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'ංඋ�$��%ൺඅඅൾඇൽඈඋൿ 

 

'HSDUWPHQW�RI�+LVWRU\ 
8QLYHUVLW\�RI�*XDP 

0DQJLODR��*XDP�������86$ 

,QYHVWLJDWLQJ�DQG� LQWHUSUHWLQJ� WKH�FXOWXUHV�� VRFLH�
WLHV�� DQG�KLVWRULHV� RI� WKH�YDULRXV� LVODQG� JURXSV�RI� WKH�
3DFLILF� ZRUOG� KDV� EHHQ�� XS� XQWLO� UHFHQWO\�� ODUJHO\� D�
ZHVWHUQоRULHQWHG� DQG� GLUHFWHG� DIIDLU�� � +DSSLO\�� WKLV�
RULHQWDWLRQ� LV�QRZ�FKDQJLQJ�IXQGDPHQWDOO\�DV�ZHOO�DV�
LQVWUXPHQWDOO\��DQG�ZKDW�ZH�VHH�KHUH�WRGD\—WKH�VWDUW�
RI� WKH�QDWXUDO�KLVWRULFDO� LQWHUGLVFLSOLQDU\� LQYHVWLJDWLRQ�
RI� $JXLJXDQ� ,VODQG� E\� WKH� 1RUWKHUQ� 0DULDQDV� &RO�
OHJH—LV�D�WUXH�PDQLIHVWDWLRQ�RI�WKLV�FKDQJH� 

2WKHU�WKDQ�IRU�WKH�IDFW� WKDW� WKH�ILQDO�EDWWOH�RI� WKH�
&KDPRUURо6SDQLVK� ZDUV� ZDV� IRXJKW� WKHUH� XQGHU� WKH�
OHDGHUVKLS�RI�WKH�6SDQLVK�JRYHUQRU�'RQ�-RVH�4XLURJD�
LQ�������QRW�PXFK�LV�NQRZQ�DERXW�$JXLJXDQ���'XULQJ�
:RUOG� :DU� ,,�� WKH� -DSDQHVH� XVHG� LW� DV� D� SULVRQHUV
�
FRPSRXQG��DQG�VLQFH�WKHQ��,�EHOLHYH�WKDW�WKH�1DY\�KDV��
RQ�RFFDVLRQ��SUDFWLFHG�ERPELQJ�DQG�VWUDILQJ�UXQV�WKHUH�
ZLWK�DLUFUDIW� 

7KDW�WKH�&ROOHJH�RI�WKH�1RUWKHUQ�0DULDQDV�LV�EH�
JLQQLQJ� D� VWXG\� DERXW� WKLV� LVODQG�� DQG� WKH� FRQFXUUHQW�
HVWDEOLVKPHQW�RI�WKH�,QVWLWXWH�IRU�0DULDQDV�6WXGLHV��LV�D�
YHU\� VLJQLILFDQW� XQGHUWDNLQJ�� � 2I� FRXUVH�� WKH� IDFW� RI�
WKLV� VWXG\� DQG� LWV� VKRUW-WHUP� JDLQV� DUH� LPSRUWDQW� DQG�
XVHIXO� LQ� WKHPVHOYHV�� EXW� WKHUH� LV� DOVR� D�PXFK�ZLGHU�
LPSRUWDQFH��,�EHOLHYH�� LQ�WKH�FRQWLQXXP�RI�WKH�VWUHDP�
RI� LVODQG� KLVWRU\�� DQG� ,�ZRXOG� UHPLQG� \RX� DOO� RI� WKLV�
WRGD\� LQ� WKH� KRSHV� WKDW� LW�ZLOO� SURPRWH� WKH� VWHDGIDVW�
QHVV�RI�\RXU�UHVROYH�� �6HOI-GHWHUPLQDWLRQ�LV�D�FRQFHSW�
QRW�FRQILQHG�WR�SROLWLFDO�DIIDLUV��LW�FDQ�DQG�PXVW�DOVR�EH�
DSSOLHG�WR�DFDGHPLD�DQG�KLVWRULRJUDSK\�DV�ZHOO� 

7KH� ZULWWHQ� KLVWRULRJUDSK\� RI� 0LFURQHVLD� EHJDQ�
ZLWK�WKH�MRXUQDOV�RI�$QWRQLR�3LJDIHWWD��WKH�JHQWOHPDQ-
VFKRODU�ZKR�WDONHG�KLV�ZD\�DERDUG�0DJHOODQ
V�VKLSV�DV�
FKURQLFOHU�RI�WKH�ILUVW�FLUFXPQDYLJDWLRQ�� �$OPRVW�HYH�
U\WKLQJ� ZH� NQRZ� DERXW� WKDW� YR\DJH� FRPHV� IURP� KLV�
UHFRUGHG� REVHUYDWLRQV�� LQFOXGLQJ� DFFRXQWV� RI� WKH�

0DULDQDV� DQG� WKH� SHRSOH�� �0LFURQHVLDQ� KLVWRU\�� FRQ�
VLGHUHG� FRPSUHKHQVLYHO\� VLQFH� 3LJDIHWWD�� KRZHYHU�� LV�
QRW� DQ� HVRWHULF� GLVFLSOLQH�� LVRODWHG� ZLWK� D� GLVWLQFWLYH�
WKHRUHWLFDO� EDVLV�� MDUJRQ�� DQG� PHWKRG�� UDWKHU� LW� LV� D�
VSHFLDOL]DWLRQ� ZLWKLQ� WKH� EURDGHU� UHDOP� RI� KLVWRULFDO�
VWXG\�RI�WKH�3DFLILF� 

7KLV�EURDGHU�UHDOP�EHORQJV�WR�WKH�ILHOG�RI�PRGHUQ�
KLVWRU\�DV�GLVWLQJXLVKHG�IURP�DQFLHQW�KLVWRU\��DQG�LW�LV�
ZLWKLQ� WKLV� FRQWH[W� WKDW� WKH� SUHVHQW� GLVFXVVLRQ� LV�
SODFHG���7KH�PRGHUQ�VWXG\�RI�0LFURQHVLDQ�KLVWRU\�KDV�
FRQWULEXWHG� VLJQLILFDQWO\� WR� RXU� XQGHUVWDQGLQJ� RI� WKH�
UHJLRQ��HVSHFLDOO\�VLQFH�WKH�DUULYDO�RI�WKH�ZKDOHUV��WUDG�
HUV��VFLHQWLILF�H[SORUHUV��YR\DJHUV��DQG��ILQDOO\��FRORQL�
DOV�GXULQJ�WKH���WK�DQG���WK�FHQWXULHV���)URP�WKLV�PRG�
HUQ�SHULRG�WKHUH�KDV�EHHQ�DQ�HQRUPRXV�DPRXQW�RI�KLV�
WRULFDO� OLWHUDWXUH�HPHUJH�� �$�JRRG�QXPEHU�RI�ZHVWHUQ�
DQG� -DSDQHVH� VFKRODUV� KDYH�ZULWWHQ� DERXW� YDULRXV� DV�
SHFWV�RI�0DULDQDV�DQG�3DFLILF�KLVWRU\� 

7RGD\�ZH�KDYH�WKH�DSSHDUDQFH�RI�PDQ\�LVODQGHUV�
WKHPVHOYHV�ZKR�DUH�ZULWLQJ�DQG�SXEOLVKLQJ� WKHLU�RZQ�
DFFRXQWV� DQG� LQWHUSUHWDWLRQV�� � $Q� LPSRUWDQW� ZRUN� RQ�
3RKQSHLDQ� KLVWRU\� E\� /XHOHQ� %HUQDUW� DSSHDUHG� LQ�
�������,W�LV�WKH�ILUVW�KLVWRULFDO�DFFRXQW�RI�WKH�LVODQG�WR�
EH�ZULWWHQ�E\�D�QDWLYH�3RKQSHLDQ�� DQG�ZDV�SXEOLVKHG�
E\� WKH� 8QLYHUVLW\� RI� +DZDLL� 3UHVV�� � $OO� VWXGHQWV� LQ�
0LFURQHVLDQ� KLVWRU\� FODVVHV� DUH� IDPLOLDU� ZLWK� 7KH�
%RRN�RI�/XHOHQ� 

7KH�SDWWHUQ�,�DP�LQGLFDWLQJ�KHUH�LV�WKDW�WKH�KLVWRU\�
RI� WKH�3DFLILF�DQG� WKH�0DULDQDV�KDV�EHHQ�ZULWWHQ�DQG�
LQWHUSUHWHG��XQWLO�UHFHQWO\��ODUJHO\�E\�RXWVLGHUV���7KHUH�
LV�QRWKLQJ�SDUWLFXODUO\�ZURQJ�ZLWK�WKLV��DQG�WKHUH�KDYH�
EHHQ� IXQGDPHQWDO� UHDVRQV� IRU� LW�� � )RU� RQH� WKLQJ�� WKH�
UHFRUGV�RI�WKH�HDUOLHU�SHULRGV�ZHUH�NHSW�E\�WKH�FRORQLDO�
SRZHUV���)RU�DQRWKHU��WKH�RXWVLGHUV�ZHUH�JLYHQ�WR�ZULW�
LQJ�DQG�NHHSLQJ�UHFRUGV��ZKHUHDV�LVODQG�FXOWXUHV�ZHUH�



0DULDQDV�5HVHDUFK�6\PSRVLXP�        ���� 

� 

YR\DJH�RI�)HUGLQDQG�0DJHOODQ� 
6RPH� VL[� \HDUV� DJR�� RQ� D� )ULGD\� DIWHUQRRQ�� P\�

FROOHDJXH�%RE�5RJHUV�GURSSHG�E\�P\�RIILFH�IRU�FRIIHH�
DQG�D�FKDW���+H�ZDV�MXVW�EHJLQQLQJ�WKHQ�KLV�ODUJH�ZULW�
LQJ�SURMHFW�RI�D�ERRN�RQ�KLVWRU\�RI�*XDP�� ��'LG�\RX�
NQRZ���KH�DVNHG���WKDW�WKHUH�LV�KLVWRULFDO�FRQIXVLRQ�DV�
WR� WKH� H[DFW� ODQGLQJ�SODFH�RI�0DJHOODQ� LQ� WKH�0DULD�
QDV"�� � ,� UHSOLHG� WKDW� ,� GLG�� RI� FRXUVH�� DQG� WKDW� VRPH�
YLHZV�KDG�LW�WKDW�0DJHOODQ�ODQGHG�KHUH�DW�6DLSDQ��RWK�
HUV�FRQWHQGHG�LW�ZDV�DW�5RWD���2I�FRXUVH��WUDGLWLRQDOO\��
RWKHUV� PDLQWDLQHG� 8PDWDF�� *XDP�� DV� WKH� ODQGLQJ�
SODFH��DQG� LQ� IDFW� WKHUH�LV�D�PRQXPHQW�VWDQGLQJ� WKHUH�
WRGD\� FRPPHPRUDWLQJ� WKH� HYHQW�� � 'U�� 5RJHUV� DQG� ,�
FRQWLQXHG� WR� GLVFXVV� WKH� PDWWHU� RYHU� WKH� FRXUVH� RI� D�
IHZ�ZHHNV��DQG�ILQDOO\�GHFLGHG�WKDW�ZH�ZRXOG�XQGHU�
WDNH� UHVHDUFK�ZLWK� D� YLHZ� WR� GHWHUPLQLQJ�ZLWK� SUHFL�
VLRQ�ZKHUH�0DJHOODQ�DFWXDOO\�ODQGHG� 

:H�SURFHHGHG� WR� DPDVV� DOO� WKH� DYDLODEOH� UHFRUGV�
DQG�LQWHUSUHWDWLRQV�RI�WKH�0DULDQDV�ODQGLQJ�RI�0DJHO�
ODQ� LQ�0DUFK�� ������ �:H� HQOLVWHG� WKH� DLG�RI� RXU� FRO�
OHDJXHV� LQ� RWKHU� GLVFLSOLQHV� DW� WKH� XQLYHUVLW\�� � 0UV��
0DUMRULH�'ULYHU�RI�0$5&�JRW�DOO�WKH�UHOHYDQW�6SDQLVK�
SHULRG� PDWHULDOV�� 0U�� *�*�� $QGHUVRQ�� D� 0$5&� UH�
VHDUFK� DVVRFLDWH� DQG� DXWKRULW\� RQ�0DJHOODQ
V� YR\DJH�
MRLQHG� LQ��'U��/OR\G�.HXNKOH�RI� WKH�PDWK�GHSDUWPHQW�
KHOSHG�XV�WR�DQDO\]H�WKH�VHD�OHYHO�GLVWDQFHV�WKDW�LVODQGV�
FRXOG�EH�VHHQ�IURP�0DJHOODQ
V�DSSURDFK�WR�WKH�0DULD�
QDV��DQG�IURP�WKH�PLG-SRLQWV�EHWZHHQ�YDULRXV�LVODQGV� 

7KHUH� DUH� WZR� VXUYLYLQJ� H\H-ZLWQHVV� DFFRXQWV� RI�
WKH� ODQGLQJ�RI�0DJHOODQ� LQ� WKH�0DULDQDV�� �2QH� LV� WKH�
DFFRXQW� RI� WKH� FKURQLFOHU� $QWRQLR� 3LJDIHWWD�� ZKRVH�
RULJLQDO�DFFRXQW�ZDV�ZULWWHQ�LQ�KLV�QDWLYH�,WDOLDQ���7KH�
RWKHU� ZDV� WKH� VSDUVH� QDXWLFDO� DFFRXQW� RI� )UDQFLVFR�
$OER—VRPHWLPHV� VDLG� $OYR—D� *UHHN� IURP� 5KRGHV�
ZKR�ZDV� WKH�IODJ�SLORW�RI� WKH�YR\DJH�� �7KHVH�WZR�DF�
FRXQWV� GLIIHUHG� LQ� HVVHQWLDO� GHWDLOV�� � 3LJDIHWWD� VDLG� KH�
VLJKWHG� WKUHH�LVODQGV��ZKHUHDV�$OER�VD\V�KH�VDZ�RQO\�
WZR���7KH\�DOVR�GLIIHUHG�VOLJKWO\�LQ�ODWLWXGH� 

$IWHU� OHQJWK\� DQG� ULJRURXV� VWXG\�� GHEDWH�� DQG�
FRQWLQXLQJ� LQYHVWLJDWLRQ�� ZH� ZHUH� DEOH� WR� VKHG� QHZ�
OLJKW�RQ�WKH�FRQIXVLRQ���)RU�RQH�WKLQJ��WKH�PDSV�RI�WKH�
WLPH� SXW� WKH� SUHYDLOLQJ� ZLQGV� DW� WKH� ERWWRP� RI� WKH�
SDJH�� WKLV� UHDOL]DWLRQ� HQDEOHG� XV� WR� VHH� WKDW� LQ� WKH�
VNHWFK� DSSHDULQJ� LQ� 3LJDIHWWD
V� DFFRXQW� SXWV� QRUWK� DW�
WKH� ERWWRP�� UDWKHU� WKDQ� DW� WKH� WRS� RI� WKH� SDJH�� � :H�
IRXQG� DOVR� WKDW� WKH� RULJLQDO� DFFRXQWV� ZHUH� WUDQVODWHG�
VHYHUDO� WLPHV� LQWR� RWKHU� ODQJXDJHV�� VXFK� DV� )UHQFK��
6SDQLVK��DQG�3RUWXJHVH���:H�GLVFRYHUHG�DOVR�WKDW�5R�
WD�� YLHZHG� E\� 3LJDIHWWD� IURP� WKH� GHFN� RI� RQH� RI� WKH�
WKUHH� VKLSV�� DSSHDUHG� DV� WZR� LVODQGV� VLQFH� IURP� WKH�

�FXOWXUHV� RI� WKH� ZRUG�� UDWKHU� WKDQ� �FXOWXUHV� RI� WKH�
ERRN��� �7KLV� RUDO� WUDGLWLRQ� KHUH� LQ� WKH�3DFLILF� KDV� LWV�
SDUWLFXODU�FKDUPV�WR�EH�VXUH��EXW�WKH�FDSDFLW\�IRU�ORQJL�
WXGLQDO�VWXG\�LV�QRW�DPRQJ�WKHP� 

6RPH� KLVWRULDQV� KDYH� ODEHOHG� WKLV� DFFXPXODWHG�
ZULWWHQ� UHFRUG� RI� 3DFLILF� KLVWRU\� DV� LPSHULDO� KLVWRU\��
WKDW�LV��DQ�LQWHUSUHWDWLRQ�RI�WKH�UHFRUG�RI�RXWVLGHUV�DQG�
WKHLU� DFWLYLWLHV� LQ� WKH� LVODQGV�� � ,Q� VRPH� FDVHV�� WKHVH�
KLVWRULHV�KDYH�EHHQ�ZULWWHQ�IURP�SODFHV�IDU�DZD\�IURP�
WKH� LVODQGV� E\� SHRSOH� ZKR� KDYH� QHYHU� VHW� IRRW� RQ� D�
3DFLILF�LVODQG� 

6RPH�\HDUV�DJR��WKLV�UHDOLW\�ZDV�FRPPHQWHG�XSRQ�
TXLWH� FULWLFDOO\�� E\� WKH� YHQHUDEOH�� DQG� QRZ� GHFHDVHG��
-LP� 'DYLGVRQ� RI� WKH� $XVWUDOLDQ� 1DWLRQDO� 8QLYHUVLW\���
+H� VDLG�� ��� \HDUV� DJR�� WKDW� 3DFLILF� KLVWRU\� �ODFNHG� D�
EDVLF�GLUHFWLRQ����$QRWKHU�$XVWUDOLDQ�KLVWRULDQ��ZKR�LV�
QRZ�UHWLUHG�EXW� VWLOO�ZLWK�XV�� LV�2VNDU�6SDWH�� �+H�KDV�
SRLQWHG� RXW� WKDW� PDQ\� RXWVLGHU� KLVWRULDQV� ZKR� KDYH�
ZULWWHQ�DQG�LQWHUSUHWHG�LQ�WKH�SDVW��KDYH�EHHQ�WRR�QDU�
URZ�� DQG� RQ� RFFDVLRQ� KDYH� EHHQ� �XQDEOH� WR� VHH� WKH�
2FHDQ�IRU�WKH�LVODQGV�����>DQG�ZHUH@�FRQWHQW�WR�EH�PD�
URRQHG�RQ�����WKHLU�OLWWOH�DWROO>V@�RI�NQRZOHGJH��UHJDUG�
OHVV�RI�WKH�VZHHS�RI�WKH�FXUUHQWV�ZKLFK�EULQJ�OLIH�WR�WKH�
LVODQGV��� � 3URIHVVRU�� QRZ� HPHULWXV��*UHJ�'HQQLQJ� RI�
1HZ�=HDODQG��KDV�H[SUHVVHG�DQ�RXWULJKW�LQGLFWPHQW�RI�
SDVW�KLVWRULFDO�SUDFWLFH�LQ�WKH�3DFLILF� 
 

,I�ZH�DSSOLHG�WKH�VWDQGDUGV�H[SHFWHG�RI�VRFLDO�KLVWRU\�LQ�WKH�

8QLWHG�6WDWHV��%ULWDLQ��DQG�WKH�&RQWLQHQW��DQG�WKH�VWDQGDUGV�

H[SHFWHG� RI� FURVV-FXOWXUDO� KLVWRU\� HOVHZKHUH� LQ� WKH�ZRUOG��

WKHQ� ZH� ZRXOG� KDYH� WR� VD\� WKH� 3DFLILF� LV� DQ� KLVWRULFDOO\�

XQGHUGHYHORSHG�DUHD� 
 

'U��'HQQLQJ�ZURWH�WKHVH�ZRUGV�RYHU����\HDUV�DJR��
DQG�ZKHQ�,�VSRNH�ZLWK�KLP�ODVW�\HDU��KH�UHSRUWHG�KDS�
SLO\� WKDW� WKLQJV� ZHUH� FKDQJLQJ�� � 7KH� FKDQJHV� ZHUH�
ODUJHO\�GXH�WR�WKH�DSSHDUDQFH�RI�PDQ\�ORFDO�DFWLYLWLHV��
SURJUDPV��DQG�SHRSOH�ZKR�ZHUH�UHVHDUFKLQJ�DQG�LQWHU�
SUHWLQJ� WKHLU� RZQ� SDVW� H[SHULHQFH� ULJKW� KHUH� RQ� WKHLU�
RZQ� WXUI�� �+H�ZDV� VSHDNLQJ�� RI� FRXUVH�� DERXW� HYHQWV�
VXFK�DV�WKH�RQH�ZH�DUH�FHOHEUDWLQJ�WRGD\��WKH�HVWDEOLVK�
PHQW� RI� WKH� ,QVWLWXWH� IRU� 0DULDQDV� 6WXGLHV�� DQG� WKH�
NLFNRII�RI� \RXU� LQWHUGLVFLSOLQDU\� UHVHDUFK�SURJUDP�RQ�
$JXLJXDQ� 

7KH� XQGHUWDNLQJ� RI� ORFDO� KLVWRULFDO� DQG� VRFLDO�
VWXGLHV� FDQ� \LHOG� UHVXOWV� ZKLFK� DUH� VRPHWLPHV� YHU\�
SOHDVDQWO\�XQH[SHFWHG�DQG�YHU\�XVHIXO�DV�FRQWULEXWLRQV�
WR�WKH�RYHUDOO�VWRFN�RI�NQRZOHGJH���:H�KDYH�KDG�VXFK�
DQ�H[SHULHQFH�QRW� ORQJ�DJR�DW�*XDP�ZKLFK�,�ZDQW� WR�
WHOO� \RX� DERXW�� � ,W� FRQFHUQV� WKH� FLUFXPQDYLJDWLRQDO�
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PLG-SRLQW�EHWZHHQ�*XDP�DQG�5RWD��RQH�FDQQRW�VHH�WKH�
LVWKPXV� ZKLFK� FRQQHFWV� WKH� 6DEDQD� IURP� 0W�� 7DS�
LQJRW�� � 2Q� WKH� RWKHU� KDQG�� LQ� WKH� FURZ
V� QHVW� RI� WKH�
7ULQLGDG��$OER�FRXOG�VHH�WKH�LVWKPXV��DQG�VR�UHSRUWHG�
VHHLQJ�RQO\�*XDP�DQG�5RWD� 

7KHVH� UHYHODWLRQV� ZHUH� DOWRJHWKHU� VWLPXODWLQJ���
%XW�ZH�GLG�QRW�VWRS�WKHUH���1H[W��ZH�VHW�WR�UHHQDFWLQJ�
0DJHOODQ
V� DSSURDFK� WR� WKH� 0DULDQDV� RQ� WKH� ���WK�
DQQLYHUVDU\�RI�WKH�HYHQW����0DUFK��������%HIRUH�GDZQ�
RQ�WKDW�GD\��IRXU�RI�XV�VHW�RXW�LQ�%RE
V����IW�FDQRSLHG�
ILVKLQJ� ERDW�� DQG� KHDGHG� IRU� WKH� 5RWD� FKDQQHO�� � :H�
LQWHQGHG� WR� VHH� IRU� RXUVHOYHV� DQG� DOVR—LQ� WKH� WUXH�
LVODQG�WUDGLWLRQ—WR�PL[�D�OLWWOH�EXVLQHVV�ZLWK�SOHDVXUH���
:H� KDG� ILVKLQJ� JHDU� DQG� D� FRXSOH� RI� FDVHV� RI� EHHU���
7KH�ZHDWKHU�FRQGLWLRQV�WKDW�GD\�ZHUH�UHPDUNDEO\�VLP�
LODU�WR�WKRVH�H[SHULHQFHG�E\�0DJHOODQ��KD]H�ZLWK�ODUJH�
VZHOOV�� DQG� LW� ZDV� KXPLG� DQG� KHDY\�� � $V�ZH� SDVVHG�
5LWLGDQ�3RLQW��WKH�VXQ�FDPH�XS�DQG�OLW�WKH�VN\�D�EULJKW�
KD]\� JUD\�� � $V� ZH� JRW� IXUWKHU� DQG� IXUWKHU� IURP� WKH�
PLGSRLQW�RI�WKH�FKDQQHO�� WKH�VZHOOV� LQFUHDVHG�WR����IW�
DQG� WZR� RI� RXU� FRPSDQLRQV� EHFDPH� VR� VHDVLFN� WKDW�
WKH\�ZHUH�XQDEOH�WR�VWDQG���2QO\�%RE�DQG�,��IRU�VRPH�
UHDVRQ�XQDIIOLFWHG�� UHPDLQHG�DW� WKH�KHOP�SHHULQJ� LQWR�
WKH�KD]H���7KHQ��JUDGXDOO\��OLNH�D�3RODURLG�SKRWR��5RWD�
FDPH�LQWR�YLHZ�RQ�WKH�GLP�KRUL]RQ���$QG�WKHUH�LW�ZDV��
WZR� LVODQGV� MXVW� OLNH� 3LJDIHWWD� KDG� VHHQ�� RQH� LVODQG�
ODUJHU� DQG� KLJKHU� WKDQ� WKH� RWKHU�� WKH� 6DEDQD� DQG� WKH�
:HGGLQJ� &DNH� 0RXQWDLQ�� � :H� ODXJKHG� DQG� EDFN-
VODSSHG� LQ� FRQJUDWXODWRU\� H[FLWHPHQW� DV� RXU� WZR�
IULHQGV�OD\�PLVHUDEO\�RQ�WKH�GHFN�PRDQLQJ�DQG�JURDQ�
LQJ�LQ�WKHLU�VHD-VLFNQHVV� 

7XUQLQJ� DERXW�� ZH� KHDGHG� EDFN� IRU� *XDP�� DQG�
DJDLQ�JDLQHG�UHYHODWLRQV�� �$V�ZH�FDPH�WRZDUG� WKH�LV�
ODQG�ZH�FRXOG�VHH�WKDW�LW�ZDV�QDWXUDO�WR�KHDG�GRZQ�WKH�
ZHVWHUQ�VLGH�RI�*XDP�UDWKHU�WKDQ�WKH�HDVWHUQ�VLQFH�WKH�
ZHVW� ZDV� WKH� SURWHFWHG� OHH�� ZKHUHDV� WKH� HDVW� ZDV�
ZLQG\���1DWXUDOO\��0DJHOODQ��H[SHULHQFHG�PDULQHU�WKDW�
KH� ZDV�� ZRXOG� KDYH� WDNHQ� WKH� ZHVWHUQ� FRXUVH� UDWKHU�
WKDQ�ULVN�ZUHFNLQJ�KLV�VKLSV�RQ�WKH�HDVW�FRDVW���:H�VDZ�
WKH� OLPHVWRQH� FOLIIV� LQ� WKH� VDPH� GHVFULSWLRQ� WKDW� 3L�
JDIHWWD� KDG� PDGH� QHDUO\� ���� \HDUV� EHIRUH�� � $V� ZH�
DJDLQ�SDVVHG�5LWLGDQ�DQG�FDPH�LQWR� WKH� OHH�RI�*XDP��
WKH�URXJK�VHDV�FDOPHG��WKH�ZLQGV�DEDWHG��DQG�RXU�WZR�
VHDVLFN� FRPUDGHV� UHYLYHG�� �$OO� RI� XV� VWDUWHG� WR�GULQN�
EHHU� LQ� FHOHEUDWLRQ�� � $QG� WKHQ�� ZKDW� GR� \RX� NQRZ"��
:H�VWDUWHG�FDWFKLQJ�PDKL-PDKL���$OO�LQ�DOO��ZH�FDXJKW�
���EHIRUH�FRPLQJ�LQWR�WKH�$JDQD�ERDW�EDVLQ���7KH�ILVK�
ZHUH�DQ�DGGHG�EHQHILW�WR�ZKDW�IRU�XV�ZDV�D�VSHFWDFXODU�
GD\���:H�KDG�YDOLGDWHG�RXU�UHVHDUFK�ZLWK�WKLV�GHPRQ�
VWUDWLRQ� 

%XW� WKHQ�� WKHUH� ZDV� PRUH� ZRUN� WR� GR�� WKH� VWRU\�
GRHV� QRW� HQG� KHUH�� LW� RQO\� SDXVHV�� � :H� QH[W� KDG� WR�
ZULWH�XS�DQG�JHW�SXEOLVKHG�ZKDW�ZH�IRXQG�DQG�DFFRP�
SOLVKHG��5RJHUV�DQG�%DOOHQGRUI���������7KLV�LV�D�YHU\�
LPSRUWDQW� DVSHFW� RI� UHVHDUFK� DQG� ,� GR� QRW� ZDQW� WKH�
SRLQW� WR� EH�ZDVWHG� KHUH�� EHFDXVH� LW� KDV� WR� EH� DQ� LP�
SRUWDQW�SRLQW�RI�\RXU�SURJUDP�KHUH�ZLWK�\RXU�UHVHDUFK�
LQ�$JXLJXDQ�DQG� WKH�HVWDEOLVKPHQW�RI� WKH� ,QVWLWXWH�RI�
0DULDQDV� 6WXGLHV�� � 7KH� UHVHDUFK� DQG� ILHOG� ZRUN� DUH�
WZR� DVSHFWV�ZKLFK� JR� KDQG-LQ-KDQG�� DQG� LV� RIWHQ� WKH�
PRVW� IXQ�SDUW�RI�DQ\�UHVHDUFK�XQGHUWDNLQJ�� �%XW�RQFH�
WKDW�SDUW� LV�FRPSOHWHG�� WKHQ�WKH�ZULWH-XS�PXVW� IROORZ���
:LWKRXW� WKH� ZULWH-XS�� QR� RQH� ZKR� LV� NQRZOHGJHDEOH�
FDQ� FKDOOHQJH� \RXU� ILQGLQJV�� � :LWKRXW� WKLV� HVVHQWLDO�
DQG� ZHOO-GRFXPHQWHG� ZULWH-XS� WR� \RXU� UHVHDUFK�� \RX�
OLNHQ� \RXU� HIIRUWV� WR� VSHHFKHV� RIWHQ� PDGH� E\� SROLWL�
FLDQV��PRVWO\�KRW�DLU�ZLWK�QR�FRPSDUDWLYH��FULWLFDO�ED�
VLV� 

1RZ��ZKDW�LV�WKH�SRLQW�RI�P\�VWRU\�DERXW�0DJHO�
ODQ
V�ODQGLQJ�SODFH�LQ�WKH�0DULDQDV"��:KR�FDUHV�ZKHUH�
KH�ODQGHG�DQ\ZD\"��,
OO�JUDQW�WKDW�WKLV�PDWWHU�LV�FOHDUO\�
D� IRRWQRWH� WR�KLVWRU\�� � ,W� LV� WKH�SURFHVV�RI� WKH�DFFRP�
SOLVKPHQW� DQG� WKH� IDFW� WKDW� LW� ZDV� RXU� XQLYHUVLW\—D�
ORFDO�0DULDQDV�LQVWLWXWLRQ—ZKRVH�IDFXOW\�DQG�VXSSRUW�
HQDEOHG� WKH�UHDOL]DWLRQ�RI� WKH� UHVHDUFK�DQG� WKH�UHVXOWV�
RI�WKDW�UHVHDUFK���:H�GLG�DOO�RI�WKLV�ZLWKRXW�DQ\�RXWVLGH�
KHOS�� ����� ZLWKLQ� WKH� ORFDO� FRQWH[W�� �0RUHRYHU�� ZH�
ZURWH�XS�DQG�SXEOLVKHG�RXU�ILQGLQJV�IRU�WKH�DFDGHPLF�
DQG�SURIHVVLRQDO�ZRUOG� WR� VHH�DQG�� IXUWKHUPRUH�� ,� DP�
KDSS\� WR� VD\�ZH�ZHUH� LQYLWHG� ODVW�\HDU� WR�DQ� LQWHUQD�
WLRQDO� DFDGHPLF� FRQIHUHQFH� WR� RUDOO\� UHSRUW� RXU� UH�
VHDUFK�RQ�0DJHOODQ
V�ODQGLQJ�SODFH���)URP�QRZ�RQ��DOO�
VFKRODUV� IURP�DQ\�SODFH�LQ�WKH�ZRUOG�ZKR�DUH�ZULWLQJ�
DQG�UHVHDUFKLQJ�WKH�YR\DJH�RI�0DJHOODQ��PXVW�FRQVXOW�
RXU�ZRUN� LQ� RUGHU� WR� EH� DFFXUDWH�� � 7KLV� LV� LQGHHG� DQ�
LQGLFDWLRQ� WKDW�RXU� LQVWLWXWLRQV�DUH�FRPLQJ�RI�DJH�DQG�
DUH� WDNLQJ� WKHLU� SODFHV� ZLWKLQ� WKH� UHDOP�RI� WKH� ZLGHU�
FRPPXQLW\�RI�KLJKHU�HGXFDWLRQ� 

:KDW�\RX�DUH�LQLWLDWLQJ�KHUH�WRGD\�ZLWK�\RXU�,QVWL�
WXWH�RI�0DULDQDV�6WXGLHV�DQG�WKH�SXUVXLW�RI�PXOWLGLVFL�
SOLQDU\�VWXGLHV�RQ�$JXLJXDQ�,VODQG�KDV�WR�GR�ZLWK�WKLV�
YHU\�VDPH�GLUHFWLRQ�LQ�DFDGHPLF�DQG�HGXFDWLRQDO�VHOI-
GHWHUPLQDWLRQ�� � <RX� DUH� FUHDWLQJ� WKH� IDFLOLW\� DQG� HQ�
FRXUDJLQJ�WKH�SUDFWLFH�IRU�UHVHDUFK�LQ�WKH�ORFDO�FRQWH[W���
<RXU� DGPLQLVWUDWRUV�� IDFXOW\�� DQG� VWDII� GHVHUYH� WKH�
VDOXWH�DQG�JUDWLWXGH�RI�\RXU�HQWLUH�FRPPXQLW\�IRU�WKLV�
HIIRUW� 

,Q�WKLV�ZD\��WKH�ROG�SDUDGLJP�RI�LPSHULDO�KLVWRU\�
JUDGXDOO\� JLYHV� ZD\� WR� WKH� FRPSOLPHQWDU\�ZRUN� DQG�
DFFRPSOLVKPHQW�RI�WKH�SHRSOH�ZKR�OLYH�DQG�ZRUN�KHUH���
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7KLV�LV�WUXO\�SURJUHVV�RI�D�UHDO�VRUW� 
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6FLHQFH�'HSDUWPHQW 

1RUWKHUQ�0DULDQDV�&ROOHJH 
3�2��%R[����� 

6DLSDQ��03��������86$ 

$EVWUDFW��:LOGOLIH�RI����VSHFLHV�ZHUH�UHFRUGHG�GXULQJ�WKH�H[SHGLWLRQ���7ZR�VSHFLHV�ZHUH�ORFDWHG�
ZKRVH�$JXLJXDQ�SRSXODWLRQV�ZHUH�WKRXJKW�WR�EH�H[WLQFW��WKH�HQGHPLF�$JXLJXDQ�1LJKWLQJDOH�5HHG-
ZDUEOHU�DQG�WKH�WUHH�VQDLO�3DUWXOD�JLEED���7KH�RFFXUUHQFH�RI�WKH�HQGDQJHUHG�0DULDQD�)UXLW�%DW�DQG�
6KHDWK-WDLOHG�%DW�DOVR�ZDV�QRWHG���2EVHUYDWLRQ�RI�D�*UD\-WDLOHG�7DWWOHU�UHSUHVHQWHG�D�QHZ�UHFRUG�IRU�
WKH�LVODQG���$�SUREDEOH�RZO�ZDV�KHDUG���1RWHV�RQ�WKH�LGHQWLILFDWLRQ��QDWXUDO�KLVWRU\��DQG�SRSXODWLRQV�
RI�FHUWDLQ�VSHFLHV�DUH�UHSRUWHG���/DQWDQD��DOWKRXJK�D�QR[LRXV�LQWURGXFHG�ZHHG��IRUPHG�WKLFNHWV�WKDW�
SURYLGHG�FRYHU�DQG�DQ�HQRUPRXV�IRRG�UHVRXUFH�IRU�FHUWDLQ�QDWLYH�VSHFLHV�RI�ZLOGOLIH� 

)DXQDO�RFFXUUHQFH�RQ�$JXLJXDQ�UHPDLQV��ZLWK�WKH�
H[FHSWLRQ� RI� ELUGV� �(QJEULQJ� HW� DO�� ������ 5HLFKHO� DQG�
*ODVV��������SRRUO\�GRFXPHQWHG���/LPLWHG�GDWD�RQ�UHS�
WLOHV� DQG� DPSKLELDQV� DUH� SURYLGHG� E\� 5RGGD� HW� DO��
��������GDWD�RQ�EDWV�DUH�UHSRUWHG�E\�/HPNH��������DQG�
:LOHV� HW� DO�� �������� DQG� PLVFHOODQHRXV� IDXQDO� UHFRUGV�
DUH� LQ�XQSXEOLVKHG� ILHOG� WULS� UHSRUWV�RI� WKH�'LYLVLRQ�RI�
)LVK� DQG� :LOGOLIH�� &RPPRQZHDOWK� RI� WKH� 1RUWKHUQ�
0DULDQD�,VODQGV�� �:H�KHUH�OLVW� WKRVH�VSHFLHV�HQFRXQWH-
UHG�E\�H[SHGLWLRQ�PHPEHUV��DQG�UHSRUW�REVHUYDWLRQV�RQ�
WKH� LGHQWLILFDWLRQ�� QDWXUDO� KLVWRU\� DQG� SRSXODWLRQV� RI�
FHUWDLQ�VSHFLHV��� 

 
63(&,(6�$&&28176 

 
,QYHUWHEUDWHV��RWKHU�WKDQ�LQVHFWV�� 

7UHH�6QDLO��3DUWXOD�JLEED�í�.QRZQ�IURP�VHYHUDO�RI�WKH�
0DULDQD� ,VODQGV�� WKLV� VQDLO� ZDV� WKRXJKW� WR� KDYH� EHHQ�
H[WLUSDWHG� RQ� $JXLJXDQ� �'�� +RSSHU� SHUV�� FRPP��� E\�
SDUDVLWHV� UHOHDVHG� WR� FRQWURO� WKH� LQWURGXFHG� $IULFDQ�
/DQG� 6QDLO� �$FKDWLQD� IXOLFD�� �1DIXV� DQG� 6FKUHLQHU�
��������/LYH�VQDLOV�ZHUH�ILUVW�HQFRXQWHUHG�E\�%��/XVVLHU�
RQ�WUHHV�LQ�QDWLYH�IRUHVW��DQG�ZHUH�ODWHU�IRXQG�WR�UDQJH�
SDWFKLO\� DORQJ� WKH� ZHVWHUQ� VORSH� RI� WKH� LVODQG� IURP�
DERXW�WKH�LVODQG
V�FHQWHU�WR�QHDU�LWV�VRXWKHUQ�WLS��)LJ�������
7KH\�LQKDELWHG�QDWLYH�DQG�VHFRQGDU\�IRUHVW� 

5HSWLOHV�DQG�DPSKLELDQV��1R�DPSKLELDQV�ZHUH�
ORFDWHG�GXULQJ�WKH�H[SHGLWLRQ��QRU�ZHUH�DQ\�LQWURGXFHG�

UHSWLOHV�RWKHU�WKDQ�0RQLWRU�/L]DUGV� 
*UHHQ� 7XUWOH� �&KHORQLD�P\GDV�о�REVHUYHG�E\�VHYHUDO�
H[SHGLWLRQ� PHPEHUV� VZLPPLQJ� LQ� WKH� RFHDQ� RII� WKH�
LVODQG� 
0RQLWRU� /L]DUG� �9DUDQXV�LQGLFXV�о�SUHVHQW�FRPPRQ�
O\��SDUWLFXODUO\�LQ�IRUHVWHG�DUHDV� 
6QDNH-H\HG� 6NLQN� �&U\SWREOHSKDUXV�SRHFLORSOHXUXV�о�
D� OL]DUG� SUREDEO\� RI� WKLV� VSHFLHV� ZDV� REVHUYHG� E\� 5��
&UDLJ�RQ�URFNV�QHDU�WKH�RFHDQ�DW�WKH�VRXWKHUQ�WLS�RI�WKH�
LVODQG���&RSSHU\�IOHFNV�ZHUH�QRWHG�RQ�WKH�VLGHV�RI�WKLV�
VPDOO�OL]DUG� 
%OXH-WDLOHG� 6NLQN� �(PRLD� FDHUXOHRFDXGD�о� SUHVHQW�
DEXQGDQWO\� LQ� IRUHVWHG� DUHDV�� ZKHUH� WKH� EOXH� WDLOV� RI�
IHPDOHV�DQG�MXYHQLOHV�ZHUH�UHDGLO\�VHHQ� 
,VODQG� *HFNR� �*HK\UD�RFHDQD�о�DQ� LQGLYLGXDO�RI� WKLV�
VSHFLHV�ZDV�SKRWRJUDSKHG�E\�5��&UDLJ� DW� WKH� VRXWKHUQ�
HQG�RI�WKH�LVODQG���,W�ZDV�GLVWLQJXLVKHG�E\�LWV�ODUJH�VL]H�
�FD�� ��� FP��� EURZQ�� PRWWOHG� EDFN� ZLWK� QR� FKHYURQV��
SODLQ�EHOO\��DQG�HQODUJHG� WRH�SDGV�� �7KH�JHFNR�ZDV�RQ�
WKH�WUXQN�RI�D�VDSOLQJ�WUHH�LQ�QDWLYH�IRUHVW� 

%LUGV� 
:KLWH-WDLOHG�7URSLFELUG� �3KDHWKRQ�OHSWXUXV�о�VHYHUDO�
VHHQ�ZKHQ�FHQVXV�URXWHV�IRU�IRUHVW�ELUGV�DSSURDFKHG�WKH�
RFHDQ� 
5HG-WDLOHG� 7URSLFELUG� �3�� UXEULFDXGD�о� VHYHUDO� RE�
VHUYHG�GXULQJ�IRUHVW�ELUG�FHQVXVHV� 
%URZQ� %RRE\� �6XOD� OHXFRJDVWHU�о� VHYHUDO� VHHQ� RYHU�
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WKH�RFHDQ� 
<HOORZ� %LWWHUQ� �,[REU\FKXV� VLQHQVLV�о� $V� QRWHG� E\�
(QJEULQJ�HW�DO��������� WKLV�VSHFLHV�ZDV�XQFRPPRQ�� �,W�
LQKDELWHG�KHUEDFHRXV�DQG�WKLFNHW�YHJHWDWLRQ�RQ�WKH�OHYHO�
SODWHDX�VXPPLW� 
0LFURQHVLDQ� 0HJDSRGH� �0HJDSRGLXV� ODSDURXVH�о�
SUHVHQW� XQFRPPRQO\� LQ� QDWLYH� IRUHVW�� � 3DLUV� RI� ELUGV�
ZHUH�REVHUYHG�WRJHWKHU�DQG�GXHWWLQJ�ZDV�KHDUG���$�KDOI�
JURZQ�MXYHQLOH�ZDV�REVHUYHG�E\�5��&KDQGUDQ� 
/HVVHU� *ROGHQ� 3ORYHU� �3OXYLDOLV� GRPLQLFD�о� VHYHUDO�
REVHUYHG�IO\LQJ�LQ�D�IORFN�RYHU�WKH�SODWHDX� 
*UD\-WDLOHG�7DWWOHU��+HWHURVFHOXV�EUHYLSHV�о�RQH�VHHQ�
E\�5��&UDLJ�RQ�FRDVWDO�URFNV�DW� WKH�VRXWKHUQ�WLS�RI� WKH�
LVODQG���,WV�JUD\�SOXPDJH�DQG�FDOO�QRWHV�GLVWLQJXLVKHG�LW�
DV� WKLV� VSHFLHV�� � $OWKRXJK� WKH� *UD\-WDLOHG� 7DWWOHU� LV� D�
FRPPRQ�PLJUDQW�DQG�ZLQWHU�UHVLGHQW�LQ�WKH�0DULDQDV��LW�
KDV� QRW� EHHQ� UHSRUWHG� SUHYLRXVO\� IURP�$JXLJXDQ� �VHH�
5HLFKHO�DQG�*ODVV������� 
%URZQ�1RGG\� �$QRXV�VWROLGXV�о�FRPPRQ�IO\LQJ�RYHU�
WKH� RFHDQ� DQG� RYHU� WKH� LVODQG�� � 6RPH� ZHUH� REVHUYHG�
SHUFKHG�LQ�WUHHV� 
%ODFN� 1RGG\� �$�� PLQXWLV�о� XQFRPPRQO\� VHHQ� IO\LQJ�
RYHU�WKH�RFHDQ� 
:KLWH�7HUQ��*\JLV�DOED�о�FRPPRQO\�VHHQ�IO\LQJ�RYHU�
WKH�RFHDQ�DQG�SHUFKLQJ�LQ�WUHHV� 
3KLOLSSLQH�7XUWOH�'RYH� �6WUHSWRSHOLD�ELWRUTXDWD�о�$V�

QRWHG�E\�(QJEULQJ�HW�DO���������WKLV�VSHFLHV�ZDV�XQFRP�
PRQ���,W�ZDV�ODUJHO\�UHVWULFWHG�WR�IRUHVW�HGJH�DQG�ZHHG\�
WKLFNHWV� 
:KLWH-WKURDWHG�*URXQG�'RYH��*DOOLFROXPED�[DQWKR�
QXUD�о� IDLUO\�FRPPRQ��SDUWLFXODUO\� LQ�QDWLYH� IRUHVW�� � ,W�
RIWHQ� IOHZ� RYHU� WKH� IRUHVW� DQG� RYHU� WKH� RSHQ� SODWHDX�
VXPPLW��DQG� LW� IRUDJHG� LQ��о��P� WDOO� ODQWDQD��/DQWDQD�
FDPDUD�� WKLFNHWV�� � ,W� ZDV� REVHUYHG� IRUDJLQJ� RQ� WKH�
JURXQG� LQ�QDWLYH� IRUHVW��ZKHUH� LW�SUREHG� OHDI� OLWWHU� DQG�
IOLSSHG� GHDG� OHDYHV� ZLWK� LWV� ELOO� WR� ORFDWHG� IRRG� LWHPV�
�DSSDUHQWO\�VHHGV�� 
0DULDQD� )UXLW� 'RYH� �3WLOLQRSXV� URVHLFDSLOOD�о� FRP�
PRQ� LQ� QDWLYH� IRUHVW�� ZKHUH� LW� JHQHUDOO\� LQKDELWHG� WKH�
XSSHU�FDQRS\���,W�DOVR�RFFXUUHG�LQ�WKH�H[WHQVLYH�ODQWDQD�
WKLFNHWV�RI�WKH�SODWHDX�VXPPLW��ZKHUH�LW�SHUFKHG�LQ�WDOOHU�
WUHHV�DQG�PD\�KDYH�IHG�RQ�ODQWDQD�IUXLWV� 
2ZO��XQNQRZQ�VSHFLHVо�$W�DERXW�����������0D\��RZO-
OLNH� KRRWLQJ� ZDV� KHDUG� LQ� WKH� YLFLQLW\� RI� D� FRUDO� WUHH�
�(U\WKULQD� YDULHJDWD�оVRVXJH� �$FDFLD� FRQIXVD�� JURYH�
��о���P�IURP�WKH�FDPSVLWH��VLWH�RI�WKH�IRUPHU�-DSDQHVH�
YLOODJH����7KH�KRRWLQJ�RFFXUUHG�LQ�WZR�ORQJ�VHULHV�SXQF�
WXDWHG�E\�SHULRGV�RI�VLOHQFH��ZLWK� WKH�HQWLUH�FDOOLQJ�VH�
TXHQFH�ODVWLQJ�DW�OHDVW���PLQ���1R�KRRWLQJ�ZDV�KHDUG�RQ�
VXEVHTXHQW� QLJKWV�� DOWKRXJK� FDOOV� RI� %URZQ� 1RGGLHV�
IO\LQJ� RYHUKHDG� ZHUH� FRPPRQO\� KHDUG� RWKHU� QLJKWV���
0DQ\�PHPEHUV�RI�WKH�H[SHGLWLRQ�KHDUG�WKH�KRRWLQJ� 

),*�����/RFDWLRQ�RI������ZLOGOLIH�REVHUYDWLRQV�RQ�$JXLJXDQ� 
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,VODQG� 6ZLIWOHW� �$HURGUDPXV� YDQLNRUHQVLV�о� REVHUYHG�
FRPPRQO\��SDUWLFXODUO\� DW�GXVN��RYHU� WKH�RSHQ�SODWHDX�
VXPPLW�DQG�RYHU�QDWLYH�IRUHVW���$�QHVW�FDYH�ZDV�ORFDWHG�
E\�3��0F$UWKXU�DW�WKH�VRXWK�HQG�RI�WKH�LVODQG�QHDU�WKH�
IRUPHU�-DSDQHVH�GRFN� 
&ROODUHG� .LQJILVKHU� �+DOF\RQ� FKORULV�о� IDLUO\� FRP�
PRQ�LQ�DOO�KDELWDWV���$�ELUG�ZDV�REVHUYHG�ZLWK�D�JHFNR�
DW� OHDVW����FP�LQ�OHQJWK�LQ�LWV�ELOO�� �$QRWKHU�ZDV�PLVW-
QHWWHG�ZKHQ�LW�DWWDFNHG�DQG�NLOOHG�D�0LFURQHVLDQ�+RQ�
H\HDWHU�ZKLFK�ZDV�SUHVHQW�LQ�WKH�PLVW�QHW���+HQFH��&RO�
ODUHG�.LQJILVKHUV�SUH\�QRW�RQO\�XSRQ�LQYHUWHEUDWHV�DQG�
OL]DUGV��EXW�DOVR�RQ�ELUGV���,Q�QDWLYH�IRUHVW��DQ�DSSDUHQW�
QHVW�RU�URRVW�ZDV�ORFDWHG�ZKHUH�ELUGV�HQWHUHG�DQG�H[LWHG�
D�KROH�LQ�D�GHDG�WUHH� 
1LJKWLQJDOH� 5HHG-ZDUEOHU� �$FURFHSKDOXV� OXVFLQLD�
QLMRL�о�:KLOH�SHUIRUPLQJ�IRUHVW�ELUG�FHQVXVHV��5��&KDQ�
GUDQ�HQFRXQWHUHG� WZR�VLQJLQJ�PDOHV�RI� WKLV�VSHFLHV�RQ�
WKH�VRXWKHDVWHUQ�VORSH�RI�WKH�LVODQG��)LJ�������&KDQGUDQ�
LPPHGLDWHO\� UHFRJQL]HG� WKH� VRQJ�� DQG� /�� .ODZXQGHU�
FOHDUO\�REVHUYHG�D�ELUG�ZLWK�ELQRFXODUV���2WKHU�H[SHGL-
WLRQ� PHPEHUV� IDPLOLDU� ZLWK� WKLV� VSHFLHV�� LQFOXGLQJ� 5��
&UDLJ� DQG�%�� /XVVLHU�� ZHUH� ODWHU� VKRZQ� RQH� ELUG�� DQG�
FRQFXUUHG� ZLWK� WKH� LGHQWLILFDWLRQ�� � 5HHG-ZDUEOHUV� RQ�
$JXLJXDQ�DUH�SUHVHQWO\�UHFRJQL]HG�DV�D�GLVWLQFW��HQGHP�
LF�VXEVSHFLHV��EXW�KDYH�EHHQ�XQUHSRUWHG�VLQFH������DQG�
ZHUH�SUHVXPHG�H[WLQFW��5HLFKHO�HW�DO�������� 

3UHYLRXV� REVHUYDWLRQV� RI� UHHG-ZDUEOHUV� RQ� $JXL�
JXDQ� LQFOXGH� WKRVH�E\�(QJEULQJ�HW�DO�� ��������ZKR�UH�
SRUWHG� KHDULQJ� PRVWO\� EULHI� VHJPHQWV� RI� VRQJ�� � 7KH\�
VXJJHVWHG� WKDW� WKLV� YRFDOL]DWLRQ� SDWWHUQ� PLJKW� GLIIHU�
IURP�WKDW�W\SLFDO�RI�6DLSDQ�ELUGV���*ODVV��������EHOLHYHG�
WKDW�WKH�VRQJ�RI�WKH�1LJKWLQJDOH�5HHG-ZDUEOHU�FRXOG�EH�
FRQIXVHG�ZLWK�WKDW�RI�WKH�*ROGHQ�:KLWH-H\H��SDUWLFXODU�
O\�RQ�$JXLJXDQ��3��*ODVV�SHUV��FRPP����7KHVH�DXWKRUV�
DQG� 5HLFKHO� HW� DO�� ������� DOVR� UHSRUWHG� WKDW� $JXLJXDQ�
1LJKWLQJDOH� 5HHG-ZDUEOHUV� ZHUH� UHVWULFWHG� WR� QDWLYH�
IRUHVW�� XQOLNH� ELUGV� IURP� 6DLSDQ� ZKLFK� DUH� YLUWXDOO\�
DEVHQW�IURP�WKLV�KDELWDW��&UDLJ�����D���� 

,Q� FRQWUDVW� WR� WKHVH�REVHUYDWLRQV�� ERWK�PDOH� UHHG-
ZDUEOHUV� ZH� KHDUG� KDG� VRQJV� LQGLVWLQJXLVKDEOH� IURP�
WKRVH�RI�6DLSDQ�ELUGV���7KHVH�VRQJV�ZHUH�HQWLUHO\�XQOLNH�
WKRVH�RI� WKH�*ROGHQ�:KLWH-H\H��ZKLFK�YRFDOL]HG� VLPL�
ODUO\� WR�*ROGHQ�:KLWH-H\HV� IURP�6DLSDQ�� �1LJKWLQJDOH�
5HHG-ZDUEOHUV� RQ� 6DLSDQ� W\SLFDOO\� KDYH� D� ZLGH� YRFDO�
UHSHUWRLUH�� DQG� WKH�FRPSOH[LW\�RI� VRQJ�DSSHDUV� WR�YDU\�
GHSHQGLQJ� RQ� WKH� VRFLDO� DQG� UHSURGXFWLYH� FRQWH[W� LQ�
ZKLFK�WKH�VRQJ�LV�XWWHUHG���5DWKHU�WKDQ�EHLQJ�UHODWHG�WR�
LQWHU-LVODQG�GLIIHUHQFHV�LQ�YRFDOL]DWLRQV��WKH�EULHI�VRQJV�
UHSRUWHG�E\�(QJEULQJ� HW� DO�� ������� �KHDUG� DW� WKH� VDPH�
WLPH�RI� \HDU�DV�RXU� YLVLW��ZHUH� OLNHO\� UHSUHVHQWDWLYH�RI�

WKH� SDUWLFXODU� EHKDYLRUDO� VWDWH� RI� WKH� LQGLYLGXDOV� RE�
VHUYHG� 

�'LVFUHSDQFLHV� DOVR� DURVH� LQ� RXU� REVHUYDWLRQ� RI�
KDELWDW�FKRLFH���%RWK�PDOH�UHHG-ZDUEOHUV�LQKDELWHG�IRU�
PHUO\�GLVWXUEHG�DUHDV�YHJHWDWHG�E\�JURYHV�RI�FDVXDULQD�
�&DVXDULQD� HTXLVLWLIROLD�� WUHHV� DQG� �о�� P� WDOO� ODQWDQD�
WKLFNHWV�� �6XFK�KDELWDWV�UHVHPEOH�PDQ\�FKRVHQ�RQ�6DL�
SDQ�� �5HSRUWV�RI�ELUGV�RFFXUULQJ�VROHO\� LQ�QDWLYH�IRUHVW�
PD\�VWHP�IURP�PLVLGHQWLILFDWLRQV�RI�ELUGV�KHDUG�EXW�QRW�
VHHQ���'LIILFXOWLHV�UHSRUWHG�E\�*ODVV��������LQ�UHFRJQL]�
LQJ� WKH� VRQJV�RI�1LJKWLQJDOH�5HHG-ZDUEOHUV�PD\� LQGL-
FDWH� WKDW�VRPH�HDUOLHU�REVHUYHUV�ZHUH� LQVXIILFLHQWO\� ID�
PLOLDU� ZLWK� WKH� VSHFLHV� WR� LGHQWLI\� UHOLDEO\� YRFDOL]LQJ�
LQGLYLGXDOV�� � ,QH[SHULHQFHG� REVHUYHUV� PLJKW� KDYH� DW�
WULEXWHG� FDOOV� RI� VXFK� VSHFLHV� DV� WKH� YRFDOO\� YDULDEOH�
0LFURQHVLDQ�6WDUOLQJ��ZKLFK�LV�FRPPRQ�LQ�QDWLYH�IRUHVW��
WR�WKH�1LJKWLQJDOH�5HHG-ZDUEOHU� 

7KH� VLPLODULW\� LQ� YRFDOL]DWLRQV� DQG� KDELWDW� XVH� RI�
WKH�ELUGV�ZH�REVHUYHG�RQ�$JXLJXDQ�ZLWK�WKRVH�RQ�6DL�
SDQ�UDLVHV�TXHVWLRQV�FRQFHUQLQJ�WKH�YDOLGLW\�RI�WKH�VXE�
VSHFLHV�QLMRL���7KH�VXEVSHFLHV��EDVHG�RQ�ILYH�VSHFLPHQV��
ZDV�GLVWLQJXLVKHG�E\�LWV�VKRUWHU�ELOO�DQG�VOLJKWO\�GLIIHU�
HQW� FRORUDWLRQ� FRPSDUHG� WR� 6DLSDQ� ELUGV� �<DPDVKLQD�
������(QJEULQJ�HW�DO��������5HLFKHO�HW�DO����������+RZ�
HYHU��5��&UDLJ�KDV�REVHUYHG�WKDW�WKH�ELOO�OHQJWK�RI�SRVW-
IOHGJLQJ� 1LJKWLQJDOH� 5HHG-ZDUEOHUV� LV� VXEVWDQWLDOO\�
VKRUWHU� WKDQ� WKDW�RI�DWWHQGLQJ�DGXOWV�� �7KH� VPDOO� VHULHV�
RQ�ZKLFK� WKH� VXEVSHFLHV� LV�EDVHG��FRPELQHG�ZLWK�DJH-
UHODWHG�GLIIHUHQFHV�LQ�VXFK�FKDUDFWHULVWLFV�DV�ELOO�OHQJWK��
VXJJHVW�WKDW�IXUWKHU�LQYHVWLJDWLRQ�LQWR�WKH�YDOLGLW\�RI�WKH�
VXEVSHFLHV�QLMRL�LV�ZDUUDQWHG� 
5XIRXV�)DQWDLO��5KLSLGXUD�UXILIURQV�о�FRPPRQ�LQ�IRU�
HVW� DQG� WKLFNHW� KDELWDWV�� �$V�RQ�6DLSDQ�� LW� DSSHDUHG� WR�
GHIHQG�WHUULWRULHV�DQG�WR�RFFXU�LQ�IDPLO\�JURXSV�RI��о����
%RWK�*ROGHQ�:KLWH-H\HV�DQG�0LFURQHVLDQ�+RQH\HDWHUV�
ZHUH� REVHUYHG� WR� FKDVH� 5XIRXV� )DQWDLOV�� DQG� 5XIRXV�
)DQWDLOV�IROORZHG�*ROGHQ�DQG�%ULGOHG�:KLWH-H\HV�ZKLOH�
IRUDJLQJ� 
0LFURQHVLDQ� 6WDUOLQJ� �$SORQLV� RSDFD�о� FRPPRQ� LQ�
IRUHVW� DQG� WKLFNHW� KDELWDWV�� ZKHUH� LW� RIWHQ� RFFXUUHG� LQ�
IORFNV�RI��о���DGXOWV�DQG�MXYHQLOHV��EDVHG�RQ�SOXPDJH�
GLIIHUHQFHV��� � ,W� DSSHDUHG� WR� IHHG� LQ� ODQWDQD� WKLFNHWV��
SUREDEO\�RQ�ODQWDQD�IUXLW� 
0LFURQHVLDQ� +RQH\HDWHU� �0\]RPHOD� UXEUDWD�о� FRP�
PRQ�LQ�IRUHVW�DQG�WKLFNHW�KDELWDWV���,W�ZDV�DJJUHVVLYHO\�
WHUULWRULDO�� DQG� ZDV� REVHUYHG� FKDVLQJ� 5XIRXV� )DQWDLOV�
DQG�*ROGHQ�:KLWH-H\HV�� �,W� IHG�RQ�QHFWDU� IURP�ODQWDQD�
IORZHUV���$�PDOH�DQG�IHPDOH��EDVHG�RQ�ZLQJ�FRORU��ZHUH�
REVHUYHG�HQJDJLQJ�LQ�FRXUWVKLS��ZKLFK�LQYROYHG�IROORZ-
LQJ�HDFK�RWKHU�EDFN�DQG�IRUWK�RQ�D�KHDY\�OLPE�RI�D�IRU�
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HVW� WUHH�� � 'XULQJ� IROORZLQJ�� RQH� ELUG� OHG�� WKHQ� ERWK�
WXUQHG�DURXQG�DQG�WKH�RWKHU� OHG�� �%RWK�ELUGV�NHSW�WKHLU�
KHDGV�DQG�ELOOV�WLOWHG�XSZDUG�GXULQJ�IROORZLQJ� 
*ROGHQ� :KLWH-H\H� �&OHSWRUQLV�PDUFKHL�о� FRPPRQ� LQ�
IRUHVW�DQG�WKLFNHW�KDELWDWV���,W�DSSHDUHG�WR�EH�WHUULWRULDO��
DQG� FRPPRQO\� RFFXUUHG� LQ� IDPLO\� JURXSV� RI� �о��� � ,W�
ZDV�REVHUYHG�FKDVLQJ�5XIRXV�)DQWDLOV�DQG�VXSSODQWLQJ�
WKHP�DW�SHUFKHV���%LUGV�RIWHQ�RFFXUUHG�LQ�ODQWDQD��ZKHUH�
WKH\�DSSHDUHG�WR�IHHG�RQ�IUXLWV���,Q�RQH�LQVWDQFH�D�ELUG�
ZDV�FOHDUO\�REVHUYHG�HDWLQJ�ODQWDQD�IORZHUV���:KHQ�PLVW�
QHWWHG� LQ� ODQWDQD�� VRPH�*ROGHQ�:KLWH-H\HV�KDG�EODFN��
ZDWHU\�GURSSLQJV��LQGLFDWLQJ�WKDW�WKH\�KDG�EHHQ�IHHGLQJ�
RQ�ODQWDQD�IUXLWV� 
%ULGOHG� :KLWH-H\H� �=RVWHURSV� FRQVSLFLOODWXV�о� DEXQ�
GDQW�LQ�IRUHVW�DQG�WKLFNHW�KDELWDWV��ZKHUH�LW�RFFXUUHG�LQ�
IORFNV���/LNH�WKH�*ROGHQ�:KLWH-H\H��LW�IUHTXHQWO\�IHG�LQ�
ODQWDQD�� DQG�PLVW-QHWWHG�ELUGV� KDG�EODFN��ZDWHU\�GURS�
SLQJV�LQGLFDWLYH�RI�IHHGLQJ�XSRQ�ODQWDQD�IUXLWV���,QGLYLG�
XDOV� ZHUH� DOVR� REVHUYHG� WDNLQJ� QHFWDU� IURP� ODQWDQD�
IORZHUV� 

0DPPDOV� 
0DULDQD� )UXLW� %DW� �3WHURSXV� PDULDQQXV�о� 6XUYH\V�
WKURXJK�QDWLYH�IRUHVW�\LHOGHG�IRXU�ZLGHO\�VHSDUDWHG�DQG��
WKHUHIRUH��SUREDEO\�GLVWLQFW� URRVW� VLWHV� �)LJ������ �7KHVH�
FRQWDLQHG��UHVSHFWLYHO\������������DQG�FD����EDWV��\LHOGLQJ�
D�PLQLPXP�SRSXODWLRQ�HVWLPDWH�RI�FD�������'XVN�FHQVXV�
HV�RI�EDWV�OHDYLQJ�URRVWV�ZHUH�DWWHPSWHG�IURP�WKH�SODW�
HDX�VXPPLW��EXW�WKHVH�ZHUH�XQVXFFHVVIXO�LQ�ORFDWLQJ�DQ\�
EDWV�� � $VVXPLQJ� WKDW� VRPH� URRVWV� ZHUH� XQGHWHFWHG�� D�
WRWDO�LVODQG�SRSXODWLRQ�RI����EDWV�PD\�EH�UHDOLVWLF���3UH�
YLRXV� SRSXODWLRQ� HVWLPDWHV� IRU� $JXLJXDQ� KDYH� UDQJHG�
IURP���о���EDWV��*ODVV�DQG�7DLVDFDQ��������� 
6KHDWK-WDLOHG�%DW��(PEDOORQXUD�VHPLFDXGDWD�о�2Q����
0D\��3��0F$UWKXU�LQYHVWLJDWHG�D�FDYH�DW�WKH�VRXWK�HQG�
RI�WKH�LVODQG�QHDU�WKH�IRUPHU�-DSDQHVH�GRFN��)LJ�������,Q�
DGGLWLRQ�WR�,VODQG�6ZLIWOHWV��KH�UHSRUWHG�WZR�VPDOO�EDWV��
SUHVXPDEO\�6KHDWK-WDLOHG�%DWV��H[LWLQJ�WKH�FDYH���7KHVH�
ZHUH�REVHUYHG�DW�FORVH�UDQJH��DQG�SRVVHVVHG�ZLGH�ZLQJV�
FRQWUDVWLQJ� ZLWK� WKH� QDUURZ� ZLQJV� RI� WKH� VZLIWOHWV���
6KHDWK-WDLOHG�%DWV�SUHYLRXVO\�KDYH�EHHQ� UHSRUWHG� IURP�
WKLV�ORFDWLRQ��*ODVV�DQG�7DLVDFDQ������� 
*RDW� �&DSUD� KLUFXV�о� H[SHGLWLRQ� PHPEHUV� UHSRUWHG�
KHDULQJ�RQH�JRDW�DW� WKH�VRXWK�HQG�RI�WKH� LVODQG��RQH�DW�
WKH�QRUWK�HQG��DQG�D� WKLUG� IURP� WKH�HDVW� VLGH�RI� WKH� LV�
ODQG�� �*RDWV� KDYH�EHHQ� ODUJHO\� HOLPLQDWHG� IURP�$JXL�
JXDQ� WKURXJK� KXQWLQJ� E\� WKH� &10,� 'LYLVLRQ� RI� )LVK�
DQG�:LOGOLIH��5LFH������� 
5DW��XQNQRZQ�VSHFLHV��5DWWXV�VS��о�UDWV�ZHUH�DEXQGDQW�
LQ�WKH�YLFLQLW\�RI�WKH�FDPSVLWH��EXW�QR�DWWHPSW�ZDV�PDGH�
WR�DVFHUWDLQ�WKHLU�VSHFLILF�LGHQWLW\� 
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&RPSUHKHQVLYH��TXDQWLWDWLYH�SRSXODWLRQ�VXUYH\V�RI�
ELUGV� LQ� WKH�0DULDQD� ,VODQGV� ZHUH� XQGHUWDNHQ� IRU� WKH�
ILUVW� WLPH� LQ� ����� �(QJEULQJ� HW� DO�� ������� � 7KHVH� VXU�
YH\V��FRQGXFWHG�E\�WKH�8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��
HPSOR\HG�WKH�YDULDEOH�FLUFXODU�SORW�WHFKQLTXH��5H\QROGV�
HW� DO�� ������� � 7KLV� PHWKRG� LQYROYHV� FRXQWLQJ� ELUGV� DW�
SRLQWV� DORQJ� FHQVXV� WUDQVHFWV� DQG� HVWLPDWLQJ� WKH� GLV-
WDQFH�IURP�WKH�REVHUYHU�WR�HDFK�ELUG�HQFRXQWHUHG���,W�KDV�
SURYHQ�XVHIXO�IRU�FKDUDFWHUL]LQJ�WKH�DYLIDXQD�RI�UXJJHG�
WURSLFDO� WHUUDLQ� �H�J�� 6FRWW� HW� DO�� ������� VXFK� DV� WKDW�
IRXQG�LQ�WKH�0DULDQDV�� 

3HULRGLF� UHVXUYH\V�RI�0DULDQDV�ELUGV�SURYLGH�FUX�
FLDO� PDQDJHPHQW� GDWD� RQ� WKHVH� SRSXODWLRQV�� ZKLFK� LQ�
PDQ\� LQVWDQFHV� DUH� KLJKO\� YXOQHUDEOH� WR� KXPDQ� HQ�
FURDFKPHQW� LQWR�QDWXUDO�KDELWDWV�� �3UHVHQWO\�� IRU�H[DP�
SOH�� ILYH� VSHFLHV� RI�0DULDQDV� XSODQG�ELUGV� DUH� FDWHJR�
UL]HG� E\� WKH�8�6� )LVK� DQG�:LOGOLIH� 6HUYLFH� DV� HQGDQ�
JHUHG�� DQG� RQH� HQGHPLF� SRSXODWLRQ� LV� D� FDQGLGDWH� HQ�
GDQJHUHG�VSHFLHV��7KUHH�HQGDQJHUHG�VSHFLHV��WKH�0LFUR�
QHVLDQ� 0HJDSRGH� �0HJDSRGLXV� ODSDURXVH��� ,VODQG�
6ZLIWOHW� �$HURGUDPXV� YDQLNRUHQVLV��� DQG� 1LJKWLQJDOH�

5HHG-ZDUEOHU� �$FURFHSKDOXV� OXVFLQLD��� DUH� KLVWRULFDOO\�
NQRZQ�IURP�$JXLJXDQ��DQG�RQH�RI� WZR�SRSXODWLRQV�RI�
WKH� 0DULDQDV� HQGHPLF� *ROGHQ� :KLWH-H\H� �&OHSWRUQLV�
PDUFKHL��UHVLGHV�RQ�WKH�LVODQG���%HFDXVH�WKH�IRUHVW�ELUGV�
RI� $JXLJXDQ� KDYH� EHHQ� YLUWXDOO\� XQVWXGLHG� VLQFH� WKH�
LQLWLDO� ����� VXUYH\�� ZH� XQGHUWRRN� D� FRPSUHKHQVLYH�
UHVXUYH\�LQ�RUGHU�WR�DVVHVV�WKH�SUHVHQW�VWDWXV�DQG�SRSX�
ODWLRQ�WUHQGV�RI�DOO�IRUHVW�ELUG�VSHFLHV� 
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$JXLJXDQ�LV�D�UDLVHG�FRUDO� LVODQG�ZKLFK� LV�FDSSHG�
E\�D�SODWHDX���)URP�LWV�VXPPLW��D�VHULHV�RI�WHUUDFHV�GH�
VFHQG� WR� WKH� RFHDQ�� � 7KH� SODWHDX� KDV� EHHQ� ODUJHO\�
FOHDUHG�RI�QDWLYH�YHJHWDWLRQ��DQG�LV�SUHVHQWO\�FRYHUHG�E\�
JUDVVODQGV�DQG�ZHHG\�WKLFNHWV�GRPLQDWHG�E\�WKH�VSLQ\��
LQWURGXFHG� VKUXE� ODQWDQD� �/DQWDQD� FDPDUD��� � ,Q� FRQ-
WUDVW�� PRVW� RI� WKH� UHODWLYHO\� QDUURZ� WHUUDFHV� DQG� VWHHS�
HVFDUSPHQWV� WKDW� VHSDUDWH� WKHP� DUH� VWLOO� YHJHWDWHG� E\�
QDWLYH�IRUHVW�� �7KH�IRUHVW� LV�GRPLQDWHG�E\�VXFK�VSHFLHV�
DV�3LVRQLD�JUDQGLV��&\QRPHWUD�UDPLIORUD��DQG�*XDPLD�

3URFHHGLQJV��0DULDQDV�5HVHDUFK�6\PSRVLXP������о�� 
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1RUWKHUQ�0DULDQDV�&ROOHJH 
3�2��%R[����� 

6DLSDQ��03��������86$ 

$EVWUDFW��)RXU�ELUG�FHQVXV�WUDQVHFWV�����WRWDO�FHQVXV�SRLQWV��HVWDEOLVKHG�RQ�$JXLJXDQ�E\�WKH�8�6��
)LVK�DQG�:LOGOLIH�6HUYLFH�LQ�VSULQJ�������ZHUH�UHVXUYH\HG�GXULQJ�WKH�0D\�������$JXLJXDQ�H[SHGL�
WLRQ�� �7ZR�REVHUYHUV� VXUYH\HG� WZR� WUDQVHFWV� HDFK�� DQG� HPSOR\HG� WKH� VDPH�YDULDEOH� FLUFXODU� SORW�
PHWKRGRORJ\�XVHG�E\�86):6���5DZ�FRXQWV�IURP������DQG������VXJJHVWHG�WKDW�PRVW�SRSXODWLRQV�
ZHUH�VWDEOH��DOWKRXJK�VHYHUDO�PD\�KDYH�GHFOLQHG���,Q�FRQWUDVW�������HVWLPDWHV�RI�SRSXODWLRQ�GHQVL�
WLHV�ZHUH�WHQ�WLPHV�JUHDWHU�WKDQ�PDQ\�UHSRUWHG�E\�WKH������VXUYH\���&RPSDUHG�WR�������WKH�SUHVHQW�
VWXG\�IRXQG�WKH�DYHUDJH�GLVWDQFH�WR�ELUG�GHWHFWLRQ�OHVV�IRU�PRVW�VSHFLHV���2XU�GHQVLW\�HVWLPDWHV�FRU-
UHVSRQGHG�IDYRUDEO\�WR�WKH�DFWXDO�IUHTXHQF\�ZLWK�ZKLFK�ELUGV�ZHUH�HQFRXQWHUHG���,Q�FRPSDULVRQ�WR�
FRQFXUUHQW�FHQVXVHV�SHUIRUPHG�RQ�6DLSDQ��PRVW�VSHFLHV�H[KLELWHG�VLPLODU�GHQVLWLHV���+RZHYHU��WKH�
0DULDQD�)UXLW�'RYH�DQG�0LFURQHVLDQ�+RQH\HDWHU�DYHUDJHG�PRUH�DEXQGDQW�RQ�$JXLJXDQ� WKDQ�RQ�
6DLSDQ���7KHVH�WUHQGV��DOVR�UHSRUWHG�E\�WKH������VXUYH\��PD\�EH�UHODWHG�WR�WKH�SUHVHQFH�RI�H[WHQVLYH�
DUHDV�RI�ODQWDQD�RQ�$JXLJXDQ�EXW�QRW�RQ�6DLSDQ���%RWK�WKHVH�VSHFLHV�IHG�XSRQ�WKLV�KHDYLO\�IORZHU-
LQJ�� IUXLWLQJ�ZHHG�� �7KH� HQRUPRXV�GHQVLWLHV� HVWLPDWHG� KHUH� IRU� VPDOO� SDVVHULQHV� �!���KD�� DUH� IDU�
JUHDWHU� WKDQ� WKRVH� W\SLFDOO\�UHSRUWHG�IRU� WHPSHUDWH� IRUHVW�ELUGV��EXW�DUH�VLPLODU� WR� WKRVH� IRXQG�IRU�
FHUWDLQ�+DZDLLDQ�IRUHVW�VSHFLHV���6XFK�KLJK�FRXQWV�PD\�LQGLFDWH�WKDW�SRSXODWLRQV�H[LVW�DW�HTXLOLEUL�
XP�GHQVLWLHV� 
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PDULDQQDH�� � 7KH� IRUHVW� FDQRS\� LV� ORZ� �FD�� ��о��� P�
KLJK�� DV� D� FRQVHTXHQFH� RI� IUHTXHQW� W\SKRRQ� GDPDJH�
�)RVEHUJ���������0RUHRYHU��WKH�XQGHUVWRU\�LV�RSHQ�GXH�
WR� LQWHQVLYH� EURZVLQJ� E\� IHUDO� JRDWV� �&DSUD� KLUFXV��
�(QJEULQJ�HW�DO��������ZKLFK��KRZHYHU��KDYH�EHHQ�QHDU�
O\�HOLPLQDWHG�IRU�WKUHH�\HDUV� 

)RXU� FHQVXV� WUDQVHFWV� ODLG� RXW� LQ� ����� SULPDULO\�
WUDYHUVHG� QDWLYH� IRUHVW� RQ� WHUUDFHV� �)LJ�� ���� � 7UDQVHFWV�
KDG�SRLQWV�����P�DSDUW�� DQG���� WRWDO�SRLQWV�ZHUH�FHQ�
VXVHG���8VLQJ�WKH�VDPH�PHWKRGRORJ\�DV�(QJEULQJ�HW�DO��
��������ZH�FHQVXVHG�WKHVH�WUDQVHFWV�IRU�ELUGV�EHJLQQLQJ�
DW� VXQULVH�� � $W� HDFK� SRLQW�� DOO� ELUGV� HQFRXQWHUHG� ZHUH�
UHFRUGHG� IRU� HLJKW� PLQXWHV�� DQG� WKH� GLVWDQFH� IURP� WKH�
SRLQW� WR� HDFK� ELUG� ZDV� HVWLPDWHG�� � 'LVWDQFH� HVWLPDWHV�
ZHUH� FDOLEUDWHG� E\� SODFLQJ� SODVWLF� FRORUHG� IODJJLQJ� DW�
��������DQG����P�LQWHUYDOV�IURP�VHOHFWHG�SRLQWV���7UDQVH-
FWV� �� DQG� ��ZHUH� FHQVXVHG� E\�5��&KDQGUDQ�� DQG� WUDQ�
VHFWV� �� DQG���ZHUH� FHQVXVHG�E\�5��&UDLJ�� �$OO� FRXQWV�
ZHUH�FRQGXFWHG�XQGHU�KLJKO\�IDYRUDEOH�ZHDWKHU�FRQGL�
WLRQV� RI� OLJKW� ZLQGV� DQG� SDUWO\� FORXG\� VNLHV�� � &RXQWV�
ZHUH�PDGH�RQ��о��-XQH�GXULQJ�WKH������VXUYH\��ZKHUH�
DV�ZH�FHQVXVHG�RQ���о���0D\������ 

,Q�DGGLWLRQ�WR�WKH�$JXLJXDQ�FHQVXVHV��$SULO�������
FHQVXVHV�ZHUH�PDGH�E\�5��&UDLJ�RQ�6DLSDQ�XVLQJ�VLPL�
ODU�PHWKRGRORJ\�� �+DELWDWV�FKRVHQ� IRU� WKH�6DLSDQ�FHQ�
VXVHV�ZHUH�QDWLYH�IRUHVW�OLNH�WKRVH�RQ�$JXLJXDQ�H[FHSW�
WKDW�XQGHUVWRU\�GHQVLW\�ZDV�JUHDWHU���7ZR����SRLQW�WUDQ-
VHFWV� ZHUH� HVWDEOLVKHG�� ZLWK� SRLQWV� ���� P� DSDUW�� � 5��
&UDLJ�KDV�SHUIRUPHG�WKHVH�FHQVXVHV�RQ�6DLSDQ�TXDUWHUO\�
VLQFH�-DQ������� 

,Q�FHQVXVHV�PDGH�RQ�$JXLJXDQ��DOO�VSHFLHV�HQFRXQ�
WHUHG�ZHUH� UHFRUGHG�� LQFOXGLQJ� VHDELUGV�REVHUYHG� LQFL�
GHQWDOO\���+RZHYHU��ZH�UHSRUW�UDZ�FRXQWV�SULPDULO\�IRU�
IRUHVW-GZHOOLQJ� VSHFLHV�� � ([FHSWLRQV� DUH� FRXQWV� RI� WKH�
3KLOLSSLQH� 7XUWOH� 'RYH� �6WUHSWRSHOLD� ELWRUTXDWD�� DQG�
1LJKWLQJDOH� 5HHG-ZDUEOHU�� ZKLFK� LQKDELW� IRUHVW� HGJH��
WKH� ,VODQG� 6ZLIWOHW�� DQ� DHULDO� IRUDJHU�� DQG� WKH� :KLWH�
�)DLU\��7HUQ��*\JLV�DOED���D�VHDELUG� WKDW�RIWHQ�QHVWV�LQ�
IRUHVW�� � 3RSXODWLRQ� GHQVLWLHV� ZHUH� FRPSXWHG� RQO\� IRU�
DSSURSULDWH� GDWD�� L�H�� IRU� IRUHVW� VSHFLHV�� � ,Q� LQVWDQFHV�
ZKHUH� VSHFLHV� ZHUH� HQFRXQWHUHG� LQIUHTXHQWO\�� &UDLJ
V�
DYHUDJH� GHWHFWLRQ� GLVWDQFHV� ZHUH� XVHG� IRU� FRPSXWLQJ�
SRSXODWLRQ� GHQVLWLHV� RI� $JXLJXDQ� ELUGV�� � $FFRXQWV� RI�
LQFLGHQWDOO\� UHFRUGHG� VSHFLHV� DUH� OLVWHG� LQ� &UDLJ� DQG�

),*�����/RFDWLRQ�RI�ELUG�FHQVXV�WUDQVHFWV�RQ�$JXLJXDQ��IURP�(QJEULQJ�HW�DO�������� 
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&KDQGUDQ��SUHVHQW�YROXPH�� 
 

5(68/76 
 
7KH�IRXU������FHQVXVHV�\LHOGHG�UDZ�FRXQWV�WKDW�IRU�

PDQ\� VSHFLHV� ZHUH� VLPLODU� WR� WKRVH� REWDLQHG� LQ� �����
�7DEOH����� �1RWDEOH� H[FHSWLRQV�ZHUH� WKDW� RQO\�����DV�
PDQ\� 0DULDQD� )UXLW� 'RYHV� �3WLOLQRSXV� URVHDFDSLOOD��
ZHUH�IRXQG�RQ�WKH�SUHVHQW�FHQVXVHV���0RUHRYHU������DV�
PDQ\� ,VODQG� 6ZLIWOHWV� DQG� ���� DV�PDQ\�0LFURQHVLDQ�
+RQH\HDWHUV��0\]RPHOD�UXEUDWD��ZHUH�IRXQG�LQ������ 

$OWKRXJK� PDQ\� RI� WKH� UDZ� FRXQWV� RI� ����� DQG�
����� ZHUH� VLPLODU�� HVWLPDWHV� RI� SRSXODWLRQ� GHQVLW\�
EDVHG�RQ�WKHVH�FRXQWV�GLIIHUHG�ZLGHO\���)RU�FHUWDLQ�VSH�
FLHV�� WKH� ����� HVWLPDWHV� ZHUH� WHQ� WLPHV� JUHDWHU� WKDQ�

WKRVH�FRPSXWHG�LQ�������7DEOH������'XULQJ�WKH�SUHVHQW�
FHQVXV�� WKH� WZR� REVHUYHUV� DOVR� GLIIHUHG� LQ� SRSXODWLRQ�
HVWLPDWHV�� SDUWLFXODUO\� IRU� WKH� DEXQGDQW�� IORFNLQJ� %UL�
GOHG�:KLWH-H\H� �=RVWHURSV� FRQVSLFLOODWXV��� �0RUHRYHU��
WKH\�GLYHUJHG�LQ�UDZ�FRXQWV��ZLWK�&KDQGUDQ�HVWLPDWLQJ�
ODUJHU�QXPEHUV�RI�LQGLYLGXDOV�WKDQ�&UDLJ�IRU�VRPH�VSH�
FLHV��7DEOH���� 

7KH�GLVSDULW\� LQ�SRSXODWLRQ�GHQVLWLHV� FRPSXWHG� LQ�
�����DQG������FDQ�EH�WUDFHG�WR�GLIIHUHQFHV�LQ�HVWLPDWHV�
RI� GHWHFWLRQ�GLVWDQFH� �7DEOH����� �(VWLPDWHV�RI� GLVWDQFH�
E\� (QJEULQJ� HW� DO�� ������� ZHUH� IDU� JUHDWHU� WKDQ� WKRVH�
GHWHUPLQHG�GXULQJ�WKH�SUHVHQW�VXUYH\���/LPLWHG�GLIIHUHQ-
FHV� DOVR� HPHUJHG� EHWZHHQ� REVHUYHUV� LQ� ������ EXW� GLV�
WDQFH�HVWLPDWHV�E\�&UDLJ�RQ�$JXLJXDQ�DQG�6DLSDQ�ZHUH�
UHODWLYHO\�FRQVLVWHQW� 

7$%/(�����&RXQW�WRWDOV�IRU�FHQVXVHV�RI�$JXLJXDQ�IRUHVW�ELUGV��FRPSDUHG�WR������GDWD��(QJEULQJ�HW�DO����������7RWDO� �
ELUGV�����FHQVXV�VWDWLRQV������� �PHDQ�ELUGV�����FHQVXV�VWDWLRQV� 

 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

       &RXQW 

   ���������������  BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

�� 6SHFLHV  � �����&KDQGUDQ ��������&UDLJ�� 7RWDO ������  

   7UDQVHFW�  ��� ���� ����� ��� 

 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 0LFURQHVLDQ�0HJDSRGH  ��� ����� ����� ��� ���� ����� 

 �0HJDSRGLXV�ODSDURXVH�� 

 :KLWH�7HUQ   �� ���� ���� �� ��� ����� 

 �*\JLV�DOED� 

 3KLOLSSLQH�7XUWOH�'RYH  ��� ����� ����� ��� ���� ������� 

 �6WUHSWRSHOLD�ELWRUTXDWD� 

 :KLWH-WKURDWHG�*URXQG�'RYH ��� ����� ����� ��� ���� ������� 

 �*DOOLFROXPED�[DQWKRQXUD�� 

 0DULDQD�)UXLW�'RYH  �� ���� ���� �� ��� ��� 

 �3WLOLQRSXV�URVHDFDSLOOD� 

 ,VODQG�6ZLIWOHW   ��� ����� ����� ��� ���� ������ 

 �$HURGUDPXV�YDQLNRUHQVLV� 

 &ROODUHG�.LQJILVKHU  �� ���� ���� �� ���� ���� 

 �+DOF\RQ�FKORULV� 

 1LJKWLQJDOH�5HHG-ZDUEOHU  ��� ����� ����� ��� ����� ����� 

 �$FURFHSKDOXV�OXVFLQLD� 

 5XIRXV�)DQWDLO   �� ��� ���� �� ��� ����� 

 �5KLSLGXUD�UXILIURQV� 

 0LFURQHVLDQ�6WDUOLQJ  �� ���� ���� �� ��� ��� 

 �$SORQLV�RSDFD� 

 0LFURQHVLDQ�+RQH\HDWHU  �� ���� ���� �� ��� ��� 

 �0\]RPHOD�UXEUDWD� 

 *ROGHQ�:KLWH-H\H  �� ���� ���� �� ��� ����� 

 �&OHSWRUQLV�PDUFKHL� 

 %ULGOHG�:KLWH-H\H  �� ��� ��� �� ��� ��� 

 �=RVWHURSV�FRQVSLFLOODWXV� 
���������BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
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$OWKRXJK� HVWLPDWHV�RI� SRSXODWLRQ�GHQVLW\�GLIIHUHG�
EHWZHHQ������DQG�������WKH�UHODWLYH�DEXQGDQFH�RI�VSH�
FLHV�VKRZHG�VLPLODULWLHV�EHWZHHQ�GDWD�VHWV���7KH�%ULGOHG�
:KLWH-H\H�ZDV�E\�IDU�WKH�PRVW�DEXQGDQW�IRUHVW�VSHFLHV�
LQ�ERWK�FHQVXVHV��DQG�WKH�RWKHU�VPDOO�SDVVHULQHV��5XIRXV�
)DQWDLO��5KLSLGXUD�UXILIURQV���0LFURQHVLDQ�+RQH\HDWHU��
DQG�*ROGHQ�:KLWH-H\H��ZHUH�UHODWLYHO\�DEXQGDQW�� �7KH�
&ROODUHG�.LQJILVKHU��+DOF\RQ�FKORULV��DQG�0LFURQHVLDQ�
6WDUOLQJ� �$SORQLD� RSDFD�� ZHUH� OHVV� FRPPRQ�� DQG� WKH�
0LFURQHVLDQ�0HJDSRGH�ZDV�UDUH���+RZHYHU��WKH�0DULD�
QD�)UXLW�'RYH�VKRZHG�D�PDMRU�GHFOLQH�LQ�UHODWLYH�DEXQ-
GDQFH�� � 2WKHU� VSHFLHV� KDG� SRSXODWLRQV� LQDGHTXDWHO\�
FKDUDFWHUL]HG�EHFDXVH�WKH\�ZHUH�SRRUO\�FHQVXVHG�E\�WKH�
WHFKQLTXHV�HPSOR\HG���7KH�:KLWH�7HUQ��3KLOLSSLQH�7XU�
WOH� 'RYH� �*DOOLFROXPED� [DQWKRQXUD��� DQG� 1LJKWLQJDOH�
5HHG-ZDUEOHU�DUH�QRW�IRUHVW�ELUGV��WKH�,VODQG�6ZLIWOHW�LV�
SULQFLSDOO\�FUHSXVFXODU��DQG�WKH�:KLWH-WKURDWHG�*URXQG�
'RYH�YRFDOL]HV�LQIUHTXHQWO\� 

 &RPSDULVRQ� RI� &UDLJ
V� 6DLSDQ� DQG�$JXLJXDQ�
GDWD�VXJJHVWHG�WKDW�PRVW�VSHFLHV�DWWDLQHG�VLPLODU�GHQVL�
WLHV�RQ�ERWK�LVODQGV��7DEOH������+RZHYHU��WKH�0LFURQH�
VLDQ� +RQH\HDWHU� ZDV� DEXQGDQW� LQ� WKH� QDWLYH� IRUHVW� RI�
$JXLJXDQ��ZKHUHDV�LW�ZDV�XQFRPPRQ�LQ�VLPLODU�KDELWDW�
RQ�6DLSDQ���0RUHRYHU��DOWKRXJK�LWV�SRSXODWLRQ�GHQVLWLHV�
ZHUH� RQO\� PRGHVWO\� KLJKHU� �GHWHFWLRQ� GLVWDQFH� JUHDWHU�
RQ�$JXLJXDQ��� WKH�0DULDQD�)UXLW�'RYH�DSSHDUHG� WR�EH�
PRVW�DEXQGDQW�RQ�$JXLJXDQ��5DZ�FRXQWV��PHDQ� �������

��� VWDWLRQV�� ZHUH� WKUHH� WLPHV� KLJKHU� WKDQ� RQ� 6DLSDQ�
�PHDQ�  � ������ ��� VWDWLRQV��� DQG� &KDQGUDQ
V� FRXQWV�
�PHDQ� ���������� VWDWLRQV��DOVR� IDU�H[FHHGHG� WKRVH� IRU�
6DLSDQ� 
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5DZ�FRXQWV�IURP������DQG������VXJJHVW�WKDW�SRS�

XODWLRQV� RI�PRVW� VSHFLHV� KDYH� FKDQJHG� OLWWOH� RQ�$JXL�
JXDQ� RYHU� WHQ� \HDUV�� �2I� WKRVH� VSHFLHV� ZLWK� GLYHUJHQW�
FRXQWV�� WKH�0DULDQD� )UXLW� 'RYH� VKRZV� ZLGH� VHDVRQDO�
DQG�DQQXDO�YDULDWLRQ� LQ�FDOOLQJ�IUHTXHQF\� �*ODVV�������
&UDLJ�XQSXEO��GDWD����+HQFH��ORZHU������FRXQWV�PD\�EH�
GXH�WR�LQIUHTXHQW�FDOOLQJ�GXULQJ�FHQVXVHV�UDWKHU�WKDQ�WR�
D�SRSXODWLRQ�GHFOLQH���6LPLODUO\��,VODQG�6ZLIWOHWV�ZLGHO\�
YDU\� LQ�GLXUQDO� DFWLYLW\� �&UDLJ� XQSXEO�� GDWD��� VR� ORZHU�
�����FRXQWV�PD\�RQO\�LQGLFDWH�D�SHULRG�RI�UHGXFHG�DF�
WLYLW\�� �7KH� UHFRUGHG�GHFOLQH� LQ� WKH�%ULGOHG�:KLWH-H\H�
DOVR�PD\�EH�DUWLIDFWXDO��EHFDXVH�ODUJH�REVHUYHU�YDULDWLRQ�
RFFXUV� �WKLV� VWXG\�� LQ� HVWLPDWLQJ� IORFN� VL]HV�� � 7KH� GH�
FOLQH�LQ�0LFURQHVLDQ�+RQH\HDWHU�QXPEHUV�LV�QRW�HDVLO\�
H[SODLQHG��KRZHYHU��DQG�PD\�UHSUHVHQW�DQ�DFWXDO�SRSX�
ODWLRQ�GHFOLQH���2QO\�SHULRGLF�UHVXUYH\V�RI�WKHVH�SRSXOD�
WLRQV�FDQ�FRQILUP�WKH�WUHQGV�VXJJHVWHG�E\�RXU�GDWD� 

7KH� GLYHUJHQW� SRSXODWLRQ� GHQVLWLHV� FRPSXWHG� E\�
WKH������DQG������VXUYH\V�SRLQW�RXW�WKH�OLPLWHG�XWLOLW\�
RI�WKH�YDULDEOH�FLUFXODU�SORW�WHFKQLTXH�LQ�HVWLPDWLQJ�ELUG�

7$%/(�����3RSXODWLRQ�HVWLPDWHV�RI�$JXLJXDQ�IRUHVW�ELUGV��FRPSDUHG�WR������GDWD��(QJEULQJ�HW�DO��������IURP�$JXLJXDQ�DQG�
$SULO�������GDWD�IURP�6DLSDQ� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
       %LUGV�KD 

    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

��6SHFLHV   &KDQGUDQ &UDLJ �����0HDQ��-� ���� �6DLSDQ 

    �PHDQ��-����PHDQ��-�� ����������6'� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

0LFURQHVLDQ�0HJDSRGH �������� ������ �������������� ������ ��������� 

:KLWH-WKURDWHG�*URXQG� 

 'RYH  ��� �������� ������ �������������� ������ ��������� 

0DULDQD�)UXLW�'RYH  �������� ������ �������������� ������ ��������� 

&ROODUHG�.LQJILVKHU  �������� ������ �������������� ������ ��������� 

5XIRXV�)DQWDLO  ������� ����� �������������� ������ �������� 

0LFURQHVLDQ�6WDUOLQJ  �������� ������ �������������� ������ ��������� 

0LFURQHVLDQ�+RQH\HDWHU ������� ����� �������������� ������ ��������� 

*ROGHQ�:KLWH-H\H  ������� ����� ������������� ������ �������� 

%ULGOHG�:KLWH-H\H  ������ ����� �������������� ����� ������� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
��1XPEHUV�UHIHU�WR�WUDQVHFW�QXPEHUV� 
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QXPEHUV�� 5HODWLYH� GHQVLWLHV� EDVHG� RQ� UDZ� FRXQWV� VXJ�
JHVW� UHODWLYH� SRSXODWLRQ� VWDELOLW\� RU� HYHQ� GHFOLQHV� IRU�
PDQ\�VSHFLHV��ZKHUHDV�DEVROXWH�GHQVLW\�HVWLPDWHV� VXJ�
JHVW�JUHDW�SRSXODWLRQ�LQFUHDVHV�IRU�PRVW�VSHFLHV���9DULD�
WLRQ�DPRQJ�REVHUYHUV�DSSHDUHG�JUHDW��HVSHFLDOO\�LQ�HVWL�
PDWLQJ� GHWHFWLRQ� GLVWDQFHV�� ZKLFK� OHG� WR� FRQIOLFWLQJ�
GHQVLW\� HVWLPDWHV�� �%HFDXVH�RI� WKHVH�FRQIOLFWV��ZH� UHF�
RPPHQG�FRPSDULQJ�RXU�UDZ�FRXQWV�ZLWK�IXWXUH�FHQVXV�
HV� 

'HVSLWH� WKLV� OLPLWDWLRQ� LQ� YDULDEOH� FLUFXODU� SORW�
PHWKRGRORJ\�� ZH� EHOLHYH� WKDW� WKH� SRSXODWLRQ� GHQVLWLHV�
ZH� FRPSXWHG� IRU� VPDOO� SDVVHULQHV� DUH� FRQVLVWHQW� ZLWK�
RWKHU� ILHOG� REVHUYDWLRQV�� DQG� FORVHU� WR� DFWXDO� GHQVLWLHV�
WKDQ�WKRVH�UHSRUWHG�E\�(QJEULQJ�HW�DO�����������)RU�H[�
DPSOH�� DQ� DYHUDJH� GHWHFWLRQ� GLVWDQFH� RI� WHQ�P� IRU� WKH�
*ROGHQ�:KLWH-H\H� FRUUHVSRQGV� WR� HQFRXQWHULQJ� D� ELUG�
HYHU\����P���7KLV�DJUHHV�ZLWK�RXU�ILHOG�REVHUYDWLRQV�WKDW�
IDPLO\�JURXSV�RI�FD����ELUGV�ZHUH�GLUHFWO\�RQ�WKH�WUDQVHFW�
OLQH�DW� OHDVW�RQFH�����P�LQ�QDWLYH�IRUHVW�� �+RZHYHU��DV�
(QJEULQJ� HW� DO�� ������� EHOLHYHG�� SRSXODWLRQ� HVWLPDWHV�
IRU� WKH� %ULGOHG� :KLWH-H\H� DUH� OLNHO\� LQIODWHG�� � 'LIIL-
FXOWLHV� ZHUH� HQFRXQWHUHG� LQ� HVWLPDWLQJ� IORFN� VL]HV� RI�
WKLV�DEXQGDQW��DFWLYHO\�PRYLQJ�VSHFLHV��DQG�RYHUFRXQW�
LQJ�VHHPHG�OLNHO\� 

7KH�KLJK�GHQVLWLHV�ZH�FRPSXWHG�IRU�VPDOO�SDVVHU-
LQHV�ZHUH�VLPLODU�WR�GHQVLWLHV�UHSRUWHG��PD[LPXP� ����
ELUGV�KD�� IRU� DEXQGDQW� +DZDLLDQ� IRUHVW� ELUGV� OLNH� WKH�
$SDSDQH� �+LPDWLRQH� VDQJXLQHD��� &RPPRQ� $PDNLKL�
�+HPLJQDWKXV� YLUHQV��� DQG� ,LZL� �9HVWLDULD� FRFFLQHD��

�6FRWW�HW�DO����������,QGHHG��5��&UDLJ��SHUV��REV���IRXQG�
ZKHQ�YLVLWLQJ�+DZDLL�WKDW�WKH�GHQVLWLHV�RI�WKHVH�+DZDL�
LDQ� VSHFLHV� DQG� VPDOO� SDVVHULQHV� LQ� WKH� 0DULDQDV� DS�
SHDUHG�VLPLODU���0RUHRYHU��VXFK�GHQVLWLHV�DUH�IDU�EH\RQG�
WKRVH� UHSRUWHG� IRU� WHPSHUDWH� V\VWHPV�� � :KHQ� &UDLJ�
�������UHYLHZHG�SRSXODWLRQ�HVWLPDWHV�IRU�1HZ�(QJODQG�
IRUHVW�ELUGV��WKH�KLJKHVW�GHQVLW\�UHSRUWHG�ZDV�����ELUGV�
KD�IRU�WKH�5HG-H\HG�9LUHR��9LUHR�ROLYDFHXV����+LJK�GHQ�
VLWLHV�LQ�WKHVH�WURSLFDO� LVODQG�V\VWHPV�PD\�LQGLFDWH�WKDW�
SRSXODWLRQV�H[LVW�DW�WKH�FDUU\LQJ�FDSDFLW\�RI�WKHLU�KDELWDW�
�L�H�� SRSXODWLRQV� DUH� LQ� HTXLOLEULXP� ZLWK� DYDLODEOH� UH�
VRXUFHV�� 

&RPSDUDWLYH�6DLSDQ�DQG�$JXLJXDQ�GDWD�SURYLGH�LQ-
VLJKWV� LQWR� LQWHU-LVODQG�SRSXODWLRQ�GLIIHUHQFHV� LQ�ZKLFK�
YDULDWLRQ� GXH� WR� REVHUYHU� SHUFHSWLRQ� DUH� HOLPLQDWHG���
7KH�JUHDWHU�DEXQGDQFH�RI� WKH�0DULDQD�)UXLW�'RYH�DQG�
0LFURQHVLDQ� +RQH\HDWHU� RQ� $JXLJXDQ� FRPSDUHG� WR�
6DLSDQ� LV� VWULNLQJ� FRQVLGHULQJ� WKH�JHQHUDO� VLPLODULW\�RI�
IRUHVW� KDELWDWV� RQ� WKH� WZR� LVODQGV�� � 7KH� SUHYDOHQFH� RI�
WKHVH� VSHFLHV� RQ� $JXLJXDQ� DOVR� ZDV� GHWHFWHG� E\�
(QJEULQJ� HW� DO�� �������� � 7KH� PRVW� QRWDEOH� GLIIHUHQFH�
EHWZHHQ�WKH�LVODQGV�LV�WKDW�WKH�QDWLYH�IRUHVW�RI�$JXLJXDQ�
LV� ERUGHUHG� E\� H[WHQVLYH� VWDQGV� RI� KHDYLO\� IORZHULQJ�
ODQWDQD���)HZ�VXFK�VWDQGV�RFFXU�RQ�6DLSDQ���1HFWLYRURXV�
0LFURQHVLDQ�+RQH\HDWHUV� YLJRURXVO\� GHIHQG� WHUULWRULHV�
�5��&UDLJ�SHUV��REV����EXW�ELUGV�DOVR�PD\�OHDYH�WKHLU�WHUUL�
WRULHV� WR� IHHG�XSRQ� WKLV�DEXQGDQW�QHFWDU�VRXUFH�� �6LPL�
ODUO\��WKH�IUXJLYRURXV�0DULDQD�)UXLW�'RYH�PD\�WUDYHO�WR�
VWDQGV�RI�ODQWDQD�WR�IHHG�RQ�WKH�DEXQGDQW�IUXLWV���'RLQJ�
VR�PD\� GUDPDWLFDOO\� LQFUHDVH� WKH� FDUU\LQJ� FDSDFLW\� RI�
IRUHVW�KDELWDW�IRU�WKHVH�VSHFLHV��� 

,Q�VXPPDU\��ELUG�SRSXODWLRQV�RQ�$JXLJXDQ�DSSHDU�
WR�KDYH�FKDQJHG� OLWWOH� LQ�PRVW� LQVWDQFHV� LQ�ZKLFK�GDWD�
SHUPLWWHG� YDOLG� FRPSDULVRQV�� �+RZHYHU�� GHFOLQHV�PD\�
KDYH�RFFXUUHG�LQ�VHYHUDO�VSHFLHV���%HFDXVH�RI�YDULDWLRQ�
LQ�REVHUYHU�SHUFHSWLRQ��FRPSDULVRQV�DUH�EHVW�OLPLWHG�WR�
UDZ�FHQVXV�GDWD���0RVW�ELUG�VSHFLHV�KDG�VLPLODU�SRSXOD�
WLRQ� GHQVLWLHV� RQ� $JXLJXDQ� DQG� 6DLSDQ�� DOWKRXJK� WKH�
0DULDQD� )UXLW� 'RYH� DQG�0LFURQHVLDQ� +RQH\HDWHU� DS�
SHDUHG�PRVW�DEXQGDQW�RQ�$JXLJXDQ���3RSXODWLRQ�GHQVL�
WLHV�SDUWLFXODUO\�IRU�VPDOO�SDVVHULQHV�DSSHDUHG�JUHDW��DQG�
PD\�LQGLFDWH�WKDW�SRSXODWLRQV�H[LVW�DW�HTXLOLEULXP�GHQVL-
WLHV� 
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     'LVWDQFH��P� 
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��6SHFLHV   &KDQGUDQ &UDLJ ����������6DLSDQ 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

0LFURQHVLDQ�0HJDSRGH ��- ��- ��� �� 

:KLWH-WKURDWHG�*URXQG��'RYH ��- ��- ��� �� 

0DULDQD�)UXLW�'RYH  ��� ��� ��� �� 

&ROODUHG�.LQJILVKHU  ��� ��� ��� �� 

5XIRXV�)DQWDLO  ��� ��� ��� �� 

0LFURQHVLDQ�6WDUOLQJ  ��� ��� ��� �� 

0LFURQHVLDQ�+RQH\HDWHU ��� ��� ��� �� 

*ROGHQ�:KLWH-H\H  ��� ��� ��� �� 

%ULGOHG�:KLWH-H\H  ��� ��� ��� �� 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

7$%/(���� �$YHUDJH� GHWHFWLRQ� GLVWDQFHV� RI�$JXLJXDQ� IRUHVW�
ELUGV� HVWLPDWHG� GXULQJ� 0D\�� ������ � 'DWD� IURP� �����
�(QJEULQJ�HW�DO��������DQG�����í�����GDWD�IURP�6DLSDQ�
DUH�FRPSDUHG� 



0DULDQDV�5HVHDUFK�6\PSRVLXP�        ���� 

�� 

:KHQ�H[SRVHG� WR�GLIIHULQJ�HQYLURQPHQWV��SRSXOD�
WLRQV� RI� WKH� VDPH� VSHFLHV� RIWHQ� GLYHUJH� HFRORJLFDOO\���
6XFK�GLYHUJHQFH�KDV�EHHQ�VKRZQ�WR�EH�UHODWHG�WR�EHKDY�
LRUDO� SODVWLFLW\� RU�� SDUWLFXODUO\� ZKHQ� JHQH� IORZ� LV� UH�
GXFHG��WR�JHQHWLF�DOWHUDWLRQ��0RUVH�������*UDQW���������
)RU� H[DPSOH�� LQ� WKH� JHQHWLFDOO\� LVRODWHG� 'HQGURLFD�
ZRRG-ZDUEOHUV� RQ� &DUULEHDQ� LVODQGV� �(POHQ� �������
GLVWLQFW�� VWHUHRW\SHG� IRUDJLQJ� EHKDYLRUV� KDYH� HYROYHG���
$PRQJ�+DZDLLDQ�KRQH\FUHHSHUV��'UHSDQLGLQDH���SRSX�
ODWLRQV� DUWLILFLDOO\� WUDQVSODQWHG� WR� QHZ� KDELWDWV� KDYH�
TXLFNO\� XQGHUJRQH� EHKDYLRUDO� DOWHUDWLRQV� �L�H�� GXH� WR�
WKHLU� EHKDYLRUDO� SODVWLFLW\��� DQG� WKH� GLIIHULQJ� VHOHFWLYH�
UHJLPHV� LQ� WKH� QHZ�KDELWDWV� DUH�SUHGLFWHG� WR� OHDG� XOWL�
PDWHO\�WR�JHQHWLF�GLYHUJHQFH��&RQDQW������� 

,Q�WKH�0DULDQD�,VODQGV��WKHUH�LV�QR�UHFRUGHG�PRYH�
PHQW�E\�WKH�HQGHPLF�VPDOO�SDVVHULQHV�EHWZHHQ�LVODQGV���
$OWKRXJK�WKH�LVODQGV�RI�7LQLDQ�DQG�6DLSDQ�DUH�VHSDUDWHG�
E\�RQO\���NP��WKH�7LQLDQ�0RQDUFK��0RQDUFKD�WDNDWVXN-
DVDH��KDV�QHYHU�EHHQ�UHSRUWHG�IURP�6DLSDQ���6LPLODUO\��
WKH�*ROGHQ�:KLWH-H\H��&OHSWRUQLV�PDUFKHL��DQG�1LJKW�

LQJDOH�5HHG-ZDUEOHU��$FURFHSKDOXV�OXVFLQLD���ERWK�FRP�
PRQ�RQ�6DLSDQ��KDYH�QHYHU�EHHQ�UHSRUWHG�IURP�7LQLDQ���
)XUWKHU�HYLGHQFH�RI�JHQHWLF�LVRODWLRQ�LV�SURYLGHG�E\�WKH�
5XIRXV�)DQWDLO� �5KLSLGXUD� UXILIURQV���ZKLFK� KDV� VRQJV�
WKDW� GLIIHU� RQ� WKH� WZR� LVODQGV� �5�� &UDLJ� SHUV�� REV�����
+HQFH�� RSSRUWXQLWLHV� H[LVW� IRU� JHQHWLF� GLYHUJHQFH� EH�
WZHHQ�SRSXODWLRQV�H[SRVHG�WR�GLIIHULQJ�KDELWDWV� 

 ,Q�RUGHU�WR�GHWHUPLQH�LI�HFRORJLFDO�GLIIHUHQFHV�
H[LVW� EHWZHHQ� WKH� VPDOO� SDVVHULQHV� RI� $JXLJXDQ� DQG�
6DLSDQ��ZH� LQYHVWLJDWHG� IRUDJLQJ� E\� WKUHH� VSHFLHV� WKDW�
RFFXU�RQ�ERWK�LVODQGV��WKH�%ULGOHG�:KLWH-H\H��=RVWHURSV�
FRQVSLFLOODWXV��� *ROGHQ� :KLWH-H\H� �&OHSWRUQLV�
PDUFKHL��� DQG�0LFURQHVLDQ�+RQH\HDWHU� �0\]RPHOD� UX�
EUDWD����:H�UHODWH�ILQGLQJV�WR�FRPSDULVRQV�RI�WKH�KDEL�
WDWV�HQFRXQWHUHG�RQ�WKH�WZR�LVODQGV� 
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$JXLJXDQ� DQG� 6DLSDQ� DUH� SULPDULO\� UDLVHG� FRUDO�
LVODQGV���7KH\�DUH�VHSDUDWHG�E\�FD�����NP��DQG�WKH�LVODQG�

3URFHHGLQJV��0DULDQDV�5HVHDUFK�6\PSRVLXP������о�� 
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6FLHQFH�'HSDUWPHQW 

1RUWKHUQ�0DULDQDV�&ROOHJH 
3�2��%R[����� 

6DLSDQ��03��������86$ 

$EVWUDFW��0D\�������GDWD� IURP�$JXLJXDQ�RQ� IRUDJLQJ�E\�VPDOO�SDVVHULQHV�ZHUH� FRPSDUHG�ZLWK�
H[WHQVLYH������GU\�VHDVRQ�GDWD�IURP�6DLSDQ���7KH�%ULGOHG�:KLWH-H\H��*ROGHQ�:KLWH-H\H�DQG�0L�
FURQHVLDQ�+RQH\HDWHU�H[KLELWHG�JHQHUDO�VLPLODULWLHV�EHWZHHQ�LVODQGV�LQ�FKRLFH�RI�IRUHVW�]RQH��IRUDJ�
LQJ�PHWKRG��IRUDJLQJ�VXUIDFH��DQG�SHUFK�VL]H�� �'LIIHUHQFHV�QRWHG�LQFOXGHG�WKH�WHQGHQF\�IRU�$JXL�
JXDQ�*ROGHQ�:KLWH-H\HV�WR�IHHG�OHVV�IURP�GHDG�OHDYHV��PRUH�IURP�EUDQFKHV��DQG�PRUH�IURP�ODUJHU�
SHUFKHV�WKDQ�6DLSDQ�ELUGV���$JXLJXDQ�%ULGOHG�:KLWH-H\HV�DOVR�IHG�PRUH�IURP�ODUJHU�SHUFKHV�WKDQ�
6DLSDQ�ELUGV���&RPSDULVRQ�RI�$JXLJXDQ�UHVXOWV�ZLWK�����-�����GDWD�IURP�6DLSDQ�\LHOGHG�DOWHUQDWH�
SDWWHUQV� RI� GLIIHUHQFH�� DQG� FRPSDULVRQ� RI� ERWK� VHWV� RI� 6DLSDQ� GDWD� SURGXFHG� DGGLWLRQDO� IRUDJLQJ�
GLYHUJHQFH�ZLWKLQ�VSHFLHV���%HFDXVH�WKH�GLIIHUHQFHV�XQFRYHUHG�EHWZHHQ�GDWD�VHWV�ZHUH�LQFRQVLVWHQW��
IXQGDPHQWDO� VKLIWV� EHWZHHQ� LVODQG� SRSXODWLRQV� LQ� IRUDJLQJ� HFRORJ\� SUREDEO\� GLG� QRW� H[LVW�� � 7KH�
VHYHUDO�LQWHU-LVODQG�GLIIHUHQFHV�XQFRYHUHG�ZHUH�OLNHO\�UHODWHG�WR�UHVRXUFH-JHQHUDWHG�WHPSRUDO�VKLIWV�
LQ�IRUDJLQJ�SDWWHUQV��DQG�SHUKDSV�WR�DOWHUDWLRQV�LQ�PHWKRGRORJ\���$OWKRXJK�WKHVH�LVODQG�SRSXODWLRQV�
DSSHDU�JHQHWLFDOO\�LVRODWHG��WKH�VLPLODU�IRUHVW�KDELWDW�HQFRXQWHUHG�E\�ELUGV�RQ�WKH�WZR�LVODQGV�SUR�
YLGHV�VLPLODU�IRUDJLQJ�RSSRUWXQLWLHV���/LWWOH�SUHVVXUH�DSSHDUV�WR�H[LVW�IRU�WKH�SRSXODWLRQV�WR�GLYHUJH�
HFRORJLFDOO\� 
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RI�7LQLDQ�OLHV�EHWZHHQ� WKHP���$UHDV�FKRVHQ�IRU�VWXG\�
ZHUH�VWHHS�OLPHVWRQH�HVFDUSPHQWV�ZKLFK��XQOLNH�OHYHO�
DUHDV��DUH�VWLOO�YHJHWDWHG�E\�QDWLYH�IRUHVW���7KH�IRUHVW�LV�
GRPLQDWHG� E\� VXFK� VSHFLHV� DV� 3LVRQLD� JUDQGLV��
&\QRPHWUD�UDPLIORUD��DQG�*XDPLD�PDULDQQDH��DQG�WKH�
FDQRS\�RQ�ERWK�LVODQGV�LV�ORZ��FD����о���P�KLJK��DV�D�
FRQVHTXHQFH� RI� IUHTXHQW� W\SKRRQ� GDPDJH� �)RVEHUJ�
��������2Q�6DLSDQ��WKH�IRUHVW�XQGHUVWRU\�LV�GHQVH��DQG�
FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�DEXQGDQW�VDSOLQJV�DQG�
YLQHV���,Q�FRQWUDVW��WKH�XQGHUVWRU\�RQ�$JXLJXDQ�LV�RSHQ�
GXH�WR� LQWHQVLYH�EURZVLQJ�E\�IHUDO�DQLPDOV� �(QJEULQJ�
HW�DO�������� 

'DWD�RQ�ERWK� VSHFLHV� RI�ZKLWH-H\HV� IURP�6DLSDQ�
ZHUH� JDWKHUHG� GXULQJ� WKH� ����о����� GU\� VHDVRQ�
�'HFHPEHUо0D\��� �$GGLWLRQDO� GDWD�ZHUH�JDWKHUHG�RQ�
%ULGOHG�:KLWH-H\HV� LQ� -DQ�о)HE�� ����� �&UDLJ� �������
DQG� RQ�*ROGHQ�:KLWH-H\HV� LQ� -DQ�о)HE�� ����� �&UDLJ�
��������%HFDXVH�0LFURQHVLDQ�+RQH\HDWHUV�ZHUH�UDUH�LQ�
WKH�QDWLYH�IRUHVWV�RI�6DLSDQ��GDWD�IURP�WKH�GU\�VHDVRQV�
RI�������������DQG������ZHUH�SRROHG�LQ�RUGHU�WR�PDNH�
FRPSDULVRQV�� �$OO�6DLSDQ�REVHUYDWLRQV�ZHUH�PDGH�E\�
5��&UDLJ�� �$JXLJXDQ�GDWD�ZHUH� JDWKHUHG� IURP���о���
0D\��������%HFDXVH�WLPH�RQ�$JXLJXDQ�ZDV�OLPLWHG��5��
&UDLJ�� 5�� .DLSDW�� %�� /XVVLHU�� DQG� +�� 6DELQR� DOO� RE�
VHUYHG�DIWHU�UHFHLYLQJ�WUDLQLQJ�IURP�5��&UDLJ� 

7R� VWXG\� WKH� PHWKRGV� ZKLFK� ELUGV� HPSOR\HG� WR�
H[SORLW� WKHVH� IRUHVW�KDELWDWV��ZH�UHFRUGHG� WKH�SRVLWLRQ�
DQG�DFWLYLW\�RI�LQGLYLGXDOV�DW�WKH�PRPHQW�RI�D�IHHGLQJ�
DWWHPSW���)RU�HDFK�DWWHPSW��ZH�UHFRUGHG�WKH�IROORZLQJ��
����IRUHVW�]RQH—WRS��PLGGOH��ORZHU������IRUDJLQJ�PHWK�
RG—JOHDQ� �UHPRYLQJ� DQ� LWHP� IURP� D� VXUIDFH� ZKLOH�
SHUFKHG���SUREH��WKUXVWLQJ�WKH�ELOO�LQWR�D�FUHYLFH��IUXLW��
RU� IORZHU��� DHULDO� �UHPRYLQJ� DQ� LWHP� IURP� D� VXUIDFH�
ZKLOH� KRYHULQJ�� RU� GDUWLQJ� IURP� D� SHUFK� WR� FDSWXUH�
IO\LQJ�SUH\�������IRUDJLQJ�VXUIDFH—OLYH�OHDI��GHDG�OHDI��
EUDQFK��WUXQN��IUXLW��IORZHU������SHUFK�VL]H—�������FP��
����о�����FP�����о�����FP�����о�����FP�����о����FP��
!�����FP�� 

7R�PDNH�GDWD�VWDWLVWLFDOO\�LQGHSHQGHQW��HDFK�ELUG�
HQFRXQWHUHG�ZDV�ZDWFKHG�RQO\�RQFH���7KH�IRUHVWV�KDG�D�
UHODWLYHO\�ORZ�FDQRS\����о���P��DQG�ZHUH�RIWHQ�RQ�D�
VWHHS�VORSH��ZKLFK�PDGH�FDQRS\�DQG�XQGHUVWRU\�YHJH�
WDWLRQ�DERXW�HTXDOO\�YLVLEOH���7KLV�PLQLPL]HG�REVHUYD�
WLRQDO�ELDVHV�UHODWHG�WR�IRUDJLQJ�KHLJKW���:H�JHQHUDOO\�
IROORZHG� IRUDJLQJ� LQGLYLGXDOV� IRU�!��� VHF�EHIRUH�RE�
VHUYLQJ�D� IHHGLQJ�DWWHPSW��ZKLFK�PLQLPL]HG�SRWHQWLDO�
ELDVHV�DVVRFLDWHG�ZLWK� LQLWLDO�REVHUYDWLRQV� �+HMO� HW� DO��
������� � ,QLWLDO� REVHUYDWLRQV� DUH� UHFRPPHQGHG� RYHU�
VXEVHTXHQW� REVHUYDWLRQV� IRU� FKDUDFWHUL]LQJ� VXFK� SD�
UDPHWHUV�DV�IRUDJLQJ�PLFURKDELWDWV�DQG�PHWKRGV��KRZ�

HYHU��%HOO�HW�DO��������� 
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2YHU� VL[� GD\V� RQ� $JXLJXDQ�� ZH� UHFRUGHG� ����
IRUDJLQJ�DWWHPSWV�E\�WKH�WKUHH�VSHFLHV���:H�DOVR�PDGH�
VHYHUDO� LQFLGHQWDO� REVHUYDWLRQV� RQ� RWKHU� VSHFLHV�� LQ�
FOXGLQJ� WKH� 5XIRXV� )DQWDLO�� &ROODUHG� .LQJILVKHU�
�+DOF\RQ� FKORULV��� DQG�:KLWH-WKURDWHG� *URXQG� 'RYH�
�*DOOLFROXPED�[DQWKRQXUD����7KHVH�ODWWHU�REVHUYDWLRQV�
DUH�UHSRUWHG�E\�&UDLJ�DQG�&KDQGUDQ��SUHVHQW�YROXPH�� 

*ROGHQ�:KLWH-H\HV�PRVW� IUHTXHQWO\�XVHG� WKH� WRS�
DQG�PLGGOH�IRUHVW�]RQHV��)LJ���D���DQG�IRUDJHG�PRVWO\�
E\�JOHDQLQJ��)LJ���E����7KH\�RIWHQ�IHG�IURP�OLYH�OHDYHV�
DQG�EUDQFKHV��)LJ���D���DQG�IURP�����о����FP�SHUFKHV�
�)LJ�� �E��� � 7KHVH� ILQGLQJV� ZHUH� JHQHUDOO\� VLPLODU� WR�
WKRVH� IRU�6DLSDQ�ELUGV� �)LJ�� �����&UDLJ�������� �$JXL�
JXDQ�GDWD�VLJQLILFDQWO\�GLIIHUHG�IURP�WKRVH�IURP������
6DLSDQ�GDWD�LQ�XVH�RI�IRUDJLQJ�VXUIDFHV��X�� ���������GI��
3���������� DQG� SHUFKHV� �X�� ������� �� GI��3� �� ��������
$JXLJXDQ� ELUGV� IHG� PRUH� IURP� EUDQFKHV�� OHVV� IURP�
GHDG� OHDYHV�� DQG� PRUH� IURP� ODUJHU� SHUFKHV� WKDQ� GLG�
6DLSDQ�ELUGV� 

%ULGOHG�:KLWH-H\HV�PRVW�IUHTXHQWO\�XVHG�WKH�IRU�
HVW�FDQRS\� �)LJ���D���DQG� IRUDJHG�PRVWO\�E\�JOHDQLQJ�
�)LJ�� �E�� IURP� OLYH� OHDYHV� �)LJ�� �D�� RQ� ����о���� FP�
SHUFKHV��)LJ���E��� �$JDLQ�� WKHVH�ILQGLQJV�ZHUH�VLPLODU�
WR�WKRVH�RI�6DLSDQ�ELUGV��)LJ�������&UDLJ���������$JXL�
JXDQ�GDWD�GLIIHUHG�VLJQLILFDQWO\�IURP������6DLSDQ�GDWD�
RQO\� LQ� XVH� RI� SHUFKHV� �X��  � ������ �� GI��3� �� ��������
ZLWK�$JXLJXDQ�ELUGV�IHHGLQJ�PRUH�IURP�ODUJHU�SHUFK�
HV�� �$OVR� DV� RQ� 6DLSDQ� �&UDLJ� �������%ULGOHG�:KLWH-
H\HV�VLJQLILFDQWO\�GLIIHUHG�IURP�*ROGHQ�:KLWH-H\HV�LQ�
XVH�RI�IRUHVW�]RQHV��X�� ��������GI��3����������%ULGOHG�
:KLWH-H\HV�IRUDJHG�PRUH�LQ�WKH�IRUHVW�FDQRS\���0RUHR�
YHU��$JXLJXDQ�%ULGOHG�:KLWH-H\HV�WHQGHG�WR�IHHG�PRUH�
IURP�OLYH�OHDYHV�DQG�VPDOO�SHUFKHV�WKDQ�*ROGHQ�:KLWH-
H\HV� �GLIIHUHQFHV� QRQ-VLJQLILFDQW�� KRZHYHU��� ZKLFK�
DOVR�PLUURUHG�ILQGLQJV�IRU�6DLSDQ��&UDLJ������� 

/LNH�0LFURQHVLDQ�+RQH\HDWHUV�IURP�6DLSDQ��WKRVH�
IURP�$JXLJXDQ�IHG�SUHGRPLQDQWO\�LQ�WKH�IRUHVW�FDQRS\�
ZKHUH� WKH\� SUREHG� IORZHUV� IRU� QHFWDU� �)LJ�� ������ �$V�
ZLWK� ZKLWH-H\HV� RQ� $JXLJXDQ�� WKH\� IRUDJHG� PRVWO\�
IURP�����о����FP�SHUFKHV���1R�VLJQLILFDQW�GLIIHUHQFHV�
LQ� IRUDJLQJ� HPHUJHG� EHWZHHQ� 0LFURQHVLDQ� +RQ�
H\HDWHUV�RQ�$JXLJXDQ�DQG�6DLSDQ� 

&RPSDULVRQ� RI� WKH� PRUH� OLPLWHG� -DQ�о)HE��
����о����� 6DLSDQ� IRUDJLQJ� GDWD� ZLWK� WKRVH� IURP�
$JXLJXDQ� VKRZHG�GLIIHUHQFHV� IRU�*ROGHQ�:KLWH-H\HV�
LQ�XVH�RI�IRUDJLQJ�VXUIDFH��X�� ���������GI��3����������
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),*�����7KH�UHODWLRQVKLS�EHWZHHQ�SHUFHQW�XVH�RI�D��IRUHVW�]RQHV�DQG�E��IRUDJLQJ�PHWKRGV�E\�WKUHH�VSHFLHV�RI�VPDOO�SDV-
VHULQHV���)RU�HDFK�VSHFLHV��$JXLJXDQ�GDWD�DUH�GLVSOD\HG�LQ�WKH�OHIW�EDU��DQG������6DLSDQ�GDWD�DUH�GLVSOD\HG�LQ�WKH�ULJKW�EDU���
JZH\� �*ROGHQ�:KLWH-H\H��EZH\� �%ULGOHG�:KLWH-H\H��PLKR� �0LFURQHVLDQ�+RQH\HDWHU� 

DQG�SHUFKHV��X�� ���������GI��3������������+RZHYHU��%UL-
GOHG�:KLWH-H\HV� VKRZHG�VLJQLILFDQW�GLIIHUHQFHV� LQ� IRU�
DJLQJ�PHWKRGV��X�� ��������GI��3����������UDWKHU�WKDQ�LQ�
XVH� RI� SHUFKHV�� � %ULGOHG� :KLWH-H\HV� RQ� $JXLJXDQ�
SUREHG�PRUH�WKDQ�GLG������6DLSDQ�ELUGV��� 

:KHQ�WKH�WZR�VHWV�RI�6DLSDQ�GDWD�ZHUH�FRPSDUHG��
*ROGHQ�:KLWH-H\HV�LQ������GLIIHUHG�IURP�WKRVH�LQ������
LQ�XVH�RI�IRUHVW�]RQHV����X�� ��������GI��3����������DQG�
IRUDJLQJ�VXUIDFHV��X�� ���������GI��3���������� �%ULGOHG�
:KLWH-H\HV�LQ������GLIIHUHG�IURP�WKRVH�LQ������LQ�XVH�
RI�IRUDJLQJ�PHWKRGV��X�� ��������GI��3�����������IRUDJ�
LQJ�VXUIDFHV��X�� ���������GI��3�����������DQG�SHUFKHV�
�X�� ���������GI��3��������� 

',6&866,21 
 

:LWKLQ�VSHFLHV�RI�ELUGV��EURDG�VLPLODULWLHV�HPHUJHG�
EHWZHHQ� LVODQGV� LQ� FKRLFH� RI� IRUHVW� ]RQHV�� IRUDJLQJ�
PHWKRGV��IRUDJLQJ�VXUIDFHV��DQG�SHUFK�VL]HV���0RUHRYHU��
WKH� WZR� VSHFLHV� RI� ZKLWH-H\HV� VKRZHG� GLIIHUHQFHV� LQ�
WKHLU� IRUDJLQJ� WKDW� ZHUH� IDLUO\� FRQVLVWHQW� EHWZHHQ� LV�
ODQGV�� � 6HYHUDO� GLIIHUHQFHV� ZHUH� QRWHG�� KRZHYHU�� DQG�
PD\�KDYH�EHHQ�GXH�WR�D��LQWHU-LVODQG�GLIIHUHQFHV�LQ�IRU�
DJLQJ�HFRORJ\��E��GLIIHUHQFHV�LQ�PHWKRGRORJ\��H�J��PXO�
WLSOH�REVHUYHUV�RQ�$JXLJXDQ��WKH�EULHI�SHULRG�RI�REVHU�
YDWLRQ� RQ� $JXLJXDQ� FRPSDUHG� WR� 6DLSDQ��� RU� F�� WHP�
SRUDO� YDULDWLRQ� LQ� IRUDJLQJ� VWUDWHJLHV� HPSOR\HG� E\� WKH�
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ELUG�VSHFLHV� 
$OWKRXJK�ZH�FDQQRW�TXDQWLI\�WKHLU�HIIHFWV��HPSOR\�

LQJ�GLIIHULQJ�PHWKRGRORJLHV�OLNHO\�KDG�VRPH�LPSDFW�RQ�
UHVXOWV�� � ,Q� SDUWLFXODU�� REVHUYDWLRQV� RQ�$JXLJXDQ�ZHUH�
PDGH�RYHU�VL[�GD\V��ZKHUHDV�WKH������6DLSDQ�GDWD�ZHUH�
JDWKHUHG�RYHU�VL[�PRQWKV���2YHU�WKHVH�PRQWKV��GLIIHUHQW�
IRRGV� EHFDPH� DYDLODEOH� �H�J�� EHFDXVH� RI� WKH� SDUWLFXODU�
IORZHULQJ� DQG� IUXLWLQJ� SHULRGV� RI� LQGLYLGXDO� WUHH� VSH�
FLHV����7KHUHIRUH��WKH������6DLSDQ�REVHUYDWLRQV�SUHVHQ-
WHG�D�JHQHUDO�YLHZ�RI�GU\�VHDVRQ�IRUDJLQJ��ZKHUHDV�WKH�
$JXLJXDQ�GDWD�UHIOHFWHG�IRUDJLQJ�GXULQJ�D�VSHFLILF�SRU�

WLRQ�RI�WKH�GU\�VHDVRQ���,QFRQVLVWHQFLHV�LQ�IRUDJLQJ�SDW�
WHUQV�XQFRYHUHG�WKURXJK�LQWHU-�DQG�LQWUD-LVODQG�FRPSDUL�
VRQV�PD\�PHDQ��WKHUHIRUH��WKDW�WHPSRUDO�FKDQJHV�RFFXU�
LQ�IRUDJLQJ���6KLIWV�E\�VSHFLHV�LQ�IRUDJLQJ��VXFK�DV�LQ�XVH�
RI� VSHFLILF� IRUDJLQJ� VXUIDFHV�� FRXOG� EH� GXH� WR� GLI-
IHUHQFHV�LQ�IRRG�DYDLODELOLW\�EHWZHHQ�GDWD�VHWV��� 

7KH� PDMRU� GLIIHUHQFH� EHWZHHQ� IRUHVW� KDELWDWV� RQ�
$JXLJXDQ�DQG�6DLSDQ�ZDV�WKH�DEVHQFH�RI�D�GHQVH�IRUHVW�
XQGHUVWRU\�RQ�$JXLJXDQ�� �+RZHYHU�� WKH� IRUDJLQJ� VKLIW�
OLNHO\� WR� DWWHQG� WKLV� KDELWDW� GLIIHUHQFH�� JUHDWHU� UHOLDQFH�
RQ� IRUDJLQJ� LQ� WKH� IRUHVW� FDQRS\�� ZDV� QRW� REVHUYHG�
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),*�����7KH�UHODWLRQVKLS�EHWZHHQ�SHUFHQW�XVH�RI�D��IRUDJLQJ�VXUIDFH��OO� �OLYH�OHDI��GO� �GHDG�OHDI��EU� �EUDQFK��WU� �
WUXQN��IU� �IUXLW��IO� �IORZHU��DQG�E��SHUFK�VL]H���� �������FP������о�����FP�����о�����FP�����о�����FP�����о����FP��!�����
FP���E\�WKUHH�VSHFLHV�RI�VPDOO�SDVVHULQHV���)RU�HDFK�VSHFLHV��$JXLJXDQ�GDWD�DUH�GLVSOD\HG�LQ�WKH�OHIW�EDU��DQG������6DLSDQ�
GDWD�DUH�GLVSOD\HG�LQ�WKH�ULJKW�EDU���JZH\� �*ROGHQ�:KLWH-H\H��EZH\� �%ULGOHG�:KLWH-H\H��PLKR� �0LFURQHVLDQ�+RQH\HDWHU� 
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�DOWKRXJK�D�QRQ-VLJQLILFDQW�WUHQG�WRZDUG�JUHDWHU�FDQRS\�
IRUDJLQJ�RQ�$JXLJXDQ�RFFXUUHG�IRU� WKH�*ROGHQ�:KLWH-
H\H����2WKHU�GLIIHUHQFHV�QRWHG��LQFOXGLQJ�VKLIWV�LQ�XVH�RI�
IRUDJLQJ�VXUIDFHV�DQG�SHUFK�VL]HV��ZHUH�QRW�HDVLO\�UHODW�
HG�WR�WKLV�GLIIHUHQFH�LQ�KDELWDW���'LIIHUHQFHV�ZHUH�SURED�
EO\� QRW� WKH� UHVXOW� RI� LQWHU-SRSXODWLRQ� GLYHUJHQFH�� EXW�
UDWKHU� VHHPHG� UHODWHG� WR� UHVRXUFH-JHQHUDWHG� WHPSRUDO�
VKLIWV�LQ�IRUDJLQJ�SDWWHUQV���$OWKRXJK�WKHVH�LVODQG�SRSX�
ODWLRQV� DSSHDU� JHQHWLFDOO\� LVRODWHG�� WKH� VLPLODU� IRUHVW�
KDELWDW�HQFRXQWHUHG�E\�ELUGV�RQ�WKH�WZR�LVODQGV�SURYLGHV�
VLPLODU�IRUDJLQJ�RSSRUWXQLWLHV�IRU�ELUGV���/LWWOH�SUHVVXUH�
DSSHDUV�WR�H[LVW�IRU�WKH�SRSXODWLRQV�WR�GLYHUJH�HFRORJL-
FDOO\� 
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6FLHQFH�'HSDUWPHQW 
1RUWKHUQ�0DULDQDV�&ROOHJH 

3�2��%R[����� 
6DLSDQ��03��������86$ 

$EVWUDFW�� )LYH�PRUSKRORJLFDO�PHDVXUHV�IURP�VPDOO�SDVVHULQHV�RQ�$JXLJXDQ�ZHUH�FRPSDUHG�ZLWK�VLPL�
ODU�GDWD�IURP�6DLSDQ���8QLYDULDWH�)� WHVWV�VKRZHG�WKDW�%ULGOHG�:KLWH-H\HV�IURP�$JXLJXDQ�ZHUH�VLJQLIL�
FDQWO\� VPDOOHU� WKDQ� WKRVH� IURP�6DLSDQ� LQ�PDVV��ZLQJ� FKRUG�� ELOO� OHQJWK�� ELOO� GHSWK�� DQG� WDUVXV� OHQJWK���
0RUHRYHU��$JXLJXDQ�*ROGHQ�:KLWH-H\HV�KDG�ORZHU�PDVV��DQG�$JXLJXDQ�0LFURQHVLDQ�+RQH\HDWHUV�KDG�
ORQJHU�ELOOV�WKDQ�WKRVH�IURP�6DLSDQ���'LVFULPLQDQW�IXQFWLRQ�DQDO\VLV�VKRZHG�WKDW�SRSXODWLRQV�RI�WKH�WKUHH�
VSHFLHV�VLJQLILFDQWO\�GLIIHUHG�LQ�OLQHDU�FRPELQDWLRQV�RI�WKH�ILYH�PRUSKRORJLFDO�YDULDEOHV���)HZ�LQGLYLGXDOV�
ZHUH�PLVFODVVLILHG�E\� WKH�GLVFULPLQDQW�SURFHGXUH�DV� WR� WKHLU� LVODQG�RI�RULJLQ�� �'LIIHUHQFHV�EHWZHHQ�WKH�
SRSXODWLRQV� VHHP�XQOLNHO\� WR� KDYH� UHVXOWHG� IURP�GLIIHULQJ� VHOHFWLYH� UHJLPHV�� EHFDXVH� VLPLODU� SK\VLFDO�
HQYLURQPHQWV�DQG�YHJHWDWLRQ�RFFXU�RQ�WKH�WZR�LVODQGV���)RXQGHU�HIIHFW�DQG�JHQHWLF�GULIW�PD\�KDYH�SOD\HG�
UROHV�LQ�VKDSLQJ�WKH�SUHVHQW�PRUSKRORJ\�RI�WKHVH�LVODQG�SRSXODWLRQV��� 

$V� QRWHG� E\�&UDLJ� HW� DO�� �SUHVHQW� YROXPH��� LQ� WKH�
0DULDQDV�WKHUH�DUH�QR�UHFRUGHG�LQWHU-LVODQG�PRYHPHQWV�
E\�WKH�VPDOO��QDWLYH�SDVVHULQHV���)RU�WKHVH�VSHFLHV�OLWWOH�
RU�QR�JHQH�IORZ�DSSHDUV�WR�RFFXU�EHWZHHQ�LVODQGV���8Q�
GHU� VXFK� FRQGLWLRQV�� QDWXUDO� VHOHFWLRQ� PD\� RSHUDWH� WR�
SURGXFH� JHQHWLF� GLYHUJHQFH� EHWZHHQ� LVRODWHG� SRSXOD-
WLRQV� H[SRVHG� WR�GLIIHULQJ� KDELWDWV� RU� FRPPXQLW\� UHOD�
WLRQVKLSV�� � $Q\� GLIIHUHQFHV� EHWZHHQ� WKH� SRSXODWLRQV�
DOVR� PLJKW� DULVH� IURP� JHQHWLF� GLIIHUHQFHV� SUHVHQW� LQ�
LQLWLDO�FRORQLVWV��IRXQGHU�HIIHFW����)XUWKHUPRUH��VWRFKDWLF�
HYHQWV�VXFK�DV�W\SKRRQV�PLJKW�DFW�WR�DOWHU�JHQH�IUHTXHQ�
FLHV�EHWZHHQ�LVODQG�SRSXODWLRQV��JHQHWLF�GULIW�� 

,Q�RUGHU�WR�GHWHUPLQH�LI�PRUSKRORJLFDO�GLIIHUHQFHV�
H[LVW� EHWZHHQ� WKH� VPDOO� SDVVHULQHV� RI� $JXLJXDQ� DQG�
6DLSDQ�� ZH� FDSWXUHG� DQG� PHDVXUHG� WKUHH� VSHFLHV� WKDW�
RFFXU�RQ�ERWK�LVODQGV��WKH�%ULGOHG�:KLWH-H\H��=RVWHURSV�
FRQVSLFLOODWXV��� *ROGHQ� :KLWH-H\H� �&OHSWRUQLV�
PDUFKHL��� DQG�0LFURQHVLDQ�+RQH\HDWHU� �0\]RPHOD� UX�
EUDWD����:H�UHODWH�ILQGLQJV�WR�FRPSDULVRQV�RI�WKH�KDEL�
WDWV�HQFRXQWHUHG�RQ�WKH�WZR�LVODQGV��DV�ZHOO�DV�WR�RWKHU�
SRWHQWLDO�GLIIHUHQFH�RFFXUULQJ�EHWZHHQ�WKH�LVODQGV� 
 
 678'<�$5($6�$1'�0(7+2'6 
 

$JXLJXDQ� DQG� 6DLSDQ� DUH� SULPDULO\� UDLVHG� FRUDO�

LVODQGV���7KH\�DUH�VHSDUDWHG�E\�FD�����NP��DQG�WKH�LVODQG�
RI�7LQLDQ�OLHV�EHWZHHQ�WKHP���1DWXUDO�KDELWDWV�FRQVLVW�RI�
QDWLYH�IRUHVW��ZKLFK�LV�GRPLQDWHG�E\�VXFK�WUHH�VSHFLHV�DV�
3LVRQLD� JUDQGLV�� &\QRPHWUD� UDPLIORUD�� DQG� *XDPLD�
PDULDQQDH�� � 7KH� FDQRS\� RQ� ERWK� LVODQGV� LV� ORZ� �FD��
��о��� P� KLJK�� EHFDXVH� W\SKRRQ� GDPDJH� LV� IUHTXHQW�
�)RVEHUJ� ������� � 2Q� 6DLSDQ�� WKH� IRUHVW� XQGHUVWRU\� LV�
GHQVH� DQG� FKDUDFWHUL]HG� E\� WKH� SUHVHQFH� RI� DEXQGDQW�
VDSOLQJV�DQG�YLQHV���,Q�FRQWUDVW��WKH�XQGHUVWRU\�RQ�$JXL�
JXDQ� LV�RSHQ�GXH� WR� LQWHQVLYH�EURZVLQJ�E\� IHUDO� JRDWV�
�&DSUD�KLUFXV���(QJEULQJ�HW�DO����������'HWDLOV�RI�IRUHVW�
VWUXFWXUH� DUH� UHSRUWHG�E\�&KDQGUDQ� HW� DO�� �SUHVHQW� YRO�
XPH�� IRU� $JXLJXDQ� DQG� &UDLJ� �����E�� IRU� 6DLSDQ��
7KLFNHWV� GRPLQDWHG� E\� ODQWDQD� �/DQWDQD� FDPDUD�� DUH�
WKH� VHFRQG�SULQFLSDO� KDELWDW� RI� LPSRUWDQFH� WR�ELUGV�RQ�
$JXLJXDQ�� �2Q�6DLSDQ�� WKLFNHWV�DUH�GRPLQDWHG�E\� WDQ�
JDQWDQJDQ� �/HXFDHQD� OHXFRFHSKDOD��� � 7KHVH� WZR� DOLHQ�
KDELWDWV�EHFDPH�ZLGHVSUHDG�DIWHU�:RUOG�:DU�,,��(QJE-
ULQJ�HW�DO�������� 

7R�PHDVXUH�ELUGV��ZH� FDSWXUHG� LQGLYLGXDOV�ZLWK�D�
�����P������ FP�PHVK�PLVW� QHW�� �%LUGV�ZHUH� QHWWHG�RQ�
$JXLJXDQ� EHWZHHQ� ��о��� 0D\� ������ DQG� RQ� 6DLSDQ�
GXULQJ������ DQG������� �0HDVXUHPHQWV� WDNHQ�RQ�ELUGV�
ZHUH�PDVV��ZLQJ�FKRUG��ELOO� OHQJWK��IURP�GLVWDO�HQG�RI�
WKH�QRVWULO�WR�ELOO�WLS���ELOO�GHSWK��WDNHQ�DW�GLVWDO�WLS�RI�WKH�
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QRVWULOV��� DQG� WDUVXV� OHQJWK�� �0DVV� ZDV� UHFRUGHG� WR� WKH�
QHDUHVW�����J�ZLWK�D����J�VSULQJ�VFDOH��DQG�OHQJWKV�ZHUH�
UHFRUGHG�WR�WKH�QHDUHVW�����PP�ZLWK�D�GLDO�FDOLSHU� 
 

5(68/76�$1'�',6&866,21 
 

$OO� WKUHH� VSHFLHV� VKRZHG� GLIIHUHQFHV� EHWZHHQ� LV�
ODQGV� LQ� PRUSKRORORJ\�� � 8QLYDULDWH� )� WHVWV� �7DEOH� ���
GHPRQVWUDWHG�WKDW�WKH�%ULGOHG�:KLWH-H\H�KDG�VLJQLILFDQW�

O\�ORZHU�PDVV�EXW�VLJQLILFDQWO\�ODUJHU�ZLQJ��ELOO��DQG�WDU�
VXV�PHDVXUHPHQWV�RQ�$JXLJXDQ�FRPSDUHG�WR�6DLSDQ���,Q�
FRQWUDVW�� *ROGHQ�:KLWH-H\HV� RQ� $JXLJXDQ� VLJQLILFDQWO\�
GLIIHUHG�IURP�WKRVH�RQ�6DLSDQ�RQO\�LQ�PDVV��VPDOOHU���DO-
WKRXJK�WKH\�DYHUDJHG�VPDOOHU�LQ�DOO�PHDVXUHV���0LFURQH�
VLDQ� +RQH\HDWHUV� ZHDNO\� GLIIHUHG� EHWZHHQ� LVODQGV� LQ�
PRVW� WUDLWV�� EXW� ELOO� OHQJWK� ZDV� VLJQLILFDQWO\� JUHDWHU� RQ�
$JXLJXDQ�� � 'LVFULPLQDQW� IXQFWLRQ� DQDO\VLV� RQ� WKH� ILYH�
PRUSKRORJLFDO� YDULDEOHV� \LHOGHG� FOHDU� GLVWLQFWLRQV� EH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
 
      0HDVXUH 

    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

��6SHFLHV   0DVV :LQJ %LOO %LOO 7DUVXV 

   � �J� �FP�������OHQJWK�FP���GHSWK�FP� ��FP� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 

%ULGOHG�:KLWH-H\H 

 $JXLJXDQ��Q� ������ 

  0HDQ  ���� ���� ����� ����� ���� 

  6'  ����� ����� ����� ����� ����� 

 6DLSDQ��Q ����� 

  0HDQ  ���� ���� ����� ����� ����  

  6'  ���� ����� ����� ����� �����  

 )   ���� ����� ������� ���� ����� 

 3   ������ �������� �������� ������ ������ 

*ROGHQ�:KLWH-H\H 

 $JXLJXDQ��Q� ���� 

  0HDQ  ���� ���� ����� ��� ���� 

  6'  ����� ����� ����� ��� ����� 

 6DLSDQ��Q� ���� 

  0HDQ  ���� ���� ���� ��� ���� 

  6'  ����� ����� ����� ��� ����� 

 )   ���� ����� ����� ��� ����� 

 3   ������ ������ ������ ���� ����� 

0LFURQHVLDQ�+RQH\HDWHU 

 $JXLJXDQ��Q� ���� 

  0HDQ  ���� ���� ���� ��� ���� 

  6'  ����� ����� ����� ��� ����� 

 6DLSDQ��Q� ���� 

  0HDQ  ���� ���� ���� ��� ���� 

  6'  ����� ����� ����� ��� ����� 

 )   ����� ������ ����� ��� ����� 

 3   ������ ������ ������ ���� ������ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

7$%/(�����0RUSKRORJLFDO�FKDUDFWHULVWLFV�RI�WKUHH�VSHFLHV�RI�0DULDQDV�SDVVHULQHV���Q� �VDPSOH�VL]H��6'� �VWDQGDUG�GHYLDWLRQ��
)� �)�WHVW��3� �SUREDELOLW\�RI�DFFHSWLQJ�QXOO�K\SRWKHVLV� 
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WZHHQ�LVODQG�SRSXODWLRQV�RI�DOO�WKUHH�VSHFLHV��)LJ���D��E��
F��� �&KL� VTXDUH� DSSUR[LPDWLRQV�ZHUH� VLJQLILFDQW� IRU� WKH�
%ULGOHG�:KLWH-H\H��X�� ���������GI��3�����������*ROGHQ�
:KLWH-H\H��X�� ���������GI��3����������DQG�0LFURQHVLDQ�
+RQH\HDWHU��X�� ���������GI��3����������� 

'LIIHUHQFHV� QRWHG� EHWZHHQ� WKHVH� SRSXODWLRQV� DUH�
SRWHQWLDOO\� DWWULEXWDEOH� WR� ��� DOWHUDWLRQ� LQ�PHWKRGV� XVHG�

RQ�WKH�WZR�LVODQGV�����PRUSKRORJLFDO�VKLIWV�RFFXUULQJ�DV�D�
FRQVHTXHQFH�RI�LQKDELWLQJ�GLIIHULQJ�HQYLURQPHQWV��DQG����
PRUSKRORJLFDO�GLYHUJHQFH�GXH�WR�VWRFKDVWLF�HYHQWV���'DWD�
JDWKHUHG�RQ�$JXLJXDQ�GLIIHUHG�IURP�WKRVH�WDNHQ�RQ�6DL�
SDQ�LQ�WKDW�$JXLJXDQ�ELUGV�ZHUH�PHDVXUHG�RYHU�VL[�GD\V��
ZKHUHDV� 6DLSDQ� ELUGV� ZHUH� PHDVXUHG� RYHU� WZR� \HDUV���
%HFDXVH� PDVV� DQG� ZLQJ� OHQJWK� FDQ� FKDQJH� VHDVRQDOO\�
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:KLWH-H\H��F��0LFURQHVLDQ�+RQH\HDWHU��� 
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�1LVEHW�DQG�0HGZD\��������REVHUYHG�LQWHU-LVODQG�GLYHU�
JHQFH�LQ�WKHVH�WUDLWV�PLJKW�KDYH�EHHQ�GXH�WR�GLIIHUHQFHV�
EHWZHHQ�GDWD�VHWV�LQ�IDFWRUV�VXFK�DV�WKH�EUHHGLQJ�FRQGL-
WLRQ� RU� SOXPDJH� VWDWH� RI� LQGLYLGXDO� ELUGV�� � +RZHYHU��
PHDVXUHV� RI� WKH� ELOO� DQG� WDUVXV� VKRXOG� VKRZ� UHODWLYHO\�
OLWWOH�VHDVRQDO�YDULDWLRQ��HVSHFLDOO\�DPRQJ�PDWXUH�ELUGV� 

%HFDXVH�WKH�%ULGOHG�:KLWH-H\H�GLIIHUHG�VLJQLILFDQWO\�
EHWZHHQ� LVODQGV� LQ� DOO�PHDVXUHV�� LWV� GLYHUJHQFH� GLG� QRW�
DSSHDU�WR�EH�D�PHWKRGRORJLFDO�DUWLIDFW�� �0RUHRYHU��HYHQ�
WKRXJK�*ROGHQ�:KLWH-H\H�SRSXODWLRQV�FRQWUDVWHG�RQO\�LQ�
PDVV��DOO�RWKHU�PHDVXUHV�VKRZHG�WKH�VDPH�WUHQG�RI�6DL�
SDQ�ELUGV�EHLQJ�WKH�ODUJHVW���+HQFH��WKLV�VSHFLHV�DOVR�ZDV�
OLNHO\� GLYHUJHQW� EHWZHHQ� LVODQGV�� � (YLGHQFH� IRU� D�PRU�
SKRORJLFDO� VKLIW� ZDV� ZHDNHVW� LQ� WKH� 0LFURQHVLDQ� +RQ�
H\HDWHU��ZKLFK� VKRZHG�QR�FRQVLVWHQW� WUHQG� LQ�PHDVXUHV��
DQG�ZKLFK�VLJQLILFDQWO\�GLIIHUHG�EHWZHHQ�LVODQGV�RQO\�LQ�
ELOO�OHQJWK� 

+DELWDW� GLVVLPLODULWLHV� SRWHQWLDOO\� GULYLQJ� PRUSKR�
ORJLFDO� GLYHUJHQFH� EHWZHHQ� LVODQG� ELUG� SRSXODWLRQV� LQ�
FOXGH�GLIIHUHQFHV�LQ�FOLPDWH��VRLO��DQG�YHJHWDWLRQ���$JXL�
JXDQ�PD\� DYHUDJH� VOLJKWO\� GULHU� WKDQ�6DLSDQ�EHFDXVH� LW�
KDV� ORZHU� UHOLHI� �<RXQJ�������%XWOHU� ������.ODZXQGHU�
SUHVHQW� YROXPH��� EXW� PXFK� RI� ORZODQG� 6DLSDQ� DSSHDUV�
FOLPDWLFDOO\�VLPLODU�WR�$JXLJXDQ���0RUHRYHU��ERWK�LVODQGV�
KDYH� VRLOV� GHULYHG� SULPDULO\� IURP� FRUDO�� WKRXJK�6DLSDQ�
KDV� OLPLWHG� H[SRVXUHV� RI� YROFDQLF� VRLO� �<RXQJ� ��������
6SHFLHV�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�QDWLYH�IRUHVW�LV�DOVR�
VLPLODU�EHWZHHQ�LVODQGV��DOWKRXJK�WKH�GHWDLOV�RI�WUHH�UHOD�
WLYH�DEXQGDQFH�GLIIHU��&KDQGUDQ�HW�DO��WKLV�YROXPH��&UDLJ�
����E����)LQDOO\��PXFK�RI�WKH�IRUHVW�XQGHUVWRU\�RQ�$JXL�
JXDQ� LV� SUHVHQWO\� GDPDJHG� E\� JRDWV�� EXW� IHUDO� DQLPDO�
GDPDJH� IRUPHUO\� RFFXUUHG� RQ� 6DLSDQ� DV� ZHOO� �&UDLJ�
����E�� 

%DVHG� RQ� WKHVH� REVHUYDWLRQV�� VXEWOH� GLVVLPLODULWLHV�
PD\�H[LVW�EHWZHHQ�WKH�KDELWDWV�RI�$JXLJXDQ�DQG�6DLSDQ���
7KH� SRWHQWLDO� HIIHFWV� RI� VXFK� GLIIHUHQFHV� RQ� ELUG� PRU-
SKRORJ\� DUH� XQFHUWDLQ�� EXW� OLNHO\� VPDOO�� �%HFDXVH� WKHUH�
DUH�QR�KLVWRULFDOO\�NQRZQ�GLIIHUHQFHV�LQ�WKH�ELUG�VSHFLHV�
FRPSRVLWLRQ� RI� $JXLJXDQ� DQG� 6DLSDQ� �DOWKRXJK� PRUH�
VSHFLHV�SUREDEO\�RQFH�LQKDELWHG�ERWK�LVODQGV���VHH�6WHDG�
PDQ� ������� WKHUH� DUH� DOVR� QR� REYLRXV� DYLDQ� FRPPXQL�
W\GLIIHUHQFHV� EHWZHHQ� WKH� LVODQGV� WKDW� PLJKW� UHVXOW� LQ�
PRUSKRORJLFDO�GLYHUJHQFH���,Q�WKH�DEVHQFH�RI�RWKHU�REYL�
RXV� H[SODQDWLRQV�� IRXQGHU� HIIHFW� DQG� JHQHWLF� GULIW� VHHP�
E\�GHIDXOW� WR�EH�SRWHQWLDOO\� LPSRUWDQW�DJHQWV� LQ� VKDSLQJ�
WKH�SUHVHQW�PRUSKRORJ\�RI�WKHVH�LVODQG�SRSXODWLRQV��� 
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$�&85625<�/22.�$7�7+(�*(2/2*<�2)�$*8,*8$1�,6/$1' 
 

/ൺඋඋඒ�/��.අൺඐඎඇൽൾඋ 
 

6FLHQFH�'HSDUWPHQW 
1RUWKHUQ�0DULDQDV�&ROOHJH 

3�2��%R[����� 
6DLSDQ��03��������86$ 

$EVWUDFW��$JXLJXDQ�LV�ORFDWHG�DW�������¶�QRUWK�ODWLWXGH�DQG�������¶�HDVW�ORQJLWXGH���,W�LV���NP������PL���
VRXWK�RI�WKH�LVODQG�RI�7LQLDQ��,W�LV�WKH�VPDOOHVW�RI�WKH�ILYH�LVODQGV�PDNLQJ�XS�WKH�VRXWKHUQ�SRUWLRQ�RI�WKH�
0DULDQD� ,VODQGV��*XDP��5RWD��7LQLDQ��DQG�6DLSDQ�DOO�H[FHHG�$JXLJXDQ
V�����KD������NP���E\�WHQ�IROG���
7KH�LVODQG�LV�DSSUR[LPDWHO\�����NP�ORQJ�DQG�����NP�DW�LWV�ZLGHVW�� �7KH�PD[LPXP�HOHYDWLRQ�LV�����P���
7KH�JHRORJ\�RI�$JXLJXDQ�LV�UHPDUNDEOH�LQ�LWV�ODFN�RI�FRPSOH[LW\��,W�LV�HQWLUHO\�FRUDOOLQH�OLPHVWRQH�IRUP�
LQJ�VWHS-OLNH� WHUUDFHV�GHOLQHDWHG�E\�VORSHV� UDQJLQJ� IURP�JHQWOH� URFN�RXWFURSSLQJV� WR�YHUWLFDO�FOLIIV�� �$�
VKHHU�FOLII�ULVHV�IURP�WKH�VHD�RQ�DOO�VLGHV��DV�D�UHVXOW�RI�UDSLG�XSOLIW���)DXOWLQJ�KDV�RFFXUUHG�DQG�IDXOWV�FDQ�
EH�WUDFHG�UXQQLQJ�SDUDOOHO�WR�DQG�REOLTXH�WR�WKH�LVODQGV�ORQJ�D[LV�PDNLQJ�IRU�D�FRPSOH[�SDWWHUQ���,W�LV�DOVR�
GLIILFXOW�WR�GLVWLQJXLVK�OHVVHU�IDXOWLQJ�IURP�WKH�IUDFWXULQJ�VR�FKDUDFWHULVWLF�RI�OLPHVWRQHV�RQ�WKHVH�LVODQGV���
1R�HYLGHQFH�RI�YROFDQLF�DFWLYLW\�LV�REVHUYHG���7KH�VRLOV�DUH�IDLUO\�WKLQ�H[FHSW�IRU�WKH�FHQWUDO�SODWHDX�DQG�
H[KLELW�FKDUDFWHULVWLFV�RI�WKH�VRLOV�IRXQG�RQ�7LQLDQ�DQG�6DLSDQ�� 

O\�FDOOHG�*RDW�,VODQG�EHFDXVH�D�ODUJH�SRSXODWLRQ�RI�IHUDO�
JRDWV� �&DSUD� KLUFXV�� WKDW� RQFH� RFFXSLHG� WKH� LVODQG�
�(QJEULQJ�HW� DO��������� � ,W� LV�RIILFLDOO\�GHVLJQDWHG� DV� D�
ZLOGOLIH� UHVHUYH� DQG� SHUPLVVLRQ� LV� UHTXLUHG� WR� YLVLW� LW���
1DWLYH� OLPHVWRQH� IRUHVW� VWLOO� PD\� EH� REVHUYHG� RQ� WKH�
LVODQG���7KH�FOLPDWH�RI�WKHVH�LVODQGV�LV�EHVW�GHVFULEHG�DV�
D� WZR� VHDVRQ� FOLPDWH�� XQLIRUPO\� ZDUP� DQG� KXPLG�
WKURXJKRXW�WKH�\HDU���2II�WKH�VRXWKHUQ�HQG�RI�$JXLJXDQ��
WKH� URFN\� SLQQDFOHV� RI�1DIWDQ� ,VODQG� DUH� VHSDUDWHG� E\�
ZDWHU� OHVV� WKDQ� ��� IDWKRPV� GHHS�� ZKHUHDV� WKH� GHSWKV�
HOVHZKHUH�DURXQG�$JXLJXDQ�TXLFNO\�UHDFK�����IDWKRPV� 

$OWKRXJK�WKHUH�DUH�VHYHUDO�YDULDWLRQV�WR�WKH�VSHOOLQJ�
RI� $JXLJXDQ�� ,� KDYH� FKRVHQ� WKH� VSHOOLQJ� XVHG� E\� WKH�
0XQLFLSDOLW\�RI�7LQLDQ�WR�ZKLFK�$JXLJXDQ�EHORQJV� 
 

$*8,*8$1�*(2/2*< 
 

7HFWRQLFV�� 7KH� 0DULDQD� ,VODQGV� FRQVLVW� RI� WZR�
GLVWLQFW� YROFDQLF� LVODQG�DUFV�� �7KH� IURQWDO� DUF�YROFDQRV�
ZHUH� DFWLYH� LQ� (RFHQHо2OLJRFHQH� WLPH� DQG� DJDLQ� LQ�
0LRFHQH�WLPH��%DQNV���������7KHVH�PDNH�XS�WKH�LVODQGV�
RI�*XDP��5RWD��6DLSDQ��DQG�7LQLDQ���2QH�FDQ�SUHVXPH�
$JXLJXDQ�EHORQJV�ZLWK�WKLV�JURXS��DOWKRXJK�DQ\�YROFD-
QLF� HUXSWLRQV� PXVW� KDYH� EHHQ� VXEDHULDO�� � 7KLV� DUF� RI�

7KH� 0DULDQD� ,VODQG� DUF� LV� ORFDWHG� ZHVW� RI� WKH�
0DULDQDV� 7UHQFK�� GHOLQHDWLQJ� WKH� 3KLOLSSLQH� 6HD� IURP�
WKH�3DFLILF�2FHDQ���7KHVH�LVODQGV�DUH�JHQHUDOO\�VHSDUDW�
HG�LQWR�D�QRUWKHUQ�FRPSRQHQW�RI�DFWLYH�YROFDQLF�LVODQGV�
DQG� D� VRXWKHUQ� FRPSRQHQW� RI� XSUDLVHG� FRUDO� LVODQGV�
ZLWKRXW�DFWLYH�YROFDQRV� 

$JXLJXDQ� ,VODQG�DQG� LWV� VPDOO� FRPSDQLRQ��1DIWDQ�
,VODQG��DUH�SDUW�RI�WKH�VRXWKHUQ�FRPSRQHQW�RI�WKH�VRXWK�
HUQ�0DULDQDV��DORQJ�ZLWK�*XDP��5RWD��7LQLDQ�DQG�6DL�
SDQ���$JXLJXDQ�DQG�1DIWDQ�KDYH�KDG�YHU\�OLWWOH�DWWHQWLRQ�
IURP� WKH� VFLHQWLILF� FRPPXQLW\�� � 7ZR� -DSDQHVH� JHROR�
JLVWV��5LVDEXUR�7D\DPD�DQG�<DVXVKL�2WD��%XWOHU�������
ZRUNHG� RQ� WKH� LVODQG� GXULQJ� SDUWV� RI� ����� DQG� �������
7KH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH��6RLO�&RQVHUYDWLRQ�
6HUYLFH� VXUYH\HG�DQG�FODVVLILHG� WKH� VRLOV�RI�$JXLJXDQ��
5RWD��6DLSDQ��DQG�7LQLDQ�LQ�����о������<RXQJ���������
,Q������D� WHDP�IURP�6RXWKHUQ�,OOLQRLV�8QLYHUVLW\�FRQ�
GXFWHG�DQ�DUFKDHRORJLFDO�VXUYH\��%XWOHU�������RI�$JXL�
JXDQ���5HIHUHQFHV�DUH�PDGH�DERXW�WKH�SKRVSKDWH�GHSRV�
LWV� RQ� WKH� ,VODQG� �5RGJHUV� ������� WKH� YHJHWDWLRQ�
�)RVEHUJ� ������� DQG� WKH� ELUGV� KDYH� EHHQ� VXUYH\HG�
�(QJEULQJ�HW�DO�������� 

$JXLJXDQ�DORQH��RI�WKH�VRXWKHUQ�0DULDQDV��LV�XQLQ�
KDELWDWHG���,W�KDV�EHHQ�VR�VLQFH��������$JXLJXDQ�LV�ORFDO�
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LVODQGV� PDUN� WKH� ERXQGDU\� RI� WKH� 0DULDQDV� 7UHQFK�
ZKHUH�WKH�3DFLILF�SODWH�LV�VXEGXFWLQJ�EHQHDWK�WKH�3KLOLS�
SLQH� 6HD� SODWH� ZLWKRXW� FDXVLQJ� ODUJH� XQGHUWKUXVWLQJ�
HDUWKTXDNHV� DW� WKH� TXDNH� LQWHUIDFH�� �<RVKLGD� HW� DO��
������� � ,Q� WKLV� UHJLRQ�� WKH� 3DFLILF� SODWH� LV� VXEGXFWLQJ�
ZLWK�D�ZHVW�QRUWKZHVW�WUDQVODWLRQ���,Q�VWXG\LQJ�WKH�VHLV�
PLFLW\�LQ�WKLV�UHJLRQ��DQG�SDUWLFXODUO\�D�ODUJH�����HDUWK�
TXDNH�WKDW�RFFXUUHG�EHQHDWK�WKH�WUHQFK�LQ�������<RVKLGD�
HW�DO���������FRQFOXGH�WKDW�WKH�VODE�LV�VXEGXFWLQJ�YHUWL�
FDOO\���7KH\�IXUWKHU�LQWHUSUHW�WKDW�HYHQW�DV�GXH�WR�JUDYL�
WDWLRQDO�SXOO�RI�WKH�VODE�UDWKHU�WKDQ�OLWKRVSKHULF�IOH[WXUH��� 
 7R�WKH�H[WHQW�WKDW�WKLV�DUHD�LV�VR�DFWLYH��SDVW�YROFDQLF�
HYLGHQFH�ZRXOG�VHHP�OLNHO\�RQ�$JXLJXDQ���+RZHYHU��QR�
HYLGHQFH� RI� YROFDQLF� DFWLYLW\� ZDV� REVHUYHG� RQ� $JXL�
JXDQ���1RQH�KDV�HYHU�EHHQ�UHSRUWHG�DOWKRXJK�LW�PD\�EH�
DVVXPHG�WKDW�D�YROFDQLF�FRUH�H[LVWV�DV�LV�HYLGHQW�RQ�WKH�
RWKHU�LVODQGV�RI�WKLV�DUF���$V�SDUW�RI�WKH�0DULDQD�5LGJH��
6DLSDQ�� 7LQLDQ� DQG�$JXLJXDQ� DUH� UHODWHG�� IXUWKHU� VXS�
SRUWLQJ�WKH�SRVVLELOLW\�RI�D�YROFDQLF�FRUH���7KH�LVODQGV�RI�
WKH�QRUWKHUQ�SDUW�RI�WKLV�DUF�DUH�FRQVLGHUHG�WR�EH�DFWLYH���
7KH�VXEGXFWLRQ�]RQH�SDVVHV�DERXW�����NP�EHQHDWK�WKH�
LVODQG�FKDLQ��ZLWK�HDUWKTXDNH�IRFL�DW�GHSWKV�RI����WR�����
NP��%DQNV������� 

)DXOWLQJ��7KH�IDXOWV�REVHUYHG�GXULQJ�RXU�H[SHGL�
WLRQ� VKRZ� WUHQGV� VLPLODU� WR� WKH� IDXOWLQJ� RQ� 6DLSDQ� DV�
UHSRUWHG�E\�&ORXG�HW�DO�����������6HYHUDO�IDXOWV�WUHQGLQJ�
QRUWKHDVW�WR�VRXWKZHVW�DQG�UHODWLYHO\�SDUDOOHO�WR�WKH�ORQJ�
D[LV� RI� WKH� LVODQG� ZHUH� REVHUYHG�� � $OWKRXJK� VKRZLQJ�
VRPH�ZHVWZDUG�GLSSLQJ��PRUH�ZRUN�LV�QHHGHG�WR�YHULI\�

WKH�SUHVHQFH�RI�D�SDWWHUQ���7KRVH�IDXOWV�WKDW�DUH�JHQHUDOO\�
SHUSHQGLFXODU�WR�WKH�ORQJ�D[LV�RIIVHW�WKH�LVODQG���$�IHZ�
DUH� UHDGLO\� LGHQWLILHG� RQ� D�PDS� RI� WKH� LVODQG� �)LJ�� �����
0DQ\�RI�WKH�IDXOWV�VKRZ�VRPH�ODWHUDO�GLVSODFHPHQW��EXW�
DGGLWLRQDO�GDWD�DUH�QHHGHG�EHIRUH�DQ\�PDSSLQJ�RU�LQWHU-
SUHWDWLRQ� FDQ� EH� DWWHPSWHG�� � 7KHVH� ILQGLQJV� FRQIRUP�
ZLWK� WKH� ILQGLQJV� RI� .DULJ� �������� +H� UHSRUWV� VXUIDFH�
GHIRUPDWLRQ� RI� WKH� 0DULDQD� DUF� FUHVW� DV� UHVWULFWHG� WR�
EORFN�IDXOWLQJ�DORQJ�QRUPDO�IDXOWV���7KH�WUHQGV�DUH�ERWK�
SDUDOOHO�DQG�SHUSHQGLFXODU�WR�WKH�DUF�D[LV���0XFK�RI�WKH�
IUDFWXULQJ� REVHUYHG� LQ� WKH� OLPHVWRQHV� DSSHDUHG� WR� EH�
]RQDO�DQG�PD\�LQGLFDWH�WKH�SUHVHQFH�RI�DGGLWLRQDO�IDXOW�
LQJ��� 

8SOLIW� HYHQWV�� 7KDW� $JXLJXDQ� KDV� EHHQ� UDSLGO\�
XSOLIWHG�LQ�LWV�IRUPDWLRQ�LV�QRW�LQ�TXHVWLRQ���7KH�TXHVWLRQ�
LQVWHDG� LV� KRZ� UDSLGO\� DQG� RIWHQ� KDYH� XSOLIW� RFFXUUHG����
5DSLG�XSOLIW�LV�LQGLFDWHG�LQ�WKH�OLPHVWRQH�WHUUDFHV�RI�WKH�
LVODQG��)LJ����������7D\DPD�DQG�2WD�LGHQWLI\�HLJKW�OHYHOV�
�%XWOHU� ������� EXW� IURP� WKH� SURILOHV� RQO\� IRXU� PDMRU�
OHYHOV�DUH�HYLGHQW���7KHVH�OHYHOV�DUH�GHOLQHDWHG�E\�YHU\�
VWHHS�VORSHV�RU�E\�VKHHU�FOLIIV���$JXLJXDQ�KDV��WKHUHIRUH��
H[SHULHQFHG�D�PLQLPXP�RI�IRXU�SHULRGV�RI�UDSLG�XSOLIW��� 
 %XWOHU� ������� GLVFXVVHG� WKH� DWWHQWLRQ� WKH� -DSDQHVH�
SDLG�WR�WKH�VHD�OHYHO�QRWFKHV�RQ�WKH�LVODQG���,Q�SDUWLFXODU��
WKH���P�QRWFK�LV�DEVHQW�RQ�$JXLJXDQ�EXW�SUHVHQW�RQ�WKH�
RWKHU�IRXU�LVODQGV�RI�WKH�VRXWKHUQ�0DULDQDV���2Q�$JXL�
JXDQ��DERYH�WKH�FXUUHQW�VHD�OHYHO�QRWFK� LV�D�QRWFK�DW���
P�� �%XWOHU��������VXJJHVWV� WKDW�UDSLG�XSOLIW�� IRXU� WLPHV�
DV�PXFK�DV�WKH�RWKHU�LVODQGV��KDV�RFFXUUHG�VLQFH�WKH�PLG

),*�����$JXLJXDQ�DQG�1DIWDQ�,VODQGV��ZLWK�SULQFLSDO�IDXOWV�GHSLFWHG��� 
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-WR-ODWH�+RORFHQH�HTXLOLEULXP�ZLWK�VHD�OHYHO� 
 7KH�WHFWRQLF�GHYHORSPHQW�RI�WKH�0DULDQD�DUF�V\VWHP�
FDQ� EH� WUDFHG� UHOLDEO\� IURP� WKH� HDUO\� 0LRFHQH� WR� WKH�
SUHVHQW��.DULJ���������7HFWRQLF�DFWLYLW\�LQ�WKH�LVODQG�DUF�
V\VWHP�DSSHDUV�WR�EH�GLVFRQWLQXRXV���,Q�D�W\SLFDO�SXOVH�
RI� LVODQG� DUF� DFWLYLW\�� WUHQFK� IRUPDWLRQ� DQG� YROFDQLVP�
ZDV� DFFRPSDQLHG� E\� VHYHUDO� KXQGUHG�PHWHUV� RI� XSOLIW�
DORQJ�WKH�IURQWDO�DUF��.DULJ���������,QLWLDO�REVHUYDWLRQV�
RI�$JXLJXDQ�ZRXOG�VHHP�WR�FRQIRUP�WR�WKLV�PRGHO� 

/LPHVWRQHV��7KH�OLPHVWRQHV�REVHUYHG�DUH�VLPLODU�
WR�WKH�OLPHVWRQHV�RQ�6DLSDQ���7KRVH�RQ�$JXLJXDQ�VKRXOG�
SUREDEO\�EH� FODVVLILHG� DV� ELRFODVWLF� OLPHVWRQHV�RU� FRQ�
VWUXFWLRQDO� OLPHVWRQHV�� � &ORXG� HW� DO�� ������� IXUWKHU� GL�
YLGHV�HDFK�JURXS���%LRFODVWLF�OLPHVWRQHV�DUH�PDGH�RI�WKH�
ZKROH� RU� SDUWV� RI� IRUPLQLIHUD�� IUDJPHQWV� RI� FRUDO� RU�
RWKHU�IRVVLOV��UDWKHU�WKDQ�SLHFHV�RI�RWKHU�URFNV���%LRFODV�
WLFV� DUH� VXEGLYLGHG� RQ� WKH� EDVLV� RI� WKH� GRPLQDQW� URFN�
EXLOGLQJ�RUJDQLVP�SUHVHQW� �&ORXG� HW� DO�� ������� �7KHVH�
DUH� IRUPLQLIHUDO� OLPHVWRQHV�� DOJDOоIRUPLQLIHUDO� OLPH�
VWRQHV�� FRUDOоDOJDO� OLPHVWRQHV�� DQG� DOJDO� OLPHVWRQHV���
&RQVWUXFWLRQDO�OLPHVWRQHV�UHSUHVHQW�FRUDOV�DQG�FDOFDUH�
RXV� DOJDH� PDVVHV� WKDW� IRUP� UHHIV� DQG� LQGLFDWH� RULJLQ�
WKURXJK�JURZWK�SRVLWLRQ�DQG�ORFDWLRQ� 
 6HYHUDO� URFN� ZDOOV� ZHUH� REVHUYHG� RQ� WKH� ULGJHV�
DORQJ�WKH�VRXWKHDVW�VLGH�RI�WKH�LVODQG���7KHVH�DUH�FRQVLG-
HUHG�WR�EH�FRQVWUXFWLRQDO�OLPHVWRQHV�DV�IRVVLO�UHHI�EXLOG�
LQJ�RUJDQLVP�FDQ�EH�VHHQ�LQ�WKH�URFN�DORQJ�WKH�HVFDUS-
PHQW�� �7KH� VDPH� VLWXDWLRQ�ZDV�REVHUYHG� LQ�D�FKDQQHO-
OLNH�UDYLQH�DW�WKH�VRXWK�HQG�RI�WKH�LVODQG���7KHVH�FKDQ�
QHOV�VHHP�OLNHO\�WR�KDYH�EHHQ�IORZ�FKDQQHOV�WKURXJK�WKH�

UHHI� IRUPDWLRQV� UDWKHU� WKDQ� H[WUHPHO\� ZLGH� IUDFWXUH�
]RQHV�RU� WHUUHVWULDO�HURVLRQDO� UHPQDQWV�� �6XFK�FKDQQHOV�
FDQ�EH�VHHQ�WRGD\�LQ�DUHDV�RI�DFWLYH�UHHI�IRUPDWLRQ���1R�
URFN�ZDV�IRXQG�WKDW�FDQ�EH�WHUPHG�GHWULWDO�RU�LQWHUFODVWLF�
OLPHVWRQH�� � 'HWULWDO� UHIHUV� WR� URFN� FRPSRVHG� RI� UH�
ZRUNHG�DQG�DSSUHFLDEO\�URXQGHG�PDWHULDO�IURP�D�SUHYL�
RXV� GHSRVLW� RU� ROGHU� OLPHVWRQHV�� � 7KLV� ODFN� RI� GHWULWDO�
OLPHVWRQHV�PD\�EH�WKH�UHVXOW�RI�UDWKHU�UDSLG�XSOLIW�RI�WKH�
LVODQG�� � ,W� VXJJHVWV� OLWWOH� WLPH�ZDV�DYDLODEOH� IRU� WKH�UH�
ZRUNLQJ�RI�ROGHU�OLPHVWRQHV���� 

6RLOV�� 7KH� VRLOV� RI�$JXLJXDQ�ZHUH� VXUYH\HG� DQG�
FODVVLILHG� LQ� ����о����� E\� D� WHDP� IURP� WKH�8�6��'H�
SDUWPHQW�RI�$JULFXOWXUH��6RLO�&RQVHUYDWLRQ�6HUYLFH���2I�
WKH�����KD�RI�VRLO�VXUYH\HG�RQ�$JXLJXDQ��IXOO\�����DUH�
FODVVLILHG� DV� 7DNSRFKDRо5RFN� RXWFURS� FRPSOH[� ZLWK�
VORSHV�UDQJLQJ�IURP����WR������<RXQJ���������7KHVH�
VRLOV� IRUP� RYHU� FRUDOOLQH� OLPHVWRQH� IURP� UHHI� IRU�
PDWLRQV���7KH�OLPHVWRQH�LV�YHU\�SRURXV�DQG�ZDWHU�SHUFR�
ODWHV�GRZQZDUG�UDSLGO\���7KHVH�VRLOV��ZKHUH�ZH�FROOHFW�
HG��DSSHDUHG�WKLQ�RYHUDOO��GDUN�EURZQ�WR�UHGGLVK��DQG�DV�
D�FREEO\�FOD\оORDP� 
 2Q�WKH�EURDGHU�EHQFKHV�DQG�RQ�WKH�FHQWUDO�SODWHDX��
WKH� VRLOV� ZHUH� WKLFNHU�� GDUNHU� DQG� JHQHUDOO\� VKRZHG� D�
SURILOH�� �7KHVH� VRLOV�ZLWK�PRUH�JHQWOH�VORSH�DUH�FODVVL-
ILHG�DV�&KLQHQ�FOD\�ORDP��������&KLQHQо5RFN�RXWFURS�
FRPSOH[� ������ 6DLSDQо5RFN� RXWFURS� FRPSOH[� ������
DQG� 'DQGDQо&KLQHQ� FRPSOH[� ������ � 7KHVH� ZHUH� WKH�
DJULFXOWXUDO�DUHDV�XVHG�E\�WKH�-DSDQHVH���5RFN�RXWFURSV�
ZHUH� IUHTXHQW� RYHU� PXFK� RI� WKH� LVODQG�� � 7KH� RXWFURS�
FRPSOH[�XVHG�LQ�WKH�FODVVLILFDWLRQ�RI�WKH�VRLOV�LQGLFDWHV�

),*������/RQJ�D[LV�RI�$JXLJXDQ��YHUWLFDO�H[DJJHUDWLRQ� ���[�� 

),*������:LGWK�RI�$JXLJXDQ�DV�VHHQ�IURP�7LQLDQ�YHUWLFDO�H[DJJHUDWLRQ� ���[�� 
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WKHLU�LVODQGV�� 
 :DWHU���3RWDEOH�ZDWHU�LV�WKH�VLQJOH�YLWDO�UHVRXUFH�LQ�
YHU\� VKRUW� VXSSO\� RQ� $JXLJXDQ�� � 7KHUH� DUH� FRQFUHWH�
FDWFKPHQWV� FRQVWUXFWHG� E\� WKH� -DSDQHVH� WKDW� VWLOO� H[LVW�
DQG�FRQWDLQ�D� VXSSO\�RI�ZDWHU�� �+RZHYHU�� WKH�ZDWHU� LV�
QRW�YHU\�DSSHDOLQJ���9HJHWDWLRQ��LQVHFWV��DQG�RFFDVLRQDO�
O\�ELUGV�� OL]DUGV��DQG�RWKHU�VPDOO�DQLPDOV�FDQ�EH�IRXQG�
IORDWLQJ�LQ�ZDWHU�� �$Q�H[DPLQDWLRQ�RI�WKH�ZDWHU�ZLWK�D�
KDQG�OHQV�VKRZV�D�VXEVWDQWLDO�SRSXODWLRQ�RI�PLFURRUJDQ-
LVPV���:H�IRXQG�QR�RWKHU�VRXUFH�RI�IUHVK�ZDWHU��HYHQ�LQ�
FDYHV�� � (VWLPDWHV� RI� IUHVK� ZDWHU� UHVRXUFHV� KDYH� EHHQ�
PDGH�E\�8�6��6RLO�&RQVHUYDWLRQ�6HUYLFH���7KH\�DVVXPH�
WKDW�D� IUHVKZDWHU� OHQV�ZLWK�KHDGV����P���о�� IW��DERYH�
VHD�OHYHO�FRXOG�H[LVW�QHDU�WKH�FHQWHU�RI� WKH� LVODQG�� �1R�
DWWHPSW� KDV� \HW� EHHQ� PDGH� WR� FKHFN� WKLV� DVVXPSWLRQ���
7KHVH�SUHGLFWLRQV�DUH�PDGH�DVVXPLQJ�DTXLIHU�FRQGLWLRQV�
VLPLODU�WR�WKRVH�RQ�7LQLDQ��&��)UHHU�SHUV��FRPP��� 
 ,Q�VXPPDU\��$JXLJXDQ�,VODQG�IRUPHG�DV�D�UHVXOW�RI�
WKH�3DFLILF�SODWH� VXEGXFWLQJ�XQGHU� WKH�3KLOOLSLQH�SODWH���
7KH�IURQWDO�DUF�LVODQGV�RI�*XDP��5RWD��7LQLDQ��DQG�6DL�
SDQ�KDYH�YROFDQLF�FRUHV�WKDW�ZHUH�DFWLYH�DV�ODWH�DV�0LR�
FHQH� WLPH�� �$JXLJXDQ�EHORQJV�ZLWK�WKLV�JURXS��EXW�KDV�
QR�REVHUYDEOH�YROFDQLFV���(YLGHQFH�VWURQJO\�VXJJHVWV�D�
VHULHV�RI�UDSLG�XSOLIW�HYHQWV�LQ�WKH�SDVW���0DULQH�WHUUDFHV�
DUH� GHOLQHDWHG� E\� VKHHU� FOLIIV�� QR� LQWHUFODVWLF� �GHWULWDO��
OLPHVWRQHV�DUH�IRXQG��IDXOWLQJ�LV�UHSUHVHQWDWLYH�RI�LVODQG�
DUF�V\VWHPV��DQG�DQ�HTXLOLEULXP�VHD�QRWFK�LV�DEVHQW���1R�
DWWHPSW�KDV�EHHQ�PDGH�WR�GHWHUPLQH�WKH�DJH�RI�WKH�OLPH�
VWRQHV�RU�WR�FRUUHODWH�WKH�OLPHVWRQH�IRUPDWLRQV�RQ�$JXL�
JXDQ� WR� IRUPDWLRQV�RQ�6DLSDQ�RU�7LQLDQ�� �3K\VLFDO�RE�
VHUYDWLRQV�RI�WKHVH�WKUHH�LVODQGV�LQGLFDWH�VRPH�VLPLODUL-
WLHV�� � 6KRXOG� ZHOOV� EH� GULOOHG� RQ� WKH� LVODQG�� YDOXDEOH�
LQIRUPDWLRQ�RI�WKH�VXEVXUIDFH�JHRORJ\�ZRXOG�EH�DYDLOD�
EOH�� DORQJ� ZLWK� LQIRUPDWLRQ� RQ� ZDWHU� DQG� SKRVSKDWHV���
$QRWKHU� ORRN�DW� WKH�DEVHQFH�RI� WKH���P�VHD�QRWFK�DQG�
FRUUHODWLRQ�RI�RWKHU� VHD� OHYHO�HTXLOLEULXP�QRWFKHV�ZLWK�
RWKHU� LVODQGV� RI� WKH� VRXWKHUQ� 0DULDQDV� PD\� DQVZHU�
VRPH� TXHVWLRQV�� � $JXLJXDQ� UHPDLQV� VRPHZKDW� RI� DQ�
HQLJPD� 
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 0\� WKDQNV� WR� 5LFN� .DLSDW�� ZKR� KDFNHG� WUDLOV�
WKURXJK�ODQWDQD�ZLWK�IHZ�VFUDWFKHV�ZKLOH�WKH�ULJKW�IRUH�
DUP� RI� WKH� �LQVWUXFWRU�� ORRNHG� OLNH� LW� KDG� EDUHO\� VXU�
YLYHG�VRPH�P\VWLFDO�LQLWLDWLRQ�LQWR�PDQKRRG���3HUKDSV�,�
KDG�� � $OVR�� P\� DSSUHFLDWLRQ� WR� 5REHUW� /DWKDP� IRU�
VZHDWLQJ�WKURXJK�WKH�KRXUV�LQ�WKH�UXJJHG�WHUUDLQ��EHLQJ�
SDUW� JRDW�� DQG� ILQGLQJ� VRPH� LQWHUHVWLQJ� WUDLOV� LQ� RXU�
VHDUFK�RI�WKH�LVODQG� 

WKDW�VRLOV�DQG�URFN�RXWFURSV�DUH�VR�LQWHUPL[HG�WKDW�WKH\�
FDQQRW�UHDVRQDEO\�EH�VHSDUDWHG���7KHVH�RXWFURSV�UDQJHG�
IURP� H[SRVHG� OLPHVWRQH� RQ� JHQWOH� VORSHV� WR� YHUWLFDO�
FOLIIV���2IWHQ�WKHVH�PDUNHG�WKH�ERXQGDULHV�RI�WKH�WHUUDF�
HV�WKDW�DUH�VR�GLVFHUQDEOH�IURP�D�GLVWDQFH��)LJ���������� 
 7KH� HFRQRPLF�XVHIXOQHVV�RI� WKHVH� VRLOV� LV� VHYHUHO\�
OLPLWHG�E\�WKH�ODFN�RI�ZDWHU�DQG�WKHLU�KLJK�SHUPHDELOLW\���
'XULQJ�RXU�ZHHN�RQ�WKH�LVODQG��QR�UDLQ�IHOO��WKH�VRLO�ZDV�
YHU\�GU\��ZH�GXJ�QR�PRUH�WKDQ����FP��DQG�VKDOORZ�URRW�
HG� SODQWV� ZHUH� GU\LQJ� LQ� WKH� VXQ�� � 1R� ZHOOV� DUH� FRQ�
ILUPHG�RQ�WKH�LVODQG���+RZHYHU��RQH�LV�UHSRUWHG�QHDU�WKH�
ERDW�ODQGLQJ�DUHD��6�HQG���DOWKRXJK�LW�LV�DSSDUHQWO\�OLWWOH�
PRUH�WKDQ�D�FDWFKPHQW�EDVLQ���7KH�-DSDQHVH�XVHG�FRQ�
FUHWH�FDWFKPHQWV�FROOHFWLQJ�IURP�PHWDO�URRIV�LQ�RUGHU�WR�
PDLQWDLQ�D�ZDWHU�VXSSO\�IRU�WKH�LQKDELWDQWV�DQG�IRU�DJUL�
FXOWXUH�� 

1DIWDQ�,VODQG��1DIWDQ�,VODQG�LV�FORVHO\�DVVRFLDWHG�
ZLWK�$JXLJXDQ���,W�VWDQGV�DERXW����NP�RII�WKH�VRXWKHUQ�
WLS�RI�$JXLJXDQ�ZLWK�DQ�DOWLWXGH�RI�MXVW�RYHU����P�� �,W�
KDV� YHU\� OLWWOH� YHJHWDWLRQ�� ZKLFK� DSSHDUV� WR� EH� FRP�
SRVHG�PRVWO\�RI�VKUXEV���:DWHU�GHSWKV�EHWZHHQ�WKH�WZR�
LVODQGV�LV� OHVV�WKDQ����IDWKRPV��DQG�D�VXEPHUJHG�ULGJH�
H[WHQGV� IRU� DQRWKHU� NP� DW� WKH� VDPH� GHSWK� VRXWK� RI�
1DIWDQ�� � 1DIWDQ� LV� DQ� LPSRUWDQW� VHDELUG� FRORQ\�
�(QJEULQJ�HW�DO����������,W�ZDV�REVHUYHG�EXW�QRW�YLVLWHG� 

(FRQRPLFV��7KH� -DSDQHVH� UHSRUWHGO\� ORFDWHG�GH�
SRVLWV�RI�SKRVSKDWHV�RQ�$JXLJXDQ��%XWOHU�������� � ,W� LV�
GRXEWIXO� LI� WKH�TXDQWLWLHV�RI�SKRVSKDWH�DUH�SUHVHQWO\�RI�
DQ\�YDOXH���7KH�IROORZLQJ�LV�SDUDSKUDVHG�IURP�5RGJHUV�
���������%LUG�GURSSLQJV�ZHUH�WKH�RULJLQDO�VRXUFH�RI�WKH�
SKRVSKRUXV� LQ� WKHVH� GHSRVLWV�� � 5DLQ� ZDWHU� FDUULHV� WKH�
SKRVSKRULF� DFLG� GRZQ� WR� WKH� XQGHUO\LQJ� OLPHVWRQH�
ZKHUH�LW�DWWDFNV�WKH�OLPHVWRQH��SURGXFLQJ�FDOFLXP�SKRV�
SKDWH�� �7KH�SKRVSKRULF�DFLG� LV�FRQFHQWUDWHG�HQRXJK� WR�
DWWDFN� WKH� OLPHVWRQH� RQO\� DERYH� WKH� ZDWHU� WDEOH�� � 7KH�
SKRVSKDWHV�H[LVW�DV�KDUG��VKRW-OLNH�JUDLQV�LQ�FOD\�UHVLGX�
DO�IURP�WKH�GHFRPSRVLWLRQ�RI�WKH�OLPHVWRQH� 
 5RGJHUV� ������� DOVR� PDGH� VHYHUDO� JHQHUDOL]DWLRQV�
DERXW� SKRVSKDWH� GHSRVLWV�� � $OO� RFFXU� LQ� UHVLGXDO� FOD\�
RYHUO\LQJ�RU�EHWZHHQ�SLQQDFOHV�RI�OLPHVWRQH�RQ�XSOLIWHG�
FRUDO�LVODQGV���0DQ\�RI�WKH�GHSRVLWV�RFFXU�RQ�WKH�KLJKHVW�
SDUWV�RI�WKH�LVODQG��QRW�WUXH�RI�6DLSDQ�RU�7LQLDQ��5RJHUV�
�������RU�OLH�LQ�WKH�QRUWKZHVW�SDUWV�RI�WKH�LVODQGV���3UHV�
HQWO\�� WKHUH� DUH� WRR� IHZ� VHDELUGV� RQ� WKHVH� LVODQGV�� LQ�
FOXGLQJ�$JXLJXDQ��IRU�GURSSLQJV�WR�DFFXPXODWH���0RUH�
RYHU��WKH�TXDQWLW\�RI�UDLQIDOO�LV�XQIDYRUDEOH�WR�WKH�DFFX�
PXODWLRQ�D�JXDQR�WR�WKH�H[WHQW�WKDW�SKRVSKRULF�DFLG�ZLOO�
EH�RI�WKH�FRQFHQWUDWLRQ�QHHGHG�WR�DWWDFN�WKH�OLPHVWRQH���
'XULQJ�WKH�����V�DQG�����V��-DSDQ�XVHG�SKRVSKDWH�URFN�
DV�D�VRXUFH�RI�IHUWLOL]HU��D�UHVRXUFH�DEVHQW�IURP�PRVW�RI�
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6FLHQFH�'HSDUWPHQW 

1RUWKHUQ�0DULDQDV�&ROOHJH 
3�2��%R[����� 

6DLSDQ��03��������86$ 

$EVWUDFW��$JXLJXDQ�LV�ORFDWHG�DW������¶�QRUWK�ODWLWXGH�DQG�������¶�HDVW�ORQJLWXGH���,W�LV���NP������PL��
VRXWK�RI�WKH�LVODQG�RI�7LQLDQ��,W�LV�WKH�VPDOOHVW�RI�WKH�ILYH�LVODQGV�PDNLQJ�XS�WKH�VRXWKHUQ�SRUWLRQ�RI�WKH�
0DULDQD� ,VODQGV��*XDP��5RWD��7LQLDQ��DQG�6DLSDQ�DOO�H[FHHG�$JXLJXDQ
V�����KD������NP���E\�WHQ�IROG���
7KH�LVODQG�LV�DSSUR[LPDWHO\�����NP�ORQJ�DQG�����NP�DW�LWV�ZLGHVW�� �7KH�PD[LPXP�HOHYDWLRQ�LV�����P���
7KH� JHRORJ\�RI�$JXLJXDQ� LV� YHU\� VLPSOH�� � ,W� LV� HQWLUHO\� FRUDOOLQH� OLPHVWRQH� IRUPLQJ� VWHS-OLNH� WHUUDFHV�
GHOLQHDWHG�E\�VORSHV�UDQJLQJ�IURP�JHQWOH�URFN�RXWFURSSLQJV�WR�YHUWLFDO�FOLIIV���$�VKHHU�FOLII�ULVHV�IURP�WKH�
VHD�RQ�DOO�VLGHV���1R�HYLGHQFH�RI�YROFDQLF�DFWLYLW\� LV�REVHUYHG�� �7KH�VRLOV�DUH�IDLUO\�WKLQ�H[FHSW�IRU�WKH�
FHQWUDO�SODWHDX�DQG�KDYH�QRW�EHHQ�GLVWXUEHG�IRU�ILIW\�\HDUV�� �2II� WKH�VRXWKHUQ�HQG�RI�$JXLJXDQ�VHYHUDO�
URFN\�SLQQDFOHV�FDOOHG�1DIWDQ�,VODQG�ULVH�IURP�WKH�VHD���7KH�ZDWHU�GHSWK�EHWZHHQ�$JXLJXDQ�DQG�1DIWDQ�
GRHV�QRW�H[FHHG����IDWKRPV��ZKHUHDV�WKH�GHSWKV�HOVHZKHUH�DURXQG�$JXLJXDQ�UHDFK�����IDWKRPV�LQ�D�YHU\�
VKRUW�GLVWDQFH���7KH�ZHDWKHU�LV�KRW�DQG�KXPLG�ZLWK�PLQLPXP�UDLQIDOO�EHWZHHQ�'HFHPEHU�DQG�-XO\���)UHVK�
SRWDEOH�ZDWHU� LV� DW� D� SUHPLXP�� �1DWLYH� OLPHVWRQH� IRUHVWV�� VR� FKDUDFWHULVWLF� RI� WKHVH� LVODQGV�� VWLOO� H[LVW�
DORQJ�ZLWK�JURZLQJ�SRSXODWLRQV�RI�QR[LRXV�ZHHGV���0RQLWRU�OL]DUGV�DERXQG��VRPH�IHUDO�JRDWV�VWLOO�H[LVW��
DQG�VHYHUDO�SRSXODWLRQV�RI�IUXLW�EDWV�FDQ�EH�REVHUYHG���/DUJH�SRSXODWLRQV�RI�QDWLYH�ELUGV�H[LVW��VRPH�HQ�
GHPLF�DQG�RWKHUV�UDUH���6R��ZK\�JR�WR�$JXLJXDQ�RQ�D�ILHOG�WULS" 

7KH� 0DULDQD� ,VODQG� DUF� LV� ORFDWHG� ZHVW� RI� WKH�
0DULDQDV� 7UHQFK�� GHOLQHDWLQJ� WKH� 3KLOLSSLQH� 6HD� IURP�
WKH�3DFLILF�2FHDQ���7KHVH�LVODQGV�DUH�JHQHUDOO\�VHSDUDW�
HG�LQWR�D�QRUWKHUQ�FRPSRQHQW�RI�DFWLYH�YROFDQLF�LVODQGV�
DQG� D� VRXWKHUQ� FRPSRQHQW� RI� XSUDLVHG� FRUDO� LVODQGV�
ZLWKRXW�DFWLYH�YROFDQRV���$JXLJXDQ�,VODQG�DQG�LWV�VPDOO�
FRPSDQLRQ��1DIWDQ�,VODQG��DUH�SDUW�RI�WKH�VRXWKHUQ�FRP�
SRQHQW�DORQJ�ZLWK�*XDP��5RWD��7LQLDQ�DQG�6DLSDQ��� 

$JXLJXDQ�DQG�1DIWDQ�KDYH�KDG�YHU\�OLWWOH�DWWHQWLRQ�
IURP� WKH� VFLHQWLILF� FRPPXQLW\�� � 7ZR� -DSDQHVH� JHROR�
JLVWV��5LVDEXUR�7D\DPD�DQG�<DVXVKL�2WD��%XWOHU�������
ZRUNHG� RQ� WKH� LVODQG� GXULQJ� SDUWV� RI� ����� DQG� �������
7KH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH��6RLO�&RQVHUYDWLRQ�
6HUYLFH� VXUYH\HG�DQG�FODVVLILHG� WKH� VRLOV�RI�$JXLJXDQ��
5RWD��6DLSDQ��DQG�7LQLDQ�LQ�����о������<RXQJ���������
,Q������D� WHDP�IURP�6RXWKHUQ�,OOLQRLV�8QLYHUVLW\�FRQ�
GXFWHG�DQ�DUFKDHRORJLFDO�VXUYH\��%XWOHU�������RI�$JXL�
JXDQ���5HIHUHQFHV�DUH�PDGH�DERXW�WKH�SKRVSKDWH�GHSRV�
LWV� RQ� WKH� ,VODQG� �5RGJHUV� ������� WKH� YHJHWDWLRQ�
�)RVEHUJ� ������� DQG� WKH� ELUGV� KDYH� EHHQ� VXUYH\HG�
�(QJEULQJ�HW�DO������������7KLV���ODFN��RI��DWWHQWLRQ��SUR�

YLGHV��DQ��H[FHOOHQW�YHKLFOH�WR�LQYROYH�VWXGHQWV�LQ�ILHOG�
ZRUN�� �,W�JLYHV� WKH�ZRUN�D�VHQVH�RI�H[FLWHPHQW�DNLQ� WR�
WKDW�RI�H[SORUDWLRQ���,W�LV��LQ�D�YHU\�ELJ�VHQVH��DQ�H[SORUD�
WLRQ�LQWR�WKH�ZRUN�RI�VFLHQFH�DQG�VFLHQWLVWV� 

2Q����0D\����������VWXGHQWV�DQG�LQVWUXFWRUV�IURP�
1RUWKHUQ�0DULDQDV� &ROOHJH�� 6DLSDQ�� YLVLWHG� $JXLJXDQ�
,VODQG�� � 7KLV� WULS� ZDV� DQ� HIIRUW� WR� LQYROYH� VWXGHQWV� LQ�
ILHOG�ZRUN�� �$OWKRXJK�VL[�GD\V�ZHUH� VFKHGXOHG� IRU� WKH�
WULS��RQO\�IRXU�RI�WKRVH�GD\V�FRXOG�EH�WRWDOO\�GHYRWHG�WR�
REVHUYDWLRQV� LQ� WKH� ILHOG�� �7UDQVSRUWDWLRQ�ZDV�E\� KHOL�
FRSWHU��ZKLFK�UHTXLUHG�ILYH�WULSV� IRU� WKH� WHDP��WKH�JHDU�
DQG��PRVW�LPSRUWDQWO\��WKH�ZDWHU�VXSSO\��� 

'XH�WR�WLPH�FRQVWUDLQWV�DQG�EHFDXVH�RI�WKH�UXJJHG��
URFN\� WHUUDLQ��QR�PRUH� WKDQ�RQH�KDOI�RI� WKH� LVODQG�ZDV�
WUDYHUVHG� E\� WKLV� ZULWHU�� � 7KLV� VLWXDWLRQ� ZDV� QRW� HQ�
KDQFHG�E\�WKH�WKLFNHWV�RI�ODQWDQD��/DQWDQD�FDPDUD���DQ�
DEXQGDQFH�RI�ZDVSV� �DSSDUHQWO\� WZR�GLIIHUHQW� VSHFLHV��
�%XWOHU� ������ QHVWLQJ� QHDU� WKH� IRUHVW� FOLIIV� DQG� LQ� WKH�
OHDI� OLWWHU� DGMDFHQW� WR� RSHQ� DUHDV�� DQG� WKH� YHU\� KRW�
ZHDWKHU� GXULQJ� WKDW� ODVW� SDUW� RI�0D\�� �2QO\� D� FXUVRU\�
ORRN�DW�$JXLJXDQ�ZDV�DFFRPSOLVKHG��QRQHWKHOHVV��LW�ZDV�
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D�OHDUQLQJ�H[SHULHQFH� 
 

5(*,21$/�6(77,1* 
 

)DXQD��$JXLJXDQ� DORQH�� RI� WKH� VRXWKHUQ�0DULDQD�
LVODQGV�� LV� XQLQKDELWDWHG�� � ,W� KDV� EHHQ� VR� VLQFH� �������
$JXLJXDQ� LV� ORFDOO\�FDOOHG�*RDW�,VODQG�EHFDXVH�D� ODUJH�
SRSXODWLRQ�RI�IHUDO�JRDWV��&DSUD�KLUFXV���(QJEULQJ�HW�DO��

������ KDG� RFFXSLHG� WKH� LVODQG�� � 7KHVH� JRDWV� ZHUH�
EURXJKW� WR� WKH� LVODQG� E\� 7LQLDQ� VHWWOHUV� LQ� WKH� HDUO\�
����
V�� DQG� WKHLU� H[LVWHQFH� QRWHG� LQ� SXEOLFDWLRQV� E\�
����� �%XWOHU� ������� �0RVW� RI� WKH� JRDWV� KDYH�EHHQ� UH�
PRYHG�IURP�WKH�LVODQG�E\�WKH�&RPPRQZHDOWK�'LYLVLRQ�
RI� )LVK� DQG� :LOGOLIH� SHRSOH� DW� WKH� GLVFUHWLRQ� RI� WKH�
0D\RU�RI�7LQLDQ���$JXLJXDQ�LV�RIILFLDOO\�GHVLJQDWHG�DV�D�
ZLOGOLIH�UHVHUYH�DQG�LV�XQLQKDELWHG�E\�ODZ���3HUPLVVLRQ�

),*������7KH�0DULDQD�,VODQG�DUFKHSHODJR���$JXLJXDQ�LV�VRXWK�RI�7LQLDQ�LQ�WKH�VRXWKHUQ�0DULDQDV� 
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LV�UHTXLUHG�WR�YLVLW�WKH�LVODQG���+RZHYHU��SHRSOH�VWLOO�YLVLW�
WKH� LVODQG� IRU� ILVKLQJ�� KXQWLQJ� FRFRQXW� FUDEV� � �%LUJXV�
ODWUR�� DQG�� XQIRUWXQDWHO\�� SRDFKLQJ� WKH� UDUH� 0DULDQD�
)UXLW� %DW� �3WHURSXV� PDULDQDV��� � $� ODUJH� QXPEHU� RI�
PRQLWRU�OL]DUGV��9DUDQXV�LQGLFXV��ZHUH�REVHUYHG�E\�RXU�
JURXS��7KH\�ZHUH�RI�LQWHUHVW�DV�WKH\�ZHUH�FRQVLGHUDEO\�
ODUJHU�WKDQ�WKRVH�RFFDVLRQDOO\�REVHUYHG�RQ�6DLSDQ����:H�
REVHUYHG�ELUGV�DQG�RI�VSHFLDO�LQWHUHVW�ZDV�WKH�0LFURQH�
VLDQ�0HJDSRGH��0HJDSRGLXV�ODSHURXVH��DQG�WKH�$JXL�
JXDQ�1LJKWLQJDOH�5HHG-ZDUEOHU��$FURFHSKDOXV� OXVFLQLD�
QLMRL��� 7KH� PHJDSRGH� LV� UDUH� DQG� WKH� UHHG-ZDUEOHU� LV�
H[WUHPHO\� UDUH�� � 7KH� WHDP� VWXGLHG� WKH� %ULGOHG�:KLWH�
(\HV��=RVWHURSV�FRQVSLFLOODWXV���WKH�*ROGHQ�:KLWH�(\HV�
�&OHSWRUQLV�PDUFKHL���DQG� WKH�0LFURQHVLDQ�+RQH\HDWHU�
�0\]RPHOD�UXEUDWD����7KH�GDWD�JDWKHUHG�E\�WKH�VWXGHQWV�
ZDV�FRPSLOHG�DQG�FRPSDUHG�DJDLQVW�VLPLODU�GDWD� IURP�
6DLSDQ�� � 6RPH� QRWDEOH� UHVXOWV� ZHUH� REWDLQHG�� � :KDW�
HIIHFW�ZLOO� WKH� LQWURGXFWLRQ�RI� JDPH� DQLPDOV�� RU� ELUGV��
KDYH�RQ�WKH�QDWLYH�SRSXODWLRQV�RQ�$JXLJXDQ" 

)ORUD�� &KDUDFWHULVWLF� QDWLYH� OLPHVWRQH� IRUHVW� VWLOO�
PD\�EH�REVHUYHG�RQ�WKH�LVODQG���7KHVH�IRUHVWV�DUH�GRPL�

QDWHG� E\� 3LVRQLD� JUDQGLV�� &\QRPHWULD� UDPLIORUD�� DQG�
*XDPLD� PDULDQQDH�� � 6RPH� RI� WKH� FDQRS\� WUHHV� DUH�
ODUJH��EXW�PRVW�DUH�DSSDUHQWO\�NHSW�WULPPHG�E\�VWRUPV���
2QH�PDWXUH�FRFRQXW� WUHH� VXUYLYHV�RQ� WKH� VRXWK�HQG�RI�
WKH�LVODQG�DW�WKH�ROG�ERDW�ODQGLQJ���6HYHUDO�FRFRQXW�WUHHV�
KDYH�EHHQ�SODQWHG�DW�D�FDPS�ORFDWLRQ�RQ�WKH�QRUWK�FHQ�
WUDO�SODWHDX�QHDU�WZR�FLVWHUQV�DQG�D�VPDOO�HQFORVHG�VKHO�
WHU��� 

6RPH�RI�WKH�ODUJHU�WUHHV�RQ�WKH�LVODQG�DUH�QRW�LQGL�
JHQRXV� WR�$JXLJXDQ�� �7KH� IODPH� WUHHV� �'HORQL[� UHJLD��
DQG� LURQZRRGV� �&DVXDULQD� HTXLVHILIROLD�� ZHUH� SODQWHG�
E\� WKH� -DSDQHVH� �5DXOHUVRQ� DQG� 5LQHKDUW� ������ DQG�
VHHP� WR� EH� VXUYLYLQJ� GHVSLWH� WKH� ODFN� RI� FXOWLYDWLRQ���
7KH� -DSDQHVH� FOHDUHG� SDUW� RI� WKH� LVODQG� WR� FXOWLYDWHG�
VXJDU� FDQH� IRU� H[SRUW�� � 7KHVH� FOHDUHG� DUHDV� DUH� QRZ�
RYHUJURZQ�ZLWK� JUDVVHV�� ODQWDQD�� DQG� JURXQG-FRYHULQJ�
YLQHV�� �$������TXDUWHUO\� UHSRUW� RI� WKH� 6RLO� DQG�:DWHU�
&RQVHUYDWLRQ�'LVWULFW�VWDWHV�WKDW�ODQWDQD�FRYHUV�����RI�
WKH�RSHQ�ILHOGV��ZLWK�WKH�UHPDLQLQJ�YHJHWDWLRQ�PDGH�XS�
RI�VSHFLHV�OLNH�PDVLJVLJ��:HGHOLD�ELIORUD���EOXH�PRUQLQJ�
JORU\��,SRPRHD�LQGLFD���VSLQ\�PLPRVD��0LPRVD�LQYLVD���

 ),*�����$YHUDJH�PRQWKO\�SUHFLSLWDWLRQ�DW�.DJPDQ�6WDWLRQ��6DLSDQ� 

),*�����&RPSDULVRQ�RI�D�UDLQIDOO�DPRXQWV�GXULQJ�D�ZHW�DQG�GU\�\HDU�RQ�6DLSDQ��IURP�&DEUHUD������� 
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DQG�JUDVVHV���,W�VHHPV�XQXVXDO�WKDW�LQ����\HDUV�WKH�QDWLYH�
YHJHWDWLRQ�KDVQ
W�UHFODLPHG�DOO�WKHVH�RSHQ�DUHDV���+RZ�
HYHU�� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 5HVRXUFHV� KDV� WULHG�
FRQWUROOHG� EXUQLQJ� DV� DQ� HIIRUW� WR� FRQWURO� VRPH� RI� WKH�
ZHHGV�DQG�PD\�KDYH�FRQWULEXWHG�WR�FKHFNLQJ�WKH�H[SDQ�
VLRQ�RI�WKH�QDWLYH�YHJHWDWLRQ��� 

6WXGHQWV�VXUYH\HG�WKH�IRUHVW�FDQRS\�DQG�XQGHUVWR�
U\���7KH�FRPSLOHG�GDWD�ZHUH�XVHG�WR�FRPSDUH�ZLWK�VLPL�
ODU�GDWD�IURP�6DLSDQ��ZKHUH�PRVW�RI�WKH�QDWXUDO�YHJHWD�
WLRQ�KDV�EHHQ�GHVWUR\HG�DQG�RQO\�SRFNHWV�RI�QDWLYH�IRU�
HVW�UHPDLQ���:KDW�FKDQJHV�ZLOO�RFFXU�LQ�WKH�IRUHVW�ZLWK�
RXW�WKH�JRDWV"��� 
 

&/,0$7( 
 

7KH� FOLPDWH� RI� WKHVH� LVODQGV� LV� FRPSULVHG� RI� WZR�
VHDVRQV�� 8QLIRUPO\� ZDUP�� VRPH� VD\� KRW�� DQG� KXPLG�
ZHDWKHU� RFFXU� WKURXJKRXW� WKH� \HDU�� � 6DLSDQ� KDV� WKH�
ZRUOG
V� PRVW� HTXLWDEOH� DQQXDO� WHPSHUDWXUHV�� ORZHVW�
PRQWKO\�YDULDWLRQ��6WDQOH\���������7KH�ZHW�VHDVRQ�ODVWV�
IURP�-XO\�WKURXJK�1RYHPEHU�DQG�WKH�GU\�VHDVRQ�LV�IURP�
'HFHPEHU�WKURXJK�-XQH��)LJ�������$OWKRXJK�WKH�WHQ�\HDU�
DYHUDJHV� VKRZQ� LQ� )LJ�� �� LQGLFDWH� DPSOH� UDLQ� HDFK�
PRQWK��WKH�\HDU�WR�\HDU�YDULDWLRQV�FDQ�EH�H[WUHPH���)RU�
H[DPSOH�������ZDV�D�ZHW�\HDU��ZKHUHDV������ZDV�YHU\�
GU\��)LJ������� 

7KHUH�DUH�QR�UDLQIDOO�UHFRUGV�IRU�$JXLJXDQ�DV�WKHUH�
DUH�IRU�6DLSDQ���)LVKHUPHQ�ZKR�IUHTXHQW�WKH�DUHD�DURXQG�
$JXLJXDQ�FODLP�WKDW�WKH�UDLQIDOO�RQ�WKH�LVODQG�LV�OHVV�WKDW�
RI�7LQLDQ��ZKLFK�UHFHLYHV�OHVV�WKDQ�6DLSDQ���$�SHUVRQDO�
REVHUYDWLRQ� LV� WKDW� WKH� UDLQIDOO� RQ� $JXLJXDQ� ZDV� OHVV�
WKDQ�RQ�6DLSDQ���,�PDLQWDLQ�D�UDLQ�JDXJH�DW�P\�KRXVH�RQ�
6DLSDQ� DQG� UHFRUGHG� DSSUR[LPDWHO\� ��� LQFK� RI� UDLQ� RQ�
6DLSDQ�ZKLOH�ZH�ZHUH�RQ�$JXLJXDQ���$OO�RI�RXU�SDUW\�RQ�
WKH� WULS�ZLOO� DWWHVW� WR� QR� UDLQ� IDOOLQJ� RQ� XV�� �0D\�ZDV�
GHFLGHGO\�KRW�WKLV�PLFUR-FOLPDWH�KDYH�RQ�WKH�IORUD�DQG�
IDXQD�RI�WKH�LVODQG"� 
 

*(2/2*< 
 

$JXLJXDQ�H[LVWV� LQ�D�JHRORJLFDOO\�DFWLYH�DUHD�� �7R�
WKH� HDVW� LV� WKH�0DULDQDV� 7UHQFK�� DQ� DFWLYH� VXEGXFWLRQ�
]RQH���7KH�LVODQG�DUF�RI�WKH�0DULDQD�,VODQGV�LV�GLYLGHG�
LQWR� D� VRXWKHUQ� SRUWLRQ�� WKDW� LQFOXGHV�$JXLJXDQ� DQG� D�
QRUWKHUQ�SRUWLRQ�RI�DFWLYH�YROFDQRV���$JXLJXDQ�DORQH�RI�
WKH�VRXWKHUQ�LVODQGV�VKRZV�QR�VLJQ�RI�SDVW�YROFDQLF�DF�
WLYLW\�� �,W
V�DQ�XSOLIWHG�FRUDOOLQH�OLPHVWRQH�LVODQG�VKRZ�
LQJ� UDSLG� XSOLIW� FDXVLQJ� VWHS-OLNH� WHUUDFHV�� � %LRFODVWLF�
DQG�FRQVWUXFWLRQDO�OLPHVWRQHV�SUHGRPLQDWH���)DXOWV�FDQ�
EH� IRXQG� DQG� WUDFHG� WR� D� FHUWDLQ� H[WHQW�� � 7KH� VRLOV� RI�

$JXLJXDQ� ZHUH� VXUYH\HG� DQG� FODVVLILHG� LQ� ����о�����
E\� D� WHDP� IURP� WKH� 8�6�� 6RLO� &RQVHUYDWLRQ� 6HUYLFH���
$OWKRXJK� IDLUO\� VKDOORZ�� WKH\�KDYH�EHHQ� UHODWLYHO\�XQ�
GLVWXUEHG�IRU�WKH�SDVW�ILIW\�\HDUV���3URILOHV�DUH�REVHUYHG�
LQ�WKH�IODW�DUHDV�ZKHUH�WKH�GHHSHVW�VRLOV�H[LVW���:H�KDG�
WRR� OLWWOH� WLPH� WR� GR� PXFK� PRUH� WKDQ� LGHQWLI\� D� IHZ�
IDXOWV�DQG�ZRQGHU�DERXW�WKH�JHRORJLF�KLVWRU\�RI� WKH�LV�
ODQG�� �6RPH�URFNV�DQG�VRLO�VDPSOHV�ZHUH�FROOHFWHG� IRU�
FODVVURRP�XVH���6KRXOG�WKH�IDXOWV�EH�PDSSHG"��,V�WKHUH�D�
FRUUHODWLRQ�ZLWK�WKH�WHUUDFHV�RQ�7LQLDQ" 

1DIWDQ� ,VODQG��1DIWDQ�,VODQG�LV�FORVHO\�DVVRFLDWHG�
ZLWK�$JXLJXDQ���,W�VWDQGV�DERXW����NP�RII�WKH�VRXWKHUQ�
WLS�RI�$JXLJXDQ�ZLWK�DQ�DOWLWXGH�RI�MXVW�RYHU����P�� �,W�
KDV� YHU\� OLWWOH� YHJHWDWLRQ�� ZKLFK� DSSHDUV� WR� EH� FRP�
SRVHG�PRVWO\�RI�VKUXEV���:DWHU�GHSWKV�EHWZHHQ�WKH�WZR�
LVODQGV� LV� OHVV� WKDQ���� IDWKRPV�DQG�D� VXEPHUJHG�ULGJH�
H[WHQGV� IRU� DQRWKHU� NP� DW� WKH� VDPH� GHSWK� VRXWK� RI�
1DIWDQ�� � 1DIWDQ� LV� DQ� LPSRUWDQW� VHDELUG� FRORQ\�
�(QJEULQJ�HW�DO����������7KH�LVODQG�ZDV�REVHUYHG�EXW�QRW�
YLVLWHG�� � 7KH� PDULQH� HQYLURQPHQW� SRVHV� VSHFLDO� SURE�
OHPV� IRU� VWXG\�� � 7KHUH� DUH� QR� EHDFKHV�� QR� VKHOWHUHG�
FRYHV�IRU�ERDWV��LQ�VKRUW��QR�VDIH�DFFHVV�WR�WKH�VHD� 

5HVRXUFHV��7KH�-DSDQHVH�UHSRUWHGO\�ORFDWHG�GHSRV�
LWV� RI� SKRVSKDWHV� RQ� $JXLJXDQ� �%XWOHU� ������� � ,W� LV�
GRXEWIXO� LI� WKH�TXDQWLWLHV�RI�SKRVSKDWH�DUH�SUHVHQWO\�RI�
DQ\�YDOXH�� � ,W� UHPDLQV� IRU� IXWXUH�H[SORUDWLRQV� WR�GHWHU�
PLQH�WKLV��DV�ZH�GLG�QRW�LQYHVWLJDWH�WKH�DUHD�IURP�ZKLFK�
GHSRVLWV�DUH�NQRZQ� 

:DWHU�� 3RWDEOH� ZDWHU� LV� WKH� VLQJOH� YLWDO� UHVRXUFH�
PRVW�LQ�VKRUW�VXSSO\�RQ�$JXLJXDQ���$V�SUHYLRXVO\�QRW�
HG�� WKHUH� DUH� FRQFUHWH� FDWFKPHQWV� FRQVWUXFWHG� E\� WKH�
-DSDQHVH� WKDW� VWLOO�H[LVW�DQG�FRQWDLQ�D� VXSSO\�RI�ZDWHU���
+RZHYHU�� WKH� ZDWHU� LVQ
W� YHU\� DSSHDOLQJ�� � 9HJHWDWLRQ��
LQVHFWV��DQG�RFFDVLRQDOO\�ELUGV��OL]DUGV��DQG�RWKHU�VPDOO�
DQLPDOV�FDQ�EH�IRXQG�IORDWLQJ�LQ�ZDWHU���$Q�H[DPLQDWLRQ�
RI�WKH�ZDWHU�ZLWK�D�KDQG�OHQV�VKRZHG�D�VXEVWDQWLDO�SRS�
XODWLRQ�RI�PLFURRUJDQLVPV�� �:H�IRXQG�QR�RWKHU�VRXUFH�
RI�IUHVK�ZDWHU��HYHQ�LQ�WKH�FDYHV� 

$UFKHRORJ\��(YHQ�WKRXJK�WKH�LVODQG�KDV�EHHQ�VXU�
YH\HG�IRU�DUFKHRORJLFDO�VLWHV��%XWOHU�������ZH�GLG�ILQG�
D�IHZ�VLWHV�WKDW�ZHUH�QRW�IRXQG�HDUOLHU���,Q�DGGLWLRQ��%XW�
OHU��������VWDWHG�WKDW�WKHLU�WHDP�GLG�QRW�FRYHU�WKH�HQWLUH�
LVODQG���,W�UHPDLQV�IRU�IXWXUH�WHDPV�RI�\RXQJ�VFLHQWLVWV�WR�
GLVFRYHU�DQG�FDWDORJ�WKH�KLVWRU\�RI�SDVW�FXOWXUHV�RQ�WKH�
LVODQG� 

�,Q�VXPPDU\��$JXLJXDQ�LV�D�VPDOO�FRUDO�LVODQG�ZLWK�
OLPLWHG�HFRQRPLF�SRWHQWLDO���,W�KDV�KROGV�UHPQDQWV�RI�WKH�
QDWXUDO�IDXQD�DQG�IORUD�RI�WKH�0DULDQD�,VODQGV���,W�FRQ�
WDLQV�HYLGHQFH�RI�SDVW�FXOWXUHV�DQG�WKHLU�KLVWRU\�RQ�WKHVH�
LVODQGV���7KH�JHRORJ\�RI�WKH�LVODQG�LV�QRW�FRPSOH[���7KH�



7+(�$*8,*8$1�(;3(',7,21 

�� 

VLQJOH�PRVW�LPSRUWDQW�DVSHFW�RI�WKLV�LVODQG�LV�LWV�ODFN�RI�
SRWDEOH� ZDWHU�� � /LIH� RQ� WKH� LVODQG� LV� DGMXVWHG� WR� WKLV�
ERRP�DQG�EXVW�FOLPDWLF� VLWXDWLRQ�� � ,W� LV� D�YHU\� VXLWDEOH�
ODERUDWRU\�IRU�QHZ�VFLHQWLVWV���:KDW�WKH�IXWXUH�KROGV�IRU�
WKH� LVODQG� RI� $JXLJXDQ� LV� XQFHUWDLQ�� � 5XPRUV� DERXQG�
FRQFHUQLQJ� D� KXQWLQJ� SUHVHUYH�� JDPEOLQJ� RU� YDFDWLRQ�
UHVRUW�� RU� QDWXUH� SUHVHUYH�� EXW� QR� GHILQLWLYH� SODQ� \HW�
H[LVWV���:KDWHYHU�WKH�IXWXUH�RI�$JXLJXDQ��LW�UHPDLQV�DQ�
HQLJPD� DQG� LW� GHVHUYHV� PRUH� VWXG\�� � 6R�� ZK\� JR� WR�
$JXLJXDQ"��%HFDXVH�LW�LV�WKHUH" 
�� 
�1RWH�� $OWKRXJK� WKHUH� DUH� VHYHUDO� YDULDWLRQV� WR� WKH�
VSHOOLQJ�RI�$JXLJXDQ��,�KDYH�FKRVHQ�WKH�VSHOOLQJ�XVH�E\�
WKH�0XQLFLSDOLW\�RI�7LQLDQ�WR�ZKLFK�$JXLJXDQ�LV�D�SDUW�� 
 

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

0\�ILUVW�DIWHUQRRQ�ZDV�D�OHDUQLQJ�VLWXDWLRQ���2Q�DQ�
RXWLQJ�ZLWK� VHYHUDO� VWXGHQWV� WR� VFRXW� WKH�ROG� -DSDQHVH�
URDG�WR�WKH�ERDW�ODQGLQJ��,�OHDUQHG�KRZ�WR�XVH�HIIHFWLYHO\�
D�PDFKHWH���0\�WKDQNV�WR�5LFN�.DLSDW�ZKR�KDFNHG�WUDLOV�
WKURXJK�ODQWDQD�ZLWK�IHZ�VFUDWFKHV�ZKLOH�WKH�ULJKW�IRUH�
DUP� RI� WKH� �LQVWUXFWRU�� ORRNHG� OLNH� LW� KDG� EDUHO\� VXU�
YLYHG�VRPH�P\VWLFDO�LQLWLDWLRQ�LQWR�PDQKRRG��3HUKDSV�,�
KDG��$OVR��P\�DSSUHFLDWLRQ�WR�5REHUW�/DWKDP�IRU�VZHDW-
LQJ� WKURXJK� WKH�KRXUV� LQ� WKH�UXJJHG� WHUUDLQ��EHLQJ�SDUW�
JRDW��DQG�ILQGLQJ�VRPH�LQWHUHVWLQJ�WUDLOV�LQ�RXU�VHDUFK�RI�
WKH� LVODQG�� �7KDQNV� WR� 6LG�&DEUHUD� IRU� WKH�SUHFLSDWLRQ�
GDWD�DQG� WR�10&�IRU�VHHLQJ� WKH�YDOXH�RI�RXU� ILHOG�WULS�
DQG�SURYLGLQJ�PXFK�QHHGHG�VXSSRUW� 
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3URFHHGLQJV��0DULDQDV�5HVHDUFK�6\PSRVLXP������о�� 
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'ൾඋൾ�:��6ඍංඇඌඈඇ 

 
'LYLVLRQ�RI�)LVK�DQG�:LOGOLIH 

&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV 
6DLSDQ��03�������86$ 

7KH�0LFURQHVLDQ�0HJDSRGH� �0HJDSRGLXV� ODSHU�
RXVH���SHUKDSV�WKH�VPDOOHVW�PHJDSRGH�VSHFLHV��FD������
J���LV�HQGHPLF�WR�WKH�0DULDQD�DQG�3DODX�,VODQGV�LQ�WKH�
ZHVWHUQ�3DFLILF���0��O��ODSHURXVH�RI�WKH�0DULDQDV�LV�WKH�
PRVW�QRUWKHUO\�GLVWULEXWHG�PHJDSRGH���,W�LV�QRZ�ODUJHO\�
UHVWULFWHG� WR�WKH�UHPRWH�YROFDQLF�LVODQGV�QRUWK�RI�6DL�
SDQ�� H[FHSW� IRU� D� VPDOO� SRSXODWLRQ� RQ�$JXLJXDQ� DQG�
UHHVWDEOLVKHG�SRSXODWLRQV�RQ�6DLSDQ�DQG�SRVVLEO\�7LQ-
LDQ� 

0HJDSRGHV� DUH� JDOOLQDFHRXV� ELUGV� IRXQG� RQO\� LQ�
WKH�$XVWUDOLDQ�UHJLRQ�ZKHUH�SKHDVDQWV�DUH�DEVHQW���7KH�
IDPLO\�0HJDSRGLLGDH�LQFOXGHV�VL[�JHQHUD�WKDW�XVH�H[�
WHUQDO� KHDW� VRXUFHV� WR� LQFXEDWH� HJJV�� �'HNNHU� �������
LGHQWLILHG� IRXU� LQFXEDWLRQ� VWUDWHJLHV� XVHG� E\� PHJD�
SRGHV��PRXQG� EXLOGLQJ� �KHDW� VRXUFH� LV� PLFURELDO� GH�
FRPSRVLWLRQ� RI� YHJHWDWLYH� PDWWHU��� EXUURZ� QHVWLQJ� DW�
JHRWKHUPDO� VLWHV�� EXUURZ� QHVWLQJ� DW� VXQ-H[SRVHG�
EHDFKHV��DQG�EXUURZ�QHVWLQJ�EHWZHHQ�WKH�URRWV�RI�WUHHV�
�GHFRPSRVLWRQ�� 

:KLOH�LQYHVWLJDWLQJ�WKH�QHVWLQJ�ELRORJ\�DQG�GLVWUL�
EXWLRQ� RI� PHJDSRGHV� LQ� WKH� 0DULDQDV�� *ODVV� �*ODVV�
DQG�$OGDQ�������GHYHORSHG�D�K\SRWKHVLV�� WKRXJK�QRW�
H[SOLFLWO\�VWDWHG��WKDW�0��O��ODSHURXVH�KDG�ORVW�WKH�DELO�
LW\� WR� XVH� WKH� KHDW� RI� GHFRPSRVLWLRQ� WR� LQFXEDWH� LWV�
HJJV�DQG�� WKHUHIRUH��ZDV� LQFDSDEOH�RI� UHSURGXFLQJ�RQ�
FRUDO� LVODQGV�� � *ODVV� LQYHVWLJDWHG� D� ODUJH� FRPPXQDO�
QHVWLQJ� JURXQG� RQ�*XJXDQ�� ZKHUH� VRODU� UDGLDWLRQ� RQ�
WKH�GDUN� FLQGHU� VRLO� SURYLGHG� KHDW� IRU� LQFXEDWLRQ�� � ,Q�

DGGLWLRQ�� PHJDSRGHV� RQ� 3DJDQ� IRUPHUO\� QHVWHG� QHDU�
KRW� VSULQJV�� WKRXJK� WKLV� VLWH� KDV� VLQFH� EHHQ� GHHSO\�
EXULHG�E\�FLQGHUV��'��$OGDQ�SHUV��FRPP���� �*ODVV�GH�
WHUPLQHG� IURP� LQWHUYLHZLQJ� UHVLGHQWV� WKDW� WKH� UHGLV�
FRYHUHG� 6DLSDQ� SRSXODWLRQ� �3UDWW� DQG� %UXQHU� ������
KDG� LWV�RULJLQ� LQ�ELUGV�DQG�HJJV� WUDQVSRUWHG� WR�6DLSDQ�
IURP�QRUWKHUQ�LVODQGV�LQ�WKH�����V�DQG�����V���+H�ZDV�
XQDEOH�WR�ILQG�HYLGHQFH�RI�QHVWLQJ�RQ�6DLSDQ��GHVSLWH�D�
UHODWLYHO\� LQWHQVLYH� VWXG\�� � 0RUHRYHU�� KLV� LQYHV-
WLJDWLRQV� RI� PHJDSRGH� GLVWULEXWLRQ� LQ� WKH� 0DULDQDV�
LQGLFDWHG� WKDW�PHJDSRGHV� ZHUH�PXFK�PRUH� DEXQGDQW�
RQ� UHFHQWO\� DFWLYH� YROFDQLF� LVODQGV�� � 7KLV� OHG� KLP� WR�
FRQFOXGH� WKDW� WKH� VPDOO� SRSXODWLRQV� RQ� 6DLSDQ� DQG�
$JXLJXDQ�� DQG� UDUH� UHSRUWV� IURP� WKH� FRUDO� LVODQGV� RI�
5RWD� DQG� 7LQLDQ� DOO� ZHUH� UHODWHG� WR�PHJDSRGH� WUDQV�
SRUWV�IURP�WKH�QRUWKHUQ�LVODQGV���+HQFH��*ODVV�EHOLHYHG�
WKDW�0�� O�� ODSHURXVH�FRXOG� QRW� UHSURGXFH�RQ� FRUDO� LV�
ODQGV� 

5HFHQW�REVHUYDWLRQV�RQ�$JXLJXDQ�SURPSWHG�D�UH-
HYDOXDWLRQ�RI�WKH��*ODVV�K\SRWKHVLV��DQG�GHYHORSPHQW�
RI�DQ�DOWHUQDWLYH�K\SRWKHVLV�EDVHG�RQ� UHFHQW�REVHUYD�
WLRQV� DQG� D� UH-DQDO\VLV� RI� KLVWRULFDO� LQIRUPDWLRQ�� � ,�
VXPPDUL]H�KHUH�WKH�VLJQLILFDQFH�RI�UHFHQW�ILQGLQJV�RQ�
$JXLJXDQ� DV� WKH\� UHODWH� WR� FXUUHQW� NQRZOHGJH� RI� WKH�
EUHHGLQJ�ELRORJ\�RI�0��ODSHURXVH�� �0RUHRYHU��,�FRP�
PHQW�RQ�WKH�FRQVHUYDWLRQ�RI�WKH�VSHFLHV�LQ�WKH�0DULD�
QDV��� 

 

$EVWUDFW�� 7KH�GLVFRYHU\�RI�WZR�SRVVLEOH�PHJDSRGH�QHVW�PRXQGV�RQ�$JXLJXDQ�LQ������SURPSWHG�D�UH-
HYDOXDWLRQ�RI�WKH�K\SRWKHVLV�WKDW�0��O��ODSHURXVH�UHTXLUHV�JHRWKHUPDO�KHDW�RU�VRODU�KHDWHG�FLQGHU�ILHOGV�IRU�
UHSURGXFWLRQ�� �7KH�FORVHO\� UHODWHG� �0�� O�� VHQH[�EXLOGV�PRXQGV�RI�VDQG�DQG�JUDVV�RU� IRUHVW� OLWWHU�RQ� WKH�
FRUDO�LVODQGV�RI�3DODX���+LVWRULFDO�UHSRUWV�RI�PRXQGV�LQ�WKH�0DULDQDV��UHFHQW�UHFRUGV�RI�MXYHQLOH�PHJD�
SRGHV�RQ�$JXLJXDQ�DQG�6DULJDQ��DQG�EXUURZ�GHVFULSWLRQV�IURP�3DJDQ�VXJJHVW�WKDW�0��O��ODSHURXVH�LV�DEOH�
WR�UHSURGXFH�XVLQJ�DOO�LQFXEDWLRQ�VWUDWHJLHV�UHSRUWHG�IRU�PHJDSRGHV��EXW�WKDW�VXFFHVV�LV�ORZ�ZKHUH�KHDW�
IURP�OLWWHU�GHFRPSRVLWLRQ�LV�XVHG���7KH�NQRZQ�GLVWULEXWLRQ�DQG�UHSURGXFWLYH�HFRORJ\�RI�WKH�VSHFLHV�LQGL�
FDWH� WKDW� LW� LV� UHODWLYHO\� VHFXUH� RQ� XQLQKDELWHG� LVODQGV�� EXW� VWULFW� SURWHFWLRQ� DQG� DFWLYH�PDQDJHPHQW� LV�
UHTXLUHG�WR�PDLQWDLQ�SRSXODWLRQV�RQ�LQKDELWHG�LVODQGV� 



0DULDQDV�5HVHDUFK�6\PSRVLXP�        ���� 

�� 

 678'<�$5($�$1'�0(7+2'6 
 

$JXLJXDQ� LV� GHVFULEHG� LQ� &UDLJ� HW� DO�� �SUHVHQW�
YROXPH��� � 3DJDQ�� 6DULJDQ�� DQG� *XJXDQ� DUH� YROFDQLF�
LVODQGV�QRUWK�RI�6DLSDQ�RI��������DQG�����NP���UHVSHF�
WLYHO\�� �2EVHUYDWLRQV�ZHUH�PDGH�RQ�$JXLJXDQ�GXULQJ�
ILHOG�WULSV�IRU�IHUDO�JRDW�FRQWURO�LQ��������2EVHUYDWLRQV�
RQ� WKH�VWDWXV�RI�PHJDSRGHV�RQ�6DLSDQ��6DULJDQ��*XJ�
XDQ��3DJDQ��DQG�RWKHU�QRUWKHUQ�LVODQGV�ZHUH�PDGH�RYHU�
WKH�SDVW� VHYHUDO� \HDUV�� �7KLV� LQIRUPDWLRQ� LV� RQ� ILOH� DW�
WKH�'LYLVLRQ�RI�)LVK�DQG�:LOGOLIH��'):���DQG�VXPPD-
UL]HG�LQ�*ODVV�DQG�$OGDQ��������DQG�6WLQVRQ�������� 
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,� GLVFRYHUHG� ZKDW� ,� EHOLHYHG� WR� EH� D� PHJDSRGH�
QHVW�PRXQG�GXULQJ�D� WULS� WR�$JXLJXDQ� LQ�0D\���������
7KH� SRVVLEOH� QHVW� PRXQG� ZDV� DSSUR[LPDWHO\� �� P� LQ�
GLDPHWHU������P�KLJK��DQG�ORFDWHG�DW�WKH�EDVH�RI�D�ODUJH�
IDOOHQ�WUHH���7KH�ORJ�ZDV�KROORZHG�RXW�DQG�PXFK�RI�WKH�
URWWHQ�ZRRG�IURP�LQVLGH�VHHPHG�WR�EH�PL[HG�LQWR� WKH�
VRLO� RI� WKH� PRXQG�� � 7KH� PRXQG� KDG� VHYHUDO� GHSUHV�
VLRQV�LQ�LWV�VXUIDFH��SUHVXPDEO\�ZKHUH�ELUGV�KDG�EHHQ�
GLJJLQJ�� � ,� GLG�QRW� LQYHVWLJDWH� WKH�PRXQG� IXUWKHU� EH�
FDXVH�,�ZDV�XQFHUWDLQ�WKDW�LW�ZDV�D�QHVW��DQG�,�ZDV�XQD�
ZDUH� WKDW� WKHUH� ZHUH� QR� GHILQLWH� UHFRUGV� RI� QHVW�
PRXQGV�IURP�$JXLJXDQ���7KRXJK�VPDOO��WKLV�PRXQG�ILW�
WKH�GHVULSWLRQ�RI�PRXQGV�FRQVWUXFWHG�E\�0��O��VHQH[�LQ�
3DODX��-��(QJEULQJ��FRUUHVS��LQ�'):�ILOHV����� 

2Q� $JXLJXDQ�� D� VLPLODU� PRXQG� ZDV� UHSRUWHG� LQ�
������ DQG� D� MXYHQLOH� ELUG� ZDV� VHHQ� �&�� 5LFH� SHUV��
FRPP���� � 0RUHRYHU�� 2ZHQ� UHSRUWHG� ILQGLQJ� D� QHVW�
PRXQG�RQ�$JXLJXDQ�LQ�������*ODVV�DQG�$OGDQ���������
7KH�REVHUYDWLRQ�RI� MXYHQLOH�ELUGV� LQ�������������DQG�
������'):�WULS�UHSRUWV��VXJJHVW�WKDW�PHJDSRGHV�DUH�DW�
OHDVW� RFFDVLRQDOO\� UHSURGXFLQJ� VXFFHVVIXOO\� RQ� $JXL�
JXDQ� 

$JXLJXDQ�LV�WKH�RQO\�VRXWKHUQ�LVODQG�ZKHUH�PHJD�
SRGHV� KDYH� EHHQ� IRXQG� FRQVLVWHQWO\� LQ� WKLV� FHQWXU\���
7KHUH�DUH�DOVR��KRZHYHU��HQLJPDWLF�UHFRUGV�RI�DQ�DGXOW�
RQ� 7LQLDQ� �:LOHV� HW� DO�� ������ DQG� LPPDWXUH� PHJD�
SRGHV�IURP�6DLSDQ��*ODVV�DQG�9LOODJRPH]�������DQG�
5RWD��6FKPLWW���������6XFK�UHFRUGV�PD\�EH�UHODWHG�WR�
FRQWLQXHG� WUDQVSRUW�RI�HJJV�IURP�WKH�QRUWKHUQ� LVODQGV�
RU�WR�PLVLGHQWLILFDWLRQV� 

�,Q� KLVWRULF� WLPHV��PHJDSRGHV�ZHUH� IRXQG�RQ� WKH�
ODUJHU� FRUDO� LVODQGV� RI� *XDP�� 5RWD�� 7LQLDQ�� DQG� 6DL�
SDQ��EXW�ZHUH�FRPPRQ�RQO\�RQ�6DLSDQ���:LWK�WKH�H[�
FHSWLRQ� RI� 6DLSDQ�� WKH\� EHFDPH� H[WLQFW� RQ� WKHVH� LV�
ODQGV� LQ� WKH� ��WK� FHQWXU\�� � 7KH\� SHUVLVWHG� RQ� 6DLSDQ�

LQWR�WKH�����
V�� WKRXJK� WKH\�ZHUH�KXQWHG�DQG�WUDSSHG�
LQFHVVDQWO\� �%DNHU� ������� � 0RUHRYHU�� PXFK� RI� WKH�
IRUHVW� KDELWDW� RI� PHJDSRGHV� RQ� 6DLSDQ�� 7LQLDQ�� DQG�
$JXLJXDQ�ZDV�ORVW�WR�H[WHQVLYH�FOHDULQJ�IRU�VXJDU�FDQH�
FXOWLYDWLRQ�GXULQJ�WKH�-DSDQHVH�PDQGDWH������о������ 

7DND-7VXNDVD��������GHVFULEHG�WKH�QHVW�PRXQG�LQ�
WKH�0DULDQDV� �LVODQG� QRW� VWDWHG�� DV� D� ODUJH�PRXQG� RI�
VDQG�DQG�JUDVV��FD�����P�LQ�GLDPHWHU��D�IHZ�PHWHUV�LQ�
KHLJKW�� 1R� ODUJH� PRXQGV� KDYH� EHHQ� UHSRUWHG� IURP�
6DLSDQ�LQ�UHFHQW�\HDUV��EXW�7DND-7VXNDVD
V�GHVFULSWLRQ�
LV� VLPLODU� WR� PRXQGV� VHHQ� RQ� FRUDO� LVODQGV� RI� 3DODX�
�:LOHV� DQG� &RQU\� ������� � 3HUKDSV� GHYHORSPHQW� DQG�
GRPHVWLF�DQLPDOV�QRZ�SUHYHQW�PHJDSRGHV�IURP�HVWDE�
OLVKLQJ�QHVW�PRXQGV�QHDU�6DLSDQ�EHDFKHV� 

,Q�-XQH�������D�PHJDSRGH�RQ�3DJDQ�ZDV�REVHUYHG�
GLJJLQJ�D�EXUURZ�DPRQJ� WKH�URRWV�RI�D�FRFRQXW�SDOP�
�&RFRV� QXFLIHUD�� �&�5LFH� SHUV�� FRPP���� VXJJHVWLQJ�
WKDW� GHFRPSRVLWLRQDO� KHDW� ZDV� XVHG� IRU� LQFXEDWLRQ���
7KLV� LV� WKH� ILUVW� UHSRUW�RI� VXFK�DQ� LQFXEDWLRQ� VWUDWHJ\�
IRU�0�� ODSHURXVH�� � )XUWKHUPRUH�� 6DULJDQ� �FD�� �� NP���
VXSSRUWV�D�PHJDSRGH�SRSXODWLRQ�RI�DERXW����о�����\HW�
GRHV� QRW� DSSHDU� WR� KDYH� JHRWKHUPDO� RU� EODFN� FLQGHU�
ILHOGV� IRU�QHVWLQJ��6WLQVRQ�������� �0HJDSRGHV�RQ�WKLV�
LVODQG� PD\� XVH� LQFRQVSLFXRXV� PRXQGV� RU� WUHH� URRW�
EXUURZV�IRU�QHVWLQJ���)LQDOO\��/XGZLJ��������UHSRUWHG�
WKDW�PHJDSRGHV� RQ�$JULKDQ� VFUDSHG� YROFDQLF� VRLO� WR�
JHWKHU� LQWR�D�PRXQG��о��P�LQ�GLDPHWHU�DQG�����P�LQ�
KHLJKW�� �(JJ�EXUURZV�ZHUH�WKHQ�GXJ� LQWR�WKLV�PRXQG���
7KH�KHDW�VRXUFH�IRU�WKLV�PRXQG�ZDV�XQNQRZQ��EXW�WKH�
FORVHG�FDQRS\�RI�FRFRQXW�SDOPV�VHHPHG�WR�SUHYHQW�WKH�
VXQ�IURP�VXSSO\LQJ�WKH�QHHGHG�KHDW��� 

7KH� DSSDUHQW� DW� OHDVW� RFFDVLRQDOO\� VXFFHVVIXO� UH�
SURGXFWLRQ� RI�PHJDSRGHV� RQ� 6DULJDQ��$JXLJXDQ�� DQG�
�KLVWRULFDOO\�DQG�SHUKDSV�UHFHQWO\��6DLSDQ��DORQJ�ZLWK�
UHSRUWV�RI�PRXQGV�RQ�$JXLJXDQ��VXJJHVWV�WKDW�0��O��O-
DSHURXVH�LV�LQGHHG�DEOH�WR�UHSURGXFH�XVLQJ�WKH�KHDW�RI�
GHFRPSRVLWLRQ�� � 8VH� RI� GHFRPSRVLWLRQDO� KHDW� LV� DOVR�
VXSSRUWHG�E\�WKH�REVHUYDWLRQ�RI�D�WUHH�URRW�EXUURZ�RQ�
3DJDQ��DFFRXQWV�RI�PRXQGV�LQ�WKH�0DULDQDV��7DND-7V-
XNDVD�������� DQG� WKH�XVH�RI�PRXQGV�RQ�FRUDO� LVODQGV�
E\�0�� O�� VHQH[� LQ�3DODX�� � ,� WKHUHIRUH�K\SRWKHVL]H� WKDW�
0�� ODSHURXVH� XVHV� DOO� WKH� UHSRUWHG� LQFXEDWLRQ� VWUDWH�
JLHV��PRXQGV� �0�� O�� VHQH[� LQ� 3DODX��0�� O�� ODSHURXVH��
7DND-7VXNDVD� ������ WKLV� SDSHU��� EXUURZV� DW� JHRWKHU�
PDO� VLWHV� �RQ�3DJDQ��'�$OGDQ��SHUV��FRPP����EXUURZV�
DW� VXQ-H[SRVHG� EHDFKHV� �*XJXDQ—LQ� WKLV� FDVH� GDUN�
FLQGHU�ILHOG��*ODVV�DQG�$OGDQ��������DQG�EXUURZV�EH�
WZHHQ� WUHH� URRWV� �3DJDQ�� &�5LFH�� SHUV�� FRPP��� DOVR�
SHUKDSV� RQ� $JXLJXDQ�� 6DULJDQ��� � 2WKHU�0HJDSRGLXV�
VSHFLHV� �0�� FXPLQJLL�� 0�� HUHPLWD�� DUH� NQRZQ� WR� XVH�
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PRUH� WKDQ� RQH� LQFXEDWLRQ� VWUDWHJ\� �'HNNHU� ��������
:KHWKHU� LQGLYLGXDO� ELUGV� RU� LVODQG� SRSXODWLRQV� DUH�
EHKDYLRUDOO\�FDSDEOH�RI�DOO� WKH�VWUDWHJLHV� LV�XQNQRZQ���
0��ODSHURXVH�PD\�EH�FDSDEOH�RI�UHSURGXFLQJ�XVLQJ�DOO�
WKUHH� H[WHUQDO� KHDW� VRXUFHV� �VRODU�� JHRWKHUPDO�� DQG�
PLFURELDO��EHFDXVH�LW�KDV�UHPDLQHG�SODVWLF�LQ�EHKDYLRU��
DQG�ZLOO�DWWHPSW� WR� UHSURGXFH�RSSRUWXQLVWLFDOO\�ZKHU�
HYHU�ZDUP��IULDEOH�VRLO�LV�IRXQG���2Q�FRUDO�LVODQGV��WKLV�
PD\�LQFOXGH�WKH�XVH�RI�URWWLQJ�ZRRG�IURP�D�ODUJH�WUHH�
IDOO�� 

&RQVHUYDWLRQ��7KH�UDULW\�RI�LPPDWXUH�PHJDSRGH�
VLJKWLQJV� RQ� FRUDO� LVODQGV� DQG� RQ� YROFDQLF� LVODQGV�
ZLWKRXW�GDUN�FLQGHU�ILHOGV�RU�JHRWKHUPDO�VLWHV�VXJJHVW�
WKDW� UHSURGXFWLYH�VXFFHVV�RQ� VXFK� LVODQGV� LV� ORZ�� �2Q�
VXFK� LVODQGV�� LQFXEDWLRQ� WHPSHUDWXUHV� PD\� UHPDLQ�
VXIILFLHQWO\�KLJK�RQO\�UDUHO\���0��ODSHURXVH�PD\��WKHUH-
IRUH��EH�UDUH�RU�H[WLQFW�RQ�LQKDELWHG�LVODQGV�EHFDXVH�LW�
FDQ�QRW�VXVWDLQ�DGGHG�PRUWDOLW\�UHVXOWLQJ�IURP�GRPHV�
WLF�DQLPDOV�DQG�KXQWLQJ�����7KH�VRXWKHUQ�LVODQG�SRSXOD�
WLRQV� RI� PHJDSRGHV� FRXOG� EHFRPH� GRRPHG� E\� ORZ�
UHFUXLWPHQW�� SRDFKLQJ�� LQWURGXFHG� SUHGDWRUV� �H�J��
VQDNHV�� DV� RFFXUUHG� RQ� *XDP�� )ULWWV� ������ 6DYLGJH�
�������DQG�ORVV�RI�KDELWDW� WR�GHYHORSPHQW�� �+RZHYHU��
VXLWDEOH�QHVWLQJ�JURXQGV�PLJKW�EH�FUHDWHG�XVLQJ�FLQGHU�
VRLO� EURXJKW� WR� WKH� VRXWKHUQ� FRUDO� LVODQGV� �*ODVV�
SHUV�FRPP��� � :KHQ� PRUH� LV� XQGHUVWRRG� DERXW� WKH�
EDVLF�QHVWLQJ�ELRORJ\�RI� WKH� VSHFLHV��DQG� LI� WKH�VQDNH�
WKUHDW� LV� UHGXFHG�� WKHQ� UHVHDUFK� VKRXOG� GHWHUPLQH� LI�
GHYHORSLQJ�DQ�DUWLILFLDO�QHVWLQJ�JURXQG�PLJKW�EH�IHDVL-
EOH� 

0RVW� RI� WKH� XQLQKDELWHG�0DULDQD� LVODQGV� DUH� UD�
WKHU�UHPRWH�DQG�GR�QRW�KDYH�VDIH�DQFKRUDJH��SURYLGLQJ�
UHODWLYHO\�VHFXUH�UHIXJHV�IRU�ZLOGOLIH�� �*XJXDQ��$VXQ�
FLRQ�� 0DXJ�� DQG� )DUDOORQ� GH� 3DMDURV� DUH� GHVLJQDWHG�
:LOGOLIH� 6DQFWXDULHV� LQ� WKH�&RQVWLWXWLRQ� RI� WKH�&RP�
PRQZHDOWK���7KH�IXWXUH�RI�WKH�0LFURQHVLDQ�0HJDSRGH�
RQ�LVODQGV�WKDW�UHPDLQ�XQLQKDELWHG�LV�UHODWLYHO\�VHFXUH��
EXW� SURWHFWLRQ� RI� KDELWDW�� SUHGDWRU� FRQWURO�� DQG� VWULFW�
ODZ�HQIRUFHPHQW�ZLOO�EH�HVVHQWLDO�RQ�LQKDELWHG�LVODQGV��� 
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'LYLVLRQ�RI�)LVK�DQG�:LOGOLIH 

&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV 
6DLSDQ��03�������86$ 

$EVWUDFW��)HUDO�JRDWV��&DSUD�KLUFXV��KDYH�H[WHQVLYHO\�GDPDJHG�IRUHVW�YHJHWDWLRQ�RQ�VHYHUDO�0DUL�
DQD�,VODQGV��LQFOXGLQJ�$JXLJXDQ���3UHOLPLQDU\�VXUYH\V�RQ�$JXLJXDQ������NP���HVWLPDWHG�D�SRSXOD�
WLRQ�RI����о����JRDWV���*RDWV�ZHUH�UHPRYHG�URP�$JXLJXDQ�LQ������E\�FDSWXUH�DQG�VKRRWLQJ���,QL�
WLDOO\�����KXQWHUV�FDSWXUHG�JRDWV�RYHU�WKUHH�GD\V�E\�GULYLQJ�WKHP�LQWR�D�QHW�FRUUDO���(LJKW�RI����JRDWV�
FDSWXUHG�ZHUH�ILWWHG�ZLWK�UDGLR�FROODUV�DQG�UHOHDVHG�WR�DVVLVW�ZLWK�KXQWLQJ�HIIRUWV�� �7KH�UHPDLQGHU�
ZHUH�UHPRYHG���6XEVHTXHQWO\��HLJKW�GLIIHUHQW�KXQWHUV�VKRW�����JRDWV�GXULQJ�VL[�KXQWV�RI�DERXW�VL[�
GD\V�HDFK��WRWDOOLQJ����PDQ-GD\V���$Q�HVWLPDWHG����JRDWV������RI�WKH�SRSXODWLRQ��UHPDLQHG���+XQW�
HUV�KDG�EHHQ�LQVWUXFWHG�WR�VKRRW�VHOHFWLYHO\�IRU�DGXOW�IHPDOHV�EHIRUH�VXEDGXOWV��DQG�DGXOW�PDOHV�EH�
LQJ�ORZHVW�SULRULW\���&RPSDULVRQ�RI�QXPEHUV�VKRW�ZLWK�QXPEHUV�VLJKWHG�VKRZHG�VHOHFWLRQ�ZDV�QRW�
VWDWLVLFDOO\� VLJQLILFDQW��$QDO\VLV� RI� FRYDULDQFH� LQGLFDWHG� WKDW� LQGLYLGXDO� KXQWHUV� KDG� D� VLJQLILFDQW�
HIIHFW�RQ�WKH�QXPEHU�RI�JRDWV�VKRW�GD\���+XQWLQJ�DVVLVWHG�E\�UDGLR�WHOHPHWU\�ZDV�QRW�VLJQLILFDQWO\�
GLIIHUHQW�IURP�XQDLGHG�KXQWLQJ�IRU�WKLV�SKDVH�RI�HUDGLFDWLRQ���3UHYLRXV�HIIRUWV�LQ�1HZ�=HDODQG�VXJ�
JHVWHG�WKDW�LI�WKH�SRSXODWLRQ�LV�UHGXFHG�E\������D�WRWDO�HIIRUW�RI�����PDQ-GD\V�ZRXOG�EH�QHHGHG�WR�
HUDGLFDWH�WKH�$JXLJXDQ�JRDWV���'DWD�RQ�FKDQJH�LQ�YHJHWDWLRQ�ZDV�REWDLQHG�XVLQJ�WKUHH�SRLQW�LQWHU�
FHSW�WUDQVHFWV�LQ�IRUHVW�DQG�RSHQ�ILHOG�VDPSOHG�LQ������DQG��������7KH�IRUHVW�WUDQVHFW�VKRZHG�PDU�
JLQDO� LQFUHDVHV�LQ�VKRRWV�DQG�VHHGOLQJV�RI�&\QRPHWUD�UDPLIORUD�DQG�2FKURVLD�PDULDQHQQVLV�� �7KH�
SHUFHQW�RI������[������SDQHOV�REVFXUHG�E\�YHJHWDWLRQ�LQFUHDVHG�E\�����DW�OHYHO�����о�����P�DERYH�
JURXQG��DQG�����DW�DOO�OHYHOV���о��P����7UDQVHFWV�LQ�RSHQ�ILHOG�VKRZHG�D�GHFUHDVH�LQ�WKH�FRPPRQ�
ZHHGV�7ULGD[�SURFXPEHQV��DQG�0LNDQLD�VFDGHQV��EXW�DQ�LQFUHDVH�LQ�/DQWDQD�FDPDUD�DQG�JUDVVHV���
6HYHUDO�JUDVV�VSHFLHV�KDG�FRORQL]HG�WKH�VLWH�VLQFH�������� 



7+(�$*8,*8$1�(;3(',7,21 

�� 

3URFHHGLQJV��0DULDQDV�5HVHDUFK�6\PSRVLXP������о�� 
 

67$786�2)�)58,7�)/<�3238/$7,216�21�$*8,*8$1 
 

$ඎൻඋൾඒ�0ඈඈඋൾ 

 
/DQG�*UDQW�3URJUDP 

1RUWKHUQ�0DULDQDV�&ROOHJH 
3�2��%R[����� 

6DLSDQ��03��������86$ 

$EVWUDFW��3RSXODWLRQV�RI�WZR�IUXLW�IOLHV��'DFXV�FXFXUELWDH�DQG�'DFXV�RFKURVLDH��ZHUH�VDPSOHG�LQ�
0DUFK�������DQG�0D\�������RQ�$JXLJXDQ��DQ�XQLQKDELWHG�LVODQG�LQ�WKH�0DULDQD�,VODQG�FKDLQ���&XH-
OXUH�EDLWHG�6WHLQHU�WUDSV�ZHUH�XVHG�WR�FDSWXUH�IOLHV���$OWKRXJK�PRGHUDWH�QXPEHUV�RI�'��FXFXUELWDH�
ZHUH�WUDSSHG�LQ�0DUFK��QRQH�ZHUH�FDXJKW�LQ�0D\���7KLV�UHGXFWLRQ�ZDV�SUREDEO\�GXH�WR�ORZ�QXP�
EHUV�RI�ZLOG�ELWWHUPHORQ��0RPRUGLFD�FKDUDQWLD�� IUXLW��ZKLFK�UHVXOWHG�IURP�GU\�ZHDWKHU�DQG�WKHLU�
FRQVXPSWLRQ�E\�YHUWHEUDWHV�� �1R� LQIHVWHG� IUXLWV�ZHUH� IRXQG�� �7KH� VLJQLILFDQFH�RI� WKHVH� UHVXOWV� LV�
GLVFXVVHG�ZLWK�UHVSHFW�WR�WKH�SURSRVHG�HUDGLFDWLRQ�SURJUDP�IRU�PHORQ�IOLHV�LQ�WKH�0DULDQDV� 

3UHVHQFH� RI� WKH� PHORQ� IUXLW� IO\� �'DFXV� FXFXUEL�
WDH�� LQ�WKH�0DULDQD�,VODQGV�KDV�UHVXOWHG�LQ�TXDUDQWLQH�
UHJXODWLRQV�ZKLFK�EDQ�WKH�VKLSPHQW�RI�IUHVK�IUXLWV�DQG�
YHJHWDEOHV�WR�SRWHQWLDOO\�OXFUDWLYH�H[SRUW�PDUNHWV���$Q�
HUDGLFDWLRQ�SURJUDP�LV�EHLQJ�SODQQHG�WR�HOLPLQDWH�WKLV�
LPSHGLPHQW� WR� WKH� GHYHORSPHQW� RI� DJULFXOWXUH� E\� UH�
OHDVLQJ� PDVVLYH� QXPEHUV� RI� VWHULOL]HG� PHORQ� IOLHV���
:LOG�� IHUWLOH� IOLHV� ZKLFK�PDWH� ZLWK� WKHVH� VWHULOH� IOLHV�
SURGXFH�QR�RIIVSULQJ�� �,I�VXIILFLHQW�QXPEHUV�RI�VWHULOH�
IOLHV�DUH�UHOHDVHG�IRU�VHYHUDO�JHQHUDWLRQV��ORFDO�SRSXOD�
WLRQV�ZLOO� EH� HUDGLFDWHG�� �7KH� VWHULOH� LQVHFW� WHFKQLTXH�
�6,7��LV�HQYLURQPHQWDOO\�DFFHSWDEOH�DV�RQO\�WKH�WDUJHW�
VSHFLHV�LV�GLUHFWO\�DIIHFWHG���$�QHFHVVDU\�VWHS�LQ�SODQ�
QLQJ�DQ�6,7�SURJUDP�LV�WR�GHWHUPLQH�SRSXODWLRQ�OHYHOV�
DQG�VSDFLDO�GLVWULEXWLRQ���7KH�PHORQ�IO\�SRSXODWLRQ�RQ�
$JXLJXDQ�ZDV� VWXGLHG�E\� FDWFKLQJ� DGXOW� IOLHV� LQ� VSH�
FLDOO\�GHVLJQHG�WUDSV�DQG�E\�H[DPLQLQJ�KRVW�IUXLWV�IRU�
ODUYDH�� �$�FORVHO\�UHODWHG� IUXLW� IO\��'��RFKURVLDH��ZDV�
DOVR�FDXJKW���7KH�RFKURVLD�IO\�LV�HQGHPLF�WR�WKH�0DULD�
QDV�,VODQGV�DQG�LV�QRW�FRQVLGHUHG�D�SHVW�VSHFLHV���� 
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0HORQ�IO\�SRSXODWLRQV�DUH�URXWLQHO\�PRQLWRUHG�E\�
FDWFKLQJ� VH[XDOO\� PDWXUH� DGXOW� PDOHV� LQ� WUDSV� EDLWHG�
ZLWK� D� QRQ� WR[LF� ROIDFWRU\� DWWUDFWDQW� FDOOHG� FXH-OXUH���
&XH-OXUH� DOVR� DWWUDFWV� PDOHV� RI� VHYHUDO� RWKHU� UHODWHG�
VSHFLHV�LQFOXGLQJ�'��RFKURVLDH���$JXLJXDQ�LVODQG�SRS�
XODWLRQV�ZHUH�PRQLWRUHG�XVLQJ�WUDSV�GHVLJQHG�E\�6WHL�

QHU���7KHVH�WUDSV�FRQVLVW�RI�D�SODVWLF�F\OLQGHU�ZLWK�EDI�
IOHG�HQWUDQFHV�DW�HLWKHU�HQG���$WWUDFWDQW�ZDV�DSSOLHG�WR�
D�VKRUW�OHQJWK�RI�GHQWDO�ZLFN�VXVSHQGHG�IURP�D�ZLUH�DW�
WKH�FHQWHU�RI� WKH� WUDS�� �$�VPDOO�DPRXQW�RI� IDVW�DFWLQJ�
LQVHFWLFLGH� �1DOHG�� ZDV� DOVR� DSSOLHG� WR� WKH� ZLFN� WR�
SUHYHQW� IOLHV� IURP�OHDYLQJ�WKH� WUDS�� �7UDSV�ZHUH�KXQJ�
IURP�IROLDJH�DW�DERXW���P�DERYH�WKH�JURXQG� 

6WHLQHU�WUDSV�ZHUH�SODFHG�RQ�$JXLJXDQ�GXULQJ�WZR�
SHULRGV� LQ������� �&��5LFH� �)LVK�	�:LOGOLIH�'LYLVLRQ��
&10,� 'HSDUWPHQW� RI� 1DWXUDO� 5HVRXUFHV�� RSHUDWHG�
ILYH�WUDSV�IURP��о��0DUFK���,�RSHUDWHG�ILYH�WUDSV�GXU�
LQJ� WKH�$JXLJXDQ�H[SHGLWLRQ� IURP���о���0D\�� �'XU�
LQJ� ERWK� VDPSOH� SHULRGV� WUDSV� ZHUH� SODFHG� DORQJ� D�
QRUWKоVRXWK� WUDQVHFW� DFURVV� WKH� FHQWUDO� SODWHDX� LQ� WKH�
YLFLQLW\�RI�WKH�-DSDQHVH�WRZQ�VLWH�� 

)URP� ��о��� 0D\�� DOO� ELWWHUPHORQ� �0RPRUGLFD�
FKDUDQWLD�� IUXLWV�� D� KRVW� SODQW� RI� WKH�PHORQ� IO\��ZHUH�
FROOHFWHG�IURP�ZLWKLQ���P�RI�HDFK�VLGH�RI�D�SDWK�ZKLFK�
OHDG�DFURVV�D�ILHOG�RQ�WKH�FHQWUDO�SODWHDX�MXVW�QRUWK�RI�
WKH� -DSDQHVH� WRZQ� VLWH�� � 7KLV� WUDQVHFW� ZDV� ����P� LQ�
OHQJWK��� 
 

5(68/76 
 

'XULQJ�WKH�ILUVW�VDPSOH�SHULRG��DOO�WUDSV�FDXJKW�DW�
OHDVW�RQH�PHORQ�IO\�DQG�PDQ\�RFKURVLD� IOLHV�� �,Q�FRQ�
WUDVW�� QR� PHORQ� IOLHV� ZHUH� FDXJKW� GXULQJ� WKH� VHFRQG�
VDPSOH�SHULRG�DQG�D�UHGXFHG�QXPEHU�RI�RFKURVLD�IOLHV�
ZHUH�WUDSSHG��7DEOH����� 
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%LWWHUPHORQ� DFFRXQWHG� IRU� DERXW� ���� RI� WKH�
JURXQG�FRYHU�LQ�WKLV�DUHD��EXW�WKHUH�ZDV�YHU\�OLWWOH�IUXLW�
SURGXFWLRQ���7KH����IUXLWV�FROOHFWHG�KDG�D�WRWDO�PDVV�RI�
RQO\� ���� J�� � 7ZHQW\-VHYHQ� ������ RI� WKHVH� VKRZHG�
VLJQV�RI�YHUWHEUDWH�IHHGLQJ�GDPDJH���1RQH�RI�WKH�IUXLWV�
FRQWDLQHG�PHORQ�IO\�ODUYDH�� 

 
',6&866,21 

 
7KH� UHVXOWV� RI� WKH� WUDSSLQJ� RQ� $JXLJXDQ� DUH� RI�

VLJQLILFDQFH� WR� WKH� SURSRVHG� PHORQ� IO\� HUDGLFDWLRQ�
SURJUDP�� �7KH� UHGXFWLRQ�RI� WKH�PHORQ� IO\�FDWFK� IURP�
���� WR�����IOLHV�WUDS-GD\� LQ� OHVV� WKDQ� WKUHH�PRQWKV�EH�
WZHHQ� WKH� WZR� VDPSOH� SHULRGV� LQGLFDWHV� WKDW� IO\-IUHH�
VWDWXV� IRU� DQ� LVODQG� FDQQRW� EH� FRQFOXGHG� IURP� VKRUW�
WHUP�WUDSSLQJ���7KHUH�LV�DOVR�VRPH�LQGLFDWLRQ�WKDW�WUDS�
SLQJ� QHDU� WKH� HQG� RI� WKH� UDLQ\� VHDVRQ� �W\SLFDOO\� -XO\�
WKURXJK�2FWREHU��PD\�EH�WKH�EHVW�WLPH�RI�\HDU�IRU�GH�
WHFWLQJ�PHORQ�IOLHV�GXH�WR�WKH�DEXQGDQFH�RI�ZLOG�ELWWHU�
PHORQ�IUXLWV�DW�WKLV�WLPH�� 

,Q�RUGHU�WR�SUHSDUH�DGHTXDWH�SODQV�IRU�HUDGLFDWLQJ�
WKH�PHORQ�IO\�IURP�WKH�0DULDQD�,VODQG�FKDLQ�LW�LV�QHF�
HVVDU\�WR�GHWHUPLQH�ZKLFK�LVODQGV�DUH�LQIHVWHG���0HORQ�
IOLHV�KDYH�QHYHU�EHHQ�GHWHFWHG�RQ�WKH�LVODQGV�QRUWK�RI�
6DLSDQ���+RZHYHU��GDWD�LV�VFDQW�DV�WUDYHO�WR�WKH�1RUWK�
HUQ� ,VODQGV� LV� H[SHQVLYH� DQG� GLIILFXOW�� � 'XULQJ� 0D\�
DQG�-XQH������6KLQ\D�0L\DQR�VHW�XS�6WHLQHU�WUDSV�RQ�
$QDWDKDQ�� 6DULJDQ��*XJXDQ��$ODPDJDQ�� 3DJDQ��$JUL�
KDQ�� $VXQFLRQ�� 0DXJ�� DQG� 8UDFDV�� � 1R� PHORQ� IOLHV�
ZHUH� FDXJKW�� EXW� RFKURVLD� IOLHV� ZHUH� WUDSSHG� RQ� DOO�
LVODQGV�H[FHSW�WKH� WKUHH�PRVW�QRUWKHUQ�RQHV�� �$VXQFL-
RQ��0DXJ��DQG�8UDFDV�� 

7KH�SUHVHQW�VWXG\�FOHDUO\�VKRZV�WKDW�IXUWKHU�VDP�
SOLQJ�LV�UHTXLUHG�EHIRUH�LW�LV�FRQFOXGHG�WKDW�WKH�1RUWK�
HUQ�,VODQGV�DUH�QRW�LQIHVWHG�ZLWK�PHORQ�IO\� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
6DPSOH�SHULRG  )OLHV��WUDS�GD\ 
 
  BBBBBBBBBBBBBBBBBBBBBBBBBBBB 
  '��FXFXUELWDH '��RFKURVLDH 
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
�о���0DUFK ����������  ��������� 
��о���0D\ ����������  ���������� 
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

7$%/(�����6WHLQHU�WUDS�FDWFK�RQ�$JXLJXDQ� 
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6FLHQFH�'HSDUWPHQW 

1RUWKHUQ�0DULDQDV�&ROOHJH 
3�2��%R[����� 

6DLSDQ��03��������86$ 

$EVWUDFW��1DWLYH�OLPHVWRQH�IRUHVW�RQ�$JXLJXDQ�ZDV�VWXGLHG�WR�FKDUDFWHUL]H�LWV�VSHFLHV�FRPSRVLWLRQ��
UHODWLYH�VSHFLHV�LPSRUWDQFH��EDVDO�DUHD��DQG�GHQVLW\���%DVHG�RQ�SRLQW-TXDUWHU�VDPSOHV�RQ�WKH�HDVW��1�
 �����WUHHV��DQG�ZHVW�VORSH��1� �����WUHHV��RI�WKH�LVODQG��ZH�IRXQG�WKDW��UHVSHFWLYHO\��FDQRS\�EDVDO�
DUHDV�ZHUH�������DQG�������P��KD�� DQG�XQGHUVWRU\�EDVDO�DUHDV�ZHUH�������DQG������P��KD�� �7UHH�
GHQVLWLHV� LQ� WKH�FDQRS\�ZHUH��������(��DQG��������:�� WUHHV�KD��DQG� WKRVH� LQ� WKH�XQGHUVWRU\�ZHUH�
������ �(�� DQG�������� �:�� WUHHV�KD�� �3LVRQLD�JUDQGLV��&\QRPHWUD� UDPLIORUD��*XDPLD�PDULDQQDH��
DQG�'U\SHWHV�GROLFKRFDUSD�ZHUH�DPRQJ�WKH�PRVW�GRPLQDQW�FDQRS\�WUHHV��ZKHUHDV�&��UDPLIORUD�DQG�
*���PDULDQQDH�JUHDWO\�SUHGRPLQDWHG�LQ�WKH�XQGHUVWRU\���7KHVH�IRUHVWV�ZHUH�JHQHUDOO\�OLNH�VLPLODUO\�
VWXGLHG� OLPHVWRQH� IRUHVWV�RQ�6DLSDQ� LQ�VSHFLHV�FRPSRVLWLRQ�� H[FHSW� WKDW�RQ�$JXLJXDQ�'��GROLFKR-
FDUSD�ZDV� FRPSDUDWLYHO\� DEXQGDQW�� �0RUHRYHU�� WKH�PDWXUH� IRUHVWV� VWXGLHG�RQ�ZHVWHUQ�$JXLJXDQ�
ZHUH�VLPLODU�LQ�EDVDO�DUHD�EXW�KDG�ORZHU�WUHH�GHQVLW\�WKDQ�PDWXUH�6DLSDQ�IRUHVWV�� �7KH�DSSDUHQWO\�
\RXQJHU�IRUHVWV�RI�HDVWHUQ�$JXLJXDQ�KDG�ORZHU�FDQRS\�EDVDO�DUHD��KLJKHU�XQGHUVWRU\�EDVDO�DUHD��DQG�
ORZHU�XQGHUVWRU\�GHQVLW\�WKDQ�RQ�6DLSDQ���/RZHU�WUHH�GHQVLW\�RQ�$JXLJXDQ�FRPSDUHG�WR�6DLSDQ�LV�
OLNHO\�UHODWHG�WR�GHFDGHV�RI�EURZVLQJ�RQ�$JXLJXDQ�IRUHVWV�E\�IHUDO�JRDWV� 

0RVW� ERWDQLFDO� VWXGLHV� RI� WKH� 0DULDQD� ,VODQGV�
KDYH� FRQFHUQHG� SODQW� V\VWHPDWLFV� DQG� IORULVWLFV� �H�J��
6WRQH� ������� DOWKRXJK� )RVEHUJ� ������� DOVR� JDYH� GH�
VFULSWLRQV�RI�WKH�SULQFLSDO�SODQW�DVVRFLDWLRQV�RI�0LFUR�
QHVLD�� �2QH�RI�RI� WKHVH�DVVRFLDWLRQV�� OLPHVWRQH� IRUHVW��
SUHVXPDEO\�RQFH�FRYHUHG�PRVW�XSODQG�OLPHVWRQH�DUHDV�
LQ� WKH� VRXWKHUQ�0DULDQDV�� � 3DVW� DJULFXOWXUDO� XVHV� DQG�
ZDUWLPH� DFWLYLWLHV� FRQYHUWHG� VXEVWDQWLDO� SRUWLRQV� RI�
OLPHVWRQH�IRUHVW�IURP�OHYHO�DUHDV���7RGD\��VXFK�QDWLYH�
IRUHVW� LV� QRZ� ODUJHO\� UHVWULFWHG� WR� VWHHS� OLPHVWRQH� HV�
FDUSPHQWV�WRR�GLIILFXOW�WR�FOHDU��� 

5HFHQWO\��&UDLJ������E��VWXGLHG�D�PDWXUH�UHPQDQW�
IRUHVW�RQ�6DLSDQ��DQG�SURYLGHG�TXDQWLWDWLYH�GDWD�RQ�LWV�
VSHFLHV�FRPSRVLWLRQ��UHODWLYH�VSHFLHV�LPSRUWDQFH��EDVDO�
DUHD��DQG�WUHH�GHQVLW\���:H�UHSRUW�KHUH�RQ�VLPLODU�GDWD�
JDWKHUHG� IRU� OLPHVWRQH� IRUHVW� RQ�$JXLJXDQ�� �%HFDXVH�
$JXLJXDQ�IRUHVWV�KDYH�EHHQ�EURZVHG�IRU�GHFDGHV�E\�D�
GHQVH� SRSXODWLRQ� RI� IHUDO� JRDWV� �&DSUD� KLUFXV�� �5LFH�
DQG� 6WLQVRQ� SUHVHQW� YROXPH��� ZH� H[SHFWHG� WKDW� RXU�
GDWD� ZRXOG� UHIOHFW� WKLV� LQIOXHQFH�� � &RPSDULVRQ� RI�

$JXLJXDQ�DQG�6DLSDQ�GDWD�VKRXOG�SURYLGH�LQVLJKWV�LQWR�
WKH�H[WHQW�RI�JRDW-UHODWHG�IRUHVW�GDPDJH�RQ�$JXLJXDQ� 
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7R�REWDLQ�GDWD�RQ�WKH�VWUXFWXUH�DQG�VSHFLHV�FRP�
SRVLWLRQ� RI� $JXLJXDQ� IRUHVWV�� &KDQGUDQ� HVWDEOLVKHG�
ILYH� WUDQVHFWV� LQ� IRUHVWV� DORQJ� WKH� HDVWHUQ� VORSH�� DQG�
&UDLJ�HVWDEOLVKHG�����WUDQVHFWV�DORQJ�WKH�ZHVWHUQ�VORSH�
RI�WKH�LVODQG���2Q�HDFK�IXOO�WUDQVHFW��ZH�SODFHG����VDP�
SOH�SRLQWV�SDFHG�DERXW����P�DSDUW������P�WRWDO���ZKLFK�
ZDV�VXIILFLHQW�WR�PDNH�HDFK�SRLQW�LQGHSHQGHQW��L�H��QR�
RYHUODS�LQ�WUHHV�EHWZHHQ�SRLQWV���� 

7KH� SORWOHVV� SRLQW-TXDUWHU� VDPSOLQJ� WHFKQLTXH�
�&RWWDP� DQG� &XUWLV� ������ ZDV� XVHG� WR� PHDVXUH� IRXU�
FDQRS\�DQG�IRXU�XQGHUVWRU\�WUHHV�SRLQW���&DQRS\�WUHHV�
ZHUH� GHILQHG� DV� WKRVH� ILUVW� LQWHUFHSWLQJ� VXQOLJKW�� DQG�
XQGHUVWRU\�WUHHV�ZHUH�WKRVH�JURZLQJ�EHORZ�WKH�FDQRS\�
EXW� WDOOHU� WKDQ���P�� � )RU� HDFK� WUHH��ZH�PHDVXUHG� WKH�
GLVWDQFH�IURP�WKH�VDPSOH�SRLQW�WR�WKH�FHQWHU�RI�WKH�WUHH�
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DQG�WKH�GLDPHWHU�DW�EUHDVW�KHLJKW��GEK����)RU�WKH�YDULH�
W\�RI� WUHH�JURZWK� IRUPV� HQFRXQWHUHG� LQ� WKH� OLPHVWRQH�
IRUHVW�� GEK�SURYHG� WKH�PRVW� HTXLWDEOH�PHDVXUH�RI� GL�
DPHWHU� 

3RLQW-TXDUWHU�DQDO\VLV�\LHOGV�GDWD�RQ�WKH�KRUL]RQ�
WDO�DUHD�FRYHUHG�E\�WUHH�VWHPV��EDVDO�DUHD���QR��VWHPV�
XQLW�DUHD��GHQVLW\���DQG�GLVSHUVLRQ�RI�WUHHV�LQ�WKH�IRUHVW�
�IUHTXHQF\����)URP�WKHVH�WKUHH�PHDVXUHV��ZH�FRPSXWHG�
D�UHODWLYH�LPSRUWDQFH�LQGH[�IRU�HDFK�VSHFLHV�NQRZQ�DV�
WKH� LPSRUWDQFH� YDOXH� �UHYLHZHG�E\�0XHOOHU-'RPERLV�
DQG� (OOHQEHUJ� ������� � 7UHH� GHQVLW\�� EDVDO� DUHD�� DQG�
IUHTHQF\�ZHUH�DOVR�H[DPLQHG�VHSDUDWHO\��ZLWK�WKH�IRU�
PHU�WZR�PHDVXUHV�VHUYLQJ�DV�DEVROXWH�LQGLFLHV�RI�RYHU�
DOO�WUHH�RFFXUUHQFH� 
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:H�IRXQG�WKDW��UHVSHFWLYHO\��FDQRS\�EDVDO�DUHDV�RI�
WKH�HDVW��Q� �����WUHHV��DQG�ZHVW�VORSH��Q� �����WUHHV��
RI�WKH�LVODQG�ZHUH�������DQG�������P��KD��DQG�XQGHU�
VWRU\� EDVDO� DUHDV� ZHUH� ������ DQG� ����� P��KD�� � 7UHH�
GHQVLWLHV�LQ�WKH�FDQRS\�ZHUH��������(��DQG��������:��
WUHHV�KD�� DQG� WKRVH� LQ� WKH� XQGHUVWRU\� ZHUH� ������ �(��
DQG� ������� �:�� WUHHV�KD�� � +HQFH�� RQ� WKH� ZHVW� VORSH�
FDQRS\�WUHHV�ZHUH�ODUJH��PHDQ� ������YV�������P��KD��
DQG�ZLGHO\�VSDFHG��LQGLFDWLYH�RI�FRPSDUDWLYHO\�PDWXUH�
IRUHVW���DQG�XQGHUVWRU\�WUHHV�ZHUH�VPDOO��PHDQ� ������
YV�� �����P��KD�� DQG� GHQVHO\� VSDFHG� FRPSDUHG� WR� WKH�
HDVW� VORSH�� � $V� LV� W\SLFDO� IRU� IRUHVWV�� DOO� RXU� GDWD�
VKRZHG�WKDW�FDQRS\�WUHHV�GRPLQDWHG�LQ�EDVDO�DUHD��EXW�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 6SHFLHV  ���%DVDO�DUHD �����7UHHV�KD �,PSRUWDQFH 

    �����P��KD�    ������YDOXH 

    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

    (DVW ����:HVW ��(DVW :HVW (DVW :HVW 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

3LVRQLD�JUDQGLV  ����� �������� ������ ���� ���� ���� 

&\QRPHWUD�UDPLIORUD�  ����� ��������� ����� ���� ���� ���� 

*XDPLD�PDULDQQDH  ����� ����������� ����� ���� ���� ���� 

'U\SHWHV�GROLFKRFDUSD  ����� ����������� ������ ���� ���� ���� 

(U\WKULQD�YDULHJDWD � ������ ��������� ������ ���� ����� ���� 

3UHPQD�REWXVLIROLD  ����� ���������� ������ ��� ���� ��� 

2FKURVLD�PDULDQQHQVLV ������ ���������� ������ ���� ���� ���� 

3V\FKRWULD�PDULDQD  ����� ���������� ������ ���� ���� ���� 

)LFXV�VSS�   ����� ������� ������� ���� ���� ���� 

+HUQDQGLD�VSS�  ������ ��������� ������ ��� ���� ��� 

(XJHQLD�VSS�  ������ ��������� ������ ��� ���� ��� 

3RXWHULD�RERYDWD  ��� ��������� ����� ���� ��� ���� 

$JODLD�PDULDQQHQVLV  ������ ���������� ������� ����� ���� ���� 

0RULQGD�FLWULIROLD  ��� ���������� ����� ����� �� ���� 

$UWRFDUSXV�DOWLOLV  ��� ��������� ����� ����� �� ���� 

$FDFLD�FRQIXVD  ����� �������� ������ ��� ���� �� 

3LWKHFHOORELXP�GXOFH � ����� �������� �������� ��� ���� �� 

&DULFD�SDSD\D  �� ���������� ���� ���� �� ���� 

1HLVRVSHUPD�RSSRVLWLIROLD� �� ���������� ���� ���� �� ���� 

7HUPLQDOLD�FDWDSSD � �� ��������� ���� ���� �� ���� 

&HUEHUD�GLODWDWD  ����� ��������� ������ �� ���� �� 

3RO\VFLDV�JUDQGLIORUD  ����� �������� ������ �� ���� �� 
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7$%/(�����2FFXUUHQFH�RI�FDQRS\�WUHHV�RQ�$JXLJXDQ��EDVHG�RQ�WKH�IROORZLQJ�VDPSOH�VL]HV��HDVW�����WUHHV��ZHVW������
WUHHV� 
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XQGHUVWRU\�WUHHV�KDG�WKH�JUHDWHVW�GHQVLW\� 
3LVRQLD�JUDQGLV��&\QRPHWUD�UDPLIORUD��DQG�)LFXV�

VSS�� FRQVLVWHQWO\� SUHGRPLQDWHG� LQ� FDQRS\� EDVDO� DUHD�
RQ�WKH�HDVW�DQG�ZHVW�VORSHV��7DEOH������0RUHRYHU��*XD�
PLD�PDULDQQDH� DQG�'U\SHWHV� GROLFKRFDUSD� DOVR� SUH�
GRPLQDWHG� LQ� WKH� HDVW�� DQG� (U\WKULQD� YDULHJDWD� KDG�
KLJK�EDVDO�DUHD� LQ�WKH�ZHVW�� �,Q�WKH�XQGHUVWRU\��7DEOH�
���� &�� UDPLIORUD� DQG� *�� PDULDQQDH� GRPLQDWHG�� DO-
WKRXJK� '�� GROLFKRFDUSD�� 3UHPQD� REWXVLIROLD�� 3V\�
FKRWULD� PDULDQD�� DQG� (XJHQLD� VSS�� KDG� KLJK� EDVDO�
DUHDV�LQ�WKH�HDVW� 

&DQRS\� WUHH� GHQVLWLHV� �7DEOH� ��� H[KLELWHG� D� SDW�
WHUQ�VLPLODU�WR�WKDW�IRU�EDVDO�DUHDV���3��JUDQGLV�DQG�&��
UDPLIORUD�RFFXUUHG�GHQVHO\�WKURXJKRXW��*��PDULDQQDH�
DQG�'��GROLFKRFDUSD�ZHUH�FRPPRQ�LQ�WKH�HDVW��DQG�(��
YDULHJDWD�ZDV�FRPPRQ�LQ�WKH�ZHVW���,Q�WKH�XQGHUVWRU\��
&��UDPLIORUD�DQG�*��PDULDQQDH�ZHUH�E\� IDU� WKH�PRVW�
GHQVHO\�RFFXUULQJ�VSHFLHV��7DEOH���� 

7KH� UHODWLYH� PHDVXUH� RI� IRUHVW� SUHYDOHQFH�� WKH�
LPSRUWDQFH�YDOXH��VKRZHG�WKDW�3��JUDQGLV�DQG�&��UDPL�
IORUD�ZHUH� WKH� SULQFLSDO� FDQRS\� VSHFLHV�� DOWKRXJK� LQ�

WKH�HDVW�*��PDULDQQDH�MRLQHG�WKHVH�DV�D�SULQFLSDO�VSH�
FLHV� �7DEOH����� �&��UDPLIORUD�DQG�*��PDULDQQDH�ZHUH�
WKH�PDMRU�XQGHUVWRU\�VSHFLHV��7DEOH���� 

$�WRWDO�RI����FDQRS\�DQG����XQGHUVWRU\�WUHH�VSH�
FLHV� ZHUH� UHFRUGHG� IURP� WKH� ZHVWHUQ� VORSH� WUDQVHFWV���
2Q�WKH�HDVWHUQ�VLGH�����FDQRS\�DQG����XQGHUVWRU\�VSH�
FLHV�ZHUH�UHFRUGHG��)LJ�������2I�WKHVH��/DQWDQD�FDPDUD�
LV� DQ� LQWURGXFHG�� ZHHG\� VKUXE�� DQG� 3LWKHFHOORELXP�
GXOFH� DQG� &DULFD� SDSD\D� DUH� LQWURGXFHG� WUHHV�� � 2Q�
$JXLJXDQ��/�� FDPDUD� LV� DEXQGDQW� RQ� WKH�SODWHDX� DQG�
OHYHO�DUHDV�RQ�WKH�ORZHU�WHUUDFHV���3��GXOFH�DQG�&��SD�
SD\D�DUH�UHODWLYHO\�XQFRPPRQ� 

,Q� DGGLWLRQ� WR� WUHHV� ORFDWHG� GXULQJ� VDPSOLQJ�� WKH�
IROORZLQJ� QDWLYH� WUHH� VSHFLHV� ZHUH� UHSRUWHG� LQ� ILHOG�
QRWHV�E\�5��&UDLJ���'HQGURFQLGH�ODWLIROLD��VHYHUDO�FDQ�
RS\� WUHHV�� &DVXDULQD� HTXLVHWLIROLD� �FRPPRQ� RQ� WKH�
SODWHDX��� ([FRHFDULD� DJDOORFKD� Y�� RUWKRVWLFKDOLV�
�FRPPRQ� LQ� FRDVWDO� IRUHVW��� %DUULQJWRQLD� DVLDWLFD�
�XQFRPPRQ���+LELVFXV� WLOLDFHXV� �SUHVHQW� LQ� VFDWWHUHG�
SXUH� WKLFNHWV��� *XHWWDUGD� VSHFLRVD� �IDLUO\� FRPPRQ�
QHDU�WKH�FRDVW���&DOOLFDUSD�FDQGLFDQV��VHHGOLQJV�DW�WKH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 6SHFLHV  �����%DVDO�DUHD �����7UHHV�KD ���,PSRUWDQFH 

    ��������P��KD�   ��������YDOXH 

    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

    ��(DVW :HVW �(DVW :HVW �(DVW :HVW 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

3LVRQLD�JUDQGLV  ������ ����� �������� ����� ������� ����� 

&\QRPHWUD�UDPLIORUD�  ����� ����� ����� ����� ������ ����� 

*XDPLD�PDULDQQDH  ����� ����� ����� ����� ����� ������ 

'U\SHWHV�GROLFKRFDUSD � ������ ����� ������ ������ �������� ����� 

(U\WKULQD�YDULHJDWD  ������ ������ ������� ������ ������� ������� 

3UHPQD�REWXVLIROLD  ������ ������ ������ ������ ������� ������� 

2FKURVLD�PDULDQQHQVLV ������ ����� ������ ����� ������� ����� 

3V\FKRWULD�PDULDQD  ������ ������ ������� ������ ������� ������� 

0D\WHQXV�WKRPSVRQLL  ������ ������� ������ ������ ������ ������� 

)LFXV�VSS�   ������ ������ ������� ������ ������� ������� 

(XJHQLD�VSS�  ������ ����� ������ ����� ������ ����� 

$JODLD�PDULDQQHQVLV  ������ ������ ������� ������ ������� ������ 

$FDFLD�FRQIXVD  ������ ����� ������� ����� ������� ����� 

3DQGDQXV�WHFWRULXV  ��� ������� ����� ������ ����� ������� 

&HUEHUD�GLODWDWD  ������ ����� ������� ����� ������� ����� 

3RO\VFLDV�JUDQGLIORUD  ������ ����� ������� ����� ������� ����� 

/DQWDQD�FDPDUD  ������� ����� ������� ����� �������� ����� 
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IRUHVW�HGJH���&RUGLD�VXEFRUGDWD��RQH�WUHH���,QWVLD�ELMX�
JD� �ODUJHO\� ORJJHG� RII�� EXW� VWLOO� FRPPRQ� LQ� QRUWK-
ZHVWHUQ� VORSH� IRUHVWV���0HODQROHSVLV� PXOWLJODQGXORVD��
�PRVWO\� VHHGOLQJV� DQG� VDSOLQJV� DW� WKH� IRUHVW� HGJH���
7KHVSHVLD� SRSXOQHD� �FRPPRQ� QHDU� WKH� FRDVW���)LFXV�
SUROL[D��IDLUO\�FRPPRQ���)��WLQFWRULD��VHYHUDO���(XJHQ�
LD� SDOXPELV� �XQFRPPRQ��� DQG� +HUQDQGLD� VRQRUD�
�XQFRPPRQ��� � )XUWKHUPRUH�� 5�� &KDQGUDQ� UHSRUWHG�
+HUQDQGLD� ODEU\QWKLFD�� (XJHQLD� UHLQZDUGWLDQD�� 3L�
VRQLD� XPEHOOLIHUD�� DQG�6WUHEOXV� SHQGXOLQXV� IURP� HDVW�
VORSH�IRUHVWV� 

&RPSDULVRQ� RI� OLPHVWRQH� IRUHVWV� RQ� $JXLJXDQ�
ZLWK�WKRVH�VWXGLHG�RQ�6DLSDQ��&UDLJ�����E��LQGLFDWHG�
JHQHUDO�VLPLODULW\�LQ�VWUXFWXUH�DQG�VSHFLHV�FRPSRVLWLRQ�
EHWZHHQ�WKH�LVODQGV���7KH�IRUHVWV�ZHUH�JHQHUDOO\�DOLNH�
LQ� VSHFLHV� SURSRUWLRQV�� H[FHSW� WKDW� RQ� $JXLJXDQ� '��
GROLFKRFDUSD�ZDV�FRPSDUDWLYHO\�DEXQGDQW���0RUHRYHU��
WKH�PDWXUH�IRUHVWV�VWXGLHG�RQ�ZHVWHUQ�$JXLJXDQ�ZHUH�
VLPLODU� LQ� EDVDO� DUHD� EXW� KDG� ORZHU� WUHH� GHQVLW\� WKDQ�
PDWXUH�6DLSDQ�IRUHVWV���7KH�DSSDUHQWO\�\RXQJHU�IRUHVWV�
RI� HDVWHUQ� �ZLQGZDUG�� $JXLJXDQ� KDG� ORZHU� FDQRS\�
EDVDO� DUHD�� KLJKHU� XQGHUVWRU\� EDVDO� DUHD�� DQG� ORZHU�

),*�����)UHTXHQF\�RI�RFFXUUHQFH�RI��D��FDQRS\�DQG��E��XQGHUVWRU\�WUHHV�RQ�$JXLJXDQ� 
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XQGHUVWRU\� GHQVLW\� WKDQ� WKRVH� RQ� 6DLSDQ�� � )HDWXUHV�
VXFK�DV�WKHVH�PD\�LQGLFDWH�JUHDWHU�W\SKRRQ�GDPDJH�WR�
ZLQGZDUG�VORSH�IRUHVWV���/RZHU�WUHH�GHQVLW\�RQ�$JXL�
JXDQ�FRPSDUHG� WR�6DLSDQ� LV� OLNHO\� UHODWHG� WR�GHFDGHV�
RI�EURZVLQJ�RQ�$JXLJXDQ�IRUHVWV�E\�IHUDO�JRDWV��&DSUD�
KLUFXV�� 
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%ൺൾඋ��5�+�� ������� �7KH�DYLIDXQD�RI�0LFURQHVLD�� LWV�

RULJLQ��HYROXWLRQ��DQG�GLVWULEXWLRQ�� �8QLYHUVLW\�RI�
.DQVDV� 0XVHXP� RI� 1DWXUDO� +LVWRU\� 3XEOLFDWLRQ�
���о���� 

%ൺඇඌ�� 1�*�� � ������ � 7KH� (UXSWLRQ� RI�0RXQW� 3DJDQ�
9ROFDQR��0DULDQD�,VODQGV�����0D\������� �-RXUQDO�
RI� 9ROFDQRORJ\� DQG� *HRWKHUPDO� 5HVHDUFK�
������о���� 

%ൾඋඇൺඋඍ��/�� ������� �7KH�ERRN�RI�/XHOHQ��8QLYHUVLW\�
RI�+DZDLL�3UHVV��+RQROXOX��+,� 

%ൾඅඅ��*�:���6�-��+ൾඃඅ�DQG�-��9ൾඋඇൾඋ����������3URSRU�
WLRQDO� XVH�RI� VXEVWUDWHV�E\� IRUDJLQJ�ELUGV��PRGHO�
FRQVLGHUDWLRQV� RQ� ILUVW� VLJKWLQJV� DQG� VXEVHTXHQW�
REVHUYDWLRQV�� 6WXGLHV� LQ� $YLDQ� %LRORJ\�
������о���� 

%ඎඍඅൾඋ��%�0����������$Q�DUFKDHRORJ\�VXUYH\�RI�$JXL�
JXDQ� �$JXLMDQ��� 1RUWKHUQ�0DULDQD� ,VODQGV�� &RP�
PRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV��'LYL�
VLRQ�RI�+LVWRULF�3UHVHUYDWLRQ��0LFURQHVLDQ�$UFKDH-
RORJLFDO�6XUYH\�5HSRUW���� 

&ൺൻඋൾඋൺ�� 6�� � ������ � 3UHFLSLWDWLRQ� GDWD�� ����о������
&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV��
'LYLVLRQ� RI� 3ODQW� ,QGXVWU\�� ([WHQVLRQ� 6HUYLFH�
5HSRUW� 

&අඈඎൽ��3�(���5�*��6ർඁආංൽඍ�DQG�+�:��%ඎඋൾ����������
*HRORJ\�RI�6DLSDQ��0DULDQD�,VODQGV��3DUW����*HQ�
HUDO�JHRORJ\��D�VWXG\�RI�WKH�QDWXUH��ILHOG�UHODWLRQV��
DQG�WKH�RULJLQ�RI�WKH�URFN�VXFFHVVLRQ�RQ�WKLV�VPDOO�
EXW� FRPSOH[� ZHVWHUQ� 3DFLILF� LVODQG�� DQG� RI� LWV�
UHJLRQDO� VHWWLQJ� DQG� JHRORJLFDO� KLVWRU\� VLQFH�(R�
FHQH� WLPH�� �8�6��*HRORJLFDO� 6XUYH\�3URIHVVLRQDO�
3DSHU����о$� 

&ඈඇൺඇඍ�� 6�� � ������ � *HRJUDSKLF� YDULDWLRQ� LQ� WKH�
/D\VDQ� )LQFK� �7HOHVSL]D� FDWDQV��� (YROXWLRQDU\�
(FRORJ\������о���� 

&ඈඍඍൺආ��*��DQG�-�7��&ඎඋඍංඌ�� ������� �7KH�XVH�RI�GLV�
WDQFH� PHDVXUHV� LQ� SK\WRVRFLRORJLFDO� VDPSOLQJ��
(FRORJ\�������о���� 

&උൺං��5�-����������3RSXODWLRQ�GHQVLWLHV�RI�IRUHVW�ELUGV�
LQ�QRUWKHDVWHUQ�&RQQHFWLFXW��&RQQHFWLFXW�:DUEOHU�
����о��� 

&උൺං��5�-����������2EVHUYDWLRQV�RQ�WKH�IRUDJLQJ�HFRO�
RJ\�DQG�VRFLDO�EHKDYLRU�RI�WKH�%ULGOHG�:KLWH-H\H��
&RQGRU�������о���� 

&උൺං��5�-����������)RUDJLQJ�EHKDYLRU�DQG�PLFURKDEL�
WDW� XVH� RI� WZR� VSHFLHV� RI� ZKLWH-H\HV�
�=RVWHURSLGDH�� RQ� 6DLSDQ�� 0LFURQHVLD�� $XN�
�������о���� 

&උൺං�� 5�-�� � ����D�� � 7HUULWRULDOLW\�� KDELWDW� XVH�� DQG�
HFRORJLFDO� GLVWLQFWQHVV� RI� DQ� HQGDQJHUHG� 3DFLILF�
LVODQG�UHHG-ZDUEOHU��-RXUQDO�RI�)LHOG�2UQLWKRORJ\�
������о���� 

&උൺං�� 5�-�� � ����E�� � (FRORJLFDO� FKDUDFWHULVWLFV� RI� D�
QDWLYH� OLPHVWRQH� IRUHVW� RQ� 6DLSDQ�� 0DULDQD� ,V�
ODQGV��0LFURQHVLFD������о��� 

'ൾൾඋ�� 5�:�5�-�� � ������ �&RQVHUYDWLRQ� DQG� ELRORJ\�
RI� 0HJDSRGHV� �0HJDSRGLLGDH�� *DOOLIRUPHV��
$YHV���5�:�5�-�'HNNHU��$PVWHUGDP� 

(ආඅൾඇ�� -�7�� � ������ � 'LYHUJHQFH� LQ� WKH� IRUDJLQJ� UH�
VSRQVHV�RI�ELUGV�RQ�WZR�%DKDPD�LVODQGV��(FRORJ\�
������о���� 

(ඇൻඋංඇ��-���)�/��5ൺආඌൾඒ�DQG�9�-��:ංඅൽආൺඇ����������
0LFURQHVLDQ�IRUHVW�ELUG�VXUYH\��������6DLSDQ�7LQL�
DQ��$JXLMDQ��DQG�5RWD��8�6��)LVK�DQG�:LOGOLIH�6HU�
YLFH�5HSRUW� 

)ඈඌൻൾඋ��)�5�� ������� �7KH�YHJHWDWLRQ�RI�0LFURQHVLD��
$PHULFDQ� 0XVHXP� RI� 1DWXUDO� +LVWRU\� %XOOHWLQ�
�����о��� 

)උංඍඍඌ�� 7�+�� � ������ � 7KH� %URZQ� 7UHH� 6QDNH��%RLJD�
LUUHJXODULV��D� WKUHDW� WR�3DFLILF�LVODQGV�� �8�6��)LVK�
DQG�:LOGOLIH�6HUYLFH�%LRORJLFDO�5HSRUW���� 

*අൺඌඌ��3�2����������1LJKWLQJDOH�5HHG-ZDUEOHU�VXUYH\V�
DQG� LQYHQWRULHV�� 3DJHV� ���о����� &RPPRQZHDOWK�
RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV��'LYLVLRQ�RI�)LVK�
DQG�:LOGOLIH�3URJUHVV�5HSRUW�����о����� 

*අൺඌඌ��3�2��DQG�(��9ංඅඅൺඈආൾඓ����������0LFURQHVLDQ�
0HJDSRGH� VXUYH\V� DQG� UHVHDUFK�� 3DJHV� ��о����
'LYLVLRQ� RI� )LVK� DQG� :LOGOLIH� 3URJUHVV� 5HSRUW�
����о����� 

*අൺඌඌ�� 3�2�� DQG� '�7�� $අൽൺඇ�� � ������ � 0LFURQHVLDQ�
0HJDSRGH�VXUYH\V�DQG�UHVHDUFK��3DJHV����о�����
'LYLVLRQ� RI� )LVK� DQG� :LOGOLIH� 3URJUHVV� 5HSRUW�
����о����� 

*අൺඌඌ�� 3�2�� DQG�(��7ൺංඌൺർൺඇ�� � ������ �0DULDQD�)UXLW�
%DW� VXUYH\V� DQG� UHVHDUFK�� SS�� �о���� 'LYLVLRQ� RI�
)LVK�DQG�:LOGOLIH�3URJUHVV�5HSRUW�����о����� 

*උൺඇඍ�� 3�5�� � ������ � (FRORJ\� DQG� HYROXWLRQ� RI� 'DU�
ZLQ
V� )LQFKHV�� 3ULQFHWRQ� 8QLY�� 3UHVV�� 3ULQFHWRQ��
1-� 

+ൾඃඅ��6��-��9ൾඋඇൾඋ�DQG�*�:��%ൾඅඅ����������6HTXHQWLDO�
YHUVXV�LQLWLDO�REVHUYDWLRQV�LQ�VWXGLHV�RI�DYLDQ�IRU�
DJLQJ��6WXGLHV�LQ�$YLDQ�%LRORJ\�������о���� 

.ൺඋං��'�(����������6WUXFWUXDO�KLVWRU\�RI�WKH�0DULDQD�
,VODQG�DUF�V\VWHP���*HRORJLFDO�6RFLHW\�RI�$PHULFD�
%XOOHWLQ�������о���� 

/ൾආൾ�� 7�2�� � ������ � 'LVWULEXWLRQ� DQG� VWDWXV� RI� WKH�
6KHDWK-WDLOHG� %DW� �(PEDOORQXUD� VHPLFDXGDWD�� LQ�
WKH� 0DULDQD� ,VODQGV�� -RXUQDO� RI� 0DPPDORJ\�
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������о���� 
/ඎൽඐං�� *�� � ������ � )LVK� DQG� ZLOGOLIH� FRQFHUQV� DQG�

UHFRPPHQGDWLRQV� IRU� 1RUWKHUQ� 0DULDQD� ,VODQGV�
EDVHG�RQ�-XO\������ILHOG�WULS���8�6��)LVK�DQG�:LOG�
OLIH�6HUYLFH��+RQROXOX�2IILFH��5HSRUW�� 

0ඈඋඌൾ��'�+����������%HKDYLRUDO�PHFKDQLVPV�LQ�HFROR�
J\��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��0$� 

0ඎൾඅඅൾඋ-'ඈආൻඈංඌ�� '�� DQG� +�� (අඅൾඇൻൾඋ�� � �������
$LPV� DQG�PHWKRGV� RI� YHJHWDWLRQ� HFRORJ\��:LOH\��
1HZ�<RUN��1<� 

1ൺൿඎඌ��'��DQG�,��6ർඁඋൾංඇൾඋ�� ������� �%LRORJLFDO�FRQ�
WURO�DFWLYLWLHV� LQ�WKH�0DULDQD�,VODQGV�IURP������WR�
������0LFURQHVLFD������о���� 

1ංඌൻൾඍ��,�&�7�DQG�/ඈඋൽ�0ൾൽඐൺඒ����������'LVSHUVLRQ��
SRSXODWLRQ�HFRORJ\�DQG�PLJUDWLRQ�RI�HDVWHUQ�*UHDW�
5HHG-ZDUEOHUV� $FURFHSKDOXV� RULHQWDOLV� ZLQWHULQJ�
LQ��0DOD\VLD��,ELV��������о���� 

3උൺඍඍ�� +�'�� DQG� 3�/�� %උඎඇൾඋ�� � ������ �0LFURQHVLDQ�
0HJDSRGH� UHGLVFRYHUHG� RQ� 6DLSDQ�� (OHSDLR�
�����о��� 

5ൺඎඅൾඋඌඈඇ�� /�� DQG�$��5ංඇൾඁൺඋඍ�� � ������ �7UHHV� DQG�
VKUXEV� RI� WKH� 1RUWKHUQ� 0DULDQD� ,VODQGV�� &RP�
PRQZHDOWK�RI� WKH�1RUWKHUQ�0DULDQD� ,VODQGV��2I�
ILFH� RI� &RDVWDO� 5HVRXUFH� 0DQDJHPHQW�� 6DLSDQ��
&10,� 

5ൾංർඁൾඅ��-�'��DQG�3�2��*අൺඌඌ����������&KHFNOLVW�RI�WKH�
ELUGV�RI�WKH�0DULDQD�,VODQGV��(OHSDLR�����о��� 

5ൾංർඁൾඅ�� -�'��� *�-�� :ංඅൾඌ� DQG� 3�2�� *අൺඌඌ�� � �������
,VODQG� H[WLQFWLRQV�� WKH� FDVH� RI� WKH� 1LJKWLQJDOH�
5HHG-ZDUEOHU��:LOVRQ�%XOOHWLQ�������о��� 

5ൾඒඇඈඅൽඌ�� 5�7��� -�0�� 6ർඈඍඍ� DQG� 5�$�� 1ඎඌඌൻൺඎආ���
������ � $� YDULDEOH� FLUFXODU-SORW� PHWKRG� IRU� HVWL�
PDWLQJ�ELUG�QXPEHUV��&RQGRU�������о���� 

5ංർൾ�� &�*�� � ������ � )HUDO� XQJXODWH� UHVHDUFK�� 3DJHV�
��о����&RPPRQZHDOWK� RI� WKH�1RUWKHUQ�0DULDQD�
,VODQGV�� 'LYLVLRQ� RI� )LVK� DQG� :LOGOLIH� $QQXDO�
5HSRUW� 

5ඈൽൽൺ��*�+��� 7�+�� )උංඍඍඌ� DQG� -�'��5ൾංർඁൾඅ�� � �������
7KH�GLVWULEXWLRQDO�SDWWHUQV�RI�UHSWLOHV�DQG�DPSKLE�
LDQV� LQ� WKH� 0DULDQD� ,VODQGV�� 0LFURQHVLFD�
������о���� 

5ඈൽൾඋඌ��-����������3KRVSKDWH�GHSRVLWV�RI�WKH�IRUPHU�
-DSDQHVH� LVODQGV� LQ� WKH�3DFLILF�� D� UHFRQQDLVVDQFH�
UHSRUW���3UHVHQWDWLRQ����WK�$QQXDO�0HHWLQJ��6RFL�
HW\�RI�(FRQRPLF�*HRORJ\��1HZ�<RUN��1<� 

5ඈൾඋඌ��5�)��DQG�'�$��%ൺඅඅൾඇൽඈඋൿ�� ������� �0DJHO�
ODQ
V� ODQGIDOO� LQ� WKH� 0DULDQDV�� -RXUQDO� RI� 3DFLILF�
+LVWRU\�������о���� 

6ൺඏංൽൾ�� -�$�� � ������ � ([WLQFWLRQ� RI� DQ� LVODQG� IRUHVW�
DYLIDXQD�E\� DQ� LQWURGXFHG� VQDNH�� (FRORJ\�

������о���� 
6ർඁආංඍඍ��%�/����������0LFURQHVLDQ�0HJDSRGH�VXUYH\V�

DQG�UHVHDUFK�� 3DJHV���о����&RPPRQZHDOWK�RI�WKH�
1RUWKHUQ� 0DULDQD� ,VODQGV�� 'LYLVLRQ� RI� )LVK� DQG�
:LOGOLIH�$QQXDO�5HSRUW� 

6ർඈඍඍ�� -�0��� 6��0ඈඎඇඍൺංඇඌඉඋංඇ�� )�/�� 5ൺආඌൾඒ� DQG�
&�%��.ൾඉඅൾඋ����������)RUHVW�ELUG�FRPPXQLWLHV�RI�
WKH� +DZDLLDQ� ,VODQGV�� WKHLU� G\QDPLFV�� HFRORJ\��
DQG�FRQVHUYDWLRQ��6WXGLHV�LQ�$YLDQ�%LRORJ\��� 

6ඍൺඇඅൾඒ��'�� � ������ �0LFURQHVLD� KDQGERRN�� JXLGH� WR�
WKH� &DUROLQH�� *LOEHUW��0DULDQD�� DQG�0DUVKDOO� ,V-
ODQGV�� 6HFRQG� HGLWLRQ�� 0RRQ� 3XEOLVKLQJ�� &KLFR��
&$� 

6ඍൾൺൽආൺඇ��'�:����������([WLQFW�DQG�H[WLUSDWHG�ELUGV�
RI�5RWD��0DULDQD�,VODQGV��0LFURQHVLFD������о��� 

6ඍංඇඌඈඇ�� '�:�� � ������ � 0LFURQHVLDQ� 0HJDSRGH� UH�
VHDUFK�� SURJUHVV� 5HSRUW� ����о������ 'LYLVLRQ� RI�
)LVK�DQG�:LOGOLIH�3URJUHVV�5HSRUW�����о����� 

6ඍඈඇൾ��%�&�� ������� �7KH�IORUD�RI�*XDP��0LFURQHVLFD�
���о���� 

7ൺൺ-7ඌඎൺඌൺ��1����������7KH�ELUGV�RI�1LSSRQ��9RO�
XPH�� ��� 3DUW� ������ *DOOL� 	� :LWKHUE\�� /RQGRQ��
8.� 

:ංඅൾඌ�� *�-��� 7�2�� /ൾආൾ� DQG� 1�+�� 3ൺඒඇൾ�� � �������
3RSXODWLRQ�HVWLPDWHV�RI�IUXLW�EDWV��3WHURSXV�PDUL�
DQQXV��LQ�WKH�0DULDQD�,VODQGV��&RQVHUYDWLRQ�%LRO�
RJ\�����о��� 

:ංඅൾඌ�� *�-�� DQG� 3�-�� &ඈඇඋඒ�� ������ 7HUUHVWULDO� YHUWH�
EUDWHV� RI� WKH� 1JHUXNHZLG� ,VODQGV� :LOGOLIH� 3UH�
VHUYH��3DODX�,VODQGV��0LFURQHVLFD������о��� 

:ංඅൾඌ�� *�-��� 5�(�� %ൾർ� DQG� $�%�� $ආൾඋඌඈඇ�� � �������
7KH�0LFURQHVLDQ�0HJDSRGH� RQ� 7LQLDQ��0DULDQD�
,VODQGV��(OHSDLR�����о�� 

<ൺආൺඌඁංඇൺ�� <�� � ������ � $� QHZ� VXEVSHFLHV� RI�&RQR�
SRGHUDV�OXVFLQLD�IURP�WKH�0DULDQD�,VODQGV��%XOOH�
WLQ� RI� WKH� %LRJHRJUDSKLFDO� 6RFLHW\� RI� -DSDQ�
�����о��� 

<ඈඌඁංൽൺ��<���.��6ൺඍൺൾ�DQG�.��$ൻൾ����������7KH�ODUJH�
QRUPDO-IDXOWLQJ� 0DULDQD� HDUWKTXDNH� RI� $SULO� ���
�����LQ�XQFRXSOHG�VXEGXFWLRQ�]RQH���*HRSK\VLFDO�
5HVHDUFK�/HWWHUV�������о���� 

<ඈඎඇ��)�-����������6RLO�VXUYH\�RI�WKH�LVODQGV�RI�$JXL�
MDQ��5RWD�� 6DLSDQ�� DQG�7LQLDQ��&RPPRQZHDOWK� RI�
WKH�1RUWKHUQ�0DULDQD�,VODQGV��8�6��6RLO�&RQVHUYD�
WLRQ�6HUYLFH� 

 
 
 
 

  



0DULDQDV�5HVHDUFK�6\PSRVLXP�        ���� 

�� 

������7KH�&RPSDUDWLYH�0RUSKRORJ\�RI�6PDOO�3DVVHU�
LQHV� RQ� $JXLJXDQ� DQG� 6DLSDQ�� 'U�� 5REHUW� &UDLJ�
DQG�0U��$DURQ�(OOLV��10& 
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-DQXDU\��������� 

1RUWKHUQ�0DULDQDV�&ROOHJH 
 
6&+('8/(� 
 
������:HOFRPH 
 
������ :HOFRPLQJ� DGGUHVV�� 3UHVLGHQW� $JQHV�

0F3KHWUHV��10& 
 
������ .H\QRWH� DGGUHVV�� $JXLJXDQ�� WKH� :RUOG�� DQG�

+LVWRU\��'U��'LUN�%DOOHQGRUI��8QLYHUVLW\�RI�*XDP 
 
������3DSHU�VHVVLRQ�, 
 
������$JXLJXDQ��D�)LHOG�7ULS��0U��/DUU\�.ODZXQGHU��

10& 
 
������ 7KH� *HRORJ\� RI� $JXLJXDQ�� 0U�� /DUU\�

.ODZXQGHU��10& 
 
������ :LOGOLIH� 6SHFLHV� 5HFRUGHG� 'XULQJ� WKH� $JXL�

JXDQ�([SHGLWLRQ��0U��5DYL�&KDQGUDQ��10& 
 
������7UHH�6SHFLHV�&RPSRVLWLRQ�RI�$JXLJXDQ�)RUHVWV��

0U��5DYL�&KDQGUDQ�DQG�0V��=DUD�.H\V��10& 
 
������%LUG�3RSXODWLRQV�RI�$JXLJXDQ��D�7HQ�<HDU�8S�

GDWH��'U��5REHUW�&UDLJ��10& 
 
������)RUDJLQJ�'LIIHUHQFHV�%HWZHHQ�6PDOO�3DVVHULQHV�

RQ�$JXLJXDQ�DQG�6DLSDQ��'U��5REHUW�&UDLJ��10& 
 
������$UWLVWLF�,QWHUSUHWLYH�([KLELW�DQG�5HFHSWLRQ��0U��

-LPPLH�(OOLV�DQG�0V��%DUEDUD�/XVVLHU��10& 
 
������3DSHU�6HVVLRQ�,, 
 
������ $JXLJXDQ� (QWRPRORJ\�� 'U�� $XEUH\� 0RRUH��

&10,�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH 
 
������ *RDW� (UDGLFDWLRQ� RQ� $JXLJXDQ�� 'U�� &OLIIRUG�

5LFH��&10,�'LYLVLRQ�RI�)LVK�DQG�:LOGOLIH� 
 
������0HJDSRGH�3RSXODWLRQV�RQ�$JXLJXDQ��0U��'HUHN�

6WLQVRQ��&10,�'LYLVLRQ�RI�)LVK�DQG�:LOGOLIH� 
 


