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(;(&87,9(�6800$5<�
7KLV�UHSRUW�GHVFULEHV�D�VWXG\�WR�HVWDEOLVK�D�VHULHV�RI�PRQLWRULQJ�VWDWLRQV�RQ�VXEOLWWRUDO�
KDUG� VXEVWUDWH� WKURXJKRXW� 0LOIRUG� +DYHQ�� DQG� WR� FROOHFW� EDVHOLQH� GDWD� IRU� WKHVH�
VWDWLRQV�� 7KH� VWXG\� ZDV� FRPPLVVLRQHG� E\� WKH� 0LOIRUG� +DYHQ� :DWHUZD\�
(QYLURQPHQWDO�0RQLWRULQJ� 6WHHULQJ�*URXS�� � 7KH� UHTXLUHPHQWV� RI� WKH� VWXG\�ZHUH� WR�
VXUYH\� D� UDQJH� RI� URFN\� VXEVWUDWH� VLWHV� WKURXJKRXW�0LOIRUG� +DYHQ�� DQG� WR� HVWDEOLVK�
SHUPDQHQW�PRQLWRULQJ�VWDWLRQV�DW�WKHVH�VLWHV���7KH�VWDWLRQV�ZHUH�WR�EH�VXUYH\HG�XVLQJ�
VWDQGDUG�01&5�3KDVH�,,�WHFKQLTXHV��ZLWK�TXDQWLWDWLYH�GHVFULSWLRQV�RI�WKH�HSLEHQWKRV�
UHFRUGHG�ZLWKLQ�SHUPDQHQW�TXDGUDWV�RU�WUDQVHFWV����7KH�PRQLWRULQJ�VWDWLRQV�HVWDEOLVKHG�
ZHUH�UHTXLUHG�WR�EH�HDVLO\�UH�ORFDWDEOH�DQG�VXIILFLHQWO\�UREXVW�WKDW�WKH\�VKRXOG�VXUYLYH�
D�PLQLPXP� RI� ILYH� \HDUV�� � ,Q� DGGLWLRQ�� D� SKRWRJUDSKLF� DQG� YLGHR� UHFRUG�ZDV� WR� EH�
FRPSLOHG� RI� HDFK� VWDWLRQ�� � 7KLUWHHQ� SRVVLEOH� VLWHV� ZHUH� SURSRVHG�� IURP� ZKLFK� WKH�
VXUYH\� DQG�PRQLWRULQJ� VLWHV�ZHUH� WR� EH� VHOHFWHG�� � � 7KHVH� VLWHV� UDQJHG� IURP�&KDSHO�
5RFNV�DW�WKH�PRXWK�RI�WKH�HVWXDU\��D�ZDYH�H[SRVHG��IXOO\�VDOLQH�VLWH�ZKHUH�UHODWLYHO\�
FOHDU� ZDWHU� FRQGLWLRQV� SUHYDLO�� WR� /DQGVKLSSLQJ� 4XD\� VRPH� ��NP� XSVWUHDP�� DQ�
H[WUHPHO\�ZDYH�VKHOWHUHG�VLWH�ZKHUH�ORZ�VDOLQLW\�DQG�KLJK�WXUELGLW\�FRQGLWLRQV�SUHYDLO����
2XW�RI� WKHVH����SRVVLEOH�VLWHV����ZHUH�VHOHFWHG�IRU�VXUYH\�DQG�PRQLWRULQJ�� � �7KHVH���
VLWHV�ZHUH� VSUHDG� DV� HYHQO\� DV� SUDFWLFDEOH� WKURXJKRXW� WKH�PRXWK�� ORZHU� DQG�PLGGOH�
UHDFKHV�RI�WKH�HVWXDU\��

7KH�ILHOG�ZRUN�IRU�WKLV�VWXG\�ZDV�FRQGXFWHG�GXULQJ�WKH�VXPPHU�RI�������EHWZHHQ�WKH�
��WK�RI�0D\�DQG�WKH���VW�RI�-XO\���$�WHDP�RI�IRXU��+6(�TXDOLILHG��GLYHU�ELRORJLVWV�ZDV�
XVHG� IRU� DOO� GLYLQJ� RSHUDWLRQV�� � � � 'LYLQJ� RSHUDWLRQV�ZHUH� FRQGXFWHG� IURP� WKH� ���P�
ULJLG�KXOOHG� LQIODWDEOH� �5,%�� 6WDUILVK�� � 7KH� SULPH� PHDQV� RI� SRVLWLRQ� IL[LQJ� ZDV� D�
GLIIHUHQWLDO� JOREDO� SRVLWLRQLQJ� V\VWHP� �'*36�� XVLQJ� D� ORFDO� GLIIHUHQWLDO� VLJQDO��
VXSSOLHG�E\�0LOIRUG�+DYHQ�3RUW�$XWKRULW\��

'XH� WR� WKH� VWURQJ� WLGDO� VWUHDPV�SUHYDLOLQJ�ZLWKLQ� WKH�+DYHQ��GLYLQJ�RSHUDWLRQV�ZHUH�
OLPLWHG� WR� UHODWLYHO\� VKRUW� SHULRGV� RI� VODFN� ZDWHU� GXULQJ� QHDS� WLGHV�� � $OO� GLYLQJ�
RSHUDWLRQV� ZHUH� FRQGXFWHG� LQ� DFFRUGDQFH� ZLWK� +6(� 'LYLQJ� 2SHUDWLRQV� DW� :RUN�
5HJXODWLRQV� �����$SSURYHG�&RGH� RI� 3UDFWLFH�� 6FLHQWLILF� DQG�$UFKDHRORJLFDO�'LYLQJ�
3URMHFWV� �+HDOWK� DQG� 6DIHW\� &RPPLVVLRQ�� DQG� 0DULQH� %LRORJLFDO� 6XUYH\V� 'LYLQJ�
5HJXODWLRQV��

6LWHV�ZHUH�VHOHFWHG�IURP�WKH�OLVW�RI����SRWHQWLDO�VLWHV�WR�SURYLGH�JRRG�VSDWLDO�FRYHUDJH�
ZLWKLQ�WKH�VWXG\�DUHD��DQG�WR�DOVR�FRYHU�DV�ZLGH�D�UDQJH�RI�KDUG�VXEVWUDWH�FRPPXQLW\�
W\SHV�DV�SRVVLEOH��H[FOXGLQJ�WKH�VXEOLWWRUDO�IULQJH�DQG�NHOS�IRUHVW����,QHYLWDEO\�SUDFWLFDO�
FRQVLGHUDWLRQV�� LQ� SDUWLFXODU� ZHDWKHU� FRQGLWLRQV�� DOVR� SOD\HG� D� SDUW�� � ([SRVHG� VLWHV�
FRXOG�QRW�EH�ZRUNHG�GXULQJ�VWURQJ�VRXWKHUO\�RU�ZHVWHUO\�ZLQGV��ZKLOH�XSVWUHDP�VLWHV�
EHFDPH�PRUH�GLIILFXOW��WKURXJK�UHGXFHG�YLVLELOLW\��DIWHU�SHULRGV�RI�KHDY\�UDLQIDOO���7KH�
�� VLWHV� VHOHFWHG� IRU� VXUYH\� DQG�PRQLWRULQJ�ZHUH��&KDSHO�5RFNV��*UHDW�&DVWOH�+HDG��
6WDFN� 5RFNV�� 3HQQDU� 0RXWK�� 'RFN� <DUG� %DQN�� 3HPEURNH� )HUU\�� &RVKHVWRQ� 7URW��
&DVWOH� 5RFNV� DQG� &DVWOH� 5HDFK�� $W� &KDSHO� 5RFNV�� 3HPEURNH� )HUU\� DQG� &RVKHVWRQ�
7URW� VLWHV�� GLVWLQFW� ELRORJLFDO� FRPPXQLWLHV� ZHUH� UHFRUGHG� DW� GLIIHUHQW� GHSWK� ]RQHV���
&RQVHTXHQWO\�WZR�VHSDUDWH�VWDWLRQV��RQH�GHHS��RQH�VKDOORZ��ZHUH�HVWDEOLVKHG�DW�HDFK�
RI� WKHVH�VLWHV�� � �7KXV� LQ� WRWDO����VWDWLRQV��HDFK�FRPSULVLQJ� IRXU�PRQLWRULQJ�TXDGUDWV��
ZHUH�HVWDEOLVKHG�����
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7KH�SRVLWLRQ�RI�HDFK�VWDWLRQ�ZDV�UHFRUGHG�XVLQJ�'*36���7KH�ORFDWLRQ�RI�HDFK�VWDWLRQ�
ZDV�DOVR�PDUNHG��JHQHUDOO\�E\�DQFKRULQJ�D�VXE�VXUIDFH�EXR\�WR�WKH�VHDEHG����:KHUH�LW�
ZDV�GHHPHG�QHFHVVDU\�� UHGXQGDQW�PDUNHUV�ZHUH�DOVR�HVWDEOLVKHG�DW�VHW�GLVWDQFHV�DQG�
GLUHFWLRQV�IURP�WKH�VWDWLRQ���

$W�HDFK�VWDWLRQ��VXLWDEOH�SRVLWLRQV�IRU�WKH�IRXU�TXDQWLWDWLYH�PRQLWRULQJ�TXDGUDWV��HDFK�
���P���ZHUH�ORFDWHG���7KH�SUHFLVH�ORFDWLRQ�RI�HDFK�TXDGUDW�ZDV�SHUPDQHQWO\�PDUNHG�E\�
IL[LQJ� VWDLQOHVV� VWHHO� EROWV� RU� ULQJ� EROWV� DW�� RU� FORVH� WR�� WZR� RI� WKH� TXDGUDW� FRUQHUV���
:KHUH�ILVVXUHV�LQ�WKH�URFN�FRXOG�EH�H[SORLWHG��WKH�PDUNLQJ�EROWV�KDPPHUHG�LQWR�WKHVH�
DQG��ZKHUH�QHFHVVDU\��VHFXUHG�E\�ILOOLQJ�WKH�FUHYLFH�ZLWK�UHVLQ���:KHUH�ILVVXUHV�FRXOG�
QRW�EH�XVHG��KROHV�ZHUH�GULOOHG�XVLQJ�D�SQHXPDWLF�GULOO�DQG�WKH�EROWV�VHFXUHG�LQ�WKHVH��
DJDLQ�XVLQJ�TXLFN�VHWWLQJ�UHVLQ��

7KH�SRVLWLRQ�RI�HDFK�TXDGUDW�ZDV�PDSSHG�UHODWLYH�WR�WKH�VWDWLRQ�PDUNHU�DQG�DQ\�RWKHU�
FRQVSLFXRXV�IHDWXUHV�SUHVHQW��

$Q� DOXPLQLXP� TXDGUDW� IUDPH� ZDV� SRVLWLRQHG�� LQ� WXUQ�� RYHU� HDFK� TXDGUDW�� DQG� WKH�
QXPEHU�RI�LQGLYLGXDOV�RU�FRORQLHV�RI�HDFK�VSHFLHV�SUHVHQW�ZDV�FRXQWHG�� �6SHFLHV�WKDW�
FRXOG� QRW� EH� LGHQWLILHG� XQGHUZDWHU� ZHUH� FROOHFWHG� DQG� LGHQWLILHG� LQ� WKH� ODERUDWRU\���
(DFK�TXDGUDW�ZDV�DOVR�SKRWRJUDSKHG�DQG�YLGHRHG����

7KH� JHQHUDO� KDELWDW� LQ� WKH� YLFLQLW\� RI� WKH� VWDWLRQ� ZDV� DOVR� VXUYH\HG�� DQG� WKH�
DEXQGDQFHV�RI�FRQVSLFXRXV�VSHFLHV�UHFRUGHG��

7KLV� UHSRUW� GHWDLOV� WKH� PHWKRGV� HPSOR\HG�� DQG� GHVFULEHV� HDFK� VLWH� DQG� VWDWLRQ�
VXUYH\HG���$SSHQGLFHV�RI�WKH�UHSRUW�LQFOXGH��

GLDJUDPV�VKRZLQJ�WKH�TXDGUDW�SRVLWLRQV�LQ�UHODWLRQ�WKH�VWDWLRQ�PDUNHUV�DQG�JHQHUDO�
VHDEHG�IHDWXUHV���
GHWDLOV�RI�WKH�VSHFLHV�UHFRUGHG�DW�HDFK�VWDWLRQ�DQG�
PLFURSKRWRJUDSKV�RI�VSRQJH�VDPSOHV�FROOHFWHG�
SKRWRJUDSKV�DQG�HGLWHG�YLGHR�IRRWDJH�RI�WKH�JHQHUDO�KDELWDW�DW�HDFK�VWDWLRQ�DQG�RI�
HDFK�TXDGUDW��

5HFRPPHQGDWLRQV�
7KH�UHSRUW�DOVR�LQFOXGHV�D�QXPEHU�RI�UHFRPPHQGDWLRQV��WKHVH�DUH�VXPPDULVHG�EHORZ���

��� 6LWH�PDLQWHQDQFH�LV�FRQGXFWHG�DW�QR�JUHDWHU�WKDQ�WZR�\HDU�LQWHUYDOV��
:KLVW� HYHU\� HIIRUW� KDV�EHHQ�PDGH� WR� HQVXUH� WKH�PRQLWRULQJ� VWDWLRQV�ZLOO� VXUYLYH� IRU�
ILYH�\HDUV��LW�LV�FRQVLGHUHG�LQHYLWDEOH�WKDW�WKHUH�ZLOO�EH�FRQVLGHUDEOH�GHWHULRUDWLRQ�DQG�
RYHUJURZWK�ZLWKLQ� WKDW� WLPHVFDOH�� � ,W� LV� WKHUHIRUH� VXJJHVWHG� WKDW� VLWH�PDLQWHQDQFH� LV�
FRQGXFWHG� DW� QR� JUHDWHU� WKDQ� WZR� \HDU� LQWHUYDOV�� � � ,W� LV� IHOW� WKDW� WKH� DGGLWLRQDO� FRVWV�
LQFXUUHG�IRU� WKLV� LQFUHDVHG�VHUYLFLQJ�IUHTXHQF\�ZLOO�EH�RIIVHW�E\�WKH�VDYLQJV�LQFXUUHG�
WKURXJK� FRQGXFWLQJ� VHUYLFLQJ�EHIRUH� LW� EHFRPHV� D�PDMRU� SUREOHP� IRU� VWDWLRQ�TXDGUDW�
ORFDWLRQ�� DQG� WKH� LQFUHDVHG�FRQILGHQFH� LQ� FRPSDULVRQV�PDGH�EHWZHHQ�GDWD� VHWV� IURP�
VXFFHVVLYH�PRQLWRULQJ�SHULRGV���

��� 0RQLWRULQJ�VKRXOG�EH�FRQGXFWHG�DW�OHDVW�ELHQQLDOO\��
,W�LV�DVVXPHG�WKDW�RQH�PDMRU�EHQHILW�IURP�HVWDEOLVKLQJ�WKH�PRQLWRULQJ�SURJUDPPH�ZLOO�
EH�WKH�SURYLVLRQ�RI�D�EHQFKPDUN�µFRQGLWLRQ¶�IRU�HDFK�VWDWLRQ��DJDLQVW�ZKLFK�FKDQJH��LQ�
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SDUWLFXODU�FKDQJH�IROORZLQJ�D�VLJQLILFDQW�LPSDFW��PD\�EH�PHDVXUHG���+RZHYHU��VSHFLHV�
DVVHPEODJHV�PD\�IOXFWXDWH�QDWXUDOO\�RYHU�WLPH��SDUWLFXODUO\�ZKHUH�IDVW�JURZLQJ��VKRUW�
OLYHG� VSHFLHV� GRPLQDWH�� � :LWKRXW� D� WLPH±VHULHV� GDWD� VHW� RI� YDULDWLRQ� XQGHU� QDWXUDO�
FRQGLWLRQV�� LW� LV� GLIILFXOW� WR� GLVWLQJXLVK� EHWZHHQ� µQRUPDO¶� FKDQJH� LQ� VSHFLHV�
FRPSRVLWLRQ� DQG� WKDW� GXH� WR� DQWKURSRJHQLF� LPSDFWV�� � � :LWK� D� PRQLWRULQJ� LQWHUYDO�
JUHDWHU�WKDQ�WZR�\HDUV��LW�LV�IHOW�WKDW�WKH�FRQVWUXFWLRQ�RI�D�XVHDEOH�WLPH�VHULHV�GDWDVHW��
DQG�VR�SDUDPHWHUV�IRU�FKDQJH�XQGHU�QRUPDO�FRQGLWLRQV��ZLOO�WDNH�DQ�LQRUGLQDWHO\�ORQJ�
WLPH���

,W�PD\�EH�GHVLUDEOH�WR�SULRULWLVH�PRQLWRULQJ�HIIRUW��IRU�H[DPSOH�VL[�RI�WKH�VLWHV�FRXOG�EH�
VHOHFWHG�IRU�ELHQQLDO�PRQLWRULQJ��WKH�UHPDLQGHU�PRQLWRUHG�RQ�D�PRUH�LQIUHTXHQW�EDVLV�
�H�J��HYHU\�ILYH�RU�VL[�\HDUV����

��� 7KHUH�VKRXOG�EH�D�GHJUHH�RI�FRQWLQXLW\�ZLWKLQ�WKH�PRQLWRULQJ�WHDP��
)LQDOO\��LW�LV�VWURQJO\�EHOLHYHG�WKDW�WKH�TXDOLW\�RI�PRQLWRULQJ�GDWD�LV�JUHDWO\�HQKDQFHG�LI�
WKHUH�LV�D�GHJUHH�RI�FRQWLQXLW\�ZLWKLQ�WKH�PRQLWRULQJ�WHDP���7KLV�GRHV�QRW�QHFHVVDULO\�
PHDQ� WKDW� WKH�VDPH�FRQWUDFWRU�VKRXOG�XQGHUWDNH� WKH�ZRUN��EXW� WKDW�DW� OHDVW�RQH� WHDP�
PHPEHU� VKRXOG� SDUWLFLSDWH� RQ� VXFFHVVLYH� PRQLWRULQJ� H[HUFLVHV�� � 1R� PDWWHU� KRZ�
GHWDLOHG�WKH�GHVFULSWLRQV�DUH�RI�VLWH�ORFDWLRQ��PHWKRGRORJ\�DQG�GDWD�ZRUN�XS��WKHUH�ZLOO�
DOZD\V�EH�QXPHURXV�VPDOO�GHWDLOV�RI�KHOG�LQ�VXUYH\RU¶V�KHDGV�UDWKHU�WKDQ�GHVFULEHG�RQ�
SDSHU����(QVXULQJ�WKHVH�GHWDLOV�UHPDLQ�FRQVWDQW�KHOSV�WR�HQVXUH�FRPSDULVRQV�RI�GDWDVHWV�
DUH�WUXO\�FRPSDULQJ�µOLNH�IRU�OLNH¶���2QH�SUDFWLFDO�ZD\�RI�HQVXULQJ�WKLV�PD\�EH�WR�KDYH�
DQ�HPSOR\HH�RI�&&:��RU�RWKHU�PHPEHU�RI�0+:(06*��SDUWLFLSDWH�RQ�SDUW�RI�HDFK�
PRQLWRULQJ�SURJUDPPH�����
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