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7KH�JURZWK�LQ�WKH�QXPEHU�RI�PRELOH�SKRQH�XVHUV�DQG�EDVH�VWDWLRQV�KDV�LQFUHDVHG
FRQFHUQ� DERXW� SRVVLEOH� KHDOWK� HIIHFWV�� 7KH� EDVLF� UHVWULFWLRQV� IRU� H[SRVXUH� WR
UDGLRIUHTXHQW� UDGLDWLRQ� DSSO\� WR� WKH� IUHTXHQFLHV� XVHG� IRU�PRELOH� WHOHSKRQ\�� 7R
SUHYHQW�D�WHPSHUDWXUH�LQFUHDVH�RI�PRUH�WKDQ����& WKHVH�VKRXOG�QRW�EH�H[FHHGHG�
0HDVXUHPHQWV� DQG� FDOFXODWLRQV� LQ� SKDQWRPV� KDYH� VKRZQ� WKDW� WKHVH� UHVWULFWLRQV
DUH�QRW�H[FHHGHG�GXULQJ�XVH�RI�WKH�PRELOH�SKRQH��6XIILFLHQW�PHDVXUHV�DUH� WDNHQ
QHDU� EDVH� VWDWLRQV� WR� SUHYHQW� WKH� EDVLF� UHVWULFWLRQV� EHLQJ� H[FHHGHG�� 3RVVLEOH
KHDOWK�HIIHFWV�FDQ�EH�GLYLGHG�LQWR�WKHUPDO��DWKHUPDO�DQG�LQGLUHFW��7KHUPDO�HIIHFWV
KDYH�EHHQ�UHSRUWHG�IRU�*60��DQG�107�XVHUV��EXW�QR�FRPSDULVRQ�ZDV�PDGH�ZLWK
XVHUV�RI� µUHJXODU¶�SKRQHV��6WXGLHV� RQ� DWKHUPDO� HIIHFWV� RFFDVLRQDOO\� SRLQW� LQ� WKH
GLUHFWLRQ�RI�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�DQG�HIIHFWV��EXW�VKRZ�VHYHUDO
XQFHUWDLQWLHV�DQG�VKRUWFRPLQJV��,QGLUHFW�HIIHFWV�FDQ�EH�HVWDEOLVKHG�E\�LQWHUIHUHQFH
ZLWK� HOHFWURQLF� GHYLFHV�� 3HRSOH� ZLWK� SDFHPDNHUV� DUH� DGYLVHG� WR� IROORZ
UHFRPPHQGDWLRQV� RQ� VDIH� XVH� RI� WKH� SKRQH�� ,Q� UHFHQW� \HDUV�� VWXGLHV� KDYH� DOVR
IRFXVHG� RQ� DVSHFLILF� V\PSWRPV� OLNH� VOHHS� GLVWXUEDQFHV�� KHDGDFKHV� DQG� IDWLJXH�
7KXV�IDU��LW�FDQ�EH�FRQFOXGHG�WKDW�QR�KHDOWK�KD]DUG�DVVRFLDWHG�ZLWK�WKH�H[SRVXUH
WR�UDGLDWLRQ�IURP�PRELOH�SKRQHV�DQG�WKHLU�EDVH�VWDWLRQV�KDV�EHHQ�SURYHQ��SURYLGHG
WKDW�WKH�EDVLF�UHVWULFWLRQV�DUH�QRW�H[FHHGHG�
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9RRUZRRUG �
�� ,QOHLGLQJ �
��� $DQOHLGLQJ�HQ�GRHOVWHOOLQJ �
��� /HHVZLM]HU �
�� 5DGLRIUHTXHQWH�VWUDOLQJ �
��� +HW�HOHNWURPDJQHWLVFK�VSHFWUXP��EHJULSSHQ�HQ�WKHRULH �
��� 'RVLPHWULH ��
��� *H]RQGKHLGVNXQGLJH�DGYLHVZDDUGHQ�YRRU�EORRWVWHOOLQJ�DDQ

5)�VWUDOLQJ�LQ�1HGHUODQG� ��
�� 0RELHOH�WHOHIRQLH ��
��� 0RELHOH�WHOHIRRQV ��
��� &HOOXODLUH�WHFKQRORJLH ��
��� &RPPXQLFDWLH�WXVVHQ�PRELHOH�WHOHIRRQ�HQ�EDVLVVWDWLRQ ��
��� %ORRWVWHOOLQJ�YDQ�DOJHPHQH�EHYRONLQJ ��
��� %ORRWVWHOOLQJ�YDQ�JHEUXLNHUV�YDQ�]DNWHOHIRRQV ��
��� %HOHYLQJ�YDQ�EORRWVWHOOLQJ�DDQ�5)�VWUDOLQJ ��
�� *H]RQGKHLGVHIIHFWHQ ��
��� ,QOHLGLQJ ��
��� 7KHUPLVFKH�HIIHFWHQ ��
��� $�WKHUPLVFKH�HIIHFWHQ ��
��� ,QGLUHFWH�HIIHFWHQ ��
��� $VSHFLILHNH�NODFKWHQ ��
�������6ODDSVWRRUQLVVHQ ��
�������+RRIGSLMQ ��
�������9HUPRHLGKHLG ��
�������&RQFHQWUDWLHVWRRUQLVVHQ��JHKHXJHQYHUOLHV�HQ�GXL]HOLJKHLG ��
��� /RSHQGH�VWXGLHV��KHW�(0)�SURMHFW ��
�� &RQFOXVLHV�HQ�DDQEHYHOLQJHQ ��
��� 'LVFXVVLH�HQ�FRQFOXVLHV ��
��� $DQEHYHOLQJHQ ��
5HIHUHQWLHV ��
$SSHQGL[�,��9HU]HQGOLMVW ��
$SSHQGL[�,,��%HUHNHQLQJ�YDQ�GH�YHUPRJHQVGLFKWKHLG ��
$SSHQGL[�,,,��/LMVW�YDQ�DINRUWLQJHQ ��
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0HW� GH� WRHQDPH� YDQ� KHW� DDQWDO� JHEUXLNHUV� YDQ�PRELHOH� WHOHIRRQV� HQ� KHW� DDQWDO
EDVLVVWDWLRQV� JURHLW� GH� ]RUJ� RYHU� PRJHOLMNH� HIIHFWHQ� RS� GH� JH]RQGKHLG�� 'H
EDVLVEHSHUNLQJHQ� YRRU� EORRWVWHOOLQJ� DDQ� UDGLRIUHTXHQWH� VWUDOLQJ� ]LMQ� YDQ
WRHSDVVLQJ�RS�GH� IUHTXHQWLHV� GLH� JHEUXLNW�ZRUGHQ�YRRU�PRELHOH� WHOHIRQLH��'H]H
EHSHUNLQJHQ� PRHWHQ� QLHW� RYHUVFKUHGHQ� ZRUGHQ� RP� HHQ� WHPSHUDWXXUVYHUKRJLQJ
YDQ�PHHU�GDQ����&�WH�YRRUNRPHQ��0HWLQJHQ�HQ�EHUHNHQLQJHQ�LQ�IDQWRPHQ�WRQHQ
DDQ�GDW�GH�EDVLVEHSHUNLQJHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�JHGXUHQGH�KHW�JHEUXLN�YDQ
GH� PRELHOH� WHOHIRRQ�� ,Q� GH� RPJHYLQJ� YDQ� EDVLVVWDWLRQV� ]LMQ� YROGRHQGH
PDDWUHJHOHQ�JHWURIIHQ�RP�RYHUVFKULMGLQJ�YDQ�GH�EDVLVEHSHUNLQJHQ�WH�YRRUNRPHQ�
'H�PRJHOLMNH�JH]RQGKHLGVHIIHFWHQ�]LMQ�RS�WH�GHOHQ�LQ�WKHUPLVFKH��D�WKHUPLVFKH�HQ
LQGLUHFWH� HIIHFWHQ�� 7KHUPLVFKH� HIIHFWHQ� ]LMQ� JHYRQGHQ� ELM� *60�� HQ� 107�
JHEUXLNHUV��PDDU� HU� LV� JHHQ� YHUJHOLMNLQJ� JHPDDNW�PHW� JHEUXLNHUV� YDQ� µJHZRQH¶
WHOHIRRQV�� 6WXGLHV� QDDU� D�WKHUPLVFKH� HIIHFWHQ� ZLM]HQ� LQ� HHQ� HQNHO� JHYDO� LQ� GH
ULFKWLQJ� YDQ� HHQ� FDXVDOH� UHODWLH� WXVVHQ� EORRWVWHOOLQJ� HQ� HIIHFWHQ��PDDU� YHUWRQHQ
YHUVFKHLGHQH� RQ]HNHUKHGHQ� HQ� WHNRUWNRPLQJHQ�� ,QGLUHFWH� HIIHFWHQ� NXQQHQ
RQWVWDDQ� GRRU� LQWHUIHUHQWLH� PHW� HOHNWURQLVFKH� DSSDUDWXXU�� 3DFHPDNHUGUDJHUV
ZRUGW� JHDGYLVHHUG� GH� DDQEHYHOLQJHQ� YRRU� YHLOLJ� JHEUXLN� YDQ� GH� WHOHIRRQ� RS� WH
YROJHQ��,Q�GH�ODDWVWH�MDUHQ�ULFKWHQ�VWXGLHV�]LFK�RRN�RS�DVSHFLILHNH�NODFKWHQ��]RDOV
VODDSVWRRUQLVVHQ��KRRIGSLMQ�HQ�YHUPRHLGKHLG��*HFRQFOXGHHUG�NDQ�ZRUGHQ�GDW� HU
WRW� QX� WRH� JHHQ� JHYDDU� YRRU� GH� JH]RQGKHLG� LV� DDQJHWRRQG� ELM� EORRWVWHOOLQJ� DDQ
VWUDOLQJ�YDQ�PRELHOH�WHOHIRRQV�HQ�KXQ�EDVLVVWDWLRQV��PLWV�GH�EDVLVEHSHUNLQJHQ�QLHW
ZRUGHQ�RYHUVFKUHGHQ�
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'H� DIGHOLQJ� &RQVXPHQWHQYHLOLJKHLG� HQ� 2PJHYLQJVULVLFR¶V� YDQ� GH� GLUHFWLH
*H]RQGKHLGVEHOHLG� YDQ� KHW� PLQLVWHULH� YDQ� 9:6� KHHIW� ELM� KHW� YRRUEHUHLGHQ� HQ
RQGHUERXZHQ� YDQ� KHW� EHOHLG� WHQ� DDQ]LHQ� YDQ� EORRWVWHOOLQJ� DDQ� EURQQHQ� YDQ
LRQLVHUHQGH�HQ�QLHW�LRQLVHUHQGH�VWUDOLQJ�EHKRHIWH�DDQ�ZHWHQVFKDSSHOLMNH�DQDO\VHV�
DGYLH]HQ� HQ� ULVLFRVFKDWWLQJHQ�� 9RRUDO� YRRU� QLHW�LRQLVHUHQGH� VWUDOLQJVEURQQHQ
JHOGW� GDW� GH� EORRWVWHOOLQJ� ]LFK� QLHW� DOOHHQ� EHSHUNW� WRW� PHGLVFKH� WRHSDVVLQJHQ�
*H]LHQ�GH�DFWXDOLWHLW�YDQ�KHW�RQGHUZHUS�HQ�GH�WRHQHPHQGH�RQJHUXVWKHLG�RQGHU�GH
EHYRONLQJ� EHVWDDW� EHKRHIWH� DDQ� HHQ� RYHU]LFKW� YDQ� GH� PRJHOLMNH
JH]RQGKHLGVHIIHFWHQ� YDQ� PRELHOH� WHOHIRQLH�� ppQ� YDQ� GH� QLHW�LRQLVHUHQGH
VWUDOLQJVEURQQHQ� ZDDUDDQ� ]RZHO� QLHW�JHEUXLNHUV� DOV� JHEUXLNHUV� YDQ� PRELHOH
WHOHIRRQV�ZRUGHQ�EORRWJHVWHOG�
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���� $DQOHLGLQJ�HQ�GRHOVWHOOLQJ

,Q�GH�DIJHORSHQ�MDUHQ�LV�KHW�DDQWDO�JHEUXLNHUV�YDQ�PRELHOH� WHOHIRRQV�ZHUHOGZLMG
HQRUP� WRHJHQRPHQ�� 0HGH� GRRU� GH� YHUEHWHUGH� WHFKQRORJLH� HQ� HHQ� WRHQHPHQG
DDQWDO� EDVLVVWDWLRQV� KHHIW� GH]H� RQWZLNNHOLQJ� NXQQHQ� SODDWVYLQGHQ�� :HUG� GH
PRELHOH� WHOHIRRQ��RRN�ZHO�]DNWHOHIRRQ�JHQRHPG��YURHJHU�YULMZHO�DOOHHQ�]DNHOLMN
JHEUXLNW��WHJHQZRRUGLJ�LV�KHW�SULYpJHEUXLN�VWHUN�LQ�RSNRPVW��'HUJHOLMNH�DSSDUDWHQ
]HQGHQ�HHQ�UDGLRIUHTXHQW��5)��VLJQDDO�XLW�GDW�GRRU�HHQ�QDELMJHOHJHQ�EDVLVVWDWLRQ
ZRUGW� RSJHYDQJHQ� HQ� ZRUGW� GRRUJHJHYHQ� DDQ� KHW� QHW�� RI� DDQ� HHQ� DQGHU
EDVLVVWDWLRQ�GDW�KHW�VLJQDDO�ZHHU�GRRU]HQGW�DDQ�GH�RQWYDQJHU��$OV�JHYROJ�GDDUYDQ
YHUVFKLMQHQ� HU� JURWH� DDQWDOOHQ� EDVLVVWDWLRQV� LQ� KHW� ODQG�� DOOH� XLWJHUXVW� PHW� 5)�
DQWHQQHV��RP�DOOH�JHVSUHNNHQ�PRJHOLMN�WH�PDNHQ��'RRU�GH]H�RQWZLNNHOLQJ�ZRUGHQ
PHQVHQ� LQ� WRHQHPHQGH� PDWH� EORRWJHVWHOG� DDQ� 5)�VWUDOLQJ� DINRPVWLJ� YDQ� GH
PRELHOH� WHOHIRRQ� ]HOI� RI� YDQ� KHW� EDVLVVWDWLRQ�� 0HW� KHW� WRHQHPHQG� DDQWDO
JHEUXLNHUV�JURHLW�RRN�GH�]RUJ�RYHU�KHW�HIIHFW�RS�GH�JH]RQGKHLG�
'LW� UDSSRUW� ULFKW� ]LFK� RS� HYHQWXHOH� JH]RQGKHLGVHIIHFWHQ� YDQ�PRELHOH� WHOHIRQLH�
+HW� UDSSRUW� EHSHUNW� ]LFK� WRW� KHW� YHUEDQG� WXVVHQ� GH� QLHW�LRQLVHUHQGH
VWUDOLQJDVSHFWHQ�HQ�KHW�HIIHFW�RS�GH�JH]RQGKHLG��'H�UHODWLH�WXVVHQ�KHW�JHEUXLN�YDQ
GH�WHOHIRRQ�LQ�GH�DXWR�HQ�GH�YHUNHHUVYHLOLJKHLG�YDOW�GXV�EXLWHQ�GH]H�EHVFKRXZLQJ�
+LHURYHU� LV� RQODQJV� HHQ� UDSSRUW� YHUVFKHQHQ� YDQ� GH� 6WLFKWLQJ�:HWHQVFKDSSHOLMN
2QGHU]RHN� 9HUNHHUVYHLOLJKHLG�� ZDDULQ� ZRUGW� DDQEHYROHQ� KHW� JHEUXLN� YDQ� GH
PRELHOH�WHOHIRRQ�WLMGHQV�KHW�DXWRULMGHQ�WH�YHUELHGHQ�>2H��@�
���� /HHVZLM]HU

,Q� KRRIGVWXN� �� ZRUGHQ� I\VLVFKH� EHJULSSHQ� HQ� WKHRULH� YDQ� HOHNWURPDJQHWLVFKH
VWUDOLQJ�EHVSURNHQ��YRRU�]RYHU�UHOHYDQW�YRRU�HYHQWXHOH�JH]RQGKHLGVHIIHFWHQ��(HQ
DDQWDO�YDQ�GH]H�EHJULSSHQ�LV�VSHFLILHN�JHULFKW�RS�KHW�UDGLRIUHTXHQWH�GHHO�YDQ�KHW
HOHNWURPDJQHWLVFK� VSHFWUXP�� 'DDUQDDVW� NRPHQ� GH� EDVLVEHSHUNLQJHQ� HQ
JH]RQGKHLGVNXQGLJH� DGYLHVZDDUGHQ� DDQ� GH� RUGH�� +RRIGVWXN� �� EHKDQGHOW� GH
YHUVFKLOOHQGH�V\VWHPHQ�YDQ�PRELHOH�WHOHIRQLH�HQ�GH�WHFKQRORJLH�HUYDQ�YRRU�]RYHU
UHOHYDQW� YRRU� HYHQWXHOH� JH]RQGKHLGVHIIHFWHQ��7HYHQV� NRPW�KLHU� GH� EORRWVWHOOLQJ
DDQ� UDGLRIUHTXHQWH�VWUDOLQJ�YDQ�GH�JHEUXLNHUV�HQ�GH�DOJHPHQH�EHYRONLQJ�DDQ�GH
RUGH�
,Q� KRRIGVWXN���ZRUGHQ�GH� JH]RQGKHLGVHIIHFWHQ� EHKDQGHOG� GLH� RQGHU� GH� QRHPHU
µPRHLOLMN� PHGLVFK� REMHFWLYHHUEDDU¶� YDOOHQ�� +LHURQGHU� YDOOHQ� NODFKWHQ� DOV
KRRIGSLMQ�� FRQFHQWUDWLH�� HQ� VODDSVWRRUQLVVHQ�� 7HYHQV� ZRUGHQ� GH� PHHVW� UHFHQWH
RQGHU]RHNHQ�QDDU�REMHFWLYHHUEDUH�JH]RQGKHLGVHIIHFWHQ�NRUW�WRHJHOLFKW�
7HQVORWWH�ZRUGW�LQ�KRRIGVWXN���HHQ�DDQWDO�FRQFOXVLHV�HQ�DDQEHYHOLQJHQ�JHJHYHQ�
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��� +HW�HOHNWURPDJQHWLVFK�VSHFWUXP��EHJULSSHQ�HQ�WKHRULH

(QHUJLH��IUHTXHQWLH�HQ�JROIOHQJWH
1LHW�LRQLVHUHQGH�VWUDOLQJ�LV�HOHNWURPDJQHWLVFKH��(0��VWUDOLQJ�ZDDUYDQ�GH�HQHUJLH
WH� ODDJ�LV�RP�LRQLVDWLH� LQ�PDWHULH� WH�YHURRU]DNHQ��'H]H�HQHUJLH�(�LV�KHW�SURGXFW
YDQ�GH�IUHTXHQWLH�I�HQ�GH�FRQVWDQWH�YDQ�3ODQFN��K� �����Â������-ÂV��LQ�IRUPXOH�

( K I= ¼ ���
'H�JUHQV�WXVVHQ�LRQLVHUHQGH�HQ�QLHW�LRQLVHUHQGH�VWUDOLQJ�OLJW�ELM�HHQ�JROIOHQJWH l
YDQ�����QP�
8LW�KHW�YHUEDQG� WXVVHQ�GH� VQHOKHLG�YDQ�HOHNWURPDJQHWLVFKH�JROYHQ�F� LQ�YDFX�P
����Â��� P�V���GH�JROIOHQJWH�HQ�GH�IUHTXHQWLH�

I F= l ���

YROJW�GDQ�GDW�VWUDOLQJ�PHW�HHQ�IUHTXHQWLH�ODJHU�GDQ������7+]�HQ�HHQ�HQHUJLH�ODJHU
GDQ� �����H9� JHUHNHQG� PDJ� ZRUGHQ� WRW� KHW� QLHW�LRQLVHUHQGH� GHHO� YDQ� KHW
HOHNWURPDJQHWLVFK� VSHFWUXP� �ILJXXU�����5DGLRIUHTXHQWH� �5)��VWUDOLQJ�EHVODDW�KHW
IUHTXHQWLHJHELHG�YDQ�����+]�WRW�����*+]�
(OHNWURPDJQHWLVFKH� YHOGHQ� KHEEHQ� HHQ� HOHNWULVFKH� FRPSRQHQW� (� HQ� HHQ
PDJQHWLVFKH� FRPSRQHQW�+� GLH� JHNRSSHOG� ]LMQ� �]LH� ILJXXU� ���� %HLGH� JURRWKHGHQ
KHEEHQ� HHQ�JURRWWH� �VWHUNWH�� HQ� HHQ� ULFKWLQJ��'H� VWHUNWH� YDQ�KHW� HOHNWULVFK� YHOG
ZRUGW�XLWJHGUXNW� LQ�YROW�SHU�PHWHU��9�P��HQ�GH�VWHUNWH�YDQ�KHW�PDJQHWLVFK�YHOG
ZRUGW� XLWJHGUXNW� LQ� DPSqUH� SHU�PHWHU� �$�P���'H� ULFKWLQJ� YDQ� GH� YHOGHQ�ZRUGW
DDQJHJHYHQ�PHW�SLMOHQ��ZDDUYDQ�GH�OHQJWH�FRUUHVSRQGHHUW�PHW�GH�VWHUNWH�YDQ�KHW
GHVEHWUHIIHQGH�YHOG��'H�PDJQHWLVFKH� IOX[GLFKWKHLG�%� LV�� WHQ]LM� HU� VSUDNH� LV� YDQ
PDJQHWLVDWLH��HYHQUHGLJ�PHW�KHW�PDJQHWLVFK�YHOG�+��'H�YHUKRXGLQJ�WXVVHQ�%�HQ�+
KDQJW�DI�YDQ�KHW�PHGLXP�ZDDULQ�KHW�YHOG�]LFK�EHYLQGW�
9HOGNDUDNWHU
+HW�NDUDNWHU�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�YDULHHUW�PHW�GH�DIVWDQG�U�WRW�GH�EURQ
�DQWHQQH���'ULH�YHOGHQ�NXQQHQ�RQGHUVFKHLGHQ�ZRUGHQ�
�� KHW�QDELMH�YHOG�
:DQQHHU�GH�JROIOHQJWH l YDQ�GH�(0�YHOGHQ�JURRW�LV�WHQ�RS]LFKWH�YDQ�GH�DIVWDQG�U
WXVVHQ�GH�EURQ�HQ�KHW�REMHFW��U���l���]LMQ�KHW�HOHNWULVFKH�HQ�PDJQHWLVFKH�YHOG�QLHW
JHNRSSHOG�� 'H� YHOGVWHUNWH� QHHPW� QLHW� RS� HHQ� JHOHLGHOLMNH� PDQLHU� DI� PHW
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WRHQHPHQGH�DIVWDQG� WRW� GH� EURQ��PDDU� YHUWRRQW�PD[LPD� HQ�PLQLPD�� GLH� QLHW� RS
GH]HOIGH�SODDWV�YRRUNRPHQ�ODQJV�GH�YRRUWSODQWLQJVULFKWLQJ�YDQ�GH�JROI��+HW�YHOG
LV�GXV�VWHUN�LQKRPRJHHQ�HQ�PRHLOLMN�WH�EHVFKULMYHQ�
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)LJXXU����+HW�HOHNWURPDJQHWLVFK�VSHFWUXP�
���KHW�YHOG�LQ�KHW�RYHUJDQJVJHELHG��U�  l��
'LW� LV� KHW� RYHUJDQJVJHELHG� YDQ� KHW� PRHLOLMN� WH� EHVFKULMYHQ� HOHNWURPDJQHWLVFKH
VWUDOLQJ� LQ� KHW� QDELMH� YHOG� HQ� GH� YODNNH� JROI� (0�YHOGHQ� LQ� KHW� YHUUH� YHOG��+HW
EHVFKULMYHQ�YDQ�GH�YHOGHQ�LV�RRN�KLHU�PRHLOLMN�
���KHW�YHUUH�YHOG�
'LW�YHOG�EHYLQGW�]LFK�RS�JURWHUH�DIVWDQG�YDQ�GH�EURQ��U�!�l� HQ�DOV�JUHQV�ZRUGW
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YDDN� U� ��l DDQJHKRXGHQ�� +LHU� ]LMQ� KHW� HOHNWULVFKH� HQ� PDJQHWLVFKH� YHOG� ZHO
JHNRSSHOG�HQ�LV�HU�VSUDNH�YDQ�µHFKWH¶�HOHNWURPDJQHWLVFKH�VWUDOLQJ�PHW�KHW�YODNNH
JROI�NDUDNWHU� �DOOH� YHOGJURRWKHGHQ� FRQVWDQW� LQ� KHW� YODN� ORRGUHFKW� RS� GH
YRRUWSODQWLQJVULFKWLQJ�� KHW� JROIIURQW��� 'H� YHOGVWHUNWH� QHHPW� HYHQUHGLJ� DI� ELM
WRHQHPHQGH�DIVWDQG�WRW�GH�EURQ�
%LM�GH�IUHTXHQWLHV�����HQ������0+]�YRRU�PRELHOH� WHOHIRQLH�]LMQ�GH�JROIOHQJWHV
UHVSHFWLHYHOLMN� FLUFD� ��� HQ� ��� FP�� +HW� KRRIG� EHYLQGW� ]LFK� ELM� JHEUXLN� YDQ� GH
WHOHIRRQ�GXV�LQ�KHW�QDELMH�YHOG��+LHU�ZRUGW�LQ�SDUDJUDDI�����RS�WHUXJ�JHNRPHQ�

+
6

(

)LJXXU����6FKHPDWLVFKH�YRRUVWHOOLQJ�YDQ�HHQ�HOHNWURPDJQHWLVFKH�JROI�
9HUPRJHQVGLFKWKHLG
'H� YHUPRJHQVGLFKWKHLG� 6� LV� JHGHILQLHHUG� DOV� KHW� YHUPRJHQ� SHU� RSSHUYODNWH�
HHQKHLG�LQ�KHW�JROIIURQW�HQ�ZRUGW�XLWJHGUXNW�LQ�ZDWW�SHU�YLHUNDQWH�PHWHU��:�P���
'H�YHUPRJHQVGLFKWKHLG�LQ�KHW�YHUUH�YHOG�NDQ�EHUHNHQG�ZRUGHQ�XLW�KHW��XLWZHQGLJ�
YHFWRUSURGXNW�YDQ�KHW�(��HQ�+�YHOG�

6 ( += � ���
'H�YHUPRJHQVGLFKWKHLG�QHHPW�DI�ELM� WRHQHPHQGH�DIVWDQG�WRW�GH�EURQ��+HW�KDQJW
GDQ�YDQ�GH�FRQILJXUDWLH�YDQ�GH�EURQ�DI�KRH�VWHUN�GH]H�JURRWKHLG�DIQHHPW��,Q�KHW
QDELMH� YHOG� NDQ� GH� YHUKRXGLQJ� YDQ� GH� JURRWWH� YDQ� KHW� HOHNWULVFKH� HQ� KHW
PDJQHWLVFKH� YHOG�� GH� JROILPSHGDQWLH�� VWHUN� YDULsUHQ�� ,Q� DSSHQGL[� ,,� ZRUGW
XLWHHQJH]HW�KRH�XLW�GH]H�JHJHYHQV�GH�YHUPRJHQVGLFKWKHLG�EHUHNHQG�NDQ�ZRUGHQ�
3RODULVDWLH
(HQ�HOHNWURPDJQHWLVFKH�JROI�LV�JHSRODULVHHUG�ZDQQHHU�GH�YHFWRUHQ�GLH�KHW�(��HQ
KHW�+�YHOG�EHVFKULMYHQ�LQ�KHW�YODNNH�JROIIURQW�HHQ�VSHFLILHNH�FRQILJXUDWLH�KHEEHQ�
=R�NDQ�HHQ�(0�YHOG�OLQHDLU�RI�FLUFXODLU�JHSRODULVHHUG�]LMQ��%LM�OLQHDLUH�SRODULVDWLH
EHYLQGW�KHW�HOHNWULVFK�YHOG�]LFK� LQ�ppQ�YODN� ODQJV�GH�YRRUWSODQWLQJVULFKWLQJ� �]LH
ILJXXU�����GH�RULsQWDWLH�LV�FRQVWDQW��'H�RULsQWDWLH�YDQ�GH�YHFWRU�GLH�KHW�HOHNWULVFKH
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YHOG�EHVFKULMIW�LV�YDQ�LQYORHG�RS�GH�DEVRUSWLH�YDQ�VWUDOLQJ�LQ�REMHFWHQ�
5HVRQDQWLH
5HVRQDQWLH� LV� KHW� YHUVFKLMQVHO� ZDDUELM� HHQ� REMHFW� LQ� HHQ� (0�YHOG� PHW� HHQ
EHSDDOGH� IUHTXHQWLH�� GH� UHVRQDQWLHIUHTXHQWLH�� HQHUJLH�PD[LPDDO� DEVRUEHHUW�� +HW
REMHFW�KHHIW�GH]H�IUHTXHQWLH�DOV�µHLJHQIUHTXHQWLH¶��2I�UHVRQDQWLH�RSWUHHGW��LV�RQGHU
DQGHUH�DIKDQNHOLMN�YDQ�GH�DIPHWLQJHQ�HQ�JHRPHWULH�YDQ�KHW�REMHFW��:DQQHHU�KHW
REMHFW� RQJHYHHU� GH� JURRWWH� YDQ� HHQ� JROIOHQJWH� KHHIW�� WUHHGW� GLW� YHUVFKLMQVHO� RS�
'XV��KRH�NOHLQHU�KHW�OLFKDDP��KRH�KRJHU�GH�UHVRQDQWLHIUHTXHQWLH��+LHUQDDVW�VSHOHQ
RRN�GH�HOHNWURPDJQHWLVFKH�HLJHQVFKDSSHQ�YDQ�KHW�REMHFW�HHQ�URO��%LM�GH�PHQV�OLJW
GH� UHVRQDQWLHIUHTXHQWLH�YRRU�KHW�JHKHOH� OLFKDDP� WXVVHQ���� HQ�����0+]�� WHUZLMO
UHVRQDQWLH� LQ� OHGHPDWHQ� RSWUHHGW� ELM� KRJHUH� IUHTXHQWLHV�� YRRU� KHW� KRRIG
ELMYRRUEHHOG�����j�����0+]�>*5��@�
,QGULQJGLHSWH
+RH�GLHS�(0�VWUDOLQJ�LQ�HHQ�REMHFW�GRRUGULQJW�� LV�DIKDQNHOLMN�YDQ�GH� IUHTXHQWLH
YDQ�GH�VWUDOLQJ�HQ�YDQ�GH�HOHNWURPDJQHWLVFKH�HLJHQVFKDSSHQ�YDQ�KHW�ZHHIVHO��'H
LQGULQJGLHSWH� LV� HYHQUHGLJ� PHW� GH� ZRUWHO� YDQ� KHW� UHFLSURNH� SURGXNW� YDQ� GH
IUHTXHQWLH�� GH� JHOHLGLQJVFRsIILFLsQW� s LQ� VLHPHQV� SHU� PHWHU� �6�P�� HQ� GH
PDJQHWLVFKH�SHUPHDELOLWHLW� LQ�YDFX�P�m� LQ�KHQU\�SHU�PHWHU��m�  �pÂ�����+�P�
>'X��@�

d m sp= �
� I ���

'LW� EHWHNHQW� GDW� ELM� KRJHUH� IUHTXHQWLH� �!���*+]�� GH� DEVRUSWLH� LQ� KHW�PHQVHOLMN
OLFKDDP�EHSHUNW�EOLMIW� WRW�KHW�KXLGRSSHUYODN��'H�LQGULQJGLHSWH� LV�GXV�IUHTXHQWLH�
DIKDQNHOLMN��GH�LQGULQJGLHSWH�YRRU�GH�IUHTXHQWLH������0+]�LV�HHQ�IDFWRU�»� ODJHU
GDQ�YRRU�����0+]�
6LJQDDORYHUGUDFKW
6LJQDDORYHUGUDFKW�NDQ�RS�YHUVFKLOOHQGH�PDQLHUHQ�SODDWVYLQGHQ�GRRU�KHW�JHEUXLN
YDQ�]RJHKHWHQ�PRGXODWLHWHFKQLHNHQ��0RGXODWLH�LV�HHQ�VLJQDDOEHZHUNLQJVWHFKQLHN
ZDDUELM� HHQ� VLJQDDO� YDQ� YRUP� ZRUGW� YHUDQGHUG�� LQ� SULQFLSH� ]RQGHU
LQIRUPDWLHYHUOLHV��(U� LV� GXV� VSUDNH� YDQ� HHQ� VLJQDDO� GDW� LQIRUPDWLH� EHYDW� HQ� HHQ
]RJHQDDPGH�GUDDJJROI�PHW�HHQ�EHSDDOGH�IUHTXHQWLH�HQ�DPSOLWXGH�
(U� ]LMQ� YHUVFKLOOHQGH� VRRUWHQ� PRGXODWLH�� :H� ]XOOHQ� KLHU� DOOHHQ� DPSOLWXGH
PRGXODWLH� �$0��� IUHTXHQWLHPRGXODWLH� �)0�� HQ� JHSXOVWH� PRGXODWLH� EHVSUHNHQ�
DDQJH]LHQ� GH]H� KHW� PHHVW� UHOHYDQW� ]LMQ� YRRU� VLJQDDORYHUGUDFKW� ELM� PRELHOH
WHOHIRQLH��]LH�RRN�ILJXXU����>,&��@�
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D

E

F

)LJXXU�����D��+HW�LQJDQJVVLJQDDO�GDW�GH�LQIRUPDWLH�GUDDJW��+HW�ELMEHKRUHQGH
XLWJDQJVVLJQDDO�ELM���E��DPSOLWXGHPRGXODWLH��$0��HQ��F��IUHTXHQWLHPRGXODWLH
�)0��
���%LM�DPSOLWXGHPRGXODWLH��$0��ZRUGW�GH�DPSOLWXGH�YDQ�GH�GUDDJJROI�HYHQUHGLJ
PHW� GH� DPSOLWXGH� YDQ� KHW� LQIRUPDWLH�GUDJHQGH� VLJQDDO� JHYDULHHUG�� WHUZLMO� GH
IUHTXHQWLH� YDQ� GH� GUDDJJROI� QLHW� YHUDQGHUW�� 'H� LQIRUPDWLH� LV� GDQ� YHUYDW� LQ� GH
DPSOLWXGH�YDQ�KHW�JHPRGXOHHUGH�VLJQDDO�
���%LM�IUHTXHQWLHPRGXODWLH��)0��ZRUGW�GH�IUHTXHQWLH�YDQ�GH�GUDDJJROI�JHYDULHHUG
PHW� GH� DPSOLWXGH� ���� YDQ� KHW� LQIRUPDWLH�GUDJHQGH� VLJQDDO�� WHUZLMO� GH� DPSOLWXGH
YDQ�GH�GUDDJJROI�FRQVWDQW�EOLMIW��'H�LQIRUPDWLH�LV�YHUYDW�LQ�GH�IUHTXHQWLH�YDQ�KHW
JHPRGXOHHUGH�VLJQDDO�
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��� %LM� JHSXOVWH� PRGXODWLH� VSUHHNW� PHQ� YDQ� SXOVKRRJWHPRGXODWLH� RI
SXOVEUHHGWHPRGXODWLH��'H�GUDDJJROI�EHVWDDW�KLHUELM�XLW�SXOVHQ�PHW�JHOLMNH�KRRJWH
HQ�EUHHGWH�HQ�KHW�LQIRUPDWLH�GUDJHQGH�VLJQDDO�EHSDDOW�LQ�GH]H�JHYDOOHQ�GH�KRRJWH
YDQ�GH�SXOV�YDQ�KHW�JHPRGXOHHUGH�VLJQDDO�ELM�SXOVKRRJWHPRGXODWLH�HQ�GH�EUHHGWH
YDQ�GH�SXOV�YDQ�KHW�JHPRGXOHHUGH�VLJQDDO�ELM�SXOVEUHHGWHPRGXODWLH�>5H��@�
$0�� HQ� )0�VLJQDOHQ� ]LMQ� EHLGH� FRQWLQX� HQ� ZRUGHQ� RRN� ZHO� &:��µFRQWLQXRXV
ZDYH¶�� VLJQDOHQ� JHQRHPG�� LQ� WHJHQVWHOOLQJ� WRW� JHSXOVWH� JHPRGXOHHUGH� VLJQDOHQ�
GLH�HFKWHU�ZHO�&:�VLJQDOHQ�NXQQHQ�EHYDWWHQ�
���� 'RVLPHWULH

%ORRWVWHOOLQJ� DDQ� 5)�VWUDOLQJ� NDQ� LQ� HHQ� RUJDQLVPH� OHLGHQ� WRW� GH� LQGXFWLH� YDQ
NULQJVWURRPSMHV�HQ�GH�RSZDUPLQJ�YDQ�ZHHIVHOV�GRRU�HQHUJLH�DEVRUSWLH��,Q�ZHONH
PDWH�GH]H�HIIHFWHQ�YRRUNRPHQ�KDQJW�DI�YDQ�GH�DIPHWLQJHQ�HQ�JHRPHWULH�YDQ�KHW
RUJDQLVPH�� ]LMQ� HOHNWURPDJQHWLVFKH� HLJHQVFKDSSHQ� HQ� YDQ� GH� IUHTXHQWLH� YDQ� GH
VWUDOLQJ�
%LM�IUHTXHQWLHV�YDQDI�RQJHYHHU���0+]�YLQGW�RSZDUPLQJ�SODDWV�GRRU�DEVRUSWLH�YDQ
HQHUJLH��'H]H�RSZDUPLQJ�NRPW�PDNNHOLMNHU� WRW�VWDQG�ZDQQHHU�KHW�EORRWJHVWHOGH
PDWHULDDO� �ZHHIVHO�� YHHO� ZDWHU� EHYDW�� (HQ� ZDWHUPROHFXXO� LV� QDPHOLMN
DV\PPHWULVFK�JHODGHQ��GXV�KHHIW�KHW�HHQ�SRVLWLHI�JHODGHQ�HQ�HHQ�QHJDWLHI�JHODGHQ
GHHO��,Q�HHQ�HOHNWULVFK�YHOG�]DO�KHW�ZDWHUPROHFXXO�]LFK�ULFKWHQ�LQ�GH�ULFKWLQJ�YDQ
KHW� HOHNWULVFKH� YHOG�� ,Q� HHQ�ZLVVHOHQG� HOHNWULVFK� YHOG� JHYHQ� GH�ZDWHUPROHFXOHQ
GRRU� GH�ZLVVHOHQGH�EHZHJLQJ� HQHUJLH� DI�� KHWJHHQ� UHVXOWHHUW� LQ� RSZDUPLQJ�� (HQ
KRJHU�ZDWHUJHKDOWH�OHYHUW�GDDUGRRU�PHHU�DEVRUSWLH�HQ�HHQ�KRJHUH�WHPSHUDWXXU�RS�
'H�RSZHNNLQJ�YDQ�ZDUPWH�ZRUGW�EHVFKRXZG�DOV�KHW�PHHVW� UHOHYDQWH�HIIHFW�YDQ
EORRWVWHOOLQJ� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ�PHW� IUHTXHQWLHV� WXVVHQ� ���� N+]� HQ
���*+]� �>*5��@�� ]LH�RRN�SDUDJUDDI�������+HW�YHUPRJHQ�YDQ�HHQ�RUJDQLVPH�RP
GH]H� ZDUPWH� WH� YHUGUDJHQ� HQ� DI� WH� YRHUHQ� LV� EHSDOHQG� YRRU� GH� KRRJWH� YDQ
EORRWVWHOOLQJVOLPLHWHQ�� ,Q� KHW� IUHTXHQWLHJHELHG� YDQ� ��� 0+]� WRW� ��� *+]� LV� GH
PHHVW�JHEUXLNWH�GRVLPHWULVFKH�JURRWKHLG�GH�VSHFLILF�DEVRUSWLRQ�UDWH��6$5���GLW�LV
KHW�GRVLVWHPSR�LQ�KHW�ZHHIVHO��,Q�GLW� UDSSRUW�]DO�GH�1HGHUODQGVH�EHQDPLQJ�YRRU
6$5�ZRUGHQ�JHEUXLNW��6$7��VSHFLILHN�DEVRUSWLHWHPSR���'H�HHQKHLG�YDQ�6$7�LV
:�NJ�� :DQQHHU� GH� VWHUNWH� YDQ� KHW� VLQXVYRUPLJH� HOHNWURPDJQHWLVFK� YHOG� LQ
ZHHIVHO�EHNHQG�LV��NDQ�GH�6$7�EHUHNHQG�ZRUGHQ�YROJHQV�

( )6$7 ( UPV= s
r

�

���
+LHULQ�LV�(UPV�GH�URRW�PHDQ�VTXDUH�ZDDUGH�YDQ�(�� r GH�GLFKWKHLG��NJ�P�� HQ�s GH
� 'H� UPV�ZDDUGH� LV� HHQ� EHUHNHQGH� JHPLGGHOGH� RI� HIIHFWLHYH� ZDDUGH� YDQ� HHQ� SHULRGLHN

ZLVVHOHQGH�IXQFWLH��'H�UPV�ZDDUGH�YRRU�HHQ�HOHNWULVFK�YHOG�PHW�YHOGVWHUNWH�(�W��HQ�SHULRGH�7
� ���IUHTXHQWLH��ZRUGW�EHUHNHQG�YROJHQV�

( 7 ( W GWUPV
W

W 7= +×>� � � � � @� �
�
�
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JHOHLGLQJVFRsIILFLsQW�YDQ�KHW�ZHHIVHO�RI�PDWHULDDO��'H�6$7�LV�RRN� WH�EHUHNHQHQ
ZDQQHHU�GH�LPSHGDQWLH�HQ�GH�JURRWWH�YDQ�KHW�(��RI�KHW�+�YHOG�EHNHQG�]LMQ��'LW�LV
XLWHHQJH]HW�LQ�GH�DSSHQGL[�
'H� PHWKRGHV� HQ� SURFHGXUHV� YRRU� KHW� EHSDOHQ� YDQ� GH� 6$7� ]LMQ� YHUUH� YDQ
JHVWDQGDDUGLVHHUG� >5R��@�� 9DQZHJH� KHW� LQYDVLHYH� NDUDNWHU� LV� KHW� PHWHQ� YDQ
HOHNWURPDJQHWLVFKH�YHOGHQ�LQ�KHW�PHQVHOLMN�OLFKDDP��HQ�PHW�QDPH�LQ�KHW�KRRIG�
RYHU� KHW� DOJHPHHQ� QLHW� PRJHOLMN�� 'DDURP� ZRUGW� YDDN� JHEUXLN� JHPDDNW� YDQ
IDQWRPHQ�� 'DDUQDDVW� ZRUGW� RRN� JHEUXLN� JHPDDNW� YDQ� PRGHOOHQ� GLH� GH� 6$7
UHGHOLMN�NXQQHQ�EHUHNHQHQ��DDQ�GH�KDQG�YDQ�HHQ�PDWKHPDWLVFKH�YRRUVWHOOLQJ�YDQ
KHW�KRRIG�>'L����,&����*5��@�
'H�WHPSHUDWXXUVYHUKRJLQJ�G7�LQ�HHQ�WLMG�GW�LV�JHUHODWHHUG�DDQ�GH�6$7�YROJHQV�GH
YROJHQGH�IRUPXOH��DDQJHQRPHQ�GDW�JHHQ�ZDUPWHYHUOLH]HQ�RSWUHGHQ��

G7 6$7
& GW= ���

+LHULQ� LV�&�GH� VRRUWHOLMNH�ZDUPWH� YDQ� KHW�PDWHULDDO� LQ� MRXOHV� SHU� NLORJUDP�SHU
NHOYLQ��-�NJ���.�����

��� *H]RQGKHLGVNXQGLJH�DGYLHVZDDUGHQ�YRRU�EORRWVWHOOLQJ�DDQ�5)�VWUDOLQJ
LQ�1HGHUODQG

,Q� 1HGHUODQG� EHVWDDQ� JHHQ� ZHWWHOLMNH� OLPLHWHQ� YRRU� EORRWVWHOOLQJ� DDQ� QLHW�
LRQLVHUHQGH� VWUDOLQJ�� (FKWHU�� GH� *H]RQGKHLGVUDDG� KHHIW� LQ� HHQ� DGYLHV� ZHO� HHQ
DDQWDO� IUHTXHQWLH�DIKDQNHOLMNH� JH]RQGKHLGVNXQGLJH� DGYLHVZDDUGHQ� YRRU
EORRWVWHOOLQJ�DDQ�UDGLRIUHTXHQWH�VWUDOLQJ�RSJHVWHOG��RP�VFKDGH�DDQ�GH�JH]RQGKHLG
]RYHHO�PRJHOLMN� WH� YRRUNRPHQ�� 'H]H� DGYLHVZDDUGHQ� ]LMQ� HU� RS� JHULFKW� JOREDOH
WKHUPLVFKH�EHODVWLQJ�YDQ�KHW�OLFKDDP�HQ�H[FHVVLHYH�SODDWVHOLMNH�YHUZDUPLQJ�YDQ
ZHHIVHOV� WH� YRRUNRPHQ� HQ� ]LMQ� DIJHOHLG� YDQ� GH� KLHUQD� RPVFKUHYHQ
EDVLVEHSHUNLQJHQ�YRRU�GH�6$7�
([SHULPHQWHHO� RQGHU]RHN� KHHIW� XLWJHZH]HQ� GDW� HHQ� 6$7� YDQ� �� WRW� ��:�NJ�
JHPLGGHOG�RYHU�KHW�JHKHOH�OLFKDDP�JHGXUHQGH�PHHU�GDQ����PLQXWHQ�OHLGW�WRW�HHQ
YHUKRJLQJ�YDQ�GH� OLFKDDPVWHPSHUDWXXU�PHW����� WRW������&�>*5��@��%LM�HHQ�6$7
YDQ�PHHU�GDQ���:�NJ�JHGXUHQGH�ODQJHUH�WLMG�NXQQHQ�QDGHOLJH�HIIHFWHQ�RSWUHGHQ�
/DQJGXULJH� YHUKRJLQJ� YDQ� GH� OLFKDDPVWHPSHUDWXXU� YDQ� PHHU� GDQ� ���&� NDQ� WRW
ZHHIVHOVFKDGH� OHLGHQ�� 'H� EDVLVEHSHUNLQJHQ� ]LMQ� ]RGDQLJ� RSJHVWHOG� GDW� GH]H
WHPSHUDWXXUVYHUKRJLQJ� ZRUGW� YRRUNRPHQ�� +RHZHO� KHW� OLFKDDP� HHQ� GHUJHOLMNH
YHUKRJLQJ� �WLMGHOLMN�� NDQ� YHUGUDJHQ��ZRUGW� �YRRU�ZHUNHUV�� HHQ� YHLOLJKHLGVIDFWRU
���LQ�UHNHQLQJ�JHQRPHQ�RP�GH�NDQV�RS�QDGHOLJH�HIIHFWHQ�]RYHHO�PRJHOLMN�XLW� WH
VOXLWHQ��'H�EDVLVEHSHUNLQJ�YRRU�GH�6$7�NRPW�GDQ�XLW�RS�����:�NJ�
0HQ� PDDNW� ELM� KHW� YDVWVWHOOHQ� YDQ� GH� EDVLVEHSHUNLQJHQ� RQGHUVFKHLG� WXVVHQ
EORRWVWHOOLQJ�YDQ�GH�DOJHPHQH�EHYRONLQJ��µXQFRQWUROOHG�HQYLURQPHQW¶��HQ�YDQ�GH
EHURHSVEHYRONLQJ� �µFRQWUROOHG� HQYLURQPHQW¶��� 'H� DGYLHVZDDUGHQ� YRRU
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EORRWVWHOOLQJ�YDQ�GH�DOJHPHQH�EHYRONLQJ�]LMQ�HHQ�IDFWRU��� ODJHU�GDQ�GLH�YRRU�GH
EHURHSVEHYRONLQJ��]LH�7DEHO�����(pQ�YDQ�GH�UHGHQHQ�KLHUYRRU�LV�GDW�HHQ�GHHO�YDQ
GH�DOJHPHQH�EHYRONLQJ�PHQVHQ�PHW�HHQ�JHULQJHUH�ZHHUVWDQG�NDQ�RPYDWWHQ��]RDOV
NLQGHUHQ�� EHMDDUGHQ� HQ� PHQVHQ� PHW� HHQ� JHVWRRUG� WKHUPRUHJXOHUHQG� YHUPRJHQ�
'DDUHQWHJHQ�EHVWDDW�GH�EHURHSVEHYRONLQJ�XLW�JH]RQGH�YROZDVVHQHQ�GLH�PD[LPDDO
� XXU� SHU� GDJ� ZRUGHQ� EORRWJHVWHOG�� %RYHQGLHQ� NDQ� GH� EORRWVWHOOLQJ� YDQ� GH
DOJHPHQH�EHYRONLQJ� FRQWLQX� HQ�PLQGHU� JHFRQWUROHHUG� ]LMQ��'LW� UHVXOWHHUW� LQ� HHQ
EDVLVEHSHUNLQJ� YRRU� GH� 6$7� YDQ� ����� :�NJ� YRRU� KHW� JHKHOH� OLFKDDP� HQ
JHGXUHQGH�RQEHSDDOGH�WLMG�
2P�WH�YRRUNRPHQ�GDW�HHQ�RQYHUDQWZRRUG�KRJH�EORRWVWHOOLQJ�JHGXUHQGH�]HHU�NRUWH
WLMG� RSWUHHGW�� KDQWHUHQ� GH�*H]RQGKHLGVUDDG� HQ� GH� 153%� LQ� KXQ� DDQEHYHOLQJHQ
HHQ�PLGGHOLQJVWLMG�YDQ���PLQXWHQ�YRRU�KHW�EHSDOHQ�YDQ�GH�6$7�>15��@��'H]H�WLMG
LV� JHEDVHHUG� RS� GH� ZDUPWH�HYHQZLFKWVWLMG�� GH� WLMG� ZDDULQ� HHQ� WRHQDPH� YDQ� GH
OLFKDDPVWHPSHUDWXXU� WRW� GH� KHOIW� ZRUGW� WHUXJJHEUDFKW� ZDQQHHU� GH� H[WHUQH
ZDUPWHEURQ� ZRUGW� ZHJJHQRPHQ�� $DQJHQRPHQ� ZRUGW� GDW� GLW� GH� ZDUPWH�
HYHQZLFKWVWLMG� LV�� ZDQQHHU� GH� PHQV� LQ� UXVW� ZRUGW� EORRWJHVWHOG� DDQ� HHQ
ZDUPWHEURQ�
'H� ,&1,53� �,QWHUQDWLRQDO� &RPPLVVLRQ� RQ�1RQ�,RQL]LQJ� 5DGLDWLRQ� 3URWHFWLRQ� �
EHYHHOW�DDQ�ELM�EORRWVWHOOLQJ�YDQ�KHW�KRRIG�KHW�6$7�RYHU�HHQ�PDVVD�YDQ����J� WH
PLGGHOHQ�� RPGDW� GH� UXLPWHOLMNH� YHUGHOLQJ� YDQ� GH� JHDEVRUEHHUGH� HQHUJLH� VWHUN
LQKRPRJHHQ�NDQ�]LMQ�>,&1��@�
7DEHO����%DVLVEHSHUNLQJHQ�YRRU�EORRWVWHOOLQJ�YDQ�KHW�JHKHOH�OLFKDDP�YRRU�GH
DOJHPHQH�EHYRONLQJ��DE��HQ�GH�EHURHSVEHYRONLQJ��EE��>*5��@�
IUHTXHQWLH�JHELHG VWURRPGLFKWKHLG

�P$�P��
6$7
�:�NJ��D

YHUPRJHQV�GLFKWKHLG
�:�P�� E

EE DE EE DE EE DE
����+]�����N+] �� �
� N+]�������N+] I�������F I ������F
����N+]������0+] I�������F I ������F ��� ����
���0K]������*+] ��� ����
���*K]�������*+] ��� �����[I���������G
D PLGGHOLQJVWLMG� ���PLQ
E PLGGHOLQJVWLMG� �����I�����PLQ��IUHTXHQWLH�I�LQ�*+]�
F�IUHTXHQWLH�I�LQ�+]
G�IUHTXHQWLH�I�LQ�*+]
'H� LQ� 7DEHO� �� JHQRHPGH� ZDDUGHQ� JHOGHQ� YRRU� EORRWVWHOOLQJ� YDQ� KHW� JHKHOH
OLFKDDP� HQ� RQGHU� YHUUH�YHOG� FRQGLWLHV�� 9RRU� EORRWVWHOOLQJ� YDQ� GHOHQ� YDQ� KHW
OLFKDDP� DDQ� 5)�VWUDOLQJ� JHOGHQ� DQGHUH� EHSHUNLQJHQ� GLH� ]LMQ� JHEDVHHUG� RS� KHW
YRRUNRPHQ�YDQ�HHQ�ORNDOH�WHPSHUDWXXU�KRJHU�GDQ�RQJHYHHU�����& LQ�KHW�KRRIG�RI
LQ� GH� IRHWXV�� ����& LQ� GH� KDOV� HQ� GH� URPS� HQ� ��� �& LQ� DUPHQ� HQ� EHQHQ�� 9RRU
KRRIG�� QHN� HQ� URPS� LV� GH� PD[LPDOH� 6$7�ZDDUGH� YDVWJHVWHOG� RS� ���:�NJ
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JHPLGGHOG� RYHU� ���JUDP� ZHHIVHO�� 9RRU� GH� OHGHPDWHQ� JHOGW� HHQ� ZDDUGH� YDQ
���:�NJ� JHPLGGHOG� RYHU� ����JUDP� ZHHIVHO�� 9RRUQRHPGH� ZDDUGHQ� JHOGHQ� DOV
EDVLVEHSHUNLQJ�YRRU�GH�EHURHSVEHYRONLQJ��YRRU�GH�DOJHPHQH�EHYRONLQJ�]LMQ�GH]H
ZDDUGHQ� UHVSHFWLHYHOLMN� �� HQ� ��:�NJ�� 'H]H� ZDDUGHQ� NRPHQ� RYHUHHQ� PHW� GH
DDQEHYHOLQJ�YDQ�GH�,&1,53�YRRU�EORRWVWHOOLQJ�YDQ�KHW�KRRIG�DDQ�UDGLRIUHTXHQWH
VWUDOLQJ� >,&1��@� HQ� GH� DDQEHYHOLQJHQ� YDQ� GH� 5DDG� YDQ� GH� (XURSHVH� 8QLH� WHQ
DDQ]LHQ�YDQ�EHSHUNLQJ�YDQ�EORRWVWHOOLQJ�YDQ�GH�EHYRONLQJ�DDQ�HOHNWURPDJQHWLVFKH
YHOGHQ�YDQ���WRW�����*+]�>(&��@�
7DEHO����0D[LPDOH�6$5�ZDDUGHQ�LQ�:�NJ�YRRU�EORRWVWHOOLQJ�YDQ�GHOHQ�YDQ�KHW
OLFKDDP�

KRRIG��KDOV��URPS��IRHWXVD
JHPLGGHOG�RYHU����J�ZHHIVHO

OHGHPDWHQ
JHPLGGHOG�RYHU�����J�ZHHIVHO

IUHTXHQWLH EHURHSV�
EHYRONLQJ

DOJHPHQH
EHYRONLQJ

EHURHSV�
EHYRONLQJ

DOJHPHQH
EHYRONLQJ

����N+]������*+] �� � �� �
D YRRU�GH�IRHWXV�LV�DOOHHQ�GH�ZDDUGH�YRRU�GH�DOJHPHQH�EHYRONLQJ�YDQ�WRHSDVVLQJ
,Q�GH�SUDNWLMN�LV�KHW�HFKWHU�QLHW�PRJHOLMN�RP�GH�6$7�RI�GH�VWURRPGLFKWKHLG�LQ�KHW
OLFKDDP� WH� PHWHQ�� 'RRU� LQ� SODDWV� KLHUYDQ� JUHQVZDDUGHQ� YRRU� KHW� HOHNWULVFK� HQ
PDJQHWLVFK� YHOG� YDVW� WH� VWHOOHQ� RS� GH� SODDWV� YDQ� KHW� REMHFW� LV� GLW� SUREOHHP� WH
YHUPLMGHQ�� 'RRU� GH� QRUPHUHQGH� LQVWDQWLHV� ]LMQ� YRRU� GH]H� JURRWKHGHQ
JH]RQGKHLGVNXQGLJH� DGYLHVZDDUGHQ� YRRUJHVWHOG� GLH� DOOH� ]LMQ� DIJHOHLG� YDQ� GH
EDVLVEHSHUNLQJHQ� YRRU� GH� 6$7� HQ� JHEDVHHUG� ]LMQ� RS�PRGHOEHUHNHQLQJHQ�� 'RRU
YHUVFKLOOHQ� WXVVHQ� GH� JHEUXLNWH� PRGHOOHQ� ]LMQ� HU� NOHLQH� YHUVFKLOOHQ� PHW� GH
EDVLVEHSHUNLQJHQ� ]RDOV� ZHHUJHJHYHQ� LQ� 7DEHO� ��� 'H� JH]RQGKHLGVNXQGLJH
DGYLHVZDDUGHQ� YRRU� GH� PD[LPDOH� HOHNWULVFKH� YHOGVWHUNWH� ]LMQ� LQ� 7DEHO� �
ZHHUJHJHYHQ�� 0HW� LQGLUHFWH� HIIHFWHQ� ZRUGHQ� LQ� GH]H� WDEHO� FRQWDFWVWURPHQ
EHGRHOG�
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7DEHO���9RRUJHVWHOGH�PD[LPDOH�VWHUNWHV�YRRU�KHW�HOHNWULVFKH�YHOG�>*5��@�
IUHTXHQWLHJHELHG HOHNWULVFKH�YHOGVWHUNWH�(��9�P�

EHURHSVEHYRONLQJ DOJHPHQH
EHYRONLQJ

JHHQ�LQGLUHFWH
HIIHFWHQ

LQGLUHFWH�HIIHFWHQ
PRJHOLMN

����+]��������N+] �����I ����I ����I �I�LQ�N+]�
�����N+]��������N+] ��� ����I ����I �I�LQ�N+]�
�����N+]��������N+] ��� ��� ����I �I�LQ�N+]�
�����N+]�����0+] ��� ��� ��
� 0+]������0+] ����I ����I��� ���I��� �I�LQ�0+]�
���0+]�������0+] �� �� ��
����0+]�����*+] ���[I���� ���[I���� ��[I���� �I�LQ�*+]�
� *+]������*+] ��� ��� ��
���*+]�������*+] ��� ��� ��[I�����
� �I�LQ�*+]�


��)RXW�LQ�>*5��@��KLHU�JHFRUULJHHUG�LQ�RYHUOHJ�PHW�'U�(��YDQ�5RQJHQ�YDQ�GH�*H]RQGKHLGVUDDG�

'H�JH]RQGKHLGVNXQGLJH�DGYLHVZDDUGHQ�YRRU�KHW�PDJQHWLVFK�YHOG�]LMQ�RSJHVSOLWVW
LQ�ZDDUGHQ�YRRU�GH�PDJQHWLVFKH�YHOGVWHUNWH�HQ�GH�PDJQHWLVFKH�IOX[GLFKWKHLG�HQ
]LMQ�ZHHUJHJHYHQ�LQ�7DEHO���
7DEHO����9RRUJHVWHOGH�PD[LPDOH�PDJQHWLVFKH�IOX[GLFKWKHLG�HQ�PDJQHWLVFKH
YHOGVWHUNWH�>*5��@�
IUHTXHQWLH�JHELHG PDJQHWLVFKH

IOX[GLFKWKHLG�%��m7�
PDJQHWLVFKH� YHOGVWHUNWH�+
�$�P�

EHURHSV�
EHYRONLQJ

DOJHPHQH
EHYRONLQJ

EHURHSV�
EHYRONLQJ

DOJHPHQH
EHYRONLQJ

����+]�������N+] ���I ��I ���I ��I �I�LQ�N+]�
����N+]������N+] �� � �� �
���N+]�������N+] ����I � ����I � �I�LQ�0+]�
����N+]������0+] ����I �����I ����I �����I �I�LQ�0+]�
���0+]�������0+] ��� ���� ���� ����
����0+]�����*+] ����[I���� ����[I���� ����[I���� ����[I���� �I�LQ�*+]�
� *+]������*+] ���� ���� ���� ����
���*+]�������*+] ���� ����[I�����
� ���� ����[I�����
� �I�LQ�*+]�


��)RXW�LQ�>*5��@��KLHU�JHFRUULJHHUG�LQ�RYHUOHJ�PHW�'U�(��YDQ�5RQJHQ�YDQ�GH�*H]RQGKHLGVUDDG�

'H�JHJHYHQ�ZDDUGHQ�PRHWHQ�YROJHQV�GH�*H]RQGKHLGVUDDG�QLHW�JH]LHQ�ZRUGHQ�DOV
HHQ� VFKHLGLQJ� WXVVHQ� µJHYDDUOLMN¶� HQ� µRQJHYDDUOLMN¶�� PDDU� DOV� QLYHDX¶V� ZDDUYDQ
KHW�RYHUVFKULMGHQ�DDQGDFKW�HQ�PDDWUHJHOHQ�YHUHLVW�>*5��@�
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7HOHFRPPXQLFDWLH� LQ� GH� YRUP� YDQ� PRELHOH� WHOHIRQLH� LV� HHQ� VWHUN� RSNRPHQGH
WHFKQRORJLH�GLH�JHEUXLN�PDDNW�YDQ�HHQ�NOHLQ�GHHO�YDQ�KHW�UDGLRIUHTXHQWH�JHELHG
YDQ� KHW� HOHNWURPDJQHWLVFK� VSHFWUXP� RP� KHW� FRQWDFW� WXVVHQ� EDVLVVWDWLRQ� HQ
WHOHIRRQ� WH� RQGHUKRXGHQ�� KHW� JHELHG� YDQ� ��� WRW� ����� 0+]� >*0��@�� ,Q� GLW
KRRIGVWXN�ZRUGW�LQJHJDDQ�RS�GH�WHFKQRORJLH�DFKWHU�PRELHOH�WHOHIRQLH�YRRU�]RYHU
GLH�YDQ�EHODQJ�LV�YRRU�HYHQWXHOH�JH]RQGKHLGVHIIHFWHQ�
���� 0RELHOH�WHOHIRRQV

+HW� LV� EHODQJULMN� RQGHUVFKHLG� WH� PDNHQ� WXVVHQ� GH� YHUVFKLOOHQGH� V\VWHPHQ� YDQ
PRELHOH� WHOHIRQLH�� 'H� YHUVFKLOOHQGH� WHOHIRRQV\VWHPHQ� PDNHQ� JHEUXLN� YDQ
YHUVFKLOOHQGH�IUHTXHQWLHV�HQ�KHW�]HQGYHUPRJHQ�YDQ�GH� WRHVWHOOHQ�YHUVFKLOW� VWHUN�
'H�YROJHQGH�YRUPHQ�NXQQHQ�ZH�RQGHUVFKHLGHQ�
���GUDDGOR]H�WHOHIRRQV��QLHW�FHOOXODLU�
'UDDGOR]H� WHOHIRRQV� PDNHQ� JHEUXLN� YDQ� HHQ� EDVLVVWDWLRQ� LQ� KXLV� GDW� GLUHFW
YHUERQGHQ� LV� PHW� KHW� WHOHIRRQQHW�� +HW� EHUHLN� YDQ� GH]H� WHOHIRRQV� LV� FLUFD� ���
PHWHU�HQ�KXQ�XLWJDQJVYHUPRJHQ�EHSHUNW�]LFK�WRW����P:�>*5��@��'DDUQDDVW�]LMQ
HU� GH� ]RJHQDDPGH� µ*UHHQKRSSHUV¶� �YRRUKHHQ�.HUPLWV��� GLH� JHEUXLN�PDNHQ� YDQ
HHQ� GLFKWELM]LMQG� �ELQQHQ� ���� P�� RSHQEDDU� EDVLVVWDWLRQ� �µ*UHHQSRLQW¶�� RS� KHW
]RJHKHWHQ� &7���QHW� �&RUGOHVV� 7HOHSKRQH�� GLJLWDDO�� ����� 0+]��� 2RN� YDQ� GH]H
WHOHIRRQV�LV�KHW�YHUPRJHQ����P:��0HW�GH]H�WHOHIRRQV�NXQQHQ�GH�JHEUXLNHUV�]HOI
JHHQ�EHULFKWHQ�RQWYDQJHQ��+HW�JHEUXLN�HUYDQ�QHHPW�VWHUN�DI�GRRU�GH�RSNRPVW�YDQ
]DNWHOHIRRQV�YRRU�ODQGHOLMN�JHEUXLN��377�7HOHFRP�LV�PHW�GH]H�GLHQVW�JHVWRSW�SHU
� MDQXDUL� ������ 'H]H� GUDDGOR]H� WHOHIRRQV� YDOOHQ� YDQZHJH� KXQ� ODJH� YHUPRJHQV
EXLWHQ�GH�EHVFKRXZLQJ�YDQ�GLW�UDSSRUW�
���]DNWHOHIRRQV��FHOOXODLU�
'H�]DNWHOHIRRQV�PDNHQ�JHEUXLN�YDQ�HHQ�QHWZHUN� �107��*60��'&6�������YDQ
]HQGPDVWHQ� �EDVLVVWDWLRQV�� GDW� YHUERQGHQ� LV� PHW� KHW� WHOHIRRQQHW�� +HW� LV� GXV
PRJHOLMN�RYHUDO�LQ�1HGHUODQG�WH�WHOHIRQHUHQ��PLWV�GH�DIVWDQG�WRW�HHQ�]HQGPDVW�QLHW
WH�JURRW� LV��+HW�SLHNYHUPRJHQ�YDQ� WRHVWHOOHQ�GLH�JHEUXLN�PDNHQ�YDQ�GH�GLJLWDOH
*60�WHFKQRORJLH�LV���:��HIIHFWLHI�YHUPRJHQ������:���DQDORJH�WRHVWHOOHQ�]HQGHQ
XLW�PHW�HHQ�FRQWLQX�YHUPRJHQ�YDQ���:��'H�JHEUXLNWH�IUHTXHQWLH�KDQJW�DI�YDQ�KHW
VRRUW�V\VWHHP��]LH�KLHUYRRU�7DEHO����'H�JHEUXLNHU�EHYLQGW�]LFK�LQ�DOOH�JHYDOOHQ�LQ
KHW� QDELMH� YHOG� YDQ� GH� DQWHQQH� YDQ� GH� WHOHIRRQ�� HQ� LQ� KHW� YHUUH� YHOG� YDQ� GH
DQWHQQH�YDQ�KHW�EDVLVVWDWLRQ�
���DXWRWHOHIRRQV�SRUWDEOH�VHWV��FHOOXODLU�
$XWRWHOHIRRQV� HQ� SRUWDEOH� VHWV� PDNHQ� JHEUXLN� YDQ� HHQ� QHWZHUN� PHW� GH]HOIGH
WHFKQRORJLH� DOV� GLH� YDQ� ]DNWHOHIRRQV�� (FKWHU�� ELM� GH]H� WRHSDVVLQJ� LV� GH� DQWHQQH
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QLHW�RS�GH� WHOHIRRQ�JHSODDWVW��PDDU�RS�HHQ�DSDUWH�]HQGHU�HQ�RQWYDQJHU��GLH�GRRU
PLGGHO�YDQ�HHQ�VQRHU�PHW�GH�WHOHIRRQ�YHUERQGHQ�LV��'H�JHEUXLNHU�EHYLQGW�]LFK�ELM
JHEUXLN�GRRUJDDQV�LQ�KHW�YHUUH�YHOG�YDQ�GH�DQWHQQH��'LW�LV�HHQ�HVVHQWLHHO�YHUVFKLO
WHQ� RS]LFKWH� YDQ� GH� ]DNWHOHIRRQV�� 2RN� LV� KHW� YHUPRJHQ� GDW� GH]H� DQWHQQHV
XLW]HQGHQ�KRJHU�GDQ�GDW�YDQ�]DNWHOHIRRQV����:�ELM�JHEUXLN�YDQ�KHW�107�QHWZHUN
�$7)��� HQ� �� :� ELM� JHEUXLN� YDQ� KHW� *60�QHWZHUN� >*5��@�� 'H]H� QHWZHUNHQ
ZRUGHQ�LQ�GH�YROJHQGH�SDUDJUDDI�EHVSURNHQ�
���� &HOOXODLUH�WHFKQRORJLH

%LM�FHOOXODLUH� WHFKQRORJLH�ZRUGW�HHQ�JHRJUDILVFK�JHELHG�RSJHGHHOG� LQ�HHQ�DDQWDO
]RQHV�RI�FHOOHQ��ZDDUELM�HONH�FHO�LV�XLWJHUXVW�PHW�HHQ�EDVLVVWDWLRQ��%6���HHQ�5)�
RQWYDQJHU� HQ� �]HQGHU�� 'LW� ZRUGW� RRN� ZHO� KHW� PRELHOH� QHWZHUN� JHQRHPG�� 'H
GLFKWKHLG�YDQ�KHW�QHWZHUN�LV�DIKDQNHOLMN�YDQ�KHW�YHUPRJHQ�YDQ�GH�]HQGHUV��]RZHO
WHOHIRRQ� DOV� EDVLVVWDWLRQ��� 0HHU� FHOOHQ� HQ�RI� PLQGHU� ]HQGYHUPRJHQ� EHWHNHQW
NOHLQHUH� FHOOHQ�� 'H� EDVLVVWDWLRQV� ]LMQ� DOOHQ� YHUERQGHQ� PHW� HHQ� FHQWUDDO� VWDWLRQ
�06&� �PRELOH� VZLWFKLQJ� FHQWUH��� GDW� YHUELQGLQJ� KHHIW� PHW� KHW� µQRUPDOH¶
WHOHIRRQQHW�
:DQQHHU�HHQ�WHOHIRRQJHVSUHN�SODDWVYLQGW�PHW�HHQ�PRELHOH�WHOHIRRQ��ZRUGW�YDQXLW
GH� DQWHQQH�YDQ�GH� WHOHIRRQ� HHQ� VLJQDDO�PHW� HHQ� EHSDDOGH� IUHTXHQWLH� YHU]RQGHQ
QDDU�KHW�EDVLVVWDWLRQ��'LW�VLJQDDO�ZRUGW�RSJHYDQJHQ�GRRU�KHW�EDVLVVWDWLRQ�GDW�RS
GDW� PRPHQW� HHQ� 5)�NDQDDO� EHVFKLNEDDU� VWHOW�� +HW� WHOHIRRQJHVSUHN� YLQGW� GDQ
SODDWV� GRRU� KHW� JHOLMNWLMGLJ� ]HQGHQ� HQ� RQWYDQJHQ� YDQ� VLJQDOHQ�� GLH� GH
JHVSUHNVLQIRUPDWLH� EHYDWWHQ��:DQQHHU� JHHQ� JHVSUHN� SODDWVYLQGW�� RQGHUKRXGW� GH
WHOHIRRQ� FRQWDFW� PHW� KHW� EDVLVVWDWLRQ� LQ� GH� GLFKWVWELM]LMQGH� FHO� YRRU
DIVWHPPLQJVGRHOHLQGHQ��µVWDQG�E\¶�VWDQG��
(HQ� WRHQDPH� YDQ� KHW� DDQWDO� FHOOHQ� LQ� KHW� QHWZHUN� PDDNW� KHW� PRJHOLMN� KHW
YHUPRJHQ� SHU� ]HQGPDVW� WH� EHSHUNHQ�� ZDDUGRRU� KHW� DDQWDO� JHEUXLNHUV� �YDQ
GH]HOIGH�IUHTXHQWLH��NDQ�WRHQHPHQ��+HW�EHUHLN�YDQ�GH�]HQGPDVWHQ�OLJW�YRRU�*60
LQ�GH�RUGH�YDQ�HQNHOH�WLHQWDOOHQ�NLORPHWHUV��0HW�QDPH�LQ�GLFKWEHYRONWH�JHELHGHQ
LV�KHW�JHELHG�GDW�GH�EDVLVVWDWLRQV�EHVWULMNHQ�YDDN�NOHLQHU�RI�KHW�DDQWDO�]HQGHUV�SHU
VWDWLRQ� JURWHU� GDQ� ppQ� �PD[LPDDO� YLHU��� RP� YROGRHQGH� JHVSUHNNHQ� WH� NXQQHQ
RQGHUVWHXQHQ�� +HW� PD[LPXP� DDQWDO� JHVSUHNNHQ� GDW� LQ� ppQ� FHO� JHOLMNWLMGLJ� NDQ
ZRUGHQ� YHUZHUNW� EHGUDDJW� �ELM� �� ]HQGHUV�� LV� JHOLMN� DDQ� ��� � � �DDQWDO
]HQGHUV�[������ � � DDQWDO� WLMGVORWHQ� EHQRGLJG� YRRU� DIVWHPPLQJVGRHOHLQGHQ���� 'LW
YHUHLVW� RSWLPDOLVDWLH� YDQ� GH� SRVLWLRQHULQJ� HQ� KHW� YHUPRJHQ� YDQ� GHUJHOLMNH
]HQGPDVWHQ��]RGDQLJ�GDW�JHHQ�YHUVWRULQJ�YDQ�KHW�VLJQDDO�SODDWVYLQGW�GRRU�DQGHUH
JHEUXLNHUV� GLH� GH]HOIGH� IUHTXHQWLH� JHEUXLNHQ� YLD� HHQ� DQGHU� EDVLVVWDWLRQ�� 'H
JHEUXLNWH� WHFKQRORJLH�PDDNW� KHW�PRJHOLMN� KHW� WRHVWHO�PHW� HHQ� ]R� ODDJ�PRJHOLMN
YHUPRJHQ� WH� ODWHQ� IXQFWLRQHUHQ� RP� LQWHUIHUHQWLH� WH� YRRUNRPHQ�� +RH� YHUGHU� GH
WHOHIRRQ�YDQ�HHQ�EDVLVVWDWLRQ�YHUZLMGHUG�LV��GHV�WH�JURWHU�LV�KHW�]HQGYHUPRJHQ�RP
KHW�FRQWDFW�PHW�KHW�EDVLVVWDWLRQ�WH�RQGHUKRXGHQ��'H�YHUPRJHQVUHGXFWLH�LV�GXV�HHQ
IXQFWLH�YDQ�GH�DIVWDQG�WRW�KHW�EDVLVVWDWLRQ�
%LQQHQ�1HGHUODQG� NDQ� JHEUXLN�ZRUGHQ� JHPDDNW� YDQ� ]RZHO� GLJLWDOH� DOV� DQDORJH
QHWZHUNHQ��7DEHO�����+HW�DQDORJH�QHWZHUN�ZRUGW�HFKWHU�VWHHGV�PLQGHU�JHEUXLNW�
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+HW� PHHVW� JHEUXLNWH� QHWZHUN� LV� KHW� GLJLWDOH� *60�QHWZHUN�� 0RPHQWHHO� LV� PHQ
EH]LJ�PHW�GH�XLWEUHLGLQJ�YDQ�HHQ�QLHXZ�QHWZHUN��KHW�'&6������QHWZHUN��6LQGV��
QRYHPEHU� ����� LV� KHW� PRJHOLMN� WHOHIRRQJHVSUHNNHQ� YLD� GLW� QHWZHUN� WH� YRHUHQ
>7H��@��+HW�'&6������QHWZHUN�KHHIW�HHQ�JURWHUH�GLFKWKHLG�GDQ�KHW�*60�QHWZHUN
HQ�NDQ�SHU�]HQGHU�RRN�PHHU�JHVSUHNNHQ�RQGHUKRXGHQ�
7DEHO����%HODQJULMNVWH�PRELHOH�QHWZHUNHQ�LQ�1HGHUODQG�>*5����$0��@�
QHWZHUN IUHTXHQWLH GLJLWDDO�DQDORRJ JHEUXLN
$7)� $XWRWHOHIRRQ ����0+] DQDORRJ DXWRWHOHIRRQ
107
�$7)��

1RUGLF�0RELOH�7HOHSKRQH ����0+] DQDORRJ DXWRWHOHIRRQ�
]DNWHOHIRRQ

*60 *OREDO�6\VWHP�IRU�0RELOH
&RPPXQLFDWLRQV

����0+] GLJLWDDO ]DNWHOHIRRQ�
DXWRWHOHIRRQ

'&6����� 'LJLWDO�&RPPXQLFDWLRQV
6\VWHP

�����0+] GLJLWDDO ]DNWHOHIRRQ

��� &RPPXQLFDWLH�WXVVHQ�PRELHOH�WHOHIRRQ�HQ�EDVLVVWDWLRQ

2P� LQ� HHQ� FHO� PHHUGHUH� JHEUXLNHUV� WHJHOLMNHUWLMG� WH� NXQQHQ� ODWHQ� WHOHIRQHUHQ�
PRHWHQ� GH� LQGLYLGXHOH� JHVSUHNVVLJQDOHQ� RQGHUVFKHLGEDDU� ]LMQ�� (U� ]LMQ� WZHH
PDQLHUHQ�RP�GLW�PRJHOLMN�WH�PDNHQ�
���IUHTXHQWLH�PXOWLSOH[LQJ��)'0$� �)UHTXHQF\�'LYLVLRQ�0XOWLSOH�$FFHVV�
)UHTXHQWLH�PXOWLSOH[LQJ� ZRUGW� YRRUQDPHOLMN� JHEUXLNW� GRRU� DQDORJH� V\VWHPHQ
�107��� +HW� EDVLVSULQFLSH� LV� GDW� YHUVFKLOOHQGH� JHEUXLNHUV� HHQ� HLJHQ� XQLHNH
GUDDJJROIIUHTXHQWLH� NULMJHQ� WRHJHZH]HQ� YRRU� GH� GXXU� YDQ� KHW� JHVSUHN�� 'H]H
GUDDJJROI� EHYDW� GH� JHVSUHNVLQIRUPDWLH� �]RZHO� $0� DOV� )0�� HQ� LV� YHUVFKLOOHQG
YRRU� LHGHUH� JHEUXLNHU� ELQQHQ� HHQ� FHO�� +HW� YHUPRJHQ� GDW� ZRUGW� XLWJH]RQGHQ� LV
FRQWLQX�>$Q��@�
���WLMG�PXOWLSOH[LQJ��7'0$� �7LPH�'LYLVLRQ�0XOWLSOH�$FFHVV�
7LMG�PXOWLSOH[LQJ�ZRUGW�YRRU�GLJLWDOH�FRPPXQLFDWLH�JHEUXLNW��*60��'&6�������
7LMG�PXOWLSOH[LQJ� NHQPHUNW� ]LFK� GRRU� KHW� JHGXUHQGH� HHQ� GHHO� YDQ� HHQ� SHULRGH
]HQGHQ� YDQ� HHQ� VLJQDDO� �HHQ� SXOV��� PDDU� LV� ZH]HQOLMN� YHUVFKLOOHQG� YDQ
SXOVEUHHGWHPRGXODWLH� RI� SXOVKRRJWHPRGXODWLH�� +HW� SULQFLSH� LV� GDW� PHHUGHUH
JHEUXLNHUV�GH]HOIGH�GUDDJJROIIUHTXHQWLH�GHOHQ��PDDU�RS�YHUVFKLOOHQGH�WLMGVWLSSHQ
GRRU� PLGGHO� YDQ� FRPSUHVVLH� YDQ� JHVSUHNVLQIRUPDWLH�� +LHUGRRU� QHHPW� GH
FDSDFLWHLW�YDQ�KHW�QHWZHUN�WRH�
(ONH� JHEUXLNHU� NULMJW� HHQ� EHSDDOG� WLMGVORW� WRHJHZH]HQ� GDW� RQGHUGHHO� LV� YDQ� HHQ
]RJHQDDPG� IUDPH� �]LH� ILJXXU� ����(HQ� IUDPH� EHYDW� �� WLMGVORWHQ��ZDDUELM� GH� GXXU
YDQ�HHQ�IUDPH�JHOLMN�LV�DDQ�������PV�HQ�HON�WLMGVORW�HHQ�OHQJWH�KHHIW�YDQ��������� 
������ ��������PV� �GXW\�F\FOH� �������'H�IUHTXHQWLH�YDQ�KHW� IUDPH��DDQWDO�NHHU
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GDW�KHW�IUDPH�LQ���VHFRQGH�YRRUNRPW��LV�GXV���������PV� �����+]��'H�JHEUXLNHU
NULMJW� GH� IUHTXHQWLH� YRRU� ]LFK]HOI� YRRU� GH� GXXU� YDQ� KHW� DDQJHZH]HQ� WLMGVORW�
ZDDUQD�GH�RYHULJH���WLMGVORWHQ�GRRU�DQGHUHQ�JHEUXLNW�NXQQHQ�ZRUGHQ��9HUYROJHQV
NDQ�PHW�KHW�MXLVWH�YHUPRJHQ�ZHHU�HHQ�VLJQDDO�JH]RQGHQ�ZRUGHQ�LQ�KHW�WLMGVORW�YDQ
HHQ� YROJHQG� IUDPH�� 'H� WXVVHQOLJJHQGH� WLMG� ZRUGW� QRJ� ZHO� JHEUXLNW� YRRU
RQWYDQJVW��PDDU� HU� ]LMQ�GDQ�JHHQ� VWHUNH� YHOGHQ� URQG�GH� DQWHQQH��+HW� YHUPRJHQ
KHHIW� GXV� HHQ� SHULRGLFLWHLW� YDQ� ����+]� PHW� HHQ� SLHNZDDUGH� YDQ� ��:�� ZDW
JHPLGGHOG�QHHUNRPW�RS������:�

)LJXXU����7UDQVPLVVLH�DOV�IXQFWLH�YDQ�GH�WLMG�YRRU�HHQ�*60�HQ�HHQ�'&6�����
WRHVWHO��,Q�GLW�YRRUEHHOG�JHEUXLNW�GH�WHOHIRRQ�WLMGVORW���LQ�HON�IUDPH�RP�WH�]HQGHQ
>$Q��@�
:DQQHHU� KHW� YHUPRJHQVVSHFWUXP� ZRUGW� RSJHQRPHQ�� ]LMQ� YHHOYRXGHQ� YDQ
IUHTXHQWLHV� ZDDUQHHPEDDU�� QDPHOLMN� GH� KDUPRQLVFKH� YDQ� ����+]�� YDQ� ��+]� HQ
YDQ���+]�>$Q��@�
'H�SHULRGLFLWHLW�YDQ���+]�LV�DOV�YROJW�WH�YHUNODUHQ��KHW�IUDPH�GDW�RSJHERXZG�LV�XLW
� WLMGVORWHQ�LV�RS�]LFK]HOI� WHYHQV�RQGHUGHHO�YDQ�HHQ�]RJHQDDPG�PXOWLIUDPH��+HW
PXOWLIUDPH� EHVWDDW� XLW� ��� IUDPHV� GDW� LQ� WRWDDO� GXV� HHQ� OHQJWH� KHHIW� YDQ
���[�������PV� �����PV�� ,Q� ��VHFRQGH�NRPHQ�GXV�RQJHYHHU� ��PXOWLIUDPHV� YRRU�
(HQ� HLJHQVFKDS� YDQ� KHW� QHWZHUN� LV� GDW� LQ� HON� PXOWLIUDPH� �� IUDPH� RQWEUHHNW�
KHWJHHQ�UHVXOWHHUW�LQ�HHQ�SHULRGLFLWHLW�YDQ���+]�HQ�HHQ�UHGXFWLH�YDQ�KHW�HIIHFWLHYH
YHUPRJHQ�PHW�HHQ�IDFWRU��������+HW�HIIHFWLHYH�YHUPRJHQ�NRPW�GDQ�XLW�RS������:�
:DQQHHU�GH�'7;�PRGH��*60�SRZHU�VDYLQJ�PRGH�� LV� LQJHVFKDNHOG�� LV�GH���+]
SHULRGLFLWHLW� WHUXJ� WH� YLQGHQ� LQ� KHW� YHUPRJHQVVSHFWUXP�� (ON� YLHUGH� PXOWLIUDPH
�GXV�RQJHYHHU���PDDO� LQ��� VHFRQGH��RQGHUKRXGW� GH�'7;�PRGH� FRQWDFW�PHW� KHW
EDVLVVWDWLRQ�YRRU�DIVWHPPLQJVGRHOHLQGHQ�GRRU�KHW�DFKWHUHHQYROJHQV�]HQGHQ�YDQ��
VLJQDOHQ��+LHUGRRU� µZHHW¶� KHW� V\VWHHP� DOWLMG� ZDDU� HHQ� WRHVWHO� ]LFK� EHYLQGW�� 'H
'7;�PRGH�]RUJW�HU�GDQ�YRRU�GDW�KHW� WRHVWHO�RS�HHQ�]R� ODDJ�PRJHOLMN�YHUPRJHQ
IXQFWLRQHHUW�>$Q��@�

� IUDPH
� WLMGVORW

]HQGHQ

]HQGHQ

WLMG

�����

�����

�����

����� WLMGVORW��Q��

WLMGVORW��Q��
WLMGVORW��Q��

WLMGVORW��Q��
WLMGVORW��Q��
WLMGVORW��Q��
WLMGVORW��Q��
WLMGVORW��Q��
WLMGVORW��Q��
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��� %ORRWVWHOOLQJ�YDQ�DOJHPHQH�EHYRONLQJ

0HW�GH�WRHQDPH�YDQ�KHW�DDQWDO�PRELHOH�WHOHIRRQV�LV�RRN�KHW�DDQWDO�]HQGPDVWHQ�RI
DQWHQQHV� WRHJHQRPHQ�� 'LW� KRXGW� LQ� GDW� GH� EORRWVWHOOLQJ� YDQ� GH� DOJHPHQH
EHYRONLQJ�DDQ�GH]H�YRUP�YDQ�VWUDOLQJ�JHJURHLG�LV��'H�VRRUW�EORRWVWHOOLQJ�LV�DQGHUV
GDQ�ELM�JHEUXLNHUV�YDQ�]DNWHOHIRRQV��GH�EORRWVWHOOLQJ� LV� FRQWLQX�YRRU�KHW�JHKHOH
OLFKDDP�HQ�YRRU�QLHW�JHEUXLNHUV�YDQ�GH�WHOHIRRQV�RQYULMZLOOLJ�
7ZHH�VRRUWHQ�DQWHQQHV�ZRUGHQ�RQGHUVFKHLGHQ�
� PRQRSRRODQWHQQHV�
'H]H� ZRUGHQ� JHEUXLNW� YRRU� GH� FRPPXQLFDWLH� PHW� GH� PRELHOH� WHOHIRRQ� HQ� KHW
YHUPRJHQ�ZRUGW�LQ�DOOH�ULFKWLQJHQ�XLWJH]RQGHQ��'H�WUDQVPLVVLH�YDQ�HHQ�DQWHQQH�LV
]RDOV� KLHUERYHQ� JHQRHPG� DIKDQNHOLMN� YDQ� KHW� DDQWDO� JHEUXLNHUV� HQ� KHW� DDQWDO
WHOHIRRQJHVSUHNNHQ�LQ�HHQ�FHO�HQ�LV�GXV�QLHW�FRQVWDQW�
� VFKRWHODQWHQQHV��VWUDDO]HQGHUV��RI�VHFWRUDQWHQQHV�
9DDN�ZRUGHQ�GH]H�JHEUXLNW�RP�FRQWDFW�WH�RQGHUKRXGHQ�PHW�DQGHUH�EDVLVVWDWLRQV�
'H]H�DQWHQQHV�]LMQ�JHULFKW��KHW�YHUPRJHQ�ZRUGW�LQ�HHQ�OLFKW�JHNDQWHOG�KRUL]RQWDDO
YODN� XLWJH]RQGHQ�� PDDU� QLHW� LQ� DOOH� ULFKWLQJHQ�� ,Q� GH� SUDNWLMN� EHVODDQ� GH
VHFWRUDQWHQQHV�YRRU�*60�YDDN�HHQGHUGH�YDQ�HHQ�FLUNHO� HQ� EHYDW� HHQ� ]HQGPDVW
GXV�GULH�VHFWRUDQWHQQHV��GLH�WH]DPHQ�HHQ�YROOHGLJH�FLUNHO�EHVWULMNHQ�
'H� *60�]HQGPDVWHQ� ]LMQ� RS� HHQ� KRRJWH� YDQ� RQJHYHHU� ��� PHWHU� JHSODDWVW� RS
GDNHQ� YDQ� JHERXZHQ� RI� LQ� LHGHU� JHYDO� JRHG� DIJHVFKHUPG�� ]RGDQLJ� GDW� QLHW
EHYRHJG�SHUVRQHHO�JHHQ� WRHJDQJ�KHHIW� WRW� GH� GLUHFWH� RPJHYLQJ�YDQ�GH� DQWHQQH�
2S�JURQGQLYHDX�]LMQ�GH�YHUPRJHQVGLFKWKHGHQ�]HHU�ODDJ��PLQGHU�GDQ�������:�P��
>3:��@��HQ�ZRUGHQ�GH�DGYLHVZDDUGHQ��7DEHO����QLHW�RYHUVFKUHGHQ�>*0��@�
'H� EHOHYLQJ� YDQ� GH� EORRWVWHOOLQJ� DDQ� UDGLRIUHTXHQWH� VWUDOLQJ� YDQ� PRELHOH
WHOHIRRQV�HQ�GH�EDVLVVWDWLRQV�NDQ�YHUVFKLOOHQ�YDQ�GLH�DDQ�UDGLRIUHTXHQWH�VWUDOLQJ
LQ�KHW�DOJHPHHQ��(HQ�DDQWDO�IDFWRUHQ�VSHHOW�LQ�GH]H�EHOHYLQJ�HHQ�URO��]LH�KLHUYRRU
RRN�SDUDJUDDI�������'H�PDWH�YDQ�YULMZLOOLJKHLG�ELM�GH�EORRWVWHOOLQJ�DDQ�GH�VWUDOLQJ
YDQ�KHW�EDVLVVWDWLRQ��GH�PDWH�YDQ�UHFKWYDDUGLJLQJ�YDQ�GH�EORRWVWHOOLQJ��HHQ�JURRW
DDQWDO�PHQVHQ��]RZHO�QLHW�JHEUXLNHUV�DOV�JHEUXLNHUV��EORRWJHVWHOG�DDQ�VWUDOLQJ�YDQ
KHW�EDVLVVWDWLRQ�WHQ�EHKRHYH�YDQ�JHEUXLNHUV�DOOHHQ���KHW�JHEUHN�DDQ�FRQWUROH�RYHU
GH VLWXDWLH� HQ� RQEHNHQGKHLG� PHW� KHW� VRRUW� VWUDOLQJ� ]LMQ� IDFWRUHQ� GLH� LQYORHG
KHEEHQ�RS�GH�SHUFHSWLH�YDQ�KHW�ULVLFR�

��� %ORRWVWHOOLQJ�YDQ�JHEUXLNHUV�YDQ�]DNWHOHIRRQV

'H�EURQ�YDQ� RQUXVW� URQG� KHW� JHEUXLN� YDQ� GH� ]DNWHOHIRRQ� ]HOI� LV� KHW� IHLW� GDW� GH
DQWHQQH�]LFK�ELM�JHEUXLN�GLFKWELM���� FP��KHW�KRRIG�EHYLQGW��'H�EORRWVWHOOLQJ�DDQ
UDGLRIUHTXHQWH�VWUDOLQJ�LV�GXV�VWHUN�DQGHUV�YDQ�NDUDNWHU��ELM�DQGHUH� WRHSDVVLQJHQ
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YDQ�UDGLRIUHTXHQWH�VWUDOLQJ�ZRUGW�KHW�JHKHOH� OLFKDDP�KRPRJHHQ�EORRWJHVWHOG�RS
JURWHUH� DIVWDQG� YDQ� EURQQHQ�� LQ� KHW� JHYDO� YDQ� HHQ� PRELHOH� WHOHIRRQ� LV� GH
EORRWVWHOOLQJ� ORNDDO� HQ� YDDN� KRJHU�� %RYHQGLHQ� LV� GH� EORRWVWHOOLQJ� RYHU� KHW
DOJHPHHQ� HHQ]LMGLJ�� GH� WHOHIRRQ� ZRUGW� GRRUJDDQV� DDQ� ppQ� NDQW� YDQ� KHW� KRRIG
JHEUXLNW�>)X��@�
9RRU� JHEUXLNHUV� YDQ� PRELHOH� WHOHIRRQV� JHOGHQ� GH� EDVLVEHSHUNLQJHQ� YRRU
EORRWVWHOOLQJ�YDQ�GHOHQ�YDQ�KHW�OLFKDDP��2PGDW�KHW�KRRIG�]LFK�LQ�KHW�QDELMH�YHOG
�JROIOHQJWH�JHEUXLNWH�VWUDOLQJ�����FP�ELM�����0+]������FP�ELM������0+]��YDQ
GH� DQWHQQH� EHYLQGW�� PRHW� GLUHFW� DDQ� GH� 6$7�ZDDUGHQ� ZRUGHQ� JHUHIHUHHUG�� 'H
DIJHOHLGH� JH]RQGKHLGVNXQGLJH� DGYLHVZDDUGHQ� YRRU� KHW� HOHNWULVFKH� HQ
PDJQHWLVFKH� YHOG� GLH� KLHUYDQ� DIJHOHLG� ]LMQ�� JHOGHQ� RQGHU� YHUUH�
YHOGRPVWDQGLJKHGHQ�HQ�]LMQ�GDDURP�QLHW�WRHSDVEDDU�
9HUVFKLOOHQGH�IDFWRUHQ�EHwQYORHGHQ�GH�XLWHLQGHOLMNH�HQHUJLH�RSQDPH�LQ�KHW�KRRIG
>5R��@�� GH� IUHTXHQWLH� HQ� GH� LQWHQVLWHLW� �YHUPRJHQVGLFKWKHLG�� YDQ� GH
HOHNWURPDJQHWLVFKH� VWUDOLQJ� GLH� ZRUGW� JHEUXLNW� YRRU� GH� FRPPXQLFDWLH�� GH
HOHNWURPDJQHWLVFKH� HLJHQVFKDSSHQ�YDQ�KHW�ZHHIVHO� �KRRIG]DNHOLMN� EHSDDOG� GRRU
GH� KRHYHHOKHLG� ZDWHU� LQ� KHW� ZHHIVHO��� GH� JHRPHWULH� HQ� GH� DIPHWLQJHQ� YDQ� KHW
ZHHIVHO� GDW� ZRUGW� EORRWJHVWHOG�� GH� RULsQWDWLH� LQ� GH� UXLPWH� LQ� UHODWLH� WRW� GH
SRODULVDWLH� YDQ� KHW� HOHNWURPDJQHWLVFKH� YHOG�� KHW� W\SH� DQWHQQH� HQ� GH� SRVLWLH� WHQ
RS]LFKWH�YDQ�KHW�KRRIG��GH�RPJHYLQJ�YDQ�GH�EORRWVWHOOLQJ�HQ�KHW�VLJQDDONDUDNWHU
�DPSOLWXGH���IUHTXHQWLH��RI�JHSXOVWH�PRGXODWLH��
,Q� GH� SUDNWLMN� KHHIW� GH� SRVLWLH� HQ� KRXGLQJ� YDQ� GH� WHOHIRRQ� HQ� GH� DQWHQQH� WHQ
RS]LFKWH� YDQ� KHW� KRRIG� HHQ� EHODQJULMNH� LQYORHG� RS� GH� HQHUJLH�RSQDPH� LQ� KHW
KRRIG��2RN�VSHHOW�GH�DDQZH]LJKHLG�YDQ�GH�KDQG�HQ�KHW�GUDJHQ�YDQ�HHQ��PHWDOHQ�
EULO�HHQ�URO�LQ�GH�XLWHLQGHOLMNH�6$7�YHUGHOLQJ�>.X��E@��'H�LQGULQJGLHSWH�YDQ�GH
VWUDOLQJ�LQ�KHW�OLFKDDP�ELM�GH�IUHTXHQWLHV�YRRU�PRELHOH�WHOHIRQLH�OLJW�WXVVHQ���HQ
���FP�>%6��@�
0HWLQJHQ� LQ� IDQWRPHQ� JHYHQ� 6$7�ZDDUGHQ� YDQ� PD[LPDDO� ����� :�NJ� LQ� GH
KHUVHQHQ� HQ� �����:�NJ� LQ� KHW� RRJ� >$Q��@�� $QGHUH� PHWLQJHQ� YRRU� ]HV
YHUVFKLOOHQGH�*60�WRHVWHOOHQ�LQ�IDQWRPHQ�NRPHQ�ELM� VWDQGDDUGEORRWVWHOOLQJ�QLHW
ERYHQ�GH�EDVLVEHSHUNLQJHQ�XLW��WHUZLMO�GLW�ZHO�JHEHXUW�YRRU�HHQ�HQNHO�'&6�����
WRHVWHO� LQ� GH� ZRUVW�FDVH� VLWXDWLH� PHW� XLWJHWURNNHQ� DQWHQQH� >.X��D@�� (HQ
YHUJHOLMNHQG� RQGHU]RHN� YRRU� ��� YHUVFKLOOHQGH� WRHVWHOOHQ�� DOOH� IXQFWLRQHUHQG� RS
HHQ� HIIHFWLHI� YHUPRJHQ� YDQ� ����� :�� WRRQGH� YDULDWLHV� YDQ� �����:�NJ� WRW
�����:�NJ� JHPLGGHOG� RYHU� ��� JUDP� ZHHIVHO�� 6$7�ZDDUGHQ� JHPLGGHOG� RYHU� �
JUDP�ZHHIVHO�YDULHHUGHQ�YDQ������:�NJ�WRW�����:�NJ�>01��@�
%HUHNHQLQJHQ�YRRU�V\VWHPHQ�LQ�GH�9HUHQLJGH�6WDWHQ�NRPHQ�XLW�RS�SLHNZDDUGHQ
YRRU�GH�6$7�YDQ������ WRW�����:�NJ�YRRU�GH�KDQG������� WRW������:�NJ�YRRU�KHW
KRRIG�HQ������ WRW������:�NJ�YRRU� GH� KHUVHQHQ�� DOOH�ZDDUGHQ�JHPLGGHOG�RYHU� �
JUDP�ZHHIVHO� �]LH� 7DEHO� ��� >5R��@�� (HQ� DQGHUH� SXEOLFDWLH� YHUPHOGW� EHUHNHQGH
PD[LPXP�ZDDUGHQ�YRRU�GH�6$7�YDQ�����:�NJ�ELM�����0+]��*60��HQ�����:�NJ
� 3RVLWLH�ZDDUELM�GH�WHOHIRRQ�ZRUGW�JHGUDDLG�WRWGDW�GH�DQWHQQH�KHW�IDQWRRP�UDDNW�
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ELM� ����� 0+]� �'&6������� JHPLGGHOG� RYHU� ��� JUDP� ZHHIVHO� ELM� HHQ� FRQWLQX
XLWJDQJVYHUPRJHQ�YDQ���:�>'L��@��+HW�PD[LPDOH�YHUPRJHQ�YDQ�*60�WHOHIRRQV
LV�HFKWHU���:�PHW��]RDOV�LQ�SDUDJUDDI�����EHVFKUHYHQ��JHGXUHQGH�����YDQ�GH�WLMG�
'H� ZDDUGHQ� YRRU� GH� 6$7� PRHWHQ� GXV� JHFRUULJHHUG� ZRUGHQ� PHW� HHQ� IDFWRU
�
���� � ������ZDDUGRRU� GH�ZDDUGH� YRRU� GH� 6$7�YRRU� GH�*60�� HQ�'&6������
WHFKQRORJLH� YROJHQV� 'LPE\ORZ� HW� DO�� XLWNRPW� RS� ����� :�NJ� UHVSHFWLHYHOLMN
�����:�NJ�
7DEHO����%HUHNHQGH�6$7�SLHNZDDUGHQ�YRRU�DQDORJH�HQ�GLJLWDOH�V\VWHPHQ�

6$7�JHP��RYHU���J�ZHHIVHO
�:�NJ�

6$7�JHP��RYHU����J�ZHHIVHO
�:�NJ�

5HIHUHQWLH

KDQG ������������96� >5R��@
KHUVHQHQ �������������96� >5R��@
KRRIG �������������96� >5R��@
KRRIG ������*60�

������'&6������
>'L��@

KRRIG �������������*60� >.X��D@

'H�EORRWVWHOOLQJ�YDQ�JHEUXLNHUV�DDQ�VWUDOLQJ�YDQ�]DNWHOHIRRQV�]DO� LQ�GH� ORRS�GHU
MDUHQ� RQGHUKHYLJ� ]LMQ� DDQ� HHQ� DDQWDO� RQWZLNNHOLQJHQ� GLH� GH� QHWWR� LQGLYLGXHOH
VWUDOLQJVEHODVWLQJ� ]XOOHQ� EHwQYORHGHQ�� 7HQ� HHUVWH� VWUHYHQ� GH� IDEULNDQWHQ� HU� GH
ODDWVWH� MDUHQ� QDDU� GH� WRHVWHOOHQ� VWHHGV� NOHLQHU� HQ� OLFKWHU� WH�PDNHQ��'LW� KHHIW� WRW
JHYROJ�GDW�KHW�YHUPRJHQ�YDQ�GH�WRHVWHOOHQ�DIQHHPW��9RRU�KHW�'&6������QHWZHUN
JHOGW�GDW�GH�YHUPRJHQV�YDQ� WRHVWHOOHQ� ODJHU� ]LMQ�RPGDW�KHW�QHWZHUN�HHQ�JURWHUH
GLFKWKHLG�KHHIW��$QGHU]LMGV�KHHIW�KHW�LQNRUWHQ�YDQ�GH�DQWHQQH�WRW�JHYROJ�GDW�HHQ
KRJHU� YHUPRJHQ� QRGLJ� LV� RP� KHW� WRHVWHO� WH� ODWHQ� IXQFWLRQHUHQ�� :DW� GH
EORRWVWHOOLQJVGXXU� EHWUHIW� LV� KHW� WH� YHUZDFKWHQ� GDW� GH� GXXU� YDQ� GH� JHVSUHNNHQ
PRJHOLMN� ]DO� WRHQHPHQ� GRRU� GDOHQGH� JHVSUHNVNRVWHQ�� =HNHU� LV� GDW� KHW� DDQWDO
JHEUXLNHUV�LQ�GH�WRHNRPVW�VWHUN�]DO�WRHQHPHQ�>7*��@�

���� %HOHYLQJ�YDQ�EORRWVWHOOLQJ�DDQ�5)�VWUDOLQJ

'H� SHUFHSWLH� YDQ� HHQ� ULVLFR� GRRU� GH� PHQV� LV� SHUVRRQOLMN� HQ� KHHIW� VRPV
OLFKDPHOLMNH�NODFKWHQ�WRW�JHYROJ��%HSDDOGH�NODFKWHQ�NXQQHQ�JHUHNHQG�ZRUGHQ�WRW
DVSHFLILHNH� NODFKWHQ�� RRN� ZHO� µPRHLOLMN� PHGLVFK� REMHFWLYHHUEDUH� NODFKWHQ¶
JHQRHPG�� +LHURQGHU� YDOOHQ� SV\FKRVRPDWLVFKH� NODFKWHQ�� GLW� ZLO� ]HJJHQ
OLFKDPHOLMNH� NODFKWHQ� ZDDUYDQ� GH� GLHSHUH� RRU]DDN� YDQ� SV\FKLVFKH� DDUG� LV�� HQ
OLFKDPHOLMNH� NODFKWHQ� GLH� WRW� GH� SV\FKRVRPDWLVFKH� NODFKWHQ� ZRUGHQ� JHUHNHQG�
PDDU�IHLWHOLMN�JHHQ�SV\FKLVFKH�RRU]DDN�KHEEHQ��,Q�KHW�YHUYROJ�YDQ�GLW�UDSSRUW�]DO
GH� WHUP� µDVSHFLILHNH� NODFKWHQ¶� ZRUGHQ� JHKDQGKDDIG�� 'H� YROJHQGH� DVSHFWHQ
KHEEHQ�LQYORHG�RS�GH�ULVLFRSHUFHSWLH�>:+��E@�
���0DWH�YDQ�YULMZLOOLJKHLG��0HQVHQ�GLH�GLFKW�ELM�HHQ�EDVLVVWDWLRQ�ZRQHQ�HUYDUHQ
GH�EORRWVWHOOLQJ�DDQ� VWUDOLQJ�YDQ�GH]H�DQWHQQHV�DOV� HHQ�KRRJ� ULVLFR�RPGDW� ]H� HU
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RQYULMZLOOLJ� DDQ� EORRWJHVWHOG� ZRUGHQ�� *HEUXLNHUV� YDQ� PRELHOH� WHOHIRRQV� HFKWHU
]LHQ�YULMZHO�JHHQ�JHYDDU��WHUZLMO�GH�EORRWVWHOOLQJ�DDQ�5)�VWUDOLQJ�YDQ�GH�WHOHIRRQ
KRJHU�NDQ�]LMQ�GDQ�YDQ�KHW�EDVLVVWDWLRQ�
���0DWH� YDQ� FRQWUROH� RYHU� HHQ� EHSDDOGH� VLWXDWLH��'H� XLWEUHLGLQJ� YDQ� QHWZHUNHQ
YRRU� WHOHFRPPXQLFDWLH�KHHIW�PHQ�YDDN�QLHW� LQ�GH�KDQG�HQ�]DDLW�RS�GH]H�PDQLHU
RQUXVW��'DDUELM�NDQ�RRN�KHW�RQWEUHNHQ�YDQ�LQVSUDDN�RYHU�GH�ORFDWLH�YDQ�GH�PDVWHQ
YDQ�LQYORHG�]LMQ��9HOHQ�]XOOHQ�GH�PDVWHQ�DOV�µKRUL]RQYHUYXLOLQJ¶�EHWLWHOHQ�
��� 0DWH� YDQ� EHNHQGKHLG�� 0HQ� LV� UHODWLHI� RQEHNHQG� PHW� GH� WHFKQRORJLH� HQ� GH
VWUDOLQJ� JHEUXLNW� YRRU� PRELHOH� WHOHFRPPXQLFDWLH�� *RHGH� YRRUOLFKWLQJ� NDQ� GH]H
RQUXVW�ZHJQHPHQ�
���0DWH� YDQ� RQ]HNHUKHLG� RYHU� HIIHFWHQ��:DQQHHU� QDDU� YRUHQ� NRPW� GDW� KHW� QLHW
XLWJHVORWHQ�LV�GDW�GH�VWUDOLQJ�NDQNHU�NDQ�YHURRU]DNHQ��RI�GDW�KHW�LQ�LHGHU�JHYDO�QLHW
EHZH]HQ� LV� GDW� GH� JHEUXLNWH� VWUDOLQJ� JHHQ� NDQNHU� YHURRU]DDNW�� EOLMIW� KHW
EHDQJVWLJHQG�DDQ�GH]H�YRUP�YDQ�VWUDOLQJ�EORRWJHVWHOG�WH�ZRUGHQ�
��� 0DWH� YDQ� UHFKWYDDUGLJLQJ�� 3ODDWVLQJ� YDQ� EDVLVVWDWLRQV� YRRU� JHEUXLNHUV� YDQ
PRELHOH�WHOHIRRQV�]RQGHU�GDDU�]HOI�DOV�QLHW�JHEUXLNHU��LQ�JURWH�DDQWDOOHQ��YRRUGHHO
YDQ�WH�KHEEHQ�YHUKRRJW�KHW�HUYDUHQ�ULVLFR�
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�� *(=21'+(,'6())(&7(1

��� ,QOHLGLQJ

,Q�GLW�KRRIGVWXN�ZRUGHQ�PRJHOLMNH�WKHUPLVFKH��D�WKHUPLVFKH�HQ�LQGLUHFWH�HIIHFWHQ
HQ� KHW� RSWUHGHQ� YDQ� DVSHFLILHNH� NODFKWHQ� ELM� KHW� JHEUXLN� YDQ� ]DNWHOHIRRQV
EHVSURNHQ�
���� 7KHUPLVFKH�HIIHFWHQ

7KHUPLVFKH� HIIHFWHQ� ]LMQ� HIIHFWHQ� ZDDUELM� GH� WHPSHUDWXXU� ORNDDO� VWHUN� NDQ
RSORSHQ�� RQGDQNV� WKHUPRUHJXODWLH�PHFKDQLVPHQ� ]RDOV� WRHQDPH� YDQ� GH
EORHGFLUFXODWLH��$IKDQNHOLMN�YDQ�GH�IUHTXHQWLH�YDQ�GH�VWUDOLQJ�NDQ�GH�RSZDUPLQJ
GLHS� LQ� KHW� ZHHIVHO� RSWUHGHQ�� PDDU� RRN� RSSHUYODNNLJ� �]LH� SDUDJUDDI� �����
([SHULPHQWHHO� RQGHU]RHN� KHHIW� DDQJHWRRQG� GDW� EORRWVWHOOLQJ� YDQ� KHW� JHKHOH
OLFKDDP�DDQ�HHQ�6$7�YDQ���:�NJ�JHGXUHQGH�PHHU�GDQ����PLQXWHQ�UHVXOWHHUW�LQ�GH
YHUKRJLQJ� YDQ� GH� OLFKDDPVWHPSHUDWXXU� YDQ� RQJHYHHU� ��&�� %LM� GH� PHQV� NDQ
ZHHIVHOVFKDGH�RSWUHGHQ�ZDQQHHU�GH�WHPSHUDWXXU�KRJHU�ZRUGW�GDQ�����&��(FKWHU�
GH� 6$7V� ZDDUDDQ� GH� JHEUXLNHU� YDQ� HHQ� PRELHOH� WHOHIRRQ� LV� EORRWJHVWHOG�� ]LMQ
ODJHU�GDQ�GH�EDVLVEHSHUNLQJHQ�YRRU�EORRWVWHOOLQJHQ�YDQ�GHOHQ�YDQ�KHW�OLFKDDP���
:�NJ�YRRU�KHW� KRRIG�� JHEDVHHUG�RS�KHW� YRRUNRPHQ�YDQ� HHQ� ORNDOH� WHPSHUDWXXU
YDQ�PHHU�GDQ���� �&���(HQ�H[FHVVLHYH� WHPSHUDWXXUVYHUKRJLQJ� LV�GDQ�RRN�QLHW� WH
YHUZDFKWHQ�
(U� LV� ZHLQLJ� RQGHU]RHN� JHGDDQ� QDDU� GH� WHPSHUDWXXUVWLMJLQJ� ELM� JHEUXLNHUV� YDQ
PRELHOH� WHOHIRRQV�� ,Q� HHQ� UHFHQWH� 1RRUV�=ZHHGVH� VWXGLH� LV� KHW� RSWUHGHQ� YDQ
WKHUPLVFKH� HIIHFWHQ� HQ� DVSHFLILHNH� NODFKWHQ� ELM� JHEUXLNHUV� YDQ� *60�WRHVWHOOHQ
YHUJHOHNHQ� PHW� GH� HIIHFWHQ� ELM� 107�JHEUXLNHUV�� +LHUELM� LV� LQ� HHQ� HQTXrWH
JHYUDDJG� QDDU� KHW� RSWUHGHQ� YDQ� HHQ� YHUZDUPGH� KXLG� �µEXUQLQJ� VNLQ¶�� HQ� LV� KHW
YRHOHQ�YDQ�ZDUPWH�RS�HQ�RI�DFKWHU�KHW�RRU�EHVWXGHHUG�LQ�UHODWLH�WRW�GH�EHOWLMG�SHU
GDJ�� 2RN� ]LMQ� NODFKWHQ� DOV� KRRIGSLMQ� HQ� YHUPRHLGKHLG� JHUHJLVWUHHUG�� GLH� LQ
SDUDJUDDI�������HQ�������DDQ�GH�RUGH�NRPHQ� >0L��@��9RRU�DOOH�NODFKWHQ�ZHUGHQ
UHODWLHYH�ULVLFR¶V��µRGGV�UDWLRV¶��EHUHNHQG��ZDDUELM�GH�UHIHUHQWLHJURHS�EHVWRQG�XLW
JHEUXLNHUV� YDQ� KHW� GHVEHWUHIIHQGH� V\VWHHP� �*60� RI� 107�� GLH� NRUWHU� GDQ� �
PLQXWHQ� SHU� GDJ� JHEUXLN� PDDNWHQ� YDQ� KHW� WRHVWHO�� 'H� UHODWLHYH� ULVLFR¶V� ]LMQ
JHFRUULJHHUG�YRRU�IDFWRUHQ�GLH�HHQ�URO�NXQQHQ�VSHOHQ�ELM�KHW�YRRUNRPHQ�YDQ�GH
NODFKWHQ��]RDOV�JHVODFKW��OHHIWLMG��PDWH�YDQ�EHHOGVFKHUPZHUNHQ�HQ�SV\FKRVRFLDOH
IDFWRUHQ�� (HQ� UHVXOWDDW� ZDDUYDQ� GH� NDQV� RS� KHW� YLQGHQ� YDQ� KHW]HOIGH� UHVXOWDDW
JURWHU�GDQ�����ZDV��ZHUG�DOV�VLJQLILFDQW�EHVFKRXZG�
1DDUPDWH� PHQ� PHHU� HQ� ODQJHU� EHOGH�� QDP� GH� NDQV� RS� KHW� YRHOHQ� YDQ� HHQ
YHUZDUPGH� KXLG� HQ� KHW� YRHOHQ� YDQ� ZDUPWH� RS� RI� DFKWHU� KHW� RRU� WRH�� ,Q� EHLGH
ODQGHQ�ZDV�GH�NDQV�RS�KHW�YRHOHQ�YDQ�ZDUPWH�RS�RI�DFKWHU�KHW�RRU�YRRU�*60�
JHEUXLNHUV� ODJHU� GDQ� YRRU� 107�JHEUXLNHUV�� (U� ZHUG� KHODDV� JHHQ� YHUJHOLMNLQJ
JHPDDNW�PHW� KHW� RSWUHGHQ� YDQ� GHUJHOLMNH� NODFKWHQ� ELM� JHEUXLNHUV� YDQ� µJHZRQH¶
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WHOHIRRQV��RPGDW�GLW�YRRU�KHW�YHUZHUSHQ�GDQ�ZHO�EHYHVWLJHQ�YDQ�GH�K\SRWKHVH�QLHW
QRRG]DNHOLMN�ZDV��+LHUGRRU�NXQQHQ�JHHQ�GHILQLWLHYH�FRQFOXVLHV�ZRUGHQ�JHWURNNHQ
RPWUHQW�GH�PRJHOLMNH�UHODWLH�WXVVHQ�GH�EORRWVWHOOLQJ�DDQ�VWUDOLQJ�YDQ�]DNWHOHIRRQV
HQ�KHW�RSWUHGHQ�YDQ�GHUJHOLMNH�NODFKWHQ�
'H� 6$7� NDQ� RYHULJHQV� VWHUN� YDULsUHQ� DIKDQNHOLMN� YDQ� GH� DIVWDQG� WRW� KHW
EDVLVVWDWLRQ�HQ�GH�KRXGLQJ�YDQ�GH�WHOHIRRQ��ZDDUGRRU�GH�EORRWVWHOOLQJVQLYHDXV�HQ
�SDWURQHQ� PRHLOLMN� YDVW� WH� VWHOOHQ� ]LMQ� >.X��E@�� %LM� ODQJGXULJ� JHEUXLN� YDQ� GH
WHOHIRRQ� NDQ�� ]HNHU� ELM� RXGHUH� PRGHOOHQ�� KHW� WRHVWHO� ZHO� ZDUPHU� ZRUGHQ� GRRU
ZHHUVWDQGVYHUKLWWLQJ�LQ�GH�YHUVWHUNHU�LQ�KHW�WRHVWHO�]HOI��7|UQHYLN�HW�DO� KHEEHQ�GH
PD[LPDOH�WRHQDPH�YDQ�GH�WHPSHUDWXXU�YDQ�KHW�RRU�JHPHWHQ�HQ�YRQGHQ�ZDDUGHQ
WXVVHQ� ����& HQ� ����& YRRU� DQDORJH� WHOHIRRQV� HQ� WXVVHQ� ����& HQ� ����& YRRU
GLJLWDOH�WHOHIRRQV��DOOHQ�IXQFWLRQHUHQG�PHW�PD[LPDDO�YHUPRJHQ��'H�WHOHIRRQ�KDG
KLHUELM�HHQ�EHJLQWHPSHUDWXXU�YDQ�����& WRW�����& >7|��@��,QGLHQ�GLW�ZHUNHOLMN�HHQ
URO�]RX�VSHOHQ�ELM�KHW�YRHOHQ�YDQ�ZDUPWH�RS�RI�DFKWHU�KHW�RRU��YHUZDFKWHQ�0LOG�HW
DO� GDW�GLW�YDNHU�YRRUJHNRPHQ�]RX�]LMQ�ELM� ODQJHUH�EHOWLMGHQ�GDQ� LV�JHYRQGHQ� LQ
KHW�RQGHU]RHN�>0L��@�
���� $�WKHUPLVFKH�HIIHFWHQ

0HQ� VSUHHNW� YDQ� D�WKHUPLVFKH� HIIHFWHQ� ZDQQHHU� GH� WHPSHUDWXXU� YDQ� KHW
RUJDQLVPH�FRQVWDQW�EOLMIW�GRRU�WKHUPRUHJXODWLH��PDDU�ZDDUELM�GHVRQGDQNV�DQGHUH
HIIHFWHQ� ZRUGHQ� JHFRQVWDWHHUG� DOV� JHYROJ� YDQ� DEVRUSWLH� YDQ� HQHUJLH�� ,Q� GH]H
SDUDJUDDI� ZRUGHQ� GH� PHHVW� UHFHQWH� VWXGLHV� QDDU� D�WKHUPLVFKH� HIIHFWHQ� NRUW
WRHJHOLFKW�
&DUFLQRJHQHVH
'H� YHOH� RQ]HNHUKHGHQ� HQ� GLYHUVH� WHNRUWNRPLQJHQ� LQ� RQGHU]RHNHQ� QDDU� KHW
RQWVWDDQ� YDQ� NDQNHU� GRRU� EORRWVWHOOLQJ� DDQ� (0�YHOGHQ� PDNHQ� KHW� �QRJ�� QLHW
PRJHOLMN� GHILQLWLHYH� FRQFOXVLHV� WH� WUHNNHQ�� DOGXV� HHQ� DGYLHV� YDQ� GH
*H]RQGKHLGVUDDG�>*5��@�
1D�KHW�YHUVFKLMQHQ�YDQ�GLW�DGYLHV�ZHUG�HHQ�WRHQDPH�YDQ�KHW�DDQWDO�JHUHJLVWUHHUGH
KHUVHQWXPRUHQ�LQ�$XVWUDOLs�VLQGV������LQ�HHUVWH�LQVWDQWLH�JHZHWHQ�DDQ�GH�WRHQDPH
YDQ� KHW� JHEUXLN� YDQ�PRELHOH� WHOHIRRQV� >'D��@��1DGHUH� DQDO\VH� GRRU�PHGLFL� HQ
HSLGHPLRORJHQ� OHLGGH� WRW� GH� FRQFOXVLH� GDW� GH]H� YDVWVWHOOLQJ� SUHPDWXXU� LV� HQ
]RQGHU� YHUGHU� RQGHU]RHN� JHHQ� EURQ� YDQ� RQJHUXVWKHLG� PDJ� YRUPHQ� >+R��D�
0:����$U����%R����5X����6P��@��,Q�GH�9HUHQLJGH�6WDWHQ�EOHHN�KHW�PRUWDOLWHLWV�
WHPSR� �PRJHOLMN� DOV� JHYROJ� YDQ� KHUVHQWXPRUHQ�� RQGHU� JHEUXLNHUV� YDQ
]DNWHOHIRRQV� �DQWHQQH� GLFKW� ELM� KHW� KRRIG�� HQ� SRUWDEOHV� �DQWHQQH� QLHW� RS� GH
WHOHIRRQ� ]HOI� JHSODDWVW�� ]LH� RRN� SDUDJUDDI� ����� QLHW� YDQ� HONDDU� WH� YHUVFKLOOHQ� HQ
YRRU�EHLGH�JURHSHQ�]HOIV�ODJHU�WH�]LMQ�GDQ�RQGHU�GH�DOJHPHQH�EHYRONLQJ��0RJHOLMN
ZHUG� KHW� ODJHUH� PRUWDOLWHLWVWHPSR� RQGHU� JHEUXLNHUV� YDQ� ]DNWHOHIRRQV� PHGH
EHSDDOG�GRRU�KXQ�KRJHUH�VRFLR�HFRQRPLVFKH�VWDWXV�>5/��@�
(HQ� GLHUH[SHULPHQWHOH� VWXGLH� ZDDUELM� WUDQVJHQH� PXL]HQ�� GLH� HHQ� JHQHWLVFKH
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DDQOHJ� KDGGHQ� YRRU� GH� RQWZLNNHOLQJ� YDQ� O\PIRPHQ�� EORRWJHVWHOG� ZHUGHQ� DDQ
VWUDOLQJ� YROJHQV� GH� *60�WHFKQRORJLH� OHYHUGH� HHQ� VLJQLILFDQW� JURWHU� DDQWDO
O\PIRPHQ� LQ� GH� EORRWJHVWHOGH� JURHS� RS� >5H��@�� 'H� EORRWVWHOOLQJVQLYHDXV� HQ� �
FRQGLWLHV�ZHNHQ�HFKWHU�DI�YDQ�GLH�ELM�KHW�JHEUXLN�YDQ�PRELHOH�WHOHIRRQV�>01��@�
'H�PXL]HQ�EHYRQGHQ�]LFK�WLMGHQV�GH�EORRWVWHOOLQJ�LQ�KHW�YHUUH�YHOG��KHWJHHQ�QLHW
KHW�JHYDO�LV�ELM�KHW�JHEUXLN�YDQ�GH�PRELHOH�WHOHIRRQ�>)L��@��7HYHQV�LV�GH�DEVRUSWLH
YDQ� GH� 5)�VWUDOLQJ� DIKDQNHOLMN� YDQ� GH� JHRPHWULH� HQ� GH� DIPHWLQJHQ� YDQ� KHW
EORRWJHVWHOGH� REMHFW�� ([WUDSRODWLH� YDQ� GH� UHVXOWDWHQ� QDDU� GH� PHQV� LV� RP� GH]H
UHGHQ�HQ�YDQZHJH�KHW�RQWEUHNHQ�YDQ�HHQ�PHFKDQLVPH�QLHW�]RQGHU�PHHU�PRJHOLMN�
'H�:HUHOGJH]RQGKHLGVRUJDQLVDWLH�VWHOGH�GDW�GH�ODWHQWLHWLMG�YRRU�GH�EORRWJHVWHOGH
JURHS�YHUNRUW�]RX�NXQQHQ�]LMQ��ZDDUGRRU�HU�LQ�EHLGH�JURHSHQ�ZHO�KHW]HOIGH�HIIHFW
]RX�]LMQ�RSJHWUHGHQ�DOV�GH�GLHUHQ�ODQJ�JHQRHJ��ODQJHU�GDQ����PDDQGHQ��JHOHHIG
]RXGHQ�KHEEHQ�>01��@�
'HVRQGDQNV�ZLM]HQ� GH]H� XLWNRPVWHQ�ZHO� LQ� GH� ULFKWLQJ� YDQ� HHQ� FDXVDOH� UHODWLH
WXVVHQ�UDGLRIUHTXHQWH�VWUDOLQJ�HQ�FDUFLQRJHQHVH��HQ�EHVWDDW�HU�HHQ�VWHUNH�EHKRHIWH
DDQ�UHSOLFDWLHRQGHU]RHN��9RRUDOVQRJ�NDQ�QRJ�JHHQ�HQNHOH�FRQFOXVLH�RYHU�ULVLFR¶V
YRRU�GH�PHQV�ZRUGHQ�JHWURNNHQ�>01��@�
(HQ�-DSDQVH�VWXGLH�QDDU�NDQNHUSURPRWLH�ZDDUELM�JHEUXLN�JHPDDNW�ZHUG�YDQ�UDWWHQ
PHW�HHQ�GRRU�HHQ�FKHPLVFKH�VWRI��GLHWK\OQLWURVDPLQH��JHwQLWLHHUG�OHYHUFDUFLQRRP
WRRQGH� JHHQ� VLJQLILFDQWH� YHUVFKLOOHQ� DDQ� WXVVHQ� GH� JURHS� GLH� EORRWJHVWHOG�ZHUG
DDQ� VWUDOLQJ� YROJHQV� GH� -DSDQVH�3'&�VWDQGDDUG� YRRU� ]DNWHOHIRRQV� �������0+]�
���SXOVHQ�V��GXW\�F\FOH������HQ�GH�JURHS�GLH�QLHW�ZDV�EORRWJHVWHOG�>,P��@�
$DQJHERUHQ�JHGUDJVVWRRUQLVVHQ
7HUDWRJHQH� HIIHFWHQ� NRPHQ� DOOHHQ� YRRU� QD� EORRWVWHOOLQJ� DDQ� (0�YHOGHQ� PHW
YHUPRJHQVGLFKWKHGHQ�GLH�KRRJ�JHQRHJ�]LMQ�RP�HHQ�DDQ]LHQOLMNH�YHUKRJLQJ�YDQ�GH
OLFKDDPVWHPSHUDWXXU�YDQ�GH�PRHGHU�WH�YHURRU]DNHQ�>*5��@�
,Q�HHQ� ODWHUH� VWXGLH�ELM� UDWWHQ� QDDU�PRJHOLMNH� DDQJHERUHQ� JHGUDJVVWRRUQLVVHQ� QD
SUHQDWDOH�EORRWVWHOOLQJ�DDQ�FRQWLQXH�PLFURJROIVWUDOLQJ� ����GDJHQ����XXU�SHU�GDJ�
����������HQ������0+]�PHW�YHUPRJHQVGLFKWKHGHQ�YDQ�UHVSHFWLHYHOLMN���������
HQ�����:�P�� YHUWRRQGHQ�GH�GLHUHQ�ELM�����0+]�JHHQ�VLJQLILFDQWH�DIZLMNLQJHQ
YRRU�GH�RQGHU]RFKWH�SDUDPHWHUV�YHUJHOHNHQ�PHW�GH�FRQWUROHJURHS�>-H��@��%LM�GH
IUHTXHQWLHV������0+]�HQ������0+]�WUDGHQ�NOHLQH�PDDU�VLJQLILFDQWH�DIZLMNLQJHQ
RS� LQ� HQNHOH� YDQ� GH� RQGHU]RFKWH� SDUDPHWHUV� ELM� GH� QDNRPHOLQJHQ�� (FKWHU�
EORRWVWHOOLQJ� DDQ� GH]H� IUHTXHQWLHV� OHLGGH� LQ� DIZH]LJKHLG� YDQ� K\SHUWKHUPLVFKH
RPVWDQGLJKHGHQ�QLHW�WRW�HHQ�YHUKRRJG�UHSURGXFWLHI�ULVLFR�RS�EDVLV�YDQ�NODVVLHNH
PRUIRORJLVFKH�HQ�SRVWQDWDOH�SV\FKRI\VLRORJLVFKH�SDUDPHWHUV�
��� ,QGLUHFWH�HIIHFWHQ

2QGHU� EHSDDOGH� RPVWDQGLJKHGHQ� NDQ� EORRWVWHOOLQJ� DDQ� 5)�VWUDOLQJ� ����� 0+]�
�����0+]�� OHLGHQ�WRW� LQWHUIHUHQWLH�PHW�HOHNWURQLVFKH�DSSDUDWXXU��+LHURQGHU�YDOW
RQGHU� PHHU� HOHNWURPHGLVFKH� DSSDUDWXXU� ]RDOV� SDFHPDNHUV� HQ� LQWHQVLYH� FDUH�
DSSDUDWXXU�� 'DDURP� LV� KHW� JHEUXLN� YDQ� PRELHOH� WHOHIRRQV� LQ� GH� PHHVWH
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]LHNHQKXL]HQ� HQ� LQ� GH� EXXUW� YDQ� QDYLJDWLH�DSSDUDWXXU� �]RDOV� ELMYRRUEHHOG� LQ
YOLHJWXLJHQ��YHUERGHQ�
9HUVFKLOOHQGH� RQGHU]RHNHQ� ]LMQ� YHUULFKW� QDDU� GH� LQWHUIHUHQWLH� PHW� SDFHPDNHUV
>$O����&K����:L��@��,Q�DOOH�RQGHU]RHNHQ�ZRUGW�ELM�UHODWLHI�NOHLQH�DIVWDQG�YDQ�GH
WHOHIRRQ� WRW� GH� SDFHPDNHU� LQWHUIHUHQWLH�ZDDUJHQRPHQ�� DIKDQNHOLMN� YDQ� KHW� W\SH
SDFHPDNHU� HQ� GH� LQJHVWHOGH� JHYRHOLJKHLG� YDQ� GH� SDFHPDNHU�� =H� EOHNHQ� GDDUELM
JHYRHOLJ� YRRU� HOHNWULVFKH� YHOGHQ� GLH� HHQ� ODJHUH� VWHUNWH� KHEEHQ� GDQ� GH
EDVLVEHSHUNLQJHQ��7DEHO�����$DQSDVVLQJ�YDQ�GH�JHYRHOLJKHLG�NDQ�GH�LQWHUIHUHQWLH
YRRUNRPHQ�
2YHULJHQV�]LMQ�SDFHPDNHUV�YDQ�Qi������ PLQGHU�JHYRHOLJ�YRRU�5)�VWUDOLQJ�GRRU
GH VWUHQJHUH� HLVHQ� DDQ� GH]H�PHGLVFKH� KXOSPLGGHOHQ�� ,Q� JHYDO� YDQ� LQWHUIHUHQWLH
]LMQ� GH]H� SDFHPDNHUV� GLUHFW� WH� FRUULJHUHQ� GRRU� GH� WHOHIRRQ� YHUGHU� YDQ� GH
SDFHPDNHUSRFNHW�RS�WH�EHUJHQ�>9:��@�
,Q�GH� µVWDQG�E\¶�VWDQG�RQGHUKRXGW�GH� WHOHIRRQ�FRQWDFW�PHW�KHW�EDVLVVWDWLRQ�GRRU
HHQ� PHOGVLJQDDO� DI� WH� JHYHQ� GDW� NDQ� LQWHUIHUHUHQ� PHW� GH� SDFHPDNHU�� 'H
*H]RQGKHLGVUDDG� EHYHHOW� LQ� KDDU� DGYLHV� GDDURP� DDQ� RP� DOWLMG� HHQ� DIVWDQG� YDQ
WHQPLQVWH� ��� FHQWLPHWHU� WXVVHQ� SDFHPDNHU� HQ� HHQ� LQ� ZHUNLQJ� ]LMQGH� PRELHOH
WHOHIRRQ�WH�KRXGHQ�HQ�YROJW�KLHUELM�KHW�DGYLHV�YDQ�:LUHOHVV�7HFKQRORJ\�5HVHDUFK
>:7��@�� 'DDUQDDVW� ]RXGHQ� IDEULNDQWHQ� YDQ� SDFHPDNHUV� JHVWLPXOHHUG� PRHWHQ
ZRUGHQ� PRGHOOHQ� WH� RQWZHUSHQ� GLH� DIGRHQGH� WHJHQ� HOHNWURPDJQHWLVFKH
LQWHUIHUHQWLH�GRRU�GUDDGOR]H�WHOHFRPPXQLFDWLH�DSSDUDWXXU�]LMQ�EHVFKHUPG�
+HW� PRJHOLMN� RSWUHGHQ� YDQ� LQWHUIHUHQWLH� NDQ� OHLGHQ� WRW� RQJHUXVWKHLG� ELM
SDFHPDNHUGUDJHUV� HQ� LQ� VRPPLJH� JHYDOOHQ� WRW� KHW� RSWUHGHQ� YDQ� DVSHFLILHNH
NODFKWHQ�
��� $VSHFLILHNH�NODFKWHQ

+HW� WRHQHPHQG� JHEUXLN� YDQ� PRELHOH� WHOHIRQLH� LQ� GH� DIJHORSHQ� MDUHQ� KHHIW
DDQOHLGLQJ�JHJHYHQ�WRW�GH�PHOGLQJ�YDQ�HQ�RQGHU]RHN�QDDU�GH�LQYORHG�HUYDQ�RS�HHQ
JURRW� DDQWDO� DVSHFLILHNH� JH]RQGKHLGVNODFKWHQ�� ,Q� YHUEDQG�PHW� EORRWVWHOOLQJ� DDQ
5)�VWUDOLQJ�ZRUGHQ�GH�YROJHQGH�YHUVFKLMQVHOHQ�YDDN�JHQRHPG��VODDSVWRRUQLVVHQ�
KRRIGSLMQ�� FRQFHQWUDWLHVWRRUQLVVHQ�� GXL]HOLJKHLG� HWF�� (HQ� YHUNODULQJ� YDQ
GHUJHOLMNH� NODFKWHQ� ZRUGW� RQGHU� DQGHUH� JH]RFKW� LQ� HHQ� YHUDQGHUG� ((*�
YHUDQGHULQJHQ�LQ�GH�SHUPHDELOLWHLW�YDQ�GH�EORHG�KHUVHQEDUULqUH�RI�LQYORHG�RS�GH
PHODWRQLQHSURGXNWLH�� 2PGDW�GH�RRU]DDN�YDQ�GH�NODFKW�YDDN�PRHLOLMN�REMHFWLHI�LV
YDVW� WH� VWHOOHQ� ZRUGHQ� GH]H� NODFKWHQ� LQ� GLW� YHUEDQG� VDPHQJHEUDFKW� RQGHU� GH
QRHPHU�PRHLOLMN�PHGLVFK�REMHFWLYHHUEDDU��1DDU�KHW�RSWUHGHQ�YDQ�GH�PHHVWH�YDQ
GH]H�HIIHFWHQ�LV�GH�DIJHORSHQ�MDUHQ�ppQ�RI�PHHUGHUH�PDOHQ�RQGHU]RHN�JHGDDQ�

� )RXW�LQ�>*5��@��KLHU�JHFRUULJHHUG�LQ�RYHUOHJ�PHW�'U�(��YDQ�5RQJHQ�YDQ�GH�*H]RQGKHLGVUDDG�
� 0HODWRQLQH�KHHIW�LQYORHG�RS�KHW�GDJ�QDFKW�ULWPH�ELM�GH�PHQV�
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������ 6ODDSVWRRUQLVVHQ
'H�5(0�VODDS��5DSLG�(\H�0RYHPHQWV� LV�EHODQJULMN�LQ�GH�LQIRUPDWLH�YHUZHUNLQJ
JHGXUHQGH�GH�VODDS��0HW�LQIRUPDWLHYHUZHUNLQJ�ZRUGW�KLHU�EHGRHOG�KHW�YDVWOHJJHQ
HQ�YHUZHUNHQ�YDQ�QLHXZH�HUYDULQJHQ�RSJHGDDQ�WLMGHQV�KHW�ZDNHQ��9HUDQGHULQJHQ
LQ� GH� 5(0�VODDS� NXQQHQ� OHLGHQ� WRW� YHUVWRULQJ� YDQ� JHKHXJHQIXQFWLHV� HQ
OHHUSURFHVVHQ�� %RYHQGLHQ� ]LMQ� VODDSVWRRUQLVVHQ� QDXZ� JHUHODWHHUG� DDQ
SV\FKLDWULVFKH�DDQGRHQLQJHQ�>:D��@�
9RRUDOVQRJ�LV�ELM�EORRWVWHOOLQJ�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�YROJHQV�GH�*60�
WHFKQRORJLH� JHHQ� NRUWH� WHUPLMQ�HIIHFW� JHYRQGHQ� LQ� KHW� HOHFWUR�HQFHSKDORJUDP
�((*�� ELM� SURHISHUVRQHQ� GLH� ZDNNHU� ZDUHQ� >5|��D@�� %ORRWVWHOOLQJ� DDQ� GH]H
YHOGHQ�PHW�HHQ��]HOIGH��YHUPRJHQVGLFKWKHLG�YDQ�����:�P� OLMNW�HFKWHU� WH� OHLGHQ
WRW�HHQ�YHUNRUWLQJ�YDQ�GH�WLMG�WRW�LQVODSHQ��ODWHQWLHWLMG��HQ�HHQ�YHUNRUWLQJ�YDQ�GH
GXXU HQ�KHW� SHUFHQWDJH�5(0�VODDS� >0D��@��%RYHQGLHQ� RQWVWRQGHQ� NZDOLWDWLHYH
YHUDQGHULQJHQ� LQ� KHW� ((*� JHGXUHQGH� GH� 5(0�VODDS� >0D��@�� (HQ
YHUPRJHQVGLFKWKHLG�YDQ�����:�P� NRPW�RYHUHHQ�PHW�HHQ�HOHNWULVFKH�YHOGVWHUNWH
YDQ� �����9�P�� RQGHU� GH� JH]RQGKHLGVNXQGLJH� DGYLHVZDDUGH� YDQ� ��� 9�P� ELM
����0+]��%ORRWVWHOOLQJ�DDQ�YHOGHQ�PHW�HHQ�IUHTXHQWLH�YDQ�����0+]��*60��HQ
HHQ� YHUPRJHQVGLFKWKHLG� YDQ� ����:�P� �RYHUHHQNRPHQG� PHW� HHQ� HOHNWULVFKH
YHOGVWHUNWH�YDQ�����9�P��EOHHN�JHHQ�LQYORHG�WH�KHEEHQ�RS�GH�WLMG�WRW�LQVODSHQ��GH
GXXU HQ�GH�ODWHQWLHWLMG�YDQ�GH�5(0�VODDS�>:D��@�
'H�UHVXOWDWHQ�XLW�GH�YRRUJDDQGH�VWXGLH��>0D��@��NRQGHQ�GRRU�:DJQHU�HW�DO��QLHW
ZRUGHQ�JHUHSOLFHHUG��$OV�UHGHQ�KLHUYRRU�ZRUGW�DDQJHJHYHQ�GDW�HU�YHUVFKLOOHQ� LQ
GH I\VLVFKH� NZDOLILFDWLHV� YDQ� GH� HOHNWURPDJQHWLVFKH� YHOGHQ�ZDUHQ�� LQ� GH� HHUVWH
VWXGLH� ZHUG� HHQ� OLQHDLU� JHSRODULVHHUG� YHOG� WRHJHSDVW�� LQ� GH� WZHHGH� VWXGLH� HHQ
FLUFXODLU� JHSRODULVHHUG� YHOG�� KHWJHHQ� LQYORHG� KHHIW� RS� GH� KRHYHHOKHLG
JHDEVRUEHHUGH� HQHUJLH�� 7HQ� WZHHGH� ZDV� GH� YHUPRJHQVGLFKWKHLG� LQ� GH� HHUVWH
VWXGLH� KRJHU� ����� YV�� ���� :�P�� HQ� ]RX� GH� LQKRPRJHQLWHLW� YDQ� KHW� OLQHDLU
JHSRODULVHHUGH� YHOG� HQ� KHW� RQWVWDDQ� YDQ� RQFRQWUROHHUEDUH� H[WHUQH� UHIOHFWLHV� HHQ
RRU]DDN�JHZHHVW�NXQQHQ�]LMQ�YDQ�HHQ�YHUKRRJGH�ORNDOH�YHUPRJHQVGLFKWKHLG�YDQ
KHW�HOHNWURPDJQHWLVFKH�YHOG��'H�H[DFWH�GRVLPHWULH�YDQ�GH�HHUVWH�VWXGLH�ZDV�QLHW
EHVFKLNEDDU�HQ�:DJQHU�HW�DO��VSHFXOHUHQ�RYHU�KHW�IHLW�GDW�KHW�HOHNWURPDJQHWLVFKH
YHOG�LQ�GH�HHUVWH�VWXGLH�VWHUNHU�JHZHHVW�]RX�]LMQ�HQ�GDDUGRRU�GXLGHOLMNH�UHVXOWDWHQ
JDI��2YHULJHQV�NXQQHQ�GH�EHYLQGLQJHQ�QLHW�]RQGHU�PHHU�JHJHQHUDOLVHHUG�ZRUGHQ
YRRU�GH�*60�WHFKQRORJLH�RPGDW�KHW�JHEUXLNWH�W\SH�DQWHQQH�YHUVFKLOOHQG�ZDV�YDQ
GH DQWHQQH�YDQ�HHQ�]DNWHOHIRRQ�
7HYHQV�ZHUGHQ�YRRU�GH�EORRWJHVWHOGH�HQ�GH�QLHW�EORRWJHVWHOGH�SURHISHUVRQHQ�GH
QDFKWHOLMNH� KRUPRRQVSLHJHOV� EHSDDOG� >5|��E@�� +HW� JLQJ� KLHUELM� RP� GH
FRQFHQWUDWLHV� FRUWLVRO�� JURHLKRUPRRQ�� OXWHwQLVHUHQG� KRUPRRQ� �/+�� HQ
PHODWRQLQH�� *URHLKRUPRRQ� HQ� /+� ZRUGHQ� LQ� HHQ� GHHO� YDQ� GH� K\SRI\VH
�K\SRI\VHYRRUNZDE�� JHSURGXFHHUG�� GLH� ELM� JHEUXLN� YDQ� GH� ]DNWHOHIRRQ
EORRWJHVWHOG�ZRUGW�DDQ�5)�VWUDOLQJ��&RUWLVRO�HQ�PHODWRQLQH�ZRUGHQ�JHSURGXFHHUG
GRRU�GH�ELMQLHUVFKRUV�UHVSHFWLHYHOLMN�GH�HSLI\VH��'H�DDQPDDN�YDQ�GH]H�KRUPRQHQ
� &RUWLVRO� LV� HHQ� VWUHVVKRUPRRQ� GDW� YDQ� LQYORHG� LV� RS� GH� NRROK\GUDDWVWRIZLVVHOLQJ�� JURHLKRUPRRQ
KHHIW�LQYORHG�RS�GH�VWRIZLVVHOLQJ�HQ�GH�JURHL�HQ�/+�LV�ppQ�YDQ�GH�JHVODFKWVKRUPRQHQ�
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ZRUGW� JHUHJXOHHUG� GRRU� K\SRI\VHKRUPRQHQ�� ,Q� GH]H� VWXGLH� ZHUGHQ� JHHQ
VLJQLILFDQWH� DIZLMNLQJHQ� JHYRQGHQ� WXVVHQ� GH� QDFKWHQ� ZDDULQ� GH� SURHISHUVRQHQ
ZDUHQ� EORRWJHVWHOG� HQ� GH� RYHULJH� QDFKWHQ�� 2RN� HHQ� DQGHUH� VWXGLH� QDDU
KRUPRRQVSLHJHOV� GLH� GRRU� GH� YRRUNZDE� YDQ� GH� K\SRI\VH�ZRUGHQ� DIJHVFKHLGHQ�
NRQ� JHHQ� HIIHFWHQ� DDQWRQHQ� >6H��@�� (U� ]LMQ� GDQ� RRN� JHHQ� DDQZLM]LQJHQ� GDW
EORRWVWHOOLQJ� DDQ� 5)�VWUDOLQJ� YROJHQV� GH� *60�VWDQGDDUG� GH� QDFKWHOLMNH
KRUPRRQVSLHJHOV�EHwQYORHGW�
������ +RRIGSLMQ
,Q�HHQ�UHYLHZ�YDQ�)UH\�ZRUGW�JHVSURNHQ�RYHU�KHW�RQWVWDDQ�YDQ�KRRIGSLMQ�ELM�KHW
JHEUXLN�YDQ�HHQ�PRELHOH�WHOHIRRQ�>)U��@��5HHGV�LQ�GH�MDUHQ�]HVWLJ�ZHUG�KRRIGSLMQ
JHUDSSRUWHHUG�ELM�PHQVHQ�GLH�EORRWJHVWHOG�ZDUHQ�DDQ�PLFURJROYHQ�PHW� HHQ� ODJH
LQWHQVLWHLW�� 7ZHH� PRJHOLMNH� RRU]DNHQ� YDQ� KHW� RSWUHGHQ� YDQ� KRRIGSLMQ� ZRUGHQ
JHQRHPG�>)U��@�
���'H�EORHG�KHUVHQEDUULqUH�VSHHOW�HHQ�URO�ELM�KRRIGSLMQ��'H�EORHG�KHUVHQEDUULqUH
]RX� ZRUGHQ� EHwQYORHG� GRRU� EORRWVWHOOLQJ� DDQ� PLFURJROYHQ� PHW� HHQ� ODJH
LQWHQVLWHLW�� (HQ� VWXGLH� QDDU� GH� SHUPHDELOLWHLW� YDQ� GH� EORHG�KHUVHQEDUULqUH� YDQ
UDWWHQ�ELM�EORRWVWHOOLQJ�DDQ�VWUDOLQJ�ELM�����0+]�EOHHN�HFKWHU�JHHQ�SDWKRORJLVFK
VLJQLILFDQWH� YHUDQGHULQJHQ� WH� YHURRU]DNHQ� >)U��D@�� 2RN� NRQGHQ� JHHQ� EOLMYHQGH
DGDSWLHYH� YHUDQGHULQJHQ� RI� UHDFWLHV� YDQ� GH� KHUVHQHQ� ZRUGHQ� ZDDUJHQRPHQ
>)U��E@�
��� %ORRWVWHOOLQJ� DDQ� HOHNWURPDJQHWLVFKH� VWUDOLQJ� PHW� ODJH� LQWHQVLWHLW� EOLMNW� GH
GRSDPLQH�RSLDDW�V\VWHPHQ� LQ� GH� KHUVHQHQ�� EHODQJULMN� YRRU� KRRIGSLMQ�� WH
EHwQYORHGHQ�
9HUVFKLOOHQGH�RQGHU]RHNHQ��]RZHO�LQ�YLWUR�DOV�LQ�YLYR��KHEEHQ�GH�LQWHUDFWLHV�YDQ
HOHNWURPDJQHWLVFKH� VWUDOLQJ� PHW� GH� KHUVHQHQ� EHVWXGHHUG�� 5HSOLFD¶V� YDQ� GH]H
VWXGLHV� OHYHUGHQ� LQ� VRPPLJH� JHYDOOHQ� WHJHQVWULMGLJH� UHVXOWDWHQ� RS� RI� JDYHQ
DDQOHLGLQJ�WRW�GLVFXVVLH��'H�VWXGLHV�NRQGHQ�QLHW�DDQWRQHQ�GDW�JHSXOVWH�RI�FRQWLQXH
EORRWVWHOOLQJ�DDQ�PLFURJROYHQ�LQ�KHW�D�WKHUPDOH�EHUHLN�OHLGHQ�WRW�HHQ�ULVLFR�YRRU
GH�JH]RQGKHLG�YDQ�GH�KHUVHQHQ�>+H��@�
,Q� ����� ZHUGHQ� GRRU� JHEUXLNHUV� YDQ� ]DNWHOHIRRQV� LQ� GH� 9HUHQLJGH� 6WDWHQ�
$XVWUDOLs��=ZHGHQ�HQ�*URRW�%ULWWDQQLs�KRRIGSLMQNODFKWHQ�JHPHOG�>01��@��,Q�GLH
WLMG�OLHS�UHHGV�GH�1RRUV�=ZHHGVH�VWXGLH�QDDU�KRRIGSLMQ�ELM�JHEUXLNHUV�YDQ�DQDORJH
HQ� GLJLWDOH� WRHVWHOOHQ� >0L��@�� 8LW� GLW� HQTXrWH�RQGHU]RHN� EOHHN� GDW� KHW� DDQWDO
KRRIGSLMQNODFKWHQ�LQ�1RRUZHJHQ�ELM�JHEUXLN�YDQ�EHLGH�V\VWHPHQ�WRHQDP�ELM�HHQ
EHOWLMG�ODQJHU�GDQ����PLQXWHQ�SHU�GDJ��+HW�UHODWLHYH�ULVLFR�ELM�HHQ�EHOWLMG�JURWHU
GDQ�WZHH�PLQXWHQ�SHU�GDJ�ZDV�QLHW� VLJQLILFDQW�YHUVFKLOOHQG�YDQ�ppQ�� ,Q�=ZHGHQ
ZDV� KHW� YHUEDQG� VWDWLVWLVFK� VLJQLILFDQW� ELM� HHQ� EHOWLMG� JURWHU� GDQ� ��PLQXWHQ� SHU
GDJ��'DDUQDDVW�ZDUHQ� KHW� YRHOHQ� YDQ�ZDUPWH� HQ� KHW� YRRUNRPHQ� YDQ� KRRIGSLMQ
DDQ�HONDDU�JHFRUUHOHHUG�
� 'RSDPLQH�LV�HHQ�ZHHIVHOKRUPRRQ�GDW�DOV�QHXURWUDQVPLWWHU�LQ�KHW�FHQWUDOH�]HQXZVWHOVHO�ZHUN]DDP
LV�
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1DDVW� GH� JHQRHPGH� PRJHOLMNH� RRU]DNHQ� ZRUGW� DOV� PRJHOLMNH� LQGLUHFWH� RRU]DDN
YDQ�KRRIGSLMQ��HQ�YHUPRHLGKHLG��]LH�KLHUYRRU�SDUDJUDDI��������GH�JHOXLGVNZDOLWHLW
YDQ�GH�WRHVWHOOHQ�JH]LHQ��+HW�JHVSUHNVVLJQDDO�YDQ�GH�DQDORJH�107�WRHVWHOOHQ�NDQ
UXLV� EHYDWWHQ� HQ� GLW� QHHPW� ELM� WRHQHPHQGH� DIVWDQG� WRW� KHW� EDVLVVWDWLRQ� WRH�� 'H
NZDOLWHLW�YDQ�KHW�VLJQDDO�ELM�*60�WRHVWHOOHQ�ZRUGW�YHUPLQGHUG�GRRU�KHW�RSWUHGHQ
YDQ�VWLOOH�LQWHUYDOOHQ��'H]H�VWRULQJHQ�NXQQHQ�OHLGHQ�WRW�VWUHVV�HQ�GDDUGRRU�LQGLUHFW
JHUHODWHHUG�]LMQ�DDQ�KRRIGSLMQ�>,&����0L��@�
������ 9HUPRHLGKHLG
,Q�GH�HHUGHU�JHQRHPGH�1RRUV�=ZHHGVH�VWXGLH�ZHUG�YHUPRHLGKHLG�DOV�RS�]LFK]HOI
VWDDQGH�NODFKW�LQ�GH�DQDO\VH�PHHJHQRPHQ�>0L��@��,Q�1RRUZHJHQ�ZDV�KHW�YHUEDQG
YRRU� KHW�*60�� HQ�107�V\VWHHP� VLJQLILFDQW� YRRU� HHQ� EHOWLMG� YDQ�PHHU� GDQ� ��
PLQXWHQ�SHU�GDJ�� ,Q�=ZHGHQ�ZDV�GLW� KHW� JHYDO� ELM� HHQ�EHOWLMG� YDQ�PHHU� GDQ���
PLQXWHQ�SHU�GDJ��(HQ�PRJHOLMNH�YHUNODULQJ�KLHUYRRU�ZRUGW�QLHW�JHJHYHQ�
'H� NDQV� RS� YHUPRHLGKHLG� HQ� KRRIGSLMQ� ZDV� ELM� JHEUXLNHUV� GLH� KHW� YRHOHQ� YDQ
ZDUPWH� UDSSRUWHHUGHQ� WZHH� WRW� YLHU� NHHU� ]R� KRRJ� DOV� ELM� JHEUXLNHUV� GLH� JHHQ
ZDUPWH� YRHOGHQ�� *HEUXLNHUV� GLH� ZDUPWH� RS� GDQ� ZHO� DFKWHU� KHW� RRU� YRHOGHQ�
KDGGHQ�HHQ�WLHQ� WRW� WZLQWLJ�PDDO�JURWHUH�NDQV�RS�KHW�DQGHUH�JHYRHO�YDQ�ZDUPWH
�UHVSHFWLHYHOLMN�DFKWHU�yI�RS�KHW�RRU��HQ�KHW�JHYRHO�YDQ�HHQ�EUDQGHULJH�KXLG�LQ�KHW
JH]LFKW��µEXUQLQJ�VNLQ¶��
������ &RQFHQWUDWLHVWRRUQLVVHQ��JHKHXJHQYHUOLHV�HQ�GXL]HOLJKHLG
*HGXUHQGH�GH�ODDWVWH�MDUHQ�EHQDGHUGHQ�YHOH�JHEUXLNHUV�YDQ�PRELHOH�WHOHIRRQV�GH
IDEULNDQWHQ�� QHWZHUNH[SORLWDQWHQ� HQ� RQGHU]RHNHUV� PHW� NODFKWHQ� RYHU
FRQFHQWUDWLHVWRRUQLVVHQ�� JHKHXJHQYHUOLHV� HQ� KHW� ]LFK� µQLHW� JRHG� YRHOHQ¶� >0L���
01��@�
3HUVRQHQ�PHW�HHQ�JRHGH�JHKRRUIXQFWLH�EOLMNHQ�JHSXOVW�JHPRGXOHHUGH�5)�VLJQDOHQ
WXVVHQ� ����0+]� HQ� ���� *+]� WH� NXQQHQ� ZDDUQHPHQ� DOV� ]RHPHQ�� NOLNNHQ� HQ
SORSSHQ� >,&1��@��9RRUWGXUHQGH� RI� KHUKDDOGH� EORRWVWHOOLQJ� NDQ� VWUHVVYHUKRJHQG
ZHUNHQ�
2S� ,QWHUQHW� ]LMQ� YHUVFKLOOHQGH� GLVFXVVLHV� �RS� QLHW�ZHWHQVFKDSSHOLMNH� EDVLV�
RQWVWDDQ�URQG�GLW�VRRUW�NODFKWHQ�>(0��@��,Q�GH�HHUGHU�JHQRHPGH�1RRUV�=ZHHGVH
VWXGLH� ]LMQ� GH]H� NODFKWHQ� RRN� PHHJHQRPHQ�� HU� ZHUG� HFKWHU� JHHQ� RYHUWXLJHQG
YHUEDQG�DDQJHWRRQG�WXVVHQ�KHW�DDQWDO�JHVSUHNNHQ�SHU�GDJ�RI�GH�EHOWLMG�SHU�GDJ�HQ
KHW�RSWUHGHQ�YDQ�GH]H�NODFKWHQ��2S�GLW�PRPHQW�]LMQ�JHHQ�VWXGLHV�EHNHQG�GLH�KHW
YyyUNRPHQ� YDQ� GH]H� NODFKWHQ� QDGHU� EHVWXGHUHQ�� ,Q� (XURSHHV� YHUEDQG� �]LH
SDUDJUDDI� �����ZRUGW�ZHO� DDQGDFKW� EHVWHHG� DDQ�GH� DFKWHUOLJJHQGH�PHFKDQLVPHQ
RS�QHXURI\VLRORJLVFK�QLYHDX�>0.����(:��@�
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���� /RSHQGH�VWXGLHV��KHW�(0)�SURMHFW

,Q������LV�LQ�(XURSHHV�YHUEDQG�KHW�LQWHUQDWLRQDOH�(0)�SURMHFW��(OHFWUR0DJQHWLF
)LHOGV��µ+HDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI�H[SRVXUH�WR�VWDWLF�DQG�WLPH�YDU\LQJ
HOHFWULF� DQG� PDJQHWLF� ILHOGV¶� YDQXLW� GH� :HUHOGJH]RQGKHLGVRUJDQLVDWLH� �:+2�
JHVWDUW�>0.����(0����:+��D@��'LW�LQWHUQDWLRQDOH�SURMHFW�ORRSW�WRW�KHW�MDDU�����
HQ� VWHOW� ]LFK� WHQ� GRHO� LQ� VDPHQZHUNLQJVYHUEDQG� RQGHU]RHN� WH� YHUULFKWHQ� QDDU
PRJHOLMNH� QHJDWLHYH� JH]RQGKHLGVHIIHFWHQ� WHQ� JHYROJH� YDQ� EORRWVWHOOLQJ� DDQ
HOHNWURPDJQHWLVFKH� YHOGHQ� YDQ�PRELHOH� WHOHFRPPXQLFDWLH��+HW� RQGHU]RHN� GLHQW
]LFK]HOI� WH� OHQHQ� RP� JHUHSOLFHHUG� WH� ZRUGHQ� WHQ� DDQ]LHQ� YDQ� KHW� JHEUXLNWH
ELRORJLVFKH� PRGHO�� KHW� RQGHU]RFKWH� ELRORJLVFKH� HLQGSXQW� HQ� GH� JHEUXLNWH
EORRWVWHOOLQJV�� HQ� GRVLPHWULVFKH� WHFKQLHNHQ�� %LQQHQ� KHW� SURMHFW� ]LMQ� GRRU� GH
]RJHQDDPGH� µ([SHUW� *URXS¶�� DDQJHVWHOG� GRRU� GH� (XURSHVH� &RPPLVVLH�� R�D�
DDQEHYHOLQJHQ� RSJHVWHOG� WHQ� DDQ]LHQ� YDQ� KHW� SURJUDPPD� YDQ� KHW� WH� YHUULFKWHQ
ZHWHQVFKDSSHOLMN� RQGHU]RHN� HQ� GH� PDQDJHPHQWVWUXFWXXU� HUYDQ�� %LQQHQ� GLW
SURMHFW�LV�1HGHUODQG�RRN�YHUWHJHQZRRUGLJG�
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�� &21&/86,(6�(1�$$1%(9(/,1*(1

��� 'LVFXVVLH�HQ�FRQFOXVLHV

0HW� KHW� WRHQHPHQGH� JHEUXLN� YDQ� GH�PRELHOH� WHOHIRQLH� LV� RRN� GH� ]RUJ� RYHU� GH
PRJHOLMNH�HIIHFWHQ�YDQ�5)�VWUDOLQJ�RS�GH�JH]RQGKHLG�WRHJHQRPHQ��3DUDOOHO�ZRUGW
RRN�LQ�WRHQHPHQGH�PDWH�RQGHU]RHN�XLWJHYRHUG�QDDU�WKHUPLVFKH��D�WKHUPLVFKH�HQ
LQGLUHFWH�HIIHFWHQ�HQ�DVSHFLILHNH�NODFKWHQ�
7KHUPLVFKH�HIIHFWHQ�]LMQ�QLHW�WH�YHUZDFKWHQ�DDQJH]LHQ�GH�JHPHWHQ�ZDDUGHQ�YRRU
KHW�VSHFLILHN�DEVRUSWLHWHPSR�LQ�KHW�KRRIG��JHPLGGHOG�RYHU����JUDP�ZHHIVHO��ODJHU
]LMQ� GDQ� GH� EDVLVEHSHUNLQJHQ� ]RDOV� YDVWJHVWHOG� YRRU� KHW� KRRIG�� ,Q� GH
EDVLVEHSHUNLQJHQ�LV�ERYHQGLHQ�HHQ�YHLOLJKHLGVIDFWRU�YHUZHUNW��]RGDW�GH�PD[LPDDO
WRHODDWEDUH� WHPSHUDWXXUVYHUKRJLQJ�]HNHU�QLHW�EHKDDOG�]DO�ZRUGHQ�ELM� ODQJGXULJH
EORRWVWHOOLQJ�
,Q� HHQ� 1RRUV�=ZHHGVH� VWXGLH� QDDU� GH� UHODWLH� WXVVHQ� KHW� JHEUXLN� YDQ� PRELHOH
WHOHIRRQV�HQ�KHW�RSWUHGHQ�YDQ�WKHUPLVFKH�HQ�D�WKHUPLVFKH�HIIHFWHQ�LV�JHEOHNHQ�GDW
KHW�YRHOHQ�YDQ�ZDUPWH�RS�RI�DFKWHU�KHW�RRU�HQ�HHQ�EUDQGHULJH�KXLG�LQ�KHW�JH]LFKW
DIKDQNHOLMN� LV� YDQ� GH� EHOWLMG� SHU� GDJ��*HEUXLNHUV�PHW� GH]H� V\PSWRPHQ� KHEEHQ
GDDUQDDVW�HHQ�JURWHUH�NDQV�RS�KHW�RSWUHGHQ�YDQ�ppQ�YDQ�GH�NODFKWHQ�KRRIGSLMQ�HQ
YHUPRHLGKHLG� >0L��@�� ,Q� GLW� RQGHU]RHN� ZRUGW� RYHULJHQV� JHHQ� YHUJHOLMNLQJ
JHPDDNW� PHW� KHW� RSWUHGHQ� YDQ� GHUJHOLMNH� NODFKWHQ� ELM� KHW� JHEUXLN� YDQ� GH
µJHZRQH¶�WHOHIRRQ�]RQGHU�HOHNWURPDJQHWLVFKH�]HQG��HQ�RQWYDQJVW�LQULFKWLQJ�
$�WKHUPLVFKH� HIIHFWHQ� ]RDOV� NDQNHU� HQ� NDQNHUSURPRWLH� ]LMQ� YRRUDO� PHW� EHKXOS
YDQ� QRJ� QLHW� JHUHSOLFHHUGH� GLHUH[SHULPHQWHOH� VWXGLHV� RQGHU]RFKW�� 'H� VWXGLHV
YHUWRQHQ�ERYHQGLHQ�YHOH�WHNRUWNRPLQJHQ��'DDURP�NXQQHQ�HU�QRJ�JHHQ�FRQFOXVLHV
ZRUGHQ�JHWURNNHQ��'H�YHUGXEEHOLQJ�YDQ�KHW�DDQWDO�O\PIRPHQ�ELM�DDQ�����0+]�
VWUDOLQJ�EORRWJHVWHOGH�PXL]HQ� LQ� GH� VWXGLH� YDQ�5HSDFKROL� HW� DO� ZLMVW�ZHO� LQ� GH
ULFKWLQJ�YDQ�HHQ�PRJHOLMN�FDXVDDO�YHUEDQG�WXVVHQ�EORRWVWHOOLQJ�DDQ�5)�VWUDOLQJ�HQ
FDUFLQRJHQHVH� >5H��@�� (FKWHU�� YRRUGDW� GHILQLWLHYH� FRQFOXVLHV� NXQQHQ� ZRUGHQ
JHWURNNHQ��LV�UHSOLFDWLH�HQ�YHUEHWHULQJ�YDQ�GLW�RQGHU]RHN�YDQ�EHODQJ�
+HW�QDGHHO�YDQ�GLHUH[SHULPHQWHOH� VWXGLHV�QDDU� LQYORHGHQ�YDQ�5)�VWUDOLQJ� LQ�KHW
DOJHPHHQ�LV�GDW�GH�JHRPHWULH�HQ�GH�DIPHWLQJHQ�YDQ�GH�GLHUHQ�HHQ�EHODQJULMNH�URO
VSHOHQ� LQ� GH� DEVRUSWLH� YDQ� GH]H� VWUDOLQJ�� 2P� GH]H� UHGHQ� HQ� YDQZHJH� KHW
RQWEUHNHQ� YDQ� HHQ� PHFKDQLVPH� ]LMQ� GH� EHYLQGLQJHQ� QLHW� ]RQGHU� PHHU
H[WUDSROHHUEDDU�QDDU�GH�PHQV�
'H�HSLGHPLRORJLVFKH�VWXGLHV�QDDU�D�WKHUPLVFKH�HIIHFWHQ�YHUWRQHQ�YDDN�HHQ�JHEUHN
DDQ� LQIRUPDWLH� RYHU� KHW� EORRWVWHOOLQJVSDWURRQ��2RN� ]LMQ� GH� UHVXOWDWHQ� EHwQYORHG
GRRU� IDFWRUHQ� GLH� KHW� RQGHU]RFKWH� HLQGSXQW� LQ� GH� KDQG� ZHUNHQ� RI� MXLVW
RQGHUGUXNNHQ��(HQ�WRHQDPH�YDQ�KHW�DDQWDO�KHUVHQWXPRUHQ�LQ�$XVWUDOLs�ZHHV�RP
GH]H� UHGHQHQ� QLHW� H[SOLFLHW� LQ� GH� ULFKWLQJ� YDQ� GH� WRHQDPH� YDQ� KHW� JHEUXLN� YDQ
*60�WHOHIRRQV�DOV�RRU]DDN�HQ�PDJ�]RQGHU�YHUGHU�DFFXUDDW�RQGHU]RHN�JHHQ�EURQ
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YDQ�RQJHUXVWKHLG�YRUPHQ��+HW�YHUVFKLO�LQ�PRUWDOLWHLWVWHPSR�WXVVHQ�JHEUXLNHUV�YDQ
]DNWHOHIRRQV�HQ�SRUWDEOHV�HQ�GH�DOJHPHQH�EHYRONLQJ�LQ�GH�9HUHQLJGH�6WDWHQ�NRQ
QLHW� HHQGXLGLJ� ZRUGHQ� WRHJHVFKUHYHQ� DDQ� KHW� JHEUXLN� YDQ� GH]H� WHOHIRRQV�� 7RW
GXVYHU� LV� QLHW� DDQJHWRRQG� GDW� UDGLRIUHTXHQWH� VWUDOLQJ� QHJDWLHYH� D�WKHUPLVFKH
JH]RQGKHLGVHIIHFWHQ�NDQ�YHURRU]DNHQ��
,QGLUHFWH� HIIHFWHQ� NXQQHQ� RQWVWDDQ� GRRU� LQWHUIHUHQWLH� PHW� HOHNWURQLVFKH
DSSDUDWXXU�� +HW� JHEUXLN� YDQ� PRELHOH� WHOHIRRQV� LQ� ]LHNHQKXL]HQ� ZRUGW� KLHURP
YHUERGHQ��3DFHPDNHUGUDJHUV�ZRUGW�DDQEHYROHQ�GH�WHOHIRRQ�PLQLPDDO����FP�YDQ
GH�SDFHPDNHU�WH�GUDJHQ�
(U� LV� UHODWLHI� ZHLQLJ� RQGHU]RHN� YHUULFKW� QDDU� KHW� RSWUHGHQ� YDQ� DVSHFLILHNH
NODFKWHQ� ELM� JHEUXLNHUV� YDQ� PRELHOH� WHOHIRRQV�� 2QGHU]RHN� QDDU� DVSHFLILHNH
NODFKWHQ� ULFKW� ]LFK� YRRUDO� RS� KHW� RSWUHGHQ� YDQ� VODDSVWRRUQLVVHQ� GLH� ]LFK
PDQLIHVWHUHQ� LQ� KHW� HOHFWUR�HQFHSKDORJUDP� �((*�� HQ� KHW� RSWUHGHQ� YDQ
YHUPRHLGKHLG�HQ�KRRIGSLMQ�
6ODDSVWRRUQLVVHQ� NXQQHQ� RSWUHGHQ� RQGHU� EHSDDOGH� EORRWVWHOOLQJVFRQGLWLHV�
DOKRHZHO�GH�JHYRQGHQ�UHVXOWDWHQ��QRJ��QLHW�RQGHU�GH]HOIGH�FRQGLWLHV�JHUHSOLFHHUG
]LMQ� HQ� DINRPVWLJ� ]LMQ� YDQ� HHQ� NOHLQ� DDQWDO� SURHISHUVRQHQ��'H� VODDSVWRRUQLVVHQ
PDQLIHVWHHUGHQ�]LFK�LQ�HHQ�YHUNRUWLQJ�YDQ�GH� WLMG� WRW� LQVODSHQ�HQ�HHQ��UHODWLHYH�
YHUNRUWLQJ�YDQ�GH�5(0�VODDS�PHW�VLJQLILFDQWH�NZDOLWDWLHYH�YHUDQGHULQJHQ�LQ�KHW
((*��7LMGHQV�KHW�ZDNHQ�]LMQ�JHHQ�HIIHFWHQ�JHYRQGHQ�RS�KHW�((*�>5|��D@�
+HW� RSWUHGHQ� YDQ� KRRIGSLMQ� HQ� YHUPRHLGKHLG� EOLMNW� JHUHODWHHUG� WH� ]LMQ� DDQ� GH
EHOWLMG� SHU� GDJ�� *HEUXLNHUV� GLH� ZDUPWH� YRHOGHQ� RS� RI� DFKWHU� KHW� RRU� KDGGHQ
GDDUQDDVW� HHQ� JURWHUH� NDQV� RS� KHW� RSWUHGHQ� YDQ� YHUPRHLGKHLG� RI� KRRIGSLMQ
>0L��@��2YHU�PRJHOLMNH�FDXVDOH�YHUEDQGHQ�ZRUGW�ZHO�JHVSHFXOHHUG��HU� LV�HFKWHU
QRJ�QLHWV�DDQJHWRRQG�>)U����+H����)U��D��)U��E@�
2RN� ZRUGHQ� NODFKWHQ� DOV� FRQFHQWUDWLHVWRRUQLVVHQ�� GXL]HOLJKHLG� HQ
JHKHXJHQYHUOLHV� JHPHOG�� ,Q� GH� JHQRHPGH� 1RRUV�=ZHHGVH� VWXGLH� NRQ� JHHQ
YHUEDQG�JHYRQGHQ�ZRUGHQ�WXVVHQ�GH�EHOWLMG�RI�KHW�DDQWDO�JHVSUHNNHQ�SHU�GDJ�HQ
KHW�UHODWLHYH�ULVLFR�RS�GLW�VRRUW�NODFKWHQ�
(U�LV�HHQ�DDQWDO�NDQWWHNHQLQJHQ�ELM�KHW�1RRUV�=ZHHGVH�RQGHU]RHN�WH�SODDWVHQ�GDW
RS� ]LFK]HOI� JRHG� LV� XLWJHYRHUG�� 'H� RULJLQHOH� K\SRWKHVH� LQ� GH� 1RRUV�=ZHHGVH
VWXGLH��GDW�*60�JHEUXLNHUV�HHQ�YHUKRRJGH�NDQV�RS�EHSDDOGH�NODFKWHQ�KDGGHQ�LQ
YHUJHOLMNLQJ�PHW�107�JHEUXLNHUV��ZHUG�HFKWHU�JHIDOVLILFHHUG�GRRUGDW�MXLVW�107�
JHEUXLNHUV� PHHU� NODFKWHQ� YHUWRRQGHQ� GDQ� *60�JHEUXLNHUV�� ,QKHUHQW� DDQ� GH]H
K\SRWKHVH�LV�JHNR]HQ�YRRU�HHQ�UHIHUHQWLHJURHS�GLH�KHW�PRJHOLMN�PDDNW�KHW�DDQWDO
NODFKWHQ�ELM�*60��HQ�107�JHEUXLNHUV�PHW�HONDDU� WH�YHUJHOLMNHQ��9RRU�KHW�GRHO
YDQ�GLW�UDSSRUW�]RX�QDDVW�GH]H�WZHH�JURHSHQ�JHEUXLNHUV�HHQ�JURHS�JHEUXLNHUV�YDQ
JHZRQH�QLHW�PRELHOH� WHOHIRRQV� JH]HW�PRHWHQ�ZRUGHQ� RP� UHODWLHYH� ULVLFR¶V� YRRU
GH]H�GULH�JURHSHQ�PHW�HONDDU�WH�NXQQHQ�YHUJHOLMNHQ�>+R��E@��2P�GH]H�UHGHQ�NDQ
GDQ�RRN�YRRUDOVQRJ�JHHQ�GHILQLWLHYH�FRQFOXVLH�JHWURNNHQ�ZRUGHQ�PHW�EHWUHNNLQJ
WRW� LQ� GH� VWXGLH� JHQRHPGH� NODFKWHQ�� %RYHQGLHQ� LV� QLHW� GXLGHOLMN� ZDDURP� GH
UHVXOWDWHQ� XLW� 1RRUZHJHQ� HQ� =ZHGHQ� QLHW� ELM� HONDDU� ]LMQ� JHYRHJG� >+R��E@�� (U
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OLMNW� LPPHUV� RS�KHW� HHUVWH� JH]LFKW� JHHQ� UHGHQ� WH� YHURQGHUVWHOOHQ� GDW� HU� YHUVFKLO
WXVVHQ�NODFKWHQ�LQ�EHLGH�ODQGHQ�EHVWDDW��'DDUQDDVW�YRRU]LHW�GH�VWXGLH�QLHW�LQ�HHQ
YHUNODULQJ�YRRU�GH�V\PSWRPHQ�>15��@�
+HW� LV� HQ� EOLMIW� PRHLOLMN� ]R� QLHW� RQPRJHOLMN� RP� WH� EHZLM]HQ� GDW� HU� JHHQ
JH]RQGKHLGVHIIHFWHQ� ]LMQ�� 2QGHU]RHN� GDW� HHQ� HIIHFW� DDQWRRQW� URHSW� RS� WRW
UHSOLFDWLH�HUYDQ�GRRU�DQGHUHQ��RP�GH�ZDDUGH�HUYDQ�MXLVW�WH�NXQQHQ�LQVFKDWWHQ�HQ
JHHQ�RQQRGLJH�RQUXVW�WH�YHURRU]DNHQ�RQGHU�KHW�SXEOLHN��9RRUDOVQRJ�ZRUGHQ�ZHO
VWDWLVWLVFK� VLJQLILFDQWH� YHUEDQGHQ� DDQJHWRRQG�� PDDU� RQWEUHNHQ� MXLVW� GH
PHFKDQLVPHQ�� 2RN� ZDQQHHU� HHQ� VWDWLVWLVFK� VLJQLILFDQW� YHUEDQG� LV� JHYRQGHQ�
RQWEUHNHQ�YDDN�H[DFWH��REMHFWLHYH��JHJHYHQV�RYHU�KHW�EORRWVWHOOLQJVSDWURRQ�HQ�GH
EORRWVWHOOLQJVQLYHDXV�� RI� VSHOHQ� DQGHUH� IDFWRUHQ� HHQ� URO�ZDDUGRRU� GH� UHVXOWDWHQ
PLQGHU�EHWURXZEDDU�ZRUGHQ�
+HW� DDQWDO�JHEUXLNHUV�YDQ�PRELHOH� WHOHIRRQV� ]DO� VWHUN� WRHQHPHQ��'H� LQWURGXFWLH
YDQ� KHW� QLHXZH� '&6������ QHWZHUN� ]DO� WHYHQV� HHQ� WRHQDPH� YDQ� KHW� DDQWDO
EDVLVVWDWLRQV� LQKRXGHQ��'H�EDVLVVWDWLRQV�YDQ�KHW�'&6������QHWZHUN�]HQGHQ�HHQ
ODJHU�YHUPRJHQ�XLW�RPGDW�GH�FHOOHQ�NOHLQHU�]LMQ��+HW�LV�PRHLOLMN�WH�]HJJHQ�ZDW�GLW
SUHFLHV� YRRU� GH� EORRWVWHOOLQJ� YDQ� GH� DOJHPHQH� EHYRONLQJ� EHWHNHQW�� (HQ� VWHUNH
�UHODWLHYH��WRHQDPH�LV�QLHW�WH�YHUZDFKWHQ�
'RRU�GH� ODJHUH�JHVSUHNVNRVWHQ�YDQ�GLW�QLHXZH�QHWZHUN�]DO� MXLVW�GH�GXXU�YDQ�GH
JHVSUHNNHQ� WRHQHPHQ�� 'DDUQDDVW� GULQJW� GH� JHEUXLNWH� VWUDOLQJ� YDQ� '&6�����
PLQGHU�JRHG�GRRU�GDQ�ELM�GH�VWUDOLQJ�YRRU�*60��7KHUPLVFKH�HIIHFWHQ�]XOOHQ�GXV
PHHU�DDQ�GH�RSSHUYODNWH� WH�YHUZDFKWHQ�]LMQ��(U� LV�GDDUQDDVW�YHHO�PLQGHU� UXLV� WH
KRUHQ�� KHWJHHQ� YDQ� HHQ� SRVLWLHYH� LQYORHG� NDQ� KHEEHQ� RS� KHW� RSWUHGHQ� YDQ
YHUPRHLGKHLG�HQ�KRRIGSLMQ�
(HQ� HSLGHPLRORJLVFK� RQGHU]RHN� �LQ� GH� YRUP� YDQ� HHQ� SDQHOVWXGLH�� RQGHU
JHEUXLNHUV� YDQ� PRELHOH� WHOHIRRQV� QDDU� DVSHFLILHNH� NODFKWHQ� DDQ� GH� KDQG� YDQ
DFFRXQWV� YDQ� JHEUXLNHUV�PHW� JHJHYHQV� RYHU� KHW� JHEUXLN� LV� YROJHQV�$PHULNDDQV
RQGHU]RHN�JRHG�PRJHOLMN��PLWV�GH�JHEUXLNHU�WRHVWHPPLQJ�JHHIW�YRRU�KHW�RSYUDJHQ
YDQ� GH� EHOJHJHYHQV� >)X���� +R��E@�� %LM� HSLGHPLRORJLVFK� RQGHU]RHN� QDDU
VSHFLILHNH�HIIHFWHQ��NDQNHU��NDQNHUSURPRWLH��LV�KHW�WHYHQV�EHODQJULMN�UHNHQLQJ�WH
KRXGHQ�PHW�GH�HYHQWXHOH�ODWHQWLHWLMG�WRW�KHW�RSWUHGHQ�YDQ�GH]H�HIIHFWHQ�
2YHU�KHW�JHKHHO�JHQRPHQ�NDQ�JHFRQFOXGHHUG�ZRUGHQ�GDW�XLW�RQGHU]RHN�QDDU�KHW
RSWUHGHQ� YDQ� WKHUPLVFKH�� D�WKHUPLVFKH� HQ� LQGLUHFWH� HIIHFWHQ� HQ� DVSHFLILHNH
NODFKWHQ�QLHW�LV�JHEOHNHQ�GDW�HU�HHQ�JHYDDU�YRRU�GH�JH]RQGKHLG�LV�ELM�KHW�JHEUXLN
YDQ� ]DNWHOHIRRQV�� PLWV� GH� DDQEHYHOLQJHQ� YRRU� EORRWVWHOOLQJ� DDQ� UDGLRIUHTXHQWH
VWUDOLQJ�YDQ�GH�*H]RQGKHLGVUDDG�QLHW�ZRUGHQ�RYHUVFKUHGHQ��'H�VWXGLHV�YHUWRQHQ
QRJ�WHNRUWNRPLQJHQ�RS�DOOHUOHL�JHELHGHQ�HQ�UHSOLFDWLH�HUYDQ�PRHW�XLWZLM]HQ�RI�GH
HIIHFWHQ�UHSURGXFHHUEDDU�]LMQ�

���� $DQEHYHOLQJHQ

2S�EDVLV� YDQ�GH� EHYLQGLQJHQ� LQ� GLW� UDSSRUW�ZRUGHQ�GH� YROJHQGH� DDQEHYHOLQJHQ
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JHGDDQ�
� +HW� DFWLHI� VLJQDOHUHQ� YDQ� UHOHYDQWH� ZHWHQVFKDSSHOLMNH� RQWZLNNHOLQJHQ� RS� KHW
JHELHG�YDQ�JH]RQGKHLGVHIIHFWHQ�YDQ�PRELHOH�WHOHIRQLH�DDQ�EHYRHJGH�RYHUKHGHQ�
� $DQJH]LHQ� GH� RQUXVW� RQGHU� GH� EHYRONLQJ� RYHU� GH� EORRWVWHOOLQJ� DDQ
UDGLRIUHTXHQWH�VWUDOLQJ�DINRPVWLJ�YDQ�]HQGPDVWHQ�JURHLHQGH�LV��OLMNW�KHW�ZHQVHOLMN
HHQ� JRHGH� YRRUOLFKWLQJVEURFKXUH� RS� WH� VWHOOHQ� HQ� KLHUDDQ� UXLPH� EHNHQGKHLG� WH
JHYHQ�
� +HW� LV� PRHLOLMN� DDQ� WH� JHYHQ� ZDDU� HYHQWXHHO� YHUYROJRQGHU]RHN� QDDU
JH]RQGKHLGVHIIHFWHQ�� LQGLHQ�JHZHQVW��]LFK�RS�]DO�PRHWHQ� ULFKWHQ�RPGDW� HU�JHHQ
DDQZLM]LQJ� LV� YRRU� KHW� RSWUHGHQ� YDQ� HHQ� EHSDDOG� W\SH� HIIHFW�� (FKWHU�� GH
RQJHUXVWKHLG�RQGHU� GH� EHYRONLQJ� NDQ� DDQOHLGLQJ� ]LMQ� RP� HHQ� LQYHQWDULVDWLH� YDQ
EHSDDOGH� NODFKWHQ� WH� PDNHQ�� ,Q� YHUVFKLOOHQGH� ODQGHQ� ZRUGHQ� RS� GLW� RJHQEOLN
GHUJHOLMNH� RQGHU]RHNHQ� YRRUEHUHLG� HQ� XLWJHYRHUG�� 9DDN� YLQGW� RQGHUOLQJH
DIVWHPPLQJ� SODDWV�� ELMYRRUEHHOG� YLD� GH� :+2�� +HW� LV� DDQ� WH� EHYHOHQ� GH
RQWZLNNHOLQJHQ� KLHULQ� LQWHQVLHI� RS� WH� YROJHQ� RI� HYHQWXHHO� DFWLHI� KLHULQ� WH
SDUWLFLSHUHQ�
� 2P� LQ]LFKW� WH�NULMJHQ� LQ�GH�EORRWVWHOOLQJ�YDQ�GH�EHYRONLQJ�DDQ� UDGLRIUHTXHQWH
VWUDOLQJ� YRRU�PRELHOH� WHOHIRQLH� OLMNW� HHQ� EURQLQYHQWDULVDWLH� ZHQVHOLMN��0RJHOLMN
NDQ�PHW�GH]H�LQIRUPDWLH� WHYHQV�HHQ�EHWHUH�EHVFKULMYLQJ�ZRUGHQ�JHJHYHQ�YDQ�GH
EORRWVWHOOLQJVNDUDNWHULVWLHN�
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5()(5(17,(6
$O�� $OWDPXUD�� *��� 7RVFDQR�� *HQWLOXFFL�� *��� $PPLUDWL�� )��� &DVWUR�� $��3DQGR]L��&���6DQWLQL�� 0�� ,QIOXHQFH� RI� GLJLWDO� DQG� DQDORJXHFHOOXODU�WHOHSKRQHV�RQ�LPSODQWHG�SDFHPDNHUV��(XURS��+HDUW�-����������������������
$0�� &RPPXQLFDWLH�� (HQ� YHUNODULQJ� YDQ� YHHOJHEUXLNWH� WHUPHQ�KWWS���ZZZ�DXWRPRWLYH�PLFSRLQW�QO�� 0LFSRLQW� $XWRPRWLYH� 6HUYLFHV� HQ$XWRPDWLVHULQJ�
$Q�� $QGHUVRQ��-���-R\QHU��.�+��6SHFLILF�DEVRUSWLRQ�UDWH�OHYHOV�PHDVXUHG�LQ�DSKDQWRP� KHDG� H[SRVHG� WR� UDGLRIUHTXHQF\� WUDQVPLVVLRQV� IURP� DQDORJKDQG�KHOG�PRELOH�SKRQHV��%LRHOHFWURPDJQHWLFV�����������������
$Q�� $QGHUVHQ��-�%���3HGHUVHQ��7KH�WHFKQRORJ\�RI�PRELOH�WHOHSKRQH�V\VWHPVUHOHYDQW�IRU�ULVN�DVVHVVPHQW��5DG��3URW��'RVLP�������������������������
$U�� $UPVWURQJ��%�.���-RQJ��.�(��/HWWHU�WR�WKH�HGLWRU��0HG��-��$XVWUDOLD�������������������
%R�� %RUJKHVL�� -�/�� /HWWHU� WR� WKH� HGLWRU�� 0HG�� -�� $XVWUDOLD� ����� �������������
%6�� 5DGLR�� XQG� 0LNURZHOOHQ�� 6WUDKOHQWKHPHQ�� %XQGHVDPW� I�U6WUDKOHQVFKXW]��1RYHPEHU������
&K�� &KHQ��:��+���/DX��&��3���/HXQJ��6��.���6DL�:DK�+R��'���6LX�)RQJ�/HH�,�� ,QWHUIHUHQFH� RI� FHOOXODU� SKRQHV� ZLWK� LPSODQWHG� SHUPDQHQWSDFHPDNHUV��&OLQ��&DUGLRO��������������������
'D�� 'DYLGVRQ��-�$��%UDLQ� WXPRXUV�DQG�PRELOH�SKRQHV"�0HGLFDO�-RXUQDO�RI$XVWUDOLD������������������
'L�� 'LPE\ORZ�� 3�-��� 0DQQ�� 6�0�� 6$5� &DOFXODWLRQ� LQ� DQ� DQDWRPLFDOO\UHDOLVWLF�PRGHO� RI� WKH� KHDG� IRU�PRELOH� FRPPXQLFDWLRQ� WUDQVFHLYHUV� DW����0+]�DQG�����*+]��3K\V��0HG��%LRO����������������������
'X�� 'XIILQ��:�-��(OHFWULFLW\�DQG�PDJQHWLVP��)RXUWK�HGLWLRQ��������0F*UDZ�+LOO�%RRN�&RPSDQ\�
(&�� 9RRUVWHO� YRRU� HHQ� DDQEHYHOLQJ� YDQ� GH� UDDG� EHWUHIIHQGH� GH� EHSHUNLQJYDQ�EORRWVWHOOLQJ�YDQ�GH�EHYRONLQJ�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ���+]�����*+]��&RPPLVVLH�YDQ�GH�(XURSHVH�*HPHHQVFKDSSHQ�
(0�� 7KH� LQWHUQDWLRQDO� (0)�SURMHFW�� +HDOWK� DQG� HQYLURQPHQWDO� HIIHFWV� RIH[SRVXUH�WR�VWDWLF�DQG�WLPH�YDU\LQJ�HOHFWULF�DQG�PDJQHWLF�ILHOGV��:+2�����
(0�� (0)�/LQN��,QIRUPDWLRQ�9HQWXUHV�:HE�3DJHKWWS���LQIRYHQWXUHV�FRP��IRUPV�ZHEILQG�KWPO��������
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(:�� 0RELOH� SKRQHV�� QHZ� KHDOWK� ULVN� IHDUV�� (OHFWURQLFV� :RUOG� ������������������������
)L�� )LVW�� 6�� &HOO� SKRQHV�FDQFHU� FRQQHFWLRQ�� 7KH� $XVWUDOLDQ� 1HZVSDSHU�7XHV����$SULO������
)U��D )ULW]H�� .��� 6RPPHU�� &��� 6FKPLW]�� %��� 0LHV�� *��� +RVVPDQQ�� .�$��.LHVVOLQJ�� 0��� :LHVVQHU�� &�� (IIHFW� RI� JOREDO� V\VWHP� IRU� PRELOHFRPPXQLFDWLRQ� �*60�� PLFURZDYH� H[SRVXUH� RQ� EORRG�EUDLQ� EDUULHUSHUPHDELOLW\�LQ�UDW��$FWD�1HXURSDWKRO�����������������������
)U��E )ULW]H��.���:LHVVQHU��&���.XVWHU��1��� 6RPPHU��&���*DVV�� 3���+HUPDQQ�'�0��� .LHVVOLQJ�� 0��� +RVVPDQQ�� .�$�� (IIHFW� RI� JOREDO� V\VWHP� IRUPRELOH� FRPPXQLFDWLRQ�PLFURZDYH� H[SRVXUH� RQ� WKH� JHQRPLF� UHVSRQVHRI�WKH�UDW�EUDLQ��1HXURVFLHQFH����������������������
)U��� )UH\��$�+��+HDGDFKHV�IURP�FHOOXODU�WHOHSKRQHV��DUH�WKH\�UHDO�DQG�ZKDWDUH�WKH�LPSOLFDWLRQV"�(QYLURQP��+HDOWK�3HUVS�����������������������
)X�� )XQFK�� '�3��� 5RWKPDQ�� .�-��� /RXJKOLQ�� -�(��� 'UH\HU�� 1�$�� 8WLOLW\� RIWHOHSKRQH� FRPSDQ\� UHFRUGV� IRU� HSLGHPLRORJLF� VWXGLHV� RI� FHOOXODUWHOHSKRQHV��(SLGHPLRORJ\���������������������
*5�� *H]RQGKHLGVUDDG�&RPPLVVLH� 5DGLRIUHTXHQWH� VWUDOLQJ�� 5DGLR�IUHTXHQWHHOHNWURPDJQHWLVFKH�YHOGHQ������+]�������*K]���5DSSRUW���������������
*0��� *H]RQGKHLGVDVSHFWHQ� YDQ� KHW� JHEUXLN� YDQ� PRELHOH� WHOHIRRQV�0LQLVWHULHV�YDQ�6=:��9520��9	:�HQ�9:6�������
+H�� +HUPDQQ�� '�0��� +RVVPDQQ�� .�$�� 1HXURORJLFDO� HIIHFWV� RI� PLFURZDYHH[SRVXUH�UHODWHG�WR�PRELOH�FRPPXQLFDWLRQ��-��1HXURO��6FL��������������������
+R��D +RFNLQJ��%��>&RPPHQW@�0HG��-��$XVWUDOLD���������������-DQXDU\������
+R��E +RXWKXLMV��'�-�0���'XVVHOGRUS��$��&HQWUXP�YRRU�&KURQLVFKH�]LHNWHQ�HQ0LOLHX�HSLGHPLRORJLH��5LMNVLQVWLWXXW� YRRU�9RONVJH]RQGKHLG� HQ�0LOLHX�3HUVRRQOLMNH�FRPPXQLFDWLH��GHFHPEHU������
,&��� 1RQ�LRQL]LQJ� UDGLDWLRQ�� 3URFHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� 1RQ�,RQL]LQJ� 5DGLDWLRQ� :RUNVKRS�� %DGHQ�� $XVWULD�� ������ (GLWRU�� 5�0DWWKHV�� 6FLHQWLILF� 6HFUHWDU\�� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 1RQ�,RQL]LQJ�5DGLDWLRQ�3URWHFWLRQ�������
,&1�� ,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�1RQ�,RQL]LQJ�5DGLDWLRQ�3URWHFWLRQ��+HDOWKLVVXHV� UHODWHG� WR� WKH� XVH� RI� KDQG�KHOG� UDGLRWHOHSKRQHV� DQG� EDVHWUDQVPLWWHUV��+HDOWK�3K\V�����������������������
,&�� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 1RQ�,RQL]LQJ� 5DGLDWLRQ� 3URWHFWLRQ�*XLGHOLQHV�IRU�OLPLWLQJ�H[SRVXUH�WR�WLPH�YDU\LQJ�HOHFWULF��PDJQHWLF��DQGHOHFWURPDJQHWLF� ILHOGV� �XS� WR� ����*+]���+HDOWK�3K\V�� ������� �������������
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,P�� ,PDLGD��.���7DNL��0���<DPDJXFKL��7���,WR��7���:DWDQDEH��6���:DNH��.��$LPRWR��$���.DPLPXUD��<���,WR��1���6KLUDL��7��/DFN�RI�SURPRWLQJ�HIIHFWVRI�WKH�HOHFWURPDJQHWLF�QHDU�ILHOG�XVHG�IRU�FHOOXODU�SKRQHV��������0+]�RQ� UDW� OLYHU� FDUFLQRJHQHVLV� LQ� D� PHGLXP�WHUP� OLYHU� ELRDVVD\�&DUFLQRJHQHVLV����������������������
-H�� -HQVK��5�3��%HKDYLRUDO�WHUDWRORJLF�VWXGLHV�XVLQJ�PLFURZDYH�UDGLDWLRQ��LVWKHUH�DQ�LQFUHDVHG�ULVN�IURP�H[SRVXUH�WR�FHOOXODU�SKRQHV�DQG�PLFURZDYHRYHQV"�5HSURGXFWLYH�7R[LFRO�����������������������
.X��D 0RELOH� FRPPXQLFDWLRQV� VDIHW\�� (GLWRUV��.XVWHU��1���%DO]DQR��4��� /LQ�-�&��&KDSPDQ�DQG�+DOO��/RQGRQ�������
.X��E .XVWHU��1���.DVWOH��5��� 6FKPLG�� 7��'RVLPHWULF� HYDOXDWLRQ� RI� KDQGKHOGPRELOH�FRPPXQLFDWLRQV�HTXLSPHQW�ZLWK�NQRZQ�SUHFLVLRQ��,(,&(�7UDQV�&RPPXQ��9RO��(���%�������������������
0D�� 0DQQ��.���5|VFKNH��-��(IIHFWV�RI�SXOVHG�KLJK�IUHTXHQF\�HOHFWURPDJQHWLFILHOGV�RQ�KXPDQ�VOHHS��1HXURSV\FKRELRO������������������
0L�� 0LOG��.�+���2IWHGDO��*���6DQGVWU|P��0���:LOpQ��-���7\QHV��7���+DXJVGDO�%���+DXJHU��(��&RPSDULVRQ�RI�DQDORJXH�DQG�GLJLWDO�PRELOH�SKRQH�XVHUVDQG�V\PSWRPV��$�6ZHGLVK�1RUZHJLDQ�HSLGHPLRORJLFDO�VWXG\��1DWLRQDO,QVWLWXWH�IRU�:RUNLQJ�/LIH��$UEHWVOLYVUDSSRUW���������������
0.�� 0F.LQOD\��$��5DGLRWHOHSKRQHV�DQG�KXPDQ�KHDOWK��D�(XURSHDQ�UHVHDUFKLQLWLDWLYH�5DGLDW��3URW��'RVLP�������������������������
01�� 5HSRUWV� RI� KHDGDFKHV� HPHUJH� DPRQJ� FHOO� SKRQH� XVHUV� LQ� 8�6�0LFURZDYH�1HZV�;9,��������������
01��� 0LFURZDYH�1HZV��9RO��;9,,�1R����1RYHPEHU�'HFHPEHU������
0:�� 0F:KLUWHU��:�5���'REVRQ��&��� /HWWHU� WR� WKH� HGLWRU��0HG�� -��$XVWUDOLD�����������������0DUFK������
15��� 1DWLRQDO� 5DGLRORJLFDO� 3URWHFWLRQ� %RDUG� �153%��� %RDUG� VWDWHPHQW� RQUHVWULFWLRQV� RQ� KXPDQ� H[SRVXUH� WR� VWDWLF� DQG� WLPH� YDU\LQJHOHFWURPDJQHWLF� ILHOGV� DQG� UDGLDWLRQ�� &KLOWRQ�� 1DWLRQDO� 5DGLRORJLFDO3URWHFWLRQ�%RDUG���������'RFXPHQWHQ�153%��9RO�����1U�����
15��� 153%� UHVSRQVH� WR�&RPSDULVRQ� RI� DQDORJXH� DQG� GLJLWDO�PRELOH� SKRQHXVHUV� DQG� V\PSWRPV�� D� 6ZHGLVK�1RUZHJLDQ� HSLGHPLRORJLFDO� VWXG\�1DWLRQDO� 5DGLRORJLFDO� 3URWHFWLRQ� %RDUG�� KWWS���ZZZ�QUSE�RUJ�XN�1LU�LV��KWP�������
2H�� 2HL� +ZD\�/LHP�� 7HOHIRQHUHQ� LQ� GH� DXWR� HQ� YHUNHHUVYHLOLJKHLG�5DSSRUWQR�� 5�������� 6WLFKWLQJ� :HWHQVFKDSSHOLMN� 2QGHU]RHN9HUNHHUVYHLOLJKHLG�������
3:�� 0LFURZDYHV�� PRELOH� SKRQHV� DQG� \RXU� KHDOWK�KWWS���ZZZ�SRZHUZDWFK�XN
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5&�� 5HSDFKROL��0�+��� &DUGLV�� (�� &ULWHULD� IRU� (0)� KHDOWK� ULVN� DVVHVVPHQW�5DGLDW��3URW��'RVLP�������������������������
5H�� 5HJWLHQ�� 3�3�/�� ,QVWUXPHQWHOH� HOHNWURQLFD�� (HUVWH� GUXN� ������ �����'HOIWVH�8LWJHYHUV�0DDWVFKDSSLM�EY��'HOIW�
5H��� 5HSDFKROL�� 0�+��� %DVWHQ�� $��� *HEVNL�� 9��� 1RRQDQ�� '��� )LQQLH�� '��+DUULV�� $�:�� /\PSKRPDV� LQ� (P�3LP�� WUDQVJHQLF� PLFH� H[SRVHG� WRSXOVHG� ���� 0+]� HOHFWURPDJQHWLF� ILHOGV�� 5DGLDW�� 5HV�� ����� �������������
5/�� 5RWKPDQ�� .�-��� /RXJKOLQ�� -�(��� )XQFK�� '�3��� 'UH\HU�� 1�$�� 2YHUDOOPRUWDOLW\� RI� FHOOXODU� SKRQH� FXVWRPHUV�� (SLGHPLRORJ\� 9RO�� ������ ��������������
5R��� 5RWKPDQ�� .�-��� &KRX�� &��.��� 0RUJDQ�� 5��� %DO]DQR�� 4��� *X\�� $�:��)XQFK�� '�3��� 3UHVWRQ�0DUWLQ�� 6��� 0DQGHO�� -��� 6WHIIHQV�� 5��� &DUOR�� *�$VVHVVPHQW� RI� FHOOXODU� WHOHSKRQH� DQG� RWKHU� UDGLR� IUHTXHQF\� H[SRVXUHIRU�HSLGHPLRORJLF�UHVHDUFK��(SLGHPLRORJ\���������������������
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5|��E 5|VFKNH��-���+LHPNH��&���0DQQ��.���:DJQHU��3��(IIHFWV�RI�GLJLWDO�PRELOHUDGLR� WHOHSKRQH� RQ� QRFWXUQDO� KRUPRQHV� DQG� KXPDQ� ((*�� 7KLUG,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3LQHDO� *ODQG� DQG� &DQFHU�� %ODXEHXUHQ�*HUPDQ\�� 2FWREHU� ����� ������ &DQFHU� %LRWKHUDS\� 	5DGLRSKDUPDFHXWLFDOV�������������������
5X�� 5XVVHOO�� 3�� /HWWHU� WR� WKH� HGLWRU�� 0HG�� -�� $XVWUDOLD� ����� ��������� ��0DUFK������
6H�� 'H�6H]H��5���)DEEUR�3HUD\��3���0LUR��/��*60�UDGLRFHOOXODU� WHOHSKRQHVGR QRW� GLVWXUE� WKH� VHFUHWLRQ� RI� DQWHSLWXLWDU\� KRUPRQHV� LQ� KXPDQV�%LRHOHFWURPDJQHWLFV����������������������
6P�� 6PDXOHV��'���:LVH��.��/HWWHU�WR�WKH�HGLWRU��0HG��-��$XVWUDOLD������������������0DUFK������
7H�� (HUVWH� EDVLVVWDWLRQ� NULMJW� KRQGHUGHQ� µEURHUWMHV¶�� �� MXOL� �����KWWS���ZZZ�WHOIRUW�QO�FRUSRUDWH�IUBDOJHPHHQ�KWPO�
7*�� ³9HUERG�RS�EHOOHQ�LQ�DXWR´��7HOHJUDDI����VHSWHPEHU������
7|�� 7|UQHYLN�� &��� 6DQWRPDD�� 9��� %DO]DQR�� 4�� (YDOXDWLRQ� RI� WHPSHUDWXUHLQFUHDVH�DW�HDU�RI�FHOO�SKRQH�XVHUV��$EVWUDFW�IRU�WKH�%LRHOHFWURPDJQHWLF6RFLHW\�$QQXDO�0HHWLQJ������
9:�� =DNWHOHIRRQV�QLHW�VOHFKW�YRRU�GH�JH]RQGKHLG��3HUVEHULFKW�0LQLVWHULH�YDQ9:6�����MXQL�������QXPPHU����
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:L�� :LONH�� $��� *ULPP�� :��� )XQFN�� 5��� 0DLVFK�� %�� ,QIOXHQFH� RI� '�QHW�(XURSHDQ�*60�VWDQGDUG��FHOOXODU�SKRQHV�RQ�SDFHPDNHU�IXQFWLRQ�LQ���SDWLHQWV�ZLWK�SHUPDQHQW�SDFHPDNHUV��3DFH���������������������
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$33(1',;�,��9(5=(1'/,-67

� '*�9RONVJH]RQGKHLG� YDQ� KHW�0LQLVWHULH� YDQ� 9RONVJH]RQGKHLG�
:HO]LMQ�HQ�6SRUW

���� 'LUHFWLH� *H]RQGKHLGVEHOHLG� YDQ� KHW� 0LQLVWHULH� YDQ
9RONVJH]RQGKHLG��:HO]LMQ�HQ�6SRUW

�� 'U��(��YDQ�5RQJHQ��*H]RQGKHLGVUDDG
�� 'HSRW�1HGHUODQGVH�3XEOLNDWLHV�HQ�1HGHUODQGVH�%LEOLRJUDILH
�� 'LUHFWLH�5,90
�� 6HFWRUGLUHFWHXU�VHFWRU�,9
�� +RRIG�YDQ�KHW�/DERUDWRULXP�YRRU�6WUDOLQJVRQGHU]RHN
����� $XWHXUV
�� 6%'�9RRUOLFKWLQJ�	�3XEOLF�5HODWLRQV
�� %XUHDX�5DSSRUWHQUHJLVWUDWLH
�� %LEOLRWKHHN�5,90
�� %LEOLRWKHHN�/62
����� %XUHDX�5DSSRUWHQEHKHHU
����� 5HVHUYH�H[HPSODUHQ�/62
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$33(1',;�,,��%(5(.(1,1*�9$1�'(�9(502*(16',&+7+(,'

'H� YHFWRU� 6� KHHIW� JURRWWH� HQ� ULFKWLQJ� HQ� ZRUGW� RRN� ZHO� 3R\QWLQJV� 9HFWRU
JHQRHPG��'H�ZDDUGH�YRRU�GH�YHUPRJHQVGLFKWKHLG�NDQ�RRN�EHUHNHQG�ZRUGHQ�XLW
GH� ZHWHQVFKDS� GDW� GH� JROILPSHGDQWLH� =� LQ� YDFX�P� LQ� KHW� YHUUH� YHOG� JHJHYHQZRUGW�GRRU�
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+� ���=   W �LQ�YDFX�P

6XEVWLWXWLH� LQ� YHUJHOLMNLQJ� ���� GH� YHUPRJHQVGLFKWKHLG� OHYHUW� GDQ� RS� GDW� GH
YHUPRJHQVGLFKWKHLG� RRN� EHUHNHQG� NDQ� ZRUGHQ� ZDQQHHU� GH� VWHUNWH� YDQ� KHW
HOHNWULVFK�RI�PDJQHWLVFK�YHOG�EHNHQG�LV�
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$33(1',;�,,,��/,-67�9$1�$).257,1*(1

$0 $PSOLWXGHPRGXODWLH
$7) $XWRWHOHIRRQ
%6 %DVLVVWDWLRQ
&7 &RUGOHVV�7HOHSKRQH
&: &RQWLQXRXV�ZDYH
'&6����� 'LJLWDO�&RPPXQLFDWLRQV�6\VWHP��]HQGW�XLW�RS������0+]�
((* (OHFWUR�HQFHSKDORJUDP
)'0$ )UHTXHQF\�'LYLVLRQ�0XOWLSOH�$FFHVV
)0 )UHTXHQWLHPRGXODWLH
*60 *OREDO�6\VWHP�IRU�0RELOH�&RPPXQLFDWLRQV
,&1,53 ,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�1RQ�,RQL]LQJ�5DGLDWLRQ�3URWHFWLRQ
06& 0RELOH�6ZLWFKLQJ�&HQWUH
107 1RUGLF�0RELOH�7HOHSKRQH
153% 1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG
5) 5DGLRIUHTXHQW
6$5 6SHFLILF�$EVRUSWLRQ�5DWLR
6$7 6SHFLILHN�$EVRUSWLH�7HPSR
7'0$ 7LPH�'LYLVLRQ�0XOWLSOH�$FFHVV
:+2 :RUOG�+HDOWK�2UJDQL]DWLRQ


	Inleiding
	Aanleiding en doelstelling
	Leeswijzer

	Radiofrequente straling
	Het elektromagnetisch spectrum: begrippen en theorie
	Dosimetrie
	Gezondheidskundige advieswaarden voor blootstelling aan RF-straling in Nederland

	Mobiele telefonie
	Mobiele telefoons
	Cellulaire technologie
	Communicatie tussen mobiele telefoon en basisstation
	Blootstelling van algemene bevolking
	Blootstelling van gebruikers van zaktelefoons
	Beleving van blootstelling aan RF-straling

	Gezondheidseffecten
	Inleiding
	Thermische effecten
	A-thermische effecten
	Indirecte effecten
	Aspecifieke klachten
	Slaapstoornissen
	Hoofdpijn
	Vermoeidheid
	Concentratiestoornissen, geheugenverlies en duizeligheid

	Lopende studies: het EMF-project

	Conclusies en aanbevelingen
	Discussie en conclusies
	Aanbevelingen


