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2Q�IDUP�WUHHV�EHFRPH�LPSRUWDQW�VRXUFHV�IRU�IRUHVW�WUHH�VHHGV�GLVWULEXWLRQ��7KHUHIRUH��LW�LV�QHFHVVDU\�WR�XQGHUVWDQG�
WKH�HIIHFWV�RI�GLIIHUHQW�ODQG�PDQDJHPHQW�RI�RQ�IDUP�WUHHV�RQ�VHHG�SURGXFWLRQ��7KLV�VWXG\�ZDV�DLPHG�WR�GHWHUPLQH�WKH�
QXWULHQW�VWDWXV�RI�WKH�VRLO�DQG�OHDI�RQ�WKH�YDULRXV�W\SHV�RI�DJURIRUHVWU\�LQ�VPDOO�KROGHU�IRUHVWV�LQ�:HVW�-DYD��DQG�WKHLU�
HIIHFW���RQ�VHHG�SURGXFWLRQ��7KH�VWXG\�ZDV�FRQGXFWHG�LQ�HLJKW�VTXDUH�SORWV�����[����P��RI�GLIIHUHQW�SODQWLQJ�SDWWHUQV��
7KH�QXWULHQW�FRQWHQWV�RI�WKH�VRLO��DQG�OHDI�LQ�WKUHH�VDPSOHV�RI�HDFK�SORW�ZHUH�DQDO\]HG��7KH�QXPEHU�RI�SDQLFOHV�SHU�
SODQW��IORZHUV�SHU�SDQLFOH��IUXLWV�SHU�SDQLFOH��DQG�VHHGV�SHU�IUXLW�ZHUH�FRXQWHG�IURP���WUHHV�RI�HDFK�SORW��7KH�UHVXOWV�
VKRZHG�WKDW�WKH�3��.��0J��DQG�RUJDQLF�&�FRQFHQWUDWLRQ�LQ�OHDYHV�VLJQLILFDQWO\�YDULHG�DPRQJ�DJURIRUHVWU\�SDWWHUQV��
/HDI�1�FRQFHQWUDWLRQ�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�DPRQJ�SORWV��DQG�LWV�DYDLODELOLW\�ZDV�QRW�D�OLPLWLQJ�IDFWRU�IRU�WKH�
VHHG�SURGXFWLRQ� /HDI�&D�DQG�0J�FRQFHQWUDWLRQV�SRVLWLYHO\�FRUUHODWHG�ZLWK�WKH�QXPEHU�RI�SDQLFOHV�SHU�SODQW� &D�� �
SRVLWLYHO\�DIIHFWHG�WKH�QXPEHU�RI�SDQLFOHV�SHU�WUHH��ZKLOH�.�QHJDWLYHO\�DIIHFWHG�WKH�QXPEHU�RI�IUXLWV�DQG�3�QHJDWLYHO\�
DIIHFWHG�WKH�VHHG�SURGXFWLRQ� 7KH�KLJKHVW�\LHOG�RI�IUXLW�DQG�VHHG�ZHUH�UHFRUGHG�RQ�VXULDQ�PRQRFXOWXUH�SODQWDWLRQ�ZLWK��
LQWHUFURSSLQJ�RU�RQ�PL[HG�JDUGHQ�ZLWK�LQWHUFURSSLQJ�

.H\ZRUGV��)ORZHU��IRUHVW��SDQLFOHV��WUHH��VHHG�VRXUFHV

$%675$.

3RKRQ�SRKRQ�SDGD�ODKDQ�PLOLN�SHWDQL�WHODK�PHQMDGL�SHPDVRN�SHQWLQJ�GDODP�SHUHGDUDQ�EHQLK�WDQDPDQ�KXWDQ��2OHK�
NDUHQD�LWX��SHUOX�GLIDKDPL�SHQJDUXK�GDUL�SHUEHGDDQ�SHQJHORODDQ�KXWDQ�SDGD�ODKDQ�SHWDQL�WHUKDGDS�SURGXNVL�EHQLK��
3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHWDKXL�KXEXQJDQ�VWDWXV�QXWULVL�WDQDK�GDQ�GDXQ�SDGD�EHUEDJDL�SROD�DJURIRUHVWUL�GL�
KXWDQ�UDN\DW� �GL�-DZD�%DUDW��GDQ�SHQJDUXKQ\D�WHUKDGDS�SURGXNVL�EHQLK��3HQHOLWLDQ�LQL�GLODNXNDQ�SDGD�GHODSDQ�SORW�
EHUEHQWXN�EXMXU�VDQJNDU�����[����P��GDUL�EHEHUDSD�SROD�WDQDP�\DQJ�EHUEHGD��$QDOLVLV�NRQVHQWUDVL�KDUD�WDQDK�GDQ�
GDXQ�GLODNXNDQ�SDGD�WLJD�VDPSHO�GDUL�VHWLDS�SHWDN��-XPODK�PDODL�SHU�SRKRQ��EXQJD�SHU�PDODL��EXDK�SHU�PDODL��GDQ�
EHQLK�SHU�EXDK�GLKLWXQJ�SDGD���SRKRQ�GDUL�PDVLQJ�PDVLQJ�SORW��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NRQVHQWUDVL�
XQVXU�KDUD�3��.��0J��GDQ��&�SDGD�GDXQ�EHUYDULDVL�VHFDUD�Q\DWD�GL�DQWDUD�SROD�DJURIRUHVWUL��.RQVHQWUDVL�1�SDGD�GDXQ�
WLGDN� EHUEHGD� Q\DWD� DQWDU� SORW�� GDQ� NHWHUVHGLDDQQ\D� EXNDQ�PHUXSDNDQ� IDNWRU� SHPEDWDV� XQWXN� SURGXNVL� EHQLK��
.RQVHQWUDVL�&D�EHUSHQJDUXK�SRVLWLI�WHUKDGDS�MXPODK�PDODL�SHU�SRKRQ�GDQ�MXPODK�EXQJD�SHU�PDODL��.RQVHQWUDVL�0J�
EHUNRUHODVL� SRVLWLI� WHUKDGDS� MXPODK� EXQJD� SHU� PDODL�� .� EHUSHQJDUXK� QHJDWLI� WHUKDGDS� SURGXNVL� EXDK�� GDQ� 3�
EHUSHQJDUXK�QHJDWLI�WHUKDGDS�SURGXNVL�EHQLK� 3URGXNVL�EXDK�GDQ�EHQLK�WHUWLQJJL�GLSHUROHK�SDGD�WHJDNDQ�VXULDQ�\DQJ��
GLWDQDP�PRQRNXOWXU�GHQJDQ�WXPSDQJVDUL�WDQDPDQ�VHPXVLP�DWDX�NHEXQ�FDPSXUDQ�\DQJ�GL�WXPSDQJVDULNDQ�GHQJDQ�
WDQDPDQ�VHPXVLP�

.DWD�NXQFL��%XQJD��KXWDQ��PDODL��SRKRQ��VXPEHU�EHQLK
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'HZDVD� LQL�SHQJHPEDQJDQ�GDQ�SHQLQJNDWDQ�
SURGXNWLYLWDV�KXWDQ�UDN\DW�WHQJDK�GLGRURQJ�ROHK�
SHPHULQWDK�� 6DODK� VDWX� SHUPDVDODKDQ� SHQWLQJ�
\DQJ� PHQMDGL� KDPEDWDQ� GDODP� SHQJHPEDQJDQ�
KXWDQ�UDN\DW�DGDODK�UHQGDKQ\D�DNVHVLELOLWDV�SH�
WDQL�WHUKDGDS�EHQLK�EHUNXDOLWDV��9DQ�1RRUGZLMN�
HW�DO����������2OHK�NDUHQD�LWX��GLSHUOXNDQ�XSD\D�
XQWXN�PHQJHPEDQJDQNDQ�VXPEHU�EHQLK�SDGD�WH�
JDNDQ�WHJDNDQ�GL�KXWDQ�UDN\DW��DJDU�SHWDQL�OHELK�
PXGDK�PHPSHUROHK�EHQLK�EHUNXDOLWDV��8SD\D�LQL�
SHUOX�GLGDVDUL�GHQJDQ�SHPDKDPDQ�WHQWDQJ�NDUDN�
WHULVWLN�OLQJNXQJDQ�GL�KXWDQ�UDN\DW�\DQJ�EHUSH�
QJDUXK�WHUKDGDS�SURGXNVL�EHQLK�WDQDPDQ�KXWDQ��

.HEHUKDVLODQ�SHUNHPEDQJDQ�EXQJD�GDQ�SHU�
NHPEDQJDQ�EXDK�\DQJ�PHQHQWXNDQ�SURGXNVL�EH�
QLK�SDGD�WDQDPDQ�KXWDQ�GLSHQJDUXKL�ROHK�NRQGLVL�
OLQJNXQJDQ�WHPSDW�WXPEXKQ\D��)DNWRU�IDNWRU�OLQJ�
NXQJDQ�\DQJ�GLNHWDKXL�EHUSHQJDUXK�WHUKDGDS�SHP�
EXQJDDQ�GLDQWDUDQ\D� DGDODK� LQWHQ�VLWDV� FDKD\D��
FHNDPDQ� DLU� GDQ� NHWHUVHGLDDQ� QXWULVL� �2ZHQV��
�������VHGDQJNDQ�IDNWRU�IDNWRU�\DQJ�PHPSHQJD�
UXKL� SHUNHPEDQJDQ� EXDK� KLQJJD�PDVDN� DGDODK�
NDQGXQJDQ�DLU��SDVRNDQ�QXWULVL��GDQ�FXDFD��5DFVNR�
HW�DO����������

1XWULVL�PLNUR�GDQ�PDNUR�GLNHWDKXL�EHUSHUDQ�
SHQWLQJ�GDODP�SURGXNVL�EXDK��-RQHV�	�&RPLWD��
�������VHKLQJJD�SDVRNDQ�QXWULVL�\DQJ�VHLPEDQJ�
VHODOX� GLSHUOXNDQ� XQWXN� PHZXMXGNDQ� SURGXNVL�
EXDK�\DQJ�RSWLPDO��5HQLVRQ� ����������3RKRQ�HW�DO
LQGXN� \DQJ�PHQJDODPL� NHNXUDQJDQ� XQVXU� KDUD�
VHODPD�SHUNHPEDQJDQ�EHQLKQ\D�GDSDW�PHQJDNL�
EDWNDQ�EHQLK�EHUNHPEDQJ�WDQSD�JL]L�\DQJ�VHLP�
EDQJ�� VHKLQJJD� EHQLK� DNDQ� NHNXUDQJDQ� XQVXU�
XQVXU�KDUD�HQVHQVLDO�WHUWHQWX��.R]ORZVNL��������
.XVZDQWR���������.RQVHQWUDVL�1��3��.��&D��0J��
)H��0Q�GDQ�=Q�GDODP�GDXQ�EHUNRUHODVL�GHQJDQ�
SURGXNVL� EXDK� SRKRQ� FDURE� � �&HUDWRQLD� VLOLTXD
/����SDGD�PRGHO�HVWLPDVL�\DQJ�WHUEDLN�GLLQGLNDVL�
NDQ� EDKZD� ���� YDULDVL� SURGXNVL� EXDK� FDURE�
EHUNRUHODVL� GHQJDQ�1�� 3��.��0Q�GDQ�)H� GDODP�
GDXQ��&RUUHLD� ����������HW�DO

3ROD�SHQJHORODDQ� ODKDQ�GDSDW�PHQLQJNDWNDQ�
NXDOLWDV�QXWULVL�\DQJ�PHQGXNXQJ�SURGXNVL�EHQLK��
3DGD� WDQDPDQ� SHQLQJNDWNDQ� NHWHU�0�� ]DSRWD��
VHGLDDQ� DLU� GDQ� KDUD� EHUSHQJDUXK� SRVLWLI� SDGD�
IDVH� SHPDWDQJDQ� EXDK� VHKLQJJD� PHQLQJNDWNDQ�
SURGXNVL�GDQ�EHUDW�EXDK��3HED�	�7DEOD���������
3HQJHORODQ� WHJDNDQ� GDODP� EHQWXN� WXPSDQJVDUL�
GDSDW�PHPSHUEDLNL� VWDWXV�QXWULVL� WDQDPDQ��SHU�
WXPEXKDQ� SRKRQ� GDQ� EHUSRWHQVL� PHPSHUFHSDW�
SURGXNVL�EXDK��&KLIIORW� ��������3HUEHGDDQ�HW�DO��
SHQJHORODDQ�ODKDQ�GL�EDZDK�WHJDNDQ�SDGD�VLVWHP�

DJURVLOYRSDVWXUD�EHUSHQJDUXK�SDGD�NRQGLVL�PL�
NURNOLPDW��QXWULVL�GDQ�SURGXNVL�EXDK�DFRUQ 0DU���
FRV� ��� �������6HEDOLNQ\D�� HNVSORLWDVL� ODKDQ�HW� DO
\DQJ� PHQ\HEDENDQ� WDSDN� WHUGHJUDGDVL� EHUDW�
GDSDW�PHQ\HEDENDQ�SHQXUXQDQ�SURGXNVL��VHSHUWL�
SHQXUXQDQ� �XNXUDQ�EXDK��VHUWD�EHUDW�GDQ�XNXUDQ�
EHQLK��VHSHUWL�SDGD� �*DQDWVDV� ���3LQXV�SLQHD� HW�DO
�������

3RKRQ� VXULDQ� � �$�� -XVV���0��7RRQD� VLQHQVLV�
5RHP���EDQ\DN�GLWDQDPDQ�GL�KXWDQ�UDN\DW�GDODP�
EHUEDJDL�SROD�WDQDP��3UDPRQR���������'L�-DZD�
%DUDW�PHQXUXW�6DUGMRQR� �������SROD�SHQJH�HW�DO��
ORODDQ�\DQJ�EHUNHPEDQJ�GL�KXWDQ�UDN\DW�DGDODK�
SRKRQ� GHQJDQ� WDQDPDQ� VHPXVLP� �SODQWDWLRQ�
FURS� FRPELQDWLRQ��� KRPH�NHEXQ� SHNDUDQJDQ� �
JDUGHQV PL[WXUHV�RI����NRPELQDVL�WDQDPDQ�NHUDV��
SODQWDWLRQ� FURSV�� DWDX� NHEXQ� FDPSXUDQ��
VLOYRSDVWXUD�� GDQ� NHEXQ� KXWDQ� � ��IRUHVW�JDUGHQV
DWDX�WDOXQ��,QIRUPDVL�WHQWDQJ�SHQJDUXK�SHUEHGD�
DQ�VWDWXV�XQVXU�KDUD�PDNUR�GDQ�PLNUR�WDQDK�SDGD�
EHUEDJDL�SROD�SHQJHORDODQ�WHUVHEXW�WHUKDGDS�VWD�
WXV�QXWULVL�GDXQ�GDQ�SURGXNVL�EHQLK�VXULDQ�EHOXP�
SHUQDK�WHUODSRUNDQ��,QIRUPDVL�LQL�VDQJDW�GLSHUOX�
NDQ� XQWXN�PHQMDZDE� SHUWDQ\DDQ� DSDNDK� VWDWXV�
QXWULVL� PHQMDGL� NHQGDOD� GDODP� SURGXNVL� EHQLK�
VXULDQ� SDGD� ODKDQ�ODKDQ� GL� KXWDQ� UDN\DW�� VHUWD�
XQWXN� PHQHQWXNDQ� WLQGDNDQ� SHPXSXNDQ� \DQJ�
WHSDW� GDODP� PHQJDWDVL� NHQGDOD� UHQGDQ\D� SUR�
GXNVL� EHQLK� SDGD� VXDWX� VXPEHU� EHQLK� VXULDQ��
%HUEDJDL� SHQHOLWLDQ� WHODK� PHQXQMXNNDQ� EDKZD�
SHQLQJNDWDQ� NDQGXQJDQ� QXWULVL� PHODOXL� SHPX�
SXNDQ�GDSDW�GLJXQDNDQ�XQWXN�PHQLQJNDWNDQ�SUR�
GXNVL�EHQLK��GDQ�XQWXN�PHPSHUFHSDW�SURVHV�SHP�
EXDKDQ�VHKLQJJD�SRKRQ�DNDQ�EHUEXDK�SDGD�XPXU�
PXGD��*UD\�	�*DUUHWW��������

3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHQJHWDKXL�
VWDWXV�QXWULVL�WDQDK�GDQ�GDXQ�VXULDQ��7RRQD�VLQHQ�
VLV�� SDGD� EHEHUDSD� WHJDNDQ� GL� KXWDQ� UDN\DW� GL�
-DZD�%DUDW�VHUWD�SHQJDUXKQ\D�WHUKDGDS�SURGXNVL�
EHQLK�

,,���0(72'2/2*,

$���/RNDVL�GDQ�:DNWX�3HQHOLWLDQ

3HQHOLWLDQ�GLODNXNDQ�GL�KXWDQ�UDN\DW�GL�.DEX�
SDWHQ�6XPHGDQJ�3URYLQVL� -DZD�%DUDW��:LOD\DK�
LQL�PHPLOLNL�FXUDK�KXMDQ�������PP�WDKXQ��/RNDVL�
SHQHOLWLDQ�EHUDGD�GL�'HVD�6XNDMDGL��.HFDPDWDQ�
:DGR��GDQ�'HVD�3DGDVDUL��.HFDPDWDQ�&LPDODND��
.HGXD�GHVD�WHUVHEXW�EHUDGD�GL�.DEXSDWHQ�6XPH�
GDQJ��3HQHOLWLDQ�GLODNXNDQ�GDUL�%XODQ�)HEUXDUL�
�����KLQJJD�$JXVWXV������
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$JXV�$��3UDPRQR��,VNDQGDU�=��6LUHJDU��(QGDK�5��3DOXSL�GDQ�&HFHS�.XVPDQD

+XEXQJDQ�DQWDUD�6WDWXV�1XWULVL�GHQJDQ�3URGXNVL�%XDK�GDQ�%HQLK�6XULDQ
�7RRQD�VLQHQVLV��$��-XVV���0��5RHP���GL�+XWDQ�5DN\DW

%���%DKDQ�GDQ�$ODW�

%DKDQ� SHQHOLWLDQ� EHUXSD� WHJDNDQ� VXULDQ� GL�
KXWDQ�UDN\DW�GHQJDQ�SROD�SHQJHORODDQ�\DQJ�EHU�
EHGD��'DUL�NHGXD�GHVD�WHUVHEXW�GLEXDW���SORW�\DQJ�
PHZDNLOL� �� SROD� WDQDP� \DQJ� EHUEHGD� GDQ� EHU�
IXQJVL� VHEDJDL� SHUODNXDQ� SHUEHGDDQ� VWDWXV�
QXWULVL�� 3ORW� EHUEHQWXN� EXMXUVDQJNDU� EHUXNXUDQ�
���[����P��\DLWX���SORW�GL�'HVD�6XNDMDGL��6���6���
6���6���GDQ�6����GDQ���SORW�GL�'HVD�3DGDVDUL��3���
3���GDQ�3���

.HOLPD�SORW�SHQHOLWLDQ�\DQJ�EHUDGD�GL�'HVD�
6XNDMDGL� WHUOHWDN� SDGD� �� ��
/6�� ��� ��±�

R R

��� ��
%7��EHUDGD�SDGD�NHWLQJJLDQ�WHPSDW����±�
R

����P�GSO��GHQJDQ�NRQGLVL�ODKDQ�ODQGDL��PLULQJ�
GDQ� EHUJHORPEDQJ�� 7LJD� SORW� SHQHOLWLDQ� \DQJ�
EHUDGD� GL�'HVD�3DGDVDUL��.HFDPDWDQ�&LPDODND�
WHUOHWDN�SDGD��� ��
�/6����� ��
%7��EHUDGD�SDGD�

R R

NHWLQJJLDQ�WHPSDW����±����P�GSO�GHQJDQ�WRSR�
JUDIL�GDWDU�

3ORW�6���6��GDQ�6��PHUXSDNDQ�WHJDNDQ�\DQJ�
GLGRPLQDVL�ROHK�VXULDQ�GDQ�KDPSLU�PRQRNXOWXU�
GHQJDQ� NHUDSDWDQ� WHJDNDQ� \DQJ� EHUEHGD�� SDGD�
ODQWDL�EDZDK�GLJXQDNDQ�XQWXN�WXPSDQJVDUL�SDGD�
PXVLP�SHQJKXMDQ��3DGD�NHWLJD�SORW�LQL�SHUVHQWDVH�
VXULDQ��SURSRUVL�MXPODK�SRKRQ�VXULDQ�GLEDQGLQJ�
NDQ� GHQJDQ� MXPODK� VHOXUXK� SRKRQ� SDGD� SORW��

OHELK� WLQJJL� GLEDQGLQJNDQ� GHQJDQ� SORW� ODLQQ\D�� �
3ORW�6��GDQ�6��EHUDGD�SDGD�NHEXQ�FDPSXUDQ�\DQJ�
GLGRPLQDVL�ROHK�FHQJNLK��VXULDQ�GDQ�PDKRQL��3ORW�
3��EHUDGD�SDGD�KXWDQ�FDPSXUDQ�UDSDW�\DQJ�GLGR�
PLQDVL� ROHK�PDKRQL� GDQ� SDGD� EHEHUDSD� EDJLDQ�
ODKDQ� GLJXQDNDQ� XQWXN� WXPSDQJVDUL� WDQDPDQ�
SHUWDQLDQ��GDQ�VHEDJLDQ�ODLQQ\D�GLJXQDNDQ�XQWXN�
WXPSDQJVDUL� GHQJDQ�NRSL�GDQ�YDQLOL� \DQJ�GLWD�
QDP�WLGDN�EHUDWXUDQ��3ORW�3��PHUXSDNDQ�WHJDNDQ�
SHNDUDQJDQ�\DQJ�GLGRPLQDVL�ROHK�VXULDQ��3ORW�3��
PHUXSDNDQ� KXWDQ� FDPSXUDQ� \DQJ� GLGRPLQDVL�
PDKRQL� GDQ� VXULDQ� WDQSD� VLVWHP� WXPSDQJVDUL��
.RQGLVL�WHJDNDQ��VHFDUD�OHELK�OHQJNDS�GLWDPSLO�
NDQ�SDGD�7DEHO���

&���0HWRGH�$QDOLVLV

����$QDOLVLV�NLPLDZDL�WDQDK�GDQ�GDXQ�

8QWXN�DQDOLVLV�ILVLN�WDQDK��GLDPELO���VDPSHO�
XQWXN� VHWLDS� SORW� GHQJDQ� PHQJJXQDNDQ� ULQJ��
8QWXN�DQDOLVLV�NLPLD�GLDPELO�GHQJDQ�PHQJJXQD�
NDQ�VHNRS�NHFLO�NHPXGLDQ�GLPDVXNNDQ�NH�GDODP�
NDQWRQJ� SODVWLN�� GLLNDW� GDQ� GLEDZD� NH� ODERUD�
WRULXP�� 6DPSHO� WDQDK� GLDPELO� GL� EDZDK� WDMXN�
SDGD�SRVLVL����FP�GDUL�EDWDQJ�SRKRQ� �VHEDQ\DN� �
���±��NJ�GHQJDQ�NHGDODPDQ��±����FP��&KLIIORW�HW�

7DEHO�� ����� .RQGLVL� WHJDNDQ� DJURIRUHVWUL� \DQJ� GLDPDWL� �7DEOH 7KH� FRQGLWLRQ� RI� REVHUYHG� DJURIRUHVWU\�
VWDQGV�

3HUODNXDQ�
�7UHDWPHQWV� �

-XPODK�

6SHVLHV�

SRKRQ �
�1XPEHU�RI�

WUHHV�VSHFLHV� ��

7DQDPDQ�

GRPLQDQ �
�'RPLQDQ�

VSHFLHV� �

�
��

-XPODK�SRKRQ�
VXULDQ�GDODP�

SORW �
�1XPEHU�RI�
VXULDQ�WUHHV� �

3HUVHQ�SRKRQ��
VXULDQ �

�3HUFHQWDJH�RI�

VXULDQ�WUHHV� �
��� �

-XPODK��6HPXD�
SRKRQ�KD �

1XPEHU�RI�DOO�

WUHHV�KD��1XPEHU�RI�
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DO���������GDUL���WLWLN�VHFDUD�DFDN��$QDOLVLV�WDQDK�
GLODNXNDQ�GL�ODERUDWRULXP�6($0(2�%,27523�
%RJRU�� 3HQJXNXUDQ� S+� PHQJJXQDNDQ� PHWRGH�
61,� �������������� &� RUJDQLN� GHQJDQ� PHWRGH�
61,� ������������� �:DONH\�	� %ODFN��� 1� WRWDO�
GHQJDQ�PHWRGH�61,���������������.MHOGDKO���3�
WHUVHGLD� GHQJDQ� PHWRGH� 6/�08�77���� �%UD\�
,�,,���SHQJXNXUDQ�&D��0J��.��.7.�PHQJJXQDNDQ�
PHWRGH� 6/�08�77���D�F� �(NVWUDN� 3HQ\DQJJD�
1+�2$F�����1�S+�������$O�GHQJDQ�PHWRGH�6/�
08�77���� �(NVWUDN�.&O���1��� WHNVWXU��� IUDNVL�
PHQJJXQDNDQ�PHWRGH�6/�08�77�����+LGURPH�
WHU���8QWXN�DQDOLVLV�NLPLD�GDXQ��GLDPELO���SRKRQ�
FRQWRK�SDGD�VHWLDS�SORW��$QDOLVLV�NLPLDZL�GDXQ�
PHOLSXWL�NRQVHQWUDVL�1��3��.��&D��0J��)D�0Q��&�
RUJDQLN�GDQ�1D�

����3URGXNVL�EXQJD��EXDK�GDQ�EHQLK�

3HQJDPDWDQ�SURGXNVL�EHQLK�GLODNXNDQ�SDGD���
SRKRQ�GDODP�VHWLDS�SORW�GHQJDQ�SDUDPHWHU�PHOL�
SXWL� MXPODK�PDODL�SHU�SRKRQ��EXQJD�SHU�PDODL��
EXDK�SHU�PDODL�GDQ�EHQLK�SHU�EXDK��8QWXN�SHQJ�
DPDWDQ�MXPODK�EXQJD�SHU�PDODL�GDQ�MXPODK�EXDK�
SHU�PDODL�GLODNXNDQ�SHQJXQGXKDQ���PDODL�VHWLDS�
SRKRQ�FRQWRK�GDQ�VHWLDS�PDODL�GLKLWXQJ�MXPODK�
EXDKQ\D��'DUL�VHWLDS�VDPSHO�PDODL�GLDPELO�EXDK�
VHEDQ\DN���[����EXWLU�XQWXN�SHQJXNXUDQ�GLPHQVL�
EXDK� GDQ� SHQJKLWXQJDQ� MXPODK� EHQLK�� 6HWLDS�
EXDK�GLXNXU�SDQMDQJ��GLDPHWHU��MXPODK�EHQLK�NR�
VRQJ��GDQ�EHQLK�EHUQDV���

'���$QDOLVLV�'DWD

$GD� WLGDNQ\D� NDLWDQ� DQWDUD� YDULEHO�YDULDEHO�
QXWULVL� GDXQ� WHUKDGDS� YDULDEHO� SURGXNVL� EHQLK�
GLDQDOLVLV� GHQJDQ� PHQJJXQDNDQ� NRUHODVL� 3HDU�
VRQ��$129$�GLJXQDNDQ�XQWXN�PHQJDQDOLVLV�SHU�
EHGDDQ�VWDWXV�QXWULVL�WDQDK��QXWULVL�GDXQ��MXPODK�

EXQJD�� MXPODK� EXDK�� MXPODK� EHQLK� GDQ� XNXUDQ�
EXDK� � DQWDU� SORW� SHQHOLWLDQ�� 'DWD�7�� VLQHQVLV
GLNXPSXONDQ�GDUL�GDUL���SORW�GHQJDQ���XODQJDQ��
8QWXN�XNXUDQ�EXDK�GDQ� MXPODK�EHQLK��PDVLQJ�
PDVLQJ�XODQJDQ�PHUXSDNDQ�UDWDDQ�GDUL���PDODL�
GDQ����VDPSHO�EXDK��6HODQMXWQ\D�GDWD�GLDQDOLVLV�
GHQJDQ�XML�MDUDN�EHUJDQGD�'XQFDQ�

,,,���+$6,/�'$1�3(0%$+$6$1

$���+DVLO�

����.RQVHQWUDVL�KDUD�WDQDK��

+DVLO� DQDOLVLV� NLPLD� WDQDK� SDGD� SORW� \DQJ�
GLDPDWL�GLWDPSLONDQ�SDGD�7DEHO����+DVLOQ\D�PH�
QXQMXNNDQ�EDKZD�VHFDUD�XPXP�S+�+ ��GL�ORNDVL��

SHQHOLWLDQ� DGDODK� DVDP� DWDX� DJDN� DVDP� DQWDUD�
�����GDQ�������'L�SORW�6���6���6���6��GDQ�6��S+�
WDQDKQ\D�UDWD�UDWD�EHUNLVDU�����±������SDGD�WLQJ�
NDW� LQL�PHQXUXUW�%DODL�3HQHOLWLDQ�7DQDK�%DGDQ�
3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�3HUWDQLDQ�'HSDU�
WHPHQ�3HUWDQLDQ��������WHUJRORQJ�PDVDP��GDQ�GL�
SORW�3���3���3��WHUPDVXN�DJDN�DVDP�GHQJDQ�S+�
����±������3DUDPHWHU�ODLQQ\D�\DLWX�&��1��&�1��3��
&D��0J��.��.7.��NDGDU�SDVLU��GHEX�GDQ�OLDW�EHU�
EHGD�VHFDUD�Q\DWD�DQWDU�SORW��6HPXD�XQVXU�NHVX��
EXUDQ�WDQDK�EHUSHQJDUXK�Q\DWD�
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.HWHUDQJDQ��5HPDUNV���5DWDDQ�\DQJ�GLLNXWL�ROHK�KXUXI�VDPD�SDGD�NRORP�VDPD�PHQXQMXNNDQ�WLGDN�DGD�SHUEHGDDQ�Q\DWD�SDGD�

WLQJDW�NHSHUFD\DDQ������0HDQV�IROORZHG�E\�WKH�VDPH�ODWWHU�DW�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�
GLIIHUHQW�DW�����FRQILGHQFH�OHYHO�

3ORW�6���6��GDQ�6��PHPLOLNL�NHVXEXUDQ�WDQDK�
\DQJ� VDQJDW�PLULS� \DQJ� GLWXQMXNNDQ� GDUL� KDVLO�
DQDOLVLV�YDULDQVL�EDKZD�NRQVHQWUDVL�&��1��3��&D��
0J��.7.��SDVLU��GHEX�GDQ� OLDW�GL�DQWDUD�NHWLJD�
SORW� WHUVHEXW� WLGDN� EHUEHGD� Q\DWD�� %HUGDVDUNDQ�
S+�WDQDK��VHFDUD�XPXP�SORW�SORW�\DQJ�EHUDGD�GL�
'HVD�6XNDMDGL� �6���6���6�� ��6��GDQ�6���VHFDUD�
Q\DWD�OHELK�DVDP�GLEDQGLQJNDQ�SORW�SORW�GL�'HVD�
3DGDVDUL��3���3��GDQ�3����'LDQWDUD�NHGHODSDQ�SORW�
SHQHOLWLDQ� SORW� 6�� SDOLQJ� DVDP�� 3ORW� LQL� VHFDUD�

9RO����1R����'HVHPEHU��������������
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+XEXQJDQ�DQWDUD�6WDWXV�1XWULVL�GHQJDQ�3URGXNVL�%XDK�GDQ�%HQLK�6XULDQ
�7RRQD�VLQHQVLV��$��-XVV���0��5RHP���GL�+XWDQ�5DN\DW

7DEHO�� ����� $129$�VWDWXV�QXWULVL�GDXQ� �DQWDU�SORW�SHQHOLWLDQ��7DEOH 7��VLQHQVLV $129$�RI��7��VLQHQVLV�OHDI�
QXWULWLRQ�DPRQJ�UHVHDUFK�SORWV�

3DUDPHWHU� ) 6LJ�
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Q\DWD�OHELK�DVDP�GLEDQGLQJ�SORW�6���6���3���3��
GDQ�3���QDPXQ� WLGDN�EHUEHGD�Q\DWD�GHQJDQ�6��
GDQ�6���3ORW�3��GDQ�3��PHPLOLNL�NHPLULSDQ�GDODP�
WLQJJLQ\D� VWDWXV�QXWULVL� WDQDKQ\D�\DQJ�PHOLSXWL�
WLQJJLQ\D�NRQVHQWUDVL�&��1��&D��.�GDQ�NDSDVLWDV�
WXNDU�NDWLRQQ\D��6HPXD�SORW�\DQJ�EHUDGD�GL�'HVD�
6XNDMDGL�PHPLOLNL�NRQVHQWUDVL�OLDW�GDQ�GHEX�\DQJ�
WLGDN�EHUEHGD�Q\DWD�GDQ�VHFDUD�Q\DWD�OHELK�WLQJJL�
MLND� GLEDQGLQJNDQ� GHQJDQ� SORW�SORW� \DQJ� EHU�
ORNDVL�GL�'HVD�3DGDVDUL�

����.RQVHQWUDVL�XQVXU�KDUD�SDGD�GDXQ

5DWD�UDWD� NRQVHQWUDVL� XQVXU� KDUD� GDXQ� SDGD�
VHWLDS�SORW�GLWDPSLONDQ�SDGD�7DEHO����8QVXU�KDUD�
GDXQ� \DQJ� EHUEHGD� Q\DWD� DQWDU� ORNDVL� DGDODK�
NRQVHQWUDVL�3��.��0J�GDQ�&�RUJDQLN�� �VHGDQJNDQ�
XQVXU� ODLQ� WLGDN� EHUEHGD� Q\DWD�� .RQVHQWUDVL� 3�
GDODP�GDXQ�VXULDQ�VDQJDW�EHUYDULDVL�DQWDUD������
VDPSDL� ������ .RQVHQWUDVL� 3� WHUWLQJJL� GLMXPSDL�
SDGD� EORN� 3DGDVDUL� ��� .RQVHQWUDVL� DQDVLU� .� GL�

7DEHO��7DEOH����� 5DWD�UDWD�NRQVHQWUDVL�QXWULVL�GDXQ�VXULDQ��7��VLQHQVLV��DQWDU�WHJDNDQ�VDPSHO��7KH�DYHUDJH�
FRQFHQWUDWLRQ�RI�VXULDQ��7��VLQHQVLV��OHDI�QXWULWLRQ�RI�VDPSOH�VWDQGV�
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.HWHUDQJDQ�� ���5DWDDQ�\DQJ�GLLNXWL�ROHK�KXUXI�VDPD�SDGD�NRORP�VDPD�PHQXQMXNNDQ�WLGDN�DGD�SHUEHGDDQ�Q\DWD�SDGD�5HPDUNV

WLQJDW�NHSHUFD\DDQ��������0HDQV�IROORZHG�E\�WKH�VDPH�ODWWHU�DW�WKH�VDPH�FROXPQ��DUH�QRW�VLJQLILFDQWO\�
GLIIHUHQW�DW�����FRQILGHQFH�OHYHO�

��� .RUHODVL� DQWDUD� 1XWULVL� 7DQDK� GHQJDQ�
1XWULVL�'DXQ

+DVLO� DQDOLVLV� NRUHODVL� 3HDUVRQ� GLWHPXNDQ�
EDKZD� NDQGXQJDQ� XQVXU� KDUD� SDGD� WDQDK� WLGDN�
PHQXQMXNNDQ� NRUHODVL� \DQJ� Q\DWD� GHQJDQ� NDQ�
GXQJDQ�XQVXU�KDUD�EHUVDQJNXWDQ�GL�GDODP�GDXQ��
.RQVHQWUDVL� EHEHUDSD� XQVXU� KDUD� SDGD� WDQDK�
EHUNRUHODVL�GHQJDQ�NRQVHQWUDVL�EHUDSD�XQVXU�KDUD�
ODLQ�SDGD�GDXQ��3DUDPHWHU�NHVXEXUDQ�WDQDK�\DQJ�
EHUSHQJDUXK�WHUKDGDS�NDQGXQJDQ�3�GDQ�.�WDQDK�

GDODP�GDXQ�EHUYDULDVL�DQWDUD�����±������GDQ�EHU�
GDVDUNDQD�$129$�NRQVHQWUDVL�.�EHUEHGD�Q\DWD�
DQWDU� SORW� SHQHOLWLDQ��.RQVHQWUDVL�.� SDGD� SORW�
SORW� GL� 3DGDVDUL� �3��� 3�� GDQ� 3��� OHELK� WLQJJL�
GDULSDGD� NRQVHQWUDVL� .� SDGD� SORW�SORW� GL� GHVD�
6XNDMDGL��6��6���6���6���6����6HODLQ�.�NRQVHQ�
WUDVL� XQVXU� KDUD� \DQJ� EHUEHGD� Q\DWD� DQWDU� SORW�
SHQHOLWLDQ�DGDODK�3��0J��GDQ�&�RUJDQLN��7DEHO����
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6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�
.HWHUDQJDQ�� V���
� $GD�SHUEHGDDQ�Q\DWD�DQWDU�SORW�SDGD�WLQJNDW��������.RU� �.RHILVLHQ�NRUHODVL��6LJ� �1LODL�S��
 �5HPDUN 7KHUH�

DUH�GLIIHUHQW�VLJQLILFDQWO\�DPRQJ�SORW�DW�WKH������OHYHO��.RU� �&RUHOODWLRQ�FRHIILFLHQW��6LJ� S�9DOXH��

DGDODK�S+�WDQDK��.DSDVLWDV�7XNDU�.DWLRQ��.7.��
GDQ�NDQGXQJDQ�DQDVLU�KDUD�&D��7DEHO�����.RQVHQ�
WUDVL�3�GDQ�.�SDGD�GDXQ�PHQLQJNDW�VHMDODQ�GH�
QJDQ�PHQLQJNDWQ\D�S+��.7.�GDQ�NRQVHQWUDVL�&D�
GDXQ�� .RQVHQWUDVL� .� SDGD� GDXQ� MXJD� VHMDODQ�
GHQJDQ�PHQLQJNDWQ\D�3�GDQ�EHUODZDQDQ�GHQJDQ�
PHQLQJNDWQ\D�NRQVHQWUDVL�GHEX�GL�GDODP�WDQDK��
.RQVHQWUDVL�&�RUJDQLN�SDGD�GDXQ�EHUNRUHODVL�QH�
JDWLI�GHQJDQ�NRQVHQWUDVL�&D�WDQDK��NRQVHQWUDVL�)H�
SDGD�GDXQ�EHUNRUHODVL� QHJDWLI� GHQJDQ�1� WDQDK��
NRQVHQWUDVL� 0Q� SDGD� GDX� EHUNRUHODVL� QHJDWLI�
GHQJDQ� NRQVHQWUDVL�0J� WDQDK�� GDQ� NRQVHQWUDVL�
1D�SDGD�GDXQ�EHUNRUHODVL�GHQJDQ�NRQVHQWUDVL�1D�
WDQDK�

����3URGXNVL�EXQJD��EXDK�GDQ�EHQLK

%HUGDVDUNDQ�KDVLO�$129$�WHUKDGDS�SURGXNVL�
EXQJD��EXDK�GDQ�EHQLK�GLNHWDKXL�EDKZD�WHUGDSDW�
SHUEHGDDQ�\DQJ�Q\DWD�DQWDU�SORW�GDODP�KDO�YDULDVL�
EXDK� SHU� PDODL�� SDQMDQJ� EXDK�� GLDPHWHU� EXDK��
MXPODK�EHQLK�SHU�EXDK�GDQ�GD\D�NHFDPEDK�EHQLK��
WHWDSL� MXPODK� PDODL� SHU� SRKRQ�� UDVLR� GLDPHWHU�

GHQJDQ�SDQMDQJ�EXDK��GDQ�MXPODK�RYXO�SHU�EXQJD�
WLGDN�EHUEHGD�VHFDUD�Q\DWD�DQWDU�SORW��7DEHO�����

5DWD�UDWD� MXPODK� PDODL� WHUWLQJJL� GLMXPSDL�
SDGD�SORW�3���3RKRQ�VXULDQ�SDGD�SORW�LQL�PHQJ�
KDVLONDQ�PDODL� EHUYDULDVL� GDUL� ���PDODL� KLQJJD�
����PDODL�SHU�SRKRQ�GHQJDQ�UDWD�UDWD�������PDODL�
SHU� SRKRQ�� 3URGXNVL� PDODL� WHUHQGDK� GLMXPSDL�
SDGD��3ORW�6��\DQJ�PDQJKDVLONDQ�UDWD�UDWD�������
PDODL� SHU� SRKRQ�� 3URGXNVL� PDODL� LQL� WLGDN�
EHUEHGD�Q\DWD�DQWDU�SORW�SHQJDPDWDQ��

-XPODK�EXDK�SHU�PDODL�EHUEHGD�Q\DWD�GL�DQWDUD�
SORW��-XPODK�EXDK�SDOLQJ�WLQJJL�GLWHPXL�SDGD�SORW�
6��\DLWX�������������EXDK�SHU�PDODL��-XPODK�LQL�
VHFDUD�VWDWLVWLN�WLGDN�EHUEHGD�Q\DWD�GHQJDQ�SORW�
6���6��GDQ�6���QDPXQ�VHFDUD�Q\DWD�OHELK�WLQJJL�
GDUL�SDGD�MXPODK�EXDK�SDGD�SORW�6���3���3��GDQ�
3����

-XPODK�EHQLK�SHU�EXDK�DQWDUD�SORW�6���6���6���
6���3���3��GDQ�3��WLGDN�EHUEHGD�Q\DWD��-XPODK�
EHQLK� SDOLQJ� VHGLNLW� GLMXPSDL� SDGD� SDGD� 3��
������� ������� -XPODK� LQL� WLGDN� EHUEHGD� Q\DWD��
GHQJDQ�MXPODK�EHQLK�SDGD�SORW�6��GDQ�3��

9RO����1R����'HVHPEHU��������������



���

*DPEDU��)LJXUH����� .DUDNWHULVWLN�SURGXNVL�EXDK�GDQ�EHQLK�GL� ORNDVL�SHQHOLWLDQ��7KH�FKDUDFWHULVWLF�RI� �
IUXLW�DQG�VHHG�SURGXFWLRQ�RI�REVHUYHG�VWDQGV�

$JXV�$��3UDPRQR��,VNDQGDU�=��6LUHJDU��(QGDK�5��3DOXSL�GDQ�&HFHS�.XVPDQD

+XEXQJDQ�DQWDUD�6WDWXV�1XWULVL�GHQJDQ�3URGXNVL�%XDK�GDQ�%HQLK�6XULDQ
�7RRQD�VLQHQVLV��$��-XVV���0��5RHP���GL�+XWDQ�5DN\DW

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�

7DEHO�� ����� $129$� WHUKDGDS� SDUDPHWHU� YDULDEHO� SURGXNVL� EHQLK� �7DEOH $129$� RI� VHHG� SURGXFWLRQ�
YDULDEOHV�

0HDQ�6TXDUH3DUDPHWHU ) 6LJ�

-XPODK�PDODL�SHU�SRKRQ� � ��������� ����� � ����� �

-XPODK�EXDK�SHU�PDODL� � ���������� � ����� � ����� �

3DQMDQJ�EXDK � ����� ����� � ����� �

'LDPHWHU�EXDK � ����� ����� � ����� �

5DVLR�/HEDU�3DQMDQJ�EXDK � ����� ����� � ����� �

-XPODK�EHQLK � ������ ����� � ����� �

-XPODK�RYXO�SHU�EXQJD� � ������ ����� � ����� �

'D\D�EHUNHFDPEDK�EHQLK ������� ����� �����

8NXUDQ�EXDK�EHUEHGD�Q\DWD�GL�DQWDUD�SORW�SORW�
SHQHOLWLDQ��8NXUDQ�EXDK� WHUNHFLO�GLMXPSDL�SDGD�
SRKRQ� VXULDQ� \DQJ� EHUDGD� GL� SORW� 6��� 3DQMDQJ�
EXDK�SDGD� SORW� LQL� WLGDN� EHUEHGD� Q\DWD� GHQJDQ�
SORW�6��GDQ�3���VHGDQJNDQ�OHEDU�EXDKQ\D�WLGDN�
EHUEHGD� Q\DWD� GHQJDQ� SORW� 6�� GDQ� 3���8NXUDQ�
EXDK��EDLN�SDQMDQJ�PDXSXQ�OHEDU��SDGD�SORW�6���
6���6���6���GDQ�3���WLGDN�EHUEHGD�Q\DWD�

��� .RUHODVL� DQWDUD� VWDWXV� QXWULVL� GDXQ� GDQ�
SURGXNVL�EXQJD��EXDK�GDQ�EHQLK

9DULDVL�XQVXU�KDUD�PDNUR�GDXQ�\DLWX�1��3��.�
\DQJ�WHUMDGL�GL�DWDUD�WHJDNDQ��VHFDUD�XPXP�WLGDN�
EHUNRUHODVL� GHQJDQ� YDULDEHO�YDULDEHO� SURGXNVL�
\DQJ�GLDPDWL� �7DEHO�����6WDWXV�XQVXU�KDUD�GDXQ�
\DQJ�EHUNDLWDQ�GHQJDQ�YDULDEHO�SURGXNVL�DGDODK�

DQDVLU� .� GDODP� GDXQ� \DQJ� EHUNRUHODVL� QHJDWLI�
GHQJDQ� MXPODK� EXQJD� GDQ� VWDWXV� 3� SDGD� GDXQ�
\DQJ�EHUNRUHODVL�QHJDWLI�GHQJDQ�MXPODK�EHQLK��

%HEHUDSD�XQVXU�KDUD�PLNUR�SDGD�GDXQ�EHUNR�
UHODVL�GHQJDQ�EHEHUDSD�YDULDEHO�SURGXNVL��-XP�
ODK�PDODL�SHU�SRKRQ�EHUNRUHODVL�SRVLWLI�GHQJDQ�
NRQVHQWUDVL�&D�GDXQ�WHWDSL�WLGDN�EHUNRUHODVL�VH�
FDUD�Q\DWD�GHQJDQ�NRQVHQWUDVL�XQVXU�KDUD�PDNUR�
PDXSXQ� PLNUR� ODLQQ\D�� 6HODLQ� EHUNRUHODVL� GH�
QJDQ� MXPODK�PDODL��&D� MXJD� EHUNRUHODVL� SRVLWLI�
GHQJDQ� MXPODK�EXQJD�SHU�PDODL��-XPODK�EXQJD�
SHU� PDODL� MXJD� EHUNRUHODVL� GHQJDQ� NRQVHQWUDVL�
DQDVLU�0J��8NXUDQ�EXDK�\DQJ�PHOLSXWL�SDQMDQJ�
EXDK�� UDVLR� SDQMDQJ�OHEDU� GDQ� OHEDU� EXDK� WLGDN�
EHUNRUHODVL� GHQJDQ� VHPXD� YDULDEHO� XQVXU� KDUD�
SDGD�GDXQ�

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�
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7DEHO�� ����� +DVLO�DQDOLVLV�NRUHODVL�DQWDUD�VWDWXV�QXWULVL�GDXQ�WHUKDGDS�SURGXNVL�EHQLK��7DEOH 7KH�UHVXOW�RI�
FRUUHODWLRQ�DQDO\VLV�EHWZHHQ�OHDI�QXWULWLRQ�DQG�VHHG�SURGXFWLRQ�YDULDEOHV�

1XWULVL�GDXQ �
�/HDI�

QXWULWLRQ� �

�

-XPODK�PDODL �
SHU �

SRKRQ �
�6SLNHV �SHU�
WUHH�

-XPODK�

EXQJD�SHU

PDODL �
�)ORZHUV �
SHU�VSLNH�

-XPODK�
EXDK�SHU
PDODL�

�

�

��)UXLWV SHU�

VSLNH� �

�
�

3DQMDQJ
EXDK

�)UXLW�

OHQJWK� �

/HEDU�

EXDK �
�)UXLW�

GLDPHWHU �

-XPODK
EHQLK
�6HHGV
SHU
IUXLW�

�

�

�

�

%HUDW�EHQLK

�6HHG�

ZHLJKW�
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1D .RU� ���� ����� ����� ����� ������ ������ ������

6LJ� ����� ����� ����� ����� ����� ����� ������

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�
.HWHUDQJDQ�� V���
� $GD�SHUEHGDDQ�Q\DWD�DQWDU�SORW�SDGD�WLQJNDW��������.RU� �NRHILVLHQ�NRUHODVL��6LJ� �QLODL�S���
� �5HPDUN 7KHUH�

DUH�GLIIHUHQW�VLJQLILFDQWO\�DPRQJ�SORW�DW�WKH������OHYHO��.RU� �&RUHOODWLRQ�FRHIILFLHQW��6LJ� �S�9DOXH��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

%���3HPEDKDVDQ

3ORW�SORW�\DQJ�EHUDGD�GL�'HVD�3DGDVDUL�PHPL�
OLNL� S+�\DQJ� OHELK� UHQGDK�GDQ�NHVXEXUDQ�\DQJ�
OHELK�WLQJJL�GDUL�SORW�SORW�GL�'HVD�6XNDMDGL�NDUH�
QD� SORW�SORW� LQL� EHUDGD� SDGD� DUHD� GHQJDQ� MHQLV�
WDQDK� DOXYLDO� \DQJ� VXEXU�� VHGDQJNDQ� SORW� \DQJ�
EHUDGD� ORNDVL� GL� 'HVD� 6XNDMDGL� EHUDGD� SDGD�
ORNDVL� GHQJDQ� MHQLV� WDQDK�/DWRVRO� GHQJDQ� NDQ�
GXQJDQ� OLDW� WLQJJL��.7.�UHQGDK��GDQ�S+�DVDP�� �
3ORW� 6��� 6�� GDQ� 6�� PHPLOLNL� NHVXEXUDQ� WDQDK�
VDQJDW�PLULS�NDUHQD�NHWLJD�SORW�EHUDGD�SDGD�MHQLV�
WDQDK�\DQJ�VDPD�GDQ�GLNHOROD�GHQJDQ�SROD�WDQDP�
\DQJ�PLULS�\DLWX�SHSRKRQDQ�PRQRNXOWXU�GHQJDQ�
WDQDPDQ�VHPXVLP��3ORW�6��PHPLOLNL�NDQGXQJDQ�
QXWULVL�\DQJ� OHELK�EDLN�� WHUXWDPD�NRQVHQWUDVL�&�
GDQ� 1�� GLEDQGLQJ� GHQJDQ� SORW� ODLQQ\D� \DQJ�
EHUDGD�SDGD�DUHD�GHQJDQ�MHQLV�WDQDK�\DQJ�VDPD��
GLGXJD�NDUHQD�NRPSRVLVL�MHQLV�SHSRKRQDQ�SDGD�
SORW�LQL�OHELK�EHUDJDP�\DQJ�EHULVL�EHEHUDSD�MHQLV�
WDQDPDQ�OHJXP�\DQJ�PDPSX�PHQJLNDW�1�XGDUD��
6HPDNLQ� EHUDJDP� MHQLV� SRKRQ� PHQ\HEDENDQ�
WHUEHQWXNQ\D�VWUDWLILNDVL�ILVLN�GDQ�NLPLDZL�DNDU�
VHKLQJJD�NRPSHWLVL�SHQ\HUDSDQ�XQVXU�KDUD�PHQ�
MDGL�OHELK�UHQGDK��)RUUHVWHU� �������6HODLQ�HW�DO���
LWX�SDGD�3ORW�6��NHJLDWDQ�WXPSDQJVDUL�GLODNXNDQ�
OHELK�LQWHQVLI�VHKLQJJD�LQSXW�1�GDUL�SHPXSXNDQ�
UHODWLI�OHELK�WLQJJL��.RQVHQWUDVL�&�RUJDQLN�\DQJ�

OHELK�WLQJJL�SDGD�3ORW�6��GLGXJD�NDUHQD�WHJDNDQ�
FDPSXUDQ� PHPLOLNL� SURGXNWLILWDV� VHUDVDK� \DQJ�
OHELK�WLQJJL�GDULSDGD�WHJDNDQ�PRQRNXOWXU��+DO�LQL�
VHMDODQ� GHQJDQ� KDVLO� SHQHOLWLDQ� )RUUHVWHU� ��HW� DO
�������

6HFDUD� WHRULWLV� NRQVHQWUDVL� XQVXU� KDUD� SDGD�
GDXQ�GLSHQJDUXKL�ROHK�NRQVHQWUDVL�KDUD�EHUVDQJ�
NXWDQ� GL� GDODP� WDQDK� �.R]ORZVNL� 	� 3DOODUG\��
�������QDPXQ�GDODP�SHQHOLWLDQ�LQL�EHUGDVDUNDQ�
XML�NRUHODVL�WHUQ\DWD�NRQVHQWUDVL�XQVXU�KDUD�WDQDK�
WLGDN� EHUNRUHODVL� VHFDUD� Q\DWD� GHQJDQ� NRQVHQ�
WUDVL� XQVXU� KDUD� GDXQ�� +DO� LQL� GLGXJD� NDUHQD�
NRQVHQ�WUDVL�KDUD�GDODP�GDXQ�PHQXUXW�:X� �HW�DO�
�������WLGDN�KDQ\D�GLWHQWXNDQ�ROHK�VWDWXV�QXWULVL�
WDQDK�WHWDSL�MXJD�ROHK�IDNWRU�OLQJNXQJDQ�ODLQQ\D��
PLVDO�Q\D� NHWLQJJLDQ� WHPSDW�� SRVLVL� WRSRJUDIL��
NHPLULQJDQ�� WLSH�YHJHWDVL��GDQ�VWDWXV�QXWULVL� WD�
QDK��'HQJDQ�GHPLNLDQ��SDGD�SHQHOLWLDQ�LQL�SHU�
EHGDDQ� NRQGLVL� ILVLN� SRKRQ� VXULDQ�� SHUEHGDDQ�
SROD� SHQJHORODDQ�� SHUEHGDDQ� NRPSRVLVL� GDQ�
VWUXNWXU�WHJDNDQ��GL�GHODSDQ�SORW� �SHQHOLWLDQ�EHU�
SHQJDUXK�WHUKDGDS�HIHNWLILWDV�SHQ\HUDSDQ�XQVXU�
KDUD�� VHKLQJJD� NHQDLNDQ� DWDX� SHQXUXQDQ� NRQ�
VHQWUDVL� XQVXU� KDUD� WDQDK� SDGD� SORW� WHUWHQWX�
GLEDQGLQJ�SORW�ODLQ�WLGDN�VHODOX�GLLNXWL�ROHK�NH�
QDLNDQ�DWDX�SHQXUXQDQ�XQVXU�KDUD�EHUVDQJNXWDQ�
GL�GDODP�GDXQ�

9RO����1R����'HVHPEHU��������������
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+XEXQJDQ�DQWDUD�6WDWXV�1XWULVL�GHQJDQ�3URGXNVL�%XDK�GDQ�%HQLK�6XULDQ
�7RRQD�VLQHQVLV��$��-XVV���0��5RHP���GL�+XWDQ�5DN\DW

0HQXUXW�.HOO\� ��������SHQJDUXK�WDSDN�HW�DO�
WHUKDGDS� SHPEXQJDDQ� \DQJ� VDQJDW� VLJQLILNDQ�
DGDODK�DNLEDW�GDUL�SHUEHGDDQ�NRQGLVL� LNOLP�GDQ�
WDQDK�� PLVDOQ\D� SHUEHGDDQ� NHVXEXUDQ� WDQDK�
�.HOO\� ����������:DQL� ���������MXJD�PH�HW�DO HW�DO
Q\DWDNDQ�EDKZD�QXWULVL� WDQDK�PHQHQWXNDQ�SHU�
VHQWDVH�EXQJD�VHPSXUQD��SHPDVDNDQ�EXQJD��GDQ�
YLDELOLWDV�SROOHQ��5HQGDKQ\D�VWDWXV�QXWULVL�SDGD�
WDQDPDQ�GDSDW�PHQ\HEDENDQ�WHUEHQWXNQ\D�SLVWLO�
\DQJ�FDFDW��VHKLQJJD�NHVHLPEDQJDQ�VXSODL�QXWULVL�
VHODOX� GLSHUOXNDQ� XQWXN� PHQFLSWDNDQ� SURGXNVL�
EXDK�\DQJ�RSWLPXP��3DGD�SHQHOLWLDQ�VXULDQ�LQL��
KDVLO�SHQJDPDWDQ�PHQXQMXNNDQ�EDKZD�NRQVHQ�
WUDVL�NLPLD�\DQJ�EHUNRUHODVL�GHQJDQ�SHPEXQJDDQ�
DGDODK�&D�GDQ�0J��-XPODK�PDODL�SHU�SRKRQ�GDQ�
MXPODK� EXQJD� SHU�PDODL�PHQLQJNDW� VHMDODQ� GH�
QJDQ�PHQLQJNDWQ\D� NRQVHQWUDVL�&D� SDGD� GDXQ��
+DO� LQL� VHMDODQ� GHQJDQ� 7LVGDOH� ������� GDODP�
5RVPDUNDP�	�<XZRQR��������EDKZD�.DOVLXP�
PHPLOLNL�SHUDQDQ�\DQJ�HUDW�GHQJDQ�SHPEHQWXNDQ�
MDULQJDQ�DSLNDO�GDQ�SHPEHQWXNDQ�EXQJD��1DPXQ�
GHPLNLDQ��KDVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�
SURGXNVL�PDODL�LQL�WLGDN�EHUEHGD�Q\DWD�DQWDU�SORW�
SHQJDPDWDQ�� .RQVHQWUDVL�0J� GDXQ� EHUNRUHODVL�
SRVLWLI�VHFDUD�Q\DWD�GHQJDQ�SURGXNVL�EXQJD�SHU�
PDODL��GDQ�EHUNRUHODVL�SRVLWLI�OHPDK�GHQJDQ�SUR�
GXNVL� PDODL�� 0HQXUXW� &RSHODQG� 	� 0F'RQDOG�
�������VWDWXV�QXWULVL�PHQMDGL�SHQWLQJ�NHWLND�SHP�
EHQWXNDQ�EDJLDQ�EDJLDQ�EXQJD� WHUJDQWXQJ�SDGD�
NHWHUVHGLDDQ� EDKDQ� PDNDQDQ� GDQ� WUDQVORNDVL�
Q\D�� VHGDQJNDQ�PHQXUXW�*DUGQHU� �� �������HW� DO
XQVXU�0J� GDQ� &D� EHUSHUDQ� GDODP� WUDQVSRUWDVL�
NDUERKLGUDW�GDQ�SHPDQIDDWDQQ\D��'DODP�SHQHOL�
WLDQ�LQL�NDLWDQ�&D�GDQ�0J�GHQJDQ�SURGXNVL�EXQJD�
GLGXJD�EHUNDLWDQ�GHQJDQ�WUDQVORNDVL�EDKDQ�PD�
NDQDQ� GDUL� GDXQ� NH� WXQDV� UHSURGXNWLI� DWDX� NH�
EXQJD�

3DGD�SHQHOLWLDQ�VXULDQ�LQL�NRQVHQWUDVL�1�SDGD�
GDXQ�WLGDN�EHUSHQJDUXK�Q\DWD�WHUKDGDS�SURGXNVL�
EXQJD��+DVLO�LQL�EHUEHGD�GHQJDQ�EHEHUDSD�SHQH�
OLWLDQ�ODLQ�\DQJ�PHQJXQJNDSNDQ�DGDQ\D�SHQJD�
UXK�1�WHUKDGDS�SHPEXQJDDQ��PLVDOQ\D�SHQHOLWLDQ�
*UD\�	�*DUUHWW��������\DQJ�PHQXQMXNNDQ�EDK�
ZD�SHQDPEDKDQ�SXSXN�1��PHPLOLNL�HIHN�SRVLWLI�
SDGD� MXPODK�EXQJD�EHWLQD�\DQJ� WHUEHQWXN�SDGD�
SRKRQ� �� +DO� LQL� WHUMDGL�0LVVRXUL� EODFN� ZDOQXW
NDUHQD�NRQVHQWUDVL�1�SDGD�GDXQ� DQWDU�7��VLQHQVLV�
SORW�SHQHOLWLDQ�WLGDN�EHUEHGD�Q\DWD�GDQ�NRQVHQ�
WUDVL� SDGD� VHPXD� ORNDVL� \DQJ� EHUNLVDU� DQWDUD�
������ KLQJJD� ������� GLGXJD� NRQVHQHWDVL� LQL�
WHODK� PHQFXNXSL� XQWXN� SHPEHQWXNDQ� EXQJD�
VHPSXUQD��VHKLQJJD�YDULDVL�WLQJNDW�1�WLGDN�PHQ�
MDGL�IDNWRU�SHPEDWDV�WHUKDGDS�UHSURGXNVL�EXQJD��
+DO� LQL�GLPXQJNLQNDQ�NDUHQD�SDGD�ROLYH� �2OHD�
HXURSDHD�/���NHQDLNDQ�GDUL�NRQVHQWUDVL�1�GDXQ�

\DQJ�EHUDZDO�GDUL�WLQJNDW������DNDQ�GLLNXWL�VH�
FDUD�FHSDW�WHUKDGDS�SHQLQJNDWDQ�LQWHQVLWDV�SHP�
EXQJDDQ��SHUVHQWDVH�EXQJD�VHPSXUQD��GDQ�MXP�
ODK�EXQJD�SHU�PDODL��NHPXGLDQ�VHWHODK�PHOHZDWL�
WLQJNDW�������SHUEHGDDQ�NRQVHQWUDVL�1�SHQJD�
UXKQ\D�PHOHPDK��(UHO� ���������HW�DO

$QDVLU� 3� PXGDK� GLUHGLVWULEXVLNDQ� GDUL� VDWX�
RUJDQ�NH�RUJDQ�ODLQ��3�KLODQJ�GDUL�GDXQ�GDXQ�WXD��
PHQJXPSXO� SDGD� GDXQ�GDXQ� PXGD� GDQ� SDGD�
EXQJD�GDQ�EHQLK�\DQJ�VHGDQJ�EHUNHPEDQJ��6DOLV�
EXU\�	�5RVV���������3DGD�SHQHOLWLDQ�VXULDQ�LQL��
YDULDVL� NRQVHQWUDVL� 3� GDXQ� SDGD� VHPXD� ORNDVL�
\DQJ�EHUNLVDU�DQWDUD�������KLQJJD�������� WHU�
PDVXN� WLQJJL� GLEDQGLQJNDQ� SDGD� SRKRQ� ODLQ��
3DGD�SRKRQ�RDN�� �/���SDGD�SHQHOLWLDQ��4XHUFXV�LOH[
0DUFRV� ��� ������� NRQVHQWUDVL� 3� WHUWLQJJL�HW� DO
VHNLWDU�������GDQ�SRKRQ�ROLYH�� �2OHD�HXURSDHD
/���NRQVHQWUDVL�3�EHUNLVDU�����±�������SDGD�&D�
URE�EHUNLVDU�DQWDUD�����±�������&RUUHLD���������
3DGD� �GDQ� �GL�EDZDK�3LQXV�UDGLDWD &�� OXVLWDQLFD
����� �'DYLV� ��� �������+DVLO� SHQHOLWLDQ�PH�HW� DO
QXQMXNNDQ�EDKZD�NRQVHQWUDVL�3�SDGD�GDXQ�VXULDQ�
WLGDN�EHUSHQJDUXK�Q\DWD�WHUKDGDS�SHPEXQJDDQ��
+DVLO� LQL� EHUEHGD� GHQJDQ� KDVLO� SHQHLOLWLDQ� WHU�
KDGDS�SRKRQ� 5RVH��NRQVHQ�,SRPRHD�ZROFRWWLDQD�
WUDVL�3�WDQDK�EHUGDPSDN�SRVLWLI��PHVNLSXQ�OHPDK�
XQWXN�SURGXNVL�EXQJD��7DEOD�	�%XOORFN���������
'LGXJD� NRQVHQWUDVL� 3� GDXQ� VXULDQ� SDGD� WDSDN�
SHQHOLWLDQ� WHODK� FXNXS� XQWXN� SURGXNVL� EXQJD�
NDUHQD� PHQXUXW� .R]ORZVNL� 	� 3DOODUG\� �������
GHILVLHQVL� 3� DNDQ� PHQJDNLEDWNDQ� SHQXUXQDQ�
SURGXNVL�EXQJD�GDQ�EXDK��+DO�LQL�VHMDODQ�GHQJDQ�
SHQHOLWLDQ� SDGD� � GL� PDQD� LQWHQVLWDV� SHP�ROLYH
EXQJDDQ�WLGDNODK�GLSHQJDUXKL�ROHK�3�VHSDQMDQJ�
NHNXUDQJDQ�EHUDW�3�ELVD�GLKLQGDUNDQ�\DLWX�3�GDXQ�
GL� DWDV��������6HGDQJNDQ� MXPODK�EXQJD�XQWXN�
VHWLDS�PDODL� FHQGHUXQJ�PHQLQJNDW� GHQJDQ�PH�
QLQJNDWQ\D� 3�� 1DPXQ� SDGD� NRQVHQWUDVL� GL� DWDV�
EDWDV�VHNLWDU��������SHQLQJNDWDQ�NRQVHQWUDVL�3�
GDXQ� WLGDN� PHQXQMXNNDQ� SHQJDUXK� SRVLWLI� WHU�
KDGDS�SURGXNVL�EXQJD��(UHO� ���������HW�DO

6HFDUD� XPXP�SURGXNVL� EXDK� GDQ� EHQLK� WHU�
WLQJJL�GLMXPSDL�SDGD�WHJDNDQ�GHQJDQ�SROD�WDQDP�
SRKRQ� VXULDQ�PRQRNXOWXU� GHQJDQ� WXP�SDQJVDUL�
WDQDPDQ� VHPXVLP� �SORW� 6�� GDQ� 6���� GDQ� SROD�
WDQDP�NHEXQ�FDPSXU�GHQJDQ�WXPSDQJVDUL�WDQDP�
DQ�VHPXVLP��SORW�6����7LQJJLQ\D�SURGXNVL�EXDK�
GDQ� EHQLK� LQL� GLGXJD� WLGDN� EHUNDLWDQ� ODQJVXQJ�
GHQJDQ�SHUEHGDDQ�XQVXU�KDUD�WDQDK��NDUHQD�KDP�
SLU� VHPXD� XQVXU� KDUD� WLGDN� EHUNRUHODVL� GHQJDQ�
SURGXNVL�EXDK�GDQ�EHQLK��NHFXDOL� XQVXU�KDUD�3�
\DQJ�EHUNRUHODVL�QHJDWLI�WHUKDGDS�SURGXNVL�EXDK�
GDQ�DQDVLU�KDUD�.�\DQJ�EHUNRUHODVL�QHJDWLI� WHU�
KDGDS�SURGXNVL�EHQLK��

.R]ORZVNL� 	� 3DOODUG\� ������� PHQJHPXND�
NDQ� EDKZD� SHPEXDKDQ� EHUNXUDQJ� NDUHQD� GHIL�
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-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

VLHQVL� 3�� 3DGD� SHQHOLWLDQ� VXULDQ� NRQVHQWUDVL� 3�
GDXQ�GL�DQWDUD�EHEHUDSD�SORW�SHQHOLWLDQ�EHUEHGD�
Q\DWD��.RQVHQWUDVL� 3� EHUNRUHODVL� QHJDWLI� VHFDUD�
Q\DWD�WHUKDGDS�MXPODK�EHQLK�GDQ�WLGDN�PHQXQMXN�
NDQ�NRUHODVL�\DQJ�Q\DWD�WHUKDGDS�SURGXNVL�EXDK��
3ORW�3��GDQ�3��\DQJ�PHPLOLNL�NDQGXQJDQ�DQDVLU�3�
WLQJJL��PHQJKDVLONDQ�EXDK�SHU�PDODL�\DQJ� UHQ�
GDK�� GDQ� SURGXNVL� EHQLK� SHU� EXDK� \DQJ� WLQJJL��
+DVLO�LQL�VHMDODQ�GHQJDQ�SHQHOLWLDQ��&RUUHLD� ���HW�DO
������ EDKZD� NRQVHQWUDVL� 3� GDXQ� EHUNRUHODVL�
QHJDWLI�GHQJDQ�SURGXNVL�EXDK�SDGD�SRKRQ�FDURE�
� �/����GDQ�KDVLO�SHQHOLWLDQ�SDGD�&HUDWRQLD�VLOLTXD
SURGXNVL�EXDK� �.DLQHU� ��%HUWKROOHWLD�H[FHOVD� HW�DO�
�������+DVLO�SHQHOLWLDQ�SDGD�VXULDQ� LQL�EHUEHGD�
GHQJDQ� SHQHOLWLDQ� \DQJ� PHQ\DWDNDQ� EDKZD� 3�
WDQDK�EHUGDPSDN�SRVLWLI�WHUKDGDS�SURGXNVL�EXDK�
PLVDOQ\D�SDGD�SRKRQ� 5RVH�,SRPRHD�ZROFRWWLDQD�
�7DEOD�	�%XOORFN�� ������� SRKRQ� RDN� �4XHUFXV�
LOH[�/�����0DUFRV� ����������GDQ�SRKRQ�ROLYH�HW�DO
� � /��� �(UHO� ��� ������� 3DGD�2OHD� HXURSDHD HW� DO
SHQHOLWLDQ�LQL�SHQLQJNDWDQ�NRQVHQWUDVL�3�PHQ\H�
EDENDQ�SHQXUXQDQ�SURGXNVL�EXDK�GDQ�EHQLK�GL�
GXJD�NDUHQD�SDGD�SORW�SORW�WHUWHQWX��3��GDQ�3���
PHPLOLNL�NRQVHQWUDVL�3�\DQJ�WHUODPSDX�WLQJJL�VH�
KLQJJD�PHQ\HEDENDQ�SHQJDUXK�QHJDWLI��7LQJJL�
Q\D� NRQVHQWUDVL� 3� GDXQ� GL� SORW�SORW� LQL� GLGXJD�
EHUNDLWDQ�GHQJDQ�NRQVHQWUDVL�3�GDODP� WDQDK�GL�
NHGXD�SORW�WHUVHEXW�\DQJ�MXJD�VDQJDW�WLQJJL�

3DGD� SHQHOLWLDQ� LQL� NRQVHQWUDVL� DQDVLU� .� GL�
GDODP� GDXQ� DQWDU� SORW� EHUYDULDVL� DQWDUD� ����±�
������.RQVHQWUDVL�.� SDGD� SRKRQ� VDPSHO� \DQJ�
GLMXPSDL� SDGD� 3DGDVDUL� �� \DQJ� EHUNLVDU� DQWDUD�
���±�������WHUPDVXN�VDQJDW�WLQJJL�GLEDQGLQJNDQ�
GHQJDQ�KDVLO�SHQHOLWDQ�ODLQ��3DGD�FDURE�NRQVHQ�
WUDVL�.� EHUNLVDU� ���±���� �&RUUHLD� �� �������HW� DO�
3DGD�SLQXV�GL�EDZDK������GDQ��SDGD� �&��OXVLWDQLFD
GL�EDZDK������'DYLV� ����������+DVLO�SHQHOLWLDQ�HW�DO
WHUKDGDS�VXULDQ�PHQXQMXNNDQ�EDKZD�KDQ\D�DQD�
VLU� .� \DQJ� EHUNRUHODVL� QHJDWLI� \DQJ� VLJQLILNDQ�
WHUKDGDS� SURGXNVL� EXDK� SHU� PDODL�� .DQGXQJDQ�
DQDVLU�.�GDODP�GDXQ�\DQJ�WHUWLQJJL�GLMXPSDL�GL�
6�� GDQ� WHUHQGDK�SDGD�3�� VHMDODQ� GHQJDQD� SUR�
GXNVL�EHQLK�SDGD�SORW�6��\DQJ�WLQJJL�GDQ�3��\DQJ�
UHQGDK��*DPEDU�����'LGXJD�KDO�LQL�WHUNDLW�GHQJDQ�
SHUEHGDDQ�\DQJ�Q\DWD�GDODP�NRQVHQWUDVL�.�GDXQ�
DQWDU� SORW� SHQHOLWLDQ��+DVLO� LQL� EHUEHGD� GHQJDQ�
SHQHOLWLDQ�SDGD�ROLYH�\DQJ�PHQXQMXNNDQ�EDKZD�
WLQJNDW�.� WLGDN�PHPEHUL�SHQJDUXK�SHQWLQJ� WHU�
KDGDS� SHPEXQJDDQ�� SHPEHQWXNDQ� EXDK� �IUXLW�
VHW HW� DO�� DWDX� NHVHOXUXKDQ�SURGXNWLILWDV� �(UHO� ���
�������8QVXU�.�PHPDQJ�WLGDN�EHUSHQJDUXK�VH�
FDUD�ODQJVXQJ�WHUKDGDS�SURGXNVL�EXDK��WHWDSL�EHU�
SHUDQ�GDODP�SHQFHJDKDQ�NHURQWRNDQ�EXDK�NDUHQD�
.� GDODP� WXEXK� WDQDPDQ� PHPDFX� SHQHEDODQ�
GLQGLQJ� VHO� GDQ� NHNXDWDQ� WDQJNDL� �3RHUZRZL�

GRGR������� )RWK�� ������� +DVLO� SHQHOLWLDQ� LQL�
EHOXP�GLNHWDKXL�SHQ\HEDE�GDUL�NRUHODVL�QHJDWLI�
GDUL�NRQVHQWUDVL�.��0XQJNLQ�NDUHQD�UHQGDKQ\D�
SHPEHQWXNDQ�EXDK�GLVHEDENDQ�ROHK�IDNWRU�IDNWRU�
OLQJNXQJDQ� ELRWLN� ODLQQ\D� VHSHUWL� NHWHUEDWDVDQ�
VHUDQJJD� SHQ\HUEXN� DWDX� WLQJJLQ\D� �LQEUHHGLQJ
DWDX� �VHOILQJ

3DGD�SHQHOLWLDQ�LQL�1�GDXQ�WLGDN�EHUNRUHODVL�
VHFDUD�Q\DWD�WHUKDGDS�VHPXD�SDUDPHWHU�SURGXNVL���
+DO�LQL�WHUMDGL�NDUHQD�YDULDVL�NRQVHQWUDVL�1�GDXQ�
DQWDU� SORW� SHQHOLWLDQ� UHQGDK� GDQ� WLGDN� EHUEHGD�
Q\DWD��3HQLQJNDWDQ�SURGXNVL�GLGXJD�ELVD�WHUMDGL�
MLND�GLODNXNDQ�SHQDPEDKDQ�DQDVLU�1�VHFDUD�VLJQL�
ILNDQ� PHODOXL� SHPXSXNDQ�� VHEDJDLPDQD� KDVLO�
SHQHOLWLDQ�3UDPRQR� �������\DQJ�PHQXQMXN�HW�DO��
NDQ�EDKZD�SHPEHULDQ�SXSXN�XUHD�WHUKDGDS�SR�
KRQ�VXULDQ�GL�'HVD�6XNDMDGL�PDPSX�PHQLQJNDW�
NDQ�SURGXNVL�EXDK��3HQJDUXK�SHPXSXNDQ�WHUKD�
GDS�SHQLQJNDWDQ�SURGXNVL�EXDK�MXJD�GLODSRUNDQ�
ROHK�*UD\�	�*DUUHWW��������SDGD� ��EODFN�ZDOQXW
SHQHOLWLDQ�0DUFRV� ���������GDQ�SDGD�SRKRQ�HW�DO
RDN�� �/���4XHUFXV�LOH[

3DGD�SHQHOLWLDQ�LQL�NRQVHQWUDVL�)H�GDXQ�WLGDN�
EHUEHGD�Q\DWD�DQWDU�SORW�SHQHOLWLDQ��.RQVHQWUDVL�
)H� SDGD� GDXQ� WLGDN� EHUSHQJDUXK� ODQJVXQJ� WHU�
KDGDS� SURGXNVL� EHQLK� NDUHQD� EHVL� WHUPDVXN�
DQDVLU�KDUD�\DQJ�WLGDN�PRELO�VHKLQJJD�WLGDN�GL�
WUDQVORNDVLNDQ�GDUL�GDXQ�NH�RUJDQ�WDQDPDQ�ODLQ�
Q\D��3RHUZRZLGRGR��������

3DGD�SHQHOLWLDQ�LQL�NRQVHQWUDVL�.DOVLXP��&D��
SDGD�GDXQ�VXULDQ�WLGDN�EHUEHGD�Q\DWD�DQWDU�ORNDVL�
SHQHOLWLDQ�� GDQ� NRQVHQWUDVL� &D� MXJD� WLGDN� EHU�
NRUHODVL� VHFDUD�Q\DWD� WHUKDGDS�XNXUDQ�GDQ�SUR�
GXNVL� EXDK� GDQ� EHQLK� VXULDQ�� +DVLO� LQL� VHMDODQ�
GHQJDQ�SHQHOLWLDQ�SDGD�SRKRQ�FDURE���NRQVHQWUDVL�
&D� WLGDN�EHUNRUHODVL�Q\DWD� WHUKDGDS��&RUUHLD�HW�
DO���������

3DGD�SHQHOLWLDQ�LQL�NRQVHQWUDVL�0J�GDXQ�EHU�
EHGD�Q\DWD�GL�DQWDUD�EHEHUDSD�SORW��QDPXQ�NRQ�
VHQWUDVL�XQVXU�KDUD� LQL� WLGDN�EHUSHQJDUXK�Q\DWD�
WHUKDGDS�SURGXNVL�EXDK�GDQ�EHQLK��+DVLO�SHQH�
OLWLDQ� SDGD� WHJDNDQ� VXULDQ� LQL� EHUEHGD� GHQJDQ�
SHQHOLWLDQ�SDGD�FDURE��0J�WLGDN�EHUNRUHODVL�Q\DWD�
WHUKDGDS�SURGXNVL��&RUUHLD� ����������+DO�LQL�HW�DO
PHQXQMXNNDQ� EDKZD� NLVDUDQ� NRQVHQWUDVL� 0J�
DQWDUD�����±������SDGD�SORW�SORW�SHQHOLWLDQ�EH�
OXP�EHUSHQJDUXK�WHUKDGDS�SHUEHGDDQ�SURGXNVL�

3DGD� SHQHOLWLDQ� LQL�0Q� WLGDN� EHUEHGD� Q\DWD�
DQWDU� SORW� SHQHOLWLDQ� GDQ�0Q� GDODP� GDXQ� EHU�
NRUHODVL�QHJDWLI�OHPDK�WHUKDGDS�MXPODK�EXDK�GDQ�
EHUNRUHODVL�SRVLWLI� OHPDK�GHQJDQ�MXPODK�PDODL��
MXPODK� EXQJD� GDQ� UDVLR� /�3� EXDK�� +DO� LQL�
PHQXQMXNNDQ�EDKZD�SHQLQJNDWDQ�0Q�GDSDW�EHU�
SHUDQ�GDODP�PHQLQJNDWDQ�SURGXNVL�EHQLK�PHOD�
OXL�SHQLQJNDWDQ�MXPODK�MXPODK�PDODL�GDQ�MXPODK�

9RO����1R����'HVHPEHU��������������
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+XEXQJDQ�DQWDUD�6WDWXV�1XWULVL�GHQJDQ�3URGXNVL�%XDK�GDQ�%HQLK�6XULDQ
�7RRQD�VLQHQVLV��$��-XVV���0��5RHP���GL�+XWDQ�5DN\DW

EXQJD�� 6HGDQJNDQ� SHPEHQWXNDQ� EXDK� GLGXJD�
OHELK� EDQ\DN� GLWHQWXNDQ� ROHK� WLQJNDW� NHEHUKD�
VLODQ�SHQ\HUEXNDQ��3HQJDUXK�SRVLWLI�GDUL�NRQVHQ�
WUDVL� 0Q� WHUKDGDS� SURGXNVL� EXDK� LQL� VHMDODQ�
GHQJDQ�SHQHOLWLDQ�SDGD�SRKRQ�&DURE��&RUUHLD�HW�
DO����������.RQVHQWUDVL�&�RUJ�GDODP�WDQDK�SDGD�
SHQHOLWLDQ� WLGDN�EHUEHGD�Q\DWD� DQWDU� SORW� SHQH�
OLWLDQ�GDQ�WLGDN�EHUNRUHODVL�VHFDUD�Q\DWD�GHQJDQ�
VDWXSXQ�YDULDEHO�SURGXNVL�

,9���.(6,038/$1�'$1�6$5$1

7HUGDSDW�SHUEHGDDQ�GL�DQWDUD�SORW�SHQHOLWLDQ�
GDODP� KDO� NRQVHQWUDVL� XQVXU� KDUD� WHUWHQWX� GL�
GDODP�GDXQ��SURGXNVL�EXDK��GDQ�SURGXNVL�EHQLK�
VXULDQ��9DULDVL�VWDWXV�EHEHUDSD�XQVXU�KDUD��1��)H��
0Q��&�RUJDQLN�GDQ�1D��SDGD�GDXQ�VXULDQ�GL�ORNDVL�
SHQHOLWLDQ�WLGDN�PHQXQMXNNDQ�NRUHODVL�WHUKDGDS�
EHEHUDSD� SDUDPHWHU� SURGXNVL� EHQLK� VHKLQJJD�
WLGDN� PHQMDGL� IDNWRU� SHPEDWDV� EDJL� SURGXNVL�� �
6WDWXV�QXWULVL�1�SDGD�GDXQ�GDUL�SROD�WDQDP�VXULDQ�
WLGDN� EHUSHQJDUXK� Q\DWD� WHUKDGDS� VHPXD� SDUD�
PHWHU�SURGXNVL�EHQLK��.RQVHQWUDVL�XQVXU�KDUD�&D��
)H��0Q�GDQ�1D�SDGD�GDXQ�MXJD�WLGDN�PHQXQMXN�
NDQ� SHUEHGDDQ� \DQJ� Q\DWD� DQWDU� SROD� WDQDP�
VXULDQ��8QVXU�\DQJ�PHPLOLNL�YDULDVL�\DQJ�Q\DWD�
DQWDU�SROD�WDQDP�DGDODK�3��.��0J��GDQ�&�RUJDQLN��
&D�GDQ�0J�EHUSHQJDUXK�SRVLWLI�WHUKDGDS�MXPODK�
EXQJD�SHU�PDODL��&D�EHUSHQJDUXK�SRVLWLI�WHUKDGDS�
MXPODK�PDODL�SHU�SRKRQ��.RQVHQWUDVL�.�EHUNRUH�
ODVL�QHJDWLI�GHQJDQ�SURGXNVL�EXDK�GDQ�3�\DQJ�EHU�
NRUHODVL� QHJDWLI� WHUKDGDS� SURGXNVL� EHQLK�� 3UR�
GXNVL� EXDK� GDQ� EHQLK� WHUWLQJJL� GLMXPSDL� SDGD�
WHJDNDQ� GHQJDQ� SROD� WDQDP� VXULDQ�PRQRNXOWXU�
GHQJDQ�WXPSDQJVDUL�WDQDPDQ�VHPXVLP��GDQ�SROD�
WDQDP�NHEXQ�FDPSXU�GHQJDQ�WXPSDQJVDUL�WDQDP�
DQ�VHPXVLP��3HPEDQJXQDQ�VXPEHU�EHQLK�VXULDQ�
GDSDW�GLWHUDSNDQ�GHQJDQ�SROD�WDQDP�PRQRNXOWXU�
DWDX�NHEXQ�FDPSXUDQ�GHQJDQ�PHQHUDSNDQ�VLVWHP�
WXPSDQJVDUL�GHQJDQ�WDQDPDQ�VHPXVLP

8&$3$1�7(5,0$�.$6,+

8FDSDQ� WHULPD� NDVLK� GLVDPSDLNDQ� NHSDGD�
%DSDN� %DPEDQJ� GDQ� %DSDN� <DQD� 6XGDU\DQD�
�NDU\DZDQ� 8QLW� 3HODNVDQD� 7HNQLV� 'DHUDK�
�837'�� .HKXWDQDQ� GL� :DGR��� %DSDN� (QWLV�
�.HWXD�.HORPSRN�7DQL� GL�'HVD�3DGDVDUL�� VHUWD�
%DSDN�+DVDQ�5R\DQL��WHNQLVL�GL�%DODL�3HQHOLWLDQ�
7HNQRORJL� 3HUEHQLKDQ� 7DQDPDQ� +XWDQ�� DWDV�
EDQWXDQ�WHNQLV�VHODPD�SHQJDPDWDQ�GL�ODSDQJDQ��
7HULPD� NDVLK� MXJD� GLVDPSDLNDQ� NHSDGD� %DSDN�

+HUPDQ�6XKHUPDQ�GDQ�WHNQLVL�GL�/DERUDWRULXP�
%DODL�3HQHOLWLDQ�7HNQRORJL�3HUEHQLKDQ�7DQDPDQ�
+XWDQ�XQWXN�EDQWXDQQ\D�VHODPD�SHQJDPDWDQ�GL�
/DERUDWRULXP�

'$)7$5�3867$.$

%DODL�3HQHOLWLDQ�7DQDK�%DGDQ�3HQHOLWLDQ�GDQ�3HQJHP�
EDQJDQ� 3HUWDQLDQ� 'HSDUWHPHQ� 3HUWDQLDQ��
��������3HWXQMXN� WHNQLV�DQDOLVLV�NLPLD� WDQDK��
WDQDPDQ�� DLU�� GDQ� SXSXN�� $NVHV� WDQJJDO� ���
2NWREHU� ������ GDUL� KWWS���EDOLWWDQDK�OLWEDQJ��
GHSWDQ�JR�LG�GRNXPHQWDVL�MXNQLV�MXNQLVB�
NLPLD�SGI�

&KLIIORW��9���%HUWRQL��*���&DEDQHWWHV��$���	�*DYDODQG��
$����������%HQHILFLDO�HIIHFWV�RI�LQWHUFURSSLQJ�
RQ� WKH� JURZWK� DQG� QLWURJHQ� VWDWXV� RI� \RXQJ�
ZLOG�FKHUU\�DQG�K\EULG�ZDOQXW�WUHHV��$JURIRU��
6\VW���������±���

&RSHODQG�� /�2��� 	� 0F'RQDOG�� 0�%�� ��������
WK

3ULQFLSOHV�RI�VHHG�VFLHQFH�DQG�WHFKQRORJ\��� �
HG��/RQGRQ��.OXZHU�$FDGHPLF�3XEOLVKHUV��

&RUUHLD�� 3�'��� $QDVWDFLR�� ,��� &DQGHLDV�� 0�)��� 	�
0DUWLQV�/RXFDR�� 0�$�� �������� 1XWULWLRQDO�
GLDJQRVLV�LQ�FDURE�WUHH��5HODWLRQVKLSV�EHWZHHQ�
\LHOG� DQG� OHDI� PLQHUDO� FRQFHQWUDWLRQ�� &URS�
6FLHQFH�����������������

'DYLV��0�5��� &RNHU��*��� 3DUILWW�� 5�/��� 6LPFRFN��5���
&OLQWRQ�� 3�:��� *DUUHWW�� /�*��� 	� :DWW�� 0�6��
��������5HODWLRQVKLSV�EHWZHHQ�VRLO�DQG�IROLDU�
QXWULHQWV�LQ�\RXQJ�GHQVHO\�SODQWHG�PLQL�SORWV�
RI� � DQG� ��3LQXV� UDGLDWD &XSUHVVXV� OXVLWDQLFD
)RUHVW� (FRORJ\� DQG� 0DQDJHPHQW�� �����
���±����

'H� )RUHVWD��+���	�0LFKRQ��*�� ��������$JURIRUHVWUL�
,QGRQHVLD�� %HGD� VLVWHP� EHGD� SHQGHNDWDQ��
'DODP�.HWLND�NHEXQ�EHUXSD�KXWDQ���$JURIRUHVW�
NKDV�,QGRQHVLD���6HEXDK�VXPEDQJDQ�PDV\DUD�
NDW�� �'H�)RUHVWD��+���.XVZRUR��$��0LFKRQ��*��
'MDWPLNR��:�:��HG�� ,QWHUQDWLRQDO�&HQWUH�)RU�
5HVHDUFK�,Q�$JURIRUHVWU\��%RJRU�

(UHO�� 5���<HUPL\DKX�� 8��� 2SVWDO�� -�9��� %HQ�*DO��$���
6FKZDUW]��$���	�'DJ��$�� ��������7KH� LPSRU�
WDQFH�RI�ROLYH�� �/���WUHH�QXWULWLR�2OHD�HXURSDHD
QDO� VWDWXVRQ� LWV� SURGXFWLYLW\�� 6FLHQWLD� +RUWL�
FXOWXUDH�����������

)RUUHVWHU��'�,��� �%DXKXV��-���	�&RZLH�� �$�/����������
1XWULHQW�F\FOLQJ�LQ�D�PL[HG�VSHFLHV�SODQWDWLRQ�
RI� DQG�(XFDO\SWXV�JOREXOXV� $FDFLD�PHDUQVLL��
&DQ��-��)RU��5HV�����������������

)RUUHVWHU��'�,����%DXKXV��-���&RZLH��$�/���9DQFOD\��-�.��
��������0L[HG�VSHFLHV�SODQWDWLRQV�RI�(XFDO\S�
WXV�ZLWK�QLWURJHQ�IL[LQJ�WUHHV��$�UHYLHZ��)RUHVW�
(FRORJ\�DQG�0DQDJHPHQW���������������



���

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

)RWK��+�'�������� �6L[WK�)XQGDPHQWDOV�RI�6RLO�6FLHQFH�
(GLWLRQ��7RURQWR��-RKQ�:LOH\�	�6RQV��

*DQDWVDV��3���7VDNDOGLPL��0���	�7KDQRV��&�� ��������
6HHG�DQG�FRQH�GLYHUVLW\�DQG�VHHG�JHUPLQDWLRQ�
RI� LQ�6WURI\OLD�6LWH�RI�WKH�1DWXUD�3LQXV�SLQHD�
�����1HWZRUN�� �����������%LRGLYHUV�&RQVHUY�
�����

*DUGQHU��9�5���%UDGIRUG��)�&���	�+RRNHU��+�'����������
7KH�IXQGDPHQWDOV�RI�IUXLW�SURGXFWLRQ��/RQGRQ��
0F*UDZ�+LOO�%RRN�&RPSDQ\��,QF��

*UD\�� '�� DQG� +�(�*�� *DUUHWW�� �������� � 1LWURJHQ�
IHUWLOL]DWLRQ� DQG� DVSHFWV� RI� IUXLW� \LHOG� LQ� D�
0LVVRXUL�EODFN�ZDOQXW�DOOH\�FURSSLQJ�SUDFWLFH��
$JURIRUHVWU\�6\VWHPV��������������

-RQHV��)�$���	�&RPLWD��/�6����������1HLJKERXUKRRG�
GHQVLW\� DQG� JHQHWLF� UHODWHGQHVV� LQWHUDFW� WR�
GHWHUPLQH� IUXLW� VHW� DQG� DERUWLRQ� UDWHV� LQ� D�
FRQWLQXRXV� WURSLFDO� WUHH� SRSXODWLRQ��3URF��5��
6RF��%������������������

.DLQHU�� .�$���:DGW�� /�+�2���	� 6WDXGKDPPHU�� &�/��
��������([SODLQLQJ�YDULDWLRQ�LQ�%UD]LO�QXW�IUXLW�
SURGXFWLRQ�� ��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW
�������������

.HOO\��%�$���)OHXU\��6�*���%RXYHW��-�0����������,PSDFW�
RI� DJURIRUHVWU\� SUDFWLFHV� RQ� WKH� IORZHULQJ�
SKHQRORJ\�RI� �LQ�SDUNODQGV�9LWHOODULD�SDUDGR[D
LQ�VRXWKHUQ�0DOL�� ������������$JURIRUHVW�6\VW�

.R]ORZVNL��7�7����������*URZWK�DQG�GHYHORSPHQW�RI�
WUHHV��9RO�,,��&DPELDO�JURZWK��URRW�JURZW�DQG�
UHSURGXFWLYH�JURZWK��1HZ�<RUN�DQG�/RQGRQ��
$FDGHPLF�3UHVV�

.R]ORZVNL��7�7���	�3DOODUG\��6�*����������3K\VLRORJ\�
RI�ZRRG\�SODQWV���QG�HG��$FDGHPLF�3UHVV�

.XVZDQWR�� +�� ��������'DVDU�GDVDU� WHNQRORJL�� SUR�
GXNVL�GDQ�VHUWLILNDVL�EHQLK��<RJ\DNDUWD��3HQHU�
ELW��$1',���

0DUFRV��*�0���2EUDGRU��-�-���*DUFÕ�D��(���	�&XEHUD��(��
�������� 'ULYLQJ� FRPSHWLWLYH� DQG� IDFLOLWDWLYH�
LQWHUDFWLRQV� LQ�RDN�GHKHVDV� WKURXJK�PDQDJH�
PHQW�SUDFWLFHV�� ������������$JURIRUHVW�6\VW�

2ZHQV��-�1����������&RQVWUDLQWV�WR�VHHG�SURGXFWLRQ��
WHPSHUDWH�DQG�WURSLFDO�IRUHVW�WUHHV��7UHH�
3K\VLRORJ\���������������

3HED�� /�6��� 	� 7DEOD�� 9�3�� �������� )HQRORJL� GDQ�
SHQ\HUEXNDQ� � GL� KXWDQ� GDQ�0DQLONDUD� ]DSRWD
SHNDUDQJDQ�� �����������)RUHVW�(FRO��0DQDJH�
����

3RHUZRZLGRGR�� �������� �7HODDK� NHVXEXUDQ� WDQDK�
%DQGXQJ��3HQHUELW�$QJNDVD�

3UDPRQR��$�$��� 'DQX�� �$ELGLQ�� =��� 5R\DQL�� +��� 	�
6XDUWKD��3�*�3����������=RQD�HNRORJL�VHEDUDQ�
SRSXODVL�WDQDPDQ�KXWDQ�XQWXN�SHQJHPEDQJDQ�
VXPEHU� EHQLK� VXUHQ� GL� -DZD�� /DSRUDQ�+DVLO�
3HQHOLWLDQ� 6XPEHU� 'DQD� 'LSD� %373� %RJRU�
7DKXQ�������%RJRU��%DODL�3HQHOLWLDQ�7HNQRORJL�

3HUEHQLKDQ� %RJRU�� %DGDQ� 3HQHOLWLDQ� GDQ�
3HQJHPEDQJDQ� .HKXWDQDQ�� 'HSDUWHPHQ�
.HKXWDQDQ��7LGDN�GLSXEOLNDVLNDQ�

3UDPRQR��$�$���$PLQDK��$���3XWUL��.�3���0XKDUDP��$���
	� 5R\DQL�� +�� �������� 7HNQLN� SHQLQJNDWDQ�
SURGXNVL�EHQLK�WDQDPDQ�KXWDQ�SHQJKDVLO�ND\X�
SHUWXNDQJDQ� MHQLV� Q\DZDL� � ���)LFXV� YDULHJDWD
MHOXWXQJ�UDZD�� ��GDQ�VXUHQ��'\HUD�ORZLL 7RRQD�
VLQHQVLV /DSRUDQ� +DVLO� 3HQHOLWLDQ� 7DKXQ����
������%RJRU��%DODL�3HQHOLWLDQ�7HNQRORJL�3HU�
EHQLKDQ� 7DQDPDQ� +XWDQ�� 7LGDN� GLSXEOLNDVL�
NDQ�

5HQLVRQ�� '��� +HQVHQ�� ,��� &LQJRODQL�� $�0�� ��������
$QWKURSRJHQLF� VRLO� GHJUDGDWLRQ� DIIHFWV� VHHG�
YLDELOLW\�LQ�3RO\OHSLV�DXVWUDOLV�PRXQWDLQ�IRUHVWV�
RI� FHQWUDO� $UJHQWLQD�� )RUHVW� (FRORJ\� DQG�
0DQDJHPHQW���������������

5DFVNy�� -��� /HLWH�� � *�%��� 3HWUL�� � -�/��� =KRQJIX�� 6���
:DQJ��<���6]DEy��=���6ROWpV]�0���	�1\pNL��-��
��������)UXLW�GURS��7KH�UROH�RI�LQQHU�DJHQWV�DQG�
HQYLURQPHQWDO� IDFWRUV� LQ� WKH�GURS�RI� IORZHUV�
DQG�IUXLWV��,QWHUQDWLRQDO�-RXUQDO�RI�+RUWLFXO�
WXUDO�6FLHQFH����������������

5RVPDUNDP��$�4���	� �<XZRQR��1�:�� �������� ,OPX�
NHVXEXUDQ� WDQDK�� <RJ\DNDUWD�� 3HQHUELW�
.DQLVLXV�

6DOLVEXU\�� )�%��� 	� 5RVV�� &�:�� �������� 3ODQW�
SK\VLRORJ\�� �WK� HG�� &DOLIRUQLD�� :DGVZRUWK�
3XEOLVKLQJ�&R��

6DUGMRQR��0�$���'MRJR��7���$ULILQ��+�6���	�:LMD\DQWR��
1�� �������� .ODVLILNDVL� GDQ� SROD� NRPELQDVL�
NRPSRQHQ� DJURIRUHVWUL�� %RJRU�� ,QGRQHVLD��
:RUOG�$JURIRUHVWU\�&HQWUH��,&5$)��

7DEOD��9�3��� 	� %XOORFN�� 6�+�� �������� ([SORULQJ� WKH�
OLPLWLQJ� FDXVHV� RI� IUXLW� SURGXFWLRQ� LQ� WKH�
WURSLFDO� WUHH� 5RVH�,SRPRHD� ZROFRWWLDQD�
�&RQYROYXODFHDH��� ����� ����3ODQW� (FRORJ\��
����

9DQ� 1RRUGZLMN�� 0��� 5RVKHWNR�� -�0��� 0XUQLDWL��
$QJHOHV��0�'���6X\DQWR��)D\��&���	�7RPLFK��
7�3�� �������� $JURIRUHVWU\� LV� D� IRUP� RI�
VXVWDLQDEOH�IRUHVW�PDQDJHPHQW��/HVVRQV�IURP�
6RXWK� (DVW� $VLD�� )RU� GHOLYHU\� DW�� 81))�
,QWHUVHVVLRQDO�([SHUWV�0HHWLQJ�RQ�WKH�5ROH�RI�
3ODQWHG� )RUHVWV� LQ� 6XVWDLQDEOH� )RUHVW�
0DQDJHPHQW�&RQIHUHQFH��������0DUFK�������
:HOOLQJWRQ��1HZ�=HDODQG�

:DQL�� ,�$��� %KDW�� 0�<��� /RQH�� $�$��� 	� 0LU�� 0�<��
��������8QIUXLWIXOQHVV� LQ� IUXLW� FURSV��&DXVHV�
DQG�UHPHGLHV��$IULFDQ�-RXUQDO�RI�$JULFXOWXUDO�
5HVHDUFK�������������������

:X��&�&���7VXL��&�&���+VHLK��&�)���$VLR��9�%���	�&KHQ��
=�6�� �������� 0LQHUDO� QXWULHQW� VWDWXV� RI� WUHH�
VSHFLHV�LQ�UHODWLRQ�WR�HQYLURQPHQWDO�IDFWRUV�LQ�
WKH�VXEWURSLFDO�UDLQ�IRUHVW�RI�7DLZDQ��)RU��(FRO��
0DQDJH��������������

9RO����1R����'HVHPEHU��������������


