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$�OHVV�NQRZQ�GHFDSRG�VSHFLHV�+HUEVWLD�FRQG\OLDWD��)DEULFLXV��������KDV�EHHQ�UHFRUGHG�IRU�WKH�YHU\�ILUVW�WLPH�LQ
ZDWHUV�RII�WKH�6ORYHQLDQ�FRDVW��ZKLFK�LV�WKH�QRUWKHUQPRVW�ORFDOLW\�IRU�WKLV�VSHFLHV�LQ�WKH�$GULDWLF�6HD��7KH�VSHFLHV�LV
FRQVLGHUHG�UDUH�LQ�WKH�HDVWHUQ�0HGLWHUUDQHDQ��KRZHYHU��LW�LV�DSSDUHQWO\�FRPPRQ�LQ�WKH�$GULDWLF�6HD��ZKHUH�LW�LV�GLV�
WULEXWHG�IURP�VRXWKHUQ�'DOPDWLD�WR�WKH�*XOI�RI�7ULHVWH�

.H\�ZRUGV��+HUEVWLD�FRQG\OLDWD��GLVWULEXWLRQ��'HFDSRGD��*XOI�RI�7ULHVWH��$GULDWLF�6HD
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8QD�VSHFLH�PHQR�QRWD�GL�FURVWDFHL�GHFDSRGL��+HUEVWLD�FRQG\OLDWD��)DEULFLXV���������o�VWDWD�WURYDWD�SHU�OD�SULPD
YROWD�QHOOH�DFTXH�DO�ODUJR�GHOOD�FRVWD�VORYHQD��LO�FKH�FRUULVSRQGH�DOOD�ORFDOLWi�SL|�VHWWHQWULRQDOH�SHU�TXHVWD�VSHFLH�QHO
PDUH�$GULDWLFR��/D�VSHFLH�o�FRQVLGHUDWD�UDUD�QHO�0HGLWHUUDQHR�RULHQWDOH��SHU�TXDQWR�OD�VXD�SUHVHQ]D�ULVXOWL�DSSDUHQ�
WHPHQWH�FRPXQH�QHO�PDUH�$GULDWLFR��GRYH�OD�VL�WURYD�GDOOD�'DOPD]LD�PHULGLRQDOH�DO�*ROIR�GL�7ULHVWH�

3DUROH�FKLDYH��+HUEVWLD�FRQG\OLDWD��GLVWULEX]LRQH��'HFDSRGD��*ROIR�GL�7ULHVWH��PDUH�$GULDWLFR
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7KH� GHFDSRG� IDXQD� RI� WKH� QRUWKHUQPRVW� SDUW� RI� WKH
$GULDWLF� 6HD�� L�H�� 6ORYHQLD� DQG� WKH�*XOI� RI� 7ULHVWH��ZDV
QRW�JLYHQ�DQ\�SDUWLFXODU�VFLHQWLILF�DWWHQWLRQ�LQ�WKH�SDVW�LQ
FRPSDULVRQ�ZLWK�RWKHU�$GULDWLF�DUHDV��2QO\�D�VLQJOH�VSH�
FLILF� UHSRUW� RQ� WKH� VXEMHFW� LV� DYDLODEOH�� SXEOLVKHG� E\
0DQQLQJ�	�ÉWHYáLß���������WRJHWKHU�ZLWK�DQ�RYHUYLHZ�RI
WKH�QRUWKHUQ�$GULDWLF�IDXQD��0DWMDÊLá�HW�DO���������0DQ�
QLQJ�	�ÉWHYáLß���������7KHUHIRUH��GLVFRYHULHV�RI�QHZ�GH�
FDSRG�VSHFLHV�DUH�WR�EH�H[SHFWHG�

:H� UHSRUW� RQ� WKH� UHFHQW� ILQGLQJV� RI� WKH� EUDFK\XUDQ
+HUEVWLD�FRQG\OLDWD��)DEULFLXV���������)LJ������SUHYLRXVO\
QRW�NQRZQ�LQ�WKH�DUHD�RI�WKH�*XOI�RI�7ULHVWH��DW�OHDVW�QRW
LQ� WHUPV� RI� SXEOLVKHG� VFLHQWLILF� LVVXHV�� ,Q� JHQHUDO�� D
UDWKHU� VFDUFH� QXPEHU� RI� SXEOLVKHG� UHFRUGV� LV� NQRZQ
IURP� WKH� HDVWHUQ� 0HGLWHUUDQHDQ�� DOWKRXJK� WKH� VSHFLHV
GRHV�QRW�VHHP�WR�EH�UDUH�LQ�WKH�ZHVWHUQ�SDUW��/HZLQVRKQ
	�+ROWKXLV��������� ,Q� WKH�$GULDWLF�6HD�� WKH� VSHFLHV�ZDV
VXSSRVHG� WR� EH� YHU\� UDUH� �ÉWHYáLß�� ������� VLPLODU� DV� LQ
RWKHU�DGMDFHQW�DUHDV�RI� WKH�HDVWHUQ�0HGLWHUUDQHDQ� �H�J��
.RXNRXUDV� HW� DO��� ������ &RUVLQL� 	� .RQGLODWRV�� ������
+RZHYHU�� LQ� ODWHU� VXSSOHPHQWV�RI� WKH�$GULDWLF� GHFDSRG
IDXQD� OLVW� ÉWHYáLß� ������� FODLPV� WKDW� +�� FRQG\OLDWD� LV
PRUH�FRPPRQ�WKDQ�SUHYLRXVO\�VXSSRVHG��EXW�D�FRPSUH�

KHQVLYH�ZRUN�RQ�VSHFLHV�GLVWULEXWLRQ�LQ�WKH�$GULDWLF�6HD
KDV�QRW�EHHQ�SXEOLVKHG�\HW�

,Q� WKLV� VWXG\�ZH� DLPHG� WR� FROOHFW� DOO� SXEOLVKHG� DQG
DYDLODEOH� XQSXEOLVKHG� GDWD� DERXW�+�� FRQG\OLDWD� RFFXU�
UHQFH�LQ�WKH�$GULDWLF�6HD�DQG�UHSRUW�RQ� WKH�UHFHQW� ILQG�
LQJV�RI�WKH�QRUWKHUQPRVW�RFFXUUHQFH�RI�WKH�VSHFLHV�LQ�WKH
DUHD�

0$7(5,$/�$1'�0(7+2'6

:H� KDYH� UHYLHZHG� SXEOLVKHG� UHIHUHQFHV� RQ� RFFXU�
UHQFH� RI�+�� FRQG\OLDWD� LQ� WKH� DUHD� RI� WKH� $GULDWLF� 6HD�
:H� LQFOXGHG�DOVR�GDWD�RQ�VSHFLHV�RFFXUUHQFH�REWDLQHG
E\�V\VWHPDWLF�VDPSOLQJV�RI�FUDEV�XQGHU�WKH�VWRQHV�LQ�LQ�
IUDOLWRUDO��GDWD�RQ�E\�FDWFK�E\�WUDZOHUV�LQ�VKDOORZ�ZDWHUV�
GDWD� RI� PDULQH� ELRORJLVW� ILHOG� ZRUN� ILQGLQJV� DQG� RFFD�
VLRQDO� REVHUYDWLRQV� E\� PDULQH� SKRWRJUDSKHUV�� 2QO\� D
IHZ�VSHFLPHQV�ZHUH�SUHVHUYHG��DQG� WKH� VSHFLPHQ� IURP
6ORYHQLD�ZDV�GHOLYHUHG�WR�WKH�3LUDQ�$TXDULXP��ZKHUH� LW
ZDV� VWLOO� DOLYH� DW� WKH� WLPH� RI� WKH� ILQDO� YHUVLRQ� RI� WKH
PDQXVFULSW��7KH�VSHFLHV�ZDV�LGHQWLILHG�DFFRUGLQJ�WR�)DO�
FLDL�	�0LQHUYLQL� ������� DQG� G¤8GHNHP� G¤$FR]� �������
7KH� ELRPHWULF� SDUDPHWHUV� RI� WKH� DERYH� PHQWLRQHG
VSHFLPHQ� DQG� DGGLWLRQDO� ��� VSHFLPHQV� IURP� &URDWLD
VXFK� DV� FDUDSD[�� FKHOLSHG�� FKHOD�� GDFW\OXV�� PHUXV� DQG
FDUSXV�ZHUH�PHDVXUHG�WR�WKH�QHDUHVW�����PP��7DE�����

7DE�����%LRPHWULF�GDWD�RQ����VSHFLPHQV�RI�+HUEVWLD�FRQG\OLDWD� LQ�WKH�$GULDWLF�6HD��PHGLDQ�DQG�LQWHUYDO�EHWZHHQ
PLQLPXP�DQG�PD[LPXP�DUH�JLYHQ�LQ�EUDFNHWV��LQ�PLOLPHWHUV��
7DE�����%LRPHWULàQL�SRGDWNL� ]D����SULPHUNRY� YUVWH�+HUEVWLD� FRQG\OLDWD� L]� -DGUDQVNHJD�PRUMD� �PHGLDQ� LQ� LQWHUYDO
PHG�PLQLPXPRP�LQ�PDNVLPXPRP�VWD�SRGDQD�Y�RNOHSDMLK��Y�PLOLPHWULK��
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2Q����0D\�������D� VSHFLPHQ�RI�+�� FRQG\OLDWD�ZDV
SKRWRJUDSKHG� LQ� WKH� SURWHFWHG� DUHD� 1DWXUH� PRQXPHQW
&DSH�0DGRQQD� �3LUDQ��GXULQJ�QLJKW�GLYH� �)LJ������2Q���
0D\�������DQRWKHU�VSHFLPHQ�ZDV�FDSWXUHG�E\�D� WUDZOHU
RII� WKH� QRUWKHUQ� FRDVW� RI� 3LUDQ� �6ORYHQLD�� DV� E\�FDWFK�
7KHVH�DUH�WKH�ILUVW�SXEOLVKHG�UHFRUGV�RI�WKH�VSHFLHV�LQ�WKH
6ORYHQLDQ� FRDVWDO� VHD� DQG� SUREDEO\� DOVR� LQ� WKH� ZKROH
*XOI�RI�7ULHVWH��7KH� VSHFLPHQ�ZDV�FDXJKW� LQ� WKH�DUHD�RI
URFN\�ERWWRP�FKDUDFWHUL]HG�E\�WKH�SUHFRUDOLJHQRXV�VWDJH
RI�WKH�FRUDOOLJHQRXV�ELRFRHQRVLV��6XFK�KDELWDW�W\SH�RIIHUV
SOHQW\� RI� FDYLWLHV� DQG� FUDFNV� EHWZHHQ� URFNV�� WKXV� SUR�
YLGLQJ� VKHOWHU� IRU� +�� FRQG\OLDWD�� $OWKRXJK� VSHFLHV� VL]H
YDULHV�JUHDWO\�DFFRUGLQJ� WR�GDWD�FROOHFWHG� IURP�GLIIHUHQW
SDUWV�RI�WKH�$GULDWLF�6HD��7DE������WKH�VSHFLPHQ�FDXJKW�LQ
6ORYHQLD� LV� RQH� RI� WKH� ODUJHVW� RI� LWV� VSHFLHV� HYHQ� FRP�
SDUHG� WR� RWKHU� OLWHUDWXUH� GDWD� �3HVWD�� ������ )DOFLDL� 	
0LQHUYLQL�� ������ G¤8GHNHP� G¤$FR]�� ������ &RUVLQL� 	
.RQGLODWRV���������,Q�GD\V�IROORZLQJ����0D\�������PDQ\
VSHFLPHQV� ZHUH� FDXJKW� LQ� WKH� YHU\� VDPH� DUHD� RII� WKH
QRUWKHUQ�3LUDQ�FRDVW��EXW�QRW�SUHVHUYHG�

7KH� SUHVHQFH� RI�+�� FRQG\OLDWD� LQ� WKH� $GULDWLF� 6HD
ZDV�FRQILUPHG�DOUHDG\�LQ�WKH�EHJLQQLQJ�RI���WK�FHQWXU\�
EXW�RQO\�IRU�WKH�6RXWK�'DOPDWLDQ�LVODQGV�RI�.RUáXOD��9LV
DQG� +YDU� �6WRVVLFK�� ������ 3HVWD�� ������� $FFRUGLQJ� WR
FROOHFWHG�GDWD��WKH�VSHFLHV�LV�GLVWULEXWHG�DORQJ�WKH�ZKROH
HDVWHUQ�FRDVW�IURP�VRXWK�'DOPDWLD�WR�WKH�*XOI�RI�7ULHVWH
�)LJ������,W�LV� IRXQG�DW�URFN\�ERWWRP�LQ�WKH�FRUDOOLJHQRXV
ELRFRHQRVLV��&RUVLQL�	�.RQGLODWRV��������7��7XUN��LQ�OLWW��
XQSXEO��GDWD��RU�VDQG\�ERWWRP�ZLWK�URFNV��PDULQH�FDYHV
DQG� DOVR� LQ� 3RVLGRQLD� RFHDQLFD� EHGV� �*DUFLD�5DVR�
�������,W�ZDV�XS�WR�GDWH�UHFRUGHG�DOVR�LQ�WKH�VXEPDULQH
FDYH� QHDU� 9UEQLN� �WKH� LVODQG� RI� .UN�� LQ� WKH� .YDUQHU� DU�
FKLSHODJR� �$UNR�3LMHYDF� HW� DO��� ������ DQG� LQ� WKH� DQ�
FKLDOLQH� FDYH� ËLYD� YRGD� RQ� WKH� LVODQG� RI� +YDU� LQ� WKH
PLGGOH�$GULDWLF�6HD��1RYRVHO�HW�DO���������

7KHUHIRUH�� LW� LV�SUREDEO\�QRW�SUHVHQW�DORQJ� WKH�ZHVW�
HUQ�$GULDWLF�FRDVW��ZLWK�WKH�H[FHSWLRQ�RI�9HQLFH��ÉWHYáLß�
������� ZKHUH� VDQG\� ERWWRP� SUHGRPLQDWHV�� +RZHYHU�
IXWXUH�VWXGLHV�DUH�QHHGHG�WR�UHYHDO�HFRORJLFDO�FKDUDFWHU�
LVWLFV� DQG� GLVWULEXWLRQ� OLPLWV� RI� WKLV� SRRUO\� VWXGLHG� VSH�
FLHV�

)LJ����6O�����+HUEVWLD�FRQG\OLDWD��)DEULFLXV����������'UDZLQJ�5LVED��$��.DSOD�
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)LJ�����$�VSHFLPHQ�RI�+��FRQG\OLDWD�SKRWRJUDSKHG�LQ�LWV�QDWXUDO�KDELWDW
DW�WKH�QDWXUH�PRQXPHQW�&DSH�0DGRQQD�LQ�3LUDQ���3KRWR��%��)XUODQ�

6O�����3ULPHUHN�YUVWH�+��FRQG\OLDWD��IRWRJUDILUDQ�Y�QMHJRYHP�QDUDYQHP�KDELWDWX
SUL�QDUDYQHP�VSRPHQLNX�5W�0DGRQD�Y�3LUDQX���)RWR��%��)XUODQ�

)LJ�����'LVWULEXWLRQ�RI�+��FRQG\OLDWD�DORQJ�$GULDWLF�6HD�FRDVW��/HJHQG����3LUDQ����9HQLFH����5RYLQM����.UN�1MLYLFH����
.UN�0DOLQVND�� ��.UN�9UEQLN�� ��.UN�3XQDW�� ��&UHV�ßXWLQ�� ��9HOL� ,Ë�� ���6SOLW�� ���+YDU�� ���9LV�9LV�� ���.RUàXOD�
3ULJUDGLFD�����.RUàXOD�9HOD�/XND�����.RUàXOD�7UVWHQLN�����.RUàXOD�.RUàXOD�DQG����6XÉDF�
6O�����5D]ÉLUMHQRVW�YUVWH�+��FRQG\OLDWD�RE�-DGUDQVNL�REDOL��/HJHQGD����3LUDQ����%HQHWNH����5RYLQM����.UN�1MLYLFH����
.UN�0DOLQVND����.UN�9UEQLN����.UN�3XQDW����&UHV�ßXWLQ����9HOL� ,Ë�����6SOLW�� ���+YDU�� ���9LV�9LV�� ���.RUàXOD��3UL�
JUDGLFD�����.RUàXOD�9HOD�/XND�����.RUàXOD�7UVWHQLN�����.RUàXOD�.RUàXOD�LQ����6XÉDF�
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$OWKRXJK�+��FRQG\OLDWD�LV�VXSSRVHG�WR�EH�UDUH�LQ�WKH
HDVWHUQ� 0HGLWHUUDQHDQ� DQG� MXVW� RFFDVLRQDOO\� IRXQG� LQ
ORZ�QXPEHUV��.RXNRXUDV�	�.DWWRXODV��������/HZLQVRKQ
	�+ROWKXLV��������.RXNRXUDV�HW�DO���������.RFDWDV�HW�DO��
������&RUVLQL�	�.RQGLODWRV��������� LW�VHHPV�WR�EH�PRUH
FRPPRQ�DORQJ� WKH�HDVWHUQ�$GULDWLF� FRDVW� �$UNR�3LMHYDF
HW�DO���������ÉWHYáLß��������1RYRVHO�HW�DO���������VHH�)LJ�
���

7R�RXU� RSLQLRQ��+�� FRQG\OLDWD� LV� LQ� JHQHUDO� D� FRP�
PRQ� VSHFLHV� LQ� WKH� $GULDWLF� 6HD� DOWKRXJK� RQO\� ORFDOO\
DEXQGDQW��7KH�ILUVW�VLJKWLQJ�RI� WKLV�VSHFLHV� LQ� WKH�6ORYH�
QLDQ�FRDVWDO� VHD�ZDV�REWDLQHG�E\� WKH�PHDQV�RI�6&8%$
GLYLQJ� GXULQJ� QLJKW� WLPH�� ZKHQ� WKHVH� FUDEV� DUH� DFWLYH�
7KLV� FDVH� SURYHV� WKH� VXLWDELOLW\� RI� GLYLQJ� WHFKQLTXHV�
ZKLFK� FRXOG� SURYLGH� QHZ� GDWD� RQ� UDUH� RU� OHVV� NQRZQ

VSHFLHV� LQ� RWKHUZLVH� LQDFFHVVLEOH� KDELWDWV� IRU� VWDQGDUG
�GHVWUXFWLYH�� ILVKLQJ� JHDUV�� $W� WKH� VDPH� WLPH�� LW� MXVWLILHV
WKH�XUJH� IRU� WKH�HVWDEOLVKPHQW�RI� D�QHWZRUN�RI�GLIIHUHQW
JURXSV�ZKR�DUH� VRPHKRZ�GHDOLQJ�ZLWK� WKH�ELRGLYHUVLW\
RI� WKH�PDULQH�HQYLURQPHQW�VXFK�DV�VFLHQWLVWV��FRQVHUYD�
WRUV�� ILVKHUPHQ�� GLYHUV�� XQGHUZDWHU� SKRWRJUDSKHUV� DQG
RWKHUV�

$&.12:/(*0(176

:H�ZRXOG�OLNH�WR�WDNH�WKLV�RSSRUWXQLW\�WR�H[SUHVV�RXU
WKDQNV�WR�RXU�FROOHDJXH��'U��7RP�7XUN��ZKR�SURYLGHG�XV
ZLWK�KLV�GDWD�RQ�WKH�RFFXUUHQFH�RI�WKH�LQYHVWLJDWHG�VSH�
FLHV� LQ� WKH� $GULDWLF� 6HD�� 6SHFLDO� WKDQNV� JRHV� WR� 0U�
$QGUHM�.DSOD�IRU�KLV�H[VFHOOHQW�GUDZLQJ�RI�WKH�VSHFLPHQ�

=$3,6�2�1$-6(9(51(-É(0�32-$9/-$1-8�5$.29,&(�+(5%67,$�&21'</,$7$
�)$%5,&,86��������,1�5$=É,5-(1267�7(�9567(�9�-$'5$16.(0�025-8

�'(&$32'$��%5$&+<85$��(3,$/7,'$(�

/RYUHQF�/,3(-�	�%RUXW�0$95,Þ
0RUVND�ELRORÊND�SRVWDMD��1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������3LUDQ��)RUQDáH���

(�PDLO��OLSHM#PEVV�RUJ

9DOWHU�É,É$
$TXDULXP�3LUDQ��6,������3LUDQ��.LGULáHYR�QDEUHÌMH��

%RUXW�)85/$1
6,������/MXEOMDQD��5XGQLN�,,���

$O�95(=(&
1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������/MXEOMDQD��9HáQD�SRW����

329=(7(.
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