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7ZR�MXYHQLOH�IHPDOH�ZKLWH�VKDUNV��&DUFKDURGRQ�FDUFKDULDV��/LQQDHXV���������ZHUH�FDSWXUHG�LQ�FRDVWDO�ZDWHUV�RI
WKH�QRUWKHDVWHUQ�$HJHDQ�6HD��%RWK�VKDUNV�ZHUH�FDSWXUHG�E\�PHDQV�RI�FRPPHUFLDO� ILVKLQJ�JHDU��7RWDO� OHQJWKV�RI� WKH
VSHFLPHQ�1RV����DQG���ZHUH�����DQG�����FP��7ZR�DQJOHU�ILVK��/RSKLXV�VSS����RQH�JDU�ILVK��%HORQH�EHORQH��DQG�RQH
KDNH��0HUOXFFLXV�PHUOXFFLXV��ZHUH�IRXQG�LQ�WKH�VWRPDFK�FRQWHQWV�RI�VSHFLPHQ�1R����'XH�WR�FRDVWDO�RFFXUUHQFH�RI
&�� FDUFKDULDV�� UHJXODU�PRQLWRULQJ� DQG� VHDVRQDO� EDQQLQJ� RI� FRDVWDO� JLOO�QHWWLQJ� DQG� ORQJ�OLQLQJ� LQ� WKH� DUHDV� RI� WKH
QRUWKHDVWHUQ�$HJHDQ�6HD��ZKHUH�ZKLWH�VKDUNV�DUH�VLJKWHG��LV�QHFHVVDU\�LQ�RUGHU�WR�PLQLPL]H�WKH�LPSDFW�RI�ILVKLQJ�RQ
WKH�VSHFLHV��$XWKRUV�DOVR�GLVFXVV�WKH�FXUUHQW�VWDWXV�RI�&��FDUFKDULDV�LQ�7XUNLVK�ZDWHUV��ZLWK�UHVSHFW�WR�DYDLODEOH�GDWD�

.H\�ZRUGV��:KLWH�VKDUN��&DUFKDURGRQ�FDUFKDULDV��FRDVWDO�RFFXUUHQFH��$HJHDQ�6HD
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'XH�JLRYDQL�IHPPLQH�GL�VTXDOR�ELDQFR��&DUFKDURGRQ�FDUFKDULDV��/LQQDHXV���������VRQR�VWDWH�FDWWXUDWH�LQ�DFTXH
FRVWLHUH�GHOO¢(JHR�QRUG�RULHQWDOH��(QWUDPEL�JOL�HVHPSODUL�VRQR�VWDWL�SHVFDWL�FRQ�DWWUH]]DWXUH�SHU�SHVFD�FRPPHUFLDOH�
/H�OXQJKH]]H�WRWDOL�GHJOL�HVHPSODUL���H���HUDQR�ULVSHWWLYDPHQWH�GL�����H�����FP��'XH�UDQH�SHVFDWULFL��/RSKLXV�VSS���
XQ¢DJXJOLD� �%HORQH� EHORQH�� HG� XQ� QDVHOOR� �0HUOXFFLXV� PHUOXFFLXV�� VRQR� VWDWL� WURYDWL� QHL� FRQWHQXWL� VWRPDFDOL
GHOO¢LQGLYLGXR�1R����9LVWD� OD�SUHVHQ]D� LQ�DFTXH�FRVWLHUH�GL�&��FDUFKDULDV��JOL�DXWRUL�VRWWROLQHDQR� OD�QHFHVVLWi�GL�XQ
PRQLWRUDJJLR�UHJRODUH�H�GLYLHWL�VWDJLRQDOL�GL�SHVFD�FRVWLHUD��FRQ�UHWL�D�VWUDVFLFR�H�WUDPDJOL��QHOOH�DUHH�GHOO¢(JHR�QRUG�
RULHQWDOH�GRYH�JOL�VTXDOL�ELDQFKL�YHQJRQR�DYYLVWDWL��DO� ILQH�GL�PLQLPL]]DUH� O¢LPSDWWR�GHOOD�SHVFD�VX� WDOH�VSHFLH��*OL
DXWRUL�GLVFXWRQR�DQFKH�OR�VWDWR�DWWXDOH�GL�&��FDUFKDULDV�LQ�DFTXH�WXUFKH��WHQHQGR�FRQWR�GHL�GDWL�GLVSRQLELOL�

3DUROH�FKLDYH��VTXDOR�ELDQFR��&DUFKDURGRQ�FDUFKDULDV��SUHVHQ]D�FRVWLHUD��PDUH�(JHR
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$OWKRXJK� HDUO\� ZULWLQJV� RQ� WKH� RFFXUUHQFH� RI� WKH
ZKLWH� VKDUN��&DUFKDURGRQ� FDUFKDULDV� �/LQQDHXV�� ������
LQ� %RVSKRULF� DQG� 0DUPDULF� ZDWHUV� GDWH� EDFN� LQWR� WKH
ODVW�TXDUWHU�RI�WKH���WK�FHQWXU\��)HUJXVVRQ��������.DED�
VDNDO���������DQG� WKH� ILUVW� WZR�GHFDGHV�RI� WKH���WK� FHQ�
WXU\� �1LQQL�� ������ 'HYHFL\DQ�� �������U=�Hu�� ������� LWV
SUHVHQFH�LQ�%RVSKRULF�DQG�0DUPDULF�ZDWHUV��DV�ZHOO�DV
LQ�7XUNLVK�VHDV�KDV�DOZD\V�EHHQ�D�SRLQW�RI�FRQWURYHUV\�
'HVSLWH�WKH�KLVWRULFDO�UHFRUGV�RQ�&��FDUFKDULDV� IURP�WKH
7XUNLVK� 6WUDLWV� 6\VWHPV� �� 'DUGDQHOOHV� DQG� %RVSKRUXV
VWUDLWV�� DQG� WKH�6HD� RI�0DUPDUD� �.DEDVDNDO�� ������� DQG
LWV� FRQWHPSRUDU\� UHFRUGV� IURP� WKH� 7XUNLVK� $HJHDQ� 6HD
�.DEDVDNDO�	�.DEDVDNDO��������.DEDVDNDO��������.DED�
VDNDO�	�*HGLNRçOX���������LW¤V�VWLOO�TXHVWLRQHG�IURP�WLPH
WR�WLPH��ZKHWKHU�WKH�JUHDW�ZKLWH�VKDUN�RFFXUV�LQ�7XUNLVK
VHDV�

)ROORZLQJ�WKH�UHFHQW�FDSWXUHV�RI�WZR�QHZERUQ�ZKLWH
VKDUNV� LQ� WKH� (GUHPLW� %D\� �.DEDVDNDO� 	� *HGLNRçOX�
�������,FKWK\RORJLFDO�5HVHDUFK�6RFLHW\��,�5�6���KDV�LQWHQ�
VLILHG�WKH�ILHOG�VXUYH\V�DPRQJ�ILVKHUPHQ�DORQJ�WKH�FRDVW
RI� WKH� QRUWKHDVWHUQ� $HJHDQ� 6HD� LQ� RUGHU� WR� UHFRUG� DQ\
VSHFLPHQ�RI�&��FDUFKDULDV� IURP� WKH�DUHD��6LPLODU� HIIRUWV
KDYH� EHHQ� PDGH� LQ� îVWDQEXO� FLW\�� ZKHUH� ILVKPRQJHUV
SXUFKDVHG�WKLV�VR�FDOOHG��IHDUVRPH�EHDVW��IRU�SXEOLF�GLV�
SOD\�

7KH� SUHVHQW� DUWLFOH� GHDOV� ZLWK� WZR� MXYHQLOH� JUHDW
ZKLWH� VKDUNV� FDXJKW� LQ� WKH� QRUWKHDVWHUQ� $HJHDQ� 6HD�
$XWKRUV�DOVR�GLVFXVV�WKH�FXUUHQW�VWDWXV�RI�&��FDUFKDULDV�LQ
7XUNLVK�ZDWHUV��ZLWK�UHVSHFW�WR�DYDLODEOH�GDWD�

0$7(5,$/�$1'�0(7+2'6

7KH�SUHVHQW�VWXG\�LV�D�SDUW�RI�DQ�H[WHQVLYH�DUHD�RI�UH�
VHDUFK��.$1,7�3URMHFW���7�UN�6XODUuQGD�<DÝD\DQ�.{SHN�
EDOuNODUuQuQ� 7HVELWL� 3URMHVL� �,GHQWLI\LQJ� WKH� 6KDUNV� RI
7XUNLVK� :DWHUV��� .$1,7� PHDQV� �SURRI�� LQ� 7XUNLVK��
ZKLFK�ZDV� LQLWLDWHG� LQ� �����E\� WKH� ,56��'DWD� RQ� JUHDW
ZKLWH� VKDUNV� KDV� EHHQ� FROOHFWHG� IURP� WKH� IROORZLQJ
VRXUFHV�� �D�� VFLHQWLILF� OLWHUDWXUH�� �E�� GDLO\� QHZVSDSHUV�
ILVKLQJ�PDJD]LQHV� DQG�RWKHU� SRSXODU�PHGLD�� DQG� DV� IDU
DV�SRSXODU�VRXUFHV�DUH�FRQFHUQHG��WKH�YDOLGLW\�RI�WKH�UH�
FRUGLQJV�KDV�EHHQ�FRQILUPHG�E\�PHDQV�RI�GLUHFW�FRQWDFW
ZLWK�WKH�ILVKHUPHQ�UHSRUWHG�LQ�WKH�VRXUFH���F��YLVLWLQJ�WKH
ILVKLQJ�SRUWV�

%RWK�ZKLWH�VKDUNV�ZHUH�FDSWXUHG�LQ�7XUNLVK�WHUULWRULDO
ZDWHUV� �)LJ�� ��� E\� FRPPHUFLDO� ILVKLQJ� JHDU�� 7KH� WRWDO
OHQJWKV� �7/�� RI� WKH� VSHFLPHQV� ZHUH� PHDVXUHG� WR� WKH
QHDUHVW�FP��7/�LV�WKH�GLVWDQFH�IURP�WKH�WLS�RI�WKH�VQRXW�WR
WKH�WLS�RI�WKH�XSSHU�FDXGDO�OREH��ZKHUH�WKH�FDXGDO�ILQ�LV
SODFHG� LQ� LWV� QDWXUDO� SRVLWLRQ�� %RWK� VSHFLPHQV� ZHUH
SKRWRJUDSKHG��6SHFLPHQ�1R����LV�QRZ�NHSW�DW�%DOuNHVLU
8QLYHUVLW\��)DFXOW\�RI�$UWV�DQG�6FLHQFHV�

)LJ�����)LVKLQJ�ORFDOLWLHV�RI�VSHFLPHQ�1RV����DQG���RI�WKH
SUHVHQW� VWXG\�� DQG� SUHYLRXV� JUHDW�ZKLWH� VKDUN� UHFRUGV
IURP� WKH� QRUWKHDVWHUQ�$HJHDQ� 6HD�� /HJHQG�� �� �� VSHFL�
PHQ�FDXJKW�RII�)RmD�RQ���WK�0DUFK�����������VSHFLPHQ
FDXJKW� RII� %R]FDDGD� LQ� 0DUFK� ������ �� �� VSHFLPHQ
VLJKWHG�VRXWK�RI�*zNmHDGD�LQ�$SULO�����������VSHFLPHQ
VLJKWHG�LQ�6DURV�%D\�LQ�0D\���������DQG�����QHZERUQV
FDXJKW� LQ�(GUHPLW�%D\��RQ��VW�DQG��WK�RI� -XO\������� UH�
VSHFWLYHO\�� �� �� SUHVHQW� VSHFLPHQ� 1R�� ��� �� �� SUHVHQW
VSHFLPHQ�1R����
6O�� ��� /RNDOLWHWL�� NMHU� VWD� ELOD� XMHWD� REUDYQDYDQD� SUL�
PHUND� ÉW�� �� LQ� ��� LQ� SUHGKRGQH� ]DEHOHËEH� SRMDYOMDQMD
YHOLNHJD� EHOHJD� PRUVNHJD� YROND� Y� VHYHURY]KRGQHP
(JHMVNHP�PRUMX�� /HJHQGD�� �� �� SULPHUHN�� XMHW� Y� EOLËLQL
NUDMD�)RmD�����PDUFD�����������SULPHUHN��XMHW�SUL�RWRNX
%R]FDDGD� PDUFD� ������ �� �� SULPHUHN�� YLGHQ� MXËQR� RG
RWRND� *zNmHDGD� DSULOD� ������ �� �� SULPHUHN�� YLGHQ� Y
]DOLYX�6DURV�PDMD���������LQ�����QRYRURMHQD�SULPHUND�
XMHWD� Y� (GUHPLWVNHP� ]DOLYX� ��� LQ� ��� MXOLMD� ������ �� �
REUDYQDYDQL�SULPHUHN� ÉW�� ��� �� �� REUDYQDYDQL� SULPHUHN
ÉW����
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'HWDLOHG�REVHUYDWLRQ�RI�VSHFLPHQ�1R����ZDV�FDUULHG
RXW�E\�WKH�VHFRQG�DXWKRU��$\OLQ�<DUPD]��$�<����KRZHYHU�
DV�VSHFLPHQ�1R����LV�SDUW�RI� WKH�RQ�JRLQJ�PDVWHU� WKHVLV
RI�$�<��� RQO\� ILVKLQJ�GDWD� �ORFDOLW\�� ILVKLQJ�JHDU�� HWF��� RI
VSHFLPHQ�1R����LV�JLYHQ�LQ�WKH�SUHVHQW�SDSHU��WR�SUHYHQW
YLRODWLQJ� WKH� RULJLQDOLW\� RI� WKH� GLVVHUWDWLRQ�� 7KH� WKLUG
DXWKRU�� 6DLW� g]J�U� *HGLNRçOX� �6�g�*���� DQ� îVWDQEXO
EDVHG�XQGHUZDWHU�YLGHRJUDSKHU��FRXOG�RQO\�PHDVXUH�WKH
7/� RI� VSHFLPHQ� 1R�� �� DQG� GHWHUPLQH� LWV� VH[�� 8QIRUWX�
QDWHO\��WKH�ILVKPRQJHU�GLG�QRW�DOORZ�6�g�*��WR�HYLVFHUDWH
WKH�VKDUN�RU� WDNH�DQ\�VDPSOHV�IURP�WKH� WHHWK�RU� WLVVXHV�
3KRWRJUDSKV� RI� ERWK� VSHFLPHQV�� DQG� WHHWK� IURP� XSSHU
DQG� ORZHU� MDZV� RI� VSHFLPHQ�1R�� ��� DUH� NHSW� LQ� WKH� DU�
FKLYHV�RI�,�5�6�

5(68/76

6SHFLPHQ�1R���

2Q���VW� )HEUXDU\� ������ D� IHPDOH� JUHDW�ZKLWH� VKDUN
�)LJV�� ��� ���ZDV� FDXJKW� RII�*{NoHDGD� �)LJ�� ��� E\� D� ERW�
WRP�WUDZOHU�� $IWHU� GRFNLQJ� DW� dDQDNNDOH� KDUERXU� WKH
FDSWDLQ�RI�WKH�WUDZOHU�GRQDWHG�WKH�VSHFLPHQ�WR�%DOuNHVLU
8QLYHUVLW\��+HUH�WKH�VKDUN�ZDV�PHDVXUHG�DQG�GLVVHFWHG�
7KH� WRWDO� OHQJWK� RI� WKH� VKDUN�ZDV� ���� FP� DQG� LWV� WRWDO
ZHLJKW������NJ�����WHHWK�ZHUH�FRXQWHG�LQ�WKH�XSSHU�MDZ
DQG����ZHUH�LQ�WKH�ORZHU�MDZ��7ZR�DQJOHU�ILVK��/RSKLXV
VSS����RQH�JDU� ILVK� �%HORQH�EHORQH�� DQG�RQH�KDNH� �0HU�
OXFFLXV�PHUOXFFLXV��ZHUH�IRXQG�LQ�WKH�VWRPDFK�

6SHFLPHQ�1R���

2Q���WK�$SULO������� WKH�VHFRQG�JUHDW�ZKLWH�VKDUN��D
IHPDOH�RI�����FP�7/�DQG�ZHLJKLQJ�����NJ� �)LJV��������
ZDV�FDXJKW�RII�dDQDNNDOH�FRDVW��)LJ�����E\�D�FRPPHUFLDO
SXUVH�VHLQHU��$V�LQ�PDQ\�SUHYLRXV�LQVWDQFHV��DIWHU�GRFN�

LQJ� DW� dDQDNNDOH� KDUERXU�� VSHFLPHQ� 1R�� �� ZDV� WUDQV�
SRUWHG� WR� îVWDQEXO� IRU� SXEOLF� GLVSOD\� DW� D� ILVKPRQJHU¤V�
2Q� ��WK� $SULO�� 6�g�*�� VDZ� VSHFLPHQ� 1R�� �� IURP� WKH
VLGHZDON� DQG� H[DPLQHG� WKH� VKDUN�� 8QIRUWXQDWHO\�� WKH
ILVKPRQJHU�GLG�QRW�DOORZ�WR�FROOHFW� WHHWK�RU� WLVVXH�VDP�
SOHV��$� IHZ�GD\V� ODWHU�� VSHFLPHQ�1R�� ��ZDV� SXUFKDVHG
E\�D�FROOHFWRU� IRU� LWV� MDZV��$OO�HIIRUWV�RI� ,�5�6�� WR�DFFHVV
WKH�MDZV�RI�VSHFLPHQ�1R����IDLOHG�

',6&866,21�$1'�&21&/86,216

)HPDOH�&��FDUFKDULDV�UHDFK�PDWXULW\�DW�D�WRWDO�OHQJWK
EHWZHHQ�����DQG�����FP��&DVH\�	�3UDW�-U���������/LSHM
HW�DO���������&RPSDJQR�HW�DO����������7KH�WRWDO�OHQJWKV�RI
VSHFLPHQ�1RV����DQG���ZHUH�����DQG�����FP�� UHVSHF�
WLYHO\��WKXV�ERWK�JUHDW�ZKLWH�VKDUNV�ZHUH�MXYHQLOH�VSHFL�
PHQV�

7KH�ILUVW�UHFRUG�RI�&��FDUFKDULDV�IURP�WKH�VHDV�RI�7XU�
NH\�GDWHV�EDFN�WR�)HEUXDU\�������ZKHQ�����FP�7/�JUHDW
ZKLWH�VKDUN�VWUDQGHG�RII�%H\OHUEH\L�FRDVW�LQ�WKH�%RVSKR�
UXV�6WUDLW� �)HUJXVVRQ���������.DEDVDNDO� ������� UHYLHZHG
WKH�KLVWRULFDO� UHFRUGV�RI�&��FDUFKDULDV� IURP�7XUNLVK�ZD�
WHUV�DQG�FRQFOXGHG�WKDW�DOPRVW�DOO�RI�WKHP�ZHUH�IURP�WKH
6HD�RI�0DUPDUD��7KH�JUHDW�ZKLWH�VKDUN�KDG�EHHQ�D�E\�
FDWFK� RI� WXQD� KDQG�OLQHUV� LQ� %RVSKRULF� DQG� 0DUPDULF
ZDWHUV� XQWLO� WKH� HQG� RI� WKH� ����¤V� �.DEDVDNDO�� ������
'HVSLWH�WKH�KLVWRULFDO�DFFRXQWV�RI�&��FDUFKDULDV�IURP�WKH
%RVSKRUXV�6WUDLW�DQG� WKH�6HD�RI�0DUPDUD� �1LQQL�������
'HYHFL\DQ��������$\DÝOu��������)HUJXVVRQ��������.DED�
VDNDO���������������JUHDW�ZKLWH�VKDUNV� IURP� WKH�7XUNLVK
FRDVW� RI� WKH� $HJHDQ� 6HD� ZHUH� DFFRXQWHG� LQ� VSHFLILF
VWXGLHV� RQO\� YHU\� UHFHQWO\� �.DEDVDNDO� 	� .DEDVDNDO�
������.DEDVDNDO��������.DEDVDNDO�	�*HGLNRçOX��������
$OWKRXJK�$NÝuUD\���������0DWHU�	�0HULo� �������DQG�%L�
OHFHQRçOX�HW� DO�� ������� UHSRUWHG�&�� FDUFKDULDV� IURP� WKH
7XUNLVK�FRDVW�RI�WKH�$HJHDQ�6HD��WKHUH�LV�QR�VSHFLILF�LQ�

����

)LJ�� ��� 6SHFLPHQ� 1R�� �� ����� FP� 7/�� FDXJKW� RII
*zNmHDGD� RQ� ��VW� )HEUXDU\� ������ �3KRWR�� ,�5�6�� $U�
FKLYH�
6O�����3ULPHUHN�ÉW���������FP�FHORWQH�GROËLQH���XMHW�SUL
RWRNX�*zNmHDGD���������������)RWR��$UKLY�,56�

)LJ�����7HHWK�RI�VSHFLPHQ�1R�����VFDOH� ���FP���3KRWR�
,�5�6��$UFKLYH�
6O�� ��� =RERYMH� SULPHUND� ÉW�� ��� PHULOR�  � �� FP�� �)RWR�
$UKLY�,56�
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IRUPDWLRQ� DYDLODEOH� LQ� WKHVH� JHQHUDO� LFKWK\RORJLFDO
VWXGLHV� RI�ZKHUH� WKH�H[DPLQHG� VSHFLPHQV�ZHUH� FDXJKW
RU�DYDLODEOH�IRU�LQVSHFWLRQ�

7KH� KLVWRULFDO� DQG� FRQWHPSRUDU\� RFFXUUHQFHV� RI�&�
FDUFKDULDV� LQ� WKH� 0HGLWHUUDQHDQ� EDVLQ� KDYH� EHHQ� VXE�
MHFWHG� WR� VHYHUDO� LQYHVWLJDWLRQV� �3RVWHO�� ������ %DUUXOO�
���������)HUJXVVRQ��������������'H�0DGGDOHQD�������
������ 6WRUDL�HW� DO��� ������ ������%DUUXOO� 	�0DWH�� �����
&HORQD��������6ROGR�	�-DUGDV��������0RUH\�HW�DO��������
0HJDORIRQRX� HW� DO��� ������ 6DwGL� HW� DO��� ������ 6ROGR� 	
'XOáLß��������&ULVWR�HW�DO����������7R�GDWH������FDVHV�RI
JUHDW� ZKLWH� VKDUNV� IURP� WKH� 0HGLWHUUDQHDQ� KDYH� EHHQ
UHFRUGHG� �'H� 0DGGDOHQD�� ������� $FFRUGLQJ� WR� )HUJX�
VVRQ� �������� WKH� 0HGLWHUUDQHDQ� GLVWULEXWLRQ� RI� &�� FDU�
FKDULDV� LV�FRQFHQWUDWHG�PDLQO\� LQ� WKH�ZHVWHUQ�DQG�FHQ�
WUDO� SDUWV� RI� WKH� EDVLQ��2QO\� ��� JUHDW� ZKLWH� VKDUNV�� LQ�
FOXGLQJ�WKH�SUHVHQW�VSHFLPHQV��KDYH�EHHQ�UHFRUGHG�IURP
WKH�HDVWHUQ�0HGLWHUUDQHDQ��DQG�WKH�DGMDFHQW�$HJHDQ�DQG
0DUPDUD� 6HDV� �%HQ�7XYLD�� ������ )HUJXVVRQ�� ������ .D�
EDVDNDO��������.DEDVDNDO�	�.DEDVDNDO��������.DEDVDNDO�
������.DEDVDNDO�	�*HGLNRçOX���������7KH�WRWDO�QXPEHU
RI�JUHDW�ZKLWH�VKDUNV�UHSRUWHG�IURP�WKH�HDVWHUQ�0HGLWHU�
UDQHDQ�DQG�DGMDFHQW�VHDV�������FRQVWLWXWHV�����SHUFHQW�RI
WKH�WRWDO�QXPEHU�UHFRUGHG�E\�'H�0DGGDOHQD��������

7KH�UROH�SOD\HG�E\�VHD�VXUIDFH�WHPSHUDWXUHV��667V��LQ

DIIHFWLQJ�WKH�GLVWULEXWLRQ�RI�JUHDW�ZKLWH�VKDUNV�LV�GHPRQ�
VWUDWHG�LQ�WKH�OLWHUDWXUH��&DVH\�	�3UDWW��-U���������1DND\D�
������)HUJXVVRQ��������%DUUXO�	�0DWH��������.DEDVDNDO�
������0RUH\�HW�DO����������&DVH\�	�3UDWW��-U���������FRQ�
FOXGHG� WKDW� WKH� ���&� LVRWKHUP� LV� D� URXJK� LQGLFDWLRQ� RI
WKH�VHDVRQDO�JUHDW�ZKLWH�VKDUN�GLVWULEXWLRQ� LQ� WKH�QRUWK�
HUQ� ODWLWXGHV�� &�� FDUFKDULDV�� LQ� WKH� 0HGLWHUUDQHDQ� 6HD
WROHUDWHG�667V�UDQJLQJ�IURP�����&�WR����&��EXW�IHZ�FDVHV
ZHUH�UHSRUWHG�LQ�ZDWHUV�ZLWK�D� WHPSHUDWXUH�DERYH����&
�)HUJXVVRQ���������7KUHH�JUHDW�ZKLWH�VKDUNV��UHSRUWHG�LQ
.DEDVDNDO�	�.DEDVDNDO��������IURP�WKH�QRUWKHDVWHUQ�$H�
JHDQ�6HD��ZHUH�FDSWXUHG�RU�VLJKWHG�EHWZHHQ�0DUFK�DQG
0D\��ZKHQ� 667V� UDQJHG� IURP� ���&� WR� ���&� �.RFDWDÝ�	
%LOHFLN��������

6SHFLPHQ�1R����� UHSRUWHG� LQ�.DEDVDNDO� ������� IURP
WKH� FHQWUDO� $HJHDQ� 6HD�� ZDV� FDSWXUHG� RQ� ��WK� 0DUFK
������ ZKHQ� 667� LQ� WKH� FHQWUDO� $HJHDQ� 6HD� YDULHG� EH�
WZHHQ� ���&� DQG� ���&� �.RFDWDÝ� 	� %LOHFLN�� ������� 7ZR
QHZERUQ�JUHDW�ZKLWH�VKDUNV��UHSRUWHG�IURP�(GUHPLW�%D\�
ZHUH� FDSWXUHG� LQ� ODWH� -XQH� DQG� HDUO\� -XO\� �667V� ���
�����&���6SHFLPHQ�1R����RI�WKH�SUHVHQW�VWXG\�ZDV�FDXJKW
LQ� )HEUXDU\� �667V� ������&�� DQG� VSHFLPHQ� 1R�� �� ZDV
FDXJKW� LQ� $SULO� �667V� ������&��� $OWKRXJK� \RXQJ� JUHDW
ZKLWH�VKDUNV�KDYH�D�ORZHU�WKHUPDO�WROHUDQFH�IRU�VHD�ZD�
WHU�WHPSHUDWXUH�FKDQJHV��DQ�LPSRUWDQW�IDFWRU�OLPLWLQJ�WKH

����

)LJ�����6SHFLPHQ�1R���������FP�7/��FDXJKW�RII�dDQDN�
NDOH�FRDVW�RQ���WK�$SULO�������DQG�GLVSOD\HG�DW� D� ILVK�
PRQJHU£V�LQ�îVWDQEXO���3KRWR��,�5�6��$UFKLYH�
6O�����3ULPHUHN�ÉW���������FP�FHORWQH�GROËLQH���XMHW�SUL
REDOL�dDQDNNDOH�������������LQ�UD]VWDYOMHQ�Y�ULEDUQLFL�Y
,VWDQEXOX���)RWR��$UKLY�,56�

)LJ�� ��� $� FORVH�XS� YLHZ� RI� WKH� KHDG� DQG� GHQWLWLRQ� RI
VSHFLPHQ�1R������3KRWR��,�5�6��$UFKLYH�
6O�����%OLËQML�SRVQHWHN�JODYH� LQ�]RERYMD�SULPHUND� ÉW����
�)RWR��$UKLY�,56�
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PRYHPHQW�RI� MXYHQLOHV� �&DVH\�	�3UDWW�� -U��� ������� HXU\�
WKHUPDO�QDWXUH�RI�WKH�JUHDW�ZKLWH�VKDUNV�VXJJHVWV�WKDW�WKH
VSHFLHV�FDQ�UHPDLQ�DORQJ�WKH�7XUNLVK�FRDVW�RI�WKH�FHQWUDO
DQG�QRUWK�$HJHDQ�6HD�DOO�\HDU�URXQG��:HQJ�HW�DO��������
QRWHG� WKDW�� LQ� WKH� HDVWHUQ� 3DFLILF�� YHUWLFDO� H[FXUVLRQV
ZHUH�GHHSHU�DQG�FRROHU�IRU���\HDU�ROG�JUHDW�ZKLWH�VKDUNV
WKDQ�\RXQJ�RI�WKH�\HDU�VSHFLPHQV�

$FFRUGLQJ� WR� .OLPOH\� �������� SXSV� UHPDLQ� LQVKRUH
DQG�DV�WKH\�JURZ�ODUJHU��WKH\�OLYH�ERWK�LQVKRUH�DQG�QHDU
RIIVKRUH� LVODQGV�� )LVKLQJ� GDWD� RI� �� JUHDW� ZKLWH� VKDUNV
IURP�WKH�7XUNLVK�FRDVW�RI�WKH�QRUWK�$HJHDQ�6HD�UHYHDOHG
WKDW�DOO�VSHFLPHQV�ZHUH�FDXJKW�RU�VHHQ�LQ�FRDVWDO�DQG�LQ�
VXODU�ZDWHUV� �.DEDVDNDO�	� .DEDVDNDO�� ������ .DEDVDNDO�
������.DEDVDNDO�	�*HGLNRçOX���������7KH�SUR[LPLW\�RI
RIIVKRUH�LVODQGV�WR�(GUHPLW�%D\��ZKLFK�LV�FOHDUO\�VHHQ�RQ
WKH�PDS�LQ�ILJXUH����FUHDWHV�DQ�DGYDQWDJHRXV�ORFDOLW\�IRU
QHZERUQ� DQG� JURZLQJ� JUHDW� ZKLWH� VKDUNV� IRU� PRYLQJ
EHWZHHQ�FRDVWDO�DQG�RIIVKRUH�ZDWHUV�

7KH� FHQWUDO� 0HGLWHUUDQHDQ� 6HD� KDV� ORQJ� EHHQ� FRQ�
VLGHUHG�DV�D�QXUVHU\� VLWH� IRU�JUHDW�ZKLWH� VKDUNV�EHFDXVH
RI�WKH�SUHYLRXV�DQG�UHFHQW�FDSWXUHV�RI�SUHJQDQW�IHPDOHV
ZLWK�GHYHORSLQJ�DQG�QHDU�WHUP�HPEU\RV��DV�ZHOO�DV�IUHH�
VZLPPLQJ� MXYHQLOHV�� SDUWLFXODUO\� LQ� WKH� *XOI� RI� *DEpV
�)HUJXVVRQ��������6DwGL�HW�DO����������2Q�WKH�RWKHU�KDQG�
WKH�SRVVLELOLW\�RI�D�EUHHGLQJ�JURXQG�IRU�&��FDUFKDULDV� LQ
WKH�HDVWHUQ�0HGLWHUUDQHDQ�EDVLQ�KDV�DOZD\V�EHHQ�GHED�
WHDEOH�� ,Q� DGGLWLRQ� WR� WKH� UHFHQW� FDSWXUHV� RI� WZR� QHZ�
ERUQ�JUHDW�ZKLWH�VKDUNV�RII� WKH�$OWuQROXN�FRDVW� �.DEDVD�
NDO�	�*HGLNRçOX���������FDSWXUH�RI� WKH�SUHVHQW�MXYHQLOH
JUHDW�ZKLWH� VKDUNV� RII� *{NoHDGD� DQG� dDQDNNDOH� FRDVWV
SURYLGHV�H[WUD�HYLGHQFH�VXSSRUWLQJ�WKH�SUHVXPSWLRQ�RI�D
EUHHGLQJ� JURXQG� LQ� WKH� QRUWKHDVWHUQ� $HJHDQ� 6HD�� H[�
WHQGLQJ�IURP�(GUHPLW�%D\�WR�WKH�QRUWK�RI�*{NoHDGD��)LJ�
���

7KH� VWRPDFK� H[DPLQDWLRQ� RI� ��� \RXQJ� JUHDW� ZKLWH
VKDUNV� FDXJKW� LQ� WKH� QRUWKZHVW� $WODQWLF� VKRZHG� D� GLHW
FRPSULVHG�SULPDULO\�RI�GHPHUVDO� ILVK��&DVH\�	�3UDWW�� -U��
�������$FFRUGLQJ�WR�:HQJ�HW�DO����������EHQWKLF�IRUDJLQJ
LV� LPSRUWDQW� IRU� WKH�MXYHQLOH�JUHDW�ZKLWH�VKDUNV��%HQWKLF
SUH\�� PDLQO\� ILVK�� ZDV� DOVR� REVHUYHG� LQ� WKH� VWRPDFK
FRQWHQWV�RI�VPDOO�JUHDW�ZKLWH�VKDUNV��������FP�7/��IURP
&DOLIRUQLD� ZDWHUV� �7ULFDV� 	� 0F&RVNHU�� ������� %HQWKLF
SUH\��/RSKLXV�VSS��DQG�0��PHUOXFFLXV��ZDV�IRXQG�LQ�WKH
VWRPDFK� FRQWHQWV� RI� VSHFLPHQ� 1R�� �� RI� WKH� SUHVHQW
VWXG\�� $� VSDULG� ILVK� �6SDULGDH� VSS��� ZDV� IRXQG� LQ� WKH
VWRPDFK�FRQWHQWV�RI�WKH�QHZERUQ�JUHDW�ZKLWH�VKDUN�����
FP� 7/�� IURP� (GUHPLW� %D\� �.DEDVDNDO� 	� *HGLNRçOX�
�������3LVFLYRURXV� IRUDJLQJ�KDELWV�RI�\RXQJ�JUHDW�ZKLWH
VKDUNV�DUH�DQ� LPSRUWDQW� IDFWRU� LQFUHDVLQJ� WKH�SRVVLELOLW\
RI�LQFLGHQWDO�FDSWXUHV�RI�MXYHQLOHV�LQ�FRDVWDO�ILVKLQJ�JHDU�
7KH� RFFXUUHQFH� RI�&�� FDUFKDULDV� LQ� GLIIHUHQW� UHJLRQV� RI
WKH�0HGLWHUUDQHDQ�EDVLQ�LV�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH
RI� WXQD� VWRFNV� �%RHUR� 	� &DUOL�� ������ 'H� 0DGGDOHQD�
������9DFFKL�HW�DO���������0RUH\�HW�DO���������&ULVWR�HW
DO����������7KH�LQWURGXFWLRQ�RI�LQWHQVLYH�WXQD�ILVKLQJ�DQG
WKH� IROORZLQJ�GUDVWLF�GHFOLQH�RI� WXQD� �7KXQQXV� WK\QQXV�

VWRFNV� UHVXOWHG� LQ� D� FOHDU� GHFOLQH�� HYHQ� D� WRWDO� GLVDS�
SHDUDQFH� RI� JUHDW� ZKLWH� VKDUNV� LQ� PDQ\� SDUWV� RI� WKH
0HGLWHUUDQHDQ�DQG�WKH�DGMDFHQW�VHDV��H�J���HDVWHUQ�$GUL�
DWLF� ZDWHUV� �6ROGR� 	� -DUGDV�� ������� 0DUPDULF� ZDWHUV
�.DEDVDNDO���������%DOHDULF�ZDWHUV� �0RUH\�HW� DO��� �����
)URPHQWLQ� 	� 3RZHUV�� ������� 7KH� LQWHQVLYH� ILVKLQJ� RI
PDMRU� SUH\� RI� &�� FDUFKDULDV� LV� D� PDMRU� DQWURSKRJHQLF
LPSDFW� RQ� WKH� GHFOLQH� RI� JUHDW� ZKLWH� VKDUNV� LQ� WKH
0HGLWHUUDQHDQ�

7RGD\� PRUH� GDWD� LV� DYDLODEOH� RQ� WKH� JUHDW� ZKLWH
VKDUNV� IURP� 7XUNLVK� ZDWHUV�� KRZHYHU�� QHZ� GDWD� EULQJV
QHZ�TXHVWLRQV��:KDW�LV�WKH�UDWH�RI�HQFRXQWHUV�ZLWK�ILVK�
LQJ� QHWV� DQG� WKH� DVVRFLDWHG� PRUWDOLW\"� :KDW� DUH� WKH
ODUJHU�VFDOH�PRYHPHQW�SDWWHUQV�DQG�ZKDW�LV�WKH�H[WHQW�RI
WKHLU�PRYHPHQWV� DORQJ� WKH�7XUNLVK�FRDVW"�'R� WKH� MXYH�
QLOH� JUHDW�ZKLWH� VKDUNV� H[KLELW� GLXUQDO� RQVKRUH�RIIVKRUH
PRYHPHQWV"�:KHQ�DQG�ZKHUH�DUH�WKH�MXYHQLOHV�IHHGLQJ"
,V�WKH�JUHDW�ZKLWH�VKDUN�D�UHVLGHQW�RU�D�YDJUDQW�VSHFLHV�LQ
WKH� QRUWKHDVWHUQ� $HJHDQ� 6HD"� ,Q� FRQWUDVW� WR� SUHYLRXV
VXJJHVWLRQV� WKDW� WKH�JUHDW�ZKLWH� VKDUN� LV� D�TXHVWLRQDEOH
RU� H[WLQFW� VSHFLHV� LQ� 7XUNLVK� ZDWHUV�� DYDLODEOH� GDWD� UH�
YHDOHG�WKDW�&��FDUFKDULDV�LV�VWLOO�RFFXUULQJ�RII�WKH�7XUNLVK
FRDVW�� 5HJDUGLQJ� WKH� HQWLUH� FRDVWDO� OLQH� RI� 7XUNH\�� WKH
UHJXODULW\�RI� WKLV�RFFXUUHQFH� UHPDLQV�XQFOHDU��KRZHYHU�
UHJXODU�RFFXUUHQFH�RI�QHZERUQV� DQG�\RXQJ�JUHDW�ZKLWH
VKDUNV�LQ�7XUNLVK�FRDVWDO�ZDWHUV�RI�WKH�QRUWK�$HJHDQ�6HD
LV� ZHOO�GRFXPHQWHG� LQ� .DEDVDNDO� 	� *HGLNRçOX� ������
DQG� LQ� WKH� SUHVHQW� VWXG\�� 6HYHUDO� SRSXODU� GLYLQJ� VSRWV
DUH� DOVR� ORFDWHG�ZLWKLQ� WKH� ERXQGDULHV� RI� WKLV� SRVVLEOH
QXUVLQJ�JURXQG��7KRXVDQGV�RI�VZLPPHUV��DV�ZHOO�DV�VNLQ
DQG�VFXED�GLYHUV�YLVLW� WKH�DUHD�EHWZHHQ� ODWH� VSULQJ�DQG
HDUO\� DXWXPQ�� 6HDVRQDO� FR�H[LVWHQFH� RI� PDQ� DQG� WKH
JUHDW�ZKLWH�VKDUN�LV�DQRWKHU�PDMRU�FRQFHUQ�MHRSDUGL]LQJ
WKH�VXUYLYDO�RI�&��FDUFKDULDV��7R�WKH�EHVW�RI�RXU��DXWKRUV�
NQRZOHGJH�� QR� VKDUN� DWWDFN� E\� JUHDW� ZKLWH� VKDUNV� RU
RWKHU� ODUJH� VKDUNV� LQ� WKH� QRUWKHDVWHUQ� $HJHDQ� 6HD� KDV
EHHQ�UHFRUGHG�WR�GDWH��+RZHYHU��LQFUHDVLQJ�RFFXUUHQFH
RI� JUHDW�ZKLWH� VKDUNV� LQ� WKH�DUHD�PD\� FDXVH� DQ�DJJUHV�
VLYH�LQWHUDFWLRQ�EHWZHHQ�PDQ�DQG�VKDUN��QRW�RQO\�LQ�WKH
IRUP�RI�D�VKDUN�DWWDFN��EXW�DOVR�FUHDWLQJ�SXEOLF�IHDU�DQG
DQ�LQFUHDVH�LQ�WKH�NLOOLQJ�RI�JUHDW�ZKLWH�VKDUNV�

)ULFNH�HW�DO�� �������FRQVLGHUHG�WKH�JUHDW�ZKLWH�VKDUN
D�KLJKO\�HQGDQJHUHG�VSHFLHV�LQ�7XUNH\��DV�ZHOO�DV�D�YHU\
VHQVLWLYH� VSHFLHV� WR� KXPDQ� DFWLYLW\�� )RU� ,8&1� LQ� WKH
0HGLWHUUDQHDQ� WKH�VSHFLHV� LV�YXOQHUDEOH� �6HUHQD��������
&��FDUFKDULDV� LV� OLVWHG�RQ�$SSHQGL[� ,,� RI� WKH�%HUQ�&RQ�
YHQWLRQ�� DV�ZHOO� DV�&,7(6�$SSHQGL[� ,,,�� VLQFH� ��WK�0D\
����� �&RPSDJQR� HW� DO��� ������ 6HUHQD�� ������ )ULFNH� HW
DO����������7KH�JUHDW�ZKLWH�VKDUNV�DUH�QRZ�SURWHFWHG� LQ
VRPH�SDUWV�RI� WKH�ZRUOG� �&RPSDJQR�HW�DO����������KRZ�
HYHU�� GXH� WR� WKHLU�PLJUDWRU\� KDELWV�� D�ZRUOGZLGH� FRRS�
HUDWLRQ�LV�QHFHVVDU\�IRU� WKH�VXUYLYDO�RI� WKH�VSHFLHV��&XU�
UHQWO\�� WKHUH�LV�QR�PHDVXUHPHQW�IRU� WKH�SURWHFWLRQ�RI�&�
FDUFKDULDV� VHW� LQ� WKH� )LVKHULHV�$FW� RI� 7XUNH\�� 7KH� JUHDW
ZKLWH� VKDUNV� DQG� RWKHU� ODUJH� VKDUNV� FDXJKW� PDLQO\� E\
FRPPHUFLDO�ILVKLQJ�ERDWV�RSHUDWLQJ�LQ�7XUNLVK�ZDWHUV�DUH
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RIWHQ� VROG� WR�D� VPDOO�EXW� OXFUDWLYH�PDUNHW��SULPDULO\� IRU
WKHLU� MDZV��$OWKRXJK� WKH�JUHDW�ZKLWH�VKDUN�FDQ�GHVFHQG
WR� D� GHSWK� RI� �����P� �6HUHQD�� ������� LW� LV� SULPDULO\� D
FRDVWDO�DQG�RIIVKRUH� LQKDELWDQW�RI�FRQWLQHQWDO�DQG� LQVX�
ODU�VKHOYHV��&RPSDJQR���������'XH�WR�WKH�FRDVWDO�RFFXU�
UHQFH�RI�&��FDUFKDULDV�� UHJXODU�PRQLWRULQJ�DQG�VHDVRQDO
EDQQLQJ�RI�FRDVWDO�JLOO�QHWWLQJ�DQG�ORQJ�OLQLQJ�LQ�WKH�DU�
HDV��ZKHUH�ZKLWH� VKDUNV�DUH� VLJKWHG� LQ� WKH�QRUWKHDVWHUQ

$HJHDQ� 6HD�� LV� QHFHVVDU\� LQ� RUGHU� WR�PLQLPL]H� WKH� LP�
SDFWV�RI�ILVKLQJ�RQ�WKH�VSHFLHV�

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

$XWKRUV�ZLVK�WR�WKDQN�0U��(PUDK�(96(1�IURP� îVWDQ�
EXO��IRU�SURYLGLQJ�WKH�SKRWRJUDSKV�RI�VSHFLPHQ�1R����

'9$�0/$'2671$�9(/,.$�%(/$�0256.$�92/.$��&$5&+$52'21�&$5&+$5,$6
�/,11$(86���������&+21'5,&+7+<(6��/$01,'$(���8-(7$�9�6(9(5129=+2'1(0

(*(-6.(0�025-8
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&HORQD��$�� �������� 'XH� FDWWXUH� GL� VTXDOR� ELDQFR��&DU�
FKDURGRQ� FDUFKDULDV� �/LQQHR�� ������ DYYHQXWH� QHOOH� DF�
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