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DUHD��(DVW�RI�WKH�&{D�5LYHU�� EHORQJLQJ�WR�WKH�ZROI�QXFOHXV�ORFDWHG�6RXWK�RI�WKH�'RXUR�5LYHU��

DQG�GHILQHG� LWV�SRSXODWLRQ�VWDWXV�DV�XQVWDEOH�DQG� WKUHDWHQHG��$�VHFRQG�QDWLRQDO�ZROI� VXUYH\�

PDGH LQ� ������� �3LPHQWD� HW� DO�� ����� FRQILUPHG� ZROI� SUHVHQFH� LQ� �� 870� ���[��� NP�

VTXDUHV��DQG ��KRPH�UDQJHV�RI�³SUREDEOH´�ZROI�SDFNV��

,Q������������WKH�PRVW�UHFHQW�ZROI�VWXG\�FRQGXFWHG�LQ�WKH�UHJLRQ�E\�*UXSR�/RER�DQG�=RR

/RJLFDO��GHVFULEHG�DQ�LQFUHDVH�LQ�WKH�VSHFLHV�UDQJH����870��DQG LGHQWLILHG�RQH SRWHQWLDO ZROI�

SDFN� �:HVW� RI� WKH� &{D� 5LYHU� �&DGHWH HW� DO� ������� 7KHVH� GDWD� PLJKW� LQGLFDWH� D� QDWXUDO�

UHFRORQL]DWLRQ SURFHVV�� EXW� UHVXOWV� FRXOG� KDYH� EHHQ� ELDVHG� E\� WKH� VXFFHVVIXO� DSSOLFDWLRQ RI�

QHZ�PHWKRGV� VXFK� DV� QRQ�LQYDVLYH� JHQHWLF� VDPSOLQJ� �1*6�� DQG� FDPHUD� WUDSSLQJ� DV� WKHVH�

WHFKQLTXHV� FDQ� LPSURYH� WKH� DFFXUDF\� RI�ZROI� GHWHFWLRQ��'XULQJ� WKLV� VWXG\�� QR� UHSURGXFWLRQ

ZDV�GHWHFWHG�DOWKRXJK� WKHUH�ZDV�D�FDPHUD�WUDS� UHFRUG�RI���DGXOW�ZROYHV� LQ�D� MRLQW�DWWDFN� WR

OLYHVWRFN��$� GHDG� IHPDOH� ZDV� IRXQG� LQ� WKH� QRUWKHUQ� UDQJH� RI� WKH� SURMHFW¶V� VWXG\� DUHD� ZLWK�

XQGHWHUPLQHG�FDXVH�RI�GHDWK��

1RQ�LQYDVLYH� JHQHWLFV� LV� EDVHG� RQ� JHQHWLF� LGHQWLILFDWLRQ� RI� VSHFLHV�� LQGLYLGXDO� JHQRW\SH�

DQG� VH[�RI�XQNQRZQ�ELRORJLFDO� VDPSOHV� �VFDWV�� XULQH�� VDOLYD� DQG�KDLUV���ZKLFK� DUH� FROOHFWHG�

ZLWKRXW� DQ\� LQWHUDFWLRQ� ZLWK� WKH� DQLPDOV�� DQG� KDV� EHHQ� VXFFHVVIXOO\� DSSOLHG� LQ�PRQLWRULQJ�

SURJUDPPHV� RI� HOXVLYH� VSHFLHV� OLNH� WKH� ZROI� �)DEEUL� HW� DO� ������ /XFFKLQL� HW� DO� ������

0DUXFFR�HW�DO� ������*DODYHUQL HW�DO� �������0LFURVDWHOOLWHV��675V��KDYH EHHQ�WKH�PDUNHU�RI�

FKRLFH� LQ� WKH� ODVW� WZR� GHFDGHV�� XVHG� WR� LGHQWLI\� VSHFLHV� DQG� WR� GHWHFW� LQGLYLGXDO� JHQRW\SHV�

IURP� QRQ�LQYDVLYH� DQG� IRUHQVLF� VDPSOHV� �7DEHUOHW� 	� /XLNDUW� ������ %URTXHW� HW� DO�� �������

+RZHYHU��'1$�GHJUDGDWLRQ�RI� WKHVH�NLQG�RI� VDPSOHV� OHDGV�RIWHQ� WR� ORZ�DPSOLILFDWLRQ� UDWHV�

DQG�JHQRW\SLQJ�HUURUV��%RQLQ�HW�DO���������7KHVH�HUURUV�FDQ�EH�PLQLPL]HG�E\�D�PXOWLSOH�WXEH�

UHSOLFDWLRQ�DSSURDFK��7DEHUOHW�HW�DO� ������DQG�E\�VWDWLVWLFDO�YDOLGDWLRQ�RI�WKH�UHVXOWV�RI�3&5�

UHSOLFDWHV��0LOOHU�HW�DO��������9DOLqUH�������PDNLQJ�WKH�QRQ�LQYDVLYH�JHQHWLFV�D�PHWKRG�WKDW�

FDQ� SURYLGH� GDWD� WKDW� FRXOG� QRW� EH� REWDLQHG� E\� DQ\� RWKHU� PRQLWRULQJ� PHWKRG� �:DLWV� 	�

3DHWNDX�������

$W� ,1,$9 �,QVWLWXWR� 1DFLRQDO� GH� ,QYHVWLJDomR� $JUiULD� H� 9HWHULQiULD��� QRQ�LQYDVLYH�

JHQHWLFV� PRQLWRULQJ� LV� EHLQJ� FDUULHG� RXW� IRU� PRUH� WKDQ� � \HDUV�� XVLQJ� PLFURVDWHOOLWHV� DV�

PROHFXODU�PDUNHUV��7KH� VDPH�PDUNHUV�XVHG� LQ� WKH�SUHVHQW� VWXG\� OHG� WR� WKH� LGHQWLILFDWLRQ�RI�

GLIIHUHQW�ZROI�JHQRW\SHV�WKDW�ZHUH�VDPSOHG�LQ�D�SDUWLFXODU�3RUWXJXHVH�JHRJUDSKLFDO�DUHD�1RUWK�
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IURP�OLYHVWRFN DWWDFNV�ZDV SHUIRUPHG��VKRZLQJ�D�VXFFHVV�UDWH�RI�DURXQG���� �%RUJHV�HW�DO�

����D�� 1*6�XVLQJ�PLFURVDWHOOLWH�PDUNHU�DOORZHG�DOVR�WR�HVWLPDWH�D�PLQLPXP�SRSXODWLRQ�VL]H�

RI���LQGLYLGXDOV :HVW�RI�WKH�&{D�5LYHU��GXULQJ�WKH�DERYH�PHQWLRQHG�ZROI�VXUYH\�

���*RDO

7KH� REMHFWLYH ZDV� WR� FRQGXFW� DQ� DFFXUDWH� ZROI� VXUYH\� XVLQJ� QRQ�LQYDVLYH� PHWKRGV��

LQFOXGLQJ�GLUHFW�DQG�LQGLUHFW�ILHOG�WHFKQLTXHV�DQG�JHQHWLF�DQDO\VLV��6SHFLILFDOO\ ZH VRXJKW�WR�

SURGXFH�D�UHOLDEOH�DQG�XSGDWHG�ZROI�GLVWULEXWLRQ�PDS� LGHQWLI\�SRWHQWLDO�ZROI�SDFNV� HVWLPDWH�

WKH� PLQLPXP� SRSXODWLRQ� VL]H� DQG� XQGHUVWDQG� GHPRJUDSKLF� SDWWHUQV� WKDW� PLJKW� LQIOXHQFH�

SRSXODWLRQ�WUHQG�

���6WXG\�$UHD

7KH�VWXG\�DUHD�������NP����)LJ� ���LV�ORFDWHG LQ�WKH�FHQWUH�RI�3RUWXJDO��VRXWK�RI�WKH�'RXUR�

5LYHU�� LQ� WKH� ERUGHULQJ� UHJLRQ� ZLWK� 6SDLQ�� ,W� FRQVLVWV� RI D� SODWHDX� ���������P KLJK� ZLWK�

W\SLFDOO\� 0HGLWHUUDQHDQ KDELWDW� IHDWXUHV� LQFOXGLQJ� IORUD� VSHFLHV� VXFK� DV� WKH� +ROP� RDN�

�4XHUFXV�LOH[���WKH�*XP�URFNURVH��&LVWXV�ODGDQLIHU��DQG�HPEOHPDWLF�HQGDQJHUHG�DYLIDXQD�OLNH�

WKH�(J\SWLDQ�YXOWXUH��1HRSKURQ�SHUFQRSWHUXV��DQG�WKH�%ODFN�VWRUN��&LFRQLD�QLJUD���,WV�KLJKO\�

KXPDQL]HG� ODQGVFDSH� PDLQO\� FRQVLVWV� RI� DJULFXOWXUDO� SDWFKHV� PL[HG� ZLWK� IRUHVWHG� DUHDV�

VFDWWHUHG E\�VPDOO�YLOODJHV�� ,W�FRYHUV���PXQLFLSDOLWLHV�DQG���SURWHFWHG�DUHDV��)LJ� ����(VWUHOD�

0RXQWDLQ�1DWXUDO�3DUN��0DOFDWD�0RXQWDLQ�1DWXUDO�5HVHUYH��,QWHUQDWLRQDO�'RXUR�1DWXUDO�3DUN�

DQG�,QWHUQDWLRQDO�7HMR�1DWXUDO�3DUN��

,W� DOVR� LQFOXGHV� RQH� 1DWXUD� ����� VLWH� �0DOFDWD�� DQG� RQH� SULYDWH� QDWXUDO� UHVHUYH� �)DLD�

%UDYD���7KH�ULYHU�QHWZRUN�LQFOXGHV�5LYHUV�'RXUR��7HMR��ÈJXHGD��&{D�DQG�WKH�&DEUDV¶V�&UHHN��

(VWUHOD��0DURID� DQG�0DOFDWD� DUH� WKH� PDLQ� PRXQWDLQ� OLNH� ODQGVFDSH� WKURXJKRXW� WKH� UHJLRQ��

$OWKRXJK�YLOODJH�QXPEHUV�DUH�KLJK��,1(��������LW�LV�LQ�JHQHUDO�D�ORZ�KXPDQ�GHQVLW\�WHUULWRU\�

�,1(� ������� ZKHUH� IDUPLQJ� DQG� KXVEDQGU\� DUH� WKH� PDLQ� HFRQRPLF� DFWLYLWLHV�� /LYHVWRFN� LV�

FRPPRQO\� JUD]HG� LQ� ODUJH� SRRUO\� IHQFHG� DUHDV� WKDW� LQFOXGH� SDVWXUHV�� EXVK� DQG� IRUHVWHG�

FOXVWHUV��6HPL�IUHH�UDQJH�FDWWOH��UDLVHG�IRU�PHDW�SURGXFWLRQ��DQG�VKHHS�DQG�RU�JRDW�IORFNV�DUH�

VHOGRP�ZDWFKHG�E\�VKHSKHUGV�RU�JXDUGHG�E\�GRJV�
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)LJXUH � � 3URWHFWHG�DUHDV ORFDWHG�LQ�WKH�VWXG\�DUHD��(VWUHOD�0RXQWDLQ�1DWXUDO�3DUN�� 316(��0DOFDWD�

0RXQWDLQ�1DWXUDO�5HVHUYH � 5160��,QWHUQDWLRQDO�7HMR�1DWXUDO�3DUN�± 317,���DQG�D�SULYDWH�QDWXUDO�

LQWHUHVW�DUHD��)DLD�%UDYD�5HVHUYH��
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7KUHH� ZROI� ZLOG� SUH\� VSHFLHV� RFFXU� WKURXJKRXW� WKH� VWXG\� DUHD�� ZLOG� ERDU� �6XV� VFURID���

ZKRVH� GHQVLW\� LV� SHUFHLYHG� DV KLJK�� HYHQ� WKRXJK� UHJLRQDO� VWXGLHV� DUH� PLVVLQJ� �� UHG� GHHU�

�&HUYXV�HODSKXV���RQO\�LQ�WKH�VRXWKHUQ�UDQJH�DQG�PDLQO\�LQ�JDPH�KXQWLQJ�DUHDV��DQG�URH�GHHU�

�&DSUHROXV�FDSUHROXV���ZKLFK�SRSXODWLRQ��GHVSLWH�EHLQJ�H[SDQGLQJ��6DOD]DU��������LV�VWLOO�QRW�

ZHOO�NQRZQ��6SRUW�KXQWLQJ��HVSHFLDOO\�ZLOG�ERDU�DQG�UDEELW� LV�SRSXODU� WKURXJKRXW� WKH�VWXG\�

DUHD��)UHH�UDQJLQJ�GRJV�DUH�VRPHZKDW�FRPPRQ�LQ� WKH�VWXG\�DUHD�� UHVXOWLQJ�IURP�DEDQGRQHG�

OLYHVWRFN� JXDUGLQJ� RU� KXQWLQJ� GRJV��7KH\� FDQ� HYHQ� IRUP�RUJDQL]HG� ³GRJ�SDFNV´� DQG� LQIOLFW�

GDPDJHV�LQ�GRPHVWLF�DQLPDOV��SRVLQJ�VHULRXV�SUREOHPV�IRU�ZROI�PRQLWRULQJ�DQG�PDQDJHPHQW��

VLQFH�WKH\�PDNH�LW�PRUH�GLIILFXOW�IRU�WKH�FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�SUHGDWRU�UHVSRQVLEOH�IRU�

GDPDJH�RQ�OLYHVWRFN�DV�ZHOO�DV�IRU�VFDW�VDPSOLQJ�E\�ZROI�ELRORJLVWV�

���0DWHULDO�DQG�0HWKRGV

�����)LHOGZRUN

)LHOGZRUN� ZDV� FRQGXFWHG� IURP� WKH� �VW RI� 'HFHPEHU� ����� WR WKH ��WK 6HSWHPEHU� ������

H[FHSW�IRU�FDPHUD�WUDSSLQJ��WKDW�ZDV�FRQWLQXHG XQWLO WKH ��VW 2FWREHU������

������ /LYHVWRFN�GDPDJH�IRUHQVLF JHQHWLFV

5HSRUWHG� FDQLG� �GRPHVWLF� RU� ZLOG�� DWWDFNV� RQ� OLYHVWRFN� ZHUH� IRUHQVLFDOO\� LQYHVWLJDWHG�

WKURXJKRXW� WKH� VWXG\� SHULRG�� XVLQJ� PROHFXODU� LGHQWLILFDWLRQ� RI� WKH� '1$� SUHVHQW� LQ� KDLU� RU�

VDOLYDU\�VDPSOHV�FROOHFWHG�IURP�FDUFDVVHV�RU�LQ�NLOO�VLWHV �VHH������IRU�GHWDLOHG�'1$�DQDO\VLV���

,Q�HDFK�RFFXUUHQFH� D�PLQLPXP�RI� WKUHH� VDOLYDU\�VZDE�VDPSOHV�ZHUH� FROOHFWHG� IURP�YLVLEOH�

ELWH�ZRXQGV�DQG�FRQVXPHG�ERG\�SDUWV��)LJ������

$�WKRURXJK�VHDUFK�RI�WKH�VXUURXQGLQJV�ZDV PDGH�WR�ORRN�IRU�VFDWV�RU�KDLU��8VLQJ�WKH�FDUFDVV�

DV� D� FHQWURLG�� DQ� H[KDXVWLYH� H[DPLQDWLRQ�RI� D����P� UDGLXV� DURXQG� LW�ZDV�GRQH�� ORRNLQJ� IRU�

ZROI� HYLGHQFH�� QDPHO\� VFDWV�� ,Q� ZLUHG�IHQFH� H[SORUDWLRQV�� D� VHDUFK� IRU� ZROI� KDLU� ZDV�

FRQGXFWHG��HVSHFLDOO\�LQ�DUHDV�WKDW�FRXOG�EH�XVHG�DV�IDXQD�WUDLO�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV
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)LJXUH���± 6ZDE�VDPSOLQJ�RI�D�ELWH�ZRXQG�LQ�D�VKHHS�FDUFDVV�

�������,QWHUYLHZV WR�ORFDO�SHRSOH

,QWHUYLHZV �Q ���� ZHUH� RSSRUWXQLVWLFDOO\ FRQGXFWHG� WKURXJKRXW� WKH� VWXG\� DUHD� WR� JDWKHU�

LQIRUPDWLRQ�DERXW�ZROI�VLJKWLQJV��EUHHGLQJ��PRUWDOLW\�DQG�OLYHVWRFN�GDPDJH��7KHVH�LQWHUYLHZV�

ZHUH� FRPSOHPHQWHG� ZLWK� GDWD� VSHFLILFDOO\� JDWKHUHG� GXULQJ� WKH� V\VWHPDWLF� LQWHUYLHZV�

FRQGXFWHG�LQ�$FWLRQ�$����Q ������GHYHORSHG�IURP�)HEUXDU\�WR�-XQH�������PDLQO\�WR�KXQWHUV��

OLYHVWRFN�RZQHUV�VKHSKHUGV�DQG�IRUHVW�UDQJHUV��ZKHUH�WKH�VDPH�VXEMHFWV�ZHUH�LQTXLUHG��EHVLGH�

RWKHU�UHOHYDQW�LVVXHV��

7KH�LQIRUPDQWV�ZHUH�MXGJHG UHOLDEOH�LI�WKH\�ZHUH�FRQVLGHUHG�WR�KDYH�VRPH�NQRZOHGJH�DQG�

H[SHULHQFH�ZLWK�ZROYHV��H�J��KXQWHUV��IRUHVW�UDQJHUV�RU�OLYHVWRFN�EUHHGHUV�ZLWK�IUHTXHQW�ZROI�

GDPDJH�� UHFRJQL]HG� E\� WKH� RIILFLDO� DXWKRULWLHV�� DQG� LI� WKH� REVHUYDWLRQ� FRQGLWLRQV� HQDEOHG� D�

SUHFLVH� REVHUYDWLRQ� RI� WKH� DQLPDO� �H�J�� OLJKW�� GXUDWLRQ��� )XUWKHUPRUH�� REVHUYDWLRQV� ZHUH�

FRQVLGHUHG� LQ� WKH� DQDO\VLV� LI� WKH\� ZHUH� FRQILUPHG� E\� GLIIHUHQW� REVHUYDWLRQV� RI� GLVWLQFW�

REVHUYHUV� 1RQHWKHOHVV�� LQIRUPDWLRQV� ZHUH� QHYHU� FRQVLGHUHG� DV� D� FRQILUPDWLRQ� RI� ZROI�

SUHVHQFH��EXW�RQO\�DV�DQ�LQGLFDWLRQ�RQ�SUREDEOH�SUHVHQFH�WR EH�YHULILHG E\�ILHOG�GDWD�

�������:ROI�VLJQ�VXUYH\

(DFK� RI� WKH� ��� 870� JULG� VTXDUHV� ���[��� NP� VXSHULPSRVHG� RQWR� WKH� VWXG\� DUHD� ZHUH�

VXUYH\HG� E\� WUDYHOOLQJ� �� SUH�GHILQHG� WUDQVHFWV�� ZLWK� D� PLQLPXP� OHQJWK� RI� �� NP� HDFK��

7UDQVHFWV� GHVLJQ� WRRN� DGYDQWDJH� RI� DJULFXOWXUDO� DQG� IRUHVW� URDGV� DQG� ZHUH� VHOHFWHG� RQ� WKH�
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EDVLV� RI� TXDOLW\� UHJDUGLQJ�ZROI� SRWHQWLDO� KDELWDW� DV�ZHOO� DV� ORZ�KXPDQ�SUHVHQFH� �ZKHQHYHU�

SRVVLEOH���7KH\�ZHUH�FRYHUHG�PDLQO\�E\�FDU��PD[��VSHHG����NP�K��ZLWK�ZDONLQJ�LQVSHFWLRQV�

RQ�SULPDU\�URDG� LQWHUVHFWLRQV�����P�HDFK�ZD\��$� WRWDO�RI�������NP�ZHUH�VXUYH\HG��DYHUDJH�

���� NP�VTXDUH�� VHDUFKLQJ� IRU� ZROI� WUDFNV� DQG� PDLQO\� ZROI� VFDWV� IRU� VXEVHTXHQW� JHQHWLF�

DQDO\VLV� 3RWHQWLDO� ZROI� VFDWV� ZHUH� FROOHFWHG LQ� SODVWLF� EDJV�� FDWDORJXHG ZLWK� VHYHUDO�

SDUDPHWHUV� �H�J�� JHR�UHIHUHQFH�� VXUURXQGLQJ� KDELWDW�� DJH�� DWPRVSKHULF� FRQGLWLRQV��� DQG� WKHQ�

IUR]HQ�XQWLO�EHLQJ�GHOLYHUHG WR WKH�ODERUDWRU\��7KH�PHDQ�ZDLWLQJ�WLPH�EHWZHHQ�VFDW�FROOHFWLRQ�

DQG�JHQHWLF DQDO\VLV�ZDV���ZHHNV�

������ &DPHUD�WUDSSLQJ

&DPHUD�WUDSSLQJ�VXUYH\�GLG�QRW�LQWHQG�WR�SURYLGH�ZROI�DEXQGDQFH�LQGH[�GDWD��7HQ�WR�ILIWHHQ

%XVKQHOO�7URSK\&DP�FDPHUDV�ZHUH�SODFHG�RQ�GLIIHUHQW�ORFDWLRQV�����870���)LJ� ���VHOHFWHG�

RQ� WKH� EDVLV� RI� SUHYLRXV� DQG� FXUUHQW LQIRUPDWLRQ� DERXW� SRWHQWLDO� ZROI� SUHVHQFH�� QDPHO\�

KLVWRULFDO�GDWD��UHFHQW�GDPDJH�ORFDWLRQV�DQG�LQIRUPDWLRQ IURP�LQWHUYLHZV� )RU�WKLV�UHDVRQ� DQG�

GXH�WR�WKH�DYDLODEOH�GDWD��WKH�XVH�RI�WKLV�PHWKRGRORJ\�ZDV�FDUULHG RXW�RQO\�LQ�WKH�QRUWKHUQ�SDUW�

RI�WKH�VWXG\�DUHD��VLQFH LQ�WKH�VRXWKHUQ�SDUW�QR�LQIRUPDWLRQ�SURPSWHG WKH XVH�RI�WKH�FDPHUDV�

&DPHUD�WUDSV� ZHUH� XVHG� WKURXJKRXW WKH� VWXG\� SHULRG� ������� WUDSSLQJ�QLJKWV��� RQH� SHU�

WUDSSLQJ�VWDWLRQ��PDLQO\�DLPLQJ�DW�GLUW�URDGV�RU�DQLPDO�WUDLOV��ZLWK D������VHFRQG�WULJJHU DQG���

SKRWRV�SHU�HYHQW� DQG�XVLQJ�EDLW��PHDW�RU�ILVK��LQ�VRPH�ORFDWLRQV��7KLV�PHWKRGRORJ\ LQWHQGHG�

WR�DVVHVV�

D��:ROI�SUHVHQFH�

E��6ROLWDU\�LQGLYLGXDOV�DQG�ZROI�SDFNV��PLQLPXP�SDFN�VL]H��

F��5HSURGXFWLRQ�RFFXUUHQFH��SXSV��MXYHQLOHV��ODFWDWLQJ�RU�SRVW�ODFWDWLQJ�IHPDOHV��

G��:ROI � GRJ�SDFN SUHVHQFH�

'XH� WR WKH FRQVLGHUDEO\� IUHTXHQW KXPDQ�SUHVHQFH� LQ� WKH�VWXG\�DUHD��PRVW�EDLWHG�FDPHUDV�

ZHUH�XQGHU�FRYHUHG�LQ�EXVK�RU�IRUHVWHG�DUHDV��WR�PLQLPL]H�WKH�ULVN�RI�EHLQJ�VWROHQ��%HFDXVH�RI�

WKLV� EDLWHG�FDPHUD�WUDSV�ZHUH�SULPDULO\�XVHG�WR�PD[LPL]H�GDWD�FROOHFWLRQ�

�������'LUHFW�PHWKRGV

7KHVH PHWKRGV�SUHVXSSRVH VRPH�IRUP�RI�GLUHFW�FRQWDFW ZLWK WKH�ZROYHV�� WKDW� LQ�RXU�FDVH�

ZHUH�DXGLWRU\��KRZOLQJ�VHVVLRQV��RU�YLVXDO��ZDWFKLQJ�VHVVLRQV���7KH\�LQWHQG�WR��D��ORFDWH�DQG�

LGHQWLI\�ZROI�SDFNV��E��DVVHVV�PLQLPXP�SDFN�VL]H�DQG�VWUXFWXUH��F��DVVHVV�EUHHGLQJ�VXFFHVV��G��

ORFDWH�WKH�GHQ�DQG�UHQGH]YRXV�VLWHV�
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)LJXUH���± :ROI�VLJQ�VXUYH\�DQG�FDPHUD�WUDSSLQJ�LQ�WKH�VWXG\�DUHD��PDSSHG�RQWR�WKH�870�JULG�
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+RZOLQJ�VHVVLRQV�FRQVLVWV�LQ�VLPXODWLQJ�KRZOLQJ�WR�LQGXFH�D�UHSO\�E\�WKH�ZROYHV�DQG�ZLWK�

WKDW�FRQILUP�WKHLU� ORFDWLRQ��PLQLPXP�QXPEHU�DQG�WKH�SUHVHQFH�RI�SXSV��7KH\�DUH�FRQGXFWHG�

SUHIHUHQWLDOO\� ���� KRXU� DIWHU� VXQVHW�� IURP� KLJK� SODFHV� QHDU� VXLWDEOH� KDELWDW�� VHOHFWHG� RQ� WKH�

EDVLV�RI�SUHYLRXV�SRVLWLYH�UHVXOWV�IURP�LQGLUHFW�PHWKRGV��VXFK�DV�VLJQ�VXUYH\��FDPHUD�WUDSSLQJ�

DQG�LQWHUYLHZV��+XPDQ�VLPXODWHG�KRZOV�DUH�SURGXFHG�DW�VSHFLILF�VLWHV�DQG�VXUYH\RUV�OLVWHQ�IRU�

D� VSHFLILHG� DPRXQW� RI� WLPH� �H�J�� ���PLQXWHV�� IRU� D� UHVSRQVH�� DFFRUGLQJ� WR� WKH�PHWKRGRORJ\�

GHVFULEHG�E\�+DUULQJWRQ�	�0HFK���������

:DWFKLQJ�VWDWLRQV�DUH�FDUULHG�RXW�DOVR�IURP�KLJK�SODFHV�ZLWK�D�JRRG�ILHOG�YLHZ�DUHD��QHDU�

SODFHV�ZKHUH� KRZOLQJ� VWDWLRQV� KDG� VRPH�SRVLWLYH� UHVXOWV� RU�ZKHUH� LQIRUPDWLRQ� DERXW� UHFHQW�

VLJKWLQJV�RFFXUV��'XH� WR� WKH� ORZ�VXFFHVV� UDWH�RI� WKLV�PHWKRG��HVSHFLDOO\� LI�QRW�FRQGXFWHG� LQ�

DUHDV�ZLWK�SUHYLRXV�KRZOLQJ�VWDWLRQV�VXFFHVV��LW�KDV�EHHQ�UHSODFHG�E\�SDVVLYH�FDPHUD�WUDSSLQJ�

+RZOLQJ� VHVVLRQV� �Q ��� DQG�ZDWFKLQJ� VHVVLRQV� �Q ��� ZHUH� FRQGXFWHG� RSSRUWXQLVWLFDOO\�

IURP�$XJXVW�WR�6HSWHPEHU����� LQ DUHDV�FRQVLVWHQW�ZLWK�WKH�DERYH�VSHFLILFDWLRQV�

�������0RUWDOLW\

0RUWDOLW\� GDWD�ZDV� JDWKHUHG� IURP LQWHUYLHZV� WR� VKHSKHUGV�� KXQWHUV� DQG� IDUPHUV� DQG� DOVR�

IURP� WKH� RIILFLDO� UHFRUGV� DYDLODEOH� IURP� WKH� 'HDG� :ROYHV� 0RQLWRULQJ� 6\VWHP� �60/0���

PDQDJHG�E\�WKH�,&1)� ,Q�WKH�VFRSH�RI�WKLV�QDWLRQDO�DQG�FHQWUDOL]HG�6\VWHP�HYHU\ ZROI�IRXQG�

GHDG�LQ�WKH�3RUWXJXHVH�WHUULWRU\ LV�FROOHFWHG�E\�ZDUGHQV�IURP�WKH�,&1)�EHLQJ�QHFURSVLHG WR�

DVVHVV�WKH�FDXVH�RI�GHDWK�DQG�GHWHUPLQH SK\VLRORJLFDO�SDUDPHWHUV��DV�ZHOO�DV FROOHFW�ELRORJLFDO�

VDPSOHV WKDW�ZLOO�EH DYDLODEOH�WR WKH�VFLHQWLILF�FRPPXQLW\�WR�SXUVXH�GLYHUVH�W\SHV RI�UHVHDUFK

�H�J��JHQHWLF�DQDO\VLV��

�������6FDW�GHWHFWLRQ�GRJ�WHDP

8QGHU� WKH� VXSHUYLVLRQ� RI 'U�� +HDWK� 6PLWK� WKH GRJ� WUDLQHU� IURP� &RQVHUYDWLRQ� &DQLQHV�

�8QLYHUVLW\� RI�:DVKLQJWRQ�� RQH GRJ�ZDV� VHOHFWHG� IURP� SXEOLF� GRJ� VKHOWHUV� DQG� WUDLQHG� WR�

GHWHFW� ,EHULDQ�ZROI�VFDWV� LQ�WKH�ZLOG LQ�WKH�VFRSH�RI�$���7KLV GRJ�ZDV�WUDLQHG�XVLQJ�FDSWLYH�

DQG� JHQHWLFDOO\� FRQILUPHG� ZLOG� ,EHULDQ� ZROI� VFDW� VDPSOHV�� DGDSWLQJ� ZHOO� NQRZQ� QDUFRWLF�

GHWHFWLRQ�GRJV�WUDLQLQJ�SULQFLSOHV��ER[�ZRUN��WR�WKLV�WDVN��7KH�WUDLQLQJ�RI�WKH�'RJ�7HDP��GRJ�

DQG� KDQGOHU�� RFFXUUHG� GXULQJ� RQH� PRQWK� IURP� 0D\� WR� -XQH� ����� DQG� LQFOXGHG� VHYHUDO�

VHVVLRQV� LQ� D� KLJK�ZROI� GHQVLW\� UHJLRQ� �%UDJDQoD�'LVWULFW�� WR� LQFUHDVH� WUDLQLQJ� VXFFHVV� DQG�

HIILFLHQF\��$IWHU�WKLV�LQWHQVLYH�WUDLQLQJ�SHULRG��WKH�GRJ�WHDP�NHSW�SUDFWLVLQJ�XQGHU�FRQWUROOHG�

HQYLURQPHQW� XVLQJ� FDSWLYH� DQG� ZLOG� VDPSOHV� DQG� FRQWLQXHG� WR� WUDLQ� UHJXODUO\� LQ� %UDJDQoD�
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'LVWULFW��$OWKRXJK�LPSURYHPHQW�WUDLQLQJ�ZDV�VWLOO�EHLQJ�FDUULHG�RXW�XQWLO�WKH�HQG�RI�WKH�ZROI

VXUYH\� SHULRG�� WKH� GRJ� WHDP� FRQGXFWHG� �� VKRUW� VXUYH\� VHVVLRQV� LQ� WKH� VWXG\� DUHD� 7KH� GRJ�

VXUYH\V�FRQVLVW�RI�IRRW�WUDQVHFWV�RQ�GLUW�WUDLOV��ZLWK�D�OHQJWK�RI�����NP��ZKHUH�WKH�GRJ�ZDV�OHDG�

WR�ILQG�DV�PXFK�ZROI�VLJQV�DV�KH�FRXOG�

�����2IILFLDO�GDPDJH�UHSRUWV

'DWD�IURP�WKH�,&1)�ZROI�GDPDJH�GDWDEDVH�ZDV�DQDO\VHG��FRYHULQJ�WKH SHULRG�IURP�-DQXDU\�

�����WR 6HSWHPEHU�������7KH�LQIRUPDWLRQ�DQDO\VHG�LQFOXGHG�WKH�QXPEHU�RI�DWWDFNV��QXPEHU�

DQG�W\SH�RI�NLOOHG��LQMXUHG�DQG�GLVDSSHDUHG�DQLPDOV�

���� &ULWHULD�DQG�GDWD�DQDO\VLV

'DWD�DQDO\VLV�ZDV�EDVHG�RQ�WKH�IROORZLQJ�FULWHULD��

D� 6DPSOHV� �VFDW�� KDLU�� VZDE�� ZKHUH� FRQVLGHUHG� WR� EHORQJ� WR ZROI� �RU� GRJ�� DIWHU

VXFFHVVIXOO\�JHQHWLF�VSHFLHV�DVVLJQPHQW�

E��$Q�DWWDFN�ZDV�FRQVLGHUHG�WR�KDYH�EHHQ�GRQH�E\ ZROYHV LI�D�PLQLPXP�RI�RQH�ELRORJLFDO�

VDPSOH�FROOHFWHG�RQ�VLWH�ZDV�JHQHWLFDOO\�ZROI�FRQILUPHG�

F�� $Q� DWWDFN� ZDV� FRQVLGHUHG� WR� KDYH� EHHQ� GRQH� E\� GRPHVWLF� GRJV LI� RQO\� JHQHWLFDOO\�

FRQILUPHG�GRJ�VDPSOHV�ZHUH�FROOHFWHG�RQ�VLWH�

G��)RU�ZROI�SDFN�DVVHVVPHQW��DOO�³ZROI�SRVLWLYH´�RIILFLDO�GDPDJH�UHSRUWV�ZHUH�FRQVLGHUHG��

HYHQ�LQ�FDVHV�ZKHUH�IRUHQVLF�DQDO\VLV�UHVXOWV�ZHUH�FRQWUDU\ �GRJ�SRVLWLYH�� LQ�IDFW� IUHTXHQWO\

GRJV� DUH� WKH� ODVW� DQLPDOV� WR�EH� LQ� FRQWDFW�ZLWK� WKH� FDUFDVVHV��ZKLFK�PDNHV� WKHLU VDOLYD� DQG�

IOXLGV�WR�SUHYDLO�RYHU�WKH�RQHV�RI�WKH�RULJLQDO SUHGDWRUV� RWKHU�SDUDPHWHUV�ZHUH�DOVR�WDNHQ LQWR

FRQVLGHUDWLRQ��H�J��WKH�W\SH�RI�ZRXQGV��WKH�SUHVHQFH�RI�VFDWV��WKH�GUDJJLQJ�RI�WKH�FDUFDVV��HWF���

I�� 'DWD� UHFRUGV XVHG� WR� FRQILUP� ZROI� SUHVHQFH ZHUH�� ��� GLUHFW REVHUYDWLRQ� E\� D� WHDP�

PHPEHU�����KRZOLQJ�GHWHFWLRQ�E\�D�WHDP�PHPEHU�����SKRWRJUDSK�UHFRUG�����LGHQWLILFDWLRQ�ZLWK�

1*6�����PRUWDOLW\�UHFRUG�

J��870�VTXDUHV�ZLWK�ZROI�FRQILUPHG�SUHVHQFH�KDYH�D�PLQLPXP�RI���ZROI�UHFRUG�REWDLQHG�

ZLWK�I��

K��$�ZROI�SDFN�ZDV�FRQVLGHUHG�³SRVVLEOH´�LI�WKURXJKRXW�LWV�GHILQHG�KRPH�UDQJH�D�PLQLPXP�

RI����DWWDFNV�ZHUH�UHFRUGHG�DQG�YDOLGDWHG�E\�WKH�RIILFLDO�DXWKRULWLHV��IURP�-DQXDU\�WR�2FWREHU��

K�� DFFRUGLQJ� WR� WKH� FULWHULD� SURSRVHG� E\�

3LPHQWD�HW�DO� �����DQG�EDVHG�RQ� D� ORQJ� WHUP�GDWD� HYDOXDWLRQ�PDGH�RQ� DYHUDJH�QXPEHU�RI�

GDPDJHV�LQ�PRQLWRUHG ZROI�SDFN�LQ�3RUWXJDO���LPSO\LQJ�UHJXODU�ZROI�SUHVHQFH�\HDU�URXQG� DQG�
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JHQHWLFDOO\�ZROI�FRQILUPHG�GDWD�ZHUH FROOHFWHG�GXULQJ WKH�VWXG\�SHULRG�

L��$�ZROI�SDFN�ZDV�FRQVLGHUHG�³FRQILUPHG´� LI RQH�RI� WKH� IROORZLQJ�FULWHULD�ZHUH�PHW�����

WKURXJKRXW�LWV�GHILQHG�KRPH�UDQJH�D�PLQLPXP�RI����DWWDFNV�ZHUH�UHFRUGHG�DQG�YDOLGDWHG�E\�

WKH�RIILFLDO�DXWKRULWLHV� �IURP�-DQXDU\� WR�2FWREHU�� �GXULQJ�D�PLQLPXP�RI���PRQWKV�SHU�\HDU��

��DFFRUGLQJ�WR�WKH�FULWHULD�SURSRVHG�E\�3LPHQWD�HW�DO� �����DQG�EDVHG�RQ�

D� ORQJ� WHUP� GDWD� HYDOXDWLRQ� RQ� DYHUDJH� QXPEHU� RI� GDPDJHV� LQ� PRQLWRUHG ZROI� SDFN� LQ�

3RUWXJDO���ZKHUH� WKH� KLJKHU� QXPEHU� RI� DWWDFNV� SHU PRQWK� LPSOLHV� UHJXODU� SUHVHQFH RI�PRUH�

WKDQ�RQH�LQGLYLGXDO�\HDU�URXQG� DQG ZROI�SUHVHQFH�ZDV�JHQHWLFDOO\�FRQILUPHG�GXULQJ WKH�VWXG\�

SHULRG�����UHSURGXFWLRQ�ZDV�GHWHFWHG�����GLUHFW�REVHUYDWLRQ�RU�ZROI�KRZOLQJ�UHFRUGV�RI�PRUH�

WKDQ�RQH�LQGLYLGXDO�ZHUH�UHJLVWHUHG�����FDPHUD�WUDSSLQJ�UHFRUGV�RI�PRUH�WKDQ�RQH LQGLYLGXDO�

ZHUH�UHJLVWHUHG�

M� ,I�SDFN�VL]H�FRXOGQ¶W�EH�DVVHVVHG�E\�ILHOG�ZRUN��DYHUDJH�SDFN�VL]H�HVWLPDWHV�IROORZHG�WKH�

FULWHULD�GHILQHG�LQ�WKH�ODVW�3RUWXJXHVH�ZROI�FHQVXV��3LPHQWD�HW�DO� ������IRU�FRQILUPHG�SDFNV�

LQ� WKH�ZROI� SRSXODWLRQ VRXWK� RI� WKH�'RXUR�5LYHU� D�PLQLPXP��� LQGLYLGXDOV �EUHHGLQJ� SDLU��

GXULQJ� :LQWHU�6SULQJ �$SULO�-XQH ± EHIRUH� WKH� EUHHGLQJ� VHDVRQ�� DQG� D� PD[LPXP� RI� ��

LQGLYLGXDOV�GXULQJ�6XPPHU�$XWXPQ��EUHHGLQJ�SDLU�DQG���SXSV ± DIWHU� WKH�EUHHGLQJ�VHDVRQ��

7KHVH�HVWLPDWHV��EDVHG�RQ�GDWD�JDWKHUHG GXULQJ�VHYHUDO�\HDUV�RI�ZROI�PRQLWRULQJ�LQ�WKH�UHJLRQ�

DQG�FRPSDULVRQV�ZLWK�RWKHU�VWXGLHV�LQ�WKH�,EHULDQ�3HQLQVXOD��DUH�ORZHU�WKDQ�WKH�RQHV�IRU� WKH�

QRUWKHUQ� 'RXUR� ZROI� QXFOHXV�� VLQFH� WKLV� SRSXODWLRQ� LV� PDUJLQDO� DQG� KDV� ORZHU� GHQVLW\��

XQGHUJRLQJ� KLJK� KXPDQ�FDXVHG� PRUWDOLW\�� DQG� WKXV� WKH� QXPEHU� RI� ZROYHV� SHU� SDFN� LV�

FRQVLGHUHG�WR�EH�ORZHU�WKDQ�LQ�PRUH�VWDEOH�DQG�KLJKHU�GHQVLW\�SRSXODWLRQV�

�����*HQHWLF�DQDO\VLV

�������'1$�H[WUDFWLRQ

'1$�([WUDFWLRQ�IURP�EORRG��WLVVXH�DQG�KDLU�VDPSOHV

'1$�ZDV�LVRODWHG�XVLQJ�HLWKHU�VWDQGDUG�PHWKRGV��L�H��&KHOH[�SURWRFRO��:DOVK�HW�DO� ������IRU�

EORRG� VDPSOHV�� RU� FRPPHUFLDO� NLWV� �4LDJHQ�� +DPEXUJ�� *HUPDQ\� DQG� $QDO\WLN-HQD�� -HQD��

*HUPDQ\��DFFRUGLQJ�WR�PDQXIDFWXUHU�LQVWUXFWLRQV�

'1$�([WUDFWLRQ�IURP�VFDW�VDPSOHV�

6DPSOH�SUHSDUDWLRQ�DQG�KDQGOLQJ

(DFK� VFDW� ZDV� KDQGOHG� LQGLYLGXDOO\�� LQ� D� GHGLFDWHG� URRP� LQ� RUGHU� WR� SUHYHQW� H[WHUQDO�

FRQWDPLQDWLRQ��)URP�HDFK�VDPSOH��D�SRUWLRQ�RI�WKH�RXWHU�OD\HU �FRQWDLQLQJ�WKH�PXFRVDO�OD\HU�
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LQ� VHYHUDO� UHJLRQV� RI� WKH� VFDW� VXUIDFH�� ZHUH UHWULHYHG� XVLQJ� D� VWHULOH� VFDOS� DQG�PRYHG� WR� D�

VWHULOH�HSSHQGRUI�WXEH�WKDW�ZDV�LPPHGLDWHO\�VWRUHG�DW������&�XQWLO�'1$�H[WUDFWLRQ��(DFK�'1$�

H[WUDFWLRQ�ZDV� DFFRPSOLVKHG�XVLQJ� D�EDWFK�RI���� VDPSOHV� DQG�RQH�EODQN�FRQWURO� �HPSW\�NLW�

FROXPQ�� XVLQJ� WKH� 4,$DPS� '1$ 6WRRO� .LW� �4,$*(1�� ZLWK� VRPH� PRGLILFDWLRQV� WR� WKH�

SURWRFRO� LQVWUXFWLRQV�� LQ�RUGHU� WR�RSWLPL]H� WKH�H[WUDFWLRQ�HIILFLHQF\��7KH�VWDUWLQJ�TXDQWLW\�RI�

ELRORJLFDO�PDWHULDO�ZDV� GHSHQGHQW�RI� WKH� IDHFDO� VDPSOH�TXDOLW\�� EHLQJ�KLJKHU� LQ� ORZ�TXDOLW\�

VFDWV��HYDOXDWHG�DIWHU�YLVXDO�DQDO\VLV��DV�WKH�HQYLURQPHQWDO�VDPSOHV�ZHUH�FROOHFWHG�DIWHU�EHLQJ�

H[SRVHG� WR� GLIIHUHQW� DQG� XQNQRZQ� DWPRVSKHULF� FRQGLWLRQV� IRU� DQ� XQGHWHUPLQHG� DPRXQW� RI�

WLPH���'1$�SUHFLSLWDWLRQ�WLPH��ZLWK�HWKDQRO�DW������&�ZDV�LQFUHDVHG�XS�WR VHYHUDO�KRXUV��YV ���

PLQ�� WR�LQFUHDVH�SUHFLSLWDWLRQ�HIILFLHQF\��DQG�'1$�HOXWLRQ�ZDV�SHUIRUPHG�LQ�D�ILQDO�YROXPH�

7KH� ,QQXSUHS� VWRRO� NLW� �$QDO\WLN-HQD��ZDV� DOVR� XVHG� DFFRUGLQJ� WR�PDQXIDFWXUHU�

LQVWUXFWLRQV��$OO�'1$�VDPSOHV�ZHUH�PDLQWDLQHG�IUR]HQ�DW������&�XQWLO�XVH�

0LFURVDWHOOLWH�3&5�$PSOLILFDWLRQ�DQG�JHQRW\SLQJ

,Q�RUGHU� WR�DYRLG�FURVV�FRQWDPLQDWLRQ�DPRQJ�'1$�VDPSOHV�GXULQJ�H[WUDFWLRQ�DQG�3&5�DOO�

UHDFWLRQV�ZHUH�SUHSDUHG�LQ�D�ODPLQDU�IORZ�KRRG�XVLQJ�DHURVRO�UHVLVWDQW�SLSHWWH�WLSV�DQG�SUH� DQG�

SRVW�3&5� H[SHULPHQWV� ZHUH� FDUULHG� RXW� LQ� VHSDUDWH� URRPV�� ,Q� DOO� FDVHV�� WKH� RFFXUUHQFH� RI�

FRQWDPLQDWLRQ�HYHQWV�ZDV�PRQLWRUHG�E\� LQFOXGLQJ�QHJDWLYH�DQG�SRVLWLYH�FRQWUROV� LQ�HDFK�3&5�

H[SHULPHQW��:H� XVHG� ��� FDQLG� QXFOHDU� PLFURVDWHOOLWH� PDUNHUV� WR� DPSOLI\� VFDW� '1$� LQ� VKRUW�

DPSOLFRQV�� $+7���� �+ROPHV� HW� DO� ������� &�������� &;;������ &;;������ H� &;;�����

�2VWUDQGHU�HW�DO� �������)+������)+������)+������)+������)+������)UDQFLVFR�HW�DO� �������

)+������ )+������ )+����� 5(1���0��� �*X\RQ� HW� DO�� ������ H� 3(=���� 3(=��� �1HII� HW� DO��

������� )+����� �0HOOHUVK� HW� DO�� �������9:)�;� �6KLEX\D� HW� DO�� ������� &��� �YDQ�$VFK� HW� DO��

������� $OO� IRUZDUG� SULPHUV ZHUH� IOXRUHVFHQWO\� ODEHOOHG� ���)$0�� +H[�� 1('� IURP� $SSOLHG�

%LRV\VWHPV���:H� FRQGXFWHG� 3&5V� LQ� VHYHQ�PXOWLSOH[� JURXSV� XVLQJ� WKH� 4LDJHQ�PXOWLSOH[� NLW�

DFFRUGLQJ� WR� WKH�PDQXIDFWXUHUV� UHFRPPHQGHG�SURWRFROV� �LQFOXGLQJ�4�VROXWLRQ���3URGXFWV�ZHUH�

HOHFWURSKRUHVHG� RQ� DQ� $%,� ���� FDSLOODU\� VHTXHQFHU� �$SSOLHG� %LRV\VWHPV�� )RVWHU� &LW\�� &$��

86$�� DQG� DOOHOHV� VFRUHG� UHODWLYH� WR� DQ� LQWHUQDO� VL]H� VWDQGDUG�� *HQHVFDQ� ���� 5R[� �$SSOLHG

%LRV\VWHPV��� XVLQJ� *HQH6FDQ� Y����� 1RQ�LQYDVLYH� JHQRW\SHV� ZHUH� YDOLGDWHG� E\� UHSOLFDWHG�

LQGHSHQGHQW� 3&5V� XQWLO� HDFK� DOOHOH� ZDV� REVHUYHG� DW� OHDVW� WZLFH�� 7R� VXPPDULVH�� WKH� DQDO\VLV�

SURFHHGHG� DV� IROORZV�� ���� DOO� '1$� VDPSOHV� XQGHUZHQW� 3&5� DPSOLILFDWLRQV� XQGHU� VWDQGDUG�

FRQGLWLRQV�DW�DOO�ORFL��LI�QR�SURGXFW�ZDV�GHWHFWDEOH�DW�RQH�ORFXV��WKH�3&5�ZDV�UHSHDWHG�XS�WR������

WLPHV�������3&5�SURGXFWV�DQG�PLFURVDWHOOLWH�SURILOHV�ZHUH�FKHFNHG�IRU�TXDOLW\�DQG�UDWHG��
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�������0ROHFXODU�VH[LQJ

7KH� VH[� RI� HDFK� VDPSOH�ZDV� LGHQWLILHG� E\� DPSOLI\LQJ� D� IUDJPHQW� IURP�65<�� D�<�OLQNHG�

JHQH�DFFRUGLQJ�WR�2OLYLHU�HW�DO����������

�������'DWD�DQDO\VLV

6WDQGDUG� PHDVXUHV� RI� JHQHWLF� GLYHUVLW\� DQG� SULQFLSDO� FRPSRQHQW� DQDO\VLV� �3&$�� ZHUH�

FDOFXODWHG� LQ� *HQ$O([� ���E� �3HDNDOO� 	� 6PRXVH� ������ XVLQJ� D� UHIHUHQFH� VHW� RI� ���� GRJV�

�DXWRFKWRQRXV�EUHHGV�DQG�VWUD\�GRJV�IURP�3RUWXJDO� DQG����,EHULDQ�ZROI�JHQRW\SHV�REWDLQHG�

IURP� WLVVXH� VDPSOHV��7R� GHWHUPLQH� JHQHWLF� VWUXFWXULQJ� DQG� LQGLYLGXDO� DVVLJQPHQWV� EDVHG� RQ�

WKH�DXWRVRPDO�PLFURVDWHOOLWH�GDWD�VHW��ZH�XVHG�6WUXFWXUH�YHUVLRQ��������3ULWFKDUG�HW�DO� ������

)DOXVK� HW� DO�� ������ UXQQLQJ� IRU� �������� LWHUDWLRQV� �LQFOXGLQJ� ������� EXUQ�LQ��� ZLWK� WKH�

µDGPL[WXUH¶�PRGHO�DQG�DVVXPLQJ�LQGHSHQGHQW�DOOHOH�IUHTXHQFLHV��*,0/(7�VRIWZDUH��9DOLqUH�

������ZDV�XVHG�IRU�SRROLQJ�LGHQWLFDO�JHQRW\SHV�DPRQJ�VHYHUDO�JHQRW\SHV�

���5HVXOWV

,Q�RUGHU�WR�UHDFK�VWXG\�REMHFWLYHV��DQ�LQWHJUDWHG�GDWD�DQDO\VLV�DSSURDFK�ZDV�VHOHFWHG��1RQ�

LQYDVLYH�JHQHWLF� VDPSOLQJ �VFDW�DQG� IRUHQVLF� VDPSOHV��� FDPHUD�WUDSSLQJ��GLUHFW�PHWKRGV� DQG�

LQWHUYLHZ�UHVXOWV�ZHUH�PDWFKHG�WR�SURYLGH�DFFXUDWH�GDWD�

�����*HQHWLF�DQDO\VLV

:H�KDYH� UHFHLYHG���� QRQ�LQYDVLYH�ELRORJLFDO� VDPSOHV����� VZDEV� UHIHUULQJ WR� OLYHVWRFN�

DWWDFNV�DQG��� VFDWV��:H�VXFFHVVIXOO\�JHW�JHQRW\SHV�IURP����VZDE VDPSOHV� ������� DQG����

VFDWV� ��������� 3&5� $PSOLILFDWLRQ� RI� DOO� QRQ�LQYDVLYH� VDPSOHV� ZDV� GLIILFXOW� WR� DFKLHYH��

PDLQO\�IURP�VZDEV�VDPSOHV��$OO�VDPSOHV�SURGXFHG�LQFRPSOHWH�JHQRW\SHV�DOWKRXJK�WKH\�ZHUH�

UHSHDWHG�XQWLO�ILYH�WLPHV�IURP�WZR�'1$�H[WUDFWLRQV�RU XQWLO�HDFK�DOOHOH�ZDV�REVHUYHG�DW�OHDVW�

WZLFH�� ,Q� DOO VDPSOHV�� WKH� DYHUDJH� QXPEHU� RI�3&5�DPSOLILFDWLRQV� SHU� ORFXV�ZDV� ���� DQG� DQ�

HUURU�YDOXH�OHVV� WKDQ�����IURP�DOOHOH�GURSRXW�RU�IDOVH�DOOHOH�DPSOLILFDWLRQ�ZDV�GHWHFWHG��$OO�

WKH�JHQRW\SHV�IRU����PLFURVDWHOOLWH�ORFL�DUH�VKRZQ�LQ�WKH�$QQH[�

$OWKRXJK�ZH�FRXOG�QRW�JHW�FRPSOHWH�JHQRW\SLQJ�IRU�DOO���� ORFL��ZH�KDYH�SURFHHGHG�ZLWK�

VWDQGDUG� JHQHWLF� DQDO\VLV IRU� ���� VDPSOHV�� 3ULQFLSDO� &RRUGLQDWHV� $QDO\VLV �3&$� RI� DOO�

JHQRW\SHG�VDPSOHV�DQG�GRJ�DQG�ZROI�UHIHUHQFH�JHQRW\SHV�VKRZHG�D�FOHDU�VHSDUDWLRQ�EHWZHHQ�

WKH�WZR�UHIHUHQFH�VHWV��6ZDE�DQG�VFDW�VDPSOHV�DUH�GLVWULEXWHG�EHWZHHQ�WKH�XSSHU�DQG�ERWWRP�

SDUW�RI�WKH�SORW��ZLWK�VRPH�FOHDUO\�VKDULQJ�WKH�ZROI�GLVWULEXWLRQ�DUHD��)LJ�����
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$IWHU� 6758&785(� DQDO\VLV� IRU� VSHFLHV� DVVLJQPHQW�� ��� RI� JHQRW\SHG� VDPSOHV� ZHUH�

DVVLJQHG� WR� WKH� UHIHUHQFH� GRJ� VHW� DQG� ��� VDPSOHV� ZHUH� DVVLJQHG� WR� WKH� UHIHUHQFH� ZROI�

SRSXODWLRQ��LQ�UHG���)LJ������)URP�DOO�VDPSOHV��HLJKW�ZHUH�QRW�DVVLJQHG�WR�ZROI��GRJ�RU�ZROI�YV�

K\EULG�SRSXODWLRQV�DV�WKH\�KDYH�VKRZQ�YHU\�LQFRPSOHWH�JHQRW\SHV�

)LJXUH�� � 3&$�DQDO\VLV�RI�DOO�DPSOLILHG�VDPSOHV�DQG�WZR�VHWV�RI JHQRW\SH�UHIHUHQFHV��'RJ�DQG�:ROI�

)LJXUH�� � 3UREDELOLVWLF�DVVLJQPHQW�WR�WKH�JHQHWLF�FOXVWHUV�LQIHUUHG�E\�WKH�%D\HVLDQ�DQDO\VLV�ZLWK�.� �
��RI�'RJV�DQG�,EHULDQ�:ROYHV�UHIHUHQFH�JHQRW\SHV�

)RU� PROHFXODU� VH[LQJ� ZH� KDYH� VHOHFWHG� WKH� ��� VDPSOHV� DVVLJQHG� WR� ZROI� VSHFLHV� E\�

VWUXFWXUH�DQDO\VLV� 0ROHFXODU�VH[LQJ�UHYHDOHG��� PDOHV�DQG�� IHPDOHV�DV�VKRZQ�LQ�7DEOH����

6LQFH DOO� VDPSOHV� VKRZHG� LQFRPSOHWH� JHQRW\SHV� ZH� DQDO\VHG� JHQRW\SH� PDWFKLQJ� XVLQJ�

RQO\����PLFURVDWHOOLWH ORFL� 7KH�FXPXODWLYH�SUREDELOLW\�RI�LGHQWLW\�REVHUYHG�IRU�WKRVH����ORFL�

ZDV�3,'� ����[������RU�3,'VLEV� ��[������7KH�PDWFK�SUREDELOLW\��SUREDELOLW\�RI�RQH�JHQRW\SH�

WR� EH� SURGXFHG� D� VHFRQG� WLPH� E\� FKDQFH�  � 3,'� î� SRSXODWLRQ� VL]H�� ZDV� 30 ���[������
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FRQVLGHUDEO\� ORZHU� WKDQ� 30VLEV�  � ���[���� FRPSXWHG� FRQVLGHULQJ� DOO� WKH� LQGLYLGXDOV� WR� EH�

UHODWHG�

7DEOH� ���0ROHFXODU� VH[LQJ� DQG� VSHFLHV� DVVLJQPHQW� IRU� WKH� �� VHOHFWHG� VDPSOHV�� �6� UHIHUV� WR� 6ZDE�
VDPSOHV�DQG�'�WR�VFDWV��

3URMHFW�VDPSOH 6H[LQJ�UHVXOW 6SHFLHV�DVVLJQPHQW

6/,)(��� 0$/( ,QFRQFOXVLYH
6/,)(��� )(0$/( :ROI
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5HJURXSLQJ� DQDO\VLV� XVLQJ� RQO\� WKH� QXPEHU� RI� JHQRW\SHV� DVVLJQHG� WR� ZROYHV� ������

DFFRUGLQJ�WR�*LPOHW�UHJURXSLQJ�DOJRULWKP�DQG�FRQVLGHULQJ�VH[LQJ�DQDO\VLV��SURGXFHG�D�JURXS�

RI� �� GLVWLQFW� JHQRW\SHV�� 7KH� VH[� UDWLR� FDOFXODWHG� IRU� WKH� UHJURXSHG� JHQRW\SHV� ZDV� �����

0DOH������)HPDOH�

���� )RUHQVLF�JHQHWLF�DQDO\VLV

'XULQJ�WKH�VWXG\�SHULRG �-DQXDU\������± 2FWREHU������� ���FDQLG�DWWDFNV�RQ�OLYHVWRFN�ZHUH�

IRUHQVLFDOO\ LQYHVWLJDWHG RXW�RI�����RFFXUULQJ LQ�WKH�VWXG\�DUHD��$�WRWDO�RI�����VZDEV��DYHUDJH�

����DWWDFN�� DQG� �� KDLU� VDPSOHV� ZHUH� JHQHWLFDOO\� DQDO\VHG�� ,Q� ��� DWWDFNV� �������� IRUHQVLF�

DQDO\VLV�VXFFHVVIXOO\ FRQILUPHG ZROI�SUHVHQFH�LQ����FDVHV��������LQ���RI�ZKLFK�WKH�SUHVHQFH�

RI�GRPHVWLF�GRJV�ZDV�DOVR�FRQILUPHG��)LJ�����

)LJXUH�� ± )RUHQVLF�JHQHWLF�DQDO\VLV RI�OLYHVWRFN�GDPDJH�HYHQWV �1 ����

,Q���������Q �����RI�WKH�����VZDE�VDPSOHV�DQDO\VHG�LW�ZDV�QR�SRVVLEOH�WR�H[WUDFW�'1$�RU�

KDG�QR�VXIILFLHQW�TXDOLW\�WR�SURYLGH�DQ�DFFXUDWH�JHQHWLF�VSHFLHV�DVVLJQPHQW��)LJ�����

'XULQJ�IRUHQVLF�VXUYH\��ZROYHV�ZHUH�LGHQWLILHG�LQ����VZDEV�FROOHFWHG�DW�FDQLG�GDPDJHV�RQ�

OLYHVWRFN� DQG� WKH� SUHVHQFH� RI� GRPHVWLF� GRJV� LQ� ��� RI� WKHP�� 2YHUDOO� 1*6� VXUYH\� �)LJ�� ���

SURGXFHG����DFFXUDWH�ZROI�UHFRUGV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH�� ± 6ZDE�JHQHWLF�DQDO\VLV�

)LJXUH�� ± 2YHUDOO�1*6�HIIRUW��Q �����

�����,QWHUYLHZV WR�ORFDO�SHRSOH

,QWHUYLHZ� VXUYH\� SURYLGHG� GDWD RI ��� ZROI� VLJKWLQJV� GXULQJ� WKH� VWXG\� SHULRG�� 3RVLWLYH�

LQWHUYLHZV�RYHUODS�H[WHQVLYHO\� ������ZLWK� WKH�ZROI�SUHVHQFH�GDWD� WKDW�ZHUH FRQILUPHG�ZLWK�

WKH�JHQHWLF�UHVXOWV DQG�FDPHUD�WUDSSLQJ �)LJ�������

7KH� UHVXOWV� LQGLFDWH�SRWHQWLDO ZROI�SUHVHQFH� LQ� DUHDV�ZKHUH� LW�ZDV�QRW�GHWHFWHG� ���870��

ZLWK�JHQHWLF�DQDO\VLV�RU�FDPHUD�WUDSSLQJ��ZKLFK�PXVW�EH�YDOLGDWHG��RU�QRW��LQ�IXWXUH�ZRUNV�

1R�UHOLDEOH�LQIRUPDWLRQ�ZDV�REWDLQHG�UHODWLQJ�WR�ZROI�PRUWDOLW\�RU�EUHHGLQJ�UHFRUGV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH��� � ,QWHUYLHZ�VXUYH\�GDWD�DQG�FRQILUPHG�ZROI�SUHVHQFH�LQ�WKH�VWXG\�DUHD FRQVLGHULQJ�JHQHWLF�

DQDO\VLV��VFDWV�DQG�VZDEV��DQG�FDPHUD�WUDSSLQJ��



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

�����:ROI�VLJQ�VXUYH\

$�WRWDO�RI����VFDWV� �)LJV����������ZHUH�FROOHFWHG�DQG�JHQHWLF�DQDO\VHG�� ,W�ZDV�SRVVLEOH� WR�

DFFXUDWHO\�DVVLJQ�VSHFLHV�LQ��� VDPSOHV������������ ZHUH LGHQWLILHG�DV�GRJ�DQG���DV�ZROI�

)LJXUH��� ± 6SDWLDO�GLVWULEXWLRQ�RI�VFDWV�FROOHFWHG�LQ�WKH�ILHOG�DQG�VHQG�WR�JHQHWLF�DQDO\VLV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH��� ± 6FDW�JHQHWLF�DQDO\VLV �1 ����

:ROI�VFDW�ZHUH�FROOHFWHG�RQO\�LQ���870�RXW�RI�WKH����VTXDUHV�VXUYH\HG�������RI WKH�VWXG\�

DUHD���.LORPHWULF�$EXQGDQFH�$QDO\VLV��.$,��ZDV�QRW�FDOFXODWHG�GXH�WR�WKH�VPDOO�VDPSOH�VL]H

DQG�LWV�VSDWLDO�GLVWULEXWLRQ��ZKHUH�PRVW�RI�WKH�VTXDUHV�KDG�RQO\�RQH�ZROI�VFDW�FRQILUPHG�DQG�

WKH�UHVXOWLQJ�.$,�ZRXOG�EH�YHU\�FORVH�WR�]HUR�

���� &DPHUD�WUDSSLQJ�DQG�SKRWRJUDSK�UHFRUGV

&DPHUD�WUDSSLQJ��)LJV����������SURGXFHG����ZROI�SLFWXUHV��LQ���GLIIHUHQW�870� LQ ��HYHQWV�

�IUHTXHQF\�RI�FDSWXUH� ������

)LJXUH��� ± $GXOW�ZROI�FDXJKW�RQ�D�EDLWHG�FDPHUD�WUDS�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

$OO SLFWXUHV SRUWUD\HG�D� VLQJOH� DGXOW�ZROI��2QO\� LQ���RI� WKHVH��� ORFDWLRQV�ZHUH�REWDLQHG��

VHSDUDWHO\��ZROI�DQG�GRJ�SKRWRJUDSKV��$�VLQJOH�DGXOW�ZROI�SKRWRJUDSK�ZDV� WDNHQ�E\�D� ORFDO�

UHVLGHQW�XVLQJ�D�UHJXODU�FDPHUD�

�����'LUHFW�PHWKRGV

1R�ZROI�SRVLWLYH�UHVXOWV�ZHUH�REWDLQHG��'XULQJ�ZROI�KRZOLQJ�VHVVLRQV RQO\�GRPHVWLF�GRJ�

EDUNLQJ�UHVSRQVHV��IURP�QHDUHVW�YLOODJHV�RU�IDUPV��ZHUH�REWDLQHG�

�����0RUWDOLW\

1R�GDWD�ZDV�REWDLQHG� GXULQJ�ILHOG�ZRUN�DQG�IURP�WKH�RIILFLDO�UHFRUGV��RQ�ZROI�PRUWDOLW\�

�����6FDW�GHWHFWLRQ�GRJ�WHDP

6FDW� GHWHFWLRQ� GRJ� WHDP� SHUIRUPHG� IRXU� VKRUW� ZROI� VFDW� VXUYH\V� LQ� WKH� ODVW� WZR� VWXG\�

PRQWKV��,Q�WKHVH�VHVVLRQV����VDPSOHV�ZHUH�SRVLWLYHO\�DOHUWHG��)LJ���������JHQHWLFDOO\�FRQILUPHG�

DQG���ZLWK�LQFRQFOXVLYH�JHQHWLF�UHVXOWV�

)LJXUH��� � :ROI�VFDW�GHWHFWLRQ�GRJ�=HXV�VDPSOH�DOHUW�

'RJ�WHDP�SRVLWLYHO\�DOHUWHG�VFDW�³��´�VDPSOH�VLWH �JHQHWLFDOO\�FRQILUPHG� ZDV�VHOHFWHG�WR�

VHW�D�FDPHUD�WUDS�ZLWK�VXEVHTXHQW�SRVLWLYH�UHVXOWV��)LJ�������



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH��� � :ROI�SKRWRJUDSK�RQ�SRVLWLYHO\ DOHUWHG�VFDW��� VLWH�

�����2IILFLDO�GDPDJH�UHSRUWV

'DPDJH�UHSRUWV�LQ�WKH�VWXG\�DUHD�YDULHG�VLJQLILFDQWO\�DFURVV�WKH�VWXG\�DUHD��ZLWK�$OPHLGD

PXQLFLSDOLW\ UHSRUWLQJ� WKH� KLJKHU� QXPEHU� RI� ZROI� DWWDFNV� �Q ����� DOWKRXJK� *XDUGD DQG�

6DEXJDO KDG�VLPLODU�QXPEHU RI�DQLPDOV�DWWDFNHG��Q ���� GHVSLWH�VPDOOHVW�QXPEHU�RI�DWWDFNV��

ZKLOH�3HQDPDFRU�DQG� ,GDQKD�D�1RYD�� WKH� VRXWKHUQ�PXQLFLSDOLWLHV�� UHSRUWHG�QR�ZROI�GDPDJH

�7DEOH����

7DEOH�� ± 2IILFLDO�GDWD RQ ZROI�GDPDJH�LQ�WKH�PXQLFLSDOLWLHV�RI�WKH�VWXG\�DUHD�

0XQLFLSDOLW\
1U��

DWWDFNV
1U��DQLPDOV�

NLOOHG
1U��DQLPDOV�
LQMXUHG

1U��DQLPDOV�
GLVDSSHDUHG

7RWDO

)LJXHLUD�GH�&DVWHOR�5RGULJR � � � � �

3LQKHO � �� � � ��

$OPHLGD �� ��� �� �� ���

*XDUGD �� �� �� �� ���

6DEXJDO �� �� �� �� ���

3HQDPDFRU � � � � �

,GDQKD�D�1RYD � � � � �

7RWDO ��� ��� ��� ��� ���



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

7KH� IROORZLQJ� ILJXUH� �)LJ�� ��� VKRZ WKH� GLVWULEXWLRQ� RI� WKH� UHSRUWHG� ZROI� DWWDFNV� WR�

GRPHVWLF�DQLPDOV��LQ�WKH�SDULVKHV�RI�WKH�VWXG\�DUHD�

)LJXUH��� ± 'LVWULEXWLRQ�RI�UHSRUWHG�GDPDJH��DQG�DFFHSWHG�E\�,&1)��SHU�SDULVK��LQ�WKH�VWXG\�DUHD�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

����� :ROI�GLVWULEXWLRQ

'HVSLWH�GLIIHUHQW� VDPSOLQJ� HIIRUW� IURP�GLIIHUHQW�PHWKRGV� ZROI� VXUYH\� �1*6�DQG�FDPHUD�

WUDSSLQJ��UHVXOWV�ZHUH�DEOH�WR�FRQILUP ZROI�SUHVHQFH�LQ����870�VTXDUHV �������RI�WKH�VWXG\�

DUHD���)LJ� ����

)LJXUH��� ± :ROI�FRQILUPHG�SUHVHQFH��1*6�DQG�SKRWRJUDSK�UHFRUGV� LQ�WKH�VWXG\�DUHD�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

:ROI�UDQJH�DQDO\VLV�VKRZV���RFFXSLHG�DUHDV��D��1RUWKHDVW�$OPHLGD��0DOSDUWLGD�9HUPLRVD���

E�� 6RXWK� RI� 9LODU� )RUPRVR� �0DOKDGD� 6RUGD�� 1DYH� GH� +DYHU��$OGHLD� GD� 5LEHLUD��� F��:HVW�

$OPHLGD�&DEUDV¶� &UHHN �)UHL[R�� $]LQKDO�� $WDODLD�� /DPHJDO�� DQG� 3tQ]LR� �&DVWDQKHLUD�� 6mR�

3HGUR�GR�-DUPHOR��5LEHLUD�GRV�&DULQKRV��*DJRV���

)RUHQVLF�DQDO\VLV�ZDV�WKH�PRVW�HIIHFWLYH�PHWKRG�IRU�FRQILUPLQJ�ZROI�SUHVHQFH��Q �����)LJ�

�����&DPHUD�WUDSSLQJ�SURYLGHG���UHFRUGV DQG�JHQHWLF�DQDO\VLV RI�VFDWV��� UHFRUGV� 1*6�JHQHWLF�

DQDO\VLV�VKRZV�D�VWURQJO\�RYHUODSSHG�ZROI�DQG�IUHH�UDQJLQJ�GRPHVWLF�GRJ�GLVWULEXWLRQV�LQ�WKH�

VWXG\�DUHD��)LJV����� �����

)LJXUH��� ± :ROI�SUHVHQFH�FRQILUPDWLRQ��Q ����XVLQJ�QRQ�LQYDVLYH�PHWKRGV�

)LJXUH �� ± )UHH�UDQJLQJ�GRJV�IHHGLQJ RQ�GRQNH\�FDUFDVV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH��� � :ROI�DQG�IUHH�UDQJLQJ�GRJ�FRQILUPHG�SUHVHQFH�EDVHG�RQ�VFDW�DQG�VZDE�VDPSOHV�

JHQHWLFDOO\�DQDO\VHG�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

:ROI�DQG�GRPHVWLF�GRJ�GDPDJH�RQ�OLYHVWRFN�FDQ�RFFXU�LQ�FORVH�YLFLQLW\�RI�HDFK�RWKHU��7KH�

VDPH�KDSSHQV�WR�WKH�IUHTXHQW�SUHVHQFH�RI�GRJV�LQ�SRWHQWLDO�ZROI�KDELWDW��DV�FRQILUPHG�E\�VFDW�

VDPSOHV���:ROYHV� DQG� IUHH�UDQJLQJ� GRJV� DUH� V\PSDWULFDOO\� GLVWULEXWHG� WKURXJKRXW� WKH� HQWLUH�

ZROI�UDQJH�LQ�WKH�VWXG\�DUHD�

����� :ROI�UHSURGXFWLRQ

1R�GDWD� FRXOG� FRQILUP�RU� VXJJHVW�ZROI� UHSURGXFWLRQ LQ�������2QO\�RQH� LQWHUYLHZ� UHFRUG�

VXJJHVWHG�ZROI� EUHHGLQJ� LQ� ���� � WKH REVHUYDWLRQ� RI� �� GLIIHUHQW� VL]HG ZROYHV� �SRVVLEO\� ��

DGXOWV�DQG�� MXYHQLOHV���ZHVW�RI�$OPHLGD�PXQLFLSDOLW\��LQ�2FWREHU������

����� :ROI�SDFNV�DQG SRSXODWLRQ HVWLPDWHV

2QO\�WKH�RIILFLDO�GDPDJH�UHSRUWV�FRQILUPHG WKH�SUHVHQFH�RI�WKH�ZROI�SDFNV�WKURXJKRXW�WKH�

HVWLPDWHG�ZROI�UDQJH��1R�UHVXOWV REWDLQHG�ZLWK�GLUHFW�PHWKRGV�FRXOG�DWWHVW�ZROI SUHVHQFH�

:ROI�SDFN�$��&RQILUPHG��± 7KLV�SDFN�ZDV�ILUVWO\�FRQILUPHG�LQ�������&DGHWH�HW�DO� ������

WKURXJK� D� QRQ�LQYDVLYH� ZROI� VXUYH\� �1*6� DQG� FDPHUD�WUDSSLQJ�� LQ� WKH� UHJLRQ�� ,Q� SDFN�$�

SRWHQWLDO� KRPH� UDQJH�� D� WRWDO� RI���� DWWDFNV� �����DWWDFNV�PRQWK��RQ� OLYHVWRFN�ZHUH� UHJLVWHUHG�

IURP� -DQXDU\� WR�2FWREHU� ������ 6LJKWLQJV� LQ� LWV� FRUH� DUHD�ZHUH� YHU\� FRPPRQ� �Q ���� DQG� ��

LQWHUYLHZHHV�GHVFULEHG� UHOLDEOH� VLJKWLQJV�RI���ZROYHV� WRJHWKHU�GXULQJ� WKH�ZLQWHU�RI�������$�

ORFDO� KXQWLQJ� UDQJHU� UHSRUWHG� D� VLJKWLQJ� RI� �� ZROYHV� LQ� 2FWREHU� ����� DQG� �� ZROYHV� ZHUH�

SKRWRJUDSKHG� E\� FDPHUD�WUDSV� GXULQJ� DQ� DWWDFN� WR� DQ� RVWULFK� IDUP� LQ� WKH VDPH� \HDU�� 7KLV�

SDFN¶V�KRPH�UDQJH�LV�ORFDWHG�QRUWK�RI�WKH�KLJKZD\�$����ZHVW�RI�WKH�&{D�5LYHU��DQG�LWV�FRUH�LV�

LQFOXGHG� LQ� WKH�&DEUDV¶V� &UHHN DUHD� �)LJ� ����� ,WV� QRUWKHUQ� OLPLW� LV LQ� WKH� UHJLRQ� RI 3LQKHO�

WRZQ�

:ROI� SDFN� %� �8QFRQILUPHG�� ± 7KLV� SDFN� �NQRZQ� DV� -DUPHOR� SDFN�� ZDV� FODVVLILHG� DV�

³SUREDEOH´� LQ� WKH� �������� QDWLRQDO� ZROI� VXUYH\� �3LPHQWD� HW� DO� ������� 7KH� DQDO\VLV� RI�

UHSRUWHG�OLYHVWRFN�GDPDJH��DYHUDJH�����DWWDFNV�PRQWK��ZDV�RQO\�HQRXJK�WR�FODVVLI\�WKLV�SDFN�

DV�³XQFRQILUPHG´�DOWKRXJK�WKHUH�ZHUH�UHOLDEOH�LQWHUYLHZ�UHFRUGV�DERXW� WZR�VLJKWLQJV�RI WZR�

ZROYHV�WUDYHOOLQJ�WRJHWKHU� LQ�LWV�SRVVLEOH�KRPH�UDQJH��3DFN�%�WHUULWRU\�LV�FURVVHG�E\�D�PDLQ�

KLJKZD\��$����WKDW�SUHVXPDEO\�LV�QRW�DQ�HFRORJLFDO�EDUULHU�IRU�ZROYHV��GXH�WR�ODUJH�ZLOGOLIH�

SHUPHDEOH�XQGHUSDVVHV� 'XH�WR�ZROI�PRELOLW\�DQG�HFRORJ\�LW�LV�SRVVLEOH�WKDW�SDFN�%��LGHQWLILHG�

LQ�WKH�QDWLRQDO�ZROI�VXUYH\��FRXOG�EH�WKH�VDPH�DV�SDFN�$��WKDW�PRYHG�VOLJKWO\�(DVW�DGDSWLQJ�WR�

ODQGVFDSH�DQG�IRRG�DYDLODELOLW\�VKLIWV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH��� � :ROI�SDFNV¶ ORFDWLRQ�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

:ROI� SDFN &� �8QFRQILUPHG�� ± 7KLV� SDFN� �NQRZQ� DV� 6DEXJDO� SDFN�� ZDV� FODVVLILHG� DV�

³SUREDEOH´�LQ�WKH�3RUWXJXHVH�ZROI�FHQVXV��3LPHQWD�HW�DO� �������'XULQJ������WKHUH�ZHUH�QR�

LQWHUYLHZ�UHFRUGV�RI�PRUH�WKDQ�RQH�LQGLYLGXDO�ZROI�VLJKWLQJV��EXW�FRQVLGHULQJ�WKH�1*6�UHVXOWV�

DQG�WKH�DQDO\VLV�RI�RIILFLDO�GDPDJH�GDWD��DYHUDJH�����DWWDFNV�PRQWK��WKLV�SDFN�LV�FODVVLILHG�DV�

³XQFRQILUPHG´��&DPHUD� WUDSSLQJ�ZDV�XQVXFFHVVIXO�� DOWKRXJK� WKHUH�ZDV�D�SKRWRJUDSK� UHFRUG�

RI�DQ�DGXOW�ZROI�REWDLQHG�E\�D�ORFDO�UHVLGHQW��)LJ�������3DFN�& SUREDEOH�KRPH�UDQJH��ZKLFK

PD\� H[WHQG WR� 6SDLQ� FRYHUV� WKH� VRXWKHUQ� SDUW� RI� WKH� $OPHLGD� DQG� 1RUWKHUQ� 6DEXJDO�

PXQLFLSDOLWLHV��$OGHLD�GD�3RQWH� DUHD� LV� OLNHO\� WR�EH� WKH� VRXWKHUQ� OLPLW� RI� WKLV�SDFN�SUREDEOH�

KRPH�UDQJH�

)LJXUH��� ± $GXOW�ZROI�SKRWRJUDSKHG�E\�D�ORFDO UHVLGHQW�LQ�WKH�SUREDEOH�KRPH�UDQJH�RI�SDFN�&�

,Q� WKH� H[WUHPH� QRUWK�HDVWHUQ� SDUW� �0DOSDUWLGD�9HUPLRVD�� RI� WKH� ZROI� UDQJH LQ� WKH� VWXG\�

DUHD��FDPHUD�WUDSSLQJ�UHVXOWV����SKRWRJUDSKV��UHYHDOHG�WKH�SUHVHQFH�RI�DW�OHDVW�RQH�DGXOW�ZROI�

�DOO�SKRWRV�VKRZLQJ�VLQJOH�LQGLVWLQJXLVKDEOH�DQLPDOV���$OWKRXJK�GLIIHUHQW�GDWD��1*6���&DGHWH�

HW�DO��XQSXEO��GDWD��DQG�LQWHUYLHZ�UHVXOWV�VXJJHVWHG�WKH�SDVW�H[LVWHQFH�RI�D�SDFN��������������

GXULQJ� WKH� VWXG\�SHULRG�RQO\�RQH� UHOLDEOH� LQWHUYLHZHH�GHVFULEHG� WKH� VLJKWLQJ�RI� WZR�ZROYHV��

7KHUHIRUH��LW�ZDV�DVVXPHG�WKDW�LQ�WKLV�ERUGHU�UHJLRQ�DW�OHDVW�RQH�VROLWDU\�ZROI��6:���)LJ������

ZDV� LGHQWLILHG� GXULQJ� WKH� FXUUHQW� VWXG\��7KH� GLVWDQFH� IURP� WKH� SRWHQWLDO� SDFNV�$�� %� DQG�&�

PDNHV�LW�OHVV SUREDEOH�WKDW�WKLV�DQLPDO�EHORQJV WR�WKRVH�SDFNV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

)LJXUH��� � 'HWHFWHG�SUREDEOH�VROLWDU\�ZROI�

3RSXODWLRQ�QXFOHXV�VL]H�ZDV�HVWLPDWHG��7DEOH����FRQVLGHULQJ�WZR�WLPH�SHULRGV��EHIRUH�DQG�

DIWHU�WKH�EUHHGLQJ�VHDVRQ���ILYH�FDVH�VFHQDULRV DQG�SRSXODWLRQ�HVWLPDWHV�IURP�3RUWXJXHVH�ODVW�

ZROI�FHQVXV�IRU�VRXWKHUQ�'RXUR�DUHDV��3LPHQWD�HW�DO���������

�� &RQILUPHG�SDFN�$��&:3�$��ZDV�WKH�RQO\�SDFN�RFFXUULQJ�LQ�WKH�VWXG\�DUHD�

�� &RQILUPHG�SDFN�$�ZDV� WKH�RQO\�SDFN�RFFXUULQJ� LQ� WKH� VWXG\�DUHD�DQG� LWV�KRPH� UDQJH�

LQFOXGHG�ZROI�UDQJH�FODVVLILHG�DV�SDFN�%��$ DQG�%�KRPH�UDQJH�K\SRWKHVLV�LV�EDVHG�RQ�

WKHLU� FORVH� SUR[LPLW\� DQG� KLJK� FRQQHFWLYLW\� SRWHQWLDO� DV� ZHOO� DV� LWV� FDOFXODWHG� VL]H�

�0LQLPXP�&RQYH[�3RO\JRQ�0&3�$%� �����NP���

�� 3DFN�$�DQG�SDFN�%�ZHUH�WKH�RQO\�RFFXUULQJ�SDFNV�LQ�WKH�VWXG\�DUHD�

�� 3DFN�$�DQG�SDFN�&�ZHUH�WKH�RQO\�RFFXUULQJ�SDFNV�LQ�WKH�VWXG\�DUHD�

�� 3DFNV $��%�DQG�&�RFFXUUHG�VLPXOWDQHRXVO\�LQ�WKH�VWXG\�DUHD�

$V�GHVFULEHG�LQ�ODVW�3RUWXJXHVH�ZROI�FHQVXV�UHSRUW��SRSXODWLRQ�VL]H�HVWLPDWH�ZDV�FDOFXODWHG�

DVVXPLQJ� WKH� SUHVHQFH RI� RQH� 6:� DQG� WKH� SUREDEOH� H[LVWHQFH� RI� QRQ�GHWHFWHG� VROLWDU\� RU

GLVSHUVDO�ZROYHV��16':��LQ�WKH�DUHD�
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7DEOH�� � 3RSXODWLRQ�VL]H�DQG�DYHUDJH�SRSXODWLRQ�VL]H�HVWLPDWHV�FRQVLGHULQJ�ILYH�FDVH�VFHQDULRV��&:3�
�&RQILUPHG�:ROI�3DFN���8:3 �8QFRQILUPHG�:ROI�3DFN����6: �6ROLWDU\�ZROI���16': �QRQ�GHWHFWHG�
VROLWDU\�DQG�RU�GLVSHUVDO�ZROYHV��

3RSXODWLRQ�VL]H
$YHUDJH�

SRSXODWLRQ�VL]H

'(&����± $35��� 0$<���� 6(3��� '(&����± 6(3���

��&:3�$���6:���16': ����16': ����16': ������16':

��&:3�$%���6:���16': ����16': ����16': ������16':

��&:3�$���8:3�%���6:���16': ����16': �����16': ���� 16':

��&:3�$���8:3�&���6:���16': ����16': �����16': �����16':

��&:3�$���8:3�%���8:3�&���6:���
16':

����16': �����16': �������16':

&RQVLGHULQJ�0&3�IRU�WKH�HQWLUH�ZROI�UDQJH�XVLQJ�DOO�FRQILUPHG�ZROI�VLJQV��VFDWV��GDPDJHV�

DQG�SKRWRV��ZH�ZRXOG�KDYH�D�ZROI� UDQJH�RI�����NP� ZLWKLQ�RXU� VWXG\�DUHD� DQG�DQ� DYHUDJH�

ZROI�GHQVLW\�UDQJLQJ IURP�����ZROYHV�����NP� WR�����ZROYHV�����NP��

&RQVLGHULQJ�ZROI� UDQJH� DV� WKH� WRWDO�SUHVHQFH� FRQILUPHG� LQ�870�VTXDUHV ���[����NP�  �

������NP����DYHUDJH�ZROI�GHQVLW\�UDQJHG�IURP�����ZROYHV�����NP� WR�����ZROYHV�����NP��

������3RSXODWLRQ�QXFOHXV�WUHQG

'DWD� VXJJHVW� D�ZROI� UDQJH� LQFUHDVLQJ� WUHQG� IURP�������� WR� ����� �)LJ�� ����� DOWKRXJK� WKH�

3RUWXJXHVH� ZROI� FHQVXV� �3LPHQWD� HW� DO� ������ GLG� QRW� LQFOXGH� 1*6� DQG� FDPHUD� WUDSSLQJ�

PHWKRGV� 'HVSLWH�VRPH�GLIIHUHQFHV�LQ�PHWKRGRORJLHV��WKH�HIIRUW�PDGH�ZLWK�WKH�WUDGLWLRQDO�VLJQ�

VXUYH\ ZDV�WKH�VDPH�IURP������WR�������VLQFH�WKH�ZKROH 870���[�� NP�VTXDUH�LQ�WKH�VWXG\�

DUHD�ZHUH�VXUYH\HG�DQG�ZDV� WKLV�PHWKRG� WKDW�JDYH�XV�PRVW�RI� WKH�ZROI�GDWD�� LQ�FRQMXQFWLRQ

ZLWK� IRUHQVLF� GDWD� JDWKHUHG� IURP� ZROI� GDPDJHV� �WKDW� FDQ� DOVR� RFFXU� WKURXJKRXW� WKH� VWXG\�

DUHD�� &DPHUD� WUDSSLQJ� ZDV� XVHG� RSSRUWXQLVWLFDOO\�� DQG� GHVSLWH� VRPH� JRRG� UHVXOWV�� LW� RQO\

DGGHG�RQH�VTXDUH WR�WKH�870V ZKHUH ZROI�SUHVHQFH�ZDV�FRQILUPHG�ZLWK�RWKHU�PHWKRGV�

1HYHUWKHOHVV�� WKH� LQFUHDVLQJ� QXPEHU� RI� SUHVHQFH� FRQILUPHG� 870� VTXDUHV LQGLFDWHV� D�

SUREDEOH� ³VWDEOH� WR� LQFUHDVLQJ´� ZROI� UDQJH� LQ� WKH� UHJLRQ�� 5HFHQW� ZROI� SUHVHQFH� FRQILUPHG�

VTXDUHV LQGLFDWH�D�QRUWK�RULHQWHG�QXFOHXV�H[SDQVLRQ�
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)LJXUH��� � :ROI�SRSXODWLRQ�QXFOHXV�WUHQG�IURP����� WR����� LQ�WKH�VWXG\�DUHD��DV�FRQILUPHG�E\�ZROI
VLJQV�VXUYH\��FRPSOHPHQWHG�LQ�����������DQG������ZLWK�RSSRUWXQLVWLF�FDPHUD�WUDSSLQJ�

���'LVFXVVLRQ

�����0ROHFXODU GDWD DQDO\VLV

*HQRW\SLQJ�IURP�VZDE�VDPSOHV���������DQG�VFDWV�VDPSOHV���������ZDV�VOLJKWO\�ORZHU�ZKHQ�

FRPSDUHG� ZLWK� RWKHU� VWXGLHV� SUHYLRXVO\� SHUIRUPHG� E\� WKH� VDPH� WHDP�� PRVWO\� RQ� WKH� ZROI�

SRSXODWLRQ�1RUWK�RI�WKH�'RXUR�5LYHU��!����IRU�VFDWV��%RUJHV�HW�DO� ������DQG�DURXQG�����IRU�

VZDEV��%RUJHV�HW�DO������D��

&RQFHUQLQJ� VZDE� VDPSOHV�� WKH� XQNQRZQ� WLPH� EHWZHHQ� WKH� OLYHVWRFN� DWWDFN� DQG� VDPSOH�

FROOHFWLRQ�PD\�EH�DQ�LPSRUWDQW�UHDVRQ�IRU�IDLOXUH��6RPH�VZDEV�GLG�QRW�VKRZ�DQ\�VLJQ�RI�EORRG�

RU�ERG\�IOXLGV�LQ�WKH�FRWWRQ�SDUW��$PSOLILFDWLRQ�UHVXOW�ZDV�FRPSOHWHO\�QXOO�DQG�FRQWULEXWHG�WR�D�

ORZHU� VXFFHVV� SHUFHQWDJH�� 7KH� VDPSOH� FROOHFWLRQ� PHWKRG� LV� QRZ� XQGHU� UHYLHZ� WR� WU\� WR�
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LQWURGXFH� WHFKQLFDO� LPSURYHPHQWV� �H�J�� WR� HQVXUH� VZDE� VDZLQJ� LQ� FDVH� RI� GULHG� GDPDJH�

VDPSOHV��

)RU VFDWV�� WKH� DPSOLILFDWLRQ� VXFFHVV� ZDV� ORZHU ZKHQ� FRPSDUHG� WR� VZDEV�� 2QH� RI� PDLQ�

UHDVRQ�� DOWKRXJK� WKH� VWXG\� DUHD� H[KLELW� PRVWO\� D� GU\� VRLO�� LV� WKDW� FROG� QLJKWV� DQG� IURVW��

IROORZHG�E\�PLOG� WHPSHUDWXUHV�GXULQJ� WKH�GD\�RIWHQ�FRQWULEXWH� WR� WKH� O\VH�RI�HSLWKHOLDO�FHOOV�

WKDW�DUH�WKH�ELRORJLFDO�VRXUFH�RI�'1$��

)RU� ERWK� W\SH RI� VDPSOHV QR� FRPSOHWH� JHQRW\SHV�ZHUH� REWDLQHG��+RZHYHU��ZROI� VSHFLHV�

DVVLJQPHQW� ZDV� DFKLHYHG� IRU� ��� VDPSOHV�� 7KRVH� ��� JHQRW\SHV�� EHLQJ� LQFRPSOHWH�� PDGH

GLIILFXOW� WKH� LGHQWLILFDWLRQ�RI�H[DFWO\�PDWFKLQJ�JHQRW\SHV��$� UHJURXSLQJ� WHVW�XVLQJ�*,0/(7�

VRIWZDUH��9DOLqUH�HW�DO��������SURGXFHG����SRVVLEOH�LQGLYLGXDO�JHQRW\SHV�DIWHU�PDWFKLQJ��7KLV�

QXPEHU�RI�LQGLYLGXDOV�VHHPV�VWLOO�KLJK�FRQVLGHULQJ�*UXSR�/RER�NQRZOHGJH�DERXW�WKH�VWXGLHG

DUHD��2YHUHVWLPDWLRQ�RI�WKH�QXPEHU�RI�LQGLYLGXDOV�FDQ�EH�GXH�WR�JHQRW\SLQJ�HUURUV�DV�DOOHOLF�

GURSRXW�RU�IDOVH�DOOHOH�DPSOLILFDWLRQ� �%URTXHW�	�3HWLW������ 3RPSDQRQ�HW�DO� ����� WKDW�ZHUH�

QRW�PLQLPL]HG�ZLWK�WKH�UHSHWLWLRQ�RI�3&5�DPSOLILFDWLRQ�RI�PLFURVDWHOOLWH�ORFL��'HJUDGDWLRQ�RI�

WDUJHW�'1$�LV�WKH�PRVW�IUHTXHQW�UHDVRQ�IRU�WKLV�

'XULQJ�WKH�PRQWK RI�-DQXDU\�������ZH�VWLOO�WU\�WR�JHW�FRPSOHWH�JHQRW\SHV��HYHQ�WU\LQJ�QHZ�

IRUHQVLF�ORFL��IRU�WKRVH����JHQRW\SHV��8QWLO�WKH�HQG�RI�0DUFK�������ZH�ZLOO�H[SHFW�WR�JHW�PRUH�

ORFL� LQ� RUGHU� WR� DFKLHYH� VRPH� FRPSOHWH� JHQRW\SHV� DQG� FRQILUP� WKH� EHVW� FDQGLGDWHV� IRU�

JHQRW\SLQJ�PDWFK�DV�ZROI�PRQLWRULQJ�LQ�WKH�VWXG\�DUHD�ZLOO�EH�UHVXPHG�LQ�DFWLRQ�'���RI�WKH�

SURMHFW�

%ULHIO\��XVLQJ�PROHFXODU�WHFKQLTXHV�ZH�KDYH�GHWHFWHG�WKH�SUHVHQFH�RI�ZROYHV�LQ�WKH�VWXG\�

DUHD�IURP�VZDEV�DQG�VFDW�VDPSOHV��FRQILUPLQJ�WKH�K\SRWKHVLV�RI�D�UH�FRORQL]DWLRQ�HYHQW��'1$�

TXDOLW\�KDV�OLPLWHG�WKH�FKDQFH�RI�JHQRW\SLQJ�IRU�DOO�ORFL��$OWKRXJK�ZH�UHDFKHG�D�ILQDO�QXPEHU�

RI����LQGLYLGXDOV��ZH�WKLQN�WKDW�WKLV�QXPEHU�LV�RYHUHVWLPDWHG��3RPSDQRQ�HW�DO� �������7KLV�LV�

D� YHU\� FRPPRQ� FRQFOXVLRQ� ZKHQ� XVLQJ� PROHFXODU PHWKRGV� IRU� HVWLPDWLQJ� WKH� QXPEHU� RI�

LQGLYLGXDOV�GXH� WR�JHQRW\SH�HUURUV� UHVXOWLQJ�IURP�IRUHQVLF�DQG�1*6�VDPSOHV�DQDO\VLV��$IWHU�

WKH�PROHFXODU� DQDO\VLV� RI� DOO� VDPSOHV� FROOHFWHG� �DERXW� WKUHH� WLPHV� WKH� H[SHFWHG� QXPEHU� LQ�

$FWLRQ� $���� WKH� VXFFHVV� UDWH� RQ� JHQRW\SLQJ� ZDV� EHORZ� ZKDW� ZH� KDYH� REWDLQHG� LQ� VLPLODU�

VWXGLHV�IURP�WKH�1RUWK�RI�'RXUR¶V�5LYHU��%RUJHV�HW�DO����������$JH�RI�VDPSOHV��VFDWV��LQ�WKH�

ILHOG��WLPH�EHWZHHQ�GDPDJH�HYHQW��GDPDJH�DOHUW�DQG�VDPSOH�FROOHFWLRQ�WLPH�PD\�EH�FUXFLDO�IRU�

JRRG�JHQRW\SLQJ�UDWHV��

:H� WKLQN� WKDW� WKH UHVXOWV� REWDLQHG� LQ�$FWLRQ�$��PXVW� EH� FRQVLGHUHG DV� D� EDVHOLQH VWXG\�

IURP�ZKLFK�VXEVHTXHQW DFWLRQV��QDPHO\ '���ZLOO EHQHILW��7KLV�ZLOO� LQFOXGH�WKH�LPSURYHPHQW�

RI� VDPSOH� FROOHFWLRQ� SURWRFROV �SUHYHQWLQJ� DQ\� VXEVHTXHQW� '1$� GHJUDGDWLRQ�� DQG� WKH�
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VHOHFWLRQ� RI� D�PLQLPXP� QXPEHU� RI� ORFL� VKRZLQJ� ORZHU� JHQRW\SLQJ� HUURUV DQG PDLQWDLQLQJ�

KLJK�YDOXHV�RI�3UREDELOLW\�RI� ,GHQWLW\� :H�EHOLHYH�WKDW� WKLV�VWUDWHJ\�ZLOO� LPSURYH�JHQRW\SLQJ�

VXFFHVV�DQG�D�PRUH�UHOLDEOH�LQGLYLGXDO�LGHQWLILFDWLRQ�DQG�SRSXODWLRQ�HVWLPDWLRQ�

�����:ROI�PRQLWRULQJ�DQG�VXUYH\�FKDOOHQJHV

:ROI�PRQLWRULQJ�LQ�WKH�VWXG\�DUHD�FDUULHG�VRPH FKDOOHQJHV��6HYHUDO� ODQGVFDSH��HFRORJLFDO�

DQG�VRFLDO�IHDWXUHV�PDGH�ZROI�VXUYH\�GHVLJQ�DQG�LPSOHPHQWDWLRQ�D�GLIILFXOW�WDVN�

D� 6LJQ� VXUYH\� FRQGLWLRQHG LQ� SULYDWH� ODUJH� IHQFHG� QDWXUDO� RU� VHPL�QDWXUDO� DUHDV� WKDW�

LQFOXGHG�SRWHQWLDO�ZROI�KDELWDW�

E� $EXQGDQFH RI�IUHH�UDQJLQJ�GRJV

F� $EXQGDQFH RI�YXOWXUHV DQG�RWKHU�VFDYHQJHUV FDQ�ELDV�IRUHQVLF DQDO\VLV�

G� 'XH�WR�WKH�SDVW�QHDU�DEVHQFH�VWDWXV��ZROI�NQRZOHGJH DQG�SUHVHQFH�DZDUHQHVV�ZDV�ORVW�

DQG PDQ\ ZROI� GDPDJH� RQ� OLYHVWRFN� DQG�RU� ZROI� VLJKWLQJV� ZHUH� SUREDEO\� XQUHSRUWHG� RU�

XQUHOLDEOH��$GGLWLRQDOO\�� WKH� LQFUHDVHG� ZROI� FRQIOLFW� LQ� WKH� ODVW� \HDUV� �PDLQO\� UHODWHG� ZLWK�

OLYHVWRFN� ORVVHV�� KDPSHUHG� GD\� WR� GD\� VXUYH\� DFWLRQV��PDNLQJ� WKH� FROOHFWLRQ� RI� GDWD�PRUH�

GLIILFXOW�WR�REWDLQ��7UDQV�ERXQGDU\�ZROI�KRPH�UDQJHV�DUH�DOVR�GLIILFXOW�WR�VXUYH\�DV�LW�LPSOLHV�

6SDQLVK�3RUWXJXHVH�LQVWLWXWLRQDO�FRRSHUDWLRQ�DQG�IRUHLJQ�LQWHUYLHZLQJ�

�����1RQ�LQYDVLYH�JHQHWLF�VDPSOLQJ�DQG�IRUHQVLF�DQDO\VLV

1RQ�LQYDVLYH�JHQHWLF�VDPSOLQJ��(FKHJDUD\�	�9LOi�������*DODYHUQL�HW�DO� �������0DUXFFR�

HW� DO� ������0DUXFFR�HW� DO� ������5RTXH� HW� DO� ������ LV� D� XVHIXO� WRRO� IRU� DFFXUDWHO\� VXUYH\�

HOXVLYH� IDXQD� DQG� LQ� SDUWLFXODU�� WKH� ZROI�� 1*6� FDSWXUH�UHFDSWXUH� PHWKRGV� �0DUXFFR� HW� DO�

������ FDQ� DGGUHVV� UHOLDEOH� ZROI� VXUYLYDO� DQG� SRSXODWLRQ� WUHQG�� DOWKRXJK� WKHLU� DSSOLFDWLRQ�

UHTXLUHV�JUHDW�HIIRUW��,Q�WKH�FXUUHQW�VWXG\��QRQ�LQYDVLYH�JHQHWLF�VFDW�DQG�VZDE�VDPSOLQJ�VXUYH\�

ZDV�IXQGDPHQWDO�WR�DFKLHYH�D�PLQLPXP�YLDEOH�LQVLJKW�WR�ZROI�SUHVHQFH�DQG�GLVWULEXWLRQ�LQ�WKH�

VWXG\�DUHD��6ZDE�VDPSOLQJ�VKRZHG�JUHDWHU�VXFFHVV�UDWHV�WKDQ�VFDW�DQDO\VLV�LQ�VSHFLHV�SUHVHQFH�

FRQILUPDWLRQ��'RJ�DQG�UHG�IR[�DEXQGDQFH��ORFDO�FOLPDWH�FRQGLWLRQV��VDPSOH�H[SRVXUH�WLPH�LQ�

WKH�ILHOG�DQG�RWKHU�VDPSOH�GHJUDGDWLRQ�IDFWRUV�FRXOG�KDYH�DIIHFWHG�VDPSOH�LGHQWLILFDWLRQ�DQG�

'1$� H[WUDFWLRQ� UDWHV�� 2YHUDOO� UHVXOWV� VKRZHG� WKH� LPSRUWDQFH� RI� QRQ�LQYDVLYH� JHQHWLF�

VDPSOLQJ� WR� HVWLPDWH�PLQLPXP�ZROI� UDQJH�� EHLQJ� FDPHUD� WUDSSLQJ� DQG� GLUHFW�PHWKRGV� OHVV�

HIILFLHQW��,Q�IDFW��DQ�HIIRUW�ZDV PDGH�WR�LQFUHDVH�VDPSOH�VL]H�IRU�JHQHWLF�DQDO\VLV��E\�FROOHFWLQJ�

VZDEV�IURP�WKH�PD[LPXP�QXPEHU�RI�GDPDJH�VLWHV�SRVVLEOH� �����RI� WKH�GDPDJHV�RFFXUULQJ�

GXULQJ�WKH�VWXG\�SHULRG��UHVXOWLQJ�LQ�D�WRWDO�RI�����VZDEV���VLQFH�WKH�QXPEHU�RI�VFDWV�FROOHFWHG�
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LQ�VXUYH\�WUDQVHFWV�LQ�ORZ�GHQVLW\�SRSXODWLRQV�LV XVXDOO\�ORZ�����VFDWV�LQ�WKLV�VWXG\�LQ ����NP�

SURVSHFWHG��� 'HVSLWH� WKLV� HIIRUW� JHQRW\SLQJ� PDWFKLQJ� IRU� LQGLYLGXDO� LGHQWLILFDWLRQ� ZDV� QRW�

SRVVLEOH GXH� WR� ORZ� '1$� TXDOLW\�� '1$� GHJUDGDWLRQ� RQ� WKH� ILHOG� VHHPV� WR� EH� WKH� PRVW�

LPSRUWDQW�IDFWRU�WR�WDNH�LQWR�FRQVLGHUDWLRQ�ZKHQ�DSSO\LQJ�PROHFXODU�WHFKQLTXHV�RQ�PRUH�ILQH�

DQDO\VLV�� VXFK�DV�JHQRW\SH�PDWFKLQJ� IRU� LQGLYLGXDO� LGHQWLILFDWLRQ DQG� UHODWLRQVKLS�HVWLPDWHV�

7KHUHIRUH��JHQHWLF�DQDO\VLV�ZDV�RQO\�XVHG�IRU�VSHFLHV�DVVLJQPHQW�DQG�ZDV�QRW�XVHG�WR HVWLPDWH�

PLQLPXP�SRSXODWLRQ�VL]H��FDSWXUH�UHFDSWXUH���SDFN�KRPH�UDQJHV�DQG�EUHHGLQJ�RFFXUUHQFH�WR�

DYRLG�ELDVHG�UHVXOWV GXULQJ�WKLV�DFWLRQ��

)RUHQVLF� DQDO\VLV� DFKLHYHG� JRRG� VSHFLHV� DVVLJQPHQW� UDWHV�� DOWKRXJK� FOLPDWH� DQG� FDUFDVV�

H[SRVXUH�WLPH�FRXOG�KDYH�GHFUHDVHG�VXFFHVV�UDWHV��:ROI�DQG�GRJ�SUHVHQFH�GHWHFWLRQ�UDWHV�RQ�

OLYHVWRFN� GDPDJHV�ZHUH� VLPLODU�� DOWKRXJK�ZROI� GHWHFWLRQ�ZDV� VOLJKWO\� KLJKHU�� 6LPXOWDQHRXV�

ZROI�DQG�GRJ�GHWHFWLRQ�FRXOG�KDYH�EHHQ�UHODWHG�ZLWK�GRJ�VFDYHQJLQJ�EHKDYLRXU�RQ�ZROI�NLOOV��

'RJ� SUHVHQFH� GDWD� RQ� OLYHVWRFN� GDPDJH� VKRXOG� EH� FDUHIXOO\� DQDO\VHG� LQ� RUGHU� WR� DYRLG�

VFDYHQJLQJ�EHKDYLRXU�DQG�VZDE�VDPSOLQJ�ELDV��1HYHUWKHOHVV��GDWD�DQDO\VLV�LQGLFDWHG�SUREDEOH�

QRQ�ZROI�UHODWHG�OLYHVWRFN�GDPDJHV�FDXVHG�E\�XQFRQWUROOHG�IUHH�UDQJLQJ�GRPHVWLF�GRJV�

�����:ROI�GLVWULEXWLRQ��SDFNV�DQG�SRSXODWLRQ�QXFOHXV�VWDWXV

$OWKRXJK�FDSWXUH�UHFDSWXUH�PHWKRGV�FRXOG�QRW�EH�DSSOLHG��QRQ�LQYDVLYH�JHQHWLF�VDPSOLQJ�

DQG�FDPHUD�WUDSSLQJ�UHVXOWV�VKRZHG�D�SRWHQWLDO�³VWDEOH�WR�LQFUHDVLQJ´�ZROI�SRSXODWLRQ�QXFOHXV�

WUHQG�� HVSHFLDOO\� ZKHQ FRPSDUHG� ZLWK� WKH ODVW� 3RUWXJXHVH� ZROI� VXUYH\ IURP� ����������

�3LPHQWD� HW� DO� ������� 6LQFH� ����������� FRQILUPHG� ZROI� UDQJH� KDV� VOLJKWO\� LQFUHDVHG�� EXW�

UHVXOWV�FRXOG�KDYH�EHHQ�ELDVHG�E\�LQFUHDVHG�VXUYH\�HIIRUW��5HOLDEOH�LQWHUYLHZ�UHVXOWV�VKRZHG�

SRWHQWLDO� ZROI� SUHVHQFH� DUHDV� WKDW� ZHUH� QRW� LGHQWLILHG� WKURXJK� 1*6�� FDPHUD� WUDSSLQJ� DQG�

GLUHFW�PHWKRGV��7KHVH�DUHDV� VKRXOG�EH� VXUYH\HG�FDUHIXOO\� LQ� IXWXUH�PRQLWRULQJ�DFWLRQV��2QH�

FRQILUPHG�SDFN�KDG�DOUHDG\�EHHQ�SUHYLRXVO\�GHWHFWHG��&DGHWH�HW�DO� ������DV�ZHOO�DV�RWKHU�WZR�

XQFRQILUPHG� SDFNV� �6DEXJDO� DQG� -DUPHOR�� �3LPHQWD� HW� DO� ������� 3UR[LPLW\� DQG� KDELWDW�

FRQQHFWLYLW\�SRWHQWLDO�EHWZHHQ�FRQILUPHG�SDFN�$�DQG�XQFRQILUPHG�SDFN�%��-DUPHOR��VKRXOG�

EH�WDNHQ�LQWR�DFFRXQW�LQ�IXWXUH�VXUYH\V��7KH GDWD�VHHPV�WR�VXSSRUW�WKH�SRVVLELOLW\�RI�H[LVWLQJ�

RQO\�RQH�FRQILUPHG�SDFN� LQ� WKH�ZHVWHUQ�DUHD�RI� WKH�HVWLPDWHG ZROI� UDQJH��/DUJH�VFDOH�ZROI�

GLVWULEXWLRQ� DQDO\VLV� FRQILUPHG� SUHYLRXV� VWXGLHV� UHVXOWV� �3LPHQWD� HW� DO� ������ &DGHWH� HW� DO�

������� VWDEOH� ZROI� SUHVHQFH� ZDV� GHWHFWHG� LQ� D� VPDOO� SDUW RI� WKH� VWXG\� DUHD� �QRUWK�HDVWHUQ�

VHFWLRQ���
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�����7KUHDWV�DQG�ZROI�FRQVHUYDWLRQ

$OWKRXJK�QR�PRUWDOLW\� DQG�RU� SRDFKLQJ� GDWD�ZHUH� FROOHFWHG�� VHYHUDO� IDFWRUV� VXJJHVW� KLJK�

FKDQFHV� RI� WKHLU� RFFXUUHQFH�� 1RQ�GHWHFWHG� UHSURGXFWLRQ� DQG� VORZ� ZROI� UDQJH� JURZWK� UDWHV�

VXJJHVW� QRQ�UHSRUWHG� PRUWDOLW\� DQG� SRDFKLQJ� HYHQWV�� ,OOHJDO� ZLOG� ERDU� VQDULQJ� LV� SRSXODU�

WKURXJKRXW WKH�VWXG\ DUHD�DV�ZHOO�VSRUW�KXQWLQJ�ZLWK�OLWWOH�VXUYHLOODQFH��&DUFDVV�SRLVRQLQJ�DQG�

³VLW� DQG� ZDLW´� KXQWLQJ� DFWLRQV� DUH� H[SHFWHG WR� LQFUHDVH LI� OLYHVWRFN� GDPDJH� LQFUHDVHV��

'RPHVWLF�GRJ�DEXQGDQFH�DQG�JHQHUDOLVHG�ZROI � GRJ�V\PSDWU\�WKURXJKRXW�WKH�ZROI�UDQJH�FDQ�

EH�D�PDMRU�WKUHDW�IRU�ZROI�UHFRYHU\�LQ�WKH�UHJLRQ��)UHH�UDQJLQJ�GRJ�GDPDJH�RQ�OLYHVWRFN�FDQ�

FRQWULEXWH�WR�DQ�LQFUHDVLQJ�ZROI�KXPDQ�FRQIOLFW�DQG�ZROI�SHUVHFXWLRQ��$OWKRXJK�QR�ZROI�GRJ�

K\EULG� RU� ³ZROI� DQG� GRJ´� SDFNV� ZHUH� GHWHFWHG�� ZROI� DQG� IUHH�UDQJLQJ� GRJ� RYHUODSSHG�

GLVWULEXWLRQ�FDQ�FRQVWLWXWH�DQ�LPSRUWDQW�WKUHDW�IRU�ZROI�FRQVHUYDWLRQ�LQ�WKH�UHJLRQ�

�����:ROI�VFDW�GHWHFWLRQ�GRJ�WHDP

6FDW�GHWHFWLRQ�GRJV�KDYH�EHHQ�XVHG�LQ�WKH�ODVW�GHFDGH�WR�LQFUHDVH�DFFXUDF\�DQG�ELRORJLFDO�

VDPSOH� VL]H� LQ� GLIIHUHQW� WDUJHW�VSHFLHV� VWXGLHV�� LQFOXGLQJ� ODUJH� FDUQLYRUH� HFRORJLFDO�� JHQHWLF�

DQG�SK\VLRORJLFDO� UHVHDUFK� �:DVVHU�HW�DO� �������6WXGLHV�FRPSDULQJ�GLIIHUHQW� VWXG\�PHWKRGV�

�/RQJ�HW�DO� ������VKRZHG�WKH�HIILFLHQF\�DQG�UHOLDELOLW\�RI�WKLV�QRQ�LQYDVLYH�WHFKQLTXH��,Q�WKLV

SUHVHQW� VWXG\�� GHVSLWH� LWV� UHGXFHG� XVH�� WKH GDWD� REWDLQHG�ZLWK� WKH� GRJ� WHDP� VKRZ WKH� JUHDW�

SRWHQWLDO�RI�WKLV�PHWKRG�LQ�WKH�VWXG\�DUHD��7KH�FRQGLWLRQV�RI�WKH�VWXG\�DUHD�� ORZ�ZROI�GHQVLW\��

DEXQGDQFH� RI� IUHH�UDQJLQJ� GRJV� DQG� UHG� IR[HV� � DQG� WKH� QHHG� WR� LQFUHDVH� VDPSOH� VL]H� DQG�

VDPSOH�TXDOLW\��IUHVK�RU�QRQ�GHJUDGHG�VFDWV��UHFRPPHQG WKH�XVH�RI�WKLV PHWKRG LQ�WKH�IXWXUH�

���)LQDO�&RQVLGHUDWLRQV�DQG�5HFRPPHQGDWLRQV�

'HVSLWH� WKH PRQLWRULQJ� FKDOOHQJHV�� WKDW GHWHUPLQHG� WKH� XVH� RI� D� FRPELQHG� PRQLWRULQJ�

SURJUDP�� WKH� RYHUDOO� VWXG\� JRDO� ZDV� DFKLHYHG�� 7KH� HQWLUH VWXG\� DUHD� ZDV� PRQLWRUHG� XVLQJ�

WUDQVHFWV�IRU�VFDW�UHFRJQLWLRQ�DQG�ZROI�GDPDJH�GDWD�ZDV�FROOHFWHG�WKURXJKRXW�WKH�VWXG\�DUHD��

ZKHUHYHU� WKH\� RFFXUUHG�� *HQHWLF� DQDO\VLV� ZDV� XVHG� WR� YDOLGDWH� WKH� ILHOG� GDWD�� DQG� FDPHUD�

WUDSSLQJ� ZDV� XVHG� RQO\� LQ� DUHDV� ZLWK� VRPH� NLQG� RI� ZROI� LQIRUPDWLRQ� �IURP� ILHOG� GDWD� RU�

LQWHUYLHZV��WR�FRQILUP�DQG�YLVXDOO\�UHJLVWHU ZROI�SUHVHQFH��&DPHUD�WUDSSLQJ�ZDV�XVHG�PDLQO\�

LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�VWXG\�DUHD��GXH�WR�OLPLWHG�PDWHULDO�DQG�GXH�WR�WKH�FRQFHQWUDWLRQ�RI�

ZROI� LQIRUPDWLRQ� LQ� WKDW� DUHD��)RU� WKLV� UHDVRQ�� FDPHUD� WUDSSLQJ�DORQH�GLG�QRW�JLYH�XV�PXFK�

PRUH� DGGLWLRQDO� LQIRUPDWLRQ� RQ� ZROI� SUHVHQFH� WKDQ� WKH� RWKHUV� PHWKRGV� �HQDEOHG� WKH
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FRQILUPDWLRQ� RI� ZROI� SUHVHQFH� RQ� RQO\� RQH� 870� ��[��� ZKHUH� WKHUH� ZDV QR� RWKHU�

LQIRUPDWLRQ���WKXV�LW�GLG�QRW ELDVHG�WKH�RYHUDOO�VXUYH\�HIIRUW�

$V� D� UHVXOW� ZH� FDQ� VD\� WKDW� D UHOLDEOH� ZROI� GLVWULEXWLRQ� PDS� ZDV� SURGXFHG� VKRZLQJ� D�

SRWHQWLDO�³VWDEOH�WR�LQFUHDVLQJ´�SRSXODWLRQ�QXFOHXV�WUHQG�WKDW�RFFXSLHV�RQO\�D�VPDOO�SDUW RI�WKH�

VXUYH\HG�DUHD� )RUHQVLF� DQDO\VLV�SURYLGHG� UHOLDEOH�GDWD� WKDW� DWWHVWHG�ZROI� DQG�GRPHVWLF�GRJ�

SUHVHQFH�LQ�VHYHUDO�OLYHVWRFN�GDPDJH�HYHQWV��:ROI � GRJ�UHODWHG�OLYHVWRFN�ORVVHV�DQG�ZROI�GRJ�

V\PSDWULF�GLVWULEXWLRQ�FDQ�LQFUHDVH�ZROI � KXPDQ�FRQIOLFWV�DQG�WKUHDWHQ ZROI�UHFRYHU\�LQ�WKH�

UHJLRQ��1RQ�LQYDVLYH�PHWKRGV�VKRZHG�JRRG�UHVXOWV�DOWKRXJK�HIIRUW�VKRXOG�EH�GRQH WR�LPSURYH�

VFDW� VDPSOH� VL]H� DQG� TXDOLW\�� 7KH� XVH� RI� WKH� VFDW� GHWHFWLRQ� GRJ� ZLOO� VXUHO\� VXLW� WKLV� QHHG��

'DPDJH� SUHYHQWLRQ�� SXEOLF� DZDUHQHVV� DQG� DQWL�SRDFKLQJ� VXUYHLOODQFH� FRQWLQXHG� DFWLRQV� DUH�

UHTXLUHG��&RQVHUYDWLRQ�HIIRUWV�VKRXOG�WDUJHW�FRQQHFWLYLW\�LPSURYHPHQW�RI�WKHVH SDFNV�ZLWK�WKH�

6SDQLVK��HDVW��DQG�WKH�3RUWXJXHVH��QRUWK�ZHVWHUQ�VRXWK�RI�WKH�'RXUR�5LYHU��ZROI QXFOHL��*HQH�

IORZ� UHVHDUFK� VKRXOG� EH� UXQ� WR� DGGUHVV� ERUGHU� QXFOHXV� DYDLODEOH� FRUULGRUV� DQG� PLJUDWLRQ�

SDWWHUQV��+DELWDW�VXLWDELOLW\�� HFRORJLFDO�FRQQHFWLYLW\�DQG�ZROI�PRQLWRULQJ� UHVHDUFK�VKRXOG�EH�

GHYHORSHG� WR� DGGUHVV�ZROI�DEVHQFH� FDXVHV� LQ� ,QWHUQDWLRQDO�'RXUR�1DWXUDO�3DUN�DQG�0DOFDWD

0RXQWDLQ 1DWXUDO� 5HVHUYH�� ,W� LV� DOVR� UHFRPPHQGHG� WKH� LPSOHPHQWDWLRQ� RI� ZROI� IHHGLQJ�

HFRORJ\�DQG�ZLOG�SUH\�DYDLODELOLW\�VWXGLHV�

���%LEOLRJUDSK\

%ODQFR� -�&�� 	� &RUWpV� <�� ������ 6XUYH\LQJ� ZROYHV� ZLWKRXW� VQRZ�� D� FULWLFDO� UHYLHZ� RI� WKH�

PHWKRGV� XVHG� LQ� 6SDLQ��+\VWUL[�� WKH� ,WDOLDQ� MRXUQDO� RI� PDPPDORJ\� ������� ������� '2,��

��������K\VWUL[�����������

%RQLQ� $��� %HOOHPDLQ� (��� (LGHVHQ� 3�%��� 3RPSDQRQ� )��� %URFKPDQQ� &��� 	� 7DEHUOHW� 3� ������

+RZ�WR�WUDFN�DQG�DVVHVV�JHQRW\SLQJ�HUURUV�LQ�SRSXODWLRQ�JHQHWLFV�VWXGLHV��0RO��(FRO������

����±�����

%RUJHV�&���6LP}HV�)���0HQGRQoD�'���&DGHWH�'���3LQWR�6����3LUHV�$�(�� 5RViULR�,���0DWRV�-��	�

3HWUXFFL�)RQVHFD�)��������1RQ�LQYDVLYH�PRQLWRULQJ�RI�FDQLGV�DW�1RUWK�RI�'RXUR�5LYHU� LQ�

3RUWXJDO�� ,,,�&RQJUHVVR� ,EpULFR� GR�/RER��1RY�������� /XJR� �6SDLQ��� /LEUR� GH� UHVXPHQV��

2UDO�FRPPXQLFDWLRQ��3S���

%RUJHV�&���6LP}HV�)���0HQGRQoD�'�� &DGHWH� 5RFKD�3HUHLUD�'���3LQWR�6����3LUHV�$�(���5RViULR�

,���0DWRV�-��	�3HWUXFFL�)RQVHFD�)������D��6SHFLHV�$VVLJQPHQW� LQ�IHUDO�DWWDFNV��D�IRUHQVLF�

LVVXH� 3RVWHU�VHVVLRQ�SUHVHQWHG�DW��,,,�&RQJUHVVR�,EpULFR�GR�/RER�������1RY��������/XJR�

�6SDLQ�� /LEUR�GH�UHVXPHQV��3S����
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%URTXHW� 7�� 	� 3HWLW� (�� ������ 4XDQWLI\LQJ� JHQRW\SLQJ� HUURUV� LQ� QRQLQYDVLYH� SRSXODWLRQ�

JHQHWLFV��0ROHFXODU�(FRORJ\��������������������

&DGHWH�'��� 3LQWR�6���%RUJHV�&��� 6LP}HV� )��	�3HWUXFFL�)RQVHFD� )�� ������2�/RER�QD�5HJLmR�

)URQWHLULoD� 3RUWXJXHVD D� VXO� GR� ULR� 'RXUR�� GHVDILRV� j� PRQLWRUL]DomR� H� FRQVHUYDomR��

3RVWHU�VHVVLRQ�SUHVHQWHG�DW��,,,�&RQJUHVVR�,EpULFR�GR�/RER�������1RY��������/XJR��6SDLQ��

(FKHJDUD\� -�� 	� 9LOj� &�� ������ 1RQLQYDVLYH� PRQLWRULQJ� RI� ZROYHV� DW� WKH� HGJH� RI� WKHLU�

GLVWULEXWLRQ� DQG� WKH� FRVW� RI� WKHLU� FRQVHUYDWLRQ�� $QLPDO� &RQVHUYDWLRQ�� ������� ���������

'2,� ��������M����������������������[�

)DEEUL�(���0LTXHO�&���/XFFKLQL�9���6DQWLQL�$���&DQLJOLD�5���'XFKDPS�&���:HEHU�-�0���/HTXHWWH�

%���0DUXFFR�)���%RLWDQL /���)XPDJDOOL�/���7DEHUOHW�3��	�5DQGL�(� ������)URP�WKH�$SHQQLQHV�

WR� WKH� $OSV�� FRORQL]DWLRQ� JHQHWLFV� RI� WKH� QDWXUDOO\� H[SDQGLQJ� ,WDOLDQ� ZROI� �&DQLV� OXSXV��

SRSXODWLRQ��0ROHFXODU�(FRORJ\����������±�����

)DOXVK� '��� 6WHSKHQV� 0�� 	� 3ULWFKDUG� -�.�� ������ ,QIHUHQFH� RI� SRSXODWLRQ� VWUXFWXUH� XVLQJ�

PXOWLORFXV� JHQRW\SH� GDWD�� OLQNHG� ORFL� DQG� FRUUHODWHG� DOOHOH� IUHTXHQFLHV�� *HQHWLFV�� �����

����±�����

)HUUmR� GD�&RVWD�*���$OPHLGD�0���%RUJHV�&��� 6LP}HV�)� 	�3HWUXFFL�)RQVHFD� )�� ������6FDWV�

VXUYH\V� YHUVXV� FDPHUD� WUDSSLQJ�� FRPSDULVRQ� RI� QRQ�LQYDVLYH� PHWKRGV� IRU� LPSDFWV�

DVVHVVPHQW�VWXGLHV�LQ�ZROI� ORZ�GHQVLW\�DUHDV� ,,, &RQJUHVVR�,EpULFR�GR�/RER��1RY��������

/XJR��6SDLQ���/LEUR�GH�UHVXPHQV��2UDO�FRPPXQLFDWLRQ��3S���

)UDQFLVFR�/�9��� /DQJVWRQ�$�$���0HOOHUVK�&�6���1HDO�&�/���2VWUDQGHU�(�$� ������$� FODVV� RI�

KLJKO\� SRO\PRUSKLF� WHWUDQXFOHRWLGH� UHSHDWV� IRU FDQLQH� JHQHWLF� PDSSLQJ�� 0DPPDOLDQ�

*HQRPH�������±���

*DODYHUQL�0���3DOXPER�'���)DEEUL�(���&DQLJOLD�5���*UHFR�&��	�5DQGL�(��������0RQLWRULQJ�

ZROYHV� �&DQLV� OXSXV�� E\� QRQ�LQYDVLYH� JHQHWLFV� DQG� FDPHUD� WUDSSLQJ�� D� VPDOO� VFDOH� SLORW�

VWXG\��(XU��-��:LOGO��5HV��������������'2,����������V�����������������

*X\RQ� 5��� /RUHQW]HQ� 7�'��� +LWWH� &��� .LP� /��� &DGLHX� (��� HW� DO� ������ $� ��0E� UHVROXWLRQ�

UDGLDWLRQ� K\EULG� PDS� RI� WKH� FDQLQH� JHQRPH�� 3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI�

6FLHQFHV�����������������

+DUULQJWRQ�)�+��	�0HFK�/�'��������$Q�DQDO\VLV�RI�KRZOLQJ� UHVSRQVH�SDUDPHWHUV�XVHIXO� IRU�

ZROI�SDFN�FHQVXVLQJ��-��:LOGOLIH�0DQDJHPHQW� ���������������

+ROPHV� 1�*��� 0HOOHUVK� &�6��� +XPSKUH\V 6�-��� %LQQV� 0�0��� +ROOLPDQ� $��� HW� DO�� �����

,VRODWLRQ�DQG FKDUDFWHUL]DWLRQ�RI�PLFURVDWWHOLWHV�IURP�WKH�FDQLQH�JHQRPH��$QLPDO�*HQHWLFV��

�������±����

,&1� ������&RQVHUYDomR� GR� ORER� HP� 3RUWXJDO�� 3URMHFWR� UHDOL]DGR� DR� DEULJR� GR� SURJUDPD�
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/LIH��5HODWyULR�ILQDO��,QVWLWXWR�GH�&RQVHUYDomR�GD�1DWXUH]D������SS�

,1(�������&HQVRV�������,QVWLWXWR�1DFLRQDO�GH�(VWDWtVWLFD������SS�

/ODQH]D�/��	�%ODQFR�-�&��������'LDJQyVWLFR�GH�ODV�SREODFLRQHV�GH�ORER�HQ�&DVWLOOD�\�/HyQ��

,QIRUPH� GH� OD� -XQWD� GH� &DVWLOOD� \� /HyQ�� 8�7�(��$�5�(�1�$�� $VHVRUHV� GH� 5HFXUVRV�

1DWXUDOHV��6�/�������SS�

/RQJ� 5�$��� 'RQRYDQ�7�0���0DFND\� 3��� =LHOLQVNL�:�-��	� %X]DV� -�6� ������ &RPSDULQJ� VFDW�

GHWHFWLRQ�GRJV��FDPHUDV��DQG�KDLU�VQDUHV�IRU�VXUYH\LQJ�FDUQLYRUHV��7KH�-RXUQDO�RI�:LOGOLIH�

0DQDJHPHQW��������������������'2,�������������������

/XFFKLQL� 9��� )DEEUL� (��� 0DUXFFR� )��� 5LFFL� 6��� %RLWDQL� /�� 	� 5DQGL� (�� ������ 1RQ�LQYDVLYH�

PROHFXODU�WUDFNLQJ�RI�FRORQL]LQJ�ZROI��&DQLV�OXSXV��SDFNV�LQ�WKH�ZHVWHUQ�,WDOLDQ�$OSV��0RO��

(FRO����������±����

0DUXFFR�)���$YDQ]LQHOOL�(��	�%RLWDLQL�/��������1RQ�LQYDVLYH� LQWHJUDWHG� VDPSOLQJ�GHVLJQ� WR�

PRQLWRU� WKH� ZROI� SRSXODWLRQ� LQ� 3LHPRQWH�� ,WDOLDQ� $OSV�� +\VWUL[�� WKH� ,WDOLDQ� MRXUQDO� RI�

PDPPRORJ\� �������������'2,����������K\VWUL[�����������

0DUXFFR�)���3OHWVFKHU�'�+���%RLWDQL�/���6FKZDUW]�0�.���3LOJULP�.�/��	�/HEUHWRQ�-�'��������

:ROI�VXUYLYDO�DQG�SRSXODWLRQ�WUHQG�XVLQJ�QRQ�LQYDVLYH�FDSWXUH�UHFDSWXUH�WHFKQLTXHV�LQ�WKH�

:HVWHUQ�$OSV��-��$SSO��(FRO�� ��������±����� '2,� ��������M����������������������[�

0HOOHUVK &��6���/DQJVWRQ��$��$���$FODQG��*��0���)OHPLQJ��0��$��HW�DO��������*HQRPLFV�����

���±����

0LOOHU�&���-R\FH�3��	�:DLWV�/��������$VVHVVLQJ�DOOHOLF�GURSRXW�DQG�JHQRW\SH�UHOLDELOLW\�XVLQJ�

PD[LPXP�OLNHOLKRRG��*HQHWLFV����������±����

3HDNDOO 5��	�6PRXVH�3�(��������*(1$/(;����JHQHWLF�DQDO\VLV�LQ�([FHO��3RSXODWLRQ�JHQHWLF�

VRIWZDUH�IRU�WHDFKLQJ�DQG�UHVHDUFK��0ROHFXODU�(FRORJ\�1RWHV�������������

1HII�0�:���%URPDQ�.�:���0HOOHUVK�&�6���5D\�.���$FODQG�*�0���$JXLUUH�*�'��� =LHJOH� -�6���

2VWUDQGHU�(�$��	�5LQH�-��������$�VHFRQG�JHQHUDWLRQ�JHQHWLF�OLQNDJH�PDS�RI�WKH�GRPHVWLF�

GRJ��&DQLV�IDPLOLDULV��*HQHWLFV����������±����

2OLYLHU� 0��� %UHHQ� 0��� %LQQV� 0�0�� 	� /XVW� *�� ������ /RFDOL]DWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI�

QXFOHRWLGH�VHTXHQFHV�IURP�WKH�FDQLQH�<�&KURPRVRPH��&KURPRVRPH�5HVHDUFK�������������

2VWUDQGHU (�$��� 6SUDJXH�� *�)��� -U�� 	� 5LQH -�� ������ ,GHQWLILFDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI�
GLQXFOHRWLGH�UHSHDW��&$�Q�PDUNHUV�IRU�JHQHWLF�PDSSLQJ�LQ�GRJ��*HQRPLFV�������������
����

3LPHQWD�9���%DUURVR�,���ÈOYDUHV� �)���&RUUHLUD�-���)HUUmR�GD�&RVWD�*���0RUHLUD�/��	�6DQWRV�(��

������ 6LWXDomR� 3RSXODFLRQDO� GR� /RER� HP� 3RUWXJDO�� UHVXOWDGRV� GR� &HQVR� 1DFLRQDO�

����������� 5HODWyULR� 7pFQLFR� ,QVWLWXWR� GD� &RQVHUYDomR� GD� 1DWXUH]D�*UXSR� /RER�� ����

SS�$QH[RV�



$��� ([�DQWH�GHWDLOHG�VXUYH\�RI�ZROI�SUHVHQFH�LQ�WKH�3RUWXJXHVH�SURMHFW�DUHDV

0('�:2/)�%HVW�3UDFWLFH�$FWLRQV�IRU�:ROI�&RQVHUYDWLRQ�LQ�0HGLWHUUDQHDQ�W\SH�$UHDV ��

3ULWFKDUG� -�.��� 6WHSKHQV�0�� 	� 'RQQHOO\� 3�� ������ ,QIHUHQFH� RI� 3RSXODWLRQ� 6WUXFWXUH� 8VLQJ�

0XOWLORFXV�*HQRW\SH�'DWD� *HQHWLFV����������±����

5RTXH�6���*RGLQKR�5���&DGHWH�'���3LQWR�6���3HGUR�$�6���%HUQDUGR� -��	�3HWUXFFL�)RQVHFD�)��

������3ODQR�GH�0RQLWRUL]DomR�GR�/RER�LEpULFR�QDV�iUHDV�GRV�3URMHFWRV�(yOLFRV�GDV�6HUUDV�

GH� 0RQWHPXUR�� )UHLWD�� $UDGD� H� /HRPLO� ± $QR� ,9� H� $QiOLVH� ,QWHJUDWLYD� GRV� 5HVXOWDGRV�

�������������5HODWyULR�)LQDO��&,%,2�83�*UXSR�/RER������SS�$QH[RV�

6DOD]DU� '�� ������ 'LVWULEXLomR� H� HVWDWXWR� GR� YHDGR� H� FRUoR� HP� 3RUWXJDO��0DVWHU� 7KHVLV��

8QLYHUVLW\�RI�$YHLUR��$YHLUR�����SS�

6KLEX\D�+��� &ROOLQV� %�.��� +XDQJ�7�+��	� -RKQVRQ�*�6�� ������$� SRO\PRUSKLF� �$**$$7�Q�

WDQGHP�UHSHDW�LQ�DQ�LQWURQ�RI�WKH�FDQLQH�YRQ�:LOOHEUDQG�IDFWRU�JHQH��$QLP��*HQHW����������

����

7DEHUOHW� 3��&DPDUUD� -�-���*ULIILQ�6���8KUqV�(���+DQRWWH�2���:DLWV�/�3���'XERLV�3DJDQRQ�&���

%XUNH� 7�� 	� %RXYHW� -�� ������ 1RQLQYDVLYH� JHQHWLF� WUDFNLQJ� RI� WKH� HQGDQJHUHG� 3\UHQHDQ�

EURZQ�EHDU�SRSXODWLRQ��0ROHFXODU�(FRORJ\��������±����

7DEHUOHW�3���:DLWV�/�3��	�/XLNDUW�*��������1RQLQYDVLYH�JHQHWLF� VDPSOLQJ�� ORRN�EHIRUH� \RX�

OHDS��7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ�����������������

9DOLqUH 1�� ������ *,0/(7�� D� FRPSXWHU� SURJUDP� IRU� DQDO\VLQJ� JHQHWLF� LQGLYLGXDO�

LGHQWLILFDWLRQ�GDWD� 0ROHFXODU�(FRORJ\�1RWHV�������������

YDQ�$VFK�%���$OYHV��&���6DQWRV�/���3LQKHLUR�5���3HUHLUD�/���*XVPmR�/��	�$PRULP�$��������

*HQHWLF�SURILOHV�DQG�VH[�LGHQWLILFDWLRQ�RI�IRXQG�GHDG�ZROYHV�GHWHUPLQHG�E\�WKH�XVH�RI�DQ�

���ORFL�3&5�PXOWLSOH[��)RUHQVLF��6FL��,QW��*HQHW���������������

:DOVK�6�3���0HW]JHU�'�$��	�+LJXFKL�5������� &KHOH[�����DV�D�PHGLXP�IRU�VLPSOH�H[WUDFWLRQ�

RI�'1$ IRU�3&5�EDVHG�W\SLQJ�IURP�IRUHQVLF�PDWHULDO��%LR7HFKQLTXHV��������������

:DVVHU�6�.���'DYHQSRUW�%���5DPDJH�(�5���+XQW�.�(���3DUNHU�0���&ODUNH�&��	�6WHQKRXVH�*��

������6FDW�GHWHFWLRQ�GRJV�LQ�ZLOGOLIH�UHVHDUFK�DQG�PDQDJHPHQW��DSSOLFDWLRQ�WR�JUL]]O\�DQG�

EODFN� EHDUV� LQ� WKH�<HOORZKHDG� (FRV\VWHP��$OEHUWD�� &DQDGD��&DQ�� -�� =RRO������� ���������

'2,����������=�������

:LOOLDPV�&�/��	� -RKQVWRQ� -�-�� ������8VLQJ� JHQHWLF� DQDO\VHV� WR� LGHQWLI\� SUHGDWRUV��6KHHS�	�

*RDW�5HVHDUFK�-RXUQDO������������


