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RVWLPXOHULQJ�lU�SURGXNWHU�VRP�VWLPXOHUDU�OLY�PHQ�LQWH�LQQHKnOOHU�Yl[WQlULQJ�

8QGHU�VWXGLHQ�RGODGHV�VRMDE|QRU�L�Yl[WKXV�RFK�Gn�XQGHUV|NWHV�ROLND�VRUWHU�DY�VRMD�
E|QRU��7XQGUD RFK�0LGRUL�*LDQW�RFK�ROLND�ELRVWLPXOHULQJVSURGXNWHU��%LQDE�7)�:3�
RFK�7ULDQXP�3� 7LOOI|UG�ELRVWLPXOHULQJ�JDY�JHQHUHOOW�VHWW�Vn�VWRU�HIIHNW�RFK�GHW�NDQ�
HYHQWXHOOW�EHUR�Sn�PHWRGHQ�VRP�DQYlQGHV�YLG�VnGG��%LQDE�7)�:3�HYHQWXHOOW�NDQ JH�
IOHU�VPnSODQWRU�RFK�NDQ�lYHQ�PHGI|UD DWW�GH�YlJHU�PHU��

8QGHU�I|UV|NHW�DQYlQGHV�RFNVn�ROLND�PlQJG�Yl[WQlULQJ�L�IRUP�DY�PLQHUDOJ|GVHO�HOOHU�
RUJDQLVNW�J|GVHOPHGHO� 8QGHU�I|UV|NHW�REVHUYHUDGHV�LQWH�VlUVNLOW W\GOLJD�LQGLNDWLRQHU�
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VNLOOQDG�QlU�VRMD�PHG�ELRVWLPXOHULQJ�MlPI|UGHV�PHG�NRQWUROO�Sn�GH�ROLND�
MRUGDUQD�YDU�I|U�VLJ� ��

)LJXU���$QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�
MRUGDU�GDJ�I|U�GDJ��6RUWHQ�lU�7'��PD[DQWDO�lU���RFK�VWDUW�G\JQ���QlU�I|UVWD�

VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�DY�DQWDOHW�VNRWW�Sn�GH�ROLND�MRUGDUQD�
VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S������� ��

)LJXU���$QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�
MRUGDU�GDJ�I|U�GDJ��6RUWHQ�lU�0*W��PD[DQWDO�lU���RFK�VWDUW�G\JQ���QlU�
I|UVWD�VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�DY�DQWDOHW�VNRWW�Sn�GH�ROLND�
MRUGDUQD�VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S������� ��

)LJXUI|UWHFNQLQJ



�

)LJXU���$QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�GDJ�I|U�GDJ���6RUWHQ�lU�7'��PD[DQWDO�lU���
RFK�VWDUW�G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�DY�VRMD�
PHG�ELRVWLPXOHULQJ�PHG�NRQWUROO�Sn�GH�ROLND�MRUGDUQD�YDU�I|U�VLJ�VNLOMHU�VLJ�
GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S������� ��

)LJXU����$QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�GDJ�I|U�GDJ���6RUWHQ�lU�0*��PD[DQWDO�lU�
��RFK�VWDUW�G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��'HW�YDU�LQJHQ�
VLJQLILNDQW�VNLOOQDG�QlU�VRMD�PHG�ELRVWLPXOHULQJ�MlPI|UGHV�PHG�NRQWUROO�Sn�
GH�ROLND�MRUGDUQD�YDU�I|U�VLJ� ��

)LJXU����,QVWlOOG�WHPSHUDWXU�RFK�IDNWLVN�PHGHOWHPSHUDWXU�XQGHU�GH�ROLND�GHOI|UV|NHQ�
��
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0* 0LGRUL�*LDQW
3� 6DQG�PHG����PJ�3�����J�WRUU�MRUG
3+ 6DQG�PHG�K|QVJ|GVHO���PJ�3�����J�WRUU�MRUG
3. 6DQG�PHG�NRJ|GVHO�����PJ�3�����J�WRUU�MRUG
6
3�
3�
3�

6�MRUG�RFK����PJ�3�����J�WRUU�MRUG
6DQG�PHG�����PJ�3�����J�WRUU�MRUG
6DQG�PHG���PJ�3�����J�WRUU�MRUG
6DQG�PHG����PJ�3�����J�WRUU�MRUG

7' 7XQGUD
0$3 PRQRDPPRQLXPIRVIDW
WV WRUUVXEVWDQV
YRO YRO\P
7��� 7ULFKRGHUPD�KDU]LDQXP 5LIDL�VWUDLQ�.5/�$*�

)|UNRUWQLQJDU
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7LOO�6YHULJH�LPSRUWHUDV�VRMD�L�VWRU�XWVWUlFNQLQJ �)RJHOEHUJ�����D���6RMD LPSRUWHUDV�
EODQG�DQQDW� IUnQ�6\GDPHULND�RFK�GlU�KDU�SURGXNWLRQHQ�HQ�VWRU�PLOM|SnYHUNDQ�Sn�
JUXQG� DY� EODQG� DQQDW� DYYHUNQLQJ� DY� $PD]RQDVVNRJHQ� RFK� MRUGHURVLRQ �+HLPHU�
�������6n�GlUI|U�NDQ�GHW�YDUD�YlUW�DWW�XQGHUV|ND�P|MOLJKHWHQ�WLOO�HQ�LQKHPVN�SUR�
GXNWLRQ�L�6YHULJH��6RMDRGOLQJ�L�6YHULJH�KDU�HWW�RWMlQOLJW GnOLJW�U\NWH��GHW�ILQQV PHU�
HOOHU�PLQGUH GDJVQHXWUDOD�VRUWHU �3HWHUVHQ�	�7KRPVHQ������ RFK�GHW�JnU�DWW�RGOD�
VRMD�WLOO�IXOO�PRJQDG�lQGD�XSS�WLOO�0lODUGDOHQ�L�6YHULJH �-7,��������'lUHPRW�lU�GHW�
YLNWLJW�DWW�DQQXHOOD�JU|GRU�KLQQHU�JUR��Yl[D��EORPPD�VDPW�PRJQD�LQRP�HQ�RGOLQJV�
VlVRQJ��.XPXGLQL������ RFK�L 6YHULJH�PRJQDU�VRMD�VHQW��L�VOXWHW�DY�VHSWHPEHU WLOO�
PLWWHQ�DY�RNWREHU��)RJHOIRUV ����� /LQQVNRJ�5XGK��������'HW�ILQQV�GlUI|U�HQ�ULVN�
I|U�DWW�VRMDE|QDQ�LQWH�PRJQDU�LQQDQ�GHW�EOLU�I|U�NDOOW RFK�Gn�XWHEOLU�VN|UGHQ�KHOW�RFK�
KnOOHW �/LQQVNRJ�5XGK��������(WW�DY�GH�VWRUD�SUREOHPHQ�PHG�VRMDRGOLQJ�L�6YHULJH�lU�
GHVV� OnQJD�Yl[WRGOLQJVVlVRQJ��PDM�RNWREHU� �)RJHOIRUV��������$QOHGQLQJHQ� WLOO�DWW�
VRMD�VnV�Vn�SDVV�VHQW�lU�DWW�GHW�lU�HQ�Yl[W�VRP�I|UHGUDU�YDUPD�MRUGDU�RFK�GHW�lU�LQWH�
UHNRPPHQGHUDW�DWW�RGOD�VRMD�I|UUlQ PDUNWHPSHUDWXUHQ�lU�PLQVW���R&��LELG��� *UR�
QLQJ�DY�IU|Q�VDPW�HWDEOHULQJ�lU JHQHUHOOW�VHWW YLNWLJW�I|U�|YHUOHYQDG�RFK�WLOOYl[W�KRV�
JU|GRU��*URQLQJ�RFK�HWDEOHULQJ�DY�VRMD�NDQ�SnYHUND�KXU�MlPQW�RFK�WlWW�EHVWnQGHW�EOLU��
�0RVKWDJKL�.KDYDUDQ��6DHLG 	�1DVVHU ������ %HJUlQVQLQJDU� L�VRMDRGOLQJ�lU�RIWD�
I|UNQLSSDW�PHG�JURQLQJ�RFK�XSSNRPVW�KRV�VRMD�VRP�L�VLQ�WXU�SnYHUNDV�DY�PDUNWHP�
SHUDWXUHQ L�VWRU�XWVWUlFNQLQJ �7\DJL�	�7ULSDWKL������� ,�GHQ�KlU�VWXGLHQ�KDU�IRNXVHW�
OHJDW�Sn�JURQLQJ�RFK�XSSNRPVW�KRV�VRMD�YLG�WHPSHUDWXUHU�XQGHU�RSWLPDOD��

8QGHU�VWXGLHQ�KDU�IRNXVHW�OHJDW�Sn�3��)RVIRUEHKRYHW�KRV�VRMD�lU�PLQGUH�lQ�EHKRYHW�
DY�1 RFK�.��GlUHPRW�lU�3 YLNWLJ�I|U�VQDEE�WLOOYl[W�RFK�EUD�XWYHFNOLQJ�KRV�VRMD��5DR�
	�5HGG\��������(QOLJW�6LQJK�HW�DO� �������VDNQDV�UDSSRUWHU�RP�KXU�VRMD�VYDUDU�Sn�
EnGH�WHPSHUDWXU�RFK�3��'HW�lU�lYHQ�RQW�RP�UDSSRUWHU�Sn�KXU�3 SnYHUNDU�XSSNRPVW�
KRV�VRMD�YLG�OnJ�WHPSHUDWXU �LELG��� 3 HIIHNW�Sn�XSSNRPVWHQ�XQGHUV|NWHV�HIWHUVRP�
VRMDE|QRUV� WLOOYl[W EODQG�DQQDW�SnYHUNDV�DY�3�WLOOJnQJ� �6LQJK�HW�DO���������3 NDQ�
WlQNDV�KD�HQ�HIIHNW�Sn�XSSNRPVW�HIWHUVRP�3�lU�YLNWLJ�I|U�VQDEE�WLOOYl[W�RFK�EUD�XW�
YHFNOLQJ�KRV�VRMDSODQWDQ�VDPW�URWV\VWHPHW��5DR�	�5HGG\������� 9LG�OnJ�WHPSHUDWXU�
RFK�3�EULVW�NDQ�GHW�VNH�PLQVNQLQJ�L�ELRPDVVD�RFK�IRWRV\QWHV�KRV�VRMDE|QD �6LQJK�HW�
DO� ������ 6WUHVVHQ�VRP�VRMD�XWVlWWV�I|U�YLG�OnJ�WHPSHUDWXU�NDQ�OHGD�WLOO EHJUlQVQLQJDU�
L�WLOOYl[W�RFK�QHWWRIRWRV\QWHV YLG�3�EULVW �LELG����

� ,QOHGQLQJ
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(Q�HIIHNWLY�DQYlQGQLQJ DY�3�lU�YLNWLJ�I|U�DWW�PLQVND�PlQJGHQ�3�L�\WYDWWHQ�RFK�lU�
lYHQ�HQ�YLNWLJ�GHO�L�DWW�J|UD�MRUGEUXNHW�PHU�KnOOEDUW��7LPOLQ�HW�DO���������/|VOLJ�3
VRP�QnU�\WYDWWHQ�JHQRP�DYULQQLQJ�RFK�XUODNQLQJ RFK�GHW�NDQ�OHGD WLOO�|YHUJ|GQLQJ
�LELG����6WDOOJ|GVHO NDQ�J|UD�3�H[WUD�U|UOLJW�Sn�JUXQG�DY�GH�RUJDQLVND V\URUQD�RFK�GHW�
RUJDQLVND PDWHULDOHW�L�J|GVHOQ��(ULNVVRQ�HW�DO��������

,�GDJVOlJHW�VNHU�HQ�GHO�IlOWI|UV|N�RFK�lQ�Vn�OlQJH�RGODV�VRMD�L�HQ�YlOGLJW�OLWHQ�RPIDWW�
QLQJ� L�6YHULJH��'HW� ILQQV GRFN HQ�SRWHQWLDO� DWW� RGOD� VRMD� I|U�KXPDQNRQVXPWLRQ� L�
6YHULJH�PHQ�GHW�EHK|YV�YLGDUH�VWXGLHU�L�DWW�XWYHFNOD�IXQJHUDQGH�RGOLQJVV\VWHP�RFK�
SURGXNWLRQVNHGMDQ��IUnQ�MRUG�WLOO�ERUG��



��

6RMDE|QD�WLOOK|U�VOlNWHW�*O\FLQH RFK�IDPLOMHQ�)DEDFHDH��6RMDE|QD��*O\FLQH�PD[��/���
0HUULOO� lU�HQ�XSSVWnHQGH DQQXHOO�JU|GD�PHG HWW EXVNLJW�XWVHHQGH��0LVKUD�	�9HUPD�
�������

��� 6RMDE|QDQV�DQYlQGQLQJVRPUnGHQ

6RMDE|QD�lU�HQ�JOREDOW�YLNWLJ�JU|GD��6RMDE|QD lU�lYHQ�HQ�DY�GH�PHVW�RGODGH�JU|GRUQD
RFK�RGODV�L�IOHUD�GHODU�DY�YlUOGHQ� 6RMDE|QD�lU�HQ�YLNWLJ�SURWHLQNlOOD�VRP�lYHQ�LQQH�
KnOOHU�YHJHWDELOLVN�ROMD �&RQQHU�HW�DO� ������ 3URWHLQKDOWHQ�L�VRMDE|QD�lU�FD���� RFK�
VRMDE|QD�LQQHKnOOHU�FD���� ROMD��+HLPHU��������-lPI|UHOVHYLV�KDU�VSDQQPnO�QRU�
PDOW�HQ�SURWHLQKDOW�Sn�������� �LELG��� 3URWHLQ�RFK�ROMD�IUnQ�VRMDE|QRU�DQYlQGV�WLOO�
OLYVPHGHO��IRGHU�RFK�LQGXVWUL��&RQQHU�HW�DO� ������ ,QRP�LQGXVWULQ�DQYlQGV�VRMDSUR�
WHLQ�WLOO�OlNHPHGHO��EOlFN��WYlWWPHGHO��ILEUHU�RFK�OLP��+HLPHU������� ,�OLYVPHGHO�ILQQV�
VRMDE|QRU� L� IRUP�DY� VRMDPM|O��PDWROMD�RFK�NRQVLVWHQVJLYDUH��6RMDE|QRU�NDQ�lYHQ�
lWDV�KHOD�RFK�GHW�ILQQV�lYHQ�VRMDSURGXNWHU�Vn�VRP�VRMDPM|ON��WHPSHK�RFK�WRIX� $Q�
YlQGQLQJ�DY�VRMD�KDU�|NDW�GH�VHQDVWH�nUHQ�L�VYHQVND�KXVKnOO��LELG���%DOMYl[WHU�LQQH�
KnOOHU�I|UXWRP�SURWHLQ�IOHUD�YLNWLJD�PLQHUDOHU�RFK�IROV\UD��YLWDPLQ�%����LELG����6RMD�
E|QDQV�SURWHLQ�EHVWnU�WLOO�YLVV�GHO�DY�DPLQRV\UDQ�O\VLQ�VRP�lU�HQ�HVVHQWLHOO�DPLQRV\UD�
I|U�EnGH�PlQQLVNRU�RFK�GMXU �LELG���

'HW�VNHU�HQ�VWRU�LPSRUW�DY�VRMD�WLOO�6YHULJH�FLUND���� ������� ����WRQ�VRMDSURGXNWHU
SHU� nU �/XQGDKO� ������)RJHOEHUJ� ����D��� 6W|UUH� GHOHQ� DY� GHQ� LPSRUWHUDGH� VRMDQ�
NRPPHU�LIUnQ�6\GDPHULND�RFK�86$�YLONHW KDU�HQ�VWRU�QHJDWLY�PLOM|SnYHUNDQ��6WROW�
�������'HQ�LPSRUWHUDGH VRMDQ JnU�WLOO�IRGHU�L�VWRU�XWVWUlFNQLQJ��)RJHOEHUJ�����D���
KHOD�����JnU�WLOO�IRGHU �+HLPHU��������)|U�DWW�I|GD�XSS�GMXU�RFK�SURGXFHUD�DQLPD�
OLVNW�SURWHLQ�EHK|YV�IRGHU�PHG�YHJHWDELOLVNW�SURWHLQ �+HLPHU��������6RMD�DQYlQGV�
IUlPVW� VRP� SURWHLQIRGHU� LQRP�PM|ON� RFK� N|WWSURGXNWLRQ� �K|QV� RFK� JULVDU�� 6R�
MDPM|O�LQQHKnOOHU���� SURWHLQ�RFK�OLWH�IHWW RFK�VRMDPM|O�L�GMXUHQV�IRGHUVWDWHU�JHU�K|J�
PM|ONSURGXNWLRQ�HOOHU�WLOOYl[W� 6YHQVND�/DQWPlQQHQ�LPSRUWHUDU�RFK�DQYlQGHU�FLUND�
��� ����WRQ�VRMDPM|O�nUOLJHQ�RFK�6YHQVND�)RGHU�DQYlQGHU�XQJHIlU��� ����WRQ�VR�

� %DNJUXQG
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MDPM|O�nUOLJHQ� 6YHQVN�PM|ON��6YHQVND�lJJ�RFK�6YHQVN�InJHO�lU�EUDQVFKRUJDQLVDW�
LRQHU�VRP�LQWH�WLOOnWHU *02�RFK�GlUI|U�ILQQV�GHW�HQ�VWRU�HIWHUIUnJDQ�Sn�LFNH�JHQPR�
GLILHUDG�VRMD�L�6YHULJH �LELG����

����� 6RMD�L�6YHULJH

6RMD�KlUVWDPPDU� IUnQ�$VLHQ�RFK� Sn� VOXWHW�DY������WDOHW E|UMDGH� VRMD�RGODV� L VWRU
RPIDWWQLQJ�L�(XURSD�RFK�86$��+HLPHU������� 'HW�JnU�lYHQ�DWW�RGOD VRMD L�6YHULJH
RFK VRMD JnU�DWW�RGOD WLOO�IXOO�PRJQDG�lQGD�XSS�WLOO�0lODUGDOHQ �-7,������� 'HW�lU�
GRFN�L�HQ�YlOGLJW�OLWHQ�RPIDWWQLQJ�VRP�VRMD�RGODV�L�6YHULJH� Sn XQJHIlU �� � ���KHNWDU�
�/XQGDKO��������(Q�EHJUlQVQLQJ�PHG�DWW�RGOD�VRMD�L�6YHULJH�lU�DWW�GH�lU�YlUPHlOV�
NDQGH �)RJHOEHUJ�����D��RFK�YDQOLJHQ�RGODV�L�RPUnGHQ�PHG�WHPSHUDWXU�PHOODQ����
��R&��5DR�	�5HGG\������� 6RMD Yl[HU�EUD�L�YDUPD�OlJHQ Vn�GlUI|U�NDQ�H[HPSHOYLV�
6NnQH��gODQG�RFK�0lODUGDOHQ�YDUD�OlPSOLJD�SODWVHU�I|U�VRMDRGOLQJ��6WROW������� (Q�
OLJW�/LQQVNRJ�5XGK��������JnU�GHW�DWW�RGOD�VRMD�Sn�OlWWD�MRUGDU�PHG�K|J�PDUNWHPSH�
UDWXU�L�V|GUD�6YHULJH�VDPW�Sn�gODQG�RFK�*RWODQG� 3URYRGOLQJDU�DY�nU������RFK�����
Sn�gODQG�RFK�L�6NnQH�VDPW�nU������Sn�gODQG�JDY�VN|UGDU�Sn�����WRQ�KD��)RJHOEHUJ�
����D���(QOLJW�)RJHOIRUV��������OLJJHU�VRMDVN|UGDU�Sn��������WRQ�KD�

6HQ�JDPPDOW�ILQQV�GHW�HQ�QHJDWLY�LQVWlOOQLQJ�WLOO�DWW�RGOD�VRMD�L�6YHULJH�Sn�JUXQG�DY�
SURYRGOLQJDU�XQGHU������WDOHW�PHG�GnOLJD�UHVXOWDW��)RJHOEHUJ�����D���5HGDQ������
VNHGGH�SURYRGOLQJDU�DY�VRMD�L�6YHULJH�RFK������NRP�GHQ�VYHQVND�VRMDVRUWHQ�),6�
.(%<�,,,��LELG����6RMD�lU�HQ�NRUWGDJVYl[W �+LFNV ����� G�Y�V� NRUW�GDJVOlQJG�EHK|YV�
RIWD�I|U�DWW�VRMD�VND�EORPPD��)RJHOEHUJ�����D��RFK�L�6YHULJH�NDQ�GDJVOlQJGHQ�YDUD�
OnQJ�XQGHU�VRPPDUHQ��60+,�����F�� +XU�OnQJ�P|UNHUSHULRG�VRP�EHK|YV�I|U�EORP�
QLQJ�YDULHUDU�GRFN�KRV�ROLND�VRUWHU��5DR�	�5HGG\��������'HW�ILQQV�VRUWHU�VRP�lU�
PHU�HOOHU�PLQGUH�GDJVQHXWUDOD��3HWHUVHQ�	�7KRPVHQ��������6RMDVRUWHU�GHODV�LQ�L����
ROLND�JUXSSHU EHURHQGH�Sn�YLONHQ�RGOLQJV]RQ�VRUWHUQD�lU�DQSDVVDGH�I|U �)RJHOEHUJ�
����D�� *UXSSHQ�����LQQHKnOOHU�WLGLJD�RFK�N|OGWnOLJD�VRUWHU�RFK�GlUI|U�NDQ�GH�OlPSD�
VLJ�I|U�RGOLQJ�L�6YHULJH��)RJHOEHUJ�����D��)RJHOIRUV�������

��� 6RMDE|QRUV�NUDY�Sn�PDUNHQV�HJHQVNDSHU

'H�ElVWD� MRUGDUQD� I|U� VRMDRGOLQJ� lU� UHODWLYW� OlWWD� MRUGDU� VRP�lU� YlOGUlQHUDGH� RFK�
PXOOKDOWLJD�WLOO�PXOOULND��%LQJHIRUV 	�+DPPDU ������ 6RMDE|QRU RGODV�I|UGHODNW�
LJHQ Sn�OXFNUD MRUGDU�PHG�JRG�VWUXNWXU�VRP�LQQHKnOOHU�WLOOUlFNOLJW�PHG�YDWWHQ��0L�
ODGLQRYLF� +UXVWLF�	�9LGLF ������� 6W\YD OHURU�RFK�SDFNDG�MRUG�E|U�XQGYLNDV�YLG�
RGOLQJ�DY�VRMD �)RJHOEHUJ�����E��)RJHOIRUV��������bYHQ�OlWWD�MRUGDU�RFK�VDQGMRUGDU�
NDQ�EOL� VYnUD� DWW�RGOD� VRMD Sn� HIWHUVRP�GH�KDU�EHJUlQVDG�YDWWHQKnOODQGH� I|UPnJD
�0LODGLQRYLF�� +UXVWLF� 	� 9LGLF� ������ RFK� VRMD� lU� NlQVOLJ� I|U� WRUND� �)RJHOEHUJ�
����E���'HW�lU�VlUVNLOW�YLNWLJW�PHG�WLOOJnQJ�Sn�YDWWHQ�XQGHU�EORPQLQJ�RFK�EDOMVlWW�
QLQJ��0LODGLQRYLF� +UXVWLF�	�9LGLF ������)RJHOIRUV������� (IWHUVRP�VnGG�DY�VRMD�
VNHU�VHQW�lU�GHW�YLNWLJW�DWW�MRUGHQ�EHKnOOHU�PDUNIXNWLJKHWHQ�YLG�MRUGEHDUEHWQLQJHQ�
�%LQJHIRUV 	�+DPPDU �������6DQG� RFK�JURYPRMRUGDU�WRUNDU�VQDEEW�XSS�Sn�YnUHQ�



��

RFK�E|U�EHDUEHWDV WLGLJW�LQQDQ�GHW�DYJnU�I|U�P\FNHW�YDWWHQ �(ULNVVRQ �������)LQPR�
RFK�PMlODMRUGDU�KDU�ElWWUH�YDWWHQKnOODQGH�NDSDFLWHW�RFK�NDQ�GlUI|U�EHDUEHWDV�VHQDUH��
GlUHPRW�ILQQV�GHW�ULVN�I|U�HURVLRQ��LELG���

6RMDE|QRU�WROHUHUDU�S+�PHOODQ������ �����0LODGLQRYLF� +UXVWLF�	�9LGLF ������RFK�
RSWLPDOW S+�I|U�VRMDE|QRU�lU���� �����5DR�	�5HGG\�������9LFNHUV�������.RLYLVWR�
������ 9LG�RSWLPDOW�S+�lU�Yl[WQlULQJ�WLOOJlQJOLJW�I|U�VRMDE|QDQ RFK�GHW�VNHU�lYHQ�
PD[LPDO�1�IL[HULQJ �9LFNHUV�������

6RMDE|QRU�KDU�HQ�NUDIWLJ URW�RFK�I|U�JRG�URWWLOOYl[W�RFK�XWYHFNOLQJ�DY�QRGXOHUQD EH�
K|YV�HQ�MRUG�VRP�LQWH�lU I|U VXU�HOOHU�VDOW�RFK�PHG�EUD�LQQHKnOO�DY�OXIW�RFK�YDWWHQ�
VDPW�WLOOUlFNOLJW�PHG�Yl[WQlULQJ �0LODGLQRYLF� +UXVWLF�	�9LGLF ������-RUGDU�PHG�
SRURVLWHW�Sn��� � �����GlU�NDSLOOlUD�SRUHU�I\OOV�PHG�YDWWHQ�RFK�VWRUD�SRUHU�I\OOV�PHG�
OXIW�DQVHV�YDUD�GHW�ElVWD�YLG�RGOLQJ�DY�VRMD��/XIW�EHK|YV�I|U�UHVSLUDWLRQ�KRV�URWHQ�RFK�
WLOO�GH�1�IL[HUDQGH�EDNWHULHUQD �LELG����)|U�P\FNHW�YDWWHQ�NDQ�EHJUlQVD�URWHQV�V\UH�
WLOOJnQJ��+LFNV��������

��� *URQLQJ RFK�XSSNRPVW

9LG�J\QQVDP PDUNWHPSHUDWXU RFK�PDUNIXNWLJKHW�EU\WV� IU|YLODQ�RFK� IU|HW� WDU�XSS�
YDWWHQ�RFK�E|UMDU�JUR �.XPXGLQL��������1lU�VNDOHW�Sn�IU|HW�RFK�HPEU\RW�KDU�WDJLW�
XSS�WLOOUlFNOLJW�PHG�YDWWHQ�EU\WV IU|VNDOHW�DY�HQ�SULPlU�URW�VRP�VHGDQ�Yl[HU�QHGnW�L�
MRUGHQ �LELG����6LGRU|WWHU�XWYHFNODV�VQDEEW�IUnQ�GHQ�SULPlUD�URWHQ�RFK�GHW�XWYHFNODV�
lYHQ�URWKnU�Sn�URWV\VWHPHW��0RQVDQWR��������)U|HWV�VWDP��K\SRNRW\O��RFK�KMlUWEODG�
�NRWHO\GRQ� Yl[HU�XSSnW JHQRP�DWW�K\SRNRW\OHQ�I|UOlQJV�RFK EU\WHU�Vn�VPnQLQJRP�
LJHQRP�PDUN\WDQ �.XPXGLQL������� 8SSNRPVWVWDGLHW�lU�QlU�NRWHO\GRQHQ�lU�RYDQ�
PDUN\WDQ��2YDQ�PDUN\WDQ�EOLU�NRWHO\GRQHQ�JU|Q�RFK�E|UMDU�IRWRV\QWHWLVHUD �ILJ����
Gn�InU�SODQWDQ�QlULQJ�IUnQ�EnGH�IRWRV\QWHVHQ�RFK�GHQ�ODJUDGH�QlULQJHQ�L�NRWHO\GRQHQ�
�LELG����1lU�NRWHO\GRQHUQD�lU�|SSQD�V\QV�HSLNRW\OHQ�VRP�EODQG�DQQDW�EHVWnU�DY�VPn�
EODG��ILJ��� �0RQVDQWR�������



��

����� 0DUNHQV LQYHUNDQ�Sn�VRMDE|QRUV�JURQLQJ�RFK�XSSNRPVW

9LG�V\UHEULVW�VNHU�LQWH�JURQLQJ�DY�VRMDE|QRU��3XUFHOO��������)|U�RSWLPDO�JURQLQJ�lU�
GHW�YLNWLJW�PHG�WLOOUlFNOLJ�PDUNIXNWLJKHW�RFK�EUD�NRQWDNW�PHOODQ�IU|�RFK�VnERWWHQ�
�0RQVDQWR ������ %nGH�PlQJGHQ�IXNW�L�PDUNHQ�RFK�PDUNWHPSHUDWXUHQ�NDQ�SnYHUND�
JURQLQJ RFK�XSSNRPVW �7\DJL�	�7ULSDWKL��������(Q�VWXGLH�YLVDGH�DWW�YLG����& RFK
�����PDUNIXNWLJKHW JURGGH� ����� DY� VRMDE|QRUQD�PHQ� YLG� �����PDUNIXNWLJKHW�
JURGGH�HQGDVW������DY�VRMDE|QRUQD��9LG�OlJUH�IXNWLJKHW�JURGGH�LQJD�VRMDE|QRU�DOOV�
YLG����& PDUNWHPSHUDWXU �LELG����

7RUUD� HOOHU� SDFNDGH� MRUGDU� NDQ� KlPPD� JURQLQJ� RFK� XSSNRPVW� KRV� VRMDE|QRU�
�0RQVDQWR �������6NRUSELOGQLQJ�NDQ�XSSVWn�Sn�ILQNRUQLJD�MRUGDU�PHQ�lYHQ�RP�GHW�
ILQQV�OLWH�Yl[WUHVWHU�L�PDUN\WDQ�RFK�Sn�MRUGDU�PHG�OnJW�LQQHKnOO�DY�RUJDQLVNW�PDWHULDO�
�ILJ���� �LELG���� 6NRUSELOGQLQJ� RFK� LJHQVODPQLQJ�NDQ� XSSVWn� YLG�XSSWRUNQLQJ� HIWHU�
NUDIWLJW�UHJQIDOO�Sn�VWUXNWXUVYDJD� MRUGDU�VRP�W�H[� PR� RFK�PMlODMRUGDU�VDPW� OlWWD�
PHOODQOHURU�RFK�OlWWOHURU �3HUVVRQ��������'HWWD�NDQ�UHVXOWHUD�L�I|UVlPUDG�HWDEOHULQJ�
RP�GHWWD�VNHU�LQQDQ�XSSNRPVW��LELG����6NHU�VnGG�DY�VRMD�L�WRUU�MRUG�PHG�UHJQIDOO�NRUW�
HIWHU�NDQ�GHW�XSSVWn�VNRUSELOGQLQJ �0RQVDQWR �������+DU�HQ�VNRUSD�ELOGDWV�NDQ�XSS�
NRPVW�I|UVHQDV�HOOHU�XWHEOL� 6RMDE|QRUQDV�K\SRNRW\O�NDQ�VYlOOD�XSS HOOHU�JnU�V|QGHU�
QlU�GH�I|UV|NHU�EU\WD�VNRUSDQ��2P�K\SRNRW\OHQ�JnU�V|QGHU lU�GHW�HQGDVW�HQ� OLWHQ�

)LJXU�� 6RMDE|QRUV�WLGLJD�XWYHFNOLQJ�DY�VWDP��K\SRNRW\O��RFK�KMlUWEODG��NRWHO\GRQ��VDPW�U|WWHU��7�9��
VRUWHQ�7XQGUD��7�+��VRUWHQ�0LGRUL�*LDQW�



��

FKDQV�DWW�SODQWDQ�|YHUOHYHU��LELG����6NDGDGH�NRWHO\GRQHU�JHU�VHQ�XSSNRPVW�RFK�OnQJ�
VDP�WLOOYl[W��(JOL��������

+XU� DJJUHJDWVWRUOHN� SnYHUNDU� XSSNRPVW� KRV� VRMD� KDU� XQGHUV|NWV� DY� %UDXQDFN�
��������1lU�ROLND�VWRUOHNDU�Sn�DJJUHJDW�MlPI|UGHV�YLVDGH�VRMD�WHQGHQVHU�Sn�PHU�XSS�
NRPVW�L�VnElGG�PHG�����PP�DJJUHJDW�MlPI|UW�PHG�VnElGG�PHG�DJJUHJDWVWRUOHN Sn
����PP�

����� 7HPSHUDWXUHQV�LQYHUNDQ�Sn�JURQLQJ�RFK�XSSNRPVW

%HJUlQVQLQJDU�L�VRMDRGOLQJ�lU�I|UNQLSSDW�PHG�JURQLQJ�RFK�XSSNRPVW�KRV�VRMD�VRP�L�
VLQ�WXU�SnYHUNDV�DY�PDUNWHPSHUDWXU�L�VWRU�XWVWUlFNQLQJ��7\DJL�	�7ULSDWKL��������,�
YDUP�MRUG�KDU�VRMD�VQDEE�JURQLQJ�RFK�XWYHFNOLQJ��)RJHOEHUJ�X�n����2SWLPDO�PDUN�
WHPSHUDWXU�I|U�VRMD�lU������R& �0LODGLQRYLF� +UXVWLF�	�9LGLF �������8QGHU�NRUWD�
SHULRGHU�NDQ�VRMD�WROHUHUD�HQ�WHPSHUDWXU�Sn�����R& �.RLYLVWR ����� RFK�VPn�VRMD�
SODQWRU�NODUDU�lYHQ�DY�NRUWYDULJ�IURVW����R&��XWDQ�DWW�WD�VW|UUH�VNDGD �0LODGLQRYLF�
+UXVWLF�	�9LGLF �������6nGG�L�NDOO�MRUG�PHG�K|J�YDWWHQKDOW�NDQ�UHVXOWHUD�L�PLQVNDG�
JURQLQJ�HIWHUVRP�IU|QD�NDQ�WD�VNDGD�DY�DWW�WD�XSS�NDOOW�YDWWHQ �(QGUHV������� 5H�
NRPPHQGDWLRQ�I|U�VnGG�DY�VRMD�lU�QlU�PDUNWHPSHUDWXUHQ�OLJJHU�Sn���R& HOOHU�K|JUH
�%LQJHIRUV 	�+DPPDU ������)RJHOIRUV ����� .RLYLVWR ������

7HPSHUDWXUHU�VRP�lU�OlJUH�lQ�RSWLPDOW�I|U�VRMDE|QRU�UHVXOWHUDU�RIWD�L�PLQVNDG�DFN�
XPXODWLRQ�DY�ELRPDVVD�RFK�NRODVVLPLOHULQJ��6LQJK�HW�DO���������1lU�SODQWDQ�XWVlWWV�
I|U�VWUHVV�JnU�GHW�DWW�I|UXWVH�HQ�I|UlQGULQJ�KRV�SODQWDQV�WLOOYl[W�RFK�Yl[WHQV�Yl[WQl�
ULQJVDQYlQGQLQJ��LELG����([HPSHO�Sn�I|UlQGULQJ�KRV�WLOOYl[W�lU�DWW�VRMDE|QDQV�K\SR�
NRW\O�I|UOlQJV�YlOGLJW�OnQJVDPW YLG���R& �7\DJL�	�7ULSDWKL�������

7HPSHUDWXU�SnYHUNDU�XSSNRPVWWLG�KRV� VRMD��(QOLJW�0LODGLQRYLF� +UXVWLF�	�9LGLF
�������WDU�GHW�������G\JQ�I|U�XSSNRPVW�KRV�VRMD�QlU�PDUNWHPSHUDWXUHQ�lU�����R&��
8SSNRPVW�VNHU�HIWHU�����G\JQ�YLG�RSWLPDO�WHPSHUDWXU�������R& HQOLJW�0LODGLQRYLF�
+UXVWLF�	�9LGLF ������ RFK�LQRP�HQ�YHFND�YLG�������& HQOLJW�0RQVDQWR���������

)LJXU�� 8SSNRPQD�VRMDE|QRU�Sn�ROLND�MRUGDU�L�VWXGLHQ��7�9��VDQGMRUG�PHG�NRJ|GVHO�VRP�LQQHKnOOHU�
P\FNHW�WRUY��7�+��VDQGMRUG�



��

����� 7LGLJ�VnGG�DY�VRMD

6RMD�RGODG�L�6YHULJH�KDU�HQ�OnQJ�Yl[WSHULRG�Sn���������GDJDU��6WROW��������6nGG�DY�
VRMD�VNHU�HQOLJW�/LQQVNRJ�5XGK��������L�VOXWHW�DY�DSULO�E|UMDQ�DY�PDM��(QOLJW�)RJHO�
IRUV��������lU�PDUNWHPSHUDWXUHQ�|YHU���R& GHQ�������PDM��,�PDM�OLJJHU�PHGHOWHP�
SHUDWXUHQ�Sn������R& L�GH�VW|UUH�GHODUQD DY�V|GUD�6YHULJH HQOLJW�WHPSHUDWXUGDWD�IUnQ�
nU���������� �60+,�����D�� 0HGHOWHPSHUDWXUHQ�YDULHUDU�GRFN��L�0lODUGDOHQ�OLJJHU�
PHGHOWHPSHUDWXUHQ�Sn�XQJHIlU���R&�RFK�L�YlVWUD�6NnQH�OLJJHU�PHGHOWHPSHUDWXUHQ�
Sn�FD���R&�PHGDQ�PHGHOWHPSHUDWXUHQ�Sn�*RWODQG�OLJJHU�UXQW��R&��

(Q�WLGLJ�VnGG�DY�VRMDE|QRU�lU�DWW�I|UHGUD��GRFN�LQWH�Vn�WLGLJW�DWW�GH�NDQ�WD�VNDGD�DY�
NDOOW�YlGHU�HOOHU�IURVW��,6$�X�n����(Q�YlOGLJW�VHQ�VnGG�NDQ�UHVXOWHUD�L�OlJUH�VN|UG�GHW�
YLOO�VlJD�IlUUH�EDOMRU�SHU�KHNWDU��LELG����cU������RGODGHV�VRMD�Sn�gODQG PHG YDULHUDGH�
VnGDWXP�PHOODQ���PDM�RFK���MXQL �)RJHOEHUJ�X�n����)|UV|NHW�Sn�gODQG�YDULHUDGH�DY�
NDVWQLQJHQ�PHOODQ���������WRQ�KD�RFK�K|JVW DYNDVWQLQJ�KDGH�VRMD�VRP�YDU�VnWW GHQ�
���PDM��LELG����)|UV|N�L�1RUWK�'DNRWD�YLVDGH�DWW�GHW�LQWH�O|QDU�VLJ�PHG�DWW�YlQWD�I|U�
OlQJH�PHG�VnGG�DY�VRMD��Gn�GHW�YDU�HQ�VLJQLILNDQW�K|JUH�VN|UG�YLG�WLGLJ�VnGG�MlPI|UW�
PHG�VnGG�VRP�VNHGGH�WYn�YHFNRU�VHQDUH��7HERK������� (Q�I|UGHO�PHG�HQ�WLGLJ�VnGG�
DY�VRMD�lU�DWW�HQ�OlQJUH�WLOOYl[WWLG�P|MOLJJ|U�DWW�JU|GRUQD�DFNXPXOHUDU�PHU�ELRPDVVD�
�LELG��� (WW�DQQDW�I|UV|N�L�1RUWK�'DNRWD�YLVDGH�DWW�WLGLJ�VnGG�DY�VRMD��������GDJDU�
WLGLJDUH�lQ�QRUPDOW�JDY�HQ�JHQRPVQLWWOLJ�PHUVN|UG�Sn��� �(QGUHV������� 7LGLJ�VnGG�
PHGI|UGH�EODQG�DQQDW�I|UElWWUDG�NRQNXUUHQV�PRW�RJUlV��VQDEEDUH�WlFNQLQJ�DY�PDU�
NHQ�VDPW�DWW�PDUNIXNWHQ�VWDQQDGH�NYDU�L�PDUNHQ�L�VW|UUH�XWVWUlFNQLQJ��LELG����

��� 9l[WQlULQJ

0lQJGHQ�QlULQJ�VRP�lU�WLOOJlQJOLJ�L�PDUNHQ�NDQ�SnYHUND�KXU�JU|GRU�Yl[HU�RFK�XW�
YHFNODV��'H�QlULQJVlPQHQ�VRP�Yl[WHUQD�EHK|YHU�L�VW|UWV�PlQJG�lU�1��3�RFK�.�RFK�
YLG�EULVW�NDQ�WLOOYl[WHQ�KRV�JU|GRU SnYHUNDV��:DUQFNH��'DKO�	�-DFREV �������)RV�
IRUEHKRYHW�KRV�VRMD�lU�PLQGUH�lQ�EHKRYHW�DY�1 RFK�.��GlUHPRW�lU�3 YLNWLJ�I|U�VQDEE�
WLOOYl[W�RFK�EUD�XWYHFNOLQJ�KRV�VRMD��5DR�	�5HGG\�������

����� .YlYH

.YlYH lU�HWW�YLNWLJW�QlULQJVlPQH�RFK�GHW�EHK|YV�WLOO�DPLQRV\URU�VRP�L�VLQ�WXU�DQ�
YlQGV�WLOO�SURWHLQ��NORURI\OO�RFK�QXNOHLQV\UD��5DR�	�5HGG\������� 6RMDE|QRU�NDQ�
DQYlQGD�VLJ�DY�1 LIUnQ�PLQHUDOLVHULQJ��J|GVHO�VDPW�IUnQ�DWPRVIlUHQ��LELG����.YlYH
WDV�XSS�IUnQ�DWPRVIlUHQ�RFK�RPYDQGODV�WLOO�Yl[WWLOOJlQJOLJW�1 L�QRGXOHU�Sn�VRMDSODQ�
WDQV� U|WWHU� �5DR� 	� 5HGG\� ������0LODGLQRYLF� +UXVWLF� 	� 9LGLF ������ )RJHOIRUV�
�������1RGXOHU�ELOGDV�KRV�Yl[WHQ�QlU�GH�XSSVWnU�V\PELRV�PHOODQ�VRMDSODQWDQ�RFK�
GHQ�1�IL[HUDQGH�EDNWHULHQ�%UDG\UKL]RELXP�MDSRQLFXP �-RUGDQ ������5DR�	�5HGG\�
������ 3DWLO� 	� $ODJDZDGL� ����� 0LODGLQRYLF� +UXVWLF� 	� 9LGLF ������� %UDG\U�
KL]RELXP�MDSRQLFXP DQYlQGHU�NYlYJDV��1���IUnQ�OXIWHQ�I|U�DWW�ELOGD�1+�

� VRP�Yl[�
WHUQD�NDQ�WD�XSS�RFK�InU�HQHUJL�L�XWE\WH�IUnQ�Yl[WHQ��0LODGLQRYLF� +UXVWLF�	�9LGLF



��

�������6RMD�WDU�XSS������� DY�VLWW�1�EHKRY IUnQ�OXIWHQ��5DR�	�5HGG\��������+XU�
P\FNHW�1 VRP�WDV�XSS�IUnQ�OXIWHQ�EHURU�Sn�PlQJGHQ�12�

� L�MRUGHQ��PLQGUH�12�
� L�

MRUGHQ�JHU�PHU�IL[HULQJ�DY�1� IUnQ�OXIWHQ�RFK�YLVH YHUVD��.DLVHU�������

)|U DWW�VRMDSODQWRUQD�VND�NXQQD�IL[HUD�1 lU�GHW�YLNWLJW�DWW�LQRNXOHUD�XWVlGHW�PHG�%�
MDSRQLFXP YLG VnGG��)RJHOEHUJ�����E�� ,�6YHULJH�GlU�VRMD�LQWH�lU�YDQOLJW�I|UHNRP�
PDQGH�lU�GHW�YLNWLJW�PHG�\PSQLQJ�I|U�DWW�GHW�VND�EOL�HQ�EUD�VN|UG��)RJHOEHUJ�������
,QRNXOHULQJ�DY�%� MDSRQLFXP XWI|UV�HQNHOW�JHQRP�DWW�DSSOLFHUD�EDNWHULHQ�GLUHNW�Sn�
XWVlGHW �)RJHOEHUJ�����E��

����� )RVIRU

)RVIRU NDQ� SnYHUND ELRPDVVDDFNXPXODWLRQ�� IRWRV\QWHV� VDPW� VN|UG� �6LQJK� HW� DO��
��������'HQ�VW|UVWD�GHOHQ�DY�SODQWDQV�WLOOYl[W��PHU�lQ������DY�ELRPDVVD�NRPPHU�
LIUnQ� IRWRV\QWHVHQ� RFK� GHQQD� KDU� GlUI|U� VWRU� SnYHUNDQ� Sn� ELRPDVVDSURGXNWLRQHQ�
�7LPOLQ�HW�DO���������)RVIRU lU�lYHQ YLNWLJW�I|U�JO\NRO\VHQ��0LODGLQRYLF��+UXVWLF�	�
9LGLF��������)RVIRU�EHK|YV�WLOO�HQHUJLPHWDEROLVPHQ�RFK�1�IL[HULQJ�lU�HQ�HQHUJLNUl�
YDQGH�SURFHVV��$KLDERU�HW�DO�������� (Q�VWXGLH�YLVDGH�DWW�DOOWI|U�K|J�3�NRQFHQWUDWLRQ�
�����P0�3��NDQ�KD�HQ�QHJDWLY�HIIHNW�Sn�WLOOYl[W�KRV�VRMDSODQWD�RFK�SURGXNWLRQHQ�DY�
QRGXOHU��7VYHWNRYD�	�*HRUJLH��������6WXGLHQ�YLVDGH�lYHQ�DWW�DQWDOHW�QRGXOHU�PLQV�
NDGH�YLG�3�EULVW �����P0�3� �LELG�����

)RVIRUEULVW�NDQ�OHGD�WLOO�PLQVNDG�WLOOYl[W�KRV�VRMD�VDPW�OlJUH�VN|UGDU��6LQJK�HW�DO��
�������6RMD�WDU�XSS�P\FNHW�3�QlU�VRMDSODQWDQ�lU�L�HWW�WLGLJW�VWDGLXP �0LODGLQRYLF��
+UXVWLF�	�9LGLF������ RFK�YLG�3�EULVW�lU�GHW�OnQJVDP�XWYHFNOLQJ�DY�SODQWDQ��&DPS�
EHOO�HW�DO�������� )RVIRUEULVW�NDQ�lYHQ�SnYHUND�NROPHWDEROLVPHQ�VRP�L�VLQ�WXU�SnYHU�
NDU�EODGWLOOYl[WHQ�QHJDWLYW�RFK�Gn�RFNVn�IRWRV\QWHVHQ��7LPOLQ�HW�DO���������

'H�O|VOLJD�IRVIDWMRQHUQD�+�32�
� RFK�+32�

�� NDQ�ELOGD�PHU�VYnUO|VOLJD�I|UHQLQJDU�L�
PDUNHQ �)RJHOIRUV��������2P�3�WLOOI|UV�L�O|VOLJ�IRUP�YLG�J|GVOLQJ�ILQQV�GHW�HQ�VWRU�
ULVN�DWW�3�DGVRUEHUDV�HIWHU�KDQG�RFK�EOLU�VYnUWLOOJlQJOLJ�I|U�Yl[WHUQD��+XU�P\FNHW�3�
VRP�lU�WLOOJlQJOLJW�I|U�Yl[WHQ�EHURU�Sn�KXU�EXQGQD�IRUPHU�DY�3�PRELOLVHUDV�VDPW KXU�
P\FNHW� 3� VRP� IULJ|UV� IUnQ� RUJDQLVNW� PDWHULDO�� )RVIRUNRQFHQWUDWLRQHQ� L� PDUN�
O|VQLQJHQ�NDQ�GlUI|U�YDUD�JDQVND�OnJ��������PJ�3�OLWHU�QlU�GHW�lU�EUD�3�KDOWHU�PHGDQ�
GHW�NDQ�YDUD� OlJUH�lQ�Vn�Sn�RJ|GVODG�nNHUPDUN� �LELG���� )RVIRUEULVW�NDQ�XSSVWn�Sn�
MRUGDU�PHG�OnJW�LQQHKnOO�DY�RUJDQLVNW�PDWHULDO��%HQWRQ�-RQHV��������'HW�NDQ�lYHQ�
EOL�3�EULVW�Sn�MRUGDU�PHG�OLWHW�I|UUnG�DY�3 �LELG��

/nJ�WLOOJlQJOLJKHW�DY�3 L�PDUNHQ�NDQ�JH�EHJUlQVDG�WLOOYl[W�DY�EnGH�Yl[W�RFK�U|WWHU�
�$KLDERU�HW�DO�������� 9LG�WLGLJ�VnGG�DY�VRMDE|QRU��YLG�OlJUH�WHPSHUDWXU�lQ���R&�lU�
WLOOJlQJOLJKHWHQ�KRV�3�OnJ��7HERK������� )RVIRUEULVW�I|UYlUUDU�VWUHVV�YLG�OnJ�WHPSH�
UDWXU�RFK�GHW�NDQ�OHGD WLOO EHJUlQVQLQJDU�L�WLOOYl[W�RFK�QHWWRIRWRV\QWHV��6LQJK�HW�DO��
�������(Q�VWXGLH�YLVDGH�DWW�YLG� OlJUH� WHPSHUDWXU�lQ�YDG�VRP�lU�RSWLPDOW� I|U�VRMD�
����&��IDQQV�WHQGHQVHU�WLOO�HQ�PLQVNDG�ELRPDVVDSURGXNWLRQ�YLG�RSWLPDO�3�QLYn��9LG�
OnJD�3�QLYnHU�REVHUYHUDGHV�PLQVNDG�ELRPDVVDSURGXNWLRQ I|UVW�RFK�IUlPVW�YLG� OnJ�
WHPSHUDWXU�MlPI|UW�PHG WHPSHUDWXU K|JUH�lQ�RSWLPDOW�I|U�VRMD��LELG����



��

����� .DOLXP�

6RMDE|QRU�KDU�HWW�VWRUW�EHKRY�DY�.�RFK�YLG�EULVW�VNHU�OnQJVDP�XWYHFNOLQJ�RFK�VRMD�
SODQWRUQD�InU�PLQGUH�YLJRU��.DOLXPEULVW�NDQ�lYHQ�PHGI|UD�DWW�GHW�XWYHFNODV�PLQGUH�
DQWDO�EDOMRU�RFK�PLQGUH�DQWDO�IU|Q�SHU�EDOMD��%HQWRQ�-RQHV��������(Q�EDOMD�LQQHKnOOHU�
RIWDVW�WYn�WLOO�WUH E|QRU��.RLYLVWR�������

'HW�lU�YDQOLJW�I|UHNRPPDQGH�PHG�VWRUD�PlQJGHU�.�L�VYHQVND�MRUGDU�PHQ�GHW�NDQ�
LQJn�WLOO�VWRU�GHO�L�SULPlUD�PLQHUDO�VRP�YLWWUDU�OnQJVDPW��)RJHOIRUV��������.DOLXP lU�
VRP�PHVW�WLOOJlQJOLJW�I|U�Yl[WHU�QlU�GHW�lU�L�XWE\WEDU� IRUP�VRP�ILQQV�DGVRUEHUDGH�
PDUNSDUWLNODU �LELG����3n�OlWWD�MRUGDU�ILQQV�GHW�HQGDVW�HWW�OLWHW�.�I|UUnG�WLOO�VNLOOQDG�
IUnQ�VW\YD�OHUMRUGDU��(ULNVVRQ�HW�DO���������'lUI|U�ILQQV�GHW�HWW�VW|UUH�EHKRY�DY�.�
J|GVOLQJ� Sn� OlWWD� MRUGDU� �)RJHOIRUV� ������ 0lQJGHQ� Yl[WWLOOJlQJOLJW� .� L� PDUN�
O|VQLQJHQ�lU�XQJHIlU���NJ�.�KD��LELG���.DOLXPEULVW�NDQ�XSSVWn�Sn�MRUGDU�GlU�.�KDU�
XWODNDWV�VDPW�QlU�VRMD�RGODV�L�VDQGMRUG�GlU�PRGHUPDWHULDOHW�KDU�HWW�OnJW�.�LQQHKnOO�
�%HQWRQ�-RQHV��������.DOLXPEULVW�NDQ�lYHQ�XSSVWn�Sn�MRUGDU�PHG�OnJW�LQQHKnOO�DY�
RUJDQLVNW�PDWHULDO��LELG���

����� *|GVOLQJVUHNRPPHQGDWLRQHU�VRMD

9LG�RGOLQJ�DY�VRMD�NDQ�EnGH�PLQHUDOJ|GVHO�RFK�VWDOOJ|GVHO DQYlQGDV��=HUNRZVNL�HW�
DO�������)RJHOEHUJ�X�n��� *|GVOLQJ�PHG�3 RFK�. E|U�YDUD�ULNOLJ YLG�RGOLQJ�DY�VRMD
PHQ�1�E|U�WLOOI|UDV�L�PLQGUH�PlQJG��VH�WDEHOO�� �%LQJHIRUV 	�+DPPDU �������9LG�
RGOLQJ�DY�VRMD�EHK|YV�lYHQ�ERU�RFK�PDJQHVLXP�WLOOI|UDV�WLOO�HQ�YLVV�GHO��)RJHOEHUJ�
X�n��� (IWHUVRP�VRMDE|QRU�NDQ�WD�XSS�1 IUnQ�OXIWHQ�ILQQV�GHW�VlOODQ�DQOHGQLQJ�WLOO�DWW�
DQYlQGD�1�J|GVHO��)RJHOEHUJ�����E��=HUNRZVNL�HW�DO� ������.DLVHU��������$QYlQG�
QLQJHQ DY�1�J|GVHO�NDQ� UHQW�DY�KlPPD�1�IL[HULQJHQ�RFK�GlUI|U�UHNRPPHQGHUDV�
LQJHQ�1�J|GVHO�HOOHU�HQGDVW�HQ�OLWHQ�PlQJG�YLG�VnGG��5DR�	�5HGG\��������

7DEHOO�� 5HNRPPHQGHUDG�J|GVHOJLYD�WLOO�VRMDE|QRU�
3 . 1

NJ�KD /DQG 5HIHUHQV

����� ������ �� 6YHULJH )RJHOIRUV�����

�� 86$��1LJHULD
7HERK�������&KLH]H\�	�2GXQ]H�
�����

����� ������ �� (XURSD )RJHOEHUJ�����E
����� ,QGLHQ 5DR�	�5HGG\������

����� ���� �� ,WDOLHQ .RLYLVWR�����

7LOOI|UVHO�DY�VWDOOJ|GVHO NDQ�PHGI|UD�DWW�GHW�VNHU�PLQGUH�1�IL[HULQJ��GHVVXWRP�EOLU�
LQWH�DOOW�WLOOI|UW�1�L�IRUP�DY�VWDOOJ|GVHO WLOOJlQJOLJW�I|U�JU|GDQ�XWDQ�1 NDQ�I|UVYLQQD�
JHQRP�XWODNQLQJ�HOOHU�GHQLWULILNDWLRQ �=HUNRZVNL�HW�DO� �������(Q�UHNRPPHQGDWLRQ�
lU�DWW�YLG�WLOOI|UVHO�DY 1�J|GVHO�WLOO�VRMD�E|U�GHW�LQWH�GHQ�WLOOI|UGD�PlQJGHQ�YDUD�PHU�
lQ�KlOIWHQ�DY�PlQJGHQ�1�VRP�ERUWI|UV�YLG�VN|UG�DY�VRMD��WDE���� )|U�DWW�XQGYLND�1�
I|UOXVW�JHQRP�DPPRQLDNDYJnQJ�RFK�DYULQQLQJ�E|U�J|GVHO�P\OODV�QHU�VQDEEW�HIWHU�
WLOOI|UVHO��LELG���



��

(WW�I|UV|N�YLVDGH�DWW�VN|UG�DY�VRMDE|QRU�YDU�VLJQLILNDQW�K|JUH�QlU�GH�J|GVODWV�PHG�
K|QVJ|GVHO�HOOHU�3.�J|GVHO�MlPI|UW�PHG�RJ|GVODGH�VRMDE|QRU�HOOHU�GH�VRP�HQGDVW�
InU�1�J|GVHO��6RMDE|QRU�VRP�J|GVODWV�PHG�K|QVJ|GVHO�JDY�VW|UVW�VN|UG�XQGHU�I|U�
V|NHW��6ODWRQ�HW�DO��������

'HW�lU�I|UGHODNWLJW�RP PlQJGHQ�QlULQJVlPQHQ�L�VWDOOJ|GVHO DQDO\VHUDV�I|U�DWW�J|UD�
HQ�EUD�EHG|PQLQJ�DY YLONHQ PlQJG�VRP�VND�WLOOI|UDV��=HUNRZVNL�HW�DO�� ������ 9l[W�
QlULQJVLQQHKnOO�KRV�ROLND�J|GVHOVODJ�ILQQV�L�WDEHOO��� 9LG�DQYlQGQLQJ�DY�VWDOOJ|GVHO
NDQ�GHW�WLOOI|UDV�PHU�3 lQ�YDG�VRP�ERUWI|UV �WDE��� �LELG��� 3n�OnQJ�VLNW�lU�3 L�VWDOO�
J|GVHO OLND�WLOOJlQJOLJW�I|U�Yl[WHU�VRP�PLQHUDOJ|GVHO��GlUHPRW�Sn�NRUW�VLNW�lU�HIIHN�
WHQ�DY�3 L�VWDOOJ|GVHO OlJUH�MlPI|UW�PHG�3 L�PLQHUDOJ|GVHO��UXQW���������-RUGEUXNV�
YHUNHW��������6WDOOJ|GVHOJLYD YLG�RGOLQJ�DY�E|QRU�E|U�YDUD�PD[����WRQ�KD�RFK�nU�
�)RJHOEHUJ��������8WLIUnQ�SUDNWLVND�VNlO�NDQ�IlOW�J|GVODV�PHG�VWDOOJ|GVHO VRP�I|UVHU�
JU|GRU�PHG�Yl[WQlULQJ�L�PHU�lQ�HWW�nU�PHQ�Gn�lU�GHW�YLNWLJW�DWW�GHW�EOLU�UlWW�PlQJG�3
WRWDOW�VHWW�XQGHU�Yl[WI|OMGHQ��-RUGEUXNVYHUNHW�������

7DEHOO�� 9l[WQlULQJVLQQHKnOO�L�ROLND�J|GVHOVODJ��-RUGEUXNVYHUNHW�������

'MXUVODJ *|GVHOW\S 9l[WQlULQJVLQQHKnOO��NJ����WRQ�

3 . 7RW�1

NR )DVWJ|GVHO �� �� ��

'MXSVWU|J|GVHO �� ��� ��

)O\WJ|GVHO���WV � �� ��

K|QV )DVWJ|GVHO�K|QV������WV �� �� ���

)DVWJ|GVHO�VODNWN\FNOLQJ������WV �� ��� ���

)|U�DWW�EHKRYVDQSDVVD PlQJGHQ�Yl[WQlULQJ�WLOO�HQ�JU|GD�EHK|YV�I|UXWRP�LQIRUPDW�
LRQ�RP�JU|GDQV�J|GVHOEHKRY�LQIRUPDWLRQ�RP�PDUNHQ��LELG����0lQJGHQ�IRVIRU� RFK�
NDOLXPJ|GVHO�VRP�E|U�WLOOI|UDV�VRMD�EHURU�Sn�PlQJGH�3�RFK�.�L�PDUNHQ��.RLYLVWR
������� ,QIRUPDWLRQ� RP�Yl[WQlULQJ� L�PDUNHQ� NDQ� InV�JHQRP�PDUNNDUWHULQJ� YLONHW�
OlPSDU�VLJ�EUD�YLG�XQGHUV|NQLQJ�DY�3�RFK�.��-RUGEUXNVYHUNHW ������ *|GVOLQJVUH�
NRPPHQGDWLRQHU� WDV�YDQOLJHQ� IUDP�XWLIUnQ�PlQJGHQ� OlWWO|VOLJ�3�RFK�.�VRP�PlWV�
PHG�$/�O|VQLQJ��DPPRQLXPDFHWDWODNWDW���LELG����9LG VN|UG�DY�VRMD�VNHU�ERUWI|UVHO�
DY�3 RFK�. �WDE��� �=HUNRZVNL�HW�DO� ������ 6N|UGHQV�VWRUOHN�SnYHUNDU�KXU�P\FNHW�
Yl[WQlULQJ�VRP�I|UV�ERUW��YLG�K|JD�VN|UGDU�I|UV�P\FNHW�ERUW�RFK�Gn�lU�GHW�VW|UUH�
J|GVHOEHKRY�MlPI|UW�PHG�OlJUH�VN|UGDU��-RUGEUXNVYHUNHW �������

7DEHOO�� 0lQJGHQ�Yl[WQlULQJ�VRP�ERUWI|UV�YLG�VRMDRGOLQJ��%HUlNQDW�Sn�HQ�K|J�VN|UG����WRQ�KD�

NJ�3�KD 5HIHUHQV NJ�.�KD 5HIHUHQV�

����� 0LODGLQRYLF�HW�DO������ �� =HUNRZVNL�HW�DO�����

�� =HUNRZVNL�HW�DO����� �� )RQWDQHOOH�����

�� +HOPHUV����� �� +HOPHUV�����

�� )RQWDQHOOH����� ��� 5DR�	�5HGG\�����

'HW�ILQQV�LQGLNDWLRQHU�Sn�DWW�WLOOI|UVHO�DY�3�PHG�UDGP\OOQLQJ�LQWH�JHU�HQ�|NDG�VN|UG�
DY�VRMD�RP�GHW�UHGDQ�ILQQV�JRWW�RP�3�L�PDUNHQ��.UXHJHU��������



��

����� 6WDOOJ|GVHO

6WDOOJ|GVHO I|UElWWUDU�MRUGHQ�RFK�NDQ�WLOOI|UD�JU|GDQ�PHU�Yl[WQlULQJ RFK�GHWWD�NDQ�
Sn�VLNW�JH�K|JUH�VN|UGDU��=HUNRZVNL�HW�DO� ������ 1lU�VWDOOJ|GVHO�WLOOI|UV�WLOO�RGOLQJV�
PDUN�NDQ�GHW�EOL�ElWWUH�LQILOWUDWLRQ�DY�YDWWHQ��HQ�|NDG�YDWWHQKnOODQGH�I|UPnJD��HQ�
I|UElWWUDG�VWUXNWXU�L�PDUNHQ�VDPW�HQ�I|UElWWUDG�NDWMRQVXWE\WHVNDSDFLWHW��'HVVD�IDN�
WRUHU�PHGI|U�HQ�ElWWUH�FLUNXODWLRQ�DY�Yl[WQlULQJ� �LELG����6WDOOJ|GVHO�NDQ�P|MOLJHQ�
I|UElWWUD�PLNURIORUDQ L�PDUNHQ�RFK�GHW�NDQ�HYHQWXHOOW�L�VLQ�WXU�VWLPXOHUD�1�IL[HULQJ�
RFK�URWXWYHFNOLQJ�KRV�VRMD��)RJHOEHUJ�����E���

��� %LRVWLPXOHULQJ

%LRVWLPXOHULQJ�lU�HWW�EUHWW�EHJUHSS�VRP�EHW\GHU�HQ�JUXSS�NRPSRQHQWHU�VRP�VWLPX�
OHUDU�OLY�HOOHU�J\QQDU�Yl[WHQ�XWDQ�DWW�LQQHKnOOD Yl[WQlULQJ��+DP]D�	�6XJJDUV��������
%LRVWLPXOHULQJ�DQYlQGV�I|U�DWW�JH�I|UElWWUDG�XWYHFNOLQJ� WLOOYl[W�RFK�VN|UG�VDPW�PL�
QLPHUD�VWUHVV�KRV�JU|GRU �.RFLUD�HW�DO� �������%LRVWLPXOHULQJ�NDQ�I|UElWWUD�Yl[WHUV
DQSDVVQLQJ�WLOO�DELRWLVN�VWUHVV��/ySH]�%XFLR�HW�DO� ������ 'lUI|U�NDQ�ELRVWLPXOHULQJ�
YDUD�DQYlQGEDUW�YLG�RGOLQJ�DY�VRMDE|QRU�VRP�lU�NlQVOLJD�I|U�DELRWLVN�VWUHVV �.RFLUD�
HW�DO� ������ %LRVWLPXOHULQJ�NDQ�YDUD�HWW�DOWHUQDWLYW�WLOOYlJDJnQJVVlWW�QlU�WUDGLWLRQHOOD�
PHWRGHU�VnVRP�HQ�EUD�Yl[WI|OMG LQWH�lU�WLOOUlFNOLJW��LELG���

7ULFKRGHUPD�I|UElWWUDU�WLOOYl[WHQ�KRV�U|WWHU RFK I|UElWWUDU�QlULQJVXSSWDJ�VDPW Yl[�
WHQV�PRWVWnQGVNUDIW�PRW�DELRWLVN�VWUHVV �.KDQ�	�0RKLGGLQ��������$ELRWLVN�VWUHVV�
VRP�N\OD�NDQ�VNDGD�FHOOHU�KRV�Yl[WHU PHQ�7ULFKRGHUPD�VYDPSDU�VRP�NRORQLVHUDW�
Yl[WHU�I|UElWWUDU�Yl[WHQV�WROHUDQV�PRW�DELRWLVN�VWUHVV��/ySH]�%XFLR�HW�DO��������3R�
WHQWLHOOW�NDQ�WLOOI|UVHO�DY�7ULFKRGHUPD�VYDPSDU�YDUD�HWW�VlWW�DWW�IUlPMD�WLOOYl[WHQ�I|U�
IOHUWDOHW�JU|GRU��9HUPD�HW�DO��������-RKQ�HW�DO� ������7DQþLü�HW�DO� ����� .XFKODQ��
3���.XFKODQ��0��	�$QVDUL ������.KDQ�	�0RKLGGLQ��������%ODQG�DQQDW�NDQ�7ULFKR�
GHUPD�VYDPSDU�I|UElWWUD WLOOYl[WHQ�KRV�VRMDSODQWDQ��-RKQ�HW�DO� ������ 7ULFKRGHUPD�
VYDPSDU� NDQ� JH� HQ�SRVLWLY� HIIHNW� Sn� JURQLQJ� �7DQþLü� HW� DO�� �������7ULFKRGHUPD�
VYDPSDU�NDQ�VWLPXOHUD Yl[WHQ�RFK�URWV\VWHPHW�HIWHUVRP�GHW�ELOGDV�VXEVWDQVHU�VRP�
J\QQDU�I|UJUHQLQJ�KRV�U|WWHU�RFK�Yl[WQlULQJVXSSWDJ��/ySH]�%XFLR�HW�DO��������'HWWD�
I|UElWWUDU�L�VLQ�WXU�WLOOYl[W�RFK�VN|UG��LELG��� 7ULFKRGHUPD VSS��WLOOI|UW�WLOO�IU|Q�|NDU�
O|VOLJKHWHQ�KRV�Yl[WQlULQJ �LELG��� 9LG�WLGLJ�VnGG�DY�VRMDE|QRU��YLG�OlJUH�WHPSHUDWXU
lQ���R& lU�WLOOJlQJOLJKHWHQ�KRV�3 OnJ��7HERK������� 7ULFKRGHUPD�VSS��NDQ�J|UD�3
PHU�O|VOLJW �.KDQ�	�0RKLGGLQ������� 7ULFKRGHUPD�VYDPSDU�NDQ�lYHQ�JH�HWW�VN\GG�
PRW�SDWRJHQHU�VRP�DQJULSHU�Yl[WU|WWHU��'UX]KLQLQD�HW��DO��������7DQþLü�HW�DO� �����
.RSSHUWXV������ .KDQ�	�0RKLGGLQ��������9l[WVMXNGRPDU lU�GRFN�LQJHW�VW|UUH�SUR�
EOHP�YLG�RGOLQJ�DY�VRMDE|QRU L�6YHULJH �)RJHOEHUJ�X�n����

(QOLJW�.XELFHN�RFK +DUPDQ��������NDQ�SURGXNWHU�PHG�7ULFKRGHUPD�VYDPSDU�WLOO�
I|UDV�XWVlGH�HOOHU�MRUG��7ULFKRGHUPD�KDU]LDQXP DQYlQGV�LQQDQ�IU|Q�JURU�RFK�VRP�
IU|EHKDQGOLQJ��.DEDOXN�HW�DO���������(Q�WLGLJDUH�VWXGLH�DY�7��KDU]LDQXP HIIHNW�Sn�
SDWRJHQ�Sn�VRMDU|WWHU�YLVDGH�DWW�IU|EHKDQGOLQJ�JDY�VW|UUH�HIIHNW�MlPI|UW�PHG�MRUGEH�
KDQGOLQJ��.KDOHGL�	�7DKHUL��������



��

,�GHQQD�VWXGLH�XQGHUV|NV�P|MOLJKHWHUQD�WLOO�DWW�RGOD�VRMD�L�6YHULJH�JHQRP�DWW�XQGHU�
V|ND�XSSNRPVWHQ� 6WXGLHQ�IRNXVHUDU�Sn�KXU�VRMD�NDQ�In�ElWWUH�HWDEOHULQJ�YLG�WHPSH�
UDWXUHU VRP�lU�OlJUH�lQ�GHQ�ELRORJLVNW�RSWLPDOD� 8WIRUPQLQJHQ�DY�VWXGLHQ�lU�HWW�Yl[W�
KXVI|UV|N�PHG� WYn�GHOI|UV|N PHG�ROLND� VRUWHU DY� VRMD�� ELRVWLPXOHULQJ� VDPW�ROLND�
PlQJG�PLQHUDOJ|GVHO�RFK RUJDQLVNW�J|GVHOPHGHO� 6\IWHW�PHG�VWXGLHQ�lU�DWW�XQGHU�
V|ND�RP�WLOOI|UW�ELRVWLPXOHULQJ�RFK�ROLND�3�QLYnHU�OHGHU�WLOO IOHU�DQWDO�VNRWW�VDPW�|NDG�
WV�YLNW KRV�VRMDE|QRU�YLG�OnJ�WHPSHUDWXU������R&�

&HQWUDOD�IUnJHVWlOOQLQJDU�lU�

x +XU�SnYHUNDU�ELRVWLPXOHULQJ�XSSNRPVWHQ DY�VRMDE|QRU�YLG�OnJ�WHPSHUDWXU"

x +XU�SnYHUNDU�PlQJGHQ�3 XSSNRPVWHQ�DY�VRMDE|QRU�YLG�OnJ�WHPSHUDWXU"

8WLIUnQ�IUnJHVWlOOQLQJDU�XWIRUPDGHV�I|OMDQGH�K\SRWHVHU��

x %LRVWLPXOHULQJ�I|UElWWUDU�XSSNRPVWHQ DY�VRMDE|QRU���IOHU�DQWDO�VNRWW��YlJHU�
PHU��YLG�OnJ�WHPSHUDWXU�

x )RVIRU�KDU�HQ�HIIHNW�Sn XSSNRPVWHQ�KRV�VRMDE|QRU��IOHU�DQWDO�VNRWW��YlJHU�
PHU��YLG�OnJ�WHPSHUDWXU��

� 6\IWH�RFK�IUnJHVWlOOQLQJDU



��

)|U�DWW�VWXGHUD�VRMDE|QRUV�XSSNRPVW�L�QlUYDUR�DY�ELRVWLPXODQWHU�RFK�ROLND�3�QLYnHU
XWI|UGHV Yl[WKXVI|UV|N��9LG� XQGHUV|NQLQJ� DY XSSNRPVWHQ� UlNQDGHV� DQWDOHW� VNRWW�
YDUV�NRWHO\GRQHU QnWW�|YHU�PDUN\WDQ �ILJ���� HQ�JnQJ�SHU�G\JQ�RFK�YLG�DYVOXW�WRUND�
GHV�RFK�YlJGHV�VNRWWHQ�I|U�DWW�In�IUDP�WV�YLNW��VNRWW�RFK�URW�� 7LOO�I|UV|NHW�DQYlQGHV�
Yl[WKXV�PHG�DUHD�Sn���P� RFK�I|UV|NHW�SnJLFN�XQGHU ���G\JQ L�EnGD�GHOI|UV|NHQ�

7HPSHUDWXUHQ�L�Yl[WKXVHW�UHJOHUDGHV PHG�|SSQLQJVEDUD�OXFNRU��/XIWWHPSHUDWXU WRJV�
YDUW�IHPWH�PLQXW�XQGHU�KHOD�SHULRGHQ RFK�PHGHOWHPSHUDWXUHQ�EHUlNQDGHV PHG�([�
FHO��0HGHOWHPSHUDWXUHUQD�VRP�QlPQV�L�UDSSRUWHQ�lU�I|U�OXIW��0HGHOWHPSHUDWXUHQ�L�
Yl[WKXVHW�VWlOOGHV�LQ�Sn�HQ�PHGHOWHPSHUDWXU�Sn�����R&� 8QGHU�GDJHQ�YDU�WHPSHUD�
WXULQVWlOOQLQJHQ���R& L���WLPPDU�I|U�DWW�HIWHUOLNQD�XQJHIlUOLJW�DQWDO�VROWLPPDU�L�PDM
�60+,�����E�� 9l[WKXVI|UV|NHW YDU�XSSGHODW L�WYn�GHOI|UV|N RFK�GHOI|UV|NHQ VNLOGH
VLJ�nW� L� WHPSHUDWXU�YLONHW�LQWH�YDU�WDQNHQ��5HVXOWDWHW�lU�GlUI|U�XSSGHODW XWLIUnQ�GH�
ROLND�WHPSHUDWXUHUQD��

9l[WPDWHULDOHW�XWJMRUGHV�DY�WYn�VRUWHUV VRMD �*O\FLQH�PD[��/���0HUULOO� XU�����JUXS�
SHQ� 0LGRUL�*LDQW��0*��VRP�lU�HQ�VRUW�IUDPWDJHQ�I|U�HGDPDPHU RFK 7XQGUD��7'�
VRP�lU�HQ�VWRUW�IUDPWDJHQ�I|U�IRGHU� $QWDOHW�GDJDU�WLOO�PRJQDG�lU����� ���UHVSHNWLYH�
����GDJDU� I|U�0* RFK�7' �3URJUDLQ�������+LJK�0RZLQJ�2UJDQLF�6HHGV��������
%nGD�VRUWHUQD�DQYlQGHV�XQGHU�EnGD GHOI|UV|NHQ��,QQDQ JHQRPI|UDQGHW�DY�Yl[WKXV�
I|UV|NHQ XQGHUV|NWHV�GH�ROLND�VRUWHUQDV�JUREDUKHW��+XQGUD�IU|Q�DY�YDUMH�VRUW�SODFH�
UDGHV� L�SHWULVNnODU�DY�SODVW�PHG��� ODJHU�SDSSHU� L�ERWWHQ�VRP�IXNWDV��3HWULVNnODUQD�
IXNWDGHV�GDJOLJHQ�PHG�XQJHIlU�OLND�P\FNHW�YDWWHQ��*URQLQJVWHVWHW�YDUDGH�XQGHU����
G\JQ RFK�PHGHOWHPSHUDWXUHQ�YDU�����R&�

8QGHU�Yl[WKXVI|UV|NHQ�RGODGHV�VRMDE|QRUQD�L�SODVWNUXNRU���������FP��IUnQ�*|W�
WLQJHU�PHG�SODVWIDW��3ODVWNUXNRU�PHG�SODVWIDW�XQGHU�DQYlQGHV I|U�DWW�PLQVND�ULVNHQ�
I|U�NRQWDPLQHULQJ�PHOODQ�NUXNRU�RFK�WLOOI|UVHO�DY�QlULQJ�IUnQ�ElQNHQ� ,�YDUMH�NUXND�
VnGGHV��� IU|Q�Sn��� FP�GMXS �%LQJHIRUV 	�+DPPDU ������ (IWHU� VnGG�SODFHUDGHV�
NUXNRUQD�XW�L�Yl[WKXVHW��8QGHU�I|UV|NHW DQYlQGHV�PLQHUDOMRUG�L�IRUP�DY�QDWXUVDQG�
PHG�NRUQVWRUOHN�� � ��PP IUnQ�:HLEXOOV RFK�SODQWHULQJVMRUG��6�MRUG��IUnQ�+DVVHOIRUV�
*DUGHQ� 6�MRUGHQ EHVWnU�DY�ILQVLNWDG�WRUYEODQGQLQJ�VRP�LQQHKnOOHU�NDONGRORPLW�RFK�
SHUOLW �+DVVHOIRUV�*DUGHQ�X�n����6�MRUGHQ�KDU�HWW�S+�Sn�� RFK�HWW�Yl[WQlULQJVLQQHKnOO�

� 0DWHULDO RFK�PHWRG



��

HQOLJW�WDEHOO��� 6�MRUGHQ�LQQHKnOOHU lYHQ�WLOOI|UW�PLQHUDOJ|GVHO�L�IRUP�DY�13.������
����LELG���

7DEHOO�� 1lULQJVLQQHKnOO�L�6�MRUG�

1lULQJVlPQH J�P�
.YlYH��12������1+�� ���

)RVIRU ��

.DOLXP� ���

.DOFLXP� ����

%RU ���

0J ���

)RVIRUQLYnHUQD�L�VWXGLHQ�YDU ���������������PJ�3����J�OXIWWRUU�MRUG��(QKHWHQ VRP�3�
PlWWHV L�VDPW�PlQJGHQ�XWJLFN�LIUnQ�ROLND�3�$/�NODVVHU��(XURILQ�X�n����'HWWD�YDU I|U�
DWW�MRUGDUQD�VNXOOH HIWHUOLNQD�MRUGDU�PHG�ROLND�3�$/�WDO��)RVIRU WLOOI|UGHV�DQWLQJHQ�L�
IRUP�DY�PLQHUDOJ|GVHO��<DUD�3.��������HOOHU�RUJDQLVNW�J|GVHOPHGHO �NR�HOOHU�K|QV�
J|GVHO���0lQJGHQ�WLOOI|UG�Yl[WQlULQJ�WLOO�GH�ROLND�MRUGDUQD�ILQQV�L�WDEHOO��� 6�MRUGHQ
ILFN�NRPSOHWWHUDQGH�PLQHUDOJ|GVHO I|U DWW�GHW�VNXOOH�YDUD�OLND�P\FNHW�3 L�6�MRUGHQ�
VRP�VDQGMRUGHQ�PHG�VW|UVW�PlQJG�3� 0lQJGHQ�WLOOI|UG�PLQHUDOJ|GVHO�EHUlNQDGHV�
SHU�NUXND�L�JHQRPVQLWW��(Q�NUXND�PHG�WRUU�6�MRUG�YlJGH ����J�L�JHQRPVQLWW�RFK�HQ�
NUXND�WRUU�VDQG�YlJGH ����J L�JHQRPVQLWW��(IWHUVRP�JUDQXOHUDG�PLQHUDOJ|GVHO�DQ�
YlQGHV�PRUWODGHV�NRUQHQ��9LG�VW|UUH�JLYRU�DQYlQGHV�EnGH�KHOD�NRUQ�RFK�PRUWODGH�
NRUQ�PHGDQ�YLG�VPn�JLYRU�DQYlQGHV�PRUWODGH�NRUQ��GlUI|U�YDULHUDGH�VWRUOHNHQ Sn�GH�
WLOOI|UGD�NRUQD� 7LOO�GHW�I|UVWD�GHOI|UV|NHW�EODQGDGHV�J|GVHOQ�YlO�PHG�KHOD�MRUGYRO\�
PHQ�RFK�NUXNRUQD�ILFN�VHGDQ�VWn����GDJDU� LQQDQ�VnGG��7LOO�GHW�DQGUD�GHOI|UV|NHW�
EODQGDGHV�GlUHPRW�J|GVHOQ�L�GLUHNW�I|UH�VnGGHQ�RFK�HQGDVW�L�GH�WYn��K|QVJ|GVHO�RFK�
PLQHUDOJ|GVHO��UHVSHNWLYH�VH[��NRJ|GVHO��|YHUVWD�FHQWLPHWUDUQD��

7DEHOO�� )|UNRUWQLQJ�Sn�MRUGDU�VRP�DQYlQWV�XQGHU�Yl[WKXVI|UV|NHW�RFK�WLOOI|UG�PlQJG�<DUD�3.����
���SHU�NUXND�RFK�PJ�3�����J�WRUU�MRUG��YlUGHQD�lU�EHUlNQDGH��.�VWnU�I|U�NRJ|GVHO�RFK�+�VWnU�I|U�
K|QVJ|GVHO��7RWDO�1�RFK�&�NRQFHQWUDWLRQHUQD�EHVWlPGHV�JHQRP�WRUUI|UEUlQQLQJ�HQOLJW�,62�
������������PHG�HQ�HOHPHQWDQDO\VDWRU�I|U�PDUNSURYHU��7UXPDF�&1��/HFR�FRUS��6�W�-RVHSK��0,��
86$�
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2UJDQLVNW�J|GVHOPHGHO

-RUG
2UJDQLVNW�J|�
GVHOPHGHO �J�
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�*LYRUQD�PLQHUDOJ|GVHO�����������������������RFK�����PJ�<DUD�3.�������GP� PRWVYDUDU�XQJHIlU������
�������������������RFK������NJ�3�KD�
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,QQDQ�VnGG�WLOOI|UGHV�ELRVWLPXOHULQJ��%LRVWLPXOHULQJV�SURGXNWHU�VRP�DQYlQGHV YDU
7ULDQXP�3� VRP�EHVWnU� DY�7ULFKRGHUPD�KDU]LDQXP 5LIDL� VWUDLQ�.5/�$*�� �7�����
�.RSSHUWXV�������RFK�%LQDE�7)�:3�VRP�EHVWnU�DY�7ULFKRGHUPD�SRO\VSRUXP RFK�
7ULFKRGHUPD�DWURYLULGDH� 7ULDQXP�3�RFK�%LQDE�7)�:3�YDOGHV�HIWHUVRP�GH�LQQHKnO�
OHU�7ULFKRGHUPD�VYDPSDU��.HPLNDOLHLQVSHNWLRQHQ�����D������E���7ULDQXP�3�RFK�
%LQDE�7)�:3�WLOOI|UGHV�L�VDPPD�PlQJG���J�WLOO�����IU|Q��.RQWUROOHQ�VRP�DQYlQGHV�
YDU�%LQDE�7)�:3�VRP�DXWRNODYHUDGHV L����R&�L����PLQXWHU�RFK�PlQJGHQ�VRP�DQ�
YlQGHV�YDU ��J�WLOO�����IU|Q��'H�ROLND�EHKDQGOLQJDUQD�EDQGDGHV�YlO�PHG�IU|Q�L�SODVW�
SnVDU�SUHFLV�LQQDQ�VnGG��8WVlGHW \PSDGHV lYHQ�PHG�+L6WLFN�VRP�LQQHKnOOHU�%��MDSR�
QLFXP �3ULPRPR������ SUHFLV�LQQDQ�VnGG����J�WLOO�����IU|Q�

6RMDE|QRUQD�YDWWQDGHV�GDJOLJHQ�RFK�ILFN�XQJHIlU�OLND�P\FNHW�YDWWHQ�Vn�DWW�GH�XSS�
VNDWWQLQJVYLV�KDGH�OLNQDQGH�IXNWLJKHW��

9LG�DYVOXW�UlNQDGHV�DQWDOHW�VNRWW�RFK�DQWDOHW�IU|Q�VRP�JURWW�RFK�LQWH�JURWW��'H�VRMD�
SODQWRU�YDUV�NRWHO\GRQHU QnWW�RYDQ�PDUN\WDQ�VN|OMGHV�VHGDQ�DY�PHG�YDWWHQ�RFK�WRU�
NDGHV�L�WRUNVNnS�L���R&��3ODQWRUQD�YlJGHV�VHGDQ�I|U�DWW�In�IUDP�WV�YLNW��VNRWW�RFK�URW�

9LG�EHUlNQLQJ�DY�JURQLQJ XQGHU�Yl[WKXVI|UV|NHQ�UlNQDGHV DQWDOHW�IU|Q�VRP�JURWW
PHQ�LQWH�EOLYLW�VNRWW VDPW�GH�VRP�EOLYLW�VNRWW� 9LG�MlPI|UHOVH�DY�DQWDOHW�VNRWW�KDU�GH�
VRP�HQGDVW�JURWW�RFK�GH�VRP�HM�JURWW�XWHVOXWLWV��-lPI|UHOVH�DY�DQWDOHW�VNRWW�GDJ�I|U�
GDJ�EHW\GHU�DWW�DQWDOHW�VNRWW�MlPI|UV�PHG�YDUDQGUD�HQ�GDJ�L�WDJHW�RFK�LQWH�PHOODQ�
GDJDU��,�UDSSRUWHQ�lU�DQWDOHW�VNRWW�HWW�JHQRPVQLWWOLJW�YlUGH��WRWDOD�DQWDOHW�VNRWW�L�HWW�
OHG�GHODW�Sn�VH[��7V YLNW �VNRWW�RFK�URW��DY�GH�VNRWW�YDUV�NRWHO\GRQHU QnWW�|YHU�PDUN�
\WDQ�EHUlNQDGHV L�JHQRPVQLWW��)|U�DWW�In�IUDP�JHQRPVQLWWOLJ�WV�YLNW SHU�VNRWW�EHUlN�
QDGHV�WRWDO�WV�YLNW�SHU�NUXND�DQWDO�VNRWW��$OO�LQVDPODGH�GDWD EHDUEHWDGHV L�([FHO��5H�
VXOWDWHQ�KDU� VHGDQ�DQDO\VHUDWV� L� VWDWLVWLNSURJUDPPHW�-03�3UR��� �6$6�,QVWLWXWH��
9DULDQVDQDO\V�DQYlQGHV �$QDO\VLV�RI�9DULDQFH��$129$��I|U�DWW�XQGHUV|ND RP�GHW�
YDU VNLOOQDG�L�PHGHOYlUGH�L�ROLND�OHG� (QYlJV�DQDO\V�DQYlQGHV RFK�YLG�MlPI|UHOVH�DY�
PHGHOYlUGH� DQYlQGHV 7XNH\�.UDPHU� ´KRQHVWO\� VLJQLILFDQW�GLIIHUHQV´� �+6'�� WHVW��
6LJQLILNDQVQLYnQ�YDU VDWW�Sn�S������ 6WDWLVWLN�WRJV IUDP�I|U�JURQLQJ�L�SURFHQW� WV�YLNW�
YLG�DYVOXW��VDPW�DQWDOHW�VNRWW�GDJ�I|U�GDJ� )|U�ROLND�IUnJHVWlOOQLQJDU�DQDO\VHUDGHV�HWW�
GDWD VHW�L�WDJHW��6NLOOQDG�L�DQWDOHW�VNRWW��JURQLQJ�L�SURFHQW RFK�WV�YLNW�XQGHUV|NWHV Sn�
GH�ROLND�MRUGDUQD��bYHQ�VNLOOQDG�L�EHKDQGOLQJ��VRUWHU�VDPW�VNLOOQDG�PHOODQ�ROLND�PH�
GHOWHPSHUDWXUHU�XQGHUV|NWHV��9DUMH�OHG�XSSUHSDGHV VH[�JnQJHU�RFK�NUXNRUQD�IO\WWD�
GHV RP�L�Yl[WKXVHW�RFK�VWRG HM�L�EORFN���
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��� %LRVWLPXODQWHUV�HIIHNW�Sn�XSSNRPVW�DY�VRMD�YLG�������
RFK����PJ�3�����J�WRUU�MRUG��PLQHUDOJ|GVHO��

6DQGMRUG�PHG�WUH�ROLND�3�QLYnHU ������RFK����PJ�3����J�OXIWWRUU�MRUG �3���3��UH�
VSHNWLYH 3��� VDPW�6�MRUG��6��PHG����PJ�3����J� OXIWWRUU� MRUG DQYlQGHV�YLG�GHWWD�
GHOI|UV|NHW� 9l[WQlULQJ�WLOOI|UGHV�L�IRUP�DY�PLQHUDOJ|GVHO� -RUGHQ�3��RFK�6�KDGH�
VDPPD�PlQJG�3�I|U�DWW�XQGHUV|ND RP�GHW�YDU�IOHU�IDNWRUHU�lQ�3�PlQJG�VRP�SnYHU�
NDGH�VRMDE|QRUQDV�XSSNRPVW��,�YDUMH�MRUG�SODQWHUDGHV�VRMD�PHG�EHKDQGOLQJ�%LQDE
7)�:3��%��HOOHU�7ULDQXP�3��73��HOOHU�XWDQ�EHKDQGOLQJ��.���7Yn�VRUWHU�DQYlQGHV��
7XQGUD��7'��RFK�0LGRUL�*LDQW��0*���)|U�|YHUEOLFN�DY�XSSOlJJHW�VH�WDEHOO���

7DEHOO�� gYHUEOLFN�DY�I|UV|NVXSSOlJJHW�

7ULDQXP�3��73� %LQDE�7)�:3��%� .RQWUROO��.�
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��� %LRVWLPXODQWHUV�HIIHNW�Sn�XSSNRPVW�DY�VRMD�YLG�����RFK�
��PJ�3����J�WRUU�MRUG��RUJDQLVNW�J|GVHOPHGHO RFK�
PLQHUDOJ|GVHO��

)RVIRU�WLOOI|UGHV DQWLQJHQ�L�IRUP�DY�PLQHUDOJ|GVHO�HOOHU RUJDQLVNW�J|GVHOPHGHO �NR�
HOOHU�K|QVJ|GVHO� XQGHU�GHWWD�GHOI|UV|NHW��)|U�|YHUEOLFN�DY�XSSOlJJHW�VH�WDEHOO��� ,�
YDUMH�MRUG�SODQWHUDGHV�VRMD�PHG�EHKDQGOLQJ�%LQDE�7)�:3��%��HOOHU�XWDQ�EHKDQGOLQJ�
�.���7Yn�VRUWHU�DQYlQGHV��7XQGUD��7'��RFK�0LGRUL�*LDQW��0*���

7DEHOO�� gYHUEOLFN�DY�I|UV|NVXSSOlJJHW�

%LQDE�7)�:3��%� .RQWUROO��.�

-RUG 7XQGUD��7'� 0LGRUL�*LDQW��0*� 7XQGUD��7'� 0LGRUL�*LDQW��0*�
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8SSOlJJHW�YDU�Vn�DWW I|U�DWW�In ����PJ�3����J�WRUU�MRUG�DQYlQGHV�PLQHUDOJ|GVHO��3���
HOOHU�NRJ|GVHO��3.� VDPW�VDQGMRUG RFK I|U�DWW�In ��PJ�3����J�WRUU�MRUG DQYlQGHV�
PLQHUDOJ|GVHO��3���HOOHU�K|QVJ|GVHO��3+� VDPW�VDQGMRUG��$QOHGQLQJHQ�WLOO�DWW�LQWH�
VDPPD�PlQJG�3�DQYlQGHV�WLOO�DOOD�OHG�EHURGGH�Sn�DWW�GH�RUJDQLVND�J|GVHOPHGOHQ�
KDGH�ROLND�3�KDOW��'HW�KDGH�DQWLQJHQ�EHK|YWV�YlOGLJW�VWRUD�PlQJGHU�NRJ|GVHO�HOOHU�
YlOGLJW�VPn�PlQJGHU�DY�K|QVJ|GVHO�I|U�DWW�In�VDPPD�3�PlQJG��
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.RJ|GVHOQ�VRP�DQYlQGHV XQGHU�I|UV|NHW�YDU 6LPRQWRUS�NRJ|GVHO�IUnQ�:HLEXOOV VRP�
EHVWnU�DY�WRUY�RFK�NRJ|GVHONRPSRVW��.RJ|GVHOQ�KDU�HWW�S+�Sn���� RFK KDU�HWW�Yl[W�
QlULQJVLQQHKnOO�HQOLJW�WDEHOO��� +|QVJ|GVHO�VRP�DQYlQGHV�XQGHU�I|UV|NHW�YDU IUnQ�
+DVVHOIRUV�*DUGHQ�RFK�lU�HQ WRUNDG�RFK�SHOOHWHUDG�SURGXNW�PHG�HWW�Yl[WQlULQJVLQ�
QHKnOO�HQOLJW�WDEHOO���

7DEHOO�� 1lULQJVLQQHKnOO�L�RUJDQLVNW�J|GVHOPHGHO�VRP�DQYlQWV�L�Yl[WKXVI|UV|NHW��,QIRUPDWLRQ�lU�
LIUnQ�LQQHKnOOVI|UWHFNQLQJDU��6LPRQWRUS�NRJ|GVHO�IUnQ�:HLEXOOV�RFK�K|QVJ|GVHO�IUnQ�+DVVHOIRUV�JDU�
GHQ�

.RJ|GVHO +|QVJ|GVHO

1lULQJVlPQH PJ�GP� J�GP�

7RWDO��1� ���� �

.YlYH��12������1+�� ��� ���

)RVIRU �� ���

.DOLXP� ��� �
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'H�ROLND�GHOI|UV|NHQ�KDGH�ROLND�PHGHOWHPSHUDWXU������R& UHVSHNWLYH�����R&��)|U�DWW�
XQGHUV|ND�RP�GHW�YDU�VNLOOQDG�L�XSSNRPVW�HQGDVW�EHURHQGH�Sn�WHPSHUDWXUVNLOOQDGHQ�
MlPI|UGHV�OHG��3,0*%��3�0*.��3�7'%��3�7'.��VH�WDEHOO���RFK����VRP�I|UHNRP�
L�EnGD�GHOI|UV|NHQ��'HW�YLVDGH�VLJ�DWW�GHW�LQWH�YDU�VLJQLILNDQW�VNLOOQDG�L�DQWDOHW�VNRWW�
HOOHU�WV�YLNW HIWHU����G\JQ QlU�GH�ROLND�PHGHOWHPSHUDWXUHUQD�MlPI|UGHV PHQ�UHVXOWDWHW�
GHODGHV�lQGn�XSS L�GH�ROLND�PHGHOWHPSHUDWXUHUQD��

*URQLQJVWHVWHW�YLVDGH�HQ�JUREDUKHW�Sn�����KRV 7XQGUD��7'��RFK�����KRV 0LGRUL�
*LDQW �0*���$QGHOHQ�IU|Q�����VRP�JURGGH�L�JHQRPVQLWW�L�GHOI|UV|N PHG�PHGHOWHP�
SHUDWXU�����R&�SUHVHQWHUDV�L�WDEHOO����6NLOOQDG�L�JHQRPVQLWWOLJ�DQGHO�����JURGGD�VRMD�
IU|Q�IDQQV�KRV�VRMD�RGODG�Sn�3��MRUGHQ�QlU�ROLND�EHKDQGOLQJDU�MlPI|UGHV Sn�VDPPD�
VODJV�MRUG �WDE�����$Y�VRUWHQ�7'�YDU GHW�VLJQLILNDQW�VW|UUH�DQGHO�JURGGD�IU|Q PHG�
7ULDQXP�3�EHKDQGOLQJ�MlPI|UW�PHG�%LQDE�7)�:3�EHKDQGOLQJ��GRFN VNLOMHU�VLJ�LQWH�
EHKDQGOLQJDUQD�IUnQ�NRQWUROOHQ�L�GHWWD�OHG��$Y�VRUWHQ�0*�YDU GHW�VLJQLILNDQW�VW|UUH�
DQGHO�JURGGD�VRMDIU|Q�PHG�%LQDE�7)�:3�EHKDQGOLQJ�MlPI|UW�PHG�NRQWUROOHQ��

7DEHOO�� -lPI|UHOVH�DY�JHQRPVQLWWOLJ�DQGHO�����JURGGD�VRMDIU|Q�PHG�ROLND�EHKDQGOLQJDU Sn�GH�ROLND�
MRUGDUQD�YDUI|U�VLJ�YLG�����R&��'H�PHG�ROLND�ERNVWlYHU�VNLOMHU�VLJ�nW�VLJQLILNDQW��S�������

7' 0*

%HKDQGOLQJ
-RUG

%HKDQGOLQJ
-RUG

3� 3� 3� 6 3� 3� 3� 6
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7ULDQXP 3 �� �� ��$ �� 7ULDQXP 3 �� �� ��$% ��
%LQDE 7)�
:3 �� �� ��% ��

%LQDE 7)�
:3 �� �� ��$ ��

� 5HVXOWDW
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*HQRPVQLWWOLJ�DQGHO�JURGGD�VRMDIU|Q�PHG�NRQWUROOEHKDQGOLQJ�VNLOGH�VLJ�nW�Sn�GH�
ROLND�MRUGDUQD��VH�WDEHOO����

7DEHOO��� -lPI|UHOVH�DY�JHQRPVQLWWOLJ�DQGHO�����JURGGD�VRMDIU|Q�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�
MRUGDU�YLG�����R&��'H�PHG�ROLND�ERNVWlYHU�VNLOMHU�VLJ�nW�VLJQLILNDQW��S�������

7' 0*

-RUG 0HGHO���� -RUG 0HGHO����

6 ��$ 6 ��$

3� ��$ 3� ��$

3� ��$% 3� ��$

3� ��% 3� ��%

$QGHOHQ�VRMDIU|Q�����VRP�JURGGH L�JHQRPVQLWW L�GHOI|UV|N PHG�PHGHOWHPSHUDWXU�Sn�
����R&�ILQQV�L�WDEHOO���� ,�GHWWD�GHOI|UV|N�YDU GHW�LQJHQ�VNLOOQDG�L DQGHO�JURGGD�VRMD�
IU|Q QlU�VRMD�PHG�NRQWUROOEHKDQGOLQJ�MlPI|UGHV�Sn�ROLND�MRUGDU��'HW�YDU�LQWH�KHOOHU�
QnJRQ�VNLOOQDG�L DQGHO�JURGGD�VRMDIU|Q QlU�ROLND�EHKDQGOLQJDU�Sn�VDPPD�VODJV�MRUG�
MlPI|UGHV�PHG�YDUDQGUD��

7DEHOO��� $QGHOHQ�����VRMDIU|Q�VRP�KDU�JURWW�L�JHQRPVQLWW�XSSGHODW�L�ROLND�EHKDQGOLQJDU��MRUGDU�
VDPW�VRUWHU�YLG�����R&�

7' 0*

%HKDQGOLQJ
-RUG

%HKDQGOLQJ
-RUG

3� 3� 3+ 3. 3� 3� 3+ 3.
.RQWUROO �� �� ��� �� .RQWUROO �� �� �� ��
%LQDE 7)�
:3 �� �� �� ���

%LQDE 7)�
:3 �� �� �� ��

8QGHU�EnGD�GHOI|UV|NHQ�REVHUYHUDGHV�VNRWW�RYDQ�PDUN\WDQ�HIWHU���G\JQ��1lU�PHGHO�
WHPSHUDWXUHQ�YDU�����R& REVHUYHUDGHV�GH�I|UVWD�VNRWWHQ� L 6�MRUGHQ��9LG�GHOI|UV|N�
PHG�PHGHOWHPSHUDWXU�����R& REVHUYHUDGHV�GH�I|UVWD�VNRWWHQ�L�MRUG�PHG ��PJ�3�����
J�WRUU�MRUG��3��RFK�3+��

'HW�YDU�VLJQLILNDQW�IOHU�VNRWW�DY�7'�MlPI|UW PHG�0*�PHOODQ�������G\JQ�YLG�I|UVWD�
GHOI|UV|NHW�PHG�PHGHOWHPSHUDWXU�����R& RFK�PHOODQ�������G\JQ�YLG�DQGUD�GHOI|U�
V|NHW�QlU�PHGHOWHPSHUDWXUHQ�YDU�����R&��0RW�VOXWHW�DY�I|UV|NHQ�YDU�GHW�LQJHQ�VNLOO�
QDG�PHOODQ�VRUWHUQD�L�DQWDOHW�VNRWW�RFK�YLNW��)|OMDQGH�UHVXOWDW lU�lQGn�XSSGHODW�L�GH�
ROLND�VRUWHUQD�RFK�YLG�MlPI|UHOVH�lU�GHW�VRMDE|QRU DY�VDPPD�VRUW�VRP�MlPI|UWV�



��

��� %LRVWLPXODQWHUV�HIIHNW�Sn�XSSNRPVW�DY�VRMD�YLG�����R&�
RFK�������RFK����PJ�3�����J�WRUU�MRUG��PLQHUDOJ|GVHO��

8QGHU�GHOI|UV|N PHG�PHGHOWHPSHUDWXUHQ�����R& REVHUYHUDGHV YLVVD�VNLOOQDGHU L�DQ�
WDOHW�VNRWW�QlU�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�MRUGDU�MlPI|UGHV PHG�YDUDQGUD
�ILJ����RFK���� 'H�I|UVWD�G\JQHQ�YDU GHW�LQJHQ VNLOOQDG�L�DQWDOHW�VNRWW�GDJ�I|U�GDJ��
6HQDUH�REVHUYHUDGHV�VLJQLILNDQWD�VNLOOQDGHU��HIWHU����G\JQ�KRV�7' RFK����G\JQ�KRV�
0*�

)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�MRUGDU�GDJ�I|U�GDJ��
6RUWHQ�lU�7'��PD[DQWDO�lU���RFK�VWDUW�G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�DY�DQWDOHW�
VNRWW�Sn�GH�ROLND�MRUGDUQD�VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S�������
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)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�MRUGDU�GDJ�I|U�
GDJ��6RUWHQ�lU�0*��PD[DQWDO�lU���RFK�VWDUW�G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�DY�
DQWDOHW�VNRWW�Sn�GH�ROLND�MRUGDUQD�VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S�������

(IWHU����G\JQ�MlPI|UGHV�WV�YLNW�KRV VRMD�PHG�NRQWUROOEHKDQGOLQJ�RGODGH�L�GH�ROLND�
MRUGDUQD PHG�YDUDQGUD� 'n YDU�GHW�VLJQLILNDQW�OlJUH�WV�YLNW�KRV�EnGD�VRUWHUQD�RGODGH�
Sn�3��MRUGHQ�MlPI|UW�PHG�VRMD�RGODG�L�GH�DQGUD�MRUGDUQD��WDE�������

7DEHOO��� 7V�YLNW��J��L�JHQRPVQLWW�KRV�GH�ROLND�OHGHQ��9LG�MlPI|UHOVH�DY�WV�YLNW��J� L�JHQRPVQLWW�KRV�
VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�GH�ROLND�MRUGDUQD�IDQQV�VLJQLILNDQWD�VNLOOQDGHU��'H�PHG�ROLND�
ERNVWlYHU�VNLOMHU�VLJ�nW�VLJQLILNDQW��S�������

7' 0*
%HKDQGOLQJ

-RUG % 73 . % 73 .
3� ���� ���� ����$ ���� ���� ����$

3� ���� ���� ����$ ���� ���� ����$

6 ���� ���� ����$ ���� ���� ����$

3� ���� ���� ����% ���� ���� ����%

(IWHU����G\JQ YDU�GHW�VW|UUH�VNLOOQDG�L�DQWDOHW�VNRWW�RFK�WV�YLNW KRV VRMD�RGODG�Sn�ROLND�
MRUGDU� MlPI|UW�PHG� VRMD�PHG�ROLND� ELRVWLPXOHULQJ��1lU� ELRVWLPXOHULQJ� MlPI|UGHV�
PHG�NRQWUROOEHKDQGOLQJ�KRV�VRMD�RGODG�L�VDPPD�VODJV�MRUG�REVHUYHUDGHV�LQJD�VNLOO�
QDGHU�XQGHU�GHWWD�GHOI|UV|N��YDUNHQ WV�YLNW��WDE����� HOOHU DQWDO�VNRWW�GDJ�I|U�GDJ��ILJ��
��RFK����
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)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�GDJ�I|U�GDJ���6RUWHQ�lU�7'��PD[DQWDO�lU���RFK�VWDUW�G\JQ���
QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��'HW�YDU�LQJHQ�VLJQLILNDQW�VNLOOQDG�QlU�VRMD�PHG�ELRVWLPXOHULQJ�MlP�
I|UGHV�PHG�NRQWUROO�Sn�GH�ROLND�MRUGDUQD�YDU�I|U�VLJ�

)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�GDJ�I|U�GDJ��6RUWHQ�lU�0*��PD[DQWDO�lU���RFK�VWDUW�G\JQ���
QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��'HW�YDU�LQJHQ�VLJQLILNDQW�VNLOOQDG�QlU�VRMD�PHG�ELRVWLPXOHULQJ�MlP�
I|UGHV�PHG�NRQWUROO�Sn�GH�ROLND�MRUGDUQD�YDU�I|U�VLJ�
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��� %LRVWLPXODQWHUV�HIIHNW�Sn�XSSNRPVW�DY�VRMD�YLG�����R&�
RFK�����RFK���PJ�3����J�WRUU�MRUG��RUJDQLVNW�
J|GVHOPHGHO RFK�PLQHUDOJ|GVHO��

8QGHU�GHOI|UV|N PHG�PHGHOWHPSHUDWXUHQ�����R& REVHUYHUDGHV YLVVD�VNLOOQDGHU�PHO�
ODQ�GH�ROLND�MRUGDUQD QlU�DQWDOHW�VNRWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�MlPI|UGHV�GDJ�
I|U�GDJ��ILJ� ��RFK���� 9LG�DYVOXW�HIWHU����G\JQ�YDU�GHW�VLJQLILNDQW�VNLOOQDG�L�DQWDOHW�
VNRWW�DY�0*�Sn�GH�ROLND�MRUGDUQD�QlU�VRMD�PHG�NRQWUROOEHKDQGOLQJ�MlPI|UGHV��'HW�
YDU�Gn�IOHU�DQWDO�VRMDVNRWW�L�JHQRPVQLWW L�VDQG�J|GVODG�PHG�NRJ|GVHO��3.��VRP�LQQH�
KnOOHU�����PJ�3����J�WRUU�MRUG�MlPI|UW�PHG�DQWDO�VNRWW������L�VDQG�PHG�PLQHUDOJ|GVHO��
��PJ�3����J�WRUU�MRUG��3���

)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�MRUGDU�GDJ�I|U�GDJ��
6RUWHQ�lU�7'��PD[DQWDO�lU���RFK�VWDUW�G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�DY�DQWDOHW�
VNRWW�Sn�GH�ROLND�MRUGDUQD�VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S�������
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)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�DY�VRMD�PHG�NRQWUROOEHKDQGOLQJ�Sn�ROLND�MRUGDU�GDJ�I|U�
GDJ��6RUWHQ�lU�0*W��PD[DQWDO�lU���RFK�VWDUW�G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��9LG�MlPI|UHOVH�
DY�DQWDOHW�VNRWW�Sn�GH�ROLND�MRUGDUQD�VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S�������

9LG�DYVOXW�YDU�GHW�LQJHQ�VLJQLILNDQW�VNLOOQDG�L�WV�YLNW�QlU�VRMD�PHG�NRQWUROOEHKDQGOLQJ�
MlPI|UGHV�Sn�GH�ROLND�MRUGDUQD �WDE������ 1lU�WV�YLNW�KRV�VRMD�PHG�ROLND�EHKDQGOLQJDU�
MlPI|UGHV�Sn�GH�ROLND�MRUGDUQD�YDU�I|U�VLJ�YDU�GHW�LQJD�VW|UUH�ROLNKHWHU�YLG�DYVOXW��
'RFN YDU�GHW�VLJQLILNDQW�K|JUH�WV�YLNW�KRV�VRMD�DY�VRUWHQ�0*�PHG�%LQDE�7)�:3�
EHKDQGOLQJ�MlPI|UW�PHG�NRQWUROOHQ�Sn�3.�MRUGHQ��WDE� ����

7DEHOO��� 7V�YLNW��J��L�JHQRPVQLWW�KRV�GH�ROLND�OHGHQ��9LG�MlPI|UHOVH�DY�WV�YLNW��J��L�JHQRPVQLWW�KRV�
VRMD�PHG�ROLND�EHKDQGOLQJDU Sn�GH�ROLND�MRUGDUQD�YDUI|U�VLJ�IDQQV�VLJQLILNDQWD�VNLOOQDGHU��'H�PHG�
ROLND�ERNVWlYHU�VNLOMHU�VLJ�nW�VLJQLILNDQW��S�������

7' 0*
%HKDQGOLQJ

-RUG %LQDE�7)�:3 .RQWUROO %LQDE�7)�:3 .RQWUROO
3+ ���� ���� ���� ����
3� ���� ���� ���� ����
3� ���� ���� ���� ����
3. ���� ���� ����$ ����%

*HQHUHOOW�VHWW�|NDGH LQWH DQWDOHW�VNRWW�QlU�VRMD�PHG�%LQDE�7)�:3�MlPI|UGHV PHG�
NRQWUROO�Sn�GH�ROLND�MRUGDUQD YDU�I|U�VLJ GDJ�I|U�GDJ �ILJ����RFK����� 'RFN YDU GHW�
VLJQLILNDQW�IOHU DQWDO VNRWW�DY�7' EHKDQGODW�PHG�%LQDE�7)�:3 L�VOXWHW�DY�GHOI|UV|NHW
MlPI|UW�PHG�NRQWUROOHQ QlU�VRMD�RGODGHV� L�VDQG�PHG�PLQHUDOJ|GVHO����PJ�3����J�
OXIWWRUU�MRUG��3�� �ILJ�����
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)LJXU�� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�GDJ�I|U�GDJ���6RUWHQ�lU�7'��PD[DQWDO�lU���RFK�VWDUW�G\JQ���
QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV� 9LG�MlPI|UHOVH�DY�VRMD�PHG�ELRVWLPXOHULQJ�PHG�NRQWUROO�Sn�GH�ROLND�
MRUGDUQD�YDU�I|U�VLJ�VNLOMHU�VLJ�GH�PHG�ROLND�V\PEROHU�VLJQLILNDQW�nW��S�������

)LJXU��� $QWDO�VNRWW�SHU�NUXND�L�JHQRPVQLWW�GDJ�I|U�GDJ���6RUWHQ�lU�0*��PD[DQWDO�lU���RFK�VWDUW�
G\JQ���QlU�I|UVWD�VNRWWHW�REVHUYHUDGHV��'HW�YDU�LQJHQ�VLJQLILNDQW�VNLOOQDG�QlU�VRMD�PHG�ELRVWLPXOH�
ULQJ�MlPI|UGHV�PHG�NRQWUROO�Sn�GH�ROLND�MRUGDUQD�YDU�I|U�VLJ��
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��� 8WYlUGHULQJ�DY�PHWRG

(WW�DY�GH�VW|UVWD�SUREOHPHQ�PHG�PHWRGHQ�YDU WHPSHUDWXULQVWlOOQLQJDUQD�L�Yl[WKXVHW��
'HW�XSSVWRG�VYnULJKHWHU�L�DWW�ELEHKnOOD�LQVWlOOG�OXIWWHPSHUDWXU�L�Yl[WKXVHW�HIWHUVRP�
WHPSHUDWXUHQ�UHJOHUDGHV�PHG� OXFNRU��1lU�GHW�YDU PLQXVJUDGHU XWRPKXV |SSQDGHV�
LQWH�OXFNRUQD�HIWHUVRP�GHW�IDQQV HQ�ULVN�DWW�OXFNRUQD Gn�VNXOOH�IU\VD�IDVW��1lU�GHW�YDU
YDUPW�XWH�PLQVNDGH LQWH�WHPSHUDWXUHQ�L�QnJRQ�VWRU�XWVWUlFNQLQJ�QlU�OXFNRUQD�|SS�
QDGHV��/DPSRUQD�YDU DYVWlQJGD�XQGHU�I|UV|NHQ�RFK�GHW�YDU EHIXNWQLQJ�Sn�Yl[WKXV�
JROYHQ�I|U�DWW�KnOOD�WHPSHUDWXUHQ�QHUH��5HVXOWDWHW�IUnQ�Yl[WKXVVWXGLHQ�NDQ�VNLOMD�VLJ�
IUnQ�UHVXOWDW� L�HYHQWXHOOD�IlOWI|UV|N�Sn�JUXQG�DY�GHW�KDU�YDULW�Yl[WKXVI|UKnOODQGHQ�
RFK�RGOLQJVI|UXWVlWWQLQJDUQD�NDQ�GlUI|U�VNLOMD VLJ nW��/XIWPHGHOWHPSHUDWXUHQ�VNXOOH�
YDUD�VDPPD�XQGHU�EnGD�GHOI|UV|NHQ�PHQ�GHW�YDU ROLND�WHPSHUDWXU�RFK�K|JUH�WHPSH�
UDWXU�lQ�YDG�VRP�YDU�|QVNYlUW��WDE� �����'lUI|U�NDQ�GHW�YDUD�HQ�YLVV�VYnULJKHW�DWW�
MlPI|UD�UHVXOWDWHQ�PHG�YDUDQGUD��1lU�OHG�VRP�YDU�VDPPD�XQGHU�EnGD�GHOI|UV|NHQ�
MlPI|UGHV�YDU�GHW�LQJHQ�VLJQLILNDQW�VNLOOQDG�L�DQWDO�VNRWW�RFK�WV�YLNW�PHQ�HIWHUVRP�
GHW�HQGDVW�YDU�HWW�OHG�RFK�LQWH�DOOD�OHG�NDQ�WHPSHUDWXUVNLOOQDGHQ�HYHQWXHOOW�KDIW�HQ�
HIIHNW�Sn� VRMDE|QRU� L�DQQDQ� MRUG�RFK�PHG�DQQDQ�EHKDQGOLQJ��bYHQ�RP PLOM|IDN�
WRUHUQD�L�Yl[WKXVHW�VNXOOH�YDUD�KHOW�OLND�ILQQV�GHW�IRUWIDUDQGH�I\VLRORJLVND�VNLOOQDGHU�
KRV�LQGLYLGXHOOD�IU|Q�VRP NDQ�JH�XSSKRY�WLOO�YDULDWLRQ�L�XSSNRPVWWLG��(JOL�������

7DEHOO��� 0D[���PLQ� RFK�PHGHOWHPSHUDWXU�L�Yl[WKXVHW�XQGHU�GHOI|UV|NHQ�

(IWHUVRP�PD[PHGHOWHPSHUDWXUHQ�L�PDM�OLJJHU�Sn�XQJHIlU���R&��60+,�����D��KDU�
PHGHOWHPSHUDWXUHQ XQGHU�Yl[WKXVI|U|NHQ�YDULW�K|JUH��,�MXQL�OLJJHU�PD[PHGHOWHP�
SHUDWXUHQ L�6NnQH�RFK�0lODUGDOHQ�Sn�XQJHIlU���R&��60+,�����G��Vn�PHGHOWHPSH�
UDWXUHQ L�Yl[WKXVI|UV|NHQ KDU�YDULW�OlJUH�lQ�GHQ�JHQRPVQLWWOLJD�WHPSHUDWXUHQ�L�MXQL��

� 'LVNXVVLRQ

)|UV|N
PLQ PD[ PHGHOWHPSHUDWXU�

GDJ QDWW GDJ QDWW G\JQ

GHOI|UV|N � ����� ���� ����� ����� �����

GHOI|UV|N � ����� ���� ����� ����� �����



��

0HGHOWHPSHUDWXUHQ�L�Yl[WKXVHW�YDU�GRFN OlJUH�lQ�VRMDQV�RSWLPDOD�WHPSHUDWXU�VRP�
lU �����R& �.RLYLVWR�������

9DULDWLRQ�DY�OXIWPHGHOWHPSHUDWXUHQ�MlPI|UW�PHG�LQVWlOOG�WHPSHUDWXU�JnU�DWW�VH�L�ILJXU�
����,�ILJXUHQ�IUDPJnU�GHW�DWW�GHW�YDU HQ�|NQLQJ�L�OXIWPHGHOWHPSHUDWXU�HIWHU����G\JQ�
RFK�GHW�NDQ�YDUD�HQ�ELGUDJDQGH�DQOHGQLQJ�WLOO�DWW�DQWDOHW�XSSNRPQD�VNRWW�|NDU��8QGHU�
GHOI|UV|NHQ ERUGH�PDUNWHPSHUDWXUHQ�PlWWV�I|U�DWW�VH�RP�GHW�YDU�VNLOOQDG�L�XSSYlUP�
QLQJ�KRV�GH�ROLND�MRUGDUQD�RFK�KXU�GHW�L�VLQ�WXU�NDQ�KD�SnYHUNDW XSSNRPVWWLGHQ��

)LJXU��� ,QVWlOOG�WHPSHUDWXU�RFK�IDNWLVN�PHGHOWHPSHUDWXU�XQGHU�GH�ROLND�GHOI|UV|NHQ�

%LRVWLPXOHULQJHQ�WLOOI|UGHV�LQQDQ�VnGG �)RJHOEHUJ�����E���7URWWV�GHWWD�JDY ELRVWL�
PXOHULQJ� LQWH VlUVNLOW� VWRU�HIIHNW� MlPI|UW�PHG�NRQWUROO� YLG�XQGHUV|NQLQJ�DY�XSS�
NRPVW� (YHQWXHOOW�NDQ�GHW�EHUR�Sn�DWW�WLOOI|UW�YDWWHQ�YLG�\PSQLQJ�NDQ�JH�ElWWUH�UHVXO�
WDW�YLG�DQYlQGQLQJ�DY�%LQDE�7)�:3��:H[WKXVHW��������7ULDQXP�3��/LQGHVUR $%
������RFK�%UDG\UKL]RELXP�MDSRQLFXP �)RJHOEHUJ�����E���9LG�I|UEHUHGHOVHU�LQQDQ�
VnGG�WLOOI|UGHV�WRUU�SURGXNW�WLOO�WRUUD�IU|Q�YLONHW�NDQ�KD�PHGI|UW�DWW�GHW�LQWH�EOHY�WLOO�
UlFNOLJ�PlQJG�VRP�KDPQDGH�Sn�VMlOYD�IU|HW��GHW�NDQ�lYHQ�XSSVWnWW VWRU�YDULDWLRQ�L�
KXU�P\FNHW�ELRVWLPXOHULQJ�VRP�WLOOI|UGHV�WLOO HWW�IU|��(QOLJW�.XFKODQ��3���.XFKODQ��
0��	�$QVDUL ������ NDQ�HIIHNWHQ�DY�7ULFKRGHUPD VSS��EHKDQGOLQJ�Sn�IU|Q�L�SXOYHU�
IRUP�PLQVND�Sn�JUXQG�DY�GnOLJ�DGKHVLRQ�Sn�GHQ�VOlWD�\WDQ�Sn�VRMDE|QRU��.XFKODQ��
3���.XFKODQ��0��	�$QVDUL ������ I|UHVOnU WLOOI|UVHO�DY SRO\PHUHU�Sn�VRMDE|QV\WDQ�
I|U�DWW�In�SXOYUHW�DWW�IlVWD�ElWWUH YLG�\WDQ��'HUDV VWXGLH�YLVDGH�DWW�QlU�SRO\PHU�DQYlQ�
GHV�|NDGH�GHQ�JHQRPVQLWWOLJD�VN|UGHQ�PHG�����YLG�EHKDQGOLQJ�PHG�7ULFKRGHUPD
RFK�GHW�EHURGGH�Sn�I|UElWWUDG�WLOOYl[W�KRV�Yl[WHQ�RFK�PLQVNDG�VMXNGRPVI|UHNRPVW�
�LELG���

(Q�DQQDQ�GHO�DY�PHWRGHQ�VRP�E|U�JHQRPJnV�lU�GHQ�WLOOI|UGD�Yl[WQlULQJHQ��0lQJGHQ�
NRJ|GVHO�VRP�WLOOI|UGHV�XQGHU�I|UV|NHW�������J�NUXND YDU�L�EHW\GOLJW�VW|UUH�PlQJG lQ�
YDG�)RJHOEHUJ��������UHNRPPHQGHUDU��)RJHOEHUJ��������UHNRPPHQGHUDU�HQ�Sn�RU�
JDQLVNW�J|GVHOPHGHOJLYD�Sn�PD[����WRQ�KD�WLOO�E|QRU��GYV��FD����J�NUXND��'HW�NDQ�
GlUI|U�YDUD�PLQGUH�WLOOlPSEDUW�Sn�IlOW��.RJ|GVHOQ�EHVWRG�DY�WRUY�RFK�NRPSRVWHUDG�
NRJ|GVHO��GHW�NDQ�GlUI|U�JH�DQQDQ�HIIHNW�lQ�VWDOOJ|GVHO IUnQ�JnUG��+|QVJ|GVHOQ�lU�
WRUNDG�RFK�SHOOHWHUDG�RFK�GHWWD NDQ�RFNVn�JH�DQQDQ�HIIHNW�lQ�VWDOOJ|GVHO IUnQ�JnUG��
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/HG�PHG���PJ�3�����J�WRUU�MRUG��3���WLOOI|UW�VRP�PLQHUDOJ|GVHO�L�VDQGMRUG�NDQ�VNLOMD�
VLJ�nW�XQGHU�GH�ROLND�GHOI|UV|NHQ HIWHUVRP�PLQHUDOJ|GVHOQ YDU�YlO�LQEODQGDW�YLG�GHO�
I|UV|NHW�PHG�PHGHOWHPSHUDWXUHQ�����R& RFK�HQGDVW�L�GH�|YHUVWD���FP�YLG GHOI|UV|�
NHW�PHG�PHGHOWHPSHUDWXUHQ�����R&��0lQJGHQ�WLOOI|UG�J|GVHO�YDU EHUlNQDG�Sn�KHOD�
NUXNDQ�Vn�HQ�IHONlOOD�lU�DWW�GHW�EOHY�HQ�K|J�NRQFHQWUDWLRQ�L�\WDQ YLG�GHOI|UV|NHW PHG�
PHGHOWHPSHUDWXUHQ�����R&��.RJ|GVHOQ�EODQGDGHV�LQ�L�GH�|YUH���FP�PHGDQ�PLQHUDO�
J|GVHO�HQGDVW�EODQGDGHV�LQ�L�GH�|YHUVWD���FP��'HWWD�J|U�DWW�GHW�lU�K|JUH�KDOW�3�L�GH�
|YUH� �� FP� QlU� PLQHUDOJ|GVHO� WLOOI|UGHV MlPI|UW� PHG� NRJ|GVHO IDVW� GH� VNXOOH� KD�
VDPPD�3�KDOW��(IWHUVRP�JUDQXOHUDG�PLQHUDOJ|GVHO�DQYlQGHV�RFK�GHQ�LQYlJGD�YLNWHQ�
PLQHUDOJ|GVHO�L�GH�ROLND�NUXNRUQD�VDPW�VWRUOHNHQ�YDULHUDU�KRV�NRUQD�NDQ�lYHQ�GHW�
YDUD�HQ IHONlOOD�

'HW�ERUGH�lYHQ�KD�YDULW�HWW�PLQGUH�VSDQQ�L�3�PlQJG�LVWlOOHW�I|U���� � ���PJ�3�����J�
WRUU�MRUG��6SDQQHW�ERUGH�YDULW�PLQGUH�HIWHUVRP�GHW�IDQQV�VNLOOQDGHU�PHOODQ�����RFK���
PJ�3����J�WRUU�MRUG��'HW�YDU�HWW�VWRUW�VSDQQ�HIWHUVRP�GHW�VNXOOH�OLNQD�ROLND�3�$/�RFK�
.�$/�NODVVHU� 'HW�NDQ�GRFN�KD�XSSVWnWW�SUREOHP�HIWHUVRP�VRMDE|QRU�lU�NlQVOLJD I|U�
QlUNRQWDNW�PHG�PLQHUDOJ|GVHO �.DLVHU������� 1lU�MRUGSURYHU�DQDO\VHUDGHV�JHQRP�
H[WUDNWLRQ�PHG�$/�O|VQLQJ�YDU�GHW�HQ�VWRU�VNLOOQDG�PHOODQ�GHQ�EHUlNQDGH�PlQJGHQ�
3�RFK�.�MlPI|UW�PHG�DQDO\VVYDUHW� 'HW�EHURU�DQWDJOLJHQ�Sn�DWW�GHW�YLG�DQDO\VHQ�WDV�
��J�IUnQ�HWW�����J�SURY�RFK�HIWHUVRP�GHW�YDU VDQG�PHG�PLQHUDOJ|GVHO�RFK�RUJDQLVNW�
J|GVHOPHGHO NDQ�GHW�YDUD�Vn�DWW�GHW�NRP�PHG�P\FNHW�HOOHU�OLWH�J|GVHO�L�SURYHW� 'HW
VDNQDGHV�lYHQ�XSSUHSQLQJDU�XWDQ�HQGDVW�HWW�SURY�DY�YDUMH�MRUG�DQDO\VHUDGHV��'lUI|U�
lU�GH�EHUlNQDGH�YlUGHQD PHG�L�UDSSRUWHQ��'HW�KDGH�DQWDJOLJHQ�EOLYLW�PHU�|YHUHQV�
VWlPPDQGH�UHVXOWDW�RP�QDWXUMRUG�PHG�ROLND�3�$/�RFK�.�$/�DQYlQGHV�L�I|UV|NHW��
PHQ�Gn�NDQ�GHW�RFK�DQGUD�VLGDQ�YDUD�DQGUD�IDNWRUHU�VRP�VNLOMHU�GHP�nW�VRP�J|U�GHW�
VYnUW�DWW�MlPI|UD��'HW�YDU�W�H[��VWRU�VNLOOQDG L�XSSNRPVW�DY�VRMD PHOODQ�MRUGHQ�6�RFK�
3� lYHQ�IDVW�GH�KDGH�VDPPD�EHUlNQDGH�3�PlQJG�

(IWHUVRP�VRMDRGOLQJ� LQWH�lU�YDQOLJW� I|UHNRPPDQGH� L�6YHULJH�lU�HQ�VWRU�GHO�DY� LQ�
IRUPDWLRQHQ KlPWDW IUnQ�DQGUD�OlQGHU�RFK�YLG�EHUlNQLQJDU�KDU�HQKHWHU�NRQYHUWHUDWV
RFK�GHW�NDQ�KD�XSSVWnWW�IHO�YLG�NRQYHUWHULQJ�

��� 5HVXOWDWGLVNXVVLRQ

*URQLQJVWHVWHW�YLVDGH�Sn�HQ�OnJ�JUREDUKHW�KRV�0*�PHQ�GHW�NDQ�HYHQWXHOOW�EHUR�Sn�
XWI|UDQGHW�DY�JURQLQJVWHVWHW��8QGHU�WHVWHW�ILFN�IU|QD�IUnQ�GH�ROLND�VRUWHUQD�XQJHIlU�
OLND�P\FNHW�YDWWHQ�RFK�HYHQWXHOOW�EHK|YGH�0*�VRP�KDU�VW|UUH�IU|Q�PHU�YDWWHQ�MlP�
I|UW�PHG�7'��

8QGHU�I|UV|NHWV�JnQJ�REVHUYHUDGHV YLVVD�VNLOOQDGHU�L�DQWDOHW�VNRWW�QlU�GH�ROLND�VRU�
WHUQD�MlPI|UGHV��'RFN YDU�GHW�LQJD�VLJQLILNDQWD�VNLOOQDGHU�PHOODQ�VRUWHUQD�YLG�DYVOXW�
(QOLJW�(JOL��������EOLU�VRMDSODQWRU�VW|UUH�RP�GH�VnGGD�IU|QD�lU�VW|UUH�MlPI|UW�PHG�
SODQWRU�IUnQ�PLQGUH�IU|Q�VRP�EOLU�PLQGUH��6RMDSODQWRU�IUnQ�VWRUD�IU|Q�InU�VQDEEDUH�
VW|UUH�WV�YLNW MlPI|UW�PHG�VRMDSODQWRU�IUnQ�VPn�IU|Q� 6NLOOQDGHQ�VRP�NDQ�XSSVWn�Sn�
JUXQG�DY�GH�ROLND� IU|VWRUOHNDUQD�REVHUYHUDGHV� LQWH� YLG� DYVOXW XQGHU�GHWWD� I|UV|N��
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8QGHU�I|UV|NHW�VNHGGH�XSSNRPVW�HIWHU���G\JQ�YLG�EnGH������&�RFK������&�PHGHO�
WHPSHUDWXU��(QOLJW�0LODGLQRYLF��+UXVWLF�	�9LGLF��������WDU�GHW�������G\JQ�I|U�XSS�
NRPVW�KRV�VRMD�QlU�PDUNWHPSHUDWXUHQ�lU�����R&��8SSNRPVW�VNHU�HIWHU�����G\JQ�YLG�
RSWLPDO�WHPSHUDWXU�������R&�HQOLJW�0LODGLQRYLF��+UXVWLF�	�9LGLF��������RFK�LQRP�
HQ�YHFND�YLG�������&�HQOLJW�0RQVDQWR���������'HW�lU�VYnUW�DWW�MlPI|UD�XSSNRPVWWL�
GHQ� PHG� OLWWHUDWXU� HIWHUVRP� GHW� lU� ROLND� PHGHOWHPSHUDWXUHU� 9LG� GHOI|UV|N� PHG�
�����& REVHUYHUDGHV�GH�I|UVWD�VNRWWHQ�HIWHU���G\JQ�L�MRUG�PHG���PJ�3�����J�OXIWWRUU�
MRUG��3��RFK�3+�� 'HW�NDQ�LQGLNHUD�DWW�GHW�YDU HQ�EUD�3�PlQJG�I|U�WLGLJ�XSSNRPVW�
YLG�GHQ�KlU�PHGHOWHPSHUDWXUHQ��9LG�GHOI|UV|N�PHG�����R&�REVHUYHUDGHV�XSSNRPVW�
I|UVW�DY�VRMD�L�6�MRUGHQ�

'H�MRUGDUQD�VRP�JHQHUHOOW�VHWW�JDY�EUD�XSSNRPVW�YDU�3���3���3+��3.�RFK�6��*HQHUHOOW�
VHWW�YDU GHW�EUD�XSSNRPVW�YLG�������PJ�3�����J�OXIWWRUU�MRUG� 'HW�YDU�ElWWUH�JURQLQJ�
L�SURFHQW�RFK�XSSNRPVW�GHW�YLOO�VlJD� IOHU�DQWDO� VNRWW�RFK�K|JUH� WV�YLNW� L�6�MRUGHQ�
MlPI|UW�PHG�3��MRUGHQ�VRP�KDGH�VDPPD�PlQJG�3�����PJ�3�����J�OXIWWRUU�MRUG RFK�
GHWWD�NDQ�LQGLNHUD�DWW�GHW�YDU�DQGUD�IDNWRUHU�lQ�3�VRP�SnYHUNDU�XSSNRPVWHQ��6�MRU�
GHQ�EHVWRG�DY�WRUY�VRP�RFK�WRUY�EHVWnU�L�DOOPlQKHW�KHOW�DY�RUJDQLVNW�PDWHULDO��3RUR�
VLWHWHQ�lU�YDQOLJHQ�K|J�L�RUJDQRJHQD�MRUGDU RFK�HQ�SRU|V�PDUNVWUXNWXU�J\QQDU�PDU�
NHQV�YDWWHQKnOODQGH�RFK�YDWWHQOHGDQGH�I|UPnJD��JHQRPOXIWQLQJ�VDPW�U|WWHUV�XWEUHG�
QLQJ��(ULNVVRQ�HW�DO���������'HWWD�NDQ�OHGD�WLOO�ElWWUH�XSSWDJ�DY�YDWWHQ�RFK�QlULQJV�
lPQHQ��7RUYMRUG�NDQ�KD�������YRO���Yl[WWLOOJlQJOLJW�YDWWHQ�MlPI|UW�PHG PLQHUDO�
MRUG�VRP�VlOODQ�KnOOHU�PHU�lQ����YRO����LELG����3.�MRUGHQ�EHVWRG�DY�VDQG�RFK WRUY��
6DQGMRUG�KDU�HQ�OnJ�NDSDFLWHW�DWW�ELQGD�Yl[WWLOOJlQJOLJW�YDWWHQ�PHQ�NDSDFLWHWHQ�I|U�
ElWWUDV�RP�VDQGMRUGHQ�LQQHKnOOHU�RUJDQLVNW�PDWHULDO �(ULNVVRQ�HW�DO���������(Q�K|J�
KDOW�RUJDQLVNW�PDWHULDO�L�VDQGMRUGDU�JHU�HQ�PHU�OXFNHU�MRUG�RFK�PLQVNDU�GHW�PHND�
QLVND�PRWVWnQGHW�I|U�U|WWHUQD �LELG����'HW�EOHY�lYHQ�PLQGUH�VNRUSELOGQLQJ�L�VDQGMRUG�
PHG� WRUY� MlPI|UW� PHG� HQGDVW� VDQGMRUG� RFK� GHW� NDQ� KD� JHWW ElWWUH� HWDEOHULQJ�
�0RQVDQWR������� %UD�XSSNRPVW�L�6�MRUGHQ�RFK�3.�MRUGHQ�NDQ�EHUR�Sn�DWW�GH�YDU
OXFNUD�RFK�GHW�NDQ�KD�OHWW�WLOO�DWW�JURGGDUQD HQNODUH NXQGH�EU\WD�LJHQRP�PDUN\WDQ��
7RUYHQ�LQQHK|OO�lYHQ�1�RFK�GHW�NDQ�KD�I|UElWWUDW�XSSNRPVWHQ�DY�VRMDE|QRU�YLG�WHP�
SHUDWXU�XQGHU�RSWLPDOD��

9LG�GHOI|UV|N�PHG������& REVHUYHUDGHV�YLVVD�VNLOOQDGHU�L�DQWDOHW�VNRWW�QlU�VRMD�PHG�
NRQWUROOEHKDQGOLQJ�Sn�ROLND�MRUGDU�MlPI|UGHV�PHG�YDUDQGUD�GDJ�I|U�GDJ PHQ�GHW�NDQ�
EHUR�Sn�HQ�NUDIWLJ�|NQLQJ�L�PHGHOWHPSHUDWXU�IUnQ������& WLOO������& PHOODQ�G\JQ����
����ILJ����� 9LG�GHOI|UV|N�PHG�����R& IDQQV�VLJQLILNDQWD�VNLOOQDGHU�L�DQWDOHW�VNRWW�
PHOODQ�GH�ROLND�MRUGDUQD�QlU�VRMD�PHG�NRQWUROOEHKDQGOLQJ MlPI|UGHV��6RMD�RGODG�L�
VDQG�PHG�GHQ�VW|UVWD�PlQJGHQ�WLOOI|UGD�PLQHUDOJ|GVHO�����PJ�3�����WRUU�MRUG��3���
KDGH EnGH�OnJ�JURQLQJ�L�SURFHQW VDPW�GnOLJ�XSSNRPVW��GHW�YLOO�VlJD�PLQVW�DQWDO�VNRWW�
RFK�OlJVW� WV�YLNW��'HWWD� LQGLNHUDU�DWW�GHW�LQWH�YDU�J\QQVDPPD�PDUNHJHQVNDSHU�I|U�
XSSNRPVW� KRV� VRMD�� *HQHUHOOW� VHWW� YDU� GHW� VlPUH� RFK� OnQJVDPPDUH� XSSNRPVW� Sn�
VDQGMRUG�MX�PHU�PLQHUDOJ|GVHO�VRP�WLOOI|UWV��6RMDE|QRU�lU�NlQVOLJD�PRW�VDOW�RFK�GHW�
NDQ�XSSVWn�SUREOHP�RP�J|GVHOPHGOHW�lU�L�QlUD�NRQWDNW�PHG�XWVlGHW��.DLVHU�������
1lU�0$3��PRQRDPPRQLXPIRVIDW��DQYlQGV�YLG�VRMDRGOLQJ�RFK�GHW�XSSVWnU�QlUNRQ�
WDNW�PHG�IU|HW�NDQ�GHW�RVPRWLVND�WU\FNHW�|ND�HIWHUVRP�0$3�LQQHKnOOHU�VDOW �%DUGHOOD�
�������'n�PLQVNDU�YDWWHQXSSWDJHW�KRV�IU|HW�YLONHW�NDQ�UHVXOWHUD�L�PLQGUH�JURQLQJ�
RFK�XSSNRPVW��LELG��� bYHQ�WH[WXU�NDQ�SnYHUND�YDWWHQWLOOJnQJHQ��-RUGDU�PHG�JU|YUH�
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WH[WXU�KDU�WUROLJHQ�OlJUH�YDWWHQWLOOJnQJ��LELG��� -RUGDU�PHG�JU|YUH�WH[WXU�NDQ�KD�VW|UUH�
I|UlQGULQJ�DY�GHQ�RVPRWLVND�SRWHQWLDOHQ�MlPI|UW�PHG�ILQNRUQLJD�MRUGDU��LELG��� 'nOLJ�
XSSNRPVW�XQGHU�I|UV|NHW�EHURU�PHG�VWRU�VDQQROLNKHW�Sn�VDOWVWUHVV�QlU�VRMDIU|QD�YDU
L�GLUHNWNRQWDNW�PHG�PLQHUDOJ|GVHO��8WVlGHW�L�3��MRUGHQ�KDGH�DQWDJOLJHQ�QlUD�NRQWDNW�
PHG PLQHUDOJ|GVHO� HIWHUVRP� GHW� WLOOI|UGHV� L� Vn� SDVV� VWRU� PlQJG�� 6�MRUGHQ� KDGH�
VDPPD�PlQJG�3�PHQ�Yl[WQlULQJHQ�YDU�YlO�LQEODQGDG�VHQ�WLGLJDUH�RFK�GHQ�WLOOI|UGD�
PlQJGHQ�PLQHUDOJ|GVHO�XQGHU�I|UV|NHW�YDU�EHW\GOLJW�PLQGUH�MlPI|UW�PHG�3��MRUGHQ�
6�MRUGHQ�EHVWRG�lYHQ�DY� WRUYMRUG�RFK�GHW�NDQ�KD�JHWW ElWWUH�YDWWHQXSSWDJ� MlPI|UW�
PHG�3��MRUGHQ�VRP�EHVWRG�DY�VDQG� 9LG�GHOI|UV|N�PHG�����R&�YDU�GHW� VNLOOQDG� L�
DQWDO�VNRWW�YLG�DYVOXW�QlU�0*�PHG�NRQWUROEHKDQGOLQJ�MlPI|UGHV�Sn�ROLND�MRUGDU��'HW�
YDU�IOHU�DQWDO�VRMDVNRWW�L VDQG�J|GVODG�PHG�NRJ|GVHO�MlPI|UW�PHG�VDQG�PHG�HQ�VW|UUH�
PlQJG�3�WLOOI|UWV�VRP�PLQHUDOJ|GVHO��'HWWD�LQGLNHUDU�DWW�GHW�LQWH�lU�PlQJGHQ�3�VRP�
SnYHUNDU DQWDOHW VNRWW�XWDQ�VRMD�KlPQDV�DY�VWRU�PlQJG�PLQHUDOJ|GVHO RFK�J\QQDV�DY�
LQEODQGQLQJ�DY�WRUY� $KLDERU�HW�DO���������VWXGHUDGH�HWDEOHULQJ�DY�VRMD�RFK�HIWHU����
G\JQ�YLVDGH�GHW�VLJ�DWW�GHW�YDU�K|JVW�JUDG�DY�HWDEOHULQJ�YLG�HQ�3�JLYD�Sn����NJ�3�KD�
RFK� LQRNXOHULQJ�PHG�%UDG\UKL]RELXP�MDSRQLFXP��6WXGLHQ�YLVDGH�lYHQ�DWW�GHW�YDU�
ElWWUH�WLOOYl[W�DY�VRMD�VRP�ILFN�3�J|GVHO�MlPI|UW�PHG�VRMDE|QRU�VRP�LQWH�J|GVODGHV�
PHG�3��8WYHFNOLQJ�RFK�WLOOYl[W�DY�VRMDE|QRU�|NDGH�PHG�|NDG�PlQJG�3�J|GVHO�QlU�
VRMDE|QRUQD�YDU�LQRNXOHULQJ�PHG�%��MDSRQLFXP��(Q�DQOHGQLQJ�WLOO�DWW�GHVVD�UHVXOWDW�
VNLOMHU�VLJ�IUnQ�UHVXOWDWHQ�L�I|UV|NHW�NDQ�EHUR�Sn�DWW�3�J|GVHO������������RFK����NJ�
3�KD��WLOOI|UGHV����G\JQ�HIWHU�VnGG�RFK�Gn�WLOOI|UGHV�J|GVHOQ�FD���FP�IUnQ�SODQWDQ��
'HWWD�NDQ�YDUD�HQ \WWHUOLJDUH�LQGLNDWLRQ�Sn�DWW�GHW�VQDUDUH�EOHY�VlPUH�XSSNRPVW�XQ�
GHU�I|UV|NHW�Sn�JUXQG�DY�GLUHNWNRQWDNW�PHG�PLQHUDOJ|GVHO� $WW�GHW�LQWH�EOHY�HQ�W\GOLJ�
HIIHNW�DY�3�Sn�XSSNRPVW�NDQ�EHUR�Sn�DWW�VRMDE|QRU�KDU�VWRUD�3�UHVHUYHU�L�IU|HW�Vn�
GlUI|U�NDQ�GH�HYHQWXHOOW�KD�WLOOUlFNOLJW�PHG�3�L�HWW�WLGLJW�VWDGLXP��%DUGHOOD������� (WW�
DQQDW�I|UV|N�YLVDGH�DWW�XSSNRPVW�DY�VRMD�PLQVNDGH�VLJQLILNDQW�QlU�3�J|GVHO�WLOOI|UV�
PHG�PHU�lQ����NJ�3�2��KD��:HLVHWK��������0lQJGHQ WLOOI|UG PLQHUDOJ|GVHO�XQGHU�
JHQRPI|UGD�I|UV|N�PRWVYDUDU�XQJHIlU������3����������3����������6���������3���RFK�
�������3���NJ�3�KD��'HW�YDU�JHQHUHOOW�VHWW�VW|UUH�VNLOOQDG L�XSSNRPVW�PHOODQ�MRUGDUQD�
3���3���3��RFK�6�lQ�VNLOOQDGHQ�PHOODQ�3���3.��3��RFK�3+��'HW�EHURU�DQWDJOLJHQ�Sn�
DWW�GHW�YDU�HWW�VW|UUH�VSDQQ�L�PlQJGHQ�WLOOI|UG�3�

(IWHUVRP�%UDG\UKL]RELXP�MDSRQLFXP E|U�WLOOI|UDV�QlU�VRMD�RGODV�L�6YHULJH��)RJHO�
EHUJ�������DQYlQGHV�\PSDGH�IU|Q�L�VWXGLHQ�I|U�DWW�UHVXOWDWHWV�VHQ�VND�YDUD�WLOOlPS�
EDUW��8QGHU�I|UV|NHW�REVHUYHUDGHV�GRFN�LQJD�QRGXOHU�Sn�U|WWHUQD��'HW�NDQ�EHUR�Sn�
OnQJVDP�XWYHFNOLQJ�DY�QRGXOHU�YLG�����R& RFK�����R&� HOOHU�DWW�I|UV|NHW�YDU�XQGHU�
I|U�NRUW�WLG�I|U�DWW�GHW�VNXOOH KLQQD XSSVWn�QRGXOHU��(QOLJW�$VJURZ��X�n���XWYHFNODV�
QRGXOHU�HIWHU�XSSNRPVWHQ��(QOLJW�.RLYLVWR��������NDQ�GHW�EHK|YDV�HQ�VWDUWJLYD�PHG�
1�VRP�VRMDSODQWDQ�NDQ�WD�XSS�LQQDQ�1�IL[HULQJHQ�E|UMDU�RP�VRMD�VnV�L�HQ�WHPSHUDWXU�
XQGHU���R&��'HWWD�lU�HIWHUVRP�HQ�RSWLPDO�V\PELRV�PHG�1�IL[HUDQGH�EDNWHULHU�XSS�
VWnU�I|UVW�YLG�WHPSHUDWXUHU�Sn������R&�L�URW]RQHQ��(Q�VWDUWJLYD�Sn����NJ�1�KD�NDQ�
DQYlQGDV�I|U�DWW�HYHQWXHOOW�JH�HQ�VQDEEDUH�WLOOYl[W�L�E|UMDQ�KRV�VRMD�RGODG�L�NDOO�MRUG�
�LELG����'nOLJ� \PSQLQJ�NDQ� NRPSHQVHUDV�PHG�1�J|GVHO� HQOLJW� )RJHOEHUJ� �������
'HWWD�NDQ�YDUD�HQ�\WWHUOLJ�DQOHGQLQJ�WLOO�DWW�WRUYHQ�JDY�EUD�XSSNRPVW�HIWHUVRP�GHQ�
EODQG�DQQDW�LQQHK|OO�HQ�GHO�1��
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7LGLJDUH�I|UV|N�L�Yl[WKXV�GlU�VRMD�LQRNXOHUDWV�PHG�7ULFKRGHUPD�VYDPSDU�YLVDGH�DWW�
GHW�YDU�VLJQLILNDQW�SRVLWLY�HIIHNW�Sn�JURQLQJ�RFK�URWOlQJG��7DQþLü�HW�DO�������� 8QGHU�
GHOI|UV|NHW�PHG ����R& REVHUYHUDGHV�LQJD VLJQLILNDQWD�VNLOOQDGHU�L�DQWDO�VNRWW�HOOHU�
WV�YLNW�QlU�ELRVWLPXOHULQJ�DQYlQGHV MlPI|UW�PHG�NRQWUROOHQ��(QOLJW�+MHOMRUG��6WHQV�
YDQG�	�7URQVPRD� ������ VDNQDV� NXQVNDS� RP� YLOND�PLOM|IDNWRUHU� VRP� lU� J\QQ�
VDPPD�I|U�7ULFKRGHUPD�VYDPSDU��6n�HYHQWXHOOW�YDU�GHW�PLQGUH�J\QQVDPPD�PLOM|�
I|UKnOODQGHQ�I|U�7ULFKRGHUPD�VYDPSDUQD XQGHU�GHWWD�I|UV|N�

(Q�WLGLJDUH�VWXGLH�YLVDGH�DWW�7ULFKRGHUPD KDU]LDQXP NRORQLVHUDGH URWHQ�KRV�VRMD�
HIIHNWLYW�PHQ�KDGH�LQJHQ�ELGUDJDQGH�HIIHNW�Sn�XSSNRPVW�MlPI|UW�PHG�NRQWUROO��GD�
6LOYD�HW�DO�������� (Q�WLGLJDUH�VWXGLH�DY�0DVWRXUL�HW�DO�������� YLVDGH�DWW�7��KDU]LD�
QXP 5LIDL�VWUDLQ .5/�$*���7�����JHQHUHOOW�VHWW�KDGH�HQ�OLWHQ�HIIHNW�Sn�JURQLQJ�I|U�
XWRP�QlU�JU|GDQ�YDU�XWVDWW�I|U�VWUHVV�VnVRP�WHPSHUDWXU�XQGHU�RSWLPDOD��9LG�WHPSH�
UDWXU�XQGHU�RSWLPDO�JURGGH�EHKDQGODGH�IU|Q�EHW\GOLJW�VQDEEDUH�RFK�PHU�MlPW�lQ�IU|Q�
XWDQ�EHKDQGOLQJ��LELG����5HVXOWDWHW YLVDGH�GRFN�DWW�7��KDU]LDQXP 5LIDL�VWUDLQ .5/�
$*���7�����LQWH�PHGI|UGH�HQ�VLJQLILNDQW�|NQLQJ�L�DQWDOHW�VNRWW�HOOHU�WV�YLNW�KRV�VR�
MDE|QRU�QlU�WHPSHUDWXUHQ�YDU�XQGHU�RSWLPDOD I|U�VRMD� 7����Yl[HU�YLG�HQ�WHPSHUDWXU�
PHOODQ������R&��/LQGHVUR�$%������� 7HPSHUDWXUHQ�ERUGH� LQWH�KD�YDULW�PLVVJ\Q�
QDQGH�I|U�VYDPSDUQD XQGHU�GHWWD�I|UV|N Vn�GHW�NDQ�HYHQWXHOOW�U|UD�VLJ�RP�DQGUD�PLO�
M|IDNWRUHU�VRP�KDU�YDULW�PLVVJ\QQDQGH�I|U�VYDPSDUQD�

7ULFKRGHUPD SRO\VSRUXP NODUDU�DY�OnJD�WHPSHUDWXUHU��'DQLHOVRQ�	�'DYH\��������
�R&�HQOLJW�.XELFHN�RFK�+DUPDQ�������� 7LGLJDUH Yl[WKXVI|UV|N�PHG�7� SRO\VSRUXP
RFK�7� DWURYLULGDH YLVDGH�DWW�GHW�NUlYGHV����WLPPDU�I|U�7ULFKRGHUPD�NRQLGLHUQD�DWW�
JUR�QlU�PHGHOWHPSHUDWXUHQ�YDU����&� 5HVXOWDWHW�YLVDGH�DWW�7� SRO\VSRUXP RFK�7�
DWURYLULGDH KDGH�HQ�YLVV�I|UElWWUDGH�HIIHNW�Sn�DQWDO�VNRWW�RFK�WV�YLNW�KRV�VRMD�YLG�OnJ�
WHPSHUDWXU� 7LOOI|UVHO�DY�7� SRO\VSRUXP RFK�7� DWURYLULGDH JDY�VLJQLILNDQW�IOHU�VNRWW�
DY�7'�Sn�VDQGMRUGHQ�PHG���PJ�3����J�WRUU�MRUG��PLQHUDOJ|GVHO��RFK�|NDG WV�YLNW�
KRV�0*�RGODG�L�VDQGMRUG�PHG�����PJ�3����J�WRUU�MRUG��NRJ|GVHO��YLG�����R&��'HWWD�
NDQ�EHUR�Sn�DWW�GHW�YDU�J\QQVDPPD�I|UKnOODQGHQ�I|U�VYDPSDUQD�YLG�GHQ�KlU�WHPSH�
UDWXUHQ�RFK�GHVVD�MRUGDU��9LG�����R&�YDU�GHW�VLJQLILNDQW�VW|UUH�DQGHO�JURGGD�IU|Q�DY�
0*�QlU�7� SRO\VSRUXP RFK�7� DWURYLULGDH WLOOI|UGHV�MlPI|UW�PHG�NRQWUROOHQ�Sn�3��
MRUGHQ��'HW�YDU�HQ�VW|UUH�DQGHO�VRP�JURGGH�PHG�ELRVWLPXOHULQJ�PHQ�SODQWRUQD�WRJ�
VLJ�LQWH�RYDQ�PDUN\WDQ Vn�GHW�YDU�LQJHQ�VNLOOQDG�DQWDOHW�VNRWW��%LRVWLPXOHULQJHQ�NDQ�
KD�I|UElWWUDW�JURQLQJ�DY�VRMDIU|Q VRP�RGODWV�L�VDQG�PHG�K|JD�PlQJGHU�PLQHUDOJ|G�
VHO PHQ I|UElWWUDGH LQWH�DQWDOHW�VNRWW�RYDQ�PDUN\WDQ��



��

'HW�YDU�VW|UUH�VNLOOQDG�L�XSSNRPVW�KRV�VRMD�RGODG�Sn�ROLND�MRUGDU�MlPI|UW�PHG�VRMD�
PHG�ROLND�ELRVWLPXOHULQJ� %LRVWLPXOHULQJ�JDY�JHQHUHOOW� VHWW� LQWH� Vn� VWRU�HIIHNW�Sn�
XSSNRPVWHQ DY� VRMDE|QRU RFK� GHW� NDQ� HYHQWXHOOW� EHUR� Sn� LQRNXOHULQJVPHWRGHQ��
'RFN YDU�GHW�HIIHNW�DY�ELRVWLPXOHULQJ�KRV YLVVD�OHG�L�I|UV|NHW��%LQDE�7)�:3�NDQ�
HYHQWXHOOW�JH�IOHU�VNRWW�RFK�|NDG�WV�YLNW�QlU�PHGHOWHPSHUDWXUHQ�YDU ����R&� 5HVXOWD�
WHW�YLVDGH�GRFN�DWW�7ULDQXP�3�LQWH�PHGI|UGH�HQ�VLJQLILNDQW�|NQLQJ� L�DQWDOHW�VNRWW�
HOOHU�WV�YLNW�KRV�VRMD YLG�GHVVD�WHPSHUDWXUHU�RFK�MRUGDU��

8QGHU�I|UV|NHW�REVHUYHUDGHV�LQWH�VlUVNLOW W\GOLJD�LQGLNDWLRQHU�Sn�DWW�3 KDU�HQ�EHW\�
GDQGH�HIIHNW�Sn�XSSNRPVWHQ�KRV�VRMDE|QRU�YLG�OnJ�WHPSHUDWXU��'HW�YDU�JHQHUHOOW�VHWW�
EUD�XSSNRPVW�YLG�������PJ�3�����J�OXIWWRUU�MRUG MlPI|UW�PHG�K|JUH�KDOWHU��'HW�YDU�
JHQHUHOOW�VHWW�VlPUH�XSSNRPVW�MX�PHU�PLQHUDOJ|GVHO�VRP�WLOOI|UWV YLONHW�DQWDJOLJHQ�
EHURU�Sn�VDOWVWUHVV��'H�YDU JHQHUHOOW VHWW�EUD�XSSNRPVW�KRV�VRMD�RGODG�L 3.�MRUGHQ
RFK�6�MRUGHQ VRP�EnGD LQQHKnOOHU�P\FNHW�RUJDQLVNW�PDWHULDO RFK�GHW�KDU WUROLJHQ�KDU
KDIW�VW|UUH�HIIHNW�Sn UHVXOWDWHW�lQ�3�KDOWHQ��

� 6OXWVDWVHU



��

��� )RUWVDWWD VWXGLHU

2P�GHW� lU�P|MOLJW� DWW� RGOD� VRMD� L�6YHULJH�E|U�GHW� WDV�NUDIWWDJ� I|U� DWW� In� LJnQJ�HQ�
LQKHPVN�SURGXNWLRQ��'HW�lU�P\FNHW�VRP�VND�WLOO�I|U�DWW�In�LJnQJ�VRMDSURGXNWLRQ��'HW�
EHK|YV�HWW�IXQJHUDQGH�RGOLQJVV\VWHP�RFK�GHW�PnVWH�lYHQ�ILQQDV�HWW�LQWUHVVH�I|U�GHQ�
WU|VNDGH�VRMDQ�VDPW�O|QVDPKHW�DWW�SURGXFHUD�VRMD�RFK�LQKHPVND�VRMDSURGXNWHU��

)|UlGOLQJVDUEHWH�EHK|YV�I|U�DWW�WD�IUDP�VRUWHU�VRP�lU�PHU�DQSDVVDGH�I|U�RGOLQJVI|U�
KnOODQGHQD L�6YHULJH��'HW�EHK|YV�VRUWHU�PHG�NRUWDUH�RGOLQJVVlVRQJ VRP�JnU�DWW�Vn�
QlU�PDUNWHPSHUDWXUHQ lU�XQGHU���R&�

,�MRUGEUXNHW�lU�YlGUHW�HQ�IDNWRU�VRP�SnYHUNDU�JU|GRUQD�L�VWRU�XWVWUlFNQLQJ�PHQ�GHW�
lU�RFNVn�QnJRW�VRP�LQWH�JnU�DWW�SnYHUND��9LVVD�RGOLQJVWHNQLNHU�NDQ�IXQJHUD�ElWWUH�
XQGHU�RSWLPDOD�YlGHUI|UKnOODQGHQ�RFK�DQGUD�NDQ�IXQJHUD�ElWWUH�QlU�JU|GRUQD XWVlWWV�
I|U�DELRWLVN�VWUHVV��)|U�DWW�WD�IUDP�EUD�RGOLQJVVWUDWHJLHU�lU�GHW�GlUI|U�YLNWLJW�DWW�KD�
IlOWI|UV|N�XQGHU�IOHUD�RGOLQJVVlVRQJHU�RFK�Sn�ROLND�SODWVHU��,6$�X�n����5HNRPPHQ�
GHUDGH�3� RFK�.�JLYRU�YLG�VRMDRGOLQJ�L�6YHULJH�YDULHUDU�PHOODQ�������NJ�3�KD�RFK�
�������NJ�.�KD��)RJHOIRUV�������PHQ�GHW�VNXOOH�YDUD�EUD�PHG�PHU�H[DNWD�UHNRP�
PHQGDWLRQHU�I|U�RGOLQJ�DY�VRMD��QnJRW�VRP�LQWH�ILQQV�LGDJ��(QOLJW�)RJHOEHUJ������E��
EHK|YV�I|UV|N�PHG�ROLND�J|GVHOJLYRU�I|U�DWW�In�IUDP�UHNRPPHQGDWLRQHU�YLG�VRMDRG�
OLQJ� )lOWI|UV|N�Sn�ROLND�SODWVHU�EHK|YV�I|U�DWW�In�IUDP�VWRUOHN�Sn�VRMDVN|UG��ERUWI|U�
VHO�DY�Yl[WQlULQJ�VDPW�KXV�VRMD�VYDUDU�Sn� WLOOI|UG�PlQJG�Yl[WQlULQJ�� ,QIRUPDWLRQ�
IUnQ�VnGDQD�IlOWI|UV|N�EHK|YV�I|U�DWW�RSWLPHUD�PlQJGHQ�WLOOI|UG�Yl[WQlULQJ��'HW�EH�
K|YV�lYHQ�I|U�EHKRYVDQSDVVDG�J|GVOLQJ�VRP�XWJnU�LIUnQ�VN|UGHPlQJG�VDPW�3�$/�
RFK�.�$/�YlUGHQ�L�PDUNHQ��

(IWHUVRP�GHW�ILQQV�ROLND�UHNRPPHQGDWLRQHU�NULQJ�1�J|GVOLQJ�WLOO�VRMD�E|U�GHW�XQGHU�
V|NDV�RP�GHW�NDQ�EOL�ElWWUH�XSSNRPVW�DY�VRMD�PHG�HQ�VWDUWJLYD�PHG�1�RFK�KXU�1�
IL[HULQJHQ�SnYHUNDV�VHQDUH�XQGHU�VlVRQJHQ��)lOWI|UV|N�NDQ�YDUD�DQYlQGEDUW�I|U�DWW�
In�IUDP�HQ�1�PlQJG�VRP�EnGH�JHU�EUD�HWDEOHULQJ PHQ�LQWH�KlPPDU�1�IL[HULQJHQ�I|U�
P\FNHW� 'HW�EHK|YV�PHU�XWI|UOLJD�IlOWI|UV|N�GlU�VRMD�J|GVODV�PHG�RUJDQLVNW�J|GVHO�
PHGHO�RFK�YDG�GH�KDU� I|U�HIIHNWHU�Sn�EODQG�DQQDW�1�IL[HULQJHQ �=HUNRZVNL�HW�DO�
������

)|U�DWW�O|VD�SUREOHPHW�PHG�VDOWVWUHVV�KRV�VRMD�NDQ�J|GVHO�WLOOI|UDV�PHG�UDGP\OOQLQJ�
Vn�DWW�GHW�LQWH�NRPPHU�L�QlUNRQWDNW�PHG�VRMD��7KRPDV�0XUSK\��������*|GVHO�E|U�
WLOOI|UDV�PHG�UDGP\OOQLQJ�PLQVW�FD���FP�YLG�VLGDQ�RP�VRMDIU|HW�VDPW�FD���FP�GMXSDUH�
lQ�XWVlGHW��HIWHUVRP�J|GVHO�LQWH�E|U�YDUD�L�GLUHNWNRQWDNW�PHG�XWVlGHW �LELG���'HWWD�
VNXOOH�YDUD�LQWUHVVDQW�DWW�XQGHUV|ND�XQGHU�IlOWI|UV|N��$QYlQGQLQJ�DY�PLQHUDOJ|GVHO�
PHG�OlJUH�VDOWKDOW��1DFKXUV�$OSLQH�6ROXWLRQV�X�n�� NDQ�lYHQ�WlQNDV�YDUD�HQ�PHWRG�
YlUG�DWW�XQGHUV|ND�I|U�DWW�PLQVND�HYHQWXHOOD�SUREOHP�PHG�VDOWVWUHVV�KRV�VRMDE|QRU��

8QGHU�I|UV|NHW�XQGHUV|NWHV�HQGDVW�XSSNRPVW PHQ�GHW�VNXOOH�YDUD�LQWUHVVDQW�RP�GHW�
EOLU�HQ�W\GOLJDUH�HIIHNW�DY�ELRVWLPXOHULQJ�RFK�ROLND�J|GVHOPlQJG�VHQDUH�XQGHU�Yl[W�
RGOLQJVVlVRQJHQ�VDPW�RP�GHW�SnYHUNDU�VN|UGHQ��(YHQWXHOOW�Vn�KLQQHU�7ULFKRGHUPD



��

HWDEOHUD�VLJ�PHU�HIWHU�HQ�OlQJUH�WLGVSHULRG��9LG�IRUWVDWWD�VWXGLHU�E|U�GHW�lYHQ�XQGHU�
V|NDV RP� GHW� VNHU� NRQNXUUHQV�PHOODQ� ELRVWLPXOHULQJ� RFK�%UDG\UKL]RELXP� MDSR�
QLFXP YLG�NRORQLVHULQJ�DY�U|WWHUQD��7ULDQXP�3�RFK�%LQDE�7)�:3�WRJV�ERUW�IUnQ�.H�
PLNDOLHLQVSHNWLRQHQV�OLVWD�DY�JRGNlQGD�SUHSDUDW�L�6YHULJH�GHQ����DSULO�������.HPL�
NDOLHLQVSHNWLRQHQ�����D������E� Vn�GHVV�IUDPWLG�VRP�ELRVWLPXOHULQJ�YLG�VRMDE|QV�
RGOLQJ�L�6YHULJH�lU�RNODU��



��

$KLDERU��%�'�.���/DPSWH\��6���<HERDK��6��	�%DKDUL��9���������$SSOLFDWLRQ�RI�3KRVSKRUXV�)HUWLOL]HU�
RQ�6R\EHDQ >�*O\FLQH PD[�/���0HUULO�@�,QRFXODWHG�ZLWK�5KL]RELXP�DQG�LWV�(FRQRPLF�,PSOLFDWLRQ�WR�
)DUPHUV��$PHULFDQ�-RXUQDO�RI�([SHULPHQWDO�$JULFXOWXUH��������V����������
$VJURZ� �X�n��� 6R\EHDQ� URRW� QRGXODWLRQ� DQG� QLWURJHQ� IL[DWLRQ� 7LOOJlQJOLJ�� KWWSV���ZZZ�DJDQ\�

WLPH�FRP�'RFXPHQWV�$UWLFOH3')V�6R\EHDQ���5RRW���1RGXODWLRQ���DQG���1LWURJHQ���)L[D�
WLRQ�������1%�SGI >����������@
%DQG\RSDGK\D\��.�.���0LVUD��$�.���*KRVK��3�.��	 +DWL��.�0����������(IIHFW�RI�LQWHJUDWHG�XVH�RI�

IDUP\DUG�PDQXUH�DQG�FKHPLFDO�IHUWLOL]HUV�RQ�VRLO�SK\VLFDO�SURSHUWLHV�DQG�SURGXFWLYLW\�RI�VR\EHDQ� 6RLO�
DQG�7LOODJH�5HVHDUFK������V����������
%DUGHOOD��*�5�� �������3KRVSKRUXV�0DQDJHPHQW�3UDFWLFHV� IRU�6R\EHDQ�3URGXFWLRQ� LQ�0DQLWRED�

8QLYHUVLW\�RI�0DQLWRED�:LQQLSHJ��$�7KHVLV�6XEPLWWHG�WR�WKH�)DFXOW\�RI�*UDGXDWH�6WXGLHV�RI�7KH�8QL�
YHUVLW\� RI�0DQLWRED�� 'HSDUWPHQW� RI� 6RLO� 6FLHQFH�� 7LOOJlQJOLJ�� KWWSV���PVSDFH�OLE�XPDQLWRED�FD�ELW�
VWUHDP�KDQGOH������������%DUGHOODB*XVWDYR�SGI"VHTXHQFH �	LV$OORZHG \ >����������@
%HQWRQ�-RQHV��-�-���������$JURQRPLF�+DQGERRN � 0DQDJHPHQW�RI�&URSV��6RLOV�DQG�7KHLU�)HUWLOLW\��

86$��&5&�3UHVV
%LQJHIRUV� 6�	�+DPPDU� 2���UHG����������9l[WRGOLQJVOlUD�'HO���± 9l[WHUQD��6WRFNKROP�/7� V�����
%UDXQDFN��0��9����������(IIHFW�RI�DJJUHJDWH�VL]H�DQG�VRLO�ZDWHU�FRQWHQW�RQ�HPHUJHQFH RI�VR\EHDQ�

�*O\FLQH�PD[��/��0HUU����DQG�PDL]H��=HD�PD\V��/���� 6RLO�	�7LOODJH�5HVHDUFK �����������V����������
%XOJDUL�5���&RFHWWD��*���7ULYHOOLQL�$���9HUQLHUL�3��	�)HUUDQWH�$���������%LRVWLPXODQWV�DQG�FURS�UH�

VSRQVHV��D�UHYLHZ��%LRORJLFDO�$JULFXOWXUH�	�+RUWLFXOWXUH��������V�������
&DPSEHOO� 1�$�� 5HHFH� -�%�� 8UU\��/�$���&DLQ� 0�/�� :DVVHUPDQ��6�$���0LQRUVN\� 3�9��	 -DFNVRQ��

5�%�������� %LRORJ\�± $�*OREDO�$SSURDFK����WK HGLWLRQ��86$�3HUDVRQ
&KDQJ�<�&���%DNHU�5���.OHLIHOG�2� 	�&KHW�,����������,QFUHDVHG�JURZWK�RI�SODQWV�LQ�WKH�SUHVHQFH�RI�

WKH�ELRORJLFDO�FRQWURO�DJHQW�7ULFKRGHUPD�KDU]LDQXP 3ODQW�'LV�������V���������
&KLH]H\��8�)��	�2GXQ]H��$]XEXLNH����������6R\EHDQ�UHVSRQVH�WR�DSSOLFDWLRQ�RI�SRXOWU\�PDQXUH�DQG�

SKRVSKRUXV�IHUWLOL]HU�LQ�WKH�6XE�KXPLG�6DYDQQD�RI�1LJHULD��-��(FRO��1DW��(QYLURQ����
&RQQHU��7���3DVFKDO��(��+���%DUEHUR��$���	�-RKQVRQ��(�� ��������7KH�FKDOOHQJHV�DQG�SRWHQWLDO� IRU�

IXWXUH�DJURQRPLF�WUDLWV�LQ�VR\EHDQV��$J%LR)RUXP����V����±���
GD�6LOYD��)�)���GH�0HOR�&DVWUR��(���0RUHLUD��6�,���GH�/LPD��$�(� 	�$OYHV��(��������(PHUJHQFH�DQG�

XOWUDVWUXFWXUDO�DQDO\VLV�RI�VR\EHDQ�VHHGOLQJV�LQRFXODWHG�ZLWK�VFOHURWLQLD�VFOHURWLRUXP�XQGHU�WKH�HIIHFW�
RI�WULFKRGHUPD�KDU]LDQXP�DSSOLFDWLRQ� 6XPPD�3K\WRSDWKRORJLFD��������V�������
'DQLHOVRQ��5�0��	 'DYH\��&�%���������1RQ�QXWULWLRQDO�IDFWRUV�DIIHFWLQJ�WKH�JURZWK�RI�7ULFKRGHUPD

LQ FXOWXUH��6RLO�%LRORJ\�DQG�%LRFKHPLVWU\�9ROXPH����,VVXH����6HSWHPEHU�������V���������
'UX]KLQLQD��,��6���6HLGO�6HLERWK��9���+HUUHUD�(VWUHOOD��$���+RUZLW]��%��$���.HQHUOH\��&��0���0RQWH��

(��	�.XELFHN��&��3�� ��������7ULFKRGHUPD�� WKH�JHQRPLFV�RI�RSSRUWXQLVWLF� VXFFHVV��1DWXUH�5HYLHZV�
0LFURELRORJ\���������V����������
(JOL��'�%���������5HODWLRQVKLS�RI�XQLIRUPLW\�RG�VR\EHDQ�VHHGOLQJ�HPHUJHQFH� WR�\LHOG� -RXUQDO�RI�

6HHG�7HFKQRORJ\��9RO������1R����V������
(QGUHV�� *�� �������� 6R\EHDQ� 3ODQWLQJ� 'DWH� 7LOOJlQJOLJ� KWWSV���ZZZ�DJ�QGVX�HGX�&DUULQJ�

WRQ5(&�FHQWHU�SRLQWV�VR\EHDQ�SODQWLQJ�GDWH�>����������@
(ULNVVRQ��-���������9l[WRGOLQJVOlUD�'HO���±0DUNHQ��6WRFNKROP�/7� V�����
(ULNVVRQ��-���'DKOLQ� 6�� 1LOVVRQ� ,��	 6LPRQVVRQ��0� �������0DUNOlUD��/XQG�6WXQGHQWOLWWHUDWXU

5HIHUHQVOLVWD



��

(XURILQ��X�n���7ROND�GLQD�DQDO\VUHVXOWDW��7LOOJlQJOLJ� KWWSV���ZZZ�HXURILQV�VH�PHGLD��������WRON�
QLQJ�DY�DQDO\VUHVXOWDW�PDUNNDUWHULQJ�������SGI >����������@
)RJHOEHUJ�)����������6YHQVND�E|QRU�LQWH�EDUD�EUXQD��-7,�± ,QVWLWXWHW�I|U�MRUGEUXNV� RFK�PLOM|WHNQLN��

-7,�LQIRUPHUDU��QU������7LOOJlQJOLJ��KWWS���ZZZ�MWL�VH�XSORDGV�MWL�-7,LQIR����SGI�>����������@���
)RJHOEHUJ��)�������D��-D��YL�NDQ�RGOD�VRMDE|QRU�L�6YHULJH��2GODUHQ�QU���������)|UEXQGHW�RUJDQLVN�

ELRORJLVN�RGOLQJ� 7LOOJlQJOLJ��KWWS���ZZZ�IRER�VH�LQGH[�SKS�NXQVNDSPHQ\�YDH[WRGOLQJPHQ\�JURHQVD�
NHUPHQ\�EDOMYDH[WHUPHQ\����MD�YL�NDQ�RGOD�VRMDERHQRU�L�VYHULJH >����������@
)RJHOEHUJ��)�� �����E��6RMDRGOLQJ�L�6YHULJH�± HUIDUHQKHWHU�DY�I|UV|N�RFK�GHPRQVWUDWLRQVRGOLQJDU�

���������� -7,�± ,QVWLWXWHW�I|U�MRUGEUXNV� RFK�PLOM|WHNQLN
)RJHOEHUJ��)���������6n�|NDU�YL�RGOLQJHQ�DY�E|QRU�RFK�lUWHU�PHG�PRGHUQ�WHNQLN�I|U�VnGG�RFK�WU|VN�

QLQJ��6OXWUDSSRUW�I|U�GQU�+���������-7,�± ,QVWLWXWHW�I|U�MRUGEUXNV� RFK�PLOM|WHNQLN�
)RJHOEHUJ�� )�� �X�n��� ,QKHPVND� SURWHLQJU|GRU� ± PHG� IRNXV� Sn� VRMD� 3UHVHQWDWLRQ�� 7LOOJlQJOLJ��

KWWSV���GRFSOD\HU�VH����������,QKHPVND�SURWHLQJURGRU�PHG�IRNXV�SD�VRMD�KWPO�>����������@
)RJHOIRUV��������9nU�PDW��RGOLQJ�DY�nNHU� RFK�WUlGJnUGVJU|GRU��/XQG��6WXGHQWOLWWHUDWXU�
)RQWDQHOOH� �������� 3KRVSKRUXV� DQG� 3RWDVVLXP� )HUWLOLW\� IRU� &RUQ� DQG� 6R\EHDQ�� 7LOOJlQJOLJ��

KWWSV���ZZZ�IRQWDQHOOH�FRP�HQ�XV�DJURQRP\�OLEUDU\�SKRVSKRUXV�SRWDVVLXP�IHUWLOLW\�FRUQ�VR\�
EHDQ�KWPO�>����������@
+DP]D��%��	 6XJJDUV��$���������%LRVWLPXODQWV��0\WKV�DQG�5HDOLWLHV��7XUI*UDVV�7UHQGV����������
+DVVHOIRUV� *DUGHQ� �X�n��� 6nMRUG�� 7LOOJlQJOLJ�� KWWSV���ZZZ�KDVVHOIRUVJDUGHQ�VH�SURGXNWHU�V�MRUG�

VDMRUG� >����������@
+HJJHQVWDOOHU��$���������3KRVSKRUXV�DQG�3RWDVVLXP�)HUWLOLW\�IRU�&RUQ�DQG�6R\EHDQ��7LOOJlQJOLJ��

KWWSV���ZZZ�SLRQHHU�FRP�KRPH�VLWH�XV�DJURQRP\�OLEUDU\�S�N�IHUWLOLW\�FRUQ�VR\EHDQ� >����������@
+HLPHU��$����������6RMD�VRP�IRGHU�RFK�OLYVPHGHO�L�6YHULJH��1DWXUVN\GGVI|UHQLQJHQ �������7LOOJlQJ�

OLJ�� KWWSV���ZZZ�QDWXUVN\GGVIRUHQLQJHQ�VH�VLWHV�GHIDXOW�ILOHV�GRNXPHQW�PHGLD�����BMRUG�
EUXNBPDWBVRMDUDSSRUW�SGI�>����������@
+HOPHUV��0�� ������ 0DQXUH�$SSOLFDWLRQ�WR�6R\EHDQV� 7LOOJlQJOLJ� KWWSV���OSHOF�RUJ�PDQXUH�DSSOL�

FDWLRQ�WR�VR\EHDQV� >����������@
+LFNV��'�5�� ������� �HG��1URPDQ��$�*����6R\EHDQ�3K\VLRORJ\��$JURQRP\��DQG�8WLOL]DWLRQ�� NDS���

*URZWK�DQG�'HYHORSPHQW��/RQGRQ��$FDGHPLF�SUHVV��,1&�
+LJK�0RZLQJ�2UJDQLF� 6HHGV� ������ 0LGRUL *LDQW VR\EHDQ�� 7LOOJlQJOLJ� KWWSV���ZZZ�KLJKPRZ�

LQJVHHGV�FRP�RUJDQLF�QRQ�JPR�PLGRUL�JLDQW�VR\EHDQ�KWPO >����������@
+MHOMRUG��/�*���6WHQVYDQG��$��	�7URQVPRD��$���������(IIHFW�RI�7HPSHUDWXUH�DQG 1XWULHQW�6WUHVV�RQ�

WKH�&DSDFLW\�RI�&RPPHUFLDO�7ULFKRGHUPD�3URGXFWV�WR�&RQWURO�%RWU\WLV�FLQHUHD�DQG�0XFRU�SLULIRUPLV�
LQ�*UHHQKRXVH�6WUDZEHUULHV��%LRORJLFDO�&RQWURO��9ROXPH�����,VVXH����2FWREHU�������V���������
,6$��7KH�,OOLQRLV�6R\EHDQ�$VVRFLDWLRQ��X�n���6\VWHPDWLF�6WUDWHJLHV�WR�,QFUHDVLQJ�<LHOGV� 7LOOJlQJOLJ��

KWWSV���ZZZ�LOVR\DGYLVRU�FRP�VLWHV�GHIDXOW�ILOHV�LPDJHV�SDJH�,OOLQRLV���6R\EHDQ���3URGXF�
WLRQ���*XLGH�SGI >����������@
-RKQ��5�3���7\DJL��5�'���3UpYRVW��'���%UDU��6��.���3RXOHXU��6��	�6XUDPSDOO��5�<��������0\FRSDUDVLWLF�

7ULFKRGHUPD�YLULGH�DV�D�ELRFRQWURO�DJHQW�DJDLQVW�)XVDULXP�R[\VSRUXP�I��VS��DG]XNL�DQG�3\WKLXP�DU�
UKHQRPDQHV�DQG�DV�D�JURZWK�SURPRWHU�RI�VR\EHDQ��&URS�3URWHFWLRQ�����������V�����������
-RUGDQ��'��&�� �������7UDQVIHU�RI�5KL]RELXP� MDSRQLFXP�%XFKDQDQ������ WR�%UDG\UKL]RELXP�JHQ��

QRY���D�*HQXV�RI�6ORZ�*URZLQJ��5RRW�1RGXOH�%DFWHULD�IURP�/HJXPLQRXV�3ODQWV��,QWHUQDWLRQDO�MRXUQDO�
RI�V\VWHPDWLF�EDFWHULRORJ\��V��������
-RUGEUXNVYHUNHW� �������� 5HNRPPHQGDWLRQHU I|U� J|GVOLQJ� RFK� NDONQLQJ ������ 7LOOJlQJOLJ��

KWWS���ZZZ��MRUGEUXNV�
YNHW�VH�GRZORDG��������ID����IFG�I�I����������������������MR��B��SGI�KWPO >����������@
-7,���������2GOLQJ�DY�JU|QD�VRMDE|QRU�SU|YDV�L�6YHULJH� 7LOOJlQJOLJ�

KWWS���ZZZ�MWL�VH�LQGH[�SKS"SDJH RGOLQJ�DY�JURHQD�VRMDERHQRU�SURHYDV�L�VYHULJH >����������@
.DEDOXN��-�7���6YLUFHY��$�0���*RHWWHO��0�6��	�:RR��6�*���HG�� �������7KH�8VH�DQG�5HJXODWLRQ�RI�

0LFURELDO� 3HVWLFLGHV� LQ� 5HSUHVHQWDWLYH� -XULVGLFWLRQV� :RUOGZLGH�� ,2%&� *OREDO� 7LOOJlQJOLJ�� LREF�
JOREDO�RUJ�GRZQORDG�0LFURELDOB5HJXODWLRQB%RRNB.DEDOXNBHWBDOB�����SGI�SDJH ���>����������@
.KDQ��0�5��	�0RKLGGLQ��)�$������� &KDSWHU�����7ULFKRGHUPD��,WV�0XOWLIDULRXV�8WLOLW\

LQ�&URS�,PSURYHPHQW��&URS�,PSURYHPHQW�7KURXJK�0LFURELDO�%LRWHFKQRORJ\��1HZ�DQG�)XWXUH�'HYHO�
RSPHQWV�LQ�0LFURELDO�%LRWHFKQRORJ\�DQG�%LRHQJLQHHULQJ V��������
.DLVHU�� '�(�� ������� 6R\EHDQ� IHUWLOL]HU� UHFRPPHQGDWLRQV� 7LOOJlQJOLJ�� KWWSV���H[WHQV�

LRQ�XPQ�HGX�FURS�VSHFLILF�QHHGV�VR\EHDQ�IHUWLOL]HU�UHFRPPHQGDWLRQV�RWKHU�QXWULHQWV�������� >���
�������@��



��

.HPLNDOLHLQVSHNWLRQHQ� �����D�� 7LOOJlQJOLJ�� KWWSV���ZHEDSSV�NHPL�VH�%NP5HJLVWUHW�.HPL�6SL�
GHU�:HE�([WHUQDO�3URGXNW�'HWDLOV"SURGXNW,G �����	SURGXNW9HUVLRQ,G ����� >����������@
.HPLNDOLHLQVSHNWLRQHQ� �����E�� 7LOOJlQJOLJ�� KWWSV���ZHEDSSV�NHPL�VH�%NP5HJLVWUHW�.HPL�6SL�

GHU�:HE�([WHUQDO�3URGXNW�'HWDLOV"SURGXNW,G �����	SURGXNW9HUVLRQ,G ����� >����������@
.KDOHGL��1� 	�7DKHUL��3����������%LRFRQWURO�PHFKDQLVPV�RI�7ULFKRGHUPD�KDU]LDQXP�DJDLQVW�VR\EHDQ�

FKDUFRDO�URW�FDXVHG�E\�0DFURSKRPLQD�SKDVHROLQD� -RXUQDO�RI�3ODQW�3URWHFWLRQ�5HVHDUFK��������V� ���
��
.RFLUD��$���.RFLUD��6���%URQRZLFND�0LHOQLF]XN��8���.RUQDV��5�	�.R]áRZLF]��.��������� )ROLDU�DS�

SOLFDWLRQ�RI�ELRVWLPXODQWV�DQG�WKH�DQWLR[LGDQW�SURSHUWLHV�RI�VR\QHDQ�VHHGV��V��������
.RLYLVWR�� -�� ������� *O\FLQH� PD[ /��� 7LOOJlQJOLJ�� KWWSV���ZHE�DU�

FKLYH�RUJ�ZHE����������������KWWS���ZZZ�IDR�RUJ�DJ�DJS�$*3&�GRF�JEDVH�GDWD�SI�������KWP
>����������@
.RSSHUWXV������� 7ULDQXP�3� 7LOOJlQJOLJ��KWWSV���ZZZ�NRSSHUWXV�FRP�WULDQXP�S� >����������@
.UXHJHU��.�� *RJJL��6���0DOODULQR��$��3��	�0XOOHQ��5��(����������3KRVSKRUXV�DQG�3RWDVVLXP�)HUWL�

OL]DWLRQ�(IIHFWV�RQ�6R\EHDQ�6HHG�4XDOLW\�DQG�&RPSRVLWLRQ��&URS�6FLHQFH�����������
.XFKODQ��3���.XFKODQ��0�.��	�$QVDUL��0�0���������(IILFLHQW�DSSOLFDWLRQ�RI�7ULFKRGHUPD�YLULGH�RQ�

VR\EHDQ�>*O\FLQH�PD[��/���0HUULOO@�VHHG�XVLQJ�WKLQ�OD\HU�SRO\PHU�FRDWLQJ��/HJXPH�5HVHDUFK�����
.XPXGLQL��6����������HG��6LQJK���7KH�VR\EHDQ�ERWDQ\��SURGXFWLRQ�DQG�XVHV� NDS����6R\EHDQ�*URZWK�

DQG�'HYHORSPHQW��8.��&3,�$QWRQ\�5RZH
.XELFHN��&��3��	 +DUPDQ��*��(���������7ULFKRGHUPD�$QG�*OLRFODGLXP��%DVLF�%LRORJ\��7D[RQRP\�

DQG�*HQHWLFV��9RO\P�V����
/LQGHVUR� $%� ������� 7ULDQXP� 3� 7LOOJlQJOLJ�� KWWS���OLQGHVUR�VH�RQHZHEPHGLD�7ULDQXP�3���HWL�

NHWW��������SGI >����������@
/LQQVNRJ� 5XGK�� /�� ������� )HP� KLQGHU� I|U� VYHQVN� VRMDRGOLQJ� $*)2�� ��� DXJXVWL� 7LOOJlQJOLJ��

KWWSV���DJIR�VH���������VRMDERQDQ�L�FHQWUXP� >����������@
/ySH]�%XFLRD��-���3HODJLR�)ORUHVD��5��	�+HUUHUD�(VWUHOOD��$����������7ULFKRGHUPD�DV�ELRVWLPXODQW��

H[SORLWLQJ�WKH�PXOWLOHYHO�SURSHUWLHV�RI�D�SODQW�EHQHILFLDO�IXQJXV��6FLHQWLD�+RUWLFXOWXUDH������������V��
���±���
/XQGDKO�� 0�� ������� 6RMDRGOLQJ� L� 6YHULJH� |NDU� 6NnQVND� 'DJEODQGHW� �� MXQL�� 7LOOJlQJOLJ��

KWWSV���ZZZ�VNG�VH������������VRMDRGOLQJ�L�VYHULJH�RNDU� >����������@
0DVWRXUL��)���%M|UNPDQ��7��	�*DU\�(��+DUPDQ��*�(�� � �������6HHG�7UHDWPHQW�ZLWK�7ULFKRGHUPD�

KDU]LDQXP�$OOHYLDWHV�%LRWLF��$ELRWLF��DQG�3K\VLRORJLFDO�6WUHVVHV�LQ�*HUPLQDWLQJ�6HHGV�DQG�6HHGOLQJV��
%LRORJLFDO�&RQWURO�9RO�������1R������V�����������
0LODGLQRYLF��-���+UXVWLF��0��	�9LGLF� 0����������6R\EHDQ� 1RYL�6DG��,QVWLWXWH�RI�)LHOG�DQG�9HJHWDEOH�

&URSV�
0LVKUD�6�.��	�9HUPD�9�'����������HG��6LQJK���7KH�VR\EHDQ�ERWDQ\��SURGXFWLRQ�DQG�XVHV��NDS����

6R\EHDQ�*HQHWLF�5HVRXUFHV��8.��&3,�$QWRQ\�5RZH
0RQVDQWR� ��������*HUPLQDWLRQ� DQG�(PHUJHQFH� RI� 6R\EHDQ�� 7LOOJlQJOLJ�� KWWS���ZZZ�SURKDUYHVW�

VHHGV�FRP�ILOHV�DJURQRPLF�6R\EHDQV�*HUPLQDWLRQ���DQG���(PHUJHQFH���RI���6R\EHDQ�
7'$�SGI >����������@
0RVKWDJKL�.KDYDUDQ��$���6DHLG��.��	�1DVVHU��=����������6R\EHDQ�6HHG�*HUPLQDWLRQ�$QG�6HHGOLQJ�

*URZWK� ,Q�5HVSRQVH�7R�'HWHULRUDWLRQ�$QG�3ULPLQJ��(IIHFW�2I�6HHG�6L]H��3ODQW�%UHHGLQJ�DQG�6HHG�
6FLHQFH�����
0UNRYDFNL��1��0DULQNRYLF��-��	�$FLPRYLF��5��������(IIHFW�RI�1�)HUWLOL]HU�$SSOLFDWLRQ�RQ�*URZWK�

DQG�<LHOG�RI�,QRFXODWHG�6R\EHDQ� 1RW��%RW��+RUW��$JURERW��&OXM��������������V�������
1DFKXUV�$OSLQH�6ROXWLRQV��X�n���6R\EHDQV��7LOOJlQJOLJ��KWWSV���ZZZ�DOSLQHSIO�FRP�DJURQRP\�FURS�

LQIRUPDWLRQ�VR\EHDQV�HDVW� >����������@
3DWLO��&��	�$ODJDZDGL��$����������0LFURELDO�,QRFXODQWV�IRU�6XVWDLQDEOH�/HJXPH�3URGXFWLRQ�0LFUR�

EHV�IRU�/HJXPH�,PSURYHPHQW��V���������
3HWHUVHQ�� -��	 7KRPVHQ�� ,��.�� ��������'DQVN��¡NRORJLVN�G\UNQLQJ�DI� VRMDE¡QQHU� WLO� I¡GHYDUH� RJ�

IRGHUIRUPnO� $DUKXV�8QLYHUVLWHW��'HW�-RUGEUXJVYLGHQVNDEHOLJH�)DNXOWHW��,QVWLWXW�IRU�-RUGEUXJVSURGXNW�
LRQ� RJ� 0LOM¡� 7LOOJlQJOLJ�� KWWSV���SXUH�DX�GN�ZV�ILOHV���������LUB��BPDUNEUXJB�����BUDSSRUW�SGI
>����������@
3HUVVRQ��5���������6NRUSELOGQLQJ�Sn�VWUXNWXUVYDJD�MRUGDU�YLG�ROLND�EHYDWWQLQJVLQWHQVLWHW�RFK�GURSS�

VWRUOHN��6WHQFLOWU\FN���/DQWEUXNVK|JVNRODQ��,QVWLWXWLRQHQ�I|U�PDUNYHWHQVNDS��$YGHOQLQJHQ�I|U�ODQWEUX�
NHWV�K\GURWHNQLN�������������1U�����



��

3ULPRPR��9��6���'��(��)DON��*��5��$EOHWW��-��:��7DQQHU��	�,��5DMFDQ����������,QKHULWDQFH�DQG�,QWHU�
DFWLRQ�RI�/RZ�3DOPLWLF�DQG�/RZ�/LQROHQLF�6R\EHDQ� 7KLV�ZRUN�ZDV�VXEPLWWHG�E\�9�6��3ULPRPR�LQ�
SDUWLDO�IXOILOPHQW�IRU�WKH�0�6F��GHJUHH�IURP�WKH�'HS��RI�3ODQW�$JULFXOWXUH��&URS�6FLHQFH�'LYLVLRQ�DW�
WKH�8QLYHUVLW\ RI�*XHOSK���&URS 6FL�����������
3URJUDLQ� ������ 7XQGUD� 7LOOJlQJOLJ�� � KWWS���ZZZ�HDVWHUQJUDLQV�FD�HQ�GRZQORDG�VR\EHDQ�

WXQGUDBHQ�SGI >���������@
3XUFHOO��/�&���������6R\EHDQ�*URZWK�DQG�'HYHORSPHQW��7LOOJlQJOLJ��KWWSV���ZZZ�XDH[�HGX�SXEOL�

FDWLRQV�SGI�PS����FKDSWHU��SGI >����������@
4LX�/�-��	�&KDQJ�5�=����������HG��6LQJK���7KH�VR\EHDQ�ERWDQ\��SURGXFWLRQ�DQG�XVHV��NDS����7KH�

2ULJLQ�DQG�+LVWRU\�RI�6R\EHDQ��8.��&3,�$QWRQ\�5RZH
5DMSXW��$�4�	�6KDK]DG��6����������*URZWK�DQG�VSRUXODWLRQ�RI�7ULFKRGHUPD�SRO\VSRUXP�RQ�RUJDQLF�

VXEVWUDWHV�E\�DGGLWLRQ�RI�FDUERQ�DQG�QLWURJHQ�VRXUFHV��3DNLVWDQ�-RXUQDO�RI�%RWDQ\������V�����������
5DR��$�6��	�5HGG\��.�6���������HG��6LQJK���7KH�VR\EHDQ�ERWDQ\��SURGXFWLRQ�DQG�XVHV��NDS����1X�

WULHQW�0DQDJHPHQW�LQ�6R\EHDQ� 8.��&3,�$QWRQ\�5RZH
6FDQGLQDYLDQ�6HHG��X�n���6RMDE|QD *DOOHF EUD DOOURXQGVRUW��7LOOJlQJOLJ��KWWSV���ZZZ�VFDQGLQDYL�

DQVHHG�VH�VLGD������JDOOHF�VRMDERQD�KWPO >����������@
6LQJK��6�.���%DUQDE\��-�<���5HGG\��9�5��	�6LFKHU�5�&���������9DU\LQJ�5HVSRQVH�RI�WKH�&RQFHQWUD�

WLRQ�DQG�<LHOG�RI�6R\EHDQ�6HHG�0LQHUDO�(OHPHQWV��&DUERK\GUDWHV��2UJDQLF�$FLGV��$PLQR�$FLGV��3UR�
WHLQ��DQG�2LO�WR�3KRVSKRUXV�6WDUYDWLRQ�DQG�&2� (QULFKPHQW� )URQW�3ODQW�6FL���������������
6LQJK��6���5HGG\��9���)OHLVKHU��'��	�7LPOLQ��'����������3KRVSKRUXV�1XWULWLRQ�$IIHFWV�7HPSHUDWXUH�

5HVSRQVH�RI�6R\EHDQ�*URZWK�DQG�&DQRS\�3KRWRV\QWKHVLV� )URQWLHUV�LQ�3ODQW�6FLHQFH��
6ODWRQ��1�$���'H/RQJ��5�(���6KDIHU��-���&ODUN��6���*ROGHQ��%��	�0DVFKPDQQ��(�� �������6R\EHDQ�

5HVSRQVH�WR�3RXOWU\�/LWWHU�DQG�,QRUJDQLF�)HUWLOL]HU��$$(6�5HVHDUFK�6HULHV����
6RORPLQ��7��3��	�/��$QJDZ��7����������(IIHFWV�RI�,QRFXODWLRQ�E\�%UDG\UKL]RELXP�MDSRQLFXP�6WUDLQV�

RQ�1RGXODWLRQ��1LWURJHQ�)L[DWLRQ��DQG�<LHOG�RI�6R\EHDQ��*O\FLQH�PD[�/��0HULOO��9DULHWLHV�RQ�1LWLVROV�
RI�%DNR�:HVWHUQ�(WKLRSLD��,QWHUQDWLRQDO�6FKRODUO\�5HVHDUFK 1HWZRUN�,651�$JURQRP\�9ROXPH�������
$UWLFOH�,'�������
60+,������D��1RUPDO�PHGHOWHPSHUDWXU�I|U�PDM��7LOOJlQJOLJ��KWWSV���ZZZ�VPKL�VH�NOLPDWGDWD�PH�

WHRURORJL�WHPSHUDWXU�QRUPDO�PHGHOWHPSHUDWXU�IRU�PDM���������>����������@
60+,������E��0DM������� 6RPPDUYlGHU�PHG�UHNRUGYlUPH��7LOOJlQJOLJ���KWWSV���ZZZ�VPKL�VH�NOL�

PDW�NOLPDWHW�GD�RFK�QX�PDQDGHQV�YDGHU�RFK�YDWWHQ�VYHULJH�PDQDGHQV�YDGHU�L�VYHULJH�PDM������
VRPPDUYDGHU�PHG�UHNRUGYDUPH��������� >����������@
60+,������F��'DJVOlQJGHQV�I|UlQGULQJ�XQGHU�nUHW� 7LOOJlQJOLJ��KWWSV���ZZZ�VPKL�VH�NXQVNDSV�

EDQNHQ�PHWHRURORJL�GDJVODQJGHQV�IRUDQGULQJ�XQGHU�DUHW������� >����������@
60+,� �����G��1RUPDO�PHGHOWHPSHUDWXU� I|U� MXQL� 7LOOJlQJOLJ� KWWS���ZZZ�VPKL�VH�GDWD�PHWHRUR�

ORJL�WHPSHUDWXU�QRUPDO�PHGHOWHPSHUDWXU�IRU�MXQL������� >����������@
6WROW��%���������-DJ�KRSSDV�6YHULJH�NDQ�EOL�VMlOYI|UV|UMDQGH�Sn�VRMD��)ULD�7LGQLQJHQ� ���VHSWHPEHU��

7LOOJlQJOLJ�����KWWS���ZZZ�IULD�QX�DUWLNHO��������>����������@
7DQþLü��6���6NURERQMD��-���/DORãHYLü��0���-HYWLü��5��	�9LGLü�0����������,PSDFW�RI�7ULFKRGHUPD�VSS��

RQ�6R\EHDQ�6HHG�*HUPLQDWLRQ�DQG�3RWHQWLDO�$QWDJRQLVWLF�(IIHFW�RQ�6FOHURWLQLD�VFOHURWLRUXP��3HVWLF��
3K\WRPHG����������V���������
7HERK��-��0���������3KRVSKRUXV�(IIHFW�RQ�<LHOG�RI�6R\EHDQ�3ODQWHG�DW�'LIIHUHQW�'DWHV��7LOOJlQJOLJ��

KWWSV���ZZZ�DJ�QGVX�HGX�FDUULQJWRQUHF�FHQWHU�SRLQWV�SKRVSKRUXV�HIIHFW�RQ�\LHOG�RI�VR\EHDQ�SODQWHG�
DW�GLIIHUHQW�GDWHV >����������@
7KRPDV�0XUSK\��-���������3ODQWLQJ�6R\EHDQV��7LOOJlQJOLJ��KWWSV���ILHOGFURSV�FDOV�FRUQHOO�HGX�VR\�

EHDQV�SODQWLQJ�VR\EHDQV� >����������@
7LPOLQ��'��-���1DLGX��7��&��0���)OHLVKHU��'��+���DQG�5HGG\��9��5����������4XDQWLWDWLYH�HIIHFWV�RI

SKRVSKRUXV�RQ�PDL]H�FDQRS\�SKRWRV\QWKHVLV�DQG�ELRPDVV� &URS�6FL�����V������������
7VYHWNRYD��*��(��	�*HRUJLH��*��,���������(IIHFW�RI�SKRVSKRUXV�QXWULWLRQ�RQ�WKH�QRGXODWLRQ��QLWURJHQ�

IL[DWLRQ�DQG�QXWULHQW�� XVH�HIILFLHQF\�RI�%UDG\UKL]RELXP�MDSRQLFXP�± 6R\EHDQ �JO\FLQH�PD[�O��0HUU����
6\PELRVLV��%XOJ��-��3ODQW�3K\VLRO���6SHFLDO�,VVXH��V�����±���
7\DJL��6��.��	�7ULSDWKL��5��3����������(IIHFW�RI�WHPSHUDWXUH�RQ�VR\EHDQ�JHUPLQDWLRQ�

3ODQW�DQG�6RLO��YRO����������V� ���±�����7LOOJlQJOLJ��ZZZ�MVWRU�RUJ�VWDEOH��������� >����������@
9HUPD��0���%UDU��6�.���7\DJL��5�'���6DKDL��9���3UpYRVW��'���9DOpUR��-�5���6XUDPSDOOL��5�<� ��������

%HQFK�VFDOH�IHUPHQWDWLRQ�RI�7ULFKRGHUPD�YLULGH�RQ�ZDVWHZDWHU�VOXGJH��UKHRORJ\��O\WLF�HQ]\PHV�DQG�
ELRFRQWURO�DFWLYLW\��(Q]\PH�0LFURE��7HFKQRO������V���������



��

9LFNHUV�� 0�� ������� 1XWULHQW� PDQDJHPHQW� IRU� SURILWDEOH� VR\EHDQ� SURGXFWLRQ�� 7LOOJlQJOLJ�
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