDVVLDQD��)DQJ�HW�DO���

������ 6DQLYDGD� DQG� &KDOOD�� ������� 0�� DQLVRSOLDH��

�5XVWLJXHO� HW� DO��� ������ 6DQLYDGD� DQG�&KDOOD�� ������

GDQ�3�� OLODFLQXV� �3DUN� HW� DO��� ������� ,VRODW� MDPXU� %��

EDVVLDQD� PHQJKDVLONDQ� DNWLYLWDV� SURWHDVH� �)HQJ��

�������0�� DQLVRSOLDH� PHQJKDVLONDQ� DNWLYLWDV� OLSDVH�

DQG� SURWHDVH� �1DKDU� HW� DO��� ������� VHUWD� 3�� OLODFLQXV�

PHQJKDVLONDQ�DNWLYLWDV�SURWHDVH��3DUN�HW�DO����������� 

7XMXDQ� SHQHOLWLDQ� DGDODK� PHQJLVRODVL�� PHQJ-

LGHQWLILNDVL�GDQ�PHQJHYDOXDVL�DNWLYLWDV�HQ]LP�HNVWUD�

VHOXOHU�GDUL�MDPXU�HQWRPRSDWRJHQ�SDGD�WDQDK�UL]RVIHU�

WDQDPDQ� \DQJ� GLEXGLGD\DNDQ� �DGD� JDQJJXDQ�� GDQ�

WLGDN� GLEXGLGD\DNDQ� �WLGDN� WHUJDQJJX��� -DPXU� \DQJ�

WHULVRODVL�PHUXSDNDQ� VXPEHU� JHQHWLN� \DQJ� GDSDW� GL�

PDQIDDWNDQ�XQWXN�WXMXDQ�SHQJHQGDOLDQ�KD\DWL� 
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%DKDQ�SHQHOLWLDQ 

%DKDQ�KLGXS�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�

EHUXSD�XODW�;\VWURFHUD�IHVWLYD��&ROHRSWHUD��GLSHUROHK�

GDUL� SDVDU� GDQ� UD\DS� &RSWRWHUPHV� VS�� PHUXSDNDQ�

NROHNVL� 3XVDW� 3HQHOLWLDQ� %LRPDWHULDO�� /,3,�� %DKDQ�

NLPLD� \DQJ� GLJXQDNDQ� DGDODK� DJDU� �2[RLG��� DONRKRO�

����� �WHNQLV��� ED\FOLQ� �-RKQVRQ��� JOXNRVD� �0HUFN���

+&O�������0HUFN���.+�32���2[RLG���NLWLQ�&UXVWDFHD�

�2[RLG��� NORUDPIHQLNRO� �2[RLG��� 0J62���+�2�

�2[RLG���1D�&2���2[RLG���1D2+���0��2[RLG����SDU�

DILQ� FDLU� �WHNQLV��� SHSWRQ� �2[RLG��� 3RWDWR� 'H[WURVH�

$JDU��3'$���2[RLG���VXVX�VNLP��'DQFRZ���WULJO\FHU�

LGH� �0HUFN��� WZHHQ� ��� �0HUFN�� GDQ� \HDVW� H[WUDFW�

�2[RLG��� 

7DQDK�UL]RVIHU�WDQDPDQ 

7DQDK� UL]RVIHU� WDQDPDQ� VHEDJDL� WHPSDW�

SHQ\LPSDQDQ�DWDX�SHQ\HGLDDQ�MDPXU�HQWRPRSDWRJHQ�

GLDPELO� GDUL�$UHFDFHDH� NROHNVL�.HEXQ�5D\D�%RJRU��

VHSHUWL������(XJHLVVRQD�XWLOLV�%HFF�������3DFWULV�PDMRU�

�-DFT��.RVWHUP��&�	�6������3LQDQJD�FRURQDWD��%OXPH�

H[�0DUW���%OXPH������&\UWRVWDFK\V�PLFURFDUSD�%XUQ���

����3W\FKRVSHUPD�PDFDUWKXULL��+�$��:HQGO���1LFKRO�

VRQ��GDQ�����VHPDN�EHOXNDU�GL�GHNDW�NROHNVL�WDQDPDQ�

$UHFDFHDH��7DQDK�UL]RVIHU�WDQDPDQ�JDPEXW�GLNROHNVL�

GDUL�7DPDQ�1DVLRQDO�6HEDQJDX��.DOLPDQWDQ�7HQJDK��

6HEDQ\DN�����J�PDVLQJ-PDVLQJ� WDQDK� UL]RVIHU� WDQD�

PDQ�GLDPELO�GDUL�NHGDODPDQ��-���FP�SDGD�EHEHUDSD�

ORNDVL� GL� VHNLWDU� WDQDPDQ� NHPXGLDQ� GLPDVXNNDQ� NH�

GDODP�NDQWRQJ�SODVWLN��0DVLQJ-PDVLQJ�WDQDK�UL]RVIHU�

WDQDPDQ� GLNHULQJ� DQJLQNDQ� VHODPD� �� PLQJJX�

NHPXGLDQ�GLD\DN�GHQJDQ�D\DNDQ�����PHVK�� 

3HQJXPSDQDQ 

5D\DS� &RSWRWHUPHV� VS�� �,QVHFWD�� ,VRSWHUD��

5KLQRWHUPLWLGDH��GDQ�XODW�;\VWURFHUD� IHVWLYD� 3DVFRH�

�,QVHFWD�� &ROHRSWHUD�� &HUDPE\FLGDH�� GLJXQDNDQ� VH�

EDJDL� XPSDQ� XQWXN� PHQGHWHNVL� GDQ� PHQJLVRODVL�

MDPXU� HQWRPRSDWRJHQ� GDUL� WDQDK� UL]RVIHU� WDQDPDQ�

�6XQ�HW�DO�������D�\DQJ�GLPRGLILNDVL���6HEDQ\DN����J�

PDVLQJ-PDVLQJ� WDQDK� UL]RVIHU� WDQDPDQ� GLPDVXNNDQ�

GDODP�FDZDQ�3HWUL�NHPXGLDQ�GLEHUL���XODW�DWDX���UD�

\DS� VHEDJDL� XPSDQ� DJDU� WHUVHUDQJ� MDPXU�� &DZDQ�

3HWUL�GLLQNXEDVL�GDODP�VXKX�UXDQJ�����R�&��VHODPD���

PLQJJX��XODW�GDQ�UD\DS�VXGDK�PDWL���0DVLQJ-PDVLQJ�

SHUODNXDQ� GLXODQJ� �� [�� 8ODW� GDQ� UD\DS� PDWL� DNLEDW�

SHUODNXDQ� VHODQMXWQ\D� GLEHUVLKNDQ� GDUL� WDQDK� \DQJ�

PHOHNDW�GHQJDQ�NXDV�GDQ�GLVWHULOLVDVL�SHUPXNDDQQ\D�

GHQJDQ����QDWULXP�KLSRNORULW� VHODPD���PHQLW��8ODW�

GDQ� UD\DS� NHPXGLDQ� GLELODV� GHQJDQ� DLU� \DQJ� WHODK�

GLVWHULOLVDVL� VHEDQ\DN� �� NDOL GDQ� GLNHULQJ��������������

DQJLQNDQ �GLDWDV�NHUWDV�VDULQJ�\DQJ�WHODK�GLVWHULOLVDVL�� 



���� 

6XFLDWPLK�HW�DO��±�-DPXU�(QWRPRSDWRJHQ�GDQ�$NWLILWDV�(Q]LP�(NVWUDVHOXOHUQ\D 

 

,VRODVL�MDPXU 
,VRODVL� MDPXU� HQWRPRSDWRJHQ� PHQJJXQDNDQ�

PHWRGH�+DVDQ� HW� DO�� ������� \DQJ� GLPRGLILNDVL��0D-

VLQJ-PDVLQJ� XODW� DWDX� UD\DS� PDWL� GLKDQFXUNDQ� GDQ�

GLPDVXNNDQ�GDODP�WDEXQJ�UHDNVL�EHULVL�DLU�\DQJ�WHODK�

GLVWHULOLVDVL� NHPXGLDQ� GLYRUWHN� VHODPD� ò� MDP���

6HEDQ\DN�����PO�VXVSHQVL�XODW�DWDX�UD\DS�GDUL�PDVLQJ

-PDVLQJ� WDQDK� UL]RVIHU� WDQDPDQ� GLVHEDUNDQ� GHQJDQ�

EDWDQJ� NDFD� EHQJNRN� GLDWDV� PHGLD� 3RWDWR� 'H[WURVH�

$JDU� �3'$��\DQJ�PHQJDQGXQJ������J�O� NORUDPIHQL�

NRO�� &DZDQ� 3HWUL� NHPXGLDQ� GLLQNXEDVL� SDGD� VXKX�

UXDQJ� ���R&�� VHODPD� WLJD� KDUL�� �.RORQL� WXQJJDO� GDUL�

MDPXU�SDGD�PDVLQJ-PDVLQJ�FDZDQ�3HWUL�GLDPELO�GDQ�

GLWUDQVIHU�NH�PHGLD�3'$�GDQ�GLLQNXEDVL� VHODPD��-��

PLQJJX��� 

,GHQWLILNDVL�MDPXU 
,VRODW�WXQJJDO�GDUL�MDPXU�NHPXGLDQ�GLLGHQWLIL�

NDVL� VHFDUD�PRUIRORJL�PHOLSXWL� SHQJDPDWDQ�PDNURV�

NRSLV� PDXSXQ� PLNURVNRSLV�� 3HQJDPDWDQ� PDNURV�

NRSLV� MDPXU� PHOLSXWL�� ���� SHPHULNVDDQ� ZDUQD� GDQ�

SHUPXNDDQ� NRORQL� �JUDQXODU�� VHSHUWL� WHSXQJ��

PHQJJXQXQJ��OLFLQ��DGD�DWDX�WLGDN�DGDQ\D�WHWHV-WHWHV�

HNVXGDW�������DGD�DWDX�WLGDN�DGDQ\D�JDULV-JDULV�UDGLDO�

GDUL� SXVDW� NRORQL� NH� DUDK� WHSL� NRORQL�� ���� DGD� DWDX�

WLGDN�DGDQ\D�OLQJNDUDQ�NRQVHQWULV��VHGDQJNDQ��SHQJD�

PDWDQ�PLNURVNRSLV�MDPXU�PHOLSXWL������DGD�DWDX�WLGDN�

DGDQ\D� VHSWXP�SDGD�KLID�� ���� SLJPHQWDVL� KLID� �WLGDN�

EHUZDUQD� DWDX� EHUZDUQD� JHODS��� ���� EHQWXN� KLID�

�VHSHUWL�VSLUDO��EHUQRGXO�DWDX�PHPSXQ\DL�UL]RLG���GDQ�

���� XNXUDQ�� ZDUQD�� KLDVDQ� VHUWD� EHQWXN� VSRUD� DWDX�

NRQLGLD� �'RPVFK� HW� DO��� ������� � ,VRODW� MDPXU� \DQJ�

VXGDK� WHULGHQWLILNDVL� GDQ� EHUSRWHQVL� PHQJKDVLONDQ�

HQ]LP� GLVLPSDQ� GDODP� ,QD&&�� &LELQRQJ� �GDODP�

SURVHV�PLJUDVL�GDUL�/,3,�0&�NH�,QD&&���2OHK�NDUHQD�

LWX�� GDODP� WXOLVDQ� LQL� PDVLK� PHQJJXQDNDQ� 1R� /,3,�

0&� 

$NWLYLWDV�NLWLQDVH 
$NWLYLWDV� NLWLQDVH� GDUL� MDPXU� GLXML�

PHQJJXQDNDQ� PHWRGH� /LQJDSSD� DQG� /RFNZRRG�

�������� 0HGLXP� \DQJ� PHQJDQGXQJ� NRORLG� NLWLQ�

GLJXQDNDQ�VHEDJDL�VXPEHU�NDUERQ�GDQ�QLWURJHQ��0H�

GLXP� NLWLQ� DJDU� GLWXDQJ� NH� GDODP� FDZDQ� SHWUL� EHU�

GLDPHWHU���FP�NHPXGLDQ�GLLQRNXODVL�GHQJDQ�PDVLQJ-

PDVLQJ�LVRODW� MDPXU�GDQ�GLLQNXEDVL�SDGD�VXKX�UXDQJ�

���� R&�� VHODPD� �� KDUL�� $NWLYLWDV� NLWLQDVH�

GLLQGLNDVLNDQ� GHQJDQ� DGDQ\D� ]RQD� EHQLQJ� GL� VHNLWDU�

PDVLQJ-PDVLQJ�NRORQL�MDPXU� 

$NWLYLWDV�OLSDVH 
0HWRGH� \DQJ� GLJXQDNDQ� XQWXN� GHWHUPLQDVL�

DNWLYLWDV� OLSDVH� DGDODK� PRGLILNDVL� PHWRGH� 3HWHUVRQ�

DQG�-RKQVRQ���������7ULJO\FHULGH�GLJXQDNDQ�VHEDJDL�

VXEWUDW�XQWXN�PHQJXML�DNWLYLWDV�OLSDVH�� �6HEDQ\DN����

�O� WULJO\FHULGH� GLWDPEDKNDQ� SDGD� ��PO�PHGLXP�GDQ�

GLNRFRN� GHQJDQ� YRUWH[� VHODPD� �� PHQLW� NHPXGLDQ�

GLWXDQJ� NH� GDODP� FDZDQ� 3HWUL� EHUGLDPHWHU� �� FP��

&DZDQ� 3HWUL� EHULVL� PHGLXP� GLLQRNXODVL� GHQJDQ�

PDVLQJ-PDVLQJ� LVRODW� MDPXU� GDQ� GLLQNXEDVL� SDGD�

VXKX� UXDQJ� ���R&�� VHODPD� �� KDUL�� $NWLYLWDV� OLSDVH�

GLWXQMXNNDQ� GHQJDQ� DGDQ\D� ]RQD� EHQLQJ� GL� VHNLWDU�

PDVLQJ-PDVLQJ�NRORQL�MDPXU� 

$NWLYLWDV�SURWHDVH 
6XVX� VNLP� GLJXQDNDQ� VHEDJDL� VXEWUDW� XQWXN�

PHQJXML� DNWLYLWDV� SURWHDVH� GHQJDQ� PHQJJXQDNDQ�

PHWRGH� 8ULD� HW� DO�� ������ XQSXEOLKHG��� 0HGLXP�

SURWHDVH� GLWXDQJNDQ� NH� GDODP� FDZDQ� SHWUL�

EHUGLDPHWHU� �� FP� NHPXGLDQ� GLLQRNXODVL� GHQJDQ�

PDVLQJ-PDVLQJ� LVRODW� MDPXU�GDQ�GLLQNXEDVLNDQ�SDGD�

VXKX� UXDQJ� ���R&��VHODPD���KDUL��$NWLYLWDV�SURWHDVH�

GLWXQMXNNDQ� GHQJDQ� DGDQ\D� ]RQD� EHQLQJ� GL� VHNLWDU�

PDVLQJ-PDVLQJ�NRORQL�MDPXU� 

 

+$6,/� 
,VRODVL�GDQ�LGHQWLILNDVL�MDPXU 

'LYHUVLWDV� MDPXU� \DQJ� WHULVRODVL� GHQJDQ�

PHWRGH�XPSDQ�XODW�GDUL�WDQDK�UL]RVIHU�WDQDPDQ�$UH�

FDFHDH�GDQ�JDPEXW�GLSHUOLKDWNDQ�GDODP�7DEHO���GDQ�

*DPEDU����%HUKDVLO�GLLVRODVL����GDQ���VSHVLHV�MDPXU�

PDVLQJ-PDVLQJ� GDUL� WDQDK� UL]RVIHU� WDQDPDQ� $UH�

FDFHDH� �(XJHLVVRQD� XWLOLV�� 3DFWULV� PDMRU� GDQ�

3LQDQJD� FRURQDWD��� GDQ� JDPEXW�� 7DQDK� UL]RVIHU�

WDQDPDQ� JDPEXW� \DQJ� GLJXQDNDQ� XQWXN� PHQHPSDW�

NDQ� XODW� PHQJKDVLONDQ� �� VSHVLHV� MDPXU�� VHGDQJNDQ�

WDQDK� UL]RVIHU� 3��� FRURQDWD�� (�� XWLOLV� GDQ� 3�� PDMRU�

PHQJKDVLONDQ�MXPODK�MDPXU�PDVLQJ-PDVLQJ������GDQ�

�� VSHVLHV�� 7XMXK� EHODV� VSHVLHV� MDPXU� \DQJ� GLLVRODVL�

GDUL� WDQDK� UL]RVIHU� WDQDPDQ� $UHFDFHDH� GLNHWDKXL�

VHPXDQ\D� WHUPDVXN� GDODP� 'HXWHURP\FRWLQD�� VH�

GDQJNDQ�����VSHVLHV��MDPXU��\DQJ��GLLVRODVL��GDUL�WDQDK�

UL]RVIHU� WDQDPDQ� JDPEXW� WHUPDVXN� GDODP� 'HXWHUR�

P\FRWLQD�GDQ�=\JRP\FRWLQD�� 

7DEHO���GDQ�*DPEDU���PHQ\DMLNDQ� GLYHUVLWDV�

MDPXU�\DQJ�WHULVRODVL�GHQJDQ�PHWRGH�XPSDQ�XODW�GDQ�



���� 

%HULWD�%LRORJL�������-�$JXVWXV����� 

 

UD\DS� GDUL� WDQDK� UL]RVIHU� WDQDPDQ� $UHFDFHDH� GDQ�

VHPDN�EHOXNDU��'HQJDQ�UL]RVIHU� WDQDPDQ�\DQJ�VDPD�

�&\UWRVWDFK\V�PLFURFDUSD��3W\FKRVSHUPD�PDFDUWKX�

ULL� GDQ� VHPDN�EHOXNDU��� XPSDQ� UD\DS�PHQJKDVLONDQ�

OHELK� EDQ\DN� MDPXU� \DQJ� WHULVRODVL� ��� VSHVLHV�� GD�

ULSDGD�XPSDQ�XODW� ���VSHVLHV���-DPXU�\DQJ� WHULVRODVL�

GHQJDQ�XPSDQ�XODW�WHUPDVXN�GDODP�'HXWHURP\FRWLQD�

GDQ�=\JRP\FRWLQD�� VHGDQJNDQ� MDPXU�\DQJ� WHULVRODVL�

GHQJDQ�XPSDQ�UD\DS�WHUPDVXN�GDODP�$VFRP\FRWLQD��

'HXWHURP\FRWLQD�GDQ�=\JRP\FRWLQD�� 

'HWHNVL�HQ]LP 

7DEHO� �� GDQ� *DPEDU� �� PHQXQMXNNDQ� EDKZD�

GDUL���� LVRODW� MDPXU�\DQJ� WHULVRODVL�GDUL�XPSDQ�XODW��

VHPXDQ\D�WLGDN�PHQJKDVLONDQ�DNWLYLWDV�NLWLQDVH��WHWD�

SL�EHEHUDSD� LVRODW�PHQJKDVLONDQ�DNWLYLWDV� OLSDVH�GDQ�

SURWHDVH�� 7XMXK� EHODV� LVRODW� ������� ���� �� LVRODW�

����������GDQ���LVRODW�����������GDUL����LVRODW�MDPXU�

PDVLQJ-PDVLQJ� PHQJKDVLONDQ� DNWLYLWDV� OLSDVH� GDQ�

SURWHDVH��OLSDVH�VHUWD�SURWHDVH��/LPD�LVRODW�����������

GDUL����LVRODW�MDPXU��\DLWX�&��HOHJDQV��������*��YLUHQV�

�������3�� OLODFLQXV� �������6\QFHSKDODVWUXP� VS�� ������

GDQ� 7�� KDU]LDQXP� ������ VHODLQ� WLGDN� PHQJKDVLONDQ�

DNWLYLWDV� NLWLQDVH� MXJD� GLNHWDKXL� WLGDN�PHQJKDVLONDQ�

DNWLYLWDV��OLSDVH�PDXSXQ�SURWHDVH��� 

7DEHO� �� GDQ� *DPEDU� �� PHQXQMXNNDQ� SXOD�

EDKZD�GDUL���LVRODW�MDPXU�\DQJ�WHULVRODVL�GDUL�XPSDQ�

UD\DS�� VHPXDQ\D� WLGDN� PHQJKDVLONDQ� DNWLYLWDV� NLWL�

QDVH�� WHWDSL� EHEHUDSD� LVRODW� PHQJKDVLONDQ� DNWLYLWDV�

OLSDVH�GDQ�SURWHDVH��(QDP� LVRODW� ������������� LVRODW�

����������GDQ���LVRODW�����������GDUL���LVRODW�MDPXU�

PDVLQJ-PDVLQJ� PHQJKDVLONDQ� DNWLYLWDV� OLSDVH� GDQ�

SURWHDVH��OLSDVH�VHUWD�SURWHDVH��+DQ\D���LVRODW��������

���GDUL���LVRODW� MDPXU��\DLWX�3HQLFLOOLXP� VS����������

VHODLQ� WLGDN� PHQJKDVLONDQ� DNWLYLWDV� NLWLQDVH� MXJD�

1R -DPXU��)XQJL� (��XWLOLV 3��PDMRU 3��FRURQDWD *DPEXW�
�3HDW� 

'HXWHURP\FRWLQD 

�� $FUHPRQLXP�VS������������ � - - � 

�� $VSHUJLOOXV�FKHYDOLHUL��/��0DQJLQ��7KRP�
	�&KXUFK������ 

- - - � 

�� $VSHUJLOOXV�VS����������������� � - � � 

�� %HDXYHULD�EDVVLDQD��%DOV�-&ULY���9XLOO��
����� 

- - � - 

�� )XVDULXP� R[\VSRUXP� 6FKOHFKW�� ������
�������������� 

� � � � 

�� )��VRODQL��0DUW���6DFF������� - - � - 

�� )XVDULXP�VS��������� - - � - 

�� )XVDULXP�VS��������� - � - - 

�� *OLRFODGLXP��7ULFKRGHUPD��YLUHQV�
0LOOHU��*LGGHQV�DQG�)RVWHU����������� 

- - � � 

��� 0HWDUKL]LXP�DQLVRSOLDH��0HWFKQLNRII��
6RURNLQ������� 

- - � - 

��� 3DHFLORP\FHV� OLODFLQXV� �7KRP�� 6DPVRQ�
��������������� 

� - � � 

��� 3HQLFLOOLXP�VS�������������� � - - � 

��� 7ULFKRGHUPD�KDU]LDQXP�5LIDL������������
���� 

- � � � 

=\JRP\FRWLQD 

��� 6\QFHSKDODVWUXP�VS������� - - - � 

  7RWDO � � � � 

&DWDWDQ���� �DGD��-� �WLGDN�DGD��1RWH���� �SUHVHQW��-� �DEVHQW�� 

7DEHO����'LYHUVLWDV�MDPXU �\DQJ�WHU LVRODVL�GDU L�XPSDQ�XODW��'LYHUVLW\�RI�IXQJL�LVRODWHG��IURP�ODUYD�EDLW�� 



���� 
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GLNHWDKXL� WLGDN� PHQJKDVLONDQ� DNWLYLWDV� OLSDVH� PDX�

SXQ�SURWHDVH�� 

 

3(0%$+$6$1 

-DPXU�HQWRPRSDWRJHQ�GDSDW�GLLVRODVL�GDUL�XODW�

GDQ� UD\DS�PDWL� VHWHODK�GLWHPSDWNDQ�SDGD� VHPDN�EH�

OXNDU�GDQ�EHUEDJDL�WDQDK�UL]RVIHU�WDQDPDQ�$UHFDFHDH�

NROHNVL�.HEXQ�5D\D�%RJRU��GDQ� WDQDK�UL]RVIHU� WDQD�

PDQ�JDPEXW�7DPDQ�1DVLRQDO�6HEDQJDX��.DOLPDQWDQ�

7HQJDK��7DEHO���GDQ�����7DQDK�UL]RVIHU�WDQDPDQ�PH�

PDLQNDQ� SHUDQDQ� SHQWLQJ� VHEDJDL� WHPSDW� SHQ\LP�

SDQDQ�DWDX�SHQ\HGLDDQ�MDPXU�HQWRPRSDWRJHQ�� 

7LJD� SXOXK� GHODSDQ� LVRODW� MDPXU� \DQJ� GL�

SHUROHK�GDUL�SHQHOLWLDQ� LQL�GLGRPLQDVL�ROHK�'HXWHUR�

P\FRWLQD� ���������� GLLNXWL� =\JRP\FRWLQD� ��������

GDQ� $VFRP\FRWLQD� ��������� .DUDNWHU� PRUIRORJL�

MDPXU�GDUL�'HXWHURP\FRWLQD�PHPLOLNL�VHMXPODK�EHVDU�

NRQLGLD�\DQJ�EHUXNXUDQ�NHFLO�VHKLQJJD�NRQLGLD�GDSDW�

PHQ\HEDU� GDODP� MDUDN� \DQJ� MDXK� XQWXN� PHQLQJNDW�

NDQ� SRSXODVLQ\D� �6ZHU� HW� DO��� ������� 3HQHOLWLDQ� LQL�

PHQXQMXNNDQ�SXOD�EDKZD�GHQJDQ�PHWRGD�XPSDQ�XODW�

GDQ�UD\DS��)XVDULXP��PHUXSDNDQ�PDUJD�MDPXU�\DQJ�

EDQ\DN� GLWHPXNDQ�� \DLWX� �� VSHVLHV� GLLNXWL� ROHK�

$VSHJLOOXV� DQG� 3HQLFLOOLXP�� PDVLQJ-PDVLQJ� GHQJDQ��

��VSHFLHV��0DUJD��)XVDULXP�GDQ�3HQLFLOOLXP�GLLVRODVL�

GDUL�VHWLDS�SHUFREDDQ��7DEHO���GDQ����VHKLQJJD�GDSDW�

GLODSRUNDQ� EDKZD� NH� GXDQ\D� DGDODK� MDPXU� \DQJ�

XPXP�SDGD�XODW�GDQ�UD\DS�� 

+DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� GHQJDQ�

XPSDQ� \DQJ� VDPD� �XODW��� GLYHUVLWDV� MDPXU� \DQJ�

WHULVRODVL�GDUL�PDVLQJ-PDVLQJ�WDQDPDQ�$UHFDFHDH��(��

XWLOLV�� 3�� PDMRU� GDQ� 3�� FRURQDWD�� \DQJ� WXPEXK� GL�

.HEXQ�5D\D�%RJRU�GDQ�JDPEXW��PHQXQMXNNDQ�SHUEH�

GDDQ� �7DEHO� ����'HPLNLDQ�SXOD�GHQJDQ� XPSDQ� \DQJ�

EHUEHGD� �UD\DS� GDQ� XODW��� GLYHUVLWDV� MDPXU� \DQJ�

WHULVRODVL�GDUL�PDVLQJ-PDVLQJ�WDQDPDQ�$UHFDFHDH��&��

PLFURFDUSD� GDQ�3��PDFDUWKXULL�� GDQ� VHPDN�EHOXNDU�

\DQJ�PDVLQJ-PDVLQJ�WXPEXK�GL� �.HEXQ�5D\D�%RJRU��

PHQXQMXNNDQ�SHUEHGDDQ��7DEHO�����.RPSRVLVL�SRSX�

ODVL�GDQ�DNWLYLWDV�PLNURED� WDQDK�EDQ\DN�GLSHQJDUXKL�

ROHK� VLIDW-VLIDW� ILVLND� GDQ� NLPLD� WDQDK�� LNOLP� VHUWD�

YHJHWDVL��-KD�HW�DO���������GDQ�DNWLYLWDV�PDQXVLD��6XQ�

HW� DO��� ����D���'DODP�KDO� LQL� YHJHWDVL� GDQ� DNWLYLWDV�

PDQXVLD�GDSDW�PHPSHQJDUXKL�GLYHUVLWDV� MDPXU�HQWR�

1R -DPXU��)XQJL� 

&��PLFURFDUSD 3��PDFDUWKXULL 6HPDN�EHOXNDU�
�6KUXE� 

8ODW� 
/DUYD 

5D\DS� 
7HUPLWHV 

8ODW� 
/DUYD 

5D\DS� 
7HUPLWHV 

8ODW� 
/DUYD 

5D\DS� 
7HUPLWHV 

$VFRP\FRWLQD 

�� %\VVRFKODP\V�VS���$QDPRUI��
3DHFLORP\FHV������� 

- - - � - - 

'HXWHURP\FRWLQD 

�� $FUHPRQLXP�VS�������� - � - - - - 

�� )XVDULXP� R[\VSRUXP�
6FKOHFKW������� 

- - - � - - 

�� )XVDULXP�VS��������� - - - - - � 

�� )XVDULXP�VS��������� - - - - � - 

�� 3HQLFLOOLXP�VS�������������� - - - � - � 

�� 7ULFKRGHUPD� KDU]LDQXP�
5LIDL������������������ 

� � - - - � 

=\JRP\FRWLQD 

�� &XQQLQJKDPHOOD� HOHJDQV�
/HQGQHU����������� 

- - � - - � 

  7RWDO � � � � � � 

7DEHO����'LYHUVLWDV�MDPXU �\DQJ�WHU LVRODVL�GDU L�XPSDQ�XODW�GDQ�UD\DS��'LYHUVLW\�RI� IXQJL�LVRODWHG�IURP�ODUYD�
DQG�WHUPLWHV�EDLW�� 

&DWDWDQ���� �DGD��-� �WLGDN�DGD��1RWH���� �SUHVHQW��-� �DEVHQW�� 
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*DPEDU� ��� -DPXU �HQWRPRSDWRJHQ��(QWRPRSDWKRJHQLF�IXQJL�������[��D���$FUHPRQLXP �VS���E��$VSHUJLOOXV�
FKHYDOLHUL��F��$VSHUJLOOXV� VS���G��%HDXYHULD�EDVVLDQD��H��%\VVRFKODP\V�VS��� I��&XQQLQJKDPHOOD�HOH�
JDQV��J��)XVDULXP�R[\VSRUXP��K��)XVDULXP�VRODQL��L��)XVDULXP�VS�����M��)XVDULXP�VS�����N��)XVDULXP�
VS����� O��*OLRFODGLXP�YLUHQV��P��0HWDUKL]LXP�DQLVRSOLDH��Q��3DHFLORP\FHV� OLODFLQXV��R��3HQLFLOOLXP�
VS�����S��3HQLFLOOLXP�VS�����T��6\QFHSKDODVWUXP�VS���GDQ��U��7ULFKRGHUPD�KDU]LDQXP�� 

D E F 

G H I 

J K L M 

N O P Q 

R S T U 
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PRSDWRJHQ��*DPEXW�GDQ�VHPDN�EHOXNDU�GHQJDQ�YHJ�

HWDVL� FDPSXUDQ� GDQ� UHODWLI� WLGDN� WHUJDQJJX� ROHK�

PDQXVLD�PHPLOLNL� GLYHUVLWDV� � MDPXU� � WLQJJL�PDVLQJ-

PDVLQJ� �� GDQ� �� VSHVLHV�� 'HPLNLDQ� SXOD� GL� DQWDUD�

WDQDPDQ�$UHFDFHDH�\DQJ� WXPEXK�VHFDUD�PRQRNXOWXU�

GDQ�DJDN�WHUJDQJJX��3��FRURQDWD�MXJD�PHPLOLNL�GLYHU�

VLWDV�MDPXU�WLQJJL����VSHVLHV���0HVNLSXQ�JDPEXW�GDQ�

3��FRURQDWD�PHPLOLNL�GLYHUVLWDV�MDPXU�\DQJ�VDPD����

VSHVLHV��� WDQDK� JDPEXW� PHPLOLNL� MDPXU� \DQJ� OHELK�

EHUYDULDVL� �'HXWHURP\FRWLQD� GDQ� =\JRP\FRWLQD���

VHGDQJNDQ� 3�� FRURQDWD� KDQ\D� PHPLOLNL� MDPXU� \DQJ�

WHUPDVXN�GDODP�'HXWHURP\FRWLQD� 

8PSDQ� \DQJ� EHUEHGD� �XODW� GDQ� UD\DS�� SDGD�

PDVLQJ-PDVLQJ� WDQDPDQ� $UHFDFHDH� �&�� PLFURFDUSD�

1R -DPXU��)XQJL� 

$NWLYLWDV�HQ]LP 

�(Q]\PH�DFWLYLW\� 
.LWLQDVH�

�&KLWLQDVH� 
/LSDVH 3URWHDVH 

8PSDQ�XODW��%DLW\QJ�E\�ODUYD�  

�� $FUHPRQLXP�VS������� 
�������������������������������� 

± 

± 

� 

� 

� 

� 

�� $VSHUJLOOXV�FKHYDOLHUL������� ± � � 

�� $VSHUJLOOXV�VS������� 
������������������������������ 
������������������������������ 

± 

± 

± 

� 

� 

� 

� 

� 

± 

�� %HDXYHULD�EDVVLDQD��%DOV�-&ULY���9XLOO������� ± ± � 

�� &XQQLQJKDPHOOD�HOHJDQV������ 
  

± ± ± 

�� )XVDULXP�R[\VSRUXP�6FKOHFKW������� 
�������������������������������������������������������� 
�������������������������������������������������������� 
�������������������������������������������������������� 

± 

± 

± 

± 

± 

� 

� 

� 

� 

� 

� 

� 

�� )��VRODQL��0DUW���6DFF������� ± � � 

�� )XVDULXP�VS��������� ± � ± 

�� )XVDULXP�VS��������� ± � � 

��� )XVDULXP�VS��������� ± � � 

��� *OLRFODGLXP�YLUHQV�0LOOHU��*LGGHQV�DQG�)RVWHU 
��������������������������������� 
��������������������������������� 

  

± 

± 

  

± 

� 

  

± 

± 

��� 0HWDUKL]LXP�DQLVRSOLDH��0HWFKQLNRII���6RURNLQ�������   

± 

  

� 

  

� 

��� 3DHFLORP\FHV�OLODFLQXV��7KRP��6DPVRQ 

��������������������������������� 
��������������������������������� 
��������������������������������� 

  

± 

± 

± 

  

± 

� 

± 

  

� 

� 

± 

��� 3HQLFLOOLXP�VS�������� 
�������������������������������� 

± 

± 

� 

� 

� 

� 

��� 6\QFHSDODVWUXP�VS������� ± ± ± 

��� 7ULFKRGHUPD�KDU]LDQXP�5LIDL������ 
������������������������������������������������������ 
������������������������������������������������������ 
������������������������������������������������������ 

± 

± 

± 

± 

� 

± 

� 

± 

� 

� 

� 

± 

8PSDQ�UD\DS��%DLW\QJ�E\�WHUPLWHV� 

� $FUHPRQLXP�VS�������� ± � � 

� %\VVRFKODP\V�VS������� ± � � 

� &��HOHJDQV�/HQGQHU������� ± � ± 

� )XVDULXP�R[\VSRUXP��6FKOHFKW������� ± � � 

� )XVDULXP�VS��������� ± � � 

� 3HQLFLOOLXP�VS��������� 
��������������������������������� 

± 

± 

± 

± 

± 

� 

� 7ULFKRGHUPD�KDU]LDQXP�5LIDL������� 
������������������������������������������������������ 

± 

± 

� 

� 

� 

� 

&DWDWDQ���� �DGD��-� �WLGDN�DGD��1RWH���� �SUHVHQW��-� �DEVHQW�� 

7DEHO� ���$NWLYLWDV� HQ]LP� HNVWUDVHOXOHU � MDPXU � \DQJ� WHU LVRODVL� GDU L� XPSDQ� XODW� GDQ� UD\DS� �([WUDFHOOXODU�
HQ]\PH�DFWLYLW\�RI�IXQJL�LVRODWHG�IURP�ODUYD�DQG�WHUPLWHV�EDLWV�� 
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GDQ�3��PDFDUWKXULL�� VHUWD� VHPDN�EHOXNDU�\DQJ�PDV�

LQJ-PDVLQJ� WXPEXK� GL�.HEXQ�5D\D�%RJRU�PHPLOLNL�

GLYHUVLWDV� MDPXU� \DQJ� EHUEHGD� �7DEHO� ���� 8PSDQ�

UD\DS� PHPLOLNL� GLYHUVLWDV� MDPXU� ��� VSHVLHV�� OHELK�

EHVDU�GDULSDGD�XPSDQ�XODW� ���VSHVLHV���+DO� LQL�GDSDW�

WHUMDGL� PXQJNLQ� VHODLQ� UD\DS� OHELK� OLQFDK� EHUJHUDN�

GDULSDGD�XODW� VHKLQJJD�PHPXQJNLQNDQ� OHELK�EDQ\DN�

NRQWDN�GHQJDQ� WDQDK� UL]RVIHU� \DQJ�GLXML�� UD\DS� MXJD�

WHUJRORQJ� GHWULWLYRUH� DWDX� SHPDNDQ� EDKDQ� WDQDPDQ�

PDWL�GDQ�NRWRUDQ�ELQDWDQJ��)UH\PDQQ�HW�DO���������GH�

6RX]D��DQG��%URZQ���������'L�ODLQ�SLKDN��XODW�EXNDQ�

WHUJRORQJ�GHWULWLYRUH�� WHWDSL�SHPDNDQ�WDQDPDQ�KLGXS�

VHKLQJJD�WLGDN�GDSDW�PHPDNDQ�WDQDK�UL]RVIHU��)HUURQ�

�������PHQJLQIRUPDVLNDQ�EDKZD�DGD�HPSDW� WDKDSDQ�

PHNDQLVPH�SHQ\DNLW�SDGD�VHUDQJJD�\DQJ�GLVHEDENDQ�

ROHK� MDPXU�� \DLWX� ���� LQRNXODVL� DWDX� NRQWDN� DQWDUD�

SURSDJXO� MDPXU� GHQJDQ� WXEXK� VHUDQJJD�� ���� SURVHV�

SHQHPSHODQ� GDQ� SHUNHFDPEDKDQ� SURSDJXO� MDPXU�

SDGD� LQWHJXPHQ� VHUDQJJD�� ���� SHQHWUDVL� GDQ� LQYDVL��

VHUWD� ���� GHVWUXNVL� SDGD� WLWLN� SHQHWUDVL� GDQ� WHU�

EHQWXNQ\D�NRQLGLD�\DQJ�NHPXGLDQ�EHUHGDU�NH�GDODP�

KHPROLPID�GDQ�PHPEHQWXN�KLID�VHNXQGHU�XQWXN�PH�

Q\HUDQJ�MDULQJDQ�ODLQQ\D�� 

-DPXU� HQWRPRSDWRJHQ� \DQJ� WHULVRODVL� GDODP�

SHQHOLWLDQ� LQL� DGDODK� $FUHPRQLXP�� $VSHUJLOOXV�

FKHYDOLHUL��$VSHUJLOOXV�VS���%HDXYHULD�EDVVLDQD��%\V�

VRFKODP\V� VS�� �DQDPRUI�� 3DHFLORP\FHV��� &XQQLQJ�

KDPHOOD� HOHJDQV�� )XVDULXP� R[\VSRUXP�� )�� VRODQL��

)XVDULXP� VSS��� *OLRFODGLXP� �7ULFKRGHUPD�� YLUHQV��

0HWDUKL]LXP� DQLVRSOLDH�� 3DHFLORP\FHV� OLODFLQXV��

3HQLFLOOLXP� VSS��� 6\QFHSDODVWUXP� GDQ� 7ULFKRGHUPD�

KDU]LDQXP�� %HEHUDSD� SHQHOLWLDQ� EHULNXW� \DQJ� PHQ�

GXNXQJ� KDVLO� SHQHOLWLDQ� MDPXU� HQWRPRSDWRJHQ� \DQJ�

WHULVRODVL�GDODP�SHQHOLWLDQ� LQL�PHODSRUNDQ�EDKZD�%��

EDVVLDQD� GDQ�0�� DQLVRSOLDH� DGDODK� MDPXU� SDWRJHQ�

SDGD� &DOORVREUXFKXV� PDFXODWHV� �&ROHRSWHUD��

%UXFKLGDH���&KHUU\�HW�DO����������&DSQRGLV�WHQHEULR�

QLV� �&ROHRSWHUD�� %XSUHVWLGDH�� �0DUDQQLQR� HW� DO���

�������7ULDWRPD� LQIHVWDQV� �+HPLSWHUD��5HGXYLLGDH���

EHDQ-ZHHYLO�� $FDQWKRVFHOLGHV� REWHFWXV� �&ROHRSWHUD��

%UXFKLGDH�� �3HGULQL� HW� DO��� ������� 2U\FWHV� HOHJDQV�

�&ROHRSWHUD��6FDUDEHLLGDH�� �/DWLILDQ� DQG�5DG�� ������

GDQ� FDSODN� 5KLSLFHSKDOXV� �%RRSKLOXV�� PLFURSOXV�

�5HQ�HW�DO����������6DPHN�HW�DO���������PHQJLQIRUPD�

VLNDQ� EDKZD� $FUHPRQLXP� VWULFWXP� GLLVRODVL� GDUL�

SXSD�&DPHUDULD�RKULGHOOD�'HVFKND� HW�'LPLF��3DHFL�

ORP\FHV� OLODFLQXV�GLODSRUNDQ� VHEDJDL� MDPXU� SDWRJHQ�
SDGD� YHNWRU� SHQ\DNLW� FKDJDV�� 7ULDWRPD� LQIHVWDQV�

�+HPLSWHUD�� 5HGXYLLGDH�� �*HUUDUGR� HW� DO��� �������

JODVVKRXVH�ZKLWHIO\��*:)���7ULDOHXURGHV�YDSRUDULR�

*DPEDU� ���$NWLYLWDV� OLSDVH�GDU L�$VSHUJLOOXV�VS��������3HQLFLOOLXP � VS���������GDQ�$FUHPRQLXP � VS�� �������
VHUWD�DNWLYLWDV�SURWHDVH�GDUL�$FUHPRQLXP� � VS�� �������)XVDULXP� VRODQL� ������GDQ�3DHFLORP\FHV� OL�
ODFLQXV�������>/LSDVH�DFWLYLW\�RI�$VSHUJLOOXV�VS��������3HQLFLOOLXP�VS����������DQG�$FUHPRQLXP�VS��
�������DQG�SURWHDVH�DFWLYLW\�RI�$FUHPRQLXP��VS�� �������)XVDULXP�VRODQL� ������DQG�3DHFLORP\FHV�
OLODFLQXV������@� 



���� 
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UXP� �*RNFH� DQG� (U�� ������� QHPDWRGD�0HORLGRJ\QH�

MDYDQLFD� �(VIDKDQL� DQG� 3RXU�� ������� QHPDWRGD�

0HORLGRJ\QH� KDSOD� �.LHZQLFN� DQG� 6LNRUD�� �������

JUHHQKRXVH� ZKLWH� IO\� �7ULDOHXURGHV� YDSRUDULRUXP���

JODVVKRXVH� UHG� VSLGHU� PLWH� �7HWUDQ\FKXV� XUWLFDH���

NXWX�NDSDV�$SKLV�JRVV\SLL�GDQ�ZHVWHUQ�IORZHU�WKULSV�

�)UDQNOLQLHOOD�RFFLGHQWDOLV���)LHGOHU�DQG�6RVQRZVND��

������� =DUULQ� HW� DO�� �������PHQJLQIRUPDVLNDQ� EDK�

ZD �$VSHUJLOOXV��3HQLFLOOLXP��GDQ�)XVDULXP�GLLVRODVL�

GDUL�ODODW�UXPDK��0XVFD�GRPHVWLFD���)XVDULXP�VRODQL�
GLODSRUNDQ�VHEDJDL�MDPXU�HQWRPRSDWRJHQ�SDGD�VXJDU�

EHHW�URRW�PDJJRW��7HWDQRSV�P\RSDHIRUPLV�5|GHU��GL�

'DNRWD� 8WDUD� �0DMXPGDU� HW� DO��� ������ GDQ� GDSDW�

PHQJLQYDVL�WHOXU�VHUDQJJD�3DQVWURQJ\OXV�JHQLFXODWXV�

GDODP� YLYDUXP� �+DUWXQJ� DQG� /XJR�� ������� VH�

GDQJNDQ�)��R[\VSRUXP� GLODSRUNDQ� YLUXOHQ�SDGD�&X�

OH[�SLSLHQV�GL�ODERUDWRULXP��6FKROWH�HW�DO���������GDQ�

GLLVRODVL�EHUNDOL-NDOL�GDUL�2FKOHURWDWXV�GHWULWXV�+DOL�

GD\� �+DVDQ� DQG� 9DJR�� ������� 6XQ� HW� DO�� �����E��

PHODSRUNDQ� EDKZD� 6\QFHSKDODVWUXP� UDFHPRVXP�

PHPSXQ\DL�DNWLYLWDV�QHPDWLVLGD� WHUKDGDS�%XUVDSKH�

OHQFKXV� [\ORSKLOXV�� VHGDQJNDQ� ILOWUDW� 7�� KDU]LDQXP�

GDSDW� PHQXUXQNDQ� SRSXODVL� QHPDWRGD�0HORLGRJ\QH�

MDYDQLFD� SDGD� WDQDPDQ� RNUD� GDQ� PXQJEHDQ�

�6LGGLTXL� HW� DO��� ������ VHUWD� PHPSXQ\DL� DNWLYLWDV�

ODUYLFLGDO� DQG� SXSLFLGDO� GDUL� $HGHV� DHJ\SWL� /��

�6XQGDUDYDGLYHODQ� DQG� 3DGPDQDEKDQ�� ������� )LOWUDW�

&XQQLQJKDPHOOD� HOHJDQV� GDSDW� PHQXUXQNDQ� SXUX�

�JDOO��DNDU�WDQDPDQ�WRPDW�\DQJ�WHUVHUDQJ�QHPDWRGD�

0HORLGRJ\QH� MDYDQLFD� �*DOSHU� HW� DO��� ������� VH�

GDQJNDQ�*OLRFODGLXP�URVHXP�PHQJKDVLONDQ�PHWDER�

OLW�\DQJ�PHPSXQ\DL�DNWLYLWDV�DQWLQHPDWRGD� WHUKDGDS�

&DHQRUKDEGLWLV� HOHJDQV� GDQ� 3DQDJUHOOXV� UHGLYLYXV�

�'RQJ�HW�DO��������� 

%DQ\DNQ\D� MDPXU� \DQJ� WHUGHWHNVL�

PHQJKDVLONDQ�DNWLYLWDV�OLSDVH�GDQ�SURWHDVH�����������

DWDX� OLSDVH� ���������� DWDX� SURWHDVH� ���������� VDMD�

WHQWXQ\D� VDQJDW� PHQJXQWXQJNDQ� NDUHQD� VHODLQ� KLID�

MDPXU�\DQJ�PHPSHQHWUDVL�GDSDW�PHPLVDKNDQ� ODPHO�

ODH� VHFDUD� ILVLN�� HQ]LP� OLSDVH� GDQ� SURWHDVH� MDPXU�

MXJD� GDSDW� PHQGHJUDGDVL� NRPSRQHQ� XWDPD� NXWLNXOD�

VHUDQJJD� �6DQGKX� HW� DO��� ������� 3HQHOLWL� \DQJ� VDPD�

PHODSRUNDQ� EDKZD� VHODLQ� OLSDVH� GDQ� SURWHDVH�� NLWL�

QDVH�GDQ�HVWHUDVH�MXJD�WHUOLEDW�PHQGHJUDGDVL�NXWLNXOD�

VHUDQJJD�� (Q]LP-HQ]LP� WHUVHEXW� � EHUIXQJVL� VHODPD�

SURVHV� SDWRJHQLWDV� MDPXU�� -DPXU-MDPXU� \DQJ�

PHQJKDVLONDQ� DNWLYLWDV� OLSDVH� GDQ� SURWHDVH� DGDODK�

$FUHPRQLXP� ������ ���� GDQ� ������� $�� FKHYDOLHUL�

�������$VSHUJLOOXV� ����� GDQ������� %\VVRFKODP\V� VS��

������� )�� R[\VSRUXP� ������ ����� ���� GDQ� ������ )��

VRODQL��������)XVDULXP�VS���������GDQ�������)XVDUL�

XP� VS��� ������� 0�� DQLVRSOLDH� �������� 3�� OLODFLQXV�

�������3HQLFLOOLXP�VS���������GDQ������GDQ�7��KDU]L�

DQXP����������������GDQ���������-DPXU-MDPXU�WHUVH�

EXW� VHODQMXWQ\D� GDSDW� GLMDGLNDQ� VHEDJDL� NDQGLGDW�

XQWXN�DJHQ�SHQJHQGDOLDQ�VHUDQJJD�GDQ�XQWXN�XML�ELR�

DVDL�SHQHOLWLDQ�PHQGDWDQJ��� 

%HEHUDSD�SHQHOLWLDQ�EHULNXW�\DQJ�PHQGXNXQJ�

KDVLO� SHQHOLWLDQ� MDPXU� HQWRPRSDWRJHQ� \DQJ� GDSDW�

PHQJKDVLONDQ� HQ]LP� PHODSRUNDQ� EDKZD� $FUHPRQL�

XP� DOFDORSKLOXP� PHQJKDVLONDQ� DNWLYLWDV� OLSDVH�

�3HUHLUD� HW� DO��� ������ GDQ� $FUHPRQLXP� VS��

PHQJKDVLONDQ� DNWLYLWDV� SURWHDVH� �/LX� HW� DO��� �������

)XVDULXP�� R[\VSRUXP� DQG� �)�� VRODQL� PHQJKDVLONDQ�

DNWLYLWDV� OLSDVH� GDQ� SURWHDVH� �$ERXO-1DVU� HW� DO���

������� -DPXU� HQWRPRSDWRJHQ� %�� EDVVLDQD�

PHQJKDVLONDQ� DNWLYLWDV� SURWHDVH� �)HQJ�� ������� VH�

GDQJNDQ� &�� HOHJDQV� PHQJKDVLONDQ� DNWLYLWDV� IRVIROL�

SDVH��GH�9DVFRQFHORV�HW�DO����������0HWDUKL]LXP�DQ�

LVRSOLDH�PHQJKDVLONDQ� DNWLYLWDV� OLSDVH� GDQ� SURWHDVH�

�1DKDU�HW�DO����������VHUWD�3�� OLODFLQXV�PHQJKDVLONDQ�

DNWLYLWDV� SURWHDVH� �3DUN� HW� DO��� ������� � 3HQLFLOOLXP�

UHVWULFWXP� PHQJKDVLONDQ� DNWLYLWDV� OLSDVH� GDQ� SURWH�

DVH� �)UHLUH� HW� DO��� ������� 7�� KDU]LDQXP� GDQ� 7��

�*OLRFODGLXP�� YLUHQV� PHQVHNUHVLNDQ� OLSDVH� �%KDOH�

DQG�5DMNRQGD��������GDQ�SURWHDVH��0LVKUD��������� 

6HODLQ� ��� LVRODW� ����� ��� MDPXU� HQWRPRSDWR�

JHQ� \DQJ� WHULVRODVL� GHQJDQ� XPSDQ� XODW� GDQ� UD\DS�

\DQJ� GLWHPSDWNDQ� SDGD� UL]RVIHU� WDQDPDQ� WLGDN�

PHQJKDVLONDQ� DNWLYLWDV� NLWLQDVH�� �� LVRODW� ������� ���

MDPXU� MXJD�GLNHWDKXL� WLGDN�PHQJKDVLONDQ� OLSDVH�PD�

SXQ� SURWHDVH�� �� LVRODW� ������� ��� MDPXU� WLGDN�

PHQJKDVLONDQ� OLSDVH� GDQ� �� LVRODW� ������� ��� MDPXU�

WLGDN�PHQJKDVLONDQ�SURWHDVH��.HWLGDN�PDPSXDQ�LVR�

ODW� MDPXU�PHQJKDVLONDQ�DNWLYLWDV�NLWLQDVH�DWDX� OLSDVH�

DWDX� SURWHDVH� GDODP� SHQHOLWLDQ� LQL� PXQJNLQ� NDUHQD�

IDNWRU�ELRORJL�VHSHUWL�VLIDW�JHQHWLN�LVRODW�\DQJ�WHULVR�

ODVL� PHPDQJ� WLGDN� PHQJKDVLONDQ� DNWLYLWDV� NH� WLJD�

HQ]LP�WHUVHEXW�� 

6HODLQ� OLSDVH� GDQ� SURWHDVH�� VHFDUD� XPXP�

MDPXU�GLNHWDKXL�SXOD�PHQJKDVLONDQ�DNWLYLWDV�NLWLQDVH��

%HEHUDSD� SHQHOLWLDQ� EHULNXW� PHODSRUNDQ� EDKZD� DN�

WLYLWDV�NLWLQDVH�GLKDVLONDQ�ROHK�$FUHPRQLXP�LPSOLFD�

WXP� �6HQ� HW� DO��� ������� %�� EDVVLDQD� �)DQJ� HW� DO���
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������6DQLYDGD�DQG�&KDOOD���������)��R[\VSRUXP�)��

�*NDUJNDV� HW� DO��� �������*�� YLUHQV� �'L� 3LHWUR� HW� DO���

�������0��DQLVRSOLDH���5XVWLJXHO�HW�DO���������6DQLYD�

GD�DQG�&KDOOD���������3��OLODFLQXV��3DUN�HW�DO����������

3HQLFLOOLXP� FKU\VRJHQXP� �3DWLGDU� HW� DO��� ������ GDQ�

7��KDU]LDQXP�96/�����&XHUYR-3DUUD�HW�DO��������� 

 

.(6,038/$1� 
-DPXU� HQWRPRSDWRJHQ� GDSDW� GLLVRODVL� GDUL�

WDQDK� UL]RVIHU� WDQDPDQ� GHQJDQ� EDQWXDQ� XPSDQ� XODW�

GDQ� UD\DS�� 8PSDQ� UD\DS� GLUHNRPHQGDVLNDQ� XQWXN�

PHQJLVRODVL�MDPXU�HQWRPRSDWRJHQ 

.HFXDOL�SDGD�WDQDK�UL]RVIHU�3��FRURQDWD��JDP�

EXW� GDQ� VHPDN� EHOXNDU� GHQJDQ� YHJHWDVL� FDPSXUDQ�

GDQ�UHODWLI�WLGDN�WHUJDQJJX�PDQXVLD�PHPLOLNL�GLYHUVL�

WDV� MDPXU� OHELK� WLQJJL� GDULSDGD� WDQDPDQ� $UHFDFHDH�

ODLQQ\D� \DQJ� GLWDQDP� VHFDUD�PRQRNXOWXU� GDQ� UHODWLI�

WHUJDQJJX�PDQXVLD�� 

'XD� SXOXK� WLJD� LVRODW� MDPXU� �$FUHPRQLXP�

����� ���� GDQ� ������ $�� FKHYDOLHUL� ����� $VSHUJLOOXV�

���� GDQ� ����� %\VVRFKODP\V� VS�� �����)�� R[\VSRUXP�

��������������GDQ������)��VRODQL������)XVDULXP�VS����

����� GDQ� ������ )XVDULXP� VS��� �������0�� DQLVRSOLDH�

������ 3�� OLODFLQXV� ����� 3HQLFLOOLXP� VS�� �� ����� GDQ�

����� GDQ� 7�� KDU]LDQXP� ����� ����� ���� VHUWD� ������

PHQJKDVLONDQ� DNWLYLWDV� OLSDVH�GDQ�SURWHDVH� VHKLQJJD�

MDPXU-MDPXU� WHUVHEXW�GDSDW�GLMDGLNDQ� VHEDJDL�NDQGL�

GDW�XQWXN�DJHQ�SHQJHQGDOLDQ�VHUDQJJD�GDQ�XQWXN�XML�

ELRDVDL�SDGD�SHQHOLWLDQ�PHQGDWDQJ� 

 

'$)7$5�3867$.$� 
$ERXO-1DVU��0%��$1$�=RKUL�DQG�(0�$PHU��������(Q]\PDWLF�

DQG� WR[LJHQLF�DELOLW\�RI� � RSSRUWXQLVWLF� IXQJL�FRQWDPLQDW�
LQJ� LQWHQVLYH� FDUH� XQLWV� DQG� RSHUDWLRQ� URRPV� DW� $VVLXW�
8QLYHUVLW\� +RVSLWDOV�� (J\SW�� 6SULQJHUSOXV� ��� �����
GRL� ������������-����-��-����� 

%KDOH� 81� DQG� -1� 5DMNRQGD�� ������ (Q]\PDWLF� DFWLYLW\� RI�
7ULFKRGHUPD�VSHFLHV��1RYXV�1DWXUDO�6FLHQFH�5HVHDUFK��
������-��� 

&KHUU\� $-�� 3� $EDOR� DQG� .� +HOO�� ������$� ODERUDWRU\� DVVHVV�
PHQW� RI� WKH� SRWHQWLDO� RI� GLIIHUHQW� VWUDLQV� RI� WKH� HQWR�
PRSDWKRJHQLF�IXQJL�%HDXYHULD�EDVVLDQD��%DOVDPR���9XLO�
OHPLQ� DQG� 0HWDUKL]LXP� DQLVRSOLDH� �0HWVFKQLNRII�� WR�
FRQWURO� &DOORVREUXFKXV� PDFXODWXV� �)��� �&ROHRSWHUD��
%UXFKLGDH�� LQ�VWRUHG�FRZSHD��-RXUQDO�RI�6WRUHG�3URGXFWV�
5HVHDUFK�����������-����� 

&XHUYR-3DUUD�-$��0�5DPtUH]-6XHUR��9�6iQFKH]-/ySH]�DQG�0�
5DPtUH]-/HSH��������$QWDJRQLVWLF�HIIHFW�RI�7ULFKRGHU�
PD�KDU]LDQXP�96/����RQ�SK\WRSDWKRJHQLF�IXQJL�LVRODWHG�
IURP�FRFRD��7KHREURPD�FDFDR�/���IUXLWV��$IU�LFDQ�-RXUQDO�
RI�%LRWHFKQRORJ\��������������-������� 

GH�6RX]D�2)�DQG�9.�%URZQ��������(IIHFWV�RI�KDELWDW�IUDJPHQ�
WDWLRQ� RQ� $PD]RQLDQ� WHUPLWH� FRPPXQLWLHV�� -RXUQDO� RI�
7URSLFDO� (FRORJ\� ������� ���-����� GRL���������
6����������������� 

GH�9DVFRQFHORV�:(��06�5LRV��$+�GH�6RXVD��(9�GH�0HGHLURV��

*0� GD� &RVWD� 6LOYD� DQG� 3%� 0DUDFDMi�� ������
&DUDFWHUL]DomR� ELRTXtPLFD� HHQ]LPiWLFD� GH�
&XQQLQJKDPHOOD� LVRODGDV� GH� PDQJXH]DO�� 5HYLVWD� 'H�
%LRORJLD�(�&LHQFLDV�'D�7HUUD����-�R��� 

'L� 3LHWUR� $�� 0� /RULWR�� &.� +D\HV�� 50� %URDGZD\� DQG� *(�
+DUPDQ�� ������(QGRFKLWLQDVH�IURP�*OLRFODGLXP�YLUHQV��
LVRODWLRQ�� FKDUDFWHUL]DWLRQ� DQG� V\QHUJLVWLF� DQWLIXQJDO�
DFWLYLW\� LQ� FRPELQDWLRQ� ZLWK� JOLRWR[LQ�� 3K\WRSDWKRORJ\�
�������-����� 

'RPVFK�.+��:�*DPV�DQG�7�$QGHUVRQ��������&RPSHQGLXP�RI�
6RLO�)XQJL�9RO�,��/RQGRQ��$FDGHPLF�3UHVV� 

'RQJ�-<��+3�+H�� �<0�6KHQ�DQG� �.4�=KDQJ�������� �1HPDWL�
FLGDO� HSLSRO\VXOIDQ\OGLR[RSLSHUD]LQHV� IURP�*OLRFODGLXP�
URVHXP��-RXUQDO�RI�1DWXUDO�3URGXFWV�������������-����� 

(VIDKDQL�01�DQG�%$�3RXU��������7KH�HIIHFWV�RI�3DHFLORP\FHV�
OLODFLQXV� RQ� WKH� SDWKRJHQHVLV� RI�0HORLGRJ\QH� MDYDQLFD�
DQG� WRPDWR� SODQW� JURZWK� SDUDPHWHUV�� ,UDQ� $JULFXOWXUDO�
5HVHDUFK����������-���� 

)DQJ�:���%�/HQJ����<�;LDR���.�-LQ���-�0D���<�)DQ���-�)HQJ���;�
<DQJ���<�=KDQJ�DQG�<�3HL��������&ORQLQJ�RI�%HDXYHULD�
EDVVLDQD� FKLWLQDVH� JHQH� EEFKLW�� DQG� LWV� DSSOLFDWLRQ� WR�
LPSURYH� IXQJDO� VWUDLQ� YLUXOHQFH�� $SSOLHG� DQG� (QYLURQ�
PHQWDO�0LFURELRORJ\�����������-���� 

)HQJ� 0�� ������ 5HOLDELOLW\� RI� H[WUDFHOOXODU� SURWHDVH� DQG� OLSDVH�
DFWLYLWLHV� RI� %HDXYHULD� EDVVLDQD� LVRODWHV� XVHG� DV� WKHLU�
YLUXOHQFH� LQGLFHV��:HL� 6KHQJ�:X� ;XH� %DR� ������� ���-

���� 
)HUURQ�3��������)XQJDO�FRQWURO��,Q�&RPSUHKHQVLYH�,QVHFW�3K\VL�

RORJ\�%LRFKHPLVWU\�DQG�3KDUPDFRORJ\��*��$��.HUNXW�DQG�
/�� ,�� *LOEHUW�� HGV��� 9RO�� ���� ���-����� 3HUJDPRQ� 3UHVV��
2[IRUG� 

)LHGOHU� =� DQG� '� 6RVQRZVND�� ������ 1HPDWRSKDJRXV� IXQJXV�
3DHFLORP\FHV�OLODFLQXV��7KRP��6DPVRQ�LV�DOVR�D�ELRORJL�
FDO�DJHQW�IRU�FRQWURO�RI�JUHHQKRXVH�LQVHFWV�DQG�PLWH�SHVWV��
%LR�&RQWURO��������-���� 

)RUODQL� /�� 1� 3HGULQL� DQG�03� -XiUH]�� ������&RQWU LEXWLRQ�RI�
WKH� KRUL]RQWDO� WUDQVPLVVLRQ� RI� WKH� HQWRPRSDWKRJHQLF�
IXQJXV�%HDXYHULD�EDVVLDQD�WR�WKH�RYHUDOO�SHUIRUPDQFH�RI�
D� IXQJDO� SRZGHU� IRUPXODWLRQ� DJDLQVW�7ULDWRPD� LQIHVWDQV��
5HVHDUFK�DQG�5HSRUWV�LQ�7URSLFDO�0HGLFLQH�������-����� 

)UHLUH�'0*��*/�6DQW
$QQD�-U��DQG�7/0�$OYHV��������0DWKH�
PDWLFDO� PRGHOLQJ� RI� OLSDVH� DQG� SURWHDVH� SURGXFWLRQ� E\�
3HQLFLOOLXP� UHVWULFWXP� LQ� D� EDWFK� IHUPHQWHU�� $SSOLHG�
%LRFKHPLVWU\�DQG�%LRWHFKQRORJ\�����-�������-����� 

)UH\PDQQ�%3��5�%XLWHQZHUI��2�'HVRX]D��DQG�2OII��������7KH�
LPSRUWDQFH� RI� WHUPLWHV� �,VRSWHUD�� IRU� WKH� UHF\FOLQJ� RI�
KHUELYRUH�GXQJ�LQ�WURSLFDO�HFRV\VWHPV��D�UHYLHZ��(XURSH�
DQ� -RXUQDO� RI� (QWRPRORJ\� �������� ���-�����
GRL����������HMH����������� 

*DOSHU�6��(�&RKQ��<�6SLHJHO�DQG�,�&KHW��������$�&ROODJHQRO\W�
LF�IXQJXV��&XQQLQJKDPHOOD�HOHJDQV��IRU�ELRORJLFDO�FRQWURO�
RI�SODQW-SDUDVLWLF�QHPDWRGHV��7KH�-RXUQDO�RI�1HPDWRORJ\�
����������-����� 

*HUUDUGR�$0��&&/�/DVWUD��6$�3HOL]]D�DQG�--�*DUFLD��������
,VRODWLRQ� RI� 3DHFLORP\FHV� OLODFLQXV� �7KRP�� 6DPVRQ�
�$VFRP\FRWD�� +\SRFUHDOHV�� IURP� WKH� FKDJDV� GLVHDVH�
YHFWRU�7ULDWRPD� LQIHVWDQV�.OXJ� �+HPLSWHUD��5HGXYLLGDH��
LQ� DQ� HQGHPLF� DUHD� LQ� $UJHQWLQD��0\FRSDWKRORJLD� �����
���-���� 

*NDUJNDV� .�� '� 0DPPD�� *� 1HGHY�� (� 7RSDNDV�� 3�
&KULVWDNRSRXORV��'�.HNRV�DQG�%-�0DFULV��������6WXG�
LHV�RQ�D�1-DFHW\O--G-JOXFRVDPLQLGDVH�SURGXFHG�E\�)XVDUL�
XP� R[\VSRUXP� )�� JURZQ� LQ� VROLG-VWDWH� IHUPHQWDWLRQ��
3URFHVV�%LRFKHPLVWU\���������-����� 

*RNFH�$�DQG�0.�(U��������3DWKRJHQLFLW\�RI�3DHFLORP\FHV�VSS��
WR� WKH�JODVV�KRXVH�ZKLWH� IO\��7ULDOHXURGHV� YDSRUDULRUXP��
ZLWK�VRPH�REVHUYDWLRQV�RQ�WKH�IXQJDO�LQIHFWLRQ� 
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���-���� 

*XQGH-&LPHUPDQ�1��3�=DODU�DQG�6�-HUDP��������0\FRIORUD�RI�
FDYH� FULFNHW� 7URJORSKLOXV� QHJOHFWXV� FDGDYHUV�� 0\�
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FHSWLELOLW\� RI� 5KRGQLXV� SDOOHVFHQV� �+HPLSWHUD�� 5HGXYL�
LGDH��RI�ILIWK�LQVWDU�Q\PSK�WR�WKH�DFWLRQ�RI�%HDXYHULD�VSS��
(QWRPRWURSLFD�����������-����� 

+DUWXQJ�DQG�/XJR��������)XVDULXP�VRODQL�LQYDGHU�RI�WKH�HJJV�RI�
WKH� LQVHFW�3DQVWURQJ\OXV� JHQLFXODWXV� LQ� D� YLYDULXP��0\�
FRSDWKRORJLD������������-���� 

+DVDQ� 6� DQG� &� 9DJR�� ������ 7KH� SDWKRJHQLFLW\� RI�)XVDULXP �
R[\VSRUXP� WR� PRVTXLWR� ODUYDH�� -RXUQDO� RI� ,QYHUWHEUDWH�
3DWKRORJ\��������-���� 

+DVDQ�:$��$VVDI�/+�DQG�$EGXOODK�6.��������2FFXU UHQFH�RI�
HQWRPRSDWKRJHQLF� DQG� RWKHU� RSSRUWXQLVWLF� IXQJL� LQ� VRLO�
FROOHFWHG� IURP�LQVHFW�KLEHUQDWLRQ�VLWHG�DQG�HYDOXDWLRQ�RI�
WKHLU� HQWRPRSDWKRJHQLF� SRWHQWLDO�� %XOOHWLQ� RI� WKH� ,UDT�
1DWXUDO�+LVWRU\�0XVHXP����������-���� 

-KD�'.��*'� 6KDUPD� DQG�55�0LVKDUD�� ������(FRORJ\�RI�VRLO�
PLFURIORUD� DQG� P\FRUUKL]DO� V\PELRQWV�� %LRORJ\� DQG�
)HUWLOLW\�RI�6RLOV��������-���� 

.HOOHU� 6� DQG� *� =LPPHUPDQ�� ������0\FRSDWKRJHQV�RI�VRLO� LQ�
VHFWV�� ,Q�� )XQJXV-LQVHFW� LQWHUDFWLRV��:LOGLQJ�� 1�� &ROOLQV�
01��+DPPRQG�30��:HEEHU�-)��HGV������-�����$FDGHP�
LF�3UHVV��/RQGRQ� 

.LHZQLFN�6�DQG�5$�6LNRUD��������(YDOXDWLRQ�RI�3DHFLORP\FHV�
OLODFLQXV� VWUDLQ� ���� IRU� WKH� ELRORJLFDO� FRQWURO� RI� WKH�
QRUWKHUQ� URRW-NQRW� QHPDWRGH� 0HORLGRJ\QH� KDSOD� &KLW�
ZRRG��1HPDWRORJ\���������-��� 

.XONDUQL� 16� DQG� 6� /LQJDSSD�� ������ 3DWKRJHQLFLW\� RI� HQWR�
PRSDWKRJHQLF�IXQJXV��1RPXUDHD�ULOH\L� �)DUORZ��6DPVRQ�
RQ�OHSLGRSWHURXV�SHVWV��.DUQDWDND�-RXUQDO�RI�$JULFXOWXUDO�
6FLHQFHV������������-���� 

/DWLILDQ�0�DQG�%�5DG��������3DWKRJHQLFLW\�RI�WKH�HQWRPRSDWK�
RJHQLF� IXQJL� %HDXYHULD� EDVVLDQD� �%DOVDPR�� 9XLOOPLQ��
%HDXYHULD� EURQJQLDUWLL� 6DFFDUGR� DQG� 0HWDUKL]LXP� DQ�
LVRSOLDH�0HWVFK�WR�DGXOW�2U\FWHV�HOHJDQV�3UHOO�DQG�HIIHFWV�
RQ� IHHGLQJ� DQG� IHFXQGLW\�� ,QWHUQDWLRQDO� -RXUQDO� RI� $JUL�
FXOWXUH�DQG�&URS�6FLHQFHV������������-����� 

/LQJDSSD�<�DQG�-/�/RFNZRRG��������&KLWLQ�PHGLXP�IRU�VHOHF�
WLYH�LVRODWLRQ�DQG�FXOWXUH�RI�$FWLQRP\FHWHV��3K\WRSDWKRO�
RJ\��������-���� 

/LX�&���<�0DWVXVKLWD���.�6KLPL]X���.�0DNLPXUD�DQG��.�+DVX�
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)XVDULXP� VRODQL� DV� QDWXUDOO\� RFFXUULQJ� SDWKRJHQ� RI�
VXJDUEHHW�URRW�PDJJRW��'LSWHUD��8OLGLLGDH��SXSDH��3UHYD�
OHQFH� DQG�EDVHOLQH� VXVFHSWLELOLW\�� -RXUQDO�RI� ,QYHUWHEUDWH�
3DWKRORJ\���������-�� 

0DUDQQLQR�3��&�6DQWLDJR-ÈOYDUH]��(�GH�/LOOR�DQG�(�4XHVDGD-
0RUDJD�� ������ $� QHZ� ELRDVVD\� PHWKRG� UHYHDOV� SDWKR�
JHQLFLW\�RI�0HWDUKL]LXP�DQLVRSOLDH� DQG�%HDXYHULD�EDVVL�
DQD� DJDLQVW� HDUO\� VWDJHV� RI� &DSQRGLV� WHQHEULRQLV�
�&ROHRSWHUD��%XSUHVWLGDH���-RXUQDO�RI�,QYHUWHEUDWH�3DWKRO�
RJ\�����������-���� 

0LVKUD� 9.�� ������ ,Q-YLWUR� DQWDJRQLVP� RI� 7ULFKRGHUPD� VSHFLHV�
DJDLQVW�3\WKLXP�DSKDQLGHUPDWXP��-RXUQDO�RI�3K\WRORJ\��
�������-���� 

0Q\RQH� //��0-� .LUE\��':� /ZHWRLMHUD��0:�0SLQJZD��(7�
6LPIXNZH�� %*-� .QROV��:� 7DNNHQ� DQG� 7/� 5XVVHOO��
������ 7RROV� IRU� GHOLYHULQJ� HQWRPRSDWKRJHQLF� IXQJL� WR�
PDODULD�PRVTXLWRHV��HIIHFWV�RI�GHOLYHU\�VXUIDFHV�RQ�IXQJDO�
HIILFDF\� DQG� SHUVLVWHQFH�� 0DODULD� -RXUQDO� ���
���� �GRL�������������-����-�-���� 

1DKDU�3��9�*KRUPDGH�DQG�0'�'HVKSDQGH��������7KH�H[WUDFHO�
OXODU� FRQVWLWXWLYH� SURGXFWLRQ� RI� FKLWLQ� GHDFHW\ODVH� LQ�
0HWDUKL]LXP� DQLVRSOLDH�� SRVVLEOH� HGJH� WR� HQWRPRSDWKR�
JHQLF�IXQJL�LQ�WKH�ELRORJLFDO�FRQWURO�RI�LQVHFW�SHVWV��-RXU�
QDO�RI�,QYHUWHEUDWH�3DWKRORJ\����������-���� 

3DUN� --2�� -5� +DUJUHDYHV�� (-� 0F&RQYLOOH�� *5� 6WLUOLQJ�� (/�
*KLVDOEHUWL� DQG� .� 6LYDVLWKDPSDUDP�� ������ 3URGXF�
WLRQ�RI�OHXFLQRVWDWLQV�DQG�QHPDWLFLGDO�DFWLYLW\�RI�DXVWUDOL�
DQ� LVRODWHV� RI� 3DHFLORP\FHV� OLODFLQXV� �7KRP�� 6DPVRQ��
/HWWHUV�LQ�$SSOLHG�0LFURELRORJ\��������-����� 

3DWLGDU�3���'�$JUDZDO��7��%DQHUMHH�DQG�6��3DWLO��������2SWLPL�

VDWLRQ�RI�SURFHVV�SDUDPHWHUV� IRU� FKLWLQDVH�SURGXFWLRQ�E\�
VRLO� LVRODWHV� RI� 3HQLFLOOLXP� FKU\VRJHQXP� XQGHU� VROLG�
VXEVWUDWH�IHUPHQWDWLRQ��3URFHVV�%LRFKHPLVWU\������������
-����� 

3DXOD�$5��$7�&DUROLQR��&2�3DXOD�DQG�5,�6DPXHOV��������7KH�
FRPELQDWLRQ�RI� WKH� HQWRPRSDWKRJHQLF� IXQJXV�0HWDUKL]L�
XP�DQLVRSOLDH�ZLWK�WKH�LQVHFWLFLGH�LPLGDFORSULG�LQFUHDVHV�
YLUXOHQFH� DJDLQVW� WKH� GHQJXH� YHFWRU� $HGHV� DHJ\SWL�
�'LSWHUD�� &XOLFLGDH��� 3DUDVLWHV� DQG� 9HFWRUV� ���
�� �GRL�������������-����-�-�� 

3HGULQL� 1�� 5� &UHVSR� DQG� 03� -XDUH]�� ������ %LRFKHPLVWU\� RI�
LQVHFW�HSLFXWLFOH�GHJUDGDWLRQ�E\�HQWRPRSDWKRJHQLF�IXQJL��
&RPSDUDWLYH� ELRFKHPLVWU\� DQG� SK\VLRORJ\� SDUW�&��7R[L�
FRORJ\�DQG�3KDUPDFRORJ\������-�������-���� 

3HUHLUD�(2�� $� 7VDQJ��7$� 0F$OOLVWHU� DQG�5�0HQDVVD�� ������
7KH� SURGXFWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� D� QHZ� DFWLYH�
OLSDVH� IURP� $FUHPRQLXP� DOFDORSKLOXP� XVLQJ� D� SODQW�
ELRUHDFWRU�� %LRWHFKQRORJ\� IRU� %LRIXHOV� ���
���� �GRL�������������-����-�-��� 

3HWHUVRQ� 0+� DQG� 0-� -RKQVRQ�� ������ 'HOD\HG� K\GURO\VLV� RI�
EXWWHU�IDW�E\�FHUWDLQ� /DFWREDFLOOL� DQG� 0LFURFRFFL�
LVRODWHG� IURP� FKHHVH�� -RXUQDO� RI� %DFWHULRORJ\� ���� ���-
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5DYHQVEHUJ�:-��������$�5RDGPDS�WR�WKH�VXFFHVVIXO�GHYHORSPHQW�

DQG�FRPPHUFLDOL]DWLRQ�RI�PLFURELDO�SHVW�FRQWURO�SURGXFWV�
IRU� FRQWURO� RI� DUWKURSRGV�� �-��� 6SULQJHU� 'RUGUHFKW� +HL�
GHOEHUJ�/RQGRQ�1HZ�<RUN�� 

5HQ�4<��=-�/LX��*4�*XDQ��0�6XQ��0/�0D��4/�1LX���<4�/L��
$+�/LX�� -/�/LX�� -)<DQJ��+�<LQ� DQG� -;�/XR�� ������
/DERUDWRU\�HYDOXDWLRQ�RI�YLUXOHQFH�RI��&KLQHVH�%HDXYHULD�
EDVVLDQD� DQG� 0HWDUKL]LXP� DQLVRSOLDH� LVRODWHV� WR� HQ�
JRUJHG� IHPDOH� 5KLSLFHSKDOXV� �%RRSKLOXV�� PLFURSOXV�
WLFNV��%LRORJLFDO�&RQWURO����������-���� 

5XVWLJXHO�&%��-$�-RUJH�DQG�/+6�*XLPDUmHV��������2SWLPL]D�
WLRQ�RI�WKH�FKLWLQDVH�SURGXFWLRQ�E\�GLIIHUHQW�0HWDUKL]LXP�
DQLVRSOLDH� VWUDLQV� XQGHU� VROLG-VWDWH� IHUPHQWDWLRQ� ZLWK�
VLONZRUP� FKU\VDOLV� DV� VXEVWUDWH� XVLQJ� &&5'�� $GYDQFHV�
LQ�0LFURELRORJ\�������-���� 

6DPHN� 7�� '� 1RYRWQ\� DQG� /� -DQNRYVN\�� ������ ,QIHFWLRQ� RI�
ZLQWHULQJ� SXSDH� RI� KRUVH-FKHVQXW� OHDIPLQHU� &DPHUDULD�
RKULGHOOD�'HVFKND�HW�'LPLF��E\�9HUWLFLOOLXP�OHFDQLL� 

 �=LPPHUPDQ�� 9LHJDV�� -RXUQDO� RI� )RUHVW� 6FLHQFH� �������
���-���� 

6DQGKX�66��$.�6KDUPD��9�%HQLZDO��*�*RHO��3�%DWUD��$�.X�
PDU��6�-DJODQ��$.� 6KDUPD�DQG�6�0DOKRWUD��������
0\FR-ELRFRQWURO�RI�LQVHFW�SHVWV��)DFWRUV�LQYROYHG��PHFK�
DQLVP� DQG� UHJXODWLRQ�� -RXUQDO� RI� 3DWKRJHQV� KWWS���
G[�GRL�RUJ��������������������� 

6DQLYDGD�6.�DQG�0�&KDOOD��������0\FRO\WLF�HIIHFW�RI�H[WUDFHO�
OXODU� HQ]\PHV� RI� HQWRPRSDWKRJHQLF� IXQJL� WR� &ROOHWR�
WULFKXP�IDOFDWXP��UHG�URW�SDWKRJHQ�RI�VXJDUFDQH��-RXUQDO�
RI�%LRSHVWLFLGHV���6XS�����-���� 

6FKROWH�(-��%*-�.QRO��5$�6DPVRQ�DQG�:�7DNNHQ��������(Q�
WRPRSDWKRJHQLF� IXQJL� IRU� PRVTXLWR� FRQWURO�� $� UHYLHZ��
-RXUQDO�RI�,QVHFW�6FLHQFH�����-��� 

6HQ�/��:8�;LD��&$2�-XQ-]KHQJ�DQG�:�)HQJ-ORQJ��������%LR�
FRQWURO� SRWHQWLDO� RI� FKLWLQDVH-SURGXFLQJ� QHPDWRSKDJRXV�
IXQJXV� $FUHPRQLXP� LPSOLFDWXP� DJDLQVW� 0HORLGRJ\QH�
LQFRJQLWD��$FWD�3K\WRSDWKRORJLFD�6LQLFD ����������-���� 

6LGGLTXL� ,$�� $PHU-=DUHHQ�� 0-� =DNL� DQG� 66� 6KDXNDW�� ������
8VH� RI� 7ULFKRGHUPD� VSHFLHV� LQ� WKH� FRQWURO� RI�0HORLGR�
J\QH� MDYDQLFD�� URRW� NQRW� QHPDWRGH� LQ� RNUD� DQG� PXQJ�
EHDQ�� 3DNLVWDQ� -RXUQDO� RI� %LRORJLFDO� 6FLHQFH� ������ ���-
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&XOLFLGDH��D�YHFWRU�RI�ILODULDVLV��-RXUQDO�RI� 3DUDVLWRO�
RJ\�5HVHDUFK�KWWS���G[�GRL�RUJ�������������������� 

6PLWK� 5-�� 6� 3HNUXO� DQG� ($� *UXOD�� ������ 5HTXLUHPHQW� IRU �
VHTXHQWLDO� HQ]\PDWLF� DFWLYLWLHV� IRU� SHQHWUDWLRQ� RI� WKH�
LQWHJXPHQW�RI�WKH�FRUQ�HDUZRUP�+HOLRWKLV�]HD��-RXUQDO�RI�
,QYHUWHEUDWH�3DWKRORJ\��������-����� 

6WDIIRUG� ,,,� .&� DQG� 6$� $OODQ�� ������ )LHOG� DSSOLFDWLRQV� RI�
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HQWRPRSDWKRJHQLF�IXQJL�%HDXYHULD�EDVVLDQD�DQG�0HWDUKL�
]LXP� DQLVRSOLDH� )��� �+\SRFUHDOHV�� &ODYLFLSLWDFHDH�� IRU�
WKH� FRQWURO� RI� ,[RGHV� VFDSXODULV� �$FDUL�� ,[RGLGDH���-RXU�
QDO�RI�0HGLFDO�(QWRPRORJ\������������-����� 

6XQ� %'�� +<� <X�� $-� &KHQ� DQG� ;=� /LX�� ����D�� ,QVHFW-
DVVRFLDWHG�IXQJL�LQ�VRLOV�RI�ILHOG�FURSV�DQG�RUFKDUG��&URS�
3URWHFWLRQ���������-����� 

6XQ�-��+�:DQJ��)�/X��/�'X�DQG�*�:DQJ������E��7KH�HIILFDF\�
RI� QHPDWLFLGDO� VWUDLQ� 6\QFHSKDODVWUXP� UDFHPRVXP�� $Q�
QDOV�RI�0LFURELRORJ\�����������-���� 

6XQGDUDYDGLYHODQ� &� DQG�01� 3DGPDQDEKDQ�� ������(IIHFW�RI�
P\FRV\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� IURP� ILOWUDWH� RI�
7ULFKRGHUPD� KDU]LDQXP� DJDLQVW� ODUYDH� DQG� SXSD� RI�
GHQJXH� YHFWRU� $HGHV� DHJ\SWL/�� (QYLURQPHQWDO� 6FLHQFH�
3ROOXWLRQ�5HVHDUFK�,QWHUQDWLRQDO������������-������ 

6ZHU�+��06�'NKDU� DQG�+�.D\DQJ�� ������)XQJDO�SRSXODWLRQ�
DQG�GLYHUVLW\� LQ�RUJDQLFDOO\�DPHQGHG�DJULFXOWXUDO� VRLV�RI�
0HJKDOD\D��,QGLD��-RXUQDO�RI�2UJDQLF�6\VWHP��������-���� 

8JLQH� 7$�� 63�:UDLJKW�� 0� %URZQEULGJH� DQG� -3� 6DQGHUVRQ��
������'HYHORSPHQW�RI�D�QRYHO�ELRDVVD\�IRU�HVWLPDWLRQ�RI�
PHGLDQ�OHWKDO�FRQFHQWUDWLRQV��/&����DQG�GRVHV��/'����RI�
WKH�HQWRPRSDWKRJHQLF�IXQJXV�%HDXYHULD�EDVVLDQD��DJDLQVW�
ZHVWHUQ� IORZHU� WKULSV��)UDQNOLQLHOOD�RFFLGHQWDOLV��-RXUQDO�
RI�,QYHUWHEUDWH�3DWKRORJ\��������-���� 

8MMDQ� $$� DQG� 6� 6KDK]DG�� ������ 8VH� RI� HQWRPRSDWKRJHQLF�
IXQJL�IRU�WKH�FRQWURO�RI�PXVWDUG�DSKLG��/LSDSKLV�HU\VLPL��
RQ�FDQROD��%UDVVLFD�QDSXV�/����3DNLVWDQ�-RXUQDO�RI�%RWD�
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