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YHQJRQR�IRUQLWH�OH�LQIRUPD]LRQL�JHQHUDOL�GHJOL�HVHPSODUL�FDWWXUDWL�H�YLHQH�GLVFXVVR�OR�VWDWR�GL�FRQVHUYD]LRQH�DWWXDOH
GHJOL�DORSLGL�

3DUROH�FKLDYH��$ORSLLGDH��$ORSLDV�VXSHUFLOLRVXV��$ORSLDV�YXOSLQXV��SHVFD�VX�SLFFROD�VFDOD��FRQVHUYD]LRQH�
DFTXH�GHOOD�7XUFKLD
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7KUHVKHU� VKDUNV� �/DPQLIRUPHV�� $ORSLLGDH�� DUH� ODUJH�
DFWLYH��VWURQJ�VZLPPLQJ�VKDUNV�� UDQJLQJ� LQ�KDELWDW� IURP
FRDVWDO� WR� HSLSHODJLF� DQG� GHHSZDWHU� HSLEHQWKLF�� DQG
GLVWULEXWHG�ZRUOGZLGH� LQ� WURSLFDO�� VXEWURSLFDO�DQG�FROG�
WHPSHUDWH� ZDWHUV� �&RPSDJQR�� ������� 8QWLO� QRZ�� WZR
VSHFLHV��$ORSLDV�VXSHUFLOLRVXV��/RZH��������DQG�$ORSLDV
YXOSLQXV��%RQQDWHUUH���������KDYH�EHHQ�UHFRUGHG�LQ�WKH
0HGLWHUUDQHDQ� DQG� DGMDFHQW� ZDWHUV� �'H� 0DGGDOHQD� 	
%DHQVFK��������6HUHQD���������7KH�ILUVW�UHFRUG�RI�$��VX�
SHUFLOLRVXV� LQ� WKH� 0HGLWHUUDQHDQ� 6HD� ZDV� UHSRUWHG� E\
&LJDOD�)XOJRVL���������EDVHG�RQ�IRXU�VSHFLPHQV�FDSWXUHG
E\�WKH�ILVKHUPHQ�RI�0D]DUD�GHO�9DOOR��7UDSDQL��LQ�WKH�6L�
FLOLDQ� &KDQQHO�� $FFRUGLQJ� WR� 6HUHQD� �������� WKH� ELJ�
H\HG� WKUHVKHU� VKDUN� LV� DQ� RFFDVLRQDO�UDUHO\� FDSWXUHG
VSHFLHV� LQ� 0HGLWHUUDQHDQ� ZDWHUV�� /HW� XV� DGG� WKDW� 'H
0DGGDOHQD�	�%DHQVFK� ������� UHSRUWHG�$�� VXSHUFLOLRVXV
DV� EHLQJ� UHODWLYHO\� FRPPRQ� LQ� WKH�0HGLWHUUDQHDQ� 6HD�
DQG�WKDW�ERWK�%DUUXOO�	�0DWH��������DQG�'H�0DGGDOHQD
	�%DHQVFK��������GHVFULEHG�LWV�SUHVHQFH�LQ�WKH�0HGLWHU�
UDQHDQ�DV�VWDEOH��DQG�QRW�RFFDVLRQDO��2Q�WKH�RWKHU�KDQG�
$��YXOSLQXV� LV� IDLUO\� FRPPRQ� LQ� WKH�0HGLWHUUDQHDQ�6HD
�'H�0DGGDOHQD�	�%DHQVFK��������6HUHQD���������PDQ\
UHFRUGLQJV� RI� WKUHVKHU� VKDUN� KDYH� EHHQ� PDGH� ERWK� E\
JHQHUDO� LFKWK\RORJLFDO� RU� IDXQLVWLF� ZRUNV� �H�J�� 5LHGO�
������ 4XpUR�� ������� DQG� UHJLRQDO� LFKWK\RORJLFDO� RU
VKDUN�VSHFLILF� ZRUNV� �H�J�� 7RUWRQHVH�� ������ ,WDOLDQ� ZD�
WHUV��&DSDSp��������7RXORQ�ZDWHUV��%DUUXOO�HW��DO��������
IURP�&DWDODQ�OLWWRUDO��&XJLQL�	�'H�0DGGDOHQD��������RII
3HVFDUD�� ,WDO\�� /LSHM� HW� DO��� ������ $GULDWLF� 6HD�� 6HUHQD�
������WKH�HQWLUH�0HGLWHUUDQHDQ�EDVLQ��

7KH� ILUVW� UHFRUGV�RI�$��YXOSLQXV� IURP�7XUNLVK�ZDWHUV
GDWH�EDFN�WR�WKH�HDUO\���WK�FHQWXU\��1LQQL��������'HYHG�
MLDQ�� ������ DV� $ORSLDV� YXOSHV� LQ� ERWK� UHIHUHQFHV��
7KUHVKHU� VKDUN� LV� TXLWH� FRPPRQ� LQ� 7XUNLVK� 0HGLWHU�
UDQHDQ�� $HJHDQ� DQG� 0DUPDULF� ZDWHUV� �$NÝÕUD\�� �����
.DEDVDNDO��������������.DEDVDNDO�	�.DEDVDNDO��������
DQG� RFFDVLRQDO� UHFRUGV� KDYH� EHHQ� UHSRUWHG� IURP� WKH
SUHERVSKRULF�ZDWHUV�LQ�WKH�%ODFN�6HD��.DEDVDNDO��������

,Q� WKH� SUHVHQW� VWXG\�� LQFLGHQWDO� FDSWXUHV� RI� DORSLLG
VKDUNV� E\� FRDVWDO� QHWV� LQ� 7XUNLVK� ZDWHUV� DUH� UHSRUWHG�
DQG�WKH�FXUUHQW�VWDWXV�RI�FRQVHUYDWLRQ�RI�DORSLLGV�LV�GLV�
FXVVHG�

0$7(5,$/�$1'�0(7+2'6

7KH�SUHVHQW�VWXG\�LV�SDUW�RI�DQ�H[WHQVLYH�UHVHDUFK�RQ
VKDUNV�IURP�7XUNLVK�ZDWHUV��ZKLFK�KDV�EHHQ�FDUULHG�RXW
E\� ,FKWK\RORJLFDO� 5HVHDUFK� 6RFLHW\� �,56�� VLQFH� �����
'DWD� RQ� WKUHVKHU� VKDUNV� KDYH� EHHQ� FROOHFWHG� IURP� WKH
IROORZLQJ� VRXUFHV�� �D�� VFLHQWLILF� OLWHUDWXUH�� �E�� GDLO\
QHZVSDSHUV�� ILVKLQJ� PDJD]LQHV� DQG� RWKHU� SRSXODU� PH�

GLD�� DQG�� DV� IDU� DV� SRSXODU� VRXUFHV� DUH� FRQFHUQHG�� WKH
YDOLGLW\�RI�WKH�UHFRUGLQJV�KDV�EHHQ�FRQILUPHG�E\�PHDQV
RI� GLUHFW� FRQWDFW� ZLWK� WKH� ILVKHUPHQ� UHSRUWHG� LQ� WKH
VRXUFH�� �F��YLVLWLQJ� WKH� ILVKLQJ�SRUWV��)RU�HDFK�H[DPLQHG
WKUHVKHU� VKDUN�� WKH� IROORZLQJ� GDWD� ZHUH� UHFRUGHG�� WRWDO
OHQJWK� �7/��� ZHLJKW� �:��� VH[�� GDWH� DQG� ORFDOLW\�� ILVKLQJ
JHDU�� GHSWK� DQG� WLPH� RI� WKH� GD\�� 3KRWRJUDSKV� RI� WKH
VSHFLPHQV��WHHWK�VDPSOHV��VS��QR�����7DE������VHW�RI�XSSHU
DQG�ORZHU�MDZV�RI�$ORSLDV�VXSHUFLOLRVXV� �VS��QR�����7DE�
���DQG�RWKHU�UHOHYDQW�SLHFHV�RI�HYLGHQFH�DERXW�WKH�FDWFK
DUH�NHSW�LQ�WKH�DUFKLYHV�RI�,56�

)LJ�����&DSWXUH�ORFDOLWLHV�RI�DORSLLG�VKDUNV�DORQJ�7XUNLVK
FRDVW��1XPEHUV�DUH�VDPH�DV�LQ�7DEOH���
6O�����/RNDOLWHWH�Y]GROË�WXUÉNH�REDOH��QD�NDWHULK�VR�ELOH
XMHWH�REUDYQDYDQH�PRUVNH� OLVLFH�� ÈWHYLONH� VR� LVWH�NRW� Y
7DEHOL���

5(68/76

7KUHVKHU�VKDUNV�FDSWXUHG�LQ�7XUNLVK�ZDWHUV�DUH�OLVWHG
LQ�7DEOH����ZLWK�ILVKLQJ�ORFDOLWLHV�VKRZQ�LQ�ILJXUH����2QH
RI� WKH� WZR�VSHFLPHQV�RI�$ORSLDV�VXSHUFLOLRVXV�ZDV�FDS�
WXUHG�LQ�WKH�VRXWK�HDVWHUQ�$HJHDQ�6HD�� WKH�RWKHU�RII� WKH
QRUWKHUQ� FRDVW� RI� WKH� 6HD� RI� 0DUPDUD� �)LJ�� ���� (OHYHQ
VSHFLPHQV�RI�$ORSLDV�YXOSLQXV�ZHUH�FDSWXUHG�DORQJ�$H�
JHDQ�FRDVW�RI�7XUNH\�� �� VSHFLPHQV� LQ�0DUPDULF�ZDWHUV
DQG�0HGLWHUUDQHDQ��DQG���LQ�SUHERVSKRULF�ZDWHUV�LQ�WKH
:HVWHUQ�%ODFN�6HD��)LJ������$PRQJ����WKUHVKHU�VKDUNV���
VSHFLPHQV� ZHUH� FDSWXUHG�� LQ� RUGHU� RI� LPSRUWDQFH�� E\
WUDPPHO�QHWWHUV����RWKHU�WKUHVKHU�VKDUNV�E\�JLOO�QHWWHUV���
RI� WKHP�E\�SXUVH�VHLQHUV��DQG� WKH� UHPDLQLQJ���E\�GULIW�
QHWWHUV� IRU� VZRUGILVK� �7DE�� ���� 6WDWLRQDU\� QHWV� ZHUH� WKH
PRVW�LPSRUWDQW�ILVKLQJ�JHDU��DV�IDU�DV�LQFLGHQWDO�FDSWXUHV
RI�$��YXOSLQXV� LQ�7XUNLVK�FRDVWDO�ZDWHUV�DUH�FRQFHUQHG�
*{NRYD�%D\�VSHFLPHQ�RI�$��VXSHUFLOLRVXV�ZDV�HQWDQJOHG
LQ�D�VKULPS�QHW��D�NLQG�RI�GUHGJLQJ�JHDU�RYHU�WKH�ERWWRP�
ZKLOH�6LOLYUL� VSHFLPHQ�RI� WKH�ELJH\H� WKUHVKHU� VKDUN�ZDV
FDSWXUHG� E\� PHDQV� RI� D� SXUVH�VHLQHU�� RSHUDWHG� RQO\� D
IHZ� NLORPHWUHV� RII� WKH� FRDVW� OLQH�� )LYH� �������� DORSLLG
VKDUNV��VSHFLPHQV�������������	����LQ�7DE�����ZHUH�FDS�
WXUHG�LQ�HDUO\�PRUQLQJ�EHIRUH�GDZQ�
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7DE�����$ORSLLG�VKDUNV�UHFRUGHG�LQ�WKH�SUHVHQW�VWXG\��6SHFLPHQ�QXPEHUV�DUH�VDPH�DV�RQ�WKH�PDS�LQ�ILJXUH���
7DE�����0RUVNH�OLVLFH��RSLVDQH�Y�SULàXMRàL�ÉWXGLML��ÈWHYLONH�SULPHUNRY�VR�LVWH�NRW�QD�]HPOMHYLGX�QD�VOLNL���

1R 7/��FP� :��NJ� 6H[ 'DWH /RFDOLW\ )LVKLQJ�JHDU 5HPDUNV
$ORSLDV�VXSHUFLOLRVXV��/RZH�������

� ��� ��� " ��������� *{NRYD 6KULPS�QHW
&DSWXUHG�LQ�FRDVWDO�ZDWHUV�DW����P�GHSWK�
HDUO\�LQ�WKH�PRUQLQJ�

� ��� " " ��������� 6LOLYUL 3XUVH�VHLQH
&DSWXUHG�D�IHZ�NLORPHWHUV�RII�WKH�FRDVW�OLQH
�)LJ����

$ORSLDV�YXOSLQXV��%RQQDWHUUH�������

� ��� " � ��������� ÜLOH 3XUVH�VHLQH
7KH�VKDUN�ZDV�FDSWXUHG�LQ�D�SXUVH�VHLQH�IXOO
RI�EOXH�ILVK��3RPDWRPXV�VDOWDWRU���5HFRUGHG
E\�.DEDVDNDO��������

� ��� " � ��������� 6LOLYUL *LOO�QHW
$FFRUGLQJ�WR�ILVKHUPDQ��LW�ZDV�FDSWXUHG
HDUO\�LQ�WKH�PRUQLQJ�EHIRUH�GDZQ��5H�
FRUGHG�E\�.DEDVDNDO��������

� ��� ��� " ��������� dDQDNNDOH *LOO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�

� ��� " � ��������� (QH] *LOO�QHW
&DSWXUHG�LQ�FRDVWDO�ZDWHUV��RQO\�����PHWHUV
IURP�WKH�VKRUHOLQH�HDUO\�LQ�WKH�PRUQLQJ�

� ��� ��� � ���������� %D\�RI�6DUR] 7UDPPHO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�
� ��� !��� " ���������� $NoD\ *LOO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�
� ��� ��� � ���������� (]LQH *LOO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�
�� ��� " � ���������� %DEDNDOH *LOO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�
�� ��� ��� � ���������� (GUHPLW *LOO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�

�� ��� ��� " ���������� <DORYD 3XUVH�VHLQH
&DSWXUHG�LQ�QHDU�VKRUH�ZDWHUV�EHWZHHQ
3ULQFH�,VODQGV�DQG�$QDWROLDQ�FRDVW�

�� ��� ��� � ���������� .DUDWDÝ 7UDPPHO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�
�� ��� ��� � ���������� %RGUXP 7UDPPHO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�

�� ��� ��� � ���������� )HWKL\H 'ULIW�QHW
&DSWXUHG�LQ�QHDU�VKRUH�ZDWHUV��LQ�D�GULIW�QHW
IRU�VZRUGILVK�

�� ��� ��� " ���������� )HWKL\H 'ULIW�QHW
&DSWXUHG�LQ�QHDU�VKRUH�ZDWHUV��LQ�D�GULIW�QHW
IRU�VZRUGILVK�

�� ��� ��� � ���������� %R]FDDGD 7UDPPHO�QHW
&DSWXUHG�EHWZHHQ�WKH�HDVWHUQ�FRDVW�RI�WKH
LVODQG�DQG�*DOOLSROL�3HQLQVXOD�

�� ��� ��� � ���������� %RGUXP 7UDPPHO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV�
�� ��� �� � ���������� 6LOLYUL 7UDPPHO�QHW &DSWXUHG�LQ�FRDVWDO�ZDWHUV��)LJ�����

�� ��� " " ���������� 'LGLP *LOO�QHW
&DSWXUHG�LQ�FRDVWDO�ZDWHUV��HDUO\�LQ�WKH
PRUQLQJ�EHIRUH�GDZQ�

�� ��� ��� � ���������� 'LGLP *LOO�QHW
&DSWXUHG�LQ�FRDVWDO�ZDWHUV��HDUO\�LQ�WKH
PRUQLQJ�DURXQG���R¤FORFN�

',6&866,21�$1'�&21&/86,216

7KH� VSHFLPHQ� RI�$ORSLDV� VXSHUFLOLRVXV�� FDSWXUHG� LQ
*{NRYD�%D\�RQ����0D\�������ZDV�WKH�ILUVW�UHFRUG�RI�WKH
ELJH\H� WKUHVKHU� VKDUN� LQ� 7XUNLVK� ZDWHUV�� 7KH� VHFRQG
VSHFLPHQ� RI� WKLV� VSHFLHV� �)LJ�� ��� ZDV� FDSWXUHG� RQ� ��
)HEUXDU\� ������ RII� WKH� FRDVW� RI� 6LOLYUL�� QRUWKHUQ� 6HD� RI
0DUPDUD� �.DEDVDNDO�	� .DUKDQ�� LQ� SUHVV��� $FFRUGLQJ� WR
&RPSDJQR� ��������$�� VXSHUFLOLRVXV� LV� IRXQG� LQ� FRDVWDO
ZDWHUV�RYHU�WKH�FRQWLQHQWDO�VKHOYHV��VRPHWLPHV�FORVH�LQ�
VKRUH� LQ� VKDOORZ�ZDWHUV��1DNDQR�HW� DO�� ������� UHSRUWHG
WKDW� WKH� ELJH\H� WKUHVKHU� VKDUN� LV� D� GHHS�ZDWHU� VSHFLHV�
IRXQG�LQ�ERWK�FRDVWDO�ZDWHUV�DQG�WKH�KLJK�VHDV��IURP�WKH

VXUIDFH�WR�QHDU�WKH�ERWWRP�DW�GHSWKV�JUHDWHU�WKDQ�����P�
,Q�WKH�HDVWHUQ�3DFLILF�2FHDQ��WKH�REVHUYHG�PD[LPXP�UH�
FRUGHG�GHSWK�RI�����P�LV�WKH�GHHSHVW�HYHU�UHFRUGHG�IRU
$�� VXSHUFLOLRVXV� �1DNDQR� HW� DO��� ������� *{NRYD� %D\
VSHFLPHQ� RI� ELJH\H� WKUHVKHU� VKDUN� KDV� EHHQ� FDSWXUHG
RQO\� D� IHZ� KXQGUHG� PHWHUV� RII� WKH� VKRUHOLQH� DQG� DW� D
GHSWK�RI� DERXW����P�� ,GHQWLILFDWLRQ�RI� WKH�*{NRYD�%D\
VSHFLPHQ�LV�EDVHG�RQ�WKH�SKRWRJUDSKV�DQG�DV�JHQLWDO�RU�
JDQV�ZHUH�QRW�YLVLEOH�RQ�WKH�VWXGLHG�SLFWXUHV��WKH�DXWKRU
ZDV�QRW� DEOH� WR� GHWHUPLQH� LWV¤� VH[��2Q� WKH� RWKHU� KDQG�
WKH� 6LOLYUL� VSHFLPHQ� ZDV� HYLVFHUDWHG� DQG� FXW� LQ� SDUWV�
DQG� LGHQWLILFDWLRQ�ZDV�EDVHG�RQ� WKH�PRUSKRORJ\�RI� WKH
KHDG��7KH�JHQLWDO�RUJDQV�RI� WKH� VHFRQG�ELJH\H� WKUHVKHU
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)LJ�����+HDG�RI�$ORSLDV�VXSHUFLOLRVXV��/RZH���������FDS�
WXUHG�RII�6LOLYUL�FRDVW��VS��QR�����
6O�� ��� *ODYD� YUVWH� $ORSLDV� VXSHUFLOLRVXV� �/RZH�� ������
XMHWH�Y�EOLËLQL�6LOLYULMD�Y�7XUàLML��YUVWD�ÉW�����

VKDUN� ZHUH� QRW� YLVLEOH� HLWKHU�� +RZHYHU�� UHJDUGLQJ� WKH
WRWDO�OHQJWKV�RI�ERWK�ELJH\H�WKUHVKHU�VKDUNV������FP�DQG
����FP�7/��UHVSHFWLYHO\��DQG�WKH�VL]H�RI�WKH�DGXOW�PDOHV
DQG� IHPDOHV� ����� WR� ���� FP� 7/� IRU�PDOHV�� DQG� ���� WR
����FP�7/�IRU�IHPDOHV��UHSRUWHG�E\�&RPSDJQR���������LW
VHHPV� WKDW� WKH�*{NRYD�%D\� VSHFLPHQ�ZDV�SUREDEO\�DQ
DGXOW� PDOH� RU� D� VXEDGXOW� IHPDOH�� ZKHUHDV� WKH� 6LOLYUL
VSHFLPHQ�ZDV�DQ�DGXOW�PDOH�RU� IHPDOH��7KH�GDWD�JLYHQ
E\�&RPSDJQR��������LV�JOREDO�UDWKHU�WKDQ�UHJLRQDO��DQG
EHFDXVH�RI�WKLV�UHDVRQ��D�VSHFLILF�LQYHVWLJDWLRQ�LV�QHHGHG
IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UHSURGXFWLYH�FKDUDFWHU�
LVWLFV�RI�$��VXSHUFLOLRVXV�LQ�/HYDQWLQH�EDVLQ�ZDWHUV�

$ORSLDV�YXOSLQXV��)LJ�����LV�RQH�RI�WKH�PRVW�FRPPRQ
LQFLGHQWDOO\�FDSWXUHG�VKDUNV� LQ� VZRUG�ILVK� ILVKHU\��RSHU�
DWHG�LQ�7XUNLVK�ZDWHUV��.DEDVDNDO���������%XW�WKH�SDXFLW\
RI�UHVHDUFK�RQ�WKH�ELRORJ\�RI�$��YXOSLQXV�LQ�7XUNLVK�ZD�
WHUV� LV�FOHDU��)RU� WKH�PRPHQW�� WKHUH� LV�QR� UHJXODWLRQ� VHW
IRU� WKH� FRQVHUYDWLRQ� RI� WKUHVKHU� VKDUNV� LQ� WKH� FXUUHQW
ILVKHU\�DFW��7KUHVKHU�VKDUN� LV�FRQVLGHUHG�DQ�RSHQ�ZDWHU
SUHGDWRU� LQ�PRVW�RI� WKH� LFKWK\RORJLFDO�ZRUNV�RI�7XUNLVK
ZDWHUV��KRZHYHU��RQH�RI�WKH�UHPDUNDEOH�FRQWULEXWLRQV�RI
WKH�SUHVHQW�VWXG\�LV�WKH�ILQGLQJ�WKDW�$��YXOSLQXV�RFFXUV�LQ

7XUNLVK�FRDVWDO�ZDWHUV�DQG�PD\�EH�LQFLGHQWDOO\�FDSWXUHG
E\�WKH�FRDVWDO�DUWLVDQDO�ILVKLQJ�JHDU�DV�ZHOO�

0DQ\�DXWKRUV� UHSRUWHG�RQ� WKH�RFFXUUHQFH�RI�$��YXO�
SLQXV� FRDVWDO� LQVXODU�RU� VKHOI�ZDWHUV� �&RPSDJQR�������
4XLJQDUG�	�&DSDSp��������+DWWRXU�	�1DNDPXUD�������
/LSHM�HW�DO����������<RXQJ�WKUHVKHU�VKDUNV�RIWHQ�FORVH�LQ�
VKRUH� DQG� LQ� VKDOORZ� ED\V� �&RPSDJQR�� ������ /LSHM�HW
DO����������+DWWRXU�	�1DNDPXUD� ������� UHSRUWHG�RQ� WKH
RFFXUUHQFH�RI�VL[� MXYHQLOHV�RI�$��YXOSLQXV�� UDQJLQJ����
WR� ���� FP� 7/�� ZKLFK� ZHUH� LQFLGHQWDOO\� FDSWXUHG� E\
WUDPPHO�QHWWHUV� IURP� WKH� *XOI� RI� 7XQLV�� 5HJDUGLQJ� WKH
VL]HV�RI�DGXOW�PDOHV�DQG�IHPDOHV������WR�����FP�7/��IRU
PDOHV��DQG����� WR����� FP�7/� IRU� IHPDOHV�� UHSRUWHG� E\
&RPSDJQR� �������� VSHFLPHQV� �� DQG� ��� �7DE�� ��� ZHUH
MXYHQLOHV�� DQG� WKHLU� FRDVWDO� RFFXUUHQFH� FRLQFLGHG� ZLWK
WKH� GDWD� UHSRUWHG� E\� &RPSDJQR� �������� %DVHG� RQ� WKH
DERYH� GDWD�� WKH� WZR�PDOHV� �VS� QRV�� �� DQG� ���� 7DE�� ��
ZHUH� DGXOWV�� 7HQ� WKUHVKHU� VKDUNV� �������� 7DE�� ��� ZHUH
IHPDOHV�� DQG� DJDLQ� EDVHG� RQ� WKH� DERYH� UHSURGXFWLYH
GDWD�RI�&RPSDJQR� �������DQG�UHFRUGHG� WRWDO� OHQJWKV� LQ

)LJ�� ��� 7KUHVKHU� VKDUN�� $ORSLDV� YXOSLQXV� �%RQQDWHUUH�
������� FDSWXUHG� RII� 6LOLYUL� FRDVW�� RQ� GLVSOD\� DW� D� ILVK
VWRUH�LQ�,VWDQEXO��VS��QR������
6O�� ��� 0RUVND� OLVLFD� $ORSLDV� YXOSLQXV� �%RQQDWHUUH�
�������XMHWD�Y�EOLËLQL�6LOLYULMD� LQ� UD]VWDYOMHQD�Y�QHNL� LV�
WDQEXOVNL�ULEDUQLFL��YUVWD�ÉW������
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WKH�SUHVHQW�VWXG\����RI�WKH���IHPDOHV��VSHFLPHQV���������
���������������	�����DSSHDUHG�WR�EH�DGXOWV��)RU�WKH�PR�
PHQW�� WKH� FXUUHQW� GDWD� LV� QRW� \HW� FOHDU�� ZKHWKHU� WKRVH
IHPDOHV� SHQHWUDWHG� FRDVWDO� ZDWHUV� IRU� UHSURGXFWLRQ� RU
IHHGLQJ��KRZHYHU��WKH�ILVKLQJ�SUHVVXUH�FDXVHG�E\�FRDVWDO
ILVKLQJ�JHDU�RQ�WKH�DGXOW�VWRFN�RI�$��YXOSLQXV�LV�REYLRXV�
$�VLPLODU�VLWXDWLRQ�UHJDUGLQJ�WKH�ILVKLQJ�SUHVVXUH�FDXVHG
E\� WKH� VPDOO�VFDOH� ILVKHU\� RQ� WKUHVKHU� VKDUNV� KDV� EHHQ
UHSRUWHG� IURP�7XQLVLDQ�ZDWHUV��$FFRUGLQJ� WR�+DWWRXU�	
1DNDPXUD� �������� WKH� DEXQGDQFH� RI� WKUHVKHU� VKDUN� LQ
7XQLVLDQ� ZDWHUV� DSSDUHQWO\� GHFUHDVHG� GDQJHURXVO\�
$XWKRUV�UHSRUWHG�WKDW�VPDOO�VFDOH�ILVKHU\�VHHPV�WDUJHWLQJ
FXUUHQWO\�WKH�YXOQHUDEOH�QHRQDWH�RI�$��YXOSLQXV�

5HJDUGLQJ� WKH� VHDVRQDOLW\� RI� FDSWXUHV�� LW� ZDV� RE�
VHUYHG� WKDW� WKUHVKHU� VKDUNV� KDYH� EHHQ� FDSWXUHG� LQ
FRDVWDO� ZDWHUV� DOPRVW� WKURXJKRXW� WKH� \HDU� �7DE�� ���� ,Q
RUGHU�WR�UHJXODWH�WKH�FRDVWDO�ILVKLQJ�DFWLYLWLHV�DQG�WR�SUR�
YLGH� UXOHV� RI� PDQDJHPHQW� IRU� WKH� FRQVHUYDWLRQ� RI
WKUHVKHU�VKDUNV�� LW� LV�QHFHVVDU\� WR�XQGHUVWDQG� WKH�QDWXUH
DQG�VHDVRQDOLW\�RI�WKLV�FRDVWDO�RFFXUUHQFH�

$FFRUGLQJ� WR�9DV� �������� WKH� VXFFHVV�RI� VKDUNV� DV� D
JURXS�� LQ� HYROXWLRQDU\� WHUPV�� LV� GLUHFWO\� DWWULEXWDEOH� WR
WKHLU�DGRSWHG�OLIH�KLVWRU\��,Q�HFRORJLFDO�WHUPV��VKDUNV�DUH
N�VHOHFWHG�VSHFLHV��ZKLFK�PHDQV� WKDW� WKH\�DUH�PDWXULQJ
LQ� YHU\� ODWH� DJHV� DQG� WKH� OLWWHU� VL]H� LV� VPDOO�� D� FULWLFDO
SRLQW�PDNLQJ�VKDUNV�YXOQHUDEOH�WR�RYHUILVKLQJ�

$FFRUGLQJ�WR�)$2�FODVVLILFDWLRQ�IRU�WKH�FRQVHUYDWLRQ
DQG� H[SORLWDWLRQ� RI� ILVK� UHVRXUFHV�� WKH� FRQVHUYDWLRQ
VWDWXV�RI�$��VXSHUFLOLRVXV�DQG�$��YXOSLQXV� LV�GHILQHG�DV�
%�� �YXOQHUDEOH� WR� RYHUILVKLQJ�� DQG� %�� �ORFDOO\� GHFOLQHG
RU�H[WLQFW���UHVSHFWLYHO\��6HUHQD���������0RUHRYHU��LQ�WKH
0HGLWHUUDQHDQ� 6HD��$�� YXOSLQXV� LV� OLVWHG� LQ� WKH� ,8&1�
66*�5HG�/LVW� �6ROGR���������7KUHVKHU� VKDUNV�DUH�NQRZQ
WR� EH� LQFLGHQWDOO\� FDSWXUHG� E\� ORQJ�OLQLQJ� DQG� GULIW�
QHWWLQJ�IRU�WXQD��VZRUGILVK�DQG�RWKHU�SHODJLF�ERQ\�ILVKHV
�6ROGR��������6HUHQD���������3UHVVXUH�RI� FRDVWDO� ILVKHU\
RQ� ODUJH� VKDUNV� LV� JHQHUDOO\� QHJOHFWHG�� KRZHYHU�� LQFL�
GHQWDO�FDSWXUHV�RI�ODUJH�VKDUNV�E\�FRDVWDO�QHWV�KDYH�EHHQ
UHFRUGHG� IURP� GLIIHUHQW� UHJLRQV� �%UHZVWHU�*HLV]� 	
0LOOHU�� ������ /LSHM� HW� DO��� ������ .DEDVDNDO�� ������
7KHUHIRUH�� WKH� HIIHFWV� RI� FRDVWDO� ILVKHU\� RQ� ODUJH� VKDUNV
VKRXOG�EH�HVWLPDWHG�FDUHIXOO\�� WR�DFKLHYH�D�FOHDUHU�SLF�
WXUH� RI� LQFLGHQWDO� FDSWXUHV� RI� VKDUNV�� DV� D� ZKROH�� $O�
WKRXJK� WKUHVKHU� VKDUNV� DUH� UHJXODUO\� FDSWXUHG� E\� ERWK
SHODJLF� DQG� FRDVWDO� ILVKHUPHQ�� WKHUH� KDYH� EHHQ� QR� DW�
WHPSWV�PDGH�LQ�RUGHU�WR�VHW�UHJXODWRU\�PHDVXUHV�IRU�WKHLU
FRQVHUYDWLRQ�� 7KLV� ZDV� EHFDXVH� RI� WKH� SDXFLW\� RI� ELR�
ORJLFDO�GDWD�RQ�WKUHVKHU�VKDUNV��DV�ZHOO�DV�WKH�SDVVLRQ�RI
FRPPHUFLDO� ILVKHUPHQ� WR�FDSWXUH�DQG� ODQG� ODUJH� VKDUNV
IRU�GLVSOD\��7KHUHIRUH�� LW� LV�QHFHVVDU\� WR�HQFRXUDJH� ILVK�
HUPHQ� WR� UHOHDVH� LQFLGHQWDOO\� FDSWXUHG� WKUHVKHU� VKDUNV�
DQG�RWKHU�ODUJH�VKDUNV�DV�ZHOO�

0256.(�/,6,&(��/$01,)250(6��$/23,,'$(���1$./-8à12�8-(7(
9�785É.,+�2%5(Ë1,+�92'$+

+DNDQ�.$%$6$.$/
,FKWK\RORJLFDO�5HVHDUFK�6RFLHW\��$WDW�UN�PDKDOOHVL��0HQWHÝRJÙ OX�FDGGHVL��,

�
GLO�DSW���1R��������hPUDQL\H��75������� ,

�
VWDQEXO��7XUNH\

(�PDLO��KDNDQNDEDVDNDO#KRWPDLO�FRP

329=(7(.

3R�QDNOMXßMX�MH�ELOR�Y�REUHÊQLK�YRGDK�7XUßLMH�XMHWLK����PRUVNLK�OLVLF��$ORSLLGDH�����RVHEND�YUVWH�$ORSLDV�VXSHU�
FLOLRVXV� LQ����RVHENRY�YUVWH�$ORSLDV�YXOSLQXV��$YWRU�SRGDMD�VSORÈQH�LQIRUPDFLMH�R�XMHWLK�OLVLFDK�LQ� UD]SUDYOMD�R�QML�
KRYHP�WUHQXWQHP�RKUDQLWYHQHP�VWDWXVX�

.OMXÞQH�EHVHGH��$ORSLLGDH��$ORSLDV�VXSHUFLOLRVXV��$ORSLDV�YXOSLQXV��RPHMHQR�ULELÊWYR��YDUVWYR��WXUÊNH�REUHÌQH�YRGH

5()(5(1&(6

$NÚÕUD\�� )�� �������� 7�UNL\H� 'HQL]� %DOÕNODUÕ� YH� 7D\LQ
$QDKWDUÕ��,

�
��h��5HNW{UO�JÙ��<D\ÕQODUÕ��1R��������,

�
VWDQEXO�

����S�
%DUUXOO�� -�� 	� ,�� 0DWH� �������� 7LEXURQHV� GHO� 0HGLWHU�
UiQHR��/OLEUHULD�(O�6HW�FLqQFLHV��$UHQ\V�GH�0DU������S�

%DUUXOO�� -��� ,��0DWH�	�0��%XHQR� ��������2EVHUYDFLRQHV
GH� WLEXURQHV� �&KRQGULFKWK\HV� (XVHODFKLL�� HQ� DJXDV� GH
&DWDOXQaD��0HGLWHUUDQHR�1R���FRQ�DOJXQRV�DVSHFWRV�JHQH�
UDOHV�GH�VX�HFRORJtD��6FL��*HUXQG���������������
%UHZVWHU�*HLV]��.��.��	�7��-��0LOOHU���������0DQDJHPHQW
RI� WKH� VDQGEDU� VKDUN�� &DUFKDUKLQXV� SOXPEHXV�� LPSOLFD�
WLRQV�RI�D�VWDJH�EDVHG�PRGHO��)LVK��%XOO���������������
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&DSDSm��&����������/LVWH�FRPPHQWpH�GHV�VpODFLHQV�GH�OD
UpJLRQ�GH�7RXORQ��GH�OD�FLRWDW�j�6DLQW�7URSH]���%XOO��0XV�
+LVW��1DW��0DUVHLOOH����������
&LJDOD�)XOJRVL��)�� �������� )LUVW� UHFRUG�RI�$ORSLDV� VXSHU�
FLOLRVXV� �/RZH�� ������ LQ� WKH�0HGLWHUUDQHDQ��ZLWK� QRWHV
RQ�VRPH�IRVVLO� VSHFLHV�RI� WKH�JHQXV�$ORSLDV��$QQ��0XV�
&LY��6WRU��1DW��*HQRYD��������������
&RPSDJQR��/��-��9����������)$2�VSHFLHV�FDWDORJXH��9RO�
��� 6KDUNV� RI� WKH� ZRUOG�� $Q� DQQRWDWHG� DQG� LOOXVWUDWHG
FDWDORJXH�RI�VKDUN�VSHFLHV�NQRZQ�WR�GDWH��3DUW����+H[DQ�
FKLKRUPHV�WR�/DPQLIRUPHV��)$2�)LVK��6\QRS������������
&XJLQL��*��	�$��'H�0DGGDOHQD���������6KDUNV�FDSWXUHG
RII� 3HVFDUD� �,WDO\�� ZHVWHUQ� $GULDWLF� 6HD��� $QQDOHV�� 6HU�
+LVW��1DW������������������
'H�0DGGDOHQD��$��	�+��%DHQVFK� ��������+DLH� LP�0LW�
WHOPHHU�� )UDQFNK�.RVPRV� 9HUODJV�*PE+� 	� &R��� 6WXWW�
JDUW������S�
'HYHGMLDQ��.����������7�UNL\H¤GH�%DOÕN�YH�%DOÕNoÕOÕN���5H�
HGLWLRQ� RI� 3rFKH� HW� 3rFKHULHV� HQ� 7XUTXLH�� LQ� �������
$UDV��,VWDQEXO������S�
+DWWRXU��$��	�,��1DNDPXUD���������<RXQJ�WKUHVKHU�VKDUN
$ORSLDV� YXOSLQXV� �%RQQDWHUUH�� ������ &KRQGULFKWK\HV�
(ODVPREUDQFKV� �6KDUNV�� $ORSLLGDH�� IURP� WKH� 7XQLVLDQ
FRDVW� �FHQWUDO� 0HGLWHUUDQHDQ��� %XOO�� ,QVW�� 1DWQ�� 6FLHQ�
7HFK��0HU�GH�6DODPPEz��������������
.DEDVDNDO��+�� ��������$�QRWH�RQ� WKH�RFFXUUHQFH�RI� WKH
WKUHVKHU� VKDUN�� $ORSLDV� YXOSLQXV� IURP� VRXWK�ZHVWHUQ
%ODFN�6HD��-��0DU��%LRO��$VV��8��.���������������
.DEDVDNDO��+����������(ODVPREUDQFK�VSHFLHV�RI� WKH�VHDV
RI�7XUNH\��$QQDOHV��6HU��+LVW��1DW����������������
.DEDVDNDO��+����������+LVWRULFDO�DQG�FRQWHPSRUDU\�UHF�
RUGV�RI�VKDUNV� IURP�WKH�6HD�RI�0DUPDUD��7XUNH\��$QQD�
OHV��6HU��+LVW��1DW���������������
.DEDVDNDO�� +�� ��������&HWRUKLQXV� PD[LPXV� �*XQQHUXV�
������ �/DPQLIRUPHV�� &HWRUKLQLGDH�� LQ� WKH� *XOI� RI� $Q�
WDO\D�LQ�������$�VXPPDU\�RI�WKH�SUHYLRXV�UHFRUGV�RI�WKH
VSHFLHV� IURP� 7XUNLVK� FRDVWDO� ZDWHUV� LQ� WKH� 0HGLWHUUD�
QHDQ��$QQDOHV��6HU��+LVW��1DW����������������
.DEDVDNDO�� +�� 	� (�� .DEDVDNDO� �������� 6KDUNV� FDSWXUHG
E\�FRPPHUFLDO�ILVKLQJ�YHVVHOV�RII�WKH�FRDVW�RI�7XUNH\�LQ
WKH�QRUWKHUQ�$HJHDQ�6HD��$QQDOHV��6HU��+LVW��1DW���������
��������

.DEDVDNDO��+��	�6��f��.DUKDQ��LQ�SUHVV���2Q�WKH�RFFXU�
UHQFH�RI�WKH�ELJH\H�WKUHVKHU�VKDUN��$ORSLDV�VXSHUFLOLRVXV
�&KRQGULFKWK\HV�� $ORSLLGDH��� LQ� 7XUNLVK� ZDWHUV�� -0%$�
%LRGLYHUVLW\�5HFRUGV�2QOLQH�
/LSHM�� /��� 7�� 0DNRYHF�� 0�� 2UODQGR� 	� 9�� ÈLÉD� �������
2FFXUUHQFH� RI� WKH� EDVNLQJ� VKDUN��&HWRUKLQXV� PD[LPXV
�*�QQHUXV���������LQ�WKH�ZDWHUV�RII�3LUDQ��*XOI�RI�7ULHVWH�
QRUWKHUQ�$GULDWLF���$QQDOHV��6HU��+LVW��1DW��������������
����
/LSHM��/���$��'H�0DGGDOHQD�	�$��6ROGR���������6KDUNV�RI
WKH�$GULDWLF�6HD��.QMLÌQLFD�$QQDOHV�0DMRUD��.RSHU�����
S�
1DNDQR��+���+��0DWVXQDJD��+��2NDPRWR�	�0��2ND]DNL
�������� $FRXVWLF� WUDFNLQJ� RI� ELJH\H� WKUHVKHU� VKDUN�$OR�
SLDV� VXSHUFLOLRVXV� LQ� WKH� HDVWHUQ� 3DFLILF� 2FHDQ�� 0DU�
(FRO��3URJ��6HU����������������
1LQQL��(����������3ULPR�FRQWULEXWR�DOOR�VWXGLR�GHL�SHVFL�H
GHOOD� QHOOH� DFTXH�GHOO¤LPSHUR�2WWRPDQR��0LVVLRQH� ,WDO�
LDQD� SHU� O¤(VSORUD]LRQH� GHL� 0DUL� GL� /HYDQWH�� 3UHPLDWH
2IILFLQH�*UDILFKH�&DUOR�)HUUDUL������S�
4XmUR�� -��&�� ��������$ORSLLGDH�� ,Q��:KLWHKHDG��3�� -�� 3��
0��/�� %DXFKRW�� -��&��+XUHDX�� -��1LHOVHQ�	� (�� 7RUWRQHVH
�HGV���� )LVKHV� RI� WKH� QRUWK�HDVWHUQ�$WODQWLF� DQG� WKH�0H�
GLWHUUDQHDQ��9RO�����81(6&2��3DULV��S��������
4XLJQDUG�� -��3�� 	� &�� &DSDSm� �������� /LVWH� FRPPHQWHH
GHV� VHODFKLHQV� GH� 7XQLVLH�� %XOO�� ,QVW�� 2FpDQRJU�� 3rFKH
6DODPPEz�������������
5LHGO�� 5�� �������� )DXQD�XQG� )ORUD� GHV�0LWWHOPHHUHV�� ��
QHXEHDUE��3DXO�3DUH\��+DPEXUJ������S�
6HUHQD��)����������)LHOG�LGHQWLILFDWLRQ�JXLGH�WR�WKH�VKDUNV
DQG�UD\V�RI�WKH�0HGLWHUUDQHDQ�DQG�%ODFN�6HD��)$2�6SH�
FLHV� ,GHQWLILFDWLRQ� *XLGH� )RU� )LVKHU\� 3XUSRVHV�� )$2�
5RPH�����S�
6ROGR��$����������6WDWXV�RI�VKDUNV�LQ�WKH�0HGLWHUUDQHDQ�
$QQDOHV��6HU��+LVW��1DW������������������
7RUWRQHVH��(����������)DXQD�G¤,WDOLD��/HSWRFDUGLD��&LFOR�
VWRPDWD��6HODFKLL��&DOGHULQL��%RORJQD������S�
9DV��3����������7KH�VWDWXV�DQG�FRQVHUYDWLRQ�RI�VKDUNV�LQ
%ULWDLQ��$TXDW��&RQVHUY���0DULQH� DQG� )UHVZDWHU� (FRV\V�
WHPV�����������


