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<RN� 'RQ� 1DWLRQDO� 3DUN� LV� VLWXDWHG� LQ� WKH� QRUWK�HDVW� SDUW� RI� WKH� 'DN� /DN�
3URYLQFH� DQG� UHSUHVHQWV� LQ� JHQHUDO� ORZ� SODWHDX�ZLWK� FRPPRQ� HOHYDWLRQV� RI� ����
����P� D�V�O�� FRYHUHG�E\� OLJKW� GLSWHURFDUS� IRUHVW�� ,W�ZDV� HVWDEOLVKHG� LQ�$XJXVW�� ���
�����RQ�FD������NP���DQG� LQ������ LWV� WHUULWRU\�ZDV�H[SDQGHG�WR�����NP���'XH�WR�
HIIRUWV� RI� FRQVHUYDWLYH� RUJDQL]DWLRQV� OLNH� %LUG/LIH� ,QWHUQDWLRQDO� DQG� ::)�
,QGRFKLQD�� WR� WKH� �����3DUN� WHUULWRU\� FRYHUHG�PRUH� WKDQ� ����� NP��� LQFOXGLQJ� ���
����KD�RI�KLJKO\�SURWHFWHG�IRUHVWV���������KD�RI�UHKDELOLWDWLRQ�IRUHVWV�DQG������KD�
XVHG� IRU� DGPLQLVWUDWLYH� DQG� PDQDJHPHQWV� SXUSRVHV�� (OVH�� ������� NP�� ZHUH�
VXSSRVHG� WR� IRUP�D� EXIIHU� ]RQH�� WKRXJK�QR� VSHFLDO� UHVWULFWLRQV�RI�KXPDQ�DFWLYLW\�
ZHUH� QRW� SURYLGHG�� /RFDO� FOLPDWH� LV� FKDUDFWHUL]HG� E\� SUHVHQFH� RI� GHILQLWH� GU\�
�'HFHPEHU�WR�$SULO��DQG�ZHW��-XQH�WR�2FWREHU��VHDVRQV��

$FTXDLQWDQFH�ZLWK�WKH�UHSRUWV�RI�DERYH�PHQWLRQHG�RUJDQL]DWLRQV�VKRZHG�WKDW�
WKH�PDPPDOLDQ�VWXGLHV�LQ�<RN�'RQ�ZHUH�PDLQO\�DLPHG�RQ�LQYHVWLJDWLRQ�RI�VSHFLHV�
GLYHUVLW\�RI� ODUJHU�PDPPDOV�� ILUVW�RI�DOO� ��XQJXODWHV��HVWLPDWLRQ�RI� WKHLU�SRSXODWLRQ�
FRQGLWLRQV�DQG�HODERUDWLRQ�RI�FRQVHUYDWLRQ�UHFRPPHQGDWLRQV��5HSUHVHQWDWLRQV�DERXW�
VPDOO�PDPPDO�IDXQD�ZHUH�EDVHG�RQ�RFFDVLRQDO�YLVXDO�UHFRUGV��LQWHUURJDWLRQ�RI�ORFDO�
UHVLGHQWV� DQG� RQ� VRPH�GDWD� DERXW� WUDFHV� RI� OLIH��7KH� RQO\� H[FHSWLRQ� LV� D� VKRUW� EDW�
VXUYH\��FRQGXFWHG�LQ�������,WV�UHVXOWV�ZHUH�QRW�HYHU�SXEOLVKHG��EXW�PDWHULDO�VWRUHG�LQ�
5R\DO�2QWDULR�0XVHXP��7RURQWR��ZHUH�XVHG� ODWHU� LQ�GHVFULSWLRQ�RI�D�QHZ�VSHFLHV��
&DVVLVWUHOOXV�\RNGRQHQVLV�>�@��

,Q� WKH� IUDPHZRUN� RI� WKH� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG�
7HFKQRORJ\�5HVHDUFK�&HQWUH�DFWLYLW\�DLPHG� WR�WKH� LQYHVWLJDWLRQ�RI� WKH�9LHWQDPHVH�
ELRGLYHUVLW\��VKRUW�WHUP�VWXGLHV�RI�<RN�'RQ�PDPPDOV�ZHUH�KHOG�LQ������DQG������
\HDUV�� 'XH� WR� VRPH� REMHFWLYHV� 3DUN� WHUULWRU\� ZDV� VWXGLHG� XQHYHQO\� DQG� WKXV� RXU�
UHVXOWV�FDQQRW�EH�FRQVLGHUHG�ILQDO��DQG�WKH�GLYHUVLW\�RI�ORFDO�VPDOO�PDPPDOV�ZDV�QRW�
UHYHDOHG� HQWLUHO\�� 1RQHWKHOHVV�� VLQFH� WKHUH� ZHUH� QR� RWKHU� GLUHFW� VWXGLHV� RI� VPDOO�
PDPPDOV�LQ�<RN�'RQ�DQG�DGMDFHQW�WHUULWRULHV��SXEOLFDWLRQ�RI�RXU�UHVXOWV�VWLOO�VHHPV�
WR�EH�UHOLDEOH��

���0$7(5,$/6�$1'�0(7+2'6�

6WXGLHG� DUHD�� 2XU� PDPPDOLDQ� VWXGLHV� ZHUH� KHOG� LQ� WKH� EHJLQQLQJ� RI� ZHW�
VHDVRQ��-XQH�����WR������������GXULQJ�WKH�WUDQVLWLRQ�EHWZHHQ�VHDVRQV��0D\�����WR�����
�������DQG�LQ�WKH�EHJLQQLQJ�RI�GU\�VHDVRQ��'HFHPEHU�����WR������������,Q�-XQH������
DWPRVSKHULF�SUHFLSLWDWLRQ�WRRN�SODFH�RQFH�SHU�������GD\V�DQG�XVXDOO\�ODVWHG�IRU�������
KRXUV�� 5DLQZDWHU� XVXDOO\� TXLFNO\� SDVVHG� WKURXJK� WKH� VRLO� QRW� DFFXPXODWHG� RQ� WKH�
VXUIDFH��%HGV�RI�WKH�VHDVRQDO�ZDWHUFRXUVHV�JUDGXDOO\�ILOOHG�ZLWK�ZDWHU�DQG�LQ�WKH�ODVW�
GD\V�RI�-XQH� WXUQHG� LQWR�VWUHDPV��'XULQJ� WKH� WULS� LQ�0D\�������VHYHUDO�VPDOO� UDLQV�
DQG� WZR� VWURQJ� VKRZHUV� ZLWK� �� �� �� KRXUV� RI� GXUDWLRQ� ZHUH� UHFRUGHG�� 6PDOO� UDLQV�
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DOPRVW� QRW�PDGH� LQIOXHQFH� RQ� VRLO� DQG� JURZWK�� $IWHU� WKH� ILUVW� VKRZHU� SDUW� RI� GU\�
ZDWHUFRXUVHV� ZDV� ILOOHG� DQG� GLG� QRW� GULHG� XS� XQWLO� WKH� HQG� RI� WKH� H[SHGLWLRQ��
PHDQWLPH�LQ�RWKHU�SDUWV�RI� WKH�3DUN�ZDWHU�HQWLUHO\�VRDNHG�LQWR� WKH�VRLO��'XULQJ�WKH�
'HFHPEHU�WULS�RI������QR�UDLQIDOO�ZDV�REVHUYHG���

7KH� SDUN� LV� FKDUDFWHUL]HG� E\� DQQXDO� DUWLILFLDO� GU\� VHDVRQ� JUDVV�URRWV� ILUHV��
GXULQJ�ZKLFK� OHDI� OLWWHU� DQG� DERYH�JURXQG� SDUWV� RI� EDPERR� LQ� D� OLJKW� GLSWHURFDUS�
IRUHVW�DUH�EXUQ�RXW��7KHVH�ILUHV� LPLWDWH� WKH�QDWXUDO�JUDVV�ILUHV�FKDUDFWHULVWLF�IRU� WKLV�
SK\WRFHQRVLV� �$�1�� .X]QHWVRY�� SHUV�� FRPP��� DQG�� SUHVXPDEO\�� GR� QRW� DIIHFW�
VLJQLILFDQWO\�RQ�WKH�QDWXUDO�ZD\�RI�OLIH�RI�DQLPDOV��7KH�KLJK�FDQRSLHV�RI�GLSWHURFDUS�
WUHHV� DQG� WKH� DEVHQFH� RI� FRQWLQXRXV� FDQRS\� OD\HU� PDNH� FURZQ� ILUHV� DOPRVW�
LPSRVVLEOH�� $FFRUGLQJ� WR� RXU� REVHUYDWLRQV�� ILUHV� GR� QRW� SHQHWUDWH� GHHS� LQWR� DUHDV�
ZLWK�KLJK�SRO\GRPLQDQW�IRUHVW�JURZLQJ�RQ�WKH�VORSHV�RI�WKH�PRXQWDLQ�UDQJHV�DQG�RQ�
IORRGSODLQV�RI�VHDVRQDO�ZDWHUFRXUVHV��

%DW� VXUYH\�� ,Q� 0D\� ������ EHFDXVH� RI� OLPLWDWLRQ� LQ� FDU� XVH� DQG� ZHDWKHU�
FRQGLWLRQ��PRVW� RI�EDW�REVHUYDWLRQV� DQG�FDSWXUHV�ZHUH�PDGH� LQ� WKH�HYHQLQJ� KRXUV��
%DWV�ZHUH� REVHUYHG� DQG� FDSWXUHG� IRU� SURSHU� LGHQWLILFDWLRQ� LQ� WLPH� SHULRG� EHWZHHQ�
������EHJLQQLQJ�RI�DFWLYLW\��WR������������7KH�REVHUYDWLRQV�ZHUH�KHOG�ZLWK�WKH�KHOS�RI�
HOHFWULF� ODQWHUQV� DQG� QDUURZ�EDQG� KHWHURGLQH� XOWUDVRXQG� EDW� GHWHFWRU� >�@�� '�����
3HWWHUVVRQ�(OHNWURQLN�$%�ZDV�XVHG��1\ORQ�PRQRILODPHQW�PLVW� QHWV� ��u����PHWHUV�
SXW�DFURVV�SRWHQWLDO�IOLJKW�SDWKV�ZHUH�XVHG�IRU�YLWDO�FDSWXUHV�RI�DQLPDOV��ZH�DOVR�XVHG�
%RULVVHQNR¶V� IODS� WUDS� �QHW� RI� WKLQ� ILVKLQJ� OLQH����u��P��SXW�EHWZHHQ� WZR���PHWHU�
ILVKLQJ� URGV�� >�� �� �@�� 7KRVH� PHWKRGV� ZHUH� XVHG� VHSDUDWHO\� RU� VLPXOWDQHRXVO\��
DFFRUGLQJ� WR� ORFDO� DQG� PRPHQWDU\� FRQGLWLRQV�� ,Q� ������ RUQLWKRORJLFDO� PLVW� QHWV�
���u��DQG���u��PHWHUV��ZHUH�OLPLWHGO\�XVHG�IRU�EDW�FDSWXUH��

&DSWXUHG� VSHFLPHQV� ZHUH� ZHLJKHG� DQG� PHDVXUHG�� FKHFNHG� IRU� WKHLU� DJH��
JHQGHU� DQG� UHSURGXFWLYH� FRQGLWLRQ�� DQG� SKRWRJUDSKHG�� ([RSDUDVLWHV� �PDLQO\�
SDUDVLWLF� IOLHV� IURP� 6WUHEOLGDH� DQG�1\FWHUHELLGDH� IDPLOLHV�� ZHUH� FROOHFWHG�� 3DUW� RI�
FDSWXUHG� DQLPDOV� �RQH� WR� IRXU� LQGLYLGXDOV� SHU� VSHFLHV�� ZDV� WDNHQ� DV� YRXFKHUV� IRU�
PRUH�SUHFLVH�LGHQWLILFDWLRQ�DQG�WD[RQRPLF�VWXGLHV��

1RQ�YRODQW�VPDOO�PDPPDOV�VXUYH\��)LHOGZRUNV�ZHUH�FRQGXFWHG�IURP����WR����
-XQH������DQG�IURP����WR����'HFHPEHU���������

'LIIHUHQW� W\SHV� RI� WUDSV�ZHUH� XVHG� DV� IROORZV�� ��� ODUJH� ���î��î��� FP�� FDJH�
OLYH�WUDSV� DQG� VQDS�WUDSV� HDFK� ZLWK� D� EDLW� RI� UDLVLQV� DQG� D� IRDP�UXEEHU� SLHFH�
VDWXUDWHG�ZLWK�YHJHWDEOH�RLO� DQG�KRQH\�����SLWIDOO� WUDSV�� L�H�� SODVWLF�EDVNHWV� ���î���
FP���EXULHG� IOXVK�ZLWK� WKH�JURXQG�VXUIDFH��ZLWK� WZR�SODVWLF� IHQFHV� �����P� OHQJWK���
&DJH�OLYH�WUDSV�ZHUH�VHW�RQ�WKH�JURXQG�DV�ZHOO�DV�RQ�WKH�WUHH�EUDQFKHV������P�DERYH�
WKH�JURXQG����

'XULQJ����ZRUNLQJ�GD\V�LQ������ZH�VWXGLHG���WUDQVHFWV��ORFDWHG�LQ�QRUWKHUQ�SDUW�
RI�WKH�3DUN��,Q�WRWDO�RI������WUDS�QLJKWV�ZHUH�FRQGXFWHG�IRU�DOO�W\SH�RI�WUDSV��LQFOXGLQJ�
���� WUDS�QLJKWV� IRU� WKH� SLWIDOO� WUDSV�� ��� VSHFLPHQV� RI� ILYH� VSHFLHV� ZHUH� FROOHFWHG��
'XULQJ����ZRUNLQJ�GD\V�LQ�����������WUDS�QLJKWV�ZHUH�FRQGXFWHG�IRU�DOO�W\SH�RI�WUDSV��
LQFOXGLQJ�����WUDS�QLJKWV�IRU�WKH�SLWIDOO�WUDSV����PDPPDO�VSHFLPHQV�ZHUH�FROOHFWHG��
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$GGLWLRQDO� LQIRUPDWLRQ� ZDV� REWDLQHG� GXULQJ� QLJKW� DQG� GD\�WLPH� H[FXUVLRQV��
FRYHULQJ�WKH�GLSWHURFDUS�IRUHVW�LQ�OHIW�VLGH�RI�6UHSRN�5LYHU�IURP�'RQ�9LOODJH�WR�<RN�
'RQ�0W��� LQ�YLFLQLW\�RI� IRUHVW�VWDWLRQ���� LQ�IRUHVW�DURXQG�DUWLILFLDO� ODNH�ORFDWHG�DW���
NP� IURP� &DPERGLDQ� ERUGHU�� LQ� WKH� SRO\GRPLQDQW� IRUHVW� RQ� WKH� OHIW� EDQN� RI� WKH�
6UHSRN�5LYHU��LQ�QRUWKHUQ�SDUW�RI�WKH�3DUN��DQG�DURXQG�WKH�3DUN�+HDGTXDUWHUV�LQ�'RQ�
9LOODJH��1މ�����������)��މ�������������

7KH�VWDQGDUG�H[WHUQDO�ERG\�PHDVXUHPHQWV��KHDG�DQG�ERG\�OHQJWK��WDLO�OHQJWK��
KLQG� IRRW� OHQJWK�� HDU� OHQJWK�� ZHUH� WDNHQ�� 7LVVXH� VDPSOHV� IRU� JHQHWLF� VWXGLHV� ZHUH�
WDNHQ�IURP�IUHVK�VSHFLPHQV�DQG�VWRUHG�LQ�����HWKDQRO��9RXFKHU�VSHFLPHQV�NHSW�DW�
WKH� =RRORJLFDO� 0XVHXP�� 0RVFRZ� 6WDWH� 8QLYHUVLW\� �0RVFRZ�� 5XVVLD�� DQG�
=RRORJLFDO�,QVWLWXWH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6DLQW�3HWHUVEXUJ��5XVVLD����

���63(&,(6�$&&28176�

2UGHU�6RULFRPRUSKD�

3KDQOXRQJ¶V�VKUHZ���&URFLGXUD�SKDQOXRQJL�-HQNLQV��$EUDPRY��5R]KQRY�HW�
2OVVRQ�������

'XULQJ�VXUYH\�RI�������IRXU�VSHFLPHQV�RI�XQLGHQWLILHG�VKUHZV�ZHUH�FDSWXUHG�
LQ� WKH� QRUWKHUQ� SDUW� RI� WKH� 3DUN�� )XUWKHU� VWXGLHV� VKRZHG� WKDW� WKH\� FRXOG� QRW� EH�
DVVLJQHG�WR�DQ\�NQRZQ�VSHFLHV��$V�UHVXOW��QHZ�VSHFLHV�&��SKDQOXRQJL�ZDV�GHVFULEHG�
RQ�WKH�EDVLV�RI�WKRVH�VSHFLPHQV�>�@��7KH�VSHFLHV�UDQN�RI�WKDW�IRUP�ZDV�FRQILUPHG�E\�
'1$� DQDO\VLV� >�@�� %HVLGHV� <RN� 'RQ�� 3KDQOXRQJ¶V� VKUHZ� LV� NQRZQ� WR� RFFXU� LQ�
QHLJKERULQJ� DUHDV� RI� &DPERGLD� >�@� DQG� LQ� ORZODQGV� RI� WKH� VRXWKHUQ� 9LHWQDP��
LQFOXGLQJ�0D�'D�)RUHVW�LQ�'RQJ�1DL�3URYLQFH�DQG�%X�*LD�0DS�1DWXUH�5HVHUYH�LQ�
%LQK�3KXRF�3URYLQFH�>����@��

2UGHU�&KLURSWHUD�

3UHYLRXV�NQRZOHGJH�DERXW�EDWV�IURP�<RN�'RQ�1DWLRQDO�3DUN�LV�TXLWH�OLPLWHG��
6PDOO�QXPEHU�RI�EDW�VSHFLPHQV��FROOHFWHG�LQ������E\�%��/LP�DQG�0��7KHEHUJH��DUH�
SUHVHUYLQJ�LQ�WKH�5R\DO�2QWDULR�0XVHXP��7RURQWR���RI�ZKLFK�VSHFLPHQV�RI�WKH�IDLU\�
WXEH�QRVHG�EDW��0XULQD�KDUULVRQL��DQG�:DOVWRQ¶V� WXEH�QRVHG�EDW��0XULQD�ZDOVWRQL��
ZHUH�VWXGLHG�E\�XV��$OVR��QHZ�VHURWLQH�VSHFLHV��&DVVLVWUHOOXV�\RNGRQHQVLV��ZDV�UHFHQWO\�
GHVFULEHG�EDVHG�RQ�WZR�VSHFLPHQV�IURP�<RN�'RQ�>��@��'XULQJ�RXU�VKRUW�VXUYH\�����
VSHFLPHQV�RI�HOHYHQ�VSHFLHV�ZHUH�FDSWXUHG�DQG�RQH�VSHFLHV�ZDV�YLVXDOO\� UHFRUGHG��
2QH�PRUH�VSHFLHV�ZDV�IRXQG�HDUOLHU��GXULQJ�VXUYH\�RI��������

,QGLDQ�VKRUW�QRVHG�IUXLW�EDW���&\QRSWHUXV�VSKLQ[ �9DKO�������

6HYHQ� VSHFLPHQV� RI� WKLV� EDW�ZHUH� FDSWXUHG�ZLWK� WKH�PLVW� QHWV�� ,QGLDQ� VKRUW�
QRVHG� IUXLW� EDW� LV� SUREDEO\� D� PRVW� HFRORJLFDOO\� IOH[LEOH� SWHURSRGLG� VSHFLHV� LQ�
9LHWQDP��ZKLFK�LQKDELWV�ZLGH�YDULHW\�RI�ODQGVFDSHV�DQG�HOHYDWLRQV�>�@��)RXU�DQLPDOV�
ZHUH�FDSWXUHG� LQ�KLJKO\�GLVWXUEHG�IRUHVW�RQ� OHIW� VLGH�RI�6UHSRN�5LYHU��QRW�IDU�IURP�
WKH� 3DUN� KHDGTXDUWHUV�� 7KUHH� IUXLW� EDWV� ZHUH� FDSWXUHG� LQ� DERXW� �� NP� IURP� WKH�
KHDGTXDUWHUV��DOVR�RQ�WKH�OHIW�VLGH�RI�WKH�ULYHU��DW�WKH�HGJH�RI�RSHQ�GLSWHURFDUS�IRUHVW�
QHDUE\�DUWLILFLDO�SRQG��:H�KDYH�QRW�IRXQG�H[DFW�IRRG�VRXUFH�RI�WKLV�VSHFLHV�DQG�JRW�
QR�LQIRUPDWLRQ�DERXW�LWV�IRRG�SUHIHUHQFHV�GXULQJ�WKH�VHDVRQ�RI�VXUYH\��
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$QRWKHU�IUXLW�EDW�PHQWLRQHG�IRU�<RN�'RQ�LV�0HJDHURSV�QLSKDQDH�>��@��

0DOD\DQ�IDOVH�YDPSLUH���0HJDGHUPD�VSDVPD��/LQQDHXV��������

7ZR� DGXOW� IHPDOHV�ZHUH� FDSWXUHG� RQ� ����������� LQ� WKH� QRUWKHUQ� SDUW� RI� WKH�
3DUN��$QLPDOV�ZHUH�QHWWHG�LQ�WKH�GU\�JURZWK�QHDUE\�WKH�VHDVRQDO�ZDWHU�EHG��QR�DQ\�
RWKHU�EDW�DFWLYLW\�ZDV�REVHUYHG� LQ� WKH� VDPH�SODFH��2QH�RI� WKH�IHPDOHV�FDUULHG�RQH�
QHZERUQ�� 3UREDEO\�� WKLV� IHPDOH�ZLWK� RIIVSULQJ�ZDV� VHHQ� ODWHU� FORVH� WR� WKH� FDSWXUH�
SODFH� LQ� WKH� KROORZ� RI� EURNHQ� ROG� /DUJHUVWURHPLD�� DERXW� �� �� ��P� KLJK� DERYH� WKH�
JURXQG�VXUIDFH��

&KDVHQ¶V�KRUVHVKRH�EDW���5KLQRORSKXV�FKDVHQL�6DQERUQ�������

2QH� LQGLYLGXDO�ZDV� FDSWXUHG�RQ������������ LQ� WKH�QRUWKHUQ�SDUW�RI� WKH�3DUN��
7KLV� VSHFLHV� RI� KRUVHVKRH� EDW� LV� SUREDEO\� FKDUDFWHULVWLF� IRU� ORZODQG� IRUHVWV� RI� WKH�
9LHWQDPHVH�VRXWK�>�@�� ,Q� WKH� ULJKW� VLGH�RI� WKH�3DUN� �LQ� UHODWLRQ� WR�6UHSRN�5LYHU�� LW�
PD\�XVH�FUHYLFHV�LQ�URFN�RXWFURSV�RU�GUDLQDJH�SLSHV�XQGHU�WKH�URDG���

1HSDOHVH�ZKLVNHUHG�EDW���0\RWLV�PXULFROD��*UD\��������

2QH�LQGLYLGXDO��DGXOW�IHPDOH��ZDV�FDSWXUHG�RQ������������LQ�WKH�QRUWKHUQ�SDUW�
RI� WKH�3DUN��7KXV��<RN�'RQ� LV�RQH�RI� UHODWLYHO\� IHZ�SODFHV� LQ�9LHWQDP��ZKHUH�0��
PXULFROD�FR�RFFXUV�ZLWK�FORVHO\�UHODWHG�0��DWHU�LQ�WKH�VDPH�DUHD�DQG�ODQGVFDSH���

0ROXFFDQ�ZKLVNHUHG�EDW���0\RWLV�DWHU��3HWHUV��������

7ZR�PDOHV�DQG�D�IHPDOH�ZHUH�FDSWXUHG�RQ������������LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�
3DUN��7ZR�DQLPDOV�ZHUH�PLVW�QHWWHG�RQ�WKH�HGJH�RI�WKH�DUWLILFLDO�SRQG�QHDUE\�WKH�URDG�
LQ�WKH�SDUWO\�GLVWXUEHG�IRUHVW��7KLUG�RQH�ZDV�FDSWXUHG�QRW�IDU�IURP�WKH�SUHYLRXV�SODFH��
RQ�WKH�DUHD�ZLWK�WDOO�/DJHUVWURHPLD�WUHHV��,W�ORRNV�OLNH�WKDW�WKLV�VSHFLHV�LQ�9LHWQDP�LV�
PRUH�FRQQHFWHG�ZLWK�IRUHVW�KDELWDWV�WKDQ�0��PXULFROD�DQG�DYRLG�RSHQ�SODFHV��

:DOVWRQ¶V�WXEH�QRVHG�EDW���0XULQD�ZDOVWRQL�)XUH\��&VRUED�HW�6RQ�������

$GXOW�IHPDOH�ZDV�FDSWXUHG�DW�FD����NP�IURP�WKH�3DUN�KHDGTXDUWHUV�RQ�WKH�OHIW�
VLGH�RI�6UHSRN�5LYHU�RQ�������������RQ�WKH�HGJH�RI�WKH�OLJKW�GLSWHURFDUS�IRUHVW�QHUH�
WKH�VKRUH�RI�DUWLILFLDO�SRQG��7KLV�VSHFLHV�ZDV�UDWKHU�UHFHQWO\�GHVFULEHG�EDVHG�RQ�IHZ�
VSHFLPHQV� IURP� &DPERGLD� DQG� RQH� VSHFLPHQ� IURP�<RN�'RQ� >��@�� ,Q� KDQGV�� WKLV�
WXEH�QRVHG� EDW� FDQ� EH� HDVLO\� GLVWLQJXLVKHG� E\� WKH� FRPELQDWLRQ� RI� UHODWLYHO\� VPDOO�
VL]H��LQ�RXU�VSHFLPHQ�IRUHDUP�LV������PP��DQG�ERG\�PDVV�LV�����J���DQG�SXUH�ZKLWH�
IXU�RQ�XQGHUSDUWV��7KLV�VSHFLHV�LV�SUREDEO\�FRQILQHG�WR�ORZODQG�IRUHVWV�RI�6RXWKHUQ�
9LHWQDP��DQG�<RN�'RQ�UHSUHVHQWV�LWV�QRUWKPRVW�SRLQW�RI�GLVWULEXWLRQ�UDQJH�>��@��

)DLU\�WXEH�QRVHG�EDW���0XULQD�KDUULVRQL�&VRUED��%DWHV�������

$GXOW� IHPDOH�ZDV�FDSWXUHG� LQ�VDPH�SODFH�DQG�GDWH��DV�SUHYLRXV�VSHFLHV��7KLV�
WXEH�QRVHG� EDW� ZLGHO\� RFFXUV� PDLQO\� LQ� WKH� QRUWKHUQ� SDUW� RI� ,QGRFKLQD� >��@�� DQG�
SUREDEO\�LQKDELWV�GLIIHUHQW�W\SHV�RI�ORZODQG�IRUHVWV��<RN�'RQ�UHFRUG�UHSUHVHQWV�WKH�
PRVW� VRXWKHUQ� SRLQW� RI� LWV� NQRZQ� GLVWULEXWLRQ� UDQJH�� QH[W� UHFRUG� LQ� 9LHWQDP� LV�
NQRZQ�IURP�1JKH�$QK�3URYLQFH�>����������@��
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3LHG�EDW���.HULYRXOD�SLFWD��3DOODV��������

2Q�$SULO�����������DW�DERXW���$0��LQ�FRQGLWLRQV�RI�UHODWLYHO\�JRRG�OLJKW��RQH�
LQGLYLGXDO� RI� WKLV� EULJKWO\� FRORUHG� EDW�ZDV� REVHUYHG� RYHU� WKH� FOHDULQJ� LQ� WKH� ORZ�
VWHPPHG�SRO\GRPLQDQW� IRUHVW��0RVW� SUREDEO\� WKDW�ZDV� RFFDVLRQDOO\� IULJKWHQHG� RII�
WKH� GD\� URRVW�� ,W� LV� NQRZQ� WKDW� WKH� SLHG� EDWV� VSHQG� GD\V� LQ� WKH� IROLDJH�� DW� OHDVW�
VRPHWLPHV� >��@�� ,W� LV� QRWHZRUWK\� WKDW� GU\� �EXW�QRW� IDOOHQ�� OHDYHV�RI�'LSWHURFDUSXV
ORRN�VRPHZKDW�DOLNH�ZLQJV�RI� WKDW�EDW�VSHFLHV� LQ�WKHLU�FRORU�DQG�VXUIDFH� WH[WXUH�� ,I�
SLHG�EDW�UHDOO\�URRVWV�LQ�VXFK�OHDIV��WKH\�FDQ�SURYLGH�JRRG�FDPRXIODJH��+RZHYHU��LQ�
RXU�FDVH�GLUHFW�VHDUFK�IRU�VXFK�D�VKHOWHU�GLG�QRW�JDYH�D�SRVLWLYH�UHVXOW��

%XUPHVH�SLSLVWUHOOH���3LSLVWUHOOXV�SDWHUFXOXV�7KRPDV�������

7ZR�DGXOW�PDOHV�ZHUH�QHWWHG�RQ������������ LQ�WKH�QRUWKHUQ�SDUW�RI� WKH�3DUN��
$QLPDOV�ZHUH�FDSWXUHG�LQWR�PLVW�QHW�VHW�QHDUE\�VPDOO�QRQ�GU\LQJ�SRRO��VXUURXQGHG�
E\�IRUHVW��7KLV�SLSLVWUHOOH�VSHFLHV�ZDV�ILUVWO\�IRXQG�LQ�9LHWQDPHVH�IDXQD�RQO\�LQ������
>��@��FXUUHQWO\�QR�PRUH�WKDQ�WHQ�ORFDOLWLHV�RI�WKLV�EDW�DUH�NQRZQ�LQ�WKH�FRXQWU\�>�@��
7KH�RQH�QHDUHVW�WR�<RN�'RQ�LV�VLWXDWHG�LQ�.RQ�&KX�5DQJ��*LD�/DL�3URYLQFH�>��@��

/HDVW�SLSLVWUHOOH���3LSLVWUHOOXV�WHQXLV��7HPPLQFN��������

7UHH�PDOHV�ZHUH� FDSWXUHG� LQ� WKH� QRUWKHUQ� SDUW� RI� WKH� 3DUN��2QH� DQLPDO�ZDV�
PLVW�QHWWHG� QHDUE\� VPDOO� QRQ�GU\LQJ� SRRO�� VXUURXQGHG� E\� IRUHVW�� 7ZR� RWKHU�
LQGLYLGXDOV� ZHUH� FDSWXUHG� LQWR� RUQLWKRORJLFDO� PLVW� QHWV� LQ� WKH� SRO\GRPLQDQW� ORZ�
VWHPPHG� IRUHVW�� 7KLV� SLSLVWUHOOH� LV� PRUH� FRPPRQO\� UHSRUWHG� IURP� WKH� QRUWK� RI�
9LHWQDP�>��@��ZKLOH�LQ�VRXWKHUQ�SDUW�RI�WKH�FRXQWU\�LW�ZDV�IRXQG�RQO\�LQ�1LQK�7KXDQ�
3URYLQFH�>��@�DQG�LQ�%X�*LD�0DS�UHVHUYH��%LQK�3KXRF�3URYLQFH�>��@�� ,Q�<RN�'RQ�
WKLV�EDW�VSHFLHV�VHHPV�WR�EH�UHODWLYHO\�FRPPRQ��LW�LV�OLNHO\�WKDW�MXVW�WKRVH�EDWV�ZHUH�
PXOWLSO\�REVHUYHG�ZKLOH�WKH\�IRUDJHG�RYHU�URDGV�DQG�VHPL�RSHQ�DUHDV��

-DYDQHVH�SLSLVWUHOOH���3LSLVWUHOOXV�MDYDQLFXV��*UD\��������

)HPDOH�DQG�WZR�DGXOW�PDOHV�ZHUH�FDSWXUHG�RQ������������LQ�WKH�QRUWKHUQ�SDUW�RI�
WKH� 3DUN�� $OO� LQGLYLGXDOV� ZHUH� QHWWHG� QHDUE\� VPDOO� QRQ�GU\LQJ� SRRO�� VXUURXQGHG� E\�
IRUHVW��7KLV�SLSLVWUHOOH�VSHFLHV�LV�RQH�RI�WKH�PRVW�FRPPRQ�LQ�6RXWKHUQ�9LHWQDP�>�����@��

7LFNHOO¶V�EDW���+HVSHURSWHQXV�WLFNHOOL��%O\WK��������

0DOH�DQG�IHPDOH�ZHUH�QHWWHG�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�3DUN�RQ�������������RQH�
PRUH�PDOH�ZDV�FDSWXUHG�LQ�WKH�VDPH�DUHD��EXW�VRPHZKDW�VRXWKZDUG��LQ�'HFHPEHU�RI�WKH�
VDPH� \HDU�� 7ZR� DQLPDOV� ZHUH� FDSWXUHG� LQWR� PLVW� QHW� VHW� QHDUE\� VPDOO� QRQ�GU\LQJ�
DUWLILFLDO� SRQG�� VXUURXQGHG� E\� IRUHVW�� 7LFNHOO¶V� EDW� KDV�ZLGH� EXW� VSRUDGLF� GLVWULEXWLRQ�
DFURVV�WURSLFDO�$VLD�>��@�EXW�IURP�9LHWQDP�LW�ZDV� UHSRUWHG�IURP�RQO\�WZR�SODFHV�>����
��@��

*UHDW�KRXVH�EDW���6FRWRSKLOXV�KHDWKLL�+RUVILHOG�������

$GXOW�IHPDOH�ZDV�FDSWXUHG�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�3DUN�RQ�������������7KH�
DQLPDO�ZDV�QHWWHG�DW�WKH�HGJH�RI�WKH�SRO\GRPLQDQW�ORZ�VWHPPHG�IRUHVW�QHDUE\�VPDOO�
SRQG�� )HZ� EDWV� RI� WKH� VDPH� VSHFLHV� ZHUH� REVHUYHG� GULQNLQJ� IURP� WKH� SRQG� DQG�
IRUDJLQJ�RYHU�WKH�FDQRSLHV�RI�QHLJKERULQJ�WUHHV���
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2UGHU�6FDQGHQWLD�

1RUWKHUQ�WUHH�VKUHZ���7XSDLD�EHODQJHUL��:DJQHU��������

1LQHWHHQ� LQGLYLGXDOV� ZHUH� FDSWXUHG� LQ� ������ RQH� VSHFLPHQ� ZDV� FDSWXUHG� LQ�
������$OO� WUHH�VKUHZ� VSHFLPHQV�ZHUH� FDXJKW� RQ� WKH� WUHH� EUDQFKHV� RU� OLDQDV� DW� WKH�
KHLJKW�IURP�����WR���P�DERYH�JURXQG���

6H[�UDWLR�ZDV�QHDU����� ����PDOHV����IHPDOHV���0RVW�RI�IHPDOHV� �ILYH�RI�QLQH��
WRRN� SDUW� LQ� EUHHGLQJ� LQ� -XQH� �VHH� 7DEOH� ���� $� SUHJQDQW� IHPDOH� ZLWK� �� IXOO\�
GHYHORSHG� HPEU\RV�ZDV� FDXJKW�RQ� -XQH� ���� )URP� -XQH���� RQO\� WKH� DOUHDG\� JLYHQ�
ELUWK� IHPDOHV�ZHUH�FDXJKW��$�VLPLODU�FRQGLWLRQ�RI� WKH�XWHUXV� LQ� WKHVH�IHPDOHV�PD\�
LQGLFDWH� WKDW� WKHLU� ELUWK� RFFXUUHG� DSSUR[LPDWHO\� VLPXOWDQHRXVO\�� $FFRUGLQJ� WR�
DYDLODEOH�GDWD�� SUHJQDQF\� LQ�7��EHODQJHUL� ODVWV� ��� �� ���GD\V� LQ�FDSWLYLW\� >��@��7KH�
DGXOW�IHPDOH��FDXJKW�LQ�'HFHPEHU�������ZDV�D�QRQ�EUHHGLQJ��

,W�FDQ�EH�DVVXPHG�WKDW�WKH�EUHHGLQJ�VHDVRQ�RI�7��EHODQJHUL�LQ�<RN�'RQ�VWDUWV�LQ�
WKH�ILUVW�GHFDGH�RI�0D\��,W�LV�EHOLHYHG�WKDW�WUHH�VKUHZV�UHSURGXFH�RQH�OLWWHU�SHU�\HDU��
*LYHQ�WKDW�7��EHODQJHUL�SXEHUW\�RFFXUV�DW�WKH�DJH�RI���PRQWKV�>��@��WKH�SUHVHQFH�LQ�
WKH�SRSXODWLRQ�RI�QRQ�EUHHGLQJ�IHPDOHV�VXJJHVWV�WKDW�QRW�DOO�VH[XDOO\�PDWXUH�DQLPDOV�
JLYH�ELUWK�HYHU\�\HDU��RU�WKHUH�LV�DQRWKHU�SHDN�RI�UHSURGXFWLRQ��,Q�IDYRU�RI�WKH�VHFRQG�
DVVXPSWLRQ�� WKHUH� LV� DOVR� LQGLUHFW� HYLGHQFH� RI� WKH� SUHVHQFH� LQ� WKH� SRSXODWLRQ� RI�
VXEDGXOW� DQLPDOV�� +RZHYHU�� WKH� SUHVHQFH� RI� VHYHUDO� �WZR�� SHDNV� RI� EUHHGLQJ� LV� D�
UDWKHU� XQXVXDO� IHDWXUH� IRU�PDPPDOV� RI� WKH�SODLQ� IRUHVWV� RI� VRXWKHUQ�9LHWQDP�ZLWK�
VWURQJO\�SURQRXQFHG�FKDQJH�RI�VHDVRQV��

7KH�GLHW�RI�WUHH�VKUHZV��DFFRUGLQJ�WR�WKH�GDWD�IRU�7XSDLD�JOLV��LQFOXGHV�YDULRXV�
DUWKURSRGV�� DV� ZHOO� DV� IUXLWV�� VHHGV� DQG� OHDYHV�� $OWKRXJK� WUHH�VKUHZV� KDYH� DQ�
DUERUHDO� OLIHVW\OH��WKH\�IHHG�PDLQO\�RQ�WKH�JURXQG��7KH�FRQWHQWV�RI�WKH�VWRPDFKV�RI�
7��EHODQJHUL�IURP�<RN�'RQ�FRQILUP�WKLV�DVVXPSWLRQ��LQ�WKH�VWRPDFKV�ZHUH�IRXQG�WKH�
UHPDLQV� RI� YDULRXV� LQYHUWHEUDWHV� �WHUPLWHV�� FRFNURDFKHV�� VSLGHUV�� HWF��� IURP�
SUHGRPLQDQWO\�WHUUHVWULDO�DUWKURSRG�JURXSV��

2UGHU�5RGHQWLD�

,QGRFKLQHVH�JURXQG�VTXLUUHO���0HQHWHV�EHUGPRUHL��%O\WK��������

7ZR�DGXOW�IHPDOHV�ZHUH�FDSWXUHG�LQ�QRUWKHUQ�SDUW�RI�WKH�3DUN��RQH�VSHFLPHQ�ZDV�
FDSWXUHG�RQ�������������DQRWKHU�RQH���RQ�������������6TXLUUHOV�ZHUH�FDSWXUHG�LQ�FDJH�
OLYH�WUDSV�VHW�RQ�WUHH�OLNH�OLDQDV��DW�KHLJKW�RI�DERXW���P�IURP�WKH�JURXQG��,Q������0��
EHUGPRUHL�ZHUH� FRPPRQO\�REVHUYHG� LQ� WKH�QRUWKHUQ�SDUW� RI� WKH�3DUN��PDLQO\� DW� WKH�
IRUHVW� HGJHV� DQG� LQ� VSDUVH� IRUHVW� DUHDV�� 7KH� VTXLUUHOV�PRVWO\� VWD\HG� RQ� WKH� JURXQG��
KRZHYHU��RQFH�ZH�REVHUYHG�DQ�DQLPDO�LQ�D�WUHH�KROORZ�DERXW���P�IURP�WKH�JURXQG��

&DPERGLDQ�VWULSHG�VTXLUUHO���7DPLRSV�FI��URGROSKLL��0LOQH�(GZDUGV��������

6TXLUUHOV�RI�JHQXV�7DPLRSV�ZHUH�FRPPRQO\�REVHUYHG�LQ�PRVW�RI�VWXGLHG�DUHDV�
RI� WKH� 3DUN�� %DVHG� RQ� WKH� H[WHUQDO� FKDUDFWHUV� �DOO� IRXU� OLJKW� GRUVDO� VWULSHV� RI� HTXDO�
LQWHQVLW\�� SDOH� VWULSH�XQGHU� H\H� IDLQWO\� FRQWLQXRXV�ZLWK� ODWHUDO� OLJKW� VWULSH� �� >��@�ZH�
SUHOLPLQDU\�LGHQWLILHG�WKHVH�DQLPDOV�DV�7DPLRSV�URGROSKLL��+RZHYHU��RWKHU�VSHFLHV�RI�
7DPLRSV�DOVR�FDQ�EH�IRXQG�LQ�WKH�3DUN��
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%ODFN�JLDQW�VTXLUUHO���5DWXID�ELFRORU��6SDUUPDQ��������

7KH�VSHFLHV�ZDV�UHFRUGHG�LQ�'HFHPEHU������LQ�WKH�SRO\GRPLQDQW�IRUHVW�DW�WKH�
<RN�'RQ�0RXQWDLQ��

,QGLDQ�JLDQW�IO\LQJ�VTXLUUHO���3HWDXULVWD�SKLOLSSHQVLV��(OOLRW��������

7KH�VSHFLHV�ZDV�REVHUYHG�LQ�-XQH������LQ�WKH�SRO\GRPLQDQW�IRUHVW�DW�OHIW�EDQN�
RI�6UHSRN�5LYHU��

$VLDQ�IO\LQJ�VTXLUUHO���+\ORSHWHV�VS��

,Q������ZH�REVHUYHG� WKH� VWXIIHG� VSHFLPHQ�RI�+\ORSHWHV� VS�� DW� WKH�PDUNHW� RI�
'RQ�9LOODJH��7KLV�VSHFLPHQ�ZDV�FROOHFWHG�DW�WKH�UHJLRQ�QHDU�RI�WKH�3DUN�WHUULWRU\��

,QGRFKLQHVH�IRUHVW�UDW���5DWWXV�FI��DQGDPDQHQVLV��%O\WK��������

6L[�VSHFLPHQV�ZHUH�FDSWXUHG�LQ�������DQG�RQO\�RQH�VSHFLPHQ���LQ�������)LYH�
VSHFLPHQV�ZHUH�FROOHFWHG�LQ�GLIIHUHQW�IRUHVW�ELRWRSHV��LQ�SRO\GRPLQDQW�IRUHVW�DW�WKH�
WRS� RI� VPDOO� KLOO�� LQ� D� IORRG� SODLQ� SRO\GRPLQDQW� IRUHVW� DORQJVLGH� RI� WHPSRUDU\�
VWUHDPV��LQ�GLSWHURFDUS�IRUHVW��DQG�LQ�WKH�ORJJLQJ�VLWH��2QH�VSHFLPHQ�ZDV�FDXJKW�LQ�D�
KRXVH�DW�WKH�3DUN�+HDGTXDUWHUV���

%RZHU¶V�ZKLWH�WRRWKHG�UDW���%HU\OP\V�ERZHUVL��$QGHUVRQ���������

6NXOO�RI�ZKLWH�WRRWKHG�UDW ZDV�IRXQG�E\�$�%��9DVVLOLHYD�DQG�(�$��*DOR\DQ�RQ�
WKH� <RN� 'RQ� 0RXQWDLQ� LQ� ������ 6SHFLHV� LGHQWLILFDWLRQ� PDGH� E\� $�(�� %DODNLUHY�
�-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH���

6XPDWUDQ�EDPERR�UDW���5KL]RP\V�FI��VXPDWUHQVLV��5DIIOHV��������

6HWWOHPHQW�RI�EDPERR�UDWV�ZDV�IRXQG�LQ������DW�WKH�QRUWKHUQ�SDUW�RI�WKH�3DUN�
LQ� WKH� IRUHVW� DORQJVLGH�RI� WHPSRUDU\� VWUHDP�� ,Q������ZH� IRXQG� D� IHZ�KROHV�ZKLFK�
SHUKDSV�EHORQJ�WR�WKH�EDPERR�UDWV�LQ�DQRWKHU�DUHD�RI�WKH�QRUWKHUQ�SDUW�RI�WKH�3DUN��

���&21&/86,21�

'XULQJ� RXU� VWXGLHV� LQ� WKH� <RN� 'RQ� 1DWLRQDO� 3DUN�� ZH� IRXQG� DW� OHDVW� ���
PDPPDOLDQ�VSHFLHV��7RJHWKHU�ZLWK�HQLJPDWLF�&��\RNGRQHQVLV��WR�WKH�PRPHQW��QR�OHVV�
WKDQ� ��� EDW� VSHFLHV� IURP� IRXU� IDPLOLHV� DUH� NQRZQ� IRU� <RN�'RQ�� ZKLFK� LV� KDUGO\�
H[KDXVWV� WKH� UHDO� FRPSRVLWLRQ� RI� ORFDO� EDW� IDXQD��+HUHZLWK�� HYHQ� SDUW� RI� UHYHDOHG�
VXLWDEOH� SODFHV� ZDV� QRW� REVHUYHG� EHFDXVH� RI� ODFN� RI� WLPH�� LQ� UHODWLRQ� WR� EDWV��
VXUURXQGLQJV�RI� WKH�<RN�'RQ�0RXQWDLQ� LWVHOI�ZHUH�QRW� LQYHVWLJDWHG��7KXV�ZH�PD\�
VXSSRVH�PXFK�ULFK�ORFDO�EDW�IDXQD��RQ�RQH�KDQG��DQG�PDQ\�QHZ�IDXQLVWLF�ILQGLQJV�RQ�
WKLV�WHUULWRU\��RQ�DQRWKHU���

$WWHQWLRQ�RI�SUHYLRXV�UHVHDUFKHUV�ZDV�FRQFHQWUDWHG�PDLQO\�RQ�ODUJHU�PDPPDOV�
RI� WKH�<RN�'RQ�1DWLRQDO�3DUN�>������@��2XU�VWXGLHV��HYHQ�YHU\�VKRUW�WHUP��VKRZHG�
YHU\�SRRU�NQRZOHGJH�DERXW�VPDOO�PDPPDO�IDXQD�LQ�WKH�3DUN��HVSHFLDOO\�LQ�UHODWLRQ�
WR� FUHSXVFXODU� DQG� QRFWXUQDO� VSHFLHV�� )HZ� VSHFLHV� RI� ODQG� PDPPDOV� �&URFLGXUD
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SKDQOXRQJL��%HU\OP\V ERZHUVL��5DWWXV�FI��DQGDPDQHQVLV��5K\]RP\V�FI��VXPDWUHQVLV��
DQG� PDQ\� RI� &KLURSWHUDQV� �5KLQRORSKXV� FKDVHQL�� 0HJDGHUPD� VSDVPD�� 0\RWLV�
PXULFROD��0\RWLV�DWHU��0XULQD�KDUULVRQL��3LSLVWUHOOXV�SDWHUFXOXV��3LSLVWUHOOXV�WHQXLV��
3LSLVWUHOOXV� MDYDQLFXV��+HVSHURSWHQXV� WLFNHOOL��6FRWRSKLOXV� KHDWLL��.HULYRXOD� SLFWD��
ZHUH�UHFRUGHG�LQ�WKH�3DUN�IRU�WKH�ILUVW�WLPH��$PRQJVW�WKH�QRQ�YRODQW�PDPPDOV��WUHH�
VKUHZ� 7XSDLD EHODQJHUL� DQG� &DPERGLDQ� VWULSHG� VTXLUUHO� 7DPLRSV URGROSKLL� ZHUH�
PRVW� FRPPRQ� VSHFLHV� LQ� PDMRU� RI� VWXGLHG� KDELWDWV�� 7KH� GHQVLW\� RI� URGHQWV� DQG�
VKUHZV�ZDV� ORZ�ERWK� LQ������ DQG� LQ�������5DWWXV� FI��DQGDPDQHQVLV�ZDV� WKH�PRVW�
FRPPRQ�VSHFLHV�DPRQJ�0XULGDH��LW�ZDV�UHFRUGHG�LQ�PRVW�RI�VWXGLHG�IRUHVW�ELRWRSHV��
$W�WKH�VDPH�WLPH��DWWHQWLRQ�LV�GUDZQ�WR�WKH�IDFW�WKDW�ZH�FRXOG�QRW�ILQG�WKH�UDWV�RI�WKH�
JHQHUD�0D[RP\V��1LYLYHQWHU� DQG� /HRSROGDP\V� ZKLFK� FRPPRQ� IRU� WKH� IRUHVWV� RI�
VRXWKHUQ�9LHWQDP��

6LQJXODULW\�RI�WKH�VPDOO�PDPPDO�IDXQD�RI�<RN�'RQ�PLJKW�EH�H[SODLQHG�E\�WKH�
VWUXFWXUH�RI� D�GLSWHURFDUS� IRUHVW�� DQQXDO� JUDVVODQG� ILUHV�DQG�D�QHWZRUN�RI� WHPSRUDO�
�VHDVRQDO�� VWUHDPV� ZLWK� D� SRO\GRPLQDQW� IRUHVW� LQ� IORRGSODLQV� DQG� RQ� KLOO� VORSHV��
$QQXDO� ILUHV� LQ� D� GLSWHURFDUS� IRUHVW� GHVWUR\� GHDG� ZRRG�� IDOOHQ� WUHH� WUXQNV�� SODQW�
VHHGV�� LQVHFWV� DQG� RWKHU� WHUUHVWULDO� LQYHUWHEUDWHV�� WKXV� GHSULYLQJ� VPDOO� PDPPDOLDQ�
VKHOWHUV�� EXLOGLQJ�PDWHULDO� IRU� QHVWV� DQG� IRRG� UHVRXUFHV�� ,Q� FRQWUDU\� WR�GLSWHURFDUS�
IRUHVW��LW�LV�FRROHU�XQGHU�WKH�FDQRS\�RI�SRO\GRPLQDQW�IRUHVW��$YDLODEOH�ZDWHU�VRXUFHV�
UHPDLQ� LQ� VXFK�DUHDV� DIWHU� VHDVRQDO�ZDWHUFRXUVHV��+RZHYHU��ZLWK� WKH�EHJLQQLQJ� RI�
WKH� UDLQ� VHDVRQ�� D� VKDUS� ULVH� LQ� WKH� ZDWHU� OHYHO� RFFXUV� LQ� ULYHUEHGV� DQG� VHDVRQDO�
VWUHDPV�FDXVLQJ�D�WHPSRUDU\�IORRGLQJ�RI�IORRGSODLQV��

,Q� YLHZ� RI� WKHVH� IDFWRUV�� LW� FDQ� EH� H[SHFWHG� WKDW� WKH�PDPPDOLDQ� GLVWULEXWLRQ�
ZLOO�YDU\�VLJQLILFDQWO\�GHSHQGLQJ�RQ�WKH�VHDVRQ��6PDOO�WHUUHVWULDO�PDPPDOV��VXFK�DV�
5DWWXV� FI�� DQGDPDQHQVLV�� %HU\OP\V� ERZHUVL�� 5KL]RP\V� FI�� VXPDWUHQVLV�� DQG�
&URFLGXUD� SKDQOXRQJL�� VKRXOG� EH� VWULFWO\� VHQVLWLYH� WR� WKHVH� IDFWRUV��:KHQ� WKH� GU\�
VHDVRQ� EHJLQQLQJ�� ERWK� ODUJH� DQG� VPDOO� PDPPDOV� FRQFHQWUDWH� RQ� SRO\GRPLQDQW�
IRUHVW�DUHDV�RQ�WKH�PRXQWDLQ�VORSHV�DQG�LQ�WKH�IORRGSODLQV�RI�VHDVRQDO�VWUHDPV��$W�WKH�
EHJLQQLQJ�RI�UDLQ�VHDVRQ�� LW�FDQ�EH�DVVXPHG�WKDW�DQLPDOV� WKDW� OLYH�LQ�WKH�SODLQ�DUHD�
FDQ�HLWKHU�GLVSHUVH�LQWR�WKH�GLSWHURFDUS�IRUHVW�RU�PLJUDWH�WR�WKH�VORSHV�RI�PRXQWDLQV�
DQG� KLOOV�� 7KLV� H[SODLQV� WR� VRPH� H[WHQW�ZK\� WKH� FRPPRQ� VPDOO�PDPPDOV� LQ�<RN�
'RQ�ZHUH� DUERUHDO� VSHFLHV� �WUHH�VKUHZV� DQG� VTXLUUHOV���ZKHUHDV� WHUUHVWULDO� UDWV� DQG�
VKUHZV� ZHUH� IHZ� LQ� QXPEHU�� 3HUKDSV�� IRU� WKH� VDPH� UHDVRQV�� WKHUH� DUH� QR� W\SLFDO�
IRUHVW� UDWV� RI� WKH� JHQHUD�0D[RP\V�� 1LYLYHQWHU� DQG� /HRSROGDP\V�� ZKR� FRXOG� QRW�
DGDSW�WR�VXFK�XQXVXDO�FRQGLWLRQV��

%DWV� DUH� DEOH� WR� PRYH� HDVLO\� RQ� GLVWDQFHV� DOPRVW� QRW� DYDLODEOH� WR� UDWV� DQG�
VKUHZV��DQG� WKXV� WKH\�DUH� OHVV�YXOQHUDEOH� IRU�GLUHFW� LPSDFW�IURP�VHDVRQDO�ILUHV�DQG�
IORRGV��+RZHYHU��WKHVH�IDFWRUV�DIIHFW�LQHYLWDEO\�RQ�WKH�ULFKQHVV�DQG�FRPSRVLWLRQ�RI�
WKHLU�IRRG�EDVH��EHFDXVH�JURXQG�ILUHV�FRXOG�GHVWUR\�ODUJH�SHUFHQW�RI�VRLO�ODUYDH��ZKLOH�
LQVHFWV� ZLWK� ZDWHU� ODUYDH� KDUGO\� FDQ� ULFK� KLJK� QXPEHUV� GXULQJ� ZHW� VHDVRQ�� 7KLV�
FLUFXPVWDQFH� H[SODLQV� UHODWLYHO\� ORZ� EDW� GHQVLW\� LQ� REVHUYHG� SDUWV� RI� WKH� 3DUN��
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0HDQWLPH�� ORFDO� VSHFLHV� GLYHUVLW\� RI� EDWV� LV� UDWKHU� KLJK�� DW� OHDVW� SDUWO\� EHFDXVH� RI�
KLJKO\�PRVDLF�KDELWDWV��+RZHYHU��ODUJH�SDUW�RI�LW�LV�FRPSRVHG�E\�VSHFLHV�ZKLFK�DUH�
QRW�FRQQHFWHG�WR�DQ\�VSHFLILF�KDELWDW�W\SHV��&\QRSWHUXV�VSKLQ[��0HJDGHUPD�VSDVPD��
5KLQRORSKXV� FKDVHQL�� 0\RWLV� PXULFROD�� DQG� ZKLFK� WKHUHIRUH� FDQ� HDVLO\� FKDQJH�
IRUDJLQJ�SODFHV��RU�VSHFLHV�ZKLFK�FDQ�PRYH�RQ�UHODWLYHO\�ODUJH�GLVWDQFHV�LQ�VHDUFK�RI�
IRRG� �ILUVW� RI� DOO�� 6FRWRSKLOXV� KHDWKLL�� EXW� DOVR� 3LSLVWUHOOXV� VSS��� +HVSHURSWHQXV�
WLFNHOOL�� DQG� SUREDEO\�&DVVLVWUHOOXV� \RNGRQHQVLV��� 7XEH�QRVHG� EDWV�� ZKLFK� DUH� QRW�
LQFOLQHG� WR� ORQJ�GLVWDQFH�PRYHPHQWV�� ZHUH� FDSWXUHG� RQO\� LQ� OHIW�EDQN� SDUW� RI� WKH�
3DUN��ZHUH�JURXQG�ILUHV�VHHP�WR�EH�OHVV�IUHTXHQW�DQG�ZLGH�QHWZRUN�RI�ZDWHU�EHGV�FDQ�
GHFUHDVH� OHYHO� RI� VHDVRQDO� IORRGV�� $FFRUGLQJ� WR� WKLV� WHQGHQF\�� ZH� PD\� VXSSRVH�
KLJKHU� GHQVLW\� RI� EDWV� DQG� KLJKHU� SURSRUWLRQ� RI� VHWWOHG� VSHFLHV� RQ� WKH� <RN� 'RQ�
0RXQWDLQ�LWVHOI�DQG�LWV�QHDUHVW�VXUURXQGLQJV���

,W� LV� QHFHVVDU\� WR�PHQWLRQ� LPSRUWDQFH� RI� QRQ�GU\LQJ�ZDWHU� VRXUFHV� IRU� EDWV��
0HDQZKLOH� PRVW� VSHFLHV� DUH� DYRLGLQJ� 6UHSRN� 5LYHU� �SUREDEO\� IRU� IHDU� RI� ELUG� RI�
SUH\��DQG�SUHIHU�VPDOO�DUWLILFLDO�SRQGV��$V�LQ�EHWWHU�VWXGLHG�&DW�7LHQ��SRQGV�VLWXDWHG�
RQ�WKH�ERUGHU�RI�IRUHVW�DQG�RSHQ�KDELWDWV�DUH�XVLQJ�PRUH�IUHTXHQWO\��7KH�KLJKHVW�EDW�
GHQVLW\�ZDV� REVHUYHG� QHDUE\�ZDWHU� VRXUFH��ZKLFK� WRWDOO\� VXUURXQGHG� E\� WKH� IRUHVW�
DQG� IURP� RQH� VLGH� ZDV� QHLJKERUHG� ZLWK� DUHD� FRYHUHG� E\� WDOO� /DJHUVWURHPLD��
0HDQWLPH�� WHPSRUDO� ZDWHU� VRXUFHV�� ILOOHG� E\�ZDWHU� GXULQJ� UDLQV�� GLG� QRW� DWWUDFWHG�
EDWV�DQG�GLG�QRW�FDXVHG�DQ\�FKDQJHV�LQ�WKHLU�VSDWLDO�DFWLYLW\��

,W� VKRXOG� EH� QRWHG�� KRZHYHU�� WKDW� WKH� FROOHFWHG� PDWHULDO� LV� LQVXIILFLHQW� IRU�
XQLYRFDO�VXSSRUW�RI�WKRVH�VXJJHVWLRQV��)XUWKHU�HFRORJLFDO�DQG�WD[RQRPLF�VWXGLHV�DUH�
QHHG�IRU� WKH�DUJXHG�GLVFXVVLRQ�DERXW� WKH�UHDVRQV�RI�WKH�RULJLQDOLW\�RI� WKH�<RN�'RQ�
PLFURPDPPDOLDQ�IDXQD���

$FNQRZOHGJHPHQWV��:H� DUH� JUDWHIXO� WR� WKH� DGPLQLVWUDWLRQ� RI� WKH� <RN� 'RQ�
1DWLRQDO�3DUN� IRU�SURYLGLQJ�XV� WKH�RSSRUWXQLW\� WR�FDUU\�RXW� WKH� VXUYH\V��2XU� ILHOG�
VWXGLHV� LQ� 9LHWQDP�ZHUH� SRVVLEOH� GXH� WR� WKH� VXSSRUW� RI� WKH� -RLQW� 9LHWQDP�5XVVLD�
7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\�5HVHDUFK�&HQWUH��:H�ZRXOG� OLNH� WR� H[SUHVV� RXU�
WKDQNV�WR�KHDGV�RI�H[SHGLWLRQV�$�1��.X]QHWVRY��ODWH�3KDQ�/XRQJ�IRU�WKH�RUJDQL]DWLRQ�
RI� WKH� ILHOG� VWXGLHV�� :H� DUH� WKDQNIXO� WR� $�1�� .X]QHWVRY�� 6�3�� .X]QHWVRYD�� 3KDQ�
/XRQJ�� 9�9��5R]KQRY�� /�3��.RU]XQ�� $�(�� $QLFKNLQ�� $�%��9DVVLOLHYD�� (�$��*DOR\DQ��
DQG�9�9��7UXQRY�IRU�WKHLU�NLQG�KHOS�DQG�VFLHQWLILF�DVVLVWDQFH�GXULQJ�WKH�ILHOG�ZRUNV��
6WRPDFK� FRQWHQW� RI� WUHH�VKUHZV� ZDV� LGHQWLILHG� E\� $�(�� $QLFKNLQ�� $�(�� %DODNLUHY�
KHOSV�XV�ZLWK�LGHQWLILFDWLRQ�RI�VRPH�PXULG�VSHFLHV��3UHFLVH�LGHQWLILFDWLRQ�RI�WKH�EDW�
VSHFLPHQV� ZDV� FDUULHG� RXW� E\� H[DPLQLQJ� RI� FRPSDUDWLYH� PDWHULDOV� IURP� WKH�
VFLHQWLILF� FROOHFWLRQ� RI� WKH� 5R\DO� 2QWDULR� 0XVHXP� �&DQDGD��� ZLWK� WKH� NLQG�
DVVLVWDQFH�E\�'U��-��(JHU��DQG�E\�WKH�JHQHWLF�DQDO\VLV�LPSOHPHQWHG�E\�WKH�&DQDGLDQ�
&HQWUH�IRU�'1$�%DUFRGLQJ�LQ�WKH�IUDPHZRUN�RI�%DUFRGLQJ�RI�/LIH�LQLWLDWLYH�ZLWK�WKH�
KHOS� RI� 'U�� 3�� +HEHUW�� 7KH� VWXG\� DQG� ZDV� LQ� SDUW� VXSSRUWHG� E\� WKH� 0LQLVWU\� RI�
6FLHQFH� DQG� +LJKHU� (GXFDWLRQ� RI� WKH� 5XVVLDQ� )HGHUDWLRQ� �SURMHFW� $$$$�$���
�����������������
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5()(5(1&(6�

�� $EUDPRY�$��9���6KFKLQRY�$��9���%DODNLUHY�$��(���&RQWULEXWLRQV�WR�WKH�VWXG\�RI�
VPDOO� QRQ�YRODQW�PDPPDO� IDXQD� LQ�%X�*LD�0DS�1DWLRQDO�3DUN� �%LQK�3KXRF�
3URYLQFH���3URFHHGLQJV�RI� WKH��WK�1DWLRQDO�6FLHQWLILF�&RQIHUHQFH�RQ�(FRORJ\�
DQG�%LRORJLFDO�5HVRXUFHV��,(%5��+DQRL��������S���������

�� $EUDPRY� $�� 9��� 'DQJ� 1JRF� &DQ�� %XL� 7XDQ� +DL�� 1JX\HQ� 7UXRQJ� 6RQ�� $Q�
DQQRWDWHG� FKHFNOLVW� RI� WKH� LQVHFWLYRUHV� �0DPPDOLD�� /LSRW\SKOD�� RI� 9LHWQDP��
5XVVLDQ�-RXUQDO�RI�7KHULRORJ\���������������������

�� $KOpQ� ,��� ,GHQWLILFDWLRQ� RI� EDWV� LQ� IOLJKW�� 6ZHGLVK� 6RF�� )RU� &RQVHUYDWLRQ� RI�
1DWXUH��6WRFNKROP�����������SS��

�� %DQQLNRYD�$��$���$EUDPRY�$��9���%RULVHQNR�$��9���/HEHGHY�9��6���5R]KQRY�
9�� 9��� 0LWRFKRQGULDO� GLYHUVLW\� RI� WKH� ZKLWH�WRRWKHG� VKUHZV� �0DPPDOLD��
(XOLSRW\SKOD��&URFLGXUD��LQ�9LHWQDP��=RRWD[D�������������������

�� %DWHV�3���+DUULVRQ�'��/��� -HQNLQV�3��'���:DOVWRQ�-��/���7KUHH�UDUH�VSHFLHV�RI�
3LSLVWUHOOXV� �&KLURSWHUD�� 9HVSHUWLOLRQLGDH�� QHZ� WR� 9LHWQDP�� $FWD� =RRORJLFD�
$FDGHPLDH�6FLHQWLDUXP�+XQJDULFDH�����������������������

�� %RULVVHQNR�$��9���0RELOH�WUDS�IRU�FDSWXUH�EDWV��3OHFRWXV�HW�DO�������������������

�� %RULVVHQNR�$��9���.UXVNRS�6��9���%DWV�RI�9LHWQDP�DQG�DGMDFHQW�WHUULWRULHV��$Q�
LGHQWLILFDWLRQ�PDQXDO��*(26��0RVFRZ������������SS��

�� &RUEHW�*��%���+LOO� -�� (���0DPPDOV� RI� WKH� ,QGRPDOD\DQ� UHJLRQ�� $� V\VWHPDWLF�
UHYLHZ��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG������������SS��

�� &VRUED�*���9X�'LQK�7KRQJ��%DWHV�3��-��-���)XUH\�1��0���'HVFULSWLRQ�RI�D�QHZ�
VSHFLHV� RI� 0XULQD� IURP� 9LHWQDP� �&KLURSWHUD�� 9HVSHUWLOLRQLGDH��0XULQLQDH���
2FFDVLRQDO�SDSHUV��0XVHXP�RI�7H[DV�7HFK�8QLYHUVLW\������������������

��� &VRUED� *��� 1JX\HQ� 7KRQJ� 6RQ�� 6DYHQJ� ,��� )XUH\� 1��� 5HYHDOLQJ� FU\SWLF� EDW�
GLYHUVLW\��WKUHH�QHZ�0XULQD�DQG�UHGHVFULSWLRQ�RI�0��WXELQDULV�IURP�6RXWKHDVW�
$VLD��-RXUQDO�RI�0DPPDORJ\�����������������������

��� 'DQJ�1JRF�&DQ�� (QGR�+���1JX\HQ�7UXRQJ� 6RQ��2VKLGD�7���/H�;XDQ�&DQK��
'DQJ� +X\� 3KXRQJ�� /XQGH� '�3��� .DZDGD� 6�� ,��� +D\DVKLGD� $��� 6DVDNL� 0���
&KHFNOLVW�RI�ZLOG�PDPPDO�VSHFLHV�RI�9LHWQDP��,(%5��+DQRL������������SS���

��� (DPHV� -�&��� 1JX\HQ� 'XF� 7X�� $Q� LQWHULP� ELRGLYHUVLW\� UHSRUW� IRU� <RN� 'RQ�
1DWLRQDO� 3DUN�� 'DN� /DN� 3URYLQFH�� 9LHWQDP�� 8QSXEOLVKHG� UHSRUW� WR� 9LHWQDP�
3$5&�3URMHFW��<RN�'RQ�&RPSRQHQW��������

��� (DPHV� -��� 1JX\HQ� 'XF� 7X�� /H� 7URQJ� 7UDL�� 'DQJ� 1JRF� &DQ�� 1JR�9DQ� 7UL��
+RDQJ�'XF�'DW��7KDL�1JRF�7UL��1JX\HQ�7KL�7KX�+H��'UDIW�ILQDO�ELRGLYHUVLW\�
UHSRUW� IRU� <RN� 'RQ� 1DWLRQDO� 3DUN�� 'DN� /DN� 3URYLQFH�� 3$5&� 3URMHFW�
9,(����*��	����� *RYHUQPHQW� RI� 9LHW� 1DP� �)3'��81236�81'3�6FRWW�
:LOVRQ�$VLD�3DFLILF�/WG���+DQRL������������SS��
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��� )XQDNRVKL� .��� )XNXL� '��� <DPDPRWR� 7��� 0L]XQR� 0��� 2VDZD� <��� 2VDZD� .���
<RVKLNXUD�6���0LQHVLWD�.���6DWR�$���7VXML�$���0DWVXPXUD�6���0LNDVD�$���1LYHVK�
1���(FRORJ\�DQG�PRQRJDPRXV�V\VWHP�RI�WKH�SDLQWHG�ZRROO\�EDW�.HULYRXOD�SLFWD�LQ�
.KRQ�.DHQ��7KDLODQG��0DPPDO�6WXG\�����������������������

��� -HQNLQV�3��'���$EUDPRY�$��9���5R]KQRY�9��9���2OVVRQ�$���$�QHZ�VSHFLHV�RI�
&URFLGXUD� �6RULFRPRUSKD�� 6RULFLGDH�� IURP� VRXWKHUQ� 9LHWQDP� DQG� QRUWK�
HDVWHUQ�&DPERGLD��=RRWD[D��������������������

��� .UXVNRS�6�9���3UHOLPLQDU\�GDWD�RQ�WKH�EDW�IDXQD�RI�WKH�%X�*LD�0DS�1DWLRQDO�
3DUN��6RXWK�9LHWQDP���3OHFRWXV�HW�DO�������������������

��� .UXVNRS�6��9���%DWV�RI�9LHWQDP��&KHFNOLVW�DQG�DQ�LGHQWLILFDWLRQ�PDQXDO��.0.�
6FLHQWLILF�3UHVV��0RVFRZ������������SS��

��� .UXVNRS� 6�� 9��� %RULVHQNR� $�� 9��� 6PDOO� PRXVH�HDUHG� EDWV� �0\RWLV��
9HVSHUWLOLRQLGDH�� RI� ,QGRFKLQD�� WD[RQRPLF� SUREOHPV� DQG� SHUVSHFWLYHV�� ,Q��
$FWXDO�SUREOHPV�RI�FRQWHPSRUDU\� WKHULRORJ\��$EVWUDFW�ERRN��6HSWHPEHU�����
����������1RYRVLELUVN���6LEUHJLRQ�,QIR��1RYRVLELUVN��������S������

��� .UXVNRS� 6��9���%RULVHQNR�$��9���$�QHZ� VSHFLHV� RI� 6RXWK�(DVW�$VLDQ�0\RWLV�
�&KLURSWHUD�� 9HVSHUWLOLRQLGDH��� ZLWK� FRPPHQWV� RQ� 9LHWQDPHVH� µZKLVNHUHG�
EDWV¶��$FWD�&KLURSWHURORJLFD�����������������������

��� .XQ]�7��+���.XUWD�$���&DSWXUH�PHWKRGV�DQG�KROGLQJ�GHYLFHV�� ,Q��.XQ]�7��+��
�HG����(FRORJLFDO� DQG� EHKDYLRUDO�PHWKRGV� IRU� WKH� VWXG\� RI� EDWV�� 6PLWKVRQLDQ�
,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ��������S�������

��� /H� ;XDQ� &DQK�� 3KDP� 7URQJ� $QK�� 'XFNZRUWK� -�� :��� 9X� 1JRF� 7KDQK�� /LF�
9XWK\�� $� VXUYH\� RI� ODUJH� PDPPDOV� LQ� 'DN� /DN� 3URYLQFH�� 9LHWQDP�� ::)�
,QGRFKLQD�3URJUDPPH�DQG�,8&1��+DQRL��������

��� /XQGH� '��� 1JX\HQ� 7UXRQJ� 6RQ�� $Q� LGHQWLILFDWLRQ� JXLGH� WR� WKH� URGHQWV� RI�
9LHWQDP�� &HQWHU� IRU� %LRGLYHUVLW\� DQG� &RQVHUYDWLRQ�� $PHULFDQ� 0XVHXP� RI�
1DWXUDO�+LVWRU\��1HZ�<RUN�����������SS��

��� 1JX\HQ� 7UXRQJ� 6RQ�� &VRUED� *��� 9XRQJ� 7DQ� 7X�� 9X� 'LQK� 7KRQJ�� <L�:X��
+DUDGD�0���2VKLGD�7���(QGR�+���0RWRNDZD�0���$�QHZ� VSHFLHV� RI� WKH� JHQXV�
0XULQD��&KLURSWHUD��9HVSHUWLOLRQLGDH��IURP�WKH�&HQWUDO�+LJKODQGV�RI�9LHWQDP�
ZLWK�D�UHYLHZ�RI� WKH�VXEIDPLO\�0XULQLQDH�LQ�9LHWQDP��$FWD�&KLURSWHURORJLFD��
����������������������

��� 5XHGL� 0��� (JHU� -�� /��� /LP� %�� .��� &VRUED� *��� $� QHZ� JHQXV� DQG� VSHFLHV� RI�
YHVSHUWLOLRQLG� EDW� IURP� WKH� ,QGRPDOD\DQ� UHJLRQ�� -RXUQDO� RI� 0DPPDORJ\��
���������������������

��� 9X�'LQK�7KRQJ��'LHW]�&���'HQ]LQJHU�$���%DWHV�3���)XUH\�1���&VRUED�*���+R\H�
*���/H�'LQK�7KX\�� 6FKQLW]OHU�+��8���)XUWKHU� UHFRUGV�RI�0XULQD� WLHQVD� IURP�
9LHWQDP� ZLWK� ILUVW� LQIRUPDWLRQ� RQ� LWV� HFKRORFDWLRQ� FDOOV�� +\VWUL[�� ������
���������������
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��� =RX�5X�MLQ��-L�:HL�]KL��6KD�/LQ�OL��<DQ�<H��<DQJ�.H�TLQ��6WXGLHV�RI�RQWRJHQ\�
LQ� WKH� WUHH� VKUHZV� �7XSDLD� EHODQJHUL� FKLQHQVLV��� =RRORJLFDO�5HVHDUFK�� ������
��������������

��� =RX� 5X�MLQJ�� -L� :HL�]KL�� 6KD� /LQ�OL�� /X� -LQ�PLQJ�� <DQ� <H�� <DQJ� .H�TLQ��
5HSURGXFWLRQ� LQ� WUHH� VKUHZ� �7XSDLD� EHODQJHUL� FKLQHQVLV��� =RRORJLFDO�
5HVHDUFK����������������������
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7KUHH�VKRUW� VXUYH\V�RI�PDPPDOV�ZHUH�KHOG� LQ������ �-XQH��EHJLQQLQJ�RI� UDLQ�
VHDVRQ��DQG�������0D\��ORZ�VHDVRQ��DQG�'HFHPEHU��EHJLQQLQJ�RI�GU\�VHDVRQ��LQ�<RN�
'RQ�1DWLRQDO�3DUN��9LHWQDP��'DN�/DN�3URYLQFH��XQGHU�WKH�DHJLV�RI�-RLQW�9LHWQDP�
5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH��2FFXUUHQFH�RI����VPDOO�
PDPPDO�VSHFLHV�ZDV�UHYHDOHG�LQFOXGLQJ����VSHFLHV�QHZ�WR�'DN�/DN�3URYLQFH��7KH�
ODWWHU�DUH�UHSUHVHQWHG�PDLQO\�E\�EDWV�RI�ZKLFK�WKH�PRVW�LPSRUWDQW�UHFRUGV�DUH�0XULQD�
KDUULVRQL�� 3LSLVWUHOOXV� SDWHUFXOXV� DQG� +HVSHURSWHQXV� WLFNHOOL�� DQG� DOVR� E\� UDWV�
�5DWWXV� FI�� DQGDPDQHQVLV��%HU\OP\V� ERZHUVL�� DQG� ZKLWH�WRRWKHG� VKUHZ�&URFLGXUD�
SKDQOXRQJL�� 7UHH�VKUHZ� �7XSDLD� EHODQJHUL�� ZDV� WKH� PRVW� DEXQGDQW� QRQ�YRODQW�
PDPPDO�GXULQJ�WKH�VXUYH\��2Q�WKH�ZKROH��WKH�PLFURPDPPDOLDQ�IDXQD�RI�<RN�'RQ�
VHHPV�WR�EH�VWURQJO\�XQGHUHVWLPDWHG��

.H\ZRUGV��6PDOO�PDPPDOV��<RUN�'RQ�1DWLRQDO�3DUN��'DN�/DN��ELRGLYHUVLW\�

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH��+DQRL�
����=RRORJLFDO�0XVHXP��0RVFRZ�6WDWH�8QLYHUVLW\��0RVFRZ�
����=RRORJLFDO�,QVWLWXWH��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6DLQW�3HWHUVEXUJ
����$�1��6HYHUWVRY�,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ��5XVVLDQ�$FDGHP\�RI�
6FLHQFHV��0RVFRZ�

&RQWDFW��.UXVNRS�6��9��

=RRORJLFDO�0XVHXP��0RVFRZ�6WDWH�8QLYHUVLW\��XO��%ROVKD\D�
1LNLWVND\D����0RVFRZ���������5XVVLD��

(PDLO��NUXVNRS#]PPX�PVX�UX


