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7XQWXWDQ� NRQVXPHQ� WHUKDGDS� NHDPDQDQ� SURGXN� SHUWDQLDQ

PHQXQWXW�SXOD�SHUOXQ\D�SURVHV�SURGXNVL�GLODNXNDQ�VHFDUD� UDPDK
OLQJNXQJDQ��6DODK�VDWX�XSD\D�XQWXN�PHQJXUDQJL�DWDX�PHQVXEVWLWXVL

SHQJJXQDDQ�SXSXN�GDQ�SHVWLVLGD�NLPLD�VLQWHWLN�LDODK�PHPDQIDDWNDQ

PLNURED��0DNDODK�LQL�PHPEDKDV�VSHVLHV�PLNURED�\DQJ�EHUSRWHQVL
GDQ�GDSDW�GLMDGLNDQ�VHEDJDL�EDKDQ�DNWLI�SXSXN�GDQ�SHVWLVLGD�KD\DWL�

%HUEDJDL�VSHVLHV�PLNURED�GDUL�NHORPSRN�FHQGDZDQ�GDQ�EDNWHUL�WHODK

EHUKDVLO�GLLVRODVL�GDQ�GLHYDOXDVL�NHHIHNWLIDQQ\D�VHEDJDL�EDKDQ�DNWLI
SXSXN� GDQ� SHVWLVLGD� KD\DWL� \DQJ� HIHNWLI�� 0LNURED� SHPDFX

SHUWXPEXKDQ�WDQDPDQ�GHQJDQ�PHNDQLVPH�ODQJVXQJ�PDXSXQ�WLGDN

ODQJVXQJ�PDPSX�PHQJLQGXNVL�SHUWXPEXKDQ�WDQDPDQ�GDQ�EHEHUDSD
PLNURED�MXJD�EHUIXQJVL�VHEDJDL�GHNRPSRVHU��VHKLQJJD�PHPEDQWX

SHQ\HGLDDQ�XQVXU�KDUD�EDJL�WDQDPDQ��%DGDQ�/LWEDQJ�3HUWDQLDQ�WHODK

PHQJKDVLONDQ�EHEHUDSD�IRUPXODVL�SXSXN�KD\DWL�GDQ�ELRSHVWLVLGD
GHQJDQ�EDKDQ�DNWLI�PLNUREH�\DQJ�GLLVRODVL�GDUL�VHQWUD�SURGXNVL

SHUWDQLDQ��$SOLNDVL�SXSXN�GDQ�SHVWLVLGD�KD\DWL� WHUVHEXW� HIHNWLI

PHQJHQGDOLNDQ�SHQ\DNLW�SHQWLQJ�WDQDPDQ�KLDV��VHSHUWL�%LR�1XWUL�
9�GDSDW�PHQHNDQ�SHUNHPEDQJDQ�SHQ\DNLW�NDUDW�SXWLK��3XFFLQLD

KRULQD�+HQQ��SDGD�NULVDQ�������GDQ�PHPSHUWDKDQNDQ�KDVLO�SDQHQ

NHQWDQJ�GDQ�NULVDQ�PDVLQJ�PDVLQJ�����GDQ�����GLEDQGLQJNDQ
GHQJDQ�DSOLNDVL�IXQJLVLGD�NLPLD�VLQWHWLN��3HQJHPEDQJDQ�SXSXN�GDQ

SHVWLVLGD�KD\DWL�\DQJ�GLKDVLONDQ�GLKDUDSNDQ�GDSDW�PHQLQJNDWNDQ

GD\D�VDLQJ�NRPRGLWDV�SHUWDQLDQ�PHODOXL�VLVWHP�SURGXNVL�UDPDK
OLQJNXQJDQ�GHQJDQ�PHPDQIDDWNDQ�VXPEHU�GD\D�DODP�VHFDUD�RSWLPDO

JXQD�PHQGXNXQJ�LQGXVWUL�SHUWDQLDQ�EHUGD\D�VDLQJ�GDQ�EHUNHODQMXWDQ�

.DWD� NXQFL��0LNURED�� SXSXN� KD\DWL�� ELRSHVWLVLGD�� VD\XUDQ�
WDQDPDQ�KLDV��KRUWLNXOWXUD�

$%675$&7

&RQVXPHU�GHPDQGV�RQ�VDIH�DJULFXOWXUDO�SURGXFWV�KDYH�PDGH�WKH

VKLIWLQJ�RI�WKH�SURGXFWLRQ�V\VWHP�WR�EH�PRUH�HQYLURQPHQWDO�IULHQGO\�

$Q�DWWHPSW�WR�UHGXFH�RU�WRWDOO\�VXEVWLWXWH�FKHPLFDO�IHUWLOL]HUV�DQG

SHVWLFLGHV�RQ�DJULFXOWXUDO�SURGXFWLRQ�SURFHVV�ZDV�WKURXJK�WKH

XWLOL]DWLRQ�RI�SRWHQWLDO�PLFUREHV��7KH�SXUSRVH�RI�WKH�VWXG\�ZDV�WR

SURYLGH�LQIRUPDWLRQ�RQ�SRWHQWLDO�PLFURELDO�VSHFLHV�WKDW�FDQ�EH�XVHG

DV� DFWLYH� LQJUHGLHQWV� RI� ELRIHUWLOL]HUV� DQG� ELRSHVWLFLGHV�� 7KH

PHFKDQLVPV� RI� DFWLRQ� KDYH� EHHQ� VWXGLHG�� ERWK� GLUHFWO\� DQG

LQGLUHFWO\��LQ�SURWHFWLQJ�WKH�SODQW�IURP�SHVW�DQG�GLVHDVH�DWWDFNV�

6HYHUDO�RI� WKHVH�PLFUREHV�DOVR� IXQFWLRQHG�DV�GHFRPSRVHU� WKDW

PLJKW�LPSURYH�VRLO�FKDUDFWHULVWLF�DQG�QXWULHQW�DYDLODELOLW\�IRU�WKH

FURSV�� 7KH� ,QGRQHVLDQ� $JHQF\� IRU� $JULFXOWXUDO� 5HVHDUFK� DQG

'HYHORSPHQW�IRU�KDV�UHOHDVHG�IRUPXODWHG�ELRSHVWLFLGHV�DQG�ELR

IHUWLOL]HUV�ZLWK�WKH�DFWLYH�LQJUHGLHQWV� LVRODWHG�IURP�DJULFXOWXUDO

SURGXFWLRQ�FHQWHUV��7KH�DSSOLFDWLRQ�RI� WKHVH�ELRSHVWLFLGHV�DQG

ELRIHUWLOL]HUV�KDYH�EHHQ�HIIHFWLYHO\�FRQWUROOHG�LPSRUWDQW�GLVHDVHV�LQ

KRUWLFXOWXUDO�FURSV�� L�H��%LR�1XWUL�9�FRXOG� VXSSUHVV�ZKLWH�UXVW

GLVHDVH��3XFFLQLD�KRULQD�+HQQ���������LQ�FKU\VDQWKHPXP�DQG

LQFUHDVHG�����DQG�����KDUYHVWDEOH�SURGXFWV�LQ�FKU\VDQWKHPXP

DQG�SRWDWR��UHVSHFWLYHO\��FRPSDUHG�ZLWK�V\QWKHWLF�IXQJLFLGH��7KH

XWLOL]DWLRQ�RI�ELRSHVWLFLGHV�DQG�ELRIHUWLOL]HUV�LV�H[SHFWHG�WR�LPSURYH

WKH� FRPSHWLWLYHQHVV� RI� QDWLRQDO� DJULFXOWXUDO� FRPPRGLWLHV� E\

XWLOL]LQJ� QDWXUDO� UHVRXUFHV� WR� VXSSRUW� KLJKO\� FRPSHWLWLYH� DQG

VXVWDLQDEOH�DJULFXOWXUDO�LQGXVWULHV�

.H\ZRUGV�� 0LFUREHV�� ELRIHUWLOL]HU�� ELRSHVWLFLGH�� YHJHWDEOH�

RUQDPHQWDOV��KRUWLFXOWXUH�
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7 HUGDSDW� OHELK� GDUL� ������� VSHVLHV� RUJDQLVPH
SHQJJDQJJX�WDQDPDQ��237��GDQ�����GL�DQWDUDQ\D

WHUJRORQJ� KDPD� GDQ� SHQ\DNLW� XWDPD� \DQJ�PHUXJLNDQ
VHFDUD� HNRQRPL��237� \DQJ� WHUGLUL� DWDV� VHUDQJJD� KDPD�
SHQ\DNLW�� GDQ� JXOPD� EHUSRWHQVL� PHQXUXQNDQ� KDVLO
WDQDPDQ�VD\XUDQ�GDQ�WDQDPDQ�KLDV�VHEHVDU�����ELOD�WLGDN
GLNHQGDOLNDQ�� .HKLODQJDQ� KDVLO� \DQJ� GLVHEDENDQ� ROHK
237�SDGD�SURVHV�SURGXNVL�GLSHUNLUDNDQ�����GLVHEDENDQ
ROHK�VHUDQJJD�KDPD������ROHK�SHQ\DNLW��GDQ�����ROHK
JXOPD��.HKLODQJDQ� KDVLO� VHEHVDU�����SDGD�SDVFDSDQHQ
GLVHEDENDQ�ROHK�NHORPSRN�237�\DQJ�ODLQ��3LPHQWHO�������
3HQ\DNLW� WDQDPDQ� GDSDW� GLVHEDENDQ� ROHK� FHQGDZDQ�
EDNWHUL�� YLUXV�� YLURLG�� GDQ� PLNRSODVPD�� .HORPSRN
FHQGDZDQ�PHUXSDNDQ� SDWRJHQ� \DQJ� OHELK� GRPLQDQ
GLEDQGLQJNDQ� GHQJDQ� EDNWHUL� GDQ� NHORPSRN� SHQ\DNLW
ODLQQ\D��/HELK�GDUL�������� VSHFLHV� FHQGDZDQ� WHUJRORQJ
VHEDJDL� SDWRJHQ� GDQ� VHEDJLDQ� EHVDU� GDSDW� PHUXVDN
OHELK� GDUL� VDWX� VSHVLHV� WXPEXKDQ� �)DQJ� GDQ�5DPDVDP\
������



�� -�� /LWEDQJ�3HUW�� 9RO�� ���1R�� �� 'HVHPEHU� ������ �����

'L�DQWDUD�EDKDQ�DNWLI�\DQJ�WHUGDSDW�GDODP�SHVWLVLGD�
VHQ\DZD� RUJDQRNORU� VHPXOD� EDQ\DN� GLJXQDNDQ� SDGD
VLVWHP�SURGXNVL�SHUWDQLDQ�GL�VHOXUXK�GXQLD��6HWHODK�WDKXQ
����DQ��RUJDQRNORU�VDODK�VDWXQ\D�GDODP�EHWXN�'LFKORUR�
GLSKHQ\O�WULFKORURHWKD� �''7��GLODUDQJ� SHQJJXQDDQQ\D
NDUHQD�SHVWLVLGD��LQL�PHQ\HUDQJ�V\DUDI�SXVDW�\DQJ�GDSDW
PHQ\HEDENDQ�NHMDQJ�DWDXSXQ�ELVD�PHQ\HEDENDQ�NRPD�
VHVDN� QDIDV�� VHUWD� ELVD� MXJD� EHUXMXQJ� SDGD� NHPDWLDQ
�.HSULSROLWLN�������� ,QWURGXNVL�SHVWLVLGD�EHUEDKDQ�DNWLI
RUJDQRIRVIDW� SDGD� WDKXQ������DQ�� NDUEDPDW�SDGD� WDKXQ
�����DQ�� SLUHWURLG� SDGD� WDKXQ� �����DQ� EDQ\DN
PHPSHQJDUXKL� DUDK� SHQJHQGDOLDQ� KDPD�GDQ� SHQ\DNLW
WDQDPDQ� EXGL� GD\D�NDUHQD� �SHVWLVLGD�SHVWLVLGD� WHUVHEXW
OHELK� DPDQ� EDJL� OLQJNXQJDQ� GHQJDQ� SHUVLVWHQVL� UHQGDK
�$NWDU�HW�DO���������,GHDOQ\D��DSOLNDVL�SHVWLVLGD�PHPSXQ\DL
WDUJHW�\DQJ� VSHVLILN�SDGD� VDWX� MHQLV� KDPD�GDQ� SDWRJHQ�
EXNDQ� VSHVLHV� ODLQ��1DPXQ� NHQ\DWDDQQ\D�� SHQJJXQDDQ
SHVWLVLGD�VHFDUD�WLGDN�ELMDNVDQD�WHODK�EHUGDPSDN�QHJDWLI
WHUKDGDS�NHKLGXSDQ�PDQXVLD�GDQ�OLQJNXQJDQ��6DEXU�GDQ
0ROOD� ������� 'L� ,QGRQHVLD�� SHQJJXQDDQ� SXSXN� GDQ
SHVWLVLGD� NLPLD� VLQWHWLN� �DQRUJDQLN�� GL� VHQWUD� SURGXNVL
SHUWDQLDQ� VXGDK� WHUJRORQJ� WLQJJL��+DO� LQL�PHQ\HEDENDQ
WHUMDGLQ\D� GHJUDGDVL� NHVXEXUDQ� ODKDQ�� WHUXWDPD� ODKDQ
VDZDK��\DQJ� GLWXQMXNNDQ� ROHK� SHQXUXQDQ�NXDOLWDV� ILVLN�
NLPLD�� GDQ� ELRORJL� WDQDK� VHKLQJJD� PHQXUXQNDQ
NDQGXQJDQ�EDKDQ�RUJDQLN�GDQ�S+�WDQDK��$O�=DLGL�HW�DO�
������&DUYDOKR�HW�DO��������

$SOLNDVL� SHVWLVLGD� NLPLD� VLQWHWLN� GDSDW
PHPSHUWDKDQNDQ� SURGXNVL� WDQDPDQ� SDQJDQ�� WHWDSL
PHQLQJNDWQ\D� KDUJD� SHVWLVLGD�PDND� SHQJJXQDDQQ\D
VHFDUD�EHUOHELKDQ�EHUGDPSDN�WHUKDGDS�SHQLQJNDWDQ�ELD\D
SURGXNVL�� 'L� VDPSLQJ� LWX�� DSOLNDVL� VHQ\DZD� NLPLD
�PLVDOQ\D� RUJDQRIRVIDW�� \DQJ� GLVHUDS� WDQDPDQ� GDQ
GLNRQVXPVL�PDQXVLD� DNDQ� WHUDNXPXODVL� GDODP� GDUDK�
VHKLQJJD� GDSDW�PHQJJDQJJX� V\DUDI� RWRW� �7KDQRV� HW� DO�
�������'L� VLVL� ODLQ�� SHPEHUODNXDQ� ,62� ������GDQ� HUD
0DV\DUDNDW� (NRQRPL�$6($1� �0($�� �����PHQXQWXW
MDPLQDQ� NHVHKDWDQ� VHODPD� SURVHV� SURGXNVL� WDQDPDQ
�:DVWUD��������2OHK�NDUHQD�LWX�SHUOX�GLFDUL�DOWHUQDWLI�ODLQ
XQWXN� PHQJXUDQJL� DWDX� EDKNDQ� PHQVXEVWLWXVL
SHQJJXQDDQ� SXSXN� GDQ� SHVWLVLGD� NLPLD� VLQWHWLN�� 6DODK
VDWX� DOWHUQDWLI� \DQJ� SURVSHNWLI� LDODK�PHQJDSOLNDVLNDQ
SXSXN� GDQ� SHVWLVLGD� KD\DWL�� \DQJ�PHQJDQGXQJ� EDNWHUL
DWDX�FHQGDZDQ�SHPLFX�SHUWXPEXKDQ�WDQDPDQ�GDQ�DPDQ
WHUKDGDS�OLQJNXQJDQ��6DQWRVD�������

%DNWHUL� SHPDFX� SHUWXPEXKDQ� WDQDPDQ� �%3�7�
GLNODVLILNDVLNDQ�PHQMDGL� GXD� NHORPSRN�� \DLWX� VSHVLHV
EDNWHUL�HNVWUDVHOXOHU�GDQ�LQWUDVHOXOHU��%3�7�HNVWUDVHOXOHU
XPXPQ\D�WHUGDSDW�GL�SHUPXNDDQ�WDQDK��GDHUDK�SHUDNDUDQ�
GDQ� GL� DQWDUD� VHO�VHO� NRUWHNV� DNDU�� %3�7� LQWUDVHOXOHU
WHUGDSDW� SDGD� VWUXNWXU� QRGXO�\DQJ� VSHVLILN�SDGD� VHO�VHO
DNDU�� -HQLV� EDNWHUL� \DQJ� WHUJRORQJ� HNVWUDVHOXOHU� LDODK
$JUREDFWHULXP��$UWKUREDFWHU��$]RWREDFWHU��$]RVSLULOOXP�

%DFLOOXV�� %XUNKROGHULD��&DXOREDFWHU��&KURPREDFWHULXP�

(UZLQLD��)ODYREDFWHULXP��0LFURFRFFRXV��3VHXGRPRQDV

GDQ�6HUUDWLD� �$KHPDG� GDQ�.LEUHW� ������� 6HPHQWDUD
EDNWHUL� \DQJ� WHUPDVXN� %3�7� LQWUDVHOXOHU� XPXPQ\D
WHUJRORQJ� IDPLOL�5KL]RELDFHDH� VHSHUWL�$OORUKL]RELXP�

%UDG\UKL]RELXP��0HVRUKL]RELXP�� HQGRILWLN�5KL]RELXP
GDQ�)UDQNLD� \DQJ� GDSDW� EHUVLPELRVLV� GHQJDQ� WDQDPDQ
GDODP�PHPILNVDVL�QLWURJHQ�GDUL�XGDUD��%KDWWDFKDU\\D�GDQ
-KD�������

7ULFKRGHUPD� VS�� GDQ� DNWLQRPLVHW� DGDODK� VSHVLHV
PLNURED� ODLQQ\D� \DQJ�EHUIXQJVL� VHEDJDL� DJHQV� KD\DWL
SHQJHQGDOL� SDWRJHQ� GDQ� SHPLFX�SHUWXPEXKDQ� WDQDPDQ�
+DVLO� SHQHOLWLDQ�<XGKD� HW� DO�� ������� PHQXQMXNNDQ
FHQGDZDQ�7ULFKRGHUPD�VS��GDSDW�PHQHNDQ�SHQ\DNLW�DNDU
EHQJNDN� \DQJ� GLVHEDENDQ� ROHK� 3ODVPRGLRSKRUD
EUDVVLFDH�VHEHVDU�������GDQ�PHQLQJNDWNDQ�ERERW�EDVDK
WDQDPDQ�FDLVLQ��������6HPHQWDUD�LWX��&DQGUD�GDQ�*L\DQWR
�������PHODSRUNDQ�DNWLQRPLVHW�JDOXU�QRPRU�$36���GDSDW
PHQHNDQ� SHQ\DNLW� KDZDU� GDXQ� EDNWHUL� �;DWKRPRQDV
RUL]DH� SY�� RUL]DH�� KLQJJD� ������ GDQ�PHQLQJNDWNDQ
SHUWXPEXKDQ� WDMXN� WDQDPDQ� SDGL� ������� 7XOLVDQ� LQL
PHPEDKDV� VSHVLHV�PLNURED� \DQJ�EHUSRWHQVL� GLJXQDNDQ
VHEDJDL�EDKDQ�DNWLI�SXSXN�GDQ�SHVWLVLGD�KD\DWL�
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%HUEDJDL� VSHVLHV�PLNUREH� WHODK� EHUKDVLO� GLLVRODVL� GDQ
GLHYDOXDVL�NHHIHNWLIDQQ\D�VHEDJDL�EDKDQ�DNWLI�SXSXN�GDQ
SHVWLVLGD�KD\DWL�\DQJ�HIHNWLI�GDQ�GLNHORPSRNNDQ�PHQMDGL
EDNWHUL� GDQ� FHQGDZDQ��.HORPSRN� EDNWHUL� \DQJ� WHODK
GLJXQDNDQ� VHEDJDL� EDKDQ� DNWLI� SHVWLVLGD� GDQ� SXSXN
KD\DWL� GL� DQWDUDQ\D� LDODK� SHQDPEDW� QLWURJHQ� VLPELRWLN
�5KL]RELD��GDQ�QRQVLPELRWLN��DQWDUD�ODLQ�$]RWREDFWHU�GDQ
$]RVSLULOOXP��� PLNUREH� SHODUXW� 3� �%DFLOOXV� VS��
3VHXGRPRQDV�VS����GDQ�DQWDJRQLV�VHSHUWL�$JUREDFWHULXP
GDQ� 3VHXGRPRQDV�� .HORPSRN� EDNWHUL� GDUL� JHQXV
$JUREDFWHULXP� GDQ�3VHXGRPRQDV� WHODK� GLPDQIDDWNDQ
VHEDJDL� DJHQ� SHQJHQGDOLDQ� ELRORJL��ZDODXSXQ� EHEHUDSD
VWUDLQ� NHGXD� EDNWHUL� LQL� MXJD� GLNHQDO� VHEDJDL
SDWRJHQ��3DGD�WDQDK�GL�VHNHOLOLQJ�SHUDNDUDQ�WDQDPDQ�\DQJ
VDNLW��SHUEDQGLQJDQ�NHGXD�VWUDLQ�SDWRJHQ�LQL�OHELK�WLQJJL
GLEDQGLQJ� VWUDLQ� DQWDJRQLV�� 6HEDOLNQ\D�� SDGD� SHUDNDUDQ
WDQDPDQ� \DQJ� VHKDW�� SURSRVL� EDNWHUL� DQWDJRQLV� OHELK
WLQJJL�UHQGDK��3XWUL�HW�DO��������

.HORPSRN� FHQGDZDQ� MXJD� EDQ\DN� \DQJ� EHUVLIDW
DQWDJRQLV� WHUKDGDS� SDWRJHQ� WDQDPDQ�� 3HQJKDPEDWDQ
FHQGDZDQ� DQWDJRQLV� WHUKDGDS� SDWRJHQ� DGDODK�PHODOXL
EHEHUDSD�PHNDQLVPH�VHSHUWL�DQWLELRVLV��*OLRFODGLXP�GDQ
7ULFKRGHUPD���K\SHUSDUDVLWLPH�P\FRSDUDVLWLPH��7ULFKR�
GHUPD� GDQ� 6SRULGHPLXP��� VHUWD� NRPSHWLVL� UXDQJ� GDQ
QXWULVL� �7ULFKRGHUPD� GDQ� )XVDULXP� R[\VSRUXP�
�%KDWWDFKDUMHH� GDQ� 'H\� ������� %HEHUDSD� PLNUREH
SHURPEDN�EDKDQ�RUJDQLN�DGDODK�7ULFKRGHUPD� UHHVHL��7�
KDU]LDQXP��7��NRQLQJLL���*OLRFODGLXP�VS���3KDQHURFKDHWD

FU\VRVSRULXP�� &HOOXORPRQDV�� 3VHXGRPRQDV�� 7KHUPR�

VSRUD�� $VSHUJLOOXV� QLJHU�� $�� WHUUHXV�� 3HQLFLOOLXP� GDQ
6WUHSWRP\FHV� �6DUDVZDWL�GDQ�6XPDUQR��������%HEHUDSD
MHQLV� FHQGDZDQ� GDQ� EDNWHUL� \DQJ� WHODK� GLPDQIDDWNDQ
VHEDJDL� DJHQVLD� KD\DWL� XQWXN� SHPDFX� SHUWXPEXKDQ
WDQDPDQ�GLVDMLNDQ�SDGD�7DEHO���



3RWHQVL� EHEHUDSD�PLNURED� SHPDFX� SHUWXPEXKDQ� ����� �+DQXGLQ� HW� DO�� ��

7DEHO��� %HEHUDSD�MHQLV�EDNWHUL�GDQ�FHQGDZDQ�\DQJ�WHODK�GLPDQIDDWNDQ�VHEDJDL�SHQJHQGDOL�KD\DWL�SDGD�EHUEDJDL�WDQDPDQ

LQDQJ�

-HQLV� PLNURED�VWUDLQ 3DWRJHQ 7DQDPDQ� LQDQJ 5HIHUHQVL

.HORPSRN� EDNWHUL
3VHXGRPRQDV� IOXRUHVFHQV� VWUDLQ� &+$� 7KLHODYLRSVLV� EDVLFROD 7HPEDNDX $OPDULR� HW� DO�� ����
3VHXGRPRQDV� SXWLGD� VWUDLQ�0�� (UZLQLD� FDURWRYRUD� SY� 7RPDW &RO\HU� GDQ�0RXQW� ����

FDURWRYRUD

3VHXGRPRQDV� DHUXJLQRVD 5KL]RFWRQLD� VRODQL 3DGL 6DLNLD� HW� DO�� ����
%DFLOOXV� DP\OROLTXHVIDFLHQ� VWUDLQ� 1-=-6%� 6FOHURWLQLD� VFOHURWLRUXP &DQROD :X� HW� DO�� ����
%DFLOOXV� DP\OROLTXHVIDFLHQ� VWUDLQ�:� )XVDULXP� R[\VSRUXP &URFXV� VDWLYXV *XSWD� HW� DO�� ����
%DFLOOXV� FHUHXV�8:� �� 3K\WRSWKRUD� PHJDVSHUPD� I� $OIDID /R]DQR� HW� DO�� ����

VS�� PHGLFDJLQLV
%DFLOOXV� VXEWLOLV $OWHUQDULD� DOWHUQDWD 0HORQ :DQJ� HW� DO�� ����

5DOVWRQLD� VRODQDFHDUXP 7RPDW &KHQ� HW� DO�� ����
&ROOHWRWULFKXP� JORHRVSRULRLGHV &DEDL $VKZLQL� GDQ� �6ULYLG\D� ����
3VHXGRFHUFRVSRUD� SXUSXUHD $OSRNDW .RUVWHQ� HW� DO�� ����

%DFLOOXV� VXEWLOLV� VWUDLQ� 467��� ;DQWKRPRQDV� FLWUL� VXEVS�� FLWUL -HUXN ,EUDKLP� HW� DO�� � ����
%DFLOOXV� VXEWLOLV� VWUDLQ� 6������ %RWU\WLV� FLQHUHD 6WUDZEHUU\ +DQJ� HW� DO�� ����
3VHXGRPRQDV� DHUXJLQRVD� VWUDLQ�05� �� 6FOHURWLQLD� VFOHURWLRUXP 7RPDW 'HVKZDO� ����
&U\SWRFRFFXV� ODXUHQWLL &ROOHWRWULFKXP� JORHRVSRULRLGHV 0DQJJD %DXWLVWD�5RVDOHV� HW� DO�� ����
%UHYXQGLPRQDV� GLPLQXWD &ROOHWRWULFKXP� JORHRVSRULRLGHV 0DQJJD .HILDOHZ� GDQ�$\DOHZ� ����
/\VREDFWHU� VSS�� VWUDLQ� 6%�.�� $SKDQRP\FHV� FRFKOLRLGHV *XOD�ELW ,VODP� HW� DO�� ����
%XONKROGHULD� FHSDFLD�*DQR(%� *DQRGHUPD� VS� .HODSD� VDZLW 5DPOL� HW� DO�� ����
$JUREDFWHULXP� UDGLREDFWHU�.��� GDQ� .���� $JUREDFWHULXP� WXPHIDFLHQV 3HUVLN 9LFHGR� HW� DO�����
3DQWRHD� DJJORPHUDQV� VWUDLQ� (��� (UZLQLD� DP\ORYRUD $SHO 3XVH\� HW� DO�� ����
6WUHSWRP\FHV� VS� ;DQWKRPRQDV� RU\]DH� SY��RU\]DH 3DGL .LP� HW� DO�� ����

;DQWKRPRQDV� FDPSHVWULV� SY� &DEDL
YHVLFDWRULD

3HFWREDFWHULXP� FDURWRYRUXP :RUWHO
SY�� FDURWRYRUXP

.HORPSRN� FHQGDZDQ

7ULFKRGHUPD� KDU]LDQXP )XVDULXP� PRQLOLIRUPH -DJXQJ (O�+DVDQ� HW� DO�� ����
)XVDULXP� R[\VSRUXP� I�� VS� .HQWDQJ 1RVLU� � ����
WXEHURVL

)XVDULXP� R[\VSRUXP� I�� VS� .DFDQJ�EXQFLV &DUYDOKR� HW� DO�� ����
� SKDVHROL
)XVDULXP� R[\VSRUXP� I�� VS� 0HQWLPXQ 5RVH� HW� DO�� ����
UDGLFLV�FXFXPHULQXP
)XVDULXP� R[\VSRUXP� I�� VS� 3LVDQJ :LERZR� HW� DO�� � ����
FXEHQVH

)XVDULXP� R[\VSRUXP 0HORQ *DYD� GDQ� 3LQWR� ����
7ULFKRGHUPD� YLULGH 6FOHURWLXP� UROIVLL 7RPDW (NXQGD\R� HW� DO�� ����

5KL]RFWRQLD� VRODQL�

6FOHURWLXP� UROIVLL�

0DFURSKRPLQD� SKDVHROLQD�

$OWHUQDULD� DOWHUQDWD�

)XVDULXP� VRODQL� GDQ
&ROOHWRWULFKXP� FDSVLFL .DFDQJ� KLMDX 0LVKUD� HW� DO�� ����
3HVWDORWLD� WKHDH�� )XVDULXP 7HK 1DJORW� HW� DO�� ����
VRODQL

7ULFKRGHUPD� KDPDWXP 3K\WRSKWKRUD� FDSVLFL 0HQWLPXQ .KDQ� HW� DO�� ����
7ULFKRGHUPD� YLUHQV 5KL]RWRQLD� VRODQL�� 3K\WLXP .DSDV +RZHOO� HW� DO�� ����

XOWLPXP

7ULFKRGHUPD� DVSHUHOOXP )XVDULXP� R[\VSRUXP� I�� VS� 7RPDW (O�.RP\� HW� DO�� ����
O\FRSHUVLFL

3\WKLXP� P\ULRW\OXP 7DODV 0EDUJD� HW� DO�� ����
7ULFKRGHUPD� VSS� )XVDULXP� R[\VSRUXP� I�� VS� 7RPDW 6XQGDUDPRRUWK\� GDQ

O\FRSHUVLFL %DODEDVNDU� � ����
7ULFKRGHUPD� VS� /DVLRGLSORGLD� WKHREURPDH� 3LVDQJ 6DQJHHWKD� HW� DO�� ����

&ROOHWRWULFKXP�PXVDH

&RQLRWK\ULXP� PLQLWDQV 6FOHURWLQLD� VFOHURWLRUXP %XQJD�PDWDKDUL� :KLSSV� HW� DO�� ����
6HODGD

$PSHORP\FHV� TXLVTXDOLV 2LGLXP� DQDFDUGLL -DPEX�PHWH 'RPLQLF� GDQ�0DUWKDPDNREH
����
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&DUD�%3�7�PHPSHQJDUXKL�SHUWXPEXKDQ�WDQDPDQ�DGDODK
PHODOXL� EHEHUDSD�PHNDQLVPH��0HQXUXW�0DERRG� HW� DO�
��������%3�7�PHQJLQGXNVL�SHUWXPEXKDQ�WDQDPDQ�PHODOXL
SHUXEDKDQ�NRPXQLWDV�PLNURED�SDGD�SHUDNDUDQ��UKL]RVIHU�
XQWXN�PHPSURGXNVL�EHUEDJDL�PDFDP� VHQ\DZD� RUJDQLN�
6HFDUD�XPXP��%3�7�GDSDW�PHPSHQJDUXKL�SHUWXPEXKDQ
WDQDPDQ� VHFDUD� ODQJVXQJ� PHODOXL� NHPDPSXDQQ\D
PHQLQJNDWNDQ� NHWHUVHGLDDQ� QXWULVL� �QLWURJHQ�� IRVIRU�
NDOLXP�� GDQ� HOHPHQ� ODLQ�� GDQ� VHFDUD� WLGDN� ODQJVXQJ
PHQJHQGDOLNDQ� 237� GHQJDQ� FDUD� PHQJKDVLONDQ
DQWLELRVLV�� PHQJRORQL� MDULQJDQ� DNDU� WDQDPDQ�� GDQ
PHQGRPLQDVL�OLQJNXQJDQ�UKL]RVIHU�VHKLQJJD�WLGDN�VHVXDL
EDJL�SHUWXPEXKDQ�SHQ\DNLW�WDQDPDQ��*DPEDU����

0HNDQLVPH�/DQJVXQJ

%3�7� PHQJLQGXNVL� SHUWXPEXKDQ� WDQDPDQ� VHFDUD
ODQJVXQJ� GHQJDQ� PHQLQJNDWNDQ� SHQ\HUDSDQ� GDQ
NHWHUVHGLDDQ� XQVXU� KDUD� PHODOXL� ILNVDVL� QLWURJHQ�
PHQLQJNDWNDQ� NHODUXWDQ�PLQHUDO��PLQHUDOLVDVL� VHQ\DZD
RUJDQLN�GDQ�SURGXNVL�ILWRKRUPRQ��%KDUGZDM�HW�DO��������
1LWURJHQ�PHUXSDNDQ� XQVXU� YLWDO� \DQJ�PHPSHQJDUXKL
SHUWXPEXKDQ� GDQ� SURGXNWLYLWDV� WDQDPDQ� GHQJDQ
NHEHUDGDDQ�WHUEHVDU�������GL�DWPRVIHU��1DPXQ�WLGDN�VDWX
SXQ�VSHVLHV� WDQDPDQ�\DQJ�PDPSX�PHQJLNDW�XQVXU�\DQJ
VHFDUD�DODPL�GDODP�EHQWXN�GLQLWURJHQ�XQWXN�SHUWXPEXKDQ�
1LWURJHQ� XPXPQ\D�GLNRQYHUVL� ROHK�PLNUREH� SHQDPEDW

QLWURJHQ�PHQMDGL�EHQWXN�\DQJ�GDSDW�GLJXQDNDQ�WDQDPDQ
�QLWURJHQ�PHQMDGL� DPRQLD�� GHQJDQ� EDQWXDQ� NRPSOHNV
HQ]LP�QLWURJHQDVH��*DE\�GDQ�%XFNOH\�������

%3�7�PHQJLNDW� GDQ�PHQ\HGLDNDQ� QLWURJHQ� XQWXN
WDQDPDQ�PHODOXL� GXD�PHNDQLVPH�� \DLWX� VLPELRVLV� GDQ
QRQVLPELRVLV��0HNDQLVPH� VLPELRVLV� PHPXQJNLQNDQ
%3�7�PHPDVXNL� MDULQJDQ� DNDU� GDQ�PHPEHQWXN� QRGXO
VHSHUWL� NHORPSRN�5KL]RELD� �$KHPDG�GDQ�.LEUHW�������
.HORPSRN�5KL]RELD� LDODK�5KL]RELXP��%UDG\UKL]RELXP�
6LQRUKL]RELXP� GDQ�0HVRUKL]RELXP� \DQJ� XPXPQ\D
EHUVLPELRVLV�GHQJDQ�WDQDPDQ�OHJXP�GDQ�)UDQNLD�GHQJDQ
WDQDPDQ�QRQOHJXP�EHUEHQWXN�SRKRQ�GDQ�VHPDN��=DKUDQ
������ 6DQWL� HW� DO�� �������0HNDQLVPH� QRQVLPELRWLN
XPXPQ\D�PHODOXL�GLD]RWURI�\DQJ�KLGXS�EHEDV�GDQ�EDQ\DN
GLWHPXNDQ� SDGD� SHUWDQDPDQ� SDGL� GDQ� OREDN�� %DNWHUL
QRQVLPELRQ� \DQJ�GDSDW�PHPILNVDVL� QLWURJHQ� XPXPQ\D
WHUPDVXN� JRORQJDQ� JHQXV� $]RDUFXV�� $]RWREDFWHU�
$FHWREDFWHU��$]RVSLULOOXP��%XUNKROGHULD��'LD]RWURSKL�

FXV�� (QWHUREDFWHU��*OXFRQDFHWREDFWHU�� 3VHXGRPRQDV

GDQ� JRORQJDQ� &\DQR�EDNWHUL� �1RVWRF� GDQ�$QDEDHQD�
�%KDWWDFKDU\\D�GDQ�-KD�������+DIHH]�HW�DO��������9HMDQ�HW
DO���������*HQ�\DQJ�PHQJHQGDOLNDQ�ILNVDVL�QLWURJHQ��QLI�
MXJD�GLWHPXNDQ�SDGD�EDNWHUL�VLPELRWLN�GDQ�QRQVLPELRWLN
�5HHG�HW�DO��������

6HSHUWL�KDOQ\D�QLWURJHQ��IRVIRU�MXJD�PHUXSDNDQ�XQVXU
SHQWLQJ�EDJL�SHUWXPEXKDQ�WDQDPDQ���3URVHV�PHWDEROLVPH
GDQ� UHDNVL� ILVLRNLPLD� VHSHUWL� IRWRVLQWHVLV�� WUDQVIRUPDVL
HOHFWURQ��HQHUJ\� WUDQVIHU��� WUDQVGXNVL�VLQ\DO��ELRVLQWHVLV
PDNURPROHNXO�� GDQ� UHVSLUDVL�PHOLEDWNDQ� IRVIRU� VHEDJDL
XQVXU�XWDPD��.KDQ�HW�DO���������)RVIRU�EDQ\DN�WHUGDSDW�GL
WDQDK� GDODP� EHQWXN� VHQ\DZD� RUJDQLN� GDQ� DQRUJDQLN�

*DPEDU� ��� �0HNDQLVPH�%3�7� GDODP�PHQJLQGXNVL� SHUWXPEXKDQ� WDQDPDQ� VHFDUD� ODQJVXQJ� GDQ� WLGDN� ODQJVXQJ� �*XSWD� HW� DO�� ������



3RWHQVL� EHEHUDSD�PLNURED� SHPDFX� SHUWXPEXKDQ� ����� �+DQXGLQ� HW� DO�� ��

1DPXQ� ������� IRVIDW� \DQJ� DGD� VHFDUD� DODPL� GDODP
EHQWXN�WHULNDW��WLGDN�WHUODUXW�GDQ�PHQJHQGDS��$ORUL�HW�DO�
�������7DQDPDQ�XPXPQ\D�PHQ\HUDS�IRVIDW�GDODP�EHQWXN
LRQ�+
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0HNDQLVPH�%3�7� GDODP�PHQLQJNDWNDQ� NHWHUVHGLDDQ
IRVIDW�PHODOXL� EHEHUDSD� FDUD� \DLWX�� ����PHQJHOXDUNDQ
VHQ\DZD�PLQHUDO�NRPSOHNV�VHSHUWL�DQLRQ�DVDP�RUJDQLN�
SURWRQ��LRQ�KLGURNVLO��GDQ�&2

�
������PHPEHEDVNDQ�HQ]LP

HNWUDVHOXOHU��PLQHUDOLVDVL�IRVIDW�PHODOXL�UHNDVL�ELRNLPLDZL��
GDQ� ����PHPEHEDVNDQ� IRVIDW� SDGDD� VDDW� GHNRPSRVLVL
VXEVWUDW� �PLQHUDOLVDVL� IRVIDW�PHODOXL� SURVHV� ELRORJLV�
�6KDUPD�HW�DO��������2WHLQR�HW�DO���������%3�7�\DQJ�GDSDW
PHQLQJNDWNDQ� NHODUXWDQ� GDQ� NHWHUVHGLDDQ� IRVIDW� GDODP
WDQDK� XPXPQ\D� WHUJRORQJ� JHQHUD� $UWKUREDFWHU�
%DFLOOXV�� %HLMHULQFND�� %XUNKROGHULD�� (QWHUREDFWHU�

(UZLQLD�� )ODYREDFWHULXP�� 0LFUREDFWHULXP�

3VHXGRPRQDV�� 5KL]RELXP�� 5KRGRFRFFXV� GDQ�6HUUDWLD
GDQ� GDSDW� GLDSOLNDVLNDQ� VHFDUD� WHUSLVDK� PDXSXQ
NRPELQDVL�GHQJDQ�PLNURED�SHUDNDUDQ�ODLQ��*XSWD�HW�DO�
������6DKDUDQ�GDQ�1HKUD�������

%3�7�MXJD�PDPSX�PHQLQJNDWNDQ�NHWHUVHGLDDQ�XQVXU
NDOLXP� GHQJDQ�PHQLQJNDWNDQ� NHODUXWDQ� EDWXDQ� \DQJ
PHQJDQGXQJ�KDUD�.�PHODOXL�SURGXNVL�GDQ�VHNUHVL�DVDP
RUJDQLN� �3DUPDU� HW� DO�� ������� %DNWHUL� \DQJ�PDPSX
PHQLQJNDWNDQ�NHWHUVHGLDQ�NDOLXP�XPXPQ\D�EHUDVDO�GDUL
MHQLV� $FLGRWKLREDFLOOXV� IHUURR[LGDQV�� %DFLOOXV
HGDSKLFXV�� %DFLOOXV� PXFLODJLQRVXV�� %XUNKROGHULD�

3DHQLEDFLOOXV� VS�� GDQ�3VHXGRPRQDV� �6HWLDZDWL� GDQ
0XWPDLQQDK�������3DUPDU�HW�DO����������6HODLQ�NDOLXP�
%3�7�MXJD�GDSDW�PHPEDQWX�SHQ\HGLDDQ�XQVXU�)H�PHODOXL
PHNDQLVPH�VLGHURIRU�\DQJ�PHOLEDWNDQ�DVLPLODVL�VSHVLILN
XQWXN�PHQJKDVLONDQ�VHQ\DZD�)H�NHODW�EHUERERW�PROHNXO
UHQGDK��VLGHURIRU��VHKLQJJD�GDSDW�GLPDQIDDWNDQ�WDQDPDQ
�5DG]NL� HW� DO�� ������� *RORQJDQ� EDNWHUL� \DQJ� GDSDW
PHQJKDVLONDQ� VLGHURIRU� \DLWX�$HURPRQDV��$]DGLUDFKWD�
$]RWREDFWHU�� %DFLOOXV�� %XUNKROGHULD�� 3VHXGRPRQDV�

5KL]RELXP��6HUUDWLD�GDQ�6WUHSWRP\FHV�VS���<DGDY�HW�DO�
������ VHKLQJJD�PHQLQJNDWNDQ�NDQGXQJDQ�NORURILO� SDGD
GDXQ��6KDUPD�HW�DO��������

%3�7� MXJD�GDSDW�PHPSURGXNVL� ILWRKRUPRQ� VHSHUWL
DXNVLQ�� VLWRNLQLQ�� JLEHUHOLQ�� GDQ� HWLOHQ� \DQJ
PHPSHQJDUXKL� SORULILHUDVL� VHO� SDGD� VLVWHP� SHUDNDUDQ
WDQDPDQ�VHKLQJJD�PHPEHQWXN�OHELK�EDQ\DN�DNDU�ODWHUDO
GDQ� UDPEXW� DNDU� XQWXN�PHQLQJNDWNDQ�SHQ\HUDSDQ� KDUD
GDQ�DLU��6HNLWDU�����%3�7�\DQJ�EHUNRORQL�SDGD�SHUPXNDDQ
DNDU� GDSDW� PHPSURGXNVL� DXNVLQ� GDQ� PHQJLQGXNVL
SHQLQJNDWDQ� SURGXNVL� ,$$� HQGRJHQ�� 7ULSWRSDQ
PHUXSDNDQ�VDODK�VDWX�DVDP�DPLQR�\DQJ�VHULQJ�GLWHPXNDQ
SDGD� HNVXGDW� DNDU� GDQ� GLLGHQWLILNDVL� VHEDJDL�PROHNXO
SUHNXUVRU� XWDPD� GDODP� SURVHV� ELRVLQWHVLV� ,$$� SDGD
EDNWHUL� �(WHVDPL� HW�DO�� ������� 6HMXPODK�%3�7� VHSHUWL
$]RWREDFWHU� VS���5KL]RELXP� VS���3DQWRHD�DJJORPHUDQV�
5KRGRVSRULOOXP� UXEUXP��3VHXGRPRQDV� IOXRUHVFHQV�
%DFLOOXV� VXEWLOLV�� GDQ�3DHQLEDFLOOXV� SRO\P\[D� MXJD
GLODSRUNDQ� GDSDW�PHPSURGXNVL� VLWRNLQLQ�GDQ� JLEHUHOLQ
�*OLFN� ������� %HEHUDSD� %3�7� VHSHUWL�$FLQREDFWHU�
$FKURPREDFWHU�� $JUREDFWHULXP�� $OFDOLJHQHV�

$]RVSLULOOXP�� %DFLOOXV�� %XUNKROGHULD�� $QWHUREDFWHU�

3VHXGRPRQDV��5DOVWRQLD��6HUUDWLD��GDQ�5KL]RELXP�GDSDW
PHQJKDVLONDQ�HWLOHQ��3UHPDFKDQGUD�HW�DO���������'DODP
WXEXK� WDQDPDQ�� HWLOHQ� EDQ\DN� GLSHUOXNDQ� GDODP� SURVHV
PRUIRILVLRORJLV� VHSHUWL� LQLVLDVL� DNDU�� SHQJKDPEDWDQ
SHPDQMDQJDQ� DNDU�� SHUFHSDWDQ� SHPDVDNDQ� EXDK�
SHQJHQGDOLDQ� SHOD\XDQ� DNLEDW� VWUHVV� OLQJNXQJDQ�
SHUFHSDWDQ� SHUNHFDPEDKDQ�ELML� GDQ� DNWLYDVL� ELRVLQWHVLV
ILWRKRUPRQ�ODLQ��*OLFN�������

0HNDQLVPH�7LGDN�/DQJVXQJ

.HEHUDGDDQ�PLNURRUJDQLVPH� ILWRSDWRJHQ�PHUXSDNDQ
VDODK� VDWX� NHQGDOD� GDODP� SURVHV� SURGXNVL� WDQDPDQ�
3HQJHQGDOLDQ� VHFDUD� NLPLDZL� GLODSRUNDQ� EHUGDPSDN
QHJDWLI� VHSHUWL� PHUXVDN� HNRVLVWHP� WDQDK�� GHJUDGDVL
NHVXEXUDQ�ODKDQ��NHUXVDNDQ�OLQJNXQJDQ�KLQJJD�NHVHKDWDQ
PDQXVLD�� 3HQJJXQDDQ� %3�7� GDSDW� PHQJXUDQJL
SHQJJXQDDQ� SHVWLVLGD� GDQ� SXSXN� NLPLDZL� GDQ
PHPSHUWDKDQNDQ� NHVXEXUDQ� WDQDK� VHUWD�PHQLQJNDWNDQ
NXDOLWDV�OLQJNXQJDQ��/XJWHQEHUJ�GDQ�.DPLORYD�������7DULT
HW�DO����������0HNDQLVPH�NHUMD�WLGDN�ODQJVXQJ�%3�7�GDODP
PHQHNDQ�SDWRJHQ�VHNDOLJXV�PHPSHUEDLNL�NHVXEXUDQ�WDQDK
PHODOXL�EHEHUDSD�FDUD�VHSHUWL�SURGXNVL�VHQ\DZD�DQWLELRWLN�
VLGHURIRU��+&1��HQ]\PH�KLGUROLWLN��GDQ�ODLQ�ODLQ�

.HPDPSXDQ� PHPSURGXNVL� VHQ\DZD� DQWLELRWLN
PHUXSDNDQ� VDODK� VDWX� IDNWRU� SHQGXNXQJ�%3�7� VHEDJDL
PLNUREH�SHQJHQGDOL�KD\DWL�237�WDQDPDQ��%HEHUDSD�MHQLV
VHQ\DZD�DQWLELRWLN� \DQJ�GLKDVLONDQ� VHMXPODK�%3�7�GDQ
EHUKDVLO� GLLGHQWLILNDVL� PHOLSXWL� DPSKLVLQ�� ����
GL]FHW\OSKORURJOXFLQRO� �'$3*��� RRP\FLQ�$�� SKHQD]LQH�
S\ROXWHRULQ�� S\UUROQLWULQ�� WHQVLQ�� WURSRORQH� GDQ� F\FOLF
OLSRSHSWLGH� \DQJ� GLKDVLONDQ� NHORPSRN�3VHXGRPRQDV
�/RSHU�GDQ�*URVV�������GDQ�ROLJRP\FLQ�$��NDQRVDPLQH�
]ZLWWHUPLFLQ�$� GDQ� ]DQWKREDFFLQ� \DQJ� GLKDVLONDQ� ROHK
%DFLOOXV��6WUHSWRP\FHV��GDQ�6WHQRWURSKRPRQDV�VS��\DQJ
GDSDW� PHQJKDPEDW� SUROLIHUDVL� SDWRJHQ� �XPXPQ\D
FHQGDZDQ� SDWRJHQ�� �&RPSDQW� HW� DO�� ������
0LNURRUJDQLVPH� SDWRJHQ� MXJD� GDSDW� PHPEDQJXQ
PHNDQLVPH�UHVLVWHQVL� WHUKDGDS�DQWLELRWLN�WHUWHQWX�NDUHQD
WHUODOX� VHULQJQ\D� VXDWX� %3�7� GLJXQDNDQ�� 8QWXN
PHQJKLQGDUL� KDO� LQL� GLVDUDQNDQ� SHQJHQGDOLDQ� VXDWX
SHQ\DNLW� GLODNXNDQ� GHQJDQ�PHQJDSOLNDVLNDQ� NRPELQDVL
OHELK�GDUL�VDWX�MHQLV�%3�7�\DQJ�NRPSDWLEHO�VHKLQJJD�GDSDW
PHQVLWHQVLV�OHELK�GDUL�VDWX�MHQLV�DQWLELRWLN��GH�6RX]D�HW�DO�
��������%3�7�MXJD�GLNHWDKXL�GDSDW�PHPSURGXNVL�KLGURJHQ
VLDQLGD� �+&1��\DQJ� GLODSRUNDQ� HIHNWLI�PHQJHQGDOLNDQ
SHQ\DNLW�EXVXN�DNDU�\DQJ�GLVHEDENDQ�ROHK�7KLHODYLRSVLV
EDVLFROD��9RLVDUG�HW�DO��������

%HEHUDSD�%3�7�PHPLONL�NHPDPSXDQ�PHQJKDVLONDQ
HQ]LP� VHSHUWL� FKLWLQDVH�� GHK\GURJHQDVH�� ��JOXFDQDVH�
OLSDVHV��SKRVSKDWDVHV��SURWHDVH��GDQ�ODLQ�ODLQ��-RVKL�HW�DO�
�������(Q]LP�WHUVHEXW�EHUVLIDW�K\SHUSDUDVLW�SDGD�SDWRJHQ
GDQ� PHPLOLNL� NHPDPSXDQ� PHQGHJUDGDVL� DWDX
PHQJKLGUROLVLV� GLQGLQJ� VHO� SDWRJHQ��%HEHUDSD� %3�7
WHULGHQWLILNDVL�PHQDPSDNNDQ� NDUDNWHULVWLN� LQL� GDODP
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PHQHNDQ�SHUNHPEDQJDQ�EHEHUDSD�SDWRJHQ��GL�DQWDUDQ\D
3VHXGRPRQDV� IOXRUHVFHQV� WHUKDGDS� 7KLHODYLRSVLV
EDVLFROD� �9RLVDUG� HW� DO�� �������3VHXGRPRQDV� SXWLGD
WHUKDGDS�0DFURSKRPLQD� SKDVHROLQD� GDQ�$]RWREDFWHU
FKURRFRFFXP� WHUKDGDS�)XVDULXP� R[\VSRUXP� �&KRXUH
GDQ�'XEH\�������$WWLD�HW�DO��������

.HPDPSXDQ� EHEHUDSD�%3�7� GDODP�PHQJKDVLONDQ
VLGHURIRU� WLGDN�KDQ\D�PHPEDQWX� SHPHQXKDQ�NHEXWXKDQ
XQVXU� )H� EDJL� WDQDPDQ�� WHWDSL� MXJD� PHQJXUDQJL
NHWHUVHGLDDQ� )H� XQWXN� SDWRJHQ�� � 8QVXU� )H� XPXPQ\D
NXUDQJ� WHUVHGLD� SDGD� WDQDK� EHU�S+� QHWUDO� KLQJJD� EDVD�
3DGD� NRQGLVL� LQL�� VLGHURIRU� %3�7� DNDQ�PHQJKDPEDW
PLNUREH� SDWRJHQ� GDODP�PHQJLNDW� )H� GL� VHNLWDU� DUHDO
SHUDNDUDQ� �*XSWD� GDQ�*RSDO� ������� 6LGHURIRU� DNDQ
PHQJLNDW�LRQ�)H�GDQ�PHPEHQWXN�NRPSOHNV�)H�VLGHURIRU
\DQJ�VHNDOLJXV�EHULNDWDQ�GHQJDQ�UHVHSWRU�SHQJLNDW�LRQ�)H
EHEDV��7DLORU�GDQ�-RVKL�������

0HNDQLVPH� NHWDKDQDQ� WDQDPDQ� WHUKDGDS� SDWRJHQ
MXJD� GDSDW� GLVWLPXODVL� GHQJDQ� PHNDQLVPH� LQGXNVL
NHWDKDQDQ� VLVWHPLN��0HNDQLVPH� LQL� GLODNXNDQ� ROHK
%3�7� PHODOXL� VHNUHVL� EHEHUDSD� VHQ\DZD� VHSHUWL
OLSRSRO\VDFFKDULGHV� �/36��� IODJHOOD�� VLGHURIRU�� F\FOLF
OLSRSHSWLGHV�� ����GLDFHW\OSKORURJOXFLQRO�� KRPRVHULQH
ODFWRQH�� GDQ� VHQ\ZD� YRODWLOH� VHSHUWL� DFHWRLQ� GDQ� ����
EXWDQHGLRO��'RRUQERV�HW�DO����������.HEHUDGDDQ�VHQ\DZD
WHUVHEXW�DNDQ�PHQVWLPXODVL�WDQDPDQ�XQWXN�PHPSURGXNVL
VHQ\DZD� MDVPRQDWH� GDQ� HWLOHQ� \DQJ�PHUXSDNDQ� VLQ\DO
SHQLQJNDWDQ�NHWDKDQDQ�WDQDPDQ�WHUKDGDS�SDWRJHQ��*OLFN
������

%HEHUDSD� %3�7� PHPLOLNL� NHPDPSXDQ� GDODP
PHQVLQWHVLV� EHUEDJDL� IXQJVL� GDQ� EHQWXN� SROLVDNDULGD�
WHUPDVXN� LQWUDVHOXOHU�� VWUXNWXUDO�� GDQ� HNVWUDVHOXOHU
SROLVDNDULGD�� 3URGXNVL� HNVRSROLVDNDULGD� EHUWXMXDQ
PHPEHQWXN�ELRILOP�\DQJ�PHQJKXEXQJNDQ�%3�7�GHQJDQ
DSHQGLNV� DNDU��+XEXQJDQ�NRORQLVDVL� LQL� EHUJXQD� XQWXN
PHQMHUDS� EHEHUDSD� XQVXU�KDUD� SHQWLQJ� WHUPDVXN� IRVIDW
VHKLQJJD� GDSDW� GLJXQDNDQ� WDQDPDQ� GDQ�PHQJKDODQJL
SDWRJHQ�PHUXVDN�DNDU��4XUDVKL�GDQ�6DEUL��������3HQHOLWLDQ
MXJD�PHQXQMXNNDQ� HNVRSROLVDNDULGD� \DQJ� GLKDVLONDQ
%3�7�MXJD�GDSDW�PHQJLNDW� LRQ�1$��\DQJ�EHUOHELKDQ�GL

GDHUDK� SHUDNDUDQ� GDQ� PHQDKDQQ\D� SDGD� NRPSOHNV
MHUDSDQ���0HNDQLVPH�LQL�PHPEDQWX�WDQDPDQ�XQWXN�GDSDW
EHUWDKDQ� SDGD� NRQGLVL� VDOLQLWDV� WLQJJL� �3DXO� GDQ� /DGH
������

3838.�'$1�3(67,6,'$�+$<$7,

8178.�7$1$0$1�+,$6

%HEHUDSD� LQYHQVL�EHUEHQWXN�SXSXN�GDQ� SHVWLVLGD�KD\DWL
\DQJ� EHUGD\D� JXQD� GDQ� EHUKDVLO� JXQD��PHQXUXW� EDKDQ
DNWLIQ\D�DGDODK�VHEDJDL�EHULNXW�

3XSXN�+D\DWL�%HUEDKDQ�$NWLI�.RPELQDVL

5KL]REDNWHULD�GDQ�&HQGDZDQ

)RUPXODVL�SXSXN�KD\DWL�GDQ�SHPEHQDK� WDQDK�EHUEHQWXN
EXWLUDQ� EHUEDKDQ� DNWLI� SODQW� JURZWK� SURPRWLQJ
UKL]REDFWHULD� �3*35�� GDQ� FHQGDZDQ� \DQJ� EHUIXQJVL
VHEDJDL� SHQDPEDW� KDUD� PDNUR� GDQ� PLNUR� UDPDK
OLQJNXQJDQ�GL�WDQDK�HIHNWLI�PHQLQJNDWNDQ�PXWX�SURGXNVL
WDQDPDQ�NULVDQ� GHQJDQ�SHQLQJNDWDQ� SURGXNWLYLWDV� ����
OHELK�WLQJJL�GLEDQGLQJ�PHQJJXQDNDQ�SXSXN�NLPLD�VLQWHWLN�
VHNDOLJXV�PHQJKHPDW�SHQJJXQDDQ� SXSXN�NLPLD� VLQWHWLN
��������� )RUPXODVL� LQL� GLEHUL� QDPD�GDJDQJ�$JULKRUW
%LR1XWUL�9��*DPEDU����

+DVLO�DQDOLVLV�HNRQRPL�PHQXQMXNNDQ�DSOLNDVL�$JULKRUW
%LR1XWUL�9� OHELK�PHQJXQWXQJNDQ�GLEDQGLQJNDQ� GHQJDQ
SHQJJXQDDQ� SXSXN� GDQ� SHVWLVLGD� NLPLD� VLQWHWLN� \DQJ
ELDVD�GLJXQDNDQ�SHWDQL��+DO�WHUVHEXW�GLWXQMXNNDQ�ROHK�5�&
UDWLR�\DQJ�OHELK�WLQJJL������GLEDQGLQJNDQ�GHQJDQ�5�&�UDWLR
SXSXN�GDQ�SHVWLVLGD�NLPLD� VLQWHWLN������ �+DQXGLQ�HW�DO�
�������3URGXN�LQL�EHOXP�GLOLVHQVLNDQ�GDQ�EHOXP�GLJXQDNDQ
ROHK�VWDNHKROGHU��QDPXQ�WHODK�GLGDIWDUNDQ�GL�.HPHQWHULDQ
+XNXP� GDQ�+DN�$]DVL�0DQXVLD�5,�0HODOXL�'LUHNWRUDW
-HQGHUDO�+DN�.HND\DDQ� ,QWHOHNWXDO� �'LWMHQ�+DNL��XQWXN
PHPSHUROHK� VHUWLILNDW� SDWHQ� GHQJDQ� QRPRU�SHQGDIWDUDQ
3����������������$JXVWXV�������+DQXGLQ�HW�DO��������

*DPEDU���� � %HQWXN� IRUPXODVL� �NLUL�� GDQ� NHPDVDQ�$JULKRUW� %LRQXWUL�9� �NDQDQ��

�



3RWHQVL� EHEHUDSD�PLNURED� SHPDFX� SHUWXPEXKDQ� ����� �+DQXGLQ� HW� DO�� ��

%LRSHVWLVLGD�%HUEDKDQ�$NWLI�5KL]REDNWHULD

����%HUEDKDQ�DNWLI�EDNWHUL�%��VXEWLOLV

GDQ�3��IOXRUHVFHQV

%LRSHVWLVLGD� LQL� GLEHUL� QDPD�3ULPD�%$3)� �*DPEDU� ���
HIHNWLI�PHQJHQGDOLNDQ�EHEHUDSD�SHQ\DNLW�WDQDPDQ�VHSHUWL
SHQ\DNLW�DNDU�EHQJNDN�\DQJ�GLVHEDENDQ�ROHK�3��EUDVVLFDH
SDGD�DQHND�NXELV��&LFX��������SHQ\DNLW�OD\X�EDNWHUL�\DQJ
GLVHEDENDQ� ROHK�5�� VRODQDFHDUXP� SDGD� WDQDPDQ� DQHND
WHUXQJ� �0DZDUQL� HW� DO�� �������5�� VRODQL� SDGD� WDQDPDQ
NULVDQ��SHQ\DNLW� OD\X�IXVDULXP�SDGD�WDQDPDQ�NULVDQ�GDQ
DQ\HOLU�GHQJDQ�WLQJNDW�SHQHNDQDQ�������������+DQXGLQ
HW� DO���������%LRSHVWLVLGD� WHUVHEXW� MXJD� GDSDW�PHQHNDQ
SHQ\DNLW�NDUDW�SXWLK��3XFFLQLD�KRULQD�+HQQ��������GDQ
PHPSHUWDKDQNDQ�KDVLO�SDQHQ�NULVDQ�������GLEDQGLQJNDQ
GHQJDQ� DSOLNDVL� IXQJLVLGD�NLPLD� VLQWHWLN� EHUEDKDQ� DNWLI
D]RNVLVWURELQ�����J�O�GDQ�GLIHQRNRQD]RO�����J�O��+DQXGLQ
HW�DO���������3ULPD�%$3)�EHUEHQWXN�FDLU��EHUEDKDQ�DNWLI�%�
VXEWLOLV�\DQJ��GLWHPXNDQ�SDGD�ELDNDQ�PXUQL�%��EDVVLDQD
LVRODW�XODW�MDPEX�EDWX��&��DQJXODWD�I�DWDX�&��VXEWLOLV�ZON�
DVDO� 6HJXQXQJ��&LDQMXU�� -DZD�%DUDW�� GDQ�3�� IOXRUHVFHQV
\DQJ�GLLVRODVL�GDUL�UKL]RVIHU�WDQDPDQ�NULVDQ�\DQJ�WXPEXK
GL� 6HJXQXQJ�� =DW� SHPEDZD� \DQJ� EHUIXQJVL� VHEDJDL
VXVSHQVRU�DGDODK�ODUXWDQ�PRQRVRGLXP��1D��JOXWDPDW���
\DQJ�GLWDPEDK�GHQJDQ�����P�0J62����+

�
2���3ULPD�%$3)

WHODK�PHQGDSDW�VHUWLILNDW�SDWHQ�GDUL�.HPHQWHULDQ�+XNXP
GDQ�+DN�$]DVL�0DQXVLD�5,��GHQJDQ�QRPRU��,'������������
���-DQXDUL�������+DQXGLQ�HW��DO���������3URGXN�LQL�EHOXP
GLOLVHQVLNDQ�� QDPXQ� WHODK� GLXML� HILNDVLQ\D� WHUKDGDS
EHEHUDSD�SDWRJHQ�GL�EHUEDJDL� WHPSDW�GHQJDQ�KDVLO�\DQJ
PHPXDVNDQ�

%HUEDKDQ�DNWLI�EDNWHUL�3��IOXRUHVFHQV

%LRSHVWLVLGD� EHUEHQWXN� FDLU� LQL� EHUEDKDQ� DNWLI� EDNWHUL
3VHXGRPRQDV�NHORPSRN�IOXRUHVFHQV�GHQJDQ�QRPRU�LVRODW

05����GDQ�GLEHUL�QDPD�%LR�3)��*DPEDU�����3URGXN�LQL�WHODK
GLNHPEDQJNDQ�SDGD�WDQDPDQ�KRUWLNXOWXUD�GDODP�EHEHUDSD
WDKXQ�WHUDNKLU��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�ELRSHVWLVLGD
LQL�HIHNWLI�PHQJHQGDOLNDQ�SDWRJHQ�WXODU�WDQDK�VHSHUWL�OD\X
EDNWHUL�� OD\X� IXVDULXP�� SHQ\DNLW� UHEDK� NHFDPEDK�� GDQ
EXVXN� EXDK� SDGD� WDQDPDQ� KRUWLNXOWXUD�� 3DGD� WDQDPDQ
FDEDL�� DSOLNDVL�%LR�3)� GDSDW�PHQHNDQ� SHQ\DNLW� EXVXN
EXDK�\DQJ� GLVHEDENDQ� ROHK�&ROOHWRWULFKXP� VS�� �����
GDQ� PHPSHUWDKDQNDQ� SURGXNVL� ������ GLEDQGLQJ
PHQJJXQNDQ� SXSXN� GDQ� SHVWLVLGD� NLPLD� VLQWHWLN� \DQJ
ELDVD�GLJXQDNDQ�SHWDQL��1XU\DQL�HW�DO���������3URGXN�LQL
EHOXP�PHPSHUROHK�VHUWLILNDW�SDWHQ�GDQ�EHOXP�GLOLVHQVLNDQ�
QDPXQ�WHODK�GLXML�HILNDVLQ\D�WHUKDGDS�EHEHUDSD�SDWRJHQ
GL�EHUEDJDL�WHPSDW�GHQJDQ�KDVLO�\DQJ�PHPXDVNDQ�

3XSXN�GDQ�3HVWLVLGD�+D\DWL�%HUEDKDQ

$NWLI�&HQGDZDQ�GDQ�5KL]REDNWHULD

3URGXN� LQL� GLEHUL� QDPD� *OLRFRPSRVW� �*DPEDU� ���
*OLRFRPSRVW� VHEHQDUQ\D�PHUXSDNDQ� ELRIXQJLVLGD� \DQJ
MXJD� GDSDW� EHUSHUDQ� VHEDJDL� SXSXN� KD\DWL�� 6HEDJDL
ELRIXQJLVLGD�� *OLRFRPSRVW� PHPLOLNL� EDKDQ� DNWLI
*OLRFODGLXP� VS�� \DQJ� VDQJDW� HIHNWLI� PHQJHQGDOLNDQ
EHUEDJDL�SDWRJHQ� WDQDPDQ�VHSHUWL�)XVDULXP�R[\VSRUXP
I�VS�GLDQWK\�SDGD�DQ\HOLU��)��R[\VSRUXP�I�VS�FXEHQFH�SDGD
SLVDQJ�� GDQ� SHQ\DNLW� EXVXN� EXDK� SDGD� FDEDL�� 6HEDJDL
SXSXN� KD\DWL��*OLRFRPSRVW� GLSHUND\D� GHQJDQ�PLNURED
SHQDPEDW�KDUD�1��3�� GDQ�.� VHSHUWL�$]RWREDFWHU� VS���3�
IOXRUHFHQV��GDQ�%��VXEWLOLV�

*OLRFRPSRVW� EHUEHQWXN� WHSXQJ� EHUZDUQD� FRNHODW
NHKLWDP�KLWDPDQ��0LNURED� \DQJ� WHUNDQGXQJ� GDODP
*OLRFRPSRVW� WHUGLUL�DWDV�*OLRFODGLXP�VS���3�� IOXRUHFHQV�
GDQ�%��VXEWLOLV�\DQJ�GLLVRODVL�GDQ�GLVHOHNVL�GDUL�UKL]RVIHU
WDQDPDQ�FDEDL�DVDO�6XNDEXPL��-DZD�%DUDW��%LRSHVWLVLGD�LQL
HIHNWLI� PHQJHQGDOLNDQ� SDWRJHQ� WXODU� WDQDK� \DQJ
GLVHEDENDQ� ROHK�)XVDULXP� VSS���3\WKLXP� VS�� �UHEDK
NHFDPEDK���*DQRGHUPD� ERQLQHQVH�� GDQ� OD\X� IXVDULXP

*DPEDU� ��� 3ULPD�%$3)�� ELRSHVWLVLGD� SURGXNVL� %DGDQ� /LWEDQJ
3HUWDQLDQ� GHQJDQ� EDKDQ� DNWLI�%DFLOOXV� VXEWLOLV� GDQ� 3VHXGRPRQDV
IOXRUHVFHQV�

*DPEDU� ��� %LR�3)�� ELRSHVWLVLGD� FDLU� EHUEDKDQ� DNWLI�3VHXGRPR�
QDV� IOXRUHVFHQV�



�� -�� /LWEDQJ�3HUW�� 9RO�� ���1R�� �� 'HVHPEHU� ������ �����

SDGD� WDQDPDQ� NULVDQ��$SOLNDVL� *OLRFRPSRVW� GDSDW
PHQHNDQ�SDWRJHQ�����GDQ�PHPSHUWDKDQNDQ�KDVLO�SDQHQ
NULVDQ� ������ GLEDQGLQJ� SXSXN� GDQ� SHVWLVLGD�� VHUWD
PHQJXUDQJL� SHQJJXQDDQ� SXSXN� GDQ� SHVWLVLGD� VLQWHWLN
����� *OLRFRPSRVW� WHODK� PHQGDSDWNDQ� SDWHQ� GDUL
.HPHQWHULDQ�+XNXP�GDQ�+DN�$]DVL�0DQXVLD�5,�GHQJDQ
QRPRU�VHUWLILNDW�,'3�������������2NWREHU�������1XU\DQL�HW
DO���������*OLRFRPSRVW�WHODK�GLOLVHQVL�ROHK�37�$JUR�,QGR
0DQGLUL��$,0��%RJRU�SDGD����'HVHPEHU������GDQ�WHODK
GLJXQDNDQ� VHFDUD�PHOXDV� GL� -DZD�%DUDW�� -DZD�7HQJDK�
-DZD�7LPXU��'.,� -DNDUWD��%DOL�� 6XPDWHUD�6HODWDQ�� GDQ
/DPSXQJ�

.(81**8/$1�'$1�.(/(0$+$1

3(67,6,'$�'$1�3838.�%(5%$+$1

$.7,)�0,.52%$

3HQJJXQDDQ� SXSXN� GDQ� SHVWLVLGD� KD\DWL� XQWXN
PHQLQJNDWNDQ� SURGXNWLYLWDV� WDQDPDQ� PHPSXQ\DL
EHEHUDSD�NHXQJJXODQ��DQWDUD�ODLQ�WLGDN�EHUDFXQ�VHKLQJJD
OHELK� DPDQ� EDJL� OLQJNXQJDQ�� SHNHUMD�PDXSXQ� SHWDQL
SHQJJXQD� SURGXN� GLEDQGLQJNDQ� GHQJDQ� SHVWLVLGD
VLQWHWLN�� 3URGXN� DNKLU� SHUWDQLDQ� GHQJDQ� NDQGXQJDQ
EDKDQ�DNWLI�NLPLD� VLQWHWLN�\DQJ� UHQGDK� MXJD�PHQLQJNDW�
NDQ� NXOLWDV� KLGXS� NRQVXPHQ� PHODOXL� SHQLQJNDWDQ
NHVHKDWDQ��3HVWLVLGD� GDQ� SXSXN� KD\DWL� MXJD�PHPSXQ\DL
UHOXQJ� HNRORJL� WHUVHQGLUL� \DQJ� VSHVLILN�� VHKLQJJD� WLGDN
EHUGDPSDN� QHJDWLI� WHUKDGDS� RUJDQLVPH�EXNDQ� VDVDUDQ�
WHUPDVXN�PXVXK� DODPL�237� DWDX� RUJDQLVPH� EHUJXQD
ODLQQ\D��GDQ�PHQFHJDK�OHGDNDQ�237�VHNXQGHU��%DOH�HW�DO�
�������$SOLNDVL�PLNUREH�SHQJHQGDOL�KD\DWL�OHELK�PXGDK�
PXUDK�� GDQ� HILVLHQ� GLEDQGLQJNDQ� GHQJDQ� SHPXSXNDQ
NLPLD�GDQ�SHVWLVLGD�VLQWHWLV��+DQXGLQ�HW�DO���������'HQJDQ
GHPLNLDQ�� SHQJHQGDOLDQ� KD\DWL� PDPSX�PHQJXUDQJL
NHWHUJDQWXQJDQ� SURVHV� SURGXNVL� WDQDPDQ� WHUKDGDS
SXSXN��SHVWLVLGD��GDQ�KRUPRQ�NLPLDZL�

3HQJJXQDDQ�PLNUREH�WHUEXNWL�PDPSX�PHQLQJNDWNDQ
NXDOLWDV� ODKDQ� GDQ� GD\D� GXNXQJ� OLQJNXQJDQ� GDQ
PHQJXQWXQJNDQ�EDJL�VLVWHP�SHUWDQLDQ�EHUNHODQMXWDQ��'L
VLVL�ODLQ��SHQJJXQDDQ�ELRSHVWLVLGD�EHUEDKDQ�DNWLI�PLNURED
MXJD� PHPSXQ\DL� EHEHUDSD� NHWHUEDWDVDQ�� DQWDUD� ODLQ
DGDQ\D�PLNUREH� \DQJ� GDSDW� EHUXEDK� IXQJVL� PHQMDGL
SDWRJHQ� WDQDPDQ��+DO� LQL� GDSDW�GLWHPXNDQ� SDGD�SURVHV
SHPEXDWDDQ� SXSXN� GDQ� SHVWLVLGD� KD\DWL� EHUEDKDQ� DNWLI
PLNURRUJDQLVPH� ORNDO� �02/�� ROHK� SHWDQL�� 'DODP
SHPEXDWDQ�SURGXN�WHUVHEXW�PHUHND�PHQJJXQDNDQ�EDKDQ
DNWLI�02/�� EXNDQ�PLNURED� \DQJ� GLVHOHNVL� GDQ� GLXML
NRPSDWLELOLWDV� VHUWD� HIHNWLYLWDVQ\D� WHUKDGDS� VHVDPD
PLNUREH�EDKDQ� DNWLI�PDXSXQ� WDQDPDQ��1DPXQ�� SHWDQL
PHQJJXQDNDQ�OLPEDK�VD\XUDQ�DWDX�EXDK�\DQJ�WLGDN�OD\DN
MXDO� GDQ� ODQJVXQJ�GLMDGLNDQ� VHEDJDL� EDKDQ� DNWLI�02/�
3DGD�PDWHULDO� WHUVHEXW� �OLPEDK� VD\XUDQ�� NHPXQJNLQDQ
EHVDU� WHUGDSDW�PLNUREH� SDWRJHQLN� GDQ� QRQSDWRJHQLN�
.HGXD�PLNUREH�WHUVHEXW�GLFDPSXUNDQ�GDODP�VXDWX�WHPSDW
IHUPHQWDVL��'DODP� KDO� LQL��PLNURED� QRQSDWRJHQLN� \DQJ
GLKDUDSNDQ�GDSDW�GLJXQDNDQ�PHQMDGL�EDKDQ�DNWLI�SXSXN
GDQ�SHVWLVLGD� KD\DWL� WLGDN� NRPSDWLEHO� �NDODK� EHUVDLQJ�
GHQJDQ�PLNURED�SDWRJHQLN��VHKLQJJD�SXSXN�GDQ�SHVWLVLGD
KD\DWL� \DQJ� GLKDVLONDQ� DGDODK� EHUEDKDQ� DNWLI�PLNURED
SDWRJHQLN� \DQJ� GDSDW� PHQLPEXONDQ� SHQ\DNLW� EDJL
WDQDPDQ�

3HQDSLVDQ�GDQ�HYDOXDVL�WHUKDGDS�PLNURED�SHQJHQGDOL
KD\DWL�SHUOX�GLODNXNDQ�XQWXN�PHQMDPLQ�NHVWDELODQ�VLIDWQ\D
VHEDJDL� DQWDJRQLV�� 5HDNVL� SHVWLVLGD� KD\DWL� WHUKDGDS
WDUJHW� 237� MXJD� OHELK� ODPEDW� GLEDQGLQJNDQ� GHQJDQ
SHVWLVLGD� NLPLD� VLQWHWLV�� DSDODJL� MLND� ODQJVXQJ
GLDSOLNDVLNDQ� SDGD� WDQDPDQ� \DQJ� WHUWXODU� SHQ\DNLW
GHQJDQ� WLQJNDW� NHSDUDKDQ� WLQJJL�� 2OHK� NDUHQD� LWX�
SHQJHQGDOLDQ� KD\DWL� OHELK� HIHNWLI� GLJXQDNDQ� VHEDJDL
SHQFHJDKDQ�GHQJDQ� DSOLNDVL� VHGLQL�PXQJNLQ� �$KPDG�HW
DO��������*DULPD�GDQ�1DWK�������

0LNUREH� SHQJHQGDOL� KD\DWL� MXJD�PXGDK� UXVDN� GDQ
PHPLOLNL� WLQJNDW� SHQXUXQDQ� HIHNWLYLWDV� ELOD� GLJXQDNDQ
OHZDW�PDVD� NDGDOXDUVD�� 3XSXN� GDQ� SHVWLVLGD� KD\DWL
IRUPXOD� FDLU� XPXPQ\D� PHPSXQ\DL� YLDELOLWDV� GDQ
HIHNWLYLWDV� OHELK� SHQGHN� GLEDQGLQJNDQ� GHQJDQ� SURGXN
\DQJ� VDPD� GDODP� EHQWXN� SDGDW� �WHSXQJ�GDQ� EXWLUDQ��
0DVD�DNWLI�ELSHVWLVLGD�FDLU�GLSHV\DUDWNDQ�PLQLPDO�GDSDW
EHUWDKDQ� HQDP�EXODQ� XQWXN�PHQMDPLQ�NHIHNWLIDQ� EDKDQ
DNWLI�WHUKDGDS�PLNURRUJDQLVPH�SDWRJHQ�WDUJHW��3HVWLFLGH
%RDUG� RI� 0DOD\VLD� ������� 6HPHQWDUD� PDVD� DNWLI
ELRSHVWLVLGD� IRUPXOD� SDGDW� GDSDW� EHUWDKDQ� KLQJJD� GXD
WDKXQ� �'MDWQLND� ������ NRPXQLNDVL� SULEDGL���0LNUREH
SHQJHQGDOL� KD\DWL� GDUL� NHORPSRN�%DFLOOXV�PHPSXQ\DL
NHUHQWDQDQ�MLND�WHUSDSDU�VLQDU�PDWDKDUL�

.(6,038/$1

0LNUREH�SHPDFX�SHUWXPEXKDQ�WDQDPDQ�XPXPQ\D�EHUDVDO
GDUL�MHQLV�EDNWHUL�GDQ�FHQGDZDQ��VHSHUWL�$]RWREDFWHU�VS��
%DFLOOXV� VXEWLOLV�� 3VHXGRPRQDV� IOXRUHVFHQV�� GDQ
7ULFKRGHUPD�VS���EHUSRWHQVL�GDQ�GDSDW�GLMDGLNDQ�VHEDJDL

*DPEDU���� � *OLRFRPSRVW�� ELRSHVWLVLGD� EHUEHQWXN� WHSXQJ� GHQJDQ
EDKDQ� DNWLI�*OLRFODGLXP� VSS�
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EDKDQ�DNWLI�SXSXN��GDQ�SHVWLVLGD�KD\DWL��%DGDQ�/LWEDQJ
3HUWDQLDQ� WHODK�PHQJKDVLONDQ� EHEHUDSD� IRUPXOD� SXSXN�
SHVWLVLGD�KD\DWL�GDQ�SHPEHQDK�WDQDK��$JULKRUW�%LRQXWUL�
9��� SXSXN� GDQ� SHVWLVLGD� KD\DWL� �*OLRFRPSRVW��� VHUWD
ELRSHVWLVLGD��3ULPD�%$3)�GDQ�%LR�3)��

$JULKRUW�%LRQXWUL�9��EHUEDKDQ�DNWLI�$]RWREDFWHU�VS��
%��VXEWLOLV��GDQ�3��IOXRUHVFHQV��$SOLNDVL�$JULKRUW�%LRQXWUL�
9�GDSDW�PHPSHUWDKDQNDQ�PXWX�SURGXNVL�WDQDPDQ�NULVDQ
GHQJDQ� SHQLQJNDWDQ� SURGXNWLYLWDV� ����� OHELK� WLQJJL
GLEDQGLQJ�PHQJJXQDNDQ�SXSXN�NLPLD�VLQWHWLN��VHNDOLJXV
PHQJKHPDW�SHQJJXQDDQ�SXSXN�NLPLD�VLQWHWLN���������
5�&� UDWLR� SHQJJXQDDQ�$JULKRUW�%LRQXWUL� GDQ� SXSXN� �
SHVWLVLGD�NLPLD�VLQWHWLN�PDVLQJ�PDVLQJ�DGDODK�������GDQ
�����

*OLRFRPSRVW�EHUEDKDQ�DNWLI�%��VXEWLOLV��3��IOXRUHVFHQV�
GDQ� 7ULFKRGHUPD� VS�� 3URGXN� WHUVHEXW� HIHNWLI
PHQJHQGDOLNDQ� EHEHUDSD� SHQ\DNLW� SHQWLQJ� GDQ� GDSDW
PHPSHUWDKDQNDQ� SURGXNVL� WDQDPDQ� KLDV��$SOLNDVL
*OLRFRPSRVW� GDSDW� PHQHNDQ� SDWRJHQ� ���� GDQ
PHPSHUWDKDQNDQ� KDVLO� SDQHQ� NULVDQ� ������ GLEDQGLQJ
SXSXN� GDQ� SHVWLVLGD�� VHUWD�PHQJXUDQJL� SHQJJXQDDQ
SXSXN�GDQ�SHVWLVLGD�VLQWHWLN�����

3ULPD�%$3)�ELRSHVWLVLGD� EHUEHQWXN�FDLU�� EHUEDKDQ
DNWLI�%��VXEWLOLV�GDQ�3��IOXRUHVFHQV�\DQJ�GLLVRODVL�GDUL�=DW
SHPEDZD� \DQJ� EHUIXQJVL� VHEDJDL� VXVSHQVRU� DGDODK
ODUXWDQ�PRQRVRGLXP� �1D��JOXWDPDW� ���\DQJ� GLWDPEDK
GHQJDQ�����P�0J62����+

�
2���%LRSHVWLVLGD�WHUVHEXW�MXJD

GDSDW�PHQHNDQ� SHQ\DNLW� NDUDW� SXWLK� �3XFFLQLD� KRULQD
+HQQ�� ������GDQ�PHPSHUWDKDQNDQ� KDVLO� SDQHQ� NULVDQ
������ GLEDQGLQJNDQ� GHQJDQ� DSOLNDVL� IXQJLVLGD� NLPLD
VLQWHWLN� EHUEDKDQ� DNWLI� D]RNVLVWURELQ� ���� J�O� GDQ
GLIHQRNRQD]RO�����J�O�

%LR� 3)� ELRSHVWLVLGD� EHUEHQWXN� FDLU� EHUEDKDQ� DNWLI
EDNWHUL� 3VHXGRPRQDV� NHORPSRN� IOXRUHVFHQV� GHQJDQ
QRPRU�LVRODW�05�����3DGD�WDQDPDQ�FDEDL��DSOLNDVL�%LR�3)
GDSDW�PHQHNDQ� SHQ\DNLW� EXVXN� EXDK� \DQJ� GLVHEDENDQ
ROHK�&ROOHWRWULFKXP� VS�� ������ GDQ�PHPSHUWDKDQNDQ
SURGXNVL� ������ GLEDQGLQJ�PHQJJXQDNDQ� SXSXN� GDQ
SHVWLVLGD�NLPLD�VLQWHWLN�\DQJ�ELDVD�GLJXQDNDQ�SHWDQL�

'$)7$5�3867$.$

$KHPDG��0��� DQG�0��.LEUHW�� ������0HFKDQLVPV�DQG� DSSOLFDWLRQV�RI
SODQW� JURZWK� SURPRWLQJ� UKL]REDFWHULD�� &XUUHQW� SHUVSHFWLYH�
-RXUQDO� RI�.LQJ�6DXG�8QLYHUVLW\� �� 6FLHQFH��������� �±���� KWWSV��
�GRL�RUJ���������M�MNVXV������������

$KPDG�� )���$KPDG�� ,��� DQG�0�6��.KDQ�� � ������ 6FUHHQLQJ� RI� IUHH�
OLYLQJ� UKL]RVSKHULF� EDFWHULD� IRU� WKHLU� PXOWLSOH� SODQW� JURZWK
SURPRWLQJ� DFWLYLWLHV��0LFURELRORJLFDO� 5HVHDUFK�� �������� ���±
����� KWWSV���GRL�RUJ���������M�PLFUHV������������

$NWDU��:��� '�� 6HQJXSWD�� � DQG�$�� &KRZGKXU\�� ������ ,PSDFW� RI
SHVWLFLGHV� XVH� LQ� DJULFXOWXUH�� WKHLU� EHQHILWV� DQG� KD]DUGV�
,QWHUGLVFLSOLQDU\� 7R[LFRORJ\�� ������ �±���� KWWSV���GRL�RUJ�
��������Y����������������

$O�=DLGL��$�$��� (�$�� (OKDJ�� 6�+��$O�2WDLEL�� DQG�0�%��%DLJ�� �����
1HJDWLYH� HIIHFWV� RI� SHVWLFLGHV� RQ� WKH� HQYLURQPHQW� DQG� WKH
IDUPHUV�DZDUHQHVV�LQ�VDXGL�DUDELD��$�FDVH�VWXG\��-RXUQDO�RI�$QLPDO
DQG� 3ODQW� 6FLHQFHV�� ������� ���±����

$OPDULR�� -���'��0XOOHU��*��'pIDJR�� DQG�<��0RsQQH�/RFFR]�� �����
5KL]RVSKHUH� HFRORJ\� DQG� SK\WRSURWHFWLRQ� LQ� VRLOV� QDWXUDOO\
VXSSUHVVLYH� WR� WKLHODYLRSVLV� EODFN� URRW� URW� RI� WREDFFR�
(QYLURQPHQWDO� 0LFURELRORJ\�� ������� ����±������ KWWSV���
GRL�RUJ������������������������

$ORUL�� (�� 7��� %�5�� *OLFN�� DQG� 2�2�� %DEDOROD�� ������ 0LFURELDO
SKRVSKRUXV�VROXELOL]DWLRQ�DQG�LWV�SRWHQWLDO�IRU�XVH� LQ�VXVWDLQDEOH
DJULFXOWXUH��)URQWLHUV� ,Q�0LFURELRORJ\����� ����� KWWSV���GRL�RUJ�
��������IPLFE�����������

$VKZLQL��1��� DQG� 6�� 6ULYLG\D�� ������3RWHQWLDOLW\� RI�%DFLOOXV� 6XEWLOLV
DV�ELRFRQWURO� DJHQW� IRU�PDQDJHPHQW� RI� DQWKUDFQRVH� GLVHDVH� RI
FKLOOL�FDXVHG�E\�&ROOHWRWULFKXP�JORHRVSRULRLGHV�2JF�����%LRWHFK�
������ ���±����� KWWSV���GRL�RUJ���������V����������������

$WWLD��0���1�0��$ZDG��$�6��7XUN\��DQG�+��$��+DPHG��������,QGXFWLRQ
RI� GHIHQVH� UHVSRQVHV� LQ� VR\EHDQ� SODQWV� DJDLQVW�0DFURSKRPLQD
SKDVHROLQD� E\� VRPH� VWUDLQV� RI� SODQW� JURZWK� SURPRWLQJ
UKL]REDFWHULD�� -RXUQDO� RI� $SSOLHG� 6FLHQFHV� 5HVHDUFK�� ������
����±�����

%DOH��-��6���-�&��9DQ�/HQWHUHQ��DQG�)��%LJOHU��������%LRORJLFDO�FRQWURO
DQG� VXVWDLQDEOH� IRRG� SURGXFWLRQ��3KLORVRSKLFDO�7UDQVDFWLRQV� RI
7KH�5R\DO� 6RFLHW\� %�� %LRORJLFDO� 6FLHQFHV�� ����������� ���±
����� KWWSV���GRL�RUJ���������UVWE����������

%DXWLVWD�5RVDOHV�� 3��8���0��&DOGHURQ�6DQWR\R��5�� 6HUYtQ�9LOOHJDV�
1�$�� 2FKRD�ÈOYDUH]��5��9i]TXH]�-XiUH]�� DQG� -��$�� 5DJD]]R�
6iQFKH]��������%LRFRQWURO� DFWLRQ�PHFKDQLVPV�RI�&U\SWRFRFFXV
ODXUHQWLL� RQ�&ROOHWRWULFKXP� JORHRVSRULRLGHV� RI�PDQJR��&URS
3URWHFWLRQ�� ���� ���±����� KWWSV���GRL�RUJ���������M�FURSUR�
�����������

%KDUGZDM�� '���0�:��$QVDUL�� 5�.�� 6DKRR�� DQG� 1��7XWHMD�� �����
%LRIHUWLOL]HUV� IXQFWLRQ� DV� NH\� SOD\HU� LQ� VXVWDLQDEOH� DJULFXOWXUH
E\�LPSURYLQJ�VRLO�IHUWLOLW\��SODQW� WROHUDQFH�DQG�FURS�SURGXFWLYLW\�
0LFURELDO�&HOO� )DFWRULHV�� ���� ���� KWWSV���GRL�RUJ��������������
����������

%KDWWDFKDUMHH��5��� DQG�8�� 'H\�� ������$Q� RYHUYLHZ� RI� IXQJDO� DQG
EDFWHULDO� ELRSHVWLFLGHV� WR� FRQWURO� SODQW� SDWKRJHQV�GLVHDVHV�
$IULFDQ� -RXUQDO� RI�0LFURELRORJ\� 5HVHDUFK�� ������� ����±�����
KWWSV���GRL�RUJ���������DMPU���������

%KDWWDFKDU\\D�� 3��1��� DQG�'��.�� -KD�� ������3ODQW� JURZWK�SURPRWLQJ
UKL]REDFWHULD� �3*35��� HPHUJHQFH� LQ� DJULFXOWXUH��:RUOG� -RXUQDO
RI�0LFURELRORJ\�DQG�%LRWHFKQRORJ\�� ������� ����±������ KWWSV��
�GRL�RUJ���������V�����������������

&DQGUD� 3XWUD� GDQ�*L\DQWR�� ������.RPSDWLELOLWDV�%DFLOOXV� VSS�� GDQ
$NWLQRPLVHW� 6HEDJDL�$JHQV�+D\DWL�;DQWKRPRQDV�2U\]DH� SY�
RU\]DH� GDQ� 3HPDFX� 3HUWXPEXKDQ� 3DGL�� -XUQDO� )LWRSDWRORJL
,QGRQHVLD�� ������� ���������'2,�� ���������M"���������

&DUYDOKR�� '�� '�� &���0�� /RER� -~QLRU�� ,��0DUWLQV�� 3�:�� ,QJOLV�� DQG
$�&�0��0HOOR��������%LRORJLFDO�FRQWURO�RI�)XVDULXP�R[\VSRUXP
I�VS�� SKDVHROL� E\� 7ULFKRGHUPD� KDU]LDQXP� DQG� LWV� XVH� IRU
FRPPRQ�EHDQ� VHHG� WUHDWPHQW��7URSLFDO�3ODQW� 3DWKRORJ\�� ������
���±����� KWWSV���GRL�RUJ���������V����������������������

&KHQ��<��� )��<DQ��<��&KDL��+��/LX��5��.ROWHU��5��/RVLFN�� DQG�-��*XR�
������ %LRFRQWURO� RI� WRPDWR�ZLOW� GLVHDVH� E\�%DFLOOXV� VXEWLOLV
LVRODWHV� IURP�QDWXUDO� HQYLURQPHQWV�GHSHQGV� RQ� FRQVHUYHG� JHQHV
PHGLDWLQJ� ELRILOP� IRUPDWLRQ��(QYLURQPHQWDO� 0LFURELRORJ\�
������� ���±����� KWWSV���GRL�RUJ���������M����������������
������[�

&KRXUH�� .��� DQG�5�&��'XEH\�� ������'HYHORSPHQW� RI� SODQW� JURZWK
SURPRWLQJ�PLFURELDO� FRQVRUWLXP� EDVHG� RQ� LQWHUDFWLRQ� VWXGLHV
WR�UHGXFH�ZLOW�LQFLGHQFH�LQ�&DMDQXV�FDMDQ�/��YDU��0DQDN��:RUOG
-RXUQDO�RI�$JULFXOWXUDO�6FLHQFHV�����������±�����KWWSV���GRL�RUJ�
��������LGRVL�PHMVU�������������

&LFX�� ������ 3HQ\DNLW� DNDU� JDGD� �3ODVPRGLRSKRUD� EUDVVLFDH�:RU��
SDGD�NXELV�NXELVDQ�GDQ�XSD\D�SHQJHQGDOLDQQ\D��-XUQDO�3HQHOLWLDQ
GDQ� 3HQJHPEDQJDQ� 3HUWDQLDQ�� �������� ��±���

&RO\HU�� 3��'��� DQG�0�6��0RXQW�� ������ EDFWHUL]DWLRQ� RI� SRWDWRHV
ZLWK�3VHXGRPRQDV� SXWLGD� DQG� LWV� LQIOXHQFH� RQ� SRVWKDUYHVW
VRIW� URW� GLVHDVH��3ODQW�'LVHDVH�� ���� ���±����



�� -�� /LWEDQJ�3HUW�� 9RO�� ���1R�� �� 'HVHPEHU� ������ �����

&RPSDQW�� 6��� %��5HLWHU�� -��1RZDN��$�� 6HVVLWVFK�� &��&OpPHQW�� DQG
(�$��%DUND�� ������(QGRSK\WLF� FRORQL]DWLRQ�RI�9LWLV� YLQLIHUD� /�
E\� SODQW� JURZWK� SURPRWLQJ� EDFWHULXP�%XUNKROGHULD� VS�� VWUDLQ
3-61��$SSOLHG� DQG�(QYLURQPHQWDO�0LFURELRORJ\�� ������� ����±
������ KWWSV���GRL�RUJ���������DHP����������

'H�6RX]D��-��7���'�0��:HOOHU��DQG�-�0��5DDLMPDNHUV��������)UHTXHQF\�
GLYHUVLW\�� DQG� DFWLYLW\� RI� ����GLDFHW\OSKORURJOXFLQRO� SURGXFLQJ
)OXRUHVFHQW� SVHXGRPRQDV� VSS�� LQ�'XWFK� WDNH�DOO� GHFOLQH� VRLOV�
3K\WRSDWKRORJ\�� ������� ��±���� KWWSV���GRL�RUJ���������SK\WR�
������������

'HVKZDO��9��.��������3VHXGRPRQDV�DHUXJLQRVD�DV�ELRORJLFDO�FRQWURO
DJHQW� DJDLQW� SODQW� SDWKRJHQLF� IXQJXV� 6FOHURWLQD� VFOHURWLRUXP�
,QWHUQDWLRQDO� -RXUQDO� RI� 3ODQW��$QLPDO� DQG� (QYLURQPHQWDO
6FLHQFHV�� ������ ��±���

'RPLQLF��0��� DQG�0��0DUWKDPDNREH�� ������ %LRORJLFDO� FRQWURO� RI
FDVKHZ� SRZGHU\� PLOGHZ� XVLQJ�$PSHORP\FHV� TXLVTXDOLV� &HV�
-RXUQDO� RI� %LRORJLFDO� &RQWURO�� ������� ����� KWWSV���GRL�RUJ�
���������MEF�����������

'RRUQERV��5��)���/�&��9DQ�/RRQ��DQG�3�$�+�0��%DNNHU��������,PSDFW
RI� URRW� H[XGDWHV� DQG� SODQW� GHIHQVH� VLJQDOLQJ� RQ� EDFWHULDO
FRPPXQLWLHV� LQ� WKH� UKL]RVSKHUH��$� UHYLHZ�� $JURQRP\� IRU
6XVWDLQDEOH�'HYHORSPHQW�� ������� ���±����� KWWSV���GRL�RUJ�
��������V���������������\

'XPDV��0��7��� DQG�*��/DIODPPH��������(IILFDF\� RI� WZR�3KOHELRSVLV
JLJDQWHD� IRUPXODWLRQV� LQ� SUHYHQWLQJ� KHWHUREDVLGLRQ� LUUHJXODUH
FRORQL]DWLRQ� RI� UHG� SLQH� VWXPSV� LQ� (DVWHUQ� &DQDGD�
3K\WRSURWHFWLRQ�� ������� ���� KWWSV���GRL�RUJ����������������DU

(NXQGD\R��(�$���)�2��(NXQGD\R��DQG�,�$��2VLQRZR��������$QWLIXQJDO
DFWLYLWLHV�RI�7ULFKRGHUPD�YLULGH�DQG�WZR�IXQJLFLGHV�LQ�FRQWUROOLQJ
GLVHDVHV�FDXVHG�E\�6FOHURWLXP�UROIVLL�RQ�WRPDWR�SODQWV��$GYDQFHV
LQ�$SSOLHG� 6FLHQFH�5HVHDUFK�� ������ ��±���

(O�+DVDQ��$��� )��:DONHU�� -�� 6FK|QH�� DQG� +�� %XFKHQDXHU�� �����
$QWDJRQLVWLF� HIIHFW� RI� ��SHQW\O�DOSKD�S\URQH� SURGXFHG� E\
7ULFKRGHUPD�KDU]LDQXP� WRZDUG�)XVDULXP�PRQLOLIRUPH�� -RXUQDO
2I� 3ODQW� 'LVHDVHV� DQG� 3URWHFWLRQ�� �������� ��±���� KWWSV���
GRL�RUJ���������EI��������

(O�.RP\��0��+���$�$�� 6DOHK��$��(UDQWKRGL�� DQG�<�<��0RODQ�� �����
&KDUDFWHUL]DWLRQ� RI� QRYHO�7ULFKRGHUPD� DVSHUHOOXP� LVRODWHV� WR
VHOHFW� HIIHFWLYH� ELRFRQWURO� DJHQWV� DJDLQVW� WRPDWR� IXVDULXP�ZLOW�
3ODQW� 3DWKRORJ\� -RXUQDO�� ������� ��±���� KWWSV���GRL�RUJ�
��������SSM�RD�������������

(WHVDPL��+���+�$��$OLNKDQL�� DQG�$�$��$NEDUL�� ������ (YDOXDWLRQ� RI
SODQW� JURZWK� KRUPRQHV� SURGXFWLRQ� �,$$�� DELOLW\� E\� LUDQLDQ
VRLOV� UKL]RELDO� VWUDLQV� DQG� HIIHFWV� RI� VXSHULRU� VWUDLQV� DSSOLFDWLRQ
RQ�ZKHDW� JURZWK� LQGH[HV��:RUOG�$SSOOLHG� 6FLHQFHV� -RXUQDO�
������� ����±������ 5HWULHYHG� IURP� KWWS���VFKRODU�JRRJOH�FRP�
VFKRODU"KO HQ	EWQJ VHDUFK	T LQWLWOH�HYDOXDWLRQ�� RI�� SODQW�
JURZWK�KRUPRQHV�SURGXFWLRQ���LDD���DELOLW\�E\�LUDQLDQ
� VR L O V� UK L ]RE L D O� V W U D L Q V�DQ G�H I I HF W V�RI� VXS H U L R U
�VWUDLQV�DSSOLFDWLRQ�RQ�ZKHDW�JURZWK�� LQGH[HV��

)DQJ��<��� DQG� 5�3�� 5DPDVDP\�� ������ &XUUHQW�$QG� 3URVSHFWLYH
0HWKRGV�)RU� 3ODQW�'LVHDVH� 'HWHFWLRQ��%LRVHQVRUV�� ������ ���±
����� KWWSV���GRL�RUJ���������ELRV�������

*DE\�� -��&��� DQG�'�+�� %XFNOH\�� ������$� FRPSUHKHQVLYH� HYDOXDWLRQ
RI� 3&5� SULPHUV� WR� DPSOLI\� WKH� QLIK� JHQH� RI� QLWURJHQDVH��3ORV
21(�� ������ (������� KWWSV���GRL�RUJ���������� MRXUQDO�� SRQH�
�������

*DULPD�� *��� DQG� -�3��1DWK�� ������ 6FUHHQLQJ� RI� SRWHQWLDO� 3*35
FDQGLGDWHV� DV� IXWXUH� ELRIHUWLOL]HUV� �� D� VWUDWHJLF� DSSURDFK� IURP
ODE� WR� ILHOG��5HVHDUFK�-RXUQDO� RI�%LRWHFKQRORJ\�� �������� ��±���

*DYD�� &�$�7��� DQG� -�0�� 3LQWR�� ������ %LRFRQWURO� RI�PHORQ� ZLOW
FDXVHG�E\�)XVDULXP�R[\VSRUXP�6FKOHFW� I�VS��PHORQLV�XVLQJ�VHHG
WUHDWPHQW�ZLWK�7ULFKRGHUPD�VSS��DQG� OLTXLG�FRPSRVW��%LRORJLFDO
&RQWURO�� ���� ��±���� KWWSV���GRL�RUJ���������M�ELRFRQWURO�
�����������

*LQWLQJ��&��� DQG�6��0XMLP�� ������(ILNDVL�9HUWLFLOOLXP� OHFDQLL� XQWXN
PHQJHQGDOLNDQ� SHQ\DNLW� NDUDW� SDGD� FDNUDP� GDXQ� NRSL� GL

ODERUDWRULXP�� -XUQDO�+DPD� GDQ�3HQ\DNLW� 7XPEXKDQ� 7URSLND�
������ ���±����

*OLFN��%��5�� ������3ODQW� JURZWK�SURPRWLQJ� EDFWHULD���0HFKDQLVPV
DQG� DSSOLFDWLRQV�� 6FLHQWLILFD�� �������� KWWSV���GRL�RUJ���������
�����������

*OLFN��%�5�� ������%DFWHULD�ZLWK�$&&�GHDPLQDVH� FDQ� SURPRWH� SODQW
JURZWK� DQG� KHOS� WR� IHHG� WKH�ZRUOG��0LFURELRORJLFDO� 5HVHDUFK�
�������� ��±���� KWWSV���GRL�RUJ���������M�PLFUHV������������

*RUGRQ��7��&��� � DQG�:�)��3IHQGHU�� ������(IIHFWV�RI� WKH�P\FRSDUDVLWH
6SKDHUHOORSVLV� ILOXP� RQ� RYHUZLQWHULQJ� VXUYLYDO� RI� VWHP� UXVW� LQ
SHUHQQLDO� U\HJUDVV��3ODQW�'LVHDVH�� �������� ����±������ KWWSV��
�GRL�RUJ���������SGLV������������UH

*XSWD��$��� DQG�0��*RSDO�� ������ 6LGHURSKRUH� SURGXFWLRQ� E\� SODQW
JURZWK� SURPRWLQJ� UKL]REDFWHULD�� ,QGLDQ� -RXUQDO�RI� $JULFXOWXUDO
5HVHDUFK�� ������� ���±����

*XSWD��*��� 6�6�� 3DULKDU��1�.��$KLUZDU�� � 6�.�� 6QHKL�� DQG� �9�� 6LQJK�
������ 3ODQW� JURZWK� SURPRWLQJ� UKL]REDFWHULD� �3*35��� &XUUHQW
DQG� IXWXUH� SURVSHFWV� IRU�GHYHORSPHQW� RI� VXVWDLQDEOH� DJULFXOWXUH�
-RXUQDO� RI� 0LFURELDO�	� %LRFKHPLFDO� 7HFKQRORJ\�� ������ ��±
����� KWWSV���GRL�RUJ��������������������������

*XSWD��5���-��9DNKOX��$��$JDUZDO��DQG�3�'��1LODZH��������GUDIW�JHQRPH
VHTXHQFH� RI�SODQW� JURZWK�SURPRWLQJ�%DFLOOXV� DP\OROLTXHIDFLHQV
VWUDLQ�:�� DVVRFLDWHG�ZLWK�&URFXV� VDWLYXV� �6DIIURQ���*HQRPH
$QQRXQFHPHQWV�� ������ (���������� KWWSV���GRL�RUJ���������
JHQRPHD���������

+DIHH]��)��<���6��<DVPLQ��'��$ULDQL��0��5DKPDQ��<��=DIDU�� DQG�.�$�
0DOLN�� ������ DJURQRP\� IRU� VXVWDLQDEOH�GHYHORSPHQW��$JURQRP\
IRU� 6XVWDLQDEOH� 'HYHORSPHQW�� ���� ���±����� KWWSV���GRL�RUJ�
��������DJUR��������

+DQJ�� 1��7��7��� 6�2��2K��*�+�� .LP�� -�6��+XU�� DQG�<�-��.RK�� �����
%DFLOOXV� VXEWLOLV� 6�������DV� D� ELRFRQWURO� DJHQW� DJDLQWV�%RWU\WLV
FLQHUHD� LQ� VWUDZEHUULHV��3ODQW� 3DWKRORJ\� -RXUQDO�� ������� ��±
���

+DQXGLQ��%XGLDUWR��.���DQG�%��0DUZRWR��������$SSOLFDWLRQ�RI�3*35
DQG� DQWDJRQLVW� IXQJL�EDVHG� ELRIXQJLFLGH� IRU�ZKLWH� UXVW� GLVHDVH
FRQWURO� DQG� LWV� HFRQRP\F� DQDO\VLV� LQ� FKU\VDQWKHPXP
SURGXFWLRQ��$*5,9,7$� -RXUQDO� RI�$JULFXOWXUDO� 6FLHQFH�� ������
���±����� KWWSV���GRL�RUJ����������DJULYLWD�Y��L������

+DQXGLQ��0XFKWDURPL��%��0DUZRWR��5�� 6RHKHQG\��:�� 1XU\DQL�� � ,�
'MDWQLND�� (�6��<XVXI�� .�� %XGLDUWR�� GDQ� ,�%�� 5DKDUGMR�� �����
.RPSRVLVL� GDQ� SURVHV� SHPEXDWDQ� SXSXN� KD\DWL� GDQ� SHPEHQDK
WDQDK� EHUEDKDQ� DNWLI� SODQW� JURZWK� SURPRWLQJ� UKL]REDFWHULD
�3*35�� GDQ� FHQGDZDQ�PHQJXQWXQJNDQ�� 3HQGDIWDUDQ� 3DWHQ�1R�
3������������� ���$JXVWXV� ������ .HPHQWHULDQ� +XNXP� GDQ
+DN�$VDVL�0DQXVLD�5HSXEOLN� ,QGRQHVLD�� -DNDUWD�� ��� KOP�

+DQXGLQ��:�� 1XU\DQL��:��� (�6�� <XVXI�� GDQ� %��0DUZRWR�� �����
%LRSHVWLVLGD� RUJDQLN� EHUEDKDQ� DNWLI�%DFLOOXV� VXEWLOLV� GDQ
3VHXGRPRQDV� IOXRUHVFHQV� XQWXN�PHQJHQGDOLNDQ� SHQ\DNLW� OD\X
IXVDULXP� SDGD� DQ\HOLU�� -XUQDO�+RUWLNXOWXUD�� ��������� ���±����
KWWSV���GRL�RUJ����������MKRUW�Y��Q�������� S�� ��������

+DQXGLQ��:��1XU\DQL��(��6LOYLD�� ,��'MDWQLND��GDQ�%��0DUZRWR�������
)RUPXODVL� %LRSHVWLVLGD� %HUEDKDQ�$NWLI� %DFLOOXV� VXEWLOLV�
&RU\QHEDFWHULXP� VS�� QRQ� SDWRJHQLN�� GDQ� 3VHXGRPRQDV
IOXRUHVFHQV� XQWXN�PHQJHQGDOLNDQ� SHQ\DNLW� NDUDW� SXWLK� SDGD
.ULVDQ�� -XUQDO� +RUWLNXOWXUD�� ������� ���±����

+DQXGLQ�� %��0DUZRWR��%��7MDKMRQR��0��0DFKPXG�� GDQ�.��0XO\D�
������ .RPSRVLVL� ELRSHVWLVLGD� FDLU� EHUEDKDQ� DNWLI�%DFLOOOXV
VXEWLOLV� GDQ� 3VHXGRPRQDV� IOXRUHVFHQV� XQWXN� SHQJHQGDOLDQ
SHQ\DNLW� WDQDPDQ� KLDV� GDQ� WDQDPDQ� ODLQQ\D�� � 6HUWLILNDW� SDWHQ
QR��,��'�������������'HSDUWHPHQ�+XNXP�GDQ�+DN�$VDVL�0DQXVLD�
'LUMHQ�+DNL�� ��� KOP�� -DNDUWD�� ��� -DQXDUL� �����

+RZHOO�� &�� 5��� -�(�� 'HYD\��5�+��*DUEHU�� DQG�:�(�� %DWVRQ�� �����
)LHOG�FRQWURO�RI�FRWWRQ�VHHGOLQJ�GLVHDVHV�ZLWK�7ULFKRGHUPD�YLUHQV
LQ� FRPELQDWLRQ�ZLWK� IXQJLFLGH� VHHG� WUHDWPHQWV��7KH� -RXUQDO� RI
&RWWRQ� 6FLHQFH�� ������� ��±���

,EUDKLP��<�� (���$�$�� 6DOHK��0�+�� (O�.RP\�� DQG�0�$��$O�6DOHK�
������%DFLOOXV� VXEWLOLV� 467����� FRSSHU� K\GUR[LGH�� DQG� WKHLU



3RWHQVL� EHEHUDSD�PLNURED� SHPDFX� SHUWXPEXKDQ� ����� �+DQXGLQ� HW� DO�� ��

WKDQN�PL[HV�IRU�FRQWURO�RI�EDFWHULDO�FLWUXV�FDQFHU�LQ�6DXGL�$UDELD�
-RXUQDO� RI� &LWUXV� 3KDWRORJ\�� LRFYBMRXUQDOFLWUXVSDWKRORJ\B
������

,VODP��0��7���<��+DVKLGRNR��$��'HRUD��7�� ,WR�� � DQG� 6��7DKDUD�� �����
6XSSUHVVLRQ� RI� GDPSLQJ�RII� GLVHDVH� LQ� KRVW� SODQWV� E\� WKH
UKL]RSODQH�EDFWHULXP�/\VREDFWHU� VS�� VWUDLQ�6%�.��� LV� OLQNHG� WR
SODQW�FRORQL]DWLRQ�DQG�DQWLELRVLV�DJDLQVW�VRLOERUQH�3HURQRVSRUR�
P\FHWHV��$SSOLHG� DQG� (QYLURQPHQWDO� 0LFURELRORJ\�� ������
����±������ KWWSV���GRL�RUJ���������DHP����������������� �����

-RVKL��0��� 5�� 6ULYDVWDYD��$�.�� 6KDUPD�� � DQG�$�� 3UDNDVK�� �����
6FUHHQLQJ� RI� UHVLVWDQW� YDULHWLHV� DQG� DQWDJRQLVWLF�)XVDULXP
R[\VSRUXP� IRU� ELRFRQWURO�RI� IXVDULXP�ZLOW� RI� FKLOOL�� -RXUQDO�2I
3ODQW� 3DWKRORJ\�	�0LFURELRORJ\�� ������ ����� KWWSV���GRL�RUJ�
�������������������������

.HILDOHZ��<��� DQG�$��$\DOHZ�� ������ 3RVWKDUYHVW� ELRORJLFDO� FRQWURO
RI� DQWKUDFQRVH� �&ROOHWRWULFKXP� JORHRVSRULRLGHV�� RQ�PDQJR
�0DQJLIHUD� LQGLFD��� 3RVWKDUYHVW� %LRORJ\� DQG� 7HFKQRORJ\�
������� �±���� KWWSV���GRL�RUJ���������M�SRVWKDUYELR������������

.HSULSROLWLN�� ������'DPSDN� SHQJJXQDDQ�''7� �'LFKORUR�GLSKHQ\O�
WULFKORURHWKDQ�� VHEDJDL� SHVWLVLGD�� KWWS���PDQWULKHZDQ�EORJVSRW�
FRP���������GDPSDN�SHQJJXQDDQ�GGW�GLFKORUR�GLSKHQ\O�KWPO

.KDQ�� -��� -�-��2RND�� 6�$��0LOOHU�� /�9��0DGGHQ�� DQG�+�$�-��+RLWLQN�
������ 6\VWHPLF� UHVLVWDQFH� LQGXFHG� E\�7ULFKRGHUPD� KDPDWXP
����LQ�FXFXPEHU�DJDLQVW�3K\WRSKWKRUD�FURZQ�URW�DQG�OHDI�EOLJKW�
3ODQW� 'LVHDVH�� ������� ���±����� KWWSV���GRL�RUJ���������
SGLV��������������

.KDQ��0��6���$��=DLGL��0��$KHPDG��0��2YHV�� DQG�3�$��:DQL�� �����
3ODQW� JURZWK� SURPRWLRQ� E\� SKRVSKDWH� VROXELOL]LQJ� IXQJL� �
&XUUHQW� SHUVSHFWLYH��$UFKLYHV� RI� $JURQRP\� DQG� 6RLO� 6FLHQFH�
������� ��±���� KWWSV���GRL�RUJ��������������������������

.LP��6�� +��� -��&KHQJ��6�+��<DQJ�� -�:�� 6XK��(�6�� 6RQJ��/�:��.DQJ�
DQG� -�*�� .LP�� ������ 6FUHHQLQJ� WKH� DQWLEDFWHULDO� DFWLYLWLHV� RI
VWUHSWRP\FHV� H[WUDFWV� DJDLQVW� SK\WRSDWKRJHQV�;DQWKRPRQDV
RU\]DH� SDWKRYDU� RU\]DH�� ;DQWKRPRQDV� FDPSHVWULV� SDWKRYDU
YHVLFDWRULD�� DQG� 3HFWREDFWHULXP� FDURWRYRUXP� SDWKRYDU
FDURWRYRUXP�� -RXUQDO� RI�$SSOLHG� %LRORJLFDO� &KHPLVWU\�� ������
���±����� KWWSV���GRL�RUJ���������MDEF���������

.|KO�� -��� 0�� *HUODJK�� %�+�� 'H� +DDV�� DQG�0�&�� .ULMJHU�� �����
%LRORJLFDO� FRQWURO� RI� %RWU\WLV� FLQHUHD� LQ� F\FODPHQ� ZLWK
8ORFODGLXP� DWUXP� DQG�*OLRFODGLXP� URVHXP� XQGHU� FRPPHUFLDO
JURZLQJ� FRQGLWLRQV��3K\WRSDWKRORJ\�� ������� ���±����� KWWSV���
GRL�RUJ���������SK\WR��������������

.RUVWHQ��/��� (�(��'H�9LOOLHUV��)�&��:HKQHU�� DQG� -�0��.RW]p�� ������
)LHOG� VSUD\V� RI�%DFLOOXV� VXEWLOLV� DQG� IXQJLFLGHV� IRU� FRQWURO� RI
SUHKDUYHVW�IUXLW�GLVHDVHV�RI�DYRFDGR�LQ�6RXWK�$IULFD��3ODQW�'LVHDVH�
������� ���±����� KWWSV���GRL�RUJ���������SGLV������� ��������

/RSHU�� -�(��� DQG�+��*URVV�� ������*HQRPLF� DQDO\VLV� RI� DQWLIXQJDO
PHWDEROLWH� SURGXFWLRQ� E\� 3VHXGRPRQDV� IORXUHVFHQV� 3I���
(XURSHDQ� -RXUQDO� RI� 3ODQW� 3DWKRORJ\������� ���±����� KWWSV���
GRL�RUJ���������V����� ����������

/R]DQR��*�/��� -�� +ROW�� -�� 5DYHO��'�$�� 5DVNR��0�*��7KRPDV�� DQG� -�
+DQGHOVPDQ�� ������'UDIW� JHQRPH� VHTXHQFH� RI� ELRFRQWURO� DJHQW
%DFLOOXV�FHUHXV�8:����*HQRPH�$QQRXQFHPHQWV��������(������
���� KWWSV���GRL�RUJ���������JHQRPHD���������

/XJWHQEHUJ��%��� DQG� )�� .DPLORYD�� ������ 3ODQW� JURZWK� SURPRWLQJ
UKL]REDFWHULD��$QQXDO� 5HYLHZ�2I�0LFURELRORJ\�� ������� ���±
����� KWWSV���GRL�RUJ���������DQQXUHY�PLFUR�����������������

/XPVGHQ��5�'���DQG�-�&��/RFNH��������%LRORJLFDO�FRQWURO�RI�GDPSLQJ�
RII� FDXVHG� E\�3\WKLXP� XOWLPXP� DQG�5KL]RFWRQLD� VRODQL� ZLWK
*OLRFODGLXP�YLUHQV� LQ�VRLOOHVV�PL[��3K\WRSDWKRORJ\������������±
����

0DERRG�)��;��=KRX��DQG�'�/��6PLWK��������0LFURELDO�VLJQDOLQJ�DQG
SODQW� JURZWK� SURPRWLRQ�� &DQDGLDQ� -RXUQDO� RI� 3ODQW� 6FLHQFH�
������ ������� ����±������ KWWSV���GRL�RUJ���������FMSV���������

0DZDUQL��7���/��6RHVDQWR��DQG�'�6��8WDPL��������7DQJJDSDQ�EHEHUDSD
YDULHWDV� WHUXQJ� WHUKDGDS� SHQ\DNLW� OD\X�EDNWHUL�GDQ�SHQJHQGDOLDQ
KD\DWLQ\D� GHQJDQ� 3VHXGRPRQDV� IOXRUHVFHQV�� -XUQDO
3HPEDQJXQDQ� 3HGHVDDQ�� ������ �±��V

0EDUJD�� -�%��� *�0�� 7HQ�+RRSHQ�� -�� .XDWp��$��$GLRER�� 0�(�/�
1JRQNHX��=��$PEDQJ��DQG���%�$�'��%HJRXGH��������7ULFKRGHUPD
DVSHUHOOXP�� $� SRWHQWLDO� ELRFRQWURO� DJHQW� IRU� 3\WKLXP
P\ULRW\OXP�� FDXVDO� DJHQW� RI� FRFR\DP� �;DQWKRVRPD
VDJLWWLIROLXP�� URRW� URW� GLVHDVH� LQ�&DPHURRQ��&URS� 3URWHFWLRQ�
���� ��±���� KWWSV���GRL�RUJ���������M�FURSUR������������

0LVKUD��%��.���5�.��0LVKUD��5�&��0LVKUD��$�.��7LZDUL��5�<�� 6LQJK�
DQG�$��'LNVKLW��������%LRFRQWURO�HIILFDF\�RI�7ULFKRGHUPD�YLULGH
LVRODWHV�DJDLQVW� IXQJDO� SODQW�SDWKRJHQV�FDXVLQJ�GLVHDVH� LQ�9LJQD
UDGLDWD� /��$UFKLYHV� RI� $SSOLHG� 6FLHQFH� 5HVHDUFK�� ������ ���±
����

1DJORW��$���6��*RVZDPL��,��5DKPDQ��'�'��6KULPDOL��.�.��<DGDY��9�.�
*XSWD�� DQG� 9��9HHU�� ������$QWDJRQLVWLF� SRWHQWLDO� RI� QDWLYH
7ULFKRGHUPD� YLULGH� VWUDLQ� DJDLQVW� SRWHQW� WHD� IXQJDO� SDWKRJHQV
LQ�1RUWK� (DVW� ,QGLD��3ODQW� 3DWKRORJ\� -RXUQDO�� ������� ���±
����� KWWSV���GRL�RUJ���������SSM�RD�������������

1RVLU��:�� 6�� ������7ULFKRGHUPD� KDU]LDQXP� DV� D� JURZWK� SURPRWHU
DQG�ELRFRQWURO�DJHQW�DJDLQVW�)XVDULXP�R[\VSRUXP�I�VS�� WXEHURVL�
$GYDQFHV� LQ� &URS� 6FLHQFH� DQG� 7HFKQRORJ\�� ��� ����� KWWSV���
GRL�RUJ��������������������������

1XU\DQL��:��� ,��'MDWQLND��(�6��<XVXI��+DQXGLQ�� GDQ�0XKLGLQ�� �����
)RUPXODVL� NRPSRV� EHUEDKDQ� DNWLI�*OLRFODGLXP� VS�� GDQ� SURVHV
SHPEXDWDQQ\D�� 6HUWLILNDW� 3DWHQ�1R�� ,'3����������� ��2NWREHU
������ .HPHQWHULDQ�+XNXP� GDQ�+DN�$VDVL�0DQXVLD� 5HSXEOLN
,QGRQHVLD�

1XU\DQL�:��+DQXGLQ��,�3��:DUGDQD��DQG�.��%XGLDUWR���������(YDOXDWLRQ
RI�6HYHUDO� )RUPXODWHG�%LRIHUWLOL]HUV� 7R�&RQWURO� )UXLW�5RW�$QG
,PSURYH� <LHOG� 2Q� &KLOL� 3HSSHU�� ,QWHUQDWLRQDO� -RXUQDO� RI
$JULFXOWXUH�� (QYLURQPHQW� DQG� %LRUHVHDUFK�� ������ ������

2ODWLQZR�� 5��� -�2�� %HFNHU�� DQG� -��%RUQHPDQ�� ������ 6XSSUHVVLRQ� RI
+HWHURGHUD� VFKDFKWLL� SRSXODWLRQV� E\�'DFW\OHOOD� RYLSDUDVLWLFD
LQ� IRXU� VRLOV�� -RXUQDO� RI� 1HPDWRORJ\�� ������� ���±����

2WHLQR�� 1��� 5�'�� /DOO\�� 6�� .LZDQXND��$�� /OR\G�� '�� 5\DQ�� .�-�
*HUPDLQH�� DQG�'�1�� 'RZOLQJ�� ������ 3ODQW� JURZWK� SURPRWLRQ
LQGXFHG� E\� SKRVSKDWH� VROXELOL]LQJ� HQGRSK\WLF� 3VHXGRPRQDV
LVRODWHV��)URQWLHUV� LQ�0LFURELRORJ\�� ��� ����� KWWSV���GRL�RUJ�
��������IPLFE�����������

3DUPDU�� .�%��� %�3�� 0HKWD�� DQG� 0�'�� .XQW�� ������ ,VRODWLRQ�
FKDUDFWHUL]DWLRQ� DQG� LGHQWLILFDWLRQ� RI� SRWDVVLXP� VROXELOL]LQJ
EDFWHULD�IURP�UKL]RVSKHUH�VRLO�RI�PDL]H��=HD�PD\V�������������±
�����

3DXO��'��� DQG� �+��/DGH�������� 3ODQW� JURZWK�SURPRWLQJ� UKL]REDFWHULD
WR� LPSURYH�FURS� JURZWK� LQ� VDOLQH� VRLOV��$� UHYLHZ��$JURQRP\� IRU
6XVWDLQDEOH�'HYHORSPHQW�� ������� ���±����� KWWSV���GRL�RUJ�
��������V�����������������

3HVWLFLGH� %RDUG�0DOD\VLD�� ������ *XLGHOLQHV� )RU� %LRSHVWLFLGH
5HJLVWUDWLRQ��3HVWLFLGHV�%RDUG�'HSDUWPHQW�2I�$JULFXOWXUH� -DODQ
6XOWDQ�6DODKXGGLQ� ������.XDOD� /XPSXU�0DOD\VLD�� ���S�� KWWS���
ZZZ�GRD � JRY�P\� L Q G H[ � U HVRX U F HV � D N W L Y L W L B VXPEH U �
VXPEHUBDZDP�PDNOXPDWBUDFXQBSHURVDN�SHQGDIWDUDQBUPS�
JDULVBSDQGXDQBELRSHVWLFLGHBJS�B�����SGI�� >���0DUHW� ����@�

3LPHQWHO�� '�� ������ (QYLURQPHQWDO� DQG� HFRQRPLF� FRVWV� RI� WKH
DSSOLFDWLRQ� RI� SHVWLFLGHV� SULPDULO\� LQ� WKH� XQLWHG� VWDWHV�
(QYLURQPHQW��'HYHORSPHQW� DQG� 6XVWDLQDELOLW\�� ��� ���±����
KWWSV���GRL�RUJ���������V���������������

3UHPDFKDQGUD��'���/��+XGHN�DQG�/��%UDX��������%DFWHULDO�PRGHV�RI
DFWLRQ� IRU� HQKDQFLQJ� RI� SODQW�JURZWK��-RXUQDO� RI�%LRWHFKQRORJ\
	� %LRPDWHULDOV�� ��� ��� KWWSV���GRL�RUJ�����������������[�
�������

3XVH\��3�� /���9�2�� 6WRFNZHOO��&�/�� 5HDUGRQ��7�+�0�� 6PLWV�� DQG�%�
'XII\�� ������$QWLELRVLV� DFWLYLW\� RI� 3DQWRHD� DJJORPHUDQV
ELRFRQWURO� VWUDLQ� (���� DJDLQVW�(UZLQLD� DP\ORYRUD� RQ� DSSOH
IORZHU� VWLJPDV��3K\WRSDWKRORJ\�� ��������� ����±������ KWWSV��
�GRL�RUJ���������SK\WR�����������

3XWUL��:�� .��� 6�� .KRWLPDK�� GDQ� 5�� /LQGD�� ������ -DPXU� UL]RVIHU
VHEDJDL�DJHQ�DQWDJRQLV�SHQJHQGDOL�SHQ\DNLW�ODSXN�IXVDULXP�SDGD
EDWDQJ�WDQDPDQ�NDUHW��+HYHD�EUDVLOLHQVLV�0XHOODUJ���3URWRELRQW�
������ ��±���



�� -�� /LWEDQJ�3HUW�� 9RO�� ���1R�� �� 'HVHPEHU� ������ �����

4XUDVKL��$��:��� DQG�$�1��6DEUL�� ������%DFWHULDO� H[RSRO\VDFFKDULGH
DQG� ELRILOP� IRUPDWLRQ� VWLPXODWH� FKLFNSHD� JURZWK� DQG� VRLO
DJJUHJDWLRQ�XQGHU�VDOW�VWUHVV��%UD]LOLDQ�-RXUQDO�RI�0LFURELRORJ\�
������� ���±������ KWWSV���GRL�RUJ���������V������������
����������

5DG]NL��:��� )�-��*XWLHUUH]�0DxHUR�� (��$OJDU�� -�$��/XFDV�*DUFtD��$�
*DUFtD�9LOODUDFR�� DQG� 6�%��5DPRV�� ������%DFWHULDO� VLGHURSKRUHV
HIILFLHQWO\� SURYLGH� LURQ� WR� LURQ�VWDUYHG� WRPDWR� SODQWV� LQ
K\GURSRQLFV� FXOWXUH��$QWRQLH� YDQ� /HHXZHQKRHN�� ,QWHUQDWLRQDO
-RXUQDO� RI�*HQHUDO�DQG�0ROHFXODU�0LFURELRORJ\�� �������� ���±
����� KWWSV���GRL�RUJ���������V����������������

5DPOL��1�� 5���0�6��0RKDPHG�� ,�$�� 6HPDQ��0�$�� =DLUXQ�� DQG�0�
0RKDPDG�� ������ 7KH� SRWHQWLDO� RI� HQGRSK\WLF� EDFWHULD� DV� D
ELRORJLFDO� FRQWURO� DJHQW� IRU� *DQRGHUPD� GLVHDVH� LQ� RLO� SDOP�
6DLQV�0DOD\VLDQD�� ������� ���±����

5D\DWL��'�� -�� ������ (IHNWLYLWDV� EHUEDJDL� DJHQVLD� SHQJHQGDOL� KD\DWL
WHUKDGDS� SHQ\DNLW� FDFDU� �([REDVLGLXP� YH[DQV�0DVVHH�� 3DGD
7DQDPDQ�7HK�� -XUQDO� 3HQHOLWLDQ� 7HK� GDQ� .LQD�� ������� �±���

5HHG�� 6��&���&�&��&OHYHODQG�� DQG�$�5�� 7RZQVHQG�������� )XQFWLRQDO
HFRORJ\� RI� IUHH�OLYLQJ� QLWURJHQ� IL[DWLRQ��$� FRQWHPSRUDU\
SHUVSHFWLYH�� $QQXDO� 5HYLHZ� RI� (FRORJ\�� (YROXWLRQ�� DQG
6\VWHPDWLFV�� ������� ���±����� KWWSV���GRL�RUJ���������DQQXUHY�
HFROV\V��������������

5RVH�� 6���0�� 3DUNHU�� DQG�=�.�� 3XQMD�� ������ (IILFDF\� RI� ELRORJLFDO
DQG� FKHPLFDO� WUHDWPHQWV� IRU� FRQWURO� RI� )XVDULXP� URRW� DQG� VWHP
URW� RQ� JUHHQKRXVH� FXFXPEHU��3ODQW�'LVHDVH�� �������� ����±
������ KWWSV���GRL�RUJ���������SGLV����������������

6DEXU��6��$���DQG�$�5��0ROOD��������3HVWLFLGH�XVH��LWV�LPSDFW�RQ�FURS
SURGXFWLRQ� DQG�HYDOXDWLRQ� RI� ,30� WHFKQRORJLHV� LQ� %DQJODGHVK�
%DQJODGHVK�-RXUQDO� RI�$JULFXOWXUDO� (FRQRPLFV�� ����±���� ��±���

6DKDUDQ�� %�6��� DQG�9�� 1HKUD�� ������ 3ODQW� JURZWK� SURPRWLQJ
UKL]REDFWHULD���$� FULWLFDO� UHYLHZ�� /LIH� 6FHLQFH�$QG�0HGLFLQH
5HVHDUFK�� OVPU����� �±���

6DLNLD��5���5��.XPDU��'�.��$URUD��'�.��*RJRL�� DQG� 3��$]DG�� �����
3VHXGRPRQDV� DHUXJLQRVD� LQGXFLQJ� ULFH� UHVLVWDQFH� DJDLQVW
5KL]RFWRQLD�VRODQL��3URGXFWLRQ�RI�VDOLF\OLF�DFLG�DQG�SHUR[LGDVHV�
)ROLD�0LFURELRORJLFD�� ������� ���±����� KWWSV���GRL�RUJ���������
EI��������

6DQJHHWKD��*��� 6��8VKDUDQL�� DQG�$��0XWKXNXPDU�� ������ %LRFRQWURO
ZLWK� 7ULFKRGHUPD� VSHFLHV� IRU� WKH�PDQDJHPHQW� RI� SRVWKDUYHVW
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