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,VRODWLRQ�RI�D�SHQWDF\FOLF�WULWHUSHQRLG�IURP 6FHOHWLXP�WRUWXRVXP

,WXPHOHQJ�%�6HWVKHGLD
��0DUWLQ�0\HUD��-RKQ�'HZDUD�DQG�*HUGD�)RXFKHE


D &ROOHJH�RI�$JULFXOWXUH�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�6RXWK�$IULFD��)ORULGD�3DUN��-RKDQQHVEXUJ��*DXWHQJ��
6RXWK�$IULFD

E�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�3UHWRULD��+DWILHOG��3UHWRULD��*DXWHQJ��6RXWK�$IULFD

&RUUHVSRQGLQJ�DXWKRUV��X��������#XS�DF�]D��LWX�VHWV#JPDLO�FRP

$EVWUDFW

7UDGLWLRQDOO\�� H[WUDFWV� IURP� 6FHOHWLXP� WRUWXRVXP� KDYH�
EHHQ� XVHG�� ERWK� DV� D�PHGLFLQH� DV�ZHOO� DV� IRU� VRFLDO� DQG�
VSLULWXDO�SXUSRVHV��7KH�JHQXV�LV�GLVWULEXWHG� LQ� WKH� VRXWK�
ZHVWHUQ�SDUWV�RI�6RXWK�$IULFD��0HWKDQROLF�H[WUDFWV�RI�6��
WRUWXRVXP�ZHUH� SUHSDUHG� DQG� IUDFWLRQDWHG� XVLQJ� FROXPQ�
FKURPDWRJUDSK\��,QGROH�DONDORLGV�KDYH�EHHQ�UHSRUWHG�IURP�
6�� � WRUWXRVXP� ZLWK� PHVHPEULQH� DV� WKH� PRVW� DEXQGDQW�
DONDORLG� DQG� PHVHPEUHQRQH�� �¶�RGHPHWK\OPHVHPEUHQRO�
DQG�WRUWXRVDPLQH�DOVR�SUHVHQW��$�WULWHUSHQRLG��QRYHO�WR�WKLV�
JHQXV�ZDV� LVRODWHG�DQG� UHSRUWHG�IRU� WKH� ILUVW� WLPH��105�
DQG� +3/&�06�06� DQDO\VHV� ZHUH� XVHG� WR� FRQILUP� WKH�
VWUXFWXUH�RI�WKH�FRPSRXQG��

.H\�ZRUGV��6FHOHWLXP� WRUWXRVXP��DONDORLGV�� WULWHUSHQRLG��
REWXVDOLQ�

,QWURGXFWLRQ

7KH� JHQXV� 6FHOHWLXP� LV� FODVVLILHG� XQGHU� WKH� IDPLO\�
0HVHPEU\DQWKHPDFHDH� �$L]RDFHDH�� DQG� EHORQJV� WR� WKH�
VXE�IDPLO\�0HVHPEU\DQWKHPRLGHDH��3DWQDOD�DQG�.DQIHU��
������6PLWK�HW�DO����������7KH�JHQXV�QDPH�LV�GHULYHG�IURP�
WKH�ZRUG� µVFHOHWXV¶�ZKLFK�PHDQV µVNHOHWRQ¶�� UHIHUULQJ� WR�
WKH�SURPLQHQW�YHLQ�OLNH� OLQHV��ZKLFK�DUH�HDVLO\�YLVLEOH� LQ�
WKH�ROG��GU\�DQG�ZLWKHUHG�OHDYHV��)LJXUH�����*HULFNH�DQG�
9LOMRHQ���������7KH�ZRUG�0HVHPEU\DQWKHPXP�RULJLQDWHV�
IURP� WKH� QDPH� µPLGGD\� IORZHU¶�� ZKLFK� UHIHUV� WR� WKH�
RSHQLQJ�RI WKH�IORZHUV�DURXQG�QRRQ��DV�VKRZQ�LQ�)LJXUH�
����3ODQWV�WKDW�EHORQJ�WR�WKH�0HVHPEU\DQWKHPDFHDH�IDPLO\�
DUH�NQRZQ�E\�PRVW�6RXWK�$IULFDQV�DV�Y\JLHV��&KHVVHOHW�HW�
DO��������

7KH� JHQHUDO� DSSOLFDWLRQ� RI� 6FHOHWLXP� �$L]RDFHDH��
VXEIDPLO\�0HVHPEU\DQWKHPRLGHDH�� KDG�EHHQ� UHYLVHG�E\�
YDULRXV�DXWKRUV�VLQFH�WKH�JHQXV�ZDV�HVWDEOLVKHG�LQ������E\�
1�(��%URZQ� �*HULFNH� DQG�9LOMRHQ�� �������7KLV�JURXS�RI�
SODQWV� LV� FKDUDFWHULVHG� E\� WKH� VNHOHWRQLVHG� OHDI� YHQDWLRQ�
SDWWHUQ�YLVLEOH�LQ�GULHG�OHDYHV��,Q�������%LWWULFK�DUJXHG�IRU�
D� EURDGHU� DSSOLFDWLRQ� RI� 3K\OOREROXV� ZKLFK� LQFOXGHG�
6FHOHWLXP�DV�RQH�RI�ILYH�VXEJHQHUD��*HULFNH�DQG�9LOMRHQ��
������� 6LQFH� *HUEDXOHW� ������� ZDV� XQDEOH� WR� ILQG� D�

V\QDSRPRUSK\��D�XQLTXH�GHULYHG�FKDUDFWHU��IRU�%LWWULFK¶V�
EURDG�FRQFHSW�RI�3K\OOREROXV��VKH�UHLQVWDWHG�6FHOHWLXP�DV�
D�JHQXV��*HULFNH�DQG�9LOMRHQ���������6SHFLHV�RI�WKLV�JHQXV�
DUH�GLVWLQJXLVKHG�RQ�WKH�EDVLV�RI�YHJHWDWLYH�� IORZHU�� IUXLW�
DQG� VHHG� FKDUDFWHULVWLFV�� 6RPH� VSHFLHV� DUH� UHGXFHG� WR�
V\QRQ\P\� LQFOXGLQJ� 6�� MRXEHUWLL� /�� %RO��� DQG� 6��
QDPDTXHQVH�/��%RO��QRZ�FRQVLGHUHG�SDUW�RI�6��WRUWXRVXP���
6FHOHWLXP�H[KLELWV�D�FOLPELQJ�RU�GHFXPEHQW�KDELW�DQG�KDV�

&ŝŐƵƌĞ�ϭ͗��ŚĂƌĂĐƚĞƌŝƐƚŝĐ�ƐŬĞůĞƚŽŶŝƐĞĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ŽůĚ�
ůĞĂǀĞƐ�;'ĞƌŝĐŬĞ�ĂŶĚ�sŝůũŽĞŶ͕�ϮϬϬϴͿ͘

&ŝŐƵƌĞ�Ϯ͗�ZĞƉƌĞƐĞŶƚƐ�ƚŚĂƚ�ĚĞĐƵŵďĞŶƚ�ŚĂďŝƚ�ĂŶĚ�
ƐƵĐĐƵůĞŶƚ�ůĞĂǀĞƐ�ŽĨ�^ĐĞůĞƚŝƵŵ ƐƉƉ͘�;'ĞƌŝĐŬĞ ĂŶĚ�
sŝůũŽĞŶ͕�ϮϬϬϴͿ͘
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FKDUDFWHULVWLF� VXFFXOHQW� OHDYHV� ZLWK� ³EODGGHU� FHOOV´� RU�
LGLREODVWV�

7KH� JHQXV� 6FHOHWLXP� LV� GLVWULEXWHG� LQ� WKH� VRXWK�ZHVWHUQ�
SDUWV� RI� 6RXWK� $IULFD� DQG� KDV� DQ� DIILQLW\� IRU� DULG�
HQYLURQPHQWV�� ,W� LV� DPRQJVW� WD[D� WKDW� KDYH� EHHQ�
H[WHQVLYHO\� UHVHDUFKHG� LQ� WKH� SDVW� IHZ� GHFDGHV��
7UDGLWLRQDOO\�� SODQWV� RI� WKLV� JHQXV� KDYH� EHHQ� XVHG� WR�
UHOLHYH�WKLUVW�DQG�KXQJHU��WR�FRPEDW�IDWLJXH��DV�PHGLFLQHV�
DQG� IRU� VRFLDO� DQG� VSLULWXDO� SXUSRVHV� E\� 6DQ� KXQWHU�
JDWKHUHUV� DQG� .KRL� SDVWRUDOLVWV� �*HULFNH� DQG� 9LOMRHQ��
������� 6RXWK� $IULFD� FDQ� EHQHILW� IURP� WKH� VFLHQWLILF�
HYDOXDWLRQ�RI�WKLV�LQGLJHQRXV�SODQW�DQG�LWV�NQRZOHGJH�EDVH��
+RZHYHU�� WKH� FKHPLVWU\� DQG� SKDUPDFRORJ\� RI� PDQ\�
PHGLFLQDO�SODQWV�� VXFK�DV�6FHOHWLXP� WRUWXRVXP��KDYH�QRW�

\HW� EHHQ� WKRURXJKO\� LQYHVWLJDWHG� �+DUYH\�� ������� ,W� LV�
EHOLHYHG�WKDW�WKH�SK\WRFKHPLFDO�H[SORUDWLRQ�RI�WKH�JHQXV�
6FHOHWLXP� FRPPHQFHG� LQ������ZKHQ�0HLULQJ� LVRODWHG� D�
FUXGH� DONDORLG� PL[WXUH� IURP� 6�� WRUWXRVXP�� 7KLV� ZDV�
IROORZHG� E\� WKH� ZRUN� RI� =ZLFN\� LQ� ����� WKDW� LVRODWHG�
VHYHUDO� DONDORLGV� LQFOXGLQJ� PHVHPEULQH� DQG�
PHVHPEUHQLQH��*HULFNH�DQG�9LOMRHQ���������7KH�QXPEHU�
RI�6FHOHWLXP�VSHFLHV�ZLWKLQ�WKH�$L]RDFHDH�IDPLO\�WKDW�KDYH�
EHHQ� H[DPLQHG� IRU� WKH� SUHVHQFH� RI� DONDORLGV� KDV� EHHQ�
UHVWULFWHG�E\�WKHLU�JHRJUDSKLFDO�LQDFFHVVLELOLW\��:LWKLQ�WKH�
6FHOHWLXP� JHQXV�� D� QXPEHU� RI� DONDORLGV� DUH� SURGXFHG�
ZKLFK�PDLQO\�EHORQJ� WR� WKH� FULQDQH� FODVV�RI� FRPSRXQGV�
�-HIIV� HW� DO��� ������� EXW� QR� FRPSRXQG� EHORQJLQJ� WR� WKH�
WULWHUSHQH� FODVV� KDV� EHHQ� UHSRUWHG� WR� KDYH� EHHQ� LVRODWHG�
IURP�6FHOHWLXP�

�� 0DWHULDO�DQG�0HWKRGV

��� 3ODQW�FROOHFWLRQ

1LQHWHHQ� NJ� RI� 6FHOHWLXP� ZKROH� SODQW� PDWHULDO� ZDV�
KDUYHVWHG� RQ� ��� ± ��� -XQH� ����� XQGHU� VXQQ\� DQG� GU\�
FRQGLWLRQV�DW�.DPLHVNURRQ�LQ�WKH�1RUWKHUQ�&DSH�RI�6RXWK�
$IULFD��7KH�SODQW�PDWHULDO�ZDV�VXSSOLHG�WR�WKH�&RXQFLO�IRU�
6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��&6,5��IRU�WKLV�VWXG\�E\�
(QWHUSULVH� &UHDWLRQ� IRU� 'HYHORSPHQW� �(&'��� 3ODQW�
PDWHULDO�ZDV�FROOHFWHG�E\�DQ�LQGHSHQGHQW�FRQWUDFWRU�ZKR�
SUDFWLFHG� VWDQGDUG� RSHUDWLQJ� SURFHGXUHV� GXULQJ�
KDUYHVWLQJ�KDQGOLQJ��VWRUDJH�DQG�WUDQVSRUWDWLRQ��7KLV�VWXG\�
UHTXLUHG� KDUYHVWLQJ� RI� ZKROH� SODQW� PDWHULDO� E\� WKH�
VXSSOLHU��7KH�SODQW�PDWHULDO�ZDV�SRVLWLYHO\�LGHQWLILHG�DQG�
FRQILUPHG�WR�EH�6FHOHWLXP�WRUWXRVXP�1�(��%U��E\�WKH�6RXWK�
$IULFDQ� 1DWLRQDO� %LRGLYHUVLW\� ,QVWLWXWH� �6$1%,��� EDWFK�
QXPEHU���������*HQVSHF�1R��(&'03���������

��� 3ODQW�SUHSDUDWLRQ�DQG�H[WUDFWLRQ

$ERXW�����NJ�RI�ZHW�SODQW�PDWHULDO�ZDV�SODFHG�LQ�D����R&�
RYHQ� WR�GU\��7KH�GU\�SODQW�PDWHULDO�ZDV�QRW�JURXQG� WR�D�
ILQH� SRZGHU�� EXW� ZDV� EURNHQ� DQG� FUXVKHG� LQWR� VPDOOHU�
SLHFHV��)URP� WKDW�� �����NJ�ZDV� WUDQVIHUUHG� WR� D������PO�
JODVV� EHDNHU�� 7ZR� ODUJH�PDJQHWLF� VWLUUHUV� DQG� VXIILFLHQW�
PHWKDQRO� �0H2+�� VROYHQW�� HQRXJK� WR� FRYHU� WKH� SODQW�
PDWHULDO�ZDV�DGGHG��7KH�EHDNHU�ZDV�FRYHUHG�WLJKWO\�ZLWK�
D�SLHFH�RI�DOXPLQLXP�IRLO�EHIRUH�EHLQJ�SODFHG�RQ�D�VWLUULQJ�
KHDWLQJ�SODWH�DQG�KHDWHG�DW����R&�IRU���GD\V�����KUV���$�
PHUFXU\�WKHUPRPHWHU�ZDV�XVHG�WR�PRQLWRU�WKH�WHPSHUDWXUH�
WKURXJKRXW� WKH� H[WUDFWLRQ� SURFHVV�� $IWHU� H[WUDFWLRQ�� WKH�
FRQWHQWV�ZHUH�PL[HG�WKRURXJKO\�DQG�WKHQ�ILOWHUHG�WKURXJK�
ILOWHU� SDSHU� LQWR� D� �����PO� FRQLFDO� IODVN� FRQQHFWHG� WR� D�
YDFXXP�SXPS��7KH�H[WUDFW�ZDV� ILOWHUHG� WZLFH� WR� UHPRYH�
DQ\�GHEULV� UHPDLQLQJ� LQ� WKH�VXVSHQVLRQ��7KH�0H2+�ZDV�
HYDSRUDWHG� DW� ��� R&� XVLQJ� D� *HQH9DF�� 3HUVRQDO�

HYDSRUDWRU��7KH�FUXGH�H[WUDFW�ZDV� WKHQ�VWRUHG� LQ�D�GDUN��
FROG�URRP�DW���R&��

��� &RPSRXQG�LVRODWLRQ�DQG�SXULILFDWLRQ

2EWXVDOLQ�ZDV� LVRODWHG� IURP� WKH�PHWKDQRO� H[WUDFW� RI� 6��
WRUWXRVXP� XVLQJ� 3UHSDUDWLYH� /D\HU� &KURPDWRJUDSK\�
�3/&�� ZLWK� D� VROYHQW� V\VWHP� FRQWDLQLQJ� KH[DQH�� HWK\O�
DFHWDWH�DQG�WULHWK\ODPLQH�>+H[��(W2$F��(W�1��������@�DV�
HOXDQW�� 7KH� SODWH� ZDV� UXQ� WZLFH� WR� LPSURYH� VHSDUDWLRQ�
EHWZHHQ� FRPSRXQGV�� $� YHU\� WKLFN� EDQG� ZDV� REVHUYHG�
XQGHU�89� OLJKW� DQG�XVHG� IRU� IXUWKHU� SXULILHG�XVLQJ�3/&�
ZLWK� +H[�� (W$F�� (W�1� �������� DV� VROYHQW� V\VWHP��
8OWLPDWHO\�� �� PJ� RI� REWXVDOLQ� ZDV� LVRODWHG�� 105� �����
0+]��9DULDQ���ZDV� XVHG� WR� FRQILUP� WKH� VWUXFWXUH�� XVLQJ�
�+�� ��&�� &26<�� '(37�� +64&$'� DQG� +0%&$'�
SURWRFROV� WR� JHQHUDWH� FKHPLFDO� VKLIW� GDWD� IRU� VXEVHTXHQW�
FRPSDULVRQ�ZLWK�WKDW�IRXQG�LQ�WKH�OLWHUDWXUH�

� 5HVXOWV�DQG�GLVFXVVLRQ

7KH� PHWKDQRO� FUXGH� H[WUDFW� RI� 6�� WRUWXRVXP� ZDV�
IUDFWLRQDWHG� DQG� VHYHUDO� FRPSRXQGV� ZHUH� LVRODWHG��
SXULILHG�DQG�LGHQWLILHG��7KHVH�FRPSRXQGV�ZHUH�FRQILUPHG�
WR�EH�DONDORLGV�WKDW�KDYH�FRPPRQO\�EHHQ�UHSRUWHG�LQ�WKH�
H[WUDFWLRQ� RI� 6�� WRUWXRVXP�� QDPHO\�� PHVHPEULQH�� ¨��
PHVHPEUHQRQH�� ¨�� PHVHPEUHQRQH� �PHVHPEUDQRO�� DQG�
HSLPHVPEULQH��$Q�XQH[SHFWHG�ILQGLQJ�ZKLFK�ODWHU�EHFDPH�
DSSDUHQW��ZDV�WKDW�WKHVH�FRPSRXQGV�GHJUDGH�RYHU�D�SHULRG�
RI� WLPH�� YHULILHG� E\� WKH� GHJUDGDWLRQ� RI� PHVHPEULQH��
&RQVHTXHQWO\��WKH�FRPSRXQGV�KDG�WR�EH�UH�LVRODWHG��ZLWK�
PRUH�DWWHQWLRQ�EHLQJ�SDLG�WR�FKHPLFDO�LQVWDELOLW\�SUREOHPV��
$� VHSDUDWH� +LJK 3HUIRUPDQFH� /LTXLG� &KURPDWRJUDSK\�
�+3/&��VWXG\�ZDV�XQGHUWDNHQ�WR�HYDOXDWH�WKH�VWDELOLW\�DQG�
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GHWHUPLQH�LI�WKHUH�ZHUH�JUDGXDO�FKDQJHV�RFFXUULQJ�ZLWKLQ�
WKH� H[WUDFWV� ZKLOH� LQ� VWRUDJH�� 0HVHPEULQH� DQG� ¨��
PHVHPEUHQRQH� ZHUH� UH�LVRODWHG�� ZLWK� VRPH� PHDVXUH� RI�
VWDELOLW\�� EXW� WKH� RWKHU� WZR� FRPSRXQGV� KDG� GHJUDGHG� WR�
VXFK�DQ�H[WHQW�ZLWKLQ�WKH�H[WUDFW�WKDW�WKH\�FRXOG�QRW�EH�UH�
LVRODWHG�� ,Q� DGGLWLRQ� WR� WKHVH� FRPSRXQGV�� SLQLWRO� DQG�
VXFURVH�ZHUH�DOVR�LVRODWHG�IURP�WKH�SODQW��6HWVKHGL��������

$�SHQWDF\FOLF�WULWHUSHQRLG�FRQILUPHG�DV�REWXVDOLQ��)LJXUH�
���ZDV�LVRODWHG�IRU�WKH�ILUVW�WLPH�IURP�WKH�PHWKDQRO�H[WUDFW�
RI� 6�� WRUWXRVXP�� 7ULWHUSHQRLGV� DUH� JHQHUDOO\� YHU\� VWDEOH�
DQG�� XQOLNH� WKH� DONDORLGV� RI� WKLV� SODQW� PDWHULDO�� GR� QRW�
GHFRPSRVH�� EXW� ZHUH� IRXQG� LQ� ORZ� FRQFHQWUDWLRQV��
7ULWHUSHQRLGV�DUH�FRPPRQO\�IRXQG�LQ�PRVW�SODQWV�DQG�DUH�
SURGXFHG�E\�DUUDQJHPHQWV�RI�VTXDOHQ�HSR[LGH�LQ�D�FKDLU�
FKDLU�FKDLU�ERDW� DUUDQJHPHQW� VXEVHTXHQWO\� IROORZHG� E\�

FRQGHQVDWLRQ� �3DWRþND�� ������� 7KHVH� FRPSRXQGV� DUH�
LVRSHQWHQRLGV�FRPSRVHG�RI� WKLUW\�FDUERQ�DWRPV�DQG�PD\�
SRVVHVV�DF\FOLF��PRQR��GL���WUL���WHWUD� RU�SHQWDF\FOLF�FDUERQ�
VNHOHWRQV�� 3HQWDF\FOLF� WULWHUSHQRLGV� DUH� GRPLQDQW�
FRQVWLWXHQWV� RI� WKLV� FODVV� DQG� KDYH� EHHQ� ZLGHO\�
LQYHVWLJDWHG� �0DKDWR� DQG� .XQGX�� ������� 2EWXVDOLQ� LV� D�
SHQWDF\FOLF� WULWHUSHQH� EHORQJLQJ� WR� WKH� OXSDQH� FODVV� RI�
FRPSRXQGV��=KHQJ�HW�DO���������6LGGLTXL�HW�DO���������WKDW�
ZDV�ILUVW�LVRODWHG�E\�6LGGLTXL�DQG�FROOHDJXHV�LQ������IURP�
WKH�OHDYHV�RI�3OXPHULD�REWXVD��2EWXVDOLQ�IRUPV�SDUW�RI�LV�
WKH� IHZ� QDWXUDOO\� RFFXUULQJ� SHQWDF\FOLF� WULWHUSHQRLGV�
SRVVHVVLQJ�D�&����K\GUR[\O�JURXS� LQ�FRQMXQFWLRQ�ZLWK�D�
GRXEOH�ERQG�DW�&���� LQ� WKH� OXSLQH�FKDLQ�RI� WULWHUSHQRLGV�
�%HJXP�HW�DO��������DQG�6LGGLTXL�HW�DO����������3HQWDF\FOLF�
WULWHUSHQHV� DUH� UHSRUWHG� WR� SRVVHVV� D� ZLGH� VSHFWUXP� RI�
ELRORJLFDO� DFWLYLWLHV�� ZKHUH� VRPH� PD\� EH� XVHG� DV�
PHGLFLQHV��3DWRþND��������

&+�

&+�

2+

&+�

&+�
&+�

&+�

&+�
+

+
2+

�

�

�

�

�
�

�

�
�

��

��
��

��
��

��

��

��

��
��

��

��

��

��

����

��

��

��

��

��

)LJXUH����6WUXFWXUH�RI�&RPSRXQG��

7DEOH�����+�105�VSHFWUDO�GDWD�RI�FRPSRXQG����&'&O���LQ�FRPSDULVRQ�WR�WKDW�IRXQG�LQ�OLWHUDWXUH��&'&O����6LGGLTXL�HW�
DO��������

&RPSRXQG��

3URWRQ�1XPEHU -���+ࢾ LQ�+=��LVRODWHG� �/LWHUDWXUH����LQ�+=-�+��ࢾ

ࢻ� ������EUG��-  ������� ������GG��-  �����������

ࢻ� ������EUW��-  ������ ������GG��-  �����������

� ������P� ������GG� -� �����������

ࢻ�� ������EUGG��-  ���������� ������GGG��-  ����������������

ࢼ�� ������P� ������GGG��-  �����������������

�� ������EUV� ������W������

�� ������V� ������V�
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�� ������V� ������V�

�� ������V� ������V�

�� ������V� ������V�

��D ������EUG��-  ������ ������G��-  ������

��E ������EUG������� ������G������

�� ������V� ������V�

����� ������EUG��-  ����� ������G��-  �����

����� ������EUG��-� ����� ������G� -  �����

7DEOH������&��105�VSHFWUDO�GDWD�RI�FRPSRXQG����&'&O���LQ�FRPSDULVRQ�WR�WKDW�IRXQG�LQ�OLWHUDWXUH��&'&O����6LGGLTXL�HW�
DO��������DQG�%HJXP�HW�DO��������

&RPSRXQG��

&DUERQ�1XPEHU �VRODWHG,��&��ࢾ �LWHUDWXUH/��&��ࢾ

� ���� �����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

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

�� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����
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)LJXUH�����+572)06��(6,���FKURPDWRJUDP�RI�FRPSRXQG��

7KH�+572)06��(6,���VSHFWUXP��)LJXUH����RI�FRPSRXQG�
�� VKRZHG� D� SVHXGR�PROHFXODU� LRQ� VLJQDO� >0@�� DW� P�]�
��������� ZKLFK� FRUUHVSRQGV� WR� WKH� PROHFXODU� IRUPXOD�
&��+��2���7KHUH�DUH� VLJQLILFDQW� IUDJPHQWV�DV� LQGLFDWHG�
LQ�)LJXUH����7KLV�GDWD�VWURQJO\�LQGLFDWHV�WKDW�WKH�FRPSRXQG�
LV� RI� D� OXS����HQH� W\SH�� �+� 105�� ��&� 105� DQG�06�
VSHFWUDO�GDWD�RI�FRPSRXQG���DUH�LQ�DJUHHPHQW�ZLWK�WKRVH�
UHSRUWHG� LQ� OLWHUDWXUH� IRU� REWXVDOLQ� �6LGGLTXL� HW� DO��� �����

DQG�%HJXP�HW�DO����������2QH�ROHILQLF�SURWRQ�ZDV�REVHUYHG�
LQ�WKH�SURWRQ�105�VSHFWUXP��7DEOH����DQG�UHVRQDWHG�DW�į+�
������ZKLOH�WZR�VHFRQGDU\�PHWK\O�JURXSV�UHVRQDWHG�DW�į+�
������- �����+]��DQG�į+�������- �����+]���ILYH�WKUHH�SURWRQ�
VLQJOHWV�LQGLFDWLQJ�WHUWLDU\�PHWK\OV�WKDW�UHVRQDWHG�DW�į�������
�����������������DQG�������7KH���&�105�VSHFWUXP��7DEOH�
��� VKRZHG� WKH� SUHVHQFH� RI� ��� FDUERQ� VLJQDOV�� ROHILQLF�
FDUERQV�DW�į&���������DQG��������R[\JHQDWHG�FDUERQV�DW�į�
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�����DQG������DQG�VHYHQ�PHWK\OV�DW�į&���������������������
�����������������DQG������� �$FFRUGLQJO\�� WKH� VWUXFWXUH�RI�
FRPSRXQG���ZDV�DVVLJQHG�DV�REVWXVDOLQ�

� &RQFOXVLRQ

6FHOHWLXP� VSHFLHV� KDYH� EHHQ� VKRZQ� WR� FRQWDLQ� � LQGROH�
DONDORLGV�ZLWK�PHVHPEULQH�UHSRUWHG�DV�WKH�PRVW�DEXQGDQW�
DONDORLG�LQ�6��WRUWXRVXP��$�SHQWDF\FOLF�WULWHUSHQRLG��QRYHO�
WR� WKLV� VSHFLHV� DV� ZHOO� DV� WKH� JHQXV� ZDV� LVRODWHG� DQG�

UHSRUWHG� IRU� WKH� ILUVW� WLPH�� 105� DQG� +3/&�06�06�
DQDO\VHV� ZHUH� XVHG� WR� FRQILUP� WKH� VWUXFWXUH� RI� WKH�
FRPSRXQG��3HQWDF\FOLF�WULWHUSHQHV�DUH�UHSRUWHG�WR�SRVVHVV�
D�ZLGH�VSHFWUXP�RI�ELRORJLFDO�DFWLYLWLHV��ZLWK�VRPH�XVHG�DV�
PHGLFLQHV�

� $FNQRZOHGJPHQWV

:H�WKDQN�WKH�'HSDUWPHQW�RI�6FLHQFH�DQG�7HFKQRORJ\�IRU�
WKHLU�ILQDQFLDO�VXSSRUW�

)LJXUH����+573)06��(6,���IUDJPHQWDWLRQ�RI�FRPSRXQG����6KRZLQJ�SHDN�IUDJPHQWDWLRQ�FRUUHODWLQJ�WR�WKRVH�VLJQLILFDQW�
IUDJPHQWV ZKLFK�VWURQJO\�VXJJHVWV�WKDW�WKH�FRPSRXQG�LV�RI�D�OXS����HQH�W\SH�

5HIHUHQFHV

��3DWQDO�� 6� DQG� .DQIHU�� ,�� ������ ,QYHVWLJDWLRQ� RI� WKH�
SK\WRFKHPLFDO�FRQWHQW�RI�6FHOHWLXP�WRUWXRVXP IROORZLQJ�
WKH� SUHSDUDWLRQ� RI� �NRXJRHG�� E\� IHUPHQWDWLRQ� RI� SODQW�
PDWHULDO�´�-RXUQDO�RI�(WKQRSKDUPDFRORJ\���������������

��6PLWK��0�7���&URXFK��1��5���*HULFNH��1�DQG�+LUVW��0��
������ 3V\FKRDFWLYH� FRQVWLWXHQWV� RI� WKH� JHQXV� 6FHOHWLXP
1�(�%U�� DQG� RWKHU� 0HVHPEU\DQWKHPDFHDH�� D� UHYLHZ��
-RXUQDO�RI�(WKQRSKDUPDFRORJ\�����������������

��*HULFNH�� 1� DQG� 9LOMRHQ�� $�0�� ������ 6FHOHWLXP� � $�
UHYLHZ�XSGDWH��-RXUQDO�RI�(WKQRSKDUPDFRORJ\�������������
����

��&KHVVHOHW��3���6PLWK��*�)�DQG�9DQ�:\N��$�(��������$�
QHZ� WULEDO� FODVVLILFDWLRQ� RI� 0HVHPEU\DQWKHPDFHDH��
HYLGHQFH�IURP�IORUDO�QHFWDULHV��7D[RQRP\�����������������

��*HUEDXOHW�� 0�� ������ 5HYLVLRQ� RI� WKH� JHQXV� 6FHOHWLXP
1�(��%U��$L]RDFHDH���-RXUQDO�RI�%RWDQ\�������

��+DUYHU\��$��������6WUDWHJLHV�IRU�GLVFRYHULQJ�GUXJV�IURP�
SUHYLRXVO\�XQH[SORUHG�QDWXUDO�SURGXFWV��'UXJ�'LVFRYHULHV�
DQG�7KHUDSXWLFV�����������������

��6DUR\D��$�6��������0HGLFLQDO�SK\WRFKHPLVWU\��&KDS����
LQ� +HUEDOLVP�� SK\WRFKHPLVW\� DQG� HWKQRSKDUPDFRORJ\���
6FLHQFH�3XEOLVKHUV��������

��0DFtDV��)�$���*DOLQGR��-�/�*��DQG�*DOLQGR��-�&�*��������
(YROXWLRQ�DQG�FXUUHQW�VWDWXV�RI�HFRORJLFDO�SK\WRFKHPLVWU\��
-RXUQDO�RI�3K\WRFKHPLVWU\������������������

��0DUVWRQ��$��������5ROH�RI�DGYDQFHV�LQ�FKURPDWRJUDSKLF�
WHFKQLTXHV�LQ�SK\WRFKHPLVWU\��-RXUQDO�RI�3K\WRFKHPLVWU\��
����������������

���-HIIV�� 3�:��� &DSSV�� 7�0� DQG� 5HGIHDUQ�� 5�� ������
6FHOHWLXP DONDORLGV�� 6WUXFWXUHV� RI� ILYH� QHZ� EDVHV� IURP�
6FHOHWLXP� QDPDTXHQVH�� -RXUQDO� RI� 2UJDQLF� &KHPLVWU\��
����������



,VRODWLRQ�RI�D�SHQWDF\FOLF�WULWHUSHQRLG�IURP�6FHOHWLXP�WRUWXRVXP� E\�)RXFKp�HW�DO�������
3.)RNDP�-RXUQDO�RI�$SSOLHG�6FLHQFH�DQG�7HFKQRORJ\��LQDXJXUDO�(GLWLRQ��-XQH�����

,661�������² ������3ULQW���������������2QOLQH�

Ϯϳ

���=KHQJ��&�-���+DXQJ��%�.���:X��<�%���+DQ��7���=KDQJ��
4�<���=KDQJ��+�DQG�4XL��/�3��������7HUSHQRLGV�IURP�9LWH[�
QHJXQGR VHHGV�� %LRFKHPLFDO� 6\VWHPDWLF� DQG� (FRORJ\��
��������������

���6LGGLTXL��6���6LGGLTXL��%�6���1DHHG��$�DQG�%HJXP��6��
������ 3HQWDF\FOLF� WULWHUSHQRLGV� IURP� WKH� OHDYHV� RI�
3OXPHULD� REWXVD�� -RXUQDO� RI� 3K\WRFKHPLVWU\�� ��������
����������

���%HJXP��6���1DHHG��$���6LGGLTXL��%�6�DQG�6LGGLTXL��6��
������ &KHPLFDO� FRQVWLWXHQWV� RI� WKH� JHQXV� 3OXPHULD�
-RXUQDO�RI�&KHPLFDO�6RFLHW\�RI�3DNLVWDQ������������������

���3DWRþND�� -�� ������ %LRORJLFDOO\� DFWLYH� SHQWDF\FOLF�
WULWHUSHQHV� DQG� WKHLU� FXUUHQW� PHGLFLQH� VLJQLILFDWLRQ��
-RXUQDO�RI�$SSOLHG�%LRPHGLFLQH������������

���6HWVKHGL�� ,�%�� ������ 3K\WRFKHPLFDO� LVRODWLRQ� RI�
FRPSRXQGV� IURP� WKH� SODQW� 6FHOHWLXP� WRUWXRVXP��
'LVVHUWDWLRQ��KWWS���XLU�XQLVD�DF�]D�KDQGOH������������

����0DKDWR��6�%�DQG�.XQGX��$�3����������&�105�VSHFWUD�
RI� SHQWDF\FOLF� WULWHUSHQRLGV� � $� FRPSLODWLRQ� DQG� VRPH�
VDOLHQW�IHDWXUHV��-RXUQDO�RI�3K\WRFKHPLVWU\���������������
�����



)DFWRUV�DIIHFWLQJ�WKH�JOREDO�GLIIXVLRQ�RI�DQ�$IULFDQ�DQLPDO�JHQHWLF�UHVRXUFH��WKH�FDVH�VWXG\�RI�WKH�
&DPHURRQ�%ODFNEHOO\ VKHHS�E\�0HND HW�DO���� ² ��

3.)RNDP�-RXUQDO�RI�$SSOLHG�6FLHQFH�DQG�7HFKQRORJ\��LQDXJXUDO�(GLWLRQ��-XQH�����
,661�������² ������3ULQW���������������2QOLQH�

Ϯϴ

)DFWRUV�DIIHFWLQJ�WKH�JOREDO�GLIIXVLRQ�RI�DQ�$IULFDQ�DQLPDO�JHQHWLF�UHVRXUFH��WKH�FDVH�VWXG\�RI�WKH�&DPHURRQ %ODFNEHOO\�
VKHHS

0HND�]LEL�,,��0�$
���0HXWFKLH\H��)
���1WVROL��-���7DGDNHQJ�<���)RQWHK��)

'HSDUWPHQW�RI�$QLPDO�6FLHQFH��)$6$��8QLYHUVLW\�RI�'VFKDQJ�3�2��%R[������'VFKDQJ�&DPHURRQ


�$XWKRUV�IRU�FRUUHVSRQGHQFH��IPHXWFKLH\H#XQLY�GVFKDQJ�RUJ���PHNDDUWKXU#\DKRR�FD

$EVWUDFW

6KHHS�IDUPLQJ�LV�D�YLWDO�FRPSRQHQW�LQ�WKH�IRRG��HFRQRPLF�
DQG�VRFLR�FXOWXUDO�VHFXULW\�RI�PDQ\�FRXQWULHV�DURXQG�WKH�
ZRUOG��6KHHS�DUH�SUHVHQW�LQ�PRVW�FRXQWULHV�RI� WKH�ZRUOG��
SURYLQJ� WKHLU� DGDSWDWLRQ� FDSDFLWLHV� WR� GLIIHUHQW� FOLPDWLF�
FRQGLWLRQV� DQG� DJUR�HFRORJLFDO� ]RQHV� LQ� GLIIHUHQW�
FRXQWULHV�� %HFDXVH� RI� WKHVH� FDSDELOLWLHV�� WKH\� KDYH� EHHQ�
ZLGHO\� GLVVHPLQDWHG� LQ� RUGHU� WR� HQKDQFH� WKHLU� JHQHWLF�
SRWHQWLDO�� 6HYHUDO� HOHPHQWV� KDYH� FRQWULEXWHG� WR� WKH�
GLYHUVLILFDWLRQ� DQG� GLVVHPLQDWLRQ� RI� WKLV� ELRGLYHUVLW\��
LQFOXGLQJ� WKH� KXPDQ� VODYH� WUDGH� ZDYHV�� 'XULQJ� WKHVH�
PRYHPHQWV�� &DPHURRQ� RYLQH� ELRGLYHUVLW\� KDV� EHHQ�
H[SRUWHG�DQG�GLVWULEXWHG�WKURXJKRXW�WKH�ZRUOG��SDUWLFXODUO\�
WKH�%ODFNEHOO\�VKHHS�EUHHG��:LWKLQ�WKH�IUDPHZRUN�RI�WKH�
:RUOG� $FWLRQ� 3ODQ� IRFXVLQJ� RQ� WKH� FKDUDFWHUL]DWLRQ� RI�
QDWLYH� ELRGLYHUVLW\�� LW� LV� LPSRUWDQW� WR� WUDFH� WKH� GLVSHUVDO�
URXWHV�DQG�PRGHOV�RI�WKLV�SDUWLFXODU�EUHHG�DFURVV�WKH�ZRUOG�
LQ� RUGHU� WR�GHPRQVWUDWH� WKH� LPSDFW� RI� VODYH� WUDGH� LQ� WKH�
GLVVHPLQDWLRQ� RI� DQLPDO� PDWHULDO�� EXW� DOVR� WR� FROOHFW�
LQIRUPDWLRQ�RQ�WKH�ZD\V�RI�DGDSWDWLRQ�DQG�H[SORLWDWLRQ�RI�
WKH�%ODFNEHOO\�VKHHS�DURXQG�WKH�ZRUOG��7KLV�FRXOG�HQDEOH�
WKH� FRQVHUYDWLRQ� DQG� EHWWHU� LPSURYHPHQW� RI� WKLV� JHQHWLF�
UHVRXUFH�LQ�&DPHURRQ�IRU�WKH�EHQHILW�RI�SRSXODWLRQ��)URP�
SXEOLFDWLRQV�FROOHFWHG�RQ� WKH�PDWWHU�DURXQG� WKH�ZRUOG�� LW�
DSSHDUV�WKDW�VODYH�WUDGH�DQG�WKH�WULDQJXODU�WUDGHV�ZHUH�WKH�
PDLQ� IDFWRUV� RI� JOREDO� GLIIXVLRQ� RI� WKH� &DPHURRQ�
%ODFNEHOO\�VKHHS��7KH�%ODFNEHOO\�KDV�EHHQ�VSUHDG�LQ�WZR�
FRQWLQHQWV��$PHULFD�DQG�(XURSH��EXW�LWV�PDLQ�VHWWOLQJ�DUHD�
ZDV�WKH�&DULEEHDQ��7KH�%DUEDULF�,VODQG�ZDV�WKH�PDLQ�SRLQW�
RI� DGDSWDWLRQ� RI� WKLV� EUHHG� KHQFH� WKH� QDPH� %DUEDGRV�
%ODFNEHOO\ IURP� ZKLFK� VHYHUDO� FRXQWULHV� KDYH� UHIXHOHG��
7KH�%ODFNEHOO\�VKHHS�KDV�EHHQ�DGRSWHG�DV�DQ�RIILFLDO�EUHHG�
DIWHU� LPSURYHPHQW� LQ� �� FRXQWULHV�� %DUEDULF� ,VODQG�
�%DUEDGRV %ODFNEHOO\��� WKH� 8QLWHG� 6WDWHV� �$PHULFDQ�
%ODFNEHOO\��� *HUPDQ\� �.DPHUXQ� 6FKDIH��� DQG� LQ�
0DUWLQLTXH� �0DUWLQLN� 6KHHS��� $OO� WKHVH� YDULHWLHV� VKDUH�
VRPH� VSHFLILF� IHDWXUHV� WKDW� KDYH� UHPDLQHG� YHU\� FORVH� WR�
WKDW� RI� WKH� VKHHS� RI� &DPHURRQ� QRWDEO\�� WKH� EURZQ� FRDW�
FRORU� ZLWK� D� EODFNEHOO\�� UHVLVWDQFH� WR� GLVHDVHV� �WU\SDQR�
WROHUDQW���KDUG\��DQG�SUROLILF��:RUOGZLGH�� WKH�%ODFNEHOO\�
VKHHS� LV�H[SORLWHG�IRU�PHDW�� OHDWKHU��SUHVWLJH��HFRWRXULVP�
DQG�PLON�LQ�VRPH�H[WHQW��7KH�FXUUHQW�VWDWH�RI�LQIRUPDWLRQ�
RQ�%ODFNEHOO\�LQ�&DPHURRQ�LV�OLPLWHG�WR�GHVFULSWLYH�VWXG\�
DQG�VRPH�SKHQRW\SLF�DVVHVVPHQW�� ,Q�GHSWK�VWXGLHV�RQ� LWV�
PRGH� RI� H[SORLWDWLRQ� DQG� LWV� PROHFXODU� JHQHWLFV� ZLOO�
FHUWDLQO\�DOORZ�EHWWHU�XQGHUVWDQGLQJ�RI�WKLV�EUHHG�WR�SODQ�
IRU�PHWKRGV�RI�FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�LPSURYHPHQW�

.H\�ZRUGV��%ODFNEHOO\�VKHHS��FRORQL]DWLRQ��LQWHUQDWLRQDO�
WUDGH��ELRGLYHUVLW\��&DPHURRQ

,QWURGXFWLRQ

6KHHS� RU�2YLV� DULHV /LQQDHXV� ����� LV� RQH� RI� WKH� ROGHVW�
GRPHVWLF�DQLPDOV��,W�LV�ZLGHVSUHDG�WKURXJKRXW�WKH�ZRUOG��
ZLWK�KLJK�QXPEHUV��GHPRQVWUDWLQJ� WKH�DELOLW\� WR�DGDSW� WR�
GLIIHUHQW� FOLPDWHV� DQG� XQLYHUVDO� LQWHUHVW� �0H\HU� HW� DO���
�������7KH�VKHHS�LV�RQH�RI�WKH�ILUVW�VSHFLHV�GRPHVWLFDWHG�
E\�KXPDQV�DIWHU�WKH�GRJ�DQG�JRDW��DURXQG������� �����%&��
7KH�GRPHVWLFDWLRQ�RI�VKHHS�WRRN�SODFH�LQ�WKH�UHJLRQ�RI�WKH�
�IHUWLOH� FUHVFHQW�� �7XUNH\�� 6\ULD�� ,UDT�� SUHVHQW� GD\� ,UDQ��
�0H\HU� HW� DO��� �������6KHHS� IURP�$IULFD� DQG�(XURSH� DUH�
GLVWULEXWHG�IURP�WKLV�FHQWHU��/DXYHUJQH���������7KH�VKHHS�
DSSHDUHG� IRU� WKH� ILUVW� WLPH� LQ� (XURSH� LQ� ����� %&� WR�
$UJLVVD�0DJXOD�� ,W� DUULYHG� LQ� :HVWHUQ� (XURSH� D� IHZ�
FHQWXULHV�ODWHU��E\�ODQG�DQG�E\�VHD��$�VHFRQG�ZDYH�RI�VKHHS�
DUULYHG�LQ�:HVWHUQ�(XURSH�GXULQJ�WKH�VHFRQG�DQG�WKH�WKLUG�
FHQWXU\��7KHVH�DQLPDOV�ZHUH�ODUJHU�DQG�KDG�ZRRO�IOHHFH��
7KH�VKHHS�ZDV�DOUHDG\�SUHVHQW� LQ�1RUWK�$IULFD��HQWHULQJ�
WKURXJK� (J\SW� DURXQG� ����� %&�� ,Q� $IULFD�� WKHUH� DUH�
WU\SDQR�WROHUDQW� VKHHS� EUHHGV�� LQGLFDWLQJ� WKH� DQFLHQW�
SUHVHQFH�RI� WKLV� VSHFLHV� ORFDOO\� �0DVRQ�� ������0H\HU� HW�
DO��� ������� 7KHVH� DUH� VPDOOHU� VKHHS� DGDSWHG� WR� WKH�
HFRORJLFDO� FRQGLWLRQV� RI� :HVW� $IULFD�� KHQFH� WKH� QDPH�
�:HVW� $IULFDQ� GZDUI� VKHHS��� :LWK� WKH� PRYHPHQWV� RI�
KXPDQV�DQG�DQLPDOV��VHYHUDO�DQLPDO�VSHFLHV�KDYH�PRYHG�
IURP�RQH�DUHD�WR�DQRWKHU� 7KHVH�PRYHPHQWV�KDYH�EHHQ�DW�
WKH�RULJLQ�RI�VHYHUDO�VKHHS�JHQHWLF�EUHHGV�LQ�WKH�ZRUOG��

7KLV�SDSHU�ILQGV�WUDFHV�RI�VHYHUDO�YHU\�ROG�EUHHGV�LQ�DUHDV�
WKDW�DUH�QRW�WKHLU�]RQH�RI�RULJLQ��IRU�WKH�SDUWLFXODU�FDVH�RI�
%ODFNEHOO\��IURP�&DPHURRQ��WKHLU�WUDFHV�FDQ�EH IRXQG�LQ�
$PHULFD�� WKH� &DULEEHDQ� DQG� HYHQ� LQ� (XURSH�� *HQHWLF�
FKDUDFWHUL]DWLRQ� KDV� IRU� VRPH� \HDUV� EHHQ� WKH�PHWKRG� RI�
GHVFULELQJ�DQG�FODVVLI\LQJ�OLYHVWRFN�EUHHGV�XVLQJ�PHDVXUHV�
RI�JHQHWLF�GLVWDQFHV�EHWZHHQ�SRSXODWLRQV��&DYDOOL�6IRU]D�
DQG�(GZDUGV��������1HL��������1HL�HW�DO����������,QGHHG��
IRU�VKHHS��/DXYHUJQH��������H[SODLQV�WKDW�YLVLEOH�PDUNHUV�
FRXOG� EH� XVHG� WR� PHDVXUH� TXLWH� VLPSO\� WKH� GHJUHH� RI�
DUFKDLVP�RI� D� VKHHS�SRSXODWLRQ�� FRPSRVLWLRQ�� FRORUDWLRQ�
DQG�PROWLQJ�RI� WKH�IOHHFH�� W\SH�RI�KRUQ��FRQIRUPDWLRQ�RI�
WKH� KHDG� �FKDPIHU�� HDUV��� WDLO� VKDSH�� 7KLV� IDFLOLWDWHV� WKH�
GHVFULSWLRQ�RI�VKHHS�JHQHWLF�GLYHUVLW\�LQ�WKH�ZRUOG��1LMPDQ�
HW� DO��� ������� VXSSRUWV� WKDW� PW'1$� FDQ� DOVR� SURYLGH� D�
TXLFN�ZD\� WR� GHWHFW� K\EULGL]DWLRQ� EHWZHHQ� IDUP� VSHFLHV�
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DQG� ZLOG� VXE�VSHFLHV�� 2I� UHFHQW�� PLFURVDWHOOLWHV� EHFDPH�
SULPH� PDUNHUV� IRU� WKH� VWXG\� RI� GLYHUVLW\� �5XDQH� ������
6XQQXFNV�������EHFDXVH�RI�WKHLU�FR�GRPLQDQW�QDWXUH��HDVH�
RI� DPSOLILFDWLRQ� DQG� K\SHUYDULDELOLW\� ZKLOH� 613V� DUH�
EHFRPLQJ� PRUH� SRSXODUL]HG�� 7KH� EORRG� JURXSV� DQG�
ELRFKHPLFDO� SRO\PRUSKLVPV� RI� GRPHVWLF� DQLPDOV� KDYH�
EHHQ� VWXGLHG� VLQFH� WKH� HDUO\� ����V� DQG� KDYH� VLQFH� EHHQ�
XVHG�WR�FRPSDUH�UDFHV�DQG�VWXG\�WKH�UHODWLRQVKLSV�EHWZHHQ�
WKHP��*URVFODXGH�HW�DO����������

,W�KDSSHQV�WKDW���PDLQ�EUHHGV�ZHUH�GHVFULEHG�LQ�&DPHURRQ�
DQG� DUH� WKH� VXEMHFW� RI� D� VXPPDU\� NQRZOHGJH� RI� WKHLU�
FKDUDFWHULVWLFV�� 'RXWUHVVRXOH� ������� GHVFULEHG� WKH�
'MDOORQNH�� %DUGRX[� ������� GHVFULEHG� WKH� .LUGL� EUHHG��
'XPDV� ������� ZRUNHG� RQ� WKH� 3HXKO� DQG� 8GD� EUHHGV��
0DQMHOL��������GHVFULEHG�WKH�%ODFNEHOO\�EUHHG�

2ULJLQ�DQG�GHVFULSWLRQ RI�WKH�&DPHURRQ�%ODFNEHOO\�VKHHS�

7KH�FKDUDFWHUL]DWLRQ�RI�DQLPDO�VSHFLHV�FRQVLVWV�LQ�WKH�ILUVW�
SKDVH� LQ� D� FODVVLILFDWLRQ� DQG� GHVFULSWLRQ� RI� DQLPDO� XQLWV�
FDOOHG� UDFHV� �*L]DZ�� ������� 7KH� JHQHWLFV� RI� $IULFDQ�
SDVWRUDOLVP� LV� FRQWURYHUVLDO� DQG� RIWHQ� YHU\�
XQGHUGHYHORSHG� �+DQRWWH� HW� DO��� ������� 'MDOORQNp� VKHHS�
LQFOXGH� DOO� WKH� PRVW� FRPPRQ� WU\SDQR�WROHUDQW� VKHHS�

SRSXODWLRQV� LQ� WVHWVH�LQIHVWHG� DUHDV� RI�:HVW� DQG�&HQWUDO�
$IULFD�� VRXWK� RI� WKH� ��WKR SDUDOOHO� �)$2�� ������� 7KHVH�
VKHHS�ZRXOG�FRPH� IURP�)RXWD�'MDOORQ�LQ *XLQHD��KHQFH�
WKH� RULJLQ� RI� WKH� QDPH� 'MDOORQNH�� DQG� ZRXOG� KDYH� IRU�
DQFHVWRU��WKH�(J\SWLDQ�VKHHS�2YLV�ORQJLSHV �'HYHQGUD�DQG�
0F/HUR\�� ������� 7KH�PRVW� FRPPRQO\� HQFRXQWHUHG� FRDW�
SDWWHUQV� DUH� EODFN�� EODFN�OHJJHG� DQG� PRUH� UDUHO\� ZKLWH��
UHG��UHG�OHJJHG��)LJXUH�����,Q�FHUWDLQ�UHJLRQV��SDUWLFXODUO\�
LQ� WKH� (DVW� RI� &DPHURRQ��� WKHUH� DUH� DQLPDOV� ZLWK� D�
SDUWLFXODU� WDZQ\� FRDW�ZLWK� EHOO\� DQG� OHJV� FRORUHG�EODFN��
ZKLFK� JLYHV� WKHP� WKH� QDPH� RI� %ODFNEHOO\ LQ� (QJOLVK�
�9DOOHUDQG�DQG�%UDQFNDHUW���������7KH�%ODFNEHOO\�VKHHS�LV�
D�EUHHG�ZLWK�D�ILQH��VPRRWK��WDLO��WKH�KHDG�LV�VPDOO�ZLWK�D�
VWUDLJKW�SURILOH��7KH�HDUV�DUH�VPDOO�DQG�VOLJKWO\�GURRSLQJ�
�0DQMHOL� HW� DO��� ������� ,W� FDQ� UHDFK� ��� WR� ��� FP� DW� WKH�
ZLWKHUV��7KLV�VXE�UDFH�LV�JHQHWLFDOO\�VWDEOH�DQG�WKH�DQLPDOV�
KDYH� D� PRUH� DGYDQWDJHRXV� H[WHUQDO� DSSHDUDQFH�� 7KLV�
LPSUHVVLRQ�LV�FRQILUPHG�E\�WKHLU�DYHUDJH�ZHLJKW��ZKLFK�LQ�
DGXOW�IHPDOHV�RI�WKLV�VXE�EUHHG�H[FHHGV����NJ��9DOOHUDQG�
DQG�%UDQFNDHUW���������,Q�&DPHURRQ�WKH�%ODFNEHOO\�VKHHS�
LV�XVHG�RQO\�IRU�WKH�SURGXFWLRQ�RI�PHDW��WKH�PDOH�FDQ�UHDFK�
��� WR���NJ��1HYHUWKHOHVV�� WKH�SURGXFWLRQ� RI�&DPHURRQ
V�
%ODFNEHOO\�VKHHS�PLON�LV�DSSUHFLDEOH��UDQJLQJ�IURP������WR�
�����OLWHUV�SHU�ZHHN��0DQMHOL�HW�DO���������

)LJXUH��� &DPHURRQ�%ODFNEHOO\�\RXQJ�UDP

6SUHDGLQJ�IDFWRUV�DQG�H[SORLWDWLRQ�RI�%ODFNEHOO\�VKHHS

7KH� %ODFNEHOO\� VKHHS� E\� LWV� TXDOLWLHV� RI� DGDSWDWLYH�
SURGXFWLRQ�WUDLWV�KDV�EHHQ�ZLGHO\�GLVWULEXWHG�LQ�WKH�ZRUOG�
IRU� D� KDLU� VKHHS��7KLV� KDV� XQGRXEWHGO\� EHHQ� IDYRUHG� E\�
VHYHUDO�IDFWRUV�VXFK�DV�WULDQJXODU�WUDGH�DQG�WKH�VODYH�WUDGH��
7KLV� GHPRQVWUDWHV� WKDW� WKH� PHWKRG� DQG� FKURQRORJ\� RI�
GLVSHUVLRQ� RI� $IULFDQ� DQLPDO� EUHHGV� DOVR� KDYH� D� QRQ�
QXFOHDU�FDXVH��+DQRWWH�HW�DO����������7KHVH�WZR�PRYHPHQWV�
RI�WKH�ZHVWHUQ�FRORQLDO�HUD�KDYH�KDG�D�VLJQLILFDQW�LPSDFW�
RQ� WKH� GLVWULEXWLRQ� RI� DQLPDO� PDWHULDO�� DQG� PRUH�
VSHFLILFDOO\�RQ�GZDUI�VKHHS�LQ�:HVW�$IULFD��1DYHV�HW�DO���
�������2QH� RI� WKH� GHWHUPLQLQJ� IDFWRUV� IRU� WKH� VSUHDG� RI�
%ODFNEHOO\� VKHHS� LQ� WKH� &DULEEHDQ� DQG� VRPH� /DWLQ�
$PHULFDQ� FRXQWULHV� ZHUH� WULDQJXODU� WUDGH� ZLWK� :HVW�
$IULFDQ� SRUWV�� VLPXOWDQHRXVO\� ZLWK� KXPDQ� WUDIILFNLQJ�

�1DYHV�0HW�DO����������,W�UHVXOWHG�LQ�UHFXUUHQW�LQWURGXFWLRQV�
RI� GRPHVWLF� DQLPDOV� IURP� :HVW� $IULFD�� EHWZHHQ� WKH�
VL[WHHQWK� FHQWXU\� DQG� WKH� EHJLQQLQJ� RI� WKH� QLQHWHHQWK�
FHQWXU\� �0DLOODUG� DQG�0DLOODUG���������)RU� LQVWDQFH�� WKH�
DQDO\VLV�RI�PLWRFKRQGULDO�'1$�RI�VRPH�ERYLQH�JHQRW\SHV�
LQ� WKH� &DULEEHDQ� DQG� $PHULFD� KDV� GHPRQVWUDWHG� WKHLU�
$IULFDQ�RULJLQ��,Q�$VLDQ�FKLFNHQV��QLQH�GLIIHUHQW�FODGHV�RI�
PW'1$�KDYH�EHHQ�LGHQWLILHG��/LX�HW�DO���������WKDW�VXJJHVW�
PXOWLSOH�RULJLQV�LQ�6RXWK�DQG�6RXWKHDVW�$VLD��7KHVH�UHVXOWV�
LQGLFDWH� WKDW� WKH� NQRZOHGJH� DERXW� IDUP� DQLPDOV¶�
GRPHVWLFDWLRQ� DQG� JHQHWLF� GLYHUVLW\� LV� VWLOO� ODUJHO\�
LQFRPSOHWH�� 7KHUHIRUH�� LW� LV� HVWDEOLVKHG� WKDW� WKHUH� LV� D�
VWURQJ� JHQHWLF� FRPSRQHQW� RI� $IULFDQ� RULJLQ� LQ� WKH�
&DULEEHDQ� FRXQWULHV¶� VKHHS� EUHHGV� �%ODFNEHOO\ RU�
3HOLEXH\���LQ�WKH�&UHROH�JRDWV�RI�WKH�$QWLOOHV��3pSLQ���������
DQG�LQ�WKH�&UHROH�FDWWOH�RI�*XDGDOXSH��0LUHWWL�HW�DO���������
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1DYHV� DQG� ������� ([FKDQJHV� KDYH� DOVR� WDNHQ� SODFH�
EHWZHHQ� WKH� &DULEEHDQ� LVODQGV� DQG� WKH� $PHULFDQ�
FRQWLQHQW�� LQ� WKH� 1RUWK� DV� ZHOO� DV� 6RXWK� �0DLOODUG� DQG�
0DLOODUG�������/XFHUR�HW�DO���������

([SDQVLRQ� WR� WKH� &DULEEHDQ� DQG� $PHULFD� �6RXWK� DQG�
1RUWK��

7KH� %ODFNEHOO\� VKHHS� KDV� KDG� D� ODUJH� GLVSHUVDO� LQ� WKH�
&DULEEHDQ�DQG�PDLQO\�LQ�WKH�%DUEDULDQ�,VODQG��6KHOWRQ�HW�
DO��� ������� 'XULQJ� WKH� SHULRG� RI� WKH� VODYH� WUDGH�� WKH�
WULDQJXODU� WUDGH� DOORZHG� WKH� WUDQVLW� RI� JRRGV� EHWZHHQ�
$PHULFD��(XURSH�DQG�$IULFD��7KHVH�PRYHPHQWV�DFURVV�WKH�
$WODQWLF� 2FHDQ� LQFOXGHG� VHYHUDO� &DULEEHDQ� FRXQWULHV�
�&XED�� 'RPLQLFD�� -DPDLFD�� 7ULQLGDG� DQG� 7REDJR��
0DUWLQLTXH�� %DUEDGRV� HWF���� 7KH� VKLSV� IURP� $IULFD�
WUDQVSRUWHG� VODYHV� EXW� DOVR� DQLPDOV� IURP� $IULFD�� 7KLV�
PRYHPHQW�DOORZHG�WKH�WUDQVSRUW�RI�$IULFDQ�VKHHS�EUHHGV�
WR�WKH�&DULEEHDQ��+LVWRULF�UHVHDUFK�GHPRQVWUDWHG�WKDW�WKH�
)XUU\�VKHHS LQ�WKH�&DULEEHDQ�LV�RI�$IULFDQ�RULJLQV��QDPHO\�
IURP�1LJHULD��$QJROD�DQG�&DPHURRQ�GXULQJ�WKH�SHULRG�RI�
VODYH�WUDGH��0DVRQ��������

7KH�%DUEDGRV

%DUEDGRV� FRXOG� EH� FRQVLGHUHG� DV� WKH� PDLQ� DUHD� RI�
LQVWDOODWLRQ� DQG� DGDSWDWLRQ� RI� %ODFNEHOO\� VKHHS� IURP�
$IULFD� �ODWHU� PHQWLRQHG� DV� &DPHURRQLDQ� VKHHS���
$FFRUGLQJ�WR�WKH�%%6$,���������WKH�%ODFNEHOO\�DUULYHG�LQ�

WKH�%DUEDGRV�,VODQG�GXULQJ� WKH�SHULRG�RI�FRORQL]DWLRQ�RI�
WKH�LVODQG�E\�WKH�(XURSHDQV��&RPEV��������KDV�HVWDEOLVKHG�
WKDW�GXULQJ�WKH�ILUVW�TXDUWHU�RI�WKH�FHQWXU\�RI�FRORQL]DWLRQ��
D� EDWFK� RI� %ODFNEHOO\� VKHHS� ZDV� VHW� XS� RQ� WKH� LVODQG�
IROORZLQJ�%ULWLVK�FRORQL]DWLRQ�LQ�������7KLV�VKHHS�DGDSWHG�
WR�WKLV�FOLPDWH�GXULQJ�WKH�H[FKDQJHV�RI WKH�VODYH�WUDGH�KDV�
PHGLXP� DQG� KRUL]RQWDO� HDUV�� ,W� LV� FDOOHG� %DUEDGRV�
EODFNEHOO\� ZLWK� UHIHUHQFH� WR� %DUEDGRV� ZKLFK� LV� DW� WKH�
RULJLQ�RI�LWV�H[SDQVLRQ��6KHOWRQ�HW�DO����������7KH�SDWWHUQ�
RI�%ODFNEHOO\�FRORU��ZKLFK�VHHPV�WR�EH�VLPSO\�LQKHULWHG��LV�
IRXQG�LQ�WKH�FXUUHQW�SRSXODWLRQV�RI�'MDOORQNH W\SH�VKHHS�
LQ� :HVW� $IULFD�� 7KLV� REVHUYDWLRQ�� DQG� VHYHUDO� RWKHU�
IHDWXUHV�WKDW�WKH�EUHHG�VKDUHV�ZLWK�WKH�:HVW�$IULFDQ VKHHS��
LQFOXGLQJ�WKH�VKDSH�DQG�VL]H�RI�WKH�HDU��RI�FRXUVH��WKH�KDLU�
�)LJXUH� ���� LQGLFDWHV� D� :HVW� $IULFDQ� RULJLQ� IRU� WKH�
%DUEDGRV�%ODFNEHOO\ VKHHS�EUHHG��+RZHYHU��WKH�ODWWHU�KDV�
WZR�GLVWLQFWLYH�IHDWXUHV��QDPHO\��D�ODUJHU�DYHUDJH�VL]H�RI�
DOO� �:HVW� $IULFDQ�� SRSXODWLRQV�� DQG� KLJKHU� SUROLILFDF\�
�)LW]KXJK� DQG�%UDGIRUG�� ������� ,W� LV� D� ODUJHU� VKHHS� WKDQ�
&DPHURRQ� VKHHS� DQG� LV� JHQHUDOO\� XVHG� IRU� PHDW�
SURGXFWLRQ�� (ZHV� UDLVHG� IURP� ����� WR� ����� DW� WKUHH�
ORFDWLRQV�LQ�%DUEDGRV�SURGXFHG������OLWWHUV�RI�PLON��ZLWK�
�����ODPEV��DQ�DYHUDJH�RI������ODPEV�SHU�OLWWHU��DQG�DW�DQ�
DYHUDJH� ODPELQJ� LQWHUYDO� RI� ����� PRQWKV�� 5DVWRJL� HW� DO�
�������REVHUYHG�������VLQJOH�ELUWK��������WZLQV��������
WULSOHWV�������TXDGUXSOHWV�DQG������TXLQWXSOHWV�

)LJXUH����%DUEDGRV�%ODFNEHOO\�UDP

&XED

$FFRUGLQJ�WR�0DVRQ���������WKH�&XEDQ�VKHHS�DSSDUHQWO\�
DOVR�FDPH�IURP�$IULFD��,W� LV�HVWLPDWHG�WKDW�DERXW�����RI�
VKHHS�LQ�&XED�DUH�KDLU�EUHHGV�RULJLQDOO\�FDOOHG�3HOREXH\�
&DUQHUR �WKDW� LV�� EHHI�KDLUHG� VKHHS�� WKDW� KDV� EHHQ�
VKRUWHQHG�WR�3HOLEXH\��7KHVH�VKHHS�DUH�DOVR�FDOOHG�&ULROOR��
EXW� WKH\� GLIIHU� IURP� WKH� UHDO�&ULROOR RI� WKH�PDLQODQG� RI�
/DWLQ�$PHULFD��ZKLFK�DUH�ZRRO�VKHHS�RI�WKH�&KXUUR�EUHHG�
RI� 6SDLQ� �6KHOWRQ� HW� DO��� ������� 3HOLEXH\ VKHHS� KDYH� D�
YDULHW\�RI�FRORUV��LQFOXGLQJ�EURZQ��RU�UHG���FUHDP�ZKLWLVK�
DQG�ZKLWH��EODFN��DQG�PRUH��7KH�ILUVW�WKUHH�FRORUV�DUH�WKH�
PRVW�FRPPRQ�DQG�DUH�FRORUV�WKDW�ZRXOG�EH�LQKHULWHG�IURP�
WKHLU�$IULFDQ� RULJLQV��3HOLEXH\ VKHHS� RQ� VWDWH� IDUPV� DUH�
HLWKHU�UHG�RU�ZKLWH��5HG�DQLPDOV��ZKLFK�DUH�EHOLHYHG�WR�EH�
SK\VLFDOO\�VWURQJHU��DUH�SUHIHUUHG��,Q�DGGLWLRQ��WKH�UHG�FRORU�

LV�GRPLQDQW�LQ�WKH�3HOLEXH\��EXW�QRW�FRPSDUHG�WR�WKH�ZKLWH�
W\SHV�LQ�WKH�(XURSHDQ�EUHHGV�

'RPLQLFDQ�5HSXEOLF

7KHUH� DUH� KDLUHG� VKHHS� LQ� WKH� 'RPLQLFDQ� 5HSXEOLF��
$FFRUGLQJ�WR�0DVRQ���������WKHUH�DUH�DERXW��������VKHHS�
LQ� WKH�'RPLQLFDQ�5HSXEOLF� DQG�����RI� WKHP�DUH�KDLUHG�
VKHHS�� 7KHUH LV� D� UHSRUW� RI� VRPH�&XEDQ�3HOLEXH\ VKHHS�
IURP�WKH�'RPLQLFDQ�5HSXEOLF��0DVRQ��������

0H[LFR

7KHUH�DUH�DOVR�WUDFHV�RI�%ODFNEHOO\�LQ�0H[LFR��,Q�IDFW��WKHUH�
LV�D�VKHHS�EUHHG�LQ�0H[LFR�FDOOHG�7DEDVFR RU�3HOLEXH\ RI�
0H[LFR� ZKRVH� RULJLQV� DUH� FRQQHFWHG� WR� WKH� %ODFNEHOO\�
VKHHS�RI�$IULFD��)LJXHLUHGR�HW�DO����������LQ�WKH�DQDO\VLV�RI�
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VKHHS� RULJLQ� DVVXPH� WKDW� WKH� 3HOLEXH\� RI� 0H[LFR� ZDV�
LQWURGXFHG�IURP�&XED�DURXQG�WKH�����V��,Q�DGGLWLRQ�WR�WKH�
DEVHQFH� RI� KRUQV� LQ� ERWK� VH[HV�� LW� ZDV� IRXQG� WKDW� FRDW�
FRORUV�SDWWHUQV�DUH�FORVH� WR� WKRVH� LQ�%ODFNEHOO\��=DUD]XD�
DQG�3DGLOKD� ��������KDYH�VKRZQ�WKDW� WKLV�EUHHG� LV�HDVLO\�
DGDSWHG�WR�ZHW�FOLPDWH��ZLWK�ORQJHU�UDLQ\�VHDVRQV��ZKHUH�
KHDW�DQG�KXPLGLW\�DUH�KLJK��VLPLODU�WR�WKH�KXPLG�WURSLFV¶�
FRQGLWLRQV��7KLV�EUHHG� LV� UDLVHG�PDLQO\� IRU�PHDW��PDWXUH�
DQLPDOV�DUH������FP� IRU� WKH�KHLJKW�DW�ZLWKHUV��ZLWK� OLYH�
ERG\� ZHLJKW� UDQJLQJ� IURP� ��� NJ�IHPDOH�� HW� QHDU� ��NJ�
�PDOH�����

7ULQLGDG�7REDJR

6KHHS�SURGXFWLRQ�KDV�EHHQ�SUDFWLFHG�LQ�7REDJR�IRU�PRUH�
WKDQ�����\HDUV��7KHUH�ZHUH�QR�QDWLYH�VKHHS�LQ�7REDJR�DQG�
WKH�FXUUHQW�VKHHS�DUH�GHVFHQGDQWV�RI�WKH�LPSRUWHG�EUHHGV��
$V�HDUO\�DV�������D�UDP�DQG�WZR�SXUHEUHG�:HVW�$IULFDQ�
HZHV� ZHUH� LPSRUWHG� IURP� %DUEDGRV�� ,W� LV� XQFOHDU� DV� WR�
ZKHQ� %DUEDGRV� ILUVW� LPSRUWHG� %ODFNEHOO\� WR� 7REDJR�
RFFXUUHG�� ,Q� ������ WKH� EUHHGLQJ� SROLF\ RI� WKH� 7REDJR�
*RYHUQPHQW� )DUP� ZDV� GLUHFWHG� WRZDUGV� WKH� JUDGXDO�
HVWDEOLVKPHQW� RI� D� IORFN� RI� %ODFNEHOO\� VKHHS� IURP�
%DUEDGRV�DQG�LQ������WKUHH�VKHHS�EUHHGV�ZHUH�PDLQWDLQHG�
WKHUH�� QDPHO\�� %ODFNKHDG� 3HUVLDQ��:HVW� $IULFDQ� 'ZDUI
DQG�%DUEDGRV�%ODFNEHOO\ �)LW]KXJK DQG�%UDGIRUG��������
/DWHU�RQ��RWKHU�LPSRUWV�RI�%DUEDGRV�%ODFNEHOO\�WRRN�SODFH�
IURP�WKH�:HVW�,QGLHV��LQ�������DQG�%DUEDGRV������������
7KH� PDMRULW\� RI� VKHHS� LQ� 7REDJR� DUH� UDLVHG� E\� VPDOO�
IDUPHUV�LQ�JURXSV�RI�RQH�WR�ILYH�DV�D�UHDG\�VRXUFH�RI�PRQH\�
RU�PHDW�IRU�D�VSHFLDO�RFFDVLRQ��,Q�7ULQLGDG�7REDJR�IDUPV��
WKH�%ODFNEHOO\�VKHHS�FDQ�ZHLJK����WR���NJ�DW�PDWXULW\�

&RORPELD

&RORPELD� KDV� DOVR� LQKHULWHG� DQLPDO� JHQHWLF� PDWHULDO�
GXULQJ�WKH�VODYH�WUDGH��6KHOWRQ�HW�DO����������$IULFDQ�VKHHS�
LQ� &RORPELD� DUH� VLPLODU� WR� 3HOLEXH\ IURP�0H[LFR�� 7KH�
\HOORZ�RU�6XGDQ�W\SH�YDULHV�IURP�\HOORZ�WR�UHGGLVK�EURZQ�
LQ� FRORU� �2WHUR� DQG�&UX]�� �������$IULFDQ� VKHHS� DUH� DOVR�
NQRZQ�DV�3HORQD RU�&DPXUD DQG�KDYH�H[LVWHG�LQ�&RORPELD�
IRU� RYHU� ���� \HDUV�� 6RPH� H[FHSWLRQDO� FKDUDFWHULVWLFV� RI�
WKHVH� JHQRW\SHV� LQFOXGH� DGDSWDWLRQ� WR� ZDUP� FOLPDWHV��
KDUGLQHVV�DQG�TXDOLW\�RI�PHDW�� ,W� LV�JHQHUDOO\� UHFRJQL]HG�
WKDW�WKHVH�VKHHS�ZHUH�EURXJKW�IURP�:HVW�$IULFD�RQ�VODYH�
VKLSV� �6KHOWRQ� HW� DO��� ������� ,Q� &RORPELD�� VKHHS� DUH�
JHQHUDOO\� NHSW� LQ� VPDOO� KHUGV� RI� OHVV� WKDQ ��� DQLPDOV�
JUD]LQJ� WKH� OHVV� SURGXFWLYH� DUHDV� RI� WKH� IDUPV�� 7KH\�
UHFHLYH� VSHFLDO� FDUH� DQG�GHULYH�PXFK�RI� WKHLU� IRRG� IURP�
EURZVLQJ�DQG�DJUR�LQGXVWULHV�E\�SURGXFWV��7KHLU�JHVWDWLRQ�
SHULRG� LV� ������ GD\V� IRU� VLQJOH� ODPELQJ�� ZLWK� ODPELQJ�
LQWHUYDOV� RI� ������ GD\V �3DVWUDQD� HW� DO��� ������� $QLPDOV�

ZHLJK�����NJ�DW�ELUWK��������NJ�DW�ZHDQLQJ����PRQWKV������
���NJ�IRU�RQH�\HDU�DQG����DQG���NJ�IRU�PDOH�DQG�IHPDOH�
IDWWHQHG� DQLPDOV� ���� PRQWKV� ROG��� $Q� DGXOW� PDOH� XQGHU�
LQWHQVLYH� FRQGLWLRQV� FDQ� ZHLJK� XS� WR� ��NJ� �2WHUR� DQG�
&UX]�� ������� 2WKHU� VWXGLHV� VKRZ� WKDW� DGXOW� IHPDOHV� DQG�
PDOHV�ZHLJKHG������DQG������NJ��ZLWK������DQG�����FP�IRU�
FKHVW� JLUWK�� DQG� KHLJKW� DW� WKH� ZLWKHUV� ����� DQG� ����FP�
UHVSHFWLYHO\��3DVWUDQD�HW�DO����������7KH�DYHUDJH�DJH�DW�ILUVW�
ODPELQJ�LV�������PRQWKV��7KH IHUWLOLW\�UDWH�UHDFKHV������
ZLWK�D�SUROLILFDF\�UDWH�RI������

8QLWHG�6WDWHV

7KH�8QLWHG�6WDWHV�KDYH�IRU�VHYHUDO�\HDUV�JLYHQ�SDUWLFXODU�
LQWHUHVW� LQ�%ODFNEHOO\�VKHHS��*HQHWLF�DQDO\VLV�RI�PRGHUQ�
$PHULFDQ� EUHHGV� KDV� GHPRQVWUDWHG� D� YDULHW\� RI� RULJLQV��
(XURSH��&DPSEHOO�DQG�/DVOH\��������'DYLV�HW�DO����������
$IULFD� DQG� ,QGLD� �6SHOOHU� HW� DO�� ������� 7KH� %DUEDGRV�
%ODFNEHOO\�FRPH�IURP�FURVVHV�PDGH�IURP�VKHHS�ZLWK�KDLU�
IURP� (DVW� $IULFD�� 2ULJLQDOO\� IURP� %DUEDGRV�� WKH\� KDYH�
H[WHQGHG�WR�WKH�HQWLUH�:HVW�$PHULFD��$FFRUGLQJ�WR�&RPEV�
������� �� HZHV� DQG� D� %DUEDGRV� %ODFNEHOO\� UDP� ZHUH�
LPSRUWHG�WR�WKH�86�LQ������E\�WKH�86'$��,W�LV�IURP�WKHVH�
WKDW� WKH� $PHULFDQ� %DUEDGRV� %ODFNEHOO\ RU� $PHULFDQ�
%ODFNEHOO\ VKHHS�EUHHG�ZDV�GHYHORSHG��&2''���������,W�
LV�DVVXPHG�WKDW�WZR�W\SHV�RI�ILQH��VPRRWK��WDLO�VKHHS�FDPH�
WR�$PHULFD��2QH��ZLWKRXW�PDQH��SUREDEO\�IURP�VDYDQQDK�
DUHDV�LQ�WKH�&RQJR�UHJLRQ��LQFOXGLQJ�QRUWKHUQ�$QJROD�DQG�
&DPHURRQ��7KHVH�DUH�EHOLHYHG� WR�EH� WKH�DQFHVWRUV�RI� WKH�
0RUDGD�1RYD RI� QRUWK�HDVWHUQ�%UD]LO� DQG� RWKHU� KDLUOHVV�
VKHHS��0DVRQ��������%UDGIRUG�DQG�)LW]KXJK���������7KH�
DQLPDOV� WKDW� JDYH� RULJLQ� WR� WKHVH� W\SHV� RI� VKHHS� ZHUH�
SUREDEO\� VHOHFWHG� IURP� IORFNV� ZLWK� D� KLJK� IUHTXHQF\� RI�
EURZQ� FRORU� DQG� LWV� FRPELQDWLRQV�� 7KH� $PHULFDQ�
%ODFNEHOO\�VKHHS�W\SH��$PHULFDQ�YDULDQW��ORRNV�PRUH�OLNH�
D� &DPHURRQLDQ� W\SH� RI� JUHDW� VL]H�� 7KLV� EUHHG� ZLWK� WKH�
3DLQWHG�'HVHUW�� WKH�7H[DV�'DOO�� WKH�'HVHUW�6DQG DQG�WKH�
%ODFN�+DZDLLDQ��LV�SDUW�RI�WKH��&RUVLFDQV�VKHHS���$OO�WKHVH�
EUHHGV�KDYH�WKH�SDUWLFXODULW\�RI�KDYLQJ�EHHQ�REWDLQHG�LQ�WKH�
ODVW�FHQWXU\�LQ�WKH�8QLWHG�6WDWHV��E\�FURVVLQJ�DQLPDOV�IURP�
WKH� %DUEDGRV� ZLWK� 0RXIORQV� �&RUVLFD��� EXW� DOVR�
5DPERXLOOHW� 0HULQRV� DQG� 'RUVHWV� �&2''�� ������� 7KH�
FRDW� LV� H[FOXVLYHO\� WDZQ\�� IURP� OLJKW� WR� UHGGLVK� EURZQ�
�)LJXUH�����7KLV�EUHHG�LV�FRQVLGHUHG�PRVWO\�IRU�PHDW��7KH�
ZHLJKW�RI�$PHULFDQ�%ODFNEHOO\�LV�VLJQLILFDQWO\�KLJKHU�WKDQ�
WKDW�RI�WKH�&DPHURRQ�W\SH��UHFRUGV�LQ�PDWXUH�LQGLYLGXDOV�
VKRZ����WR���NJ�IRU�WKH�HZH�DQG�XS�WR�������NJ�UDP��7KH�
SUROLILFDF\�RI�WKH�$PHULFDQ�%ODFNEHOO\�LV�FORVH�WR�������
GRXEOHV�RU� WULSOHWV�DUH�FRPPRQ��TXDGUXSOHWV�DUH�QRW� UDUH�
DQG�RFFDVLRQDOO\�TXLQWXSOHWV�
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)LJXUH�����$PHULFDQ�%ODFNEHOO\�UDP

7KH�0DUWLQLTXH

6KHHS� ZHUH� LQWURGXFHG� WR� WKH� :HVW� ,QGLHV� IURP�
FRORQL]DWLRQ�DQG�PRUH�OLNHO\�IURP�WKH�VKRUHV�RI�WKH�*XOI�
RI�*XLQHD�LQ�$IULFD��7KH\�DUH�KDLU\�VKHHS��FORVHO\�UHODWHG�
WR� WKH� 'MDOORQNH� VKHHS� RU� :HVW� $IULFDQ� W\SHV�� 7KH�
0DUWLQLN�VKHHS� LV�VHOHFWHG�IURP�%DUEDGRV�%ODFNEHOO\�� ,Q�
������WKH�0DUWLQLN�VKHHS�EHQHILWHG�IURP�WKH�HVWDEOLVKPHQW�
RI� D� EUHHGLQJ� SURJUDP� EDVHG� RQ� VHYHQ� SULYDWH� IDUPV�
JURXSHG� WRJHWKHU� LQ� D� 6HOHFWLRQ� %RG\� �8QLRQ� IRU� WKH�
6HOHFWLRQ�RI�0DUWLQLN�6KHHS��DSSURYHG�E\�WKH�0LQLVWU\�RI�
$JULFXOWXUH�� &DUULHG� RXW� LQ� FROODERUDWLRQ� EHWZHHQ� WKH�
YDULRXV�SDUWQHUV�RI�WKH�JHQHWLF�VHFWRU�LQ�)UDQFH��LW�ZDV�WKHQ�
SRVVLEOH�WR�VXSSO\�WKH�EUHHGHUV�ZLWK�VKHHS�RI�ZHOO�NQRZQ�
EUHHGV��DQG�HYDOXDWHG�RQ�WKHLU�UHVXOWV�REWDLQHG�LQ�FRQWURO�
RI� SHUIRUPDQFHV� �9HUWXHX[� HW� DO��� ������� 2I� UHFHQW�

FUHDWLRQ�� WKH�0DUWLQLN� VKHHS EUHHG� LQFOXGHV� DQLPDOV� RI�
YDULRXV� FRDWV�� EXW� ZLWK� YHU\� VLPLODU� DELOLWLHV�� 7KH� DGXOW�
VKHHS�ZHLJKV�RQ�DYHUDJH�IURP����WR����NJ�DQG�WKH�UDPV�
IURP����WR����NJ��DFFRUGLQJ�WR�WKH�FRQGLWLRQV�RI�EUHHGLQJ��
7KH�KHLJKW� DW� WKH�ZLWKHUV� IRU� HZHV� LV� DURXQG���FP��7KH�
VPDOO�HDUV�DUH�ERUQH�KRUL]RQWDOO\�DQG�WKH�WDLO�LV�RI�PHGLXP�
OHQJWK��DERYH�WKH�KRFN���IHUWLOLW\�LV�����DQG�SURGXFWLYLW\�
���� �8620�� ������� :HOO�IHG� DGXOW�0DUWLQLN� VKHHS DUH�
JHQHUDOO\� VWURQJ� HQRXJK� QRW� WR� UHTXLUH� DQWKHOPLQWLF�
WUHDWPHQW�� ZLWK� WKH� H[FHSWLRQ� RI� D� IHZ� HZHV� DURXQG�
ODPELQJ�� ZLWK� OLWWHUV� RI� WZR� RU� PRUH� ODPEV�� 5HFHQW�
FRPSDULVRQV�ZLWK�ZRROHQ�EUHHGV�KDYH�DOVR�GHPRQVWUDWHG�
KLJKHU� JHQHWLF� UHVLVWDQFH� WR� SDUDVLWHV� LQ�0DUWLQLN� ODPEV��
PDNLQJ� WKHP�DQ� LQWHUHVWLQJ�EUHHG� IRU� YDORUL]LQJ� WURSLFDO�
SDVWXUHV��,15$��������

)LJXUH������0DUWLQLN�UDP�� �8620�������

([SDQVLRQ�WR�(XURSH�

(XURSH�ZDV�WKH�GHFLVLRQ�SRLQW�RI�WKH�VSUHDG�RI�%ODFNEHOO\�
VKHHS�WR�WKH�&DULEEHDQ�DQG�$PHULFD�WKURXJK�WKH�WULDQJXODU�
WUDGH�RI�WKH�FRORQLDO�HUD�

*HUPDQ\

2ULJLQDOO\�� IURP�:HVW�$IULFD�� WKH�SDWK� WKDW� OHG� WKLV�ZLOG�
VKHHS�EUHHG� WR�(XURSH�ZDV�XQXVXDO�� ,Q�*HUPDQ\�DURXQG�
WKH� ����V�� =RRORJLFDO� JDUGHQV� ZHUH� FUHDWHG�� )RU� WKLV�

UHDVRQ��IHURFLRXV�EHDVWV�KDYH�EHHQ�VKLSSHG�IURP�$IULFDQ�
FRORQLDO�FRXQWULHV�DPRQJVW�ZKLFK�ZHUH�OLRQV�DQG�OHRSDUGV��
$V�SURYLVLRQV�IRU�ZLOG�DQLPDOV��D�EUHHG�RI�$IULFDQ�VKHHS�
ZDV�EURXJKW��6RPH�VKHHS�VXUYLYHG�WKHVH�WULSV�DQG�VWDUWHG�
EHLQJ� UHDUHG�� *HUPDQ\� HPSLUH� ZDV� HVWDEOLVKHG� LQ� WKHQ�
FDOOHG�.DPHUXQ IURP� ZKHUH� WKH� FRORQLDO� DGPLQLVWUDWLRQ�
H[WUDFWHG� QXPHURXV� OLYLQJ� UHVRXUFHV� WR� (XURSH� ZKHUH�
WUDFHV�DUH�VWLOO�YLVLEOH��7KH�FUDGOH�RI�&DPHURRQ�%ODFNEHOO\�
VKHHS�LV�(DVW�)RUHVW��0RORXQGRX��ZKHUH�D�VPDOO�*HUPDQ�
FRORQ\�ZDV�HVWDEOLVKHG�LQ�ODWH�����V��6KHHS�LQ�SDUNV�DQG�
]RRV� KDYH� JDLQHG� JUHDW� SRSXODULW\� DQG� WRGD\� WKH\� DUH�
PDLQO\�IRXQG�LQ�DPDWHXU�EUHHGHUV��EHFDXVH�WKH�&DPHURRQ�
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VKHHS� DUH� FRQYHQLHQW� DQG� UREXVW� ODQGVFDSHUV�� &DOOHG�
�.DPHUXQ� VFKDIH�� �)LJXUH� ���� &DPHURRQLDQ� VKHHS�
H[SHULHQFHG� D� YHU\� JRRG� DGDSWDWLRQ� LQ� *HUPDQ\�
�/DG\EXJ�)DUP�� �������0RVW� EODFN� VKHHS� EUHHGHUV� NHHS�
WKHLU�VKHHS�DV�PHDW�VXSSOLHUV��7KH�REMHFWLYH�LV�WKH�SURSHU�
IRUPDWLRQ�RI�YDOXDEOH�SLHFHV�RI�PHDW�RQ�WKH�EDFN�DQG�OHJ��

$QLPDOV VODXJKWHUHG�EHWZHHQ���DQG���PRQWKV�IRU�DERXW����
���NJ�RI�PHDW��7KH�PHDW�KDV�D�WDVWH�DQG�DSSHDUDQFH�VLPLODU�
WR� WKDW� RI� JDPH�PHDW� VXFK� DV� WKH� XVXDO� ODPE�PHDW�� 7KH�
H[TXLVLWH� WDVWH� LV� QRW� ORVW� HYHQ� LQ� WKH� VODXJKWHU� RI� ROG�
DQLPDOV�

)LJXUH�����.DPHUXQ�VFKDIH�UDP

2WKHU�(XURSHDQ�FRXQWULHV

7KH�&DPHURRQLDQ�VKHHS�KDV�DOVR�EHHQ�ORFDWHG�LQ�VHYHUDO�
RWKHU�(XURSHDQ�FRXQWULHV��SDUWLFXODUO\�LQ�)UDQFH��(QJODQG�
DQG� WKH� 1HWKHUODQGV�� $OWKRXJK� WKH� PHFKDQLVPV� RI�
GLIIXVLRQ�UHPDLQ�YHU\�GLIILFXOW�WR�WUDFH��WKH�DXWKRUV�DJUHH�
WKDW�LW�ZDV�IDYRUHG�E\�WKH�WUDGH�URXWHV�IDYRUHG�GXULQJ�WKH�
SHULRG� RI� FRORQL]DWLRQ�� )URP� &RPEV� ������� ILQGLQJV��
%ODFNEHOO\�VKHHS�ZDV�LQWURGXFHG�LQ�(QJODQG�DQG�

1HWKHUODQGV�GXULQJ�WKH�ILUVW�TXDUWHU�RI���WK FHQWXU\��7KHUH�
KDYH� EHHQ� VRPH� HDUO\� EUHHG� DVVRFLDWLRQV� DQG� UHODWLYHO\�
LQWHUHVWLQJ� OLWHUDWXUH� RQ� WKLV� EUHHG� LQ� &HQWUDO� DQG� HYHQ�
HDVWHUQ� (XURSH� ZKLFK� FRXOG� KDYH� FRQWULEXWHG� WR� WKH�
SRSXODUL]DWLRQ�RI�WKLV�VKHHS�JHQRW\SH�WR�(XURSH�DQG�RWKHU�
GLUHFWLRQV�DV�SHW�RU�]RR�DQLPDO��0DWKLHX��������
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0LJUDWLRQ�ZDYHV�DQG�VSDWLDO�GLVWULEXWLRQ�%ODFNEHOO\�VKHHS

0XOWLSOH�PRYHPHQWV�RI�%ODFNEHOO\�VKHHS�RFFXUUHG�LQ�VHYHUDO�FHQWXULHV��ILUVW�QRUWKHUQ�WR�(XURSH�DQG�ZHVWHUQ�DV�VKRZQ�E\�WKH�
ILJXUH����

)LJXUH�����0DS�RI�%ODFNEHOO\�VKHHS�GLVSHUVDO�LQ�WKH�ZRUOG

3ULPDU\�PLJUDWLRQ

7KH� YHU\� ILUVW� GRFXPHQWHG�PLJUDWLRQV� RI� WKH�%ODFNEHOO\�
IURP�&HQWUDO�$IULFD� �LWV� FUDGOH�� WR�RWKHU� KRUL]RQV�ZKLFK�
GDWHG�EDFN�IURP�WKH���WK FHQWXU\��7KLV�PLJUDWLRQ�ZDV�WKHQ�
IDFWRUHG�E\�WZR�PDLQ�SKHQRPHQD��WKH�VODYH�WUDGH�DQG�WKH�
FRORQL]DWLRQ��,I�WKH�PHFKDQLVPV�DUH�QRW�FOHDUO\�HVWDEOLVKHG�
RQ�WKH�SULPDU\�PLJUDWLRQ�RI�%ODFNEHOO\��LW�LV�UHFRJQL]HG�E\�
VHYHUDO� DXWKRUV� �)LW]KXJK� DQG� %UDGIRUG�� ������ 0DVRQ��
������6KHOWRQ�HW�DO���������WKDW��WKHVH�WZR�SKHQRPHQD�KDG�
D�JUHDW�LPSDFW�RQ�WKH�VSUHDG�RI�WKLV�JHQHWLF�PDWHULDO��7KH�
PDLQ� FRXQWULHV� ZLWK� WKLV� SULPDU\� PLJUDWLRQ� ZDYHV� ZHUH�
%DUEDGRV�� &XED�� %UD]LO�� &RORPELD� DQG� 7ULQLGDG� DQG�
7REDJR�

6HFRQGDU\�PLJUDWLRQ

$IWHU�WKH�WUDQVIHU�RI�WKLV�JHQHWLF�UHVRXUFH�IURP�$IULFD�WR�
WKH�&DULEEHDQ�FRXQWULHV��RWKHU�FRXQWULHV�LQWHUHVWHG� LQ�WKH�
TXDOLWLHV�RI�SURGXFWLRQ��DGDSWDWLRQ�EXW�HVSHFLDOO\�GLVHDVH�
UHVLVWDQFH�LPSRUWHG�WKH�%ODFNEHOO\�VKHHS�PDLQO\�IURP�WKH�
%DUEDULDQ�LVODQGV��7KHVH�ZHUH�PDLQO\�WKH�8QLWHG�6WDWHV�RI�
$PHULFD�DQG�0DUWLQLTXH��DQG�VXUSULVLQJO\�IURP�WKHVH�VLWHV�
WR� (XURSH� �*UHDW� %ULWDLQ� DQG� WKH� 1HWKHUODQGV��� ,Q� WKHVH�
QHZ�GHVWLQDWLRQV��QHZ�YDULHWLHV�RI�%ODFNEHOO\�VKHHS�ZHUH�
GHYHORSHG� ZLWK� HPSKDVLV� HLWKHU� RQ� FURVVLQJ� RU� ODWHU� RQ�

VHOHFWLRQ�� 7KH� PDLQ� PHFKDQLVPV� ZHUH� LPSRUWDWLRQ� DQG�
FRORQL]DWLRQ��5DVWRJL�HW�DO���������1DYHV�HW�DO���������

7HUWLDU\�PLJUDWLRQ

7KH�PLJUDWLRQ�RI�%ODFNEHOO\� VKHHS� LV�FRQWLQXRXV��ZLWKLQ�
WKH�YDULRXV�WKH�KRVW�FRXQWULHV�IRU�VHYHUDO�SXUSRVHV��PDLQO\�
DGDSWDWLRQ�� ,Q� WKH� PRVW� UHFHQW� PLJUDWLRQ� WUDFHDEOH�
DFWLYLWLHV��)UDQFH�DQG�0DUWLQLTXH�ZHUH�LQYROYHG��LW�UHVXOWHG�
LQ�WKH�GHYHORSPHQW�RI�WKH�0DUWLQLN�EUHHG �0DWKLHX���������
7UDQVERXQGDU\�PLJUDWLRQ�LV�DOVR�YHU\�FRPPRQ�LQ�&HQWUDO�
$IULFD��WKRXJK�OHVV�GRFXPHQWHG��

&RQFOXVLRQ

7KH�%ODFNEHOO\�VKHHS��RULJLQDWHG�LQ�WURSLFDO�KXPLG�$IULFD��
SUREDEO\� &HQWUDO� $IULFD� DQG� KDV� EHFRPH� YHU\� SRSXODU�
WKURXJKRXW� \HDUV�� 7KH� EUHHG� SRSXODULW\� LV� EDVHG� RQ� LWV�
DELOLW\�WR�DGDSW�DQG�LWV�KLJK�SUROLILFDF\��%ODFNEHOO\�VKHHS�
KDV�EHHQ�ZLGHO\�GLVWULEXWHG�WKURXJKRXW�WKH�ZRUOG�WKURXJK�
WKH� VODYH� WUDGH� DQG� WULDQJXODU� WUDGH�� 7KHUH� DUH� YDULRXV�
YDULHWLHV��EXW�DOO�LQGLFDWLQJ�WKH�WHQGHQF\�IRU�PHDW��,Q�RUGHU�
WR� HQKDQFH� LWV� JHQHWLF� SRWHQWLDO�� VHYHUDO� FRXQWULHV� KDYH�
GHYHORSHG�PRUH�SURGXFWLYH�JHQHWLF�W\SHV�WKURXJK�VHOHFWLRQ�
DQG�GRXEOH�FURVVLQJ��7KH�RULJLQDO�WUDLWV�UHPDLQHG�WKH�VDPH�
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LQ�PDQ\�RI�WKHVH�EUHHGV�WKXV�IDYRULQJ�WKH�LGHQWLILFDWLRQ�RI�
WKHLU� RULJLQ� DV� &DPHURRQ� %ODFNEHOO\� VKHHS�� 7KHVH�
PRYHPHQWV� RI� WKH� FRORQLDO� HUD� ZLOO� KDYH� KDG� D� PDMRU�
LPSDFW� LQ� WKH� GLVVHPLQDWLRQ� RI� DQLPDO�PDWHULDO� EHWZHHQ�
(XURSH�� $IULFD� DQG� $PHULFD�� 'HHSHU� PROHFXODU�

LQYHVWLJDWLRQV�DUH�WR�EH�GRQH�WR�DWWHVW�WKH�JHQHWLF�GLVWDQFHV�
DQG� QHZV� WUDLWV�� ZKLOH� &DPHURRQ� JRYHUQPHQW� VKRXOG�
LQYHVW�PRUH�IRU�WKH�SURWHFWLRQ��RZQHUVKLS�DQG�YDORUL]DWLRQ�
RI�WKLV�LPSRUWDQW�ELRGLYHUVLW\�UHVRXUFH��

5HIHUHQFHV�

%DUEDGRV� %ODFNEHOO\� 6KHHS� $VVRFLDWLRQ� ,QWHUQDWLRQDO��
������ &KLOGUHQ¶V� =RR� %DUQ\DUG�� %DUEDGRV� � %ODFNEHOO\��
6+((3�'HVFULSWLRQ���S

%DUGRX[�3��������/HV�SHWLWV�UXPLQDQWV�GDQV�OD�3URYLQFH�GH�
O¶([WUrPH�1RUG� GX� &DPHURXQ�� HQTXrWH� ]RRWHFKQLTXH��
,5=�,(097�

&DPSEHOO��-�5��HW�/DVOH\��-�)��������7KH�VFLHQFH�RI�DQLPDOV�
WKDW�VHUYH�KXPDQLW\��1HZ�<RUN��0FJUDZ�+LOO�

&DYDOOL�6IRU]D��/�/���(GZDUGV��$�:���������3K\ORJHQHWLF�
DQDO\VLV��0RGHOV�DQG�HVWLPDWLRQ�SURFHGXUHV��$P��-��+XP��
*HQHW� �����������

&KDUUD\�-��HW�7VDQJXHX�3�������3URMHW�GH�'pYHORSSHPHQW�
GH� O¶(OHYDJH� GH� 3HWLWV� 5XPLQDQWV� DX� &DPHURXQ��
0,1(3,$��<DRXQGp���OS�

&KHQ�� 6�<��� 6X��<�+���:X�� 6�)��� 6KD��7�� HW� =KDQJ��<�3��
������ 0LWRFKRQGULDO� GLYHUVLW\� DQG� SK\ORJHRJUDSKLF�
VWUXFWXUH� RI� &KLQHVH� GRPHVWLF� JRDWV�� 0ROHFXODU�
3K\ORJHQHWLFV�DQG�(YROXWLRQ���������±����

&OXWWRQ�%URFN��-��������$�QDWXUDO�KLVWRU\�RI�GRPHVWLFDWHG�
PDPPDOV�� �QG� HGLWLRQ�� &DPEULGJH�� 8QLWHG� .LQJGRP��
&DPEULGJH�XQLYHUVLW\�3UHVV�

&RPEV��:��������$�+LVWRU\�RI� WKH�%DUEDGRV�%ODFNEHOO\�
6KHHS��,Q��+DLU�VKHHS�RI�:HVW�$IULFD�DQG�WKH�$PHULFDV��$�
JHQHWLF�UHVRXUFH�IRU� WKH� WURSLFV���+�$��)LW]KXJK�DQG�*�(�
%UDGIRUG���HGV����%RXOGHU��&R���:HVW�YLHZ�3UHVV��S�������

&RPEV�:� ������7RZDUG�D�PRUH�GHILQLWLYH�KLVWRU\�RI�WKH�
%DUEDGRV�%ODFNEHOO\�VKHHS��%RXOGHU��&R���:HVWYLHZ3UHVV��
�S��

&5=:������� 5DSSRUWV� $QQXHOV�� :DNZD�� 1JDRXQGpUp��
&DPHURXQ��

'HFLU\� $������� &RQWULEXWLRQ� j� O¶pWXGH� GHV� SDUDPqWUHV�
]RRWHFKQLTXHV� GHV� UDFHV� RYLQHV� 0DVVD� �� )RXOEp� HW�
'MDOORQNp� GDQV� O¶([WUrPH�1RUG� GX� &DPHURXQ�� 7KqVH�
'RFWRUDW�9pWpULQDLUH��&UHWHLO��)UDQFH�

'DYLV��*�+���6KDFNHOO��*�+���.\OH��6�(���)DUTXKDU��3�$���
0F(ZDQ��-�&��HW�)HQQHVV\��3�)��������+LJK�SUROLILFDF\�LQ�
VFUHHQHG� URPQH\� IDPLO\� OLQH�� 3URFHHGLQJV� RI� WKH�
$XVWUDOLDQ�$VVRFLDWLRQ�IRU�$QLPDO�%UHHGLQJ�DQG�*HQHWLFV�
������±����

'HYHQGUD� � &��� � 0FOHUR\� � *�%�� ������ � 5HSURGXFWLYH��
EHKDYLRXU�� ,Q� �� 'HYHQGUD� &��� 0F/HUR\� *�%��� *RDW� DQG�
6KHHS�3URGXFWLRQ��LQ��WKH��WURSLFV���/RQJPDQ����/RQGUHV��
���S�

'RXWUHVVRXOH�*�������/¶pOHYDJH� HQ�$IULTXH�2FFLGHQWDOH�
)UDQoDLVH��3DULV��/DURVH�����S��

'XPDV�5�������(WXGH�VXU�O¶pOHYDJH�GHV�SHWLWV�UXPLQDQWV�DX�
7FKDG��0DLVRQV�$OIRUW��,(097��S�������

'XERLV� �-� HW� +DUGRXLQ� �-� �� ������ /¶pOHYDJH� GHV� SHWLWV�
UXPLQDQWV�HQ�PLOLHX�YLOODJHRLV�DX�&DPHURXQ��7URSLFXOWXUD
���� �����± ����

'XPDV�5�������(WXGH�VXU�O¶pOHYDJH�GHV�SHWLWV�UXPLQDQWV�DX�
7FKDG��0DLVRQV�$OIRUW��,(097��S�������

)$2������ �� 3URGXFWLRQ� � HW� � UHVVRXUFHV� � JpQpWLTXHV� � HQ��
$IULTXH��WURSLFDOH��)$2���5RPH������������S�

)$2��������$VLDQ�OLYHVWRFN�WR�WKH�\HDU������DQG�EH\RQG��
SDU�G��+RIIPDQ��%DQJNRN�

)$2�� ������ /¶pWDW� GHV� UHVVRXUFHV� ]RRJpQpWLTXHV� SRXU�
O¶DOLPHQWDWLRQ� HW� O¶DJULFXOWXUH� GDQV� OH� PRQGH�� pGLWp� SDU�
%DUEDUD�5LVFKNRZVN\�HW�'DI\GG�3LOOLQJ��5RPH�

)LJXHLUHGR���6KHOWRQ�0���DQG�%DUELHUL�0�������$YDLODEOH�
JHQHWLF� UHVRXUFHV�� WKH� RULJLQ� DQG� FODVVLILFDWLRQ� RI� WKH�
ZRUOG
V�VKHHS�%HUNHN\���&DOLIRUQLD� 7KH��6PDOO��5XPLQDQW�
&ROODERUDWLYH��5HVHDUFK��6XSSRUW��3URJUDP�8QLYHUVLW\��RI��
&DOLIRUQLD���'DYLV�$SULO������������S�

)LW]KXJK�$� DQG��%UDGIRUG�*��������+DLU�6KHHS�RI�:HVWHUQ�
$IULFD� DQG� WKH� $PHULFDV�� $� *HQHWLF� 5HVRXUFH� IRU� WKH�
7URSLFV�� SS�� ������:HVWHUYLHZ�3UHVV��%RXOGHU��&RORUDGR�
���S�

*URVFODXGH� )��� $XSHWLW� 5�<��� /HIHEYUH� -��� 0HULDX[� -�&��
������ (VVDL� G¶DQDO\VH� GHV� UHODWLRQV� JpQpWLTXHV� HQWUH� OHV�
UDFHV� ERYLQHV� IUDQoDLVHV� j� O¶DLGH� GX� SRO\PRUSKLVPH�
ELRFKLPLTXH��*pQpW��6pO��(YRO���������������

+DQRWWH�2��'DQLHO�*���%UDGOH\���-RHO�2FKLHQJ�:���<DVPLQ�
9HUMHH��� (PPHOLQH� +LOO� :��� -�� (GZDUG� 2��� 5HJH�������
$IULFDQ� 3DVWRUDOLVP�� *HQHWLF ,PSULQWV� RI� 2ULJLQV� DQG
0LJUDWLRQV��6FLHQFH���� ������

,15$�� ����� /D� UDFH� RYLQH� 0DUWLQLN�� 8Q� DWRXW� SRXU�
O¶pOHYDJH�HQ�PLOLHX�WURSLFDO��%RXOGH��S�

,5=�0DQNRQ��������6XPPDU\�RI�5HVHDUFK�5HVXOWV��S������

/DL��6�-���/LX��<�3���/LX��<�;���/L��;�:��HW�<DR��<�*��������
*HQHWLF�GLYHUVLW\�DQG�RULJLQ�RI�&KLQHVH�FDWWOH�UHYHDOHG�E\�
PW'1$� '�ORRS� VHTXHQFH� YDULDWLRQ�� 0ROHFXODU�
3K\ORJHQHWLFV�DQG�(YROXWLRQ �������±���

/DOOHPDQG� � 0��� ����� (WXGH� RVWpRPpWULTXH� GHV� WrWHV�
RVVHXVHV� GH� PRXWRQ� �2YLV� DULHV /��� 7KqVH�� 0HG�� 9HW��
1DQWHV�
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/DXYHUJQH� � --�� ����� 0RGqOHV� GH� UpSDUWLWLRQ� � GHV��
SRSXODWLRQV��GRPHVWLTXHV�DQLPDOHV���DSUqV���PLJUDWLRQ���SDU���
YDJXHV���j���SDUWLU���G¶XQ���FHQWUH���G¶RULJLQH����$QQ��*pQpW��
VpO��DQLP� ����,� �����������

/DXYHUJQH�-�-����������*HQHWLFD�HQ�SREODFLRQHV�DQLPDOHV�
GHVSXpV� GH� OD� GRPHVWLFDWLRQ�� FRQVHFXHQFLDV� SDUD� OD�
FRQVHUYDFLRQ�GH�ODV�UD]DV��3URFHHGLQJV�RI�WKH��QG�:RUOG�
&RQJUHVV�RQ�*HQHWLFV�$SSOLHG�WR�/LYHVWRFN�3URGXFWLRQ ���
������

/H� PRQGH�� ������ /D� GRPHVWLFDWLRQ� RULJLQH� G¶XQH�
UpYROXWLRQ��(YqQHPHQW ��6FLHQFH�DQG�7HFKQR�������������

/LX��<�3���:X��*�6���<DR��<�*���0LDR��<�:���/XLNDUW��*���
%DLJ��0���%HMD�3HUHLUD��$���'LQJ��=�/���3DODQLFKDP\��0�*��
HW� =KDQJ�� <�3�� ������ 0XOWLSOH� PDWHUQDO� RULJLQV� RI�
FKLFNHQV�� RXW� RI� WKH� $VLDQ� MXQJOHV�� 0ROHFXODU�
3K\ORJHQHWLFV�DQG�(YROXWLRQ� ������±���

/XFHUR�&���*XLQWDUG�&���%HWWL�(���0DOODUG�-���������2ULJLQH�
HW� pYROXWLRQ� GHV� UDFHV� ERYLQHV� &UpROHV� �%RV� WDXUXV�� GH�
&RORPELH��5HYXH�0pG��9pW���������������

/XLNDUW��*���*LHOO\��/���([FRIILHU��/���9LJQH��-�'���%RXYHW��
-��HW�7DEHUOHW��3��������0XOWLSOH�PDWHUQDO�RULJLQV�DQG�ZHDN�
SK\ORJHRJUDSKLF�VWUXFWXUH�LQ�GRPHVWLF�JRDWV��3URFHHGLQJV�
RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFH�86$����������±�����

0DKLHX��0�� �$XPRQW�� �*��$OH[DQGUH��*� ������eOHYDJH�
LQWHQVLI��GHV�RYLQV��WURSLFDX[�j�OD�0DUWLQLTXH��,15$3URG��
$QLP��������� ������

0DLOODUG� � -�&��� � 0DLOODUG� � 1�� ������ � +LVWRULTXH� � GX��
SHXSOHPHQW� � ERYLQ� � HW� � GH� � O¶LQWURGXFWLRQ� � GH� � OD� � WLTXH�
$PEO\RPPD�YDULHJDWXP GDQV����OHV����vOHV����IUDQoDLVHV����
GHV� � � � $QWLOOHV�� � � � V\QWKqVH� � � � ELEOLRJUDSKLTXH��
(WKQR]RRWHFKQLH �� �������

0DOHFRW� *��� ������ � /HV� PDWKpPDWLTXHV� GH� O¶KpUpGLWp��
0DVVRQ��3DULV�����S�

0DQMHOL�<���1MZH�5���7KRXPERXp�-��������3KHQRW\SLFV�DQG�
JHQHWLF� SDUDPHWHU� RI� ERG\� ZHLJWK� RI� %ODFNEHOO\ VKHHS��
-RXUQDO�RI�WKH�&DPHURQ�$FDGHP\��RI�6FLHQFHV�������

0DVRQ� ,�/�� ������ ± $� :RUOG� 'LFWLRQDU\� RI� /LYHVWRFN�
%UHHGV�7\SHV�DQG�9DULHWLHV��&RPPRQZHDOWK�$JULFXOWXUDO�
%XUHDX[��6ORXJK��*�%�������S�

0DVRQ�� � ,�/�� � � ������ +DLU� VKHHS� � LQ� WKH� � 'RPLQLFDQ�
5HSXEOLF���,Q��,�/��0DVRQ���(G�����3UROLILF�7URSLFDO��6KHHS����
SS���������

0HJKHQ�� &��� 0DF+XJK�� '�(��� %UDGOH\�� '�*��� ������
*HQHWLF� FKDUDFWHUL]DWLRQ� RI� :HVW� $IULFD� FDWWOH�� :RUOG�
$QLPDO�5HYLHZ ����������

0HVVLQH�2���7DQ\D�9�1��0EDK�'�$��HW�7DZDK�&�/��������
5HVVRXUFHV�JpQpWLTXHV�DQLPDOHV�GX�&DPHURXQ��,QVWLWXW�GH�
5HFKHUFKHV� =RRWHFKQLTXHV� HW� 9pWpULQDLUHV� &HQWUH� GH�
:DNZD��1JDRXQGpUp��&DPHURXQ�

0H\HU�&���)D\H�%���.DUHPEH�+������� *XLGH�GH�O¶pOHYDJH�
GX� PRXWRQ� PpGLWHUUDQpHQ� HW� WURSLFDO�� &,5$'�(097��
7$��$��%DLOODUJXHW��������0RQWSHOOLHU�&HGH[����)UDQFH�
���S�

0LUHWWL�0��0���'XQQHU 6���1DYHV�0��� &RQWHO� (�� 3��� DQG�
)HUUR�-��$���������3UHGRPLQDQW�DIULFDQ�GHULYHG�PW'1$�LQ�
&DULEEHDQ� DQG� %UD]LOLDQ� &UHROH� FDWWOH� LV� DOVR� IRXQG� ,Q�
VSDQLVK� FDWWOH� �%RV� WDXUXV��� -RXUQDO� RI� +HUHGLW\
���������±����

1DYHV� 0��� $OH[DQGUH� *��� 0DKLHX� 0��� *RXUGLQH� -�/���
0DQGRQQHW�1�������/HV�UDFHV�DQLPDOHV�ORFDOHV���EDVHV�GX�
GpYHORSSHPHQW� LQQRYDQW� HW� GXUDEOH� GH� O¶pOHYDJH� DX[�
$QWLOOHV��,QQRYDWLRQV�$JURQRPLTXHV���������� ���������

1HL�� 0��� ������ *HQHWLF� GLVWDQFH� EHWZHHQ� SRSXODWLRQV��
$PHULFDQ�1DWXUDOLVW �������������

1HL�� 0��� 7DMLPD�� )��� 7DWHQR�� <�� ������ $FFXUDF\� RI�
HVWLPDWHG�SK\ORJHQHWLF�WUHHV�IURP�PROHFXODU�GDWD��,,��*HQH�
IUHTXHQF\�GDWD��-��0RO��(YRO� �����������

1LMPDQ�� ,�-���2WVHQ��0���9HUNDDU�� (�/��� GH�5XLMWHU��&�� HW�
+DQHNDPS�� (�� ������ +\EULGL]DWLRQ� RI� EDQWHQJ� �%RV�
MDYDQLFXV�� DQG� ]HEX� �%RV� LQGLFXV�� UHYHDOHG� E\�
PLWRFKRQGULDO� '1$�� VDWHOOLWH� '1$�� $)/3� DQG�
PLFURVDWHOOLWHV��+HUHGLW\ ������±���

2IILFH� 3DUOHPHQWDLUH� GH� O¶(YDOXDWLRQ� GH� OD� %LRGLYHUVLWp��
������5DSSRUW�VXU�OD�ELRGLYHUVLWp�HW�OH�SDWULPRLQH�QDWLRQDO��
7RPH�,,��1�����������S�

2OOLYLHU�� /�� /RXLV� HW� )RXOOH\�� -��/�� ������ 0HVXUH� HW�
pYROXWLRQ�GH�OD�GLYHUVLWp�JpQpWLTXH�GHV�SODQWHV�FXOWLYpHV�HW�
GHV� DQLPDX[� GRPHVWLTXHV�� $FDGpPLH� G¶$JULFXOWXUH� GH�
)UDQFH�� ,QVWLWXW� GH� 0DWKpPDWLTXHV� HW� 0RGpOLVDWLRQ� GH�
0RQWSHOOLHU��805�&156����� 8QLYHUVLWp�GH�0RQWSHOOLHU�
,,���������0RQWSHOOLHU�

2WHUR��5�%��DQG��&UX]-��������$IULFDQ�VKHHS�LQ�&RORPELD��
,Q�,�/��0DVRQ� �(G����3UROLILF� 7URSLFDO� 6KHHS�� SS�� �������
)$2�$QLPDO�3URGXFWLRQ�DQG�+HDOWK�SDSHU 1R������

3DVWUDQD�� 5�� &DPDFKR� DQG� *�(�� %UDGIRUG�� ������
$IULFDQVKHHS� LQ� &RORPELD�� ,Q�� +�$�� )LW]KXJK� DQG� *�(��
%UDGIRUG� �(G���+DLU6KHHS� IRU� :HVWHUQ� $IULFD� DQG� WKH�
$PHULFDV��$�*HQHWLF5HVRXUFHIRU� WKH�7URSLFV��SS��������
:HVWYLHZ3UHVV� %RXOGHU��&RORUDGR�

3pSLQ� /�� ������ 5HFKHUFKH� GH� SRO\PRUSKLVPH� JpQpWLTXH�
FKH]�OHV�FDSULQV��$SSOLFDWLRQV�j�O¶pWXGH�GH�OD�GLYHUVLWp��GHV��
SRSXODWLRQV���DX��FRQWU{OH��GH��ILOLDWLRQ��HW��j��OD��UpVLVWDQFH��
JpQpWLTXH��j��OD��FRZGULRVH���7KqVH�3DULV�;,�����S�

5DVWRJL�5��.�$�(��$UFKLEDOG� DQG�0�� -��.HHQV� � 'XPDV��
������6KHHS�SURGXFWLRQ�LQ�7REDJR�ZLWK�VSHFLDO�UHIHUHQFH�
WR�%OHQKHLP�VKHHS�VWDWLRQ��,Q )LW]KXJK�$��DQG��%UDGIRUG�
*��������+DLU�6KHHS�RI�:HVWHUQ�$IULFD�DQG�WKH�$PHULFDV��
$�*HQHWLF�5HVRXUFH�IRU�WKH�7URSLFV��SS���������

5DVWRJL�� 5�.��� +�(�� :LOOLDPV� DQG� )�*�� <RXVVHI�� ������
%DUEDGRV�%ODFNEHOO\ VKHHS��,Q��,�/��0DVRQ��(G����3UROLILF�
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7URSLFDO� 6KHHS�� )$2� $QLPDO� 3URGXFWLRQ� DQG� +HDOWK�
&KDSWHU�QR������SS��������

5XDQH��-���������$�FULWLFDO�UHYLHZ�RI�WKH�YDOXH�RI�JHQHWLF�
GLVWDQFH� VWXGLHV� LQ� FRQVHUYDWLRQ� RI� DQLPDO� JHQHWLF�
UHVRXUFHV��-��$QLP��%UHHG��*HQHW� �������±����

5XPPHO��7���9DOOH�=iUDWH��$��HW�*RRWZLQH��(��������7KH�
ZRUOGZLGH�JHQH�IORZ�RI�WKH�LPSURYHG�$ZDVVL�DQG�$VVDI�
VKHHS�EUHHGV�IURP�,VUDHO��,Q�=iUDWH��.��0XVDYD\D�DQG�&��
6FKlIHU� �HGV���*HQH� IORZ� LQ�DQLPDO� JHQHWLF� UHVRXUFHV��D�
VWXG\�RQ�VWDWXV��LPSDFW�DQG�WUHQGV��SS����±�����

6FKlIHU��&��HW�9DOOH�=iUDWH��$��������*HQH�IORZ�RI�VKHHS��
,Q�=iUDWH��.��0XVDYD\D�DQG�&��6FKlIHU��HGV���*HQH�IORZ�LQ�
DQLPDO�JHQHWLF� UHVRXUFHV��D� VWXG\�RQ� VWDWXV�� LPSDFW� DQG�
WUHQGV��SS�����±����

6KHOWRQ�0�� DQG� )LJXHLUHGR� (� $�� 3�� � ������+DLU� VKHHS�
SURGXFWLRQ� LQ� WURSLFDO� DQG� VXE�WURSLFDO� UHJLRQV� ZLWK�
UHIHUHQFH� WR� 1RUWK� HDVW� %UD]LO� DQG� WKH� &RXQWULHV� RI� WKH�
&DULEEHDQ��&HQWUDO�$PHULFD��DQG�6RXWK�$PHULFD��%HUNHN\��
&DOLIRUQLD�� WKH�6PDOO�5XPLQDQW�&ROODERUDWLYH� �5HVHDUFK��
6XSSRUW��3URJUDP�8QLYHUVLW\��RI��&DOLIRUQLD���'DYLV�$SULO���
���������S�

*L]DZ�6*0��������6KHHS�UHVRXUFHV�RI�(WKLRSLD��JHQHWLF�
GLYHUVLW\�DQG�EUHHGLQJ�VWUDWHJ\��3K'�WKHVLV��:DJHQLQJHQ�
8QLYHUVLW\��

6SHOOHU�&)��%XUOH\�'9��:RRGZDUG�53��<DQJ�'<��������
$QFLHQW� PW'1$� $QDO\VLV� RI� (DUO\� ��WK� &HQWXU\�
&DULEEHDQ� &DWWOH� 3URYLGHV� ,QVLJKW� LQWR� )RXQGLQJ�
3RSXODWLRQV� RI� 1HZ�:RUOG� &UHROH� &DWWOH� %UHHGV�� 3/R6�
21(�������H�������GRL���������MRXUQDO�SRQH���������

6XQQXFNV�� 3��� ������ (IILFLHQW� JHQHWLF� PDUNHUV� IRU�
SRSXODWLRQ�ELRORJ\��7UHH��������± ����

9DOOHUDQG�HW�%UDQFNDHUW�5��������/D�UDFH�RYLQH�'MDOORQNp�
DX� &DPHURXQ� 3RWHQWLDOLWpV� � ]RRWHFKQLTXHV�� FRQGLWLRQV�
G¶pOHYDJH��DYHQLU��5HY���(OHY����0HG����YpW���3D\V��WURS�� ����
�����������������

9HUWXHX[�&���0DQGRQQHW�1���/HLPEDFKHU�)���$QWRLQH�6���
'RPDULQ�'���1DYHV�0��������3RWHQWLHO�GH�SURGXFWLRQ�GX�
PRXWRQ� 0DUWLQLN �� XQH� FRQWULEXWLRQ� SRVVLEOH� j�
O
LQWHQVLILFDWLRQ� GH� O
DJULFXOWXUH� FDULEpHQQH�� ��HPH�
5HQFRQWUHV� 5HFKHUFKHV� 5XPLQDQWV�� 3DULV�� )UDQFH��
'pFHPEUH����������


