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$GULDWLF�����VSHFLHV�RI�PHGXVDH�DUH� W\SLFDO�RSHQ�RFHDQ�KRORSODQWRQLF� VSHFLHV�DQG���RI� WKHVH�ZHUH�HLWKHU�DOZD\V�RU
IUHTXHQWO\� IRXQG� LQ�VDPSOHV��QDPHO\�5KDEGRRQ�VLQJXODUH��$JODXUD�KHPLVWRPD��3HUVD� LQFRORUDWD��5KRSDORQHPD�YHOD�
WXP��6PLQWKHD�HXU\JDVWHU��DQG�6ROPLVVXV�DOEHVFHQV��7KH�PRVW�FRPPRQ�FDO\FRSKRUH�VLSKRQRSKRUHV�DUH�/HQVLD�VXEWLOLV�
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DUWLFROR�FRQIURQWD�VHULH�GL�GDWL� VWRULFL� ��������������������������������FRQ�TXHOOL�SL|� UHFHQWL� �����������
LQHUHQWL�OD�FRPSRVL]LRQH��O
DEERQGDQ]D��OD�GLVWULEX]LRQH�EDWLPHWULFD�H�OD�PLJUD]LRQH�YHUWLFDOH�GHL�FQLGDUL�GHOOH�DF�
TXH�SURIRQGH�GHOO
$GULDWLFR�PHULGLRQDOH�����VSHFLH�GL�PHGXVH�VRQR�WLSLFKH�VSHFLH�RORSODQFWRQLFKH�GL�DFTXH�DSHUWH�
�� GL� TXHVWH� VRQR� VWDWH� ULWURYDWH� VHPSUH� R� PROWR� IUHTXHQWHPHQWH� QHL� FDPSLRQL�� 6L� WUDWWD� GL� 5KDEGRRQ� VLQJXODUH�
$JODXUD�KHPLVWRPD��3HUVD�LQFRORUDWD��5KRSDORQHPD�YHODWXP��6PLQWKHD�HXU\JDVWHU��H�6ROPLVVXV�DOEHVFHQV�� ,�SL|�FR�
PXQL�VLIRQRIRUL�FDOLFRIRUL�VRQR�/HQVLD�VXEWLOLV��/��PHWHRUL��(XGR[RLGHV�VSLUDOLV��6SKDHURQHFWHV�JUDFLOLV�H�6��LUUHJXODULV�
VHJXLWL� GD�+LSSRSRGLXV� KLSSRSXV�� 9RJWLD� SHQWKDFDQWKD�� /HQVLD� FRQRLGHD�� /�� IRZOHUL�� &KHORSK\HV� DSSHQGLFXODWD�
.HSK\HV�RYDWD�H�%DVVLD�EDVVHQVLV��1HOO
DUWLFROR�YHQJRQR�SUHVHQWDWH�DOFXQH�GLIIHUHQ]H�QHOOD�SUHVHQ]D�H�QHOO
DEERQ�
GDQ]D�IUD�GDWL�VWRULFL�H�UHFHQWL�

3DUROH�FKLDYH��$GULDWLFR�PHULGLRQDOH��PHGXVH��VLIRQRIRUL�FDOLFRIRUL��FRPSRVL]LRQH��DEERQGDQ]D��GLVWULEX]LRQH
EDWLPHWULFD
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3ODQNWRQLF� FQLGDULDQV� DUH� DQ� LPSRUWDQW� DQG� RIWHQ
FRQVSLFXRXV�FRPSRQHQW�RI�WKH�WRS�WURSKLF�OHYHO�RI�PDQ\
PDULQH�HFRV\VWHPV��.QRZOHGJH�RI�WKHLU�VSDWLDO�DQG�WHP�
SRUDO�YDULDELOLW\�DQG�WKHLU�SURGXFWLRQ�G\QDPLFV�LV�HVVHQ�
WLDO�WR�XQGHUVWDQG�WKH�IORZ�RI�HQHUJ\�DQG�F\FOH�RI�PDWH�
ULDOV�LQ�WKHVH�V\VWHPV��3HUVDG�HW�DO���������2ZLQJ�WR�WKH
FRPSDUDWLYH�GLIILFXOWLHV�RI�RSHQ�RFHDQ�VDPSOLQJ��LW�LV�QRW
VXUSULVLQJ� WKDW� UHODWLYHO\� IHZHU� REVHUYDWLRQV� RI� GLYHUVLW\
DQG�DEXQGDQFH�KDYH�EHHQ�UHSRUWHG� IRU�SHODJLF�FQLGDUL�
DQV� DQG�RWKHU� SHODJLF� JHODWLQRXV� WD[D� WKDQ� IRU� WKRVH� LQ
PRUH� DFFHVVLEOH� QHDUVKRUH� ZDWHUV� �<RXQJEOXWK� HW� DO��
������

7KH� FRPELQDWLRQ� RI� RYHU�ILVKLQJ�� HXWURSKLFDWLRQ�
FOLPDWH�FKDQJH�� WUDQVORFDWLRQ�� DQG�KDELWDW�PRGLILFDWLRQ
WKDW� KDYH� EHHQ� GRFXPHQWHG� RYHU� WKH� UHFHQW� \HDUV� LQ� D
ZLGH�UDQJH�RI�PDULQH�DUHDV�DSSHDU�WR�KDYH�IDYRXUHG�WKH
GHYHORSPHQW� RI� MHOO\ILVK� SRSXODWLRQV� RYHU� WKDW� RI� RWKHU
PDULQH�RUJDQLVPV� �0ROLQHUR�HW�DO���������5LFKDUGVRQ�HW
DO����������7KLV�XSVXUJH�RI� MHOO\ILVK�ZDV�VXIILFLHQWO\�GUD�
PDWLF�DQG�ZLGH�VSUHDG�WKDW�LW�DWWUDFWHG�QRWDEOH�VFLHQWLILF
DQG�HYHQ�SRSXODU�DWWHQWLRQ��3XUFHOO��������

7KLV�VDPH�SDWWHUQ�KDV�DOVR�EHHQ�UHSRUWHG�LQ�WKH�$GUL�
DWLF�6HD��EXW�VR�IDU�RQO\�IRU�FRDVWDO�ZDWHUV��)RU�H[DPSOH�
SUHYLRXVO\�XQUHFRUGHG�EORRPV�RI�0XJJLHD�DWODQWLFD�ZDV
IRXQG� LQ� WKH� QRUWKHUQ� $GULDWLF� �.UÊLQLß� 	� 1MLUH�� ������
WKH�IRUPHUO\�GRPLQDQW�0��NRFKL�ZDV�UHSODFHG�E\�D�FRQ�
JHQHU��0��DWODQWLFD��LQ�WKH�HDVWHUQ�VRXWKHUQ�$GULDWLF��DQG
VFK\SKRPHGXVDH�� HVSHFLDOO\� 3HODJLD� QRFWLOXFD�� XQGHU�
ZHQW� XQXVXDOO\� SHUVLVWHQW� EORRPV� DORQJ� WKH� HDVWHUQ
$GULDWLF�FRDVW��%HQRYLß�	�/XáLß��������0LORÊ��������

5HVHDUFK�RQ�SODQNWRQLF�FQLGDULDQV�KDV� D� ORQJ� WUDGL�
WLRQ� LQ� WKH� $GULDWLF� 6HD� �VHH� %HQRYLß� 	� /XáLß�� �����
*DPXOLQ�	� .UÊLQLß�� ������� 7KH� RSHQ� VRXWKHUQ� $GULDWLF
6HD�LV�RQH�RI�WKH�IHZ�SDUWV�RI�WKH�0HGLWHUUDQHDQ�WKDW�KDV
EHHQ�VXEMHFWHG�WR�UHODWLYHO\�FRQVWDQW�VWXG\�RI�FQLGDULDQV
RYHU�WKH�SDVW����\HDUV��*DPXOLQ��������������������%H�
QRYLß��������������%HQGHU�	�%HQRYLß��������%HQRYLß�	
%HQGHU�� ������*DPXOLQ� 	� .UÊLQLß�� ����D�E�� ������ %H�
QRYLß�	�/XáLß��������������%DWLVWLß�HW�DO���������%HQRYLß
HW� DO��� ������ /XáLß� HW� DO�� ������ ������� &RPSDUDWLYH
DQDO\VLV�RI�GDWD�FROOHFWHG�RYHU�WKLV�SHULRG�LV�PDGH�HDVLHU
E\�WKH�VLPLODU�VDPSOLQJ�PHWKRGRORJ\�XVHG�LQ�DOO�VWXGLHV�
WKDW�LV��YHUWLFDO�WRZV�LQ�VHYHUDO�VSHFLILF�OD\HUV�ZLWK�VWDQ�
GDUG�SODQNWRQ�QHWV��$OWKRXJK� WKH�SUHVHQWDWLRQ�RI� UHVXOWV
GLIIHUV� IURP�SDSHU� WR� SDSHU�� FHUWDLQ� XVHIXO� LQGLFDWRUV� RI
V\VWHP� FKDQJH�� VXFK� DV� VSHFLHV� FRPSRVLWLRQ�� UHODWLYH
DEXQGDQFH�� DQG� EDWK\PHWULF� GLVWULEXWLRQ�� FDQ� EH� H[�
WUDFWHG�IURP�WKH�SXEOLVKHG�GDWD�

)RXU�FRPSUHKHQVLYH�ROGHU�SXEOLFDWLRQV�ZHUH�XVHG�LQ
WKH� FXUUHQW� DQDO\VLV�� %HQRYLß� ������� GHVFULEHV� WKH
PRQWKO\� GLVWULEXWLRQ� DQG� DEXQGDQFH� RI� K\GURPHGXVDH
IURP�-XO\������WR�-XQH�������%HQGHU�	�%HQRYLß� ������
DQG�%HQRYLß�	�%HQGHU� ������� HYDOXDWH� WKH� GLVWULEXWLRQ
RI�PHGXVDH�EDVHG�RQ�PDWHULDO�FROOHFWHG�GXULQJ�VHDVRQDO

FUXLVHV� IURP� ����� WR� ����� DW� ILYH� VWDWLRQV� LQ� WKH� GHHS
VRXWKHUQ�$GULDWLF��*DPXOLQ�	�.UÊLQLß��������FRQVROLGDWH
ROGHU�GDWD�RQ�FDO\FRSKRUH�VLSKRQRSKRUHV�LQ�WKH�$GULDWLF
6HD�EDVHG�RQ�PRQWKO\�VDPSOLQJ�IURP�-XO\������ WR� -XQH
������ VHDVRQDO� FUXLVHV� IURP� ����� WR� ������ DQG� ILYH
FUXLVHV�IURP������WR������

6LPLODU�EXW�PRUH�UHFHQW�LQYHVWLJDWLRQV�EHJDQ�DJDLQ�LQ
�����IRU�WKH�LQWHUQDWLRQDO�FRRSHUDWLYH�SURMHFW��0HGXVD��
VXPPDUL]HG� E\� %HQRYLß� HW� DO�� ������� DQG� /XáLß� HW� DO�
������� ZKR� GHVFULEHG� WKH� EDWK\PHWULF� GLVWULEXWLRQ� RI
PHGXVDH� DQG� FDO\FRSKRUDQ� VLSKRQRSKRUDH� GXULQJ
VSULQJ� ������ DQG� /XáLß� HW� DO�� ������� ZKR� UHSRUWHG� RQ
GLHO� YHUWLFDO� PLJUDWLRQV� RI� PHGXVDH� LQ� -XO\� ������ 7KLV
UHYLHZ� FRPSDUHV� KLVWRULFDO� DQG� UHFHQW� GDWD� RQ� FQLGDUL�
DQV� IURP� WKH� GHHS� VRXWKHUQ�$GULDWLF��ZLWK� XQSXEOLVKHG
GDWD�IURP�)HEUXDU\�DQG�2FWREHU������LQFRUSRUDWHG�LQWR
WKH�DQDO\VLV�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD

7KH� 6RXWKHUQ� $GULDWLF� 6HD� LV� D� VHPLFLUFXODU� ROLJR�
WURSKLF�EDVLQ�ZLWK�GHSWKV�WR�DERXW������P��)LJ������,W� LV
FRQIOXHQW�ZLWK�WKH�(DVWHUQ�0HGLWHUUDQHDQ�6HD�YLD�LQIORZ
RI� ,RQLDQ� 6XUIDFH� :DWHU� DQG� /HYDQWLQH� ,QWHUPHGLDWH
:DWHU�WKURXJK�WKH�6WUDLW�RI�2WUDQWR��a�����P�GHSWK���DQG

)LJ�����/RFDWLRQ�RI�VDPSOLQJ�LQ�WKH�VRXWKHUQ�$GULDWLF�
6O�����/RNDFLMD�Y]RUàHQMD�Y�MXËQHP�-DGUDQX�
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ZLWK�RWKHU�UHJLRQV�RI�WKH�$GULDWLF�6HD�YLD�FXUUHQWV�PRY�
LQJ� DORQJ� WKH�$GULDWLF� FRDVW�� 7KH� UHJLRQ� LV� D� VRXUFH� RI
GHHS�ZDWHU�WKDW�SDUWLFLSDWHV�LQ�WKH�EURDGHU�FLUFXODWLRQ�RI
WKH�0HGLWHUUDQHDQ�6HD� �9LOLELß�	�2UOLß�������� DQG�DOVR
IHDWXUHV� D� F\FORQLF� J\UH� WKDW� LV� SUHVHQW� WKURXJKRXW� WKH
\HDU� �*DáLß�HW� DO��� ������� (DFK�ZDWHU�PDVV� KDV� D� FKDU�
DFWHULVWLF�VSHFLHV�DVVHPEODJH��DQG�WKH�DERYH�FLUFXODWLRQ
SDWWHUQV� WKHUHIRUH� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� VSDWLDO
DQG� VHDVRQDO� GLVWULEXWLRQ� RI� VPDOO� ]RRSODQNWRQ� RI� WKH
VRXWKHUQ�$GULDWLF��.UÊLQLß�	�*UEHF��������

7KH�WKHUPRFOLQH�VWDUWV�WR�IRUP�LQ�0D\�DQG�LV�ZHOO�GH�
YHORSHG� DW� ��� P� E\� -XO\� RU� $XJXVW� �0RURYLß� HW� DO��
������� ,Q� WKH�GHHSHVW� OD\HUV�� WHPSHUDWXUH� LV� UDWKHU� FRQ�
VWDQW��IURP����WR�����&��GXULQJ�WKH�ZKROH�\HDU��6DOLQLW\�LV
JHQHUDOO\� KLJKHU� WKDQ� ��� WKURXJKRXW� WKH�ZDWHU� FROXPQ
�0RURYLß�HW� DO��� ������� ,Q� 6HSWHPEHU� DQG�2FWREHU�� WKH
WKHUPRFOLQH� LV� VWLOO� UHODWLYHO\� VKDOORZ�� DW� ��� P�� $V� LQ
RWKHU�SDUWV�RI�WKH�0HGLWHUUDQHDQ��WKH�WKHUPRFOLQH�GLVDS�
SHDUV� FRPSOHWHO\� LQ� ODWH� DXWXPQ� DQG� ZLQWHU� RZLQJ� WR
YHUWLFDO�PL[LQJ�GULYHQ�E\�VWURQJ�ZLQGV�

:KHUHDV� WHPSHUDWXUH� FKDQJHV� LQ� WKH� XSSHU� ���� P
DUH�HDVLO\� WUDFHG� WR�VHDVRQDO� LQIOXHQFHV�RI� WKH� ORFDO�FOL�
PDWH��WKRVH�LQ�GHHS�OD\HUV�DUH�JRYHUQHG�E\�LQWHU�DQQXDO
YDULDWLRQV� LQ�FLUFXODWLRQ�FDXVHG�E\� ODUJHU�VFDOH�SUHVVXUH
GLIIHUHQFHV��*UEHF�HW�DO����������7KH�GHHS�0HGLWHUUDQHDQ
ZDWHU� WKDW� SDVVHV� WKURXJK� WKH� 6WUDLW� RI� 2WUDQWR� LV� UHOD�
WLYHO\� ZDUPHU�� VDOWLHU�� DQG� ULFKHU� LQ� QXWULHQWV� WKDQ� WKH
W\SLFDO�VRXWKHUQ�$GULDWLF�ZDWHU��1XWULHQWV�RIWHQ�HQKDQFH
SODQNWRQLF� SURGXFWLYLW\� DQG�� SUHFLVHO\� SK\WRSODQNWRQ
EORRPV� OLQNHG� WR� WKHVH�GHHSHU�ZDWHU�PDVVHV�KDYH�EHHQ
REVHUYHG��*DáLß�HW�DO���������

0DWHULDO�DQG�PHWKRGV

$OO�GDWD�DQDO\]HG�LQ�WKLV�SDSHU�ZHUH�FROOHFWHG�LQ�WKH
GHHSHVW� DUHD� RI� WKH� VRXWKHUQ� $GULDWLF� ����������� P
GHSWK���%HQRYLß��������VDPSOHG�PRQWKO\�ZLWK�DQ�,QGLDQ
2FHDQ�VWDQGDUG�FORVLQJ�QHW�������P�PHVK������FP�GLD�
PHWHU�� DW� ������� ��������� ��������� ��������� ����

����� DQG� ��������� P�� %HQGHU� 	� %HQRYLß� ������� DQG
%HQRYLß�	�%HQGHU� �������XVHG� WKH� VDPH�QHWV� EXW� VDP�
SOHG� ZLWK� YHUWLFDO� KDXOV� IURP� ERWWRP� WR� VXUIDFH�� 7KH
VDPH� PHWKRGRORJLHV� ZHUH� XVHG� WR� FROOHFW� VDPSOHV� IRU
GHVFULSWLRQ� RI� FDO\FRSKRUDQV� GXULQJ� WKH� VDPH� SHULRG
�*DPXOLQ� 	� .UÊLQLß�� ������� IURP� ���������� VDPSOHV
ZHUH� FROOHFWHG� DW� ������ �������� ��������� ��������
���������DQG����������P��7DE�����

3URMHFW� �0HGXVD�� XVHG�1DQVHQ�RSHQLQJ�FORVLQJ�QHWV
����� �P�PHVK�� ����FP� GLDPHWHU�� ZLWKLQ� WKH� IROORZLQJ
OD\HUV�� ������ �������� ��������� ��������� ��������
��������� ��������� P�� 7KH� PRVW� H[WHQVLYH� VDPSOLQJ
ZDV�FRQGXFWHG� LQ� -XO\������ZKHQ�QLQHWHHQ�VHULHV� ����
YHUWLFDO� KDXOV�� ZHUH� FROOHFWHG��2ZLQJ� WR� D� VWURQJ� WKHU�
PRFOLQH�DW�DERXW����P��VDPSOHV�ZHUH� WDNHQ� IURP�����
P� �DERYH� WKH� WKHUPRFOLQH�� DQG� IURP� ������ P� GHSWK�
%HQRYLß�HW�DO���������DQG�/XáLß�HW�DO���������������SUR�
YLGH� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH� VWXG\� DUHD�� VDPSOLQJ
SURJUDP�� DQG� PHWKRGRORJ\� IRU� VSULQJ� DQG� VXPPHU
FUXLVHV�� 7KH� VDPH� PHWKRGRORJ\� ZDV� XVHG� LQ� )HEUXDU\
DQG� 2FWREHU� ����� �XQSXEO�� GDWD�� ZKHQ� VL[� ���� KDXOV�
DQG� WKUHH� ���� KDXOV�� VDPSOH� VHULHV�� UHVSHFWLYHO\�� ZHUH
FROOHFWHG��7DE�����

$OO�SODQNWRQ�VDPSOHV�ZHUH�SUHVHUYHG�LQ������IRUPD�
OLQ�VHD�ZDWHU� VROXWLRQ�EXIIHUHG�ZLWK�&D&2��� &QLGDULDQV
ZHUH� LGHQWLILHG� ZLWK� D� VWHUHRPLFURVFRSH�� 5HVXOWV� IURP
KLVWRULFDO� LQYHVWLJDWLRQV� ZHUH� SUHVHQWHG� DV� WKH� WRWDO
QXPEHU� RI� VSHFLPHQV� �%HQRYLß�� ������ %HQRYLß� 	
%HQGHU��������RU�QXPEHU�RI� LQGLYLGXDOV�SHU�P�� �%HQGHU
	�%HQRYLß�� ������*DPXOLQ� 	� .UÊLQLß�� �������0HGXVDH
DQG�FDO\FRSKRUDQ�QHFWRSKRUHV� �SRO\JDVWULF�RQO\�� LQ� WKH
UHFHQW�ZRUN�DUH�H[SUHVVHG�DV�WKH�QXPEHU�RI� LQGLYLGXDOV
SHU�P��RU����P���%HFDXVH�RI�WKHVH�GLIIHUHQFHV��KLVWRULFDO
DQG�UHFHQW�FRPSDULVRQV�DUH�EDVHG�RQ�UHODWLYH�IUHTXHQF\
RI�RFFXUUHQFH�DQG�DEXQGDQFH�ZKHUH�UHODWLYH� IUHTXHQF\
RI� RFFXUUHQFH� LV�� U�  � UDUH�� REVHUYHG� LQ��� ���� VDPSOHV
GXULQJ� WKH� VDPSOLQJ� SHULRG�� I�  � IUHTXHQW�� REVHUYHG� LQ
��������VDPSOHV�GXULQJ�WKH�VDPSOLQJ�SHULRG��YI� �YHU\
IUHTXHQW��REVHUYHG�LQ�!����GXULQJ�WKH�VDPSOLQJ�SHULRG�

7DE�����+LVWRULFDO�DQG�UHFHQW�DUUDQJHPHQW�RI�VDPSOLQJ�PHWKRGRORJ\�LQ�WKH�6RXWKHUQ�$GULDWLF�6HD�
7DE�����3UHJOHG�SUHWHNOH�LQ�VHGDQMH�PHWRGRORJLMH�Y]RUàHQMD�Y�MXËQHP�-DGUDQVNHP�PRUMX�

6DPSOLQJ�\HDUV 0HWKRGRORJ\�RI�VDPSOLQJ 'HSWK�OD\HUV��P�
��������� ,QGLDQ�2FHDQ�VWDQGDUG�FORVLQJ�QHW������FP�GL�

DPHWHU������FP�ORQJ��PHVK�VL]H������P
��������������������������������������
�������������

��������� ,QGLDQ�2FHDQ�VWDQGDUG�FORVLQJ�QHW������FP�GL�
DPHWHU��PHVK�VL]H������P

)URP�ERWWRP�WR�VXUIDFH

��������� 1DQVHQ�RSHQLQJ�FORVLQJ�QHW������FP�GLDPHWHU�
����FP�ORQJ��PHVK�VL]H������P

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

��������� 1DQVHQ�RSHQLQJ�FORVLQJ�QHW������FP�GLDPHWHU�
����FP�ORQJ��PHVK�VL]H������P

��������������������������������������
��������������������������
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5(68/76�$1'�',66&86,21

0HGXVDQ�IUHTXHQF\�RI�RFFXUUHQFH

0RVW� RI� WKH� ��� PHGXVDQ� VSHFLHV� WKDW� KDYH� EHHQ
LGHQWLILHG� LQ� WKH� $GULDWLF� 6HD� �%HQRYLß� 	� /XáLß�� �����
KDYH� D� EHQWKR�SHODJLF� PHWDJHQHWLF� OLIH� F\FOH� DQG� DUH
FDUULHG� WR� WKH� RSHQ� VRXWKHUQ� $GULDWLF� ZLWK� ZDWHU� FXU�
UHQWV�� ��� VSHFLHV� RI� PHGXVDH� DUH� W\SLFDO� RSHQ�RFHDQ
KRORSODQWRQLF�VSHFLHV��7DE��������RI�ZKLFK�ZHUH�DOZD\V
�� RU� IUHTXHQWO\� �� IRXQG� LQ� WKH� $GULDWLF� 6HD��5KDEGRRQ
VLQJXODUH��$JODXUD�KHPLVWRPD��3HUVD� LQFRORUDWD��5KRSD�
ORQHPD�YHODWXP��6PLQWKHD�HXU\JDVWHU��DQG�6ROPLVVXV�DO�
EHVFHQV������%\WKRWLDULD�PXUUD\L��.UDPSHOOD�GXELD��DQG
+DOLVFHUD�ELJHORZL���ZHUH�UDUH��7KH�IUHTXHQF\�RI�RFFXU�
UHQFH�RI�6ROPXQGHOOD�ELWHQWDFXODWD�DQG�3DUDSK\OOLQD�LQ�
WHUPHGLD� DSSHDUV� WR� EH� VHDVRQDO�� 7KH� EDWK\SHODJLF� WUD�
FK\PHGXVDQ� +DOLVFHUD� ELJHORZL� DQG� WKH� FRDVWDO� DQ�
WKRPHGXVDQ�'LFRGRQLXP�DGULDWLFXP�ZHUH�IRXQG�RQO\�LQ
UHFHQW�LQYHVWLJDWLRQV��%HQRYLß�HW�DO���������

2WKHU�GLIIHUHQFHV�EHWZHHQ�KLVWRULFDO�DQG�UHFHQW�GDWD
DUH�ZRUWK\�RI�QRWH��)RU�H[DPSOH��/LULRSH�WHWUDSK\OOD��WUD�

GLWLRQDOO\� DPRQJ� WKH� PRVW� IUHTXHQWO\� HQFRXQWHUHG� K\�
GURPHGXVDH� LQ� WKLV� UHJLRQ�� ZDV� FROOHFWHG� RQO\� YHU\
UDUHO\� LQ� UHFHQW� LQYHVWLJDWLRQV�� ,Q� IDFW�� WKH� ODVW� WLPH� WKDW
WKLV�PHGXVD�ZDV� IRXQG� IUHTXHQWO\� LQ� VDPSOHV� IURP� WKH
VRXWKHUQ� $GULDWLF� ZDV� 1RYHPEHU� ����� �%HQRYLß� 	
/XáLß�� ������� /�� WHWUDSK\OOD� ZDV� REVHUYHG� WR� XQGHUJR
ODUJH� LQWHU�DQQXDO� YDULDWLRQV� LQ� DEXQGDQFH� DQG� VHDVRQ�
DOLW\� LQ� WKH� QRUWKZHVWHUQ�0HGLWHUUDQHDQ� 6HD�� EXW� WKHVH
YDULDWLRQV� GR� QRW� DSSHDU� WR� EH� OLQNHG� WR� ORQJ�WHUP
FKDQJHV� LQ� K\GURJUDSKLF� FRQGLWLRQV� �%XHFKHU� HW� DO��
�������7KHUH�ZDV��KRZHYHU��DQ� LQYHUVH� UHODWLRQVKLS�EH�
WZHHQ� WKH� QXPEHUV� RI� /�� WHWUDSK\OOD� DQG� WKH� VFK\�
SKRPHGXVQ�3HODJLD�QRFWLOXFD� �%XHFKHU�HW� DO��� �������$
PDVV�RFFXUUHQFH�RI�3��QRFWLOXFD�REVHUYHG�LQ�WKH�$GULDWLF
IURP� ����� WR� ����� �XQSXEO�� GDWD�� FRLQFLGHG� ZLWK� D
GUDVWLF� GHFUHDVH� RI� /�� WHWUDSK\OOD� DEXQGDQFH�� 2FHDQLD
DUPDWD�� $PSKLQHPD� UXEUD�� /HXFNDUWLDUD� RFWRQD��2FWR�
SKLDOXFLXP� IXQHUDULXP�� DQG�$UFWRSRGHPD� DXVWUDOLV� DUH
QRZ� IRXQG�PRUH� IUHTXHQWO\� WKDQ� LQ� SUHYLRXV� LQYHVWLJD�
WLRQV�DQG�PD\�EH�FRQVLGHUHG�FKDUDFWHULVWLF�RI� WKH�RSHQ
VRXWKHUQ� $GULDWLF�� 5KRSDORQHPD� IXQHUDULXP�� RQ� WKH
RWKHU�KDQG��KDV�EHHQ�IRXQG�RQO\�LQ�UHFHQW�LQYHVWLJDWLRQV�

7DE�����/LVW�RI�W\SLFDO�6RXWKHUQ�$GULDWLF�6HD�PHGXVDH�FROOHFWHG�IURP������WR������DQG�WKHLU�UHODWLYH�IUHTXHQF\�RI
RFFXUUHQFH�� U�  � UDUH�� I�  � IUHTXHQW�� YI�  � YHU\� IUHTXHQW�� 'DWD� VRXUFHV�� ����������� %HQRYLÞ� �������� ����������
%HQGHU�	�%HQRYLÞ��������DQG�%HQRYLÞ�	�%HQGHU���������0D\�������%HQRYLÞ�HW�DO����������-XO\�������/XàLÞ�HW�DO�
��������)HEUXDU\�DQG�2FWREHU�������XQSXEO�
7DE�����6H]QDP�WLSLàQLK�PHGX]� MXËQHJD� -DGUDQVNHJD�PRUMD��]EUDQLK�RG������GR������ LQ� UHODWLYQD�SRJRVWRVW�QML�
KRYHJD�SRMDYOMDQMD��U� �UHGNR��I� �SRJRVWR��YI� �]HOR�SRJRVWR��3RGDWNRYQL�YLUL�������������%HQRYLÞ��������������
������%HQGHU�	�%HQRYLÞ��������LQ�%HQRYLÞ�	�%HQGHU���������PDM�������%HQRYLÞ�HW�DO����������MXOLM�������/XàLÞ�HW
DO����������IHEUXDU�LQ�RNWREHU�������QHREMDYOMHQR�

6SHFLHV ��������� ��������� 0D\����� -XO\����� )HE����� 2FW�����
5KDEGRRQ�VLQJXODUH YI YI YI YI YI I
2FHDQLD�DUPDWD U I I I U
$PSKLQHPD�UXEUD U YI YI YI I
/HXFNDUWLDUD�RFWRQD U U I I
%\WKRWLDUD�PXUUD\L U U U
.UDPSHOOD�GXELD U U
2FWRSKLDOXFLXP�IXQHUDULXP U U U YI YI
+DOLVFHUD�ELJHORZL U U
/LULRSH�WHWUDSK\OOD YI YI U
$JODXUD�KHPLVWRPD YI YI YI YI YI I
$UFWDSRGHPD�DXVWUDOLV U I YI YI I
3HUVD�LQFRORUDWD YI YI YI YI YI YI
5KRSDORQHPD�IXQHUDULXP U U I U
5KRSDORQHPD�YHODWXP YI YI YI YI YI YI
6PLQWKHD�HXU\JDVWHU YI I I I I U
6ROPXQGHOOD�ELWHQWDFXODWD I YI I I I
6ROPLVVXV�DOEHVFHQV YI YI YI YI YI YI
3DUDSK\OOLQD�LQWHUPHGLD I I
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2QH� REYLRXV� GLIIHUHQFH� EHWZHHQ� KLVWRULFDO� DQG� UH�
FHQW�GDWD�LV�WKH�SUHVHQFH�RI�FRDVWDO�VSHFLHV�LQ�WKH�VXUIDFH
ZDWHUV�RI� WKH�RSHQ�VRXWKHUQ�$GULDWLF��+\GURPHGXVDH�RI
WKH� JHQHUD� +\GUDFWLQLD�� %RXQJDLQYLOOLD�� &O\WLD�� DQG
2EHOLD��SUHYLRXVO\�HQFRXQWHUHG�YHU\�IUHTXHQWO\��DUH�QRZ
IRXQG�RQO\�YHU\�UDUHO\��7KLV�PLJKW�EH�UHODWHG�WR�WKH�VXE�
VWDQWLDO�FKDQJHV� LQ� WKH�$QWKRPHGXVDQ�DQG� /HSWRPHGX�
VDQ� IDXQD� WKDW� KDYH� RFFXUUHG� LQ� WKH� QRUWKHUQ� $GULDWLF
�%HQRYLß�HW�DO����������1DPHO\��DV�WKH�PDMRULW\�RI� WKHVH
PHWD�JHQHWLF�VSHFLHV�KDV�GLVDSSHDUHG�LQ�WKH�QRUWK�� WKH\
DUH� QR� ORQJHU� WUDQVSRUWHG� DORQJ� WKH� ,WDOLDQ� FRDVW� WR
SRSXODWH� WKH� VRXWKHUQ� $GULDWLF� IDXQD� �%HQRYLß� HW� DO��
������

&DO\FRSKRUDQ�IUHTXHQF\�RI�RFFXUUHQFH

��� FDO\FRSKRUH� VSHFLHV� ZHUH� UHFRUGHG�� DOO� LQ� WKH
VRXWKHUQ� $GULDWLF�� ([FHSW� IRU�0XJJLDHD� NRFKL� DQG�0�

DWODQWLFD��DOO�RI� WKHVH� VSHFLHV�DUH�FRPPRQ� WR��RU�H[FOX�
VLYHO\�IRXQG�LQ��WKH�RSHQ�VHD��&RPSDUHG�ZLWK�KLVWRULFDO
GDWD��RQO\� WKH� UDUHO\� HQFRXQWHUHG�5RVDFHD�F\PELIRUPLV
DQG� 6XOFXOHRODULD� TXDGULYDOYLV� ZHUH� QRW� IRXQG� LQ� WKHH
UHFHQW�ZRUN�

&DO\FRSKRUH�IUHTXHQF\�RI�RFFXUUHQFH�GRHV�QRW�GLIIHU
VXEVWDQWLDOO\� LQ� KLVWRULFDO� DQG� UHFHQW� GDWD� �7DE�� ���� 7KH
VRXWKHUQ�$GULDWLF¤V�ZHOO�GHYHORSHG�F\FORQLF�J\UH��*DáLß
HW�DO���������SUREDEO\�FRQWULEXWHV�WR�PDLQWDLQLQJ�D�UHOD�
WLYHO\�FRQVWDQW�FRPSRVLWLRQ�RI�WKH�SODQNWRQ�FRPPXQLW\�
LQFOXGLQJ�JHODWLQRXV�WD[D��7KH�PRVW�FRPPRQ�VSHFLHV�DUH
/HQVLD�VXEWLOLV��/��PHWHRUL��(XGR[RLGHV�VSLUDOLV��6SKDHUR�
QHFWHV�JUDFLOLV��DQG�6��LUUHJXODULV��IROORZHG�E\�+LSSRSR�
GLXV� KLSSRSXV�� 9RJWLD� SHQWKDFDQWKD�� /�� FRQRLGHD�� /�
IRZOHUL��&KHORSK\HV�DSSHQGLFXODWD��.HSK\HV�RYDWD��DQG
%DVVLD�EDVVHQVLV��7KH�FDO\FRSKRUDQ�.��RYDWD��SUHYLRXVO\
NQRZQ�DV�&ODXVRSK\HV� RYDWD��ZDV� UHFODVVLILHG� E\� 3XJK
�������

7DE�����/LVW�RI�W\SLFDO�6RXWKHUQ�$GULDWLF�6HD�FDO\FRSKRUDQ�QHFWRSKRUHV�FROOHFWHG�IURP������WR������DQG�WKHLU�UHOD�
WLYH�IUHTXHQF\�RI�RFFXUUHQFH��U� �UDUH��I� �IUHTXHQW��YI� �YHU\�IUHTXHQW��'DWD�VRXUFHV�������������VXPPDUL]HG�LQ
*DPXOLQ�	�.UÉLQLÞ� ��������0D\�������/XàLÞ�HW� DO�� �������� -XO\������� /XàLÞ�HW� DO�� �������� )HEUXDU\� DQG�2FWREHU
������XQSXEO�
7DE�����6H]QDP�WLSLàQLK�NDOLNRIRUQLK�FHYNDÉHY� MXËQHJD�-DGUDQVNHJD�PRUMD��]EUDQLK�RG������GR������ LQ�UHODWLYQD
SRJRVWRVW�QMLKRYHJD�SRMDYOMDQMD��U� �UHGNR��I� �SRJRVWR��YI� �]HOR�SRJRVWR��3RGDWNRYQL�YLUL�������������SRY]HWR�Y
*DPXOLQ�	�.UÉLQLÞ���������PDM�������/XàLÞ�HW�DO����������MXOLM�������/XàLÞ�HW�DO����������IHEUXDU�LQ�RNWREHU������
QHREMDYOMHQR�

6SHFLHV ��������� 0D\����� -XO\����� )HE����� 2FW�����
5RVDFHD�F\PELIRUPLV U
+LSSRSRGLXV�KLSSRSXV I I U I
9RJWLD�SHQWDFDQWKD U U I I U
6XOFXOHRODULD�TXDGULYDOYLV U
6XOFXOHRODULD�WXUJLGD U
6XOFXOHRODULD�FKXQL U U U
'LSK\HV�GLVSDU U
/HQVLD�FRQRLGHD I I I I U
/HQVLD�PXOWLFULVWDWD U U U
/HQVLD�IRZOHUL U I I I
/HQVLD�VXEWLOLV YI YI YI YI YI
/HQVLD�FDPSDQHOOD U U U
/HQVLD�PHWHRUL YI YI YI YI YI
/HQVLD�VXEWLORLGHV U U
&KHORSK\HV�DSSHQGLFXODWD I U U I I
(XGR[RLGHV�VSLUDOLV YI YI YI I YI
6SKDHURQHFWHV�JUDFLOLV I YI YI YI
6SKDHURQHFWHV�LUUHJXODULV YI I YI YI I
6SKDHURQHFWHV�JDPXOLQL U U
6SKDHURQHFWHV�IUDJLOLV U U U
.HSK\HV�RYDWD U I I I U
$E\ORSVLV�WHWUDJRQD I U U
%DVVLD�EDVVHQVLV I U I I U
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0HGXVDQ�DEXQGDQFH

7KHVH�GDWD� VXJJHVW� WKDW� LPSRUWDQW�FKDQJHV�KDYH�RF�
FXUUHG� LQ� PHGXVDQ� DEXQGDQFH�� 7RWDO� DEXQGDQFH� DS�
SHDUV�WR�EH�KLJKHU�LQ�UHFHQW�VWXGLHV��7KLV�LV�HVSHFLDOO\�WKH
FDVH� IRU� 5KDEGRRQ� VLQJXODUH�� 2FHDQLD� DUPDWD�� 2FWR�
SKLDOXFLXP� IXQHUDULXP�� DQG� $UFWDSRGHPD� DXVWUDOLV�
7KHVH� VSHFLHV�ZHUH� KLVWRULFDOO\� UHODWLYHO\� UDUH�� EXW� WKH\
DUH�GHFLGHGO\�PRUH�DEXQGDQW�DQG�VRPHWLPHV�GRPLQDQW
LQ�RXU�PRUH�UHFHQW�VDPSOHV��7DE������2Q�WKH�RWKHU�KDQG�
/LULRSH� WHWUDSK\OOD�� SUHYLRXVO\� RQH� RI� WKH�PRUH� QXPHU�
RXV�PHGXVDH��KDV�XQGHUJRQH�D�GUDPDWLF�GHFUHDVH�� DQG
LQ� VRPH�FDVHV� LW�ZDV� DEVHQW� DOWRJHWKHU��$JODXUD� KHPLV�
WRPD�� 3HUVD� LQFRORUDWD�� 5KRSDORQHPD� YHODWXP�� DQG
6ROPLVVXV�DOEHVFHQV��KRZHYHU��KDYH� UHPDLQHG� UHJXODUO\
DEXQGDQW�

7KH� PDVVLYH� DSSHDUDQFH� RI� PHURSODQNWRQLF� FRDVWDO
VSHFLHV�WKDW�RFFXUUHG�VHDVRQDOO\�LQ�KLVWRULFDO�VWXGLHV�KDV
QRW�EHHQ�REVHUYHG� LQ�RXU�PRUH� UHFHQW�ZRUN��1HYHUWKH�
OHVV��PHGXVDQ�GHQVLWLHV�DERYH�����P�LQ�0D\������DQG
-XO\������DUH�DPRQJ�WKH�KLJKHVW�UHSRUWHG�IRU�DQ\�RSHQ�
VHD�HQYLURQPHQW� �VHH�%HQRYLß�HW�DO��������DQG�/XáLß�HW

DO��� ������� )RU� H[DPSOH�� SDUWLFXODUO\� KLJK� GHQVLWLHV� RI
5KRSDORQHPD� YHODWXP� ZHUH� IRXQG� LQ� WKH� ������� P
OD\HU��ZLWK�����LQG�����P���LQ�0D\����������LQG�����P��

LQ�-XO\�������DQG����LQG�����P��� LQ�)HEUXDU\�DQG�2FWR�
EHU������

&DO\FRSKRUDQ�DEXQGDQFH

7KHUH�ZDV�QR�GHWHFWDEOH�FKDQJH�LQ�WKH�DEXQGDQFH�RI
FDO\FRSKRUDQ� VSHFLHV� EHWZHHQ� HDUOLHU� DQG� UHFHQW� VDP�
SOHV��/HQVLD�VXEWLOLV�FRQWLQXHV� WR�EH� WKH�PRVW�QXPHURXV
VSHFLHV��IROORZHG�E\�(XGR[RLGHV�VSLUDOLV�DQG�/��PHWHRUL�
6SKDHURQHFWHV�JUDFLOLV�DQG�6��LUUHJXODULV�DOVR�ZHUH�DEXQ�
GDQW�

6HYHUDO� VSHFLHV� GR�� KRZHYHU�� DSSHDU� DW� QRWDEO\
KLJKHU� DEXQGDQFH� LQ� UHFHQW� LQYHVWLJDWLRQV� �7DE�� ���� ,Q
SDUWLFXODU��.HSK\HV� RYDWD� ZDV� PRUH� QXPHURXV�� LQ� -XO\
������ WKHUH� ZDV� DQ� XQXVXDOO\� KLJK� QXPEHU� RI�9RJWLD
SHQWDFDQWKD�� )XUWKHU�� RQH� RI� WKH� KLJKHVW� QHFWRSKRUH
GHQVLWLHV�\HW�UHSRUWHG�IRU�WKH�RSHQ�VHD������QHFWRSKRUHV
���P����ZDV� IRXQG� DERYH� ���P� DW� QLJKW� LQ�0D\� �����
GXH�SULPDULO\�WR�/��VXEWLOLV��/XáLß�HW�DO���������

7DE�����5HODWLYH�DEXQGDQFH�RI�6RXWKHUQ�$GULDWLF�6HD�PHGXVDH�FROOHFWHG�IURP������WR�������+LVWRULFDO�GDWD�ZHUH
UHFDOFXODWHG�DV�QXPEHU�RI�LQGLYLGXDOV�SHU����P����� ����LQG�����P���F� �����LQG�����P���FF� �!�����LQG�����P���FFF
 �!���LQG�����P���'DWD�VRXUFHV�������������%HQRYLÞ��������������������%HQGHU�	�%HQRYLÞ��������DQG�%HQRYLÞ�	
%HQGHU���������0D\�������%HQRYLÞ�HW�DO����������-XO\�������/XàLÞ�HW�DO����������)HEUXDU\�DQG�2FWREHU�������XQ�
SXEO�
7DE�����5HODWLYQD�ÉWHYLOàQRVW�PHGX]�MXËQHJD�-DGUDQVNHJD�PRUMD��]EUDQLK�RG������GR�������3RGDWNL�L]�SUHWHNOLK�ÉWX�
GLM�VR�ELOL�SUHUDàXQDQL�QD�ÉWHYLOR�RVHENRY�QD����P����� ����LQG�����P���F� �����LQG�����P���FF� �!�����LQG�����P��
FFF� �!���LQG�����P���3RGDWNRYQL�YLUL�������������%HQRYLÞ��������������������%HQGHU�	�%HQRYLÞ��������LQ�%HQR�
YLÞ�	�%HQGHU� ��������PDM� ������ %HQRYLÞ� HW� DO�� �������� MXOLM� ������ /XàLÞ� HW� DO�� �������� IHEUXDU� LQ� RNWREHU� �����
QHREMDYOMHQR�

6SHFLHV ��������� ��������� 0D\����� -XO\����� )HE����� 2FW�����
5KDEGRRQ�VLQJXODUH F F FFF FFF F F
2FHDQLD�DUPDWD � F F FF F
$PSKLQHPD�UXEUD � F FF F �
/HXFNDUWLDUD�RFWRQD � � F �
%\WKRWLDUD�PXUUD\L � � �
.UDPSHOOD�GXELD � �
2FWRSKLDOXFLXP�IXQHUDULXP � � � F F
+DOLVFHUD�ELJHORZL � �
/LULRSH�WHWUDSK\OOD FFF FFF �
$JODXUD�KHPLVWRPD FFF FFF F FFF FFF F
$UFWDSRGHPD�DXVWUDOLV � � F F �
3HUVD�LQFRORUDWD FFF FF FF FF FFF F
5KRSDORQHPD�IXQHUDULXP � � � �
5KRSDORQHPD�YHODWXP FFF FFF FFF FFF FFF FFF
6PLQWKHD�HXU\JDVWHU FF � F F � �
6ROPXQGHOOD�ELWHQWDFXODWD � FF F F F
6ROPLVVXV�DOEHVFHQV FF F FF FFF FFF F
3DUDSK\OOLQD�LQWHUPHGLD � �
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7DE�����5HODWLYH�DEXQGDQFH�RI�6RXWKHUQ�$GULDWLF�6HD�FDO\FRSKRUDQ�QHFWRSKRUHV�FROOHFWHG�IURP�����WR�������+LV�
WRULFDO�GDWD�ZHUH�UHFDOFXODWHG�DV�QXPEHU�RI�QHFWRSKRUHV�SHU����P����� ����LQG�����P���F� �����LQG�����P���FF� 
!�����LQG�����P���FFF� �!���LQG�����P���'DWD�VRXUFHV�������������VXPPDUL]HG�LQ�*DPXOLQ�	�.UÉLQLÞ���������0D\
������/XàLÞ�HW�DO����������-XO\�������/XàLÞ�HW�DO����������)HEUXDU\�DQG�2FWREHU�������XQSXEO�
7DE�����5HODWLYQD�ÉWHYLOàQRVW�NDOLNRIRUQLK�FHYNDÉHY�MXËQHJD�-DGUDQVNHJD�PRUMD��]EUDQLK�RG������GR�������3RGDWNL
L]�SUHWHNOLK�ÉWXGLM�VR�ELOL�SUHUDàXQDQL�QD�ÉWHYLOR�QHNWRIRURY�QD����P����� ����LQG�����P���F� �����LQG�����P���FF� 
!�����LQG�����P���FFF� �!���LQG�����P���3RGDWNRYQL�YLUL�������������SRY]HWR�Y�*DPXOLQ�	�.UÉLQLÞ� ��������PDM
������/XàLÞ�HW�DO����������MXOLM�������/XàLÞ�HW�DO����������IHEUXDU�LQ�RNWREHU�������QHREMDYOMHQR�

6SHFLHV ��������� 0D\����� -XO\����� )HE����� 2FW�����
5RVDFHD�F\PELIRUPLV �
+LSSRSRGLXV�KLSSRSXV F F � F
9RJWLD�SHQWDFDQWKD � � FF � �
6XOFXOHRODULD�TXDGULYDOYLV �
6XOFXOHRODULD�WXUJLGD �
6XOFXOHRODULD�FKXQL � � �
'LSK\HV�GLVSDU �
/HQVLD�FRQRLGHD � F F � �
/HQVLD�PXOWLFULVWDWD � � �
/HQVLD�IRZOHUL � � F �
/HQVLD�VXEWLOLV FFF FFF FFF FFF FFF
/HQVLD�FDPSDQHOOD � � �
/HQVLD�PHWHRUL FFF FFF FFF FFF FFF
/HQVLD�VXEWLORLGHV � �
&KHORSK\HV�DSSHQGLFXODWD F � � F F
(XGR[RLGHV�VSLUDOLV FF FFF FFF F FFF
6SKDHURQHFWHV�JUDFLOLV F FFF FFF FF
6SKDHURQHFWHV�LUUHJXODULV FF F FF FF F
6SKDHURQHFWHV�JDPXOLQL � �
6SKDHURQHFWHV�IUDJLOLV � � �
.HSK\HV�RYDWD � F F F �
$E\ORSVLV�WHWUDJRQD F � �
%DVVLD�EDVVHQVLV F � F F �

7KHUH� DUH� VHYHUDO� SRWHQWLDO� H[SODQDWLRQV� IRU� WKH� LQ�
FUHDVHG� DEXQGDQFH� RI� SODQNWRQLF� FQLGDULDQV� LQ� UHFHQW
VDPSOHV�
D� +LJKHU�DYHUDJH�ZDWHU� WHPSHUDWXUHV� WKDQ� LQ�SUHYLRXV

\HDUV� �*DáLß�HW� DO��� ������ FRXOG� KDYH� VWLPXODWHG� DQ
LQFUHDVH� LQ� JHQHUDO� SODQNWRQ� SURGXFWLRQ�� $FFRUG�
LQJO\�� UHFHQW� LQYHVWLJDWLRQV� IRXQG� SDUWLFXODUO\� KLJK
PLFUR�� DQG� PHVR]RRSODQNWRQ� GHQVLWLHV� �H[FHSW� LQ
2FWREHU�������ZKHQ� WKH� WRWDO�QXPEHU�RI�FQLGDULDQV
ZDV�ORZ��

E�� 8QOLNH� SUHYLRXVO\�� RXU� UHFHQW� LQYHVWLJDWLRQV� HPSKD�
VL]HG�GD\�QLJKW�VDPSOLQJ��ZLWK�KLJKHU�GHQVLWLHV�QHDU
WKH�VXUIDFH�DW�QLJKW�

F� 7KH� VKRUW�WHUP�� UHSHWLWLYH� VDPSOLQJ� XVHG� LQ� RXU� UH�
FHQW�ZRUN�SURYLGHV�D�PRUH�WKRURXJK�WHPSRUDO�FRYHU�
DJH� RI� WKH� VWXG\� DUHD� DQG� VR� LW� FDQ� EH� H[SHFWHG� WR
FKDUDFWHUL]H�DEXQGDQFH�PRUH�UHOLDEO\�DQG�DOVR�FDS�
WXUH�OHVV�DEXQGDQW�FRPSRQHQWV�

0HGXVDQ�EDWK\PHWULF�GLVWULEXWLRQ�DQG�YHUWLFDO
PLJUDWLRQ

$V� QRWHG� DERYH�� IXOO� XQGHUVWDQGLQJ� RI� WKH� UROH� RI
SODQNWRQLF� FQLGDULDQV� LQ� SHODJLF� IRRG� ZHEV� UHTXLUHV
NQRZOHGJH� RI� EDWK\PHWULF� GLVWULEXWLRQ� DQG� PLJUDWLRQ
SDWWHUQV�� 2I� PDQ\� IDFWRUV� SURSRVHG� WR� H[SODLQ� YHUWLFDO
PLJUDWRU\� EHKDYLRU�� PRVW� DWWHQWLRQ� ZDV� JLYHQ� WR� OLJKW
LQWHQVLW\��K\GURJUDSKLF� YDULDEOHV�� IHHGLQJ�� DQG�SUHGDWRU
DYRLGDQFH��0HGXVDQ�YHUWLFDO�GLVWULEXWLRQV�DQG�PLJUDWLRQ
LQ� WKH� VRXWKHUQ�$GULDWLF� KDYH� EHHQ�GHVFULEHG� LQ� UHFHQW
SDSHUV� �VHH�/XáLß�HW�DO����������H[FHSW� IRU�6ROPLVVXV�DO�
EHVFHQV� �%HQRYLß�� ������� 7DEOH� �� VXPPDUL]HV� WKHVH
GDWD�
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7DE�����6HDVRQDO�EDWK\PHWULF�GLVWULEXWLRQ�RI�W\SLFDO�6RXWKHUQ�$GULDWLF�6HD�PHGXVDH��'DWD�VRXUFHV�RQO\�IURP�UHFHQW
LQYHVWLJDWLRQV�������������
7DE�����6H]RQVND�EDWLPHWULMVND�GLVWULEXFLMD�WLSLàQLK�PHGX]�MXËQHJD�-DGUDQVNHJD�PRUMD��3RGDWNRYQL�YLUL��VDPR�QRYH�
MÉH�UD]LVNDYH�������������

6SHFLHV :LQWHU 6SULQJ 6XPPHU $XWXPQ
5KDEGRRQ�VLQJXODUH ����� ������ ������ ������
2FHDQLD�DUPDWD ����� ����� ������ ������
$PSKLQHPD�UXEUD ������ ������� ������� �������
/HXFNDUWLDUD�RFWRQD ������ ������
%\WKRWLDUD�PXUUD\L �������
.UDPSHOOD�GXELD �������
2FWRSKLDOXFLXP�IXQHUDULXP �������� ������� ��������
+DOLVFHUD�ELJHORZL ������� �������
/LULRSH�WHWUDSK\OOD ����� ����
$JODXUD�KHPLVWRPD ����� ����� ����� ����
$UFWDSRGHPD�DXVWUDOLV �������� ������� �������� �������
3HUVD�LQFRORUDWD ������ ������� ������� �����
5KRSDORQHPD�IXQHUDULXP �������� ������� ������� ��������
5KRSDORQHPD�YHODWXP ����� ������ ����� �����
6PLQWKHD�HXU\JDVWHU ������ ������ ��������
6ROPXQGHOOD�ELWHQWDFXODWD ����� ����� ������
6ROPLVVXV�DOEHVFHQV ������ ������ ������� �������
3DUDSK\OOLQD�LQWHUPHGLD �������� ��������

7KH�RQO\�SHODJLF�FQLGDULDQ� IRXQG�H[FOXVLYHO\� DERYH
����P�ZDV�$JODXUD�KHPLVWRPD��DQ�RPQLYRUH� WKDW� IHHGV
RQ�PLFURSK\WRSODQNWRQ�DQG�SURWLVWV��&ROLQ�HW�DO���������
0RVW�$��KHPLVWRPD�RFFXU�TXLWH�QHDU�WKH�VXUIDFH��H[FHSW
GXULQJ� VXPPHU� PRQWKV� ZKHQ� LW� DJJUHJDWHV� MXVW� DERYH
WKH�WKHUPRFOLQH��/LULSH�WHUWUDSK\OOD�LV�DOVR�D�VXUIDFH�VSH�
FLHV�

5KRSDORQHPD� YHODWXP�� 5KDEGRRQ� VLQJXODUH�� DQG
2FHDQLD� DUPDWD� DUH� VXE�VXUIDFH� VSHFLHV� IRXQG� PDLQO\
DERYH�����P��7KHVH�PHGXVDH�UDUHO\�EUHDFKHG� WKH� WKHU�
PRFOLQH��EXW�GXULQJ�ZLQWHU�PRQWKV�WKH\�ZHUH�VRPHWLPHV
DEXQGDQW�QHDU� WKH� VXUIDFH�DW�QLJKW�� 3DUW�RI� WKH�5�� YHOD�
WXP� DQG� 5�� VLQJXODUH� SRSXODWLRQV�� KRZHYHU�� VRXJKW
GHHSHU�OD\HUV�DW�QLJKW�

7KH�PRUH�IUHTXHQW�DQG�DEXQGDQW�PHGXVDH�DUH�FKDU�
DFWHULVWLF� PHPEHUV� RI� WKH� VRXWKHUQ� $GULDWLF¤V� XSSHU
PHVRSHODJLF�IDXQD��7KHVH�DUH��$PSKLQHPD�UXEUD��3HUVD
LQFRORUDWD��/HXFNDUWLD�RFWRQD��6PLQWKHD�HXU\JDVWHU��DQG
6ROPXQGHOOD� ELWHQWDFXODWD�� DV� ZHOO� DV� WKH� UDUH� VSHFLHV
%\WKRWLDULD� PXUUD\L�� 7KH� KLJKHVW� IUHTXHQF\� RI� RFFXU�
UHQFH�DQG�SRSXODWLRQ�GHQVLW\�RI�WKHVH�VSHFLHV�LV�EHWZHHQ
���� DQG� ����P�� $� FRPPRQ� EHKDYLRUDO� IHDWXUH� RI� WKLV
JURXS�LV�WKDW�WKH\�PLJUDWH�LQ�ERWK�GLUHFWLRQV�DW�QLJKW��WKDW
LV��ERWK�WRZDUG�WKH�VXUIDFH�DQG�WRZDUG�WKH�ERWWRP��7KHLU
YHUWLFDO�PRYHPHQWV�DUH�DOVR�VHDVRQDO��VXFK� WKDW� LQ�ZLQ�
WHU�WKHVH�VSHFLHV�VZLP�WR�WKH�VXUIDFH�DW�QLJKW�ZKHUHDV�DW

RWKHU� WLPHV� RI� WKH� \HDU� WKH\� GR� QRW� PLJUDWH� VKDOORZHU
WKDQ�����P�GHSWK�

&KDUDFWHULVWLF� VSHFLHV� RI� WKH� ORZHU�PHVRSHODJLF� DUH
2FWRSKLDOXFLXP� IXQHUDULXP�� $UFWDSRGHPD� DXVWUDOLV�
5KRSDORQHPD�YHODWXP��DQG�D�YHU\�UDUH�.UDPSHOOD�GXELD�
7KHVH� VSHFLHV� XQGHUJR� H[WHQVLYH� YHUWLFDO� PLJUDWLRQV�
ZLWK�WKHLU�XSSHU�ERUGHU�EHLQJ�����P�

7KH�VF\SKRPHGXVD�3DUDSK\OOLQD�LQWHUPHGLD�LV�PRVWO\
EDWK\SHODJLF� DQG�PLJUDWHV� WR�ZLWKLQ� ����P� RI� WKH� VXU�
IDFH�DW�QLJKW�

7KH�PRVW� LPSRUWDQW� YHUWLFDO�PLJUDQW� LV�6ROOPLVXV� DO�
EHVFHQV�� EHKDYLRUDOO\� GLVWLQJXLVKHG� IURP� DOO� RWKHU� VSH�
FLHV�� LW� KDV� WKH� ZLGHVW� YHUWLFDO� GLVWULEXWLRQ� DQG� XQGHU�
WDNHV� WKH�PRVW�H[WHQVLYH�GLHO�PLJUDWLRQ�� VSDQQLQJ�PRUH
WKDQ�����P�DW� WKH�DYHUDJH� VSHHG�RI� ����P�K� �.�� .DWMD
<RQJ�� SHUV�� FRPP���� ,W� DJJUHJDWHV� ZLWKLQ� �������� P
OD\HU� DW� PLGGD\� DQG� WRZDUG� HYHQLQJ� PRYHV� WR� XSSHU
OD\HUV�� 7KH� KLJKHVW� DEXQGDQFH� ZDV� IRXQG� DW� QLJKW� EH�
WZHHQ�WKH�VXUIDFH�DQG����P��$Q�H[FHSWLRQ�WR�WKLV�SDWWHUQ
RFFXUV� LQ� VXPPHU�DQG�DXWXPQ�ZKHQ� LWV�XSZDUG�PRYH�
PHQW�LV�EORFNHG�E\�D�ZHOO�GHYHORSHG�WKHUPRFOLQH��6��DO�
EHVFHQV� SULPDULO\� HDWV� RWKHU� JHODWLQRXV� RUJDQLVPV
�5DVNRII���������7KXV��LWV�H[WHQVLYH�PLJUDWLRQV�WR�VXUIDFH
OD\HUV�PLJKW�EH�H[SODLQHG�E\�DSSUHFLDEO\�KLJKHU�GHQVL�
WLHV�RI�WKHLU�SRWHQWLDO�SUH\�DERYH�����P�DW�QLJKW�
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&DO\FRSKRUDQ�EDWK\PHWULF�GLVWULEXWLRQ�DQG�YHUWLFDO
PLJUDWLRQV

7KHUH�ZDV�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�GHSWK�UDQJH�RI
PRVW�FRPPRQ�FDO\FRSKRUDQV� �7DE������/HQVLD�FRQRLGHD
������������/��PHWHRUL� ������������ /�� VXEWLOLV� ��������
6SKDHURQHFWHV� LUUHJXODULV� ���������/�� IRZOHUL� ����������
.HSK\HV� RYDWD� ������������ DQG� 6SKDHURQHFWHV� JUDFLOLV
��������

7KH� VSHFLHV� GLVWULEXWHG�PDLQO\� DERYH� ����P� GHSWK
ZHUH�+LSSRSRGLXV�KLSSRSXV��/HQVLD� VXEWLOLV��/�� FDPSD�
QXOD�� &KHORSK\HV� DSSHQGLFXODWD�� (XGR[RLGHV� VSLUDOLV�
6SKDHURQHFWHV� JUDFLOLV�� 6�� LUUHJXODULV�� 6�� JDPXOLQL�� DQG
%DVVLD� EDVVHQVLV�� 7\SLFDO� QRFWXUQDO� PRYHPHQWV� WRZDUG
WKH� VXUIDFH� ZHUH� UHFRUGHG� RQO\� IRU� /�� VXEWLOLV� DQG
6SKDHURQHFWHV�JUDFLOLV��ERWK�RI�ZKLFK�DJJUHJDWHG�EHORZ
WKH�WKHUPRFOLQH�GXULQJ�VXPPHU��(��VSLUDOLV�PLJUDWHG�ERWK
WRZDUG�WKH�VXUIDFH�DQG�EHORZ�����P�

&DO\FRSKRUHV� IRXQG� PDLQO\� EHORZ� ���� P� GHSWK
ZHUH�6XOFXOHRODULD�FKXQL��/HQVLD�PXOWLFULVWDWD��/��IRZOHUL�
/�� PHWHRUL�� /�� VXEWLORLGHV�� DQG� 6SKDHURQHFWHV� IUDJLOLV�
7KHVH� VSHFLHV�PLJUDWHG� WR� VKDOORZHU� OD\HUV� SULPDULO\� LQ
ZLQWHU�� H[FHSW� IRU�/�PHWHRUL��ZKLFK�ZDV�FROOHFWHG� QHDU
WKH� VXUIDFH��0RVW� VSHFLPHQV�RI�/�� FRQRLGHD� DQG�9RJWLD
SHQWKDFDQWKD� ZHUH� FROOHFWHG� EHORZ� ���� P� GXULQJ� WKH

GD\�EXW�ZHUH�DV�VKDOORZ�DV�����P�DW�QLJKW��.��RYDWD�DS�
SHDUV�WR�EH�QRQ�PLJUDWRU\�

7KHUH� DUH� VRPH� GLIIHUHQFHV� EHWZHHQ� KLVWRULFDO� �*D�
PXOLQ� 	� .UÊLQLß�� ������ DQG� UHFHQW� GDWD� UHJDUGLQJ� WKH
PD[LPXP�GHSWK�RI�VRPH�FDO\FRSKRUHV��,Q�SDUWLFXODU��9�
SHQWKDFDQWKD�ZDV�GHVFULEHG�HDUOLHU�DV�D�W\SLFDO�GHHS�VHD
VSHFLHV�� EXW� RXU� UHFHQW� FROOHFWLRQV� VKRZ� WKDW� LW� LV� URX�
WLQHO\�IRXQG�DV�VKDOORZ�DV�����P�DW�QLJKW��7KHVH�VHHP�
LQJ�KLVWRULFDO�GLIIHUHQFHV�DUH�FOHDUO\�D�IXQFWLRQ�RI�QLJKW�
WLPH� VDPSOHV� WKDW� FKDUDFWHUL]H� RXU� PRUH� UHFHQW� ILHOG
ZRUN��$GGLWLRQDOO\��WKH�PD[LPXP�GHSWK�HDUOLHU�UHSRUWHG
IRU� +LSSRSRGLXV� KLSSRSXV�� /HQVLD� VXEWLOLV�� /�� FDPSD�
QXOOD�� DQG�&KHORSK\HV�DSSHQGLFXODWD�ZDV������P��EXW
WKLV�LV�QRW�VXEVWDQWLDWHG�E\�UHFHQW�LQYHVWLJDWLRQV�

&21&/86,216

7KH� SUHVHQW� ZRUN� UHSRUWV� KLVWRULFDO� DQG� UHFHQW� GDWD
RQ� WKH� VSHFLHV� FRPSRVLWLRQ�� DEXQGDQFH�� EDWK\PHWULF
GLVWULEXWLRQ�� DQG� YHUWLFDO� PLJUDWLRQV� RI� SODQNWRQLF� FQL�
GDULDQV�LQ�WKH�ZDWHU�FROXPQ�RYHU�WKH�GHHSHVW�DUHD�RI�WKH
ROLJRWURSKLF�6RXWK�$GULDWLF�6HD����� VSHFLHV�ZHUH� IRXQG
RQ� DOO� FUXLVHV�� ZLWK� WKH� PRUH� DEXQGDQW� EHLQJ� PHGXVD
5KRSDORQHPD� YHODWXP� DQG� WKH� VLSKRQRSKRUH� /HQVLD
VXEWLOLV�

7DE�� ��� 6HDVRQDO� EDWK\PHWULF� GLVWULEXWLRQ�RI� W\SLFDO� 6RXWKHUQ�$GULDWLF� 6HD� RSHQ�VHD� FDO\FRSKRUHV��'DWD� VRXUFHV
IURP�UHFHQW�LQYHVWLJDWLRQV�������������
7DE�����6H]RQVND�EDWLPHWULMVND�GLVWULEXFLMD�WLSLàQLK��Y�RGSUWLK�YRGDK�MXËQHJD�-DGUDQVNHJD�PRUMD�ËLYHàLK�NDOLNRIRUQLK
FHYNDÉHY��3RGDWNRYQL�YLUL��QRYHMÉH�UD]LVNDYH�������������

6SHFLHV :LQWHU 6SULQJ 6XPPHU $XWXPQ
+LSSRSRGLXV�KLSSRSXV ����� ����� �����
9RJWLD�SHQWDFDQWKD ����� ������� �������� �������
6XOFXOHRODULD�FKXQL ������� �����
/HQVLD�FRQRLGHD �������� �������� �������� �������
/HQVLD�PXOWLFULVWDWD ������� �������
/HQVLD�IRZOHUL ������ ������� �������
/HQVLD�VXEWLOLV ����� ����� ����� �����
/HQVLD�FDPSDQHOOD ������ ������
/HQVLD�PHWHRUL ����� ������ ������� �������
/HQVLD�VXEWLORLGHV �������
&KHORSK\HV�DSSHQGLFXODWD ����� ����� ����� �������
(XGR[RLGHV�VSLUDOLV ����� ����� ������ �����
6SKDHURQHFWHV�JUDFLOLV ����� ����� �����
6SKDHURQHFWHV�LUUHJXODULV ����� ������ ������ ������
6SKDHURQHFWHV�JDPXOLQL ������
6SKDHURQHFWHV�IUDJLOLV ������� ������
.HSK\HV�RYDWD �������� �������� ��������
$E\ORSVLV�WHWUDJRQD ������� ����
%DVVLD�EDVVHQVLV ����� ����� ����� ����
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/LULRSH� WHWUDSK\OOD�� IRUPHUO\� DPRQJ� WKH� PRVW� IUH�
TXHQWO\� HQFRXQWHUHG� K\GURPHGXVDH� LQ� WKH� VRXWKHUQ
$GULDWLF�� KDV� EHFRPH� UDUH� RU� DEVHQW� LQ� UHFHQW� VDPSOHV�
2Q�WKH�RWKHU�KDQG��2FHDQLD�DUPDWD��$PSKLQHPD�UXEUD�
/HXFNDUWLDUD� RFWRQD�� 2FWRSKLDOXFLXP� IXQHUDULXP�� DQG
$UFWRSRGHPD�DXVWUDOLV��DUH�QRZ�IDU�PRUH�DEXQGDQW�WKDQ
EHIRUH�� 7KHVH� �� VSHFLHV� DUH� QRZ� TXLWH� FRPPRQ�PHP�
EHUV�RI�WKH�RSHQ�VRXWKHUQ�$GULDWLF�SODQNWRQLF�HFRV\VWHP�
:LWK�WKH�H[FHSWLRQ�RI�2��DUPDWD��DOO�RI�WKHVH�VSHFLHV�DUH
FKDUDFWHULVWLF�RI�PLG�GHSWK�DQG�EDWK\SHODJLF�OD\HUV�

2QH� REYLRXV� GLIIHUHQFH� EHWZHHQ� KLVWRULFDO� DQG� UH�
FHQW�FROOHFWLRQV�LV�WKH�SUHVHQFH�RI�FRDVWDO�VSHFLHV�LQ�WKH
VXUIDFH�ZDWHUV�RI�WKH�RSHQ�VRXWKHUQ�$GULDWLF��+\GURPH�
GXVDH�RI� WKH�JHQHUD�+\GUDFWLQLD��%RXQJDLQYLOOLD��&O\WLD�
DQG� 2EHOLD� WKDW� ZHUH� IUHTXHQWO\� HQFRXQWHUHG� LQ� RXU
ROGHU�]RRSODQNWRQ�VDPSOHV�DUH�QRZ�TXLWH�UDUH��7KHUH�LV�
KRZHYHU�� QR� VXEVWDQWLDO� GLIIHUHQFH� LQ� WKH� IUHTXHQF\� RI
RFFXUUHQFH� RI� FDO\FRSKRUHV� EHWZHHQ� KLVWRULFDO� DQG� UH�
FHQW�VDPSOHV�

7KHUH� LV�� QRQHWKHOHVV�� DQ� LQGLFDWLRQ� WKDW� FQLGDULDQV
DUH�JHQHUDOO\�PRUH� DEXQGDQW� LQ� RXU�PRUH� UHFHQWO\� FRO�
OHFWHG�VDPSOHV��7KLV�LV�HVSHFLDOO\�WKH�FDVH�IRU�5KDEGRRQ
VLQJXODUH��2FHDQLD�DUPDWD��2FWRSKLDOXFLXP�IXQHUDULXP�
DQG�$UFWDSRGHPD�DXVWUDOLV��VSHFLHV�WKDW�ZHUH�SUHYLRXVO\
SUHVHQW� RQO\� LQ� ORZ� DEXQGDQFH� DQG� DUH� QRZ� PRUH

DEXQGDQW� RU�� LQ� VRPH� FDVHV�� HYHQ� GRPLQDQW�� +LJKHU
DEXQGDQFHV�ZHUH� UHFRUGHG� IRU� RWKHU� VSHFLHV� GXULQJ� UH�
FHQW�LQYHVWLJDWLRQV�� WRR��7KLV�FRXOG�EH�H[SODLQHG�E\� WKH
LQFUHDVH�RI� DYHUDJH� WHPSHUDWXUH� LQ� WKH� ODVW�GHFDGH�DQG
LWV� LQIOXHQFH�RQ� WKH�JHQHUDO� LQFUHDVH�RI�SODQNWRQ� DEXQ�
GDQFH��RU� LW�PD\�EH�D� VDPSOLQJ�DUWLIDFW�DVVRFLDWHG�ZLWK
PRUH�IUHTXHQW�VDPSOLQJ�DW�QLJKW�

7KH�PRVW�FRPPRQ�VSHFLHV�PLJUDWHG�RYHU�D�VXEVWDQ�
WLDO�GHSWK�UDQJH��SUHVXPDEO\�GXH�WR�GDLO\�FKDQJHV�RI� LU�
UDGLDQFH� DQG� IHHGLQJ� ELRORJ\�� +LJKHU� VXUIDFH� OD\HUV
WHPSHUDWXUH�DSSHDUHG�WR�EH�DQ�HIIHFWLYH�XSSHU�EDUULHU�IRU
PDQ\�FQLGDULDQV��HVSHFLDOO\�PHVRSHODJLF�VSHFLHV��6RPH
SRSXODWLRQV�SHUIRUPHG�PLJUDWLRQV�WKDW�DSSHDUHG�WR�WUDFN
OLJKW� LQWHQVLW\� SUHIHUHQFH�� &HUWDLQ� VSHFLHV� DOVR� FKDUDF�
WHUL]H�JLYHQ�GHSWK�UDQJHV��/RQJ�WHUP�VDPSOLQJ�SURJUDPV
DUH� FULWLFDO� IRU� DQ� XQGHUVWDQGLQJ� RI� WKH� SODQNWRQLF� VSH�
FLHV�DVVHPEODJHV�LQ�WKH�ZDWHU�FROXPQ�

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

7KH�0LQLVWU\�RI�6FLHQFH��(GXFDWLRQ�DQG�6SRUW�RI�WKH�5
&URDWLD� IXQGHG� WKLV� ZRUN�� SURMHFW� QR�� ������������
������:H�DOVR�DFNQRZOHGJH� WKH�VXSSRUW�RI� WKH�86�1D�
WLRQDO�6FLHQFH�)RXQGDWLRQ��2&(����������

3/$1.7216.,�2Ë,*$/.$5-,�9�2'357,+�92'$+�-8Ë1(*$�-$'5$16.(*$�025-$�
35,0(5-$9$�32'$7.29�,=�35(7(./,+�,1�129(-É,+�5$=,6.$9

'DYRU�/8Þ,Ü��$GDP�%(129,Ü��,YRQD�212)5,��0LUQD�%$7,67,Ü��%DUEDUD�*$1*$,��0DULMDQD�0,/26/$9,Ü�
9ODGLPLU�212)5,��-DNLFD�1-,5(��,JRU�%5$8729,Ü

	�'XEUDYND�%2-$1,Ü�9$5(=,Ü
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������'XEURYQLN��'DPMDQD�-XGH�����&URDWLD

(�PDLO��GDYRU�OXFLF#XQLGX�KU

0LUD�02529,Ü
,QVWLWXWH�IRU�2FHDQRJUDSK\�DQG�)LVKHULHV��+5�������6SOLW��ÉHWDOLÊWH�,��0HÊWURYLßD�����&URDWLD

7MDÈD�.2*29Ç(.
0DULQH�%LRORJ\�6WDWLRQ��1DWLRQDO�,QVWLWXWH�RI�%LRORJ\�������3LUDQ��)RUQDáH�����6ORYHQLD

329=(7(.

9� SULßXMRßHP� ßODQNX� DYWRUML� SULPHUMDMR� SRGDWNH� L]� SUHWHNOLK� ���������� ����������� ����������� LQ� QRYHMÈLK
UD]LVNDY� ������������� LQ�VLFHU�R�]JUDGEL�� ÈWHYLOßQRVWL��EDWLPHWULMVNL�GLVWULEXFLML� LQ�YHUWLNDOQL�PLJUDFLML�RÊLJDONDUMHY�Y
JORERNLK�YRGDK�MXÊQHJD�-DGUDQD�����YUVW�PHGX]�MH�WLSLßQLK�KRORSODQWRQVNLK�YUVW��ÊLYHßLK�Y�RGSUWLK�PRUMLK��Y]RUFL�VR
YHGQR�DOL�SRJRVWR�YVHERYDOL���RG�WHK��LQ�VLFHU�5KDEGRRQ�VLQJXODUH��$JODXUD�KHPLVWRPD��3HUVD�LQFRORUDWD��5KRSDOR�
QHPD�YHODWXP��6PLQWKHD�HXU\JDVWHU�LQ�6ROPLVVXV�DOEHVFHQV��1DMSRJRVWHMÈL�NDOLNRIRUQL�FHYNDÈL� VR�/HQVLD� VXEWLOLV�� /�
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PHWHRUL��(XGR[RLGHV�VSLUDOLV��6SKDHURQHFWHV�JUDFLOLV�LQ�6��LUUHJXODULV�WHU�+LSSRSRGLXV�KLSSRSXV��9RJWLD�SHQWKDFDQWKD�
/HQVLD�FRQRLGHD��/��IRZOHUL��&KHORSK\HV�DSSHQGLFXODWD��.HSK\HV�RYDWD�LQ�%DVVLD�EDVVHQVLV��3UL�SULPHUMDQMX�SRGDWNRY
L]�SUHWHNOLK�LQ�QRYHMÈLK�UD]LVNDY�VR�ELOH�XJRWRYOMHQH�QHNDWHUH�UD]OLNH�Y�SULVRWQRVWL�LQ�ÈWHYLOßQRVWL�

.OMXÞQH�EHVHGH��MXÌQR�-DGUDQVNR�PRUMH��PHGX]H��NDOLNRIRUQL�FHYNDÊL��]JUDGED��ÊWHYLOáQRVW��EDWLPHWULMVND�GLVWULEXFLMD

5()(5(1&(6

%DWLVWLÜ��0���)��.UÇLQLÜ��1��-DVSULFD��0��&DULÜ��'��9LOLÞLÜ
	�'��/XÞLÜ���������*HODWLQRXV�LQYHUWHEUDWH�RI�WKH�6RXWK
$GULDWLF��VSHFLHV�FRPSRVLWLRQ�DQG�YHUWLFDO�GLVWULEXWLRQ��-�
3ODQNWRQ�5HV��������������
%HQRYLÜ��$���������'LXUQDO�YHUWLFDO�PLJUDWLRQ�RI�6ROPLV�
VXV�DOEHVFHQV� �+\GURPHGXVDH�� LQ�WKH�VRXWKHUQ�$GULDWLF�
0DU��%LRO���������������
%HQRYLÜ��$����������+\GURPHGXVDH��&QLGDULD�� IURP�WZR
VWDWLRQV�LQ�WKH�VRXWKHUQ�$GULDWLF�DQG�7K\UUHQLDQ�6HDV� LQ
WKH�\HDU������������3�6�=�1�,��0DU��(FRO������������
%HQGHU�� $�� 	� $�� %HQRYLÜ� �������� 0HGXVDH� IURP� WKH
RSHQ�HDWHUV�RI�WKH�$GULDWLF�6HD��������������6WXG��0DU��
�������������
%HQRYLÜ��$��	�$��%HQGHU���������6HDVRQDO�GLVWULEXWLRQ�RI
PHGXVDH�LQ�WKH�$GULDWLF�6HD��,Q��%RXLOORQ��-���)��%RHUR��)�
&LFRJQD�	� 3�� )�� 6�� &RUQHOLXV� �HGV���� 0RGHUQ� 7UHQGV� LQ
WKH�6\VWHPDWLFV��(FRORJ\�DQG�(YROXWLRQ�RI�+\GURLGV�DQG
+\GURPHGXVDH�� 2[IRUG� 8QLYHUVLW\� 3UHVV�� 2[IRUG�� SS�
��������
%HQRYLÜ�� $�� 	� '�� /XÞLÜ� �������� &RPSDULVRQ� RI� K\�
GURPHGXVDH�ILQGLQJV�LQ�WKH�QRUWKHUQ�DQG�VRXWKHUQ�$GUL�
DWLF�VHD��6FL��0DU���������������
%HQRYLÜ��$��	�'��/XÞLÜ���������-HOO\ILVK�RXWEUHDNV��QDWX�
UDO�F\FOH�RU�VWUHVV�UHVSRQVH�HIIHFW"�&,(60��������*HODWL�
QRXV�]RRSODQNWRQ�RXWEUHDNV��WKHRU\�DQG�SUDFWLFH��&,(60
:RUNVKRS�6HULHV�QR�����SS��������
%HQRYLÜ�� $��� '�� -XVWLÜ� 	� $�� %HQGHU� �������� (QLJPDWLF
FKDQJHV� LQ� WKH� K\GURPHGXVDQ� IDXQD� RI� WKH� QRUWKHUQ
$GULDWLF�6HD��1DWXUH����������������
%HQRYLÜ��$���'��/XÞLÜ�	�9��2QRIUL���������'RHV�FKDQJH
LQ� DQ� $GULDWLF� K\GURPHGXVDQ� IDXQD� LQGLFDWH� DQ� HDUO\
SKDVH�RI�PDULQH�HFRV\VWHP�GHVWUXFWLRQ"�3�6�=�1�,��0DU�
(FRO���������������
%HQRYLÜ��$���'��/XÞLÜ��9��2QRIUL��0��%DWLVWLÜ�	�-��1MLUH
��������%DWK\PHWULF�GLVWULEXWLRQ�RI�PHGXVDH�LQ�WKH�RSHQ
ZDWHUV� RI� WKH� PLGGOH� DQG� VRXWK� $GULDWLF� 6HD� GXULQJ
VSULQJ�������-��3ODQNWRQ�5HV�������������
%XHFKHU��(���-��*R\��%��3ODQTXH��0��(WLHQQH�	�6��'DOORW
�������� /RQJ�WHUP� IOXFWXDWLRQV� RI�/LULRSH� WHWUDSK\OOD� LQ
9LOOHIUDQFKH�%D\�EHWZHHQ������DQG������FRPSDUHG� WR
3HODJLD�QRFWLOXFD�SRSXODWLRQV��2FHDQRO��$FWD����������
����

&ROOLQ�� 6�� 3��� -�� +�� &RVWHOOR� 	� (�� .ORV� �������� ,Q� VLWX
VZLPPLQJ� DQG� IHHGLQJ� EHKDYLRU� RI� HLJKW� FR�RFFXULQJ
K\GURPHGXVDH��0DU��(FRO��3URJ��6HU����������������
*DÞLÜ��0���*�� &LYLWDUHVH�� 6��0LVHURFFKL�� 9�� &DUGLQ�� $�
&ULVH�	�(��0DXUL���������7KH�RSHQ�RFHDQ�FRQYHFWLRQ�LQ
WKH� 6RXWKHUQ� $GULDWLF�� D� FRQWUROOLQJ� PHFKDQLVP� RI� WKH
VSULQJ�SK\WRSODQNWRQ�EORRP��&RQW��6KHOI�5HV������������
�����
*DÞLÜ��0���9��&DUGLQ�	�9��.RYDÞHYLÜ���������9DULDWLRQV
RI�WKHUPDO�FRQGLWLRQV�LQ�WKH�VRXWKHUQ�$GULDWLF�IURP�;%7
PHDVXUHPHQWV�LQ�WKH�SHULRG�2FWREHU��������-XQH������
$FWD�$GULDW�������������
*DPXOLQ�� 7�� �������� &RQWULEXWLRQ� WR� WKH� NQRZOHGJH� RI
/HQVLD�IRZOHUL� �%LJHORZ�� �6LSKRQRSKRUD��&DO\FRSKRUDH��
3�6�=�1�,��0DU��(FRO�����������
*DPXOLQ��7����������/HV�6LSKRQRSKRUHV�FDO\FRSKRUHV�GH
OD�FzWH�RULHQWDOH�GH�O
$GULDWLTXH��5DSS��&RPP��,QW��0HU
0pGLW���������������
*DPXOLQ��7����������5HSDUWLWLRQ�GHV�FDO\FRSKRUHV�HQ�PHU
$GULDWLTXH��5DSS��&RPP��,QW��0HU�0pGLW���������������
*DPXOLQ�� 7�� 	� )�� .UÇLQLÜ� �����D��� 'LVWULEXWLRQ� DQG
DEXQGDQFH�RI�&DO\FRSKRUHV��6LSKRQRSKRUD��&DO\FRSKR�
UDH�� LQ� WKH� 0HGLWHUUDQHDQ� DQG� $GULDWLF� 6HD�� 3�6�=�1�,�
0DU��(FRO��������������
*DPXOLQ��7��	�)��.UÇLQLÜ������E���2Q�WKH�RFFXUUHQFH�RI
&DO\FRSKRUDH� �6LSKRQRSKRUD�� LQ� WKH� VRXWKHUQ� $GULDWLF
DQG�7\UUKHQLDQ�6HD��D�FRPSDULVRQ�RI� WKH�DQQXDO�F\FOHV
RII� 'XEURYQLN� DQG� 1DSOHV�� -�� 3ODQNWRQ� 5HV��� ���� ����
����
*DPXOLQ�� 7��	� )�� .UÇLQLÜ� �������� &DO\FRSKRUHV� �6LSKR�
QRSKRUD�� &DO\FRSKRUDH�� RI� WKH� $GULDWLF� DQG�0HGLWHUUD�
QHDQ�6HDV��1DW��&URDW������������
*UEHF�� %���0��0RURYLÜ�� *�� %HJ�3DNODU�� *�� .XÇSLOLÜ�� 6�
0DWLMHYLÜ�� )��0DWLÜ� 	� È��1LQÞHYLÜ�*ODGDQ� �������� 7KH
UHODWLRQVKLS� EHWZHHQ� WKH� DWPRVSKHULF� YDULDELOLW\� DQG
SURGXFWLYLW\�LQ�WKH�$GULDWLF�6HD�DUHD��-��0DU��%LRO��$VV��8�
.��GRL���������6�����������������
.UÇLQLÜ��)��	� -��1MLUH� ��������$Q� LQYDVLRQ�E\�0XJJLDHD
DWODQWLFD�&XQQLQJKDP������LQ�WKH�QRUWKHUQ�$GULDWLF�6HD
LQ�WKH�VXPPHU�RI������DQG� WKH� IDWH�RI�VPDOO�FRSHSRGV�
$FWD�$GULDW�������������
.UÇLQLÜ��)��	�%��*UEHF���������+RUL]RQWDO�GLVWULEXWLRQ�RI
WLQWLQQLGV�LQ�WKH�RSHQ�ZDWHUV�RI�WKH�6RXWK�$GULDWLF��(DVW�
HUQ�0HGLWHUUDQHDQ���6FL��0DU�������������
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/XÞLÜ��'���$��%HQRYLÜ��0��%DWLVWLÜ��-��1MLUH�	�9��2QRIUL
�������� &DO\FRSKRUDH� �6LSKRQRSKRUD�� LQ� WKH� RSHQ� ZD�
WHUV� RI� WKH� &HQWUDO� DQG� 6RXWKHUQ� $GULDWLF� 6HD� GXULQJ
VSULQJ�������-��0DU��%LRO��$VV��8��.���������������
/XÞLÜ�� '��� $�� %HQRYLÜ�� 0�� %DWLVWLÜ�� 0�� 0RURYLÜ� 	� ,�
2QRIUL���������'LHO�YHUWLFDO�PLJUDWLRQ�RI�PHGXVDH�LQ�WKH
RSHQ�6RXWKHUQ�$GULDWLF�6HD�RYHU�D�VKRUW�WLPH�SHULRG��-XO\
�������0DU��(FRO�������������
0LORÇ�� Ý�� �������� %LRPHWU\� DQG� HOHPHQWDO� DQDO\VLV� RI
6F\SKRPHGXVDH�LQ�WKH�*ROI�RI�7ULHVWH�ZLWK�HPSKDVLV�RQ
5KL]RVWRPD� SXOPR�� 0�6F�� 7KHVLV�� )DFXOW\� RI� 6FLHQFH�
8QLYHUVLW\�RI�=DJUHE�����S�
0ROLQHUR��-��&���0��&DVLQL�	�(��%XHFKHU���������7KH�LQ�
IOXHQFH� RI� WKH� $WODQWLF� DQG� UHJLRQDO� FOLPDWH� YDULDELOLW\
RQ�WKH�ORQJ�WHUP�FKDQJHV�LQ�JHODWLQRXV�FDUQLYRUH�SRSX�
ODWLRQV� LQ� WKH� QRUWKZHVWHUQ� 0HGLWHUUDQHDQ�� /LPQRO�
2FHDQRJU�����������������
0RURYLÜ��0���)��0DWLÜ��%��*UEHF��9��'DGLÜ��	�'�� ,YDQ�
NRYLÜ� �������� 6RXWK� $GULDWLF� SKHQRPHQD� REVHUYDEOH
WKURXJK� 926� ;%7� DQG� RWKHU� $'5,&260� GDWD�� $FWD
$GULDW�������������
3HUVDG��*���5��+��+DSFURIW��0��.��:HEEHU�	�-��&��5RII
�������� $EXQGDQFH�� ELRPDVV� DQG� SURGXFWLRQ� RI� FWHQR�

SKRUHV� DQG� PHGXVDH� RII� .LQJVWRQ�� -DPDLFD�� %XOO�� 0DU�
6FL���������������
3XJK�� 3�� 5�� �������� 5HFODVVLILFDWLRQ� RI� WKH� FODXVRSK\G
VLSKRQRSKRUDH� &ODXVRSK\HV� RYDWD� LQWR� WKH� JHQXV
.HSK\HV� JHQ�� QRY�� -�� 0DU�� %LRO�� $VV�� 8�� .��� ���� ����
�����
3XUFHOO��-��(����������&OLPDWH�HIIHFWV�RQ�IRUPDWLRQ�RI�MHO�
O\ILVK� DQG� FWHQRSKRUH� EORRPV�� D� UHYLHZ�� -�� 0DU�� %LRO�
$VV��8��.���������������
5DVNRII�� .�� $�� �������� )RUDJLQJ�� SUH\� FDSWXUH�� DQG� JXW
FRQWHQWV�RI�WKH�PHVRSHOJLF�QDUFRPHGXVD�6ROPLVVXV�VSS�
�&QLGDULD��+\GUR]RD���0DU��%LRO������������������
5LFKDUGVRQ��$��-���$��%DNXQ��*��&��+D\V�	�0��-��*LEERQV
��������7KH� MHOO\ILVK� MR\ULGH��FDXVHV��FRQVHTXHQFHV�DQG
PDQDJHPHQW� UHVSRQVHV� WR� D� PRUH� JHODWLQRXV� IXWXUH�
7UHQGV�(FRO��(YRO���������������
9LOLELÜ��,��	�0��2UOLÜ���������/HDVW�VTXDUHV�WUDFHU�DQDO\�
VLV� RI�ZDWHU�PDVVHV� LQ� WKH� 6RXWK�$GULDWLF� ������������
'HHS�6HD�5HV��3DUW�,����������������
<RXQJEOXWK�� 0��� 7�� 6rUQHUV�� $�� +RVLD� 	� /�� 6WHPPDQQ
�������� 9HUWLFDO� GLVWULEXWLRQ� DQG� UHODWLYH� DEXQGDQFH� RI
JHODWLQRXV� ]RRSODQNWRQ�� LQ� VLWX� REVHUYDWLRQV� QHDU� WKH
0LG�$WODQWLF�5LGJH��'HHS�6HD�5HV��3DUW�,,��������������


