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'LODUDQJ�PHPSHUEDQ\DN�DWDX�PHPLQGDKNDQ�VHEDJLDQ�DWDX�VHOXUXK�

LVL� EXNX� LQL� GDODP� EHQWXN� DSDSXQ� GDQ� GHQJDQ� FDUD� DSDSXQ��

WHUPDVXN�PHPIRWRNRSL��PHUHNDP��DWDX�GHQJDQ�WHNQLN�SHUHNDPDQ�

ODLQQ\D�WDQSD�VHL]LQ�WHUWXOLV�GDUL�SHQHUELW 
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3XML� V\XNXU� SHQXOLV� KDWXUNDQ� NH� KDGLUDW� 7XKDQ� <DQJ�

0DKDHVD�� NDUHQD� DWDV� WDXILT� GDQ� LQD\DK�1\D�� EXNX� EHUMXGXO�

´3HQHUDSDQ� )RRW� 6SD� 'LDEHWLF� 8QWXN� 0HQJXUDQJL� .HOXKDQ�

1HXURSDWL� 3DGD� 3HQGHULWD� 'P� 7LSH� �µ� LQL� GDSDW� WHUVHOHVDLNDQ�

GHQJDQ�WHSDW�ZDNWX� 

%XNX� LQL� PHPEDKDV� WHUNDLW� GHQJDQ� EDJDLPDQD� PHPEXDW�

DVXKDQ� NHSHUDZDWDQ� SDGD� ODQVLD� GHQJDQ� 3HQHUDSDQ� )RRW� 6SD�

'LDEHWLF�8QWXN�0HQJXUDQJL�.HOXKDQ�1HXURSDWL�3DGD�3HQGHULWD�'P�

7LSH� ��� %XNX� LQL� PHPEDKDV� DVXKDQ� NHSHUDZDWDQ� VHFDUD� WHRULWLV�

KLQJJD�DSOLNDVL�NDVXV�PHQJJXQDNDQ�SHQGHNDWDQ�6'.,�� 6/.,�GDQ�

6,., 

3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� NHSDGD� VHPXD� SLKDN�

\DQJ� WHODK� PHPEDQWX� GDODP� SURVHV� SHQ\XVXQDQ� EXNX� LQL� EDLN�

VHFDUD�PDWHULO�PDXSXQ�QRQPDWHULO��3HQXOLV�EHUKDUDS�VHPRJD�7XKDQ�

PHQFDWDW�LQL�VHEDJDL�ODGDQJ�SDKDOD�GDQ�NHEDLNDQ�NLWD�VHPXD��$PLQ� 
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'LDEHWHV�PHOLWXV�PHUXSDNDQ�'LDEHWHV�PHOLWXV�WLSH����'0�WLSH�

��� PHUXSDNDQ� VDODK� VDWX� SHQ\DNLW� NURQLV� \DQJ� PHQMDGL� PDVDODK�

NHVHKDWDQ�JOREDO�GL�QHJDUD�PDMX�GDQ�EHUNHPEDQJ��WHUXWDPD�WHUMDGL�

SDGD� QHJDUD� \DQJ� EHUSHQJKDVLODQ� PHQHQJDK� GDQ� UHQGDK�

�%KXYDQHVKZDUL� 	� 7DPLOVHOYL�� ������� %HUGDVDUNDQ� GDWD� :RUOG�

+HDOWK�2UJDQL]DWLRQ��:+2��SDGD�WDKXQ������PHPSUHGLNVL�DGDQ\D�

SHQLQJNDWDQ�MXPODK�SUHYDOHQVL�'0�WLSH���GL�,QGRQHVLD�GDUL�����MXWD�

SDGD� WDKXQ� ����� PHQLQJNDW� PHQMDGL� ����� MXWD� SDGD� WDKXQ� ������

6HGDQJNDQ� SUHGLNVL� ,QWHUQDWLRQDO� 'LDEHWHV� )HGHUDWLRQ� �,')��

PHQXQMXNNDQ�SDGD�WDKXQ�����������WHUGDSDW�NHQDLNDQ�MXPODK�'0�

GDUL� ����� MXWD� PHQMDGL� ����� MXWD� SDGD� WDKXQ� ����� �,QWHUQDWLRQDO�

'LDEHWHV�)HGHUDWLRQ�������� 

%HUGDVDUNDQ�GDWD�5LVNHVGDV�WDKXQ������DQJND�NHMDGLDQ�'0�

PHQJDODPL� SHQLQJNDWDQ� SUHYDOHQFH� SDGD� SHQGXGXN� �� ��� WDKXQ�

VHEHVDU� ������ GLPDQD� VHEHOXPQ\D� GDWD� 5LVNHVGDV� WDKXQ� �����

PHQXQMXNNDQ� EDKZD� SUHYDOHQFH� '0� SDGD� SHQGXGXN� ���� WDKXQ�

VHEHVDU� ����� GDUL� SHQGXGXN� LQGRQHVLD�� %HUGDVDUNDQ� GDWD� GLQDV�

NHVHKDWDQ�.RWD�3DGDQJ�SDGD�WDKXQ������WHUGDSDW��������RUDQJ�\DQJ�

PHQJDODPL�'0��ZLOD\DK�NHUMD�3XVNHVPDV�/XEXN�%XD\D�PHUXSDNDQ�

ZLOD\DK�NHUMD�GHQJDQ�MXPODK�SDVLHQ�'LDEHWHV�0HOOLWXV�WHUEDQ\DN�GL�

.RWD�3DGDQJ�\DNQL�VHEDQ\DN�������MLZD��\DQJ�GLLNXWL�ZLOD\DK�NHUMD�

3XVNHVPDV� 3DXK� \DQJ� EHUMXPODK� ������ MLZD�� 3XVNHVPDV�

3HJDPELUDQ� VHEDQ\DN������� MLZD�GDQ�3XVNHVPDV�/XEXN�.LODQJDQ�

VHEDQ\DN�����MLZD� 
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$� 'HILQLVL�'LDEHWHV�0HOLWXV�7LSH�� 

'LDEHWHV�PHOLWXV� WLSH� ��PHUXSDNDQ�SHQ\DNLW�NURQLV�GDUL�

JDQJJXDQ� PHWDEROLN� \DQJ� GLNDUDNWHULVWLNNDQ� GHQJDQ�

KLSHUJOLNHPL�\DQJ�WHUMDGL�NDUHQD�SHQXUXQDQ�VHNUHVL�LQVXOLQ�ROHK�

VHO�VHO� EHWD� SDQNUHDV� DWDX� JDQJJXDQ� IXQJVL� LQVXOLQ� �UHVLVWHQVL�

LQVXOLQ�� �6XU\DWL�� ������� +LSHUJOLNHPL� \DQJ� WHUMDGL� MDQJND�

SDQMDQJ� GDSDW� PHQ\HEDENDQ� NRPSOLNDVL� PDNURYDVNXODU�

�SHQ\DNLW�MDQWXQJ�FRURQHU�GDQ�VWURNH��GDQ�PLNURYDVNXODU�\DQJ�

�QHIURSDWL�� UHWLQRSDWL�� QHXURSDWL�� �/HPRQH� HW� DO��� ������ 6XU\DWL��

������ 

 

%� (WRORJL�'LDEHWHV�0HOLWXV�7LSH�� 

(WLRORJL� '0� WLSH� �� \DLWX� UHVLVWHQVL� LQVXOLQ�� IDNWRU�

OLQJNXQJDQ� 

�� )DNWRU�OLQJNXQJDQ� 

)DNWRU� OLQJNXQJDQ�MXJD�PHPSXQ\DL�SHUDQDQ�SHQWLQJ�

WHUMDGLQ\D� GLDEHWHV� PHOLWXV� WLSH� �� \DLWX� GLVHEDENDQ� ROHK�

REHVLWDV�GDQ�NXUDQJQ\D�DNWLYLWDV�ILVLN�� 

 

�� 5HVLVWHQVL�LQVXOLQ� 

5HVLVWHQVL� LQVXOLQ� WHUMDGL� DNLEDW� DGDQ\D� SHQLQJNDWDQ�

NHEXWXKDQ� LQVXOLQ� \DQJ� OHELK� WLQJJL� GDUL� QRUPDO� \DQJ�

GLEXWXKNDQ� XQWXN� PHPSHUWDKDQNDQ� NDGDU� JOXNRVD� GDUDK�

QRUPDO�� 3DGD� NDVXV� LQL� LQVXOLQ� WLGDN� GDSDW� EHNHUMD� VHFDUD�

RSWLPDO� GL� VHO� RWRW�� OHPDN� GDQ� KDWL� VHKLQJJD� WHUMDGL�

',$%(7(6�
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$� .RQVHS�1HXURSDWL�'LDEHWLN 

�� 3HQJHUWLDQ 

1HXURSDWL�GLDEHWLN�PHUXSDNDQ�NRPSOLNDVL�XWDPD�GDUL�

GLDEHWHV� PHOLWXV�� GLPDQD� WHUMDGLQ\D� NHUXVDNDQ� VDUDI� SDGD�

SDVLHQ� '0� \DQJ� SDOLQJ� VHULQJ� WHUMDGL� SDGD� EDJLDQ� GLVWDO�

WXEXK� VHUWD� SHQ\HEDE� PRUELGLWDV� \DQJ� FXNXS� EHVDU� GDQ�

SHQ\HEDE�SHQLQJNDWDQ�PRUWDOLWDV��*LXULQL��������3DPXQJNDV�

	�8VPDQ��������� 

1HXURSDWL� GLDEHWLN� DGDODK� KLODQJQ\D� IXQJVL� VHQVRULN�

\DQJ�GLPXODL�VHFDUD�GLVWDO�SDGD�HNVWUHPLWDV�EDZDK�\DQJ�MXJD�

GLWDQGDL�GHQJDQ�Q\HUL�VHUWD�WHUMDGLQ\D�SHQXUXQDQ�VHQVLYLWDV��

NHMDGLDQ�QHXURSDWL�GLDEHWLF�WHUMDGL�����GDUL�LQGLYLGX�GHQJDQ�

'0��1HXURSDWL�GLDEHWLN�PHUXSDNDQ�NRPSOLNDVL�\DQJ�VHULQJ�

WHUMDGL�SDGD�SDVLHQ�GHQJDQ�'0�WLSH����)HOGPDQ�HW�DO��������� 

 

�� .ODVLILNDVL 

6HFDUD� XPXP� WHUGDSDW� WLJD� MHQLV� QHXURSDWL� \DLWX�

VHEDJDL�EHULNXW� 

D� 1HXURSDWL�6HQVRULN� 

1HXURSDWL�VHQVRULN�PHUXSDNDQ�MHQLV�GDUL�QHXURSDWL�

\DQJ� SDOLQJ� XPXP� WHUMDGL� SDGD� SDVLHQ� '0�� QHXURSDWL�

VHQVRULN� VHULQJ� PHQJHQDL� EDJLDQ� GLVWDO� VHUDEXW� VDUDI�

WHUXWDPD� VDUDI� HNVWUHPLWDV� EDZDK� GDQ� GDSDW� PHOXDV�

NHDUDK� SURNVLPDO�� *HMDOD� \DQJ� WHUMDGL� \DLWX� Q\HUL��

SDUHVWHVLD� �UDVD� WHUWXVXN�WXVXN�� NHVHPXWDQ� GDQ� UDVD�

1(8523$7,�
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$� 3HQJNDMLDQ�.HSHUDZDWDQ 

6WDWXV� NHVHKDWDQ� SDGD� NHOXDUJD� KDUXV� GLNDML� VHFDUD�

NRPSUHKHQVLI�� DNXUDW� GDQ� VLVWHPDWLV�� 3HQJNDMLDQ� NHOXDUJD�

GLODNXNDQ�GHQJDQ�PHOLEDWNDQ�NHOXDUJD�VHEDJDL�RUDQJ� WHUGHNDW�

\DQJ� OHELK� PHQJHWDKXL� WHQWDQJ� PDVDODK� NHVHKDWDQ� DQJJRWD�

NHOXDUJD� �)ULHGPDQ�� ������� 'LPDQD� IRUPDW� SHQJNDMLDQQ\D�

PHOLSXWL� 

�� 'DWD�8PXP 

D� 1DPD�.HSDOD�.HOXDUJD 

E� $ODPDW 

F� .RPSRVLVL�.HOXDUJD 

G� *HQRJUDP 

H� 7LSH�.HOXDUJD 

3DGD� EDJLDQ� WLSH� NHOXDUJD� LQL� PHQMHODVNDQ�

EDJDLPDQD� MHQLV� WLSH� NHOXDUJD� GDQ� EDJDLPDQD� NHQGDOD�

DWDX�PDVDODK�\DQJ�WHUMDGL�SDGD�NHOXDUJD�GHQJDQ�MHQLV�WLSH�

NHOXDUJD� WHUVHEXW�� 'LVDPSLQJ� LWX� PHQJHWDKXL� EDKDVD�

VHKDUL�KDUL� \DQJ� GLJXQDNDQ� ROHK� NHOXDUJD�� NHDGDDQ�

OLQJNXQJDQ�� VXNX� EDQJVD� VHUWD� NHELDVDDQ� GLHW� \DQJ�

EHUKXEXQJDQ� GHQJDQ� QLODL� \DQJ� GLDQXW� ROHK� NHOXDUJD�

\DQJ�GDSDW�PHPSHQJDUXKL�NHVHKDWDQ�NHOXDUJD� 

I� /DWDU�%HODNDQJ��(WQLN� 

3DGD� ODWDU� EHODNDQJ� �HWQLN�� PHQMHODVNDQ� EDKDVD�

\DQJ� GLJXQDNDQ� GDODP� NHOXDUJD�� .HDGDDQ� OLQJNXQJDQ�

VHNLWDU�� GDQ� VXNX� EDQJVD� VHUWD� NHELDVDDQ� GLHW� \DQJ�

$68+$1�

.(3(5$:$7$1�

7(25,7,6 



�� 

 

%$% 

��)227�63$�',$%(7,& 
 

 

$� 'HILQLVL�)RRW�6SD�GLDEHWLF��6SD�.DNL�GLDEHWLN� 

63$�PHUXSDNDQ� VXDWX� VLQJNDWDQ� NDWD� GDUL� EDKDVD� ODWLQ�

\DQJ�EHUDVDO�GDUL�NDWD�6ROXV�3HU�$TXD��6ROXV� �3HQJREDWDQ�DWDX�

3HUDZDWDQ�� 3HU�  � 'HQJDQ� GDQ� $TXD�  � $LU��� %HUGDVDUNDQ� DUWL�

WHUVHEXW�PDND�GDSDW�GLNDWDNDQ�EDKZD�63$�DGDODK�VXDWX�VLVWHP�

SHQJREDWDQ� DWDX� SHUDZDWDQ� GHQJDQ� DLU� DWDX� GDODP� EDKDVD�

,QJJULV� GLNHQDO� VHEDJDL� +\GURWKHUDS\�� 6HFDUD� OHELK� ULQFL� 63$�

GLGHILQLVLNDQ� VHEDJDL� VXDWX� FDUD� SHQDWDODNVDQDDQ� NHVHKDWDQ�

GHQJDQ� PHPSHUJXQDNDQ� DLU� GDODP� EHUEDJDL� EHQWXN� XQWXN�

PHQJREDWL� VXDWX� SHQ\DNLW� DWDX� XQWXN� PHPSHUWDKDQNDQ�

NHVHKDWDQ�LQGLYLGX� 

63$�NDNL�GLDEHWLF��IRRW�VSD�GLDEHWLF��PHUXSDNDQ�UDQJNDLDQ�

SHUDZDWDQ� NDNL� \DQJ� NHJLDWDQQ\D� PHOLSXWL� VHQDP� NDNL��

SHPEHUVLKDQ� DLU� KDQJDW� GDQ� SHPLMDWDQ� �3XUZDQWL�� ��������

0HNDQLVPH� VSD� NDNL� PHOLSXWL� VHQDP� NDNL� HIHNWLI� WHUKDGDS�

WLQJNDW� VHQVLWLYLWDV� NDNL�� 5DQJVDQJDQ� \DQJ�GLEHULNDQ� GDUL� VHVL�

UHIOHNVLRORJL�VHQDP�NDNL�DNDQ�PHPEXDW�ULOHNV�GDQ�PHODQFDUNDQ�

SHUHGDUDQ� GDUDK�� /DQFDUQ\D� SHUHGDUDQ� GDUDK� WHUVHEXW�

PHPXQJNLQNDQ�GDUDK�PHQJDQWDU�OHELK�EDQ\DN�RNVLJHQ�GDQ�JL]L�

NH�VHOVHO�WXEXK��VHNDOLJXV�PHPEDZD�OHELK�EDQ\DN�UDFXQ�XQWXN�

GLNHOXDUNDQ�� 6HKLQJJD� DOLUDQ� GDUDK� \DQJ� ODQFDU� DNDQ�

PHQLQJNDWNDQ� VHQVDVL� SURWHNVL� SDGD� NXOLW�� 3DGD� VDDW� NHJLDWDQ�

VNLQ� FOHDQVLQJ� �SHPEHUVLKDQ��� NDNL� NOLHQ� GLUHQGDP� GHQJDQ�

PHQJJXQDNDQ�DLU�KDQJDW� 

)227�63$�',$%(7,& 
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$� 3HQJNDMLDQ�.HSHUDZDWDQ 

�� ,GHQWLWDV 

%HUGDVDUNDQ�SHQJNDMLDQ�\DQJ�GLODNXNDQ�SDGD�WDQJJDO�

��0DUHW������GLGDSDWNDQ�KDVLO�SHQJNDMLDQ�NOLHQ�1\��<�EHUXVLD�

���WDKXQ�EHUDJDPD�LVODP��GHQJDQ�SHQGLGLNDQ�WHUDNKLU�6/7$�

GDQ�NHJLDWDQ�NOLHQ�VDDW�LQL�VHEDJDL�LEX�UXPDK�WDQJJD��.OLHQ�

VDDW�LQL�WLQJJDO�GL�UXPDK�SULEDGLQ\D�GL�.HOXUDKDQ�3LVDQJ��5:�

��� 57� ���� .HFDPDWDQ� 3DXK�� .RWD� 3DGDQJ�� 'DUL� KDVLO�

SHUQLNDKDQQ\D�1\��<�PHPSXQ\DL� �� RUDQJ� DQDN�� VDWX� DQDN�

VXGDK�PHQLNDK�GDQ�GXD�ODJL�EHUXVLD����GDQ����WDKXQ��VDDW�LQL�

NOLHQ�WLQJJDO�KDQ\D�GHQJDQ�DQDN�SHUWDPDQ\D�DQDN�\DQJ�ODLQ�

PHUDQWDX�GDQ�LNXW�GHQJDQ�VXDPLQ\D� 

7LSH�EHQWXN�NHOXDUJD�1\�<�DGDODK�WLSH�NHOXDUJD�VLQJOH�

SDUHQW� IDPLO\�� 6LQJOH� SDUHQW� IDPLO\� PHUXSDNDQ� WLSH� NHOXDUJD�

\DQJ�KDQ\D�GLNHSDODL�ROHK�VDWX�NHSDOD�NHOXDUJD��LVWUL��DNLEDW�

SHUFHUDLDQ�� .OLHQ� PHQJDWDNDQ� VXGDK� EHUFHUDL� GHQJDQ�

VXDPLQ\D� VHPHQMDN� �� WDKXQ� ODOX�� KXEXQJDQ� 1\� <� GHQJDQ�

DQDNQ\D�VDQJDW�EDLN� 

 

�� 5LZD\DW�.HVHKDWDQ 

%HUGDVDUNDQ�KDVLO�SHQJNDMLDQ�ULZD\DW�NHVHKDWDQ�1\��<�

PHQJDWDNDQ�PHPLOLNL�GLDEHWHV�PHOLWXV�GDQ�KLSHUWHQVL�\DQJ�

GLNHWDKXL�SDGD�WDKXQ������GDQ�PHODNXNDQ�SHQJREDWDQ�VHUWD�

PHQJNRQVXPVL� REDW�REDWDQ� GHQJDQ� UXWLQ� EDUX� VHODPD� ��

WDKXQ� WHUDNKLU�� ZDODXSXQ� NDGDQJ� 1\�� <� PDVLK� ERORQJ�

3(1(5$3$1�)227�63$�

3$'$�3(1'(5,7$�

',$%(7(6�7,3(�� 
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$� $QDOLVD�3HQHUDSDQ�)RRW�6SD� 

�� 3HQJNDMLDQ� 

'DODP� PHPEHULNDQ� SHOD\DQDQ� NHSHUDZDWDQ� \DQJ�

RSWLPDO�� ODQJNDK� XWDPD� GDODP� SURVHV� NHSHUDZDWDQ� \DQJ�

GLODNXNDQ� DGDODK� SHQJNDMLDQ� �)ULHGPDQ�������� 3URVHV�

SHQJNDMLDQ� GLODNXNDQ� GHQJDQ� PHQJXPSXONDQ� GDWD� GDUL�

EHUEDJDL� DVSHN� VHFDUD� WHUXV� PHQHUXV�� %HUGDVDUNDQ�

SHQJNDMLDQ� \DQJ�GLODNXNDQ� ROHK� SHUDZDW� VHFDUD�PHQGDODP�

GDSDW�GLWHPXNDQ�SRWHQVL�PDVDODK�\DQJ�GLDODPL�ROHK�SDVLHQ�

VHKLQJJD� GDSDW� GLODNXNDQ� LQWHUYHQVL� \DQJ� VHVXDL� GHQJDQ�

PDVDODK�\DQJ�WHUMDGL��)ULHGPDQ������� 

%HUGDVDUNDQ� KDVLO� SHQJNDMLDQ� \DQJ� GLODNXNDQ� SDGD�

NHOXDUJD� 1\�� <�� GLGDSDWNDQ� GDWD� EDKZD� 1\�<� EHUXVLD� ���

WDKXQ�PHPSXQ\DL� SHQ\DNLW� '0� WLSH� �� GDUL� ������ PDVDODK�

\DQJ� VHULQJ� PHUDVD� NHVHPXWDQ� SDGD� XMXQJ�XMXQJ� NDNL�

NDGDQJ�PHUDVD�Q\HUL�GHQJDQ�VNDOD�Q\HUL����VHSHUWL�GL�WXVXN�

WXVXN��GDQ�Q\HUL�\DQJ�GLUDVDNDQ�PHQHWDS�NHWLND�NHVHPXWDQ�

WHUMDGL� VHODPD� NXUDQJ� OHELK� �� PHQLW� VHFDUD� WLED�WLED� GDQ�

GLLNXWL� UDVD� WHUEDNDU�� PXGDK� OHODK� GDQ� MDQWXQJ� EHUGHEDU�

GHEDU�NDGDQJ�MXJD�PHUDVD�SROD�WLGXU�WLGDN�WHUDWXU� 

+DVLO� SHPHULNVDDQ� WDQGD� �� WDQGD� YLWDO� 1\�� <� \DLWX�

WHNDQDQ� GDUDK� NOLHQ� ����� ��� PP+J�� QDGL� ��[�PHQLW��

SHUQDIDVDQ���[�PHQLW�GDQ�VXKX���Ý&��6HFDUD�XPXP��NHDGDDQ�

NHSDOD�1\��<�EHUVLK�� UDPEXW�VXGDK�GL� WXPEXKL�XEDQ�� WLGDN�

PXGDK� URQWRN� GDQ� UDSXK��0XNRVD� PXOXW� QDPSDN� OHPEDE�

GDQ� JLJL� WLGDN� OHQJNDS� ODJL�� 7LGDN� WHUGDSDW� VHUXPHQ� SDGD�

$68+$1�
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$EGLVVD��'���+DPED��1���.HQH��.���%HGDQH��'��$���(WDQD��*���0XOHWD��

'��� 	� *HUEL�� $�� �������� 3UHYDOHQFH� DQG� GHWHUPLQDQWV� RI�

SHULSKHUDO�QHXURSDWK\�DPRQJ�W\SH���DGXOW�GLDEHWHV�SDWLHQWV�

DWWHQGLQJ� MLPPD� XQLYHUVLW\� PHGLFDO� FHQWHU�� 6RXWKZHVW�

(WKLRSLD�� ������ DQ� LQVWLWXWLRQDO�EDVHG� FURVV�VHFWLRQDO� VWXG\��

-RXUQDO� RI� 'LDEHWHV� 5HVHDUFK�� �²���

KWWSV���GRL�RUJ��������������������� 

$IILDQL�� 5��� 	� $VWXWL�� 3�� �������� (IHNWLYLWDV� 6SD� .DNL� 'LDEHWLN�

7HUKDGDS� 6LUNXODVL� 'DUDK� 3HULIHU� 3DGD� 3DVLHQ� 'LDEHWHV�

0HOOLWXV� 7LSH� �� 'L� :LOD\DK� .HUMD� 3XVNHVPDV� :RQRNURPR�

6XUDED\D��-RXUQDO�RI�+HDOWK�6FLHQFHV�������� 

$IILDQL�� 5��� 	� $VWXWL�� 3�� �������� (IHNWLYLWDV� 6SD� .DNL� 'LDEHWLN�

7HUKDGDS� 6LUNXODVL� 'DUDK� 3HULIHU� 3DGD� 3DVLHQ� 'LDEHWHV�

0HOOLWXV� 7LSH� �� 'L� :LOD\DK� .HUMD� 3XVNHVPDV� :RQRNURPR�

6XUDED\D��-RXUQDO�RI�+HDOWK�6FLHQFHV�������� 

$NWHU�� 1�� �������� 'LDEHWLF� SHULSKHUDO� QHXURSDWK\�� HSLGHPLRORJ\��

SK\VLRSDWKRORJ\��GLDJQRVLV�DQG�WUHDWPHQW��'HOWD�0HG�&RO�-��������

��²��� 

$OHLGDQ��)��$���$KPDG��%��$���$ORWDLEL��)��$���$OHHVD��'��+���$OKHIGKL��

1��$���%DGUL��0���	�*DGHU��$��*��$����������3UHYDOHQFH�DQG�ULVN�

IDFWRUV� IRU� GLDEHWLF� SHULSKHUDO� QHXURSDWK\� DPRQJ� VDXGL�

KRVSLWDOL]HG�GLDEHWLF� SDWLHQWV�� $� QHVWHG� FDVH�FRQWURO� VWXG\��

,QWHUQDWLRQDO� -RXUQDO� RI� *HQHUDO� 0HGLFLQH�� ���� ���²�����

KWWSV���GRL�RUJ���������,-*0�6������ 

$PHOLD�� 5��� :DK\XQL�� $�� 6��� 	� <XQDQGD�� <�� �������� 'LDEHWLF�

QHXURSDWK\� DPRQJ� W\SH� �� GLDEHWHV� PHOOLWXV� SDWLHQWV� DW�

DPSODV� SULPDU\� KHDOWK� FDUH� LQ� 0HGDQ� FLW\�� 7URSLFDO� DQG�

,QIHFWLRXV�'LVHDVHV�&RQWURO�DQG�0DQDJHPHQ�������������²�������

KWWSV���GRL�RUJ���������RDPMPV��������� 

$QDVWDVL�� -��.���	�.OXJ��&�� ��������'LDEHWLF�SHULSKHUDO�QHXURSDWK\��

1XUVLQJ�����������²��� 
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$QGHUVHQ�� 6�� 7��� :LWWH�� '�� 5��� 'DOVJDDUG�� (�� 0��� $QGHUVHQ�� +���

1DZURWK�� 3��� )OHPLQJ�� 7��� -HQVHQ�� 7�� 0��� )LQQHUXS�� 1�� %���

-HQVHQ��7��6���/DXULW]HQ��7���)HOGPDQ��(��/���&DOODJKDQ��%��&���	�

&KDUOHV�� 0�� �������� 5LVN� IDFWRUV� IRU� LQFLGHQW� GLDEHWLF�

SRO\QHXURSDWK\� LQ� D� FRKRUW� ZLWK� VFUHHQ�GHWHFWHG� W\SH� ��

GLDEHWHV� IROORZHG� IRU� ���\HDUV��$GGLWLRQ�'HQPDUN��'LDEHWHV�

&DUH����������²����KWWSV���GRL�RUJ���������GF������� 

$QKDU��&��$���+HUQDQLQJVLK��<���:DUGKDQL��3���$GL��6���	�$UGKL��0��

6�� �������� 7KH� ,PSDFW� )DFWRUV� RI� 3HULSKHUDO� 'LDEHWLF�

1HXURSDWK\� :KLFK� LV� $ORQJ� ZLWK� +\SHUJO\FHPLD��

+\SHUFKROHVWHUROHPLD��DQG�+\SHUDJJUHJDWLRQ��,QGLDQ�-RXUQDO�

RI�)RUHQVLF�0HGLFLQH�	�7R[LFRORJ\��������� 

%KXYDQHVKZDUL�� 6��� 	� 7DPLOVHOYL�� �������� $� VWXG\� WR� DVVHVV� WKH�

HIIHFWLYHQHVV� RI� EXHUJHU� DOOHQ� H[HUFLVH� RQ� ORZHU� H[WUHPLW\�

SHUIXVLRQ� DPRQJ� SDWLHQWV� ZLWK� W\SH� �� GLDEHWHV� PHOOLWXV� LQ�

VDYHHWKD� PHGLFDO� FROOHJH� DQG� +RVSLWDO� LQ� &KHQQDL��

,QWHUQDWLRQDO�-RXUQDO�RI�$GYDQFH�5HVHDUFK�DQG�'HYHORSPHQW��������

��²��� 

%ULO�� 9��� %UHLQHU�� $��� 3HUNLQV�� %�� $��� 	� =RFKRGQH�� '�� �����D���

1HXURSDWK\�� &DQDGLDQ� -RXUQDO� RI� 'LDEHWHV�� ���� 6���²6�����

KWWSV���GRL�RUJ���������M�MFMG������������ 

%ULO�� 9��� %UHLQHU�� $��� 3HUNLQV�� %�� $��� 	� =RFKRGQH�� '�� �����E���

1HXURSDWK\�� &DQDGLDQ� -RXUQDO� RI� 'LDEHWHV�� ���� 6���²6�����

KWWSV���GRL�RUJ���������M�MFMG������������ 

&DOODJKDQ��%��&���*DOODJKHU��*���)ULGPDQ��9���	�)HOGPDQ��(��/����������

'LDEHWLF�QHXURSDWK\��ZKDW�GRHV�WKH�IXWXUH�KROG"�'LDEHWRORJLD��

����������²�����KWWSV���GRL�RUJ���������V����������������� 

'D\DQLQJVLK��'���	�6DUL��'��3����������3HQHUDSDQ�63$�.DNL�'LDEHWLN�

WHUKDGDS� 6LUNXODVL� 'DUDK� 3HULIHU� SDGD� 3DVLHQ� 'LDEHWHV�

0HOL\XV� 7LSH� �� GL� :LOD\DK� %LQDDQ� 3XVNHVPDV� 5RZRVDUL�

6HPDUDQJ��-XUQDO�.HSHUDZDWDQ�6LVWKDQD������������� 

'HFUROL��(����������'LDEHWHV�0HOLWXV�7LSH����3DGDQJ��3XVDW�3HQHUELWDQ�

%DJLDQ� ,OPX� 3HQ\DNLW� 'DODP� )DNXOOWDV� .HGRNWHUDQ�

8QLYHUVLWDV�$QGDODV� 



�� 

 

(PEXDL��6���7DKDSDU\��:���	�(PEXDL��<����������3HQJDUXK�(GXNDVL�

6NULQLQJ� 1HXURSDWL� GDQ� $QJLRSDWL� 3HULIHU� GHQJDQ�

3HQGHNDWDQ� )DPLO\� &HQWHUHG� &DUH� WHUKDGDS� 5HVLNR� )RRW�

8OFHU�3DVLHQ�'LDEHWHV�0HOLWXV��-XUQDO�.HSHUDZDWDQ�������������

���� 

(UQDZDWL�� �������� 3HQDWDODNVDQDDQ� .HSHUDZDWDQ� 'LDEHWHV� 0HOOLWXV�

7HUSDGX��0LWUD�:DFDQD�0HGLD� 

)HOGPDQ��(��/���&DOODJKDQ��%��&���%XVXL��5���=RFKRGQH��'��:���:ULJKW��

'��(���%HQQHWW��'��/���%LUO��9���5XVVHOO��-��:���	�9LVZDQDWKDQ��9��

�������� 'LDEHWLF� QHXURSDWK\��++6� 3XEOLF� $FFHVV�� ������ �²����

KWWSV���GRL�RUJ���������VYDV����������� 

)HOGPDQ��(��/���&DOODJKDQ��%��&���3RS�%XVXL��5���=RFKRGQH��'��:���

:ULJKW�� '�� (��%HQQHWW�� '�� /��� %ULO�� 9��� 5XVVHOO�� -�� :��� 	�

9LVZDQDWKDQ��9����������'LDEHWLF�QHXURSDWK\��1DWXUH�5HYLHZ��

�������KWWSV���GRL�RUJ���������V��������������� 

)ULHGPDQ��0��������%XNX�$MDU�.HSHUDZDWDQ�NHOXDUJD��5LVHW��7HRUL��GDQ�

3UDNWHN��(GLVL�NH����-DNDUWD��(*&� 

)ULHGPDQ�� �������� %XNX� $MDU� .HSHUDZDWDQ� .HOXDUJD� 5LVHW�� 7HRUL�� 	�

3UDNWLN��-DNDUWD��(&*� 

*LXULQL��-��0����������7KH�GLDEHWLF�IRRW�PHGLFDO�DQG�VXUJLFDO�PDQDJHPHQW�

��WK�HG����+XPDQ�3UHVV� 

*RJLD��6���	�5DR��&����������3UHYDOHQFH�DQG�ULVN�IDFWRUV�IRU�SHULSKHUDO�

QHXURSDWK\� DPRQJ� W\SH� �� GLDEHWHV� PHOOLWXV� SDWLHQWV� DW� D�

WHUWLDU\� FDUH� KRVSLWDO� LQ� FRDVWDO�.DUQDWDND�� ,QGLDQ� -RXUQDO� RI�

(QGRFULQRORJ\� DQG� 0HWDEROLVP�� ������� ���²� �����

KWWSV���GRL�RUJ���������LMHP�,-(0B��B�� 

*UDFLHOOD��9���	�3UDEDZDWL��'�� ��������7KH�HIIHFWLYHQHVV�RI�GLDEHWLF�

IRRW�H[HUFLVH�WR�SHULSKHUDO�QHXURSDWK\�V\PSWRPV�DQG�IDVWLQJ�

EORRG�JOXFRVH�LQ�W\SH���GLDEHWHV�SDWLHQWV��$GYDQFHV�LQ�+HDOWK�

6FLHQFHV� 5HVHDUFK�� ���,��� ��²����

KWWSV���GRL�RUJ���������DKVU�N����������� 

/HPRQH�� 3��� %XUNH�� .�� 0��� 	� %DXOGRII�� *�� �������� %XNX� DMDU�

NHSHUDZDWDQ�PHGLNDO�EHGDK���WK�HG����-DNDUWD��(*&� 



�� 

 

/LE\D��1�� 3�� (�� �������� 3HQJDUXK� 6HQDP� .DNL� 'LDEHWLN� 7HUKDGDS�

$QNOH� %UDFKLDO� ,QGH[� �$%,�� SDGD� 3DVLHQ� 'LDEHWHV� 0HOLWXV�

7LSH� ,,� GL� 837� .HVPDV� *LDQ\DU� ,� 7DKXQ� ����� �'RFWRUDO�

GLVVHUWDWLRQ��-XUXVDQ�.HSHUDZDWDQ������� 

0DFKIRHG]��,���GDQ�6XU\DQL��(��������3HQGLGLNDQ�.HVHKDWDQ�%DJLDQ�'DUL�

3URPRVL� .HVHKDWDQ��)LWUD\DPD��<RJ\DNDUWD 

0DJNRV��)���+MRUWK��0��)���	�$VWUXS��$����������'LHW�DQG�H[HUFLVH�LQ�

WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�W\SH���GLDEHWHV�PHOOLWXV��,Q�

1DWXUH�5HYLHZV�(QGRFULQRORJ\� �9RO�� ���� ,VVXH� ���� SS�� ���²

������1DWXUH� 5HVHDUFK�� KWWSV���GRL�RUJ���������V���������������

�� 

0DZDGGDK��0�� ��������3HQJDUXK�%XHUJHU�$OOHQ�([HUFLVH� WHUKDGDS�

1HXURSDWL� 6HQVRULN�SDGD�3DVLHQ�'LDEHWHV�0HOLWXV�7LSH���GL�

3XVNHVPDV� $QGDODV� .RWD� 3DGDQJ� �'RFWRUDO� GLVVHUWDWLRQ��

8QLYHUVLWDV�$QGDODV�� 

0RKDPPDG�� ,��5���)DKLP��(��0���	�+HJJ\��(��+�� �������� ,PSDFW�RI�

EXHUJHU�DOOHQ� H[HUFLVHV�RQ�IRRW�SHUIXVLRQ�DQG�SDLQ� OHYHO� IRU�

GLDEHWLF� SDWLHQW� ULVN�ZLWK� SHULSKHUDO� DUWHULDO�GLVHDVH��$VVLXW�

6FLHQWLILF�1XUVLQJ�-RXUQDO������������²���� 

1DGUDWL��%���	�6XSULDWQD��/��'����������%XHUJHU�DOOHQ�H[HUFLVH�GDQ�DQNOH�

EUDFKLDO� LQGHNV� �$%,�� SDGD� SHQ\DQGDQJ� GLDEHWHV� PHOLWXV�� 37��

1DV\D�([SDQGLQJ�0DQDJHPHQW� 

3DPXQJNDV�� 5�� $��� 	� 8VPDQ�� $��0�� �������� %XNX� SDQGXDQ� SUDNWLV�

VFUHHQLQJ� UHVLNR� GLDEHWHV� GDQ� QHXURSDWK\� ��VW� HG���� .+'�

3URGXFWLRQ� 

3DQG\D�� -��� 3DWHO��.���	�0DKDMDQ��1�� ��������$QNOH� %UDFKLDO� ,QGH[�

�$%,��� ,QWHUQDWLRQDO� -RXUQDO� RI� %DVLF� DQG� $SSOLHG� 3K\VLRORJ\��

��������²�� 

3(5.(1,�� �������� 3HGRPDQ� SHQJHORODDQ� GDQ� SHQFHJDKDQ� GLDEHWHV�

PHOOLWXV�WLSH����3%��3HUNHQL� 

3HUULQ��%��0���6RXWKRQ�� -���0F&DLJ�� -���6NLQQHU�� ,���6NLQQHU��7��&���	�

.LQJVOH\�� 0�� ,�� &�� �������� 7KH� (IIHFW� RI� VWUXFWXUHG� H[HUFLVH�

FRPSDUHG� ZLWK� HGXFDWLRQ� RQ� QHXURSDWKLF� VLJQV� DQG�



�� 

 

V\PSWRPV� LQ� SHRSOH� DW� ULVN� RI� QHXURSDWKLF� GLDEHWLF� IRRW�

XOFHUV�� D� UDQGRPL]HG� FOLQLFDO� WULDO�� 0HGLFLQD�� ����²�����

KWWSV���GRL�RUJ���������PHGLFLQD�������� 

3RWWHU�	�3HUU\�� ��������)XQGDPHQWDO�.HSHUDZDWDQ��%XNX�6DWX��(GLVL�

.HWXMX�� -DNDUWD��6DOHPED�0HGLND 

3UDPHVWL�� 1�� 0�� :�� �������� +XEXQJDQ� 7LQJNDW� $NWLYLWDV� )LVLN�

'HQJDQ� 1LODL� $QNOH� %UDFKLDO� ,QGH[� �$%,�� 3DGD� 3DVLHQ�

'LDEHWHV� 0HOOLWXV� 7LSH� �� 'L� 837�� .HVPDV� $ELDQVHPDO� ,,�

7DKXQ�������'RFWRUDO�GLVVHUWDWLRQ��-XUXVDQ�.HSHUDZDWDQ�� 

3UDZLWDVDUL��'�� 6�� ��������'LDEHWHV�PHOLWXV�GDQ�DQWLRNVLGDQ�� -XUQDO�

.HVHKDWDQ� 'DQ� .HGRNWHUDQ�� ������ ��²����

KWWSV���GRL�RUJ����������NHVGRN�Y�L������ 

3XQMRW�� 3��� %LVKQRL�� 5��� .DQW�� 5��� 	� 6KDUPD�� 6�� �������� )DFWRUV�

DVVRFLDWHG�ZLWK�SHULSKHUDO�QHXURSDWK\�DPRQJ�SDWLHQWV�ZLWK�

W\SH� �� GLDEHWHV� PHOOLWXV�� $� FURVVVHFWLRQDO� VWXG\�� -RXUQDO� RI�

&DUGLR�'LDEHWHV� DQG� 0HWDEROLF� 'LVRUGHUV�� ������ ��²����

KWWSV���GRL�RUJ���������-&'0�-&'0B�B�� 

3XWUL��5��1���	�:DOX\R��$�� �������� )DNWRU� UHVLNR�QHXURSDWL�SHULIHU�

GLDEHWLN� SDGD� SDVLHQ� GLDEHWHV� PHOLWXV� WLSH� �×�� WLQMDXDQ�

OLWHUDWXU�� -XUQDO� .HSHUDZDWDQ� $EGXUUDE�� ������ ��²����

KWWSV���GRL�RUJ����������MND�Y�L������ 

5DFKPDQWRNR�� 5��� $ILI�� =��� 5DKPDZDWL�� '��� 5DNKPDWLDU�� 5��� 	�

1DQGDU� .XUQLDZDQ�� 6�� �������� 'LDEHWLF� QHXURSDWKLF� SDLQ��

-3+9���������²����KWWSV���GRL�RUJ����������XE�MSKY�������������� 

5DKPL��$��6����������+XEXQJDQ�NDGDU�JDPPD�JOXWDPLO�WUDQVIHUDVH�VHUXP�

GHQJDQ� NHMDGLDQ� QHXURSDWL� SDGD� SDVLHQ� GLDEHWHV� PHOOLWXV� WLSH� ���

8QLYHUVLWDV�$QGDODV� 

6DODZX��)���$GHQOH��7���%XNEXN��'���6DODZX��)���6KDGUDFK��/���$GHQOH��

7��� 0DUWLQV�� 2��� 	� %XNEXN�� '�� �������� 'LDEHWLF� SHULSKHUDO�

QHXURSDWK\�DQG�LWV�ULVN�IDFWRUV�LQ�D�1LJHULDQ�SRSXODWLRQ�ZLWK�

W\SH���GLDEHWHV�PHOOLWXV��2ULJLQDO�$UWLFOH����$IULFDQ�-RXUQDO�RI�

'LDEHWHV�0HGLFLQH����������²�� 



�� 

 

6KDUPD�� -�� .��� 5RKDWJL�� $��� 	� 3DQGLWD�� 1�� �������� 'LDEHWLF�

QHXURSDWK\��5HYLHZ�$UWLFOH�������� 

6XNDUMD�� ,�� 0DGH� �������� 6SD� .DNL� 'LDEHWLN� (IHNWLI� 0HPSHUEDLNL�

6HQVDVL�.DNL�3DGD�'LDEHWHVL��-XUQDO�*HPD�.HSHUDZDWDQ���������

������ 

6XUL�� 0�� +��� +DGGDQL�� +��� 	� 6LQXOLQJJD�� 6�� �������� +XEXQJDQ�

NDUDNWHULVWLN�� KLSHUJOLNHPL�� GDQ� NHUXVDNDQ� VDUDI� SDVLHQ�

QHXURSDWL�GLDEHWLN�GL�560+�3DOHPEDQJ��%LRPHGLFDO�-RXUQDO�RI�

,QGRQHVLD����������²����KWWSV���GRL�RUJ����������EML�Y�L������ 

6XU\DWL��,����������%XNX�NHSHUDZDWDQ�ODWLKDQ�HIHNWLI�XQWXN�SDVLHQ�GLDEHWHV�

PHOOLWXV�EHUEDVLV�KDVLO�SHQHOLWLDQ���VW�HG����'HHSXEOLVK� 

6XU\DWL�� ,��� 0XUQL�� /��� 6WLNHV�� $��� 	� 3DGDQJ�� 3�� �������� 3HQJDUXK�

EXHUJHU� DOOHQ� H[HUFLVH� WHUKDGDS� VHQVLWLYLWDV� NDNL� SDVLHQ�

GLDEHWHV� PHOOLWXV�� 3URVLGLQJ� 6HPLQDU� .HVHKDWDQ� 3HULQWLV�� ������

���²���� 

7LP�3RNMD� 6'.,�'33�331,�� �������� 6WDQGDU�'LDJQRVLV� .HSHUDZDWDQ�

,QGRQHVLD� �6'.,��� (GLVL� ��� -DNDUWD�� 3HUVDWXDQ3HUDZDW�

,QGRQHVLD 

7LP� 3RNMD� 6,.,� '33� 331,�� �������� 6WDQGDU� ,QWHUYHQVL� .HSHUDZDWDQ�

,QGRQHVLD��6,.,���(GLVL����-DNDUWD��3HUVDWXDQ�3HUDZDW�,QGRQHVLD 

7LP� 3RNMD� 6/.,� '33� 331,�� �������� 6WDQGDU� /XDUDQ� .HSHUDZDWDQ�

,QGRQHVLD� �6/.,��� (GLVL� ��� -DNDUWD�� 3HUVDWXDQ� 3HUDZDW�

,QGRQHVLD 

9HYHV��$���*LXULQL��-��0���	�*X]PDQ�(GLWRUV��5��-����������7KH�GLDEHWLF�

IRRW�� ,Q� &RQWHSRUDU\� 'LDEHWHV� �)RXUWK� HGLWLRQ�� 9RO�� ����

6SULQJHU� ,QWHUQDWLRQDO� 3XEOLVKLQJ��

KWWS���ZZZ�VSULQJHU�FRP�VHULHV����� 

:DUGDQL��(��0���=DKURK��&���	�$LQL\DK��1����������'LDEHWLF�)RRW�6SD�

,PSOHPHQWDWLRQ� LQ� (DUO\� 1HXURSDWK\� 'LDJQRVLV� %DVHG� RQ�

%ORRG�*OXFRVH�/HYHOV��)RRW�6HQVLWLYLW\�DQG�WKH�$QNOH�%UDFKLDO�

,QGH[� LQ� 3DWLHQWV�ZLWK�'LDEHWHV�0HOOLWXV�� -XUQDO�1HUV�� �������

���������KWWS���G[�GRL�RUJ����������MQ�Y��L������ 
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1V��5DQG\�5HIQDQGHV��6�.HS��0�.HS 

6WDI� SHQJDMDU� SDGD� 'HSDUWHPHQ� .HSHUDZDWDQ�� )DNXOWDV�

.HSHUDZDWDQ� 8QDQG�� 0HQ\HOHVDLNDQ� SHQGLGLNDQ� 6DUMDQD�

.HSHUDZDWDQ� GDQ� 3URIHVL� 1HUV� SDGD� )DNXOWDV� .HGRNWHUDQ�

8QLYHUVLWDV� $QGDODV� ������������� SHQGLGLNDQ� 0DJLVWHU�

.HSHUDZDWDQ� 3HPLQDWDQ� .HSHUDZDWDQ� -LZD� SDGD� 3URJUDP� 3DVFD�

6DUMDQD� 8QLYHUVLWDV� $QGDODV� ������������� .HJLDWDQ� SHQGLGLNDQ��

SHQJDMDUDQ�� SHQHOLWLDQ�� GDQ� SHQJDEGLDQ� NHSDGD� PDV\DUDNDW�

GLIRNXVNDQ�SDGD�EHUEDJDL�PDVDODK�NHVHKDWDQ�GL�DUHD�GDQ�OLQJNXS�

NHSHUDZDWDQ� MLZD� �3V\FKLDWULF� 1XUVLQJ��� NHSHUDZDWDQ� JHURQWLN�

�*HURQWRORJLF� 1XUVLQJ��� NHSHUDZDWDQ� NRPXQLWDV� �&RPPXQLW\�

+HDOWK� 1XUVLQJ�� GDQ� NHSHUDZDWDQ� NHVHKDWDQ� NHOXDUJD� �)DPLO\�

+HDOWK�1XUVLQJ���%HUEDJDL�KDVLO�NDU\D�LOPLDK�WHODK�GLSXEOLNDVLNDQ�

GDODP� EHQWXN� DUWLNHO� LOPLDK� EDLN� SDGD� MXUQDO� QDVLRQDO� PDXSXQ�

MXUQDO�LQWHUQDVLRQDO� 

(PDLO�3HQXOLV��NLUDQUHIQDQGHV#JPDLO�FRP� 

 


