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7KH�ILUVW�UHYLHZ�RI�WKH�ERWDQLFDO�UHVHDUFK�FDUULHG�RXW
LQ�WKH�-XOLDQ�$OSV�WKDW�DOVR�HPEUDFHG�IORULVWLF�DFWLYLW\�LQ
WKH� .UQ� 0WV�� ZDV� SUHSDUHG� E\� :UDEHU� �������� 6XEVH�
TXHQWO\��ERWDQLFDO�DFWLYLW\�ZDV�SUHVHQWHG�E\�'DNVNREOHU
IRU�WKH�8SSHU�6RáD�9DOOH\��'DNVNREOHU��������DQG�DJDLQ
E\�:UDEHU� IRU� WKH�ZLGHU� DUHD� RI� 7ULJODY� 1DWLRQDO� 3DUN
�:UDEHU�� ������� ZKLOH� 6XULQD� 	� 9UHÊ� ������� UHFHQWO\
FROOHFWHG� GDWD� RQ� WKH� ERWDQLFDO� UHVHDUFK� FDUULHG� RXW� WR
GDWH�RQ�0W�� /HPHÌ��$�PRUH� GHWDLOHG� UHYLHZ�RI� WKH� ER�
WDQLFDO�UHVHDUFK�IRU�WKH�.UQ�0WV��ZDV�SUHSDUHG�E\�6XULQD
�������

7KH� NQRZOHGJH� DERXW� WKH� VXEDOSLQH� DQG� DOSLQH
YHJHWDWLRQ� RI� WKH� .UQ� 0WV�� LV� VWLOO� SRRU� LQ� FRPSDULVRQ
ZLWK� WKH� NQRZOHGJH� DERXW� LWV� IORUD�� ,W� KDV�PDLQO\� EHHQ
VWXGLHG�E\�7��:UDEHU�DQG�,��'DNVNREOHU��,Q�WKH�ILUVW�RYHU�
DOO� SK\WRVRFLRORJLFDO� VWXG\� RI� WKH� YHJHWDWLRQ� RI� URFN\
FUHYLFHV� DQG� VFUHHV� LQ� WKH� -XOLDQ� $OSV�� :UDEHU� ������
PDGH� ILYH� UHOHYpV� RI� WKH� DVVRFLDWLRQ� )HVWXFHWXP� OD[DH
�$LFKLQJHU�������:UDEHU������� WZR�DW� -H]HUR�Y�/XÌQLFL
DQG� WKUHH� DW� .UQVNR� MH]HUR�� +H� GLVFRYHUHG� %XSOHXUXP
ORQJLIROLXP�� VR� IDU� NQRZQ�RQO\� IURP�0W��1DQRV�� DW� WKH
HQG�RI�WKH�.UQ�6UHGQML�YUK�.UQáLFD�ULGJH�RQ�WKH�QRUWKHUQ
VORSH�RI�WKH�SHDN�9UÊLá��DQG�WKXV�PDGH�WKH�UHOHYp�RI�WKH
VWDQG���6DOLFHWXP�ZDOGVWHLQLDQDH�%HJHU� ����� FRUU�� =X�
SDQáLá�	�ËDJDU�������:UDEHU��������� ,Q� WKH�FRQWH[W�RI
KLV�SDSHU�RQ�SK\WRVRFLRORJLFDO�FRQGLWLRQV�RI�WKH�VSHFLHV
0LQXDUWLD�UXSHVWULV�LQ�WKH�-XOLDQ�$OSV��KH�DOVR�PDGH�WKUHH
UHOHYpV�RQ�0W��5GHáL�URE��:UDEHU��������DQG�GHVFULEHG
D�QHZ�DVVRFLDWLRQ�RI�URFN\�FUHYLFHV�LQ�WKH�-XOLDQ�$OSV��
3DHGHURWR� OXWHDH�0LQXDUWLHWXP� UXSHVWULV� :UDEHU� �����
7KH�GLVFRYHU\�RI�9LROD�FRUQXWD� RQ�0W�� /HPHÌ�ZDV� VXU�
SULVLQJ� DQG� SK\WRJHRJUDSKLFDOO\� LPSRUWDQW� �IRXQG� E\
IRUHVW�HQJLQHHU� ,YDQ�9HEHU���ZKLFK�JDYH�ULVH�WR�DQ� LQGL�
YLGXDO�SDSHU�LQ�ZKLFK�:UDEHU��������GLVFXVVHG�LWV�RULJLQ
LQ� GHWDLOV�� DV� ZHOO� DV� SURYLGHG� D� WKRURXJK� SK\WRVR�
FLRORJLFDO� DVVHVVPHQW� �D� UHOHYp�� RI� WKH� VLWH� �&DULFHWXP
IHUUXJLQHDH�/�GL������V��ODW���

6LQFH�����V��'DNVNREOHU�KDV�EHHQ�DFWLYH�RQ�WKLV�IOR�
ULVWLFDOO\� YHU\� ULFK� DQG� SK\WRJHRJUDSKLFDOO\� H[FLWLQJ
VRXWKHUQ�HGJH�RI� WKH� -XOLDQ�$OSV��+H�KDV� FRQWULEXWHG� D
ZKROH�VHULHV�RI�LQWHUHVWLQJ�QRYHOWLHV�WR�WKH�NQRZOHGJH�RI
WKH� IORUD� DQG�YHJHWDWLRQ�RI� WKH�6RáD�9DOOH\�DQG� LWV� VXU�
URXQGLQJV��,Q�D�SDSHU�RQ�WKH�IORUD�RI�WKH�VRXWKHUQ�-XOLDQ
$OSV�DQG�LWV�IRRWKLOOV�KH�UHSRUWHG��DPRQJ�RWKHU�WKLQJV��RQ
WKH� ILQG� RI� WKH� VSHFLHV�$VSOHQLXP� VHHORVLL� VRXWKHDVW� RI
0W�� 9HOLNL� .XQWDU�� ZKHUH� KH� DOVR� VXSSOHPHQWHG� WKH
UHOHYp�RI� WKH�VLWH�DQG�FODVVLILHG� LW� LQ� WKH�DVVRFLDWLRQ�3R�
WHQWLOOR�FOXVLDQDH�&DPSDQXOHWXP�]R\VLL�$LFKLQJHU�����
�'DNVNREOHU�� ������� ,Q� ������ KH� SXEOLVKHG� D� SDSHU� LQ
ZKLFK� KH� WKRURXJKO\� H[DPLQHG� WKH� SK\WRVRFLRORJLFDO
DQG�HQYLURQPHQWDO�FRQGLWLRQV�RI�JURZWK�VLWHV�RI�WKH�VWH�
QRHQGHPLF� VSHFLHV� 0RHKULQJLD� YLOORVD� �'DNVNREOHU�
�������,Q�D�GHWDLOHG�UHYLHZ�RI�DOO�VLWHV�NQRZQ�WR�GDWH��KH
DOVR�VWDWHG��IRU�WKH�.UQ�0WV���WKH�SHDN�3DOHF�DERYH�/DÊFD

SDVWXUH��0W��5GHáL�URE�DERYH�2YáMH�PHGUMH�DQG�6OHPHQ�
VNH� SHáL� E\� 6QHJRYD� JUDSD� JRUJH�� $OWRJHWKHU� KH�PDGH
VHYHQ�UHOHYpV�DW�WKH�DIRUHPHQWLRQHG�ORFDWLRQV�EHORQJLQJ
WR�WKH�QHZO\�GHVFULEHG�DVVRFLDWLRQ�&DPSDQXOR�FDUQLFDH�
0RHKULQJLHWXP� YLOORVDH� 'DNVNREOHU� ����� �'DNVNREOHU�
�������7KH� H[FHOOHQW� ILQG� RI�3DUDGLVHD� OLOLDVWUXP� EHORZ
WKH� .UQáLFD� ULGJH� ZDV� ILUVW� SXEOLFO\� SUHVHQWHG� LQ� D
SRSXODU�SDSHU��DQG�HYHQWXDOO\�DOVR�LQ�DQ�RULJLQDO�VFLHQ�
WLILF� SDSHU� �'DNVNREOHU�� ����D�� E��� ,Q� HVWDEOLVKLQJ� WKH
VXFFHVVLRQ�VWDQGV�ZLWK�RYHUJURZLQJ�KD\ILHOGV� LQ� IRUPHU
KDELWDWV�RI� VXEDOSLQH�EHHFK� IRUHVWV�3RO\VWLFKR� ORQFKLWLV�
)DJHWXP� �+RUYDW� ������0DULQáHN� LQ� 3ROGLQL� 	� 1DUGLQL
������KH�PDGH�WZR�UHOHYpV�RQ�WKH�VRXWKHUQ�VORSH�RI�0W�
/HPHÌ�� ZKLFK� ZHUH� FODVVLILHG� LQ� WKH� DVVRFLDWLRQ� &HQ�
WDXUHR� KD\QDOGLL�/DVHUSLWLHWXP� VLOHUL� 'DNVNREOHU� ����
SURY��DQG�RQH�EHORZ�WKH�SHDN�'HEHOMDN�E\�.UDVML�YUK�LQ
WKH� SLRQHHU� VSUXFH� IRUHVW�$GHQRVW\OR� JODEUDH�3LFHHWXP
0��:UDEHU� H[� =XNULJO� ����� FRUU�� =XSDQáLá� ����� YDU�
JHRJU��&DUGDPLQH�WULIROLD�=XSDQáLá������VXEYDU��JHRJU�
/X]XOD� QLYHD� =XSDQáLá� ����� EHWRQLFHWRVXP� DORSHFXUL
'DNVNREOHU������ �'DNVNREOHU������E���6XULQD�DQG�9UHÊ
DJDLQ�LQLWLDWHG��ZLWK�WKHLU�GLVFRYHU\�RI� WKUHH�QHZ�ORFDOL�
WLHV�RI�9LROD�FRUQXWD�EHWZHHQ�0W��/HPHÌ��SHDN�'HEHOMDN
DQG�.UQVNR� MH]HUR��D�GLVFXVVLRQ�RQ� WKH�RULJLQ�RI� LWV�DS�
SHDUDQFH�LQ�WKH�-XOLDQ�$OSV��DQG�ZLWK�WKUHH�UHOHYpV��&DUL�
FHWXP�IHUUXJLQHDH�V�� ODW����VRXWKZHVW�VORSH�RI�'HEHOMDN�
$YHQDVWUR�SDUODWRUHL�)HVWXFHWXP�FDOYDH��$LFKLQJHU�����
FRUU�� )UDQ]� ������ 3ROGLQL� 	� )HROL� &KLDSHOOD� LQ� )HROL
&KLDSHOOD� 	� 3ROGLQL� ����� �� WKH� ÉNUELQD� SDVV� DQG� D
UHOHYp�RQ�D�QLWURSKLORXV�KDELWDW�LQ�D�VPDOO�EDVLQ�E\�ODNH
.UQVNR� MH]HUR�� DOVR� UHVHDUFKHG� WKH� SK\WRVRFLRORJLFDO
FKDUDFWHULVWLFV�RI�WKH�VLWHV��6XULQD�	�9UHÊ���������,Q�����
DQG� ������ %�� 6XULQD� VWXGLHG� WKH� VXEDOSLQH� DQG� DOSLQH
YHJHWDWLRQ�RI�WKH�.UQ�0WV���6XULQD���������WKH�DLP�RI�WKLV
SDSHU� LV� WKXV� WR�SUHVHQW� VRPH�RI� WKH� UHVXOWV�RI�SK\WRVR�
FLRORJLFDO� UHVHDUFK� RI� WKH� VWDQGV� ZLWK� SUHGRPLQDWLQJ
&DUH[�ILUPD�

7KH� SXEOLVKHG� SK\WRVRFLRORJLFDO� GDWD� RQ� WKH�&DUH[
ILUPD� VWDQGV� LQ� WKH� -XOLDQ� $OSV� DUH� LQGHHG� VFDUFH�� 7KH
QH[W� LQYHQWRU\� RI� WKH� &DUH[� ILUPD� VWDQGV� LQ� WKH� -XOLDQ
$OSV�LQ�DGGLWLRQ�WR�:UDEHU
V�LQYHQWRU\�IURP�0W�� -DORYHF
DQG�KLV�V\QRSWLF�WDEOH���������ZDV�RQO\�UHFHQWO\�FRQWULE�
XWHG�E\�'DNVNREOHU��ZKR�FDUULHG�RXW�D�UHVHDUFK�LQWR�WKH
SK\WRVRFLRORJLFDO�FKDUDFWHULVWLFV�RI�D�&DUH[�UXSHVWULV�VLWH
LQ�WKH�YLFLQLW\�RI�0W��àUQD�SUVW�DQG�WHPSRUDULO\�FODVVLILHG
WKH� UHOHYp� LQ� WKH� DVVRFLDWLRQ� *HQWLDQR� WHUJORXHQVLV�
&DULFHWXP�ILUPDH��'DNVNREOHU������D���,Q�WKH�.DUDYDQNH
0WV�� �SDUWO\�DOVR� LQ�WKH�.DPQLN�6DYLQMD�$OSV���$LFKLQJHU
������� SURYLGHG� JURXQGV� IRU� WKH� DVVRFLDWLRQ�*HQWLDQR�
&DULFHWXP�ZLWK�WZR�SK\WRVRFLRORJLFDO�WDEOHV��ZKLOH�+D�
GHUODSS��������DQG�6HOLÊNDU��������SURYLGHG�WKHP�LQ�WKH
.DPQLN�6DYLQMD�$OSV��,Q�WKH�&DUQLF�$OSV��3ROGLQL�	�)HROL
������� VWXGLHG� WKH� DVVRFLDWLRQ¤V� SK\WRVRFLRORJ\� DQG
HFRORJ\��ZKLOH�:LNXV� ������� VWXGLHG� WKHP� LQ� WKH�/LHQ]
'RORPLWHV�
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6WXGLHG�DUHD

7KH� .UQ� PDVVLI� LV� WKH� H[WUHPH� ZHVWHUQ� HGJH� RI� WKH
HDVWHUQ�-XOLDQ�$OSV��)LJ������,W�LV�VXUURXQGHG�RQ�DOPRVW�DOO
VLGHV�E\� WKH�YDOOH\� RI� WKH� 6RáD� ULYHU� DQG� LWV� WULEXWDULHV�
WKH� ULYHUV� RI� 7ROPLQND� DQG� /HSHQLFD�� WR� WKH� QRUWK� DQG
QRUWKHDVW� LW� LV� ERXQGHG� E\� WKH� %RYHF� EDVLQ� DQG� WKH
/HSHQD�YDOOH\��WR�WKH�ZHVW�DQG�VRXWK�E\�WKH�6RáD�YDOOH\�
DQG� WR� WKH� VRXWKHDVW� E\� WKH� 7ROPLQND� YDOOH\�� 7RZDUGV
WKH�HDVW��WKH�UHOLHI�ERXQGDU\�LV�QRW�VR�VKDUS��LW�LV�GLYLGHG
IURP� WKH� .RPQD� SODWHDX� E\� D� QRUWK�VRXWK� PRXQWDLQ
ULGJH�IURP�9HOLND�%DED�������P��DERYH�WKH�/HSHQD�YDO�
OH\�� /DQÌHYLFD� ������P�� WR�0DKDYÊáHN� �9HOLNL� %RJDWLQ�
�����P��DERYH�WKH�7ROPLQND�YDOOH\��7ZR�ODUJHU�DQG�WZR
VPDOOHU� FUHVWV� DQG� WKH� JURXS� RI� PRXQWDLQV� DURXQG
.UQVNR�MH]HUR�VWDQG�RXW�LQ�WKH�PDVVLI��7KH�FUHVWV�DUH�QRW
XQLIRUP� DQG� DUH� EURNHQ� KHUH� DQG� WKHUH� E\� VPDOOHU� RU
ODUJHU�SDVVHV� ��ÊNUELQD���� 7KXV�� LQ� WKH� ORQJHVW� ULGJH�� EH�
WZHHQ�WKH�SHDNV�RI�9UÊLá�DQG�/LSQLN�DERYH�WKH�7ROPLQND
YDOOH\�LQ�WKH�ULGJH�LQ�DGGLWLRQ� WR� WKH�.UQVND�DQG�%DWRJ�
QLÊND�ÊNUELQD��PRUH�LPSRUWDQW�SDVVHV�RU�VWHSV�DUH�9UDWFD
�DURXQG� ����� P�� EHWZHHQ� WKH� SHDNV� RI� /RSDWQLN� DQG
.UQáLFD� DQG� /XÌQLFD� YDOOH\� �DURXQG������P���ZKLFK� LV
VXUURXQGHG� E\� WKH� SHDNV� RI� 0DVHOQLN�� ÉNRILá� DQG� 0W�
5GHáL� URE��7KH�KLJKHVW�PRXQWDLQV�RQ� WKH� ULGJH� DUH�.UQ

������ P��� %DWRJQLFD� ������ P��� .UQáLFD� ������ P�� DQG
6UHGQML�YUK� ������P���7KH�RWKHU�PDMRU�PRXQWDLQ�FKDLQ�
WKH� GHHSO\� LQGHQWHG� 3RORYQLN� ULGJH�� LV� VLWXDWHG� LQ� WKH
EHQG� RI� WKH� 6RáD� ULYHU�� FOLPELQJ� VWHHSO\� DQG� LQ� SODFHV
SUHFLSLWRXVO\�DERYH� WKH�6RáD�YDOOH\� IURP� WKH�QRUWKZHVW
WRZDUGV� WKH� VRXWKHDVW� EHWZHHQ� WKH� YLOODJHV� RI� /RJ
àH]VRÊNL�DQG�'UHÌQLÊNH�5DYQH�

2Q� WKH� URFN� EDVLV� SUHGRPLQDWHV� WKH� 8SSHU� 7ULDVVLF
VWUDWLILHG� 'DFKVWHLQ� OLPHVWRQH�� %HWZHHQ� WKH� OLJKW� JUH\
8SSHU�7ULDVVLF�'DFKVWHLQ�OLPHVWRQH��GHSRVLWV�RI�WKH�8S�
SHU�IODW�PLFULWH�SODW\�DQG�FDOFDUHQLWH�OLPHVWRQH�RI�9ROáH
ZLWK�FKHUW�VWDQG�RXW�IURP�DIDU�GXH�WR�WKHLU�FKDUDFWHULVWLF
UHGGLVK� FRORXU�� 7KH\� DUH� SDUWLFXODUO\�ZHOO� VHHQ� RQ�0W�
5GHáL� URE�� WKH� VWRQ\� HGJH� EHWZHHQ� /XÌQLFD� DQG� 3HVNL�
WKH�HDVWHUQ�VORSH�RI�0W��%DWRJQLFD�DQG�RQ�WKH�ULGJH�EH�
WZHHQ�WKH�9RJHO�DQG�/HPHÌ�0WV���%XVHU��������������

%HFDXVH�RI�WKH�SUHYDLOLQJ�FDUERQDWH�EHGURFN��WKH�.UQ
PDVVLI�LV�VWURQJO\�NDUVWLILHG��HVSHFLDOO\�LQ�VRPH�SODFHV��,W
LV�D�W\SLFDO�KLJK�PRXQWDLQ�NDUVW�ZRUOG��ZLWK�EURNHQ�UHOLHI
RU�QXPHURXV� VLQN�KROHV�� VZDOORZ�KROHV��EDVLQV�� DE\VVHV
DQG�FDYHV��*ODFLDO� ODNHV�� OLNH� WKH� ODUJHVW�RQHV���.UQVNR
MH]HUR�� 'XSHOMVNR� MH]HUR� DQG� -H]HUR� Y� /XÌQLFL� �� DUH
IRXQG�LQ�VLQN�KROHV�DQG�DW�WKH�GU\�YDOOH\V¤�ERWWRPV��)URP
D�JHRWHFWRQLF�DVSHFW��WKH�.UQ�PDVVLI�LV�SDUW�RI�WKH�2XWHU
'LQDULGHV�� FXWWLQJ� LQWR� WKH� ,QQHU� 'LQDULGHV� ZLWK� LWV
VRXWKHUQ�HGJH�

)LJ�����.UQ�0WV��LQ�WKH�-XOLDQ�$OSV�
6O�����.UQVNR�SRJRUMH�Y�-XOLMVNLK�$OSDK�
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7KH�.UQ�0WV��KDYH�$OSLQH�FOLPDWH��%HFDXVH�RI�WKH�YL�
FLQLW\� RI� WKH� 0HGLWHUUDQHDQ� DQG� WKH� H[SRVHG� SRVLWLRQ�
WKH�.UQ�PDVVLI� LV�NQRZQ�IRU�RQH�RI� WKH�KLJKHVW�DPRXQWV
RI� UDLQIDOO� LQ� 6ORYHQLD�� ,Q� WKH� QHDUHVW� DQG� FRPSDUDEOH
PHWHRURORJLFDO�VWDWLRQ�DW�'RP�QD�.RPQL�������P�������
PP�RI�UDLQIDOO�DQQXDOO\�ZDV�PHDVXUHG�LQ�WKH����������
SHULRG� DQG� D�PHDQ� DQQXDO� WHPSHUDWXUH� RI� ���� R&� �0H�
NLQGD�0DMDURQ��������=XSDQáLá��������

7KH�HQWLUH�DUHD�LV�GLVWLQFWO\�FKDUDFWHUL]HG�E\�WUDFHV�RI
WKH�LQWHQVH�PLOLWDU\�DFWLYLWLHV�IURP�WKH�)LUVW�:RUOG�:DU�,�
IRU� WKLV� ZDV� WKH� DUHD� RI� WKH� 6RáD� )URQW� �,VRQ]R� )URQW�
GXULQJ�WKH�\HDUV������DQG������

0HWKRGV

3K\WRVRFLRORJLFDO�UHVHDUFK�RI� WKH�&DUH[�ILUPD�VWDQGV
ZDV� FRQGXFWHG� E\� DSSO\LQJ� WKH� VLJPDWLVWLF� PHWKRG
�%UDXQ�%ODQTXHW���������7ZR�LQGLFHV�ZHUH�FDOFXODWHG�IRU
HDFK�WD[RQ�ZKLOH�ZH�ILUVW�SHUIRUPHG�D�OLQHDU�WUDQVIRUPD�
WLRQ� RI� FRYHUDJH� YDOXHV� IRU� LQGLYLGXDO� WD[D� �YDQ� GHU
0DDUHO����������D��FRYHUDJH�LQGH[��,F��DFFRUGLQJ�WR�/DXVL
HW�DO����������DQG��E��D�VKDUH�RI�FRYHUDJH��'����XVLQJ�WKH
IROORZLQJ�IRUPXOD�

100

1

% ∑=
n

sum

i

c

c
D

Q���QXPEHU�RI�UHOHYpV�LQ�WKH�SK\WRVRFLRORJLFDO�WDEOH
FL���FRYHUDJH�YDOXH�RI�UHJLVWHUHG�WD[D
FVXP���VXP�RI�FRYHUDJH�YDOXHV�RI�DOO�WD[D�LQ�WKH�SK\�

WRVRFLRORJLFDO�WDEOH��7DE����

:LWK� WKH� DLG� RI� WKH� FRPSXWHU� SURJUDPPH� 6<1�7$;
�3RGDQL��������DQG�H[WHQVLYH�V\QRSWLF�SK\WRVRFLRORJLFDO
WDEOH��FRPSDULVRQV�ZLWK�VLPLODU�VWDQGV�IURP�WKH�$OSV�DQG
'LQDULF�PRXQWDLQV�ZHUH�PDGH��7KH�PHDVXUH�RI�GLVVLPL�
ODULW\�ZDV�WKH�FRPSOHPHQW�RI�WKH��VLPLODULW\�UDWLR��FRHIIL�
FLHQW��:H�XVHG� WKH�)XUWKHVW�QHLJKERXU���&RPSOHWH� OLQN�
DJH�FOXVWHULQJ�PHWKRG� �&/���0LQLPL]DWLRQ�RI� ,QFUHDVH�RI
(UURU�6XP�RI�6TXDUHV��0,664��DQG�WKH�RUGLQDWLRQ�PHWKRG
RI�3ULQFLSDO�&RRUGLQDWHV�$QDO\VLV� �3&R$���*URXSV�RI�GL�
DJQRVWLF� VSHFLHV�ZHUH� IRUPHG� RQ� WKH� EDVLV� RI� RXU� RZQ
FULWHULD��EXW�ZLWK�UHJDUG� WR�QXPHURXV�DXWKRUV��7KH� IORULV�
WLF� FRPSRVLWLRQ� RI� WKH� UHVHDUFKHG� VWDQGV�ZDV� DOVR� DQD�
O\VHG�DFFRUGLQJ� WR�FKRURORJLFDO�JURXSV�DQG�5DXQNLDHU
V
SODQW�OLIH�IRUPV��+HUH�ZH�IROORZHG�WKH�&KRURORJLFDO�$WODV
RI� 9DVFXODU� 3ODQWV� LQ� WKH� )ULXOL�9HQH]LD� *LXOLD� UHJLRQ
�3ROGLQL���������1RPHQFODWXUH� VRXUFHV� IRU�SKDQHURJDPV
DUH�5HJLVWHU�RI�WKH�)ORUD�RI�6ORYHQLD��7USLQ�	�9UHÊ�������
DV�ZHOO�DV�VRPH�VXSSOHPHQWV� LQ� WKH�0DOD� IORUD�6ORYHQLMH
�0DUWLQáLá�HW�DO���������

                                                                                                                                                      

� 6\QRSWLF�SK\WRVRFLRORJLFDO�WDEOH�LV�DYDLODEOH�IURP�WKH�DXWKRU�

5(68/76�$1'�',6&866,21

)ORULVWLF�FRPSRVLWLRQ�RI�VWDQGV

7KH�HGLILFDWRU�DQG�RQH�RI�WKH�FKDUDFWHULVWLF�VSHFLHV�RI
WKH�DVVRFLDWLRQ� LV�&DUH[� ILUPD���� �,F �����ZKLFK� DSSHDUV
ZLWK� WKH� JUHDWHVW� FRQVWDQF\� DQG� FRYHU� YDOXHV�� 2WKHU
FKDUDFWHULVWLF� VSHFLHV� RI� WKH� DVVRFLDWLRQ� DUH� 3K\WHXPD
VLHEHUL���� �,F ����� +HOLDQWKHPXP� DOSHVWUH���� �,F ����
&UHSLV� NHUQHUL�� �,F ����� 6DXVVXUHD� S\JPHD

���� �,F ���
&KDPRUFKLV�DOSLQD���,F ���DQG�6D[LIUDJD�FDHVLD

���,F ����RI
ZKLFK�RQO\�WKH�ILUVW�DSSHDUV�LQ�PRUH�WKDQ�KDOI�RI�WKH�LQ�
YHQWRULHV�� 'LIIHUHQWLDO� VSHFLHV� DQG� VRPH� FKDUDFWHULVWLF
VSHFLHV� RI� WKH� FRQWUDVWLQJ� &HQWUDO� $OSLQH� DVVRFLDWLRQ
&DULFHWXP� ILUPDH� /�GL� ����� DUH� 3HGLFXODULV� URVWUDWR�
FDSLWDWD�����,F �����6D[LIUDJD�VTXDUURVD

�����,F �����6HVOHULD
VSKDHURFHSKDOD���� �,F �����$FKLOOHD�FODYHQDH

�� �,F ���DQG
*HQWLDQD�WHUJORXHQVLV�� �,F ����6SHFLHV�RI� WKH�DVVRFLDWLRQ
&DULFLRQ�DXVWURDOSLQDH�6XWWHU������RFFXU�RQO\� UDUHO\� LQ
WKHVH� VWDQGV�� QDPHO\� .RHOHULD� HULRVWDFK\D�� /LQXP� MXOL�
FXP��/DVHUSLWLXP�SHXFHGDQRLGHV��6HQHFLR�DEURWDQLIROLXV
DQG�7ULIROLXP�QRULFXP��7KH�KLJKHVW�QXPEHU�RI�VSHFLHV�LQ
WKH�DVVRFLDWLRQ�FRQFHUQV�WR�WKH�DOOLDQFH�&DULFLRQ�ILUPDH
*DPV� ����� �RUGHU� 6HVOHULHWDOLD� DOELFDQWLV� 2EHUG�� ����
FRUU��2EHUG�������DQG�WKH�FODVV�(O\QR�6HVOHULHWHD�%U��%O�
������� LQ�ZKLFK� RQO\�'U\DV� RFWRSHWDOD���� �,F �����$VWHU
EHOOLGLDVWUXP���� �,F ���� DQG� 6HVOHULD� DOELFDQV

���� �,F ���
ZHUH�UHFRUGHG�LQ�PRUH�WKDQ�KDOI�RI�WKH�UHOHYpV��*HQWLDQD
FOXVLL�� /HRQWRSRGLXP� DOSLQXP�� $QWK\OOLV� YXOQHUDULD
VXEVS��DOSHVWULV� DQG�5DQXQFXOXV� K\EULGXV� DUH� DGGLWLRQ�
DOO\�PRUH�FRPPRQ��6FUHH� VSHFLHV� �FODVV�7KODVSLHWHD� UR�
WXQGLIROLL�%U��%O��������DUH�ZHOO�HVWDEOLVKHG�LQ�KDELWDWV�LQ
ZKLFK� VXFFHVVLRQ� GHYHORSPHQW� KDV� JUDGXDOO\� OHG� IURP
VFUHH� V\QWD[D� WKURXJK� VWDQGV� RI� 'U\DV� RFWRSHWDOD� WR
&DUH[� ILUPD� �&DULFHWXP� ILUPDH� V�� ODW���� H�J���$WKDPDQWD
FUHWHQVLV� �,F ���� /HRQWRGRQ� KLVSLGXV� VXEVS�� K\RVHURLGHV
�,F ���� &DPSDQXOD� FRKOHDULLIROLD� �,F ����� 6ROGDQHOOD
PLQLPD� �,F ��� DQG� 5DQXQFXOXV� WUDXQIHOOQHUL� �,F ����
5RFNLHU�KDELWDWV�ZLWK�VWHHSHU�LQFOLQH�VXLW� VSHFLHV�RFFXU�
ULQJ�LQ�URFN�FUHYLFHV��$VSOHQLHWHD�WULFKRPDQLV�>%U��%O��LQ
0HLHU� 	� %U��%O�� ����@� 2EHUGRUIHU� ������ 3RWHQWLOOHWDOLD
FDXOHVFHQWLV� %U��%O�� DQG�0HLHU�	� %U��%O�� ������� QDPHO\
3RWHQWLOOD� QLWLGD� �,F �����3ULPXOD� DXULFXOD� �,F ����9DOHUL�
DQD�VD[DWLOLV� �,F �����6D[LIUDJD�FUXVWDWD� �,F �����9LROD�EL�
IORUD��,F �����&DPSDQXOD�]R\VLL��3DHGHURWD�OXWHD�DQG�3HW�
URFDOOLV�S\UHQDLFD��WKH�ODVW�WKUHH�ZLWK�,F ����:H�UHFRUGHG
5KRGRWKDPQXV� FKDPDHFLVWXV���� �(ULFR�3LQHWHD��� ZLWK� D
GHJUHH� RI� FRQVWDQF\� ,9�� DQG� LQ� KDOI� RI� WKH� UHOHYpV� WKH
VSHFLHV�6HODJLQHOOD�VHODJLQRLGHV�����7RILHOGLD�FDO\FXODWD���

DQG� 5KRGRGHQGURQ� KLUVXWXP����� 7KH� IORULVWLF� FRPSRVL�
WLRQ�RI�WKH�DVVRFLDWLRQ�LV�JLYHQ�LQ�7DEOH���

3KDQHURJDPV�FRYHU�IURP����WR������RI�WKH�VLWHV��WKH
PHDQ�YDOXH�LV�������7KH�PRVV�OD\HU�LQ�JHQHUDO�GRHV�QRW
FRYHU� D�PDMRU� DUHD� RI� WKH� VLWHV�� WKH�PHDQ� YDOXH� LV� ��
�PLQLPXP� �� DQG�PD[LPXP� ������ EXW� LW� LV� ZHOO� HVWDE�
OLVKHG� LQ� VRPH�&DUH[� ILUPD� VWDQGV�DQG� UHDFKHV� D�PHDQ
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YDOXH�RI����� �VHH�7DEOH���� UHO�� ������� 7KH� VSHFLHV�2Q�
FRSKRUXV� YLUHQV���� DQG�'UHSDQRFODGXV� XQFLQDWXV���� DUH
HVWDEOLVKHG�WKHUH�ZLWK�JUHDWHU�FRQVWDQF\�DQG�ODUJH�FRYHU
YDOXHV�

+HPLFU\SWRSK\WHV� SUHGRPLQDWH� �7DE�� ���� DURXQG� ��
��RI� WKH� UHOHYp�DUHDV�EHLQJ�FRYHUHG�E\�FKDPDHSK\WHV�
ZKLFK� LQGLFDWHV� WKH� XQIDYRXUDEOH� KDELWDW� FRQGLWLRQV�
3KDQHURSK\WHV� FRYHU� DURXQG� ���� RI� WKH� UHOHYp� DUHDV�
ZKLOH�WKH�VKDUH�RI�WKH�UHOHYp�DUHDV�FRYHUHG�E\�JHRSK\WHV
DQG�WKHURSK\WHV�LV�ORZ�

7DE�� ��� 3ODQW� OLIH� IRUPV� VSHFWUXP� LQ� WKH� DVVRFLDWLRQ
*HQWLDQR�WHUJORXHQVLV�&DULFHWXP�ILUPDH� LQ�WKH�.UQ�0WV�
�WKH�-XOLDQ�$OSV��
7DE�����%LRORÉNL� VSHNWHU� DVRFLDFLMH�*HQWLDQR� WHUJORXHQ�
VLV�&DULFHWXP�ILUPDH�Y�.UQVNHP�SRJRUMX��-XOLMVNH�$OSH��

DEV��1R� � '�

)D +D +H *H 7H )D +D +H *H 7H
�� �� �� � � ��� � �� �� � �

(FRORJ\��YDULDELOLW\�DQG�VLQG\QDPLFV�RI�WKH�VWDQGV

&DUH[� ILUPD� LV� GRPLQDQW� LQ�PRVW� DVVRFLDWLRQV�RI� WKH
DOOLDQFH�&DULFLRQ� ILUPDH�� ,W� LV� D� YHU\� ORQJ�OLYHG� VSHFLHV
DQG� FUHDWHV� SRSXODWLRQV� DW� VLWHV� GXH� WR� LWV� RZQ� FORQHV�
7KHVH� JUDGXDOO\� FRPSOHWHO\� RYHUJURZ� WKH� VLWHV��PDNLQJ
WKH�VSHFLILF�LQGLYLGXDOV�QR�ORQJHU�UHFRJQLVDEOH��%HFDXVH
RI� LWV� ORQJHYLW\�DQG� JUDGXDO� GHFD\� RI� WKH� SODQWV¤JURXQG
SDUWV�� D� OD\HU� RI� KXPXV� VORZO\� DFFXPXODWHV� XQGHU� WKH
WXUIV�RI�&DUH[� ILUPD� �LQ�6FKURHWHU��������� ,Q� WKH�FDVH� LQ
ZKLFK� WKH� WXUIV� LQ� VWDQGV� UHPDLQ� FORVH�SDFNHG�� IULDEOH
UHQG]LQD� FDQ� GHYHORS� DQG� JUDGXDO� DFLGLILFDWLRQ� RFFXUV
GXULQJ� IXUWKHU�GHYHORSPHQW�RI� WKH� VRLO� GXH� WR� WKH� UHDF�
WLRQ� RI� WKH� VRLO� EDVLV� DQG� RUJDQLF� PDWHULDO�� ZKLFK� LV
VKRZQ� LQ� WKH� IORULVWLF� FRPSRVLWLRQ� ZLWK� WKH� HVWDEOLVK�
PHQW� DQG� ILQDO� SUHGRPLQDQFH� RI� KHDWKHUV� �$UF�
WRVWDSK\OORV� DOSLQD�� 9DFFLQLXP� JDXOWKHULRLGHV�� 9�� YLWLV�
LGDHD�� /RLVHOHXULD� SURFXPEHQV�� (PSHWUXP� KHUPDSKUR�
GLWXP�DQG�RWKHUV��RU�D�VXFFHVVLRQ�GHYHORSPHQW�WRZDUGV
WKH�DVVRFLDWLRQV�(PSHWUR�9DFFLQLHWXP�JDXOWKHULRLGLV�%U��
%O�� LQ�%U��%O��	� -HQQ\������FRUU��*UDEKHUU� �����RU� WKH
DVVRFLDWLRQ� /RLVHOHXULR�&HWUDULHWXP� %U��%O�� 	� DO�� ����
�ERWK� IURP� WKH� FODVV� /RLVHOHXULR�9DFFLQLHWHD� *UDEKHUU
������� /�GL
V� FRQFOXVLRQ� WKDW� WKH� VSHFLHV� &DUH[� ILUPD
FUHDWHV� KXPXV� FHUWDLQO\� DSSOLHV�� DOWKRXJK� LW� GRHV� QRW
WKULYH� ZHOO� LQ� LW� �/�GL� ������ LQ� 6FKURHWHU�� ������� 7R�
JHWKHU�ZLWK�'U\DV�RFWRSHWDOD��&DUH[�ILUPD�SOD\V��DPRQJ
RWKHU� WKLQJV�� DQ� LPSRUWDQW� UROH� LQ� WKH� VWDELOLVDWLRQ� RI
VFUHHV��ZKLFK�FDQ�DOVR�EH�IUHTXHQWO\�REVHUYHG�LQ�WKH�.UQ
0WV�

7KH�VWDQGV�RI� WKH�DVVRFLDWLRQ�*HQWLDQR� WHUJORXHQVLV�
&DULFHWXP� ILUPDH� SUHIHU� VKDG\� DQG� QRUWKHUQ� H[SRVLWLRQ
�)LJ�����LQ�WKH�VXEDOSLQH�DQG�DOSLQH�EHOW��7KH�PHGLDQ�DO�
WLWXGH�YDOXH�RI�UHOHYpV�LQ�WKH�.UQ�0WV��LV������P��PD[L�

PXP������P���ZKHUHE\�WKH�ORZHVW� UHOHYp�ZDV�PDGH�DW
DQ�DOWLWXGH�RI������P��7KLV�ZDV�D�UHOHYp�DW�D�JURZWK�VLWH
LQ�ZKLFK�D�VSHFLDO�IRUP�RI�&DUH[�ILUPD�VWDQGV�KDG�EHHQ
FUHDWHG�DIWHU�D� ORQJ� VXFFHVVLRQDO�GHYHORSPHQW� RI� YHJH�
WDWLRQ� IURP� VFUHH� WR� JUDVVODQG�� $UHDV� FRYHUHG� E\� WKH
VWDQGV�DUH�LQ�SULQFLSOH�VPDOO��PHDQ�YDOXH�LV����PLQLPXP
�� DQG�PD[LPXP� ���P���� ([FHSWLRQDOO\�� WKHUH� DUH� FRQ�
QHFWHG�DUHDV�ODUJHU� WKDQ�����P��� VXFK�DV�RQ� WKH�VDGGOH
EHWZHHQ� WKH� SHDNV� RI� 0DOL� 3HVNL� DQG� 9UK� QDG� 3HVNL�
ZKHUH�VKHHS�KDYH�DOPRVW�WRWDOO\�JUD]HG�WKH�&DUH[�ILUPD
WXUIV�

)LJ�����([SRVLWLRQ�RI�VWDQGV�RI�WKH�DVVRFLDWLRQ�*HQWLDQR
WHUJORXHQVLV�&DULFHWXP�ILUPDH�LQ�WKH�.UQ�0WV���WKH�-XOLDQ
$OSV��
6O�� ��� (NVSR]LFLMD� VHVWRMHY� DVRFLDFLMH� *HQWLDQR� WHU�
JORXHQVLV�&DULFHWXP�ILUPDH�Y�.UQVNHP�SRJRUMX��-XOLMVNH
$OSH��

:H�PDGH����UHOHYpV�DQG�UHFRUGHG�����WD[D��D�PLQL�
PXP�RI� ��� DQG�PD[LPXP� RI� ��� SHU� UHOHYp� �WKH�PHDQ
YDOXH� LV� ������ 7KH� FRHIILFLHQW� RI� YDULDWLRQ� LV� UHODWLYHO\
KLJK��������$�ODFN�RI�IORULVWLF�KRPRJHQHLW\�RI�WKH�DVVR�
FLDWLRQ�LV�SUREDEO\�WKH�UHVXOW�RI�GLIIHUHQW�JURZWK�VLWHV�LQ
ZKLFK�&DUH[�ILUPD�VWDQGV�KDYH�EHHQ�HVWDEOLVKHG��:KHUH
VWDQGV�KDYH�IRUPHG��DIWHU�JUDGXDO�VXFFHVVLRQV��RQ�IRUPHU
VFUHHV�� VFUHH� VSHFLHV�DUH�PRUH� IUHTXHQW� DQG� WKH\� UHDFK
KLJKHU� FRYHUDJH� LQGLFHV��0XFK� WKH� VDPH�DSSOLHV� WR� WKH
VWDQGV� LQ� URFN\� FUHYLFHV�� ZKHUH� SODQWV� IURP� WKH� FODVV
$VSOHQLHWHD� WULFKRPDQLV� DUH�PRUH� IUHTXHQW� �)LJ�� ����2Q
WKH� EDVLV� RI� GLDJQRVWLF� VSHFLHV� DQG�ZLWK� WKH� DLG� RI� QX�
PHULFDO�DQDO\VLV�RI� WKH�DVVRFLDWLRQ¤V�VWDQGV��ZH� WKXV�GL�
YLGHG� WKH� DVVRFLDWLRQ� LQWR� ORZHU� V\QWD[RQRPLF� XQLWV�
ZKLFK� DUH�ZHOO� GLVWLQJXLVKHG� EHWZHHQ� WKHPVHOYHV� ERWK
IORULVWLFDOO\�DQG�HFRORJLFDOO\��)LJ�����
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5HOHYpV�DW�VLWHV�ZLWK� OHQJWK\� VQRZ�FRYHU��ZKLFK�DUH
WKHUHIRUH�FROGHU�DQG�ZHWWHU��ZHUH�FODVVLILHG�LQ�WKH�VXEDV�
VRFLDWLRQ�*HQWLDQR�&DULFHWXP�GUHSDQRFODGHWRVXP�XQFL�
QDWL�VXEDVV��QRYD��)LJ�����UHO���������,W�LV�ZHOO�PDUNHG�E\
WKH�SUHVHQFH�DQG�JUHDWHU�FRYHU�YDOXHV�RI� VSHFLHV�RI� WKH
VQRZ�EHG� YHJHWDWLRQ� RQ� D� FDOFDUHRXV� EHGURFN� �6ROGDQ�
HOOR�6DOLFLRQ� UHWXVDH� (QJOLVFK�������$UDELGHWDOLD� FDHUX�
OHDH�5�EHO�H[�%U��%O���������H�J���)HVWXFD�QLWLGD�����3RO\�
JRQXP�YLYLSDUXP�����*HUDQLXP�DUJHQWHXP������2QFRSKR�
UXV� YLUHQV���� DQG�'UHSDQRFODGXV� XQFLQDWXV����� 7KH� HQX�
PHUDWHG�PRVV� VSHFLHV� DUH� JRRG� LQGLFDWRUV� RI� IUHVK� DQG
GDPS�VLWHV��7KH�PRVV�OD\HU�FRYHUV�WKH�PDMRU�VKDUH�RI�WKH
VXUIDFH�RI�WKH�KDELWDWV�LQ�WKLV�VXEDVVRFLDWLRQ�

7KH� KRORW\SH� RI� WKH� VXEDVVRFLDWLRQ� *HQWLDQR� WHU�
JORXHQVLV�&DULFHWXP�ILUPDH�GUHSDQRFODGHWRVXP�XQFLQDWL
VXEDVV�� QRYD� LV� WKH� UHOHYp�1R�� �� LQ� 7DEOH� ���KRORW\SXV
KRF�ORFR�

(YHU\WKLQJ�LQGLFDWHV�WKDW�VWDQGV�RI�WKLV�VXEDVVRFLDWLRQ
DUH�WKH�UHVXOW�RI�D�VXFFHVVLRQDO�WUDQVLWLRQ�IURP�WKH�VQRZ�
EHG�YHJHWDWLRQ��6ROGDQHOOR�6DOLFLRQ�UHWXVDH��RU�WKH�DVVR�
FLDWLRQV� +RPRJ\QR� GLVFRORULV�6DOLFHWXP� UHWXVDH� $LFK�
LQJHU������RU�6DOLFL�UHWXVDH�*HUDQLHWXP�DUJHQWHL�6XULQD
����� WR� WKH� VWDQGV� RI� WKH� DVVRFLDWLRQ� *HQWLDQR� WHU�
JORXHQVLV�&DULFHWXP�ILUPDH�V��ODW���)LJ�����

,Q� VKDG\� KDELWDWV� ZLWK� PHDQ� YDOXHV� RI� LQFOLQDWLRQ
DURXQG� ��� R�� ZKHUH� WXUIV� RI�&DUH[� ILUPD� DUH� QRW� FRP�
SOHWHO\�OLQNHG��SKDQHURJDPV�FRYHU�IURP���������RI�WKH
UHOHYp�DUHDV���ZH�QRWLFHG�VWDQGV� LQ�ZKLFK�D�URFN\�FUHY�
LFH�VSHFLHV�3RWHQWLOOD�QLWLGD����SUHGRPLQDWHV��,Q�DGGLWLRQ�
2[\WURSLV� MDFTXLQLL����� 3ULPXOD� DXULFXOD��� &DPSDQXOD
]R\VLL���3DHGHURWD� OXWHD�� DQG�3HWURFDOOLV� S\UHQDLFD�� DUH
DEXQGDQW��ZKLFK�DUH�DOVR�GLIIHUHQWLDO�VSHFLHV�RI�WKH�QHZ
VXEDVVRFLDWLRQ� SRWHQWLOOHWRVXP� QLWLGDH� VXEDVV�� QRYD�� ,Q
WKLV� VXEDVVRFLDWLRQ�� ZLWK� WKH� H[FHSWLRQ� RI� WKH� VSHFLHV

)LJ�� ��� 7ZR�GLPHQVLRQDO� VFDWWHU� GLDJUDP� RI� UHOHYnV� RI
WKH�DVVRFLDWLRQ�*HQWLDQR� WHUJORXHQVLV�&DULFHWXP� ILUPDH
IURP�.UQ�0WV���WKH�-XOLDQ�$OSV��3&R$��VLPOLDULW\�UDWLR��
6O�� ��� 'YRUD]VHËQL� RUGLQDFLMVNL� GLDJUDP� VHVWRMHY� DVR�
FLDFLMH� *HQWLDQR� WHUJORXHQVLV�&DULFHWXP� ILUPDH� Y� .UQ�
VNHP�SRJRUMX��-XOLMVNH�$OSH��3&R$��SRGREQRVW��

&DPSDQXOD� FRFKOHDULLIROLD�� VSHFLHV� RI� WKH� FODVV
7KODVSLHWHD� URWXQGLIROLL� DUH� SRRUO\� UHSUHVHQWHG�� ZKLFK
ZDV� LQGHHG� H[SHFWHG�� VWDQGV� RI� WKH� VXEDVVRFLDWLRQ�SR�
WHQWLOOHWRVXP� QLWLGDH� DUH� LQ� FRQWDFW� ZLWK� WKH� VXEDOSLQH
DQG� DOSLQH� VWDQGV� RI� YHJHWDWLRQ� RI� URFN\� FUHYLFHV� DQG
VXEDOSLQH�DQG�DOSLQH�JUDVVODQGV�RU� WKH�DVVRFLDWLRQV�3R�
WHQWLOOHWXP�QLWLGDH�DQG�*HQWLDQR�WHUJORXHQVLV�&DULFHWXP
ILUPDH��)LJ�����

7KH� KRORW\SH� RI� WKH� VXEDVVRFLDWLRQ� *HQWLDQR� WHU�
JORXHQVLV�&DULFHWXP�ILUPDH�SRWHQWLOOHWRVXP�QLWLGDH� VXE�
DVV��QRYD�LV�WKH�UHOHYp�1R�����LQ�7DEOH����KRORW\SXV�KRF
ORFR�

7KH� UHOHYpV������� �7DE����� DUH� IORULVWLFDOO\�PRVW� LP�
SRYHULVKHG� �WKH�PHDQ� QXPEHU� RI� VSHFLHV� SHU� UHOHYp� LV
�������7KLV�LV�PDLQO\�WKH�UHVXOW�RI�D�FRPSOHWH�GRPLQDQFH
RI� &DUH[� ILUPD���� DQG� 'U\DV� RFWRSHWDOD����� ZKLFK� RQ
KDELWDWV� ZLWK� FORVH�NQLW� RU� MRLQHG� WXUIV� SUHYHQW� RWKHU
SODQWV�IURP�WKULYLQJ��7KH�SUHVHQFH�RI�D�ODUJHU�QXPEHU�RI
VSHFLHV�RI�WKH�FODVV�7KODVSLHWHD�URWXQGLIROLL�LQ�WKH�VWDQGV
RI�&DUH[� ILUPD��H�J���&UHSLV� NHUQHUL�� �FKDUDFWHULVWLF� VSH�
FLHV�RI� WKH�DVVRFLDWLRQ��ZKLFK�ZDV�REVHUYHG�DOPRVW�H[�
FOXVLYHO\� LQ� WKLV� IRUP���$WKDPDQWD� FUHWHQVLV����� /HRQWR�
GRQ� KLVSLGXV� VXEVS�� K\RVHURLGHV���� DQG� 5DQXQFXOXV
WUDXQIHOOQHUL����� LQGLFDWH�WKH�VLQG\QDPLFDO�FRQQHFWLRQ�RI
VFUHH�V\QWD[D�ZLWK�VWDQGV�RI�VXEDOSLQH�DQG�DOSLQH�JUDVV�
ODQGV� �)LJ�� ���� $FWXDOO\�� LQ�PDQ\� FDVHV� WKHVH� DUH�&DUH[
ILUPD�VWDQGV�ZKLFK��DIWHU�SULRU�VWDELOLVDWLRQ�RI�VFUHHV�ZLWK
'U\DV�RFWRSHWDOD��KDYH�GHYHORSHG�RQ�PRUH�RU�OHVV�VWDEL�
OLVHG� VFUHHV� �H�J�� UHOHYp� 1R�� ���� ZKLFK� ZH� SHUIRUPHG
YHU\� ORZ�� �����P���'U\DV� RFWRSHWDOD� KDV� DQ� LPSRUWDQW
UROH� KHUH�� IRU� LW� FUHDWHV�PRUH� IDYRXUDEOH� FRQGLWLRQV� IRU
RWKHU�VSHFLHV�WR�WKULYH��2Q�WKH�RWKHU�KDQG��WKLV�IRUP�DS�
SHDUV�H[FOXVLYHO\�LQ�VKDG\�DQG�FRROHU�KDELWDWV��QRUWKHUQ
H[SRVXUHV�SUHGRPLQDWH��� VHH�7DEOH����ZLWK� ORQJ�ODVWLQJ
VQRZ� FRYHU�� 3ROGLQL� 	� )HROL� ������� QRWLFHG� VLPLODU
VWDQGV� RI�&DUH[� ILUPD�ZLWK�'��RFWRSHWDOD� LQ� WKH�&DUQLF
$OSV�� )URP� WKH� V\QWD[RQRPLF� DQG� VLQG\QDPLF� SRLQW� RI
YLHZ�� ZH� IROORZHG� WKH� DXWKRUV� ZKR� FODVVLILHG� WKHP� LQ
WKH� VXEDVVRFLDWLRQ� GU\DGHWRVXP� RFWRSHWDOH� 3ROGLQL� 	
)HROL������

7KH� UHOHYpV�����GR�QRW� VKRZ�SDUWLFXODU� IORULVWLF� DQG
HQYLURQPHQWDO�GLIIHUHQWLDWLRQ�� VR�ZH�KDYH� QRW� W\SRORJL�
FDOO\�GLYLGHG�WKHP�IXUWKHU�

*HRHOHPHQWV

,Q�WHUPV�RI�WKH�QXPEHU�RI�VSHFLHV������DQG�FRYHUDJH
LQGH[� �,F ������ WKH�0HGLWHUUDQHDQ�PRQWDQH� JHRHOHPHQW
SUHGRPLQDWHV�LQ�VWDQGV��7DE������2I�DOO� WKH�V\QWD[D� �RE�
VHUYHG�LQ�WKH�.UQ�0WV���PRVW�RI�WKH�VSHFLHV������,F �����
EHORQJ� WR� WKH�$UFWLF�$OSLQH� JHRHOHPHQW� RI� WKH� DVVRFLD�
WLRQ�XQGHU�GLVFXVVLRQ��7KHUH�ZDV�DOVR�D�ODUJH�QXPEHU�RI
VSHFLHV�RI� WKH�(DVW�$OSLQH�JHRHOHPHQW� ����� ,F �����DQG�
WRJHWKHU� ZLWK� WKH� DVVRFLDWLRQ� 5DQXQFXOR� K\EULGL�
&DULFHWXP� VHPSHUYLUHQWLV� 3ROGLQL� 	� )HROL� &KLDSHOOD� LQ
)HROL� &KLDSHOOD� 	� 3ROGLQL� ������ PRVW� DUH� LQ� WKH� FODVV
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7DE�� ��� &KRURORJLFDO� JURXSV� DQG� FRYHUDJH� LQGLFHV� �,F�� RI� SKDQHURJDPV� LQ� WKH� DVVRFLDWLRQ�*HQWLDQR� WHUJORXHQVLV�
&DULFHWXP�ILUPDH�LQ�WKH�.UQ�0WV���WKH�-XOLDQ�$OSV��
7DE�����+RURORÉNH�VNXSLQH�LQ�LQGHNVL�SRNURYQRVWL��,F��IDQHURJDPRY�Y�DVRFLDFLML�*HQWLDQR�WHUJORXHQVLV�&DULFHWXP�ILU�
PDH�Y�.UQVNHP�SRJRUMX��-XOLMVNH�$OSH��

1XPEHU�RI�WD[D����FL
NR]�
PRS

FLUNXP
ERU

SDOHR�
WHPS

HXUR�
VLE

HXUR�DVL
HXUL�
PHG

DUFW�DOS
DOS�
NDUS

HXURS DOS
PHG�
PRQW

(�DOS 1�LOLU
HQGH�
PLWV

��� ���� ��� ��� ���� ��� ������ ���� ���� ����� ������ ������ ����� �����

(O\QR�6HVOHULHWHD�� :LWKLQ� WKH� IUDPHZRUN� RI� WKH� VDPH
FODVV��ZH�DOVR� UHFRUGHG� WKH� ODUJHVW� QXPEHU� RI� HQGHPLF
VSHFLHV� LQ� WKH� DVVRFLDWLRQ� *HQWLDQR� WHUJORXHQVLV�
&DULFHWXP�ILUPDH� ����� ,F �������� VSHFLHV� �,F ����EHORQJ
WR� WKH� 1RUWKHUQ�,OO\ULDQ� JHRHOHPHQW�� ��� �,F ���� WR� WKH
$OSLQH�� QLQH� VSHFLHV� WR� WKH� &LUFXPERUHDO� JHRHOHPHQW
�,F ����� DQG� HLJKW� HDFK� WR� WKH� (XURSHDQ� �,F ���� DQG
(XURSHDQ�$VLDQ� �,F ���� JHRHOHPHQWV�� 7KH� QXPEHU� RI
VSHFLHV� E\� JHRHOHPHQWV� DQG� WKHLU� FRYHUDJH� LQGLFHV� DUH
VKRZQ�LQ�7DEOH���

'LVWULEXWLRQ�RI�WKH�DVVRFLDWLRQ�DQG�V\QWD[RQRPLFDO
SRVLWLRQ�RI�WKH�VWDQGV

%UDXQ�%ODQTXHW��������GUHZ�DWWHQWLRQ�WR�WKH�IORULVWLF
DQG�SK\WRJHRJUDSKLF�SHFXOLDULWLHV�RI�VWDQGV�RI� WKH�DVVR�
FLDWLRQ� &DULFHWXP� ILUPDH� V�� ODW�� LQ� WKH� 6RXWK� 7\UROLDQ
'RORPLWHV��+H� IRXQG� WKDW�EHFDXVH�RI� WKH�SUHVHQFH�RI�D
ODUJHU� QXPEHU� RI� HQGHPLF� VSHFLHV� �H�J���*HQWLDQD� WHU�
JORXHQVLV��6HVOHULD�VSKDHURFHSKDOD��3HGLFXODULV�URVHD��3�
URVWUDWR�FDSLWDWD�� $FKLOOHD� FODYHQDH�� 9DOHULDQD� VD[DWLOLV�
3RWHQWLOOD�QLWLGD��6ROGDQHOOD�PLQLPD��3K\WHXPD�VLHEHUL��
WKH\�DUH�ZHOO�GLVWLQJXLVKHG�IURP�FHQWUDO�$OSLQH�VWDQGV�RI
WKH�DVVRFLDWLRQ�DQG�LQ�WKH�EDVLF�LQYHQWRULHV�RI�$LFKLQJHU
������� 7DE�� ��� LQ� ���� KH� SURSRVHG� D� 6RXWKHDVW�$OSLQH
YLFDULDQW�)LUPHWR�3ULPXOHWXP�ZXOIHQLDQDH� %U��%O�� �����
7KH� DVVRFLDWLRQ�ZDV� VXLWDEO\� GHVFULEHG� DQG� W\SLILHG� E\
:UDEHU� ������� DV�*HQWLDQR� WHUJORXHQVLV�&DULFHWXP� ILU�
PDH�7��:UDEHU�������ZLWK�DQ�LQYHQWRU\�WKDW�KH�VXUYH\HG
RQ�0W��-DORYHF�DW�DQ�DOWLWXGH�RI������P��3ROGLQL�	�)HROL
������� FRQILUPHG� E\� SK\WRJHRJUDSKLFDO� DQG� QXPHULFDO
DQDO\VLV� WKH� DVVRFLDWLRQ�&DULFHWXP� ILUPDH� V�� ODW�� LQ� WKH
6RXWK��DQG�6RXWKHDVWHUQ�&DOFDUHRXV�$OSV�LQ�WKH�FRQWH[W
RI� D� VSHFLDO�� QHZ� DVVRFLDWLRQ� �*HQWLDQR� WHUJORXHQVLV�
&DULFHWXP�ILUPDH��RU�GLVWLQFW�SK\WRJHRJUDSKLFDO�UDFH��LQ
ZKLFK�WKH\�DOVR�WRRN�LQWR�DFFRXQW�D�V\QRSWLF�WDEOH�RI�UH�
VSHFWLYH� DVVRFLDWLRQ� IURP� WKH� -XOLDQ� $OSV� ���� XQSXE�
OLVKHG�UHOHYpV�VXUYH\HG�E\�7��:UDEHU��

7KH�DUHD�RI�GLVWULEXWLRQ�RI� WKH�DVVRFLDWLRQ�HPEUDFHV
WKH�HQWLUH� VRXWK�HDVWHUQ�$OSV�� 7KH�ZHVWHUQ� ERXQGDU\� RI
WKH� GLVWULEXWLRQ� DUHD� DFFRUGV�ZLWK� WKH� ERXQGDU\� RI� WKH
DOOLDQFH�&DULFLRQ�DXVWURDOSLQDH�� LQ� WKH� ,QVXEULDQ� UHJLRQ
�EHWZHHQ� WKH� ODNHV� /DJR�GL�&RPR�DQG�/DJR�0DJJLRUH��
7KH� PRVW� VRXWK�HDVWHUO\� VWDQGV� WKULYH� LQ� WKH� .DPQLN�
6DYLQMD�$OSV�� ,Q�$XVWULD�� LPSRYHULVKHG� VWDQGV�RI� WKH�DV�
VRFLDWLRQ�KDYH�DOVR�EHHQ�REVHUYHG�RQ�'REUDá��LQ�*UDE�

KHUU�HW� DO��� �������&DUH[� ILUPD� VWDQGV�H[WHQG� WR� WKH�'L�
QDULGHV�� DOO� WKH� ZD\� WR� 0W�� /LáND� 3OMHÊLYLFD� �+RUYDW�
�������������DQG� LQ� WKH�GLVWULEXWLRQ�DUHD�EHWZHHQ�0WV�
6QHÌQLN� �6:� 6ORYHQLD�� DQG� 7URYUK� �1:� &URDWLD�� WKH\
IRUP� D� 'LQDULF� YLFDULDQW� (GUDLDQWKR� JUDPLQLIROLL�
&DULFHWXP� ILUPDH� +RUYDW� ������� ����� �6HVOHULRQ� MXQFL�
IROLDH� +RUYDW� ������ 6HVOHULHWDOLD� MXQFLIROLDH� +RUYDW
�������IRU�ZKLFK�WKH�SUHVHQFH�RI�,OO\ULDQ�DQG�'LQDULF�RU
WKH�DEVHQFH�RI�VHYHUDO�$OSLQH�VSHFLHV�LV�FKDUDFWHULVWLF�

$&.12:/('*(0(176

'U�� ,JRU� 'DNVNREOHU� �,QVWLWXWH� RI� %LRORJ\�� 6FLHQWLILF
5HVHDUFK� &HQWUH�� 6ORYHQLDQ� $FDGHP\� RI� 6FLHQFHV� DQG
$UWV�� PDGH� DQ� HVVHQWLDO� FRQWULEXWLRQ� WR� WKLV� SDSHU�� +H
XQVHOILVKO\�VKDUHG�KLV�ZLGH�NQRZOHGJH�DQG�YDOXDEOH�H[�
SHULHQFH�ZLWK�PH��ERWK�LQ�QXPHURXV�GLVFXVVLRQV�DV�ZHOO
DV� LQ� WKH� ILHOGZRUN� LWVHOI�� $PRQJ� RWKHU� WKLQJV�� KH� SUR�
YLGHG� PH� ZLWK� D� ODUJH� QXPEHU� RI� DV� \HW� XQSXEOLVKHG
UHOHYpV��3URI��'U��7RQH�:UDEHU�E\�FRPPXQLFDWLQJ�ROGHU
DQG�GLIILFXOW�WR�FRPH�ERWDQLFDO�OLWHUDWXUH�FRQWULEXWHG�WR�D
PRUH�FRPSOHWH�WUHDWPHQW�RI�WKH�PDWWHU�XQGHU�GLVFXVVLRQ�
,� DP� VLQFHUHO\�JUDWHIXO� WR� WKHP�ERWK�� 7KH� UHVHDUFK�ZDV
FDUULHG�RXW�DW�WKH�,QVWLWXWH�RI�%LRORJ\��6FLHQWLILF�5HVHDUFK
&HQWUH�RI�WKH�6ORYHQLDQ�$FDGHP\�RI�6FLHQFHV�DQG�$UWV�

$SSHQGL[

/RFDOLWLHV� RI� UHOHYpV�� 6ORYHQLD�� -XOLDQ� $OSV�� .UQ
PRXQWDLQV�

���VORSH�DERYH�WKH�=HOHQD�ÊNUELQD�SDVV��RQ�WRS�RI�WKH
JRUJH� EHWZHHQ� 9HOLND� 0RQWXUD� DQG� 9HOLND� %DED� 0WV�
07%�� �������� 870�� 90���� OHJ�� 	� GHW��� %�� 6XULQD�
������������� MXVW�EHORZ� WKH� VXPPLW� RI�9HOLND�0RQWXUD�
07%����������870��90����OHJ��	�GHW���'��6WHÊHYLß�	�%�
6XULQD�� ����������� ��� VWRQ\� ULGJH� DERYH� WKH� ÉNHGHQM
ULGJH��07%�� �������� 870�� 80���� OHJ�� 	� GHW��� ,�� 'DN�
VNREOHU�	�%��6XULQD���������������WKH�VXPPLW�RI�0W��0DOL
ÉPRKRU�� 07%�� �������� 870�� 80���� OHJ�� 	� GHW��� %�
6XULQD��������������� HDVWHUQ� VORSH� RI� SHDN� 3DOHF��07%�
�������� 870�� 90���� OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�
6XULQD���������������3RORYQLN� ULGJH��EHWZHHQ� WKH�SHDNV
.UDVML� YUK� DQG� 9HOLNL� YUK�� 07%�� �������� 870�� 80���
OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�� 6XULQD�� ����������� ��
EHWZHHQ�ÉNRILá�DQG�5GHáL�URE�0WV��07%����������870�
80���� OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�� 6XULQD�
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��������������QRUWK�HDVWHUQ� VORSH�RI�0W��.UQáLFD��07%�
��������870��80����OHJ��	�GHW���%��6XULQD������������
��� ULGJH� RI� 0W�� ÉNRILá� DERYH� *RUHQMD� /DÊFD�� 07%�
�������� 870�� 80���� OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�
6XULQD�����������������QRUWK�HDVWHUQ�VORSH�RI�0W��/RSDW�
QLN��07%����������870��80���� OHJ��	�GHW���%�� 6XULQD�
��������������� QRUWK�ZHVWHUQ� VORSH� RI�0W�� .UQáLFD� �WKH
YHJHWDWLRQ� ZDV� RYHUJUD]HG� E\� VKHHS��� 07%�� �������
870��80����OHJ��	�GHW���%��6XULQD�����������������ULGJH
EHWZHHQ�.UQ�DQG� 6UHGQML� YUK�0WV��07%�� ��������870�
80����OHJ��	�GHW���%��6XULQD�����������������URFN\�OHGJH
RQ� VRXWK�ZHVWHUQ� VORSH� RI�0W�� .UQáLFD� E\� �YLD� IHUUDWD�
IURP�9UDWFD�SDVV�WR�WKH�VXPPLW�RI�0W��.UQáLFD��UHPQDQWV
IURP�:RUOG�:DU�,����07%����������870��80����OHJ��	
GHW���%��6XULQD�����������������URFN\�JUDVVODQG�RQ�QRUWK�
ZHVWHUQ� VORSH� RI� 0W�� 5GHáL� URE�� 07%�� �������� 870�
80���� OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�� 6XULQD�
���������������3RORYQLN�ULGJH��JRUJH�LQ�WKH�ULGJH�RI�SHDN
9HOLNL� YUK�� 07%�� �������� 870�� 80���� OHJ�� 	� GHW��� ,�
'DNVNREOHU� 	� %�� 6XULQD�� ����������� ������� 3RORYQLN
ULGJH�� JRUJH� LQ� WKH� ULGJH� RI� SHDN� 9HOLNL� YUK�� 07%�

�������� 870�� 80���� OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�
6XULQD�� ����������� ���� 3ODQLQD� 'XSOMH� SDVWXUH�� VFUHH
DERYH�WKH�ODNH�DW�3ODQLQD�'XSOMH�EHQHDWK�WKH�SDWKV�IURP
.RáD� SUL� .UQVNLK� MH]HULK� PRXQWDLQ� FKDOHW� WR� /HSRáH�
07%�� �������� 870�� 80���� OHJ�� 	� GHW��� %�� 6XULQD�
������������������*RUHQMD� /DÊFD��07%�� ��������870�
80����OHJ��	�GHW���,��'DNVNREOHU�	�%��6XULQD�����������
���� 3HDN� 0DOL� 3HVNL�� QRUWKZHVW� IURP� WKH� PRQXPHQW�
07%�� �������� 870�� 80���� OHJ�� 	� GHW��� %�� 6XULQD�
����������� ���� ZHVWHUQ� VORSH� RI� 0W�� 9UK� QDG� 3HVNL�
DERYH� %DWRJQLÊND� ÊNUELQD� SDVV�� 07%�� �������� 870�
80���� OHJ��	�GHW���'��6WHÊHYLß�	�%��6XULQD������������
����3HDN�ÉNRILá��07%����������870��80����OHJ��	�GHW��
%�� 6XULQD�� ����������� ���� *RUHQMD� /DÊFD�� VFUHH� EHORZ
WKH� SDWK� IURP�0W�� 9HOLNL� 3HVNL� WR� /DÊFD� SDVWXUH�� 07%�
�������� 870�� 80���� OHJ�� 	� GHW��� ,�� 'DNVNREOHU� 	� %�
6XULQD��������� ULGJH�EHWZHHQ� WKH�SHDNV�0DOL�3HVNL�DQG
ÉNRILá�� 07%�� �������� 870�� 80���� OHJ�� 	� GHW��� %�
6XULQD�����������������3HDN�ÉNRILá��SDVV�EHWZHHQ�/DÊFD
DQG� 3HVNL��07%�� �������� 870�� 80���� OHJ�� 	� GHW��� %�
6XULQD������������

='58Ë%$�*(17,$12�7(5*/28(16,6�&$5,&(780�),50$( �7��:5$%(5������9
.516.(0�32*25-8��-8/,-6.(�$/3(�

%RÈWMDQ�685,1$
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

(�PDLO��ERVWMDQ�VXULQD#]UV�NS�VL

329=(7(.

3ULVSHYHN�REUDYQDYD�ILWRFHQRORÈNH�LQ�RNROMVNH�UD]PHUH�ßYUVWHJD�ÈDÈMD��&DULFHWXP�ILUPDH�V��ODW���Y�.UQVNHP�SRJRUMX
�-XOLMVNH�$OSH���3UL�UD]LVNDYDK��NMHU�VPR�XSRUDEOMDOL�VLJPDWLVWLßQR��VUHGQMHHYURSVNR��PHWRGR��%UDXQ�%ODQTXHW��������
VPR�ILWRFHQRORÈNH�SRSLVH�QDMSUHM�UD]YUVWLOL�Y�GLDJQRVWLßQH�VNXSLQH�LQ�MLK�NDVQHMH�SRWUGLOL� V�SRPRßMR�UDßXQDOQLÈNHJD
SURJUDPD�6<1�7$;�R]LURPD�]�PHWRGR�KLHUDUKLßQH�NODVLILNDFLMH��3RGDQL���������=D�PHUR�UD]OLßQRVWL�VPR�XSRUDEOMDOL
NRPSOHPHQW�NRHILFLHQWD� �VLPLODULW\� UDWLR���9HßLQRPD�VPR�XSRUDEOMDOL�PHWRGR�PLQLPDOQHJD�SRUDVWD�YVRWH�NYDGUDWRY
RVWDQND� �0LQLPL]DWLRQ� RI� LQFUHDVH� RI� HUURU� VXP� RI� VTXDUHV� ��0,664���PHWRGR� NRSLßHQMD� QD� RVQRYL� QDMEROM� RGGDO�
MHQHJD�VRVHGD��)DUWKHVW�QHLJKERXU�&RPSOHWH�OLQNDJH�FOXVWHULQJ��WHU�RUGLQDFLMVNR�PHWRGR��3ULQFLSDO�FRRUGLQDWHV�DQDO\�
VLV���3&R$���ÞH�VH�MH�L]ND]DOR�]D�SRWUHEQR�LQ�VPLVHOQR��VPR�SUHXßHYDQH�VHVWRMH�ßOHQLOL�QD�QLÊMH�HQRWH��3UL�SULPHUMDYL
ÊLYOMHQMVNLK�REOLN�V�SRPRßMR�QXPHULßQH�DQDOL]H�VPR�SR�SUHGKRGQR�RSUDYOMHQL� OLQHDUQL� WUDQVIRUPDFLML�RFHQ�SRNURY�
QRVWL�]D�SRVDPH]QH�WDNVRQH��YDQ�GHU�0DDUHO��������U ���� ���� ���� ���� ���� ���� ���L]UDßXQDOL�WXGL�LQGHNV�SRN�
URYQRVWL��,F��/DXVL�HW�DO���������LQ�GHOHÊ�SRNULYDQMD�YVDNHJD�WDNVRQD�Y�RNYLUX�SRSLVD�R]LURPD�FHORWQH�DVRFLDFLMH��'���
6NXSLQH�GLDJQRVWLßQLK�YUVW�VPR�RE�XSRÈWHYDQMX�YHß�DYWRUMHY�REOLNRYDOL�SR�ODVWQLK�NULWHULMLK��)ORULVWLßQR�VHVWDYR�VHVWR�
MHY�VPR�DQDOL]LUDOL�WXGL�SR�KRURORÈNLK�VNXSLQDK�LQ�5DXQNLDHURYLK�ELRORÈNLK�REOLNDK��3UL�WHP�VPR�VH�UDYQDOL�SR�$WODVX
IORUH�)XUODQLMH�-XOLMVNH�NUDMLQH��3ROGLQL���������LPHQD�SUDSURWQLF�LQ�VHPHQN�SD�QDYDMDPR�SR�5HJLVWUX�IORUH�6ORYHQLMH
�7USLQ�	�9UHÈ��������WHU�0DOL�IORUL�6ORYHQLMH��0DUWLQßLß�HW�DO���������

6HVWRML�V�SUHYODGXMRßR�YUVWR�&DUH[�ILUPD�SRUDÈßDMR�YHWURYRP�L]SRVWDYOMHQD�UDVWLÈßD�QD�YUÈQLK�SUHGHOLK�JRUD�Y�VXE�
DOSLQVNHP� LQ� DOSLQVNHP� SDVX�� 3RQHNRG� MLK� QDMGHPR� QD� L]UD]LWR� KODGQLK� UDVWLÈßLK� QD�PDQMÈL� QDGPRUVNL� YLÈLQL�� 3R
SUHGKRGQLK�SULPHUMDYDK�V�SRGREQLPL�VHVWRML�L]�MXJRY]KRGQLK�DSQHQLÈNLK�$OS�VPR�MLK�XYUVWLOL�Y�DVRFLDFLMR�*HQWLDQR
WHUJORXHQVLV�&DULFHWXP�ILUPDH�7��:UDEHU�������6HVWRMH�WH�DVRFLDFLMH��Y�SULPHUMDYL�V�VHVWRML�FHQWUDOQR�DOSVNH��&DULFH�
WXP� ILUPDH�*DPV��������]D]QDPXMH�REVWRM�YHßMHJD� ÈWHYLOD� HQGHPLWRY� LQ� MXÊQR��R]LURPD� MXJRY]KRGQRDOSVNLK�YUVW�
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$VRFLDFLMR� VPR�QD�SRGODJL� IORULVWLßQH� VHVWDYH� SRVDPH]QLK� VHVWRMHY� LQ� QXPHULßQLK� DQDOL]� WLSRORÈNR�GDOMH� ßOHQLOL� QD
VXEDVRFLDFLMH� �GU\DGHWRVXP� RFWRSHWDODH� 3ROGLQL� 	� )HROL� ������ �JHUDQLHWRVXP� DUJHQWHL� VXEDVV�� QRYD� LQ� �
SRWHQWLOOHWRVXP�QLWLGDH� VXEDVV��QRYD��6HVWRML� VXEDVRFLDFLMH� �GU\DGHWRVXP�RFWRSHWDODH� VR�Y� VLQGLQDPLßQL�SRYH]DYL� V
VHVWRML�DVRFLDFLMH�'U\DGHWXP�RFWRSHWDODH�5~EHO������R]LURPD�V�VWDGLMHP�'U\DV�RFWRSHWDOD��NL� MH�SLRQLUVNL� WLS�YHJH�
WDFLMH�SUHGYVHP�QD�GHORPD�XVWDOMHQLK�PHOLÈßLK��=D�UD]OLNRYDOQLFH�VXEDVRFLDFLMH��GU\DGHWRVXP�VPR�L]EUDOL�YUVWH�'U\DV
RFWRSHWDOD��$WKDPDQWKD�FUHWHQVLV�LQ�/HRQWRGRQ�KLVSLGXV�V��ODW�

6HVWRML�VXEDVRFLDFLMH��SRWHQWLOOHWRVXP�QLWLGDH�NDÊHMR�IORULVWLßQR�LQ�VLQWDNVRQRPVNR�SRGREQRVW�V�VHVWRML�DVRFLDFLMH
3RWHQWLOOHWXP�QLWLGDH�:LNXV������ L]� UD]UHGD�$VSOHQLHWHD� WULFKRPDQLV� �%U��%O�� LQ�0HLHU�	�%U��%O�� ������2EHUGRUIHU
������ SRUDÈßDMR� YODÊQD� LQ� KODGQD�� SURWL� VHYHUX� L]SRVWDYOMHQD� UDVWLÈßD�� 5D]OLNRYDOQH� YUVWH� ]D� VXEDVRFLDFLMR� �
SRWHQWLOOHWRVXP�QLWLGDH�VR�YUVWH�3RWHQWLOOD�QLWLGD��2[\WURSLV�MDFTXLQLL��3ULPXOD�DXULFXOD��&DPSDQXOD�]R\VLL��3DHGHURWD
OXWHD�LQ�3HWURFDOOLV�S\UHQDLFD��6LQGLQDPLßQR�SRYH]DQRVW�LQ�SRVOHGLßQR�IORULVWLßQR�VRURGQRVW�VHVWRMHY�DVRFLDFLMH�*HQ�
WLDQR�WHUJORXHQVLV�&DULFHWXP�ILUPDH�V�VHVWRML�YHJHWDFLMH�VQHÊQLK�WDO�L]�]YH]H�6ROGDQHOOR�DOSLQDH�6DOLFLRQ�UHWXVDH�(QJ�
OLVFK� ����� �SUHGYVHP� V� VHVWRML� DVRFLDFLM�+RPRJ\QR�GLVFRORULV�6DOLFHWXP� UHWXVDH� $LFKLQJHU� ����� LQ�6DOLFL� UHWXVDH�
*HUDQLHWXP�DUJHQWHL� 6XULQD�������SD�NDÊHMR�VHVWRML��NL� VPR� MLK�XYUVWLOL� Y� VXEDVRFLDFLMR� �JHUDQLHWRVXP�DUJHQWHL��=D
UD]OLNRYDOQLFH�VOHGQMH�VPR�GRORßLOL�YUVWH�*HUDQLXP�DUJHQWHXP��3RO\JRQXP�YLYLSDUXP��)HVWXFD�QLWLGD��'UHSDQRFODGXV
XQFLQDWXV�LQ�2QFRSKRUXV�YLUHQV��8YHOMDYOMDMR�VH�QD�UDVWLÈßLK�]�GROJRWUDMQR�VQHÊQR�RGHMR�

6HVWRML�DVRFLDFLMH�*HQWLDQR�WHUJORXHQVLV�&DULFHWXP�ILUPDH�VR�UD]ÈLUMHQL�Y�FHORWQLK�MXJRY]KRGQLK�$OSDK��$UHDO�DVR�
FLDFLMH�VHJD�QD�]DKRGX�GR�,QVXEULMVNH�UHJLMH�R]LURPD�GR�JRUD�PHG�MH]HURPD�/DJR�GL�&RPR�LQ�/DJR�0DJJLRUH�WHU�QD
Y]KRGX�GR�.DPQLÈNR�6DYLQMVNLK�$OS��9�VORYHQVNLK�$OSDK��VNXSDM�V�.DUQLMVNLPL�SULSDGDMR�-XJRY]KRGQLP�$SQHQLÈNLP
$OSDP��XVSHYDMR�Y�-XOLMVNLK�$OSDK��.DUDYDQNDK�LQ�Y�.DPQLÈNR�6DYLQMVNLK�$OSDK��9�$YVWULML�VR�IORULVWLßQR�REXERÊDQH
VHVWRMH� WH� DVRFLDFLMH� RSD]LOL� QD� 'REUDßX�� 6HVWRMH� ßYUVWHJD� ÈDÈMD� L]� /LEXUQLMVNHJD� NUDVD� PHG� 6QHÊQLNRP� LQ� /LßNR
3OMHÈLYLFR� XYUÈßDPR� Y� GLQDUVNR� YLNDULDQWR� (GUDLDQWKR� JUDPLQLIROLL�&DULFHWXP� ILUPDH� +RUYDW� ������� ����� L]� ]YH]H
6HVOHULRQ�MXQFLIROLDH�+RUYDW������LQ�UHGD�6HVOHULHWDOLD�MXQFLIROLDH�+RUYDW�������=D�VHVWRMH�WH�DVRFLDFLMH�MH�ÊH�]QDßLOQD
SULVRWQRVW�LOLUVNLK��GLQDUVNLK��YUVW�QD�HQL�WHU�RGVRWQRVW�QHNDWHULK�DOSVNLK�YUVW�QD�GUXJL�VWUDQL�

.OMXÞQH�EHVHGH��ILWRFHQRORJLMD��ILWRJHRJUDILMD��HQGHPLáQH�YUVWH��(O\QR�6HVOHULHWHD��&DULFLRQ�ILUPDH��&DULFHWXP�ILUPDH�
-XJRY]KRGQH�$SQHQLÊNH�$OSH

5()(5(1&(6

$LFKLQJHU�� (�� �������� 9HJHWDWLRQVNXQGH� GHU� .DUDZDQ�
NHQ�� 3IODQ]HQVR]LRORJLH�� ��� *XVWDY� )LVFKHU�� -HQD�� ���
SS�
%UDXQ�%ODQTXHW�� -�� �������� 'LH� DOSLQHQ� 3IODQ]HQJHVHOO�
VFKDIWHQ��,Q��%UDXQ�%ODQTXHW��-��	�-��-HQQ\��HGV����9HJHWD�
WLRQVHQWZLFNOXQJ�XQG�%RGHQELOGXQJ�LQ�GHU�DOSLQHQ�6WXIH
GHU�=HQWUDODOSHQ��=�ULFK��S����������
%UDXQ�%ODQTXHW�� -�� �������� 3IODQ]HQVR]LRORJLH�� *UXQG�
]�JH�GHU�9HJHWDWLRQVNXQGH�����$XIODJH��6SULQJHU��:LHQ�
1HZ�<RUN������VWU�
%XVHU�� 6�� �������� 7ROPDá� OLVWRY� 7ROPLQ� LQ� 9LGHP� �8GL�
QH���2VQRYQD�JHRORÊND�NDUWD� 6)5-� �� �� ���� ����� =YH]QL
JHRORÊNL�]DYRG��%HRJUDG������VWU�
%XVHU��6�� ��������2VQRYQD�JHRORÊND�NDUWD� 6)5-��7ROPLQ
LQ�9LGHP� �8GLQH�� �� �� ���������=YH]QL� JHRORÊNL� ]DYRG�
%HRJUDG�
'DNVNREOHU�� ,�� �������� 3ULVSHYHN� N� IORUL� MXÌQLK� -XOLMVNLK
$OS�LQ�QMLKRYHJD�SUHGJRUMD��+ODGQLNLD�����������
'DNVNREOHU�� ,�� �������� .UDWHN� ]JRGRYLQVNL� RULV� UD]LVNDY
UDVWOLQVWYD�Y�=JRUQMHP�3RVRáMX��,Q��'ROHQF��-���HG����7RO�
PLQVNL� ]ERUQLN�� 7UHWMD� NQMLJD�� 2EáLQD� 7ROPLQ�� 7ROPLQ�
VWU����������
'DNVNREOHU�� ,�� �������� )LWRFHQRORÊND�R]QDND� UDVWLÊá�HQ�

GHPLáQH�YUVWH�0RHKULQJLD�YLOORVD��:XOIHQ��)HQ]O��&DU\R�
SK\OODFHDH���5D]SUDYH�,9��UD]UHGD�6$=8������������
'DNVNREOHU�� ,�� �����D��� 3DUDGLÌHYND� GRNRQáQR� Y� IORUL
6ORYHQLMH��3URWHXV��������������
'DNVNREOHU�� ,�� �����E��� 9UVWD� 3DUDGLVHD� OLOLDVWUXP� �/��
%HUWRO�� Y� .UQVNHP�SRJRUMX� �-XOLMVNH�$OSH��� 5D]SUDYH� ,9�
UD]UHGD�6$=8�������������
'DNVNREOHU��,�������D���)ORULVWLáQH�QRYRVWL�L]�3RVRáMD�LQ
VRVHGQMLK� REPRáLM� Y� ]DKRGQL� 6ORYHQLML� �� ,,,��+ODGQLNLD�
�������������
'DNVNREOHU�� ,�� �����E��� 3LRQLUVNR� VPUHNRYMH� QDG� VH�
GDQMR� �DQWURSRJHQR��]JRUQMR�PHMR�Y� MXÌQLK� -XOLMVNLK�$O�
SDK��SULPHU�L]�]JRUQMH�%DÊNH�GROLQH���+DFTXHWLD��������
���
*UDEKHUU�� *��� -�� *UHLPOHU� 	� /�� 0XFLQD� �������� 6H�
VOHULHWHD�DOELFDQWLV��,Q��*UDEKHUU��*��	�/��0XFLQD��HGV���
'LH� 3IODQ]HQJHVHOOVFKDIWHQ� gVWHUUHLFKV�� 7HLO� ,,�� 1DW�U�
OLFKH�ZDOGIUHLH�9HJHWDWLRQ��*XVWDY�)LVFKHU�9HUODJ�� -HQD�
6WXWWJDUW��1HZ�<RUN��S����������
+DGHUODSS��3����������$OSLQH�9HJHWDWLRQ�GHU�6WHLQHU�$O�
SHQ��&DULQWKLD�,,�����������
+RUYDW�� ,�� �������� 9HJHWDFLMVNH� VWXGLMH� X� KUYDWVNLP
SODQLQDPD�� ,�� =DGUXJH� QD� SODQLQVNLP� JROHWLPD�� 5DG
-XJRVODYHQVNH�DNDGHPLMH�]QDQRVWL� L�XPMHWQRVWL���������
���
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+RUYDW�� ,�� �������� 3ULORJ� SR]QDYDQMX� UDÊLUHQMD� QHNLK
SODQLQVNLK�ELOMDND�X�MXJRLVWRáQRM�(YURSL��*RGLÊQMDN�%LR�
ORÊNRJ�,QVWLWXWD�X�6DUDMHYX�������������
/DXVL��'���5��*HUGRO�	�)��3LFFROL� �������� 6\QWD[RQRP\
RI� WKH�2VWU\D� FDUSLQLIROLD� ZRRGV� LQ� WKH� VRXWKHUQ� $OSV
�1�,WDO\��EDVHG�RQ�QXPHULFDO�PHWKRGV��6WXG��*HRERW�����
������
0DUWLQÞLÞ�� $��� 7��:UDEHU��1�� -RJDQ�� 9�� 5DYQLN�� $�� 3R�
GREQLN��%��7XUN�	�%��9UHÇ���������0DOD�IORUD�6ORYHQLMH�
7HKQLÊND�]DORÌED�6ORYHQLMH��/MXEOMDQD������VWU�
0HNLQGD�0DMDURQ�� 7�� �������� .OLPDWRJUDILMD� 6ORYHQLMH�
WHPSHUDWXUH� ]UDND�� REGREMH� �����������0LQLVWUVWYR� ]D
RNROMH� LQ� SURVWRU�� +LGURPHWHRURORÊNL� ]DYRG� 5HSXEOLNH
6ORYHQLMH��/MXEOMDQD������VWU�
3RGDQL��-����������6<1�7$;�SF��&RPSXWHU�3URJUDPV� IRU
0XOWLYDULDWH�'DWD� $QDO\VLV� LQ� (FRORJ\� DQG� 6\VWHPDWLFV�
6FLHQWLD�3XEOLVKLQJ��%XGDSHVW������SS�
3ROGLQL�� /�� �������� $WODQWH� FRURORJLFR� GHOOH� SLDQWH� YD�
VFRODUL�QHO�)ULXOL�9HQH]LD�*LXOLD��5HJLRQH�DXWRQRPD�)UL�
XOL�9HQH]LD� *LXOLD�� 'LUH]LRQH� UHJLRQDOH� GHOOH� IRUHVWH� H
GHL� SDUFKL� 	� 8QLYHUVLWD� GHJOL� VWXGL� GL� 7ULHVWH�� 'LSDUWL�
PHQWR�GL�ELRORJLD��8GLQH������SS�
3ROGLQL�� /��	�(�� )HROL� �������� 3K\WRJHRJUDSK\�DQG� V\Q�
WD[RQRP\�RI� WKH�&DULFHWXP� ILUPDH� V�� ODW�� LQ� WKH�&DUQLF
$OSV��9HJHWDWLR����������
6FKURHWHU��&����������'DV�3IODQ]HQOHEHQ�GHU�$OSHQ��(LQH
6FKLOGHUXQJ� GHU� +RFKEHJLUJVIORUD�� 9HUODJ� YRQ� $OEHUW
5DXVWHLQ��=�ULFK�������SS�
6HOLÇNDU��$�� ��������hEHUVLFK�GHU�:LHVHQYHJHWDWLRQ�GHU
.DPQLÊNR�6DYLQMVNH�$OSHQ��,Q��=XSDQáLá��0��	�9��ËDJDU
�HGV���� )ORUD� LQ� YHJHWDFLMD�.DPQLÊNR�6DYLQMVNLK�$OS�� UHI�
HUDWL��%LRORÊNL�LQÊWLWXW�=5&�6$=8��/MXEOMDQD��VWU�������
6XULQD�� %�� �������� 6XEDOSLQVND� LQ� DOSLQVND� YHJHWDFLMD
.UQVNHJD� SRJRUMD� Y� -XOLMVNLK� $OSDK�� 'RNWRUVND� GLVHUWD�
FLMD�� 8QLYHU]D� Y� /MXEOMDQL�� %LRWHKQLÊND� IDNXOWHWD�� 2G�
GHOHN�]D�ELRORJLMR��/MXEOMDQD������VWU�
6XULQD�� %�� 	� %�� 9UHÇ� �������� 1RYD� QDKDMDOLÊáD� URJDWH
YLMROLFH��9LROD�FRUQXWD�/���Y�-XOLMVNLK�$OSDK��5D]SUDYH�,9�
UD]UHGD�6$=8�������������

7USLQ��'��	�%��9UHÇ���������5HJLVWHU�IORUH�6ORYHQLMH��=5&
6$=8��/MXEOMDQD������VWU�
YDQ� GHU� 0DDUHO�� (�� �������� 7UDQVIRUPDWLRQ� RI� FRYHU�
DEXQGDQFH� YDOXHV� LQ� SK\WRVRFLRORJ\� DQG� LWV� HIIHFWV� RQ
FRPPXQLW\�VLPLODULW\��9HJHWDWLR�������������
:LNXV��(����������'LH�9HJHWDWLRQ�GHU�/LHQ]HU�'RORPLWHQ
�2VWWLURO���.DONOLHEHQGH�$OSHQPDWWHQ��$UFK��%RW��%LRJHR�
,WDO���������������
:UDEHU�� 7�� �������� ,]� ]JRGRYLQH� R� ERWDQLáQLK� UD]LVNR�
YDQMLK�Y�-XOLMVNLK�$OSDK�LQ�.DUDYDQNDK��-HVHQLÊNL�]ERUQLN
MHNOR�LQ�OMXGMH�������������
:UDEHU��7�� ��������'LH�YHJHWDWLRQ�GHU� VXEQLYDOHQ�6WXIH
LQ� GHQ� -XOLVFKHQ� $OSHQ�� 3RURáLOD� Y]KRGQRDOSVNR�GLQDU�
VNHJD�GUXÊWYD�]D�SURXáHYDQMH�YHJHWDFLMH��������������
:UDEHU�� 7�� �������� &RQWULEXWR� DOOD� FRQRVFLHQ]D� GHOOD
YHJHWD]LRQH� SLRQLHUH� �$VSOHQLHWHD� UXSHVWULD� H� 7KODV�
SHHWHD�URWXQGLIROLL��GHOOH�$OSL�*LXOLH��7HVL�GL�ODXUHD��8QL�
YHUVLWj�GHJOL�6WXGL�GL�7ULHVWH��)DFROWj�GL�6FLHQ]H��7ULHVWH�
���SS�
:UDEHU��7����������hEHU�HLQLJH�QHXH�RGHU�VHOWHQH�$UWHQ
LQ�GHU� )ORUD�GHU� -XOLVFKHQ�$OSHQ� �,9��� 6WXG��*HRERW��� ��
��������
:UDEHU��7����������'LH�)HOVHQPLHUH��0LQXDUWLD�UXSHVWULV�
��9HJHWDWLRQ�GHU�-XOLVFKHQ�$OSHQ��%LRO��YHVWQ�����������
����
:UDEHU��7����������7KH�6SXU�3DQV\��9LROD�FRUQXWD�/���LQ
WKH�-XOLDQ�$OSV���D��SHUIHFW�ERWDQLFDO�FULPH�"�%LRO��YHVWQ��
����������
:UDEHU�� 7�� �������� 5DVWOLQRVORYQH� UD]LVNDYH� Y� 7ULJODY�
VNHP� QDURGQHP�SDUNX�� ,Q�� ÉRODU��0�� 	� -�� %L]MDN� �HGV���
'YDMVHW�OHW�SR]QHMH��-DYQL�]DYRG�7ULJODYVNL�QDURGQL�SDUN�
%OHG��VWU��������
=XSDQÞLÞ�� %�� �������� .OLPDWRJUDILMD� 6ORYHQLMH�� NROLáLQD
SDGDYLQ�� REGREMH� �����������0LQLVWUVWYR� ]D� RNROMH� LQ
SURVWRU�� +LGURPHWHRURORÊNL� ]DYRG� 5HSXEOLNH� 6ORYHQLMH�
/MXEOMDQD������VWU�
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7DE�����3K\WRVRFLRORJLFDO�WDEOH��DQDO\WLFDO�WDEOH�RI�WKH�DVVRFLDWLRQ�*HQWLDQR�WHUJORXHQVLV�&DULFHWXP�ILUPDH�7��:UD�
EHU������LQ�WKH�.UQ�0WV���WKH�-XOLDQ�$OSV��
7DE�����)LWRFHQRORÉND�WDEHOD��DQDOL]QD�WDEHOD�DVRFLDFLMH�*HQWLDQR�WHUJORXHQVLV�&DULFHWXP�ILUPDH�7��:UDEHU������Y
.UQVNHP�SRJRUMX��-XOLMVNH�$OSH��

5HOHYm�QXPEHU � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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([SRVLWLRQ 1 1 1: 1 1 : 6: 1: 6: ( 1( : 1( 1 1( 1 ( 1 1( 1: 1 1 1( 1 1 1

,QFOLQDWLRQ�� �� �� �� �� � �� �� �� � �� �� �� � �� �� �� �� �� �� �� � � �� �� �� �� �� �� ��

&RYHUQHVV���������+HUE�OD\HU �� �� ��� �� �� �� �� �� �� �� �� ��� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���

0RVV�OD\HU ' � � �� �� �� �� �� �� � � �� � � � � � � � � ��
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