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� 'U\REDODQRSV�UDSSD�%HFF��DQG�6KRUHD�DOELGD�6\P��DUH�%RUQHDQ�HQGHPLFV�RI �KLJK�FRQVHUYDWLRQ�YDOXH�DQG�LQFUHDVLQJO\�
WKUHDWHQHG�E\�DQWKURSRJHQLF�GLVWXUEDQFHV��,Q�VLWX�VWXG\�RI �VHHGOLQJ�DEXQGDQFH�DQG�JURZWK�SHUIRUPDQFH�RI �WKHVH�
'LSWHURFDUS�VSHFLHV�ZDV�FRQGXFWHG�LQ�WZR�VHOHFWHG�SHDW�VZDPS�IRUHVWV�RI �%UXQHL�'DUXVVDODP��IROORZLQJ�D�PDVW�
IUXLWLQJ�HYHQW�LQ�0DUFK²0D\�������:LWKLQ�VL[���[���P�SORWV�DW�HDFK�IRUHVW�VLWH��'��UDSSD�VHHGOLQJV�DW�WKH�$QGXNL�SHDW�
VZDPS�IRUHVW�DQG�6��DOELGD�VHHGOLQJV�DW�WKH�%DGDV�SHDW�VZDPS�IRUHVW�ZHUH�PHDVXUHG�IRU�DEXQGDQFH�DW�WKH�LQLWLDO�FHQVXV�
LQ�6HSWHPEHU�������DV�ZHOO�DV�VXUYLYDO�DQG�UHODWLYH�JURZWK�UDWHV��5*5��DIWHU�D�SHULRG�RI ���PRQWKV��ZLWK�WKH�ILQDO�FHQVXV�
LQ�)HEUXDU\�������:H�IRXQG�VLJQLILFDQWO\�KLJKHU�VHHGOLQJ�DEXQGDQFH�IRU�'��UDSSD��������������WKDQ�6��DOELGD�������������
6LJQLILFDQWO\�KLJKHU�SHUFHQWDJH�VXUYLYDO�ZDV�UHFRUGHG�IRU�'��UDSSD�VHHGOLQJV���������������LQ�FRPSDULVRQ�WR�6��DOELGD�
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VHHGOLQJV����������������6��DOELGD�VHHGOLQJV��������������PP�PP �PRQWK ��VKRZHG�VLJQLILFDQWO\�JUHDWHU�5*5�LQ�VWHP�

�� ��
GLDPHWHU�WKDQ�'��UDSSD�VHHGOLQJV��������������PP�PP �PRQWK ���KRZHYHU��WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�
5*5V�EDVHG�RQ�VHHGOLQJ�KHLJKW��OHDI �QXPEHU�DQG�ELRPDVV�EHWZHHQ�'��UDSSD�DQG�6��DOELGD�VHHGOLQJV��,Q�WHUPV�RI �VHHGOLQJ�
DEXQGDQFH�DQG�SHUFHQWDJH� VXUYLYDO��'�� UDSSD� VHHGOLQJV�DSSHDUHG� WR�EH�PRUH� VXFFHVVIXO� LQ� UHJHQHUDWLRQ�DQG�PD\�
SRWHQWLDOO\�EH�XVHG�IRU�UHKDELOLWDWLRQ�RI �GHJUDGHG�WURSLFDO�SHDW�VZDPSV�DQG�RWKHU�IRUHVW�W\SHV��2XU�UHVXOWV�VXJJHVWHG�
WKDW�JUHDWHU�FRQVHUYDWLRQ�HIIRUWV�RI �SHDW�VZDPSV�PXVW�EH�PDGH�WR�SURWHFW�WKH�%RUQHDQ�HQGHPLF�SODQW�VSHFLHV��LQ�
SDUWLFXODU�6��DOELGD��

� .H\ZRUGV��%RUQHR��'LSWHURFDUSDFHDH��'U\REDODQRSV�UDSSD��UHODWLYH�JURZWK�UDWHV��6KRUHD�DOELGD
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3HDW�VZDPS�IRUHVW�LV�D�XQLTXH�HFRV\VWHP�WKDW�
UHSUHVHQWV�WKH�VHFRQG�PDMRU�IRUHVW�W\SH�LQ�%UXQHL�
'DUXVVDODP��DFFRXQWLQJ�IRU��������RU��������KD��
RI � %UXQHL
V� IRUHVW� �:RQJ� HW� DO�� ������ )RUHVWU\�
'HSDUWPHQW� ������� ,W� LV� PDLQO\� ORFDWHG� LQ� WKH�
%HODLW� GLVWULFW�� LQWHUFRQQHFWLQJ� ZLWK� WKH� SHDW�
VZDPSV�RI �WKH�%DUDP�EDVLQ�LQ�6DUDZDN��%RUQHDQ�
SHDW�VZDPS�IRUHVWV�DUH�RPEURJHQRXV�DQG�KDYH�VL[�

SKDVLF�FRPPXQLWLHV
��HDFK�FRQVLVWLQJ�RI �GLVWLQFW�
SODQW� FRPPXQLWLHV� �$QGHUVRQ� ������� 2YHU� WKH�
\HDUV��WKHUH�KDV�EHHQ�D�VLJQLILFDQW�UHGXFWLRQ�LQ�SHDW�
VZDPSV� LQ� %UXQHL� 'DUXVVDODP� PDLQO\� GXH� WR�
LQIUDVWUXFWXUH� GHYHORSPHQW� DQG� IRUHVW� ILUHV� �3J�
+DUXQ� ������ :RQJ� ������� 3HDW� VZDPSV� KRXVH�

XQLTXH� IORUD�� VRPH� RI � ZKLFK� DUH� HQGHPLF� DQG�
LQFUHDVLQJO\�WKUHDWHQHG�LQ�WKHLU�QDWXUDO�UDQJHV�GXH�
WR� DQWKURSRJHQLF� GLVWXUEDQFHV� VXFK� DV� OHJDO� RU�
LOOHJDO�ORJJLQJ��IRUHVW�ILUHV�DQG�ODQG�XVH�FKDQJHV�
�<XOH�������3RVD�HW�DO���������0RVW�WUHH�IDPLOLHV�LQ�
ORZODQG�GLSWHURFDUSV�DUH�IRXQG�LQ�SHDW�VZDPSV��
EXW�PDQ\�SHDW�VZDPS�VSHFLHV�DUH�UHVWULFWHG�DQG�
SK\VLRORJLFDOO\� DGDSWHG� WR� WKLV� H[WUHPH� IRUHVW�
HQYLURQPHQW��1J�	�,EUDKLP�������
,Q� %UXQHL� 'DUXVVDODP�� H[WHQVLYH� VWDQGV� RI �

'U\REDODQRSV�UDSSD�%HFF��RU�
.DSXU�SD\D
�H[LVW�RQ�
VKDOORZ�SHDW�RYHUO\LQJ�VDQG�LQ�/XPXW�DQG�$QGXNL��
ZKLOH�SXUH�VWDQGV�RI �6KRUHD�DOELGD�6\P��RFFXU�LQ�
WKH� 
SDGDQJ� DODQ
� DQG� 
DODQ� EXQJD
� SHDW� VZDPS�
IRUHVWV� RI � %DGDV�� ERWK� LQ� WKH� %HODLW� 'LVWULFW�
�$QGHUVRQ�������$VKWRQ�HW�DO��������:RQJ�HW�DO��
������� 7KH� $QGXNL� SHDW� VZDPS� IRUHVWV�
H[SHULHQFHG� PDVVLYH� IRUHVW� ILUHV� GXULQJ� WKH��&RUUHVSRQGLQJ�DXWKRU��IDL]DK�PHWDOL#XEG�HGX�EQ
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����²�����(O�1LxR�GURXJKW��:RRVWHU�HW�DO���������
UHVXOWLQJ�LQ�IUDJPHQWHG�VWDQGV�RI �LQWDFW�'��UDSSD�
H[LVWLQJ�ZLWKLQ�DQ�RWKHUZLVH�GHYHORSHG�DUHD��/RZ�
UHJHQHUDWLRQ�UDWHV�KDYH�EHHQ�REVHUYHG�LQ�QDWXUDO�
'��UDSSD�SRSXODWLRQV��:RQJ�	�.DPDULDK��������
DQG� WKLV� VSHFLHV� LV� LQFUHDVLQJO\� WKUHDWHQHG� IURP�
LOOHJDO� ORJJLQJ� �3KLOOLSV� ������� 7KH� %DGDV� SHDW�
VZDPSV�FRQVLVW�RI �JUHJDULRXV�VWDQGV�RI �6��DOELGD�
WKDW�DUH�GHFUHDVLQJ�LQ�SRSXODWLRQ�GHQVLW\�DQG�KDYH�
EHHQ�VKRZLQJ�IHZ�VLJQV�RI �QDWXUDO�UHJHQHUDWLRQ�
IRU�WKH�SDVW����\HDUV��.RED\DVKL��������7KH�,8&1�
5HG�/LVW�FODVVLILHV�6��DOELGD�DV�HQGDQJHUHG�GXH�WR�
UDSLG� SRSXODWLRQ� ORVV� ZLWKLQ� LWV� QDWXUDO� IRUHVW�
UDQJHV��FRXSOHG�ZLWK�D�UHJHQHUDWLRQ�VWDWXV�WKDW�LV�
UHSRUWHG� WR� EH� YLUWXDOO\� QRQ�H[LVWHQW� �$VKWRQ�
�������)XUWKHUPRUH��6��DOELGD�LV�HQGHPLF�WR�QRUWK�
DQG� ZHVW� %RUQHR� �$VKWRQ� ������ DQG� VR� WKH�
UHPDLQLQJ� VWDQGV� LQ� WKH� %DGDV� SHDW� VZDPSV� LQ�
%UXQHL�DUH�OLNHO\�WR�EH�RQH�RI �WKH�IHZ�UHPDLQLQJ�
LQWDFW�VWDQGV�RI �6��DOELGD�LQ�%RUQHR�DQG�JOREDOO\�
�)RUHVWU\�'HSDUWPHQW�������
%RWK� '�� UDSSD� DQG� 6�� DOELGD� DUH� LPSRUWDQW�

WLPEHU� WUHH� VSHFLHV� WKDW� UHO\� RQ� LUUHJXODU� PDVV�
IORZHULQJ�DQG�PDVW�IUXLWLQJ�HSLVRGHV�DV�D�PHDQV�
RI � WKHLU� QDWXUDO� UHJHQHUDWLRQ� �$SSDQDK� 	�
7XUQEXOO� ������� $OWKRXJK� VHYHUDO� VWXGLHV� KDYH�
EHHQ� FRQGXFWHG�RQ� WKH� VXUYLYDO� DQG� JURZWK�RI �
'LSWHURFDUSDFHDH� VHHGOLQJV� LQ� %RUQHDQ� IRUHVWV�
�7XUQHU�������'HOLVVLR�HW�DO��������1DNDJDZD�HW�DO��
������ 6KLPDPXUD� HW� DO�� ������ 7DNHXFKL� 	�
1DNDVKL]XND�������'DLVXNH�HW�DO���������RQO\�D�IHZ�
KDYH�IRFXVVHG�VSHFLILFDOO\�RQ�SHDW�VZDPS�VSHFLHV�
�,EUDKLP�������*DYLQ�	�3HDUW�������6DLWR� HW� DO��
������ -DQV� HW� DO�� ������� DQG� QR� VWXG\� KDV� EHHQ�
FRQGXFWHG�RQ�6��DOELGD�VHHGOLQJV�WR�GDWH�
)ROORZLQJ�D�VPDOO�PDVV�IORZHULQJ�DQG�D�PDVW�

IUXLWLQJ� HYHQW� LQ� WKH� %DGDV� DQG� $QGXNL� SHDW�
VZDPSV� LQ� 0DUFK²0D\� ������ WKH� DEXQGDQFH��
VXUYLYDO� DQG� JURZWK� RI �'�� UDSSD� DQG� 6�� DOELGD�
VHHGOLQJV� DW� WKH� XQGHUVWRUH\� RI � WKHVH� WZR� SHDW�
VZDPS� IRUHVWV� ZHUH� DVVHVVHG� LQ� %UXQHL�
'DUXVVDODP�� 2XU� VWXG\� SURYLGHV� SUHOLPLQDU\�
ILQGLQJV�RQ�WZR�QDWLYH�'LSWHURFDUS�VSHFLHV� WKDW�
FDQ�SRWHQWLDOO\�EH�XWLOLVHG� LQ�HIIRUWV� WR�QDWXUDOO\�
UHJHQHUDWH�DQG�UHKDELOLWDWH�GLVWXUEHG�SHDW�VZDPS�
IRUHVWV�
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� 7KH�VWXG\�ZDV�FRQGXFWHG�LQ�WKH�$QGXNL�DQG�
%DGDV�SHDW�VZDPSV�ORFDWHG�LQ�WKH�%HODLW�GLVWULFW��
%UXQHL� 'DUXVVDODP�� QRUWK�ZHVW� %RUQHR�� DW�
GLVWDQFHV�RI �FD�����NP�IURP�HDFK�RWKHU�E\�URDG��$�
GRPLQDQW�GLSWHURFDUS�VSHFLHV��'LSWHURFDUSDFHDH��
LQ�HDFK�SHDW�VZDPS�VLWH�ZDV�VHOHFWHG��7KH�$QGXNL�
SHDW� VZDPS� �����
������1�� ������
�����(�� LV�
ORFDWHG�LQ�WKH�FRDVWDO�DUHDV�RI �%HODLW�GLVWULFW�ZLWKLQ�
WKH�$QGXNL�)RUHVW�5HVHUYH�DQG�LV�GRPLQDWHG�E\�
'U\REDODQRSV�UDSSD�%HFF��7KH�%DGDV�SHDW�VZDPS�
�����
�����1��������
������(��LV�ORFDWHG�IXUWKHU�
LQODQG��VRXWK�RI �6HULD�DQG�LV�PDLQO\�SRSXODWHG�E\�
6KRUHD�DOELGD�6\P��$�WRWDO�RI �VL[�SORWV����P�[���P�RU�

��
���P HDFK��SORWV�ZHUH�VHW�XS��WKUHH�SORWV�RI �6KRUHD�
DOELGD� DW� %DGDV� DQG� WKUHH� SORWV� RI �'U\REDODQRSV�
UDSSD�DW�$QGXNL���3ORWV�ZHUH�ORFDWHG�FD�����P�DZD\�
IURP�HDFK�RWKHU�DQG�HDFK�SORW�ZDV�VHW�XS�ZLWK�D�
PRWKHU�WUHH�RI �WKH�UHVSHFWLYH�VSHFLHV�ORFDWHG�DW�
WKH� FHQWUH� RI � WKH� SORW��$EXQGDQFH� RI �'�� UDSSD�
VHHGOLQJV� LQ� $QGXNL� DQG� 6�� DOELGD� VHHGOLQJV� LQ�
%DGDV�ZHUH�TXDQWLILHG�SHU�SORW�DW�WKH�LQLWLDO�FHQVXV�
LQ�6HSWHPEHU�������FD���²��PRQWKV�DIWHU�WKH�PDVV�
IORZHULQJ�DQG�PDVW�IUXLWLQJ�HYHQWV��:LWKLQ�HDFK�
SORW�����VHHGOLQJV�RI �HLWKHU�'��UDSSD��DW�$QGXNL��RU�
6�� DOELGD� �DW� %DGDV��ZHUH� UDQGRPO\� FKRVHQ� DQG�
WDJJHG�LQ�6HSWHPEHU�������7KH�VHHGOLQJ�FHQVXVHV�
ZHUH� FRQGXFWHG� WZLFH�� LQ� 6HSWHPEHU� ����� DQG�
DIWHU� �� PRQWKV�� LQ� )HEUXDU\� ������ 7KH� WDJJHG�
VHHGOLQJV�ZHUH�PHDVXUHG�IRU�SHUFHQWDJH�VXUYLYDO��
VWHP� KHLJKW� �PHDVXUHG� IURP� WKH� SRLQW� RI �
PHDVXUHPHQW�SDLQWHG�ZKLWH�RQ�VRLO�VXUIDFH�WR�WKH�
WRS� OHDI � EXG��� VWHP� GLDPHWHU� DQG� QXPEHU� RI �
OHDYHV��FRXQWHG�IXOO\�H[SDQGHG�OHDYHV��H[FOXGLQJ�
KHDYLO\� HDWHQ� OHDYHV� L�H�� DSSUR[LPDWHO\� ���� RI �
ODPLQD�HDWHQ�DQG�GHDG�OHDYHV��DW�ERWK�FHQVXVHV�
� $�WRWDO�RI ����VHHGOLQJV�RI �HDFK�VSHFLHV�ZHUH�
UDQGRPO\�FKRVHQ�IURP�RXWVLGH�HDFK�RI �WKH�WKUHH�
VWXG\�SORWV�SHU�FHQVXV�DQG�KDUYHVWHG�WR�SURYLGH�
HVWLPDWHV�RI �LQLWLDO�DQG�ILQDO�GU\�ELRPDVV��$W�ERWK�
KDUYHVWV�� VHHGOLQJV� ZHUH� ZDVKHG� ZLWK� GLVWLOOHG�
ZDWHU��RYHQ�GULHG�DW��� &�IRU����K�DQG�ZHLJKHG��

R

7KH� UHODWLYH� JURZWK� UDWH� �5*5��EDVHG�RQ� VWHP�
KHLJKW��5*5+���VWHP�GLDPHWHU��5*5'���QXPEHU�
RI � OHDYHV� �5*5/�� DQG� ELRPDVV� �5*5%�� SHU�

���

6HHGOLQJ�DEXQGDQFH��VXUYLYDO�DQG�JURZWK�RI �WZR�GLSWHURFDUS�VSHFLHV�²�0RKG�'LQ�HW�DO�



UHFRUGHG�KLJKHU� VXUYLYDO� DQG�5*5�IRU�'�� UDSSD�
VHHGOLQJV�SODQWHG� LQ� ORZODQG�PL[HG�GLSWHURFDUS�
IRUHVW��6XNUL�������DQG�GHJUDGHG�KHDWK�IRUHVW��:��
+�� 7XDK�� XQSXEO�� GDWD��� 1DWXUDO� GLVWXUEDQFH�
ZLWKLQ�WKH�XQGHUVWRUH\�PD\�LQIOXHQFH�WKH�VXUYLYDO�
RI �WUHH�VHHGOLQJV��$SSDQDK�	�7XUQEXOO�������DQG�
FDQ� EH� DQ� H[SODQDWLRQ� IRU� WKH� ORZ� SHUFHQWDJH�
VXUYLYDO�RI �6��DOELGD��<DPDGD��������UHSRUWHG�WKDW�
%DGDV�SHDW�VZDPS�KDV�KLJKHU�LQFLGHQFHV�RI �IDOOHQ�
WUHHV�DQG�SUHVHQFH�RI �EXWWUHVV�URRWV�RQ�LWV�IRUHVW�
IORRU�FRPSDUHG�WR�$QGXNL�SHDW�VZDPS��'XULQJ�
WKH� UDLQ\� VHDVRQ� EHWZHHQ� 'HFHPEHU� ����� �²
-DQXDU\������LQ�%DGDV��6��DOELGD�VHHGOLQJV�PD\�QRW�
VXUYLYH�ZKHQ�KLW�E\�IDOOHQ�WUHHV�DQG�EUDQFKHV��WKXV�
GHFUHDVLQJ� LWV� VXUYLYDO�SHUFHQWDJH��7KURXJK� WKH�
PDVW�IUXLWLQJ�SHULRG��WKH�6��DOELGD�VHHGV�PD\�IDOO�RQ�
WKH�IDOVH�IRUHVW�IORRU�LQ�%DGDV��ZKLFK�LV�IRUPHG�
IURP�OLWWHU�DFFXPXODWLRQ�RQ�EXWWUHVV�URRWV��7KLV�
PD\� OHDG� WR�6�� DOELGD� VHHGOLQJV�PRUWDOLW\� DV� WKH�
IDOVH�IORRU�PD\�IDOO�WR�WKH�SHDW�ZKHQ�GLVWXUEHG�
� 6HHGOLQJ� SUHGDWLRQ� DQG� PLFURHQYLURQPHQW�
DOVR�LQIOXHQFH�VHHGOLQJ�VXUYLYDO��DQG�LW�KDV�EHHQ�
UHFRUGHG�HOVHZKHUH�LQ�%RUQHR�WKDW�ODWH�IUXLWLQJ�RI �
6KRUHD� VSHFLHV� LQFUHDVHG� WKH� SRVVLELOLW\� RI � VHHG�
ORVVHV� WR� SUHGDWLRQ� �&XUUDQ� 	� :HEE� �������
$QGXNL� SHDW� VZDPS� KDV� GLIIHUHQW� SK\VLRORJLFDO�
HQYLURQPHQW� FRPSDUHG� WR� %DGDV� SHDW� VZDPS�
IRUHVW� LQ� WHUPV� RI � LWV� QDWXUDO� GLVWXUEDQFH��
)UDJPHQWDWLRQ�RI �WKH�$QGXNL�IRUHVW�GXH�WR�UDSLG�
IRUHVW�ILUHV�PD\�FDXVH�LWV�IRUHVW�IORRU�WR�GHYHORS�
VKDOORZ� OLWWHU� DQG� SHDW� RYHUO\LQJ� VDQG\� VRLO�
�<DPDGD� ������� 7KH� $QGXNL� )RUHVW� 5HVHUYH� LV�
GHSHQGHQW� RQ� ZDWHUORJJHG� FRQGLWLRQV� WR�
PDLQWDLQ�WKH�SHDW�ERJ��<XVVRI �������DQG�'��UDSSD�
VHHGOLQJV� DUH� ZHOO�DGDSWHG� WR� ZDWHUORJJHG� SHDW�
�<DPDGD�	�6X]XNL��������6XUYLYDO�DQG�JURZWK�RI �
6�� DOELGD� VHHGOLQJV� KDYH� EHHQ� IRXQG� WR� EH�
QHJDWLYHO\� DIIHFWHG� E\� ORZ� OLJKW� LQWHQVLW\�
�.RED\DVKL� ������� ZDWHU� VKRUWDJH� GXULQJ� GU\�
VSHOOV� �.RED\DVKL� ������ DQG� H[FHVVLYH� ZDWHU�
GXULQJ�UDLQ\�SHULRG��'L[RQ�HW�DO���������ZKLFK�PD\�
EH�IDFWRUV�WKDW�H[SODLQ�WKHLU�ORZ�VXUYLYDO�UDWHV�LQ�
%DGDV�
� '��UDSSD�LV�D�OLJKW�GHPDQGLQJ�VSHFLHV��$VKWRQ�
HW� DO� 6�� DOELGD�� �������ZKLOH� VHHGOLQJV�KDYH�EHHQ�
UHFRUGHG� DV� VKDGH�LQWROHUDQW� �.RED\DVKL� ������
SHUV��REV����5HJDUGOHVV�RI �WKH�OLJKW�HQYLURQPHQW��
OLJKW�GHPDQGHUV� WHQG� WR� SRVVHVV� ODUJHU� VSHFLILF�
OHDI � DUHD� DQG� KLJKHU� SKRWRV\QWKHWLF� FDSDFLW\��
ZKLFK� UHVXOW� LQ� JUHDWHU� FDUERQ� JDLQ�� DQG�
SRWHQWLDOO\� KLJKHU� VXUYLYDO�� FRPSDUHG� WR� VKDGH�
WROHUDQW�VSHFLHV��*KD]RXO�	�6KHLO��������/LJKW�KDV�

VHHGOLQJ�RYHU�WKH�ILYH�PRQWK�FHQVXV�SHULRG�ZHUH�
FDOFXODWHG�IROORZLQJ�+XQW���������5*5� ��ORJ :H� ��

²� ORJ : ���� �W ²� W ��� : DQG�:H� � �� � �� ��ZKHUH� DUH� VWHP�
KHLJKW��VWHP�GLDPHWHU��WRWDO�QXPEHU�RI �OHDYHV�RU�
ELRPDVV�DQG� ��7R�FRPSXWH�5*5%��W ²�W LV���PRQWKV�� ��

VHHGOLQJV�ZHUH�SDLUHG�E\�UDQNHG�YDOXHV�RI �VHHGOLQJ�
ELRPDVV�DW�WKH�LQLWLDO�DQG�ILQDO�KDUYHVWV�
� %HWZHHQ�VSHFLHV� GLIIHUHQFHV� VHHGOLQJ�
DEXQGDQFH��SHUFHQWDJH�VHHGOLQJ�VXUYLYDO�DQG�5*5�
YDOXHV�ZHUH�GHWHUPLQHG�XVLQJ�W�WHVWV�LQ�5���������5�
&RUH�7HDP��������$OO�GDWD�ZHUH�ILUVW�H[SORUHG�WR�
FRQILUP� WKH� QRUPDOLW\� RI � UHVLGXDOV� DQG�
KRPRJHQHLW\�RI �YDULDQFHV��DQG�ZKHUH�QHFHVVDU\��
GDWD�ZDV�ORJ �WUDQVIRUPHG��ZLWK�WKH�H[FHSWLRQ�RI ���

SHUFHQWDJH� VXUYLYDO�� ZKLFK� ZDV� DUFVLQH�
WUDQVIRUPHG�
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� 8VLQJ� WKH� LQLWLDO� FHQVXV� VXUYH\�� '�� UDSSD�
VHHGOLQJV�DW�WKH�$QGXNL�SHDW�VZDPS�IRUHVW�VKRZHG�

�
VLJQLILFDQWO\� KLJKHU�PHDQ� DEXQGDQFH� SHU� ���P �
SORWV�FRPSDUHG�WR�6��DOELGD�VHHGOLQJV�DW�WKH�%DGDV�
SHDW�VZDPS��'��UDSSD�������������YV��6��DOELGD������
������S���������7KLV�LV�D�SUREDEOH�UHIOHFWLRQ�RI �WKH�
KLJKHU�GHQVLW\�RI �DGXOW�'��UDSSD�WUHHV�LQ�$QGXNL��
FRPSDUHG�WR�WKH�PRUH�VSDUVHO\�SRSXODWHG�DGXOW�6��
DOELGD�WUHHV�LQ�%DGDV��SHUV��REV����$GGLWLRQDOO\��WKH�
KLJKHU�'��UDSSD�VHHGOLQJ�DEXQGDQFH�PD\�EH�GXH�WR�
KLJKHU�DEXQGDQFH�RI �IORZHULQJ�PRWKHU�WUHHV��DV�
DOPRVW� DOO� PDWXUH� '�� UDSSD� WUHHV� IORZHUHG� DW�
$QGXNL� ZKLOVW� QRW� DOO� PDWXUH� 6�� DOELGD� WUHHV�
IORZHUHG�DW�%DGDV�GXULQJ�WKH�VDPH�PDVV�IORZHULQJ�
HYHQW� LQ� ����� �SHUV�� REV���� 2WKHU� VWXGLHV� KDYH�
VLPLODUO\� GRFXPHQWHG� D� SRVLWLYH� UHODWLRQVKLS�
EHWZHHQ�WKH�QXPEHU�RI �PRWKHU�WUHHV�DQG�VHHGOLQJ�
GHQVLW\��ZLWK�WKH�KLJKHVW�VHHGOLQJ�GHQVLWLHV�IRXQG�
LQ� DUHDV� ZLWK� KLJK� DGXOW� DEXQGDQFH� �,WRK� HW� DO��
������:HEE�	�3HDUW�������%DFNOXQG�������
� 0HDQ�SHUFHQWDJH�VXUYLYDO�RI �WDJJHG�'��UDSSD�
VHHGOLQJV� RYHU� WKH� SHULRG� RI � �� PRQWKV� ZDV�
VLJQLILFDQWO\�JUHDWHU�WKDQ�6��DOELGD�VHHGOLQJV�������
�� ����� YV�� ����� �� ������ S�� �������$OO� UHODWLYH�
JURZWK�UDWHV��5*5V��GDWD�RI �ERWK�VSHFLHV�VKRZHG�
VLPLODU� JURZWK� UDWHV� �)LJ�� ��� WKDW� WKHUH�ZHUH�QR�
VLJQLILFDQW�GLIIHUHQFHV�LQ�DOO�UHODWLYH�JURZWK�UDWHV�
�5*5��H[FHSW�IRU�5*5�LQ�VWHP�GLDPHWHU��5*5'���
LQ�ZKLFK�'��UDSSD�VHHGOLQJV�KDG�VLJQLILFDQWO\�ORZHU�
5*5'�WKDQ�WKRVH�RI �6��DOELGD�VHHGOLQJV���������
�����YV��������������PP�PP �PRQWK ��S��������

�� ��

)LJ���%���2WKHU�VWXGLHV�LQ�%UXQHL�'DUXVVDODP�KDYH�
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EHHQ�UHFRJQLVHG�WR�VLJQLILFDQWO\�LQIOXHQFH�VXUYLYDO�
DQG�JURZWK�RI �'LSWHURFDUS�VHHGOLQJV��6FKROHV�HW�
DO��������:KLWPRUH�	�%URZQ��������)RU�H[DPSOH��
'��UDSSD� 6��DOELGDDQG� �VDSOLQJV�ZHUH�SODQWHG�LQ�WKH�
RSHQ� LQ� RQJRLQJ� UHIRUHVWDWLRQ� WULDO� SORWV� RI �
GHJUDGHG� ZDWHUORJJHG� KHDWK� IRUHVWV� � �.HUDSDK
IRUHVWV�� LQ� %UXQHL� 'DUXVVDODP�� DQG� KDYH�
SHUIRUPHG� VXFFHVVIXOO\� LQ� WHUPV� RI � LWV� VXUYLYDO�
DQG�JURZWK�UDWHV�RYHU�D�SHULRG�RI � �PRUH�WKDQ�D�\HDU
�:��+��7XDK��XQSXEO��GDWD��

� ,W� ZDV� IRXQG� WKDW� 6�� DOELGD� VHHGOLQJV� KDG�
VLJQLILFDQWO\�KLJKHU�5*5'�FRPSDUHG�WR�'��UDSSD�
VHHGOLQJV�� 7KLV� VXJJHVWV� WKDW� LQ� WKH� VKDGHG�
XQGHUVWRUH\� RI � SHDW� VZDPS� IRUHVWV�� 6�� DOELGD�
VHHGOLQJV� DOORFDWHG� PRUH� UHVRXUFHV� WR� VWHP�
GLDPHWHU� JURZWK� WKDQ� KHLJKW� JURZWK�� 7URSLFDO�
WUHH� VSHFLHV� WKDW� SUHIHUHQWLDOO\� LQYHVW� UHVRXUFHV�
LQWR� VWHP� GLDPHWHU� JURZWK� DQG� ZRRG� GHQVLW\�
W\SLFDOO\� H[KLELW� WUDLWV� WKDW� GHIHQG� DJDLQVW�
KHUELYRU\� DQG� SDWKRJHQV�� DV� ZHOO� DV� IRU� WKH�

)LJXUH�� 'LIIHUHQFHV�LQ�UHODWLYH�JURZWK�UDWHV��5*5��IRU� �VHHGOLQJV�LQ�$QGXNL�DQG� �VHHGOLQJV�LQ�� 'U\REDODQRSV�UDSSD 6KRUHD�DOELGD
%DGDV���$��5*5+��VWHP�KHLJKW��FP�FP �PRQWK ����%��5*5'��VWHP�GLDPHWHU��PP�PP �PRQWK ����&��5*5/�

�� �� �� ��

�QXPEHU�RI �OHDYHV��OHDI �QXPEHU�PRQWK ��DQG��'��5*5%��ELRPDVV��J�J �PRQWK ���5*5�GDWD�ZHUH�GHWHUPLQHG�IRU�
�� �� ��

WKH���� WDJJHG� � DQG� VHHGOLQJV�� H[FHSW� IRU�5*5%�ZKLFK�ZDV�GHWHUPLQHG� IRU� WKH���� VHHGOLQJV�'�� UDSSD 6�� DOELGD�
KDUYHVWHG�RXWVLGH�HDFK�SORW�DW�HDFK�FHQVXV��7KH�DVWHULVN�VLJQ�ZLWKLQ�HDFK�5*5�GHQRWHV�VLJQLILFDQW�GLIIHUHQFHV�RI �
PHDQV�EHWZHHQ�VSHFLHV��PDUNHG�ZLWK�UHG�GRWV��XVLQJ�W�WHVWV���� ���������� ��������� ����������16 1RQ�S� S� S�
VLJQLILFDQW�

���

6HHGOLQJ�DEXQGDQFH��VXUYLYDO�DQG�JURZWK�RI �WZR�GLSWHURFDUS�VSHFLHV�²�0RKG�'LQ�HW�DO�



GHYHORSPHQW�RI �WKHLU�URRW�V\VWHP��.LWDMLPD��������
DOO� RI � ZKLFK� GHFUHDVH� LQYHVWPHQW� LQWR� KHLJKW�
JURZWK��7KH�%DGDV�SHDW�VZDPS�IRUHVW�KDV�D�IODW��
GHQVHO\� FURZGHG� FDQRS\� �<DPDGD� �������ZKLFK�
UHVWULFWV� OLJKW� HQWU\� WR� WKH�XQGHUVWRUH\� DQG�PD\�
IXUWKHU�LQKLELW�KHLJKW�JURZWK�RI �6��DOELGD�VHHGOLQJV��
7KHVH� VKDGH�LQWROHUDQW� 6�� DOELGD� VHHGOLQJV�
�.RED\DVKL�������UHTXLUH�DPSOH�OLJKW�WR�JURZ�LQ�
KHLJKW�� +LJKHU� JURZWK� UDWHV� RI � 6�� DOELGD� LQ� WKH�
RSHQ�DUHDV�WKDQ�LQ�WKH�FORVHG�FDQRS\�IRUHVW�ZDV�
UHFRUGHG�LQ�WKH�RQJRLQJ�UHKDELOLWDWLRQ�WULDO�SORWV�LQ�
WKH�.HUDSDK�IRUHVWV�RI �%UXQHL�'DUXVVDODP��:��+��
7XDK��XQSXEO��GDWD��
� %RWK�WKH�'U\REDODQRSV�UDSSD�SHDW�VZDPS�IRUHVW�
LQ�$QGXNL�DV�ZHOO�DV�WKH�6KRUHD�DOELGD�SHDW�VZDPS�
IRUHVW� LQ� %DGDV� KDYH� EHHQ� LGHQWLILHG� DV� FULWLFDO�
KDELWDWV� WKDW� DUH� RI � KLJK� FRQVHUYDWLRQ� YDOXH�
�)RUHVWU\� 'HSDUWPHQW� ������� 3HDW� VZDPSV� DUH�
KLJKO\�YXOQHUDEOH�WR�ILUHV��SDUWLFXODUO\�GXULQJ�WKH�
GU\�VHDVRQ�DQG�ZKHQ�WKH�ZDWHU� WDEOH�KDYH�EHHQ�
ORZHUHG� �<XOH� ������� &KDQJHV� LQ� GUDLQDJH� DQG�
K\GURORJLFDO� FRQGLWLRQV� VLJQLILFDQWO\� LQFUHDVH�
UHSHDWHG�ILUH�HYHQWV� �3RVD� HW�DO���������5HSHDWHG�
ILUHV�LQ�$QGXNL�DQG�%DGDV��HVSHFLDOO\�GXULQJ�GULHU�
SHULRGV� DQG� GURXJKW� HYHQWV�� FRXSOHG� ZLWK� VORZ�
VHHGOLQJ�JURZWK�UDWHV��ZLOO�XQGRXEWHGO\�UHVXOW� LQ�
IXUWKHU� ORVVHV� RI � ERWK� '�� UDSSD� DQG� 6�� DOELGD�
SRSXODWLRQV��,Q�WKH�FDVH�RI �6��DOELGD��WKLV�ORVV�ZLOO�
EH� IXUWKHU� H[DFHUEDWHG� E\� WKH� ORZ� QXPEHU� RI �
VXUYLYHG�VHHGOLQJV�DQG�PRWKHU�WUHHV�IORZHULQJ�DW�
WKH�VDPH�WLPH��SHUV��REV���

&21&/86,21

� 7KLV� VWXG\� UHFRUGHG� VLJQLILFDQW� ILQGLQJV� RQ�
'U\REDODQRSV�UDSSD�VHHGOLQJV�LQ�$QGXNL�DQG�6KRUHD�
DOELGD�VHHGOLQJV�LQ�%DGDV��'��UDSSD�VHHGOLQJV�ZHUH�
PRUH�DEXQGDQW�WKDQ�6��DOELGD�VHHGOLQJV��DQG�DOVR�
VKRZHG� KLJKHU� SHUFHQWDJH� VHHGOLQJ� VXUYLYDO�� 6��
DOELGD�VHHGOLQJV��KRZHYHU��DSSHDUHG�WR�LQYHVW�PRUH�
LQ�VWHP�GLDPHWHU�JURZWK��DV�WKHLU�UHODWLYH�JURZWK�
UDWH� LQ�WHUPV�RI �VWHP�GLDPHWHU�ZDV�VLJQLILFDQWO\�
KLJKHU�FRPSDUHG�WR�'��UDSSD�VHHGOLQJV��:H�VXJJHVW�
WKDW�'��UDSSD�VHHGOLQJV�PD\�EH�VXLWDEOH�DV�D�VSHFLHV�
WKDW� FDQ� EH� XVHG� WR� UHKDELOLWDWH� GHJUDGHG� SHDW�
VZDPS�IRUHVWV��EXW�GHWDLOHG�� ORQJHU�WHUP�VWXGLHV�
DUH� QHHGHG� WR� IXUWKHU� VXSSRUW� WKLV� FRQFOXVLRQ��
)LQDOO\�� JLYHQ� WKDW� SHDW� VZDPSV� IRUHVWV� DUH� IDVW�
GLVDSSHDULQJ� GXH� WR� QDWXUDO� DQG� DQWKURSRJHQLF�
GLVWXUEDQFHV�� WKHLU� SURWHFWLRQ� DQG� FRQVHUYDWLRQ�
HIIRUWV� VKRXOG� EH� SULRULWLVHG� WR� SURWHFW� WKH�

%RUQHDQ�HQGHPLF�SODQW� VSHFLHV�� LQ�SDUWLFXODU�6��
DOELGD�

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

� 7KH�DXWKRUV�WKDQN�WKH�)RUHVWU\�'HSDUWPHQW��
0LQLVWU\� RI � 3ULPDU\� 5HVRXUFHV� DQG� 7RXULVP�
�0357��� %UXQHL� 'DUXVVDODP� IRU� JUDQWLQJ�
SHUPLVVLRQ�WR�FRQGXFW�UHVHDUFK�LQ�WKH�$QGXNL�DQG�
%DGDV� SHDW� VZDPSV� �1R�� >��@�-3+�81'����
37����� DQG� WKH� %UXQHL� 1DWLRQDO� +HUEDULXP��
0357� IRU� SURYLGLQJ� LQIRUPDWLRQ� RQ� WKH�PDVV�
IORZHULQJ�DQG�PDVW�IUXLWLQJ�HSLVRGHV��:H�WKDQN�
WKH� WHFKQLFDO� VWDII � RI � (QYLURQPHQWDO� DQG� /LIH�
6FLHQFHV�� 8QLYHUVLWL� %UXQHL� 'DUXVVDODP� �8%'��
IRU�WKHLU�DVVLVWDQFH�ZLWK�ILHOG�HTXLSPHQW��)XQGLQJ�
IRU�WKLV�SURMHFW�ZDV�SURYLGHG�E\�8%'�IRU�1%%�

5()(5(1&(6

$QGHUVRQ�-$5��������7KH�IORUD�RI �WKH�SHDW�VZDPS�IRUHVWV�
RI �6DUDZDN�DQG�%UXQHL��LQFOXGLQJ�D�FDWDORJXH�RI �DOO�
UHFRUGHG�VSHFLHV�RI �IORZHULQJ�SODQWV��IHUQV�DQG�IHUQ�
DOOLHV��6LQJDSRUH��6*���*DUG��%XOO��6LQJDSRUH��S������
����

$QGHUVRQ� -$5�������7KH� VWUXFWXUH� DQG� GHYHORSPHQW� RI �
SHDW�VZDPSV�RI �6DUDZDN�DQG�%UXQHL��-�7URS�*HR�
��������

$SSDQDK�6��7XUQEXOO�-:��������$�5HYLHZ�RI �'LSWHURFDUSV��
7D[DQRP\�� HFRORJ\� DQG� VLOYLFXOWXUH�� %RJRU� �,'���
&,)25�

$VKWRQ�3�>,QWHUQHW@�������� ��WKH�,8&1�UHG�OLVW�6KRUHD�DOELGD

RI � WKUHDWHQHG� VSHFLHV� ������ H�7�����$���������
> F L W HG � ���� � 'HF � � @ � � $YD L O DE O H � I U RP � �
KWWS���G[�GRL�RUJ���������,8&1�8.������5/76�
7�����$��������HQ

$VKWRQ�36��.DPDULDK�$6��6DLG�,0��������)LHOG�JXLGH�WR�WKH�
IRUHVW� WUHHV� RI � %UXQHL� 'DUXVVDODP� DQG� WKH�
1RUWKZHVW�%RUQHR�KRWVSRW��%DQGDU�6HUL�%HJDZDQ�
�%1��� 8QLYHUVLW\� RI � %UXQHL� 'DUXVVDODP� LQ�
DVVRFLDWLRQ� ZLWK� %UXQHL� )RUHVWU\� 'HSDUWPHQW��
%UXQHL� 6KHOO� 3HWUROHXP� DQG� 6XOWDQ�+DML�+DVVDQDO�
%RONLDK�)RXQGDWLRQ�

%DFNOXQG� 6�� ������ 7KH� HIIHFWV� RI �PRWKHU� WUHHV� DQG� VLWH�
FRQGLWLRQV� RQ� WKH� GLVWULEXWLRQ� RI � QDWXUDO�
UHJHQHUDWLRQ�HVWDEOLVKPHQW�LQ�D�%RUQHDQ�UDLQIRUHVW�
GLVWXUEHG� E\� ORJJLQJ� DQG� ILUH� >7KHVLV@�� 5HWULHYHG�
IURP�6ZHGLVK�8QLYHUVLW\�RI �$JULFXOWXUDO�6FLHQFHV�

&XUUDQ�/0��:HEE�&2�� ������([SHULPHQWDO� WHVWV� RI � WKH�
VSDWLRWHPSRUDO� VFDOH� RI � VHHG� SUHGDWLRQ� LQ�
PDVW IUXLWLQJ� 'LSWHURFDUSDFHDH�� (FRO� 0RQRJU�ø

�������������
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'DLVXNH�+��7DQDND�.��-DZD�.-��,NXR�1��.DWVXWRVKL�6��������
5HKDELOLWDWLRQ�RI �GHJUDGHG�WURSLFDO�UDLQIRUHVW�XVLQJ�
GLSWHURFDUS�WUHHV�LQ�6DUDZDN��0DOD\VLD��,QW�-�)RUHVWU\�
5HV����������GRL���������������������

'HOLVVLR�/-��3ULPDFN�5%��+DOO�3��/HH�+6��������$�GHFDGH�RI �
FDQRS\�WUHH� VHHGOLQJ� VXUYLYDO� DQG� JURZWK� LQ� WZR�
%RUQHDQ�UDLQ�IRUHVWV��3HUVLVWHQFH�DQG�UHFRYHU\�IURP�
VXSSUHVVLRQ��-�7URS�(FRO����������²���

'L[RQ�&��)\VRQ�*)��3DVLHF]QLN�1��3UDFLDN�$��5XVKIRUWK�.��
6DVVHQ� 0�� «� YDQ� +HLVW� 0�� ������ 7KH� &$%,�
HQF\FORSHGLD� RI � IRUHVW� WUHHV�� 2[IRUGVKLUH� �8.���
&$%,�3XEOLVKLQJ�

WK
)RUHVWU\�'HSDUWPHQW��������7KH�� �QDWLRQDO�UHSRUW�WR�WKH�

FRQYHQWLRQ� RQ� ELRORJLFDO� GLYHUVLW\�� %DQGDU� 6HUL�
%HJDZDQ��%1���7KH�)RUHVWU\�'HSDUWPHQW��0LQLVWU\�
RI �,QGXVWU\�DQG�3ULPDU\�5HVRXUFHV�

)RUHVWU\�'HSDUWPHQW� >,QWHUQHW@�� ������)RUHVW�7\SHV��3HDW�
6ZDPS�� %DQGDU� 6HUL� %HJDZDQ�� %1�� )RUHVWU\�
'HSDUWPHQW�� >FLWHG� ����� 'HF� �@�� $YDLODEOH� IURP��
KWWS���ZZZ�IRUHVWU\�JRY�EQ�

*DYLQ� '*�� 3HDUW� '5�� ������ 6SDWLDO� VWUXFWXUH� DQG�
UHJHQHUDWLRQ�RI �7HWUDPHULVWD�JODEUD�LQ�SHDW�VZDPS�UDLQ�
IRUHVW�LQ�,QGRQHVLDQ�%RUQHR��3ODQW�(FRO������������
���

*KD]RXO� -�� 6KHLO� '�� ������ 7URSLFDO� UDLQ� IRUHVW� HFRORJ\��
GLYHUVLW\� DQG� FRQVHUYDWLRQ��2[IRUG� �8.���2[IRUG�
8QLYHUVLW\�3UHVV�

+XQW� 5�� ������ 3ODQW� JURZWK� FXUYHV�� 7KH� IXQFWLRQDO�
DSSURDFK� WR� SODQW� JURZWK� DQDO\VLV�� /RQGRQ� �8.���
(GZDUG�$UQROG�/WG�

,EUDKLP�6��������*RQ\VW\OXV�EDQFDQXV��6RPH�REVHUYDWLRQV�RQ�
LWV� IORZHULQJ�� IUXLWLQJ�� VHHG� SUHGDWLRQ� DQG�
JHUPLQDWLRQ��-�7URS�)RUHVW�6FL������������

,WRK�$��<DNDPXUD�7��2JLQR�.��/HH�+6��$VKWRQ�36��������
6SDWLDO� GLVWULEXWLRQ� SDWWHUQV� RI � WZR� SUHGRPLQDQW�
HPHUJHQW� WUHHV� LQ� D� WURSLFDO� UDLQIRUHVW� LQ�6DUDZDN��
0DOD\VLD��3ODQW�(FRO���������������

-DQV�::3��'LERU�/��9HUZHU�&��.UXLMW�%��7DQ�6��YDQ�GHU�0HHU�
3-��������(IIHFWV�RI �OLJKW�VRLO�IORRGLQJ�RQ�WKH�JURZWK�
DQG� SKRWRV\QWKHVLV� RI � UDPLQ� �*RQRVW\OXV� EDQFDQXV��
VHHGOLQJV�LQ�0DOD\VLD��-�7URS�)RU�6FL�������������

.LWDMLPD�.��������5HODWLYH� LPSRUWDQFH�RI �SKRWRV\QWKHWLF�
WUDLWV�DQG�DOORFDWLRQ�SDWWHUQV�DV�FRUUHODWHV�RI �VHHGOLQJ�
VKDGH�WROHUDQFH�RI ����WURSLFDO�WUHHV��2HFRORJLD������
����������

.RED\DVKL� 6�� ������ )RUHVW� VWUXFWXUH� DQG� UHJHQHUDWLRQ�
SURFHVV�RI �SHDW�VZDPS�$ODQ�IRUHVWV��6KRUHD�DOELGD��LQ�
%UXQHL� 'DUXVVDODP�� ,Q�� 6XKDUWR\R� +�� )DWDZL� 0��
HGLWRUV�� 3URFHHGLQJV� RI � WKH� 6HFRQG� ,QWHUQDWLRQDO�
6\PSRVLXP�RQ�$VLDQ�7URSLFDO�)RUHVW�0DQDJHPHQW��
S���������

1DNDJDZD�0��7DNHXFKL�<��.HQWD�7��1DNDVKL]XND�7��������
3UHGLVSHUVDO�VHHG�SUHGDWLRQ�E\�LQVHFWV�YV��YHUWHEUDWHV�
LQ� VL[�'LSWHURFDUS� VSHFLHV� LQ�6DUDZDN��0DOD\VLD� ���
%LRWURSLFD��������������

1J�73�� ,EUDKLP� 6�� ������ &RPPRQ� WUHHV� LQ� SHDW� VZDPS�
IRUHVWV� RI � 3HQLQVXODU� 0DOD\VLD�� .HSRQJ� �0<���
)RUHVW�5HVHDUFK�,QVWLWXWH�

3J� +DUXQ� $0.� >,QWHUQHW@�� ������ &RQVWUXFWLRQ� SURMHFWV�
GDPDJH�%HODLW�SHDWODQGV��%DQGDU�6HUL�%HJDZDQ��%1��
7KH�%UXQHL�7LPHV�� >FLWHG������2FW���@��$YDLODEOH�
IURP��KWWS���EW�FRP�EQ�

3KLOOLSV� 9'�� ������ 3HDW� VZDPS� HFRORJ\� DQG� VXVWDLQDEOH�
GHYHORSPHQW� LQ� %RUQHR�� %LRGLYHUV� &RQVHUY�
������������

3RVD�05&��:LMHGDVD�/6��&RUOHWW�57��������%LRGLYHUVLW\�DQG�
FRQVHUYDWLRQ� RI � WURSLFDO� SHDW� VZDPS� IRUHVWV��
%LR6FLHQFH�������������

5� &RUH� 7HDP� >,QWHUQHW@�� ������ 5�� $� ODQJXDJH� DQG�
HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��9LHQQD��$7��
5�)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��>FLWHG������
'HF� �@�� $YDLODEOH� IURP�� KWWSV���ZZZ�5�
SURMHFW�RUJ�

6DLWR�+��6KLEX\D�0��7XDK�6-��7XUMDPDQ�0��7DNDKDVKL�.��
-DPDO�<��«�/LPLQ�6+��������,QLWLDO�VFUHHQLQJ�RI �IDVW�
JURZLQJ�WUHH�VSHFLHV�EHLQJ�WROHUDQW�RI �GU\�WURSLFDO�
SHDWODQGV� LQ� &HQWUDO� .DOLPDQWDQ�� ,QGRQHVLD�� -�
)RUHVWU\�5HV�����������
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