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'HSDUWPHQW�RI �%LRORJ\��)DFXOW\�RI �6FLHQFHV�DQG�0DWKHPDWKLFV��8QLYHUVLWDV�'LSRQHJRUR��6HPDUDQJ��������,QGRQHVLD�

�
6FKRRO�RI �3RVWJUDGXDWH�6WXGLHV��8QLYHUVLWDV�'LSRQHJRUR��6HPDUDQJ��������,QGRQHVLD

�
)DFXOW\�RI �%LRORJ\���8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVLD

�
)DFXOW\�RI �*HRJUDSK\��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVLD
�
:DWHU�5HVHDUFK�1HWZRUN��)HGHUDWLRQ�8QLYHUVLW\�$XVWUDOLD��%DOODUDW��$XVWUDOLD

5HFHLYHG�����$SULO������$FFHSWHG�����-XQH�����

$%675$&7

� 7HFKQLFDO�FKDOOHQJHV�LQ�XVLQJ�GLDWRPV�IRU�SDOHROLPQRORJLFDO�ZRUN�DUH�WKH�LGHQWLILFDWLRQ�DQG�HQXPHUDWLRQ�RI �GLDWRP�
YDOYHV��9DULDWLRQV�H[LVW�LQ�WKH�PLQLPXP�QXPEHU�RI �YDOYHV�WR�LGHQWLI\��UDQJLQJ�IURP�����WR�����YDOYHV�RI �WKH�GRPLQDQW�
VSHFLHV��7KLV�WDVN�FDQ�EH�YHU\�WLPH�FRQVXPLQJ��SDUWLFXODUO\�ZKHQ�WKH�GLDWRP�YDOYHV�DUH�QRW�DEXQGDQW��7KLV�UHVHDUFK�ZDV�
FRQGXFWHG�WR�GHWHUPLQH�WKH�PLQLPXP�QXPEHU�RI �YDOYHV�WR�EH�LGHQWLILHG�LQ�WKH�GLDWRP�DVVHPEODJHV�IURP�5DZDSHQLQJ�
/DNH��&HQWUDO�-DYD��,QGRQHVLD��%DVHG�RQ�WKH�����VDPSOHV�REWDLQHG�IURP�5DZDSHQLQJ�/DNH��WKH�GLDWRP�HIILFLHQF\�URVH�
DERYH������XSRQ�WKH�PLQLPXP�FRXQW�RI �����YDOYHV��7KH�QXPEHU�RI �GLDWRP�VSHFLHV�LGHQWLILHG�UHPDLQHG�VWDEOH�DIWHU�WKH�
PLQLPXP�RI �����YDOYHV��7KHUHIRUH��WKH�PLQLPXP�QXPEHU�RI �GLDWRP�YDOYHV�LGHQWLILHG�WR�UHSUHVHQW�WKH�DVVHPEODJH�IRU�
SDOHROLPQRORJLFDO�DQDO\VLV�ZDV������

� .H\ZRUGV��'LDWRP�DQDO\VLV��HXWURSKLF��,QGRQHVLD��SDOHROLPQRORJ\��5DZDSHQLQJ

,1752'8&7,21

'LDWRPV�DUH�WKH�FRPPRQ�QDPH�RI �PLFURDOJDH�
EHORQJ� WR� %DFLOODULRSK\WH� WKDW� KDYH� ZLGH�
GLVWULEXWLRQ�IURP�WKH�RFHDQ��IUHVKZDWHU�WR�KXPLG�
ODQG�DQG�SDUW�RI �DTXDWLF�IRRG�ZHEV��7KH�XQLTXHO\�
RUQDPHQWDWHG�VLOLFD�FHOO�ZDOO�UHPDLQ�XQGLVWXUEHG�
ZKHQHYHU�IRVLOL]HG��7KDW�LV�ZK\�GLDWRPV�DUH�JRRG�
WRRO�IRU�SDOHROLPQRORJ\�
'LDWRP� XQGRXEWHGO\� KDYH� SRWHQWLDO� DV�

ELRLQGLFDWRUV� IRU� ZDWHU� TXDOLW\� FKDQJHV� GXH� WR�
WKHLU� ZHOO� SUHVHUYHG�ZDOOV� LQ� VHGLPHQWV�� � %HLQJ�
SULPDU\�SURGXFHUV��GLDWRPV�SOD\�VLJQLILFDQW�UROHV�
LQ�IRRG�ZHEV���'LDWRPV�DUH�GLVWULEXWHG�ZRUOGZLGH�
LQ�VDOLQH�RU�IUHVKZDWHUV��KDYH�VKRUW�OLIH�F\FOHV�DQG�
DUH� UHVSRQVLYH� WR� HQYLURQPHQWDO� FKDQJHV�� �
'LDWRPV�FDQ� �OLYH�DFURVV�HFRORJLFDO�JUDGLHQWV��DUH�
HDVLO\� VDPSOHG� DQG� FDQ�EH� DQDO\]HG� DW� ORZ�FRVW�
�'L[LW�HW�DO��������*HOO�HW�DO��������5HLG�	�2JGHQ�
������

'LDWRPV� FRPPXQLW\� DUH� UHVSRQVLYH� WR�
HQYLURQPHQWDO�FKDQJHV�VXFK�DV�S+��ZDWHU�GHSWK��
QXWULHQWV��VDOLQLW\��DQG�DOVR�WKH�FXUUHQW�FRQGLWLRQ� �
RI � WKH� HQYLURQPHQW�� 'LDWRP� DVVHPEODJHV� DUH�
RIWHQ� VSHFLILF� WR� SDUWLFXODU� KDELWDWV�� WKHUHIRUH�
GLDWRP�IRVVLOV�FDQ�EH�XVHG�WR�FKDUDFWHUL]H�WKRVH�
KDELWDWV�� )RU� WKDW� UHDVRQ�� GLDWRPV� KDYH� EHHQ�
ZLGHO\�XVHG�WR�LQYHVWLJDWH�WKH�VWDWXV�RI �ODNHV�DQG�
FDQ�H[SODLQ�DERXW�SROOXWLRQ�FRQWURO��ZDWHU�TXDOLW\�
PRQLWRULQJ� SURJUDPV� DQG� WKH� SDOHRHFRORJ\� RI �
WKH� ODNHV�� 3DODHROLPQRORJLFDO� VWXGLHV� RIIHU� DQ�
RSSRUWXQLW\�WR�XQGHUVWDQG�WKH�SDVW�HQYLURQPHQWDO�
FRQGLWLRQV� �%HUH� ������� 3DOHROLPQRORJLFDO� WHFK�
QLTXHV� FDQ� UHYHDO� ORQJ�WHUP� SHUWXUEDWLRQV� DQG�
WUDQVLWLRQV�RI �ODNH�HFRV\VWHPV��.DWWHO�HW�DO��������
7R� XQGHUVWDQG� OLPQRORJLFDO� FKDQJH�� GLDWRP�

YDOYHV� DUH� RIWHQ� ZHOO� SUHVHUYHG� LQ� VHGLPHQWV�
DOORZLQJ�WKH�LQIHUHQFH�RI �ZDWHU�TXDOLW\�RYHU�WLPH���
+RZHYHU�� ,QGRQHVLD� GRHV� QRW� KDYH� VWDQGDUG�
PHWKRGV� IRU� GLDWRP� DQDO\VLV�� (YHQ� LQ� WKH�
WHPSHUDWH� UHJLRQ� FRXQWULHV�� WKH� SURWRFRO� IRU�
LGHQWLI\LQJ� WKH�QXPEHU�RI � YDOYHV�GLIIHUV��ZKLFK�
PD\�EH�QRW�VXLWDEOH�LI �LPSOHPHQWHG�LQ�,QGRQHVLD�
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7KH� DQDO\VLV� RI � GLDWRPV� FRQVLVWV� RI � WKUHH�
VWHSV�� � L�H�� GLJHVWLRQ� WR� VHSDUDWH� GLDWRP� YDOYHV�
IURP� WKH� VHGLPHQW�� VDPSOH� PRXQWLQJ�VOLGH�
SUHSDUDWLRQ��DQG�LGHQWLILFDWLRQ�HQXPHUDWLRQ��7KH�
QXPEHU�RI �YDOYHV� LGHQWLILHG� LQ� WKH�HQXPHUDWLRQ�
VWHS� GLIIHUV� DFURVV� UHJLRQV�� %DWWDUEHH� ��������
LGHQWLILHG� ���� ²� ���� GLDWRP� YDOYHV� LQ�(QJODQG��
DQG� PDQ\� VWXGLHV� XVHG� %DWWDUEHH
V� VWDQGDUG��
+RZHYHU��%DWH�DQG�1HZDOO��������VXJJHVWHG�����
YDOYHV�DV�DQ�DGHTXDWH�QXPEHU�WR�FKDUDFWHUL]H�WKH�
GLDWRP�DVVHPEODJHV�� �7KHVH�VWXGLHV�DUH�IRFXVHG�
PDLQO\�RQ�WHPSHUDWH�V\VWHPV��7URSLFDO�V\VWHPV�DUH�
YHU\� GLYHUVH� ZKLFK� PD\� LQIOXHQFH� GLDWRP�
DVVHPEODJHV�� 7KHUHIRUH�� LW� LV� LPSRUWDQW� WR�
GHWHUPLQH� DQ� DGHTXDWH� FRXQW� VL]H� LQ� WURSLFDO�
GLDWRP�DVVHPEODJHV� WR�RSWLPL]H� WKH�HIILFDF\�RI �
WKH�UHVHDUFK�HIIRUW��7KH� ORZHU�VWDQGDUG�QXPEHU�
L�H�� ���� YDOYHV� �5RXQG� ������ ZKHQ� EHLQJ�
LPSOHPHQWHG� LQ� ,QGRQHVLD�� ZDV� VWLOO� WLPH�
FRQVXPLQJ�GXH�WR�VSHFLHV�GLYHUVLW\�GHVSLWH�ORZHU�
SRSXODWLRQ�VL]H��6RHSURERZDWL�HW�DO��������
7KH� REMHFWLYH� RI � WKLV� UHVHDUFK� ZDV� WR�

GHWHUPLQH� WKH� PLQLPXP� YDOYHV� FRXQW� LQ� WKH�
LGHQWLILFDWLRQ�HQXPHUDWLRQ� VWHS� RI � GLDWRP�
DQDO\VLV�IRU�SDOHROLPQRORJLFDO�VWXGLHV�
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� 5DZDSHQLQJ�/DNH�ZDV�FKRVHQ�DV�D� VWXG\�VLWH�
EHFDXVH� WKH� ODNH� LV� VPDOO� ZLWK� HXWURSKLFDWLRQ�
SUREOHPV� VLPLODU� WR� RWKHU� ,QGRQHVLDQ� ODNHV��
5DZDSHQLQJ�/DNH� LV�RQH�RI � � WKH����,QGRQHVLDQ�
QDWLRQDO�SULRULW\� ODNHV� LQ����������� �0(�������� �
5DZDSHQLQJ�/DNH�ZDV� FKRVHQ�DV� D�SLORW�SURMHFW�
IRU� 
6DYH� ,QGRQHVLDQ� /DNH
� DV� LW� VXIILFLHQWO\�
UHSUHVHQWV�WKH�HXWURSKLFDWLRQ�DQG�VHGLPHQWDWLRQ�
SUREOHPV�RI�,QGRQHVLDQ�ODNHV��0(��������5DGLFDO�
DFWLRQ� LV�UHTXLUHG�WR�RYHUFRPH�ODNH�GHJUDGDWLRQ�
SUREOHPV� FRPSULVLQJ�� RQH� FOHDU� SURJUDP� IRU�
DFWLRQ�� VXEVWDQWLDO� IXQGLQJ�� DQG� VWURQJ�
LQVWLWXWLRQDO�FROODERUDWLRQ��6RHSURERZDWL�����D���
3DOHROLPQRORJLFDO� VWXG\�ZDV� DPRQJ� WKH�SULRULW\�
SURJUDPV��QDPHG�*HUDNDQ�3HQ\HODPDWDQ�'DQDX�
�*HUPDGDQ�� 5DZDSHQLQJ�� WR� VDYH� 5DZDSHQLQJ�
/DNH��0(�������
� 5DZDSHQLQJ�/DNH�LV�ORFDWHG�DW����NP�VRXWK�RI �
6HPDUDQJ� DQG� DERXW� �� NP� HDVW� RI � 6DODWLJD��
5DZDSHQLQJ�LV�VXUURXQGHG�E\�ILYH�YROFDQRHV�L�H�� �
7HORPRMR��������P�DVO���%XWDN��������P�DVO���%DODN�
�����P�DVO���3D\XQJ������P�DVO���DQG�5RQJ������P�
DVO���7KHUH�DUH�IRXU�GLVWULFWV�DURXQG�WKH�ODNH�L�H���

7XQWDQJ�� %DZHQ�� $PEDUDZD� DQG� %DQ\XELUX��
$ERXW����YLOODJHV�DUH�VLWXDWHG�DURXQG�WKH�ODNH�VLGH�
DQG� WKHLU� DJULFXOWXUDO� DUHDV� DUH� IUHTXHQWO\�
VXEMHFWHG�WR�IORRGLQJ��5DZDSHQLQJ�/DNH��VLWXDWHG�
DW�DERXW�����P�DVO��LV�DERXW���NP�ORQJ�DQG�����NP�
ZLGH��ZLWK�VOLJKWO\�VORSHG������VLGHV��,Q�WKH�����V�

�
LWV�PD[LPXP�FDSDFLW\�ZDV����PLOOLRQ�P �DQG�WKH�

�
PLQLPXP�ZDV����PLOOLRQ�P ��+RZHYHU��WKHUH�KDV�
EHHQ�D�FOHDU�WUHQG�RI �UHGXFLQJ�YROXPH��ZKLFK�KDV�
DIIHFWHG� LWV� FDSDFLW\� WR� JHQHUDWH� K\GURSRZHU�
HOHFWULFLW\��6RHSURERZDWL�HW�DO������E��
� (FKRVRXQGLQJ�RI �WKH�ODNH�UHYHDOHG�H[WHQVLYH�
DUHDV�RI �OHVV�WKDQ���P�GHSWK���WKHUH�ZHUH�DOVR�WKUHH�
GHHSHU�GHSRFHQWUHV�LQ�WKH�ODNH
V�ZHVW��HDFK����P�
GHHS� �6RHSURERZDWL� ��������6HGLPHQW�FRUHV�RI �
GLIIHUHQW� OHQJWKV� ZHUH� FROOHFWHG� IURP� IRXU�
UHVHDUFK� VLWHV� DFURVV� 5DZDSHQLQJ� /DNH�� 7KH�
ORQJHVW�VHGLPHQW�FRUH�����FP��$V��ZDV�REWDLQHG�
IURP� WKH� $VLQDQ� VLWH�� 7KH� 3DQMDQJ� �3M�� DQG�
7XQWDQJ� �7J�� FRUHV�ZHUH� ����� FP� DQG� ����� FP�
ORQJ��UHVSHFWLYHO\��7KH�'DQJNHO��'N��FRUH�ZDV����
FP��)LJ�����
� 7J�VLWH�ZDV�UHSUHVHQW�DQ�RXWOHW�RI �5DZDSHQLQJ�
/DNH��$V�VLWH�ZDV�QHDU�DQ�LQOHW�WKDW�FRPH��IURP�D�
VHWWOHPHQW� DQG� VR� UHSUHVHQWV� D� VHWWOHPHQW�
FDWFKPHQW� DUHD� DQG� 3M� VLWH� ZDV� QHDU� DQ� LQOHW�
SDVVLQJ� WKURXJK� DJULFXOWXUDO� DUHD�� WKHUHE\�
UHSUHVHQWLQJ�DQ�DJULFXOWXUDO�FDWFKPHQW�DUHD��'N�
VLWH�ZDV�ORFDWHG�UHODWLYHO\�FORVH�WR� �WKH�PLGGOH�RI �
WKH�ODNH�DQG�VR�UHSUHVHQWV�WKH�ODNH�ERG\��7KRVH�
��VLWHV�ZHUH�GHWHUPLQHG�WR�VXIILFLHQWO\�UHSUHVHQW�
5DZDSHQLQJ�/DNH��'LDWRPV�ZHUH�VOLFHG�HYHU\�����
FP�EDVHG�RQ�WKH�PRGLILHG�YHUVLRQ�RI �%DWWDUEHH�HW�
DO����������7KH�ILUVW�VWHS�RI �H[WUDFWLRQ�LV�LQWHQGHG�
WR�VHSDUDWH�GLDWRP�YDOYHV�IURP�RUJDQLF�PDWHULDO��
%DVLFDOO\�� GHSHQGLQJ� RQ� WKH� W\SH� RI � VHGLPHQW��
VWURQJ�DFLG�PD\�EH�XVHG�WR�GLJHVW�VHGLPHQW��7KLV�
VWXG\�DSSOLHG�����+&O�IROORZHG�E\�����+ 2 �WR�� �

GLJHVW� VHGLPHQW� VDPSOHV�� ,Q� WKH� SUHSDUDWLRQ�
SURFHVV��D�PRXQWDQW�ZLWK�UHIUDFWLRQ�LQGH[�RI �����
LV�UHTXLUHG��+\UD[�ZDV�XVHG�LQ�WKLV�UHVHDUFK�DQG�
WKH� VLOLFLRXV� VWULDH� ZHUH� FOHDUO\� VHHQ� XQGHU� WKH�
PLFURVFRSH��H[SHGLWLQJ�WKH�LGHQWLILFDWLRQ�SURFHVV��
,GHQWLILFDWLRQ�RI �GLDWRP�VSHFLHV�ZDV�FDUULHG�RXW� �
E\�UHIHUHQFLQJ�WKH�GLDWRP�VDPSOHV�WR�WKH�VWDQGDUG�
WH[WV� �.UDPHU� 	� /DQJH�%HUWDORW� ����D�� ����E��
����F��������DQG�E\�UHIHUHQFLQJ�WKH�VDPSOHV�WR�
WKH� GLDWRP� FROOHFWLRQV� KHOG� DW� 8QLYHUVLWDV�
'LSRQHJRUR�� 6HPDUDQJ�� ,QGRQHVLD� DQG� DW� WKH�
)HGHUDWLRQ� 8QLYHUVLW\� $XVWUDOLD�� %DOODUDW��
$XVWUDOLD��$�WRWDO�RI �����YDOYHV�ZHUH�FRXQWHG�IRU�
HDFK�VDPSOH�ZLWK�WRWDOV�WDOOLHG�DW�VWHSV�RI ������L�H��

��

�7KH�PLQLPXP�QXPEHU�RI �YDOYHV�IRU�GLDWRP�LGHQWLILFDWLRQ�²�7UL�5HWQDQLQJVLK�6RHSURERZDWL�HW�DO�





GLDWRPV� LV� LPSRUWDQW� WR�SURYLGH�GDWD� DERXW� WKH�
HFRORJLFDO�FRQGLWLRQ�LQ�WKH�SDVW�
� 7KLV� VWXG\� DQDO\]HG� ���� VDPSOHV�� FRPSDUHG�
YDOYH�FRXQWV�DW���������������������������DQG�����
YDOYHV��IRXQG�WKDW�WKH�XSSHUPRVW����FP��VHGLPHQW�
VDPSOHV� IURP� HDFK� RI � IRXU� VLWHV�� 7KH� FRXQWLQJ�
UHVXOWV�VKRZHG�PD[LPXP�HIILFLHQF\�RI ������²������
�)LJ������7KH�QXPEHU�RI �GLDWRP�VSHFLHV�LGHQWLILHG�
UHPDLQHG� VWDEOH� DIWHU� ���� YDOYHV� ZKLOH� WKH�
PD[LPXP� HIILFLHQF\� URVH� WR� DERYH� ������ 1HZ�
ILQGLQJ�IURP�WKLV�UHVHDUFK�LV�WKDW�����YDOYHV�LV��WKH�
PRVW� HII LF LHQW� QXPEHU� RI � YDOYHV� IRU�
SDOHROLPQRORJLFDO�DVVHVVPHQW�
� 7KH�QXPEHU�RI �GLDWRP�VSHFLHV�LGHQWLIHG�IURP�
�� VLWHV� ZHUH� GLIIHUHQW�� 7KH� KLJKHVW� QXPEHU� RI �
GLDWRP� VSHFLHV�ZDV� IRXQG� LQ�'N� VLWH�KDYLQJ����
VSHFLHV� LQ� � WKH� FRXQWV� RI � ���� YDOYHV� ZKLFK�
UHPDLQHG�VWDEOH�LQ�WKH�FRXQWV�RI�����WKURXJK�WR�
����YDOYHV��)LJ������ �'N�ZDV�VLWXDWHG�FORVH�WR�WKH�
PLGGOH�RI �WKH�ODNH��KDYLQJ�D�ZDWHU�GHSWK�RI ���P�
ZLWK� VHGLPHQW� RI � SHDW� PXG�� 7KLV� PLJKW� EH�
FRUUHODWHG�ZLWK�QXPHURXV�(XQRWLD�VSHFLHV�IRXQG�
RQO\� LQ� WKH�'N� VLWH� LQGLFDWLQJ� LWV�DFLG�FRQGLWLRQ�
�6RHSURERZDWL� HW� DO������E���7\SLFDOO\��ZKHQ� WKH�
HXSKRWLF�GHSWK�LV�VKDOORZ��WKH�QXPEHU�RI �DTXDWLF�
SODQWV�DWWDFKHG� WR� WKH�VXEVWUDWH�GHFOLQH��FDXVLQJ�
QXWULHQWV�DQG�VHGLPHQWV�WR�EH�IXUWKHU�UHOHDVHG�LQWR�
WKH� ZDWHU� FROXPQ�� 7KLV� GULYHV� WKH� LQFUHDVLQJ�
QXPEHUV�RI �SK\WRSODQNWRQ�WR�FRQWLQXDOO\�H[SORLW�

WKH� OLJKW� WKDW� LV� FRQILQHG� WR� WKH� VXUIDFH�ZDWHUV�
�5HLG�HW�DO���������7KLV�FRQGLWLRQ�LV�VKRZQ�LQ�WKH�
GLDWRP�UHFRUG�RI�WKH�5DZDSHQLQJ�/DNH�VHGLPHQWV�
WKDW�DUH�GRPLQDWHG�E\�SODQNWRQLF�IRUPV�WKULYLQJ�
LQ�HXWURSKLF��WXUELG�DQG�DONDOLQH�ZDWHUV��7KH�RGG�
VLWXDWLRQ� KDSSHQHG� LQ� � 7J� VLWH�� 7KLUW\� GLDWRP�
VSHFLHV�ZHUH� IRXQG� LQ� WKH� FRXQW� RI � ���� ²� ����

�
YDOYHV��7KH�5 �RI ������IRU�7J�VLWH�LQGLFDWHG�WKDW�
WKHUH�ZDV�D�ORZ�FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�
RI �VSHFLHV�ZLWK�WKH�QXPEHU�RI �YDOYHV�FRXQWHG��,Q�
7J�VLWH��ODUJH�GLDWRP�VSHFLHV�PLJKW�DGDSW�ZHOO�WR�
WKH� PRYLQJ� RXWOHW� ZDWHU�� $V� VLWH� VKRZHG� ���
GLDWRP�VSHFLHV�LQ�����YDOYHV��DQG�UHPDLQHG�VWDEOH��
3M� VLWH� KDG� WKH� ORZHVW� QXPEHU� RI � VSHFLHV� ����
VSHFLHV��LQ�WKH�FRXQW�RI �����YDOYHV�DQG�LQFUHDVHG�
WR����VSHFLHV�LQ�WKH�FRXQW�RI �����YDOYHV�
� 6WDWLVWLFDOO\��FRPSDULQJ�WKH�UHVXOWV�RI �DQDO\VLV�
RI �YDULDQFH��WKH�GLDWRP�VSHFLHV�QXPEHUV�IRXQG�LQ�
HDFK� VHGLPHQW� OD\HU� ZHUH� VLJQLILFDQWO\� GLIIHUHQW�
EHWZHHQ�FRXQWV�RI ��������������������������DQG�
�����)XUWKHU�/HDVW�6LJQLILFDQW�'LIIHUHQFH��/6'��
DQDO\VLV� VKRZHG� WKDW� UHVXOWV� IURP� WKH� FRXQW�RI � �
����YDOYHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW� �IURP�WKH�
FRXQW� RI � ���� DQG� ���� YDOYHV�� 7KHUH� ZDV� DOVR�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�GLDWRP�VSHFLHV�
QXPEHU�IRU�WKH�FRXQW�RI �����DQG�����YDOYHV���7KH�
LQFUHDVLQJ� QXPEHUV� RI � GLDWRP� VSHFLHV� LQ� WKH�
FRXQW� RI � ���� YDOYHV� ZHUH� SUREDEO\� GXH� WR�
FRQWDPLQDQW�VSHFLHV��7KLV�ZDV�EDVHG�RQ�WKH�IDFW�

)LJXUH�����0D[LPXP�HIILFLHQF\�FRXQWV�RI �GLDWRPV�IURP�WKH�XSSHU���FP�RI �VHGLPHQW�FRUHV��IURP����VWXG\�VLWHV

1RWHV�� $V� �$VLQDQ�6LWH�����FP��UHSUHVHQWV�VHWWOHPHQW� �FDWFKPHQW�DUHD�� �3M� �3DQMDQJ�6LWH�������FP��UHSUHVHQWV�DJULFXOWXUDO�FDWFKPHQW�
DUHD��7J �7XQWDQJ�6LWH�������FP��UHSUHVHQWV�RXWOHW�RI �5DZDSHQLQJ��'N� �'DQJNHO�6LWH�����FP��UHSUHVHQWV�WKH�ODNH�ERG\
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WKDW� WKHUH� KDG� EHHQ� QR� RU� ORZ� LQFUHDVH� LQ� WKH�
QXPEHUV�RI �GLDWRP�VSHFLHV�ZLWK�ORZ�SRSXODWLRQV�
IURP�WKH���VLWHV�RI �5DZDSHQLQJ�/DNH��)LJ������7KH�
PD[LPXP�HIILFLHQF\�RI �WKRVH���VLWHVDOVR�LQGLFDWHG�
WKDW�WKH�FRXQW�RI ������²�����YDOYHV�KDG�PD[LPXP�
HIILFLHQF\�DERYH������)LJ������$QDO\VLV�RI �YDULDQFH�
VXSSRUWHG� WKLV� UHVXOW�� WKHUH� LV� QR� VLJQLILFDQW�
GLIIHUHQW�� +HQFH�� WKH� PLQLPXP� FRXQW� RI � ����
YDOYHVKDYLQJ� HIILFLHQF\� PRUH� WKDQ� ������ ZDV�
DSSURSULDWH�IRU�WKH�SDOHROLPQRORJLFDO�DQDO\VLV�RI �D�
WURSLFDO� ODNH�� ZLWK� VSHFLILF� UHIHUHQFH� WR� WKH�
HXWURSKLF�5DZDSHQLQJ�/DNH�
� ,Q� (QJODQG�� %DWWDUEHH� HW� DO�� ������� ������
SURSRVHG�FRXQWLQJ����� ������YDOYHV� IRU� URXWLQH�
DQDO\VLV��EXW�5RXQG��������GHWHUPLQHG� �WKDW�����
YDOYHV� ZHUH� VXIILFLHQW� IRU� GRPLQDQW� VSHFLHV�� ,Q�
6ZHGHQ�� *RWKH� HW� DO�� ������� LGHQWLILHG� GLDWRPV�
XQWLO� WKH\� IRXQG�DW� OHDVW�����YDOYHV�� ,Q�)LQODQG��
6RLQLQHQ�	�.RQRQHQ��������LGHQWLILHG�����²�����
YDOYHV��,Q�)UDQFH��0RULQ�HW�DO���������LGHQWLILHG�����
YDOYHV�� �,Q�$XVWUDOLD�)OXLQ�HW�DO���������LGHQWLILHG�
GLDWRPV� XQWLO� WKH\� IRXQG� EHWZHHQ� ���� ²� ����
YDOYHV��ZKHUHDV�*UXQGHOO� HW� DO�� ������� LGHQWLILHG�
���� YDOYHV�� ,Q� &DQDGD��.RVWHU� HW� DO�� ������� DQG�
3LHQLW]� HW� DO�� ������� LGHQWLILHG� DV� PDQ\� DV� ����
YDOYHV��,Q�0H[LFR��D�PLQLPXP�RI �����YDOYHV�ZHUH�
LGHQWLILHG� �6LTXHLURV�%HOWURQHV� HW� DO�� ������� ,Q�
8JDQGD�� 0LOOV� ������� FRXQWHG� XQWLO� ���� �� ����

YDOYHV�ZHUH�IRXQG��,Q�$PHULFD��.LUHWD�HW�DO���������
LGHQWLILHG� ���� YDOYHV� LQ� VDPSOHV� ZLWK� VSDUVH�
GLDWRPV��,Q�,QGLD��LW�LV�UHFRPPHQGHG�WR�FRXQW�����
YDOYHV��.DUWKLFN�HW�DO��������� �)RU�IRVVLO�GLDWRPV��
WKH� FRXQW� VKRXOG� EH� GLIIHUHQW�� EHFDXVH� VRPH�
GLDWRP�VSHFLHV�PD\�KDYH�EHHQ�GLVVROYHG�RYHU�D�
SHULRG�RI � WLPH�RU�GLDWRP�VDPSOHV�PD\�FRQWDLQ�
GLDWRP�VSHFLHV�IURP�SUHYLRXV�SHULRG�RI �WLPH�
� ,Q�,QGRQHVLD��WKH�PLQLPXP��QXPEHU�RI �YDOYHV�
UHFRPPHQGHG�E\�5RXQG������YDOYHV��KDG�EHHQ�
LPSOHPHQWHG�� EXW� WKLV� LV� OHVV� HIILFLHQW� DQG� OHVV�
HIIHFWLYH�� SDUWLFXODUO\� JLYHQ� 5RXQG� �������
VWLSXODWLRQ� WKDW� ���� YDOYHV� RI � WKH� GRPLQDQW�
VSHFLHV� KDG� WR� EH� FRXQWHG� �6RHSURERZDWL� HW� DO��
����������D���,Q�WKLV�VWXG\��WKHUH�ZHUH�VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ�WKH�FRXQWV�RI �����DQG� �����
DQG������ZKLOH� �WKH�FRXQW�RI �����YDOYHV�ZDV�QRW�
VLJQLILFDQWO\�GLIIHUHQW� IURP�����DQG������7KHVH�
UHVXOWV� ZHUH� VLPLODU� WR� %DWWDUEHH
V� �������
VWDWHPHQW� WKDW� WKHUH� ZHUH� PDUNHG� GLIIHUHQFHV�
EHWZHHQ�WKH�FRXQW�RI �����DQG�����YDOYHV��ZKLOH�
WKHUH�ZDV�OLWWOH�GLIIHUHQFHV�EHWZHHQ�WKH�FRXQW�RI �
����DQG������)RU�WKLV�UHDVRQ��KH�UHFRPPHQGHG�
WKDW�D�FRXQW�RI �����WR�����PD\�EH�XVHG�IRU�URXWLQH�
DQDO\VLV�SXUSRVHV�DQDO\VLV��%DVHG�RQ�WKLV�UHVHDUFK���
LW�ZDV�UHFRPPHQGHG�WKDW�D�FRXQW�RI �D�PLQLPXP�
����YDOYHV�PLJKW�EH�XVHG� IRU�SDOHROLPQRORJLFDO�
DQDO\VLV�LQ�5DZDSHQLQJ�/DNH�

)LJXUH���1XPEHU�RI �GLDWRP�VSHFLHV�LGHQWLILHG�IURP�WKH�XSSHU���FP�RI �VHGLPHQW�FRUHV�IURP���UHVHDUFK�VLWHV
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� 7KH�FRXQWLQJ�RI �GLDWRP�YDOYHV�LV�WR�SURGXFH�D�
VHPL�TXDQWLWDWLYH�DSSURDFK�IRU�HFRORJLFDO�DQDO\VLV��
7KHUHIRUH��LW�LV�YHU\�LPSRUWDQW�WR�GHWHUPLQH�WKH�
PLQLPXP�QXPEHU�RI �YDOYHV�WR�EH�FRXQWHG�WR�JHW�D�
UHOLDEOH� DSSURDFK� WR� JDXJH� WKH� UHODWLYH� VSHFLHV�
FRPSRVLWLRQ� DW� VDPSOLQJ� VLWHV� �.DUWKLFN� HW� DO��
�������7KH�PLQLPXP�WRWDO�QXPEHU�RI �YDOYHV�WR�EH�
FRXQWHG�IRU�HDFK�VDPSOH�YDULHV�GHSHQGLQJ�RQ�WKH�
SXUSRVH� RI � WKH� DVVHVVPHQW� DQG� WKH� QHHG� WR�
SURGXFH� VWDWLVWLFDOO\� VRXQG� UHVXOWV�� � &RPSDULQJ�
WKH� FRXQW� RI � ���� DQG� ���� YDOYHV�� WKHUH� ZHUH�
SHUFHQWDJH�GLIIHUHQFHV�RI ���������7KH�FRXQW�RI �����
DQG� ���� YDOYHV� SURYLGHG� ����� SHUFHQWDJH�
GLIIHUHQFHV�ZKLFK�VXJJHVWHG�WKDW�WKH�FRXQW�RI �����
YDOYHV�ZDV�VXIILFLHQW�IRU�WKH�FDOFXODWLRQ�RI �GLDWRP�
VSHFLHV�
� 5HVXOWV�RI �FRPSDULQJ�WKH�PD[LPXP�HIILFLHQF\�
RI � FRXQWLQJ� ����� ����� ����� ����� ����� DQG� ����
YDOYHV� VKRZHG� WKDW� WKH� PLQLPXP� QXPEHU� RI �
YDOYHV�WKDW�VKRXOG�EH�LGHQWLILHG�ZDV������VLQFH�LWV�
PD[LPXP� HIILFLHQF\� ZDV� PRUH� WKDQ� ������ �
0D[LPXP�HIILFLHQF\�LV�FRQVLGHUHG�WR�VXIILFLHQWO\�
UHSUHVHQW� GLDWRP� VSHFLHV� QXPEHUV� EHFDXVH� WKH�
IRUPXOD�WR�FDOFXODWH�PD[LPXP�HIILFLHQF\�LQFOXGHV�
WKH� QXPEHU� RI � LQGLYLGXDO� YDOYHV�� 7KHUHIRUH��
PD[LPXP�HIILFLHQF\�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�
PLQLPXP�YDOYHV�WR�EH�LGHQWLILHG�LQ�GLDWRP�DQDO\VLV�
�%DWHV�	�1HZDOO�������
� ,Q� $XVWUDOLD�� WKH� PLQLPXP� QXPEHU� RI � ����
YDOYHV� KDG� PRUH� WKDQ� ���� HIILFLHQF\�� DQG� WKLV�
QXPEHU�ZDV�GHHPHG�VXLWDEOH�WR�EH�XVHG�LQ�ZDWHU�
TXDOLW\� PRQLWRULQJ� SURJUDPV� �%DWHV� 	� 1HZDOO�
������� 7KHUH� ZDV� QR� LQIOXHQFH� RQ� WKH� GLDWRP�
LQGH[�DW�FRXQWV�RI �YDOYHV�����RU�DERYH��3U\JLHO�HW�
DO��������
� $�(XURSHDQ�3URWRFRO�IRU�GLDWRP�HQXPHUDWLRQ��
'$/(6��'LDWRPV�IRU�$VVHVVLQJ�/DNH�(FRORJLFDO�6WDWXV��
YHUVLRQ� ���� ������� GHWHUPLQHG� WKDW� DW� OHDVW� ����
YDOYHV� VKRXOG� EH� LGHQWLILHG�� HVSHFLDOO\� IRU� QRQ�
SODQNWRQLF� WD[D�� :KHQ� WKH� DEXQGDQFH� RI � RQH�
WD[RQ�ZDV�PRUH�WKDQ�RQH�WKLUG�RI �DOO� LQGLYLGXDO�
YDOYHV��WKH�SURWRFRO�UHFRPPHQGHG�WR�LQFUHDVH�WKH�
VDPSOH�VL]H�XQWLO�D�PLQLPXP�RI �����YDOYHV�RI �QRQ�
SODQNWRQLF�GLDWRP�DUH�IRXQG���1HZ�VSHFLHV�IRXQG�
LQ�WKH�FRXQW�DERYH�����YDOYHV�ZHUH�GHWHUPLQHG�WR�
EH� FRQWDPLQDQW� VSHFLHV�� 7KH� SUHVHQFH� RI � WKHVH�
VSHFLHV� PD\� FDXVH� ELDV� IRU� IXUWKHU� DQDO\VLV��
7KHUHIRUH�� �VSHFLHV�IRXQG�WR�EH�OHVV�WKDQ����RI �
YDOYHV�ZHUH�FRQVLGHUHG�WR�EH�UDUH�VSHFLHV�DQG�ZHUH�
QRW� LQFOXGHG� LQ� WKH� GDWD� DQDO\VLV�� 'RPLQDQW�
VSHFLHV�DUH�FRQVLGHUHG�WR�SURYLGH�PRUH�HYLGHQFH�
RI �WKH�ZDWHU�TXDOLW\�WKDQ�WKH�UDUH�VSHFLHV�

� %DVHG� RQ� WKH� GLDWRP� HIILFLHQF\� DQG� GLDWRP�
VSHFLHV� IRXQG� IURP� 5DZDSHQLQJ� /DNH�� D�
PLQLPXP�FRXQW�RI�����YDOYHV�ZDV�VXIILFLHQW�IRU�
SDOHROLPQRORJLFDO� DQDO\VLV�� ZKLFK� LV� ORZHU� WKDQ�
WKH�UHFRPPHQGHG�YDOYHV�FRXQW�IRU�WHPSHUDWH�RU�
SRODU� DUHDV�� 7KLV� UHFRPPHQGDWLRQ� PLJKW� EH�
UHODWHG�WR�WKH�\HDU�URXQG�ZDUP�WHPSHUDWXUH�LQ�WKH�
WURSLFV� ZKLFK� LQFUHDVHV� WKH� GLDWRP� VSHFLHV�
GLYHUVLW\�
� $�PLQLPXP�FRXQW�RI �����GLDWRP�YDOYHV�ZDV�
LPSOHPHQWHG� WR� UHFRQVWUXFW� WKH� HQYLURQPHQWDO�
FRQGLWLRQ�RI �5DZDSHQLQJ�/DNH�VLQFH�WKH�����V��
7KH� GRPLQDQFH� RI � )UDJLODULD� FDSXFLQD� 'HVP��
/XWLFROD� JRHSSHUWLDQD� �%OHLVFK�� 0DQQ�� 0D\DPDHD�
DWRPXV��.XW]LQJ��/DQJH�%HUWDORW��1DYLFXOD�UDGLRVD�
.XW]LQJ��1LW]VFKLD�SDOHD��.XW]LQJ��:��6PLWK�DQG�LQ�
$V� VLWH�� 7U\EOLRQHOOD� DSLFXODWD� *UHJRU\�UHIOHFWHG�
HXWURSKLF�� EXW� FOHDU� ZDWHUV� LQ� ����������� 7KH�
SUHVHQFH� RI � (XQRWLD� SHFWLQDOLV� �.XW]LQJ��
5DEHQKRUVW�YDU��XQGXODWD��5DOIV��5DEK�VXJJHVWHG�
QHXWUDO� WR�VOLJKWO\�DFLG�FRQGLWLRQV� LQ�����������
DQG�WKH�DSSHDUDQFH�RI �)UDJLODULD� FDSXFLQD�'HVP��
*RPSKRQHPD� JUDFLOLV� (KU�� DQG� 1DYLFXOD� UDGLRVD�
.XW]LQJ� VXJJHVWHG� FKDQJHV� RI � ZDWHU� S+� WR�
DONDOLQH� FRQGLWLRQV�� $Q� LQFUHDVH� LQ� HSLSK\WLF�
*RPSKRQHPD� VSS�� LQ� ���������� PDUNHG� DQ�
LQFUHDVH�LQ�DTXDWLF�PDFURSK\WH�SODQWV��SHUKDSV�LQ�
UHVSRQVH�WR�KLJK�QXWULHQW�OHYHOV��7KLV�FKDQJH�ZDV�
IROORZHG�SURPSWO\�E\�WKH�LQFUHDVLQJ�QXPEHUV�RI �
DFLGRSKLORXV�(XQRWLD�VSS��UHIOHFWLQJ�KLJK�RUJDQLF�
SURGXFWLRQ��$�WUDQVLWLRQ�WR�D�GLDWRP�FRPPXQLW\�
GRPLQDWHG�E\�SODQNWRQLF�IRUPV�RFFXUUHG�DURXQG�
������7KLV�FRPPXQLW\�ZDV�LQLWLDOO\�GRPLQDWHG�E\�
PRUH� FOHDU� ZDWHU�� ROLJRWURSKLF� VSHFLHV� VXFK� DV�
'LVFRVWHOOD�VWHOOLJHUD��&OHYH�DQG�*UXQRZ��+RXN�DQG�
.OHH� DQG� $XODFRVHLUD� GLVWDQV� �(KUHQEHUJ��
6LPRQVHQ��EXW�WUDQVLWLRQV�KDSSHQHG�LQ������WR�EH�
GRPLQDWHG�E\�$��JUDQXODWD��(KUHQEHUJ��6LPRQVHQ�
DQG� XOWLPDWHO\� $XODFRVHLUD� DPELJXD� �*UXQRZ��
6LPRQVHQ�� 7KLV� ZDV� LQWHUSUHWHG� DV� D� VKLIW� WR� D�
WXUELG� ZDWHU� SKDVH� WKDW� FRQWDLQHG� EHQHILFLDO�
SK\WRSODQNWRQ�� DW� WKH� H[SHQVH� RI � EHQWKLF� RU�
HSLSK\WLF� WD[D� UHTXLULQJ� FOHDU�ZDWHU��7KH�GRPL�
QDQFH�RI �$��JUDQXODWD��(KUHQEHUJ��6LPRQVHQ�VLQFH�
WKH� ����V� LQGLFDWHG� WKDW� WKH� ODNH� H[SHULHQFHG�
K\SHUWURSKLF�FRQGLWLRQV�ZLWK�S+!���$OWKRXJK�D�
KLJK�SURSRUWLRQ�RI �WKH�WD[D�LQ�5DZDSHQLQJ�/DNH�
VHGLPHQWV�ZHUH�QRW�UHSUHVHQWHG�LQ�WKH�(XURSHDQ�
GDWD� VHW�� 5DZDSHQLQJ� /DNH� H[SHULHQFHG� K\SHU�
WURSKLF�FRQGLWLRQ�ZLWK�S+!��DV�LQGLFDWHG�E\�WKH�
GRPLQDQFH� RI �$XODFRVHLUD� JUDQXODWD� �(KUHQEHUJ��
6LPRQVHQ��6RHSURERZDWL�HW�DO������E��
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� +RZHYHU�� ZKHQ� WKH� LGHQWLILFDWLRQ� ZDV� GRQH�
XVLQJ� FRXQWV� RI � � OHVV� WKDQ� ���� YDOYHV�� VRPH�
SUHGRPLQDQW�VSHFLHV�VXFK�DV�$XODFRVHLUD�DPELJXD��
&\FORWHOOD�PHQHJKLQLDQD��*RPSKRQHPD�JUDFLOOLV��6\QHGUD�
XOQD� ZHUH� QRW� IRXQG�� 7KH� SUHGRPLQDQFH� RI �
6\QHGUD� IURP������ WR� WKH�SUHVHQW� LQGLFDWHG� WKDW�
5DZDSHQLQJ� /DNH� KDG� EHHQ� IUHVK� DQG� PHVR�
HXWURSKLF� WKURXJKRXW�� 6\QHGUD� XOQD� �1LW]VFK��
(KUHQEHUJ� LV� D� WROHUDQW� VSHFLHV�� IRXQG� LQ�
,QGRQHVLDQ� ULYHUV� DQG� ODNHV� ZLWK� KLJK� RUJDQLF�
FRQWHQW�ZLWK�WRWDO�SKRVSKRURXV�FRQWHQW�RI ������
������ �J�/� DQG� S+� RI � �� ²� ��� 7KH� PRGHUQ�
VDPSOLQJ�RI �S+�DW�5DZDSHQLQJ�/DNH�UHYHDOHG�WKDW�
S+�LQ�5DZDSHQLQJ�/DNH�IOXFWXDWHG��*ROWHQERWK�
�������UHSRUWHG�WKDW�WKH�S+�RI �5DZDSHQLQJ�/DNH�
ZDV� �������� �GU\� VHDVRQ�� DQG� �������� �ZHW�
VHDVRQ��� (3$�(5&�8QGLS� ������� UHSRUWHG� WKDW�
WKH�S+�RI �5DZDSHQLQJ�/DNH�ZDV������������,Q�
�����DQG�������WKH�S+�RI �WKH�LQOHW�DQG�ODNH�WHQGHG�
WR�EH�QHXWUDO��������������H[FHSW�LQ�WKH�VLWH�DURXQG�
WKH�VSULQJ�DQG�IORDWLQJ�LVODQG�ZKHUH�WKH�S+�ZDV�
������6RHSURERZDWL�HW�DO���������'XULQJ�ILHOG�ZRUN�
IRU� WKLV� VWXG\� �������� S+� LQFUHDVHG� XS� WR�
����������� ,Q� UHFHQW� VWXG\�� WKRVH� SDOHRUH�
FRQVWUXFWLRQ�RI �HFRORJLFDO�FKDQJH�LQ�5DZDSHQLQJ�
SURYHG�D�WUHQG�RI �LQFUHDVLQJ�S+���0HDVXUHPHQWV�
RI �S+�LQ�-XQH������VKRZHG�WKDW�S+�RI����VLWHV�LQ�
5DZDSHQLQJ�/DNH�ZDV������������6RHSURERZDWL�
����E��

&21&/86,216

� 'LDWRP� PD[LPXP� HIILFLHQF\� URVH� WR� DERYH�
����� DW� WKH�PLQLPXP�FRXQW�RI �����YDOYHV��7KH�
QXPEHU� RI � GLDWRP� VSHFLHV� LGHQWLILHG� UHPDLQHG�
VWDEOH�DIWHU�WKH�PLQLPXP�FRXQW�RI �����YDOYHV��$�
PLQLPXP� FRXQW� RI � ���� YDOYHV�ZDV� DSSURSULDWH�
IRU� WKH� SDOHROLPQRORJLFDO� DQDO\VLV� RI � D� WURSLFDO�
ODNH�� ZLWK� VSHFLILF� UHIHUHQFH� WR� WKH� HXWURSKLF�
5DZDSHQLQJ�/DNH�

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

� 6RPH�SDUWV�RI �WKLV�DUWLFOH�ZDV�SURGXFHG�DV�D�
SDUW�RI �SURMHFW�VXSSRUWHG�E\�,QGRQHVLDQ�+LJKHU�
(GXFDWLRQ� WKURXJK� D� )XQGDPHQWDO� 5HVHDUFK�
*UDQW� WR� 8QLYHUVLWDV� 'LSRQHJRUR� 1XPEHU��
����������������;,,,�������DV�VWDWHG�LQ�5HFWRU�
/HWWHU�1XPEHU�����6.�+�����0DUFK������DQG�
FRQWUDFW� RI � PXOWL\HDUV� UHVHDUFK� QXPEHU��

���$�+����.3���� 0DUFK� ������ 7KH� UHFHQW�
VXUYH\� � RI � S+�ZDV� VXSSRUWHG� E\�&RPSHWHQFH�
5HVHDUFK� *UDQW� ZKLFK� LV� VXSSRUWHG� E\� WKH�
'LUHFWRUDWH� RI � 5HVHDUFK� DQG� &RPPXQLW\�
6HUYLFHV��� 'LUHFWRUDWH� *HQHUDO� RI � +LJKHU�
(GXFDWLRQ�� WKH� 0LQLVWU\� RI � (GXFDWLRQ� DQG�
&XOWXUH�� <HDU� ������ WKURXJK� ',3$� 81',3�
1XPEHU���������������������������0DUHW������
� 7KDQNV� WR� .HHO\� 0LOOV� DQG� 5RVLH� *UXQGHOO�
IURP�WKH�)HGHUDWLRQ�8QLYHUVLW\�$XVWUDOLD��%DOODUDW��
$XVWUDOLD� IRU� WKHLU� DVVLVWDQFH� LQ� WKH� GLDWRP�
DQDO\VLV��6SHFLDO�WKDQNV�WR�-DIURQ�:DVLT�+LGD\DW�
DQG�.DUL\DGL�%DVNRUR�IRU�ILHOGZRUNV�DVVLVWDQFH��
6SHFLDO�WKDQNV�WR�6UL�:LGRGR�$JXQJ�6XHG\�IURP�
8QLYHUVLWDV� 'LSRQHJRUR�� 6HPDUDQJ�� ,QGRQHVLD�
IRU� KLV� SHUPLVVLRQ� LQ� XVLQJ� S+� GDWD� IURP�
&RPSHWHQFH� 5HVHDUFK� *UDQW�� 'HHS� JUDWLWXGH�
JRHV� WR�1LQD�'HVLDQWL� IURP�/DERUDWRU\�RI � WKH�
$FDGHP\�RI �1DWXUDO�6FLHQFHV��'UH[HO�8QLYHUVLW\��
86$�IRU�KHU�DVVLVWDQFH�LQ�GDWD�DQDO\VLV�

5()(5(1&(6

%DWHV�1��1HZDOO�3��������7HFKQLTXHV�IRU�WKH�XVH�RI �GLDWRPV�
LQ�ZDWHU�TXDOLW\�DVVHVVPHQW��KRZ�PDQ\�YDOYHV"��,Q�
-RKQ� -�� HGLWRU�� 3URFHHGLQJ� RI � ��WK� ,QWHUQDWLRQDO�
'LDWRP�6\PSRVLXP��S��������

%DWWDUEHH�5:��������'LDWRP�DQDO\VLV��,Q��%HUJOXQG��HGLWRU��
+DQGERRN� RI � +RORFHQH� 3DOHRHFRORJ\� DQG�
3DOHRK\GURORJ\��/RQGRQ� �8.�� -RKQ�:LOH\	6RQV��
S��������

%DWWDUEHH�5��-RQHV�9-��)ORZHU�5-��&DPHURQ�1*��%HQQLRQ�
+��&DUYDOR�/�� �-XJJLQV�6��������'LDWRPV��,Q��6PRO��
-3�� %LUNV�� +-%�� /DVW�� :0�� HGLWRUV�� 7UDFNLQJ�
(QYLURQPHQWDO� &KDQJH� XVLQJ� /DNH� 6HGLPHQWV��
9ROXPH����7HUUHVWULDO��$OJDO�DQG�6LOLFLRXV�,QGLFDWRUV��
.OXZHU�$FDGHPLF�� 3XEOLVKHUV��S���������

%HUH�7��������(FRORJLFDO�SUHIHUHQFHV�RI �EHQWKLF�GLDWRPV�LQ�
D� WURSLFDO� ULYHU� V\VWHP� LQ� 6mR� &DUORV�63�� %UD]LO��
7URSLFDO�(FRORJ\��������������

'$/(6� �'LDWRPV� IRU�$VVHVVLQJ�/DNH�(FRORJLFDO�6WDWXV���
���� � � (QXPHUD W LRQ � 3URWRFR O � � YHU � � �� � � �
KWWS���FUDWLFXOD�QFO�DF�XN�'$/(6�GRZQORDGV� ��
$SULO������

'L[LW�66��6PRO�-3��.LQJVWRQ�-&��&KDUOHV�')�������'LDWRPV��
SRZHUIXO�LQGLFDWRUV�RI �HQYLURQPHQWDO��F K D Q J H � �
( Q Y L U R Q � 6 F L � 7 H F K Q R O � � � � � � � � � � � � � �
KWWS���SXEV�DFV�RUJ�GRL�DEV���������HV�����D��
��

(3$�(5&� 8QGLS�� ������ (QYLURQPHQWDO� 4XDOLW\� ,QGH[�
VW

'HYHORSPHQW�DQG�%LRORJLFDO�,QGLFDWRU��� �� (G��
5HVHDUFK� ,QVWLWXWH� 'LSRQHJRUR� 8QLYHUVLW\��
6HPDUDQJ��SS�����
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)OXLQ�-��7LEE\�-��*HOO��3��������7KH�SDODHROLPQRORJLFDO�UHFRUG�
IURP�/DNH�&XOOXOOHUDLQH��/RZHU�0XUUD\�5LYHU��VRXWK�
HDVW� $XVWUDOLD��� LPSOLFDWLRQV� IRU� XQGHUVWDQGLQJ�
ULYHULQH� KLVWRULHV�� -� 3DOHROLPQRO� ��������������
KWWS���G[�GRL�RUJ���������V�����������������

*HOO�3��7LEE\�-��/LWWOH�)��%DOGZLQ�'��+DQFRFN�*��������7KH�
LPSDFW� RI � UHJXODWLRQ� DQG� VDOLQLVDWLRQ� RQ� �
IORRGSODLQ�ODNHV��7KH�ORZHU�5LYHU�0XUUD\��$XVWUDOLD��
+\GURELRORJLD�������������� KWWS���G[�GRL�RUJ��
��������V�����������������

*ROWHQERWK�)��7LPRWLXV�.+��������'DQDX�5DZD�3HQLQJ�GL�
-DZD�7HQJDK��,QGRQHVLD��5DZDSHQLQJ�� /DNH��&HQWUDO�
-DYD�� ,QGRQHVLD��� 6DW\D� :DFDQD� 8QLYHUVLW\� 3UHVV��
6DODWLJD�

*RWKH� (�� $QJOHU� '*��*RWWVFKDON� 6�� /RIJH� 6�� 6DQGLQ� /��
������7KH�,QIOXHQFH�RI �(QYLURQPHQWDO��%LRWLF�DQG�
6SDWLDO� )DFWRUV� RQ� 'LDWRP� 0HWDFRPPXQLW\�
6WUXFWXUH� LQ� 6ZHGLVK� +HDGZDWHU� 6WUHDPV� 3/R6�
21(� ������ H������� GRL���������MRXUQDO�SRQH��
��������

*UXQGHOO�5��*HOO�3��0LOOV�.��=DZDG]VNL�$���������,QWHUDFWLRQ�
EHWZHHQ� D� ULYHU� DQG� LWV� ZHWODQG�� HYLGHQFH� IURP�
WKH�0XUUD\� 5LYHU� IRU� VSDWLDO� YDULDELOLW\� LQ� GLDWRP�
DQG�UDGLRLVRWRSH�UHFRUGV��-�3DOHROLPQRO������������
KWWS���OLQN�VSULQJHU�FRP�DUWLFOH���������� V������
�����������

.DWWHO� *�� *HOO� 3�� =DZDG]NL� $�� %DUU\� /�� ������
3DODHRHFRORJLFDO�HYLGHQFH�IRU�VXVWDLQHG�FKDQJH�LQ�D�
VKDOORZ� 0XUUD\� 5LYHU� �$XVWUDOLD�� IORRGSODLQ� ODNH��
UHJLPH� VKLIW� RU� SUHVV� UHVSRQVH"� +\GURELRORJLD� ��
6HSWHPEHU������'2,����������V�����������������

.DUWKLFN�%��7D\ORU�-&��0DKHVK�0.��5DPDFKDQGUD�79��������
3URWRFROV� IRU� &ROOHFWLRQ�� 3UHVHUYDWLRQ� DQG�
(QXPHUDWLRQ�RI �'LDWRPV�IURP�$TXDWLF�+DELWDWV�IRU�
:DWHU�4XDOLW\�0RQLWRULQJ�LQ�,QGLD��7KH�,83�-RXUQDO�
RI �6RLO�DQG�:DWHU�6FLHQFHV�������������

.LUHWD�$5��5HDYLH�('��6JUR�*9��$QJUDGL�75��%ROJULHQ�':��
-LFKD�70��+LOO�%+��������$VVHVVLQJ�� WKH�FRQGLWLRQ�
RI �WKH�0LVVRXUL��2KLR��DQG�8SSHU�0LVVLVVLSSL�ULYHUV�
�86$� � X V LQJ � G L D WRP�ED VHG � L QG L F D WR U V� �
+ \ G U R E L R O R J L D � � � � � � � � ² � � � � � �
K W W S � � � O L Q N � V S U L Q J H U � F R P � D U W L F O H � ����������������
��������V������������������SDJH���

.RVWHU�'��3LHQLW]��5��:ROIH�%%��%DUU\�6��)RVWHU�'5��'L[LW�66��
������ 3DOHROLPQRORJLFDO� DVVHVVPHQW� RI� KXPDQ�
LQGXFHG�LPSDFWV�RQ�:DOGHQ�3RQG��0DVVDFKXVVHWWV��
86$�� XVLQJ� GLDWRPV� DQG� VWDEOH� LVRWRSHV�� $TXDW�
(FRV\V � +HD O WK � 	� 0DQDJH � ���� ������� � �
KWWS���ZZZ�WDQGIRQOLQH�FRP�GRL�DEV�����������
����������������

.UDPHU�.��/DQJH�%HUWDORW�+D��������6XVVZDVVHUIORUD�9RQ�
0LWWHOHXURSD�� %G�� ������ %DFLOODULRSK\FHDH�� 7HLO� ��� �
%DFLOODULSK\FHDH�� (SLWKHPLDFHDH�� 6XULUHOODFHDH��
6SHFWUXP���%HUOLQ�

.UDPHU�.��/DQJH�%HUWDORW�+E��������6XVVZDVVHUIORUD�9RQ�
0LWWHOHXURSD�� %G�� ������ %DFLOODULRSK\FHDH�� 7HLO���

&HQWUDOHV�� )UDJLOODULDFHDH�� (XQRWLDFHDH�� 6SHFWUXP��
%HUOLQ�

.UDPHU�.��/DQJH�%HUWDORW�+F��������6XVVZDVVHUIORUD�9RQ�
0LWWHOHXURSD�� %G�� �����%DFLOODULRSK\FHDH�� 7HLO� ���
$FKQDQWKHV�6�,���1DYLFXOD�6VWU��6SHFWUXP��%HUOLQ�

.UDPPHU�.��/DQJH�%HUWDORW�+��������6XVVZDVVHUIORUD�YRQ�
0LWWHOHXURSD�� %G�� ����� %DFLOODULRSK\FHDH�� 7HLO� ���
1DYLFXODFHDH�� �VW� (GQ��� 6SHNWUXP� $NDGHPLVFKHU�
9HUODJ��,6%1����������������S������

0(��0LQLVWU\�RI �(QYLURQPHQW�������������������1DWLRQDO�
VW�

/DNH� 3ULRULW\� 3URJUDP�� � (G�� 7KH� ,QGRQHVLDQ� �
0LQLVWU\�RI �(QYLURQPHQW����SS����

0(� �0LQLVWU\� RI � (QYLURQPHQW��� ������ *HUDNDQ�
3HQ\HODPDWDQ�'DQDX��*(50$'$1��5DZDSHQLQJ��
VW�
� (G��7KH� ,QGRQHVLDQ�0LQLVWU\�RI �(QYLURQPHQW��
SS�����

0LOOV� .�� ������ 8JDQGDQ� &UDWHU� /DNHV� /LPQRORJ\��
3DODHROLPQRORJ\� DQG� � SDODHRHQYLURQPHQWDO� �
KLVWRU\�� 8QSXEOLVKHG� 3K�'��� /RXJKERURXJK�
8QLYHUVLW\�� (QJODQG�� KWWSV���GVSDFH�OERUR�DF�XN��
GVSDFH�MVSXL�ELWVWUHDP��������������7KHVLV�
�����0LOOV�SGI�

0RULQ� 6�� &RVWH� 0�� 'HOPDV� )�� ������ $� FRPSDULVRQ� RI �
VSHFLILF� JURZWK� UDWHV� RI � SHULSK\WLF� GLDWRPV� RI � �
YDU\LQJ� FHOO� VL]H� XQGHU� ODERUDWRU\� DQG� ILHOG�
FRQG L W LRQV� � +\GURE LR ORJ L D � ��� ������� � � �
KWWS���OLQN�VSULQJHU�FRP�DUWLFOH���������V������
���������\�

3DSSDV� -/�� 6WRHUPHU�()�� ������4XDQWLWDWLYH�PHWKRG� IRU�
GHWHUPLQLQJ� D� UHSUHVHQWDWLYH� DOJDH� VDPSOH� �
FRXQW�� 3K\FRO� ���������� KWWS���RQOLQHOLEUDU\�ZLOH\��
FRP�GRL���������M����������������������[�SGI�

3LHQLW]��5��5REHUJHP�.��9LQFHQW�:)��������7KUHH�KXQGUHG�
\HDUV�RI �KXPDQ�LQGXFHG�FKDQJH�LQ�DQ��XUEDQ� ODNH��
SDOHROLPQRORJLFDO� DQDO\VLV� RI � /DF� 6DLQW�$XJXVWLQ��
4XHEHF� &LW\�� &DQDGD�� &DQ� -� %RW� �����������
KWWS���ZZZ�QUFUHVHDUFKSUHVV�FRP�GRL�DEV������
���%�������

3U\JLHO�-��&DUSHQWLHU�3��$OPHLGD��&RVWH�0��'UXDUW�-&��(FWRU�
/������=\GHN�1��������'HWHUPLQDWLRQ�RI �WKH�'LDWRP�
,QGH[� �,%'� 1)� 7� ��������� UHVXOWV� RI � DQ�
LQWHUFDOLEUDWLRQ�H[HUFLVH��-��$SS�3K\FRO�����SS��������
KWWS���OLQN�VSULQJHU�� FRP�DUWLFOH����������
$���������������

5HLG� 0$�� 6D\HU� &'�� .HUVKDZ� $3�� +HLMQLV� +�� ������
3DODHROLPQRORJLFDO� HYLGHQFH� IRU� VXEPHUJHG� SODQW�
ORVV�LQ�D�IORRGSODLQ�ODNH�DVVRFLDWHG�ZLWK�DFFHOHUDWHG�
FDWFKPHQW�VRLO�HURVLRQ��0XUUD\�5LYHU��$XVWUDOLD���-��
3DOHROLPQRO�������������KWWS���OLQN�VSULQJHU�FRP��
DUWLFOH���������V�����������������

5HLG� 0$�� 2JGHQ� � 5:�� ������ )DFWRUV� DIIHFWLQJ� GLDWRP�
GLVWULEXWLRQ� LQ� IORRGSODLQ� ODNHV� RI � WKH� 6RXWKHDVW�
0XUUD\� EDVLQ�� $XVWUDOLD� DQG� LPSOLFDWLRQV� IRU�
SDOHROLPQRORJLFDO�VWXGLHV��-�3DOHROLPQRO������������
KWWS���OLQN�VSULQJHU�FRP�DUWLFOH����������V������
�����������
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�7KH�PLQLPXP�QXPEHU�RI �YDOYHV�IRU�GLDWRP�LGHQWLILFDWLRQ�²�7UL�5HWQDQLQJVLK�6RHSURERZDWL�HW�DO�



5RXQG� )(�� ������ $� UHYLHZ� DQG�PHWKRGV� IRU� WKH� XVH� RI �
HSLOLWKLF� GLDWRPV� IRU� GHWHFWLQJ� DQG� PRQLWRULQJ�
FKDQJHV� LQ� ULYHU� ZDWHU� TXDOLW\�� 0HWKRGV� IRU� WKH�
H[DPLQDWLRQ�RI �ZDWHUV�DQG�� DVVRFLDWHG� PDWHULDOV��
SS������+062��/RQGRQ�

6LTXHLURV�%HOWURQHV�� /R�3H]�)XHUWH� )2�� *D�5DWH�
/L]D�5UDJD�� ,�� ������ 6WUXFWXUH� RI � GLDWRP�
DVVHPEODJHV� OLYLQJ� RQ� SURS� URRWV� RI � WKH� UHG�
PDQJURYH� �5KL]RSKRUD� PDQJOH�� IURP� WKH� ZHVW� �
FRDVW�RI �%DMD�&DOLIRUQLD�6XU��0H[LFR��3DFLILF�6FLHQFH�
��� ������²���� KWWSV���PXVH�MKX�HGX�DUWLFOH��
�������SGI�

6RLQLQHQ� -�� .RQRQHQ� .�� ������ &RPSDUDWLYH� VWXG\� RI �
PRQLWRULQJ� 6RXWK�)LQQLVK� 5LYHUV� DQG� VWUHDPV� �
XVLQJ� GLDWRP� DQG� PDFUR� LQYHUWHEUDWH� FRPPXQLW\�
VWUXFWXUH�� $TXDWLF� (FRO� ���������� KWWS���OLQN��
VSULQJHU�FRP�DUWLFOH���������%�$(&2����������
��������EG�SDJH���

6RHSURERZDWL�75��������3HWD�EDWLPHWUL�'DQDX�5DZDSHQLQJ�
�%DWLPHWULF�PDS�RI �5DZDSHQLQJ���-��%LRPD����������
���� KWWS���ZZZ�HMRXUQDO�XQGLS�DF�LG�LQGH[�SKS��
ELRPD�DUWLFOH�YLHZ�����������

6RHSURERZDWL� 75�� ����D�� ,QWHJUDWHG� /DNH� %DVLQ�
0DQDJHPHQW�IRU�6DYH�,QGRQHVLDQ�/DNH�0RYHPHQW��

3URFHGLD� (QYLURQ�� 6FL� ����������������� KWWS����
ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6����
�������������

6RHSURERZDWL� 75�� ����E�� %LRLQGLFDWRU� RI � ZDWHU� TXDOLW\��
3URVLGLQJ�1DWLRQDO� 6HPLQDU� RI � %LRORJ\�� 3URJUDP�
0DJLVWHU� %LRORJL� 8QLYHUVLWDV� 'LSRQHJRUR��
6HPDUDQJ����$XJXVW������

6RHSURERZDWL�75��5DKPDQWR�:$��+LGD\DW�-:��%DVNRUR�.��
������ 'LDWRPV� DQG� SUHVHQW� FRQGLWLRQ� RI �
5DZDSHQLQJ� /DNH�� ,QWHU� 6HP� (QYLURQ� &KHP�
7R[LFRO��$SULO�������,1-(&7�<RJ\DNDUWD�

6RHSURERZDWL� 75�� 6XHG\� 6:$�� *HOO� 3�� ����D�� 'LDWRP�
VWUDWLJUDSK\� RI � PDQJURYH� HFRV\VWHPV� RQ� WKH�
1RUWKHUQ� &RDVW� RI � &HQWUDO� -DYD�� -� &RDVW� 'HY�
��������������� KWWS���ZZZ�RPLFVRQOLQH�FRP��
RSHQ�DFFHVV�GLDWRP�VWUDWLJUDSK\�RI�PDQJURYH�
HFRV\VWHPV�RQ��WKH�QRUWKHUQ�FRDVW�RI�FHQWUDO�MDYD�
�����������������SGI�

6RHSURERZDWL� 75�� +DGLVXVDQWR� 6�� *HOO� 3�� =DZDGVNL� $��
����E�� 7KH� GLDWRP� VWUDWLJUDSK\� RI � 5DZDSHQLQJ�
/DNH�� LPSO\LQJ� HXWURSKLFDWLRQ� KLVWRU\�� $P� -�
(QYLURQ� 6FL����� ��������� KWWS���WKHVFLSXE�FRP��
3')�DMHVVS��������������SGI�
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