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5LSRUWLDPR�XQ�WRWDOH�GL�����DYYLVWDPHQWL�GL�FHWDFHL�LQ�$GULDWLFR�VHWWHQWULRQDOH��GDO������DO�������/H�LGHQWLILFD]L�
RQL� FRQIHUPDWH� �Q�  � ���� KDQQR� ULJXDUGDWR� HVFOXVLYDPHQWH� LO� WXUVLRSH�7XUVLRSV� WUXQFDWXV�� /H� IUHTXHQ]H� GL� DYYLVWD�
PHQWR�SHU�TXHVWD�VSHFLH��RWWHQXWH�QHO�FRUVR�GL�VXUYH\�YLVLYL�VXL�FHWDFHL�VYROWL� WUD� LO������H� LO�������RVFLOODYDQR� WUD
�����H������JUXSSL�SHU�����NP�GL�QDYLJD]LRQH�� VHQ]D�GLIIHUHQ]H� VLJQLILFDWLYH� WUD�XQ�DQQR�H� O¢DOWUR�TXDQGR� OD�PH�
WRGRORJLD� HUD�RPRJHQHD�� /H� LQIRUPD]LRQL�TXL� IRUQLWH� FRQWULEXLVFRQR�D� VWDELOLUH�GHL�SXQWL�GL� ULIHULPHQWR� VXOOR� VWDWR
GHOO¢DPELHQWH�H�SRVVRQR�HVVHUH�XWLOL�QHOOD�SURJHWWD]LRQH�GL�VXUYH\�ILQDOL]]DWL�DOO¢RWWHQLPHQWR�GL�VWLPH�GL�DEERQGDQ]D
DVVROXWD�GHL�FHWDFHL�LQ�TXHVWD�SDUWH�GHOO¢$GULDWLFR�
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,1752'8&7,21

0RQLWRULQJ� FHWDFHDQ� SRSXODWLRQV� LV� FUXFLDO� IRU� XQ�
GHUVWDQGLQJ� WKH�FKDQJHV�RFFXUULQJ�RYHU� WLPH�� LQFOXGLQJ
WKH�H[WHQW�RI�JHRJUDSKLF�RFFXUUHQFH�DQG�VKLIWV�LQ�VSHFLHV
FRPSRVLWLRQ��2I� WKH� WZR�FHWDFHDQ�VSHFLHV� UHJXODUO\�RF�
FXUULQJ�LQ�WKH�QRUWKHUQ�$GULDWLF�6HD�XQWLO�WKH�����V���WKH
FRPPRQ�ERWWOHQRVH�GROSKLQ�7XUVLRSV� WUXQFDWXV� �KHUHDI�
WHU� �ERWWOHQRVH�GROSKLQ���DQG� WKH�VKRUW�EHDNHG�FRPPRQ
GROSKLQ� 'HOSKLQXV� GHOSKLV� �� WKH� ODWWHU� KDV� GHFOLQHG
GUDPDWLFDOO\� GXH� WR� DQWKURSRJHQLF� LPSDFWV� DQG� LW� KDV
EHFRPH� LQFUHDVLQJO\� UDUH� LQ� WKLV� DQG�RWKHU� SDUWV� RI� WKH
0HGLWHUUDQHDQ�6HD��%HDU]L�HW�DO���������������

7KLV� VWXG\� UHSRUWV� D� WRWDO� RI� ���� FHWDFHDQ� VLJKWLQJV
UHFRUGHG�LQ�WKH�QRUWKHUQ�$GULDWLF�6HD�EHWZHHQ������DQG
������,Q�DGGLWLRQ��HQFRXQWHU�UDWHV�RI�ERWWOHQRVH�GROSKLQV
ZHUH� REWDLQHG� WKURXJK� YLVXDO� VXUYH\V� FRQGXFWHG� EH�
WZHHQ� ����� DQG� ������ :KLOH� D� FRPSUHKHQVLYH� DQG
GHGLFDWHG� HIIRUW� ZRXOG� EH� QHHGHG� WR� DVVHVV� FHWDFHDQ
DEXQGDQFH� DQG� JDLQ� LQVLJKW� LQWR� SRSXODWLRQ� VWDWXV� DQG
WUHQGV��GDWDVHWV�VXFK�DV�WKH�RQH�SUHVHQWHG�KHUH�DUH�UHOH�
YDQW�WR�XQGHUVWDQGLQJ�VKLIWV� LQ�VSHFLHV�FRPSRVLWLRQ�DQG
SDWWHUQV� RI� GLVWULEXWLRQ�� (QFRXQWHU� UDWHV� KDYH� UHODWLYH
YDOXH� EHFDXVH� UHVXOWV� GHSHQG� ODUJHO\� RQ�PHWKRGRORJ\�
+RZHYHU��WKH\�PD\�SURYLGH�SUHOLPLQDU\�LQVLJKW�LQ�DUHDV
ZLWK�SRRU�TXDQWLWDWLYH�LQIRUPDWLRQ��)XUWKHU��WKH\�FDQ�DV�
VLVW� LQ� WKH�GHVLJQ�RI�GHGLFDWHG�DHULDO�RU� VKLS� VXUYH\V�E\
LQGLFDWLQJ�WKH�DPRXQW�RI�PLQLPXP�HIIRUW�QHHGHG�WR�RE�
WDLQ� D� JLYHQ� QXPEHU� RI� FHWDFHDQ� VLJKWLQJV� �DSSURSULDWH
VDPSOH�VL]H�EHLQJ�D�SUH�UHTXLVLWH�RI� LQVLJKWIXO�DQDO\VHV��
7KH� UDWLRQDOH� EHKLQG� WKH� LQIRUPDWLRQ� SUHVHQWHG� KHUH� LV
WKHUHIRUH�WZRIROG�����FRQWULEXWH�WR�VHWWLQJ�HQYLURQPHQWDO
EDVHOLQHV� IRU� WKH� XQGHUVWDQGLQJ� RI� FKDQJHV� RFFXUULQJ
RYHU�WLPH��H�J��GHFDGHV�RU�FHQWXULHV��6iHQ]�$UUR\R�HW�DO��
�������DV�UHTXHVWHG�LQWHU�DOLD�E\�WKH�(&�0DULQH�6WUDWHJ\
)UDPHZRUN�'LUHFWLYH����������(&�RI����-XQH��������DQG
���SUHVHQW�LQIRUPDWLRQ�WKDW�FDQ�LQIRUP�WKH�GHVLJQ�RI�VXU�
YH\V� �H�J��%XFNODQG�HW�DO��������� LQWHQGHG� WR�REWDLQ�DE�
VROXWH� HVWLPDWHV� RI� FHWDFHDQ� DEXQGDQFH� LQ� WKLV� SDUW� RI
WKH�$GULDWLF�

0$7(5,$/�$1'�0(7+2'6

&HWDFHDQ� VLJKWLQJ� UHFRUGV� ZHUH� FROOHFWHG� RSSRUWX�
QLVWLFDOO\�EHWZHHQ������DQG������E\�REVHUYHUV� LQFOXG�
LQJ� H[SHULHQFHG� FHWDFHDQ� UHVHDUFKHUV�� ELRORJLVWV� FDUU\�
LQJ� RXW� RWKHU� NLQG� RI� UHVHDUFK�� &XVWRPV� $XWKRULW\� RIIL�
FHUV��SOHDVXUH�ERDWHUV�DQG�VDLORUV��2EVHUYDWLRQ�SODWIRUPV
LQFOXGHG�VPDOO� VKLSV�� \DFKWV�� VDLOLQJ�YHVVHOV� DQG� VSHHG�
ERDWV�� 6LJKWLQJ� UHSRUWV� ZHUH� FROOHFWHG� WKURXJK� IRUPV
GLVWULEXWHG� LQWHU� DOLD� DW� YDULRXV� PDULQDV� DQG� QDXWLFDO
FOXEV� DQG� YLD� WKH� ZRUOG� ZLGH� ZHE� �RQ� WKH� 7HWK\V� 5H�
VHDUFK� ,QVWLWXWH� ZHE� VLWH��� 5HTXHVWHG� LQIRUPDWLRQ� LQ�
FOXGHG�GDWH��WLPH��*36�SRVLWLRQ��GXUDWLRQ�RI�WKH�VLJKWLQJ�
HVWLPDWHG� ERG\� VL]H� RI� WKH� DQLPDOV�� HVWLPDWHG� JURXS
VL]H�� EHKDYLRXU� RI� WKH� DQLPDOV� DQG� WKHLU�PLQLPXP�GLV�

WDQFH� IURP� WKH� ERDW�� VHD� VWDWH�� YLVLELOLW\�� DV�ZHOO� DV� GH�
WDLOV� RQ� WKH� REVHUYDWLRQ� SODWIRUP� DQG� FRQWDFW� LQIRUPD�
WLRQ�� 5HOLDEOH� UHSRUWV� E\� REVHUYHUV� ZLWK� H[WHQVLYH� ILHOG
H[SHULHQFH�RQ�FHWDFHDQV�DV�ZHOO�DV� UHSRUWV�E\� LQH[SHUL�
HQFHG�REVHUYHUV��SURYLGHG�WKDW�VXFK�UHSRUWV�ZHUH�GRFX�
PHQWHG�E\�YLGHRV�RU�SKRWRV�VXLWDEOH�IRU�VSHFLHV�LGHQWLIL�
FDWLRQ��ZHUH�FODVVLILHG�DV� �FRQILUPHG�UHFRUGV���8QGRFX�
PHQWHG� UHSRUWV� E\� LQH[SHULHQFHG� REVHUYHUV� DV� ZHOO� DV
XQFHUWDLQ� UHSRUWV� ZHUH� FODVVLILHG� DV� �XQFRQILUPHG� UHF�
RUGV��

9LVXDO�VXUYH\V�RI�FHWDFHDQV�ZHUH�FRQGXFWHG�EHWZHHQ
�����DQG������ZLWKLQ�DQ�DUHD�GHOLPLWHG� E\� WKH� ,WDOLDQ
FRDVW�WR�WKH�ZHVW�������¤(�������¤1�DQG������¤1��)LJ�����
7KH�DUHD�FRYHUHG�E\� WKH�VXUYH\V�HQFRPSDVVHV�DSSUR[L�
PDWHO\�������NP��RI�VHD�VXUIDFH��)LJ������'DWD�ZHUH�RE�
WDLQHG�IURP�WKH�IROORZLQJ�SODWIRUPV�����ILEUHJODVV�VSHHG�
ERDW�RI���P��H\H�HOHYDWLRQ�RI�����P������RFHDQRJUDSKLF
VKLS� RI� ��� P� �H\H� HOHYDWLRQ� ���� P��� ��� RFHDQRJUDSKLF
VKLS� RI� ��� P� �H\H� HOHYDWLRQ� ���� P��� DQG� ��� RFHDQR�
JUDSKLF�VKLS�RI����P��H\H�HOHYDWLRQ������P���7KH�VXUYH\
HIIRUW� WRWDOOHG� ���� GD\V� DW� VHD�� 6XUYH\� GDWD� ZHUH� FRO�
OHFWHG� XQGHU� WKH� IROORZLQJ� FRQGLWLRQV�� TXDOLI\LQJ� �RQ
HIIRUW��� ��� GD\OLJKW� DQG� ORQJ�GLVWDQFH� YLVLELOLW\�� ��� VHD
VWDWH�RI�'RXJODV���RU�OHVV�����VZHOO���RU�OHVV��DQG����VXU�
YH\�VSHHGV�RI�������NP�K����%LQRFXODUV�ZHUH�QRW�XVHG�WR
ORRN�IRU�FHWDFHDQV�GXULQJ�QDYLJDWLRQ��EXW�FRXOG�EH�XVHG
WR�FRQILUP�VSHFLHV�LGHQWLILFDWLRQ�ZKHQHYHU�QHFHVVDU\�

)LJ�����0DS�RI�WKH�XSSHU�SRUWLRQ�RI� WKH�QRUWKHUQ�$GUL�
DWLF�6HD��VKRZLQJ�EDWK\PHWULF�FRQWRXU�OLQHV�
6O�� ��� =HPOMHYLG� ]JRUQMHJD� GHOD� VHYHUQHJD� -DGUDQVNHJD
PRUMD�]�R]QDàHQLPL�L]REDWDPL�
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)LJ�� ���1DYLJDWLRQ� �RQ� HIIRUW�� GXULQJ� FHWDFHDQ� VXUYH\V
FRQGXFWHG� EHWZHHQ� ����� DQG� ������ 5HG� OLQH�� VSHHG�
ERDW�RI���P��JUHHQ��UHVHDUFK�VKLS�RI����P��EOXH�OLQH��UH�
VHDUFK�VKLS�RI����P��EODFN�OLQH��UHVHDUFK�VKLS�RI����P�
WULDQJOHV�� SRVLWLRQ� RI� ��� ERWWOHQRVH� GROSKLQ� JURXSV
VLJKWHG�GXULQJ�QDYLJDWLRQ��RQ�HIIRUW��
6O�����1DPHQVND�SORYED�WHNRP�SRSLVD�NLWRY�LQ�GHOILQRY
PHG�OHWRPD������LQ�������5GHàD�àUWD��JOLVHU��GROJ���P�
]HOHQD�àUWD��UD]LVNRYDOQD�ODGMD��GROJD����P��PRGUD�àUWD�
UD]LVNRYDOQD�ODGMD��GROJD����P��àUQD�àUWD��UD]LVNRYDOQD
ODGMD��GROJD����P�� WULNRWQLNL��SRORËDM����VNXSLQ�YHOLNLK
SOLVNDYN��RSDËHQLK�PHG�QDPHQVNR�SORYER�

)LJ�� ���'LVWULEXWLRQ�RI� ���� VLJKWLQJV� UHSRUWHG� EHWZHHQ
�����DQG������LQ�WKH�QRUWKHUQ�$GULDWLF�6HD��&RQILUPHG
ERWWOHQRVH�GROSKLQ�VLJKWLQJV�DUH� LQGLFDWHG�E\� WULDQJOHV�
XQLGHQWLILHG�VPDOO�'HOSKLQLGDH�E\�ZKLWH�GRWV��7KH� VWDU
VKRZV�WKH�SRVLWLRQ�RI�DQ�DQLPDO�UHSRUWHG�WR�EH�D�����P
ORQJ�ILQ�ZKDOH���XQFRQILUPHG��
6O�����'LVWULEXFLMD�����RSDËDQM��]DEHOHËHQLK�PHG�OHWRPD
����� LQ������ Y� VHYHUQHP� -DGUDQVNHP�PRUMX�� 3RWUMHQD
RSDËDQMD�YHOLNH�SOLVNDYNH�VR�R]QDàHQD�V�WULNRWQLNL��RSD�
ËDQMD� QHLGHQWLILFLUDQLK� PDOLK� SULPHUNRY� GHOILQRY� SD� ]
EHOLPL�SLNDPL��=YH]GD�SULND]XMH�SR]LFLMR�ËLYDOL��RSLVDQR
NRW�����PHWUVNL�EUD]GDVWL�NLW���QHSRWUMHQR��

2EVHUYDWLRQ�VHVVLRQV�ZHUH� LQWHUUXSWHG� LI���� VHD� VWDWH�
YLVLELOLW\� RU� ZHDWKHU� FRQGLWLRQV� GHWHULRUDWHG�� RU� ��� WKH
ERDW� VWRSSHG�� 6LJKWLQJV�PDGH�RII� HIIRUW� GXULQJ� FHWDFHDQ
VXUYH\V�ZHUH� QRW� XVHG� WR� FRPSXWH� HQFRXQWHU� UDWHV�� EXW
ZHUH�DGGHG�WR�WKH�GDWDVHW�RI�RSSRUWXQLVWLF�FHWDFHDQ�UHF�
RUGV�

(QFRXQWHU� UDWHV� RI� GROSKLQ� JURXSV� ZHUH� FRPSXWHG
EDVHG�RQ� FHOOV� RI� �¤� ODWLWXGH� E\� �¤� ORQJLWXGH� ������� E\
������P��� FRQWDLQLQJ�D�PLQLPXP�QDYLJDWLRQ� �RQ� HIIRUW�
HTXDO� RU� JUHDWHU� WKDQ� D� FHOO¤V� GLDJRQDO� ������� P��� (Q�
FRXQWHU�UDWHV�ZHUH�FDOFXODWHG�E\�WKH�UDWLR�Q�/��ZKHUH�Q�LV
WKH�WRWDO�QXPEHU�RI�VLJKWLQJV�LQ�D�FHOO�DQG�/� LV� WKH� WRWDO
QXPEHU�RI�NP�VSHQW�RQ�HIIRUW�LQ�WKH�VDPH�FHOO��%HDU]L�HW
DO���������

5(68/76

$� WRWDO� RI� ���� FHWDFHDQ� VLJKWLQJ� UHSRUWV�ZHUH� REWDL�
QHG��2I� WKHVH��DOO�RI� WKH����FRQILUPHG� UHFRUGV� LQYROYHG
ERWWOHQRVH�GROSKLQV��7KH�UHPDLQLQJ����XQFRQILUPHG�UHF�
RUGV� LQYROYHG� XQLGHQWLILHG� VPDOO�'HOSKLQLGDH� WKDW�ZHUH
PRVW� OLNHO\� WR�EH�ERWWOHQRVH�GROSKLQV��EXW�FRXOG�DOVR� LQ�
FOXGH�RWKHU�VSHFLHV��7KHUH�ZDV�D�VLQJOH�REVHUYDWLRQ�RI�D
ODUJH�FHWDFHDQ�UHSRUWHG�WR�EH�D�����P�ORQJ�ILQ�ZKDOH�%D�
ODHQRSWHUD�SK\VDOXV���VLJKWHG�LQ�������7KH�SRVLWLRQ�RI�DOO
WKH�VLJKWLQJ�UHSRUWV�REWDLQHG�RSSRUWXQLVWLFDOO\��DV�ZHOO�DV
RI� ��� VLJKWLQJV� UHFRUGHG� RII� HIIRUW� GXULQJ� FHWDFHDQ� VXU�
YH\V�� LV� VKRZQ� LQ� ILJXUH����&HWDFHDQ� VXUYH\V�\LHOGHG�DQ
DGGLWLRQDO� ��� VLJKWLQJV� RQ� HIIRUW�� DOO� RI�ZKLFK�ZHUH� RI
ERWWOHQRVH�GROSKLQV��)LJ�����
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7DE�� ��� 6XUYH\� HIIRUW�� QXPEHU� RI� VLJKWLQJV� DQG� HQFRXQWHU� UDWHV� RI� ERWWOHQRVH� GROSKLQV� GXULQJ� FHWDFHDQ� VXUYH\V
������������
7DE�����3RGDWNL�R�SRSLVX��ÉWHYLOX�RSDËDQM�LQ�VWRSQML�VUHàHYDQM�YHOLNLK�SOLVNDYN�WHNRP�SRSLVD�NLWRY�LQ�GHOILQRY�������
������

���� ���� ���� ���� ���� ����

6SHHG�
ERDW

6SHHG�
ERDW

5HVHDUFK
VKLS

5HVHDUFK
VKLS

5HVHDUFK
VKLS

5HVHDUFK
VKLS

5HVHDUFK
VKLS

5HVHDUFK
VKLS

%RDW�OHQJWK��P� � � �� �� �� �� �� ��
(\H�HOHYDWLRQ��P� ��� ��� ��� ���� ��� ��� ��� ���
6XUYH\�VSHHG��NP�K� ����� ����� ����� ����� ����� ����� ����� �����
1DYLJDWLRQ��RQ�HIIRUW���NP� ���� ��� ��� ��� ��� ��� ��� ���
6LJKWLQJV�WRWDO � � � �� �� �� �� ��
6LJKWLQJV��RQ�HIIRUW� � � � � � � � �
(QFRXQWHU�UDWH�������NP ���� ���� ���� ���� ���� ���� ���� ����
6' ����� ����� ����� ����� ����� ����� ����� �����
6( ����� ����� ����� ����� ����� ����� ����� �����
1��FHOOV�VDPSOHG� �� �� �� � �� �� �� ��

1DYLJDWLRQ� �RQ� HIIRUW�� GXULQJ� FHWDFHDQ� VXUYH\V� WR�
WDOOHG�������NP��(QFRXQWHU� UDWHV�RI�ERWWOHQRVH�GROSKLQV
REWDLQHG�IURP�GLIIHUHQW�REVHUYDWLRQ�SODWIRUPV�DUH�VKRZQ
LQ�7DEOH����(QFRXQWHU�UDWHV�ZHUH�QRW�PHUJHG�EHFDXVH�RI
WKH�FRQVLGHUDEOH�KHWHURJHQHLW\�LQ�YHVVHO�NLQG��VSHHG��H\H
HOHYDWLRQ� DQG�RU� JHRJUDSKLF� GLVWULEXWLRQ� RI� WKH� VXUYH\
HIIRUW��7KH�HOHYDWLRQ�RI�REVHUYHUV¤�H\HV�UHVXOWLQJ�IURP�WKH
GLIIHUHQW�GHFN�KHLJKWV�RI�VXUYH\�SODWIRUPV�LV�DQ�LPSRUWDQW
IDFWRU� DIIHFWLQJ� HQFRXQWHU� UDWHV�� WKH� SUREDELOLW\� WR� VSRW
GROSKLQV� IURP� VPDOO� VSHHGERDWV� EHLQJ� JHQHUDOO\� ORZHU
WKDQ� WKDW�RI� VHHLQJ� WKH�DQLPDOV� IURP� WKH�XSSHU�GHFN�RI
RFHDQRJUDSKLF�VKLSV��:KLOH�HQFRXQWHU�UDWHV�LQ�WKLV�VWXG\
GLG� QRW� VKRZ� VLJQLILFDQW� GLIIHUHQFHV� DFFRUGLQJ� WR� H\H
HOHYDWLRQ� RI� REVHUYHUV� �.UXVNDO�:DOOLV� +�  � ������ S�  
������GI� ����Q� �������D�WUHQG�ZDV�DSSDUHQW�DQG�WKH�FRU�
UHODWLRQ�EHWZHHQ�HQFRXQWHU�UDWHV�DQG�H\H�HOHYDWLRQ�ZDV
UDWKHU� VWURQJ� �5��  � �������� )LJ�� ���� (QFRXQWHU� UDWHV� RE�
WDLQHG�ZLWK�FRQVLVWHQW�PHWKRGV�VKRZHG�VRPH�YDULDELOLW\�
)RU� LQVWDQFH�� HQFRXQWHU� UDWHV� UHFRUGHG� EHWZHHQ� ����
DQG������IURP�WKH�VDPH�RFHDQRJUDSKLF�VKLS��H\H�HOHYD�
WLRQ� ����P�� UDQJHG� EHWZHHQ� ����� DQG� ����� JURXSV� SHU
���� NP�RI� QDYLJDWLRQ��+RZHYHU�� WKHUH�ZHUH� QR� VLJQLIL�
FDQW�GLIIHUHQFHV� IRU� HLWKHU� RI� WKH� WZR�SODWIRUPV�XVHG� LQ
PXOWLSOH� \HDUV� ����P� VKLS����������� .UXVNDO�:DOOLV� +�  
������� S�  � ������ GI�  � ��� Q�  � ���� VSHHGERDW����������
.UXVNDO�:DOOLV�+� ��������S� �������GI� ����Q� �����

',6&866,21

7KLV�VWXG\�FRPSOHPHQWV�H[LVWLQJ�NQRZOHGJH�RQ�FHWD�
FHDQV� LQ� WKH�QRUWKHUQ�$GULDWLF�6HD��%RWWOHQRVH�GROSKLQV
ZHUH�WKH�RQO\�FHWDFHDQ�VSHFLHV�REVHUYHG�RYHU�D�WRWDO�RI
���FRQILUPHG�VLJKWLQJV�UHFRUGHG�LQ�WKH�VWXG\�DUHD�DFURVV
��� \HDUV� ������������� 6LJKWLQJ� UHSRUWV� DQG� YLVXDO� VXU�
YH\V�\LHOGHG�QR�VLJKWLQJV�RI�VKRUW�EHDNHG�FRPPRQ�GRO�
SKLQV��IXUWKHU�FRQILUPLQJ�WKDW�WKLV�VSHFLHV�LV�QR�ORQJHU�D

UHJXODU�FRPSRQHQW�RI�WKH�QRUWKHUQ�$GULDWLF�IDXQD��7KHVH
ILQGLQJV� DUH� FRQVLVWHQW� ZLWK� FKDQJHV� RFFXUUHG� VLQFH
����V�� KDYLQJ� UHVXOWHG� LQ� DOPRVW� H[FOXVLYH� SUHVHQFH� RI
ERWWOHQRVH� GROSKLQV� �%HDU]L� HW� DO��� ������ *HQRY� HW� DO��
������� :KLOH� VHYHUDO� FHWDFHDQ� VSHFLHV� KDYH� EHHQ� UH�
FRUGHG�RYHU�WKH�SDVW�GHFDGHV�LQ�WKLV�SDUW�RI�WKH�QRUWKHUQ
$GULDWLF� 6HD� �.U\VWXIHN� 	� /LSHM�� ������ %HDU]L� HW� DO��
������/LSHM�HW�DO���������)UDQFHVH�HW�DO���������*HQRY�HW
DO����������QRQH�RI�WKHVH�VSHFLHV�ZHUH�REVHUYHG�RU�FRQ�
ILUPHG� GXULQJ� WKLV� VWXG\�� DSDUW� IURP� D� VLQJOH� XQFRQ�
ILUPHG�VLJKWLQJ�RI�D�ILQ�ZKDOH�

&RPSDULVRQV�DPRQJ�HQFRXQWHU�UDWHV�REWDLQHG�LQ�WKLV
VWXG\�DUH�QRW�VWUDLJKWIRUZDUG��GXH�WR�KHWHURJHQHLW\�LQ�UH�
VHDUFK�SODWIRUPV�DQG�PHWKRGRORJ\� �7DE�����)LJ������7KH
IDFW�WKDW�HQFRXQWHU�UDWHV�IURP�VPDOO�ERDWV�ZHUH�JHQHUDOO\
ORZHU�WKDQ�WKRVH�REWDLQHG�IURP�WKH�XSSHU�GHFN�RI� ODUJH
VKLSV� GRHV� QRW� VXUSULVH�� EHFDXVH� FKDQFHV� RI� VSRWWLQJ
GROSKLQV�DW�VHD�DUH�H[SHFWHG�WR�LQFUHDVH�ZLWK�REVHUYHU¤V
KHLJKW��%XFNODQG�HW�DO���������

:KLOH� HQFRXQWHU� UDWHV� RI� ERWWOHQRVH� GROSKLQV� RE�
WDLQHG� ZLWK� FRQVLVWHQW� PHWKRGRORJ\� GLG� QRW� VKRZ� VLJ�
QLILFDQW�LQWHU�DQQXDO�YDULDWLRQV��D�JUHDWHU�HIIRUW�DQG�VDP�
SOH�VL]H�ZRXOG�EH�QHHGHG�WR�GHWHFW�FKDQJHV�LQ�GLVWULEX�
WLRQ� RFFXUULQJ� DQQXDOO\� RU� VHDVRQDOO\� DFURVV� VXEDUHDV�
7KH� QRUWKHUQ� $GULDWLF� 6HD� LV� FKDUDFWHULVHG� E\� KLJK� DQ�
QXDO� DQG� VHDVRQDO� YDULDELOLW\� RI� K\GURORJLFDO� DQG� ELR�
ORJLFDO�YDULDEOHV��)UDQFR�	�0LFKHODWR��������6RFDO�HW�DO��
������*ULOOL�HW�DO���������DQG�LWV�ORFDO�HFRV\VWHP�LV�HVSH�
FLDOO\� VHQVLWLYH� WR� VHDVRQDO� DQG� ORQJ�WHUP� YDULDWLRQV� RI
ERWK�FOLPDWH�DQG�DQWKURSRJHQLF�QXWULHQW� ORDGV� �'HJRE�
ELV�HW�DO���������5XVVR�HW�DO����������&KDQJHV�LQ�GROSKLQ
GLVWULEXWLRQ�RYHU� WLPH�KDYH�EHHQ� LQIHUUHG� WR�RFFXU� DV�D
UHVXOW� RI� FKDQJHV� LQ� K\GURORJLFDO� DQG� SK\VLRJUDSKLFDO
YDULDEOHV�� OLNHO\� WR� GHWHUPLQH� VKLIWV� LQ� SUH\� GLVWULEXWLRQ
�%HDU]L�HW�DO���������
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)LJ�� ��� &RUUHODWLRQ� EHWZHHQ� HQFRXQWHU� UDWHV� DQG� H\H
HOHYDWLRQ�RI�REVHUYHUV�VWDQGLQJ�RQ�WKH�GHFN�RI�IRXU�VXU�
YH\� SODWIRUPV� XVHG� GXULQJ� WKLV� VWXG\�� (UURU� EDUV� VKRZ
VWDQGDUG�HUURUV�
6O�� ��� .RUHODFLMD� PHG� VWRSQMR� VUHàHYDQM� LQ� YLÉLQR� RàL
RSD]RYDOFHY�� VWRMHàLK� QD� ÉWLULK� UD]OLàQLK� RSD]RYDOQLK
SORÉàDGLK�� XSRUDEOMHQLK� Y� WHM� UD]LVNDYL�� 6WROSFL� R]QD�
àXMHMR�VWDQGDUGQH�QDSDNH�

%RWWOHQRVH�GROSKLQV�VHHPHG�WR�RFFXU�WKURXJKRXW�WKH
FRQWLQHQWDO� VKHOI�ZDWHUV�FRYHUHG�E\� WKLV� VWXG\��ERWK� LQ�
VKRUH� DQG� RIIVKRUH�� +RZHYHU�� WKH� UHVXOWV� RI� WKLV� VWXG\
VXJJHVW� WKDW� HQFRXQWHU� UDWHV� RI� GROSKLQV� LQ� WKLV� SDUW� RI

WKH�$GULDWLF�PD\�EH�H[SHFWHG�WR�EH�JHQHUDOO\�ORZ�DV�ZHOO
DV� YDULDEOH��7KLV� LQIRUPDWLRQ�FDQ�EH� UHOHYDQW� LQ� WKH� IX�
WXUH�SODQQLQJ�RI�GHGLFDWHG�DHULDO�DQG�VKLS�VXUYH\V�DLPHG
WR�PRQLWRU�FHWDFHDQ�DEXQGDQFH�DQG�WUHQGV��H�J��WKURXJK
GLVWDQFH� VDPSOLQJ� PHWKRGV� �%XFNODQG� HW� DO��� ������
6KLSV� RIIHULQJ� DSSURSULDWHO\� KLJK� REVHUYDWLRQ� GHFNV
VKRXOG�EH�XVHG�LQ�RUGHU�WR�LQFUHDVH�HQFRXQWHU�UDWHV�DQG�
KHQFH�� VDPSOH� VL]H��*LYHQ� WKDW�ERWWOHQRVH�GROSKLQV� DUH
YLUWXDOO\� WKH� RQO\� VSHFLHV� UHJXODUO\� IRXQG� LQ� WKLV� DUHD�
DQG�VSHFLHV� LGHQWLILFDWLRQ� IURP�DERYH�ZRXOG�QRW�EH�DQ
LVVXH��DHULDO�VXUYH\V�PD\�\LHOG�FRVW�HIIHFWLYH�LQIRUPDWLRQ
RQ�GLVWULEXWLRQ�DQG�DEXQGDQFH�

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

7KLV�ZRUN�ZDV�IXQGHG�LQ�SDUW�E\�D�3HZ�0DULQH�&RQ�
VHUYDWLRQ�)HOORZVKLS�������������DZDUGHG�WR�*��%HDU]L
DQG�E\�DQ� ,17(55(*�,,,�&%&�3KDUH� ,WDO\�6ORYHQLD�3URM�
HFW� 2%$6� �%LRORJLFDO� 2FHDQRJUDSK\� RI� WKH� QRUWKHUQ
$GULDWLF� 6HD��� /RJLVWLF� VXSSRUW� ZDV� SURYLGHG� E\� WKH
9HQLFH�1DWXUDO�+LVWRU\�0XVHXP�DQG�7KHWLV�6S$��:H�DUH
JUDWHIXO� WR� &15�,60$5� DQG� WR� WKH� 9HQLFH� &XVWRPV
$XWKRULW\� IRU� FRQWULEXWLQJ� VLJKWLQJ� GDWD� DQG�ZHOFRPLQJ
REVHUYHUV�RQ�ERDUG�WKHLU�YHVVHOV��:H�DUH�JUDWHIXO�WR�/HLUH
$UPHQWLD� /DVXHQ�� 0DUWD� $]]ROLQ�� 6LPRQD� %HUQDVFRQL�
6LOYLD� %RQL]]RQL�� 6HEDVWLDQR� %UXQR�� /RUHQ]D� 0HO� DQG
$QQDOLVH�3HWURVHOOL�IRU�WKHLU�FRQWULEXWLRQ�WR�WKH�FROOHFWLRQ
RI� ILHOG�GDWD��&DWHULQD�0DULD� )RUWXQD�� 7LOHQ�*HQRY�DQG
DQ�DQRQ\PRXV� UHYLHZHU�RIIHUHG� LQVLJKWIXO� FRPPHQWV� WR
LPSURYH�HDUO\�GUDIWV�

32'$7.,�2�'(/),1,+�,1�67231-,�65(à(9$1-�6�72�95672�9�6(9(51(0�-$'5$16.(0
025-8�0('�/(720$����������

*LRYDQQL�%($5=,��0DULQD�&267$��(OHQD�32/,7,��6WHIDQR�$*$==,��1LQR�3,(5$1721,2�	�'DULD�721,1,
7HWK\V�5HVHDUFK�,QVWLWXWH��,�������0LODQR��9LDOH�*�%��*DGLR����,WDO\

(�PDLO��JLRYDQQL�EHDU]L#JPDLO�FRP

0DXUR�%$67,$1,1,
&15�,60$5��,VWLWXWR�GL�6FLHQ]H�0DULQH��,�������9HQH]LD��&DVWHOOR������$��,WDO\

329=(7(.

0HG�OHWRPD������LQ������VPR�Y�VHYHUQHP�-DGUDQVNHP�PRUMX�]DEHOHÊLOL�VNXSQR�����RSDÊDQM�NLWRY�LQ�GHOILQRY�
3RWUMHQH�LGHQWLILNDFLMH��Q� �����VR�VH�QDQDÈDOH�L]NOMXßQR�QD�YHOLNH�SOLVNDYNH�7XUVLRSV�WUXQFDWXV��1DYDMDPR�WXGL�VWR�
SQMR�VUHßHYDQM�]D�WR�YUVWR��SRGDWNL�VR�ELOL�SULGREOMHQL�PHG� OHWRPD������ LQ������ WHNRP�YL]XDOQHJD�SRSLVD�NLWRY� LQ
GHOILQRY�]�UD]OLßQLK�UD]LVNRYDOQLK�SORYLO�PHG������NP�GROJR�QDPHQVNR�SORYER�SR�REPRßMX�YHOLNHP�FFD��������NP��
6WRSQMD�VUHßHYDQM�VH�MH�JLEDOD�PHG������LQ������VNXSLQ�QD�����NP�SORYEH��EUH]�L]UD]LWH�UD]OLNH�Y�OHWLK��SRG�SRJRMHP
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XSRUDEH�NRQVLVWHQWQH�PHWRGRORJLMH��8JRWRYOMHQD�MH�ELOD�NRUHODFLMD�PHG�VWRSQMR�VUHßHYDQM�LQ�YLÈLQR�RßL�RSD]RYDOFD�
RGYLVQR�RG�UD]OLßQLK�YLÈLQ�RSD]RYDOQLK�SORÈßDGL��,]VOHGNL�WH�ÈWXGLMH�NDÊHMR�QD�WR��GD�MH�YHOLND�SOLVNDYND�JODYQD�YUVWD
NLWRY�LQ�GHOILQRY��NL�VH�WHNRP�]DGQMLK����OHW�UHGQR�SRMDYOMD�Y�VHYHUQHP�-DGUDQVNHP�PRUMX��7H�LQIRUPDFLMH�SULVSHYDMR
N� REOLNRYDQMX� RNROMVNLK� L]KRGLÈß�� ODKNR� SD� VH� XSRUDELMR� WXGL� SUL� REOLNRYDQMX� SRSLVRY� ]D� SULGRELYDQMH� DEVROXWQH
RFHQH�ÈWHYLOßQRVWL�NLWRY�LQ�GHOILQRY�Y�WHP�GHOX�-DGUDQVNHJD�PRUMD�

.OMXÞQH�EHVHGH��NLWL�LQ�GHOILQL��-DGUDQVNR�PRUMH��YHOLND�SOLVNDYND��7XUVLRSV�WUXQFDWXV

5()(5(1&(6

%HDU]L��*���5��5��5HHYHV��*��1RWDUEDUWROR�GL� 6FLDUD�� (�
3ROLWL��$��&DÇDGDV��$��)UDQW]LV�	�%��0XVVL���������(FRO�
RJ\� DQG� FRQVHUYDWLRQ� VWDWXV� RI� VKRUW�EHDNHG� FRPPRQ
GROSKLQV� �'HOSKLQXV�GHOSKLV�� LQ� WKH�0HGLWHUUDQHDQ�6HD�
0DPP��5HY������������������
%HDU]L�� *��� '�� +ROFHU� 	� *�� 1RWDUEDUWROR� GL� 6FLDUD
�������� 3DVW� DQG� SUHVHQW� VWDWXV� RI� FHWDFHDQV� LQ� WKH
QRUWKHUQ�$GULDWLF�6HD�ZLWK�UHVSHFW�WR�KLVWRULFDO�WDNHV�DQG
UHFHQW� KDELWDW� GHJUDGDWLRQ�� $TXDW�� &RQVHUY��� ���� ����
����
%HDU]L��*���$��$]]HOOLQR��(��3ROLWL��0��&RVWD�	�0��%DVWL�
DQLQL� �������� ,QIOXHQFH� RI� VHDVRQDO� IRUFLQJ� RQ� KDELWDW
XVH� E\� ERWWOHQRVH� GROSKLQV� 7XUVLRSV� WUXQFDWXV� LQ� WKH
QRUWKHUQ�$GULDWLF�6HD��2FHDQ�6FL��-������������������
%XFNODQG��6��7���'��5��$QGHUVRQ��.��3��%XUQKDP�	�-��/�
/DDNH���������'LVWDQFH�VDPSOLQJ��HVWLPDWLQJ�DEXQGDQFH
RI� ELRORJLFDO� SRSXODWLRQV�� &KDSPDQ� 	� +DOO�� /RQGRQ�
����S�
'HJREELV�� '��� 5�� 3UHFDOL�� ,�� ,YDQFLF�� 1�� 6PRGODND�� '�
)XNV� 	� 6�� .YHGHU� �������� /RQJ�WHUP� FKDQJHV� LQ� WKH
QRUWKHUQ� $GULDWLF� HFRV\VWHP� UHODWHG� WR� DQWKURSRJHQLF
HXWURSKLFDWLRQ��,QW��-��(QYLURQ��3ROOXW���������������
)UDQFHVH��0���0�� 3LFFLXOLQ��0�� 7HPSHVWD�� )�� =XSSD�� (�
0HUVRQ�� $�� ,QWLQL�� $��0D]]DWHQWD� 	� 7�� *HQRY� �������
7KH�SUHVHQFH�RI�VWULSHG�GROSKLQV��6WHQHOOD�FRHUXOHRDOED�
LQ� WKH� *XOI� RI� 7ULHVWH�� $QQDOHV�� 6HU�� +LVW�� 1DW��� ������
��������
)UDQFR�� 3�� 	� $�� 0LFKHODWR� �������� 1RUWKHUQ� $GULDWLF
6HD��RFHDQRJUDSK\�RI�WKH�EDVLQ�SURSHU�DQG�RI� WKH�ZHVW�
HUQ�FRDVWDO�]RQH��6FL��7RWDO�(QYLURQ���6XSSO���������

*HQRY��7���3��.RWQMHN�� -��/HVMDN��$��+DFH�	�&��0��)RU�
WXQD���������%RWWOHQRVH�GROSKLQV��7XUVLRSV�WUXQFDWXV�� LQ
6ORYHQLDQ� DQG� DGMDFHQW� ZDWHUV� �QRUWKHUQ� $GULDWLF� 6HD��
$QQDOHV��6HU��+LVW��1DW������������������
*HQRY��7���3��.RWQLHN�	�/��/LSHM���������1HZ�UHFRUG�RI
WKH� KXPSEDFN� ZKDOH� �0HJDSWHUD� QRYDHDQJOLDH�� LQ� WKH
$GULDWLF�6HD��$QQDOHV��6HU��+LVW��1DW����������������
*ULOOL��)���0��0DULQL��'��'HJREELV��&��5��)HUUDUL��3��)RU�
QDVLHUR��$��5XVVR��0��*LVPRQGL��7��'MDNRYDF��5��3UHFDOL
	�5��6LPRQHWWL� ��������&LUFODWLRQ�DQG�KRUL]RQWDO� IOX[HV
LQ�WKH�QRUWKHUQ�$GULDWLF�6HD�LQ�WKH�SHULRG�-XQH������-XO\
������ 3DUW� ,,�� 1XWULHQWV� WUDQVSRUW�� 6FL�� 7RWDO� (QYLURQ��
�������������
.U\VWXIHN�� %��	� /�� /LSHM� ��������.LWL� �&HWDFHD�� Y� VHYHU�
QHP�-DGUDQX��$QQDOHV����������
/LSHM��/���-��'XOFLF�	�%��.U\VWXIHN���������2Q�WKH�RFFXU�
UHQFH� RI� WKH� ILQ� ZKDOH� �%DODHQRSWHUD� SK\VDOXV�� LQ� WKH
QRUWKHUQ�$GULDWLF��-��0DU��%LRO��$VVRF��8.��������������
5XVVR�� $��� 6�� 5DELWWL� 	� 0�� %DVWLDQLQL� ��������'HFDGDO
FOLPDWLF�DQRPDOLHV�LQ�WKH�QRUWKHUQ�$GULDWLF�6HD� LQIHUUHG
IURP� D� QHZ� RFHDQRJUDSKLF� GDWD� VHW�� 0DU�� (FRO��� (YRO�
3HUVS���������������
6gHQ]�$UUR\R�� $��� &��0�� 5REHUWV�� -�� 7RUUH��0�� &DULQR�
2OYHUD�	�5��5��(QULTXH]�$QGUDGH���������5DSLGO\�VKLIW�
LQJ�HQYLURQPHQWDO�EDVHOLQHV�DPRQJ�ILVKHUV�RI�WKH�*XOI�RI
&DOLIRUQLD��3URF��5��6RF��%�����������������
6RFDO��*���$��3XJQHWWL��/��$OEHUJKL�	�)��$FUL���������2E�
VHUYDWLRQV� RQ� SK\WRSODQNWRQ� SURGXFWLYLW\� LQ� UHODWLRQ� WR
K\GURJUDSK\� LQ� WKH�1RUWKHUQ�$GULDWLF��&KHP��(FRO������
������


