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0LNURSODVW�SUHJHU Qn�KHOH�ELRVI UHQ��)RUVNQLQJHQ�HU�IRU�¡YULJ�L�HQ�WLGOLJ�IDVH��RJ�OLWWHUDWXUHQ�KDU�VWRUH�

KXOO��,�GHQQH�PDVWHURSSJDYHQ�SUHVHQWHUHV�PHWRGLNN�IRU�HNVWUDNVMRQ�DY�PLNURSODVW�L�+DYE¡UVWHRUPHU��

3RO\FKDHWHU��IDPLOLH 2ZHQLD PHG�HNVRVNMHOHWW��*DOHWKRZHQLD�2FXODWD ��2ZHQLLD�IXVLIRUPLV��RJ�

UHVXOWDWHU�IUD�GHQQH�HNVWUDNVMRQHQ DQDO\VHUW�PHG�IRXULHU�WUDQVIRUPHUW�LQIUDU¡G�PLNURVNRSL��)7�,5���

+DYE¡UVWHRUPHQH�IUD�GHQ�QRUVNH�NRQWLQHQWDOVRNNHO�RJ�%DUHQWVKDYHW�EOH�VDPOHW�DY�'HW�1RUVNH�

9HULWDV�*HUPDQLVKH�/OR\G �'19�*/� L�������8QGHU�VDPPH�SU¡YHWDJQLQJ�EOH�GHW RJVn WDWW�

VHGLPHQWSU¡YHU��'LVVH�HU�WLGOLJHUH�DQDO\VHUW��+HU�SUHVHQWHUHV�UHVXOWDWHU�IUD HW XWYDOJ�DY�UHDQDO\VHUWH�

�)7�,5��VHGLPHQWSU¡YHU� 'LVVH�UHVXOWDWHQH�EOLU VDPPHQOLJQHW PHG UHVXOWDWHQH�IUD�KDYE¡UVWPDUN��RJ�

IUHPEULQJHU�ELRWD�VHGLPHQW�ELRDNNXPXODVMRQVIDNWRU��%6$)� VRP�GHQ�I¡UVWH�DY�VLWW�VODJ RPKDQGOHQGH�

PLNURSODVW�L�VHGLPHQWHU�YHUVXV�WXEHE\JJHQGH�3RO\FKDHWHU��2ZHQLD �PHG�HNVRVNMHOHWW��

5HVXOWDWHQH�HU�EDVHUW�Sn�WRWDOW���� KDYE¡UVWHPDUN�IRUGHOW�Sn�����KHOH�PDUN��RJ����PDUN�GHU�

HNVRVNMHOHWW�RJ�NURSS HU�XQGHUV¡NW�DGVNLOW��6WXGLHQ�KDU�VHWW�Sn�PDUN�IUD�WRWDOW����JHRJUDILVNH�

ORNDVMRQHU�VWDVMRQHU��7R�SU¡YHU�HU�HW�UHVXOWDW�DY HQ�EODQGLQJ LNNH�DUWVEHVWHPWH�3RO\FKDHWHU� )RU�V\Y�

VWDVMRQHU�HU�GHW�JMHQQRPI¡UW�GXSOLNDWHU��+RYHGYHNWHQ�DY�UHVXOWDWHQH KDU�QHGUH VW¡UUHOVHVPHVVLJ�FXW�

RII Sn����P��)HP�SU¡YHU�����PDUN��KDU��� �P VRP�QHGUH�FXW�RII��

5HVXOWDWHQH�WLOVLHU�HQ�JMHQQRPVQLWWOLJ�NRQVHQWUDVMRQ�Sn ��������� SDUWLNOHU�J�ZZ� PHG FD�WL�JDQJHU�

IOHUH�SDUWLNOHU�SHU�JUDP L HNVRVNMHOHWWHW�VDPPHQOLNQHW�PHG NURSSHQ� 'HW�EOH�IXQQHW�PLQGUH�SODVW�L�

VHGLPHQWHQH HQQ L�KDYE¡UVWHPDUNHQH��QRH�VRP�JD�JMHQQRPVQLWWHOLJ ELRWD�VHGLPHQW�

DNNXPXODVMRQVIDNWRU��%6$)��Sn��������� ��� YHG�DQWDOO�SDUWLNOHU� RJ���������YHG HVWLPHUW�YHNW DY�

SODVW�L�KDYE¡UVWHPDUNHQH RSS�LPRW�VHGLPHQWHU� .RQVHQWUDVMRQHU�DY�PLNURSODVW�HU�EDVHUW�Sn�PLQLPXP�
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+DYE¡UVWHPDUNHQH�YLVHU VHOHNWLYLWHW�IRU SODVWSDUWLNOHU�IUDPIRU�DQQHW�PDWHULDOH�YHG�E\JJLQJ�DY

HNVRVNMHOHWW��6HOHNWLYLWHW�HU�WLOGLJHUH�NMHQW�IRU�WXQJH��IUDPIRU�OHWWH�SDUWLNOHU��$UWHQH�XQGHUV¡NW�HU�I¡GH

IRU�HQ�UHNNH�ILVNHDUWHU��5HVXOWDWHQH�WLOVLHU�DW�SODVW�NDQ�EOL�UHGLVWULEXHUW�IUD�VHGLPHQWHQH WLO�2ZHQLD�RJ�

SRWHQVLHOW�HQGH WLOEDNH�L Q ULQJVNMHGHQ�HWWHU�LQLWLHOO�VHGLPHQWHULQJ��'H�YDQOLJVWH�SODVWVRUWHQH�IXQQHW�L�

2ZHQLD VS��HU�3(7��39&�RJ�SRO\DNU\ODPLG��'HWWH�VDPPHQIDOOHU�GHOYLV PHG�GH�PHVW�IUHNYHQWH�

SRO\PHUHQH�L�VHGLPHQWHU�IUD�VDPPH�RPUnGH�
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0LFURSODVWLF SROOXWLRQ�LV�QRZ�IRXQG�WKURXJK WKH�ZKROH�ELRVSKHUH��5HVHDFK�UHJDUGLQJ�WKLV�LVVXH�LV��

GHVSLWH�LQFUHDVHG�IRFXV�WKH�ODVW�\HDUV�� DQG�LQFUHDVLQJO\�QXPEHUV RI�SXEOLFDWLRQV�� SUHPDWXUH� ,Q�WKLV�

PDVWHU�WKHVLV�DUH�PHWKRGRORJ\�IRU�H[WUDFWLRQ�RI�PLFURSODVWLF�LQ�WXEH�EXLOGLQJ�3RO\FKDHWHV��2ZHQLD�

�*DOHWKRZHQLD�2FXODWD ��2ZHQLLD�IXVLIRUPLV��DQG�UHVXOWV�IURP�WKHVH�H[WUDFWLRQV� FKHPLFDO\�DQDO\VHG�

DQG�TXDQWLILHG�ZLWK�)RXULHU�WUDQVIRUPHG�LQIUDUHG�PLFURVFRS\��)7�,5��SUHVHQWHG� 7KH�VDPSOHV�ZHUH�

WDNHQ�DW�WKH 1RUZHJLDQ�&RQWLQHQWDO�6KDOI�DQG�LQ�WKH�%DUHQWV 6HD�GXULQJ�DXWXPQ�RI�������E\�'HW�

1RUVNH�9HULWDV� *HUPDQLVKH�/OR\G��'19�*/�� 6HGLPHQW VDPSOHV IURP�WKH�VDPH�VSRWV�ZHUH�DOVR�

VDPSOHG DQG�DUH�HDUOLHU�DQDO\]HG��6RPH�RI�WKHVH�DUH KHUH�UHDQDO\]HG�ZLWK�PRUH�GHWDLOHG�

PHWKRGRORJ\��DQG�IXUWKHU�FRPSDUHG�ZLWK�WKH�PLFURSODVWLF�FRQFHQWUDWLRQ�LQ�WKH�3RO\FKDHWHV� 7KLV�

OHDGV�WR�D ELRWD�VHGLPHQW�DFFXPXODWLRQ�IDFWRU��%6$)��DQG�LV�SUHVHQWHG�DV�WKH�ILUVW�RI�LWV�NLQG

UHJDUGLQJ�ELDFXPXODWLRQ�RI�PLFURSODVWLFV�LQ�WXEH�EXLOGLQJ�3RO\FKDHWHV��2ZHQLD�

7KH�UHVXOWV�DUH�EDVHG�RQ�D�WRWDO�RI�����3RO\FKDHWHV ZKHUH�����RI�WKRVH�ZKHUH�ZKROH�ZRUPV��DQG���

VDPSOHV ZHUH VHSDUDWH�DQDO\VLV�RI�WXEH��H[RVNHOHWRQ� DQG�ERG\� 7KLV VWXG\ KDV�LQYHVWLJDWHG ZRUPV�

IURP����JHRJUDSKLFDO�ORFDWLRQV ZLWK 2ZHQLD VS��DQG WZR�VWDWLRQV�ORRNLQJ�DW�PL[HG�VDPSOHV RI�

3RO\FKDHWHV� $W�VHYHQ�RI�WKH�VWDWLRQV��GXSOLFDWHV�DUH�FRQGXFWHG�

/RZHU�VL]H�OLPLW�LV�����P�IRU�WKH�PDMRULW\�����ZRUPV��RI�WKH�VDPSOHV��IURP HLJKW�VWDWLRQV��$�

PLQRULW\�����ZRUPV��IURP�ILYH�VWDWLRQV��WKUHH�RYHUODSSLQJ ZLWK����P��ZHUH DQDO\]HG�ZLWK�ORZHU�VL]H�

OLPLW��� �P��$YHUDJH�FRQFHQWUDWLRQ�RI�PLFURSODVWLF�LV�UHSRUWHG�ZLWK�ORZHU�FXW�RII RI���� PDWFK�

EHWZHHQ�)7�,5 OLEUDU\�DQG�WKH�VFRUH�IURP�HDFK�SDUWLFOH��$YHUDJH�FRQFHQWUDWLRQ JDYH������ ���

SDUWLFOHV���J��ZZ���ZLWK�DSSUR[LPDWHO\ WHQ�WLPHV�PRUH SODVWLF�LQ WKH�H[RVNHOHWRQ�WKDQ�LQ�WKH�ERG\�
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2ZHQLD VHOHFWLYHO\�FKRRVHV�SODVWLF�SDUWLFOHV ZKHQ�EXLOGLQJ�WKHLU�H[RVNHOHWRQV��6HOHFWLYHQHV LV�IRUPHU�

NQRZQ�UHJDUGLQJ KHDY\�UDWKHU�WKDQ�OLJKW�SDUWLFOHV��7KH�VSHFLHV�LQYHVWLJDWHG�DUH�SUH\�IRU�GLIIHUHQW�

EHQWLF�ILVKHV��DQG�WKLV�VWXG\ VXJJHVW�WKDW�SODVWLF LV UHGLVWULEXWHG�EDFN�LQWR�WKH�IRRGZHE�DIWHU�

VHGLPHQWDWLRQ��7KH�PRVW�FRPPRQ�SODVWLF�SRO\PHUV�IRXQG�LQ�2ZHQLD VS��DUH�3(7��39&�DQG�

SRO\DFU\ODPLG��7KLV FRLQFLGHV�WR�VRPH�H[WHQG�ZLWK�WKH�JOREDO�SURGXFWLRQ�RI�SODVWLF�SRO\PHUV�
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(WWHU�EDFKHORU�L�JHRJUDIL�YHG�1718��GHU�MHJ�KDU�O UW�RP�IRUKROGHW�PHOORP�PHQQHVNH�RJ�QDWXU��

NOLPDHQGULQJHU�RJ�JHRPRUIRORJL�¡QVNHW�MHJ�n�Jn�YLGHUH�PHG�HQ�PDVWHU�L�QDWXUJHRJUDIL��-HJ VWDUWHW�

Sn�PDVWHU�L�QDWXUJHRJUDIL�YHG�8L2� PHQ KRSSHW�DY�GHQQH�GD�MHJ�VDYQHW�GHW�PHQQHVNHOLJH�

SHUVSHNWLYHW� HOOHU HQ�GLUHNWH�I¡OHOVH�DY�UHOHYDQV�IRU�IRON��VDPIXQQ�HOOHU QDWXU��(WW�nU�PHG�

HQNHOWHPQHU�LQQHQ�ELRORJL��*,6�RJ�HYROXVMRQ�YHG�8L2�EOH�DOWHUQDWLYHW��cUHW�HWWHU�VWDUWHW�MHJ�Sn�

PDVWHU�L�PLOM¡�RJ�QDWXUUHVVXUVHU�PHG�IRUG\SQLQJ�L�PLOM¡JLIWHU�RJ�¡NRWRNVLNRORJL YHG�10%8��-HJ�

ILNN WLGOLJ�HQ�DYWDOH�PHG�1RUJHV�JHRORJLVNH�XQGHUV¡NHOVHU��1*,��L�2VOR�RJ�GHUHV�

PLNURSODVWHNVSHUWLVH�OHGHW�DY�SURI��,,�+DQV�3HWHU�$US��IRU�n�VNULYH�PDVWHU�KRV�GHP� 7XVHQ�WDNN�

IRU�HQ�YDUP�YHONRPVW�Sn�1*,��(Q�VWRU�WDNN�WLO�IDJOLJ�YHLOHGHU�+DQV 3HWHU�RJ�WLO�PHGYHLOHGHU +HLGL�

.QXWVHQ�YHG�1*,�VRP�KDU�KMXOSHW�PHJ�PHG�RSSO ULQJ�Sn�ODERUDWRULHW RJ�IDJOLJ�KMHOS�XQGHUYHLV�L�

SURVHVVHQ�IUDP�WLO�IHUGLJ�PDVWHURSSJDYH��6SHVLHOW�YLO�MHJ�WDNNH�+DQV�3HWHU�IRU�KDQV�KMHOS�XQGHU�

DQDO\VH DY�GDWDHQH�L�([FHO��-HJ�Pn�RJVn�WDNNH�IRU�PXOLJKHWHQ�WLO�GHOWDJHOVH�L�VNULYLQJ�DY�UDSSRUW�

WLO�0LOM¡GLUHNWRUDWHW�RJ�DNDGHPLVN�DUWLNNHO� 7DNN�IRU�K\JJHOLJ�PRWWDJHOVH�Sn�1*,�IUD�

DYGHOLQJVOHGHU�IRU�YDQQ�RJ�UHVVXUVHU��$UQH�3HWWHUVHQ�

-HJ�YLO�WDNNH�KRYHGYHLOHGHU�'U��cVJHLU�$OPnV�YHG�10%8�IRU�U\GGLJ�RJ�JRG�KMHOS�XQGHUYHLV��RJ�

MHJ�YLO�WDNNH�PLQ�PRU�RJ�IDU�IRU�XWDOOLJH�GLVNXVMRQHU�RJ�VW¡WWH�EnGH�XQGHU�DUEHLGHW�PHG�GHQQH�

PDVWHURSSJDYHQ RJ�RSS�JMHQQRP�PLQ�VNROHJDQJ�JHQHUHOW��

0DVWHUVWLSHQG�IUD�EnGH�7HNQD� RJ�0LOM¡ULQJHQ�JD�PHJ�PXOLJKHW�WLO�n�UHLVH�WLO�NRQIHUDQVHQH

0,&52����� 6(7$&�7RURQWR RJ EHV¡NH�(OHQD�*RURNKRYD�YHG�8QLYHUVLWHWHW�L�6WRFNKROP��

7XVHQ�WDNN�WLO�7HNQD��0LOM¡ULQJHQ� RJ (OHQD RJ�KHQQHV�WHDP�

'HOWLGVMREE�YHG�,QVWLWXWW�IRU�*HRJUDIL�Sn�1718��XQGHU�-DQ�.HWLO�5¡G�IRUWMHQHU�RJVn�HQ�VWRU�WDNN��

6 UOLJ�IRU�GHQ�WLOOLW�MHJ�KDU�InWW�JMHQQRP�n�ELGUD�L�DUWLNOHU��PHG�NRQIHUDQVHELGUDJ��KROGH VHPLQDUHU�

RJ�JMHQQRP�IDJOLJ�XWYLNOLQJ�RJ�YHLOHGQLQJ IUD�-DQ�

7DNN�WLO�'U��$QD�/XFLD�/DFHUGD��'U��,ULQD�5RJR]KLQD��'U��$QQD 6DQFKH] RJ�PDVWHUVWXGHQW�

<LWRQJ�6XQ�IRU�KMHOS�WLO�OLWWHUDWXUV¡N�Sn�DQGUH�VSUnN�HQQ�QRUVN�RJ�HQJHOVN�
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����5HVXOWDWHU�RJ�GLVNXVMRQ��+\SRWHVHQH�GLVNXWHUW ����������������������������������������������������������������������� ��

����0LNURSODVW�L�3OR\FKDHWHU��2ZHQLD VS��IUD�QRUVN�NRQWLQHQWUDOVRNNHO�RJ�%DUHQWVKDYHW �������� ��

������0DUN�VDPOHW�NRQVHQWUDVMRQ������������������������������������������������������������������������������������������� ��

������0LNURSODVW L�WXEH�RJ�NURSS��2ZHQLD ����������������������������������������������������������������������������� ��

����6DPPHQKHQJ�PHOORP�NRQVHQWUDVMRQHQ�DY�PLNURSODVW�L�VHGLPHQWHQH�RJ�L�2ZHQLD�VS��
�%6$)�� ������������������������������������������������������������������������������������������������������������������������������������� ��

������.RQVHQWUDVMRQ�L�VHGLPHQWHU ������������������������������������������������������������������������������������������ ��

������%LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)� ������������������������������������������������������������� ��

����3RO\PHUVDPPHQVHWQLQJ�L�2ZHQLD RJ�VHGLPHQWHU ��������������������������������������������������������������� ��

������6DPPHQVHWQLQJ�DY�PLNURSODVWSDUWLNOHU�IXQQHW�L�3RO\FKDHWHU ������������������������������������������ ��

������6DPPHQVHWQLQJ�DY�SRO\PHUHU�L�VHGLPHQWHU�RSS�PRW�2ZHQLD�VS���������������������������������� ��

����9DOLGLWHW�RJ�UHOLDELOLWHW �������������������������������������������������������������������������������������������������������� ��

����+YD�EHW\U�UHVXOWDWHQH�L�HW�YLGHUH�SHUVSHNWLY"�������������������������������������������������������������������������� ��

����.LOGHU �������������������������������������������������������������������������������������������������������������������������������������� ��

����2UGOLVWH��IRUNRUWHOVHU�RJ�GHILQLVMRQHU�������������������������������������������������������������������������������������� ��

9HGOHJJ ����������������������������������������������������������������������������������������������������������������������������������������� ��
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7DEHOOHU ����������������������������������������������������������������������������������������������������������������������������������������� ��
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)LJXUOLVWH
)LJXU����)ORZ�VNMHPD�DY�DUEHLGVSURVHVVHQ��'HW�EOH�I¡UVW�DYGHNNHW�PLNURSODVW��03��L�VHGLPHQWHU�
�0LOM¡GLUHNWRUDWHW���������$QDO\VHU�DY�2ZHQLGD�IUD�VDPPH�RPUnGH�EOH�GHUIRU�VDWW�L�JDQJ��)¡UVW�EOH�KHOH�
PDUN�DQDO\VHUW��GHUHWWHU�EOH�03�L�PDUNHQV�NURSS�RJ�HNVRVNMHOHWW��7LO�VOXWW�EOH�ELRWD�VHGLPHQWV�
DNNXPXODVMRQVIDNWRU��%6$)��EHUHJQHW�IRU�KHOH�PDUN�RJ�IRU�HNVRVNMHOOHWW�RJ�NURSS�DGVNLOW������������������������ �

)LJXU����3RO\HWK\OHQ��3(���������DY��/DUV�(JLO�+HOVHWK���KWWSV���VQO�QR�SRO\HW\OHQ�� &&�%<�6$��������������� �

)LJXU���%UXN�45�OHVHU�IRU PRELO�IRU�n�VH�VWRUW�RJ�]RRPEDUW�ELOGH��)LJXU����DY�2ZHQLD ���������������������������� ��

)LJXU��� �'�PRGHOO�DY�2ZHQLD��0LNUR�&7�VFDQ����[�IRUVW¡UUHOVH��RSSO¡VQLQJ�����P�SU��SL[HO��)RWR�
6DQWLDJR�4XLQWHURV�������������������������������������������������������������������������������������������������������������������������������������� ��

)LJXU����$��2ZHQLD��$��.URSS��%��(NVRVNMHOHWW�WXEH��,OOXVWUDVMRQ�UHGLJHUW�PHG�XWJDQJVSXQNW�L�LOOXVWUDVMRQ�
JMHQJLWW�DY�$QGHUVRQ��V� ���������������������������������������������������������������������������������������������������������������������� ��

)LJXU����)7�,5�VSHNWHU�DY�SRO\SURS\OHQH��33�� ������������������������������������������������������������������������������������������ ��

)LJXU��� .DUW�RYHU�6HQWUDOH�1RUGVM¡HQ��1RUGOLJH�1RUGVM¡HQ�RJ�%DUHQWVKDYHW�PHG�RPNULQJOLJJHQGH�
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)LJXU����)ORZ�VNMHPD�RYHU�JMHQQRPI¡ULQJ�DY�VWXGLHQ� ������������������������������������������������������������������������������� ��

)LJXU����3KRWR��-DNRE�&\YLQ��,OOXVWUDVMRQHU��.MHUVWL�6\QQHYD�0RHQ ���������������������������������������������������������� ��

)LJXU����7HWWKHWVVHSDUDVMRQ�L )XQQHO� ��������������������������������������������������������������������������������������������������������� ��

)LJXU�����)LOWUHULQJ� $��SU¡YHLQQKROG�L�PLOOL4�YDQQ��%��WUDNW�IRU�ILOWUHULQJ�RYHU Sn�ILOWHUHW�SODVVHUW�YHG�&��
&��)LOWHUHWV�SODVVHULQJ��'��RSSVDPOLQJ�DY�ILOWUHUW�Y VNH��(��YDNXPVODQJH� ������������������������������������������������ ��

)LJXU�����$��$OXPLQLXPVUDPPH�IRU�PRQWHULQJ�DY�LQQWLO�WUH�VWN���� PP��GLDPHWHU��ILOWHU��%��YHUNW¡\�IRU�
XWVWHPSOLQJ�DY�ILOWHU��&��ILOWHU�����ȝP��������������������������������������������������������������������������������������������������������� ��

)LJXU���� 6DQQWLGVPLNURVNRS�3ODVVHULQJ�DY�NRRUGLQDWHU�Sn��� ȝP ILOWHU�L�)7�,5������������������������������

)LJXU�����9HQVWUH��%LOGH���PP�XWVQLWW�DY���PP��� �P�ILOWHU��+¡\UH��$OOH�SDUWLNOHU�LQQHQIRU�����DY�
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7DEHOOLVWH
7DEHOO����.ODVVLILNDVMRQ DY *DODWKRZHQLD�RFXODWD VS� >=DFKV������@���2ZHQLD�)XVLIRUPLV�VS��>'HOOH�
&KLDMH������@����������������������������������������������������������������������������������������������������������������������������������������������� ��

7DEHOO����/LWWHUDWXUV¡N�Sn�IRUVNMHOOLJH�VSUnN� ���������������������������������������������������������������������������������������������� ��

7DEHOO����6SHVLILNDVMRQ�Sn�VSLNHW�EODQNV��*MHQJLWW�PHG�WLOODWHOVH�IUD�6LQJGDKO�/DUVHQ��6LQJGDKO�/DUVHQ��
������7DEHOO ���D���2YHUVDWW�DY�IRUIDWWHU�&\YLQ��-��%� ��������������������������������������������������������������������������������� ��

7DEHOO����'\EGHQ�RJ�W\SHQ�VHGLPHQW�YHG�SRVLVMRQ�IRU�SU¡YHWDJQLQJ��UHJLVWUHUW�DY�'19�*/��GHOYLV�JMHQJLWW�
L�UDSSRUW�������5HY�������0LOM¡GLUHNWRUDWHW��6DPWOLJH�GXEOLNDWHU�HU�LNNH�KHU�SUHVHQWHUW� ���������������������������� ��

7DEHOO����/LVWH�RYHU�NMHPLNDOLHU�EHQ\WWHW�XQGHU�VWXGLHQ������������������������������������������������������������������������������ ��

7DEHOO����.RQVHQWUDVMRQ�SODVW�IXQQHW�L�VDPWOLJH�SU¡YHU��3U¡YHQDYQ�VWDPPHU�IUD�RPUnGHW GH�HU�WDWW�PHG�
KHQYLVQLQJ�WLO�Q UPHVWH�ROMHIHOW��5HJ RJ�5��EHW\U�UHJLRQDO�± DOVWn�RPUnGHU�XWHQIRU�ROMHIHOWHQH��
3U¡YHQDYQHQH�HU�LNNH�UHOHYDQWH�L�GHQQH�VWXGLHQ�XW�RYHU�DY�KHQV\Q�WLO�V\VWHPDWLVHULQJ������������������������������ ��

7DEHOO����6DPOHW�PLNURSODVWNRQVHQWUDVMRQ�L�KHOH�3RO\FKDHWHU IUD�DOOH�SU¡YHWDJQLQJVVWDVMRQHU�VOnWW�VDPPHQ�
WLO�JMHQQRPVQLWW�GHU�GHW�IRUHOn�GXSOLNDWHU��0LQLPXP�����P����������������������������������������������������������������������� ��

7DEHOO����.RQVHQWUDVMRQ�SODVW��6XPPHUW�IRU�LQQPDW�YV��WXEH��3U¡YHQH�HU�VOnWW�VDPPHQ�IUD�VWDVMRQHU�GHILQHUW�
L�I¡UVWH�NRORQQH� ������������������������������������������������������������������������������������������������������������������������������������������ ��

7DEHOO����0LNURSODVWNRQVHQWUDVMRQ�L�VHGLPHQWHU� ���������������������������������������������������������������������������������������� ��

7DEHOO�����6DPPHQOLJQLQJ�DY�NRQVHWUDVMRQ�DY�PLNURSODVW�L�3RO\FKDHWHU�RJ�RPNULQJOLJJHQGH�VHGLPHQWHU��
%LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)� �������������������������������������������������������������������������������������������� ��

7DEHOO�����)UHNYHQV�DY SRO\PHUHU�L�2ZHQLD�VS���©PHVW�IUHNYHQWª��©QHVW�PHVWª�RJ�©WUHGMH�PHVWª�IUHNYHQW��
EDVHUW�Sn�SURVHQWYLV�VDPPHQVHWQLQJ�DY�SDUWLNOHU��HNVWUDSROHUW�WLO�KHOW�ILOWHU��DQDO\VHUW�PHG�)7�,5� ���������� ��

7DEHOO���� 6DPPHQOLJQLQJ�DY�SRO\PHUHU�L�VHGLPHQWHU�RJ�L�2ZHQLD VS� ����������������������������������������������������� ��
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��� ,QQOHGQLQJ RJ K\SRWHVHU

3n�RYHURUGQHW QLYn��HU EDNJUXQQHQ�IRU�n�VWXGHUH�PLNURSODVW� PHQQHVNHKHWHQV�VWDGLJ�¡NHQGH�

IRUEUXN�DY�SODVW�RJ�GHWV�SRWHQVLHOOH�SUREOHP�IRU�MRUGDV�ELRVI UH��,������HVWLPHUWH�IRUVNHUH�DW�

YHUGHQVKDYHQH�LQQHKROGW�PLQLPXP�����WULOOLRQHU�SODVWSDUWLNOHU�PHG�HQ�VDPOHW�YHNW�Sn�PLQLPXP�

��� ����WRQQ��(ULNVHQ�HW�DO����������,QQHQ������HU�GHW�HVWLPHUW�DW�PHQJGHQ�YLO�¡NH�PHG�HQ�

WLHUSRWHQV��-DPEHFN HW�DO����������(OOHQ�0F$UWKXU�IRXQGDWLRQ��Sn�RSSGUDJ�IUD�:RUOG�(FRQRPLF�

)RUXP��������VNUHY�L�HQ�P\H�VLWHUW�UDSSRUW�EnGH�L�PHGLD�RJ�L�DNDGHPLVNH�WHNVWHU��(NVHPSHOYLV��

&DUOLQL�	 &OHLQH��������/DYLOOH�	 7D\ORU��������(JH������-DQ��������DW�GHW�LQQHQ������YLO�Y UH�

PHU�SODVW�HQQ�ILVN�L�KDYHW��'HWWH�KRYHGVDNHOLJ�PHG�EDNJUXQQ�L�HQ�VDPPHQVHWQLQJ�DY�HQ�PRGHOO�

DY�YHUGHQVKDYHQHV�WRWDOH ELRPDVVH��-HQQLQJV�	 &ROOLQJULGJH ������RJ�HW�HVWLPDW�DY�JOREDOH�

XWVOLSS�DY�SODVW�WLO�KDYHQH��-DPEHFN�HW�DO����������%nGH�EHUHJQLQJHQH�WLO�(ULNVHQ�HW DO�����������

-DPEHFN�HW�DO�����������-HQQLQJV�RJ�&ROOLQJULGJH �������RJ�:RUOG�(FRQRPLF�)RUXP��������VLQH�

NRQNOXVMRQHU�HU�HQWHQ�EDVHUW�Sn�VWRUVNDOD�HNVWUDSROHULQJHU�HOOHU�GDWDPRGHOOHULQJHU�PHG GDWD�IUD�HW�

EHJUHQVHW�DQWDOO�REVHUYDVMRQHU��$OOH�GLVVH�EHUHJQLQJHQH�E¡U�GHUIRU�WRONHV�PHG�IRUVLNWLJKHW RJ�YLO�

L�PDQJH�WLOIHOOHU�JL�HW�IDOVNW�ELOGH�DY�YLUNHOLJKHWHQ��'HW�HU�VWRU�XVLNNHUKHW IRUEXQGHW�PHG�WDOOHQH��

PHQ�GH�EHVNULYHU�VDPWLGLJ�SUREOHPDWLNNHQ��*UDIHQH�SHNHU�RSSRYHU�PHG�WDQNH�Sn JOREDO�

SURGXNVMRQ�DY�SODVW��,QVHQWLYHU�RP�UHJXOHULQJ�HU�XQGHUYHLV L�PDQJH�ODQG��EODQW�DQQHW�EOH�YLVVH�

W\SHU�HQJDQJVSODVW�Q\OLJ�YHGWDWW�IRUEXGW�L�(8�PHG�YLUNQLQJ�IUD ������'LUHFWLYH��(8������������

3ODVW�Pn�Sn�LQJHQ�PnWH�VHHV�Sn�VRP�HW�VWRUW�RQGH�XWHQ�JRGHU��6DPIXQQHW�KDGGH�LNNH�Y UW�GHU GHW�

HU�L�GDJ�XWHQ�SODVW��RJ�PHG�WDQNH�Sn�n�O¡VH�YHUGHQV�IDWWLJGRPVSUREOHP��PHUH�IRUQ\EDU�HQHUJL�RJ�

UHQW�YDQQ�WLO�DOOH�KDU�SODVW�HQ�YLNWLJ�UROOH��$QGUDG\�	 1HDO���������)RU�DW�SODVW�VNDO�NXQQH�EUXNHV�

Sn�HQ�E UHNUDIWLJ�PnWH�Qn�RJ�L�IUDPWLGHQ�Pn�YL�KD�HW�JRGW�NXQQVNDSVJUXQQODJ�RP�NRQVHQWUDVMRQ�L�

ELRVI UHQ��,�GDJ�HU�GHWWH�NXQQVNDSVJUXQQODJHW�W\QW��RJ�KXOOHQH�L�GHWWH�NXQQVNDSVJUXQQODJHW�HU

EDVLVHQ RJ�PRWLYDVMRQHQ�IRU�GHQQH�PDVWHURSSJDYHQ�

3n�RSSGUDJ�IUD�PLOM¡GLUHNWRUDWHW�VNXOOH�1RUVN�JHRWHNQLVN�LQVWLWXWW��1*,��XQGHUV¡NH�

PLNURSODVWNRQVHQWUDVMRQHQ�L�3RO\FKDHWHU IUD�QRUVN�NRQWLQHQWDOVRNNHO RJ�%DUHQWVKDYHW��'HQQH�

PDVWHURSSJDYHQ HU�LQLWLHUW�DY�GHWWH�RSSGUDJHW��'HW�HU�WLGOLJHUH�JMHQQRPI¡UW DQDO\VHU�DY�

KDYEXQQHQ�IUD�VDPPH�SU¡YHWDNQLQJVRPUnGH��0LOM¡GLUHNWRUDWHW������D��0LOM¡GLUHNWRUDWHW� ����E��
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RJ�GHOHU�DY�GLVVH�HU�UHDQDO\VHUW�PHG�¡NW�Q¡\DNWLJKHW�JMHQQRP�EUXN�DY�DQQHQ�PHWRGLNN�L�GHQQH�

PDVWHURSSJDYHQ�

'HQQH�VWXGLHQ�SUHVHQWHUHU�NYDQWLILVHULQJ DY�PLNURSODVNRQVHQWUDVMRQHQ�L�3RO\FKDHWHU��2ZHQLD RJ�

YXUGHUHU JUDGHQ�DY�ELRDNNXPXODVMRQ �%6$)���1XOOK\SRWHVHQH��+����+�� RJ�+����PHG�GHUWLO�

K\SRWHVHU �+����+���RJ�+��� HU��

+�� 0LNURSODVW�HU�LNNH�GHWHNWHUEDUW�L�3RO\FKDHWHU��2ZHQLD VS� IUD�1RUVN�NRQWLQHQWDOVRNNHO�RJ�

%DUHQWVKDYHW�

+�� 0LNURSODVW�WDV�RSS�L�3RO\FKDHWHU��2ZHQLD VS� Sn 1RUVN NRQWLQHQWDOVRNNHO�

RJ�L�%DUHQWVKDYHW

+�� 'HW�HU�LQJHQ�VDPPHQKHQJ�PHOORP�NRQVHQWUDVMRQHQ�DY�PLNURSODVW�L�VHGLPHQWHQH�RJ�L�

2ZHQLD�

+�� 'HW�HU�HQ�ELRWD� VHGLPHQW�ELRDNNXPXODVMRQVIDNWRU�PHOORP�VHGLPHQWHQH�RJ�

2ZHQLD�

+�� 'RPLQHUHQGH�SRO\PHUHU HU�LNNH�3RO\HWK\OHQWHUHIWDODW��3(7���SRO\HWK\OHQ��3(���

SRO\SURS\OHQ��33� RJ SROLYLQ\ONORULG��39&��

+�� 'HUVRP�GHW�ILQQHV�SODVW�L�SU¡YHQH��HU�GRPLQHUHQGH�SRO\PHUHU�3(7��3(��33�

RJ�39&��

,QWURGXNVMRQVPHVVLJ�YLO�SUREOHPDWLNNHQ�UXQGW�PLNURSODVW�RJ�SODVWHQV�KLVWRULH EOL�SUHVHQWHUW�

'HWWH�IRU�n�VHWWH�VWXGLHQ�L�NRQWHNVW�QnU�GHW JMHOGHU�SODVW��PDULQW�V¡SSHO�RJ�PLNURSODVW�VSHVLHOW��

3ODVW�VLQ�NMHPLVNH�RSSE\JQLQJ RJ IRUVNMHOOLJH��PHQ�UHOHYDQWH�SRO\PHUHU�YLO�EOL�NRUW�SUHVHQWHUW�

7HRULHQ�L�RSSJDYHQ�YLO�Y UH�EUHG��RJ�JURYW�GU¡IWH�HNVLVWHUHQGH�OLWWHUDWXU�RP�PLNURSODVW�L�ELRWD�Sn�

HW�RYHURUGQHW�QLYn��IRU�GHUHWWHU��Vn�ODQJW�GHW�ODU�VHJ�JM¡UH�VH�Sn�VWXGLHU�UHODWHUW�WLO��HOOHU�

RPKDQGOHQGH PLNURSODVW�L�3RO\FKDHWHU��2ZHQLD��SRSXO UW�NDOG�E¡UVWPDUN� %¡UVWHPDUNHQHV

DQDWRPL�RJ�IXUDVMHULQJVVWUDWHJL�UHOHYDQW�IRU�VWXGLHQ�YLO�EOL�GU¡IWHW��+YRUGDQ�PLNURSODVW�

WUDQVSRUWHUHV�IUD�YDQQPDVVHQH�RJ�WLO�VHGLPHQWHU�YLO�RJVn�EOL�RPWDOW��(NVLVWHUHQGH OLWWHUDWXU

RPKDQGOHQGH�PLNURSODVW�L�VHGLPHQWHU YLO�RJVn�EOL�QRH�GLVNXWHUW�IRU�n�VHWWH�UHVXOWDWHQH DY�

VHGLPHQW�GDWDHQH�L�NRQWHNVW��,�����5HVXOWDWHU�RJ�GLVNXVMRQ��+\SRWHVHQH�GLVNXWHUW YLO�WHRULHQ�EOL�

� 0HG�XWJDQJVSXQNW�L�DW�GLVVH�HU�YHUGHQV�PHVW�SURGXVHUWH�SRO\PHUHU�VLGHQ�������*H\HU��-DPEHFN��	 /DZ��������



�

GLVNXWHUW�RSS�PRW�UHVXOWDWHQH��*DQJHQ�L�VWXGLHQ HU�SUHVHQWHUW L )LJXU �� )ORZ�VNMHPD�DY�

DUEHLGVSURVHVVHQ��'HW�EOH�I¡UVW�DYGHNNHW�PLNURSODVW��03��L�VHGLPHQWHU��0LOM¡GLUHNWRUDWHW���������

$QDO\VHU�DY�2ZHQLGD IUD�VDPPH RPUnGH�EOH�GHUIRU�VDWW�L�JDQJ��)¡UVW�EOH�KHOH�PDUN�DQDO\VHUW��

GHUHWWHU EOH�03�L�PDUNHQV�NURSS�RJ�HNVRVNMHOHWW��7LO�VOXWW�EOH�ELRWD�VHGLPHQWV�

DNNXPXODVMRQVIDNWRU��%6$)��EHUHJQHW�IRU�KHOH�PDUN�RJ�IRU�HNVRVNMHOOHWW�RJ�NURSS�DGVNLOW� 'HWWH�

HU�HW�IORZ�VNMHPD�RYHU�DUEHLGVSURVHVVHQ��GHU�©03�L�VHGLPHQWHUª YDU�XWJDQJVSXQNWHW�IRU�VWXGLHQ��

SXEOLVHUW WLGOLJHUH��0LOM¡GLUHNWRUDWHW� ����D��0LOM¡GLUHNWRUDWHW�����E�� $QDO\VHU�DY�2ZHQLD�VS��

IUD�VDPPH�RPUnGH�EOH�GHUIRU�VDWW�L�JDQJ��)¡UVW�EOH�KHOH�PDUN�DQDO\VHUW��GHUHWWHU�EOH�PLNURSODVW�L�

PDUNHQV�NURSS�RJ�HNVRVNMHOHWW�WXEH�XQGHUV¡NW�DGVNLOW��RJ�%LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU�

�%6$)� EOH�EHUHJQHW�IRU�KHOH�PDUN�

&XW�RII EOLU�RPWDOW L�VWXGLHQ�VRP�HQ�JUHQVH��'HQQH�JUHQVHQ�NDQ�Y UH�QHGUH�JUHQVH�IRU�KYRU�VWRUH�

SDUWLNOHU�VRP�HU�XQGHUV¡NW��HOOHU�GHW�NDQ�Y UH�JUHQVHQ�IRU�KYRU�VWRU�OLNKHW�GHW�Pn�Y UH�PHOORP�

VSHNWHUHW�IUD�HQ�SDUWLNNHO �)7�,5��RJ�HW�ELEOLRWHN�PHG�SRO\PHUHU�IRU�n�JRGNMHQQH�SDUWLNNHOHQV�

VSHNWHU� ,�GHQQH�VWXGLHQ�HU�GHW�EHQ\WWHW�HQ�JUHQVH�Sn�����OLNKHW�IRU�DW�SDUWLNNHOHQ�VNDO�UHJQHV�

VRP�JRGNMHQW�

,�WDEHOOHQH�RJ�L�WHNVWHQ�HOOHUV�VWnU�ZZ�IRU�ZHW�ZHLJKW��GZ IRU�GU\�ZHLJKW RJ��P�EHW\U�PLNURPHWHU�

pQ �P�HU�HQ�PLOOLRQWHGHOV�PHWHU��HOOHU������ PP� 6H�NDSLWWHO���� IRU�RUGOLVWH�

)LJXU �� )ORZ�VNMHPD�DY�DUEHLGVSURVHVVHQ��'HW�EOH�I¡UVW�DYGHNNHW�PLNURSODVW��03��L�VHGLPHQWHU�
�0LOM¡GLUHNWRUDWHW���������$QDO\VHU�DY�2ZHQLGD IUD�VDPPH RPUnGH�EOH�GHUIRU�VDWW�L�JDQJ��)¡UVW�EOH�
KHOH�PDUN�DQDO\VHUW��GHUHWWHU EOH�03�L�PDUNHQV�NURSS�RJ�HNVRVNMHOHWW��7LO�VOXWW�EOH�ELRWD�VHGLPHQWV�
DNNXPXODVMRQVIDNWRU��%6$)��EHUHJQHW�IRU�KHOH�PDUN�RJ�IRU�HNVRVNMHOOHWW�RJ�NURSS�DGVNLOW�

���������������ǫ ������������ǫ
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��� 0LNURSODVW��RJ�SODVWHQV�KLVWRULH"

3ODVW�HU�PDNURPROHN\OHU�EHVWnHQGH�DY�NDUERQ�RJ�K\GURJHQ�RJ�HYHQWXHOOH�WLOVHWQLQJVVWRIIHU HOOHU�

EODQGLQJHU�PHOORP�IRUVNMHOOLJH�SRO\PHUHU �NRSRO\PHUHU���'H�IRUVNMHOOLJH PDNURPROHN\OHQH�NDQ�

GDQQH�NMHGHU��)RU�HNVHPSHO�HU�HWK\OHQ�HQ�PRQRPHU��HW�PDNURPROHN\O��VRP�NDQ�ELQGH�VHJ�

VDPPHQ�PHG�DQGUH�HWK\OHQPROHN\OHU�RJ�GDQQH�SRO\PHUHQ�SRO\HWK\OHQ��(WK\OHQ�HU�LJMHQ�E\JG�

RSS�DY�NDUERQ�RJ�K\GURJHQ��&URZIRUG�	 4XLQQ��������V� ���

1nU�YL�YLGHUH�VNDO�GHILQHUH PLNURSODVW�HU�SDUWLNNHOHQV�VW¡UUHOVH L�GHQ�OHQJVWH�DNVHQ�KYD�YL�PnOHU��

)RU�n�GHILQHUH SDUWLNNHOHQ�VRP�PLNURSODVW�Pn�GHWWH�PnOHW�L�GDJ�Y UH�XQGHU�� PP�RJ�RYHU���� �P

�*(6$03���������'HW HU�IRU¡YULJ�QRH�RPGLVNXWHUW�RP�GHQ�¡YUH�JUHQVHQ EXUGH VHQNHV WLO��PP��

)RU�XWI\OOHQGH�GLVNXVMRQ�DY�GHWWH�VH�NDSLWWHO�����.ODVVLILNDVMRQ�

����(Q�NRUW�RSSVXPPHULQJ�DY�SODVWHQV�KLVWRULH

3ODVWHQV�KLVWRULH�VWUHNNHU�VHJ�ODQJW�WLOEDNH�GHUVRP�PDQ�LNNH�EHWHJQHU�SODVW�VRP�XWHOXNNHQGH�

NXQVWLJ�IUDPVWLOWH�SRO\PHUHU��.DVHLQ HU�IRU�HNVHPSHO�HW�PHONHSURWHLQ�VRP�NDQ�IRUPHV�RJ�VRP�

VWLYQHU��.DVHLQ�VRP�PDWHULDOH�NDQ�VSRUHV�KHOW�WLOEDNH�WLO�(J\SWV�VWRUKHWVWLG�IUD�UXQGW������nU�I¡U�

.ULVWXV��<DUVOH\�	 &R]HQV��������V� ���� ,������nUHQH�GXNNHU�EUXNHQ�DY�RUGHW�SODVWLNN�RSS��'D�

PHG�KHQYLVQLQJ�WLO�QRH�VRP�NDQ�IRUPHV��2UGHW�VWDPPHU�IUD�JDPPHO�JUHVN��GHU�RUGHW�©SODVWLNRVª

EHW\U�©QRH�VRP�NDQ�IRUPHVª RJ�ODWLQ��GHU�©SODVWLFXVª EHW\U�IRUPEDU�HOOHU�IRPHOLJ��&URZIRUG�	

4XLQQ��������V������9LGHUH�VWDPPHU�RJVn�RUGHW�SRO\PHU�RJ�PRQRPHU�IUD�JDPPHO JUHVN�GHU�SRO\

EHW\U PDQJH�RJ�PHUH EHW\U�GHO��$OWVn�HQ�GHO��PRQRPHU� HOOHU�IOHUH�GHOHU� SRO\PHU��'HW�ILQQHV�HQ�

UHNNH�SRO\PHUHU�VRP�LNNH HU�SODVW��3RO\PHULVHULQJ�HU�SURVHVVHQ�GHU�PRQRPHUHU�NREOHV�VDPPHQ�

PHG�DQGUH�PRQRPHUHU�RJ�GDQQHU�SRO\PHUHU��(WK\OHQ NDQ�IRU�HNVHPSHO�SRORPHULVHUHV�WLO�

SRO\HWK\OHQ��&URZIRUG�	 4XLQQ��������V������+LVWRULVN�VHWW�KDU�SRO\PHULVHULQJ�Y UW�pQ�DY

XWIRUGULQJHQH�QnU�GHW�NRPPHU�WLO�n�ODJH�NXQVWLJH�SRO\PHUHU��RJ�IOHUH�JDQJHU�KDU WLOIHOGLJKHWHU�

Y UW�EDNJUXQQHQ�IRU�NMHPLVNH�UHDNVMRQHU��WHPSHUDWXU�HOOHU�WU\NN�VRP�L�QHVWH UHNNH�KDU�JLWW�

IRUVNMHOOLJH NXQVWLJH�SRO\PHUHU��'HW�VLHV�EODQW�DQQHW�DW�YXONDQLVHULQJHQ�DY�QDWXUJXPPL VRP�L�

QHVWH�UHNNH�EOH�GHQ�I¡UVW�NXQVWLJH�SRO\PHUHQ EDNHOLWW� YDU�HW�UHVXOWDW�DY�DW�&KDUOHV�*RRG\HDU�

NDVWHW�JXPPLHQ�L�RYQHQ XQGHU�HQ�NUDQJHO�PHG�VLQ�IRUUHWQLQJVSDUWQHU��/LNHVn�VLHV�GHW�DW�NDWWHQ�WLO�

$GROI�6SLWWHOHU�L������YHOWHW�HW�JODVV�PHG�IRUPDOGHK\G�L PHONHQ�VLQ�RJ�PHG�GHW�OD�JUXQQODJHW�IRU�

GHQ�LQGXVWULHOOH�IUHPVWLOOLQJHQ�DY�NDVHLQ��5DOVWRQ�	 2VVZDOG��������



�

3n�VOXWWHQ�DY������WDOOHW�RJ�EHJ\QQHOVHQ�DY������NRP�GHW�HQ�UHNNH�Q\H�PDWHULDOHU��RJ�GH�I¡UVWH�

KDOYV\QWHWLVNH�RJ�KHOV\QWHWLVNH�SRO\PHUHQH�GXNNHW�RSS��,������IDQW�+LODLUH�GH�&KDUGRQQHW�

������������RSS�YLVNRVHQ� GHU�SODQWH � HOOHU�WUHPDWHULDOH�EOH�JMRUW�IO\WHQGH�IRU�GHUHWWHU�n�I¡UHV�

JMHQQRP�VPn�KXOO�L HQ�VLO�RJ�VWLYQH�WLO�WUnGHU��'HWWH�NDOOHV V\QWHWLVN�ERPXOO��YLVNRVH�HOOHU�NXQVWLJ�

VLONH��5HP\�HW�DO����������3DWHQWHQ�IRU�IHQRO�DOGHK\G�NRP�L������RJ�NMHQQHV L�GDJ�VRP�EDNHOLWW��

'HWWH�YDU GHQ�I¡UVWH�KHOV\QWHWLVN�SRO\PHUHQH��)¡U�GHQ�WLG��YDU�GH�Q\H�SRO\PHUHQH�VRP�QHYQW�

PRGLILVHULQJ�DY�IRU�HNVHPSHO�FHOOXORLGHU�� DOWVn�FHOOXORVHSURGXNWHU�

7LGHQ�IUDP�PRW�GH�KHOV\QWHWLVNH�SRO\PHUHQH�YDU�LNNH�XWHQ�EHW\GQLQJ��RJ�NREOLQJHQ�PHOORP�

QDWXUOLJH�SRO\PHUHU�RJ�GHUHV�KLVWRULH�IUDP�PRW�GDJHQV�PRGHUQH�SODVW�HU�YLNWLJH�QnU�YL�GLVNXWHUHU�

SODVW�L�KDYHW��9LVNRVH�RJ�UD\RQ��NXQVWLJ�ERPXOO��HU�SRO\PHUHU�VRP�HU�L�P\H EUXN�RJ�GHW�ILQQHV�

VWRUH�NRQVHQWUDVMRQHU�DY�GLVVH�L�YHUGHQVKDYHQH��5HP\ HW�DO�� �������'HW�HU�HQ�XWIRUGULQJ�DW�

VWXGLHU�VRP�LNNH�KDU�JMHQQRPI¡UW�HQ�NMHPLVN�DQDO\VH��YLO�NXQQH�JL�RYHUODSSHQGH�UHVXOWDWHU�

PHOORP�YLVNRVHILEHU�RJ�SODVWILEHU��HOOHU�RYHUODSS�PHOORP�KHOQDWXUOLJH�RJ VHPLV\QWHWLVNH�ILEHU��

9LVNRVH�RJ�Q\ORQILEHU�NDQ�IRU�HNVHPSHO�Y UH�XWIRUGUHQGH�n�VNLOOH�IUD�KYHUDQGUH�YLVXHOW��'HWWH�

JMHOGHU�RJVn�YHG�)7�,5�DQDO\VH�

3n������WDOOHW Vn�SROLYLQ\ONORULG��39&��GDJHQV�O\V��RJ�L������VWDUWHW�VWRUVNDOD�SURGXNVMRQ�RSS� ,�

VDPPH�SHULRGH�NRP�EnGH�Q\ORQ�RJ�SRO\VW\UHQH��36��Sn�PDUNHGHW��0XOGHU�RJ�.QRW���������)UD�

GHQQH�WLGHQ�RJ�IUDP�WLO�L�GDJ�HU GHW�VWDGLJ NRPPHW�WLO�Q\H�SRO\PHUHU�RJ�LNNH�PLQVW�NRSRO\PHUHU��

$OWVn�NRPELQDVMRQHU�DY�IOHUH�SRO\PHUHU�VRP�VDPPHQ�JLU�Q\H�HJHQVNDSHU�WLO�PDWHULDOHW �0XOGHU�

	 .QRW���������0DQJH�DY�GLVVH�JLU�HNVWUDRUGLQ UH HJHQVNDSHU�VRP�L�IOHUH�WLOIHOOHU�JLU��RJ�YLO�JL�

WHNQRORJL�VRP�HU�VY UW�SRVLWLYW�IRU�HNVHPSHO�QnU�GHW�NRPPHU�WLO�NXWW�L�NOLPDJDVVXWVOLSS��'HWWH�HU�

V UOLJ�HQ�UHDOLWHW�GHU�GHOHU�L�IRU�HNVHPSHO�IO\��ELOHU�RJ�WRJ�NDQ�In�UHGXVHUW�VLQ�YHNW �$QGUDG\�	

1HDO� ������

����3ODVW L KDYHW RJ GHWV�RSSE\JJLQJ

(OOHQ�0DF�$UWKXU�IRXQGDWLRQ�OHYHUWH�VDPPHQ�PHG�:RUOG�(FRQRPLF�)RXUXP�RJ�0F.,QVH\�

&HQWHU�IRU�%XVLQHVV�DQG�(QYLURQPHQW��L������HQ�RPIDWWHQGH�UDSSRUW�YHG�QDYQ ³7KH�1HZ�3ODVWLFV�

(FRQRP\�5HWKLQNLQJ�WKH�IXWXUH�RI�SODVWLFV´ �:RUOG�(FRQRPLF�)RUXP� �������5DSSRUWHQ�NRPPHU�

PHG�SUHGLNVMRQHU RJ�VWDWLVWLNN�RYHU�VWDWXV�IRU�YHUGHQVKDYHQH�QnU�GHW�NRPPHU�WLO�XWVOLSS DY�SODVW��

0LQLPXP���PLOOLRQHU�WRQQ�PHG�SODVW�HQGHU�KYHUW�nU�L�YHUGHQV�KDY��3URJQRVHQH�WLOVLHU�HQ�GREOLQJ�



�

PRW������RJ�HQ�ILUHGREOLQJ�LQQHQ������ 6W¡UUH�ELWHU�PHG�SODVWV¡SSHO��YDVNHSURGXNWHU��PHGLVLQHU�

RJ�WHNVWLOHU�HU�UHJQHW�VRP�PLNURSODVWHQV�ILUH�KRYHGNLOGHU��%URZQH HW�DO��������� 6DPPHQ PHG�

SURJQRVHQH�RP�GREOLQJ�RJ�ILUHGREOLQJ�DY�XWVOLSSHQH�I¡OJHU�HQ�SURJQRVH�RP NDUERQEXGVMHWW��, GDJ�

HU�SODVW�EHUHJQHW�WLO�n�VWn�IRU�FD����DY�YHUGHQV�&2��XWVOLSS��,QQHQ������HU�SURJQRVHQ�����

�:RUOG�(FRQRPLF�)RUXP���������'LVVH�WDOOHQH�VNLOOHU�LNNH�PHOORP�PLNURSODVW�RJ�PDNURSODVW��

PHQ HQWHQ�SODVW�VWDUWHU�VRP�PDNUR HOOHU�PLNUR QnU�GH�HQGHU�L KDYHW�YLO�DYIDOOHW�HWWHU�KYHUW�EU\WHV�

QHG�WLO�PLNURSODVW�RJ�L�Vn�PnWH�EOL�UHOHYDQW�IRU�GHQQH�VWXGLHQV�IDJOLJH�IRNXV� PLNURSODVW�L�

3RO\FKDHWHU��2ZHQLD VS��Sn�QRUVN�NRQWLQHQWDOVRNNHO�RJ L�%DUHQWVKDYHW�

'HQQH�VWXGLHQ V¡NHU�LNNH�n�GLVNXWHUH�HQNHOWSRO\PHUHU�LQQJnHQGH��PHQ�NRQVHQWUHUHU VHJ RP�

PLNURSODVWNRQVHQWUDVMRQHU RJ�SRO\PHUVDPPHQVHQWLQJ�L�ELRWD�RJ VHGLPHQWHU� VDPW�

DQDO\VHPHWRGLNN RJ�NODVVLILNDVMRQ DY SDUWLNNHOVW¡UUHOVH�

3ODVW�HU�KRYHGVDNOLJ�E\JG RSS�DY NDUERQ�RJ�K\GURJHQ��VRP�GDQQHU�PRQRPHUHU��GHU�ODQJH�NMHGHU�

DY�GLVVH�GDQQHU�PDNURPROHN\OHU� (Q�SRO\PHU�VNLOOHV�L�VWRU�JUDG�IUD�HQ�DQQHQ�XW�IUD�JHRPHWULVN�

VWUXNWXU��,�WLOOHJJ�NDQ�IOHUH�SRO\PHUHU�EODQGHV��RJ�VDPPHQ�GDQQH�NRSRO\PHUHU�PHG�HJQH

HJHQVNDSHU��+YRU�JRGW�SDNNHW�PDNURPROHN\OHQH�HU�RJ�KYRU�YLGVWUDNWH�GH�HU�DYJM¡U�L�VWRU�JUDG�

WHWWKHWHQ �&URZIRUG�	 4XLQQ������� V����������)DUJHVWRII�RJ�HYHQWXHOOH DGGLWLYHU��VRP�IRU�

HNVHPSHO IODPPHKHPPHUH��NDQ�WLOVHWWHV�SODVWHQ��(W�XWVQLWW DY�GHQ�PROHNO\O UH VWUXNWXUHQ�WLO

3RO\HWK\OHQ��3(��HU�YLVXDOLVHUW�XQGHU��3RO\SURS\OHQ�HU�WLOVYDUHQGH�E\JG�RSS��PHQ�PHG�HQ�&+���

GHU�¡YHUVWH�K¡\UH�K\GURJHQ�HU�ORNDOLVHUW�L�PRGHOOHQ�DY�3(�

)LJXU����3RO\HWK\OHQ��3(�������� DY��/DUV�(JLO�+HOVHWK���KWWSV���VQO�QR�SRO\HW\OHQ�� &&�%<�6$����



�

��� 7HRUL

7HRULHQ VRP�KHU�SUHVHQWHUHV�RJ�GLVNXWHUHV�HU�VWHGYLV�GHWDOMHUW�RJ�VSHVLILNN��V UOLJ QnU�GHW�JMHOGHU

PHWRGLNN�IRU�DQDO\VH�DY�PLNURSODVW��'HWWH�HU�JMRUW�IRU�n�VHWWH�PHWRGLNNHQ�EUXNW�L�GHQQH�VWXGLHQ�L�

NRQWHNVW�DY�HNVLVWHUHQGH�OLWWHUDWXU��7HRULNDSLWWHOHW�NDQ�VOLN VHWW�OHVHV�NURQRORJLVN�IRU�n�JL�HW�

EDNWHSSH�WLO�PHWRGLNNNDSLWWHOHW��PHQ�GHW�HU RJVn�W\GHOLJJMRUW�L�PHWRGHNDSLWWHOHW�KYRU�PDQ�NDQ�Jn�

WLOEDNH�L�WHRULHQ�IRU�n�OHVH�GU¡IWLQJ�DY�GH SUDNWLVNH�VWHJHQH�L�GHQ�JMHQQRPI¡UWH�PHWRGHQ�

6RP�QHYQW�L�LQQOHGQLQJVNDSLWWHOHW ������EOLU�LNNH�SODVWSRO\PHUHUV�NMHPL�RJ�RSSE\JJLQJ�QHYQW

LQQJnHQGH�L WHRULNDSLWWHOHW��PHQ�PXOLJ�RSSKDY WLO�QRHQ�DY�GLVVH�EOLU�OLNHYHO�RPWDOW �PHG�

NLOGHKHQYLVQLQJHU� L�GLVNXVMRQVNDSLWHOHW L�UHODVMRQ�WLO�IXQQ�L�SU¡YHQH�

����.ODVVLILNDVMRQ

.ODVVLILNDVMRQ�DY�PLNURSODVW�GRPLQHUHV�IRUWVDWW�DY�PDQJOHQGH�NRQVLVWHQV�LQQHQ�

IRUVNQLQJVOLWWHUDWXUHQ��6W¡UUHOVH� NMHPLVN�RSSE\JJLQJ��IRUP��WHWWKHW��DGGLWLYHU��HURVMRQ��O¡VHOLJKHW�

RJ�RSSULQQHOVH HU�XWJDQJVSXQNW�IRU�NODVVLILNDVMRQ��GHU�IRUVNMHOOLJ�OLWWHUDWXU�L PDQJH�WLOIHOOHU

EUXNHU�IRUVNMHOOLJH�WHUPHU RJ�GHILQLVMRQHU��+DUWPDQQ�HW�DO���������+LGDOJR�5X]�HW�DO���������

)RUVNMHOOLJ�WLOJDQJ�WLO��RJ�NRPSHWDQVH�L�EUXN�DY DQDO\VHYHUNW¡\�KDU�Y UW�HQ�DY�JUXQQHQH�WLO�

PDQJOHQGH�IRUVNQLQJVPHVVLJ�NRQVHQVXV��0DQJH�DUWLNOHU HU�EDVHUW�Sn�YLVXHOO�LGHQWLILNDVMRQ�DY�

SODVW� 5HQQHU��6FKPLGW�RJ�6FKUDP��������DQEHIDOOHU�LNNH�YLVXHOO VRUWHULQJ�DY�SDUWLNOHU�XQGHU�����

�P�JUXQQHW�VWRU�IDUH�IRU�PHQQHVNHOLJ�IHLO� (Q�DY�XWIRUGULQJHQ�HU�DOWVn�¡NHQGH�XVLNNHUKHWHQ�YHG�

PLQNHGH�VW¡UUHOVH�Sn�REMHNWHQH�����WLO�����DY�REMHNWHU�YLVXHOW�LGHQWLILVHUW�VRP�SODVW�YLVHU VHJ�YHG�

NMHPLVN�DQDO\VH�PHG )7�,5 PLNURVNRSL�n�LNNH�Y UH�SODVW��+LGDOJR�5X]��*XWRZ��7KRPSVRQ�RJ�

7KLHO�������� 0DQJOHQGH�WHNQRORJL�IRU�NMHPLVN�DQDO\VH�KDU�RJVn�Y UW�PHG�n�OHJJH�JUXQQODJHW�IRU�

KYD�HQ UHJQHU�VRP�YLNWLJ�n VH�Sn�YHG�VWXGLHU�DY�PLNURSODVW��1nU�HQ�LNNH�KDU�KDWW�PXOLJKHW�WLO

NMHPLVN�DQDO\VH��KDU�HJHQVNDSHU�VRP�IDUJH�RJ�IRUP�RIWH�EOLWW�EHVNUHYHW�LQQJnHQGH��+LGDOJR�5X]�

HW DO����������1\�WHNQRORJL�HU�LNNH�HQVEHW\GHQGH�PHG�DW�GHWWH�Qn�HU�XYLNWLJ��PHQ�PXOLJKHWHQ�IRU�

GLUHNWH�LGHQWLILNDVMRQ�DY�REMHNWHWV�NMHPLVNH�RSSE\JJLQJ�YLO�L�PDQJH�WLOIHOOHU�JM¡UH�DQGUH�

SDUDPHWHUH�RYHUIO¡GLJ��(W�DQQHW�HNVHPSHO�Sn�NODVVLILNDVMRQ�PHG XWJDQJVSXQNW�L�SUDNWLVNH�KHQV\Q�

HU�HQ�QHGUH�FXW�RII Sn���� PLNURPHWHU��'HWWH�HU�V\QOLJ�L�HQ�JRG�GHO�OLWWHUDWXU�PHG�nUVDN�L�DW�GHQQH�
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ILOWHUGLDPHWHUHQ YDQOLJ�L�SODQNWRQQHWW� XWHQ�YLGHUH WHRUHWLVN�EDNJUXQQ�IRU�YDOJHW�DY�GHQQH�FXW�RII�

HQ �+DUWPDQQ�HW�DO����������

+YD�VRP�YLGHUH�VNDO SXWWHV�LQQHQIRU RJ�XWHQIRU�JUXSSHQ�SODVW�HU�RPGLVNXWHUW��PHQ�RJVn�KHU�WDU�

+DUWPDQQ�HW�DO����������WDN�L�HNVLVWHUHQGH�OLWWHUDWXU�RJ�PHG�GHQQH�NRPPHU�IRUVODJ�WLO SUHPLVVHU��

6W¡UUHOVHVNDWHJRULHU IRUHVOnWW�DY�+DUWPDQQ�HW�DO����������HU�QDQRSODVW��������QP���PLNURSODVW����

����ȝP���PHVRSODVW������PP��RJ�PDNURSODVW��!��PP���'HW�NXQQH�KHU�V\QHV�SUDNWLVN�n�I¡OJH�

6,�HQKHWHQH�IRU�OHQJGH�RJ�PHG�GHW�KHOOHU�KD�NDWHJRULHU�VRP�QDQRSODVWLNN��PLNURSODVWLNN��

PLOOLSODVW��FHQWLSODVW�RJ�GHFLSODVW��PHQ�PHG�OLWWHUDWXUHQ�VRP�DOOHUHGH�HU�VNUHYHW�LQQHQ�WHPDHW�

PLNURSODVW�V\QHV�GHWWH�XUHDOLVWLVN�

'HQQH�PDVWHUVWXGLHQ�EDVHUHU�VHJ�Sn�WHUPLQRORJL�IRU�VW¡UUHOVH�EDVHUW�Sn�)ULDV�HW�DO�����������GHU�

GLVVH�Sn�EDNJUXQQ DY�GLVNXVMRQHU��ZRUNVKRS�RJ�GH�VLVWH�IDJIHOOHYXUGHUWH DUWLNOHU�GHILQHUHU

PLNURSODVW��(Q�XWIRUGULQJ�YHG�NODVVLILVHULQJ�HWWHU�VW¡UUHOVH�HU�ILEHU��+HU�IRUHVOnU�+DUWPDQQ�HW�DO���

�������DW�REMHNWHWV�OHQJVWH�DNVH�VNDO�Y UH�JMHQVWDQG�IRU�REMHNWHWV�VW¡UUHOVH� 'HWWH�YLO�IRUHQNOH�RJ�

VWDQGDUGLVHUH��+DUPWDQQ�HW�DO����������5HP\�HW�DO�� �������YLVHU�KYRUGDQ�RYHU�����DY�GHUHV�

XQGHUV¡NHOVH�DY�PDNURIDXQD��3RVLGRQLD�RFHDQLFD��YHG�.RUVLND��0LGGHOKDYHW�KDGGH�YLVNRVHILEHU�

L�WDUPNDQDOHQ��.ODVVLILVHULQJ�DY�ILEHU�HU�I¡OJHOLJ�UHOHYDQW�LQQHQ�IRUVNQLQJ�Sn�PLNURSODVW��/XVKHU�

HW�DO����������IDQW�RYHU�KDOYSDUWHQ�DY�SRO\PHUHQH�VSLVW�DY�ILVN�L�GHQ�HQJHOVNH�NDQDO�n�Y UH�

5D\RQ�ILEHU��'HQQH�NODUHULQJHQ�HU�WLO�WURVV�IRU�NRQWURYHUVHU�RP�YLVNRVH�RJ�5D\RQ�VNDO�

NODVVLILVHUHV�VRP�SODVW�HOOHU�HL�YLNWLJ�IRU�NRUUHNW�NYDQWLILVHULQJ�RJ�NRQVHQWUDVMRQVEHUHJQLQJ�DY�

PLNURSODVW�L�IDXQD��5D\RQ�RJ�YLVNRVH�VRP�SODVW�HOOHU�LNNH�I¡UHU�RVV�RYHU�L�GLVNXVMRQHQ�RP�KYD�

VRP�HU�SODVW��RJ�LNNH�SODVW�

+DUWPDQQ�HW�DO����������V������� JMHQJLU�6,�HQKHWHQHV�GHILQLVMRQ�Sn�KYD�SODVW�HU��³PDWHULDO�ZKLFK�

FRQWDLQV�DV�DQ�HVVHQWLDO�LQJUHGLHQW�D�KLJK PROHFXODU�ZHLJKW�SRO\PHU DQG�ZKLFK��DW�VRPH�VWDJH�LQ�

LWV�SURFHVVLQJ�LQWR�ILQLVKHG�SURGXFWV��FDQ�EH�VKDSHG�E\�IORZ´� 8WIRUGULQJHQ�PHG�GHQQH�

GHILQLVMRQHQ�HU�EODQGW�DQQHW�DW�YLVVH�SRO\PHUHU�IDOOHU�XWHQIRU�GHQQH�GHILQLVMRQHQ��*XPPL��

NU\VWDOOLQVNH�ILEHU�VRP�LNNH�HU�IRUPHW�YHG ³IORZ´��RJ�39&�HU�HNVHPSOHU��9HG�n�K\SRWHWLVN�VHWW�

XWHODWH�JXPPL�RJ�39&�IUD�GHW�YL�VHU�Sn�VRP�PLNURSODVW�YLO�GHWWH�Y UH�PRWVWULGHQGH�L�IRUKROG�WLO�

HQ�UHNNH�VWXGLHU�VRP�L�GDJ UHJQHV�VRP�PLNURSODVWVWXGLHU��5H]DQLD�HW�DO���������RJ�YLO�I¡OJHOLJ�

Y UH�HQ�NODVVLILNDVMRQ VRP�LNNH�SDVVHU�LQQ�L�GDJHQV�DNDGHPLVNH�YLUNHOLJKHW�QnU�GHW�NRPPHU�WLO�

PLNURSODVW��0RGLILVHUWH�QDWXUOLJH�SRO\PHUHU�VRP�5D\RQ��FHOOXORVH�RJ�QDWXUJXPPL�IRUHVOnV�DY�
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+DUWPDQQ�HW�DO����������WLO�NODVVLILNDVMRQ�LQQHQIRU�JUXSSHQ�SODVW��'HWWH�JUXQQHW�GHUHV�VY UW�

RPIDWWHQGH�RJ�LQGXVWULHOOH�EHDUEHLGLQJ��9LGHUH�DQEHIDOHV�VLOLNRQ�RJ�ELRSODVW�SODVVHUW�LQQHQ�

VDPPH�NDWHJRUL��RJ�GHW�VDPPH�JMHOGHU�SRO\PHUHU�PHG�K¡\W�LQQKROG�DGGLWLYHU��GD�GLVVH�YLO�NXQQH�

EOL�ERUWH�YHG�GHJUDGHULQJ��.RSRO\PHUHU�HU�ODJHW�DY�IOHUH�HQQ�HQ�PRQRPHU��PHQ�HU�LNNH�

Q¡GYHQGLJYLV�HW�WXQJW�PDNURPROHN\O��0HG�XWJDQJVSXQNW�L�DW�GHW�HU�V\QWHWLVN�ODJHW��LQGXVWULHOW�

SURGXVHUW�RJ�HQGHU�RSS�L�PLOM¡HW�VRP DQQHQ�SODVW�IRUHVOnV�GLVVH NDWHJRULVHUW�VRP�SODVW��

8QQWDN�HU�IORNNXOHULQJVPLGOHU�VRP L�YDQQ�YLO�RSSWUH�YLVN¡VW��'HWWH�JMHOGHU�IRU�HNVHPSHO�

SRO\DNU\ODPLG��'LVVH�UHJQHV�GD�LNNH�VRP�©SDUWLFXODU�PDWWHUª RJ�E¡U�LI¡OJH�+DUPWDQQ�HW�DO���

�������KROGHV�XWHQRP�SODVWNDWHJRULHQ�RJ�IRUEOL�L�HQ�HJHQ�NDWHJRUL�IRU�©JHOVª��)¡OJHOLJ�EOLU�

PDQJOHQGH�HYQH�WLO O¡VHOLJKHW��YHG �� �& WHPS��RJ�WLOVWHGHY UHOVH�L�PLOM¡HW��PHQ�XWHQ�n�Y UH�WLO�

Q\WWH�IRU�GHW�REMHNWH�QH��YDU�PHQW�IRU� NULWHULHU�VRP�Pn�I\OOHV�IRU�DW�SODVW�VNDO�NXQQH�NDOOHV�SODVW�

,�GHQQH�VWXGLHQ�KROGHV�VHPLV\QWHWLVNH�ILEHU�XWHQRP�SODVW�NDWHJRULHQ��'HWWH�GD�GHW�HU�VWRU�

RYHUODSS�PHOORP�)7�,5 VSHNWUHQH�L�HQ�5D\RQ�HOOHU�YLVNRVHILEHU�RSS�PRW�QDWXUOLJH�FHOOXORVHILEHU��

'HQQH�VWXGLHQ�WDU�LNNH�L�EUXN�YLVXHOO�PLNURVNRSL�RJ�I¡OJHOLJ�EOLU GLVWLQNVMRQHQ XVLNNHU��'HQQH�

VWXGLHQ�VNLOOHU�KHOOHU�LNNH�PHOORP�SODVW RJ JHOV� SRO\DNU\ODPLG�HU�L�GHQQH�VWXGLHQ�GHUIRU�

LQQEHUHJQHW�VRP�SODVW� 'HW�VDPPH�JMHOGHU�39&�RJ�JXPPL��JUXQQHW�PXOLJKHW�IRU�VDPPHQOLJQLQJ�

DY�UHVXOWDWHU�PHG�WLOVYDUHQGH�VWXGLHU�

)RU�n�JMHQQRPI¡UH�HQ�UHOHYDQW�DQDO\VH�HU�IRUPnOHW�PHG�HQ�VWXGLH�QDWXUOLJ�QRN�DYJM¡UHQGH��'HW�HU�

OLWHQ�JUXQQ WLO�n�EHVNULYH�SODVWREMHNWHU�HOOHU�NODVVLILVHUH�GLVVH�HWWHU�PnO�VRP�LNNH�HU�UHOHYDQW�IRU�

VWXGLHQ��(W�HNVHPSHO�Sn�GHWWH�HU�IDUJH��GHU�GHWWH�L�In�WLOIHOOHU� XWRYHU�HYHQWXHOO�PXOLJKHW�WLO�n�VSRUH�

SODVWHQV�NLOGH��HOOHU�YHG�ELRORJLVN�RSSWDN�GHU�ELRWD�VHOHNWHUHU�PDWLQQWDN�HWWHU�IDUJH��JLU UHOHYDQW�

HNVWUD�LQIRUPDVMRQ�GHUVRP�PDQ�KDU�WLOJDQJ�WLO�HQ�NMHPLVN�DQDO\VH�VRP�NDQ�EHVWHPPH�KYLONHQ�

SODVW�PDQ�KDU�n�JM¡UH�PHG� ,�GHQQH�VWXGLHQ�HU�IDUJH�RJ�IRUP�GHUIRU�LNNH�XQGHUV¡NW�

+YRU XOLNH�SODVWSRO\PHUHU�KDU�VLWW�RSSKDY�KDU�KHOOHU�LNNH�Y UW�HQ�YLNWLJ�GHO�DY�GHQQH�VWXGLHQ��

PHQ�GHU�GHW�HU�QDWXUOLJ�HU�GHWWH�QHYQW�L�GLVNXVMRQHQ��IRU�HNVHPHSHO�IRU SRO\DNU\ODPLG�
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����7UDQVSRUW�DY�SODVW�PRW�KDYEXQQHQ

3ODVWHQV�WHWWKHW�RJ�PHG�GHW�HJHQYHNW��QHGEU\WLQJ�IUD�IRWRO\VH��WHUPDO�RNVLGDVMRQ��K\GURO\VH�RJ�

ELRORJLVN�QHGEU\WQLQJ�SnYLUNHU�KYRUGDQ�SODVWHQ�RSSI¡UHU�VHJ�L�ELRVI UHQ�RJ�L�KDYHW��,�KDYHW�HU�GHW�

KRYHGVDNHOLJ�IRWRO\VH�VRP�VWnU�IRU�IRUYLWULQJ DY�SODVW��PHQ�GHWWH�DYKHQJHU�DY�SRO\PHUHQ�RJ�

VW¡UUHOVH��RJ�QnU�SODVW�HQGHU�XQGHU�JUHQVHQ�IRU�O\VLQQWUHQJQLQJ�HU�LNNH�GHWWH�HQ�IDNWRU�VRP�DNWLYW�

SnYLUNHU�SDUWLNNHOHQ��$QGUDG\���������

6M¡YDQQ�KDU�HQ�WHWWKHW�Sn�FD����� J�FP���3DUWLNOHU�PHG�ODYHUH�HJHQYHNW�YLO�QDWXUOLJ�QRN�IO\WH��RJ�

W\QJUH�YLO�V\QNH��(Q�UHNNH�SODVWVRUWHU��ILQQHU�YL�GHULPRW�L�VHGLPHQWHQH�Sn�KDYEXQQHQ�HOOHU�L�

EHQWLVN�IDXQD�VHOY RP�GHQ�VSHVLILNNH�SRO\PHUHQ�KDU�HJHQYHNW�XQGHU�������'HWWH�JMHOGHU�IRU�

HNVHPSHO�SRO\SURS\OHQ��33� RJ�SRO\HWK\OHQ��3(��SODVW��0LOM¡GLUHNWRUDWHW������E��%HUJPDQQ�HW�

DO����������(Q�SDUWLNNHO�XWVDWW�IRU�IRWRRNVLGDVMRQ�YLO�L�WLOOHJJ�In�UHGXVHUW VLQ�HJHQYHNW��'HW�HU�

ODQVHUW�IRUVNMHOOLJH�WHRULHU�IRU�KYRUGDQ�GLVVH�OHWWH�SDUWLNOHQH�HQGHU�Sn�KDYEXQQHQ��'DQQHOVH�DY�

ELRILOP�Sn�SODVWSDUWLNNHOHQ�NDQ�VNMH�L�O¡SHW�DY�QRHQ�In�GDJHU��RJ�NDQ�¡NH�GHQ�WRWDOH�

PDVVHWHWWKHWHQ�VOLN�DW�SDUWLNNHOHQ V\QNHU��.RRL��������5XPPHO��-DKQNH��*RURNKRYD��.�KQHO��

6FKPLWW�-DQVHQ���������'HW�HU�RJVn�YLVW�DW�PLNURSODVW�PHG�ODY�HJHQYHNW�NDQ�WUDQVSRUWHUHV�

YHUWLNDOW�JMHQQRP�YDQQV¡\OHQ�YHG�n�Y UH�LQQNDSVOHW�L�DYI¡ULQJ IUD�]RRSODQNWRQ��&ROH�HW�DO���

�������
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����0LNURSODVW�L�EHQWLVN�IDXQD

$Y�VWXGLHU�VRP�UHWWHU�VHJ�PRW�EHQWLVN�IDXQD�SUHVHQWHUHU�%RXU�HW�DO��������� GHOYLV UHOHYDQWH�GDWD��

'LVVH�XQGHUV¡NWH�EODQW�DQQHW�EHQWLVN�IDXQD�L�,QGUH�2VORIMRUG��1RUJH��8WRYHU�GHWWH�HU�OLWWHUDWXUHQ�

RP�PLNURSODVW�L�EHQWLVN�IDXQD�PDQJHOIXOO �0LOM¡GLUHNWRUDWHW��������%RXU�HW�DO����������

6NMHOO�HU�IRU�¡YULJ�QRH�VWXGHUW��%OnVNMHOO��0\WLOXV HGXOLV��HU�IRU�HNVHPSHO�VWXGHUW�ODQJV�KHOH�

QRUVNHN\VWHQ��RJ�GHW�HU�IXQQHW�PLNURSODVW L�Q UW�DOOH�SU¡YHU�PHG�K¡\HVW�NRQVHQWUDVMRQ�L�

)LQQPDUN�RJ�L�2VORIMRUGHQ��%UnWH�HW�DO����������0XVOLQJHQH�KDGGH�Sn�GHW�PHVWH�HW�VQLWW�Sn��������

�����SDUWLNOHU�SU� LQGLYLG�RJ��������������SDUWLNOHU !�� �P�J�ZZ GHU�����YDU�ILEHU� +YD�JMHOGHU�

EHQWLVN�IDXQD�L�LQGUH�2VORIMRUG�IDQW�%RXU�HW�DO�� �������SODVW�L�DOOH�SU¡YHU��PHQ�NRQVHQWUDVMRQHQ�

YDU�DYKHQJLJ�DY�EHLWHP¡QVWHU� XWHQ�n�ILQQH�NRQVHWUDVMRQVIRUVNMHOOHU�EDVHUW�Sn�WURILVN�QLYn�HOOHU�

KDELWDW��'H�IDQW�HW VQLWW�Sn�HQ�WLO�WR�PLNURSODVWSDUWLNOHU SU� LQGLYLG��PHQ�GH�NRPPHQWHUHU�LNNH�

DQWDOO�SU� JUDP HOOHU�NLOR YnWYHNW��%RXU�HW�DO����������VWXGHUWH�SDUWLNOHU�QHG�WLO�����P RJ�HU�GHUIRU�

VDPPHQOLJQEDU�PHG�GHQQH�VWXGLHQV�QHGUH�FXW�RII�

����� 3RO\FKDHWHU��2ZHQLD

)LJXU �� %UXN�45�OHVHU�IRU�PRELO�IRU�n�
VH�VWRUW�RJ�]RRPEDUW�ELOGH��)LJXU����DY�
2ZHQLD�

)LJXU �� �'�PRGHOO�DY�2ZHQLD��0LNUR�&7�
VFDQ����[�IRUVW¡UUHOVH��RSSO¡VQLQJ�����P�
SU� SL[HO��$Y� 6DQWLDJR�4XLQWHURV�
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*UXSSHQ�3RO\FKDHWHU �EHQWLVNH�RUPHU��HU HQ�VWRU�JUXSSH�PHG�WXVHQYLV�DY�IDPLOLHU�XQGHU�VHJ��

8QGHU�KYHU�IDPLOLH�ILQQHU�YL�HQ�UHNNH�DUWHU��RJ�PRUIRORJLVN�HU�PDQJH�DUWHU�OLNH��,�GHQQH�VWXGLHQ�

HU VOHNWHQ�2ZHQLD VWXGHUW �7DEHOO ����

0RUIRORJLVN��XWEUHGHOVHVPHVVLJ�RJ�PHG�XWJDQJVSXQNW�L�DUWVOLVWH�IRUHODJW�DY�7KRPDV�0¡VNHODQG�L�

'HW�1RUVNH�9HULWDV�RJ�*HUPDQLVFKHU�/OR\G �'19�*/� DQVHV DUWHQH�XQGHUV¡NW�IRU�KRYHGVDNHOLJ

n EHVWn�DY�*DOHWKRZHQLD�2FXODWD >=DFKV������@��WLGOLJHUH�QDYQ�0\ULRFKHOH�RFXODWD�>=DFKV��

����@� RJ�2ZHQLD�)XVLIRUPLV�>'HOOH�&KLDMH������@� *MHQQRP�EHVYDUHOVHQ�EUXNHV�KRYHGVDNHOLJ�

VOHNWVQDYQHW�2ZHQLD��'HWWH�GD�DUWVEHVWHPPHOVH�HU�XWIRUGUHQGH��RJ�NDQ�Y UH�HQ�SRWHQVLHOO�

IHLONLOGH��$QDWRPL�RJ�IXUDVMHULQJVVWUDWHJL�EOLU EHVNUHYHW�PHG�XWJDQJVSXQN�L�DUWVEHVWHPPHOVHQ�

RYHU��6DPPHQOLJQLQJ�PHG�DQGUH�VWXGLHU HU�LNNH�XWHOXNNHQGH�IRUEHKROGW�KYHUNHQ�2ZHQLD HOOHU

3RO\FKDHWHU� GD�IDNWDJUXQQODJHW�SHU�GDJV�GDWR�HU�VY UW�EHJUHQVHW��

7DEHOO ���.ODVVLILNDVMRQ DY *DODWKRZHQLD�RFXODWD VS� >=DFKV������@���2ZHQLD�)XVLIRUPLV�VS��
>'HOOH�&KLDMH������@�

(QKHW $QQHOLGD

.ODVVH 3RO\FKDHWD

2UGHQ 6DEHOOLGD

)DPLOLH 2ZHQLLGDH

6OHNW 2ZHQLD

$UW *DODWKRZHQLD�RFXODWD���2ZHQLD�IXVLIRUPLV

)DPLOLHQ�2ZLQLLGDH HU�UHJLVWUHUW�L�HW�VSHQQ�IUD�IM UHVRQHQ�RJ�QHG�WLO����� P�G\EGH �7\OHU���������

2ZHQLD�)XVLIRUPLV HU�XWEUHGW�UXQGW�GH�EULWLVNH�¡\HU��L�1RUGVM¡HQ�RJ�L�%DUHQWVKDYHW���7HWWKHWHQ�HU�

UHJLVWUHUW�PHG�RSSWLO������LQGLYLGHU�SHU�P��VHGLPHQW��$UWHQ�HU�IRUXWHQ�L�QRUGYHVW�(XURSD��XWEUHGW�

L�0LGGHOKDYHW��GHW�LQGLVNH�KDY�RJ�6WLOOHKDYHW��7\OHU���������0DUNHQV�YHNVW�HU VWRU�VRPPHUVWLG��

ODY�RP�YLQWHUHQ�L�GHW�VRP�PLQQHU�RP�HQ�GYDOHWLOVWDQG� PHG�HQ�UHDNWLYLVHUHQGH�³XW�DY�KLHW´�

SHULRGH�L�$SULO��IRU�GHQ�QRUGOLJH�KDOYNXOH��*HQWLO��'DXYLQ�	 0HQDUG�������� 'RNXPHQWDVMRQHQ�

� 7KH�0DULQH�%LRORJLFDO�$VVRFLDWLRQ���X�n���$�WXEHZRUP��2ZHQLD IXVLIRUPLV���+HQWHW�IUD��
KWWSV���ZZZ�PDUOLQ�DF�XN�VSHFLHV�GHWDLO�����
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RJ�LQIRUPDVMRQHQ�RP�*DODWKRZHQLD�RFXODWD�HU�PDQJHOIXOO��PHQ�LI¡OJH�:RUOG�5HJLVWHU�RI�0DULQH�

6SHFLHV� HU�GHQ�UHJLVWUHUW�RYHU�KHOH GHQ�QRUGOLJH�KDOYNXOH�

+DYE¡UVWHPDUNHQH�EHVNUHYHW�HU�V\OLQGULVNH PHG�HW�HNVRVNMHOHWW�GH�VHOY�E\JJHU��RJVn�NDOW WXEH��

VRP EHVWnU�DY�VHGLPHQWHU��+RYHGUHVXOWDWHQH�VRP�EOLU�SUHVHQWHUW�HU�HW�UHVXOWDW�DY�DQDO\VHU�DY�EnGH�

HNVRVNMHOHWW�RJ�PDUN�VDPOHW��PHQ�GHW�IRUHOLJJHU�RJVn�GDWD�GHU�GLVVH�VWXGHUHV�DGVNLOW��0HG�GLVVH�

GDWDHQH�NDQ�HQ�VL�QRH�RP�IRUGHOLQJHQ�DY�PLNURSODVW PHOORP�KYD�PDUNHQ�WDU�RSS�VRP�Q ULQJ�RJ�

KYD�GHQ�E\JJHU�VLWW�HNVRVNMHOHWW�DY��6HGLPHQWVNMHOHWWHW�HU�ODJHW�DY�VDQGNRUQ�RJ IUDJPHQWHU�IUD�

VNMHOO�RJ�HU�OLPW�VDPPHQ�DY�PDUNHQ��)LJXU RJ�)LJXU ���L�HQ�RYHUODSSHQGH�VWUXNWXU��2XJ�HW�DO���

�������2ZHQLD�IXVLIRUPLV EHLWHU�Sn�EnGH�VHGLPHQWHU�RJ�YDQQVMLNWHW�UHWW�RYHU�KDYEXQQHQ��5RXVH�	

3OHLMHO��������V�������,�I¡OJH 'DOHV��������NDQ�SDUWLNOHU�PLQGUH�HQQ���� ȝP�EOL�WDWW�RSS��PHQV�GH�

VW¡UVWH�SDUWLNOHQH�YLO�Jn�WLO�E\JJLQJ�DY�HNVRVNMHOHWW��3RO\FKDHWHU EUXNHU�HW�OHSSHRUJDQ�WLO�n�VRUWHUH�

SDUWLNOHU�GHU�QRHQ�JnU�WLO�E\JJLQJ�DY�WXEH�HNVRVNMHOOHWW��PHQV�DQGUH�EOLU�VSLVW��1RIINH��+HUWZHFN��

.U|QFNH�	 :HKUPDQQ���������9HG WHVW�DY�RSSWDN�L 2��)XVLIRUPLV VS�¶V NURSS �IXUDVMHULQJ���YLVWH�

GLVVH�LQJHQ�VHOHNVMRQ�IRU�VSHVLILNNH�VW¡UUHOVHU�PHOORP���RJ�����ȝP��2��IXVLIRUPLV YLVWH�GHULPRW�

VHOHNWLYLWHW�IRU�OHWWH�SDUWLNOHU��6HOI�	 -XPDUV���������1RUPDOH�E\JJHPDWHULDOHU�IRU�WXEHVWUXNWXUHQ�

�VH�)LJXU���KYD�JMHOGHU 2ZHQLD�IXVLIRUPLV HU�NYDUWV��ELWHU�DY�NUnNHEROOHVNDOO��IRUDPLQLIHUD��RJ�

VNMHOOIUDJPHQWHU��PHG�KRYHGYHNW�Sn NYDUWV��1RIINH�HW�DO����������1RIINH�HW�DO��������YLVHU�WLO�DW�

YHNWHQ�Sn�VHGLPHQWHQH L�WXEHQ�WLO�2��IXVLIRUPLV HU�RSS�WLO����JDQJHU�K¡\HUH�HQQ�VHGLPHQWHQH�

UXQGW��)DJHU��������YLVWH�WLO����JDQJHU�¡NW�NRQVHQWUDVMRQ�DY�PLQHUDOHW KRUQEOHQGH�L�2��IXVLIRUPLV

VDPPHQOLJQHW�PHG�L�VHGLPHQWHQH�UXQGW��'HWWH�WLOVLHU�VDPPHQ�PHG�PLQNHQGH�NRUQVW¡UUHOVH�IUD�

KRGH�WLO�RUJDQLVPHQV�EDNSDUW��RJ�HQ�SUHIHUDQVH�IRU�SDUWLNOHU�PHG�HQ�IODW�VLGH��DW�RUJDQLVPHQ�

VHOHNWLYW�YHOJHU�SDUWLNOHQH�GHQ�E\JJHU�WXEH�DY��2��IXVLIRUPLV�EOLU�����nU�JDPPHO�RJ�GHQ�E\JJHU�

EDUH�HQ�WXEH�L�O¡SHW�DY�OLYVO¡SHW��1RIINH�HW�DO���������

,�HQ�JMHQQRPJDQJ�DY�OLWWHUDWXU�RP�PLNURSODVW�JMRUW�DY�)1V�PLOM¡SURJUDP�81(3��*(6$03��

������HU�GHW�EDUH�QHYQW�pQ�IHOWVWXGLH�RJ�V\Y�ODERUDWRULHVWXGLHU�VRP�RPKDQGOHU� HOOHU�LQQEHIDWWHU�

JUXSSHQ�$QQHOLGD��/LNHVn�HU�GHW�EHJUHQVHGH�GDWDPDWHULDOHW�UHSUHVHQWHUW�L�ERND�0LFURSODVWLF�

3ROOXWDQV��DY�&UDZIRUG�RJ�4XLQQ��������L�IRUP�DY�DW�GLVVH�WDU�IRU�VHJ�GH�VDPPH�VWXGLHQH�VRP�

EHVNUHYHW�DY�81(3��5H]DQLD�HW�DO����������SUHVHQWHUHU�HQ�JMHQQRPJDQJ�DY�OLWWHUDWXUHQ�JMHOGHQGH�

� :RUOG�5HJLVWHU�RI�0DULQH�6SHFLHV��*DODWKRZHQLD�RFXODWH �=DFKV����������X�n��� +HQWHW�IUD��
KWWS���ZZZ�PDULQHVSHFLHV�RUJ�DSKLD�SKS"S WD[GHWDLOV	LG �������GLVWULEXWLRQV
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VWXGLHU�VRP�RPKDQGOHU�PLNURSODVW�L�ELRWD�IUD������WLO�������'H�YLVHU�WLO�pQ UHOHYDQW�VWXGLH�VRP�

LNNH�RYHUODSSHU�PHG�IXQQHQH�L�81(3��<WWHUOLJHUH�WR�UHOHYDQWH�VWXGLHU�RP�$QQHOLGD HU�DYGHNNHW�L�

GHQQH�VWXGLHQ��'HWWH�HU�HQ�DUWLNNHO�DY�%RXU�HW�DO��������PHG�UHVXOWDWHU�IUD�LQGUH�2VORIMRUG�RPWDOW�

WLGOLJHUH�L�GHWWH�NDSLWWHOHW��RJ�L�HQ�VWXGLH DY�0DWKDORQ�	 +LOO���������)HOWVWXGLHQ EHVNUHYHW�DY�

81(3��*(6$03��������HU�VNUHYHW�DY 9DQ &DXZHQEHUJKH�HW�DO����������RJ�WDU�IRU�VHJ�EODQW�

DQQHW�NRQVHQWUDVMRQHQ�DY�PLNURSODVW�L�E¡UVWHPDUN��$UHQLFROD�0DULQD��ODQJV�KHOH�N\VWHQ�DY�

%HOJLD��'H�ILQQHU�PLNURSODVW�L�DOOH�E¡UVWHPDUNHQH��PHG�HQ�VQLWW�NRQVHQWUDVMRQ�Sn���� � ��������

�����P��SDUWLNOHU�SHU�JUDP�ELRWD��HWWHU�DW�WDUPNDQDOHQ�YDU�W¡PW� $��0DULQD�HU�HQ E¡UVWHPDUN�VRP

XWHOXNNHQGH�IXUDVMHUHU�Sn�VHGLPHQWHQH��GHQ�KDU�LNNH�HNVRVNMHOHWW��RJ�SU¡YHQH�VDPOHW�DY�9DQ�

&DXZHQEHUJKH�HW�DO����������NRP�IUD�IM UHVRQHQ��6DPPHQOLJQEDUKHWHQ�PHG�2FXODWD�IXVLIRUPLV

IUD�QRUVN�NRQWLQHQWDOVRNNHO� HU�GHUIRU�QRH�EHJUHQVHW��PHQ�RSSWDN�IUD�PDUNHQV�WDUPNDQDO�RJ�LQQ�L�

NM¡WWHW��HOOHU�PDWHULDOH�VRP�NDQ�Y UH ©IDQJHWª L�WDPUNDQDOHQ NDQ�KD�RYHUI¡ULQJVYHUGL��'LVVH�

UHVXOWDWHQH�VWnU�L�NRQWUDVW WLO UHVXOWDWHU�IUD�PLNURSODVW�L�VHGLPHQWHU�RJ�L�DYI¡ULQJ KRV�&O\PHQHOOD�

WRUTXDWD RJ�$OLWWD�9LUHV��GHU�GLVVH�EOH IXQQHW WLOQ UPHW�OLNH��RJ�WLOVLHU�PHG�GHW�OLWHQ�JUDG�DY�

RSSNRQVHQWUDVMRQ�L�RUJDQLVPHQ �0DWKDORQ�	 +LOO��������

/DERUDWRULHVWXGLHQH��IUD�81(3��EHVWR�DY�IHP�VWXGLHU�Sn�$��0DULQD �7KRPSVRQ�HW�DO���������

:ULJKW�HW�DO���������%URZQH�HW�DO���������*UHHQ�HW�DO��������RJ�%HVVHOLQJ�HW�DO��������� HQ�RP�

*DOHRODULD�&DHVSLWRVD �%ROWRQ�	 +DYHQKDQG��������RJ�pQ�RP 0DUHQ]HOOHULD�VS� �6HWlOl�HW�DO���

�������$Y�GLVVH�HU�GHW�6HWlOl�HW�DO�����������*UHHQ�HW�DO����������RJ�%ROWRQ�RJ�+DYHQKDQG��������

VRP�KDU�EUXNW�SODVW�L�UHOHYDQWH�VW¡UUHOVHU�L�IRUKROG�WLO�GHQQH VWXGLHQ�

7R�DY�GLVVH�WUH�VWXGLHQH VWXGHUWH ODUYHU�IUD�3RO\FKDHWHQH �6HWlOl�HW�DO���������%ROWRQ�RJ�

+DYHQKDQG���������'HW�EOH�IXQQHW�PLNURSODVW�L�DOOH�DUWHQH�PHG�]RRSODQNWRQ�6HWlOl�HW�DO����������

XWVDWWH�IRU�PLNURVI UHU�PHG�SRO\VW\UHQH L�XQDWXUOLJ�K¡\H�NRQVHQWUDVMRQHU��RJ�GHW�EOH�EHYLVHOLJ�

IXQQHW�DW�PLNURSODVW�NDQ�YDQGUH RYHU�WURILVNH�QLYn IUD�PLNUR]RRSODQNWRQ�WLO�PDNUR]RRSODQNWRQ��

$OO�SODVWHQ�VRP�EOH�VSLVW�DY�SODQNWRQHW�EOH�RJVn�VNLOW�XW�DY�WDUPNDQDOHQ��PHQ�VHWW�L�O\V�DY

PLNURSODVW�VLQ HYQH WLO�n�RSSWUH�VRP�YHNWRU�IRU�PLOM¡JLIWHU��PHG�¡NW�NRQVHQWUDVMRQ�DY�SHUVLVWHQWH�

RUJDQLVNH�PLOM¡JLIWHU��323V� VDPPHQOLJQHW�PHG�RPNULQJOLJJHQGH�PLOM¡��3DXO�3RQW�HW�DO���������

&ROH�HW DO�������� ,YDU�GR�6XO�DQG�&RVWD��������VSHNXOHUHV�GHW�L�RP�SODVW�VRP�YDQGUHU�JMHQQRP�

WDUPNDQDOHQ�WLO�RUJDQLVPHU�RJVn�XWJM¡U�HQ�WR[LNRORJLVN�ULVLNR��6HWlOl�HW�DO���������3DXO�3RQW HW�

DO����������
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6HOY�RP�PLNURSODVW�KDU�YLVW�VHJ�n�DEVRUEHUH�323V RJ�DW�GHWWH�NDQ�WDV�RSS�L�EnGH�ILVN��PXVOLQJHU�

RJ�E¡UVWHPDUN��HU�NRQVHQWUDVMRQHQ�DY�PLNURSODVW�L�YDQQV¡\OHQ��VDPPHQOLJQHW�PHG�DQGUH�

QDWXUOLJH�SDUWLNOHU��GH�IOHVWH�VWHGHU�ODY��RJ�YLVVH�ODERUDWRULHVWXGLHU�WLOVLHU�DW GHQ�NMHPLVNH�IDUHQ�IRU�

IRUJLIWQLQJ�IUD�PLNURSODVW�VRP�E UHU�DY�323V�HU�OLWHQ��3DXO�3RQW�HW�DO���������+DUWPDQQ��������

'HW�HU�JMHQQRPI¡UW�ODERUDWRULHVWXGLHU�GHU�HQ�KDU�IRUV¡NW�n�HWWHUOLJQH�HW�¡NRV\VWHP�PHG�

WLOVWHGHY UHQGH�PLNURSODVW�L�QDWXUOLJ�UHDOLVWLVNH�NRQVHQWUDVMRQHU���� ȝJ /�� YDQQ���*UHHQ�HW�DO���

�������'HW�EOH�LNNH�VSHVLILNW�RPWDOW�KYRUGDQ�GH�VHNV�DY�WRWDOW����DUWHQH�VRP�YDU�GHO�DY�

PHVRNRVPRVHW�UHVSRQGHUWH�Sn�PLNURSODVWHQ�WLOJMHQJHOLJ��PHQ�DQWDOO�DUWHU�WRWDOW�EOH�UHGXVHUW�YHG�

WLOVWHGHY UHOVH�DY PLNURSODVW��'HW�VDPPH�JMDOGW�GHQ�WRWDOH�ELRPDVVHQ�± VRP�PLQNHW�YHG�¡NW�

PLNURSODVWNRQVHQWUDVMRQ��*UHHQ�HW�DO����������

:ULJKW�HW�DO����������KDU�JnWW�JMHQQRP�GHQ�WLO�GD�HNVLVWHUHQGH�OLWWHUDWXU�RPKDQGOHQGH�I\VLNDOVNH�

HIIHNWHU�PLNURSODVW�KDU�Sn�ELRWD��)RU�EnGH NDPVNMHOO�RJ�EOnVNMHOO�ILQQHU�GH�OLWWHUDWXU�VRP�WLOVLHU�

DNNXPXODVMRQ��RJ�L�EOnVNMHOO�YLVHU�GH�WLO�WUDQVORNDVMRQ�RYHU�L�KHPRO\PIHQ��'HW�VDPPH�HU�IXQQHW�

IRU�NUDEEH��)DUUHOO�	 1HOVVRQ���������VHOY�RP�GHWWH�JMDOGW�VY UW�VPn�SODVWSDUWLNOHU����� �P���RJ�

GHUIRU�LNNH DY�GLUHNWH�UHOHYDQV IRU�GHQQH�VWXGLHQ�



��

2FXODWD�)XVLIRUPLV

)LJXU����$��2ZHQLD��$��.URSS��%��(NVRVNMHOHWW�WXEH��,OOXVWUDVMRQ�UHGLJHUW�PHG�XWJDQJVSXQNW�L�

LOOXVWUDVMRQ�JMHQJLWW�DY�$QGHUVRQ��V������ �������

,� GHU RPKDQGOHU�NRQVHQWUDVMRQ�DY�PLNURSODVW�L�WXEHE\JJHQGH�2ZHQLD��RJ�HOOHU�%6$)�IRU�

3RO\FKDHWHU�

7DEHOO � YLVHV OLWWHUDWXUV¡N�Sn�XOLNH�VSUnN�JMHQQRPI¡UW�L�GHQQH�VWXGLHQ�VSHVLILNW�PHG�PnO�RP�n�

DYGHNNH�VWXGLHU�RPKDQGOHQGH�PLNURSODVW�L�WXEHE\JJHQGH�3RO\FKDHWHU VSHVLHOW��HOOHU�VWXGLHU�RP�

%6$)�IRU 3RO\FKDHWHU�JHQHUHOW� 3n�SRUWXJLVLVN�EOH�GHW�IXQQHW�WUH�PDVWHURSSJDYHU��PHQ�LQJHQ�DY�

GLVVH�RPKDQGOHW�WXEHE\JJHQGH�3RO\FKDHWHU� 3n�UXVVLVN�EOH�GHW�LNNH�IXQQHW�UHOHYDQWH�VWXGLHU��HL�

KHOOHU�Sn�NLQHVLVN��VSDQVN�HOOHU�QRUVN� 3n�HQJHOVN�EOH�GHW�IXQQHW�HQ�VWXGLH�RPKDQGOHQGH�

%

$
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ELRWXUEDVMRQ�DY�SODVW��GHU�*HEKDUGW�RJ�)RUVWHU���������L�HW�NRQWUROOHUW�PHVRNRVPRV� YLVWH�DW�$��

0DULQD VS��NDQ�IRUIO\WWH�SODVWSDUWLNOHU�YHUWLNDOW�QHGRYHU�L�VHGLPHQWHU� 'HQQH�VWXGLHQ�V\QHV�GHUIRU�

VRP�GHQ�I¡UVWH�DY�VLWW�VODJ��GHU�RPKDQGOHU�NRQVHQWUDVMRQ�DY�PLNURSODVW�L�WXEHE\JJHQGH�2ZHQLD��

RJ�HOOHU�%6$)�IRU�3RO\FKDHWHU�

7DEHOO ���/LWWHUDWXUV¡N�Sn�IRUVNMHOOLJH�VSUnN�

6¡NHRUG�Sn�
HQJHOVN��

2YHUVDWW�DY�GH�
VRP�KDU�

JMHQQRPI¡UW�
V¡NHW�

/LWWHUDWXUV¡N�
JMHQQRPI¡UW�DY

6SUnN 7UHII 6¡NHPRWRU

%6$)�
SRO\FKDHWH�
PLFURSODVWLF

�

3RO\FKDHWH�
WXEHZRUP�
PLFURSODVWLF

�

3RO\FKDHWH�WXEH�
ZRUP�

PLFURSODVWLF

�

3RO\FKDHWH�WXEH�
ZRUP�

PLFURSODVWLF

-DNRE�%��&\YLQ

0DVWHUVWXGHQW 10%8
(QJHOVN

%LRWXUEDVMRQ�DY�$��0DULQD�
VS��(NVSHULPHQW L

PHVRFRVP��*HEKDUGW�	
)RUVWHU��������

*RRJOH�6FKRODU

2ULD

-DNRE�%��&\YLQ
0DVWHUVWXGHQW�10%8

1RUVN ,QJHQ
*RRJOH�6FKRODU

2ULD

'U� $QD�/XFLD�
/DFHUGD�

8QLYHUVLW\�)HGHUDO�GH�
5LR�*UDQGH

3RUWXJLVLVN

7UH�PDVWHURSSJDYHU��PHQ�
LQJHQ�GHU�RPKDQGOHW�

NRQVHQWUDVMRQ L�3RO\FKDHWHU
JHQHUHOW��HOOHU�2ZHQLD

VSHVLHOW�

*RRJOH�6FKRODU

'U��$QQD�6DQFKH]

9LGDO
*5&�*HRFLqQFLHV�
0DULQHV��'HSW��GH�

'LQjPLFD�GH�OD�7HUUD�L�
GH�O
2FHj
%DUFHORQD

6SDQVN ,QJHQ�UHOHYDQWH�WUHII *RRJOH�VFKRODU

,ULQD�5RJR]KLQD
)¡UVWHDPDQXHQVLV

1718
5XVVLVN ,QJHQ�UHOHYDQWH�WUHII ZZZ�\DQGH[�UX

<LWRQJ�6XQ�
0DVWHUVXWGHQW��

%LRWHNQRORJL��1718
.LQHVLVN ,QJHQ�UHOHYDQWH�WUHII

ZZZ�FQNL�QHW

KWWSV���[XHVKX�EDLGX�FRP
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��� 2YHUI¡ULQJ�PHOORP�WURILVNH�QLYn

'HW�HU�QDWXUOLJ�n�VH�3RO\FKDHWHU ODYW�L�Q ULQJVNMHGHQ�L�HQ�VW¡UUH�¡NRORJLVN�VDPPHQKHQJ��

*DODWKRZHQLD�2FXODWD RJ�2ZHQLD�IXVLIRUPLV HU�EHJJH�IXQQHW�VRP�PDJHLQQKROG�L EODQW�DQQHW

K\VH �6FK�FNHO��(KULFK��.U|QFNH�	 5HLVV���������IRUVNMHOOLJH�IO\QGUHDUWHU��<HXQJ�RJ <DQJ��

������RJ�/LWHQ�.URNXONH �$UWHGLHOOXV�DWODQWLFXV� �.lOOJUHQ��3HGHUVHQ�	 1LOVVHQ���������,

%HULQJVWUHGHW�EHVWR����������DY�GLHWWHQ�WLO�*XO�)LQQVnOH��/LPDQGD�DVSHUD���1RUGOLJ�%HUJVnOH�

�/HSLGRSVHWWD�SRO\[\VWUD��RJ�5¡GVSHWWH��3OHXURQHFWHV�TXDGULWXEHUFXODWXV��DY�3RO\FKDHWHU��GHU�

*DOHWKRZHQLD�2FXODWD VWR�IRU�����DY�3RO\FKDHWHQH L�KDYEXQQVVHGLPHQWHQH PnOW�L YHNW��

7LOVWHGHY UHOVHQ�L�GHWWH VSHNWHUHW DY�ILVN�VLHU�QRH�RP SRWHQVLDOHW�IRU�DW GHQQH�EHQWLVNH�IDXQDHQ�

SRWHQVLHOW�NDQ�WUDQVSRUWHUH�PLNURSODVW�IUD�KDYEXQQVVHGLPHQWHU�RJ�RSSRYHU�L�Q ULQJVNMHGHQ��XWHQ�

DW�GHQQH�VWXGLHQ�YLO�GLVNXWHUH�GHWWH�

����6HGLPHQWHU

)OHUH�DY�VWXGLHQH VRP�KHU�YLO�EOL�SUHVHQWHUW��YLO�EOL�VHWW�L�VDPPHQKHQJ�PHG�OLJQHQGH�VWXGLHU��HOOHU�

VWXGLHU�GHU�IRU�HNVHPSHO�UHVXOWDWHQH�DY�VWXGLH�$�I¡UHU�WLO�HQ�MXVWHULQJ�DY�UHVXOWDWHQH�L�VWXGLH�%�RJ�

&� 'HWWH�SUHVHQWHUHV�KHU�L�WHRULNDSLWWHOHW�GD�GHWWH�DQVHHV�VRP�JUXQQODJHW�IRU�KYD�GHQQH�VWXGLHQV�

UHVXOWDWHU�VNDO GLVNXWHUHV�RSS�PRW��)RUVNMHOOLJ�PHWRGLNN�JLU�JHQHUHOW�IRUVNMHOOLJH�UHVXOWDWHU� RJ�GHW�

V\QHV�Q\WWLJ�n�U\GGH�RSS�L�GHWWH�KHU��IUDPIRU�HQ�EODQGLQJ�DY�OLWWHUDWXUGLVNXVMRQ�RJ�GLVNXVMRQ�DY�

HJQH�UHVXOWDWHU L�NDSLWWHO ©����5HVXOWDWHU�RJ�GLVNXVMRQ��+\SRWHVHQH�GLVNXWHUWª�

0LNURSODVW�HU�WLGOLJHUH��IUD�VDPPH�ORNDOLWHWHU�VRP�3RO\FKDHWHQH��DQDO\VHUW�WLO�HQ�NRQVHQWUDVMRQ�Sn�

�����WLO�������� PJ�PLNURSODVW�SU� NLOR�VHGLPHQW��HOOHU���������WLO�����������SDUWLNOHU�SU� NLOR�

�0LOM¡GLUUHNWRUDWHW���������)UD�DQGUH�VWHGHU�UXQGW�RP�Sn�NORGHQ�HU�GHW�UDSSRUWHUW�RP�PLNURSODVW�L�

Q UW�DOOH�VHGLPHQWSU¡YHU�XQGHUV¡NW��)UD�ILUH�IRUVNMHOOLJH�G\SKDYVORNDVMRQHU����������� P��EOH�

GHW�L�VQLWW�IXQQHW�HQ�SODVWSDUWLNNHO�SU� ���FP� �9DQ�&DXZHQEHUJKH�HW�DO����������,�SU¡YHU ODQJV� RJ�

XWHQIRU�N\VWHQ�DY�%HOJLD�EOH�GHW�IXQQHW�PLNURSODVW�L�VDPWOLJH�VHGLPHQWSU¡YHU��PHG�K¡\HVW�

NRQVHQWUDVMRQ�L�KDYQHQH����� � �����SDUWLNOHU�SU� NJí���QHGUH�FXW�RII ���ȝP���&ODHVVHQV�HW�DO���

�������)RUHO¡SLJH�VWXGLHU�DY�VHGLPHQWHU�L�³$UFWLF�FHQWUDO�EDVLQ³ WLOVLHU�DW�GHW�RJVn�KHU�HU�

PLNURSODVW�WLO�VWHGH��PHG�SODVW�L�V\Y�DY�HOOHYH�VHGLPHQWSU¡YHU�± KYHU�Sn�FD���JUDP��!�����P

�.DQKDL�HW�DO����������'HW VDPPH�JMHOGHU�VHGLPHQWHU�IUD�N\VWHQ�DY�7XQLVLD��PHG�����WLO�����

SDUWLNOHU�SHU�NJ�� W¡UUH�VHGLPHQWHU����� PP�WLO�� PP���5HVXOWDWHQH�WLOVLHU�PHGLXP�NRQVHQWUDVMRQ�
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DY�PLNURSODVW�VDPPHQOLJQHW�PHG�HQ�VNDOD�IUD�OLWH�SODVW�L�N\VWVHGLPHQWHU�IUD�3RUWXJDO���� � ����

SDUWLNOHU NJí� W¡UW�VHGLPHQW���)DVWHOOL�HW�DO���������WLO�UHVXOWDWHU�IUD�ODNH�2QWDULR�L�&DQDGD��%DOOHQW�

HW�DO����������PHG�GHUWLO�EHUHJQHW��� ����SDUWLNOHU�SU� NJ�W¡UUH�VHGLPHQWHU��'HQ�PDNVLPDOH�

NRQVHQWUDVMRQHQ�SUHVHQWHUW�DY�%DOOHQW�HW�DO����������HU�DY�$ELGOL�HW�DO�� �������JMHQJLWW�XWHQ�YLGHUH�

GLVNXVMRQ��*nU�PDQ�LQQ�L�GLVVH�NLOGHQH�RJ�VHU�Sn�VW¡UUHOVH�RJ�PHWRGLNN�IRU�DQDO\VH��ILQQHU�PDQ�

GHULPRW�HQ�IRUVNMHOO�L�QHGUH�FXW�RII KYD�JMHOGHU�VW¡UUHOVHU�DQDO\VHUW��)DVWHOOL�HW�DO����������KDU�EUXNW�

����P�VRP�VLWW�QHGUH�FXWW�RII��PHQV�%DOOHQW�HW�DO����������KDGGH�����PLNURPHWHU�VRP�QHGUH�FXWW�

RII��'HQ�K¡\H�NRQVHQWUDVMRQHQ�Sn��� ����SDUWLNOHU�SU� NLOR��%DOOHQW�HW�DO���������HU�RJVn�HQ�

HNVWUHPDOYHUGL�VRP�L�VWRU�JUDG�HU�HW�UHVXOWDW DY�DW�VHGLPHQWSU¡YHQ�YLVWH�VHJ n�LQQHKROGH VWRUH

PHQJGHU DOJHU��RJ�PHG�GHW�JD�HW�IHLO�PnO�IRU�DQWDOO�SU� YHNWHQKHW�VHGLPHQW��VHWW�RSS�PRW�YROXP�

VHGLPHQW��2JVn�L�/DNH�2QWDULR��&DQDGD�On�KRYHGYHNWHQ�DY�SU¡YHU�Sn�PHOORP�����RJ�����

SDUWLNOHU�SU� NJ�W¡UUH�VHGLPHQWHU��%HJJH�VWXGLHQH KDU�EUXNW�YLVXHOO�LGHQWLILNDVMRQ�VRP�PHWRGH�IRU�

LGHQWLILNDVMRQ��'HWWH�NDQ�Sn�KYHU�VLQ�PnWH�EnGH�XQGHUHVWLPHUH RJ�RYHUHVWLPHUH DQGHOHQ�

PLNURSODVW����� DY�SDUWLNOHU�YL�JMHQQRP�YLVXHOO�LGHQWLILNDVMRQ�DQVHU�VRP�SODVW��KDU�YLVW�VHJ�n�

Y UH�DQGUH�SDUWLNOHU��+LGDOJR�5X]�HW�DO���������/HQ]�HW�DO����������3n�GHQ�DQQHQ�VLGH�HU�GHW�IUD�

WHVWHU�DY�VDQG�IUD�VWUHQGHU�YLVW�DW�)7�,5 DQDO\VHU�DYGHNNHU�RSS�WLO�����JDQJHU�IOHUH�SODVWSDUWLNOHU�

HQQ�GHW�YL�YLVXHOW�LGHQWLILVHUHU�VRP�PLNURSODVW��6RQJ�HW�DO����������

'HWWH�EHW\U�DOWVn�DW�SU¡YHQH�IUD�7XQLVLD��$ELGOL�HW�DO���������VDQQV\QOLJYLV�XQGHUHVWLPHUHU�

DQGHOHQ�PLNURSODVW��'LVVH�EOH�I¡UVW�SOXNNHW�XW�YLVXHOW��PHG�HQ�PXOLJKHW�IRU�DW�UnPDWHULDOHW�GD�

LQQHKROGW�RSSWLO�����JDQJHU�PLNURSODVW�HQQ�GHW�VRP�EOH LGHQWLILVHUW �6RQJ�HW�DO����������%DUH����

SDUWLNOHU�YLVXHOW�LGHQWLILVHUW�VRP�SODVW�EOH�XQGHUV¡NW�PHG�)7�,5 PLNURVNRSL��,�SU¡YHQH�IUD�%HOJLD�

�&ODHVVHQV�HW�DO���������EOH�RJVn�VHGLPHQWHQH�I¡UVW�YLVXHOW�VRUWHUW�IRU�SODVW�HOOHU�³DQQHW³��,�

SU¡YHQH�IUD�1RUGVM¡HQ�RJ�%DUHQWVKDYHW��0LOM¡GLUHNWRUDWHW��������EOH�VHGLPHQWHQH�DQDO\VHUW�PHG�

)7�,5 XWHQ�QRHQ�LQLWLHOO�XWSOXNNLQJ��)DNWRUHQ�PHOORP�JMHQQRPVQLWWVUHVXOWDWHQH�L�GLVVH�

UHVXOWDWHQH��VQLWW�NRUUHVSRQGHUHQGH�WLO�����SDUWLNOHU�SU� NJ�W¡UW�VHGLPHQW��)7�,5 EHNUHIWHW�UHVXOWDW�

YDU L�RYHUNDQW�DY������� RSS�PRW�UHVXOWDWHQH�IUD�%HOJLD��VQLWW�Sn����� PLNURSODVWSDUWLNOHU�SU� NJ�

W¡UUH�VHGLPHQWHU�IUD�%&6��%HOJLVN�NRQWLQHQWDOVRNNHO���)RUNODULQJHQ�Sn�GHWWH�NDQ�DOWVn�GHOYLV�

OLJJH�KRV�6RQJ�HW�DO�����������



��

6DPPHQOLJQEDU�PHWRGLNN�PHG�GHQQH�VWXGLHQ�EOH�XWI¡UW�DY�%DUJPDQQ�HW�DO����������PHG�

JMHQQRPVQLWWOLJ�NRQVHQWUDVMRQ�Sn�����PLNURSODVWSDUWLNOHU�SU� NJ��VW¡UUHOVH�RYHU��� ȝP���

3U¡YHQH�IUD�1RUGVM¡HQ�EOH�DQDO\VHUW�YHG�DW PDWHULDOH�EOH�SOXNNHW�XW�PHG�SLQVHWW�RJ��HOOHU�VSDWHO��

'HWWH�JM¡U�DW�PDQ�NDQ�KD�PLVWHW�GH�PLQVWH�SDUWLNOHQH��'HW�HU�GLVVH�SU¡YHQH�VRP�Qn�HU�UHDQDO\VHUW��

RJ�VRP�SUHVHQWHUHV�L�GHQQH�VWXGLHQ��'HQQH�JDQJHQ�HU�KHOH�HOOHU�VW¡UUH�GHOHU�DY�PDWHULDOHW�

DQDO\VHUW�PHG�)7�,5 XWHQ�PHNDQLVN�XWSOXNNLQJ��PHQ�PHG�YDVNLQJ�DY�HW�ILOWHU�RYHU�Sn�HW�Q\WW���

PP�ILOWHU�IRU�DQDO\VH�L�)7�,5 �VH�����0HWRGH��

��� %LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)�

%LRDNNXPXODVMRQVIDNWRU�HU�L�IRUELQGHOVH�PHG�PLNURSODVW��RIWH�UHODWHUW�WLO�ELRDNNXPXODVMRQ�DY�

PLOM¡JLIWHU�GHU�SODVWHQ�RSHUHUHU�VRP�HQ�YHNWRU��PHG�RSSWDN�WLO�RUJDQLVPHU��%HVVHOLQJ�HW�DO���������

3DXO�3RLQW�HW�DO����������%LRDNNXPXODVMRQ�IUD�VHGLPHQWHU�WLO ELRWD��RJ�GD�VSHVLILNW�EHQWLVN�IDXQD��

GHU�SODVWSDUWLNOHQH�L�VHJ�VHOY�HU�REMHNWHW�VRP�ELRDNNXPXOHUHV�HU�OLWH�RPWDOW�L�OLWWHUDWXUHQ�

%LRDNNXPXODVMRQ�DY�JXOO�QDQRSDUWLNOHU��/DVDJQD�5HHYHV��������RJ�V¡OY�QDQRSDUWLNOHU��)DEUHJD�

HW�DO���������RPWDOHV�L�OLWWHUDWXUHQ��RJ�HW�VNLOOH�PHOORP�QDQR� RJ�PLNURSDUWLNOHU�V\QHV�GHUIRU�

NXQVWLJ�QnU�GHW�JMHOGHU�EUXNHQ�DY�WHUPHQ�ELRDNNXPXODVMRQ�VHOY�RP�JXOO�RJ�V¡OY�L�VHJ�VHOY�

GLVNXWHUHV�VRP�WR[LVNH��)OHUH�YLWHQVNDSHOLJH�DUWLNOHU�EUXNHU�RJVn�WHUPHQ�ELRDNNXPXODVMRQ�IRU�

EHVNULYHOVH DY�DNNXPXOHULQJ�DY�PLNURSODVW�L�VHJ�VHOY��VDPPHQOLJQHW�PHG�RPJLYHOVHQH�UXQGW��6X�

HW�DO���������*ULJRUDNLV�HW�DO���������/ZDQJD�HW�DO���������+DUULVRQ��6FKUD]EHUJHU��6DSS�	

2VERUQH��������6XQ�HW�DO����������(W�PRWVWULGHQGH KHQV\Q�L�PLQ�XQGHUV¡NHOVH��HU�GHULPRW�DW�GHW�

EDUH�HU�HNVRVNMHOHWWHW�VRP�GLUHNWH�VWDPPHU�IUD�VHGLPHQWHQH��7DUPNDQDOHQ�EOH�DY�SUDNWLVNH�

KHQV\Q�LNNH�VNLOW�IUD�UHVWHQ�DY�PDUNHQV�NURSS��HL�KHOOHU�VLHU�GHQQH�VWXGLHQ�QRH�RP�KYRU�VWRU�DQGHO

DY�PDUNHQ�VRP�HU�HW�UHVXOWDW�DY�IXUDVMHULQJ�IUD�YDQQPDVVHQH�± ILOWUHUHQGH � HOOHU�KYRU�VWRU�DQGHO�

VRP�VWDPPHU�IUD�VHGLPHQWHU��(Q�NDQ�ULNWLJQRN�DQWD�DW�GHQ�DQGHOHQ�SODVW�VRP�HU�VXVSHQGHUW�L�

YDQQPDVVHQH�EDUH�PLOOLPHWHU�RYHU�KDYEXQQHQ�YLO�VHGLPHQWHUHV��PHQ�GHWWH�YLO�Y UH�HQ�DQWDJHOVH�

EDVHUW�Sn�I\VLVNH�SULQVLSS�KHOOHU�HQQ�SUDNWLVN�HPSLUL��RJ�GHWWH�VLHU�LNNH�QRH�RP�PDUNHQ�

� %HUHJQHW�XW�IUD�UnGDWD�IUD�DUWLNNHOHQ�WLO�%HUJPDQQ�HW�DO�����������%HUJPDQQ��0���:LU]EHUJHU��9���.UXPSHQ��7���
/RUHQ]��&��3ULPSNH��6��RJ�7HNPDQ��0��%����������+LJK�4XDQWLWLHV�RI�0LFURSODVWLF�LQ�$UFWLF�'HHS�6HD�6HGLPHQWV�
IURP�WKH�+$86*$57(1�2EVHUYDWRU\��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�����������������������'2,��
��������DFV�HVW��E�����
5nGDWD�KHQWHW�IUD��KWWSV���GRL�SDQJDHD�GH���������3$1*$($�������"IRUPDW KWPO�GRZQORDG



��

DNNXPXOHUHU�SODVW�IUD�VHGLPHQWHQH� RJ�RP�GHW�HU�HQ�IDNWRU�PHOORP�VHGLPHQWHQH�RJ�PDUNHQ�±

DOWVn�DW�GHW�VNMHU�HQ�DNNXPXODVMRQ�DY�SODVWHQ�L�PDUNHQ�

1HGUH�VW¡UUHOVHVPHVVLJH�FXW�RII�L�GHQQH�RSSJDYHQ�HU�XQGHU�JUHQVHQ IRU�QnU�PDQ�VHU�SODVWSDUWLNOHU�

IRUIO\WWHV� IUD�WDUPNDQDO�RJ�RYHU�L�O\PIH��:RUOG�+HDOWK�2UJDQL]DWLRQ��������UHYLHZ�DY�+XVVDLQ��

-DLWOH\ RJ�)ORUHQFH���������'HW�YLWHQVNDSHOLJH�JUXQQODJHW�IRU�GHQQH�JUHQVHQ�HU�IRU�¡YULJ�

EHJUHQVHW�EnGH�L�DQWDOO�VWXGLHU��RJ�W\SH�SRO\PHUHU��'HW�VDPPH�JMHOGHU�IRUHO¡SLJH�NRQNOXVMRQHU�

RP�GHQ�HYHQWXHOOH�IDUHQ�YHG�PLNURSODVW��:RUOG�+HDOWK�2UJDQL]DWLRQ �������KDU�EODQW�DQQHW�

YXUGHUW�IDUHQH�IUD�GULNNHYDQQ��XWHQ�DW�GH�GHU�NDQ�ILQQH�UHHOOH�IDUHPRPHQWHU IRU�PHQQHVNHW��2JVn�

GHWWH PHG�IRUEHKROG�RP�VWRUH�KXOO�RJ�PDQJOHU�L�GHQ�HNVLVWHUHQGH�IDJOLWWHUDWXUHQ�

$QGHOHQ�LGHQWLILVHUWH�SODVWSDUWLNOHU�L�KDYE¡UVWHPDUNHQH��VDPPHQOLJQHW�PHG�DQGHOHQ�

SODVWSDUWLNOHU�L�VHGLPHQWHQH�NDQ JL�HQ�LQGLNDVMRQ�Sn�RP�PDUNHQ�RSSNRQVHQWUHUHU�SODVWHQ��VHOY�RP�

VWXGLHQ�LNNH�NDQ�VL�QRH�RP�DQGHOHQ�DY�IXUDVMHULQJ�VRP�NRPPHU�IUD�ILOWUHULQJ�DY�YDQQ YHUVXV�

VHGLPHQWRSSWDN��1nU�GHW�JMHOGHU�HNVRVNMHOHWWHW�HU�GHWWH�GHULPRW�XWHOXNNHQGH�ODJHW�DY�

VHGLPHQWHQH��RJ�HQ�HYHQWXHOO�RSSNRQVHQWUDVMRQ�DY�SODVW�L GHWWH�VDPPHQOLJQHW�PHG�L�

RPNULQJOLJJHQGH�VHGLPHQWHU�YLO�Y UH�HQ�RSSNRQVHQWUHULQJ�DY�SODVW�L�HNVRVNMHOHWWHW�VRP�I¡OJH�DY�

PDUNHQV�VHOHNWHULQJ�HOOHU�ERUWVHOHNWHULQJ�DY�PDWHULDOH��

1RHQ�DY�nUVDNHQH�WLO�GHQ�DNDGHPLVNH�LQWHUHVVHQ�IRU�HQ�HYHQWXHOO�ELRDNNXPXODVMRQ�HU�SODVWHQV�

HYQH�WLO�n�IXQJHUH�VRP�YHNWRU�IRU�PLOM¡JLIWHU �3DXO�3RQW�HW�DO���������&ROH�HW DO�������� ,YDU�GR�6XO�

	 &RVWD���������6RP�PRWVDWV�WLO�GHWWH��HU�VDPWLGLJ�IDUHQ�IRU�PLOM¡JLIWHU�IXQQHW�QHJOLVMHUEDU�

VDPPHQOLJQHW�PHG�QDWXUOLJ�RSSWDN�DY�PLOM¡JLIWHQH��+DUWPDQQ�HW�DO����������EDNWHULHU��+DUULVRQ��

6FKUD]EHUJHU�RJ�2VERUQH��������9LUãHN��/RYãLQ��.RUHQ��.UåDQ��RJ�3HWHUOLQ��������RJ�SODVWHQV�

HYHQWXHOOH�WR[LVNH�HIIHNW�L�VHJ�VHOY��QnU�GHQ�WDV�RSS�L�ELRWD��&ROH�HW�DO���������*HUPDQRY��

0DUVKDOO��%HMGHU��)RVVL�	 /RQHUDJDQ���������.RQVHQWUDVMRQHQ VRP�HU�EUXNW�L�ODERUDWRULHIRUV¡N�

IRU�n�YLVH�RYHUI¡ULQJ IUD�WDUP�RJ�RYHU�L�O\PIH�RJ�EORG�HU�GHULPRW�ODQJW�XWHQIRU�GHQ�

NRQVHQWUDVMRQHQ�VRP�HQ�QRUPDOW�ILQQHU�L�GHW�\WUH�PLOM¡��'HQ�HYHQWXHOOH�IDUHQ�YHG�IRUIO\WQLQJ DY�

SDUWLNOHU�LQQ�L�YHY�RJ�RUJDQHU EOLU�LNNH�EHKDQGOHW�L�GHQQH�RSSJDYHQ��GD�UHVXOWDWHQH�XWHOXNNHQGH�

RPKDQGOHU�NRQVHQWUDVMRQ�RJ�HYHQWXHOO�ELRDNNXPXODVMRQ��2SSJDYHQ�YLO�GHUIRU�LNNH�Jn�G\SHUH�LQQ�

L�GHWWH��PHQ�GHW�V\QHV�QDWXUOLJ�n�QHYQH�IRU�n�VHWWH�RSSJDYHQ�L�NRQWHNVW�DY�IDJIHOWHW�

� +HU�YLVHV�GHW�WLO�GHW�HQJHOVNH EHJUHSHW�WUDQVORFDWH��%UXNW�L�OLWWHUDWXU�RP�PLNURSODVW��KRV�EODQW�DQQHW�9DQ�
&DXZHQEHUJKH��������



��

��� 2NVLGDVMRQ

2NVLGDVMRQ�DY�GHW�ELRORJLVNH�PDWHULDOHW HU�Q¡GYHQGLJ�IRU�n�In�IUHP HYHQWXHOOH�

PLNURSODVWSDUWLNOHU��RJ�JMHQQRPI¡UHV�I¡U�DQQHQ�ODERUDWRULHDQDO\VH��2NVLGDVMRQHQ�E¡U�Y UH�

HIIHNWLY�L�IMHUQLQJ�DY�EnGH�FHOOXORVH��YHY�IUD�ELRWD� RJ�L�SU¡YHU�IUD�KDYHW�E¡U�RJVn�NLWLQ�O¡VHV�RSS��

3ODVWHQ�E¡U�RJVn�SnYLUNHV�PLQVW�PXOLJ��

.LWLQ�HU�HW�SRO\VDNNDULG��Sn�OLN�OLQMH�PHG�FHOOXORVH��PHQ�KDU�L�PRWVHWQLQJ�WLO�FHOOXORVH�VLQ�OLQH UH�

VWUXNWXU�HQ�NU\VWDOLQVN�PROHN\O UVWUXNWXU�PHG�LQWUD�RJ�LQWHUPROHN\O UH�K\GURJHQELQGLQJHU��

'HWWH�JLU�.LWLQ�XQLNH�HJHQVNDSHU�EnGH�KYD�JMHOGHU�VWDELOLWHW�PRW�WHPSHUDWXU�RJ NMHPLVN�

RSSO¡VQLQJ��=KDQJ��/L�	�<X��������RJ�PDWHULDOHW�NDQ�Y UH�YDQVNHOLJ�n�O¡VH�RSS�

1D2+�8UHD�O¡VW�L�YDQQ�GDQQHU�HW�1D2+�K\GUDW�PHG�K\GURJHQELQGLQJHU�WLO�XUHD��9HG�QHGNM¡OLQJ�

WLO�XQGHU�����&�ELQGHU�NLWLQ�VHJ�WLO�1D2+�WKLRXUHD K\GUDWHW�PHG�K\GURJHQELQGLQJHU�RJ�IRUVW\UUHU�

PHG�GHW�NRPSOHNVHW�DY�NLWLQ�RJ�HOOHU�FHOOXORVH�VRP�GDQQHU�PDNURPROHN\OHU��'H�LQWHUPROHN\O UH�

K\GURJHQELQGLQJHQH�EOLU�IRUVW\UUHW��RJ�YHG�ODY�WHPSHUDWXU�RSSVWnU�FOXVWHUV PHG�1D2+��WKLRXUHD�

RJ�YDQQ��9HG�URPWHPSHUDWXU�HU�LRQHQH�L�EnGH�1D2+�RJ�WKLRXUHD�UHODWLYW�XVWDELOH��PHQV�GLVVH�YHG�

ODYHUH�WHPSHUDWXU�KROGHU�VHJ�PHU�VWDELOH��1HGNM¡OLQJ YLVHU�VHJ�GHUIRU YLNWLJ�IRU�n�GDQQH�VWDELO�

IRUELQGHOVH�PHG FHOOXORVH��VRP�LJMHQ�I¡UHU�WLO�O¡VQLQJ�L�YDQQ��/XH��=KDQJ�	 5XDQ�������� 8UHD�HU�

HQ VWDELOLVHUHQGH�IDNWRUHQ�VRP�DNNXPXOHUHU�VHJ�UXQGW�GHQ�K\GURIRELVNH�GHOHQ�DY�GHW ³RSSGHOWH³

FHOOXORVHPROHN\O RJ�KLQGUHU�GHWWH�IUD�n�ELQGH�VHJ�WLO�DQGUH�K\GURIRELVNH�PROHN\OHU�HOOHU�GHOHU�DY�

PROHN\OHU��,�WLOOHJJ�NDQ�8UHD�ELQGH�VHJ�WLO�+�2�PROHN\OHU�PHG�K\GURJHQELQGLQJHU�RJ PHG�GHW�

³I¡UH�FHOOXORVHQ�ERUW´��7KLRXUHD�IXQJHUHU�Sn�VDPPH�PnWH�VRP�XUHD�RJ�HU�IXQQHW�n�¡NH�

KDVWLJKHWHQ�Sn�SURVHVVHQ�GHUVRP�GHWWH�WLOVHWWHV� �=KDQJ�HW�DO���������;LRQJ�HW�DO����������7R�WULQQV�

IRUG¡\HOVH�PHG ���1D2+�����XUHD�RJ������WKLRXUHD�O¡VW�L�PLOOL4�YDQQ �2OVHQ�HW�DO���XSXEOLVHUW��

L�I¡UVWH�UXQGH�RJ�����+�2� L�DQGUH�UXQGH�KDU YLVW�VHJ�HIIHNWLYW��RJ�VNnQVRPW�

2NVLGDVMRQ�PHG�+�2� HU�JMHQJLWW�L�HQ�UHNNH�DUWLNOHU�VRP�PHWRGLNN�IRU�QHGEU\WQLQJ�DY�RUJDQLVN�

PDWHULDOH�L�VWXGLHU�RPKDQGOHQGH�PLNURSODVW� 1RHQ�KDU HWWHU�XWSU¡YLQJ�PHG�����+�2� Sn�

IRUG¡\HOVH�DY�RUJDQLVN�ULNH�VHGLPHQWHU�Y UW�NULWLVNH�WLO�EUXNHQ�JUXQQHW�EHW\GHOLJ�RNVLGDWLY�

QHGEU\WQLQJ�DY�33�RJ�3(�SODVW��1XHOOH�HW�DO����������RJ�EDUH�����IXOOVWHQGLJ�QHGEU\WQLQJ�DY�

RUJDQLVNH�SDUWLNOHU��� PP�GLDPHWHU��)RUG¡\HOVHQ�EOH�DY�1XHOOH�HW�DO����������JMHQQRPI¡UW�RYHU�

V\Y�GDJHU��XWHQ�EUXN�DY�1D2+��5HVXOWDWHQ�VWnU�L�NRQWUDVW�WLO�HQ�DQQHQ�XQGHUV¡NHOVH��.DUDPL�HW�

DO����������GHU�ILVNHPXVNHO�RJ�VNLQQ EOH�IRUG¡\G�L�����+�2� PHG�������QHGEU\WQLQJ�YHG����&



��

JUDGHU��RJ�K¡\�UHFRYHU\�UDWH�IRU�EnGH�3(7��39&��36��+'3(��/'3(�RJ�33��.DUDPL ������ IDQW�

IRU ¡YULJ QRH�PHUH GHJUDGHULQJ�DY�39&��Q\ORQ�RJ�Q\ORQ�����V UOLJ�YHG�¡NHQGH�WHPHSHUDWXU�RYHU�

���& JUDGHU���NW�WHPSHUDWXU�YLO�QDWXUOLJ�QRN�RJVn�SnYLUNH�GHJUDGHULQJ�DY�SODVWHQ��RJ�JLU�

GnUOLJHUH�UHVXOWDW�IRU�EUXN�DY�+�2� PHG�WDQNH�Sn�UHFRYHU\��'HWWH�NRPPHU�IUDP�GD�GHUHV�

NRQNOXVMRQ�HU�DW�����.2+�HU�GHQ�PHVWH�RSWLPDOH PHWRGLNNHQ�IRU�QHGEU\WQLQJ�DY�ELRORJLVN�

PDWHULDOH�RJ�EHKROGH�SODVWSDUWLNOHU�XWHQ�DW�GLVVH�SnYLUNHV�L�QHJDWLY�IRUVWDQG��

%UXN DY�1D2+�8UHD�7KLRXUHD�VRP�HW�I¡UVWH�VWHJ��RJ�+�2� VRP�GHO�WR�KDU�YLVW�VHJ�VY UW�HIIHNWLYW�

RJVn�YHG�WHPSHUDWXU����& JUDGHU��VHOY�RP�2OVHQ�HW�DO����XSXEOLVHUW� LNNH�JMRUGH IRUV¡N�VRP�

RPKDQGOHW�ELRWD��WLVVXH��VSHVLILNW �2OVHQ HW�DO�� XSXEOLVHUW���(UIDULQJHU�XQGHU�PHWRGHXWYLNOLQJHQ�

IRU GHWWH�PDVWHUSURVMHNWHW VDPPHQIDOW�PHG�2OVHQ�HW�DO����XSXEOLVHUW��RJ�HUIDULQJHU�IUD�1*,��3HUV��

PHG��$US�RJ�.QXWVHQ������� GHU�EUXNHQ�DY�GHQQH�WR�WULQQV�IRUG¡\HOVHVSURVHVVHQ�JD HW�JRGW�

UHVXOWDW�EnGH�PHG�KHQV\Q�WLO�IRUG¡\HOVHVJUDG�RJ�UHFRYHU\ IRU�SODVWHQ��RJVn�IRU�ELRWD��

6LQJGDKO�/DUVHQ��6LQJGDKO�/DUVHQ��������JMHQQRPI¡UWH�XQGHUV¡NHOVHU�Sn�VDPPH�ODERUDWRULXP��

XQGHU�VDPPH�WLGVSHULRGH�RJ PHG�LGHQWLVN�EUXN�DY�NMHPLNDOLHU�RJ�RNVLGDVMRQ�VRP�GHQQH�VWXGLHQ��

6SLNH�SU¡YHQH�KHQQHV�HU�SUHVHQWHUW�L�7DEHOO���



��

7DEHOO ���6SHVLILNDVMRQ�Sn VSLNHW�EODQNV��*MHQJLWW�PHG�WLOODWHOVH�IUD�6LQJGDKO�/DUVHQ��6LQJGDKO�

/DUVHQ��������7DEHOO ���D���2YHUVDWW�DY�IRUIDWWHU�&\YLQ��-��%�

)RUP 3RO\PHUW\SH 3URGXVHQW 7HWWKHW �J�FP�� 6W¡UUHOVH

3XOYHU

3RO\HWK\OHQH

WHUHSKWKDODWH

�3RO\HVWHU��3(7�

*RRGIHOORZ�
&DPEULGJH�/WG��

�8.��&DWDORJXH�QR��
(6������

���

'LDPHWHU��������ȝP

)LEUH

*RRGIHOORZ�
&DPEULGJH�/WG��

�8.��&DWDORJXH�QR��
(6��������

'LDPHWHU�����ȝP

/HQJGH�����FP

*UDQXO

*RRGIHOORZ�
&DPEULGJH�/WG��

�8.��&DWDORJXH�QR��
(6������

'LDPHWHU����PP

/HQJGH������PP

5HVXOWDWHU�DY�GLVVH�VSLNHQH�JD����� � ����UHFRYHU\ IRU�SXOYHU������� � ��� IRU�JUDQXOHU��PHQV�

PHWRGLVNH�XWIRUGULQJHU�JMRUGH�DW�UHVXOWDWHQH�IRU�ILEHU�EOH�XWHODWW��JUXQQHW�NOXPSLQJ VDPPHQ�PHG�

VHGLPHQWHQH�XQGHU�WHWWKHWVVHSDUDVMRQ��6LQJGDKO�/DUVHQ���������6DPWOLJH�SU¡YHU�JMHQQRPJLNN�

EnGH�WHWWKHWVVHSDUDVMRQ�PHG�=LQNNORULG��RJ�WR�WULQQV�RNVLGDVMRQ��6HGLPHQWSU¡YHQH�VRP�HU�

UHDQDO\VHUW�L�GHQQH�VWXGLHQ��KDU�JMHQQRPJnWW�GHQ�VDPPH�SURVHG\UHQ��RJ�NRQVHQWUDVMRQHQ�HU�

MXVWHUW�PHG�XWJDQJVSXQNW�L�UHFRYHU\ WHVWHU�WDWW�SDUUDOOHOW�PHG�GLVVH��GHQQH�EOH�HWWHU�GLVVH�WHVWHQH�

VDWW�WLO������DY�VQLWWHW�IUD�UHFRYHU\�DY 3(�ILEHU�RJ 3(7�SXOYHU �0LOM¡GLUHNWRUDWHW������E����NW�

UHFRYHU\ L�6LJQGDKO�/DUVHQ��������VLQH�SU¡YHU�NDQ�W\GH�Sn�DW�ODERUDWRULHPHWRGLNNHQ�KDU�EOLWW�

EHGUH�VLGHQ�GLVVH�SU¡YHQH�EOH DQDO\VHUW��.RQVHQWUDVMRQHQHQ�DY�PLNURSODVW�L�VHGLPHQWHU�HU�DOWVn�

MXVWHUW�IRU�HW�WDS�Sn�����XQGHU�WHWWKHWVVHSDUDVMRQ� 3RO\PHUVDPPHQVHWQLQJHQ�DY�GLVVH�VSLNH�

SU¡YHQH�YDU�WLOVYDUHQGH�VRP�6LQJGDO�/DUVHQ��������VLQH�SU¡YHU�

��� 8OWUDO\GEDG

8OWUDO\GEDG�HU�P\H�EUXNW�L�VWXGLHU�DY�PLNURSODVW��IUD�UHQVLQJ�DY�ILVNHPDJHU �:DJQHU�HW�DO���������

WLO�IULJM¡ULQJ�DY�SODVW�L�DYO¡SVYDQQ��6LPRQ��YDQ�$OVW�	 9ROOHUWVHQ���������RJ�UHQVLQJ�DY�

PLNURSODVWSDUWLNOHU�IUD�ILOWHU��%HUJPDQQ�HW DO����������6NM¡U�RJ�QHGEUXWW�PLNURSODVW�NDQ�LI¡OJH�

/|GHU�RJ�*HUGWV���������Jn�L�\WWHUOLJHUH�RSSO¡VQLQJ�QnU�GH�EOLU�XWVDWW�IRU�XOWUDO\G��,�OLWWHUDWXUHQ�HU�

GHQQH�IDUHQ�WDWW�WLO�HWWHUUHWQLQJ�YHG�n�UHGXVHUH�WLGHQ�PLNURSODVW�EOLU XWVDWW�IRU�XOWUDO\GE¡OJHU��7LO�



��

WURVV IRU�GHWWH�NDQ�GHW�V\QHV�VRP�DW�KYD�VRP�UHJQHV�VRP�OLWHQ�WLG�HU�VY UW�YDULDEHO��1RHQ�DUWLNOHU�

KROGHU�VHJ�WLO�HNVSRQHULQJ�XQGHU���VHN��&DURQ�HW�DO����������PHQV�DQGUH�KROGHU�VHJ�WLO��� PLQXWWHU

�(QGHUV��/HQ]��6WHGPRQ�	 1LHOVHQ���������HOOHU�WLO�RJ�PHG�HQ�WLPH��+LQWHUVWHLQHU��+LPPHOVEDFN�

RJ�%XFKEHUJHU��������VHOY�RP�VLVWQHYQWH EUXNWH�GHW�IRU�n�In�IUDP�SODVWSDUWLNOHU�L�

NRVPHWLNNSURGXNWHU��,QJHQ�DY�GH RYHUQHYQWH�VWXGLHQH�KHQYLVHU�WLO�HJQH�HUIDULQJHU�VRP�WLOVLHU�

IUDJPHQWHULQJ YHG�EUXN�DY�XOWUDO\G��,QJHQ�DY�DUWLNOHQH�KHQYLVHU�KHOOHU�WLO�DUWLNOHU�VRP�YLVHU�GHWWH�

XWHQRP�HQ�UHIHUDQVH�WLO�/|GHU�	 *HUGWV���������'LVVH�KHQYLVHU�WLO�³SHUVRQDO�REVHUYDWLRQ´� PHQ�

XWHQ�QRHQ�V\VWHPDWLVN�XQGHUV¡NHOVH�HOOHU�VWXGLH��3HUVRQOLJ�NRPPXQLNDVMRQ�PHG�NMHPLSURIHVVRU�

+DQV�3HWHU�$US��������WLOVLHU�DW�IDUHQ�IRU�IUDJPHQWHULQJ��EDVHUW�Sn�GH�NMHPLVNH�ELQGLQJHQHV�

VWUXNWXU�HU�PLQLPDO�YHG�EUXN�DY�XOWUDO\G��PHG�PLQGUH�SDUWLNOHQH�XDQVHWW�HU�Vn�QHGEUXWW�DW�GH�YHG�

I\VLVN�EHU¡ULQJ�HOOHU�KnQGWHULQJ�OHWW�YLO�VPXOGUH WLO�PLQGUH�ELWHU��9LVXHOOH�XQGHUV¡NHOVHU�

JMHQQRPI¡UW�L�GHQQH�VWXGLHQ��I¡U�RJ�HWWHU�XOWUDO\GEDG��PLNURVNRSL�PHG����[�IRUVW¡UUHOVH��RJ�

VDPPH���:�XOWUDEDG�VRP�HU�EUXNW�IRU�DOOH�SU¡YHQH�L VWXGLHQ��L��� PLQ�IRU�EnGH�UHQ�

SRO\SURS\OHQH��VY UW�GHJUDGHUW��Q UW�RSSVPXOGUHW�SRO\HWK\OHQH�RJ�JDPPHO�SRO\VW\UHQ JD�YLVXHOW�

VHWW�LQJHQ�QHGEU\WQLQJ HOOHU�IUDJPHQWHULQJ��8JDQJVSXQNWHW�IRU�UHVXOWDWHQH�HU�Sn�EDNJUXQQ�DY�

GHWWH�DW�EUXNHQ�DY�XOWUDO\GEDG�VDQQV\QOLJYLV�L�VY UW�OLWHQ�JUDG�SnYLUNHU�SDUWLNOHQH��VHOY�RP�

QHGEU\WLQJ�LNNH�NDQ�XWHOXNNHV�IRU�JLWWH�SRO\PHUHU��'HW�WDV GHUPHG�XWJDQJVSXQNW�L�DW�GHWWH�HU�

QHJOLVMHUEDUW�IRU�UHVXOWDWHQH�SUHVHQWHUW�L�GHQQH�VWXGLHQ��PHQ�GHW�HU�HQ�SRWHQVLHOO�IHLONLOGH�



��

��� )7�,5�PLNURVNRSL

)7�,5 PLNURVNRSL�EHW\U�)RXULHUWUDQVIRUPHUW�LQIUDU¡G�PLNURVNRSL��)RXULHUWUDQVIRUPDVMRQ�HU�HW�

PDWHPDWLVN�SULQVLSS�VRP�EUXNHV�IRU�n�GDQQH�HQ�JUDI PHG�XWJDQJVSXQNW�L�WLG��,�SUDNVLV�EHW\U�GHW�L�

GHQQH�VDPPHQKHQJHQ�DW�O\VHWV�UHIOHNVMRQ�HOOHU�JMHQQRPWUHQJQLQJ��WUDQVPLWWDQFH��GDQQHU�HQ�JUDI�

XW�LIUD�KYLONH�E¡OJHOHQJGHU�VRP�KHOW�HOOHU�GHOYLV�DEVRUEHUHV�RJ�KYLONH�VRP�UHIOHNWHUHV�HOOHU�LNNH�

VOLSSHU�LJMHQQRP�PDWHULDOHW �&UDZIRUG�	�4XLQQ��������V� ���������*RGD 	 -DODOL�������

$QDO\VHPHWRGHQ�EUXNHV�WLO�n�EHVWHPPH�SRO\PHUHU�RJ�DYGHNNH�RP�SDUWLNOHU�HU�SODVW�HOOHU�LNNH��

7HNQRORJLHQ�EDVHUHU�VHJ�Sn�DW�O\V�L�GHW�LQIUDU¡GH�VSHNWHUHW�HNVLWHUHU�PROHN\OHU��9LVVH�

E¡OJHOHQJGHU�HNVLWHUHV�DY IRUVNMHOOLJH�PROHN\OHU�RJ�ELQGLQJHU��RJ�SODVWSRO\PHUHU�NDQ�JL�VY UW�

VSHVLILNNH�VSHNWHU��9HG�n�VHQGH�,5�O\V�PHG�IRUVNMHOOLJH�E¡OJHOHQJGHU�JMHQQRP�HQ�SODVWSDUWLNNHO��

HOOHU�GHWHNWHUH�GHW�O\VHW�VRP�UHIOHNWHUHV�IUD�HQ�SDUWLNNHO�NDQ�PDQ�UHJLVWUHUH�KYLONH E¡OJHOHQJGHU�

VRP�DEVRUEHUHV��'HWWH�GDQQHU�GD�HW�VSHNWHU�L�HQ�JUDI��GHU�;�DNVHQ�UHSUHVHQWHUHU�E¡OJHOHQJGHQ�RJ�

<�DNVHQ�JUDG�DY�HNVLWDVMRQ�IRU�KYHU�JLWW�E¡OJHOHQJGH��9HG n�VDPPHQOLJQH�HW�VSHNWHU�PHG�

HNVLVWHUHQGH��RJ�NMHQWH�VSHNWUD�IUD�UHQH�RJ�NMHQWH�PROHN\OHU��NDQ PDQ�DYJM¡UH�KYLONHW�PROHN\O�

VRP�KRYHGVDNHOLJ�GRPLQHUHU�PDWHULDOHW�HQ�XQGHUV¡NHU� 9DQQ�DEVRUEHUHU�LQIUDU¡GW�O\V�VY UW�JRGW��

RJ�W¡UUH�SU¡YHU�HU�GHUIRU�HQ�IRUXWVHWQLQJ��6YDUWH�SU¡YHU�HU�RJVn�SUREOHPDWLVNH�JUXQQHW�K¡\�

DEVRUEVMRQVHYQH��/|GHU�	 *HUGWV��������V� ����������

5HQ�RJ�GHJUDGHUW�SODVW�JLU�IRUVNMHOOLJH�VSHNWHU�YHG�)7�,5�PLNURVNRSL��'HWWH�HU�HQ�XWIRUGULQJ�GD�

HQ�VSHVLILNN�SODVWSDUWLNNHO�YLO�JL�HW DQQHW�RJ�SRWHQVLHOW�VYDNHUH�VSHNWHU�HQQ�GHQ�UHQH�XWJDYHQ�DY�

VDPPH�PDWHULDOH�VRP�HU�VFDQQHW�LQQ�VRP�UHIHUDQVH�L ELEOLRWHNHW�KYHU�SDUWLNNHO�VDPPHQOLJQHV�

PHG� )7�,5�PLNURVNRSL�HU�IRU�¡YULJ��WLO�WURVV�IRU�XWIRUGULQJHU�P\H�EUXNW�YHG�VWXGLHU�DY�

PLNURSODVW��RJ�DQVHHV�VDPPHQ�PHG 5DPDQ�VSHNWURVNRSL�VRP�HW�DY�WR�DOWHUQDWLYHU�VRP�HU�

Q¡GYHQGLJH�IRU�PHG�VLNNHUKHW�n�DQDO\VHUH NRQVHQWUDVMRQ�DY�PLNURSODVW��+LGDOJR�5X]�HW�DO���������

6RQJ�HW�DO�����������V UOLJ�KYD�JMHOGHU�SDUWLNOHU� �� PP��6RQJ�HW�DO���������

3URGXVHQWHQ�DY�PLNURVNRSHW EHQ\WWHW�L�GHQQH�VWXGLHQ��HQ�3HUNLQV�(OPHU� OHYHUHU�IOHUH�ELEOLRWHN�

PHG�VSHNWHU� 0LNURVNRSHW�VNDQQHU�VHJ�JMHQQRP�IOHUH�VSHNWHUELEOLRWHN��GHU�GLVVH�KHWHU�

©3RO\PHUª��©$75�6SHFWUDª��©7UDQVPLVVLRQ�6SHFWUDª RJ�©)OXNDª�� ,QNOXGHUW�L�GLVVH�VSHNWUHQH�HU�

GHW�LNNH�EDUH�SODVWSRO\PHUHU��PHQ�HQ�UHNNHU�RUJDQLVNH�VXEVWDQVHU��VDOWHU�RJ�PLQHUDOHU��0DQJH�DY�

GLVVH�HU�L�XWJDQJVSXQNWHW�LNNH�UHOHYDQWH IRU�PDULQH�SU¡YHU��
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7HRULHQ�EDN�,5�VSHNWURVNRSL�HU�KYRUGDQ�IRUVNMHOOLJH�PROHN\OHU�RJ�ELQGLQJHU�JLU�LQIUDU¡GW�O\V�

IRUVNMHOOLJ�UHVSRQV��'H�IOHVWH�SODVWVRUWHU�JLU�GHULPRW�HQ�W\GHOLJ�VLJQDWXU��VH HNVHPSHO�IUD�HQ�

SDUWLNNHO�3RO\SURS\OHQ�PHG�VFRUH����� YLVXDOLVHUW�L )LJXU����± DOWVn�HQ�JUDI�RYHU�KYLONH�

E¡OJHOHQJGHU��UHIOHNWHUW�DEVRUEHUW�HNVLWHUW��VRP�HU�GLVWLQNWH�RJ�JLWWH�IRU�GHQ�HQNHOWH�SRO\PHU

�/|GHU�	 *HUGWV�������� 6H�ILJXU�� IRU HW�HNVHPSHO�DY�)7�,5 VSHNWHU�DY�SRO\SURS\OHQ �33��

)LJXU ���)7�,5 VSHNWHU�DY�SRO\SURS\OHQH��33��

6SHNWHUHW�NDQ�VDPPHQOLJQHV�PHG�HW�SRO\PHUELEOLRWHN��RJ�PDQ�InU�GD�XW�HQ�YHUGL��DOWVn HQ�VFRUH

RYHU�VSHNWHUHWV�SURVHQWYLVH�OLNKHW�PHG�NMHQWH�SRO\PHUHU��'HW HU�LNNH�HWDEOHUW�HQ�HQVDUWHW�JUHQVH�

IRU�KYD�VRP�UHJQHV�VRP�JRG�QRN�VFRUH L�OLWWHUDWXUHQ� 'HW�Pn�WDV�KHQV\Q�WLO�DW�DGGLWLYHU�RJ�

QHGEU\WQLQJ�JM¡U�DW�VFRUHQ EOLU�GnUOLJHUH��1nU�YL�VHU�Sn�SDUWLNOHU�Sn�KDYEXQQHQ��GHU�SDUWLNNHOHQ�

Pn�KD�Y UW�L�PLOM¡HW�HQ�VWXQG�I¡U�DQDO\VHQ�JMHQQRPI¡UHV�HU�GHW�QDWXUOLJ�DW�NYDOLWHWHQ�HU�UHGXVHUW�

RJ�YHG�)7�,5�DQDO\VH�JLU�HW�PHUH�XNODUW�VSHNWHU�IRU�WRONQLQJ�RJ�PHG�GHW ODYHUH VFRUH L�

VDPPHQOLJQLQJ�PHG�JLWWH�SRO\PHUELEOLRWHN��3DUWLNOHU�PHG�VY UW�K¡\�VFRUH��!������NDQ�JL�

LQGLNDVMRQ�Sn�PXOLJ�NRQWDPLQDVMRQ�IUD�ODERUDWRULHW�

'HW�IRUHJnU�HQ�DNDGHPLVN�GLVNXVMRQ�RP�KYLONHQ�JUHQVH�PHOORP�JRGNMHQW�RJ�LNNH�JRGNMHQW�VRP�

VNDO�EHQ\WWHV��RJ�Sn�VLNW�HU�DQGUH�VWDWLVWLVNH�PHWRGHU�NDQVNMH�EHGUH�HQQ�n�EHVWHPPH�HQ JLWW�JUHQVH�

IRU�QnU�SDUWLNNHO�VNDO�DNVHSWHUHV�HOOHU�HL��6WDWLVWLVN�FOXVWHULQJ RJ�YDOJ�DY�©JRGNMHQW�PDWFKª GHU�WR�

FOXVWHU VNLOOHU�VHJ�IUD�KYHUDQGUH�PHG�HW�JDS�Sn�PLQ�����HU�EODQW�DQQHW�IRUHVOnWW��3HUV� 0HG��3URI��
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(OHQD�*RURNKRYD���������)RUHO¡SLJ�HU�EUXN�DY JUHQVHQ � ����������P\H�EUXNW�L�OLWWHUDWXUHQ��IRU�

HNVHPSHO�2EEDUG��������:RRGDOO�HW�DO�������� %HUJPDQQ�HW�DO���������

����'DWDPDWHULDOH

����,QQVDPOLQJ�DY�SU¡YHU

$OOH�SU¡YHQH�EOH�VDPOHW�PHG�9DQ 9HHQ�JUDEE��YHGOHJJ��ELOGH����PHG�HW�WRWDOW�DUHDO�Sn�����P��

'HW�ELRORJLVNH�PDWHULDOHW�DQDO\VHUW�YDU�YLGHUH�HW�UHVXOWDW�DY����P� DY�JUDEEHQ��%LRWD�IXQQHW�L�

JUDEEHQH�EOH�VRUWHUW�L�IHP�KRYHGJUXSSHU�DY�G\U GHU�3RO\FKDHWHU YDU�HQ�DY�GLVVH��3RVLVMRQ�EOH

UHJLVWUHUW� RJ�PDULQELRORJ�7KRPDV�0¡VNHODQG�VWR�IRU�XWSOXNNLQJ�DY�ELRWD��/DJULQJ�DY�ELRWD�

IRUHJLNN�Sn�����HWDQRO�PHG�HQ�GUnSH�IDUJHVWRII��URVD�%HQJDO��IRU�n�HQNOHUH�VNLOOH�LQGLYLGHQH�IUD�

KYHUDQGUH�XQGHU�DQDO\VHQ��3U¡YHQH�EOH�WDWW�DY�'19�*/ L�PDL�MXQL����� �3HU��0HG��7KRPDV�

0¡VNHODQG��������

'HW EOH�ODJHW�IHP�UHSOLNDWHU�PHG�ELRORJLVNH�SU¡YHU�IUD�KYHU�JUDEE��$Y�GLVVH�EOLU�GHW�KHU�SUHVHQWHUW�

GDWD�IUD�DOOH�JODVVHQH PHG�2ZHQLD��

'\EGHQ�RJ�W\SHQ�VHGLPHQW�EOH�UDSSRUWHUW�DY�'19�*/��RJ�GDWDHQH�EOH�JMHQJLWW�L�UDSSRUW�������

5HY�������0LOM¡GLUHNWRUDWHW��'DWDHQH�SUHVHQWHUW�L�7DEHOO��� HU�HQ�JMHQJLYHOVH�DY�GLVVH��PHG�

RYHUVHWWHOVH�DY�IRUIDWWHUHQ� 'DWDHQH�JMHOGHU�IRU�EnGH�VHGLPHQWSU¡YHQH�RJ�SU¡YHQH�DY�DQDO\VHUWH�

2ZHQLD�0HQJGHQ�RUJDQLVN�PDWHULDOH��72&���EOH�DY�0LOM¡GLUHNWRUDWHW������D��UDSSRUWHUW�n�Y UH�

IUD������ RJ�QHGRYHU��IRU�VDPWOLJH�VHGLPHQWSU¡YHU��IUD�VDPPH�VWDWLRQHU�VRP�GDWD�UDSSRUWHUW�L�

GHQQH�PDVWHUVWXGLHQ�
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7DEHOO ���'\EGHQ�RJ�W\SHQ�VHGLPHQW�YHG�SRVLVMRQ�IRU�SU¡YHWDJQLQJ��UHJLVWUHUW�DY '19�*/��GHOYLV�

JMHQJLWW�L�UDSSRUW�������5HY�������0LOM¡GLUHNWRUDWHW� 6DPWOLJH�GXEOLNDWHU�HU�LNNH�KHU�SUHVHQWHUW�

6WDWLRQ
0LNURPHWHU�

ILOWHU
2PUnGH 7\SH SU¡YH %XQQIRUKROG '\EGH 2OMHSODWWIRUP $YVWDQG

5HJ���� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 5HJLRQDO QG�

5HJ���� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 5HJLRQDO QG�

5HJ���� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 5HJLRQDO QG�

9DO��� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 9DOKDOO ���

8/$��� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 8OD ���

.9��� ��
1RUGOLJH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG ��� .YLWHEM¡UQ ���

9,��� ��
1RUGOLJH�
1RUGVM¡HQ

+HO�PDUN 6LOW�RJ�OHLUH ��� 9LNVXQG ���

.57��� �� %DUHQWVKDYHW +HO�PDUN 6LOW�RJ�OHLUH ��� .UnNHWLQG �

.)��� �� %DUHQWVKDYHW +HO�PDUN 6LOW�RJ�OHLUH ��� .RUSHIMHOO ���

5HJ���� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 9DOKDOO ���

9DO�� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN )LQ�VDQG �� 9DOKDOO ���

5HJ ��
6HQWUDOH�
1RUGVM¡HQ

,QQPDW )LQ�VDQG ����� 5HJLRQDO QG�

5HJ ��
6HQWUDOH�
1RUGVM¡HQ

,QQPDW )LQ�VDQG ����� 5HJLRQDO QG�

.)���� �� %DUHQWVKDYHW ,QQPDW 6LOW�RJ�VDQG ��� .RUSHIMHOO ���

5HJ ��
6HQWUDOH�
1RUGVM¡HQ

7XEH )LQ�VDQG ����� 5HJLRQDO QG�

5HJ ��
6HQWUDOH�
1RUGVM¡HQ

7XEH )LQ�VDQG ����� 5HJLRQDO QG�

.)���� �� %DUHQWVKDYHW ,QQPDW 6LOW�RJ�VDQG ��� .RUSHIMHOO ���



��

��� 3U¡YHWDJQLQJVRPUnGH

)LJXU �� .DUW�RYHU�6HQWUDOH�1RUGVM¡HQ��1RUGOLJH�1RUGVM¡HQ�RJ %DUHQWVKDYHW�PHG�

RPNULQJOLJJHQGH�ODQGRPUnGHU��3U¡YHWDJQLQJVRPUnGHU�DYJUHQVHW�PHG�JUn�NYDGUDW��.DUW�

PRGLILVHUW�DY�-DNRE�&\YLQ�RJ�&KULVWLDQ�7RWODQG��.DUWNLOGH��1RUJHVNDUW��*HRGDWD�$6��(65,�



��

����0HWRGH

)RU�n�NXQQH�VL�QRH�NRQVLVWHQW�RP�NRQVHQWUDVMRQHQ�DY�PLNURSODVW�YHG�IOHVW�PXOLJ�VWDVMRQHU�EOH�HQ�

DUW�WLOVWHGH�L�IOHVW�PXOLJ�SU¡YHU�YDOJW��)UD�GH�IOHVWH�DY�SU¡YHWDNQLQJVSXQNWHQH�DQDO\VHUW�PHG����

�P�ILOWHU�HU�EHQ\WWHW��HU�GHW�DQDO\VHUW�GXSOLNDWHU�PHG���LQGLYLGHU�DY�2ZHQLGD��± VDQQV\QOLJYLV�

*DODWKRZHQLD�RFXODWD HOOHU�2ZHQLD�IXVLIRUPLV� 'LVVH�DUWHQH�KDU�HW�HNVRVNMHOHWW��GHU�GH�IOHVWH�

SU¡YHQH�HU�HW�UHVXOWDW�DY DQDO\VHU�DY�KHOH�PDUNHQ�PHG�HNVRVNMHOHWW��PHQ�GHW�HU�RJVn�JMHQQRPI¡UW�

WR�GXSOLNDWHU DY�PDUNHQ�RJ�WXEHQ�HNVRVNMHOHWWHW DGVNLOW��%LRWD�HU�IRUG¡\G��WHWWKHWVVHSDUHUW�RJ�

ILOWUHUW�RYHU�Sn�ILOWHU�VRP�Vn�HU�DQDO\VHUW�PHG�)7�,5 PLNURVNRSL��VH�)LJXU �� 5HVXOWDWHQH�JLU�HQ�

LQGLNDVMRQ�Sn�RP�PDUNHQ�VSLVHU�SODVW�HOOHU�E\JJHU�HNVRVNMHOHWWHW�VLWW�DY�SODVW��EHJJH�GHOHU��HOOHU�

LQJHQ�DY�GHOHQH�

)LJXU ���)ORZ�VNMHPD�RYHU�JMHQQRPI¡ULQJ�DY�VWXGLHQ� )UD�LQQVDPOLQJ�DY�2ZHQLD�VS��WLO�DQDO\VH�

DY�PLNURSODVW�IXQQHW�L�GLVVH��RJ�UHDQDO\VH�DY�VHGLPHQWGDWD�IUD�/LOOHHQJHQ��������



��

��� 3UHSDUHULQJ�DY SU¡YHQH

)UD�HW�JODVV�PHG�3RO\FKDHWHU�ODJUHW�Sn HWKDQRO� WLO�HW�ILOWHU�VRP�NDQ�DQDO\VHUHV�PHG�)7�,5

PLNURVNRSL Pn�SU¡YHQH�JMHQQRP�IOHUH�VWHJ�PHG�EHKDQGOLQJ��,�I¡UVWH�RPJDQJ�EOH�GHW�JMHQQRPI¡UW�

HQ�UHNNH�WHVWHU�PHG�IRUVNMHOOLJ�PHQJGH�ELRWD RSS�LPRW�DQWDOO�VWHJ�PHG�IRUG¡\LQJ�RJ�PHQJGH�

PDWHULDOH�Q¡GYHQGLJ�IRU�DQDO\VH��5HVXOWDWHQH�DY�GLVVH�WHVWHQH�HQGWH�L�HW�YDOJ�RP�n�EUXNH�IHP�

2ZHQLD L�KYHU�SU¡YH��IRU GHQ�VWRUH�PDMRULWHWHQ�DY SU¡YHQH��)RU�WR�SU¡YHU�YDU�GHW�LNNH�PXOLJ�n�

ILQQH�ULNWLJ�DUW��RJ�EODQGHGH�SU¡YHU �IOHUH�XNMHQWH�DUWHU�DY�3RO\FKDHWHU� EOH�EUXNW��3U¡YHPDWHULDOHW

EOH�L�VLVWH�VWHJ��DY�SUDNWLVNH�KHQV\Q�RYHUI¡UW WLO�)7�,5�YHQQOLJH�ILOWHU����PP�VWnOILOWHU��IRUGHOW�Sn�

WR�OLNH�ILOWHU��'LVVH�EOH�L�HWWHUNDQW�VOnWW�VDPPHQ�RJ�SUHVHQWHUHV�VRP�HQ�SU¡YH�L�UHVXOWDWHQH�

)¡UVWH�VWHJ�YDU�n�OHJJH�GH�IHP�LQGLYLGHQH�L�ILOWHUSRVHU��'HWWH�NDQ�VDPPHQOLJQHV�PHG�HQ�WH�SRVH��

PHQ�ODJHW�DY�VWnOILOWHU PHG�SRUHVW¡UUHOVH��� ȝP��)LOWUHQH�ODJHV�YHG�n�NOLSSH�XW�FD��[�FP�VWRUH�

UHNWDQJOHU�DY�ILOWHUHW��OHJJH�LQGLYLGHQH�L�PLGWHQ� EUHWWH�ILOWHUHW�L�WR�RJ�GHUHWWHU�EUHWWH�GH�WUH�nSQH�

VLGHQH�PLQLPXP�WUH�JDQJHU��'HUHWWHU�VXUUHV�VWnOWUnG�UXQGW�SDNNHQ VOLN�DW�GHQ�LNNH�VNDO�Jn�RSS �VH�

)LJXU IRU�LOOXVWUDVMRQ�DY�HW�nSHQW�ILOWHU�I¡U�GHW�EUHWWHV��

)LOWHUSRVHQ PHG�LQQKROG�EOH�ODJW�L�PLOOL4�YDQQ�RYHU�QDWWHQ�RJ�GHUHWWHU�W¡UNHW�Sn��� R&�QHVWH�QDWW��

3RVHQH�EOH�Vn�YHLG�IRU�n�EHUHJQH�W¡UUYHNW��)RU�n�NRPPH�IUDP�WLO�YnWYHNW�EOH�WR�WULSOLNDWHU�PHG�HW�

VW¡UUH�DQWDOO�LQGLYLGHU�������VWN��WDWW�RSS�DY�HWDQRO��OXIWHW�VOLN�DW�GHW�LNNH�GU\SSHW�HOOHU�KDQJ�

GUnSHU�IUD�SU¡YHQ�IRU�GHUHWWHU�n�EOL�ODJW�L�VPn�EHJHUJODVV�PHG�YDQQ��'LVVH�EOH�Vn�YHLG�EnGH�I¡U�RJ�

HWWHU�W¡UNLQJ��3URVHG\UHQ�EOH�JMHQQRPI¡UW�IRUGL IRUGDPSQLQJ�DY�HWDQRO�XQGHU�SDNNLQJ�DY�

LQGLYLGHU�RJ�EUHWWLQJ�DY�ILOWHUSRVHQH��XQGHU�SLORWHULQJ�YLVWH�VHJ�n�HQGUH�YHNWHQ�RJ�JL�VNMHYH�

UHVXOWDWHU�PHOORP�I¡UVWH�RJ�VLVWH�SU¡YH�

)LJXU ���3KRWR��-DNRE�&\YLQ��,OOXVWUDVMRQHU��.MHUVWL�6\QQHYD�0RHQ



��

$OOH�YHNWGDWD VRP�RPKDQGOHU�YnWYHNW�HU�I¡OJHOLJ�HW�UHVXOWDW�DY XWUHJQLQJ�IUD�W¡UUYHNW��PHG�HQ�

RPUHJQLQJVIDNWRU �VH�9HGOHJJ��7DEHOO ��RJ����

��� (NVRVNHOOHWRQ�RJ�PDUN

)RU�n�NXQQH�DQDO\VHUH�HNVRVNMHOHWWHW�RJ�PDUNHQV�NURSS�DGVNLOW��EOH�GHW�EUXNW�SLQVHWW�IRU n�GUD�

LQQPDWHQ�XW�DY�HNVRVNMHOHWWHW��)¡UVW�EOH�PDUNHQ�WDWW�XW�DY�RSSEHYDULQJVJODVVHW��VN\OW�PHG PHWDQRO�

RJ�VNLOW�IUD HNVRVNMHOHWW��0DUNHQ�EOH�KROGW�PHOORP�ILQJUHQH��PHG�UHQH�JXPPLKDQVNHU�PHQV�

PDUNHQ�EOH�GUDGG�XW�DY�VHGLPHQWWXEHQ��'HWWH�ORW�VHJ�RIWH�LNNH�JM¡UH�± RJ�FD�����DY�IRUV¡NHQH�

IHLOHW��0DQJH�PDUN�WLOJMHQJHOLJ�JD�DOOLNHYHO�JUXQQODJ�IRU n�JMHQQRPI¡UH�DUEHLGHW�PHG�

WLOVWUHNNHOLJ�DQWDOO�PDUN� 1RH�VW¡UUHOVH�YDU�Q¡GYHQGLJ��RJ�XWYHOJHOVHQ�EOH GHUIRU�LNNH�KHOW�

WLOIHOGLJ��

��� .MHPLVN�RNVLGDVMRQ�

2NVLGDVMRQ�EOH�JMHQQRPI¡UW IRU�n�IMHUQH�RUJDQLVN�PDWHULDOH�VRP�LNNH�YDU SODVW�IUD�SU¡YHQH��

2NVLGDVMRQ EOH�JMHQQRPI¡UW�YHG�HQ WRWULQQV�SURVHVV��9HG�WULQQ�pQ EOH�8UHD��1D2+�RJ�WKLRXUHD

O¡VW�L�YDQQ�RJ�O¡VQLQJHQ�EOH�WLOVDWW�SU¡YHQH��*ODVVHQH�EOH�Vn�QHGNM¡OW WLO�����&�RJ�GHUHWWHU��XQGHU�

RPU¡ULQJ�Sn�PDJQHWU¡UHU�QRUPDOLVHUW�WLO�URPWHPSHUDWXU��'HWWH�WULQQHW�O¡VHU�RSS�RUJDQLVNH�

SRO\PHUHU�VRP�NLWLQ�RJ�FHOOXORVH��0HWRGLNNHQ�HU�LQVSLUHUW�DY�2OVHQ HW�DO�� �XSXEOLVHUW� RJ�

HUIDULQJHU�IUD�+DQV�3HWHU�$US��3HUV��PHG� ������ +HLGL�.QXWVHQ��3HUV� PHG���������YHG�1*, RJ�

0DKDW���������RJ�HU�L�I¡UVWH UHNNH�LQVSLUHUW�DY�EODQW�DQQHW�SDSLULQGXVWULHQV�PHWRGLNN�IRU�

RSSO¡VQLQJ�DY�FHOOXORVH��,�VWHJ�pQ HU�GHW�WLOGLJHUH�EHQ\WWHW����1D2+�����XUHD�RJ������WKLRXUHD�

O¡VW�L�LOOL4�YDQQ��'HWWH JD�VDPPHQ�PHG�VWHJ�WR��IRUG¡\HOVH�L�����K\GURJHQSHUR[LG�PHG���0�

1D2+�VRP NDWDO\VDWRU�HQ�UHFRYHU\�Sn���� r ���IRU�/'3(��36��3(7��33�RJ�1\ORQ��2OVHQ�HW�DO��

XSXEOLVHUW�� 'HQ�VDPPH�O¡VQLQJHQ�HU�EUXNW�L�GHQQH�VWXGLHQ�

'HW�EOH�LNNH�XWI¡UW VSLNH�SU¡YHU�DY�SU¡YHU IRU�SU¡YHU PHG�2ZHQLD� $OWVn�SU¡YHU�PHG�2ZHQLD��

WLOI¡UW HQ�NMHQW�PHJGH�RJ�SRO\PHUVDPPHQVHWQLQJ SODVW��,GHHOW�VHWW�VNXOOH�PDUNHQ�GD�Y UW�LQMLVHUW�

PHG�PLNURSODVW �VSLNH�SU¡YHU���PHQ�GHWWH�EOH�IXQQHW�WLGVPHVVLJ��RJ�SUDNWLVN�LNNH�

JMHQQRPI¡UEDUW��VSLNH�SU¡YHU�EOH�L�VXP�LNNH�IXQQHW�Q¡GYHQGLJ YHG�PnO�RP�n�LNNH�RYHUHVWLPHUH�

DQGHOHQ�SODVW��XQQJn�IDOVNW�SRVLWLYH�UHXOWDWHU��



��

,�3U¡YHQH�PHG 2ZHQLD��HU DOWVn LNNH�NRQVHQWUDVMRQHQH�MXVWHUW�IRU�GHW HYHQWXHOOH�WDSHW�DY�

PDWHULDOH�XQGHU�RNVLGDVMRQ��PHU GHWWH SRWHQVLHOW�NDQ�JL�HQ�XQGHUHVWLPHULQJ�DY�NRQVHQWUDVMRQHQ��

9DOJHW�RP�n�LNNH�MXVWHUH��EOH JMRUW�IRU�n�Y UH�VLNNHU�Sn�DW�VWXGLHQ�LNNH�RYHUHVWLPHUHU�

NRQVHQWUDVMRQHQ�DY�PLNURSODVW��RJ�L�QHVWH�UHNNH�%6$)��VDPPHQ�PHG�UHFRYHU\�UHVXOWDWHQH�

SUHVQWHUW�WLGOLJHUH�L�GHWWH�NDSLWWHOHW �2OVHQ�HW�DO�� XSXEOLVHUW��

(WWHU�HQGW�IRUG¡\HOVH�WULQQ�HQ�EOH�KYHU�SU¡YH�YDVNHW�PLQLPXP�WL�JDQJHU�PHG�PLOOL4�YDQQ� RJ�VDWW�

WLO�©KYLOHª L�PLQLPXP �� PLQXWWHU��L PLOOL4�YDQQ��1RH�PDWHULDOH�EOLU�LNNH�O¡VW�RSS�RJ�YDVNHW�XW�

XQGHU�GHQQH�SURVHVVHQ��PHQ�DOW PDWHULDOH�YLO�Y UH�SnYLUNHW�DY�RNVLGDVMRQHQ��'HWWH�OHJJHU�WLO�UHWWH�

IRU�HQ�HIIHNWLY�IRUG¡\HOVHVSURVHVV�GHO�WR��=KDQJ�HW�DO����������

7ULQQ�WR�DY�RNVLGDVMRQVSURVHVVHQ�IRUHJLNN�YHG�n�WLOVHWWH�����+�2� VOLN�DW�GHW�GHNNHW�ILOWHUSRVHQ�L�

KYHUW�SU¡YHJODVV��1RHQ GUnSHU���0�1D2+ EOH�WLOVDWW�VRP�NDWDO\VDWRU��3U¡YHQH�EOH�GH�I¡UVWH WR�

WLPHQH�VDWW�Sn�PDJQHWU¡ULQJ��'HUHWWHU�VWR�GH�L�������WLPHU�WLO�RNVLGDVMRQ�L�JODVV�PHG�

DOXPLQLXPVIROLH�VRP�ORNN��*ODVVHQH�EOH�VDWW�L�SODVWIODVNHU�PHG�KDOYYHLV�DYNDSSHW�ORNN IRU�n�

VDPOH�HYHQWXHO K\GURJHQSHURNVLG VRP�PnWWH�VSUH�VHJ�JMHQQRP�HNVRWHUP�UHDNVMRQ��3U¡YHQH�EOH�

HWWHU�WULQQ�WR�YDVNHW��W¡UNHW�RJ�YHLG�VRP�HWWHU�WULQQ�pQ�



��

��� 8OWUDO\GEDG

8QGHU�EHDUEHLGHOVH�DY�SU¡YHU�EOH�GHW�EUXNW�XOWUDO\GEDG�IRU�n�O¡VQH�SDUWLNOHU�IUD�ILOWHUSDSLU��IRU VOLN�

n�NXQQH�ILOWUHUH�KHOH�SU¡YHQ�HWWHU�HQGW�RNVLGDVMRQ�XWHQ�DW�SDUWLNOHU�KDGGH�VDWW�VHJ�IDVW�L�

ILOWHUSDSSLUHW� )LOWHUSRVHQ�EOH�nSQHW��ODJW�L�PLOOL�4�YDQQ�RJ�VDWW�L�XOWUDO\GEDG�L�PDNVLPDOW���PLQ

I¡U�GH�EOH�VN\OGW�PHG�VSUXWHIODVNH�RJ�YDQQHW�EOH�ILOWUHUW��)RU WHRUHWLVN�GLVNXVMRQ�RJ�YXUGHULQJ�DY�

XOWUDO\GEDG�VRP�PHWRGH�VH�NDSLWWHO���� 8OWUDO\GEDG�



��

��� 7HWWKHWVVHSDUDVMRQ RJ�ILOWUHULQJ

)RU�n�VNLOOH�WXQJH�SDUWLNOHU�VRP�VDQG��IUD�SODVW�EOH�GHW�JMHQQRPI¡UW HQ�WHWWKHWVVHSDUDVMRQ��)LOWUHUW�

=Q&O��&D&O��O¡VQLQJ�PHG�WHWWKHW�!������J�FP� EOH�EHQ\WWHW�VRP�PHGLXP�IRU�WHWWKHWVVHSDUDVMRQ

�)LJXU����� 3U¡YH�PHG�WLOVDWW�]LQNNORULG�EOH�WLOVDWW�HQ�

VHSDUDVMRQVIXQQHO�GHU�PDWHULDOHW�W\QJUH�HQQ�]LQNNORULGHQ�

YLO�IDOOH�WLO�EXQQV�RJ�NDQ�WDSSHV�DY�I¡UVW��PHQV�OHWWHUH�

SDUWLNOHU�� VRP�SODVW�� YLO�EOL�Y UHQGH�Sn�WRSSHQ�RJ�

WDSSHV�DY�WLO�VOXWW��

(WWHU�n�KD VOXSSHW�QHG DOO ]LQNNORULGHQ�EOH�IXQQHOHQ�VN\OW

PLQLPXP�WR�JDQJHU PHG�EnGH�PLOOL4�YDQQ�RJ�PHWDQRO�

IRU�n�IMHUQH�UHVWHUHQGH�]LQNNORULG RJ�HYHQWXHOOH�SDUWLNOHU�

Sn�LQQVLGHQ�DY�IXQQHOHQ�

$Y����YDQOLJ�W\SHU�SODVW�NDQ�ILUH�DY�GLVVH�RSSWUHU�PHG�

HJHQYHNW�RYHU����� J� FP���'HWWH�JMHOGHU�39&��3(7��RJ�

WR�W\SHU�37)(��&UDZIRUG�RJ�4XLQQ��������V������������

3ROLYLQ\ONORULQ �39&��RJ�SRO\HWK\OHQ�HSKWDODWH �3(7��

VWnU�IRU�¡YULJ�IRU�PHUH�HQQ�����DY�SODVWSURGXNVMRQHQ�L�

(XURSD��3ODVWLFV�(XURSH��������RJ�EUXNHQ�DY�]LQNNORULG�

PHG�WHWWKHW������J�FP� NDQ�GHUIRU�JL�XQGHUUHSUHVHQWDVMRQ�

DY�GHQ�IDNWLVNH�NRQVHQWUDVMRQHQ�SODVW��6HOY�RP�SURWRNROO�

IRU�WHWWKHWVVHSDUDVMRQ�DY VHGLPHQWHU��XWJLWW�L�6FLHQFH�L�������DY�7KRPSVRQ�HW�DO����������EOLU�

JMHQJLWW�DY�&URZIRUG�RJ�%LOO���������V�������RJ�EHU¡PPHW�VRP�HQ�VY UW�HIIHNWLY�SURWRNROO��KDU�

MHJ YDOJW�n�OD�SU¡YHQ�VHGLPHQWHUH�L�IXQHOOHQ�L�PLQLPXP��� PLQXWWHU��RSS�PRW�GH�DQEHIDOWH���

PLQXWWHQH SUHVHQWHUW�DY�7KRPSVRQ���������9DOJHW�HU�JMRUW PHG�XWJDQJVSXQNW�L�V\QOLJ�EHYHJHOVH�

DY�SDUWLNOHU�QHGRYHU�L�]LQNNORULGHQ��RJVn�HWWHU�QRHQ�PLQXWWHU�PHG�VHSDUHULQJ��'HW�YDU�GHUIRU�

¡QVNHOLJ�PHG K¡\HVW�PXOLJ�NYDOLWHW�Sn�VHSDUDVMRQHQ�VDPWLGLJ�VRP�WLGVEUXNHQ�EOH�KROGW�ULPHOLJ�

IRU�QRH�JUDG�DY�HIIHNWLYLWHW��7HWWKHWHQ�Sn�=LQNNORULG�EOH�EHUHJQHW�XW�IUD��

7HWWKHW��ȡ�� �


య
 �

൫ାೋమషೌమ
൯ି



)RUPHO����7HWWKHW�=LQNNORULG

)LJXU���� 7HWWKHWVVHSDUDVMRQ L
)XQQHO�



��

+YRU�PP� HU�YHNW��J��DY�PnOHNROEHQ��݉మିమ HU�YHNWHQ��J��DY�O¡VQLQJHQ��RJ�9P� HU�YROXPHW�

�FP���DY�PnOHNROEHQ�

$QDO\VHQ�DY�SDUWLNOHQH�EOH�JMRUW�L�)7�,5�PLNURVNRS��)RU�DW�GHQQH�DQDO\VHQ�VNDO�NXQQH�

JMHQQRPI¡UHV�Pn�LQQKROGHW�L�ILOWHUSRVHQ�RYHUI¡UHV�WLO�HW���PP�VLUNXO UW�ILOWHU��'HWWH�EOH�

JMHQQRPI¡UW�YHG�n�RYHUI¡UH�LQQKROGHW�L�ILOWHUSRVHQ�WLO�PLOOL4�YDQQ�L�HW�EHJHUJODVV �)LJXU���$��VRP�

EOH�ILOWUHUW�YHG�KMHOS�DY�YDNXXP�IUD�HQ�YDNXXPSXPSH��)LJXU���YDNXXP�IUD�(�� RYHU�Sn����PP�

ILOWHU��& L�)LJXU��� )RU�n�In�PHG�VDPWOLJH�SDUWLNOHU�VRP�NXQQH�KD�VDWW�VHJ�IDVW�Sn�LQQVLGHQ�DY�

ILOWHUSRVHQ�EOH�GHQQH�ODJW�L�HW�HJHW�JODVV�PHG PLOOL4�YDQQ�RJ�VDWW�L�XOWUDO\GEDG����:�L�LQQWLO���

PLQ� I¡U�ILOWUHULQJ�PHG�VDPPH�SURVHG\UH�VRP�RYHUVWnHQGH�EHVNUHYHW��RYHU�Sn�HJHW��� PP�ILOWHU�

�IRU�LQIRUPDVMRQ�RP�EUXNHQ�DY�XOWUDO\GEDG��VH NDSLWWHO���� RJ������� 'HW�EOH�WDWW�EODQNSU¡YHU�VRP�

IXOJWH�EHJJH�RSSVHWWHQH�IRU�n�NRUUHNW�NXQQH�NRUULJHUH�IRU�NRQWDPLQDVMRQ�XQGHU�DUEHLGHW�

)LJXU�����)LOWUHULQJ��$��SU¡YHLQQKROG�L�
PLOOL4�YDQQ��%��WUDNW�IRU�ILOWUHULQJ�RYHU�Sn�
ILOWHUHW�SODVVHUW�YHG�&��&��)LOWHUHWV�
SODVVHULQJ��'��RSSVDPOLQJ�DY�ILOWUHUW�
Y VNH��(��YDNXPVODQJH�

,OOXVWUDVMRQ��.MHUVL�6\QQHYD�0RHQ



��

7HWWKHWVVHSDUDVMRQHQ�DY�VHGLPHQWHQH�KDU�JMHQQRPJnWW�GHQ�VDPPH�WHWWKHWVVHSDUDVMRQHQ�VRP�

SUHVHQWHUW�L�0LOM¡GLUHNWRUDWHWV�UDSSRUW�5DS�������������5HY�����GHU�GLVVH�Qn�HU�UHDQDO\VHUW�

� )RU�GHWDOMHU�VH�VLGH�������L�0LOM¡GLUHNWRUDWHW�������E���0LFURSODVWLFV�LQ�VHGLPHQWV�RQ�WKH�1RUZHJLDQ�&RQWLQHQWDO�
6KDOG�,,� ,GHQWLILFDWLRQ�WKURXJK�)7�,5�DQDO\VLV�0LOM¡GLUHNWRUDWHW�UDSRUW�0�������+HQWHW�IUD��
KWWSV���ZZZ�PLOMRGLUHNWRUDWHW�QR�JOREDODVVHWV�SXEOLNDVMRQHU�0����0����SGI



��

��� 6HGLPHQWHU

'H�DQDO\VHUWH�VHGLPHQWSU¡YHQH�HU�HQ�UHDQDO\VH DY�SU¡YHU�WLGOLJHUH�DQDO\VHUW�DY��\YLQG�/LOOHQJH�L�

KDQV�PDVWHURSSJDYH��/LOOHHQJH��������RJ�UHVXOWDWHU�IUD�GLVVH�SU¡YHQH�HU�RJVn�SXEOLVHUW�L�

UDSSRUWHQ�©0LFURSODVWLFV�LQ�VHGLPHQWV�RQ�WKH�1RUZHJLDQ &RQWLQHQWDO�6KDOI�,,��,GHQWLILFDWLRQ�

WKURXJKW�)7�,5�ª �0LOM¡GLUHNWRUDWHW������E���3U¡YHQH�On�ODJUHW�VRP�XWEUHWWHGH�ILOWHUSRVHU�PHG�

SOHNVLJODVV�RYHU�RJ�XQGHU��WDSHW�VDPPHQ�Sn�WR�VLGHU��7LGOLJHUH�IRUDUEHLG�RJ�PHWRGLNN�IRU�

RSSDUEHLGHOVH�DY�GLVVH�SU¡YHQH�NDQ�OHVHV�L�0LOM¡GLUHNWRUDWHWV�UDSSRUW������������5HY����

0HWRGLNNHQ�JLNN�XW�Sn�n�KHQWH�XW�VHGLPHQWSU¡YHU IUD�KDYEXQQHQ�JMHQQRP�VDPPH�PHWRGLNN�VRP�

EHVNUHYHW�XQGHU�NDSLWWHOHW�©,QQVDPOLQJ�DY�SU¡YHUª��'LVVH�EOH�GHUHWWHU�WHWWKHWVVHSSDUHUW�L�HQ�EDXWD�

PHG�]LQNNORULG��3ULQVLSSHW�HU�WLOVYDUHQGH�VRP�EHVNUHYHW�XQGHU�NDSLWWHO ©��� 7HWWKHWVVHSDUDVMRQ

RJ�ILOWUHULQJª��PHQ�L�VW¡UUH�VNDOD�IRU�n�NXQQH�EHKDQGOH�VW¡UUH�VHGLPHQWSU¡YHU��)RUVNMHOOHQ�HU�DW�

GHW�OHWWHVWH�PDWHULDOHW�L�WRSSHQ�DY�EDXWDHQ�KHU�VHSDUHUHV�DY�IUD�WRSSHQ��KHOOHU�HQQ�n�VOLSSH�QHG�

VHGLPHQWHQH�I¡UVW�IRU�GHUHWWHU�n�VOLSSH�QHG�GHW�OHWWH�PDWHULDOHW��3U¡YHQ EOH�YLGHUH�VHQGW�JMHQQRP�

HQ�WR�VWHJV�RNVLGDVMRQ�L�ILOWHUSRVHU�WLOVYDUHQGH EHVNUHYHW�L�NDSLWWHO ©��� .MHPLVN�RNVLGDVMRQ Sn�

VLGH���ª�

3U¡YHQH�HU�WLGOLJHUH�DQDO\VHU��EnGH�YLVXHOW�RJ�PHG�)7�,5��PHQ�GD�EOH�I UUH�SDUWLNOHU�SOXNNHW�XW��

RJ�GHW EOH�EUXNW�SLQVHWW�HOOHU�VSDWHO�IRU n�RYHUI¡UH�SDUWLNOHU�WLO�HW�DQDO\VHUEDUW��� PP GLDPHWHU�

ILOWHU��IRU�)7�,5���0LQ�UHDQDO\VH DY�GLVVH�SU¡YHQH�KDU�EOLWW�JMHQQRPI¡UW�YHG�n�nSQH�SOHNVLJODVVHW��

WD�XW�ILOWHUHW�RJ�YDVNH�GHWWH�Sn�RYHUVLGHQ�PHG�PHWDQRO��3OHNVLJODVVHW�VRP�On�QHG�PRW�ILOWHUHW��RJ�

ILOWHUHW EOH�YDVNHW PHG�PHWDQRO�Sn�VSUXWHIODVNH� RJ PDWHULDOHW�EOH�VOLN�RYHUI¡UW�WLO �� PP�ILOWHU��HW�

WLO�WUH�VWN��DYKHQJLJ�DY�KYRU�P\H�PDWHULDOH VRP�YDU�WLOVWHGH��

6DPPH SURVHG\UH�EOH�IXOJW�IRU�SDUDOOHOOH EODQNSU¡YHU�

0DWHULDOHW�EOH�YDVNHW�RYHU�Sn��� ȝP ILOWHU��PHQ�L�RJ�PHG�DW�ILOWHUSRVHQH�IUD�RNVLGDVMRQVSURVHVVHQ�

YDU��� �P� HU�QHGUH�FXW�RII IRU�GLVVH�SU¡YHQH�IRUWVDWW��� ȝP�

� 0LOM¡GLUHNWRUDWHW�������E���0LFURSODVWLFV LQ�VHGLPHQWV�RQ�WKH�1RUZHJLDQ�&RQWLQHQWDO�6KDOG�,,�
,GHQWLILFDWLRQ�WKURXJK�)7�,5�DQDO\VLV�0LOM¡GLUHNWRUDWHW�UDSRUW�0�������+HQWHW IUD��
KWWSV���ZZZ�PLOMRGLUHNWRUDWHW�QR�JOREDODVVHWV�SXEOLNDVMRQHU�0����0����SGI



��

��� )7�,5 PLNURVNRSL

3UDNWLVN�VHWW�HU�PHWRGLNNHQ�VRP�I¡OJHU��)RU�n�JM¡UH�NODU�PLNURVNRSHW�Pn�PDQ�I\OOH�IO\WHQGH�

QLWURJHQ�IRU�GHUHWWHU�n�OD�GHW�VWn�n�³KYLOH´�L��� PLQ��0DQ�NDQ�Vn�VWDUWH�RSS�PLNURVNRSHW��

0DWHULDOHW ILOWUHUHV�Sn�HW��� PP�VWnOILOWHU��)LJXU�����&�� VRP�VWHPSOHV XW �)LJXU�����$��RJ�OHJJHV�L�

HQ�DOXPLQLXPVUDPPH �VH )LJXU���$� VRP�

YLGHUH�OHJJHV�L PLNURVNRSHW��

0LNURVNRSHW�NDQ�Vn�VWLOOHV�LQQ�Sn�

JMHQQRPO\VQLQJ�HOOHU�UHIOHNVMRQ��3U¡YHQH�

HU�DQDO\VHUW�PHG�JMHQQRPO\VQLQJ�

�WUDQVPLWWDQFH�PRGH���'HWWH�PHG�

EDNJUXQQ�L�¡NW�Q¡\DNWLJKHW��GD�KHOH�

SDUWLNNHOHQV W\NNHOVH�EOLU�DQDO\VHUW��LNNH�

EDUH RYHUIODWHQ� 'HWWH HU�PHVW�HIIHNWLY�

IRU�EUXN�Sn�VPn�HOOHU�W\QQH�REMHNWHU��

0HG�HQ�MRLVWLFN�NDQ�PDQ Vn�VW\UH�VHJ�

UXQGW�Sn�ILOWHUHW��9LQGXHW�YL�QDYLJHUHU�

UXQGW ± DOWVn�GHW�V\QOLJH�XWQVLWWHW�L

PLNURVNRSHW�HU�GD������P�[������P� (W HNVHPSHO�

HU�YLVW L�)LJXU���� GHU�PDQ�Sn�3&�VNMHUPHQ�InU�

RSS HW XWVQLWW�DY ILOWHUHW��JMHQQRP�HW GLJLWDOW�

VDQQWLGVPLNURVNRS��)RU�n�In�RYHUVLNW�RJ�NRQWUROO�

ODU�PDQ�LQVWUXPHQWHW�I¡UVW�WD�HW�ELOGH�DY�KHOH�

ILOWHUHW �VH )LJXU ����YHQVWUH���'HWWH�WDU�FD��� PLQ

RJ�HU VDWW�VDPPHQ�DY�����ELOGHU��3n VNMHUPHQ�

VLWWHU�Qn�LJMHQ�PHG�HW�IRWR�DY�ILOWHUHW �)LJXU ����

YHQVWUH���GHU�FXUVRUHQ EHYHJHU VHJ�RYHU�IRWRHW� XW�IUD�

KYRU�PDQ QDYLJHUHU�L�VDQQWLGVPLNURVNRSHW �)LJXU�����

)LJXU�����$��$OXPLQLXPVUDPPH IRU�PRQWHULQJ�DY�
LQQWLO�WUH�VWN� ��PP��GLDPHWHU��ILOWHU��%��YHUNW¡\�
IRU�XWVWHPSOLQJ�DY�ILOWHU��&��ILOWHU���� ȝP�

$

%

&

)LJXU ����6DQQWLGVPLNURVNRS�
3ODVVHULQJ�DY�NRRUGLQDWHU�Sn��� ȝP
ILOWHU�L�)7�,5�



��

3DQRUHULQJ�UXQGW�Sn�ILOWHUHW IRUHJnU�PHG�HQ�MR\VWLFN� 9HG�n OHJJH�XW�NRRUGLQDWHU Sn�ELOGHW GHU�PDQ�

VHU�SDUWLNOHU�HOOHU�ILEHU��GDQQHV HQ�OLVWH�RYHU�NRRUGLQDWHU�Sn�ILOWHUHW��IRU�VOLN�n�NXQQH�n�NM¡UH�HQ�

IHOOHV )7�,5�DQDO\VH L�VDPWOLJH�SXQNWHU�UHJLVWUHUW �VH )LJXU���� K¡\UH���

3DUWLNOHU�PLQGUH�HQQ�ILOWHUGLDPHWHUHQ�EOL�XWHODWW�RJ�ZD\SXQNWHQH�EOLU�IRUV¡NW�ODJW�GHU�

JMHQQRPVNLQQVHYQHQ�WLO�SDUWLNNHOHQ�HU�VW¡UVW�GD�GHWWH�JLU�EHVW VSHNWHU��3HUV� 0HG���3URI��+DQV�

3HWHU�$US���������

3n�ILOWHU�PHG�VY UW�P\H�PDWHULDOH�HU�ILOWHUHW YLVXHOW�GHOW�L�WR�HOOHU�L�ILUH��VH�ILJXU�����K¡\UH��IRU L�

HWWHUNDQW�n�EOL�HNVWUDSROHUW�RSS��

+HOH�V\VWHPHW�EHVWnU�DY�PLNURVNRS IUD�3HUNLQV�(OPHU��)LJXU�����6SRWOLJKW�����)7�,5 PLNURVNRS�

PHG�HW�)URQWLHU�)7�,5 VSHNWURPHWHU��3&��MR\VWLVN�PHG�VWDJH�FRQWUROOHU IRU�n QDYLJHUH�SU¡YHQ�RJ�

VWnOILOWHUHW ������0HVK�± ����P�������P�$SHUWXUH � ����PP�:LUH�'LDPHWHU�� 66����*UDGH��

:RYHQ�:LUH���.M¡SW�IUD�³WKH�0HVK &RPSDQ\´��:DUULQJWRQ�8.��WLO�n�DQDO\VHUH�SU¡YHQ�Sn��

3U¡YHQH�EOH�DQDO\VHUW�L�WUDQVPLWWDQFH PRGH��'HWWH�EHW\U�DW�GHW�LQIUDU¡GH�O\VHW�LNNH�EOLU�UHIOHNWHUW�

VRP�L�UHIOHFWDQFH�PRGH��3URGXVHQWHQ��3HUNLQ�(OPHU��UDSSRUWHUHU��YHG�EUXN�DY���)7�,5 RP�

NRUUHNW�VSHNWHU�IRU�REMHNWHU�QHG�WLO����ȝP��3HUNLQ(OPHU��������

)LJXU ����9HQVWUH��%LOGH���PP�XWVQLWW�DY���PP����P�ILOWHU� +¡\UH��$OOH�SDUWLNOHU�LQQHQIRU�����DY�
ILOWHUHW�



��

*UHQVHQ�IRU�JRGNMHQW�VFRUH�L�GHQQH�VWXGLHQ�EOH�VDWW WLO������'HWWH�EHW\U�DW�GHW�WUHIIHW�L�ELEOLRWHNHW�

PHG�EHVWH�VDPPHQKHQJHQ�RYHU�VFRUH � ����EOH�YDOJW�VRP�JRGNMHQW� 8QQWDN�IUD�GHWWH��YDU�QnU�

IOHUH�VSHNWHU JD�UHVXOWDW�RP�HW�VSHVLILNW PDWHULDOH�PHQV GHWWH�LNNH�JMDOGW�PDWHULDOHW�PHG�EHVW�

VFRUH� )RU�HNVHPSHO�EOH�SRO\PHU�$ WLOVLGHVDWW�WLO�IRUGHO�IRU�SRO\PHU�% GHUVRP�DOOH�ELEOLRWHNHQH�

XWHQRP�GHQ�PHG�EHVW�VFRUH�JD�XWVODJ�Sn�SRO\PHU�%��3DUWLNOHU�PHG�YHUGL�� ��� HU�UDSSRUWHUW�VRP�

XNMHQW��

)LJXU ��� 6SRWOLJKW�����± )7�,5 PLNURVNRS�IUD�3HUNLQV�(OPHU��.LOGH� 3HUNLQ(OPHU�������

��� %ODQNSU¡YHU

%ODQNSU¡YHU�HU�WDWW�SDUDOOHOW PHG�SU¡YHQH�RJ�KDU�JMHQQRPJnWW�LGHQWLVN�GH�VDPPH�WULQQHQH�PHG�

SU¡YHEHDUEHLGHOVH�VRP�GH�UHHOOH�SU¡YHQH�

$OW�DUEHLG�PHG�RNVLGDVMRQ�HU�JMHQQRPI¡UW�L�DYWUHNNVNDS��)RU�n�In�QHG�EODQNYHUGLHQH�EOH�DOW�

DUEHLGHW�HWWHU�KYHUW�IO\WWHW�LQQ�L�HW�HJHW�DYWUHNNVNDS�VRP�EOH�JUXQGLJ�YDVNHW�EnGH�I¡U�EUXN�RJ�

MHYQOLJ�XQGHUYHLV�L�DUEHLGHW��'HWWH�JD�V\QOLJH�UHVXOWDWHU�YHG�QHGDGJnHQGH�DQWDOO�SDUWLNOHU�L�

EODQNSU¡YHQH�IUD�VWXGLHQV�VWDUW�PRW�VWXGLHQV�VOXWW�

%ODQNSU¡YHQH�IUD�VHGLPHQWSU¡YHQH�VRP�HU�UHDQDO\VHUW�HU�SU¡YHU�VRP�WLGOLJHUH HU�JMHQQRPJnWW�GHQ�

VDPPH�EHKDQGOLQJHQ�VRP�VHGLPHQWSU¡YHQH�



��

'HW�EOH�OHYHUW�WR�IHOWEODQNHU L�IRUP�DY�WRPPH�RSSEHYDULQJVJODVV� 'LVVH�VNDO�KD�VWnWW�nSQH�L�

WLOVYDUHQGH�WLGVURP��RJ OLNH�OHQJH�VRP�VHGLPHQWSU¡YHQH�PHG�2ZHQLD VS��YDU�HNVSRQHUW�IRU�OXIW�

HWWHU�SU¡YHWDJQLQJ�PHG�9DQ�:HHQ�JUDE��3U¡YHQH�EOH�VN\OGW�PHG�PHWDQRO� RJ ILOWHUHW�EOH�ILOWUHUW�

Sn�����P�ILOWHU Sn�1*,V�ODERUDRWRULXP�

)HOWEODQNHU�IUD�SU¡YHWDJQLQJHQ�PHG�9DQ�9HHQ�JUDEE HU�HQ�XWIRUGULQJ GD EODQNH�SU¡YHU�L�VY UW�In�

WLOIHOOHU�NDQ�JMHQQRPJn�GHW�HNVDNW�VDPPH�WHVWUHJLPH VRP�SU¡YHU�PHG�PDWHULDOH��

��� .MHPLNDOHU

)¡OJHQGH�NMHPLNDOLHU�HU�EUXNW�XQGHU�DQDO\VH Sn�ODERUDWRULHW�

7DEHOO����/LVWH�RYHU�NMHPLNDOLHU�EHQ\WWHW�XQGHU�VWXGLHQ�

.MHPLNDOLXP 0ROHN\O U�IRUPHO 3URGXVHQW�'LVWULEXW¡U� 5HQKHW����

=LQNNORULG =Q&O� 9:5�,QWHUQDWLRQDO ��

.DOVLXPNORULG &D&O� 9:5�,QWHUQDWLRQDO �����

+\GURJHQSHURNVLG ����+�2� 9:5�,QWHUQDWLRQDO $QDO\WLFDO�JUDGH

8UHD &2�1+��� 6LJPD�$OGULFK ����

7KLRXUHD &+�1�6 0HUFN�.�*D$ ����

1DWULXP�K\GURNV\G 1D2+ 0HUFN�.�*D$ ���± ���

1DWULXP�GRGHF\O�VXOSKDWH &+��&+����262�1D 6LJPD�$OGULFK ������&KURPDWRJUDSK\�

0HWDQRO &+�2+ 9:5�,QWHUQDWLRQDO QG�

���� 5HQKROG�Sn�ODERUDWRULHW

(Q�XWIRUGULQJ�YHG�DUEHLG�PHG�PLNURSDUWLNOHU�HU�NRQWDPLQDVMRQ��8QGHU�DUEHLGHW�PHG�SU¡YHU�HU�GHW�

EUXNW�ERPXOOV�RJ�XOO�NO U��ODERUDWRULHIUDNN� EULOOHU�RJ�KDQVNHU��$OOH�JODVV��SLQVHWWHU��

PDJQHWU¡UHUH��IODVNHU�PHG�PHWDQRO�RJ�PLOOL4�YDQQ�RJ�DQQHW�PDWHULHOO�VRP�KDU�Y UW L�GLUHNWH�

NRQWDNW�PHG�SU¡YHQH�HOOHU�ILOWHUSRVHQH�EOH�YDVNHW�PLQLPXP�WR JDQJHU�PHG�PLOOL4�YDQQ�IRU�n�WLO�

VOXWW�EOL�VN\OGW�PHG�PHWDQRO��6DPWOLJH�SU¡YHU�KDU�JMHQQRP�DOOH�WULQQ�L�SURVHVVHQ�Y UW�WLOGHNNHW�

PHG�DOXPLQLXPVIROLH� /XIWIRUXUHQVQLQJHQ�Sn�ODERUDWRULHW�EOH�WHVWHW�IOHUH�JDQJHU�L�O¡SHW�DY�

VWXGLHQ��RJ�GHW�EOH�LNNH�DYGHNNHW�PLNURSODVW�Sn��� PP�ILOWHU�VRP�EOH�ODJW�UHOHYDQWH�VWHGHU�Sn�

ODERUDWRULHW JMHQQRP�HQ�GDJ�PHG�DUEHLG�



��

���� $QDO\VH L�([FHO

+YHUW�ILOWHU�DQDO\VHUW�PHG )7�,5 GDQQHU�HQ�OLVWH��GHU�KYHU�OLQMH�UHSUHVHQWHUHU�GHW�VNDQQHWH�

UHVXOWDWHW�IUD�)7�,5�VNDQQLQJHQ��'LVVH�GDWDHQH�HNVSRUWHUHV�WLO�([FHO��GHU�KYHUW�ILOWHU�UHSUHVHQWHUHU�

KYHU�VLQ�IDQH��(W�IRUKnQGVSURJUDPHUW�UHJQHDUN��([FHO��HU�WLGOLJHUH�EHQ\WWHW�VRP�YHUNW¡\�IRU�

DQDO\VH LEODQW�DQQHW�UDSSRUWHU�WLO�0LOM¡GLUHNWRUDWHW�RJ�PDVWHURSSJDYHU��0LOM¡GLUHNWRUDWHW������E��

0LOM¡GLUHNWRUDWHW������� /LOOHHQJHQ��������6LJQGDKO�/DUVHQ�������� 'HQQH�VWXGLHQ�EHQ\WWHU�

VDPPH�UHJQHDUN�

)RU�n�NODVVLILVHUH�KYHU�SDUWLNNHO�VRP�SODVW��RUJDQLVN�HOOHU�SHWUR�S\UR EHQ\WWHV�HQ�([FHO�PDFUR��

VRP VWDGLJ�XWYLNOHV�XQGHU�EUXN��0DFURHQ�LQQHKROGHU Qn�FD�����DY�GH�FD����� IRUVNMHOOLJH�

PDWHULDOHQH�L�ELEOLRWHNHQH�)7�,5�PLNURVNRSHW�VNDQQHU�UHVXOWDWHW�PRW��'HWWH�EHW\U�DW�GHUVRP�HQ�

SDUWLNNHO�InU�QDYQHW�©&+�2���0(7+$12/�*$6�%87%(5�:$6&+)/�&$�����' ��&0ª��HU�

GHWWH�L�PDFURHQ RYHUVDWW�WLO�©2UJDQLFª��,VWHGHQ�IRU�n�PnWWH�JMHQNMHQQH�HOOHU�V¡NH�RSS�KYHUW�HQNHOW�

QDYQ�JLWW�L�ELEOLRWHNHW�IRUHQNOHU�GHWWH�SURVHVVHQ�RJ�HU�WLGVEHVSDUHQGH��)RU GH�UHVWHUHQGH�FD������

PXOLJH�WUHIIHQH�L�ELEOLRWHNHW�Pn�PDQ�PDQXHOW�VHWWH�LQQ�KYLONHW�PDWHULDOH�VRP�HU�IXQQHW��0DQXHOO�

JMHQQRPJDQJ�DY�VDPWOLJH�SDUWLNOHU�VNDQQHW�HU�GHUIRU�Q¡GYHQGLJ�

%ODQNSU¡YHU�OHJJHV�L�UHJQHDUNHW�VRP�GH�DQGUH�ILOWUHQH��PHQ�GLVVH�EHQ\WWHV�WLO�n�WUHNNH�IUD�

PDWHULDOH�L�GH�UHVSHNWLYH�SU¡YHQH�GH�WLOK¡UHU��'HWWH�EHW\U�L�SUDNVLV�DW�GHUVRP�GHW�EOLU�IXQQHW�ILUH�

33��RJ�WR�3(�NORUHUW�SDUWLNNOHU L�HQ�SU¡YH��RJ�HQ�33�RJ�HQ�3(�NORUHUW L�WLOK¡UHQGH�EODQNSU¡YH�

WUHNNHV�GHWWH�DQWDOOHW�IUD�SU¡YHQ��RJ�YL�VLWWHU�LJMHQ�PHG�HQ�SU¡YH�PHG�WUH�SDUWLNOHU�33�RJ�HQ�3(�

NORUHUW VRP�YL�DQWDU�VWDPPHU�IUD�PDUNHQ��RJ�LNNH�IUD�NRQWDPLQHULQJ�Sn�ODERUDWRULHW�

)RU�VHGLPHQWSU¡YHQH�HU�EODQN�YHUGLHQ�IRU�37)(�VDWW�WLO�������'HWWH�GD�GHQQH�VWXGLHQ�LNNH�NDQ�

UDSSRUWHUH�RP�37)(�L�VHGLPHQWSU¡YHU�JUXQQHW�NRQWDPLQHULQJ�IUD�HQ�SDNQLQJ�L�VHGLPHQW�

VHSDUDWRUHQ�Sn�WRSSHQ�DY�WHWWKHWVVHSDUDWRUHQ �IRU�XWI\OOHQGH�GLVNXVMRQ�DY�DQDO\VH�DY�VHGLPHQWHU��

VH�����6HGLPHQWHU��VLGH�����



��

�����.LOGHI¡ULQJ

'HW�HU�JMHQQRP�KHOH�GHQQH PDVWHURSSJDYHQ�EHQ\WWHW�NLOGHI¡ULQJ�L�KHQKROG�WLO�UHWQLQJVOLQMHQH�IRU�

$3$���'HW HU�IRU�¡YULJ�EHQ\WWHW�IRWQRWHU QRHQ�In�VWHGHU� GHU�GHWWH�KDU�V\QWHV�KHQVLNWVPHVVLJ�IRU�DW�

OHVHUHQ�UDVNW�VNDO�NXQQH�EHQ\WWH�LQIRUPDVMRQ�IUD�HNVWHUQH�NLOGHU�XWHQ�n�PnWWH�WD�VHJ�IUDP�L�

NLOGHOLVWHQ��'HWWH�JMHOGHU�OLQNHU�WLO�UDSSRUWHU�IUD�0LOM¡GLUHNWRUDWHW� HQ QHWWVLGH�PHG�UnGDWD RJ�

QHWWVLGHU�RP�ELRWD�GLVNXWHUW�L�GHQQH�RSSJDYHQ��$YYLNHW�L�NLOGHI¡ULQJHQ�HU�JMRUW�IRU n�¡NH�

RSSJDYHQV�OHVEDUKHW�

����5HVXOWDWHU�RJ�GLVNXVMRQ��+\SRWHVHQH�GLVNXWHUW

5HVXOWDWHQH�YLO�KHU�EOL�SUHVHQWHUW�VRP�EnGH�DQWDOO�SDUWLNOHU�SU� PDUN�RJ�HNVWUDSROHUWH�GDWD�WLO�DQWDOO�

SDUWLNOHU�SU� JUDP�RJ�HOOHU�NJ��9LGHUH�EOLU GHW�VNLOW�PHOORP�KHO�PDUN��RJ�PDUN�GHU�PDUNHQ�RJ�GHWV�

HNVRVNMHOHWW�HU�VNLOW�IUD�KYHUDQGUH��6HGLPHQWSU¡YHQH�EOLU�L�DOO�KRYHGVDN�UDSSRUWHUW�RJ GLVNXWHUW�

VRP�DQWDOO�SDUWLNOHU�SU� NJ�W¡UW�VHGLPHQW �GZ���1nU�GHW�UDSSRUWHUHV�RP�YHNW DY�VHGLPHQWHU�HU�GHW�

W¡UUYHNW DY�VHGLPHQWHQH�VRP�UDSSRUWHUHV��%LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)��

SUHVHQWHUHV�VRP�IRUKROGHW PHOORP�DQWDOO�SODVWSDUWLNOHU�SU� JUDP�YnW PDUN�RSS�PRW�DQWDOO�

SODVWSDUWLNOHU�SU� JUDP�W¡UW�VHGLPHQW��9nW�YHNW��ZZ��DY�PDUN�HU EHUHJQHW�XW�IUD�W¡UUYHNW�MXVWHUW�IRU�

IDNWRU�PHOORP�W¡UU�RJ�YnW�PDUN�EHUHJQHW�XW�IUD�HW�VW¡UUH�DQWDOO�PDUN��'HWWH�GD�In�PDUN�YHLHU VY UW�

OLWH�RJ�IRUGDPSQLQJ�XQGHU�YHLLQJ�SnYLUNHU�YHNWD �VH�9HGOHJJ� 7DEHOO ���RJ��� IRU�YHNWGDWD��

*MHQQRPVQLWWHOLJ�SURVHQWYLV�UHGXNVMRQ�L�YHNW YHG�W¡UNLQJ��YDU���� PHG ����YDULDVMRQ�PHOORP�

SU¡YHQH��'HW�HU QDWXUOLJ�n�WHQNH�VHJ�DW�RSSEHYDULQJ�L�PHWDQRO�KDU�HQGUHW YnW�YHNWHQ�

VDPPHQOLJQHW�PHG�QDWXUOLJ�YHNW�L�VM¡HQ�

9LGHUH�SUHVHQWHUHV�GDWD�RYHU�KYLONH�SRO\PHUHU�VRP�EOH�IXQQHW�RJ�DQGHOHQ�GLVVH�SRO\PHUHQH�VWnU�

IRU�DY�GHQ�WRWDOH�SODVWPHQJGHQ�LGHQWLILVHUW�

6SHNWUXP�IUD�)7�,5 XQGHUV¡NHOVHQH�EOLU�SUHVHQWHUW�L�PHWRGHNDSLWWHOHW�IRU�n�EHO\VH PHWRGLNNHQ��

PHQV�VSHNWUXP�LNNH�EOLU SUHVHQWHUW�KHU�L�UHVXOWDWNDSLWWHOHW� 'HWWH�GD�KYHU�SDUWLNNHO�InU�KYHUW�VLWW�

VSHNWUXP��RJ�GHW�V\QHV�OLWH�KHQVLNWVPHVVLJ�n�SUHVHQWHUH�VWRUH�PHQJGHU�DY�GLVVH�UnGDWDHQH� (W�

HNVHPSHO�RYHU�UnGDWD�HNVSRUWHUW�IUD�)7�,5�PLNURVNRSHW�RJ�WLO�([FHO��PHG�KYHU�SDUWLNNHO�

LGHQWLILVHUW�VRP�SODVW�HOOHU�DQQHW�PDWHULDOH HU�SUHVHQWHUW�L�7DEHOO���L�9HGOHJJ�



��

%ODQNSU¡YHU�HU�UDSSRUWHUW�VRP�DQWDOO�SU� SU¡YH��RJ�HU�WUXNNHW�IUD�SU¡YHQH�PHG�LQQKROG�IRU�KYHU�

UHVSHNWLYH�SRO\PHU��9HNW�EOH�LNNH�EHQ\WWHW�IRU�EODQNSU¡YHU�GD�YHNWHQ�L�VWRU�JUDG�YDU�XQGHU�

JUHQVHQ�IRU�KYD�VRP�NXQQH YHLHV��/2'��

5HVXOWDWHQH�IUD�NRQVHQWUDVMRQ�DY�PLNURSODVW�L�2ZHQLD VS��RJ�VHGLPHQWHU�SUHVHQWHUHV�L�7DEHOO���

7DEHOO ���7DEHOO����7DEHOO�� RJ�L�)LJXU����

3URGXNVMRQHQ�DY�IRUVNMHOOLJ�W\SHU�SODVW�L�YHUGHQ� HU�PDQJHIDVHWWHUW��RJ�GLVWULEXVMRQHQ�L KDYHW�HU�

JOREDO��'HQQH�VWXGLHQ�KDU�LQJHQ�HPSLUL�RYHU�NLOGHQH�WLO�SODVWHQ�VRP�HU�IXQQHW�RJ�UDSSRUWHUW�L�

VHGLPHQWHU�RJ�2ZHQLD VS��RJ�GHWWH�RPWDOHV�GHUIRU�LNNH�L�WHNVWHQ�

6RP�QHYQW�L�PHWRGHNDSLWWHOHW�HU�VHGLPHQWGDWDHQH�MXVWHUW�IRU�UHFRYHU\ EODQNHU��XW�IUD�WHVWHU�DY�

KYRU�P\H�PDWHULDOH�SODVW�VRP�EOLU�ERUWH�XQGHU�WHWWKHWVVHSDUDVMRQ�DY�VHGLPHQWHU��'HWWH�HU�LNNH�

JMHQQRPI¡UW�IRU�PLNURSODVW�L�2ZHQLD VS��JUXQQHW�OLWH�WDS�XQGHU�VDPPH�RNVLGDVMRQ�JMHQQRPI¡UW�DY�

2OVHQ��XSXEOLVHUW���7DS�DY�PDWHULDOH�XQGHU�WHWWKHWVVHDSDUVMRQ�DY�2ZHQLD HU�VDQQV\QOLJ��PHQ�L�

PLQGUH�JUDG�HQQ�XQGHU�VHSDUDVMRQ�DY�VHGLPHQWHU��0DQJOHQGH�MXVWHULQJ�YLO�NXQQH KD�SnYLUNHW�

SU¡YHQH�L�UHWQLQJ XQGHUHVWLPHULQJ�DY�NRQVHQWUDVMRQHQ�DY�PLNURSODVW��.RQVHQWUDVMRQHQ� RJ�L�QHVWH�

UHNNH�%6$)�VRP�KHU�SUHVHQWHUHV�HU�GHUIRU�KHOOHU�HW�ODYW��HQQ�K¡\W HVWLPDW�DY�GHQ�IDNWLVNH�

PLNURSODVWNRQVHQWUDVMRQHQ��'HW�EOH�KHU�JMRUW�HQ�YXUGHULQJ DY�NRQWDPLQHULQJ�DY�XWVW\U RJ�ULVLNR�

IRU�NRQWDPLQHULQJ�DY�SnI¡OJHQGH�SU¡YHU�RSS�PRW�Q\WWHYHUGLHQ DY�n�JMHQQRPI¡UH�VSLNHWH SU¡YHU�

HOOHU�EODQNH�UHFRYHU\�WHVWHU IUD�WHWWKHWVVHSDUDVMRQ�L�IXQQHO��PHG�GHUWLO�RNVLGDVMRQ��'HW�OLJJHU�RJVn�

HQ�XVLNNHUKHW�L�KYRU�UHSUHVHQWDWLYH UHFRYHU\�SU¡YHU�L HW�WRPW�ILOWHU�YLOOH�Y UW VDPPHQOLJQHW�PHG�

VSLNHGH �WLOVDWWH��SDUWLNOHU�L�WDPDNDQDOHQ�WLO�HQ�PDUN��HOOHU�L�HNVRVNMHOHWWHW� 'HW�EOH�GHUIRU�WDWW�

XJDQJVSXQNW�L�UHVXOWDWHQH�IUD�2OVHQ�HW�DO����XSXEOLVHUW��GHU�IDQW Q U������UHFRYHU\�IUD

RNVLGDVMRQVSURVHVVHQ�

6DPWOLJH UHVXOWDWHU�HU DYKHQJLJH DY�KYLONHQ )7�,5�VFRUH�VRP�HU YDOJW VRP�JUHQVHQ�IRU�JRGNMHQW�

OLNKHW RSS�PRW�ELEOLRWHNHW� 'HJUDGHUW�PDWHULDOH�YLO�QDWXUOLJ�KD�ODYHUH�VFRUH��RJ�ELEOLRWHNHU�PHG�

GHJUDGHUWH�SRO\PHUHU�YLO�IUDP�L WLG�JM¡UH�DW�YL�JRGNMHQQHU�SDUWLNOHU�VRP�SODVW��GHU�YL�L�GDJ�LNNH�

NDQ�JM¡UH�GHW�JUXQQHW�GnUOLJ�PDWFK�PHOORP�ELEOLRWHNHW��UHQH��Q\H�SDUWLNOHU��RJ�GHJUDGHUWH�

SDUWLNOHU��0LQLPXPVNRQVHQWUDVMRQ�UDSSRUWHUW�L�GHQQH�VWXGLHQ�HU�DQWDOO�SDUWLNOHU�VRP�KDU�JLWW�HQ�

OLNKHW�Sn�� ����PHOORP�HW�ELEOLRWHN�SRO\PHUHU�RJ�DQGUH�PDWHULDOHU� RJ�GHQ�JLWWH�SDUWLNNHO�

DQDO\VHUW� 5HVXOWDWHQH�SnYLUNHV�DY�ELEOLRWHNHW�IRU�LGHQWLILNDVMRQ��(W�ELEOLRWHN�PHG�GHJDUDGHUWH�

SRO\PHUHU�YLOOH�JLWW�K¡\HUH�VFRUH��RJ�PHG�GHW�K¡\HUH�NRQVHQWUDVMRQ�PLNURSODVW�
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'HQQH�NODUH�QXPHULVNH�JUHQVHQ�IRU�KYD VRP�UHJQHV�VRP�JRGNMHQW�JLU�URP�IRU�DW�SU¡YHU�GHU�

RNVLGDVMRQHQ�KDU�Y UW�XIXOOVWHQGLJ HOOHU�EDNJUXQQVVFDQQLQJ�HOOHU�NDOLEUHULQJ DY�LQVWUXPHQWHW�KDU�

Y UW�VXERPWSLPDO NDQ�SnYLUNH�UHVXOWDWHQH��RJ�SRWHQVLHOW�JL�DOOH�SDUWLNOHQH�L�GHQ�JLWWH�SU¡YHQ�

ODYHUH�VFRUH�XWHQ�DW�GHWWH�EHW\U�PDQJOHQGH�WLOVWHGHY UHOVH DY SODVW��

0DQJH�ILOWHU�VRP�HU�DQDO\VHUW�KDU�KDWW�HW�VY UW�VWRUW�DQWDOO�SDUWLNOHU��RJ�GHW�HU�GHUIRU IRUHWDWW�HQ�

XWYHOJHOVH�DY�HQ�JLWW�SURVHQWDQGHO�DY�ILOWHUHW��GHU�GHW�VLGHQ�HU�JMHQQRPI¡UW�HQ�HNVWUDSROHULQJ�IRU�n�

NRPPH�IUDP�WLO�DQWDOO�PLNURSODVWSDUWLNOHU�L�KHOH�SU¡YHQ��KHOH�ILOWHUHW���8WYHOJHOVHQ�DY�HQ�JLWW�

SURVHQWDQGHO�DY�ILOWHUHW�HU�EDVHUW�Sn�NYDOLWDWLY�YXUGHULQJ�RJ�HU�JMHQVWDQG�IRU�IHLONLOGHU�RJ�GHWWH

NDQ�KD SnYLUNHW�UHVXOWDWHQH� )RU�JMHQQRPVQLWWVYHUGLHU�NDQ�PDQ�DQWD�DW�HYHQWXHOOH�IHLO MHYQHV�QRH�

XW�JUXQQHW HW�VW¡UUH�DQWDOO�ILOWHU�PHG EnGH�RYHU��� RJ�XQGHU HVWLPDW��.YDQWLWDWLYH�PnO�Sn�DQGHOHQ�

RJ�SODVVHULQJHQ�DY�PDWHULDOH�Sn�ILOWHUHW�YLO�NXQQH�JM¡UH�GHQ�Qn�NYDOLWDWLYH�YXUGHULQJHQ�

NYDQWLWDWLY� 'HWWH�NXQQH�IRU�HNVHPSHO�Y UW�JMHQQRPI¡UW�L�SURJUDPYDUHQ�,PDJH-�

0DQJH VWXGLHU�YHOJHU LQQLWLHOW��I¡U�EUXN�DY�)7�,5� n IRUHWD�YLVXHOO�PLNURVNRSL��$Y�WLGVKHQV\Q��RJ�

PDQJOHQGH�DUJXPHQWDVMRQ�IRU�KYRUIRU�GHWWH�VNXOOH�Y UH�Q\WWLJ�L�GHQQH�VWXGLHQ EOH�LNNH�GHWWH�

IRUHWDWW��(Q�VOLN�XQGHUV¡NHOVH�YLOOH�NXQQH�JLWW�GDWD�RP�IDUJH�RJ IRUP�Sn�SDUWLNOHQH��'HWWH�NDQ�L

VHJ�VHOY�Y UH�LQWHUHVVDQW��PHQ�EUXNHQ�DY�)7�,5 L�GHQQH�VWXGLHQ�JD�OLWHQ�PXOLJKHW�WLO�VLNNHU�

NREOLQJ�PHOORP�SDUWLNOHU�VWXGHUW�L�O\VPLNURVNRS�RJ�DQDO\VHUW�L�)7�,5��'HWWH�V\QWHV�GHUIRU�

RYHUIO¡GLJ��9LVXHOO PLNURVNRSL�HU�RJVn�VY UW XVLNNHUW RJ�HQ�YLO�EUXNH�P\H WLG�Sn�n�VWXGHUH�

SDUWLNOHU�PDQ�LNNH�WURU�HU�SODVW��PHQ�VRP�HU�SODVW��RJ�PDQJH�SDUWLNOHU�PDQ�WURU�HU�SODVW��PHQ�VRP�

LNNH�HU�SODVW �6RQJ�HW�DO���������

,�WDEHOOHQH�VWnU�QG��IRU�QR�GDWD��DOWVn�LQJHQ�GDWD�

��� 0LNURSODVW�L�3OR\FKDHWHU��2ZHQLD VS��IUD�QRUVN�NRQWLQHQWUDOVRNNHO�RJ�%DUHQWVKDYHW

.RQVHQWUDVMRQHQ�IUD�KYHU�VWDVMRQ YDULHUHU�IUD ������� WLO ����������� SDUWLNOHU � JUDP �ZZ� RJ�HU�

UHSUHVHQWHUW�EnGH�L�HNVRVNMHOHWWHW�RJ�L PDUNHQ �7DEHOO�����,�HQNHOWSU¡YHU�HU�YHUGLHQ�IUD���WLO������

IRU�KHOH�PDUN��NURSS�RJ�WXEH���)RUKROGHW�PHOORP�PDUNHQV�NURSS�RJ�WXEH�HU�FD������ $OWVn WL�

JDQJHU�IOHUH�SDUWLNOHU�L�WXEHQ��HQQ�L�NURSSHQ� 0HG�QHGUH�FXW�RII Sn��� ȝP KYD�JMHOGHU�

ILOWHUGLDPHWHU�V\QHV�PDUNHQ�GHUIRU�KRYHGVDNHOLJ�n�RSSWUH�L�HNVRVNMHOHWWHW��*LWW�RSSWDN�DY�PLQGUH�

SDUWLNOHU�L�DQGUH�ILOWHUI¡GHQGH RUJDQLVPHU�V\QHV�GHW�VDQQV\QOLJ�DW�IRUKROGHW�YLOOH�Y UW�DQQHUOHGHV��

RJ�PHG�PHUH�SODVW�L�PDUNHQ�GHUVRP�GHQQH�VWXGLHQ�RJVn�Vn�Sn�PLQGUH�SDUWLNOHU� 6HWlOl�HW�DO��
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�������YLVHU�DW�HQ�UHNNH�]RRSODQNWRQ�NDQ�WD�RSS�PLNURSODVW�QHG�WLO��� �P��'HQQH�VWXGLHQ�V\QHV�

PHG�XWJDQJVSXQNW�L�RYHUQHYQWH�n�XQGHUHVWLPHUH GH�WRWDOH�NRQVHQWUDVMRQHQH DY�SODVW JUXQQHW�

PDQJOHQGH�PXOLJKHW�IRU�DQDO\VH�DY�GH�PLQVWH�SDUWLNOHQH��0DWKDORQ�RJ�+LOO��������DUJXPHQWHUHU�

IRU�DW�NRQVXPHULQJ�DY�PLNURSODVW�KRV�3RO\FKDHWHU L�VWRU�JUDG�HU�L�OLNHYHNW�PHG�XWVNLOOHOVHQ�DY�

GLVVH�JMHQQRP�DYI¡ULQJHQ��*LWW�0DWKDORQ�RJ�+LOO��������VLQ�VWXGLH HU�NRQVHQWUDVMRQHQ�L�NURSSHQ�L�

OLNHYHNW�PHG�SDUWLNOHQH�PDUNHQ�VSLVHU��RJ�VNLOOHU�XW�VRP�DYI¡ULQJ��'HWWH�YLO�IRU�¡YULJ�LNNH JMHOGH�

PDUNHQV�WXEH��5HVXOWDWHQH�KHU�SUHVHQWHUW�VWnU�L�NRQVWUDVW�WLO�9DQ�&DXZHQEHUJKH�HW�DO����������VRP�

IDQW���� � �������������P� SDUWLNOHU�SU� JUDP�ELRWD�$� 0DULQD �E¡UVWHPDUN���RJVn�HWWHU�DW�

WDUPNDQDOHQ�YDU�W¡PW��'HW�HU�VnOHGHV�XVLNNHUW�RP�PDMRULWHWHQ�DY�PLNURSODVWNRQVHQWUDVMRQHQ�

IXQQHW�L�NURSSHQ�WLO�2ZHQLD�L�GHQQH�VWXGLHQ��7DEHOO���RJ����VWDPPHU IUD�WDUPNDQDOHQ�HOOHU�RP�

SDUWLNOHU�KDU�IRUIO\WWHW�VHJ�XW�DY�WDUPNDQDOHQ��

)UD�2VORIMRUGHQ�IDQW�%RXU�HW�DO��������� HQ�WLO�WR�PLNURSODVSDUWLNOHU�SU� LQGLYLG�E¡UVWHPDUN��

.RQVHQWUDVMRQ�JMHQJLWW�SU� LQGLYLG V\QHV�YDQVNHOLJ�n�VDPPHQOLJQH�PHG�DQGUH�VWXGLHU��PHQ�

GHUVRP�GHW�DOLNHYHO�JM¡UHV��ILQQHU�GHQQH�VWXGLHQ�QRH�PLQGUH�SODVW�SU� LQGLYLG��PHG�HW�VQLWW�Sn ���

������SDUWLNOHU�SU� LQGLYLG��7DEHOO�����'D�%RXU�HW�DO�� �������LNNH�UDSSRUWHUHU�RP�YHNW�HOOHU�DQWDOO�

SDUWLNOHU�SU� YHNWHQKHW�V\QHV�VDPPHQOLJQLQJHQ�QRH�XKHQVLNWVPHVVLJ� 0XVOLQJHU��0\WLOXV�VS���HU

Sn GHQ�DQQHQ�VLGH�XQGHUV¡NW �%UnWH�HW�DO����������RJ�NRQVHQWUDVMRQ�PLNURSODVW�HU�NDONXOHUW�SU�

JUDP�YnW�YHNW��+HU�EOH�GHW�IXQQHW�������ц������SDUWLNOHU�SU� JUDP YnW�YHNW��'HWWH�HU�EHW\GHOLJ�

PLQGUH�HQQ�VDPWOLJH�SU¡YHU�L�GHQQH�VWXGLHQ��GHU�GHW EOH�IXQQHW�SODVW��PHG�PLQVWH�GHWHNWHUWH�

NRQVHQWUDVMRQ�L�5����B�� �KHO�PDUN��RJ�5HJ��%�B����NURSS��7DEHOO����PHG�KHQKROGVYLV����RJ�

���SDUWLNOHU�SU� JUDP�YnW�YHNW��0XVOLQJHQH�ILOWUHUHU�IRU¡YULJ�YDQQHW��RJ�SU¡YHQH�EOH�WDWW�IUD����

PHWHU XQGHU�YDQQ��6DPPHQOLJQLQJHQ�IRUHWDV�GD�GHW�HU�EHJUHQVHW�PHG�VWXGLHU�RPKDQGOHQGH�

PLNURSODVW�L�ELRWD��'H�PHVW�IUHNYHQWH�SRO\PHUHQH L�PXVOLQJHQH YDU�FHOOXORVHEDVHUWH��VDPW (9$�

VNXP��DVIDOWJXPPL�RJ�HOOHUV�HQ�UHNNH�DQGUH�SRO\PHUHU��'HQQH�VWXGLHQ�RP�2ZHQLD VS��XWHODWHU

DOOH�FHOOXORVHEDVHUWH�SRO\PHUHU�JUXQQHW�PXOLJKHWHQ�IRU�IHLO PDWFK�YHG�)7�,5��RJ�IRUKROGHW�

PHOORP�PDUNHQV�NURSS�L�GHQQH�VWXGLHQ�RJ�%UnWH�HW�DO�� �������VLQH�UHVXOWDWHU�IUD�EOnVNMHOO�V\QHV�

GHUIRU�HQGD�VW¡UUH HQQ�KYD�WDOOHQH�L�XWJDQJVSXQNWHW�WLOVLHU� %UnWH�HW�DO�� �������VHU 0\WLOXV VS��VRP�

HQ�SRWHQVLHOO�DUW�IRU�RYHUYnNQLQJ�DY�PLNURSODVW�L�YDQQPDVVHQH��'HQQH RYHUYnNQLQJHQ�YLO

XWHOXNNHQGH�ILQQH�SODVW�VXVSHQGHUW�L�YDQQPDVVHQ��5HVXOWDWHQH�IUD 2ZHQLD VS���WLOI¡UHU�

�'HW�KHQYLVHV�KHU�WLO�GHW�HQJHOVNH�EHJUHSHW�WUDQVORFDWH�
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LQIRUPDVMRQ�RP�SODVW�VRP�HQGHU�Sn�KDYEXQQHQ�RJ�VRP�WDV�RSS�L�ELRWD� 0HG�XWJDQJVSXQNW

UHVXOWDWHU�L�7DEHOO�����V������RJ�IRUVNQLQJ�VRP�WLOVLHU�DW�PDMRULWHWHQ�DY�GH�SRO\PHUHQH�VRP�HQGHU�L�

KDYHW�VHU�XW�WLO�n HQGH�Sn�KDYEXQQHQ��.DQKDL�HW�DO���������9DQ &DXZHQEHUJKH HW�DO���������HU�GHW�

YHG�YDOJ�DY�DUWHU�IRU�PLOM¡RYHUYnNQLQJ�DY�PLNURSODVW��QDWXUOLJ�n�YHOJH�DUWHU�VRP�NDQ�JMHQVSHLOH�

NRQVHQWUDVMRQHQ�DY�PLNURSODVW�EnGH�L�YDQQPDVVHQ�RJ�Sn�KDYEXQQHQ� 'HWWH�JM¡U�LNNH�

Q¡GYHQGLJYLV�2ZHQLD VS��WLO�HQ�EHGUH�DUW�HQQ�0\WLOXV VS��IRU�RYHUYnNQLQJ��PHQ�DUWHQ�YLO�WLOI¡UH�

DQQHQ�RJ�HNVWUD�LQIRUPDVMRQ�

'HW�EOH�IXQQHW PLNURSODVW�L�3RO\FKDHWHU��2ZHQLGD��*DOHWKRZHQLD�2FXODWD ��2ZHQLGD�)XVLIRUPLV

EnGH�L�VHQWUDOH�1RUGVM¡HQ��QRUGOLJH�1RUGVM¡HQ�RJ�L�%DUHQWVKDYHW� 1XOOK\SRWHVHQ��+����

0LNURSODVW HU�LNNH�GHWHNWHUEDUW�L�3RO\FKDHWHU��2ZHQLD�VS� IUD 1RUVN�NRQWLQHQWDOVRNNHO�RJ�

%DUHQWVKDYHW���HU�RYHURUGQHW�VHWW�DYNUHIWHW��PHQ�L�WR�SU¡YHU PHG�2ZHQLD VS� RJ�HQ�EODQGHW

3RO\FKDHWH� SU¡YH��7DEHOO��� EOH GHW�LNNH�IXQQHW�PLNURSODVW�



��

������0DUN�VDPOHW�NRQVHQWUDVMRQ

5HVXOWDWHQH�L�WDEHOO ���RJ�YLVXHOW�IUDPVWLOW�L�ILJXU�����YLVHU�JMHQQRPVQLWWOLJ�NRQVHQWUDVMRQ�DY�

PLNURSODVWSDUWLNOHU�IUD DOOH�VWDVMRQHQH� GHU�QHGUH�FXW�RII �� �P JD������ ����SDUWLNOHU�SU� PDUN� RJ�

���������SDUWLNOHU�IRU�QHGUH�FXW�RII �� �P��.RQVHQWUDVMRQHQ�YDU K¡\HUH L�GHW�QRUGOLJH�1RUGVM¡HQ�

VDPPHQOLJQHW�PHG�VHQWUDOH�1RUGVM¡HQ�RJ�%DUHQWVKDYHW��'HQQH�IRUVNMHOOHQ�HU�IRU�¡YULJ LNNH�

VLJQLILNDQW�JUXQQHW�In�PnOHSXQNWHU��Q ���L�QRUGOLJH�1RUGVM¡HQ�RJ�%DUHQWVKDYHW�VDPPHQOLJQHW�

PHG�6HQWUDOH�1RUGVM¡HQ��Q ��� )RUVNMHOOHQ�L NRQVHQWUDVMRQ�PHOORP��� �P ± JMHQQRPVQLWWHOLJ

��������� SDUWLNOHU���J��ZZ� RJ��� �P ± ����������� SDUWLNOHU���J��ZZ� V\QHV W\GHOLJ��7DEHOO��

RJ�)LJXU������PHQ�KHOOHU�LNNH�GHWWH�HU�VLJQLILNDQW��JUXQQHW�In�SU¡YHU��OLWHQ�Q�� 5HVXOWDWHQH�HU�IRU�

¡YULJ�RYHUODSSHQGH�PHG VWXGLHU�GHU�HQ�ILQQHU�¡NW NRQVHQWUDVMRQ�DY�PLNURSODVW�L�VHGLPHQWHU�PHG�

PLQNHQGH�VW¡UUHOVH��%HUJPDQQ�HW�DO����������RJ�HQ�NDQ�GHUIRU�IRUYHQWH�¡NW�NRQVHQWUDVMRQ�DY�

PLNURSODVW�YHG�PLQNHQGH�QHGUH�VW¡UUHOVHVPHVVLJH�FXW�RII��6DPWLGLJ�YLO�IDUHQ�IRU�NRQWDPLQHULQJ�

XQGHU�DQQDO\VH��EODQW DQQHW�IUD�OXIWEnUHQH�NLOGHU�¡NH�QnU�PDQ�DQQDO\VHUHU�VHU�HWWHU�PLQGUH�

SDUWLNOHU��6H XI\OOHQGH�GLVNXVMRQ�DY�%HUJPDQV�UHVXOWDWHU�L�NDSLWWHO�������

7DEHOO���YLVHU�VWDQGDUGDYYLN�VRP�NDQ�JL�QHJDWLYH�UHVXOWDWHU��'HWWH�HU�QDWXUOLJ QRN�LNNH�WLOIHOOHW��

PHQ�GHQQH�IUHPVWLOOLQJHQ��DULWPHWLVN�LVWHGHQIRU�JHRPHWULVN� HU�P\H�EHQ\WWHW�L�UDSRUWHULQJ�DY�

PLNURSODVW��RJ�YLVXDOLVHUHU�YDULDVMRQHQ�RPNULQJ�VQLWWHW�DY�SU¡YHQH�SUHVHQWHUW��,�WDEHOO���HU�GHW�

RJVn�IRUHWDWW�HQ�NYDOLWDWLY�YXUGHULQJ�DY�GH�NYDQWLWDWLYH�GDWDHQH��GHU�NYDOLWHWHQ�Sn�SU¡YHQH�HU�

YLVXDOLVHUW�YHG�HQ�WUHGHOW�VNDOD RYHU�SU¡YHQHV�NYDOLWHW� ODY��������PHGLXP��������RJ�K¡\��!����

PLNURSODVWSDUWLNOHU�L�KYHU�SU¡YH�HWWHU�IUDWUHNN�IRU�EODQNSU¡YHQH��'HVWR�IOHUH�SDUWLNOHU�DYGHNNHW��

GHVWR�PHU�UREXVWH�HU�UHVXOWDWHQH��'HUVRP GHW�EDUH�HU�DYGHNNHW�HQ�SDUWLNNHO��YLO�HQ�SDUWLNNHO L�IDOVN�

SRVLWLY�HOOHU�QHJDWLY�UHWQLQJ�JL�HQ�GREOLQJ�HOOHU�DKYOHULQJ�DY�UHVXOWDWHW��)n�EHNUHIWHGH�

PLNURSODVWSDUWLNOHU�JLU�RJVn�HQ�VW¡UUH�HNVWUDSROHULQJVJUDG��PHG�GHUWLO�XVLNNHUKHW��'HQQH�

NYDOLWHWVYXUGHULQJHQ�HU�JUXQQHW�HNVWUDSROHULQJ LNNH�Q¡GYHQGLJYLV�L�NRUUHODVMRQ�PHG�DQWDOO�

SDUWLNOHU�SU� JUDP�
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7DEHOO����.RQVHQWUDVMRQ�SODVW�IXQQHW�L�VDPWOLJH�SU¡YHU��3U¡YHQDYQ�VWDPPHU�IUD�RPUnGHW�GH�HU�
WDWW�PHG�KHQYLVQLQJ�WLO�Q UPHVWH�ROMHIHOW��5HJ RJ�5��EHW\U�UHJLRQDO�± DOVWn�RPUnGHU�XWHQIRU�
ROMHIHOWHQH��3U¡YHQDYQHQH�HU�LNNH�UHOHYDQWH�L�GHQQH�VWXGLHQ�XW�RYHU�DY�KHQV\Q�WLO�V\VWHPDWLVHULQJ�

3U¡YH
$QWDOO�PDUN

�Q�

+HO�PDUN

�WXEH�LQQPDW

0LNURSODVW

�SDUWLNOHU��
LQGLYLG�

DŝŬƌŽƉůĂƐƚ�
�SDUWLNOHU��J�

ZZ�
KŵƌĊĚĞ

5��������B�� � KHO�PDUN ��� ��� 6HQWUDOH�QRUGVM¡HQ

5����������B�� � KHO�PDUN ��� ��� 6HQWUDOH�QRUGVM¡HQ

5���������B�� �� KHO�PDUN ��� ��� 6HQWUDOH�QRUGVM¡HQ

5����B�� � KHO�PDUN ��� ��� 6HQWUDOH�QRUGVM¡HQ

5�����B�� � KHO�PDUN ��� �� 6HQWUDOH�QRUGVM¡HQ

5�����B�� � KHO�PDUN ��� �� 6HQWUDOH�QRUGVM¡HQ

5����B�� � KHO�PDUN ��� � 6HQWUDOH�QRUGVM¡HQ

5����B�� � KHO�PDUN ��� �� 6HQWUDOH�QRUGVM¡HQ

9DO��B�� � KHO�PDUN ��� ��� 6HQWUDOH�QRUGVM¡HQ

8/$����$B�� � KHO�PDUN ��� ���� 6HQWUDOH�QRUGVM¡HQ

8/$����%B�� � KHO�PDUN ��� ��� 6HQWUDOH�QRUGVM¡HQ

.57����$B�� � KHO�PDUN ��� � %DUHQWVKDYHW

.57����%B�� � KHO�PDUN ��� �� %DUHQWVKDYHW

.)�����$B�� � KHO�PDUN ��� � %DUHQWVKDYHW

.)�����%B�� � KHO�PDUN ��� ���� %DUHQWVKDYHW

.)�����&B�� � NURSS ��� ��� %DUHQWVKDYHW

.)�����'�B�� � NURSS ��� � %DUHQWVKDYHW

.)�����&��B�� �� HNVRVNMHOHWW ��� ���� %DUHQWVKDYHW

.)�����'��B�� �� HNVRVNMHOHWW ��� ��� %DUHQWVKDYHW

5HJ��$�B�� � NURSS ��� ��� 6HQWUDOH�QRUGVM¡HQ

5HJ��%�B�� � NURSS ��� �� 6HQWUDOH�QRUGVM¡HQ

5HJ���$��B�� � HNVRVNMHOHWW ��� ��� 6HQWUDOH�QRUGVM¡HQ

5HJ��%��B�� � HNVRVNMHOHWW ��� �� 6HQWUDOH�QRUGVM¡HQ

.9���B�� �� KHO�PDUN ��� ��� 1RUGOLJH�QRUGVM¡HQ

9,���B�� �� KHO�PDUN ��� � 1RUGOLJH�QRUGVM¡HQ

'HQQH�SU¡YHQ�HU�HQ�VDPOHW�NRQVHQWUDVMRQ�DY ���PDUN��IUD�VDPPH�VWDVMRQ� 'DWD�EOH�VOnWW VDPPHQ�I¡U�DQDO\VH L�
([FHO��RJ JLU�LNNH�URP�IRU�n�YLVH�YDULDVMRQVEUHGGH�PHOORP�KYHU�DY�GH�WUH�SU¡YHQH�VRP�OLJJHU�WLO�JUXQQ�IRU�
NRQVHQWUDVMRQHQ�



��

7DEHOO����6DPOHW�PLNURSODVWNRQVHQWUDVMRQ�L�KHOH�3RO\FKDHWHU IUD DOOH�SU¡YHWDJQLQJVVWDVMRQHU�VOnWW�
VDPPHQ�WLO�JMHQQRPVQLWW�GHU�GHW�IRUHOn�GXSOLNDWHU��0LQLPXP�����P�

6WDWLRQ
)LOWHU�

GLDPHWHU

��P�

$QWDOO

2ZHQLD

�Q�

0LNURSODVW

�SDUWLNOHU���
LQGLYLG�

0LNURSODVW�

�SDUWLNOHU��J�
ZZ�

.YDOLWDWLY�YXUGHULQJ�
DY�SU¡YHQHV�NYDOLWHW��
/DY��PHGLXP��K¡\�

5HJ���� �� �� ��������� �������� 0HGLXP

5���� �� � ��� ��� 0HGLXP

5HJ���� �� �� ��������� ������� 0HGLXP

5HJ���� �� �� ��������� ������� /DY

9DO��� �� � ��� ��� 0HGLXP

8/$��� �� �� ��������� ��������� +¡\

.57��� �� �� ��������� ������� /DY

.)��� �� �� ��������� ����������� 0HGLXP

*MHQQRPVQLWW �� �� ��������� ���������
5���������
WULSOLNDW WULSOL

�� �� ��� ��� 0HGLXP

.9��� �� �� ��� ��� 0HGLXP

9,��� �� �� � � /DY

5HJ���� �� � ��� ��� +¡\

9DO�� �� �� ��� ��� +¡\

8/$�� �� � ��� ���� 0HGLXP

.)��� �� �� � � /DY

.57��� �� �� ��� ��� +¡\

6QLWW��� �� �� ��������� �����������

���%ODQGHWH�SU¡YHU��,NNH�DUWVEHVWHPWH�3RO\FKDHWHU�XWHQ�WXEH�

2PWDOHV LNNH�YLGHUH�L�WHNVWHQ�GD�GLVVH�VWDVMRQHQH�RYHUODSSHU�PHG SU¡YHU�PHG�QHGUH�FXW�RII����

�P�RJ�GHUPHG NDQ�VDPPHQOLJQHV�PHG�UHVXOWDWHU�IUD�VHGLPHQWHQH�

�6NDOD�EDVHUW�Sn�ODY��������PHGLXP��������RJ�K¡\��!�����NYDOLWHW�Sn�GDWDHQH��$QWDOOHW�HU�SODVW��

JXPPL�HOOHU�R[\�UHVLQ�SDUWLNOHU�SU��ILOWHU�HWWHU�IUDWUHNN�IRU�EODQNSU¡YHU��)n�SDUWLNOHU�JLU�K¡\�JUDG�

DY�HNVWUDSRODVMRQ�RJ�SU¡YHQ�EOLU�VnUEDU�IRU�YDULDVMRQ�

*MHQQRPVQLWW�DY�VDPWOLJH�SU¡YHU�VRP�LQQJnU��+YHU�HQNHOW�SU¡YH�IUD�KYHU�VWDVMRQ�EHUHJQHW

VRP�HQ�DGVNLOGW�YHUGL� 5�����������HU�KROGW�XWHQIRU�JUXQQHW�PHWRGLVNH�XWIRUGULQJHU�PHG�EUXN�DY�

GLVVH GDWDHQH�IRU�EHUHJQLQJ�DY�JMHQQRPVQLWW�



��

)LJXU�����9LVXHOO�IUDPVWLOOLQJ�DY�NRORQQH�IHP�L�WDEHOO����XWHQ�YDULDVMRQVEUHGGH�

������0LNURSODVW�L�WXEH�RJ�NURSS��2ZHQLD

0DUNHQV�NURSS�YLVHU�VHJ��7DEHOO��� n LQQHKROGH�FD�WL�JDQJHU PLQGUH�SODVW�SU� JUDP�HQQ�PDUNHQV�

WXEH��'HW�JM¡UHV�RSSPHUNVRP�Sn�DW�HQGD�K¡\HUH�JUDG�DY�HNVWUDSROHULQJ�YHG�UHVXOWDWHU�IUD�PDUNHQV�

NURSS��VY UW�ODY YHNW��JLU�HW�PHUH�XVLNNHUW UHVXOWDW�IRU�PDUNHQV�NURSS��HQQ�IRU�PDUNHQV�WXEH�

9HNW�DY PDUN�HU�SUHVHQWHUW�L�7DEHOO������RJ�� L�9HGOHJJ�



��

7DEHOO����.RQVHQWUDVMRQ�SODVW��6XPPHUW�IRU�LQQPDW�YV��WXEH� 3U¡YHQH�HU�VOnWW�VDPPHQ�IUD�
VWDVMRQHU GHILQHUW�L�I¡UVWH�NRORQQH�

7LO WURVV IRU EHW\GHOLJ ODYHUH NRQVHQWUDVMRQ DY PLNURSODVW L PDUNHQV NURSS� HQQ L WXEHQ� ILQQHU

GHQQH VWXGLHQ SODVW RJVn L NURSSHQ� 2P GHWWH HU SODVW Sn YHJ JMHQQRP WDUPNDQDOHQ� HOOHU SODVW

VRP KDU EHYHJHW VHJ RYHU L PXVNXODWXUHQ NDQ LNNH GHQQH VWXGLHQ EHO\VH� 3UREOHPVWLOOLQJHQ HU

GLVNXWHUW L NDSLWWHO ©����5HVXOWDWHU�RJ�GLVNXVMRQ��+\SRWHVHQH�GLVNXWHUWª� IUD VLGH ���

.RQVHQWUDVMRQHQ�L�WXEH�RJ�NURSS��RSS�PRW�KHOH�PDUN�HU�ORJLVN��GD�NRQVHQWUDVMRQHQ�SU� JUDP HU�

K¡\HUH�IRU�WXEH��HQQ�KHOH�PDUN��0HOORP�NURSSHQ�RJ�WXEHQ�YLO�GHW�HWWHU�W¡UUYHNWSURVHQWHQ n�

G¡PPH�OLJJH�Y VNH��$QWDOO�SDUWLNOHU�SU� JUDP YnW�YHNW�YLO�GHUIRU�Y UH�K¡\HUH�L�WXEHQ��GD�

IRUVNMHOOHQ�PHOORP�W¡UU�RJ�YnW�YHNW�HU�PLQGUH�IRU�WXEH�HQQ�KHO�PDUN��'HWWH�NDQ�IRU�¡YULJ LNNH�JL�

HQ�WL�JDQJHU�K¡\HUH�NRQVHQWUDVMRQ L�WXEHQ�HQQ�L�PDUNHQ�

7XEHQ�E\JJHV�pQ�JDQJ�L O¡SHW�DY�OLYHW�WLO�2��IXVLIRUPLV �1RIINH�HW�DO��������� 'HW�EOH�IXQQHW�����

SDUWLNOHU�SU� LQGLYLG��7DEHOO ���L�PDUNHQV�WXEH��RJ�VnQQ�VHWW�NDQ�GHW�YLUNH�XVDQQV\QOLJ�DW GHQQH�

SDUWLNNHOHQ YLO�SnYLUNH�KYHUW�HQNHOW�LQGLYLG�QHJDWLYW��IRU�HNVHPSHO�YHG RYHUI¡ULQJ�DY�ODELO�323�

IUD�RYHUIODWHQ �3DXO�3RQW�HW�DO�������� &ROH�HWௗDO��������ௗ,YDU GR�6XO�	 &RVWD�������� *LWW ULNWLJKHW�

L�UHVXOWDWHU�SUHVHQWHUW�L�7DEHOO����RJ�GHUVRP�NRQVHQWUDVMRQ�Sn�����SDUWLNOHU�SU� LQGLYLG�L�2ZHQLD¶V�

NURSS�WLO�HQKYHU�WLG�HU�JMHOGHQGH��YLO�PDUNHQ�L�O¡SHW�DY�HW�OLYVO¡S KD�WUDQVSRUWHUW�HW�VWRUW�DQWDOO

SDUWLNOHU JMHQQRP�WDUPNDQDOHQ��'HW�HU�VSHNXOHUW�L�RP�GHWWH�NDQ�JL�HQ�WR[LNRORJLVN�ULVLNR�

�6HWlOl HW�DO���������3DXO�3RQW��HW�DO����������XWHQ�DW�GHWWH�YLO EOL�GLVNXWHUW�PHUH�LQQJnHQGH�KHU��

)LVN�L�1RUGVM¡HQ�VSLVHU�2ZHQLD�VS����6FK�FNHO� (KULFK� .U|QFNH DQG 5HLVV��

����� <HXQJ RJ <DQJ������� .lOOJUHQ��3HGHUVHQ�	 1LOVVHQ��������RJ�VNLOOHU�LNNH�PHOORP�WXEH�

3U¡YH 2PUnGH
6W¡UUHOVH

��P�
7\SH�
SU¡YH

$QWDOO�
UHSOLNDWHU

�Q�

7RWDOW�DQWDOO�
PDUN

�Q�

0LNURSODVW

�SDUWLNOHU�

�LQGLYLG�

0LNURSODVW�
�SDUWLNOHU�
�J�ZZ�

5HJ��RJ�
.)����

%DUHQWVKDYHW
RJ�VHQWUDOH�
1RUGVM¡HQ

�� .URSS � �� ��� �������

5HJ��RJ�
.)����

%DUHQWVKDYHW�
RJ�VHQWUDOH�
1RUGVM¡HQ

�� 7XEH � �� ��� ���������



��

RJ�NURSS��'HWWH�JM¡U�GLVWLQJVMRQHQ�PHOORP�WXEH�RJ�NURSS OLWH�UHOHYDQW IRU�RSSWDN�WLO�ILVN��RJ�PHG�

XWJDQJVSXQNW�L�UHVXOWDWHQH�L�7DEHOO���RJ�ILJXU�����NDQ�GHW V\QHV�VRP�DW�ILVNHQ�InU�L�VHJ�

JMHQQRPVQLWWHOLJ���������� PLNURSDUWLNOHU���J��ZZ� RYHU�����P� HOOHU �����������

PLNURSODVWSDUWLNOHU���J��ZZ� I¡GH�

����6DPPHQKHQJ�PHOORP�NRQVHQWUDVMRQHQ�DY�PLNURSODVW�L�VHGLPHQWHQH RJ�L�2ZHQLD VS��

�%6$)��

������.RQVHQWUDVMRQ L�VHGLPHQWHU

%6$)�HU�EHUHJQHW�XW�IUD�UHVXOWDWHQH�IUD�VHGLPHQWHU�RSS�PRW�2ZHQLD VS��6QLWWHW�DY�DQWDOO�SDUWLNOHU�

IXQQHW�L�VHGLPHQWHU��HNVWUDKHUW�DY��LYLQG�/LOOHHQJHQ��������RJ�SUHVHQWHUW�L�/LOOOHHQJHQ �������RJ�

0LOM¡GLUHNWRUDWHW��������JLU�HQ�JMHQQRPVQLWWOLJ�PLQLPXPVNRQVHQWUDVMRQ�Sn�����SDUWLNOHU�NJ��

PHG�JUHQVH � ����PHOORP�ELEOLRWHN�RJ�)7�,5�UHVXOWDW�� IUD�%DUHQWVKDYHW������SDUWLNOHU�NJ�L�

VHQWUDOH�1RUGVM¡HQ�RJ�����SDUWLNOHU�NJ�L�QRUGOLJH�1RUGVM¡HQ��'HW�WRWDOH�VQLWWHW�IRU�

PLQLPXPVNRQVHQWUDVMRQ�IXQQHW�L�GHQQH�VWXGLHQ��

7DEHOO �� HU�QRH�K¡\HUH��RJ�PHG�LQQEHUHJQHW�/LOOHHQJHV�EUXN�DY�ODYHUH�JUHQVH�IRU�©JRGWDWW�

SDUWLNNHOª YLVHU�UHDQDO\VHUWH�SU¡YHU�HQ�EHW\GHOLJ�K¡\HUH NRQVHQWUDVMRQ HQQ�WLGOLJHUH�UHVXOWDWHU��

*UXQQHW�HW�EHJUHQVHW DQWDOO PnOHSXQNWHU�UHDQDO\VHUW�KYD JMHOGHU�VHGLPHQWHU�V\QHV�GHW�OLWH�

KHQVLNWVPHVVLJ�n�VNLOOH�PHOORP�GH�IRUVNMHOOLJH�UHJLRQHQH��

,

7DEHOO � YLVHV�JMHQQRPVQLWWOLJ�NRQVHQWUDVMRQ��PHG�HW�VQLWW�Sn�������������SDUWLNOHU SU� NJ��GZ��

9DVNLQJ�DY�ILOWHUHW�RYHU�Sn�)7�,5�YHQQOLJH�ILOWHU IUHPIRU�XWSOXNNLQJ�DY�PDWHULDOHW�PHG�SLQVHWW

RJ�HOOHU�VSDWHO�V\QHV�n�Y UH�HQ�VDQQV\QOLJ�nUVDN�WLO�GLVVH�¡NWH�YHUGLHQH��'H�UHDQDO\VHUWH�GDWDHQH�

KDU�VDQQV\QOLJYLV�IDYQHW�EUHGHUH� KYD�JMHOGHU�VW¡UUHOVH��GHU�IOHUH�VPn�SDUWLNOHU�KDU�EOLWW�RYHUI¡UW�WLO�

�� PP�ILOWHU VDPPHQOLJQHW�PHG�PHWRGLNNHQ�XWI¡UW�DY�/LOOHHQJHQ������� RJ�GDWD�SUHVHQWHUW�DY�

0LOM¡GLUHNWRUDWHW �0LOM¡GLUHNWRUDWHW������E���5HVXOWDWHQH�L GHQQH�VWXGLHQ�HU�VDPPHQOLJQEDUH�PHG�

NRQVHQWUDVMRQHQ�SODVW�IXQQHW�L�VHGLPHQWHU�IUD�KDYQHU�L�%HOJLD��&ODHVVHQV�HW�DO����������PHQ�ILQQHU�

PHG�KHQV\Q�WLO�YLVXHOO�LGHQWLILNDVMRQ�RJ�FXW�RII Sn������P�IUD�N\VWHQ�DY�7XQLVLD �)DVWHOOL�HW�DO���

����� PLQGUH�SODVW��)UD�VWXGLH JMHQQRPI¡UW�DY�%HUJPDQ�HW�DO����������IUD�KDYEXQQHQ�PHOORP�

� .DQ�VDPPHQOLJQHV�PHG�¡NW�URPOLJ�RSSO¡VQLQJ�
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6YDOEDUG�RJ�*U¡QQODQG��+DXVJDUWHQ�REVHUYDWRULXP���EOH�GHW�L�VQLWW�IXQQHW�����SDUWLNOHU�SU� NLOR�

W¡UW�VHGLPHQW ! �� ȝP� 5HVXOWDWHW�L�VWXGLHQ�NDQ�JHRJUDILVN�VHWW��L�QRHQ�JUDG�VDPPHQOLJQHV PHG�

GHQQH�VWXGLHQ��RJ�GH�JLU�HW�QRH�VDPPHQIDOOHQGH�UHVXOWDW ± ����SDUWLNOHU�SU� NJ��GZ���%HUJPDQQ�HW�

DO��������RSS�PRW�����SDUWLNOHU�SU� NJ��GZ��L�GHQQH�VWXGLHQ��%HUJPDQ�HW�DO����������KDGGH�HQ�

ODYHUH�VW¡UUHOVHVPHVVLJ�FXW�RII HQQ�GHQQH�VWXGLHQ�RJ�PDMRULWHWHQ�DY�SDUWLNOHQH�YDU�PLQGUH��'HW�HU�

GHUIRU�QDWXUOLJ�n�WHQNH�VHJ�DW�NRQVHQWUDVMRQHQ�DY�SODVW�L�XQGHUV¡NWH�RPUnGHU�HU�VW¡UUH�HQQ�GHW�

GHQQH�VWXGLHQ�UDSSRUWHUHU��RJ�DW�GHWWH�NXQQH�EOLWW�DYGHNNHW GHUVRP�QHGUH�VW¡UUHOVHVPHVVLJH�FXW�

RII KDGGH�Y UW�PLQGUH�

7DEHOO����0LNURSODVWNRQVHQWUDVMRQ�L VHGLPHQWHU�

6WDWLRQ
0LNURSODVW

�SDUWLNOHU�� NJ GZ�

0LNURSODVW

�SDUWLNOHU�� J�GZ�

5HJ���� ��� ���

5HJ���� �� ���

5HJ���� ��� ���

9DO��� �� ���

8/$��� ���� ���

.57��� �� ���

.)��� �� ���

5HJ���� � ���

9DO�� ��� ���

6QLWW ��������� ����������

.9��� ��� ���

9,��� ���� ���

6QLWW�.9�RJ�9, ������������� ����������

7RWDOW�VQLWW�DOOH
VWDWLRQHU

����������� ���������

����� %LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)�

%6$) IRU PDUNHQV NURSS� NDQ V\QHV QRH LQWHWVLJHQGH GD GHW HU XNMHQW KYRU VWRU DQGHO DY

VSLVHDGIHUGHQ �IXUDVMHULQJ� VRP IRUHJnU IUD YDQQPDVVHQH VDPPHQOLJQHW PHG IUD VHGLPHQWHQH� RJ

IRUVNMHOOLJ VWUDWHJL IRU KYRUGDQ PDW WDV RSS L IRUKROG WLO KYRUGDQ WXEHQ E\JJHV� 'HWWH UDSSRUWHUHV

GHUIRU LNNH�



��

9HNW�HU�EDVHUW�Sn�HW�HVWLPDW �IRUPHO������ LNNH�Sn�PnOLQJHU�� DY�EnGH�SODVWHQV�JMHQRPVQLWWHOLJH�

WHWWKHW��EDVHUW�Sn�WHWWKHWHQ�DY�GH�PHVW�IUHNYHQWH�SRO\PHUHQH��RJ�HW�HVWLPDW�DY�VW¡UUHOVHQ�Sn

SODVWHQ EDVHUW�Sn�YLVXHOOH�REVHUYDVMRQHU� 0DVVHQ�HU�EHUHJQHW�YHG�I¡OJHQGH�IRUPHO�

௧ሺρ݉ሻ݁ݏݏܽܯ ൌ ܸ௧ሺρ݉
ଷሻ ൈ ܲ௧ሺ

ρ݉

ρ݉ଷ
ሻ

)RUPHO���

8VLNNHUKHWVPRPHQWHU NQ\WWHW�WLO�HVWLPDW�DY�JMHQQRPVQLWWHOLJ WHWWKHW��VW¡UUHOVH�RJ�IRUP VYHNNHU�

UHVXOWDWHQH��L�7DEHOO�����QRH�RSS�PRW�EHUHJQLQJHQ�DY�DQWDOO��EDVHUW�Sn�PnOLQJHU DY�NRQVHQWUDVMRQ�

L�VHGLPHQWHU�RJ�L�2ZHQLD� 'HW�HU�QDWXUOLJ�DW�YHNW�HVWLPDWHW�HU�QRH�PLQGUH�JUXQQHW�ODYHU�HJHQYHNW�

Sn�SODVWHQ�HQQ�VHGLPHQWHQH��PHQ�GHWWH�VYDUHU�LNNH�WLO�KHOH�IRUVNMHOOHQ�

%6$) �NDONXOHUW�YHG�IRUPHO����YDULHUHU�WDOOPHVVLJ�IUD�IDNWRU���� WLO���������9DULDVMRQHQ�HU�DOWVn�

VWRU�YHG�HVWLPDW�DY�IRUKROGHW�PHOORP�NRQVHQWUDVMRQ DY�PLNURSODVW�L�2ZHQLD�VDPPHQOLJQHW PHG

RPNULQJOLJJHQGH�VHGLPHQWHU��0HG�XWJDQJVSXQNW�L�HQ�HVWLPHUW�JMHQQRPVQLWWOLJ�HJHQYHNW�Sn����

J�PO�IRU�SODVWSDUWLNOHQH��RJ�HW�HVWLPDW�RP�DW�GH�HU�VI ULVNH�RJ�����P L�GLDPHWHU��InU�YL�HQ�IDNWRU�

IUD�����WLO�������PHG�HW�JMHQQRPVQLWW�Sn����������'HUVRP�YL�UHGXVHUHU�GHQ�HVWLPHUWH�HJHQYHNWHQ�

WLO�����RJ�VW¡UUHOVHQ�Sn�SDUWLNOHQH�WLO��� �P��HQGHU�YL�Sn�HQ�IDNWRU�IUD�����WLO����� PHG�HW�VQLWW�Sn�

������� �7DEHOO������'LVVH�GDWDHQH�JMHOGHU�WXEH�E\JJHQGH�2ZHQLD��ILOWUHUW�PHG�ILOWHUGLDPHWHU���

ȝP��VDPPHQOLJQEDUW�PHG�VHGLPHQWHQH�ILOWUHUW�Sn��� �P�ILOWHU�

'LVVH�UHVXOWDWHQH�Pn�VHHV�L�VDPPHQKHQJ�PHG�UHVXOWDWHQH�RYHU�KYLONH�SRO\PHUHU�VRP�HU�PHVW�

IUHNYHQW�L�KHQKROGVYLV�VHGLPHQWHQH�RJ�PDUNHQ��'H�PHVW�IUHNYHQWH�SRO\PHUHQH�L�VHGLPHQWHQH�HU�

LNNH�L�V UOLJ�JUDG�JMHQVSHLOHW�L�2ZHQLD�VS��'HWWH�NDQ�WLOVL�DW�HVWLPDWHQH�RYHU�%6$)�HU�

XQGHUHVWLPHUW �VH VLGH �� RJ�7DEHOO�����

'HW HU�DOWVn�HQ�ELRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU �%6$)�� �VH�7DEHOO����RJ�����PHOORP�

VHGLPHQWHQH�RJ�2ZHQLD VS��1XOOK\SRWHVHQ�+����'HW HU�LQJHQ�VDPPHQKHQJ�PHOORP�

NRQVHQWUDVMRQHQ�DY�PLNURSODVW�L�VHGLPHQWHQH�RJ�L�2ZHQLD� V\QHV�GHUIRU�DYNUHIWHW

%LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)��HU�EHUHJQHW�YHG�IRUPHOHQ�

ܨܣܵܤ ൌ
݈݈ܽݐ݊ܽ ܲܯ ݅ ݎ݁ݐ݄݁ܽܿݕ݈ ሺ݃ ሻݓݓ

݈݈ܽݐ݊ܽ ݅ ݎ݁ݐ݊݁݉݅݀݁ݏ ሺ݃ ሻݓ݀

)RUPHO���
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7DEHOO�����6DPPHQOLJQLQJ�DY�NRQVHWUDVMRQ�DY�PLNURSODVW�L�3RO\FKDHWHU�RJ�RPNULQJOLJJHQGH�
VHGLPHQWHU��%LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��%6$)�

3U¡YH
)LOWHU

�P
2PUnGH 7\SH�SU¡YH

%6$)

�SDUWLNOHU��
JZZ��

�SDUWLNOHU���JGZ�

%6$)

��J03�� JZZ��
��J03���JGZ���

%6$)

�J03�� JZZ��
��J03���
JGZ���

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN ��� � �

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN ��� �� �

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN ��� QG� QG�

9DO��� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN ���� ��� ��

8/$��� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN ��� � �

.57��� �� %DUHQWVKDYHW +HO�PDUN ��� � �

.)��� �� %DUHQWVKDYHW +HO�PDUN ���� �� ��

.9����� �� 1RUGOLJH�
1RUGM¡HQ

+HO�PDUN ����� ��� ���

9,����� �� 1RUGOLJH�
1RUGM¡HQ

+HO�PDUN QG� QG� QG�

*MHQQRP
VQLWW

��
��������� ���

���������� ����

�������

��� �����

�������

��������

5HJ���� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN QG� QG� QG�

9DO�� ��
6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN ���� �� ��

��� 3RO\PHUVDPPHQVHWQLQJ�L�2ZHQLD RJ�VHGLPHQWHU

,�V\QNHQGH�UHNNHI¡OJH�HU�GH�WUH�PHVW�YDQOLJH�SODVW�SRO\PHUHQH IXQQHW�L�2ZHQLD VS��Sn�QRUVN�

NRQWLQHQWDOVRNNHO�RJ�L�%DUHQWVKDYHW�HU�3(7��39&�RJ�SRO\DNU\ODPLG �7DEHOO �����,�

HNVRVNMHOHWWHQH�HU�GRPLQHUHQGH�SRO\PHU�0HODPLQH��PHQV�GRPLQHUHQGH�SRO\PHU L�

HNVRVNMHOHWWHQH�HU�3(7��+YD�VRP�HU�nUVDNHQ�WLO�DW�YHUGHQV�WRWDOH�SURGXNVMRQ�DY�IRUVNMHOOLJH�SODVW�

�� (W�RYHUVODJ�PHG�XWJDQJVSXQNW�L�DW�KYHU�SDUWLNNHO�KDU�HQ�
WHWWKHW�Sn�����J�P/��KDU�VY ULVN�IRUP�RJ�GLDPHWHU ����P�

�� (W�RYHUVODJ�PHG�XWJDQJVSXQNW�L�DW�KYHU SDUWLNNHO�KDU�HQ�
WHWWKHW�Sn�����J�P/��KDU�VY ULVN�IRUP�RJ�GLDPHWHU�����P�

�� .9����RJ�9,����HU�VWDWLRQHU�GHU�GHW�HU�WDWW�DUWVPHVVLJ�EODQGHW�SU¡YHU�DY�3RO\FKDHWHU�
,NNH�EDUH�WXEH�E\JJHQGH�2� IXVLIRUPLV HOOHU�*��2FXODWD��'HW�HU�KHU�VHWW�ERUW�L�IUD�QG�



��

VRUWHU��RJ�LQQKROGHW�L�2ZHQLD VS� HU�IRUVNMHOOLJ�HU�YDQVNHOLJ�n�VL��PHQ�HQ�MHYQ�GLVWULEXVMRQ�L

YHUGHQVKDYHQH�V\QHV XVDQQV\QOLJ��)RU�SRO\PHUHQ�33��EOLU�GHQQH�IXQQHW�L�VHGLPHQWHQH��RJ�L�

PDUNHQ��PHQ�PHUH�L�VHGLPHQWHQH��33�KDU�HQ�HJHQYHNW�Sn�FD������J�PO�RJ�VNXOOH�L�XWJDQJVSXQNWHW

IO\WW��RJ�LNNH�VXQNHW��6RP�GLVNXWHUW�WLGOLJHUH�HU�GHW�IOHUH�WHRULHU�IRU�KYRUGDQ�SODVW�HQGHU QHGRYHU�L�

YDQQV¡\OHQ�HOOHU�Sn�EXQQHQ�WLO�WURVV IRU�ODY�WHWWKHW��%ODQW�DQQHW�NDQ�GDQQHOVH�DY�ELRILOP��.RRL��

������5XPPHO�HW�DO���������RJ�LQQNDSVOLQJ�L�DYI¡ULQJ�IUD�]RRSODQNWRQ��&ROH�HW�DO���������¡NH�

HJHQYHNWHQ�RJ�JL�VHGLPHQWDVMRQ�DY�HOOHUV�OHWWH SDUWLNOHU�

(Q�DY�JUXQQHQH�WLO�DW�2ZHQLD VS� LNNH�WDU�RSS�33�SODVW�L�OLNH�VWRU�JUDG�VRP�3(7��39&�RJ�

SRO\DNU\ODPLG�NDQ�QHWWRSS Y UH�33�VLQ ODYH�HJHQYHNW��2ZHQLD VS���HU�IXQQHW�n�VHOHNWLYW�YHOJH�

WXQJH�PLQHUDOHU WLO�E\JJLQJ�DY�WXEH��QRH�VRP�NDQVNMH�NDQ�KD�VDPPHQKHQJ�PHG�QHYQWH�IRUVNMHOO�L�

NRQVHQWUDVMRQ�PHOORP�VHGLPHQWHU�RJ�PDUN�KYD�JMHOGHU�33 �1RIINH�HW�DO���������

$QWDOO�SU¡YHU�JLU�LNNH�PXOLJKHW�IRU�VLNUH�NRUUHODVMRQVDQDO\VHU�RJ�GHW�NDQ�LNNH�XWHOXNNHV�DW�

IRUVNMHOOHQ�L�NRQVHQWUDVMRQ�DY�33�PHOORP�VHGLPHQWHU�RJ�PDUN�LNNH HU YDOLG�

0DWHULDOVDPPHQVHWQLQJHU�HU�VDPPHQVDWW��PHQ�VDPPHQIDOOHU�L�QRH�JUDG�PHG�EnGH�K\SRWHVHQ��RJ�

SURGXNVMRQHQ�L�YHUGHQ��1XOOK\SRWHVHQ�+����'RPLQHUHQGH�SRO\PHUHU HU�LNNH�SRO\HWK\OHQWHUHIWDODW�

�3(7���SRO\HWK\OHQ��3(���SRO\SURS\OHQ��33��RJ�SROLYLQ\ONORULG��39&�� HU GHOYLV�DYNUHIWHW��PHQ�

LNNH�IXOOVWHQGLJ�
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������6DPPHQVHWQLQJ�DY�PLNURSODVWSDUWLNOHU�IXQQHW�L�3RO\FKDHWHU

7DEHOO ����)UHNYHQV�DY�SRO\PHUHU� L�2ZHQLD�VS���©PHVW� IUHNYHQWª� ©QHVW�PHVWª RJ�©WUHGMH�PHVWª
IUHNYHQW� EDVHUW�Sn�SURVHQWYLV�VDPPHQVHWQLQJ�DY�SDUWLNOHU��HNVWUDSROHUW� WLO�KHOW� ILOWHU��DQDO\VHUW
PHG�)7�,5�

6WDWLRQ
)LOWHU
�P

2PUnGH 7\SH�SU¡YH
0HVW�IUHNYHQW�

SRO\PHU

1HVW�PHVW�
IUHNYHQW�
SRO\PHU

7UHGMH�PHVW�
IUHNYHQWH�
SRO\PHU

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 3RO\DNU\ODPLGH 3KHQR[\�5HVLQ 3(7

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 3( 3(�3( QG�

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 3(�33 QG� QG�

9DO��� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 3(7 1\ORQ *XPPL

8/$��� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 3RO\DNO\ODPLG 39& QG�

.57��� �� %DUHQWVKDYHW +HO PDUN 33 QG� 1G�

.)��� �� %DUHQWVKDYHW +HO�PDUN 3(7 33�NORUHUW 39&

.9����� �� 1RUGOLJH�
1RUGM¡HQ

+HO PDUN 39& QG� QG�

9,��� �� 1RUGOLJH�
1RUGM¡HQ

+HO�PDUN QG� QG� QG

5HJ��	�
.)����

�� 6DPPHQVWLOW ,QQPDW 0HODPLQH 38 33

5HJ��	�
.)����

�� 6DPPHQVWLOW 7XEH 3(7 3(�NORUHUW 39&

5HJ���� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 39& 8EHVWHPW�SODVW *XPPL

9DO�� �� 6HQWUDOH�
1RUGVM¡HQ

+HO�PDUN 3(7 *XPPL QG�

������6DPPHQVHWQLQJ�DY�SRO\PHUHU L�VHGLPHQWHU�RSS�PRW�2ZHQLD VS�

6DPPHQVHWQLQJHQ�DY�SRO\PHUHU�LGHQWLILVHUW�PHG�)7�,5�PLNURVNRSL�L�VHGLPHQWHU�VDPPHQOLNQHW

2ZHQLD VS� HU�WLO�GHOV�VDPHQIDOOHQGH��5H��	�.)������9DO������PHQ VSULNHU�RJVn�EHW\GHOLJ��

)XQQHQH�DY�3RO\DNU\ODPLG�L�2ZHQLD VS��HU�HW DY�UHVXOWDWHQH�VRP�VNLOOHU�VHJ�XW��GD�3RO\DNU\ODPLG�

�� .9����RJ�9,����HU�VWDWLRQHU GHU�GHW�HU�WDWW�DUWVPHVVLJ�EODQGHW�SU¡YHU�DY�3RO\FKDHWHU�
,NNH�EDUH�WXEHE\JJHQGH�2� IXVLIRUPLV�HOOHU�*��2FXODWD
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L�OLWHQ�JUDG�HU�n�ILQQH�L�VHGLPHQWSU¡YHQH��7DEHOO ��� RJ�7DEHOO���L�9HGOHJJ���3RO\DNU\ODPLG

�3$0� HU�HW�PDWHULDOH�VRP�EHQ\WWHV�DY�ROMHEUDQVMHQ��EODQW�DQQHW�WLO�n�PLQLPHUH�IULNVMRQHQ�

PHOORP�HQ�Y VNH�RJ�HW�U¡U�Y VNHQ�SXPSHV�JMHQQRP� RJ�WLO�IUDFNLQJ �;LRQJ�HW�DO��������� 3$0�

EHQ\WWHV�RJVn�VRP�HW�DQWL�MRUG�HURVMRQVPLGGHO L�MRUGEUXNHW��:HVWRQ�HW�DO��������� ,�QRUVN�

VDPPHQKHQJ�EHQ\WWHV�GHW�EODQW�DQQHW�YHG�SURGXNVMRQHQ�DY ELRJDVV�KRV�2VOR�NRPPXQH��GHU�

W¡UUVWRIIHW�L�VLVWH�UHNNH�EHQ\WWHV�VRP�JM¡GVHO�PHG�LQQWLO������LQQKROG�DY�3$0 �6HULNVWDG��������

V�������7LOVWHGHY UHOVHQ�DY�VWRIIHW�L�1RUGVM¡HQ�RJ�%DUHQWVKDYHW�HU�GHUIRU�LNNH�XORJLVN��VHWW�PHG

XWJDQJVSXQNW�LEODQW�DQQHW�ROMHEUDQVMHQV WLOVWHGHY UHOVH L�UHJLRQHQ��'HW�HU�IRU�¡YULJ��L�GHQQH�

VWXGLHQ��LNNH�PXOLJ�PHG EDNJUXQQ L�HPSLUL� n�VL�QRH RP�nUVDNHQH�WLO�DW�3$0�L�OLWHQ�JUDG�HU�

WLOVWHGH�L�VHGLPHQWSU¡YHQH��PHQ�RSSWUHU L�EnGH�KHOH�PDUN��RJ�PDUNHQV�WXEH�DGVNLOW��'HW�HU�

LQWHUHVVDQW DW�2ZHQLD VHOHNWLYW�YHOJHU�GHQQH�SRO\PHUHQ�HOOHU�SDUWLNOHU�GHU�GHQQH�SRO\PHUHQ�HU�WLO

VWHGH�Sn�SDUWLNNHOHQV�RYHUIODWH��'HQQH�VWXGLHQ�RPKDQGOHU�LNNH 3$0V�HYHQWXHOOH�WR[LVLWHW�HOOHU�

HIIHNW�Sn�ELRWD �6H�.DSLWWHO������

.ORUHUW SRO\HWK\OHQH��3(��HU�HQ�SRO\PHU�VRP�HU�IXQQHW�PHVW�IUHNYHQW�L�IOHUH�VHGLPHQWSU¡YHU��PHQ�

VRP�RJVn�L�OLWHQ�JUDG�HU�IXQQHW�L�2ZHQLD��'HWWH�JMHOGHU�EnGH�KHOH�PDUN��RJ�PDUNHQV�NURSS��

.ORULQHUW�3(�KDU�HQ�HJHQYHNW�Sn�����������J�FP� L�UHQ�XWJDYH� 6RP�I¡GH��KDU�2ZHQLD�IXVLIRUPLV�

YLVW�VHJ�n�VHOHNWHUH OHWWH�SDUWLNOHU�IUDPIRU�WXQJH �6HOI RJ -XPDUV���������RJ�Sn�IMHUGH SODVV�RYHU�

PHVW�IUHNYHQWH�SRO\PHUHU��HU�QHWWRSS�3(�SODVW�UHSUHVHQWHUW��XWHOXNNHQGH�L�PDUNHQV�NURSS��7DEHOO�

��L�9HGOHJJ���(Q�VDPPHQOLJQLQJ�DY�PDUNHQV�NURSS�RJ�VHGLPHQWHQH�HU�IRU�¡YULJ YDQVNHOLJ GD�

2ZHQLD VS��KHQWHU�SDUWLNOHU�EnGH�IUD�YDQQPDVVHQH RJ�VHGLPHQWHQH��PHG�XNMHQW�DQGHO�DY�KYHU�

�1RIINH�HW�DO����������*XPPL�V\QHV�n�Y UH�YDQOLJ�L�VHGLPHQWHQH��PHQ ILQQHV�L�OLWHQ�JUDG�L�

2ZHQLD VS���7DEHOO����� ,JMHQ�NDQ�GHW�YLUNH�VDQQV\QOLJ�DW�PDUNHQ VHOHNWLYW�YHOJHU�KDUGH�SDUWLNOHU

�)DJHU��������1RIINH HW�DO����������RJVn�QnU�GH�EHQ\WWHU�SODVWSDUWLNOHU�L�E\JJLQJ�DY�HNVRVNMHOHWW�

PHG�PLQGUH�GLVVH�HU�IDOVNW�SRVLWLYH UHVXOWDWHU�IUD�SU¡YHWDJQLQJHQ�DY�VHGLPHQWHU��3(7�RJ�39&�HU�

KDUGH�SODVW�VRUWHU�RJ�HU�GH�YDQOLJVWH�SRO\PHUHQH IXQQHW L�2ZHQLD VS� UDSSRUWHUW�L�GHQQH�VWXGLHQ�

�7DEHOO������ ,QJHQ�SU¡YHU XWHQRP�9DO���YLVHU�RYHUODSSHQGH�UHVXOWDWHU PHOORP VHGLPHQWHU�RJ�

2ZHQLD VS��QnU�GHW�NRPPHU�WLO�KYLONH�SRO\PHUHU�VRP�HU�PHVW��HOOHU QHVW�PHV�IUHNYHQW�
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7DEHOO ����6DPPHQOLJQLQJ�DY�SRO\PHUHU�L�VHGLPHQWHU�RJ�L�2ZHQLD VS�

6WDWLRQ
0HVW�IUHNYHQW�

SRO\PHU
6HGLPHQW

1HVW�PHVW�
IUHNYHQW�
SRO\PHU

6HGLPHQW

7\SH�SU¡YH�L

2ZHQLD�VS�

0HVW�IUHNYHQW�
SRO\PHU

2ZHQLD

1HVW�PHVW�
IUHNYHQW�
SRO\PHU

2ZHQLD

5HJ���� *XPPL 3(�RNVLGHUW +HO�PDUN 3RO\DNU\ODPLGH 3KHQR[\�5HVLQ

5HJ���� 33 3(�NORUVXOIRQHUW +HO�PDUN 3( 3(�3(

5HJ���� 33 39& +HO PDUN 3(�33 QG�

9DO��� 36 39& +HO�PDUN 3(7 1\ORQ

8/$��� 3(7 36 +HO�PDUN 3RO\DNU\ODPLG 39&

.57��� *XPPL 3KHQR[\�5HVLQ +HO�PDUN 33 QG�

.)��� 3(�NORUHUW QG� +HO�PDUN 3(7 33�NORUHUW

.9����� *XPPL 3(�33 +HO�PDUN 39& QG�

9,����� 3KHQR[\�5HVLQ QG� +HO�PDUN QG� QG

5HJ��	�.)���� QG��RJ 3(�NORUHUW QG��RJ 3(�33 .URSS 0HODPLQH 38

5HJ��	�.)���� QG��RJ 3(�NORUHUW QG��RJ 3(�33 7XEH 3(7 3(�NORUHUW

5HJ���� QG� QG� +HO�PDUN 39& 8EHVWHPW�SODVW

9DO�� *XPPL 3(�NORUHUW +HO�PDUN 3(7 *XPPL

��%ODQGHWH�3RO\FKDHWHU��,NNH�WXEHE\JJHQGH�
��%ODQGHWH�3RO\FKDHWHU��,NNH�WXEHE\JJHQGH�
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����9DOLGLWHW�RJ�UHOLDELOLWHW

'DWDHQHV�NYDOLWHW��RJ�GHUWLO�JHQHUDOLVHUEDUKHW�YLOOH�¡NW�YHG�IOHUH�UHSOLNDWHU�IUD�KYHU�VWDVMRQ� )RU�

VHNV DY�nWWH�SU¡YHU�PHG�����P�VRP�QHGUH�FXW�RII HU�GHW�EHQ\WWHW�GXSOLNDWHU��PHQ�VWRU�YDULDVMRQ�

JM¡U�DW�WULSOLNDWHU�KDGGH�Y UW�n�IRUHWUHNNH��9DULDVMRQHQ�WRWDOW�VHWW�PHOORP�GLVVH�SU¡YHQH�YDU�IUD ��

WLO������PLNURSODVWSDUWLNOHU�SU� JUDP YnW YHNW�KHO�KDYE¡UVWHPDUN��2JVn WR�UHSOLNDWHU IUD�VDPPH�

JHRJUDILVNH�VWHG�JD�HQ�YDULDVMRQ�Sn�Q UW�KXQGUH JDQJHU��9DOLGLWHWHQ� RJ�PHG�GHW�

JHQHUDOLVHUEDUKHWHQ�NXQQH�¡NW�YHG WULSOLNDWHU�IUD�DOOH�VWDWLRQHQH� +RYHGnUVDNHQ�WLO�DW�GHWWH�LNNH

EOH�JMHQQRPI¡UW� HU�EUXN�DY�IHLO�ILOWHU�L�VWDUWHQ�DY�SURVMHNWHW��+¡\W VDQQV\QOLJ�VN\OGWHV�GHWWH�HQ�

IHLO�IUD�IDEULNNHQV�VLGH��'HWWH�JLNN�XWRYHU�WLGVEUXNHQ�RJ�GHOHU�DY�SU¡YHQH�PnWWH�IRUNDVWHV�

+DGGH�SU¡YHQH�RJVn�EOLWW�DQDO\VHUW�PHG�DQGUH�DQDO\WLVNH�PHWRGHU�HQQ�)7�,5 NXQQH�GHWWH�JLWW�

NRPSOHPHQW UH�UHVXOWDWHU��VRP�RJVn�YLOOH�¡NW�UHOLDELOLWHWHQ�RJ�L�QHVWH�UHNNH�VWXGLHQV�NUHGDELOLWHW�

VRP�KHOKHW��5DPDQ�VSHNWURVNRSL�RJ�*DVV�&URPDWRJUDIL�0DVVH�6HSHNWURVNRSL��*&�06��HU�

HNVHPSOHU�Sn�PXOLJH�DQDO\VHIRUPHU��P\H�EUXNW�Sn�PLNURSODVW��VRP�YLOOH�Y UW�DNWXHOOH�PHWRGHU

IRU�DQDO\VH�DY�GH�VDPPH�SU¡YHQH� )HOWEODQNHQ IUD�SU¡YHWDJQLQJHQ�XWH�L�EnW �WRPPH�JODVV��EOH�

ILOWUHUW�RJ�DQDO\VHUW�NYDOLWDWLYW� YLVXHOW��'HW�EOH�DYGHNNHW HQNHOWH�ILEHU��RJ qQ SDUWLNNHO��)LEHU�YDU�L�

OLWHQ�JUDG�HQ�GHO�DY�PLNURSODVWHQ�IXQQHW�L 2ZHQLD VS� 6RP�HQ�RSSI¡OJLQJ��EOH�GHW�IRUHWDWW�YLVXHOO�

DQDO\VH PHG�O\VPLNURVNRS��DY�HW�����P�ILOWHU�GHU�GHW�EOH�GU\SSHW ���GUnSHU PHWDQRO�IUD�HQ�DY�

SU¡YHJODVVHQH PHG 3RO\FKDHWHU Sn�ILOWHUHW��+HU�EOH�GHW�DYGHNNHW�HQ SDUWLNNHO� PHQ�GHQQH�YDU�

PLQGUH�HQQ�����P L�GLDPHWHU��7L�GUnSHU�PHWDQRO�YHLGH�FD� �����J�RJ�VYDUHU�GHUPHG�WLO�YHNWHQ�DY�

IUD�HQ�WLO�WR KHOH SU¡YHU��PHG IHP 2ZHQLD VS����.RQWDPLQHULQJHQ�XQGHU�SU¡YHWDJQLQJ V\QHV�PHG�

XWJDQJVSXQNW�L�GHWWH�QHJOLVMHUEDU��PHQ�IOHUH�WULSOLNDWHU�PHG�IHOWEODQNHU�EXUGH�LGHHOW VHWW IXOJW�

SU¡YHQH�KHOW�IUD�XWYDVNLQJ�RJ SU¡YHWDJQLQJHQ�PHG 9DQ�9HHQ JUDEE��VRUWHULQJ�DY�ELRWD RJ�WLO�

ODERUDWRULHW Sn�1*,� RJ�EOLWW�DQDO\VHUW�NYDQWLWDWLYW�IRU�n�NYDOLWHWVVLNUH�GDWDHQH�\WWHUOLJHUH� %UXN�DY�

©GXPP\ª�PDUN�JMHQQRP�KHOH�SURVHVVHQ YLOOH�RJVn�NXQQH�JMRUW�IHOWEODQNHQH OLNHUH�GH�UHHOOH�

SU¡YHQH��PHQ�GHWWH�HU�LNNH�JMHQQRP�GHQQH�VWXGLHQ�IXQQHW�EUXNW DY�DQGUH�IRUVNQLQJVPLOM¡HU�

0HWRGLNN�IRU�UHDOLVWLVNH�IHOWEODQNHU�XQGHU�VRUWHULQJ��DUWVEHVWHPPLQJ�RJ�SU¡YHWDJQLQJ�PHG�9DQ�

9HHQ JUDE�YLO�DOWVn�NXQQH�¡NW�NYDOLWHWHQ�Sn�UHVXOWDWHQH��8WHQ�GHWWH YLO�GDWDHQH�SRWHQVLHOW�NXQQH�JL�

IDOVNW�SRVLWLYH�UHVXOWDWHU��0RWVDWW�NDQ�PDQJOHQGH�UHFRYHU\�EODQN SU¡YHU�IUD�RNVLGDVMRQ�RJ�

WHWWKHWVVHSDUVMRQ�JL�IDOVNW�QHJDWLYH�UHVXOWDWHU��RJ�PHG�GHW�XQGHUHVWLPHULQJ�DY�NRQVHQWUDVMRQ��,�HQ�

VWXGLH�JMHQQRP�1*8V�0DUHDQR�SURVMHNW��JMHQQRPI¡UW DY�1*,��EOH�GHW�IRU�VHGLPHQWSU¡YHU�IXQQHW�
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DW�IDOVNW�SRVLWLYH UHVXOWDWHU�KRYHGVDNHOLJ�NRP�IUD�NRQWDPLQHULQJ�XQGHU�SU¡YHWDJQLQJ�L�IHOW��RJ�

XQGHU�DQDO\VH�L�ODERUDWRULHW��3HUV��PHG��+HLGL�.QXWVHQ��������

9DOJ�DY�DQQHQ�JUHQVHYHUGL�IRU�JRGNMHQW�YV��LNNH�JRGNMHQW�LGHQWLILNDVMRQ�DY�VSHNWHUHW��)7�,5��IRU�

KYHU�SDUWLNNHO�VDPPHQOLJQHW�PHG�VSHNWHU�ELEOLRWHN�YLOOH�JLWW�DQGUH�UHVXOWDWHU��'HW�VDPPH�HU�

WLOIHOOHW�GHUVRP�GHW�KDGGH�EOLWW�EHQ\WWHW�DQGUH�NULWHULHU IRU�KYD�VRP�EOH�UHJQHW�VRP�JRGNMHQW�HOOHU�

LNNH�JRGNMHQW��6DQQV\QOLJYLV�YLOOH DQDO\VHQ�EOLWW�PHUH�SUHVLV�GHUVRP�VSHNWHUYLGGHQ�KDGGH�Y UW�

UHWWHW�VSHVLILNW�PRW�YLVVH�VSHNWHURPUnGHU��0RWVDWW�NXQQH�GHWWH�JLWW�IDOVNW�QHJDWLYH�VYDU�GHUVRP�GHW�

YDU�DQWURSRJHQH�SDUWLNOHU�PHG�E¡OJHVSHNWHU�XWHQIRU�GHW�JLWWH�IRNXVRPUnGH�

'HWHNVMRQVJUHQVH IRU�DQWDOO�PLNURSODVWSDUWLNOHU��HU�L�GHQQH�VWXGLHQ�LNNH�EDVHUW�Sn�YHNW��GD�GH�

IOHVWH�EODQNSU¡YHQH�GD�YLOOH�Y UW�XQGHU�GHQ�YHNWPHVVLJH�GHWHNVMRQVJUHQVHQ��'HWHNVMRQVJUHQVHQ�L�

VWXGLHQ�NDQ VLHV�n�Y UH�JUHQVHQ�IRU�JRGWDWW�LGHQWLILNDVMRQ�PHOORP�SRO\PHUELEOLRWHN�RJ�)7�,5�

VFRUH��)RU�\WWHUOLJHUH�NRQVHUYDWLYW�PnO Sn�DQWDOO�VLNUH�SODVWSDUWLNOHU�IXQQHW��YLO�HQ�GREOLQJ��

WUHGREOLQJ�HOOHU�WLGREOLQJ�DY�EODQNSU¡YHQH�Y UH�DNWXHOW��(W�DOWIRU�NRQVHUYDWLYW�NUDY�NDQ�JL�

QHJDWLYH�UHVXOWDWHU��RJ�L�PRWVDWW�HQGH�YLO�HW�ODYW NUDY�JL�IDOVNW�SRVLWLYH�UHVXOWDWHU��,VROHUW�VHWW�JLU�

EHQ\WWHW�PHWRGLNN�IRU�EODQN�NRUUHNVMRQ�VW¡UUH�VMDQVH�IRU�IDOVNW�SRVLWLYH��HQQ�IDOVNW�QHJDWLYH�

UHVXOWDWHU�
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����+YD�EHW\U�UHVXOWDWHQH L�HW�YLGHUH�SHUVSHNWLY"

+RYHGIXQQHQH�L�GHQQH�VWXGLHQ�HU�DW�PLNURSODVW VSLVHV�DY�3RO\FKDHWHU��2ZHQLD �*DOHWKRZHQLD�

2FXODWD VS����2ZHQLD )XVLIRUPLV VS���RJ�DW�GLVVH VHOHNWLYW�YHOJHU�XW�SODVWSDUWLNOHU�XQGHU�E\JJLQJ�

DY�HNVRVNMHOHWW�WXEHVWUXNWXU��'H�YDQOLJVWH�SRO\PHUHQH�GHWHNWHUW�L�PDUNHQ�VDPPHQOLJQHW�PHG�GH�

YDQOLJVWH�L�VHGLPHQWHQH�RYHUODSSHU�QRH��PHQ�LNNH�IXOOVWHQGLJ��'HWWH�VW\UNHU�IXQQHQH�DY�VHOHNWLY�

XWYHOJHOVH�DY�YLVVH�SRO\PHUHU��'HQ�PHVW�YDQOLJH�SRO\PHUHQ�L�PDUNHQV�NURSS�HU�IXQQHW�n�Y UH�

0HODPLQ��PHQV�GHQ�PHVW�YDQOLJH�L�WXEQHVWUXNWXUHQ��RJ�PDUNHQ�VHWW�XQGHU�HWW�HU�3RO\YLQ\ONORULG�

�39&���.RQVHQWUDVMRQHQ�L�HNVMRVVNMHOHWWHW�YDU�RJVn�EHWUDNWHOLJ�K¡\HUH�HQQ�L�NURSSHQ��)DNWRUHQ�

PHOORP�VHGLPHQWHU�RJ�2ZHQLD �%6$)��HU�IXQQHW�n�Y UH�IUD���� WLO��������DYKHQJLJ�DY�KYLONHQ�

SU¡YH VRP�HU�EHUHJQHW��RJ�RP�EHUHJQLQJHQ�HU�JMRUW�Sn�EDNJUXQQ�DY�DQWDOO�SDUWLNOHU��HOOHU�YHG�HQ�

HVWLPHUW�YHNW�DY�SODVW�RSS�PRW�VHGLPHQWHU�

'HW�HU�EHUHJQHW�IRUVNMHOOLJH�%6$)�YHUGLHU��RJ�KYLONH�SRO\PHUHU�VRP�HU�WLOVWHGH�L�VHGLPHQWHU�RJ L

2ZHQLD VS��IUD EnGH�QRUVN�NRQWLQHQWDOVRNNHO�RJ %DUHQWVKDYHW��6WXGLHQ�KDU�LNNH�DYGHNNHW�NLOGHU�

WLO�GLVVH SRO\PHUHQH� HL�KHOOHU HIIHNW�SDUWLNOHQH NDQ�KD�Sn�ELRWD��

3U¡YHQH�HU�WDWW�L�PDL�MXQL��SHUV� PHG� 0¡VNHODQG���������'HWWH�EHW\U�DW�2ZHQLD HU�L�HQ�SHULRGH�

GHU�GH�VSLVHU IUD�YDQQPDVVHQH��JUXQQHW�RSSEORPVWULQJ�L�KDYHW��(Q�WLOVYDUHQGH�VWXGLH�VRP�GHQQH��

PHQ�GHU�SU¡YHQH�KDGGH�EOLWW�WDWW�RP�YLQWHUHQ� QnU�PDUNHQ�HU�L�GYDOHWLOVWDQG�YLOOH�NXQQH�DYGHNNHW�

RP�SODVWHQ�IXQQHW�L�NURSSHQ�KRYHGVDNHOLJ�VWDPPHU�IUD�WDUPNDQDOHQ�RJ�IRUWO¡SHQGH�VNLIWHV�XW��

HOOHU�RP�GH�KDU�EHYHJHW�VHJ�RYHU�L�NM¡WWHW��(Q NDQ�PHG�XWJDQJVSXQNW�L�nUVWLGHQ�DQWD DW�2ZHQLD�

XQGHUV¡NW�L�GHQQH�PDVWHURSSJDYHQ�KDGGH�I¡GH L WDUPNDQDOHQ�

0LNURSODVW�VRP�EODQW�DQQHW�WDV�RSS�L 2ZHQLD� RJ�VRP�LJMHQ�EOLU�VSLVW�DY�ILVN�RJ�EXQQOHYHQGH

�EHQWLVNH� RUJDQLVPHU��6FK�FNHO��(KULFK��.U|QFNH�DQG�5HLVV��������<HXQJ�RJ <DQJ��������

.lOOJUHQ��3HGHUVHQ�RJ 1LOVVHQ��������YLO ELGUD�WLO�PRELOLVHULQJ�DY�PLNURSODVW IUD�VHGLPHQWHQH�RJ�

WLOEDNH�LQQ L Q ULQJVNMHGHQ��*LWW�DW�UHVXOWDWHQH�L�GHQQH�VWXGLHQ�HU�ULNWLJ��NDQ�PLNURSODVW LVWHGHQIRU�

n�VHGLPHQWHUHV�YHUWLNDOW�QHGRYHU�L�KDYEXQQHQ��ELGUD�WLO�DW�SODVWHQ�EOLU�Y UHQGH�L�GH�¡YUH�

VHGLPHQWODJHQH� JMHQQRP�DNNXPXODVMRQ�L�WXEH�E\JJHQGH�3RO\FKDHWHU��HOOHU�YHG�DW�GLVVH�

WLOEDNHI¡UHV�WLO�DQQHQ�ELRWD��'HWWH�VWnU�L�NRQWUDVW�WLO�ODERUDWRULHWHVWHU DY 3RO\FKDHWHQ�$� 0DULQD VS��

GHU�GLVVH�ELGUR�WLO�ELRWXUEDVMRQ�DY SODVW�QHGRYHU�L�VHGLPHQWHQH �*HEKDUGW�	 )RUVWHU���������

'RPLQHUHQGH�DUW�KDYE¡UVWHRUPDUNHU NDQ�GHUIRU�V\QHV�n�SnYLUNH�KYRUGDQ�PLNURSODVW�YLO�

GLVWULEXHUHV�



��

)XQQHQH�DY�PLNURSODVW�YLVHU�L�HW�EUHGHUH�SHUVSHNWLY�PHQQHVNHWV�SnYLUNQLQJ�DY�DOOH�MRUGHQV�

XWSRVWHU��6WXGLHQ�I¡\HU�VHJ�GHUPHG�L�UHNNHQ�DY�VWXGLHU VRP�ILQQHU�PLNURSODVW�L�EnGH�VHGLPHQWHU�

RJ�ELRWD�L�IMHUQWOLJJHQGH RPUnGHU�Sn�NORGHQ��6H�HNVHPSHOYLV��9DQ�&DXZHQEHUJKH�HW�DO���������

.DQKDL�HW�DO���������%HVVHOLQJ�HW�DO���������6HWlOl�HW�DO���������

'HQQH�VWXGLHQ�DYGHNNHU�KDYE¡UVWHRUPHU�L�IDPLOLHQ�2ZHQLD VS��VRP�HQ�PXOLJ�DUW�IRU

ELRPRQLWRUHULQJ�DY�PLNURSODVW��)DPLOLHQ�ILQQHV�QDWXUOLJ�L�ULNW�DQWDOO�RYHU�VWRUH�JHRJUDILVNH�

RPUnGHU��IRUVNMHOOLJH�VWHGHU�L�YHUGHQ RJ PLNURSODVWNRQVHQWUDVMRQHQ�L�GLVVH�RUJDQLVPHQH�NDQ�VL�

QRH�RP�EnGH�NRQVHQWUDVMRQ�RJ�SRO\PHUVDPPHQVHWQLQJ�L�YDQQV¡\OHQ�UHWW�RYHU�KDYEXQQHQ��RJ�L�

KDYEXQQVHGLPHQWHU�GH�VLVWH�WR�nUHQH��'HWWH�JM¡U�DUWHQ�OLWH�VnUEDU�IRU�WHPSRU UH�VYLQJQLQJHU� PHQ�

NDQ�JL�HW�ELOGH�DY�NRQVHQWUDVMRQ�RYHU�HW�OHQJHUH�WLGVVSHQQ�

, JHRSROLWLNNHQ EHJ\QQHU�SODVW RJ�SODVW Sn DYYHLH� n�NRPPH�Sn�DJHQGDHQ��, �����LPSOHPHQWHUWH�

(8�NRPPLVMRQHQ�HQ�SODQ�IRU�VLUNXO U¡NRQRPL��,�GHQQH�HU�SODVW�UDQJHUW�VRP�³NH\�SULRULW\´�RJ�L�

MDQXDU������NRP�HQ HJHQ�VWUDWHJLSODQ�IRU�SODVW�IUD�(8�NRPPLVMRQHQ��(XURSHDQ�&RPPLVLRQ��

�������'HQQH�VWHPWH�HXURSDSDUODPHQWHW�RYHU��RJ�IRUEXG�PRW�EUXN DY�HQJDQJVSODVW�EOH�LQQHQIRU�

(8�YHGWDWW�YHG�ORY�L�GHVHPEHU������RJ�WUHU�L�NUDIW�L�������(XURSHDQ�3DUODPHQW�������� 'HWWH�HU�HW�

VNULWW�L�UHWQLQJ�DY�UHGXVHUWH�XWVOLSS��PHG JOREDO�EHIRONQLQJVYHNVW��RJ�WLO�Qn�VWDGLJ�¡NHQGH

SURGXNVMRQ�DY�SODVW��-DPEHFN�HW�DO�� ������ WLOVLHU�IRUWVDWW�SURJQRVHQH DW�SURGXNVMRQ�RJ�L�QHVWH�

UHNNH�XWVOLSSHQH YLO�¡NH��7LO�WURVV IRU�DW�NXQQVNDSHQ�RP�HIIHNWHU�DY�PLNURSODVW�HU�EHJUHQVHW��

WLOVLHU�ODERUDWRULHVWXGLHU�DW�DUWVPDQJIROG�NDQ�UHGXVHUHV�YHG�K¡\H PLNURSODVWNRQVHQWUDVMRQHU�

�*UHHQ�HW DO����������RJ�IRUIO\WQLQJ IUD�WDUPNDQDOHQ�NDQ�IRUHNRPPH��)DUUHOO�	 1HOVVRQ��������

:ULJKW�HW�DO���������:RUOG�+HDOWK�2UJDQL]DWLRQ��������UHYLHZ�DY�+XVVDLQ��-DLWOH\�RJ�)ORUHQFH��

�������5HVXOWDWHQH�SUHVHQWHUW�L�GHQQH�PDVWHURSSJDYHQ��I¡\HU�VHJ�L�UHNNHQ DY�VWXGLHU�VRP�

DYGHNNHU�PLNURSODVW�L�RUJDQLVPHU�L�IMHUQWOLJJHQGH�VWU¡N�



��

����.LOGHU�

$ELGOL��6���$QWXQHV��-��&���)HUUHLUD��-��/���/DKELE��<���6REUDO��3��	 0HQLI��1��7� (����������
0LFURSODVWLFV�LQ�VHGLPHQWV�IURP�WKH�OLWWRUDO ]RQH�RI�WKH�QRUWK�7XQLVLDQ�FRDVW�
�0HGLWHUUDQHDQ�6HD���(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH����������� '2,��
��������M�HFVV������������

$QGHUVRQ��'��7����������3RO\FKDHWHV�DQG�DOOLHV��7KH�VRXWKHUQ�V\QWKHVLV��)DXQD�RI�$XVWUDOLD��9RO�
�D� 3RO\FKDHWD��0\]RVWRPLGD� 3RJRQRSKRUD��(FKLXUD��6LSXQFXOD��%XOOHWLQ�RI�0DULQH�
6FLHQFH�����������������

$QGUDG\��$��/����������7KH�SODVWLF�LQ�PLFURSODVWLF� $�UHYLHZ��0DULQH�3ROOXWLRQ�%XOOHWLQ� ��������
�������'2,����������M�PDUSROEXO������������

$QGUDG\��$��/��	 1HDO��0��/����������$SSOLFDWLRQV�DQG�VRFLHWDO�EHQHILWV�RI SODVWLFV��3KLORV��
7UDQV�5�6RF�/RQG�%�9LRO�6FL������������������������'2,����������UVWE����������

$YLR��*��&���*RUEL��6���0LODQ��0���%HQHGHWWH��0�� )DWWRULQL��'�� G¶(UULFR��*��������5HJROL��)�
��������3ROOXWDQWV�ELRDYDLODELOLW\�DQG�WR[LFRORJLFDO�ULVN�IURP�PLFURSODVWLFV�WR�PDULQH�
PXVVHOV��(QYLURQPHQWDO�3ROOXWLRQ����������������'2,� ��������M�HQYSRO������������

%DNLU��$���5RZODQG��6��-��	 7KRPSVRQ��5��&����������&RPSHWLWLYH�VRUSWLRQ�RI�SHUVLVWHQW�RUJDQLF
SROOXWDQWV�RQWR�PLFURSODVWLFV�LQ�WKH�PDULQH�HQYLURQPHQW��0DULQH�3ROOXWLRQ�%XOOHWLQ��
��� �����������'2,����������M�PDUSROEXO������������

%DOOHQW��$���&RUFRUDQ��3��/���0DGGHQ��2���+HOP��3��$� 	 /RQJVWDIIH��)��-����������6RXUFHV�DQG�
VLQNV�RI�PLFURSODVWLFV�LQ &DQDGLDQ�/DNH�2QWDULR�QHDUVKRUH��WULEXWDU\�DQG�EHDFK�
VHGLPHQWV��0DULQH�3ROOXWLRQ�%XOOHWLQ�������������������'2,��
��������M�PDUSROEXO������������

%HUJPDQQ��0���:LU]EHUJHU��9���.UXPSHQ��7���/RUHQ]��&�� 3ULPSNH��6��	 7HNPDQ��0��%����������
+LJK�4XDQWLWLHV�RI�0LFURSODVWLF�LQ�$UFWLF�'HHS�6HD�6HGLPHQWV�IURP�WKH�
+$86*$57(1�2EVHUYDWRU\��(QYLURQPHQWDO 6FLHQFH�DQG�7HFKQRORJ\����������
�������������'2,����������DFV�HVW��E�����

%HUJPDQQ��0���:LU]EHUJHU��9���.UXPSHQ��7���/RUHQ]��&��3ULPSNH��6��RJ�7HNPDQ��0��%����������
+LJK�4XDQWLWLHV�RI�0LFURSODVWLF�LQ�$UFWLF�'HHS�6HD�6HGLPHQWV�IURP�WKH�
+$86*$57(1�2EVHUYDWRU\��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\����������
�������������5nGDWD�KHQWHW�IUD�
KWWSV���GRL�SDQJDHD�GH���������3$1*$($�������"IRUPDW KWPO�GRZQORDG

%HVVHOLQJ��(���:HJQHU��$���)RHNHPD��$��0���YDQ�GHQ�+HXYHO�*UHYH��0��-��	�.RHOPDQV��$��$��
��������(IIHFWV�RI�0LFURSODVWLF�RQ�)LWQHVV�DQG�3&%�%LRDFFXPXODWLRQ E\�WKH�
/XJZRUP�$UHQLFROD�PDULQD��/���(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\����� ���������
'2,����������HV������[

%ROWRQ��7��)��	 +DYHQKDQG��-��1����������3K\VLRORJLFDO�YHUVXV�YLVFRVLW\�LQGXFHG HIIHFWV�RI�DQ�
DFXWH�UHGXFWLRQ�LQ�ZDWHU�WHPSHUDWXUH�RQ�PLFURVSKHUH�LQJHVWLRQ�E\�WURFKRSKRUH�ODUYDH�
RI�WKH�VHUSXOLG�SRO\FKDHWH *DOHRODULD�FDHVSLWRVD��-RXUQDO�RI�3ODQNWRQ�5HVHDUFK��
�������������������'2,� ��������SODQNW�����������



��

%RXU��$���$YLR��&��*��*RUEL��6���5HJRLO��)��	 +\OODQG��.����������3UHVHQFH�RI�PLFURSODVWLFV�LQ
EHQWKQLF DQG�HSLEHQWKLF�RUJDQLVPV� ,QIOXHQFH�RI�KDELWDW��IHHGLQJ�PRGH DQG�WURSLF�
OHYHO��(QYLURQPHQWDO�3ROOXWLRQ������������ ������'2,����������M�HQYSRO�������������

%UDQGRQ��-���*ROGVWHLQ��(��	 2KPDQ��0��'����������/RQJ�WHUP�DJLQJ�DQG�GHJUDGDWLRQ�RI
PLFURSODVWLF�SDUWLFOHV��&RPSDULQJ�LQ�VLWX�RFHDQLF�DQG�H[SHULPHQWDO�ZHDWKHULQJ�
SDWWHUQV��0DULQH 3ROOXWLRQ�%XOOHWLQ����������������'2,��
��������M�PDUSROEXO������������

%URZQH��0��$���&UXPS��3���1LYHQ��6��-���7HXWHQ��(���7RQNLQ��$���*DOORZD\��7��	 7KRPSVRQ��5��
��������$FFXPXODWLRQ�RI�0LFURSODVWLF�RQ�6KRUHOLQHV�:ROGZLGH��6RXUFHV�DQG 6LQNV�
(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\����� �����������'2,����������HV������V

%URZQH��0� $���'LVVDQD\DNH��$���*DOORZD\��7�6�� /RZH��'� 0� 	 7KRPSVRQ��5� &����������
,QJHVWHG�PLFURVFRSLF�SODVWLF�WUDQVORFDWHV�WR�WKH�FLUFXODWRU\�V\VWHP�RI�WKH�PXVVHO��
0\WLOXV�HGXOLV��/����(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�������������������'2,��
��������M�HQYSRO������������

%UnWH��,��/��1���+XUOH\��5���,YHUVHQ��.��%H\HU��-���7KRPDV��.��9���6WHLQGDO��&� &���*UHHQ��1��:���
«�/XVKHU��$����������0\WLOXV VSS��DV�VHQWLQHOV�IRU�PRQLWRULQJ�PLFURSODVWLF�SROOXWLRQ�
LQ�1RUZHJLDQ�FRDVWDO�ZDWHUV��$�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�VWXG\��(QYLURQPHQWDO�
3ROOXWLRQ������ ���������'2,����������M�HQYSRO������������

&DUOLQL��*� 	 .OHLQH��.����������$GYDQFLQJ�WKH�LQWHUQDWLRQDO�UHJXODWLRQ�RI�SODVWLF�SROOXWLRQ�
EH\RQG�WKH�8QLWHG�1DWLRQV�(QYLURQPHQW�$VVHPEO\�UHVROXWLRQ�RQ�PDULQH�OLWWHU�DQG�
PLFURSODVWLFV��5(&,(/���������������'2,����������UHHO������

&DURQ��$��*��*���7KRPDV��&��5��%HUU\��.��/��(�� 0RWWL��&��$���$ULHO��(��	 %URGLH��-��(��
������� 9DOLGDWLRQ�RI�DQ�RSWLPLVHG�SURWRFRO�IRU�TXDQWLILFDWLRQ�RI�PLFURSODVWLFV�LQ�
KHWHURJHQRXV�VDPSOHV��$�FDVH VWXG\�XVLQJ�JUHHQ�WXUWOH FK\PH�0HWKRGV;� �������
���� '2,� ��������M�PH[������������

&ODHVVHQV��0�� 'H�0HHVWHU��6���9DQ�/DQGX\W��/���'H�&OHUFN��.��	 -DQVVHQ��&��5����������
2FFXUHQFH�DQG GLVWULEXWLRQ�RI�PLFURSODVWLFV�LQ�PDULQH�VHGLPHQWV�DORQJ�WKH�%HOJLDQ�
FRVW��0DULQH�3ROOXWLRQ�%XOOHWLQH���������������������'2,��
��������M�PDUSROEXO������������

&ROH��0���/LQGHTXH��3���)LOHPDQ��(���&ODUF��-���/HZLV��&��+DOVEDQG��&��	 *DOORZD\��7��6����������
0LFURSODVWLFV�$OWHU�WKH�3URSHUWLHV�DQG 6LQNLQJ�5DWHV�RI�=RRSODQNWRQ�)DHFDO�3HOOHWV��
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��������������������'2,��
��������DFV�HVW��E�����

&ROH��0���/LQGHTXH��3���)LOHPDQ��(���+DOVEDQG��&��	 *DOORZD\��7��6����������7KH�,PSDFW�RI�
3RO\VW\UHQH�0LFURSODVWLFV�RQ�)HHGLQJ��)XQFWLRQ�DQG�)HFXQGLW\�LQ WKH�0DULQH�
&RSHSRG�&DODQXV�KHOJRODQGLFXV��(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�����������
������'2,����������HV������X

&ROH��0���/LQGHTXH��3���+DOVEDQG��&��	 *DOORZD\��7��6����������0LFURSODVWLFV�DV�FRQWDPLQDQWV�LQ�
WKH�PDULQH�HQYLURQPHQW��$�UHYLHZ��0DULQH�3ROOXWLRQ�%XOOHWLQ�����������������
'2,���������M�PDUSROEXO������������

&UDZIRUG��&��%��	 4XLQQ��%����������0LFURSODVWLF�3ROOXWDQWV��$PVWHUGDP��(OVHYLHU�,QF�



��

'DOHV��5� 3�����������7KH�IHHGLQJ�PHFKDQLVP�DQG�VWUXFWXUH RI�WKH�JXW�RI 2ZHQLD�IXVLIRUPLV 'HOOH�
&KLDMH� -RXUQDO�RI�WKH�0DULQH�%LRORJLFDO $VVRFLDWLRQ�RI�WKH�8QLWHG�.LQJGRP� �������
����'2,����������6����������������

(JH��5��7�������-DQ���������, �����HU�GHW�PHUH�SODVW�HQQ�ILVN�,�KDYHW��9HUGHQV�JDQJ��9*�� +HQWHW�
IUD��KWWSV���ZZZ�YJ�QR�Q\KHWHU�XWHQULNV�L���(0��L������HU�GHW�PHU�SODVW�HQQ�ILVN�L�
KDYHW �1RYHPEHU�������

(QGHUV� .�� /HQ]�ௗ5�� 6WHGPRQ��&��$� 	 1LHOVHQ� 7��*� ������� $EXQGDQFH��VL]H�DQG�SRO\PHU�
FRPSRVLWLRQ�RI�PDULQH�PLFURSODVWLFV��ௗ��ௗȝP�LQ�WKH�$WODQWLF�2FHDQ�DQG�WKHLU�
PRGHOOHG YHUWLFDO�GLVWULEXWLRQ� 0DULQH�3ROOXWLRQ�%XOOHWLQ����������������
'2,� ��������M�PDUSROEXO������������

(ULNVHQ� 0���/HEUHWRQ /��&��0���&DUVRQ� +��6���7KLHO� 0���0RRUH� &��-���%RUHUUR��-��&��«�5HLVVHU��
-�������� 3ODVWLF�3ROOXWLRQ�LQ�WKH�:RUOG¶V�2FHDQV��0RUH�WKDQ���7ULOOLRQ�3ODVWLF�3LHFHV�
:HLJKLQJ�RYHU���������7RQV�$IORDW�DW�6HD��3/26�21(������� H������� '2,��
��������MRXUQDO�SRQH��������

(XURSHDQ�&RPLVVLRQ����������&20081,&$7,21�)520�7+(�&200,66,21�72�7+(�
(8523($1�3$5/,$0(17��7+(�&281&,/��7+(�(8523($1�(&2120,&�$1'�
62&,$/�&200,77((�$1'�7+( &200,77((�2)�7+(�5(*,216��$�(XURSHDQ�
6WUDWHJ\�IRU�3ODVWLFV�LQ�D�&LUFXODU�(FRQRP\ �6:'����������ILQDO���+HQWHW�IUD��
KWWSV���HF�HXURSD�HX�FRPPLVVLRQ�SUHVVFRUQHU�DSL�ILOHV�GRFXPHQW�SULQW�HQ�LSB��B��,3B
��B�B(1�SGI

(XURSHDQ�3DUODPHQW� ��������'LUHFWLYH��(8�����������RI�WKH�(XURSHDQ�3DUOLDPHQW DQG�RI�WKH�
&RXQFLO�RI���-XQH������RQ�WKH�UHGXFWLRQ�RI�WKH�LPSDFW�RI�FHUWDLQ�SODVWLF�SURGXFWV�RQ�
WKH�HQYLURQPHQW� +HQWHW�IUD��KWWS���GDWD�HXURSD�HX�HOL�GLU����������RM

)DEUHJD��-���/XRPD��6��1���7\OHU��&��5���*DOORZD\��7��6��	�/HDG��-��5����������6LOYHU�
QDQRSDUWLFOHV��%HKDYLRU�DQG�HIIHFWV�LQ�WKH�DTXDWLF�HQYLURQPHQW��(QYLURQPHQWDO�
,QWHUQDWLRQHO������������������'2,� �����M�HQYLQW������������

)DUUHOO��3��	 1HOVRQ��.����������7URSKLF�OHYHO�WUDQVIHU�RI�PLFURSODVWLF��0\WLOXV�HGXOLV��/���WR�
&DUFLQXV�PDHQDV��/����(QYLURQPHQWDO�3ROOXWLRQ������ �����'2,��
��������M�HQYSRO������������

)DVWHOOL��3���%ODãNRYLü��$���%HUQDUGL��*���5RPHR��7�� ýLåPHN��+���$QGDORUR�)���«�5HQ]L��0��
��������3ODVWLF�OLWWHU�LQ�VHGLPHQWV IURP�D�PDULQH�DUHD�OLNHO\�WR�EHFRPH�SURWHFWHG�
�$HROLDQ�$UFKLSHODJR¶V�LVODQGV��7\UUKHQLDQ�VHD���0DULQH�3ROOXWLR�%XOOHWLQ�����������
���������'2,����������M�PDUSROEXO������������

)ULDV�HW�DO�����������6WDQGDUGLVHG�SURWRFRO�IRU�PRQLWRULQJ�PLFURSODVWLFV�LQ�VHGLPHQWV��-3,�2SHDQV�
%$6(0$1�SURMHFW��'2,� ���������5*������������������

)ULDV��-��3��*��/���6REUDO��3��	 )HUUHLUD��$��0����������2UJDQLF�SROOXWDQWV�LQ�PLFURSODVWLFV�IURP
WZR�EHDFKHV�RI�WKH�3RUWXJXHVH�FRDVW��0DULQH�3ROOXWLRQ�%XOOHWLQ�����������������'2,�
��������M�PDUSROEXO������������

*HEKDUGW��&��	 )RUVWHU��6����������6L]H�VHOHFWLYH�IHHGLQJ�RI�$UHQLFROD�PDULQD�SURPRWHV�ORQJ�
WHUP�EXULDO�RI�PLFURSODVWLF�SDUWLFOHV�LQ�PDULQH�VHGLPHQWV��(QYLURQPHQWDO�3ROOXWLRQ��
����%��������������'2,����������M�HQYSRO������������



��

*HQWLO��)���'DXYLQ��-� &��	 0HQDUG��)� ��������5HSURGXFWLYH�ELRORJ\�RI�WKH��,5DHWH 2ZHQLD�
IXVLIRUPLV 'HOOH�&KLDMH�LQ�WKH�%D\�RI 6HLQH��HDVWHUQ�(QJOLVK�&KDQQHO�� -RXUQDO�RI�
([SHULPHQWDO�0DULQH�%LRORJ\�DQG�(FRORJ\� ���� �������'2,���������������
��������������;

*HUPDQRY��(��6���0DUVKDOO��$��'���%HMGHU��/���)RVVL��0��&��	 /RQHUDJDQ��1��5����������
0LFURSODVWLFV��1R�6PDOO�3UREOHP�IRU�)LOWHU�)HHGLQJ�0HJDIDXQD��7UHQGV�LQ�(FRORJ\�
	�(YROXWLRQ�����������������

*(6$03���������6RXUFHV��IDWH�DQG�HIIHFWV�RI�PLFURSODVWLFV LQ WKH�PDULQH�HQYLURQPHQW��D�JOREDO
DVVHVVPHQW� �.HUVKDZ��3��-���HG�����,02�)$2�81(6&2�
,2&�81,'2�:02�,$($�81�81(3�81'3�-RLQW�*URXS�RI�([SHUWV�RQ�WKH�
6FLHQWLILF�$VSHFWV RI�0DULQH�(QYLURQPHQWDO�3URWHFWLRQ���5HS��6WXG��*(6$03�1R��
�������S��3XEOLVHUW�DY� ,QWHUQDWLRQDO�0DULWLPH�2UJDQLVWDWLRQ�

*H\HU��5���-DPEHFN��-��5��	 /DZ��.��/����������3URGXFWLRQ��XVH��DQG�IDWH�RI�DOO�SODVWLFV�HYHU�
PDGH��6FLHQFH�$GYDQFHV��������'2,����������VFLDGY��������

*RGD��.��	�-DODOL��%����������'LVSHUVLYH�)RXULHU�WUDQVIRUPDWLRQ�IRU�IDVW FRQWLQXRXV�VLQJOH�VKRW�
PHDVXUHPHQWV� 1DWXUH�3KRWRQ���� ���������'2,����������QSKRWRQ���������

*UHHQ��'��6����������(IIHFWV�RI�PLFURSODVWLFV�RQ�(XURSHDQ�IODW�R\VWHUV� 2VWUHD�HGXOLV DQG�WKHLU�
DVVRFLDWHG�EHQWKLF�FRPPXQLWLHV��(QYLURQPHQWDO�3ROOXWLRQ���������������'2,��
��������M�HQYSRO������������

*ULJRUDNLV��6���0DVRQ��6��$��	 'URXLOODUG� 6����������'HWHUPLQDWLRQ�RI�WKH�JXW�UHWHQWLRQ�RI�
SODVWLF�PLFUREHDGV��DQG�PLFURILEHUV�LQ�JROGILVK��&DUDVVLXV DXUDWXV���&KHPRVSKHUH��
��������������'2,����������M�FKHPRVSKHUH������������

+DUULVRQ��-��3���6FKUDW]EHUJHU��0��6��0��	 2VERUQ��$��0����������,QWHUDFWLRQV�%HWZHHQ�
0LFURRUJDQLVPV�DQG�0DULQH�0LFURSODVWLFV��$�FDOO�IRU�UHVHDUFK��0DULQH�7HFKQRORJ\�
6RFLHW\�-RXUQDO����������������'2,����������076-�������

+DUULVRQ��-��3���6FKUDW]EHUJHU��0��6��0��	 2VERUQ��$��0��������� 5DSLG�EDFWHULDO�FRORQL]DWLRQRI�
ORZ�GHQVLW\�SRO\HWK\OHQH�PLFURSODVWLFV�LQ�FRDVWDO�VHGLPHQW�PLFURFRVPV��%0&�
0LFURELRORJ\� ���������'2,����������V����������������

+DUWPDQQ��1��%���+�IIHU��7���7KRPSVRQ��5��&���+DVVHOO|Y��0���9HUVFKRRU��$���'DXJDDUG��$��(���
5LVW��6���«�:DJQHU��0����������$UH�:H�6SHDNLQJ�WKH�6DPH�/DQJXDJH"�
5HFRPPHQGDWLRQV�IRU�D�'HILQLWLRQ�DQG�&DWHJRUL]DWLRQ�)UDPHZRUN�IRU�3ODVWLF�'HEULV��
(QYLURQHPQWDO�6FLHQFH�DQG�7HFKQRORJ\��������������������'2,��
��������DFV�HVW��E�����

+DUWPDQQ��1��%���5LVW��6���%RGLQ��-���-HQVHQ��/��+��6���6FKPLGW��6��1���0D\HU��3��«��%DXQ��$��
��������0LFURSODVWLFV�DV�9HFWRUV�IRU�(QYLURQPHQWDO�&RQWDPLQDQWV� ([SORULQJ�
6RUSWLRQ��'HVRUSWLRQ��DQG�7UDQVIHU�WR�%LRWD��,QWHJUDWHG�(QYLURQPHQWDO�$VVHVVPHQW�
DQG�0DQDJHPHQW� ����������������'2,����������LHDP�����

+HOVHWK��/��(����������3RO\HW\OHQ��+HQWHW�IUD KWWSV���VQO�QR�SRO\HW\OHQ

+LGDOJR�5X]��9�� *XWRZ��/���7KRPSVRQ��5��&��	 7KLHO��0����������0LFURSODVWLFV�LQ�WKH�PDULQH
(QYLURQPHQW��$�UHYLHZ�RI�WKH�0HWKRGV�8VHG�IRU�,GHQWLILFDWLRQ�DQG�4XDQWLILFDWLRQ�
(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�����������������'2,����������HV�������



��

+LQWHUVWHLQHU��,�� +LPPHOVEDFN� 0� 	 %XFKEHUJHU��:��:��������� &KDUDFWHUL]DWLRQ�DQG�
TXDQWLWDWLRQ�RI�SRO\ROHILQ�PLFURSODVWLFV�LQ�SHUVRQDO�FDUH�SURGXFWV�XVLQJ�KLJK�
WHPSHUDWXUH�JHO�SHUPHDWLRQ�FKURPDWRJUDSK\� $QDO\WLFDO�DQG�%LRDQDO\WLFDO�
&KHPLVWU\���������������������'2,� ��������M�PH[������������

+RIIPDQ��(��	 6WURREDQW��9��������� 0DVV�6SHFWURPHWU\��3ULQFLSOHV�DQG�$SSOLFDWLRQV��&LFKHVWHU�
:HVW�6XVVH[��(QJODQG��-RKQ�:LOH\�	�6RQV�/WG�

+XVVDLQ��1���-DLWOH\��9��	 )ORUHQFH��$��7����������5HFHQW�DGYDQFHV�LQ�WKH�XQGHUVWDQGLQJ�RI�
XSWDNH�RI PLFURSDUWLFXODWHV�DFURVV�WKH�JDVWURLQWHVWLQDO�O\PSKDWLFV��$GYDQFHG�'UXJ�
'HOLYHU\�5HYLHZV����� ��������

,YDU�GR�6XO��-��$� 	 &RVWD��0��)����������7KH�SUHVHQW�DQG�IXWXUH�RI�PLFURSODVWLF�SROOXWLRQ�LQ�WKH
PDULQH�HQYLURQPHQW��(QYLURQPHQWDO�3ROOXWLRQ����������������'2,��
��������M�HQYSRO������������

-DPEHFN��-��5���*H\HU��5���:LOFR[��&���6LHJOHU��7��5��3HUU\PDQ��0���$QGUDG\��$���1DUD\DQ��	
/DZ��.��/����������3ODVWLF�ZDVWH�LQSXWV�IURP�ODQG�LQWR�WKH�RFHDQ��6FLHQFH�������������
'2,� ��������VFLHQFH��������

-HQQLQJV��6��	 &ROOLQJULGJH��.����������3UHGLFWLQJ�&RQVXPHU�%LRPDVV��6L]H�6WUXFWXUH�
3URGXFWLRQ��&DWFK�3RWHQWLDO��5HVSRQVHV�WR�)LVKLQJ�DQG�$VVRFLDWHG�8QFHUWDLQWLHV�LQ�
WKH�:RUOG¶V�0DULQH�(FRV\VWHPV��3/26�21(��������H���������'2,��
��������MRXUQDO�SRQH��������

.DQKDL��/��'��.���-RKDQVVRQ��&���)ULDV��-��3��*��/���*DUGIHOGW��.�� 7KRPSVRQ��5��&���	 2¶&RQQRU��
,����������'HHS�VHD�VHGLPHQWV�RI�WKH�$UFWLF�&HQWUDO�%DVLQ��D�SRWHQWLDO�VLQN�IRU�
PLFURSODVWLFV� 'HHS�6HD�5HV��3DUW�,�2FHDQRJU��5HV��3DS� ��������±�����'2,��
��������M�GVU������������

.DUDPL��$���*ROLHVNDUGL��$���&KRR��&��.���5RPDQR��1���+R��<��%��	 6DODPDWLQLD��%����������$�
KLJK�SHUIRUPDQFHSURWRFRO�IRU�H[WUDFWLRQ�RI�PLFURSODVWLFV�LQ�ILVK��6FLHQFH�RI�WKH�7RWDO�
(QYLURQPHQW�������������������'2,����������M�VFLWRWHQY������������

.DXIIPDQ��*��%���*HQW��$��1���%LHUZDJHQ��*��3���6WHYHQV��0��3���3UHVWRQ��-��	
5RGULJXH]��)� ��������+HQWHW�IUD��KWWSV���ZZZ�EULWDQQLFD�FRP�WRSLF�LQGXVWULDO�
SRO\PHUV��������3RO\HVWHUV�UHI�������GHQ�����������

.LUVWHLQ��9��,���.LUPL]L��6���:LFKHOV��$���*DULQ�)HUQDQGH]��$���(UOHU��5���/|GHU��0��	 *HUGWV��*�
��������'DQJHURXV�KLWFKKLNHUV"�(YLGHQGH�IRU�SRWHQWLDOO\�SDWKRJHQLF�9LEULR�VSS��RQ�
PLFURSODVWLF SDUWLFOHV��0DULQH�(QYLURQPHQWDO�5HVHDUFK������������'2,��
��������M�PDUHQYUHV������������

.RHOPDQV��$���%DNLU��$���%XUWRQ��*��	�-DQVVHQ��&����������0LFURSODVWLF�DV�D�9HFWRU�IRU
&KHPLFDOV�LQ�WKH�$TXDWLF�(QYLURQPHQW��&ULWLFDO�5HYLHZ DQG�0RGHO�6XSSRUWHG�
5HLQWHUSUHWDWLRQ RI�(PSLULFDO�6WXGLHV��(QYLURQPHQWDO�6FL��7HFKQRORJ\��������������
����'2,� ��������DFV�HVW��E�����

.RRL��0���YDQ�1HV��(��+���6FKHIIHU��0��	 .RHOPDQV��$��$����������8SV�DQG�'RZQV�LQ�WKH�2FHDQ��
(IIHFWV�RI�%LRIRXOLQJ RQ�9HUWLFDO�7UDQVSRUW�RI�0LFURSODVWLFV��(QYLURQPHQWDO�6FLHQFH�
	�7HFKQRORJ\���������������������'2,����������DFV�HVW��E�����



��

.lOOJUHQ��(��.���3HGHUVHQ��7��	�1LOVVHQ��(��0����������)RRG�UHVRXUFH�SDUWLWLRQLQJ�EHWZHHQ�WKUHH�
V\PSDWULF ILVK�VSHFLHV�LQ�3RUVDQJHUIMRUG� 1RUZD\��3RODU�%LRORJ\������������������
'2,����������V���������������[

/DVDJQD�5HHYHV� &���*RQ]DOH]�5RPHUR� '����%DUULD� 0��$���2OPHGR� ,���&ORV� $���6DGDJRSD��9��
0���« 6RWR��&����������%LRDFFXPXODWLRQ�DQG�WR[LFLW\�RI�JROG�QDQRSDUWLFOHV�DIWHU�
UHSHDWHG�DGPLQLVWUDWLRLQ�PLFH��%LRFKHPLFDO�DQG�%LRSK\VLFDO�5HVHDUFK�
&RPPXQLFDWLRQV�������������������'2,����������M�EEUF������������

/DYLOOH��6��	 7D\ORU��0�������MXQ���������$�PLOOLRQ�ERWWOHV�D�PLQXWH��ZRUOG¶V�SODVWLF�ELQJH�µDV�
GDQJHURXV�DV�FOLPDWH�FKDQJH¶��7KHJXDUGLDQ��+HQWHW�IUD��
KWWSV���ZZZ�WKHJXDUGLDQ�FRP�HQYLURQPHQW������MXQ����D�PLOOLRQ�D�PLQXWH�ZRUOGV�
SODVWLF�ERWWOH�ELQJH�DV�GDQJHURXV�DV�FOLPDWH�FKDQJH �1RYHPEHU�������

/HQ]��5���(QGHUV��.���6WHGPRQ��&��$���0DFNHQ]LH��'��0� $��	�1LHOVHQ� 7��*����������$�FULWLFDO
DVVHVVPHQW�RI�YLVXDO�LGHQWLILFDWLRQ�RI�PDULQH�PLFURSODVWLF�XVLQJ�5DPDQ�VSHNWURVNRSL
VSHFWURVFRS\�IRU�DQDO\VLV�LPSURYHPHQW��0DULQH�3ROOXWLRQ�%XOOHWLQH��������������
'2,� ��������M�PDUSROEXO������������

/RZHU��6����������&KHP��9LUWXDO�7H[WERRN� +HQWHW�IUD�
KWWS���ZZZ�FKHP��FRP�DFDG�ZHEWH[W�VWDWHV�SRO\PHUV�KWPO �1RYHPEHU ������

/XH��$���=KDQJ��/��	 5XDQ� '����������,QFOXVLRQ�&RPSOH[�)RUPDWLRQ�RI�&HOOXORVH�LQ�1D2+±
7KLRXUHD�$TXHRXV�6\VWHP�DW�/RZ�7HPSHUDWXUH��0DFURPROHFXODU�&KHPLVWU\�DQG�
3K\VLFV����������������������'2,����������PDFS����������

/|GHU��0� *��-��	 *HUGWV��*����������0HWKRGRORJ\�8VHG�IRU�WKH�'HWHFWLRQ�DQG�,GHQWLILFDWLRQ�RI�
0LFURSODVWLFV�$�&ULWLFDO�$SSUDLVDO��,�%HUJPDQQ��0���*XWRZ��/��	�.ODJHV��0���5HG����
0DULQH�$QWKURSRJHQLF�/LWWHU�����������+HQWHW�IUD�'2,���������������������������

/ZDQJD� (��+���*HUWVHQ��+���*RRUHQ��+���3HWHUV��3���6DODQNL��7���YDQ�GHU 3ORHJ��0���«�*HLVVHQ��9��
��������0LFURSODVWLFV�LQ�WKH�7HUUHVWULDO�(FRV\VWHP��,PSOLFDWLRQV�IRU�/XPEULFXV�
WHUUHVWULV��2EOLJRFKDHWD��/XPEULFLGDH���(QYLURQPHQWDO 6FLHQFH�DQG�7HFKQRORJ\��
������������������'2,����������DFV�HVW��E�����

0DKDW��6���������6HSDUDWLRQ�DQG�TXDQWLILFDWLRQ�RI�PLFURSODVWLFV�IURP�EHDFK�DQG�VHGLPHQ
VDPSOHV�XVLQJ�WKH�%DXWD�PLFURSODVWLF�VHGLPHQW�VHSDUDWRU �0DVWHUJUDGVDYKDQGOLQJ���
1RUVN�0LOM¡� RJ ELRYLWHQVNDSHOLJH�8QLYHUVLWHW��10%8���+HQWHW�IUD��
KWWS���KGO�KDQGOH�QHW�������������� �1RY��������

0DWKDORQ��$��RJ�+LOO��3����������0LFURSODVWLF�ILEHUV�LQ�WKH�LQWHUWLGDO�HFRV\VWHP�VXUURXQGLQJ�
+DOLID[�+DUERU��1RYD�6FRWLD��0DULQH�3ROOXWLRQ�%XOOHWLQ���������������

0LOM¡GLUHNWRUDWHW�������D���0LFURSODVWLFV�LQ�VHGLPHQWV�RQ�WKH�1RUZHJLDQ�&RQWLQHQWDO�6KHOI�
0LOM¡GLUHNWRUDWHW�UDSRUW �����������5HY�����'DWH��������������
KWWSV���ZZZ�PLOMRGLUHNWRUDWHW�QR�JOREDODVVHWV�SXEOLNDVMRQHU�0����0����SGI

0LOM¡GLUHNWRUDWHW�������E���0LFURSODVWLFV�LQ�VHGLPHQWV�RQ�WKH�1RUZHJLDQ�&RQWLQHQWDO�6KDOG�,,��
,GHQWLILFDWLRQ�WKURXJK�)7�,5�DQDO\VLV�0LOM¡GLUHNWRUDWHW�UDSRUW�0�������
KWWSV���ZZZ�PLOMRGLUHNWRUDWHW�QR�JOREDODVVHWV�SXEOLNDVMRQHU�0����0����SGI

0LOM¡GLUHNWRUDWHW ������� 0LFURSODVWLFV LQ SRO\FKDHWHV IURP WKH 1RUZHJLDQ &RQWLQHQWDO 6KHOI�
0LOM¡GLUHNWRUDWHW UHSRUW 0�



��

����� KWWSV���ZZZ�PLOMRGLUHNWRUDWHW�QR�JOREDODVVHWV�SXEOLNDVMRQHU�P�����P�����SG
I

0XOGHU��.�	 .QRW��0����������39&�SODVWLF��D�KLVWRU\�RI�V\VWHPV�GHYHOSPHQW�DQG�HQWUHQFKPHQW��
7HFKQRORJ\�LQ�6RFLHW\������������������'2,����������6��������;�����������

1RIINH��$���+HUWZHFN��*���.U|QFNH��,��	 :HKUPDQQ��$����������3DUWLFOH�VL]H�VHOHFWLRQ�DQG�WXEH�
VWUXFWXUH�RI�WKH�SRO\FKDHWH 2ZHQLD�IXVLIRUPLV��(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH��
����������������'2,����������M�HFVV������������

1XHOOH��0���'HNLII��-��+���5HP\��'��	 )ULHV��(����������$�QHZ�DQDO\WLFDO�DSSURDFK�IRU�PRQLWRULQJ�
PLFURSODVWLFV�LQ�PDULQH�VHGLPHQWV��(QYLURQPHQWDO�3ROOXWLRQ������ ���������'2,��
��������M�HQYSRO������������

2EEDUG��5��:���6DGUL��6���:RQJ��<��4���.KLWXQ��$��$���%DNHU��,��	 7KRPSVRQ��5��&����������
*OREDO�ZDUPLQJ�UHOHDVHV�PLFURSODVWLF�OHJDF\�IUR]HQ�LQ�$UFWLF�6HD�LFH� (DUWK¶V�
)XWXUH�����������������'2,��������������()������

2OVHQ�HW�DO����XSXEOLVHUW���)DFLOLWDWLQJ�PLFURSODVWLF�TXDQWLILFDWLRQ�LQ�PDULQH�VDPSOHV�WKURXJK�WKH�
LQWURGXFWLRQ�RI�FHOOXORVH�GLVVROXWLRQ�VWHS��1RUZHJLDQ�*HRWHFKQLFDO�,QVWLWXWH��1*,���
8SXEOLVHUW�PDQXVNULSW�

2XJ��(���&RFKUDQH��6��.��-���6XQGHW��-��+���1RUOLQJ��	�1LOVVRQ��+��&����������(IIHFWV�RI�WKH�
LQYDVLYH�UHG�NLQJ�FUDE��3DUDOLWKRGHV�FDPWVFKDWLFXV��RQ�VRIW�ERWWRP�IDXQD�LQ�
9DUDQJHUIMRUGHQ��QRUWKHUQ�1RUZD\��0DULQH�%LRGLYHUVLW\�XQGHU�&KDQJH���������������
'2,����������V����������������

3DXO�3RQW��,���/DFURL[��&���)HUQiQGH]�� &��*���+pJDUHW��+���/DPEHUW��&���*RwF��1��«�6RXGDQW��3��
��������([SRVXUH�RI�PDULQH�PXVVHOV 0\WLOXV VSS��WR�SRO\VW\UHQH PLFURSODVWLFV��
7R[LFLW\�DQG�LQIOXHQFH�RQ�IOXRUDQWKHQH�ELRDFFXPXODWLRQ��(QYLURQPHQWDO�3ROOXWLRQ��
��������������'2,����������M�HQYSRO������������

3HUNLQ(OPHU���X��n����6SRWOLJKW����L�)7B,5�0LFURVFRS\�6\VWHP��+HQWHW����������IUD�
KWWSV���ZZZ�SHUNLQHOPHU�FRP�SURGXFW�VSRWOLJKW�����PFW�IURQWLHU�V\VWHP�O�������

3ODVWLFV(XURSH����������7KH�FRPSHOOLQJ�IDFWV�DERXW�SODVWLFV��DQDO\VLV�RI�SODVWLFV�SURGXFWLRQ��
GHPDQG�DQG�UHFRYHU\�IRU������LQ�(XURSH��%HOJLXP��3ODVWLFV(XURSH��+HQWHW�IUD��
KWWS���ZZZ�SODVWLFVHXURSH�RUJ�DSSOLFDWLRQ�ILOHV��������������������&RPSHOOLQJ)DF
WVB3XE6HSW�����SGI�GHQ�����������

5DOVWRQ��%��(��	 2VVZDOG��7��$����������7KH�+LVWRU\�RI�7RPRUURZ¶V�0DWHULDOV� SURWHLQ�%DVHG�
%LRSRO\PHUV��7HFKQLFDO�,QVLJKW��������

5HP\��)���&ROODUG��)��*LOEHUW��%���&RPSqUH��3���(SSH��*��	 /HSRLQW��*��������(QYLURQPHQWDO�
6FLHQFH�	�7HFKQRORJ\�����������������������'2,����������DFV�HVW��E�����

5HQQHU��*���6FKPLGW��7��&��	 6FKUDP��-� ��������$QDO\WLFDO�PHWKRGRORJLHV�IRU�PRQLWRULQJ�
PLFUR�QDQR�SODVWLFV� :KLFK�DUH�ILW�IRU�SXUSRVH"�(QYLURQPHQWDO�6FLHQFH�	�+HDOWK�����
�������'2,����������M�FRHVK������������

5H]DQLD��6���3DUN��-���'LQ��0��)��0���7DLE��6��0���7DODLHNKR]DQL��$��<DGDY��.��.��	 .DP\DE��+��
��������0LFURSODVWLFV�SROOXWLRQ�LQ�GLIIHUHQW�DTXDWLF�HQYLURQPHQWV�DQG ELRWD��$�UHYLHZ�
RI�UHFHQW�VWXGLHV��0DULQH�3ROOXWLRQ�%XOOHWLQ�������������������'2,��
���������M�PDUSROEXO������������



��

5RFKD�6DQWRV��7��	�'XDUWH��$��&����������$ FULWLFDO�RYHUYLHZ�RI�WKH�DQDO\WLFDO�DSSURDFHKHV WR�
WKH�RFFXUUHQFH��WKH�IDWH�DQG�WKH�EHKDYLRU�PLFURSODVWLF�LQ�WKH HQYLURQPHQW��7UHQGV�LQ�
$QDO\WLFDO &KHPLVWU\�������������'2,����������M�WUDF������������

5RXVH��*��	 3OHLMH��)����������3RO\FKDHWHV� 1HZ�<RUN��2[IRUG 8QLYHUVLW\�3UHVV�

5XPPHO��&��'���-DKQNH��$���*RURNKRYD��(���.�KQHO��'��	 6FKPLWW�-DQVHQ��0����������,PSDFWV�RI�
%LRILOP�)RUPDWLRQ�RQ�WKH�)DWH�DQG�3RWHQWLDO�(IIHFWV�RI�0LFURSODVWLF�LQ�WKH�$TXDWLF�
(QYLURQPHQW��(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ�/HWW�� ������������'2,��
��������DFV�HVWOHWW��E�����

5\DQ��3��*���&RQQHOO��$��'��	 *DUGQHU��%��'����������3ODVWLF�,QJHVWLRQ�DQG�3&%V�LQ�6HDELUGV��,V�
WKHUH�D�5HODWLRQVKLS"�0DULQH�3ROOXWLRQ�%XOOHWLQ������������������'2,���������������
���;�����������

6HOI��5��)��/��	 -XPDUV��3��$����������&URVV�SK\OHWLF�SDWWHUQV�RI�SDUWLFOH�VHOHFWLRQ�E\�GHSRVLW�
IHHGHUV��-RXUQDO�RI�0DULQH�5HVHDFK��������������

6HULNVWDG��*��/����������%UXN�DY�UnWQHUHVW�L�¡NRORJLVN�ODQGEUXN �%LRIRUVN�5DSSRUW�9RO������QU �����
+HQWHW�IUD�
KWWS���RUJSULQWV�RUJ���������%,2)256.���5$33257������%LRUHVW���'HO��
�,�������������QU������������SGI

6HWlOl��2���)OHPLQJ�/HKWLQHQ��9��	 /HKWLQLHPL��0����������,QJHVWLRQ�DQG�WUDQVIHU�RI�
PLFURSODVWLFV�LQ�WKH�SODQNWRQLF�IRRG�ZHE��(QYLURQPHQWDO�SROOXWLRQ��������������'2,��
��������M�HQYSRO������������

6FK�FNHO��6�� (KULFK��6���.U|QFNH��,��	 5HLVV��+� ��������/LQNLQJ�SUH\�FRPSRVLWLRQ�RI�
KDGGRFN 0HODQRJUDPPXV�DHJOHILQXV WR�EHQWKLF�SUH\�DYDLODELOLW\�LQ�WKUHH�GLIIHUHQW�
DUHDV�RI�WKH�QRUWKHUQ�1RUWK�6HD��-RXUQDO�RJ�)LVK�%LRORJ\�����������������'2,��
��������M����������������������[

6LPRQ� 0�� YDQ $OVW��0� 	 9ROOHUWVHQ� -��������� 4XDQWLILFDWLRQ�RI�PLFURSODVWLF�PDVV�DQG�
UHPRYDO�UDWHV�DW�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DSSO\LQJ�)RFDO�3ODQH�$UUD\��)3$��
EDVHG�)RXULHU�7UDQVIRUP�,QIUDUHG��)7�,5��LPDJLQJ� :DWHU�5HV���������������
'2,� ��������M�ZDWUHV������������

6LQJGDKO�/DUVHQ��&����������$FFXPXODWLRQ�RI�PLFURSODVWLF�LQ�IMRUG�VHGLPHQWV�± WKH�%XQQHIMRUG��
LQQHU�2VORIMRUG��1RUZD\� �0DVWHUJUDGVDYKDQGOLQJ���8QLYHUVLWHWHW�L 2VOR �8L2���2VOR�

6RQJ��<��.���+RQJ��6��+���-DQJ��0���+DQ��*��0���5DQL��0���/HH��-��	�6KLP��:��-����������
$FRPSDULVRQ�RI�PLFURVFRSLF�DQG�VSHFWURVFRSLF�LGHQWLILFDWLRQ�PHWKRGV�IRU�DQDO\VLV�RI
PLFURSODVWLFV�LQ�HQYLURQPHQWDO�VDPSOHV��0DULQH�3ROOXWLRQ�%XOOHWLQ���������������
'2,� ��������M�PDUSROEXO������������

6X��/���;XH��<���/L��/���<DQJ��'���.RODQGKDVDP\��3���/L��'��	 6KL��+����������0LFURSODVWLFV�LQ�
7DLKX�/DNH��&KLQD� (QYLURQPHQWDO�3ROOXWLRQ����������������'2,��
��������M�HQYSRO������������

6XQ��;���/L��4���=KX��0���/LDQJ��-���=KHQJ��6��	 =KDR��<����������,QJHVWLRQ�RI�PLFURSODVWLFV�E\�
QDWXUDO ]RRSODQNWRQ�JURXSV�LQ�WKH�QRUWKHUQ�6RXWK�&KLQD�6HD��0DULQH�3ROOXWLRQ�
%XOOHWLQ���������������������'2,����������M�PDUSROEXO������������

7KH�0DULQH�%LRORJLFDO�$VVRFLDWLRQ���X�n���$�WXEHZRUP��2ZHQLD�IXVLIRUPLV���+HQWHW�IUD��
KWWSV���ZZZ�PDUOLQ�DF�XN�VSHFLHV�GHWDLO�����



��

7KRPSVRQ��5��&���2OVHQ��<���0LWFKHOO��5��3���'DYLV��$���5RZODQG��6��-���-RKQ��$��:��*���«�5HLVV��
+����������/RVW�DW�6HD� :KHUH�LV�$OO�WKH�3ODVWLF"�6FLHQFH������������������'2,��
��������VFLHQFH��������

7\OHU��/��%,27,&�� %LRORJLFDO�7UDLWV�,QIRUPDWLRQ�&DWDORJXH��+HQWHW�IUD��
KWWS���ZZZ�PDUOLQ�DF�XN�ELRWLF�EURZVH�SKS"VS ���� �1RYHPEHU�������

9DQ�&DXZHQEHUJKH��/���&ODHVVHQV��0���9DQGHJHKXFKWH��0��%��	 -DQVVHQ��&��5���������
0LFURSODVWLFV�DUH�WDNHQ�XS�E\�PXVVHOV��0\WLOXV�HGXOLV��DQG�OXJZRUPV��$UHQLFROD�
PDULQD��OLYLQJ�LQ�QDWXUDO�KDELWDWV��(QYLURQPHQWDO�3ROOXWLRQ��������������'2,��
��������M�HQYSRO������������

9DQ�&DXZHQEHUJKH��/���'HYULHVH��/���*DOJDQL��)���5REEHQV��-��	�-DQVVHQ��&��5���������
0LFURSODVWLFV�LQ�VHGLPHQWV��$�UHYLHZ�RI�WHFKQLTXHV��RFFXUHQFH�DQG�HIIHFWV��0DULQH
(QYLURQPHQWDO�5HVHDUFK�������������'2,����������M�PDUHQYUHV������������

9DQ�&DXZHQEHUJKH��/���9DQUHXVHO��$���0HHV��-��	 -DQVVHQ��&��5���0LFURSODVWLF�SROOXWLRQ�LQ�GHHS�
VHD�VHGLPHQWV��(QYLURQPHQWDO�3ROOXWLRQ����������������'2,��
��������M�HQYSRO������������

9LUãHN��0��.���/RYãLQ��0��1���.RUHQ��â���.UåDQ��$��	 3HWHUOLQ��0����������0LFURSODVWLFV�DV�D�
YHFWRU�IRU�WKH�WUDQVSRUW�RI�WKH�EDFWHULDO�ILVK�SDWKRJHQ�VSHFLHV�$HURPRQDV�
VDOPRQLFLGD��0DULQH�3ROOXWLRQ�%XOOHWLQ�������±�������������'2,��
��������M�PDUSROEXO�������������

:DJQHU��-�� *DVVHO��0� 	 :DQJ� =����������1RYHO�PHWKRGV�IRU�WKH�H[WUDFWLRQ�DQG�LGHQWLILFDWLRQ�
RI�PLFURSODVWLFV�LQ�RFHDQ�WUDZO�DQG�ILVK�JXW�PDWULFHV� $QDO\WLFDO�PHWKRGV���� �����
������'2,����������F�D\�����J

:DONHU��&��+���6LEO\��5��0��	 3HDNDOO��'��%��������� 3ULQFLSOHV�RI�(FRWRFLFRORJ\��8QLWHG�6WDWHV�
RI�$PHULFD��&5&�3UHVV�

:RUOG�(FRQRPLF�)RUXP����������7KH�QHZ�3ODVWLF�(FRQRP\��5HWKLQNLQJ�WKH�IXWXUH�RI�SODVWLFV�
+HQWHW�IUD��KWWS���ZZZ��ZHIRUXP�RUJ�GRFV�:()B7KHB1HZB3ODVWLFVB(FRQRP\�SGI�
GHQ�����������

:HVWRQ��'��3���/HQW]��5��'���&DKQ��0��'���2JOH��5��6���5RWKHUW��$��.��RJ�/\G\��0��-����������
7R[LFLW\�RI�$QLRQLF�3RO\DFU\ODPLGH�)RUPXODWLRQV�ZKHQ 8VHG�IRU�(URVLRQ�&RQWURO�LQ�
$JULFXOWXUH��-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\���������±�����'2,��
��������MHT���������

:RRGDOO��/��&���6DQFKH]�9LGDO��$���&DQDOV��0���3DWHUVRQ��*��/� -�� &RSSRFN��5���6OHLJKW��9��«�
7KRPSVRQ��5��&����������7KH�GHHS�VHD�LV�D�PDMRU�VLQN�IRU�PLFURSODVWLF�GHEULV��5R\DO�
6RFLHW\�2SHQ�VFLHQFH�������������'2,��
��������UVRV�������KWWS���ZZZ��ZHIRUXP�RUJ�GRFV�:()B7KHB1HZB3ODVWLFVB(FRQ
RP\�SGI�GHQ�����������

:RUOG�+HDOWK�2UJDQL]DWLRQ����������0LFURSODVWLF�LQ�GULQNLQJ�ZDWHU� ,6%1�������������������
+HQWHW�IUD��KWWSV���ZZZ�ZKR�LQW�ZDWHUBVDQLWDWLRQBKHDOWK�SXEOLFDWLRQV�PLFURSODVWLFV�
LQ�GULQNLQJ�ZDWHU�HQ�

:RUOG�5HJLVWHU RI�0DULQH�6SHFLHV��*DODWKRZHQLD�RFXODWH��=DFKV����������X�n����+HQWHW�IUD��
KWWS���ZZZ�PDULQHVSHFLHV�RUJ�DSKLD�SKS"S WD[GHWDLOV	LG �������GLVWULEXWLRQV



��

:ULJKW��6��/���7KRPSVRQ��5��&��	 *DOORZD\��7��6� ��������7KH�SK\VLFDO�LPSDFWV�RI�PLFURSODVWLFV�
RQ�PDULQH�RUJDQLVPV��$�UHYLHZ��(QYLURQPHQWDO�3ROOXWLRQ����������������'2,��
��������M�HQYSRO������������

;LRQJ��%���0LOOHU��=���5RPDQ�:KLWH��6���7DVNHU��7���)DULQD��%���3LHFKRZLF]��%���«�.XPDU��0�
��������&KHPLFDO�'HJUDGDWLRQ�RI�3RO\DFU\ODPLGH�GXULQJ�+\GUDXOLF�)UDFWXULQJ��
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\������������������'2,��
��������DFV�HVW��E�����

;LRQJ��%���=KDR��3��RJ�+X��.����������'LVVROXWLRQ�RI�FHOOXORVH�LQ�DTXRXV�1D2+�XUHD�VROXWLRQ��
UROH�RI�XUHD��&HOOXORVH�����������������'2,����������V����������������

<DUVOH\��9��(��RJ�&RX]HQV��(��*��������� 3ODVWLFV� /RQGRQ��3HQJXLQ�

<HXQJ��&��	 <DQJ��0����������+DELWDW�DQG�LQIDXQD�SUH\�DYDLODELOLW\�IRU�IODWILVKHV�LQ�WKH�QRUWKHUQ�
%HULQJ�6HD��3RODU�%LRORJ\�����������������'2,����������V����������������

=HWWOHU��(��5���0LQFHU��7��-��	�$PDUDO�=HWWOHU��/��$����������/LIH�LQ�WKH�³3ODVWLVSKHUH´��0LFURELDO
&RPPXQLWLHV�RQ�3ODVWLF�0DULQH�'HEULV��(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�����
�����������'2,����������HV������[

=KDQJ��6���/L��6��	 <X� -���������3UHSDUDWLRQ�RI�FHOOXORVH�FKLWLQ�EOHQG�%LR�ILEHUV�YLD�GLUHFW�
GLVVRXOXWLRQ��&HOOXORVH�FKHPLVWU\�DQG�WHFKQRORJ\���������������������



��

����2UGOLVWH��IRUNRUWHOVHU�RJ�GHILQLVMRQHU

$NU\O 3ODVWILEHU��ODJHW�DY�SRO\DNU\ORQLWULO
%HQWLVN 2UJDQLVPHU�VRP�OHYHU�L��Sn�HOOHU�L�XPLGGHOEDU�Q UKHW�DY�KDYEXQQHQ
%6$) %LRWD�VHGLPHQW�DNNXPXODVMRQVIDNWRU��)RUKROGHW�PHOORP�NRQVHQWUDVMRQ�L�

VHGLPHQWHU�RJ�ELRWD
%LRGHJUDGHULQJ %LRORJLVN�QHGEU\WQLQJ
&HOOXORVH 7UHILEHU
&HOOXORLG 6\QRQ\P�IRU�WUHILEHU��EUXNHV RIWH�RP�GHQ�PROHN\O UH�IRUPHQ�DY�

PDWHULDOHW
'19�*/ 'HW�1RUVNH�9HULWDV±*HUPDQLVKHU�/LR\G
(WDQRO &�+�2+��HQ DONRKRO�
)HOWEODQN 3U¡YH�XWHQ�SU¡YHPDWHULDOH��WDWW L�IHOW��L�VDPPH�WLGVURP�VRP�GHQ�YLUNHOLJH�

SU¡YHQ��IRU�n�DYGHNNH�HYHQWXHOO�IRUUXUHQVQLQJ XQGHU SU¡YHWDJQLQJHQ�
)LEHU (Q�SDUWLNNHO�GHU�GHQ�HQH�DNVHQ�HU�EHW\GHOLJ�OHQJHUH�HQQ�

WYHUUVQLWWVGLDPHWHUHQ
)LOP )ODW�©KLQQHª DY�SODVW GHU�HQ�DNVH�HU�VY UW�NRUW�VDPPHQOLJQHW�PHG�IODWH

DUHDOHW
)7�,5 )RXULHU�WUDQVIRUPHUW�LQIUDU¡G�PLNURVNRSL
*(6$03 ³*URXS�RI�([SHUWV�RQ�WKH�6FLHQWLILF�$VSHFWV�RI�0DULQH�(QYLURQPHQWDO�

3URWHFWLRQ´ ± IXQJHUHU VRP�HW�UnGJLYHQGH RUJDQ�IRU�)1
*UDQXO (Q�WUHGLPHQVMRQDO�SDUWLNNHO
3DUWLNNHO (Q�HQKHW�PHG�PDVVH�RJ�OHQJGH�L�WUH DNVHU�
3&%� 3\O\FDUERQHUWH�ELIHQ\OHU
3(7 3RO\HW\OHQ
323 3HULVLVWHQWH�RUJDQLVNH�PLOM¡JLIWHU
3RO\HVWHU 3ODVWILEHU��P\H�EUXNW�L�WHNVWLOHU� /DJHW�DY�3(7
3RO\PHU )OHUH�PRQRPHUHU�VRP VLWWHU�VDPPHQ��(W�VWRUW�PROHN\O�VDPPHQVDWW�DY�

PDQJH�PLQGUH��3ODVW�HU�SRO\PHUHU
33 3RO\SURS\OHQ
39& 3ROLYLQ\ONORULG
.DVHLQ 0HONHSURWHLQ�EUXNW�VRP�IRUPEDUW�PDWHULDOH
.ROORQLDOLVHULQJ (WWDEOHULQJ�DY�HQ�DUW�Sn�HW�WLO�GD�©UHQWª REMHNW�
0DNURPROHN\O� (W�VWRUW�PROHN\O
0HWDQRO &+�2+��HQ�DONRKRO
0LNURPHWHU ���� [�����P��)RUNRUWHV��P
0LNURSODVW 3ODVW�L�VW¡UUHOVHQ��±�����ȝP��)RUNRUWHV�03
0RQRPHU (W�PROHN\O�VRP�NDQ�GDQQH�IOHUH��SRO\PHU��JMHQQRP�HQ�SRO\PHULVHULQJ
1*, 1RUJHV�JHRWHNQLVNH�LQVWLWXWW
10%8 1RUJHV�0LOM¡�RJ�%LRYLWHQVNDSHOLJ�8QLYHUVLWHW�
5D\RQ ,QGXVWULHOW�IUDPVWLOW�ERPPXOO��V\QQRQ\P�PHG�YLVNRVH
5HFRYHU\ *MHQRSUHWWHOVH��$OWVn�KYRU�P\H SODVW�VRP�EOLU�IXQQHW�LJMHQ�HWWHU�n�KD�WLOVDWW�

HQ�NMHQW PHQJGH



��

5HFRYHU\�EODQN 3U¡YHU�XWHQ�LQQKROG DY�SU¡YHPDWHULDOH��PHQ�PHG�WLOVDWW�HW NMHQW DQWDOO�HOOHU
HQ�NMQHW�PHQJGH�PLUNRSODVW��7LOVYDUHQGH�VSLNH�SU¡YH��PHQ�XWHQ�
SU¡YHPDWHULDOH

6HGLPHQW *UXV��VDQG��VLOW�RJ�OHLUH
6LUNXO U¡NRQRPL �NRQRPLVN�V\VWHP�GHU�YDUHU�JMHQEUXNHV�RJ�RPVHWWHV�HQ�UHNNH JDQJHU
6SLNH�SU¡YHU 3U¡YH�PHG�SU¡YHPDWHULDOH VRP�EOLU�WLOI¡UW�NMHQW�DQWDOO�HOOHU�PHQJGH�

PLNURSODVW��IRU�GHUHWWHU�n�DQQDO\VHUH�KYRU�PDQJH�SDUWLNOHU�VRP�HU�LJMHQ�
HWWHU�HQGW�DQDO\VHPHWRGLNN

6\QWHWLVN 0HQQHVNHOLJ�SURGXVHUW�HOOHU�VWHUNW�PRGLILVHUW
7¡UUYHNW 9HNW�HWWHU�W¡UNLQJ
9LVNRVH ,QGXVWULHOW�IUHPVWLOW�ERPXOO��V\QQRQ\P�PHG�5D\RQ
0LOOL�4�YDQQ $YLRQLVHUW�RJ�ILOWUHUW�YDQQ��)LOWUHUW�JMHQQRP����� ȝP PHPEUDQILOWHU
9HNWRU (W�REMHNW�VRP�WUDQVSRUWHUHU�QRH��)RU�HNVHPSHO�HQ�PLOM¡JLIW�VRP�EOLU�

WUDQVSRUWHUW�Sn�HQ�SODVWSDUWLNNHO��GHU�SODVWSDUWLNNHOHQ�EOLU�HQ�YHNWRU
9nWYHNW 9HNW�DY�ELRWD�QnU�GHW�HU�OHYHQGH��Q\OLJ�G¡G�HOOHU�HU�RSSEHYDUW�L�Y VNH
=LQNNORULG =Q&O�±&D&O� HQ�]LQNO¡VQLQJ�PHG�K¡\�HJHQYHNW



��

9HGOHJJ

%LOGHU

%LOGH����2NVLGDVMRQ��)RWR��-DNRE�&\YLQ������ %LOGH����2NVLGDVMRQ L�ILOWHUSRVH�PHG�
JODVVNRUNHU�VRP�YHNW��)RWR��-DNRE�&\YLQ��
����



��

%LOGH����2NVLGDVMRQ�L�DYWUHNNVVNDS��)RWR��-DNRE�&\YLQ������

%LOGH �� 3RO\FKDHWH� 2ZHQLD��)RWR��-DNRE�&\YLQ������



��

%LOGH����3RO\FKDHWH� 2ZHQLD��)RWR��-DNRE�&\YLQ������

%LOGH����5HQW���PP�ILOWHU��)RWR� -DNRE�&\YLQ������



��

%LOGH����9HNW�Sn�YHLHERUG��)RWR� -DNRE�&\YLQ

%LOGH����9DQ�9HHQ�JUDE��,OXVWUDVMRQ� .MHUVWL�6\QQHYD�0RHQ�



��

7DEHOOHU

7DEHOO����3RO\PHUVDPPHQVHWQLQJ��GH�ILUH�PHVW�YDQOLJH�SRO\PHUHU�L�VHGLPHQWHU�

6WDWLRQ
DĞƐƚ�ĨƌĞŬǀĞŶƚ�
ƉůĂƐƚƉŽůǇŵĞƌ

EĞƐƚ�ŵĞƐƚ�
ĨƌĞŬǀĞŶƚ�

ƉůĂƐƚƉŽůǇŵĞƌ

dƌĞĚũĞ�ŵĞƐƚ�
ĨƌĞŬǀĞŶƚĞ�

ƉůĂƐƚƉŽůǇŵĞƌ

&ũĞƌĚĞ�ŵĞƐƚ�
ĨƌĞŬǀĞŶƚĞ�

ƉůĂƐƚƉŽůǇŵĞƌ

5HJ���� 5XEEHU 3(�RNVLGHUW 3(�NORUHUW 3KHQR[\�5HVLQ
5HJ���� 33 3(� QG� QG�
5HJ���� 33 39& 3( QG�
9DO��� 36 39& QG� QG�
8/$��� 3(7 36 3ODVWLFV� 3KHQR[\�5HVLQ
.57��� 5XEEHU 3DLQW�7LQ� 3ODVWLFV� 33
.)��� 3(�NORUHUW QG� QG� QG�
.9��� 5XEEHU 3(�33 3DLQW�7LQ� 3(
9,��� 3KHQR[\�5HVLQ QG� QG� QG�

5HJ��	�.)� QG��	�3(�NORUHUW Q�G��	�3(�33 Q�G��	� QG��	�3(�NORUHUW
5HJ��	�.)� QG��	�3(�NORUHUW Q�G��	�3(�33 Q�G��	� QG��	�3(�NORUHUW
5HJ���� QG� QG� QG� QG�
9DO�� *XPPL 3(�NORUHUW QG� QG�



��

7DEHOO��� 3RO\PHUVDPPHQVHWQLQJ��GH�ILUH�PHVW�YDQOLJH�SRO\PHUHU�L�2ZHQLD VS�

^ƚĂƚŝŽŶ WƌƆǀĞ DĞƐƚ�ĨƌĞŬǀĞŶƚ EĞƐƚ�ŵĞƐƚ�
ĨƌĞŬǀĞŶƚ

dƌĞĚũĞ�ŵĞƐƚ�
ĨƌĞŬǀĞŶƚ

&ũĞƌĚĞ�ŵĞƐƚ
ĨƌĞŬǀĞŶƚ

ZĞŐϭ ,Ğů�ŵĂƌŬ W�ͲŬůŽƌĞƌƚ DĞůĂŵŝŶĞ W� W�d
ZĞŐϭͲϬϮ ,Ğů�ŵĂƌŬ ŶĚ͘ ŶĚ͘ ŶĚ͘ ŶĚ͘
ZĞŐϭͲϬϰ ,Ğů�ŵĂƌŬ W�ͲŬůŽƌĞƌƚ WŽůǇĂŬƌǇůĂŵŝĚĞ W�d DĞůĂŵŝŶĞ
ZĞŐϭͲϬϲ ,Ğů�ŵĂƌŬ WŽůǇĂŬƌǇůĂŵŝĚĞ WŚĞŶŽǆǇ�ZĞƐŝŶ W�d WW
ZĞŐϭͲϬϵ ,Ğů�ŵĂƌŬ W� W�͗WW hŶƌĞƐŽůǀĞĚ� ŶĚ͘
ZĞŐϭͲϭϰ ,Ğů�ŵĂƌŬ W�͗WW ŶĚ͘ ŶĚ͘ ŶĚ͘
sĂůͲϭϱ ,Ğů�ŵĂƌŬ W�d EǇůŽŶ ZƵďďĞƌ� Ws�
h>�ͲϬϲ ,Ğů�ŵĂƌŬ WŽůǇĂŬƌǇůĂŵŝĚĞ Ws� EĚ͘ ŶĚ͘
<ZdͲϭϰ ,Ğů�ŵĂƌŬ WW EĚ EĚ͘ ŶĚ͘
<&ϮͲϲ ,Ğů�ŵĂƌŬ W�d WWͲŬůŽƌĞƌƚ Ws� WŽůǇĂŬƌǇůĂŵŝĚĞ
<sͲϬϭ ,Ğů�ŵĂƌŬ Ws� ŶĚ͘ ŶĚ͘ ŶĚ͘
s/ͲϯϬ ,Ğů�ŵĂƌŬ ŶĚ͘ ŶĚ͘ ŶĚ͘ ŶĚ͘

ZĞŐϭ�Θ�<&ͲϮͲϲΎ /ŶŶŵĂƚ DĞůĂŵŝŶĞ Wh WW W�
ZĞŐϭ�Θ�<&ͲϮͲϲΎ dƵďĞ W�d W�ͲŬůŽƌĞƌƚ Ws� WŽůǇĂŬƌǇůĂŵŝĚĞ

ZĞŐϭͲϬϮ ,Ğů�ŵĂƌŬ Ws� hďĞƐƚĞŵƚ�ƉůĂƐƚ 'Ƶŵŵŝ W�ͲŬůŽƌĞƌƚ
sĂůͲϬϮ ,Ğů�ŵĂƌŬ W�d 'Ƶŵŵŝ ŶĚ͘ ŶĚ͘



��

7DEHOO��� 7¡UU� RJ�YnWYHNW��2ZHQLD�

3U¡YH 7\SH�SU¡YH $QWDOO 9nWYHNW��ZZ��SU¡YH��JUDP��� 7¡UUYHNW��GZ��SU¡YH �JUDP�

,B5HJ��$�B�� LQQPDW � ������ ������

,B5HJ��%�B�� LQQPDW � ������ ������

6B5HJ���$��B�� H[RVNHOHWRQ � ������ ������

6B5HJ��%��B�� H[RVNHOHWRQ � ������ ������

5��������B�� ZKROH�ZRUP � ������ �����

5����������B�� ZKROH�ZRUP � ������ ������

5���������B�� ZKROH�ZRUP �� ������ ������

5����B�� ZKROH�ZRUP � ������ ������

5�����B�� ZKROH�ZRUP � ������ ������

5�����B�� ZKROH�ZRUP � ������ ������

5���������B�� ZKROH�ZRUP � ������ ������

5���������KB�� ZKROH�ZRUP � ������ ������

9DO�������B�� ZKROH�ZRUP � ������ ������

8/$����$B�� ZKROH�ZRUP � ������ ������

8/$����%B�� ZKROH�ZRUP � ������ ������

.9��� ZKROH�ZRUP �� ������ ������

9,��� ZKROH�ZRUP �� ������ ������

.57����$B�� ZKROH�ZRUP � ������ ������

.57����%B�� ZKROH�ZRUP � ������ ������

.)�����$B�� ZKROH�ZRUP � ������ ������

.)�����%B�� ZKROH�ZRUP � ������ ������

,B.)�����B�� LQQPDW � ������ ������

,B.)�����'�B�� LQQPDW � ������ ������

6B.)�����&��B�� H[RVNHOHWRQ � ������ ������

6B.)�����'��B�� H[RVNHOHWRQ � ������ ������

�� 9nWYHNW�HU�EHUHJQHW�PHG�XWJDQJVSXQNW�L�W¡UUYHNW��MXVWHUW�HWWHU W¡UUYHNWVSURVHQW �YnWYHNW �W¡UUYHNW��VQLWW��L
9HGOHJJ��7DEHOO ���RJ�����IRU�HW�VW¡UUH�DQWDOO�PDUN��6H�DSSHQGL[����RJ���



��

7DEHOO��� 8WUHJQLQJ�DY�W¡UUYHNWVSURVHQW�KHOH�PDUN��2ZHQLD VS�

9HNWUHGXNVMRQ�� 9nWYHNW 7¡UUYHNW� ��KYRU�P\H�HU�LJMHQ

QU��� ���VWN ������ ������ ������

QU�����VWN ������ ������ ������

QU��� ��VWN ������ ������ ������

D�� ���VWN ������ ������ ������

E�� ���VWN ������ ������ ������

F�� ��VWN ������ ������ ������

6QLWW ������
6WDQGDUGGDYLN ���

7DEHOO����7¡UUYHNVWSURVHQW��8WUHJQLQJ�DY�W¡UUYHNWVSRUVHQW�HNVRVNMHOHWW�RJ�NURSS��2ZHQLD�VS�
7LOVYDUHQGH�EHUHJQLQJHU�EOH�JMRUW�RJVn�WLGOLJ�L�VWXGLHQ��PHG�WLOVYDUHQGH�SURVHQWPHVVLJH�XWIDOO�
PHG�Q UW�DOOH�SU¡YHQH��'LVVH�EOH�WLOVLGHVDWW�IRU�XQGHUOLJJHQGH�EHUHJQLQJHU�JUXQQHW�IHLO�XQGHU�
ORJJI¡ULQJ�DY�HQ�DY UHSOLNDWHQH��5HVXOWDWHQH�V\QHV�UHSUHVHQWDWLYH�WLO�WURWV�IRU�PRGHUDW�DQWDOO�
PDUN��VHWW�L�O\V�DY�WLGOLJHUH�XQGHU¡NHOVHU�PHG�WLOVYDUHQGH�UHVXOWDW�

,QQPDW 9nWYHNW 7¡UUYHNW ��KYRU�P\H�HU�LJMHQ

,QQPDW���± ��VWN ������ ������ ������

,QQPDW�$�± ��VWN ������ ������ ������

6NMHOHWW�$�± �VWN ������ ������ ������

6NMHOHWW�%�± ��VWN ������ ������ ������

6QLWW�LQQPDW ������

6QLWW�HNVRVNMHOHWW ������



��

7DEHOO����(NVHPSHO�Sn�UnGDWD�IUD�)7�,5�DQDO\VH��NRSLHUW�IUD�WHNVWILO�RJ LQQ�L�([FHO�

,QGLYLGXDOͬ^ĐĂŶ ^ĂŵƉůĞ�EĂŵĞ ^ĞĂƌĐŚ�
^ĐŽƌĞ

^ĞĂƌĐŚ�
�ĞƐƚ�,ŝƚ &dͲ/Z�ŝŶĚŝĐĂƚŝŽŶ

*HQHUDO�
&ODVVLILFDWLRQ�

�3ODVWLF��
3DLQW��5XEEHU�
��3HWUR�S\UR��
0LQHUDO��
2UJDQLF��
8QNRZQ���

3ODVWLF��
3DLQW�
5XEEHU�
W\SH

DĂƌŬĞƌͺϭϱϰϱϯ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϵϯϮϵϴϲ &�Ϭϭϳϯ ��>KE ��^�/E KƌŐĂŶŝĐ

DĂƌŬĞƌͺϭϱϰϰϴ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϵϮϯϱϱ &�Ϭϭϳϯ ��>KE���^�/E KƌŐĂŶŝĐ

DĂƌŬĞƌͺϭϱϰϰϰ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϴϵϬϱϱϲ �Zϲϭϵ� �/E�����/dZ��/E�<�Z��/^� KƌŐĂŶŝĐ

DĂƌŬĞƌͺϭϱϰϱϱ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<�� ͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϴϴϳϯϴ ,hϬϭϬϯ ��>>h>K^��н�>/'E/E�ϭ͘ϱͬϯϯϱD'�<�Z�������ϬͲϬϬͲϬ KƌŐĂŶŝĐ �ĞůůƵůŽƐĞ

DĂƌŬĞƌͺϭϱϰϰϵ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϴϴϱϲϯϵ �Zϲϭϵ� �/E�����/dZ��/E�<�Z��/^� KƌŐĂŶŝĐ

DĂƌŬĞƌͺϭϱϰϱϰ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<� ͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϴϰϬϴϬϴ ,KϬϬϴh d�dZ��K^��d/���KZ͘^W͘ϭϮD/E͘ ŽƌŐĂŶŝĐ

DĂƌŬĞƌ�ĨŝďĞƌͺϲϬϭ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z ͕�dZ�E^DΕϭ
Ϭ͘ϴϮϱϬϰϱ ��ϯϯϰϮ

�KhZd�h>�^ͬZ�zKE;&/�ZKͿͬt,^d�W>�ϭϯ͘ϱhϭ͘ϱ��E�

^K�W&/E/^,ͬE�^Ͳ�ϬϯϮϬ
KƌŐĂŶŝĐ ZĂǇŽŶ

DĂƌŬĞƌͺϭϱϰϱϬ
>ŝďƌĂƌǇ�ϭ͕ �dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϴϭϴϮϳϳ �ZϰϬϲ� E/^/E�<�Z��/^� KƌŐĂŶŝĐ WŽůǇƉĞƉƚŝĚĞ

DĂƌŬĞƌ�ĨŝďĞƌͺϲϬϮ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕ &>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϳϴϮϵϲ ��ϯϯϮϲ

EK͘��D�Z/��E�Z�zKEͬZ�zKEͬt,�&/>�Ϯϲ͘ϵh�ϯϬϬ��E�

ϱϬ&/>^ͬE�^Ͳ�ϬϮϮϰ
KƌŐĂŶŝĐ ZĂǇŽŶ

DĂƌŬĞƌͺϭϱϰϱϮ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϳϲϭϭϳ ��ϯϭϲϳ

�sd�y�&/��Z�ͬ�sZ/>�;Z�zKEͿ�t,�^d�W>��;�Z/',dͿ�

ϭϭͲϭϰh E�^Ͳ�ϬϬϵϰ
KƌŐĂŶŝĐ ^ǇŶƚŚĞƚŝĐ�ĨŝďĞƌ

DĂƌŬĞƌ�ĨŝďĞƌͺϲϬϯ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϳϱϭϮϲϱ ,KϬϬϴh d�dZ��K^��d/���KZ͘^W͘ϭϮD/E͘ ŽƌŐĂŶŝĐ

DĂƌŬĞƌͺϭϱϰϯϵ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϳϭϳϭϵϮ �ZϰϬϲ� E/^/E�<�Z��/^� KƌŐĂŶŝĐ WŽůǇƉĞƉƚŝĚĞ

DĂƌŬĞƌ�ĨŝďĞƌͺϱϵϲ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϲϮϳϳϮ ��ϯϯϰϬ

�KhZd�h>�^ͬZ�zKE;&/�ZKͿͬt,�^d�W>� ϯϭ͘ϭh�ϴ��E�

�Z/DW��ͬE�^Ͳ�Ϭϯϭϴ
hŶŬŶŽǁŶ ZĂǇŽŶ

DĂƌŬĞƌͺϭϱϰϰϮ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϲϭϮϬϮϳ &�Ϭϭϳϯ ��>KE ��^�/E hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϰϳ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϲϬϴϲϴϰ W�ϬϵϯϬ

&ϮϮϳϰϮ͘^W�&ϮϮϳϰϮ�,/dK^�E�;D��/hD�DK>��h>�Z�

t�/',dͿΎ����/K�,�D/<�
hŶŬŶŽǁŶ �ŚŝƚŽƐĂŶ

DĂƌŬĞƌͺϭϱϰϱϭ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϱϵϭϭϱϭ &/ϬϬϬϲ �d��ϴϳ��ϬϯϮϰ�'>�^^ hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϰϭ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϱϰϮϱϰϵ W�ϮϭϬϭ &ϲϮϴϬϬ͘^W�&ϲϮϴϬϬ>z�KWK�/hD hŶŬŶŽǁŶ

DĂƌŬĞƌ�ĨŝďĞƌͺϲϬϰ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϱϰϮϮϵϭ W�Ϭϳϲϵ &ϭϳϳϴϮ͘^W�&ϭϳϳϴϮdZ/'>z��ZK>���WhZhD����ϵ,ϮϬKϳ hŶŬŶŽǁŶ

DĂƌŬĞƌ�ĨŝďĞƌͺϲϬϬ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϴϯϰϰϲ W�Ϯϰϵϵ

&ϳϰϲϲϳ͘^W�&ϳϰϲϲϳEKhZ^�Kd,Z/�/E�^h>&�d�Ύ���

�/K�,�D/<�
hŶŬŶŽǁŶ

DĂƌŬĞƌ�ĨŝďĞƌͺϱϵϰ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϲϱϯϵϴ W�ϭϯϲϯ

&ϯϲϴϭϰ͘^W�&ϯϲϴϭϰ�/�zD/EΎ����/K�,�D/<����

�Ϯϴ,ϯϰKϭϰ
hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϰϯ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕ dZ�E^DΕϭ
Ϭ͘ϰϱϳϳ W�Ϯϰϲϳ

&ϳϯϲϱϯ͘^W�&ϳϯϲϱϯϰͲE/dZKW,�Ez>Ͳ�>W,�Ͳ�Ͳ

'�>��dKWzZ�EK^/��Ύ����/K�,�D/<�
hŶŬŶŽǁŶ



��

DĂƌŬĞƌ�ĨŝďĞƌͺϱϵϴ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϱϳϱϲϮ W�ϭϲϵϱ

&ϰϴϭϲϬ͘^W�&ϰϴϭϲϬ;Ϯ͕Ϯ͛ͿͲ&hZ/>�/Ky/D��

DKEK,z�Z�d�͕ D/ydhZ��K&�/^KD�Z^�WhZ
hŶŬŶŽǁŶ

DĂƌŬĞƌ�ĨŝďĞƌͺϱϵϵ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϰϯϲϭϳ W�ϮϳϬϵ &ϴϬϰϲϬ͘^W�&ϴϬϰϲϬW/�ZK>/����/����W��� �ϭϬ,ϴEϰKϱ hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϰϬ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϰϬϯϵϭ W�ϬϮϭϭ

&Ϭϯϴϱϴ͘^W�&Ϭϯϴϱϴ�/D�d,z>'>zKy/D� WZ��d���

�ϰ,ϴEϮKϮ
hŶŬŶŽǁŶ

DĂƌŬĞƌ�ĨŝďĞƌͺϱϵϳ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϯϴϲϲϳ W�ϭϯϰϬ

&ϯϲϬϲϱ͘^W�&ϯϲϬϲϱϮ͕ϰͲ�/�,>KZKͲϲͲE/dZKW,�EK>���

WhZhD����ϲ,ϯ�>ϮEKϯ
hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϰϱ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<�� ͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϰϭϲϲϯϯ &ϮϯϬϵϬ �,>KZ�>��E,z�ZKh^ hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϰϲ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϯϴϵϱϱϭ &ϵϭϯϮϬ dZ/�,>KZKE/dZKD�d,�E� hŶŬŶŽǁŶ

DĂƌŬĞƌ�ĨŝďĞƌͺϱϵϱ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϯϳϮϱϬϲ W�ϯϯϴϵ

&ϵϯϯϮϳ͘^W�

&ϵϯϯϮϳdZ/^;,z�ZKyzD�d,z>Ϳ�D/EKD�d,�E����������

��Z�KE�d�Ύ�D/�Z

hŶŬŶŽǁŶ

DĂƌŬĞƌͺϭϱϰϯϴ
>ŝďƌĂƌǇ�ϭ͕��dZ^W�Εϭ͕�&>h<����͕�

WK>zD�Z�͕�dZ�E^DΕϭ
Ϭ͘ϯϰϯϰϵϭ W�ϮϮϯϵ

&ϲϲϴϬϳ͘^W�&ϲϲϴϬϳϰ͕ϱͲD�d,z>�E��/KyzͲϭ͕ϮͲ

W,�Ez>�E��/�D/E���/,z�ZK�,>KZ/��
hŶŬŶŽǁŶ




